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HEPEJMOBA

Jis GaraTteoX MpOrpaMicTiB, OO0 PO3MOYMHAIHN CBOIO Kap’epy mie 3 90-ux
pokiB XX cromitTs, cBOoro pony imonamu abo ixonamu Oymu Hiknayc Biprt,
Honanen Kuyr, [enmnic Pirai, Yapms3z Toap, Homansx Hlemn. Bouum Oymm
OCHOBOIIOJIOXXKHUKAMH CYYaCHOTO MpOTpaMyBaHHS, SIKi 3aKjald TEOPEeTHYHI Ta
MPAaKTUYHI OCHOBH KOHCTPYIOBaHHS aITOPHTMIB, aHAmi3y iX CKIagHOCTI Ta
edekTuBHOI peanizanii. ¥ Ti yacu CTyneHTH OyKBaJbHO «BTPH3AJMCS B T'PaHIT»
TEKCTOBOTO OIMCY Ha Meplinii morisy (GpaHTacTH4HUX, OaraTboM HE3pO3yMUIHX,
ANTOPUTMIB OOpOOKM MaHWX, MO0 OCATHYTH 3MICT THX [iif, IO SKHAMOCH
HEWMOBIPHUM YHMHOM 3a0e3MedyBajii BUPILICHHS CKIAJHUX aJITOPUTMIYHUX 3a1a4.
XTO 3 TOAIMIHIX BUITYCKHUKIB (PaKymbTeTiB KiOCpHETHKH UM iH(QOPMATHKH Ta
00YHCITIOBAIEHOT TEXHIKH, UM IIE SKUXOCh IHIIUX, JOTUYHUX JO iHPOpMAIiiHUX
TEXHOJIOTIH, moci He mam’sitae Oectcenep H. Bipra «AnroputMu Ta CTpYKTypH
maHux»  abo  ¢yHmamenranpHui — TputoMHHK  JI. KHyra — «Mucreurso
nporpamyBaHHs st iepcoHanbHuX EOM»! Ha miux kHuTrax BHpOCIIO BXKE HE OJHE
TTOKOJIIHHS TIPOTPAMICTIB.

Jlo peui, He BapTO 3aCMy4yBaTHUCH, L0 CEpeJl 3ralaHuX OCHOBOIIOJIOKHHUKIB
iH(pOpMATHKH Ta MPOrpaMyBaHHs HeMae MPi3BUII BITYU3HSHUX HAayKoBLiB. Bymn i
CBOi, aJie BOHM BiIOMi JIOCATHEHHSMH B JICHIO IHIIMX Taly3sX, 30KkpeMa: AHApIH
€pIIoB — paASHCHKHI MPOrpaMmicT 1 MaTeMaTHK, OJWH i3 TBOPIIB «IIKUIBHOT
iHpOpMaTHKI», KOpUQEH y rary3i Teopii i aBToMaTu3allii mporpaMmyBaHHs; Bikrop
I'mymkoB — ykpaiHCbKHMH paasHCHKUI BUCHHH, OCHOBOIOJIOKHUK KiOSpHETHKH,
iHimiaTop 1 opra”izaTop peamizamii HayKOBO-JOCHITHMX IPOTPaM CTBOPEHHS
MpOoOJIEMHO-OPIEHTOBAHUX MPOrPaMHO-TEXHIYHUX KOMIUIEKCIB, HUHI HOro iMeHeM
Ha3BaHO BCECBITHBO Bimomuit IHcTHTyT KibepHeTnkm imeHi B.M. I'mymxoa
Harmionanpao1 Akanemii Hayk YkpaiHu.

OCHOBOIO MTPOrpaMyBaHHs € aJrOPUTM — CKIHYEHHHI Ha0Ip IHCTPYKLii abo
KOMaH]I, BUKOHAHHS SIKMX y BU3HAUYCHOMY MOPSAAKY IPUBOJUTH Bi BXITHUX AaHUX
JI0 BIAIIOBIIHUX BUXITHHMX JTaHUX (pe3yinbrary) 3a OOMEeKeHHMH uac. AJNTOpUTMHU
JIO3BOJISIIOTH (hOpMai3yBaTH 1 aBTOMATH3yBAaTH IpOIleC OOUYHCICHD, IO OCOOINBO
Ba)XJIMBO NPU OOMEXKEHHSX Ha Taki rapamMeTpd oOuuciioBada (KOMII'IOTepa), K
nam’siTb, IIBUJAKOMIS TOWO. JleTanbHe pO3pOOJEHHS alrOpUTMY € BaKJIHMBOIO
YaCTHHOIO TPOIIECY PO3B’SI3yBaHHS PI3HOMAHITHUX NPHUKIaJHUX 3a1ad. Y Ipolec
KOHCTPYIOBaHHSI aITOPUTMY 1 NOJaibIIOi HOro mporpamHoi peanizamii uis
peanpHOi 3amavi BXOAWTH YCBIMOMIIGHHS CTYNeHS ii CKIAQAHOCTI, 3’SICyBaHHSA
00Me)KeHb Ha BXIiTHI a1, po30UTTS 3aa4i Ha IPOCTIIIi MiA3amadi.

CTpyKTypH IaHMX BH3HAYalOTh CHOCIO oprafizamii JaHWX B OINEpaTHBHIN
rmam’siTi M Ha JUCKY KOMII'I0Tepa. AJTOPUTMH 3a0€3MeuyroTh BUKOHAHHS PISHUX
ormeparliii HaJ [MUMU CTPYKTYPaMHU JTaHUX. 3BUYAWHO, BHOIP aaroputMiB 00poOKH
MAHUX BHU3HAYAETHCS MOJCIUIIO CTPYKTYpPH NaHUX. AJIDKE 4YacTO aHaJoTiuHi mii
(omepariii, mepeTBOPEHHS) HaJX PI3HUMH CTPYKTypaMH JaHHMX IepeadadaroTh
BHKOPHUCTAHHSI aJITOPUTMIB HEOJHAKOBOT €()eKTUBHOCTI.



Came TOMy BHBYEHHS TEOPETHYHHX OCHOB IIpOrpaMyBaHHA € 0a3010
MiATOTOBKM (axiBIiB y ramy3i iHpopmamiiHux TexHojorii. He muBHO, mI1o
Oimpmricte CraHmapTiB BUIIOT OCBITH Ui CICIIaTbHOCTEH Tamy3i 3HaHb
12 Indopmaniitni TexHosorii OyKBaJbHO CTaBISTH BUMOTY (OPMYyBaHHS Yy
3100yBadiB BUIIOI OCBITH KOMIIETEHTHOCTEH IIOB’S3aHUX 13 «... 3HATHICTIO 1O
JIOTTYHOTO MHUCIICHHSI, ITOOY/IOBH JIOTIYHUX BHCHOBKIB, BUKOPHCTaHHS ()OPMaIbHIX
MOB 1 MOJIeNIeli aTOPUTMIYHIX O0YHCIIEHB, TPOSKTYBAHHS, PO3POOICHHS i aHATI3Y
ITOPUTMIB, OLIHIOBaHHS I1X €(EeKTUBHOCTI Ta CKJIAIHOCTI, PO3B’SI3HOCTI Ta
HEepO3B’SI3HOCTI  AITOPUTMIYHUX MPOOJIeM sl  aJeKBAaTHOTO  MOJIEIIOBAHHS
MpeIMETHUX 007acTeil 1 CTBOPEHHS MPOTPAMHUX Ta iHPOPMAIIHHIX CHCTEM.

B ocHOBY HaBUaJILHOTO MOCIOHMKA MOKJIAJICHO JEKUIbKa KYpCiB JIEKIIH, sKi
Mg pi3HUMH Ha3BaMH 0araTo pOKiB YHTANWCS aBTOpaMH Ha (DaKymbTeTi
MaTematuku Ta iHGopmatukum PJII'Y mms  3700yBadiB  BHIOI  OCBITH
crerianibHocTedt 113 Tlpuknamna wmaremarwka, 121 ImkeHepis mporpamMHOTO
3abesneueHHs, 122 Komm’'rotepHi Hayku, 014 Cepenus ocsita (MaremaTHka),
014 Cepenust ocsita (Iudopmartuka) Ta 015 Ilpodeciiina ocsira (Iudposi
TEXHOJIOT'1).

[lepma yacTrHa TOCIOHMKa NPUCBSYEHA BHPINICHHIO (YyHAaMEHTATBHHUX
3a/a4 MporpaMyBaHHs, IO TependadaroTh 00pOOKy CTPYKTYp AaHUX, — IIOIIYKY Ta
COPTYBaHHIO. Y SIKOCTI MoJeNed CTPYKTYp MJaHUX 3 MpSIMHUM JOCTYIIOM
BUKOPHCTOBYIOTbCSI MAaCHBH, a JUIS CTPYKTYp JaHHX 3 MOCTIJOBHUM JOCTYIIOM —
(haitim mocmigoBHOTO AOCTYITY. i KOKHOTO 3 aNTOPUTMIB OOpPOOKH CTPYKTYpH
JaHuX 1 Ui 3ajadi MOmIyKy, 1 JJsl 3ajadi COpPTyBaHHsS HPOBEICHO AETaJbHUMN
aHaJi3 CKIAJHOCTI OOYUCIICHB 10 «BaYKKHUX) OTIEPALIifiX.

VY npyriii yacTHHI MOCIOHMKA PO3IIIAIAIOTHCS aJrOPUTMHU KOHCTPYIOBAHHS 1
00pOOKHN OTUHAMIYHHX CTPYKTYp NaHUX — CHHCKiB. 30KpeMa, JeTaJbHO BHCBITICHI
0COONMMBOCTI  MporpaMHOi  peamizamii  omepamnii mo  oOpoOmi  JTiHIHHUX
ONHOHANpPSIMIIEHUX Ta  JBOHANpPSMIEHMX  CIHUCKIB, LUKIIYHUX  CIHCKIB;
po3raryXxeHux 0arato3B’sI3HUX CIHCKIB Ha MPUKIALi OiHAPHHUX JEpeB.

Jnst ycix anropuTMmiB HaBeAeHO (parMeHTH NMpOTpaMHOTo KOy Ha MOBI
nporpamyBanHs C++, HaalOTBCS pEKOMEHALIT 100 TX BUKOPUCTaHHS.



BCTYIl
MOHATTSA ITPO CTPYKTYPU JAHUX TA AJITOPUTMH iX OBPOBKH

Y OinbmIocTi MOB IIPOrpaMyBaHHS BHKOPHCTOBYIOTBCS CKJIA[€HI THIH
JAHWX, 10 Tepen0avaroTh CTPYKTYPYBAHHS 3 €IEMEHTIB 6a308020 muny. Y TaKUX
MOBax € 6arato CIiTbHHMX a00 MOAIOHHUX MK COOOO CKIIaJeHUX THITIB JaHUX, XOUa
BOHH MOKYTh MaTH Pi3Hi Ha3BH.

VYci cTpyKTypH JaHUX MOXXHa HOAUIMTH Ha OKpeMi KaTeropii 3a MEeBHUMH
o3Hakamu. OJHMM 13 pI3HOBHMJIIB € TaK 3BaHI PEryJsipHI CKJIAleHi TUIH —
CTPYKTYPU JaHHX, €JIEMEHTH SKUX MAlOTh OJHAKOBMH 0a30BUI THH (Mmacusu,
OuHamiyni cnucku, munizoéani ¢ainu). Jlo PperylnspHHX CKIAJCHUX THUIIIB
TPaOUIIIHHO TAaKOXX BIAHOCITD pAOKU CUMBONIE Ta MHOMCUHU. JIedki MOBH
nporpaMyBaHHs, 30kpema Python, omepyloTh iHIIUMH CKIaICHHMH THIaMH, SKi
MOJKHA BBaXaTH YMOBHO PETYISPHUMH, OCKUIBKH iX €JIeMEHTH MOXYTh MaTH Pi3Hi
0a30Bi TUIH, — LI€ CRUCKU, KOPMEICT, CIOSHUKY TOLIO.

KpiM Takoro moniny 3a 0a30BUM THIOM, CKIaJCHI CTPYKTYPH IaHUX
PO3PI3HAIOTH 3a CIIOCOOOM JIOCTYITY IO OKPEMHX €JIEMEHTIB!

o cmpykmypu Odanux 3 npamum oocmynom (CHIIp/]) — cknaneHi CTPyKTypH
JIAHUX, CJIEMEHTH SIKUX IHAEKCOBaHI, i JOCTYI J0 HHUX 3JIHCHIOETHCS HPAKTHIHO
MUTTEBO 3a iX IHIEKCHUM HOMEPOM (HAIPHUKIIAJ, MACHUBH);

o cmpykmypu Oanux 3 nocuiooguum oJocmynom (CHIIo/]) — cxnaneHi
CTPYKTYpH JaHUX, E€JIEMECHTH SKHX HE MalOTh YITKO BH3HAYCHUX IHAEKCHUX
HOMEpIB, 1 IOCTYI 10 HUX 3/ICHIOETHCS TIOCIIIOBHUM NIepebOpOM YCiX eJleMEHTIB
BiJl MOYATKy CTPYKTYpHU AaHUX (HANPHUKIAM, COUCKHA ab0 (aiim).

CAIIp[l TpamumiiHO pO3MIIIYIOTECSI Y TaK 3BAHOMY NPOSPAMHOMY CHIEK),
10 € YAaCTUHOI JOCTATHHO IIBHIKOI, ae 0OMEKEHOT 32 PO3MIPAMU GHYMPIUHbOL
onepamugnoi nam’ami. Tomy anroputmu o06pookn CHIIp/l mpuifHATO HA3WBATH
BHYMPIWHIMU.

CAllo/l TpamuiifHO pO3MIIMIYIOTECSA Y AUCKOBUX (hailnax, sSKi € YaCTHHOIO
NPaKTHYHO HEOOMEXKEHOI, ajie BIJTHOCHO MOBUIBHOI 306Hiwnboi nam ami. Tomy
anroputmu 06pooku C/ITo/] Ha3uBalOTh 306HIWHIMU.

KpiM Takoro moniry, M0 BHU3HAYAETHCS MICHEM PO3MIIICHHS CKIIAICHUX
CTPYKTYp JaHUX, aJITOPUTMH 00pOOKH ab0 METO/IM PO3PI3HAIOTH 3a TX MIBUKOIIEI0
B 3aJICKHOCTI Bill TOBXXHHU CTPYKTYPH JaHUX:

o npami aneopummu (Memoou) — aIrOPUTMHU, SKI MPOCTI B MPOTpaMHii
peaitizallii; BOHH 3a OJMH €Tall MOBHICTIO «0OpOOISIOTEY» OJIMH IMOTOYHUH €IIEMCEHT,
a PeIITY eJEMEHTIB MPAaKTUYHO «HE 3a4imaroTh». Taki METOOM IMEePeBaKHO
3aCTOCOBYIOTH JIO TaK 3BaHUX KOPOMKUX CTPYKTYP JAHUX, Y SIKMX YHCIIO EIEMEHTIB
BIJTHOCHO HEBENMKE, Hanmpukia, y Mexax 100;

® weuUOKi ancopummu (Memoou) — aNTOPUTMH, SKI 3HAYHO CKIIAJHINII B
MporpaMHiid peani3aiii; BOHH 3a OJMH €Tall HE JHIIE «OOpOONISIOTE» OIUH
MIOTOYHHUH €JIEMEHT, ajleé W CYTTEBO «ONPAIbOBYIOTH» DEIITYy €JIEMEHTIB, TOOTO
«MIATOTOBIIOIOTEY X J0 0CTaTOYHOT 0OPOOKHM HAa HACTYNHUX eTanax. Taki MeToau



MepeBaYKHO 3aCTOCOBYIOTh JUIl TaK 3BAaHUX 0062uUX CTPYKTYP MAHUX, Y SKHX
KUIBKICTh €IeMEHTIB € 3HauHOo0 — Oinbie 1000.

3BUYaliHO, TaKWH MOAUT HAa KOPOTKI Ta JOBIi CTPYKTYpH IaHUX, K 1 Ha
npsiMi Ta MIBUJKI alrOPUTMHU 1IX 0OpOOKH, € JOCTaTHhO YMOBHMM. MOKHA TaKOX
TOBOPHUTH TIPO TaKy coOi CEPEAHIO TOBXKHUHY CTPYKTYPH AaHUX, MIPH SAKiil 1 mpsami, i
MIBHJKI METO/M JaBaTUMYTh PE3yJIbTaT MaiKe 3a OJHaKkoBMH uac. biremr Toro,
OKpeMi aJITOPUTMH TIHCHO 3aiMalOTh TAKy MPOMDKHY ITO3HUIIIIO TT0 IIBUIAKOIIL.

IMpn knacudikanii anropuT™MiB 0OpOOKH CTPYKTYpP AAHHMX 32 IIBUIKOJIEO
HaCIpaBl HE OIIHIOEThCS pEalbHU 4Yac BHMKOHAHHS IIPOTPaMU Yy YaCOBHX
OIMHUISX (MUTICEKYHAH, CEKYHIW, XBHIIMHHU, TOAWHU 1 T.XI.). A/DKe Yac poOoTH
Oyzb-sIKOT pOrpaMu 3aJIeKHUTh BiJl allapaTHUX MOXJIMBOCTEH CaMOro KOMIT loTepa,
Ha SIKOMY BOHa BUKOHYeThCS. ToMy B Teopii mporpaMyBaHHS i B 00UHCITIOBAIBHIN
NpaKTHLI egexmuenicmsy aNrOPUTMIB, a TOYHIIIE — IX NPOrpamMHOI peanizarii,
OIIIHIOIOTH 32 HACTYITHUMH KPUTEPIsIMH:

®  4aco6a CKIAOHICMb — KUTBKICTh BUKOHYBaHUX KIIIOYOBUX OMeparliii;
®  CMHICHA CKIAOHICMb — KUIBKICTh BUKOPHCTOBYBAHOI I1aM ’AITi.

Jist  BCTAQHOBJIGHHS YacoOBOI CKJIQJAHOCTI aJIrOPUTMY YU MPOrpaMu
OIHIOETBCA KUTBKICTh KIHOUYOSUX onepayii 0 8i0nogionol 3adaui. Hampuxima,
Uis apuMETHYHUX 3amad — II€ Omepallil [0JaBaHHs, BIIHIMAHHS, MHOXCHH,
JUTEHHS, a IS 33124 00poOKH CTPYKTYp AaHUX — IIe OTeparlii HOpIBHIHHS 3HAYCHD
Ta MepeMilieHHs ab0 MPHUCBOEHHS 3HAUCHb. BUTBIN TOTO, PO3PI3HSAIOTH TAaK 3BaHi
«BadCKi» Ta «leeKi» KIIOUOBI omepamii 3amadi. «Baowkiy» — Te Taki KIIOYOBi
omeparii po3rIAayBaHOI 3ajadi, MO0 € 3HAYHO CKJIAMHIIIUMHU JUIS BHKOHAHHS
MIPOIIECOPOM, y TOPIBHAHHI 3 IHIIMMHU omeparistMu i€l sk 3amaqi. [Ipocrimi ms
BUKOHAHHS MPOIIECOPOM  Omepallii MpUHAHITO Ha3uBaTH  «iaeakumuy. Jlius
apu(PMETHYHUX 33124 — KBOKKUMN € OTepallii MHOKEHHS 1 JUICHHS, a «JICTKUMUY
— pomaBaHHS 1 BimHiMaHHA. i 3amad oOpOOKH CTPYKTYp HAHUX «BaKKHMID
BBa)KAIOThCS ONEpallil MOPIBHAHHS 1 TPUCBOEHHS HAJI €lIeMEHTaMU 0a30BOTO THUILY.
Toxi «IerkuMu» € orepariii HIOPIBHSAHHS 1 MPUCBOEHHS HAJ 1HIEKCHUMH HOMEpaMH
CJIEMEHTIB.

3 MeTO 00pOOKH CTPYKTYp MAHHMX HaiyacTilie 3aCTOCOBYIOTh TaKi BHIH
3aj1a4: HOWLYK, BNOPSIOKYGAHHS.

3a0aua nowyky nependadae BCTaHOBIICHHS ITO3MIITI BXO/DKEHHS JIESIKOTO
eneMedTa (KNIOYa) YA TIONOCTIMOBHOCTI eleMeHTiB abo IX BIICYTHOCTI Yy
CTPYKTYpi AaHUX. TpaauiiiiHO pO3pi3HIOTH TaKi pi3HOBUAM 3aJa4i MOLIYKY:

® TONIYK MEPIIOTO MO HOPSIKY BXOKESHHS 3a[aHOT0 KJI0Ya;
® TONIYK YCiX BXO/KEHb 3aJIAHOTO KJII0Ua;
® [IOIIYK MiAMOCTIZOBHOCTI KIIOYIB.

HeBaxkko 3po3yMmiTH, M0 TOIIYK YCiX BXO/KEHb 3aAHOTO KJOYa — Me
MOBTOPEHHS IOIIYKY IEpPHIOr0 MO TMOPSAKY HOro BXOJDKEHHS ITiCIs MO3UIT
MOMEPEHBOr0 BXO/DKEHHST B CTPYKTYpY JHaHuX. ToMmy OOMEKHMOCS JIHIIE
MOUIYKOM TEPLIOT0 BXO/PKCHHS E€JIEMEHTa Ta MOUIYKOM IIEPIIOr0 BXOKECHHS
MHIAITOCIITOBHOCTI EJIEMEHTIB.



3a0aua enopsoxysanns abo copmyeanHs Tependadvae IMEPEeCTAaHOBKY
eIIEMEHTIB y CTPYKTYpi JaHWX TaK, 00 BOHHU 3aJOBOJBHSIN JAEAKiH yMOBI —
Kpumepito  enopsaokosanocmi. He 3MEHIIyIOYM 3araqbHOCTI, U BHIAIKY
cTpykTypu gaHux 13 N eneMeHTiB pgeskoro 0a30BOro THUIY TpPaAUIIHHO
3aCTOCOBYIOTH TaKi KPUTEPii BIIOPSIIKOBAHOCTI:

1) a <aj41, i=1N-1 - o 3pocrantio;
2) a;>ajy1, 1=1N-1-mocnagauHio.

Skmo B CTPYKTYpi MJaHHUX € JCKUIbKa €JISMEHTIB 3 OJHAKOBHMHU

3HAYCHHSMHU, TO CJIiJl BUKOPHCTOBYBAaTH HECTPOTI yMOBH:
3) & <ajy1, 1=1N-1-no HecrananHio;
4) aj 2aj41, i=1N-1-mo He3poCcTaHHIO.

3po3yMiNno, O COPTYBaHHS YacTO BUKOPHUCTOBYIOTH Y SKOCTI AOIATKOBOI
a0 TomepenHpol 0OPOOKH CTPYKTYPH HaHHX 3 METO CYTTEBOIO CIPOLICHHS H
NPUIIBUANICHHS HACTYITHOTO MOUIYKY Y BIOPSIKOBaHINA CTPYKTYPI AaHHX.

VYropsakyBaHHS CTPYKTYp [HaHUX MOXKHAa TIPOBOIAMTH 32 PI3HUMH
BU3HAYAJILHUMU TIPUHINTIAMU: 6KIIOUEHHs (6CMABKa), eubip, 0Omin, 3aummsi. JIis
COPTYBaHHS CTPYKTYp AAHUX 3 IPSIMHUM JAOCTYIOM (MAacHBH) 3 OJHAKOBUM YCIIIXOM
MOXHa 3aCTOCOBYBaTHM BCi NPWUHLIMIHN, & CTPYKTYpH JaHHUX 3 MOCTIJOBHUM
JocTynoM ((aiiin, CIUCKH) COPTYIOTHCS MEPEBAKHO aJrOPUTMAMU 3JIUTTSI.

I[lpu wpoMy BiAMIHHI CIOCOOM COPTYBaHHA MOXYTh MAaTH pIi3HY
e(eKTUBHICTb ISl PI3HUX BHIAJIKIB MOYATKOBOTO MOPSJIKY EIEMEHTIB y CTPYKTYpi
MaHux. TpaguiiifHO BUAUISIOTH TaKi BapiaHTH MOYaTKOBOTO MOPSIKY €IEMEHTIB:

® «Xopowi» CTPYKTYpH JaHUX — [E€PEeBaKHa OUIBIIICTh EJIEMEHTIB
3aJI0BOJIBHSIOTH YMOBI BIOPsIAKOBaHOCTI (mpukinan: 2, 3, 4,5, 6,7, 8, 9, 1);

® «nozawi» CTPYKTYpH JaHUX — TIepeBakKHA OUTBIIICTE EJNEMEHTIB He
3aJI0BOJILHSIIOTH YMOBI BriopsiikoBaHocTi (mpukinan: 1, 9, 8,7, 6, 5, 4, 3, 2);

e 3 JIOBUIbHUM BUIAJKOBUM IIOPSAAKOM — JIMIIE YacTHHA EJIEMEHTIB
3aJJ0BOJILHSIOTH YMOBI BriopsiikoBaHocTi (mpuknan: 2,1, 4, 3,9, 6,5, 8, 7).

B  oOumcmioBanpHiii mpakTUII 3 OJHAKOBAM  YCHIXOM  IITHUPOKO
BUKOPHCTOBYIOThCSI Pi3HI BapiaHTH peajizallii KOXKHOTO 13 CIIocCO0iB COPTYBaHHS: 1
OimpII mpocTimi, ame He TakKi BUCOKOS(PEKTHBHI — MpPSAMi alTOPUTMH, Ta iX
MOTY)KHIII aHAJIOTH — IBHU/K] alTOPUTMH.



YACTHUHA 1
INOIIYK TA COPTYBAHHA

PO3JILT 1
3AJIAUYA MOLIYKY

1.1. MIOWYK EJIEMEHTA Y CTPYKTYPI JAHUX

He 3MmeHIyroun 3arajibHOCTI, PO3rISIIATUMEMO CTPYKTYPY JaHUX Y BHIIISAI
MacuBy 3 N eJeMeHTIB Jiesikoro 6a30BOTO TUITY, HAIPUKJIAM [IUTAX YHCEI.

[Momyk enemenTa nepeadayae BCTAHOBIICHHS TO3UILITT BXOKEHHS B MacuB &
JICSIKOTO €JIEMEHTa 31 3HAYeHHSIM X I[hOr0 caMoro 0a3oBoro Twiy, abo Qikcaris
(hakTy HOTO BiZICYTHOCTI B MacHBI.

PosrisimatumMeMo  3aady MOLIYKY IEPHIOTO 0 TOPSIAKY BXOJKEHHS.
[Momryk ycix BXOJ/DKEHB — II¢ TIOBTOPEHHsI OTepallii MOIIyKY MEPIIOro BXOKCHHS
MICJIST OCTAHHBOI'O 3HAMIEHOTO.

1.1.1. AITOPUTM IPSIMOI'O NOIIYKY EJJEMEHTA Y MACHUBI

Iness meroay. HaiOimpmr mpocTHM i OYEBHIHUM CIIOCOOOM TIOIIYKY €
HOCIIJOBHE CIIIBCTABJICHHS 3aJJAHOTO 3HAYEHHA X 3 €JeMEHTaMu MacuBy afif,
NOYMHAIOYM 3 IIEPIIOrO0 3 IPHPOCTOM IHAEKCHOIO HOMepa Ha OIMHHMIIO. Takuii
HOIIYK NPUITHHAETHCS B OJHOMY 3 IBOX BHIIAKIB:

1) sHaiimeHo TepiIe MO TOPSAAKY BXOKEHHS 3aJaHOTO 3HAYCHHS X, TOOTO
@i, 0<i<N)(vj0<j<i)=[@lil=x)&(@[j1=x)], - e
MO3UTUBHUI PE3yNbTaT;

2) micnst 4eproBoro 30UTbIICHHS IHICKCY | Ma€e MicIie BUXIiT 32 MEXi MacuBy,
10670 I=N, — 11e HeraTUBHUII pe3yIbTAT.

OCKiNbKH 3anepedeHHs 113 IOHKIIIT € KOH TOHKIis 3allepeueHb, TO YMOBOTO
npozosxenns momyky 6yae (i< N)&(a[i] # x).

Iporpamua peadnizanisi. Peamizanis anroputmy Ha MoBi C++ Moe MaTH
BUTIISL

int i=0;

while (i<N && a[i]!'=x) i++;

if (i<N) cout << “c ¢ no3uyii ” << i <<endl;
else cout << “nemac” << endl;

AHani3 ckaagHocti. «Baxkumm» onepanismu (hard) amst 3agadi momnryky €
orepauil MOPIiBHSIHHSI MK elleMeHTaMH 0a30BOro THUILY, a «IerKuMu» (easy) e
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orepauil MOPIBHAHHSA MDK iHAEKCaMH eleMeHTiB. «Baxka» omepauis afi]!=x mae
miciie y Bupasi ymoBH mponomxenHs tmkiny While. «Jlerki» omeparii i<N
BUKOPUCTOBYIOTECSL SIK B YMOBI NpPOJOBXKEHHS LUKIY, TaK 1 NpH IOAATKOBIH
nepeBipili yMOBH 3yITUHKH.

V Haiikpamomy BUIIAIKy BXITHUX JaHWX, KOJH IIyKaHUH €JIeMEHT € Bigpasy
MEepIINM Yy MacHBi, BUKOHYEThCS TaKa KUTBKICTh «BAKKHX» 1 «IETKUX» OIepariii
MOPIBHSIHHS:

hard _ 4. easy _ _
Cmin =1; Cpip =1+1=2.
VY HalripmioMy BUNAIKy BXIIHUX JaHUX, KOJM IIyKaHWH €IEMEHT B3araji
BIICYTHI y MacHBi, BUKOHYETHCS TaKa KUTBKICTh «BAXKUX» 1 «JIETKHX» OIeparin

MTOPIBHSHHS:

chard - N; c8Y =(N+1)+1=N+2.

Sk BUIHO, KUIBKICTB «ICTKHX» OIepamid y Oyab-sKOMYy BHIAAKY OLUIbIIA
HDK KUTBKICTh «BaKKUX». SIKII0 0a30BUil THIT €JIEMEHTIB CTPYKTYPH JaHUX 3HAYHO
MIePEBHIITYE 32 PO3MIPOM THII iHAEKCIB, TO «JIETKi» Omepallii He BHOCSATh CYTTEBOTO
BIUIMBY Ha 3arajbHUI 4ac poOOTH alnropuTMy. Ase siKijo 0a30BUIl THIT CTPYKTYpH
MAHUX € CIIBPO3MIpHUM ab0 MEHIIUM Bi THITY IHAEKCIB, TO <«JIeTKi» omeparii
HaclpaBAl € CKIAJHIIIMMHU BiJ] «BaKKWX», 1 BOHU CYITEBO BIUIMBAIOTH Ha
MIBUAKOMIIO Ta e(eKTUBHICTh ITOPUTMY. TOMYy HEXTyBaTH HUMH HE MOJKHA.

1.1.2. MOIM®IKALIS AJITOPUTMY MPSIMOI'O IMOMIYKY EJJEMEHTA Y MACHUBI

Iness metony. CyTTeBe mokpamieHHS e(EKTHBHOCTI aITOPUTMY MPSMOTO
MOIIYKY MOJKJIMBE 32 PaxyHOK BIAMOBH BiJ «ierkux» omnepauiil. IIpu npomy
NOTPIOHO TapaHTyBaTH KOPEKTHY 3YIHMHKY ILHMKIY Y BHUIAJIKy HEraTHBHOIO
pe3ynbTary.

3 1i€10 METOI0 MAaCUB PO3IIUPIOETHCS ToaaTKOBUM N+1-uM eneMeHTOM:

basetype a[N+1].

Lle#t monaTkoBuii eleMEHT BHKOHyBaTMMe (pyHKILIiIO «Oap’epa», OCKUIBKH
MaTHMe ITyKaHe 3HadyeHHS X. Taka BHUTpaTa mam sTi € He3HAYHOIO B TOPIBHIHHI 3
MOKPAIEHHAM MBHAKOIT. Ternep HUKIIYHI MOPIBHSHHS IIYKAHOTO 3HAYCHHS 3
€JIEMEHTaMU MacUBY I'apaHTOBAHO IPHUIMHATHCS B OyIb-KOMY BHIIQJIKy BXITHUX
JanuX. [l BCTAHOBICHHS OCTATOYHOTO PE3yJIbTaTy MOIIYKY MOTPIOHO BHKOHATH
JIMIIE OJTHY «JIETKY» OTIepaLlifo MOPIBHSAHHS MOTOYHOTO IHJIEKCY.

Iporpamua peanizanisi. Peamizanis anroputmy Ha MoBi C++ Moke MartH
BUTJISLIL

a[N]=x;

int i=0;

while (a[i]!=x) i++;

if (i<N) cout << “c ¢ no3uyii ” << i <<endl;
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else cout << “nemac” << endl;

AHali3 ckJaagHoCcTi. Y HaWKpamoMy BWITAJKy BXITHUX MaHUX, KOIHU
IIYKaHUI €JIeMEeHT € BiApa3y NEpIIUM y MacHBi, BUKOHYETHCS Taka KUIBKICTh
KBAKKUX» 1 «JIETKUX» OTepalliil HOPiBHIHHS:

hard _ 4 . easy _
Cmin =1; Cunin =1.

VY HaifripiomMy BHIaJIKy BXITHUX JTaHUX, KOJIM IIYKaHUH €IeMEeHT BiICYTHIN
y MacuBi, BHKOHYETBCS TaKa KIUTBKICTh «BaXXKUX» 1 <«JIETKAX» OMeparlii

MOPIBHSHHS:
hard _ . easy _
Cmax =N+1; Cmax =1.
Sk BHIHO, KUTBKICTh <«JICTKUX» OMEpaIiii y IbOMY BHUIAIKy 3BEICHA JI0
MIHIMYMY.

1.1.3. AITOPUTM BIHAPHOI'O OIUYKY EJIEMEHTA Y BHOPSIIKOBAHOMY
MACHBI

Ines meroay. SIk BHOHO 3 OMHUCIB MOMEPEHIX AITOPUTMIB, Y BHUIIAAKY
BIICYTHOCTI HomaTKoBOi iH(hopMarlii mpo xapakrep posmimeHHs eneMeHTiB y CJ]
HIIKHM YHHOM HE MOYKHA MPHUINBUIIIUTA MOIIYK — TMOTPIOHO BHKOHYBATH
MOCITIZIOBHE NOPIBHSIHHS €JIEMEHTIB i3 IIyKaHUM 3HAYESHHSIM.
Sxmo x Bimomo, mo CJ] € BHOpsAKOBaHA 3a AESIKOIO0 03HAKOIO, HATIPUKIIA]T
N0 HECMaJaHHIO, TO MpOIEC TMONIYKY MOXHA 3HAYHO MPUIIBHUIIIHTH,
KOPHUCTYIOUHCh METOJOM TOAUTY Bigpi3ka momoiaM. 3 Mi€l0 METO CIif
BUKOHYBATH TaKi Jii:
1) mOBiITPHUM YMHOM OOHMPAETHCS BHYTPIIIHIA emeMeHT a[m] posrisigyBaHOi
YACTHHU MaCUBY; OYAaTKOBO aHAII3YEThCS BECh MACUB, y I[bOMY BHIAIKy
0<m<N;,
2) oOpaHWMii eTEMEHT CITIBCTABIIAETHCS i3 IIYKAHUM 3HAUCHHSM X'
a) SKWIO afmf=x, TO lie TOYHE MONAaJaHHS B [IIyKaHEe 3HAYCHHS;
b) sixkmo a[m]<x ta BpaxoByrouHM, IO BCi emeMeHTH JiBimre Bim afm] e
MEPEBUIYIOTh HOr0, TO Cepejil HUX IIYKAHOTO 3HAYCHHS HEMAa€E, TOMY
BCIO I[F0 YaCTHHY MacHBY pa3oM 3 a[M] MOKHa BIIKUHYTH;

€) skmo a[m]>x Ta BpaxoByrOUH, 10 BCi eJeMEHTH mpasimre Bix a[m] we
MEHIIIi BiJi HBOTO, TO CEPe/l HUX LIYKAHOTO 3HAYCHHS HEMA€e, TOMY BCIO
IF0 YaCTHHY MacuBY pa3oM 3 a[M] MOXXHa BiIKHHYTH;

3) nocninoBuicTe kpokiB 1), 2a), 2b), 2C) 3HOBY 3aCTOCOBYETbCS OO Ti€i
YaCTUHM MacHuBy, M0 3aJMIIWIACA; TAaKUW TOBTOPIOBAHUN MpOIEC
3aBEpPUIYETHCS B OJJHOMY 3 JBOX BUIA/IIB!

e yeprose NOPIBHAHHSA a/m[=x € ICTHHHUM — 1€ TIO3UTHBHUN PE3yJIbTaT;

o HiCJ'Iﬂ YeproBoro Bi,I[KI/I,E[aHHSI YaCTUHU MacCUBY HEC 3ajlMIIA€TbCA

JKOJTHOTO €JIEMEHTA JJIsl MOPIBHSAHHS — [[e HEraTUBHUI Pe3yJIbTar.
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BuHukae muTaHHS NpO AOBUTBHICTH BHOOpPY enemeHnTta a[m]. OueBHIHO,
mo6 mpolec MOUTYKY NPUIIBHAMINTH, MOTPIOHO IIOpasy BIOKUIATH SKOMOTa
OLIbLIY YACTUHY MAaCHBY, 7€ 3a/IaHOTO 3Ha4YeHHs Hemae. ToMmy JOIUTBHO 00upaTH
LUEHTPaIbHUI EJIEMEHT Y pO3IIsiAyBaHiii 4YacTUHI MacuBy. AJpKe NpH LBOMY
mopa3y 3 OJHAKOBOIO HMOBIPHICTIO BITKAIATUMETHCS HE MEHIIE IMOJIOBHHHU Bif
OCTaHHBOI PO3TJIAAYBaHOT YaCTHHHU. 3BIJICH 1 Ha3Ba METOAy — OIHapHHH MOIIYK,
TOOTO MOMIYK 3 AiJICHHAM IOTIONaM.

Iporpamua peadnizanisi. Peanizanis anroputmy Ha MoBi C++ Moxe martu
BUIJISI

int L=0, R=N-1, m=(L+R)/2;
while (L<=R && a[m]!=x)
{
if (alm]<x) L=m+1; else R=m-1;
m=(L+R)/2;
}
if (L<=R) cout << “c ¢ no3uyii ” << m << endl;
else cout << “nemac” << endl;

AHani3 ckaaaHocri. HaiikpamyM BHIagkoM BXiJHHMX JaHHUX € BapiaHT
MacuBy, y SKOMY IIYKaHWI €IEeMEHT 3aiiMae LEeHTpajlbHY MO3HUII0. AMKe TOxi
BUKOHYETBCS JIMIIC OJWH OIHAPHWUN TOMAUI, SKWA Bipa3y J[a€ TO3UTUBHUIA
pe3ynprar. [IpM IHOMY BHKOHYETBCS Taka KUIBKICTD «BAXKKHX» 1 IETKHX»
orepariii TOpiBHAHHS:

chard _q. ceasy _q,1_2,

min min

OueBHHO, IO HAWTIPIIMM BHITAAKOM BXITHHX TaHWX 3HOBY € BapiaHT
MacuBy, y SKOMY IIyKaHWil ejeMeHT BincyTHid. [Ipum 1bOMYy BHKOHYeEThCA
MaKCHMaJlbHa KUIBKICTh OIHApHHUX MOJUIIB, MOKH PO3IJIsSyBaHa YaCTUHA HE CTaHe
MOPOKHBOF. KUTBKICTH eTammiB MOJTIB MOIMOJIaM BHU3HAYAETHCS JIOTapUPMITHOIO
3aJICKHICTIO:

K emanis = [IOQZ N ]+ 1,
JIe Y KBaIpaTHUX TYKKaX PO3YMIieThCA IiIa YacTHHA Bi Jorapudma.

Ha xoxHOMY eTarti moJiTy BUKOHYETBCS TI0 JB1 «BaXKKi» omeparllii (0 jHa — B
ymoBi rukiy While, i ogma — y Tinmi mporo mukiTy) i Mo ofHiN «Ierkiii» omepartii (B
ymoBi nukiny While). Okpim 1poT0, Iile OfHA «IErka» Oreparlis Mae Micle MpH
MepeBipi OCTaTOYHOTO pe3yabTaTy MOIIyKy. TakuM UYHWHOM, Y HaWTipmomy
BUIIAJKY BXIIHUX JaHUX BUKOHYETHCS TaKa KUIBKICTh «BAXKKHX» 1 IETKHX»
ornepaniii NOpiBHIHHS:

Crae = 2([log;N]+1);  CRY = ({log,N]+ 1)+ 1=[log,N]+ 2.

Sk BUAHO, YacoBa CKJIAMHICTh OIHAPHOTO TMOMIYKY 3HAYHO Kpaiia B
MOPIBHSHHI 3 PO3MIITHYTHMH paHilIe PSIMUMHU METOJaMH.
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XapakTepHOIO OCOOJMBICTIO JaHOTO METOJy € MaiDKe Hairipima yacoBa
CKJIQIHICTD 1 y BUMAJKaX 13 NO3UTHBHUM PE3yJIbTATOM, KOJIM LIIYKAHUH €JIEMEHT y
MacuBi 3aiiMae Taki TO3WIIi: NEepIINA, OCTaHHIH, Nepenye UEHTPAILHOMY,
HACTYIHHUU MICJIS LIEHTPAJIBHOTO.

3ayBaskenHs. Xoya OiHApHWH TMONIYK € JOCUTHh MIBHAKAM alTOPUTMOM,
NpoTe BiH HE rapaHTye 3HAXOJ/UKEHHS caMe IIepUIOTr0 3a HOPSIKOM BXOJKCHHS
3aJaHOTO 3HAYEHHs, a JIa€ JKUMCh i3 MOJMKIMBO AEKUIBKOX HIAPAJ OJHAKOBHX
esnemenTiB. Hampukian:

int a[10]={1, 2, 3, 3, 3, 3, 3, 3, 4, 5}, x=3;

VY pesynbraTi Oyne 3HaiieHO TPETIO 3a MOPSIKOM TPIHKY — €leMeHT i3
HOMepoM 4, Xxo4a repiia 3a IMopsAKOM Tpilika y MacuBi Mae HOMep 2.

1.1.4. MOAU®IKAIIA AJITOPUTMY BIHAPHOI'O MOIIIYKY EJJEMEHTA Y
BIOPAJKOBAHOMY MACHBI

VYaockoHaneHHs OiHapHOTO TOMIYKY Mae€ Ha MeTi 3a0e3neuuTH
BCTAHOBJICHHS CaMe IEpIIOTO 3a MOPSIKOM, a He IOBUIBHOTO BXOKEHHS 3aJIaHOTO
3HaueHHs. OKpiM [[OTO, — I1€ JO3BOJHUTH 3MEHIIUTH KUTbKICTh BRXKKUX» OTIEpAIlii
yaBiYi.

Iness meroxay. Monudikamis MTONEPEIHBOTO AalTOPUTMY Iependavae
BIZIMOBY BiJI JJOCTPOKOBOTO 3aBEpIICHHS MpOLECY MOPIBHSAHb IPU TOYHOMY
MOTaIaHHI B €JIEMEHT i3 IMyKaHWM 3HadyeHHsSM. Lle M03BONMTH BiIMOBHTHCS Bix
«BakKo» omepauil mopiBHsaHHA a[m]!=x B ymoBi umkiy while. 3Buuaiino, Toxi
MOCTaHE MHUTAHHS MPO KOPEKTHY 3aBEepIIyBaHICTh ONeparopa LUKIY Y BUOAIKY
MMO3UTUBHOTO OCTATOYHOTO PE3YJIbTATY.

[MpoananizyeMo pe3yinbTaTH IOPIBHSHHS [JOBUILHO OOpaHOro elieMeHTa
a[m] i3 3amaHMM 3HAYEHHAM X, ajle PO3TJITHEMO HE TPHBITKOBE, & JBOBITKOBE
PO3ray>KeHHSI:

e ko a[m]<Xx, To, sIK i B MONEPEIHHOMY BUIIAJIKY, YACTUHY MAaCUBY BiJ HOro
MoYaTKy 10 eneMeHTa a[Mm] BKIIOYHO MOKHA BIIKHHYTH, TOOTO BHKOHATH
nepenpucBoeHHs L=m+1;

e kim0 afmf>x, To enement a[m] Bxke He MOKHA BimKMAaTH, 00 BIH MOXe
CHiBHamaTH i3 33JaHAM 3HAUCHHSIM X. Y BHUMAIKy MACKUIBKOX IiAPSIT
OJIHAKOBHX CIIEMCHTIB IMOKH II0 HEBIIOMO, SIKHMil camMe BiH 3a MOPSAKOM.
Slkmmo micns HBOTO CIIMYFOTH Taki cami 3a 3HAYCHHSIM EIEMEHTH, TO HUMU
BXXE MOXXHa HEXTyBaTH. TOMy B J[aHOMY BHIAIKy BapTO BHKOHATH
mepenprucBoeHHs R=m.

Buxonsuu 3 BIACTHMBOCTI oOlepallii MUIOYHCETBHOTO IUICHHS Ha 2 JUIs
m=(L+R)/2, cnpaBemmBoro Oyne momsiiiHa HepiBHicTh L<m<R. Tomy omeparop
npucBoeHHs L=m+1 rapantoBaHO 3MillyBaTUMe JIiBYy MEXy Xoya O Ha OJUH
€JIEMEHT BIIPaBo, 1 omeparop R=M Tex rapaHTOBaHO 3MilllyBaTUME IPAaBY MEXY
BiB0. TakuMm 4YMHOM, PO3rIIsAyBaHa YaCTHHA MACUBY IOpa3y 3BY)KYBATUMETHCS
4M 37iBa, YK CIpaBa, i e 3a0e3MeunTh KOPEKTHY 3aBeplIyBaHicTh HukiIy While.
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OxpiM [BOTO, Y BUNAIKY NCKUTBKOX MIAPSI OJHAKOBUX CIEMCHTIB i3 IIYKaHUM
3HaYeHHAM IpaBa Mexa R posrmsayBanoi yacTHHE Oyie MOCTIIOBHO 3MINTyBaTHCA
BJIIBO 1 3y[TUHUTHCS CaMe Ha TEPIIOMY 32 MOPSIKOM BXOHKEHHI.

Bapro 3ayBakutH, 1m0 Taka moau(ikallisi TaKoX mepeadadatume 3aMiHy
YMOBH 3aBepllieHHsS poOOTH anroputmy. Temep mpoliec MOIIYKYy B Oy/b-SKOMY
BUNAJKy TPHUIMHSIETHCS, SKIIO PO3IIISAYyBaHAa YaCTHHA MACHBY «CTATYETBCS» JIO
OJTHOTO €JWHOTO eneMeHTa, To0To mpu ymoBi L=R. Lle# emmamii enemeHT, 6e3
pizuuii, uu a[L], uu a[R], Oyzxe abo aificHO mepmM 3a MOPAAKOM CEPEI MOMKIIUBO
JEKUIbKOX OJIHAKOBHX 13 IIyKaHHUM 3HAa4YCeHHSIM, abo sKkuMoch iHmMM. Tomy
MMOTPIOHO BUKOHATH IIE OJHY MEPEBIPKY 3 «BaXKKOIO» OIEPAIi€l0 TOPIBHIHHS
3a)iKCOBAHOTO CIEMEHTA 13 33J]aHUM 3HAUYCHHSM X.

