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IHEPEJIMOBA

Jst 6araThoX MPOTPaMICTIB, IO PO3MOYMHAIN CBOIO Kap’epy me 3 90-ux
pokiB XX cCTOMTTSA, CBOTO pomay imomamu abo ikoHamm Oynu Hikmayc Bipr,
Honamen Kuyr, [ennic Pitui, Yapns3z [oap, Jowamen [lemn. Bowu Oymm
OCHOBOTIOJIO)KHUKAMH CYYaCHOTO MPOTPaMyBaHHS, SIKI 3aKialdl TEOPEeTHYHI Ta
MPaKTH9YHI OCHOBH KOHCTPYIOBAaHHS QJITOPHUTMIB, aHami3y iX CKIQJHOCTI Ta
edexkTuBHOI peamnizauii. Y Ti yacH CTyIeHTH OyKBaJbHO «BIPU3AJIUCS B TPAHIT»
TEKCTOBOTO OIMCY Ha MepIiuil morusia (aHTaCTUYHUX, OaraTboM HE3pO3yMIIHX,
AITOPUTMIB OOpOOKM JaHUX, MIO0 OCATHYTH 3MICT THUX [id, II0 SKHMOCH
HEWMOBIPHUM YMHOM 3a0e3IeuyBaiy BUPILICHHs CKJIQJHUX JITOPUTMIYHUX 3a]ad.
XTO 3 TOHNIIIHIX BHIYCKHHKIB (haKynbTeTiB KiOGpHETHKM YW iH(QOpPMATHKH Ta
O00YHCITIOBAIFHOI TEXHIKH, UM e SKUXOCh IHIINX, JOTHYHUX IO iHPOpMamiHHUX
TEXHOJIOTiH, moci He mam’stae Oecrcenep H. Bipra «AnropuTMu Ta CTpYKTypH
maHux»  abo  ¢yHmamentanbHuE — TputoMHHK  J[. KHyra — «Mucteurso
nporpaMmyBaHHs Ui nepcoHanbHX EOM»! Ha nux kHUrax BUpocio BxKe HE OJIHE
TIOKOJTiHHS TIPOTPAMICTIB.

Jlo pedi, He BapTO 3aCMyYyBaTHUC, IO CEPEJl 3TalaHUX OCHOBOIOIOKHHKIB
iHpOpMaTHKHK Ta MpOrpaMyBaHHs HEMa€ MpPi3BHI BITYM3HSIHUX HayKOBLIB. bymu i
CBOi, aJle BOHU BiJIOMi JOCATHEHHSMH B JEIIO IHIIMX Tajy3sX, 30Kpema: AHApPIH
€puIoB — paAsSHCHKMH IPOrpaMicT 1 MaTeMaTHK, OAWH i3 TBOPLIB «IIKIJIBHOL
iHpopMmaTukny, kopudei y ramysi Teopii i aBToMaTu3auii nporpamyBaHHs; Biktop
I'mymkoB — yKpaiHCbKMH pajsHCHKUH BYEHHH, OCHOBOIIOJIOXKHUK KiOEPHETHKH,
iHiIiaTop 1 opra”izaTop peamizanii HayKOBO-IOCHIIHHUX IIPOrpaM CTBOPCHHS
MPOOJIEMHO-OPIEHTOBAHUX TPOTPaMHO-TEXHIYHUX KOMIUIEKCIB, HUHI HOTO iMEHEM
Ha3BaHO BCECBITHRO BijomMuil IHcTUTyT KibepHeTHKH imeHi B.M. I'mymkosa
HamionansHaoi Akazemii Hayk YkpaiHu.

OCHOBOIO TIPOTpaMyBaHHS € aTOPUTM — CKIHUCHHHH HaOip IHCTpyKIii abo
KOMaH/I, BUKOHaHHS SKHX Y BU3HAYCHOMY MOPSIKY IPUBOANTD BiJ BXITHUX JaHUX
JI0 BIINOBITHUX BUXITHUX HaHUX (pe3yibTaTy) 3a oOMeXeHHi dac. AJNTOpUTMH
JI03BOJISIFOTH (POPMaTi3yBaTh 1 aBTOMAaTU3yBaTH IIPOLEC OOYKCIIEHb, 10 OCOOIMBO
BOXJIMBO NPU OOMEKEHHSX Ha Taki rmapamMeTpu oO4HciaioBada (KOMIT'IOTEpa), sK
nam’siTh, MIBUIKOMIS Tomlo. JletasbHe pO3pOOJIEHHS ANITOPUTMY € BasKJIMBOIO
YaCTHHOIO TIPOIIECY PO3B’SI3YBaHHS PI3HOMaHITHHX IPHUKIAJHHUX 3a1ad. Y THpolec
KOHCTPYIOBAaHHS aJITOPUTMY 1 TMOJANbIIOi HOro MporpamMHol peamizamii s
peambHOI 3a7avi BXOAWTH YCBIIOMIICHHS CTYHEHS ii CKIQZHOCTI, 3’SICyBaHHSA
oOMe)keHb Ha BXi[HI 1aHi, pO30UTTS 3a1a4i Ha IPOCTIMI IMig3aaadi.

CTpyKTypH IaHMX BH3HAYAIOTH CIOCIO opraHizamii JaHWX B ONEpaTHBHIN
mam’sITi 9M Ha JUCKY KOMII I0Tepa. AJTOPUTMH 3a0€3Meuyr0Th BUKOHAHHS Pi3HUX
orepamniif HaJ MUMHU CTPYKTYpPaMH TaHWX. 3BUYAaWHO, BHOIp anrOpUTMIB 0OpoOKH
JAaHUX BU3HAYAETHCS MOMACIUIIO CTPYKTYpH IaHHMX. AJDKE YacTo aHaJoriuHi nii
(onepauiii, mepeTBOpPEHHS) HaJ PI3HUMU CTPYKTYpaMHu JaHHX IepeadadaroTh
BUKOPHCTAHHSI QITOPUTMIB HEOIHAKOBOI €)EeKTUBHOCTI.



Came TOMYy BHBYEHHS TEOPETHYHHX OCHOB IIpOTrpaMyBaHHs € 0a3010
MiArOTOBKK (axiBIiB y ramy3i iHdopmariitHux TexHosorii. He muBHO, 1m0
Oimpmmicts CTaHAapTiB BHUIIOI OCBITH U CIEIIabHOCTEW Taiy3i 3HaHb
12 Indopmariiiti TexHONOTii OYKBaJbHO CTaBIATH BHUMOTY (OPMYBaHHS Y
3100yBayiB BUIIOI OCBITH KOMIIETCHTHOCTEH IIOB’A3aHHUX i3 «... 3IATHICTIO IO
JIOTIYHOTO MHUCIIEHHS, IIOOYIOBH JIOTIYHUX BUCHOBKIB, BUKOPHUCTAHHS (DOPMaTBHUX
MOB 1 MOJIeJIeli aNTOPUTMIYHUX OOUHCIICHB, IPOSKTYBAaHHS, PO3POOIICHHS i aHATI3Y
ITOPUTMIB, OLIHIOBaHHS iX €(EeKTUBHOCTI Ta CKJIAIHOCTI, PO3B’SI3HOCTI Ta
HEPO3B’SI3HOCTI  ANTOPUTMIYHUX MOPOOJAEM [Uis aJCKBAaTHOTO MOJCITIOBAHHS
NpeJIMETHUX 00J1acTel 1 CTBOPEHHS IPOTrPaMHUX Ta IHPOPMAIIIHHUX CUCTEMY.

B ocHOBy HaBYaJbHOTrO MOCIOHMKA MOKJIAJIEHO JEKiJIbKa KypCiB JIEKIIH, sKi
mix pi3HUMU Ha3BaMH 0arato pOKIB YHUTalIMCS aBTOpaMH Ha (aKyJbTeTi
MaTemMaTHkd Ta iHQopmatmku PJIY mnga  37g00yBawiB  BHIOI  OCBITH
cnemianpHOCcTeld 113 Tlpmkimamaa wmaremarmka, 121 [mxeHepis mporpamMHOTO
3abesneuenns, 122 Komm’roreprni Haykm, 014 Cepemas ocsita (Maremarnka),
014 Cepemust  ocBita (ImpopmaTtuka) ta 015 TIpodeciiina ocpita (Ludposi
TEXHOJIOTI1).

[lepma wactuHa TOCIOHWKA TPHCBSYCHA BUPIMICHHIO (DyHIaMEHTaIbHHUX
3aJ]a4y NIporpaMmyBaHHsl, IO TepeadadaoTb 00pOOKY CTPYKTYp JaHUX, — MMOLIYKY Ta
COpPTYBaHHIO. Y SKOCTI MoJeNell CTPYKTyp MAaHUX 3 TMPSIMHM JOCTYIIOM
BUKOPHCTOBYIOTHCS MAaCHBH, a JUI CTPYKTYp JaHUX 3 MOCTIJOBHHM JOCTYHOM —
(haitnin mocnimOBHOrO AOCTYMy. JlJIi KOXHOTO 3 aJrOpUTMIB OOPOOKH CTPYKTYpH
JaHWX 1 JUIA 3aJadi MOIIyKy, 1 JUId 3afadi COPTYBAaHHS IPOBEACHO ETalbHHH
aHaJIi3 CKIaTHOCTI OOYUCIICHD [0 «BaKKHUX» OIEpaIiisix.

VY npyrii yacTuHI TOCIOHMKA PO3IIIAAAIOTHCS aITOPUTMHU KOHCTPYIOBAHHS 1
00pOOKH NUHAMIYHHUX CTPYKTYp JAHHUX — CIHMCKIB. 30KpeMa, JeTaJbHO BHUCBITICHI
0COONMMBOCTI  mporpaMHOi  peami3amii  omepanii mo  o0poOmi  JTiHIHHUX
OJHOHANPSMJICHUX  Ta  JABOHANPSMIICHMX  CIHCKIB, [MKIIYHUX  CITHCKIB;
po3sranyXeHux 6araro3B’I3HUX CIIMCKIB Ha NMPHKJIa/i OlHApHUX AEpeB.

Jns ycix anropuTmiB HaBeieHO (parMeHTH MpPOrpaMHOTO KOOy Ha MOBI
nporpamyBaHHs C++, HAIAFOTCS PEKOMEHALIT MO0 X BUKOPUCTaHHSI.



BCTYII
TOHATTS IMTPO CTPYKTYPH TAHUX TA AJITOPUTMU iX OBPOBKA

Y OunmpmocTi MOB TIPOrpaMyBaHHS BHKOPHCTOBYIOTHCS CKJIQJEHI THITH
JAHWX, II0 TepeadavaroTh CTPYKTYPYBAHHA 3 €IEMEHTIB 0a308020 muny. Y TaKux
MOBax € 0araTo CHiIbHHX a00 MOAIOHMX MIXK COOO0I0 CKIIaJ€HUX THIIB JaHUX, X04a
BOHH MOXYTh MaTH pi3Hi Ha3BU.

VYci cTpyKTypH DaHUX MOXHA MOJIUIATH Ha OKpEMi KaTteropii 3a MeBHUMU
o3Hakamu. OJHUM i3 PI3HOBHAIB € TaK 3BaHI pPEryJsipHI CKIaleHi THIH —
CTPYKTYPH JlaHHX, €JIEMEHTH SKUX MaloTh OJHAKOBMH 0a30BHMH THUN (Macusu,
OuHamiyni cnucku, munizoéati ¢aiiu). Jo peryasspHUX CKIaJCHUX THIIIB
TPAIUIIIHHO TaKOX BIAHOCATh psOKU CUMBONIE Ta MHOJCuHU. JIeski MOBH
mporpaMyBaHHA, 30Kpema Python, omepyroTs IHIIMMH CKIaJCHUMHU THUIAMH, SKi
MOJKHA BBa)KaTH YMOBHO PETYISPHUMH, OCKIJIBKH IX €JIEMEHTH MOXYTh MaTH Pi3Hi
0a30Bi THITH, — TIE CHUCKU, KOPMEXHCT, CIOHUKY TOIIIO.

Kpim Takoro momimy 3a 0a30BHM THIIOM, CKJIAJCHI CTPYKTYpH ITaHHUX
PO3PI3HAIOTH 32 CITOCOOOM IOCTYITY 10 OKPEMHUX CIIEMEHTIB:

o cmpykmypu Oanux 3 npamum oocmynom (C[IIp/]) — cknameHi CTpyKTypHu
JIAaHUX, €JIEMEHTH SIKUX 1HIEKCOBAaHi, 1 JOCTYN J0 HHUX 3[IHCHIOETHCS MPAKTHYHO
MHTTEBO 32 IX IHAEKCHUM HOMEPOM (HAIpPHKIIal, MACHBN);

o cmpykmypu OaHux 3 nocaioognum oocmynom (CHIIo/]) — cxianeHi
CTPYKTYPH [aHHX, EJIEMEHTH SKHX HE MalOTh YIiTKO BH3HAYEHHX I1HIEKCHHX
HOMEpIB, 1 IOCTYI JI0 HUX 3[IHCHIOETHCS TIOCIIIOBHUM IIEpe0OpOM YCiX eJIeMEHTIB
BiJ] MOYATKy CTPYKTYPH AaHUX (HANPHUKJIAMI, CIIUCKH abo (aiiim).

CAIIp/l TpamumiiHO pO3MIIIYIOTECS y TaK 3BAHOMY HPOZPAMHOMY CHEKY,
IO € YaCTUHOIO JOCTATHBO IIBHIKOI, aie 0OMEKEHOI 3a PO3MIpaMH 6HYmpiiHbol
onepamusnoi nam’ami. Tomy anropurmu o6podkn CJIIp/l mpuitHATO Ha3uBaTH
GHYMPIUHIMU.

CAIo/l TpaguuiiiHo po3MILIYIOTECS Y AMCKOBHX (haiiyax, sIKi € YacTHHOIO
MPAKTUYHO HEOOMEXKEHO1, aje BITHOCHO MOBINBHOI 308HiwHboi nam’smi. Tomy
anroputmu 00pooku C/II1o/] Ha3uBatOTh 306HiWUHIMU.

Kpim Takoro mopiny, mo BH3HAYAETHCS MICIEM PO3MIIICHHS CKIAICHHUX
CTPYKTYp AaHUX, AITOPUTMHU 00pOOKH a00 METOAM PO3PI3HSIOTH 32 IX MIBUIAKOIEI0
B 3JIS)KHOCTI BiJ TOBXUHH CTPYKTYPH JaHUX:

o npami ancopummu (Memoou) — ITOPUTMH, SKI TPOCTI B TPOTPaMHIN
peaitizallii; BOHA 3a OJIMH €Tall OBHICTIO «00OPOOJIIOTEY OJMH MOTOYHHI €JICMEHT,
a pelTy eJeMEHTIB MNPaKTHYHO «HE 3adinaroTh». Taki METOANM NepeBa)kKHO
3aCTOCOBYIOTb JIO TaK 3BAHUX KOPOMKUX CTPYKTYP AAHUX, Y SIKMX YUCIIO €JIEMEHTIB
BIZTHOCHO HEBEJIMKe, HalpuKiaz, y Mexax 100,

® weuoKi aneopummu (Memoou) — aNrOPUTMH, SKI 3HAYHO CKIIQJIHINI B
MpOTpaMHill peaii3allii; BOHHM 3a OIWH €Tal HE JHIIe «OOpOOJIIOTEY» OJMH
MOTOYHUH eJIEMEHT, allé W CYTTEBO «OTPAIbOBYIOTH» PEIITY EIEeMEHTIB, TOOTO
«ITIATOTOBIIOIOTEY iX 0 OCTaTOYHOI OOpOOKM Ha HACTYIMHHX eTamax. Taki MeToan



MEPEBAXHO 3aCTOCOBYIOTH JUIS TaK 3BaHUX 0062uX CTPYKTYp MaHHUX, Y SKUX
KIJIBKICTH €JIeMEHTIB € 3HauHOI0 — Oinbmie 1000.

3BHYAifHO, TaKWH MO HAa KOPOTKI Ta JOBTi CTPYKTYypH JaHUX, K 1 Ha
IpsAMi Ta MIBHIKI aJTOPUTMH iX 0OpPOOKH, € JOCTAaTHRO YMOBHMM. MOXHA TaKOX
TOBOPHUTH TIPO TaKy co0i CEpeHIO TOBXHUHY CTPYKTYPH HaHUX, MPH SAKiH 1 mpsMi, i
MIBUIIKI METOIM JAaBAaTHMYTh Pe3yJbTaT MaikKe 3a OJHAKOBWH uac. bimem Toro,
OKpeMi aJITOPUTMH JiiCHO 3aiiMalOTh TaKy IPOMDKHY TO3HUIIIF0 TIO IIBUIKOIII.

[pu xnacudikarii anropuTMiB 00OpOOKH CTPYKTYp AaHHX 3a IIBUIKOIIEO
HACMpaB/i HE OIHIOETHCS pPCaJbHUN 4Yac BHUKOHAHHS NPOTPaMU y YaCOBUX
ONMHUIAX (MUTICEKYH/IM, CCKYHIH, XBHJIMHH, TOJAMHHU 1 T.XI.). A/pke yac poOoTu
Oyzb-sIKOT IPOTpaMHM 3aJIEKHUTH BiJI allapaTHUX MOXKJIMBOCTEI caMOro KOMII'l0Tepa,
Ha SIKOMY BOHa BUKOHYEThCS. ToMy B Teopil nmporpamMyBaHHS i B O0UYHCIIOBAIBHIH
MPaKTULl egexkmugnicmy aNTOPUTMIB, a TOYHINIE — IX TMPOTPAMHOI peaizarii,
OIIiHIOIOTH 32 HACTYITHUMH KPUTEPisIMH:

® 4gcosa CKIAOHICMb — KUTbKICTh BUKOHYBAHHUX KITFOYOBUX OTI€PAIlili;
®  EMHICHA CKIAOHICMb — KUTHKICTh BHKOPHCTOBYBAHOI TIaM SITi.

Jis  BCTaHOBJIEHHS YacOBOi CKJIAMHOCTI AalTOPUTMY YH TIPOTpaMu
OIHIOEThCS KUNBKICTh KIMOU08UX onepayii 0is 8i0nosionoi 3adaui. Hampukiman,
Uis apu(METHYHUX 3a7ad — II€ OImeparii [0JaBaHHS, BiTHIMAHHS, MHOXXCHHSI,
JIIEHHS, a A7t 33724 0OPOOKH CTPYKTYp JaHUX — 1€ Olepalil MopiBHIHHS 3HaY€Hb
Ta mepeMilleHHss a00 NPUCBOEHHS 3HAueHb. BUIbII TOro, PO3pI3HAIOTH Tak 3BaHI
«BadicKi» Ta «iecKi» KIIOUOBI omepamii 3amaui. «Baowcki» — e Taki KIIFOYOBI
omepariii po3rNIAAYBaHOI 3agadi, 10 € 3HAYHO CKIAMHIIIMMHU IS BUKOHAHHS
MPOLIECOPOM, V MOPIBHSIHHI 3 IHITUMH OmepallisMu i€l x 3amadi. [Tpoctinm mis
BUKOHAHHS TIPOLECOPOM Omepalii MNpHHHATO Ha3WBATH «ieekumuy. Jns
apu(GMETHYHIX 3a7ad — «BAXXKUMI € OTepallii MHOXCHHS 1 JIICHHS, a «JICTKHUMI
— noxaBaHHS 1 BimHiMaHHs. [l 3amad OOpOOKH CTPYKTYP HaHHX «BAKKHMI»
BBaXKAFOTHCS OIEepallil MOPIBHSIHHS 1 IPUCBOEHHS HAJl €JICMEHTaMH 0a30BOTO THITY.
Toni «JIerTkuMuy € oreparii MOPiBHAHHS 1 MPUCBOEHHS HAJ| IHICKCHUMH HOMEpPaMHU
€JIEMEHTIB.

3 MeTo0 OOpOOKH CTPYKTYp NaHWUX HaWdJacTille 3aCTOCOBYIOTH TaKi BHIU
3a/1a4: HOULYK, 6NOPAOKYBAHHS.

3aoaua nowyky mependadac BCTAHOBJICHHS ITO3UIlII BXOIDKEHHS IESIKOTO
ejleMeHTa (KJI04a) Y IMAMOCTiAOBHOCTI elleMeHTiB a0o iX BiJICYTHOCTI Yy
CTPYKTYpi HaHuX. TpaauiifHO po3pi3HIIOTH Taki pi3HOBUIN 3a/1ai MTONTYKY:

® IMOIIYK MEPIIOTO O HOPSIKY BXOJHKCHHS 3aIaHOTO KITF0Ya;
® IOMIYK YCiX BXOJKCHB 33JJAHOTO KITI0Ya;
® [OMNIYK ITiJIIIOCIIiJOBHOCTI KJIFOYiB.

HeBaxko 3p0o3yMiTH, IO MOIIYK YCiX BXOJPKEHb 3aaHOTO KJIOYa — IIC
MOBTOPEHHSI TIONIYKY TMEPIIOr0 MO MOPSJAKY WOTO BXOJKCHHS IINCIS MO3MIIT
MOTIEPETHHOTO BXOKCHHA B CTPYKTYpYy JHdaHUX. ToMmMy OOMEXHMOCS JHIIe
MOITYKOM TIEPIIOTO BXOIDKEHHS €JeMEHTa Ta TOIIYKOM IIEPIIOTO BXOKCHHS
T AITOCITI JOBHOCTI €JIEMEHTIB.



3a0aua enopsoxyeanns abo copmysanHs Tependadae IEPECTAHOBKY
eIIEMEHTIB y CTPYKTYpi JaHWX TakK, 00 BOHM 3aJIOBONBHSIM IEsIKii yMOBI —
Kpumepilo  enopsiokosanocmi. He 3MEHIIYIOYM 3arajibHOCTI, JUIS BHIAJIKY
CTPYKTYpH HaHWX 13 N eJIeMEeHTIB JAedkoro 0a30BOro THIY TpPagHIiiHO
3aCTOCOBYIOTH TaKi KpUTEPil BIOPSIKOBAHOCTI:
1) a; <a;.;, i=1,N-1 —rmo 3pocTanHio;

2) a;>a;.;, i1=1,N-1 —no cnagaxHio.
SKkmo B CTPYKTYpi JaHMX € JIEKilbKa €JIEMEHTiB 3 OJHAKOBHUMH
3HA4YEHHSIMH, TO CJIiJl BAKOPUCTOBYBATH HECTPOTi YMOBH:

3) a;<a;y;, i=1N-1 —10 HecnagaHHIO;

4) a;>a;.;, i=1,N-1—10 He3pocTaHHIO.

