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1. CTPYKTYPU OAHUX.
OCHOBHI BUBHAYEHHA TA MOHATTA

1.1. TepmiHonoris

Ilix TepMiHOM «IaHi» po3yMiloTh iH(pOpMaNilo: CYKynHICTE BaKTiB,
SBUILl 1 MOAiH, IO CTAaHOBIATH iHTEpec 1 ILIAralOTH peecTpauii Ta
o0po0lii, Tofany y BMIJIAAl, AKMA Hae 3MOry aBTOMAaTH3YBaTH IIPOLEC
30upanHs, 36epiraHHs i 06poOKH 1T Ha KOMII'I0Tepi.

Omxe, nani BinoOpaxaloTh i MPEACTABIAIOTE peaJbHHH CBIT. Aue,
BHDIllIyIOYH KOHKPETHi NMpo0OleMH, MaeMo CIIpaBy HE 3 YCiM peanbHHM
CBiTOM, a TIIBKM 3 JE€AKHMH ioro 06’exkramu. To6TO 06°eKkTaMu Hazu-
BaEMO EJIEMEHTH PEANbHOro CBiTy, iHdopMalilo npo fki MH 3anam’sTo-
BYEMO; CYKYITHICTh TaKuX 06’€KTiB yTBOpIO€ mpeameTHy o6iacTs. [Ipuivia-
JaMH 00’ €KTiB MOXYTh OYTH JIIO/H, 0 3a3Ha4eHi B OyAb-AKiil niuaTDKHIHA
BiIOMOCTI; fieTani, siKi BUFOTOBIA€E 3aBOM; GaHKIBChKi PaXyHKH TOLLO.

OueBHAHO, WO O00’€KTH BIAPI3HAIOTECS ONWH BiX OIHOro. Ix
HCOBXIIHO ONMHCATH XApPAKTEPHCTHKAMH, fAKi € HAHBAKIMBIIMMH JUIA
neBHoi 3aaaui. Taki XapaKTepHCTHKH Ha3HBalOTH aTPpHOyTamMu. ATpubyTH
Mae Koxwuui 06’ekr. O6’€KTH BiIpI3HAIOTECA OJMH Bil ONHOro 3Ha-
ueHHAMH aTpuOyTiB. 3HaYEHHS €NEMEHTa JaHUX MOBHHHO OyTH NOB’A3aHe
3 KOHKPETHHM aTpHOyTOM KOHKpETHOTO 00’ €KTa.

[lin yac 300pakeHHs AAHMX Y NaM’ATI KOMII'IOTEPa OIHOMY
CIIEMEHTY JaHHX BHAUIACTHCA MEBHA OJMHUIA IaM ATi, AKY NEPEBAKHO
Ha3uBaoTs mojeM. CyKynHicTe MONIB, y AKHX 3aIIHCAHO NOCHIXOBHICTH
ENCMEHTIB NaHHX, L0 PO3MIAJAIOTECA AK OMHE Wine (HANpUKIal, OXHH
PANOK HAKNAJHOI), Ha3uBalOTh 3amucoM. CyKYMHICTh 3alUCIB YTBOPHOE
daiin. [lin daiinom 31e6i1bIIOro Po3yMitoTh CYKYNHICTh 32ITUCIB, OpraHi-
30BaHHX Ha 30BHilUHIMH Mam’sTi koMn'’loTepa.

Cama CyKYIHICTb JaHHX, IO CHCTEMaTH30BaHAa IEBHUM THHOM, Mac
iM’s1, 3amaM’ATOBYETLCA B TIaM ATI KOMII 10Tepa Ginbln-MeHuI MOCTIHHO, i

7




BMKODHCTOBYIOTH 6araTo KOpPHCTYBAYiB i BOHZ HE 3aI€XKHTh BiX NPOrpaM
KOpHCTYBa4iB, HasHBacThea 6aszoro manux (b/I).

I1lo6 GaraTo KOpHCTYBayiB MOI/IM MOAM(IKYBATH Ta BHKOPHCTO-
BYBaTH L JiaHi, HeoOXilHe mporpaMHe 3abe3neucHHA — CHCTeMa ynpaB-
ninns 6azamu nanux (CYB/). NonoBHe ii 3HaYEHHA TONATac y MOXUIM-
BOCTi OMCPYBATH JIaHHMH HE3AICHKHO Bizl C110co0Y ix 36epiraHus.

BaHKoM JaHHMX Ha3MBalOTh CHCTEMy IIPOrpaMHHMX, MOBHHX, Opra-
Hi3aUifHAX 1 TEXHIYHMX 3aC00iB, NPH3HAYEHHX VA HATPOMA/DKEHHS 1 KOJICK-
" TMBHOPO BHKOPHCTAHHA JAHKX. o

Orxe, M iHpopManifiHOIO MONEUTIO PEAILHOTO CBITY 1 NaHHMH B
KoMN’I0Tepi ICHYE B3a€MHO OZHO3HAYHA BiATOBIAHICTE: OMHiH NpeAMETHIH
obnacTi BiANOBiAaE OAMH Baiin; KUIBKICTh 06’ €KTIB Y Npe/IMETHIH obmacti
JOpIBHIOE KiNBKOCTI 3anmmuciB y daiini; xinbkicts atpuOyTis, MO OmHCYye
06’€KT, NOIBHIOE KUIBKOCTI MoiiB y koxHomy 3amuci. BJ BinoGpaxae
cTaH 006’€KTIB Ta iX BINHOMICHBL Y NMEBHMA MOMCHT Yacy y TIpeIMETHIH
obmnacTi, o po3rIgAacThCs. _ .

EnemMeHTH HaHUX 3a3BH4Yaifl NOALIAIOTH HAa [B1 OCHOBHI TPYNH:
cKanspu i cTpyKTypu. JIo CKauspiB HaJlexaTh NpanopH, KOAH, 4uciIa
CNOBa; O CTPYKTYP — MAacuBM, TaOIHIli, CIIHCKH, CTEKH, MHOXWHH
sanucH. CTpyKTypH GOPMYIOTHCA 31 CKAIAPHHX NaHMX, 3TPYNOBAHAX 3a
MEBHHMM TNpaBWiIaMH. 3O0BHIIHI O MPOrpaMHOI CHCTEMHM JaH1 TaKOX
(bopMYIOTBCA 31 CTPYKTYPOBAHHX EJICMEHTIB.

Toni sK peski MOBM mporpamyBanHs 3a0esneueni 3acobamn Uit
(opMyBaHHA Pi3HMX JAHMX, 1HIUI JAIOTH 3MOTY TUTLKH SBHO 33JaTH IIEBHY
crpykrypy. Criocobu omucy a6o 300paCHHA CKIATHHX cxjpymy}z JaHuX,
NPUIMHATI B JFOACHKIH MPAaKTHIL, YacTO BIAPISHAOTBCA BiA CrocoOis ix ormwcy
JUTA BUKODHCTAHHS B KOMIT FoTepi. [TporpamicTs HACTLTLKM 3BHIUTH /IO poboru 3
MACHBAMH, IO {HOMI 3a0yBalOTh, IO CIPYKTYpa MacHBY 3a3BH4ail He BilOG-
pakae CTPYKTYPH JIaHHX, SiKi 36epiraloTscst B HEOMY. anopucmay_mtm MAacHB,
MAlOTh Ha yBasi, IO, MO-TEpllie, BiIoMa KUTHKICTh HOTO EJICMEHTIB, no-m,
YCi €/IEMEHTH HaleXaTh TOMY CaMOMy THITY i MajoTh TOH CaMii pfmup i,
HAPEIITi, TTO-TPETE, AOCTYN O IEMEHTIB MacHBY OPraHisye BUNIOBIIHO O
iXHIX TOnOXeHh y MacuBi. Peanbii MHOXMHM JaHuMX pimko OysaloTh
omHOTHIHMMH. [TOpANOK BHKOPHCTAHHA JAHHX MOXE BHABHTHCHA HECYTTEBHM
260 MOXE BU3HAYATHCA 3HAUeHHAMH farux. To6To, MoxHa 3pobuTH aucu’oaox
TIPO Te, 1110 MOBH [POTPAMYBAHHA HAK/IA/IAIOTE LUTYJHI OOMEKCHHS Ha JAHI.
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"

1.2. Knacudikauis cTpykTyp AaHux

CIpykTypd JaHuX — L CyKyMHOCTi Pi3HMX CTPYKTYPOBaHMX THIIIB
panux. OCTaHHi, CBOEKO YEProlo, MAIOTh BIACHY CTPYKTYPY, Aka Rinobpakae
PI3HOMAHITHI BUIHOIIEHHA MDK IXHIMH KOMIIOHeHTamu. OCHOBHMMH CTPYyK-
TYPOBaHHMMH THITAMH JaHMX € [2]:

1) macus;

2) nexaproBHit 100yTOK;

3) 06’eananns;

4) MHOXHUHA;

5) nocioBHICTE;

6) pexypcuBHHI THII.

Ocobnuse Miciie cepea CTPYKTYpOBaHMX OaHUX 3aiiMae THI BKa3iB-
HUKa a0 MoCHIaHHA, NPH3HAYEHHMH Uls 3a6e3neYeHH MONUIMBOCTI TTOCH-
NaHHA Ha 1HWi Aani. KOMIOHEHT Takoro THIY yXe Ma€ CBOIO CTPYKTYPY.

Bigsowenns, ski iCHyloTb y HaBeIEHMX CTPYKTYPOBaHHMX THIAX
JIaHUX, MOXYTb ICHYBATH SIK CEPEll ENEMEHTIB JaHUX; TaK i cepel iXmix
CYKYTIHOCTEH,

3a aHayori€lo 3 THNAaMHK JAaHUX CYKYIIHICTD, IO CKIAJAETHCA TUIBKU
3 C/IEMEHTIB JaHHX, Ha3UBAETHCA MPOCTO0, a CyKYIHICTh, IO MICTHTB
i CyKymHOCTi, — c¢ka1anoBol0. CyKyNHICTh IaHHX MOXC BiANOBifaTH
0G’€KTY B KOHKPETHHX 3aCTOCYBAHHSAX, a il €IEMEHTH — BJIACTHBOCTAM
nnoro o6’exra. [nubuna Br1aaeHb CyKymHOCTEH Y CKIa10B1 MOXe GyTH AK
"HIBFOJJHO BEJIHKOIO.

CknafioBi CyKynHOCTI 1atoTh 3Mory Gynysaty icpapxiumi BizHowmeH-
HH MDK 1i "WIEHAMH, KOJIM BUPI3HAIOTh GaThKIBCHKY i 3AJIEXHY CYKYIHOCTI.
Slkuo BiMHOLIEHHS MK CYKYIIHOCTAMM HE I€papXiyHe, KOXHA 3aleiKHa
CYKYTIHICTh MOXe OyTH 1TOB’s13aHa 3 ofHi€l0 ab0 AeKinbKoMa GaTEKIBCHKHMH
CYKYNHOCTAMH. SIKIIO K BUIHOILICHHA iepapXidHe, KOXHA 3aJIeKHa CYKYHICTh
Mo OYTH T10B’13aHa TUIBKM 3 O/IHI€K0 GAaTHKIBCHKOIO CYKYITHICTIO.

38’43KM MK KOMIIOHEHTaMM CTPYKTYp MOXHA 3a]aBaTH fBHO i
IessHo. 30KpeMa CTPYKTYpOBaHi JaHi THIY IOCHJIAHHA JaiOTh 3MOry
(ynyBaTi 3B’43KH MK KOMIIOHEHTAMH CTPYKTYp Y SBHOMY BHrami. Sxino
X CTpYKTYpY mo6yN0BaHO Ha OCHOBI BIIHOLIEHb MDK IHLIMMH CTPYKTYp-
POBAMMH THIIAMM JaHHX, Taki 3B A3KH MDK 11 KOMIIOHEHTaMM 3aJaHO
HCHBHO,

Cucrema 06pobxu HaHUX MOXe nepeabayaTu OLIbIIE SK OMUH TUI
BUHOIUCHHS MDK CYKYMHOCTSMHM, TOOTO AONYCKAIOThCSA BLIHOMIEHHS, IO
MIIOTL Pi3HI TIPaBHA KOMIIO3ULii, ab0 1MO-Pi3HOMY 3aCTOCOBYIOTHCS LIS
CKJIVIAHHSA THIIAX CTPYKTYP.




Y 3aransHOMY BHMAanKy BCi THIH 3B M3KIB MDK KOMMOHEHTaMH
CTPYKTYp MOXHa IOALTHTH HA TpH: 1) 3B’A30K THILY 1:1; 2) 38’s30K THILY
1: N'; 3) 38’30k TITY M:N (pHc. 1.1).
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Puc. 1.1. Tunu 36’ 73Ki8 y cmpyKmypax 0aHux

NXXX

BpaxoBylouH THIM JaHMX i 3B’S3KH MDK HUMH, MOALTHMO BCI
CTPYKTYPH NaHHX Ha TPH KJIacH: HadinpocTiu, miHikHi i Heminini. IIpn
HBOMY PO3IJIHEMO BCi MOMUIHBI CTPYKTYDH, axi OGyBaoTh Ha abCTpakT-
HOMY Ta KOHKPETHOMY DiBHAX. .

Jlo maiinpocrimux, a60 NPUMITHBHHX CTPYKTYP uanf:man yil
THIIM J@HHX, HaJ AKHMH 6e3riocepelHbO BHKOHYIOTBCA MAIIWHHI onepaliil,
To;é'm apu(MeTHYHi i PIJIKOBi €NMEMEHTH JaHHX. [3 pAIKOBHX €JIEMEHTIB
HalnpocTinaMu € cuMBONBHI i GiroBi. OcCTamHi € HE B ycix cHcTeMax
06pobxu nanux. Hampuknaz, y MoBi QoprpaH 6iToBOTO psjiKa HEMaE, a €
TUTBKH CHMBOJIbEHMH, a B MoBi Ci € 1 6iToBHH, | CHMBOIBHUH.

Jliniftni i HemiHiHHI CTPYKTYpH — e CYKYNHOCTI CTPYKTYPOBAaHHX
tunie paeux. JliniliHOI0 CTPYKTYpPOIO AaHHX Ha3BEMO TaKy CYKYTIHICTB
CTPYKTYpOBAHHMX TMIiB JaHHX, fKa BifOOpaxac BUHOWICHHSA cyciacTaa
MiX KOMIOHEHTaMH. IHII CTPYKTypH Ha3BEMO HeJiHIHHHMH CTpYyK-
TYPAMH JaHMX.

TIpocTi CyKyNHOCTI JaHHX, a TAKOX Ti IPOCTi CTPYKTYPH, B AKHX
peanizoBaHO 3B’A30K [:/, 3apaXxOBYEMO 1O JMHIAHAX CTPYKTYp JaHHX.
JIBo3B’si3HI JIHIAHI CNHCKH, B AKHX peani3oBaHO 3B’A30K 1:2, sk
4aCTKOBHH BMIIAZOK CTPYKTYp i3 3B’s3koM /. N , TakoX 3apaxyeMo JO
JHIEAX CTPYKTYp HaHHX. IHmi cxiajHi CTPYKTYpH, B AKHX peanizoBaHo
ap’s30k I:N Ta M:N MiK CKIagoBHMH CYKYITHOCTAMH, 32paxyeMo 10
HeniHiHHMX CTPYKTYP AaHHX.

Orxe, Kkiacuikalilo CIPYKTYp /[aHHX MOXHA 300pasuTH
Jiarpamoio, ae S 03Hadae CTPYKTYPH JaHHX (PHC. 1.2).
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Puc. 1.2. Knacugbixayis cmpykmyp oanux

B ycix THmax CTpyKTyp AaHMX Hai3arajlbHIIMMH € Taki YOTHPH
omepatiii. _

1. Onepanis «cTBOPHTH» HasiBHA B YCiX cucTremax obpoOKH NaHHMX,
ane no-pizHoMy peanizorana. Hanpuxian, y mosax Ci, Qoprpas, ITackans
Ta IHHIMX 3MIHHI MOXHa CTBOPHTH 3a JOTOMOIOI0 OINEPaTOpiB ONMHCAHHA,
[Tam’aTh 1A 3MIHHMX Y IMX MOBaxX BHAUIAETHCA MiJ Yac BHKOHaHHA abo
KOMIIIALIT TporpaMu 3aNeXHO BiA TOro, SK DPO3MOAINEHO NaM’sTh —
muHamiyHo abo cratuuHo. € # iHuI ciocobu CTBOPEHHA CTPYKTYP JaHMX.
Ane Baj¥UIMBO Te, 10 HE3ANEKHO Bijl MOBH MPOrpaMyBaHHS BCl CTPYKTYPH
JIaHUX, HI0 € B TIPOrpaMi, HE MOXYTh BUHHKHYTH «i3 Hi4Oro», a SBHO 4M
HEABHO OTOJIOUIYIOTBCA OMEpaTOpaMH CTBOPEHHA CTPYKTYP.

2. Onepauis «wrikBigyBaTH» He € HeoOXigHoIO, ame jaomoMarac
eheKTHBHO BHKOPHCTOBYBATH IaM’ATh. Jleski MOBH, HanpHKIal, Taki, AK
@oprpaH, He JalOTh NpPOrpaMicTy MOMUIMBOCTI JKBiXyBaTH CTBOpEHI
CTPYKTYpH AdaHux. ¥ moBi Ci CTpYKTypH AaHHX, IO € B cepeuHi GIoKy
nporpaMy, JIKBiOBYIOTbCA YNPOAOBXK BHKOHAaHHA MNpOrpaMy Mmig wac
BHXOZRY 3 1{bOro 610Ky.

3. Onepatis «BHOpaTH» Aa€ MPOrpaMicTy MOXUIMBICTB JOCTYNY AO
JaHHX Y cepe/lMHi caMoi cTpykTypH. dopMa wiei onepaii 3HAYHOIO0 MipoIo
3a€XHUTh Bil THITY CTPYKTYDH HaHHX, JI0 AKOI 3BEPTAlOTHCA, i € OIHICIO 3
HaHBaX/IMBIMIKX BNACTHBOCTEH CTPYKTYP.

4. Onepauis «IMOHOBATH» Ja€ 3MOry 3MIHIOBaTH JaHi B CTPYKTYPi.
Onepalniis NpHCBOCHHA € HAOYHHM NPUKIANOM Onepawii MoHoBIeH A, s
Hel iCHYIOTH 1 iHm ckiaaHiun GopMu, HaNpHKIAn, nepejada napaMerpis
npu BXofi B 610k abo mimporpamy.

Ilepeniveni onepauii € 3aransHHMU IS BCIX CTPYKTYpP JaHHX, ane
¢dopma ix peanizanii CyTTEBO 3aJE€XHTE BiJl THITY CAMHX CTPYKTYD.




1.3. [lokyMeHTyBaHHA AaHUX

Jo moxymeHTanil oprasizauii JaHHX HaNeXaTh CXEMH H JiarpamH,
0 XapaKTepu3yloTh BiJHOCHMHH MK €JIEMEHTAMH IIOTOKIB [aHHX |
IIporpaMaMy, MK e/leMEeHTaMH TIOTOKIB JNaHHMX 1 obnacramu 30epiraHHs
JaHMX 1 pi3Hi piBHI CTPYKTYpYyBaHHA Janux [1].

QYHKUIOHANBHI CXEMH BHKOPHCTOBYIOTHCS Ul  300pakeHHs
MOTOKIB, 30BHIIIHIX CTOCOBHO MNpOrpamM JaHMX, a i€papxiuHi cXeMH
MOOYNIB — I 300paxkeHHs BHYTDILIHIX NMOTOKIB JaHuX. Bimomocti mpo
ZIaHi, AK1 HE NOKTI30BaHI B AKOMYCH OJHOMY MoZyli, a 6epyTh y4acTh B
obmini indopmaniero Mix Moaynsmu a6o nporpamamy, MOAAIOTH Y GopMi
TaONHilk TOTOKIB HaHHX, CJIOBHHMKIB HaHMX i CXeM OpraHizauii JaHHX.
CxeMun oprasizauii jaHux MoxyTs MaTH (opmy rpadiunnx cxem abo
rpadis BinHocMH MK mammmH. Onuc ycix piBHIB 00 €IHAHHA NaHHX B
arperaTH TakoX Mae BimoOpasuTucs B JokyMeHTauii. Ciin 3a3Ha4yuTH B
JOKYMEHTAIi npo meTonu 30epiranHs Aanux. SIKio B cucreMi € daim, ix
OIIHC Ma€ MIcTHTH iH(opMmaLiio npo ¢aHIoBi MITKH, IHAKIIE iX OMHCYIOTH
TaK caMo, K MMOALNoBani obaacti mamM ATl # napaMeTpH.

Indopmanito npo Joriyny H ¢isHuHy opraHisalilo 00OB’S3KOBO
BBOJIATH JI0 JOKyMeHTauii. KpiM crioBHHKa JaHuX, 4O JOKYMEHTAL] MaloTh
BXOIHTH!

+ cxema it popma opraHizauii 30BHIILIHIX JaHHX;

* BHM3HAYEHHS THX KOMIIOHEHTIB AarapaTHOro0 M MPOrpaMHOro
3a0e3neyeHs CHCTEMH, AIKi € JDKepenaMy JaHHX;

* BH3HAYCHHA THX YaCTHH CHCTEMH, AKi 3BEPTAIOTHCH KO JaHHX;

* BH3HAYEHHS THX YaCTHH CHCTEMH, AKi 3MiHIOIOTH JaHi;

* ONHC ycix piBHIB OpraHisanii CKJIaHHX CTPYKTYP HaHHX;

* omuc nam’saTi, HeoOxiaHOl ANA pO3MINIEHHA NaHWX, 30KpeMa
po3mip aiina, 610KyBaHHS, MITKH TOILO.

Jo zaraneHOi cHCTeMHOI AOKyMeHTauii 06OB’A3KOBO Ma€ BXOIMTH
MOKYMEHTAMIs, y sikiii micTuThcs iHdopMalis, mo-nepire, NMpo MOTOKK
JaHMX, [0 UHPKYJIIOIOTh MDK (QyHKIiOHANEHKMH Onokamu # obnacTaMu
30epiraHHs AaHHX, TIO-APYTE, PO AaHi, AKHMH OOMIHIOIOTBCA NPOIpaMH #
obnacti 36epiranas (mo iHQOpMaLIiI0 TAKOXK 3pYYHO MOAABATH Y BHITIAIL
CIIOBHHKA JIaHHX), 1, IO-TPETE, PO BUKOPHCTOBYBaHI pecypcH. [Iporpamua
JOKYMEHTALIA TaKoX MICTHTHME iH(OpMaLlilo, O CTOCYEThCH MAOKYMEH-
Tanii JaHMX, a came OMMC MOTOKIB AaHMX MIX NPOrPaMHMMH MOIY/AMH.
JloKyMeHTalli% MOAYJIIB, CBOEIO YEProio, MICTHTHME aHAIOriuHy iHdopma-
110, TTOB’%3aHY 3 €IEMEHTAMM JaHHX, BU3HAYCHHMH ycepenHi MOIyIIiB.
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9.

© NSV AW~

KoHTponbHi 3anutaHHA Ta Bnpasu

Ilo Take 06’exTu npeamerHoi obnacti Ta ixHi aTpubyTH?

1o Take nani?

Sxi icHytoTh iHQOpManiiHi OAMHULI AaHKX?

SIxi € cTpyKTypoOBaHi TUNK JaHuX?

SIki 6yBatoTh CyKynHoCTi gaHuX?

Sxi € THNY 3B’ A3KiB MiX KOMITOHEHTaMH CTPYKTYp?

ILlo nepenbayae iepapXiyHe BIIHOLICHHS MIX CYKYTTHOCTAMH?
Sxi € WIacH CTpyKTyp AaHuX?

II{o HameXHTh 10 HAKNPOCTILINX CTPYKTYP JaHUX?

10. Sxuit TUN 38’ 43Ky BU3HAYae KIac NIHIMHUX CTPYKTYp NaHHX?
11. st TN 38’ 43Ky BU3HAYaE K1ac HEMHIHHUX CTPYKTYp AaHHX?
12. Ha3BiTh OCHOBHI onepaLii HaJ CTPYKTypamMH JaHUX.

L;

anK.I'I aan TeCTOBUX NUTAHL

Sxuit THIT 3B’ 43Ky BU3HAYAE KIIAC JIHIMHAX CTPYKTYp HaHHX?
a) I:1;

6) 1:N;

B) N:M.

SIxi € xracu cTpyKTyp DaHux?

a) HaitnpocTii, MHiHHI 1 HeMiHIAHI;
0) niniiiui 1 HEMHIAHI;

B) HaHmpocTini 1 niHiHHi.

SIxu# TMN 3B’A3KY BU3HAYAE KIaC HEMHIHHUX CTPYKTYp HaHuX?
a) 1:1;

6) 1:N;

B) N:M.

Skvit THI CTPYKTYP 3 HaBEICHHUX HANEKHTD A0 HeaiHiAHux?

a) PAIKH;
6) MacuBH;
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B) Tabimui; 0) cuMBOIBHI i 6iTOBi;

r) cTexH; B) uini i midtcui.
) CITHCKH.
11. SIxi 6yBalOTh CYKYIHOCTI JaHHX?
5. SIxuil THII CTPYKTYp 3 HaBEACHHX HANCKHTD JIO JiHIHHAX? a) OIHOTHIIH;
a) Tabmmmi; 6) pisHoTHIHI;
0) nepesa; B) NPOCTi;
B) CiTKH; r) CKI2fIOBi.

J) CTEKH, YEPrH, NEKH.
12. Illo nepenbauae iepapxiyxe BiZHOILEHHSA MIX CYKYITHOCTAMH?

6. Lo Take 06’exTH npeaMeTHOI 06nacTI? a) KOXHA 3aJIeXHa CYKYIHICTh Moxke ByTH NOB’A3aHa TLIBKH 3

a) €IEMEHTH PEalIbHOTO CBITY; ONHI€I0 GaTHKIBCHKOKO CYKYIHICTIO;

6) aminHi Ta QyHKUil K1acy; 6) KOXHa 3aexHa CYKyIHICTh MOXe OyTH noB’s3aHa 3 6araTbMa

B) 3MiHHI THITY «1ac». 6aTHKIBCEKHMH CyKYNHOCTSMM;

. B) CYKYITHOCTI 1108’ 3aHi Mix c00050 B MeXaX OIHOro piBHS.

7. 1o Take naHi? ’ _ y _ ) 13. SIKy CTPYKTYPY YTBOPIOE CYKYTIHICTh YMCIOBHX €IEMEHTIB 3
a) CYKYTHICTS daxris, SBHII % no(%mg, 110 CTAHOBJIAIOTH iHTEpeC i OB RRIGio?

NiIAraoTh peecTpauii Ta 06pobii; -
6) Habip umcen; aﬁ% J:xful::i;;{y

B) JiiTepH andasirty.
14. Slky cTpyxTypy YTBOPIOE CYKYNHICTS CHMBOILHO-LH(PPOBHX

8. SIxi € TMNM 3B’A3KIiB MiXX KOMIIOHEHTaMH CTPYKTYp? eneMenTin?

a) 1:10; a) NiHiiiHy;

6)2: N; 6) HeniHiiiny.

B) 1:1, 1: N, M:N.

. 15. Slka onepanuis He HaneKaTh KO ONEpPALiH HaJ CTPYKTYpaMH

9. ki i3 3a3Ha4YEHHX € CTPYKTYPOBAHHMH THIAMH JIaHHX? Aarix?

a) CTPYKTYPH; a) CTBOPHUTH;

6) Macus; 5 6) TOHOBHTH;

B) AekapToBHH nobyrok; ' B) NKBiAyBaTH;

r) Tabmmi; I') KOMiFOBATH;

1) 06’ €e/matnHs; n) BubpaTH.

€) MHOXHHA;

) TOCILIOBHICTD;

3) 3aITUCH;

K) PEeKyPCHBHHH THII,

1) IOCHJIAHHSA.

10. SIxi 3 mepeniueHUX € HAANIPOCTIIUMHU CTPYKTYPaMH JaHHX?
a) apudMeTHYHI 1 PAIKOBI;
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2. PIBHI OPIAHI3ALII OAHUX

[IporpamicT, NPOEKTYBATBLHHK i KOPUCTYBAad MalOTh CBOI NOrAAH Ha
opraHizauilo AaHux. BiINOBIAHO A0 UBOrO MOXHA BHIUIMTH TPH PIiBHI
opranizauii JaHuX:

« joriuHa OpraHi3alis JaHUX: TIPOEKTHHH piBEHbD;

*  MpeJICTaBJICHHS JAHMX: PiBEHb MOBH peaisallii;

*  (isHYHa OpraHizanis JaHUX: MALUKHAKH PiBEHb.

Jloriuna opranizanis J1aHHX — 11€, 110 CyTi, NPEACTABJICHHSA NaHHKX 3
Goky KopucTyBaua. [HmMBixyansHi Jani nosHHHI GyTH 3rpyrnoBaHi Biamo-
BiZHO IO iXHIX 3B’43KiB, a TAKOX 110 3B’ A3KiB, WO BinobpaxawTs cnocobu
ix BUKOpHCTaHHs. B OCHOBY JOriuHOI OpraHizauii JaHWX MOKJIaACHO
BMMOTH KOPUCTYBaya #l BHYTPIIIHBO BJIACTHBI JaHUM 3B’s3kM. Lle HaBax-
nuBilMi piBeHb abcTpakuii, BHKOPUMCTOBYBAHHH y MpEACTABJIEHHI JaHUX,
OCKUJIbKH CaMé BMMOTM KOPHCTYBaduiB BH3HA4alOTh BHIJIAJ TPOEKTOBAHOI
cHcTeMH. SIKILO HA eTami NPOEKTYBaHHs CHCTEMH B0 06paHO JIOriuHy
OpraHizamiro AaHMX, 3MiHHM CHCTEMHHX BHMMOT, IO HE MNPHBOAATH A0
moaudikauil 1oriyHoi CTPKTYpH AaHHX, HE CIIPHUMHATE PeopraHisaiii Ha
HHKYMX DIBHAX MPEICTABIEHHN NAHMX. TUIBKM Ha JOTiYHOMY piBHI
MOXYTh 3aCTOCOBYBATHCS (HOPMAJbHI METOAM OIKCY JMHAMITHOIMIHIO-
BaHHX CTPYKTYP.

Jloriuxa opraHi3auis CTpyKTYp JaHHX — 11 MOZENi CTPYKTYD, fiKi He
3anexars Bia crmocoby ix 36epiranus y KOMII'IOTepHii nam’ati. Jloriuny
MOJIENh JaHHX Ha3HBaIOTL a0CTPaKTHOIO MOAEIIIO.

Omnuc AaHUX MOBOIO TIPOrpaMyBaHHsA HAJIEXHTh IO PiBHA MpeAcTaB-
JieHHs AaHHX. BigHOUIEHHA MIX JaHHMH 3aJal0THCH Y BHUIIAAIL, XapakTep-
HOMY JUIA KOHKpeTHOI MoBH. Ha 1poMy piBHI OmepyloTh MacuBamu H
BKa31BHUKaMH.

Indopmaniio npo NpeACTABIEHHA A3HMX MOXHA MNOAUIMTH 33
OKPEMHMH NPOTPAMHHMH MOMYJISAMH, IPUYOMY MOXXHA BMKOPHCTOBYBATH
AK 30BHILIIHIO, TAaK | BHYTpiLIHIO GOPMH MPEACTaBIEHHA NaHKWX. 30BHIlIHE
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MpeACTaBJeHAs — L€ Norasn Ha Aadi 3 Goky iHmKX nporpaMm, ToGTo
NPEACTaBACHHA HAa DiBHI NMOTOKIE AaHuX. IIpu 30BHINIHEOMY Npencras-
JIEHH] FOJIOBHHUM € BH3HAYEHHA MOXJIHBHX LIISAXIB JOCTYIY.

BHYTpilUHE NpexCcTaBJeHHN — L€ MNpPEeJCTaBICHHA Y  BHITIAI
BHYTPIlIHIX obnactedf 36epiraHHa naHux, TO6TO CTPYKTypa JaHHX MOXE
OyTH B 30BHINIHLOMY NPEACTABICHHI CTEKOM, a8 y BHYTDIIHBOMY —
MacHBOM abo 38’s3aHMM coMckoM. IIpumycTHMO, 1O AaHI MPO MOKYIIs
MICTATH HOMEp paxyHKa, iM’si, agpecy, AaTH IONEPENHIX BHTPAT, MIATEeXi
A paxyHku. 30BHIITHBEOIO (OPMOIO iX NpPEACTAaBIEHHA € OKpeMi arperatu
naHux npo ocoby nokynus # npo foro marexi. BHyrpiwme
NpeNCcTaBNeHHA MOXe CKIaaTHCH 3 TabJHIE, TOJiB O3HAK 1 BKa3iBHHKIB.

®isHuHa OpraHizaiia JaHWX BKa3ye Ha Te, y AKOMY BUIVIAM JaHi
300paxaloTeCA B NaM’ATi Komi'torepa. Pi3MyHa OpraHizalis JaHWX CYTTEBO
321€XMTh Bil THITY NaM’ATi, HA AKii BOHH 3amuCyloThes. Di3HyHy MOaels
JaHHX HA3UBAIOTh KOHKPETHOKO MOJIEILTIO,

Pisenr Qisnunoi opranizauii moB’s3aHuii i3 CHCTEMHMM mporpam-
HUM 3a6e3neueHnsM. Ha upoMy piBHI ZOBOIMTHCS ONEPYBaTH i3 MeXaMu
ciiB, po3MipaMH MONiB, ABIMKOBHMH KoiaMu W (i3HUHHMH 3alMcaMu.
BitemicTs 3aco6iB CHCTEMHOrO NpOrpaMHOro 3abesneueHHs HAI0Th MOX-
nuBiCTs mporpamicty BuOparH cepen [0BONI BY3BKOro Kojia crocoGiB
NPEACTABAEHHA JaHHX, AKi MalOTh GiIbII-MEHII 3p03yMiny (isnyRy opra-
Hi3allil0. ArperaTH JaHMX, (10 30epiraloTbCs Y MIBHAKOMIFOWIH mam’si,
MOXHa mofatH Macusamu abo crexamu. J[o 3amucis ¢aiima MoxHa 38ep-
TAaTUCA TOCHIZOBHO a00 y NOBLIBHIM MOCHIZOBHOCTI, BHKOPHCTOBYIOYH
KJIIO4i PI3HUX THUIIB.

2.1. lloriyHa opraHi3auia aaHux

Ichyrote noHATTA noriuHol Ta (i3MYHOI HE3aNEHKHOCTI JaHHX:
nepuia 03Havae, IO 3arajibHy JIOTIYHY CTPYKTYPY MOXHA 3MiHMTH 6e3
3MIHM [IPOrpam; Apyra — O (i3HuHe PO3MILIECHHSA 1 Opranizauis aaHux
MOXYTb 3MiHIOBATHCh 0€3 3MiHM 3aranbHOi JIOTIKM CTPYKTYp MAaHHX
IpHKJIaAHUX niporpam [1].

[Ipo6nema npoekTyBaHHA CTPYKTYPH HaHHX NONArac, no-nepme, y
BH3HAa4Y€HHI crocoby ix noriuHoi opranisauii #, no-apyre, y mnouryky
IULSIXY BHPaXXEHHA L€l opraHisauii Ha piBHi 30BHIlLIHIX peaCTaBAEHb, LIO
AOIYCKaIOTECHA CHCTEMOIO i MOBOIO NporpaMyBaHHs. CHCTeMHE nporpam-
He 3a0e3ne4eHHs ynpasjse NOTOKOM NaHHX MDK DporpaMamu # 30BHill-
HIMH NPUCTPOSAMH, 2 MOBH MPOrPaMyBaHHA YNpPaBJifiOTh OOMIHOM JaHHMH
MDK IporpaMaMH.




BBia | BMBI € HECTAHJAPTHHMH OMNEPALifAMH, I TOMY CHCTEMHHH
aHATITHK i IPOrpaMicT NOBHHHI HE TUIBKH A00pe 3HATH MOMXIHBOCTI MOBH
nporpaMyBaHH#, ane i po3buparica B pobOTI CHCTEMHOIO MPOrpaMHOro
3abeaneuenns. [TpoeKTyBaHHs i peanizauilo NOTPIGHO NPOBECTH TaK, 106
3MiHa BUMOT KOPHCTYBa4a, a TakoX MOAH(]iKallif anapaTHOro A nporpam-
Horo 3afe3neyenHs AxkHaliMeHIue BIUIHBAJIH Ha MPOEKTOBAaHY MPOrpaMHYy
cucremy. Lleil BIMB MOXHA 3BECTH O MiHiMymy, i30mow04H onepauii
CHCTEMHOTO iHTepdekicy i BBOXY-BHBOLY.

Cucremie nporpamue 3afesnedeHns Jac 3MOTry i30MOBaTH peasbHi
TNpOTIEYPH BBOIY-BMBOAY Bia nporpamicra. To6To, mporpamMy B TIPHHLATI
HEe 3MIHIOKOTHCA MpH 3MiHI 30BHILHIX mnpucTpois. Ilporpamicr, cBo€io
9eproo, MOBHHEH 3aXHCTHTH KOPHUCTyBada Bl 3MiH Yy CHCTEMHOMY
nporpamuomy 3aGesneuenni. Kopucrybau He MOBHHEH TaKOX ITIKITyBaTHCA
NpO CTPYKTYPH H po3MipH ¢aiiniB. AHANOTIYHO B NPHKIAHHX CHCTEMAX HE
MOBMHHI BHKOPHCTOBYBAaTHCA BHYTpIilIHI MNpEACTaBICHHA JAaHMX 1033
oxpemaME MOXyJssMH. [Tporpamu A0CTymy, sIKi CIYTYIOTb /Ul PO3MIILCHHS,
TTONIyKy $ 3MiHM JaHMX, TOBHHHI 3a6e3MeTyBaTH KOHTAKT i3 JAHUMH TUIHKH
Ha piBHi 30BHIILIHBOrO NpeacTasieHHs. Lle o3Hayae, MO MPOLEC Nepexoxy
Bij piBHA JIOri4HOI OpraHizauii 1o piBHA MpeACTaBIEHb Mac nepeabagaTn
NIPOEKTYBAHHA HE TUIBKM CTPYKTYp AQHMX, ane ¥ NporpaMHMX MOMYIIB.
[IpryoMy NpH NIPOEKTYBAHHI CTPYKTYP AAHHX BUKOPHCTOBYETBCS IPHHLIMII
izomsii ingopmauii.

[Iporpama KOpHCTYBada He NOBHMHHa OyTH NOB’A3aHa 3 METOAOM
36epirauns nauux. Konn mns 36epiranns indopmaiiii BUKOPHCTOBYETHCH
6a3a nauux, CYB/] BuOHpae uuifx AOCTYNY BiMTOBIAHO AO MOYATKOBOIO
BH3Ha4cHHA 6a3H NaHHX. 3AIHCHIOIOUH 3allHT, HEOOXIIHO AOTPHMYBATHCH
MpaBuJl, YCTAaHOBNEHMX A peanizauii 6aszm nammx. Slxmo indopmanis
MicTHTBCA He B 6a3i manmx, a y ¢ainosiii cucremi, T0 W TOro, 1wo6
MOXHa 6yn0 BHKOpHCTAaTH HOBI GopMH 3amuTiB, HeobXiaHo abo 3MIHHTH
icHyroui mporpamm, a6o crBoputH HOBi. OpraHi3alis HOBHX LUIAXiB
JOCTYTlY, BiAMIHHHX Bif repei0adeHuX TIPH MOYATKOBi# opraHisauii, Moxe
notpebyBaTH J01aTKOBOI 00poOKY HaHMX.

PerenpHe BM3HAYEHHS LUBAXIB JOCTYNY 1 SBHMH ONMMC CTPYKTYP
JaHHX TiTLKH B JEAKHX MOAYJIAX CIifi POOHTH NpuHAHMHI i3 ABOX NPHYHH.
[lo-nepuie, KOPUCTYBay He MOBHHEH MaTH CIPAaBH 3 HE CTOCOBHHMH JIO
#ioro 3amaui nuTaHHsMu 30epiramns ganmx. Ilo-mpyre, sKHaWMeEHIIe
MOAyJIiB TMOBHHHI 3aleXaTH Bij opraHizauii 36epiranns aanux. SKuo
opradisaiis AaHWX i307BOBaHA, 3MiHA iX TNPEACTABIEHHA CIPHYHHHTD
HE3Ha9Hi 3MiHH TeKcTy nporpamu. Tomy HeoOXinHO HamaraTHCs po3Mi-
UIaTH CTPYKTYPY AGHHX TUIBKH B OIHOMY ITPOrpaMHOMY MOZYI.
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HasBHicTb nocTiiHux ¢aimiB NpHBOIKTE A0 JOAATKOBUX mpobieM.
Y cucremax 0a3 pmaHMX TOCTiHHI ¢aiinM HaneXaTk A0 BHYTPIIOIHIX
CTPYKTYp, i JOCTynHM OO HHX 3iHCHIOIOTBCA TUIBKHM 33 JOIIOMOIOIO
aaMinicTparopa 6a3u AaHuX, TOOTO CTPyKTypa MOCTiiHuX daiinis y 6azax
NaHuX i3ompoBaHa. B IHIMX cHcTeMax He MOXHA OOMEXHTHCS J0O3BOIOM
AOCTYyNy 10 HHMX TUIbKM OfHi# nporpami. Haiixpaumm BHXogoM €
po3MillicHHs onucy (aiia B HEBENMKilf KiIBKOCTI TPOrpaMHMX MOAYJIB.
Lle mae 3Mory MiHiMi3yBaTH MOXUIMBI 3MiHM nporpam. SIKmio B KOXHiM
nporpami, siKka npawoe 3 ¢ainoM, AOCTYN [0 HbOro 3abesnedye OIUH
MOZlyNb, MOXKHA pekoMeHayBaTH 306epiratu onuc ¢aitna B 6i6mioreni i y
BCIX MporpaMax BHKOPHCTOBYBATH HJNIA JOCTYIY TOW camuil Momyns aGo
npuHaiiMHi To# camuit ormuc daiina.

JlaHi B xoMIT'I0TEpi MOXYTh OyTH BNOPSAKOBaHI 32 JOMOMOrO0
KTOUiB, #KI € eJeMeHTaMd JaHuX. Jlng oprasizauii JaHMX MOXKHA
BUKOPHCTOBYBAaTH piBHi iepapxii abo GararoacnekTHuii mocTyn i nepe-
xpecHi mocunauHs. Ilns onucy indopmauii B 6a3ax maHux Haifyacrime
BHKOPHUCTOBYIOThCA i€papxiuHi abo pesnawiifHi Moaeni, npu4oMy pensiuiina
Mozenb. 61H34da 0 JIOriYHOl CTPYKTYPH JaHHX.

3a monoMoOro TpLOX NpPOLENYP HOpMamizalii MOXHAa TIPHBECTH
Oynp-axi gaHi go eauHoi Gopmu. Ilepma HopMameHa dopma (1HD) mae
3MOry omucaTH JaHi 6Ge3 nobroproBauux rpym. lle 3milicHioeTscs 3a
JOTMOMOrol0 BHILNEHHA YaCTHHU CTPYKTYPH, SKa MOBTOPIOETHCA B iHINiM
crpykrypi. [lpouec nepersopennHs mo mnepmoi HopMmaimsHO! (opmu
3BOJIMTHCA [0 3aa4i MoOyI0BH IBOX THIIB CTPYKTYD, OB’ S3aHHX MeEpex-
PECHHMH NOCHJIAHHSAMH.,

CrpyKTypa JaHHX HANEXHTH A0 ApYroi HopmanbHoi ¢popmu (2HD),
AKIIO BOHA, MO-Tieplle, HAJeXHUTh A0 INepiloi HopManbHol GopMu #, mo-
ApyTe, He KIIOYOBi e1eMEHTH QYHKIIOHAIBHO MOBHO 3aJIGKATh Bill KIt0ga.
Lle oznauae, nio Kmo4 norpibeH s BH3HAYEHHS IHIIMX EIEMEHTIB, 1
AKIO K04 € CKIAJOBUM, JKOJEH 3 IHIIHX elIeMEHTIB He Moke Oyrh
BU3HAYEHHH Ha MIJCTaRi 3HAHHA TLTBKM YACTHHHM Kmouda. [IpuBenenHs
ctpyktypH 10 2H® 3nilicHIOETBCA BHOAJICHHAM CIEMEHTIB NaHUX, fKi
3aNeXaTh TiIbKM Bl YAacTHHHM KiIo4Ya, i (QOPMYBaHHAM 3 HHX Ta 3
YaCTKOBHX KJIIOYiB OKPEMOI CTPYKTYPH.

CTpyKTypa NaHWX HanexHTh 40 TpeTboi HopManbHoi ¢popmu (3HD),
AKILO HE iCHYE HEKIIOYOBHX €JIeMEHTIB, AKi (QYHKUIOHAJIEHO 3a5IeXaTh BiX
IHIMX HEKTOYOBHX CNEMEHTiB. KMo X Takuil eNeMeHT iCHYe, BiH
Ge3nocepeHbo MoB'A3aHMN i3 KmodeM. [lepeBepenns 3 2HO® y 3HO®
3ALHCHIOETECA BHAANCHHAM (PYHKIIOHAIBHO 3A/IEXHUX EIEMEHTIB i hopMmy-
BAHHAM 3 HAX Ta 3 CJIEMEHTIB, AKI X BH3HAYal0Th, OKPEMOI CTPYKTYPH.
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BuyTrpiumse npeacTaBIeHHsA JAHHX

IpecTaBnenHs JaHKX y MpOTpaMaXx 3aeXHTh Bil 33CTOCOBYBaHOL
MOBM nporpamysanns. Hajfuacrilie BHKOPHCTOBYIOTBCS TaKi THITH JaHHX,
AK CKAJApH, OMHOBMMipHi MacuBH #f 3amucw. Y OUTeIIOCTI MOB
nporpamyBanHs nepeabadeHo MOXUIMBICT pobOTH 3 yciMa IHMH THIIaMH
JaHHX.

Yacto HaiBiANOBIAHIMIKAMH € CTPYKTYPH HAHHX THITY MHOXHH,
38’93aHMX CNHCKIB Ta Tabmuus. MHOXHHA sBIAE COOOI0 CYKYNMHICTH
enemenTis. Ha Bimminy Big MacuBy abGo mocminosHoro daiina enemeHTH
MHOXMHM He Bnopsaxosano, HeoOXiZHO Tak NpPENCTaBHTH AaHi, OO
MOXHa 6y0 3aBXIM UIBHIKO OTPHMYBaTH NoTpibHy imdopmariio. Yepes
T€, 10 MOBH NMPOTPaMyBaHHs AAI0Th 3MOTY NpPAIIOBATH 3 PI3HAMH THIAMH
IaHHX, 3aBJ@aHHAM Nporpamicra € BUOIp Takoi CTPYKTYpH NaHHX, fKa €
HaH3pyYHIILO U1 NpeACTaBIeH s indopmaii.

Jlns BBOMY-BHBOAY CKAJADHI €EMEHTH JaHKX CNIij posrisaaty abo
AK He3aleKHi eneMeHTH, ab0 #K €NeMEeHTH 3amuciB. 3anexHO BiA
MOXCTHBOCTE MOBHM TIpOrpaMyBaHHs faHi MOXyTs OyrtH abo psaxkamu
cumBoniB, abo mecsaTkoBMMHM abo ABIHKOBHMM 4MCIam#, 4YHC/A, CBOEID
yeproio, Moxyre Gytm npeicrasiedi y ¢opmi 3 dikcosaHoio a6o
UIaBaloyoKo Kpankow. KoRrkperHa dopma NpencTaBieHHs NaHMX Ta iXHi
PO3MipH 3aJI€XKaTh Bil KOHKPETHOrO KOMI I0Tepa.

V nporpami a6o B 06nacTi poSMilleHHs NaHi 3a3sMuail 00’ €IHAHO B
MACHBH, CTPYKTYpH a60 CKIamHillli arperat, sSkHMX 4acto OesnocepenHbo He
nepenfayeno B MOBaX NpPOTPaMyBaHHs. ICHYIOWI MEXaHI3MH JOCTYMy, LIO
TIPAIIOIOTH 31 CTPYKTypamu ¥ MacuBaMmm, i30b0BaHi Bl nporpamicra. Sxuto
PO3POGIIOTECS HOBI CKNAAHI THITH JAHWX, IO POSUIMPIOIOTH MOXUIHBOCTI
MOBH, MEXAHI3MH JIOCTYITY [0 HHX TAKOX CJIi] 30/IFOBATH.

[lepesaxuno Jyisi peanisaiii CKIAAHHX THNIB JAHAX MOXHA
BHKOPHCTOBYBATH Kinibka criocobiB. Hanpukiaj, CTek MOXHA peasisyBaT
y BHIISI MACHBY 3MIHHOI IOBXKHHH, IO 3HAXOMTECA YCEPEAMHI MACHBY 3
dikcopanuMu Mexamu, ab0 y BHIUISAI 3B’A3aHOTO CHHCKY, KEPOBZHOIO
BKasiBHMKaMu. J{s TOro, 1106 CnpOCTHTH BHECEHHS 3MIH 10 JaHHMX TaKHX
THMiB, iX CNid TOMICTHTH B OKpeMi mporpamsi moxymi. Skuio s
BHYTpINIHBOTO MPEACTABIEHHSA JaHHX 3pYYHO BHKOPHCTOBYBATH CTEK abo
MHOXHHY, NPOrpaMiCT MOXe CTBOPHTH ClellialbHe PO3IMPEHHS MOBH, IO
MICTHTH THMI J[AaHMX, NPHYIOMY 3BEpTaTHCd N0 HLOIO MOXHA JHLIE
BHIUTMKOM MimmporpaM. IHmi Momy:ni MporpaMHOi CHCTEMH HE 3aJ€Xarh
Bij ciocofy peanizailil IbOro HOBOT'O THITY JaHUX.

Ha puc. 2.1 HaBeJeHO NPHKAAK BHYTPIIHEOI0 NPEACTABICHHS
HeopicHTOBaHOro rpady.
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Puc. 2.1. Buympiwne npedcmaenenis HeopicHmoeanozo zpagy:
a - neopicnmoseanuti 2pag; 6 — mampuys cymiscHocmi; 8 — macue
CMamu4HWx 6eKMOPIB, 2 — MACUE OUHAMINHUX 6eKMODI6 (HIKCOBAN020 POIMIpY;
0 — MACU8 CRUCKIB; € — CNUCOK CNUCKig

Hani, mo € 30BHIUIHIMH CTOCOBHO CHCTeMH (HANPHKIAA, BXAHI i
BHXIiJHI JaHi), MoBuHKI OyTH mojaHi y ¢opmi, 3pyuHiii Hacammepen s
CTIpHHHATTA moauHoW0. SK BXimHi, Tak i BHUXiAHI NaHi MOBHHHI JIETKO
YHTATHCh, He NOTpeOyIOUH 111 1bOrO CHEliaIbHUX 3HAaHb NMpo (Gopmatw,
koau ¥ npenctaBneHHs JaHuX. [lnA npoexTyBaHHA i€l 4acTHHH
30BHIMIHBOrO MpEACTABICHHA MaHWX Ba}UIMBI AK 3aranbHa opralisamis
NaHMX, TaK 1 KOHKpETHI AeTani mpenacraBiaeHHs. OpraHisamis 3aIeXHTh Bix
CHCTEMHHX creimdikaniff i BUMOr KopHcTyBadiB. Jlerani 3anexars Big
MOBH peati3zallii, ajie HacaMrepe] BH3HAYal0ThCA CTHIIEM | MOXUIHBOCTAMH
ajlanTatii 10 yMOB, IO BHHUKAIOTh YIIPOMOBX BHKOPHCTAHHA CHCTEMH.
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dopMaT BBO/lY YMCIOBHX JaHHX Ma€ MICTUTH AECATKOBY Kpamky i
npo6inu niBopyd. BuBeneHi gucioBi Aani noBHHHI OyTH Binpenarosasi i
[MO3HAueHi cheliaipHAMM MiTKaMK Tak, mob6 MoxHa Oyno J€rko
3pO3yMiTH, YH BOHH € TDOUIOBHMH OJMHHMIIMH 4H pE3yIbTaTaMu
BuMipioBaHb isHuHKX BenuuuH. [IpUIYCTHMO, WO HEOOXIAHO BHKO-
pHCTOBYBaTH KOAH. Tozi MHEMOHIYHI CKOPOYCHHS MEPEBAXKAOTH YHCIIOBI
ko (M u F xpame, Hix 1 i 2). Sxumo norpiGHO 3acTocysaTu abpeBiaTypy,
CNin BifiaBaTH nepeBary CTaHAapTHUM ckopoucHHsM (M, T, W, TH, F,
SA, SU xpame, ubx M, T, W, H, F, S, U). Slkmo 3acTocoByeTbCS
HecTanjapTHa abpesiaTypa a6o Kox, kopucTyBadesi dacto Gyne norpibua
nizKaska, Mo MOACHIOE 3MICT MoBiaoMueHHs. Binnopindi Gopmy MoBHHHI
GyTH nependayeni UIs NPEICTABICHHA K BXUIHMX, TaK i BHXIJHHX JaHHX.

BxifHi faHi CIIij YBOMUTH BiNOBLIHO 10 OPraHizallii, 1 4ac BBE/ICHHA
BHKOPHCTOBYBATH DO3/UTHHUKH, TaOuili BBOAMTH mopsykoso. Mesii pAIKIB
TOBHHHI NPUNANATH Ha iHTepBaTH MK AankMu. IToMiTii BBEJICHHS, WIO
[IQIIATAIOTE Y TPOITYCKY CHMBOTY a60 TOsiBi 3a/{BOTO CHMBOITY, MOXHA JIETKO
BUSBHTH 1€ 710 BBEICHHS JAHMX JI0 KOMIT' FOTEpa, AKIIO [aHi MojJaHo y dopmi,
3pyuHiit s cipHiEATTA. CHCTEMM BBEICHHS J]AHHX, 1110 NPALIOIOTE Y pexuML
on-line, BMAAIOTH KOpHCTYBady iH(OpMAIilo, O BBOIATLCA, NAIOWM HOMY B
TaKwil CrIoci6 MOMUIMBICT BUITPABHTH JOMYILEHI TOMIIIKH 1€ O Tepe/iaBaHHs
JAHUX 10 KOMIT'FoTepa. BXizmi rani nosHHHI GyTH 3pydHI 1S CIPHAHATTA.

Buxiani faHi 3a3Buuall BUBOAATH y (OpMI, fika B €KOHOMIlll OACP-
Xana Ha3By «3BiTH», ab0 y popMi, AKa B JiATOrOBHX CHCTEMAaX HAa3HBAETHCA
BimoBizsMu Ha 3anuTy. SIKy 6 KUTBKICTH HaHMX HE BHBOMWIH, iX Tpeba
PO3MICTHTH BLEIOBIAHO JO 3aJaHMX ¢opmaris, Ha3BaTH, JAaTyBaTH H
3a0e3MEUMTH  CreliafbHAMM  MiTkamd. UMCIOBI faHi penaryiots H
[103HAYAIOTh CleMiATbHHMH MiTKkaMu. HeuncIoBi MOBIIOMIICHHS CITijl BUBO-
JMTH Pa3oM 3 MOACHEHHAMH, IO CTOCYIOTbCA BHKODHCTOBYBaHHX Yy HHX
KOZiB i ckopoucHb. KoXHy CTOPiHKY HyMEpyiOTb, Ha3UBaiOTh i JaTyioTh. Ha
PE3yNBTATH, IO, MOXUIMBO, MIiCTATH MOMMIKY, 3BEPTAlOTb yBary KOpHC-
TyBaua 3a JONOMOIOI0 Pi3HOMAHITHHX TIPAnOpLiB.

3piTH 3a3BMYail AUIATE HA CTOPIHKHM 3 NOJIIMM KCPYyBaHHA CIIEMCH-
TaMH A@HMX JUIA iX rpynyBaHHA. 3MiHA 3HAY€HHS LbOrO CJIEMEHTAa
NPUBOIWTS [0 THMYAcOBOTO INEpEepHBaHHS mpouecy oOpobku, IO
Ha3HBACTHCH KCPIBHUM ITEPEPHBAHHAM.

30BHILIHE NPEICTABICHHS JaHHX MOXXHA ONUcaTH abo 300pasnTH 32
JOMOMOTOI0 IpadigHOl CXEMH — TaK 3BAHOI «I€PAPXIYHOIO CXCMOIO JaHHX)
(puc. 2.2). BBegeHHA HOBOrO KEPiBHOIO MOIA NPHBOAMTH [0 TOABH IIC
omHoro piBHSA iepapxii. Koxwuuii piBeHb CXeMH MOB’S3aHHMH 3 OAHICIO
KEPIBHOIO IPYIION0.
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Puc. 2.2. Iepapxiuna cxema 36imy (noziuna cmpykmypa)

Ha puc. 2.3 nokazaHo (i3HYHY OpraHizanifo AaHHX, [0 CKIAJaloTh
8iT. Y Hilf BPaxoBaHO TaKi XapaKTEPHUCTHKH IPYKAPCHKOTO MPHCTPOIO, K
JIOBXHHA psJIka # po3Mip CTOpIHKM, i TIOB’S3aHa 3i 3MICTOM 3BiTY JHMiNe B
TOMY BHNAJKy, SKIO DPO3MOAUT 3a CTOPIHKAMM 3al€XHTh BiJl KepiBHHX
r1CPCPHBAHS. KpiM Toro, mmpsHa cMyr i posrauryBasus indopMallii 3a1exaTs
Bil XapaKTepHCTHK K 3BiTY, TaKk i APyKapchbKOro MpPHUCTPOIO. 3aronoBky i
MIACYMKH, 10 HAIEXATh OO CTOPIHOK, MMOBHHHI MICTHTH HOMEpH CTOPIHOK,
nary, inexrudikaTop 3BITY, JCTEHAM i, MOXUIMBO, 3ar0JIOBKM CTOBILIB i
NiCYMKOBi pe3ynsTaTd. lepapxiusi cxemH, HaBeleHi Ha puc. 2.2 i 2.3,
MpU3HateHi A1 OITHCY TOTO CaMoro 3BiTY, ale 3HAXOAATHCA Y TAKOMY BiHO-
(UEHH] OJIMH JI0 OHOrO, 1110 Be3nocepeHEO 3iCTaBUTH iX He MoxHa, [liarpama
NOriYHUX BLIHOCHH MDK JNaHHUMH, rpaivyHa cxema 30BHIlUHBOTO TPEACTaB-
NeHHs JaHuX i rpadiyna cxema ¢isMyHOI opraHisalii € TppoMa criopoGamu
MPeACTaBNeHHs NaHHX, 110 HAIEXaTh 10 TPbOX Pi3HHX TOUOK 30Dy Ha JaHi.

CropiHKka 38iTy

T
I | 1

3aronoBokK
CTOPiHKU

Nigcymku 32

BMicT cTopiHKkK 3
CTOPIHKOIO

Puc. 2.3. Iepapxiuna cxema MHOMCUNYU CIMOPIHOK, W0 CKIAOAomy 38im
(¢izuuna cmpyxmypa)
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2.3. disnyHa opraHisauisa gaHux

Ha ¢isuunoMy piBHi maHi MOxyTh OyTH BnopsmxoBanumH abo
HEYNOPAAKOBAHHMH, OJHOPIZHUMH a00 HEONHOPUHMMM, MICTHTH KIIOYi
abo He wMicTuTH. Pe3ynbTaTH OI3MYHMX BHUMIDIOBaHb BBKAKOTHCH
BIIOPAIKOBAHWMH, SKIIO BOHM POONATBCS B CTPOro BH3HAYEHI MPOMDKKH
Yacy i AKIIO Yac € O/HI€I0 3 BUKOPHCTOBYBAHHMX [UIA aHANi3y 3MIHHMX, AKa
ABHO HE BXOAMTH A0 CKIaQY NaHHMX. JlaHi MO)XXHa BIOpAIKYBaTH H 3a
JOTIOMOTO}0 IHIIMX BHMIDIOBAHMX BEJIHYMH — TAaKHX, fK BincraHs. [laHi
BB2XKAIOTHCS HEYNOPSAKOBAHAMH, AKIIO Ta BEIHYMHA, 33 3HAYCHHAMH AKOL
BOHH TPYTYIOTBCA, HE € X04a 6 HEABHO YACTHHOIO JAHWX. YTIOPAAKOBAHICTb
nepenbayae HesABHE 3aBAHHA, IOCTATHE JUIS NOPIBHAHHA 3HAYEHB 3MIHHOI,
il 3axifi, AKIO NOTPiGHO, MOXe OyTH ABHHM, TOOTO Ha JIOTIYHOMY piBHI
nasi OyoyTh HEYNOPAAKOBAHHMH, AKINO MOPAAOK YBONMTHCA TUIBKH 3
MipKyBaHb 3py4HOCTi JOCTYIY JI0 OKPEMHX EIEMEHTIB JIAHHX 1 MifPaxyHKy
3arabHOI KUIGKOCTI AaHnx. HaltanekBaTHilIow (OPMOIO NpPEACTABICHHSA
HEYNOPAJKOBAHMX JAHWX € MHOXMHA. 3pydHOI0 (OPMOIO NPENCTABICHHS
BIIOPAIKOBAHMX JaHUX MOXe ByTH depra, cTek, cnucok abo macus [1].

Pesynbrath  (Qi3M9HMX BHMIpDIOBaHb 3a3BWuai  HEOMHOPIMHI,
OCKiNBKH a0 OfHI BEJIMYMHM BHMIDIOIOTh Y AEKUIBKA pa3iB YacTille, HDK
inmi, abo oaMHMII BHMIpIOBaHb pi3HI, a0 MHOXHHA NaHHX MICTHTh
€IEMEHTH PpI3HMX THOiB. 3amdcH ekoHoMiuHoOl iHQopmauii TakoX
HEOJHOPI/HI, OCKIIBKY BOHH CKIANAlOThCA i3 CHMBOJIBHMX i YHCIIOBHX
nonis pi3HOi JOBXKWHM. BHyTpiwHi ¥ 30BHilHI GOpMH NpencTaBICHHA
OIHOPIAHMX i HEOAHOPIIHMX HAHHX MOXYTh OYTH THMH CaMHMH, AKUIO
MOBOIO IIpOrpaMyBaHHs nepeadadeHo abo IHHAMIMHMH PO3NOALT Iam’ AT,
abo Te, MmO MaM’ATTIO MOXe ynpaBiasTH nporpamict. Ha pisri ¢disuunoi
opragisauii CyKynHiCTh JaHHX IIOBHHHA OYTH OHOPLAHOIO.

SIxmo HikonH He Gyne norpibHO iAeHTH IKYBaTH OKpeMi EIEMEHTH
[AHHX TUIBKM Ha INiICTaBi iX NOPAIKY, BBaXalTh, IO JaHi HA JOTIYHOMY
piBHi He MICTATD KIIOYiB. Y NPOTHJIEKHOMY BHIIAKY MOXHA BBXATH, IO
naHi MicTATe K049, XapaKTepHCTHKa, BHKOPHCTOBYBAHA [UIA 1HEHTH-
dixanii (k1504), € noneM AaHKX. IHOMI NOUTBHO MaTH KiNbKa KIHOYIB JUIA
toro, mob 3abesneuuTH GaraToacnexTHHH moctyn. Kmoui MoxyTe GyTH
OCHOBOK BHOOpY BHYTPINIHBOTO NMPEACTABCHHA NaHMX. Bin HHX MoOxe
3a7eXaTH TaKoX (i3uyHa opragizanis JaHHX.

OmHi MHOXMHH JaHHX € CTPYKTYPOBAHHMM, iHII HECTPYKTYpOBa-
HMMH. SImO MHOXHHA JAHHX HE Mae XapaKTepHOl CTPYKTypH, #oro
€/IeMEHTH BCE-TaKd MO)XKHA 3rPYIyBaTH JUI 3PYy4HOCTI pobOTH 3 HHMH,
HANPUKIAJ, KOJH OIOKYIOTHCSA 3aImucH ab0 KLTbKa KOPHIYBaTBHHX MOBLIOM-
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JIeHb YBOJATHCA Pa3oM 3 TEPMIHAIBHOI0 NPHCTPOIO. SIKINO €JIEMEHTH JIaHHX
110B’13aH1 OIMH 3 OITHUM, alle HaeXaTh PI3HUM THIIaM, 1X MOXHa 00’ €HaTH
460 B Tabmuui, abo B CTPyKTypH (K y BHmaaxky 3 iHdopmauico mpo
liepe/maTHHKiB). Taki arperaTi JaHWX, CBOEIO YEProl0, NOEIHYIOTHCA B HIe
Ginbii arperatd. Paitn Moxe ckiagatucs 3 paakiB Tabnuunol iH(opMamii
160 3 HabOpy CTPYKTYpOBaHMX 3aIMCiB. AHANI3 NOTOKIB JAHWX IPHBOJHTE
MK [0 MEKOMIIO3HINI MOTOKIB JaHHX Ha I[IOBTOPIOBAHI KOMIIOHEHTH, L0
CKITAATOTHCA i3 OKPEMMX EIEMEHTIB JIaHHX, TakK 1 40 00’ €IHAHHS eNneMeHTIiB
JIAHMX B Arperatu 3 MeTor0 (OpMyBaHHs HA iXHil OCHOBI CTPYKTYpOBaHHX
obnacre#i 30epiraHHs JaHUX.

OG6nacTi 30epiraHHA JaHHX MICTATH OOHOYACHO KUIbKA eK3eMIUIApIB
pisHUX arperarie JaHWX. Xoua arperaT HaHHX MOXYTh OyTH JIOridgHO
1HEORHOPIAHHMH, OOMeXXeHHS, 0 HaKIaJaloTECA MOBAaMHM IIpOrpaMyBaHHs A
IIPHCTPOAMH BBOAY — BHBOIY, BUMaraioTh, 1106 obnacti 36epiraHus naHux
Oynu onHOpimHMMH Ha PpiBHI arperatiB. Y 3araibHOMY BHNaAKy HaHi
lloBHHHI OYTH BHOpANKOBaHi 3a jgomomorok abo kmodis, abo mTydHO
neegeHuX npaBui. Bubip ¢izuuHoi opranizauii jaHux Aa€ 3Mory BH3HAYHTH,
‘|4 € AaHi BIOPAAKOBaHUMY Ta 4l NOTPiOHI A1 IXHBOT OpraHizauii Koy

YnopsakoBaHicTs / HEBIIOPAAKOBAHICTH

Heymopsiakosani nani ¢opMansHO MOXHA OIMMCATH 33 ACIIOMOIOI0
MHOXHHH, y SKii iCHye NpaBmwio, WO a€ 3MOry BH3HAUHTH, HAIEKHTH
C/IEMEHT MHOMMHI 4H Hi, i CHCTEMM JOCTYMY, fKa OpraHi3ye AOCTYN A0
1orpibroro enementa. EnemMenTH MHOXHHH MOXYTh abo MaTH wnoyi, abo
cami Oy xmodamu. SKano 3 exeMEHTAMM MHOXWHH HEOOXiZHO BHKOHY-
BaTH MEBHi onepauii, oTpi6Ha cHCTeMa SOCTYIY, KA MEPEerifiac eIeMeHTH
MHOXHHH MOCTiIOBHO ab0 mapanessHO Oe3 ypaxyBanHA SKOro-HeOymb
l1onepeqHBE0 BH3HAYMEHOro nopsanky. Yepes e, 10 A0 €IEMEHTIB MHOXHHH
1eobXimHO NOCTIHHO 3BepraTHCA, MHOXWHH 3a3BHYail peamizyloThed Y
BUIVIAAI OXHOBHMIDHHX MacuBiB abo y Burnani Qailmie 3 nocHiIOBHHM
noctynoM. Ilpsamuit mocTynm 3aiHcHIOETBCA 3a Jonomorom BHOopy
CTPYKTYpH ¢aiiia, 10 IPUITYCKAE AK [PSAMHiL, TaK i MOCIIOBHHIH JIOCTYTI.

Qaiiny # MacHBM MOXYTh CKJIaJaTHCA 3 YIOPAIKOBAHHX i
1EYTIOPAAKOBAHHX NaHHX. SIKIO eleMeHTH MHOXHHH-HE MICTATh KII4iB,
ix MoxkHa 36epiraTu B mMacuBi a6o B IMOCIIiZOBHO opraHizoBaHoMy daiii.
flkwo wmodi nepenbadeHi, camMe BOHU € OCHOBOKO Oprasisaiii cHcreMu
46epiranHs. JlaHi, Aki HeoOXiAHO BOOPAOKYBAaTH JAEKUIBKOMA CrocobamH,
RMKOPHCTOBYIOUH Ppi3Hi KIo4i, MOXYyTh 30epiratucs B 6a3i jaHux, y
OaraToBUMipHOMY MacHBi, y ¢aiini i3 Mop’A3aHKMMU 38 JONOMOIOK0 KIIOYIB
egeMeHTaMH abo B cucTeMi iHBeproBaHUX (aiinis.
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OnnopinricTs / HeopHOpiAHICTH

HeonHopiaHi eneMeHTH IaHWX BiApi3HAIOTHCA OJIMH BiJ ORHOrO 3a
THUIIOM, OPraHi3alicio Y AOBXKUHOKW a60 cKkIajaroThCA 13 YAaCTHH, IO
BiApI3HATOTHCA 3@ THIOM, Opraizaumicio um goBxuHOw. Ha ¢isuanomy
piBHI 3 HEONHOPIAHMMH [AaHUMH MOXHA TMPANOBaTH, AKIIO CTaHAap-
TH3YBaTH Ppi3HI YaCTHHH OaHMX, TOOTO HeoOXinHO yHidiKyBaTH THIH,
PO3MIpH # yce Te, 110 NOB’s3aHe 3 MPECTABICHHAM AaHUX Y KOMI I0Tepi.
[le mMoxHa 3poOMTH BBEAEHHAM EQMHOTO JUIA BCIX JaHUX dopmarty, 1o
MICTHTh IIOPOXHI TIOJNA; CTaHAapTH3alil JOBXHHH H BHKOPHCTaHHA
CaMO3yMOBJIEHHX NaHUX; 006’€AHaHHSA €JIEMEHTIB Pi3HOI JOBXHHH B PAIOK
TIOCTIMHOI IOBXHHH H BHKOPHCTAHHA AeKiTbkox omucis. Hanpuwian, mis
onpauoBaHHs OaratonudpoBMX YHCEN 3a JAOMOBJIEHICTIO BiICYTHI
po3psaM 3aMiHAIOTECA HYIAMH (puc. 2.4).

Bxigawii MacHB uHcen CranzapTy3oBaHuil Macua
32 0032
5714 5714
5 0005
4325 4325
678 0678

Puc. 2.4. Ilpueedennn oanux 0o cmandapnty

HasericTs K/I104iB / BicyTHiCTL KII04iB

Vi 36epexeni nani nosuHHiI 6yTH mocTynHi. EneMenTH naHMX, 1010
HE MaloTh KIOYiB, MOBMHHI PO3MILIYBAaTHCS TOCHIIOBHO B MacuBi abo B
nocmigosHoMy taibri, mob 10 HuX MoXHA Oyj0 J1erko oIepxaTH JOCTYII.
Jani, 110 MIiCTATH KTIOUi, 3AJ€XHO BiJ BIXHOCHOI 4aCTOTH MOCTIIOBHHX 1
BHIIAAKOBUX 3BEPTAHb 0 HHX MOXYTh po3MilliaTHCa ab0 TOCIIOBHO OJHH
3a oHUM, a60 32 JeSKHM METOJIOM XenryBaHHSA. SIKIO NaHi poO3MIllyrOThCS
OAMH 33 OOHHM, BOHHM MOXYTh OyTH abo0 BiZCOpTOBaHI (no-nepue, KOJH
BIIOPAAKOBAHI, NO-ApYTe, KOIM JOCTYI 0 HHX 3[IHCHIOETECA 32 IOMOMOIOK0
iHmMBiAyansHMX KIO4iB), 60 He BiacopToBaHi. SKI0 MOPAAOK HE M€ 3Ha-
YEHHS, COPTYBaTH AaHi He 000B’43K0BO. SIKIIO €IEMEHTH JIaHHX PO3MIIEHO
32 TIEBHAM METOAOM XeWyBaHHA H, KpIM TOro, MOMUIMBMH BHIaIOK
ITOC/IiIOBHOrO 3BEPTAHHA IO HHUX, HEOOXITHO JONMOBHHTH CIEMiaIbHUMHK
KOJaMH HEeBHKOPHCTOBYBaHi NMpPOMDKKM MacHBy uM (aiina abo nos’sszatu
indopmauiitni obnacti nam’sTi, 3aNPOBaDKYIOUH TaK BIIOPALKOBAHICTb.

Jlis BH3HA9eHHS ITO3MILI] eleMEeHTa JJaHUX y MAacHBi B aIropuTMax
XelllyBaHHS 4acTO BUKOPHCTOBYIOThCA a00 BU3Ha4eHi IMOPH, IO BXOAATH
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o kmoya, abo 3aMMIIOK Bill NUTEHHS KIOYa Ha IMeBHe YHcao. SKuo
XCLIyBAaHHA I IBOX KIIOYiB Ja€ ONHAKOBE 3HAYCHH:, KOHGJIIKT MOXKHa
3HATH, PO3MICTHBIIN JIpyre 3Ha4eHHA B Nam’sti, wo Oyna BuaincHa i
nepuroro 3Ha4eHHd. ¥ Tab. 2.1 HaBeeHO NPHKIAJ BU3HAYEHHS A/Ipec A
3aaHHX KIIOYiB K OCTa4a BLI ALICHHA 3HAYEHHA KIloya Ha yncio 10.

Tabauys 2.1
ITo6yaoBa xeni-rabamui
Kmog Anpeca
10 0
15 5
23 3
37 7

®iznyna oprafizanis 30BHIHIX JAHNX 32ICKUTE BiA THITY BHKO-
PHCTOBYBaHHMX TNpPHCTPOIB BBOMY-BHBOAY. Y pexuMi Ge3nocepeausoro
AOCTYy IO CHCTEMH iH(OpMalif, Npu3HayeHa UIi BBOXy abo BHBOLIY,
ABIIAE CODOIO NoTik fanuX. KoxHe noBinoMIeHHs, 0 aapecoBaHe KOPHC-
TyBayy 1 SK€ 3UHTYETLCA 3 €KpaHa MOHITOpa, sBJfS€ COOO0I0 OIUMHHUYHHI
ciemeHT AaHux. OcraHHiit Moxe Oyrw abo npoctum enemenToM, abo
UiNOI0 CTPYKTYpOIO NaHMX, abo Kxomieio ekpaHa moHiTopa. Jins 36epiraHHs
AaHMX Yy MOHITOpI BHKODHCTOBYeThCH Oydep. Bin He Mae 3acobis
CTPYKTypH3auii nanux i 36epirae crpykrypy nanux. Cnoci6 6ydepusarnir,
HANpPHKJIAZ, BHKOPHCTaHHs NOABiiHOI Oydepusanii abo uMpKyIAPHUX
6yepis, i30110€TECA CHCTEMOIO BiZl KOPHCTYBaYiB.

Jins po3s’s3aHHA OGLIBLIOCTI EKOHOMIYHHX 3a1a4 JMOBOJHTLCH MAaTH
cnpaBy 3 Qaiinamu. Iudopmanis npo cayxGoBmiB, KIi€HTIB, ToBapH, a
TAaKOXK Ppi3Hi noBigoMneHHs 3a3Buuaiil 30epirarorbcs y ¢aitmax. Kpim
¢aitnis pua 306epiraHHA BHXIAHMX AAHUX | NPOMDKHHX pE3yibTaTiB B
CKOHOMIYHHX JOJAaTKaX BHKOPHCTOBYIOThCS AOMOMDKHI Gailm, sxi mo
Cyri € mochiioBHHMH i 30epiraloTbcs Ha aucky. Micue 36epiranns
BH3HAYa€ThCS BMMOTaMH, HIO iCHYIOTh Y KOHKpeTHil opraizanii. Hemae
moTpedu 30epiraTh 3amuCcH NPO KITIEHTIB, AKi Oinblue He MAKOTH Crpas i3
bipMolo. Ane B MEAHYHMX YCTaHOBaX MAaHi Npp MNali€eHTIB NOBHHHI
30epiraTHCs MpPOTArOM JNEKiNBKOX POKiB. Y HaBYaIbHHMX OpraHizawLisx
TaKoX HeobXilHO AOCTaTHBLO JOBroO 36epiraTH OCOOUCTI CIPaBH CTYJEHTIB,
110 BXKE 3aKiHYHITH HABYaHHA.

Qaiinn, nDpU3HAYeHI INA peecTpauil 3MiH, MOBHHHI MiCTHTH
indopmauio npo Bei TI MoamMdikalii rooBHoro Qafna, AKi MPOBOIMITHCA.
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Jlis KOXHOro 3amicy, skuit 6yso 3MiHeHo, HeobximHo 36epiratn JaHi npo
HOro IMOYATKOBMEH CTaH, 3MiHH ¥ KiHueBuii crad. PaimH, y sAKHX
PEECTPYIOTECA  3MIHM, KpiM TOro, MOXH2 BHKODHCTOBYBATH pa3oM 3
KOHTPO/ILHHMH KPalKaMH JUIA IIOBTOPHOTO 3aIyCKy [IPOrpaMy KOpPCIyBaHHSA
dhaitris, BUKOHAHHS AKOI GYNIO IEPEPBAHO Yepe3 CHCTEMHHIH 30iH.

B obnacTsax, He NOB’A3aHUX 3 EKOHOMIKOIO, Ul 30epiraHHs JaHHX
TAKOX BHMKOPHCTOBYIoThCS (aiinu. Illopasy, konu 3i6paHO BenHKY
KIIBKICTh ZaHHX, 1X Tpeba aecp 30epiratd. Paiinm morpibHi ais pos-
MillleHHS B HMX GKCNEPHMEHTANLHHX JaHMX, WO iX ONEPKyIOTh yd4eHl #
{H)KEHEPH, CTATHCTHYHMX JIAHHX, IO iX 30HpalOTh COLIONIOTH, | TEKCTOBHX
JaHMX, AKi JOCADKYHTh (axiBui TrymaHiTapuux Hayk. DainM MoxHa
BHKOPHCTOBYBaTH NpPOCTO M1 3Gepiranns 3ibpanoi indopmanii notw,
TTIOKH BOHA HeoOXiHa; IX MOXXHA BUKOPHCTOBYBATH JUIA 30epiraHHs NaHHX,
AKi 06po6IAIOTECA KOMIT I0TEPOM, A€ AKHX 3aHAATO Harato mans Toro, mobd
TpuMaTH iX B omepaTHBHi# mam’sti. Kpim Toro, y ¢daitnax MoxHa
36epiraTy AaHi, 10 AKHX HEOOXIHO NEPIOAMYHO 3BEPTATHCA.

OnepauiiHi CHCTEMH BHKODHCTOBYIOTb (ailM I THMYAcCOBOrO
36epiraHas BXiuux i Buximmux jasux. Cremiansdi dainu npHsHadeHi
JUIA PO3MillleHHs KOMMiATOpiB, aceMOnepis i 3aBanTaxHuKiB. IIporpamu
KOpHCTYBauis MOXyTh 36epiraTHcs y ¢aiinax abo TumuacoBo, abo
nocriitno. Paitmi obniky # peectpauii MicTaTs indopmaiiio mpo pobory
komn’1otepa. JUis OCOONHMBO BANUIMBHX NAKETIB AHMCKIB CTBOPIOIOTHCHA
Gaitm-xy6iikaTH.

Jlns pos3B’s3aHHA HAa KOMI'IOTEPi NMPAaKTHYHO BCIX 3anay TIEW 9
immoo Miporo Heobximii ¢aitmi. 3 ¢aiinamu, Ax i 3 yciMa IHIIMMH
CTPYKTYpaMH JiaHHX, MOXHA BHKOHYBAaTH pi3Hi onepauil. Qaiim MoxHa
CTBODIOBATH, iHili}0BaTH, MOIM(IKYBAaTH, NIEPCBOMMTH B NMACHBHWH CTaH i
smmmysatd. aiin MoIMQIKyeTBCA, SKIIO O HBOrO JIONAETHCH HOBA
indopmanis, abo gactuma iforo iHdopmamii 3HMIIyETHCH, b0 AesKa
ingpopmartis, MO MICTUTBCA B HBOMY, 3MiHIOETHCA. Sk iHQopMaltiio MOMHA
BHKODHCTOBYBATH CYKYTIHICTh CHMBOJIIB 260 pAIKiB, OBIIOMICHH, 3aTHCH
# cropinku TexcTy. Y 6araThoX CHCTeMax JaHi, IO IPyNyOThCA B 6I0KH
ixcoBaHOI MOBXWMHM, Ha3uBalOTeCA Gisvummmy 3anucamu. Ll Gnoxn
MOXYTh CKJIAJaTHCA 3 OHOrO 260 NEKiNBKOX JIOriYHMX 3alHCIB. 3aEHHO
BiZi MOXUTMBOCTEH OMepauiifHOl CHCTEMH 3amucH # ¢ailmt MOXyTh MaTH
aMminHy foBXHHY (i Toni HeobXigHa maM’aTs Gyne BHALIATHCA IMHAMIYHO)
260 IXHIO NOBXUHY OOMEXKEHO 3a3/a/IET/Ib BU3HAYCHOIO BEIUUHHOI0.

Y mporpamax, IO BHKOPHCTOBYIOTh NOTOKOOPICHTOBAaHHH BBil-
BMBiJ, ICPETBOPEHHS i3 CHMBOIBHOI i Ha CHMBONBHY (opMmy 3ifc-
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HIOKTBCS aBTOMaTH4yHO. [IporpamicT xepye BBOJOM—BHBOIOM 3a JOIO-
morow ¢GopmariB 1 OroJIomeHb.

Jiis manux, mo GesnocepesHs0 BBOAATHCA 3 KiIaBiaTypH, MOXHA BH-
KOPHCTOBYBATH SK IMOTOKOOPICHTOBaHE MNEPEaBaHHA, TaK i MepefaBaHHA
Gnoxamu. Y nepuioMy BHIIaAKy 32 OIHH Pa3 NEPEAAETHCA TUIBKY OAHH CHM-
OJ 1 IX Irpymyr0Th 3acob6aMu OmepauiiiHoi CHCTEMH TUIBKH B ITYHKTI NpH3Ha-
uenns. I3 cumBoniB GopMy10TECS 300paXkeHHs Ha eKpaHi MOHiTOpa a6o BOHH
I'PYNyIOTHCH TaK, o6 3pyunime 6yno 36epirati iX y MacoBiii mam’sTi.

V mpyromy BHMajKy CMMBOIHM HArPOMaKYIOThCH B CIIElialbHOMY

s

Oydepi # mepenaroThea LinmuMH Tpynamu. KepyioTs nepesaBanHHAM 3a
JIOOMOrOX0 KI04Ya KiHElb-pAfiKa, KiHelb-IIOBiIOMIeHHs abo KiHelb-
CTOPIHKH, TIOYHHAIOUM 3 Y3rO/DKEHHS MepoIiMX CHMBONIB PpAOKa, IOBI-
JiomnenHs abo cropinkd. HesanexHo Big Toro, 4 CKIafaloThes daim 3
inTepaxTUBHHX OnokiB abo i3 3anmmcis, onepaiii BBOIy-BHBOLY HalOTh
MOT'Y CTBOPIOBATH, iHILiOBaTH, BUOHpaTH, MOAKGIKyBaTH, IEPEBOJHTH B
llacuBHHMH craH, 30epiraTH # 3HMuryBatd aiim. Texcrosi pemaxTopH,
1pu3HadeHi a1 poboTH B pexuMi Oe3nocepenHbOro AOCTYMY, AAKOTh
iMOTY MaHINy/JIOBaTH CHMBOJAMH, Pp#AKaMH, IOBiIOMJICHHAMH abo
cropinkamu. CucTeMH KepyBaHHA (aiiamMu i MacoBOIO IaM’ATTIO
opieHTOBaHi Ha pobOTY 3 JTaHUMHU, TOAUICHMMH Ha OKpEeMi 3aIiCH.

JBa MeroauM JOOCTymy X0 [JaHHX BHMKOPHCTOBYIOTECA Yy pasi
IIOTOKOOPIEHTOBAHOrO IepefaBaHHs i mnepenaBaHHsA Gmokamu. Skmo
CHMMBOJTH, PAIKH, CTOpiHKM abo 3anucH ¢aiina oOpoGNAIOTECA ITOOMWHI,
ONMH 32 OIHHM, BHKOPHCTOBYETHCH NOCHIMOBHMH poctym. Skiuo
neoOXxifiHi TiINBKH MEBHI 9acTHHU ¢ailna, BHKOPHCTOBYETHCA IPAMHMH
noctyn. IIpsaMuit JOCTYTI 3aCTOCOBYETBCH TAKOXK Y CHCTEMaX pejllaryBaHHA
TEKCTiB, NpH3HAYEHMX MUt pobOTH B IHTEPAKTHBHOMY PEXHMMI, KOIH
pefaKTop BH3HA4Ya€ MiCLIEpO3TAIYBaHHS JacTHHH TeKCTy abo psngka, mo
NOYMHAETLCA 13 3aJaHOl IOCHJOBHOCTI CHMBOMIB. Y CHCTeMax, IO
BHKOPHMCTOBYIOTh MacOBY TaM’fTh, MOXe 3anuTyBaTHCA Oyab-axuii 3anuc,
110 Ma€ K09, IPHYIOMY KIIF0Y MOXke 6yTH 4aCTHHOIO 3aITHCY.

ITpouenypu, fKi 3AIMCHIOIOTs JOCTYN A0 iHdopMaii, o MiCTHTBCH
y taiinax, BHKOPHCTOBYIOTh TaKi elleMeHTapH] onepanii:

* BH3HAYEHHs [IOYaTKY MOTOYHOrO eNEMEHTa JaHHX;

¢ BH3HaYCHHA NO3MLII HACTYTIHOTO EIEMEHTa;

* BH3HAYEHHA MO3MLI| 33JaHOrO EJIEMEHTa;

* 3YMTYBAHHSA €JIEMEHTA i3 3a3janerigp BU3HAYEHOI mMO3MHil

*  3aNHC eIEMEHTa Y 3a3[alieriis BH3Ha4eHy NO3HIi0 daiina;
* MEpeBipKy AOCTYITHOCTI €IeMEHTa.
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Bu3HadeHHs MO3HIT HACTYIHOrO €JEMCHTa MOMUIHBE TIMBKH JUIL
daitna, sxuit MICTHTH YTIOPSIKOBaHY 3a AKOIOCH 03HaKow iHdopmauito. Lis
onepallis € 0CHOBOIO K IIOC/iZAOBHOTO, TaK 1 TOTOKOOPIEHTOBAHOIO BBOAY-
BuBOAy. IlepeBipka HOCTYNHOCTI €leMEeHTa IIOB’A3aHa 3 MOMUIMBICTIO
BM3HAYEHHA IpaHHils (aiina # 3 MOMUIMBICTIO PO3MI3HAHHA €IEMEHTa 32
#0ro mo3uLico, BMICTOM BH3HaueHOro nos abo 3a xioueM. BusHauiTu
MICLIE3HAXOKEHHS 33/IAHOTO €JIEMEHTA MOXHA, AKINO iHdopmalis y daitri
Mae KToWi # MOMXHA ABTOMATHYHO LIYKaTH IOTPiOHY NOCHiIOBHICTH
cumBoniB. Knroui ¢isuunux dairis He 000B’43K0OBO TNOBHHHI OyTH
NOTiYHMMH Kmoyamd. Jlani BnOpAIKOBYIOTCS H  3abe3nedyroThes
KIIOYaMH IS 3py4HOCTI OpraHizauii gocryny fo ¢aiina HaBiTs TOI, KOIH
BOHH JIOTI9HO HE BIIOPANKOBAHI i HE MAKOTH KIIIOYIB.

B onepamifHMX CcHCTeéMax HaiyacTilmie BHKOPHCTOBYIOTH IOCHI-
JIOBHY, OCHOBaHY Ha BiZIHOCHIH Hymepallii, # iHIeKCHY opraHisauii ¢ainis.
ICHYIOTB TakoX pi3Hi BapiaHTH LMX THNIB opraHisauiit. Kpim Toro, pisHi
criocofu OnuCy CTPYKTYpH ¢haiiniB i pi3Hi METOAM AOCTYNy OO0 HHMX
TMONIMpeHi B PI3HAX MOBax NpOrpaMyBaHHA if y DIi3SHHX onepauiiHHX
CHCTEMAX.

KonmponbHi 3anumaHHa ma enpasu

1. HazsgiTs piBHi opranisauii JaHHX.

2. Sxi € hbopMH NpeACTaBNECHHA JaHUX?

3. Ha sxomy erani GopMyeTbes 0ri9Ha oprasizanis JaHux?

4. 1llo sBnse cobowo ¢isuunni piBeHb opraHisawii anux?

5. SIki naHi HA3MBalOTh BIIOPAAKOBAHHMH?

6. SIKi e1eMEHTH JaHUX Ha3UBaKOTh HEOAHOPIAHHMH?

7. Ynm 3a6e3neqyeThest AOCTYMHICTh AaHHX?

8. Hasenits npukiazn ¢isnyHoi opraHisawii 30BHIMIHIX JaHHX.

9. Ha3siTe oCHOBHI onepauii gocryny Ao iHpopmaii.

10. Ha3ssits 0cHOBHI criocoGu opraHisauii damis.

11. BusHayte J0riYHy OpraHi3aifii0 DAHMX WIS CHCTEMM KaTazorizauii
xuuT y Gibnioren.

12. Busnawre NOriYHy OpraHi3aliil0 HAHWX I CHCTEMH pPeecTpail
3asBOK HAa KOPHCTYBaHHS TEHICHHMH KOPTaMH.
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i&i 3 lMpuknadu mecmoeux nNuMaHb
1. Slxa omepaiis € OCHOBHOIO I MOCIiIOBHOTO BBOAY-BHBOY 7
a) BU3HAYEHHS T10YaTKy [TOTOYHOIO EJIEMEHTA JIAaHHX;
6) BU3HAYEHHA MMO3HLIT HACTYITHOI O EJIEMEHTA;
B) BU3HAYEHHA TIO3HUIIiT 3a7]aHOT0 EJIEMEHTA.
2. Jlng BU3HAa4YEHHA rpaHHLb (akna BaXJIHBHM €:
a) BU3HA4EHHA T103U1liT HACTYTTHOI'O €/1IEMEHTa,
6) nepeBipka JOCTYMHOCTI EEMEHTA;
B) BH3HA4YEHHA NO3MILIi 32/1aHOTO €JIEeMEHTa.

3. Slxwit Meron AOCTYNY AO JAHHX BHKOPHCTOBYIOTH Yy CHCTEMaXx
pCMIaryBaHHs TEKCTIB, TPU3HAYEHUX /U1 POOOTH B iIHTEPAKTHBHOMY pexdiMi?
a) IpAMHIA;
6) nocaigoBHHH.

4. V sixkomy THII BBOAY-BHBOAY iH(opMallis NepeTBOPIOETBCA Ha
CHMBOITBHY (JOpMY aBTOMATHYHO?
a) BBiI-BHRi/l IOTOKOM;
0) BBiA-BUBIZ 6110KaMH.

5. Yum BiOpi3HAIOTHECH HEOOHOPIAHI €NeMEHTH NaHWX ONMH BiJ
uaHoro?
a) THIIOM;
6) opraxizauieio;
B) 3HAYEHHAMH KIIOYIB;
I) ZOBXMHOIO.

6. Ha sxoMy piBHi po3r/IsAa€ThCA JIOTiMHA OpraHisaiis naHnux?
a) NpOeKTHHUH pIBEHb;
©) piBeHb MOBH peaizallii;
B) MalTMHHUH DIBEHb.

7. Ha axoMy pisHi posrismaetses di3nyHa oprasizauis JaHux?
a) POEKTHUI piBeHb;
©0) piBeHs MOBH peajtizanii;
B) MaUMHHUHA PIBEHb.

8. Ha sikoMy piBHI PO3IJIAAETHCS NPEACTAB/ICHHA NAHUX?
a) IIpOSKTHH piBEHb;
6) piBeHb MOBH peaizallii;
B) MalIHHHHUHA PiBEHb.
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3. NIHINHI CTPYKTYPU OAHUX. CTEK, YEPTA, AEK

Crex, 4epra i mex — me OfHOTHNHI JiHIAHI CTPYKTypH. Ix
Ha3UBAIOTh IWHAMIYHAMH NiHIHHUMH CTPYKTYDaMH JaHHX Y 3B’A3KY 3 THM,
wo BubipKka eneMeHTa i3 IMX MOCHIZOBHOCTEH 3BOMTHCS AO Onepaii
BWIyYeHHS, ToOTO nikBinauii #oro y mocmizosrocTax. Binpisustorsca i
CTPYKTYPH OHA B ONHi€l MOPANKOM BHKOHAHHS OIepalliii BBEJEHHS i
BHITY4EHHS CTIEMEHTIB.

Ho OCHOBHHX Orepaniif Haf UMK CTPYKTYpPaMH Hanexats [2]:

4) CTBOPEHHSA HOBOI CTPYKTYPH JaHHX;

0) samuc aGo BBEACHHA €JIEMEHTAa [I0 BXX€ HAABHOI CTPYKTYPH
JaHHX;

. B) BUJTyYEHHS €JIEMEHTA 3i CTPYKTYpH;
I') IEPEBIPKA YMOBH iCHYBAaHHA CTPYKTYpH.

3.1. Crex

Crex — 1le BOOpAAKOBaHA NiHiiHA AMHAMIYHO 3MIHIOBaHAa MOCHi-
JIOBHICTb €JIEMEHTIB, Y AKifi BHKOHYIOTHCS TaKi YMOBH:

1) HOBHA eNEMEHT NpPHEXHYETHCA 3aBXKAM 1O TOr0 caMoro Goky
NIOCIiI0BHOCTI,

2) nmocTynm MO eneMeHTa 3AIHCHIOETBCH 3aBXAM 3 TOro 60Ky
MOCITIIOBHOCTI, 10 SKOTO [IPHEAHYETHCS ENEMEHT;

3) enemeHT 306epiracTscs B NOCHIJOBHOCTI JO MOMEHTY HOTO
BHIUTHKY [2].

Ilpuknagom creky € croc Tapuiok abo MarasuH NaTpoHIB y
pyWHHI. 3a aHANOTI€X0 3 OCTAaHHIM NPHUKIAIOM CTEK [I€ YACTO HA3WBAIOTH
MAara3HHHOIO I1aM’ aTTIO.

Onepauilo BBENEHHS €IEMEHTA OO CTEKA HA3WBAIOTH «IIPOLITOB-
XyBaHHAM», a ONCpallil0 BHIY4YeHHA i3 MOCHIAOBHOCTI — «BMILTOBXY-
BaHHaM». HaliGumbin i HaliMEHIN HOCTYNHI eeMEHTH CTEKa HaBHBAIOTh
BUNIOBIIHO BEpXoM i HH30M creka. Onepauii BBEEHHSA | BWIyueHHS 31 cTeKa
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BHKOHYIOTb B OIHOMY i TOMY 3 OOKY NOCIiZOBHOCTI, aje BHIY4alOTHCS
CJIEMEHTH 31 CTEKA y ITOCHINOBHOCTI, 3BOPOTHIH A0 Tiel, B fKkiifi BoHM
MOTPAIWIH 10 MOCIIOBHOCTL. Y KOXHHI MOMEHT yacy 3i CTeka MOXHa
3abpatu maie omMH eneMeHT. JucUMILTiHY OGCIYTOBYBAHHS CTEKA HYacTo
Ha3MBAIOTh MUCIMILIIHOK LIFO: «0CTaHHIi NPHILIIOB, NEPIIHI MiloBY.

Crex MOXHa 306pa3suUTH y BUIVIAAI MOCHINOBHOCTI A=A;,...,Ap.1, Ay,
ne A, — eIeMEHT, IO BKa3ye Ha BXiI—BHUXiA y TIOCHINOBHICTE, A;, A, —
BIAMOBIZHO HM3 i Bepx creka. I[[o6 mpounratd enemeHT A; , HeobXximHO
BUOpaTH 3i CTEKa ENEMEHTH Ay,..., Aj+1.

Takox crex MOXHA NOAATH y BHIMAAI TPYOKM 3 MiIIpyXEeHHM
NHOM, po3mimeHol Beptukanbro (puc. 3.1). Bepxuiit kineus Tpy6xm
BIIKDUTHH, OO HBOrO MOXHA BBOIMTH, a00 3aINTOBXYBATH E€NEMEHTH.
HoBuii eneMeHT, 1110 ZONAETHCA, IPOIITOBXYE €JIEMEHTH, BBEIEH] JI0 CTEKa
paHille, Ha OJHY MO3HLI0 AOHM3Y. Y pa3i BHITyYeHHS €IEMEHTIB 3i cTeka
HOHH BHIITOBXYIOTHCS HArOpY.

.

PUSH POP

Puc. 3.1. Onepayii pobomu 3i cmexom

HesanexHo Big Toro, Sk peani3oBaHO CTeK, IIPOLEAYPH, LIO
lIPALOIOTE 13 HUM, MIOBHHHI BMiTH BMIITyBaTH €/IEMEHTH B CTeK, BHOHpaTH
CJICMEHTH 31 CTeKY H NepeBipATH, 9M He NMOpoXHii crek. s Toro, mob
MoxcHa Oymo mpaiioBaTH 3 HOBMM THIIOM JaHHX, HeOOXimHi crewianbi
orepauii, HapHKIa:

NEW (crex) — CTBOPEHHS [IOPOXKHBOTO CTEKa

PUSH (crex, eieMEHT NaHHX) — PO3MILLICHHA €TEMEHTa B CTeK
POP (cTek) — Bubipka eneMeHTa 3 BEPUIMHHU CTEKa

EMPTY (ctek) — nepeBipka, Y4 IOPOXKHIH CTeK; pe3ynbTaToM €

HAYEHHA «ICTHHAY», AKIO CTEK MOPOXHiH, i «XHOHO» y NpoTHIEKHOMY

BUTTAIKY.
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NEW i PUSH — 6a308i onepaiii, BAKOPHCTOBYBaHI mig gac poboTH 31
crexom. ITepma CTBOPIOE CTeK, a APYra BMilllye B Hboro enementn. POP —
TpOIEYPa, XapaKTEPHa TiIbKH it pOOOTH 31 CTEKOM. Ii MoxHa BH3HAYHTH
3a JOMOMOTIOI0 1BOX Ga3oBux npomikenx onepauit TOP i REMOVE, ski
[AOTh 3MOTY BHAUIMTH [Bi OCHOBHI Qymkuii, peanizosaui POP, aine He
BH3HAYAIOTH CIIOCOGIB OpraHisallii J0CTYIy 0 CTPYKTYPH 3 iHIIHX MOZYJIIB.