IIporpamua peanizanisi. Peamizanis anroputmy Ha MoBi C++ Moxe MaTtH
BUTJISIA

int L=0, R=N-1, m;
while (L<R)

m=(L+R)/2;
if (aJm]<x) L=m+1; else R=m;

if (a[L]==x) cout << “c ¢ nozuyii ” << L << endl;
else cout << “nemac” << endl;

AHaJji3 ckaagHocti. /i1 1aHOTO anropuTMy HE MOXKHA BHIUTUTH KpAIlli Ui
TipIIi BUMIAAKKA BXiJHUX JAHWUX, OCKUIBKH UK HE 3aBEPIIYETHCS JOCTPOKOBO MPH
TOYHOMY TIOMAJaHHI B IIyKaHWH eneMeHT. TakuM YHHOM, 3arajibHa KUIBKICTP
KBKKHX» 1 «JIETKUX» olepaliil y Oyap-IKOMY BUIIAJIKY OyJe:

Chn' =Crae =[log,NJ+ 15 Y = CRg =[log,N]+1.

OxkpiM Takoi JOCTaTHEO BUCOKOI YacoBOi €(EKTUBHOCTI, MOIH(IKOBAHUIA
OlHApHUH TIOMIYK XapaKTepPU3yEThCS THM, IO 3a0e3Ieuye BCTAHOBJICHHS MEPIIOTO
3a MOPSAAKOM BXOKEHHS €IeMEHTa Cepe/l MOXKIIMBO JEKUTHKOX MiAPST OTHAKOBHX.
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1.2. IO YK NIINOCJIIAOBHOCTI EJIEMEHTIB ¥ CTPYKTYPI
TAHHUX

He 3MeHIyrouun 3arajibHOCTI, pO3TJIsLIATUMEMO HOIIYK Y HOCTIJOBHOCTI, 1110
MOJETIOETHCST MacuBOM i3 N enmeMeHTiB moBimbHOTO 6a3oBoro tumy. [Ipm mpomy
IIyKaHa MiJIOCIiIOBHICTD — e TEX MacuB i3 M eleMeHTIB Iboro camMoro 6a30BOro
THUILY:

basetype a[N], b[M].

Jlns 3abe3reueHHs] KOPEKTHOCTI TOCTAHOBKH 3a/1a4i He0OXiMHe BUKOHAHHS
yMOBU N>M, OCKITbKH HE MOKHA IIYKATH HIOCH JIOBIIIE B KOPOTIIOMY.

IMocnimoBHicT, @, y sKill 3MIACHIOETBCS TIOMIYK, HA3WBAIOTh 0OA306010
nocuidosuicmio abo TPocTo 6aszoro. IligmocmimoBHicTs b, sKa mIyKaeThCs,
HA3UBAETHCS 0OPA3OM.

TakuM YHHOM, 3ajaya MOUIYKY IEpPIIOr0 BXO/KEHHs oOpa3za B 0a3y
nependavae BCTAHOBIICHHST HAHMEHIIIOTO 3 MOYJIMBUX 3HaueHb iHjekca K mo 6asi,
MMOYMHAIOYH 3 SIKOTO €JIEMEHTH 0a3u MOCIIIIOBHO CHIBIAJAI0TH 3 yCiMa €JIeMEHTaMU
obpasza. ko Takwuit iHmekc K icuye, To6TO cripaBeIMBa yMOBa

@k,0<k<N-M)=fafk+jl=b[j]j=0,M-1|&

(3k,0<sk<N-M),(Vi,0<i<k),(@j0<j<M)=[ali+jl=b[j]],
€3]

TO 1€ — HO3UTUBHUM PE3YJAbTAT MOLIYKY.
Y NpOTUIIEKHOMY BUNAJIKY, TOOTO 32 yMOBH
(Vk,0sk<N-M),(3j,0<j<M)=[a[k+j]=b[]]]. )

Ma€ Miclie HEraTHBHUI pe3ysIbTaT MOIIYKY.

1.2.1. IIPsIMUAM MO YK MIAIIOCJIIIOBHOCTI Y HOCJIIIOBHOCTI

Inesi metony. HaiiGinmemn mpocTuM Ta OYCBHIHHUMH CIIOCOOOM TIOIIYKY €
MOCITIZIOBHE CITIBCTABJICHHs €JIEeMEHTIB 00pa3a 1 0a3u MOYHMHAIOYM BiJl MOYATKY.
IIpu piBHOoCcTI ueproBoi mapu enementiB a[k+j]=b[j], O0<k<N-M, 0<i<M
BiZIOYBA€ETHCS MEPEXi/] 0 HACTYMHOI MapH eJIeMEHTIB, TOOTO BUKOHYETHCS TIPUPICT
iHmekca J. SIKmo Ui JeAKOi TapW ENEMEHTIB Mae MicIle HeCIiBIaaaHHs
alk+j]#b[j], 0<k<N-M, 0<j<M, To 00pa3 yMOBHO «3CyBa€ThCS» BITHOCHO 0a3n Ha
OJTHY TIO3HIIif0, TOOTO BUKOHYETHCS TIPUPICT iHmeKkca K, i CriBCTaBICHHS €IEMEHTIB
3HOBY ITOYMHAETHCS Bi OYATKy 00Opasa.

Takuii TOBTOPIOBaHHUI TPOLEC CIIBCTABICHb 1 MOXKJIMBUX «3CYBIB» 00pa3a
BITHOCHO 0a3W MPUITUHAETHCS B OJTHOMY 3 TBOX BHUITA]IKIB:

1) yci enemenTn obpasa cmiBmaay 3 BiANOBIAHMMH eJIeMEHTaMu 6a3u, TOOTO
j=M, — e mo3uTHBHUIA pe3yIbTar;
2) micis 4eproBOro HECMIBIAJAHHS €JIEMEHTIB 1 «3CyBy» 00pa3 BUXOIUTH 3a

Mexi 6a3u crpasa, T00T0 K>N-M, — 1ie HeraTUBHUIA Pe3y/IbTaT.
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Buxonsuu 3 b0T0, YMOBOIO MIPOJIOBKEHHS MONTYKY Oy/ie KOH FOHKIIIS BHILY
ksN-M)&(j<M).

Ipukjaajy NOKPOKOBOro BUKOHAHHA. [ls imOCTpaui'l' MTOKPOKOBOIO
BUKOHAHHSA TapH €JIEMEHTIB, IIO CIIBIAJaNH, — HIIKPECIEHi, a HeCHiBIagarodi

napu €JICMEHTIB — aaiepec—ﬁem

int a[12]={1,2,3,1,2,3,4,1,2,3,4,5};
int b[5]={1,2,3,4,5};

1231223412345
12345

123123412345

122345
123123412345
12345
1231234122345
12345
123123412345
12345
123123412345
12345
123123412345
12345
123123412345
12345 stop, yes!

IIporpamua peadnizanisi. Peamizanis anroputmy Ha MoBi C++ Moke MarTH
BUTJISIL

int k=0, j=0;
while (j<M && k<=N-M)
{
J=0;
while (j<M && a[k+j]==b[j]) j++;
k++;
}
if (j==M) cout << “c 6 nozuuii ” << k-1 << endl;
else cout << “nemac” << endl;

AHajniz ckaamgHocTi. OCKUTBKHM TporpamMHa peaiizailis € CKIAJIHIIIOK B
TOPIBHSAHHI 3 aJTOPUTMaMH TOIIYKY eleMeHTa (1Ba BKJIAJCHI IIMKIIN), TO BajKKO
TOYHO OLIHMTH KUIBKICTh <«JIErKUX» ormepaimiid. TomMy 0OMEKHMOCH OLIHKOIO
KUTBKOCTI «BaKKHX» OTEPAIlii.
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Haiikpamux BapiaHTiB BXITHUX JaHUX MOKE OYTH JCKiTbKa:
e 00pa3 BXxoauTh y 0a3y Bifpa3y Ha IOYATKY, i BiH 3HAYHO KOPOTIIMHA Bif

0a3u; y IbOMY BHUIAJKY Cr?]?rﬁd = M , nanpuknan:

a[10]={1,2,3,4,5,6,7,8,9,0};
b[3] ={1.,2,3};

e o00pa3 He BXOAuTh y 0a3y, BiH CHIBpO3MipHHMH i3 0a3010, i NIPH LBOMY
HECITIBITAJ]aHHS EJIEMEHTIB Iopa3y (IKCYeThCS Ha IEPIIOMY EIIEeMEHTI

00pasa; y 1bOMy BULIAJIKY Cr?]?rr]d =N - M + 1, nanpuxnan:

a[10]-{1,2,3,4,5,6,7,8,9,0};

b[s] ={0,2,3,4,5,6,7,8}.

Y HalTipoioMy BHIIQJKy Ha KOXHOMY eTami Mae BHUKOHYBATHCS
MaKCHUMallbHa KUIBKICTh Omepaliif MOpiBHSAHHA, 1 MPH I[bOMY BHUKOHYIOTHCS BCi
MOJKJIMBI 3CYBH 00pa3a BiTHOCHO 0a3u; Ile TaKWii BapiaHT BXIHUX JaHUX, KOJIH Ha
KOXKHOMY eTali BCl eleMeHTH o0pas3a, OKpIM OCTaHHBOTO, CIIBIAJAIOTh 13
BINMOBITHUMHK eJeMeHTaMHu Oa3u, a HecmiBagaHHsA mmopa3y (ikcyerbes Ha

OCTaHHBOMY €JIeMEHTI o0pa3a; y UbOMY BHIAAKY C,?%(d = M(N -M +1),

HaINpUKIaI;
a[0]={1,1,1,1,1,1,1,1,1,1};
b[5] ={1.1,1,1,2};
BcranoBumo Tenep HaWripmuii i3 HaWripmmx BunankiB. s uporo

JOCIIANMO Ha  EKCTpeMyM  (DYHKIIiO C%%&d (M)= M(N -M+ 1)—) max .

[Mpomudepeniiiroemo 1o aprymenTy M i npupiBHsSEMO 10 HYJIS:
(N +1)
>

hard N+1 2
Tomy Cm%i(max(Mextr)=( 2 J :

OTXe, HAUTIPIIUM i3 HAUTIPIIUX BUMAKIB € BapiaHT BXIMHUX TaHHUX, KOJIH,
OKpIM yChOTO BHIII€3a3HauYeHOro, obpa3 yaBiui kopotiuid Bix 0a3zu. Hampuknan,
npu N=10, M=5 «kinbkicTb onepariit Cg‘g(dmax = M(N -M+ l)= 5:6=30.

3Ha4YHO KPAIIMMHU 3 TIPIIKX BUIAJIKIB € HACTYIHI BapiaHTH BXIJIHUX JAHUX:

e 00pa3 ayxe KOPOTKHUH — TOAI BiH IMIBHIKO «PYXaE€THCs» B3/IOBXK 0a3u, 60 yci
eTanu KOpOTKi:
a[i0]={1,1,2,1,1,1,1,1,1,1};

b[3] ={1.,1,2};
chard — M(N-M+1)=3-(10-3+1)=24;

e 00pa3 CHiBpO3MipHUH 13 0a3010 — TOJI, X0Y KOXKEH €Tall JOBTHU, MpOTe
«3CYBIB» MaJo:
a[10]={1,1,1,1,1,1,1,1,
bre] ={1,1,1,1,1,1,1,2}




chard — M(N - M +1)=8-(10-8+1)=24.

1.2.2. MOJAGIKALISA MPSIMOTO MTOMIYKY HNIAMOCAIIOBHOCTI

HemonikoM mpsiMOTO MOINIYKY MiAMOCTIIOBHOCTI € Te, IO MPH Yepro.ii
HeBAadi 00pa3 «3CyBaeThCS» BIIHOCHO 0a3W JIMIIe Ha OJHY MMO3HLI0. Ko Takii
HEBJaYi TepejayBalia BEWKA KUTbKICTh CHIBIANaHb €IEMEHTIB, TO IONUILHO IIFO
JOJATKOBY  IH(oOpMaIlilo PO  XapakTep CIIBIOAJaHb  SKAMOCh  YHHOM
BUKOPHCTOBYBAaTH HAa HACTymHUX eranax. Lle m03BoimiIo © BIAMOBHTHCS BiX
0araTopa3oBUX <IIOBEPHEHB» HA3aJ 1 MOBTOPHUX <IPOXOJIB» MO THX CaMUX
eneMeHTax 0a3m, SKi BK€ aHaJ3yBalWCs Ha TOMNEpeAHiX eramax. HampomryeTbes
imes 3adikcyBaTH B 0a3i MO3UINI0 OCTAHHHLOTO HECHIBIAJAHHS 1 «3MIIIyBaTH»
00pa3 BiTHOCHO 0a3M Ha JESKY BiICTaHb.

OmHuM 13 crioco6iB peanizarii Takoi ifnei € «3cyB» o0pa3a BITHOCHO 0a3u He
Ha OJIMH €JIEMEHT BIIPaBO, a Bifpa3y B caMy IO3MIIi0 HecmiBnaganHsi. O4YeBHIHO,
0 SIKIIO HECIIBIAaNaHHI Ma€ MiCIle Ha TIEpIIOMY eIeMEeHTi 00pasa, TO «3CyB» Ma€
BUKOHYBATHCS Ha OJIHY MO3UIII0. PO3TIITHEMO IeKiTbKA MPUKIIA/IIB:

1) 1233223412345
12345
1231234322345
12345
123123412345
12345 stop, yes!
2)11132111112345
1112345
11111132112345
1112345
1111111112345
1112345 stop, yes!

ITpote MOXyTbh OYTH 1 TaKi BUITQJKHU:

3)1114211112345
1112345
1111113212345
1112345
111111112345
1112345 stop, no!
412123121231212345




121231212345
12123121231212345
e J 121231212345
N J\. J

stop, no!

[Ipoanamnizyemo Tenep po3riasHYTi TPUKIAIN:

e yBuUmagkax | i 2 mBUAKO i BipHO 3ahikCOBAHO MO3MIIIO BXOKEHHS 00pa3a
B 0azy;

e yBumagkax 3 i 4 3adikcoBaHO BHXOIM 00pa3iB 3a Mexi 0a3 ((hakTHaHO — 1Ie
HEeraTHBHI pPe3yJbTaTH), XO4Ya HACIpaBai BOHU BXOIITH y 0a3zu (BUALIEHO
KUPHUAM TIPUPTOM).

TakuM  4nmHOM,  pO3IJsiHyTa  MOIUQIKALsL  aIrOpUTMY  IMOIIYKY
MIAIOCIIOBHOCTI HE € pe3ylbTaTHBHOI. He ckiiagHo mepexoHatucs, mo aedext
AIITOPUTMY BUSIBISIETBCS 32 HACTYIIHUX YMOB:

a) Ha mouarky oOpa3za MarTh MicCIle TTOBTOPCHHs OJHAKOBHX EIIEMEHTIB abo
TPYII i3 AEKITPKOX €IEMEHTIB; IPU [bOMY BAKIUBIMH € TIOBTOPEHHS OUIBII
JIOBIIUX Iyt (npukian 4);

b) y 6a3i Ha mouarky OESKOTO eTaly Mae€ Micile MOBTOPEHHS THX CaMHX
€JIEMEHTIB 200 Ipyn eJIeMEeHTIB, 10 i B 00pasi;

C) KiTbKiCTh MOBTOPEHb €JIEMEHTIB Yd TPYN eleMEHTiB y 0a3i He KparHa
KUTBKOCTI X IOBTOPEHB B 00pasi.

OpmHUM 13 crIOCO0IB BUPINICHHS TaKOi MPOOJIeMy i OJHOYACHO MiJBUIICHHS
e(eKTHBHOCTI aJITOPUTMY HOUTYKY ITiAMNOCTIMOBHOCTI € 3MiIIeHHs 00pa3a BiTHOCHO
6a3u 3 BpaxyBaHHSM HOBTOPIOBAaHUX BXO/KEHB I'PYIl €JIEMEHTIB B 00pasi Ta B 0asi.

1.2.3. AriroputMm KHYTA-MOPPICA-TIPATTA (KMII)

Inesi metony. ¥V 1977 p. Honanen Kuyr, xeiimc Moppic i Bon Ilpart
3amporoHyBay  €()eKTUBHUI ~ aIrOpUTM  TONIYKY  ITiANOCTIZOBHOCTI B
nocmigoBHOCTI — anroputM KMII, skuii Mae cepeHio 4acoBy CKIAAHICTb
O(N+M), i npu bOMY He ITPOSIBIISE )KOJHUX Ie(PEKTIB, TOOTO € pe3yIbTATHBHIM.

Sk i B pO3TISMHYTOMY BHIIE BapiaHTi MoAUQIKaIil MPSMOTO IOIIYKY,
«3cyBU» 00pa3za 3IHCHIOIOTHCS HE HA OJUHHUYHI, a HAa 3HAYHO OUIBIINI BiJCTaHi,
OJIHAaK HE 3aBX/H B TOUKY HECIIBIIaIaHHS €JIEMEHTIB.

BcTaHOBNICHHS BETMUMHN «3CYBY» 3JIIHCHIOETBCS HA OCHOBI TOIIEPEIHBOTO
aHanizy oOpasy, IO [03BOJIsiE BUKOHYBAaTH 3MIIIEHHS HA BEJIHKI BiACTaHI HaBITh
P HasSBHOCTI TIOBTOPIOBAHUX TPYIT CIIEMEHTIB 1 0€3 BTpaTH pe3yabTaTuBHOCTI. Lle
€ okpema (ha3a 3araJbHOrO AITOPUTMY, sIKA BUKOHYETHCS OJHOKPATHO IEpe
TTOYaTKOM CITIBCTABJICHHS CIIEMEHTIB 00pa3a i 6a3m.

B ocHoBy momnepeaHboro aHanizy oOpasza MOKIaJEeHO IMiJpaxyHOK JOBXHH
OCOONMBHUX TIANOCTITOBHOCTEH eleMeHTiB oOpa3a, $SKi B HBOMY IIOBTOPHO
3ycrpivatorees. [lomiOHO 1O MopdoJorii, MO € PO3AUIOM I'paMaTHUKH i BUBYAE
OynoBy ciioBa, y Teopii hopMaabHUX MOB, L0 € YACTHHOIO TEOPIil MpOrpaMmyBaHHs,
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pO3IIIAAlOThCA TakKi CTPYKTYPHI eleMeHTH K mpedikc i cydikc. [Ipeghikcom
BBAXXKAcThCS JEdIKa ITIAMOCIIZOBHICTE €JIEMEHTIB 0a30BOi IMOCIIZOBHOCTI Bix Ti
MOYaTKy, SKa HE CITIBIIaJgac i3 caMoI0 0a3010. AHANOTIUHO, cy@iKkcom BBaKAETHCS
JiesiKa MiAIOCIiIOBHICTE eJIEMEHTIB 0a30B01 ITOCIIAOBHOCTI Bif 11 KiHIS, sIKA TEX HE
cuiBnamae 3 0a3or0. Y mpedikc He BXOIOWTH OCTaHHIN eleMEeHT, a B Cy(]ikc He
BXO/IUTH NEpUIMi eneMeHT 0a3u. TakuMm unHOM, 0a3a 3 OJHOTO elIeMEHTa HE Mae
npedikca i cydikca.

BpaxoBytoun mnpuiHSATI BU3HAYEHHS, PO3IIITHEMO JIESIKY IIOCIIiIOBHICT
€JIEMEHTIB JJOBUILHOTO 0A30BOTO THITY

J DY P P I o VI o VRS | ISP RO o VIR 1o VRR €
npegixc cyghixe

Hac 1uikaBuTHME npeghikc maxcumanroHoi 0068CUHU, SKWHA TIOCIEMEHTHO
chiBmanae i3 cypikcom Takoi )k JOBKIHH:

by =Dy k+1+ B2 =bpoks2. - B =bpy

IMpedikc 1 cydikc MOXYTh HE TIEPETHHATHCS, MOXYTh YacTKOBO
MEPEeKPUBATHCS, MPOTE BOHM HE MOXYTh IMOBHICTIO HakjiamaTtucs, Todto Oyrn
OHAMH 1 THMH CaAMUMH elleMeHTaMu. SIK Bke OyJio 3a3Ha4YeHO, OJHOCIECMEHTHA
MOCITIIOBHICTh HE MOXe Math npedikca, ado, IHIIUMU CJIOBaMH, ii mpedikc mae
HYJIbOBY JIOBXKHHY.

3rigao 3 amroputMoM KMII mnomepenuiii ananiz oOpaza mnependavae
0o0YHCIIeHHS MOBXHH TpeQiKCiB A BCIX MANOCTIIOBHOCTEW oOpasa Bix iforo
MOYAaTKY 31 3pOCTAHHAM iX TOBXKHHH Ha OAWHHULIIO:

rbl;

blle;

<b]_,bz,...,bk; ()
[b,b e Bicrees Dy -1, by

Jns BcraHOBiACHHS TpedikciB OUIBII  JOBrUX  MIANIOCIIZOBHOCTEH
BUKOPDHCTOBYIOTbCS ~ pe3ylbTaTW  aHaji3y IONEpelHiX OUIbIl  KOPOTKHX
migmocinoBHOCTeH. TOMy TOBXHHH MPE(iKCiB KOKHOI 3 MiAmoCtigoBHoCTeH y (2)
JOLUTBHO 30epiraTd B JOJATKOBOMY YHCIOBOMY MAacHBi TaKOTO CaMOTO PO3MIpY,
110 1 06pas:

int p[M].

Le € nonaTkoBa BUTpaTa mam’sTi, SIKY CJIiZi BpaXOBYBaTH MPH IOIIYKY OCOOJIHMBO
JIOBTHX 00pasiB.
PosrnsHeMo mpukia MOKPOKOBOTO OOYMCIICHHS TOBKUH MPEQIKCiB:

int b[16]={1,2,1,2,1,2,3,1,2,1,2,1,2,3,4,5};
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preflx( ) 0= p;=0

preflx(l 2)= 0=p,=0
prefix(I,Z,l)= 1= p3=1;
prefix(l_,2,1,2)= 2> pp=2;

X

prefi (ﬁ

preflx(l 2 E) 4= pg =
prefix(1,2,1,2,1,2,3)=0= p; =0,
prefix(1,2,1,2,1,2,3,1)=1=> pg = 1;
prefix(1,2,1,2,1,2,3,1,2)= 2= pg =2
prefix(1,21,21,23,1,2,1)=3=> pyg =3
prefix(12,1,2,1,2,3,1,2,1,2)=4 = py; =4
prefix(12.1,2.1,23,12,1,2,1)=5= py, =5
prefix(12,1,2,1,2,3,1,2,1,2,1,2)=6 = py3 =6
prefix(12.1,2,1,23,12,1,2,1,2,3)=7 = pyy =7
prefix(1,2,1,2,1,2,31,212,1,2,34)=0=> p;5 =0;
prefix(1,2,1,2,1,2,3,1,2,1,2,1,2,3,45)=0= pyg =0

Sk BUHO 3 MIPUKIIAAY, OOUMCIICHHS JTOBXHUH MPEQIKCIB A BCIX MOKIUBUX
MIAMIOCTIIOBHOCTEH 00pa3a [O3BOJSE BCTAHOBHUTH MAaKCHUMAIbHY JTOBXHHY
MOBTOPIOBAHUX I'PYI EIEMEHTIB Ha MoYartKky i B KiHui. Hyabp0Bi 3HaYeHHS JTOBXUH
npedikciB BiANOBINAIOTh TaK 3BaHUM «00OpuBam» 3pocTarodux npedikciB. Touku
«OOpHUBIB» OYAYTh BU3HAUATH IMOJAIIBIIII «3CYBU» 00pa3a BITHOCHO 0a3H.

IIporpamMua peaJi3ailis _aJropuTMy o004YuMcJeHHs JOB:KUH _npedikciBb.
Anroput™M (OpMYBaHHS JIOAaTKOBOTO MacHBY JOBXHMH mpedikciB Ha MoBi C++
JOLTBHO peaji3yBaTh y BUIIAAI okpeMoi (yHkmii. MacuB o0pasa Ta J0AaTKOBHUMA
MAaCHB JIOBXKHUH npedikciB s i€l QyHKIIT € TI00amsHUMHE:

void prefix()
{

p[0]=0;
int k=0;
for (int j=1; j<M; j++)
{
while (k>0 && b[k]!=b[j]) k=p[k-1];
if (b[K]==Db[j]) k++;
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plil=k;
}
}

Oynukiis prefix( ) Oyme BuknIMKaTucs B OCHOBHIN mporpami. IIporpama
peajtizaiis MoIIyKy MEepUIOTo BXOUKEHHs 06pa3a B 6a3y MOKe MaTH BULIISI

prefix();
int k=0, j=0;
while (j<M && k<N)

{
while (j>0 && b[j]'=a[K]) j=pl[j-1];
if (b[j]==a[k]) j++;
k++;
}
if F=M) cout << “c ¢ nozuuii ” << k-M << endl;
else cout << “nemac” << endl;

IIpukjajg__NOKPOKOBOIr0 BHKOHAaHHA. /J[ns imocTparmii TOKPOKOBOTO
BUKOHAHHS IIPOIIOHYETHCS PO3IIITHYTUH BHIIE BapiaHT oOpasy. [ns Hboro Bixke
copMOBaHUii 10IATKOBUI MacuB JIOBXKHH NPediKCiB.

int const N=23, M=16;

int a[N]={1,2,1,2,1,2,3,1,2,1,2,1,2,3,1,2,1,2,1,2,3,4,5};
int b[M]={1,2,1,2,1,2,3,1,2,1,2,1,2,3,4,5};
int p[M]={0,0,1,2,3,4,0,1,2,3,4,5,6,7,0,0};
—-—— Kpok 1 —-—-
12121231212123121212345
1212123121212345

J=0; k=0; b[J]=1=1=a[k]=>j=1; k=1;

——— KpOK 2 ——-—
12121231212123121212345
1212123121212345

J=1; k=1; b[J]=2=2=a[k]=>)=2; k=2;

--—- Kpok 14 ---
12121231212123121212345
1212123121212345

J=13; k=13; b[j]=3=3=a[k]=>j=14; k=14;

--—- Kpok 15 —---
12121231212123%221212345
1212123121212345

j=14; k=14; b[jl=4#l=a(k]=>=p[j-1]=7
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[Ticnst 06puBy cniBnaganp 00pa3 3MILIYETHCS TaK, 00 3 eleMEHTOM 0a3u
a[14]=1, sixmit chigye micas enemenra a[13]=3, cymicTuBCs eneMeHT 00pasy, SAKHi
TEX CIIJIy€ MICHIs eeMeHTa 31 3HaYeHHsM 3, To0To enement b[7]=1:

-—— Kpok 16 —---

12121231212123121212345
1212123121212345

J=7; k=14; b[jl=1=1=a[k]=>j=8; k=15;

——— xpok 17 ——-

12121231212123121212345
1212123121212345

J=8; k=15; b[jl1=2=2=a[k]=>j=9; k=16;

—-—— Kpok 24 ---

12121231212123121212345
1212123121212345

J=15; k=22; b[j]=5=5=a[k]=>j=16; k=23;

J=M, stop, yes!

Anani3 ckaagnocti. [lomepenniii anamiz oOpa3za moTpedye «BaKKHUX»
omepariit mopiBHsAHHA. Lleii aHaNi3 BUKOHYETHCA IO TIOYATKYy OCHOBHOTO TIOIIYKY, i
HOTo CKJIAJHICTD HE 3aJISKUThH BiJ| KIHIIEBOTO DPE3yNbTary, a 3aJICKUTh JIMILIE BiX
XapakTepy po3MilleHHs elleMeHTiB B 00pa3i. OcHOBoO Ii€i ¢a3u anropurMmy €
OUKI IO BCIX eJeMeHTax o0pasa, sKi IOCIIZOBHO MOPIBHIOIOTECS 3 OUTBII
MOTepeIHIMU eJIeMEHTaMH NP 3pPOCTaHHI JOBXHUH mpedikciB. Skmo mae wmicie
0o0puB Tpe(ikciB, Taki €IEMEHTH MOXYTh IMOBTOPHO MOPIBHIOBATHCSA 3 OUIBII
BiJAJICHUMH TIOTIEpeIHIMU eJeMeHTaMH. BpaxoByroum Iie, MOXKHA BBaXaTH, IO
CKJIaOHICTh TONEPEeTHBOTO aHaNi3y oOpaza mpomopuiiiHa HOro JOBXKHUHI
cihard - O(M). Bona Gyne wminiManbHO0, Konn B 00pasi B3arami Hemae
npedikciB abo mpedikcn 0Oe3 OOPUBIB MOCIATAIOTH MAKCUMAIBHO MOMIIUBOL
nosxunu. Toai C h?rr]d =M.

INpumrMu OyayTh BUNAIKH, KOJH JTOBXHHHU MPe(iKCiB TOYEProBO CIIOYaTKy
3pOCTaIOTh, a MOTIM OOPHBAIOTHCS 31 3MEHIICHHSIM NOBXHUHH. [IpuKkiamoM Moxe
OyTH HACTYITHHY BapiaHT oOpasa:

1,1,2,1,1,3,1,1,3,1,1,3, ...

Tyr Tperii emeMeHT 2 TOpPIBHIOBATUMETBCA [BIYi 3 JPYTUM Ta IEPIINM
enemenTamMu 1 1 1. VYci eneMeHTH 31 3HaUeHHsSM 3 TOPIBHIOBATUMYTBCSI TPUYi
TIOCITIIOBHO 3 TPETiM, IPYTUM Ta mepmuM eineMmeHntamu 2, 1, 1. A Bci enemenTH 3i
3Ha4eHHSM 1, MOYMHAIOYM 3 JIPYroro, MOPIBHIOBATUMYTHCS 10 OJHOMY pa3y abo 3
nepmuM, abo 3 ApyruM eneMeHToM 1. 3BHYalHO, MOKHA HABECTH IIe Tipimi
BUIIAJIKH, V SKUX KUIBKICTh HOBTOPEHH Mimpsn eneMeHTiB 1 Oyne Outbmoro. Tomi
KpaTHICTh TOpPIBHSHB Uil elieMeHTa 3 Texx Oyne Oinbiioro. OpHak y Mexkax
(hikcoBaHoi moBxkHMHH 00pa3a N KUIBKICTh TAaKWX JOBIIUX TPYI €JIEMEHTIB Oyxe
MeHII0I0. A ToMy (QyHKIIs CKIaIHOCTI Oyzne 0OMEKEHO0 1 locsAraTHMe JEeSKOro

24



MakcHUMyMy. 3BHYaiiHO, Ile Oyae ayXe OCOOJNMBHH BHIIQJIOK, SIKMH y peaJbHUX
3amagax 0OpOOKH CTPYKTYp JaHHUX 3yCTPidaTUMEThCS HEJacTo.

@daza OCHOBHOTO TIOIIYKYy Iiependadae IOCIIIOBHE CIIBCTAaBIECHHS
eJIeMEHTIB 0a3u 3 eneMeHTaMu o0pasy. Y 0a3i «roBepHEHb» Ha3all i MOBTOPHHUX
IIPOXOIiB» IO THX CaMHX EJIEMEHTaX, SKi BXXE aHaJi3yBallMCs Ha MOIEpEeIHiX
eTarnax, He BUKOHYEThCsS. TOMY Te€X MOXKHa BBaXKaTH, L0 CKIAIHICTD Ipyroi gazu

MOUIYKY NpOINOpLiifHAa IOBXHHI 0a3u cohard :O(N). Sk 1y BuUHNaaky

TTOTIepETHROTO aHali3y 00pas3a, MOKJIMBI Bapiallii CKIAJHOCTI, Yy 3aJeKHOCTI Bij
XapakTepy 3MiHH JOBXHH NpedikciB.

Takum 49mHOM, 3arajgbHy CkmagHicTe anroputMy KMII  momryky
MAMOCTIZOBHOCTI B TOCIIAOBHOCTI MOXKHA BBaXKaTH MPOIOPIIIHHOIO CYMi JOBKUH

obpasy i 6azn CMard =O(M+N).

VY psiai BUMAAKIB BXIAHUX JaHUX, KOJM Oa3a MPUOIM3HO BJABIYI JOBIIA Bij
00pasy, i JoBXUHH TpedikciB 00pa3y MOYEProBO CIIOYATKY 3POCTAIOTh, a MOTIM
0oOpUBaIOTBCS 31 3MEHIICHHSM JIOBXKMHHM, MOXXE BHSBUTHCS, II0 CyMapHa
cxiragaicTh anroputMy KMII Oyne O11bII00 Bif CKIIAAHOCTI MPSIMOTO MOTIIYKY.

1.2.4. Ainrorut™ BoiiepA-MyprA (BM)

Iness meroay. AnroputM KMII naBaB Burpam y THX BUIAAKaX, KOJIU
HECITIBIAaJaHHs eJIeMEHTIB (iKCyBaucs OMK4e 10 KiHmsg oOpasza — TOZl 3CyBH
BUKOHYBAJIMCS Ha 3HA4HI Biactani. OqHaK 1e moTpedyBago 6araTboxX MOIEPEeaHIX
ob6uncnens. Pobept Boitep i [xeit Myp y 1977 poti 3anpornoHyBali BUKOHYBATH
MOPIBHSHHS eJIeMeHTIB o0pasa i 6a3u He BiJ moyaTky oOpasa, a HaBIaku — BiJ HOTo
KiHI. Lle 103BONHMIIO CYTTEBO TPHUIIBUAMINTH TIPOIIEC.

Just po3yMiHHS OCHOBHHMX NOJIOKEHb anroput™my boitepa-Mypa (BM)
PO3IIITHEMO HACTYNHI MOJJIMBI BHUIAIKH 3yNHHKH 4YEProBOro €Tamy IpH
HECHIBIAaJaHHI eJeMEeHTIB o0pasy 1 ©0a3m, sKki 0a3ylOTbCAd Ha EBPUCTHII
BUKOpHCTaHHs StOp-enemenma:

1) sxmo Ha NesKOMYy eTami HOpiBHAHB 3a(iKCOBAaHO HECIIBHANAHHS elEMEHTa
obpasa b[j] 3 nesxkum enemenrom 6aszu a[K], sxoco mouno nemae ¢ obpasi,

TO 3MillleHHs o0pa3a BIAHOCHO 0a3W JONUIBHO pOOWUTH Tak, MO0 BiH

OTIMHUBCS Bipa3y IiCIs MO3UIiT HECIIBIaJaHHS, HATPUKIAT;

k

!
a: ...12+123123127 ...
b : 123123

!

J
3MimeHHa — 123123
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2) SKIIO Ha JEIKOMY €Talli MOpIBHAHB 3a(iKCOBAaHO HECIIBIIA/JIaHHS €IEeMEeHTa
obpasa b[j] 3 mesxum enementom 6asu a[k], sxuii exooumv ¢ oOpas
00HOpPA3080 | MOYHO OCMAHHIM, TO 3MIMIeHHS oOpa3a BiTHOCHO 0a3u
JOLJILHO POOKMTH Ha BCIO IOBKUHY 00pa3a, HalpHKIIa;

!
a: ...12%127123127 ...
b : 123127

1

]
3MimeHHS — 123127

3) sKIO Ha AESKOMY eTalli HOPIBHSAHb 3a(iKCOBaHO HECIHIBIAJaHHS €JIEMEHTa
obpasa b[j] 3 nesxum enementom 6asu a[K], sxuii € 6 o6pasi, ane ne 6 xinyi,
TO 3MIlICHHS 00pa3a BiTHOCHO 0a3u MOMUTEHO POOHTH TakK, MO0 CYMICTUTH
enmemenT 0azu a[k] 3 ocTaHHIM BXOJDKEHHSM IIHOTO K €JIeMEHTa B 00pas,

HAMPHUKIAI
k
!
a: ...121234123127 ...
b : 123434
!
J
3MimeHHa — 123434

4) Ko Ha AESKOMY eTalli MOPIBHAHB 3a(hiKCOBAHO HECIIBIIAJAHHS €IeMEHTa
ob6pasa b[j] 3 neskum enementom 6asu a[K], sxuii € 6 06pasi neoonopazoso i
6 MoMy uUCH OCMAHHIM, TO 3MIIIEHHS 00pa3a BIXHOCHO 0a3u JONLUIBHO
pobut Tak, o6 cymictutn enement Oasu a[k] 3 mepemocramHiM
BXOJDKEHHSM I[bOTO K €leMEHTa B 00pa3, HapHKIa:

k

!
a: ...121232123127 ...
b : 123432

!

J
sMilmeHHS — 123434

OueBugHO, MO BUMAAKU 3 i 4 € MOMIOHUMH, 1 X MOXHA PO3TIISIATH SK
PI3HOBU/IM OJTHOTO CIILIBHOTO.

[lle omHUM pI3HOBHUIOM, TOYHIIIE, MPOTHIICKHICTIO, OyIe BUMAIOK, KOJH
cnpoba cymimenass a[k] 3 ocraHHiM HOro BXO/KEHHSM B 00pa3 BUMaraTHME
3MilIeHHd 00pa3a B MPOTWIEKHY CTOPOHY. TakuM YHWHOM, BHIUTUMO IIE i IeH
BHITAJI0K:
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5) sIKIO Ha AESKOMY eTalli HOPIBHSAHb 3a(iKCOBaHO HECIHIBIAJaHHS €JIEMEHTa
ob6pasa b[j] 3 nesxum enementom 6asu a[K], sxuii € ¢ o6pasi, ane ne 6 xinyi,
i OCMAaHHE 11020 BXOOJNCEHHS MAE Micye NICAs No3uyii Hecnienaoawus, TO
3MillleHHsT 00pa3a BIiAHOCHO 0a3W BHUKOHYETHCA Ha OJIHY IIO3MIIIIO,
HaIPUKIIAI;

23123127 ...

(o2

sMmimenHs — 1 2

3BHUaiiHO, OCTaHHIA BapiaHT 3MIIIeHHA 00pazy € Maino e(QeKTHBHUM,
OCKUIBKM CYTTEBO MOTIPIIYE YaCOBY CKIAQAHICTh IMONIYKY B 0araThOX BHIAAKax
BXimHuX nmaHux. s BupinieHHs 1iel mpoOieMu BHUKOPHUCTOBYETHCS IIE€ OJHA
EBPHCTHKA MOTIEPETHROTO aHaNIi3y 00pa3a 3 METOI0 OOUNCIICHHS AOBXKHUH CYQIiKCi8.
Le#t migxig aHanoriyHUK BU3HAYCHHIO IOBXKHH npedikciB B anroputmi KMIT.

Jlnst  BH3HAYEGHHA ONTUMAJIBHHMX 3MilleHbh o0pa3a BigHOCHO 0asu
NPOBOAWTHCS TONEpENHId aHali3, y Npoueci SKOro (QOpMYEThCS 10JaTKOBa
Tabnuist. Bapro Bim3HaumTH, IO Takuil aHami3 Mae 0coOauBOCTI. JlomaTkoBuii
MacuB, o (GopMyeThCs B Tpoleci aHamily obOpa3a, Mae iHIEKCYBaTHUCS BCiMa
3HAYCHHSIMHU TOTO JX CaMOro THIy, 1[0 € 0a30BuM Jyis oOpasa i 0Oasu. Tomy
anroput™m BM Mo>kHa 3aCTOCOBYBATH, KOJM 0a30BHI THIT € TUCKPETHIM:

e skmio OaszoBuii THm € oxHoOaiiroBumu (Char, unsigned char), To

JIOJATKOBHM MacUB MaTHMe Julie 256 eleMeHTIB;

e sKmio 6a3oBwit THI € qBOGakToBMM (Short, unsigned) a6o goTupubaiToBUM

(long, unsigned long), To 101aTKOBHMI MAaCHB 3HAYHO 3POCTAE 332 PO3MIPOM:

65 536 enementiB — s aBoOaitroBux Ta 4 294 967 296 eneMeHTIB — [yist

YOTUPUOANTOBHX;

® y BUMNAIKY me OUIBIINUX po3MipiB 0a30BOrO THITYy (Hampukiam, 8 OallT mist
long long), momaTkoBwii MackB He BAACTHCS PO3MICTHTH Hi B CTATWYHIH, Hi

B JAWHAMIYHIA TaMm’ATi [pOrpaMH, OCKUIBKM  TMOTPIOHO  MaTH

18 446 744 073 709 551 616 enemeHTIB;

e sKii0 0a30BH TUI HE € AUCKPETHUM (HAMPUKIAM, MIMCHI YKCia), TO el

ITOPUTM B3araji He MOXHa 3aCTOCOBYBATH.

BpaxoByrounm TaKy OCOONHMBICTE alNTOPUTMY, OOMEXHMOCS BHIIaIKOM
oxHoOaliToBOro Gasosoro tumy unsigned char i3 miamazonom 3Hauensb Bim O 10
255. Ile yacto Mae Miciie IpH MOIIYKY HiMOCTIIOBHOCTI CHMBOJIIB Y TEKCTI.

[omepenuiit anamiz o6Opasa mnepenbavyae BCTAHOBICHHS BIICTaHI BiJ
KpPallHbOTO IPAaBOTO BXOJDKEHHS KOXKHOTO elieMEeHTa 0a30BOTr0 THILy 0 IMpaBol
Mexi obOpasa. Ilim mpaBoro Mexero o0pa3a po3yMieThcs HOTO OCTaHHIN €IEMEHT.
I[Ipn upomy cmig BpaxoBYBaTH pi3HI BHUIAAKH ocoOiIMBOCTEil oOpasa, 110
PO3TIISIHYTI BUIIIE:
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BapiaHT oOpa3a 6e3 IKUX0Ch 0COOIMBOCTEH BINIIOBINAE BULIAKY 3;

SIKIIO SIKOTOCh 31 3HAa4eHb 0a30BOr0 THIy B 00pa3i B3arajii HEMae, TO
BBA)KA€ETHCS, 110 11€ 3HAUCHHS 3HAXOAUTHCS 0E3M0CEepPEaHbO Iepe]l ITOYaTKOM
oOpasa, 1 Ul HBOTO NPHUIMAETHCS BIICTaHb PIBHOIO JIOBXKHHI oOpasa M
(Bumamok 1);

SKIIO KpailHe IpaBe BXOJPKEHHS [ESIKOTO 3HauyeHHs O0a30BOr0 THUILY
BiIIIOBiZJa€ OCTAaHHBROMY €IIEMEHTY 00pa3a, TOOTO cHiBHamae 3 HOTro MpaBoOro
MEXelo, 1 BOHO €JIMHE, TO IpUHMaeThes BincTanb piBHOIO O (BUmanok 2);
SKIIO KpaifHe TIpaBe BXOIPKCHHS [ESIKOTO 3HauYeHHS O0a30BOTO THILY
BIIIIOBiJa€ OCTAHHLOMY €JIEMEHTY 00pa3a, TOOTO CHIBIAaJa€ 3 HOTO MPABOKO
MEXEK, aje BOHO HE €IWHe, TO IS TAaKOro 3HAYCHHS BH3HAYAETHCS
BiZICTaHb BiJl IEPEJOCTaHHBOTO BXOKECHHS (BUMaI0K 4);

JUIS ONTUMI3allii BHUITAAKY S5, KOJM 3aMiCTh 3MIIICHHS o0pa3a Ha OJIUH
€JIEMEHT BHMKOHYEThCS 3MIIIEHHS Ha MAaKCHMAaJbHO MOXKJIMBY BiJCTaHb,
MIPOBOIUTHCS OOYHMCIICHHS JOBXHH CY(DIKCIB.

PosristHemMo npukitan oOpasza Ta copMyeMO AT HBOTO JOJATKOBHH MacHB

d i3 256 1inux ducen:

int const M=12;
int b[M]={1,2,3,1,2,3,4,1,2,3,4,5};
n

int d[256];

d[0]=M=12; (Bunamox 1)
d[1]=4; (Bunamox 3)
d[2]=3; (Bunamox 3)
d[3]=2; (Bunamoxk 3)
d[4]=1; (Bunanox 3)
d[5]=0; (Bunamok 2)
d[6]=M=12; (Bunanmox 1)
d[7]=M=12; (Bunamox 1)
d[255]=M=12; (Bunanmox 1)

Jist qaHoTO MpUKIIany BUMANOK 4 BiACYTHINH, OCKUTBKH BiH € MPOTHICKHUM

BHMAJIKY 2. 3 METOIO iTfocTparii BUMaaKy 4 MpONmOHY€eThCS HITHN TPUKIIAL;

int b[M]={1,2,3.,1,2,3,4,1,2,3,5,4};

d[0]=M=12; (Bunamoxk 1)
d[1]=4; (Bunamox 3)
d[2]=3; (Bunamox 3)
d[3]=2; (Bunamox 3)
d[4]=5; (Bunamox 4)
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d[5]=1; (Bunamox 3)

d[6]=M=12; (Bunamoxk 1)
d[7]=M=12; (Bunamox 1)
(;i[éSé]:M:12; (Bunamox 1)

IIporpamua peaJi3aiisi.
Sx BxKEe 3po3yMiIO 3 OmHCYy OCOONMBOCTEH anropuTMy, HpOTpaMHa

peaiizallisi OXOIUTFOBaTUME JICKUTbKa OCHOBHUX (ha3:

e mnomepenHiii aHai3 06pa3a 3 MeTOO (POPMYBaHHS MOAATKOBOTO MacuBy d
BifcraHei 3mimieHb. Sk i Oyno IJOMOBIIEHO, BBa)XKaTUMEMO Oa30BHM THIIOM
eneMeHTIB 0a3u Ta oOpa3a OJAHOOAWTHHUU THIT IUTKUX 4wcen Oe3 3Haky. Y mid ¢asi
YMOBHO MOHA BUAUINTH TPU KPOKH:

for (int i=0; i<256; i++)
dli]=M;
/¥ mym nouamxogo NpuUMAaemvcs, wo 6Ci elemenmu 0a308020 Muny GiOCYmHi 6
06pasi, a momy 015 HUX 8i0CMAaHb 8CIMAHOBIIOEMbCA pigHoto M (sunadok 1) */
for (int j=0; j<M-1; j++)
d[b[j]I=M-j-1;
/* mym amanizyromocs ci enemenmu obpaza 6i0 nouyamky 00 nepedoCmanHbO20
eemenma, i Ol KOJCHO20 GUBHAYAEMbCS 8I0CMAHb 6i0 npaeoi medci obpasza; y
pe3yibmami 0CmamoyHo 6yoe 6CMAHOBNEHA 8I0CMAHb 014 HAUOLIbWL NPABO2o
6X00ICEHHsL KOJICHO20 ellemenma 6a306020 muny (eunadku 3 i 4) */
if (d[b[M-1]]==M) d[b[M-1]]=0;
/% mym ananizyemoca ocmauHini enemenm oopasa;, AKWo 015 Hb020 GIOCMAHb 8i0
npasoi mMedci He IMIHUIACS, MO Ye 03HAYAE, WO MAKUL KoY OCMAHHIN | COUHUL 8
00pasi; 015 HbO20 BIOCMAHbL BCMAHOBIIOEMbCA pigHOI0 () (6unadok 2) */
® OCHOBHMIiI mouIyK, 1110 IepeOadae NOPIBHAHHAS €JIeMEHTIB oOpa3a i 6aszu Ta
3cyBH 00pa3a Ha OCHOBI c(OpMOBaHOT TabMIII BifcTaHeH:

int j=M-1, k=M-1;
while (j>=0 && k<N)
{
while (j>=0 && b[j]==a[K]) {j--; k--;}
if (j>=0) Il obpas smivyemuvcs
if (d[a[K]]==M) k+=M; // eunaoox 1
else if (Md[a[k]]) k+=M*2-j-1; // 6unadox 2
else if (d[a[k]]>M-j-1) k+=d[a[K]]; // eunadku 3 i 4
else k+=M-j; // 6unadox 5
j=M-1;
}
}
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if (j<0) cout << “c ¢ noszuyii ” << k+1 << endl;

else cout << “nemac” << endl;

HQI/IKJIag!I/I INOKPOKOBOI'O BUKOHAHHA.