3p0o3yMijio, IO COPTYBAaHHS YacTO BHKOPHUCTOBYIOTH Y SIKOCTI JOJATKOBOL
abo momnepenHpOi 0OPOOKM CTPYKTYpH NAHUX 3 METOIO CYTTEBOTO CIIPOIICHHS i
NPUIIBUIMICHHS HACTYITHOTO MOIIYKY Y BIOPSAKOBaHINA CTPYKTYpI JaHHX.

YHopaakyBaHHS CTPYKTYp JaHMX MOKHAa IIPOBOAWUTH 33 DPI3HUMH
BU3HAYAJHHUMU NPUHIUTIAMIE: 6KIIOYEHHA (6CMasKa), udip, 0OMmiwn, snummsa. s
COPTYBaHHS CTPYKTYP AAHHX 3 MPSMHM JOCTYIIOM (MAacHBH) 3 OJHAKOBUM YCIIIXOM
MOXKHA 3aCTOCOBYBAaTHM BCI INpPHUHIMIHN, a CTPYKTYpH JdaHHX 3 IIOCIiJIOBHUM
JocTynoM ((aiiy, CHUCKN) COPTYIOTHCS MEPEBaYKHO aJIrOPUTMaMU 3ITUTTS.

I[Ipu upoMy BigMiHHI crocoOM COPTYBaHHS MOXYTb MaTH PIi3HY
e(EeKTUBHICTb JJISl PI3HUX BMIIQJIKIB IOYATKOBOTO MOPSAJKY €JIEMEHTIB y CTPYKTYpI
JaHuX. TpaauuiitHO BUALIAIOTH TaKi BapiaHTH OYAaTKOBOTO MOPSIKY €JIEMEHTIB:

® «Xxopowliy CTPYKTYpH JaHHUX — I[E€peBaKHa OUIBIIICTh EJIEMEHTIB
3aJI0BOJIBHSIOTH YMOBI BIIOPSIKOBAaHOCTI (ipuknan: 2, 3, 4, 5, 6, 7, 8, 9, 1);

® (noeamiy CTPYKTYpH [AaHUX — TepeBakHA OIUTBINCTh EJIEMEHTIB HE
3aJI0BOJIBHSIIOTH YMOBI BIIOpsiKoBaHOCTI (puknan: 1, 9, 8, 7, 6, 5, 4, 3, 2);

® 3 JIOBUTBHMM BHWIIQJKOBHM TIOPSAKOM — JIMIIE YacTHHA EJIEMEHTIB
3a[I0BOJIBHSIIOTH YMOBI BIIOpsIAKOBaHOCTI (puknan: 2, 1, 4, 3, 9, 6, 5, 8, 7).

B oOuncmioBanbHid — NpakTULi 3 OJHAKOBMM  YCIIXOM  IIMPOKO
BUKOPHUCTOBYIOThCS Pi3HI BapiaHTH peajti3aiii KOXKHOIO i3 CIIocO0iB COPTYBaHHS: i
OinbLI TPOCTIiLNi, ane He Taki BHCOKOS(PEKTHUBHI — TpsIMiI alIrOPUTMH, Ta iX
MOTYKHIIII aHAJIOTH — UIBHUJIK] aJITOPUTMH.



YACTHHA 1
INOIIYK TA COPTYBAHHA

PO3JILT 1
3AIAYA MIOLIYKY

1.1. IOIIYK EJIEMEHTA Y CTPYKTYPI JAHHUX

He 3MeHIIyI0YH 3arajibHOCTI, PO3MIIAAATUMEMO CTPYKTYPY AaHUX Y BHTIISAMI
MacuBy 3 /V eJIeMEHTIB JIeIKOT0 0a30BOTO THITY, HAIIPUKIIA] MIJIMX YHCEIL.

[omuryk enemMeHTa nependavyae BCTAHOBICHHS MO3UIIIT BXOKEHHS B MACHB &
JISSIKOTO eJIEMEeHTa 31 3HA4eHHSIM X IIhOTO caMoro 0a3oBoro tumy, abo Qikcamis
(bakTy #Or0O BiICYTHOCTI B MacHBI.

PosrnsgatumeMo 3amady MOMIYKY MEPIIOrO IO TMOPSAKY BXOJDKCHHS.
[Momryk yciXx BXOJDKEHb — II¢ IOBTOPEHHS OTEpallii MOIIYKY MEPIIOro BXOKCHHS
MicJIsg OCTAaHHLOT'O 3HANIEHOrO.

1.1.1. AJITOPUTM IIPSIMOI'O NOIIYKY EJJEMEHTA Y MACHUBI

Inesi meroay. Hai0igpmmr mpocTM 1 OYEBHIHUM CIOCOOOM TIOIIYKY €
MOCITIZIOBHE CITIBCTaBJICHHS 3aaHOTO 3HAYCHHS X 3 €JIEMEHTaMH MacuBy afif,
MOYMHAIOYHN 3 IIEPHIOr0 3 MPUPOCTOM iHAEKCHOTO HOMepa Ha OJMHHUITI0. Taxwii
TIOITYK MIPUTTUHIETHCS B OHOMY 3 IBOX BUIIAIKiB:

1) 3HaliicHO mepIle MO MOPSIKY BXOJPKCHHS 3aJaHOTO 3HAYCHHS X, TOOTO
@i,0<i<N),(Vj0<j<i)=[ali]=x)&(alj]=x), - e
[IO3UTUBHUH pe3yJbTarT;

2) micis 4eproBoro 30UIBIICHHS 1HACKCY { Ma€e MICIe BHXIJ 32 MEXi MacHUBY,
T00TO i=N, — Ile HeraTUBHUI pPe3yJIbTaT.

OCKUTBKY 3alepeycHHs 13 IOHKIIIT € KOH FOHKIIiSI 3alepeycHb, TO YMOBOIO
HPOJIOBKEHHS TIOUIYKy Oyse (i <N ) & (a [i] # x).

Hporpamua peadnizanisi. Peanizanis anropurmy Ha MoBi C++ Moxe mMaTu
BUIJISIA:

int i=0;

while (i<N & & afi]!=x) i++;

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

AHaJi3 ckaaaHocTi. «Baxkumuy oneparisimu (hard) s 3aaadi MoOMIyky €
omepaliii MOPIBHAHHA MK €JeMEHTaMH 0a30BOTO THITYy, a «ICTKAMU» (easy) €
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orepariii MOpIBHAHHA MIXK iHIEKCaMH ejleMeHTiB. «Baxka» omnepauis afif!=x mae
MicIle y BHpa3i YMOBH NpoAOBXKeHHS nukiny while. «Jlerki» omepamii i<N
BUKOPUCTOBYIOTBECS SIK B YMOBI IPOAOBXKEHHS NHWKIY, TaK 1 TPU TOJATKOBIH
TepeBipIi YMOBH 3yITHHKH.

YV Halikpamomy BHIAaIKy BXiTHHUX JAaHWUX, KOJH NIYKaHUH €JIeMEHT € Bifpazy
MepIINM Y MacHBi, BUKOHYETHCS TaKa KiJIBKICTh «BaXKKUX» 1 «JIETKHX» OIEparii
TIOPIBHSIHHS:

hard _ 5 . easy _ _
Chin =1; C,pw=1+1=2.

VY HaWripmioMy BHIIAIKy BXiZHUX JaHUX, KOJHU INyKaHUH €JIEMEHT B3araii
BIZICYTHIH y MacuBi, BHKOHYETBCS TaKa KiTBKICTD «BaXKKHX» 1 «JIETKUX» OTEparii

TTOPiBHSIHHS

Chard _ N . co = (N+1)+1=N+2.

SIK BUIIHO, KIMBKICTB JIETKHX» OTepaniii y Oyab-iKOMy BHIAIKy Oinbmia
HDK KITBKICTh «BaXKHX». K110 0a30BHIA THI €IEMEHTIB CTPYKTYPH AaHUX 3HAYHO
MIEpPEBHUIILYE 38 PO3MIPOM THII iHJIEKCIB, TO «IETKi» orepaiii He BHOCATH CyTTEBOTO
BIUIMBY HA 3arajbHUil 4ac poOOTH alroputMy. Ajsie Ko 0a30BUil THI CTPYKTYpH
JIAHUX € CIIBPO3MIpHUM a00 MEHIIMM BiJ THITy IHIEKCIB, TO «IETKi» omeparii
HACIpaBAl € CKIAJHINIMMHU Bl «BAXKHX», 1 BOHU CYTTEBO BIUIMBAIOTH Ha
MIBUAKOIIO Ta eEKTUBHICTH aTOPUTMY. TOMY HEXTyBaTH HUMHU HE MOXKHA.

1.1.2. MOAU®PIKALISA AATOPUTMY NPSIMOI'O NOWYKY EJJEMEHTA Y MACHUBI

Inesi metoay. CyTTeBe MOKpamieHHs €()EeKTHUBHOCTI aJrOpPUTMYy MPSIMOTO
MOIIYKY MOJXKJIMBE 3a paxyHOK BiJIMOBH BiJ «Ierkux» omepariii. [Ipu mpomy
NOTPIOHO TapaHTyBaTH KOPEKTHY 3YNUHKY LHMKIY Y BHIAJIKy HEraTHBHOTO
pe3ynbTary.

3 1i€I0 METOIO0 MacUB PO3LIMPIOETHCS TOJATKOBUM /N+]-UM €JIeMEHTOM:

basetype a[N+1].

Le#t nonarkoBuil eleMEHT BHKOHyBaTuMe (yHKILiI0 «0bap’epa», OCKUIBKH
MaTuMe IyKaHe 3HaueHHs X. Taka BUTpara mam’siTi € He3HauyHOIO B MOPIBHSHHI 3
MOKpAIIeHHsM MMBUAKOAIl. Temep NWKIIYHI MOPIBHAHHA NIYKAaHOTO 3HAYCHHS 3
SJIEMEHTAMH MACHBY I'apaHTOBAaHO NPHIHMHATHCA B OyIb-IKOMY BHUIIAQJIKY BXiTHHX
JOaHuX. [ BCTAHOBJIEGHHS OCTATOYHOTO PE3yJbTATy IOLIYKY HOTPiOHO BUKOHATH
JIIIE OJHY «JIETKY» OTepalliio MOPiBHAHHS IIOTOYHOTO iHICKCY.

IIporpamua peaJi3zamis. Peamizamist anroputmy Ha MoBi C++ Moke MaTu
BUIJIS:

a[Nj=x;

int i=0;

while (afi]!=x) i++;

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

AHaJ3 CKJIATHOCTI. Y HaWKpamoMy BHUMAAKY BXiJHHX JaHHUX, KOJHU
IIyKaHWA eJIEMEHT € BiApady MepIIuM Yy MacuBi, BUKOHYETBCS TaKa KiJIbKiCTh
«BAKKUX) 1 «JIETKHX» OTepalliii TOPiBHIHHS:

Chard =1; c _ 1.

min min

VY HalripoMy BUNaJKY BXIJHUX JaHHUX, KOJIM ITyKaHUH €JIeMEHT BiJCYTHIH
y MacuBi, BUKOHYETBCS Taka KiJBKICTh «BAXKHX» 1 <JIETKHX» oOmepauii
MOPIBHSAHHS:

chard - N1, =1,

SIK BHIHO, KiJIBKICTB <JIETKHX» OMepalliil y oMy BHUIIAJKy 3BEICHA [0
MiHIMyMY.

1.1.3. AJITOPUTM BIHAPHOI'O MOIIYKY EJIEMEHTA ¥ BIOPSITIKOBAHOMY
MACHBI

Inesi meromy. SIKk BUAHO 3 ONKUCIB IONEPEIHIX AITOPUTMIB, Y BHIIAIKY
BIZICYyTHOCTI J10JaTKOBOI iH(popMauii mpo Xxapakrep po3mimieHHs eneMeHTiB y CJ]
HISKAM YHHOM HE MOXXHa MPHUIIBUIIIMTA MOIIYK — TMOTPIOHO BUKOHYBATH
TIOCTTiTOBHE IOPIBHSAHHS €IEMEHTIB 13 ITyKaHUM 3HAYCHHSM.
SAxmmo x Bimomo, mo CJI € BopsakoBaHa 3a JESKOI 03HAKOIO, HAITPHKIIAT
0 HECHAaJaHHIO, TO TPOIEC TMOMYKYy MOXKHAa 3HAYHO NPHUIIBHIIIUTH,
KOPHUCTYIOUHCh METOJOM IIOAUTY Bigpi3ka momoiaM. 3 Mi€l0 METOI CIiJ
BUKOHYBATH TaKi JIii:
1) NOBUIBHMM YHMHOM OOMPAETHCS BHYTPILIHIA eleMeHT afm] po3risayBaHOl
YaCTUHHM MACHBY; TIOYaTKOBO aHAJI3yEThCs BECh MACHUB, y I[bOMY BHIIAJKY
0<m<N,
2) oOpaHUii eNIEMEHT CIIBCTaBIISETHCS 13 IYKAHUM 3HAUYCHHSM X!
a) SKIO afm]=x, TO 1l TOUYHE MOMAaJaHHs B IIYKaHE 3HAUCHHS,
b) sikmo afmj<x Ta BpaxoByIOUH, IO BCI €JIEMEHTH JiBille Bix afm] He
MIEPEBUIIYIOTh HOTO, TO cepell HUX NIYKaHOTO 3HAYCHHS HEMae, TOMY
BCIO ITI0 YaCTHHY MacHBY pa3oM 3 afm] MOXHa BiIKHHYTH;

C) SKIO afm]>x Ta BpaXxOBYIOUH, IO BCi €JIEMEHTH IpaBimie Bix afm] He
MEHIII BiJl HHOTO, TO Cepel HUX ITyKAHOTO 3HAYCHHS HEMAae, TOMY BCIO
II0 9YaCTHHY MacHUBY pPa3oM 3 afm] MOXHA BIIKHHYTH;

3) mocmimoBHICTH KpokiB 1), 2a), 2b), 2c) 3HOBY 3aCTOCOBYETBHCA OO Ti€l
YaCTMHU MacuBy, L0 3ajJMUIMIACS; TaKUid IOBTOPIOBAHUI THpolec
3aBEPUIYETHCS B OHOMY 3 JIBOX BHI/IiB:

e YeproBe MOPIBHAHHS a/m[=x € ICTHHHUM — II¢ IO3UTHUBHUI PE3YJIbTAT;

e [icias 4eproBOoro BiJKWAAHHS YaCTHHM MAacuBY HE 3aJMIIAETHCS

JKOJIHOTO €JIEMEHTA JUIsl IOPIBHSIHHS — [1e HEraTUBHUI pe3yJbTar.
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BuHuKae muTaHHS NPO MOBUIBHICTH BHOOpY eseMeHTa afmf. O4eBUIHO,
mo6 mporec NONIYKY NPUIIBHAMINATH, MOTPIOHO MIOpa3’y BIAKUIATH SKOMOTa
OipIIy YaCTHHY MAacHBY, /1€ 33JaHOTO 3HA4CHHS Hemae. TOMy NOUIJIFHO OOMpaTH
HEHTPATFHUHA €JeMEHT Yy pO3MIAAYyBaHiil dYacTHHI MacuBy. AJIDKE TPH HHOMY
Iopasy 3 OJHAKOBOIO MMOBIPHICTIO BiIKHAATUMETHCS HE MEHIIE TOJOBHHH Bix
OCTaHHBOI PO3TILIAYBAaHOI YaCTHHH. 3BIICH 1 Ha3Ba METONYy — OiHApHHHA IOIIYK,
TOOTO TONTYK 3 AIICHHSM HOIIOJIaM.

[porpamua peadnizanisi. Peanizamis anropurmy Ha MoBi C++ Moxe mMaTu
BUIJISIA:

int L=0, R=N-1, m=(L+R)/2;
while (L<=R & & a[m]!=x)
{
if (afm]<x) L=m+1; else R=m-1;
m=(L+R)/2;
/
if (L<=R) cout << “c 6 no3uuii ” << m << endl;
else cout << “nemac” << endl;

AHani3 ckiaagHocti. Halikpamum BUNAaIKOM BXiTHUX JaHUX € BapiaHT
MaCHBY, y SIKOMY IIYKaHWI CJICMCHT 3aliMa€ ICHTPaJbHY MO3WIi0. AJDKE TOII
BUKOHYETBCS JIMIIC ONWUH OIHAPHWU TMONLN, SKHA Bifpa3ly Ha€ MO3UTUBHUIMA
pe3ynpTar. [Ipu 1HBOMY BHUKOHYETHCS TaKa KUIBKICTh «BAXKKHX» 1 «IETKUX»
omepalliii TOpiBHSHHS:

chard — 1, c* =1+1=2.

OdeBHIHO, IO HAUTIPIIAM BHIMAJKOM BXIHHX ITaHWUX 3HOBY € BapiaHT
MacuBy, y SKOMY IIYKaHWUU eJleMeHT BiicyTHiIA. [Ipu 1bOMY BHKOHYETHCS
MaKCHUMallbHa KiTBbKICTh OIHAPHUX TOJIIB, MIOKU PO3TJIsAyBaHA YaCTUHA HE CTaHE
MOpOoXHBOI. KiNBKICTh eTariB MOALIIB MOMOJaM BU3HAYAETHCS JIOTapu(pMIYHOIO
3aJIeXKHICTIO:

K emanie = [logZN]+ 1,
Jie y KBaIpaTHHUX JIy)KKaX PO3yMI€ThCs 11ijIa YacTHHA BiJ Jorapudma.

Ha xoxxHOMY eTari mojity BUKOHYETHCS IO JIBI «BaXKKi» omepariii (o1Ha — B
yMoBi 1ukiy while, 1 oHa — y TiJIi IBOTO IUKITY) 1 IO OJHIH «Ierkii» omnepauii (B
yMOBi 1Ky while). OkpiM 1BOTO, Ie OIHA «JIETKa» OMepallisi Mae€ MiCIe MpH
MEPEeBipIli OCTATOYHOTO pe3yNbTaTy IOIIyKy. TakuM UYHHOM, Yy HaWTipmomy
BHUIAJIKY BXiIHUX IaHAX BHUKOHYETHCS TaKa KUIBKICTh «BAXKKHX» 1 IETKHX)
orepamniif HOpiBHAHHS:

clard _ y(iog,N]+1); €% =([log,N]+ 1)+ 1=[log,N]+2.

Sk BHAHO, YacoBa CKIAIHICTh OIHAPHOTO TMOINYKY 3HAYHO Kpama B
MOPIBHIHHI 3 PO3IVITHYTUMHE PaHIIIe MPSIMAMHU METOJIAMH.
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XapakTepHOIO OCOOJIMBICTIO JaHOTO METOJYy € MaiDKe Halripiia dacoBa
CKJIQIHICTD 1 y BUNAJKaxX 13 HO3UTHBHUM PE3yIbTATOM, KOJH IIyKAHUH €IEMEHT y
MacuBi 3aiiMae Taki TO3WIII: Nepmni, OCTaHHIH, INepenye IEHTPAILHOMY,
HACTYITHHH MiCNIS IEHTPAIbHOTO.

3ayBaxkeHHsi. Xoua OiHApHUH TONIYK € JOCUTH IIBHAKHUM aJTOPUTMOM,
NpoTe BiH HE TapaHTye 3HAXO/UKEHHS CaM€ IIEPIIOTO 3a HOPAIKOM BXOJUKCHHS
33JaHOTO 3HAYCHHA, a JAa€ SKUICh i3 MOXIIMBO AEKIAbKOX MIAPSI OJHAKOBHX
esiemenTiB. Hanpuknan:

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

VY pesynbraTi Oyne 3HaHIEHO TPETIO 332 MOPSIIKOM TPIHKY — €leMeHT i3
HOMepoM 4, Xx04a Iepliia 3a MopsAKOM Tpilika y MacuBi Mae HOMep 2.

1.1.4. MOIU®PIKALIS AJITOPUTMY BIHAPHOT'O TOMIYKY EJJEMEHTA Y
BIOPAJIKOBAHOMY MACHUBI

YaockoHaneHHs OiHapHOTO TONIYKYy Mae€ Ha MeTi 3abe3nednTH
BCTAHOBJICHHS CaMe IEPIIOTo 3a MOPSAAKOM, a He JOBUTFHOTO BXOIKEHHS 3a/1aHOTO
3HaueHHs1. OKpiM IIbOTO, — 1€ TO3BOJIMTH 3MEHITUTH KiTbKICTh «BOXKKHX) OIepartii
yaBidi.

Iness merony. Moaundikauis MONEPEeAHBOI0 AITOPUTMY Hependavae
BI]MOBY BiJl JIOCTPOKOBOTO 3aBEPIICHHS MPOIECY IOPIBHAHb MPH TOYHOMY
MOMAIaHHI B CJIEMEHT i3 IIYKaHUM 3HaueHHsM. L{e J03BOIUTH BiIMOBHTHUCS BiX
«BaXXKo1» orepatii nopiBHAHHS af/m]!=x B yMoBi uukiy while. 3Budaiino, Toxi
MOCTaHe THTAHHS NP0 KOPEKTHY 3aBEPIIYBAHICTh OMEpPaTopa IUKIY Y BHIAAKY
MO3UTHUBHOTO OCTATOYHOTO PE3yIbTAaTy.

IIpoananizyeMo pe3yiabTaTH TOPIBHSHHS JOBITAHO 0OpaHOrO eJeMeHTa
afm] i3 3amaHUM 3HAYCHHSM X, aje PO3TJTHEMO HE TPUBITKOBE, a JIBOBITKOBE
po3TaryXeHHS:

e KO af/m]<x, TO, 5K i B IONIEpEAHFOMY BUIAKy, YACTUHY MacHBY BiJ HOTO
MOYaTKy 0 €JeMEHTa afm] BKIFOYHO MOKHA BIAKUHYTH, TOOTO BHKOHATH
HepenpucBoeHHs L=m+1,

e SKIIO a/m]>Xx, TO CNEMEHT afm] BXKe HE MOXKHA BIIKUAATH, 00 BIiH MOXKE
cmiBmamaTH i3 3aJaHAM 3HAYCHHAM X. Y BHUMNAIKy JCKUIBKOX MiApsa
OJIHAKOBHX CJICMCHTIB TMOKH IO HEBIIOMO, SIKHI caMe BiH 3a MOPSAKOM.
SIKIIo micns HBOTO CNIAYIOTH Taki cami 3a 3HAUCHHSM CJIEMEHTH, TO HUMH
BXKC MOJXHA HEXTyBaTH. ToMy B JaHOMY BHIQJKy BapTO BHKOHATH
TIePENPUCBOEHHSI R=m.