BimmoBiHO 0 HaBeAeHHX BHILE BU3HadeHb, POP BHOHpae BepminHy
crexa ¥ Bujasse ii 3i crexa. BepnmHa cTexa OMUCYETHCA TaK: AKIIO CTEK HE
MOpOXHil, BEPLIMHA ABJSE COOOK OCTAHHIH BMIILIEHHH JIO CTEKA E/IEMEHT; a
AKIIO Hi, TO cTek He Mae Bepumninu. Onepauis REMOVE nae B pe3ynsrarti
crex 6e3 eIeMeHTa, PO3MIIICHOrO B HBOFO OCTaHHIM. JIO TLILKH-HO CTBO-
penoro crexa onepauito REMOVE sactocoysaty He MOXHa. [l BU3Ha-
YeHHS MOPOKHBOTO CTEKA BHKOPHCTOBYETHCA TIOHATTA HOBOrO (260 TUIbKM-
HO CTBOPEHOr0) CTeKa: MOPOXKHii CTEK HE MICTHTB JKOHOIO CJICMCHTA.

Bynb-fka peanizaulis CTeka MOBHHHA 3aJI0BOJIBHATH LI BU3HAYCHHA.
BaxuBoO, 110 CTEK BU3HAYACThCA AK cmoci® 306epiraHHA JaHMX, AKi mia-
[0pA/IKOBYIOTECA [IEBHUM NPaBHJIaM, L0 IiOTk NP 3BEPTaHH] 0 JaHHX,
a He SK MAacHB 31 BKa3IBHHKaMH, fAKi [CPECYBAIOThCA 3a ICBHHMH
[IpaBHIAMH.

OCHOBHOIO TIEPEBATOK CTEKA IEPe]l IHIIMMH OpraHi3auiaiMi JaHuX
€ Te, IO Yy HOMY He noTpibHa aapecanis ciaementis [10]. [l obery-
rOBYBaHHS CTeka noTpibHi ymure asi komanmu: PUSH — «npowmToBXHYTHY
i POP — «BHIITOBXHYTH». 3i CTEKOM I10B’13aHHH 3aBX/IM OJIHH BKA3iBHHK,
aKuil BKa3ye Ha BEPXHii eneMeHT y creky. Ha moyaTky Takui BKa3iBHHK
JIOPIBHIOE HYJIIO.

HajinpocTilMM NPHKIaJOM BAAJIOTO 3aCTOCYBaHHA CTE€Ka MOXE
GyTH 3ajada TiepefiaBaHHs BEKTOpa Y 3BOPOTHiH nocnigosHocti. Ha mpax-
THLI CTEKOBa CTPYKTYpa [aHHX HaiuacTille 3aCTOCOBYETECH B PEKYp-
CHBHHX ITOPHTMAX, T Yac TPaHCIALIL, a TaKOX 0OpOOKHM NepepHBaHb
mporpam.

Crex 3acTocoByeTbes y pisHux curyauisx. Ioeanye ix wmera:
notpibHo 36eperTa AeAKy podoTy, AKy Lie He BHKOHAHO, 3a HeobxiaAHOoCTI
nepcMUKaHHA Ha iHme 3aBaadHs. CTek BHKOPHCTOBYETBCA JUIA THMHYa-
COBOrO 30EPEXEHHA CTaHy He BMKOHAHOTO O KiHUA 3aBianHs. ITicisa
36epeKEHHS CTAHY KOMII'IOTEp NIEPEMHKAETECA Ha IHILC 3aBJaHHA. [Ticns
#Oro BUKOHAHHS CTaH BilKIaICHOrO 3aBJaHHA BIJHOBIIOETHCA 31 CTEKa, 1
KOMII’10Tep MPOIOBXKYE NepepBany pobory.

IpumycTiMo, 1110 KOMIT'IOTEp BHKOHYE 3aBIaHHs A. Y mpoueci i#oro
BUKOHAHHA BHHHKAE HEOOXiMHICTh BUKOHATH 3aBNaHHs B. CTaH 3aBlaHHA
A 3anaM’STOBYEThCS, i KOMIT'IOTEp NEPEXOIHTH 10 BUKOHAHHA 3aBJaHHs B.
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AJie X 1 Mg 9ac BUKOHAHHSA 3aBAaHHA B KOMII'KOTEP MOXE IEPEMKHYTUCH
1na ivwe 3aspanHs C, i norpibuo Gyne 36epertu craH 3aBAaHHsA B, nepu
nik nepeiitu go C. Ilismime, micns 3akinuenns C, Oyae cnepuy
181/IHOBJIEHO CTaH 3aBAaHHA B, ITOTIM, nicis 3aKiHyeHHs B, — CTaH 3aBAaHHA
A. Omxe, BIIHOBNEHHS BiAOYBacTbCs B MOCTIAOBHICTh, 3BOPOTHIH A0
JhepexerHs, IO BIANOBIAaE NHCHHILIIHI poboTH cTeka.

Crex fnae 3Mory OpraHisyBatW peKypcilo, TOOTO 3BEPHEHHH
nijnporpamMu 1o camoi cebe abo Gesnocepentso, abo 4EPE3 JTAHLIOKOK
KX BUKIHKIB. Hexail, Hanpuxian, mimporpaMa 4 BUKOHYE aJITOPHTM,
O 3a0EKWTH BiA BXinHoro napamerpa X i, MOMUIMBO, BiJ CTaHy
riobansHux nanux. JUIs HalpoCTiMX 3HaueHs X anropuT™ peamisyeThes
Gesnocepennso. Y BHNAAKy CKIAHIIMX 3HAaYeHp X aJllOPHTM peai-
ly(TbCA SK 3BEPHEHHA JIO 3aCTOCYBaHHA TOTO CamMoro JIrOPHTMY s
npocriwux 3HageHs X. IIpu upomy miznporpama 4 3BepTacThes cama IO
cebe, nepenaloyn fK mapamerp npocrime 3uayenns X. Ilin gac Takoro
BCPHEHHA INONEPEeAHE 3HAYEHHs napaMerpa X, a TakoXX YCi JOKajbHI
MinHI mignporpamu A 36epiratotecs B creni. ITorim cTBOPIOIOTH HOBHH
nabip JNOKaNbHUX 3MiHHMX 1 3MIHHY, 110 MICTMTh HOBE (IpOCTilIE)
Jnagenss napamerpa X. Buximkara nianporpama A mpauioe 3 HOBHM
nabopom 3MiHHWX, He pyiiHylouyd nonepeansoro Habopy. Ilicis
MKIHYEHHA BHKINKY CTapuil HaBip JnokanbHMX 3MIHHHX i CTapuid cTaH
nxigHoro mnapamerpa X BiJHOBIIOIOTECA 3i cTeka, 1 MiAnporpama
npozioBxye pobory 3 Toro micus, ae ii 6yno nepepeaHo.

HacnipaBai HaBiTh He MOBOMMTLCA CrienianpHO 36epiraTH 3HAYeHHS
JNOKAIBHHX 3MIHHMX MiAnporpamu B creni. Pid y TiM, o JIOKanbHi 3MiHHI
iianporpamy (To6To i1 BHYTPIlLHI 3MiHHI, SKi CTBOPIOIOTECA Ha MOYATKY i1
HUKOHAHHA H 3HHUILYIOTBCA HANpPHMKIiHUI) po3MillyloTbcs B CTelli, peai-
0BaHOMY anapaTHO Ha 6a3i 3Buuaiinoi onepatusHoi nam’ATi. Ha camomy
1o4aTKy pobOoTH mianporpaMa 3aXonuIioe Micue B cTewi miA CBOI JIOKanbHi
MIHHI — [0 AUIAHKY NMam’ATi B amapaTHOMy creni Ha3WBAIOTH GJIOKOM
JOKAIBHHX 3MiHHMX, a60 anrnilicexoio frame. Y MOMEHT 3aKiHYEHHS
poboTH mianporpama 3BLIBHSE nam’sTh, BUAANAIOYM 3i cTeka 610K cBoix
JIOKAIBHUX 3MIHHKX.

KpiM 7okanbHuX 3MiHHMX, B amapatHoMy creui 36epiraiorscs
ajipecH [OBEPHEHHA NPH BUKIMKax migmporpaM. Hexait y Aeskii Touui
nporpaMi A BHKIMKAeTbcs mMmianporpama B. Ilepen BHKIMKOM Mid-
nporpamMu B ajpeca iHCTpyKUii, W0 criaye 3a iHCTPYKUIi€HO BHKIHKY B,
1bepiraeThes B creui. e Tak 38aHa afpeca moBepHeHHH B Nporpamy A.
ITicna 3akindeHHs poGoTH mianporpama B BUTArae 3i creka aIpecy nosep-
HeHHS B mporpamy A i moBeprae KepyBaHHA 3a Liewo ajapecor. Tobro
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KOMII'IOTEp INPOMOBXKYE BHUKOHYBaTH Mporpamy A, DNOYHHAKOYM 3
iHCTpyKUii, IO Ciaye 3@ IHCTPYKUIEIO BHKINKY. Y OLIBIIOCTI NPOLECOpIB
€ cremianbHi KOMaHAM, WO MIATPHMYIOT BHKJIHK [JNIpOrpamMH 3
NomnepeaHiM PO3MIllIEHHSM aJpecH NOBEPHEHHA B CTEK i NMOBEPHEHHA 3
HiINporpaMH 3a aApecolo, o 36epiracTecs B CTEKY.

V creni po3MilIyiOTh TaKOX NapamMeTpH miznporpamu abo dyHxuii
nepex il Bumxom. ITopaaok ix po3MillleHHA B CTEK 3&IEXHTb Bil Yroj,
NpUAHATHX Y MOBax Bucokoro pisHs. Tak, y mosi C abo C++ y pepummi
cTexa 36epiracThes nepukil apryMeHT GYHKUIl, i HUM IpyrHi i Tak gami.

3.1.1. Peanizayis cmeka

Peanizanis creka Ha 6a3i MacHBY € KIACHKOKO HpPOrpaMyBaHHA.
IHOMI HaBiTH CaMe MOHATTA CTEKa He 30BCIM KOPEKTHO OTOTOXHIOETBHCS i3
ui€lo peanizamiero.

Basoio peanisaii € macuB posmipoM N (puc. 3.2). Tak peanizyeTscs
CTeK OOMEXEHOr0 pO3Mipy, MakcMMasnbHa TIHOHHa AKOTO HE MOXe
nepesuuiysatd N. IHaekcu enemeHTiB MacHBy 3MiHIOIOThCS Big 0 1o N — 1.
Enementn crexa 30epiraloThCsi B MAcHBI Tak: eleMEHT Ha JOHI CTeKa
PO3TaIIOBYETHCA Ha TMOYAaTKy MacHBy, TOOTO B enemeHTi 3 iHaekcom 0.
EnemenT, po3TaioBanuii Haj{ HaHHIXYHM €JIEMEHTOM CTeKa, 36epiracThe
B eJleMeHTi 3 iHmekcoM /, i Tak mani. Bepuinna creka 36epiraeTecs aech y
cepenuui macuBy. IHZeKC eneMeHTa Ha BepHIHHI cTeka 30epiraeTbcs B
CremianbHid 3MiHHIN, AKy 3a3BHYail Ha3MBalOTh BKA3iBHHKOM CTEKa
(anrmiiicekolo Stack Pointer, aGo pocro SP).

01 N-1

/[\

BepliMHa cTeKa

Puc. 3.2. Peanizayis cmexa na 6azi macugy 3a 36inbuienHam iHOeKkcy

Komu crex mopoXuiii, BKa3siBHHK CTEKa MICTMTh 3HA4YeHHs MIHYC
omuuung. Ilin yac BBeJEHHS €NEMEHTAa BKA3IBHMK CTEKa CIIO4aTKy 30U1B-
IIYETBCS Ha OWHMINO, IOTIM B €1EMEHT MacHBY 3 iHAEKCOM, IO 30epiracTscs
B BKa3iBHHKY CTEKa, 3alIMCYEThCA EIEMEHT, KA BBOIATL. Y pasi BUIATIEHHS
€/eMEHTa 3i Creka Chepuly BMICT €IEMEHTA MAaCHBY 3 iHAEKCOM, MIO
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30cpiraeThes y BKa3iBHUKY CTEKA, 3a11aM’ ATOBYETHCA B THMYACOBIH 3MiHHIM 5K
pe3ynbTaT ONepallii, moTiM BKa3iBHUK CTEKa 3MEHIIYETHCA Ha OHHHILIIO-

VY Haseneniit peanisauii cTex 3poctae y 6ik 36inbuieHHs iHACKCIB
CleMEHTIB MacuBy. YacTo BHKOPHCTOBYETBCH iHIUMIi BapianT peantisauii
creka Ha Gasi BeKTOpa, KOMM JIHO CTeKa MICTHTLCH B OCTAHHLOMY €IEMEHTI
macuBy, ToOTO B enemeHTi 3 inaekcoM N — I (puc. 3.3). EnemenTd cTeka
JaiiMaoTe Oe3nepepBHHI BIAPI3OK MacHBY, HOYHHAIOYMH i3 eJeMEHTa,
iICKC siKOro 36epiracTecs y BKa3iBHHKY CTEKa, 1 3aKiHYYIOUM OCTaHHIM
CIEMEHTOM MacCHBY. 3a LMM BapiaHTOM CTEK pocTe B Oik 3MeHIIEHHA
iHIEKCIB. SIKIIO CTeK MOpOXHiH, TO BKa3iBHUK CTEKA MiCTUTh 3HaueHHA N,
AK€ HA OMMHHUIO GiblIe, HiX IHAEKC OCTAHHBOIO €IEMEHTA MaCHBY)-

01 N-1

T

BéplLIMHAa CTeKa

Puc. 3.3. Peanizayin cmexa na 6a3i Macusy 3a smeHweHHAM indexcy

PosrisHeMo peanizanito crexa mificHux wicen mosoro C. Peastizanis
micTuTe gBa (aimm: «strealh», B sxoMy omucyetscs inTepdeiic
nukoHaBLs «CTex», i «streal.cppy, o peanisye dpyHkuii pobotu 3i cTEKOM.

BukopHCTOBY€ETHCA NEpvii BapiaHT peanizaiii crexa Ha Gasi MACHBY:
crek 3poctae y bik 30uTbIeH s iHaexcis Macuy (puc. 3.2). [Ipoctip mix Macus
CICMEHTIB CTEKA 3aXOILUNOETHCA B MMHAMIYHIN MaM’sTi B MOMEHT iHiljiatizanil
creka. OyHknil iHidanisanii s¢_inif mepenacTscs poaMip MacuBy, TOOTO
MiKCHMAIIEHO MOMUIHBA KUTBKICTE eleMeHTIB y creti. [y 3aepmenns poboru
Clcka noTpibHO BHKMKATH QYHKIIIO §¢_terminate, sxa 3BUILHAE 3aXOUIEHY B
st_init nam’sirs. Hipkde HaBeieHo BMicT ¢aitna "streal.h”, o onucye inrepdeiic
creka.

// ®aitn “streal.h"

// Crex niMcHux umcen, iHTepoderc
//

#ifndef ST _REAL H

#define ST REAL H

// TMpotrorunm QyHxUiM, WO pPeanil’ywTs NPUOMCKH CcTeKa:
void st_init (int maxsize); // Mouyatu poGory (Bx: Limot

/7 Makc. posMip creka)

void st_terminate(); // BaxiruuTu poboTy
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void st_push(double x); // Jomatyu eneMeHT (BX: OifcC. X)

double st_pop(); // BubpaTu eneMeHT: niMc.
double st top(); // BepumHa creka: npiic.

int st _size(); // TloTouHwt posMip crexka: uimai
bool st_empty(); // Crex nopoxHim? : jor.

int st _maxsize(); // Makc. posmip cTeka: UlJMi
bool st_freespace(); // € BinbHe micue? : nor.
void st_clear(); // BunyduTM BCi eneMeHTH

double st elementat (int i); // E;neMeHT cTeka Ha
- // rmmbuni (Bx: i): misic.

#endif

// Kineup ¢amna "streal.h"
JIMpeKTHBHM YMOBHOI TpaHC/IALii
#ifndef ST REAL_H
#define ST REAL H
#endif
BHKOPHCTOBYIOTBCS UIX 3anobiraHHs NOBTOPHOMY BBeicHHIO h-gaiina:
OpH mNepuioMy BBCACHHI ¢aiina BH3HAYAETHCA 3MIHHA IIpenpoiecopa
ST REAL H, a aupextuBa #ifndef ST REAL_H mif’eJHye TEKCT,
TiMIBKM AKILO 10 3MIHHY He BH3HauyeHo. Takuit cnoci6 BHKOPHCTOBYETHCA
IpakTHuHO y Beix h-¢aitnax. ITorpiGuuit BiH Tomy, mo oai h-daimm
MOXYTB I’ €AHYBaTH iHIII, i 63 bOro MeXaHi3My YHUKHYTH IIOBTOPHOIO
BBEJIEHHS TOro camoro ¢aina BaxKo.

Maiin «streal.cpp» onucye 3araibHI CTAaTHYHI 3MiHHI, HaJl AKMMH T1pa-

IIOIOTH PYHKU, [0 BIIIOBIAIOTH IIPHIIMCAM CTEKa, i peatisye wi dyHKLii.

// ®ain "streal.cpp”

// Crex mificHmMx umcen, peanisauis

#include <stdlib.h>

#include <assert.h>

#include "streal.h" // Ilin’enHaTm onmc dyHkuUiM crexa

// BaranbHi sminni ons byHKUiM, WO peanisyoThb

// mpunmucu crexa:

static double *elements = 0; // Bka3iBHMK Ha MACMB EJIGMEHTIB
// crexa B muH. nam’ari

static int max_size = 0; // Posmip macusy

static int sp = (-1); // IHIexc BepumHy¥ CTeKa

// Tlpunucu cTexka:

void st_init(int maxsize) { // louarm poGory (BX:
¥4 MaxKc. po3mip crekxa)
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assert (elements == 0);

max_size = maxsize;

elements (double *) malloc(
max_size * sizeof (double)

sp = (-1);

}

void st_terminate() { // 3axkinumTu pobory
if (elements !'= 0) {

free (elements) ;
}
}
void st push(double x) { // HomaTu enemenr (BX: mijic. x)
assert ( // TBepIXeHHA:
elements != 0 && // crek nmouar poBory i
sp < max_size-l1 // € Binene Mmicue
):
++sp;
elements[sp] = x;
}
double st _pop() { // BubpaTu enemenT: mirc.
assert(sp >= 0); // TBepmKEeHHA: CTEK He NMOPOXHIilt
--sp; // enemeHT BUmanseTbCH 31 cTeka
return elements([sp + 1];
}
double st_top() { // BepumHa crexa: mai¥c.
assert(sp >= 0); // TBepOXeHHS: CTEK He NOPOXHIiM
return elements([sp]);
}
int st_size() { // Norounuit posmip cTexa: uismmi
return (sp + 1);
}
bool st _empty() { // Crek nopox:in? : nor.
return (sp < 0);
}

int st_maxsize() { // Maxc. po3amip creka: uinwmi
return max size;

}

bool st_freespace() { // € sineHe. micue? : mnor.
return (sp < max_size - 1);

}

void st_clear() { // Bumamurm BCi enemeHTH
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sp = (-1);
}

double st _elementat(int i) { // EnemenT crexa Ha
// mmatuui (Bx: 1): minc.
assert ( // TBEpOXEeHHSH:
elements != 0 && // cTex nouyaB pobBoTy M
0 <= i && i < st_size() // 0 <= i < poamip crexa

)i
raturn elements[sp - il;

}
// Kieeus ¢aina "streal.cpp"

3.1.2. BuxopucmaHnHs yHKYii assert

Jins peanisanii creka mMopolo C HEOZHOPa3oBO BHKOPHCTOBYBAIH
dysKuito assert, y nepexiai 3 aHIIIACHKOI «TBEPKEHHI. QaKTHYHHM
aprymenToM GyHKUIT € Joriunmit Bapas. Skmo BiH ICTHHHHH, TO HIYOrO HE
BinbyBaeTbes; AKmO XMOHHH, TO MporpaMa 3aBepuryeThC aBapiiHo,
BHJIAI0YH J1arHOCTHKY TIOMHJIKH.

OyHKIiA asserf € DEAN3ALi€I0 KOHCTPYKIIl «TBEPDKECHHS,
BHKOPHCTAHHS AKOI Ma€ Ha METI:

1) nporpamicT Miji 9ac HANMCAHHA NPOrpaMH MOXE FBHO chop-
MyMIOBAaTH TBEPIKEHHS, fKE, HA HOro AyMKy, NOBHHHE BHKOHYBATHCH B
meBHOMy Micli mporpamu. Y IbOMY pasi KOHCTPYKIIA «TBEPIDKCHHS)
BHKOHYE POJTb KOMEHTAPS, [OJIETTYI0TH CTBOPEHHA 1 pO3yMIHHA ITPOrpaMH,;

2) KOMN’I0Tep, BUKOHYIOUH IIPOrpaMmy, mepeBipse BCi ABHO cdop-
MYJIbOBaHi TBEPIKEHHA. ICTHHHICTE TBEPDKCHHA BiATIOBiZa€ INpHITY-
IEHHAM NpOrpamicTa, 3po0JICHHM I/l JaC HANHCAHHA NPOrpamH, TOMY
BHKOHAaHHA nporpamu TpuBac. XWOHICTE TBEPIKEHHA CBLIYATE IIPO
[IOMHJIKY TIporpamicra. BuaaeTscs IOBIIOMICHHA PO MOMMIIIKY, # BHKO-
HAHHA NPOTPaMH HEraWHo NpUNMHAETBCA. OTXe, KOHCTPYKLif «TBEp-
JDKEHHS» 1€ 3MOTY KOMI'IOTepy IEpeBipATH KOPEKTHICTb IIpOrpaMH

GesnocepesHbO B NIPOLEC 1T BUKOHAHHA.

CHrTyalnis, KO/ NPOrpaMa aBapiiHO 3aBEPUIYETHCA HEPE3 Te, MO
TBEPIDKEHHS HE BUKOHYETECA, HAa3HBACTHCA BIIMOBOIO.

Barato TpPHNKCIB CTPYKTYpH MaHMX 3fHCHeHHI HE Y BCiX
cutyanisx. Hanpuxian, eneMeHT MOXHAa BHOpaTH 31 CTeKa TiNbKH Yy
BHNAJIKy, KOJM CTeK He MOpOXHid. ToMy nepen MoJaTKoM BHKOHAHHS

npunucy «BrubpaTt eneMEHT» NEPEBIPACTECA YMOBA «CTCK HE TIOPOKHINN:
double st _pop() { // BuOpaTu e/eMeHT: miic.
assert (sp >= 0); // TBepIDKeHHA: CTEK HE NOPOXHiNA
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' SIkmo 1we TBEPIXEHHA HENpaBWIbHE, TO BHHMKAE CHTYyallis
«Hi/IMOBa»: KOMII'IOTED 3aBEpIIyE POGOTY, BUAAKOYH AIarHOCTHKY TOMHII-
KH. HeBHKOHAHHA TBEPIDKEHHS 3aBX/IH CBIIYMTH NPO MOMMJIKY TpOrpa-
MicTa: mporpama mae OyTH HalHcaHa TaK, 00 HEKOPEKTHi BHXimHi aaHi
I1¢ MPH3BOAHIIH 10 BiIMOBH.

. Bukopucranns KOHCTPYKIii «TBEDIKEHHA» — NOTYXHMH 3acib
WiLTarOJDKeHHS MPOrpaMH. Baxausicte cutyauii «siaMoBa» ycsinomieno
W 1poueci eBomowii nporpamysannd. CriodaTky Ha Iepmomy rmiaHi 6ynu
WHMOrH eeKTHBHOCTI mporpamu — ii KOMNAKTHOCTI # WBHAKOMiL. | mHme
n I\flpy NPOHHKHEHHS KOMII'I0TEPIB y BCi chepu XHUTTA HA mepumii miaH
WMALLIa HAamidHICTE nporpaMM. Y CydacHOMY CBiTi Bin HaaiifHOCT
lporpamu B 6araThoX BHNIAZKAX 3a1€XHTh JIOACHKE XKHUTTS, TOMY GyIb-aKi
¢110CO0H MiABHINEHHA HAAIMHOCTI AyXe BaXIMBi.

‘ YoMy y pa3si HEBHKOHAHHS TBED/DKEHHS BHHHKAC CHTyauis
msmmox_aa»? AmbTepHaTHBOK MOrno 6 OyTH irHOpYBaHHA HEKOPEKTHOL
CHTyanii i Take 260 iHIE NPOAOBXKEHHS NPOrpaMy: HANPUKIAN, IPU CIIpodi
nuﬁp.am €IEMEHT 3 TIOPOXHBOIO CTeKa BuAapasca 6 Hyns. Hacnipasai ne
HAHTIPIIHA PO3B’A30K 13 YCiX, AKi TITLKM MOXYTh GyTH. Byas-sxy moMuaxy
ieba niarHoCTyBaTH i BUIIPAR/IATH AKOMOTa paHiure,

Tomy pexoMeHIyeThCS BHKODHCTOBYBATH KOHCTPYKHilO «TBEp-
JOKEHHS sIKHafJacTile. Skmo mii Yac po3poGNEHHs NPOrpaMH y LLOMY
MICLII Ma€ BUKOHYBATHCS JIEAKE TBEPDKEHHA, TO HEoOXiHO cdopmymosaTi
#Horo BHO, o6 KOMII'IoTEp MiX Yac BHKOHAHHA MpPOrpaMu Mir GH
IEPEBIDUTH 1€ TBED/DKCHHA. Tak 3HAXONATH # BHUIIPABIAIOTH 3HAYHY
YACTHHY TIOMHIJIOK.

Ilpu 9acToMy BMKODHCTaHHI KOHCTPYKUIl «TBEPDKEHHSD BHHUKAE
npobnema 3i 3MEHIIEHHAM UIBHIKOCTI BUKOHAHHA iporpamu, Ii BupiureHo B
moBax C i C++ Tak: HacnpaBJi KOHCTPYyKItis assert y C — ne He dynxais, a
MaKpOBH3Ha4eHHs, ske 0bpobaersea npenpouecopoM. Texer C-nporpamu
MOXE TPaHCIIOBATHCH Y IBOX PEXUMaxX: BULTArOMKEHHA i HopMaabHOMY. Y
HOPM2IBHOMY PeXHMi BUINMOBimHO 10 cranaapry ANSI Bu3HaueHo 3MiHHY
NDEBUG npenpouecopa. JUni BH3HAaYeHHA MaKpPOKOMAaHIM assert
BHKOPHCTOBYETBCA YMOBHA TpaHCHANiA: Aknlo 3MinHa NDEBUG BuzHauena,
TO assert BU3HAYAa€THCA AK TOPOXNHIA BMpa3s; sSKWIO Hi, TO assert
aumaq{emcn K TiepeBipka yMOBH H BuMK QyHKuii _assert (no imeni
JOnaHMH cumson MIKPEC/IEH ), AKIIO YMOBa HenpaswibHa. DyHiria
_assert pyKy€ INIarHOCTHKY IOMMWIKM ¥ 3aBepIIye BHKOHAHHS ITPOrpamy,
T06TO peamisye CHTYaLiIO «BiIMOBAY,
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Orxe, yMOBa PEabHO MEPEBIPAETHCA JIHILE YIPOAOBXK TpaHCHaALii
TIPOTpaMy Iijl 9ac BULIAro/pKEHHs. 3aBfKH LBOMY HIBHAKO/IL IPOTrpamMH
He 3HHKYETBCA, ONHAK Y HOPMAJIbHOMY PEXHMIi YMOBa HE NEPEBIPAETHCS.

3.2. Yepra

Yepra — ne niHifiHa AWHAMIYHO 3MiHIOBaHA [OC/IiJOBHICTH
€JIEMEHTIB, Y fIKiii BAKOHYIOThCS TaKi yMOBH:

1) HOBHH €JeMEHT MPHEMHYETHCA 3aBXKIH 3 OJJHOTO 1 TOIO Camoro
60Ky MOCIi IOBHOCTI;

2) JOCTYT [0 eneMeHTIB abo iX BHIY4EHHS 3aBX/IU 3IACHIOETHCA 3
iHIoro 60Ky NOCIiAOBHOCTI.

Hanpuknan, uexait nocnigosricte Q0=Q;... .0, 300paxye uepry.
Toxi enemenT Q; Ha3UBAIOTh «TOJIOBOIO» YEPTH, AKHIH BKa3ye Ha Micue is
BHJIYYEHHS €JIEMEHTa; enemeHT (), HA3MBAalOTh «XBOCTOM)» HEPrH, AKuit
BKa3ye Ha MiClie JUIA BRE/ICHHA €IEMEHTA /10 YeprH.

Uepry MOXKHa YABUTH Yy BH-
rsig TpyOxu. B ommH Kiselp TpyOxu
MOXXHA JIONABATH KYJIbKH — €JIEMEHTH
Yeprv — 3 iHIIOTO KIiHIA iX BHAAISIOTH
(puc. 3.4). Enements B cepemuHi
yepry, TOOTO KyJbKHM YyCepeduHi
Tpy6kH, HegocrynHi. Kineus Tpy6xu,
y SKHH JONAIOTBCA KYJBKHM, BIAIO-
Bijlac KIiHLIO 4epru; KiHeip, 3 AKOro
BOHH BHMJAISIOTECH — IIOYATKY 4YEPrH.
Omxe, KiHIll TPYOKH HE CHMETPHYHL,
KyJIbKH yCepeuHi TpyOKH pyXaioThest

Puc. 3.4. Onepayii pobomu 3 4epzoio TUILKH B OZHOMY HallpAMKY. )

Omke, B CIpYKTypl 9epru
TNOTPIOHI /B2 BKA3IBHMKM: ONMH IS NOCWIAHHA HA BEPUIMHY TIOC/TIIOBHOCTI
(715 BBEIEHHSA eIEMEHTa), APYTHH — VIS TIOCHIAHHS Ha OCHOBY TIOCTAOBHOCTI
(a7 BWIydYeHHS eNEMEHTa). 3a KOXHOTO BMUIYYEHHS CEMCHTAa 13 TaKol
CIDYKTYpH  BWIYYAEThCS  3aBXGHA  HAWHCTApiIMH  €EMEHT. Yepru
06CTyroBylOThCA 32 mucLMmiiHow FIFO — «@epumii NPUALIOB, IepuDi
TLIOBY.

THIOBMMH OIIEPallifiMH JUIf YEPTH €:

o SIZE(uepra) — BU3Ha4Y€HHS KLUTBKOCTI €/IEMEHTIB Y Yep3i;

e PUSH (uepra, eeMeHT 1aHKX) — A0JaBaHHs €IEMENTA B KiHellb
Yepry;

PUSH
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e POP (yepra) — subipka eJeMEHTA 3 [104aTKY YEpry;

e EMPTY (uepra) — mepeBipka Yd TIOPOXHS Y€pra; pe3ylbTaToM
¢ 3HAYCHHA «ICTHHA», AKIIO 9EPra MOPOXKHA, i «<XHOHO» Y NPOTHIEKHOMY
HUITAOKY. s

Po3pisHAOTH Taki TUIIK Yepr:

> niHiiHI yepru;

» YcCpru 3 IpiOPUTETOM;

> IMKJIIYHI Yepry.

3Buuaiiny JiHiHHY uepry MoxHa 300pasuTH MacHBOM i3 ABOMA
NKa3iBHMKAMU: NIEPIMHA BKA3ye HA €IEMEHT UIA BUGIPKH 3 4eprH, ApyrHit

Ha OCTaHHi €JIEMCHT, 3anHCaHWi y yepry. bararopasose 3Bepranns o
CJICMEHTIB JIIHIMHOI 4YeprM NpU3BOAMTE A0 TOrO, UI0 HAM’STh IS
w0OcpiranHs Takoi 4eprd BHKODMCTOBYEThCA HeedekTHBHO. Y niHiitHik
'ucpsi micna BHGIpKH elleMeHTa aMm’ATh, 3aiHATA YEProlo, 3BUILHAECTHCA |
[IOBTOPHO HE BUKOPHUCTOBYETHCS, OCKUIbKH HOBI €IEMEHTH MPHITHCYIOTHCH
4 IHLIOro KPako IIOCHIIOBHOCTI.

Yepry, B AKiH € MOXIMBICTS BBOXMTH 200 BITYYATH EJIEMEHTH 3 EBHOI
no3uuii 3aNeXHO BIX AeAKuxX 1 XapaKTepUCTHK, HA3MBAIOTH NPIOPHTETHOIO
ueproro. [Tpuiiianom npiopuTeTHOT Yepri Mojke OYTH NOPSIOK PO3B’I3yBaHHS
HOTOKY 3a/1a4 Ha KOMIT'IOTEpi y NeAKMX orepamifiHux cucremax. Taka uepra
WHOIATBCA [0 MOCTIJOBHOCTI IHIHHMX 4epr, SKIIO BiAoMi npiopurerd ii
wicMenTiB. Kox#a yepra 3 NOCHiOBHOCTI OOCIYTOBYETECA 3 JHCLMIUTIHONO
FIFO, ane enemeHTH 3 Jpyroi 4epr# OOCTYrOBYIOTBCH TUIBKH TOM, KOMH
HIOPOXKHSA TIONEPE/Hs Yepra, 8 3 TPEThOI — TOJM, KOJIH IIOPOXHI NepIa i apyra
ucpri. Tlin yac BBEICHHS €NEMEHTH MPHEAHYIOThCA [0 OoKy ommiei 3 uepr
IHO 3 IXHIM NPIOPHTETOM.

Yepru, B axux enemertu Q; ,0;,
Qn  pOMINIYIOTBCS TaK, IO 3a
ciieMeHToM O,  ime  enemeHt (),
Ha3MBAIOTLCA WHKIIHHMH (puc. 3.5).
| [uxTiuHy yepry Takox MOXHA 300pasuTH
JHIAHOIO TMOCHINOBHICTIO, ajle IIPH 3ammuci
HOBOTO €1eMEHTa Ha BiIMIiHY Bif NiHiHHOI
ICPTH BCA NOCTJOBHICTH 3CYBacThCs Ha

OJIHE TIONIE | HOBHH €IEMEHT 3aIHCYEThCH A

1HOBY Ha Ii mouatky. Bubipka enemeHta Puc. 3.5. Ipaghiune 306pasicenna
Oyne TaKo)X BHKOHYBaTHCA 3a BKa3siB-

HMKOM Ha KiHelb MOCHIIOBHOCTI.

YUKNIYHOT uepau
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TIpmotanoM MKIIYHOI 4epru Moxe Oyt poGota oGuHCIIOBAIBHOI
CHCTEMH 3 PO3MOALIOM 4acy, 3 AKOI0 OJHOYAaCHO mpauoe Garato ko-
pucTyBauis, OCKUIBKH TaKa CHCTEMa M€ TEPeBaXHO ONMH 6110k 06pobKH,
AKHI HA3MBAIOTH [IPOLIECOPOM, i OJIHY MaM’STh, TO B KOXHHHA MOMEHT [acy
i pecypcH HalekaTh ONHOMY KOpHCTyBaueBi. Ui KOXHOro KOpHCTyBada
BUJIUIAETHCA MEBHMH iHTepBan wacy. TUIBKM Ha BUIMIHY Bill IpiOpHTETHOL
geprd OfHa 3ajada 10 KiHLS HE PO3B’A3YETHCA, 3 POOHTH L€ «@IOPLIAMI»
NpOTATOM BHALIEHOro i# iHTepBamy wacy. [lporpamu, mo YeKaioTh Ha
BHKOHAHHS, YTBOPIOIOTH LMKIIYHY 9€EPTY.

BHKOpUCTaHHS 9eprd B IPOrpaMyBaHHi Maibke Biamosinae ii poii y
3pHyYaifHoMy >uTTi. Uepra NPaKkTHYHO 3aB¥UIM [OB’s3aHa 3 oﬁc:ryro:
BYBAHHSAM 3aIATIB y THX BHIIAZKAaX, KOJIH BOHHM HE MOXYTb OYyTH BHKOHaHI
MHTTERO. Uepra MATPHMYE TAKOX NOPANOK 0OCTyroByBaHHS 3aIMTIB.

Byne-fka, HaBiTh HaWTpOCTiMIa, ONepamiifHa CHCTEMA 3aBX/H TIEIO
9y iHmoo Mipolo Oaratosasauna. lle o3Hayae, MO B MOMEHT HaTHCKAHHA
KiaBiuli omepamiiiHa cucremMa Moxe OyTH 3aifHsTa sKOIO-HEOyIE IHIIOIO
pobororo. IIpore onepauiifia cHCTeMa Hi B AKiH CHTyauii He Mae mpapa
IPOITHOpYBaTH HATMCKAHHA Ha Kiasimry. Tomy mnepepuBaerscs pobora
KOMIT'I0Tepa, BiH 3amaM’sTOBYE CBilf CTaH i mepemMMKaeTbcs Ha OOPOOKY
HATHCKAHHA Ha Kasinry. Taka oOpoOka moBuHHAa OyTH dyXKe KOPOTKOM,
mob He MOpymIWTH BUKOHAHHA iHIMX 3aBlaHb. Komawpa, o niu.uzltmca
HATHCKAHHAM HA KJIaBilily, MPOCTO JOJAETHCHA B KIHEIb YEPrH 3alHTIB, IO
YEeKaIOTh HA CBOE BHKOHAHHA. ITicnd LBOrO TMEpPEepUBAHHA 3aKIHYYETHCS,
KOMIT'I0Tep BiJIHOBIIOE CBiif cTaH i mponosixye pobory, Ay OyJ10 nepepsaHo
HATHCKAHHAM Ha KJIaBilly. 3anuT, IOCTaRIeHHH y uepry, 6y/e BUKOHAHO He
Bizpasy, a TUIbKH KOJIH HacTaHe Horo yepra.

V cucremi Windows poBoTy BiKOHHMX HOIATKiB OCHOBAHO Ha MOBI-
JOMJIEHHAX, SKi NOCHIAloTh MM joxatkam. Hampuxnan, Oysaiots MOBi-
JOMJICHHS NP0 HATHCKAHHA HA KIABIlly MM, PO 3aKPHTTA BikHA, PO
HeoOXimHICTh TepeManbOBYBaHHS 0GNacTi BikHa, Mpo BHOIP MYHKTY MEHIO
tomo. Koxsa nporpama Mae uepry 3anuti. Komi mporpama onepye cBifi
KBAaHT Yacy Ha BUKOHAHHS, BOHA BHOHPAE 4eProBHil 3aIMT 3 NOYATKY 4EPIH i
BHKOHYE #ioro. To6to, poboTa BiKOHHOrO KOATKA MOrae B MOCIIOBHOMY BH-
KOHaHHI 3arHTiB 3 ii yepru. Yepra MmiATPHMYETHCA ONEPALIHHOIO CHCTEMOIO.

I[lizxix [0 mporpaMyBaHHd, IO MNOJATaE He B MPAMOMY BHIJIHKY
TPOLIEZYP, @ B OCKIAHH] NOBIIOM/ICHD, SIKi CTARJIATHCA B YEPry 3allATiB, Ma€
6araTo repeBar i € OHI€0 3 03HAK 00’ EXTHO-OPIEHTOBAHOTO MPOrPaMYBAHHSA.
Tak, HanpHKIaj, KO BiKOHHIH nporpami HeoOXimHO 3aBepmmTH pobory 3
AKOI-HeOy/Ib TIPHUMHH, Kpalle He BHITMKATH BiIpa3y KOMaHJy 3aBEpUICHHA,
axa HebesneuHa, TOMY 10 BOHa MOPYIIYeE JOriKy poboTH i MOKe MpHBECTH
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A0 BTpaTH AaHHX. 3aMiCTh IIbOFO NporpaMa IOCHIAE camiii cobi Iosi-
AOMIIEHHA MpO HEoOXiIHICTh 3aBepmIeHHs pobOTH, sike OyHe MOCTABIEHO B
4Epry 3aIMTIB i BHKOHAHE ITICJIA 3aNHTiB, 1O 3pOSHIHN paHile,

3.2.1. Peanisayis yepau Ha ocHoei Macugy

Yci CTpYKTYypH JaHMX MOXHA Deari3oBYBaTH Ha OCHOBI MAacHBY.
3a3puuaii, Taka peamizanis Moxe OyTu GaraToeTanHOI i He 3aBX/IM MacHB
€ GesnocepeHboi0 6asolo peanizauii. Y BHMAAKy Yepru HainomynspHinm
ABi pearmizanii: GesnepepBHa Ha OCHOBI MacHBY, AKY Ha3HBAIOTh TAKOX
peanizauicro Ha ocHOBI KinbleBoro Oydepa, i nocunansHa peanizanis, abo
peatizaiis Ha OCHOBI CIHCKY.

Ilpu GesnepepsHiii peanizanii yepru 6a3010 € MacuB ¢ikcoBanoi
nopxuru N. Tobro yepra obMexeHa # He MOXe MiCTHTH moHagm N
eneMeHTiB (puc. 3.6). [HnexcH eneMeHTIB MacHBY 3MIHIOIOTBCH B MeEXax
Big 0 1o N — 1. Kpim macuBy, peamisauis 4epru 36epirac Tpu mpocri
3MIHHI: IHAEKC TI0YaTKy 49epr, iHIeKC KiHIA 4Yepru, YMCIO eJeMEHTIB
ueprd. Enementu yepru 36epiraioTecs y BiIpisKy MacuBy Bim inpmexcy
MOYaTKY [0 iHAeKCY KiHIIA.

01 N-1

A A

IHaekc novarky IHaeKe KiHUA
yepru yepru

Puc. 3.6. Peanizayin wepeu na ocnogi macuey

[Ipn nomaBanHi HOBOrO €IEMEHTA B KiHEUb YEPrd IHAEKC KiHIA
CHoYaTKy 36UILLIYETECA Ha ONMHHLIO, TIOTIM HOBHH €EMEHT 3aIHCYEThCA
B €JIEMEHT MACHBY i3 IMM iHAEKCOM. AHalOriyHO, B pa3si BHIANEHHA
€IEMCHTA 3 MOYaTKy YEPr¥ BMICT €1E€MEHTAa MaCHBY 3 iHAEKCOM II0YaTKy
4epru 3anaM’ ATOBYEThCA K Pe3yNbTaT Omepalil, NoTiM iHAeKC moYaTKy
yepru 36UIBIYEThCH Ha OAUHALIO. SIK iHAEKC MOYATKY YeprH, TaK i iHAeKc
KiHug i yac pobotu pyxarorbes 3niBa Hanpaso. 11{o BiaGysaerscs, Komu
IHEKC KIHUA Yepry JocArae KiHus Macusy, Tobto N— 1?

KimoyoBa ines peanisauii 4epru nossrac B TOMy, IO MacHB Hibu
3aUMKMOETECA B Kinble (puc. 3.7). BeaxaioTs, 10 32 OCTAHHIM €JIEMEHTOM
MacHBY PO3MIIIEHHH HOro nepimi eaeMeHT (OCTaHHIN eJeMEHT Ma€ iHAEKC
N — 1, a nepmmii — ingexc 0). ITpu 3pylueHHi HASKCY KiHISA Yepru NpaBo-
py4, KOJIM BiH BKa3ye Ha OCTAHHIH €JIEMEHT MacHBY, BiH IEPEXO/IMTL Ha
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Hexu OyBaioTh 3 OOMEXEHHAMM 3 OLHOTO 60Ky Ha BHKOHAHHA
ojiHiel 3 omepanid (Hanpuknaj, oguH 6iK nocmimoBHOCTI Moxe OyTH
SAKPHTHH JU1 BUGIDKM €NEMEHTIB i BIAKPUTHH TUTBKH JUIA OPHEIHYBAHHS,
1 HaBnaku). Toni BOHH CTalOTh 3BMYAMHUMM uepramMu 3 AUCLHILTIHOIO
obcnyrosysaunna FIFQ.

nepimit enement. ToOTo, GesrnepepBHHH BIAPI30K MacHBY, 3aHHATHHA ele-
MEHTAMH YEPIH, MOXeE TIEPEXOINTH Yepe3 KiHellh MaCHBY Ha HOro Mmo4aTox.

01 N-1

Sk i y Bunanxy 3pu4aiiHux 4epr, 1is 06CIYTOBYBaHHA AEKIB TAKOXK
( < P e wi e P 1OTPiOHI ABa BKA3iBHUKM — O OJHOMY 3a KOXHOTO GOKY IOCIiA0OBHOCT.
IHAEKC KiHLA IHaexc noaTky Jlexu € Hal3araJBHIOK JTiHIHOI THHAMIYHOIO CTPYKTYPOIO JIaHHX.
Jyepru Hepri

3azaui, WO BUMAralOTh CTPYKTYPH A€Ka, TPAIUIAIOTECA B OGYHCIIO-
BaIbHI TexHiumi i mporpamysaHHi HaGaraTo pimme, HiX 3azaui, o
pCalTi3oBYIOTECA Ha CTPYKTYPpI CTeka abo uepru.

Tlpuxnanom nexa Moxe GyTu MEBHMH TepMiHan, 10 AKOTO BBOIATHCH
KOMaHIH{, KOXHA 3 SKHX BHKOHYEThCA 3ajaHMii vac [8). Skuio BBecTH
HACTYIHY KOMaHZy i HE I0YEKATHCh 3aKIHYEHHS BUKOHAHHS TOTEPEHEOL, TO
BOHA BCTAHE Y HEPry i [104HE BUKOHYBATHCA, K TiIbKU 3BLUILHUTHCS TEPMIiHAI.

Puc. 3.7. [Ipocysanus yepau Macueom

[Ktiudy Yepry sKHadikpauie 300pakatd UMKIYHMM 260 KUTbLEBHM
CITHCKOM, JOTIOBHEHHM BKA3IBHMKAMH Ha TOGHIIIO IS BBEICHHS B 9epry 1
BIWIIOYEHHS EIEMEHTIB i3 Yepry.

3.3. fek Ile yepra 3 micumrutiHOO 06CTyroByBanns FIFO. SIkimo x J0KaTKOBO BBECTH
Jlek — 1€ BNOPSAAKOBaHA JiiHiHA [HHAMIYHO 3MiHIOBaHA onepauio BIAMIHH OCTAHHBO! BBEICHOI KOMAH/H, TO BHXOIUTE K.
NOCTiIOBHICTE €IEMEHTIB, Y AKiH BHKOHYIOTHCHA TaKi YMOBH: _
1) HOBMIf eneMeHT MoOxe mpueaHyBatHcs 3 00ox Ookis
MOCH{AOBHOCT]; . : . KoHTponbHi 3anuTanHs
. 2) BubipKa eNeMEHTIB MOXUIMBA TaKkoX 3 060X GOKIB MOCIIIOBHOCTI.

Hanpuxnap, sxmo nocaigossicts D = D, ...,D, 306paxye nex, To il
enementd D) i D, BKa3yiOTb OJHOYACHO HA MICII€ BBEJICHHS | BUIYYCHHS
€JIEMEHTIB.

Si € ocHOBHI onepanii Han TIHIAHAMY CTPYKTYpaMu naH#HX?
[Ilo HasuBaeThCs cTexoM?

1o Take Bepx i HU3 cTeka?

1ITo Ha3uBawTe AUCIMILTiHOK LIFO?

Ski € mepeBaru crexa nepes iHIAMH OPraHi3allisMH JaHHX?
o ra3uBaeTbCH Yeprowo?

1o nasuBarwTs AucHHIUiHOW FIFO?

Haiite BU3Ha4eHHA NiHiiHOI yepry.

Haiite BU3HAUCHHA NPIOPUTETHOI YEPrH.,

]0 Jaiite BH3Ha4EHHA IMKITIYHOI Yepry.

Jlexu Ha3MBAIOTH TaKOXK pe-
BEPCHBHHMH, a00 /BOCTOPOHHIMH
yepraMi, B AKMX BBENCHHA i BHIY-
YEHHS €JIEMEHTa 3/IHCHIOITh 3 JIBOX
6OKiB IOCTIOBHOCTI.

PUSHFRONT TumosumK onepauisMu  Jis
' nexa € (puc. 3.8):

e PUSHBACK (nek, eleMeHT

JIaHHX) — IONaBaHHA B KiHeuUb AEKa;

PUSHBACK

20N WMk W b

POPBACK o PUSHFRONT (Jiex, e/lemenT 11. Lo na3uBaerscs nexom?
JAHUX) — IONABAHHSA Ha MOYATOK JIeKa;
* POPBACK (nex) - BuGipka 3 iii Mpuknaam TeCToBUX NUTaHL
POPFRONT KiHIIA Jieia; ‘
6i N POPFRON: (nex) — BH- 1. Slka onepauis nonae eneMeHT 10 cTeka?
ipKa 3 I09aTKy AeKa; ]
Puc. 3.8. Onepayii po6omu 3 0exom p « EMPTY (gex) — nepesip- g; I;ggl—l,

Ka, 94 MOPOXHiA Hex.
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2. SIxa onepaulis BHIANAE €IEMEHT 31 cTeKa?

a) PUSH;
6) POP.

3. CKiibKH BXO/IB MICTHTB 1eK?
a)l;
0) 2;
B) 3.

4. Cxkinbku BKa3iBHHKIB HeoOXinHO 11 poboTH 3 Heproo?

LIFO?

FIFO?

a) l;
0) 2;
B) 3.

5. CkinbKkM BKa3iBHHKIB JOCTaTHBO AIA poOOTH 3i cTekom?
a)l;
6) 2;
B) 3.

6. Ckinbku BKa3iBHUKIB HEOOXimHO 1% poboru 3 nexamu?
a) l;
6) 2;
B) 3.

7. SIKy CTpYKTYpY JaHUX 0OCTYTrOBYE AMCLHAINIHA 00CIYTOBYBaHHA

a) crex;
6) uepra;
B) HEKH.

8. SIKy cTpykTypy AaHuX oOCIyroBye OMCHHIUIIHA 0OCITYTrOByBaHHS

a) CTeK;
©) uepra;
B) JEKH.

9. Slxa nucuuniisa oGCIyroByBaHHS YeprH?
a) FIFO;
6) LIFO.

10. SIxa nucnmrutina o6CnyroBye cTex?

a) FIFO;
6) LIFO.
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4. MACUBU, MHOXWHU, KOPTEXI

4.1. MacuBu

Macus — ue Habip OZIHOTUIHHX €IeMEHTIB JaHHX, 3 KOKHHM 3 AKUX
110B’A33aHa BIOOPAAKOBAHA TOCTIZOBHICTE LUTMX 9MceN, SKi HA3HBAIOTh
ingckcaMu. [HIEKCH OJHO3HAYHO BH3HAYAIOTh MICLE IHOTO ENEMEHTa B
MacHBi i 3a6e3nedyioTh NpAMHI TOCTYH 10 HbOro. JIoKasmi3yBaTH eleMeHT
y MacuBi O3Hayae 3amath ioro iHmekc. KinbkicTe iHOeKciB BH3Havae
po3mipHicTb MacuBy. KibKiCTh €/IEMEHTIB BH3Ha4alOTh PO3Mip MacHBY.

Po3amip i po3MipHicTe MacHBy @ikcosani. Hakimpoctinmi Macus
O/IHOBHMIpHHH, HOr0 Ha3HBAIOTh TAKOX BeKTOpOM. /IBOBHMIpHHIH MacHB —
MAaTPHLSA, 1€ KOXHHI eneMeHT b/ij] HaNeXXHTh OXHOYACHO IBOM JIHIAHMM
OPTOrOHANLHUM MOCTIZOBHOCTAM: j-MY CTOBMLIO Ta i-My panaky. [Tozi6ry
CTPYKTYpY MalOTh TakoX MacHBH OuibuIoi posMipHoOCTi, TOOTO KOMHHI
iHIEKC MacWBY BHM3HAYa€ OJHY OPTOTOHAJILHY NiHIHHY MOCHIiNOBHICTH TaK
camo, AK KOOpJMHATH TOYKH B 6araToBUMIpHiH CHCTEMi KOOpAMHAT.

VHiBepcansHi MOBH nporpaMyBasnHs (taki, ax ®oprpas, [Tackais, C,
C++) paroTe MOMUTHBICTE TIPAIIOBATH TUIGKH 3 MAacHMBaMH OPTOTOHANBHOL
CTPYKTYpH. AJe Ti caMi JBOBHMIipHi MacHBH MOXYTh OyTH CHMETPHYHHMMH,
AlaroHANBHUMH, KBa3iiaroHaJBHMMH, A€ BiIMIHHI BiI HyIA TUIBKH Ti
cneMeHTH by, nna sxux j = i abo j = i+]. TpukyTHI MaTpHIli HA3HBAIOTH
TerpaeapanbHUMH. KpiM TOro, icHYIOTS lle Tak 3BaHi pO3pilKeHi MaTpHlli, B
AKMX 0araTo eneMeHTIB € HYTOBHMH. Taki CTIPYKTYpH MOXKYTB MatTH
MacHBH Di3HHX po3MipHocTel. KojkHa 3 LIMX CTPYKTYp Ma€ CBOK CTPYKTYPY
3bepiranHs B mam’sti Komir'iorepa. IlepeBaxao oproroHanmeHi Garato-
BUMIpHi MacHBH Bi1o6paxyloThcs B OMHOBHMIpHI.

HaitnmommpenimuMy ornepaniAMHK Hall CTPYKTYPOIO MacHBY €:
ITONIYK CJIEMEHTA 32 3a[JaHHM iHACKCOM;

JIOKaNi3aliifg eleMeHTa B MacHBi;
3aMHC EIEMCHTA B MaCHB;
3THTTA MacHBIB 1 po30UTTA MacHBY Ha YacCTHHH,
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® COPTYBaHHS €ICMEHTIB MACHBY 3a JICAKHMH IIPaBHIIaMH;

e KOMiIOBAHHS MAacHBiB.

Haiickiaanimowo € onepanis jokanizanii abo obuncnenHs Homepa
€/IeMEHTa BiJIHOCHO Iepiuoro eneMeHnTa. PosrisHemo moaudikamii miel
onepanii s PISHHX THNIB MacHBiB i crocobis BigobpaxeHHA X y
OJHOBHMIpHHI MacHB.

OueBMAHO, MO JIOKATI3aLliA €l1E€MEHTa BEKTOpa HE € CKIAHOI,
OCKIIbKH IHAEKC eJIeMEeHTa OAHO3HAauYHO BH3HAvae HOro HOMEp Y
T10CTiIOBHOCTi.

Homep enemenTta b; ABOBHMIPHOrO MacHBY, IO CKIANA€ThCA 13 n
pANKIB Ta m CTOBIIIB, y pasi 30epiraHHs B nam’sATi KOMII'IOTepa «3a
paakamu» obumcmoeTses 3a Qopmynoo (-I)*n + (i-1), a y pasi
36epiranHs #oro «3a CTOBNLAMHI» — 32 (hopmynow (i-1) *m+(j-1).

VY 3aransHOMY BHNAJKY IS 1 -BHMIDHOTO MacHBY, €JIEMEHT AKOTO
nmosHavaetecs B [S;, .. .S, ] i miana3zoH 3MiHM iHJEKCIB BH3HAYAETLCA
HepiBHOCTSIMH | <= §; <= y; , i = ],n, byHKuia anpecauii 11bOro MacHBY y pasi
3anam’ATOBYBAHHA HOT'O «3a PAIKAMH» Ma€ BHTJIAL
LSty s Su)=uz a3,y (S-1)tuz uy., wy (SrDe.t sy (Sp=D)H( Sa-1).

Hanpuknag, ojns DBOBHMIPHOTO

i\j 2 3

]:J ; 5 7 macuBy B[3x4] enemeHT, mo 3Haxo-

3 4 1 2 JIMTHCA Ha MEPeTHHI TPEThOro pAjKa Ta
TPETHOr0 CTOBMIA i Ma€ 3HauyeHHd O,

? g ig C:? BIJHOCHO MEPIIOro €JIeMEeHTa MacHBY B

4

pasi 30cpiraHHs «3a pAAKAMM» 3HAXO-

L IOHTBCA Ha BOCBMiit nosuuii (prc. 4.1):
Puc. 4.1. Jlokanizayia enemenma n=3, m=4, =3, j=3, fiby) =

¥ O80BUMIDHOMY MAacCusi =(3-1):3+(3-1) = 8,

a B pasi 30epiraHHs <32 CTOBILIMA» — Ha NECATIH MOosHILi:

n=3, m=4, i=3, j=3, f(by) = (3-1)-4+(3-1) = 10.

OnepaTiBHA I1aM’STh i3 TIONIALY NPOTPaMiCTa — Lie MAaCHB €JICMEHTIB.
By/mb-siKuii e/IEMEHT MacHBY MOYKHa NPOUMTaTH 200 3alKcaTH Bipa3sy, 3a OMHY
e/leMEHTapHy JIifo. MacHB MOXKHA PO3MIANATH sK 0asoBy CTPYKTYpY A@HMX.
CIpyKTYpH HaHMX, ¥ SKHX MOXUIMBHH Oesrocepesmiii JOCTYN A0 AOBLILHHX
iXHIX eNeMeHTIB, HAa3HBAIOTL CIPYKTYpaMM JaHMX i3 mnpsamuM, abo 3
JOBLILHMM J0CTYNOM (aHTIiFcEKOr0 random access).

3 noriuHOro MOrAxY, MAaCHBOM € TAKOX HalBajUIMBIA CKIAf0Ba
KOMII'10Tepa — MarHiTHHi MMcK. EneMeHTapHOO ONMHMICIO IATaHHA H 3a-
MHCY JUIs MardiTHoOro jmcka € Gnok. Po3mip 610ka 3a1€XHTh BLI KOHAT-
PYKIi KOHKPETHOro JMCKa, 3a3BHYaH BiH kpaTHHil 512. 3a omHy enemeH-
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TUPHY Ollepallilo MOXXHA NMPOIHUTATH abo 3anucati oauH GJIOK i3 3aJaHOI0
NPECOIO.

Omxe, HalBaXUTMBIINI 3amam’STOBYBalNbHI NMPUCTPOI KOMI'HOTEpa —
OlIEPATHBHA NaM’ ATh 1 MATHITHHI JUCK — ABNAIOTH CO00K0 MacHBH. Pobora 3
C/ICMEHTAMH MacHBY BifOyBac€TbC BHHATKOBO ILIBHJIKO — YCi €EMEHTH
MacuBy JocTymHi ©6e3 Oymb-sxux mnonepemHix niii. Ilpore MacuBis
HCAOCTATHLO VIS HamMcaHHA edeKTUBHMX nporpaM. Hanpuinaj, mouryk
CJIeMEHTa B MacHBi, AKIO HOro €IeMEHTH HE BHOPAAKOBAHI, HEMOXUIHBO
peagizyBatd e(EKTHBHO: HE MOXHA BHHAHTH HIYOro Kpaworo, Kpim
tocnigosHoro mepebopy eneMeHTiB. VY  BHIAAKY BIOPAAKOBAHONO
10epiraHHs €TEMEHTIB MOXKHA BHKOPHCTOBYBaTH edeKTvBHMIL OiHapHmil
NOWYK, ane CKIAJHOMI BHHUKAWOThH NiX 4ac JojaBanHa abo BHAANEHHA
C/IEMEHTIB Y CEPeHHI MacHBY i MPUBOMATH IO MACOBHMX omepauii, To6To
vllepaliii, yaCc BHKOHAHHN SKUX 3AIEKHUTH Bl KUIBKOCTI €IEMEHTIB
CIPYKTYpH. Bia umx HenonikiB BAa€ThCs MO30YTHCA, peami3yroay MHOXHHY
CJIEMEHTIB Ha OCHOBI 30a/IaHCOBAHMX /IepeB, a60 xem-PyHKILii.

€ i 1HWi NpHYMHA, 32 AKMX HEOOXiTHO BUKOPHCTOBYBATH CKJIA IHINI,
I1iX MacHBH, CTPYKTypH AaHuXx. Jlorika 6araTbox 3a1a4 BAMArae opraHizanii
IICBHOTO TOPAAKY AOCTYymy Ao AaHux. Hanmpuknan, y Bumaaky 4depru
CJIEMEHTH MOXHA JOAABaTH TUIBKH B KiHelb, a 3a0HpaTH TINBKH 3 104aTKy
HCPrd; Y CTeKY OOCTYITHI JHILNE eIeMEHTH y BEPIIHHI CTeKa, Y CHHCKY —
CJIEMEHTH JI0 1 32 BKa3iBHUKOM.

Haperurri, Macus Mae obmexennii posmip. 36UIbLICHHA PO3MIPY MacHBY
IIPMBOMTE [0 IIEPETIMCYBAHHA HONO BMICTY B 3axoruieHy obnacte nam’sTi
finbloro poamipy, To6To 3HOBY % 20 MacoBoi onepartii. Bix uporo Hexomiky
nozbasneHi MOCHIANBHI peaniBanii cTpykTyp AaHmMx: peamizauii Ha OCHOBI
JNiAHKX CIHCKIB 260 Ha OCHOBI JEPEB.

4.2. MHOXWMHM i KopTexi

MuoxuHa — Hafinpocrilia CTPyKTypa, B SAKiH MDK OKPEMHMH
I30/150BaHHMH €JIEMEHTAMH HEMAE HIifAKOro BHYTpiHBOro 38°s3ky. Habip
TAKMX €NEMEHTIB SRJISE COBOI0 MHOXKKHY, KA HE Ma€ HiAKO CTPYKTYDH.
[le CYKYNMHICTE JaHHX AEAKOrO THIY, CJIEMEHTH SKOI MaioTh MEBHY
H14CTUBICTh. AJle MOBUHHI OYyTH 4iTKO BCTaHOBJIEHI 06/1aCTh BU3HAYCHHS
CJIEMEHTIB fNaHUX i npasmna ix BinGopy y MHOXuHY. OCHOBHMMH
OlepalliTMH Hall MHOXHHaMH € (pHc. 4.2):
06’eananns A U B;
nepertu A N B;
pizauus A\ B;

NepeBipKa eNeMeHTa Ha HANEKHICTD L MHOXHHI.
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MHOXHHY, Ha SKiH BCTAHOBIEHO BIJHOIUEHHA TIOPAAKY «<=»,
Ha3MBAIOTE BNOPSIAKOBAHOW. SIKIIO Take BiIHOIIEHHA iCHYe [y BCIX
€IEMEHTIB MHOXHHH, TaKy MHOMMHY Ha3HBAIOTH NOBHICTIO BNOPAIKOBAHOIO,
iHAKIIIE I1€ YACTKOBO BIOPAAKOBAHA MHOXHHA.

AUB A\B

Puc. 4.2. Onepayil nad MHOXCUHAMU

MHoxuHY M Ha3uBalOTh iHAEKCOBAHOK, SKIIO 3adaHO ii
BioOpaXkeHHsA B HATypaubHHil psa uHcen, Todto [ - M 2 {1,2,....|x|], ne
|x| — moTyxmicTh MHOXHHH M, TOOTO KiIBKICTh €IEMEHTIB Y MHOXKHHI.

Y mHOXHMHY M MOXHAa HONATH €NEMEHT X, 3 MHOXHHH M MOXHa
BHIATMTH eleMeHT x. SIKnlo mif 4ac JonaBaHHA eNeMEeHTa X BiH yXxe
MICTHTBCS B MHOXHHI M, TO HidOro He BiaOyBacThcA. AHAIOIIYHO, HOTHHX
AiH He BinbyBacThCA B pasi BHOAJIEHHS €JIEMEHTa X, KOJIH BIH HE MICTHTLCH B
mHOxuHI M. Hapenrri, o1a 3a7aHOTO eieMEHTa X MOXHA BH3HAYHTH, 4H
HAICKHTL BiH MHOXHHI M. MHOXMHa — [€ TIOTEHUIHO HEOOMEXeHa
CTPYKTYpa, fIKa MOXE MICTHTH OyIb-AKy KiHIIEBY KUIBKICTb EJIEMEHTIB.

VY jeskMx MOBaxX MpPOrpaMyBaHHSA HAKI3JalOTh OOMEKEHHS Ha THI
€JIEMEHTIB 1 Ha MaKCHMaJbHY KUIBKICTB €JeMEHTIB MHOXHHH, Tak, iHoxi
pO3rNsigaoTh MHOXMHY €IEMEHTIB JMCKPETHOTO THILY, KUIBKIiCTB
ENEMEHTIB AKOTO HE MOKE [MEpEBHIIYBATH JAeAKol KOHCTAaHTH, ILO
3a/1a€THCA Tl Yac YTBOPEHHA MHOXHHH. (THII Ha3HBA€THCA AHCKPETHHM,
SKIIO BCi MOMUIHBI 3HAUEHHS LLOTO THIYy MOXHA 3aHYMEPYBATH LUIMMH
gucnamu). Taki MHOXHHM Ha3uBalOTh Bitset («wabip 6itiB»), abo mpocto
Set. TlepeBaxHO s peanizanii TaKMX MHOXHH BHKOPHCTOBYIOTEH GiTOBY
peasii3allil0o MHOXHHH Ha OCHOBI MacHBY uumX gucen. Koxue mine uuncio
PO3TIANaEThCA Y NBiHKOBOMY INpeZCTaBlIeHHI 9K Habip 6iTis, mo MiCTHTE
32 enemenTn. BiTh ycepensHi OAHOro YHCIa HyMEpPYIOThCS CIIpaBa HaliBO
(Bin MomommMx po3paniB Ao cTapuiMx); Hymepauis OiTie TpHBa€ Bif
OIHOTO YMCIAa O iHIIOrO, KOMM MH TiepeOMpacMo eneMeHTH MACHBY.
Hanpuknan, MacuB 3 AecATH LimMx uucen MicTATh 320 GiTiB, HOMEPH AKHX
aMmintoloThes Big 0 no 319. MuoxuHa y wiit peamisauii Moxe MiCTHTH
Oyne-akui Habip uwinmx ducen y jgiamasoni Bix 0 mo 319. Yucnmo N
HAJIEKUTh MHOXHHI ToAl H TUIbKH TOAl, Konx OiT 3 HoMepoM N AOpiBHIOE
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onuHuOi. BignoeimgHo, sxmo uyucno N He HANSXKHUTL MHOXHHI, TO BIT 3
HomepoM N popiBHioe Hymo. Hexait, Hanpuxnajy, MHOXHHA MICTHTE
enemenTd 0, 1, 5, 34. Toxi B mepmioMy eneMEHTI MacHBY BCTAHOBJIEHO
6ith 3 Homepamu 0, 1, 5, y apyromy — 6iT 3 HomepoM 2 = 34 — 32,
Bignosifxo, NBIHKOBE NPENCTABNCHHA NEPIIOrO €JeMEHTa MACHBY JIODiB-
woe 10011 (6it HyMepyroThes cnipaBa HaniBo), Apyroro — 100, ue yucna 19
14y ecATKOBOMY NpEICTABIEHHI. YCi iHIIN eNeMEHTH MacuBY Hy/IbOBi.

VY mporpamyBaHHI JIOBONI 4YacTo pO3MISLAAIOTh  CKIAHIiuIy
CTPYKTYpY, HDX [pOCTa MHOXWHA: HAaBAHTAXKEHY MHOxuHY. Hexaii
KOXHHUH €JIEMEHT MHOXWHHM MICTMTBCA B Hilf pa3oM 3 HOZAaTKOBOIO
indopMalli€lo, AKy Ha3UBaIOTh HABAHTOKEHHAM eyieMeHTa. [Ipu nonasausui
€JEMEHTa 0 MHOXHHH NOTPiOHO TakoX BKa3yBaTH HABAHTaXEHHS, AKE
BiH Hece. Y Di3HMX MOBaxX NpOrpaMyBaHHA H y PI3HHX CTaHAApPTHHUX
0ibnioTexkax Taxi cTpykTypH HasuBawoTh Kaprow (Map) a6o CroBHuKoM
(Dictionary). CrpaBai, eneMEHTH MHOXHHM HibM HaHOCATHCS Ha
HaBaHTaXEHHA, SKe BOHH HecyTh. B iHTepnperauii CrloBHHKA eleMEHT
MHOXHWHH —~ L€ 1HO3¢MHE CIIOBO, HABAHTAXKEHHA EIEMEHTA — LI¢ IepeKIa
ClIOBa TIEBHOK® MOBOIO (3pO3yMiNlo, Mepeknajg MoXe MICTHTH Kinbka
BapiaHTiB, ajle TYT MepeKiajl pO3rIANAETHCA SK €AHHHUI TEKCT).

Vel eneMeHTH MICTATHCA B HABaHTaXCHIH MHOXHHI B OZHOMY
CK3eMILIAPI, TOOTO Pi3Hi €TeMEHTH MHOKHHH HE MOXYTh OYyTH OIHAKOBi.
Ha BimMiHy Bix caMHX e/leMEHTIB, iX HaBaHTaX€HHA MOXYTh 36iraTHcs
(rak, pi3Hi iHO3eMHi clIOBa MOXYTb MaTH OJHAaKOBHWi mepeknaxn). Tomy
€1EMEHTH HaBaHTAXEHOI MHOXHMHM Ha3MBalOTh KIIOYaAMH, IXHE
HaBAaHTaXEHHA — 3HAYEHHAMH KmoyviB. Koxauil kmod yHikanbHui,
Bpaxarors, mo Kmodi BinoOpaxaroThcd Ha iXHi 3HaweHHA. Sk mpuknan
HaBaHTaXeHOI MHOXHMHHM IOpAA 31 CIOBHHKOM MOXHA pO3TIAHYTH
MHOXHHY 0aHKIBCBKHX paxyHKIB. BaHKIBChKHIT paXyHOK — I¢ YHIKaIBHHI
ineHTHGIKaTOp, MmO CKIAAA€ThCs 3 JecaTKoBMX IMpp. HapauTamenHs
paxyHka — 1e Bcd iHdopManis, ska HoMy BimNOBiae, W10 MICTHTE iM’H H
ajpecy BIaCHHKa paxyHKa, KOJ BalIOTH, CYMY 3aTHIIKY, iHdopMariio npo
OCTaHHi TpaH3aKilii Towo.

Haiiyacrime 3acTocoByBaHa onepanis B HaBaHTaXeHill MHOXHHI —
l1e BU3HAYCHHA HaBAHTAKCHHA JULA 3aIaHOTO €IEMEHTa X (3HA4CHHA KIH0Ya X).
Peamizamis miei onepauii nepen6ayae moIIyK €1€MEHTa X Y MHOXHHI, TOMY
ehekTUBHICTE Oyap-2KO0i peaizauii MHOXHHHM BH3HAYacThcs Hacammepen
MIBAJIKICTIO TIOLIYKY.

Koprex — eteMeHT n-kpaTHOro 106yTKy MHOXHMHHA X : X-X-..-X=X".
Ha »BiaMiHy Bix ckiHueHHO! BHOPANKOBaHOI MHOXHHH, fKa €
MIMHOXHHOIO IeKaproBOro HOOYTKY Heskux MHOXHMH X, X7, .., X,
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€IEMEHTH KOPTEXY MOXYTh IIOBTOPIOBAaTHCh. Jlpyrow BimMiHHICTIO
KOPTEXiB BiJl MHOXHHH € BIOPAIKOBAHICT EJICMCHTIB KOPTEXY.

Yacro KOpTeX 3 n eNeMEHTIB BH3HAYAEThCH IHAYKTHBHO Yepe3 BIO-
PpAOKOBaHYy mapy, To6TO m-xa (ge n > 2) BH3HAYa€TbCA AK BIIOPANKOBAHA
napa ii IepiIoro eneMeHTa, Ta KopTex 3 n-1 1i OCTaHHIX eJIeMEHTIB!

(a1, @2, ..., ax) = (a1, (a2, ..., Gx))

Orxe:

1. 0-koprex (ToO6TO MOPOXHIH KOpTEX) BH3HAYAEThCA AK .

2. Slxmio x € n-ka, To {{a}, {a, x}} € (n + 1)-ka.

Hanpuknan, mna tpifiku (1, 2, 2) 1e npu3BOANTE A0 HACTYIIHOIO
BH3HAYCHHA:

(LEZEON = (L@ {{2}, {2, O3} ) =
{2, @331} = {1}, {1, {{2}, {2, {{2}. {2, O}}}}}}

{{2}, {2, {2},

4.3. 36epiraHHs MHOXMWH | MacuBiB

MHOXHHH — IIe CTPYKTYPH Haiinmpocriloro Burmay. B mam’ari ix
MOXHA 300pa)kaTH 1BOMa criocobamMu:

1) ans xoxHOro e1eMeHTa MHOXXHHH 30epiraT B nam’sati ioro omuc
AHAJIOrYHO [0 MAaTEMaTHYHOro Crnocoly 3afaHHA MHOXKHHH IepeNikoM if
€JIEMEHTIB;

2) BH3HAYMTH BCI NOTEHIIHHO MOMUIMBI CJIEMCHTH MHOXHHH, &
notiM ans  Oyap-sKol MIIMHOMHMHH TAKOl YHIBEpPCAIEHOI MHOMXHHH
BKA3yBaTH [UIA KOXHOTO MOXUIHBOTO €JIEMEHTa, YH HANEKHTh BiH WiH
nigMHOXKHHI, W Hi. IleH cnoci6 amanoridHmii go npeamkaTHOi (opmu
3aJaHHA MHO>XHHH B MaTEMaTHLI.

Y nepmioMy BHNaJKy MHOXHHY 3pydHO 30epiraTd y BUITIALI BeKTOpa
abo nminifiHoro crmcky. Y OpyroMy BHKOPHCTOBYIOThCS BekTopu OitiB. Ins
L[LOrO MPOHYMEPYEMO BCi MOXUTHBI €IeMEHTH MHOMXMHM, HAOpHKIaz, Bix 1 1o
N. Bimeenemo BexTop HaM’ATi 13 M OITIBE 1 BH3HAYMMO MHOXHHY,
BCTRHOBITIOKOYH B | - 6IT OMMHMUIIO, AKIIO i~ MOXUTHBHIA €lIEMEHT IPUCYTHIH
y wiif MHOXMHI, 1 HYITE Yy DpoTHNeXHOMY BHnanky. OueBunHo, saxiio N Be-
JHKe, a2 KOHKPETHA MiAMHOMWHA Mana, TO Kpallle KOPUCTYBATHCA MEpPLIMM
criocobom. JIpyruii crioci6 mMae nepesaru, axi JarOTh 3MOTY BUKOHYBATH OMle-
patlii Ha MHOMGHAMH 33 JOIIOMOIOI0 JIOTTYHHX OnepaLliii MAITHHHOTO PiBHA.

Tpeba 3a3Ha9MTH, WO AK TUIBKH MHOXHHA BHSBHTHCA 32IIHCAHONO B
niaM’sATi, cnoci6 i 300paxeHHs BH3Hauae Ha Hil iHAekcauilo, 1 pi3Hi
MeToaM 300 pakeHHs Jal0Th 3MOr'Y MMo-pisHOMY 11 06pobiaTH.
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Posrnsnemo peanisauiro 3BMYaiiHOi HeHaBAHTANEHOT MHOXHHH.
(Pearmisauis HaBaHTaX€HOT MHOXHHM aHANOTIYHA 110 peanisauii 3BU4aiHoOi,
napaIeNbHO 3 EEMEHTAMH NOTPiOHO 10AaTKOBO 36CPIiraTH HaBAHTAKEHHS
CIeMEHTIB). VY 3BM4aifHil peamizaiii MHOXHHEK T eTeMenTH 3bepiraoTscs
B MacHBi, MOYMHAIOYH 3 NepuIoi KoMipkH (puc. 4.3). Criemianbya sMinna
MICTHTb MOTO4HY KINBKICTD €EMEHTIB MHOXWHHM, TOOTO KiIbKICTH
BHKOPHCTOBYBAHHX Y 1EH MOMEHT KOMIDOK MacKBy.

0 1 N-1

g

Yucno enemeHTis - 1

Puc. 4.3. Peanizayis muosicunu na ocnosi macugy

ITin 4ac nomaBanHs eEMEHTa X 10 MHOKHHH CIIOYaTKy Heobximno
BH3HAYMTH, Y MICTHTBCA BiH Y MHOXHHI (SKIIO MICTHTBCA, TO MHOXHHA
HE 3MIHIOETECs). JII% IIBOTO BHKOPHCTOBYETHCS IpoLeaypa TOMIYKY
C/ICMEHTa, sKa BUANOBIfla€ HA 3aNMTAHHA, YH HAISKHUTH EIEMEHT X
MHOXHHI, 1 AKIIO HATIEXKUTH, BUAAE IHIEKC KOMIPKH MACHBY, IO MICTHTB X,
Ta cama mponesypa mouryky BHKOPHCTOBYEThCS # Mill 9ac BHIAICHHSN
CICMEHTA 3 MHOXHHHM. B pasi nonasauns enemeHTa BiH mommucyeTscs B
KiHeUb (y KOMIPKY MacHBY 3 iHJ€KCOM, 1110 IOPIBHIOE YHCITy €JIEMEHTIB), i
IMIHHA 4MCTA eNEMEHTIB 3GUIBIIYeThCS Ha omMHWIEO. LIS BHIATeHHS
CICMEHTA IOCTaTHBO OCTAHHIM €NEMEHT MHOXHMHM NEPENMHCATH Ha Micile,
110 BUAANAETBCA, # 3MEHIIMTH 3MIHHY YHCNA €IEMEHTIB Ha OHHHILIO.

Y 3suyaiiniit peastizauii enemMenTH MHOXHHI 30epirarloTscs B MacuBi
y ZoBimbHOMY mopsaky. Ile osmawae, mo mpu TIOUIYKY €JICMEHTa X
MOBEAETHCH MOCIIIOBHO NEepeOpaTh BCi €EMEHTH Ta MEPEKOHATHCh, IO
€IEMEHT X 3HalneHo, abo 1o #oro Tam Hemae. Hexail MHOXWHA MiCTHTE
1.00.00 enementis. Tomi, AKIO X HANEKHUTH MHOXHHI, JOBEIETHCA
NEperyiiHyTH B cepenuboMy 500.00 enemenTiB, fKIIO Hemae — yci
enemMeHTH. ToMy 3BMuaifHa peanizauis MiIXONUTH TUIBKH UL HEBEIMKHX
MHOXHH.

306paxeHHs B NaM’ATi MACHBIB OYEBHIHE. Hatinpocrimmii Macus
ONHOBHUMIDHHH, AKHH OTOTOKHIOETHCH 3 BEKTOPOM. BaraTosuMipui MacHBH
TaxKoX 300paxyloThes BexTopamu. OMHAaK Tak 3BaHi pO3pimKeHi MaTpHIi
300paX<ylOTbCA B NaM’STi HeJTiHIHHUMH 6araTo3B’ S3HUMHU CTPYKTYpaMH.
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Po3pi/pkeHHMH HA3HBAIOTh TaKi MaTpuuli, OUIBIICTE €NEMEHTIB
gKkux jopieHioc Hymo. Taki Marpuni 30epiraloThes y BHIUIAAL 3B’s3aHAX
CTpyKTyp. ICHYIOTB CMeIianbHi IrOPHTMH BBEACHHA [ MHOXEHHA
PO3PIMKEHUX MATPHII, 300paXeHuX y Takiit popmi. ONHAM 3 OCHOBHHX
criocobis ix 36epiranns e TabnuuHuil. BiH monirae y 3anam’ATOBYBaHHI
HEHyNLOBHX EIEMEHTIB MaTpHIi B OJHOBUMIDHOMY MacHBl Ta
ineHTHdiKaii KOXHOrO eIEMEHTA MACHBY IHIEKCAMH PAJIKA 1 CTOBILIA.

Hanpuxnian, Hexaif 33a1aHO po3pikeHy MaTpHIlo (puc. 4.4).

fi moxma 36epirath y BHIJIAII TPHOX BEKTOpIB, AKI MICTATE
BiOBiHO HEHYNBOBI €I€MEHTH MATPHI, 8 TAKOX IHAEKCH iX pAAKiB Ta
innexcn croenuis: Z={6,9,2,7,8,12,3} — 3Ha4eHHA HEHYILOBHX €JIEMCHTIB;
R = {1,1,2,2,24,5} — iupexcu pamkis; S={3,5,1,4,5,3,4} — innekcu
croenuis. 11106 ne 6y10 NOBTOPeHb Y BEKTOPI iHAEKCIB pAAKiB R, y HbOMY
MOXHa 30epiraTi TiNbKHM iHAEKC MEPLIOro eNeMEeHTa y MOCHiNOBHOCTI S
(puc. 4.5).

0 O 0 9 A[1,3]=6 AlLsi=e z=[e[oT2]7[s8[12]3]
2 0 7 8 Al2,11=1  ARA4I=7
R= 3 7
A=l 0 © 0 0 A2,51=8  Al4,3]=12 (tialolsl7
0 0 12 0 0 A[5,4)=3 s=[3TsT1[4][5]3T4]
0 o 0 3 0

Puc. 4.4. I[Ipuxnad paspidoicenoi mampuyi Puc. 4.5. ITpuxnad 36epizanna
po3piodicenol mampuyi

KoHTponbHi 3anuTaHHA Ta BNpaBu

1. SIKy CTPYKTYpY Ha3HBaIOTh MaCHBOM?

2. SIxi 6yBaroTh MaCHBH i YHM BOHH XapaKTEPH3YIOTHCA?

3. Sk 3aaeThCs pO3Mip MacuBy?

4. I1lo Take po3MipHIiCTb MaCHBY?

5. IepernigiTe HafinomMpeHimi oneparii Hax MACHBAMH.

6. Hexait 3agano npsamokyTHy Matpumio A[20 x 30]. OGuucnits
ingexc enementa A (7, 13) B pasi 36epiranHs MaTpHli «3a CTOBILAMMY 1
«3a pAIKAMH.

7. O6aucnits iHaekc eaementa A (5, 12, 9) TpPUBHMIPHOrO MacHBY
A [10x20x15] B pa3si 36epiranns #0ro «3a pAAKaMM» i «3a CTOBIISAMHY.

8. SIxi Bu 3Ha€TE CIOCOOM 300paXKeHHA MHOXKHH Y TTaM’Ti?
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9. Sy MHOXMHY NOLLTEHO 300paxaTi BeKTOpoM 6iTis?
10. Slkuit BUIIAN Yy NamM’ATI KOMII'FOTEpAa MATUME MHOXHHA 3 CEMH
E€/IEMEHTIB, KOXHHH 3 MHMX MOXKe JOPIBHIOBATH KBapaTy uucna Bix 1 1o 10?
. 11. Sk 3HaWiTH eneMeHT A; BepXHbOI TPUKYTHOI Martpuui Ge3
JIaTOHAIBHUX ENEMEHTIB, MO 30epiracTbc y BEKTOpHIA nam’sATi «3a
CTOBIIUAMA»?

Mpuknagm recToBUX NUTaHbL

1. IIpsamuii gocTym 1o enemMeHTiB MacHBiB 3anesneqye:
a) iHJeKC;
0) Bka3iBHHK;
B) iM’d Macusy.

2. Po3mipHicTe MacHBY BH3HAYac:
a) KiIBKICTD eleMeHTiB;
6) xinbKicTb NiTep y Ha3Bi Macusy;
B) KITBKICTh iHAEKCIB

3. 3a sxo0 Qopmynol0 OOGMMCIIOIOTH Agpecy  eneMeHTa
ABOBMMIDHOTO MacHBY B pas3i 30epiranHs Horo «3a pamkami» ?
a) (-1)'n + (i-1);
6) (i-1)-m+(j-1).

4. Anpecy enemenTa IBOBHMIPHOrO MacHBy B pasi 36epiranss iforo
«3a CTOBNIIAMM» OOYHCITIOIOTD 32 (OPMYJIOH0:
a) (-1)n + (i-1);
6) (i-1)-m+(j-1).

5. Po3smip MacHBy BH3Ha4ae:
a) KUIBKICTh €IEMEHTIB Y MacHBi;
6) KiNLKICTh IHAEKCIB €IEMEHTa MACHBY.
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5. NIHIWHI CNUCKMK

5.1. OCHOBHiI BU3HauEeHHA Ta NOHATTA

Paninie po3rngnaguck CTPYKTYPH, B AKUX 3B S30K MIX elIeMEeHTaMH
3afaHo HesBHO. ONHaK y Knaci JHIHHUX CTPYKTYp AaHHUX iICHYIOTH 3HAYHO
CKIafHili 3B’ A3HI CTPYKTYPH, B Axux (yHKUIOHANBHUH 3B’ 430K Mik Horo
€/IleMEHTaMH 3aJaHo ABHO. Jl0 TakMX CTPYKTYp HaJeXaTh CIIHCKOBL.
Po3rnsHemo HalinpocTii 3 TaKMX CTPYKTYP, @ caMe NiHiHHI CITHCKK.

Cnncok, o Bifobpaxae BiHOWIEHHS CYCIICTBA MDK €IEMEHTaMH,
Ha3HBAIOTh JiHIHHUM. Byab-Aku# iHIIKE COMCOK BBAXAIOTh HETIHIHHIM.
Tun CHHCKIB BH3HAYa€TBCA THIIOM 3B’A3KiB MiX Horo enemedtamu. 3a
KiNIBKICTIO 3B’#I3KIB pO3pI3HAIOTH CNMCKH OAHO- 1 Oarato3s’dsHi, a 3a
THITOM (pyHKUIT 38’ A3Ky — JTiHIHHI 1 HeniHiHH].

OcHOBHHI NIPHHIMI CTIMCKOBO] CTPYKTYPH JaHHX IO/IATAaE B TOMY,
HIO JIOTIYHHH NOPANOK CHiyBaHHA €JIEMEHTIB 3a[ac€ThCA CYKYTHICTIO
nocuianb a60 BKa3iBHUKIB. Y MOCHIAOBHIN MaM’ATi JaHi PO3MIILYIOTECS B
NOCNIAOBHHX OAMHHLAX MaM’ATi, 9HM BH3HAYa€ThCA TMOPAROK iX cii-
JlyBaHHA.

OTKe, MOHATTH «CHOHCOK» MOXHA MOACHHTH TaK: OPraHi3auiio
30epiraHHs JaHHX, MpPH AKIH JOriMHMH NOPAJOK CHAITYBaHHA [OaHHX
BH3HAYa€ThCA MOCHIAHHAME ab0 BKa3iBHHKaMH, Ha3HBAIOTH CHHCKOBOIO
opraHizamiclo mam’ari, a gaHi, mMO TaK 30epIralOTHCA CHHCKOM.
CrnHckoBYy opraHi3alilo nam’ATi TAKOX Ha3HBAIOTh 3YETIICHHAM.

EnemMeHT CnMCKy CKIagacTbesi SAK MiHIMYM 3 J[BOX TIONiB:
6e3nocepeIHBOr0 3HAYEHHA EIEMEHTA NAaHHX | BKa3iBHHKA HA HACTYITHHH
€/IEMEHT CITHCKY. V eAKHX BHIIA[KaX 3HAYECHHA CIICMCHTIB JAHHX MOXYTh
36epiraTHCA OKpEMO, TOAI y IOJMi «3HAYEHHA» EeNIeMEHTa CIIMCKY MOXeE
OyTH BKa3iBHHK MiClIe3TalllyBaHHA IBOTO eleMEHTa AaHWX. BKasiBHHKM
€JIEMEHTIB CITHCKY Ha3HWBaIOTh TAKOX afjpecaMH 3B’ 13Ky, abo 3B’ I3kaMH.
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OnHi€lo 3 OCHOBHMX BIACTHBOCTEH CIHCKIB € Te, IO EIEMEHTH
PO3MIIYIOTECA B IaM’ATi 33 HOBiLHHM CIIOCOGOM, a HE B CyMDKHHX
ONMHMIIAX NaM ATi, AK Y BEKTOPIB.

Koxuuii cnucok mae CBiif 3aro1oBok, y sxomy 36epiraerncs
OCHIaHHA Ha IMCPIUMHA €JIEMCHT CIIHCKY. 3aro/IoBOK CIIMCKY Ha3HBAIOTh
TaKoX iMeHeM CIHCKY. BCiX iHIMX eIeMeHTIB H0CATa0Th POXOUKEHHAM
CITHCKY 32 JONIOMOTrOi0 BKa3iBHUKIB.

Ienye Ba criocobu 306paxenna criuckis: 1) rpacdiunmit (puc. 5.1, a);
2) myxxoBuii (puc. 5.1, 6).

b
-~

vV

. | A B C (A,B,C)

L4

~
-~

6 A | —pB| -pc (ABQ

Puc. 5.1. Ilpuknadu 306padicenia cnuckis: a — 2pagpiunuii; 6 — dyxckosuis

3a rpadiuauM crniocoboM crmcok 306paxyroTh Y BHIIAAI JIAHIOTa,
KOXHA [UISHKA AKOTO CKJIAJa€ThCs 3 ABOX NOMIB — NOBIAKM 1 TijNa.
HyxxoBui BUpa3 Ui 306paKeHHsS CNIUCKY 3PYUHHI TOMI, KONHM CIHCKH
CK/IaJIatoThCA 3 PI3HHUX THITIB IaHKX, | 3MiHA OXHOTO CIMCKY He BIUIWBAc Ha
iHwuit. Hanpuknan, Ha puc. 5.1, a 306paxeso CIMCOK, y SKOro B NOJ Tina
CIeMEHTa 3anHcaHo 6e3nocepenHbO 3HAYEHHS €NEMEHTa JaHUX, a4 Ha
puc. 5.1, 6 — BKa3iBHUK MiCLE3TAUIYBaHHS eleMEHTa JaHuX. JlyXKOBHii
BHPa3y 000X BHIIa/KaX 3aMUIAETLCA OHAKOBHM i He BinoGpaxae pisHOro
BMICTHMOTO 1015 Tila EIEMEHTIB CITHCKY.

ITix wac 06pobku crimekis HafuacTime BUKOHYIOTS Taki onepartii [2]:

® JOCTYn 10 K-FO €JI€MCHTA CIIHCKY 3 METOI0 aHaNily i 3amimm
ioro nonis;

® BBCICHHA HOBOTO eneMeHTa b6e3nocepeHBO Nepe T 3a1aHuM;
BHJTYYEHHS 3aJaHOTO €JIeMEHTa;
00’ €THaHHA AEKLIBKOX CIHCKIB B OJHH;
po36HTTA crHCcKy Ha aBa abo GUIBLIY KUTLKICTB CITHCKIB;
KOIiIOBAHHSA CITHCKY;
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® BH3HAYCHHSA KiJIbKOCTI €JIEMEHTIB Y CIIHCKY;

e 3HAXO/DKCHHS EJIEMEHTA 32 3aIaHHMH BJIACTHBOCTAMH;

e nepecopTyBaHHA abo BHOPAAKYBaHHS EJIEMEHTIB CITHCKY ¥
BHCXi/Hii 260 HU3XiHIH TOCTiZOBHOCTI.

5.2. OgHOHanpPsAMNeHi CNUCKU

HadinpupoaHilliuM i IPOCTHM THIIOM CITHCKY € OHOHANPAMJ/ICHHH,
TIpH3HAYeHHi 1A TOTO, 06 MPOT/ATH HOro B ONHOMY HaNpPAMKY — BIf
TI0YATKY [0 KiHusi. ONHOHANPAMICHHHA CITHCOK Haiyacrine 306paXytoTb ¥
BUT/AA] JAHIOTa, TOMY MHOro HA3HMBalOTh TAKOX JIAHI[IOTOBHM, abo
NiHifAYM 0iHO3B  A3HAM (pHC. 5.2).

No /, N1 /l N2 /; // Nn

A1 A2 An

Pue. 5.2. [Ipuxnad 00HOHARPAMAEHO20 CRUCKY

" JloBinka KOXHOI MiNAHKH TaKOIO CITHCKY CKIANaeThes 3 ABOX
3gagens. Ilepmum € goexuHa N; i-1 JUIAHKH, fKa, CBOCKO YEProio,
CKIIAZIA€THCA 3 JOBXKHHH 3aITMCy i JOBXHHH JOBLIKH. [IpyrHM 3HAUCHHAM
JIOBi/IKM € TIOCIJIAHHS Ha MOYATOK HACTYITHOI NIAHKHM. [lani posMimyeTscsa
Tito aisHKM a6o GesnocepeaHso 3anKc. 3arooBHA AUISHKA CKIA/IAETBCA
3 TPBOX IIOJIB. AOBXHHH 3arOJIOBHOI JUIAHKH, ITOCHJIAHHA Ha IIOYaTOK
nepuwioi JiNAHKH; IIOCHJaHHA Ha MOYaToK BinbHOro micus. Ilepmi 1Ba
3HAYeHHA YTBODIOIOTH JOBINKY 3arofOBHOI JUIAHKHM, a4 NOCHIAHHA HA
BiIbHE Micue fBAf€ co6O0 Tulo mi€i ALNSHKA. Y NOBiAUI OCTaHHBOL
JUISHKA T07e BKA3iBHHKA MOPOXHE. Y 3aralbHOMY BHIAJKY BCi 3aIIMCH B
OHOHANPAMIIEHOMY CIIHCKY MOXYTb MaTH Pi3HY AOBXKHHY.

OZIHOHANPAMICHHMHA CIHMCOK MOXHA BiIOGpasuTH B OXHOMIDHHH
MACHB TaK. 3aroloBHHMIl 3amMc 3aifMaTHMe enemeHTH MacuBy Sfo/, S[1],
Sf2]. TloriM posmimyioTscs iHun 3amucd. SKWO IHIAEKC AUIAHKH, UIO
MicTHTs 3amc X, Mac 3HadWeHHsA i, TO B eJeMeHTi S[i/ 3HAXOMATHCA
JIOBXHHA L€l ALTAHKH, B eneMenTi S/i+]] — iHAeKC NUIAHKH 3 HaCTYITHUM
3anmcoM CIHCKy (260 Hyms, skuo 3anuc X ocrauuii). IlounHaiowm 3
enemenTa Sfi+2], 3BAXONUTHCS CaM 3aMHC (TiNO AUIAHKH).

CxeMmy TpoleAypd BBEAeHHS HOBOrO 3anmucy Z micis IITSHKH 3
{HJIeKcOM i TIOKa3aHo Ha pHC. 5.3. CoyaTky GOpMyeThCS HOBA AUIAHKA i3
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‘wWiMcoM Z, fKa pO3MILLYEThCA HAa BUIPHOMY Micli Dam’aTi, a NOTiM
KOPEryeThes 38’ 430K i -1 AUIAHKH,

(i) | s[si21)

Puc. 5.3. Cxema npoyedypu e6edenns enemenma 6 AaHYO208Ul CNUCOK

IIpouenypa BHITy4eHHS €1EMEHTa 3 TAKOrO CITHCKY TaKOX 3BOIHTHCA
0 KOperyBaHHs 3B’A3KiB Mix aUvmHkamu (puc. 5.4). Ilpunycrimo, 1o
1OTPIOHO BHIIYMHMTH 3i CIIMCKY ALISHKY, KA PO3MILIYEThCS MIC/S AUISHKHA 3
uiiexcoM . Omxe, iHIEKC OUIAHKH, AKy BHIYYaiOTh, po3Mimeno B Sfi+1].
‘nayenns Sfi+1] 3aMiHIOETbCS Ha 3Ha4eHHs, ske 36epiranock y IoBimui

JNASHKH, IO BHITYYa€TBCA.
slil |

Puc. 5.4. Cxema npoyedypu suny-4eHns enemenma
3 OOHOHANPAMAEHO20 CRUCKY

Komi 31 cmmcky BHIy4aloThCs 3aIMCH, BHHMKAE IIMTAHHA IIpO
WHKOPHCTAHHA TOTO Micid nam’sti, fe 30epiramcs BUTydeHi 3anncH. Sxawo Bei
HAMKACH MAOTh OJHAKOBY JOBXHHY, HOBI 3aITMCH MOXKHA PO3MILIYBATH Ha LHX
MIiCLISIX, JYIf 4Oro 3 BWIy4EHMX JIUSIHOK YTBODIOETRCH CHHCOK BlisHEX
JiisHOK. SIKIO K [AiISHKM MAlOTh pi3HY JIOBXHHY, 337248 3HAYHO
ycKnaHIoeThes. OIMH i3 METORIB i PO3B’s3aHHA ITONATAE Y TOMY, 11100 Yac Bin
Yacy YTBOPIOBANIaCh KOITiA CITHCKY, Ky/IH BXOMWIH O TUTbKi AIHCHI 3anMCH.

Byne-akuii CHCOK CYNMPOBOMKYETBCA CIIMCKOM BLIBHOT mnam’sTi,
AKHA TOTyeThCS OOCHYroBylOuMMH mporpamamu. Takuii cnucoxk Mae
BIIACHMH BKa3iBHUK, AKHH MICTUTB ajipecy IEpLIOro BiIBHOTO efeMeHTa
11am’sTi, @ TAKOX KiNBKICTh TakuxX enemeHTIB. Ilepumii BimeHMI eneMeHT
MICTUTB ajpecy APYroro eneMeHTta i T.4. Ase noOynoBa TAKOTO CIHCKY
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BUTBHOT NaM’ATi 3HaYHO YCKIAJHIOETHCA, AKIIO 3aNHCH €IEMEHTIB MAKTh
pisHy nosxwuHy. To;l X0 AOBiAKM AINSHKM COMCKY BUTGHOI mam’sTi
HEeOOXIIHO MPHENHYBATH TAKOX AOBXHHY 3anucy. [Ipouenypy, nos’szany
3 MOBEPHEHHAM BLIBHHX KBaHTIB TaM’ATi OO CIMCKY BiNBHOI Nam’sTi,
Ha3HBAIOTh «30HPAHHAM CMITT».

5.3. [IBoHanpAMneHi CNUcKu

JABoHanpsiMieni CNHMCKH — 1€ Taki CIHCKH, SKi JAKOTh 3MOTY
pyXaTHCs BHeped | Hasaj Mmig 4ac mepernsay ioro enemenTis. Boru
300paKyloThCS y BHIVISAI JIAHIIOTE, KOXHA J[iNAHKA SKOTO MiCTHTB
BKa3iBHNKH Ha HACTYNIHHH i moniepe/Hiit ejleMenTH.