1

g 123123612
b:123123412
nopieusaue 6, Bunmamox 1:
a:123123612
b : 12
nopieHaub 1, BUMDAmOK 3:
a:123123612
b : 1

nopisuaue 1, Bumamox 3:
a:123123612
b :

nopieusgHe 12, stop, yesl!
BCcboTO mnopiBHaHb: 20

2

J 123123512
b:123123412
nopieHaus 6, BuUmamoxk 2:
a:123123512
b.

nopisugHs 12, stop, yes!
BCLOTO mnopimBHaHb: 18

3)

a:123123312
b:123123412
nopieuaHs 6, BUnDamox 5:
a:>:123123312
b : 12312341
nopisuaue 1, Bumamox 3:
a:123123312
b : 1231
nopieHaus 1, BUmamok 3:
a:1231 3312
b : 1

nopieuans 1, Bunamox 3:
a:123123312
b :

nopisusaus 12, stop, yes!
BCbOTO mnopieHanb: 21
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a:>:1111111 1111
b : 1111
stop, no!

BCLOTO MNopiBHaHBb: 42

1

3ayBakeHHS.
1. V mpuknani 4) mopasy BUKOHYIOTBCS 3CyBU 00pa3y Ha 1 mosuuiro. Ase

IIpH IIBOMY KOXKEH eTan Ma€ MiHiManbHy AoBXkHHY 1. Takwii BapiaHT BXiTHUX
JMAHUX € OJHUM 13 Haiikpammx s BM. Baprto Bim3HauuTH, MO pPO3TISHYTHH Yy
npuKiIai 4) BapiaHT JaHUX y CBOIO YePry € HAWTIPIINM [UTS TPSIMOTO TOTIYKY.

2. Y npuknazni 5) mopasy BHKOHYIOTHCS 3CYyBM 00pasa Ha 1 MO3HIN0 TpH
MaKCHMaJIbHI JTOBXWHI KokHOro eramy M. Takuil BapiaHT BXiZHUX AaHHX €
Hairipmum st BM. Baprto BimgHaunTH, M0 po3risIHYTHH y mpukian 4) Bapiant
JIAHUX Y CBOIO YEpTy € OJHUM i3 HaHKpaIInX U IPSMOTO MOIIYKY.

BapiaHT BXiIHMX JaHUX, 10 € HAHKPAIIAM JJIsl IIPSIMOTO TIOIIYKY, € OJHUM
13 Halripmux a1t BM 1 HaBmaku.
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PO3/ILT 2
3AJIAYA COPTYBAHHSI

3HOBY BHMKODUCTAEMO B SIKOCTI MOJEJNI CTPYKTYpU JaHux MacuB i3 N
SJIEMEHTIB JIeKOro 0a30BOT0 THILY, HANPUKIA LinuX yucen. us cmpykmyp danux
3 NPAMUM OOCMYNOM JIOTTYCKAETHCS JOBUIbHA 3MiHA 1HAEKCHUX HOMEPIB TIOTOYHOTO
eIeMEeHTa, a y BHIAAKY CMPYKMYp OAHUX 3 HOCHIO08HUM OOCMYNoM THIEKCHI
HOMEpH IMOTOYHOTO €JIEMEHTa MOXKYTh 3MIHIOBATHCSI BUKIIIOYHO 3 IPUPOCTOM +1.

CopryBaHHs Tependadae HEeperpyrmyBaHHS EIEMEHTIB CTPYKTYPH HaHUX
Tak, MO0 BOHH 33J0BOJBHAIN JesKy yMOBY. Haifuacriime BUAUISIOTH HACTYIIHI
YMOBH COPTYBaHHSL:

5) aj <aj41, 1=LN-1-mno3pocraunio;
6) aj >ajy1, i=1N-1-rmnocnaganHio.

Skmo B CTPYKTypl [HaHHX € JEKUIbKAa EJIEMEHTIB 3 OJHaKOBUMH
3HA4YEHHSIMH, TO CJIiJl BAKOPUCTOBYBATH HECTPOI'l yMOBH:

7) a;<aj;;, 1=1N-1-mnoHecnananH!o;
8) aj2ajy1, i=1N-1-mo0 He3pocraHHO.

He 3MeHIIyIOWM 3arajibHOCTI, PO3TIILNATUMEMO COPTYBaHHS 32 YMOBOIO
necnadannss (3). Ilpn upOMy HAc LiKaBUTUME JHIIE cmitike copmyganns. Lle
O3HAaya€, M0 BCi €JIEMEHTH, SKi II0YaTKOBO  3aJ0BOJBHSIA  YMOBY
aj<aj, 1< i< j<N, mcnsg BOOPSIAKYBaHHS, XOY i MOXYTh 3MIHHUTH MiCIle

po3TanryBaHHsS B CTPYKTYpl JaHUX, NPOT€ HE 3MIHIOKOTH CBOTO B3a€MHOTO
po3MmimenHsi. Llsi BMMOra € BaKJIMBOIO, KOJM B CTPYKTYpI JaHUX € Oararo
O/THAKOBHX €JIEMEHTIB: OUIBII <«JIBIII» Ta OUTBII «IIpaBilli» €IeMEHTH 3
OJTHAKOBHMHU 3HAUEHHSMH 3QJIMIIAIOTHCS TaK CaMo <JIBIIIMMU» 1 «IIpaBillIMU»
BIATIOBiTHO.

[Ile onHi€r0 Ba)KIMBOIO BHMOTOIO, SIKA CTABUTHCS IO aJITOPUTMIB 0OpOOKH
CTPYKTYp IIaHHX, 1 COPTYBaHHSI B TOMY YHCJi, € 0a30BUH MPUHLUI 0OpPoOKA HA
momy ¢ micyi», IO O3HAYAE «6e3 BUKOPUCMAHHA 000AMKOBUX CIPYKIMYP OaHUX
MAKO20 HC POIMIPY».

Sk 1 y BUmagKy 3amadi TMOIIYKY, BHWBYEHHS AalTOPUTMIB COPTYBAaHHS
PO3MOYHEMO 3 HpsSMUX METOMIB, 10 0a3yIOThCS HAa BHU3HAYAJIBHHMX IPHUHIMIIAX
BKIIOYeHHs (6cmasku), eubopy, obminy. A TOTIM Ti caMi NPUHIMNK 3HAWAYTH
peanizanito 'y weudkux airopurMax. Has3aHi criocoOM CTOCYIOTBCS CTPYKTYp
JaHUX 3 OPSAMHUM JOCTyrnoM (MacuBiB). s CTpyKTyp HaHUX 3 HOCIHIJIOBHUM
JOCTYIIOM OYIyTh PO3IJISHYTI aIrOPUTMH, IO BUKOPHUCTOBYFOTh IPUHLIUIL 3IUMMIAL.
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2.1. IPAMI AJITOPUTMU COPTYBAHHSI
2.1.1. AITOPUTM MPSIMOTO BKJIIOYEHHS (BCTABKH)

Ines meroay. MacuB yMOBHO PO3IUISETHCSA HA JBI YaCTUHHU: «TOTOBa» —
MICTHTb €JIEeMEHTH MacuBy aj,dp,..,aj,1=1,N-1, 3 sxux Bxe chopmoBaHa
BIOPSAKOBAaHA MIIIOCTINOBHICTE (II0YaTKOBO «TOTOBY» YAaCTUHY YTBODPIOE OJHMH
HEpIIN eTEMEHT &q ); HEBIOPSAKOBAHA — PEIITA CJIEMEHTIB MacUBY.

3 HEBNOPSAKOBAHOI YAaCTUHH MOCITIIOBHO OEpyThCs HOGI €NeMEHTH, 1 JUIs
HHUX WYKAEMbCA Micye 6cmagku B «roTOBIH» wactuHi. HoBuil enemeHT HIOM
«IIPOILITOBXYETHCS» HA CBOE MiCIle Y BIOPSKOBAHIA 4acTHHI, pyXalouucCh CIpaBa
HaiiBo. [licis KOKHOTO €TaIry «roTOBa» YacTHHA 30UIBIIYETHCS HAa OIUH EIEMEHT
CIpaBa, a HEBIOPSIKOBaHA YaCTHHA 3MEHIIYEThCSl HAa OJIMH €JIEMEHT 3JIiBa.

Ipukaan NOKPOKOBOro BUKOHAHHA. /Iy 3py4HOCTI imrocTpanii mporecy
COPTYBaHHSI BUKOPHCTaHI HACTYIIHI TIO3HAYEHHSI:

® «TOTOBa» 1 HEBNOPSAKOBAaHA YACTUHH PO3/AUICHI BEPTUKAIBHOIO JIIHIEIO | ;

® HOBHUI €JIEMEHT 13 HeBHOpH}IKOBaHO.l. YaCTUHU OXOIUJIEHUM KOJIOM O )
® CICMCHTHU BHOpSI,HKOBaHOI YaCTUHHU, 3 AKHUMHU HOpiBHIOCTI)CSI HOBUH CICMCHT, —

HiIKpecieHi,
® Ha IICPEeMIlCHHS SIEMEHTIB BKa3yIOTh IYTOBi CTPUIKA l y —.

6 3 5 9 7 1 4 2 8

6 | 5 9 7 1 4 2 8
™~—
3 8| 9 7 1 4 2 8
™~
3 5 6|® 7 1 4 2 s
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IIporpamua peasizanis. [Ipouec nomryky Micust BCTaBKM HOBOTO €JI€MEHTa
B «TOTOBI» YaCTHHI MPUIUHSIETHCS B OTHOMY 3 IBOX BHUIA/IKIB!

1) NOTOYHMII eNeMEHT BIOPSOKOBAHOI YACTHHH, 3 SKHUM BHKOHYETHCS
MOpPIBHSIHHS, HE MEPEBUINYE HOBOTO €IIEMEHTa — HOBHMU €JIEeMEHT Mae
OTIMHUTHCS Biipa3y IiCJIA MOTOYHOTO;

2) HOBWIi €lEMEHT MCHIIHUIA Bifl yCiX €IEMEHTIB BIOPSAAKOBAHOT YACTHHU — BiH
Ma€ 3aiHATH MEePITy TO3HIIIO.

Peanizauis anroputmy Ha MoBi C++ MOKe MaTH BUTJISIL:

inti, j, x;
for (i=1; i<N; i++)
{
x=a[i]; j=i-1;
while (j>=0 && x<a[j])

{
afj+1]=alj];
j=s
}
afj+1]=x;

}

AHali3 ckaagHocti. Y BHMAAKYy 3a7adi TONIYKY YacoBa CKIAIHICTh
ITOPUTMIB BH3HAYaacs JIMIIE onepanisMu nopiBHsHHA. Lle Oymno ompaBnanum,
OCKITBKH TIEPETIPICBOEHHS MDK €JeMEHTaMH 0a30BOTO THIY HE BHKOHYBAJHCH.
Opnak irHopyBaTH Oynb-siKi omepaunii NPUCBOEHHS HE MOXHA. AJDKe, KOJH
0a30BHif THI €JIEMEHTIB CTPYKTYpH NAaHHX 32 PO3MIPOM HE IMEPEeBHIIyE THII iX
IHIEKCHUX HOMEPIB, TO OIepaIlii NepenprucBOEHHS iHICKCIB CYTTEBO BIUIMBATHMYTh
Ha 3arajibHUi 4ac poOOTH anroputMmy. Y BUIAJKY 3aJadi COPTYBaHHS OCHOBHOIO
TIETO € TIeperpyImyBaHHs €JIeMEHTIB 3a IEBHIM NMPUHIUTIOM. ToMy, OKpiM omepartii
MOpPIBHSHHS, HE MEHIIY, a JIEKOJHU 1 OUTbIly, YaCTHHY 3arajbHOro 4acy poOOTH
ANTOPUTMY 3aiMalOTh OTIepaIlii epenPHCBOEHHS MIXK eleMeHTaMi 6a30BOTO THITY.
3HOBY HaWKpallMMH BHIAJAKaMH BXiHUX JaHUX BBWKAaTUMEMO Ti, SKi
noTpeOyBaTUMYTh MIHIMAIBHOT KUTBKOCTI «BAXKKUX» OIeEpaIlii MOPIBHIHHS i
TIPUICBOEHHS, 2 HAUTIPIINMHE — KOJIM TaKUX OTepaiii Oyae HaiOubIIe.

HaiikparoMy BUMAaIKy BXiJHHX JaHUX OUYCBUIHO BIIMOBINAIOTH TaK 3BaHi
«XOpOII» CTPYKTYpPH ITaHHUX, TOOTO BXKE BIOPSIKOBaHI abo Maiike BHIOPSIAKOBaHi,
y SIKHX JIMIIE TOOJANHOKI €JIEMEHTH 3HaXOAAThCS HE Ha CBOIX MICUSX, aje ONM3bKO
no HuX posMimeHi. Ha xoxxHomy erami Oyne BHKOHYBAaTHCS JIMIIE OJHE
MOPIBHSHHS HOBOTO €JIEMEHTA 3 KPaiHIM IPaBUM €JIEMEHTOM <T'OTOBOI» YaCTHHHU.
[Ipy npOMY 1IOpa3y BUKOHYEThCS 1Ba MpucBoeHHs: X=a[i] (mepea BHyTpimrHiM
mukioM While) ta afj+1]=x (micms mmkiry). 3aramoM mo BCix eramax Oyme Taka
KUIBKICTh OTIepalliii MOPIBHSHHS Ta MPUCBOEHHS:
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Crin Zl N-1; My, = Zz 2(N-1).

HanrlmeMy BHUIIAJIKY BiIOBIIAIOTh Tak 3BaHI «IOTaHi» CTPYKTYPH JaHUX,
T0OTO 0OEpHEHO BIOPsIKOBaHI a00 ONM3BKI IO HUX, y SKUX MepeBakHa OLTBIIICTD
€JIEMEHTIB 3HAXOISATHCS JAJEKO Bil CBOIX MICIb. Y TaKWX BHIIAAKAaX HAa KOXHOMY
eTarli HOBUHM €JEMEHT IIOPIBHIOBATUMETHCS 3 YCiMa elNeMEHTaMH <«TOTOBOI»
YaCTWHHU 1 IIOpa3y MOCTIJOBHO «BHINTOBXYBAaTHME» IX i3 IOTOYHOI MO3MIIi B
HaCTYIHY, &K MOKH He MePEMICTUTBCS Ha MI0YATOK:

cmax_u i:1,N—1; Ml =i+2 i=LN-1;
N-1 N2_N
Crnax = ZCmaX Di=l+2+.+N- 1—7;
i=1
- 2
M iy = ZM Po= > (i+2)=3+4+. 4 N+1= L N4

2

Sx BuOHO, e(EeKTHUBHICTH MJAaHOTO AITOPHTMY CYTTEBO 3aJICKUTH Bif
MTOYATKOBOTO MOPSIKY CICMCHTIB.

2.1.2. MOTAGIKAILIA IPSIMOTO BKJIFOYEHHS — BIHAPHE BKJIIOYEHHS

Inest meTony. Husbka eeKTHBHICTh MPSIMOTO BKIFOUCHHS JIIS IIOTaHUX»
CTPYKTYp [aHUX MOB’S3aHa 3 THUM, UIO NPAKTUYHO HA KOKHOMY eTari HOBUM
€IEMEHT y IMOUIYKY CBOTO MICIsl BCTaBKU 3[IMCHIOE JalieKi MepeMillleHHs Ha
MOYaTOK «TOTOBO» YAaCTHHH 1 MPH LOMY IOCIIJIOBHO MOPIBHIOETHCS 3 yciMa 1i
eleMeHTaMHt. 3BUYAiHO, BiJ] MepeMillieHs 0araTb0X €JIeMEHTIB Ha OIHY MO3UIIi0
BIIPaBO ISl 3BUILHCHHS MO3UINl BCTABKA B «TOTOBI» YaCTHHI BiMMOBHUTHCS HE
BIACTbCS. AJle MOXHA MPHIIBH/IIMTH MPOLEC MOIIYKY CaMOT0 MICIsi BCTaBKH.
OCKUIBKM «TOTOBa» 4YacTHHA BXC BIOPAJKOBaHA, TO JJII IBOTO BapTro
3aCTOCOBYBaTH AJITOPUTM OIHAPHOTO MOLIYKY.

OCKUIBKM HAC MIKaBUThH JIMIIE CTiHKEe COPTYBaHHS, TO HOBHH €JIEMEHT
MOBUHEH 3afiMaTH KPaWHIO TpaBy MO3UIMI0 Cepe]] MOXKIUBO JCKUTBKOX MiAPS
O/THAKOBHIX i3 HUM €JIEMEHTIB y «TOTOBII1» YacTHHI. TOMYy TONIUIBHO 3aCTOCOBYBATH
ITOpPUTM OIHAPHOTO MOIIYKY 3 10JAaTKOBOIO MOAM(IKaIi€rO.

PosrnsnyTuii panime moan¢ikoBaHWid OiHApHMN TOIIYK JaBaB MepIIe MO
MOPSIKY BXOJDKEHHS 33JaHOT0 3HAYEHHSI CEPe]l MOJMUIIMBO JIEKUIBKOX Iiapsi
OIHAKOBUX. Y BHUIAJAKy > COPTYBaHHA JUIi BCTaBKM HOBOIO eJieMEHTa 3i
3HaYeHHAM X Ha BiINOBiIHE HOMY MICIle B «TOTOBI» YacTHWHI MOTPiOCH MOIIYK
OCTaHHBOTO CEepell MOXJIMBO JCKUIBKOX MIiAPST OIHAKOBUX i3 HUM CJICMCHTIB.
SIKII0 X HOBHH €NIEMEHT X € YHIKaJIbHIM Y «TOTOBii» 9acTHHI, TOOTO OJTHAKOBHX i3
HUM HEMa€, TO BiH Mae OMUHUTHCS IICJI OCTAaHHBOTO 3 MEHIIUX 3a HBOTO. Takum
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YMHOM, JUIAI HOBOTO €lIleMEHTa X IMO3MWIlA BCTaBKH K B «TOTOBIiif» dacTHHI
BU3HavaeThest yMoBamu  a[k-1] < x < afk+1].

Iporpamua peasnizanig. Y Bunaaky MoaudikoBaHoro 6iHapHOTO MOIIYKY
aHANI3ye€ThCS «TOTOBA» YacTWHA, MO0 oOMmexeHa iHmekcamu L ta R. Ilomryk
3aBepIIyeEThCS MpH iX piBHOCTI L=R, mo Bimnopinae mo3wmiii BcTaBku. Peamizamis
anroputMmy Ha MOBi C++ MOKe MaTH BHUTJIAL;

inti, j, L, R, x,m;
for (i=1; i<N; i++)

x=a[i]; L=0; R=i;
while (L<R)

m=(L+R)/2;
if (a[m]<=x) L=m+1; else R=m;

}
for (j=i; j>R; j--) a[jl=a[j-1];
a[R]=x;
}

Ipukjiag NOKPOKOBOr0 BHKOHAHHA. I[IpomoHyeThcs BapiaHT BXiTHHX
JaHUX 13 OaraToKpaTHMM IIOBTOPEHHSIM OJIHAKOBHX €JIEMEHTIB, 30kpeMa, 3. Llei
TIPHUKIIAJ LTFOCTPYE CTIMKICTh OIHAPHOTO BKIFOUEHHS, KOJM KOKCH HOBHUI €IEMEHT
3aliMaTUMe KpaiHIO IpaBy MO3UIIII0 cepesl MOMKIIMBO JEKUIBKOX Mips]] OJHAKOBUX
i3 HUM €JIEMEHTIB y «TOTOBi» dacTwHi. TyT BHKOpHCTaHAa iHIEKCaIlisl MaCHBIB,
xapakrepHa it MOB C/C++, KoM IHIEKCHI HOMEPH MOYMHAIOTHCS 3 HYJISL.

1-uii eran
m

410
1L TR

i=1,x=3,L=0,R=1,m=0,a[m]=4>3=x => R=m=0,L=0=R, cTomn,

HOSI/ILI,iF[ BCTaBKM HOBOTO ejieMeHTa L=R=0:
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i=2,x=2,L=0,R=2,m=1,a[m;]=4>2=x => R=m;=1,L=0<1=R,
L=0,R=1,m,=0,a[m,]=3>2=x => R=m,=0,L=0=R, cTomn,

NO3UL1g BCTaAaBKM HOBOTIO ejieMeHTa L=R=0:

ke

L=R=0

T
> 30490

1L 1R

i=3,x=3,L=0,R=3,m;=1,a[m;]=3=3=x => L=m;+1=2,L=2<3=R,
L=2,R=3,m,=2,a[m,]=4>3=x => R=m,=2,L=2=R, cTon,

Io3uilisg BCTABKM HOBOT'O ejieMeHTa L=R=2:

1~
L=R=2

4-uii erarnn
img lmg

2 3 3 4

1L - 1R

i=4,x=6,L=0,R=4,m=2,a[m;]=3<6=x => L=m;+1=3,L=3<4=R,
L=3,R=4,m,=3,a[m,]=4<6=x => L=m,+1=4,L=4=R, cromn,

No3Milia HOBOTO ejileMeHTa He 3MiHunaca L=R=4:

2 3 3 4]|@®
:

5-uii eram:

Img Imz [my
2 3 3 4 6
1L TR

i=5,x=3,L=0,R=5,m;=2,a[m;]=3=3=x => L=m;+1=3,L=3<5=R,
L=3,R=5,m,=4,a[m,]=6>3=x => R=m,=4,L=3<4=R,
L=3,R=4,m3=3,a[m3]=4>3=x => R=m3=3,L=3=R,cron,
IO3UL1A BCTABKM HOBOIO eJjieMeHTa L=R=3:



6-uii eram:

Imz Img My

2 3 3 3 4 6|0@

1L 1R

i=6,x=1,L=0,R=6,m,=3,a[m,]=3>1=x => R=m,=3,L=0<3=R,
L=0,R=3,m,=1,a[m,]=3>1=x => R=m,=1,L=0<1=R,
L=0,R=1,m3=0,a[mz]=2>1=x => R=m3=0,L=0=R, cTomn,
Io3Mullia BCTAaBKM HOBOTO ejieMeHTa L=R=0:

3 3 3 4 8|@®
e

m o Ims im
1 2 3 3 3 4 6|0
1L 1R

i=7,x=3,L=0,R=7,m;=3,a[m;]=3=3=x => L=m;+1=4,L=4<7=R,
L=4,R=7,m,=5,a[m,]=4>3=x => R=m,=5,L=4<5=R,
L=4,R=5,m3=4,a[m;]=3=3=x => L=ms+1=5,L=5=R, cTon,

HOSI/ILI,iF[ BCTaBKM HOBOTO ejieMeHTa L=R=b:

—~ —

1 2 3 3 3 4 6 |0®

TR—/

L=R=5
8-mii eTan

mg imy o [mg

1 2 3 3 3 3 4 6|0®
1L 1R

i=8,x=5,L=0,R=8,m=4,a[m;]=3<5=x => L=m,+1=5,L=5<8=R,
L=5,R=8,m,=6,a[m,]=4<5=x => L=my+1=7,L=7<8=R,
L=7,R=8,m3=7,a[m;]=6>5=x => R=my=7,L=7=R, cTon,

Io3Milisg BCTABKM HOBOI'O ejieMeHTa L=R=7:

AHaJi3 ckaagHocTi. 3po3ymino, mo Uit OiHAPHOTO BKIIOYCHHS BiICYTHE
PO3UICHHS Ha Kpalli Y TipIli BapiaHTH BXITHUX JaHUX MO KUTBKOCTI BaKKHX»
omepaniii MOpiBHAHHA. Y OyIOb-IKOMY BHIIaIKy NPOIEC MONIYKY MiCIs BCTaBKH
HOBOTO €IIEMEHTa B «TOTOBIH» YacTHHI NPHUIHHIETHCA, KOIU ITICIsA OiHApHUX
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MOJIUTIB 3aJIMIIAETHECA OMUH e€AuHUEN eneMeHT npu L=R. Takum uumHOM, AiNCHHS
nomnosiaM Ha i-omy erami 3zilicHioerscs 10g(i) pas. BpaxoByrounm, mo KiTbKicTh
MOJUTIB MEepeiuyloThcsl ITMMU 4YuciamMu, TO 3amicth 3HadeHHs log(i) mosxe
BUKOPHCTOBYBaTHCSl HOTO LIOYKMCENbHE HaOMWKEHHs 3Bepxy. ToOTo icTMHHA
KUTBKICTh TIOPIBHSHL Ha KOXHOMY erami Moxe Oyru Gimpmioro Bin log(i) ma 1.
OTKe, KUIBKICTD Olepalliii TOPIBHSAHHS MOXKHA BB)KaTH TaKoIO:

N-1

C=> Ci,ne[log(i+1)]<C; <[log(i+1)]+1,i=LN 1.
i=1

ANIPOKCUMYIOUH LII0 CyMY IHTETPaJIIOM, OTPUMAEMO HACTYITHY OLIHKY:

?Iog(x)dx <C< T(Iog(x)+1)dx , 260

1
N (log(N)—-b)+b<C <N(log(N)-b+1)+b-1,1e b=—"—=1,4426.
In(2)
OcTaTO4YHO MOXHA BBaXaTH
N% - N
2

KinpkicTh omepariii MOpIiBHSHHS HE 3aJI€XKHUTHh BiJl TOYATKOBOTO TOPSIIKY
CJIEMEHTIB y CTPYKTYpi JaHUX, a 3QJICXKUTh JIUIIE Bif iX uucna. ko He Opatu 10
yBaru JyXe «XOpPOIIi» CTPYKTYpPH IaHWUX, a HABMAKH PO3TILINATH OUTBII «ITOTaHi»
BUIAIKH, TO OlHapHE BKIJIIOUYEHHS BUTPABATHME caMe IO ONepamnisiX MOpiBHIHHS.

Ha »xainp, po3ristHyTa Moaudikamis alropuTMy COPTYBAHHS 33 IPHUHITUIIOM
BKJIIOYCHHS (BCTaBKH) HE JA€ KOJHOTO BHUIPALIY IO ONEpPaLisX MeperpUCBOEHHSL.
EdektuBHicTh OIHAPHOTO BKIIIOYEHHS 32 IIMM KpPUTEPIEM TOYHO CIIBHAJLAE 3
e(eKTUBHICTIO TPAMOT0 BKIIOYCHHA. DAaKTHYHO KITBKICTh I€PEeCTaHOBOK

C=N(log(N)-1¥0,5)< N-log(N) <<

€JIEMEHTIB 3aJMIIAETHCS BEIUYUHOIO MOPSIKY O(N 2). Lle oco0nuBO aKTyalbHO

JUISL CTPYKTYp JaHUX 31 CKJIaJeHUM Oa30BHM THIIOM BEJIMKOTO PO3MIpY, KOJIU
BIOPSAAKYBAaHHS IIPOBOJHUTHCA 32 OKPEMHM KIIIOYEM HEBEIMKOTO po3Mipy. Y Takux
BUIIaJIKax MEPEMILIeHHS CKJIaJICHOT0 eJIeMeHTa JaHUX, TOOTO 1 Kiroya, 1 3B°43aHO01 3
HUM iHQopMalii, 3aiiMae 3HaYyHO OuIblIe Yacy, HDK MOPIBHSHHS CaMUX KIIOYIB.
OueBHHO, 10 Y IIbOMY BUIAKy Kpalluid pe3ylbTaT MOXKYTh JIaTH aITOPUTMH, e
NepecTaHOBKa, MOJKJIMBO, Ha BEJHMKY BIJCTaHb, Oyne MOB’s3aHa JIMIIE 3 OAHUM
€JIIEMEHTOM, a He 3 MepPEeMIlIeHHIM Ha OJHY ITO3HUIIIIO IIiT0] TPYITH eIEMEHTIB.

2.1.3. AITOPUTM IIPSIMOI'O BUBOPY

Inest metoay. CTpykTypa HaHUX 3HOBY YMOBHO PO3IUISETHCS HA KTOTOBYY i
HEBIIOPSIKOBAaHY YaCTHHHU. [l0YaTKOBO «TrOTOBa» YacTHHA € IMOPOXKHBOIO. Ha
KO)KHOMY €Talli cepe]] eJIEMEHTIB HEBIOPAOKOBAHOI YACTHHU 6UOUPAEMbCA
HepIInii 3a HOPSIKOM Cepes eJIEMEHTIB 13 HallMEHIINM 3HaueHHAM. SIKiio oOpaHuii
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HAMCHIIMIA €JIEMCHT HE € TEPIINM Y HEBIOPSAIKOBAHIN YaCTHUHI, TO BUKOHYETHCS
0OMIH MicIIIMU MDK 0OpaHMM HaiIMEHIIIMM i IEPIIUM y HEBIIOPSAAKOBAHIN YaCTHHI.
VY pe3ynabTaTi «roToBa» YaCTUHA PO3LIMPIOETHCS HA OJWH €JIEMEHT BIIPaBO, a
HEBIOPSIKOBaHA 3BY)KYETHCS HAa OJIMH CJIEMCHT 3J1iBa.

HQI/[K.]Ia)I INOKPOKOBOI'0 BUKOHAHHS.

6 3 5 9 7 1 4 2 8

min
|6 3 5 9 7N@ 4 2 8
-— )

mion
—
1| 375 9 7 6 4 (2) 8
|& min
12|597648
-

1 2 3 4 5| 9 :
mn
1 2 3 4 5 6| 9[;\]@) 8
_—nin
S S S A s O C S

Ha mocromy erani HaliMEeHIINH eeMEHT y HEBIIOPS/IKOBaHIH YacTHHI 6 €
MEPIINM 0 TOPSAKY, TOMY 0OMiH HOT0 i3 caMHUM CO00I0 HE TPOBOIUTHCS.

IIporpamua peaJi3auisi.

int i, j, min, x;
for (i=0; i<N-1; i++)
{
min=i;
for (j=i+1; j<N; j++)
if (a[j]<a[min]) min=j;
if (min>i) { x=a[i]; a[i]=a[min]; a[min]=x; }

}

AHaniz ckmamHocti. Jlns  JaHOTO aNrOpUTMYy  KUTBKICTH — OIEparlii
MOPIBHSAHHS HE 3aJICXKHUTh BiJl IOYATKOBOT'O TIOPSIIKY €IEMEHTIB Y CTPYKTYpPI JaHUX.
I y Bumagky moYaTKOBO BIIOPAIKOBAHOI, 1 0OEPHEHO BIOPSAAKOBAHOI, i JOBUIHHOI
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HEBMOPSIKOBAHOI IMOCHTIZJOBHOCTI BUKOHYETHCS MaKCUMallbHA KUIBKICTH OTeparrii
MOPIBHSIHHS:
N?-N
2
KinbkicTh omnepaiiii NPUCBOEHHS 3aJ€XKHUTh BiJl IMOYATKOBOI'O MOPSIKY
€JIEMEHTIB, alie¢ He € 3HAYHOI0. Y BHIIAJKY IMPSIMO BIIOPSIKOBAHOI ITOCITIJOBHOCTI
THepeMillieHb eNeMEHTIB B3araii Hemae, To61o My, =0.

C=(N-1)+(N-2)+...+2+1=

[likaBo, MmO BapiaHT OOEpPHEHO BIOPSAAKOBAHOI IMOCTITOBHOCTI HE €

. . . N .
HauT1puiuMm. A,Z[)Ke mCi neprumx |:? €TallB OTPUMYETLCA BIIOPAAKOBAaHA

MOCITIIOBHICTb, 1 MOAANBIII €Tay BXKe HIY0ro He 3MIHIOIOTh, X04Ya HEIPOIyKTHBHI
MOPIBHAHHS OJJHAKOBO BUKOHYIOTHCS:

N
Mo6epH = 3]:?:| :

Haiiripmum  BapiaHTOM BXiZTHUX HaHHUX TIO OMEpaIisix TMPUCBOEHHS €
OCOOJMBUM YHHOM JOBUIFHO OpPraHi30BaHa MOCTIOBHICTh CIEMEHTIB, JJIS SKOi Ha
KOXKHOMY eTalli y HEBIOPSAKOBaHI 4YacTHHI BUKOHYETbCS OOMIH MiCIsIMU
€JIEMEHTIB 13 HAMEHIIMM KJTF0YEeM Ta IIEPIIOro Bijl MOYATKY:

M max = 3-(N =1).

2.1.4. AITOPUTM IPSIMOI'O OBMIHY

Ines metoay. CTpykTypa HaHUX 3HOBY YMOBHO PO3IUISETHCS HA «KTOTOBYY i
HEBIOPSIAKOBaHY 4YacTWHHU. [IOYaTKOBO «roTOBa» YacTHHA € IOPOXKHBOK. Y
HEBIOPSIKOBaHI 4acCTHUHI MOPIBHIOEThCS BUKJIIOYHO MMApU CYCIJHIX eJeMEHTIB

aj,8j4+1,1=1,N -1 dxmo ueprosa napa He € BIIOPAJKOBAHOIO, TO BUKOHYEThCS

00MIH Micysmu THX eleMeHTIB. Taki MOpIBHSAHHS 1 MOXXJIMBI OOMIHM €JIEMEHTIB

BUKOHYIOTHCSI B pyci a00 BiJl OYATKY JIO KiHIISI HEBIMOPSAKOBAHOT YaCTHHHM, a00 Bi

KIHIIA IO TIOYATKY:

® SKIO MOPIBHSHHS 3/ICHIOETHCS B PYyCI Bijl MOYATKY JI0 KIHIS, TO 32 OJIMH €Tarl
OCTaHHIi cepell MOXKJIIMBO JIEKUIBKOX OJHAKOBUX 13 MaKCHMAJIBHUM KIIOYOBHUM
3HAQUEHHSM «BHUIITOBXHETHCS» B KiHENb HEBIIOPSIKOBaHOI yacTUHH. Toni
TOTOBa YacTWHA Oyne (popMyBaTHUCS Bi KiHIA CTPYKTYpH AaHUX. Takuii crocid
COpTYBaHHsI 0OMIHOM Ha3MBAIOTh MEMOOOM KAMIHYA,

® SKIIO TOPIBHSHHS BUKOHYETHCS B PYCI BiA KIiHIA A0 TOYATKY, TO 32

OJIMH eTall MEepIIMHA Cepell MOXKJIMBO ICKUTbKOX OJHAKOBHX 13 MIiHIMAaTbHUM
KITIOYOBHM 3HAYCHHSM «BHIUTOBXHETHCS» Ha MOYATOK HEBIOPAAKOBAHOI
yactuHu. Toni roToBa wacTuHa Oyne (opMyBaTHCS BiJ MOYATKy CTPYKTYpH
nmaaux. Leit crioci6 copTyBaHHS 0OMIHOM HAa3MBAIOTh MeMOO0OM OYIbOAUIKU.
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Iporpamua peajizanis. Y BHIAAKYy METOAy KaMiHIN, KOJIH pyX
3IMCHIOETHCSL BiJ MOYATKy [0 KIiHIA CTPYKTYpH IaHUX 1 «TOTOBa» 4YacTHHA
dbopMmyeTbest crpaBa, JiBa Mexa L HeBIOpsAKOBaHOI YacTHHHU 3ad)iKCOBaHA IPH
L=0, a mpaBa Me:xxa R Ha KOXHOMY eTami 3MII[yeThCS BIIBO HA OIHY IMO3UIIIIO,
nociinoBHo HaOyBatoun 3Hauenb N-1, N-2, ..., 2, 1:

int L=0, x;
for (int R=N-1; R>L; R--)
{
for (inti=L; i<R; i++)
if (afi]>a[i+1]) { x=a[i]; a[i]=a[i+1]; a[i+1]=x; }

VY Bumaznky meroxy OynbOallKd, KOJIHM PyX 3IIHCHIOETHCS BiJ KIHIS IO
MOYaTKy CTPYKTYPH IAHUX 1 «rOTOBa» dacTHHA (OPMYETHCS 3I1iBa, mpaBa Mexa R
HEeBIIOPsAAKOBaHOI YacTHH 3adikcoBaHa npu R=N-1, a miBa Mexxa L Ha KOKHOMY
eTari 3MIIYEThCS BIIPABO HA OJHY MO3HUIIII0, TOCIII0BHO HaOyBaroun 3Ha4yeHs 0, 1,
...y N-3, N-2:

int R=N-1, x;
for (int L=0; L<R; L++)
{
for (inti=R-1; i>=L; i--)
if (a[i]>a[i+1]) { x=a[i]; a[i]=a[i+1]; a[i+1]=x; }

AHani3 ckaagHocti. /[ 060X pI3HOBHIIB alTOPUTMY IPSIMOTO OOMIHY
KUTBKICTh OTepalliil MOPiBHAHHS HE 3aJICKUTh Bill TOYAaTKOBOTO MOPSIKY SIIEMECHTIB
y CTPYKTypi JHaHux. | y BHUIaAKy IOYaTKOBO BIOPSAKOBaHOI, 1 0OepHEHO
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BITOPSZKOBAHOI, 1 JOBUIBHOT HEBHOPSAKOBAHOI IMOCIITIOBHOCTI BHKOHYIOTHCS BCi
eTary 3 yciMa MOKJIUBUMH TOPIBHSIHHSIMH:
NZ—N
2
KinbkicTh omepaiiii NPUCBOEHHS CYTTEBO 3AJIEKUTH BiJ I0YaTKOBOTO
MOPAOKY eNeMeHTiB. Y HalKpalmioMy BHITaAKy II0YaTKOBO BIIOPSIKOBAHOL
MOCTIZIOBHOCTI HE BUKOHYEThCS KOIHOTO TEPEMIIeHHs eneMeHTiB. M, =0 .

C=(N-1)+(N-2)+...+2+1=

VY HaifripmoMy BHIaAKy OOEpHEHO BIOPSAIKOBAHOI MOCITIIOBHOCTI IpH
KOXKHOMY TIOPIBHSHHI Ma€ Miclie TPHKPaTHE IPUCBOEHHS 3HAYCHD CIICMCHTIB!
NZ—N

2

Sx BHIHO, CKIAIHICTH AITOPUTMY MPSIMOTO OOMIHY TIO «BaXKKHX»
orepalisgx € OXHI€I0 3 HAWOUIBIIMX cepel yCiX NMpsMuX MeroniB. /o Mo3uTHBY
IIFOTO METOJy MO’KHA BiJHECTH IMPOCTOTY MPOTPaMHOI peamizamii Ta MOXKIUBICTh
Mo udikamii y HanpsMi CyTTEBOTO IMOKpAIeHHS €PEKTUBHOCTI JUIS «XOPOIIUX»
CTPYKTYp JaHUX.

M max =3

2.1.5. MOTUDIKALIA IPSIMOIO OBMIHY — IMEMKEPHE COPTYBAHHS

Iness merony. Hwmspka edextuBHiCTH mpsmMoro obOminy (Oymsbarika,
KaMiHel[b) y BHIIQJIKAX «XOPOLIMX» CTPYKTYp HaHUX [OB’S3aHA 3 THM, IO
AITOPUTM HE Mepeadadae JOCTPOKOBOI 3YIMUHKH, SKIIO Ha [ISSIKOMY eTalll
TIOCITITIOBHICTD BXKE BIIOPSIKOBAHA.

IMoxkpareHHs: e()eKTUBHOCTI MOXKHA pealli3yBaTH 3a pe3yJabTaTaMH aHaJi3y
00MiHiB momepenHbporo eramy. llo-mepime, akmo oOMiHIB He Oyn0, TO CTPyKTypa
JAHUX BXKC BIOPSAKOBaHA, i MPOIIEC COPTYBaHHS MOXKHA 3aBepmmtu. [lo-mpyre,
SKIO OOMIHM Mald MicCIie, 1 OCTaHHIA 13 HHMX 3a)iKCOBaHHI 3aI0Bro 0
3aBEpIICHHsS] MOTOYHOrO eramy (Jajeko BiJ MpaBOi MeEXi HEBIOPAAKOBAHOI
YACTHHH y BUMAJKY METOIy KaMiHIs abo Bix miBo1 — ist OynabOaiike BilMOBIAHO),
TO Ha IUISHIII HEBIIOPSIKOBAHOT YaCTUHH IICIISI OCTAHHBOTO OOMIHY €JIEMEHTH BXKE
BITOPSZKOBaHL. Y IIbOMY BHITAJKY JIO «TOTOBOI» YaCTUHHM MOXHA BITHECTH BiIpasy
BCi TaKi €1eMeHTH, TOOTO 3HAYHO 3MEHIINUTH KUIBKICTh €TaIliB COPTyBaHHS.

Hexaii y BUMaAKy METOY KaMiHI[sI HAa JeIKOMY eTarti K, o 3HaYHO MEHIIe
Bl MakCHMajabHO MOXUIMBOI KinbkocTi N-1, 3adikcoBaHO ocTaHHIA OOMIH MK
eleMeHTaMu 8, aj4+1,1 < N - K, Hanpukmaz:

£ 5 1 3 6 7 8 o9

22 5

2 4 5 M

2 4 1 Elz—ﬁg OCTaHHIM OOMIH
T T+l
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2 4 1 3 5 6 7 7 9
2 4 1 3 5 6 7 8 9
L 1R R

Toni mpaBy Mexy R” HEBHOpSAKOBAaHOI YACTHHU JOILLTEHO 3MIITyBaTH BIIIBO HE Ha
OJIMH €JIEMEHT, a B TIO3UIIIF0 OCTAHHBOTO OOMIHY, a TOYHIIIE — Y TIO3HIIIIO .

Hexait y Bumanky merony OynpOalliku Ha AesKOMY erami K, 10 3HAYHO
MEHIIE BiJi MaKCUMalibHO MOXJMBOI KibkocTi N-1, 3adikcoBaHo ocranHiii 0OMiH
MIK eeMeHTaMH &;,dj4+1,1 > K+ 1, Hampukman:

1 2 3 4 7 9 5 &%
5 & 8

9 5 6 8

OCTAHHIN OOMIH fNE 9 6 8

T T+l

1 2 3 4 5 7 9 6 8
1 2 3 4 5 7 9 6 8
L (L= R

Toni niBy Mexxy L’ HeBHOpSIKOBaHOT YaCTHHHU AOLLIHHO 3MIIIYBAaTH BIPaBO HE Ha
OJIMH €JIEMEHT, a B TIO3UIIIF0 OCTAHHEOTO OOMIHY, a TOYHIIIE — y TO3HIII0 i+1.

I mo-tpere, mo0 MakCHMMalbHO BKOPOYYBAaTH HEBIOPSJIKOBAaHY YaCTHHY
OJTHOYACHO 3JIiBa 1 CTIpaBa, AOIIIFHO MOAN(DIKOBaHI MeToAN OymbOAIIKy 1 KaMiHIIA
3aCTOCYBaTH MOYeproBo. ToJi CTPYKTypa JaHUX HIOW «CTPYLIYETHCS»: 32 METOJIOM
KaMiHI[S1 HAWOULTBIIMI eeMEeHT 3MIIIYeThcs B KiHeIb, a Oynmp0arika mepeminrye
HaliMEHIIMH eJIeMEeHT Ha ModYaToK i T.X. Takmii cmocid copTyBaHHsS Ha3HMBaIOThH
wetikepnum (anrit. shake — mpycumu).

Hporpamua peagizamisi. 11106 moOutncs MakcuMmaibHOTO edexkTy Bin
3acTOCYBaHHA ycix Moaudikamiif, mOTpiOHO 00’€qHATH OJHIEI0 CITUTFHOIO
peanizamiero ABI NpoTHieXHI imel: ¢ikcamis Mo3umii OCTaHHBOTO OOMIHY Ta
BIICYTHICTP camMuX OOMIHIB Ha TOTOYHOMY eTamli. 3 Ii€f0 METOI0 BapTo
MPUITYCTUTH, 110 JUI1 METOJY KaMiHLs OCTaHHiii OOMIH mepes 4eproBUM eTaroM
MaB MicClIe Ha JIiBiif Mexi — y mo3uii L, a st meroy Oyab0aiiky ocTanHild 0OMiH
Tepe]] YeproBUM €TaloM MaB Miclle Ha TpaBii Mexi — y mosmmii R. fxmo Ha
MOTOYHOMY eTami OOMIHIB B3arami He OyJo, TO 3MIlIEHHS BiANOBIAHOT s
KO’KHOTO METOAYy MEXi B paHime 3adikcoBaHy TMO3MIII0 Bigpasy MpuBeae IO
MOPOXKHBOI HEBIOPSAKOBAHOT YAaCTMHM JUIA HACTYIIHOTO eTamy, TOoOTO Jio
3aBEpLICHHS [TPOLIECY COPTYBAHHSI.
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OueBuzmHO, 1m0 BHOIp TOPSOKY 3acCTOCYBAaHHS METOAIB KaMiHLS 1
OynpOamkn € noBUTPHUM. Hexail ansi BH3HAYEHOCTI mepmuM Oyae KaMiHeUb.
Peanizanis Ha MoBi C++ aNropuTMy meHKEpHOTO COPTYBAHHS MOXE MaTH BHUTJIS:

int L=0, R=N-1, Pos=L, i, x;
while (L<R)
{
for (i=L; i<R; i++)
if (a[i]>a[i+1]) { x=al[i]; a[i]=a[i+1]; a[i+1]=x; Pos=i; }
R=Pos;
for (i=R-1; i>=L; i--)
if (a[i]>a[i+1]) { x=a[i]; a[i]=a[i+1]; a[i+1]=x; Pos=i+1; }
L=Pos;
}

AHasi3 ckaannocti. JlaHuii MeTO/ OYiKyBaHO Ma€ BUCOKY €()eKTUBHICTb y
BUMAJIKY «XOPOIIUX» CTPYKTYp MAaHUX. Y HaWKpamoMmy BHIIAJAKY IT09aTKOBO
BIOPSIIKOBAHOT ITOCITIIOBHOCTI BUKOHAETHCS JIMIIE OJIMH €Tall TOTO METOJNY, SIKHA
pearnizoBaHMA HepmuM 1o Hopsaky. [Ipu mpomy

Cmin =N-1; Mmin =0.

Ha oxanmp, y BHUNAJKax «IIOTaHUX» CTPYKTYp MJaHUX e(EeKTHBHICTh
AITOPUTMY € HH3BKOIO. Y HAWTIpIIOMYy BHIAAKYy OOEPHEHO BIIOPSIKOBAHOL
MOCITITOBHOCTI 3arajlbHa CKJIAJHICTh HICHKEPHOrO COPTYBAaHHS Taka cama, sK 1
psIMOTO OOMIHY:

N?-N NZ-N

C :—’ M =3.—'
max 2 max 2
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2.2. LIBUJKI AJITOPUTMHU COPTYBAHHSI MACUBIB

2.2.1. IIBUAKE COPTYBAHHSI BKJIFOYEHHSIM 31 3SMEHIIYBAHUMUA
BIICTAHSIMHA. AJITOPUTM LIEJLIA

Inest metony. Husbka eheKTHBHICTB yCiX IPSMHUX METO/IB OB sI3aHa 3 THM,
110 32 OJHMH €Tall CyTTEBO 0OPOOIISETHCS JIHIIE OJIFH €JIEMEHT, a PEIITa eJIEMEeHTIB
HEBIOPSAIKOBAHOT YACTHHU MK COOO0 MPAKTUIHO HE B3aEMOJIIIOTS.

Jonanex Hlenn y 1959 pouii 3anpononyBaB 0aratopa3oBo COpTYBaTu pi3Hi
YACTHHM OCHOBHOT CTPYKTYPH [aHUX — MIiAMOCIIIOBHOCTI, €JIEMEHTH SKHX
3HAXOJIThCS Ha 3HAYHMX BiACTaHsIX. [IpudyoMy BIICTaHI MDK e€JIEMEHTaMH B
MATOCTIAOBHOCTSX MAlOTh IOETAITHO 3MIHIOBATHCS, a caMe — 3MEHIIyBaTtucs. Sk
HACIIIIOK, TaKi MIAMOCIIIOBHOCTI «IIEPEILTITAIOThCS» MDK CO00I0, B3aEMOJIIFOUN
PI3HUMH €JIEMEHTaMH 1 TIOCTIHHO 3MIHIOIOYH JUISTHKHA B3a€MO/TIH.