Buxonsun 3 BIacTHBOCTI omepamii IIJIOYHCENBHOTO MUIEHHS Ha 2 It
m=(L+R)/2, cnpaBexnmiBoto Oyzne moxasiitHa HepiBHICTE L<m<R. Tomy omepaTop
MpUCBOEHHS L=m+1 TapaHTOBaHO 3MINIyBaTHME JIiBy MEXY Xoda O Ha OIWH
eJIEMEHT BIpaBoO, i omepaTop R=m Tex rapaHTOBaHO 3MIIlyBaTUME IMPAaBY MEXY
BJIiBO. TakuM YHMHOM, PO3TJIIyBaHA YACTHHA MACHUBY IIOPa3y 3BY)KYBaTUMETHCS
YH 3J1iBa, YM COpaBa, 1 I¢ 3a0C3MCUNTh KOPEKTHY 3aBEpPIIYBaHICTh UKy while.
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OxpiM [BOTO, Y BUMAIKY ACKUIBKOX MiAPSIA OJHAKOBHX CIEMCHTIB i3 IIyKAHUM
3HAYCHHSM IpaBa Mexa R po3rIIsaayBaHOi YaCTHHH Oyje TOCiI0BHO 3MIlllyBaTHCS
BJIBO i 3yTHHUTHCS CaMe Ha MEPIIOMY 33 IOPSIIKOM BXOJDKECHHI.

Bapro 3ayBakmTH, mo Taka MoAH]iIKaImis TakoX IepemdadaTHMe 3aMiHy
YMOBH 3aBepIlieHHsS pPOOOTH anroputmy. Temep Mpolec MOIIyKY B OyIb-SKOMY
BUIAJIKY NPHUIMHIETHCS, SKIIO PO3MIISAyBaHA YAaCTHHA MACHBY «CTATYETHCS» IO
OJTHOTO €IMHOTO elleMeHTa, ToO0To mpu ymoBi L=R. lleii enunuii enemeHT, 0Oe3
pisuutl, uu afL], un afR], Oyne abo AiMCHO MEPIINM 3a TOPSIIKOM CEePEll MOXKIIUBO
JIEKUIBKOX OJHAKOBHMX 13 IIYKAHUM 3HA4YCHHSM, a00 SKUMOCh iHmIKMM. Tomy
NOTPIOHO BHMKOHATH LI OJHY IEPEBIPKY 3 «BAXKKOIO» OIEPAL€l0 MOPIBHIHHS
3a()iKCOBAHOTO SIIEMEHTA 13 33J]aHUM 3HAUCHHSM X.

IIporpamua peaJi3zamis. Peamizamist anroputmy Ha MoBi C++ Moke MaTu
BUIJIS:

int L=0, R=N-1, m;
while (L<R)
{
m=(L+R)/2;
if (afm]<x) L=m+1; else R=m;
/
if (a[L]==x) cout << “c 6 nozuyii ” << L << endl;
else cout << “nemac” << endl;

AHaJi3 ckaaaHocTi. /st naHoro anropuTMy He MOKHA BUIUTATH Kpalili 9u
TipIIi BUMAAKU BXiTHUX JaHHUX, OCKIJIBKU MK HE 3aBEPITYETHCS JOCTPOKOBO MPH
TOYHOMY TIONAJaHHI B NIYKaHUH ereMeHT. TakuMm 4YWHOM, 3araibHa KiJBbKIiCTBh
«BAXKKHX) 1 «IETKUX» OTepamniil y Oyab-sKoMy BUIIAIKy Oy1e:

chard _ C'l'lltg'xd _ [logZN]+ 1. C° = Cor = [logZN]+ 1.

min min

OxpiM Takol JOCTaTHRO BHUCOKOI YacoBOi €(eKTUBHOCTI, MOAM(IKOBAHUH
OiHapHMH TOIIYK XapaKTepU3YETHCS TUM, IO 3a0e3Meyye BCTAHOBIIEHHS IEPIIOTo
32 HOPSZKOM BXO/PKEHHS €JIeMEHTa CEePel MOXKIIMBO JIEKUIBKOX AP OAHAKOBHUX.
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1.2. IOIYK NIAMOCJIIOBHOCTI EJJEMEHTIB V CTPYKTYPI
TTAHHAX

He 3meHITyroun 3aranbHOCTI, pO3TISAaTUMEMO TIOIIYK Y TOCTiIOBHOCTI, 110
MOJICITIOETHCS MacHBOM i3 /N €JeMeHTIB NOBUIEHOTO 0azoBoro Tuiy. Ilpu mpomy
IIyKaHa MiAIOCTiJOBHICTh — II€ TEX MacuB i3 M eJIeMEeHTIB IbOTO caMoro 6a30BOTo
THITY:

basetype a[N], b[M].

Jlyist 3a0e3reucHHsT KOPEKTHOCTI [TOCTAHOBKH 3a/la4i HEOOX1THE BUKOHAHHS
yMoBH /N>M, OCKIJIbKY HE MOJKHA IIYKaTH II0Ch JOBIIE B KOPOTIIOMY.

[ocninoBHicTs @, y sKiil 3IMCHIOETBCS TOIIYK, HA3WMBAIOTh 0OA306010
nocaiooguicmio abo TMpocTo 6azoro. IlimnocmigoBHICTE b, sKa IIyKA€EThC,
Ha3MBAETHCS 0OPA30M.

Takum YwHOM, 3aJada MOMIYKY IEPHIOTO BXOMKEHHS oOpasza B 0azy
nepenbayae BCTAHOBJICHHS HaWMEHIIOrO 3 MOXJIMBUX 3HaYeHb iHIEKca k 1o 0a3si,
TIOYMHAIOYH 3 SIKOTO E€IEMEHTH 0a3y MOCIHIiTOBHO CIIBMAJAlOTh 3 yCiMa eJIeMEHTaMHU
o0pa3za. SIkmio Takuii iHAeKce k icHye, TOOTO CIpaBe/IIiBa YMOBa

@k 0<k<N-M)= [a[k+j/=b[j/,j=0,M—1]&

@k, 0<k<N-M),(Vi,0<i<k),(3j,0<j<M)=afi+j]=b[j]],
(1)

TO 1€ — MMO3UTUBHUN PE3YJIbTaT MOIIYKY.
Y npoTunexxHOMy BUTIAZIKY, TOOTO 32 yMOBH
(Vk,0<k<N-M),(3j,0<j<M)=[afk+j]=b[j]], )

Ma€ MicIle HeTaTUBHUH Pe3yibTaT MOIIyKY.

1.2.1. IIPAMUAM NOIIYK HIZMNOCJIITOBHOCTI Y MOCJIJIOBHOCTI

Inest meroxy. HaiiGurpmr mpocTuM Ta OYEBHAHUMH CHOCOOOM TIOIIYKY €
MOCJIIZIOBHE CITIBCTABJICHHS €JIEMEHTIB oOpa3a 1 0a3u MOYMHAIOYM Bij ITOYATKY.
IIpu piBHOcTi ueproBoi mapu enemeHTiB afk+j[=b[j], O0<k<N-M, 0<j<M
BiZIOYBA€ETHCS TEPEXiJl JI0 HACTYITHOT NapH eJEMEHTIB, TOOTO BUKOHYETHCS! IPUPICT
iHgekca j. SIkmo s AesKOol Mapu eJNEMEHTIB Ma€ MICIE HECIHiBIIaJaHHs
a[k+jJ#b[j], 0<k<N-M, 0<j<M, To 00pa3 yMOBHO «3CYBa€THCS» BITHOCHO 0azu Ha
OITHY TIO3UIIif0, TOOTO BUKOHYETHCS TPUPICT iHAEKca Kk, 1 CIIIBCTaBICHHS €JIEMEHTIB
3HOBY ITOYMHAETHCS BiJl IIOYATKy 0Opasa.

Takuii TOBTOPIOBaHUI MPOIEC CIIBCTaBJICHb 1 MOXIJIMBHUX «3CYBiB» 00pa3a
BITHOCHO 0a3W NPUIMHSETHCS B OHOMY 3 TBOX BHITAIKiB:

1) yci exemenTn oOpasa cIiBmanX 3 BiIMOBITHUMH elleMEHTaMH 0a3u, TOOTO

Jj=M, — 11e NO3UTUBHUII pe3ybTaT;

2) micyis 4eproBOTO HECHIBIAJAHHs €JIEMEHTIB 1 «3CyBYy» 00pa3 BHUXOAWTH 32

MeXi 0a3u crpaa, T00To k>N-M, — 11e HeTaTHBHUHN pe3yIbTaT.
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Buxoas14u 3 b0r0, YMOBOIO MPOJIOBKEHHS MOITYKY Oye KOH FOHKIIISI BUILY
(ksN-M)&(j<M).

Ipukiax_NMOKPOKOBOr0 BHKOHAaHHA. J[ns imocTpamii MOKPOKOBOTO
BUKOHAHHS TIapW €JIEMEHTIB, IO CIIBIAJald, — IJKPECICHi, a HeCIiBIaaadi

HapH eIIEMEHTIB — 3aKpecieHi:

3,4,1,2,3,4,5};

int afl21={1,2,3,1,2,
={1,2,3,4,5};

int Db[5]
123+23412345
12345
123123412345
+ 2345
123123412345
+ 2 345
12312343+23145
12345
123123412345
+ 2 345
123123412345
+ 2345
123123412345
+ 2345
123123412345
1 2345 stop, vyes!

[porpamua peadnizanisi. Peanizamis anropurmy Ha MoBi C++ Moxe mMaTu
BUIJISIA:

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

Anauni3 ckaagnocti. OckijbkM HporpamMHa peaiizauis € CKJIaJHILIOK B
HOPIBHSHHI 3 AITOPUTMaMHM TOIIYKY €JIEeMEHTa ([Ba BKJIAJEHI LUKIIN), TO Ba)KKO
TOYHO OLIHWTH KIJIBKICTh «Ierkux» onepauid. TomMy 0OMeXHMOCH OIIHKOO
KIJTBKOCTI «BXKHX» OIIEparliil.
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Hatikpamux BapiaHTiB BXITHUX JaHUX MOXKE OyTH JCKiJTbKA!
e 00pa3 BxoauTh y 0a3y Bipa3y Ha HOYATKY, i BiH 3HAYHO KOPOTIIHHA Bif

6a3u; y upomy Bunaaky C ,’,’,%d = M , HanpuKIaz:

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

e o00pa3 He BXOIUTH y 0a3y, BiH cHiBpo3MipHHH 13 0a300, i NMpH IBOMY
HECIIBIAJaHHS EJIEMEHTIB IIopa3y (iKcyeTbcss Ha IeEpIIOMY eJIeMEHTI

oOpasa; y npoMy Bunanky C, ,},',‘;;d =N - M + 1, nanpuknan:

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

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

Y HalripmioMy BUNAAKYy Ha KOXHOMY eTami Mae BHKOHYBAaTHUCS
MaKCHMaJIbHa KUIBKICTh OIlepaliil IOpIBHSIHHS, 1 NMPHU IIbOMY BHUKOHYIOThCS BCi
MOJKJIMBI 3CYyBH 00pa3a BiTHOCHO 0a3u; Iie TaKUil BapiaHT BXiJHUX JaHHUX, KOJIH Ha
KO)XKHOMY eTami BCi eleMeHTH o0pa3a, OKpiM OCTaHHBOTO, CIBIIAQJAIOTH i3
BIIMOBITHIMH e€JIeMEHTaMH 0a3W, a HeCHiBHMagaHHA Imopa3y (QIiKCyeTbcs Ha

OCTaHHbOMY €JIeMEHTI o0pa3a; y IbOMY BHIIQJIKY C,’:,‘f&d =M (N -M +1),
HAIPUKITAL;

afi0]={1,1,1,1,1,1,1,1,1,1};

b[5] ={1,1,1,1,2};

BcranoBuMo Terep HaWripmui i3 HaWripmmx BUnaakiB. Jas 1mporo

jJociuizumMo  Ha - ekctpemyMm  ¢QyHkuito  C ,%;d (M ) =M (N -M+1 ) —> max .
[Ipomudepenmitoemo o aprymerty M i IpUpiBHAEMO 10 HYJIS:

C,ffgg'(M)=(MN—M2+M)’ =N-2M+1=0=> M, = (N+1)'

extr 2
hard N+1 ?
Tomy Cmttlz':v max (Mextr ) = ( 2 ) .

OTxe, HAWTIPIINM 13 HAUTIPIIUX BUITAJKIB € BapiaHT BXiTHUX JaHUX, KOJIH,
OKpIM yCBOTO BHINE3a3HaYeHOro, 0Opa3 yaBiui Kopormmii Bix 6aszu. Hampukian,
npu N=10, M=5 «imbkicts onepanii CH4 —— M(N-M+1)=5-6=30.

3HAaYHO KpAIIMMU 3 TIPIIUX BUMAJKIB € HACTYITHI BapiaHTH BXiIHUX JaHUX:

e 00pa3 ayxe KOPOTKHI — TOJI BiH LIBHJKO «PYXAETHCS» B3AOBX 0asu, 60 yci
eTaru KOpOTKi:
afi0]={1,1,1,1,1,1,1,1,1,1};

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

e 00pa3 cmiBpo3MipHH i3 0a3010 — TOJI, XO4 KOXKEH €Tall JOBTHH, MPOTE
«3CYBIB» MaJIo:
afi0]={1,1,1,1,1,1,1,1,1,1};
b[(8] ={1,1,1,1,1,1,1,2};
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chard — M(N-M+1)=8-(10-8+1)=24.

1.2.2. MOJM®IKAIISA MTPIMOTO MOIMYKY MIAMOCIIIOBHOCTI

HemomikoM mpsMOTO MOIIYKY MiAMOCTIZOBHOCTI € T€, MIO TIPH YeproBiit
HeB/adi 00pa3 «3CyBaeThCSD» BIIHOCHO 0a3M JIHIIE Ha OJHY MO3MII0. SIKIIO Takii
HEBJIayl TepejyBalia BEJIMKAa KUIBKICTh CHIBMAJaHb CJIEMEHTIB, TO JOIUIBHO IO
JOJIATKOBY  iH(GOpMAIF0 PO  XapakTep CHIBINAJaHb  SKHMOCh  YHHOM
BUKOPUCTOBYBaTH HAa HACTYNMHUX eramax. lle mo3BOMmIIO © BiIMOBHTHCS Bij
0araTopasoBUX «IOBEPHCHBY» HA3aJ 1 MOBTOPHUX «IPOXOJIB» IO THUX CaMHUX
eJleMeHTax 0asu, siKi BKe aHali3yBaJlMCs Ha IollepesHiX eramax. Hampouryerbes
izess 3adikcyBatd B 0a3i MO3MINI0 OCTAHHHOTO HECHIBIAJAHHS 1 «3MIIyBaTH)
00pa3 BiTHOCHO 6a3u Ha NIeSKY BiJCTaHB.

OpHnM i3 crioco0iB peaizarii Takoi ifei € «3cyB» o0Opa3a BiTHOCHO 0a3u He
Ha OJIMH CIIEMEHT BIIPABO, a Bifipa3y B caMmy IMO3UIil0 HecmiBmaganHs. OueBuHO,
110 SIKIO HECMIBMAJAHHs Ma€ MICIIEe Ha MEPIIOMY eIEMEHTI 00pa3a, TO «3CyB» Ma€
BUKOHYBATHUCS HA OJIHY MO3HI[i0. PO3riIsiHEMO JIeKilibKa MPUKIAIiB:
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[IpoanamnizyeMo Tenep po3TITHYTI MPUKIAIH:

e yBuUMagkax | i 2 mMBHUAKO i BipHO 3apiKCOBAHO MO3MIIII0 BXOKEHHS 00pa3a
B 0azy;

e yBunankax 3 i4 3adikcoBaHO BUX0I1 00pa3iB 3a Mexi 06a3 ((akTUIHO — 1e
HEraTHBHI pe3yJbTaTH), XO4a HACIpaB/i BOHH BXOIITh y 0a3u (BUAIJICHO
KHUPHUM LIPUPTOM).

TakuM  umHOM, pO3MIAHYTa  MoAudikamis  aNropuT™My  MOLIYKY
HIANOCIHIZIOBHOCTI HE € pe3yJbTaTHBHOW0. He ckiagHo mepekoHaTHcs, 1o AeexT
ITOPUTMY BUSIBJISIETHCS 32 HACTYITHUX YMOB:

a) Ha IoYaTKy oOpa3a MaloTh Miclle NOBTOPEHHS OJHAKOBHX €JIEMEHTIB abo
TPYII i3 AEKITBKOX €JIEeMEHTIB; PU FOMY BaXKITUBHUMH € TIOBTOPEHHS OLTBII
JOBIIHX Tpyn (pukian 4);

b) y 6a3i Ha mMOYaTKy MAEAKOTO €Tally Mae€ Miclle IMOBTOPEHHS THX CaMHUX
€JIeMEeHTIB a00 TPYII eNEeMEHTIB, 10 1 B 00pa3si;

C) KUIBKICTH IOBTOPEHB €JEMEHTIB YHM TPYI eJEeMEHTIB y 0a3i He KpaTHa
KUTBKOCTI X TOBTOPEHb B 00pasi.

OpHuM 13 croco0iB BHPIIICHHS TaKol MpoOaeMu i 0THOYACHO MiABHIICHHS
e()EKTHBHOCTI aJITOPUTMY TONIYKY ITiIIOCITITIOBHOCTI € 3MIIIEHH 00pa3a BiJHOCHO
0a3u 3 BpaxyBaHHSM ITIOBTOPIOBAHHMX BXOJKEHb I'PYII €JIEMEHTIB B 00pa3i Ta B 6asi.

1.2.3. AIrOPUTM KHYTA-MOPPICA-ITPATTA (KMII)

Inest metony. Y 1977 p. Honansn Kuyt, xetimc Moppic i Bon Ilparr
3alpONIOHYBAIM  €()EKTHUBHUN  aNTOPUTM  MOIIYKY  MiAMOCTIOBHOCTI B
mocimioBHOCTI — anroputM KMII, skuii Mae cepemHio YacoBy CKJIQIHICTh
O(N+M), i ipu 1bOMY He MPOSIBIISE XKOIHUX Ne(eKTiB, TOOTO € pe3yIbTaTHBHHM.

Sk 1 B pO3rISHYTOMY BHIIE BapiaHTi MoAu(ikalii NpsMOro MOUIYKY,
«3CyBU» 00pa3za 3IMCHIOIOTHCS HE HA OJUHHMYHI, a HA 3HAYHO ORI BijcTaHi,
OJTHAaK HE 3aBXKJIM B TOUKY HECIIiBIIa/IaHHS €JIEMEHTIB.

BcraHoBNeHHST BETMYMHHN «3CYBY» 31HCHIOETHCS Ha OCHOBI MOIEPEIHHOTO
aHaizy o0Opasy, IO JT03BOJISIE BUKOHYBATH 3MIIICHHS HA BEJHKI BiJICTaHI HABITh
TIPY HasBHOCTI IIOBTOPIOBAHMX T'PYI EIEMEHTIB 1 O0e3 BTpaTH pe3yabTaTUBHOCTI. Lle
€ okpeMa (haza 3araJlbHOTO AaIrOPUTMY, SIKA BHKOHYETHCS OITHOKPATHO IIepen
MIOYaTKOM CITiBCTaBJICHHS €JIEMEHTIB 00pasa i 6azn.

B ocHOBY monepexHporo aHainizy oOpas3a MOKIAJEHO MiJAPaxXyHOK TOBKUH
OCOONMBHX IANOCTITOBHOCTEH elleMeHTiB o0pas3a, SKi B HBOMY IIOBTOPHO
3ycTpivarorecs. [lomibHO 10 Mopdoiorii, MO € PO3IioM TpaMaTHKH 1 BHBYAE
OynoBy cioBa, y Teopii opMaIbHUX MOB, L0 € YaCTUHOIO TEOpil NporpamMyBaHHs,
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pO3IIIAAIOTECS TaKi CTPYKTYpHI eleMeHTH sk mpedikc i cydike. [lpegixcom
BBAXXACTHCA JedKa IIIAMOCIIAOBHICTh €JIEMEHTIB 0a30BOi MOCHIIOBHOCTI Bix Ti
MOYaTKy, SKa He CIBIafae i3 caMoro 0a3010. AHAJOTIYHO, cypikcom BBAXKAETHCA
JIestKa MiAITOCIiJOBHICTE €JIEMEHTIB 0a30BOT OCIIZOBHOCTI BiJ il KiHI, KA TEXK HE
cuiBnamae 3 6a3oro. VY mpedikc He BXOAWTH OCTaHHIA €IEMEHT, a B Cy(ikc He
BXOJUTH NepIunid eneMeHT 6a3u. TakuM 4uHOM, 6a3a 3 OJHOTO eJIeMEHTa He Mae
mpedikca i cydikca.

BpaxoByioun NpHUAHSATI BU3HAYECHHS, PO3MIISTHEMO [ESKY MOCIIiJIOBHICTD
€JIEMEHTIB JIOBLILHOT'O 0a30BOTO THILY

byby....by_1.by bygo by Byg i1 Oy g2 Bp 1. bag - (D)
%/—/
npegixc cygire

Hac mikaButuMe npegixc maxcumanvroi 0062cuHu, SKAH TOEIEMEHTHO
CHIBMA/IAE i3 Cy(HiKCOM TaKOi X JOBKUHH:

by =by k41> b2 =bpr ey s b =by

IIpedixc 1 cydikc MOXYTh HE TIEPETHHATHCSA, MOXYTh YacTKOBO
NepeKpUBATUCS, NPOT€ BOHM HE MOXKYTh IOBHICTIO HaKjagaTucs, TOOTO OyTh
OJTHMMH 1 TUMH CaMHMH elleMeHTaMu. Sk Bke OyJo 3a3HaueHo, OJHOEJIEeMEHTHa
MOCITIZIOBHICTE HE MOXE Martu npedikca, ado, IHIIUMH cJIOBaMH, ii npedikc mMae
HYJIbOBY JIOBXHHY.