Ha puc. 5.5 300paxeHo crpyktypy 3aronosHoi (puc. 5.5, a) i
BHYTpilUHbOi (pHC. 5.5, 6) AUISHOK, 4 TAKOX Camoro JBOHAMPAMIECHOTO
cmHcKy (puc. 5.5, 6). KoxkHa AinsHKa Takoro CnMCKy CKJIANaeThes 3
YOTHPLOX 3HaueHb (pHc. 5.5, 6), a came: 3HaYeHHS CAMOTO EIEMEHTA
AaHMX 1 JIOBIAKM CTAHZAPTHOrO BUIJIAAY 3 TPhOX 3HAHCHDB: JOBXKHHH
AUIAHKH, BKa3IBHUKIB Ha HACTYITHY 1 TIONEPEAHIO AiNAHKH. Y 3araibHOMY
BHMAAKY AOBXHHA KOXHOI [iIAHKM Moxe OyTH pisHOW. 3aronoBHa
JUISHKA TAaKOX CKJIAJAaEThCA 3 HOTHPLOX 3HAYEHb, aJi€ il IOBXKHHA BioMa i
JIOPiBHIOE YOTHPBOM, OCKiJIbKM 3aITMCOM il eJleMeHTa € BKa3iBHMK, a BCi
BKa3iBHHKA MaIOTh O/IHRKOBY JIOBXHHY (pHC. 5.5, a).

No =4 JoBXuHa AinAaHKK
BrasipHMK Ha BKasiBHMK Ka
nepwy AinAHKy HaCTYNHY AINRHKY
CNUCKY CIUCHY
BKasiBHMK Ha
Hynb nonepeaHto
BINAHKY CNUCKY
BrasisHmK nepworo
BiAbHOTO enemeHTa Ai
nam'ati
a 6
4 5< N1 §< N2 5<
0
A1l A2

Puc. 5.5. 306pasicennn d6oHanpamaerno20 chucky ma 1iozo dinaHoK
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OyeBHaHO, MO omnepauii BBEAECHHA-BUIYYECHHA 3alHCY B L(bOMY
WHIAAKY aHAJIOTIYHI A0 MOMEPEAHiX i TAKOX 3BOAATBECA A0 KOperyBaHHA
a3k Mk ginsakamu. OfHaK onepauis BBENECHHS 3alHCY B JBO-
IIpAMIEHHH CMcoK OyAe 3Ha4YHO CKIAAHILLOKO Bil omneparfii BITy4eHHS
‘MIIMCY 3 HBOTO, OCKUIBKK B TMepLiiii omepaiii HeOOXiqHO NIPOIHTYBATH JIBi
JUISHIM, @ B JAPYTiH — TIMBKH Ty, Ky BHiydaloTh. [lomepemHiit 3amuc
NoTpiOHUH /UM KOpEeryBaHHA 3B’A3Ky Ha HACTYIHHMH €IEMEHT, aje leif 3amuc
Ite Tpeba yuTaTH — 3HaHAEMO Horo y AiHL|, AKY Briy4aemo. Tomy MoxHa
H0IIMCATH TYIH HOBY afpecy 6e3 uuTaHHs caMol JUTAHKH.

JBoHanmpAMIEHHH CIIHCOK TaKoX BigoOpaxyeTbcd B OTHOBUMIPHUIH
MICHB, MTOYHHAIOYH 31 CTAHJAPTHOI 3aroJ0BHOI AUIAHKH, SKa MaEc B Macusi
innexen 0, 1, 2, 3,

5.4. LlnkniyHi cnucku

Hukaivni, abo KinbleBi, CNHCKM — HAWRNOUIMPEHIAN Pi3HOBUL
JBOHANPAMIIEHHX CHHCKIB. Y TakoMy CIMCKY OCTAHHA [iIsSHKA
II0CHIIAETECA Ha 3aroloBHY fAK HAa HACTYIHY, a LA, CBOECI 4YEProl, Ha
OCTAHHIO AUIAHKY, AK Ha MomepenHio. Taka opraHizauis cropouye
lpoueaypy nomyky abo mnepefopy 3anuciB 3 [OBIIBHOrO MICHA 3
UBTOMAaTHYHHUM [EPEXO/IOM BiJl KIHIA Ha MOYATOK i HaBmaku. ByBaioTsh
TAKOX ONHO3B’A3HI KUIBLEBI CHHCKH, B SAKHX OCTaHHA JUIAHKA
IIOCHIIAETRCS HA 3arojloBHy, AK Ha HacrynHy. Ha puc. 5.6 306paxeno
IMKJIIYHHH JBO3B’ 43aHUIH CIIHCOK.

: :

A1 Az A3 Aa

Puc. 5.6. Lukniynuti cnucox

Onepauist BBeAEHHA 10 KiJILLIEBOrO JBO3B’S3aHOT0 CIIMCKY MMOAiOHA
no monependix. Hanpuknan, Hexait noTpiOHO BCTAHOBUTH AUISHKY 3
1I0BUM 3aITMCOM MICHA AUIAHKM 3 iHAekcoM i. HoBa minsHka posmiuryeTscs
Ha BUIBHOMY MiCili 1IaM’ATI i BBOAMTBCH Y CIHCOK KOPETYBAHHAM
BKa3IBHMKIB y JIUIAHII 3 iIHAEKCOM [, @ TAaKoX Y Till AUISHLI, AKa paHime
Oyna micns Hei.
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Onepauis BHAY4eHHSA UITHKY i3 KUTBIIEBOTO ABO3B’AZHOTO CHHCKY
TaKOX 3BOOMTHCA JO KOPETYBaHHA OBOX MOCHJIAHb: Y «cycima JBopy4»
3MIHIOETECA BKA3iBHHK Ha HACTYNHY AUINHKY, @ Y «Cycia ImpaBopy4» —
BKa3iBHHK Ha TONEPeHIO IiNIAHKY.

Iurorivauit OBO3B’A3HHI CIIHCOK MOXHA BiIOOpasHTH y OZHOMIp-
HAM MacHB AaHANOTIYHO [0 JIHIHHOTO CNHCKY. Y TakoMy BHOAIKy
NpoLeAYPH BBEeJCHHA-BUIYYEHHS €NEMEHTIB 3BOASThCA 10 OOTHCIeHHS
IHAeKCiB BKa3iBHHKIB, SK i B JIIHIMHOMY CIHCKY, 1 3aMiHH BMiCTHMOI'O
€JIeMEHTIB MacHBY 3 LHMH iHeKcaMu. SIKIIO TiNo elneMeHTa CIHCKY ABJIAE
coboro pagok cumBoniB aGo Oiris, a BKa3iBHHKH — LI YKCiIa, TO HE B
KOXHIH MOBI IporpaMyBaHHA Take BinoOpaxkeHHs MOXUIHBe. Tomy,
HaNpHKIaZ, NpocTilie BinoOpaj(yBaTH COMCKH Y JBa MAacHBHM: OAMH [UIA
TLIA eJleMeHTa, APYTHIA — IS JOBIIKOBOI YaCTHHH.

Yacriwe, oaHak, €IEMEHTH CIIHCKY HE pO3TallOBYIOTh y AKOMY-
HeOyas MacHBi, a MPOCTO PO3MILLYIOTH KOMHHI OKpeMO B ONEpaTHBHiH
mam’sTi, BUAUTEHIH U 3agagi. 3a3BHuail eNeMEHTH CIIHCKY pO3Mi-
ITyIOTBCA B JAMHAMIgHIH nam’sTi. SIK BKa3iBHHKM y UbOMY BHOAAKY
BHKODHCTOBYIOTE aJIPECH €JIEMEHTIB B ONEPAaTHBHIN mmaM’ATi.

T'onosa criucky 30epirac BKa3iBHHK Ha MEPIUHiA i OCTAHHIH eJleMeHTH
cnucKy. OCcKiNbKY CITMCOK 3aIMINIEHUH Y KUTblie, TO HACTYITHHM 3a TONOBOO
cnucky Oyne #Horo mepumit €NeMeHT, a MONEPEAHIM — OCTAHHIA €IIEMEHT.
I'onoBa crmcky 30epirae TinbkW BKa3iBHHK i He 30epirae >XomHoro
enemenTa. Ile HiIGH OPOXXHA KOMipKa, IO AKOI He MOXKHA HIYOr0 IIOKJIACTH i
fIKa BHKOPHUCTOBYEThCS TUILKH /UIS TOTO, 11106 30epiraTi aapecH HacTYIHOro
H monepeAHBOTO EIEMEHTIB CITHCKY, TOOTO nepiioro it ocranHboro. Komu
CITHCOK TIOPOXHIH, roJIOBa CIIMCKY 3allMK/IeHa cama Ha cele.

IlepeBara Bxa3iBHMKOBOI peajizallii CHHCKY IIOJISTaE B TOMY, IO
IpOLeNYPH KOJaBAHHA il BHAANCHHA €IEMEHTIB HE TIPUBOIATE 10 MACOBHX
onepauiu.

KoHTponbHi 3anuTaHHA Ta BNpasum

1. Axuit cMCOK HA3KUBAETHCA JIIHIHHUM?

2. SIxi 6yBaroTh CITHCKH 3a KUILKICTHO 3B’ A3KiB Ta 32 THIIOM (PyHKIIii
3B’ A3Ky?

3. 3 90ro cKIaAaEThCA EIEMEHT CIIHCKY?

4. Ha3BiTh OCHOBHI BJAaCTHBOCTI CITHCKIB.

5. Lo 3anmucaHo B 3aro/I0BKY CIIHCKY?
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6. SIki € cmoco6u 306paXkeHHs CUCKiB?

7. SIxi nii BUKOHYIOTBCA Mig yac 06pobxu cruckiB?

8. JlaiiTe BU3HAYEHHS ONHOHANIPIMIIEHOTO CIIUCKY.

9. 3i CKiIBKOX 3HAYEHB CKIANAETBCH NOBIAKA OJHOHATPAMIEHOTO
CITHCKy?

10. IITo 3anucano y 1OBI/NI OCTAHHBOT AAHKH OTHOHATIPAMIIEHOTO
CIHCKY B [0J1i BKa3iBHHKA?

11. TloscriTs nponenypy BBEACHHS HOBOTO 3alUCy B OJTHOHANPAM-
JIEHOMY CITHCKY.

12. TlosicHiTs NpoLEaypY BHIY4EHHS HOBOMO 3alUCY B OJHO HAIDSM-
JIEHOMY CITHCKY.

13. SIxi € BapiaHTH BUKODHCTaHHSA MiCIIA maM’sTi, 1€ 36epiranuca
BHITYY€Hi 3a[IUCH OAHOHANPAMIIEHOr'O CIIHCKY?

14. [1lo Ha3uBaiOTH «30MpaHHAM CMITTA»?

15. Taiite Bu3HaueHH ABOHANPAMIEHOTO CIIUCKY.

16. 3i CKiTbKOX NOMIB CKIAJAETBCS AUIAHKA [BOHATIPAMIIEHOIO
crineky?

17. TaiiTe BH3HAYEHHA LUKITIMHOTO CITUCKY.

Ly
e
1. EneMeHT CHHCKY CKIaIaeThes 3:
a) ninoi Ta ApoboBoi YacTuH;
6) milicHoi Ta ySBHOI YacTHH;
B) 3HAYEHHA €IEMEHTA aHHX i BKA3iBHHKA Ha HACTYNHHI
€JIEMEHT CIIUCKY.

Mpuknaau TecrtoBux nuTaHb

2. Crcok Ha3UBaETHCA JTiHIHHAM, KO
a) BCi HOTO eNEMEHTH PO3MIILEHO B OJHY JIiHiIO;
6) anropuT™ Horo copTyBaHHs Mae NiHiAHY CKIAAHICTS;
B) BiH Bi06paxac BiHOMICHHSA CYCiICTBA MiXK €1EMEHTAMH.

3. 'V 3aronoBKy CIIMCKY 3aHCaHo:
a) KUIBKICTh €IEMEHTIB CIHCKY;
6) dyHiatio 38’ 13Ky,
B) IOCHJIAHHA HA MEPIUHIi EIEMEHT CIIHCKY.

4. JloBinxa OQHOHANPAMIICHOTO CITACKY MA€ TaKy KiTLKICTB
3HaYeHb:
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a) l;
6) 2;
B) 3.

5. V posiaui octaHHbOl AINAHKH OJZHOHAMPAMIIEHOIO CIIMCKY B
MoJii BKa3iBHHKA 3alIHCaHO:
a) BKa3iBHUK Ha NepIlInii eIeMeHT;
6) BKa3iBHHUK Ha IIYCTE MICLE;
B) TIONIE € MOPOXKHIM.

6. JloBimka enemeHTa ABOHANPAMIIEHOrO CITHCKY MA€ TaKky
KLTbKiCTh NOJIB:
a) 2;
0) 3;
B) 4.

7. Hoeizka 3aronoBHOI AUTAHKH OAHOHAMPAMIICHOIO CITHCKY
Ma€ TaKy KilbKiCTh 3Ha4EHb!
a)l;
6) 2;
B) 3.

8. Cnmcku 306paxaroTs:
a) JiarpaMamy;
6) rpadixamu;
B) TpadiuHo.
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6. HENIHIVHI CTPYKTYPU OAHUX

Y nomepeaHix CTPYKTypax JaHMX peani3oBaHO IEpPEBAXKHO
ONHOBMMIDHI BIJHOWIEHH:. AJie iCHYIOTH CTPYKTYPH IaHMX, y SKHX
BUpaXKEH] 3Ha4HO CKIaHili BIIHOMEHHS MiXk IXHIMHM KOMMOHeHTaMH. Bei
TaKki CTPYKTYypH YTBODIOIOTb BaUITMBMI i CKIAAHWI Ki1ac HETIHIMHHX
CTPYKTYP A@HHX, OCHOBHI 3 AKMX — Tabnuui 3 HeMiHIHUM BifHOMIEHHSAM
CYCIACTBA €IEMEHTIB, IEpeBa, CIUCKOBI CTPYKTYPH Ta CITKH.

6.1. Tabnuui

Toumpennm BuaoM HisIBHOCTI € JOBiAKOBO-iHboOpManiiine obciy-
TOBYBaHHS, IKE MICTHTL HAIPOMADKEHHA JaHUX, IPUIHOM i BUIavy NaHHX Ha
sumory. THIIOBOKO 3a/1a4€l0 10BiKOBO-iHPOPMALIIHHOrO 06CITYroByBaH S €
3ajaya  opradizanii 1 cymicHoro

36epiraHHs OHAKOBMX 3aITMCiB i Bugayi |lAcHTupixatop Aapeca
Ha BHMOTY JOBUIBHOTO 3amMCy He3a-

JIeXHO BIA TOro, sKi 3amucd i B skii |(Kmow) (3naucHuz)
INOCITIOBHOCTI BUAABATHCE paHiure. Y A o101
TaKHX 3a/la4ax BHKOPHCTOBYIOTH CTPYK- B 0102
TYPY AaHHX, Ky Ha3MBAIOTEL TabMuLErO, c 0103
Tabanus — ue nabip noimMeHoBaHMX D 0104

o0’extie  (abo 3anmcis) moBLTBEHOI
NpHPOAH, 3 KOXHMM 3  #KHX
OIHO3HA4HO I10B’s3aHe ioro iM’a. IM’s 3amuCy Ha3UBaIOTL HOTO KJIKO4eM.
Tabmiui € OCHOBHOIO CTPYKTYpOIO 3amaM’sATOBYBaHHA y (ailIoBHX
CTPYKTYpax, OpraHi30BaHMX Ha 30BHIIUHIH aM’sTi KoMIT’foTepa.

Koy osHO3Ha4HO BH3HAaYae Micue KOXHOro B Tabmuui i 3a6e3-
neyye mpsMuit goctyn ao Heoro. [puknag Tabnuwi Hasenewo na puc. 6.1.

Koxuuit 3ammc y tabmaui mictuts omum abo Gimsme xmouis. 3
UMMHU KITIOYaMH NIOB’ A3Y€THCH THI BHKOHYBAaHUX Hilt. Hanpuitan, kmouem

Puc. 6.1. IIpuxnad mabruyi
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Moxe OyrH Homep cnyx6oBus abo #oro mnpizsuume. Kimou Moxe
CKJIaIATHCA 3 KibKOX aTprbyTiB. OCHOBHI BJACTHBOCTI KJII0YA:

1) oqHo3Ha4Ha ineHTH(IKALIA eleMeHTa;

2) BiACYTHICTS HaAMIPHOCTI.

Jlnst oppoOro eneMenTa MoXe iCHyBaTH fieKinbka Habopis aTpHOyTiB,
AKi 3aJ0BONMBHAIOTE ILi MBI BiuacTHBOCTI. Koy, sAKHEt BHKOPHCTO-
BYBAaTHMETBCA UM ieHTH(]IKAIil 3amuciB, Ha3UBalOTH NepBAHANM. Jlis
HBOTO aTpHOyTH cnix BHOHpaTH Tak, mob mia Hux OyB 3a3ganerinp
BiZloMuMii Iiana3oH 3HAYEHB, 2 IX KUIBKICT Oyna 6 skHaiMeHIIoM0.

Tabnuui noAiNAOTL Ha BIOPAAKOBAHI T2 HeBHOPAAKOBAHI.

Y  HalimpocTiiMX — HEBNIOPAAKOBaHMX  TabMMUAX  3amHCH
POSMIILIYIOTECA ONHH 332 ONHMM Oe3 mpomyckiB. Ane HEBNOPHAKOBaHi
TabnHLi HeepeKTHBHI MK JacC MOMIYKY eIeMEHTIB, TOMY IX 3aCTOCOBYIOTh
Y THX BHIIaJKaX, KO/IM YacTOTa AOCTYMY AO IXHiX €JeMEHTIB HEBEIHKa.

Yacrile BHKOPHCTOBYIOTECA BNOPAAKOBaHI Tabmuui. Born MoXxyTs
6yTH BIOpAAKOBaHi 3a pi3HWMH aTpHOYTaMH, HAalPHK/IAA, 33 3POCTAHHAM
uupoBoro Koay Kmoya abo 4acTOTOK 3BEpPTaHHA [0 3aMKCiB. Y mepuiomMy
BHTIaJKY A4 [OWIYKY 3aliHCIB 3aCTOCOBYIOTH AITOPHTM JABiHKOBOIo
NOINYKY, Y APYrOMY — JITOPHTM IOCIIJOBHOIO NMOWyYKy (AKHB. po3zain 9).
Opranizanis BnopsaxkoBaHHX Tabmiup moTpebye HONATKOBHX BHTpAT
MAanIMHHOTO Yacy.

Tabrmi MOXYTh MaTH i€papxidHy CTPYKTYpY, HAIPHKNAN, Y BHIVIL
nepesa. Crpykrypa Tabmami BioOpaxkae HacaMIiepe/ IUISIXH JOCTYITY IiJ Yac
00po0neHHs iHIMBINyanbHHX eneMeHTiB Tabmmmi. s Oyae-sxoi TabmrdmHol
CTPYKTYPH XapaKTEpHHM € Te, 110 orepariii BBEAEHHA i BAIYYEHHS elIeMEHTIB
MOXHA BHKOHYBaTH B Oymb-sikoMy Micti. Omnepanil 3 Tabmiamu 3aaat0Thes
BUITHOCHO KJIIO4, 8 BUKOHYIOTBCSH TAKOX i HAJl 3aIHCOM.

QOcHoBHi onepauii 3 TabnuusMu:

e BBEICHHA: NaHO napy (K4 i 3amHC); BBECTH 3amuc A0 Tabmawui
Tak, uob iforo moriM MoxHa Oyn0 3HAHTH 33 KIHOYEM;

e 3aMiHa: AaHO mapy (K1Y i 3anMc); 3HAWTH 3alHC i3 3aJaHHM
KJIIO4EM 1 3aMiHHMTH HOro Ha 3aJaHE 3HAYECHHS,

® BHIYYCHHS €JEMEHTA 33 3a/IaHHM KUTIOUeM;

® JIOIIYK: 33 3aJJaHHM KIIOYEM 3HAHTH BiANOBIOHHI 3amHC;

® [IPYK eIeMeHTiB Tabauui.

VY zaransHOMY BHMAJKY Ha3BaHi omepanii MOXHA 3BeCTH IO JBOX
OCHOBHHX: cOpTyBaHHA i momyk. Lli omepanii 3anexars Big Meroxy
OOCTYITy JI0 €IEeMEHTIB Tabnuili, a METOOH OOCTYIlY, CBOEIO YEpror, BiJ
CTPYKTYPH TaOJIHLI.
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Icaye Tpu ocHOBHI KiIacH MeToAiB 06pobkH TabnMUE 3aIeXHO BiA
XapaKTEePUCTHKH IXHIX CTPYKTYD:

1) BUKOPHCTOBYE CTpAaTEril0 HOCAIIOBHOIO AOCTYMY;

2) opraHi3oBye ZOCTYTI 3a AEPEBOM; ;

3) poluTh NUISXH JOCTYNY JIO €IeMEHTIB Tabnuui GesnocepenuiMu.

Crpykrypy 30epiranns Ttabnuue BHOHpArOTh 3IEXHO BiX THIY
ornepalliif, 110 BUKOHYIOTECA HaJ HUMH. [Uist BHYTPIIIHIX TabIuIbe MOXHA
BUOpaTH NOBUIEHY CTPYKTYpY, AKY MOXHa NoOyayBaTH B OnMepaTHBHiH
naM’aTi. 3aIeXHO Bl MeTOmy MAOCTYIly MO eJeMeHTiB Tabmuui
NOAIAIOTECA HA:

» mocJinoBHi;

> nepeBonoxioui;

» 3 o0uMCIIIOBANTLHHMM APEecaMH,

Ocrauni, cBOCIO Weprow, NOAUTIOTECA Ha TabnuUi 3 HpAMHM
AocTynom i xem-tabnmui. Yci, kpiM Tabnuue 3 npsMEM J0CTYTIOM,
MOXHa 30epiraTi y BeKTOpPHIiH i 3ueruieHiif nam’ari.

Y HaWnpoCcTIMX NMOCHiOBHMX TabmMusx [Uis 30epiraHHs OIHOrO
3alMCy NOTpiOHa IOHaMMeHIIe OfHA AUIAHKA [aM’ATi 3 ABOMA MOJAMH:
KIIFOY i 3Hayenns. TaOnuuro MoXHa 300paXkaTH SK BEKTOp i3 IHX
nuaHOK abo Ak MiHIHHUHA CIMCOK,

Hepesomonibri Tabnuui abo Tabmuui, opraHi3oBami AK aepesa
TIOPiBHAHD, TAKOXK MOXYTb 300paXkaTHCA Y BEKTOpHI i 34erienii rmam’sri.
Y nepuioMy BHIIAJKY €1E€MCHTH JaHHX TOBUHHI OyTH BIOpAIKOBaHi 3a
3HAYCHHAM KITI0Ya, Y APYroMy 300paxeHi y BHITIAAI ABO3B’ A3HOIO CITHCKY.
[l nporo N0 KOXHOIO eneMeHTa Tabmuui HeoOXiJHO mpHemHaTH aBa
BKa3iBHUKH; BIJTIOBIHO Ha JIiBe i paBe mianepeso. Toai enemenT Tabmuui
NEPETBOPIOETLCA Ha TAKHIHA:

| n8 [kmou| Tno | n8 |

ae JIB, I1B — pianorigHo mipuit i npaBuii BKA3IBHUKH.

6.2. [lepeBa

Hepepononibui i B3aranmi rpadoBi CIPYKTYpH MalOTh LIMPOKE
3acTocyBaHHd. Haifuacrime paepeBomoaibui crpykTypM BHKOpHCTO-
By1OThCH [9]:

a) I Yac TPaHCIAI] apHPMETHIHUX BHpa3iB;

6) nix yac popmyBaHHA TaOMHLL CHMBOJIB y TPAHCIATOpPAX;

B) y 3a7laJaX CHHTaKCHYHOrO aHai3y,;

T) Iij Yac TpaHCaAUii Tabnuup po3s’ A3KiB.
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Ilix gac poboru 3 AepeBaMHM 4YacTO BHKOPHUCTOBYIOTBCH PEKYPCHBHI
aNrOpUTMH, TOOTO AITOPUTMH, SKi MOXYTh BHKTMKaTH cami cebe. [Tin yac
BHKIIHKY JITOPHTMY HOMY IIEpelacThes AK MIapaMCTp BKA3iBHHK HAa BEPUIHHY
JiepeBa, AKa pOoSIIIANAECTECA AK KOPIHB MifNepeBa, IO POCTe i3 Mi€l BEPIIMHHL
S0 BeplMHA TePMiHATHHA, TOOTO B HEel HEMAE CHHIB, TO /IFOPUTM TIPOCTO
3aCTOCOBYEThCSA [0 i€l BEPIIMHHM. SIKIIO * y BEPIIMHM € CHHM, TO BiH
PEKYPCHBHO BHKIHMKA€TBCA [UIN KOXHOrO i3 CHHIB. 3araibli rpadosi
CTPYKTYPH 3aCTOCOBYIOTH [IiJl 4Yac 300pa)keHHs DPO3PLIDKEHHX MaTpHUb, Y
ManmHHii rpadiui, nix vac nomyky inopmauii i B iHIMX CKIAIHHEX 3a0a9aX.
IIpuknanom rpadononibHol CTPYKTYpPH € iepapXiuHa LUKIIYHA CTPYKTYpA, IO
Mae piBHi aHANIOT4HO 0 AepeBa abo opicHTOBaHOTO rpady, ane enemMeHTH Ha
Oymp-AkoMy PpiBHI MOXYTh OyTH HMKIIMHO 3B’A3aHi, AK, HalpHKiajg, B
iepapxidHHX cIMcKax. Y CTPYKTypax NaHHMX HaWdacTillle BHKOPHCTOBYETHCH
TabnmuuHmMit 60 MaTpuyHHi croci6 3anaHHA rpagdy.

KopeHneBHM IepeBOM Ha3HBAIOTh Opi€HTOBaHMil rpad, y AKOro:

1) € oana ocobnuBa BepuiMHa, A0 AKOI HE 3aXOAUTH XOLHE
pebpo i AKy Ha3HBaIOTL KOPEHEM JICpEBa;

2) mo BCiX IHIDMX BEpIIMH 3aXOIHTH PIBHO omHe pebpo, a BHXOIMTH
CKUIBKH 3aBIOJTHO;

3) HeMae LUKIIIB.

IcHye me Tak 3BaHE PeKypCHBHE BH3HAUCHHS JIEpeBa, 3TifIHO 3 AKHM
JEPEBO TPAKTYIOTh SK CKiHYEHHY MHOMMHY BepillMH T, KOXHa 3 AKuX (KpiM
KOpEHS) HAIKHUTS 0 OfHi€l 3 miamHoxuH T,..., T, ; m=>0, T; NT; = 0, i#.
[MigMuoxuna T; Ha3UBaETHCA NiIepeBoM L€l BepiimHU. Yucno niagepes el
BEPUIMHH HA3WBAIOTh CTEMeHeM 1ii€l BepmMHH. BepmuHy 3 Hy/IHOBHM
CTeleHeM Ha3HBalOTh JJHCTKOM, YCI pelllTa Ha3HBaIOTHECA BHYTPILLUHIMMH.

A Pisuem, alo paHrom

BEpLIMHH BIHOCHO JepeBa

0 ¢  Ha3MBAIOTH NOBXHHY LUIAXY

BiJI KOPEHA JI0 1€l BCPIIHHH.

JIOBXKHHA LLIAXY — 1e

D E F G H  xinekicte ayr, sxi Tpeba

Puc. 6.2. Ilpuxnaod 3-apnoeo depesa MPOHTH  BIA  KOpEHA  Juif
JIOCATHEHHA BEPIIHHH.

BucoTa iepeBa JOPIBHIOE KiJIBKOCTI PiBHIB Y AepEBi.

KiHileBa MHOXHHA HeTlepeCidHHX ACPEB Ha3MBAETHCA JTiCOM.

I'oBOpATSH, M0 KOXKHUI KOPiHb € 6aTHKOM KODEHIB CBOIX IMisepes.
OcranHi € cuHamMH cBoro OaTbka i OpaTaMu.

JepeBo Ha3uBAIOTE n -apHHM, AKIIO KOXHHUH HOro By301 Mac He
6itbine HiX 7 moToMkiB. Ha puc. 6.2 306paxeHo 3-apHe nepeso.
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6.2.1. binapHi depeea

Byne-axe pnepcBo wMoxHa 3BectH 10 GiMapHOro. BiHApHMM
Ha3HBAIOTh Take 2-apHE AEPCBO, B AKOrO ONMH NOTOMOK € JiBHM, 2
Apyruii — npaBum. BepmuHa GiHapHOro aepeBa Moxe B3arayi He MaTH
MOTOMKIB 260 MaTH TUILKHM JiBe, aGo Tinbky Npase mizgepeso, aGo oOMIBA
nijyiepeBa OHOYACHO.

biHapHe 1epeBo 3 m BepIIMHAMH HA3MBAIOTH 36aJaHCOBAHHM,
AKWO Pi3HMUS MK DiBHAMH OyIb-fKMX IBOX BEpIIMH He Oiipluia Bil
ouauui. Hanpuknaz, nepeso Ha puc. 6.2 € 36a1aHCOBaHNM.

Binapni nepesa OyBaioTh mMO3MUiMHMMM | BnopaaKoBaHMMH. Y
BIOPAIKOBAHMX JIEPEBaX MK MHOXHHOIO BEPIUHH | HATYpaJbHUM PAIOM
yHcell iCHYE B3a€MHO ONHO3HayHa Bianosinuicts. IMo3muifimi mepesa
BIIPI3HAIOTLCA Bil BIOPAAKOBAHUX THM, IO B TEPHIMX BaXUTHBA MO3HIIA
BCPILUHHH, & B IPYTHX — TLIBKH HOMep (pHuc. 6.3).

4 5 6 4 5 6

Puc. 6.3. Pisni nosuyiiini, asie 00naxoso énopsoxoeani 6inapri depesa

Y nosuuiiHoMy GiHapHOMY AepeBi KOXKHY BEPUIMHY MOXHA €AHHHM
crniocoboM omHcaTH 3a IONMOMOTrOI0 psjika CHMBONIB Haa andasitom {0, 1}.
e nae 3nayny 3py4HicTb MM 300paXkeHHs JEpeB y Mmam’aTi koMn 10Tepa.
[pn upomy KopiHb AepeBa XapaKTepU3YEThCs pAAKOM «0». Byap-sxuil CHH
BEepIIMHU Z XapaKTepU3yeThCA PANKOM, Mpedikc (mogaTkoa 4acTHHA)
KOO € PANKOM, IO Xapakrepusye Z. Psamok, npunucaumit 6ymb-aKid
BUCAYiHl BepuiMHi Z, He € npediKcOM I XOOHMX PAIKIB, MO XapaKTe-
PM3YIOTh IHIN BEpIIMHM JepeBa. MHOXHHA pSAKIB, 1O BigIOBLAAE
BUCAYHM BEpIIMHAM JIEAKOTO JI€pEBa, YTBOPIOE NpedikCHUH Koj LBOro
Acpesa (puc. 6.4). JlosxuHa psjxa, IO BiANOBIfA€ BEPIIHHI, AOPIBHIOE
PIBHIO Hi€i BCPILHHH.

Heranprime npo peanizamito GiHApHUX [epeB Ha NPOrpaMHOMY
piHi 6yae posrisHyTO B posaini 11.6.

Bararo anropuT™iB GpopMajbHHX rpaMaTHK i NOIMYKY JaHUX MAIOTh
cTpykTypy OinapHoro nepesa. Ilpukiazom € amroputmu o6pobku IIpe-
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¢ikcHEX ¢dopMyn y TpaHcaATopax apubMeTHuHMX BupasiB. Ha puc. 6.5
306paxeHo biHapHe AepeBo, mIO BiAMOBigae apudMeTHIHOMY BHPa3y:
a-b*(c/d+e/f).
ITpu npoMy 3HaK omepauii MiCTHTBECS B KOPEHi, IIepIIHii ONepaHa —
y mieoMy migmepesi, a Apyruii oneparn — y mpasomy. JIyXKM mix €ac
nmo0yIOBH TAKOTO JEPEBa OMYCKAIOTHCA. Y pe3ynbTaTi BCi 9Hcna i 3MiHHI
PO3MICTATLCA B JIMCTKAX, @ 3HAKH Oonepauiil — y BHYTpILLIHIX By3Iax.

0 5
00 01
000 001 010 011
c d e f
Puc. 6.4. CumsonbHuil onuc depesa Puc. 6.5. 3o6paxcenna gpopmynu
¥y 8u2nr0i depesa

6.2.2. Anzopummu 06xody depeea

Anroputm ob6xony nepesa sBise cobol crocid MeETORHIHOrO
JOCIDKEHHA BEPIUMH JepeBa, 32 SKOro KOXHA BepIIHHA NpPOTISsAacThCs
TUIBKH OAMA pa3. IloBHE NPOXOMKEHHA IepeBa Aac NiHiHHE pO3MilleHHA
BEPIINH, TICIS AKOrO MOXHA T'OBOPHTE IIPO «HACTYITHY BEPILHHY» K TaKy,
IO po3MilnyeThes abo nepen Hielo BepuinHoo, abo nicina Hei. Posrnauemo
TpH aIropuTMH obxoxy OiHapHOro pepeBa Ha TIpHKIaji Jepesa,
306pakeHoro Ha pHc. 6.6, a.

1. Hocninoexicts HM3xiaHoro obxeny (puc. 6.6, 6): obpobka
KOpeHA, HH3XimHMH o6Xin JiBoro migmepeBa, HH3XifHMH 0oOXim mpaBOro
mijiepeBa. BepmuHy fepeBa NpOrnAfaOTECA B MOCHioBHOCTI: 1, 2, 4, 3,
5,7,6.

2. TocnigoeHicTh 3mimaHoro o6xoay (puc. 6.6, 6): 3Mimanui
obxin miBoro mizmepesa, oOpoOka KopeHs, 3MimaHui 00Xix mpaBoro
nignepesa. BepmuHn fepeBa mporisaaTs y nocnigoeHocti: 4, 2, 1, 5, 7,
3,6.

3. HocnimoeHicTs BHcXinHoro obxoay (puc. 6.6, 2): BHCXimHMI
o6xin niBoro mignepeea, BHCXigHMH 06xix mpaBoro mimmepeBa, o6pofka
KopeHsA. BepmuHu nepesa NpornisnaioTeca y MoclijoBHOCTI: 4, 2, 7, 5, 6,
3, L.

Peanizauito anropuT™iB 06xony Aepepa HaseeHo B posaini 11.6.2.
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Puc. 6.6. Anzopummu 06x00y binaprozo Oepesa:
a — binapne depeeo, 6 — nuzxionui 0bxid: 3zopu OoKu3y;
8 ~ amiwanuti 06xio. aniea Hanpaeo,; 2 — eucxionul obxio: 3Hu3y dozopu.

6.2.3. 3o6paxeHHs e nam’sami komn’romepa
2paghonodibHux cmpykmyp

OsmnalioMHMoOCchk i3 3aralbHOK 3ajadelo 300paxeHHs rpady
G=(N,E) y Burnaai conHcKOBOI CTPYKTYpPH, TOGTO 3amaM’STOBYBaHHA
floro Ha 34ennexiit nam’ari. Posrnasemo opienrtosani rpagum. Jns
KOXHOI BEPUIMHH n iCHYe MHOXHHA BepwiHH E(n), 3 AKMMH i1 3’€IHaHO
pebpamu. Toxi omuH i3 cnocobiB 306paxenns Takoro rpady nomasrae B
TOMY, 06 i3 KOXKHOIO BEPIIMHOIO 3iCTABUTH OLHY ALNAHKY CIIMCKY, B
AKiH OxHe MoNe BiJBECTH i MITKY BEPLWIMHH, AKLIO Taka iCHYE, i
moHaiimenme |E(n)| moniB — nig MHOXHHY BKa3iBHHKIB, To6TO pebep.
Slxmio 3apano Baru pebep, To moTpibHO wie KogaTKoBO |E (n)| nonis qis
36epiranns umx Bar. Ile oauu i3 cnoco6iB 36epiranHs rpadis y
34YENUICHIN maM’aTi.

Ane indopmauiro npo pebpa moxHa BiaaiHTH Bix iHdopMmarii npo
BEPIWIMHHM, [UIS YOro NoTpiOHO BBECTH [OBa THIM MUTAHOK (OHHY Ons
BEPUIMHHU, APYTY AiA pebep) i 3B°A3aTH i JINSHKA B OOMH naHuzor. Kpim
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Toro, Bci pebpa MoxkHa 306epiraTu okpemo, Mo ONHIH AUIAHII Ha KOXHE
pebpo, i 3B’ 43yBaTH Wi iNAHKH B OJMH JIAHLOT.

Takum criocobom 300paxceHHs rpadiB MOXHAZ KOPHCTYBaTHCS
TAKOX V1A rpadis 3 ABOCTOPOHHBLOKO OPIEHTALIE — TOAI KOXKHHI HAanps-
MOK Tpeba 300pacyBaTH HeE3aI€XHO, IO CHPHIHHAE TyOmoBaHHS iHPOp-
Mauii, i npu 3mini rpadgy mia gac po6oru norpibuo Gyno 6 3miHioBaTH
#oro B BoX Micisx. Ifio He3py4HICTh MOXHA JIIKBiYBaTH 3a JOTIOMOrOI0
nerens. Y 1nbOMy BHNAAKy IS KOXHOro pebpa (a, b) norpibua 6yne
3B’43yI04a JiNAHKA, B AKiH 30epiraBcsa 6 BKa3iBHHK, W10 Beje yepe3 iHmni
BEPLIMHH Yy BEpPIUMHY @, 1 BKa3iBHHMK, WO BeJe 4Yepe3 iHUli BEPIIMHM Y
BEpIIHHY b, a TaKOX [011aTKOBI 1TONA 1A 36epiraHHa Bar i MiTOK.

Omxe, ans 300paxeHHs B mnam’sti rpadis icHye aekinbka
cnocobis:

1) BuxopucroByeThcs Marpuus (ao MaTpuiis cymixHocTti, abo
MATpHUS IHUEAEHTHOCTI), AKa 30epiracTbcs CTaHIAPTHMM Crocobom y
BEKTOPHIH 1am’sTi;

2) BHKOPHCTOBYETBCA CIIMCKOBA CTPYKTYPA Y BHIJIAMI 9€PTH, B AKiH
BKa3iBHHKH BiANOBifaioTh pebpam rpady;

3) BHKODHCTOBYETBCA CITHCKOBA AMHAMIYHAa CTPYKTYpa, A€ I
KOXHOI HOBOI NMIIMHOXHHH NaM’ATh BHAUIAETHCS B Tpoueci nofymosu
dparmerTa rpagy.

Koxuuii 3 HX cnocobiB Mae cBOT MO3HTHBHI Ta HEraTHBHI CTOPOHH.
SAxuit i3 HEX Oinbe NiAXOmMTh Wi 300paxeHHA rpady, 3a1€XHTb Bif
KiibKOCTI pebep.

Ha puc. 6.7 306paxeno rpad Ta BIANOBiAHY MATPHLIO CyMIXHOCTI,
B AKil eneMeHT nopiBHIOE 1, Ao B rpadi icHye peGpo Mix BinnoBiAHUMH
BEPIIMHAMH psJIKa 1 CTOBNIA, iHakme, sk pedpo He icHye, TO
BUIANOBIIHUHA eNeMeHT MaTpHili AopiBHIOE 0.

A B G D E

A 0 1 0 1 1

A C B 1 0 1 1 0
C 0 1 0 1 1

D 1 1 1 0 1

E D E 1 0 1 1 0

Puc. 6.7. 3o6padsicenna zpaghy mampuyeio cymisxcnocmi

st 306paxkenHs aepeB Ak pi3HOBHAY rpadiB MOXKHa 3aCTOCOBYBATH
Ti cami criocobu, wo i w1s 306paxenns rpadis B3arani. Opnax MaTpuui
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CYMDKHOCTI, SIK NPaBHJIO, HE BHKOPHCTOBYIOTHCH, OCKIIbKM BOHH AYXeE
pospimkeni. Maiike 3aBxau Aas 300paxkeHHs [epeB 3acTOCOBYIOTH
CIMCKH, B SKMX BKa3iBHHKH 300paxcy1oTs pebpa.

Hepepa moxaa 36epiraTd B NaM’ATi TaKOXK Y MOCHIZIOBHOMY. BUIJIAA1,
ane mpu npoMy BuOMpaTH neBHMH Hanpsmox obxomy nepesa. Toni
30epiraloThcs TUIBKH BEPIUMHM HepeBa, a 3B'sA3ku (pebpa) omyckaroThes,
OCKUIbKH MOPAJOK PO3TaLIyBaHHA BY3JIiB BKa3ye Ha 3B’S30K MiX HHMU.

6.3. CnuckoBi CTpyKTypu

Crmcok, W0 MIiCTUTH Yyci MACIUCKM, fKI BUIXOAATL Bil HBOTO,
HA3HBAIOTH CIIHCKOBOIO CTPYKTYpolo. Lli CIpyKTypH SBISIOTE COBOHO
y3ara/IbHEeHH JIHIAHUX CIIMCKIB,

CriucKOBi CTPYKTYpPH OITMCYIOTBCA TPhOMA XapaKTEPHCTHKAMH.

l. INopsimok. Han eneMeHTaMH CHMCKY 33[JaHO TPaH3UTHBHE
BUIHOIIEGHHA, IO BH3HAYAETBCA TOCHINOBHICTIO, B AKili e€neMEHTH
3"SBJIAIOTLCH B cepeAnHl cnucKy. Hanpuknan, y cnmcky (x,y,z) eneMenT x
nepenye y i y nepenye z. Crivcox (x,y,z) He eKBIBaNIEHTHUH CHUCKY (¥,2,X).
IIpn rpadiusoMy 300paskeHHi CIOHMCKIB TOPSAOK  BH3HAYAETHCA
FOPH3OHTAJILHUMH CTpUIKaMu. IIpH HBOMY pO3YMIETHCH, IO €IEMEHT, 3
AKOT0 BUXOJUTH CTPLIKA, [IEpEay€e eNEMEHTY, 0 SKOr0 3aXOJHUTh CTPIJIKA.

2. I'nnbuna. Ile MakcuManbHMIl piBeHb, SIKHH IIPHITMCYETHCS
CNIEMEHTaM Y CepelHi CnucKy abo B cepeimHi Oynb-AKOro MACHUCKY B
cnucky. PiBeHB eneMeHTa BH3HAYAETBCA 3aJIOKHO BiJ  KilbKoCTi
MICTIMCKIB, IO MICTATHCA B CEPEIMHI CIIUCKY, TOOTO YHCIOM Map JYXKOK,
AKHMH OTOYYETBCS CIICMEHT.

Hanpuknan, Ha puc. 6.8 rpagiudo 306paxeno coucok (a,(b,c,d),
e,(fg)), y axoro piBeHb eJIeMEHTIB @ i ¢ JOPIBHIOE ONUHHUII], a €IeMeHTIB
b,c,d f,g — nBoM. I'nmubKHa UBOTO CIUCKY JOPIBHIOE TBOM.

al—+— -+ e >

b »| C :dlﬁl f —> g

Puc. 6.8. Cnuckosa cmpyxmypa

ITpu rpacdiuHomy 300pakeHH] CIMCKY MOHATTA rNMHOMHH i piBHA
MONETIUNYIOTECA O/ PO3YMiHHS, AKLIO KOXHOMY OJMHOUHOMY €ICMEHTY
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NPHIMCATH JeAke u¥cno k. 3HaueHHA k A enemeHta x, T00TO A(X),
JIOPiBHIOE KITbKOCTI BEPTHKAIBHHX CTPLIOK, AKi HEOOXimHO MpOHTH 1
TOro, mob JOCATTH JaHOTO 3 IEpIIoro eneMeHTa cnucky. Hampmxnan,
k(a) = 0, k(b) = 1 (puc. 6.8). Toni piBeHb eNeMEHTa 3aJAETECA BIAHO-
IWEHHAM k(x)+], a TIMOHHa CIIHCKY NOPiBHIOE MAKCHMATLHOMY 3HAYEHHIO
PiBHIB cepel yciX piBHIB €JIeMEHTIB CITHCKY.

Hanpuxnan, MakcHMalbHHI PIBEHBb €IEMEHTIB Y CIHCKY Ha pHC. 6.8
JOPiBHIOE JBOM, TOMY INTHOMHA CITMCKY TAKOX JOPIBHIOE IBOM.

3. Joxuna. e KinTbKiCTH €1IEMEHTIB CIIUCKY TEPUIOrO PiBHA.

Hanpuxnan, nosxwna crucky (a,(b,c), d) ZOpiBHIOE TPHOM, @ CITUCKY,
300paxeHoro Ha puc. 6.8 — YOTHpPHOM, TOMYy IIO BiH MICTHTh YOTHDH
CJIEMEHTH: ENIEMEHT a, niactmcok (b, ¢, d), eneMeHT e i miacmucox (7, g).

6.3.1. lepapxiyni cnucku

CnHcKoBiI CTPYKTYPH MOXYTh OYTH AOCTaTHBO CKIajHMMH. IIpHK-
JIafoM CKJIaJHOI CITACKOBOI CTPYKTYPH MOXYTh OyTH i€epapxidni crivckw, ki
00’ €HYIOTh Y OJIHH CIIMCOK 3aITHCH 3 Pi3HMM BHYTpIHIM mopsaxoM. Taka
iepapxia 3ammciB Moxe OyTH cximgacTow i JHoCTaTHbO rHOOKow0. Sxio

‘ . ] CIEMCHTaMH  CITHCKY
- <+ f— s BEPXHBOTO PIBHA € Iif-
y JIeTNi CITHCKHM, TO 3py9HO
S ) — b BBXATH, IO 3 NONNIALY
BEPXHBOTO PiBHA 3allHC,
. > OI0 B HBOTO BXOIHTB, €
r_/_ TIOCH/IAHHAM Ha IIjer-

auit cnucok, odopmiie-
HHH AK 3aTOJIOBOK 1IOr'0
Puc. 6.9. Ilpuxnad cmpykmypu i€papxiunozo cnucky  ginnernoro crmcky. ITpu
LBOMY B TiTi 3aroJIOBKa MiICIIMCKY MOXe OyTH i [esKa 3MICTOBHA 3arajibHa
inpopmaria. CriHcok BEPXHBOTrO PiBHA MOXE MiCTHTH [TOPYY i3 3arOJIOBKAMH
MUIENHX CIMCKIB TAKOX CAMOCTIHHI eJIeMEHTH, TOOTO 3BMYaiHi 3aNHCH.
Omke, CIIMCOK BEPXHBOTO PIiBHA 300pXKYETHCA Y BHITIAAI IAHIIIOTE, B SKOTO
KOXKHA JUIAHKA CKIANACTHCA 3 JOBIMKH i 3BHYakiHOrO 3anucy alo 3aronoBka
IiACIMCKY — CIIMCKY 3 HIDKHBOTO piBHA i€papxii (puc. 6.9).

Ha puc. 6.9 iepapxiuHo moB’s3aHi MK co00X0 CIHCKH Pi3HHX
THIB. JIBOHAaNpAMJEHHH CHMCOK HaWBHIIOrO piBHA CKIaJa€ThCH 3
JOTHPEOX €NEMEHTIiB, NPUYOMY Imepinuit i TpeTiii eJeMEeHTH € 3BH-
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YaHHHMH 3aNHCaMH; APYTHH €JIEMEHT € OJHOHANPAMIIEHHUM CIIHCKOM,
y AKOro Tperiit eleMeHT — ABOHANPAMIIEHHH KiMbUEBHH CIHCOK, IO,
CBOEIO YEpProio, CKJIANAETLCA 31 3BHYAHHOrO 3amucy, ONHOHANpPAM-
JIEHOr0 KiIbLEBOTO CINHCKY 1 II€ OJHOre 3BHYANHOIO ‘ 3aIHCY;
YETBEPTHH €JIEMEHT CIHCKY HaiBHImIOro piBHA fBas€ cobOH0 ABO-
HANPAMIICHHH KUIbLEBUH CIHCOK i3 OBOX 3aIIHCIB.

6.3.2. OpaaHisayis cnuckoeaux cmpykmyp

PosrianeMo 300paxeHHs B maM’sTi CITUCKOBUX CTPYKTYp. Oue-
BH/JHO, N0 1A HHX HaW3py4HIIMM € 39elIeHe 300pakeHHs, fAKe 3a
HeoOXinHocTi 3abe3nmedye AuHAMidHe PpO3MILIEHHA BEPIUMH, NETKiCTh
o0pobku 1 3maTHiCT, po3ginATH migcmuckd. CIHMCOK y 3arajibHOMY
BHITA[KYy 3a4acTbCA NEAKOW Bapiauicio GiHapHOro 300paXeHHS HaTy-
panbHMX JIEPEB 3 BHKOPHCTAHHAM MABOX MOJIB 3B’A3Ky: OMHOTO A 3a3-
Ha4YeHHA YICHCTBA B CEPEAMHI CIIUCKY i ApYroro — i 3a3Ha4eHHS aJpecH.

TunoBy CTpyKTYypy eleMeHTa CIOHCKY B KOMII IOTEPHOMY
300paxkeHHi HaBeeHO Ha puc. 6.10, a.

Tyt none I1C Bka-
3y€ Ha IepIIMi eneMeHT | nc IE | HC |
y miacnucky; none HC - 4 p
Ha HACTYNHMH €JIEMEHT Yy

LBOMY CITHCKY, a mione [E Puc. 6.10. Cmpyikmypa enemenma cnucky

MicTuTh iHdopMariio Ges- 6 KoMN' lomepHOMY 300paxicenni
TIOCEPETHBO TIPO ENEMEHT
JaHuX.

Ane Taku# (QopMar eneMeHTa 3pyYHMH TUIBKM TOMI, KOJIH
indopMallis Mpo HBOrO 3aiiMae HeBeMHKHH obcAr mam’sTi ~ Toxi none /E
Oyne HEBETHKHM.

VY 3sarambHilIOMy BHNQAKY IS €NeMEHTIB OaHux norpibex
NOPIBHAHO BeNMMKM 0OCAT maM’sATi, TOMy YacTilleé BHKOPHUCTOBYIOTHCH
$opmarn, mo crraxaroThCs TUIBKM 3 ABOX nois (puc. 6.10, 6). Tyt none
HC sukonye Ti cami Qynkuii, o # paime, a mone /7C Bkasye abo Ha
NEPIIMH €IEMEHT MIICNUCKY, 140 BXOAMTH Y BY30Nl CIHCKY, a6o Ha
iHdopmaniio, TOB’A3aHy 3 i30bOBAHUM EIEMEHTOM CIMCKY, AKHH YT-
BOPIOE i30/1b0BaHHH BY30:1. [IpHNyCKaeThCA, 10 i301b0BaHi BY3/IH MiCTAThL
AKYCh YHIKalbHY XapaKTEpHCTHKY, HANpHKIAL, MOJE MapKepa, IO Oa€
3MOTy Bifpi3HATH i30/ibOBaHi By3iM Bif cmuckoBuHX. Taxuii ¢opmar nae
3MOry 3po6HTH BCi BYy31M B CepeIMHi CIIHCKOBOI CTPYKTYpPH OOHAKOBHMH
3a po3MipoM Ta YHMKHYTH 3aBMX BTpaT iH(OpMaUiiHOro mpocropy y
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By3nax. ¥ HaBeleHOMY HHXu4e NpHKIani (puc. 6.11) enementH cnucky
TakoX 300paxeHo y dopmari 3 a8ox nonis, ne x y nomi /7C o3nayae
BKa3iBHUK Ha iHQOpPMaLiio, OB’ A3aHy 3 i3011b0BAHHM EIEMEHTOM CITHCKY.

Ilpukaaau. Hexali Maemo CIHCKOBI CTPYKTYPH B IyXKOBOMY
300paxenHi, Je B NY>XKKH B3ATO CIIMCKH, @ €1€MEHTH MOJLIAOTECA KOMaMH
(puc. 6.12):

a) (a, (b.c, d).e, (,g)) — nOBXKHHA YOTHPH (1Ba i30/TbOBAHI EIEMEHTH
CITHCKY — a, e 1 ABa niacnucku — (b,c,d), (£.g).

6) ( ) — Hy/lb-CITHCOK, IOBXKHHA HYJIb;

B) ({@)) — nomxama omMAHIA (I30JbOBAHUH EJIEMEHT CITHCKY YTBOPIOE
TiACTIMICOK).

=3l lel /]

[] +—[c[ F+—[d]] 9]
a)(a, (b, c,d) e (f, 9.)

6) ( )= HYNbOBWI BKa3IBHUK
8) ((a)) -, ]
: (a1

Puc. 6.11. 306padicenna cnuckosux cmpyxmyp y nam’smi komn’romepa

N

Mix CIMCKOBMMH CTPYKTYpamH i Opi€HTOBaHUMM TpadamH icHYe
MpsMui 3B’A30K. 30Kpema CNHCOK sBjfe coboro opiexToBanuil rpad 3
OIHIEIO IIOYATKOBOIO BEPILMHOK, WO BiANOBiAae BXxomy Ao cnucky. Koxua
BEpUIHHA 6e3nocepeno OB S3aHa 3 TMOYATKOBOK BEPIIHHON, IO
BIATIOBIAAE €NEMEHTY CMHMCKY: a60 3 BEPIUMHOIO 3 MIBCTYNEHEM BHXOLY
Hymb (W14 130160BaHHUX), a00 3 BEPIIHHOIO, INO MAE€ BHXIAHI Tinku (mis
€IEMEHTIB, AKi caMi € criuckamu). Pebpa, 1110 BHXOAATS i3 BEPILIMH, MOXKHA
PO3MIAAATH AK BIIOPAAKOBaHI CMHCKH. [le o3Hayae, mo posmisHaeThCs
nepme pebpo, Apyre i T.A., AKi BiANOBIAAIOTH BIOPAAKOBAHUM CITHCKOBHM
€IEMEHTaM [UIs MEPUIOro, APYroro i T.J. eJIEMEHTIB.

Toni cnucku, 306paxeni Ha puc. 6.11, MoxkHa 300pa3suTH TakoX
y BUrnsai rpadis (puc. 6.12, a, 6, 6).

IcHyloTE CHIMCKH, AKi He MOXHA 300pa3HTH AK JiepeBa, ajle KOXKHE
AepeBO MOXHA 300pasHTH y BUIIAJNI AKOroch CHCKY. CIHCKH MOXYTh
MaTH BHYTPIIIHIO PEKYPCHBHY CTPYKTYpY, 9Oro He MaloTb AepeBa. Taxi
CITHCKH BiJINOBINalOTh Ge3KineuHuM rpadam.

R0

cd T g ()
(al (b! C! dl)! e’ (f! g))

a 6 8
Puc. 6.12. 3o6pasicenns cnuckosux cmpykmyp y euznadi zpagyy

Omxe, 1 300pakeHHS B MaM'ATI CaMMX CIIHCKOBHX CTPYKTYP
icnye Oarato cmocobiB, ame BCi BOHM MalOTh CHiNbHI O3HAaKH, AKi
FPYHTYIOTbCH Ha BHKODHCTAaHHI GiHapHMX mepeB s 300pakeHHS JiciB,
Onxe 3 moniB y 3amuci By3lla BHKOPHCTOBYETBCH /IS BKa3iBHHKA Ha
HACTYITHHH €JeMEeHT CIMCKY, a Jpyre mojle MOXHAa BHKOPHCTATH Uif
BKA31BHHKA Ha NIEPIIHKH eIeMEHT MiICIHCKY.

6.4. CiTkoBi CTPyKTYpH

Sxano y BiHOMIEHH] MK IaHUMH TIOPOIDKEHHH €1eMEHT Mae Oinbiue
HiX OfIMH BXiTHMI abo MOpOMKYIO4HIt €JIEMEHT, TO TaKe BIZHOLIEHHA YXe
HE MOXHA ONHCaTH AK JepeBononibHy abo iepapxiuHy cTpykTypy — ioro
OMKCYIOTh Y BUIVIALI CITKOBOI CTPYKTYpH. OTXe, ciTkoBa CTpyKTypa — 1€
Opi€HTOBAHHMi 3B’ A3HUH Tpad, y AKOro 6yab-AKui MOPOMIKEHHIT BY301 MOXe
maTH OiTbllie OFHOrO NMOPOMKYIOHOro By3na i, KpiM TOro, BCI BY3IIH
PO3MIILEHO TaK, IO TIOPODKEHI ENEMEHTH pO3MILIYIOThCA HIKYE 3a
NOpomKyBaneHl. Y CITKOBIH cTpykTypi Oyab-sfikuit enemeHT Moxe OyTn
OB’ 53aHHUMH 3 Oyb-AKMM IHLIHM eneMeHTOM (pHc. 6.13).

/ 3aBopg
Bupit 1 Bupi6 2
W \ / AN

Oetant 1 Jetank 2 Hetane 3
a 6

Puc. 6.13. Enemenmu cimKkoeux cmpykmyp: a — 0OHODIOHI; 6 — HeOONOPIOHI
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OnHopinHa ciTkoBa CTPYKTYpa, IO MIiCTHTh OAHOTHITHI €JIEMEHTH,
BHPOJ/DKYETBCH B iepeBo ab0 CIIHCOK.

HeonHopiaHa ciTKOBa CTPYKTYpa, B fKii 306paxeHHs BIIHOIIEHHN
6aTpko—CHH € ciagauM (To6To B omHoro GaTbka Moxe OyTH dekinbxa
CHHiIB), a 300pa)KeHHA BiHOIIEHHA CHH—0AaTBKO MpOCTHM (Y CHHa MOXE
OyTd TiNBKM OAMH 6aThKO), MEPEBAXHO TAKOXK 3BOMMUTHCH OO JEpPEBa.
CiTkOBY CTpYKTYpY 3 TakuM 300paXeHHSM BilHOIIEHb HA3HBAIOTh
NPOCTOIO.

Sxmio 300paXkeHHs BIOHOIIEHb CHH—0ATBKO TAKOX CKIaJHE, TAKy
CTpYKTYPY Ha3HBaOTh CKJagHow. Ha puc. 6.13 306paxeno cinaasi
ciTkOBi cTpykTypH. IcHye ckopoueHnii cnoci6 rpadiyHoro 3o6pakeHHs
CKJIaTHUX BigHOIIEHb — 3/1BocH] cTpinku (puc. 6.14). Ilpocti BigHOMIEHHS
300paxKylOTbCA OJHI€I0 CTPUIKOIO i Ha3HBAIOTBCA 3B’S3KOM THmy /:M.
BigHOmEHHs MK 3amMcamy, O BigoOpaxaioTh 38’43KH 3i 3MBOCHMMH
CTpUIKaMA B 000X HanpAMKax, NpHHHATO Ha3MBATH 3B’A3KOM THIy M: N.
Maiixe 3aBKIM Y CKJI3JHUX CITKOBHX CTPYKTYPax IpH 3B’A3Kax Tunmy M:N
BHHHKAIOTh JaHi MEPETHHY, AKi MOPOMKYIOTHCA 3 Pi3HOTHMHOCTI BY3iB
citku. Hanpuknazn, y BiAHOIICHHI MOCTaYaNbHUK-BHPIO TakHMH HAaHHMH
MIEPETHHY € IiHa.

Ly
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6
Puc. 6.14. Ilpuxnadu 306pasiceHHn OaHIX nepemumy:
a — 3a donomozoro gatina; 6 — 3a VONOMO20I0 EKAZIGHUKIE

B ocHOoBHOMY mponeci eKcIUTyarauii 0a3H JaHHX BHHMKAlOTH ABI
cKIafHi 3a/aui:

1) 300paskeHHs NaHUX MEPETHHY Y CITKOBUX CTPYKTYpaXx;

2) nonoOBHEHHSA JaHHX NepeTHHY y 6a3y nanmux.

]2

Ha puc. 6.14 nokasaxo nBa crocoGu MiATPHMKHM 3B A3KiB THITY M:N
Mk 3anHcamu 3 KmoYamu A i B 3 Metowo ¢ikcauii gaHuX nmeperuny: Ha
puc. 6.14, a € daiin 3amicis 4 ta daiin 3anucis B i oxpemo inpopmauis
Mpo 3B’A3KH MDK UMMM Qainamu; Ha puc. 6.14, 6 BUKOPHCTOBYETHCH
NaHWOT BKa3iBHHKIB, AKMA 3’¢/Hye KOXHHA 3anuc aitna 4 3
BIANOBIHMMY HoMy 3anucamu ¢aiina B. BeeneHHs B CTPYKTYpy AaHuHX
nepetHHy HaKTH4HO pyiHYe 3B’ 130K THITy M:N.

Hesixi citkoBi cTpykTypu Mictats umiom. Ilmkiaom y raxidt cxemi
BBAXAKOTh CHTYallilo, KOMM NONMEPENHHK BY3Nla BOJHOYAC € HOro
HOCNIOBHUKOM. BifHOMmEHHA BXiHUHA—TIOPOMKEHHI YTBOPIOIOTh 3aMKHY-
Tt KkoHTyp. Hanpuwiaz, 3aBoj BHmycKaB pisHy npoxykuito. Jleski
BUPOOH BHIOTOBIAIOTECA HA IHUIMX 3aBOJAX-CyOmiApsaHMKAX. 32 OgHEM
JIOrOBOPOM MOJXKYTb BHMI'OTOB/IATH NEKUIbKa BHpPOOiB. 300paxeHHs mHX
BiIHOIIEHD YTBOPIOE UK (pHC. 6.15, a).

Jlexonu 3anucH ¢aiina noB’13aHi 3 iHIMMMH 3aNHCAMM 1IHOTO CAMOr'O
¢aiina. Taky cuTyamiro Ha3WBAIOTh HeTAEK. B merni MICTHTBCH TLTBKH
OIMH THII 3aIMCy, TOGTO THII MOPOIKEHOrO 3aMMCy 3/IMBAETLCH 3 THIIOM
BXiaHoro (puc. 6.15, 6).

B | . 3asop |'|
; i ==
| Aorosip n ' |  Byson ]'l
: .
L—{  Bupi6 rl

a 6
Puc. 6.15. L{uxnu i nemni & cimxax: a — yuxn; 6 — neman

YCio CITKOBY CTPYKTYPY MOXHA 3BECTH O IPOCTIIIOrO BHITIALY
BBEAEHHAM HAJNHIIKOBOCTI, [IpHYOMy Taka HaIUIHIIKOBICTL HANEKHTH HE
M0 BCHOIO 3aNUCy, a TUIBKM JIO NEPBHHHOrO Kimoya abo crnocoby ioro
inenTHdikauii. Tax came nepeTBOPIOIOTE Ha AEPEBONOAIOHI CTPYKTYpH i
CKITaJTHi CITKM — BBEJICHHAM HaUMIIKOBOCTI B KIr0uax (puc. 6.16).

[TepeTBOPIOIOTE CiTKY Ha AepeBO AYOMIOBaHHAM BEPIIHH, JIO AKMUX
3aXOIMTH JeKibKa pebep. OueBUIHO, IO KUTBKICTE NOBTOPEHB i piBEHB
TaKWX BEPIIMH Y [EPEeBi 3aleXHTh Bil KilbkocTi ii BXimHuMX pebep i
BepwuH y citui. Hanpuxnan, Ha puc. 6.16, a Bepumny 3 3amucano y
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JepeBi ABidi Ha APYTOMY i TPETHOMY PIBHSIX, TOMY 110 B [TOYATKOBIH CiTili
J0 Hel 3aXonMTh OBa pebpa: 3 BepumH 1 i 2.

1

Puc. 6.16. Ilepemsoperinn cimok Ha Oepesa:
a — 3euvalini cimxku,; 6 — pewimxu

PemriTiko0 Ha3uBaOTh YaCTKOBHIl BHIIAJIOK CITKOBOi CTPYKTYPH, B
AKif Tpad € KOpEeHEBHM i BXiJHI BY3NTH JEAKOrO MOPOMKCHOTO BY3ia
HanexaTh OJHOMY 1 ToMy camoMy piBHIO. Ha puc. 6.16, 6 306paxeno
pemnitky. Bci iepapxiuHi CTpykTypH, fiKi MalOTh CITIBHI MiACTPYKTYpH,
ABJIAIOTH COOOIO PELIITKH.

KoHTponbHi 3anuTtaHHA Ta BNpaBu

1. o na3usaerbes Tabnuuero?

2. Ha3BiTs OCHOBHI onepauii 3 TabaumaMu.

3. HasBiTk OCHOBHI BJIaCTHBOCTI K/II04a 3aIIMCy B TaOmuii.

4. 3anexHOo Bil METOAY AOCTYNY A0 €JIeMEHTIB Tabnuili
NOIUIAIOTLCA Ha. ..

5. Slke nepeBo Ha3UBAETHCH KOPCHEBHUM?

6. 1llo Ha3HBaIOTH CTEMEHEM BEPIHUHH?

7. YoMy nopiBHIOE CTeNiHb THCTKA?

8. Illo Take poBxHHA UUTAXY?

9. Illo Taxe piBeHsb BepUIMHA JepeBa?

10. Axuit paHT Mae KopiHb 306paxeHoro aepesa?
0

00 01

000 001 010 011
11. Ifo Take BHCOTa AepeBa?
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12. SIka Bucora 306paxenux nepes?
A

13. Sk onucyeTbCs BEpIIMHA «CHHY Y NO3UIIHHOMY AepeBi?

14. ki icuyroTs anropur™mu o6xony aepen?

15. o Taxe Ginapue aepeso?

16. Slxe nepero Ha3uBaTH 36aMaHCOBaHUM?

17. Sxi Bimomi cmoco6u 306paxenHs rpadiB y nam’sTi
KoMIT roTepa?

18. Sxi crmocoGu 306paxenHs nepeB y mam’sti KomIT’ 1oTepa €
ONTHMANBHHMH?

19. Yum BizpisnseTses NiHIAHMI CIIHCOK Bif CIHCKOBOT CTpyKTYpu?

20. Ha3BiTh OCHOBHI XapaKTepHCTHKH CIIHCKOBHX CTPYKTYP.

21. BraxiTs, AKi 3 HABEIEHUX AT CIIUCKIB eKBIBAIECHTHI:

(a,b,c,d,e,f), (a,(b,c),d,(e,ﬂ),(a,c,b,d,e,ﬂ, (a,b,(d,f,f:)),
(a(b,c),d,(e,0), (a,b,c,de.f), (a,(b,c)i(e.), (a,b,(dfe)), (a,b,(d.fe)).

22. Bu3HaunTh IMIMOHHY i HOBXHHY BCiX CIIMCKIB i3 Bripasu 21.

23. Sxi cricku Ha3WBAKOTH iepapXivHuMu?

24. Buswawite IMOMHY i HOBXHMHY BCIX CIOMCKIB CTPYKTYpH,
300paxeHol Ha puc. 6.7.

25. o Ha3MBAETHCA CITKOBOKO CTPYKTYPOKO?

26. Illo Ha3uBaeTLCA NETNEKO Y CITKOBIfH CTPYKTYPI?

27. SIk NOmiNAIOTHECA CITKOBI CTPYKTYpH 33 THIIOM eJIeMeHTiB?

28. I1{o Ha3MBa€TLCA UMKIIOM Y CITKOBi# CTPYKTYpi?

29. Illo Ha3HBAETHCA PELIITKOKO?

Mpuknagu TecToBUX NUTaHbL

1. IlepeuHHui KTOY — L€
a) K04 st ineHTHOiKaLii 3anucis y Tabnmwi;
6) nepiuui K104 3 MHOKHHH KITIOYIB 3amHCYy;
B) KJIIOY MEPIIOro 3anucy Tabmuui.

85




2. Xew-Tabnuug HANEKHTH [0 JIHIAHAX CTPYKTYp AaHHX:
a) TaK;

0) Hi.

3. Tlepsunnnii KO — 1€ KIIOY NIEPUIOTO 3aTTUCY B TAGTHL:
a) Tak;

6) Hi.

4. Micne3sHaxo/DKeHHA eIeMEHTa B TaO/HIl BH3HAYAETHCS KITI0YeM:
a) TaK;
6) Hi.

5. MicuesHaxomxenss eneMenTa B Tabinii BH3HAY92€ThCA
IHEKCOM:
a) Tak;

6) Hi.

6. Bucora nepesa — ue KiIbKiCTh:
a) piBHiB y Iepesi;
0) IHCTKIB;
_B) IyT, ki Tpe6a MpOHTH Bi/i KOPEHs M1 AOCATHEHHS BEPIIHHH.

7. HopxwHa musxy — ue:
a) KUIbKICTh myr, sxi Tpe6a NpoMTH Bill KOPEHS JUIA AOCATHEHHS
TII€BHOI BEPUIHHH;
0) KiNBKICTH NifiepeB NEBHOI BEPIINHH;
B) PaHT BEPIIHHH.

8. Cremins Bepiuuy — 11e:
a) KUTBKICTB Mijyiepes;
6) KUTBKICTB JIMCTKIB;
B) PiBEHb BEpLUHHH.

9. PiBeHsb BEpIIMHH AepeBa — IIE:
a) AOBXHHA LIAXY BiJl KOPEHS 0 L€l BEPUIMHK;
6) KinbKiCTh BEpLIHH, siKi Tpe6a MPOHTH Bift KOPEHS IS JOCHTHEHHS
i€l BepILMHH;
B) KUIBKIiCTh Mi/{IEPEB EBHOI BEPLIHHH.
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10.

11.

[paBHUM;

12

13.

ONHHHUII;

EOM:

14.

15.

IcHyroTb Taki anropuT™u 06x0xy nepes:
a) HU3XITHHUMA, BUCXIIHUH, 3MimaAHii;

6) napaneneumii;

B) GiHapHmit,

Binapue nepeso — ue Taxe:
a) 2-apHe JEPEBO, B AKOTO OIMH TIOTOMOK € TBHM, a IPYTHIi —

6) BucoTa SKOro KOpiBHIOE 2;
B) IO MA€ IBa KOPEHA.

Bepumna cun y nosuuiitnomy nepesi:

a) 3a ZIONIOMOT 00 PsifIKa CHMBOJIIB Hax andasitoM {0, 1}
6) uugpamy;

B) GopMyno.

36anancoBaHIM Ha3UBAIOTH JEPEBO:
a) PISHHIA MDX PIBHAMM BCAKHX [BOX BEPIIHH He GLIbINa Bin

6) sike Ma€ 0IHaKOBY KiNbKICTB J1iBHX i ITpaBmx migaepes.

OnTumanbauii Takuit crioci6 306paxenHs HEPEB y TaMm’ATi

a) MaTpHIs;
6) criucok;
B) Tabnuus.

Crenine TMCTKa AepeBa JAOPIBHIOE:
a) 0;

6) 1;

B) D

T) BHCOTI iepeBa.

16. Sxino nosxuHa UUAXY Bi KOPEHS 10 NHCTKA TOPIBHIOE S, TO
piBEHb HBOTO JIHCTKA JOPIBHIOE

a) 4;
0)5;
B) 6.
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7. AlNTOPUTMW. CKINAOHICTb ANITOPUTMIB

7.1. Bu3HaueHHA Ta cnocobu 306paxeHHnA
anropuTtmia

AJaropuT™m — 11e GpopMaIbHO OnKHcaHa OOYMCIIIOBATLHA NPOLEAYPa,
AKa OTPUMYE BHXiAHI faHi Ta BHIA€ pe3ynbTaT o0uucIeHs Ha BHXOMI [3].
Buxinui mani TakoX Ha3WBAIOTHCA BXOAOM anropurmy abo Horo
ApPryMEHTOM. AJIrOpuTMH OYyAYIOTBCA I PO3B’A3aHHA THX abo IHIMX
obuncnoBaibHUX 3ana4. PopMynIOBaHHA 3a7adl OMHCYE, SKHM BHUMOTaM
NIOBHHEH 3aJ0BOJIBHATH PO3B’A30K 3aJadi. AJITOPHTM, IO PO3B’A3YE IO
3a/1avy, 3HaXO/IUTh 00’ €KT, AKHH 3a0BOJILHAE 1li BAMOTH.

Jl0 BiacTHBOCTCH aNrOpHTIMIB HAIEKATh: BUBHAYEHICMb, CKIHYeH-
HiCMb, pe3ynbmamusHiCme, npasunbKicms, gopmansricms, macosicms [8].

Bu3HaveHicTh arOpuTMy. AJITODHTM BH3HAYCHMIE, SKIIO BiH
CKIAJAETHCA 3 AONYCTHMHX KOMaH] BHKOHABIIA, fKi MOXHA BUKOHATH JUls
JICAKHX BXiJTHUX JAHHX.

Hesu3HaueHicTh BHHHKHE, AKIIO AEAKYy KOMaHIy Oyje 3amMcaHo He-
NIPaBWILHO, 60 Taka KOMaH/a He HAIEKA@THME JI0 HabOpy JOMyCTHMHX KOMaH]L,
HANPUKIIAJL, TiICHHS Ha HYJTb.

CKiH4eHHICTh a/ropHTMY. ANTOPHTM IIOBUHEH OYTH CKIHYEHHHM —
MOCIiIOBHICT KOMaHA, fKi Tpeba BHMKOHATH, Mae OyTH CKiHYEHHOI.
KoxHa xOMaH/Ja [TO9HHAE BHKOHYBATHCA MiCNS BHKOHAHHA MONEPEAHBOI.
1110 BNACTHBICTE 1€ HA3HBAIOTh AUCKPETHICTIO AJITOPHTMY.

Pe3yabTATHBHICTH &JITOPHTMY. AJIFOPHTM Pe3yNbTaTMBHHH, AKIIO
BiH J1a€ Pe3y/bTATH, X04a BOHH MOXYTh BHABHTHCSA i HEPaBHIILHUMH.

IIpaBuabHICTE ANTOPHTMY. AJITOPUTM BBaXKAE€THCH MPABHILHUM,
KOPEKTHHM, AKIO 1A OyNb-AKOTo BXOAY BiH 3aKiHYye poboTy Ta BHIA€
pe3ynbTaT, IO 33J0BOJBHAE BMMOTHM 3ajayi. HempaBWIbHHH airopHT™M
MOXeE 30BCiM He 3aKiHYMTH poboTH ab0o JaTH HEeNpaBHILHHH pe3y/bTaT.

®opMaIbHICTh aIropuT™My. AITOpHTM (GOPMAaIbHMH, SKIIO HOro
MOXYTbh BUKOHAaTH HE OJINH, a JIEKU/IbKa BUKOHABLIIB 3 O/IHAKOBHMH PE3YJib-
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Tatamu. LI BracTHBiCTE 03Ha4ae, WO KoM anroputM A 33CTOCOBYIOTH 10
ABOX OJHAKOBMX HAOOpIB BXiNHHMX NaHMX, TO W PC3ynbTaTH MaIOTh GyTH
OTHAKOBI.

MacosicTh anroput™My. AJrOpHTM MacoOBHMH, AKIIO BiH TIpMAATHHI
AUt po3B’3yBaHHA He OIHI€E] 3a/1a4i, 4 33134 [IEBHOTO KJacy.

Tpuksranamy MacoBHX airOPUTMIB € 3aralbHi NpaBwia, SKHMU KO-
PUCTYIOTBCS UL MHOXEHHS, TONABAHHA, AUICHHS NBOX GaraTO3HaYHHX YH-
cen, 60 BOHM 3aCTOCOBHI /s Gy/Ib-AKHX Map uncen. Macosumu € aJIropHT-
MH PO3B’3YBAaHHN MAaTEMaTHYHHX 3a/1a4, OMHMCAHHX Y 3arabHOMY BHIJIANI
3a JI0TIOMOTOI0 (hOpMYN — iX MOXHA BUKOHATH JUTA PI3HUX BXiZHMX JAHKX.

AJITOPHTM BiIPI3HAETLCA Bil CHCTEMH T2 IPOrPaMH; THM, 11O B HEOMY
MICTUTECS TUIBKM OIMC [iMf, IO BHKOHYIOTHCA HAl JAHHMH, ale OBHICTIO
BIACYTHI Oy/tb-sKi OITMCH IaHHX. ANTOPUTMU MOXYTh GyTH IpeACTaBieH] 3a
ZIONOMOroro Tabimie po3s’A3KiB, BepbaIbHO 3 OKPOKOBHM OIHCOM il Ta
TCEBAOKOAIB. AJTODHUTMH MiCTATh BHM3HAYEHHSA IIOKPOKOBOIO npouecy
OOpOOKH JaHHX 3 OMMCOM IIEPETBOPEHb AAHMX i yHKIii KepyBaHHA. [x
MOXH2 3aMUCATH NPUPOTHOIO MOBOK), MOBOIO IIPOTPAaMYBAHH, a TAKOXK 3
JOMOMOrol0 MaremaTHyHol abo iHmOI cuMmBoniyHOi Hortauwii, Hazsa
ATOPHTMY MOXE BKA3yBaTH Ha HOro NPU3HAYCHHS (HAIPHKIAJ, AITOPHTM
COPTYBaHH#, 0GEPTaHHA MATPHLb, IPH B «XPECTHKM # HYTHKH» TOwIO) a6o
BH3HA4aTH BUKOPHCTOBYBaHHH Y HbOMY METOJI PO3B’ S3aHHA.

300pakeHHS aNrOPUTMIB HAHKpalle MOACHUTH Ha TIpUKIIai.
Po3riaHemMo anroput™ 3HaXOJDKEHHS ClEMEHTa BEKTOpa 3 HaHGibmriM
anrebpaiyHAM 3HAYEHHSM.

AIrOPHTM GT 6usnavac natibinbuwiuii 3a 3HAueHHAM enemenm
8ekmopa A, wjo micmumbp n enemenmis, i NPUCEOIOE 020 3HAYEHHS BeUUHI
MAX. Cumson i suxopucmosyemvcs sk indexc enemenma sexkmopa A .

GT1. Ilepesipxa ymo6u — 4u éexmop He nopoicHin?
Axuwo n <1, mo dpyk nosidomnennsn; > GTE.

GT2. [lovamox: MAX = A[l], i=2.

GT3. llosmopennsn kpokie GT4, GT5 domu, doku i<=n.

GT4. 3amina 3navenns MAX, axwyo 60HO MeHwe 6i0 3HAueHHS
HacmynHozo enemenma: sxujo MAX <A[i], mo MAX =A[i]

GTS. i=i+ 1.

GT6. Kineyw, euxio.

Anroput™y nprceoeHo iM’s GT. 3a HuM ige kopoTkuit onuc 3axayi,
SIKY PO3B’A3Y€ AIrOPHTM, i BOJHOYAC ONHCYIOTBCA BCi 3MiHHI, AKi TyT
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BHKOPUCTOBYIOTbCA. Ilic/s 1[bOTO HaBOJAMTHCA CaM AITOPHTM Yy BHIVIAN
nocnimoBHOCTI KpokiB. KoxHUH KpOK onmucyeThes (pa3olo, fika KOPOTKO
MOACHIOE [0, L0 BHKOHYeTbCH. CHMBOM «—>» 3aMiHIOE OIEPATOp
nepexony go to B MoBax mnporpamyBaHHa. Kpok GT3 e ananorom
3arQJIOBKY LMKIYy B MOBaX nporpaMyeaHHsa. Konu 3HadeHHsS iHpmekcy i
IepeBepNINTh BENHYHHY 7, BiOyneTses nepexin Ha kpok GT6 (HacTynHui
TiCHA KiHIA HHKITY).

BuxoHaHHs Oy/Ib-AKOrO aJTOPHTMY IIOYHHAETHCA 3 KPOKY / Ta
NIPOROBXYETHCHA TMOCIEOBHO TOTH, AOKH L0 NMOCTIIOBHICTS HE MOPYIIHTH
oneparop ymMoBHOro abo 6e3yMoBHOro nepexony.

B amopuTMax 4acTO TpawIfEThCA CJIOBO «iHiLiamisamis», IIO
03Ha4a€ NPH3HAYCHHA JEAKHX NMOYATKOBMX 3HAYCHb 3MIHHMM aIrOpHTMY.
CnoBo «TpacyBaHH®» CIIi PO3YMITH AK 3alHUC MOCILIOBHOCTI BHKOHYBaHHX
Ziif aNrOpHTMY Ta iXHIX pe3y/bTaTiB /U KOHKPETHHUX [JaHHX 3a/adi.

7.2. CknagHicTb anroputmie

Yac poborn Oymp-AKOrO AaITOPHTMY 3aJICKHTE BLI KiJIBKOCTI
BXiHuX naHMX. Tak, mig uYac poOOTH AJTrOPHTMY COPTYBAHHA dac
3aJIeXKHTh BiJl pO3MIpY BXiIHOrO MacHBY. 3arajioM BHBYAaIOTh 3aIEXKHICTH
yacy poQoTH aNropHTMy Bil po3mipy Bxomy. B omHux 3amauax po3mip
BXOAy - 1€ KiTBKICTh e€JeMeHTIE Ha BXofi (3ahaya COpTyBaHHS,
neperBopesHs Pyp’e). B iHmux BHMagkax po3Mip BXOAY — Le 3arajlpHa
KUIBKICTb 6iTiB, 110 HeOOXiAHI VA NPECTaBICHHA BCIX BXiHAX JAHHX.

Yacom poboru anropurmy, abo 4acoBo CKIANHICTIO HA3HBAETHCA
9HCIO eNeMEHTApHMX KPOKIB, sKi BiH BHMKOHYe [3]. Bpaxaerncs, MO OFMH
PANOK niceBAOKOMY norpedye He Ginblie HbK BikcoBaHO! KUTBKOCTI Onmepanii.

Pospisusiots Takox BHKIMK O(yHkiuii, Ha s ige QikcoBaHa
KiIBKICTB Onepauii, Ta BUKOHaHHA (yHKUil, Axe Moxke OyTu mosrum. Tak,
I ITOPHTMY IOUIYKYy MAaKCHMAIBHOrO 3a 3HAYEHHAM 4YHMC/la Y MAacHBi
po3MipoM 7 HeoOXiZHO BHMKOHaTH n KpokiB. Toni 4ac pobOTH Takoro
aropuTMy NOo3HaYMMO T(n). [lnd KOMGHOro aIropdTMy OLIHIOIOTH KOXHY
Orepailiio, CKUIbKH pasiB I Onepauis BUKOHYETbCH. BCi OLiHKM 10aI0ThCA 1
BHBOIMTLCA 3ATEKHICTE Jacy poOOTH aropuTMY BiJl PO3MIPY BXOLY.

Siauo anmropuT™ IpH3HA4YEHHH I o6poOKH OTHAKOBHX 3a 00csroM
JAaHMX, TPHBALCTE #oro poOOTH mIOpa3s 3aNIMINAETLCA HE3MIHHOW H
CKJIAMHICTE anropuT™Y € nocrifinoio. Yac pobotu anroputMy ob6pobkn AKHX-
HeOy/s MacHBiB JAHMX 3aISKHTH BiJl po3MipiB uux MacupiB. Yac poboru
AMrOpPHTMY, L0 BHKOHYE TUIBKH oOllepanii 9HTaHHA i 3aHECEHHA [JaHHX JI0
OllEpaTHBHOI NaM’ATi, BH3HauaeThcA Gopmynow ant+b, ne a — wac,
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HEOOXIHMH U1 YMTaHHA W 3aHECEHHA JO NaM’ATi OmHiei iﬂtbopwauiﬂno'i

omiuui, i b — yac, 3aTpauyBaHWH Ha BUKOHAHHS MOMIOMDKHHX (YHKITiH
Ockinbku 1 QopMysna BHpaKae JiHIAHY 3aNeXHICTh Bil 7, CKIAJHICTH
BLITIOBIIHOTO AITOPHTMY HA3UBAKOTH JIHIAHOIO.

Bu3nadeHHA CKIAZHOCTI aNrOPUTMY MEPEBAXKHO 3BOJUTHCA JI0
aHaili3y LUMKIB i PEeKypPCMBHHMX BHKIHMKiB, SIKI0 anroput™ nepenbaqac
BHKOHAHHA {BOX HE3IEXKHHX LMKIIIB, MEpimii Bix / 1o k, i Apyruii Bix / mo
!, TO 3araibHa KUIbKICTh KPOKiB Oyme k+t, a yac poboru T(k+f). Sxmo
IMOpHTM Nepeibauac BUKOHAHHA ABOX BIJIAJEHMX LMKIIB, Bia / 1o k i Bix /
10 !, TO 3araibHa KUIbKICTH KPOKiB Oyne kX, a yac poboru T(kx{). Ile €
JiHiAHA QYHKIA, 1| BOHA € HANCTIPUATIMBINION /IS OUIHIOBAHHSA INBHIAKOMIT
anmropur™y. 1o Smumﬁ CTeMiHb CKIAJHOCTI AITOPHTMY 3AIEKHO Bif
posmipy Bxony (n°, n’, . ..), TO eEeKTHBHICTh AIFOPUTMY HIDKYA.

Yac poboTH aIropuTMY TAKOXK 3AIEXKHTS Bifl HOAAHHS BXUTHHX JaHHX.
Tax, ana anmroputmy copryBanHs «Gymb6alKoi0» CYTTEBO, SK POIMIMEHO
€JIEMEHTH BXiZHOro MacuBy. Siaio ix YacTKOBO BifICOPTOBAHO, TO BMXiH 3a
npanopuemM Binbyaersca wBHAME. SKWO eNeMeHTH CTOATH y pisHobiit, TO
ATOPHTM BiAIPALIOE BCI IMIIIA MOBHICTIO

Cxna/HiCTh MOXHA OUIHWTH SK CTOCOBHO 3ajadi, TAK 1 CTOCOBHO
aimroput™My. OniHkaMH 4Yacy poOOTH &IrOPHTMY € MAaKCHMANbHHMI, MiHi-
MaILHHH 1 cepeaHiil uac HOro BUKOHAHHS. 3aIeXHO BiJi BHKOPHCTOBYBaHHX
€BPUCTHK LI OLIHKH MOXYTh 30iraTHca abo He 36iraTHCs.

Cxnammicte 3amaui  ONIHIOITE 33 peANi3alisMH  IPAaBUIBHHX
aroput™iB. Bona smiisie o600 BepXHIO MEXY Ul Yacy poGoTH aropuTMy,
ajie 4acTO MOXHA 3HAHWTH TaKOXK 1 HIDKHIO Mexy. OueBuaHO, MO Ui
BUKOHAHHA AKOro-HeOymb BHIY 00OpoOkn n enemeHTiB morpibeH wac,
TpUHaiMHI Tponopu ikt 1.

Yac poborn B ripiioMy BHNAAKy € WIKABIMM VIS JOCTIDKEHHS
ehEeKTHBHOCT] JIrOPUTMY, OCKUIBKH:

1) ue rapanTye, 110 BHKOHAHHA AITOPHTMY 3aKiHYMTHCH 33 JEAKHIA
4ac, HE3aIeKHO Bil Po3Mipy BXOAY;

2) Ha IPAKTHLL «IIOraHi» BXOMM TPAIULIOTECA YacTille;

3) yac po6oTtH B cepeIHBOMY € IOCTATHBO GIM3BKHM 1O Yacy poboTH
B MipIIOMY BHITAJIKY.

Po3risiHeMo Tpu nmo3HaYeHHs aCHMITTOTHKM 3POCTAHHA 4acy poGoru
aimopuT™y [3].

© - no3HaveHus (Tera)

Hanpuknaa, soano yac pobomi T{(n) HeSKOro amropuTMy CTRHOBHTB
3AIEKHICTS 71° Bift pO3Mipy BXOMY, TO 3HalTyThCA Taki KOHCTAaHTH ¢, ¢; > 0
i Take wnci0 ng, mo c;n’ < Tn) <c; n’ npu Beix n > 0. B3arani, sxuo
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g(n) — npesxka ¢ywnxuis, To 3anuc fin) = O (g(n)) (rera) o3mauae, mio
3HaRAYTHCA TaKi ¢;, ¢; > 0 i Take ng, mo 0 <c,;g(n) <f{n) < c,g(n) mna Bcix
n > ng. To6TO cKIaAHICT ANrOPUTMY F€OMETPHYHO PO3MilleHa B < Mexax
YMOBHOI cMyTH Mix QyHKuismu ¢;g(n) i c,g(n) (puc. 7.1, a).

O- no3zxHayeuns (o)

3anuc f{n) = © (g(n)) MicTHTL 1BI OLIHKH: BEPXHIO 1 HyKHIO. IX
MOXHa po3aisMTH. ['oBopsATs, WO f{n) = Ofg(n)), sxmo 3Halinerscs Taka
KOHCTaHTa ¢ > 0 i Take 4yucno ny, mwo 0 < fin) < cg(n) ws Beix n > ny —
BEPXHS OLiHKa, TOOTO CKIa/HICTh AITOPHTMY HE NIEPEBHILYE AesKoi GyHKiT
cg(n) 1 reOMETPHYHO 3HAXOAUTHCA HIDKYE Big rpadixa (puc. 7.1, 6).

{2 — no3HaveHHd (oMera)

I'oBopsaTe, WO f{n) = 2(g(n)), AKMO 3HaHAETHCA TAKA KOHCTAHTA
¢ > 01 Take uHcIO ny, wo 0 < cg(n) <f{n) s BCIX n > ny — HIOKHA OLIHKA,
T00TO CKJIA/IHICTE ANrOPHTMY HE MeHWA 3a JAesKy OyHKuio cg(n) i
TEOMETPHYHO 3HaXOAHTECA BHIIe 11 rpadika (puc. 7.1, 6).

a 6 8
Puc. 7.1. Busnauenna oyinox cxradnocmi :

a—ona f(n) = @ (g(n); 6 ona fin) = O(g(n)); 6 — ona f(n) = Q(g(n))

BBeneni nosHaueHHs MalOTh  BIACTHBOCTI  TPaH3WTHBHOCTI,
peIeKTHBHOCTI Ta CUMETPHYHOCTI.

TpaH3uTHBHICTS:

fin) = ©(gMm) i g(n) = O (h(n)) mo fin) = O (h(n))

J(n) = O(g(n)) i g(n) = O (h(n)) mo fin) = O (h(n))

Sn) =2 (g(n) i g(n) = 2 (h(n) mo fin) = Q (h(n))

PednexcusnicTs:

fn) =0 (M), fin) =0(m), fin) =2 {fn).

CHMETPHYHICTS:

Sf(n) = ©(g(n) ) axwo i miavku sxwo g(n) = O (f(n)).
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Hanpuknan, anropuT 34MTYBaHHA # 3aHECEHHS B NaM’sTh
MHOXHMHHM NaHWX Mae OMIHKY O(n). ANropuTM IBIiKOBOrO MOMYKYy B
Tabnuil 3 YIOPAAKOBaHMMM €JIEMEHTaMMU oumioen,cs ak O (log; n).
Hpocre o6MiHHe copTyBaHHA Mae owinky O (n°), a MHOXeHHS Man}{L{b -
O (n’). Komu TOBOPATS, IO CKIAAHICTb COPTYBaHHA mopisHIoe O (1), To
MalTbk Ha yBasi, WO quopMauuo Oyne BiACOPTOBAHO B HaWKpaulOMy
BHITAJKY 3a Hac, nponopmﬁﬂun .

CxnagHicTs po3B’A3Ky 3afa4i MOXHA 3MEHINMTH, SKIIO 3HAWTH
BMIIHIMA METOA (K, HampHMKIAN, NpH 3aMiHi JiHilHOrO mNOmYKY
ABIAKOBUM) 260 BUKOPHCTOBYBATH ONTHMI3ALiHI €BPUCTHKH.

Y Tabn. 7.1 noka3aHO 3aJCKHICTH pI3HHX BHIIB CKIAZHOCTI
I'OPUTMIB Bl 3pocTanHs n. JlorapudMiuna 3anexuicrs npuitHsTHIIA,
HIX TiHifHa, a NinilHa 3anexHicTs HX NoNiHOMIaNBHA # excionenTHa [1].

Tabnuys 7.1
CxnagnicTs anropurmis

N [O(log:n)| O(n) |[O(nlogan){ Om") | O | O@) [ O
1 0 1 0 1 2 1 1
5 23219 | S 11,6069 25 32 120 3,125
10 | 33219 | 10 | 33,2193 100 1,024 | 3,6*10° | 10"
20 | 43219 | 20 86,4386 400 10° | 24*10% | 10%
30 | 49069 | 30 | 147,2067 | 900 10° | 2,6*10% | 2*10%
100 | 6,6439 | 100 | 664,3856 | 10000 | 10% 10" 102

7.3. Knacu anroputmis

KoxHa HaykoBa mMCUMIIIIHA Mae€ CBOI METOAM OICPXaHHSA
pesyinsrari. lllofo LbOro mporpamyBaHHs He € BMHATKOM. OCHOBHa
BIAMIHHICTb MK 3aia4aMH TO/ATa€ B TOMY, IO [UTS OAHKX iCHYIOTB TpsiMi
METOAM pO3B’A3aHHs, & IHIII He MOXHa BupiMTH 6€3 nomaTkoBOl
indopmauii, orpumanoi 3 BimmoBineldl Ha Jeski nuramus. Bapiantu
BIATIOBiEH 3a37anerine nependaueHo.

SIkwio 3a1a9y MOXHA PO3B’A3aTH MPSMMM CIIOCOGOM, FOBOPATS, IO
BOHa Mac demepminoganuii Meton posp’sasaHHs [1]. erepminosani
aNropuTMH 3aBXKIW 3a0€3Me9yIOTh PEryifpHi po3B’a3kH. Y HMX BiicyTHi
CIIEMEHTH, 110 BHOCATH HEBH3HAYEHICTBb, KPIM TOTO, JUIA HUX HEMOXJIMBA
MOBiNBHICTE Y BHOOpI pillieHb, 110 BU3HAYAKOTH MOCTAOBHICTH mif. J{ms
000YOBH JE€TEPMIHOBAHHX AITOPHTMIB HENPHUIYCTHMO 3aCTOCOBYBATH
meToaM npob 1 nomunok. Jlo 3ajay, 1O MalTh AETEPMIHOBAHMI PO3B’A30K,
HaJIe)aTh MaTCMaTHYHI PIBHAHHSA, MEPCBIPKA JaHMX, APYK 3BiTIB.
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Slxuro po3B’A30K 3aja4i HE MOXKHAa OTPHUMATH NPAMHM METOIOM, a
HeoOXinHo BUOMpATH cepen 3as3ianerias BH3HAYEHOI MHOXHHHM BapiaHTIB,
Taka 3ajada Mae Hedemepminosanuii posB’s3ok [1]. Anroput™
HeJeTepMiHOBaHMH, AKIIO JUIA Horo peanisauii BUKOPHCTOBYIOTECA METONH
npob i TOMHIIOK, OBTOpiB abo Bumaakosoro Bubopy. Lle Taki 3amaui, fx
3HAXO/DKCHHA MUIbHHKIB YMCIA, TOIIYK CTOPIHKH, @ TaKOX KJIACHYHI
3afaui Opo KomiBosikepa, mpo BiciM ¢epsiB i 3amaui 3HAXOMKEHHA
HafKOpOTILOro MUIAXy uepes nabipuuT [3].

. Tperilf, OCHOBHMIf THII ATOPHTMIB, IPH3HAYEHWH HE ¥ IONIYKY
BIINOBiIL HAa NOCTaBNeHy 3a1ady, a IS MOAENIOBAHHA (i3HYHMX CHCTEM 3
BHKOPHCTAHHAM KOMIT'IOTEPA. .

Bararo 3aza4y MOXHa BHPIIMTH 33 JOIIOMOrO0 AK NETEPMIHOBaHHX,
TaK i HeOeTepMIHOBAaHHMX QITOPHTMIB. AJTODHTM PO3B’S3aHHA 3amadi
3HAXO/DKEHHA HAaWOLIBMIOro CHUIBHOrO IUIBHHKA [UIM JBOX LUMX YMCEN,
noOyHOBaHHI HAa OCHOBI Nepebopy BCIX MOMUMBHX AUTBHHKIB, IOYMHAIOYH 3
HalOUIBIIOro 9Hcna # 3aKiHYyIOUH ONMHHIICIO, € HE/ICTCPMIHOBaHHM. [HIIHiA
crioci6 po3B’s3aHHS 1€l 3a/1a4i IPYHTYEThCA Ha BHKOPHCTaHHI alrOpHIMY
Epxmiga [3]. Lleft amropHtM momsrae B 3HaXODKEHHI MOCTIIOBHOCTI map
YHCENI, KOYKHA 3 SKHX YTBOPIOETECA 3 MIHIMAIILHOIO YHCJIA [ONEPEIHbOL NapH
H pi3HMII MDK 4HCIaMH MNONEpEeNHbOi mapd. BimmoBum mpeacTraBiseThCs
Napolo, IO MICTHTH /jBA PiBHi, ane BiIMIHHI Bil Hy/s uMcsa. 3a MEpimM i3
LMX ABOX METO/IB KOXKHE UMCIIO NEPEBIPAETHCA HA BUINOBIAHICTE yMOBL 3a
IpPYTHM TaKa IepeBipka He NoTpiOHa. Asie 3a3/iaNerih BiIOMO, 1110 NpaBHIIbHE
BHKOPHCTaHHA aTOPHTMY Ja€ NPaBIILHY BiINOBLIb. .

Bigomi anropuT™MH pO3KIafaHHA YMCIAa Ha [POCTI MHOXHHMKH €
HEJeTepMIHOBAHMMH, TOMY LI0 B HMX BHKOPHCTOBYETBCA MeETOA Npob i
nommnok. KoxHe mnepenfadyBaHe 4HCIO MOXHA IIEPEBIpHTH Ha
NPaBWILHICTH [JUTEHHAM Ha HHOTO BHXIIHOrO YMCNIA, ane €IUHHH BiAOMMH
cnoci6 po3KiIajaHHA nojArae y BUNpoOyBaHHi Pi3HHX BapiaHTIB MHOXHHKIB.
Byno Garato crpof MaTeMaTHYHO BH3HAYHTH AETEPMIHOBAHHMH AlIrOPHTM
PO3KNIAJIAHHA 9HCIA HA MHOXHHKH, Qe JOTENepP TAKHH AIrOpuTM He
BH3HayeHO. JleAKi i3 3a#au € 3a MPUPONOI0 HEeNEeTepMIHOBAHHMH, 1 MOXHA
[IOKA34TH, IO /1 HUX He iCHYE JIeTepMiHOBaHOIO &JITOPHTMY.

3anaua npo BiciM ep3iB € He JAETEPMIHOBAHOIO, OCKLIBKH MiJ 9ac il
PO3B’A3aHHA BHKOPHCTOBYETBCS MeTOA NMpob i momuiok. JloTH noku He
6yne 3HaiIeHo NPaBHIBHOTO PO3MileHH: (ep3iB, pO3B’A30K MPOBOAMUTHCS
nepebopom Micue ix posramrysaHHa. Ilepen oOTpHMaHHsM PpO3B’A3KY
MOXHA TneperjsHyTd Oeaniy pisHMX BapiaHTIB po3TamryBaHHA (ep3iB.
HenerepminoBaHHil XxapakTep IIPHTAMAHHHUH IrpaM i ronoBONOMKaM, i e
[IEpEeTBOPIOE 1X Ha IIPHEMHY PO3Bary. 3MIcCT irop i FoIOBOJIOMOK IO/ATae y
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3HaXO/KEHH1 CTpaTerii, Mo Ja€ 3MOry NepeMOrTH CyIpOTHUBHHKa a6o
PO3B’A3aTH FOJIOBOJIOMKY.