J1J1st TIOJIEeTrIeHHSI PO3YMIHHS OCHOBHOT i7ie PO3IIITHEMO CHOYATKY BUITAJIOK,
KOJIM KUIBKICTh €JIEMEHTIB y CTPYKTYpI IaHUX € CTeTeHeM duciia 2, To0To N=2%,

Hexaii € nesika mociigoBHICTh i3 BockMu X yncen (N=8):

7 3 6 1 5 8 2 4

Ha mepmomy erami TOCTiTOBHICTE YMOBHO po3ainsteTbest Ha N/2=4
MIAMOCIIIOBHOCTEN 1O JBa €JIIEMEHTH B KOXHIM 13 HMX Ta BIJACTAHHIO MDK
enementamu N/2=4:

IAQOEARD®

Ha cxemi npukiaay eneMeHTH OJHIET CIUTBHOT MiITOCTIIOBHOCTI MOMIIICHI
B OJJHAKOBI reoMeTpuyHi Qirypku ta 00’eaHaHi ryramu. KokHa miAmocaizoBHICTh
OKPEMO BIIOPSIKOBYETBCS HA CBOIX Micysx saxumocvb uunom. lle Ha3uBaeThCS
copmysannam iz giocmannio NI2. Y pe3ynbTarti oTpuMaiy HOBY MOCIIiIOBHICTD:

5 3 2 1 7 8 6 4

Ha npyromy erami @OCHIZOBHICTE YMOBHO po3aiisietbcs Ha N/4=2
MAMOCTIIOBHOCTEH M0 YOTHPH €JIEMEHTH B KOXKHIH i3 HHUX Ta BIJICTAaHHIO MDK
enementamu N/4=2:

KoyxHa migmocIiioBHICT 3HOBY OKPEMO BIIOPSAKOBYETBCS HA CBOIX Micysax
saxumocy yunom. lle HasuBaeTses copmyeannsm i3 giocmannio N/4. Y pesynbrari
OTPUMAJH HOBY IOCTiJOBHICTb:

2 1 5 3 6 4 7 8

I Tak mami.
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Ha ocranHbomy K-oMy erTami po3risimaeTbest ycs MOCHITOBHICTH 13
BIZICTAaHHIO MK €JIEMEHTaMH PIiBHOIO 1, sika 3HOBY COPTYETHCA TUM CAMUM AKUMOCD
yuHoM. Y pe3yibTaTi OTPUMAaJIH BXe MOBHICTIO BIIOPSIKOBAHY MOCIiTOBHICT!

1 2 3 4 5 6 7

BUHHKarOTh HACTYITHI TUTAHHS.

Hurtanus 1. Hagimo Bukonysatu K-1 momepesni eranu copTyBaHHSI, SIKIIO
Ha OCTaHHBOMY eTalmi BCE OJHO TNPHUXOMUTHCS COPTYBAaTH BCIO ITOCHTITOBHICTH?
BiamoBink: Ha mepmmMx eramax COpPTYeTbCs 0Oarato, ane  KOPOTKHX
MIAMIOCTITOBHOCTEH 1 3arajbHa CKIAIHICTh YCIX IHUX COPTYBaHb € HEBeNHWKo. Ha
OCTaHHBOMY €Talli COPTYETHCS BCS MOCIIIOBHICTD, ajle BXXE CYTTEBO «IIOKpAICHA»
NomNepeHIMUA  eTaramMu. TOMy CKJIaJHICTh LIBOTO eTaly 3HOBY Oyle Majolo.
CymapHa CKJIaHICTh yCiX eTariB pa3oM BUSBUTHCS MEHILOO, HDK IIPH COPTYBaHHI
101 TOYaTKOBOT MOCITIIOBHOCTI.

Hurannsa 2. SxkuM caMe AKuMOcb u4uHOM TIOTPIOHO cCOpTyBaTH
HiIIOCTITOBHOCTI Ha KOXXKHOMY erani? BigmoBiab: me mae Oytn mpoctuit y
peanizamii METOM, CKJIATHICTh SKOTO IO OIEepalisxX MOPIBHAHHS 1 MPUCBOEHHS
3QJISKUTH BiJl MOYaTKOBOTO MOPSIKY eJIeMeHTIB. TakuMu MeToJaMHu MOXYTh OYTH
a0o mpsiMe BKITIOUEHHS, 00 LIeHKepHEe COPTYBAaHHSL.

Hutannsa 3. Sk oOupaTu BiacTaHi MDK €I€MEHTAMH B IIAIIOCIITOBHOCTIX
Ha KOXKHOMY €Tami y BUMNAIKy IOBUTbHOTO uucia N eleMeHTIB y MouYaTKOBId
moCaimoBHOCTI? BilNMOBiAb: BHABIAETHCS, HPH PO3AUICHHI IMOCIIIOBHOCTI Ha
MIAMOCIIIOBHOCTI HE BapTO OOWpaTH BIJCTaHI MDK €IEMCHTaMH, PIBHUMH
CTENECHSIM JIESIKUX YHCEl (2[, 3, ...). Binbm Toro, BiacraHi Ha JBOX MOCITITOBHHX
(cycimHix) eTamax B3araii He MalOTh OyTH KPaTHUMH.

Skmo oOupatu BiACTaHI MO CTENEHSAX YHUCIA 2, SK [E Majo Micle B
PO3TISIHYTOMY BHIIE TIPUKJIA/i, TO HA BCIX MOTEPENHIX eTanax, OKpiM OCTaHHBOTO,
OKpPEMO «B3a€EMOIIOTH» MDK CO0O0I0 €NeMEHTH JIHIIE 3 HenapHumu HoMepamu (y
NPUKIIal Ha APYroMy eTarti Iie eleMeHTH 5, 2, 7, 6, 1m0 ToMillieHi B K0Jia) i OKpeMo
SNIEMEHTH JIMILIE 3 napHuMy HoMepaMu (y IPHKIal Ha IpyroMy eTarli e elNeMEeHTH
3, 1, 8, 4, wo nowmimeni y kBaaparu). Tilbku Ha OCTaHHBOMY eTami i JIBi TPyNH
eIEMEHTIB 13 HEMapHUMH 1 TapHUMH I[HISKCAMH <IIepPeTHYThCA». SIKIIo
cripoOyBaT OOWpaTH BiJICTaHI MO CTENEHsAX Yucia 3, TO B pe3yinbTari Oyze
OKpPEeMUX TPHU TPYNH EIEMEHTIB, SIKi «HE NePEeTHHATUMYTHCSI» MK CO00I0 ax 10
OCTaHHBOrO eramy (3 HoMepamu mo moayiao 1, 2, 3). Tomy Bimcrani Mix
€JIEMEHTAaMH B MIANOCTIZOBHOCTSIX CJIiJi 0OMPATH 3 TAKUX MIPKYBaHb:

® BiJICTaHi MOBHHHI 3MCHIITYBATHCS;
® BIJCTaHIi Ha JJBOX CYCIIHIX eTamax He OBUHHI OyTH KPaTHUMU;
® BiICTaHB Ha OCTAHHBOMY eTaIri AopiBHIOE 1.

Jonanpn Kuyr 3ampomoHyBaB BI CcxeMd BHOOpY BiacTaHed, sKi

(OPMYIOTECS, IIOYMHAIOYH 3 OCTAaHHBOTO CTaIly:

e cxema l: ey 31, 15, 7, 3, 1,
Vg =1; V;=Viy-2+1,t=K-11,; K:[IogzN]—l;
e cxema ll: e 121, 40, 13, 4, 1,
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Vk =1; Vy =Vi1-3+1,t=K-11; K :[Iog3 N]—l.

B o06ox cxemax K — 1me omnThManbHa KiIBKICTh €TamiB TOXUTY Ha
MIAMOCIIIOBHOCTI 31 3MCHITYBAaHUMH BifICTAaHSIMH MiX eneMeHTamu. DakTudHO 3
Ii€1 BETMYNHU TOYNHAECTHCS BU3HAYEHHS BiCTaHEMH.

[eprry cxemy DOLUIEHO 3aCTOCOBYBATH JUISL BITHOCHO KOPOTKUX CTPYKTYP
nmanux, ko N = 100 <+ 1000, a npyra cxema Oyje OUTbI ¢peKTHBHA JJIs1 CYTTEBO
JoBrux nocmigoBHocreit mpu N > 1000. Y Bumasky CyIT€BO KOPOTKHX CTPYKTYp
maanx ( N <100 ) mocTaTHBO SKOTOCH i3 IPSIMUX METOJIB COPTYBaHHS.

Tyt 1 gani BigHomIeHHS > i <« 03HAYAIOTh «3HAYHO OUIBLIE» 1 «3HAYHO
MEHIIIe», a OTIepallisg -+ IMO3Havyae IOBUIbHE 3HAYCHHS 3 Jialla3oHy.

VY sIKOCTI MPUKIIAY PO3TIITHEMO HACTYITHI BUITAKU:

e N=500; 3a cxemoro I kimpkicts eramiB K =[log,500]-1=8-1=7, a
BiJICTaH1 YTBOPATH YMCIIOBY OCTINOBHICTE: 127, 63, 31, 15, 7, 3, 1;
¢ N=10000; 3a cxemoro II kinbkicts eranis K =[logz10000]-1=8-1=7,a

BiJCTaH1 YTBOPATH YMCIIOBY mocminoBHicTh: 1093, 364, 121, 40, 13, 4, 1.

SIk BHOHO B 000X BMITaAKaX, ONTHMAalbHA KUIBKICTH €TalliB BHUSIBHWIACI
OJIHAKOBOK0. Y TEPIIOMY BUIAJIKy BiTHOCHO KOPOTKOI MOCTIJOBHOCTI MOYaTKOBO
COPTYETHCSI MEHIIIA KUTBKICTh MIAMOCIITOBHOCTEH, 1X — 127, 1 B KOXKHiii o 3 abo 4
eneMeHTH. Y JApPYroMy BHMAIKy CYTTE€BO MAOBINOI TMOCIHIJOBHOCTI MOYaTKOBO
COPTYEThCs OLIBIIA KUTBKICTh MiAMOCTimoBHOCTEH, X — 1093, 1 B koxHil 10 9 a6o
10 enemenTiB. 3arajgpbHa KUTbKICTH OCHOBHHX OICpalliii Ha MOYAaTKOBHUX €Talax B
000X BUMagKax Oyae He3HAYHOIO. 3BUYANHO, IO MEPIIHIA MPHUKIIAT TOTpeOyBaTHME
MEHIIIE OTepalliil y MOPIBHAHHI 3 JPYrUM HPHUKIIAJIOM.

SIKIo 10 BiIHOCHO KOPOTKOT MOCTIIOBHOCTI 3acrtocyBatu cxemy II, To
oTpumaemo 4 eramy, i Ha mepmoMy 3 HuX Biactanb 40. Xodya 4KCIO MOYATKOBUX
mignociigoBHOCcTel 40 € HEBEMKUM, MTPOTE BOHK MICTSTH 10 12 a6o 13 exemeHTiB,
a IIe BXKe JIaCTh 3HAYHY KUTbKICTh OCHOBHHX OTICpAIliid Ha mepmomy etari. SKio 1o
CYTTEBO JIOBro1 MOCIIIOBHOCTI 3aCTOCYBaTu cxemy I, To oTpumaemo 12 eramis, i Ha
mepmoMy 3 HEX Biactanp craHoBuTEmMe 4095, Tobro Oyme 4095
MIAMOCIITOBHOCTEH Mo 2 abo 3 eineMeHTH. Y I[bOMY BHIAIKY, XOY IOYATKOBI
MAITOCTIAOBHOCTI Ty’Ke KOPOTKi, aje KUTBKICTh YCiX €TaliB € Ha UIAIIKOBOIO, 1 IIe
TEX HE € e()CKTUBHUM PIlLICHHSIM.

Iporpamua peanizanis. He 3MeHnIyroun 3arajibHOCTI, IPOIOHYETHCS
BapiaHT mporpamMu Ha MoBi C++ i3 BukopucTanusm cxemu Kuyra-1, Bincrani skoi
30epiraTUMyThCS B JOJATKOBOMY MacHBi mummx uucen. lleff mMacuB HaBiTh Ui
JIy)Xe BEIHMKUX KimbkocTed enemeHTiB N Oyzne morpeOyBaTmMme Majio mam’ sTi.

DakTHYHO 1€ JUIIE [|0g2 N] 3HayeHb. T00TO IOCTAaTHRO 32 €JIEMEHTH JUIA

CTPYKTYpPH JIaHHX, IO MOBHICTIO BUUEPIYE BCIO CTATUYHY HaM’sITh IPOrPaMu.

intv[32], K, t, m, i, j, X;
K=(int)(log(N)/log(2))-1;
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V[K]=1;
for (t=K-1; t>0; t--) v[t]=v[t+1]*2+1;
for (t=1; t<=K; t++)
{
m=v[t];
for (i=m; i<N; i++)
{
x=a[i]; j=i-m;
while (j>=0 && x<a[j])

{
afj+m]=a[jl;
j=-m;

}

afj+m]=x;
}
}

Anani3 ckaagsocri. [{ns anropurmy Illenna mpakTHYHO HEMOXKIIHBO
MPOBECTH TOYHHUK aHali3 CKJIAJAHOCTI depe3 JOCTaTHBO JAOBUIBHUN BHOIp
3MEHIIYBAaHUX BiJICTaHeW MDK eJleMeHTaMu. Bapro 3a3HauWTh, OO HAaBiTH
0OEpHEHO BIIOPSIKOBAHI IOCIIOBHOCTI BXKE€ MICsl MEPIIOr0o-ApYyroro erarmy
3HAYHO  «IIOKPALIYIOTHCA»: CJIEMEHTH 3 MallMMH 3HAYCHHSAMH  KIIOYIB
MEepEeMIIIYIOTECS Ha TOYaTOK, a €JIEMEHTH 3 BEJIMKMMH 3HAYCHHSIMH — y KiHElb
CTPYKTYpU MaHWX. A HACTYIHI eTany mie OUTbIIe MiATOTOBIIOIOTH MOCTITOBHICTH
JI0 3aBEpIIAILHOTO COPTYBAHHS.

J. KayT BCTaHOBHB TaKy OLIHKY CKIAJHOCTI IO OCHOBHHX OIEpaIliix y
3aJISKHOCTI Bifl JOBKHHU CTPYKTYPH JAHUX:

o[N12)<c(N)M(N)<O[N® )<< o[N?).

2.2.2. lIBUIKE COPTYBAHHSI OBMIHOM HA BEJIMKUX BIICTAHSIX.
AJroputm 4. 'oarA — QUICKSORT

Ines merony. Husbka edekTHBHICTH COpPTYBaHHS NpPSIMHUM OOMIHOM
(xaminenp 1 OynpOamika) MOB’s3aHa 3 THM, IO TOPIBHIOIOTBCS 1, MOXKIJIHBO,
OOMIHIOIOTBCS MICISIMH BHKJIIOYHO CYCiTHI €leMeHTH. 3a OIWH €Tal JIHIIC OJIH
eJleMEeHT (HaiOuTbIIuii a00 HaliMEHIIMH) MepeMillyeThCsl Ha BIANOBIIHE HOMY
micre. Pemra emeMeHTiB a60 HE 3MIHIOIOTH CBOE€i MO3MIII, a00 MEePEeMIIIyIOThCS
JUIIE HAa OJHY TMO3MWI, abo B3aram BIAJAISIOTBECS BII CBOTO MICIS B
pe3yIbTYIOUid TOCTIZOBHOCTIL. SIKIIO BXigHA MOCTITOBHICTH B3araji O0OEpPHEHO
BIIOPSIKOBAaHa, TO TEpEMIlleHHs HaWOUIbIIOro (sl KaMiHIS) 4 HaHMEHIIOro
(s OynpOanIKy) eleMEeHTa 4yepe3 yClo CTPYKTYypy JaHUX Ha BiANOBigHE HOMY
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Miclle BHMKOHYETbCS 3 OJMHAapHUM KpPOKOM 1 morpebye nyxe Oararo
HepenpucBOeHb. | Taka CHTYyallis HOBTOPIOBATUMETHCS Ha KOXKHOMY €Talli.

Toni T'oap (cep Yapn3 Enroni Pigapx ['oap) y 1960 pomi 3anpomnoHyBaB
BUKOHYBAaTH MOPIBHAHHS 1 MOXJIMBI OOMIHM Yy HEBIOPSIKOBAHI YacTHHI MDK
HaUbinbw 8I00ANeHUMU eNleMeHmamy, wo we He nopisHwosanucsa. IlodaTkoBo
HEBIOPSIKOBAaHA YacTHHAa — L€ BCS BXiJHAa CTPYKTypa JaHUX, a HalOLIbII
BilaJIeHUMH, 10 1€ HE TMOPIBHIOBAIWCS, € TEPINNA 1 OCTaHHIM 11 eJIeMEeHTH.
3BHYaliHO, SIKIIO NOpPIBHIOBaHA I1apa €JIEMEHTIB HE € BIIOPSAAKOBAHOIO, TO
BUKOHYETHCS OOMIH MicisiMi. HacTymHuMHU HaWOUIbII BiqIaIeHUMHU €JIEMEHTaMH,
o0 IIe He MOpIBHIOBAIKCS, OymyTh abo mepIimii i mepeJoCTaHHild, abo Ipyrui i
ocTaHHii i T.4. O4YeBHIHO, IO Taki B3a€EMOIl Yy HEBINOPSIKOBaHIA YaCTHUHI MK
HaWOUIPII BiNIaJeHHMMH e€JEMEHTaMH, M0 IIe He NOPIBHIOBAINCS, MAlOTh
BUKOHYBATHCSl 200 BiJHOCHO IEpLIOTO eleMEeHTa 3 yciMa IHIIMMH Bij KiHLs, abo
BIJTHOCHO OCTaHHBOTO €JIEMEHTa 3 yciMa IHIMMMH Bix mouyaTky. OOuH i3 KpaiHixX
CJIEMEHTIB HEBIIOPSIKOBAHOT YACTHHH ITOCIITOBHOCTI OOHpPAeThcs B SIKOCTI
6edyu020. Y Ci MOPIBHSHHS Ta MOXJIMBI OOMIHM BUKOHYIOTHCSI CaMe MDK BEALy4YHM i
HaWOUIBbII BiJaICHUMHU €JIEMEHTaMH, 3 IKUMH BiH III¢ HE TOPIBHIOBABCS.

Hexali mi1s BU3HAayeHOCTI BeAydyuM OyAe TEpIIMA  eleMeHT Yy
HEBHOPsAKOBaHIM dacTuHi. [lo3HaunmMo TiBy MeXy HEBIOPSIKOBAHOI YaCTHHU
yepes i, npaBy — uepe3 j. Toni Beayuum enementom Oyae afi]. diast ocobnuporo
BHUJIUICHHSI BEAYYOrO €JEMEHTa JOJATKOBO MiIKpecauMo Horo mosHadeHHs afi].
3mict anropurmy ['oapa, oo orpumaB HazBy QuickSort, nomsirae B HacTymHOMY:

1) Bemyuwnii enement a[i] mopiBHIOETBCS 3 HAUOLIBII BiIJATICHUM CIEMEHTOM, 3
SIKAM TIIe He MOPIiBHIOBaBCs, To6TO 3 a[j];

2a) moku i<j ta @a[i]<a[j], BuKOHyeTbcsA mepexig MO 4YEproBOro HaHOLIBII
BIIAJIEHOTO €JIEMEHTa, 3 SIKUM IIe He NOPIBHIOBABCS BEAYYHIl €IEMEHT,
100710 j=j-1;

26) sixmio a[il>afj], To Bukonyerscs oOomin wmicisimu Mix afi] Ta a[j], Temep
BemyunM crae emeMent a[j], BiH Oyme mOpiBHIOBATHCA 3 HAWOUIBII
BifZIaJICHHM, 3 SIKMM IIIe He MOPiBHIOBABCsI, TOOTO 3 eneMenToM afi+I];

2B) moku i<j Ta afiJ<a[j]l, BUKOHYETHCS mMepexim OO YEeproBOro HaMGITBII
BIJUTAJICHOTO €JIEMEHTa, 3 SKUM II¢ HE NOPIBHIOBABCS BEIYYWil €JIEMEHT,
TOOTO i=i+1;

2r) sxmo afi]>aljl, To Bukonyerbcs oOmin micisimu mix afi] ta a[j], renep
BeyuuM 3HOBY cTae enemeHT a[i], BiH Oyje MOpIiBHIOBATHCSA 3 HAWOLUTBII
BilTAJICHNM, 3 SIKMM IIIe He TIOPIBHIOBABCS, TOOTO 3 enementoM afj-1];

3) mpouec mMOpiBHSAHB 1 MOXIMBHX OOMiHIB (myHkTH 2a, 26, 2B, 2r)
MOBTOPIOETbCS, JOKH BEIy4YHH eJIeMeHT He IOpIBHAEThCS 3  yciMma
eJIEeMEHTaMH HEeBIOPSIKOBAHOT YaCTHHH, TOOTO HOKH I<].

Hpukjiang NOKpPoKkoBoro BukoHaHHd. [loxidHO 10 TomepenHix MeTOomiB i
JUTSL TIOJICTIIICHHS PO3YMIHHS BEy4YHid SIEMEHT OXOTLTIOBATHMEMO KOJIOM:
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i=1l, j=9

| 8| 2a)=>j=8
i=1l, j=

| 2| 8 26)=>i=2
i=2, j=8
2 | 3 ®| 8 28)=>i=3
i=3, j=8
2 3|5 ®| 8 2o)=>i=4
i=4, j=8
2 3 5|9 ®| 8 2m=>j=7
i=4, j=7
2 3 5|0 4|9 8 26)=>i=5
i=5, j=7
2 3 5 4| 72<—>®|9 8 2r)=>56
i=5, j=6
2 3 5 4|@e1L |7 9 8 20=>i=6
i=6, j=6
2 3 5 4 1|(®|7 9 8 stop

[poananizyemo Tenep OTpUMaHUi pe3yibTaT. SIK BUIHO 3 IPUKIIATY:
e BeJyuuil eJIeMeHT 6 OMMHKUBCSA HA CBOEMY MICI[i B O3HILT I=;
e JTiBillle Bil BEAYJIOTO OMUHIIIKCS yYCi MEHIIII Bil HHOTO EIIEMEHTH, 1 IX MOKHA

COpPTYBaTH OKPEMO BiJ{ PEIITH CIICMCHTIB;

e TIpaBille BiJ BeIydOro ONMUHIINCS yci OUIBII BiJl HBOTO €JIEMEHTH, 11X Tex

MOJKHA COPTYBAaTH OKPEMO BiJl PEIITH SIIEMEHTIB.

Jo xoxHOro ¢parMeHra 3iiBa 1 cIpaBa BiJ BEIy4Oro €JIEMEHTa 3HOBY
MOXKHA 3aCTOCYBATH Takuii camuii mpuiioM. Toxi X Beaydi eIeMEHTH TeX 3aliMyTh
BIIIOBiHI iM MiCIl1 B Pe3yIbTYIOUild IMOCTIJOBHOCTI, 1 A MOAANbIIol 00poOKH
Bke 3amumuThcsi N-3 eIeMEeHTH B, MOXJIMBO, YOTHPhOX (parMeHtax. | T.n.
[ToctymoBo Bemydi eIeMEHTH PI3HHX eTamiB 3aifMaTUMyTh BIiANIOBiZHI iM MIiCIIS.
Slkmio 3miBa 4M crpaBa BiJ BEAYYOTO €JIIEMCHTA SKOTOChH €Taly OMWHUTHCS JIUIIES
OJIMH €JIEMEHT, TO OYEBUIHO BiH TS rapaHTOBAHO 3aiimMe BimmoBimHe oMy Micte.
Ake BiH Oyae MK JIBOMa BEIyYHMH €IIEMEHTAMH PI3HHX €TAliB, i MPH EOMY
OJIHOYACHO OuTbIIMiA a00 PIBHHI BiJ OAHOTO 3 HHUX Ta MEHIIWN a00 PIBHUH Bix
npyroro 3 HuX. OTKe, TakWid TOBTOPIOBAaHWHM MpOIlEC MEPEMIIICHHS BEIYUHUX
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CJIEMCHTIB Ha BIATIOBIAHI M MiCII MOXHA 3aBEPIIYBATH, KOJH HE 3aIIUIIUATHCS
’KOJHOTO HEBIOPSIKOBAHOTO (pparMeHTa 3 IBOX YM OLTbINE EIIEMEHTIB.

Sxmo Bexyunii €IEMEHT € HaHMEHITUM Y HaHOUTBIINM, TO BiH OTIMHUTHCS
abo Ha mo4arky, abo B KiHI[I pe3yJIbTyI0401 IOCIIZOBHOCTI, 1 BITHOCHO HBOTO Oyze
JHIIe OJHA HEBIOPSIKOBaHAa dacTWHA, 1m0 MictuTh N-1 ememenTt. Skmio Takwii
pe3yIbTaT MOBTOPIOBATUMETHCS HA BCIX eTamax, TO iX Moxe BusBuTHCS ax N-1, i
Ha KO)XKHOMY 3 HHX aHANi3yeThCs JHIIE OIWH BEIyYHH eJIeMEHT, a peTa
eJIEMEHTIB (PaKTHYHO He 00poOmstoTbes. Llel BHmamok € ogHWM i3 Halripmmx
BapiaHTIiB BXiHUX JaHuUX. ToOTO pO3MIsHYTHI crmocid copryBaHHs 0e3
JIOTATKOBHUX MoAu(ikalliii, Ha )kajb, € OTHAKOBO Hee(DEKTUBHUM 1 I «XOPOIIHX»,
1 TSl KIIOTAHHUX» CTPYKTYP JaHUX.

OdeBHIHO, IO HAWKpalIMM BUOAIKOM BXITHUX ITaHUX Oyle OCOOIMBUI
JOBUTHHHIA TOPSJIOK CIEMEHTIB, MPH SKOMY Ha KOXKHOMY €Talli BeIydi IeMCHTH
mopasy 3aiiMaTuMyTh NEHTpanbHi a0o ONM3bKi M0 HHX MO3WLIi y CBOIX
¢parmenrax. Tomi i momanpimioi OOpPOOKM 3alUIIATUMETHCS MBI YaCTHHU
NpUOJIM3HO OJHAKOBOI JOBKHHM, M0 HE TIEPEBHINYE IOJOBHHU OBKHUHH
IMOYaTKOBOi JUISHKA TIOCTIMOBHOCTL. Sk BigoMo, cOpTyBaTH /MBI YaCTHHH
MOCITIZIOBHOCTI TIOJIOBUHHOI JIOBXKWHM OUTBII HDK YIBIYI MIBHIIE, HDK COPTYBaTH
[UTy TOCTIMOBHICT. Y TakOMy BHIIAAKy BXIJHHX MJaHUX KIUTBKICTh eTamiB
COpTyBaHHs (pparMeHTIB € Torapu(GMITHOIO 3AICKHICTIO Bill TOYATKOBOT TOBKHHH.

IIporpamua peasizanis. [nes copryBaHHS 0OMIHOM Ha BETHKHX BiJCTaHIX
notpedye 0coOMMBUX pillleHb NP MpOorpamHiil peanizauii. ToMy ciin nmomnepeaHso
BU3HAYUTHUCS 3 PSIZIOM BOKIMBHX ITUTAHb.

Huranns 1. SIkmo micist 4eproBoro eTarry 3j1iBa YM CIIpaBa BiJl BEIYy4OTO
€JIEMEHTa OTPUMAJIM JOCTATHHO KOPOTKI (pparMeHTH, TO AT HOJAIBIIOTO iX
COPTYBaHHS MOXKHA 3aCTOCOBYBAaTH SIKMHCH 13 MPOCTHX Yy peaiizawii i JOCTaTHBO
e(eKTUBHUI TPAMUN METO, HAPHUKIAA HpsMe BKIOYCHH. [I0 s1K01 MiHIMAaIbHOT
JOBKHHU (pparMeHTiB IOIUIBHO I 3acTOoCOBYBaTH anroputM QuickSort, a micss
SKOT B)K€ MOXXHa CKOpUCTaTHCS TpsAMHM MetojoMm? Biamominb: BuOip wminkom
JOBLTBHUI, MOXHA JI0 KIiHIIS BCI )parMeHTH copTyBatu asropurmom QuickSort.

Hurannsn 2. Ha Bcix eramax, OKpiM nepmoro, Oarato ¢parMeHTiB
OJIHOYACHO TMOTpeOyBaTMMyTh 00poOKu. TouHilmle B MOTOYHHH MOMEHT
00pOOIATIMETHCSL SAKHICh OAWH (PparMeHT — aKTHBHHM, a IHIII OYiKyBaTUMYTh
CBOE€T yepru. SIk opraHizyBaTH 30epexeHHs JIiBOi Ta MpaBoi MeX (parMeHTiB, 10
OYIKYIOTh Ha 00poOKy? BinmoBinb: 1me Moxxe OyTH Ieska JoJaTKoBa CTEKOIoNi0Ha
CTPYKTypa JdaHuX (HampuKIan, IBa MACHBH IHJIEKCiB) ab0 3acTOCOBYBAaTHCS
PEKYpPCUBHHI BUKJIMK aITOPHUTMY 10 BiIIOBITHOTO (pparMeHTa.

Hutanna 3. fAxuiil i3 ABOX, OTPUMAHHUX HA IMMOTOYHOMY eTari, ()parMeHTIB
(moBUIMI YM KOPOTIIMI) AOUUIBHO OOpOOJSATH B MEpLIy 4Yepry, a SIKHi MOXKHa
«BimkmacTi» Ha mTOTIM? BiameBiaAb: cmoyatKy OOUUTBHO OOPOONSATH MOBII
(parmMeHTH, OCKUIBKM BOHM OUIHII HMOBIPHO MOTPEOYBaTUMYTh caMe alrOpUTMY
QuickSort, a xopoTiii (parMEeHTH MOXKHA «BiIKIACTH» HA MOTIM, 1 BOHH MMOBIPHO
00pOOIATUMYTBCS BXKE MPSIMUM METOJIOM.
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Huranns 4. Sxmo s 30epeskeHHss GparMeHTiB, M0 OYIKYIOTh 0OpOOKY,
BHUKOPHCTOBYETHCS CTEKOMOI0HA CTPYKTYpa JaHHUX, TO AKHHA Mae OyTH ii po3mip?
BinmoBinb: MakcuManbHa KUTBKICTh «BiIKITaJeHUX» (parMeHTIB Oyxae, KOIU BCi
BOHU JIBOGJIEMEHTHI, 1 U 1X COPTYBaHHsI BAKOPUCTOBYETHCS BUKJIIOUHO aJITOPUTM
QuickSort 6e3 3acrocyBaHHs TPSAMOTO MeETOMy. Bemydi ereMeHTH MOTEpenHix
eTamiB PO3MEKOBYBAaTHMYTh Taki «BigkmaaeHi» ¢parmentn. OueBuaHo, iX
KUTBKiCTh He mepeBuiryBatame N/3.

Peanizauis moBoro C++ amroputmy QuickSort i3  BpaxyBaHHSAM
00yMOBJICHUX BHIIE PillleHb MOYKE MaTH BUIJISIA:

const int M=21; I huoienst meswca 3acmocysanns QuickSort
int left[N/3], right[N/3]; /] 0ooamxosi cmexonoodioni cmpyxkmypu oanux
int k=1; // KinbKicmy <GIOKNAOCHUX» (hpasmeHmis
intL, R; // medxnci nomounoco gppacmenma
inti, j; // iHOeKcU NOPIBHIOBAHUX e/leMeHmMIE
int x; // 3HAUEeHHs 6e0YH020 eleMeHma
left[k]=0; right[K]=N-1; /I cnouamxky o6pobasemocs 6cst nocuioosnicme
while (k)
L=left[k]; R=right[k]; k--;
while (R-L+1>=M) // aneopumm QuickSort
i=L; j=R; x=al[il; Il nynkm 1)
while (i<j) // nynkm 3)
while (i<j && a[i]<=al[j]) j--; // nynxkm 2a)
if (i<)) { a[i]=a[j]; a[jl=x; i++; } // nynkm 26)
while (i<j && a[i]<=al[j]) i++; // nynxkm 28)
if (i<)) { a[j]=a[il; a[i]=x; j--; } // nynkm 22)
if (i-L>R-i) // nid2omogka 00 HACMYRHO20 emany
{ Il «gioxkracmu» kopomwuii npasuii ppazmenm
if (R-i>1) { k++; left[K]=i+1; right[k]=R; }
R=i-1; // 0bpobdasmu doswuil 1iguil pacmenm
}
else

I «gioxknacmu» kopomwuii rieutl ppacmenm

if (i-L>1) { k++; left[k]=L; right[k]=i-1; }

L=i+1; // 0bpobdasmu doswuil npasuil ppazmenm
}
for (i=L+1; i<=R; i++) // npsme éxmouenns 0 KOpomxux ppazmenmis
{
x=a[i]; j=i-1;
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while (j>=L && x<al[j])
{ali+1]=all; j--; }
a[j+1]=x;
}
}

AHaJi3 _ckJaaHOCTI. SIKI0 TpOBOAWTH aHai3 CKIAAHOCTI JIMIIE I10
olepalisx MOpPIBHSAHHSA 0e3 ypaxyBaHHS NPHCBOEHHS 3HA4YCHb EJIEMEHTIB, TO
BUSIBJISIETHCS, 110 BHUIAJI0K [MOYATKOBO BHOPSIKOBAHOI CTPYKTYPH JaHUX € OJHUM
i3 HaWTIPIIUX BapiaHTIB BXiTHUX MAaHUX. AJDKE B IIbOMY BHIAJKY BHUKOHYETHCS
MakcuManbHa KilbKicTh N-1 eramiB 3 yciMa MOJIMBUMHU TOPIBHSHHIMU.
3BHYAHO, MO INPHUCBOEHL Oylne 3HAYHO MeHIIe. SIKIIo BpaxoBYBAaTH OJHE
NPHCBOEHHS 3HAYCHHSI BEIy4Oro eJeMeHTa X=a[i] Ha movYaTKy KOKHOTO eTary, TO

2
N“—N M

Cnpﬂ,wuﬁ =Crnax = 2 , npsimuil

=N-1.

[oniObHa cutTyamis i y BUNAIKy OOCPHEHO BIIOPSIKOBAHOI MOCIITOBHOCTI.
BigMiHHicTh Oyne suiie 3 MPUCBOEHHSIMHU NMPU 00MiHAX: BOHW BUKOHYIOTHCS JIHMIIE
OJTHOKPATHO TPH MEPIIOMY MOPIBHSAHHI 1 4epe3 oauH etar. Tomy

2
N4 —N 3(N-1) N-1

Co6epuellmi =Chax = T* obeprenuil 2 2(N _1) :
Taka BenmKa KiTbKICTh OTnepaniil MOPIBHAHHS OB s3aHa 3 THUM, IO BeAydi
CJIEMCHTH Ha KOXXHOMY eTari € abo HallMEeHIINMH, a00 HAWOUIBIIUMHU, 1 MIOpa3y
3aliMaTUMyTh KpaiiHi Ho3uuil y cBOiX (parMeHTax. Y pe3ysbTaTi BiTHOCHO HHX
37iBa 1 cripaBa Bike He (GOPMYEThCsI iBa (parMeHTH 3HAYHO MEHIINOI JTOBXKUHH, a
3aITUIIIAETHCS OJTUH (PParMeHT i3 KUTBKICTIO €IIEMEHTIB Ha OJTUHUIIEO MCHIIIE.
Haiikpamum BapianTOM BXigHHX [gaHUX Oyae Taka MOCIIIOBHICTH
CJIEMEHTIB, JJIs SKOT BEAyYi CIEMCHTH Ha KOXHOMY eTami 3aliMaTuMyTh
[EHTpaJIbHY TMO3UII0 y CcBoeMy ¢parmenti. [lpm 1pOMy dYHCIO eTamiB
BU3HAYATUMETHCS JIOrapu(MIidHOIO 3aJeKHICTIO. 3arajoM MOXKHA BBXKATH, IO
CKJIQ/IHICTB 110 TIOPIBHSIHHSX 1 IPUCBOEHHAX MaTUME OJTHAKOBHI MOPSIAOK:

Crmin (N),Mmin (N) =O(N-log(N)).

2.2.3. HLIBUAKE COPTYBAHHS BUBOPOM 3A JOIOMOT' OO IIIPAMIJIH.
AJTrOPUTM HEAPSORT

Iness meroay. Huspka eQeKkTHBHICTE aNropuTMy NpsSMOTO BHOODPY
NoB’si3aHa 3 OOOB’S3KOBUM BHKOHAHHSM HA KOXXHOMY eTalli MaKCHMaJbHO
MOJKJIMBOI ~ KUIBKOCTI ormepaiiii mopiBHsHHSA. CIHPOIICHHS alrOpUTMy HE
riependavae 30epe’keHHS 1 BUKOPHCTAHHS HA HACTYMHHX eTamax Ti€el KOPHCHOI
iHpopManii Mpo eJeMeHTH CTPYKTYpPH JaHMX — HOTEHIIHHI KaHAWAATH Ha BUOIp
IVl HACTYIIHHX €TaliB, — $Ka HAKOIMYYeTbCAd IpU IOUIYKY HalHMEHIIOro
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(HaitOiNBIIOr0) KiFOYa y HEBIOPSIKOBAHIM YacTHHI Ha MOTOYHOMY eTami. Tomy
JUTA TIPUIIBHIICHHS MPOIECY COPTYBaHHSA BHOOPOM MOTPiIOHO SKOMOTa IMOBHIIIIE
BHKOPHCTOBYBATH BCIO JIOJAaTKOBY 1H(QOPMAIIIO 3 TIOTIEPETHIX €TaIliB.

3HOBY, HE OOMEXYIYM 3arajibHOCTi, PO3IJISTHEMO CIIOYaTKy BHIIAIOK
CTPYKTYpH JaHUX i3 BocbMu miux urcen (N=8):

7 3 6 1 5 8 2 4

[Ipu mepmomy mpoxomi BHOMpAaEMO MEHIIMH i3 KOXKHOI Mapu CYCimHiX
enemeHTiB. Ha npyromy mpoxoji BUOMpaeMO MEHINHWH i3 KOXKHOI MapH CYCiTHIX
eJIeMeHTIB, o Oy BHOpaHi MpH MONEPEAHBOMY HPOXOi. AHAJOTIYHUM YHHOM
MOCTYIIAEMO TIPU KOXXKHOMY HacTynHoMmy mnpoxoxi. Ilpm mpoMy Ha KOXHIH
HACTYMHINA cepii BHOOPIB aHAMI3yeThCSA BIBIYI MEHIIE €JIEMEHTIB, HDK @pu
monepenHii. I Tak mani. Ha ocraHHROMY MPOXOJi BUOMPAETHCS MEHINUH i3 JABOX
paHille BUOpaHHX €JIEMEHTIB — HaliMEHILINH eIEMEHT y CTPYKTYPi JaHHX:

7 3 6 1 5 8 2 4
\/ \/ \/ \/

I~

Y pe3ynbTaTi OTpUMald JEPEBONOAIOHY CTPYKTYPY AaHHX, y KOpEHeBii
BEpIIUHI K0T 3HaXOMUThca HaiimeHmmil ememeHT 1. [Ipm moOymoBi gepeBa Ta

. . N N N
inenTHdikanii HaliMeHmoro kmro4ya BHKOHaHO C; = ?+Z+...+ 2+1=N-1

orepaiii HOpiBHSIHHS, IO CMIBIa A€ 3 KIIACHYHUM aJTOPUTMOM IOLIYKY.
Jna momaneimoi pearnizaiii anroputMy BHOOpY 3aCTOCYEMO IHIIMHA IMiIXi,
o Iependadae BUKOPHCTaHHS JOJATKOBOI KOpHCHOI iHQopmamii Ta morpebye
MEHIIOTO YKCIIa TIOPIBHSHB. 3 LI€I0 METOI0 BUKOHAEMO TaKi JIil:
e 3aMMIIEMO 3Hai/ieHe HalMEHIE 3HAYEHHS KIoYa B JESKY pPe3yJbTYIouy
MOCITIIOBHICTB,
® BWIYYMMO MIHIMAJIBLHUK €JeMeHT 13 MoOyJI0BaHOTO JiepeBa, 3aMIHUBIIM BCI
HOro BXOJIDKEHHS 0COOIMBUM EIIEMEHTOM — «IIPKOIO»:

7 36 O 5 8 2 4
\/ \/ \/ \/

3 O 5 2

\ 7/ \ 7/

O 2
\ /
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® [IepepaxyeMO 3aHOBO [EPEBO, BBAKAIOYHM, LIO BCI «IIPKU» MArOTh SIK
3aBrOZIHO BEJIMKE 3HA4eHHA. [lepepaxyHOK CTOCYEThCS JIMIIE €JIeMEHTIB-
«IIPOK» — [0 OJTHOMY €JIEMEHTY Ha KO)KHOMY PiBHI, OKpIM MEPIIOro;

e y pe3yabTaTi B KOPEHEBY BEpLIMHY MOTPANUTh HACTYIHUHI 110 TMOPSAKY
HalMEHIINH eJIEMEHT 13 THX, 10 3aJUILIHIIAC.

7 36 O 5 8 2 a
\/ \/ \/ \/

N

YV KopeHeBiil BepIIMHI HOBOTO JepeBa ONMMWHHUBCS HACTYITHUH HaWMEHIIWH
exemenT. [t foro inentndikanii BukoHano C, =10g N omnepauiii nopiBHsHHS,
10 3HAYHO MEHIIE, HDK 332 KJIACHYHUM alropuTMoM momyky maias N -1 ememenra

(C5™*“ =N =2). 3 oTpuMaHnM JIepeBOM 3HOBY BUKOHYEMO Ti cami Aiii: 3HaiieHnit

eIeMEHT i3 HaMEHIIUM KIIOYEM IIEPENHCYEMO B PE3YAbTYIOUY IOCIITOBHICTD,
BIIIy4aeMO LI €IEeMEHT i3 JepeBa, 3aMIHIOEMO BCi HOTO BXOJDKEHHS «JIIpKaMH»,
nepepaxoByeMO HOBe JepeBo i T.1a. IIpu 1pomy mopasy notpiouo mawume log N
omepalliii TOpiBHSHHS.

VY pesynbrari BukoHaHHs N eramiB BHOOpYy B IepeBi 3anuIuiaThcs OJHI
«IIpKU», 1 OTPUMAEMO BIIOPSIKOBAHY pPE3YJIbTYIOUY IOCIIIOBHICTh. 3aranbHa
KUTBKICTH OTepalliif mopiBHSHHS Oyne:

C=c1+c2+m+cN_1+cN==N—1+(N—1ymgN=cxN.mgN)<<obﬁ)

Ha >xanp, 3Ha4HWH BUTpAII MO KUTHKOCTI MOPIBHSIHD MOTPEeOye BETUYC3HUX
3arpar mam’sTi. AJpke uis NoOyZoBH JepeBa BUOOpY MOTPIOHO pPO3MICTHTH B

mam’siTi

Koepeso = N +%+...+2+1: 2N -1 enementis mamux. OkpiM 10BOTO,

moTpiObHOo me N J0IaTKOBHX €IEMEHTIB Ul pe3yibTyIouoi mociifoBHOCTI. Takmm
YUHOM, NMOTPIOHO Matu mopsaky 3N eJeMeHTIB JaHMX, a Iie BXKe He BiAIOBinae
6a30BOMY IPUHIIHITY aITOPUTMIB 0OPOOKH CTPYKTYpP JAaHHUX «HA TOMY XK MICIIi».
OTxe, ciin MoaudikyBaTé po3rIITHYTHH alrOpUTM BHOOpPY TaK, 1100 NpH
saranbHiii  Kinmekocti omepauiii nopisusmes nopsiaky  O(N-logN)  me
BUKOPHCTOBYBaTH JOJATKOBHX pecypciB mam’sTi, ToOTO mnoTpiOHa ocoOnuBa
Oprasi3ailisi JaHHUX 3a IPUHIMIIOM JiepeBa, ska 60 Bumarana N o TUHHIb TTaM sITi.
poro Bmamocs moOutucs B anroputMmi HeapSort, sxuit po3pobus [IxoH
Binbsm [Ixo3ed Binbsmc. Bin BukopucTas crieniajabHy JIepeBONOIIOHY CTPYKTYPY
naHux — nipamioy (amria. — Heap), sika m03BoJsie IMIBHAKO iNeHTH(IKyBaTH
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HaliMeHIIMH (HAMOLIbIINIA) edeMeHT Oe3 BHKOPHCTAHHS JOJAaTKOBHX pecypciB
mam AT

ITipamioa — e 0coONMBUM YMHOM OpraHi30BaHA MOCIITOBHICTH €JIEMEHTIB,
JUTS IKOT BUKOHYIOTHCS OJIMH 13 IBOX BapiaHTIB YMOB:

a;<ay A @ <agiyq i=1,N/2; (1)

aj=ax) A @j 2agiy |:1,N/2 (2)

Y mipamini, mo Bu3Hayaerbcs ymoBamMu (1), mepmMii eneMeHT €
HaliMeHINM, a y mipamini Buay (2) nepumii eneMeHT — HaiOuibinuii. [lipamina He
000B’3KOBO € BIOPSIKOBAHOK CTPYKTYPOK HaHHX, ane MeplHid il eleMeHT
3aBXK/aM ab0 HafiMeHIHii, a00 HAHOUIBIINKA y 3aJ€KHOCTI Bill BU3HAYAILHUX YMOB
(1) 4m (2). Bzarani xaxydu, 3 OJHOTO i TOTO X HabOPy eJTEMEHTIB (ITOYaTKOBOI
MOCITIZIOBHOCTI) MOKHa OOy IyBaTH Oarato pisHMX BapiaHTIB MipaMi.

[puxnax nipamign 3a ymoBamu (1):

[puknax nipamiau 3a ymoBamu (2):

11 7 10 6 8 9 1 2 4

[Mipamigy MoXHa 300pakaTHl y BUIIISIII OiHApHOTO JepeBa:

OCHOBa mnipaminm

ocHOBa nipaminm

HikHi eneMeHTH Takoro aepeBa, sIKi HE MAlOTh NPHJIETVIMX iM 3TiTHO 3
npaBuiioM mipaminu (1) 4u (2), YTBOPIOIOTE OCHO8Y nipamiou.

Hawm motpibHO chopmymnroBaT e(peKTHBHHN alTOPUTM ITOOYIOBH MipaMian
JUTSL TOBITBHOI MOCTIMOBHOCTI eleMeHTiB. SIK B)Ke 3a3Hauanocs BHUIIE, HA OCHOBI
3amaHoro Habopy eleMeHTiB MO)KHa MOoOymyBaTH AEKiTpka pisHHX mipamin. s
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Hac Ba)XXJIMBHUM € OJIMH NEPUIMH eIeMEHT ITipaMiJy, a periTa MOXyTh PO3MICTHTHUCS
JOCTAaTHBO JOBLUTbHO, ane 3rimHo 3 ymoBamu (1) um (2). Tomy 3ymuHHMOCS Ha
SKOMYCBH OJTHOMY BapiaHTi Imipaminu.