3riggo 3 amroputMoM KMII mnomepenuiii anamiz oOpasa mnepenbaudae
o0uuCIeHHs] JOBXHH Ipe(ikciB Uil BCIX MiANOCTIZOBHOCTEH oOpasa Bin #oro
MOYATKY 31 3pOCTaHHAM iX JOBKMHH Ha OAWHHLIO:

’bl"
b],bz,'

X ; 2
b[,bz,...,bk,' ( )

T YT TN S Y

Hdns  BcTaHOBNEHHS npedikciB  OUIbII  JOBIMX  HiJNOCIHIZOBHOCTEH
BUKOPDHCTOBYIOTbCS ~ pe3yJIbTaTH  aHajli3y [ONepeAHiX  OUIbII  KOPOTKHX
nianocigoBHocTed. ToMy OBXHMHU NpedikciB KOKHOT 3 mianociigoBHOCTEH Y (2)
JIOLTBHO 30epiraT B JIOJaTKOBOMY YHCJIOBOMY MAacHBi TakOoro CaMoro po3mipy,
1o i oOpas:

int p[M].

e e momaTtkoBa BUTpaTa maM’sTi, Ky CIiJl BpaXOBYBaTH IIPH TIOIIYKY OCOOIIMBO
JIOBTHX 00pa3iB.
PosrisiHeMo mpuKIiTa MOKPOKOBOTO OOUHCIICHHS TOBKUH NPeQiKCiB:

int brlle6]={1,2,1,2,1,2,3,1,2,1,2,1,2,3,4,5};
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preﬁx(1,2,£)=22p4=2;
prefid1,2,1,2,1)= 3= ps =3

1,2,1,2,1,2)= 4= ps=4;
(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= py =2
prefi1,2,1,2,1,2,3,1,2,1)= 3= p;y = 3;
prefix(1,2,1,2,1,2,3,1,2,1,2)=4=> p;; = 4;
prefix{1,2,1,2,1,2,3,1,2,1,2,1)= 5= p;, = 5 ;

preficl1,2,1,2,1,2,3,1,2,1,2,1,2)= 6 = p;; =6
(

prefix(1,2,1,2,1,2,3,1,2,1,2,1,2,3)=7=> p1y =7
prefix 1,2,1,2,1,2,3,1,2,1,2,1,2,3,4)= 0= p;5=0;
prefix(1,2,1,2,1,2,3,1,2,1,2,1,2,3,4,5)=0=> p;5 = 0.

SIK BUAHO 3 TIPUKIIAAY, OOUNCIIEHHS TOBXHUH MpediKCiB IS BCIX MOKIMBHX
mifnociizoBHOCTEH 00pa3a JO3BOJSIE BCTAHOBUTH MAKCHMAJIBHY —JIOBXHHY
MOBTOPIOBAHUX IPYIl €JIEMEHTIB Ha MOYaTKy 1 B KiHIi. HynboBi 3HaUeHHS JTOBXUH
npedikciB BiANOBINAIOTh TaK 3BaHUM «OOpHBaM» 3pocTalouux mpedikci. Touku
«00OpuBiB» OyyTh BU3HAYATH MOJAJIBII «3CYBH» 00pa3a BiTHOCHO 0a3u.

IIporpamua peaJi3anisi aJroputMy o04YMCJICeHHS JOB:KHH npedikcis.
Anroput™m (GopMyBaHHS JOJATKOBOTO MAacWBY JOBXHH mpedikciB Ha MoBi CH++
JOLUTBHO peaji3yBaTh y BHIIIAAI okpeMoi (yHkii. MacuB oOpasa Ta 101aTKOBHIA
MAacHB JJOBXKHH Mpedikci s i€l QyHKIT € TI00amTsHIMHA:

void prefix()
{
pl0]=0;
int k=0;
Jor (int j=I; j<M; j++)

while (k>0 && b[k]!=bj]) k=p[k-1];
if (b[k]==b[j]) k++;
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plil=k;
}
}

Oyukuisn prefix( ) Oyne BUKIMKATHCS B OCHOBHIM mporpami. [Iporpama
pealizaris MomyKy nepIioro BXoKeHHS o0pa3a B 0a3y Mo)ke MaTy BUTILII:

prefix();
int k=0, j=0;
while (j<M && k<N)
{
while (>0 & & b[j]!=a[k]) j=p[j-1];
if (b[j|==a[k]) jt++;
k++;
/
if ==M) cout << “c ¢ nozuyii ” << k-M << endl;
else cout << “nemac” << endl;

[pukaax noKpoKkoBOro BWKOHAHHA. J[ns imocTpanii MOKPOKOBOTO
BUKOHAHHS NPOIIOHYETHCS PO3IVISIHYTHH BUIIE BapiaHT oOpa3y. st Hboro Bixke
c(hOpMOBaHMIi 10JJTaTKOBUH MacuB JTOBXHH 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

3=0; k=0; bljl=1=1l=alk]l=>j=1; k=1;

-—-— KPOK 2 —---—
12121231212123121212345
1212123121212345

J=1; k=1; bljl=2=2=alk]=>7=2; k=2;

--- Kpok 14 ---
12121231212123121212345
1212123121212345

3=13; k=13; b[j]=3=3=alk]=>j=14; k=14;

--- KpOk 15 —---
12121231212123+21212345
1212123121212345

j=14; k=14; b[jl=4#1l=alk]=>J=p[j-11=7;
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[Ticns 0OpuBY cniBnamanb 00pa3 3MIIIyeTbCs Tak, 00 3 eleMEeHTOM 0a3u
a[l4]=1, sxwii chigye micis enemenTa afl3]=3, cymicTHUBCS elneMeHT 00pa3y, K
TEX CITiTye TICI eeMeHTa 31 3HaueHHIM 3, ToO0TO enemeHT bf7[=1:

--—- xpok 16 ---

12121231212123121212345
1212123121212345

J=7; k=14; Db[jl=1l=l=al[k]=>]=8; k=15;

--— xpok 17 ---

12121231212123121212345
1212123121212345

J=8; k=15; Db[j]l=2=2=alk]=>3=9; k=16;

--— KpOK 24 ---

12121231212123121212345
1212123121212345

3=15; k=22; Db[j]l=5=b=alk]l=>j=16; k=23;

j=M, stop, yes!

Anani3 ckaagnocti. [lomepenHiii anamiz oOpasza mnorpedye «BaXKKHX»
ornepatii nopiBHsHHA. Llel aHai3 BUKOHYETHCS 10 MOYaTKy OCHOBHOTO IOLIYKY, 1
HOro CKJIQJHICTD HE 3aJIeKHTh BiJ KIHIIEBOTO pe3yJbTaTy, a 3aJIe)KUTh JIUIIE Bij
XapakTepy pO3MIllleHHs eJleMeHTIB B o0pa3i. OcHOBOIO wi€l (a3 aIroputMmy €
UK TI0 BCIX eJIeMEHTaX o0pasa, sKi TOCHTIIOBHO TIOPIBHIOIOTHCS 3 OLJIBII
MIOTIEPEeTHIMH eIeMEHTaMU TPH 3pPOCTaHHI JOBXKHUH mpedikciB. Skmo mae micre
o0puB TpedikciB, Taki €JIEeMEHTH MOXYTh IOBTOPHO MOPIBHIOBATUCS 3 OUTBII
BiZJJaJICHUMH IIOIIEPEHIMU elleMeHTaMH. BpaxoByroun ne, MOKHa BBaXkKaTH, IO
CKJIaTHICTD TOINEPEIHHOTO aHami3y oOpasza TpomopiiiiHa HOro JOBXKHHI

h . . .
crrd =0(M). Bona Gyne MiHiManbHOW, Konum B 00pasi Baram Hemae
npedikciB abo mpedikcu 0Oe3 OOpPUBIB MOCATAIOTH MAKCHUMAaTbHO MOXKIHBOI

noexkunan. Tomi C],I:,‘;-,';d =M.

lNpmmMu GynyTh BHITQAKH, KOJH JOBXHHHU MPe(]iKCiB MOYEProBO CHOYATKY
3pOCTAlOTh, a MOTIM OOPHUBAIOTHCS 31 3MEHIICHHSIM IOBXHWHH. [IpHKIamoM Moxe
OyTH HacTyImHHIA BapiaHT oOpa3a:

1,,2,1,1,3,1,1,3,1,1,3,...
Tyt Tperiif enemeHT 2 TOPIBHIOBATHMETHCS [Bi4i 3 JIPYTHM Ta IEPIINM
emementamu I 1 I. Yci emeMeHTH 31 3Ha4eHHAM 3 TOPIBHIOBATUMYTBCS TPHUi
MIOCTITOBHO 3 TPETIM, JPYTUM Ta IepmumM enemeHTamu 2, I, 1. A Bci eneMeHTH 3i
3HAYCHHSM I, TIOYMHAIOYH 3 JPYroro, MOPiBHIOBATUMYTHCS 10 OJJHOMY pa3y abo 3
mepmuM, abo 3 OpyruM eneMeHToM [. 3BHYaifHO, MOXKHA HABECTH IIe Tiprmi
BUIIAJIKH, YV SKUX KUIBKICTh MOBTOPEHb Mimpsia eneMeHTiB I Oyme Oinmbimoro. Tomi
KpaTHICTh TOpPIBHSAHBL sl eneMeHTa 3 Tex Oyne Oinpmioro. OnHak y Mexax
¢ikcoBaHOT JOBKHMHU 00pa3za N KiIbKICTh TAKUX JOBIIUX TPYN €JICMEHTIB Oyie
MEHII0. A ToMy (QYHKIIS CKJIaJHOCTI Oyae OOMEXEeHOI 1 JocsraTUMe JEsiKOTo
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MakcHMyMy. 3BHYaiiHO, Il Oyne ayke OCOOJIMBHI BHIANOK, SKHH y pealbHUX
3amagax 0OpOOKH CTPYKTYp AaHHUX 3yCTPiYaTUMETHCS HEJacTo.

®a3a OCHOBHOTO IIOIIyKy TMepeadadae TIOCHIJOBHE CHIBCTABJICHHS
eleMeHTiB 0a3u 3 eneMeHTaMHu o0pa3zy. Y 0a3i «HOBEpHEHB)» Ha3aa i MOBTOPHUX
«IIPOXOMIBY» IO THX CAMHX €JEMEHTaX, SKi BXKE aHaNli3yBaJMCS Ha IOIEpeIHiX
eTamax, He BUKOHYeThCs. TOMy Te€X MOXKHAa BBa)KaTH, IIO CKIAAHICTD Apyroi ¢azu

nomryky mpomopuiiina fosxumi Gasu €2 =O0(N). Sk i y sumaaxy

MONEepeTHHOTO aHaji3y oOpas3a, MOXKIMBI Bapiamii CKJIQJHOCTI, y 3aJIS)KHOCTI Bif
XapakTepy 3MiHH JOBXUH MpeQiKCiB.

Takum uymHOM, 3arambHy CKIagHicTe anroputmy KMII momryky
MiATIOCTIAOBHOCTI B MTOCTITOBHOCTI MOXKHA BBa)KATH MPOMOPIIHHOIO CyMi JOBXHH

o6pasy i Gasu C""™ =O(M+N).

VY psini BUNAnKiB BXiAHUAX JAHUX, KOJMM 0a3a MpUOIU3HO BIBIYI JOBIIA Bif
o0pa3y, 1 HoBXMHH TpedikciB 00pa3y MOYEproBO CIIOYATKY 3pOCTAIOTh, a MOTIM
0o0OpuBAIOTBCS 31 3MEHIICHHSM JOBXWHM, MOE BHSBUTUCS, IO CyMapHa
cknaaHicTh anroputMy KMII Oyne GUIbIIOr0 Bijf CKIIQAHOCTI MPSMOTO TIOIIYKY.

1.2.4. Aaroputm boiterpA-MyPA (BM)

Iness meroay. AmroputM KMII naBaB BuTpam y THX BHUMAIKaX, KOJH
HECTIBMAJaHHs eIeMEHTIB (ikcyBanucs Omkde 10 KiHIM obpaza — TOINi 3CYBH
BUKOHYBAJIHMCS Ha 3HauHi BimcraHi. OmHaK 1e moTpeOyBaso 6araThox MomepeaHix
obuuncnens. Pobept boiiep 1 [xelr Myp y 1977 poui 3arponoHyBaiy BUKOHYBaTH
MOPIBHSIHHS eJIEMEHTIB 00pasa i 6a3u He BiJ| MoYaTKy oOpasa, a HaBIIaKu — BiJl HOTo
KiHI. Lle 703BOIMIIO0 CYTTEBO MPUIIBUALLIMTH MIPOLIEC.

Jns po3yMiHHS OCHOBHUX IIOJIOKEHb anropurmy boiiepa-Mypa (BM)
pO3MIITHEMO HACTYIHI MOXUJIMBI BMIIQJIKH 3YINMHKH 4YEpProBOro eTamy Ipu
HeCIliBNaJlaHHI eJeMeHTiB o0pasy 1 0a3u, ski 0a3yloTbcs Ha EBPUCTHII
BUKOPHCTAHHSI S{Op-efeMenma:

1) sKmo Ha NMEesKOMY eTalli MOpiBHAHP 3a(iKCOBaHO HECIIIBIIAJaHHS CIEMEHTa
obpaza bfj] 3 neskum enemenToM Oasu afk], axoeo mouno Hemae 6 obpasi,

TO 3MimIeHHS oOpasza BiTHOCHO 0a3W MAOINBFHO POOWTH Tak, OO BiH

OTIMHUBCS Bipa3y MicCIs MO3UIIT HeCIiBIafaHHs, HATIPUKIIAT;:

k

l
a 123123123127
b 123123

1

J
3MimeHHS — 123123
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2) SKIIO Ha JESKOMY €Tali MOpiBHSHB 3a(hiKCOBAaHO HECIHIBIAJaHHsS €JIEMEHTa
obpaza bfj] 3 nesxkum enementoMm 0Oa3m afk], axuii exooumv 6 obpas
00HOpPA3080 1 MOYHO OCMAHHIM, TO 3MIIIEHHS oOpa3a BiIHOCHO 0asu
JIOLITHHO pOOUTH Ha BCIO JOBXKHHY 00pa3a, HalpHKIIaI:

k

1
a 123127123127
b 12312717

1

J
3MimeHHS — 123127

3) sKIIO Ha AESKOMY eTari MOPiBHSAHb 3a(iKCOBAHO HECMIBIIAJAHHS EIEMEHTA
obpaza bfj] 3 neskum enemeHToM 0as3u afk], sxuil € 6 0bpasi, ane He 6 KiHyi,
TO 3MiIeHHs 00pa3a BiIHOCHO 0a3W AOIIIEHO POOWUTH TakK, MO0 CyMICTHTH
eneMeHT 0a3u afk] 3 ocTaHHIM BXOIKEHHSIM IThOTO K €JIeMeHTa B 00pas3,

HaIPUKIAL:
k
1
a 121234123127 ...
b 1234314
1
J
3MimeHHS — 123 4314

4) sSKImo Ha JeSKOMY eTarli MOpiBHAHB 3a(iKCOBAHO HECIIBIAAHHS €IeMEHTa
obpa3za bfj] 3 nesixum enementoM 0a3u afk], axuii € 8 06pasi HeoOHOPaA3080 i
68 MoMmy uucai ocmauHim, TO 3MIIIEHHS o0pa3za BiXHOCHO 0a3zW TOLIIHHO
pobutn Tak, moOO cymicTuTH eneMeHT 0asm afk] 3 mepemocTaHHIM
BXOJ/DKCHHSIM I[bOTO X €JIEMEHTa B 00pa3, HANpUKIa;:

k

!
a: ...12123212312717
b : 123432

1

J
3MilMleHHS — 123 4314

OdeBuaHO, O BUMAAKA 3 i 4 € moAiOHUMH, 1 iX MOYKHA PO3TIAAATH SK
PI3HOBHUIHM OJHOTO CIIJIBHOTO.

[Ile omHMM pi3HOBHAOM, TOYHIIIE, MPOTIJICKHICTIO, Oyae BUMAIOK, KOJIH
copoba cymimenHs afk] 3 ocTaHHIM HOro BXO/DKEHHSM B 00pa3 BHMaraTtume
3MillleHHsT 00pa3a B NMPOTWIEKHY CTOPOHY. TakuM YMHOM, BHAIIMMO IIe 1 LeH
BUIAJIOK:
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5) SKIIO Ha AESKOMY eTarli MOPIBHSAHb 3a(iKCOBAHO HECIIBIIAJAHHS EIEMEHTA
obpaza bfj] 3 neskum enemenToM 0a3u afk], axuil € 6 obpasi, ane He 6 Kinyi,
i ocmamHe 1020 6X00NCEHH MA€E Micye Ricls no3uyii Hecninaoamuws, TO
3MiIIeHHs o0pa3a BIOHOCHO ©0a3W BUKOHYETHCS Ha OIHY TIO3HIILIO,

HaIPpUKIAL:
k
1
a : ... 12122 123127 ...
b : 12323
1
J
sMmimeHHs —» 1 2 3 1 2 3

3BUYAfHO, OCTaHHIA BapiaHT 3MIMIEHHA 0O0pazy € Majo e(EeKTHBHUM,
OCKIJIBKH CYTTEBO TOTIPIIyE YacOBY CKIIQJHICTh MONIYKY B 0araTboX BHITaIKaxX
BXimHUX maHWX. s BupimeHHA IIi€i mpoOjeMH BHKOPHCTOBYETHCA IE OIHA
EBPHCTHKA MOMIEPEIHHOTO aHalli3y 00pa3a 3 METOI0 OOYUCICHHS TOBXUH CypiKcis.
e#t migxin aHaTOTiYHU BU3HAYEHHIO TOBXKUH npedikciB B anmroputmi KMIL.

Jis  BH3HAYCHHS ONTUMAJBHUX 3MIIICHh 00pa3a BIAHOCHO 0asu
NPOBOJUTHCS TMOMEPEIHIN aHami3, y mporeci skoro (OpMYyeThCs 10JIaTKOBA
Tabnuisg. Bapro Bim3HAUWMTH, IO TaKWil aHami3 Mae 0coOIMBOCTI. JlomaTkoBHiA
MacuB, o (OPMYeThCs B Ipoleci aHamizy oOpas3a, Mae iHIEKCyBaTUCsS BciMa
3HAYCHHSMH TOTO X CaMOro THITy, 1[0 € 0a30BUM i1 obOpasa i 0asu. Tomy
anroput™M BM MokHa 3acTOCOBYBATH, KOJIM Oa30BHI THII € IUCKPETHUM:

e skmo 0a3oBUit THUN € onxHOOaWtoBuMu (char, unsigned char), TO

JIOJATKOBHHM MacHB MaTHME JuIIe 256 eJIeMEHTIB;

e Ko 0a30BUi THII € TBOOAWTOBUM (short, unsigned) abo doTHpHOANTOBUM

(long, unsigned long), To TONaTKOBWIA MaCHUB 3HAYHO 3POCTAE 32 PO3IMIPOM:

65 536 eneMeHTiB — A nBoOanToBHX Ta 4 294 967 296 enemeHTiB — IS

YOTHPHUOANTOBHX;

e y BHIAJKY Lie OUIBIINX po3MipiB 0a30Boro Tuny (Hanpukiag, 8 GauT ajs
long long), nonaTkoBHii MacUB HE BAACTHCS PO3MICTHTH Hi B CTATHYHIH, Hi

B JAUMHAMIYHI mamM’ATi  TporpaMH, OCKUIBKM  TNOTpiOHO  MaTH

18 446 744 073 709 551 616 enemeHTiB;

e Km0 0a30BUIl THUI HE € TUCKPETHUM (HANpHUKIAJ, AiMCHI Yucia), To Ieit

ITOPUTM B3aralli He MOXHa 3aCTOCOBYBATH.

BpaxoByroun TaKy OCOOJMBICTh QlTOPUTMY, OOMEKHMOCS BHUIIaIKOM
onHOOaiToBOrO 0azoBoro Ty unsigned char i3 niama3oHOM 3HaYeHb Bix 0 10
255. Lle yacTo Mae Micue NMpH MOIIYKY MiANOCTiIOBHOCTI CUMBOJIIB Y TEKCTI.

[omepenuiii anamiz oOpa3a mependavyae BCTAHOBJICHHS BIJCTaHi Bifg
KpaifHHOTO MPaBOTO BXOJKCHHS KOXKHOTO €JIEMEHTa 0a30BOTO THUIY J0 IPaBOi
Mexi oOpaza. ITig mpaBoro Mexero o0pa3a po3yMie€ThCs HOTO OCTaHHIN €JIeMEHT.
IIpu 1pOMy ciig BpaxoBYBAaTH Pi3HI BHUMAAKH OCOOJUBOCTEH o0Opasa, o
PO3TIISTHYTI BHIIIE:
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BapiaHT oOpa3a 0e3 IKHX0Ch 0COOIMBOCTEH BIIIOBI A€ BULIAIKY 3;

SIKIIO  SIKOTOCh 31 3HaueHb 0a30BOTO THITy B 00pa3i B3araji HeMae, TO
BBA)KAETHCSI, IO 1€ 3HAUYCHHS 3HAXOAUTHCS OE3M0CEPEHBO TEPE] TOYaTKOM
obOpasa, i I HbOTO TPUHAMAETHCS BiJICTAaHh PIBHOIO JOBXKMHI oOpaza M
(Bumamox 1);

SKIIO KpaifHE TIpaBe BXOKCHHS [ESIKOTO 3HAUYeHHA O0a30BOTO THITY
BIZINOBIJIa€ OCTAHHROMY €JIEMEHTY 00pa3a, TOOTO cIliBHajae 3 Horo npaBoro
MEXeI0, 1 BOHO €JJMHE, TO IPUAMAEThCS BiACTaHb piBHOIO 0 (BUMAIOK 2);
SKIIO KpailHE TIpaBe BXOJPKEHHS JESIKOr0 3HAYeHHS O0a30BOTO THITY
BIZINOBiJIa€ OCTAHHROMY €JIEMEHTY 00pa3a, TOOTO cIliBHajae 3 oro npaBoro
MEXEI0, aje BOHO HE €IWHE, TO U TAaKOrO0 3HAYEHHS BHU3HAYAETHCS
BIJICTaHb BiJl IEPEIOCTAHHBOTO BXOPKEHHSI (BUIA 0K 4);

UL ONTHMI3allii BHIIAAKY 5, KOMM 3aMICTh 3MIIIeHHS o0Opa3a Ha OIWH
€JIEMEHT BUKOHYETHCSA 3MIIICHHS HAa MaKCHUMalbHO MOXIIMBY BiJCTaHb,
MIPOBOJTUTHCS OOUHCIICHHS TOBXUH CY(IiKCiB.