HenerepminoBanuH anropuT™ ONMMCYE CHCTEMATHUYHY NPOLEAYPY
TMouTyKy NoTpiGHOro po3B’s3Ky cepen ycix MoxmuBHX. Moro icHyBaHHs
HacaMIepe] 3a/IeXHTh Bl 100yI0BH MHOXHHH TNOTEHIIIHHUX pO3B’A3KiB,
y AKif MiCTHTBCH urykanui. 3agady npo BiciM depsis MoXHa po3B’s3aTi
3a JIOTIOMOrol0 NEBHOI MOCTIZOBHOCTI YCIX MOMIMBHX CIIPoO pO3MIIIEHHS
dep3ip Ha maxiBHuui. IIpocTH MHOXHHK 4YHCIAa MOXHA 3HalTH,
MEPEeBIPAIOYH BCi 4Mcna, He OuIblni 32 KBajpaTHHH KOpiHb uMcaa. Ale
11eaibHUii aNTOPUTM U1 peanbHOi IpH B LIaXM HE MOXHA mobyayBaTH,
OCKiIbKM HOCHIAOBHICTh BAPiaHTIB IPH 3aHAATO BENMKA IS PEABHONO
BUKOPHCTaHHA MeTony nepebopy. Te came MOMHA CKa3aTH IpoO po3B’A30K
3a[a4i po KOMiBOsDKEpa.

BiaminnicTs MiX 3aa4er0 NOIIYKY NPOCTHX MHOXHHKIB T3 IHIIMMM
3ajjauaMH TIONSrae B TOMY, INO Mix 4ac ii pos3s’s3aHHA A1 reHepauii i
NepeBipky BCIX BapiaHTiB NMPOCTHX MHOXHHKIB [IOBEPHEHHS i MOBTOPHHX
cnpob ne 3nificaiooTs. Omxe, Hel npouec € epexTHBHIM.

OcnoBuum ¢daxtopoM nix uac BuGopy Meromy s 3ajad, Iio
PO3B’A3yIOTECA 332 JOMOMOrOI0 Nepefopy BENHKOI KLTbKOCTI MOMUIMBHX
BapiaHTiB, € CYMapHWif Yac 3HAXO/DKEHHS pO3B’{3Ky. Merom, mpo
BHKODHCTOBYIOTBCA J[UIi CKODOYEHHS KUIBKOCTI BapiaHTiB mig d9ac
nepebopy abo Axi naroTh 3MOry BHOMpaTH HalnpasaononibHiu BapianTH,
Ha3UBAIOTHCH eBPHCTHYHHMA. [HOMI NOTPiIGHO 3HaATH mpaBUIbHUM, ane
He 000B’A3KOBO ONTHMAIbHUH Po3B’A30K. OMMH 3 EBPHCTHYHHX METOXIB
po3B’A3aHHA 3ajaui npo BiciM depsis nmonsrae B posMimenHi ¢epsin
NOMapHO B KOXHOMY i3 YOTHPLOX KBAaJAPaHTIB IIAX0OBOI JOIIKH.

Skwo wis poss’A3aHHA 3ajadi BAKOPHCTOBYETHCA METOA Tpob i
MOMWIOK, IeHepauis # mepeBipka MHOXHHH MOXIHMBHX BapiaHTiB
PO3B’s3aHHA y BiANOBITHOMY HeJeTEPMiHOBAHOMY aJrOPUTMi MOBHHHI
3MiHCHIOBATHCA 33 NEAKMMH NPaBHIAMH, TOOTO CHCTEMaTHYHO. SIKIIO
MU pO3B’A3aHHS MOXHA BHMKODMCTATH Ppi3HI HeAeTepMiHOBaHi
IrOPHTMH, nepea BUOOPOM AKOro-Hebyns i3 HMX HeoOXimHO ouiHHTH
#oro epexruBHICTh NopiBHAHO 3 iHmMMK. EdexmnBricts 3acTocyBanns
aAropuTMY 3aleXHTh Bill METONY reHepauii HaHiIMOBIpHiMX BapiaHTiB
i BiI €BPMCTHKM, L0 CKepOBYe i perynioe momyk. JerepminoBaHuil
aNropuMTM BHOMPAIOTh, BPaXOBYIOYH €KOHOMIIO Yacy ab0 BUKOPHCTaHY
naM’ATe KoMN'ioTepa. B iHIIOMY BMNMAagKy MOXHa BHKODHCTATH
HaH3pO3yMiniuuii  anropuT™M. BuOHpaioyM anropuT™ po3B’s3aHHS
3ajayi IS MiIBHINEHHS e(eKTHBHOCTI mpouecy OGYHCIEHb, CIif
BillaBaTH NepeBary AeTePMiHOBAHUM aIrOPUTMaM.
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AnropuTMH, Yac poboTH SKHX 3a po3Mipy BXOAY 7 CTAHOBHTBH HE
6inbwe Hik O(n'), HasuBaOTHCA NOsIHOMiATLHAMHA [3]. Knac nomni-
HOMiaNbHMX 3aJa4 MMO3Ha4yaeTbCss P i Mae BIAaCTHBICTD 3aMKHYTOCTI.
Komrosuuis 18ox moniHOMiaNbHHX alirOPHTMIB TAKOXK NPALIOE 32 NOMIHO-
mianeuuit gac. Lle BHmiMBae 3 TOro, mo cyma, JOOYTOK Ta KOMIO3HIIiA
OararouneHiB € 6araToWIEHOM.

3ajauvi, U1K AKUX iICHYIOTH NEPEBIPKOBi aJTrOPHTMH, LIO NPaUIOIOTh
32 mnomiHOMIaIbHHIt yvac, yrBopioloth knac NP. lle o3nauae
HEJIETepMiHOBaHHMH MoniHOMIaNBHMH Yac. [Hakme kaxyudw, wiac P — ue
KJ1ac 3a7a4, AKi MOXHa pO3B'S3aTH IIBKIKO, a kiac NP ue wiac 3apay,
PO3B’ 30K AKX MOXHA IIBUAKO IIEPEBIPHUTH.

Sxmo Taka nepepipka HEMOMUIMBA 3a MOJIHOMIaNBHHH dHac, TO
BignosinHa 3anmaya Ha3uBacThes NP-moBHole. Hanpuknaz, 3agaua npo
raMinbToHOBHH M. J{ns po3s’s3anns NP-noBHHX 337124 € JBa BapiaHTH:

1) BimwykaHHA €KCMOHEHLIATBHOTO AITOPHTMY, ILO MpALIOE UIf
peanbHHX JaHHX 32 peasIbHAM Yac;

2) 3a moniHOMiaNbHUIM Yac BIAIIYKATH HE ONTHMAIbHE pileHHs, a
Jesxke HabmnKeHHS A0 Hboro. Taki aJropuTMH Ha3HBalOThes HabGAR-
HeHHMH A/ ITOPHTMAaMH.

IIpuxknanavu NP-noBHRAX 33134 € 3a71a4a KOMiBOsKepa, 3a4a4a 1po
MOKPHTTA'MHOXHHH, 3a/ja4a [Ipo CyMH NMiAMHOXHH Ta iHIIi.

Sxano sns pos3B’A3aHHA 3afadi aNrOpPHTM BHKIHKAae caM cebe mis
pO3B’A3aHHA Mijg3ajad wiel 3agayi, TO TAKMH AITOPHTM HA3UBAETHCH
pexypcuBHEM. [[1s OLlHIOBaHHA 9acy poOOTH PeKyPCHBHOIO alnropHTMY
HeoOXiHO BpaxyBaTH dYac pPeKyPCHMBHMX BHKIHKIB. JlomycTHMO, IO
aJITOPHTM po30HBaE 3a1ady po3Mipy n Ha @ Nig3agad, KOXKHA 3 AKHX Ma€ B
b pasiB Menwmii po3mip. BeaxxaeMo, mo po36utra norpebyee yacy D(n), a
3’€[HaHHA OTPHMAHMX po3B’a3kiB — dacy C(n). Toai yac poboTH BCHOTO
anroput™y T(n)= aT(n/b) + D(n) + C(n). lle BigHOLIEHHA BUKOHAHO ANA
JOCTaTHBO BEIMKHX 1 , KOJIH € CEHC 3afiavy po30HBaTH Ha nin3ajaui.

7.4. Cnoco6u peanisauii anroputmis

Meroio Oyap-fKOl MPOrpaMH € TEPETBOPEHHA BXIMHMX JaHHX Ha
BHXiZHi. SIKIIO OKpeMOMY BHXiJIHOMY €JIeMEHTY BIANOBiZae CBiH BXimHwuii
€JIEMEHT, OCHOBY IIPOIPaMM CTaHOBHTE KOHCTPYKIIS IOBTOpeHb. SKiio
OpraHizalif BHXIZHOTO MOTOKY BiAPI3HAETLCS BiJ OpraHisauii BXimHOIrO,
JIOriyHile BHKOPHCTOBYBATH Bl HE3AIEKHI MPOrPaMH: OIHY IS OLEpKaHHA
BUXUIHMX [aHMX, Hury — s ixdeoi opraizamil. SIk mokaszaHo Buule, i
IPOTpaMM MOXHA PEali3yBaTH iHBEPTYBaHHSM O/IHI€] 3 HHX, Y PE3Y/IBTATi YOro
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YTBODIOETBCA MOIY/Ib i3 JEKUIbKOMAa MpPOrPAMHMMM CeKILifMH, L0 BHKO-
PHCTOBYETHCS IHLIOK ITPOrpaMolo. SIKIO MOPAZOK MPOXOMKEHHS JAHHX
HEICTOTHHH, MOXXHa BUKOPHCTOBYBATH I1apanensHy 06pobKy.

Yci Buau 06pobky MOXHA NOALTHTH HA TaKi KIACH: TIOCHIIOBHY, IO
BHKODHCTOBY€E MOBTOPEHHA; CTPYKTYPHY, 110 BHKOHYETHCA HapajenbHO 3a
A0TIOMOrOI0 HE3AICKHHX TIPOrpaM; AOBLIbHY 00poOKy i3 3acToCyBaHHSM
napanensHux obumucnens [1],

7.4.1. Imepauyin (i pexypcisn

TToBTOpEHHA € OCHOBHOIO KEPYIOHOK KOHCTPYKIi€ 0B6poOKH
[@aHUX, 32 BUHATKOM BMOAJKiB, KONY BXiOHI JIaHi CKNANaIOTECA 3 ONHOTO
C/IEMEHTA, SIKHH [IEPETBOPHTLCA HA OMH BUXIJHUIL eTeMeHT (HanpuKIaf,
y BHMaaKky cucremu o6pobxu sanutis). IcHyloTh [Bi OCHOBHI (opmu
MOBTOPEHb: iTepauisi i pexypcis. ITepalis nepeBaxHO BHKOPHCTOBYETHCS
AIR THX BHAIB 0OpOOKH, fKi SKHAHKpALIC BH3HAYAIOTHCS BHPA3OM THITY
«BUKOHAaTH [UIA BCIX X», a8 PEKYpCisi — IS OJEPNKAHHA pPe3y/ILTYIOUHX
JaHUX, sKi Hal/eriuie OMMCATH DEKyPCHBHO, TOGTO 3aJaTH BHPa3oM
BHITIARY «BUKOHATH TE CaMe, 110 H BocTaHHe», [TorouHa aig BH3HaYaeThes
3a JIONOMOT 00 NOMNepeanboi BianoBiai abo nonepenHix cranii obuncaeHs.
ITepanis # pexypcis B3aemozaminHi.

Knacuunum npuknazoM pexypcii MOXe ClyryBaT BH3HAYEHHS
taxropiasia B TAKOMY BHITIAMII:

n!=1 n=0; n!=n(n-1)! n>0. (7.1

Lle BU3HAYEHHA € PEKYPCHBHHM, TOMY LIO 3aja€ (yHKIiO 32 ii
ROTIOMOrof0. Y€l PEeKypcHBHI BU3HAYEHHS SBIAIOTH COBOI MHOXHHY
BMpa3iB, 3 SKMX NpHHaliMHi OIMH He € peKypcuBHuM i 3abesneuye
3aKIH9IEHHS PEKYyPCHBHMX BHKIMKIB. AHAIOTIYHO JO IBOTO IS KOMXHOI
iTepauii HeoOXinHa HaABHICTH rpaHMYHMX ymMOB. Inme, Menm dopmaise,
BH3Ha4YeHHs (axTopiaja OMHCYETHCA BUPA3OM:

nl=1%*2*3*_(n-1)*n. (7.2)

Pexypcusry dyHkuio, mobynoBany Ha MaTeMaTH4HIN 3aneKHOCTI
(2.1), moxa3aHo HUXYE;

f(n)

{ if (n==0) return 1;

else return (n* f( n-1));

}

Hactynna ¢ynxuis peanizye cniBBinnowenns (7.2) i 3acHoBaHa Ha
ITepaliitHOMY anropuT™i:

f(n)

{
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m= 1;

k=n;

while (k>0)

{ m=m *k;

k= k -1;

}

return( m );

}

B itepauifiHii ¢QyHkuil BHKOPHCTOBYETBCA 3MiHHA & and
NiApaxyHKy KUILKOCTi nosepHeHs Bift 7 10 0. Y peKypcHBHHX (yHKLiAX
ais uiel uini npu3HadeHuit apryment ¢ynkuii. BukoHaHHs onepauii
MHOXEHHS MOYHHAETHCA 31 CTApMIMX YHMCeN B iTepaiiiniin dyHkuii i 3
MONIOAIUHX — Y peKYPCHBHii. YMOBH 3aKiHYCHHA BHMKOHaHHA 000X
¢byHKuii aHanorigHi oqHa A0 OXHOL.

Itepauiiina # pexypcHBHa QYHKIII MOXYTh 3aCTOCOBYBaTHCA IS
npocToi 3ajadi APYKY CHOMCKY YHCEN, IHO BBOAATHCS, fAKY 3a3BHYai
PO3B’A3YIOTh iTepauiiiHuM crocoboM. Itepaniiina QyHKuis MiCTUTHL SBHO
3aJaHHi MK

IToBTOpeHHS peKypcHBHOI (YHKIlil YTBOPIOIOTBCHE 32 JAONOMOTOX
3BepHeHH1 ii o camoi cefe. YMoBa 3akiHdeHHS 060X QyHKui# ofHaKoBa.

O6uBi (pyHKuil pospaxyHKiB (hakTopiana MaroTh JiHIHHY CKIaHiCTs. Y
ToMy H B iHmIoMy BHmajkax irepaniiiva ¢opma kpama, ToMy moO LA
PEKYpPCHBHOI MpoLeXypH NOTpiOHI JOAATKOBI BMTpaTH mam’sTi i dacy. 3a
KOXHOIO PpEKypCHBHOTO BHKJIHKY BMICT Ycix pericipie xomm’ioTepa
30epiracTrcs, a B pasi NOBEPHEHHS BiHOBIOETHCA TAK CAMO, AK i 3 OyIb-sKoro
BHKMKY (yHkuil. KpiM uporo, noeusxHi 36epiratics Bei JoKansHi 3MiHHI 10
MOMEHTY NOBEPHEHHA, TOMY ILO BOHM MOXYTh OyT 3MiHeHi (yHKIE0, 110
BumKae. OckinbKy BinOyBaeThes Haratopasose 3BepHEHHA 3 PyHKIl 10 camol
cebe, HeoOXinHO cTBOpUTH i 30epiratn Garato Komili perictpis, 3MiHHEX i
TouOK mnoBepHeHHA. Jlns 30epiranHs i€l iHdopMallii BHKOPHCTOBYETHCA
CTEKOBa NaM’ATs. Y pasi MOBEpPHEHHS MiCAS BINIOBIIHOIO BHKIMKY PETICTPH
BiJHOBIIIOIOTHCA, H BHKIIHMK 33aBEpUIYEThCA. KepyBaHHS [IOBEPTAETHCA 10 TOUKH
BHIVIMKY CTUTBKH pasiB, CKUIbKM Oyn0 BUK/IMKAHO QYHKIO. 3a 3BHUAHHOIO
BMKIMKY GyHiuii rmbuHa BiiIageHocTi piako mnepesuingye 6. [mibuna
BKJIAJICHOCTI PEKYPCHBHHX BHKIHMKIB 3a3BHYai 3HauyHo Oumbiua. Pekypciio
MOXHa BHKODHCTOBYBATH TUTBKH B THX MOBAX IPOrPaMYBAHHH, Y SKMX JUIS
pearnizanii BUKIHKIB GyHKII BHKOPHCTOBYETBCH CTEK.
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7.4.2. NapanensHa 06po6ka

Ha npuknani samadi BimHOBNeHHs samuciB y ¢aiiax i3 mpaMuM
AOCTYTIOM MOXHA HAlIIPOCTIIIE NPOLTIOCTPYBATH 3aCTOCYBAHHS NAPAJIETHHOI
00poOKH. TeopeTMdHO MOXHA JONMYCTHTH, LIO KOXHOTO KODHCTYBaua
obciTyroBye cBos (yHKUiS, WO BHKOHYE OHY ONepawilo Tlepesanucy.
3araibHUM pECYpCOM y LBOMY BHNAIKy € TUbkM Qaitl. Y Takomy pasi
HeOOXIHO KOOpAMHYBaTH onepamii mepesanucy. Tpymsouti, mos’szami 3
TapaeIbHOK0 06POGKOK0, BUHHKAKOTS M1 4aC PO3B’S3AHHS 3a1a4i KOOPIHHALIT
moctymy 10 Qaina. OmHMM 3 HalTIONMpEHIMX BHAIB TPOUECOPIB IS
napanesHoi 06po6KH € MaTPHYHI IPOLIECOPH.

€ OGarato BHNIB MATpHYHOI OOpOOKH IS pI3HMX MATEMATHYHMX
PO3paxyHKiB, JIOrKa SKMX JO3BOISE MapaleibHe BHKOHAHHA, SIKUIO MacHB
3alOBHIOETECA TP IHILIAMI3ANT OHIEIO # TIEK caMol0 BEHYHHOIO a60 AKIIO B
KOXXHHH €IEMEHT, 10 iHIIANi3yeThCs, MIEPeCciIacThCA BETHUHMHA, 11O 3AIEXUTS
TUIBKA Bl MONOKCHHS CIEMEHTA B MAcHBi, [MOCTNOBHICTB, y sKii
3aIIOBHIOOTECS B IiH CHTYallil eleMeHTH, He Mae 3Ha4eHHs. Hiiaizanis Moxe
BHKOHYBaTHCA 33 JONOMOIOK) MEPEpaxyBaHHs ENEMEHTIE MacuBYy 33
3POCTAHHSM iXHIX HOMEPIB.

MoxuBa Gyas-Axa iHIIAa MOCHINOBHICTE poBGOTH, TOMY omepario
iHiLianizanii MOXHA BHKOHYBATH Ha n NPOLECOPAX, IO 3ayCKAIOTHCA B
NOBITLHOMY TODAAKY, KOXHHH 3 SKMX NPH3HAYEHO A iHiLliamisaiii
OJIHOrO C/IEMEHTAa MAacCHBY.

Tapanensny oO6pobky MOHAa 3aCTOCOBYBaTM ISl TIOMIYKY B
HEYIIOPAKOBAHOMY MacHBi 3a JIONIOMOrOI0 OJHOYACHOI0 AOCTYNY IO BCiX
CIEMENTIB, And 0GpoOKH HEYNMOpsAKOBaHOro HabOpy HAHHX, BUKOHAHHS
onepauifl Ha pI3HMX TUIKAX NpPOTPaMH i MEPEBIPKA MHOXHHH Pi3HMX
BapiaHTIB po3B’sA3KkiB HemerepMiHoBaHOi 3ajawi. Yei ui  omepamii
BHKOHYIOTbCS OZIHOYACHO 3 OCTYTIOM JI0 BCiX €IEMEHTIB.

7.4.3. Cnienpozpamu

CniBnporpamMu Tak camo, Ak i napanensHi OPOLECH, BUKOHYIOTHCSA
O/IHOYACHO. IXHA BIAMIHHICTL MonATac B TOMy, IO MAapaNeNbHi MpoLecy
CTapTylOThb y TOH camuit 4Yac i € pIBHO3HAYHHMH 33 BaXUIHBICTIO.
CniBnporpamu CcKIafaloThCA 3 TONOBHOI nporpamu # mimrernoi i
nianporpamu. ['onoBHa nporpaMa nepenac KepyBaHHs il criBmporpami.
Ilicna upOro KepyBaHHs 0araTopas’oBO MOXC IIEPEXOJMTH  Bif
CHIBNPOrpaMH JI0 TOJIOBHOI IIPOTPaMK, TIOKH OCTATOYHO HE IOBEPHETHCS
J0 ronioBHOI nporpamMHu. Y pasi NMepefaBaHHsA KepyBaHHs CriBnporpami
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OCTaHHS, AK [1PaBHUIIO, [IPOJOBHKYE BUKOHYBATHCH 3 TOT'O MICIIS, HA AKOMY il
6yno nepcpeaHo, Ha BiAMIHY Bil NiANpOrpamu, fKa YacTille IOYHHAE
BHKOHYBaTHCH CIIOYATKY.

VY 6araTonpoLecopHHX CHCTEMax CIBIIPOrPaMH MOXYTh BHUKOHY-
BaTHCA napanenbHo. LlenTpanbauil npoliecop initianisye GyHKUiOHyBaHHS
NpOLECOpiB, INPH3HAYEHHX U4 OOMiHy, MICIS HOro MPOAOBXKYE
MpanoBaTH OAHOYACHO 3 HHMH, CMrHamM, HepenaHi MiX LEHTpabHHUM
MpOLECOPOM Ta IHIIMMH IPOLECOPaMH, MAalOTh KOOPIMHYBAaTH poboTy
cucremu. lle xapakTepHo Ans 3aBOAHHA THNY «NOCTAYAIBHHUK —
CNOXHBAU», AKC ABJIAE KIACHIHHH NPHKIAA B3aeMofii cmiBnporpam. Onun
npouec (P) mnocrayae pesxui mpoxykT, iHmmi (C) wueit npomykr
BHKOPHCTOBYE. P MOX€ BUIYCTHTH CTUIBKH OAMHMIb NPOMYKTY, CKiNbKH
MOX€E PO3MICTHTHCA B 3araibHiii obmacti 36epiranus. Skmo x obnacts
3bepiranHs noBHa, To P noBuHeH yekaTH C. C MOXC BHKOPHCTOBYBATH
OMMHHUII NMPOAYKTY TUIbKH B TOMY BMNajKy, SKIIO BOHH € B obiacTi
3bepiranns. Sxuo >k BoHa mopoxHs, To C moBuHeH dekatH P. ITpouec
NOYMHAETBCA 3 TOro, o P pobuTe mepuly OAMHHLIO TPOAYKTY, a
3aKiHIYEThCH, KOMH abo C ofepkaB NOCTATHIO Ui HBOTO KiJILKICTH
npoaykry, abo B P CKiHYHBCA Martepiaj, MOTPiOHMH WTs BHPOOGHHIITBA
IIpoAyKTY, abo xomu P nosigommnac C Ipo NpHITHHEHHS POGOTH.

KepyBaHHs chiBnporpaMaMH MOXXHAa pO3IJVISHYTH Ha NPHKIaAi
IOpyKy 3BiTiB, II0 MalOTh 3aroJOBKM CTOpiHOK. Iliamporpama-
NOCTaYaIbHHK TEHEpYE BHXIAHI pANKM 3BiTy 3 manux. [ligmporpama-
CIIOXHMBa4 JPYKYe 3BiT ITOCTOPIHKOBO, IOCTA4alOYH KOXHY CTOPIiHKY
3aroJIOBKOM 1 3aKiHYeHHAM. SIKu10 B MOBi IporpaMyBaHHs He TiepeibaueHo
B3a€EMOJIii CHiBNpOrpaM, LBOrO MNOCATAIOTH IHBEPCIEI0 IpOrpamMH —
cloXuBada, mo 3abesnevye BHKOHAHHA 11 (QyHKOII 38 JONOMOIOKO
3BEpPTaHHA 10 OKPEMHMX CeKlUiH iHBEpTOBaHOI NpOrpaMH i3 NporpaMu-
NOCTaYaEHHKA.

7.5. lokymeHTaLWis anroputmie

JlokyMeHTallis aJIrOPHTMIB € YAaCTHHOIO JAOKYMEHTalii mporpam i
MOJy/IiB. SIKIO BHKOPHCTOBYBaHHIi anroput™ Jobpe Bigommuit abo ioro
OIHC MOXHA 3HAHTH B CHENiaBHOMY JDKEpeEni, JOKYMEHTALlA [IOBHHHA
MICTHTH iM’s alropuTmy abo MOCHIaHHA Ha JpKepeno i aBTopiB. Tak,
HAaNpHKNAL, JUId PO3B’A3aHHA 3a4adi Mpo KOMiBOAXEpa MOXKHA
CKOPHCTATHCA aITOpHTMOM JleHMkCTpH. JIns 3HAXOMKEHHS KBAJPATHOTO
KOpEHs BHKOPHCTOBYIOTH Merosl Hbiotona—Padcona, a mis ofuucnenus
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sin(x) — nmoninomn YeOuuioBa. YNOpPAAKOBYIOTH CIIMCKH 32 AONIOMOIOI0
copryBaHnHs lllenna, a Taxox pi3HHX BHAIB Oynb6aIIKOBOro COPTYBaHHA.

S0 B aNropuTMi BHKOPHUCTAHO CIEUIANBHHHA MaTeMaTHIHUH
amapaT (AK, HaNlpUKiIaj, y BHMaaKy OiHomiambHHX KoediuieHTiB), a0
JOKyMeHTallil BROIATE MaTEMaTHYHE OOTPYHTYBaHHA METOLY.

Slxwo s cnpoleHHs 3a1a4i abo 36LTbILIEHHS BUAKOCTI PO3PAXYHKY ii
HA KOMIT'IOTEpI 3aCTOCOBYIOTBCHA AKi-HeOymb eBpHCTWYHI Meromd, ix
3a3HaYal0Th y JoKymeHTauii. Jlo Hel BBOOATE 3arameHMii OMMC BHKO-
PHCTOBYBAaHOTO METOAY ¥ MiIXOOH [0 3aCTOCOBYBAHOI MOJEM, AKUIO IE
JIONOMOXKE Kpallle 3po3yMiTH amropHT™M. TakoX 3a3HayaloTh OCOOIMBOCTI
peanmizaiii anropuTMy y BHIAAKy 3acTOCYBaHHA pekypcii abo napanensHol
00pobKu. Jobpe BiIOMI aITOPHTMH HE MalOTh MOTPeOH B AETATBHOMY OIMCI.
Siaio K BUKOPHCTOBYIOTBCA MEHII BiIoMi amropuTtMu abo Bonu Oymu
po3pobiieHi MPOrpaMicTOM, OMMCH IMOBMHHI OyTH JOKNAZHMMM, MOXUTMBO, i3
3aCTOCYBAHHAM TICEBIOKO/IB.

KoHTponbHi 3anMTaHHs

IIfo Take anroput™?

Sxi BizoMi crioco6H 300paxeHHs anropuT™iB?

ITlo HazuBaeThCA YacoM pobOTH ANTOPUTMY?

IIlo take @ - no3HavyenHn?

o Take O - nozHa4YeHHA?

1o Take 2 - no3yayenHs?

Sxi anropuT™H Ha3uBaloTHCA NoninoMiansHuMu? Ilpuiotan.
Sxi 3ana4i yreoprowTs kitac NP?

Slka 3amava HasuBaeThes NP-noBHOW0?

. SIkuH aIropHTM Ha3MBAETBCA PEKYPCUBHHUM?

. SIxi anropuT™Mu Ha3UBAIOTECA AeTepMiHoBanumu? [puiiaz.
. SIKi aIrOpHTMH Ha3UBAIOTHCA HeJeTepMiHOBaHUMHU? [Ipnknan.
. Haiite o3HayeHHs iTepatiii. Konu BoHa BUKOPHCTOBYETHCA?
. Jlaiite osHayeHHs pexypcii. Komu BoHa BHKOpHCTOBYETHCA?
. o Take napagensHa 06podxa?
. o Take cnisnporpamu?
. 1o BxoaWTE 00 AOKYMeHTaUIl aropuT™My?

0ol e (W o B

et e et et el * ]
NN R W N = O
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11“ MNpuknagu TeCTOBUX NUTaHb

. Yacom po6oTH airopuTMy Ha3HBAIOTS:

a) KUIbKICTh elIEMEHTAPHHX KPOKIB aJIrOpHTMY;
6) KUIBKIiCTh CEKYHA (rOAKH) poboTH;
B) KUIBKICTh BXiIHHX JaHHX.

O-nosHaveHHd 03HAYaE:

a) BEPXHIO OUIHKY CKJIaJIHOCTI aNITOPUTMY;

6) HHKHIO OLIIHKY CKIAHOCTI aIrOPHTMY;

B) yCepeaHEHY OLIHKY CKIaJHOCTI aJITOPHTMY.

® -mo3HaYeHHA O3HAYaE:

a) BEpPXHIO OHIHKY CKJIAJHOCTL AJITOPHTMY;

6) HIDKHIO OL[IHKY CKIaIHOCTI aITOPHTMY;

B) ycepeaHeHY OLIHKY CKIIa[IHOCTI allTOPHTMY.

) -1o3HaYeHHA O3HAYaE:

a) BEPXHIO OLIiHKY CKJIaJHOCTI aJIrOPUTMY;

6) HHXHIO OLIHKY CKJIaJHOCTI ITOPHTMY;

8) ycepeHEeHY OLIHKY CIVIaJIHOCTI AJITOPHTMY.

. Jo BracTHBOCTEI aIFOPUTMIB HE HAIEHKHUT!

a) BH3HA4EHICTH;

6) CKiHYEHHICTB;

B) pe3y/IbTaTHBHICTD;
') ONTHMANBHICTE.

Po3micTiTs 32 3pOCTAHHAM CKIaTHOCTI:
a) O (n");

6) O (log.n);

B) O(n’);

r) O(2").

PoaMicTiTe 32 cCIajiaHHAM CKIaIHOCTI:
a) O(n);

6) O (n!);

B) O (nlog:n);

r) O(n).
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8. METO COPTYBAHHA

8.1. 3anauya copryBaHHA

3aranbHa 3a7a49a COPTYBAHHS € TAKOIO:

HeXall JAHO MHOXHHY €JIeMEHTIB, SKA € IHJEKCOBAHOK, TOOTO JOBLIEHO
MPOHYMEpoBaHO Bl 1 10 n . HeobximHo iHIeKcyBaTH [HO MHOXHHY
CJIEMEHTIB TaK, UOOU 3 YMOBH i</ BHIIIMBAJIO @; < d;— V1A BCIX ij=1...n.

Omxe, npouec COpTyBaHHs MONATAE Y TIOCHILOBHUX NEPECTAHOBKAX
CIEMEHTIB JOTH, HOOKM iX iHAeKcalis He Y3rOmMThCs 3 iX BHOpAI-
KOBaHICTIO.

PosrisnatimeMo edeKTUBHICTE anropuTMIB y TepMiHax pos-
MIPHOCTI MHOXHHU 10J0 IIPOCTOTH NMPOrpaMyBaHHs. 3a1ady COPTYBaHHS
3py4YHille pO3rNAAaTH BiIHOCHO OAHOBUMIPHHX MAacHBIB (BEKTODIB).

Hexaif Maemo BexkTop 3 n enementiB R; ,R; ,...R, .. 3anaua
COPTYBaHHS NOJIArae y TOMY, 100 3HAHTH TaKy NEpecTaHOBKY EIEMEHTIB
BEKTOPa, ITiC/IA AKOi BOHM PO3MICTHNHCH 6 32 3pOCTaHHAM iX 3HAYEHB.

CopryBaHHA Ha3HBA€THCA CTIHKHM, AKINO €EMEHTH 3 OJHAKOBHMH
3HAYECHHAMH 3QIMIIAIOTECA Ha NoNepeAHroMy Micui. Jlns npoctoru
aHalily BBAXKAaTHMMEMO, 1O BCi €JIEMEHTH MacCHBY, SKHMH COpTYeETbCA,
3afiMalOTh OJHAKOBI KBAaHTH NMaM’ATi i JKOAHI [BAa €IEMEHTH HE MOXKYTh
MaTH pIiBEMX 3Ha4eHb, al¢ B ANTOPUTMAX TAKHM BHMNANOK HEOOXITHO
nepenbaguTH.

Hasegemo ocHOBHI anroput™Mu y ¢GoOpMansHOMY acmekTi i
PO3IVIAHEMO Ha NpHKIaaax ix pobory.

8.2. MeToa npocToi BUGipku

3ajaHo MacuB elleMeHTiB R, ,R; ,....R,. Lle# anroputm peoprauisye
MacHB Yy BHCXTHOMY MOpAAKY, To6TO s HOro €/eMEHTIB CrpaBeHBe
cniBsiHOWeHHA R; < R; — wns Beix ij=1..n
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Anzopumm S
S1. Lukn 3a indexcom npoxodorcennn. Iloesmoprosamu kpoxu S2 - S 4

npui=1.n-1.

S2. 3agixcysamu nepuwuii nomounuii enemenm: scmanosumu RO = R;.

S3. Howyx Hatimenwiozo 3Havenns min R; ona enemenmie 3
inoexcom j=i+1,i+2,...n

S4. Ilepecmanoexa enemenmis. Axwyo min R; < RO ma j =i, mo min
R;<-> RO

S5. Kineys. Buxio.

3 anropuT™My S BHHO, LIO JUIS COPTYBaHHA NMOTPiOHO BHKOHATH n-/
NPOXODKEHHA  MOCHiZOBHOCTI  eneMeHTiB. OIHHM  IPOXOMKCHHAM
HA3MBaEMO ITOLIYK eIeMEHTa 3 HACTYITHHM HaiMEHIITHM 3HaUYCHHSAM.

INpoananizyemo amropur™. [Ips mepuioMy MpOXODKEHHI, KOMM 3Ha-
XOMUTHCA €TeMEHT 3 HaHMEHILIMM 3HaueHHsM, NOPiBHIOETHCA n-1 eneMeHTiB. ¥V
3arajJEBHOMY BHMIIAOKy IIpH 1 -My TIpOXOIDKCHHI @A dYac COpPTYBaHHA
TIOPIBHIOETHCH n-i eIeMeHTIB. Tozi 3araibHa KUTHKICTh TOPIBHSAHB, AKi Tpeba
BHKOHATH U1 COPTYBaHHA MACHBY i3 1 €JICMEHTIB, CTAHOBHTHME:

Zn-i)=n-1) + (n-2) +...+ (n-ntl) = Vo*n*(n-1), i=1..n-1

Otxe, edeKTUBHICTL ITOPHTMY NPOMNOpIiliHa A0 BENWYHHU N
Anroput™ S Mae eEKTHBHICTb o).

KinbkicTs TIepecTaHOBOK €JIEMEHTIB 3alCXWTh BN TOro, fK
crnioyatky Oyno BimcoprosaHo MacuB [5]. Anle OCKUNBKH Mifl 4ac OJHOTO
IIPOXO/DKEHHA Y LiOMY JIrOPUTMi MOTPiOHO BHKOHATH He OiNbII K OAHY
[IEpecTaHOBKY, MAaKCHMajbHa KINbKICTh IEPECTAHOBOK 32 TakKoro
COPTYBaHHS AOPIBHIOE BEMUTHHI n-1.

IIpuxnan nporpamMHoi peanizauii
Buxiguuif Kox nporpaMHOi peanisauii Merony mnpocroi BubipkH
MOBOIO nporpaMysanus C Mae Takuit BHTIIAN;

void sort (int *arr, int cnt)
{
for (int i = 0; 1 < ent - 1; i++)
{
int min = i;
for (int j = 1 + 1; Jj < cnt; j++)
if (arr{j] < arr[min])
min = Jj;
int tmp = arr([i];
arr(i] = arr(min];
arr[min] = tmp;
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IloxpokoBe cOpTyBaHHA METOAOM NpOCTOI BUOIPKM HaBeAEHO B
Tabn. 8.1. [lna BXiAHOrO MacHBY 3 CEMH EIEMEHTIB IrOPHTM BHKOHAB
7—1 =6 nepecTaHOBOK.

Tabnuys 8.1

IToxkpokoBe copTyBaHHS MeTOAOM NMpPocTOoi BHOIpKU
Bxigruuit Macup 615420713 0
Kpox 1 015420713 6
Kpok 2 041520713 6
Kpok 3 0462071315
Kpox 4 04 6 7201315
Kpox 5 0467132015
Kpok 6 046 7131520
Buxinnui Macus 046 7131520

8.3. Metop 6ynbbaiuku

Hpyram nobpe BiToMHM MeTONOM i3 Kiacy BUGIpKM € MeToll, 1o
IPYHTYETBCA Ha igel cniuBarpouoi Oynsbamkm [5]. Ha Bigminy Bin
MONEPEeHLOro, B LILOMY aNrOpUTMI /IBa €I1EMEHTH OOMIHIOIOTECH MiCLIAMH,
AK TUIBKHM BHABIEHO, LII0 MDK HUMH NOPYILIEHO TIOPANOK.

AJIroPHTIM B _

3adano macus enemenmie R; R; ,....R,.

Lleu ancopumm peopzanizye macus y 6ucxionHomy nopsaoky, mobmo
ona o020 enemenmie icyeamume cniggionowenna R; < R; — ons ecix
ij=I.n

Bl. Huxn 3a indexcom npoxodcenns. ITosmoprosamu kpoxu B2 i
B3 npu i=1.n-1.

B2. Iniyianizayis npanopys nepecmanoexu: ecmanosumu Fl=0.,

B3. Buxonarna npoxodcenns. IlTosmopioeamu npu j=1,2,...,n-i :
Aakwo Rj.; <R; , mo ecmanoeumu Fi=I ma nepecmasumu micysmu
enemenmu  R<->Rj.; ; sxwo FI=0 , mo 3asepwumu euxoHanus
anzopummy.

B4. Kineys. Buxio.

PoGora anroputmy B oueBnmHa. Ilepen KOXHHM NPOXOMKEHHSIM
3miiHa F] nabyBac 3Ha4eHHA Hy/lb. 11 3HAYEHHA AHANIZYEThCA B KIHII
KOXHOr0 KpoKy. Skilo BOHO He 3MIHHIOCSA, COPTYBaHHA BHKOHAHE
MOBHICTIO. XapaKTepHCTHKa COPTYBaHHA OyIb0anikoio B ripiioMy BHIAIKY
CTaHOBUTL 1/2n(n-1) nopisusHb i 1/2n(n-1) nepecranoBok. CepeaHs Kilb-
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KiCTh POXOKeHs NpHGMM3HO nopiBHioe BemswmHi 1,257V n. Hanpuxan,
AKIo n=10, noTpi6HO BUKOHATH LICTE NPOXOIDKEHb ITOCIIIOBHOCTI.

Omxke, cepeqHs KUILKICTh TOPIBHAHL i NEPECTAHOBOK IIPOIIOPLIiHHA
BermaHi n’. CKIATHICTE AMTOPHTMY COPTYBAHHS OYNEGALIKOIO CTAHOBHTH
O(n’). Leit MeTon HeeheKTHBHMI JUI MACHBIB BEHKOTO pasmipy. IcHye 6arato
MopudiKaliH 1HOro aAIropHTMY.

Ilpuxnan nporpamuoi peanizanif
. Buximauii xoa BapianTa nporpaMHOi peanizallii AITOPHTMY
COpTYBaHHA MeToJioM Oynp0amKy 3 panopreM MOBOK nporpamyBanHa C
Ma€ BHIJLAA:

void sort(int *arr, int cnt)
{int F1=0;
for (int i = 0; i < ¢cnt - 1; i++)
for (int j = 0; j < cnt = 1 = 1; j++)
if (arr([j] > arr[j + 11)
{
int tmp = arr[jl;

arr[j] = arr[] + 1]
arr[j + 1] = tmp;
Fl=1;

}
if (Fl==1) break; |}

INokpoxose copryBaHHs MeTofoM Oynsbaiiky HaBeneHo B Tabm. 8.2. lns
LOBOTO BXIiOHOTO MAcHBY i3 CEMH €IIEMCHTIE alNTOPHTM BHKOHaB 12

NEPEeCTaHOBOK.

Tabnuyn 8.2
IloxpoxoBe BHKOHAHHA COPTYBAHHA MeToAOM Oyanbamxn
Bximgsuii MacHB 6154207 13 0
Kpoxk 1 64 15207 13 0
Kpok 2 64 1572013 0
Kpok 3 641571320 0
Kpok 4 64157 13 020
Kpok 5§ 46 157 13 020
Kpok 6 46715 13 020
Kpok 7 46 71315020
Kpok 8 46 713 01520
Kpox 12 0467131520
Buxignuit Macus 0467131520
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8.4. LlisBnakuin meTon COpTyBaHHS

Y xmaci anropurmiB BHOIpKH cnif BiZ3HAYWTH TAaK 3BaHe IIBHAKE
COPTYBaHHS, B SKOMY BHKOHYEThCS Taka cxema obmiHis [S5].

€ [Ba BKA3iBHHKH i Ta j , OpUyMOMY Hanogarky [ = I, j=n. ,ne n -
KiIbKICTH enemeHTiB MacuBy. JloBinbHO BHOHMpaeThcs 3a Ga3oBuit Oynmp-
AKMH enemeHT 3 MacuBy (mepmui, cepemHiii abo ocrammii). Hexai,
Hanpuxiaj, ue Oyne mepumii exemeHT X= R;. BcranoBmoemo i=/ (Bin
nepwioro), j =n (BiZ OCTaHHBOrO), AKINO 3HaMAEHO R; >=XTa R; < X, T0
notpibHo mposect ob6MiH R; <-> R; 3a ymoBH, mo i<j. Ilicna nepuworo
obMiny 36i1bIyEMO i HA OQWHHIRO Ta wIyKaeMo R; >=X. Sxmio Taxuit
€/IEMEHT 3HaleHO, TO j 3MEHIIYEMO HAa ONMHHINO 1 mrykaemo R; < X.
[TposomuMo HacTymami oOMiH 32 ymMoBH, mio i<j. SIkmo R; >=X He
3HaiiieHo, & i>=j, TO mepury iTepamiio 3akiHueHo. Omke, amropuT™
MpaLioe 3a NPHHLHMIIOM «CTIAIOBAHHA CBIYKH 3 000X KiHUiB». Macus bGyne
posaineno tak: R, ,R;,....Ri;, R; ,Ris1,...Rn, npudomy R, < X, I=1,...,i-1;
R, <=X m=i+l,...,n. VY nisiii YacTHHi MaCHBY CTOSTHMYTb YCi EIEMEHTH,
IO € MEeHIMMH Bix 6a3oBoro, a B mpaBiit — mo € GibwMMM TA caMm
6a3opuii enmemenT. IToTiM OO0 KOXHOI 3 UMX NIMHOXHH pPEKYPCHBHO
3aCTOCOBYETHCA LieM MeToA. PeKypcis 3aKiHIyeThCA, KOMH BCi MIIMHOXHHHK
CKIAJIATHMYTBCH 3 OJJHOT'O elleMeHTa abo Beck MacuB 6yzne BIOPAAKOBAHO.

Ipuknaj nporpamMuol peanizanii
Buxigumit xox mnporpamHoi peanmisauii MeTomy IIBHAKOIO
COpPTYBaHHS MOBOIO nporpamysaHHs C Mae BUITIAA:

int n, a[n}; //n - kinekicTb enemMeHTiB
void gs(int* a, int first, int last)

{
int i = first, j = last, x = a[(first + last) / 2];

do {
while (a[i] < x) i++;
while (a[j] > x) j——;

if(i <= §) {
if (i < j) swap(ali], a[jl]):
it++;
3=

}
} while (i <= j);
if (i < last)
gs(a, i, last):;
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if (first < j)
gs{a, first,3j);:

Qyukuis swap(afil, alj]) obmiHioe MicuaMu 3aaaHi
CIIeMEHTH.
Ilpuxnan:
Hexait MmacHe MicTHTD Taki enieMenT: 53264137
Bcranosmoemo i=1, =8, X=5.
~ Jlns i=1 BHKOHYeTbCE ymoOBa 5>=5, mns j=7 BHKOHYETBCA YMOBa
3<5. Ockinbku i<j, To OOMIHIOEMO MICUAMH 3HAaHAEHI €NEMEHTH 5<->3,
[loBTOpIOEMO KPOKH 15t HOBOYTBOpEHOro MacuBy 33264 15 7 ;s i=4,
6>5, nng j=6, 1<5, i<j, obMmiHOEMO Micuamu enemeHTH 6<->1. ITig =ac
HacTYNHOI iTepallii yMOBa i<j He BAKOHAETHCH:
33214657,i=8,=5i>],
Omke, nepwmi NPOXiA PpO3AUIMTE MacMB Ha JIBi YaCTHHH.
PexypcuBHoO BiicopToBy€eMo 1o uep3i o6uaBi yactunu (Tab. 8.3).
Tabnuyn 8.3
IokpokoBe mBHAKe COPTYBAHHSA

Bxiguuit Macus x=5
Kpok 1
Kpok 2

Kpoxk 3. Pexypcis: x=3

Kpok 4
Kpok 5. Pexypcia: x=6

— O L] Lol
BN nbd |l ) |

Buxinuunit Macus

Yac poboTH aNropuTMY IUBHIKOTO COPTYBaHHS 3alleXHTh Bij
36a1aHCOBAHOCTI, WO XapaKTepu3ye po3OHTTA. 36aaHCOBAHICTB, CBOEIO
YEprolo, 3aNeXHTh BiJl TOro, AKHH eneMeHT BUOpaHo 6a3oBHM (BiIHOCHO
AKOI'O €JIEMEHTa BUKOHYEThCA POo30HTTH).

e Haiiripie pos6urrs. Hajiripmolo € noseninka y Tomy BUIIanKy,
KOJIM MPOLelypa, IO BUKOHYE PO3OUTTA, MOPOKYE OAHY Miazazavy 3 (n —
1) enementom, a apyry — 3 O enemenramu. Hexail Take uesbanancoBane
PO3OHTTA BUHHKAE Mifi 4aC KOXHOTO PEKYPCHBHOIO BHKIHMKY. [t camoro
posburra norpiben yac O (n). Toni peKypeHTHE CIiBBIAHOWIEHHS 14 HYacy
pobOTH MOXHA 3aMHCATH TAK:

Tm)=Tin-1)+ NO)+ O (n)=T(n—1) + O (n).
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P03B’#3K0M TaKoro criBigHoweHs €: 7(n) = O (n).

e Haiikpaumic po3butTa. Y HaklkpauioMy BUMaaKy TIponeaypa
Oy NUTMTH 3ajayy Ha IBi Mif3ajadvi, posMip KOXKHOI 3 SKMX He
nepesuinye (n / 2). Yac poboTH onucyeThecs HEPIBHICTIO!

Nn) < 2-NMn / 2) + Qn). Toni: T(n) = Q (nlog(n)) — ackumITOTHYHO
Haifxpauii 4ac.

e Cepennifi BuUmagok. MaremaTHuHe O4iKyBaHHs 4acy poGOTH
anNropuTMy Ha BCIX MOMUIMBHX BXifHHX MacuBax € @ (n-log(n)), To6TO
cepemHii BUMagoK O.mK9nit 1o HalKpaLiloro.

TobTo cKnagHicTh METORY MIBUAKOro copryBanHs O (n-log(n)).

8.5. CopTyBaHHA BKNIOYEHHAM

Ilin yac copryBaHHS BKIOYEHHSAM J0 BiCOPTOBAHOI MHOXHHH R
IIopa3y INpHEIHYETbCA OOMH eleMeHT [5], a came: i3 HeBincoproBaHOL
BXi/HOI MHOXHHH M BHOMpaeTbCS NOBUIBHHH €IEMEHT i PO3MIIYEThCH Y
BHXiHY MHOXHUHY R.

ANTOPHTIM V

Hexaii 3a0ano muodicuny enemenmie M, |M|=n.

V1. k =1, noemopiosamu kpoxu V2, V3, doxu k<n,

V2. Bubip dosinenozo enemenma x 6xionoi muosicunu M : x=M(k).

V3. Poamiwjenna x y euxioniti muodcuni R max, wjob sona 3anumanacs
6i0COpMOBAHON).

V4. Kineyv. Buxio.

Buximy mMuoxaHy R pu koxHOMY BKIIOYEHHI MOXKHA BiZICOPTOBYBaTH
BLIOMHM METOZIOM COPTYBAHHS, HANPUKTIAL, METOJIOM ITpocTol BHOipkH. Maitke
BCI METOIM COPTYBaHHS BITIOYECHHSM Yy HaiTipIIOMy BHTIQ[Ky BHMArAlOTh
NOpAIKY n° MOpIBHSHb, TOMY iX 3ACTOCYBAHHS T10B’S3aHE 3 ACAKAM PU3HKOM. €
GaraTo BapiaHTIB LOTO METOAY COPTYBaHHS.

Posrnsauemo meron Ilemna [S]. Horo cyth monsrae B Tomy, mo Ha
KOXHOMY KPOULi IPYIYHOTBCH Ta COPTYIOTBCA €TEMEHTH, HIO CTOATH OOHH
BiI omHOro Ha meBHii Biacradi h. IloTiM 1A BigcTaHe 3MEHIIYETHCH HA
KpOK, IO JOpIBHIOE cTeneHw nBa. Ha ocTaHHBOMY Kpoui #jge 3BH4Yaiine
oJuHapHe copTyBaHHs. [lepiua BigcTaHs BUGHpAETHCH BIIHOCHO KiUIBKOCTI
€IIEMEHTIB y MacHBi, IIOAUIEHOI Ha 2.

Ipuwiag nporpamMuoi peanizanii

Buxinauit xox mporpaMHoi peanmizauii Meropy Illenna Mosoro
nporpaMyeaHHa C Mae BUTTHAA;
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int n, a[n]; ;
void shellSort(int *a, int n)
{
int j;
int step = n / 2;
while (step > 0)
{
for (int i = 0; 1 < (n - step); i++)
{

j o= i;
while ({(j >= 0) && (afj] > al[j + stepl))
SR |
int tmp = aljl;
alj]l = a[j + step]:
al[j + step] = tmp;
q=~=F
}
}
step = step / 2;
}
}

IMoxpoxose copryBanns Metozom Illesuta HaeeneHo B Tabn. 8.4. [l uporo
BXIIHOTO MacHBY 3 BOCbMH &/IEMEHTIB aJIFOPHTM BHKOHAB 3 3MiHH KPOKY.

Tabnuys 8.4
Tokxpokose copryBanas MeToaoMm Illenna

Bxifui MacHs 44 55 12 42 94 18 06 47
Kpok1 h=8/2=4 44 18 12 42 94 55 06 47
44 18 06 42 94 5512 47
06 18 1242 44 5594 47
0618124244 4794 55
06 18 1242 44 47 94 55
06121842 44 47 94 55
0612184244 475594
BuxiiHHH MacHB 06 12 1842 44 47 55 94

Kpok2 h=4/2=2

Kpox 3. h=2/2=1

Yac poGoru 3anexuTs Bix BHOOpy 3HaueHs h. ICHye neximeka
HiIX0AiB 10 BHOOPY IIMX 3HAYEHE:

e Tipu subopi }.1=EJ, @=[%LJ, Ig:l%J v b= 1 a0

pobGOTH AITOPHTMY, B HAHTipIIOMY BHRAJKY, CTaHOBHTE O(n 2).

e Slxmo h — BropsaKOBaHMI 3a cnajAHHAM HaGip wKMceNn BHIVIALY
(2 - 1)<n,j €n, 10 yac poboru € O(n ).

e Skmo h — BIODAIKOBAaHMA 33 CTIANAHHAM Habip uHCeNn BHITIAZY
2" %Y <n/2, i,j e n, 10 9ac poboru € O(n -log” n).
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8.6. CopTyBaHHA po3noAinom

Meroad COpTYBaHHA pO3NOAUIOM ABAAIOTE CO00I0 IPHPOIHE
y3araJbHEHHS pPY4HHX METONiB copryBaHHa. Bonm nepeabayaiots
po30MTTA BXiZHOI MHOXHHH eJleMeHTiB M Ha p minmHoxuu M;_ . Mp, ans
AKUX BHUKOHYIOTBCH YMOBH M; < M, < ... <M,

»»»»»

Anzopumm R mac pexypcueny cmpykmypy (nosnaveno xeaopam-
HUMU OYHCKAMU)

Hexaii 3a0ano mnoscuny M  enemenmis, sxy po3bumo Ha p
niomroncun M;

R1. Axwo |M|=0 abo |M|=1, xineyp.

R2. Inaxwe [Po36umma M naM,... M, max, wob M; < M,; i=l,
suxonyeamu, doku i<p [Copmyeannn posnodirom niomHoxcunu M; ;
i=itl]].

R3. Kineys. Buxio.

OmHy 3 Bepcilf LBOrO aNropuTMy Ha3uBalOTh HMQPOBHM, a6o
NOPO3PAAHMM COPTYBAaHHSAM 33 aHAJOTIE0 3 CHCTEMOKO yMcienHs [5]. Ha
MPaKTHI MEXaHiYHe COPTYBAHHA IOYMHAETHCA 3 MOJNIOMIIOrO PO3pAny i
NPOCYBAETBCA B HANPAMKY JO CTapuioro, Npu LbOMY BiACOpTOBaHi
MiAMHOXHHH MOCIII0BHO 06’ €AHyI0TRCA i nepeposnonusiorses. [Ipukian
uupoBOro copryBaHHs HaBegeHo B Tabn. 8.5.

Iludpose copryBaHHS HE BHKOPHCTOBYE NOPIBHAHHS EJIEMEHTIB,
TOMY He MOXXKHa OLIIHIOBATH iOro B 3BM4aifHUX TepMiHax. Ko eneMEHTH
MicTaTs m mubp, To moTpibHO BUKOHATH M MPOXOMIB, i AKILO HA KOXHOMY
NPOXOAi PO3NOAUIAETBCA N EIEMEHTIB, TO OCHOBHI KPOKH BHKOHYIOTHCA
m*n pasis. L{upoBe COpTyBaHHA 3PpYYHO BHKODHCTOBYBATH IS PANKIB
CHMBOJIB.

Tabnuys 8.5
IToxpoxose nudpoBe copTyBAHHS
Bximmait CopryBasHs Coprysanns Coprysanns
MacHB OIHHHLE «IECATKIBY «COTEHbY
329 720 720 329
457 355 329 355
657 436 436 436
839 457 839 457
436 657 355 657
720 / 329 457 720
355 839 657 839
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8.7. CopTyBaHHs 3nuTTAM abo 06’cAHAHHAM | Mpukaax nporpamuol peanizauif

Buxiguwii kon mnporpamHol peamizauii erany 3MHTTA
Mertoau nboOro Kiacy mpalfiol0Th 3a TAKHM MPHHITHIIOM: HeBiAcopTO- iiporpaMyBanis C BUIISAAE TAK:
BaHy BXUIHY MHOXMHY NOBUIbHO pO3OHBaiOTh Ha MIMHOXHEH M,,..., M.
[loTiM 1i MIOMHOXHHH COPTYIOTh OKPEMO IIHM CaMHM METOIOM i 00’en- int n = 0, 11, 12;
HYIOTb B OIHY BiICOpPTOBaHy MHOXWHY [5]. B usomy metoxi nie Bimomuii int mi[ll], m2[12], ret[l1+12];
NPHHUMTT «po3ainaii Ta namyii». B jitepaTypi ueit MeTon Ha3MBAaETHCH // 3nvBaeMO MacuBM, MOKM OIMH HE 3aKiHUMTLCA
MergeSort. \{fhila (11 && 12)
IIpOAEMOHCTPYEMO W0 CXEMY Ha JBOX MHOXHHAX, OCKiNbKH if (*ml < *m2)
GararopasoBe 3NIMTTA MOXHa 3iHCHIOBaTH 6araTopa3oBHM MONApHUM {
3NHTTAM. ret[n] = *ml;
Hexait maemo nBi BifcoproBani MHOXHMHH X i ¥, notpibuo 06’ex- ml++;
HaTH iX y MHOXMHY Z , SIKA TaKOX ITOBHHHA OyTH BiacoprosaHow. Y poii Z; 11--:
nipuiimMaemo min (x;, y;): akimo 2, = x;¢ X, toui Z; = min(x; y;) 1 T.A. !
JAna 3anucy anropuTMy BHKODHCTOBYEMO TaKe NMO3HAYEHHS: Tlse
i — IHAeKC IIg MHOXHHHM X, j — iHAeKkc misd MHOXHHH Y, k — iHOekc ret{n] = *m2;
InA MHOXHMHH Z, i=1..n; j=1..m; k=1..(n+m). m2++;
12-=;
Anzopumm C }
Aano X={x; ,... X }; Y={y1 ,... ym } Bt

Cl. Iniyianizayin indexcie i=1, j=1, k=1, i/ & . .
C2. Buxonysamu C3, C4 doxu k<n+m. e SR HRRER. SRR MRER

if (11 == 0)
C3 [Axwo x; <y; mo [zx=x; i=i+I] inaxwe [ z;=y, j=j+1] {
C4. k=k+1] . for (int i=0; i<12; i++)
C5. Kineywv. Buxio. {
ret[n++] = *m2++;

VY KBagpaTHHX OyXKaX 3allHCAaHO PEKYPCHBHI Iii. }
KinbkicTs nOpiBHAHB, AKY HeoOXifHO BuKOHATH B anroputMi C mus ! . .
. // AKmO BakiHYMBCH OPYTIMi MACHUB
3TUTTA ABOX MHOXUH, JIOPiBHIOE |x|+|y|=n+m.

; ; else
‘ Ycs  npoueaypa JIMTIS  PasoM norpebye He. OGimbme HDK 7 (
TIOPIBHAHB YIS 1 €JIEMEHTIB i noTpibHo Oyne BukoHaTH log; n nepexosis i3 for (int i=0; i<11; i++)
onuiei mMHOXWHM y Apyry. Tobro amropurm C mnorpebye n log, n {
TOPiBHAHB. ret[n++] = *ml++;

Yac poboru anropurmy 3auTTa T{(n) WA n €IEMEHTIB 3a0BOJIBHSAE }
pekypenTHe crnigBignowenus: T(n) = 2-7(-n/2) + O(n), e T(-n/2) — gac Ha !
BIOPAZIKYBaHHSA MOTOBHHH MacuBy, O(n) — 4ac Ha 3NMUTTA KX TONOBHHOK.
Bpaxosytouu, mo T(1) = O(1), po3s’sa3koMm cniBBigHouieHHs € T(n) =

O(n-log(n)).

¥V tabn. 8.6 HaBeneHO NpUKIAj] COPTYBAHHS MACHBY METOIOM
TUTTA.
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Tabnuysn 8.6
IMokpokoBe COPTYBAHHA METOAOM JIHTTH

Bxinnwuit Macus 53264137
Kpok 1: coprypanus map 35261437
Kpox 2: 3nuTTa nap y 4ersipku 35

26

2356

14

37

1347
Kpok 3. 3nuTTA 9erBipok 2356

1347

12334567
Buxiauuit Macus 12334567

8.8. CopTyBaHHs nigpaxyHKoOMm

Coprysanns mniapaxyHkom (auriikicekoro «Counting Sort») -
aNTOPHTM BIIOPAIKYBAHHS, IO 3aCTOCOBYETHCA 38 MAJIOI KUTBKOCTI Pi3HHX
eJleMEHTIB y MacuBi Aanux. Yac Horo poboTH JHIHHO 3aneXHTh SK Bil
3aranbHOi KUIBKOCTI €JIeMEHTIB y MacHBi, Tak i Big KiIbKOCTI PI3HHX
€JIEMEHTIB.

Ines anropUTMY € TaKOK: CIIOYATKY MiJpaxyBaTH, CKilbKH pa3is
KOXEH ENEeMEHT TPanns€Thcd B BHXiAHOMY MAaCHBi. 3a IIMMH JaHHMH
MOXHa OZipa3y 3 ACYBaTH Ha AKOMY MIiClli Ma€ CTOSATH KOXEH €JIEMEHT,
a MOTiM 32 OJIMH NPOXij IOCTABUTH BCi €JIEMEHTH Ha CBOi Micls.

B anropuTtmi HasBHI TiNBKM APOCTI LMKIM NOBXHMHHM 7 (JOBXHMHA
MacMBY) Ta OQMH LMKI JOBXKWHHM Kk (BemMuMHa miamasony). Omxe,
obuHCTIOBaNbHA CKIAIHICTE POOOTH AIrOpHTMY CTaHOBHTE O(n + k).

B anroputMi BHKODHCTOBYEThCS [ONATKOBMH MacuB. Tomy
anroputM norpebye E(k) nonatkoBoi mam’sTi.

3a Takolw peamizauii anroput™M € crabimeEum. Came us Horo
BJIACTHBICTb Ja€ 3MOrY BHKOPDHCTOBYBAaTH HOro SK 4YacTHHY IHILIHX
aJropHTMIB COPTYBaHHA (HampHKJIaj, COPTYBAHHA 3a DO3pAIaMH).
BuKOpHCTOBYBATH Li€ii aNTOPHTM JOIUIBHO TUTBKH Y BHITaAKy MaJHX K.

Hpuxian nporpamuoi peasizamii

Buxiguuit kox mporpaMHOi peami3alii |COPTYBaHHA METONIOM
TiApaxyHKy MOBOIO nporpamyBanHs C Ma€ BHTILAR
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void sort (short int *a, int n)
{
int min = a[0],
max = a[0];
// BM3HaueHHA Oilana30HY 2HA4YeHb Yy MACHMELl a
for (int i = 1; i < n; i++4)
if (afi] < min)
min = afi]:
else if (a[i] > max)
max = alil;
// GopMyBaHHS NONAaTKOBOTO MacuBy b
int *b = (int*)calloc(max - min + 1,//%“-“-(3 wr

sizeof (int)); X alopwbary wacof e(.zu novi-
for (int i = 0; i/ < n; i++)/ﬂarl;¢4 Wj.?_’-j’lﬂ"’
blali] - min]++;

// dopMyBaHHA BMXiOHOTO BiACOPTOBEHOI'O MacHMBY a
for (int i = min, jJ = 0; 1 <= max; i++)
while (b[i - min]l-- > 0)
afj++] = i;
free(b);

Ipukaan

Hexa#t MacuB A MicTHTb Taki ereMeHTH: 334622431161 1.
Toni n=13, k=5. Chopmyemo nonarkosuit MacuB B poamipoMm k, y sxomy
3adikcyemMo KinbkicTs omqHakoBux enemenTis: 4 2 3 2 0 2 (4 — ue KiNbKicTh
ONHHMIB Yy BXiZHOMY MacuBi, 2 — KUIbKICTh [BillOK, N’ATIpKH He
TpaIUISIKCh B3araii, ToMy iX KilbKicTh nopisHioe 0 i T.1.).

3a mume paHuMM QOpMyEMO BHXIIHHI BiICOPTOBAHHH MACHB!
OCKLJIBKH OAMHHILIB Y BXiTHOMY MacHBi 6yJ10 HOTHPH, TO Y BHXITHHH MacHB
A 33anHCYEMO 4OTHpH OOHHMII, MOTIM JBi ABiMkM, TpH TpiMkM, ABi
yeTBipkH i ABi wecTipku: 1 111223334466.

Tabnuys 8.7
IlokpokoBe COPTYBAHHA METOAOM NiAPaXyHKY

Bxiguuit Macus A 3346224311611

JlogaTkoBuii MacuB B 423202

Buxinuwit Macus 1111223334466

115




KoHTponbHi 3anuTaHHA Ta BNpaBwm

1. SIxi 3 HaBe#eHHX AaJrOpHTMIB BHMAaraloTb HE MEHIIE
nopiBHAHB?

2. Yu e cTifiknM COpTYBaHHA METOOM IpocToi BuGipku?

3. Ina AxMX BXITHHX [JaHUX anroput™m Oynpbaumikn He €
ebexTuBHNM?

. 4. Sxuii eneMeHT MacHBy MOXxHa BUOpaTH Ak 6a3oBmii B anropuTmi

IIBHJIKOTO COPTYBaHHS?

5. YoMy mopiBHIOE BiACTaHe A1 BHOOpY €JICMEHTIB 32 METOAOM
Nlenna?

6. Jlnsa akux BXITHHMX JAaHHX HMQPOBHIt aIrOPHTM € epeKTHBHUM?

7. Slxkuit 3 HaBeNEHHX aNTOPUTMIB COPTYBaHHA Mae€ IiHIHHY
cknaguicts? Y yomy #Horo cyte?

8. BizcopryiiTe IBHAKHM MCTOAOM MOCHIZOBHICTE CHMMBOJIB:
F,A,CB,G MEK,IL

9. Mlobynyiite GyHKIiIO COPTYBaHHA METONOM 3MHTTHA CIHCKY
CTYZIEHTIB I'PYIIH, B AKi#l € onHohaMinbIIi.

10. BukoHaiiTe TpacyBaHHA aJropHTMy LH(pPOBOrO COPTYBaHHA
1A TIOCITiHOBHOCTI:

BABA, AAAB, BAAB, BBAA, AAAA, ABAA, BBBB, BAAA.

2

MNpuknagu TecToBUX NUTaHb

1. SIk npornsgalThCA €IEMEHTH MAacCHBY B METOAI LIBHAKOIO
coOpTyBaHHA?
a) 3 [IOYaTKY,
6) 3 KiHLA;
B) 3 060X 6OKIB OZIHO4ACHO;
T) 3 CEpEinHH.

2. 3a meronom Gynsbaluku NOPiBHIOKOTE TaKi €ICMEHTH MacHBY:
a) cycini;
©) BifIineHi O(uH Bil OHOTO 3 IIEBHHM KPOKOM;
B) KpaiiHi.
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3. 3a meronom coprysauHa Illenna nopiBHIOIOTECA TAKI €lTEMEHTH
MacHBY:
a) cycigHi;
6) BimAiIEH! OAHH B1J OJHOrO 3 IEBHHM KPOKOM;
B) KpaiiHi.

4. B anropuTM™i COPTyBaHHS 3MUTTAM BXIIHHH MacHy mae OyTH:
a) po3bHTHIl Ha YACTHHM;
6) 3akonOBaHMIA.

5. Jlna peamizauii METOXy NIBHAKOTO COPTYBaHKg BHKOPHCTO-
BYETBCSA TaKHi 3acib nporpaMyBaHHS:
a) CKaHyBaHHSA MacHUBY;
6) mowyK MaKCHMAJTBHOTO 3HAYEHHS,
B) PEKypCito.

6. CxiaHiCTE METOAY COPTYBAHHA MiPaXyHKOM CTQHOBHTh:
a) O(n+m);
6) O(n);
8) O(n).

7. CknafHiCThb aNrOpUTMY COPTYBAHHA METOAOM NpPocTOl BHOIpKH
BHILA 38 CKJIAHICT MeTony Oynbbaniku:
a) TaK;

0) ui.
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9. MOWYK OAHUX

3anava NOmIYKy BHHHMKJIA Mi3Hille, HiX 3aaada copryBaHHs. Ilossa
il CNpHYMHEHA MEPEeBaXHO IOSBOK) ABTOMATH3OBAHMX iH(OpPMAIiHHUX
cucreM AIC, nobynosaHKX Ha OCHOBI KOMII IOTEPIB.

PosrnaneMo 3BUuaitHy MOINYKOBY 3a1a4y: AK 3HAXOMMTH HaHi, HIO
36epiraloThcs B 1aM’ AT KOMIT I0TEPa 3a MEBHOIO ileHTHdIKaNie.

Hanpuxian, B 069uc/ioBanbHiN 3anaui moTpibHO 3HaHTH QyHKIIO
f{x), Marouu 3Ha4eHHA X 1 TabmMino 3HaYenb QYHKII f{X); y MHIBICTHIHAX
3a3/1a4aX MOXe IIKaBHTH aHTJIIACHKUIH eKBIBAICHT BiMOBIIHOrO CJIOBA.

Ipunyckaemo, wo 30epiracTecsst MHOXKHHA 3 1 3aIHCiB i HeobXiaHo
BH3HAYHTH MICLIE3HAXOKEHHSA BiNmoBigHOro 3amucy. Po3rnsHeMo psan
aJrOPHTMIB TOWIYKY i HaBEAEMO iXHI KOPOTKi XapaKTepPHCTHKH, a TaKoX
pexoMeHAallii 3aCTOCYBaHHS.

9.1. MocninoBHUM Nowyk

HaiinpocTiminM ~ MeTOZOM  MOIIYKY II€BHOrO  3amucy, IO
3HaXOJMTHCS Yy HEBIIOPAAKOBaHIH TaONMIi, € NOCNIOBHHHA Neperig
KOXHOIO 3aIMCY, IOKH He Oye BHsBIIEHO 30iry 3 mykaHuM. Takui meros
Ha3HBAKOTh MOCALAOBHHUM, ab0 JIIHIHHAM NOLIYKOM.

Anzopumm L
Tabruys micmumv n 3anucié R, ..., R, 3 wwouamu kj ..., k, .

HeobxidHo 3natimu 3anuc i3 3a0anum Kkuovem k.

L1. Iniyianizayin indekcy npoxodxcenHs mabauyi: i=1.

L2. Axwo k=k; — xineyv ycniwnuii, nepexio na Kpok L5; axwo Hi,
nepexio na L3.

L3. 3mina indexcy i =i+1.

L4. Ilepesipka ymosu i<n? Tak: nepexio na L2. Hi — kineyv
HeycniwHui.

L5. Buxio
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EdexTHBHICTE aNropuTMy MOXHa OLIHMTH, IiApaXyBaBIIH
KinbKICTh BUKOHAHHX MOPIBHAHBL THX 3HAYEHb KIIOYIB, AKI OepyTh y4acTsb
y nomyky. CepelHA KUIBKICTb TAKMX MOPIBHSHb AOPIBHIOE BENHYMHI .
Tobro acuMnTOMaTH4HA CKIATHICTE anroput™my O(m). Uepes Many
CEKTHBHICTb MOPIBHAHO 3 IHIMHMM AJrOPUTMAaMM MiHiHMI mDoUIyK
Ja3BM4Yal BUKOPUCTOBYIOTH JIHIIE TOXI, KOMH BIAPI30K MOUIYKOBOI CHCTEMH
MICTHTh TyXe Mano elneMeHTIB, OfHaK JiHilifHui mouryk He norpebye
JlonaTtkoBoi mam’sTi abo anHanmily ¢yHkmil, Tak MO MOXeE MpPaLIOBATH B
MOTOKOBOMY PEXHMI NiJ Yac 6e3nocepeHbOro OTPUMAaHHA 1aHuX 3 Gyas-
Akoro mxepena. Takox miHIMHUIE TOUIYK 4YacTO BHKOPHCTOBYETBCA Y
BHIJIA/I NiHIHHAX aNTOPUTMIB MOLIYKY MaKCHMyMY (MiHIMyMY).

INpuknan oporpamuoi peasizamii

Buximnuii kox mporpaMHoi peanizamii anroputMy JniHidHOrO
1IOLIYKY MOBOIO nporpamyBaHHs C BHIVIAAA€ Tak:

int* search(int *arr, int cnt, int req)

{
for (int i = 0; 1 < ecnt; i++)
if (arr[i] == req)
return i;
return NULL;

}

PesynsTaToM po6oTH MOCHIIOBHOTO aNrOPUTMY NOIUYKY € 3HAYEHHA
IHJIEKCY NIYKaHOT'O €JEMEHTa B 3alaHOMY MacHBi ab0 NMOBIXOMIEHHSA Npo
iioro BINCYTHICTb Yy 3a]aHOMy MacuBi. Y Tabn. 9.1 HaBemeHO mpuKIan
poOOTH MOCIAOBHOTO JITOPHTMY MOLIYKY.

Tabnuysn 9.1

IToxpoxoBe BHKOHAHHHA NOCTII0BHOIC AJITOPHTMY HOIHYKY

Bxipuuii macus A: 3579111315

lllyxanuii eneMeHT: ’lf
Kpoxk 1: 13579111315
Kpox 2: 13579111315
Kpox 3. 13579111315
Kpok 4 13579111315
Innexc 3HaiiIeHOr O e/leMeEHTa 4
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9.2. [18inKOBMMA NOLLYK

IHumM BIZHOCHO MPOCTHM METOAOM AOCTYNY A0 Talmilb € METox
6iHaproro nowyxy. JIBifikoBuH Mouryk MOXUIMBHI Y TAGIMHIX, OpraHi30BaHHX
fK JepeBa nopiBHAHb. EnemMenTM B Tammx Tmalmansx 30epiraiorecs 3a
nexcuxorpadiunoo (To0To anpaBiTHOIO) MOCTINOBHICTIO, 800 32 3POCTAHHIM
YMCJIOBHX 3Ha4eHb KMoYiB. Omke, HeoOXiTHOI0 YMOBOIO pOGOTH aIrOpHTMY
IBIHKOBOTO MOLUIYKY € BIIOPAIKOBAHICTL BXLIHHX JAHHX.

3aranpHa cTpaTeris opraHizauii AcpcBa IojsArae y nogint tabmmni
Ha nmigrabnuui a6o CyKyIHOCTI €lEMEHTIB Ha MiAMHOXHHH €JIEMEHTIB.
Toni npoueaypa NOUIYKY €lEMEHTa B AepeBi NOpIBHAHb Haraaye IMOMIYK
iMeHi B TenepoHHOMY JOBITHHMKY. U BifUIyKaHHS eneMeHTa NoTpibHO
CIIOYATKYy BHUPIIIMTH, B AKiH NMiIMHOXHHI 3HaXOAMTHCA EIEMEHT, 3HAHTH
IO DiAMHOXHKHY i ITIC/A LBOTO MPOJOBXYBATH [TOLIYK.

Po3rnsiHeMO CIIOYATKY, SK MOXHA 3aIllMCATH JIEPEBO JI0 BCKTOPHOI
naMm’qTi.

Hexait wiroui 36epiratothes y Bextopi K/IFOY(iyj). Enementu y
BEKTOpPHIH nam’sTi NOBMHHI OyTH BIOPAAKOBAHHMH 33 3HAYCHHAM KIIIOYiB.

Ilin @ac momyky NEBHOro eneMeHTa 3poOHMO KOpeHCM JcpcBa
smictume KJIFOY(m), ne m=[(i+j)/2] — naiibinpiie uiie, sxe Mexie abo
mopisuioe (i+j)/2. Tomi nise mnifmepeBo pO3MIIMYETBCS Y BEKTOPI
KJTIOU(i;m-1), a npase — y Bekropi K/TFOY(m+1;). llei npouec
HOBTOPIOETCA, NOKH HE Oyne 3HaHaeHo NOTpiOHuH eneMeHT, TOOTO HOKH
noponec He 3iiijerscs y ONHIA BepuMHi, uia Akoi oOuaBa iHAEKCH Yy
BekTopi K/TFOY MaTHMyTh OHAKOBi 3HAUEHHA.

Toni anroput™ D nomyky kioda K y Bekropi K/TFOY(i;j) moxHa
3aIIMCATH TAKOIO MOCiJOBHICTIO KPOKIB:

Anzopumm D
Ha 6xid nadxodume sidcopmosanuii sexmop KI/TFOY(i.j)

DO. Iniyianizayia indexcig i, j .
D1. IHosmoprosamu kpoxku D2 — D5 domu, doku i<j.
D2. O6uucnenns indexca xopens oepesa: m=[(i+j)/2].
D3. Axwo [K/TFOY (m)]= K, mo REZ= m, nepexio na kpox D6.
D4. Inaxwe: axwo [ KITIOY (m)] <K,
mo i=m +1 (nowyx npasopyy); nepexio na D2.
D5. Inaxwe j=m-1 (nowyk nieopy4); nepexio na D2;
D6. Buxio.

OcHOBHE 3aBJaHHA NOIATAE Yy BHIYYCHHI Ha KOXXHOMY KpOLi 3
MOAAILUIOrO MNOUIYKY sKoMora Oinemoi KutskocTi enemeHtiB. Onti-
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MaJIbHUM pillIeHHAM Oyae BHOIp CepenHBOro eNeMeHTa, OCKUTEKH B TAKOMY
pasi Oyne BIUTydeHO IIONOBUHY eNeMeHTiB. MakcuManbHa KinbKicTh
NopiBHAHG AOpiBHIOE log; n . OTXe, CKIATHICT JTOPHTMY ABIHKOBOTO
nowyky O(log: n), ne n — KiMbKICTh €NEMEHTIB JaHUX.

IIpuxaax nporpamuol peanizanii

Buxigaud koj nporpamHoi peanizalii anroputmy ABiHKOBOrO
MOLIYKY MOBOIO nporpamyBanHs C Mae BUITIAA:

int Binsearch (int *A, int N, int x)
{
int L = 0, R=N, m, flag = 0;
while ( L < R ) {

m= (L +R) / 2;

if ( A[m)] == x ) {
flag = 1;
break;
}
if ( x < A[m] ) R = m;

else L =m+ 1;
}
if ( flag )
return m;
else return NULL;

}

VY Tabn. 9.2 HaBeneHO MIPUKIAN MOIYKY 3HaucHHA 13 y 3anaHoMy
BiICOPTOBaHOMY MacHBi METOLOM JIBiHKOBOrO MOIUYKY.
Tabnruyn 9.2

INokpokoBe BHKOHAHHA METOXY ABIKOBOIo NOMYKY

Bxinruii Macus A: 13579111315
UlykaHHi eneMeHT: 13

Kpok 1: A[m]=7, 13>7 911 13 15

Kpok 2: A[m]= 11, 11< 13 13 15

Kpok 3. A[m]=13

IHpeKc 3HARAEHOro eNneMeHTa 8

9.3. MpAMKUK NOLWyYK psiaka

Hexait 3a1aH0 Macue S 3 n €JIEMEHTIB Ta MacuB P 3 m €JIEMEHTIB,
m<=n. HeobxinHo 3HafTH nepme BXOMKEHHA MacHBy P y Macus § .
AJITOPHTM  3BOMTBCH [0 IOBTOPY TNOPIBHAHL OKPEMHX EIEMEHTIB.
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3a3puuali MacuB S BBaXAIOTh JCAKHM TEKCTOM, a MacHB P cnoBoM, i
HeoOXiNHO 3HANTH Nepiue BXOIKEHHS LHOrO CJIOBA Y BKa3aHOMY TEKCTi.

Anzopumm R

RI. Bcmanoeumu i=1.. n-m, j=1..m.

R2. Axwo S[i] = P[j], mo 3agixcysamu nepwui 36i2 k=i ma
nepesipumu 36iz ycvozo macugy Py macusi S. 3a nepwozo He3bizy
giOMinumu 3nauenns k ma npodossxcumu nouyx, i++.

R3. Kineys.

Kinekicts moOpiBHAHb JOpiBHIOE mxm. Lleli anropuT™ nparioe
IOCTATHBO e(pEeKTUBHO, AKWIO NPHIYCTHTH, IO He3bir mapu CHUMBOIIB
BinOyBaeTbCA AOCTATHBO 4YacTo. MOXHA NPHNYCTHTH, MO VA TEKCTIB,
ckaanesux 3i 128 cumBomniB, He3Gir BHUABIATHMETHCS Micas oaHiei abo
nBox nepepipox. IIpore, y ripmomy BHNajKy, OPOAYKTHBHICTH MOXE
BHABHTHCA HabaraTo HHXYOI.

Ilpukiaj nporpamuol peasizauii

Buxiauuit Koa nporpamMHoi peanizailii aTOpUTMY IPAMOro MOMIYKY
pAaaKa MoBOIO porpamysanHa C Mae BUIIIAL:

int straightFind(S, n, P, m)
{
int i, 3j;
1 = =13
do
{
j = 0;
it++;
while( (j < m) && (S(i + j) == P(J)) ) j++;
} while( j<m && i<n-m );
if (j == m)

return i;

}
else return -1;

}
VY tabn. 9.3 HaBeneHwil NpHKIAan NOmYKY paaka Py Tekcri S.

Cumsony, ski 36iranmcs, suaiieno xupaum mpudrom. Kpok scysy P 3a S
IopiBHIOE 1.
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Tabnuyn 9.3
TMoxpokoBe BHKOHAHHA JITOPHTMY NPAMOro NMOIIYKY pAAKa

Bxinui psaka S: acaabc
: abce

Kpok 1 acaabc
abc

Kpok 2 acaabc

abce
Kpok 3 acaabc
abc
Kpok 4 acaabec
abe
[Tepwe BxomxeHHs MacuBy P B MacuB S 4

9.4. Anroputm KHyTa, Mopica i MNpara
noLyky B pAaKy

Ha BXin HaIXxOnATH [BA MACHBH CHMBOJIB: S posMipoM n (Texct) Ta P
posmipom m (cnoBo). HeobxinHo 3HaliTi nepiue BXODKEHHS C/I0BA Y TEKCTI.
(Cxema aropuT™My MOMIAIAE y NOCTYIIOBOMY MOPIBHAHHI CJI0BA 3 TEKCTOM Ta Y
pasi 3uaiiieHoro Hesbiry 3CyBy MO TeKCTY Ha KPOK, IO JODIBHIOE PI3HHI
KiTBKOCTI 30DKHMX CHMBOMIB Ta 3HAaYeHHA BiWIOBIEHOI mpedikc-pyHKalii.
ANTOPHTM BUKOPHCTOBYE IPOCTE CIIOCTEPEXEHHS, [0 KO € Hesbir Texcty i
C/10Ba, TO CJIOBO MICTUTB JOCTATHBO iHGOpMaLi 11 Toro, mob BH3HAYMTH, A€
HACTYIIHE BXODKEHHS MOXKE NOYATHCS, TIPOITYCKAIOYH KibKAPa3oBy MEpEBipKy
1OMepeIHB0 MOpIBHAHMX cHMBONIB. [lomepeaHso AOCHIDKYETBCA CIOBO Ta
BU3HAYAETHCA Mpedikc-PyHKLis.

TNMpedixe-PpyHKilin psxa — Lie IOBXHHA HaiiGimbioro npedixca pamxa
S[1..i}, scuit He 36iracTECS 3 MM PAAKOM 1 oHOdacHO € 1i cydikcom. ITpocTime
K2Ky9H, 1€ HOBXKIHA HAMIOBLIOIO TOYATKY PAIKA, 1O OJHOYACHO € ii KiHLEeM.
Mosuawimo Taky dyHatito D(S,i).

Hanpuknaa, ans psaka «ababcaba» BusHaueHHs mnpedikc-
¢yHKuii HaBexeHo B Tabu. 9.4.

Tabnuyn 9.4
Bu3nauenns npedikc-pynxuil
Cydixe Ipedixc D(S.,i).
a a 0
ab ab 0
aba aba 1
abab abab 2
ababc ababc 0
ababca ababca 1
ababcab ababcab 2
ababcaba ababcaba 3
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3a sifcyTHOCTI ofHaKOBHX npedikcis i cydikcis D(S,i)=m.

Anzopumm KMII
KMIT 1. [lnn 3a0anoz2o cnosa eusnayumu npegixc-gyrnxyio D
KMIT 2. Bemanoeumu i=0, j=0, d=1.
KMIT 3. lloxu j<m, i<n
Ilepesipka: axwo S[i]=P[j], mo d++, i++j++ nokud = m

KMII 4. Inaxwe ecmanosumu 3cye crosa i=i+d-D(d). Ilepetimu na

Kkpox KMIT 3.
KMIT 5. Kineyp.

Yepes Te, M0 ABI CKIANOBi alrOpuTMY MaroTh CKIAAHOCTI, Biamo-

BigHO, O(n) i O(m), CKIagHICTh BCOIO aJITOPUTMY CTaHOBHTE O(n + m).
Ipuknaj nporpamuoi peanizauii

Buxiguuii kon nporpamHoi peanizauii anroput™my Knyra, Mopica i

[Ipara nowryky psnka mosoio nporpamyBanHs C Mae BUITISUL

int Find KMP (char s(], char p[])
{

int de 3, Wy M

N = strlen(s);

M = strlen(p):

int *d =(int*)malloc(M*sizeof (int)); /*
OMHaMi4HMA MacHMB IOOBXMHOK M 1nA pesynbTaTipB npedpikc-
byHriY w/

/* OBuucneHHsa npedikc-OyHruii */

d[0]=0;

for (i=1, j=0;i<M;i++)

{

while(3>0 && p[j]!=p[i]) :
j = d[j-11; g

if(pljl==pli])
JHt;
dl(i]=3j;
4 }
‘e \j//-;/ /* nowyk */
pé’ 1=0;7=0;

while ( i<N-3)

’.\/ Q{whllE(]>O && pl{jl!=s[i])
i=i+j-d[j-1]1-1;
c_-, 9 4\

F= 124

if(p(jl==s([i])
J++;
if (3==M)
{
return i-j+1;
}
}

return -1;

Y Ttabn. 9.5 HaBeneHo npuwiag nowyky pagxa P y tekcri S 3a
anroputMoM KMII. Cumsonu, ski 36irnucs, BUAINCHO XUPHUM MIPUDTOM.
Kpok 3cyBy P 3a S Bu3HauaeThes 3a npedikc-pynkuieio h=d-D(d), ne d -
KUTBKICTh CHMBONIB TEKCTy, siki 36irnmcs, i cnoBa Tpu 3HaiaeHOMY
He30iry.

Tabnuys 9.5
Tloxpokose BuKoHauHA anroputmy KMII

Bxigni pagku  S: ababaababaca

P: ababaca
IIpedixe-dpynxuis D: 0012301
Kpox 1 ababaababaca
d=5, D(5)=3, ababaca
h=5-3=2
Kpoxk 2 |ababaababaca
d=3, D(3)=1, ababaca
h=3-1=2
Kpok 3 ababaababaca
d=1, D(1)=0, ababaca
h=1-0=1
Kpok 4 ababaababaca
d=7, d=m, ababaca
[lepuie BXo/pKeHHA MacHBY Py | 6
MacHB S

9.5. Anroputm bonepa — Mypa nowyky B paaky

Ha sxanb, 36irn BinOyBaioThcA 3HA4YHO pimmie, Hix He3birn. Tomy
BHIpaml Bl BHKOPMCTAHHA AITOPUTMY o K.I\gl'l_‘gcpesamno He3HaYHHIA.
Inmui anroput™M — Boitepa~Mypa — ogﬁw Ha CXeMi: NOpiBHAHHSA
CHMBOJIIB TOYHHAETBCA 3 KIiHIA CloBa, a He 3 modaTky. Hexadt mna
KOKHOTO CHMBOIY X CII0Ba d, — BIACTaHb Bij MEPIIOrO IPaBOrO Yy CIOBi
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BXODKeHHA x 1o KiHug cinoea. [Ipunycrimo, 3Hafineno He3bir Mix c0BOM
Ta TEKCTOM Ha CHMBOJI X Y TEKCTi. TOJli CJIOBO MOXXHA TIOCYHYTH [IpaBopyd
Ha d, o3uLiH, mo € 6ineme abo popiBHIoE 1. SIKuIO x y clOBi B3araii He
3yCTpIYa€ThCs, TO IOCYHYTH CIOBO MOXKHA 3pa3y Ha BCIO HOro JOBXHHY m.

Y nroMy anropHTMi CHMBOJ X PO3IUIAIAETHCA SK CTON-CHMBOJ — 1€
€ CHMBON Y TeKCTi, Akuit € mepmmM He3GiroM TekcTy i cioBa mig gac
NOpiBHAHHA MpaBopyd (3 KiHUA cioBa). Po3risHEMO TpH MOXIHBI
CHTyamnit:

1. Cron-cumBona y ciloOBi B3arali He Mae, TOAI 3CYB IOpPIBHIOE
NOBXHAI CI0Ba m.

2. Kpaittsa npaBa nosuiis k BXOKEHHA CTON-CHMBONA Yy CIIOBi €
MEHIIOK Bix Horo mosHmii j y Tekcri. Toai clioBO MOXHA 3CYHYTH
npaBopyd Ha k-j mosuuii Tak, mob6 cron-cuMBON Yy CNOBiI i TeKCTi
ONHHWIKCH OJIHH ITiJl OTHAM.

3. Kpaiina mpasa no3Hilifs X BXODKEHHS CTON-CHMBOMA Y CIOBi €
6inbior BiA #oro mosHmii j y Tekcti. Tomi, AKIIO Y CHOBi € e oauH
TaKMi caMHii CHMBON, TO HeOOXiHO 3CYHYTH CIOBO A0 30iry uporo
CHMBOJIY 3 CHMBOJIOM Y TEKCTI, IHaKIIE 3CYB HOPiBHIOE 1.

Jits onTHMi3awii MOLIyKy NMpPOMOHYEThCA NMONEpeaHs0 cHopMyBaTH
TabIMIIO CTON-CHMBOJIIB, pO3Mip #KOi BiATIOBINaE KiIbKOCTI JiiTep
amdasiTy, W0 BHUKOPDHCTAHHH Yy BXimHoMmy Tekcti. I[loyaTkoBO BCiM
enemenTaM TabiMIli HAaja€TBCA 3HAYEHHA M — KUIBKICTB CHMBOIIB
IIYKaHOTO CJIOBR, /UIA peaiizamii mepmoi 3 MOXJIMBHX CHTyauii 31 crom-
CHMBOJIOM.

VY mHaiiripmioMy Bunaaky anroput™ bBoifepa—Mypa mnotpebye n
MOpiBHAHB, NI€ 7 — KUIBKICTB CHMBONIB Yy TekcrTi. Y HaiiKpammx
obcTaBHHax, KONM OCTaHHIH CHMBOJ CJIOBA 3aBXIW He 30iraeTbcsa 3
CHMBOJIOM TEKCTY, KUIBKIiCTh NIOPiBHAHB NOPIBHIOE 1 [ m, 1€ m — KUIBKICTh
cuMBOJIiB cinoa. OTxke, CKNajHiCTE anropuTmy boitepa—Mypa O(n /m).

ITpuxnan nporpamuol peanizauii

Buxiguuit xon mporpamHoi peanisauii anroputmy boiepa-Mypa
HOIIYKY PAAKa MOBOIO HporpaMyBaHHs C Mae BHIIIA:

PopMyBaHHsa Tabnmui Nn-CUMBOMI
.i':r/‘:t wr,) ;’, m; LG ARli-/jﬁ(& ,_.koucfaum Cee
for (w = 1; w ; wWt+)
skip[w] = m;
for (j = 1; j<m; j++)

skip{x{j]] = m - J;
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// Anropurm Boitepa-Mypa
int BM (*S, *P, n, m, *skip)

1 = m
j = m
while (j > 0 && i<=n)

s e

if (sfi] == 231 §
i=1i-1;
=g =25}
else

// nesbir
i =1i + skip[S[i]]:

j=m;
}
if (§ < 1)
return (i+1);

else

return ‘(-Eg): //,.,/ do © vardir f/?o-u&}‘f'{ :

Y Tabn. 9.6 HaBeneHo MpHKIAN NOUIyKy psaka P B rexcri S 3a
anroputmMoM Boitepa—Mypa. JXupHuM mpH@TOM BUILIEHO CTOM-CHMBOIL.

Tabnuyn 9.6
IoxpoxoBe BuKoHAHHS axropuTmy Boiiepa—Mypa

Bxigui pagkn  S: there theyare
P: they

Kpox 1: there theyare

Cron-cuMBoa - 1 they

CHTYyaIis |

Kpoxk 2 there theyare

Cron-cumeon - h they

CHTYallis 2

Kpox 3 there theyare

they
Ilepwre BxomkenHs macupy P | 7
10 MacHBy S
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9.6. Mowyk y Tabnuui

Ilomyk B MacHBi iHOAI Ha3MBaIOTH TOLIYKOM Yy Tabmuii, 0co6aHBO
AKIIO KII0Y CaM € CKIagOBHM 00’€KTOM, TAKHM XK MacHB uHcen abo
cumBoniB. Jlns Toro, mo6 BeramoButH akr 36iry, HeobXimHO
NEPEKOHATHCH, 10 BCi CHMBOJNH DS/IKIiB, SKi MOPIBHIOKOTHCS, 36iralOThCA.
llopiBHsHHA 3BOAMTECE JO momyKy ix He3biry, To6ro mnouryky Ha
HEPIBHICTb. SIKINO HEPIBHMX YAaCTHH HE ICHYE, TO MOXHA TOBOPHTH MNpO
piBHICTb., SKIO pO3MIp INYKAHOrO B3iplf HEBENMKHMil, TO JOLLIBHO
BUKODHCTAaTH IrOPUTM JIHIHHOrO momyky. Y NPOTHICKHOMY BHIIAIKY
HEOOXi/HO BMOPAAKYBaTH Tab/IMLIIO Ta CKOPHCTATHCH AJTOPHTMOM TMOLIYKY
AileHHsM HaBmii. Bin BubpaHoro amroputMy mowyxy 3anexHTHMeE
ANTOPHTMIYHA CKJIA/THICTS.

9.6.1. lMowyk y ma6nuysix 3 o64ucnoeaHumu adpecamu

PosrnanemMo MeToX, 3a SKMM TPHBATICTH TIOMIYKY HE 3a/eXaTHMe
BiA KUIBKOCTI 3anuciB y Tabmuui. [Jlis usoro Tabmuni  Tpeba
OpTraHi3OBYBAaTH TakK, 1100 MiCIIE3HAXOMKEHHS 11 eleMeHTIB BH3HAYAIOCH
3a jgomomorow obumcmioBaHoi agpecu. Ile Tak 3BaHi Tabnmmi 3
obuncmOBaHUMH ajpecamu. 3aranbHa iges opraHisamii Takux Tabnuub
TNONArae y ToMY, o0 BHKOPHCTOBYBATH KIK0Y Ge3nocepeaHbo sk aapecy
a60 BM3HAuaTH az;pecy 3a JOMOMOror GyHkiii BiA Kmoda i 3anam’s-
TOBYBATH 3allHC 34 LI€I0 a/IPecolo.

@ynkuil, mo Bigobpaxaiots iM’s abo KIo4 y Aeske mile HUCIO,
HasMBawTh OQyHkuiamu xemryBanms Ahk) s kmoua k. Ix Takox
Ha3UBalOTh QYHKIIAMY NepeMilryBaHus abo panmoMisanii.

Curyauiio, 3a axoi h(ky)= h(ky) npu k!= k;, HazuBaoTH KOMI3i€I0.

Tabanui 3 o6uMCIIOBAHHMH afipecamMH MOALIAIOTLCA Ha Tabmuui 3
npamuMm abo GesnocepenniM goctymom i nepemimani, abo xew-Tabanmi.
3ajaya Komi3il iCHYE JIHIIE B XEII-TaOMHIIAX,

1. Momryk y Ta6aMnsx 3 NPAMAM A0CTYIIOM

Tabmmo nasupatore TaGmmmeio 3 npsmmM, abo GesnocepemHiM
MOCTYNOM, SKIIO /YISl BH3HAYEHHS MICLE3HAXO/DKEHHS KOXHOTO 3aIHuCy
BHKODHCTOBYETHCS HOro xmod. (DyHKIA XCIIYBAHHS BH3HAYAETHCA 5K
Bigobpaxenns K->A4 , ne K — MHOXMHA KIOUIB, SKi MOXYTh ineHTH(IKyBaTH
3AITHCH B TabJMIIi 3 NPSMAM JOCTYTIOM; A — MHOMMH ajpec. JlocTyn jio 3anmcy
32 KII0YeM k 3IIACHIOCTECA B TAKOMY BHITAZIKY 33 3HAaYeHHAM dynxaii A(k).

Mipoto BUKOpHUCTAHHS Nam’ATi B TaGNHLAX 3 PAMHM OOCTYIIOM €
KOE(IUiEHT 3aNOBHEHHA ¢, INO BU3HAYAETHCH SK BiJAHOUICHHH KLTBKOCT
3aMMCiB 7 10 KIIBKOCTI MicUb m y Tabnuui: g=n/m.

128

Bubip ¢ynkuii agpecanii, mo 3abesnedye B3aeMHY OIHO3HAYHICTh
1ILPETBOPEHHS KJIK0Ya Ha ajpecy ii 30epiraHus, B3araii € JOBONI CKIafuM
wsnadHsm, Ha npaktuii #oro MoHa BMPILINTH TUIBKHM UIS NMOCTIHHMX
Tabauub i3 3a3manerias BiJOMHM HabopoM 3HadeHb wioua. Taxi TaGnuii
HICTOCOBYIOTBCS B TPAHC/STOpaX (Hanpuiian, Tabiuig CHMBOMNIB BXiZHOL
MUBH € TabIHMIEIO 3 NPAMHAM JOCTYTIOM).

Hasenemo mpHKJIax TaGImuii 3 MPAMHUM JOCTYIIOM. SIKIIlO MaeMo n
KJIK0YiB, TO KOXHOMY 3aJaHOMy KIIOYY k MOXe BiINOBiATH ajpeca
1aiucy B Aianasodi 0... n-1.

Hexaii xnrouamu 3amuciB € Taki mMQpH aBTOMOOLILHMX HOMEpIB
(Tabi. 9.7).

Tabruys 9.7
IloGy/roBa TaGIHLI 3 NPAMHMM AOCTYIOM
Knzou Koan byks Ajpeca
AN 0,13 13
AX 0,23 23
BC 1,2 28
BI 1,8 34
BJ L,19 35
CM 2,12 64
JR 9,17 251
MO 12, 14 326

Tyr BUKOPHCTaHO OAHY 3 MONCUIHBHX XelI-QYHKUiH, L0 IPYH-
TyeThes Ha anrebpaiuHoMy KoayBakHi. @yHKuiA agpecauii obuHCIOETbCA
JanexHo BiA koay Kmo4da. Hanpuxaa, Tino xmoya MO 3anam’sToBy€eThCs
1a agpecoro 12 x 26 + 14 = 326; ne 12 — xon nirepu M, 14 — xox nitepn O.
Tino xmoya CM 3a azgpecoro 2 x 26 + 12 = 64. 3a Taxoi0 QyHKUIEW
aapecanii 3arasom 6yae 26" moxumBHX aapec (26 — Kinbkicts Gyks
natuHChKoro anasiTy). 3 uBOro NPUKIAAY BHIHO, WO MOUIYK Y TaKHX
Tabnuuax HaWIUBHDIINA, OCKiUIbKH Oe3mocepesiHbo TMOTPAIUIAEMO B
norpibHe Mmicue 6e3 nopiBHAHHA 3 iHUMMH Kkmoyamu. Henonikom €
ieeeKTHBHE BUKOPHUCTAHHSA I1aM " ATi.