He 3MeHmIylouM 3arajbHOCTi, pO3IJISHEMO BapiaHT Mmipamiau, IO
BHU3HAYAETHCSI yMOBaMH (2), TOOTO 3 MEPIINM HaWOUTBIIMM eIeMEHTOM. X0Y Iei
BUOIp NTOBUIbHUM, NMPOTE€ B IMOJAIBIIOMY BiH BHUSBHTHCS ONTUMAJBHIIIUM IIPH
peaiizalii aIropuTMy IIOBHOTO COPTYBAHHS.

[Tipamina Mae BIaCTHBICTH PO3LIMPIOBATHCS BIIBO abo Bropy (mipamina sik
OiHapHe JiepeBo) MPH BBEJCHHI B TaKy CTPYKTYPY AaHMX HOBUX elieMeHTIB. PobepT
@J10¥i11 3aIIPOTIOHYBAB AJITOPHUTM ITOOYIOBH ITIPAMiTU «HA TOMY K MICIIi»:

® OCKITPKM BH3HAYaJbHI YMOBH mipaMigy (2) CTOCYIOTHCS JIMIIE €JIEMEHTIB

&, 8, ., ANJ21 ANJ2 TO BCl HACTYIHI eJIEMEHTHU

aN/241) ANJ2421 -+ BN_1, Ay MOXHA Bifipa3y BBaXKaTH OCHOBHOIO Mipaminu

He3aJIeXKHO BiJ iX 3HAYECHb,

® KOXXCH HOBHUH €JIeMEHT J00aBIIIETHCS B MIpaMidy 3I1iBa B TAKOMY IOPSIKY:
an/2, AN/2—1s - A9, @; IPH LBOMY BUKOHYETHCA IIOPIBHAHHSA KOYKHOIO

HOBOro einemeHra aj,i=N/21 i3 npuiermuMu 10 HBOTO 3TifHO 3

yMoOBaMH Hipamiau (2) eneMeHTaMu 8yj , apj,q -

v/ SKIIO HOBHWI €IIEMEHT &; He MEHIIHH Bix OiIBIIOro 3 JBOX MPHJIETIIHX
JO HbOTO €JIEMEHTIB 8y , dj,q , TOOTO @j = max{aZi , Qi +1} , TO 3TiIHO
3 yMoBaMu mipaminu (2), HOBUIl eleMEHT & Ye 3aiiMae BigNOBigHY
oMy MO3UIIIO B MipaMifi;

v/ SKII0 HOBUM €JIEMEHT @ MEHIIUH Bif OLIBLIOrO 3 IBOX HPHIENNHUX 10
HBOTO  CIEMEHTIB &y , 8,1, TOOTO & <max{ap ,api}, TO

BUKOHY€ThCSl OOMIH MiCIAMH MDK HOBUM @; Ta OUIBIIMM 13 JBOX

npuwiermux. Y pe3yabTaTi HOBHH ENEMEHT NepeMillyeTbesi BIIIHO
mipamigu BhpaBo abo BHM3 (mipamiga sk OiHapHe JepeBo), HOro
[HAEKCHUH HOMEp 3MIHIOETBCS, 1 B HBOTO OYyAYTHh BXK€ IHIII TPHIIETIIi
CJIEMEHTH;

v mpolec pyxy KOXKHOIO HOBOTO €JIeMEHTa BIUIMO Mipamigd Moxe OyTu
OararokpokoBuid. [licmsi ueproBoro oOMiHY TIOPIBHSHHS HOBOT'O
eJeMEHTa 3 MPHWICTJIMMU [0 HBOTO EIEMEHTaMH 1 MOXIIMBI OOMIHH
MOBTOPIOIOTHCS, TIOKM BiH HE 3aiiMae BIONOBiOHE #HOMy wMicme B
pO3LIMpPEHiii mipamifi: abo Ui HbOTO BUKOHYIOTHCSI YMOBH Tipaminn (2),
a00 BiH MMEPEMIIIYEThCS B OCHOBY ITipaMisi.

IpukJjaaa NOKPOKOBOi NOOYI0BH MipaMiu. Po3rissHEMO MOCITITOBHICTD:
6, 3, 5, 9, 7, 1, 4, 2, 8.
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Kinbkicts enementiB N = 9. ToMy OCHOBY mipamian CKJIQIaTUMYTh 11 SITh
ocTaHHIX eneMeHTiB: 7, 1, 4, 2, 8. HoBi enemMeHTH OyAyTh BBOJUTHCS B Iipaminy B
TakoMmy mopsinky: 9, 5, 3, 6.

Jns 3pydHOCTI UTfocTpalii mporecy MOOYIOBH IpaMimyl BHKOPHCTaHI
HACTYIHI HO3HAYCHHS:

® HOBWUIl €JIEMEHT, 10 BBOJUTHCS B MipaMiny, OXOIJICHUN KOJIOM O;
e [apa NpUIIErIuX eleMEeHTIB 3BepXy CIONydeHa Iyrol ~
e OUIBIIHIA i3 ABOX MPHIIETIINX €IIEMEHTIB — HiIKPECICHHH;

® Ha IepeMillIeHHs eIEMEHTIB BKa3yloTh ABOCTOPOHHI AYTOBi CTPUTKH {
i=4
6 3 5 7 1 4 2 8
OIN g,

ocHOBa mnipaminm

BUKOHAHO 2 NOpPiBHAHHA: BuOip 61JBMOIO 3 OBOX HNPMIIEIJINX
T4 [NOPI1BHSHHS JMOI'O 3 HOBMUM;
HOBMI eqeMeHT 9 6e3 O6MIHIB po3mMpwB NipaMimy 3J1Ba;

i=3 TN
6 3 @|3 71 4 2 8
nipamina

BMKOHAHO 2 INOPI1BHSHHS: BMO1p O1JBIOIO 3 OBOX NPUIEIVIUX
Ta NOPI1BHSHHS MOI'O 3 HOBMM;
HOBMI €JIEMEHT 5 6e3 O6MIHIB pOo3mMpMB HipaMimgy 3JiBa;

VRN VRN
9 7 1 4 2 8

i=2
6 3| 5 8
vw/

nipamina

BUKOHAHO 4 NopiBHSAHHS: nBiul BuGip 61JBMOIO0 3 ABOX
IpMiIeryinX Ta [NOPI1BHSHHS JMOI'O 3 HOBMUM;
HOBMI eJIeMeHT 3 BMKOHAB IOBa MNepeMINeHHS;

1=l TN N

|9 5 8 7 1 4 2 3

) \7U v
nipamina

BMKOHAHO 6 mopiBHAHEB: Tpuyl BMOIp OGiJBIOIO 3 OBOX
OpuJIeryiMx Ta [NOPIBHSHHS JMOI'O 3 HOBUM;
HOBMI ejieMeHT 6 BMKOHAB OBa NEepeMImeHHS;

9 8 5 6 7 1 4 2 3
— -

noBHa nipamina
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VY pe3ynbTari MOOYIOBY MipaMily Ha MMOYaTOK MOCTIIOBHOCTI MEPEMICTHBCS
Haiibinpmuit enement 9. Ilpu mpomy Oymo Bukonano C;=2+2+4+6=14

omepariif TOpiBHSIHHA. SIK BUIHO, € MEBHUH MPOTpaIl y HOPIBHAHHI 3 KIACHYHIM
ITOPUTMOM TOLIYKY HaiOinbimoro, sikuit morpedye N -1 =8 omnepamiii. IIpore
MOIIYK HACTYITHOTO HAWOUTBIIOTO eleMEeHTa Bke OyAe 3HAYyHO JIeTIINM, i BCi
HACTYIHI eTany MoTpedyBaTUMYTh CYTTEBO MEHIIOT KIJIbKOCTI MOPIBHSHb.

IloBHe copryBanHsa mipaminor. IloOymoBa mowaTkoBoi mipaMimm — 1e
munie repma (asa copTyBaHHS. BoHa 103BOJIMIIa NMEBHMM YHHOM OpTraHi3yBaTH
CTPYKTYpY MJaHUX W OJHOYACHO iAEHTH(IKYyBaTH HAHOUTBIIMI €JIeMeHT, IO
OINUHUBCS MEPIIUM.

SIk mrykatd HacTyNMHHMH HaWOUIBIIMK €JIeMEHT 1 KyJM MOMAITH IONepeIHbO
sHarneHnii? Ilo6 3abe3meuntH OOpOOKY CTPYKTYp MAaHHUX i3 IOTPUMaHHIM
NPUHINITY €Ha TOMY X MICIII» MOTPIOHO BUKOHATH TaKi Jii:

® T[POBOMUTHCS OOMIH MICISIMH TIEpIIOr0 HAHOUTBIIOTO Ta OCTAHHBOTO
€JIEMEHTIB MIPaMiIu;

® mipaMifa KBKOPOUYYETHCS» HA OJIUH €JICMEHT BiJ KIHIIS,

e MipaMijJa IepepaxoByEThCS JIUILE ISl OJHOTO HOBOTO MEPILIOTo eIeMEHTa.

Y  pe3ynbrari NOBTOPIOBAHOIO BUKOHAHHS TakuX [Aid  mipamiga
BKOPOYYBaTUMETHCSl HAa OJJHH €JIEMEHT CIIPaBa, IIOKH He 3aJIMIIUTHCS OJMH €IMHUN
nepmnii enement. [Ipn mpoMmy BiJ KIHISM 10 MOYaTKy CTPYKTYpPH JAaHHX Oyze
(opMyBaTHCST BHOpPSAKOBAaHA TIOCHIJOBHICTh €JIEMEHTIB: OCTaHHIM  Oyxe
HalOUIbIIMKA eneMeHT, mo OyB ineHTH(]iKOBaHMII Hpu MOOYIOBI IOYAaTKOBOI
mipamign, a TepmuM Oyae HaWMEHINWH eNeMEeHT, [0 CKJIQJaTUME OCTaHHIO
HalikopoTmry mipaMiny. Temep cramo 3po3ymilio, 9oOMy Ha ITOYaTKy MH OOpaw
Jpyruii BapiaHT HipaMigy 3 MepUIMM HaHOUIBIINM elIeMEHTOM. SIKIIO 32 OCHOBY
anroput™my OpaTti mipaminy Bumgy (1) i3 mepmmuM HailMEHIINM €JIEMEHTOM, TO B
pe3yJNbTaTi BCix /il oTpuMaeMo 00epHEHO BIOPSAKOBaHY MOCIiOBHICTE. Toai s
npsMoi  BHOPAAKOBAHOCTI  NPHHAETBCS  OJATKOBO — BUKOHYBATH  pegepc
MOCITITIOBHOCTI — IIEPE3aITUC EIEMEHTIB Y IPOTHIIC)KHOMY TTOPSIKY.

Ipukaajx NOKPOKOBOr0 BUKOHAHHS NOBHOTO COPTYBAaHHA. 3a OCHOBY
BI3bMEMO paHilie moOyI0BaHy MipaMiy:

1=l N N
® 8 5 6 7 1 4 2|9

7~~~

nepepaxyHoOK, BUKOHAHO 4 HopiBHSHHS;

obM1H
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NN
@ 7 5 6 3 1 4|8 9

)
)

5. 4 1 2 _3 |6 7 8 9

0BbMI1H

=1
%ﬂlg|56789

nepepaxyHoOK, BMKOHAHO 3 MNOPI1BHSHHS: BuOIp 61JBmIOTO 3
nBox npmieryinx 4, HNOPIBHSHHS HMOI'O 3 HOBMM €JIEMEHTOM 3,
nicsas o6MiHy — HOPI1BHSHHS 3 HOBMM HOpuiieryimM 2;

3 2 1|14 5 6 7 8 9
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nepepaxyHok, BukoHaHO 1 mopiBHgHHS;

2 1|3 4 5 6 7 8 9
Nt/

1 2 3 4 5 6 7 8 9 stop,Ok!

nicyjg OCTaHHBOI'O OOMIHY OIHOEJIeMeHTHAa DipaMmina Bxe He
IepepaxoByETLECSI, KI1HENb COPTYBAaHHS.

VY pesynbTaTi OTpHMAIIH BIIOPSAAKOBAHY IIOCIINOBHICTH i Ha 1€ BUTPATUIN
Cyp=4+4+4+2+3+2+1=20 mopiBHAHb. 3arajgpHa KUIBKICTb oOIlepamii
NOpIBHSHHA 3  BpaxyBaHHsAM (a3u 1oOyJZOBM  IOYATKOBOi  Imipaminu
C=C;+Cy =14+20=234. fxmo Bubip HAKOILTHOIOTO eIeMEHTa Ha KOXXHOMY

erarli  BHUKOHYBaTH 32 KJIACHYHUM NTOPUTMOM, TO HOTpiOHO
C=8+7+...+2+1=36 nmopiBHAHb. Sk BHJHO, QJITOPUTM IIBHJIKOTO
COPTYBaHHs BHOOPOM 3a JIOTIOMOTOI0 IipaMiii € OUThI eeKTUBHUM y HOPIBHSHHI
3 mpsmuM Bubopom. Taka mepeBara Oyae TWM OLTBII CYTTEBOIO, UMM JIOBIIA
CTPYKTYpa JaHUX 00pOOIAETHCS.

IIporpamua peaJjizanis.

OCHOBOIO QITOPUTMY COPTYBaHHS € OIEpallis AepepaxyHKy PO3IHUPEHOT
mipaMiu IpHy MEepeMillIeHHI HOBOTO €JIeMEeHTa Ha BiIIOBigHE HOMy Micle — CBOTO
POy «HpOCIIOBAaHHS» HOBOrO ejleMeHTa depe3 mmipaminy. Lls omepamis
BUKOPHCTOBYEThHCS 1 Ha mepltiid ¢a3i npu noOynoBi MoYaTkoBoOi mipamiau, i Ha ¢asi
MOBHOTO COPTYBAaHHS CTPYKTYPH NaHUX NPH MNEPEepaxyHKy BKOPOUCHUX IMipaMif.
Tomy, sik 1 B aBTOPCHKOMY BapiaHTi, 110 ONepariio JOUUILHO pealli3yBaTi OKPEMOIO
mignporpamoro  Sift 3 gBOMa BXimHMMEM MapaMeTpamMH IHICKCHOTO THITY, IO
BU3HAUAIOTh JIIBY 1 TpaBy MexXi posmupeHoi mipamigu. TaknuM 4YWMHOM, HOBHUH
eIIeMEHT, IO BBOAWTHECS B MipaMigy 31TiBa, IHAEKCYBaTUMETHhCA 3HAUCHHIM
MepIIOro napamerpa Li€i mianporpamu.

[Mporpamua peanizaiis omnepaiii MPOCIOBaHHS HOBOT'O €JIEMEHTa 4Yepes
mipaminy Ha MoBi C++ motpeOye He3HAUHOT KOpeKTHBH yMoB mipamimu (1) i (2).
Ile moB’si3aH0 3 TuM, 10 B MOBI C++ iHIEKcallil MAaCUBIB MOYUHAETHCSA 3 HYJI,
TOOTO mepiuuii eneMeHT Mae iHaekcHuit Homep 0. BusHauanbHi yMOBHM mipaminu
(1) 1(2) 3 BpaxyBaHHSIM BKa3aHMX 0COOIMBOCTEH iHIEKcallil MOYKHA 3aIIMCATH TaK:

ai Sa2i+1 A ai Sa2i+2 , |:0,N/2-l, (3)

3 Zay41 A A Zasp . 1=0,N/2-1. (4)
TakuMm 4MHOM, TIpOrpaMHa peaii3alis oreparii mepepaxyHKy pO3MIHPEHOT
HipaMigy Ha migcTaBi yMoB (4) MOKe MaTH BUIIISLA (DYHKIILIT:

void Sift(int L, int R)
{
inti=L, j=2*L+1, x=a[L];
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if (<R && a[j+1]>a[j]) j++;
while (j<=R && x<a[j])

{
afi]=a[j]; afil=x;
i=j; j=2%i+1;
if (<R && a[j+1]>a[j]) j++;
}
}

[pouec copryBaHHs mependadyae MOBTOpIOBaHWi BUKIMK (QyHKIil Sift i3
pi3HMMHU HaOopam¥ BXiTHMX TapaMerpiB. Ha mepmriii ¢a3i moOynoBu 1moyaTrkoBoi
mipaMigy iHAeKc mpaBoi Mexi mipaMinn € ¢ikcoBannMm R=N-1, a miBa mexa L mpu
KO’)KHOMY pO3IIMPEHHI 3MILNIYETHCS BIIBO Ha OJHY IIO3HUIIIO, IOCITIJOBHO
naOysaroun 3Hauenr N/2-1,N/2-2,...,1,0. Ha gpyriii ¢asi nosHoro
COpTYBaHHS IIPH MepepaxyHKy BKOPOUCHUX ITipaMin iHIEKC JiBOi MeXi mipaMiny €
¢ixcoBannm L=0, a mpaBa Mexa R npu Ko’)kHOMY BKOPOYEHHI 3MIIIy€eThCS BIIIBO Ha
OJIHy IO3ULI0, TocainoBHo HaOysaroun 3Hauenb N -2, N-3,...,2,1. Ocraunsa

HalKopoOTIIa MmipaMiga 3 OJHOTO HANMEHIIOTO eJeMEeHTa BXXE He TOoTpedye
nepepaxyHky. IIpoTe NONMUTPHO BHKOHATH 1€ OJHY ITEpaIlifo 3apaiu OOMIHY
MICISIMH TIEPIIOTO ¥ OCTaHHBOTO €JEMEHTIB y TOTOYHIA mipamini, sSKuA
BUKOHYETBCS MEPE epepaxyHKOM BKOPOUYEHOT MipaMifiu.

[Mporpamua peanizauis anropurmy HeapSort mosxe MaTu BUIJISIA:

int L=N/2, R=N-1, x;
while (L>0)

L--; sift(L,R);
while (R>0)

x=a[L]; a[L]=a[R]; a[R]=X;
R--; Sift(L,R);
}

Ananiz ckaagnocti. [loOynmoBa mowatkoBoi mipamimm mepemdadana
MOXIIUBE MEPEMIIICHHSI HOBUX €JIEMEHTIB YIiH0 CTPYKTYpH AaHuX. O4eBUaHO, 1110
MOYATKOBHH TOPAJOK EJIEMEHTIB y MOCTIIOBHOCTI BHM3HA4Ya€e KUTBKICTH KpPOKIB
3aryMOIeHHs, a OTXKe, 1 YWCIO OIepalii MOpIBHAHHSA. SIKIIO IOCIHIIOBHICTH €
«XOPOILOK», TO MpH MoOYAOBI MipaMiay 3a yMOBaMH (2) KOXKEH HOBHUH €lIEMEHT
3MIICHIOBATUME MAaKCHUMallbHI 0araTOKpOKOBI IIEPEMIlIeHHs BIIHO MipaMiIH.
Yucno KpOKIB BH3HAYATHMETHCS JIOTApU(MIYHOIO 3AJISKHICTIO, 1 Ha KOXHOMY
KpOIIi BUKOHYBAaTUMETHCS TIO JIBA TMOPIBHAHHS (BUOip OUTBIIOTO 3 JBOX MPHUIIETIINX
€JIEMEHTIB Ta MOPIBHSHHS HOTO 3 HOBHM EJIEMEHTOM). Y IIbOMY BHIJIKY KUIBKICTh
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omepariii mopiBHAHHA Ha mepmiiii $pasi e nepesuuryBatume Bemuunan N - 10gN |
SIKIIO MOCIIIOBHICTH € IIOTaHOI0», TO BOHAa MOXKE BiJjpa3y YTBOPIOBATH HipaMimy
BUY (2) abo O6yrn 6mm3pKkoto 10 Hei. Toxi OLTbIIicTs 200 HABITH yCi HOBI €IEMEHTH
He OyIyTh NepeMillyBaTUCsA BIrIUO MipaMigu. Y [OMY BHUINAIKY KUIBKICTh
orepauiii nopiBHsHHs Ha nepuiii pasi 6yae BennauHo mopsiky O(N ).

ITpn mepepaxyHKy BKOpPOYEHHX Ilipamin Ha (a3i IMOBHOTO COPTYBaHHS
KITBKICTh omepaliii MOPIBHSIHHS MPAaKTUYHO HE 3aJICKUTh Bil TOYATKOBOTO
MOPAIKY €NEMEHTIB y TMOCTIMOBHOCTL. AJKE MOYATKOBI MipaMiad, OTPUMaHI JUIS
pPI3HHMX BapiaHTIB MOPSAAKY BXIAHUX JNaHUX, OyIyTh JOCHUTH MOAIOHUMH. YacoBa
CKJIA[HICTD ILIi€] YaCTHHH aJTOPHTMY 3AJICKHUThH Bil JOBXUHU CTPYKTYPH IAaHHX.
KinbkicTh omepanii HOPIBHSHHA Oyle BEIUYMHOI HOPSIKY O(N -IOgN) i

MIepPEeBUITYBATHME aHAJIOTIUHY CKIAMHICTh (ha3u moOyJOBH MOYATKOBOI MipaMild 3
TOYHICTIO JI0 CKaJSIPHOTO MHOYKHHUKA, OUTBIIOTO BiJ] OJAWHHUII.

TakuMm dWHOM, 3araibHa CKIQAHICTH II0 OIEPALlifsX TIOPIBHAHHA €
BEJMYMHOIO Takoro camoro nopsiky C = O (N -logN ).

KinpkicTh omepamifi NPHCBOEHHS 3al€XKUTh Bi IMOYATKOBOTO TIOPSIIKY
€JIEMEHTIB. 3arajoMm Ls XapaKTEPUCTHUKA CKIAJHOCTI aJrOPUTMY Ma€ TOW caMuii
HOPSIOK, WO 1 mopiBHsHHSA. O/HaK J0AaTKOBO BUKOHYyeThes e 3-N omepartiid
MPUCBOEHHS MPH OOMIHAX IMEPIIOTO0 Ta OCTAHHBOTO EJIEMEHTIB KOXHOI Tipaminu
repe] iX BKOPOUEHHM i nmepepaxyHkoM. OTxe, 3araibHa CKIAIHICTH 110 OTIeparlisx
MIPUCBOEHHS € BEJIMYMHOIO MOpsinky M = O( N -logN )+ 3-N.

BpaxoByroun Bce Bullle CKa3aHe, MOXKHA MICYMYBaTH:

e amroputM HeapSort copryBaHHs MIBUIAKMM BHOOpPOM 3a JOTIOMOTOO
MipaMiu € yHigepcanbHum, TOOTO HOTO e(EKTHBHICTh YV PI3HHX BHIAAKAX
MOPSI/IKY €JIEMEHTIB y BXiJHUX MOCTIIOBHOCTSIX BIPI3HIAETHCS HE3HAUHO,

® y BHUNANKy <XOPOIIUX» CTPYKTYp JAHUX 4YacoBa CKIAQMHICTh IO
MOPIBHAHHAX 1 MPUCBOEHHIX HE3HAYHO TipIIa, HUK y BUMAAKAX «IOTAHUX»
BXIJIHUX IOCIIIOBHOCTEMH;

® BUMAJKK JOBUIbHUX HEBIOPSIKOBAHMX CTPYKTYp JAaHUX 3aiMaroTh
MPOMDKHE MiCIle: BOHH TPOXH TipIIi BiJf «HOTAaHUX» BXITHHX
MTOCITITIOBHOCTEH 1 TPOXH Kpallli Bifl «XOPOIINX» BXITHUX MOCIITOBHOCTEH.
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2.3. COPTYBAHHS NOCJIITOBHOCTEM

Jnsg  cTpyKTyp JAaHUX 3 TOCTIOBHHM JOCTYIOM (IIOCITiITOBHOCTEH)
PO3IIISTHYTI  paHilie ajirOpUTMH COPTYBaHHS B OUIBIIOCTI BUNAJKIB € HE
3actocoByBaHUMH. lle TOB’SM3aHO 3 THM, IO Maike BCI BOHH IiepeadadaroTh
MOPIBHSHHS 1 IEPENpPUCBOEHHS BIJIAJICHUX €JIEMEHTIB. SIK BUKIIIOYEHHS, IS
MOCTITOBHOCTEH MOXKHA 3aCTOCOBYBATH PI3HOBHA NPSAMOro OOMIHY — METOX
KaMiHI[sI, OCKUTBKH [Ied METOJ| Iependavae MmocliiIoBHUI JOCTYI O €JICMEHTIB i3
kpokoMm +1. Crnpoba BHKOpHCTaTH MpsSMi aJrOPUTMHU BKJIIOYEHHS abo BHOOpPY
moTpebyBatuMe iX Moau(ikaliii i BHKOPHCTaHHS OJATKOBOI pPE3YIbTYOUOl
HOCIIJOBHOCTI.

Jns copTyBaHHSA HOCTIIOBHOCTEW BHUKOPHCTOBYIOTH IHIIMIA BHU3HAYATBHUN
NPUHIHNI — 3TUMMS 6NOPAOKOBAHUX NIONOCAIO08HOCHEI!.

He oOwmexyroun 3arambHOCTi, y SKOCTi IOCIIZOBHOCTI PO3TIIAIATHMEMO
MacCHB i3 IOCTITOBHUM JOCTYIIOM JIO €IEMEHTIB i3 KpOKOM +1.

2.3.1. AJITOPATM IPSIMOIO 3JIUTTSI

Inesst MeToay. 3 METOIO CIPOCTHTH 1 IOJIETIIMTH PO3YMIHHS NPHHLUILY
COpPTYBaHHsI PO3IIITHEMO CIOYATKY BHUIIAIOK, KOJHM YHCIIO CIIEMEHTIB Y CTPYKTYpI
JIAaHUX € CTEeIeHeM YKcia 2, ToOTo N=2%

Hexait € mocninoBHicTh i3 BochMu minux yrcen (N=8):

a={7,3,6,1,5,8, 2, 4}.

Ha 1-omy erami BXigHa MOCIIZOBHICTh IUISXOM IOCTIZOBHOTO MEpe3arucy
pO3AUIIETECA HAa [BI ITIAMOCTIIOBHOCTI OIHAKOBOI JOBXKHHHU. 3  KOXHOI
MiAMOCIIIOBHOCTI  MOCIIZOBHO  3YUTYIOThCS  OJHOCJICMCHTHI  BIIOPSIKOBaHI
(parmMeHTH 1 3iuearomuvcs 'y BIOPSIIKOBAHI TBOCIEMEHTHI (pparMeHTH, SKi MOTIM
MOCIITOBHO 3aITUCYIOTHCS HAa3aJl y PE3YIbTYIOUY MOCHIIIOBHICTD:

_7b=7|3|6]1]~
a=7,3,6,1|5.8.2,4 a'=5,7|3,8(2,6|1,4]
\ c=5(8|2(|4| .7

Ha 2-omy erani oTpuMaHa MOCTIZOBHICTh LUIIXOM IOCIiJIOBHOTO
Mepe3anucy 3HOBY PO3AUISETHCA HA JBI MIAMOCIIAOBHOCTI OJJHAKOBOT TOBXKUHH. 3
KOXHOI ITiIIOCTIMOBHOCTI MOCIITOBHO 3YUTYIOTHCS JBOEJICMEHTHI BIIOPAIKOBaHI
(dbparMeHTH 1 37U6alOMbCs Y BIOPSIKOBAaHI YOTHPHEICMEHTHI ()parMeHTH, sKi
TTOTIM TIOCTITOBHO 3aIMCYIOTHCS Ha3a/l y Pe3yNIbTYIOUY MOCITITOBHICTD:

_7b'=5,7(3,8|~
a'=5,7,3,8|2.6,1,4 a":2,5,6,7|1,3,4,8|
N\c'=2,6(1,4|.7
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I Tax pami.

Ha ocraaaeomy K-omy erami OTpHMaHa ITOCTIIOBHICTh MIISIXOM
MOCIIIOBHOTO ~TIepe3almicy 3HOBY pO3IOUIAETbCS Ha [BI IMAHIOCTITOBHOCTI
OIHAaKOBOi NOBXHMHU. KoXKHa 3 LUX MiANOCTIZIOBHOCTEH — YIOPSIKOBaHUM
¢parment i3 N/2 emeMeHTIB, OTPHMaHUHK y PE3yNBTATI 3IUTTS HA TONEPEIHHOMY
erami. 3 KOXHOI MiAMOCTIZOBHOCTI MOCTITOBHO 34YUTYIOThCS N/2-enmemenTHi
BIOPSIIKOBAaHI (PparMEeHTH, BOHU 31UBAIOMbCA 1 3alHCYIOTBCS Y BIIOPSAKOBAHY
Pe3yabTYI09yY HOCTIIOBHICTH 13 N eneMeHTiB:

_7b'"=2,5,6,7
a''=2,5,6,7 1,3,4,8\-g /;7aJ“:1,2,3,4,5,6,7,8
c''=1,3,4,8
Stop, Ok!

PosrnsuyTHii anroput™ nepeadadae BUKOPHCTAHHS TPHOX JIIHIN €IeMEHTIB

a, b, . Ilpu HbOMY KOXKEH eTall CKIagaeThes 3 IBOX (a3:
o ¢haza pos3oinenns OCIIAOBHOCTI HA JAB1 MiAIOCTITOBHOCTI;
® ¢haza 31ummsa BUOPSAKOBAHUX (parMeHTIB i3 ABOX MiANIOCIIZOBHOCTEH Y

BIIOPSIIKOBaHI ()parMeHTH CyMapHOI JOBXXHHHU Ta MOCTIZOBHUH iX 3amuc y

PE3YABTYIOUY HOCTIIOBHICTb.

Janwuii criocid copTyBaHHS HA3UBAIOTh 08OMAZHUM MPULTHIIHUM 3TUMMAM.
Ha koxHiii ¢a3i posniieHHs mopasy BHKOHyeTbcst N omepaniii  3amucy
(mpucBoeHHs) 0€3 MOPIBHSAHBb €IEMEHTIB 1 BpaxyBaHHS iX B3a€MHOTO TOPSIKY,
T0OTO Taka (a3za € HEMPOIYKTHBHOIO.

3 MeTow MiABUINEHHS e()EeKTHMBHOCTI MOJKHa  BIAMOBHUTHCS  Bif
HEMpPOAYKTUBHOI (ha3H PO3AUICHHS, ajie IPU LbOMY MPUIIEThCS BUKOPHCTOBYBATH
JIOJIATKOBY YETBEPTY JIHIIO €JIEMEHTIB. Y [bOMY BHITAAKY BXiJHI HaHi Bimpasy
PO3ALTAIOTECS 1 MOCIIJOBHO 3alMCYIOTHCS B TEPINi JAB1 JiHIL, SKi BBaXKAIOTHCA
BXiZIHUMH (YMOBHO MO3HAYMMO iX yepe3 @ i b). Ha mepuiomy erami 3 nux niHiit
3UNTYIOTBCS BIOPSAKOBAaHI OIHOCGNEMEHTHI ()parMeHTH, BOHU 3IHUBAIOTBECA Y
BIIOPSIIKOBaH1 JIBOEJIEMEHTHI (h)parMeHTH 1 nouepeo6o 3aluCyloThesi B iHINI JBi
JiHIT, SKi BBOXAIOTHCS PE3yJIbTYOUYMMH (YMOBHO MO3HauMMoO iX 4epe3 C i d). Ha
HACTYIIHOMY eTalli HalpsM YHTaHHS BIOPSAKOBAHMX KOPOTIIMX (parMeHTiB Ta
3aIUCy pe3ysbTaTy iX 37MTTS Y JOBII ()parMeHTH 3MIHIOETHCS Ha MPOTHIICKHHUI:
crapi pe3ynmpTyroui JiHii C i d craloTe BXimHMUMH, a crapi BxigHi a i b crarors
pesynbrytounmu. Lleil mpomec 31 3MiHOIO HampsMy oOmnepaniii YUTaHHS-3JHTTS-
3aMucy MOBTOPIOETHCS 10 THUX Mip, OKH B SIKIHCH 13 JIHIA & 94U C HE OIMMHUTHCS BCA
BIIOPSZKOBaHA  TOCTINOBHICTh. TakWil  CIOCIO  COPTYBaHHA  HA3WBAETHCA
OOHOMA3ZHUM YOMUPUTTHIUHUM 3IUMMAM, OCKUIBKH (DAKTHYHO MA€E MICIE JIUIIIE
onHa (asa 3IUTTA i BAKOPHCTOBYETHCS YOTHPH JIiHIT €IIEMEHTIB.

3BHYaiHO, 1110 BCi omneparlii MOPIBHSHHS 1 3alMCy B IIbOMY BUIAJKY OyAyTh
MPOAYKTHBHUMH, OJHAK MOTPIOHO pe3epBYBAaTH B IaM’SITi aX YOTHUPU CTPYKTYpHU
nmarux 13 N enemenTiB. TouHiIIEe Ka)XXy4dw, TAKAME TOBTUMHU MarOTh OYyTH JiHIi a 1 C,
B OJIHIM 13 SIKNX MOJXXE ONHMHUTHCS PEe3yJbTylo4Ya BIOPSIKOBAHA IOCIIIOBHICTS.
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JIiHii b i d mMoxyre 6yt 3 N/2 eneMeHTIB 3a yMOBH, IO Ha KOXXHOMY eTari
MOYEPrOBUH 3aMHC PE3YABTATIB 3UTTA MOYMHATUMETHCS caMe 3 JIiHiH a uu C.

OOuBa BapiaHTH AITOPUTMY COPTYBAHHS IMOCIIIOBHOCTEH 3a MPUHIUIIOM
3JIUTTSI MOTPEOYIOTh 3HAYHUX 3aTpar mam’siTi. ToOMy FOBOPHUTH MPO JOTPUMAHHS
MIPUHINITY COPTYBAaHHSA «HAa IHOMY JK MicHi» He mupuxomuthes. [IpoTe ciix
BpaxoByBaTH, IO B SKOCTI TOCIIIOBHOCTEH YacTO pO3MIIANAIOThCA (haiau
MOCIiTOBHOTO AocTymy (daiinm nanmx). BoHM pO3MIIIYIOTBCS B NPAKTHIHO
HEOOMEXKEHIH, aje BITHOCHO TOBUIGHIN 30BHIIIHIN mam’sATi — Ha JuckaxX. Tomy
BUTIIHIIIE BUKOPUCTATH IOJATKOBI PECypcH IIaM’sTi, HDK BHUKOHYBAaTH 0Oararo
oTiepalliii YN TaHHS-3aIMUCY NAHUX 1 MepeMIlIeHHs (ailiIoBOro BKa3iBHUKA.

BuHukae 1mie neKiibka BaXKIIUBUX TUTAHb.

Huranns 1. Sk 37ilicHIOBaTH  PO3MUIEHHS  IOCTITOBHOCTI  Ha
HIIIOCTIZOBHOCTI 1 SIK BUOMPATH BHOPSAKOBaHI ()ParMEHTH y BUIAAKY CTPYKTYpH
JAHHUX TOBUILHOT JOBXHHH, & HE MIPH N=2%?

BinmoBinb. Iloxgir Ha 1BI MiANOCITIAOBHOCTI OJHAKOBOI JOBXKHHHU abo0 3
pi3HuIe0 B oauH eneMeHT (skiio N HemapHe) MOXe OyTH JIMIIE HA MEPIIOMY
eTami, OCKUIBKM Ha [bOMY €Talli 3JIMBAlOTHCS OIHOENEMEHTHI BIIOPSIKOBaHI
¢parmenTt. Ha BCiX HACTYMHUX eTamax MOJUT Ma€e 3/iHCHIOBATHCA TOYHO MDK
JIBOMa BIIOPSIIKOBAaHUMH (parMeHTaMH, OTPUMAaHMMH Ha TONEPEIHbOMY eTalll.
[Ipu mofini BaXXJIMBUM € HE OJJHAKOBA YU Malke OJHAKOBA KUIBKICTh CJIEMCHTIB y
MIAMOCIITOBHOCTSAX, @ OJHAKOBA YM MaiKe OJHAKOBA KUIBKICTh BIIOPSAIKOBAHUX
(dparmentis. Hexaii [yisi BU3HAYEHOCTI B MEpIIY JOAATKOBY IiHiI0 b mepexomuts
1[iJ1a YaCTHHA BiJl MOALTY 3arajbHOTO YHCIia pparMeHTiB Ha 2.

Komm KiTBKICTB €1eMEHTIB y MOCTIJOBHOCTI HE € CTEIeHEM 3a OCHOBOIO 2,
TO Ha JICSIKOMY €Talli B KiHI[i ITOCTIJOBHOCT] OIIMHUATHCS HETTIOBHHUI BITOPSIKOBAHUIMA
¢parment. Ilicns da3u po3pineHHS BiH 3aBepIIyBaTHME OPYTry JOJATKOBY JIIHIO C.
[Micns ¢asu 3MUTTS B KIHII pe3ynpTyrodoi JiHII a8 3HOBY Oyme HEMOBHUMA
BHOpPsIIKOBaHUMH (parmeHT. lle abo pe3ynpTarT 3MUTTS HEMOBHOrO (parMeHra
JIOJIATKOBOI JIiHIT C Ta MOBHOTO ()parMeHTa JOIAaTKOBOI JIHIT b (SKImIO KiTbKicTh
(parMeHTIB y J0OJAaTKOBUX JiHIsSX Oyia oJHaKoBa), a00 HEMOBHUH (parMeHT
JOJATKOBO1 JIiHIT C 6e3 3MiH (SKIIO KUTBKICTh (ParMeHTIB y AOHATKOBUX JIHIX
BIIpi3HSIACS HA OJIMHUIIO).

JlomyctuMi BapiaHTH MOUTY CXEMAaTHYHO MOJXKHA 300pa3suTH Tak (MOBHUUN
(hparMeHT i3 4 eneMeHTiB):

a) XXX 6) XXX
B) XXX r) XXX |

Henomyctumuii Bapiant noziny:
o000 | 0000|000
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Huranns 2. Sk peamidyBatu  omepamilo  3JIUTTS  BHOPAIKOBAHHUX
(parmeHTiB?
BignoBinb. /{11 31uTTs BHOPSIKOBAHUX (PparMeHTiB BUKOHYIOTHCS TaKi il
® pE3yNbTYIOUA JIiHiS & 3BUIBHIETHCS Bill EIIEMEHTIB MOTIEPETHBOTO ETAITY;

e 3 (parMeHTIB JOJATKOBHUX JiHiA D 1 C mocmimoBHO GepyThCs eleMEHTH Ta
MTOPIBHIOIOTHCS MK CO0010;

e SKIIO MCHIIMM € eNeMeHT JiHil D, To meil emeMeHT 3ammcyeTscs B
pe3yNbTyIOUy JIiHi0 8, y JiHil b 31ifiCHIOETBCS Tepexiq Ha HaCTYIMHUI
€IIEMEHT, TIOPIBHSHHS eJIEMEHTIB JIiHii b i C moBTOpIOETHCS;

® SKI[0O MEHIIUM € eJIEMEHT JiHii C, TO Ied eJeMEHT 3almHCYEThCS B
PEe3YABTYIOUY JIiHIFO @, y JiHIl C 3IIHCHIOEThCA TIEePeXiJ Ha HACTYITHHU
eNIEMEHT, MOPIBHSHHS eEMEHTIB JiHii b i C moBTOpIOETHCS;

e SKIIO OJHA 3 JOAATKOBHX JiHIiA D 4i C BUYepmaHa OO KiHI, TO 3aIHIIOK
elleMeHTIB (¢parMeHTa Apyroi JiHii ©0e3 MOPIBHAHD IEPENUCYETHCA B
PE3YABTYIOUY JIIHIIO 8.

Iporpamua peanizanisi. He 3MeHImIyrouu 3araipHOCTI, 3yMAHUMOCS Ha
BapianTi JBodaszHoro TpwiiHiiHOTO 37IMTTA. Moaudikamilo Tporpamu IS
01HO(A3HOTO YOTHPHUIIIHIHHOTO 3IUTTA 3aIUIIAEMO YHTATY.

CrioyaTky pO3IJISHEMO TpOrpaMHy — peajli3alilfo  omepamii  3iIuTTS
BIOPSIKOBAHUX (parMeHTiB niniit b i C y BHopsakoBanuii ¢parMent miHii a y
BUIIAAI OKpeMoi mianporpamu-QyHkuii zlyttya. V sxocti napamerpiB wiit ¢pyHkuii
MePEaroTHCS ISITh [UTOYMCENbHUX 1HIEKCIB: MOYATOK i KiHells (parmenTa JiiHii b,
IIOYaTOK 1 KiHenpb (parMeHTa JiHii C, {HAEKC MMOTOYHOTO €IIEMEHTa PE3yIIbTYI0U01
niHii @. OcTaHHIA MapaMeTp NepeJaBaTUMEThCS K MOCHIAHHS, OCKUTBKH MO3HIIISL
MICIISL 3alKCy OCTAaHHBOTO EJIEMEHTa BIOPSAIKOBAHOTO (parMeHTa (aKkTHYHO €
MO3UIIEI0 IS 3alUCy MEepIIoro eJIeMEHTa HACTYIHOTO BHOPSAKOBAHOTO
(parmenTa, BOHa MOTPiOHA [Tt HOBOTO BUKJIHMKY (GyHKIT Zlyttya.

void zlyttya (int bp, int bk, int cp, int ck, int & ap)

while (bp<=bk && cp<=ck)
if (b[bp]<c[cp])
alap++]=b[bp++];
else
alap++]=c[cp++];
while (bp<=bk) a[ap++]=b[bp++];
while (cp<=ck) a[ap++]=c[cp++];

}

[Ipomec copryBaHHS Bci€l MOCIITOBHOCTI Tependadae IMMOBTOPIOBAHE
3actocyBanHs GyHKIil zIyttya Hag qBOMa miHisiMu D 1 € 31 3MIlIIEHHSAM HA BETUUUHY
JOBXHHH IIOBHOTO (parMeHTa I naHOro eramy. DakTHYHUMHU MapameTpamu
BUKJIMKY Oy/yTh IHJEKCH, III0 OOMEXYIOTh IIOTOYHI (hparMeHTH B KOXKHIH JIiHII.
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Ha koxHOMY MOTOYHOMY eTami pPO3IUICHHS Ha [Bi MiAHIOCTITOBHOCTI
MOTPIOHO TIPOBOJUTH CTPOTO MDK JBOMa BIIOPSIKOBAHUMHU (parMeHTaMH,
OTPUMAaHMMH Ha TOMEpeAHbOMY eTami. [Ipu mpomy Moke OyTm He OLTbIE HiK
OJIMH HEMOBHUH (PparMeHT 1 JHIle OCTaHHIM. TakuM YHHOM, MOTPIOHO omepyBaTu
HACTYITHUMU BETUYUHAMHU:

o d_fr=1, 2, 4,8, ... — 1oBXWHA BIOPSAIKOBAHOTO ()PATMEHTY Ha MOTOYHOMY
eTarni;
e Kk fr — sarampHa KUIBKICTH IOBHHMX 1, MOXIIMBO, OJHOIO HEMOBHOI'O

(parMeHTiB y MOCIiIOBHOCTI;
e k fr_b — kinpkicTh mOBHHX (parMeHTIB, IO MOMANae HPH PO3JUICHHI B
JTiHiro b;
e k_el_b - kinbkicTh eqeMeHTIB, 110 MOMAaa€e MpU PO3AUICHHI B TiHiO D.
HukorivHwiA poriec 3MUTTIB BHOPSIAKOBAHUX (parMeHTIB 31 30UTBIICHHAM iX
JIOBXXMH 3aBEpUIYEThCS, KOJIM JOBXHHA ()parMeHta nocsrac ado IepeBHILyeE
JIOBXUHY mocminoBHOCTI N.
[Tporpamua peasisalis IIOBHOTO COPTYBAHHS MOKE MATH BUTJISL:

intd_fr=1, k_fr, k_fr_b, k_el_b, i, ap, bp, bk, cp, ck;
while (d_Fr<N)

k_fr=N/d_fr; if (N%d_fr) k_fr++;
k_fr_b=k_fr/2; k_el_b=k_fr_b*d_fr;
// ¢haza posodinenna
for (i=0; i<k_el_b; i++) b[i]=a[i];
for (; i<N ; i++) c[i-k_el_b]=a[i];
// paza 3numms
ap=0; bp=0; bk=d_fr-1; cp=0; ck=d_fi-1,
if (ck>N-1-k_el_b) ck=N-1-k_el_b;
while (bk<k_el_b)

zlyttya(bp, bk, cp, ck, ap);
bp+=d_fr; bk+=d_fr; cp+=d_fr; ck+=d_fr;
if (ck>N-1-k_el_b) ck=N-1-k_el_b;
}
d_fr*=2;
}

AHaji3 ckaagHocti. YacoBa CKIQIHICTh aNrOpuTMy, TOOTO 3arajibHa
KITBKICTh OTIepalliii TOPIBHSAHHS 1 MPUCBOEHHS, 3aJKHUTh BiJl KUIBKOCT1 eTarmiB
3muTTs, a (aktuaHo — Big jgomkwmHM mochimoBHOcTi N. KinbkicTe eramiB

BH3HAYAETHCS JIOTapU(PMIMHOIO SANEKHICTIO 1 JOPIBHIOE K, 0pis = [ 109 (N )]+ 1.

Uwucno omepalliif IPUCBOEHHS HA BCIX eTamnax € (ikCOBAHOIO 1 HE 3aJICKUTh

BiJl TOYAaTKOBOTO MOPSIAKY eneMeHTiB: M 0 = Npowm + Nyuumma = 2-N .
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Toni 3aranbpHa KUTBKICTh IPUCBOEHB OyIe:

M = K, anie - M =2-N-log(N).

Kinbkicte omnepamiii HOpIBHAHHS Ha KOXKHOMY €Talli 3aJIeKHUTh Bij
MOYATKOBOTO MOPSAKY eneMeHTiB. Haiikpamim Bunankom Oyzae ToH, I SIKOTO Ha
BCIX eTamax IMpH KOXXHOMY 3JIUTTI BIOPSIAKOBAaHMX (DParMEHTIB ITEPIIUA
HaliMEHIIMHA eJeMEHT OJHOTo (parMeHTa, MOCIJOBHO HOPIBHIOIOYUCH 3 yciMa
eNIEeMEHTaMH JAPYroro (parMeHTa, BHUSBHTHECS HE MEHIIMM Bil OCTaHHBOIO
HaWOUIBIIOTO eleMeHTa Jpyroro ¢parmenrta. Toni B pe3ysabpTyroUil JiHii coyaTky
OTIMHUTHCS BECh IPYTUil (pparMeHT, a mepmnii JOMHUIIEThCA IMICH HBOTO. Y IIbOMY
BUIIAJIKY 3a €Tall BUKOHYETbCs Npu6iu3Ho N/2 mopiBHSHB. A 3aranbHe 4uCIO

eman

TaKMX omepaii oyxe:
N
Cin = ?-Iog(N).

Haiiripmmim BumaakoM Oyze TOH, U SKOTO Ha BCiX eTamax MpU KOKHOMY
3IUTTI BIIOPSAKOBAaHUX (ParMeHTiB y pe3yibTylody JIHII0 eJIeMEeHTH 3 000X
(hparMeHTIB MUCATUMYTHCS MMOYEproBo. Tomi KOXKEH CJIEeMEHT OMHIel JIiHii
(haKTHYHO MOPIBHIOBATHMETHCS NIBIYi: CIIOYATKY BiH BHSBHTHCS OLTBIINM, a IMOTIM
MCHIIMM Y4 HAaBMakd. Y [bOMY BHIIAIKY 3a eTal BHKOHYeTbCs mpubmusuo N
MOPIBHAHB. A 3arajbHe YHCIIO TAKUX OIepallii Oyze:

Cmax = N-log(N).