PosrasiremMo npukinan obpasza Ta chopMyeEMO AL HBOTO TOJATKOBHH MacHB

d 13 256 winux ynucem:

int const M=12;
int b[M]={1,2,3,1,2,3,4,1,2,3,4,5};
int d[256];

(BUmamoxk
(BUmamoxk
(BUmamoxk
(BUmamoxk
(BUmamoxk
(BUMamok
(Bunmamoxk
(BUmamox

000 0 00 0 0O
PR NDWWWwR

=
~

d[255]=M=12; (BUMagok

Jlis maHoTO MPUKIAAy BUMANOK 4 BiACYTHIH, OCKITBKH BiH € MPOTHIIC)KHUM

BUNAAKy 2. 3 METOIO 1TtocTpanii BUNIaaAKy 4 MpOIOHY€ETHCS THIIHHA PUKIIAL;

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

d[0]=M=12; (Bunamox 1)
d[1l]=4; (Bunnamox 3)
d[2]1=3; (Bunagox 3)
d[3]=2; (Bunamox 3)
d[4]=5; (Bunamok 4)
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da[(5]=1; (Bunamoxk 3)

d[o6]=M=12; (Bunamoxk 1)
d[7]=M=12; (Bunamoxk 1)
d[255]=M=12; (Bunmnagoxk 1)

IIporpamua peajizauis.
Sk BXe 3pO3yMiJo 3 OmUCYy OCOOIMBOCTEH anroOpuTMy, MpOrpaMHa
peaizariisi OXOILTIOBaTUME JICKiIbKa OCHOBHUX (ha3:

e nmonepenHiii anaxiz odpasa 3 Meroro GopMyBaHHS TOJATKOBOTO MacuBy d
BificTaHell 3MimeHb. Sk 1 Oylo JOMOBIEHO, BBaXaTHMEMO O0a30BHM THIIOM
eJieMeHTiB 0a3u Ta o0pas3a omHOOANTHMI THI IiKX 4ucen Oe3 3HaKy. Y mii ¢asi
YMOBHO MOKHA BHIIUIUTH TPU KPOKU:

for (int i=0; i<256; i++)
dfi]=M;
/* mym nouamkogo NpullMaemvcs, wo 6ci eiemenmu 6a308020 Muny 6i0CYmHi 6
06pasi, a momy 0151 HUX 8I0CMAHb 6CMAHOBIIOEMbCA pieHoo M (sunadok 1) */
for (int j=0; j<M-I; j++)
d[bfjl]=Mj-1;
/¥ mym ananizyiomocs 6ci enemenmu 06pasa 6i0 no4amxy 00 nepedoCcmaHHbO20
efleMenma, i Ol KOJICHO20 GUSHAYAECBCS 8IOCMAHb 6I0 npagoi medici obpasa, y
pe3yibmami 0Cmamoyno 6yde 6CmaHo8ieHa SIOCmanb O HAUOLIbUL Npasoco
BX00HCEHHS KONHCHO20 efleMeHma 6a308020 muny (eunaoku 3 i4) */
if (d[b[M-1][==M) d[b[M-1]]=0;
/* mym ananizyemvcsa OCMAaHHIl eneMenm o6pasa, AKujo 01 Hb020 8I0CMAHb G0
npagoi medci He IMIHUNACS, MO Ye 03HAYAE, WO MAKULL KIH0Y OCIAHHIN | €OUHULL 8
00pasi; 015 Hb020 BIOCMAHbL 6CMAHOBIIOEMbCA PigHOI0 0 (6unadok 2) */
® OCHOBHHII MOWIYK, IO TIepen0ayac MOPiBHAHHS eIeMEHTIB o0Opasa i 6a3u Ta
3CyBH 00pa3a Ha OCHOBI c(hOpMOBaHOT TAOHIII BiICTAHEH:

int j=M-1, k=M-1;
while (j>=0 && k<N)

while (j>=0 && bfj]==a[k]) {j--; k—3}

if >=0) // 06pas smiwgyemocs

{

if (dfa[k]]==M) k+=M; // eunaoox 1

else if (!d[a[k]]) k+=M*2-j-1; // 6unaoox 2

else if (dfa[k]]>M-j-1) k+=d[a[k]]; // sunaoxku 3 i 4
else k+=M-j; // 6unaook 5
J=M-1;
/
/
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if (j<0) cout << “c 6 no3uuii ” << k+1 << endl;
else cout << “nemac” << endl;

HEHKJ]EU]]/I IMNOKPOKOBOI0O BUKOHAHHSA.

D))
a:123123€6123451231234123
b:123123412345

nopiBHaHb 6, BuIaIok 1
a:1231236123451231234123
b 123123412345
nopiBHsaue 1, Bunazmok 3:
a:1231236123451231234%23
b : 1231234123465
nopiBHsaue 1, Bunazmok 3:
a:1231236123451231234123
b : 1231234123
nopiBHaues 12, stop, yes!

BCHOT'O HnopiBHAHB: 20

2)

a 1231238123451 231234123
b 123123412345

nopiBHaHL 6, BMIAIOK 2

a 1231235123451 231234123
b : 1231234123
nopiBHaues 12, stop, yes!

BCHOT'O NOPiBHAHB: 18

3)

a 1231233123451 231234123
b 123123412345

nopiBHAHBL 6, BMIAIOK 5

a 123123312345 %*231234123
b 1231234123465

nopiBHsaue 1, Bunamok 3:

a 1231233123451 231234123
b 123123412345

nopiBHaues 1, Bunazmoxk 3
a:1231233123451231234%23
b : 1231234123465
nopiBHsaue 1, Bunamok 3:
a:1231233123451231234123
b : 1231234123

nopiBHaues 12, stop, yes!
BCHOT'O NOPiBHAHB: 21
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4)

11111111112

111112

a
b

BUMNAOOK 3:
11111111112

1,

NOPiBHSAHE:

a

111112

BUMNAOOK 3:
11111111112

1,

NOPiBHSAHE:

111112

BUMNAOOK 3:
11111111%112

1,

NOPiBHSAHE:

a

111112

BUMNAOOK 3:
111111111 %12

1,

NOPiBHSAHE:

a

111112

NOpiBHAHL:

BUNanok 3:

1,

1111111111%2

111112

NOpiBHAHL:

BUNanok 3:

1,

111111111112

111112

stop, yes!

nopiBHAHL 6,

12

BCBOTI'O HOpiBHF[Hb :

S)

11111111111

211111

b

nopiBHAHB: 6, BMNDAZOK 5:
11111111111

a

211111

nopiBHAHB: 6, BMNDAZOK 5:
11++111111111

a

211111

6, BuUnNamok 5:

11111111111

NOpiBHAHL:

211111

6, BUnNamok 5:

1111+1 111111

NOpiBHAHL:

a

211111

NOpiBHAHL:

BUIAOOK 5:

6,

11111%111111

a

211111

NOpiBHAHL:

BUIAOOK 5:

6,

11111111111

211111

BUMNAOOK 5:

NOPiBHSAHE:

6,
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a:111111111111
b : 211111
stop, no!

BCHOTO NOPiBHAHbL: 42

3ayBaskeHHs.
1. ¥V npuknani 4) mopa3y BUKOHYIOThCS 3CyBU 00pa3y Ha 1 mosumiro. Ale

IIpU LBOMY KOXKEH eTall Mae MiHiManbHy noBxuHy 1. Takuil BapiaHT BXiTHHX
JAHUX € OJHHUM i3 Haiikpammx uis BM. Baprto BiA3HauuTH, IO PO3IISIHYTHU Y
MIPUKIIaAi 4) BapiaHT JaHUX Y CBOIO YEPTY € HAUTIPIIAM JJIS TIPSMOTO TIOMIYKY.

2. Y mpuknazgi 5) mopasy BUKOHYIOThCS 3CyBH oOpasa Ha 1 mosuiiio mpu
MaKCHMalbHIM NOBXHWHI KokHOro eramy M. Takwii BapiaHT BXiIHUX NOaHHUX €
HaliripmuM 11 BM. Baprto BimzHaunTH, 0 pO3TISHYTHH y npukiani 4) BapiaHT
JAHUX Y CBOIO YEPTY € OJHHUM i3 HallKpaIuX A IPSIMOTO ITOIIYKY.

BapiaHT BXiZHUX JaHUX, IO € HAHKPAIIAM AJIsI IPSIMOTO IOIIYKY, € OIHUM
i3 Halripmux uist BM 1 HaBnakw.
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PO3JILT 2
3AJIAYA COPTYBAHHS

3HOBY BHKOPHUCTAEMO B SKOCTI MOJENI CTPYKTYpH JaHUX MacuB i3 N
€JIEMEHTIB JICSIKOT0 0a30BOT0 TUITY, HAPUKIAM IUTUX yuced. st cmpykmyp danux
3 nPAMUM OOCMYROM JIOTTYCKAETHCS IOBUIbHA 3MiHA IHACKCHUX HOMEPIB IIOTOYHOTO
CIIEMEHTA, a Y BHUIAJAKY CMPYKMYp OAHUX 3 HOCHOO0GHUM OOCHMYNOM 1HICKCHI
HOMEpPH MOTOYHOTO CJICMEHTA MOXYTh 3MIHIOBATUCS BUKIIFOYHO 3 TIPUPOCTOM +1.

CopryBaHHS TIependadae MEPErpyImyBaHHSA EIEMEHTIB CTPYKTYpH JaHUX
Tak, 00 BOHM 33J0BOJBHSIIN OESIKy yMoBY. Haifuactime BHAUISIOTH HACTYIHI
YMOBH COPTYBaHHS:

5) a;<a;y;, i=1,N-1 —10 3pocTaHHIo;

6) a;>a;.;, 1=1,N-1 —no cnagaxHio.
SKkmo B CTPYKTYpi JaHMX € JIEKilbKa €JIEMEHTiB 3 OJHAKOBHUMH
3HAYEHHSMH, TO CJIiJl BAKOPUCTOBYBATH HECTPOTi YMOBH:

7) a;<a;y;, i=1,N-1—10 HecnagaHHIO;

8 a;>a;y;, i=1,N-1 — 1o He3pocTaHHIO.

He 3MmeHmryroum 3aranbHOCTI, pO3MIAAATHMEMO COPTYBaHHS 32 YMOBOIO
nHecnadanus (3). Ilpm mpoMy Hac IIKaBUTHME JHINE cmilike copmyganus. 1le
O3Hayae, M0 BCi EJIEMEHTH, SKi II0YaTKOBO  3aJOBOJIHSIIM  YMOBY
a;<a;, 1<i<j<N, micni BHOPAAKYBaHHA, XO4 1 MOXYTb 3MIHUTH MicIe

pO3TallyBaHHS B CTPYKTYpi MaHUX, INPOTE HE 3MIiHIOIOTH CBOTO B3a€EMHOTO
po3MmimieHHsa. llg BuUMoOra € BaKIMBOIO, KOJU B CTPYKTypi HaHUX € Oararto
OJIHAKOBHX €JIEMEHTIB: OINbII «TiBIII» Ta OUIBII «mpaBilIi» eJeMeHTH 3
OJTHAKOBMMH 3HAYEHHSMH 3aJMIIAIOTBCS TaK CaMO (JIBIIIUMN» 1 «IpaBilLIUMIN
BiJITIOBITHO.

[lle oxHi€r0 Ba)kKIIMBOIO BUMOTOIO, sIKa CTABHTHCS JI0 aTOPUTMIB 0OpOOKH
CTPYKTYp JIaHHX, i COPTYBaHHS B TOMY YHCII, € 0a30BUI NPHHIMIT «0OpoOKa Ha
moMy Jic micyi», IO O3HAYAE «OE3 GUKOPUCTANHA O00AMKOBUX CIPYKIYD OAHUX
MAKO20 HC POIMIPY.

Ak 1 y Bumamky 3amavi IOIIYKY, BHBYCHHS aJTOPUTMIB COpPTYBAaHHS
PO3IOYHEMO 3 MpAMUX METOHIB, IO 0a3yIOThCS Ha BU3HAYAIBHUX IPHHIMIAX
BKIIOYeHHs1 (6cmasku), 8ubopy, obmiHy. A TIOTIM Ti caMi TPUHIMIN 3HAHIYTH
peamizamito 'y weudxkux amroputMax. Has3aHi cHOCOOM CTOCYIOTBCS CTPYKTYP
JAaHUX 3 TPAMUM IOCTYNOM (MacuBiB). 7 CTPYKTyp MaHUX 3 IIOCIiZOBHUM
JOCTYIOM OYAyTh PO3IIISIHYTI aJITOPUTMH, III0 BUKOPUCTOBYIOTH NPUHIIUTI 37U,
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2.1. IPAMI AJITOPUTMHU COPTYBAHHSA
2.1.1. AJITOPUTM ITPSIMOT O BKJIIOYEHHS (BCTABKH)

Inesi Merony. MacuB yMOBHO PO3IUISETHCS Ha JBI YaCTHHU: «TOTOBa» —
MICTUTb €JE€MEHTU MACHUBY @j,@,..,4;,i=1,N -1, 3 sgxux Bxe chopmoBaHa
BHOPS/JKOBaHA MiIIOCIIIOBHICTD (IIOYaTKOBO «TOTOBY» YAacTHHY YTBOPIOE OJIMH
HepLINH eIEeMEHT @ ); HEBIIOPSIKOBAaHA — PEIITA IEMEHTIB MACHUBY.

3 HEBIOPSJIKOBAHOI YAaCTHHM IOCIIIOBHO OEpYTbCs HOGI €IeMEHTH, 1 JUIs
HUX WYKAEMbCsL Micye 6CcmaséKku B «roToBii» dacTuHi. HoBuii enemeHT HiOH
«IPOLITOBXYETHCS» Ha CBOE MiCILle Y BIOPSAKOBaHIA YacTHHI, PyXarouuch CIpaBa
HauiBo. ITicis KOKHOTO eTamy «roToBay YacTHHA 30iJBIIYETHCS HA OIWH €IEMEHT
CIIpaBa, a HEBIOPAAKOBaHA YaCTHHA 3MCHIIIYETHCS Ha OIMH CJICMEHT 3JIiBa.

IIpukJaJx NOKPOKOBOr0 BUKOHAHHS. JIJI1 3pydHOCTI UTIOCTparii mporecy
COpPTYBaHHsI BAKOPUCTaHI HACTYITHI TIO3HAYCHHS:

® «rOTOBa» i HEBIOPSIKOBAHA YaCTHHU PO3IUICHI BEPTHKAIBHOO J'IiHiCIOl ;

® HOBUI €JIEMEHT i3 HEBIOPSIKOBAaHOT YACTHHU OXOIUIEHHH KOJIOM ;

® CIIEMEHTH BIOPSAKOBAHOI YaCTHHH, 3 SIKUMHU ITOPIBHIOETHCS HOBHUH €JIEMEHT, —
HiIKpeCIeHi;

® Ha NepeMilleHHs eJIEMEHTIB BKa3yIOTh JyroBi CTPUIKK l .

6 3 5 9 7 1 4 2 8

G/F@S 9 7 1 4 2 8

7 1 4 2 8




[porpamua peasizanis. [Ipouec nomryky Micist BCTABKM HOBOTO €JI€MEHTa
B «TOTOBI» YaCTHUHI IPUITMHSAETHCS B OJJHOMY 3 JBOX BHUIIQJIKIB:

1) moToYHMIT €IEMEHT BIOPSOKOBAHOI YAaCTWHH, 3 SKHM BHKOHYETHCA
MIOPIBHSAHHS, HE TEPEBHUIYE HOBOTO CIIEMEHTa — HOBHH €IIEMEHT Ma€
OTIMHUTHCS BiApa3y MiCiIA MOTOYHOTO;

2) HOBHI eJleMEHT MEHIINH BiJl YCiX €JIeMEeHTIB BIOPSIAKOBAHOI YaCTHHU — BiH
Ma€ 3aifHATH MePITy TO3HIIIO.

Peanizanis anroputmy Ha MoBi C-++ MOXKe MaTH BUIJISIA:

int i, j, x;
for (i=1; i<N; i++)
{
x=afif; j=i-1;
while (j7>=0 & & x<alj])
{
afjt1]=aljl;
J-=s
/
afj+1]=x;
/

AHami3 ckaagHocri. Y BHMIanKy 3ajadi IOIIYKYy YacoBa CKIIAIHICTDH
ITOPUTMIB BH3HAYaiacs JMIIE onepauisMu nopiBHsHHA. Lle Oyno ompasnanum,
OCKIJIbKM IIEPENPUCBOEHHS MDK €JleMeHTaMH 0a30BOro THUIy HE BHUKOHYBAIMCS.
OpHak irHOpyBatH OyAb-siKi oOIepamii TPUCBOEHHA HE MOXKHA. AJDKe, KOJIH
0a30BHH THI €JIEMEHTIB CTPYKTYpH NaHUX 32 PO3MIpOM HE IEPeBHIIyE THI iX
IHAEKCHUX HOMEPIB, TO OTIeparii MepenprucBOEHHS 1HIEKCIB CyTTEBO BIULTUBATHMYTh
Ha 3arajJbHMN Yac poOOTH adroputMy. Y BHIAIKy 3a[adi COPTYBaHHS OCHOBHOIO
TIE€T0 € TIeperpyIyBaHHs €IeMEHTIB 3a ICBHUM NMPUHIHUIIOM. ToMy, OKpiM omepartii
MOPIBHSAHHA, HE MEHINY, a JIEKOJM 1 OUIBIIy, YacTHHY 3araJbHOTO 4acy poOoTH
ITOPUTMY 3aliMarOTh OIepallil MepenpruCcBOEHHS MIXK eJleMeHTaMH 0a30BOTO THILY.
3HOBY HaWKpallMMH BWIIQJKAMHM BXIJIHUX JaHUX BBOXaTHMEMO Ti, SKi
NOTpeOyBaTUMYTh MIHIMAJIbHOT KUIBKOCTI «BaXKKHX» OIllepauiidl MOpIBHSIHHS 1
MPUCBOEHHS, a HANTIPIIMMK — KOJIM TaKHUX oIepariil Oyae HalOinbLIe.

Haiixpamomy BHnajaky BXiZHUX JaHUX OYEBHJHO BiANOBIJNAIOTH TaK 3BaHi
«XOpOIIi» CTPYKTYypH TaHHUX, TOOTO B)K€ BIOPSIIKOBaHI a00 Maibke BHOPSIKOBAHI,
y SKHX JIAIIE TIOOTUHOKI eIEMEHTH 3HAXOAATHCS HE Ha CBOIX MICIIX, aje OJIM3BKO
no HUX po3MmimeHi. Ha koxxHomy erami Oyne BHKOHYBATHCS JIMIIE OJHE
MOPIBHSHHSA HOBOTO €JEMEHTA 3 KpalHIM NpaBUM €JIEMEHTOM «TOTOBOI» YaCTHHHU.
IIpn mpoMy miopasy BUKOHYETHCS ABAa NMPHUCBOEHHA: X=afif (mepen BHYTPIIIHIM
muKIoM while) ta afj+1]=x (micng nuKIy). 3arajioM Mo BCiX eTamax Oyne Taka
KIJIbKICTh OMepariii MOPiBHSHHS Ta IPUCBOEHHSL:
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N-1
mmzz mm_z2 2N1)

HanrlmeMy BUIIAJKy BIJIIOBIIAIOTh TaK 3BaHI «IOTaH1» CTPYKTYPH JaHUX,
TOOTO 00EpPHEHO BIOPsIIKOBaHI a00 OJM3BKI IO HUX, Y SKHUX I€peBakHa OiIbLIICTh
SJIEMEHTIB 3HaXOMATHCS aJeKo BiJ CBOIX Miclb. Y TaKuX BHIAJKaX Ha KOXXHOMY
eTam HOBHHM €NeMEHT IOpiBHIOBAaTUMETHCS 3 YyCiMa elleMeHTaMH «TOTOBOI»
YaCTWHHM 1 IMIOpa3y MOCHIJOBHO «BHIITOBXYBATHME» iX i3 TOTOYHOI TO3HWIII B
HACTYIIHY, 2 IIOKH HE IIePEeMiCTUTHCS Ha I0YaTOK:
Cfnax =i, i=L,LN-1; M’ x =1+2, i=LN-1;
N-1 2
Cinax Z Clox = Zi:1+2+...+N—1:u;
i=l 2
= N-1 2
= Z Mipax = D (i+2)=3+4+..+N+1 =w.
i i=1
Sk BUAHO, €(QEKTUBHICTH JMaHOTO aNTOPHUTMY CYTTEBO 3aJIS)KHTh Bif
HI0YaTKOBOTO ITOPSJIKY €JIEMEHTIB.

2.1.2. MOJU®IKALIS IPSIMOI'O BKJIIOYEHHSI — BIHAPHE BKJIFOUEHHS

Inest metony. Huspka eekTHBHICTH NMPSIMOTO BKIIFOUSHHS JJISL «IIOTaHHUX)
CTPYKTYp [aHUX MOB’S3aHa 3 TUM, IO NPAKTUYHO Ha KOXKHOMY €Talli HOBHUH
eIeMEeHT Yy TOIIYKy CBOTO MiCIs BCTaBKM 3MIHCHIOE IajieKi TEepeMilleHHS Ha
MMOYaTOK «TOTOBOI» YACTHHH 1 MpPH IIbOMY ITOCIIIOBHO HOPIBHIOETHCS 3 ycima ii
eleMeHTaMH. 3BHYAifHO, BiJ MEpeMilieHs 0araThOX €IEMEHTIB Ha OXHY IO3HIIII0
BIIPAaBO IS 3BUTHHEHHS IMO3MIIi BCTaBKH B «TOTOBIM» YaCTHWHI BiIMOBUTHCS HE
BHACThCA. AJle MOXKHA IPHIUBUAIINTH HPOIEC MOIIYKY CaMOTO MICLs BCTaBKH.
OCKIIbKM ~ «TOTOBa» 4YacTHHA BXXE BIIOPSJIKOBaHAa, TO JUIA LBOTO BapTo
3aCTOCOBYBATH JITOPUTM OIHAPHOTO MOLIYKY.