2. Ilomryk y xem-rabanusx

[IpupoaHHM PO3BHTKOM 3acTOCyBaHHS Tabnuup 3 Gesnocepentim
NIOCTYTIOM € OoOuMCIeHHsA aJpecH He B MOBHOMY miamasowi 0..n-1, a B
jeskomy obmexenomy. Lleii meron BiZOMHMH AK METOA NepeMilllaHHX
azpec, 200 MeTO/ 3MICTOBHOI anpecaltii.

Y mpocriii Tabnuui 3 Ge3anocepenHiM IOCTYIOM 3 h MOMUIMBHX
KIIOUiB MOXXHA 3TCHEPYBATH YHIKaNbHY anpecy B giamaszomi 0... n-1. Ane
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AKINO 3 ABJIAETECA TUIBKH /<<n KIIOWiB, TO BTPAYAcThCA BEMHKHH obcsr
mam’sTi. Omxe, DouinbHO OOYHCAIOBATH afipecy B AiamasoHi [ < m<<n,
OIHaK lie 30iMbIHTh HMOBIPHICTH ITORBH KOJI3ii.

Posrnsnemo mpuiwiax 3 Tabn. 9.7. [InA BOCBMH €IIEMEHTIB
sigsenemo e 10 omuAnne nam’gri, Tobro /=8, m =10.

Hanpuxian, wis nobynosu xem-1abnuili oSuMcIOEMO Xeul-anpecy
Bim wmoua B miamasoHi 0.9 Tak: cKIageMo BCi JeCATKOBI XomH 000X
CHMBOJIIB, II0 YTBOPIOIOTH KJTIOY, @ MOTIM Bi3bMEMO 3aTHOIOK Bij ALTEHHS
uiei cymu Ha 10 (minenns 3a momynem 10). 3nauenHs Takoi xemi-yHxuii
HaBeaeHo B Tabn. 9.8, a B Tabn. 9.9 — nobGynosa xeur-rabnuii 3a Wi€W
dynkuieto. Ona miksimauii cuTyauii Komisii 3aCTOCOBYBAanOCA MOBTOPHE
XEIIyBaHHA.

Tabauysa 9.8
OGuucieHns Xell-aipecH
Ne Kimou Koau Gyxs Anpeca
| AN 013 3
2 AX 023 3
3 BC 12 3
4 BI 18 9
5 BJ 119 0
6 CM 242 4
7 JR 917 6
8 MO 12 14 6
Tabnuyn 9.9
IobynoBa xem-rabanui
Anpeca Koy
0 BJ
1
2
3 AX
4 CM
> AN
6 MO
7 JR
8 BC
9 BI
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JUta dikcoBaHMX TabmMUbe MOXHA 3HAWTH NOCTATHLO €(EKTHBHY
Jynkuiro agpecauii. Sxmo x Tabmuui He dikcopaHi i BCl MOXIMBI KIIOYi
nuOupaloTbes 3 JEAKOl JOCTaTHBO BENHKOI MHOXHHH TOTEHUIHHO
MOXUIHBHX KITIOYiB, TO izeanbHol QyHKuii anpecanii He icHye.

JloBX#iHa MOWIYKYy B Xem-TaOMMIsX 3aleXMTe Bin koediuieHTa
WIIOBHCHHA aJPECHOr0 TPOCTOpPY, TOOTO BiHOWIEHHS g=n/m , ne n —
KUIBKICTB 3aIMCiB; M — PO3MIPHICTH TabNHIl, 8 TAKOX METOY PO3B’A3aHHA
g 1a4i KOmi3ii.

KoHTponbHi 3annTaHHA

1. Y yomy cyTh 3agad4i momyxy?

2. SIki anropuTMH 3 HaBEJACHUX MalOTh JIiHIHHY cknagHicTs?

3. SIxoro Mac 6yTH BXinHa MHOXHWHA JUIS AITOPUTMY ABIHKOBOTO
HOWYKY?

4. Y gyomy nepesara anroputMy KMII Hap anroputMoM mpamoro
1omyKy psaaka?

5. V 4oMy monsra€ CyTh INONEPENHBOTO AOCHIKEHHS B3ipUi B
anropurmi KMII?

6. SIki po3rnAmArOTECA BApiaHTH CTOM-CUMBOJNA B AITOPHTMI
Boiiepa—Mypa?

7. 1o HasHBaeTbCA QYHKIIIEIO XEUTyBaHHA?

8. Illo Ha3HBacTbCA KOMi3i€w0?

9. Sk BU3HA4AETHCA afpeca 3amucy B TaONHIII 3 IPAMHM
poctymnom?

10. Sk BU3HAua€THCA afpeca 3alMUcy B xem-Tabnuui?

Mpuknagu TecToBUX NUTaHb

1. Bsipens MOPiBHIOIOTH 3 TEKCTOM 32 1ourykoBHM mMetogom KMIT:
a) 3 KiHUA B3ipus;
6) 3 novaTKy B3ipus;
B) 3 CEPEIMHH TEKCTY.
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2. Basipeus NOpiBHIOOTH 3 TEKCTOM 32 NOLIYKOBMM METOIOM
Boitepa—Mypa:
a) 3 KIHIA B3ipIls;
6) 3 mouaTKy B3ipus;
B) 3 CEPCIMHHU TEKCTY.

3. B agropurtmi GiHapHOro IomyKy BXiIHHI MacHB Mae OyTH:
a) po3bUTHII HA YaCTHHH;
6) BiacoproBanuii.

4. Anroput nomyky KMII nepenbagac momyk 36irie um
He36iriB CHMBOJIIB TEKCTY 1 B3ipUA:
a) 36iris.;
6) He30iris.

5. Asnroput™ nomyky Boiepa—Mypa nepen6auae noryk 36iris au
He30iriB CHMBOJIIB TEKCTY 1 B3ipus:
a) 30iris;
6) ne3biris.

" 6. Heob6xifHO BU3HAYMTH CTON-CHMBOI B ATOPUTMI TOMIYKY:
a) KMIT;
6) Boftepa—Mypa.

7. Tlonepemeo HEOOXiMHO BH3HAYMTH MAKCHMATLHMM 3CYB B
AITOPHTMI MOLIYKY:
a) KMIT;
6) boitepa—Mypa.

8. Cxamnicts anroputmy mouryky KMIT O(n+m):
a) Tax;
6) Hi.

9. Slxa cxraaHicTs anrOpUTMYy nowyky boiepa—Mypa?
a) O(n/m);
6) O(n);
B) O(nd).
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11.

12.

13.

10.
JAJIEXKHUTE Bil KUIBKOCTI BXIAHHX JAHHX:

CiiafHicTh aNropuTMy MOCTIZOBHOTO MOWIYKY KBaApaTHYHO

a) Tak;
0) Hi.

Anroputm Boefipa—Mypa mouHHae DOMIyK 3 NOYaTKy B3ipUs:
a) TakK;

6) Hi.

Anroputm KMII noynHae nouyx 3 no4aTky B3ipus:

a) Tak;

6) Hi.

DyHKis BiJl 3HAYEHHA KIIOYA 3alUCy B TaONHII Ha3MBAETHCA

(PYHKLIEO XenIyBaHHA:

14.

a) Tak;
0) Hi.

Komnizis — ne cutyanis pisHocti 3HadeHs QyHKIIi XenyBanHs

JUIS PI3HUX 3HA4YEHb KITHOUiB:

16.

JAHUX:

a) Tak;
0) Hi.

. ITonarrs «xonizig» noB’A3aHO 31 CTPYKTYPOIO JAHHX:

a) CIHCOK;
6) uepra;
B) Tabnnus.

TlonsaTTa «yHKIiA XeUyBaHHA» TOB A3aHO 31 CTPYKTYpPOIO
a) CITHCOK;

6) uepra;
B) Tabnuud.
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Hanpuxonan, unsigned char, unsigned int, signed int
(Mommdixatop signed Maerbca Ha yBa3i 3a 3aMOBYYBAHHAM i TOMY
Ja3BHYail HE BKA3yeThCA).

TMoximsi THITA MICTATs BKA3iBHHKH Ta NOCHIAHHA Ha TMITM T2 MAaCHBH
Oymb-fAikuX Tumis, THrM QyHKUiA, KIacH, CTPYKTYpH, o0’emHammd. Turm
BBAXAIOTHCA TIOXUTHHMH, OCKUTBKH, HAIIPHKIIA, KIIACH, CTPYKTYPH, 00’ €THAHHA
MOXYTb MICTUTH 00’ €KTH Pi3HHX THIIIB.

MoskHa BHAUTMTH LIE€ OJHY KaTEropil0 THIB — MOPAIKOBL, B AKMX
JHAYEHHs BIOPSAKOBAHI 1 Ui KOXHOrO 3 HUX MOXHA BKa3aTH NOTepenHii
Ta HacTynHuiA, J{o HUX HanexKaTh LT, CHMBOJH, NepeNidyBaHi THIIH.

Tabnuys 10.2

10. TN JAHUX Y MOBI C + +

10.1. Knacudikauis Ta oronoweHHs TMNiB gaHux

Yei Tanm, sxi Bukopuctani B C + +, MOXHA NOALIMTH HA YOTHPH Ocnosui Tumn tanuxy C ++

rpyma:

Tun Poamip y GaiiTax Jianaion 3HaueHb
Tabnuys 10.1 char 1 Bim-128 no 126
L gy e ronaie y Gk unsigned char 1 Bim 0 mo 255
Aggregate Crpyxtypu nanux short 2 Bin -32 768 o 32 767
Array MacCHBH unsigned short 2 Bix 0 mo 65 535
Struct CTPYKTYPH enum 2 Bia -2 147 483 648 no 2 147 483 647
Union 00’ eHanHs long 4 Binm -2 147 483 648 10 2 147 483 647
Class RAGH unsigned long 4 Bin 0 go 4 294 967 295
_ int 4 Ak y long
Scto Gyrmnit unsigned int 4 fAK y unsigned long
Scalar — float 4 Big3.4x 10" 1034 * 10"
: . . double 8 Big 1.7. % 10 10 1.7 * 10°™
Arithmetic apudMeTiyni _ - e
Eaumerstion nepeniaeni long double 10 Bim3.4x10-""mol.1*10
Pointer MOKA3HHKH bool ! true aGo false
Reference TIOCHIaHHA ;
THIH NaHUX BKa3ylOTHCS IIPH OrOJNOMICHHI OyAb-fKHX 3MIHHMX i
Void Bi/ICYTHICTb 3HaueHb ynxuil. Hampukian:

double a = 5.4, b = 2;
int c;
void F1 (double A);
KopucTysay MoOXe BBOOMTH B TIpOrpamy CBOi BIacHI THIIH.
OronoueHHs THNIB MOXHA 3po0MTH B Ppi3HMX Micuax xoay. Micue
OroJIOLLICHHSA BILTHBAE Ha 06racTh BHIMMOCTi abo o6nacTs Aii Tak caMmo, K
1 Y BUII/IKY OTOJIONIEHHA 3MIHHHX.

CHHTaKCHC OTOJIOLIEHHS THITY:
typedef susnauernns_muny idenmugbixamop;

Inummit cnoci6 xknmackdikawii THIIB MOB’A3aHHH 3 X po3OMTTAM Ha
OCHOBHI 1 noxiadi Tumd. Jlo OCHOBHHX HAJIEXATh:

void, char, int, float, double,

a TaKOX iXHi BapiaHTH 3 MomHdikaTopaMu

short (xoporkuit),

long (noBruit),

signed (3i 3HaxoM),

unsigned (6e3 3Haka).
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InenTHdixaTop BBOAHTBCA KOPHCTYBadeM SIK iM’S HOBOTO THITY, @
susnavenna_muny onucye ueit tan. Hanpukian, onepartop
typedef double Ar [10];
OroJIollye THII KOPHCTYBaya 3 IM’AM Ar ax Macus 3 10 nilicHux umcen.
Hapanmi Ha ued THN MOXHA TOCHJIATHCA IIPH OrOJIOLIEHHI 3MiHHHX.
Hanpuxnan:
Ar A= {1,2,3,4,5,6,7,8,9,10};

10.2. ApudpmeTnuHi TMNK faHux

Apupmernyuni THNH AaHMX — ne Uimi Ta AidicHi THmn. o yitux
munie HaJeXaTh:

char, short, int Ta long

pasoM 3 ix BapiaHTamu:

signed — 3i 3HaKOM,

unsigned — 6¢3 3HaKa.

3 UMX KIIOYOBHMX CJIB MOXHa cpopMyBaTH Oeaslid WLiIMX THIIB
JIaHMX.

Crneundikatopu signed i unsigned MoxHa 3aCTOCOBYBATH TLIBKH
1o char, shot, int, long. Sxano THn nosnayeHo mpocro sk signed a6o
unsigned, To MaroThCA Ha yBazi BianosimHo signed int i unsigned int,

3a BiACYTHOCTI y BKa3iBui THNy cniendikaTopa unsigned s mimux
THHOIB po3ymieMo signed. BumsatkoM 3 nporo npauna € Tum char.
C++BUILDER pa€ 3Mory BaM BCT2HOBHTH 3a 3aMOBYYBaHHAM s char
signed a6o unsigned. Y 11soMy BHIIAJKY, SKIIO 3a[THCAHO OTOMOIIEHHS

char ch;

BOHO CIIPUHMAETHCH K

signed char ch;

Axuio >x Heo6X1AHO OrONIOCHTH 3MiHHY THIY char Ge3 3naka, TO
Tpeba e 3pobHTH ABHO:

unsigned char ch;

Crnenndixaropy long i short MoHa BHKOPHCTOBYBaTH TUILKH 3 int.
Sxo TN nosHaueHo npocro sk long abo short, To maerscs Ha yBasi
BigroBigHo long int i short int.

Qbcar nam’sti, 3afHATHI PISHUMHM [UTMMHM THMIIAMH, HE JIMIiTOBaHHMH
craimaprom ANSI C. 3assaueno Jpmue, mo short, int i long nosumHi
YTBODIOBAaTH HECMaIHY MOCTIIOBHICTb, T0OTO short <= int <= long. Tomy He
BHKJTIOYACTLCA, IO BCl TPH THIIM BHMAraroTh OJHAKOBOIO OOCATY Tiam’sTi.
Omie, 0OCAT nam’ATi MOXKE 3MIHIOBATHCS Bifl OHiET IIaThopMU 10 iHIIOT | e
Tpeba BpaxoByBaTH IIijl Yac CTBOPCHHA NEPEHOCHMX MIPOrPaM.
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Tumu 31 3HaKOM BUKOPHCTOBYIOTh CTapuiMii Git mis 36epiranus
4Haka: 0 — gopaTHui, |—-Bix’ eMHHIL,

OCHOBHMMH TMIIAMH NAHWX JUIA TIOAGHHS OficHux yucen 3 TUIABAIOYOIO
KOMOIO € THIIH

float,

double.

[Tcpnini 3 HUX po3TaoBY€EThCA B 32 GiTax, npyruii — y 64. Jlo Trity
double wmoxe 3acrocoByBatHCs cueundikaTop long, sxwmit 36inbmye
po3Mip mam’sti no 80 OiT.

Cranpapr ANSI C He Hawiajae XOOHHX oBMcXeHb Ha CIOCIH
JaflaHHA AIACAMX wMcel. PeKOMEHIYETHCA  BHKOPHCTOBYBATH  IUis
BH3HAYEHHs PO3MIpY [aM’ATi [UIs AiHCHAX THITIB onepaiio sizeof.

10.3. Tunu psakis
10.3.1. Macueu cumsonnis

Y C++ BincyTHilt cnenianeHuil THN paaKis. Pamxu PO3rIsNa0TECH
K MacMBH CHMBOJIB, INO 3aKIHYYIOTBCS HY/bOBHM cumsogoM ('\ 0°).
Panox nocTymHuii uyepe3 BKa3siBHMK Ha NEPUMH CHMBON y pS/KY.
JHauCHHAM pAJKa € azpeca HOro Mepuioro cuMsony. Y 1soMy BHIAAKY
psnkH MoibHiI 10 MacHBiB, TOMY LIO MacHB TEX € BKa3iBHMKOM Ha CBiil
HCPIUKIH GJIEMCHT.

Psnox moxe OyTH oronouleHHi SK MacHB CHMBONIB, ab0 AK 3MiHHA
Ty char *. Koxuc 3 1B0oX HaBeeHWX HHKYE EKBIBAIGHTHHX OTOJIOLIEHE
IIPHCBOIOE PAAKOBIH 3MIHHIH TOYATKOBE 3HAUCHHA (PALOK.

char S [] = "psanok";

char * Sp = "psapok";

Ilepilic OroNoUEHHs CTBOPIOE MacHB i3 7 enemeHTiB S, 1110 MiCTUTE
cumBony 'p’, '’ I, 0’, 'k’ Ta \ 0. Jlpyre Oronouer s cTBOpIOE IMiHHY
BKa3IBHUK Sp, AKHi BKa3ye Ha PSOOK 3 TEKCTOM «PAIOK», IO 3HAXOMHTHCS
Jicch y nam’aTi. Ane B 060X BHIaNKax YHCIO 30epexeHHX CMMBOMIB Ha |
Guibme 3a KiNBKICTH 3HAYYIIMX CHMBOJIB 3aBAAKH KIHIEBOMY HYNbOBOMY
CHMBOITY.

Hoctyn 10 OKpeMHX CHMBOJIIB pAlKa 3AiHCHIOETECA 32 iHOEKCAMH,
sKi nouuHaioTes 3 Hyna. Hampuxman, S [0] i Sp [0] — nepmi cumBomm
orofolreHux suie paaxis, S [1] i Sp [1] — apyri.

Y HaBelIeHNX OrOJIOMIEHHAX MOBXMHA PAIKIB BH3HAYAIACH ABTOMATHYHO
KOMIIUISTOpOM. MOXHa OronolryBaTH pAOKOBI 3MiHHI 3a7aHOl JIOBXKHHH.

Hanpuknaz, onepartop
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char buff [100];

BH3Ha4ae 3MiHHY buff, AKa MOXKe MICTHTH PAJIOK IO 99 3HAYymHX
CHMBOJIIB ILTIOC 3aBEPLIATILHAH HY/IbOBHH CHMBOIL.

Jns 06pobky paakie icHytoTs 6i6mioTeuni gpynkuii. OcHOBHI 3 HUX:

strcat — KOHKaTeHalliA (CKICIOBAHHA) JBOX PAMKIB;

strcmp — NOPIiBHAHHA IBOX PANIKIB;

strcpy — KOMiIOBaHHA OJIHOTO PAAKA B THILMH;

strstr — ONIYK y pAAKY 3aJaHOro NiApAAKa;

strien — BU3HAUEHHS NOBXHHH PANKA;

strupr — NepeTBOPEHHA CHMBOIIIB PAZIKA IO BEPXHBOI'O PETICTPY;

sprintf — noGyzosa psKa 3a 3aaHMM PAIKOM (POPMATYBAHHS i CITHCKY
apryMeHTIB.

10.3.2. Tun psdkie AnsiString

V C++ Builder Tun psakie AnsiString peanizoBannii sk xiac, 1o
orojiomenuii y ¢aiini vel/dstring.h. Ile psaaxu 3 HyN50BHM CHMBOJIOM Ha
kiuni. Ilin gac oronomeHHs 3MmiHHI THIy AnsiString ininiani3yoThes
TIOPOXHIMH PAIKAMH.

Jlns AnsiString Bu3HadeHo onepauii BigHomens = =, ! =, > =, <=,
ITopiBpIOl0Ts, BpaxoByo9H perictp. I[IOpiBHIOIOTBCS KOAM CHMBOIIB,
MOYMHAIOYH 3 IIEPILOro, 1 AKILO YECProBi CHMBOIHM HE OHAKOBI, PANOK, 11O
MICTHTh CHMBOJI 3 MEHIUMM KOJOM, BBRXAa€TBCA MEHIHM. Skuio Bei
CHMBOJH 36irIHCA, ajle OXMH PATOK AOBLIMH 1 B HROMY € II[€ CHMBOJIH, TO
BiH BB2Xa€ThCs OLIBLIKM.

Jins AnsiString su3nayeHo onepaniii MPUCBOEHHA =, += i omepauiio
CKJICIOBAHHS PSIKIB (KOHKaTeHauii). BusnaueHo Takox oneparito injgexcauii [].
Inpexcu nouvmzalotses 3 1. Hanpuxna, sxmo S1 = «Ipusim, To Sl [1] nosepre
’II’, S1 [2] nosepre 'p’ i T.4

Tun AnsiString BUKOPHCTOBYETBCA JUIA pALy BJIACTHBOCTEH
xommonenT C++Builder. Hanpuknan, mis Takux, sk BiaacTHBocti Text
BiKOH penaryBanHs, BaactuBocti Caption MiTok i po3nminis MeHw i T.A.
Ileii ke THII BHKODMCTOBYETHCS I BiXOOpaeHHA OKpEMHX PAIKIB Y
cnuckax pszkis Tuny TStrings.

PosrisHeMo jeski mpukiamu pobotH 3 AnsiString. Hactymauii
OIepaTop AEMOHCTPYE KOHKATEHAUiko (CKICIOBAHHS) ABOX PAAKIB:

Labell-> Caption = Editl-> Text + * ’ + Edit2-
> Text;

YV mpomy BHnagky y snactuBocti Labell -> Caption sinoGpa-
KAEThCA TEKCT, BBEICHHMH KOpUCTyBaueM y BikHi penarypamms Editl,

138

11OTIM 3aITHCYETHCS CHMBON Ipobily, a Mi3HilIe TEKCT, BBEACHUHA y BikHi
penarysauus Edit2. CxneioBanHs pankis Tumy AnsiString nerxo
3ICHIOETHCS TIEPEBAHTAKEHOIO ONEPALIEIO JONABAHHA «+).

PosrnsiHemMo MeTod, 32 SKMM MOXHA IEPEXOMMTH Bil THIY
AnsiString o Tuny (char *). Hessaxaroun Ha Te, mo AnsiString
IPAKTHYHO 3aBXIM 3py4Hiue (char *), Taki mepexoni AOBOAUTECH POOHTH
Mig 4yac mepefaBaHHA TApaMeTpiB y Aeski QyHKuI, 10 BAMAraroTh THII
napamerpis (char *), Haftyacriie ue nos’43aHo 3 BukmikoM Qyuxui# API
Windows a6o ¢yuxuii C++Builder, mo iHkancymooTs Taki QyHKuii.
Hanpukman, ¢yuxuis Application-> MessageBox pumarae sk msa cBoi
tiepii apaMerpu ([TOBIZOMITEHHS i 3aro/IoBOK BikHa) THII (char *),

[eperopenns psinka AnsiString Ha pagox (char *) spidcHioeTsca
(yrxuicto ¢_str () 6e3 napamerpis, Mo NOBEPTAE PAIOK 3 HYITLOBHM CHMBOJIOM
B KIHLi Ta MICTMTH TeKCT TOro psaaxa AnsiString, no sxoro ii 3acTocoBaHoO,
Hanpuknazn, sxuo HeoOximio psmm S1 1 S2 Timy AnsiString nepepami y
dynxuizo Application-> MessageBox sk NOBIIOMICHHA i 3ar0NOBOK BikHa, TO
BuHK Application-> MessageBox moxe Mati BHIIISN:

Application-> MessageBox (Sl.c_str (), S2.c _str (),
MB_OK) .

MoxBe i 3BOpOTHE NepeTBOpeHHA pazaka (char *) Ha pAmok
AnsiString. i us0ro BUKOPHCTOBYETHCS QyHKILiA

Ansistring (char * S),

fka TiOBepTac pANoK TUmy AnsiString, mo MicTHTe  TeKcT,
3aMMCAHKH ¥ pAAKY S, 110 € aprymeHToM QyHKIIil.

10.4. MNepeniyeHi TN

IlepenigeHi THNM BH3HAYAIOTH BIIOPANKOBAHY MHOXKHHY iNEHTH-
(dhikaTopis, 1O ABIAIOTE COOOK MOXUIMBI 3HAYEHHS 3MIHHHX NLOTO THIIY.
Barato tunie C++Builder € nepenmiuensmu, mo crpouye pobory 3 HUMH,
OCKiNIBKH [a€ MOXUIMBICTb NMpaUIOBaTH He 3 aOCTpaKTHUMHE YHCIAMH, a 3
OCMHCJICHHMH 3HaYCHHAMH.

Hexaii, wanpukianx, y nporpami nosuHHa 6yt 3MiHHa Rezim, y
AKIH 3a(IKCOBAHO OMH 3 MOMUIMBHX PEXHMIB POOOTH NMPOrpaMu: YHTAHHA
JaHuX, iX penaryBaHHs, 3anMc JaHUX. MoxHa nojaty 3MiHHIHA Rezim tvn
int i HamaBaTH Wil 3MiHHIK y mOTpiOHI MOMEHTH 9acy OfHE 3 TPhOX
yMOBHHX 4ucen: 0 — peXXuM YMTaHHA; | — POKMM pellaryBaHHA; 2 — PEXUM
sanucy. Toai nporpaMa MiCTUTHME OTIEpaTop

if (Rezim == 1) ...
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Yepes neskuit yac vxke 3abyxeTses, Mo 03Havae 3HadeHHs Rezim 1,
i posibpatica B Takomy komi Oyage ayxe CKIagHO. A MOXHA BYHHHUTH
IHaKWe: BU3HAYMTH 3MiHHY Rezim sk 3MiHHy nepeniueHoro THmy i
NMO3HAYHTH 11 MOXUIHBI 3HaueHHs sk mRead, mEdit, mWrite. Toxni
HABEJICHHI BHIIE ONepaTop 3MIHUTHCH TaK;

if ( Rezim == mEdit) ...
3BHuaiHO, TaKHit ONIEPaTOP 3PO3YMLIILIHIA, HDK ITOHEPEHIH.
3MiHHI NepeiYeHOro THITY MOXKHA OT'O/IOLIYBATH TaK:
enum {<koncmanma 1>,. .., <koHcmauma n>} <iMena IMiHHUX>
Hanpuxnan

enum {mRead, mEdit, mWrite} Rezim;

Ileik oneparop BBOAMTH iMeHOBaHi koHcTantH mRead, mEdit,
mWrite i 3minHy Rezim, sixa Moxe HabyBaTu 3HaueHHs UX KOHCTAaHT. Y
MOMEHT OrOJIOLIEHHS 3MiHHA IHIIANi3YeThCA 3HAYEHHAM IIepIoi
KOHCTaHTH, B HalIOMy npukiaai — mRead. Hanani MokHa HamasaTu iit
OyZAb-AKHX JOMYCTHMHX 3HadeHs, Hanpukan:

Rezim = mEdit;

3HaueHHA 3MIHHOI MNEpENiYeHOro THIy MOXHA MEpeBipaTH,
NOPiBHIOWYH 1i BENMYMHY 3 MOXIMBHMM 3HaueHHamu. Kpim Toro,
noTpibHO BpaxoByBaTH, IO NepeNivyBaHi HATEXATh [0 LiTHX OPAIKOBHX
THIIB, 1 [dO HHX 3aCTOCOBYIOThCA Oyab-siki omepamii NOpiBHAHHA.
Hanpuinan, MoxHa HalTHCaTH ONEPaToOpH:
if (Rezim > mRead) ...;
if (Rezim <mWrite) ..
if (Rezim == mEdit)..;
Mosxna Takox BHKOpHCTOBYBaTH Rezim y crpyxrypi switch;

switch (Rezim)

-
-r

{
case mRead: ...
break;
casae mEdit:..
break;
case mWrite: ...
}
3a 3aMOBYYBaHHAM NEPENTiYyBaHi 3HAYEHHS, BKA3aHI B OrOJIONICHH]
enum, iHTEPIpPETYIOTECA AK LiNi YHCIA, TPHYIOMY Ieplle 3HAYEHHA
eksianentne 0, apyre — 1 i .n. Came ui 3HadYeHHA PO3TNAMAIOTHCHA B
onepalisx BimHOWIEHb >, < Ta iH. 3HAYEHHs 33 3aMOBYYBAHHAM MOXKHA
3MIHHTH, AKINO MicNA IMEHI KOHCTaHTH BKA3aTH 3HAaK PIBHOCTI (=) i 3anaTH
1€ 3HaYeHH — K JOOaTHE, Tak i Bix emue. Hanpuknan:
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enum {mRead = -1, mEdit, mWrite = 2) Rezim;
Skulo TiCHA AKHXOCh KOHCTAHT HE 3alaH0 IXHBOMO LILIOro
3HaYCHHSA, HOro BBaXaloThCA Ha 1 GimbmkM 3a monepenme. Tomy B
HaBefeHoMy npuiianl mRead exsisanenTso -1, mEdit exsiBanentro 0,
mWrite exBiBaICHTHO 2.
ITicns xIr04OBOrO ClIOBa enum MOXe CIifyBaTH Ter — iM’s Tumy,
1o orosomyerscs. Hanmpuxnan;
enum rr {mRead = -1, mEdit, mWrite = 2}
Rezim, Reziml;
Le#t onepatop oronourye nsi 3minHi Rezim i Rezim1 nepeniuexoro
THIY, 1 KPIM OO BU3HAYae THII rr. Hagani Moxua cxopucTaTHCa iM’ M
Ir JUIA OrOJIOLICHHA AKHXOCh HOBHX 3MIHHMX, HAPHKIA;
rr Rezim3;

10.5. MHOXUHMU

Muoxuna — 1e rpyna eicMeHTiB, fKa acOLiIoeThes 3 11 iM’™sM i 3
AKOK MOXXHA [OPIBHIOBATH iHILI BEMYMHH, 11006 BU3HAYMNTH, YU HAJIEKATE
BOHH MiH MHOXMHI. SIK OKpeMHH BHIIaZIOK, MHOXHHA MOXe 6yTH
MOpOXHBOI0. MHOXHHY peanizosano B C++Builder sx wma6non xnacy,
BH3HaueHWH y (aiini 3aronosxa vel / sysdefs.h.

OrononryeTscst MHOXHHA OIIEPATOPOM:

Set <type, minval, maxval> 3minni;

IlapameTp type Bu3Ha4ae THI €IEMEHTIB MHOXHHH. 3a3BHuail 1e
8OyzoBani Tumu int, char a6o nepeniveni. ITapametpn minval i maxval
THNy unsignedchar BM3HAYalOTh MiHIMATBHE Ta MaKCHMAajlbHE 3HAYEHHS
€JICMEHTIB MHOXHHU. MinimManbHe 3Ha4eHHA MOBUHHO 6yTH HE MEHILMM 3a
0, MmakcuMainesHe — He GLIbIIHM 3a 255.

IIpuKJIaax OroJIoMmeHHs MHOKHH

Orosomenns 3MiHHOT lat AK MHOMXMHM BCIX 3arOJIOBHHX JIATMHCHKMX
OyKB Ma€ BUIJIAL:

Set <char,’A’,’2’> lat;

Hacrynuuit onepatop oronomye MHOXHHY Sym, W0 MiCTUTB yci
CHMBOJITH:

Set <char, 0, 255> Sym;

Hacrynsi onepatopu oronouryiots tTun UPPERCASESet MuoxuHi
BCIX 3ar0JIOBHHX NATHHCBKHX OyKB i oronouryots 3minHi latl i lat2 nsoro
THIY:

typedef Set <char,’A’,’Z’> UPPERCASESet;

UPPERCASESet latl, lat2;
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Hactynsi onepaTopu BU3HaYalOTh MHOXHHY M, eneMeHTaMH AKOi €
naui nepeniueHoro Tumy Col: red, yellow, green:

enum Col {white, red, yellow, green};

Set <Col, red, green> M;

Oronomenns 3MiHHOT THITY MHOXHHA Set He iHilliami3ye 11 AKHMHCB
3HayeHHAMHA. luinianizanizo MoxHa poOMTH 3a JONOMOrOK OIHCAaHOL
HYDKYe onepanii << - JOAaBaHHS €JIEMEHTA 0 MHOXHUHH.

Jns muoxuuuM B Tabn. 10.3 Bu3HayeHo Taki omepanii (B omuci
ouepalliif CJIOBaMH «IaHO MHOXHHY» I103HA4AE€ThCA JIIBHi OTIEPAHIL):

Tabruys 10.3
Onepauil HaJ MHOXKHHAMH
Onepauis Br3HaueHHA Omnc
1 2 3
- Set fastcall operator s MHOXHHA JODIBHIOE pi3HHLI
-(const Set& rhs) const; JIBOX MHOXCHH: 1i€l Ta rhs

= Set& fastcall operator | CTBOpEHHA HOBOI MHOXHHH 5K

-=(const Set& rhs); Pi3HHLI ABOX MHOXHH: L€l i rhs
Set& __ fastcall operator | cTBOpeHHS HOBOI MHOXHHH 5K Ie-
*(const Set& rhs); PETHH [BOX MHOXHH: 1aH0i i rhs
*= Set___ fastcall operator i MHOXXHHA JIOPIBHIOE TEPETHHY
*=(const Set& rhs) const; JIBOX MHOXHH: Lij€i i rhs
+ Set__fast call operator CTBOpEHHS HOBOI MHOXHHH X 00’1~
+(const Set& rhs) const; HAHHS JBOX MHOXWH: Li€ii rhs
+= Set& __fastcall operator MHOXHHA JAODIBHIOE
+=( const Set& rhs); ob’eaHaHHI0 JBOX MHOXHH: i€l i
rhs
<< Set& __fastcall operator OojaBaHHA eneMeHTa el mo wmiel
<<(const T el); MHOXHHH
<< friend ostream& operator | IOMiCTHTH MHOXHHY arg y MOTIK
<<( ostream& o0s, const | ostream (suBoguThca 0 abo 1 mna
Set& arg); KOXHOTO €JIEMEHTa 3aleXHO Bifg
HOro HAABHOCTI Y MHOXHHI)
>> Set& __fastcall operator Bupanenns enemenra el 3 miei
>>(const T el); MHOXHHH
>> friend istream& operator BHTAITH MHOXHHY arg 3 IOTOKY

>>(istream& is, Set& arg); | istream (BBomuThca 0 abo 1 i
KOXKHOTO €JIEMEHTAa 3aJIeKHO Bif
Hioro HagABHOCTI B MHOXHHI)

= Set& __ fastcall operator MPUCBOIOBAHHA MHOXHHI BMICTY
=(const Set& rhs); MHOXHH rhs

= bool ___fastcall operator €KBIBANIEHTHICTb ABOX MHOXHH:
==(const Set& rhs) const; | uiei i rhs (36ir ycix enemeHxTis)

1= bool___ fastcall operator HEEKBiBAJIEHTHICTb JBOX MHOMHH!

!=(const Set& rhs) const ; | uicii rhs
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VYci omepanii MOXHa 3aCTOCOBYBAaTH TUIBKH 10 MHOXHH OIHOIO
THIy, TOOTO MO Takux, Mil Yac OrOJNOUIEHHS JKMX YyCi apryMeHTH
oronomenHs (type, minval i maxval) 36iraiorecs. B onepaumisx, mo
CTBODIOIOTH HOBY MHOXHHY (onepauii +, -, *), 3MiHHa, 10 K01 3aHOCHTBCH
pe3yabTaT, MoBHHHA GyTH TOro camoro THmy, 1o i onepanmu. Onepatiis
eKBiBaIEHTHOCTI TIOBEpTaE true y BHNAAKY, KOIH oOHIBa OmepaHiau
MICTATH TUIBKHM €lleMeHTH, fKi 30iratoTecs. BiinoBiAHO TinkKMU B LBOMY
BUIIAIKY Omepallis HeeKBiBaIEHTHOCTI noseprac false.

Mg Maoxun Set y Tabn. 10.4 HaBeneHo OBa METOOH.

Tabruys 10.4
Metonu a1 po6oTH 3 MHOKHHAMH
Merton Bu3HaueHHA Onmne
Clear Set& __ fastcall Clear(); OuHIEHAT MHOXKHHA

Contains (bool ___ fastcall Contains(const T el) | [Tepepipka HasBHOCTI B MHO-
const; JKHHi enemenTa el

Posrnanemo npuxianau poboTe 3 MHOXKHHAMH.

1. Hexaii xopucTyBaueBi B Mporpami 3ajaroOThCA JeAKi 3aNHTaHHA,
IO MPHIYCKaloTh Bianosigs THny «Yes / No». Toai MOXIHBI CHMBOMH,
AKi BBIB KODHCTYBad fK BiflIOBiZi, YTBOPIOIOTh MHOKHHH, IDO MICTATB
CHMBOIH «y», «Y», «m» i «N». ChopMyBaTH TaKy MHOXHHY MOXHZ
onepaTopaMu;

Set <char, 0, 255> TrueKey;

TrueKey <<’y’ <<’Y' <<’n’<< 'N’;
Toni nepeBipHTH, YM HANEKHTh BBENEHWM KopHucTyBauem cumBon Key
MHOXHHI JIONYCTHMHX BiANOBileH, MoxHa 3a MerooM Contains:

if (! TrueKey.Contains (Key))

ShowMessge ("Bu BBenM nNOMMIKOBY BimnoBime");
else. . .

2. Hexait Heobxinuo, 1106 y Bikai penarysanns Editl xopucrysay
MIr BBOJHTH TLTBKH 4MCJIO, TOOTO Tutekn uutpH Big 0 mo 9. Ile moxua
3pobuty, BKMOUMBIIM B 00poOHuk nonii OnKeyPress usoro BikHa
OTIEPaTOpH:

Set <char, ’'0’, '9’> Dig;

Dig <<’0" <<71’<<’2 '<<’3<< "4 '<<’5 <<'6T <<"7'<<
B Yoty
if (! Dig.Contains (Key))

{Key = 0; Beep ():}
3a cripob1 KOpHCTYBaya BBECTH CHMBOJI, BiMiHHUI Big undpH, npoayHae
3BYK (Horo 3abe3neunts Qyrkiis Beep), i CHMBOI He 3 ABUTHCA Yy BikHI.
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10.6. BkasiBHUKMK

Bxa3iBHMK — 1ie 3MIHHA, 3HAYEHHN AKOI JOPIBHIOE 3HAYEHHIO afIpecH
MaM’Ti, 33 AKOH 30epiracThes 3HAYEHHS ASAKOIL IHIIOT 3MIHHOI. Y 1IOMY CeHCI
imM’s niel iHmof 3MiHHOI Biicunae 1o ii 3Ha4eHHs 6e3nocepeiHbO, 8 BKA3IBHHK —
onocepemxoBano. [locunaHHs Ha 3HAaYeHHA 3a JOMOMOIOK BKa3iBHHKA
Ha3HBaETECA HEMPAMOLO a/Ipecauli€to.

BkasiBHMK nepeq CBOIM BHKOPHCT2aHHAM HEOOXIZHO OTONIOCHTH.
OronouieHHs BKa3iBHHKA MAa€ BUIJIS

'~ type * ptr;

Ie type — oauH i3 BH3HAYCHHX KODHCTYBauyeM THITB, a ptr —
BKa3iBHMK. YUHTA€TbCA L€ OrOJIOMICHHS TaK: «ptr € BKa3iBHMKOM Ha
3HaYeHHs THIY typey.

Hanpuxian,

int * countPtr, count;

orosnomye 3MiHHy countPtr tumy int * (To0To BKa3siBHMK Ha wine
4HCNIO0) 1 3MIHHY count wminoro tuny. CHMBOJ * B OTOJIOLICHH] HANIEXKHTH
Tiibkd o countPtr. Koxna 3MmiHHA, 1110 OronommyeTscs AK BKA3IBHUK,
NIOBHHHA MaTH meped cobolro 3Hak 3ipoukd (*). Skunio B HaBeleHOMY
npuiiani 6axano, mob i 3miHHa count Gyna BKa3iBHHKOM, IOTPiOHO
3aMHCATH:

int * countPtr, * count;

CuMBon * y nux 3amHcax IMO3HavYae Onepaliio HENpAMOl agpecalil.
MOXHO OTrOIOCHTH 1 BKa3iBHHK Ha void:

void * Pv;

Ile yHiBepcanbHuii BKa3iBHHK Ha Oy[b-AKHi THN JaHHUX. AJie epu
HiX HOro BHKODHCTOBYBAaTH, HoMmy Tpeba mix wac pobOTH NpPHCBOITH
3HaYeHHS BKa3iBHMKA Ha AKHIICH KOHKpeTHHH THO naHuX. Hampukian:

Pv = countPtr;

Y C++Builder Bka3iBHMKH BHKOPHCTOBYIOTHCA JYKE LUIMPOKO.
3okpema BCi KOMMNOHEHTH, (OPMH TOLIO OroOJIOIIYIOTRCH Came fK
BKa3iBHHKH Ha BiZnoBizuu# 00’exT. IlepernsHyBIMCh 3aronoBHHH aiin
OyIB-AKOro MPOEKTY, MOXKHA 1100aYUTH B HBOMY OrOJIOUIEHHA BHTTIALY:
TForml * Forml;

TButton * Buttonl;

BkaziBuuxu noBuHHi 6yTH iHilianizoBani abo nij €ac OronoLIEHHS,
abo 3a ONOMOroI0 Oneparopa MPUCBOEHHS, BkaziBHHK MOXe OTPUMATH K
nepme 3uauesns 0, NULL a6o ampecy. Bka3diBHMK 3 TOYaTKOBHM
snayeHHAM 0 abo NULL Hi Ha wo He Bkasye. NULL ~ ue cumBonigHa
KOHCTAHTa, BH3HAY€HA CleLiaNbHO 3 METOIO ITOKA3aTH, 1O LieH BKa3iBHHK Hi
Ha mo He Bkasye. [Ipuxnaz oronouleHHs BKa3iBHAKA i3 HOro iHilliami3aLieio;
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int * countPtr = NULL;

Hns  npHCBOEHHS — BKa3iBHMKY  alpecH  AEAKOT  3MiHHOI
BUKODHCTOBYETBCS oOnepauis agpecanii &, ska noseprae aapecy CBOro
onepanaa. Hanpuknan, sxuio € oronomenns -

int y = 5;
int * yPtr, x;
TO OIepaTop

yPtr = & y;

MPHCBOIOE anpecy 3MiHHOI Y BKa3iBHUKY yPtr.

Jlis Toro, woG OTpHMATH 3HAYCHHH, HA SKE BKAa3ye BKa3iBHMK,
BUKOHYIOTb OMepauilo * - onepayiio Henpamoi adpecayii. Bona moseprae
JHauCHHA 00’€KTa, Ha skuil BKasye ii onepana (T06TO BKa3iBHHK).
Harpuxnaz, Ko NpooBKHTH HaBeAEHHIT BUILE IPHKIIA, TO oreparop

X = * yPtr

NPHCBOITH 3MIHHIH X 3HaYeHHA 5, TOGTO 3HAYEHHS 3MIHHOI Y, Ha AKY
nxalye yPtr.

Macuen Ta BkasiBuuku B C++ TicHO MoB’s3ani i MoXyTe GyrH
BUKOPHCTaHI Maiike eKBiBaqeHTHO. IM's MacuBY MOXHA pPO3yMiTH sK
KOHCTaHTHHMI BKA3iBHMK Ha MepluMii eneMeHT MacuBy. Moro BiaminmicTs
BI1 3BHYAHHOrO BKA3iBHMKA TLIBKM B TOMY, IIO HOr0 He MOXHA
MonH(piKyBaTH.

Bka3siBHUKM MOXKHA BHKODHCTOBYBATH IS BMKOHAHHSA OyOb-AKOI
onepauii, 30kpema iHIeKCyBaHHs MacuBy. Hexait 3pobneno Take
OTOJIOLICHHA:

int b [5] = {1,2,3,4,5}, * Pt;

Tum camum oronoumreno macus minux 4ucen b[S] i Bxasisaux ua uine Pt.
OcKUIbKH iM’S MacHBY € BKa3IBHHKOM HA NEpIIMil €l1eMeHT MAacHBY, TO
MOXHa 3a]aTH BkasiBHMKY Pt ajgpecy mepuioro enementa Macusy b 3a
JIOIIOMOr oK onepaTopa

Pt = b;

Lle exBiBAICHTHO NMPHCBOIOBAHHIO AIPECH IEPIIONO €IEMEHTA MACHBY
LAKMM YHHOM

Pt = & b [0];

Tenep moxma nocmatucst Ha enement Macusy b [3] 3a monomororo
nupasy * (Pt 3).

Bka3siBHHK MOXHa IHAEKCYBATH TOYHO TAK CaMO, SK i MAacCHBH.
aupunan, supas Pt [3] nociraerbes Ha enement macusy b [3]. To6ro
MOUIMysWii, BU3HAYEHI U1 MacHBIiB, BH3HA4YeHi i JUIS BKA3iBHHMKIE Ha
MACHBH.
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BxasiBnuku . MOXYTb 3aCTOCOBYBaTHCH sK onepaHau B apudme-
THYHMX BHMpa38X, BUPa3aX ITPHCBOIOBAHHS 1 BUpa3ax nopiBHsHHA. OIHAK
He BCi omepauii, ki 3a3BMuali BHKOPHCTOBYIOTHCH B IHX BHCIOBAX,
JI03BOJIEHI CTOCOBHO 3MiHHHMX BKa3iBHHKIB.

I3 BKasiBHMKAMH MOXHA BHKOHYBaTH OOMEXeHy KUIBKICTs apud-
METHTHHX ONeparliii:

1. BkaziBHuk MOxHa 30iU1b11yBaTH (+1);

2. Bxa3siBHHK MOXHA 3MEHUIYBaTH (--);

3. CwiagaTy i3 BKa3iBHHKOM Wi uncna (+ abo +=);

4. BianimMaTy Bia BKa3iBHMKA 1ini wucna (- abo -=);

5. BigHiMaTH OAMH BKa3iBHHK Bijl iHIIOrO.

HonaBanna BKa3iBHHKIB 3 LUIMMH 4YHCIaMH BiIpi3HAETLCA BiR
3BHyaiHOl apupmerniu. JlonaTH 4o BKasiBHMKa | O3HAYa€ NEpeMiCTHTH
#ioro Ha KUIbKICTb GaiTiB, O MICTATECH Y 3MiHHIM, HA 5Ky BiH BKa3yBas.
3azsuyall Taki omepamil 3aCTOCOBYIOTHCH NO BK43iBHMKIB Ha MAacHBH.
Ao nposOBRKHTH HaBEJCHHH BHILE TNPHKIAJ, y AKOMY BKa3iBHHMKY Pt
TIPHCBOEHO 3HaYEHHA b — BKa3iBHHK Ha IEpIIHH elleMeHT MacHBa, TO icis
BHKOHAHHS OnepaTopa

Pt = 2;

Pt BkasyBaTtuMe Ha TpeTii eneMeHT MacuBy b. IcTuHHE X 3HAYEHHS
BKaRiBHUKA 3MIHHTBCH Ha KLUIBKICTH GaliTiB, 3aifMaHHX OJHHMM eleMEHTOM
MacHBy, IOMHOXeHY Ha 2. Hanpuinan, sKmo KOXeH efleMeHT macusy b
3aiimae 2 Gaiith, To 3HaueHHs Pt (ToGTo agpeca B am’ATi, Ha AKy BKasye
Pt) 30L1bIIMTECA Ha 4. AHAIOTIUHI NpaBHIA AIFOTH i MMiA Yac BiAHIMAHHA
BiJl BKa3iBHHKA HLUTOro 3HaYeHHS.

Bxa3iBHMKHM MOXHA BiIHIMAaTH OIMH Bif iHworo. Hanpuknan, sximo
Pt Brasye Ha nepuunii enemeHT MacuBy b, a BkasiBunk Pt1 — Ha Tperiif, TO
pesynsTar Bupasy Ptl — Pt jopiBHioBatMe 2 — pisHMUI iHJEKCiB
€JIEMEHTIB, Ha AKi BKa3ylOTh Wi Bka3iBHMKH. I Tak Oyne, He3Baxarouu Ha
T€, IO AAPECH, AKi MICTATHCA B LMX BKa3iBHMKaX, BiAPI3HAIOThCH Ha 4
(SIKILIO eNEMEHT MacHBY 3aiimac 2 6aith).

ApumeTrka BKa3iBHHKIB BTpa4ae Oyap-aKuil CeHC, AKIIO ii BUKOHYIOTH
HEe Haj] BKa3iBHUKAMM Ha MacHB. He MoOXHA BBakaTH, MO ABi 3MiHHI
O/IHAKOBOTO THITy 30epiraroThCsi B NAM’ATI BIIPHTYA OAHA IO OMHOIO, AKILO
TUILKH BOHM HE € CYCLJaMM B MaCHBI.

INopiBHAHHA BKa3iBHUKIB OMEpallisMH

> <, >= <=

TAKOXX MAIOTh CEHC TUTHKH /11 BKA3IBHHKIB Ha OZIMH i TOM caMHii Macus.
Ommax onepanii BigHOmeHHs == Ta ! = MAOTb CEHC WA Oymb-AKHX
BKa3iBHUKIB. [IpH 1bOMY BKa3iBHMKHM MaiOTh OJHAKOBI 3HAYEHHS, AKIO BOHH
BKA3YIOTL HA Ty CAMy apecy B IIaM’ AT,
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Bka3iBHMK MOXXHA IPHCBOKOBATH iHUIOMY BKa3iBHHKY, fKIo oOu/IBa
NKa3iBHHKA MalTh OAHAKOBHH THIL B iHwoMy pa3i norpiOHO BHKO-
PUCTOBYBATH ONEPaLil0 NPHBEACHHA THUMY, 100 MEPETBOPHTH 3IHAYECHHA
BKA3[BHMKA B IIpaBiil YacTMHI NPHCBOIOBAHHA HA THI BKAa3iBHMKA B JiBiM
YaCTHHI NPHCBOEHHA. BUHATKOM 3 LBOrO NMpaBWia € BKa3iBHUK Ha void
(robTo void *), gKKii € CIUTPHAM BKa3iBHHKOM, 3AaTHHM NpPEICTABIATH BKa-
JIBHUKHA OyIb-siKoro THmy. BkasiBHMKY Ha void MOXHA NPHUCBOIOBATH BCl
MU BKa3iBHUKIB Oe3 npuBenenHs Triry. OxHak BKa3iBHHK Ha void He MoXHa
IIpHCBOITH Oe3nocepeHbO BKA3iBHUKY iHILOrO THITy — BKas3iBHUK Ha void
CI0YaTKy NMOBHHEH OyTH NMPHBEACHHH 10 THITY BiNOBIAHOrO BKa3iBHHKA.

Takox MOXHAa BHKOPUCTOBYBATH MacuBM BKasiBHHMKIB. Taxi
CTPYKTYPH 4YacTO BMKODUCTOBYIOTh y MacuBax pankis abo B macuBax
BKka3iBHHKIB Ha pisHi 06’extn. Hanpuwian, MoxHa 3poOMTH Take
OrOJIONICHHS:

char * Sa [2] = {"Ue nepumit panoxk", "Ipyrui"};

OronoueHo MacuB po3MipoM 2 enemeHTH Tumy (char *). Koxen
CNEMEHT TAKOTO MacHBy — pagoK. Ase B C++ PANOK € BKa3iBHHKOM Ha
fioro nepunit cuMBon. OTKe, KOXKEH €eMEHT Y MacHBi PAIKiB Hacrpasai
¢ BKa3iBHHKOM Ha IepuIMil cHMBON psaxa. KoxkeH pamok 30epiraerecs B
taM’ATi AK DAJOK 1 3aBEpIIYETBCA HYTHOBHM cHMBONOM. KimekicTs
CHMBOJIIB Y KOXHOMY 3 pAikiB Moxe Oyt pisHoio. Omke, MacuB
BKa3IBHMKIB Ha PAIKU JA€ 3MOry 3a0e3eunTH JOCTYN 10 PANKiB CHMBOIIB
Oyab-4KO1 JOBXKHHH.

10.7. MocunaHHA

IMocunanusa — e CHELIATbHHI THI BKA3iBHUKA, AKMH Oac 3MOTY
NpauioBaTH i3 BKa3iBHHKOM fK 3 00’exroM. OronoumeHHs MNOCHIAHHA
poOHTHECA 3a JONOMOrOI omepauil NOCHIAaHHS, IO TO3HAYAETHCH
amniepcanaioM (&) — THM CaMHM CHMBOJIOM, SKMH BHKOPHCTOBYETHCH JUIA
afpecauii. flkuo B nporpami € BKa3iBHHK Ha O0’€KT AKOroch THITY
MyObject:

MyObject * P = new MyObject;

TO MOXH2 CTBOPHTH ITOCU/IaHHA Ha 1(eH 00’ EKT OnepaTopoMm:
MyObject & Ref = * P;
Oronoeny Tak 3minHy Ref € mocunawnsm Ha 06’exr MyObject. Ii
MOXHA PpO3ITAAaTH AK InceBloHiM o6’exra. Lls 3MiHHA pealbHO €
BKa3IBHHKOM, a HE CaMHM 00’ €KTOM, aje poboTa 3 HEK NPOBOAHTHCAH AK 3
06’exToM. Hanpukiaj, sxkmo HeoOXiZHO OTPHMaTH JOCTYyH A0 JAEAKOL
BIacTBOCTI 06’€KTa X, TO uYepe3 BKasiBHMK Ha 00’ekT 3abesnedyeTncs
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moctyn Bupasom .P-> x, T06TO uepes onepauio crpiika. A uepes
TIOCHJIaHHsA 3a0c3nevyeTbcs OOCTYN A0 BIACTHBOCTI X BHpasoM Refx,
T06TO Yepe3 onepauiro Kpanka. AHAIOTIYHO MOXKHA OTPMMATH JOCTYI 33
NOCKHJIAHHAM 1 10 Oyab-axkuX KomnoHeHTiB. Hanpukian, sxmo B nporpami
€ nosxHadka Labell, To moxHa 3Bepratics mo ii BiaactuBocti Caption

olepaTopoM
Labell-> Caption = "Ie 3BEpPHEHHSA 3a
BKas3iBHUKOM" ;
Asie MOXHa BBECTH BiIOBiTHE ITOCHJIAHHS 1 3BEPTATHCS Yepe3 HbOro:
TLabel & ref = * Labell;
ref.Caption = "lle 3BepHeHHA 3 NOCUJIAHHAM";

10.8. Macusu B C++
10.8.1. OGHo8UMIpPHI Macueu e C++

Macng srisge cof0I0 CTPYKTYpy HaHMX, 1O Ja€ 3MOry 36epiratd mia
OIHMM IM’SIM CYKYIIHICTh JAHWX OJHAKOBOTO THITy. MacHB XapaKrepusyeTses
CBOIM iM’sM, THIIOM EJIEMEHTIB, PO3MIPOM (KUIBKICTIO €JICMEHTIB), HyMEpaLlicio
€JIEMEHTIB 1 PO3MIPHICTIO.

OrononeHHs 3MiHHOI AK OIHOBUMIPHOrO MAaCHBY Ma€ BHIJISL:

* mun 3mMinna [Koncmanmuud_eupas]
Hanpuknag, oneparop

int A [10];
orojourye MacuB 3 iM’sM A, mo Mictute 10 uimx yucen. Hdoctyn mo
€/IEMEHTIB LOTO MAacHBY 3MiHCHIOEThC BHpasoM A [i], ae i — iHaexc, mo €
HUTHM 4HCsIoM y mianasoni 0-9. Hanpuxian, A [0] — 3HaueHHs nepmioro
enemenTa; A [1] — mpyroro; A [9] — ocraunsoro. IHaekc OCTaHHBOIO
enemenTa Ha | mennmii 3a posMip MacuBy. lle moB’s3aHo 3 THM, IO
ingexcu B C-++ nounHaoThes 3 0.

Hagenemo npuiiIagy BUKOPHCTAHHS 11bOTO MaCHBY.

A [0] = 1;

A [1] = 1;

for (int i = 2; i <10; i++) A [i] = A [i-2]+ A
[1-1];

[e# xox 3amoBHIOE MacHB TaK 3BaHHMHM yxciaamu Pibonayyi, nepur 2 3
AKHX JOPIBHIOIOTH 1, 2 KOXHE HACTYNHE JOPIBHIOE CyMI IBOX IOIEPCIHIX.

EnemenTtn MacuBy MOXyTb OyTH 6yap-axoro tuny. Hanpuxian,
char S [10};

OroJIOMIYE MaCHB CHMBOJIB.
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MacuB cuMBOJIB — L€ OGaKTHYHO PANOK, i 3 HHM MOXHA
1IpaLliOBaTH SK 3 PANKOM i SK 3 MacHBOM. Y pa3si BUKOPHCTaHHA MacHBY
CMMBONIB K psaka Tpeba mnam’ATaTH, mo L€ pARoOK (IKCOBaHOL
nonyctiMoi aoBxuun. KinbkicTs CHMBOIIB, fAKi posMillieHi B pAAKY, He
110BHHHA TEPEBHILYBATH OrOJIOLICHOTO PO3Mipy MacHBY B — 1, OCKiNbKH
PH/IOK 3aKIHYYETHCA HYJILOBHM CHMBOJIOM,

OronomeHHs MacHBY MOXHA MOEJHYBaTH i3 3aJaHHAM MAacHBY MO-
IATKOBHX 3HayeHb. Lli 3HaYeHHA MepepaxoBYIOTHCS y CITMCKY iHiliamizaii
11iCA 3HAKY PIBHOCTI, PO3AUIMOTECS KOMaMHK 1 6epyThes y QirypHi IyxKH.
Hanpuxman:

int A [10] = {1,2,3,4,5,6,7,8,9,10};

char S [10] = {"abcdefghi \ 0"};

STKILIO TIOUATKOBHMX JHAYEHD MEHIIE HiK eTEMEHTIB Y MacHBi, TO EIEMEHTH, 110
SAUTMITWIMCS, aBTOMATMYHO OTPMMYIOTE HYJIBOBI IOYATKOBI  3HAYCHHS.

Hanpuwiaz, oneparop

int A [10] = {1,2,3};
+aa€ 3HAYCHHS MEPLIMM TPHOM €JIEeMCHTaM, a iHIi AopiBHIOBATHMYTE 0.
Onepatop

int A [10] = {0};

[IPHCBOKOE HYIBOBI 3HA4YEHHA BCIM €IEMEHTAaM MacHBY,

SIx110 MacHB NpM HOro OroNONIEHHI HE iHiMaNi30BaHHi, TO HOro
C/IEMEHTH MalOTh BHMAAKOBI 3HaueHHs. ENEMEHTH TaKoro MacHBY He
MOXHA BMKOPHCTOBYBATH y BHpa3ax, IIOKM IM He HaJalyTh AKHX-HeGyb
HaYEeHb.

V MacHBax CHMMBOIIB HaJaHHA HYJIB €/eMEHTaM, HE 3a3HAYEHHX Y
CNMCKy iHillianizanii, piBHOCHTBHO HAJaHHIO HYJILOBMX CHMMBOJIB, IO
03Hayal0Th KiHelb psaka. TOMy HaBeJeHe BHIIE OroJIOIICHHA MacHBy S 3
fioro inimianizauiero HammMmkose. HynsoBuif cMMBON y KiHLI MOXHA He
skazysaty. Hanpuknan, HopMansHo Gy IyTh CIPHIHSATI TaKi OrOJOIIEHHS:

char S [10] = {"abedefghi};

char S1 [10] = {"abc"};

OcTaHHE OTONIOIIEHHA BHALTAE Micue mix macuB 3 10 emementis, ane
iniuiasizye Horo pAaKoM i3 TPhOX ENEMEHTIB.

B orosouexHi 3i cniuckoM iHiuianizanii po3Mip MacuBy MOXHa He
Bka3yBaTH. ToJli KUIBKICTH €/€MEHTIB MAacHBY AODiBHIOBATHME KLTBKOCTI
€/IEMEHTIB Y CIIUCKY MOYATKOBHX 3Ha4eHb. Hanpukiian, oronoueHHs

int 2 [ ] = (1, 2, 3, 4, 5}:
CTBOPIOE MACHB i3 II’SITH €eMEHTIB. OroJoIeHHs
char S1 [ ] = {"abc"}:

CTBOPIOE MacHB i3 YOTHPbOX €IEMEHTIB: TPH 3HAYYIIi CHMMBOJH IUTIOC
HYIBOBUH CHMBOIL.
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Ilpu oromomenHi MacHBy #K pO3MIp Kpaile 3aBXAH BHKO-
PHCTOBYBAaTH IMEHOBaHI KOHCTaHTH. Hanpuknazn, Huxuye HaBeIeHO
OrOJIOLIEHHS MAaCHBY 1 ONIEPATOp, IO MiAPaX0OBye CyMY OO eneMeHTiB:

int A [10];

// TinpaxyHOk cymu

int Sum = A [0];

for (int i = 1; i <10; i++) Sum += A [i];

Sxkmo Hapani norpiben Gyse macuB A He 3 10 enemeHTis, a,
Hanpuiian, 3i 100, meobxigHo Oyme 3MiHMTH po3Mip MacHBy i B
orojowieHHi A, i y BCix omeparopax, IO NpaUIOIOTh 3 LHM MacHBOM
(y upoMy BHNanKy B omepartopi for). A TakuX onepaTopiB y pi3HHX YacTH-
Hax nporpamu Moxe 6yTH ayxe 6araro. [Ipo Taky mporpamy KaxyTs, 110
BOHa norano macmrabyerscs. ['pamMoTHiIE peani3yBaTH LeH NPUKIAJ TaK:

const Amax = 10;

int A [Arax];

// TigpaxyHOK CyMm

int Sum = A [0];

for (int i = 1; i <Arax; i++)

Sum += A [i];
Y uboMy BHMIanKy BBOAMTbCA IMEHOBaHa KOHCTaHTa Amax, SKy
BHKODHCTOBYIOTb Y BCiX ONnepaTopax, y AKHX NoTpibeH po3mip MacuBy.
Toni 32 HeoOXiOHOCTI 3MIHHTH PO3Mip MacHBY AOCTATHLO 3MIHMTH HOro
TUILKH B OJTHOMY ONEparopi, mo oronourye Amax. [Iporpama oapa3sy crae
macmTaboBanolo. A OronouleHHA AmMAax fK KOHCTAHTH TapaHTye, IO
OrOJNIOIIEeHE 3Ha4eHH He OyZe BUMIAIKOBO 3MIHEHO JIECh Y IIPOrpami.

AHanoriyHui pe3ynpTaT MOXKHAa OTPHMATH, AKINO 3aMiHHTH
OTOJIOIIEHHSA KOHCTAHTHTH JMPEKTHBOW komniumaTopa # define.

# define Amax 10

Yci poamipu MacuBiB y nporpami ClIif BH3HAYATH IMEHOBAHHMH
KoHCTaHTaMH, abo Makpocamu. Ile poGHTE mporpaMy 3po3ymiTinIO,
iCTOTHO monermye ii HanaropKEHHd Ta CYIIPOBifl,

InkonM norpibHiI KOHCTAHTHI MACHBH, JaHI 3 AKHX MpOrpaMa Moxe
TiIBKH 9HTaTH. Taki MacuBM 0OOB'SA3KOBO MOBMHHI iHiLiIOBATHCE B
MOMEHT oroomrenHs. Hanpuxian:
const AnsiString Day([] = {"noxeninoxk","siBTOpOK",
"cepenma", "uerBep", "n'arHuus", "cybora', "Henmina"};
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10.8.2. BazamoeumipHi macusu

Y C++ moxHa oromomtyBaTH i OaratoBuMipHi MacuBH, TOOTO
MacHBH, €/IEMEHTaMH AKWX € MacHBH. HampHiuian, IBOBUMIpHHH MacHB
MOJH2 OTOJIOCHTH TaK:

int A2 [10]) [3];

Ieit oneparop omucye IBOBUMIPHHN MacHB, SIKHit MOXHa YSBUTH cobi sk
tabmuio, o cknanaerscs 3 10 pagkis i 3 cronuis. Jocryn g0 3HaYeHs
eneMeHTiB OaraToBMMipHOro MacuBy 3a0esnedyerbca 4Yepe3 iHIOEKCH,
KOXEH 3 AKHX OepeThca y kBaapaTHi AyxkHu. Hanpuxan,

A2 (3] [2] - 3HaucHHA eneMcHTa, INO 3HaXOAUTECA Ha IEPETHHI
YETBEPTOro pPsAfKa i TpeThoro cTOBILUS (ram’sraiite, w0 iHgekcu B C+
no4yuHawTheA 3 0).

Slkmo GaraToBHMIpHMH MacHB  iHiuiamizyeTbcd npud  iioro
OrOJIOILEHHI, CITHCOK 3HAY€Hb 332 KOXHOr0 po3MipHicTio b6epyTs y dirypHi
nyxxH. HaBenenuii HHX4e ONEpaTop Orolomye TPUBHMIpHHH MacHB A3
po3MipHicTio 4 Ha 3 Ha 2.
int A3 4] [3] [2] = {{{0,1}, {2,3}, {4,5}},

{{e,7}, (8,9}, {10,11 }},

{{12,13}, {14,15}, {16,17}},

{{18,19}, {20,211}, {22,23}}}:
le# omepaTop cTBOpIO€ MacHB A3, YOTHPH PANKH AKOTO € MaTpPHIAMH
BHLIIALY

0 1 6 L 12 13 18 19
2 3 8 9 14 15 20 21
4 5 10 11 16 17 22 23

Hanpuknan, enement A3 [0] [1] [0] nopisuioe 2, enemenT A3 [3]
0] [1] mopiBHioe 19 i T.n. Skmo B coMcky iHimiamizauii B skilice i3
pO3MIpHOCTE#f He BHUCTAaYaE HAHHX, TO BBAXAIOTh, L0 BCi DOAANBIN HE
1iepepaxoBaHi elleMeHTH AOPiBHIOIOTE HYIIIO.

10.8.3. Onepauyii 3 Macusamu, suKopucmaHHs Macueie
Ak napamempie yHkuyil

IM’A MacHBY € KOHCTAHTHMM BKAa3iBHHKOM Ha NEpIIHH EIeMEHT
MacHBy. B3aeM03B’A30K MacHBIB Ta BKa3iBHHUKIB JOKIAJHO PO3ITHYTO B
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nigpo3aini 10.6. Ockuibku iM’S MacHMBy — KOHCTAHTHHH BKa3iBHMK, Horo
He MOXHAa MoOAM(ikyBaTH 1 MO HBOrO HE 3aCTOCOBHI BCi omepauif
NPUBIACHEHHS.

Jo iMeHi MacUBY MOXKHA 3aCTOCOBYBAaTH onepaniio sizeof, ska B
1[bOMY BHIIaJKy IIOBEPTa€c 3HAYEHHSH, IO JOPIBHIOE 3arajpHoMy obcary
nmaM’saTi, BiBeJeHOMY miJ Bci enemMeHTH MacHBy. OTke, KUIBKIiCTB
€/IEMEHTIB MACHBY A MOXXHa BH3HAUMTH BHPa3OM

sizeof (A) / sizeof (A [0])

OCKLIBKM ITil KOXEH €JIEMEHT MAacHBY BilBENEHO OJHAaKOBHH obcar
naM’ari. Ilonibue oOuMCHEHHA pO3MIpDY MacHBY BHKOHYE MakKpoc
ARRAYSIZE. HaBenenuii BHIIIEe BUpa3 eKBiBaICHTHHH BHpasy

ARRAYSIZE (A)

Konu macuBu mepenaroTses y QYHKIUIO AK MapaMeTpH 3arojoBOK
TpPYMa€ THI Ta iM'S MacHBY 3 NOAAILIUMMH MOPOXHIMH KBAaJPaTHUMH
nmyxkamu. Hanpuwiaz, skmo ¢ynkuis F nosusHa cnpuiiMath Macus sk
rapamerp, il IpOTOTHIN MOXE MaTH BHIMIA/L.

void F (int Ar []);
3BepHeHH 10 Takoi GYHKIIT MOXKHA 3aITHCATH TaK:

const Amax = 10;

int A [Amax];

VB (R
Sk BumHO, Y BHKIMKY OVHKIII BKa3yeThcs OpocTo iM’A  MacHBY.
Ycepemuui ¢dyHKiii [0 eleMEHTIB UBOrO MAacHBY MOXKHAa 3BEpTAaTHCA
3BHYAHHHEM YHHOM, Hanpuiiag Ar [5].

C++ nepenae iM’s MacuBy y GQyHKuUiO 3a nocunasHam. lle o3Hadae,
o AKmo QyHKUis 3MIHIOE 3HAYEHHS €JIEMEHTIB MacHBY, TO 3MIHIOIOTBCS
€JIEMEHTH BHXiZHOIO MacHBY, AKHil NepeiaBaBcs y QYHKIIIO.

3nebinpnoro TiNEKH iMeHi MacHBY Mailo, wob y ¢yrkuii 06pobura
Horo enemenTH. YcepeauHi QyHKIil MOTPiGHO 3HATH PO3Mip MacHBY, 1100
MoxHa Oyno opraHidyBaTH Horo umitiuyHy obpobky. Tomy 3asBuuail y
GyHKIiIO MepenaeThCs HE TUIBKM MAcHB, ajie i Horo posmip. 3aroaoBok
byHKUIT MOXE MAaTH BHIIAL:

void F (int Ar [], int N);

a BHKJIHK QYHKIIi:

F (A, Amax);

Haityacrime 6ibmioreuni dyHkuil BUMaraTh K APyTrHH IapaMeTp
He po3Mip MacHBY, a 3HA4YCHHA HOro OCTaHHBOrO iHACKCY, AKE Ha
OJMHHIO MEHIIE 33 po3Mip. Y IbOMY BHOAAKY BHIIHMK GyHKII Moxe
MaTH BHIIIS:

F (A, Arnax - 1);

152

[lepenaBaHHA MacuBy 3a NOCHJIAHHAM HC rapaHTye 3axXHMCTy Bif
IICCRHKIIOHOBAHOL 3MiHH MpPOrpaMo0 3Ha4YeHb CIEMEHTIB MacHBy. flxmio
1ncoOXiHO 3aXHCTUTH MacHB Bifl MOIiGHAX 3MiH, Woro Tpe6Ga nmepemati y
(pyHKLiIO SK KOHCTAHTY:

void F (const int Ar [], int N);

Hexaii, Hanpuknaf, HcoOXinHO HanmucaTH QyHKIii0, 1O MiApaXxoBye
CyMy eneMeHTiB MacuBY uitux. Toai MoxkHa odopMuTH i Tak:

int Sum (const int A [], int N)

{
// N - poamip macuBy
int S = A [0];
for (int i = 1; i <N; i++) S+ = B [i];
return S;
}
Huxue HaBeaeHO NPHKJIAJ TeCTYBaHHA 1€l GyHKuii.
# define Bmax 10.
int B [10] = {1,2,3,4,5,6,7,8,9,10};
ShowMessage ("Cyma npopisuwoe" IntToStr (Sum (B,
Bmax)));

Tpu BukmKy dyHiulii He 000B’I3KOBO MEPEAABATH BeCk MackB. Moxma
llepefaTH TUKK sKych #oro wacrtuHy. Hanpuxman, moda nepenamv y
¢dyHKIil0 mapaMeTp po3Mmipy MacuBy, MeHmmil 3a ictwHHuMH. ko B
HaBEZIEHOMY TIPHIUIAZli SIK IPYTHid TapaMeTp nepenat B ¢yHiuiio He Bmax, a
Bmax - 2, To dbynkuis obpobnaTiMe TUIBKH BICIM MEPIIMX EIEMCHTIB 3
inmexcamu Big 0 10 7. MoxHa i fiK IOYaTOK MacuBy MepenaTd y QyHiaIio
BKA3IBHMK Ha JKMACH €IEMEHT MacuBy. Hanpuxnaz, siauo 3BepraTuck M0
ynarii Tak:

Sum (B+2, Bmax - 2),

TO TepeacThCA B Hel BKa3iBHUK HE Ha MeEpIIMi, a Ha TPETiH eleMEHT.
Tomy, xomu QyHKIiA 3BEepTaTHUMETLCH JIO €NeMEHTIB MacHBy Bia 0 1o 7,
HACMpaBli BOHA IPALIOBATHME 3 CIEMEHTAaMH, iHAEKCH SKHX Bin 2 1o 9.
TobTo cymy Gyne miapaxoBaHO JUIS ENEMEHTIB, IOYHHAIOYH 3 TPETHOTO.

Sxmo y dyskuilo nepemaerscs 6araToBUMIpHMH MacHB, TO B
3aroJIOBKY TUIBKH KBAAPaTHI DyXXKH Mepuioi po3MipHOCTI 3alHINAIOTHCA
MOPOXHIMH, a B IY)KKaX HACTYIHHX PO3MipHOCTel NMOBHHHI BKa3yBaTHCH
KOHCTAHTaMH ixHi posmipu. Hanpuiian, sxmo ¢ynkuis F2 noeurHa
npuidiMaTH ABOBUMIpHHH MacHB pozMipom 3 Ha 3, To Ii 3aroloBok MoXe
MaTH BUDJIAL:

void F (const int Ar [] [31);

BuKkIMKaioTh 10 QyHKILiI0 3BHYAiHHM NepefaBaHHAM Yy Hel iMeHi
macusy. Hanpuknag, F (A).
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10.9. CTpykTypM
10.9.1. Cmpykmypu e Moei C

CTpyxTypH - L€ CKIa[OBi THIM [JaHuX, noOyxoBani 3
BUKODHCTaHHAM iHOmMX THHIB. BoOHM #ABIAIOTE coboro 006’€nHaHHH
3arabHHM iMeHem HaOip pisHux TumiB. Came THM, L0 B HHX MOXYTb
30epiratics AaHi Pi3HAX THIIB, BOHM 1 BiJPi3HAIOTBCA Bid MAacHBIB, 110
36epiraioTs AaHi omHoro THmy. OkpeMi JaHi B CTPYKTYpi Ha3MBaiOThCA
eneMeHTaMu, abo MmomaMH.

HaiinpocTimuit BapiaHT OroNoIIEHHS CTPYKTYPH BHITIAJAE TaK:

struct TPers

{
AnsiString Fam, Nam, Par;
unsigned Year;
bool Stat;
AnsiString Dep;
}o
Kitoyose ¢noBo struct noyrHae BH3HAYEHHS CTPYKTYpH. LneHTH(ikaTop
TPers — iM’s crTpykTypd. IM’S CIDYKTYpH BHKODHCTOBYETBCH IpDH
OrOJIOUIEHH] 3MIHHMX CTPYKTYp LbBOTO THIy. Y 1bOMY NpHKIafi iM’sA
HoBoro Tunmy — TPers. IMeHa, oronomeni B QirypHHX RyXKKax OIMCY
CTPYKTYPH — 1i€ €JeMEHTH CTPYKTYpH. Enementd onniei i Tiei camoi
CTPYKTYpY NOBHHHI MaTH YHIKanbHi iM€Ha, aje [Bi Pi3Hi CTPYKTYpH
MOXYTh MICTHTH HEKOH(IIKTYIOYi €NeMEHTH 3 OJHAKOBHMH iMEHAMM.
KoxHe BH3HaUEHHSA CTPYKTYPH Ma€ 3aKiHUyBaTHCA KpamnKoo 3 KOMOIO.
Busuauenns TPers MicTuTh wiicTs eneMeHTiB. [lepen6avaerscs, mo
TaKa CTPyKTypa Moxe 36epirati Jari mpo mpaliBHHKa AKOICh YCTAHOBH.
Tunu panux piski: enementH Fam, Nam, Par i Dep — pagxu, mo
36epiraioTs BiATIOBIAHO Mpi3BHINE, iM’4, IO 6aTHKOBI MpaLiBHHKA i HA3BY
Bimmiy, B skoMy Bid mpamioe. Enement Year Bchoro tiny 3bepirae pik
HapoJLKEHHA, eieMeHT Stat GyneBoro THiy 36epirac BiZOMOCTI PO CTaTh.
EneMeHTH CTPYKTYpH MOXYTh OyTH Gyab-KOro THIY, aje CTPYKTYpa He
MOX€E MiCTHUTH ex3eMIUIIpH caMoi cebe. Hanpuknan, enemenT Ty TPers
He Moxe OyTH orosiouwieHHi y BH3HauyeHHi cTpykrypH TPers. Opuak
MOYKHZ BBECTH BKa3iBHHK Ha iy cTpykTypy Ty TPers. CtpykTypa, mo
MICTHTB €JIEeMEHT, IKHH € BKa3iBHHKOM Ha TaKHH CaMHi CTPYKTYPHHH THII,
Ha3HBAEThCH CTPYKTYPOW i3 camoazpecauiclo. Taki CTPYKTYpH 3py4HO
BHKOPHCTOBYBATH /11 (POPMYBaHHS Pi3HHX CIIHCKIB.
Came no cobi oronoieHHs CTPYKTYPH HE Ppe€3€pBYE XOIHOTO
NIPOCTOPY B TMaM’STi, BOHO TiJIbKH CTBOPIOE HOBHH THII JAHHMX, SKMH MOXeE
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BMKOPMCTOBYBATH OrOJIOLIEHHA 3MIHHHX. 3MiHHI CIpPYKTYpH oOroso-
WIYIOTECH TAK CaMO, SK 3MIHHI iHumMX Tumis. OronoumeHns

TPers Pers, PersArray [10], * Ppers;
oronowrye 3miHHy Pers Tuny TPers, macuB PersArray — 3 10 enemeHTaMy
tuny TPers i BkazisHuk Ppers Ha 06’ ekt THnny TPers.

3MiHHI CTPYKTYpH MOXHa OrolouyBatd i Oe3nocepeauso B
OrO/IOIIEHH] camOi CTPYKTYpH Iricis 3akpuBaroouoi QirypHoi ayxku. ¥V
LUbOMY BHITaJKy Ha3HBaTH iM’s He 00OOB’A3KOBO:

struct {
AnsiString Fam, Nam, Par;
unsigned Year;
bool Stat;
AnsiString Dep;
} Pers, PersArray [10], * Ppers;

JU1s mocTyny [0 €1eMEHTIB CTPYKTYPH BHKOPHCTOBYIOTBCS ONEpaLtii
AOCTYTMy [0 €JIEMEHTIB: omepauis kpanka (.) i omepauis crpiika (->).
Onepauis Kpanka 3BepTaEThCA [0 ETeMEHTa CTPYKTYPH 3a iMeHeM 06’ exTa
a60 3a mocunanuaM Ha 06’ ekt. Hanpuwran:

Pers.Fam = "IBaHOBR";
Pers.Nam = "ImaH";
Pers.Par = "IeraHoBuu";

Pers.Year = 1960;
Pers.Stat = true;
Pers.Dep = "Byxranrepisa";
Onepanin crpinka 3abesnedye NOCTYN A0 €AEMEHTAa CTPYKTYPH
yepe3 BKa3iBHHUK Ha 06’ exT. IIpumycTHMmo, 110 BHKOHAHUIT onepaTop
Ppers = &Pers;
AKWIA NpHBIacHUB BKa3iBHUKY Ppers agpecy 06’exra Pers. Toai 3a3Hageni
BHILE IPHCBOECHHA €IEMEHTaM CTPYKTYPH MOXKHA BUKOHATH Tak:

Ppers -> Fam = "IBaHoB";
Ppers -> Nam = "Imau";
Ppers -> Par = "IBaHOoBMU";
Ppers--> Year = = I1960;
Ppers =-> Stat = true;

Ppers -> Dep = "Byxranrepis

10.9.2. CamoadpecoeaHi cmpyxkmypu

Hepinxo B mam’aTi Tpeba AMHAMIYHO pO3MILIyBaTH TOCHINOBHOCTI
CTPYKTYp, HibH (opmytoun skuice GpparMeHT 6231 JaHKX, IO TPH3HAYEHMI
JUTA OTIEpaTHBHOrO aHalizy Ta obpobku. Ockiteku AuMHaMiuHE po3MillleHHS
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MPOBOIMTECA B HenepenbauyBaHWX MICIAX NaM’siTi, TO TaKi CTPYKTYpH
Tpeba HAMOBHHTH eNeMEHTAMH, [0 MICTATH BKa3iBHMKM HA HACTYITHY
AHAIOTIYHY CTPYKTYpy. Taki CTPYKTYpH 3 TIOCHNAHHAMM Ha aHAIOriyHi
CTPYKTYpH i Ha3uBaWOThCA camoanpecoBannmH. Ha puc. 10.1 HaBemeHo
cXeMy 3B’S3Ky TaKMX CTPYKTYp Yy MNoCHifoBHicTh. [lomo BKa3siBHHMKAa B
OCTaHHIA CTPYKTYpi 3a3Bu4ail npHcBoroeThes 3HadenHs NULL, umo €
03HAKOI0 OCTaHHBOI CTPYKTYPH IIPH OpraHizallii MOmyKy B CIIHCKY.

. Crpyxrypa 1 CrpyxTypa 2
Cnucok .
CTPYKTYp |[BKa3iBHHE BKa3IBHHK

Puc. 10.1. Cxema 36’ 3Ky cmpyKmyp y nocioosHicms

Jnst npuxiaay 3 NONEPEAHBOTO MiAPO3ALTY OrONOMEHHS CTPYKTYPH
AK CaMOaApecOBAHOl BUITIAAATHME TaK:
struct TPers {
AnsiString Fam, Nam, Par;
unsigned Year;
bool Stat,
AnsiString Dei:; TPers * pr; }:
Hagenemo npuiiajg GOpMYyBaHHS B 1AM’ AT CIIHCKY TaKMX CTPYKTyp. JLis
UBOro Tpeba BU3HAYHTH TPH 3MIHHI, 1O € BKa3iBHHKAMH Ha CTPYKTYpH:
TPers * PO = NULL, * Pnew, * Pold;
TTepmma 3 uux 3MIHHMX 3aBXAH BKAa3lyBaTHME Ha IMeEpUly CTPYKTYpY Y
criucky. [JIBi iHmii 3MiHHI — JomoMibkHi. SIkio B AesKkuH MOMEHT BHHHMKNA
HeOOXIHICTh JMHAMIYHO PO3MICTHTH B naM’ATi 4YeproBy CTPYKTYpY i
BCTaBHTH 1I B KiHEIb CITHCKY, 11¢ MOXHA 3poOUTH TaKHM KOZIOM:
// BupineuHs namM’arTi nig HOBY CTPYKTYPY
Pnew = new TPers;
// 3anoBHeHHS eJIEeMEeHT1B CTPYKTYPpH
Pnew—-> Fam = "Imaunos";
Pnew-> Nam = "Iman";
Pnew-> Par "IpaHOBHUY";
Pnew-> Year = 1960;
Pnew-> Stat = true;

Pnew-> Dep = "Byxranrepis";
Pnew-> pr = NULL;
if (PO == NULL) PO = Pnew; // PO - BkasiBHMK Ha

nepiy CTPYKTYDY
else Pold-> pr = Pnew; // BKa3iBHMK Ha 4YeproBy CTPYKTYPY
Pold = Pnew;
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Slkwo  crmcoxk me He posnodato (PO = NULL), to sxasiBuuky PO
TNIPHCBOIOETECA TIOCHIAHHS Ha po3MillleHy CTpykTypy (Pnew). B iHmomy
BHMAJIKY IIOCH/IaHHA Ha HOBY CTPYKTYPY NPHCBOIOETBCA NOJIO Pr IONEPEaHbOL
cTpykTypH y criucky (Pold). To6ro HOBY CTpyKTYpY BBOISATE 1O 3aransHOro
crucky. Ilomo pr uiei crpykrypn npucBoroerses 3uadenns NULL. e e
O3HaKOIO TON0, IO 1A CTPYKTYPA € OCTaHHBOK) B CIIUCKY.

Js nepernsy crmcKy HeoOX{IHO MPOXOAMTH B LMKITI 33 BKA3IBHUKAMM.

Hanmpuxnan:
Pnew = P0;
while (Pnew ! = NULL)
{
ShowMessage (Pnew-> Fam+” “ + Pnew-> Nam+” ™ +
Pnew -> Par );
Pnew = Pnew-> pr; // nepexim 1mo Homoi
CTPYKTYPH
}

Takox MOXH2 B CHHCKY NEPECTaBIATH CTPYKTYPH, iX BHAANATH
Towo. Jls BeiX uuX onepanii He Tpeba HIYOro MepeMillyBaTH B rmaM’sTi.
JlocTaTHBO TiNBKH 3MIHIOBATH BiAMOBIAHI MOCHIAHHS B NONsAX pr. Panime
MOAIOHI CIMCKA BUKOPHCTOBYBAIH JUIA CTBOPEHHS B IIaM’STi CTEKiB, Hepr
Ta IHOMX ynopsaakoBaHux cnuckiB. Oawak y C++Builder BBeneno
cneuiansdi Tuni mauux TList i TStringList, sxi o6po6isiors moni6Hi
CIHCKH 1 MalOTh 3pY4YHi METOM 1A YIIPABIiHHA HHMH,

10.9.3. Cmpyxkmypu e moei C++

Bee, wo posrisnyTo B momepeHiX po3ailiax, CTOCYEThCH fK 10
MoBH C, Tak i C++. Ase B C++ NOHATTSA CTPYKTYPH ICTOTHO pO3LIMpEHE i
Hab/IMKEHE 110 OHATTA Kiacy. 30KpeMa B CTPYKTYpax, KpiM PO3T/IAHYTHX
paHillle JaHMX-EIEMEHTIB, JO3BONAETHCA ONHUCYBATH (YHKIii-eqEMEHTH.
Posrnsinemo ue Ha mpukiani pawime oromomeHoi ctpykrypu TPers.
Beenemo o wmiei crpyktypu dymxuio-enrement Show, sxa 6Gyne
MoKa3yBaTH iH}OPMALiio, 110 36ePiracThcs B CTPYKTYp:
struct TPers {
AngiString Fam, Nam, Par;
unsigned Year;
bool Stat;
AnsiString Dep;
TPers * pr;
void Show ()
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ShowMessage ("CniBpo6irHmMk Bimminmy \" "+ Dep+" \ "

"+ Fam + " "+ Nam +" " + Par +","+ IntToStr (Year)+
"p.H., cTare" +
(Stat? "wonoBiumi": "xinoumm"));}

}i
®yuxuis Show BinoOpaxae iHpopmaiiio Burany: «CHiBpoGiTHHK BILIUTY
«bByxranrepinm» IBanos IBan IsamoBud, 1960 p.H., CTaTh 4YONOBIYa».
3BepraioThes A0 1€l QyHKiii-eleMEHTa 4Yepe3 3MIHHY CTPYKTYPH
ongpauiclo Kpanka abo depes BKa3iBHHK Ha 3MIHHY ONepauiclo CTpLIKa.
Hanpuionan:

Pers. Show ();

Pnew -> Show ();

3 BHKOpPHUCTaHHAM BBeleHoi ¢yHkuii Show HaBegeHud Yy

nonepeAHBOMY ITIPO3ALTI MPHIUIAZ EPETIAAY CIIMCKY MOXHA CIIPOCTHTH!
Pnew = PO;
while (Pnew! = NULL)
{
Pnew-> Show ();
Pnew = Pnew-> pr;}

Y C++ MoxHa BBOOUTH crenHdikaTopd [AOCTYIY IO HAaHHX-
eneMeHTiB 1 QyHKuii-eleMeHTIB Tak camo, AK Le poOHTeCA B Kiaci.
Jlossonsioteea cnenndixaropy public (BimkpuTuii) i private (3akpHTHii).
3aKkpuTi €EMEHTH CTPYKTYPH MOXYTh OyTH HOCTYNMHI TUILKH MUIf
dyHkuili-enemeHTiB ui€i CTPyKTYpH. AHi yepe3 00’ekT, aHi depes
BKAa3iBHHK Ha 00’€KT [JOCTYn [0 HHX HEMOAIMBHH. 3aKpHTHMH
OTOJIOIIYIOTECA AKICh JIOMOMDKHI JaHi-eleMeHTH, fKi He IiKaBi s
KOPHCTYBa4a, a TAaKOX NOMOMDKHI ymkmil (yrwmiti), Heobximmi ais
poBOTH OCHOBHUX (yHKUiH-EIEMEHTIB CTPYKTYPH.

BiiKpHTi €1leMeHTH CTPYKTYpH MOXKYTb 6yTH mocTynHi A Gyms-axux
oyuxuiit y nmporpami. OCHOBHE 3aBNAHHA BIJKPUTUX EJIEMEHTIB IO/IATAE —
HAJATH KIEHTaM CTPYKTYPH YABJIICHHS NP0 MONJIMBOCTI, fiKi BoHa Mae. lie
BIIKpHTHI iHTEpdElic CTPYKTYDH.

3a 3aMOBYYBAHHAM JOCTYNl O €IEMEHTIB CTPyKTypH public —
BigkpuTHil. fxmo Tpeba CcXoBaTH Bil KOPHCTYBaYa fKiChb E/IEMEHTH,
HeobXimHo BKa3aTH crenmdikarop private, 110 3aBEpIIYETHCS IBOKPAITKOIO,
i poaMiCTUTH TiC/JA HBOrO OrOJOLICHHH 3aKPHTHX €eMeHTiB. Bee, wmo
oronomeso micias cnemmdixatopa private N0 KiHug CTpykTypH abo mo
cneumdikatopa public, 6yne npuxosaHo Bin kopucTyeasa. Hanpuxnan, B
OTOJIOLICHH] CTPYKTYPH:

struct MyStr {
int x, vy;
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int Get ():
private:

int a, b;

veid F ();
i
madi X, y i Gynxuis Get — BigKpuTi i MOXYTh BHKOPHCTOBYBATHCH MiJl 4ac
pobOoTH 3i CTPYKTYpoIo, a JaHi a, b i dymxuis F — 3axpuri i HUME MOXe
KOPHCTYBATHCA TUILKH (yHialis Get.

10.10. Knacu

10.10.1. OzonoweHHs knacy

Kaac — 1ie Tun naHux, BU3Ha4YeHMH KopHcTyBaueM. [IoHATTS Kiac,
CTpyKTypa Ta o6’eananns B C++ moroni Omm3eki. ToMy Maiixe Bee, 110
FOBOPHTHMEMO TIPO KJIACH, 3aCTOCOBYETBCS TaKOX JIO CTPYKTYp i
00’eaHaHb.

Knac nosunen Oyt oromoureHui mo Toro, sik Oyae orononieHa
xo4a 6 oxHa 3miHHA 1BOro knacy. ToOTo Knac HE MOXeE OroJomyBaTHCH
BCEPE/IMHI OroNnoieHHs 3MiHHOI. CHHTaKCHC OrOJIOMIEHHS KJIACy TaKHiA:

class <im's knacy>: <CHNMCOK KJaciB - BaTbkip>

{

public: // mocTynHo BCim
<pmaHi, meromu, BracTMBOCTi, nomii>
protected: // DOCTYNHO Tineku Hamankam
<naHi, meTomu, BIacTuBocTi, nomii>
private: // nmocrynHo Tineku B knaci

<paui, MeTonM, BJIACTHMBOCTi, nomii>
} <cnucok 3MiHHMX>;

Hanpuxnan;
class MyClass: public Classl, Class2
{
public:
MyClass (int = 0);
void SetA (int);
int GetA (void);
private:
int FA;
double B, C;
protected:
int F (int);
}:
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IM’s knacy moxe 6yt Gyab-AkuM JAOMyCTHMUM ineHTHdIKaTOPOM.
InenTndixatopn  wiaci, sKki  ycnankoByloTh KiacH  6i6nioTexH
komnonentis C++Builder, npuifasro nounnatd i3 cumBony «T». Knac
MOXE YCIaAKOBYBaTH IO/ (BOHH HA3HBAKOTHCS AaHi-€IEMEHTH), METOMH
(BOHM Ha3WBAIOTECA (YHKLUii-€JEMEHTH), BIACTHBOCTI, MOMil Bif iHIIMX
KJIaCiB — CBOIX MPEJIKiB, MOXE CKACOBYBATH fKICh 3 LMX €JEMEHTIB KJ1acy
a6o BBoauTH HOBi. SIKm0 mMepen6avaloTBCA TaKi KIACH-NPENKH, TO B
OroJOWICHHI Kiacy micns Horo iMeHi CTaBNATH ABOKpAaNKY i mOTIM
NOJIAIOTh CIHCOK GaTbKiB. Y HaBENEHOMY BHILE NPUKIAfi nepeaGaueHo
MHOXMHHE ycnaakyBauHs kinacis Classl i Class2. Slxwo cepen xnacis-
NpPEAKiB TPATIIAIOTECA K1acH 6ibniorekn xommonentis C++Builder um
KacH, 10 YCNaAKOBYIOTh iX, TO MHOXWHHE YCNaAKyBaHHs 3260POHEHO.

Slxuto oronomreHUH KIac He Mae TIONIEPEAHHKIB, TO CIIHCOK KJIACIB-

POIM4IB Pa30M 3 JIBOKPANKOKO OnycKaeTses. Hanpuknax;
class MyClassl

{

)i

Hoctyn no nexnapoBaHMX eNEMEHTIB Kacy BH3HAYAETHCH THM, y
AKOMY PO37iii iX OroJIOIIEHO.

Po3nin public (BinkpuTuii) npusHaveHHii ;I8 OTONOWEHb, SKi
HOCTYIMHi [y 30BHIIIHBOrO BHKOpHCTaHHA. Lle BimxpuTnit inTepdeiic
KJIacy.

Posnin private (3akpHTHit) MICTHTb OronOmIEHHs TONIB i PyHKLIH,
IO BHKOPHCTOBYIOTECA TUIKH BCEPEAMHI LIOrO KIacy.

Posnin protected (3axwmieHwuit) MiCTHTH OronoOmIEHHS, OOCTYTIHI
TUIBKH JUIA HAILAAKIB JEKIapOBAHOr0 KIACY.

Sk 1 y BuNamKy 3aKpHTHX EJEMEHTIB, MOXHA TIPHXOBATH AETali
peanizallii 3aXWINEHMX ENEMEHTIB Bid KIHIEBOro KopHCTyBaua. OmHak Ha
BUIMIHY Bil 3aKDHTHX, 3aXMICHi €JIEMEHTH 3ATMIIAIOTECA JOCTYINHI AIA
TPOrpaMiCTiB, sKi 32X04yTh POGHTH BiJl LHOTO KIacy NMOXifHi KiiacH, pHaoMy
HE NOTPIGHO, MO0 NOXi/IHI KJIACH OTOIOLIYBAIHMCE Y 1{EOMY CAMOMY MOZYJI.

Y HaBenieHoMy BMIIE MPHKIAAi Yepe3 06’€KT LLOTO KIIaCy MOXHA
OTPUMATH JOCTYI TUILKK 10 (ynkuif MyClass, SetA i GetA. ITons FA, B,
C i pynxuis F — 3akputi enementd. Lle nonomixwui nami i gysxuis, sxi
BHKOPHMCTOBYIOTL y CBOIH pobGorti Biaxputi ¢yHkuii. Biaxpura dyusis
MyClass 3 iM’sm, mo 36iraerscs 3 iM’aM KIacy — Ue Tak 3BaHHil
KOHCTPYKTOp KJacy, #KHA TIOBMHEH IHIliani3yBaTH MHaHi y MOMEHT
CTBOpeHHs 06’exTa Kiacy. [IpHCYTHICTE KOHCTPYKTOpA B OTOJIOMICHHI Ki1acy
He 000B’A3K0Ba. 3a BiICYTHOCTI KOHCTPYKTOpA KODHCTYBAaY [OBMHEH Cam
noabaTH Npo 3aAaHHA NOYATKOBHX 3HA9€Hb JAHHX-EIEMEHTIR Kiiacy.
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Tlepen iMenaMu KIaciB-6aTrkis B OroJOWIEHH]I KIACy TAKOX MOXE
Oytn Bkasamuii cneuudikaTop Aocryny (y npuxnan public). Cerc uBoro
cneundixatopa TOH CaMHH, Ino i UIA €1EMEHTIB Kiacy y pasi
yCIaaKyBaHHs: :

— public (BiaxpuTe YyCnagkypaHHS) MOXHA 3BEPTaTHCA depes
06’€KT TaHOro Ki1acy 10 METOAIB i BracTHBOCTEH KIIACiB-NPE/KiB;

— private nonibHe 3BEPHeHHs HEMOMIHMBE. 32 3aMOBUYBAHHAM Y
Kiacax (Ha BiIMiHY BiI CTPYKTYD) nepenbavaerses crelmdikarop private.
Tomy MoxHA BBOIMTH [0 OrojomeHHs Kiacy Aani i yHkuil, He
BUKJIHKAIOUH crienMdikaTopa AoCTyy.

Bce, 110 BBeIEHO [0 ONHCY no riepimoro cneuudikaTopa AOCTYIY,
BBR)KAIOTh 3aXMIIEHMM. AHAJIOTyHo, SKIO HE BKA3aHO crenudikaTopa
Tepen CIIHCKOM KIIaciB-0aThKiB, iepenGaueHo 3aXUIUEHE YCITaAKyBaHHA.

OronouieHHs NAHHX-CMEMEHTIB (MONIB) BUINIAAAIOTH TaK CaMo, AK
oronouenHs IMiHHUX abo OrOJIOIe s MOJIB y CTPYKTypax:

<Tun> <imeHa nonie>;

B oronomenHi kiacy mons 3aGopoHseTseA iHimiamizysatd. Jins
iHimiami3amii JaHAX CIYTYIOTh KOHCTpYKTOpH. OronoumeHHs (yHKiii-
eJIEMEHTIB y HAWNpOCTilLIOMY BHNAAKy He BIAPI3HAIOTHCA BiJl 3BHYAaHHMX
orofiomeHs QyHKIMA.

Ilicns TOro, sK OrOJNOWIEHO KNac, MOXHA CTBOPIOBATH 00’ €KTH
nboro Kiacy. SIkuio kiac He yClagkoBye Ki1aciB 6i6Mi0OTEKH KOMIIOHEHTIB
C++Builder, To 006’€KT K1aCy CTBOpIOETHCA K OyNb-fKa 3MiHHA iHILOrO
THITY [IPOCTHM OTOJOILEHHAM.

Hanpuknan, onepatop

MyClass MC, MC10 [10], * Pmc;
crBoptoe 06’ext MC orosowesoro pue knacy MyClass, macus MC10 3
necsaTH 06’ eKTiB IBOro K1acy i Bkasisauk Pme Ha 06’ €KT 1LOro Kiacy.

Y MOMEHT CTBOpeHHs 00’ckra Kiacy, IO MICTHTh KOHCTPYKTOP,
MOXHa iHilliloBaTH HOro AaHi, nepepaxoByiOuM B DyXKKax Micas iMeni
00’€KTa 3HAYEHHA JIaHUX.