Bapto 3a3HaumTH, M0 MPSIMO BIOPSIKOBaHA, TaK caMmo, K 1 OOEpHEHO
BITOPSZIKOBAaHA TMOCTIMOBHOCTI, € OAHAMH 3 HAWUTIPIINX BUMAMIKIB BXITHHUX TAHUX.
Ha movarkoBHX eTamax BIOPSIKOBAaHA IMOCIITOBHICTh MOOpSYEC <IICYETHCI», a
MOTIM Ha 3aBEPIIATbHUX €TaNax — KIOKPAILYEThCA.

2.3.2. MOIU®PIKALIS ITPSIMOI'O 3JIMTTS — 3JIUTTSI BIOPSIKOBAHUX CEPII

Iness mMetony. AHami3 CKIaTHOCTI AITOPUTMY MPSMOTO 3JIUTTS TOKa3aB
npoOIeMHI MOMEHTH COPTYBAaHHS «XOPOLIMX» MociinoBHOCTeH. [loyaTkoBi eranu
BUSBILIIOTHCS KOHTPIPOAYKTMBHUMHU — BIIOPSIKOBaHa abo Maike BIOPSAAKOBaHA
MOCITIZIOBHICTh NEPETBOPIOETHCS 0 HAWTIPIIOrO TMOPSAKY €JIEMEHTIB, a IOTIM
CHUTYaIlisl BUIIPABJISETHCS 3 MAKCUMAIBHOIO KUTBKICTIO OIepalliil MOpiBHIHHS.

Jns mokpaimieHHsT e(peKTHBHOCTI JOIUTFHO MPOBOJUTH TIONCPEAHINA aHANTI3
MOCTIZTOBHOCTI, BUAUISIOUN BCi BIOPSAKOBAHI MiAMOCTIZOBHOCTI Pi3HOT TOBKHHU.
Taki BopsakoBaHi (parMeHTH HA3UBATUMEMO 8HOPSAOKOBAHUMU CEPIAMU.

YuM MeHIIa KiIbKIiCTh cepild, TUM IEepEeBXHO BOHH € AOBIINMH, i HABIIAKH.
O4eBHIHO, Y BUNAIKY «XOpOIIO(» MOCIITOBHOCTI Oyme Maio, ajie OOCTaTHBO
JIOBTUX Cepilf, a y BUMNAIKy «IOTaHOI» MOCTIMOBHOCTI Oyne 0OaraTto KOPOTKHX,
MOJKJIMBO, OJHOCIEMEHTHHX CEpIid.
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3nUTTS ABOX cepii MOpOKye OAHY Cepilo CyMapHOi JOBXHHH. Takum
YMHOM, KOKEH eTall NMPUBOAUTH 10 3MEHIIECHHS YMCa Cepid IpH 3pOcTaHHI iX
noxuH. CoOpTyBaHHS 3aBEpPIINTHCS 38 YMOBH (OpMYBaHHS €AUHOT cepii.

Skmio modyaTKoBa KUIBKICTH Cepiii € Majaow, TO mpouec 0OpoOKu
3aBEpIINTHCS IIBHAIMIE 31 3HAYHO MEHIIOK KUIBKICTIO eramiB. IIpsmo
BIIOPSIIKOBAaHA IMOCTIOBHICTh — €IMHA Cepisl MAaKCUMalbHOI JOBXUHH. Y IIbOMY
BHIIAIKY COPTYBAaHHS B3araji He OTpiOHE.

Bunukae nuraHHs, K came nMoTpidoHO Moam¢ikyBaTH a3y po3ALIEHHS i
3auTTsA. OUEeBHAHO, 10 3arajJbHMM MiAXia 3aJuIIuTECS HE3MIHHUM: Ha BCIX eTamax
MMOAUT Ma€ 3IIHCHIOBATHCS TOYHO MDK JBOMa BIIOPSIKOBAHUMH CEPLIMH,
OTPUMaHKMMH Ha TOTEpeHbOMY eTari. B 000x monarkoBux JiHisX Oyne oJHaKoBa
KUTBKICTH cepiif, a00 IX YMCIIO BiIPI3HATUMETHCS Ha OAWHUITIO.

Hexaii 3HOBY B mepiy J0JaTKOBY JIHIIO D mepexoauTs 1ijla 4acThHa Bif
MO/JIITY 3araJibHOTO YHCia cepiii Ha 2.

OckinbKM Ha BCIX eTamax BIOPSAKOBaHI cepii MOXyTh OyTH pizHOI
JIOBXXHHH, TO U peanizaiil ¢a3 po3AUICHHS 1 3IUTTS JOLUUIBHO MaTH JI0JaTKOBY
CTPYKTYpY HAaHHX i3 ITIOYaTKOBHMH TMO3MIIIMH KOXxHOi cepii. Lle mo3BommTh
BHUKOPHCTATH Ty caMmy mimmporpamy-dyHkirito zlyttya.

SIkmo BXigHA MOCTITOBHICTH «XOpOIIa», TOOTO MOYaTKOBA KUTBKICTh cepiit
MaJa, TO JI0JaTKOBa CTPYKTypa JaHUX CYTTEBO HE BIUIMHE HA 3arajbHi BHTPATH
nam’sTi. Ko K MOCHIIOBHICTh «IIOTaHa», TOOTO Ha Mmoyarky 0arato KOpPOTKHX
cepiil, To 10JaTKOBA CTPYKTypa AaHHX Oyie CIiBPO3MipHA 3 OCHOBHOIO 32 YHCIIOM
€JIEMEHTIB. A 1Ie BXKe CYTT€Ba JJOJJATKOBA BUTpATa Mam’sTi.

OmHAM 13 TUIAXIB TMOJONAaHHSA Takol MpoOjeMu € mie ogHa MoAudikaiis
ITOPUTMY 3JIUTTS BIIOPSAAKOBaHUX cepiif. [Ipy IboMy HE BUKOHYETHCSI B IOBHOMY
00cs3i ¢pasza po3aineHHs. Moaudikallis IOIsIrae B HACTYITHOMY:

e B OJHY 3 JOJATKOBHX JiHIi, HampHkiaad, b mocmimoBHO mepemucyeTses
TIepIma 1o MoPSAKY cepis 3 BXigHO1 JiHii a,;

® TIPOBOJWTHCSA 3IUTTS cepii 3 JiHii D Ta HacTymHOI MO MOPSAKY cepii 3
BXITHOT JTiHIT &, pe3y/IbTaT 3JIUTTS 3alUCYETHCS B APYT'Y JOJATKOBY JIIHIIO C;

® TIPOBOAMTHECS 3IMTTA cepil 3 JiHIl ¢ Ta HACTYMHOI MO TOPIIKY cepii 3
BXITHOT JIIHIi @, pe3yJabTaT 3JIUTTS 3HOBY 3alHCYETHCS Y 3BUILHCHY JIOJATKOBY
niHio b;

® MpOIIEC 3JIMTTA HAKOMHYYBAaHOI cepil 3 HACTYIHOK IO MOPSIKY CEpiero 3
BXIJJHOT JIiHIT @ Ta MOYEProBUil Mepe3amuc pe3yabTaTy B H0AaTKOBi JiHii b i ¢
MOBTOPIOEThCSA. SIK HACHNOK, 3 BXiAHOT JIHII & MOCHIJOBHO BHOMPAIOTHCS
BIIOPSIKOBAHI cepii, a B IOJATKOBHUX JIHIAX b i ¢ moueproBo 3pocrae pe3ynpTyroda
nociigoBHicTh. Lleit mporec 3aBepUIMTHCS NMPH MOBHOMY BHYEpITyBaHHI BXiJHOT
JiHii a.

Takwuii criocid copTyBaHHS BXe He MOTpeOye 10JaTKOBUX CTPYKTYp JaHUX.
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Hpmcna):[ IIOKPOKOBOI'0 BUKOHAHHS.

1-ut eran:

7 3,9,11 |5 N
3.9.11]8]1.4.8.19] 2.6.7] ™\ 1,4,8,10|2,6,7| 7

1,3,4,8,9,10,11|2,5,6,7|

2-utt eramn:

7 1,3,4,8,9,10,11| ~y
™\ 2,5,6,7 A

1,2,3,4,5,6,7,8,9,10,11|

1,3,4,8,9,10,11|2,5,6,7|

Stop, Ok!

Bxigna wnocaigoBHicTe MictuTh 11 enementiB. IloyaTkoBa KUIBKICTH
BIOPSIIKOBaHUX cepii — 4. BukoHAHO IHIe [Ba €TamH, X04a MpsMe 3JHUTTS
nepeadavano YOTHPH CTaIlH.

Iporpamua  peasmi3amis. Po3mistHeMo — BapiaHT — anroputMmy i3
BCTAHOBJICHHSIM TO3MLIl To4aTKy KoxkHOi 13 cepid. Lleit cmoci® no3Bossie
BuKopuctatd (Qymkmito zlyttya 6e3 skomuux Mmommbikariit. Ham mpuiimerses
BUKOpUCTATH J0onaTtkoBuii macuB po3Mipy N. IIporpamna peanizaiis Mmoot C++
Moyke OyTH TaKoIo:

int a[N], b[N], c[N], d[N+1], k_ser, i, j, flag, k_ser_b, k_el_b, end_c;
int ap, bp, bk, cp, ck;
// niopaxyHok Kinbkocmi cepiii
k_ser=0;
i=0;
while (i<N)
{
j=i+l;
while (j<N && a[j-1]<=a[j]) j++;
d[k_ser]=i; k_ser++;
i=j;
d[k_ser]=N; // nompibno 0ns 0OMedNcenHs OCManHbol cepii
// copmyeanns

while (k_ser>1)
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// po3dinenns
k_ser_b=k_ser/2;
k_el_b=d[k_ser_b];
flag=k_ser%2; /I k_ser_b: 0 — napna, 1 — nenapna
if (flag) end_c=d[k_ser-1]; else end_c=N;
for (i=0; i<k_el_b; i++) b[i]=a[i];
for (; i<end_c; i++) c[i-k_el_b]=a[i];
// 3nummsi
ap=0;
for (i=0; i<k_ser_b; i++)

{
bp=d[i]; bk=d[i+1]-1;
cp=d[k_ser_b+i]-k_el_b;
ck=d[k ser_b+i+1]-1-k el _b;
d[i]=ap;
zlyttya(bp, bk, cp, ck, ap);
}
k_ser=k_ser_b;
if (flag) d[k_ser++]=ap;
d[k_ser]=N;
}

AHaJi3 ckaagHocti. [[7sM AaHOTO aNTOPUTMY YIiTKO PO3MEKOBYIOTHCA 3a
CKJIAJHICTIO Kpallli Ta TipIli BapiaHTH BXITHUX JaHWUX. Y HaHKpamIOMy BHIIAAKY
MpsAMO BIOPSAIKOBAHOI MOCIIZOBHOCTI Mae Micie e€auHa cepis 3 N eleMeHTiB.
[lopiBHSHHS BHUKOHYIOTHCSA JIMIIEC TIIPH BH3HAYCHHI IIOYATKOBOI KITBKOCTI
BIIOPSIIKOBAHUX Cepidl. A IMKIIYHI MOBTOPEHHs (a3 PO3JUICHHS 1 3JIUTTs B3araii
HE MpaloioTh. Tomy:

Cmin =N-1; Mmin =0.

Y  HalripmoMy BHIAAKy OOEPHEHO BIOPSAAKOBAHOI IOCITIIOBHOCTI
ronepenHii anamiz mae N omHoeneMeHTHHX cepiit. Toxi MoaudikoBaHUH anTropuT™M
MPAIIOE TaK CaMo, SIK 1 IpsME 3TUTTSL.

[Iporpamuy peanizamito BapiaHTy MOAN(DIKOBAHOIO ANTOPUTMY 3IUTTA 3
MOCITIZIOBHUM HaKONHMYECHHSM Ppe3yNbTyI04oi cepii 0e3 monepeqHboro aHaiizy
MOYaTKOBHX CEPill IPOIOHYETHCS PO3TISIHYTH CAMOCTIHHO.
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YACTHUHA 2
JANHAMIYHI CTPYKTYPU JAHUX - CIIUCKH

PosrnsayTi 3a7a4i Ta anroputMu 0OpoOKH CTPYKTYp JAaHUX Y HEpeBakHIH
OUTBIIOCTI CTOCYBANIUCS CTPYKTYP JaHUX 3 IPSMUM JOCTYIIOM JO SIEMEHTIB 3a iX
IHIEKCHUM HOMEpPOM — MacuBiB. Y OUIBIIOCTI CYYaCHUX MOB IIPOrpaMyBaHHS
XapaKTepHOIO OCOOJMBICTIO MacHBIB € MOCTIHHICTH iX po3Mipy Ta pO3MIIICHHS B
CreliabHil 4aCTHHI CTATUYHOI maM’saTi (IporpaMHOMY CTEKY) MPOTSITOM YChOTO
yacy BUKOHaHHS mporpamu. [Ipote Ha mpakTuii motpeda B MOCTiiHIA NPHUCYTHOCTI
BCIX €JIEMEHTIB HE € 000B’13K0BOI0. JlocHTh yacTo OKpemi ab0 HaBiTh OUIBIIICTD
€JIEMEHTIB PE3EPBYIOTHCS «HA 3aIacy» JUisi OCOOJUBUX BHUIIAKIB BXIJHUX TaHUX. B
OKpEMHX MOBax IpOrpamyBaHHs, 30kpema B C++, BUKOPUCTOBYIOTHCS TaK 3BaHi
JUHaMidHi a00 BUIBHI MacHBH. BOHM 4YacTKOBO BHPIIIYIOTH MpoOieMy
ONTUMAIEHOTO BUKOPHCTAHHS TaM’sITi BiTNOBigqHO 10 motped 3amadi. OqHaK BOHH
nependavaOTh AWHAMIYHY 3MIHY CKJIaay CTPYKTypH Jume B 1i KiHII 1 He
JO3BOJISIIOTH ZIOBUIBHO BCTABIITH YM BWIIYyYaTH €JIEMEHTH BCEPEAUHI CTPYKTYpH
JaHHX.

JluHami4Hi 3MiHHI 3py4HO BHKOPHCTOBYBATH, KOJM CTPYKTypa AaHHX, LIO
00pOOIIAIOTECS, HE € CTPOro BH3HAYCHOIO Hamepel. BHUKOpPHCTaHHS CTaTUYHHX
CKJIQICHUX Ta KOMOIHOBaHMX THIIB JaHUX HE 3aBXkIH cebe ompasaye. JuHamivHi
3MiHHI J03BOJISIIOTH ONTUMI3yBaTH MPOIIEC BUKOPUCTAHHS ITaM SITi 10 Mipi moTpedn
B mnporpami. I[loBHICTIO ONTHUMI3yBaTW TIpoOLEC CTBOPEHHS, PO3MIIIEHHA Ta
BUJAJICHHS €JIEMEHTIB BIINOBIMHO 10 MOTOYHHX TMOTPE0 MOXKHA 3aBISKH
BUKOPUCTAHHIO OJIHOTO 3 PI3HOBUIB CTPYKTYP AQHHX 3 HOCIITOBHHM JOCTYIIOM —
OUHAMIYHUX cmpykmyp oanux abo, sK iX 11e Ha3UBaIOTh, cnuckig. OOpoOKa CIUCKIB
0a3yeTbcss Ha BHKOPHCTAaHHI OCOONMBOTO THITY NAaHUX — BKA3IGHUKIG, SIKIHA
peaiizoBaHMii y 6araTbox MOBax IMPOTpaMyBaHHS.

Cnucox — 1e OUHAMIYHA CTPYKTypa NAaHUX 3 IIOCTIZOBHHUM JIOCTYIIOM,
KOXCH eJEeMEHT $KOi, OKpIM KIIOYOoBOTO iH(popMariiHoro moist (abo MmpocTo
KAO4d), MICTUTh OMH abo Oulblie BKAa3IBHUKIB HAa IHINI €IEMEHTH Iiei XK
CTpykTypu. TakuM YHHOM, €JIEMEHTH CITMCKIB (PaKTHYHO € KOMOIHOBaHUMH
CTPYKTYpaMH 3 JIEKUIbKOX IOJIB JaHUX pizHoro tumy. Y MoBax C/C++ Taky
(byHKIIO BUKOHYIOTH CTPYKTypH (Struct), a B moBax Pascal, Delphi — samucu
(record). KinbKicTb €lIEMEHTIB y CIIUCKY MOE 3MIHFOBATHCS B ITPOLIEC BUKOHAHHS
nporpamu. Ilam’saTh A PO3MIIICHHS €JICMEHTIB BUIULIETHCS 1 3BUIBHAETHCS
JUHAMIYHO IO Mipi HEOOX1THOCTI.

VY 3anexHOCTi Bif KUIBKOCTI BKa3IBHUX IOJIIB Yy CTPYKTYpi eJeMeHTa Ta
HampsMi 3B’S3yBaHHS €JEMEHTIB MOXXHa PO3TIANATH Pi3HI TOMOJOTII CIHCKIB.
Haifuacrime BUKOPUCTOBYIOTh TaKi apXiTEeKTYpH CITUCKIB:

JHIHHI OTHOHATIPSAMIICHI (0JHO3B SI3Hi);
JiHIIHI JBOHATIPSAMIICHI (IBOB’S3Hi);

[UKIIT9H] OJJHOHAMPSAMIICHI Ta IBOHAIPSMIICHI;
po3ranykeHi 0arato3s’si3Hi a00 aepesa.
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Y ninilinux OOHOHANPAMAEHUX CHUCKAX KOXKEH EJEMEHT Mae€ €IUHUH
BKa3IBHUK HA HACTYIIHUH €JIEMEHT Yy CTPYKTYpi AaHMX. TaKMM YMHOM, NOCTYIH IO
JOBIIBHOTO ENIEMEHTa € CTPOro MociifoBHUM. OYeBHIHO, MO0 0OOB’S3KOBO Mae
Oyrn xoua O oJHa cTaTMYHA 3MiHHA — BKa3iBHHK Ha IEPIIUIA €IEMEHT CIIUCKY,
mo3uagnmo i first (amrm. first — nepuwwii). Slkmo B mporpaMi OOMEKHUTHCS JIHIIE
BKa3IBHUKOM Ha TEpUIMH €JIEeMEHT, TO CIIMCOK MOXHa (opMyBaTH BHKIIOUHO 3a
npuHIUIOM cmeky. OKpiM 1iei 000B’SI3K0BOT 3MIHHOI, YaCTO BHKOPHCTOBYIOTH 1€
OJIHY IOJaTKOBY CTAaTMYHY 3MIHHY — BKa3IBHMK Ha OCTaHHIH €JIEMEHT CIHCKY,
nosHauumo ii last (anru. last — ocmanniii). 1i Buxopucranns no3sonse popMmyBaTu
CIIUCKH SIK 32 IPUHLUIIOM CMeKy, TaK 132 IPHHIMIIOM Yepeu.

Y ninitiHux 080HANPAMAEHUX CHUCKAX KOXKEH EIIEMEHT Ma€ JiBa BKa3iBHUKH —
Ha HACTYITHWU 1 Ha MOTIEpeNHil eNeMEeHTH Y CTPYKTypi maumx. OTxe, TOCTYI 10
JIOBUIBHOTO €JIEMEHTA TEX € CTPOTO MOCIIJOBHUM, ajle MOXKJIMBHH y IBOX B3a€MHO
MPOTHISKHUX HampsimMax. s peanizamii nocTymy B 000X HampsMax MOTpiOHO
MaTH [IBI CTaTH4HI 3MiHHI — BKa3iBHUKM Ha TEpPIIMKA 1 HA OCTAHHIA €IEMEHTH
crimcky (first, last). Taka oprawizaitiss D03BOJIIE MOBUTBHO (HOPMYBATH CIHCOK:
SKIIIO JUT BBEACHHS HOBHX CJIEMCHTIB BHKOPHCTOBYETHCS BKA3IBHUK Ha MEpLIMIA
EIIEMEHT, TO 1€ JIa€ CIIHCOK-CTEeK MPH JOCTYIi uepes 3minny first abo crmcok-uepry
Opu  IOCTymi dYepe3 3MiHHY last; SIKmIO s BBENCHHS HOBHX €JIEMEHTIB
BUKOPHCTOBYETHCSI BKa3iBHUK HA OCTaHHIN €JIEMEHT, TO 1€ Ja€ CIMCOK-4epry Mpu
noctyti gepe3 3minny first abo cnimcok-crek mpu goctymi gepes 3minny last.

VY poseanyscenux 6azamo3e’sa3Hux Cnuckax KOXKEH €JIEMEHT Mae jBa abo
Olple BKa3iBHUKIB Ha IHIII €JIEMEHTH CTPYKTYpH JaHUX, ane 0e3 AOTpUMaHHSI
JMHIAHOTO TOPSIKY MOCTYIy IO eJNeMeHTiB. YacTo Taki CIHMCKA MAaroTh
JIEPeBONIOAIOHY CTPYKTYPY: KOXKEH €JIEMEHT MOIepeHhOT0 PIBHS Mae 3B’S30K i3
IBOMa YH Oinmbloie eJeMeHTaMH HacTynHoro piBHs. [locTym a0 IOBUTBHOTO
eJeMeHTa MOJIMBHU 3aBIIIKH TIEpEX0JaM BiJ HAHBUIIOTO PiBHS HA OUTBIN HUXKYI
piBHi. Jlnsg mocTymy o0 Takoi A€PEeBOIOMIOHOT CTPYKTYPH AaHUX MOTPIOHO MaTw
OJIHy CTaTHYHY 3MIiHHY — BKa3iBHHK Ha BEpIIWHHHN eneMmeHT tOp (aHri. top —
sepuuna). OCKITbKHA TaKi IepeBOMOiOHI CITHCKA MAlOTh BUPaXEHY PEKYPCHBHY
CTPYKTYpY, TO [uIi iXx o0OpoOkm mOTPiOHO BHUKOPUCTOBYBATH PEKYPCUBHI
HiIIPOTpaMH.

OCHOBHHMMH OIIEPALSIMU TIPH POOOTI 31 CHIICKaMH €:
CTBOPEHHSI CIIHCKY;

TIeperJIs]] CIHCKY;

TMOLIYK eJIEMEHTA B CITHCKY;

BCTaBKa HOBOTO €JIEMEHTA B CITUCOK;

BUJIAJICHHS €JIEMEHTA 31 CIIUCKY;

BIIOPAJKYBAHHS CIIUCKY 32 03HAKOO (COPTYBaHHS);
PO3IUICHHS CITUCKY Ha ITiICITUCKH;

3’eiHaHHs (KOHKATEHAIlis) CITHCKIB.
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PO3/LI 3
JIIHIMHI CIUCKHA

3.1. OTHOHAIIPSIMJIEHI CIIUCKH
3.1.1. OrOJOUMEHHS TUITY EJJEMEHTA CIIUCKY

VYci eneMeHTH JHIHHOTO OTHOHANPSAMIIEHOTO CHHCKY, OKpiM OCHOBHO{ 3a
yMOBaMH 3aiadi iHpopmalii, MaroTh BKa3iBHUK Ha YEPrOBUH €JIEMEHT I[bOTO X
cnucky. Taka oprasizalliss CHHCKYy O3HAauyae€, L0 KOXXEH HOro eJleMeHT — L
KOMOIHOBaHAa CTPYKTYpa, sIka OXOIUTIOE JIBa MOJIs JaHuX: iHpopmaitiiine moue info
JIeIKOTO 0a30BOTO THITYy (CKaIIPHOTO YM CKJIAJCHOTrO) i BKa3iBHE mojie Next, mio
(hakTHYHO € ampecoro y maM’sATi HacTymHoro eieMeHTa. [lome BkasiBHHKa Next
MMOBHHHO MAaTH TaKW{ CaMUU THII, IO W caM eJIeMeHT chucky. [ imeHTudikarii
eneMenTa (abo I TOCTYITY A0 HBOTO) IMOTPIOHO MaTH AESKWN BKa3iBHHUK P 11010
XK THITY.

P

info
next f

Puc. 1

TakuM uyMHOM, Ma€ MICII€ B3a€MHICTh BHU3HAUYEHHS SK IUIOT0 €JIEMEHTA
CIIHCKY, TaK 1 HOTO OKPEeMOro BKa3iBHOTO Mo, Taka B3a€MHa PEKYPCHBHICTB Y
BU3HAUEeHHI THITYy Jomyckaetbest B MoBax C/C++, Pascal, Delphi ta iHmux sumre
IUTSI BKa31BHUX THIIIB.

3po3ymiso, 10 BKa3iBHHUK Ha MepuInil eneMeHT cnucky first moBuHeH martu
TaKWi caMHi THI, SK 1 pemTa eleMeHTIB CIUcKy. [IpupoaHo, mo BKa3iBHE MOJe
next oCTaHHBOTO €JIEMEHTA CIICKY TOBHHHO BKa3yBaTH «@ HIKyOu» — Ha 0COOIHUBY
obnacte muHamivHoi mam’sti NULL, 1mo He MICTUTh HISIKHX JUHAMIYHHAX 3MIHHHX.

BpaxoByrounm Bce BHINE CKa3zaHe, JIHIHHWIA OJHOHANPSMIICHUH CIIHCOK
CXEMAaTHYHO MOXHA 300pa3uTH TaK:

first

info info info

- = NULL
next _f— next ff next f

Puc. 2
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He 3MeHmyrounm 3araipHOCTI, NPUIIMAEMO B SKOCTI 0a30BOTO THITY
iHpopMAaIiHHOrO MOJIs JaHUX THI HimuX yucel int. IIporpamMua peanizariss MOBOO
C++ oroJomieHAs CIHCKOBOTO THITY Ta JESKUX HEOOXITHUX CTAaTUYHHUX 3MIHHUX
Moyke OyTH TaKoIo:

struct List 1
{
int info;
List_1 * next;
3
List_1 * first, * last, * P, * Q;

Tyr List_ 1 — iM’s cTpyKTypu 1 OJHOYACHO OA30BHH THI AJs BKa3iBHOTO THITY
enmemenTa criucky; first, last, P, Q — Bka3iBHHKH BiXOBIIHO Ha MEPIIHiA, OCTAHHIH i
JesIKi TOTOYHI €IEMEHTH JUIsl BHKOHAHHS OTIepaLiil Ha CIIUCKOM.

3.1.2. OCHOBHI OIEPAIIIi IO OBPOBII OJHOHAIIPSIMJIEHAX CIIMCKIB

Creku i yepru

Cmexom € Taka CTPYKTypa IOaHHX 3 IOCTIIOBHUM JIOCTYIIOM, Y SIKiil
YBEJICHHSI HOBHX €JIEMEHTIB 1 BUIITOBXYBaHHS ICHYIOUHMX BiIOYBA€ThCS BUKIIOYHO
3 OJHOTO KiHII, IO HAa3MBAETHCH Gepuiunoio abo conogorw. OOpoOka cTeKy
XapaKTEPU3YEThCS IPABHIOM «HEPULUM NPULIULOE — OCIAHHIM BUUULO8, OCMAHHIM
NpUiuio8 — nepuuM 8utiuios». AHaIOTOM CTEKy MOYKHA BBaXKaTH TPYOKY 3 OJHUM
3anassHuM KiHieM (K y npo0ipiri), y Ky MOMILIEHO KYJIbKU BIAMOBIAHOTO PO3MIpy
3 nesikoro iHdopmaniero. Toai BepIIMHOIO CTeKy Oyne BIAKPUTHI KiHelb TPYOKH.
[Hpopmaniiiauil exeMeHT, 10 NepIIUM NOTPANUB y TaKy CTPYKTYpY MAaHUX,
OTIMHUTKCS Ha OHI cmeky (32 aHAJIOTIE0 3 THOM MPOOIPKH), 1 IOCTYII IO HHOTO Oye
B OcTaHHIO uepry. OCTaHHIH yBeJCHHUIl eleMEHT BUSBUTHCS Bifpa3y Ha BEpIIHHI
CTEKY, 1 IOCTYI IO HHOTO OyJie MepIIoYeproBUM.

first N N-1 !
info info info
NULL
next f next f f next f
gepwuHa OHO
cmeky cmeky
Puc. 3
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Ha mepmmii nmornsin takuid cnoci® opraHizauii CTpyKTyp JaHMX BHIA€THCS
HeeekTuBHUM. lIpoTe mns moctymy no OyIop-KOTO eleMeHTa MOTPiOHO MaTH
MIHIMyM CTaTHYHHUX 3MIHHUX — Juiie Bka3iBHUK first Ha BepuinHy cTeky, T00TO Ha
OCMAaHHII y8eOeHUll eleMeHm, wo Gakmuuno € nepwum y cmpykmypi oanux. Ipu
TporpaMHil pearizarii 0OpoOKH CIHCKIB I JOCTYMy IO BHYTPIMIHIX €IEMEHTIB
HaclpaBAl He TOTPIOHO «BHHMATH» TMOINEpPEeNHI eJeMEeHTH. 3aMiCTh IbOTO
BUKOHYETBCS IIepeXil Ha HACTYNHHUH eJIeMEHT uepe3 BKa3iBHe Iosie Next,
MOYMHAIOYH Bifl (hikcoBaHOTO BKa3ziBHUKa first.

UYepru B nporpamyBaHHi, sSIK 1 B peaJbHOMY XHTTi, BAKOPUCTOBYIOTBCS TOI,
KOJHM TOTPIOHO BUKOHYBAaTH [ii 3a KOMaHJAMH TIOCTIZOBHO B MOPAAKY iX
HaJIXOJUKEHHS. Yepea — lLie Taka CTPYKTypa JaHWX 3 TOCHITOBHHM JOCTYIOM, Y
AKii yBeJEeHHS HOBHX CIIEMEHTIB i BUINTOBXYBaHHS ICHYIOUHX BimOyBaeTbcs 3
PI3HUX KIHI[IB, 1[0 HA3WBAIOTHCS BIMIOBIIHO KiHeyb uepeu Ta NOYAMOK 4Yepeu.
OO6poOka Yepru XapakTepU3YEThCS NPABUIOM «HepuiumM HNPULiUO8 — NepuUM
BULLIOB, OCTAHHIM NPUUOE — OCMAHHIM guiiuioe». s UTF0CTpanil uepra MoXxHa
PO3MIISTHYTH TPYOKY 3 ABOMa BIIKPUTHMH KiHIISIMH, Y SIKY MOMILIEHI iHpOopMaliiHi
KYJAbKH. YBEICHHS HOBHX €JIEMEHTIB NPOBOIHUTECSA B KiHEb Yeprd, a JOCTYI JO
BXKE ICHYIOUMX Y CTPYKTYpi JAaHHX 3AIHCHIOEThCS Ha 11 mouarky. [HpopmariiHmii
€JIEMEHT, III0 TEPIINM MOTPaNuB y Yepry, Binpasy Oyne Ha ii BUXOM], 1 JOCTYH 10
HbOrO Oyne rnepriodeproBuM. OCTaHHIN yBeICHHH €JIEMEHT BHSBUTHCS B CaMOMY
KIiHII1 4eprH, i IOCTYH JI0 HBOTO OyJie B OCTAaHHIO Yepry.

first 1 2 N last
info info info
> > NULL
next J next _J’» . _f next f
mo4amok KiHeub
yepau yepau
Puc. 4

Sk 1 y BUNaaKy CTeKy, JOCTYII JIO €JIEMEHTIB YeprH peali3yeTbcs depes
¢ikcoBanmii BkasziBHuK first Ha movyaTok 4epru, TOOTO Ha TEPIIHA EIEMEHT Y
CTPYKTYpI aHMX, IO TaKOX HepuiuM OyB yBeaeHUH. OfHAK Ha BIIMIHY BiJ CTEKY
JUTSL 3aIOBHEHHsI Yeprd MOTPiOHO MaTu mie oauH (ikcoBaHuit BkasiBHuK last Ha
KiHeIp d9epru, TOOTO Ha OCTaHHIA EIeMEHT Yy CTPYKTYpi NaHWX, IO TaKOX
OCTaHHIM OyB yBeneHHH. i1 ocTyiy 0 JOBUIBHOTO eJleMEHTa Yepru NoAi0HO 110
CTEKy BHKOHYETHCS IEpexiJ] Ha HACTYIHUH eleMeHT uyepe3 BKasiBHe Ioje Next,
noynHaouu Bif (ikcoBanoro BraziBauka first.
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CTBOpEHHS CIIUCKY

VY Bumaaky OJHO3B’S3HHX CIHCKIB NpoLec CTBOpPeHHs ((hopMyBaHHA) 3a
NPUHIIKIIOM CHeKy BIIPI3HAETHCS Bl aHAJIOTIYHOT omepallii 3a MPUHIMIIOM Yep2u.

PosrisiHemMo criodaTky iHimiagizaiiio Ta 3anmoBHeHHs cTeKy. Bech mporiec
MOXKHA PO3JIUTUTH Ha TPH €TaIly, 3 SIKUX JIBAa OCTAHHIX MOTIM 00’€IHAEMO B OJWH:

1) cTBOpeHHS MOPOXKHBOTO CIIUCKY:

first

NULL
Puc.5

first=NULL; // 6KA3I6HUK HA NEPUIULL BKA3YE <6 HIKYOU»);

2) yBEICHHS MEPIIOr0 HOBOTO EIEMEHTA!

first "’@ \\
1 info |

S NULL
f next J@
P-®

Puc. 6
P=new List _1; 1l 1) cmsoproemoca nosuii enemenm;
cin >> P->info; 11 66i0 inghopmayiiinozo nons noéozo enemenma,
P->next=first; I 2) exaszisnux 3 Ho6020 enemenma exasye myou,
I kyou paniwe érasysas first;
first=P; /1 3) first nepeaopecosyemocs na nosuii enemenm.

SIk BUJTHO 3 KOMEHTapiB, HOBUH €JIEMEHT CIIMCKY BKa3yBaTHMeE Ha MicIie, Ha
sike parimre Bkasysas first (mouarkoso e 6yme NULL, a miswime e 6yzne pawimie
BBeneHui eneMeHT). | nmme notim first mepeagpecoByeTbcss Ha HOBOCTBOPCHUIA
enemenT. Ilopsiiok BUKOHAHHS onepaniii i3 BkaziBHUKaMu € BaxkiauBum! Tyt i
B IOJAJBLIIOMY 3 METOIO ITOJIETHICHHS PO3YMIHHS W 3pYYHOCTI JeMOHCTpamii Ha
cXemax MPHUHIMUIIOBUI TOPSIOK il 1o nepeaapecaitii Ta 3B’ 43yBaHHIO BKa3iBHHUKIB
MIPOHYMEPOBAHO YMCIIaMH B Kojax. Ilpm mpomy cTapi 3B’S3KHM MK €JeMEHTaMH
MO3HAYEHO IITPUXOBMMH CTPiIKaMH, a X HOBi peasizanii micis nepeaapecamii
BKa3IBHUKIB — CyHIIbHUMM.
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3) yBemeHHs pelTH HOBUX eleMeHTiB. OYeBHIHO, L0 BBEICHHS PELITH
eJIEMEHTIB HIYMM HE BiAPI3HAETHCA BiN YBEOCHHS IEPIIOrO eneMeHTa. Tomy
JIPYTUH eTan MOKHA IIUKJIIYHO TIOBTOPIOBATH 3aJaHy KUTBKICTh pa3iB N:

Tl

first"@ N N-1 1
info info info

o= - NULL
next —é next f.j next f

O

Puc. 7

for (int i=0; i<N; i++)
{
P=new List_1;
cin >> P->info;
P->next=first;
first=P;
}

Tenep po3risHeMo iHimiamizamilo Ta 3anoBHeHHs 4Yepru. Sk i y BHMAAKyY
CTEeKy, IIeldl TIpoIlec NOUUILHO PO3IUIMTH HAa TPH €Tamu, aie 00 ’€qHyBaTH IBa
OCTaHHIX BXXe He MokHa. lle moB’s3aHO 3 TUM, IO TpH (HOPMyBaHHI Yepru
BBE/ICHHSI HOBOTO IEPIIOTO eJieMEHTa MOTpedye BUKOPHUCTAHHS 000X (DiKCOBaHMX
BkaziBuuKiB first i last, a BBemeHHS HACTYMHHX HOBHX EJIEMEHTIB mmependadae
BHUKOPHCTAHHS JIMIIE OJHOTO BKasziBHWKa last. ITocmigoBHicTs aifi Moxke OyTH
HaCTYITHOIO:

1) cTBOpEeHHS OPOXKHBOTO CITUCKY:

NULL

Puc. 8
first=NULL; // 6KA3I6HUK HA NEPUIULL BKA3YE <6 HIKYOU»);
last=NULL; // 6KA3I6HUK HA OCMAHHIL 6KA3VE €6 HIKYOU»;

2) yBe/ICHHS MEPIIOrO HOBOTO EIEMEHTA!
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~=NULL=-,

first<(3) @)~ last
info j
_Jr—" NULL
next @
P=®

Puc. 9
P=new List_1; Il 1) cmeoproemucs nosuii enemenm;
cin >> P->info; 11 y6io ingpopmayiiinozo nons nooz2o eremenma,
P->next=NULL,; 11 2) exasienux iz HO6020 enemenma xazye

Il «6 nixyou»;

first=P; 11 3) erasienux first exaszye na nosuti enemenms
last=P; I 4) exaszisnux last exazye na nosuit enemenm.

Hoswuii enement crmucky BkasyBatume «B Hikymum» (NULL). Ockinbku 1eit
eNIEMEHT € i mepImuM, i octaHHiM omuovacHo, To first i last amgpecyrorecs Ha
HOBOYTBOPCHUII CJICMEHT;

3) yBenmenHs peuiTu HOBuX eneMeHTiB. Lleit eran He MoxxHa 00’€nHYyBaTH 3
nornepenHiM. BkasiBHe T1oiie KOXKHOTO HACTYITHOTO HOBOTO €JIEMEHTa Mae
BkasyBatd «B Hikymn» (NULL), a pamime BBemeHHH eleMEHT MOBHHCH
3B’A3yBaTHCS 3 HOBOCTBOpeHHMM. | nuiie micist mporo last mepeaapecoByerbest Ha
HOBOYTBOPEHHH eJleMeHT. TyT TeX MOPpAI0K BUKOHAHHS OTepariil i3 BKa3iBHUKaMU
€ BaxxuBuM. Lleil etan nependavae HUKIIIYHE TOBTOPEHHS BKA3aHOT MOCITIIOBHOCTI
JiH 9KCIT0 pasiB, M0 HA OJMHUIIO MEHIIIE Bix HeoOXiaHOT KinbKocTi N:

- ==

1 2 N-1 e

first N tast
1 info info info /," info j

next | | next f_jk next wf@ next 1@!DPNULL

-

-

Puc. 10
for (inti=1; i<N; i++)
{
P=new List_1;
cin >> P->info;
P->next=NULL;
last->next=P; // paniuie 66edenutl enemenm 6Kka3ye Ha HOGUL,
last=P; // exaszienux last menep exasye na nosuii enemenm.

83



Heperasia cnucky

[lin nepeensidoom poO3yMieThCS TOBHUI Tiepedip EIeMEHTIB CIUCKY 3
MOXJIUBHM BHBEJICHHSM 3HaueHb X iH(opmauiiinux nouiB. O4eBHIHO, O PYyX MO
CIIUCKY BHKOHYETHCS Bii BkasiBHuKa first 3a paxyHOK mepexoiy Ha HaCTYyIHHI
eneMeHT 4epe3 BkasiBHe mosie Next. Ockinbku first € ¢pikcoBaHnM BKa3iBHUKOM Ha
MOYaTOK CIHCKY, 1 HOTO B KOJHOMY pa3i HE MO)KHA 3MIHIOBATH, TO JUIA ajpecartii
JIOBUIBHOTO €JIEMEHTa CITUCKY CJIiJl BHKOPHUCTOBYBATH JOAATKOBY CTATHYHY 3MIHHY
TAKOr0 JK BKa3iBHOrO THUIy. IlepeMilleHHS MO CIUCKY 3aBEpUIYEThCS IPH
JMOCATHEHHI HOTO KiHIISI, TOOTO IpHu HAaOYTTI BKAa3IBHHKOM Ha MOTOYHUH €IEMEHT
3naueHHs NULL.

[Iporpamua peaxizarlis omneparii meperisay CIUCKy Moke OyTH TaKoIo:

P=first; // nOYamoxK cnucky;
while (P) Il pyx, noxu ne kineys cnucky;
{
cout << P->info << endl; /I 6usio snauenns ingpopmayiiinozo nons;
P=P->next; // nepexio na nacmynnuii eremenm.
}

IMomyk ejeMeHTa B CIUCKY

[Momryk Mo>ke BUKOHYBATHCS 32 PISHUMH KPUTEPISIMH:
® BCTaHOBJIGHHsS 3Ha4YeHHs IH(GOpPMaIIHOrO IO eJlNeMeHTa 3a Horo

MIOPSIIKOBUM HOMEPOM;

e BCTAaHOBJICHHS IIO3MIII TMEpPIIOT0 BXO/PKEHHS CIEMEHTa I3 3aJaHuM
3Ha4YeHHSM iH(OpMaLiifHOTO MOJIs;
e BCTaHOBJIEHHS BCiX BXO/PKEHb €JIEMEHTIB 13 33laHIM KIFOUEM.

IMoxibHO 10 momepenHbOi omeparrii meperyisay IS KOXKHOTO 3 BapiaHTIB
TMOLIYKY PYX IO CIIMCKY BUKOHYEThCS BiJ BKa3iBHUKa first 3a paxyHOK mepexony Ha
HACTYIIHMH eNeMEHT uepe3 BKaziBHe mojie next. Jlns mporo Ttak camo
BUKOPHUCTOBYBATUMETBCS  JIOJATKOBA  3MiHHA-BKa3iBHUK. Taxuit criocio
nepeMimieHHst Oyze B OCHOBI BCix omepauiii mo o6po6ui crmckis. IIpore ymoBH
3aBEpIICHHS IEPEXOIB 110 CIIUCKY MOXKYTh OYTH PI3HHUMH.

Y  OaratboxX BUIaAKax peamizamiii 0OpoOKM CIHCKIB  ITOTPIOHO
BUKOPHCTOBYBaTH JIOJATKOBHW JIYMJIBHUK MNOTOYHOT mo3uiii y crucky. He
3MEHIIYIOYN 3arajlbHOCTI, BBaXaTHMEMO, II0 HyMEpaIlis CIEMEHTIB y CIHCKY
nounHaethes 3 1. Ile Biapi3HseThCcs Bif iHJAEKcallii €IeMEHTIB MAacHBIB Yy MOBax
C/C++, sika Tpaauuiitno nounHaersest 3 0. Takuil miaxij HiNKOM yMOBHHI 1 MOXe
OyTu 3MiHEHMH Tpy MOTPEOi.

Ilomyk ejjeMeHTAa 32 iioro nopsiIKOBUM HOMEPOM V CITHCKY.
O4YeBHTHO, 1[0 YMOBH 3YIHUHKH PyXY OyIyTh CKIaJICHUMH 1 1X JIBi:
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® [I¢ HE MOCATHYTHH KiHEIllb CIHCKY, a JIYMIbHUK IOTOYHOI MMO3HILI CITIBIIAB
i3 3a/IaHUM TIOPSJKOBUM HOMEPOM — I1€ TIO3UTUBHUIN PE3yIIbTAT;
® JIOCSATHYTH# KiHEllb CIIUCKY — IIe HETaTUBHUI Pe3ysIbTarT.

Jpyruii BapiaHT BIANOBimA€ BUIAAKy, KOJU 3aJaHa IUIbOBA TO3MUILIS
MIEPEBUIIIY€E peabHY KUTBKICTh eeMeHTIB y cucky. s takoi curyamii moTpibHO
nepeadaunuTH KOPEKTHE 3aBepIICHHS TporpaMu. Lle moB’s3aHO 3 HEMOMTYCTUMICTIO
orepairii po3iMeHyBaHHsI BKa3iBHHKa, 110 Bka3ye B NULL.

3aMicTh TPUPOCTY AOIATKOBOTO IIYMIBHHWKA ITOTOYHOI TO3HII MOXKHA
3MCHIYBATH 3HAYCHHS I[UThOBOi TIO3MWIIii, MOKA BOHO HE JOCSTHE OIHMHUIIL.
[Iporpamua peanizamis qaHo1 onepariii Mo>ke MaTH BUTIISIA:

int Pos; cin >> Pos; Il Pos — yinbosa nosuyis eremenma,
P=first; Il nouamox cnucxky;
while (P && Pos>1) Il pyx, noku ne xineys cnucky i ne yinboéa no3uUYis.

{ P=P->next; Pos--; }
if (P && Pos==1)
cout << “suauenns enemenma =" << P->info << endl;
else
cout << “cnucox nopodchii uu nexopekmua nosuyisa enemenma” << endl;

Bapro 3asHaumTH, MmO Taka peaii3aimis IMOMYKy MaTHUME KOPEKTHE
3aBEpIICHHS IUKIY HE JIMIIe, KOJHM 3aJaHuil MOPSIKOBUHA HOMEp eleMeHTa
MIEPEBUIIYE iX pealbHy KUIBKICTh y CHHCKY, a i KOJH I[ei HOMEp MCHIIE OJUHHMIIL
(Bix’ emHHI 260 HYIB).

Iomyk mepmioro BXOIKeHHS _eJieMeHTa i3 3aJaHUM _3HAYEHHSM
indopmauiiiHoro nmoJs.
3HOBY YMOBH 3YIIUHKH PYXy OyAyTh CKJIQJIECHUMH 1 iX ABi:
e [Ic HE JNOCSITHYTHHA KiHEeIhb CIHCKY, a 3Ha4eHHs iH(QOpMAIiifHOTO oIt
MOTOYHOT'O €JIEMEHTa CIIBIAJIO i3 33/IaHUM — 11€ IO3UTHBHUIA PE3yJbTarT;
® JIOCATHYTHH KiHEIlb CITUCKY — II¢ HETATUBHUI Pe3yIbTaT.
[Iporpamua pearizaris JaHOI omeparii MoKe MaTy BUTILL:

int X; cin >> X; Il X — yinvose snauenns enemenma;
inti=1; // iniyianizayiss nomounoi no3uyii;
P=first; // nowamox cnucky;

while (P && P->info!=X) I pyx, noxu ne xineyb CRUcKy i ne yinbose 3HA4eHHA.
{ P=P->next; i++; }

if (P)
cout << “enemenm ” << X << “ ¢ ¢ nozuyii ”’ << i << endl;

else
cout << “cnucok noposuchiii uu yinboeozo enemenma nemac” << endl;
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Ilomyk yciX BXOJKeHb €JIEMEHTIB i3 3aJaHUM KJII0UYEM.

3araspHa cxema peainizamii momiOHAa 10 PO3MISHYTOI BHINE OIepamii
nepernany crnucky. s posniieHHs YCHINTHOTO 1 HEBJAIOTO IMOIIYKY BapTo
BUKOPHUCTATH J0JATKOBY 3MIHHY — JIIYMJIHUK KUTBKOCTI BXOKCHb:

int X; cin >> X; Il X = yinvose snauenns enemenma;
int k=0; I nivunbhux Kinbkocmi 6x002iceny;
inti=1; // iniyianizayis nomounoi nosuyii;
P=first; // nowamox cnucky;
while (P) Il pyx, noxu ne kineys cnucky;
if (P->info==X) // cnienadanms i3 YinbOGUM 3HAYEHHSM,
{ cout << “enemenm ” << X << “ ¢ ¢ noszuyii ” <<i << endl; k++; }
P=P->next; i++; // nepexio na Hacmynnuil eremenm.
if (k)

cout << “ycpozo ecmanoeneno ” << k << “ gxooxnceny” << endl;
else
cout << “cnucox noposcuiii uu yinvboeozo enemenma nemac” << endl;

BcraBKka HOBOIO ej1eMeHTa B CIIMCOK

IMonibHO 10 omepamii MOITYKY IOLUTBHO pO3TISAAaTH Pi3HI BapiaHTH
BCTaBKH HOBOTO €JIEMEHTA.