OCKiTbKM Hac ILIKaBUTh JIMIIE CTifiKe COPTYBaHHsS, TO HOBHH €JNEMEHT
MOBUHEH 3aliMaTh KpaiHIO NpaBy MO3MILII0 Cepel MOMJIMBO JEKUIBKOX IMiJpsia
OJTHAKOBHX 13 HUM €JIEMEHTIB y «TOTOBii» 4acThHi. TOMY JOLIJIBHO 3aCTOCOBYBATH
JITOPUTM OiHApHOTO IMOUIYKY 3 A0JATKOBOIO MOAH(IKALII€IO.

PosrnsayTHil panime Moan¢ikoBaHWN OiHapHHU MOIIYK JaBaB IEpIIe IO
HOPSAAKY BXOJUKEHHS 3aJaHOT0 3HAYCHHS Cepell MOJMIHMBO JEeKUIBKOX MiJpsin
OJJHAKOBMX. Y BHIAIKy JK COPTYBaHHS [UIi BCTaBKM HOBOTO eJIEMEHTa 3i
3HAaYCHHSAM X Ha BiONOBiTHE HOMY MICIle B «TOTOBIii» YacCTHWHI MOTPiIOCH MOIIYK
OCTaHHBOTO Cepel MOIIMBO ACKITBKOX MiAPSA OJHAKOBHX i3 HHM EJIEMEHTIB.
S0 X HOBUH €NIEMEHT X € YHIKAIFHUM Y «TOTOBii» YacTHHI, TOOTO OJHAKOBHUX i3
HHUM HEMae€, TOo BiH Ma€ OIMUMHUTUCA HiCJ'DI OCTAaHHBLOT'O 3 MEHIIMX 3a HHOro. Takum
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YUHOM, IS HOBOTO €JeMEHTa X TIO3MIlisl BCTaBKM Kk B «TOTOBIi» YacTHHI
BU3HAYaeThCcs yMoBaMu  afk-1] <x < afk+1].

IIporpamua peadgizaunisi. ¥ BUNagKy MOAU(piKOBAHOTO OIHAPHOTO TOIIYKY
aHAN3Y€EThCSA «TOTOBAa» YacTWHA, MO0 oOMexkeHa iHmekcamu L Tta R. Tlomryk
3aBEPIIYETHCS MPH iX piBHOCTI L=R, mo BiAmoBinae mo3uIlii BcTaBKHU. Peaizamist
anroputMy Ha MOBi C++ MOe MaTH BHTIIS:

inti, j, L, R, x, m;
for (i=1; i<N; i++)
{
x=afif; L=0; R=i;
while (L<R)
{
m=(L+R)/2;
if (afm]<=x) L=m+1; else R=m;
/
Jor (5=i; j>R; j--) a[j]=a[j-1];
alR]=x;
/

IIpukaag NMOKPOKOBOro BUKOHAHHA. [IpOmoOHYyeTbCS BapiaHT BXIJIHHX
JaHUX 13 OaraTOKpaTHWM ITOBTOPEHHSIM OJHAKOBHMX €JEMEHTIB, 30kpema, 3. Lleit
NPUKJIAJ UTIOCTPYE CTIHKICTh OIHAPHOTO BKIIIOUEHHS, KOJU KOXKEH HOBHH €JIeMEHT
3aiiMaTHMe KpaifHIO MpaBy MO3UINIO Cepe MOXKIMBO ACKITBKOX MiAPSAA OIHAKOBUX
i3 HAM eNIeMEHTIB y «TOTOBii» dWacTwHi. TyT BHKOpHCTaHa iHIEKcaIlisi MacHBIB,
xapakrepHa st MoB C/C++, KoM iHAEKCHI HOMEPH MOYMHAIOTHCS 3 HYJIA.

1-mii eTan
lm

110
1L R

i=1,x=3,L=0,R=1,m=0,a[m]=4>3=x => R=m=0, L=0=R, cTor1I,
o3Milliga BCTaBKM HOBOTO ejiemMeHTa L=R=0:

—~

4

T“l’@
L=R=0

2-uii eTan

lm, lm

3 4 1| ®
1L IR
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i=2,x=2,L=0,R=2,my=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, cTor,
o3Miliga BCTaBKM HOBOTO ejiemMeHTa L=R=0:

L=R=0
3-iif eram:
mp  |my
2 3 4]0
1L TR

i=3,x=3,L=0,R=3,my=1,a[m;]=3=3=x => L=m;+1=2,L=2<3=R,
L=2,R=3,my=2,a[my,]=4>3=x => R=m,=2,L=2=R, cro1,
Io3Milis BCTaBKM HOBOT'O ejieMeHTa L=R=2:

i=4,x%x=6,L=0,R=4,my=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, cToI,
Io3Mullisg HOBOTO eJieMeHTa He 3MiHmjacsa L=R=4:

2 3 3 4|@®G

5-uit eram:
lmy (mg  |m,

2 3 3 4 61|10

L T

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, cro1n,
Io3Milisg BCTaBKM HOBOT'O ejiemMeHTa L=R=3:



6-1ii eTam:

mz  [my lmy

2 3 3 3 4 6|0@

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

=3>1=x => R=m,=1,L=0<1=R,
,m3=0,a[m3]=2>1=x => R=m3=0,L=0=R, cTor1I,
o3Millig BCTaBKM HOBOTO ejiemMeHTa L=R=0:
—~N N N N N
3 3 4 6|@®
| S

i=7,x%x=3,L=0,R=7,my=3,a[m;]=3=3=x => L=m;+1=4,L=4<7=R,
L=4,R=7,my,=5,a[m,]=4>3=x => R=m,=5, L=4<5=R,
L=4,R=5,m3=4,a[m3]=3=3=x => L=m3+1=5,L=5=R, crorm,
o3Mllig BCTaBKM HOBOTO ejiemMeHTa L=R=5
N /—q
1 2 3 3 3 4 6|0®
T
L=R=5
8-nmif erar
lmy Jmy  |mg
1 2 3 3 3 3 4 6|0
1L R
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=m,+1=7,L=7<8=R,

L=7,R=8,m3=7,a[m3]=6>5=x => R=m3=7,L=7=R, cTor,
o3Miliga BCTAaBKM HOBOTO eJjieMeHTa L=R=7:

AHauni3 ckaaaHocti. 3po3ymino, mo st OIHAPHOTO BKIIFOUEHHS BiJCYTHE
PO3AUICHHS HAa Kpalli Y¥ TipIli BapiaHTU BXIMHUX JAHUX IO KUTBKOCTI «BaXKKUX)
orepaniii MOpiBHAHHA. Y Oyab-IKOMY BHIIAJKy NPOLEC MOUIYKY MICIS BCTAaBKH
HOBOTO €JIEMEHTa B «TOTOBIii» YaCTHUHI MPUIUHAETHCSI, KOJM IMicis OiHapHUX
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MOJIUTIB 3aJTUIIAETECA OJUH €IWHUN eneMeHT npu L=R. TakuM YWHOM, NIJICHHS
TorroNIaM Ha i-oMy etari 31ifcHioeTsesl log(i) pas. BpaxoByroum, mo KiJgbKiCTh
MOJIUTIB TIePETUyIOThCS LITMMH YHCIaMH, TO 3aMicTh 3HaueHHS log(i) Moxe
BUKOPUCTOBYBATHCS HOTO IIJIOYHCENbHE HAOMIKeHHS 3Bepxy. ToOTo icTuHHA
KUIBKICTh TIOPIBHSHDP Ha KOXXHOMY eTami Moxe OyTu Oinpmmoro Bix log(i) na 1.
OTxe, KUTBKICTB Omepalliil mopiBHIHHI MOKHA BBKATH TaKOIO:

N-1
C=> G .ne[log(i+1)]<C; <[log(i+1)]+1,i=L,N 1.
i=l
ATIPOKCUMYIOUH ITI0 CYMY 1HTETPaJIOM, OTPUMAEMO HACTYITHY OLIHKY:

N N
j log(x)dx<C< .[ (log(x)+1)dx , ao
1 1

1

In(2)

N(log(N)-b)+b<C<N(log(N)—b+1)+b—1,1€ b= =1,4426 .

OcTaTo4HO MOXXHA BBa)XKaTH
N?-N
T
KinbkicTe onepamniii MOpIBHSHHS HE 3aJ€XKHUTh BiJl MOYAaTKOBOTO IMOPSIKY
€JIEMEHTIB Y CTPYKTYpi JIaHMX, a 3aJIeKHUTh JIMIIE Bif 1X yucna. Skmo He OpaTtu 110
yBar" Aye «XOpOLIi» CTPYKTYpH JaHWX, a HaBIIAKW PO3IJISIATH OLIBLI «IIOTaHi»
BUIIAJIKH, TO OIHapHE BKIIIOUYEHHS BUTPaBaTHME came 10 ONepallisiX MOpiBHIHHS.
Ha xanp, po3rsiHyTa MoanQiKallis alrOpuTMy COPTYBaHHS 32 NPUHIUIIOM
BKJIFOUECHHS (BCTaBKH) HE J]a€ JKOJHOTO BHIpAIIy MO ONEpAallisix MepernprUCBOEHHS.
EdexTnBHICTF OiHAPHOTO BKIIOYEHHS 32 IMM KPUTEPIEM TOYHO CIIBIIATAE 3
e(EeKTHBHICTIO TPAMOT0 BKIOYCHHA. DakTHYHO KITBKICTE TIEPECTaHOBOK

C=N(log(N)-170,5)< N -log(N) <<

€JIEMCHTIB 3aJIMIIA€THCA BETHIHHOIO MOPSIIKY O( N 2) . Ile 0ocobn1MBO aKkTyanbHO

IUTSL CTPYKTYp JaHUX 31 CKJIAJeHUM O0a30BHUM THIIOM BEIMKOTO PO3MIpy, KOJIH
BHOPS/IKYBaHHS IPOBOJMUTHCS 32 OKPEMUM KIIIOYEM HEBEJIMKOI'O po3Mipy. Y Takux
BUIAJIKaxX MEPEMILEHHS CKJIaJICHOTO eJIEMEHTa JaHUX, TOOTO 1 KiTfoua, 1 3B’s13aHO1 3
HUM iHpopMaii, 3aiiMae 3HA4YHO OiJblIE Yacy, HIX NMOPIBHSHHS CaMHUX KIIOYIB.
OueBHIHO, 110 Y [IbOMY BUIAJKy Kpalluid pe3ysibTaT MOXKYTh JIaTH allTOPUTMH, 1€
NepecTaHOBKa, MOXKJIMBO, Ha BEIMKY BiJCTaHb, Oyae IMOB’s3aHa JIMIIE 3 OJHUM
€JIEMEHTOM, a He 3 NepeMILeHHsIM Ha OJJHY MO3MLII0 iJ0T IPYNH eJIEMEHTIB.

2.1.3. AJITOPUTM MPSIMOI'O BUEOPY

Inest MmeToay. CTpyKTypa JaHUX 3HOBY YMOBHO PO3IiISIETECS HA «TOTOBYY i
HEBIOPSIIKOBAHY YacTHHHU. [l0YaTKOBO «roTOBa» YacTHHA € MOpPOXKHHOW. Ha
KO)KHOMY €Talli Ccepej]l CJICMCHTIB HEBIOPSAJAKOBAHOI YACTUHU GUOUPAEMbCS
MEPIINIA 32 TOPSIKOM CepeJl CIIEMEHTIB 13 HAWMEHIINM 3HaYCHHSM. SIKII0 00paHuii
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HaMEHIIIMN €JICMCHT HE € MEPIIUM Y HEBIIOPSAAKOBAHIN YaCTHHI, TO BUKOHYETHCS
00MiH MicTsIMH MK 0OpaHMM HaMEHIIIMM i IEpIINM Y HEBIIOPSIKOBAaHIH YaCTHHI.
VY pe3ynbTaTi «roTOBa» YacTHHA PO3UIMPIOETHCS HA OJMH €JIEMEHT BIIPaBoO, a
HEBIIOPSAKOBAHA 3BYXKYETHCS HA OJIUH SIIEMEHT 3J1iBa.

Hgmcnaz[ IMNOKPOKOBOI0O BUKOHAHHSA.

6 3 5 9 7 1 4 2 8

R in
1 3 < 5 9 7 6 4 8
| min
1 2 5 9 7 6 4 8
<

Ha moctomy eramni HaliMEHIIHNI eJIeMEHT y HEBIOPSIKOBaHIA 4acTHHI 6 €
HEepIINM TI0 TIOPSIKY, TOMY 0OMiH Horo i3 caMuM co0010 HE IPOBOJUTHCS.

IIporpamua peaJi3aiis.

int i, j, min, x;
Sfor (i=0; i<N-1; i++)
{
min=i;
Jor (j=i+1; j<N; j++)
if (afj/<a[min]) min=j;
if (min>i) { x=alil; afi]=a[min]; afmin]=x; }
/

AHaji3 _ckaagHocTi. J[ns  maHoro anropuTMy  KiUTBKICTH  omepariii
MOPIBHSHHS HE 3aJIC)KHUTh BiJl TOYATKOBOTO TOPSAAKY €IEMEHTIB y CTPYKTYPI TAaHUX.
I y Bumagxy mouaTKoOBO BIIOPSAKOBAHOI, i 0OEPHEHO BIOPSAKOBAHOI, i JOBUIHHOI
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HEBIOPSIIKOBAHOI MOCIIJOBHOCTI BHKOHYETHCS MaKCHMAallbHA KUTBKICThH OTIEpAIlii
MTOPiBHSIHHS
N -N
S
KinpkicTe omepamiii TPUCBOEHHA 3aJEXKHUTh B TOYATKOBOTO TIOPSIKY
€JIEMEHTIB, ajie He € 3HAYHOM0. Y BHIIQJKY MPSIMO BIIOPSAKOBAHOI MOCHTiJOBHOCTI
nepeMillieHb eJIeMEeHTiB B3araii Hemae, T00To M, =0 .

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

IlikaBo, moO BapiaHT OOEpPHEHO BIOPSAAKOBAHOI ITOCHTIIOBHOCTI HE €

o . . N .
Haur1puinum. A)I)Ke mcid neprux |:? €TaIrlB OTPUMYETLCA BIIOPAJAKOBaHA

MOCITIZIOBHICTD, 1 MOJAJBIIN €Taly BXKE HIYOTO HE 3MiHIOIOTh, X04a HETPOIYKTHUBHI
MOPIBHSIHHS OTHAKOBO BUKOHYIOTHCS:

N
M05€pH = 3|:?i| .

Haiiripmum BapiaHTOM BXiHHUX JaHUX I10 OTEpaIlisix MPHCBOEHHSI €
0COOJMBHM YMHOM JIOBUIEHO OpPraHi30BaHa IOCIIJOBHICTh €IEMEHTIB, JJIs SKOI Ha
KO)KHOMY €Tali Yy HEBIOPSAKOBaHIM 4YacTHHI BHKOHYETHCS OOMIH MICISIMHU
€JIEMEHTIB 13 HAMEHIIINM KITFOYEM Ta MEPIIOro Bijl MOYATKY:

Moy =3-(N=1).

2.1.4. AITOPUTM IPSIMOI'O OBMIHY

Inest MmeToay. CTpyKTypa JaHUX 3HOBY YMOBHO PO3JiISIETECS HA «TOTOBYY i
HEBIOPSIIKOBAHY 4YacTHHH. [l0Y4aTKOBO «rOTOBa» 4YacTHHA € TOPOXKHBOK. Y
HEBIOPSIIKOBaHIM YaCTHHI ITOPIBHIOETHCS BUKIIOYHO TApH CYCIAHIX €JIEMEHTIB
a;,a;.7,i=1,N -1, Sximo yeprosa napa He € BIOPAIKOBAHOI, TO BUKOHYETHCS
06min micyamu TMX edeMeHTIB. Taki MOpIBHSHHS 1 MOXIIMBI OOMIHM €JIEeMEHTIB
BUKOHYIOTBCSI B pyci a00 BiJl MOYATKY JO KiHI[SI HEBIOPSAKOBAHOT YaCTHHH, a00 Bij
KIHIIS 10 1T0YaTKy:
® SKIIO MOPIBHSAHHS 3IMCHIOETHCS B PYCI BiJl HOYATKY A0 KiHIIS, TO 33 OJIMH €Tall

OCTaHHIH cepesl MOXKJIMBO AEKIJIBKOX OHAKOBHX i3 MaKCUMaJIbHUM KIIOUOBUM
3HAYCHHSAM «BUIITOBXHETHCS» B KIHEIh HEBIOPSIKOBAHO! YacTHHU. Toni
roToBa yacTuHa Oyne hopMyBaTHCs BiJ KiHIS CTPYKTYpH AaHUX. Takuii crocid
COpTyBaHHS 0OMiHOM Ha3UBAIOTh MeMOOOM KAMIHYAL,

® KO MOPIBHSHHS BUKOHYETHCS B PYCi BiA KiHIA A0 IOYATKY, TO 32
OIWH eTam TepIInii cepel MOXIIMBO IEKiNbKOX OJHAKOBHX 13 MiHIMaTbHUM
KJIFOYOBAM 3HAYCHHSIM «BHUINTOBXHETHCS» HA MOYATOK HEBIOPSIKOBAHOT
gacTHHHU. Toxi roroBa 4acTHHa Oynme (opMyBaTwcs Bill IOYATKy CTPYKTYpH
nanux. Leit cnocib copryBaHHsS OOMIHOM Ha3HMBAKOTh MEMOOOM OYIbOAUKY.
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[porpamua peanizamig. Y Bumagky MeTONy KaMiHIS, KOJIH pyX
3IIMCHIOETBCST BiJ IMMOYAaTKy 0 KIHIS CTPYKTYpH IaHUX 1 «rOTOBa» YacTHHA
(dopmyeThes cnpaBa, JiBa Meka L HEBIOpsIKOBaHOI 4acTHHU 3adikcoBaHa INpH
L=0, a nmpaBa Mexxa R Ha KOKHOMY eTari 3MIIIY€EThCSl BJIIBO HA OAHY HO3UILIO,
MOCHITIOBHO HaOyBatouu 3HaueHb N-1, N-2, ..., 2, I:

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

VY Bumazky Merony OynbOamiku, KOJHM pyX 3IIHCHIOETBCS BiJl KIHLS JIO
NOYaTKy CTPYKTYPH JaHUX 1 «roToBay» dacTuHa (OpMyeThCs 3IiBa, NpaBa Mexa R
HEBIOPSIKOBaHOI YacTHHU 3adikcoBaHa npu R=N-1, a niBa Mexa L Ha KOXXHOMY
eTari 3MILIYEThCS BIIPaBO HA OJIHY MO3HUIIII0, TOCTIJOBHO Ha0yBatouu 3Ha4eHs 0, 1,
eeey V-3, N-2:

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

Anauni3 ckaagaHocrti. /s 000X PI3HOBHIIB ITOPUTMY HPSIMOrO OOMIHY
KIJIBKICTb ONepaliil MOpiBHSHHS HE 3aJIEKHUTh BiJl IOYATKOBOT'O MOPSAKY €JIEMEHTIB
y CTpyKTypi nmaHmx. | y BHUMagKy NOYAaTKOBO BIOPSIKOBaHOI, i 0OOEpHEHO
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BIIOPSIKOBAHOT, 1 JOBUIBHOI HEBMOPSIKOBAHOI IOCIHIZOBHOCTI BHKOHYIOTHCS BCi
€Tanu 3 yciMa MOXKJIMBUMH TIOPiBHAHHSIMU:
N?-N
5
KimpkicTe omepariiii NIpPUCBOEHHA CYTTEBO 3aJSKUTHh BiJl MOYATKOBOTO
MOPSIAKY €NeMEeHTiB. Y HaiKpalioMy BHIIQAKY ITOYaTKOBO BIOPSAKOBaHOI
HOCIIJOBHOCTI HE BUKOHYEThCS JKOAHOIO IepeMilleHHs eneMenTis: M ;. =0 .

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

VY HaifripmomMy BHIAAKYy OOEpHEHO BIOPSAKOBAHOI IOCTIIOBHOCTI INPH
KO>KHOMY TIOPiBHAHHI Ma€ Miclie TPUKpaTHE MPHCBOEHHS 3HAYCHB CJIEMEHTIB:
N?-N
=3.—.

max
2

M

SIK BHIOHO, CKIQJHICTH QITOPUTMY TMPSIMOTO OOMIHY TIO «BaXKKHX»
oTepamisx € OAHIEI 3 HaHOIMBIIMX cepell ycix HpsSAMUX MeToHiB. J[o MOo3uTHBY
IIFOTO METOTY MO’>KHA BiTHECTH MPOCTOTY MpPOTpPaMHOI peaji3alii Ta MOXKIUBICTH
Moau(iKaii y HampsMi CyTTEBOTO MOKPAIIEHHS €(PEKTUBHOCTI JJISI «XOPOILHX)
CTPYKTYp JaHUX.

2.1.5. MOIU®IKALIS IIPSIMOI'O OBMIHY — IHEMKEPHE COPTYBAHHS

Inesi merony. Huspka edekTuBHICTH mpsiMoro oOMiHy (OynnOarika,
KaMiHeNlb) y BHITQJKaxX «XOPOIIUX» CTPYKTYp HNaHWUX IIOB’S3aHa 3 THM, IO
ITOPUTM He Tependadae JOCTPOKOBOI 3YMHHKH, SIKIIO Ha JAESKOMY erari
MOCITIZIOBHICTD B)KE€ BITOPSIKOBAHA.