Hanpuknan, onepatop

MyClass MC (3);
ue Tinbku crBopioe 06’ext MC, ane it 3amae #oro nomo FA 3xaueHns 3.
Sxao 1poro He 3poGHTH, TO B MOMEHT CTBOPEHHA 00’€KTa MOJe OTpPHMAE
3Ha4YeHHA 3a 3aMOBYYBAHHAM, mO MICTHTCS B OrONOIIEHHI KIAacy
NpOTOTHITY KOHCTPYKTODA.

CTBOPEHHS 3MiHHMX, LI0 BHKOPHCTOBYIOTH KJTAC, MOXHA ITOEHATH 3
OTOJIOIICHHSM CaMOro KJIacy, PO3MinyrouH iX CIHCOK Micld 3aKpHBarO4oi
K1ac GirypHoi KyXKH, 1 3aBEPUIAILHOK KPAIKOO 3 KOMOIO.
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Hanpuwian;
class MyClass: public Classl, Class?2
{

} MC, MC10{10], * Prac;

SIKIO CTBOPIOETBCA AMHAMIYHO PO3TAMIOBaHMH 06’€kT Kiacy, TO
BHKOPHCTOBYIOTH OIIEpaLli€io New.

Hanpuxnan:

MyClass * PMC = new MyClass;
a6o

MyClass * PMCl = new MyClass (3);

Lli omepaTopu CTBOPIOKOTH AeCh y AMHAMIYHO-pO3NOAUIEHIH obnacti
nam’ATi caMi 06’€KTH 1 CTBOPIOIOTH BKA3iBHMKHM Ha HuX — 3MminHi PMC i
PMCI1.

CrBOpHTH 00’€KTH KJIacy NPOCTHM OrOJIOMIEHHSM 3MIHHHX MOXHA
JMUie Yy BHNAAKy, SKIIO cepel MpPEOKiB Bamioro Kjiacy HEMae Kiacis
6ibniorexn xomnonenris C++ Builder. Sxkmo x Taxi npeaxu €, To
CTBOPIOBAaTH BKa3IBHHK Ha 00’€KT LBOTO KJIACy MOXHZ JIMILE ONEPALicio
new. Hanpuxian, AKio xiac orojomeHui Tak:

class MyClass2: public TObject
{

}:
TO CTBODIOBATH BKA3iBHMK Ha 06’ €KT IBOT0O KIJaCy MOXHA ONEPaTOpPOM
MyClass2 * P2 = new MyClass2;

10.10.2. UWa6noHu knacie

Y C++ moxHa Bu3HauatH wabaomnm Kkiaacis, Ha3BaHi TakKoX
ponoBumu (gemeric) kuacamu, aGo reHeparopamu Knacis. Imomi ix
Ha3HBaIOTh NaPAMETPH30BAHHMHU THIIAMH, OCKUIBKH BOHH MAaIOTh OHH abo
Ginbie mapaMeTpiB THIY, IO BH3HAYAIOTh HANAIITYBaHHA WA6I0Hy K1acy
Ha cnenudidaEni THII JaHHX Nix yac CTBOpeHHs 06’ckTa knacy. Jlna Toro,
mo06 BMKOPHCTOBYBATH INAaGNOHHI KJIAacH, MPOrpamiCTy JOCTATHHO OIMH
pa3 onucartd wabnox kiacy. Illopa3y, konu noTpibHO peamizyBaTh Kiac
JUISL HOBOIO THITYy NaHMX, NPOrpamicT MOBIAOMIISE TPO LE KOMILIATOPY,
AKMH | CTBOPIOE BUXiAHUIH KO /1A HeoOXiqHOro Kiacy.

Onuc n1aboHy BIAPI3HAETHCH BIA OIHCY KIACY NEPLIMM PAIKOM

template <class ioenmighixamop> class im’s knacy
V upoMy paaky inenTHIKaTop € JOBIIbHUM IM’AM (OPMAIbHOTO THMY,
SAKUH BUKOPHCTOBYETBCA Hafasi B OMHCi mabaony.
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Hanpuxnan:
template <class T> class Matrix

{

}:
I [cit 3aroI0BOK OroNOIIYE [P0 CTBOPEHHA abnony kinacy Matrix i sanae
incutudikarop T s dopmanshoro Tumy gaHux. el inenrudikarop cnix
BUKOPHCTOBYBAaTH B ONMCI KJIacy 3aMiCTh 3a3HaYCHHSA THIY BiANOBIAHKX
JIaHHX.
HapeneMo Ak npykiazn mwabiioH K1acy MaTpHIlb:

/ [/ llaBjoH kjacy MaTpulb
template <class T> class Matrix

{

T * data;

int N; // KinbkicTe paakis

int M; // KinevkicTe croBnuis
public:

Matrix (int, int);

~Matrix () {delete [] data;)

_property T Item [int i] [int j] =

read = GetItem, write = SetItem}
private:

T fastcall GetItem (int i, int j);

void _ fastcall SetItem (imt i, int j, T value);
bi
// KoHCTPYKTOP
template <class T> Matrix <T>: Matrix (int n, int m)
{

data = new T [n * m];

for (int i = 0, i<n*m; i++)
data [i] = @,

N = n;

M = m;

}
template <class T> void fastcall
Matrix <T>:: SetItem (imt i, int j, T value)
{
// 3Banuc 3HaueHHs value B enemeHT (i, j)

if ((i <1) |1 (2 >N) |l (3 <1) |l (3> M)
ShowMessage ("Henpunycrmmi ixHmexkcm (" +IntToStr
{1+ T, 4InbtTesSter {3) -+M)")s

else data [(i-1) * M+ j-11 = value;
}
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template <class T> T _ fastcall
Matrix <T>:: Getltern (int i, int j)
// YuTaHHA 3HayeHHa ejemeHTa (i, 3j)
if ((1 <1) |1 (A> N) || (3 <) |l (3> M)
ShowMessage ("HenpunycTumi  iumexem ("  +IntToStr
(i)+"," +IntToStr (j) +")"):
else return data [(i -1) * M+ j - 1];}

Y camomy mabioHI He BKa3ylOTh THN JaHHX, WO 30epiraloThbes.
CTBOpIOIOUH KOHKPETHHH CK3EMIUIAD KJaCy MOXHa 3anaBaTh Gynb-sikui
THI: WITHHA, IACHWHA, KOMILIEKCHMH Touo. CTBOPIOIOYH EK3EMIUIAP
MAaTpHLi KOHKPETHOTO THITY B IIPOrpaMi MOXKHa, HaNPHUKIIA]l, OIICPaTOPOM:

Matrix <float> X (4,5);
Ile# oneparop cTBOpioe MaTpHIno X MIHCHHX YHCEIL, fKa CIIANacThes 3 4-
X panxiB Ta S5-TH croBmuMkiB. [Ticis iMeHi knacy B KyTOBHX HYyXKax
BKa3yiOTh THII, VIS SKOrO CTBOPIOETBCA ek3eMIUIp kiacy. Komminsrop
3aMinuT, Ha uel THn (v mwsomy pa3i float) dopmanenuit Tan T,
BHKOPHCTaHHit B onuci mabnony.

3amiCyIoTbC | YHTAIOTBCA €NEMEHTH MaTpulli y nporpami 3a

JonoMoroxo BiactieocTi Items. Hanpuknan:

X.Items [2] [3] = 1.5;

float y = X.Items [2] [3];
Ileprimi—i 3 [[MX OIEepaTopiB 3aHOCUTEL 3HaucHHA 1,5 go 3-ro enemexra 2-ro
pAaKa, a YT oIepaTop YATaE L€ 3HAUCHHA.

KoHTponbHi 3anuTaHHA Ta BNpasu

1. SIxi TMnyu Hanexatb 20 OCHOBHUX THNiB y C + +7
2. Slkmii niana3oH 3HaueHs THNy unsigned char?
3. Sxi THnu HanexaTh 10 apHGMETHYHHX THIIIB JaHUX?
4, 'V axomy 6iti 30epiraerbcs 3HaK 3MIHHOL?
5. SIki icHYI0Tb CIIOCOOM OrOJIONIEHHA pANKA CUMBOMIB?
6. 3a moriomororo AKoi GyHKIUI] BiIOYBAETECA MOIIYK Y PAAKY 3aJaHOTO
niapsaxa?
7. SIki onepauii Bu3HaueHo WA THITy AnsiString?
8. HaseniTs npuixnaz BUKOPHCTaHHS 3MIHHOI Ilepes1iuyBalbHOMO
THITY.
9. Sk monpaTtH eneMeHT o 3anaHol MHOXHMHH? HaBeniTe MpuKiiag.
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10. SlkuM Mae GyTH THO ABOX MHOXHH, 1100 IS HUX MOXKHA 6yno
3aCTOCYBaTH NEBHI Onepanii?

I1. SIxoro Tvmy € 3MIHHA, 1110 Or'OJIOLLEHA BKA3IBHHKOM Ha TIeBHHI
THN?

12. 1llo € pe3synsTaToM onepaiii HEMPAMOI aapecarii?

13. 1o € BKa3iBHHKOM HA NMEPIUMIi EEMEHT MACHBY?

14. 1o o3nauac 3anuc void * Pv,?

15. SIxi onepanii MOXXHA BUKOHYBATH 3 BKa3iBHHKAMU?

16. Yum mocHiaHHSA BIIPI3HAETHECH Bl BKa3iBHUKA?

17. HaBexiTe npuKiIajy 3a1aHHs CHMBO/IBHOMY MacHBy
MOYATKOBMX 3HAYEHE,

18. Ilo € enemeHTOM GaraTOBHMipHOTO MacuBy?

19. Slkni pesynbTaT nosepHe OyHKUiA Sizeof (4), sxmo A
OTOJIOLIEHO K MACHB JAECATH uinux?

20. Sk 3axXMCTHTH BiJl HECAHKI[IOHOBAaHOI 3Miuu IpOrpaMoro
3HauCHb CJICMEHTIB MACHBY MiJl Yac NMEpelaBaHHi MACHBY y (yHKUiO 3a
nocunasHAM?

21. Slxa cTpyKTypa Ha3sMBa€ThCS CTPYKTYPOIO 3i camoanpecanicio?

22. SIx NOCTYMHUTHCH IO ENEMEHTIB CTPYKTYpH?

23. Yum crpyxrypu B MoBi C++ BiApi3HsIOTBCR Big CTPYKTYp Y
moBi C?

24. Slxum 3a 3aMOBYYBAHHAM € AOCTYTI 0 €EMEHTIB CTPYKTYpH y
moBi C++7?

25. SxkuM 3a 3aMOBUYBAHHSAM € JOCTYN 10 €JIEMEeHTIR KJIacy B MOBi
C++?

26. KoMy noCTynHi 3aKpHTI e1eMeHTH Kinacy?

27. KoMy ROCTYTIHI 3aXHILEH] €IEMEHTH Kiacy?

28. SIxa Mera CTBOpEHHA A0MOHHHUX Kiacip?

lii.l. Mpuknagn TeCTOBUX NUTaHbL

1. Slxmo x1ac mae Ha3sy Cat, oronocuTH 06’ €KT NPaBHILHO AK:
a) int Cat;
6) Cat Frisky;
B) Cat :: Frisky() {...};
r) Frisky Cat;
n) Frisky
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2. Knac - ue: .

a) Habip 3MiHHHX;

0) HOBHH THII IAHHX;
B) Habip 06’ eKTiB;

r) Habip pyHKuiH;

J) mpoToTHiT GYHKIIL.

. 3a 3aMOBuYBaHHAM 9/1eHH Kiuacy B C++ ¢:
a) 3aTalbHONOCTYITHHMH;
0) macHBHHUMHU;
B) AKTHBHHMH;
T') 3aKpHTHMH,;
1) BipTYalbHHMH.

. SIxi METOZIH MOXYTh 3BEPTAaTUCh [0 3aKPHTHX YIEHIB KIacy:

a) TUIBKH METOIH LbOro KJacy;
0) yci pyHkuii mporpamy;

B) 3aKpHTi METOIH LBOTO KIAaCY;
r) sOynoBaui pyHxuii knacy;

) nmepeBaHTa)eH QyHKIl

. BinxpuTi wieHH Knacy AOCTYIHI:
a) BciM yHKIIiAM nporpamu;
6) 3aKpHTHM MeToAaM KJiacy;
B) 3aXMINEHHM METOaM IOXiZHOro Kiacy;
r) BipryansHuM QYHKILIAM;
1) IEPEBAHTKEHHM DYHKIIIAM.

. IIpaBuIBHE OrONIOIIEHHS KIACY:

a)

class Cat

{ int Age;

int Weight;

void Meow(); } ;
0)

Cat class

{ int Age;

int Weight;

void Meow(); } ;
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Cat :: class Cat()
{ int Age;

int Weight;

void Meow(); } ;

Public class Cat
{ int Age;
int Weight;
void Meow(); } ;
n)
class public Cat
{ int Age;
int Weight;
void Meow(); } ;

7. Frisky € o6’extom xinacy Cat, Meow() — meton knacy Cat. I3
3aNpONOHOBAHUX BapIaHTIB BUKTHKY MeTony Meow() paBHIsHIM €:
a) Meow();
6) Frisky.Meow();
B) Cat::Meow();
r) Cat.Meow();
1) Frisky::Meow();

8. V moBi C++ BUKOPHCTOBYIOTS U1 BHAUICHHS IUISHKM Y JHHAMIGHIMN
Tam STl OepaTop:
a) malloc;
6) new;
B) inline;
r) virtual;
I) delete.
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11. NOCNIAOBHI KOHTEUHEPU B CKNAAI
CTAHOAPTHOI BIB/TIOTEKU LLABNOHIB

Onniero 3 OCHOBHMX IIiieH 3a 06’€KTHO-OPIEHTOBAHOIO MIAXO4Y €
MOMJIHBICTL 6araTtopa3oBoro BHKOPHCTAHHS KOy, HANpPHKIA, IUIAXOM
HacnigyBaHHs. Kpamie BHKOPHCTOBYBAaTH BiKE€ pO3pOOJIEHI KIacH, HDK
MOYHHATH KOXKHHMIl npoexT i3 Hyns. HasgeHicte GiGmioTekn mepeBipeHux,
e)eKTHBHO MMPALIOIOYHX KJIACiB-KOHTEHHEPIB MOXE 3HaYHO CKOPOTHTH 4Yac
po3pobnerna npoekty. TpboMa OCHOBHHMH KOMIIOHEHTaMH CTaHAAPTHOL
6i6niorexn mabIIOHIB €:

1) Konexuis maGnoHHUX KIaciB-KOHTeHHCPIB;

'2) Konexalis y3aralsHEHHX alropuTMiB, TOOTO WabnonHux QyHKIIH;

3) Konexkuis K1aciB-iTepaTopis.

KopucryBay xj1acy-KOHTCHHEPa MOXKE:

1) CTBOpIOBAaTH EK3EMILIAP LILOIO KIIACCY;

2) BuxiMKaTH BigkpHTi (public) MeTonu 1koro xnacy.

V cranpaprhiii  6i6mioreni mabGnoHiB y3araibHEHi JITOPHTMH
ONEPYIOTh KOHTEHHEPaMH 3a JOIIOMOrOl0 iTeparopis. ItepaTop oaepxye 3i
CBOrO KOHTEiHHEpa HeOoOXiAHY IS JOCTYNY A0 BCIX E€JIEMEHTIB LLOro
KoHTeliHepa indopmaltito.

Cranjapraa 6i6iiorexa mabaonis (STL) € cicranoBoto odintifinoi
moBH C++, cxsanenoi HauioHansHHM iHCTHTYTOM craHpaprusauii CILIA
(ANSI). lle o3nauae, mo iHTepdericn Meronie i QyHkuil BM3HaYeHO, a
BH3Ha4EHOI peamizauii Hemae: po3pobiroBadi BilbHI peani3oByBaTH KJIacH
it y3araisHeHi anropuTMH OyIB-SKHM Cr1OcO60M, JOTPHMYIOYH IIPH LIOMY
BCTaHOBNEHI iHTepdeiich. IlouaTkoBa peamisauis, pospobneHa B
IocIimHHLUbKiH nabopaTtopii komnanii Hewlett-Packard, € ocHosoio it

IHIMX, ICHYIOWHMX choromui peanizanifi: Microsoft Visual C++, Inprise

C++ Builder, Metroworks Code Warrior Ta iHnmx.
Knac-Konreiinep — ue knac, y sKkoMy KOXHHH 06’€kt, Akuit €
eK3eMILIAPOM LBOTo KIIacy, CKIaJaeThes 3 Habopy eIeMeHTIB.
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. O6’ext-Konrelinep — exsemmuap Knacy-KOHTeHHepa — Moxc
30epiratics B HenepepBHili oGmacti mam’aTi y BHrIAai macusy abo y
BHI‘.TI.HJIi 3B’A3aHOI CTPYKTYpu. Y 3B’s3aHiif CTPYKTYPI KOXHHI{ €ICMEHT
3§ep1ramcx 'B 6roui THNy struct, IO HA3HBAETHCH BY3JIOM, AKHA TEKOX
MICTHTP BKa31BHHK Ha IHIIHI BY30]1.

. IlpakTHyHO 3 KOXHHMM KIIaCOM-KOHTEHHEPOM aCOLIIOEThCA Kilac-
ITepaTop. ITepaTopu — 1te 06’ €xTH, AKi JaI0TH MOXIHBICTE KODHCTYBau4€eBi
MpauioBaTH 3 00’€KTOM-KOHTElHHEepoM, He NOPYIIYIOYH — NPWHLMIT
aberpakuii ganux. ButblicTs wiaciB-itepaTopis MaoTs Taki ornepaTopu:
operator!= // wist nopiBHAHHS iTepaTopa 3 iHmIMM iTepaTopom;
uperatorﬂ- /I' mns nepexoay irepatopa Ha HaCcTyNIHy IO3ULiI0 B
KOHTEHHepi;
operato!-* /] s NOBEPHEHHS e/IEMENTa, Ha SKHil BKa3ye iTeparop.
Bm?.mim KJIaCiB-KOHTEHHEPIB MalOTh TAKOX METO. begin(), saxuit
nomu:prae IT€paTop, BCTaHOB/IEHHH Ha IOYAaTOK KOHTelHHepa, i MeTox end(),
AKHH TIOBCPTAE ITEPAaTOP, BCTAHOBJICHUI HA EIEMEHT, IO 3HAXOAMTHC 3a
OCTaHHIM €IIEMCHTOM y KOHTCHHepi.
‘ 3HayHa YacTMHa CTaHAApTHOI Gi6TioTexH mabnouis aBnge coboro
iHTepdeiicn MeTonis s pisHuX KNaciB-KOHTEHHepiB.

11.1. Knac vector

Bexrop sBiise o600 KiHIeBY NOCHIIOBHICTS ClTIEMEHTIE — TaKy, I10;

_ 1. B){nb-nxuﬁ CNEMEHT Yy MOCHIAOBHOCTI Mae iHAeKc: 3a LM
IHACKCOM 3MIMCHIOKTBCA OCTYII JI0 eneMenTa abo fforo monudikauia. Yac
J0CTYNY € MOCTIHHOIO BETHYHHOIO.

2. Onepanis Bcrasku push_back Yy KiHeup HOCTiIOBHOCTI B
cCpenHBOMY 3abupae Qikcosannii gac, ae worstTime(n) — MakcumansHa
KUTBKICTE 1HCTPYKIiH, 10 BHKOHYETBCA I Yac TPAaCyBaHHA onepauii
BCTaBkH push_back € O(n), ae n — KinbKicTs eneMeHTIB y noCNiTOBHOCTI.

3. Jlns onepauii pop_back Bunanenns 3 kinng IOCITiIOBHOCTI
1okazHuka worstTime(n) € nocrifiuum,

- 4. Ins NOBiNbHMX OTiepauii BCTAaBKH ¥ BHIANCHHS worstTime(n) €
n).

Kiac vector, sk i Bci knacu B CTaHaapTHIA 6ibnioreui wabnowis, €
iabnonHum. EneMenTH MOXyTs MaTH Taki THmH, 2K int a6o double, a6o
MOXYTh OYTM KnacoM — TakHM, fiK Kiac string . Hanpuknan, moxua
BH3HAYMTH IIOPOXKHIA BEKTOp PA/IKIB TaK:

vector<string> fruits;
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Y BeKTOpi ONYCKAIOTBCA NOBTOPCHHSA ENEMEHTIB, TOMY SKIIO MH
HOMICTHMO eJIEMEHTH «AIebCHHM», «A0IyKa», «BHHOrpam» i «abmyka» y
BexTop fruits, BEKTOp MICTHTHME HOTHDH €NEMEHTH. ENEMEHT «anebcuHm»
marume iHaekc 0, «abmyxa» —injexc 1, «BUHOTpaa» —HjeKe 2, a «abmyka» —
innexc 3. Lli enemeny He GymyTh posramioByBaTHcs 3a aberkoro. Hacnipasi
elIeMEHTH Y BEKTOPi He 0GOB’A3K0BO € MOpiBHAHHMMH. Harpriiaz, Hexai €
BEKTOp text, Mo ABJIE COGOI0 MOCHIOBHICTE PAAKIB. Y 1HOMY BHIIAIKy
6esrny3fo TOBODHTH, IO OMH DA/IOK «MEHIUMH», HDK IHIMA DSAJIOK.
MoxHa TOpIBHIOBATH IHAEKCH PANKIB 1 CTBEpJDKYBAaTH, HaNpHKIAl, IO
iH/IEKC MOTOYHOrO PAAKA MEHIIIHH, HDK IHAEKC SKOro-HeGy b IHILIOro psjIKa.

Knac vector mae jj8a mabnonHi napaMeTpu:

template <class T, class Allocator = allocator>

I1la6normmii napamerp T 3anae Tvn enemenTis. Ilapamerp Allocator
CTABUTBCA 10 MOLEN] BHILIEHHs nam’sti. [HyaKicTs, HeoOXiana A1 miaTpuM-
KM MHOXMHH MoJejlell BUIUIEHHS Nam’ATi, € OCHOBHOK NPHYHHOIO CKIal-
HOCTI peanisani# crannaprHoi GiGmiorexn mabnonis. Uit NPOCTOTH MU ITpH-
IIYCKAEMO BUKOPHCTAHHS MOJCMi BHIUICHHS NaM’siTi, NPHHAHATOL 33 3aMOB-
9yBaHHAM, IO 3a1a€ThCA Kiacom allocator i BH3HadeHOT y dakm <defalloc>.

V xnaci vector € nonax 50 meromis. InTepdeiicu Mmeroais He
MICTSTh KOHKPETHHX BHMOT IO KOJEKIii moniB a60 BH3HAYCHHSA METOIIB.
Taxui DO IpHPOAHKH U1 IIPHHLMITY abCTpaKilii AaHuX.

V 1a61. 11.1 HaBeneHo inTepdelic HARNOMMPEHILMX METOAIB KIAcy.

Tabnuys 11.1
Meroau Kiacy vector

Meron His

vector<double> V; V — HOBOYTBOPEHMH NYCTHH BEKTOP

V.push_back(5.4); V Kineup BexTopa V OMIMAETHCA YHCIO 5.4

V.msert(itr, 3.5); V nosuuiio, Ba AKY BKA3Y€ It BCTARJIAECTLCA
qucno 3.5

V.pop_back(); 3 pexTopa V BHAAIAETHCA OCTAHHIH eIEMEHT

V .erase(itr); EneMenT, Ha AKHI BKa3ye itr BUIANACTHCR

V.si1ze(); BH3Ha4a€THCA KUILKICTD €JIEMEHTIB Y BEKTOpI

V.empty(); TloBepTacTses true, AKINO BEKTOP V He
MICTHTB enemeHTiB, iHakue false.

V.[3}=10.3; ENeMenT 3 IHOEKCOM 3 3aMIHAETHCA Ha
3HaueHHs 10.3

itr=V .begin() it BCTAHOBIIIOETHCA HA EPIUINH EEMEHT
BekTopa V.

1t==V.end(); TloBepracTses true, AKLUIO itr BKa3ye Ha
@/IEMEHT, 1110 CTOITH 32 OCTAHHIM €JIEMEHTOM
y BekTopi, iHakme false.

V.front()=7.7; EnemenT 3 injiekcoM 0 3aMiHAETBCA Ha
3HavenHs 7.7
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Hpuknan. Busectn BMicTHMe BexTopa V.

for (int i = 0; i < V.size (); i++)

cout << V [i] << endl;

Ile# npuksian REMOHCTPYE, SK MOXHA BUKOPHCTOBYBATH HAEKC V1A
MPOCYBaHHSA 110 BEKTOPY.

IlepeBaru BexTOpiB

1. OcHoBHa nepeBara BEKTOPiB HaJl MacHBAMH TIQJIATAE B TOMY, IO
METOHM I KNacy vector yxe po3pobreHo, Toji sk KOPHCTYBaY MacHBY
MOBHHEH CaM CTBOPMHTH KOA, HeoOXimHuift mns pobot 3 macuBOM.
Hanp}!man, mo6 BCTaBuTH 260 BWIYYHTH ENEMEHT MACHBY 3 JOBLIBHOI
no3uLi, HeoOXi HO HANMCATH KOJ IS POLUIMPEHHN 360 CTHCKAHHSA BHKO-
PHCTOBYBaHOrO ApocTopy mam’sti. Meromu push_back ta insert xnacy
vector pobasTe ue asromatHuso. Kpim Toro, Meroau push_back Ta insert
aBTOMAaTHYHO 3MIiHIOIOTH PO3MIP BEKTOpa, AKIO noml;-unﬁ 3aMHATHI
BEKTOPOM BJI0K HEOCTATHBEO BEJTHKHIL.

2._ Sk U4 BEKTOPIB, TaK i s MacHBIiB y cTamAaprHil 6i6mioremni
wabnoniB nepenbaueHo ysarambHeni amroputmm. | BEKTOPH, | MacHBH
AOMYyCKAKOTh AOCTYN a60 MozMOikanilo 3 BHKOPHCTAHHAM ONEpaTOpa
Lnnexcy operator{ ]. €mMHa nepesara MacHBY HaJ BEKTOPOM IIONATAE B
u_oro mnuizmiﬁ. inimiamisauili. Hanpuknan, MoXHA BH3HAYMTH MAacHB i
B1pasy X Horo iHimiani3ysaTu:

string [ ] words = ("rak", "Hi", "MowmBO"};

3. Jins BextopiB mepenGavyeHo METONM Ui BCTABKM i BHIANCHHS
€/EMEHTa, IO 3aliMac Oyab-AKy mo3uLilo B KoHTeinepi. | wapemrri,
ITEpaTOPH BEKTOPIB ABIAIOTE COGOK iTEPAaTOPH JOBUILHOTO AOCTYIIy,

TobTO M1 1TepaTopa BEKTOpa 4ac JOCTymy A0 Oyab-#Koro enementa
BEKTOpa MOCTiiHMIA.

Hoasn wnacy vector

s peanisanii xiacy vector neobxinHo 3HaTH, fe 36epiraTHMyThCH
enemenT. 1llo6 no3sonuTH HOBiIBHMIA mOCTYN, HeoGXimHO MaTH Gea-
NepepBHY CTPYKTYpy 30epiranns, To6To Macus. Tomy noTpibai

BK3IBHUK start, ulo BinnoBigae nepuii mo3uuii B MacHBsi;

BKa31BHUKH finish, axuit Bkasye Ha KOMIpKy, IO 3HAXOZMTHCH 3a
OCTaHHIM €JIEMEHTOM Y BEKTOPI;

BKasiBHUK end_of_storage, skuil Bkasye Ha KOMIPKY, 110 CTOITS 3a
OCTaHHBOIO KOMIpKOIO, BHAUIEHOIO U1 MAacHBY.

Bu3HnauyeHns meTonis

Kouc*_rpylcrop 3a 3aMOBYYBaHHAM He BMAUIAE OIOK nam’aTti mix
MacuB. 3aMiCTh UBOrO TpM TMOJA BKa3iBHHMKIB iminianisyiorscs 8 NULL,

T00TO MaKoTh 3HaueHHA (.
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Meron begin() noseprae start, Mmeton end() moseprae finish, a
meroni size() noseprae pisuumo finish - start. Tomy HacTymHH# koA
Bujae pesynetar 0:

vector<double> V;

cout << V.size ();

Ko nepiuwit ereMeHT BBOAATE O BeKTOpa (33 JOMOMOIOK METOXY
push_back a6o Merozy insert), BuainseTsca 610K y MMHAMIYHO POSHOAUIEHIH
nam’sti. Posmip 11s0ro 610Ky MoXe OyTH pi3HMM [yif PIi3HHX KOMITUISTOPIB.
Bﬁa)!caemo, 1o BuabAersca 1024 Gaitmv i 1o umcno tuny double 3aiimae 8
GaitriB. SKiO MEPLIOIO ONEpaLier0 BCTABKH €

V.push _back (7.3);

TO BUALIsEThcs MacHB 3 126 enemenTie Tny double, sx noxazano Ha
puc. 11.1.

ITona start i finish Bka3yloTe Ha mepiunii # ocTaHHIN eneMeHT Y
MacHsi, a nose end_of_storage Bka3sye Ha KOMIpKY, 110 CTOITh Biapasy 3a
OCTaHHBOIO BUILICHOIO ITiJI MACHB KOMipKOIO TTaM’sITi.

IncTpykuin

V.size ();
noBepHe 3Ha4YeHHs 1, a came, finish - start.

'I‘HCT])YKLIi'l'

V.begin ():

V.end();

NOBEPHYTH ITEPATOPH, BCTAHOBJIEH] HAa KOMipKH 3 iHaexcamu 0 Ta 1.

start finiksh end_of_storage
73
nepiua
win] wlt] w127]  komipka 12
MeKIME
MBCHBY

Puc. 11.1. Bexmop V nican écmasku 6 Hbozo uucaa 7.3
3 gukopucmanuam memooy push_back

Hexaii y Bextop V Bcrasiserbea me 127 enementis tuny double.
Posnoain mam’aTi npH HBOMY NOKa3aHo Ha puc. 11.2.
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start finish

end_of_atnrage
7.3 84.7 L ® L4 345.67
wlo] wit]

uepiun

w1271 wowipxaa
MUKRME
sMucnsy

Puc. 11.2. Bexmop V 3i 128 eremenmamu

[Ipunycrumo, 1o € Taka iHCTpYKuis:

V.push_back (15.5);

Osnaka HasBHOCTI npobnemu: piBHicTs finish = end_of storage.
Enement 155 ne Moxe Oyrn 36epexenuit y noToyHoMy 6motri,
BuAIeHoMy min Bektop V. He Moxua 36eperty ueii eneMent y KoMipi,
Ha sKy Bkasdye end_of storage, ockiibku ms KoMipka Moxe MicTUTH
3MiHHY 3 siKoi-HeByab inuoi mporpamu. Posmip 6azosoro MacHBY IIOBHHEH
Oyru 36Ltbienui, mO6 YMICTHTH HOBHMIi ClieMeHT, a ue IPUITYCKaE
BHIUICHHS HOBOTO OJIOKYy AMHaMmiywol nam’sti. Tomi CTapi eneMeHTH
KOMilOIOTECS B HOBHIl Macus, CTapHil MacuB 3BLIBHACTBCH, a HOro
CNIEMEHTH 3HHIIYIOTECA. TIOTIM HOBHIl €IEeMEHT BCTABIAETLCH B HOBHI
macuB. 1llo6 yHHKHYTH YacTOro NepexomiloBaHHS, BHIIIAETHCA 6ok, wo
YABIYI IEPEBHUIYE 3 CBOIM po3Mipom morounuit. Ha puc. 11.3 nokasano

YaCTHHY IaM’fTi, HOBHH €JIEMEHT, IO BCTABJIACTHCH i cTapuit 6ok
11aM’ATi, IO 3BUIBHAETHCA. !

start finish end_of_storage
7.3 B4.7 ® @ @ 34567 | 155 * o0
nepma
w0l wil] w[i27] w[128] w][129] w{255] womipka
30 MCEAME

MacHBY

Puc. 11.3. Bexmop V nicas sminu poxmipy

Slkwo Ga3osuit MacuB 0G’€KTa-BeKTOpa MOBHHIi i 3AiHCHIOETHCK
crnpoba BCTaBKH, EMHICTh 6a30BOr0 MacHBY MOJBOIOETHCA.
Peamsauis  Meromy pop_back norpe6ye AEKPEMEHTYBATH

Bka3iBuK finish 1 BuKIMKaTH gecTpykTOp m1A  eneMeHTa, IO
BHJIy4a€ThCH.
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B ysaralbHEHOMY METONi erase 3IiHCHIOCTHCS —MEpEMillleHH
€/eMEHTIB JUIA 3alIOBHEHHS IPOCTOPY, 110 3BLIBHAECTHCA YEPE3 BUIIYHCHHA
eJIeMEHTa.

11.2. Knac deque

Knac deque ONHCYe KiHIEBY MOCHIOBHICTS €/IEMEHTIB y BHITIAZL
4epr i3 IBOCTOPOHHIM AOCTYNOM (ZI€K), AKa Ma€ TaKi BIaCTHBOCTI:

1. Yac nocryny abo momudikauii s OyAb-sKoro eneMeHTa y
NMOCIiIOBHOCTI, 1110 M€ 3aJIaHMi iHAEKC, € IOCTIHHHM.

2. BeraBka B nmoyaTtok abo B KiHElb IIOCNIIOBHOCTL B CEPEIHbOMY
3abupae dixcosanuit vac, onnax worstTime (n) € O(n), 1¢ n - KUTBKIiCTB
€JIEMEHTIB y NOCIiOBHOCTI.

3. JUis BHAAJICHHS 3 NOYaTKy 260 3 KiHIIA IMOCHIi/IOBHOCTI [TOKa3HHK
worstTime (n) € NOCTIAHHM.

4. Jlna noeinbHOI BeTaBku a6o BujaneHus worstTime (n) € O(n).

JUin dYepru i3 ABOCTOPOHHIM JOCTYNIOM MIBHILE 3/UACHIOIOTBCH
onepauii BBefeHHA a00 BHJANCHHA AK Yy MOYATOK, TaK 1 B KiHElp
MOCTIOBHOCT], TOM] SIK [UIA BEKTOPA NIBHILIE 3IHCHIOIOTECA TUILKH ONepartii
BCTaBKH 260 BUNATEHHA B KiHeIb MOCHiI0BHOCTI.

€nuHa BiIMIHHICTH MDK BEKTOPOM 1 HEproio 3 JIBOCTOPOHHIM
IOCTYTIOM TONArac B TAKOMy: 0G’eKT THITy depra i3 IBOCTOPOHHIM
OCTYTIOM MOXE IIBHIKO BCTABIATH i BHIANATH €NEMEHTH B I10YATOK 1 B
KiHelb CBOTO KOHTEWHEpa, TOAI AK OO’€KT THIY BEKTOp LWIBHAKO
TPOBOIMTS JIMIIC BCTABKY # BUIAIEHHs B KiHEllb CBOrO KOHTEHHEpa.

Knac deque He MiCTHTL METOJiB capacity i reverse, BIIaCTHBHX
xnacy vector. B inmomy sumanky kiac deque i acouiioBaHHii 3 HHM KiIac
iterator micTuTb yci Ti inTepdelicu MerToniB, fKi MiCTHTH Knac vector i
fforo knac iterator, a TAKOX JBa AOJATKOBI MCTOMIH:

void push_front (const T& x);

Konis x BCTaBISETHCA B [I0YATOK IBOCTOPOHHBO! 4EPrH.
void pop front ();
EneMeHT Ha N049aTKy ABOCTOPOHHBOI 9€PTH BHAAIAETBCA.

OCKiIbKH JKOXHHX OIIHOK 4acy BHKOHAHHA B YMOBI Wi METOXY
pop_front He HapeneHo, BBaxaemo, mo worstTime(n) TnocTiHe.
OueBHHO, IO AT 9EPTH i3 JBOCTOPOHHIM JOCTYTIOM Omepauii BCTaBKH i
BUJAIEHHA B T0YaTOK KOHTElHEpa BMKOHYIOThCA Habararo mBMAIIE, HIK
L1 BexTopiB. Posrnsmemo neski NOMIGHI O3HAKM LMX JBOX BHJB
KOHTe#HHepiB:
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1. I nns BeKTOpIB, i /U1 Yepr i3 ABOCTOPOHHIM JocTyIoM Oyab-aKkuii
elleMEHT MOXHa BUTAITH 260 3aMiHHTH 3a iforo ingekcoM a6o irepaTopom,
npudomy worstTime (n) wis uux onepauiit nmocriixe.

2.1 nna BexropiB, i JuUIg 4epr i3 NBOCTOPOHHIM AOCTYNOM MpH
BCTaBLli €JIEMEHTA B KiHels nocainoBHocTi worstTime(n) € O(n), ane ans
N MOCIiZOBHHX onepauiif BCTaBKH B KiHels nociiosHocTi worstTime(n)
takox € O(n).

3.1 pna BexTOpiB, 1 JUIA 9epr i3 JABOCTOPOHHIM AOCTYTIOM IJif
onepauii BHOaleHHA eneMeHTa 3 KiHug nocnigosHocti worstTime(n)
MOCTIHHE.

IIporpama, mo 3a3HayeHa HHXKYE, UIOCTPYE 3aCTOCYBAHHSA
Yepru i3 ABOCTOPOHHIM JOCTYIIOM:

#include <deque>
#include <iostream>
#include <istring>
using namespace std;
int main()
{
const string C=" BubepiTes npasunsHy Bignosiges";
deque<string> W;
deque<string>::iterator itr;

W.push _back ("yes");

W.push_back ("no");

W.push back ("maybe") ;

W.push back ("wow") ;

cout <<endl << "Yepra nicna 4 BcrasBox:" << endl;
for (unsigned i=0; i<W.size() ; i++)

cout << W [i] << endl;
W.pop_ front():
W.pop_back ():
cout << endl << "Uepra nicns BUOAJIEHHS NEPUOTO
i ocTaHHBOTO enemeHTiB" << endl;

for (itr = W.begin(); itr! = W.end(); itr++)
cout<< (*itr) << endl;
W.front() = "now";
W.back() = "but";
cout << endl << "Uepra nicna zamiHu \"maybe\" Ha
\V'now\"" <<" i \"yes\" =ma \"but\"" << endl <<
*( W.begin()) <<endl << *( W.end() - 1) ;

cout << endl << endl <<C; cin.get ():
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return 0;

}

JlocTyn 1o nepmoro enementa B W 3iHCHIOBABCS TPhOMa PI3HHMH
crocobamu:

W [0]

W.front ()

* W.begin ()

AHAIOTi9HO AOCTYIl 10 OCTAHHBLOI'O €/IEMEHTa TAKOX 3/ HCHIOBABCH
TphOMa pi3HUMH criocobamu. IIporpaMa Bua€e TaKHi pe3ybTarT:
Yepea nicaa 4 ecmagox:

wow

maybe

yes

no
Yepza nicas UOANeHHA NEPUIOZ0 ti OCMAHHLO20 eNeMEHMIB:

maybe

yes
Yepaa nicas saminu "maybe” na "now" i "yes" na "but":

now

but

IToas knacy deque

V Bepcii xnacy deque Bix Hewlett - Packard ocroBHe mone sBisi€
coB0I0 MacHB BKa3iBHHKIB Ha CyMikHi Oaokn mam’sTi, mo 36epiraiors
eneMeHTH uepru. Yci 6noku MalOTh ofHakoBui posmip. Kinbkicts ene-
MEHTIB, Ky MoXe 36epiratn 6110k, craHoButh 1 K6ait1/posmip_enemeHTa.
MacHB BKa3iBHHKIB map, IO HAa3WBACTbCA MAaCHBOM BiI0oOpaxceHb,
T109aTKOBO Ma€ HEBHKODHCTAHI KOMIPKM Ha MOYaTKy # B KiHIli Macusy.
Cepenti KOMIpKM TO3HAYaTHMYTh ONOKH, fAKi B IEH MOMEHT MICTATH
€JIEMEHTH i3 JJBOCTOPOHHBO! YEPIH.

Tlons start i finish ssas0TE cO60I0 iTepaToOpH, fAKi BKa3ylTh Ha
nepurkit i nepuif Mic/As OCTAHHBOTO EIEMEHTH B YEP3i BiANIOBIAHO.

Bu3naueHHs MeTojliB

IMpuxaan. Hexait koxuuit 610K MICTHTD IT'SITh €NIEMENTIB, @ 00’ €KT
P tuny deque mictnts 11 enemeHTiB y Takiii nocmiaosHoCTi: «ibmyKo»,
«rpymia», «CIHBa», «IEPCHK», «abpHKOC», «BHMUIHS», « alelbCHH,
IHMOHY», «KiBi», «xaByH», «rpanat». Ha puc. 11.4 mnokasaso, #K
TPE/ICTABNAIOTECA eneMeHTH B 06ekTi P THIy deque. 3HakaMu MHMTaHHS
N03Ha9€HO HEBHKOPHCTaHi KOMIPKH.
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Puc. 11.4. [leocmoponns wepza 3 11 enemenmamu

ITicns BUKOHAHHS IHCTPYKUil

P.pop_ front();
start BKa3yBaTHMeE Ha €JIEMEHT «rpyluan.
[licns BUKOHAHHA HCTPYKILiH
P.push back ("uepewns");
P.push_back ("mamuua");
CIEMCHT «HEPEIHA» JOMA€ThCA B KIHELb TpeTboro 610Ky, a iteparop
finish sxasyBatume Ha KOMIpKy, 10 CTOITH Nicis KiHLA TPETHOro GIOKY.
3a cnpobu nonatu enemeHT «manuHay iteparop finish cTas 61 Bxasyatu
112 KOMIpKy 3a KiHIeM 610Ky, 110 npu3Beno 6 40 BHALIEHHS HOBOro 610Ky
(puc. 11.5).

map
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start finish

Puc. 11.5. Yepza nicas suxnuxy pop_front i dsox euxnuxie push_back
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Ilons kiacy iterator B6ynoBano B kiac deque. Koxuuit itepatop
Mae 4oTHpH nons. Komu itepaTop BCTAHOBJIEHO HA ENEMEHT X, TO Wi NOJA
BiIHOCHO €JIEMEHTA X MAIOTh TaKi 3Ha4EHHS:

1. first — Bxa3iBHMK Ha nepmHi eleMeHT y Onoui, kA MICTHTH
€JICMEHT X;

2. current — BKa3iBHUK Ha €1EMEHT X;

3. last — Bka3iBHMK Ha KOMIPKY, [0 CTOITE 338 OCTAHHIM €JEMEHTOM
y Goni, AKAH MICTHTL €IEMEHT X;

4. node — BKa3iBHMK Ha KOMIPKY B MacHBi BifoOpaxeH» map, ska
BKa3ye Ha MoYaToK 010Ky, IO MiCTHTL €JIEMEHT X.

Sxmo wis 06’exta P tuny deque BHKOHYeThCA BHKIMK pop_front,
nepumit 610K BHKOpHCTOBYBaTHCA He Oyne, TOMY BiH 3BUILHSETHCA, @
iTeparop start BinmoBifHO 3MiHIOETECA. HroKue HaBEACHO KO 1A METOAY
pop_front():

void pop front()
{

destroy (start.current); // BuxymMK HeCTPyKTOpa WIs
// enemeHTa, Ha SAKHUA
// Bxamsye start.current

++start.current;

*--length;
if (empty( ) || begin (). current == begin (). last)
deallocate at_begin(); // 3BinbHeHHA UBOTO ONOKY

}

Meron push_front crniouarKy BH3Haua€, 4M TOTPIOHO BHUALIATH
HOBHi1 610K Ha MOYATKY ABOCTOPOHHBOI ueprH. Ilicns uporo start.current
JEKPEMEHTYEThCA Ul TIO3HAYEHHS HACTYNMHOI AOCTYMHOI KOMIPKHM Ha
nogaTky HoBoro 610ky. Hixde HaBeAeHO BIANMOBIAHMIA KOA:

void push front (const T& x)

{

if (empty() || begin() .current ==
begin().first) allocate_at_begin();

--start.current;

construct (start.current, x); // xonimoBaHHSA
ob’exra X
// y XoMipKy, Ha HAKY
// Bxas3ye start.current

++length;
}
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Slkmo Bci BKa3iBHHKH Yy BigoOpaxkeHHI map ycTaHOBJEHi Ha
BMKOPHCTaHi 010kH, a noTpibeH 1e oauH 610K, po3Mip MacHBy map Gyac
110/IBOEHMIA, 2 CTApi BKa3iBHHKH BCTAHOBJIEHO Ha CEPEAMHY HOBOTO MACHBY
BinoOpaxkers map. Omxe, OWMiHKA CKIANHOCTI IA 4Yacy BHKOHAHHA
onepauiif BCTaBKH y JIBOCTOPOHHIO Yepry Taki caMmi, IO i 1A BeKTopa:
worstTime (n) niHifHO 3aN€XHTH Big B

3miHa po3Mipy BuAineHoi o6IHacTi MaM’ATi CTOCYETBCH TilBKH
MacHBY Bi10Opax<cHb map: *OAHOIO 3 BUKOPHCTOBYBaHHX OI0KIB He Oyae
aMmiHeHo. [lns knacy vector 30UIBIIEHHA PO3Mipy MOPIBHAHO 3 MOTOYHMM
PO3MipOM BHIUIMKAE KOMiIOBAHHA BCIX €IEMEHTIB BEKTOpa B HOBHMI MacHB.
Slxa-HeOyap peopraHisallis eJeMEHTIB MOXe 3HafAoOHTHCS TLIBKH B TOMY
BUNAAKy, #AKIMO 3AIHCHIOEThCA ONepailis BCTaBkM abo BHAaICHHA B
KOMIpKY, BiAMiHHY BiJl II04aTkOBOi 200 KIHIEBOI KOMIpKH 4Yepru.
[lepemiiieHHs €NEMEHTIB CIIONyYHE 3 BHTPaTaMH, OCOOMHBO AKIIO TAKMX
cneMeHTiB Oarato ab0 AKWIO KOXKHHH €IEMEHT Mae JOBOMI BENHKHH
poamip. fAkimio eneMeHT, WO BHIANAETHCA, PO3TalloBaHui Ommkye xo
NoYyaTKy 4epr, TO IONEpPEHi eIEMEHTH IIEPEMIIYIOThCS NOHH3Y. SIKI0
€JIEMEHT, 110 BHJANAETHCA, PO3TAMIOBAHMHA OMIKYE N0 KiHUA 9epru, TO
HACTYTIHI eleMEeHTH IepeMillytoThea foropu. Omke, npu BuaanenHi (abo
BCTaBILl) y ABOCTOPDOHHIO YEPry B CEPEIHBOMY IEepeMIllla€ThCs JIHLIe
YyeTBEpPTa YacTHHA BCiX eNeMEeHTIB.

IlepeBaru 4eprd i3 ABOCTOPOHHIM NOCTYNOM:

1. 3a 3MiHM po3MIpy MepeMillieHb eIEMEHTIB He BinOyBaeThes. Skuo
IS BCTaBKM B MOYaTOK a60 B KiHElp JBOCTOPOHHBOI YeprH HOTPiGeH
[ONaTKOBHH 6JI0K, EJIEMEHTH B HYeps3i MepeMillyBaTH He NOTpibHo. Y THX pimkux
BHITQIKAX, KM MacuB BimoOpaxeHs (map) caM no cobi 3aHaATO MAasMid,
CTBOPIOETECA HOBA TaOmMus BiIOOpakeHb, @ CTapa KOIHIOETECA B CEPEIMHY
HOBOI Tabnill, ajie eJIEMEHTH NPU LBOMY HE IEPEeMIlAIOTECA. SIKOIO BHKO-
PHCTOBYETHCH BEKTOP, 3MiHA PO3MIpY CIIPHYHHSAE NEPEMIILICHHA BCIX EIEMEHTIB.

2. Jina metony pop_front knacy deque worstTime (n) mocriitue, V
Knaci vector meron pop_front ne nepenbaueHo, OCKINBKH JIA HBOIO
worstTme(n) niniiiHo 3anexano 6 Bix n. [1{06 BuryunTy nepumii eneMexT
i3 BexTopa V, ClIit BUKOHATH TaKy Aik0:

V.erase (V.begin());
[Tpu upomy worstTime (n) niHifHO 3ATESKUTE BiA

3. lns 4epru i3 ABOCTOPOHHIM INOCTYIIOM 4aC BHKOHAHHA METONY
push_front y cepenusomy nocriite. Y knaci vector meton push_front ne
nepenbavyeno. Y pa3i BHKODHCTaHHA JIBOCTODOHHBOI 4YeprH ICHye
MOXIMBICTB, IO po3Mip MacHBY BimoOpaxeHb (map) Oyae 3MiHeHO y
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pe3ynabTaTi BUKOHaHHA Meromy push front, i B 1upoMy BHDamKy
worstTime (n) € O(n), ockibkH po3Mip MacHBy BinoOpakeHb MPONOp-
LiHHAA KUIBKOCTI €/IEMEHTIB y Yepsi.

4. [Ipu BUKOPHCTaHHI JBOCTOPOHHEOI YEpPr¥ HEBHKOPHCTaHi OIIOKH
3BUIHMIOTHCA. SIKIO 4epra CTHCKAEThCA TAK, LIO ONHMH i3 30BHILIHIX
6110kiB Ginblie He BHKOPUCTORYETECA, eH 610K 3BLIbHAECTRCA. Haragaemo,
1110 BEKTOPH JIHIIIE PO3IIHPIOIOTHCH, aJle HIKOH HE CTHCKAIOTHCA.

5. Ilpu BCTaBLi H BHAQICHHI B 4epry i3 KBOCTOPOHHIM HOCTYTIOM
noTpibHO MeHIe nepeMilieHs JaHUX, HIXK 14 BekTopa. Hanpuknag, sxuo
eJIEMEHT, L0 BHIAIAETHCH, PO3TAILIOBAaHHN OMMKYe MO0 HOYATKy HeprH,
NIepeMINIYIOTECS TUIBKH €1€MEHTH, PO3TAIloBaHi 0 TOYKH BUIAJCHHA. A
AKIIO Hi, TO NEepPeMilaloThes TUIBKH €IeMEeHTH, pO3TalIoBaHi ITICAA TOYKH
BHAaIeHHA. Y cepemubomy Oynme nepemilieHo Tinbkd 25 BiACOTKIB ycix
eneMeHTiB mpoTH 50 BiICOTKIB M BEKTOpa.

Besmxuii Hemonik depr i3 JBOCTOPOHHIM JIOCTYNOM IIOJATaE B
HeoOXigHOCTI 3acTOCYBaHHA apHPMETHYHMX IiH 3a MOIy1IeM [Uid Iepe-
TBOpEHHA IHJIEKCY Ha afpecy 00Ky, PaKkTHUHO, AKILO TUIbKH 3Ha4YHA YaCTHHA
omepauifi He BHKOHYETHCA HAll IEMEHTAMHM, PO3TAlIOBAHMMH Ha MOYATKY
KoHTeHHepa, BeKTOp MaTHMe GLIBINY HIBHIKO/LIO, HIX IBOCTOPOHHS YCpra.

11.3. Knac list

Y posymiEHi koMmn’ioTepHoi 0OpoOku cmmHcok, abo 3B’A3aHmMH
CIHCOK ABJIAE cOOOI0 KiHIEBY IOCIIIOBHICTh €IEMEHTIB, TaKy 1IO:

1) yac pocrymy abo moamdikauii I8 JOBUILHOTO eneMeHTa
MiHIHHO 3aJIEKHTE Bif MO3HILIIT {LOTO eNeMEHTA;

2) AKIO iTepaTop BCTAHOBJEHO HA MEBHY IMO3MII0 B MOCHiAOB-
HOCTI, TO 4ac, 110 BHTPAYa€ThCA Ha BCTaBKy ab0 BHIAJCHHA €IEMEHTa B
wik nozuuii, 6yne mocTiiHAM.

¥ C++ cnoucox peanizoBaHHH y KoHTeinepi list. [7]
Ipumycrimo, L € exsemmngpom wiacy list. Heobxinso 3aificHuTH JocTyn
IO eneMeHTa, 1o cToiTh y cnucky L Ha K mozmmii Big modatky.
ITocninoeHo npocyeaeMocs abo 3 mouaTky crnucky L moropu (tobrto 3a
30UIbIICHHAM HOMepiB nosuuiit) mo mosuuii k abo 3 kiHug cnucky L
noHKM3Y (To6TO 3a 3MeHIIEHHAM HOMepiB mo3uiiit) no mosuuii kK 3anexHo
Bil TOrO, AKMH LLIAX KOPOTIIHMI:

if (k < L.size()/2)
{

// mpocyBaHHA Bhnepen 3 nodYaTky cnuMcky L
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itr = L.begin{():
for (int i=0; 1 < k; i++)
ot D3 0 e o
}
alse
{
// npocyBaHHs Hasan 3 kKirus cnucky L
itr = L.end{):;
for (int i = lis.size (); i > k; i--)
ItrE=3

}

Yac Takoro jpocryny nponopuiiiauii k. Hexait n — ximbkicrs
€NEMENTIB y cnucKy. Y Hairipuiomy Bumanxy, komu k = n, Kimskicts
iTepauii y umMkni craHoBHTb W2, TODTO crocTepiraeMo niHilHy 3anex-
wicte Big n. Cepemns Biacrans Bin k no nodarky a6o j0 KiHUS comMcky
nopisHIOE /4, TOOTO TaKOXK JIiHIHHO 3a/1€eKHUTE BiA N,

Yac poctymy ans cnuckiB HE € MOCTIHHUM, SK [UIA BEKTOpIB i
JIBOCTOPOHHIX 4epr, OCKUIbKM ITEpaTOpH CIHCKIB HE € iTepaTopamu
ROBLILHOrO AOCTYMy, a ABIAOTH COOOK ABOHANpAMIEHi itepaTopu. Lle
O3Hayae, UIO i3 3a1aHOT MO3MUIT B CHMCKY ITEpaTOp MOXE NMEPEXONHMTH Ha
OZIHY TIO3KLIKO Briepex abo Ha oHy mosuuilo Hasan. Ha nporusary usomy
ITEpaTOp JAOBLILHOrO JOCTYNY MOXe NepeMiuryBaTHCA Bnepex abo Hasan
Ha Oyab-AKy KUIbKICTh IO3HILIH.

Oxnax nic/is T0ro, AK iTEpaTOp BCTAHOBJIEHO HA NOTPIOHY NMO3KILiI0,
onepauii BcTaBku 260 BUAAJEHHA B LIO MO3HUIK 3a0HPAlOTh MOCTIHHMI
4ac, TOAI AK JUIs BEKTOpa 1 ABOCTOPOHHBOI YeprH WeH yac JiHilHO
3a/IEXUTE BiA HOMepa nmosuuil. Yepes ue BiANAIOTH IepeBary CIIMCKY Han
BEeKTOpOM (200 ABOCTOPOHHBOI YEProw) y BHNAAKY, KOJH B Iporpami
notpibHo 3aiiicHioBaTH Gararto omepariiii BCTaBku /a0 BHAANEHHS B
MO3MILIT, INO HE € KIHIEBUMH TNO3HLISIMU B KOHTEHHEDI.

Crmcku moxHa 00’€qHYBaTH, NPHYOMY Yac BHKOHAHHS TAaKOro
06’ennanua Oyne moctiliHum. Sk npuxnag posrisHemo cmucok L1, mo
MICTHTB €JIEMEHTH «TEIEBI30p», «PadionpHiiMau», «crepeocucTemay, «CD-
nneep». Hexail itepatop itr BCTaHOBIEHO Ha €IEMEHTI «papionpHiiMawy.
Slkmo cnucok L2 MICTHTL €IeMEHTH «MarHiTona», «BiI€OMarHiTohoH»,
«WIa3epHHI Nporpasay», TO B PE3y/IbTATi BUKOHAHHS IHCTPYKIIT

Ll.splice (itr. L2);
eJIEMEHTH, 10 HanexaTk cnucky L2, 6yne sunyueno 3 L2 i scrasneno B
ciucok L1 mepen emementoMm «paaionpuiimau». Ormke, L1 mictutume
«TENEBI30p», «MAarHiTona», «BiAeoMarHiToQoH», «Ia3epHuil mporpasayy,
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«pagionpuiiMauy», «crepeocucrema», «CD-nmeep», a cnucok L2 Oyne
TIOPOXHIH.

Intepdeiicu Meromip kiacy list i acouifioBaHoro 3 HHM Kilacy
iterator cxoxi 3 iHTepdelcaMH METOAIB JUIA BEKTOPIB i JBOCTOPOHHIX
gepr. Ilepenik uux MeroiB Ta X CTHCH XapaKTEPHCTHKM HABENEHO B
Tabn. 11.2 [7]. Knac list € ma6moHHHM KIacoM 3 1abNOHHHUM NapaMeTpoM
T, 10 MO3HAYAE THII EJIEMEHTIB Y CIIHCKY.

Tabnuysa 11.2
Metoan kaacy list
Meton Hin
list<double> x CTBOPIOETHCA MYCTHH CIIHCOK X.
list<double> W(x) O6’ext W Ty list mictuts Komilo o6’exTa X

THIy list.

W.push front (5.3)

5.3 noMimaeTses 3 mo4aTKy cnucky W.

W.push back (10.5)

10.5 momimaeTses B KiHenp cnucky W.

W.insert (itr, 112.0) 112.0 noMilnaeTsea B MO3MLIi0 iTepaTopa itr , Bei

HaCTYNHI eNeMeHTH MepeMillyloThCA B KiHElb

cnucky W.
W.pop front () IMepinuii eneMeHT y ciicky W BHaNZeThCA.
W.pop_back () QcrauHiii eneMenT y cnucky W BHAAIAETBCA.
W.erase (itr) EnemeHT, Ha AKHI BKa3ye itr, BUIANIAETHCA.
W.erase (itrl, itr2) Bupansmoteca  eneMeHTH 31 cnHcky W,
NOYMHAKYM 3 mo3uuii itrl go nosmunii itr2, He
paxyHOouH OCTAHHIH.
W.size () BH3HaUa€THCA KIIBKICT €/1EMEHTIB y cricKky W,
W.empty () SAxmo cnucoxk W nycTHH, TO MOBEPTAETHCA true,
inakiue — false.
itr = W.begin () Iteparop itr BCTRHOBNIOETBCA Ha MEPUIHI
€JIEMCHT Y CITHCKY W.
itr = W.end () Sxio iTepaTop itr BCTRHOBRJICHMH Ha IMO3HILiO 33

OCTaHHIM ememMeHToM  coucky W, TO
TIOBEpTa€ETRCA true, inakue — false.

New W=W Tlonepeanso BusHaueHwui 06’exkt New_W Tuny
list MicTiTs Komilo cncky W.

W .splice (itr, Old_W) Bei enementn cnucky Old_W posmimyiorsca B
cnucky W nmepen IO3MLIEI0, HAa AKY BKalye
iTepaTop itr.

W.sort () Enement# B cmucky W posMinyiotecs B

TIOCTiIOBHOCTI, 110 3a/a€ operator<,

Kpim Toro, € Takox meronu front i back, intepdeiicu sxux Taki
caMi, 1110 # U1 BepCiii MX METOAIB y Kiaci vector.
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Kiac list miaTpuMye OBOHaNpAMIIEH! iTEpPaTOPH, MPO IO CBIMYHUTHL
BIICYTHICTh onepatopa operator+.

Inrepdeticn iTepaTopa HaBeEeHO HHXYE!

1. ItepaTop BCT2HOBIEHO HAa HACTYNHY MO3HMLIIO Yy CIIHCKY, i
NOBEPTAETLCA MOCHIAHHSA Ha 3aJaHuii iTepaTop.

iterator& operator++();

2. Irepatop BCTaHOBIEHO Ha HACTYNHY MO3MUII0 Yy CIHCKY, i
NOBEPTAETHLCA KOMis MONEPEeIHBOr0 3HAYEHHA LILOTO iTepaTopa.

iterator& operator++ (int);

3. Ireparop BCTaHOBIEHO Ha IONEPEJHIO IMO3HLIIO B CIHCKY, i
NIOBEPTAETLCA MOCHIAHHA Ha Liei iTeparTop.

iterator& operator--();

4. Ireparop BCTaHOBJICHO Ha IIONCPEJHIO IMO3MIII0 B CIHCKY, i
MIOBEPTAETHCA KOMIA KOJHITHEOTO 3Ha9eHHS IILOTO iTepaTopa.

iterator& operator--();

5. Ireparop BCTAaHOB/ICHO Ha €JIEMEHT Y cnucky. IloBepraerncs
IIOCH/IAHHA Ha €/IEMEHT, Ha SKHil BCTAHOBJIEHO Lieil iTepaTop.

T& operator*();

6. IloBepraerbca true, sKiNO UEH iTepaTOp BCTAHOBNEHO Ha Ty
caMy TO3HLII0 B CIHCKY, 0 # iTepaTtop X. Y NPOTHNEKHOMY BHIIIKY
noBepraeThes false.

bool operator— (const iterator& x);

7. Taxox icHye omneparop operator!=, skuii NOpPIBHIOE MOTOYHE
3HAYEHHA iTepaTopa i3 3aJaHUM YUCIIOM.

Huxdae HaBemeHo mporpaMy, fika iTIOCTpYe JeKiNbKAa METOMIB Ta
iTepaTopiB M1 pOGOTH 31 CITHCKAMMU:

#include <list>

#include <iostream>
#include <string>

using namespace std;

int main ()

{

list<string> words;
list<string>::iterator itr;
words.push-back ("Tax");
words.push-back ("Hi");
words.push-front ("Moxmmuso");
words.push-front ("fAk?");
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cout << "posmip mopiBHwoe" << words.size << endl;

cout << endl << "Cnmcok nicna 4 ecraBok:" << endl;

for (itr = words.begin(); itr! = words.end(); itr++)
cout << (*itr) << endl;

words.pop_front ():

words .pop_back();

cout << endl << "Cnucok nicna 2 eBupaneHb:" << endl;

for (itr = words.begin(); itr! = words.end(); itr++)
cout << (*itr) << endl;

cin.get () ;

return 0;

}

IIporpama Buzac TaHit pe3ynbTar:
pOo3mip = 4
Cnucox nicia 4 ecmagox:
Ax?
Moocauso
Tax
Hi
Cnucox nican 2 eudanenn:
© Moaichuso
Tax

11.3.1. BiOminrnocmi mix memodamMu cnuckie
i Memodamu eexkmopie ma G80CMOPOHHIX Yepa

Haiznaynimow BigMIHHICTIO MbK MeTofaMH Knacy list i MeTogamu
xnacy vector a6o deque e BincyTHicT: y Kiaci list onepatopa iHAekcy,
operator[]. Moro BiCYTHICTh NMOACHIOETLCH HEMOMUIMBICTIO JIOBLILHOrO
JOCTYNy A eNeMeHTiB cnHckiB. [lilo omeparopa IHAEKCY IMITYIOTh
TIOCJIiNOBHEM IIPOCYBaHHAM Bil Io4aTKy abo Bin KiHIA CIHCKY, ajie 4ac
BHKOHAHHSA IIPH LEOMY JIHIHHO 3ameXaTHME BiJl KUTBKOCTI €IEMEHTIB MiX
noyaTkoBuM (abo KiHIEBMM) eneMeHTOM 1 elneMeHTOM 13 3aJaHHM
iHEKCOM.

HeobxinHo BuOHpaTH BekTOp ab0 NBOCTOPOHHIO Hepry, fAKIIO B
mporpaMmi 3ailcHIOEThcs AocTyn abo monudikauis eneMeHTiB, Mo3HMil
AKMX Yy TMOC/iZOBHOMY KOHTeHHEpl ICTOTHO BapiiOlOTbCA, OCKUIBKH
BEKTOPH H JBOCTOPOHHI 9eprH MaioTh BHIIY LIBHAKOMIIO, HiX CIHCKH,
TOMY iX BHKOPHCTOBYBATH Kpaille.
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3 inmoro 60Ky, Yac BUKOHAHHA omepauii BCTaBKH ab0 BHOAIEHHS
eJIeMEHTa, Ha AKOMY BCTaHOBJICHO iTepaTop, NMOCTiHHUH AJs CIUCKY, aie
MHIHHO 3aJE€XHTh BiXl KiNLKOCTI €IEMEHTIB JUIA BekTopa abo uepru i3
ZBOCTOPOHHIM JOCTYTIOM. :

HeobxigHo BHOHpaTH CHHCOK, AKIO B MporpaMi 3AiHCHIOEThCA
00XiJ NOCTJOBHOrO KOHTEHHEpa i IpH LbOMY BHKOHYIOTHCS Orepauii
BCTaBKM abo BHAAIEHHA — TOAI WIBMAKOAIA mporpamMu Oy/ie BHINOIO, HiX 3
BHKOPHCTaHHAM BEKTOpa a0 IBOCTOPOHHBOI YEprH.

Inma BigminnicTe Mik Kracom list i wiacom vector Ta deque
nmojsArae B TPaHHMUAX BHM3HAHHA ITepaTropa HEMiHCHHM Yy pe3yabTati
BHKOHaHHA onepalliif BcraBky abo BHAANCHHA, Y pasi BCTaBKH BHIAATIEHHA
B CIIMCKY BH3HAIOTECA HEAIMCHHMHE TUIBKM O4€BHIHI iTepaTopH.

Hanpuknaz, npumyctiMo, 1o lis — e 06’exr cnucky, a itrl i itr2 —
ftoro iteparopu. Skmo itrl ycraHoeneHo Ha item1, a itr2 ycraroBiIeHO Ha
AKMH-HEOYAb E€JEMEHT, pO3TAalIOBaHHH HMKYe, MiCIHd BHKOHAHHA
THCTpYKIII1

lis.erase (itrl);
6yne Bu3HaHU# HenificHuM iTepartop itrl. Lle osHauae, wo itrl Ginsme He
3anexaTMME Bil BKka3iBHMKa Ha iteml. Ane itr2 Oynme, sx i panime,
BKa3yBaTH Ha TOH caMuil CJICMCHT, Ha #AKMH BIH BKa3lyBaB mepej
BUKOHaHHAM METOJY erase.

Ipunycrumo, mo € pesxuit cueHapiii 11a BekTopa vee, i
BUKOHYETBCA IHCTPYKIILA

vec.erase (itrl);

MMicas uporo itr2 Ginsuie He BKA3yBaTHME Ha eNEMEHT, Ha AKHii BiH
BKazyBaB [0 BHKIHKY Meroay erase. [IpuuuHa B TOMy, II0 Iif uac
oIepailii BUAATEHHS Y BEKTOPi 3BUILHIOIOTHCSA €IEMEHTH, PO3TalIOBaHi 3a
To4YkoK BHAaneHHA. Cxoxa npoOGnemMa BHHHKAE Mij 4aC BHOAICHHS
eIeMEHTa i3 Yeprd i3 ABOCTOPOHHIM JocTymoM. Iteparop itrl Ttakox
BB2)XXaTHMETbCA HEMIHCHHM, OCKUIBKH METOJI erase BUKIMKAE AECTPYKTOP
LUl €JIEMEHTA, Ha AKOMY BCTAHOBJIEHHH itrl.

IoniGuuii craTyc iTepaTopd MAalOTH i micns onepaiii BcraBkd. Jus
CIHCKY TIEpCMIIIeHL €NIeMEeHTIB He BiAOyBaeThcs, TOMY iTEpaTopH, AK i
paHillle, BKa3ylOTh Ha T€, Ha IO BOHH BKAa3yBATH 10 BUKOHAHHS BCTaBKH.
Jlst BeKTOpIB Mmij| 9ac BCTABKH MOXE 3HAJOOUTHCS MepeMIlLeHHs eIEMEHTIB,
TOMY iTEpaTOpH MOXYTh BHABMTHCHA HefilicHHMU. 30KpeMa, SIKIO HOBHH
po3Mip nepeBHillye KOMMIIHIA 0OCAr BeKTOpa, BiOyBa€ThCA PO3IIMPEHHS, i
BCI ITepaTopu i MOCHIAaHHA BH3HAIOTHCA HEMIHCHMMH, a AKINO — Hi, TO
BH3HAIOTHCA HEAICHUMM TUIBKM iTepaTOpH W MOCHIAHHS, IO BKA3YIOTh Ha
TOYKY BCTaBKH 200 32 Heto. [l MBOCTOPOHHIX Yepr CHTYALliA CX0Xa, 33 BH-
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HATKOM TOr0, IO HeJiHCHUMHU BH3HAKOTHCA iTEpaTopy i nocuiaaxns abo Bin
TOYKH BCTABKH JI0 MIOYATKY 9€prH, 200 Bill TOYKM BCTABKH [0 KiHIA YEPIH,
3aJ1€KHO BiJl TOrO, YK G/IFKYe TOYKA BCTABKH JI0 MOYaTKy ab0 10 KiHIIA.

PosryisHeMo OAHY 3 peamizauiif knacy list 3i cramnaprroi 6i6mio-
Texy mabnoHiB, a came, Bepcilo uporo kiacy Hewlett-Packard {7].

Ilonn knacy list

Haitsaxuinsimmmu € nonsd length i node, Bu3naveni Tak:

template<class T>
clags list {
protected:
unsigned length;
struct list node
{
list_node* next;
list_node* prev;
T data; //
}i
list node* node;
Ha puc. 11.6 noxasano, mo By3jM COHCKY TOB’s3aHi Mix cobow
BKA3iBHHKaMH.

‘ data data .
/ prev >< prev / Puc. 11.6. Jeonanpamnernuti
next next GIeoK

list_node Bxasye Ha By301, AKHI Ha3HBAECTHCA YRIOM 3a20N106Ka. Y
By3/li 3arofoska moje data He BUKODHCTOBYEThCH, a mons prev i back
CIIO9aTKy BKa3ylOTh Ha caM By30J] 3aroioBka. ToMy, KOHCTPYKTOp 3a
3aMOBYYBaHHAM MICTHTB KOJ:

(*node) .next = node;

(*node) .prev = node;

ITicna BHKIMKY KOHCTPYKTOpPA 32 3aMOBYYBAHHAM MaTHMEMO:

| node | | data
=
next el

Jins HEropoXXHBOrO CIHCKY Iojle mext Byina 3aro/IoBKa BKasye Ha
nepmmii eIEMEHT Y CIIUCKY, a TTO/IE Prev — Ha OCTaHHIH €EMEHT Y CIIUCKY.
Omxe, crnMcok 30epira€TbCs y BHIIAAI 3aKUIBLBOBAHOTO CIIMCKY 3
NOABIHHAMH 3B’ A3KaMH.
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BuinaveHHs MeToliB

IMepw HDK pO3TIAZATH BU3HAYEHHS NEAKMX MeToxmiB kiacy list,
po3rnsHeMo BOynoBaHHit Knac iterator. Liei kiac MICTHTh ABa 3axXHIlEHi
(protected) wienu: none i KOHCTPYKTOP

protected:
list_node* node;
iterator (list_node*x):node(x) {}

Y upoMy 3aronoBKY KOHCTPYKTOpa € po3din iniyianizauii
KOHCMpyKmopa: [BOKpamnka, 3a sKOK ijae Oyap-fke 4YMCIO 3amHCiB
inimfanizanii monie, posaiteHux xomamu. Koxuwuit sanuc iniyianizayii
nons CKNaAacThea 3 1AeHTHGIKATOpa MONA H II0YATKOBOro 3Ha4eHH4, IO
nozaxe y GirypHux myxxax. Y usoMy BHNajKy nose node iHiniamisyersca
fK X.

IIpuunHa oronouieHHs KOHCTPYKTOpa K protected nonsrae B Tomy,
WO 3BMYAHMM KOpHCTyBadaM He Oyze Hidoro Bizomo mpo list_node,
TOMY B HMX He Oyme miIcTaB BHKIHKAaTH Le# KOHCTPYKTOp. € Takox
BiAKpHTHH (public) KOHCTPYKTOP 32 3aMOBYYBaHHAM.

Hanpuxnan,

public:

iterator () { }

T& operator*() const { return (*node) data;}

iterator& operator++ ()

{

node = (*node) .next;
return *this;

}

iterator operator++ (int)

{

iterator tmp = this;
++*this;

return tmp;

}

PosrnsHemo metoam knacy list. Buznagumo Bicim metoais: begin,
end, insert, push_front, push back, erase (3 omumum napamerpom),
pop_front i pop_back.

Meroa end

Ha Byzonm 3aronoBka BKalye rnojie next OCTaHHBOTO By3la THITY
list_node. Omxe, Byson 3aronmoBka mepebyBae Ha onHid mno3uuii 3a
ocTaHHIM By310M Ty list_node y ciucky. Tozi meron end xiacy list mae
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MOBEPTATH ITEPATOpP, BCTAHOBJICHHWH Ha BYy30/ 3aronoBka. Lle Bignmosigae
BH3Ha4YEHHIO:
iterator end() {return node;)
3HA4CHHAM, WO TOBEPTAETHCA, € node, TOOTO BKA3IBHHK Ha BY30I
3aronoBka. AJle TUIIOM pe3y/bTaTy aus meroxy end e iterator. Irepartop
Mae 1oje BKa3iBHHKA (ke TaKOX Mae iM’s node), ase itepatop € 06’ ekToM,
a He BKa3iBHMKOM. Y C++, fKIIO NOTPAIUIETBCA BUPA3 HEBiIOBITHOIO
THITY, KOMIIUIATOP BHKOHYBAaTHME A6MOMAMUYHE NEPemeoperHa muny 10
BifmopigHoro THmy. Y meoMy Bumaaky tuu list_node* nosunen 6ytH
NEPETBOPEHMH [0 THIY iterator. ABTOMaTHYHE NEPETBOPEHHS THITY MOXE
GyTH BUKOHAHE 3aB/IAKH 3aXHILEHOMY (protected) KOHCTPYKTOpY:
iterator (list_node* x):node(x) {}
Tobro, Meron end peanbHO noBeprae He KOMiK Nois node Kiacy
list, a itepaTop, copmoBanuii 3 mons node knacy list.
Meron begin
Meron noBMHEH NOBEPTATH iTEPaTOP, BCTAHOBJIEHMH Ha TOH CaMHi
By3on Tumy list_node, Ha sikuii yka3ye nosie next Bysia 3arojioBKa, a came
Ha By3on Tumy list node, sxuif MICTHTH TepmHii €TEMEHT Y CIOMCKY.
Busnauenns metony begin, y skoMy TakoXk 3aCTOCOBYETBCS aBTOMaTHUYHE
NIEPETBOPEHHA THITY, MA€ TAKMH BUIJIAL;
iterator begin() {return (*node).next;}

Meroz insert

iterator insert (iterator position, const T& x);

Lle#t meron 30epirac emeMeHT X y By3ni Tumy list_node, 3minioe
BKa3iBHMKH next i prev Tak, mwo6 Byson list_node posramosysascs
«rnepen» BY3/IOM CIIHCKY, Ha sKMH ykasye itepatop pesition, i moseprae
iTepaTop, BCTAHOBNIEHHUH Ha BCTaBJIEHUH BY30IL.

I[Ipu BcraBui B koHTelHep THmy list komHi enemenTH He mnepemi-
uryrothes. Omixe, 14 peatisauii MeTomy insert HeoOXiqHO BUKOHATH Taxi Aii:

1. Buainuta npoctip u1d By3na Tumy list_node, Ha sxuit Bkasye tmp.

2. 36eperTH eneMeHT X y 1nojie JaHuX By3ia tmp.

3. IlpucBoiTi nomio next By3na tmp 3nayeHHs position.node.

4. IlpucsoiTH momo prev By3Ta tmp 3HaYEHHA IONS prev By3ia
Tuny link_node, na skuii Bka3ye position.node.

5. IlpucBoiTH 3HaueHHA tmp nomo next Bysna tuny link_node, na
AKHH BKa3ye nojie prev By3na Tumy link_node.

6. TlpucBoiTH 3HauerHs tmp nomo prev Byana tuny link_node, na
AKkHii Bkasye position.node. Ile nprcBoeHHs noBuHHE OyTH BUKOHAHE IC/IA
NPUCBOEHD 4 i 5, a sKIIO — Hi, TO BY301, KM NEPENye By3ily, Ha SKH
BKa3ye position, Oyae HenocTymHui.
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7. InkpemenTtyBaTu HoBxuRY length.

8. ITorepHyTH tmp.

Busnauenns wmerozis push_front i push_back 3zaiimaroTe ogun
PAOOK:

void push front (const T&, x) {insert (begin (), x) ; }

void push back (const T& x) {insert (end (), x) ; }

CmcnicTe UMX JBOX BH3HAUeHb LUIIOCTPYE IEpeBarH, sKi Hajae
HasBHICTL BY3/Ja 3arOJIOBKA: METOJ insert TAKOX YIIPABJIS€ BCTABKAMH B
MOYaTOK i B KiHeub. Meroa insert 3aBXXIW BCTABISE HOBMH €IEMEHT MDK
nsoma Bysnamd crucky. Jina meromy push_front enemeHT Berapndersca
MDK BY3JIOM 3arojioBka # nepumam BysioM. Jlns Meromy push_back
€JIEMEHT BCTARIAETECA MIXK OCTAHHIM BY3JIOM H BY3JIOM 3aroOBKa.

3aBisAKM HASABHOCTI By3la 3aroNOBKY, KOXHHH BY301 CIHCKY
Ma€ BKa3iBHHK Ha MONEPEHiH BY30] CIHCKY | H8 HACTYNHHH BY301.
Lie cnpouye BCTaBKH i BHOAIEHHS.

Merton erase BLIKIIIOYAE €IEMEHT BiJl CITHCKY.

Merox pop_front Bumanse enemeHT, Ha #AKMH yka3sye irepaTop
begin().

Merox pop_back Bunaise efeMeHT, Ha suai ykasye itepatop end().

void pop_ front () {erase (begin()};

void pop_ back ()

{

iterator tmp = end():

erase (--tmp) ;

}

Ilpu mepuwiii BcTaBUi B COHCOK BHALIAETBCH ONOK NaM’sTi —
sasBuyaid 1 Ko6aiit. el Onok Ha3uBaeTbca Oyghepom. Bin Buko-
PUCTOBYETBCS UIS HACTYNHHX BCTaBOK JOTH, Nokd Oydep He Oyne
3anoBHeHHH. J1isa BU3HAYECHHS MOMEHTY 3alloBHEHHS Oydepa B knaci list
nepenbayene noinc next avail, mo BKazye Ha BYy301, SKHIl BHKO-
PHCTOBYBaTHMETBCA MiJl 4ac HACTYIMHOL onepauil Bctasky, i none last, sxe
BKa3ye Ha MO3MIILIO 3a OCTaHHIM By3noM y 6ydepi:

list_node* next_avail;

list_node* last;

ITone next_avail BUKOPHCTOBYETBCA TIPH BHIIEHHI HOBOTO BYy3ia,
ske BinOyBacTbcA B pe3ynbTaTi BHKIMKIB insert, push front a6o
push_back.

Komu 6ydep BusBuTECA 32an0BHEHUM, T0OTO Kol next_avail = last,
BHAUIAETLCS HOBHit Oydep Takoro camoro posmipy. [ns 36epiranus
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indopmanii npo sci Gydepn cmucky B knaci list nepenauene mone
buffer_list. Ile mone MICTHTP BKa3iBHHK Ha CIHCOK 3 OAHHapHHM
3B’A3KOM, BY3nH skoro tumy list_node_buffer. ¥ xoxunomy By3ni THmy
list_node_buffer € nBa mons: BkasiBuMk Ha Gydep | BkasiBHHK Ha
HacTynHuit By3on Tty list_node_buffer:

struct list node_buffer

{
list _node buffer* next buffer;

list node* buffer;
}i 2

list node_buffer* buffer list;

BmiyyeHi By3nHM OpraHi3oBaHO Yy BHIJIALI CITHCKY 3 OAMHAPHHM
3p’a3koM. Ilone free_list y xiaci list MicTHTE BKa3iBHHK Ha OCTaHHii
BHITy4EHHH BY30I:

list _node* free_list;

I[Tone prev uporo By3ia irHOpy€TsCs, a [one next BKkasye Ha By30I,
AKMH BuIydeHO nepemocraHHiM. [lone next Bysna, BHIy4eHOro
nepeOCTaHHIM, BKa3ye Ha TpeTiit 3 KiHL BUaydeHUH By3on. BuiydeHui
BY30J1 IOIAETHCA 10 CIIACKY BUILHUX BY3/IiB 33 MeTOAOM put_node:

void put_node (link_type p)

{

p -> next
free list
}i

free list;
P

Ilix 9ac BMKOHAHHS OMEpPALll BCTABKM — 32 JHONOMOIOI) METOIIB
push_front a6o push_back — nepeBipaeTbcs CIIHCOK BUIBHKX BY3JIB. SKINO
BiH He MOPOXHiM, #Oro mepuHi By301 BUKOPHCTOBYETECA UIsl BCTABKH 10
CIIHCKY BUIBHHX BY3/iB 260 BUIAIEHHA 3 HHOTO. SIKIIO XK CIHCOK BiIBHMX
BY3J1iB NOPOXHil, BUALIAETECA HOBHH Oydep i 3B’A3yeThCA 3 MOYATKOM
cniucky Gydepis, mic/as 9010 BHAUAETLCA NEPIIKH BY301 Y UHOMY HOBOMY
6ydepi.

Ipocrip, mwo 3aifHsTHii pisHuMu Oydepamu # CIMCKamM, HE 3BUTb-
HACTECH, TIOKH CIHCOK He Oyme 3HumeHo. Tomy, AKII0 y nporpami CTBO-
PIOETHCA BEJIMKHIA CITHCOK, @ TIOTIM 3 HONO BHJAIMIOTECA MaibKe BCi elleMeH-
TH, BECh 3aHHATHIH CIIUCKOM NIPOCTIP, K i paHille, 3AIHIHTLCA BUIUICHHM.

3acTocyBaHHA By3/la 3aroj0BKa [Ia€ 3MOTY HE PO3PI3HATH onepauii
BCTaBKH B 1109aTOK 1 B KiHelb CIHCKY a60 onepalii BHOANEHHS 3 [I0YaTKy
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i 3 Kinng. Jiis KOXHOTO KOHKPETHOT'O By3Ja 3aBXIH € B30I NEpen HUM i
BY30J IICJIA HBOro. 30Kpema BY30J 3arofiOBKa 3aBXIH PO3TalOBYETbCA
nepeji MEpIIMM BY3JIOM Y CITHCKY, ajleé BY30J 3arojioBKa TaKOX 3aBiKIH
PO3TalIOBYETHCA 32 OCTAHHIM BY3JIOM Y CITHCKY.

11.4. Knac queue

Harazaemo, 110 yepra — 1e KiHleBa OC/IiI0BHICTb eIEMEHTIB, 11
AKoI:

1. BCTaBKH I0MYCKAIOTHCS TUIBKH B KiHELb TIOCTIIOBHOCTI.

2. BuaasienHs, BHTAT i 3MiHM NOMYCKAIOTHCH TUIBKM 3 MOYATKY
MOCAiAOBHOCTI (AMB. po3ain 3.2 ).

EnemenTn B 4ep3i 30epiraioThcsi B XPOHOJOTIYHOMY TIOPAIKY iX
BBEJCHHS: NEPUIMM 3aiioB, nepiumm Buimos FIFO (first in, first out).

EnemMenm B uepsi 30epiratoThCs B HOCTIIOBHOCTI ix BBeneHHA. [Tepnmmid
BBENIEHHH EIEMEHT — y KiHeUp ueprd — OyAe y pe3yibTaTi MEpUIHM
CIEMEHTOM JUI BHKOHAHHS ONepauiil BAJaIeHHA, BUTArY abo 3minu — 3
moyarky uepru. EnemeHT, BcraBneHuit apyruMm, Oyae npyruM s
BUKOHAHHJ OnNepailii BHAAIEHHS, BUTATY ab0 3MiHH i T.A.

[lpukianamu dYepr MOXYTb OyTH MalIMHH Tiepefl CBiTIOGOpOM,
MOKYTILI IO KACH B CYIIEPMApPKET], JIITAKH, N0 OYiKYIOTh 03BOIY Ha 3JIiT.

SIx i Bl KNaCH-KOHTEHHEpH B cTaHAapTHIH Gibmiorewi mabionis,
KI1ac queue € 1abJIOHHAM KIIacoM:

template <class T, class container = deque<T>>

Ha nomatok no tuny enemenTa T, 1A KOXHOTO €K3EMILIAPA 9EPrH
TAKOX € abJI0H KOHTeHHepa 31 3HAYeHHAM 32 3aMOBYyBaHHAM deque<T>,
Ines momsrae B ToMy, mo knac deque MOXE YIPaBJIATH BH3HAYECHHAM
aTpubyTiB 4YEepru: BCTaBKAa B KiHELb, BUANCHHA 3 MOYATKy, AOCTYN A0
109aTKY — 32 TOCTIHHOTO, B CEPETHBOMY, Yacy BHKOHAHHA.

Mertoau knacy deque

Posrnsmemo inrepdeiicn Meronis Kiacy deque:

1. Ils yepra iHinianai30BaHa KOMI€KO LBOTO KOHTEHHEPA.

explicit queue (const containers = Container ()):

Japesepsosane cioBo explicit BHKOPHCTOBYETHCA TiILKM KOHCT-
pykTopaMH. BoHO Bka3zye KOMILIATOpPY, IO aBTOMATHYHE IEPETBOPCHHA
THITYy U1 apryMeHTy KOHCTPYKTOpPa BWKOHYBATH HE CIiI. ApPryMeHT
KOHCTPYKTOpa IOBHHEH ABIATH CO0DOI0 06’eKT-KOHTEHHEp Yy Kiaci
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Container, skuii 3a1acTeca apyrum mabnonaum aprymentom. Ipuxinanx
JIOMyCTHMHX BH3HAaYEHb YEPrH:
a. queue<string> ql;
b. queue<string>, deque <string> > g2(ql);
¢. queue<string> g3 (gl):
d. queue<double, 1list <double> > g4;
€. gqueue<double, list <double> > g5(g4);
Busnauents ql, q2 i g3 eksiBaseHTHi, AK i Bu3HaueHHs g4 i q5. 3
iHworo 60Ky, HACTYIHI 1Ba BA3HAYECHHS € HETPHNYCTHMHMH:
f. queue<string>, list <string> > g6(ql);
TyT apryMeHTOM KOHCTPYKTOpa roBHHEH OyTH crucok (list)
g. queue<double> > g7 (g4);
A Tyr apryMeHTOM KOHCTPYKTOpa TMOBHHHa OyTH JBOCTOPOHHS 4epra
(deque).
2. Meron empty() noseprac 3HaueHHA true, AKIIO LA Yepra
MIOpOXHA, a AKILO Hi, TO MOBEpTa€ThCA 3HaqeHHA false.
bool empty() const;
3. Merop size () noBepTae KiNbKICTh €JIEMEHTIB y uep3i.
unsigned size () const;
4. Meron push BCTaBis€ eeMEHT X y KiHellb Ili€l 4epru
.void push (const value typeé& x);
Lle# MeTon YacTO HA3HBAIOTh «IIOCTABHTH B uepry», BiamosigHo no
oronoueHHs typedef, value_type e curonimom T.
5. lna uiei He nopoxuboi ueprn wmeron front() noeeprae
NIOCH/IaHHA Ha EJIEMEHT Ha MOYaTKY 4Yepry.
T& front();
OCKinbKH 3HAYE€HHA, 110 MOBEPTAETHCA, ABAC CODOI MOCHIAHHA,
LeH METON MOXKHA BHKODHCTaTH JUIA 3MIHH IIOYATKOBOrO €JIEMEHTa B
4ep3i. Hanpuxnaz, axio my_queue € HEMycTa CTPOKOBA Y€pra, To
my queue.front() = "I'pyna";
TNpHBEZE A0 3aMiHM TIOYaTKOBOTO €1eMEHTa B my_queue Ha «[ pyma».
6. lns uici He mnopoxuboi ueprn wmerox fromt() mnoseprac
NOCH/IAaHHA-KOHCTAHTY Ha €JIEMEHT Ha MOYATKY YEpry.
const T& front();
OcKinbKy 3HaYeHHs, 110 MOBEPTAETHCA, € MOCHIAHHAM-KOHCTAHTOIO,
LEH METOA He MOXXHAa BHKODHCTATH [UIS 3MiHM enemeHTa B depsi. Onunak
MOXKHA BUKODMCTOBYBATH €M METOA [JUIA BUTATY IOYATKOBOI'O EJIEMEHTA.
Hanpuknaz, sxkuo my_queue sABif€ CoOOI0 HEMyCTy 4Yepry, TO B
pe3ynbTaTi BUKOHAHHA IHCTpYKIii
cout << my queue.front();
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Oyne BUBEICHO NIOYATKOBHH EIEMEHT y 4ep3i my_queue.

7. [ns HenmopoXHBOI YeprH eneMeHT, AKHif nepel UM BHKIHKOM
1epebyBaB Ha IIOYATKy YEPry, BAAAIAECTHCA i3 Yepru

void pop(): :

Meron pop He moBeprac BuaancHoro enemeHTa. Illo6 orpumatH
1leH eneMeHT, ci1ij BUKIHKaTH QyHKuUio front( ) nepen Buxaukom pop( ).
Lle#t MeTon yacTo Ha3UBAIOTH «BHUBECTH i3 YEPru».

8. s HenopoxHBOI ueprH Metox back() nmoeeprae nmocHnaHHA Ha
ClIEMEHT HalpPHKIHUI Yepry.

T& back():

BinnoinHo Ao Bu3HayeHHA uepru, Meron back He morpiben, ame
el MeTox € B craHmaprHiii Gibmioreni maGnownis. Ileit Meroxm Moxe
BUKODHCTOBYBAaTHCA A7A 3MiHH OCTAHHBOrO IIOMIllEHOTO B Hepry
cliEMeHTa.

9. /lna HenopoxHboi 4yepru meron back() moseprae nocmnaxuf-
KOHCTAHTY Ha eJIeMEHT HaNpUKiHI Yepru

const T& back();

Jns Beix Meronis, 3a BunaTkoM push, worstTime(n) nocTiitue. Js
metony push worstTime(n) € O(n).

Knac queue ne mae acouiffopaHoro 3 HUM Kiacy ireparopa. Piy y
TiM, 110, 3TiTHO 3 BU3HAYEHHAM Ye€PrH, €IHHHM JIOCTYTIHHM ElIEMEHTOM B
00’ €KTi THITY queue € eNEMEHT, PO3TAlLOBAHMUI Ha IOYATKY YEPrH.

Ju3aiin 1 peamizania KiIacy queue € CKIAJZOBHMH CTaHIapTHOL
6ibniotekn 1wabioHIB | HE MOXYTh BHOMpaTHcA pPO3pOGHHKOM KOMIIi-
nATOpA 3a HOro po3cyaoM.

Knac queue sBisie npuHKiIag ajantepa KoHTeiiHepa. AJanTep KOH-
teiinepa C++ TpaHchopMye neskui 6a3oBHI KOHTeiHHep y KOHTeHHep
knacy C++. Anantepu koHTeiiHepiB — queue, stack i priority_queue —
06CIYTOBYIOTECA HE TaK, fK iHIII KOMIOOHEHTH cTaHAapTHo! 6ibnmioTexkH
wabnonis. IxHi BH3HAYEHHS METONIB MOBMHHI BHKIHKATH METOMM
6a3oBoro KoHTeliHepa.

AnanTtep koHteiHepa C++ BHKOPHCTOBYE AeAKuit 6a30BHH 00’ €KT-
KOHTeHHep Ut BU3HAYEHHS MeTofiB Kiacy C++,

Ilns knacy queue yce, mo notpibHO Bix 6azosoro kiaacy Container, Le
niarpuMaT™ MeTtomy empty, size, front, push_back i pop_ front, a Takox
metomy back. Yactuny BusHaueHn Kiacy queue 3i craHmaprHol Gibmiorers
wabnoHiB HaBeneHo wkye [7]:

template <class T, class container = deque<T>>
class queue
{
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protected:
Container c;
public:
veid pop () {c.pop_front();}
const T& front () const {return c.front();

}

Sk 6azoBmit Moxua posrispatH kinac list, skuit MicTHTE MeTOnH

size, empty, push_back, pop_front, front i back.
. Bazosum Moxe Takoxk OYTH KiIac queue; HacIpaBJli came Hel Kiac i
BUKOPMCTOBYETECA 32 3aMOBYYBaHHAM. Y peasizauii kiacy queue Hewlett-
packard yac BHKOHaHHA MeTONiB size, empty, pop_front, front i back
TIOCTIHHHIH.

Krac vector He MOXHA BHMKOPHCTaTH AK 0a3oBuii: y HbOMY
BigcyTHi Meton pop_front. Takuiéi HaBMHCHMH NpONYCK MOOEpEIXae
KOPHCTYBa4, MmO I8 onepauyii BHAAJEHHA ITOYATKOBOIO E€JIEMEHTa 3
BekTopa nokazuuk worstTime(n) ninifiHo 3aneXuTs BiX 0.

IHa MOMUIMBICTE TONAra€ Yy BMKOPHCTaHHI MacHBiB. 3a
Ge3nocepefHBOr0 MAHIMYMIOBAHHA NOMAMH MAacHBY 4Yac BHKOHAHHA UIA
pukikkie push_back i pop_front y cepennbomy nocrifiumit. Taxui
6a30BHIl KI1aCC — quUeue-array — MaTHMe I AThb NOJLB:

T[] data;
unsigned size;
int head, tail, max_size;

Macus data s0epirac enemeHTH, 3MiHHa size 30epirae KiUIBKICTB
€IeMEHTIB, a MaXx_size MaKCHMAaNBHY KiNbKiCTh enemeHTiB. [logaTtkoBui
eneMeHT 3apxau Mae inzexc head, ane head ne 3asxau mae 3uHauenns 0.
ITo cyri, yepra «ckos3ae» y macusi data npu Bumkax push back i
pop_front. [lone head MicTuTh iHAeKkc y MacuBi data /Ui nOYaTKOBOroO
eJieMeHTa 4Yepry, a none tail MicTHTE iHAEKC A4 KIHLEBOTO €1EMEHTa B
yep3i. tail inimiamisyerscs Ak -1, mo6 3a3HAYHTH, 1110 FEPTa MOPOXKHI.

11.5. Knac stack

Haragaemo, mo cTek — 1ie Taka, KiHLeBa MOC/iIOBHICTE €IeMEHTIB,
IO €AMHHM ENEMEHTOM, AKWH Moxe OyTH BuAaneHui, BHIydeHui abo
3MiHEHHMH, € €JEMEHT, NOMImeHHH Yy MNOoCHimoBHICTE ocTaHHIM. Lle#
elIeMEHT Ha3HBAETHCH «BEPXHIM» €IEMEHTOM CTeKa, a60 BEpIIHHOIO CTEKa.

Enementy B crelli 36epirarorbcsi B MOPAIKY, 3BOPOTHOMY JI0 XPOHOJIO-
TiYHOT TIOCIIIOBHOCT] iX BKTIOYEHHA: OCTAHHIM 3aHIIOB, NEPIIMM BUHILIOBY.
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Ilna crexiB onepaiis BKIIOYEHHS HA3MBAETHCA «POMIlUEHHAM» abo
«TIPOIITOBXYBaHHAM» («push»), a ollepaliis BUNATEHHS — (BUIYIEHHAM» abo
«BULITOBXYBAHHAM» («poOp»).

V xiaci stack e Merue inTepdeiicis, HiX y K1aci queue, OCKLTLKH
Ul cTexa moxe OyTH BcTaBleHHH, BUNydeHHH ab0 3MiHeHHWH TilbkH
elleMEeHT B OIHIHA mo3uuii (BepxHii).

Kmac stack € wabnoHHMM, a 5K KOHTeHHEpPHHE Kilac 3a
3aMOBYYBaHHAM BHKODHCTOBYETheH deque:

template < class T, class Container = deque <T>>
class stack { ..};

Iutepdeiicu meTonis Knacy stack

1. Ileii crex nopoxHiH, TO6TO HE MICTHTE €IEMEHTIB,

explicit stack (const Containers = Container ());

2. TloeepraeThcA true, SKIIO CTEK MOPOXHIA. A AKUIO Hi, TO
nosepracTecs false.

bool empty();

3. TloBepraeThca KUIBKICTE €IEMCHTIB Y CTEILL.

unsigned size ();

4. EneMmeHT X po3MIINyeThCA Y BEPLIHHI CTEKa.

void push (const T& x);

5. Crex He mopoxHiif. [ToBepraeTbcs NMOCHIAHHA HAa BEpXHIi
€JIEMEHT Y CTeLi.

T& topl);

6. Crex He nopoxmiii. BepracThcs MOCHIAHHA-KOHCTAHTA HA BEPXHii
€JIEMEHT Y CTell.

const T& top()const;

7. Crex He nopoxHif. EneMeHT, AKkuil 10 BHKIIHKY ULOTO METOLY
nepebyBap y BEPIIMHI CTEKa, BUAAIAETBCA,

void pop();

He#t MeTox He noBepTac BHIIYUEHOTO 3i cTeKa esleMeHTa. SKio Bam
norpibHuil [OCTYN KO BHIYYEHOro eleMEHTa, TO BHKIHYTE Meron top()
nepes BUKIHKOM pop().

I crekis He nepenbadeHo iTeparTopa, OCKUIBKM €IHHHM
JOCTYITHHM EJIEMEHTOM € €JIEMEHT, 110 nepebyBae y BepmuHi creka. Le
O3Ha4ae, IO BMICT CTeKa, HaNPHKIAJ, HE MOXHA BHBECTH Ha ApyK. OmHak
I 4Yac BHBEACHHA HAa IPYK HE MOXHa BHKODHCTOBYBAaTH sKi-HeOymb
BJIaCTHBOCTI CT€Ka, KpiM THX, fKi onucaHi B iHTepdeficax Merony. Hixue
HaBEJICHO NMPUKJIAJT [TPOrPaMH, AKa TEHEPYE CTEK:
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include <iostream>
include <vector>
include <string>
include <stack>

using namespace std;

void printstack
ages)

{

cout << endl <<endl <<"IloTouHui BMicT cTexka:" <<
endl;

= 3= e S

(stack<int, vector<int> >

while (!ages.emplty())

{

cout << ages.top() << endl;
ages.pop () s

I,

int main ()

{
const string CLOSE_WINDOW =

" ByIe Jacka, HaTMCHiTE Enter, mo6 3axkpurTu Le

BixHO BUBOOY";
stack<int, vector<int> > ages;

ages.push (15);

ages.push(07) ;

ages.push(21);

printstack (ages);

ages.popl() ;

printstack (ages):

ages.pop();

printstack (ages):

ages.push (25) ;

printstack {(ages);

cout <<endl <<endl <<CLOSE_WINDOW;

cin.get();

return 0;

}

Sk i knac queue, xnac stack € ajganrepoM KoHTeHHepa, TO6TO
MeTOIH Kiacy stack BH3HA4Y€HO B TepMiHaX METOMIB Aeskoro 6aszoBoro
KIacy-koHTelHepa. Kiac amanrtepa KOHTeHHEpa IIOBMHEH MaTH Taki
Metogu: empty, size, push_back, pop_back i back. Ile osnadae, 1o
BEpHIMHA CTeKa Ma€ PO3TAIlOBYBATHCh HANPHKIiHLI 6a30BOro KOHTeHHepa.