BceraBka HOBOTO ejleMEHTAa B 33/IaHY MO3MILII0 CUCKY.

Jnsi BU3HAYEHOCTI OMOBHMOCS PO HACTYIHE: SIKIIO TO3MLIS BCTaBKU
MEHIIIa OJWHUII (Bix’€MHa a00 HYIb), TO BUKOHYBAaTHMEMO BCTAaBKY Ha MOYATOK
CIHMCKY; SIKIIO TO3MIIS BCTABKH IEPEBUINYE peajibHy KIUJIbKICTh €JEMEHTIB Yy
CIIUCKY, TO BHKOHYBaTHMEMO BCTaBKY B KiHeIb CHHUCKY. IIpHHHATTA Takoro
pIlICHHS HE € BiAXOIOM Bil NMPHHIMITY CTPOroi BU3HAYECHOCTI B MPOTPaMyBaHHI.
OKpiM IHIIOTO, LIe JO3BOJHUTH KOPEKTHO OOPOOJISITH 1 MOPOXKHI CHUCKU. 3BUYAHO,
Taki JOMOBJICHOCTI € YMOBHHMH, i IpH MOTPedi y MOMIOHMUX BHITAIKAX 3aBXKIH
MOJKHA BiTMOBUTHCS BiJl BAKOHAHHS IIi€T Omeparil.

Hnsa peamizamii BcTaBKM HOBOTO €lIEMEHTa MOTPIOHO Tepen0aduTH pi3Hi
MOXIJIUBI CUTYaILil:

e BCTaBKAa B IIOPOXHIA CHOHCOK (Le BUMarae OJHOYACHOTO ONPALIOBAHHS

BkasisuukiB first i last);

e BCTaBKa Ha MOYATOK CIHCKY (Il BUMArae ompawoBaHHs Bka3iBHHKa first);
e BCTaBKa B KiHEllb CIIUCKY (1Ie BUMarae ONpalfoBaHHs BKa3iBHUKa last);
e BCTaBKa BCEpPEIWHI CITUCKY.

VY Oyab-sIKOMY BHIIAJKy IPU BCTABIll MOTPIOHO MaTH JOCTYII IO €JICMEHTA,

mo mepenye 3amaHii mosumii. IIpu mMpoMy HEOOXITHO CIIOYATKy «IIPHB’SI3aTH»
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BKa3iBHE IT0JIC HOBOTO CJIIEMEHTA JI0 MOTPIOHOTO €IEMEHTAa CIHCKY, 1 JIUIIE ITiCIIs
IIBOTO «pPO3IpBATH» 3B’A30K MDK ICHYIOUHNMH €JE€MEHTaMH CIIMCKYy B TIO3MIIii
BCTaBKH Ta aIpeCyBaTH 3BUIbHEHI BKa3IBHUKU Ha HOBHH eleMeHT. CXeMaTHYHO IIe
MO>KHA 300pa3uTH TaK:

1 =) Pos-1 Pos

first
1 info L info info

next fJF next _—f"’"_ next f

@

info

jr next
Q

@)

Puc. 11

[Iporpamua peanizaiiis 1aHOT oniepaIlii MOKe MaTH BUTJISI;

Q=new List_1; cin >> Q->info; // cmeopenns HO8020 eeMenma,
int Pos; cin >> Pos; 1l Pos — yinvoea nosuyis ecmaexu;
P=first; // nOYamox cnucky;
if ('P) // 6cmasKka 6 noPONCHItL CRUCOK;
{ Q->next=NULL; first=last=Q; }
else // 6cmasKka 8 HenoPONCHIU CHUCOK,
if (Pos<=1) // 6cmaska na nOYamox CnucKy;
{ Q->next=first; first=Q; }
else // 6cmaska He Ha NOYAMOK CRUCKY;
while (P->next && Pos>2) // pyx 00 yinboeoi nozuyii;
{ P=P->next; Pos--; }
if (P->next) I ecmaska 6 yinvosy nosuyiio;
{ Q->next=P->next; P->next=Q; }
else // 6cmaska 8 Kineyb CHUCKY.

{ Q->next=NULL; last->next=Q); last=Q); }
}

UuragaM POMOHYETHCS CAMOCTIHHO MOTU(IKYBATH MPOTPAMHY peallizailito
3 METOI0 BIZIMOBHM BiJ BCTAaBKM €JE€MEHTa B CIIMCOK, SKIIO 3aJaHa IIO3UI(id He
BIIMOBiae peanbHIi KiUTBKOCTI enemeHTiB. [Ipm mpoMmy cimim BpaxyBaTH, IO
BcTaBka B mosuimito N+1 crmcky, skuit Mmictute N eneMeHTIB, € abCOIIOTHO
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KOPEKTHOI0. 30KpeMa, YacTKOBMM BHIIQJIKOM Takoi 3ajgadi € BCTaBKa B IEpLIY
MO3UIIF0 TOPOKHBOTO CIHCKY.

BcTaBKa HOBOIO eJieMEHTA Iepell eJIeMEeHTOM i3 3aJaHUM 3HA4YeHHAM
indopmauiiiHoro moJsi.

3 METOH KOPEKTHOTO OIpAIfOBaHHS OCOONUBUX CHUTyaIliii, K 1 B
MOTIepeTHFOMY BHUIMAIKy, HE OOIWTHCS 0e3 JOMOBIIEHOCTEH: SKIIO €JIEMEHTIB i3
3aJlaHAM 3HAYCHHSIM Y CIIUCKY € JEKUIbKa, TO BHKOHYETHCS BCTaBKa JIHIIEC TEpPE]
MEPIINM 13 HUX; SIKIIO B CIIUCKY HEMAE YKOTHOTO EIEMEHTA 13 3aJlaHIUM 3HAUCHHSIM,
y TOMY YHCIIi ¥ JJIsl IOPOXKHBOTO CIUCKY, TO BCTABKA HE BUKOHYETHCS B3araii. Taki
JIOMOBJICHOCTI € WPUPOJHMMH 1 CYTTEBUMH, aJKE BIJCYTHICTh KIIOYOBOTO
eJIeMEHTa B CIIICKY pOOUTH a0COIOTHO HEBU3HAYEHOIO MO3HIIF0 BCTABKH.

[IpomoHyeThCsI peanizallisi BCTABKH HOBOTO SIIEMEHTA JUTSI TAKUX BUTAJIKIB:

BiIMOBa Bil BCTAaBKU B TIOPOKHIH CITHCOK;

BCTaBKa Iepe/i NepIuM eJIeMEHTOM, TOOTO Ha TI0YaTOK CHUCKY (11e BUMarae

ompalfoBaHHs BkasiBHuKa first);

® BCTaBKa BCEPEIMHI CIKCKY MEPEe/ MOBUILHUM €JIeMEHTOM, Y TOMY YHCIi i
mepeq ocTaHHiM (MOTPIOHO MaTW [OOCTYN MO eNeMEeHTa, M0 Mepeaye

LUTLOBOMY €JIEMEHTY);

e BiIMOBa Bijf BCTABKU Y BUIAKYy BiICYTHOCTI 3aIaHOTO €JIEMEHTA B CIIHCKY.

[MocnimoBHICTH il MO 3B’S3yBaHHIO CICMCHTIB BKa3IBHUKAMU aHAIOTIYHA
[IOIIEPEHBPOMY BUIIAJKY.

first P
info info X

next _f.._} next —-"’_ﬂ next _f..

info

next

Q@

Puc. 12

[Iporpamua peanizamis JaHOT oTeparlii MOKe MaTy BUTILAL:

Q=new List_1; cin>> Q->info; // cmeopenns Ho6020 enemMenma,
int X; cin>>X; Il X = yinvose 3Hauenus enemenma,
P=first; // nouamox cnucky;
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if (P) Il cnucox nenoposicil,

if (P->info==X) // 8CMAagKa Ha NOYAMOK CRUCKY;
{ Q->next=first; first=Q; }
else

while (P->next && P->next->info!=X) // pyx do yirbosozo enemenma;
P=P->next;

if (P->next) Il 6cmasxa ecepeduni cnucky.
{ Q->next=P->next; P->next=Q; }

else cout << “uyinvosozo enemenma ¢ cnucky nemae” << endl;

}

else cout << “cnucoxk nopocuiii — ecmaexa nemoxycauea” << endl;

BcraBka HOBOro ejieMeHTa micisl ejieMeHTa i3 3aJJaHMM 3HAYeHHAM
iHdopMmaniiiHoro moJjs.

3ajaumuMo B CHJIL Ti cami JOMOBJICHOCTI, 110 U Yy MONEPEAHbOMY BHUIIAJIKY.
3BHUYAIHO, 110 TYT PO3TJISIAE€THCS BCTABKA HOBOTO €JIEMEHTa CaMe MiCIs MepIIoro
cepell eJIEMEHTIB i3 IUTLOBUM 3HaUeHHSM. MOXKJIMBI Taki BapiaHTH peaizarii:

e BiIMOBa BiJl BCTaBKU B TIOPOKHIH CITHCOK;

e BCTaBKa BCEPEAMHI CIHCKY MICIs JOBUIBHOTO €IIEMEHTa, Y TOMY YHCIi i
micas  meprnoro (mOTpiOHO MaTtd  JOCTYH 10 ellieMEHTa 3  I[UTbOBUM
3HAYEHHSM);

® BCTaBKa IICIS OCTAaHHBOT'O €JIEMEHTa, TOOTO B KiHEIb CIHCKY (II€ BUMArae
OTpaIfOBaHHs BKa3iBHUKa last);

® BiIMOBa BiJI BCTaBK! Y BUIAIKY BiICYTHOCTI 32IJaHOTO €JIEMEHTAa B CIIHCKY.
[MocninoBHiCT il MO 3B’S3yBaHHIO €JIEMEHTIB BKa3IBHUKaMM aHAJIOTiUYHA

MOTEePeIHbOMY BHIIAJIKY.

first P
info X info

next f next ~~—”’-_ next f

info

jr next
Q

Puc. 13
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[Tporpamua peanizanis AaHOi onepaii MO>Ke MaTH BUTIISIL

Q=new List_1; cin >> Q->info; // cmeopenna H06020 eleMenma,
int X; cin>>X; /I X = yinvoee 3nauenns enemenma;
P=first; // nouamok cnucky;
if (P) Il cnucox nenopooicniit;
{
while (P && P->infol=X) Il pyx do yinvosozo enemenma;
P=P->next;
if (P) Il scmaska 6cepeduni cnucky;,

}

{ Q->next=P->next; P->next=Q; }

else cout << “uinvoeozo enemenma 6 cnucky nemae” << endl;
if (P==last) last=Q); // 6cmaexa 6 Kineyb CHucKy.

else cout << “cnucok noposcuiii — ecmaska Hemoxycnuea” << endl;

BujajieHHs ejieMeHTa 3i CHUCKY

BupaneHHs € IpOTHIISKHOIO oreparliieto 10 BcTaBkH. s Hel Tex moTpiObHO

PO3IIIsAaTH Pi3HI BapiaHTH BUIYYCHHS €JIeMEHTa.

Busanenns enemMeHTa B 3a/iaHil MO3HILT CINCKY.
[pupomHo, mo omepariss BHOANCHHS OyA€ VCINIIHOK, SKIO MO3MIIiA

BIJIYYCHHS BIIMOBIA€ pealbHIl KUIBKOCTI €JIEMEHTIB Y CIHCKY. [0 MOPOKHBOTO
CIHCKY Taka OIlepallis B3arajli He 3acTOCOBYeThCs. [l KOopekTHOi peaizartii
ITOCTABIICHOTO 3aBJAHH CIiI pO3TIITHYTH TaKi MOXIIUBI CHTYaITii:

BUJIAJICHHS TIEPLIOTO i OTHOYACHO OCTAHHBOTO €JIEMEHTa, TOOTO €JHHOTO B
crucky (1ie BUMarae 0THOYacHOTO OmpalfoBanHs Bka3iBHUKIB first i last);
BUJIAJICHHS TEPIIOro eJIeMEHTa, L0 He €IWHHH Yy CIUcKy (e BUMarae
ompalfoBaHHs BkasiBauKka first);

BHJAJECHHS OCTAaHHBOTO €JIEMEHTa, L0 HE €JMHUH y CIHCKY (1€ BHMarae
OTpaIfOBaHHS BKa3iBHMKa last);

BUJAJICHHS €JCMEHTa BCEpPEAMHI CHHMCKY (MOTPIOHO MaTH JOCTYIl [0
eIIEMEHTA, IO Mepeaye 3aMaHiil MO3uIIii).

[Tpu BuganeHHi MOTPIOHO BUKOHATH y BU3HAYCHOMY HOPSIKY HACTYIHI il

(muB. puc. 14):

1

2)

BKa3IBHUKOM 3 CJIEMCHTA, M0 MEpPEAye IUTOBIM MO3MUIlI, «OOMHHYTHU»
€JIEMEHT, L0 BHIIyYA€ThCA, TA aApecyBaTH LEH BKA3iBHUK HA HACTYIHUH
ITCIIs eNIeMEeHTa, 10 BuiTydaeThes. Lle nmpuBene 10 «BUIaJaHHs» LUIbOBOTO
eJIeMEHTa 31 cucKy (rmo3HavdeHo nudporo 1 Ha cxemi);

LiTbOBUI €JIEMEHT BHUIAIAETHCS 3 JAWHAMIYHOI IaM’sTi 32 JOIOMOTOO
JI0JJaTKOBOT 3MiHHOi-BKa3iBHUKa Q (Mo3Ha4YeHo 1uporo 2 Ha cXeMi).
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1 P Pos-1 Q Pos @

first
1 info info infg info

next f_f next --—6 /4&)\----"/ next f

Puc. 14

[Tporpamua peanizanis JaHOi onepariii MO>Ke MaTH BUTIISI

int Pos; cin >> Pos; /I Pos — yinvosa nozuyis eudanenns,
P=first; // nouwamox cnucky;
if (P && Pos>0) I cnucox nenopoacnii;
if (Pos==1) // eudanenms nepuio2o enemenma;
if (first==last) // nepuiuii — €OunULl y CNUCKY;
{ first=last=NULL; delete P; }
else // nepuiuii — ne €OUHUIL Y CRUCKY;
{ first=first->next; delete P; }
else // uOaneHHs He nepuLo2o eleMeHma,
while (P->next && Pos>2) // pyx 00 yinbosoi nosuyii;
{ P=P->next; Pos--; }
if (P->next) // yinvosa nosuyin docsenyma;
if (P->next==last) Il eudanenns ocmannvozo eremenma;
{ P->next=NULL; delete last; last=P; }
else 1l suoanenns écepeduni cnucky.

{ Q=P->next; P->next=Q->next; delete Q; }
else cout << “nexopexmmna nozuuin eudanenns” << endl;

}

else cout<<“cnucox noposicniit uu nexopekmna no3uyis eudanenns”<<endl;

BujasieHHs ejieMeHTA i3 32/1aHUM 3HAYEHHIM iHdopManiiiHoro noJsi.

3aranpHa cxeMa BUKOHAHHS il MOJi0HAa O BHUINE PO3MIISHYTOI Ormepaiii.
ToMy OCHOBHI BUIAJIKN BHUIAJICHHS €IEMEHTa 31 CIIUCKY 3a Horo iH(opMariitHuM
nojieM OyIyTh TaKMMHU CaMHMHU.

first P Q @

info info \)V info
next f_f next --—6‘ /éh\_--—"’- next f

Puc. 15
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[Iporpamua peainizanis gaHoi onepanii Moke MaTH BUTIIS

int X; cin>>X; Il X — yinvoee snauenns eremenma,
P=first; // noYamox cnucky;
if (P) // cnucok HenopodICHil,
if (P->info==X) // euoanenms nepuiozo enemenma,
if (first==last) // nepuiuii — €OunUIL y CRUCKY;
{ first=last=NULL; delete P; }
else // nepuiuil — He €OUHULL Y CRUCKY,
{ first=first->next; delete P; }
else // 6udanenHs e nepulo2o eremenma;

while (P->next && P->next->info!=X) //pyx do yirvosozo enemenma;

P=P->next;
if (P->next) // Yinbosuii enemerm 00CASHYMUIL
if (P->next==last) Il 6uoanenns ocmannvozo enemenma,
{P->next=NULL,; delete last; last=P; }
else Il suoanenns écepeduni cnucky.

{ Q=P->next; P->next=Q->next; delete Q; }
else cout << “yinvoeozo enemenma é cnucky nemae” << endl;

}

else cout << “cnucok noposcniii — euoaienns nemoxcauge” << endl;
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3.2. ABOHAIIPSIMJIEHI CIIUCKH
3.2.1. OTOJIOINEHHSI TUITY EJIEMEHTA CIIUCKY

PosrnsHyTa BHIIE CTPYKTYpa JaHUX y BUIJIAAI OXHOHANPSMIICHOTO CIIUCKY
MIOTIpY BCi CBOI MO3WUTHBHI PUCH Mae CyTTEBUIl Henoiik. lle HaBiTh 3akiaseHo B
caMy Ha3BY CIIUCKY — oOOHOHanpsmienuu. ToOTO B TaKMX CTPYKTypax JaHUX
MOXJIMBHH MOCTIZIOBHUN JOCTYyH IO €JIEMEHTIB JIMIIE B OJHOMY HampsiMi BiX
BEPIIUMHH B TIHONHY. YABITH CO01 CHTYaIlil0, KOJIM MIOTOYHUM MiCIIeM JIOKali3arii y
JIOCTaTHBO JIOBTOMY CIIMCKY € OCTaHHId eJleMeHT 1 NOTpiOHO MIBUIKO
MepeMICTUTHCS Ha CYCinHIl momepeaHiil exemeHTt. be3 pyxy Bin camoro mouarky
Maike dYepe3 yBeCh CHHCOK He oOiiiTHca. Jlyke dYacTo B NpPHUKIAIHUX
3aCTOCYBaHHSAX TOTPIOHO MaTW MOXJIMBICTh MIBHJKO IIEPEMIIIyBaTUCS IO
CTPYKTYpi NaHMX y pI3HHX Hampsmax. Taka mpobiema Moxke OyTH BHUpilIeHa
IIJISIXOM HE3HAYHOTO YCKJIAJHEHHS CTPYKTYpH CaMOro eJIeMEHTa CIIUCKY —
BBEICHHSIM 1[I€ OJHOTO BKa3iBHOrO 1Moy (MO3HAYMMO HOTO Prev), sike
ampecyBaTHMe monepeaHid eiremeHT. [1oOymoBaHMH TaKMM YHHOM CITHCOK BXKe
Oyne dgonanpsmienum 1 10 HBOMY MOXIIUBHH PyX Y JJBOX HarpsiMax.

Xoya y BHIIAQIKY JBOHANPSAMIICHUX CIUCKIB TEX BHKOPHUCTOBYIOTHCS
¢ixcosani BkasiBHuk first Ha mepiuuii enemeHt i last Ha ocTaHHii enemeHT, mpoTe
HACIpaBJl Take BU3HAYCHHS HOHATH NOYAmMOK 1 KiHeyb € YMOBHHMH. AJKe IpU
pyci 3 mepexomoM uYepe3 BKaziBHe mosie NeXt yMOBHHI MOYaTOK CIHCKY
azpecyBaTHMEThCsl BKasiBHuKoM first, a iioro kinemnp — BkaziBuukom last. SIkmio x
IUIsL TIEpEXOIiB BUKOPHCTOBYBAaTH BKa3iBHE IOJie PreV, ToO Ha YMOBHHH IOYaTOK
cniucky BkasyBatume last, a BkasiBuuk first angpecyBatume ioro kiners. Ilo it
caMill MpUYMHI IS JTIHIAHUX JBOHANPSAMIICHUX CITUCKIB HE POOUTHCS PIZHUI MK
CTEKOM 1 4eproro: cTek, chopMoBaHuil BiTHOCHO (ikcoBaHOro BKasiBHMKA first i3
nepexojaMu 1o 3B’s13Ky Next, — 1e uepra, chopMoBaHa BiTHOCHO (HiIKCOBAHOTO
BKa3iBHUKA 3 IEPEX0JaMH 110 3B’s3Ky Prev, i HaBmaku. MoxHa BBaKaTH, LIO TaKi
CIIMCKU MalOTh JBl BEpIIMHY (TOJIOBH), SIKi MPU pOoOOTI aDCOIIOTHO PIBHOLIIHHI.

He 3MeHIIyloun 3araibHOCTi, JOMOBHMOCS IPO HACTYITHE: €NEMEHT, Ha
skuii Brasye first, — nouamox cnucky, a enement, Ha sikuii Bkasye last, — xineys
ciucky. O4eBHIHO, IO i BKa3iBHE MOJIe PreV i3 mepmioro eneMeHTa Ha MoIepenHii,
1 BKa3iBHe moJie Next 3 OCTAaHHBOIO EJIEMEHTa HA HACTYIHHH BKa3yBaTHUMYTh «B
HIKyan», T00T0 MatumyTh 3HauenHss NULL.

3HOBY mpuiiMaeMo B SKOCTi 0a30BOTO THITY iH(GOPMAIIHHOTO TOJNS TaHHUX
THM kX gucen int. [lporpamna peanizaiis MoBor C-++ OTOJIONICHHSI CITUCKOBOTO
TUIY Ta JEIKUX HEOOXITHUX CTATHIHHX 3MIHHUX MOXKe OyTH TaKoIo:

struct List_2
{
int info;
List_2 * next, * prev;
¥
List_2 * first, * last, * P, * Q;
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3.2.2. OCHOBHI OITEPAIIIi IIO OEPOBII JBOHAIPSIMJIEHUX CIITUCKIB

CTBOpEeHHS CHUCKY

Xowua, SIK BXe 0YyII0 TOMOBIICHO, (POPMYBaHHS CIMCKY YMOBHO MPOBOANTHCS
3a TIPUHIMIIOM CTEKY BiTHOCHO (hikcoBaHOro BKasiBHuKa first, mpore meit mporiec
nonibHu# 1o QGopMmyBaHHA 4Yepru. AIDKe OJHAKOBO HOTPIOHO BHKOPHCTOBYBATHU
¢bikcoBanuii BKa3iBHUK last Ha ocTaHHiil eNEeMEHT CIHCKY, SIKMH Hacmpaeii Oyme
BBEJICHUH mepiiuM. Bech npoiiec CKIIagaeThest 3 TPhOX ETalliB.

1) cTBOpPEHHS MOPOKHBOTO CIUCKY:

first last
1 j first=last=NULL;
NULL

Puc. 16

2) yBEIEHHS TIEPIIOr0 HOBOTO €JIEMEHTA:

= NULL =-,

1

first ‘@ %lagt P=new List_2;

cin >> P->info;
P

P->next=P->prev=NULL,;
next first=last=P;
@ Lprev R
NULL"“J/_
Puc. 17

info

3) yBellEHHS PEIITH HOBHUX EIEMEHTIB:

for (inti=1; i<N; i++)
{

P=new List_2;
cin >> P->info;
P->prev=first->prev;
P->next=first;
first->prev=P;
first=P;
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* N-1 N-2

Tl ~| info info
next next ——
----------- -~ prev |« prev e=——om
N @
info
next @
prev
Puc. 18

IMomyk ejeMeHTa B CIUCKY

Peamizamiss momyky eneMeHTa 3a pI3HUMH KPHUTEPLIMH CITIBIIagae 3
AQHAJOTTYHUMH OTIEpalliIMH Ul OJHOHANPSMIICHOTO CHHCKY. 3BHUYaifHO, e
CTOCY€ThCSI BHUMAIOKY, KOJIH pyX JO TOTPiOHOTO eneMeHTa 3IIHCHIOEThCS
nepexoJaMH 10 3B’si3kax NeXt Big MoYaTKy CHHMCKY. SIKIIO X Ui JOCTYyIy IO
eJIeMeHTa BUKOPHCTOBYIOTHCS TEPEXOJI IO 3B’S3KaxX Prev Bif KiHIA CIHCKY, TO
PO3IIISHYTI paHime (pparMeHTH POrPaMHOTO KOy HEBAXKKO IEPepoONTH, B3aEMHO
saminuBnm inentudikaropu first ma last i last va first, a Takox next ua prev i prev
Ha next.

BcTraBKka HOBOI0 e1eMeHTa B CIIHMCOK

PosrisHemMo Taki cami BapiaHTI/I BCTaBKHM HOBOI'O CJIEMCHTa, II0 i JIIA
OJHOHANMPAMIICHUX CITHCKIB.

BcTaBka HOBOIO eJieMeHTa B 33/IaHY NO3MII0 CIMCKY.

[TpuitMaeMO aHaJOTiUHI JOMOBIIEHOCTI: SKIIO ITO3UIlSI BCTaBKH MEHIIE
OJIMHHUII, TO BUKOHYETHCS BCTABKa HA MOYATOK CHHCKY; SIKIO MO3WIlS BCTABKU
MIEPEBUIIYE PeajbHy KUIBKICTh €JIEMEHTIB Yy CIIHCKY, TO BHKOHYEThCS BCTaBKa B
KiHens cnucky. Clig Tak caMo TepeI0avyiTH KOPEKTHY MPOTPaMHy peaTi3amiro s
KOKHOTO 3 MOKJIMBHUX BHITAJIKIB!

® BCTaBKa B [MOPOXKHIH CIHCOK;
® BCTaBKa Ha MOYATOK CITUCKY;
® BCTaBKa B KiHEIIb CIIUCKY;

® BCTaBKa BCEPEAMHI CIHCKY.

Ha BigMiHy Bim OJHOHANPSAMICHHX Uil JBOHAIPSMIICHUX CIACKIB HE
MOTPIOHO MaTH MOCTYI 10 CJIEMEHTA, IO MepeAye 3afaHidl MO3MIll, a CIiJ MaTu
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BKa3IBHHK 0€3MOCEpEIHRO Ha TO3HUINII0 BCTaBKU. KOpekTHE 3B’s13yBaHHs BKa3iBHUX
MIOJIIB HOBOTO €JIEMEHTa 3 HACTYITHUM Ta IOIEPEeNHIM eIeMEHTaMH pPeali3yeThCs
BIMITOBiHOIO KOMOIHAIi€IO omepariii Haj BKa3iBHUKamu Next i prev. [Ticus mporo
MOXHa «pO3IpBaTU» 3B’SI3KM MDK ICHYIOUUMH €JIE€MEHTaMH CIIMCKY B TO3HUIT
BCTaBKH Ta a/IpeCyBaTH 3BUIbHEHI BKa3iBHUKHN Ha HOBHH eneMeHT. CxeMaTH4YHO 11e

MOXXHa 300pa3uTH TakK:
P
Pos-1 1 Pos
info info

—> next <=5 next |—=
- prev i=------

prev |=—m

info

next
prev

Puc. 19

[Tporpamua peanizanis AaHOi onepaii MO>Ke MaTH BUTIISIL

Q=new List_2; cin >> Q->info; // cmeopenna H06020 eneMeHma;
int Pos; cin >> Pos; /I Pos — yinvoea nosuyis ecmaexu;
P=first; // noyamok cnucky;
if (!P) // 6cmaeKa 6 NOpPOANCHILL CRUCOK,
{ Q->next=Q->prev=NULL,; first=last=Q); }
else // 6cmaska 8 HenopPOIHCHIU CHUCOK,
if (Pos<=1) // 6cmaska na nOYamox CRUCKy,
{ Q->prev=NULL; Q->next=first; first=Q; }
else // 6cmaska He Ha NOYAMOK CRUCKY;
{
while (P && Pos>1) // pyx 00 yinbo6oi nosuyii ecmaexu,
{ P=P->next; Pos--; }
if (P) Il scmaska ecepeduni cnucky;
{ Q->prev=P->prev; Q->next=P; P->prev->next=Q; P->prev=Q; }
else // 6cmaska 8 Kineyb CnucKy.

{ Q->prev=last; Q->next=NULL; last->next=Q; last=Q; }
}
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BceraBka HOBOIO ejleMeHTa Iepel eJeMeHTOM i3 3aJaHHM 3HAYeHHSIM

iHndopmauiiinoro moJjs.

JomoBieHOCTI, O Oymd NpPUHAHATI U1 OJHOHANPSIMIICHHX CITHCKIB,

3aIuIIaEMo B Cuil. [IpOMOHYEThCs peamisailis BCTABKM HOBOTO €JIEMEHTA JUIs
TaKUX BUITAAKIB:

BiZIMOBAa Bijl BCTABKH B TIOPO’KHIH CIHCOK;

BCTaBKa Mepe. MepIIuM eJICMEHTOM, TOOTO Ha MOYATOK CITUCKY;

BCTaBKa BCEPE/VMHI CIIUCKY MEpell JOBUIBHUM €JICMCHTOM, Y TOMY YHCIi i
mepe]] OCTaHHIM;

BIZIMOBA BiJI BCTABKU Y BHIIQJIKy BiZICYTHOCTI 33J]aHOTO €JIEMEHTa B CITUCKY.
[MocnimoBHIiCTH Hiff MO 3B’S3yBaHHIO €IEMEHTIB BKa3IBHHKaMHU aHAIOTIdHA

MOTepPeIHLOMY BHUMAAKy. [IporpaMHa peanmizaiis JaHOi omepariii MoOXXe MaTH

BHTIIAL;
Q=new List_2; cin >> Q->info; // cmeopenns Ho6020 elemenma;
int X; cin>>X; Il X — yinvoee 3nauenns enemenma;
P=first; // noYamox cnucky;
if (P) // cnucox HenopodICHil,
if (P->info==X) // 6cmaeKa na nouamoK Cnucky;
{ Q->prev=NULL; Q->next=first; first=Q; }
else // 6cmaska He HA NOYAMOK CRUCKY,
while (P && P->info!=X) // ROWYK Yinbo8o2o eremenma;
P=P->next;
if (P) Il scmaska écepeduni cnucky.

{ Q->prev=P->prev; Q->next=P; P->prev->next=Q; P->prev=Q; }
else cout << “yinvoeozo enemenma e cnucky nemac” << endl;

}

else cout << “cnucok nopocuiii — ecmaexka nemoxycauea” << endl;

BcTraBKa HOBOro eJeMEHTa IicJs eJeMeHTA i3 3aJaHuM 3HAYeHHIM

indopmaniinoro moJis.

3HOBY 3aJMIIa€MO B CHJII Ti caMi JOMOBJICHOCTI, IO OyiaM NPUHHATI 1S

OJTHOHAIPSIMIICHUX CIUCKIB. [IpomoHyeThCs peanizamis BCTABKH HOBOTO €IEMEHTa
JUISL TAKUX BUIAJIKIB:

BiIMOBa Bil BCTaBKU B TIOPOKHIH CITHCOK;

BCTaBKa BCEPEJMHI CIIMCKY MICIs IOBUIBHOTO €IEeMEHTa, y TOMY YHuCIi i
ITICJIS TIEPIIOTO;

BCTaBKa MICIsI OCTAHHBOTO €IeMEHTa, TOOTO B KiHEIb CITHCKY;

BiIMOBa Biff BCTaBKM y BUIIAJIKY BiICYTHOCTI 33JaHOTO €JIEMEHTA B CIHICKY.
[MocnimoBHICTH il MO 3B’S3YBaHHIO CICMCHTIB BKa3IBHUKAMU aHAIOTIYHA

nomnepesHbOMy BuUNaiky. [lporpamnHa peainizamis IaHoi omepaiii MOXe MaTH
BUIJISIA
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Q=new List_2; cin >> Q->info; // cmeopenns Ho6020 eemenma;

int X; cin>>X; Il X — yinvoee snauenns enemenma;
P=first; // noYamox cnucky;
if (P) // CRUCOK HENOPOXCHIL;
{
while (P && P->infol=X) // nowyx yinboeozo enemenma;
P=P->next;
if (P) // Yinbosuil enemenm sHaideHo;
if (P==last) Il scmasxka 6 xineys cnucky;
{ Q->prev=last; Q->next=NULL; last=Q; }
else Il scmaska écepeduni cnucky.

{ Q->prev=P; Q->next=P->next; P->next->prev=Q; P->next=Q; }
else cout << “yinvosozo enemenma é cnucky nemae” << endl;

}

else cout << “cnucox noposicniii, 6cmaska nemoxyciusa” << endl;

Bl/lg!a.]'le]-lHﬂ eJieMeHTa 3i CIIUCKY

BupaneHHs € nIpoTUIISKHOO ornepaliieto 10 BcraBku. /s Hel Tex moTpiOHO
pO3TIsAAaTH pi3Hi BapiaHTH BUTYYCHHS €IIEeMEHTA.

BujaajieHHS eJleMeHTA B 3a/IaHil MO3MILii CITUCKY.
Jis KOpeKTHOT pearizaiii MoCTaBJICHOTO 3aBJaHHS CIil OKPEMO PO3TIISIHYTH
TaKi caMi MOKJIMB1 BUITAJIKH, IO ¥ JUTsI O JHOHAMIPSMIICHUX CITUCKIB!
e BiIMOBa Bij OTepaIlii Hai TOPOKHIM CITHCKOM;
® BHJAJCHHS MEPIIOTrO 1 OHOYACHO OCTAHHBOTO €JIEMEHTa, TOOTO €MHOTO B
CITHCKY;
® BHJIAJCHHS MEPIIOrO SIIEMEHTA, 1[0 HE €AUHUM Y CITUCKY;
® BHJAJICHHS OCTaHHBOT'O CIIEMCHTA, [0 HE €AUHUI Y CITUCKY;
e BHJAJICHHS CJIEMCHTA BCEPCAMHI CITHCKY.
[Tpu BuaneHHI HEOOXIHO CIIOYATKy BUKOHATH TaKi Jil: BKa3iBHUKOM Next
3 eJeMeHTa, IO TIepenye IUTbOBIM IMO3WIii, «OOMHHYTH» €JIEMEHT, IO
BUJIYYAEThCS, W aJipecyBaTH IeH BKAa3IBHUK HAa HACTYIHHMA IICJIA €JICMEHTA, IO
BHJIYYa€ThCS, BKA3IBHUKOM PreV 3 eleMeHTa, IO CIIAYe MiCNs MiTbOBOI MO3MIIIL,
«OOMHHYTH» €IIEMCHT, M0 BIJIYYa€ThCS, M aJpecyBaTH I BKa3iBHUK Ha
MOTepe/IHIA Tepesl eleMEeHTOM, L0 BuilydaeThes. lle mpuBene 10 «BUMATAHHS»
LUTLOBOTO €JeMeHTa 3i crmucKy. Iliciast mboro meil eneMeHT MOKHA BHUIAIHMTH 3
JUHAMIYHOT MaM’siTi, KOPUCTYIOUMCh JIOJATKOBOI  3MIHHOIO-BKa31BHUKOM.
CxeMaTHU4HO IIe MOKHA 300pa3uTH TaK:
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info \info 0 A info
—| next g);ﬁt ————— next —
~ prev |e=---}prevy<:--4 prev f=——o0
'\y
Puc. 20

[Iporpamua pearizaris JaHO1 omeparii MokKe MaTy BUTILAL:

int Pos; cin >> Pos; /I Pos — yinvosa nosuyis eudanenns;
P=first; // nOYamox cnucKy;
if (P && Pos>0) // CRUCOK HENnOPOJICHitL;
if (Pos==1) // sudanenHs nepuiozo eremenma,
if (first==last) // nepuuii — €OUHULL y CRUCKY;
{ first=last=NULL; delete P; }
else // nepuiuii — He €OUHULL Y CRUCKY,
{ first->next->prev=NULL; first=first->next; delete P; }
else // uoaneHHs He nepuLo2o elemMeHma,
{
while (P && Pos>1) // Pyx 00 Yinbosoi nozuyir;
{ P=P->next; Pos--; }
if (P) Il yinvosa nosuyis docsienyma;
if (P==last) Il 6uoanenns ocmannvozo eremenma;
{ P->prev->next=NULL; last=P->prev; delete P; }
else I sudanenns ecepeduni cnucky.

{ P->next->prev=P->prev; P->prev->next=P->next; delete P; }
else cout << “nexopexmmna nozuyisn euoanenus” << endl;

}

else cout<<“cnucok noposcniil uu Hexopekmna no3uyia euoanennsn”<<endl;

BujaJjieHHs1 eJieMeHTA i3 3aJaHUM 3HAYEHHSAM iH(opManiiiHoro noJs.

3aranpHa cxemMa BUKOHAHHS il MOZAiOHAa O BHWIIE PO3TIISTHYTOI oreparii.
ToMmy OCHOBHI BUIIaJIKM BHJAJICHHS €JIEMEHTa 31 CIIUCKY 3a HOro iH(popMariiHuM
nosieM OyayTs Takumu caMuMu. [Iporpamua peanizaiist 1aHoi oneparii Mo)ke MaTH
BUTIISIL

int X; cin>>X; Il X — yinvoee 3nauenns enemenma;
P=first; // ROYamoK CRucKy;
if (P) // cnucox HenopodICHil,
if (P->info==X) // 6uOanenHs nepuo2o enemenma;
if (first==last) // nepuiuii — €OunUIL y CRUCKY;
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{ first=last=NULL; delete P; }

else // nepuiuil — He €OUHULL Y CRUCKY,
{ first->next->prev=NULL; first=first->next; delete P; }
else // UOANeHHsL He NepuLo20 eleMeHma,

while (P && P->infol=X) // pyx 00 yinboo2o enemenma;
P=P->next;

if (P) // yinvosuil enemenm docazmymuii,
if (P==last) Il euoanenns ocmannvozo eremenma;

{ P->prev->next=NULL; last=P->prev; delete P; }

else Il suoanenns écepeduni cnucky.

{ P->next->prev=P->prev; P->prev->next=P->next; delete P; }
else cout << “yinvoeozo enemenma é cnucky nemace” << endl;

}

else cout << “cnucok noposicHiii — euoanennsa nemodxciuge” << endl;
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3.3. HUKJITYHI CIIMCKH

Luxniuni cnucku — 1ie Taka ocoOnuBa TpaHcdopmaltist JiHIHHUX CIHCKIB, Y
SIKMX IMOYATOK 1 KiHEeI[b 3B’s3aHi MDK 0000, TOOTO BOHM 3aMKHYTI B KUTBIIC.

SIKImo po3rnisaaTH UMKIIYHI OJHOHANPSMIICHI CIHMCKH, TO BKa3iBHE I0JIE
octaHHBOTO eineMeHTa anpecyerbes He B NULL, a Ha mepmmii enemeHT, TOOTO
Tyad, Kyau Bkasye first.

first lasl
info info info

next JF next f_jﬁ next

Puc. 21

V BUMaAKy OUKITIYHAX JBOHAMPSIMIICHUX CITUCKIB MOMIOHWN 3B’S30K MK
YMOBHHMH IIOYATKOM i KiHIIeM Oyzie 1o 000X BKa3iBHUX MOJIAX: BKa3iBHE moje Next
ocTtaHHBOTO eineMeHTa anpecyerbca He B NULL, a Ha mepmmii enemeHT, TOOTO
TynH, Kyau Bkasye first; BkasiBHe mosie Prev mepmioro eJeMeHTa aJpecyeThes He B
NULL, a Ha ocTtanHiii enemeHT, TOOTO TyaH, Kyad Bkasye last.

first last
info info info info
next —=1 next
prev = prev f=——o- R
next
prev
Puc.22

BpaxoBytoun Oe3mocepenHiii 3B’S30K YMOBHO TEpIIOrO Ta YMOBHO
OCTaHHBOI'O €JIEMEHTIB, Bifl (hikcoBaHOrO BKaziBHUKa last MoxkHa BiqMOBUTHCS.

VY 6arartbox BHINaJKax MPAKTUYHUX 3aCTOCYBaHb JUHAMIYHUX CTPYKTYP
JAHUX BHUKOPHCTaHHS LUKIIYHUX CIHCKIB Mae psj mepeBar. 30Kpema, Iie
CTOCYEThCSI 0OpPOOKU TMOCIHINOBHOCTEH (DYHKI[IOHAILHUX EJIEMEHTIB, HalpHKJIa,
KOPHUCTYBAIbKUX MEHIO iH(pOpMaliifHuX cucTeM. Bukopucranus B sikocTi 6a30B0oi
CXEMH CaMe€ IHKIIYHUX CTPYKTYp MO3BOJIIE IIBHIKO TEPEXOMUTH 3 KIHIA Ha
MOYaToK ab0 HABIAKH IPH PYCi JIUIIE B OJHOMY HAIPSIMI.

Peamizamiss Oinpmiocti omepanii mo oOpoOIi MUKIIYHUX CIUCKIB HE Mae
MIPUHIUATIOBUX BiAMIHHOCTEH BiJ aHAJOTIYHUX OIEPAlill Uil JIHIMHUX CIHCKIB.
BinMmiHHICTE NHIIe B 3HaUY€HHI BKA3iBHOTO MOJS YyMOBHO OCTaHHBOTO €JIEMEHTA
crincky: 3amictpb 3HaueHHss NULL BoHO Mae Take came 3HaueHHS, K i first.
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3.3.1. OCHOBHI OIIEPAIIIi 1O OBPOBLI IUKJITYHAX CIIMCKIB

He 3MeHuIyoun 3arajibHOCTi, PpO3TJISIHEMO JEKUIbKAa Omepaiiii Haj
OJIHOHAIPSIMIICHUMH UKJIIYHUMHE CITMCKaMHu. Perira omepartiii Ta ix peamizarist s
JBOHATIPSIMIICHUX ITUKITIYHUX CITUCKIB 3MINCHIOETHCS 32 aHAIOTIEI0 31 3BUYaHUMHA
JIHIMHUMU CIIMCKaMH.

CTBOpEHHS CIUCKY

BpaxoByloun BH3HAuaJIbHUH NPUHIMI OpraHizanii HUKIIYHHX CIUCKIB,
HEMae 3MICTy pO3TJIIATH MOPOKHI criucku. [IpoTe iX moOymoBa MoKe IOYHMHATHCS
3 eramy IIOpPOKHBOTO CIIMCKY, MO0 HE BIAXOAWTH Bl 3arajlbHOI CXEMH
KOHCTPYIOBaHHS JIIHIHHAX CIHCKIB.

HesanexxHo Bin Toro, skuii npuHuMn QopMmyBaHHsA (CTeK uM 4Yepra)
MOKJIAJICHO B OCHOBY, sl peaiizailii 3B’S3KY OCTaHHBOIO E€JIEMEHTa 3 HEpIIUM
MOTPIOHO BHKOPHCTOBYBAaTH nBa (ikcoBaHi BkasiBuuku: first — wa ymoBHWIt
novyaTok Ta last — Ha yMOBHHI KiHelb CHHCKY. YBEICHHS HOBHX €JIEMEHTIB
nepeabavae X po3MimieHHst abo IICIs eleMEHTa, Ha KM paHinie BKasysas last,
a0o mepes eneMeHToM, Ha sKuil paHiiie Bkazysas first, To6To GpakTuyHO MK HUMH.
Ha nepiuuit norisia HiOW Hemae sk01HO1 pisHuLi. IIpore B mepuiomy Bumaaky last
3MiHIOE CBO€ 3HaueHHs, a first 3amuimaeTbcss He3MiHHUM — Le Oyxe yepra. A B
npyromy Bumazaky first 3smiHroe cBoe 3Ha4eHHs, a last 3amunraeTbcs HE3MIHHUM —
e Oyzxe ctek. PisHmmsg Oyne B MOpPSIKY CHiAyBaHHS €JIEMEHTIB IPH Iepexonax
yepe3 BKa3iBHE mojie Next:

1) cTBOpEHHS MOPOXKHBOTO CIUCKY:
first last first=last=NULL;

NULL
Puc.23

2) yBE/IEHHS MEPIIOr0 HOBOTO EIEMEHTA!

= NULL=< P=new List_1;
fi A Yy last cin >> P->info;
irst (@— ©) first=last=P;
info

last->next=first;

P® next @

Puc. 24
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3) yBenmeHHs peuitu HOBuX eneMeHTiB. Ileit eTan He MOxxHa 00’ €HYBaTH 3
nonepenHiM. Bin MaTuMme BIIMIHHOCTI B peanizamii mpu moOyaoBi CTeKy 1 uepru.

VY Bunagky ¢opMyBaHHS COMCKY 32 NPHHIMIIOM CTeKY BKa3iBHUK first
Oyme mepeaapecOBYBaTHCS Ha KOKEH HOBHH eleMeHT, a BKas3iBHuK last
3aIMIIaTUMEThCS 0e3 3MiH:

first ~c-——-__ N-1 1 lasi

\ info info

= next f S| next

Puc. 25

for (inti=1; i<N; i++)
{
P=new List_1;
cin >> P->info;
P->next=first;
first=P;
last->next=first;

}

V Bumnanky (GOpMyBaHHSI CIMCKY 32 MPUHIMOOM 4Yepru BkasiBHuk last
Oyme mnepeagpecoBYBaTHCS HA KOKEH HOBHU eneMeHT, a BkasiBauk first
3aTUIIaTUMETHCS 6e3 3MiH:

first 1 N-1 ammmms last

info info
next f _f next k-

Puc. 26
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for (inti=1; i<N; i++)
{
P=new List_1;
cin >> P->info;
P->next=first;
last->next=P;
last=P;

}

IMomyk ejeMeHTa B CIUCKY

PosrisiHeMo Ui TIpHKIIaZy HOIIVK MepINoro BXO/KeHHS ejJeMeHTa i3
3a1aHMM _3HaYeHHAM iHdopmauiiiHoro moasi. Tyr mnoBHa aHamorii 3
OJTHOHANPSIMIICHUMH JIHIHUMH CHHCKaMH 33 BHKIIOYCHHSM YMOBH 3YITUHKHU IPU
MMOBEPHCHHI HA MI0YAaTOK CIKMCKY Y BHIIAJKy HEraTHBHOIO pe3yasTary. [Iporpamua
peaiizaris oneparii MOXXe MaTH BUTIIS:

int X; cin >> X;
inti=1;
P=first;
if (P)
{
while (P->next!=first && P->infol=X)
{ P=P->next; i++; }

if (P->info==X)
cout << “enemenm ¢ 6 nosuyii ” << i <<endl;
else
cout << “yinvoeozo enemenma Hemae” << endl;
else

cout << “cnucox nopoxcnin” << endl;

UnTady NpONOHYETHCS CaMOCTIHO peali3yBaTH peIuTy oIepamii mis
[UKJIIYHAX OJIHO- Ta ABOHAMPSMIICHHUX CIHCKIB (BCTABKA, BUIAJICHHS).
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PO3JILI 4
PO3TAJYKEHI BATATO3B’SI3HI CITMCKH

4.1. NIEPEBA

OkKpiM pO3TISIHYTHX BHIE JIHIHHUX Ta HUKIIYHUX OJHOHAIPSMIICHUX abo
JMBOHANIPSIMIICHUX CHHCKIB, B OOYHCIIOBANBHIA TPaKTHI HAO0YIH IIHPOKOTO
BUKOPUCTaHHS 0arato3B’si3HI CHHCKH 31 CKJIATHOI0 pO3ralyXeHor OymoBoro. o
TaKuX CTPYKTYpP JaHWX MO’KHA BiTHECTH Tak 3BaHi depesa, Jicu.

Hepeso — 11e GaraTOHANPSIMIICHUH CIIUCOK 3 PO3rally)kKEHOI CTPYKTYpPOIO, Y
SKOMY KOXXEH EJIEMEHT, OKpiM iH(pOpMaIiHOrO ToJisi, Mae JesKy (ikcoBaHy
KUTBKICTE (HE MEHIIE IBOX) BKa3IBHUX TIOJIIB HA {HII €IIEMEHTH I[LOTO % CITHUCKY.