ITokpamieHHsT eeKTUBHOCTI MOYKHA pealli3yBaTH 3a pe3ybTaTaMH aHAJi3y
oOMiHIB monepennsoro eramy. Ilo-mepire, sikimo oOMiHIB He OyJo, TO CTPYKTypa
JIAHWX BXKE BIOPSIKOBaHA, i MPOIEC COPTYBaHHS MOXKHa 3aBepruutu. [lo-mpyre,
SKII0O OOMIHM MaJM Miclle, 1 OCTaHHIA i3 HHX 3aiKCOBaHHMU 3aJOBrO JI0
3aBEepIICHHS MOTOYHOIO eTamy (JajJeKko BiA TMpaBoi MEXi HEBIOPSAKOBAHOL
YAaCTHHH Y BUIAJKY METOJly KaMiHIs abo Bij JiBOT — [uisi OyJIbOAIIKK BiIIOBITHO),
TO Ha JIJISHI HEBIOPSIKOBAHOT YACTHHH IICIISl OCTAHHBOTO OOMIHY CIIEMCHTH BXKE
BITOPSIIKOBAHI. Y 1IbOMY BHIQJIKY 0 «TOTOBOI» YaCTUHHM MOXKHA BiTHECTH BiIpasy
BCI TaKi €JIeMEHTH, TOOTO 3HAYHO 3MEHIITUTH KUTBKICTh €TaIliB COPTyBaHHS.

Hexaii y Bunmagky MeTomy KaMiHIII Ha JESIKOMY eTarli k, 1[0 3HAYHO MEHIIIE
BiJ] MaKCUMAallbHO MOXJIMBOi KinbKOCTi N-1, 3adikcoBaHO OCTaHHIA OOMIH Mik

€NeMEHTaMH d;, @;y7,i < N - k , HanpuKIaa:

4 2 5 1 3 6 7 8 9

2 4 5

2 1 5N

2 4 1 5 3 OoCTaHHI1M O6MIH
i Ti+l
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2 4 1 3 5 6 1 1 9
2 4 1 3 5 6 71 8 9
1L 1R 1R

Toxi mpaBy Mexy R/ HEBHOPSIAKOBAHOI YaCTHHHM JOIIGHO 3MIIIyBaTH BIIiBO HE Ha
OJIUH €JICMEHT, a B IMO3UI[II0 OCTAHHHOI0 OOMIHY, a TOYHIIIE — Y TO3HUIIO .

Hexaii y Bumanky merony OynbOamiky Ha AeskoMmy ertami k, 10 3HA4HO
MEHIIIE BiJl MaKCUMaJIbHO MOKJIMBOI KinbKoCTi V-1, 3a(ikcOBaHO OCTaHHINH 0OMiH
MiX eeMeHTaMH a;, @;.7,i > k+ 1 , Hanpuknan:

1 2 3 4 7 9 5 8 6

5 6 8

L5 6 s

OCTaHHI1M OOMIH 7 5 9 6 8

Ti Ti+1

1 2 3 4 5 7 9 6 8

1 2 3 4 5 7 9 6 8
1L 1L’ TR

Toni niBy Mexy L / HEBIOPSAKOBAHOI YaCTUHH JIOLIJILHO 3MINIYBaTH BIIPABO HE Ha
OIIMH €JIEMEHT, a B IMO3MUIII0 OCTAHHROTO OOMiHY, a TOUHIIIE — Y TO3HILO i+1.

I mo-tpere, moO0 MakKCUMalbHO BKOPOUYYBATH HEBIIOPSIIKOBaHY YacTHHY
OTHOYACHO 3JTiBa 1 CIIpaBa, JOUIIFHO MOIU(IKOBaHI METOIN OyIbOAIIKH i KaMiHIIS
3aCTOCYBATH MOYEProBO. TOMI CTPYKTYpa JaHUX HiOM «CTPYIIYETHCS»: 38 METOIOM
KaMiHI HAWOUIBIIUI SNEMEHT 3MINIYEThCSI B KiHEIb, a OyJb0alka mepeMilrye
HaliMEHIIMH eJEeMEeHT Ha Mo4YaToK i T.4. Takuil cnoci® copTyBaHHS Ha3HBaIOThH
wetikeprum (aHTIL. shake — mpycumu).

Hporpamua peanizamisi. 1100 moOutncst makcumanbHOro edexry Bif
3aCTOCYBaHHS yCiX Moaudikamiid, MmoTpiOHO 00’€THATH OIHIEI0 CIIJIHHOIO
peamizalfi€ero 1IBI TPOTHIIEKHI inei: Qikcallis TO3MII OCTAaHHBOTO OOMIHY Ta
BIICYTHICTh caMHX OOMiHIB Ha TIOTOYHOMY eTami. 3 €0 METOI BapTo
MPUITYCTUTH, IO JJIsI METOAY KaMiHIA OCTaHHiI OOMiH Iepe]] YeproBUM €TaroM
MaB MicCIIe Ha JiBiif Mexi — y mo3utii L, a s MeToxy Oyib0amkn ocTaHHIi 0OMiH
mepes; YeproBUM E€TaroM MaB Micle Ha MpaBiid Mexi — y mosmmii R. SIkmo Ha
MOTOYHOMY eTami OOMIiHIB B3arajii He OyJ0, TO 3MIIIEHHS BiJIOBITHOI JUIs
KO’)KHOTO METOJAY MEXi B paHinie 3agikCOoBaHy TMO3HMINIO Bilpa3y MpHBEIES 10
MOPOXXKHBOT HEBIIOPSAKOBAHOT YacTMHHM JUIsi HACTYIHOrO eramy, ToOTO [0
3aBEPIICHHS MMPOIECY COPTYBAHHS.
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OueBugHO, 10 BHOIp NOPSAKY 3aCTOCYBaHHS METONIB KaMiHLA 1
OynpOamkn € noBiUIbHMM. Hexalt s BH3HAYEHOCTI MepmmM Oyae KaMiHelb.
Peaxizanis Ha MoBi C++ anropuTMy MIEHKEPHOTO COPTYBAaHHS MOKE MaTH BUTIISIA:

int L=0, R=N-1, Pos=L, i, x;
while (L<R)
{
for (i=L; i<R; i++)
if (afi|>afi+1]) { x=a[i]; a[i]=a[i+1]; afi+I1]=x; Pos=i; }
R=Pos;
for (i=R-1; i>=L; i--)
if (afi[>a[i+1]) { x=a[i]; a[i]=a[i+1]; a[i+1]=x; Pos=i+t1; }
L=Pos;
/

AHaJi3 cKJIaAHOCTI. /[aHNiT MeTO OYiKyBaHO Ma€ BHUCOKY €(EKTHUBHICTh Y
BUIMAJIKY «XOPOIIMX» CTPYKTYp [aHuX. Y HaWKpamoMy BHIAIKy [1OYaTKOBO
BIOPSIIKOBAHOT TOCIIIOBHOCTI BUKOHAETHCS JIMIIE OJIMH €Tal TOTO0 METONY, KU
peatizoBaHuil epuM 1o mopsaky. [pu oMy
Cmin:N_l; Mmin =0.

Ha »kamb, y BHIAgKax «IOraHUX» CTPYKTYp MHaHUX e(EeKTUBHICTH
AITOPUTMY € HH3bKOKW. Y HAaWTIpIIOMY BHIIQJAKY OOCPHEHO BIOPSIKOBAHOI
MOCJITOBHOCTI 3arajibHa CKJIAJHICTh INEHKEPHOTO COpPTYBAaHHS TaKa cama, sK 1
IpsIMOTO OOMiHY:

47



2.2. IBUIKI AJITOPUTMU COPTYBAHHA MACHUBIB

2.2.1. LIBUAKE COPTYBAHHS BKJIIOYEHHSM 31 SMEHITYBAHUMUA
BIACTAHSAMU. AJITOPUTM LIEJLIIA

Inest MeToay. Husbka eheKTHBHICTD YCiX MPAMUX METOMIB TIOB’sI3aHA 3 THM,
10 3a OJIH €Tar CyTTEBO 0OPOOISETHCS JIMIE OJWH SIEMEHT, a PellTa eJIeMEHTIB
HEBIOPSIIKOBAHOT YaCTHHHU MiXK COOOI0 IIPAKTUYHO HE B3AEMOJIIOTH.

Honansn enn y 1959 poui 3anpornonyBaB 6araTopa3oBo copTyBaTu pi3Hi
YAaCTUHH OCHOBHOI CTPYKTYpHU JaHUX — IIJAMOCTIOBHOCTI, C€JIEMEHTH SKUX
3HAXOAThCA HA 3HAYHHUX BifcTaHsX. [IpudomMy BIACTaHI MK €IEMEHTaMH B
MIITOCITIJOBHOCTSAX MAKOTh MOCTAITHO 3MIHIOBATHUCS, & CaMe — 3MEHIIyBaTHCA. Sk
HACJIIZIOK, TaKi MiAIIOCIIZOBHOCTI «IEPEIUTITAIOThCS» MK CO00I0, B3a€EMOIIIOUH
PI3HUMH eJIeMeHTaMU 1 MOCTIHHO 3MiHIOIOYH TUISHKH B3a€MOIiH.

Jis omnerIeH s po3yMiHHS OCHOBHOI 1711 pO3TIITHEMO CIIOYATKY BHUIAJIOK,
KOJIM KiJTBKICTh IIEMEHTIB Y CTPYKTYpi TaHHX € CTeneHeM ducia 2, Tooro N=2*,

Hexaii € nesika mociioBHICTh 13 BOCEMH ITHX uncen (IN=8):

7 3 6 1 5 8 2 4

Ha mepmomy erami mMOCHIZOBHICTP YMOBHO pO3IUIAETBCS Ha N/2=4
MIAMOCITIZOBHOCTEN IO JBa €JIEMEHTH B KOXHIM 13 HMX Ta BIACTAaHHIO MIiX
enemeHTaMu N/2=4:

1AQOEARDG

Ha cxemi mpukiaay eIeMEHTH OJHIET CIIUTBHOI MiITOCITIIOBHOCTI MTOMIIICHI
B O/IHaKOBI reoMeTpuyuHi Qirypku ta 00’eanani gyramu. KoxHa miJnociiToBHICTh
OKpPEMO BIIOPSIIKOBYETbCS HA CBOIX Micysix axkumocs yurom. lle HazuBaeTbcs
copmyeanusm i3 eiocmannio N/2. Y pe3ynbraTi OTpUMAaU HOBY MOCHIIOBHICTS!

5 3 2 1 7 8 6 4

Ha jgpyromy eTami MOCHIZOBHICTH YMOBHO pO3IUISEThCS Ha N/4=2
MIAMOCIIIOBHOCTEH MO YOTHPH CJIIEMEHTH B KOXHIN 13 HUX Ta BIJICTAHHIO MiX
enemeHTamu N/4=2:

KoskHa migmociiioBHICTh 3HOBY OKPEMO BIIOPSAAKOBYETBCS HA CBOIX MiCYsX
sakumocs yurnom. lle Ha3uBaeThCA copmysanusm i3 giocmannio N/4. Y pe3ynbTarti
OTPUMAJIH HOBY HOCIiTOBHICTE:

2 1 5 3 6 4 7 8

I Tak mani.
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Ha ocranHboMy k-oMy erami po3IISIIA€Tbess ycs IOCTIIOBHICTH i3
BiJICTAHHIO MiX eJIeMEHTaMH PiBHOIO I, siIka 3HOBY COPTYETHCS TUM CaMUM SKUMOCD
yyHom. Y pe3yabpTaTi OTpUMANX BXXe MOBHICTIO BIOPSIKOBAHY ITOCIiOBHICTb:

1 2 3 4 5 6 7 8

BuHWKaIOTh HACTYITHI TUTAaHHS.

HMuranns 1. Hagimo BukoHyBatu k-1 momnepeHi eTanu cOpTyBaHHs, SKIIO
Ha OCTaHHBOMY €Talli BCE OJHO TMPUXOAUTHCS COPTYBATH BCIO TOCIiJOBHICTH?
BinmoBinb: Ha TepmmMx eramax COPTYEThCS  Oarato, ane  KOPOTKUX
MiANOCTIAOBHOCTEH 1 3aranbHa CKJIATHICTh YCiX X COPTYBAaHb € HEBEIWKO0. Ha
OCTaHHBOMY €Talli COPTYETHCS BCS MOCITIIOBHICTH, ajle BKE CYTTEBO «ITOKPAIICHA
nonepenHiMiA eTanamu. ToMy CKIaJHICTh LBOTO €Taly 3HOBY Oyjae Majoro.
CyMapHa CKJIQJIHICTh yCiX €TaliB pa3oM BUSBHUTHCS MEHILOI0, HK IIPU COPTYBaHHI
LJIOT IOYaTKOBOI IMOCIIIJOBHOCTI.

HOurannsn 2. Slkum came sxumMocb uuHoM TIOTPIOHO COPTYBaTH
HiANOCHIIOBHOCTI Ha KOXXKHOMY erami? Bigmominb: ne mae Oytu mpoctuit y
peanizanii METOX, CKJIQJHICTH SKOTO IO ONEpAaLisiX HOPIBHAHHSA 1 NPHUCBOEHHS
3aJIeKUTH BiJl IIOYaTKOBOTO IOPSIKY €IeMEHTiB. TakuMu MEeTO1aMU MOXYTh OyTH
abo mpsiMe BKITIOYEHHS, a00 MIeHKepHEe COPTYBaHHS.

Hurannsa 3. Slk oOupaTu BiACTaHI MiXK €IEMEHTAMH B ITiAIMOCITIIOBHOCTSX
Ha KOXXHOMY €Tall y BHITAIKy JOBUILHOTO 4YHciia /N €JIeMEHTIB Yy IOYaTKOBIiH
nmocioBHOCTI? BiANoBib: BUABIAETHCS, MPH PO3AUIEHHI TOCTIAOBHOCTI Ha
MiAMOCTIOBHOCTI HE BapTO OOMpATH BIICTaHI MK CICMCHTAMH, PIBHHUMH
crenenam aeskux uucen (27, 3', ...). Binb Toro, BiAcTaHi Ha ABOX MOCIHiZOBHHX
(cycinnix) eranax B3araji He MalOTh OyTH KPaTHUMH.

Skmo obOupatu BiicTaHi MO CTENEHSAX 4YMCia 2, sK [E Majo Micie B
PO3IIISTHYTOMY BHILE TIPUKJIaJli, TO HAa BCIX MONEPEAHIX eTanax, OKpiM OCTaHHbOTO,
OKpPEMO «B3aEMOJIIOTHY» MiXK COOOIO eNeMEHTH JIMIIe 3 Henapuumu HoMepamu (y
MPUKJIAi Ha IpYTOMY eTalli e eJIeMeHTH 3, 2, 7, 6, 110 TIOMIIIIeHi B KoJia) i OKpeMo
eJIEMEHTH JIHIIC 3 napHuMu HOMepaMu (y IIPUKIAJi Ha IPYTrOMY €Talli I elIeMEHTH
3, 1, 8, 4, mo nomimeHi y kBagpati). TUTbKH Ha OCTAHHBOMY €Talli IIi JABi TPyIH
€JIEMEHTIB 13 HEHmapHAMH 1 TapHAMH IHIEKCAMH «IIePETHYTHCA». SIKIIo
cnpoOyBatn OOHWpaTH BiACTaHI IO CTENEHAX Yucia 3, TO B pe3yibTaTi Oyze
OKpEMUX TPH TPYIH EIEMEHTIB, SIKi «HE MEPEeTHHATUMYTHCSI» MK cO00I0 ax 10
OCTaHHBOTO eramy (3 HoMmepamu mo moxayiaro I, 2, 3). Tomy Biacrani Mix
€JIEMEHTaMU B MI/INOCIIZIOBHOCTSX CJIiJi 0OUPATH 3 TAKUX MIPKYBaHb:

® BIiJICTaHI NOBUHHI 3MCHIITYBaTHUCS,
® BIJICTaHI Ha IBOX CYCI/IHIX e€Tanax He MOBUHHI OyTH KPaTHUMH;
® BIJICTaHb Ha OCTAHHHOMY €Tari JOPIBHIOE 1.

Honanpn KaHyT 3ampomoHyBaB MBI CXeMH BHOOPY BiicTaHeW, sKi

(hOpMYIOTECS, IOYNHAIOYHN 3 OCTAHHBOTO CTAIlY:

e cxewmal: ey 31, 15, 7, 3, 1,
Ve =15 Vi=V,-2+1,t=K-1,1; K=[log2N]—l;
e cxema II: . 121, 40, 13, 4, 1,
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Vi =1; V, =V, -3+1,1=K-11; K =[log3 N]-1.

B o000x cxemax K — 1i¢ onTUMallbHA KIJBKICTh €TaIiB MOAUTY Ha
MiATIOCTiAOBHOCTI 31 3MEHIITYBaHUMH BiACTAHAMH MK eneMeHTaMu. PakTHIHO 3
1i€1 BETMYNHN TIOYNHAETHCS BU3HAYCHHS BiACTaHEH.

[Nepmry cxeMy AOLITBHO 3aCTOCOBYBATH IJISI BITHOCHO KOPOTKHX CTPYKTYD
nmaanx, ko N = 100 -+ 1000, a mpyra cxema Oyzae Oinpir eeKTHBHA AT CYTTEBO
noBrux nocuigosrocreit npu N > 1000. ¥V Bunanky cyTT€BO KOPOTKHX CTPYKTYP
naHuX ( N <100) nocTaTHBO SIKOTOCH 13 MPSMHUX METO/IB COPTYBaHHS.

Tyt i mani BigHOMmEHHS >> i < 03HAYalOTh «3HAYHO OibIIe» i «3HAYHO
MEHIIIe», a oTepallis < Mo3Hadae AOBUTbHE 3HAYCHHS 3 J[ialla3oHy.

VY SKOCTI IPUKJIay PO3TITHEMO HACTYIIHI BUIA/IKHU:

e N=500; 3a cxemow I ximbkicts eramis K =[log, 500]-1=8-1=7, a
BiJICTaHI YTBOPATH YUCIIOBY MOCHiNOBHICTh: 127, 63, 31, 15, 7, 3, 1;
o N=10000; 3a cxemoro II ximpkicTh eTamiB K = [log3 10000] —1=8-1=7,a

BiJICTaHi YTBOPSITH YUCIIOBY MOCTiOBHICTE: 1093, 364, 121, 40, 13, 4, 1.

SIk BMAHO B 000X BHUIIaJKax, ONTHMaJlbHA KUIBKICTH €TaIlB BHSBHIACS
OJTHAKOBOIO. Y TEPIIOMY BHUIIAIKy BITHOCHO KOPOTKOi IOCHTiJOBHOCTI ITOYaTKOBO
COPTYETHCS MEHINIA KiTBKICTh MiATIOCTiZOBHOCTEH, iX — 127, 1 B KOXHI o 3 abo 4
eleMeHTH. Y JpYyroMy BHUIAAKY CYTTE€BO OBIIOi ITOCIHIZOBHOCTI IOYAaTKOBO
COPTYETHCA OlTbIIa KiBKICTh MiAMOCTiTOBHOCTEH, iX — 1093, 1 B KOXHii o 9 abo
10 enemeHTiB. 3arampbHa KiTbKICTh OCHOBHHX OIEpallili Ha MOYATKOBHX €TAalax B
000X BHUMaKax OyJe HE3HAYHOK. 3BHYAITHO, [0 MEPIIHi TPUKITA]] TIOTPEeOyBaTHME
MEHIIIe Orepanii y MOpiBHIHHI 3 IPyTHM IPUKIIAIOM.

SIKmo 0 BIAHOCHO KOPOTKOI MOCHIIOBHOCTI 3actocyBatH cxemy II, To
oTpuMaemMo 4 eramn, i Ha TEepPIIOMY 3 HUX BiacTaHb 40. Xo4a 4KMCIO MOYaTKOBUX
HiAMOCTII0BHOCTEH 40 € HEBEJIUKKUM, IIPOTE BOHU MICTATh 10 12 ab0 13 eneMeHTiB,
a IIe BXKe JacTh 3HAYHY KUIbKiCTh OCHOBHHUX OTIepaliil Ha IMeproMy erami. Ko 10
CYTTEBO JOBTOl HOCIITOBHOCTI 3aCTOCYBaTH cXxeMy I, To orpumaemo 12 erarmis, i Ha
mepmoMy 3 HHX Bigctanb craHoButuMe 4095. Tobro Oyme 4095
MAIOCHIJOBHOCTEH 1m0 2 abo 3 emeMeHTH. Y IIbOMY BHMAAKY, XOY ITOYATKOBI
M ATTOCITIJOBHOCTI JTy>Ke KOPOTKi, ajie KUTBKICTh YCIX €TamiB € Ha UIUIIKOBOIO, 1 IIe
TEX HE € CPEKTHUBHUM PIIIICHHSM.

IIporpamua peadizamigs. He 3MeHuIyroun 3araibHOCTI, MPONOHYETHCS
BapiaHT nporpamu Ha MoBi C++ i3 BuKopuctaHHaM cxemu Knyra-I, Bincrani sikoi
30epiraTUMyThCs B JOJATKOBOMY MacuBi minux uucen. Lleii mMacuB HaBiTh Jyis
Iy’K€ BEJIHMKUX KUIbKOCTeW eneMeHTIB /N Oyne norpeOyBaTMMe Maylo IaMm’siTi.

DakTUYHO 1€ JIHUIIE [log2 N ] 3Ha4yeHb. 100TO HOCTATHHO 32 €JIEMEHTH IS

CTPYKTYPH AaHUX, IO ITOBHICTIO BUUEPITY€E BCIO CTATUYHY I1aM’ATh IPOTPAMHU.

int V[32], I(, t, m, i)j) X5
K=(iny)(log(N)/log(2))-1;
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v[K]=1;
Jor (=K-1; t>0; t--) v[t]=v[t+1]*2+1;
for (=1; t<=K; t++)
{
m=v[t];
Sfor (i=m; i<N; i++)
{
x=afif; j=i-m;
while (j>=0 && x<a[j])
{
afj+mj=aljl;
J-m;
/
afj+mj=x;
/
/

AHajiz _ckaagnocTi. s anropurmy Illemna mpakTHYHO HEMOMKIHBO
NPOBECTH TOYHHMH aHaNi3 CKJIAJHOCTI 4Yepe3 JOCTaTHbO JOBUIBHUH BHOIp
3MEHIIYBAaHUX BIJCTaHeW MDK eJleMeHTaMu. Bapro 3a3HauMTH, II0 HaBiTh
00epHEHO BIOPSIIKOBaHI IIOCIIOBHOCTI BXKE€ IICIs MEPLIOTO-APYroro eramy
3HAYHO  «IIOKPAIIYIOTBCS»:  €JIEMEHTH 3 MaJMMH 3HAUCHHSMH  KIIOYiB
MepeMILIyIOThCSl Ha MOYATOK, a €JIEMEHTH 3 BEJUKMMHU 3HAYCHHSIMHM — y KiHEIb
CTPYKTYPH JaHHWX. A HACTYIHI €Tamu e OUIbIIe MiJATOTOBIIOIOTH MOCIIIOBHICTh
JI0 3aBEpILATLHOTO COPTYBAHHSI.