Ilns BeKTOpiB, CNMHCKIB i ABOCTOPOHHIX 4Yepr 4Yac BHMKOHaHHA
Metonis push_back i pop_back nocriitkuit y cepenasomy. OTxe, K1acoM
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stack MOXyTh ajanTyBaTHCA i Knac vector, i wiac deque, i kiac list. 3a
1aMOBYYBAHHAM BHKOPHCTOBYEThCH Kiac deque.

VYci apamTepH KoHTeHHepiB y craHjaprHii Gibmioreni wabrnoxis
MICTHTb €IHHE MOoJIe

Container c;

Sk i1 ansa peanizaii wiacy queue, yci BH3HaUeHHN METOXIB Kiacy
stack cKnagaloThCA 13 OJHOTO PANKA, Y SKOMY € BHKJIHKAaE BiAMOBiXHHHA
meroa. OT ABa npuKIafu BU3HAYEHH METOAIB KIacy stack:

void pop ()

{

c.pop_back ()
}

T& top

{

return c.back ();
}

11.6. Knac BinSearchTree

Kimac BinSearchTree we BxomuTs 10 crangaprHol Oibmiorexu
wabnonis. Bin € cnpouenolo Bepcieio kmacie AVLTree Ta rb_tree, sxi
po3rnsaaiThes B posainax 13.5 ta 14.2 signosiato.

Sk Bike 3a3HaueHO B nigpo3aim 6.2.1, asilikoBe abo GinapHe nepeBo f
¢ abo nopox#iM, a60 CKIANAETHCA 3 €IEeMEHTa, 10 HAIMBAETHCH KOPESHEBHM
CIEMEHTOM, 1| OBOX CKJIAJOBHX ABIKOBHX JepeB, IO HA3HBAIOTHCHA JHBUM
NiZepeBoM i paBUM IiepeBoM t.

Iosnawumo i cknazoi mimmepera sk leftTree(t) (mie) i rightTree(t)
(npase). Bukopucranus Horauii y Bunmym (yHkui, nanpuknay, lefiTree(t)
JamicTe 00’exTHO! HoOTauil, Hanpuwian, tleftTree(t), npaswisHile, OCKLIBKH
JBifKOBE AEPEBO HE € CTPYKTYPOH0 JaHMX. Piu y TiM, 1o Ans pi3HuX THIIB
JIBIAKOBHX JiepeB /Ui TaKMX OIepaliif, SK BCTaBKA # BHIOAIEHHH, BHKO-
PHCTOBYIOTE METOIM, IO 3HAYHO PI3HATHCA, 1| HABITH BUKOPHCTORYIOTE Di3Hi
CIIMCKH MapameTpiB. BrsHadeHHa IBIfKOBOro AepeBa € peKypCHBHHM.

ITix yac 306paxkeHHA ABIAKOBOrO AepeBa BiAMOBIOHO A0 NPHIHATO
Yroou KOPEHEBHH e/lleMEHT pO3TaluoBYeThcs Bropi. ns aepes 3acto-
COBYETbCA «bOTaHI4Ha» TEPMIHOMOTIA: KOPiHb, TLIKa, JHCTOK.

Jlinis Bix KOpPEHEBOro eleMeHTa 4O MifAepeBa HA3UBAETHCA ILIKOIO,
Enement, mna sxoro acoiiiioBadi 3 HMUM JliBe H TnpaBe miamepeBa €
NOPOXHIMH, HA3UBAETLCH JIHCTKOM. JIHCTOK He Mae TLIOK, IO BIAXOJATh.
KinekicTh NHCTKIB y ABIHKOBOMY AepeBi MOXHAa BH3HAUMTH PEKYPCHBHO.
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Hexaii t — npifixose nepeso. KinbkicTs MHCTKIB y Aepesi t, mo3HaueHy AK’.

leaves(t), MOXHA BH3HAYHTH PEKYPCHBHO TaK:
sxmio (if) t nopoxuso
leaves(t) =0
inaxmie sxno (else if) t cknapaeTses TinbKH 3 KOPEeHEBOro eIEMEHTa
leaves(t )= 1
iHakwe (else)
leaves(t )= leaves(leftTree(t)) + leaves(rightTree(t))

ITe mMaTemaTHuyne BH3Ha4YeHHA. BiNOBIAHO N0 OCTAHHBOTO paaxa

BH3HAY€HHS, KUIBKICTh JIHCTKIB y AepeBi t JOPIBHIOE KiIBKOCTI JHCTKIB Yy
NiBOMY DifIEpeBi IUTIOC KiBKICTS JIMCTKIB y NIpaBOMy Miziepesi.

Koxnuii eneMeHT y nBifikOBOMY J1epeBi YHIKAILHO BH3HAYAETHCA 38
Horo Micue- posramyBaHHAM y aepesi. Hexait t — ne nacTynHe ABiiikose
nepeso (puc. 11.7):

% M#H roBopHMo, 1110 X € 6aTEKIBCHKHM €le-

MEHTOM A1 ¥ i 10 y € JIBHM HO4ipHIM ejie-

/\ MEHTOM €JIEMEHTA X. AHAJIOTTYHO MM TOBOPHMO,

y 5 1o X € 6aThKIBCBKHM €IEMEHTOM 1A €JIEMEHTA

Z, a Z € NPaBUM JIOTIPHIM E€IEMEHTOM €JIEMEHTA

Puc. 11.7. JJsitixose depeso  X. Y NBIAKOBOMY JEPEBi KOXHHI €IEMEHT Ma€
HyJIb, OiMH a60 1Ba NOYIpHIi eneMeHTH.

,[[m Oyns-sKoro eneMeHTa W y JepeBi parent(w) mMo3Havae
GatexiBchKuit eneMeHT enementa w, left(w) — nisuit mowipHilt enemenT
eneMeHTa w, a right(w) — npasuit mouipuiii enemenrt enementa w. Jns
AepeB  3aCTOCOBYETHCA TAKOX TEPMIHONOTIA, BIACTHBA pPOHNOBHM
BiIHOWEHHAM: 6aTbKIBCHKHH, K04ipHiH, GpaTHiii.

VY npifikoBoMy nepeBi Kope-

58 HEeBUH eneMeHT He Mac GarekiB-
CBKOTO, a BCl iHINI €JJEMEHTH MAIOTh

75 ONHOTO H TUIBKH omHOro OaTeKa.
— Kopucrytommcs TEPMIHOIOTIEI0,
/\ \ OpMHHATE B TEHEANori, MOXHA
68 BH3HAYHTH EJIEMEHTH, sKi € Oparamuy,

NUTyCAMH, OHYKaMH, IBOOPIIHHMH

2 Gparamy, mpefkamMH ¥ HamlaaKamu,

T~ Hanpuxnan, enement A € npeakom
enementa B, sxmo B sBnge coboro
EJEMEHT Yy TiAAEpeBi, KOPEHEBHM
EIEMEHTOM SHKOTO € €IEeMEHT A,

Puc 11.8. [sitixoee depeso
3 GUCOMOIO, WO OOPIBHIOE 5

I"oBopstH MOBOIO peKypcii, A € npeaxom B, sxino parent(A) = B, a60 sxiio A e
tipe/ikom parent(B).

Simo A e mpemxoM B, To mumx Bin A no B asase coBoio
MOCIIIZIOBHICTD €JIEMEHTIB, 10 MOYMHAETHCA 3 A 1 3aKiHdyeThes Ha B, y sxiit
KOXHHF €IeMEHT (32 BUHATKOM OCTAHHBOTO0) € GaTHKIBCHKHM U1 HACTYNHOrO
cnemenTa. Hampuknan, Ha puc. 11.8 nocnmimosnicts 37, 25, 30.32 smise
¢o6oro IUIAX Bia enemenTa 37 0 enemenTa 32.

Bucora ssilfikoBoro nepeBa sBis€ cob0K0 KITBKICTH TimOK Mix
KOpeHeM 1 HaiBIJANCHIIMM JHMCTKOM, TOGTO JIMCTKOM, WO Mae
HaHbLIbIY KUIBKICTL MpenKiB. JlepeBo Ha puc. 11.8 mae Bucory 5.

IIpunycTumo, IO 1A AEAKOro ABIAKOBOrO AepeBa BHCOTA HTiBOTO
miznepesa fopisuioe 8, a BucoTa mpaBoro miazepesa — 12. Ska Gyne
BHCOTa BCHOrO ABifikoBoro nepesa? Bianosims: 13. Bsaram eucora
ABIHKOBOro JepeBa Ha OAMHHMLIO GinbIna 3a MAKCHMAlbHY BHCOTY Cepen
JiBOrO # npasoro mijtepes. Lle MiABOAMTS 10 PeKypCHBHOrO BH3HAYEHHS
BHCOTH ABIHKOBOIO AepeBa. AJe CIIOYaTKy HEOOXiHO YCBiIOMHTH, IUO
Take 6a30BHiH BUIIANIOK, @ came — AKOKO Gyle BHCOTA NOPOXHEOTO JIEpeBa.
Xorinocs, mo6 BHCOT2 A€pCBA 3 ONHOrO EIEMCHTA JopiBHIOBana 0: y
HBOMY HEMA€ TiI0K, 110 BIIXOMATH Bii KOPEHEBOro eIeMEHTa, TOOTO JiBe i
npase nmiagepesa € nopoxHiMu. Asie skmo 0 Ha OMMHMLIO Ginblue, Hix
BHCOTA IOPOXHEOr0 MiNEPEBA, TO BUCOTA NOPOXKHBOIO AEPEBA MAE JIOPiB-
HioeatH -1. OTxe, BHCOTa NOPOXKHBOrO ABifAKOBOr0 A€peBa NOPIBHIOE -1.

Hexaii t — nsiiikoBe fepeso. BuszHauumo iforo Bucory height(t) Tax:

sxmo (if) t nopoxHso

height(t)=-1

inaxmre (else)

height(t) = 1 + makcumym 3 {height(lefiTree(t), rightTree(t)}

SIK BHILIMBAE 3 UBOTO

S PIBEHb
BH3HAYeHHS, MBIHKOBE He- E 0
PEBO 3 €IHHHUM EIEMEHTOM A
Mae BHcoTy 0, OCKLIBKHM T A 1
KOXHE 31 CKIANOBHX iforo / /\
MOpPOXKHIX mimaepeB Mae | 0 N 2
Bracoty -1. Bucora € Bnac- S/
THBICTIO BCBOTO ABIHKOBOro 3
nepesa. [l KOXKHOrO ejle- Puc 11.9. [leitixoee depeso i3 3aznavenumu

MEHTa y JBifKOBOMY JepeBi PieHAMU U020 eneMenmis

MOXHa BH3HaYHTH MOAIOHY O3HaKy, Ky HAa3HBAIOTL PIBHEM ElEMCEHTA.
PiBeHr uporo enemeHTta B AepeBi sBisi€ COGOK KUNBKICTh TLIOK Mixk
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KOPSHEBHM eneMeHToM i uuM enemenTtom. Ha puc. 11.9 naseneno
IBifKOBE epeBo i3 3a3HAYCHHAM PIBHIB HOI0 €/1EMEHTIB.

Kopenesuit cnemenT Mae piBeHp 0, a BHCOTAa JiepeBa JOPIBHIOE
HaOLTLILOMY pIBHIO, AKHii € B JepeBi. DopMaibHe BH3HAaueHHA Take. Hexaii t -
HETyCTe [BiiikoBE NepeBO; TOAI AnA OyIb-fiKoro enemeHta X y t piBeHb
eJleMeHTa X, level(x) BU3HAYaETLCA TaK:

Ao (if) x € KopeHEBHH €IEMEHT,

level(x) =0

iHakme (else)

level(x) = 1 + level(parent(x))

Pisens enemMeHTa TakOX Ha3MBalOTH rAHOMHOI0 encMmcHTa. Bucora
HEMyCTOro ABIHKOBOTO iepeBa JOpiBHIOE IMHOHHI Horo HalBiANaNEeHIIIoro
JIHCTKA.

JlepeBo, mo po3ABOIOETbeA (two-tree) — 1ie ABIHKOBE IEPEBO, AKE
abo € mopoxHiM, a60 TakuM, INO I KOXKHOrO HOro €l1eMeEHTa, 10 HE €
JTHCTKOM, € ABi TiIKH, 0 BigxomaTts. Hanpuiian, aepeeo, 306paxene Ha
puc. 11.10, a, € TakuM, IO pO3ABOIOETLCA, @ AepeBO HA puc. 11.10 6 He €
TakdM, 0I0 PO3ABOIOETHCA. PeKypcHBHE BHM3HAUCHHA Take: ABiHKOBe
JIEpeBO t € IepeBOM, IO PO3MIBOIOEThCA, AKIO t mopoxHe abo oboe
miamepeBa nepesa t € nopoxHimH, abo oGoe mimmepeBa nepepa t €
HEIMyCTHMH JIEpeBaMH, 110 PO3ABOIOIOTECS.

a 6
Puc. 11.10. [sitixose depeso, wjo po30sooemsca (a); 08ilikoee Oepeso, o He
po3zdsoroemuca (6)

/SO\ /5.0\
B e
5 28 80 99 80 99

a 6

Puc. 11.11. IMosne dgitixoge depeso (a); Ositixoee Oepeso, 1o He € nosHum (6)

200

JlBifikoBe nepeBo t € MOBHHM, AKIO t ABIAE COOOK AEpeBo, WO
PO3JBOIOETHCA, YCI JIMCTKH AKOrO PO3TAIOBAHI HA TOMY CaMOMY DiBHi.
Hanpuxnan, nepeso, 3o06paxeHe Ha puc. 11.11, a, € moBHuM, a AepeBo,
306paxene Ha puc. 11.11, 6, He € MOBHUM. PekypcHBHE BH3HAUCHHA TaKe:
OBifikoBe nepeBo t € MOBHMM, AKII0 t nopoxHe abo niBe i npase nmiggepesa
IiepeBa t MaloTh OZIHAKOBY BHCOTY, i 000€ € MOBHHUMH.

3po3ymino, Gynb-fike OBHE AEPEBO € ACPEBOM, LIO PO3ABOIOETHCH,
aJie 3BOpoTHe He 060B’A3K0BO MpaBHisHO. JI1s NOBHUX ABIfKOBUX JiepeB €
TIEBHE CHIBBIIHOIEHHS MK BHCOTOI H KUILKICTIO EIEMEHTIB Y JIepeBi.
Hanpuxiaz, Axuio noBHe ABiiKOBE AEPEeBO MaE€ BHCOTY 2, BOHO IOBHHHE
MaTH TOYHO 7 €JIEMEHTIB.

KpimM noBHOTH, AIA AepeBa TaKOXX BHKOPDHUCTOBYETLCA TaKa Xa-
PAaKTCPUCTHKA, AK 3aKIH4YeHiCTh. [IBifikOBe AepeBo t € 3aKiHYeHHM, AKUIO
BOHO € ITOBHUM 10 piBH# height(t) - I, a Bci ymcTku Ha HaliMeH1IOMY piBHI
PO3TAILOBYIOTECA SKHaHONMKUe Ko jiBoro Kpaw Aepesa. [T «HaliMeHuMM
piBHEM» MarOTh Ha yBa3i HalBiAaNeHIMI Bil KOPEHA PIBEHB.

Byne-fke 1OBHE JEPeBO € 3aKiHYCHHM, ale He KOXHE 3aKiHYeHe
asifikose nepeBo € moBaMM. Ha puc. 11.12 nokazaHo KiTeka IBIHKOBMX
nepee. Hampuruan, nepeBo, 3o6paxeHe Ha puc. 11.12, a, € 3akinyenum
IOBifikoBUM nepeBoM, ane He € moeHuM. JlepeBo Ha puc. 11.12, 6 He €
3aKiHYEHHM, OCKiNbkH C Mae TUIBKM OJMH JOYipHiH eneMeHT. [lepeBo Ha
puc. 11.12, 6 He € 3aKiHYeHUM, ocKinbk JHCTKH I Ta J He € MaKCHMAIILHO
HabMKeHHMH JI0 JTiBOTO Kpalo JepeBa.

A A
/\\ /’\
N / N N
H 1 ] G H 1 J
a 6
A
/"\
B C
1 T e’
Y

Puc 11.12. Henoene 3axinuene Ositikoge depeeo (a);
He3axinueHi deilikosi depesa (6, 6)
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V 3akiHueHOMY IBiHKOBOMY HEPEBi 3 KOXHHM €71€MEHTOM MOXHA
acOLIOBATH «iHAeKc». KopeHeBOMYy eneMeRTy mpu3HayaeTses inaekc 0.
Jins GyaB-AKOro MMO3UTHBHOrO LLIOrO YHCHA i, AKIIO €NEMEHT i3 iHgEKCcOM
i Mae NOWipHi eneMeHTH, iHJEKC HOro JBOro HOYIPHBOrO €NeMEeHTa
nopiBHIoe 2i + 1, a innexc #oro NpaBoro A0YipHLOro enemenTa — 2i + 2.
Hanpuisiaz, sxmio ABiHkoBe AepeBO cknajmaeTbes 3 10 enemenTis, wi
eNeMEeHTH MaIOTh TaKi inaekcH (puc. 11.13):

0

/\
/\/\
P i ™

7 8

wh
o

\

Puc 11.13. Jsitixoee depeso 3 decamu enemMenmis

Barsko eneMeHTa 3 igaexcoM 8 Mae inpekc 3, a 6aThKO eneMeHTa 3
inexcoM 5 Mae ingexc 2. Baarani, AKio i MO3HTHBHE Lie 9HCI0, HaTbko
eNeMenTa 3 iHJeKcoM | Mae iHgexc (7 - 1)/2.

- Innexc eneMeHTa Ma€ BaXUIMBE 3HAYEHHS, TOMY IO BiH Ja€ 3MOry
36epiraTH e1eMEHTH 3aKiHYEHOro JBifKOBOTO A€peBa y BHIVLALI MAcHBY.
KOHKpeTHO €eJIeMeHT, W10 Mae B JiepeBi iHmekc I, 30epiraTHMeThCi B
KOMipIli MacuBy 3 iHjekcoM i. HHXKde HaBeJleHO MacHB CIIEMEHTIB Wit
Aepesa, 300paxeHsoro Ha puc. 11.12,a

A B C D E F G H I J

a dakTv4HO MH 30epira-
/\ THMEMO 1li &JIEMEHTH B MaCHBI, a
b c TOTIM 37 CHIOBATUMEMO 0 HHX
JIOCTYTI, HiOM BOHM 11epebyBaloTh
y 3aKiHYeHOMY MBiiKOBOMY Ie-

t/\ pesi. OTxe, 3aKiHueHe ABiHKOBE
/\ A nepeBo sABnsEe coboro aberpak-
1 m

h i uifo, sika Moxe OyTH peanizo-
BaHa Yy BHIJIAAI MacuBy. VY
GLIBOIOCTI BHNANKIB 37iHCHIOBA-
THMETBCA [OCTYNl N0 IHJEKCY
JOUIpHEOTO  €NEMEHTa  4Yepes
iHaekc #oro 6aTeKIBCEKOrO €jle-

Puc. 11.14. [siiixose depego
3 cymoio 2aubuny TUcmKis, wo dopisHioe 25
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meHTa 260 K JocTyn A0 iHAexcy 6aTbKIBCHKOro €/eMeHTa 4epes IHIeKC
floro nouipHsoro eemenrta. Ili iHAeKCH MOXHA IBHAKO O0UHCIMTH, &
BiATIOBIZHI €NE€MEHTH — MBHAKO BHTATHYTH 3aBIfAKH MPOCTOTI omnepauii
IOOBLTBHOrO JOCTYTY JIO €/1IeMEHTIB MacHBY.

PexypcrBHO 06YHCINMO KUTBKICTh €IEMEHTIB n(?) Y nepesi f;

axo (if) t nopoxHBO

n(t)=0

inakue (else)

n(t) = 1 + n(leftTree(t)) + n(rightTreet(t))

Hexaii t —~ Hemnycre aeilikoBe aepeso. Toni E(t), nosxuHa
30BHIIIHBOr0 UUIAXY AN fAepeBa t, JOpiBHIOE cyMi riMOMH Yycix
MUCTKIB AepeBa. Hanpukman, ana mepesa, 306paxeHoro Ha puc. 11.14,
cyma raMOUHM THCTKIB fopiBHIOE 2+ 4 +4+4+ 5+ 5+ 1 =25,

11.6.1. Anzopummu 06xo0dy deilikoeozo depesa

Sk Bxxe posrmsaanocs y nigposaini 6.2.2, obxix nsifikoBoro gepesa
t — e anropHTM, AKUH Aac 3MOry 3[iHCHMTH JOCTYN AO BCIX €NEMEHTIB
nepesa t ofMH i TUIBKH ofuH pa3. Oxpemoro kiacy BinaryTree He
nepenbayeHo, OCKUIBKM MiATPHMKAa METONIB BCTABOK i BHIANEHB UIA
OBIMKOBMX IepeB BXe € B CTPYKTypaX HIaHHX craHpaptHoi GiGmiorexu
mabonis. ToOTO HACTYNHI ANTOPHTMH HE € METOAMH.

Po3rnsaseMo YOTHPH pi3Hi aNTOpHTMH 006Xxony 6iHapHHX AepeB.

OGxix 1. O6xig inOrder: niBopyq — 10 KOPEHA — IPAaBOPYY

AJITOPHTM:

inOrder(?)
{

if (t He nopooxcHbo)

{

inOrder(lefiTree(1)),

docmyn 00 KOpeHegoz0 enemenma oepeea t;
inOrder(rightTree(1)),

'

V npoleci KOXHOr0 PeKYPCHBHOIO BUKJIHKY 3IiHCHIOETBCA OOCTYI
oo omHoro enementa. kim0 m — KUIBKICTB elNeMeHTIB y Hepeei, TO
worstTime(n) miHifiHO 3anexuTs Bix n. MoxHAa CKOpHCTATHCA IHM
PEKYPCHBHHMM ONHCOM JUIA BHBONY CHHMCKY e€lIeMeHTiB npH obxoai
cniocoboM inOrder HacTynxoro aBifikosoro aepesa t (puc. 11.15):
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Hdepero t He € MOPOKHIM, TOMY

/l\ MOYHHAEMO 3 BHKOHaHHsA 00xoay inOrder
47 50 sieoro mipgepesa leftTree(t), a came
/\ 47
9 25 Ile nepeso ciiafaeTsca 3 OAHOIO
enemenra. IloriM 3aiHcHIOEMO JOCTYH
Puc. 11.15. Ipuxao J0 KOpEHeBOro enemMeHTa jepeBa t, a
08iliKko6020 Oepesa came

31

ITicna uporo BukoHyeMo oOxix inOrder mnpaBoro mimnepesa
rightTree(t) i mouuHaemo 3 BUKOHaHHsA ob6xoay inOrder niBoro mimiepesa
leftTree(t), a came

42

[ToriM 37iHCHIOEMO NOCTYN 10 KOPEHEBOro eleMeHTa Ii€i Bepcii
Jepesa t, a came

50

Hapemrri, BuxoHyemMo o00xin inOrder mpaBoro mizmepesa
rightTree(t), a came

25

O6xin nepesa 3axkingeHni. IIoBHHIT CIHCOK eleMeHTIB Oyme TakuM:

47 31 42 50 25
O6xix inOrder Ha3zBaHo Tak TOMY, ILO

//31\ B ocobmmBoro pisHoBMjly JBifiKOBOro
35 47 Zepesa — IBIMKOBOMY JAEpeBi MOLIYKY — 3a
/\ takoro cnocoby ofxomy pmoctym Ao

2 50 CVICMEHTIB 3/HCHIOBATUMETLCS 33 4EProio

X mpoxomxeHHs (HanpHUKIaf, Bii MEHUIOrO

Puc. 11.16. Hpuxnad 1o 6insuroro). Tak, s ABilikoBOro aepesa
06ilik08020 depesa nolyKy Ha puc. 11.16 goctyn 10 eneMeHTiB
301 CHIOBATHMETBCS TAK:
25 31 42 47 50.
VY #BiKOBOMY [€peBi MOWIYKY BCi €leMeHTH B JiBOMY miagepesi
MeHII a6o AOpIBHIOIOTH KOPEHEBOMY EJIEMEHTY, SKHif, CBOEIO HEproio,
MeHIHi a6o JOpIBHIOE BCIM eeMEHTaM Y IPABOMY i IEPEBI.

O6xin 2. O6xix postOrder: niBopyd — npaBopyd — 4O KOpeHs
Anroputm™:

postOrder(t)
{
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if (t He nopooxcnbo)

¢

postOrder( leftTree( 1)),

postOrder(rightTree(t);

docmyn 00 KOpeHegoz0 enemenma depeaa t;

4

worstTime(n) mHIAHO 3aJICKHTE Bii N, OCKIIEKH 33 KOXHOTO
PEKYPCHBHOIO BHKJIMKY 3HIHCHIOETBECS HOCTYTI 10 OJAHOTrO E€JIEMEHTA.

Hanpuionax, BHKOHyeMo 00Xin cno-

cobom postOrder HacTynHoro jepesa /\
(puc. 11.17):

Hoctyn mo cneMeHTIB 3AiiCHIOBa-
THMCThCA 33 TaKO NOC/iAOBHICTIO! B C
A B__ c %= Puc. 11.17. Ipuxnao
He npiiikoBe nepeBO MOKHA PO3IJIA- 06iiik08o20 Oepesa
JaTH AK «ICPEBO-BHPa3». KOXHHHN CICMEHT,
LLIO HE € JIHCTKOM, sIBJIs€ Co00I0 GiHAPHHIT ONepaTop, OrepaHIaMH SKOro € Horo
niBe # mpaBe mijyiepera. 3a Takoi inTepnperauii obxix postOrder Bimmosinac
TocTgiKCHIH HoTall.

O6xia 3. O6xix preOrder: Bin KOpess — MBOPYY — [PaBoOpyY
AnropuT™:

preOrder(1)

{

if (t ne nopoxcitbo)

{

docmyn 00 Kopenesozo enemenma depeea t;
preOrder(lefiTree(1)),
preOrder(rightTree(t));

b

Sk 1 ana anroputMis inOrder i postOrder, worstTime(n) niniiino
3aIeXHMTh Bif 0. Y pa3i obxony cnocobom preOrder pepepa Ha puc. 11.17
JOCTYT 10 ENEMEHTIB 3AIMCHIOETBCA TaK:

*A+ B E

Jns nepepa-upa3sy obxin preOrder Binnosinae npedikcHii HoTauii.
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A Iowyk y ABIMKOBOMY A€pe-
Bi, sKmit peanizye obxin preOrder,
Ha3MBAETHCA MOLIYKOM Y IIHOHHY,

T TN ocximkn MOWIYK 3aXOHMTH AiBOPYY
D E F rax rnu6oko, HaCKiILKM MOMCIHBO,
il nepul HiK NEPEHTH XO MOMIYKY
npaBopyd. Hanpuxian, BUKOHYEMO
J nouryk y mmbHHY B JepeBi 3
o puc. 11.18.
K Sxao Meroro € enement H, 10
TIOCITIIOBHICTS HOCTYNy JI0 €JIEMEHTIB
Puc. 11.18. Ipuxnad dsitixoeozo depesa Oyze Takoo:
ABDEGIJKH

Crpareria nomyky 3 IOBEPHEHHSM 3aCHOBaH2 Ha TIOUIYKY B
raubuny, ane npH LboMy Moxe OyTn Ouiblue HiX 1Ba BapiaHTH BHOOpY.
Hanpukiaz, npu MOWYKY BHXo4y 3 naGipuHTy BapianTamMu BuGOpy € pyx
Ha MiBHIY, Ha CXij, Ha miBgeHs abo Ha 3axim. OCKiNBKH pyX Ha NiBHIY €
MepIIMM pO3IJIAHYTHM BapiaHToM BuOOpy, nel Bapiant Oyne
NOCNiZIOBHO 3aCTOCOBYBAaTHCA, NOKH He Oyne nocaruyro MetH, abo
IIOKH PyX Ha MiBHiY He cTaHe HeMoxuIHBHM. [loTiM 6yne mouaro pyx
Ha cXif, AKIO Take MOXIHBO, a moriM Oyme 3nmificHEHO CTINBEKH

nepeMilieHb Ha MiBHiY, CKiJIbKH MOX/IHBO 260 He0OX11HO.

O6xin 4. O6xixg breadthFirst: 32 piBHAMH (B IIHpPHHY)

1llo6 BMKOHaTH OOXif B MIMPHHY HEMycTOro IBiIHKOBOro Aepesa ft,
CIIOYATKY 3MiHCHIOETHCA IOCTYT IO KOPEHEBOTO €IEMEHTA; MOTIM — JOCTYI
JI0 {OYipHiX €IEMEHTIB KOPEHEBOTO €leMEeHTa 3I1iBa HAMpaBo; MOTIM — 10
JOYipHIX eleMEHTIB ZOYiPHIX KOPEHEBOro €IEMEHTa 31iBa HANpaBo i T.1.

Hanpuknan, BHKOHyeMo 0OXin B INHPHHY ABifikOBOro nepesa Ha
puc. 11.18. [Topsaaok KOCTYIY 10 €JIEMEHTIB TAKHM:

ABCDFGHIJK

OmiH 3i criocobiB BMKOHAHHSA TAKOro OOXOAY NOUIATAE B TOMY, 1106
TeHEepYBaTH, PiBEHb 3a piBHEM, CIMCOK HemycTux mimaepes. IMorpibuo Bu-
TATATH Ui NiAAepeBa 3a Ti€I0 CaMOKO IIOCILIOBHICTIO, Y fAKiH ix 6ynio sreHe-
poBaHo, mob MoxHa Oy 3MACHUTH NOCTYI IO eIEMEHTIB PIBEHD 32 PIBHEM.
Taxy nmoc/IiIOBHICT BHTATYBaHHA €JICMEHTIB 3abe3nedye KOHTeHHep Yepra.

AJTOpHTM:

breadthFirst(1)
{
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// my_queue — ye yepea i3 08itlikosux depes
// tree — Ogitixoge Oepe6o

if (t He nopoxcnbo)

{

my_queue.push(t);

while (my_queue ne nopoxcus)

{
tree = my_queue.front();
my_queue.pop();

// docmyn 0o kopeun depesa;

if (lefiTree(tree) He nopodicHbo)
my_queue.push (leftTree(tree));
if (rightTree(tree) ne nopoxcuvo)
my_queue.push (rightTree(tree));

TS

Ha xoxwifi irepauil wMKIy 31iMCHIOETBCA JOCTYN JO OIHOTO
eneMeHTa, ToMy worstTime(n) miriitno 3anexuTs Bij N,

Jnst 06xoy B INMPHHY BHKOPHCTOBYETBCS YEPra, OCKUIBKH HeoOXinHo,
wob niggepesa BMTATAMMCH y Tif camiii mocrnoBROCT, skl ix 6yno
30epexeHo (mepumM 3aifmioB, mepumaM Buimmos). [Ips obxomax inOrder,
postOrder i preOrder niznepesa BUTATYIOTHCS 3a IIOCHIIOBHICTIO, 3BOPOTHOIO JI0
Tiel, y AKii ix Gyno 36epexeno (ocTaHHiM 3aiflIoB, mepumM Buitmos). [l
KOXHOIO i3 IMX TphOX CrocobiB 00XO4y 3aCTOCOBYEMO PEKypclio, siKa
eKBIBA/IEHTHA ITEPATMBHOMY AITOPHTMY, OCHOBAHOMY Ha BUKOPUCTAaHHI CTEKa.

11.6.2. Jeilixoei depesa nowyKy

TTounemo 3 peKypCHBHOFO BH3HAUCHHA AepeBa ABIHKOBOrO NOLIYKY:
JsiiixoBe JepeBo mowryky t — ue Take ABifKOBe Aepeso, 1o t abo
HOPOXEHEO, 260:
1. Koxnuil enement y naepesi leftTree(t) Menmuii abo nopisHioe
KOPEHEBOMY €JIEMEHTY HepeBa t.
2. Koxnuit enement y nmepesi rightTree(t) 6uibmmii abo nopisHioe
KOPEHEBOMY EJIEMEHTY aepesa t.
3. I nepemo leftTree(t), i nepeBo rightTree(t) € nBilikoBUMM nepeBaMH
MOIIYKY.
Ha puc. 11.19 306paxeHo ApilikoBe nepeBo nomyky.
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50

37 73

/ /

25 61
/\ /\
15 30 55 68

/\ \

28 32 59

36

Puc, 11.19. [Jeitixose depeao nowyxy

[Ipu obxoni aBifikoBoro nepesa nomyky crniocoSom inOrder aocTyn o
CIEMEHTIB BifOyBAETBCA 33 3POCTAHHSM 3HaueHb BepumH. Hanpuxian, mis
ABIHKOBOrO nepesa MOIIYKy, 300paeroro Ha puc. 11.18, moc/imoBHICTs
Aoctymy npu obxoai inOrder 6yne Takoro:

1)25 28 30 32 36 37 50 55 59 61 68 75

JBifikOBE fi€pEBO TIOMIYKy SBMASE NPHKIAA AcOUWIATHBHOTO
KoHTelHepa (1uB. posnin 12). B acouiatnBHOMY KOHTeiHEpi MoNOKeHHs
€NIEMEHTA BH3HAYAETLCA MOPIBHAHHAM €JIEMEHTA 3 iHIUMMH €IeMEHTaMH B
KkoHTeHHepi. Koxuuit enemeHT Mac Kinou: CKJIafIOBY €JIEMCHTa, fKa
BHKOPHCTOBYETHCS JUIX IOPIBHAHb.

KoHTponbHi 3anuTanHn Ta Bnpasu

1. HassiTe ocHOBHI MeTOAH Kiacy vector.

2. Tlpunyctumo, mio mix "ac pospobnenus wracy very_long_int
BupilieHo, mo Bektop digits MictuTHMe uite uMcao 3i 360pOMHUM
nopsakoM pospsnis. Hampuknaz, sikmo BBia mictuth «386X», To micas
3auTyBaHHA Widpn 3 i Gyne 3anucaso B nosuniio 0. ITicns 39uTyBanus
un¢pu 8 ii Gyae 3anucano B nosumizo 0, BUITOBXHYBUMY 3 y MO3MIi0 1.
Hapeuwrri, nicns 3auryBanus uudpu 6 ii Gyae 3anmucano B mosmmiio 0.
Omxe, y mosuuisx 3 0 1o 2 Bianosinso MictutumyTses undpu 6, 8, 3.
HeoOXinso  mepeBM3HaYMTH  BIMIOBIIHMM YHMHOM  TIepeBaHTAXKeHi
OIIEpPaTOpH >>, <<, +,

3. Has3siTb oCHOBHI MeTOoau Kiacy list.

4. TlopiBHsiiTe CIIHCKH 3 BEKTOpaMH | ABOCTOPOHHIMH Hepramu
BIIHOCHO OUIHOK CKJIaTHOCTI /UIA onepaliit I0CTyy, BCTABKH i 3aMiHH.
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5. Slxa peanizauis kiacy very long int Matime HaHOUTBIY HIBHIKONIIO:
Y BUIJISIi BEKTOpA, y BHITIA/] 4EPIH i3 JBOCTOPOHHIM noctynoM abo y BUIADi
crucky? Yomy?

6. Ilpunycrtumo, mylist sBuste co6ow 06’ ekT THIy list, efeMeHTH
fAikoro Maiote THn double. Hamuuwiite kop ans apyxy enemenris y
3BOPOTHIH NMOCTIJOBHOCTI.

7. Ipunycrumo, y nopoxiit crex 6yno nomimeHo eneMenTyu a, 6,
B, I, 1 (came y Taxii nocminosuocrti). Ilorim mami 3i crexa BUIYYaIOTLCA
HOTHPH pasd i MIiCHA KOXHOrO BHJIYYEHHS IOMIlLAIOTHCA B IIOPOXKHIO
4epry. Ko nicas uLOro BUIYYHTH ONMH €leMeHT i3 4epry, skum Oyne
HACTYTIHHH DOCTYNHMH [UIA BUAANICHHS €IEMEHT y 4ep3i?

8. Yn moxe kiac queue cryryBat 6a30BMM KIacoM I Kxiacy stack?
[TosicHiTs, Yomy.

9. Ilepesenits HacTynHi Bupasyu B nocTdikcHy HoTauio:

a. x+y*z

b. (x+y)*z

C. x—B—2z*(a+b)

d. (a+b)*c-(d+e*f/((g/h+i—j)*k))ir

10. ITepesenith KOXHUi 3 BHpasis y BIpaBi 9 y npedikcuy HoTamio.

11. Bripa3 y nocTikcHiii HOTanii MOXKHA OGYCTHTH I YAC BHKOHAMS
POTpaMH 3 BUKOpHCTaHHAM creka. Ilpurrycrimo, mo nocrdixcrmii Bupas
MICTHTb TUTBKHM LUIOYMCIIOBE 3HAYEHHS W Oinapui onepatopu. Hanpuinapn,
NOcTOIKCHMET BUpa3 Moxe GyTH Takum:

854+*7—

OGuncmoiors ioro Tak. Komn 3ycrpiuaerscs 3HaYE€HHA, HOro
po3miwaioTs y crex. Komu sycrpiuaerses Oneparop, 3i CTeKa BHIy4acThCA
MepuIHit 1 apyrui Horo ememeHTH, ON€paTop 3aCTOCOBYETHCH (Apyruit
€/IEMEHT € JIIBMM OTEPAaH/IOM, a MEPIIHI eIEMEHT — NIPaBHM ONEpPaHIoM), a
Pe3y/IbTaT posMimaeTbes B crek. Ilicas o6pobku NOCT(IKCHOro Bupasy
3HAUCHHA UbOT0 BUpa3y 3HAXOAMTHCA y BEpXHbOMY (i €AMHOMY) elIeMEHTI
cTeka.

Hanpuiotan, nns usoro supasy Bmict crexa Oyae Takum:

4

5
8

9
8 72 72 65

IleperBopits  HacTynuuit Bupas y nocTikCHy HoTamilo i
BHKOPHCTAHTE CTeK /14 0GUMCIIEHHS BUpa3y:
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5+2x(30-10/5)

12. Hi B knaci queue, Hi B k1aci stack He BU3HaYEeHHIl NECTPYKTOP.
Uu moxe Takuil «Heaonik» npusecTd go BTpaT nam’ati? [ToscHits, qomy.

13. a. IlobGymy#ite pBifiKOBE JHepeBO BHCOTOKO 3 3 BOCBEMaA
e/IeMEHTaMH.

b. Yu moxna nobyayeatn JBiKOBE AEpEBO BHCOTO 2 3 BichMa
eeMeHTaMH?

c. /Ins n y mianmasowi Big 1 mo 20 BM3HAUMTL MiHIMAIbHY
MOMUINBY BHCOTY IBIfIKOBOT'O ICPEBa 3 N €JIEMCHTAMH.

d. Ha ochoBi 06uHcCIeHs, BUKOHAHHMX y NYHKTI €, CKIAIITh
dopmyny I BH3HAYEHHA MIHIMaJbHO MOMJIMBOI BHCOTH JBiHKOBOIO
gepesa 3 n eneMeHTamMH (n Moxe OyTH Oyab-fKMM JONATHHM LLUTHM
YUCIIOM).

14. a. flxa MakCHMaJIbHO MOMJIHBA KUIBKICTB JIMCTKIB Y ABIHKOBOMY
aepesi 3 10 enementamu? [To6ynyiite Take Aepeso.

b. flka MiHIManbHO MOMUINBA KiNLKICTH JIUCTKIB y ABIHKOBOMY
nepeei 3 10 enementamu? IToGynyiite Take nepeso.

15. a. IToGynyHTe nepeBo, IO PO3ABOIOETHCS T HE € 3aKiHYEHUM.

b. IToGynyiire 3axinyeHe AEPEBO, IO HE PO3/BOIOETHCS.

c. [Tobyny#Te 3aKiHyeHe Nepeso, L0 HE € NOBHHM.

d. CkinbKku JMCTKIB y ZiepeBi, NI0 PO3/IBOIOETHCA Ta MICTHTH 17
enemeHTis?

€. CKiJlbKH NHCTKIB y JEpeBi, 10 PO3JBOIOETHCA Ta MICTHTL 731
enemeHT?

f. Cxineku Oyzme eneMeHTiB y TIOBHOMY /BiHiKOBOMY Jepesi
BHCOTOIO 47

H Ckinskn Oyne enemeHTiB y noBHOMY ABIHKOBOMY JepeBi
BHCoOTOIO 127

16. Jlns HaBeneHOro HWXXIE ABIHKOBOro JiepeBa BKAKITH IOPAIOK, Y
AKOMY 3MIHCHIOBRTHMETLCA OOCTYN Yy ejieMeHTIB np obxopax inOrder,
postOrder, preOrder i breadthFind.

69
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17. IloxaxiTs, mo nBifikoBE AEpeBO 3 N edeMeHTamMH Mae 2n + 1
migaepe (i3 camum nepesoM). CKiIBKM cepel Takux mimmepes Oyme
NOpOXHIX?

18. TToACHITB, K BUITYYHTH KOXHHI 3 HaBEJCHHX HIKYE CJIEMEHTIB
i3 ABIHKOBOro JEpeBa MowyKy:

a. EneMeHT, 10 He Ma€ NOYipHIX €JIEMEHTIB.

b. EneMeHT i3 OIHHM AOYipHIM €lIeMEHTOM.

c. EnemeHT i3 1BOMa AO4ipHIMH €1eMEHTAMH.

IloxaxiTte, mo B Oyns-AKOMY 3aKiHYEHOMY ABIHKOBOMY HepeBi t
WIOHAHMEHIIE MOJOBHHA EJIEMEHTIB € JTMCTKAMH.

Mpuknagn TecToBUX NUTaHbL

2) € BH3HAYEHHA:

vector<char> L;

vector<char>::iterator itr;

Sxe cnoso Gyne BHBEJEHO B pe3yibTaTi BHKOHAHHA HACTYIHOL
NOCH1IOBHOCTI iHCTPYKIiH:

L.push_back i i
L.push_back (*3’l)s
L.push_back (’e’):
L.push_back (27
L.push_back (’c’);
L.push_back (’e’);

itr = L.begin();
cont «E<MEr;
itr++;
cout <<*itr;
cout<< L [3];
itr+ = 4;
coult C*ite;

a) fierce

6) fier

B) ecre

3) € BU3HAYCHHS;
list<char> letters;
list<char>: : iterator itr;
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Y saxit 1ocnifioBHOCTI PO3MICTATBCA OYKBH B CIHMCKY micis a. x.push (200) ;
BHKOHAHHS TAKHX iHCTPYKLIii: b. x.push (121);

itr = letters.begin(); Cis x.push (103) ;

letters.insert (itr, i ¥ d. x.push (211);

letters.insert (itr, ’e’); e. x . pop (} ;

itr++; £. x.push (197) ;

i - ey g. x. Pop () ;

(o mns-Sanet e Tl a) 200 121 103 211 197

itr++: 6) 103 211 197

letters.insert (itr, 't 5 8)103121200 . .

letters.insert (itr, ’e’); _ 5. Jlalite BiINOBiAp HAa NHMTAHHA CTOCOBHO 300paXEHOTO HHKYE

letters.erase (letters.begin ()): IBIAKOBOTO JiepeBa:

itr--;

rEr—=;
4f””

letters.insert (itr, ’'p’);

itr++; B
letters.insert (itr, ’e’); C/\D
itr = letters.end (); \ /\
TEE =g E F G
letters.insert (itr, ’c’); /
a) ferret q
" ©) tepper
B) perfect 6) sxuii enemenT € koperesuM? A) C; 6) F; B) A.
7) ckineku enemeHTiB MicTUTh aepeBo? A) 8;6) 7; B) 3.
4) € BH3HAYCHHSA: 8) ckinbkm muCTKIB € B Aepepi? A) 4; 6) 3; B) 8.
queue <int> x; 9) sxa Bucora gepeBa? A) 3; 6) 7, B) 4.
Sk BUIIIANaTHME Yepra Iic/s BAKOHAHHS TAKHX IHCTPYKILiii: 10) sxuii piseHs enementa F? A) 3; 6) 0; B) 4.
a. x.push (200) ; 6) axuit enemeHT € 6aTekoM mia enementa D? A) F; 6) A; B) B.
B x.push (121); 7) sixi enemeHTH € Haulaakamu enementa B? a) C, D; 6)C, D, E,
c. x.push (103) ; F,G,H; B H,F,G.
d. x.push (211);
e. x . pop () :
£ x.push (197) ;
g X. Pop () :

a) 200 121 103 211 197
6) 103 211 197
8) 197 103 200

5) € Bu3HaUCHHS:
stack <int> x;

SIK BUTJIAATHME CTEK I1iC/11 BAKOHAHHA TaKMX iHCTPYKILiH:
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12. ACOLI.IATHB.!-{I KOHTEWHEPW Y CKNAQI
CTAHOAPTHOI BIBNIOTEKU LUABJIOHIB

AcouiaTuBHMH KOHTeliHep — Lie KOHTeHHep, y AKOMY MONOKEHHS
€/IEMCHTA BU3HA9A€ThCA MOPIBHAHHAM KIIFOYa LIBOIO IEMEHTA i3 KII0YaMH
IHILIMX €TIEMEHTIB ¥ KOHTEHHEPI.

YoTupy KIacK acoUiaTHBHMX KOHTEHHEpIB y CKIaji CTaHJapTHOL
GibmioTexu wabIOHIB BiNPI3HAOTLCA BapiaHTOM BiINOBiAeH Ha Taki jBa
nuTaHHs: 1. Yu cxnanaeTses eneMenT nikom i3 kmoua? 2. Uu nomyckae
KOHTEHHEP HAaBHICTb NEKLIbKOX €NEMEHTIB 3 OJHAKOBUM KITIodem?

Bimnosiano pospisHsoTs KouTeinepu Set (MuoxHHa), Multiset
(Mynargmnoxmna), Map (xapra), Multimap (Mynstukapra).

12.1. Knac Set

Kurac Set — ue acouiatuprmii KOHTeHHED, B AKOMY KOXHMIH €I€MEHT
CKJIAJa€ThCA UIIKOM i3 KTI0Ya, a NOBTOPIOBAHHA CIEMEHTIB HE J0-
nyckaloTheA. Jnn onepanii BCTaBKH, BHAaNeHHs i nomryky worstTime(n)
norapHpMigHO 3aJIEXHTE Bij N.

¥ Standart C++ oronomeHnns knacy Set moOMHHAETHCH TAK:

template< class Key, class Compare = less <Key>,
class Allocator = allocator <Key> >
class Set

{..}

Y xnaci Set wnoueM € Bechb eneMeHT NITKOM, i KMOYi €
yHikansaumy. Hanpriian, wukye HaBeJeHO BH3HAYeHHS 06°€KTa THITY
Set 3i CTPiYKOBHMH eNEMEHTAMM:

set <string> names;

Ockinbky MHOXHHA sB/sE cO60I0 acOLiaTHBHHIA KOHTeHHep, Micie
30epiraHHs eNeMeHTa 3aNeXWTh Bill Pe3yIbTaTy HOrO MOPIBHAHHA 3
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inmpMu enemedTaMu. I1in yac MOpPIBHAHHA BHKOPHCTOBYEThCA WIa0IOH-
HUA apryMeHT, mio Bianosigae mabronHomy napamerpy Compare. [um
mabIoHHUM apryMeHTOM 3a 3aMOBUYBaHHAM € Kiac-OyHkuis less,
BU3Ha4eHWH y Qaitni <function> cranaaprHoi 6i6niorexku mabnoHiB Tak:

template< class T >

struct less:binary function <T, T, bool> {
bool operator() (const T& x, const T& y) const
{return x<y;}

b

Omxe, a0 06’eKT-QYHKIISA coOmp € eK3eMIUIAPOM KiIacy-hyHKLUil
less, To comp (X, y) IoBepTa€ 3Ha4CHHA BHpa3y X <Y.

Knac Set mae 3BHYaifHMI acOPTHMEHT KOHTCHHEPHHX METOHIB:
KOHCTPYKTOpH, aectpykrop, begin, end, size, empty, find, insert i erase.
BineuricTs BU3HAYEHb METOAIB MICTHTH BUKIHK 006’€KTOM t BigmoBigHoro
Mmetoay. Hanpukman, BusHavenns meronis find ta erase:

iterator find (const key type& x) const

{return t.find(x):}
void erase(iterator position) {t.erase ((rep type::
iterators) position);}

Merox insert He 30BciM 3BHMYaiHMil, OCKLUIBKH eleMeHT He Oyne
BCTABJICHO, SKLIO BiH 30iracThCs 3 eIEMEHTOM, Yke HafsBHHM Y KOHTeHHepi
tany Set. I3 miei mpuuMHM MeTon insert MOBHHEH [OBEPTATH ITApH:
iteparop i Gynese (bool) 3HaueHHA. SKIIO EIEMEHT X YXKE € B MHOXHHL, TO
MOBEPTAEThCA Mapa, L0 BKJIIOYAE ITEpaTop, YCTAHOBICHMHA Ha paHille
BCTaBJIEHHH elleMeHT, i OyneBe 3HaveHHs false. A AKIIO Hi, TO BEPTAETRCA
mapa, LI0 BKJIIOYAE iTepaTop, YCT2HOBICHHWH HA HOBHH BCTaBIICHMH
eJleMeHT, 1 0yneBe 3Ha4CHHA true.

Bu3HaueHHA METOAY:

pair <iterator, bool> insert (const value_types

x)
{ pair <iterator, bool> p = t. insert(x};
return pair <iterator, bool> (p.first,
p.second) ; }
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12.2. Knac Multiset

V¥ xonreiinepi Ty Multiset KOXXHHH €1EMEHT CKIaJa€ThCs JIHILC
13 KII04a, H JONMYCKalOThCA MOBTOPIOBAHHA €IEMEHTIB. BianosinHo meron
insert roBeprae iTepaTop, YCTAHOBJICHHH Ha HOBHH BCTABIIEHMH €/IEMEHT.
Ockinpk# Moxe OyTH Kildbka Komi eneMeHTa, y knaci Multiset
nepenbatdeno meron lower_bound, mo noBeprae iTepaTop, ycTaHOBICHH
Ha meplly no3uuilo, y sKy Moxe OyTH BcraBncHuit enemeHT G6e3
MOPYHIEHHS IIOCTIIOBHOCTI IIPOXODKEHHSA ICMCHTIR Y MYIBTUMHOXHHI:

iterator lower bound (const T& x) const;

Ananoriuzno  Meron  upper_bound  moBeprac  irepatop,
YCTaHOBJICHHH Ha oCTaHHIH mosunii, y sAKy Moxe OyTH BCTaBICHHI
eneMeHT 0e3 MOpYIIEHHS IOCHIJOBHICTE INPOXODKCHHA eNEMEHTIR Yy
MynsTHMHOXHMHI. Merox equal _range mnoBeprac mapu ireparTopis,
YCTAaHOBJICHHX Ha Nepwii i OCTaHHIH TAKMX MNO3MILAX JUIA 1LBOTO
€lICMEHTAa.

12.3. Knac Map

V¥ Standard C++ oronomenHs kiacy Map nounHaeTbes Tax:

template< class Key, class T, class Compare=less<Key>,
<Allocator = allocator<T> >

class Map { ..}

¥ xonTeHHepi THIY Map koxHe 3HaueHHsA € napoio pair<Key, T>, a
NOBTOPEHHA IKIIOYWiB He IpunyckaeTeed. Hanpuknan, skmo mnpu
BH3HaUcHHI KOHTeHHepa THITY Map 3 iMeHeM students, B skoMy KII04eM €
iM’a cryzenta (enement THmy string), T npeacraBmaTume THN anA
cepemiboro 6ama MOTO4HOI yCHIIHOCTI CTyAeHTa, a iMeHa 30epiraTi-
MYTECA 32 a0eTKO0, CIiJI 3aIIHCATH:

Map<string, float, less<string>> students;

Ockinbky Hei CTyNeHT MOXe MaTH TUIBKH OIMH cepeiHiit 6a
YCIIIIHOCTI B NMEBHHMH 4ac, KoHTeHHep students Tumy Map Bu3Hauae
YHIKIBHY acomiamio MK CTyAeHTOM i cepegsimM Gajom ycmimHoCTi
nporo crynenrta. PaxkrudHo, students sBise cobolo KapTy BiAmoBigHOCTEH
MK CTyaeHTamH Ta ixmiMu Ganamu ycmimmsocti. V cknaji xonteiinepa
students Tuny Map He Gyze nap 3 ONHaKOBHMH KJIKOYaMH, TOOTO 3HaueHb
i3 TUM CaMHM iMEHEM CTyNEHTa.

Sk i ana iHMHX acoliaTHBHMX KiIacis, y Habip mMeromis wis knacy
Map BxoaaTs KOHCTPYKTOpH Size, empty, insert, erase, find, begin, end.
Y Meroni insert BMKOPHCTaHO %K apryMeHT napy 3HauyeHb, JUIA
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inigianizanii Axoi BHKOPHCTOBYETBCA KOHCTpyKTOp Kiacy pair. Tak,
MOXHA 3aIHCaTH:

pair < string, float > student ("[erpenxo, Ieanr",
7.96);

students.insert (student);

Kiiac Map Mmae ofHy 0coO/HBICTb: acOUiaTHBHHIA MacHB. Y 3Bp4aiiHOMYy
MacuBi iHAEKC € UMM YicIoM. B aconiaTHBHOMY MacuBi iHIEKC ABise coGOI0
Kkmo4 Oymp-Axoro Twmy: string, double, int abo nHaBiTe wWrac, BH3HaYeHMI
KopucTyBa4eM. Oriepatli€ro NpHCBOCHHA

alx] = m;

BBOZIATH A0 KapTH a napy <x, m >, Slkio y kapTi Bxke € napa i3 KIoueM X,
TO JApYrHii KOMMOHEHT y Wi mapi Oyme 3amineHo Ha m. Hanpuwxnan,
HaBeJIeHy BHIIC BCTaBKY B KoHTeliHep students tumy Map MoxHa
3aMiHHTH Ha

students ["IBaHeixo, Illerpo "] = 9.6;

12.4. Knac Multimap

Konteitaep Ty Multimap nommyckae HasBHICTb ACKUTBKOX €IEMEHTIB 3
VIEHTHYHHMH 3HAYCHHAMH KIIOYIB, a KOMHHWH eNeMEHT sBife€ coboio mapy
<Key, T>. AcouiaTMBHI MAacCHBH BHKODHCTOBYBATH HE MIO03BONSETHCH, 1100
YHHKHYTH MOMUITHBHX HENOpo3yMiHb. Tak, Axuio koHreiinep myMulti Ty
Multimap mMictuts napu <"Isan", 3> i <"Isan", 5>, To BUpa3

myMulti ["Iesau"]

MOXHa 3apaxyBaTH JI0 APYTOro KOMIIOHEHTA K NEPILo], TaK i Apyrol napu.

Ipuxnan Bu3HaveHHs 06’ exta Tuny Multimap:

Multimap <int, string, greater <int>> most_wins;

KonTteiinep most_wins tuny Multimap MicTUTHMe NOKa3sHHKH
Haib1IBIII KUTBKOCTI IiepemMor 3a ofHH ce30H y BumiH misi KBK 3a ocranHi
20 pokiB # iMeHa xaniTaHiB komaHa. Tyt noTpibHuit came KOHTeHHep THITY
Multimap, ockinbkd MOXYTh OYTH 3alHCH 3 OJIHAKOBOK KUIBKICTIO
nepemor. EneMeHTH B KOHTEHHEP] OyAYTh PO3MIILEH] B MOPAAKY ClIafaHHA
gncna nepemor. IIpukiaz onepauii BCTaBKy:
most wins.insert (pair <int, string> (31, "IImmnerxo
Makcum™) ) ;

Meroq insert knacy Multimap MicTUTB iTepaTop 3 peKOMEHAALIE:

iterator insert (iterator position, const value type& x);
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fAx i mix iHWmMX Bepci Merony imsert, 3aifCHIOBATMMETBCA IOILYK Y
JiepeBi 3 METOI0 BH3HaUYEHHS MiCIApO3TalIyBaHHA eleMeHTa X. Iteparop
position nponoHye, 3 AKoro Micus movaTH mowyk. Hexa¥, Hanpuisan, Mu
X049eMO BCTaBHTH B KoHTeHHep multi m enementis 3 macusy data.
Ipumycrumo, mo 1i eneMenx B data yske MaloTh NMPaBHIBHHUI NOPAIOK —
3a 3pocTaHHAM. e MoxHa 3pobuTH Tak:

itr = multi.begin() :

for (int i = 0; i < n; it++)

itr = multi.insert (itr, datal(i]):

Ha xoxwuiii itepauii nmwry for Buxwmkaerscs Meron imsert, s
Akoro itr BKasye Ha MOYATKOBY TO4YKY NOmIYKy. OCKUIBKH €JIEMEHTH
BCTABJIMIOTBCA 32 NOPAAKOM, itr 3aBxau BKasyBaTHME Ha HaWOLIbIIMH
enemeHT. Yac BCTaBKHM HOBOTO eemeHTa Oyae mocriinuM. 3aranssuii vac
BCTaBKH N eJieMeHTiB AopisHioBatuMe O(n), a He O(n log n), mo maio 6
Micle, AK6H iTepaTop 3 peKOMEeRALIcI0 HE BHKOPHCTOBYBABCH.

KoHTponbHi 3anuTaHHsA Ta BnpaBu

1. SIxi KoHTeHHEPH HaIEXKATh 10 aCOMiaTHBHHX?

2. Ha3sits OCHOBHI MeTou Kiacy Set.

3. ITosAcHiTE fAK Npalioe MeToz insert xuacy Set.

4. Uy BinpizHaeThea KoHTeHHep Multiset Bin koHTeHEepa Set?

5. Yu momyckaeThCs TOBTOPEHHS KIIOYIB Y KOHTeHHepi Map?

6. Slxoro THITy iHIEKC B acOLIIaTHBHOMY MAacCHBI1?

7. YumM BigpisaseThea KoBTeHHep Multimap Bij koHTeliHepa Map?

8. Sxuii itepatop nepenbagae Merox insert kinacy Multimap?

9. € BH3HaYEHHA

map < string, int > my map;

TTostcHiTh Pi3HAIIO MiX IBOMA 3aITHCAMH!

my map.insert ("Nerpexxo", 200);

my map ["Illerpenxo"] = 200;

10. [Ina KOXKHOTO 3 MOJAHHX THNIB CKIaAiTh BiAHNOBLIHMH 06’€KkT
ILOrO THUIY ¥ TMOACHITH, YOMY 11eH THII IIXOAUTH V1 1{bOro 00’ €XTa.

set < double, greater < double >>

multiset < string >

map < double, string >

multimap <int, double, greater < int >>
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Qi; Npuknagu TeCTOBUX NUTaHb

1. Bigomi imena i HOMEpH BiAAiTiB UIA KOXHOTO CriBpoOITHHKA
xomnanii. IMeHa He mnosToproloTeCcA. Heobximno 30epiratm  wio
indopmaniio 3a iveHamu 3a aberkoio.

Jlnst 1poro HeoOXiHO BUKOPHCTOBYBAaTH KOHTEHHED:

a) Set;

©) Multiset;
B) Map;

r) Multimap.

2 SIxuM € yac BCTABKH N €JIEMEHTIB B KOHTeHHep Kiacy Multimap :
a) O(n);
6) O(n log n);
8) O(n!).

3. Enementn xoHTeiiHepa xiacy Set cxiajiaioTees 3:
a) KIoua,
0) innexca;
B) BKa3iBHHKA.

4. EneMeHTH KOHTEHHEpa Ki1acy Set MOXYTE TOBTOPIOBATHCE:
a) Tak;
6) Hi.

5. EnemenTH KoHTeiHepa wiacy Multiset MOXXyTE ITOBTOPIOBATHCE:
a) TakK;
6) Hi.

6. Y xnaci Multiset iTepaTop, yCTAHOBACHHH Ha MepLly MO3HILI0, Y
AKy MOXe OyTH BCTaBieHMil eleMEHT 6€3 NOpyIEeHHs MOpsaKa IPOXo-
IDKEHHS eJIEMEHTIB Y MYIbTHMHOXHHI, OBEPTAETHCA METONOM:
a) lower_bound;
6) upper_bound;
B) equal_range.

7. Y xouteitnepi Thny Map nonyckaeTscs TOBTOPEHHA KITIOTIB:
a) Tak;
6) Hi.

8. V xoureitHepi THy Multimap normycKkaeTbCa NOBTOPEHHA KIOYIB:

a) Tax;
6) Hi.
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13. NOXIAHI KOHTEUHEPU BIBNIOTEKMN
LLABINOHIB

13.1. Knac priority_queue

HoBosi noumnpeHa CTpykTypa AaHMX, WO ABAsE oGO0 PI3HOBHA
depru: dyepra i3 npiopureroM. OCHOBHa imes momsrae B TOMY, IO
€NIEMEHTH, fKi OYIKYIOTh Ha OOCIYroBYBaHHA Y 4ep3i, BHOMpaloTh He
CTPOrO 32 MPHHUMIIOM «IEPIUHH 3aHinoB, mepmMit Budmosy». Ilpukian
pecypcy, U SKOro JOPEHHO BHKOPHCTOBYBATH HEpPry i3 MpiopHTETOM, —
MEpEeXKEBHH NPUHTEp. 3a3BU4ail 3aBAaHHA PO3APYKOBYIOTHCS 3a YEProio ix
HaAXOIKEHHS, aje Miji yac APYKY OAHOro 3aBJaHHA B 4Yepry Moxe
HaMIATM JeKiIbka iHIMX 3aBhaHb. HaiBuumii mpiopurer moxe OytH
IIPHBJTACHEHHH 3aBJIAHHIO 3 HAMMEHIIOK KiNbKicTIO cTopiHoK. Lle aacrs
3MOry ONTHMI3yBaTH CEpElHii Yac BUKOHAHHS 3aBjaaHs. Taky camy izeiw
00CyroByBaHHs i3 NPIOPUTETOM MOXHA 3aCTOCYBATH Wi Oyab-KUX
PO3AUTIOBANBHHX PECYpPCiB: LIEHTPAJBHOrO TPOUECOpa,  HABYAJLHHX
KypciB Ha HaCTYITHUH CEMECTp TOLLO.

Yepra i3 npiopuTeToM — 11€ KOHTEHHED, Y AKOMY Onepauii AoCTyy
abo BuOaneHHs 3MiIACHIOIOTLCA CTOCOBHO €JIEMEHTa, HI0 Mae HalBuuiuit
npioputer. [IpiopuTeT enemMeHTaM NPH3HAYATOTHCA 32 IEBHAM [IPaBHIIOM.

lo BinOyaerscs, AKMO HAHBHINMEA NpIOpPHTET MaiOTh ABa abo
6insiue enemenTis? [TepeBary B ubOMY BHITAZIKY CIIiJ BifABATH €IEMEHTY,
sxkui nepebysae B uep3i skHalmosme. Yepra i3 mpiopureToM € cnpa-
BE/UIHBOIO, AKIIO UIA OyIb-fiKMX JABOX €JEMEHTIB 3 OIHAKOBHM Mpio-
PHTETOM NEPIIMM BHAANAETHCH i3 YEPrH TOH €JEMEHT, Kuii nepefyBas y
yep3i AOBILE.

Bianosigno no Standard C++, Bu3HaueHHs kuacy priority_queue

posmimaeTtscs y daiini <queue>. BoaHouac y peanisauii Hewlett-Packard
1€ BH3HAYEHHs po3MillaeTses y daimi <stack>.
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Ilons kaacy priority queue

[Ba mons B ckiaji knacy priority queue sBnAoTh co00K0 00’€KT-
KOHTEHHep ¢ i 06’ exT-hyHKLUi0 comp:

protected:

Container c;

Compare comp;

Exsemnnap koHTciiHepa ¢ Oyne, 3a 3aMOBYYBaHHAM, peaji3aili€io
knacy vector. Exsemmuap o06’exrta-dyHkuii comp Oyme peanizanicio
nesikoro BOymoBaHoro abo BH3HaYEHOr 0 KOPHCTYBaueM Kinacy-pyHkiii (3a
3aMOBYYBaHHAM BUKOPHCTOBYETBCA Kilac less).

OroolecHHS KIacy priority qucue MOYHHAETHCS TakK:

template <class T, class Container = vector<T>,

class Compare = less<Container::value type> >

class priority queue

f wl

Knac priority_queue € ananrepom koHTeliHepa. [lepuwii
waGnonnuit napametp, T, HaneXMTe 10 TUMY elleMEHTIB, 110 30epiraloThes
B uep3i i3 npioputeroM. lllabnonnuit mapamerp Container HalISXHTE XO
6azoBoro Kiacy-KoHTeHHepy, uui imTepdelich MeTonmiB apanTye Kiac
priority queue. [lo wiacy, wmo BimioBigae HIAOAOHHOMY apryMeHTy,
CTaBNIATL BUMOTH, 1106 BiH MicTHB Metony fromt, push_back, pop_back i
MiATPUMYBaB  ITepaTopH i3 JOBiNBHMM jgoctymom. LM  BHMoOram
33I0BOJIbHAE K KiIac vector, Tak i Kiac deque. 3a 3aMOBYYBaHHAM
BHKOPHUCTOBYEThCA Kiac vector. IllabmoHHuit aprymeHT, mo Bianosizae
napamerpy Compare, MOBHHEH ABIATH COGOI0 KIAc-QYHKIiIO, A AKOTO
onepatop operator() nopiBHIOE 3HauyeHHs value type, THI AKHX Maiike
3aBxad 30iraetecs 3 THnom T. 3a 3aMOBYYBaHHAM BHKOPHCTOBYETHCH
BOynoBaHnH Krac-QyHKuis less, TOGTO €IEMEHT i3 HAHOUILIUMM 3HAYEHHAM
nepebyBaTuMe Ha moyaTKy 06’ekTa Tumny priority_queue. 3a 3aMOBYYBaHHSIM
HAMBHIIMIA OPIOPHTET MA€ ENEMEHT i3 HAHOUTBIIAM 3HAYCHHAM,

BuinaveHHs MeToAiB

VY knaci priority_queue € ciM MeTOiB!

1. Ils yepra i3 npiopuTeToM IHILANI3YETLCH X Ta KOMIEK 00’€KTa THITY
Container.

explicit priority queue (const Compare& x = Compare(),

const Container& = Container ());

Ipuxnag. BusHaduMo ABi YeprH i3 MPiOPUTETOM Tak:

pg<employee> e pqgl ()

pa<employee> e pa2 (e pgl); // e pg2 wMicTuTe xomino
e pql
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2. Us yepra i3 npiopuTeTOM iHiLiaNi3yeThCS KOMIAME €IEMEHTIB y

nosuuisx Bin first (skmouatoun) a0 last (He BrIIOwaoun), 06’€kTOM X
ity Compare i 6a3oBum kouTelinepom (Container) y.
template < class Inputlterator >
priority queue (InputIterator first, InputIterator last,
const Compare& x = Compare(),
const Container& y = Container ());

3. TloBepraeThes KibKIiCTB €EMEHTIB y uepsi i3 npiopuTeToM.

size type size() const;

4. SIxmo us d4epra i3 NpPIOPHTETOM HE MICTHTb eleMeHTiB,
MOBEPTAETLCA true, iHaKIIe moBepracTses false.

bool empty() const;

5. X BCTaBJIAETHCA B YEPry 3 IPIOPHTETOM.

void push (const value_typeé& x);

6. Lla uepra i3 npiopuTeTom He mopoxss. EneMent y mili uepsi i3
IpIOPHTETOM, sKHil MEpeNl BIMIPABNEHHSM LBONO MOBIJOMJIEHHS MaB
HaABHILMI ITPIOPHTET, BUAAIAETHCH.

void pop();

7. lln dwepra i3 NpPiOPHTETOM HE IIOPOXHA. Iosepraernca
KOHCTaHTHE ITOCHJIAHHA Ha E/IEMEHT 3 HaHBUIIMM NIPIOPHTETOM Y Yep3i.

const value type& top() const;

" OCKiIBKH €ORSt € YaCTHHOW crienudikanii THILY, IIIO IIOBEPTAECTHCA,
TO BEpXHiHi eneMeHT B O0’exTi THmy priority queue He MoXHa
momudikysatn. Taka Momudikamizs Moxe 3MiHIOBaTH npiopHTeT
BEPXHBLOI'O EJIEMEHTA B Yep3i.

Merox top() noBeprae nocunanua, sike TOBEPTAETHCA  MICHA
BHKIHKY c.front(). Meton pop() Buxmukae meron c.pop back() mia
BHJIAJICHHA €/IEMEHTa i3 HalBHIUMM mpiopuTeroM. Bu3iHauenHs MeTony

pop():

void pop ()
{
pop_heap (c.begin (), c.end(), comp) ;
c.pop_back() ;
}

Busnagents merony push():
void push (const value type& x)
{
c.push back(x);
push_heap (c.begin(), c.end{(), comp) ;
}
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V3araneHeni anroputvu push_heap Ta pop_heap Buxopuc-
TOBYIOTh CTPYKTYpY THIIY «ky4a» (heap).

13.2. Kyui

Ky4a t - 1ie 3aKiHyeHe JpifikoBe AepeBo, Take mIo t a0 MopoxHE0, a60:

1. KopeneBnM eneMeHTOM € HalWbimbmMii exeMeHT B t, WO
BM3HAYA€ETHCS BUIMOBIHO J10 JEAKOr0 METOQY MOPIBHSHHA €JIEMEHTIB.

2. Jlise mimnepeso leftTree(t) i mpase nimmepeBo rightTree(t) €

Ky4aMH.
Ha puc. 13.1 noka3zano xyuy 3 10 enemenTamu THmy int.

48

P e

30 36
32 35

Puc. 13.1. Kyua 3 10 enemenmamu muny int

EnemenTH B Kyui BIOPSIKOBAHO 3rOPH AOHM3Y, @ HE 3/1iBa HAIpaBo.
Koxnuii xopeHeBil enemeHT Ginblri 3a KOXEH 31 CBOIX JO4ipHIX ene-
menTiB abo jgopisHIOE iM, ane neski niBi OpaTHi eneMeHTH MOXyTb GyTH
Gilnsmmmu, HDK ixHi npaBi «OpaTw», a meski MOXyTh OyTH MEHILIMMY.
Hanpuxnan, va puc. 13.1 enement 85 Gimpumii 32 iioro npasuit GparHiit
enemeHT 48, ane enemeHnT 30 MEHUDAH, HIX Horo npaBuii GpaTHiil enemMeHT
36. Y Kydi eleMEHTH PO3TAIIOBYIOTHCA 3rOPH IIOHH3Y, & HE J1iBa HAIPaBO.

Kyya Moe BHSBHTHCA NOBOJI KOPHCHOIO B 0ararbox 3acTocy-
BanHAx. Ongne 3 HUX —peamisamis kiacy priority_queue. /[Bi ronosHi
onepailii 3 ky4eio — ue push_heap s BKIIOYEHHS eleMEHTa y Kydy i
pop_heap s BuOaleHHA eneMeHTa 3 Kyui. PosmisHeMo e OIHY
onepauiio, make_heap, sxa cTBopioe Kydy «3 HyIS» Ta aKTHBIZYETHCH i
4ac BHKJIMKY KOHCTPYKTOpa priority_queue.

Kyya € 3akiHuenuM IBIHKOBUM JEpeBOM. 3 KOXHHM EJIEMEHTOM Yy
3aKiH4EHOMY JABIHKOBOMY JepeBi t MOXKHA acoLIOBATH MO3HLIIO B [HANA30HI1
0 ... n(t) - 1. Sxmo posrngmaTy Ui no3uuii SK IHAEKCH, TO MOXHA TIOMITHTH,
11O €IEMEHTH Ky4i MOXYTb 36epiratica y Burisai MacuBy. Hampuxiaz, Kyua,
Ky 300paxkeHo Ha puc. 10.1, y BUrasi MacHBy Mae BHIVISUL

107 85 48 80 55 30 36 26 32 35
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Hositbiui jocryn jo enementip
06pobku Kyu. 3a iiekcom C/IEMCHTA MOXHA LUBMAKO AOCTYNHTHCH [0
Horo nouipHix enemciris. Hanpukian, nowipui enementy €JIeMEHTa 13
IHIEKCOM i MaioTh iHaexcu 2i+/ Ta 2i+2. BaTbKO eneMenTa 3 iHgekcom J
Mae ingexc (j-1)/2. Moxnubicts WIBAJIKO nepemiulyBaT GaTeka Ha Micue
Horo nodipusoro enementa i HABNIAKH DOOMTh Kydy e(peKTHBHOW
CTPYKTYPOIO [u1st peaizanii uepry 3 NPIOPHTETOM.

Byns-saxuit KOHTEHHEp — Takuii AK Macus, BEKTOp ab0 ABOCTOPOHHS
Hepra — AKkuH miaTpuMye ITepaTopu 3 MOBiNBHMM JOCTYTIOM, MOXHA
BUKODHCTATH 5K Kyuy.

Enemenr, mpo BCTABVISETLCS, HA AKHH BCTAHOBJICHMIH iTeparop last - 1,
30epiracTes y THMYACOBIH 3Minwilt value, a 3BinbHeHa mosuuin, B 5Kl Mic-
THTBCA @IIEMEHT, WO MiUIsrae Berasyi, HasnBaeTsCs mipkoio (hole). Texuiuno
BHKOPHCTOBYEThCA 3minHa holelndex, sika 30cpirae ingekc y KOHTEHHepi ans
NOTO4HOI nipku. Hanpuknaz, na puc. 13.2 nokasano kyay, 300paxeny na
puc. 13.1, npu Buksmky Metony push_heap 1s scrasiu enementa 90.

107

MACHBY AOCTATHBO 3PYJHHUH s

85 36

/\/\

80 55 30 48
/\ /\ value
26 3235 Ripka
Puc. 13.2. Kyya 3 puc. 13.1 nepeo nouamxkom euxonanns memody push_heap
o6 BusHawi™i, w sammmmscy CIPYKTypa Ky4eio y BHmaaky
posMileHHs enementa 90 Y HipKy, nopismioerses 90 3 CIEMEHTOM, IO
30epiracTecs B GaTKoBi AlpKH, 55, iHpeke skoro nopisioe (hole_index - 1)/2.

Ockinbku 90 > S5, nepemimaemo 55 Y MpKy # IepecyBaeMo BKa3iBHMK
holeIndex Ha nosuuiro, Y siKii nepeGysas enement 55 (puc. 13.3).

107

value
26 32 35 55

Puc. 13.3. Ipomixenuii euennd Kyui

IIponosxyemo HPOCYBAHHS, TOKK He JIOCATHEMO BEPUIMHK Kydi a60
MIOKH He 3HAWIEMO TO3HLII0, Ans axoi 90 <= €JIEMEHTA, 110 € 6aTbKOM I
aipku. Toxi 90 BcraBaseThes B TO3HILLII0, iHJEKC AKOf BiAmoBinae AHAEKCY
aipku (holelndex). Ocratounuii crau Kyl 110Ka3aHo Ha puc. 13.4,

107
/9-</\3 2
80 85 30 48
value
26 32 35 55

Puc. 13.4. Kyua 3 noeum dodanum enemenmom 90
Huxqe naseneno HaCTHHY KOJly 3 BU3HaY€HHS METONY push_heap.

int parent = (holeIndex - 1y l2s

while (holeIndex > topIndex && comp(*(first +
parent), value))

{

*(first + holelIndex) = * (first + parent);
holeIndex = parent;
parent = (holeIndex - 1)/2;
}
* (first + holelIndex) = value;

Haiiriputim € Bunanok, konu CNEMCHT, 110 BCTaBNAETHCH, GimbLmit
33 CJICMEHT, Ha skui ykasye first. Toni Kinekicrs iTepani#t unwry while
Oyne npomnopuiitaa Bucori Aepesa. Bucora 3akiHueHOro BiiiKOBOrO
AepeBa JIOrapuGMIYHO 3aNeXUTh Big n. Tobro, worstTime(n) norapudg-
MIYHO 3aJIEXHTH Bij n.

VY cepemnpoMy BumaaKy 6HM36K0 OMOBMHY elteMerTin Y Kyui MaTHMyTH
3HAQYEHHA MEHLI, HDK 3HAYEHHN QICMEHTA, 110 BCTABIACTRCA, a OIH3BKO
TONOBUHH MaTUMYTh GUIbWN 3HAaueHHs. ANle Kydi SRIAIOTH COBOIO JIOBOT
«TYCTi» [epeBa: MiHIMyM NOMOBHHA BCIX EIEMEHTIB € JMCTKAMM. A BiTIOBiIHO
A0 BIaCTMBOCTEH Kydi, OUIBIIA YACTHHA eeMEeHTIB 3i 3HAYCHHAMM MEHILIMMH,
HX Te, Mo BCTaBJIIETBCA, POSTALLIOBYIOTHLCS no6/mM3y piBHs MMCTKIR, PakTHYRO
Cepe/Hs KUIBKICTb iTepaltiit tMKTy MeHIa Hixk TPH.
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[Ipoanarnizyemo meton push. Hajiripuiam € Banagok, komm xyua €
nosrow. Tomi Bce 3anexuTh Big 6a30BOr0 KOHTEHHEPHOro Kiacy —
Hanpuknan, vector abo deque. Y koxuHoMy pasi Oyae 3aificHIOBaTHCH
KOTIIOBAHHA 3 JHIHHOIO 3aIEXHICTIO BiXl KiJIbKOCTi €lEMEHTIB N, TOMY
worstTime(n) ninifiHO 3anexnTh Big n. OnHak Take KOMiOBAaHHA Bil-
6yBaeThCA HE HACTO ~ OJHOTO pa3sy AId N onepauniit Becrasky. Iteparop last
BCTaHOBJIEHO 0€3MmocepeNHbo 33 OCTAHHIM EJIEMEHTOM Kydi. AJITOpHTM
pop_heap € nporunexwicTio anroputMy push_heap: Bin npaoe,
TIOYMHAIOYH 3 BEPUIMHHM Kydi i H0HU3y. EneMeHT y BepiMHi € eneMeHTOM,
OO BHAISETHCA; BiH Oyne 36epexxenuil y mosuuii, iHZeKC AKOi BKasye
iTeparop last - 1. ToMy THM9acOBO mepeMilyeMO eEMEHT y mo3Hiii last -
1 y aminny value. lipka crodaTky nepefyBae B no3umii Ha BEpUIHHI Kydi.
Ha puc. 13.5 noxa3ano nouaTkosi napameTpu Juis Metody pop_heap, mo
3aCTOCOBYETHCA 10 Kyui, 306paxeHoi na puc. 13.4.

~ value

2e/\32 35 107

Puc. 13.5. Kyua 3 puc. 10.4 nepeo euxnuxom memody pop_heap

Enement 107 6yno 36epexxeHo 32 HWKHBOIO IDAHHUEIO Kydi, aje
Tpeba 3HalTH, Kyau NOMICTHTH enemeHT 55, simii 3apas 30epiraeTscs B
3minHiH value. 3amicTs TOro, mo6 NopiBHIOBaTH 55 3 iHNDIMM enemeHTaMy,
CrIOYaTKy [€pecyBaEMO MAIPKY MOHH3Y, MOPIBHIOIOYH MJOYIPHI €NeMEHTH
AipKM OIMH 3 omHuM. Biiblmi 104ipHil eneMeHT nepeMilyeThCs Ha Micie
HIpKH, @ JipKa MepeMilllyeTsca B MO3MUII0, Y sAKii 36epiraBca Gimbimi
mouipHii enement. Ha puc. 13.6 nokasano Kydy micas Toro, sk Aipky 6yio
NOMINIEHO B MO3MIIO, AKy paHime 3aiimas enement 90. ITicns we mBox
iTepauiif UMKIy Jipka BHABISETBCA HA PIBHI JIMCTKA, SK IOKA3aHO HA
puc. 13.7. 3sepnits ysary, wo enement 107 He 6epe yyacTi y mopiBHAHHAX,
OCKIIbKM HOro Gimbule He BBaXAOTh 4HacTMHOW0 Kyui. Temep Moxma
BHKIIMKaTH MeToA push_heap a1s scTaBin enementa 55 Ha micue aipior. Ha
puc. 13.8 nokasaHo ocTaTouHMi BUA Aepesa, ale npu UpoMY enement 107
HE € YaCTHHOIO Kyui.

26 32 3

value

Puc. 13.6. Kyua nicas nepemingenns dipxu 6 nozuyivo eremenma 90

35

™

90

-~
/ o

26 32 amipxa 107

90
/35\
55
/.“-..
32 85 107

26

36

30 48

Puc. 13.8. Ocmamounuii euznad xyui

OcHoBHy poboty B Metoni pop_heap BukOHYe HonmoMiXHHIT MeTox

adjust_heap.

template <class RandomAccessIterator, class int,
class T, class Compare>

void

adjust heap

first, int holelndex, int len,
T value, Compare comp)

{

int topIndex = holelIndex;
int secondChild = 2*holelIndex + 2;

while
{

(secondChild < len)
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(RandomAccessIterator




if (comp(*(first + secondChild),
*(first + (secondChild - 1))))
secondChild--;
*(first + holeIndex) = * (first + secondChild) ;
holeIndex = secondChild;
secondChild = 2*(secondChild + 1);
}
if (secondChild == len)
{

. *(first + holeIndex) = *(first + {secondChild
- 1))
holeIndex = secondChild - 1;
}
push_heap (first, holelIndex, topIndex, value,
comp) ;

}

Yac BHKOHaHHA LWMKIY VI TepeMillleHHs AIpKH NIOHM3Y Ha piBEHb
JIMCTKIB [PONOpUiHHME BuCOTIi nepeBa. Kyua € 3aKiHYeHHM IBiHKOBHM
ACPEBOM, TOMY BMCOTa i 3aBXKAM JIOTAPHOMIYHO 3ANCKHTH Big N,
HAonarxosuii BUIUMK MeTony push_heap 3abupae yac Big nocrilHoro mo
norapu¢miuHO 3amexHoro Bix n. Omke, i mcrofly pop_heap
worstTime(n) norapudmiuno 3anexuTs Bia n.

TlorpibHo MatH MoOXUIMBICTE Jlerko NEPEMILlyBaTUCH  MiX
GaTbKiBCHKMMHU ¥ JodipHiME enementamu. Lliei nerkocTi mocsramots 3a
AOTIOMOTOI0 iTEPATOPiB JOBLIBHOTO AOCTYNY (eKBiBaNEHTIR iHIEKCIB y
MAacHBI).

Hapeiuti posrisremo anroputv make_heap, sxuit CTBODIOE Kyuy 3
KOHTEHHEpa, 10 MATPUMYE iTEpaTOpH 3 IOBLIBHUM JOCTYTIOM.

[epmuit enement (first) cam mo cobi e KY4€l0, TOMy MOXHa
3MACHUTH OBXin KOHTeiHepa, mio 3TMIIIHBCA, BUKITHKAIOYH HAa KOXHIH
irepanii Metox push_heap:

itr = first++;
while (itr != last)
push_heap (first, itr++, comp);

Ase B Kyui NOJOBHHA BCIX €/leMEHTIB e JHMCTKaMH, a JIHCTOK
4BTOMAaTHYHO € Kyder. TobTo, nomoBHHAa BHKIHKIB push_heap suss-
JAIOTHCS 3aHBHMH.

ITounemo nobyaoBy Kydi 3 eneMenTa 3 HalOLIBIMM IHAEKCOM, 110
He € nucTKoM. Hampuknan, mms nepesa, 300paXeHOr0 Ha pHC. 13'93
noduHaeMo 3 ingexcy enementa 30. KopuryBanHs cxoxi Ha Ti, fKi
BHKOPDHUCTOBYBAJIH /UIA MeTOoOy pop_heap, 3a BHHATKOM TOrO, IO €IEMEHT
y nosuuii 3 iHAekcom nipku, a came, eneMeHt 30, Gyne THM4acoBO
3bepexenni y 3minnif value. ITicis nepeMimeHHS Ha NO3HUIO IipKH
esleMenTa 35 zipka 3MillyeThCS JOHHU3Y HA MO3MLIO, Ky 33iMaB eleMEHT
35, surmKaeTeca MeTox push_heap ma Berasku enemenra 30 y nosuuito
aipku. Ha puc. 13.10 nokasaHo, K BHIVIANAE AESPEBO nicng ycni.m'ﬂo'l'
BcraBku enemenTta 30. Ilepemiuryiounch N0 MEHIIUX iHIEKCIB Y
KOHTEHHEPi, KOPHIYeMO MilIepeBO 3 KopeHeM B enementi 40, a mortiM
KOPHI'YEMO miiepeBo 3 kopeHeM B enemenTi 70. ITicas uporo opepxumo
JEPEBO, MTOKa3axe Ha puc. 13.11,

/\

70

T

60 80

55 35

Puc. 13.9. 3axinuene dgiiixose depe6o

70

T~

60 80

35 30

Puc. 13.10. Ipomivsichuii euznad kyui ona enemenma 30

10

d,ﬁ#*'"""ﬂ““ﬁh"‘““wn_

30 80

T T

55 35 60 70

P ik

15 40 30

Puc. 13.11. Hpomixcruii suznnd Kywi Onn enemenmis 40 ma 70
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LLlo6 nepetropuTu Ha kydy mizepeBo 3 KopeHeM B enemenTi 50,
Mipui NpPU3HAYAETBCA iHAEKC NMO3MWil, mo 3aiimac enement SO, a 50
3bepiraeTbes B 3minnil value. [icna nepemimenns B IipKy enemenTa 55
AipKa NepeMilllyeThCs B MO3MIIiI0, AKY 3aiimMaB enement 5. Ha HaCTYIIHIHA
iTepalii B 10 mo3uUil0 MicTHThCH enement 40. ITicns 3aCTOCYBaHHA
merony push_heap nns scraBku enementa 50 y nuisx, 1o noYMHAETHCE B
Uil HOBIH xipui, BinGyBacTbcs OCTaTOuHE NpPHBENEHHS nepeBa 1o Kywdi,
TOYHHAIOYH 3 KOPEHA BChOTO Aepesa. Ilicns KopuryBamHA omepKyemo
Kyuy, 300paxeHy Ha puc. 13.12.

80
/55”\//\70
50 35 60 10

15 40 30

Puc. 13.12. Ocmamounuii euznnd kyui

Hasenemo HaiisaxomBinry wactuny xoxy (Meron adjust_heap suxm-
KaetCs 3 mMetony pop_heap; apyrum aprymentom meromy adjust_heap ¢
TIOYAaTKOBHH 1HIEKC JipKu):

if (last first < 2) return;
int len = last first;
int parent = (len - 2)/2;
while (true)
{
adjust_heap ( first, parent, len, T (*(first +
parent)), comp);
if (parent == () return;
parent--;
}

Ananiz merony make_heap nosom cknaguwmii, ane pe3ynsTat
nonArae B ToMy, o worstTime(n) 3aBxaM JiHIHHO 3a7M€XHTs Big n
HE3ANEXHO BIA TOrO, SK enemMeHTH Oy/IH CIOYAaTKy OpraHi3oBaHO B
KOHTeHHepi.
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13.3. Anroputm XacdhcdpmaHna

OmaM 3 BapiaHTIB 3aCTOCYBAHHA 4Yepry 3 MpIOPHTCTOM € cHCTeMa
xonyBanus XagdmaHa, B AKifi BUKOPHCTOBYETBCA YAaCTOTA IOSBH KOXHOIO
CHMBONTY B nosifomiienHi. Ilapa «CHMBOZ-4aCTOTa» BCTARIAETECA B Hepry 3
MpPiOPHTETOM 32 3POCTaHHAM 4acTOT. TOOTO BEpXHA Napa MiCTHTUME CHMBOJ,
SKMA TPAIUIRETBCA B MOBLIOWIEHH] Raifpimue. Ha il ocHOBi cteoproerses
asilikose fepeBo Xadpmana. Jins uporo cniouatky GepyThes i TIEpIi apu
3 HalMEHLIOKO 4YacToTo. [lepiua napa yrBopioe NIBHH JUACTOK JiepeBa, a apyra
niapa — npasuii JMCToK. Cyma ix 4acToT YTBOPIOE KOPiHb OTOMHOTO (hparMeHTa
ZiepeBa i 3aIMCYEThCA B YEPry 3 IPIOPHTETOM Yy BioBimHe Micue. PeGpo Bix
KOpEHs [0 JIBOro JIMCTKAa KOXYEThCA HYIEM, a pedpo Bill IIpaBoro mcTka 0
Koperst — omuHuIero. TIpouenypa MOBTOPIOETECA 10 MOMEHTY, KO B 4epsi
3AMIIMTBCA OMMH CNEMCHT, IO YTBOPIOE KOPiHb OCTATOMHOIO jepeBa
Xapdmana. Hl1ax Big KOPEeHA JO JMCTKA 3 KOJIAMH peOEp CTAHOBHTE BioO-
BLIHMIT KO CHMBQJIA, AKHH POSMIILICHHH Y IBOMY JIMCTKY.

Konysanns 3a anroputMom XaddMaHa NpuU3BOAMTE 10 eKOHOMIT
pecypciB mamM’ATi Ta 4acy IepeAaBaHHA MOBLiOMICHb. JIo Toro X
TIOBIJIOMIICHHS, 1O 3aKOJ0BaHi HEPIKCOBAHOKO NOBXHHOIO KOy CHMBOIY,
JOBLIE ACKOAYIOTHCH.

Posrnanemo npuxnaa. Hexait gesxe noBigomnenss T micTHUTH
CHMBOJIH Bifl & 10 3, fIKi TPaN/IAIOTECA B [IOBIIOMIICHHI 3 TAKOIO YaCTOTOO:

a—>50;6-20; 8—100; r —80; m— 220; % — 490; 3 — 40.

KokHy mnapy «CHMBON-YacTOTa» BCTABIAEMO B uepry 3
NPIOPHTETOM, AKa BIIOPAAKOBAHA 3@ 3pPOCTAHHAM YaCTOTH;

(6, 20) (3, 40) (a, 50) (r, 80) (B, 100) (&, 220) (k, 490)

Ha ocHosi wmiei geprn Oyayemo nepeBo Xapdmana. Criouarky 3
Yepru BUIYYaemo nepii JiBa eneMeHTH. CuMBoN 6 crae JiBHM mHCTKOM
ABIAKOBOrO [I€peBa, CHMBOI 3 BLWIOBIAHO NpaBUM IuCTKOM. Cyma ix
4acTOT YTBOPKOE KOpiHb ¢parmenta maibyrHworo nepesa Xaddmana
(puc. 13.13) i BcraBmasgeThCA B YEPry y BIONOBiAHE Micue 3rigHo i3
orpumaHor cymolo. Uepra Habyae surnany:

(a, 50) (, 60) (r, 80) (8, 100) (1, 220) (x, 490)

[ToBTOprOEMO MONEPEAHIO Mif0 IS HACTYIHOI MApH eleMeHTIB i3
yeprd. Y pe3ynsTaTi parMedT mepeBa Habyne BHTIAMY, K [10Ka3aHO Ha
puc. 13.14, a uepra nepeTBOPHUTHECA Ha TAKY:

(r, 80) (8, 100) (, 110) (m, 220) (x, 490)




(110)

y\ a/\(ﬁm
0
p " /\
6
Puc. 13.13. ®Opazmenm Puc. 13.14. Opazmenm
Maiibymuvozo Oepesa Xagdmana Maiibymusozo depesa Xagpgmana
' ong cumeonie 6 ma 3 anr cumeonie a, 6 ma 3

Hacrynui nsa eneMeHTH i3 4eprH He MOXyTh OyTH 3B’d3aHi 3
OCHOBHMM [EPEBOM, TOMY BOHHM YTBOPATH JIBY i NpaBy TUIKM mifiepera
nepesa Xagpdmana (puc. 13.15), a cyma ix 9acTor HomacTscs A0 YEpru:

(, 110) (, 180) (a, 220) (x, 490)

(110) (180)
0 1 0 1

Puc. 13.15. Dpazmenm maiibymnoozo
depesa Xagpgmana ona cumeonie a, 6,3 ma 2,8

Ilpu BHKOHAHHI YeproBoi iTepauii yTBopeHi miamepesa 00’€IHYIOTECH
(puc. 13.16), a B wepsi 3aymmmiacThes TpH enemenTy: (1, 220) (, 290) (x, 490)

(290)
0 1
(110) (180)
0 1 %\
a (60) r B
A |
6 3

Puc. 13.16. Ppazmernm matibymubozo depesa Xaggpmana
3 06’ eonanumu niodepesamu
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Ocrarounnit Burisax nepesa Xapdmana noxasaso Ha puc. 13.17.
[Ilnsx Bix KOpeHs O KOXHOrO NHCTKA JAepesa chopmye BiamoOBimHHMA KOA
Xaddmana ju1a cHMBOIA, IO PO3MiLIEHHMIT y JMCTKY:

a-1100;6-11010;B—~1111; - 1110; 1~ 10; % — 0; 3— 11011,

(100)
0 1
K (510)
0 1
I (290)
0 1
(110 (180)
0 1 0 1
a (60) r B
0 1
6 3

Puc. 13.17. [lepeso Xagpgpmana

Majoun BiAMOBiHI KOZM CHMBOIIB, JIErKO MEPEKIACTH MOBiAOM-
nenns T y 3axonoBane nosigomnenns K.

Taxk, 11 noinomnenHs «Garasio» BiAMOBITHE 3KOIOBANE NOBIIOMITEHHS
Ma€ BHTJIAL;

110101100111011000

Ana nemmpysarus HEOGXINHO MPOCYBATHCE 1O EPEBY Bin KOpPeHs
no Tif rimi, ska Bimmosinae cumBomy komyeaHHs (0 — nisa rimka, 1 —
NpaBa rilka), NOKH HE AOTSTHEThCA JHCTOK. JUIA 1IBOrO 3aKO0OBAHOr0
TOBiZOMJIEHHA NEPIIHMIA IIPOXiA 1O r'iiKaX Jepesa Oyne Takum:

npaBa, Npasa, JiBa, Npasa, JiBa — cHkMBon 6
Hacrynuuii npoxin npusene 1o cumeona a:

paBa, NpaBa, JIiBa, J1iBa — CHMBOJ &
Tak NOBTOPIOEMO 10 OTPHMAHHS TOYATKOBOI'O NIOBIAOMICHHS «Garax».

13.4. 36anancoBani aBilikoBi nepesa nowyky

Bizomo, mo aBiiikosi Aepesa nouryky € edeKTHBHUMH B CEPEIHBOMY,
a B TipIIOMy BHIIaJKy BOHH HE Jal0Th GyXb-sKHX NepeBar nepes BEKTOpPaMH,
ABOCTOPOHHIMM Yepramu aGo criuckami. IcHye gexinbka CTPYKTYP AaHHX, WO
TPYHTYIOTbCS Ha [BIKOBHX JepeBaX NOMIYKY, ale MPH LBOMY 3aBXIM €
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3banancosaumy. [lgilikoBe aepeBo nouryky € 36anaHcOBaHMM, SKUIO HOro
BHCOTa JIOrapu(MitHO 3aNEKHTE Bl N — KUILKOCTI EJIEMEHTIB y iepeBi.

Tpu Halinowmperimi CTpyKTypH HaHHX wuiei kaTeropii ABiHKOBHX
Aepes nomryky: AVL — nepesa, uepBOHO-YOpHi ZepeBa i koci mepesa.
JonHa 3 UMX CTPYKTYp NaHHX He BXOIMTb JO CTaHNApTHOI GibnioTexw
mabnonis. Asne B peanizanii cranaaprHoi 6iGniorexu mabnonis Hewlett -
Packard xnac rb-tree (11 4epBOHO-YOPHOTO JIepeBa) BHKOPHCTOBYEThCS y
NPHBaTHOMY MOJI Y BH3HAYeHHI YOTHPHOX KIACIB ACOLIATHBHHX KOH-
TEHHEPIB, 1110 BXOAATH 110 CTAHAAPTHOT 6i6mioTeku mabnowis.,

OcHOBHHH MeXaHi3M [UI1 IIEPETBOPEHHS ABIHKOBOro jepeBa
TIOWIYKy Ha 36aJaHCOBaHE ACPEBO € MOBOPOT: PECTPYKTYPU3allis aepeBa
HaBKOJIO €NIEMEHTa, IKHH BH3HAYae Oa)kaHHI NOPAIOK CNEMEHTIB.

€ 1Ba OCHOBHI BH/IH TTOBOPOTY.

1. JliBuii 10BOpOT: enemeHT 3aiiMae Micue 1iBOro A0YipHBOrO
€/IEMEHTa, a NPaBHii JOYipHiH e1eMCeHT — Micue 6aTEKIBCHKOTO E€lCMEHTa.
Hanpuwian, Ha puc. 13.18 nposeMOHCTPOBaHO JiBHMil TOBOPOT HaBKOJIO
enementa 50. Jlo i micii1 MOBOPOTY AEPEBO € NBIHKOBUM JIEPEBOM MOUTYKY.

50 90

h\\“ﬁx _ a”ffﬁ\\“ﬂm

90 50 100

100

Puc. 13.18. Jlisuii nosopom nasxono enemenma 50

Ha puc 13.19 naBeneno iHmmit mpuxsiaj j1iBoro MOBOPOTY HABKOMIO
enementa 80, 3a sikoro BHCOTa JepeBa 3MeHIIyeTses Bix 3 10 2. Llikasoio
OCOGJIHBICTIO € Te, IO ENEMEHT 85, AKHI 10 MOBOPOTY MaB JTiBMi OUipHii
enemenT 90, y pe3ynbTaTi cTac NpaBUM JOYIPHIM €IEMEHTOM eeMenTa 80,
Le# penomen € 3aralbHUM I YCiX JIBMX [I0OBOPOTIB HABKOJIO €lIEMEHTA
X: JiBé MiAACPEBO MPaBOro MOYIPHHOIO EJNEMEHTAa X CTAa€ MpPaBHM
niznepesoM cnementa X. Lle cnpasesunso i ans nepesa Ha puc. 13.18, ane
TYT JiB€ MiVIEPEBO IPaBOrO 0iPHLOTO eneMenTa 50 mopoXKHe,

80 90

85 120 60 85

100

100

Puc. 13.19. Jlisuii nosopom naexono enemenma 80
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Ha puc. 13.20 nokasano npouec moBopory mepesa 3 puc 13.19 y
IIMPLIOMY KOHTEKCTI: €IEMEHT, HaBKOJIO AKOro BiifyBaeTsCs MOBOPOT, He
€ KOpeHEBHM eneMmeHTOM epeBa. Prc. 13.20 Takox imoCTpye Iue ofHH
acrnekT, BIACTHBMH yciM omepauisM TNOBOpOTY: BCi €JIEMEHTH, sKi He
Ha/NeXaTh JI0 MiJVIEPEBa ENEMEHTY, HABKOIO AKOrO BiOYBa€THCA TIOBOPOT,
He 3ayinaroTbes. B HawoMy npuxnani e enemenTn 20, 30, 40, 50.