Yucno BKa3iBHUX TIIOJNIB y CTPYKTYpl €JE€MEHTIB JAepeBa, M0 €
BU3HAYAJILHUM IIPH OTOJIOIIEHH] TUITY CITUCKY, HA3UBAETHCS PO3MIPHICIIO Oepesa.
KoskeH 13 Taknx BKa3iBHHUKIB MOXke ab0 aJpecyBaTH SIKUHCh €JIEMEHT CIIUCKY, abo
OyTH BUTBHHM, TOOTO BKa3yBaTH «B HIKyIu». 3arajbHa KUIbKICTh CIIEMEHTIB, L0
YTBOPIOE TaKHil CHIMCOK, BU3HAYAE pO3MID Oepesd.

Taki criucku 3a OyJ0BOIO HaraayrOTh 3BUYaliHI IepeBa, TUIbKU MEPEBEPHYTI
KOpeHeM JoropH. [IpornoHoBaHe TpakTyBaHHS OyIOBH CIHCKIB-JIEpEB € JIOCTaTHBO
yMOBHMM. JIJIs1 3pyYHOCTI Ta 3 METOI0 NOJETIICHHS PO3YMIHHS aITOPUTMIB
00pOOKH TOMOBHUMOCS, IO IEPIIMA €IEeMEHT TaKkoi CTPYKTYypH HaHHMX — L€ TaK
3BaHa KOpeHesa gepuiuna, ad0 IPOCTO KOopiHb. BiH — €IMHWUIA eIeMEHT Ha MepIIOMY
piBHi nepeBa. KopiHb MoXe MaTH JEsSKy KUIBKICTh NPWIJIETIMX HOMY BEpILUH
JPYTOTO PiBHA. Y CBOIO YEPTy IIi BEPIIMHA MOKYTh MAaTH CBOT IPHIICTIIi €IeMEHTH
TPEThOro PpiBHA 1 T.J0. Y KOXHOMY IHIIOMY BHIIQJIKy KUIBKICTH IPUIIETIINX
eIIeMEHTIB MOke OyTH pi3Ha, ajie He MO)KE MEepeBHUINYBATH PO3MIPHOCTI JepeBa.
EnemeHTH BCiX pIiBHIB, NOYMHAIOYM 3 JAPYrOro, yTBOPIOIOTH TaK 3BaHY KpPOHY
Oepesa.

Sk Bxke Oyno CKazaHO, BCi eNEMEHTH JepeBa, y TOMY YHCIi i KOpeHeBa
BEpIIMHA, MOXYTh MAaTH Di3HY KUIBKICTh IPWJIETTUX iM €JIEeMEHTIB HaCTYITHOTO
piBHA. BepmmHm nepeBa, ki He MAalOTh JKOJHOTO INPHJIEIJIOTO eJIeMEHTa
HACTYITHOTO PiBHS, TOOTO BCi iX BKa3iBHI MOJISI BUIbHI, HA3UMBATUMEMO GUCAUUMU
sepuuHamu abo aucmramu Oepega. JINCTKH MOXYTh OyTH Ha OyAb-SKOMY piBHI
nepeBa. BepmmHu gepeBa, fKi MalOTh Xo4a O ONMH NPWICTJIMA €IEMEHT
HACTYIIHOTO PIBHS Ta X04ya O OJHE BUIbHE BKa3iBHE I0Je, TOOTO YacTHHA iX
BKa3iBHHUKIB € 3B’3aHMMH, a YaCTHHA BKa3ye€ «B HIKyAW», Ha3UBATHMEMO
HaniggucayumMy epuiunamu abo einkamu Oepesa. BepmuHu nepeBa, BCi BKa3iBHI
HOJNA SIKMX € 3B’A3aHUMM 3 [PWICTTIMMH eIeMEHTaMH HacTYITHOTO DiBHS,
Ha3UBAaTUMEMO GV3106UMU epuiuHamy abo 1pocto gyzramu. O4YeBHIHO, KPOHY
JilepeBa YTBOPIOIOTh yCi BY3JM, T'UIKM 1 JMCTKH 3@ BHKIIOYCHHSAM KopeHs. Cam
KOpiHb JepeBa Moke OyTH SK BY3JIOM, TaK 1 TUIKOIO, 1 HaBiTh JHCTKOM. B
OCTaHHBOMY BHIQ/IKY JIEPEBO CKJIAJIA€THCS JIUIIIE 3 OHOTO €JIEMEHTA.

Ha Bimminy Bim nmiHifHMX a00 NIHMKIIYHAX IOBOHAIPSMIICHHX CIIHCKIB Yy
JlepeBax HeMae MOCIIZOBHOTO JIOCTYILY 10 ejeMeHTiB. TouHille, nepeMilieHHs 1o
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JiepeBy rnepeabaydae MOCTIIOBHI EPEX0ad 3 MOTOYHOTO PiBHS Ha HACTYITHHMH, ane
IpH IIOMY Ha KOXXHOMY pIBHI MOXIMBUI TIepexify Ha OIWH 13 JEKITBKOX
SJIEMEHTIB, 10 aJPECYOThCS BKAa3IBHUMHU IOJIIMU NOTOYHOT BepmiuHU. OYeBUIHO,
10 JOCTYII J0 €JICMEHTIB JepeBa Peali3yeThCs 4Yepe3 KOPCHEBY BEpIIHHY. YCiM
ormeparrisM mo o6poOIIi [epeB y AKOCTI mapaMeTpa mepeaaBaTUMEThCs caMe KOPiHb.
Tomy mpu 1X mporpamMHiil peaiizailii 000B’sI3k0BO Ma€e OyTH (IKCOBaHUI BKa3IBHUK
Ha KOpeHeBy BepiuuHy. Ilo3Hauarumemo ioro top — BepuinHa.

HesanexxHo Bin po3MIpHOCTI BCi JiepeBa € PEKYpPCUBHHMHU CTPYKTYpamu
JaHux. AJDKe IepeBo — 1e abo IMOPOXKHIM CIHCOK, ab0 HEMOPOXKHIM CIHCOK,
KOpPEeHEeBa BEpLIMHA SKOTO B SKOCTI MPHJICIIHMX CTPYKTYpP JAQHUX MA€ JepeBa TaKoi
K PO3MIPHOCTI, aJie MEHIIIOTO PO3MIpY — niddepesa.

[NonibHM#t cmocid KOHCTPYIOBaHHS CIHCKIB MOJKHA 3aCTOCYBaTH 1y
BUIIaJKax, KOJIM iX eJIeMEHTaMH € Ll JepeBa. Taki CIMCKH 3 AepeB YTBOPIOIOTH
OimpIn CcKIAAHY IUHAMIYHY CTPYKTYpY IHaHuUX — Jic. IlporpamyBaHHS 3
BUKOPUCTaHHSIM CTPYKTYpPOBaHUX (CKJIQJCHUX) KOMOIHOBAHMX THIIIB HaHHX 3
AIbTEPHATHBHUMH TOJSIMU (06 °€0nanns B moBax C/C++, 3anucu 3 éapianmamu B
moBax [lackamp, Delphi) mo3Bossitores OynayBaTH JiCHM HaBIiTH i3 AepeB pi3HOI
PO3MIpHOCTI.

4.2. BIHAPHI JEPEBA

B oOuucnroBanbHIA NMPaKTHIIl IIUPOKOTO 3aCTOCYBaHHS HaOyB OJWH 13
MPOCTIMUX PI3HOBHIIB pPO3Taly)KCHUX CIHCKIB — OiHapHi Oepegda. 3 Ha3BH
3p0O3yMLiT0, IO Taki JAepeBa MalOTh PO3MIPHICTH 2, TOOTO KOXEH €JIEMEHT, OKpIM
iH(pOpMAaiHHOTO TOJIS, MATUME [[BA BKA3IBHUKHM HA JBa MPIIIETIINX HOMY €IeMEHTH
HACTYIHOTO piBHA. Taki CIHCKM 3pyYHO BUKOPUCTOBYBATH IIPH IPOTPaMHIH
peanizanii anropurtMmiB, siKi nepeabdayarOTh OpraHi3allilo JMHAMIYHOT CTPYKTYpH
JMAHUX 32 JEesIKOI0 OiHApHOIO O3HAKOIO: YMOBHO 3JIiBa Bill IOTOYHOTO €JEMEHTa
PO3MIIIIYBATUMETBCS ni00epego 3 MeHWUMuU Kuouyamu ado jige niodepeso, a
YMOBHO cCmpaBa — nidoepego 3 Oinvuwiumu Kiouamu abo npage nioodepeso.
3po3yMmilIo, 0 MOKYTh OyTH €IEMEHTH 3 OJHAKOBUMU iH(OPMAIIHHUME MOJISTMHU.
[MonepenHbo CIIil BU3HAYUTUCS 3 HANPSIMOM 3B’S3YBaHHS €JIEMEHTIB 3 PIBHUMHU
KJIFOYaMH: BOHH MOIAaTHMYTh BHKJIFOYHO abo B JiBe, ab0 B MpaBe MignepeBo.
Ajxe GIHAPHICTH O3HAKH Iepeadavac JABi MPOTHIICKH] YMOBH. SIKIO BUKOPHCTATH
JIepeBO pO3MIpHOCTI 3, TO MOXKHA peaNizyBaTH NWHAMIYHY CTPYKTYPY AaHUX 3a
TPHUHAPHOIO 03HAKOIO (3 YMOBaMH IepeX0y: MEHIIE, JOPIBHIOE, OiIbIIe).

IIpu poGoti 3 OiHapHMMH AepeBaMH, OKpIM aHaji3y BY3JTiB, TUIOK Ta
JIMCTKIB, TAKOXX BH3HAYAKOTh iX rabapHTHI apaMeTpy — 8UCONTY Ta WUPUHY Oepesa.

Hlupunoro 6inapnozo Oepeéa HA3HUBAETHCS CyMapHE YHCIO IIEPEXOIIB,
BUKOHAHMX IO BKa3iBHHUKY BIIiBO Bil KOpEHS MO0 HAWMEHIIOTO (KPalHBOTO JIIBOTO)
€JIEMEHTa Ta MO BKa3IBHUKY BIPABO BiJ KOPEHS A0 HaHOUIBIIOTO (KpaiHBOTO
MIPaBOTO) €NIEMEHTa, Ta 30UIbIIeHEe Ha OJWHUIIIO 332 PaXyHOK CaMOTO KOPEHS.
[HIIMMU cnioBamH, wiupuna 6iHapHo20 depeéa — 1€ YHCIIO TUX HOTO BEpIIWH, IO
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3B’s13aHi nepexojaMu BIIiBO i (a00) BIPaBO Ta yTBOPIOIOTH JIaMaHy, sIKa OTHHAE
3BEpXy IEpeBO Big KpaWHBOI JIBOi BEPIIMHM Yepe3 KOPEHEBY BEPIIMHY [0
KpallHbO1 paBOi BEPLINHHU.

Bucomoio 6inapnozo 0epesa Ha3UBAa€TbCs MaKCUMAlIbHE YHCIIO TIEPEXO/IIB,
BUKOHAaHWX II0 BKa3iBHHKaxX BIiBO 1 (a00) BHpaBO Bif KOPEHS A0 HAWOUTBII
BIJAJICHOTO JIMCTKa, Ta 30UIbIICHE Ha OJUHMIIO 33 PaxyHOK CaMOro KOpEHS.
[HmmMu cioBamu, ucoma binaprnozo depeda — e YUCIO PIBHIB HOTO BEPIIHUH BiJ
KOPEHS JI0 HAWOUIBIII BiITAJICHOTO JICTKA.

top

niee niddepeso npase nmiddepeeo

=4

aucoma

nucmok

NULL NULL NULL NULL NULL NULL »'
L

NULL NULL NULL NULL

wupuHa=6

Puc. 27

4.2.1. OroJIOIIEHHS TUITY EJEMEHTA CIIUCKY

Enementn OiHapHOTO [IepeBa, OKpiM
OCHOBHOI 3a yMOBaMH 33jadi iH(popmarlii, R
MaloTh JIBa BKa3iBHUKHM Ha MPUWJIETi iM 31iBa i \
cnpaBa mignepeBa. [lo3Hauymmo iX BiAMOBITHO
left i right. V mopansiomy Uit MpoOCTOTH KO
B OKpeMUX (QYHKIIAX 1 HA PUCYHKaX OYIYTh ‘p
BUKOpHCTOBYBaTHCsl To3HaueHHs L 1 R. Ane
BapTo mam'staty, 1o L — 1ie Te came, mo left, a

. Puc. 28
R — ue te came, o right. e
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Bkasisuuxu left 1 right moBuHHI MaTi Takuit camuii THIIL, 1110 1 caM €IEMEHT
coucky. Jns igeHtmdikamnii eneMmeHTa (i1 IOCTYIy A0 HBOTO) MOTPIOHO MaTH
JIeSIKy CTaTUYHY 3MIHHY P, 1110 € BKa3iBHUKOM I[bOTO X THITY.

3po3ymMino, 1110 BKa3iBHUK Ha KOPEHEBY BeplIMHY tOp Marume Takuil camuii
THT, K 1 pEIITa eIIEMEHTIB CIHCKY.

3HOBY npuiiMaeMo B sIKOCTI 6a3oBoro Tumy iHGopMamiifHOro Mo JaHUX
TUn ninux gncedn int. IIporpamua peaizaiiss MOBOK C++ OTOJIOLIEHHS CITHCKOBOIO
TUITY Ta JEIKHX HEOOXITHUX CTATHIHUX 3MIHHUX MOXKe OyTH TaKoIO:

struct Bin_tree

t

int info;

Bin_tree * left, * right;
|3
Bin_tree * top, * P, * Q;

Tyt Bin_tree — iM’st cTpyKTYpH # 0qHOYACHO GA30BHMIA THI IS BKa3iBHOTO THITY
eJleMeHTa crnucky; top, P, Q — BinmoBinHO BKa3iBHUKM Ha KOPEHEBY BEPILUHY i
JIesTKi TTIOTOYH1 eJIEMEHTH /711 BUKOHAHHS OTeparliid Hajl CIIUCKOM.

4.2.2. OCHOBHI ONEPAIIIi 1O OBPOBILII FIHAPHUX JIEPEB

CTBOpEeHHS CHUCKY

BinapHi mepeBa yTBOPIOIOTH PO3TaIyKeHy CTPYKTYpPY OaHUX, KOH(pIrypamis
SKOi BU3HAYAETHCS 0a30BUM MPHHIUIIOM (OPMYBaHHS, MO OyB CHOPMYITHOBAHUIMA
BUILIE: 3J1iBa BiJ] IOTOYHOTO €JIEMEHTa PO3MIIYBATUMETHCS MiJIEPEBO 3 MEHIIUMHU
KIIFOYaMHd, a COpaBa — MiImepeBo 3 OuLIbmUMH KiodamMu. J[nsg BHU3HAYEHOCTI
JOMOBUMOCS, IO HOBI €JIEMEHTH 3 KJIIOYaMH, DIBHUMH KIIOYaM IIOTOYHOTO
eJIeMEeHTa, OTPAIUIATUMYTH 110 JIBOTO MigAepeBa.

VY mpormeci imimiamizamii_Ta ¢opMyBaHHs GiHADHOTO jepeBa MOXHA
BUIUTUTH TPH CTAIlH.

1) TOPOXKHIH CITUCOK:
top=NULL;

2) yBEICHHS MEPILIOTO eIEMEHTa — KOPEHEBOT BEPILIMHU:
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top

top=new Bin_tree;
cin >> top->info;

((inio\ _
‘F top->left=top->right=NULL;

NULL NULL
Puc. 29

3) yBemeHHsI pemITH HOBUX eleMeHTiB. OUeBHIHO, IO BBEICHHS PEIITH
€JIIEMEHTIB CYTTEBO BiIpI3HATUMETHCS Bijl BBEJICHHS KOPEHEBOI BEPIITIMHHI:

e KOXKEH HOBHH €JIEMEHT HOJIydaeThcs 10 AepeBa IUIIXOM HMOPIBHAHHA 3 yxKe
ICHYIOUMMH eJIEMEHTaMH, OYMHAIOYH BiJl KOPEHSL;

® SKIIO KJIIOY HOBOTO ENIEMEHTAa MeHuwiull abo pieHutl BiJ KII0Ya TOTOYHOTO
eJIeMEHTA 1 JIIBUH BKAa3IBHUK 13 IOTOYHOTO €JIEMEHTA GLIbHULl, TOOTO BKa3zye
«B HIKyAW», TO JIBHH BKa3iBHHUK i3 MOTOYHOTO €IEMEHTAa 3B’SI3YETHCS 3
HOBHM €JICMEHTOM; BJIaCHI BKa3iBHMKM 3 HOBOTO €JIEMEHTa BKa3ylOTh «B
HIKyIN»;

e SKINO KJIIOY HOBOTO €NIEMEHTa MeHuwiull abo pienuil BiJ KJ04a IOTOYHOTO
eJIeMEHTa 1 JiBMH BKa3iBHUK 13 ITOTOYHOTO EJIEMEHTA BXKE 38 A3anuil 3
IHIIUM €JIEMEHTOM, TO HOBHMH €JIEMEHT MEepEeXOJUTh Ha HACTYITHUH pIBEHb
JlepeBa BiIHOCHO TOTOYHOTO €JIEMEHTa 10 IOro IiBOMY BKa3iBHHKY, 1
ITOpuT™M (OPMYBaHHS JIepeBa MOBTOPIOETHCS HA HOBOMY PiBHI BiZHOCHO
BJK€E 1HIIIOrO MOTOYHOIO €JIEMEHTA;

® SKIIO KJIIOY HOBOTO €JIEMEHTa Oinbuuil Bijl KJIIOYA IMOTOYHOTO eleMEHTa i
MpaBUH BKa3iBHUK i3 MOTOYHOTO €JEMEHTa GilbHUll, TOOTO BKa3ye «B
HIKYZM», TO TIPaBUH BKa3iBHUK i3 IIOTOYHOTO €JIEMEHTA 3B’ A3Y€ETHCS 3 HOBUM
€JIEMEHTOM; BJIaCHI BKa3IBHUKH 3 HOBOTO €JIEMEHTA BKa3YIOTh «B HIKYIH;

e SKIIO KJIIOY HOBOTO €JEMEHTa Oinbuuil Bijl KJIIOYa IMOTOYHOTO eleMEHTa i
MpaBUHA BKa3iBHUK i3 TOTOYHOTO €JEMEHTa BXKE 36 ’A3aHuil 3 IHIINAM
€JIEMEHTOM, TO HOBHUH €JIEeMEHT IepeXOJUTh Ha HACTYIHHUI pPIiBEHb JiepeBa
BiTHOCHO MOTOYHOTO €JIEMEHTa 0 HOT0 MpaBOMY BKA3iBHHKY, i aTOPUTM
(dopMyBaHHS JIepeBa MOBTOPIOETHCS HA HOBOMY PiBHI BiTHOCHO BKE IHIIIOTO
MOTOYHOTO €JIEMEHTA.

TakuM 4HHOM, AEPEeBO PO3POCTATUMETHCS SK B IIMPHHY, TaK i B TIIHOHHY.
Jns KO’)KHOTO TIOTOYHOTO EJEMEHTa JIBIIE 1 HIDKYE PO3MINyBaTUMYThCS YCi
eIeMEHTH, [0 HE I[EPEeBHIIYIOTh IIOTOYHOTO, a TMpaBime 1 HIKYe
PO3MIIYBATUMYTBCS yCi €IIEMEHTH, 10 OUIbIII Bix moTouHoro. [Ipu npoMy oauH i
TOW camuii Hablp KiIIOYIB, IO MaTUMe IHIIMH HOPSIOK, AaBaTHMME BIIMIHHE 3a
KoH(irypartiero nepeso (puc. 30).
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=9

gucoma

NULL

NULL

wupuHa=9

-

=4

sucoma

NULL NULL m NULL NULL NULL NULL 9
NULL NULL NULL
wupuHa=6
Puc. 30

top

NULL

p ;U

NULL

NULL

wupuHa=9
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CcopmynboBaHuii anroput™ QopMyBaHHS OIHApHOTO JAepeBa Mae YiTKO
BUPOKEHUH PpEKYpCHUBHHH XapakTep: MpH Iepexo[i Ha HACTyNHUH piBEHb
BUKOHYIOThCS Ti cami Aii, mo i Ha momnepeauboMmy. ToMmy mis iforo mporpamHoi
peanizaiii JAOIUJILHO BUKOPHCTOBYBAaTH PEKYPCHBHY IIIIporpamy, sika B SIKOCTI
(hopManbHUX TapaMeTpiB MaTHUMe IBa BKa3iBHUKH: Q — Ha HOBWH enmeMeHT T1a P —
Ha TOTOYHHMH enemeHT y nepeBi. [IporpamHa peanizamis Takoi peKypcHBHOT
MIATIPOrpaMu MOKE MaTH BUTIISA (QYHKITII:

void New_element(Bin_tree * Q, Bin_tree * P)
{
if (Q->info<=P->info)
if (1P->left) P->left=Q; else New_element(Q, P->left);
else
if ('P->right) P->right=Q; else New_element(Q, P->right);
}

Taka ¢yHKIOIE BUKIAKATUMETHCS LUKIIYHO JJIs BBEICHHS YEproBOTO
HOBOTO eJieMeHTa B JiepeBo, 1o Qopmyerscs. lllopasy B sikocTi (axTHYHHX
mapamMeTpiB TepelaBaTUMYThCcid BKa3iBHHK Ha HOBHM e€JleMEHT Ta (iKCOBaHHUMA
BKa3iBHUK {OpP Ha KOpiHb JiepeBa.

for (inti=1; i<N; i++)
{
Q=new Bin_tree;
cin >> Q->info;
Q->left=NULL,;
Q->right=NULL;
if (top) New_element(Q, top);
else cout << ** giocymnusn Kopenesa eepwmuna depeea ” << endl;

3ayBa:kenHs. Jlo TOPOXXHBOTO CIIMCKY HE MOXXHA 3aCTOCOBYBATH
pekypcuBHy mignporpamy Buay New element. Amke B HbOMY BHIIAAKY B SIKOCTI
(dopmanbHOTO TapameTpa P Mano 6 mepemaBarucs dakruune 3HaweHHs NULL. A
11e MPUBEIIO O JI0 HEJOMYCTHUMOT OTepallii po3iMCHYBaHHsI BKa3iBHUKA 31 3HAUCHHSIM
NULL y nmepmoMy i €qHHOMY OTIepaTopi MiAPOrpaMHu — OMEPaTOPi PO3TaTyKEHHS
if (Q->info<=P->info) ...else ... .

IHeperasa cnucKy

VY cuiy peKypCHBHOTO XapakTepy TaKOl JUHAMIYHOI CTPYKTYPH JaHHX, 5K
OiHapHE IepeBO, OYEBHAHO, IO BCi omepamii mo ix oOpoOIli peanizyBaTHMYThCS
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PEKYpCHUBHMMH IiANIporpaMamu, NoAiOHHMH 10 ¢yHKIIl (opmyBaHHS aepea
New_element. TIpu mpomy 00Xix AepeBa 3iCHIOETHCS 3@ HACTYITHOKO CXEMOTO:

1) pyx BNiBO, OKH JIIBUH BKa3iBHUK ITOTOYHOI BEPIIUHU He GLIbHULL, TOOTO
36’a3anull 13 TIPUIETIIMM HOMY €JIEeMEHTOM — Iie € o0poOka JiBOro miguepena
BITHOCHO NIOTOYHO{ BEpIIINHY,

2) SKIIO JIBUHA BKa3IBHUK MOTOYHOI BEPUIMHHU 6i1bHUL, TOOTO BKazye «B
HIKyZII», TO 00pobisieThes iH(pOpMaIliifHe TIOJIe IFOTO EIEMEHTA;

3) sIKmio TMpaBWil BKA3iBHUK MOTOYHOI BEPUIMHH 36’A3aHuil i3 MPUICTIAM
HOMY eJIeMEHTOM, TO BHKOHYEThCS IEPEeXiJl YNpaBo, i BCsl MOCIIIOBHICTH i
MOBTOPIOETHCSA — Lie € 00poOKa IPaBOro MiJIepeBa BITHOCHO OTOYHOT BEPIIMHU.

Slkmo Ha AeskoMy erami 00XOny JepeBa Pa3oM i3 MOTOYHOK KOPCHEBOIO
BEPIIMHOIO TOBHICTIO 00ififieHo ii JiBe i mpaBe migmepeBa, TO I O3HAYa€ IOBHY
00poOKy mmpIIoro (parMeHTa jJepeBa, II0 B CBOIO YEPry € IMiJJIEpPeBOM SKOiCh
1HIIIOT KOPEHEBO1 BEPIIMHN BUIOTO PiBHA. TOl BUKOHYETHCS PEKyPCHBHHN BiKIT
Ha 1ed momepenHid pieHb. [licis moBHOTO 00XOAy BChOTO OiHapHOTO IepeBa
3BEpPXY BHU3 1 3J1iBa HAMPABO OCTAHHIM BIAKIT 3HOBY MIOBEPHE MOTOYHUI BKa3IBHUK
Ha caMHi BEpXHiil KOpIHb nepesa top.

XapaKkTepHOIO OCOOJIUBICTIO TAKOTO PEKYPCHBHOTO 00XOJY CITHCKY € T€, 110
00po0OKa BEpUIMHK 3IIHCHIOETHCS B TOPSIKY 3pOCTaHHs (TOYHIIIE — HECTIalaHHs)
ix wmouis. To6To meperasin OiHapHOTO /AepeBa aBTOMATHYHO 3ade3mevyye
COPTYBaHHSI BXi/IHOT MOCTiIIOBHOCTI eJleMeHTiB JaHux!

Ha puc. 31 300paxkeHO NOCHIZOBHICTH KpPOKIB IpH 00xoni OiHapHOTO
JiepeBa, 10 MepeHyMepoBaHi B Kpyxkedkax. LLITpuxoBuMu cTpinkamu mo3HaveHi
KpPOKH TIPSIMOTO XOXy peKypcii, ToOTO pyX y TIHOWHY AepeBa; CI0BOM «0OpoOKay
Ta BIJIOBIIHUM HOMEpPOM II03HAYEHO BHWKOHAHHS OCHOBHOI [ii HajJ MOTOYHHUM
€JIEMEHTOM; IUTPUXITYHKTUPHUMH CTPUIKaMH ITO3HA4€HI KPOKH 3BOPOTHOTO XOIY
pexypcii, ToOTO BiIKOTH 10 AEPEBY HA MOMEPEIHIA PIBEHB.

OueBUIHO, MO0 €IMHUM (OpPMAIbHUM [apaMeTpOM TaKoi PEeKypCHBHOI
mignporpaMu  Oye BKa3iBHUK Ha TIOTOYHHNA eIIeMEHT JepeBa. DakTHIHUM
napaMeTpoM y TO4Ii MEpIIOro BUKIMKY Hinnporpamu Oyne KOpiHb Jepesa top.
IIporpamua peamnizamis mianporpaMu-QpyHKIil MOKe MaTH BUTIISI:

void Print_element(Bin_tree * P)

{
if (P->left) Print_element(P->left);
cout << P->info << endl;
if (P->right) Print_element(P->right);

if (top) Print_element(top); else cout << “crucox nopoxcnii” << endl;
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IMomyk ejjeMeHTa B CIUCKY

VY Bunagky OiHapHHX JepeB pe3yJbTaTOM MOIIYKYy MOKe OyTH Juine
MOBIZIOMIICHHS [IPO HAsBHICTh YM BIJICYTHICTH €JIEMEHTIB 3 LILOBUM KIIOYEM. 3
MOTIePETHROTO MaTepiaxy 3pO3yMiJIo, IO TOBOPUTH MPO MO3MINI0 BXOMKEHHS
Hemae 3MicTy. SIk Bxe Oyllo 3a3HaueHo, MPAaKTHYHO BCi omepauii mo oOpoOi
OiHapHHX JepeB peati3yloThCs 3a CHUIBHOIO PEKYpPCHBHOIO CXeMO. PexypcuBHa
(YHKIIS JUTS OUTYKY 3 OJJHOYACHUM IAPaxyHKOM KUTBKOCTi BXO/KEHB I[JILOBOTO
3HAYCHHA MOXE MAaTH BUIJIAL:

int X;
int k=0;
void Find_element(Bin_tree * P)

if (P->left) Find_element(P->left);

if (P->info==X) k++,

if (P->right) Find_element(P->right);
}

cin >> X;

if (top)
Find_element(top);
if (K) cout << “ycbozo ecmanoeneno ” << k << “ gxo0acensv” << endl;
else cout << “yinvoeozo enemenma nemac” << endl;

}

else cout << “crucox noposcnii’” << endl;

BcTaBKa HOBOTO €JIEMEHTA B CITUCOK

Jlana ormepartisi peanizyerbesi Bxke po3risiHyToro ¢ymkiiero New_element.
Hogwuii enemeHT 3aiiMe BiNMOBiTHE HOMY MiCIIe B CIIHCKY.

BujajieHHs ejieMeHTA 3i CIIUCKY

BunaneHus € mpoTHISKHOIO OIlepauielo 10 BCTaBku. IlpuponHo, y cuiry
BU3HAYAJILHOTO NMPUHIMIY TOOYI0BH OIHAPHHX JIEpEB, MOXKHA TOBOPUTH JIMLIE IIPO
BUJAJICHHS €JIEMEHTA 13 3aJaHMM 3Ha4YeHHsAM. He 3MEHIIyHoud 3arajibHOCTI,
JOMOBHMOCSI TIPO BHJIAJICHHS OJTHOTO €JIEMEHTa 3 MOXKJIMBO JCKUIBKOX OJHAKOBHX
CJIEMEHTIB 13 3a/JaHMM 3Ha4YeHHSIM. [Ipy 1bOMy HEMae 3MICTy TOBOPHTH PO
MOPAOK TAKOTO elleMeHTa B OiHapHOMY JepeBi. Y OiHapHUX JepeBax HasBHICTDH
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JIEKUIbKOX €JIEMEHTIB 3 OJHAKOBUM 3HAYECHHSIM HE Iependadyae 00O0B’SI3KOBOTO iX
MOCTIITOBHOTO PO3MIIICHHS B MEXaxX JAeAKOi TUIKWA. Y 3ale)KHOCTI Bil MOPSOKY
BBEICHHS OJJHAKOB1 €JIEMEHTH MOXXYTh OYTH CYTTEBO BiffaneHHMMH. MoXHa JIUIIe
CTBEPIDKYBAaTH, IO BUAAIATHMETbCS HAHONMWKYMH 10 KOPEHEBOi BEpIIMHU
€JIEMEHT 13 MOMJIMBO JEKUTPKOX OJHAKOBUX €JIEMEHTIB 13 33/IaHUM 3HAYCHHSIM.

Omnepaniss BUJQJICHHS, SK 1 BCI TONEpeIHI, peanti3yBaTUMEThCS
pekypcuBHOIO (pyHKIi€et0. [IpoTe BoHa moTpedye OiNbII IPYHTOBHOTO i JETATBHOTO
obroBopeHHs. OueBHIHO, IO IOUIYK eJIEeMEHTa i3 3aJaHMM 3HA4YEHHsM, IO
BUJAISETHCS, CIiJl OpraHi3yBaTu Tak, 00 OTpUMard BKa3iBHUK P Ha BepuiuHy,
JUISL SIKOT 1€l elIEMEHT € MPWIIETIIMM 3J1iBa UM CIIpaBa. Y 3aJEXHOCTI Bi TOTO, SIKY
caMe BEpILIMHY MOTPIOHO BHJIYYMTH 3 JiepeBa (JHCTOK, TUIKY, BY30J UM KOpIHB),
BHUHUKAE MOTpeda B pi3HUX BapiaHTax TpaHCcopmallii OiHapHOTO AepeBa. DyHKITiIO
BUJAJEHHS CJi OyayBaTH Tak, OO0 yCi MOXIIMBI BapiaHTH OyJM OKpEeMHUMH
pearizalisiMu 6araToBiTKOBOTO PO3TaTy)KEHOTO PEKyPCHBHOTO aJITOPUTMY.

Hanepen 3abiraroun, mpoBereMo OroJIoIeHHs iHTepdelicy Takoi QyHKIIII:

void Delete_el(Bin_tree * P, int X, int k).

Tyr mepmmii mapamerp P — me BKa3iBHHK Ha BEpIIMHY, IS SKOi €MEMEHT 3i
3HA4YEHHSIM PYroro mnapamerpa X, M0 Mae BUAAIATHUCS, € MPWIETINM 3JiBa 49U
crpasa. Tperiii mapamerp K — uncinoBuii kox i3 MoxxiuBuMu 3HaueHHsmu 0, -1, 1,
KWW BU3HAYaTHME HaIlpsM IepexoJly BiJ BEpIIMHH 3 BKa3iBHHKOM P Ha mpuierii
it enementn. 3HadeHHto K=0 BiamoBimae oKpeMuil aHATi3 KOPEHEBOI BEPIIHMHH;
3HaueHHI0 K=-1 BiAMoOBiZae mepexiji HA HACTYIMHHUI PIBEHb BIIBO BiJ MOTOYHOT
BEpIIUHU 3 BKa3iBHUKOM P, a 3HaueHHro K=1 BimmoBimae mepexia Ha HACTYIMHHIMA
PiBEHB BIIPABO BiJf TOTOYHOI BEPIINHHA 3 BKa3iBHUKOM P.

Amnani3 nepeBa NOYMHAETHCS 3 KOpEeHEBOI BepluMHH. llpoMmy BinmmoBimae
Takui BUKIHMK (PyHKIIi BUIaJICHHS:

Delete_el(top, X, 0).

BkaziBHuK tOpP € r100aNbHOI0 3MIHHOIO, Yepe3 SKY 3IIHCHIOETHCSI TOCTYII 10
OinapHoro mepeBa. @akTHdHOMY mapaMmeTpy 0P BUKIMKY (QYHKIII BilmoBimaTuMe
(dhopmanbHuit mapamerp P B Tini miei ¢yHKIil. 3BUYaiiHO, 10 ONEPaIlil0 BUIAICHHS
MOXHA 3aCTOCOBYBATH JIMIIE JI0 HEMOPOXHBOro Jepea. CHOYaTKy OKpEMO
AHATI3YETHCSI KOPEHEBa BEPIIMHA, OCKUIBKH ISl KOPEHST HEMAE BEPLIMHU BHIIOTO
piBHs. SIKIIO KOpeHeBa BEpIIMHA CIIBHAJAE 13 IIYKaHUM 3HAYEHHSIM, TO
MIPOBOUTECS BUAANCHHS. [Ipy IIbOMY MOXIIHMBI HACTYIIHI BapiaHTH peanizamii B
3aJIXKHOCTI BiJl BUJly KOPEHEBOI BEPILIUHH:

e KOpCHEBA BEPIIMHA € JINCTKOM:
if (IP->L && IP->R) {top=NULL; delete P; }

® KOpPCHEBA BEPIIHMHA € TUTKOI0, MAIOYH JIIBE MiIICPCBO:
if (P->L && 'P->R) { top=P->L; delete P; }

® KOpEHEBa BEPIIIMHA € TUIKOI0, MAIOYH MPaBe MiIIePEeBO:
if (IP->L && P->R) {top=P->R; delete P; }

e KOPCHEBA BEPIIHNHA € BY3JIOM:

if (P->L && P->R)

{ Q=move_R(P->L); Q->R=P->R; top=P->L; delete P; }
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//abo { Q=move_L(P->R); Q->L=P->L; top=P->R; delete P; }

B ocraHHROMY TpHKIAAi KOJTy BHKOPHCTaHO IOJATKOBI (yHKIii move_R
ado move_L. ®ynkuis move_R 3aiiicHI0e mnepeMillieHHsT Ha KpaiHii mpaBuii
€JIEMEHT JIBOTO ITi/I/IepeBa BiTHOCHO eIEMEHTa, 0 BIITyYa€ThCS, 1 TOBEPTA€E CBOIM
3HAYCHHSM BKAa3iBHUK Ha IeH eleMeHT. AHaNOTiyHO (yHKIiS move L 3milicHroe
nepeMilieHHsT Ha KpalHiil JTiBUH eTleMEHT MpaBoTo MinaepeBa BiTHOCHO eIeMEHTa,
10 BWJIYYAa€ThCS, 1 MOBEpTa€ CBOIM 3HAYEHHSM BKA3iBHUK Ha LEH EJIEMEHT.
[Mporpamua peanizauis IuX GYHKIIH MOKE MaTH BUTJISIA:

Bin_tree * move_R(Bin_tree * P)
{
Bin_tree * Q=P;
while (Q->R) Q=Q->R;
return Q;

}

Bin_tree * move_L(Bin_tree * P)
{
Bin_tree * Q=P;
while (Q->L) Q=Q->L;
return Q;

}

Ile motpibHO, OO MpH BHAAIEHHI BEPIIMHU-BY3Ja 3B’SI3aTH MK COOOIO
obumBa mimmepeBa, MO 3aTWIIAIOTHCI: ab0 BKa3iBHUK BIpaBo R kpaitHbOTrO
MPaBOro eJeMeHTa JIBOro miagepeBa aJpecyeTbcsi HA MpaBe MimiepeBo, ado
BKa3IBHHMK BJiBO L KpalWHBOIrO JIBOTO €lIEMEHTa MPAaBOro IMiAAepeBa aapecyeThes
Ha JiBe mimepeso (puc. 34, 35).

SIkmo aHaii3 KOpeHeBOi BEpIIMHM HE JaB 0a)KaHOTO pPe3yibTary, TO JUIs
KOXKHOTO 3 TiJepeB 3/iBa 1 CrpaBa BiJl MOTOYHOI BEPIIMHH (IOYATKOBO — KOPEHS)
3aCTOCOBYETBCSl TaKa caMa IIOCHINOBHICT JiH. 3 Ii€l0 METOI BHUKOHYIOTHCS
pekypcuBHi Bukiukd ¢ynkiii Delete el i3 BignmoBimHUME 3HAYEHHSIMH TPETHOTO
napaMerpa:

e BHJAJICHHS Y JIBOMY MigaepeBi

if (P->L && P->info>X) Delete_el(P, X, -1)

abo
e BUJAICHHS y IPaBOMY MiAJiepeBi
if (P->R && P->info<X) Delete_el(P, X, 1)

AJIbTEpHATHBOIO € BUMAJOK, KOJHM [OTOYHA BEpIIMHA BXKE HE € KOpEeHeM
nepeBa. Toi BUKOHYIOTBCS PEKYPCHBHI MEPEXOIH 110 ACPEBY 31 3MIIICHHSIMH BIIIBO
ab0 BIPaBO Big MOTOYHOI BEPIIMHH. SIKIIO BCTAHOBJICHO €JIEMEHT i3 3aJaHUM
3HaYeHHSAM X, [0 Ma€ BHAAIATHCS, TO MOCIIIOBHICTH [Oi Taka cama, K 1 IS
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PO3IIISIHYTOT BUIIlE KOPEHEBOT BEpPUIMHHU. 3BUYAITHO, IO aJpecallis eJeMeHTIB Oye
CKJIaJHIIIOI0, OCKUTBKH TIOTOYHUH BKA3iBHUK Ma€ aipecyBaT HE TOW €JIEMEHT, 10
BUJAISIETBCS, a TonepeaHid nepex HUM. Takox MOTPIOHO PO3PI3HATH HANpPSIMH
HepexoiB 10 JIepeBy, 110 3aleXKaTh BijJl 3HAYCHHS TPETHOTO Iapamerpa (yHKIIT
Delete_el (-1 simmosinae mepexomy BiiBo, a 1 Binmosimnae mepexo1y BIpaso).

CxeMmu Jiif, [0 BUKOHYIOTHCSI B PI3HUX BUIIaJKax BHUJAJICHHS €JIEMEHTa,
HaBeJeHi Ha puc. 32-35. He 3MeHIIyrO4M 3arajbHOCTI, UTFOCTPYIOTHCS BHUIAAKU
BWIIyYCHHS JIOBUIBHUX BHYTPILIHIX €JIEMEHTIB (HEe KOPEHEBOI BEPIINHY): Ha pucC. 32
NPOLIFOCTPOBAHO BUAAICHHS JINCTKA, HAa pUC. 33 — BHJAJICHHS NPaBol T'UIKH, Ha
puc. 34 — BuaneHHs By3J1a i3 3aMiHOO Ha JIiBE MiJIepPeBO, HA pHC. 35 — BUNANCHHS
By3J1a 13 3aMiHOIO Ha MpaBe MiAJepPeBo.

Ha mux pucyHKax st KOXKHOTO MOSKJIMBOTO BHIAAKY BHIAICHHS elIEMEHTa
MO3HAYEHO TIIOCIIJOBHICTh OCHOBHHMX i, IO INEpEeHyMEpOBaHI B KpYKEUKax.
Homepowm 1 Bcroau mo3HaueHo iy CKiIaeHy Aif0 — MOIIYK eJIEMEHTa, [0 Mepeaye
CIIEMEHTY, KU Ma€e BUIAJATHUCS, i BCTAHOBJICHHS BKa3iBHUKA P Ha 110 BepIInHY.
Ha puc. 34 i puc. 35 BkaziBuuk P cniBnagae 3 ¢ikcoBaHuM BKka3iBHHKOM {Op Ha
KOpiHb JepeBa, OCKUIBKH IIi TPHUKIAAW UTIOCTPYIOTH BHUAAICHHS €JIeMEHTa 3
Jpyroro piBHs JepeBa. Ha 1IMX caMuX pUCYHKax Iis 3 HOMEpPOM 2, IO IO03Ha4YeHa
CTPINKOIO 3 IMMYHKTHPHUM DPO3PHBOM, — IIe poO0Ta moAaTKOBUX (yHKIiH Move_R
abdo move_L, mo 3abe3neuyroTh mepeMillleHHs BiQIIOBIAHO HA KpaiHIiil npaBuid
€JIEMEHT JIIBOTO Ii/ZiepeBa BiTHOCHO €JIEMEHTa, 110 BUIIy4a€eThes, a00 Ha KpaiiHii
JIBUI1 eJIeMEHT IPaBOTO MiAepeBa BiTHOCHO eEMEHTa, IO BUITYy4aeThCs.

top

NULL NULL NULL NULL NULL NULL n

NULL NULL NULL NULL

Puc. 32. Buganenns iicrka
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NULL NULL NULL NULL NULL

NULL NULL NULL NULL

Puc. 33. Buganenns npaBoi riiku

NULL n a NULL NULL NULL NULL

b
NULL NULL NULL NULL

Puc. 34. BupaneHss By3Jja i3 3aMIiHOIO Ha JIiBe HiIEpPeBO
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NULL NULL NULL

',
NULL NULL NULL NULL

Puc. 35. Buganenns By3na i3 3aMiHOIO Ha MpaBe MiIICPEBO

OcratoyHa mnporpamMHa peaiizanis (yHKUIi BHIAJCHHS €JIEMEHTa MOXKe
MaTu BUIJISI:

void Delete_el(Bin_tree * P, int X, int k)

{
if (P) // ne nopooice depeso
if (k==0) // kopinb
{
if (P->info==X) // moti, wo mpeba
if (IP->L && !P->R) // mucmox
{top=NULL; delete P; }
else
if (P->L && 'P->R) // 2inka 3niea
{top=P->L; delete P; }
else
if ('P->L && P->R) // 2inka cnpaea
{top=P->R; delete P; }
else 1/ 8yson
{ Q=move_R(P->L); Q->R=P->R; top=P->L; delete P; }
// abo { Q=move_L(P->R); Q->L=P->L; top=P->R; delete P; }
else // ne moii, wo mpeba
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if (P->L && P->info>X) Delete_el(P, X, -1);

/I nige niooepeso
else

if (P->R && P->info<X) Delete_el(P, X, 1); // npage niodepeso
}
else // He KOpiHb
if (k==-1)
{
if (P->L && P->L->info>X) Delete_el(P->L, X, -1); //pyx eniso
if (P->L && P->L->info==X) // moii, wo mpeba
{
if \P->L->L && 'P->L->R) // mucmox
{ delete P->L; P->L=NULL; }
else
if (P->L->L && 'P->L->R) // einka 3nisa
{Q=P->L; P->L=Q->L; delete Q; }
else
if (IP->L->L && P->L->R) // zinka cnpasa
{Q=P->L; P->L=Q->R; delete Q; }
else // 8y30n
{ Q=move_R(P->L->L); Q->R=P->L->R;
Q=P->L; P->L=Q->L; delete Q; }
// abo { Q=move_L(P->L->R); Q->L=P->L->L;
// abo Q=P->L; P->L=Q->R; delete Q; }
}
else
if (P->L && P->L->info<X) Delete_el(P->L, X, 1); //kpox enpaso
}
if (k==1)
{

if (P->R && P->R->info<X) Delete_el(P->R, X, 1); //pyx enpaso
if (P->R && P->R->info==X)
{
if 'P->R->L && IP->R->R)
{ delete P->R; P->R=NULL; }
else
if (P->R->L && 'P->R->R)
{Q=P->R; P->R=Q->L; delete Q; }
else
if (IP->R->L && P->R->R)
{ Q=P->R; P->R=Q->R; delete Q; }
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else // ey3on
{ Q=move_R(P->R->L); Q->R=P->R->R;
Q=P->R; P->R=Q->L; delete Q; }
// abo {Q=move_L(P->R->R); Q->L=P->R->L;
// abo Q=P->R; P->R=Q->R; delete Q; }
}
else
if (P->R && P->R->info>X) Delete_el(P->R, X, -1); //kpox enico

3ayBaskeHHs.

1. Jlana ¢yHKIS BHOAIsSE OAWH €JIEMEHT i3 BpaxyBaHHSAM KOHQIryparmii
nepeBa. Ha e cmig 3Bakard, KOJM CIHCOK MICTUTh JEKilbKa €JIeMEHTIB 3
OJHAKOBUM 3HAQUEHHSM, IO CIIBHAJAE€ 3 KIOYEeM BHJAJICHHSI. Y CTPYKTYpi
OiHapHOTO NiepeBa eJIeMEHTH 3 OJHAKOBHMH 3HAUYCHHAMH HEe 00O0B’S3KOBO MAroOTh
Oyt mopsa y Mexax Aeskol TUIku. Ti eJeMEeHTH, IO BBOAWINCS B CHHCOK
BIZIHOCHO paHillle, ONMHSIOTHCS B HbOMY Ha BUIIHX PIBHAX. TOMY BUAAISATUMETHCS
HAMONMIKYa O KOPEHS BEPIIMHA i3 MOXKJIMBO JCKUIPKOX OJJHAKOBHX CJICMEHTIB i3
3aJJaHUM 3HAYCHHSIM.

2. 3ampornoHoBaHa (YHKIS BHAAICHHA eJeMEHTa Ma€ 3HA4HO OUIbIIy
CKJIQJIHICTh TpOrpaMHOI peaii3alii B HOPIBHSAHHI 3 IHIIMMH orepauisMu. Taka
CKJIATHICTD HE € i1 HemoikoMm, 11e € ii XxapakTepHoIo ocobmuBicTo. Benmkmii oOcsr
MPOTPAMHOTO KOy IMOB’S3aHUN 13 HEOOXigHICTIO 00’€JHATH B OJHE IUIE PIi3HI
peaiizarii onepariii [ pi3sHUX BHUIB €JIEMEHTIB (KOPIiHb, JHCTOK, T'iJIKa, BY30J).

3. ABTOpH 3ayBaxXylOTh, IO HUMHU HE OyJI0 3HAHJEHO y BIAKPHUTHX
JoKepenax MmyOJiKaiii i3 npuKiIagaMyu HUTICHMX HPOTpaMHUX peanizaliil omneparii
BUJIAJICHHS €JIEMEHTA 3 OIHAPHOTO JIEPEeBa B 3aralibHOMY BUMIA[IKY.
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