Kon nna onepauii noBopory ue nepenbauae 6ynp-axux nepemimens
CJICMEHTIB; MaHINyAUii BiAOyBarOThCA TUILKHM i3 BKa3iBHHKAMM Ha By3nu,
Hexaii x — ue Bxa3iBHMK Ha BY301, y — BKa3iBHHK Ha 1paBuil IouipHiii
By30J1 By3na X. JliBuit moBOpoT HaBKOJIO X 3AIHCHIOIOTS y /1B CTAIM:

X -> right = y - > left; // nanpuknaa, enemexr 85 Ha
puc 13.19.

y -> left = =;

Huxde HaBeneno moBHe BH3HAaueHHA MeTomy rotate left wmacy
BinSearchTree.

void rotateleft (tree node* x)
{
tree_node* y = x -> right;
X -> right = y => left;
if (y ->left != NULL)
y -> left -> parent = x;
Yy —> parent = x -> parent;
if (x == header -> parent) // saxmo x -KOpiHpb
header ~> parent = y;
else if (x == x -> parent -> left) // dxuo x -
nisui
// DouipHii enemeHT
X —=> parent -> left = y;
else
x -> parent -> right = y;
y —-> left - x;
X —> parent = y;

}

[1o3uTHBHHH MOMEHT: €€MEHTH He MEepecyBaloThCA, a4 YaC BHKO-
HaHHA 3aJIHIIAECTLCH HE3MIHHIM.

Binswa wactuna komy, mwo peanisye nosopot, BHOCHTH 3MIHH 10O
0aTbKIBCBKOrO ByiNa €IEMEHTa, HABKOIO SKOro MOTPIOHO 3pobHTH
TIOBOPOT.
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30 80 30 90
—_—
N PN PN
20 40 60 90 20 40 /80\120
8 120 60 85 100
100

- Puc. 13.20. Jlieuii nosopom naexono enemenma 80 dnn depesa 3 puc. 13.19,
ane 80 ne € Kopenesum eremenmom

2. Tpaenit nosopor. Ha puc. 13.21 nokasano IIOBTOP HAaBKOJIO
enementa 100. Hexail x — 1e Bka3iBHHK Ha BY30JI JIEpEBa, Y — BKa3iBHHK
Ha #oro novipwiit By3on . [Ipaswit TIOBOPOT HAaBKOJIO X MOXHa 3MiHCHUTH y
JIBa KPOKH:

X —> left = y - > right;

Y —> right = x;

Yepes neobxinHicTs BHECEHHS 3MiH 10 6aTHKIBCHKHX BY3JIiB METOxR
Crae HabaraTo J0BWIMM, ane uac HOr0 BHKOHAHHA 3ATHIIACTECS
NOCTIAHMM. SKIWO 3MiHHTH Micuamu left i right y Bu3Havenni merony
rotateLeft, To orpumaemo Busnauenna meromy rotateRight. fIx i mux
JBOrO MOBOPOTY, MiCAX  MPaBoro [IOBOPOTY AEPEBO 3a/IHINATHMETBCS
ABIHKOBHM JIEPEBOM TIOUIYKY.

- P
90 50 100
44””’

50

Puc. 13.21. Ipaswii nosopom waexono enemenma 100

Y posrisiHyTHX criocobax noBopory BHCOTa Aepesa 3MEHILYBaIach
Ha 1. 3MEHIIHTH BHCOTY — roONOBHA MOTHBAUif IS noBopoTy. Ane
NIOBOPOT HE OOOB’S3KOBO IPH3BOIMTH [0 3MEHUICHHS BMCOTH nepeBa.
Hanpuxnan, ra puc. 13.22 nokasano nisuit IIOBOPOT HaBKOJIO Byana 50,
AKHMA He BIUIMBAE HA BUCOTY iEpeBa.

& /90\
A ™, A Tk
30 70 /50 80

80 30

Puc. 13.22. JTieuti nosopom naexkono eremenma 50,
Bucoma depesa nican noeopomy zanuwmnace 3

[ToBoporu nokasaui Ha puc. 13.22 i 13.23, tpeba posrnsmatu B
CYKYIHOCTI: JIiBHH IOBOPOT HABKOJIO JIBOTO A04ipHBOTO enemenTta 90 i
noTiM mpasuift moBopor Haekono emementa 90. Llcl Tmn mosopory
Ha3HBaETHCA MOABIHHHM NOBOPOTOM.

Ha pnc. 13.24 mokasano me oaMH BHJA NOMBIHHOMO MOBOPOTY:
NpaBuii IOBOPOT HABKOJIO NPABOrO JOYiPHBOrO eNeMeHTa 50 3 moabiuM
JiBUM TIOBOPOTOM HaBKOJIO eleMeHTa 50.

L R
70 100 //5'0 /90\
50/\30 30 £0 100
30
Puc. 13.23. Ilpasuii nosopom naexono enemenma 90.
Bucoma oepesa amenwunacy 3 3 do 2
10 80 , 10 ?U\ '/EU //80\
'JO/A\')U 80 10 73 ]
T &g

Puc. 13.24. ITodaiunuii nosopom:
npasuti nogopom HAsKoNo NPasozo JoHipHLo2o enemenma 50
2 NOOANBUIUM TGUM NOBOPOMOM HABKOAO enemenma 50

OcHoBHi B1acTHBOCTI MOBOPOTIB

1. € 4oTHPH BHIM IOBOPOTIB:
a) JMiBHii OBOPOT;
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6) npaBwuii IOBOPOT;

B) NiBMi MOBOPOT HABKONO JiBOrO JOYIPHHOTO €JEMEHTa LLOTO
€JIeMEHTa 3 [OJaJbIIHM IPaBHM IIOBOPOTOM HAaBKOJIO CaMOro LOTO
€JICMCHTa;

r) npaBuii NMOBOPOT HaBKOJIO NPABOr0 AOYIPHBOI'O €JIEMEHTa
LOBOTO €JIEMEHTa 3 IOAAJBIIHM JIIBHM ITOBOPOTOM HABKOJIO CaMmoOro
L[BOTO €IEMEHTA,

2. Bysma B mimmepeBi eleMEHTa, HaBKOJNO AKOrO 3MiHCHIOEThCA
[OBOPOT, 323HaK0Th 3MiHH MiJ| YaC MOBOPOTY.

3. Yac BUKOHAHHA OBOPOTY NMOCTiIHHHUH.

4. lo Ta micns TOBOPOTY HepeBO, AK 1 paHiile, 3aIUINAECTHCA
JBIKOBHM IEPEBOM MOLIYKY.

5. Kox mng nisoro moBOpOTY aHAJOTIYHHMI JO KOAY Ul NPaBOro

TIOBOPOTY
(i HaBOaKu): JOCTATHBO [IPOCTO MOMIHATH MiclsAMH cioBa left i right.

13.5. AVL-gepeBa

AVL-nepeBo — ¢ ABifikoBE epeBO MOMIYKY, AKe ab0 € mycTHM,
abo Mae Taki J1Bi BIACTHBOCTI:

1. Bucoru nisoro i npasoro nifyiepes BiAPI3HAIOTE HE OLTbIIe HIX
Ha 1.

2. Jliee # npape nmingepesa € AVL-nepesa.

Bunaxiguukamu AVL-mepes € 1Ba pOCIHCBKI MATEMATHKH:
Anenscon-Benscekuii (Adelson-Velsky) i Jlanauce (Landis), Ha yecTh AKuX
AVL-nepesa oxepxanu cBoro Hasy. Ha puc. 13.25 nokasaso asa AVL-
Zepea, a Ha puc. 13.26 — Tpu nABiHKOBiI AepeBa MoKy, 110 He € AVL-
JepeBaMH.

50 50
/‘\ /\
40 60 20 80
30 70 10 70 100
/\
91 103

Puc. 13.25. llpuxnadu AVL- depes

Ilepmie nepeso, 306pawene Ha puc. 13.26, He € AVL-zmepeBoMm,
OCKLILKM Hi HOro jiBe migaepeso, Hi #oro npaee nignepeso He € AVL-
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nepesamu. Jlpyre nepeso He € AVL- 1epeBoM, OCKIbKH BHUCOTa HOro
niBoro miaaepesa AOPIBHIOE 1, a BHCOTa HOro npasoro nianepesa —a 3.
AVL-znepeBo € 306a1aHCOBAHHM JIBIHKOBHM JAEPEBOM IOMIYKY. Horo
BUCOTA 3aBKIH JOrapH(MIdHO 3aIeXHTh Bill KUTbKOCTI eneMenTiB n. Lle €
nepesaror0 AVL-nepes NOpiBHAHO {3 y3aralbHEHWMH MBiHKOBUMU
nepeBaMM TOWIYKY, MIS SKHX BHCOTA JIHIHHO 3amexuTe BiL n Yy

Halfripmomy BUNanKy.

2 50 5
10/ 40/\\60 zo/\ )

N % % 0 7 100

% 80 % 103

101
Puc. 13.26. Tpu dsitixoei depesa noutyky, wo He € AVL-0epeeamu

13.5.1 3acmocyeanun AVL-Oepeesa:
npozpama nepesipku opgozpachii

Onnielo 3 HaWKOPHCHIWMX (YHKUIA Cy4acHWX TEKCTOBHX Ipo-
uecopis € mporpama nepeBipku opdorpadii, ska CKaHye NOKYMEHT Ta
mrykae Mo¥usi opdorpadiuni nomuaxn. «MOoXIHBI», OCKUIBKH HOKY-
MEHT MOXE MICTHTH IIJIKOM MNpPHIYCTHMI ClOBa, ane He 3Halineni B
CIIOBHHKY.

3aranbHa NOCTAHOBKAa 3ajadi Taka: Malo4yH 3a/laHHH  CIHOBHHK
dictionaryFile i moxymenTt, iM’'s dailna sKOro HaJa€TsCd KOPHUCTYBAdeM,
BHBECTH Ha JIPYK BCi CJIOBA JIOKyMEHTA, siKi He OyI10 3HakiieHo B cloBHHUKY [7].

TIpuiiMeMoO KinbKa CIIPOIIEHE:

1. V clOBHHKY NPHUCYTHI TUIBKH CIIOBA 3 MAJIMX JIITEP.

2. KoxHe C10BO B JOKYMEHTI CKIIAIa€ThCA TUIBKH 3 OYKB.

3. 32 KOXHHM CJIOBOM y IOOKYMEHTi cToiTh Hynbs abo Ouibme
PO3LIOBUX 3HAKIB, 33 AKWMM ie Gymp-fKka KiTbKiCTh MPoGLIiB i cCHMBONIB
KiHUS pAZIKa.

4. daiin cIoBHHKA BIOPAAKOBaHUI 3a andasiToM i 6yjie NOBHICTIO
posmiuienuit y mam’sari. Paiin foKyMeHTa He 000B’13KOBO BIIOPAIKOBAHHH
3a andasiToM, Oyae MOBHICTIO pO3MIINEHHA Yy TaM’ATI MiCIs BUIYYEHHSA
nybmikatis.

Huxue HaBeneHo ¢aiin cnoBHuka, ¢ain JOKymeHTa i ciosa
HZOKYMEHTa, L0 He BXOJATD O CIOBHHKA.
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// damn crnosuuka:
a

all

and

be

done is

more

said

than

when

where

// dain nmoxymenTa:

When all is sed and done,

more is said then done.

// cnoea i3 iMoBipHMMM noMmMIKaMmu:

sed

Has poss’ssamHs 3ajaui cTBOpHMO Kiac Spellcheck 3 Taxumu
METOoaMH:

/I 3uutyioTsca cnoBa 3 daitna CNOBHMKA; M — KiTBKICTH CIiB Yy
CIIOBHHUKY

void readDictionaryFile();

! 3uuTyroThes cnoBa 3 ¢aiina AoKymeHTa; k — KiTbKicTb CniB y
JOKYMEHTI

void readDocumentFile();

// BuBopsTecs BCi cnoBa, ski € Yy JOKYMEHTI, ajne BiACYTHi B
CIIOBHHKY.

void compare();

€mianmu nonamu € none dictionary, ske 3bepirae cioBa, HasiBHI y
Gaiini cioBauka, i none words, ske 3Gepirae BCi yHiKanbHi cnosa y daitni
AoxymenTa. Obuzasa nons € 06’exramu tuny AVLTree, Y AKHX KOXKHMIH
CIEMEHT sBAf€ COOOK psgok (string), a psamkH mopiBHIKOTECE 3a
GykBamH:

protected:

AVLTree<string, less<string> > dictionary, words;

Busnauenns meroay readDictionaryFile() naseneno Huxue:

void readDictionaryFile() {

const string DICTIONARY FILE = "dictfile.dat";
fstream dictionaryfile;

string word;
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dictionaryFile.open
1082 »xn);

while (dictionaryFile >> word)

dictionary.insert (word);

}

Ilpunyctumo, y daiini cnoBruka dictionaryFile € n crnis. Toni
uuka while 6yne sukonano » pasis. Ha xoxuiit itepanii saificHioeThCH
ofmHa BCTaBka B CnoBHHK dictionary. [[nd xokHoOi BCTaBkd B 00’exT
dictionary Tuny AVLTree worstTime(n) norapudmiuso 3a1exuTs Bix n,
ToMy s merony readDictionaryFile worstTime(n) € O(n log »), i ue €
HaiMEHIIIOK BEPXHBOIO MEXEIO.

Busnauenns merony readDocumentFile € cxiagninmm. ITpoun-
TyeThes iM’s (aitna moKymeHTa, a IOTIM 34uTyerbest (aitn. Byksu
KOXHOTI0 MPOYMTAHOrO 3 (aiina cioBa NEpeTBOPATECA HA PAIKOBI; AKIIO
HAMNPUKIHII C]0Ba € PO3MiNOBI 3HAKM, BOHM BiAKMAaIOThCH. OTpHMani
CJI0BA BCTAaBJIOTBCA B 00’€KT words, SKIIO TINEKH TaKe CIOBO BXke HE
MiCTHTBCs B words. IToBHE BH3HAYEHHS METOAY € TAKUM:

(DICTIONARY FILE.c_str(),

wvoid readDocumentFile() {

const string DOCUMENT FILE PROMPT =

" Byne nacka, BBemiTe im's darina moxymenTa: ";
fstream documentFile;

string documentFileName;

word;

cout << endl << DOCUMENT_FILE_PROMPT;

cin >> documentFileName;

documentFile.open (documentFileName.c str(), ios::in);
while (documentFile >> word)

{

// TleperBOpeHHs OyKB Ha PANKOBi:

string temp;

for (unsigned i = 0; i < word.length(); i++)
temp += (char) tolower (word [i}):

word = temp;

// YcyHeHHs posninoBux 3Hakie nanpukinui crosa:
while (!isalpha (word [word.length() - 1]))
word.erase (word.length() -1);

// BcTaBka crnoBa B obB’ekr words,

// AKWO TAaKOoTO CJOBa TaMm e HEMAae:

if (words.find (word) == words.end())
words.insert (word);

} // noxu B mokymenTi documentFile me € crniosa
}




Jna uutanus k chmie 3 ¢aitna nokaszuux worstTime(k) niniiino
3anexuTb Bia k. JUIA BCTaBKM KOXHOrO cioBa B 00'ext words Tumy
AVLTree worstTime(k) morapmdmiuno sanexuts Bin k Omxe, 1ua
merony readDocumentFile worstTime(k) ¢ Ok log K), i ue €
HaHMEHILIOI0 BEPXHBOI MEKEIO.

BusnavenHa Merozly compare:

void compare () {

const string MISSPELLED =

"Criopa 3 MOXIMBMMM [OMMIIKaMM: ";

AVLTree < string, less <string> >::Iterator itr;

cout << endl << MISSPELLED << endl;

for (itr = words.begin(); itr != words.end{();
itr++)

if (dictionary.find (*itr) == dictionary.end())

cout << *itr << endl;}

Hns 0bpobku k cais y words worstTime(k) nigiiiHO 3a1exHTh Bif
k, a nna xoxmnoi onepauii mouryky » cnis y dictionary 3a momomororo
merony find worstTime(n) norapudMiaHo sanexurs Bix n. Tobro, mwis
Metoxy compare worstTime(k, n) € O(k log n), i Lie € HalIMEHIIOK BEPXHBOKO
MEXel0.

KoHTponbHi 3anuTaHHs Ta Bnpasu

1. Sxi meToau MicTHTS Kiac priority_queue?

2. Jladite o3Havenus Kyuwi. HaBeaits npukian xydi.

3. SIxi KOHTEHHEPH MOXKHA BUKOPHCTATH AK Kydy?

4. Slkui BATIS] MaTHME AEPEBO THCASA MOCIIAOBHOrO BHKOHAHHS
nepepaxoBaHUX HIKYe Hil 1s Kyui:

80
-'—//\
55 70
/\ /\
50 35 60 10
/\ -
15 40 30
1) push (83);
2) push (61);
3) pop( );
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5. IlpunycTumo, KoHTeiiHep cl Tuny vector MicTHT TaKy
MOC/AOBHICTh €EMEHTIB:

10, 20, 30, 40, 50, 60, 70, 80, 90, 100. ITokaxiTs, 1o Binbynerncs,
AKIIO 6yae 3AIHCHEHO BUKIHK: '

make_heap (cl. begin (), cl.end(), less<int>);

6. Tlpumyctimo, KouTeifHep ¢2 Tumy veetor MicTMTh Ti cami
e/IEMEHTH, 1O # BekTop ¢l i3 BNpasu 5, ame posrauwosani y 3BOPOTHOMY
nopsaaky. Iokaxits, 1o Binbyaerscs, skuto 6y/e 3MiCHEHO TAKHI BUKIHK:

make _heap (c2.begin (), c2.end(), less<int>);

7. J\n% 3ajaHMX 4acTOT NOABH CHMBONIB CTBOPITH yepry 3
TPIOPHTETAMH 3 MapaMH «CHMBONM — 9acTOTa MOABM» (HaHBUILWMiL
NPIOPHTET = HaliMEHLIa YacToTa):

a-10
6-25
B-15
r-80
u-22
K- 49
H-34

8. CkopucraifTech yTBOPCHOIO 4Yeprol 3 Brpasd 7 s nobyaoBH
nepesa Xahdmana.

9. Ha ocnosi nepera Xaddmana 3 srpasu 8 3aKofy#re crnoBo
«KHHT2»,

10. Crkopucraiitecs nepeBom Xaddmana s nepeknany Girosoi
nocninosHocti 11101011111100111010 Hasan y nitepn Big «a» 1o «g»
(puc. 13.27).

(10000)
0 1
f (51000)
0 1
€ (29000)
0 1
(11000) (18000)
0 1 0 1
a (6000) d [
0 1
b 8

Puc. 13.27. [lepeso Xappmana
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11. Jns xoxHOro 3 ABIHKOBMX JEpeB IOWIYKY BHKOHaiTe JiBHMA
OBOPOT HaBKoMO enemeHTa 50.

b 30
/\
a 50 20 50
/\
\60 40 80
/\
\70 70 100

20 50
/\
40 80
AN N
45 70 100
P i
60 75

12. Jlna KOXHOro 3 JBiAKOBHX [EepeB NMOMIYKY BHKOHaHTe NMpaBHH
TIOBOPOT HaBKONO exemenTa 50.
b 60

/\
a /50 50 70
/\
/40 40 55
/\
30 30 45
c 30
/\
20 50
/\
40 80
/\
\45 70 100
/\
60 75
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13. Ins  meiitkoBoro  nepeea 50
TIOIYKY BHKOHalTe monBifiHMI MOBOPOT

(miBmit moBopoT HaBkoNO enemenTa 20, a
MOTiM  MpaBHil  NMOBOPOT  HABKOIO /\

ememedTa 50), m00 3MEHUIMTH BHCOTY 10 40
aepea 1o 2: 30
50
14. Jlna  neilikoBoro  jmepesa /\
NOITyKy BUKOHajiTe MojBiitHmii moopor, 20 80
11100 3MEHILIUTH BUCOTY AEpeBa 10 2: /\
A /70 100

Q“ lMpuknaam TecToBUX NUTaHb

1. [Jins peamisawii Kydi MOXXHa BHKOPHCTAaTH KOHTeHHep:
a) BEKTOp;
6) ZBOCTOPOHHS Yepra;
B) MyJIbTHKApTa,

2. V cucremi konysarHs XaddmaHa BHKOPUCTORYIOTE:
a) YaCTOTy MOSBY CHMBONA B TEKCTI;
6) BifiCTaHb MiCII€3HAXODKEHHSA CHMBOIY BiJl IOYATKY TEKCTY;
B) BiICTaHb MiCLIE3HAXOKEHHA CHMBOIY Bifl KIHUS TEKCTY.

3. «/lipka» B Kyui — Le:
a) TMM4acoBa 3MiHHa;
6) 3BiNBHEHA TTO3ULIN,
B) BUOANCHUH €IIEMEHT.

4. B anroputMi konyBaHHs Xad¢pMaHa BHKOPHCTOBYIOTh:
a) npedikcHe KOAYBAHHS;
6) cydikcHe KonyBaHHS,
B) GeznpedikcHe KOAYBaHHS.

5. Mo mBIHKOBMX JEpeB MOIIYKY HAJIGKATh AepeRa:
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4) YEPROHO-HOPII;
6) AVL-nepesa;
B) KOCi Jepepa;

I') TpMapHi aepesa.

6. Ilnas  neperBOpeHHs  ABiiKOBOro Jepera
36anaHCOBaHE € TaKa KibKICTb BHIB NOBOPOTY:
a) 3;
6) 4;
B) 5.

7. Bucora niBoro Ta mpasoro nianepes
BiApi3HAETHCS Ha:
a) l;
6) 2;
B) KUJILKICTb JIUCTKIB y KOKHOMY nigaepesi.

IIOWyKy Ha

Yy AVL-nepesi

14. HEPBOHO-YOPHI AEPEBA

YepBomo-uopHe JepeBO sBAsE OGO JBiiiKoBE ZIEpEBO moLIyKY,
C/ICMEHTH SKOTO BHIUIAFOTBCSA NIEBHUM KOIHOPOM BiAMOBITHO 10 NIPHHHATOL
yroau. 30KpeMa OIHi €JIEMEHTH BHMIAUIIOTHCH HCPBOHHM, & iHIN YOpHUM
KONTbOPOM. 3a MpaBHIIOM, BiAIIOBIZHO 10 SIKOTO eeMeHTH BUAUIAIOTECSH a6o
HOpHUM, ab0 YEPBOHMM, BHKOPHCTOBYETHCS MOHATTS uaxy. Harapaemo:
AKUIO ETIEMEHT A € TIONEPEHHKOM elleMenTa B, To uurax Bix A o B sBige
COBOHO I10CIIIZIOBHICTL €IEMEHTIB, 1O IOYHHAETHCH 3 A 3aKIHYy€EThCS Ha B,
¥y AKI KOXHWIA eTeMeHT (32 BHHATKOM OCTaHHBOI'0) € HaTLKOM HacTyIHoro
€JIEMEHTa.

Posrnanemo wmnsxu Big xopens o C/IEMEHTIB, 10 HE MaloTh
IOHIPHIX eneMenTiB 260 AKi MalOTh OIMH NOYipHil enemenT. Hanpuxnap,
y ZAepei Ha puc. 14.1 € m'aTh uuLAXiB Big KOpDEHA [0 eleMeHTIiB
(30paxeni B pamui) 6e3 gowipHix a6o 3 ogHuM Koyi PHIM eneMeHTOM.
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5”/’\45

Puc. 14.1. Ilpuxnad uepeono-yoprozo depesa

OmuH 3i musAxiB Beme MO eleMeHTa 40, axuit Mae omuu JOYipHiif
enemeHT. TobTo, muaxu He 060BA3KOBO BEAYTH A0 THCTKIB.

Hepeono-uopue depeéo — e neiiikose HEPEBO MOLIYKY, siKe €
NOPOXHIM 260 B AKOMY KOPEHEBHH E€IEMEHT Mae YOPHH#H KOJIp —~ yci iHmi
CJICMCHTH YEPBOHOr0 260 YOPHOro KONBLOPY, | BAKOHYIOTHCA TaKi TIpaBHIIa;

~ Mpasuno 4epeoKo2o; KO CNEMEHT YEPBOHMH, HOro 6aThko MOBMHeH
Oy qopHIM;
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— Rpasuwno WIAXY: KUIBKICTb HYOPHHX €JIEMEHTIB MOBHHHA GyTH
OZHAKOBOIO JUIA BCiX IIUIAXIiB Bil KOPEHEBOr'O €lEMEHTa [0 EICMEeHTa, 0
He Mae JIoUipHiX abo Ma€ OIMH TOYipHiH eeMEHT.

KoxHze 4epBOHO-4OpHE HEPEBO MAa€ 3a[OBOJILHATH NMPABHIIO dep-
BOHOro H TpaBHJIO HUIAXY. 300paXkaiod 4epBOHO-4OpHi AepeBa, YOpHi
€IEMEHTH 300pakaTHMEMO 3BHYAiHMM mIpHdTOM, a uEpBOHI — Hanie-
HCUPHUM KYPCUBOM.

Hanpuknan, Ha puc. 14.2 HaBe[eHO 4EPBOHO-YOPHE [EPEBO, B
AKOMY efleMeHTH € uimumu wicnamu. lle e aBiiikoBe AepeBo Momyky i3
yopHUM KopeHeM. OCKUIBKH B HBOMY HEMAa€ YEpBOHHX EIEMECHTIB i3
4epBOHMMH OaThbKaMH, TO NpaBHJIa YepBOHOro norpuMaHo. Kpim Toro, y
KOKHOMY 3 I'STH UUIAXIB BiJ{ KOPEHS 10 €INEMEHTIB, II0 He MalOTh
AodvipHix abo MaloTh ONMH HOYIPHIH €JIEMEHT, € JBa YOPHi €JIeMEHTH,
IpaBUIIO LUIAXY AoTpuMane. OTxke, IEPeBO € YCPBOHO-YOPHHM.

Hepeso, 306paxceHe Ha puc. 14.3, HE € YEPBOHO-GOPHUM [EPEBOM,
HE3BaXKAKOYM Ha Te, IO BOHO 3ajI0BONLHSAE NPABHJIO YEPBOHOIO, i KOMKHHH
OUIAX Bi KOpEHA OO JHMCTKA MICTHTh ONHAKOBY KiTBKICTb YOPHHX
cleMeHTiB. [IpaBWio NUIAXYy HE [JOTPHMYEThCH, OCKUIBKM ILNAX Bij
enemenTa 50 no enemenrta 80 MICTHTH TUTHKHM OJMH YOPHHH €JIEMEHT, TOAI
AK NUIX Big enemenTa 50 no enemenTa 20 MiCTHTB IBa YOPHI €1EMEHTH, 9K 1
nwwx BjiA enemenTa 50 no eemenra 100.
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Puc. 14.2. Yepeoro-uopHe depeeo
3 gichMa enemeHmamu

Puc. 14.3. Jeitixose depeeo
ROWYKY, AKe He € YePBOHO-
YOPHUM Oepesom

Hagits, #KIO KOXHHE UIUIAX Big KOpeHs OO0 JMCTKA MIiCTHTH
ONIHAKOBY KIJILKICT YOPHMX €JEMEHTIB, MpaBHIa LUIAXYy MOXHa He
JOTPHMYBATHCA.

AnanoriqHo aepeBo, 300paxkeHe Ha puc. 14.4, He € dYepBOHO-
YOpHHM JaepeBoM. [IpaBuia nuaxy He JOTPHMYIOTBCA, OCKUIBKH IIISX BijJ
ememenTta 70 mo exemenTa 40 MiCTHTH TPH YOPHI €IEMEHTH, ajle OUIAX Bif
enementa 70 no enemenTta 110 micTuTe 4WoTMpM uopHi enemenTH. Lle
JepeBo He 30anaHcoBaHe: BHCOTAa Oyab-fKOro AepeBa 3 ABOMa JIHCTKaMMK
TiHIHHO 3aJ1€XaTHME BiX 1.
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Puc. 14.4. [siiixoge Oepe6o nouyxy,
AKE He € YEPBOHO-YOPHUM Oepesom

YepeoHo-4yopHe Aepeso, 300paxene Ha puc. 14.2, nyxe nobpe
3banaHcoBaHe, ajlé HE KOXHE YEPBOHO-YOPHE JEPEBO Mae Taky
xapaktepuctuky. Hanpukian, wa puc. 14.5 nokasano zaepeso, sxe
«@aBamoeTeea» JniBopyd. Ile €

IOBIMKOBC JEpeBO [MOIIYKY i3 50
HODHMM KODEHEM, i IIPaBHIO — T~
gyepsoBoro norpumano., Illono 30 %0

/\

npaBMjIa HUIAXY, TO Oynb-sakuid

119X Bil KOPEHA [0 elleMeHTa, = 4
10 He Mae AodipHiX abo Mae oaHH 10/
AOUipHii €l1eMEHT, MiCTHTb PiBHO

nBa uopHi enemeHTH. To6TO, Puc. 14.5. Yepeono-yopne depeso,
AEPEeBO € YEPBOHO-YOPHHUM Jepe- AKe N02aHO 36arancosane
BoM. OHaK ICHYIOTh MEBHI MexXi po3banaHcy 4epBOHO-4OPHOro Aepesa.
Hanpuiian, He MOXHa «ITABICHTHY ILE OMHH €JEMEHT nia enemenToM 10
Ha puc. 14.5. Slxmo gomatH 4YepBOHMH eneMeHT, He OyAC NOTPUMAHO
NPaBUIIO YEPBOHOrO, a AKUIO JOJATH JOPHMIE eneMeHT, Oyae nopyumeHo
NPABHJIO HLIAXY.

SIKino YepBOHO-YOPHE AEPEBO € 3aKiHYEHUM JIEPEBOM, BCi e/IEMEHTH
AKOTO € YOPHHMH, 33 BHHATKOM YEPBOHMX JIHCTKIB Ha HAHHHXKYOMY piBHi,
BHMCOTa 1IOro jepeBa Oyne MiHiManbHOW i JOPiBHIOBaTHME NpHOIH3HO
log; n. 1llo6 BucoTa nepeBa WA 3ajaHOi KiIBKOCTI eneMcHTIB Gyna
MaKCHMAJIBHOIO, [IEPEBO TOBUHHE MaTH AKHAKOLIbIIE YEPBOHHX EICMEHTIB
Ha ONHOMY UULIAXY, @ BCi iHINi €JIEMEHTH INOBHHHI OyTH YOPHUMH.
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Hanpuknan, Ha puc.-14.5 HaBeneHo ofHe Take AepeBo, a Ha puc. 14.6 —
inme Take mepepo. Lllnax i3 ycima 4epBoHWMHM eneMeHTamu Gyne maibke
YABiYi JOBIIMM, HiX LUISX, L0 HE MICTHTb YEPBOHHX €ICMEHTIB.
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Puc. 14.6. Yepsono-vopue depeeo 3 14 enemenmamu
i 3 MAKCUMANLHOI) BUCOMOIO, WO OOPiGHIoE 5

14.1. BucoTa 4epBOHO-4YOPHOro AepeBa

YepBoHO-90pHI JepeBa € JOCHTh «TYCTHMH» y TOMY PO3YMiHHI, MmO
MaiDKe BCl eIEMEHTH, IO He € JHCTKAMH, MAIOTh I10 JIBa JOYIipHi €lEMEHTH.
SlKImo eneMeHT Mac TUTKM OFTMH JOMipHIH, TO LcH eneMeHT nopuHeH GyTu
9OpHHM, a HOro Jo4ipHii enemeHT nouHeH 6yTH yepBoHMM scTKOM. OTKE,
YEPBOHO-YOPHE JepeBO € 30aaHCOBaHHM, TOOTO Mac BHCOTY, fKa JiOra-
pH(MIYHO 3aneXMTH BiA 7 HABITH y HalripoMy Bunanky. Jiua aBilikoBoro
Aiepesa TOMIyKY B HaNripmoMy BHITAJKY BHCOTA JIHIHHO 3aexuTs Bin n. 11[o6
OCTAaTO4HO 3pOOMTH BHCHOBOK, IO BHCOTA YCPBOHO-YODHHX MEPEB 3aBXKIH
TIOrapu(MivHO 3aNEXUTH Bill 1, PO3ITHEMO KUIbKa IPOMDKHIX TBEPIDKEHb.
TBepaxenns 1

Hexaif y — xopine mimnepesa 4epBOHO-4OpHOro Hepesa. Kimbkicts
YOPHHX EJIEMEHTIB Ha Oy Ib-IKOMY ILUIIXY BiJl y IO KOXHOrO 3 HOro Hamajxis,
110 HE Ma€ JO4IPHIX a60 Mae ONMH AOYIPHiii €IEMEHT, € OTHaKOBOIO.

[llo6 noBecTd nC TBEP/DKEHHA, MNPHIYCTIMO, IO X € KOPEHEM
YEPBOHO-YOPHOr0 IEPERa, a y — KopeHeM miaepesa. Hexait b0 — kinbkicTs
YOPHHX €/IEMEHTIB Ha HIJIAXY Bl x (BIIIOYAKOUH) A0 y (HE BKIIOYAIOYH), a
bl — KinbKiCT 9YOPHMX EJEMEHTIB Ha WUUIAXy Bil y (BKIIOYAOYM) JI0
KOXHOTO 3 HOro HalaaKiB (BK/IIOYAIOUH), IO HE Mae AOdipHiX abo mae
omHH JodvipHiK enement. Hexalt b2 — KUIBKICTh YOPHHX €/IEMEHTIB Ha
IIIAXy Bix y (BKMO9a4H) 40 Oyiab-fKOro iHIIOro 3 HOro Hamajxis
(Bxmovaroun), mo He Mae DOYipHiX abo Mae oM HOgipHii enement. o
CHTYaILi}0 IPOLTIOCTPOBaHO Ha puc. 14.7.
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[NoBepuyBuIMCs A0 nepesa, 306pa- X
EHOro Ha pHc. 14.6, mpunycTiMo, 1110 X € \
50, y € 131, a nBoma Hawmagkamu y € 100 i . bO
135. Toai KiIBKICTE YOPHMX €IEMEHTIB Ha N
nuiaxy Bizm 50 mo 90 mopisHioe b0 = I;
eaeMenT 131 He BxouaeTses; bi=b2=2, A
b2

d”
1[0 CTOCYETBCS BCHOTO JepeBa, MOBUHHA P
JIOTPHMYBATHCs piBHiCTs b0+bl= b0+b2. 22
[3 usoro BunnuBae, mo bI=b2. Orxe, Puc. 14.7. Yacmuna yepsono-
KUTBKICTh YOpHHMX €JIEMEHTIB OJHAKOBa YopHo2z0 depesa 3 Kopenem X
i Gynp-AKOro IIIAXY Bifl y 4O KOXKHOIO
3 iOro HalAKIB, [0 He Ma€ JodipHix abo
Ma€ OJIHH JOYipHiH €leMEHT.

Tenep, komu TBepKeHHA | [OBEEHO, MOXHA JaTH Take
BH3HaYEHHS.

Hexat y — enemMenT y 4epBOHO-YOPHOMY Me€peBi; TOUI 4opHy
sucomy y, bh(y) MOXHa BU3HAYHTH TaK:

bh(y) nopiBHIOE KiTBKOCTI YOPHUX ENIEMEHTIB y Gyab-KOMY LLIAXY
Bia y A0 Gyas-axoro #oro Hauaaka, IO He Mae AOYipHIX abo Mae OIMH
JIOYipHii eneMeHT.

Bignosigno 10 TBepmkeHHs 1, KUIBKICTb YOPHHX €JEMEHTIB
noBHHHA 6yTH ONHAKOROK B Oyap-AKOMY LUIAXY Bij enementa no Gyab-
AKOro #Oro Hamajgka, WO HE Mae J04YipHiX abo Mae oauMH HOYipHiH
eneMeHt. TobTo uOpHA BHCOTA € LUTKOM BH3HAYEHOK XapaKTEPUCTHKOIO.
Hanpuxnan, ms gepeea, 3o0paxkenoro Ha puc. 14.5, wopHa BucoTa
eneMenTa 50 nopieHioe 2; 4opHa BucoTa enemeHTis 20, 30 1 40, a Takox
enementa 90 mopisHioe 1; gopHa Bucora enemenTa 10 popisaioe 0. s
YEpPBOHO-40PHOrO Jepesa, 300paxkeHoro Ha puc. 14.8, yopHa BHcoTa
enemenTa 60 nopiBHIOE 3, a YOpHA BUCOTA eneMeHTa 85 nopiBHIOE 2.

i i bl -
BignosigHo a0 mnpaBuaa nuasxy, /.
zl Z

30 85

™™

91 111

10 65 80 /\
61 75 82 99 11

Puc. 14.8. Yepeorno-yopue depeso, Kopinb AK020
Mae YOpHy ucomy, wo dopienioc 3

5
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TBepakenus 2

Huist Gyab-aKoro HenycToro ninepesa ¢ 4EPBOHO-90PHOTO nepeBa
n() > 2> -1,
A€ n(f) — KUTbKICTh €NEeMEeHTIB y mimiepesi f a roof(f) — KopeHeBHH
CIEMEHT mifzepesa /. JIoBeIeHHA LbOro TBEP/DKEHHS BUKOHAEMO METOIOM
MaTeMaTHIHOI IHTYKIliT CTOCOBHO BHCOTH MiJJiepeRa f.
Bazoswnii BHnagok

IIpunycrimo, mo height(t ) = 0. Tomi n(t) = 1, a bh(root(t )) = 1,
AKIO KODIHb € YOpHHM, i bh(roof(t )) = 0, sxmo Kopiub mijaepesa £ €
YEPBOHHM.
Y koxuoMy pasi bh(rool(t ))<=1. Tobto, n(t) =1=2"-1>= 200 _ |
Ile noBonuTs TBEpKEHHA 2 U1 6230BOTO BHITA/KY.
InxyxTHBHUI BUNaJOK

Hexait k — Gynb-ixe HeBim’emHe wuine uMcro; mpunycrimo, 1o
TBEPIDKEHHS 2 ICTUHHO IR Gyab-SKOro mimmepesa, BHCOTA SKOTO MEHIIa
abo nopissioe k. Hexaii 7 — nignepeso 3apBunmxu k+/. Slkio KOpiHb ! Ma€
OIMH JOYipHiH eNEMEHT, TO OBHHHA BUKOHYBATHCS PiBHICTS bh(rool(t)) =
1, Tomy

n)=1=2"-1>=2%ty_ 1

le moBOAMTH IHAYKTHBHHMII BHNAjOK, KO KOPIHB !/ Ma€ TUILKH OTHH
AO4ipHifi enemeHT. B iHmIOMY BMNanKy KOpiHb ! [OBMHEH MAaTH IiBHii
HO4ipHi# eneMeHT, v/, i npaBuit nouipHii exement, v2. ko KOpIHb €
Y€PBOHHM, TO bh(rooK(t)) = bh(vl) = bh(v2). SIxu10 XOpiHb ¢ € YOPHUM, TO
bh(rool(t)) = bh(vl) + I= bh(v2) + 1. V KOXKHOMY pasi bh(vl) >=
bh(root(t)) — 11 bh(v2) >= bh(root(t)) - 1.

Jlise Ta mpase nigepeBa MawoTe BHCOTY, IO € MEHMIOW a6o
HOPIBHIOE k, OToKe, MOXKHA 3aCTOCYBaTH iHAYKTHBHE IIPHITYILEHHS:

n(lefiTree(t) >= 2" .| 1a n(rightTree(t)) >= 2%0¢% _J.

KinexicTs enemeHTIB B £ Ha onuH 6inbIa Bia KUIBKOCTI €1€MeHTIB B
leftTree(t) Ta rightTree(t). Bpaxosyrouu e, oTpuMyeMmo:

n(t) = n(lefiTree(t )) + n(rightTree(t)) + |
e i T s B
o Zbk(mar(:))-.'_ 1+ 2b)a(roor(r)—l' Wy,
>=) * zbh(mot{:})-! -1 >=2M(F00m))_ i

le noBomuTs IHAYKTMBHMH BHIAZOK, AKIUIO KOPiHE ! Mac ABa JIOHipHi
esieMeHTH. Oike, 3riHO i3 MPHHIAIOM MaTeMaTHYHOT iHyKIil, TBEPIKEHHSA
2 icTHHHE 1A BCIX HEIYCTHX IEPEB YEPBOHO-YOPHHX AEPEs.
Teepaxenns 3

Hns Gynp-AKOro 9EpBOHO-YOPHOrO HEpeBa ! 3 # eleMEHTaMH
BHCOTa height(t) norapudmiaHo 3aneKuTH Bix 1.
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Bucora 4epBOHO-YOPHOrO JepeBa JIOrapuPMiYHO 3ANEKUTH Bil 1
HaBiTh Yy Hairipwomy Bunagky. o6 noBect TBepmKeHHs 3,
IIPUITYCTIMO, LIO [ — YEPBOHO-YOpPHE AepeBo. BimnoeigHo oo mpaBuia
4epBOHOro He Oinblie MOMOBHHM €lIEeMEHTIB Ha LUIAXY Bil KOPEeHA A0
HalBIJIANICHIIIO JIMCTKA MOXYTe OyTH 4YEpBOHHMH, TOMY HE MeHIIE
TIOJIOBHHH IIHX €IEMEHTIB NOBHHHI OyTH JopHAMH. OTXKe:

bh(root(1)) >= height(1)/2
3a TBEpIHKEHHAM 2!
n (t y ez ZM(mor(t))_ I>= zﬁefgm(f M2 1.
Tonmi
height(t) <= 2 loga(n(t) + 1).

Ile osuavae, mo height(t) ¢ O(log n). Ockinbku height(t) >=
=log)n(t ) + 1) — 1, o O(log n) € HallMEHIIOIO BEPXHBLOIO MEXEID
height(t ). Bucora nepeBa height(t) norapudmiqHO 3aJIEXHTH Bif 71.

3rigHo i3 TeepmxenssM 3, 4YepBOHO-YOPHI AepeBa HIKOMH He
BTpaualoTh 30amaHcoBaHocTi. 3 iHmoro GoKy, mnd ABIAKOBHX JepeB
TMOIIYKY BHCOTa MOXE TiHIfHO 3anexaTH Bif n y HalripuioMy BHIAKY,
HaNpPHKIIA[, SKLIO XEPEBO € TAHIIOKKOM.

14.2. Knac rb_tree Hewlett-Packard

Posrismemo kiac rb_tree Hewlett - Packard. ITepesara #oro B Tomy,
1m0 yac BUKoHaHHA MeToniB find, insert i erase mopieHioe O(log n) HaBiTE ¥y
HafiripmoMy BHManKy. B cranmaprrii 6iGmioreni mabnoniB Hemae Kiacy,
mo BifmnoBinae 4YepBOHO-4OpHUM nepeBaM. byns-ska peanmizauisa el
6i6ioTexkn pame MICTUTHME EK3EMILIAP KIacy 4epBOHO-YOPHOrO JepeBa,
CKOHCTPYHOBaHOIO 33 3pa3koM Kiacy rb_tree, AxHif € oneM y BH3HAYEHHAX
K1acis set, multiset, map, multimap. OCHOBHOIO KOHIIEMIII€r0, HEOOXiHO0
i po3yMiHHA Kiacy rb_tree, € wrou. Harajaemo, mo xmou eneMmenTa
ABNse CcOOOI0 YACTHHY UBOTO €NeMEHTa, SKY BHKOPHCTOBYIOTH JUIA
MOPIiBHAHHA 3 iHWAMM eneMeHTamMH. Hanpuxnan, Homep MOCBiMUeHHA
COLIANLHOr0 CTPaXyBAHHA MOXHA BUKOPHCTATH fK KIIOY [UIA €JIEMEeHTa, 100
OIMCYE MpALiBHAKA, a imeHTH(]IKALIHHAA HOMEp CTYREHTA — AK KIOY 1A
eJleMEeHTa, 10 OMUCYE CTYACHTA.

ITowarox BU3Ha4YeHHA KiIacy rb_tree:

template <class Key, class Value, class
KeyOfvValue, class Compare>
class rb_tree
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class Key npeacrasnge Tun kmodis. [lpu peanmisauii 06’exra KJacy
rb_tree daxTHunu# xnac lamiHse ncemgoTmm Key. Hanpuknan, sxmo
KI0Yi MAIOTh THN string, peaizauis €K3eMINTIPa MOYHHAECTECA TaK:

rh. Lress StELing, .. ¥ my tree;

Wa6nounuit apryment, Bianosimmii 10 wabnoxmoro napamerpa
Value, sBnse co6oro Tn enemenTis, mo MicTTsCS B nepesi. Yacro xmroyi
H 3HaYeHns 36iraoTrcs.

Hanpuxnan, sxmo enementamu e BHPOOHHKH aBTOMOGLNIB (Taki sk
«Ford»), To K104 MOXeE MICTHTH caM enemeHT. Tobro enemenr «Ford»
36epiraTHMeTbCs B A€peBi, y pasi [IOPIBHAHHS LBOTO €IEMEHTA 3 IHUTHMH
Kmo4ose cnoBo «Ford» nopisrioBaTHMETHCH 3 iHNIMMH KTIOYaMY,

Hactynuuit ma6nounuit napamerp KeyOfValue € tunom xnacy-
Gynxuii. INapamerp KeyOfValue samimserscs ma Knac-yHkuiro, y
AKOMY onepaTop operator() NoBeprae KoY 3i 3HAYCHHS. IIpunycrimo, mo
key — ue o6’ext-dynkuis B UBOMY Kilaci-QyHKuii, a eneMenT v THmy
Value. Posrnsuemo apa Brunamxu:

1. Koy i 3xauenns 36irarotscs. Y upomy Bunagky key (v) mpocro
noseprae v. Lle# Bunanok Tparserscayis kiacis set i multiset 3i CTaHJapTHOT
Giburiorexu wabiowis.

2. v € Napoio, nepiumii KOMIOHEHT SKOI ABISE COBOIO K09, Y npomy
BUnanky key (v) moBeprae nepmimii KOMITOHEHT V. le syctpivaetscs y
K7acax map i multimap 3i cranziapHOT 6i6ioTexH mabTOKIB.

Hanpmcran, xowwse smauenns citamaerscs 3 I[apH: BHPOOHMK
aBTOMOGLIIB i obesr mpogaxis. Toxi KmoueM € Hasga BHPOOHHMKA, a Jpyruif
KOMIIOHEHT y KOXKHii Nnapi MiCTHTbL 0BCST npomais ans 1soro BHpOOHHKA.
Hanpuxnan, 1oma taxumu napamu MOXyTb Gyt «Ford», 14; «Honday, 22

Ocranniif mabnonuuit napamerp Compare sBise co6oio me ognn
TN Knacy-gynkuii. O6’ext kiacy rb_tree wuacro peanmisyetscs i3
BOy0BaHKM KiIacoM-pyHKuicio less sk YETBEPTHIA 1IaBNOHHAMN apTyMEHT.
Kmoui 3a3Bnyaii nopieHioloTECH 33 nOmOMOrOIO oneparopa <. Knac-
dynxuis less, Busnauenwit y 6i6mioreni <function>, mnepesanTaxye
operator() y takuii crioci6:
bool operator() (const Ts& X, const T& vy) const
{return x < y;}

Omxe, axmo less € uyerseprum wabnonHuM apPryMeHTOM Yy peaJlizanii

ob’exra Kiacy rb_tree, wmoui MOPIBHIOIOTECA 3TiIHO 3 BH3HAYECHHIM

operator< (NMOpiBHAHHA Ha «MeHme»). JUIS BUKOHAHHS TIOpiBHAHB

ycepemuHi 06’exra wiacy rb_tree Bu3HagaeThCs 00’ exT-QyHKIiA:
Compare key compare;
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Omxe, sxmo less — yerBepTnit waGnonnuii apryment y peamizauii
06’ekta Kknacy rb_tree, incTpyxuilo ycepemni usoro 06’ekra, Taky fik
key_compare (X, y), MOXHa iHTepnpeTyBaTH siK X < y.

ITons B wnaci rb_tree awanoriumi momsm y wiaci list. Basosa
opranisauis knacy rb_tree noni6xa o opramisanii knacy list. TyT Takox €
By3mu i nons header, free list, buffer list, next_avail, last. Kpim Toro,
Kiac rb_tree Mae BiacHi 3aCO6H yrpaBaiHHA MaM’STTIO HA OCHOBI METO/IB
get_node, put node. Crpykrypa KoxHOro Bysna BinoGpaxae CyTb
9EPBOHO-YOPHOI'O JIEpeBa.

Busnauens ctpykrypu rb_tree € Takum:

enum color type = {red, black};
struct rb tree node {
color_type color field;
rb tree node* parent_ link;
rb_tree node* left link;
rb_tree node* right link;
Value value field; }

IpuittsaTo 1Bi yromy moao konsopy By3IIiB:

1. Byson 3aronoska header mae uepsouwuit kosip (red).

2. Tlpn nouaTkoBiii BCTaBUi By3na BiH Mae depBOHHit Komip (red);
3MiHA KONBOPY MOXe 3HAJOOHTHCA, mo06 He NMOPYIIYBAJIOCS TPaBHIO
4epBOHOrO. -

3ne6inpuIoro OCTYN 10 NOMIB 3AIHCHIOETECA 33 JIOMOMOIOH
dynxuiit parent, color i left. ¥ usomy 3B’A3KY JUIA TIOBEPHEHHS TOCHAAHHA
Ha none parent link Bysna header BukopHCTOByeTHCS 3amic parent
(header), a ne (*header).parent link. Ozmna i3 mpuumn BHKOPHCTaHHA
TaKkuX QyHKIi# OCTYITy NOJArae B TOMY, IO iX BH3HAYEHHS IHKaInCymowTs
yci jieTasi, NoB’s3aHi 3 MOIGIUTIO BUALTCHHSA 1aM’ STi,

Ille omxe cnpomenus: xasiuuk NULL Mmoxaa ikrepnperyBamv sk
BKA3BHMK Ha 3BMUaliHMii By3on rb_tree mode: € ocobnmssii By3on, NIL
HopHoro Komsopy (black), mons left i right sxoro € NULL, a none parent ¢
NULL, npumaiivai moyarkoso. Ile memoHcipye 1ue OMHYy TiepeBary
3aCTOCYBaHHA (YHKUIA J0CTYNy: MOXHA NepeBipuTH, uu roBeprae color (\))
Komip black, ne nepen6ayarouu ocobiMBOro BUNamKy wis nauerHs NULL.

Topisusino 3 Meronom find xnacy AVLTree BusHayeHns MeTony
find knacy rb_tree aGerpakTHile (s ofepkaHHs KmoYa 3i 3HAYEHHS
BHKOPHCTOBYETECS 00’ €KT-QyHKLIA) i CKIagHimme Anst po3yminHA (depes
HAfBHICTb ONEpaTopa «KOMa» i yMOBHOro omeparopa). Oanak 6a3oBuii
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INOPHTM  3aNHINAETBCA TakMM camiHM, a worstTime(n) Tak camo
JlorapuGMivHO 3aJ€XHTE Bifl 1.

Iterator find (const keyé& k)
{

rb_tree_node* y = header; rb_tree node* x =
root () :;
while (x != NIL)
if (!key compare (key(x), k))
{ 'y = x; x = left (x);)}
alse
X = right (x);
iterator j = iterator(y);
return (j == end() || key compare (k, key (j.node))) ?
end (Y & 3 : }

BusHavyenns in meroniB insert i erase Tpoxu Koporie, ane
CKJIaJHIe, HiX VA BiAnoBiHuX Meronis xiacy AVLTree. Busnauenus
s meToniB insert i erase He € o4eBHIHMMH. UepBOHO-TOpHI JepeBa
sriepwe 6yno BusHaueno B 1972 p. R. Bayer, «Symmetric binary B-trees:
Data Itructures and maintenance algorithms». Anroputmm BcraBku M
BUIQICHHA JUIA UHX Jepes, ski Oynu na3pani «2-3-—4 nepesamu», Gynn
MOBONI JOBLHMH, ajle 3arajbHi CTpaTerii BCTaBkd # BHEaneHHs Oynw
npocti ma posymisns. Y pobori «A diochromatic fram® work for
balanced trees» L. Guibas, R. Sedgewick y 1978 p. 3anpononysammu
KOpOTWN, ajle BOJHOYAC BaXdi MIA pO3YMIHHA MeToay y pasi
BUKODHCTaHHA 9YEPBOHO-YODHOTO BHAUIEHHS €NEMEHTIB Yy TaKHX
CTpYKTYypax.

14.3. MeTop insert knacy rb_tree

3aronoBok MeTojly insert Mae Takuit BUTIAN;

pair <iterator, bool> insert (const value type& v)

VY peanizauii cranaaprHoi 6i6niorexu mabnonis Hewlett-Packard
knac rb_tree coyrye OCHOBOIO /Ui YOTHPBOX KIACiB ACOLIATHBHHX
KOHTeHHepiB: set, multiset, map i multimap. ¥V xnacax set i map
HENIPHNYCTHMA BCTaBKa 3HAYEHHA, KIHOY AKOTO 36iraeThes i3 Kmouem
JACAKOro 3Ha4yeHHd, IO BXE € B KOHTeifHepi. Ane B kiacax multiset i
multimap xmoui, O NOBTOPIOIOTECA, aomyckaroThes. 1106 MartH
MOMUIHBICTh DO3DI3HATH Wi cHTyauii, B kiaci rb_tree nepenGaueno mone:
bool insert_always; Koxumii koncrpykrop rb_tree Mac napamerp
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always tuny bool, skuii iminianmizye mone insert_always. Orxe, ans
KIacis set i map y none tuny rb_tree mng apryMenTy, BiINOBiAHOrO 10
napamerpa always, BcTaHOBMIOETbCs 3HayeHHs false, o 3aGopomse
nyomoBanHs kmouis. [na kiacie multiset i multimap apryment mae
3Ha4YeHHA true, a KIH0Yi, 0 MOBTOPIIOTECA, N03BONAIOTHCA.

Ilpu Buxinky Merony insert xnacy rb_tree y Bumamky, sxugo
3HaYeHHAM insert_always € true abo Ko K104 v HE € AyOnikaToM Bxke
HafABHOTO B JEPEBI KII0Ya, GIEMEHT V BCTABIAETHCA B JIEPEBO, Mapa, IO
TIOBEPTAETLCA, CKIAJAETHCA 3 iTepaTopa, BCTAHOBJICHOIO Ha 3HAYCHHA, IIO
BCTAaBIAETLCA, i OyneBoro 3HaueHHA true. Ase fKIUO 3HAYCHHAM QU
insert_always ¢ false i oy v € gyOnixaToM KIOYa, YK€ HAABHOIO B A€peBi,
€JIEMEHT V HE BCTARETHCA, 4 Mapa, 110 IOBEPTAETHCS, CKIIANACThCH 3
iTepaTopa, BCTRHORIEHOrO Ha [0YaTKOBOMY 3HAYCHHI I3 3aJaHMM KIIOYEM, i
Oynesoro 3nayenns false.

Bcrapka enemenTa v nepeabagae 1’ STk KPOKIB:

1. CrBopeHH# By3na, Ha SIKHit yKasye X.

2. 30epexenns enemenTa v y none value_field sy3na x.

3. BeraBka uporo By3na fAK JHCTKAa 32 JOMOMOTON  omepauii
BCTaBKH, NpuitHATOl y Kiaci BinSearchTree, i ycTaHOBKa 15 X KOABOPY
red (uepBonuii).

4. KoperyBaHHsa [epeBa 3MIHOIO KOJIbOpY €JIEMEHTIB Ta HOro
CTPYKTYPH, AKIIO Ue HeoOXiaHo.

5. YcranoBka [wis KOpEHEBOro eneMeHTa konsopy black (goprwuii).

Meroz insert GpakTUYHO BHKOHYE 50
Tineky ail 1 i 2, micnsa 4oro 3sepracThes /\
Jo MeroAy _imsert, mo npuimae sk 30 30
aprymMeHTH X, 6aThbka X Ta €IEeMEHT, 0 /

BCTAaBNAETBCH. CIOMHOIO [i€l0, #Ka 59

norpebye AEAKUX MIpKyBaHe, € i 4.
Crnouatky 3’Acyemo, uoMy nis 4
HeoOxinHa. [lpumycriMmo, Oy BcTaB-
jeuit ememeHt 20 y 4epBOHO-YOpHE 50

JIepeBo i micnd BUKOHAHHS Ail 3 AepeBo /"\
BUIJIAAJIO0 TaK, K Ha puc. 14.9: 30 80

IIpaBuno 4YepBOHOTO BHABHIOCS il
MopyLleHe, TOMY CHil 3MIHUTH KOMmip e
By31iB 30 i 80 i3 4epBOHOro Ha YOPHHMIL. Puc. 14.10. Yepsono-yopne
VY pesyneTtari Oyae OTPHMAHO HACTYIHE Oepeso nicias aMinu KONbOpis
aepego (puc. 14.10):

Puc. 14.9. Yepeono-vopre depeso
nicas ecmaexu enemenma 20
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350 Inoni npocroi 3minn xomsopy
6yne HemocratHbo. Ilpumycrimo, w0

40 60
€7IEMEHT 25 BCTABJIAETHCA B HEPBOHO-
30 45 YOpHE JIEPEBO, SAKE TICAA [BOro
HabyBae BHIIIANY, K Ha puc. 14.11:
20\ Hns usoro aepesa mopyulene
35 NPaBUJIO 4YEPBOHOTO, TOMY BOHO IO-

Puc. 14.11. Yepsono-uopne depeso Tpebye  xoperysanns. Ile nepeso
. nicas ecmaexu exemernma 25 HEMOXJINBO 3HOBY 3POOHTH 4epPBOHO-
9OPHHM JIHMIIE OJHICK 3MIHOK KO-

mbopy. OCKUIBKH YOpHAa BMCOT2 LBOFO JEPEBa JOPIBHIOE 2, MUIAX, MO
IpoXoauTs Yepes enemenTH 50, 40, 30, 20 i 25, mae micTuTH pisHO 2 YopHi
By3m1. Ajie KOpiHb, eneMeHT 50, moBUHeH GyTH YOPHHM, TOMY LUISX, MO
npoxonuTs uepe3 enementH 40, 30, 20 i 25, MOBHHEH MICTHTH PiBHO ONMH
q0pHMA enement. [paBusio yepsoHoro BMMarae, mo6 wmwusx is 9OTHUPBOX
€EMEHTIB MICTHB He GiNbIl ABOX YepBOHMX ByaniB. Aje musX i3
HOTHPLOX E€/IEMEHTIB HE MOXE MaTH TUIBKH OIMH YODHHMI ENeMeHT i nph
LbOMY He Oinblle HiK Ba YEPBOHI €JIEMEHTH.

Ilepebynosa, sxy norpiGHO BUKOHATH B TAKHX BHNANKAX, [IONIATAE B
MOBOPOTi 4YacTWHH JOepeBa. Po3poOGMMO 3aranbHMii Miaxim m0 Takoi
nepebynoBH.

TpumrycrimMo, BeTanoBeHo Byson X. Yu notpi6HO BUKOHYBATH MO
Bopor? Bimmosimmo Oyme «wi», SKIIO X € KOPEHEM, OCKLILKH 6yne
BCT2HOBJICHO YOPHH KOJIIp KOpeHS Ha Kpoli 5 onepanii Bcrasku, AHamo-
Ti4HO XOJHOT NepeGyA0BH He NOTpiGHO, AKIIO 6aTHKO X Mae 9YOPHH#H Kouip,
OCKLTbKH B oMY BHNaAKy [IpaBuiio 4epBoHOro He mopyuryerses. Tobro,
TNPOAOBKYETLCS WHKJI, TIOKH He Oyie 3a10BOJIEHO OMIHY 3 TAKHX YMOB:

while (x!= root() && color (parent (x)) == red)

KpuTHaHuM NOKasHHKOM € Konip 6paTHeOro Byana GaTeka X.
Hwxue posrnsmaerscs, mo BigbyBaeThcs, SKIO GaThKO X € JIBHM
AOYIPHIM eeMeHTOM. 3aMiHMBIIM «IiBHiD» Ha «paBui» (left Ha righe) i
HaBNIAKH, OTPHMAEMO TUIaH Jifl Ha BHIIAJOK, AKWO 6aTBKO X € NIPaBHM
novipHim enemenTom. Hexaii y Basye Ha (npasuii) 6patuiii Byson Gatska
x. Cnit BpaxyBaTH TPH BHIAJIKH.

BHITAIOK 1

color (y) = red

Ilpunycrimo, wo enemenT 40 BCTABIEHO Y YePBOHO-HOPHE OEpeBo,
¢parmenT sxoro noxasaxo Ha puc. 14.12:

Puc. 14.12. Dpaemenm wepsoro-uopnozo
depeesa nica ecmasku enemenma 40 30

X ——p 40

Y uboMy BUNaaKy HeoOXigAHO BUKOHATH Taki aii:

color (y) = black;

color (parent (x)) = black;

color (parent (parent (x))) = red;
x = parent (parent (x));

¥ pesynbTati pparMenT aepesa Habyne BUrsay, sk Ha puc. 14.13:

X —» 50
Puc. 14.13. Ppazmenm yepsono-uoprozo /\
Oepe&a niciui IMiHU KOMLODIG 30 90
40

ITicsist LHOrO BHITAAKY i TUTHKH NICIA HBOMO [PONIOBXKYETHCH BUKOHAHHS
MKTy. Ante Tenep X nepeOysae B A€PEBi Ha JIBa PIBHi AT, TOMY MaKCHMATbHA
KUILKICTb iTepauifi IMKITY CTAHOBHTS ONIHY JpYTy BiJl BUCOTH IepeBa. Camc i3
uiei TIpHYMHK 18 MeTony insert knacy rb_tree worstTime(n) aorapumiuno
3A/IEKUTD Bill KUTLKOCTI €IEMEHTIB Yy IepeBi 1.

BHITAJIOK 2
color (y) = black , x - mpaemit mowipHiit enemenr

ITpumycrimo, o enemenT 40 BCTaBIEHO y YepPBOHO-FOpHE Zepeeo,

sKe [TICIIA UBOTo HabyJio TaKoro BUTNSAAY, sK Ha puc. 14.14:

1
1
!
]

50
/\(y BKa3ye Ha NIL)
30 4+— y

X — 40

Puc. 14.14. ®pazmenm yepeoro-
Yopnozo Oepesa niciA 6cmaeku
enemenma 40

3BepHiTh yBary, mo xonu y € NULL, y ctac BKasiBHHKOM Ha By3on NIL,
KOMip AKOrO YOPHHH. Y 11bOMY BHIAJKy 3/iHCHIOIOT TaKi Mii:

X = parent (x);

rotate left (x);
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Iicns uporo nisoro nosopory Aepeso Habyxne Takoro BHTJIANY, AK Ha PHC.
14.15:

i
1
1
)
]

Puc. 14.15. @pazmenm uepsono-uoprozo

/50 oOepesa nicaa nigozo nosopomy
40
30 «— x

Ockinbkn x Ta #oro 6aTeko 060€ € YeppOHHMHY, He NPHBOIHTE N0
BHIIaAKy 3.

BHITAIOK 3

color (y) = black, x - niswit mowipmii enement
[punycrimo, BeTamneHo enement 30 y 9€PBOHO-UOPHE HEPERO, AKE
nicis uporo Habyino BUIISAY, AK Ha puc. 14.16:

Puc. 14.16. Opazmenm uepeono-voprozo
40 +—— ¥y depesa nicas ecmasku exemenma 30

30 «—— x

V uromy Bunanxy 3aifcHIOOTS Taki Oii:

color (parent (x)) = black;
color (parent (parent (Xx))) = red;
rotate right (parent (parent (x))):

®parmeHT aepeBa Micis LBOro IPaBOro MOBOPOTY MTOKA3aHO HA puc. 14.17.

Puc. 14.17. @pazmenm qepeono-4oprozo
depeea nicns npagozo nosopomy

X —p 30 50

Iicns mux ni# w1s Bunanxy 3 konip 6atska x 6yae 3axau 9YOpHHM, a TIE €
YMOBOIO 3aBepIIeHHA UKy while.

OcHoBHa ines momsrae B TOMy, IO AKMIO BMMAZOK | He
3aCTOCOBYETBCH, TO CMOYATKY MNEPEBIPAETBCA, YH MOXHA 3aCTOCYBATH
BHITAZOK 2, & MOTIM, HE3aNEXHO BiJl TOr0, 3aCTOCOBAHMI BHIIANOK 2 YH Hi,
3aCTOCOBYETBCS BHMANOK 3. BHNagox 3 3aBXAM 3aCTOCOBYETHCA ITiCIIA
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Bunanky 2. OTxe, 3aranbHa CTPKTYpa MaTHME BHITIL (xomu 6aTeKO X €
TBUM IOYipHIM efleMeHTOM):
if (y uepBoHuM) { // Bunamox 1

}
else { // y noeuHeH SyTu UOPHUM
if (x e npaBuM nmouipuim enemenrtoM) { // Bunagmox 2

}
// Bmapox 3
}
Sxauo nix 9ac 6yab-AKoi iTepauii nuKTy BHNAZOK | He 3aCTOCOBYETHCH,

TMoBHHEH OyTH 3aCTOCOBaHMH BUMAOK 3, i 1yist 6aThka x Gy/e BCTaHOBNEHO
4yopwuii xonip. ITicaa wiel itepanii BukonaHns wiKiIa 6yze 3aBepuieHo.

while (x! = root() && color (parent (x) ==
red)
if (parent (x) == left (parent
(parent(x))))
// axmo parent(x) - niBuii DodipHift enmemeHT
{
y = right (parent(parent(x))):;
if (color(y) == red) // Bunanok 1
{
color(parent(x)) = black;
color(y) = black;
color (parent (parent(x))) = red:;:
x = parent (parent(x)):;

}

else // xonip y noBuHEeH 6yTu YOPHUM
{

if (x == right(parent(x))) // Bunamox 2 {

X = parent (x);

rotate left(x):;

}

// Bemancs 3
color (parent(x)) = black;
color (parent (parent(x))) = red;

rotate_right(parent(x))):
}
}

else // parent(x) -npaBui nouyipHii enemeHt

{
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y = left (parent(parent(x)));

if (color(y)) == red // Bunanmox 1
{

color(parent(x)) = black;
color(y) = black;
color(parent (parent(x))) = red;
X = parent (parent (x));

}

else // xonip y noBuHen 6yTu YOpPHUM

{
if (x == left (parent(x))) // Bumamox 2
{
X = parent(x);

rotate_right (x);
}

// Buvmanox 3
color (parent(x)) = black;

color (parent (parent(x))) = red;
rotate_left (parent (parent(x))):;
)

}

ITicna uuKTy Cnit BUKOHATH iHCTPYKILii0
color (root()) = black;

Omxe, nns merony insert 3aranom worstTime(n) J0TapUMMIYHO
3aJIEKHTE BiJ 1.

14.4. MeTop erase

3aronoBoOK MeTONy erase:

void erase (iterator position)

3a MM METOZOM BHIANAETHCA 3 J€peBa BY30J, HA SKOMY BCTa-
HOBJICHO iTepaTop position. Hanpuknaz, skmo By3on, mo BHAATAETHCA,
Ma€ TUIbKM OAMH JOYIpHiH eNneMeHT, To ueil IO4ipHiil eneMeHT 3amiHse
BY30J1, IO BHAANAETBCA. SKIIO BY30., MO BHAANAETLCA, MAE [BA HOYipHI
€IEMEHTH, TO Oe3nocepeHid MOCHIROBHMK By3na, IO BHIANAETHCH,
3aMiHs€ B AepeBi Lei By30.1. Bucora uyepsono-qopHoro nepeea € O(log n),
TOMY 4YaC BHKOHAaHHA MLi€l YacTHHH METOAy erase Kiacy rb_tree y
HAWAripIIOMY BHNANKY 1OrapudMidHO 3aIeXKHTh BiJ KLILKOCTI €TeMEHTIB.
OnHak BHNAJICHHA — L€ IUE HE BCE, OCKUIbKH IiC/s omnepanii BUAaNeHHS
MOXYTb BHABHTHCA nopymeHumy [Ipasuia sepBoHoro a6o muisxy.

SIX110 B30I, MIO BUIAISAETHCH, MAE TUTHKH OIHH OOYipHiit enemeHT,
TO 3pOOHTH 3aJMIIAETHCA 30BCIM HeGarato. Bysom mo BHOAIAETHCA,
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nosuHen Oytn yopuum (black), a Byson, mo 3aminse, moBuHen Gyrn
4epBoHuM (red). ToMy MU BCTAHOBIIOEMO [UIs By3Jia, 10O 3aMiHS€, YOpHUM
KOJIip, i IEPeBO NPH LBbOMY 3ATHIIAETHCA YEPBOHO-HOPHHM.

Sxmo By30.1, 110 BHARIAETBCS, € IHCTKOM

IMpumycrivo, 10 By3oN, L0 BHAANACTBCHA, € JMCTKOM. SIkmo uei
JIHCTOK 3HAXOJUTLCA B KOpeHi abo Mae uepBonmit kanip (red), Higoro pobuTy
He notpibHO. Y mpoTWIEKHOMY BUNAAKy NpHiiMemo, mo X — Byson NIL
(Bkas3iBHUK Ha HBOIO), MicHif 3aminse yopHwii (black) mact, a w — Gpatriit
B304 (BKa3iBHMK Ha BY30J) Byania X. Hanpuxian, HeoOXimHO BHAaNHTH
enemMeHT 50 3 4epBOHO-4OPHOr0 JepeBa, 306paxeHoro Ha puc. 14.18:

/90\
20 70
10 30 50 90

Puc. 14.18. ITpuxnad vepsono-4opHozo depesa

Toni 50 3aminseTsca Byznom NIL (puc. 14.19):

/40\
20 70
10 30 X ——p 90 — w

Puc. 14.19. Hepaono-vopne depego nican sudarenns enemenma 50

BimnosizHo no IlpaBuna 4epBOHOro, OCKLTHKM BY30Md, IO BH/A-
nserses, He € NIL, w ne moxe Gyt NIL (Bkasisaukom Ha NIL). ITponos-
HYEMO LMK MEPETIANOM YOTHPHOX BMNAJIKIB, IOKH BY30/1 X, SKMH Mo-
4aTKoBO 6yB YOPHUM, He CTaHe KOpeHeM abo He CTaHe YepBOHOro KONLOpY.

Sxmo By30.1, 110 BUARIAETHCH, MAE IBA T0YIPHi eJleMeHTH
Posrnauemo cuTyamio KoaM By30n, IO BHOAIAETHCH, Ma€ [Ba
HOYipHi eleMeHTH. SIKIIO BY30M, 10 BHAANAETHCA, € YEPBOHMM, @ B3O,
IO 3aMiHs€ HOTO, TAKOX € YEPBOHMUM, TO JEPEBO 3AIKIIAETLCA YEPBOHO-
yopHuM. Hanpuinaz, akio enemedT 80 BHAAIAETECA i3 4EPBOHO-YOPHOrO
AepeBa, 300paxeHoro Ha puc. 14.20, MM OTPHMAaEMO YEpBOHO-YOpHE
nepeso, 300paxceHe Ha puc. 14.21.
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20 80
— e e
10 30 60 110
5(\70 100 120
45 90/

Puc. 14.20. Yepeono-«opre depeso, 3 axozo eudaneno enemenm 80

Slxmo Byson, wo BHmANSETHCS, GyB YOPHHM, a4 BY30JI, LIO 3aMiHsE
HOTO, € YEPBOHMM, TO 3MIHIOEMO KOMTip By3ia, IO 3aMiHsE, Ha YOpPHHIA, i
ACPEBO 3ATHILAETHCS YEPBOHO-YOPHUM JiepeBoM. Hampuknan, sxmo BHua-
JAETHCA enemeHT 40 3 4epBOHO-YOPHOro Jepesa, 306paxkeHoro Ha puc. 14.21,
TO OTPHMAEMO 4EpPBOHO-UEpHE epeBo, 300paxene Ha puc. 14.22.

40
ey
/\ /”/\
10 30 60 110
/\
50 70 100 120

45

Puc. 14.21. Yepeono-uopue depeso, 306pascene na puc. 14.20,
nicnn eudanennn enemerma 80

Hpnnycx'imo, BY30]l, IO BUAAIAETECA, Ma€ [Ba JOMIPHI €JIEMEHTH, a
By301, IO 3amige ioro, € wopuumM. [loumnaemo 3 Toro, mo TPH3HA9a€EMO
BY311y, LIO 3aMIHS€, KOJTIp BY3/1a, MO BHAAIAETLCH. SIKINO BY30J1, 1110 3aMiHJ€,
MA€ HEIIYCTHH NpaBuii JOYipHiH eneMeHT, To Leil JOUIpHiif eneMeHT NMoBUHeH
OyTH YepBOHHM, OCKIIBKH, BY3011, IO 3aMiHSIE, HE MO MaTH JTiBHi JO4ipHiii
C/IEMEHT. Ipn Bunanenni npasuit movipwiii enemenT GJIEMEHTA, NI 3aMiHSeE,
3aminge cBoro Gatbka. [lani npmsHauaemo OBOMY NPaBOMY AO4ipPHBOMY
CIEMEHTY HOPHHUH KOMip i onepkyemo YEPBOHO-YOPHE JepeBo (puc. 14.22).

n—’//\m
10 30 /‘{</\“0
50 70 100/\120

Puc. 14.22. Yepeono-uopue Oepeso, 306paxcere na puc. 14.21,
nicaa eudarenns enemenma 40
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IIpunycrimo, By30:, 110 3aMiHSAE, MAE TOPOXKHIN NpaBHi JOYipHiH
enement. Hexal x — Byson NIL (Bka3iBHHK Ha By301 ), sikuil 3aMiliye
BY30J, 1o 3aminse. Hexa#t w — OpaTHiit By3on (BKa3iBHHK Ha BYy30IT) By3iia
X, T06T0 W € OpaTHiM By37IOM By3na, wo 3aminse. Hanpuxian, micns
BHAaleHHA enemenTa 40 3 4epBOHO-4YOPHOro aepeBa, 300paXeHOro Ha
puc. 14.23, orpimaeMo niepeBo, 300paxkere Ha puc. 14.24, Ockimbku By3a,
IO 3amMiHse€, OyB YOPHUM, 3TLIHO 13 IPABIIOM LUIAXY W He Moke Gytu NIL.

23 90
C 4 de
50 70 100 120

Puc. 14.23. Yepaono-uopre depeso, 3 axozo sudansemuca enemenm 40,
a enemenm 50 3aminae tiozo

50
/’\
4 90
10//\30 66/\\110
e 70 w—r_ 100 120
X w

Puc. 14.24. [lepeso, 306pascene na puc. 14.23, nican eudanenns enemenma 40

Slkimo By3041 X YEpBOHMH, TO NOTPIGHO 3poOUTH HOro YopHHM, i
obuasa Ilpasuma GymyTs NOTpHMaHi. AHAIOrIYHO, SKIIO X € KOPEHEM,
pobumo Horo 4opHuM. €IHHA cuTyawis, Y Akiif norpibHi noxaTkosi aii, e
KOJIM X € YOPHHM HEKOPEHEBHM BY3IIOM. TyT IIMKI NPOJOBKYETHCA JIOTH,
TIOKH X HE CTaHe YEPBOHHM, a00 NOKH X HE CTaHe KOPEHEBHMM BY3JIOM.

S ko By30.1, 1110 BHAANSETHCA, € JHCTKOM 260 Mae 182 RovipHi
eJIeMeHTH

Slxuo By3on, 1m0 BHOAIAETHCH, € JTUCTKOM, X SBISE€ COOOHO BY301
NIL (Bxa3iBHMK Ha HBOTO), AKHH 3aMiHSA€ BY30J, IO BHAANSETHCA. SIKIIO
BY3011, UI0 BUAAIAETHCH, MAE J1BA JOYIPHI €lIEMEHTH, X € MpaBHii JOYipHIi
eneMeHT (BKa3iBHHK Ha HbOTO) By3ja, IO 3aMiHse. B 06ox cuTyauisx w
ABnsie coboro OpaTHiH By3on By3na X MicHsA TOro, sk MOTpiOHuE By3on
BuAaneH0. IIpoaoBiyeMO BUKOHYBATH LMK, TIOKH X HE CTAHE YEPBOHMM
abo noku X He crane xopeHeM. Jlna cHTyalii, KOMH X € JBAM JO4ipHIM
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BY3/IOM, € YOTHDH MOMUIMBI BHNAAKH; YOTHPH CHMETPHYHI BHIIAOKH
(«riBHi» 1 «1paBHH» MIHAIOTHCA MICLSAMH) BHHHKAIOTH, KOJIM X € NIPaBUM
NO9ipHIM efleMeHTOM. Sk i 1A onepallii BCTaBKH, PO3rIAHEMO BHIIAIKH, Y
AKHX X € JiBUM JOYiPHIM BY3JIOM.

VYci HaBeneHI HMXKYE BHNIAAKH 3aCTOCOBYIOTBCS, SKLIO BY301, W10
BHIAIACTHCH, € THCTKOM abo Mae jBa NOYIpHI By3mm.

BHITAJIOK 1
color (w) = red
V uboMy BHNaNKy BHKOHYIOTBCA TaKi il

color(w) = black;
color (parent(x) ) = red;
rotate_left (parent (x));
w = right (parent(x)):;
IIpurtycTimMo, BUAJIAETBCS €IEMEHT 65 3 Takoro aepesa, puc. 14.25:
/——/—‘60\
50 70
/\ /\
45 55 65 /sa\\
75 87

Puc. 14.25. Yepeono-yopne depeso

Ilicns BHaaneHHs eneMeHTa 65 BYJIH X Ta W 3aiMyTh Taki MOJOXEHHA
(puc. 14.26):

60
/\
50 70
/\ /\
45 5 _» 80
X /‘-\\ w
75 87

Puc, 14.26. Yepeono-vopne depeso nicas eudanenns enemenma 65

VY upomy nepesi By3on x € NIL (Bkasisuuk ma NIL). Ockinbku
BY30I W 4epBOHHH (red), 3acTocyeMo BHMAaAOK 1, KOJNH X € NiBMM JOYipHIM
eneMeHTOM. ToMy BCTaHOBMIOEMO i W dopHuit xonip (black), mns
GaTpka X — depBoHMH Komip (red), 3AIHCHIOEMO JiBHi TIOBOPOT HABKOJIO
GaTbka X i BCTAaHOBJIIOEMO SK W TpPaBHH NOYIPHIA enemeHT 6aTbka X.
IIpaBuio nuIAXy MOKM e HE TOTPHMAHO, ajie HOBUil BY30/1 W € YOPHHM
(puc. 14.27).

Omxe, Bunaznox 1 3BOAUTHLCA 0 OAHOTO i3 TPHOX IHIIMX BHMAJKIB.
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60
//,‘\
50 80
/\ //\
45 55 70 87
X —>» 75 4——— w

Puc. 14.27. Yepeono-4opre depeso 3 YOPHUM 6Y310M W

BHUIIAJIOK 2
Jou4ipHi By3/1H By3/1a W € YOPHHMH

Haranaemo, mwo w He Moxe Gyru NIL. Omin aGo o6uaBa mouipHi
By3/M By31a w MOxyTh Oytn NIL, ane xomsopoM By3na NIL € uyopHui
(black), Tomy He noTpibHO mepenGayaTi OcOOMMBHI BHITIANOK A CHTYaLli,
KoM no4ipHi By3mu Byana w € NIL. [Iii s Bunanky 2 — He3alexHo Bill
TOr0, 4H € X PaBUM abo JIIBHM J0YiPHIM BY3IIOM — OyayTh TAKMMH:
color(w) = red;
X = parent(x) ;

Hanprxiaj, MOXHa 3aCTOCYBAaTH BHNAJAOK 2 10 MBiHKOBOro Aepesa
nomyky Ha puc. 14.27. Ockitekn o0ufBa HOYIPHI BY3IH By3Ia W €
yoprumH (By3mu NIL € qopHuMH), TO OTpHMaEMO JepeBo Ha puc. 14.28:

/”,_60\
45 55 70 87

x/\?S‘—-—-—w

Puc. 14.28. HYepeono-uopre depeeo nican Ot gunadxy 2

Tenep By30T X € YEPBOHMM, TOMY [IPOXOIMMO Yepe3 KK, BCTAHOBIIOEMO
I By37Ia X YOPHMI KOJIp 1 B NACYMKY OfIEP)KYEMO HACTYITHE HEPBOHO-YOPHE
nepeso (puc. 14.29):

/—/'6—0\
/5.0\ //‘?0\
45 55 70 87

75

Puc. 14.29. Ocmamouruti sapianm 4epeoHO-4OPHO20
depeéa nicna it y sunaoky 2
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C“x}?ymypa LMKy B CKTaJli MCTOAY erase Taka:
while (X He € xopeHeM i Mae YOPpHMUI KONip)
{
if (x == niBuit Byson BaTbka X)
{
? = npaBu¥ BYy30JN DaTbka X;
if (By3o0on w Mace YEepPBOHUN KOJNip)
{... Bunazmox 1 ... }
if (oboe mouipuix Bysznis BY3Jla W € YOpHUMMK)
_ {... Bunagox 2 ...}
else
{... Bumagku 3 i 4 ...}
else // X e npaBuM nOuipHiM enemenTOM
{ e }
}
color (x) = black:;

IMuxn 3aexnm 3aBepuiyetshes abo micis Bumanky 3, abo micns
BUnNanky 4. LIMKn 3aBKIM 3aBepUIyEThCA IICIA onHiei iTepanii, skuo €
BHIIANOK 1, 1 nicns o6pobku Bunaaxy 1 Hemae Bunajaxy 2. Bunagox 2 —
€OMHMHA, Y AKOMY AONYCKAalOThCH MOAATKOBi iTepauii mukIy, i Konm ue
BHHHKA€, X CTa€ OMMXYMM 10 KOpcHA, ToMy Iuki while BHKOHYBa-
THMETECA MakcumyM O(log n) pasis.

BHITAIOK 3
Hpasuit nouipniii By30.1 By312a w € 4opuum

3 HaBeIEHOI BHINE CTPYKTYPH MCTOLY erase BHIHO: SKIIO BHHHK
eH BHIIaOK, 0OMaBa NO4IpHi BY3/H By3na w He MOXYTb OYTH YOpHHUMH.
Tobto nisuii nouipwiit Byson By3na w noHuen Oytu qcpBonnm. V mupomy
BHIIAJIKy BUKOHYIOTb TaKi Zii:

color (left(w)) = black;
color (w) = red;
rotate_right (w);
w = right (parent (x));

ITIpunycriMo, BHaanserscs emement 45 3 4YEPBOHO-YOPHOI'O JepeBa
(puc. 14.30):

/’—;‘0\

ke T

62 68 71 81
Puc. 14.30. Hepeono-uopre depeso, sudansemvcs enemenm 45
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Ha nouatky uukny while nepeso Mae Burnaz, sk Ha puc. 14.31:

60

//\

50 70

et

.| /\ /\\
il ey 65 72
x w /\ /\\
62 68 71 81

Puc. 14.31. Yepsono-uopHe Oepeso Ha nOYamKy yuxuy

:Jf OckilbKH BY301 W YOpHHH 1 o0uaBa #oro JO4ipHi BY3/TM TaKOXK
4OpHi, 3acTocoByeTbca Bumamok 2. Ilicis 3actocyBanHs BHmaaky 2 y
' HACTYNHIM iTepalii LMKy 0IepXyeMO IepeBo, AK Ha puc. 14.32:

60

X — 50 70 — w

55 65 72

PN P ™

62 68 71 81

Puc. 14.32. Yepsoro-uopHe depeso nicis 3acmocy8anns sunadky 2

Bunanok 3 3aCTOCOBYETHCH, OCKLUTBKH BY30J W € YOPHHM, ioro
NiBMHA AOYipHIH By30N € 4epBOHMM, a Horo mpaBuil modipHiit Byson €
yopuuM. [licis 3MiHM KOIbOpY, IIPABOrO MOBOPOTY ¥ NEPEYCTAHOBKH W
OZlepXKYEMO fIepeBo Ha puc. 14.33:

60

X —p 50 65 M 1w

55 62 70

I

68 72

N

71 81

Puc. 14.33. Yepaono-uopre depeso nicis 3acmocysanHa eunaoky 3

BHIIAJIOK 4

Ilpaewuii nouipHiii By30J By3Jia W € 4epBOHHM
Y usoMy BHNAaKy BUKOHYIOTh TaKi Aii:
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color(w) = color(parent (x));

color (parent(x)) = black; color(right(w)) =
black; left_rotate (parent (x));

break;

HSHPHKH&I[, MOYHHAEMO 3 HAaCTYNHOro '-ICpBOHO-‘]OpHOI‘O JAcpena
(puc. 14.34):

60
55'//\10
i T i S

Puc. 14.34. Yepeono-uopue depeso ons imocmpayii eunadxy 4

Micns Bunanenns enemenra S0 OEpXyeMO aepeso (puc. 14.35):

60

/\

50 70
w—pd5 6?/’\72
x \\ /\
68 71 81

Puc. 14.35. Yepeono-uopne depeso nican eudarenns enemenma 50

3acTOCOBYEThCA BUMAAOK 2 i 3MiHCHIOIOTHCH OZIHAKOBi Aii He3a-
JIEHHO BiX TOTO, YH € X TpPaBUM AO4ipHIM By3nioM, a60 miBEM JOYipHIM
By3/10M. BeTanoBOEThCR s By3na w 4epBOHHH Konip (color(w) = red), a
K BY3OXI X BCTaHOBJIOEThCA Horo Gatbko (parent(x)). ITix uac HaCTYITHOI
iTepauii uuKIy oTpUMacmo ZepeBo (puc. 14.36):

60
x—%S?-’,”—\'70$— w
/
45 65 72
\\ /\

68 71 81
Puc. 14.36. Yepsono-vopre depeso nid uac npoxodicenns yurny

Tenep Bunnkae Bumanok 4, TOMY 3MIHIOEMO KOJip i 3ailicHIOEMO
NiBHH NOBOPOT HABKONO HaTbka By3na x (puc. 14.37):
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70
66//\72
/,/‘\
ss/\ss 7 81
45 xﬁ?

Puc. 14.37. Yepeono-uopne depeso nicasn aminu koawopy i nigo2o nogopomy

Lle aepeso 3anosombuse i INpaBuno epBonoro, i IIpaBuio muxy,
TOMY MO)XXHA BBaXaTH, L0 METa OCATHYTA.

Sk mMpHKIaj PO3INAHEMO CUTYallilo, KONM BMIIALOK 3 mepemye
Bunajaky 4. IlpunycTMMO, MOYMHAEMO 3 [epeBa HAa pHC. ‘14..33, SAKE
OZiepKa{ HaNPHKIHII NpHKIany i Bunaaxy 3. [pasuit ,rmtf:pmﬁ BY30J
By3Ja W € YEPBOHHM, TOMY 3aCTOCYeMO BHTafoK 4. Tlicns 3MiHM Konbopy
Ta JIBOrO NIOBOPOTY HaBKO/IO 6aThKa X OTPHMAEMO JEPEBO Ha pHc. 14.38:

65
66/_\70
/\
so/\sz 68 72
55 71/\}1

Puc. 14.38. Hepsono-vopne depeso nican aminu konvopy i nigozo noéopomy

IIpasuna yepsororo i [1paBuna LIAXY Tenep NOTPHMAHO.

SAxwmo 3actocyemo Bunanox 3, To npaBui NOYipHiA By30M By3na W
CTa€ 4YEpBOHWM, TOMY BHNAaZoK 4 3aBxkad Oyae 3acTOCOBaHO micns
BHNajAKy 3. 3amicTh TOro, mo6 IOBTOPIOBATH el caMuii (parMenT Komy
And BUnazky 4, posmiuryemo Horo micna koay ans unanky 3. Crpykrypa
Juist BHNAZKIB 3 1 4, KOMH X € TiBUM JOYipHIM BY3JI0M, Ma€ BUIIAA;
if (npaBuit NouipHiM By30NM By3JNa W € HOpPHMM)
{
vowe BHABEHOK 3 . ¢a

}
.. Bunmagox 4 ...

Ha nowatky uporo pos3airy 3a3sHa4yanocs, IO Yac BHKOHAHHA
MEpUIO] YaCTMHM METONy erase JOrapupMiuHO 3alexuTs Big n y
HairipuioMy Bunanxy. Il{o crocyetses nuwry while, sm{i_i CKJIafae apyry
YacTHHY METONY erase, TO LUHMKJI TPHBAaE TLIBKM TOXi, KOMH MOMHA
3aCTOCYBATH BHIAJOK 2, i IPH LbOMY BY30J X MepeMimryeTscs Ommxye 1o
KOpeH#, Ha 110 BuTpadye MakcumyM O(log n) itepauiii.
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.

Hmxue HaBencHo 3akimuenuit nuir while is YOTHPMA BHINAJKaMHK
AUIs1 CHTYaUi, KOJIK X € JiBHM JOYipHiM By3110M, i 4OTHPMA CHMETPHYHHMH
BHIIAKaMH, KOJIH X € IPABHM JO04IPHIM BY3/TOM.

while (x!= root() && color (x) == black)
if (x == left (parent (x)))
{
link type w = right (parent (x));
if (color(w) = red) // Bumagox 1
{

color(w) = black:
color (parent(x)) = red;
rotate_left (parent(x));
w = right (parent(x)):;
}
if (color (left(w)) = black ss
(color(right(w)) == black) // Bunagox 2
{
color (w) = red;
X = parent(x); }
else
{
if (color(right (w)) == black

// Bunagox 3
{
color(left(w)) = black;
color(w) = red;
rotate_right (w) ;
w = right (parent(x));
}
// Bunagox 4
color (w) = color(parent (x)) ;
color (parent(x)) = black;
color(right(w)) = black;
rotate_left (parent (x));
break;
}
}

else

{
// cuMeTpuuHo Ko HaBemenoro BUmIE ;
// "left™ i "right" Miusworncs Micuamm
link _type w = left (parent(x));
if (color(w) = red) // Bunamox 1
{
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color(w) = black;
celor (parent(x)) = red;
rotate_right (parent (x));
w = left(parent (x));
}
if (color(right(w)) = black &&
(color(left(w)) == black) // Bunagox 2
{
color(w) = red;
X = parent (x);
}
else
{
if (color(left(w)) == black //
Bunagox 3
{
color (right(w)) = black;
color(w) = red;
rotate_left (w);
w = left(parent(x));

// Bunagox 4
color(w) = color(parent(x));
color(parent (x)) = black;
color (left(w)) = black;
rotate_right (parent(x)):
break;
}

}
while color(x) = black;

KoHTponbHi 3anuTaHHA Ta Bnpasu

1. [lafire oO3HayeHHA HEPBOHO-YOPHOI'O JepaBa Ta HABEHiTh
TIPHKJIaJL

2. 'V yomy nonsrae cyts IpaBuna yepsororo Ta Ilpasuna umsxy?

3. Sk 3aneXHTh BHCOTA YEPBOHO-YOPHOI'O JIEpeBa Bill 7 — KUIBKOCTI
BeplIHH?

4. Yu € uepBOHO-4OpHE JiepeBo 36anaHcoBaHuM?

5. MMaiite 03Ha4YEHHS YOPHOI BHCOTH /Ul Y4EPBOHO-YOPHOrO JepeBa.
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D Ay

6. Jlna GopMyBaHHS SKMX AcCOIiaTHBHMX KOHTEHHEPIB BMKODHC-
TOBYETBCS KJIaC YEPBOHO-YOPHOTO aiepeBa rb_tree?

7. SIxi nii nepenbayae BCTaBka HOBOIO €EMEHTA B YEPBOHO-YOPHE
nepeBo?

8. Siki € BapiaHTH BHJAJICHHA €NEMEHTA 3 YEPBOHO-YOPHOIO
nepesa?

9. IlponeMoHCTpY¥Te edeKT Bil BCTABKHM HACTYIIHHX €IEMEHTIB y
nycTe 4epBOHO-90pHE Aepeso: 30, 40, 20, 90, 10, 50, 70, 60, 80.

' 10. Bupnanite enementn 20 Ta 40 3 4YepBOHO-YOPHOIO [epeBa,
noOynoBaHOro B MONEPEAHi BNpasi.

11. TlosicHiTs, 4WOMY HEMONIHBO MOGYAyBaTH 4EPBOHO-YOPHE
Zepeso posmipom 20, AKe HE MICTHTh YEPBOHHX €JIEMEHTIB.

12. Hexaii v — eleMeHT YEpBOHO-YOPHOI'O [€peBa Ta Maec OJHH
mucToK. IloAcHiTe, YoMy eneMeHT v noBuHeH OyTH dYopHHM, a fioro
JOYipHiif €IeMEHT YepBOHHM JIHCTKOM.

13. TlobGymyiite 4epBOHO-HOPHE AEPEBO, fiKe HE € AVL-nepesom.

Lfy

K

1. Kiac 4epBoHO-4OpHOTO 1epeBa BHKOPHCTOBYETbCS M (op-
MyBaHH# KOHTeHHepiB rb_tree:
a) BeKTOp;
6) uepra;
B) MHOXHHA,
T) Kapra.

Mpuknagu TeCToBUX NUTaHbL

2. SIxmo TEBHHUH €NEMEHT Y YEPBOHO-YOPHOMY JEpEBi € HCPBOHOTO
KONBOPY, TO HOro 6aTEKIBCHKHH eNeMeHT Mae OyTH:
a) YEepBOHMI:
0) JopHHii.

3. BHCOTa YEpPBOHO-90PHOrO J€PeBa Mae JOPIiBHIOBATH:
a)n;
6) logs n;
B) n’.
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4. Slkuit Konip € Bu3HayHuM B [TpaBui musxy?
a) YepBOHMI;
©) yopHuii.

5. IlpaBHIEHMM € OJJHE 3 TBEPIIKEHE!
a) yopHa Bucora bh(y) HOPIBHIOE KiTbKOCTI YOPHMX ENEMEHTIB Y
Oyab-aKOMY LUIAXY Bif y A0 Oyab-AKoro foro Ham@amka, 1o
He Mae 1o9ipHix b0 Mae OMH NOYIpHiH eNeMeHT;
6) yopHa Bucota bh(y) NOPIBHIOE KiTBKOCTI YEPBOHHX EIEMEHTIB
y Gynp-SKOMy LUIAXY Bix y 0 OyAb-AKoro #oro Hamajika, mo
He Mae Jo4ipHix abo Mae OXMH ROYIPHIH ENEMEHT.
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Mensnnk P. A, Tymsunskuii P. B.

IMPOTPAMYBAHHA IHTEPHET-
3ACTOCYBAHB

Haeuanvhuii nocibuux. — 2013. — 256 c.
ISBN 978-617-607-491-5

BrKazieHo MaTepian Ui OpOeKTYBaHHAR web-
cTopiHOoK. Po3miiiH PO3KPHBAIOTE MOBH KOAYBAHHA
HTML, HTML5, CSS ta JQUERY, wMmoBH
nporpamysanns JavaScript Ta PHP, Texuonoriio Ajax,
36epiranna JaHux y macHpax Ta Gajax mamux MySQL-
cepeepa. HamcpeHo npuknany gocryny 1o Hux 3 Web-
cropivok. IMomano ocHoBH npoekTyBaHHA Web-
cropinok y Texsonorisx .NET ta JAVA, 30kpema 3a
aonomoromw0 Kiacie 3 6i6miorex ASP.NET, knacip nobyaosu cepBneTis javax.serviet Ta
JSP 3acobi mpoexTyBaHHA AHHAMIYHHX web-CTOpiHOK. PHCYHKAMH NPOINIOCTPOBAHO
cxemy B3aemolii mporpameux o6’extip Socket, ServerSocket, TcpListener, TepClient i
TOWO Y Mepexi. Yci po3iiie 3aBepuIyiOTECA KOHTPONBHHMH 3aIMTanHAMH. Marepian '
MIiCTHTh (DPArMEHTH TpoOrpaM, IO MOXyTh OYTH KOPHCHMMM CTYAEHTaM IJ 4ac
caMOCTiiHOTO po3pobIeHHA BIFACHHX MPOrpaM N0 1a6opaTOpHUX Ta KYPCOBHX 3aB/IaHb.

s crynentrie BH3, Texmixymis Ta KomemkiB, AKi BHMBYAIOTH CydacHi
TexXHOIOrii CTBOpEHHS TporpaMHOro 3abe3ledeHHA, 30KpeMa 3a  eEKTHBHOIO
apXiTexTypolo “KIi€HT-cepBep”.

i

NPOTPAMYBAHHA
IHTEPHET  3ACTOCYBAND

®enopuyk €. H.

MPOTPAMYBAHHS CHCTEM LITYYHOT'O
IHTEJIEKTY. EKCIIEPTHI CHCTEMH

Haevansnuti nocibrux, — 2012. — 168 c.

ISBN 978-617-607-257-7

JINA CTyAeHTIB BMIMX HABYATHHMX 3AKIANB, Ak - -

HABYAIOTHCA 33 crieljamssicTio “Komm'torepHi Hayiu” T2

“[Iporpamua iroxenepis”. POSIANAIOTECH OCHOBHI MOJEM

3HAHE 3 YWTKHMH Ta HEMITIHMMH JAHHMH, aINOPHTMH HOUIYKY

POSB'S3KY CKCIEPTHMX 3aJau, TEXHONOMi i 3aco0H

nporpamysanHa 6a3 3HaHb Ta ekcriepTHix cuctem. floxaxo

OpMKIAIH [POTPAMYBAHHA CKCTIEPTHHX CHCTEM MOBOIO
Visual Basic y cepeposrm Excel.

e

&
HPI]I'PRM‘IB&HM GUCTEM
> - -ITYYHOTO tHTE{I_EHW;-_
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