J. KHyT BCTaHOBUB TaKy OI[IHKY CKJIQJHOCTI 10 OCHOBHHX OIEpAIlisX Y
3aJIeKHOCTI BiJ JOBXKUHH CTPYKTYPH JaHUX:

oln2)<c(vym(w)< o[n 1S )<< oln?).

2.2.2. HIBUJKE COPTYBAHHSI OBMIHOM HA BEJIMKUX BIJICTAHSIX.
AJTOoPUTM Y. 'OAPA — QUICKSORT

Iness merony. Husbka edekTuBHICTH COPTYBaHHS IPSIMUM OOMIHOM
(xaminenp i OynpOalika) Mop’si3aHa 3 THM, IO IOPIBHIOIOTHCS 1, MOXKIJIHMBO,
OOMIHIOIOTBCSI MICIIIMHA BHIKJIIOYHO CYCiTHI €1eMEeHTH. 3a OJWH eTall JIUIIE OIWH
eneMeHT (HaiOimpmMi abo0 HaWMEHIIMIT) MepeMIlIyeTbcs Ha BIATOBiTHE HOMY
Micre. Pemra enemeHTiB abo He 3MIHIOIOTH CBOE€I MO3HIlI, a00 MEPEMIIIYIOThCS
JUIIe Ha OHY TIO3WIilo, a0o B3arali BiANAIAIOTBCS BiX CBOrO MICII B
pe3yIbTYIOWi TOCTIMOBHOCTI. SIKIIO BXigHA MOCTITOBHICTE B3arajli oOEpHEHO
BIIOPSIKOBAaHA, TO TepeMillleHHS HAaHOUThIIOro (A KaMiHIA) YM HaWMEHIIOTO
(s OynbOamIKKM) eNeMEeHTa uYepe3 yclo CTPYKTYpYy NaHUX Ha BiANOBigHE HOMY
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Mice BHMKOHYEThCS 3 OIMHAapHUM KpOKOM 1 TOTpeOye myxe Oararo
MIePENPHCBOEHB. | Taka CHTYallisl TOBTOPIOBATUMETHCS Ha KOKHOMY €Tali.

Toni I'oap (cep Yapn3 Enroni Pigapx ['oap) y 1960 poui 3ampomoHyBaB
BUKOHYBaTH TIOPIBHAHHS 1 MOXJHBI OOMIHM y HEBIOPAIKOBAHIM YacTHHI MiX
HaUOiNbW GIOOANEHUMU eleMeHmamu, wo we He nopisnioganucs. l1odaTKoBO
HEBIOPSIKOBaHA YacTHHA — IIe BCS BXiHA CTPYKTypa [OaHHWX, a HaHOUTIBII
BiJTaJICHUMH, IO II¢ HE MOPIBHIOBAIWCS, € MEpPIIHN 1 OCTaHHIN ii eneMeHTH.
3BHYaiiHO, SKIIO TIIOPIBHIOBaHA Iapa €JIEMEHTIB HE € BIOPSJIKOBAHOIO, TO
BUKOHYETBCsI OOMIH MiciisiMi. HacTynmHUMHU HaWOIbII BiIaICHUMHU CJICMCHTAMH,
IO 1l He MOpiBHIOBAJHMCS, OynyTh abo mepuuii i mepegocTaHHii, abo Apyrui i
ocraHHiil 1 T.1. O4YeBHIHO, IO Taki B3a€EMOJii Yy HEBHOPSJKOBAHIM 4acTHHI MiX
HAMOLIBII BiJIAJCHAMHU E€JIEMEHTAMH, M0 I[I¢ HE MOPIBHIOBAJIUCS, MAlOTh
BUKOHYBATHCA a00 BiTHOCHO IIEPIIOTO €JeMEHTa 3 yciMa IHIMIMMHU Bil KiHII, abo
BiTHOCHO OCTaHHBOTO €JIEMEHTa 3 yciMa iHIMMMH Bix modaTky. OmuH i3 KpalHiX
€JIEMEHTIB HEBIIOPAIKOBAHOT YACTHHH TIIOCIIJOBHOCTI OOWpPAa€ThCS B SKOCTI
6edyu020. Yl IOPIBHSIHHS Ta MOKJIMBI OOMiHH BUKOHYIOTBCS CaMe MiXK BEAYYHM i
HaWOLTBII BiIJaTICHUMH €IEMEHTAMH, 3 SIKUMU BiH III¢ HE TIOPiBHIOBABCSL.

Hexaii nans BU3HAYEHOCTI BeaydyuM Oyae TEpmdd  €JIeMEeHT Y
HEBIOPs/IKOBaHil yacTuHi. [lo3HayMMoO JIiBy MEXy HEBIIOPSAKOBAHO! YacTHHH
yepes i, npaBy — 4epe3 j. Toxai Benyunm enementom Oyne afif. nst ocoOmuBoro
BUJIUIEHHSI BEJY4Oro €JeMEeHTa JO0JATKOBO ITAKPECIMMO HOro Io3HaueHHs afif.
3mict anroputmy I"oapa, 1o orpumaB Ha3By QuickSort, nonsrae B HaCTYITHOMY:

1) Bexyuuii eneMeHT @fi] NOPIBHIOETHCS 3 HAWOUIBII BiATAICHUM €JIEMEHTOM, 3
SIKMM III€ HE MTOPIBHIOBABCS, TOOTO 3 afjf;

2a) moku i<j Ta afi]<afj], BUKOHYETbCA TEpexig MO YEProBOTO HaiOiIBII
BIZITAJICHOTO €JIEMEHTA, 3 SIKUM I HE IOPIBHIOBABCA BEAYUMH €IEMEHT,
T00TO j=j-1;

20) sxmo afif>afj], To BUKOHYeThCcS OOMIH MicusaMU MiX afi] Ta afj], Tenep
BeIy4nM cTae ejeMeHT afj/, BiH Oyne TOpiBHIOBATHCS 3 HaHOLIBII
BiTAJICHNM, 3 SIKMM ITIe HE TIOPiBHIOBABCS, TOOTO 3 eJeMeHTOM afi+1];

2B) moku i<j Ta afi]<afj], BUKOHYETbCS NEpEXil NO YEproBOro HaWOILIbII
BIJUTAJICHOTO €JIEMEHTa, 3 SIKUM IIe HE IOpPIBHIOBABCS BEAY4YWil €JIEMEHT,
T00TO i=it1,

2r) skwmo afif>afj], To BUKOHYeThCsI OOMiH MicussmMu MiX afi] Ta afj], Tenep
BEJyYUM 3HOBY CTa€ ejeMeHT afif, BiH Oy/Je NMOpIBHIOBATHCS 3 HaWOUIbII
BiTJICHNM, 3 SIKMM ITIe HE TIOPiBHIOBABCS, TOOTO 3 eJeMeHTOM afj-1];

3) mpollec TOpPIBHAHBD 1 MOXIWUBUX OOMiHIB (myHKTH 2a, 20, 2B, 2r)
MOBTOPIOETBCS, JIOKM BEAYyYHH €JIEMEHT HE TIOpIBHSETBCS 3 yciMa
eJIeMeHTaMH1 HEeBIIOPSIKOBAHOT YaCTUHH, TOOTO TIOKH i<j.

IIpukJaJg MOKPOKOBOIr0 BUKOHAHHs. [TomiOHO 10 momepenHix METOMiB i
JUTSL TIOJICTIICHHS PO3YMIHHS BEyYHid €JIEMCHT OXOIUTFOBATHMEMO KOJIOM:
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i=1, 3=9
| (® 8 | 2a)=>j=8
i=1, j=8
| (® 2 | 8 268)=>i=2
i=2, j=8
2 | 3 ®| 8 28=>i=3
=3, j=8
2 3 | 5 | 8 28)=>i=4
i=4, j=8
2 3 5|29 ®| 8 2m=>3=7
=4, =7
2 '3 s | «——>1 | 9 8 26)=>i=5
i=5, 3=7
2 3 5 4| 1<—>0@)]| 9 8 2m=>j=6
i=5, j=6
2 3 5 a|(®er |7 9 8 26)=>i=6
i=6, j=6
2 3 5 4 1|7 9 8 stop

IIpoananizyeMo Tenep OTpUMaHUiA pe3yyibTaT. SIK BHIHO 3 IPUKIIATY:
e BeAydYHil €NEMEHT 6 OTIMHUBCS HA CBOEMY MiCIli B TIO3HIIi1 I=J;
e TiBiIIe BiJX BEAYyJOro OMMHWINCS yCi MEHIII BiJl HBOTO €IEMEHTH, 1 IX MOXKHA

COpTYBaTH OKPEMO BiJl pEIITH €JICMCHTIB;

e TIpaBiMie BiJ BeAy9IOTr0 OMMHUINCS yCi GBI Bi HHOTO €MEMEHTH, 1 IX Tex

MOJKHA COPTYBaTH OKPEMO BiJl PEIITH €JICMCHTIB.

Jlo xoxxHOro (hparMeHTa 31iBa i cIpaBa BiJ BEIy4OTO €JIEMEHTa 3HOBY
MOXHA 3aCTOCYBATH Takuii camuii mpuiiom. Toxi X Beaydi eJIeMEHTH TeX 3aliMyTh
BIAMOBIHI 1M Miclsl B pe3yJbTyIOUiil MOCIIIOBHOCTI, 1 JUIs MOJAIBIIOI 0OpOOKH
BXKE 3aMUIINThCS N-3 €JIeMEHTH B, MOXJIHMBO, YOTHUPhOX (parmMenrax. | T.a.
ITocTynoBo Beaydi €IEMEHTH Di3HHMX €TamiB 3aliMaTUMyTh BiMOBIIHI M MiCIs.
Slkmio 3miBa 4M crpaBa Bijfl BEAyYOro €JIEMEHTA SIKOTOCh €TaIly OMUHHUTHCS JIHIIC
OIIMH €JIIEMEHT, TO OYCBHIHO BiH TSK rapaHTOBAHO 3aiiMe BIiNMOBiTHE HOMY MicIie.
Amxe BiH Oyae MK JBOMa BEIyYHMH €JIEMEHTAMH PI3HHX €TalliB, 1 MPH IOMY
OIHOYACHO Olmpmmii a0 piBHUM BiJ OAHOTO 3 HUX Ta MEHIINH a00 piBHHU Bix
npyroro 3 HuX. OTKe, TakWii TOBTOPIOBAaHHWN IIPOIIEC IEPEMIIICHHS BEIydUX
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CJICMCHTIB Ha BIATOBINHI M MiCIi MOKHA 3aBEpINYBAaTH, KOJIU HE 3aJHITUTHCS
’KOJTHOTO HEBIOPSAKOBAHOTO (pparMeHTa 3 JBOX UM OiJIbIlIe €IIEMEHTIB.

Sxmo Beayunii eIeMEeHT € HaHMEeHITUM 91 HaWO1TBIINM, TO BiH ONIMHUTHCA
ab0 Ha TI0YaTKy, a00 B KiHIIl pe3yIbTyI04O0i MMOCIiOBHOCTI, i BIAHOCHO HHOTO Oyze
JIIEe OTHA HEBIIOPAOKOBAHA YaCTHHA, IO MICTUTH /N-I eneMeHT. SIKmo Takwid
pe3yIbTaT MOBTOPIOBATHMETHCS Ha BCIX eTamax, TO iX MO)Ke BUSBUTHCA ax V-1, i
Ha KOXXHOMY 3 HHX AaHANI3yeThCs JIMIIE OJMH BEAYYHMH EIIEMEHT, a pelTa
eleMeHTiB (aKTUYHO He 00poOistoThes. lleil BUMAmOK € OIHUM i3 HaANTipIIux
BapiaHTiB BXIJIHUX JaHuUX. To0OTO pO3IISIHYTHH crocid copTyBaHHs —0e3
JIOAATKOBUX MoJu(DiKaliii, Ha *kaJjb, € 0IHAKOBO HEE(HEKTHUBHUM 1 ISl «XOPOLIHNXY,
1 IIsl «TIOTAHUXY CTPYKTYP JaHUX.

OueBUIHO, IO HAMKpalUM BUIAJKOM BXIJHUX JaHUX Oyne ocoOaMBHit
JIOBUTbHUI MOPSIOK €JIEMEHTIB, MPU SKOMY Ha KOXKHOMY €Tarli Belydi €JIeMEeHTH
mopasy 3afMaTHMyTh MeHTpaikHI abo ONM3bpKi M0 HHUX TO3HII y CBOIX
¢parmenrax. Tomi i momaipmioi OOPOOKH 3aTUIIATHIMETHCS MABI YaCTHHH
NpUOIM3HO OJHAKOBOT JIOBXKHHH, IO HE MEPEBUIIYE IIOJOBUHH JOBXKHHU
IMOYATKOBOI IUISHKH TOCTIIOBHOCT. Sk BIiZOMO, COpPTYBaTH JBi YaCTHHH
MTOCTIIIOBHOCTI TTOJIOBUHHOT JOBXKWHU OLUBII HIK Y/ABiUI MIBHIIIE, HiXK COPTYBATH
[Ty TOCTIIOBHICT. Y TaKOMy BHIAAKY BXIJHMX JIaHUX KIJIBKICTh €TaIliB
copTyBaHHs (hparMeHTiB € Jorapu(MiTHOIO 3aJICKHICTIO Bijl MOYATKOBOT TOBKUHH.

IIporpamua peasi3amisi. [nes copTyBaHHs 0OMIHOM Ha BEITMKUX BiJICTaAHIX
notpedye 0coOIMBUX pillleHb NPH MporpamMHiil peanizanii. ToMy ciig nmonepeaHso
BU3HAYUTHUCA 3 PSAAOM BAXKIMBUX UTaHb.

HMurannsa 1. SIKmo miciis 4eproBoro e€Tamy 3J1iBa YU CIpaBa BiJ BEIy9IOTrO
€JIEMEHTa OTPUMAIH IOCTAaTHBO KOPOTKI (PparMeHTH, TO Ui HOAANBIIOTO iX
COpPTYBaHHS MOJKHa 3aCTOCOBYBaTH SKMUCH 13 MPOCTHX y peaiizamii i JOCTaTHBO
e(heKTUBHHI TIPSIMUA METOJI, HAMPUKJIIAI NpsiMe BKIIIOUEHHS. J{o sikoi MiHIMaIbHOT
JOBKUHH (PparMeHTiB JOIIIFHO IIfe 3aCTOCOBYBATH airoput™m QuickSort, a micns
SKOi BXXK€ MOJXKHA CKOPHCTATHUCS NpsAMUM MeTonoMm? BiamoBiab: BuOip IimkoM
JIOBUIBHUM, MOJKHA 110 KiHIS BCi ()parMEHTH COPTYBATH alroputMoM QuickSort.

HOurannsi 2. Ha Bcix eramax, OkpiM mnepumoro, 0Oarato ¢parMeHTiB
OJTHOYacCHO IMoTpedyBaTuMyTh 00poOku. TouHille B MOTOYHMH MOMEHT
00pOONIATUMETBCSl SIKUHCH OAMH (parMeHT — aKTHBHUM, a IHII OYiKyBaTUMYTb
cBO€T uepru. SIk opraHizyBaTH 30epexeHHs JIBOI Ta IpaBoi MeX (parMeHTiB, 110
OUIKYIOTh Ha 00poOKy? BinmoBinb: e Moke OyTH Jeska T0JaTKOBa CTEKOIOi0HA
CTPYKTypa JaHUX (HampwKIald, IBa MacHBH IHICKCiB) ab0 3acTOCOBYBATHCS
PEKyPCUBHHH BHKIMK aITOPUTMY 10 BiATIOBiAHOTO (pparMeHTa.

HMurannsa 3. Skuii i3 1BOX, OTPUMAaHUX Ha MOTOYHOMY eTali, ()parMeHTiB
(moBIIMIT YK KOPOTIIMI) JOIIIHHO OOpOOJIATH B IEPIIy YEpry, a SKUH MO>KHA
«BimkmacTm» Ha TOTIM? BiamoBiAb: cmoyaTKy MOWITBHO OOPOOIATH MOBII
(parmMeHTH, OCKUIBKA BOHH OUIbII HMOBIPHO MOTPEeOYBaTHMYTh CaMe aJITOPUTMY
QuickSort, a xopoTIIi ()parMeHTH MOXKHA «BIZAKJIACTH» Ha MOTIM, 1 BOHH HMOBIpHO
00pOOIIATUMYTECS BXKE IPSIMUM METOZIOM.
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Huranns 4. Sxmo s 36epexeHHss (parMeHTiB, MO OYIKYIOTh 00pOOKy,
BUKOPHUCTOBYETHCSI CTEKOIMONI0OHA CTPYKTypa JaHUX, TO SIKWH Mae OyTH ii po3mip?
BinnoBinb: MakcumanbHa KiTBKICTh «BiIKITAICHUX» (QparMeHTiB Oynme, KO BCi
BOHH JIBOCJIEMEHTHI, 1 IS X COPTYyBaHHS BUKOPUCTOBYETHCS BUKIFOUHO aJITOPUTM
QuickSort Ge3 3acTocyBaHHA NPSAMOTO METONy. Bemydi eneMeHTH moIepeaHix
eTamiB pPO3MEXOBYBAaTUMYTh TakKi «BigkiameHi» ¢parmentn. OueBumHO, iX
KUTBKICTB HE TIepeBUITyBaTuMe N/3.

Peamizanis  mMoBoro  C++  anropurmy  QuickSort i3 BpaxyBaHHSIM
00yMOBJIEHHUX BHIIE PillIeHb MOKE MaTH BUIJISIA:

const int M=21; // HudrcHst medrca 3acmocysanus QuickSort
int left{N/3], right/N/3];  // 0o0amkogi cmexonodibni cmpykmypu 0aHux
int k=1; // KinbKicmb «8IOKIA0eHUX» ppazmenmie
int L, R; // mexci nomounoeo gpacmenma
int i, j; // iHOeKCU NOPIBHIOBAHUX eJleMeHINi8
int x; // 3HAUeHHs 8e0YH020 eleMeHma
left[k]=0; right[k]=N-1;  // cnouamxy 06pobasembcs 8Csi NOCAIO0BHICMb
while (k)
{
L=left[k]; R=right[k]; k--;
while (R-L+1>=M) // aneopumm QuickSort
{
i=L; j=R; x=alil; // nynxkm 1)
while (i<j) // nynkm 3)
while (i<j && afi]<=alj]) j--; // nynkm 2a)
if (i) { afi]=alj]; a[j]=x; i++; } // nynkm 26)
while (i<j && afi]<=a[j]) i++; // nynkm 28)
if (<) { a[j]=ali]; afi]=x; j--; } // nyHkm 2e)
/
if (i-L>R-i) // nid2omoeKka 00 HACMYNHO20 emany
{ // «8iOKIACmUY KOpOmuiutl npasutl hpazmenm
if (R-i>1) { k++; left[k]=i+1; right[k]=R; }
R=i-1; // 0b6pobasimu dosuiuii risull hpasmenm
/
else
{ // «GiOKRACmUY KOpomumull 1ieuil ppazmenm
if (i-L>1) { k++; left[k]=L; right[k]=i-1; }
L=i+1; // 06pobasimu doswuil npasuii pazmenm
/
/
Sfor (i=L+1; i<=R; i++) // npame éxniouenns 01 KOPOMKUX PpazmeHmia
{

x=afi; j=i-1;
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while (j>=L && x<afj])
{ aljt1]=alj]; j-- }
afj+1]=x;
/
/

AHaJi3 ckJAagHOCTI. SIKIO TPOBOJWTH aHai3 CKJIATHOCTI JIMIIE TIO
omepamnisx NOpIBHSAHHA Oe3 ypaxyBaHHS MPUCBOEHHS 3HAYCHb CJICMEHTIB, TO
BUSIBJISIETHCS, [0 BUIMAJI0K MOYATKOBO BIOPSIKOBAHOI CTPYKTYPH JaHUX € OJHUM
i3 HaWTIpIIMX BapiaHTIB BXiJHUX IaHUX. AJDKE B IIbOMY BHIIQJIKY BHUKOHYETHCS
MakcHMallbHa KubKicTh N-I eTamiB 3 yciMa MOJMJIMBHMHU HODPIBHSHHSMHU.
3BUYAifHO, IO TPUCBOEHH Oyae 3HAYHO MeHIIe. SIKIIO BpaxoBYBaTH OJHE
MPUCBOEHHS 3HAYEHHS BEy4Oro eJeMeHTa X=afi] Ha 04aTKy KOXKHOTO eTaIy, TO

2
RS

C

npamuil

max npamuii — N-1.

IloniGHa curyamis i y BUIaAKy OOEPHEHO BIIOPSIKOBAHOI ITOCIITOBHOCTI.
BinMminHicTh Oy/e nwine 3 MPUCBOEHHAMH MIPHU 0OMiHAX: BOHH BUKOHYIOTBCS JIHIIE
OJTHOKpATHO TIPH MEepIIOMY ITOPIBHSAHHI 1 Uepe3 oAuH etarl. Tomy
N?-N 3(N—1)+N—1

C =G, = T . M obepnenuii — B

obepuenuil

=2(N-1).

max

Taka BenmKa KUTBKICTB Omepalliii MOpiBHAHHS OB’ s3aHa 3 THUM, IO BeAydi
CJIEMEHTH Ha KOXKHOMY eTami € a0 HaiiMeHIIMMHU, a00 HAHOUIBIIUMHU, 1 mOpa3y
3aiMaTUMyTh KpaiHi Mo3uuii y cBOiX (parMeHTax. Y pe3yibTaTi BiJHOCHO HHX
37iBa 1 crpaBa BxKe He QOPMYEThCs 7Ba (PparMEHTH 3HAYHO MEHINOI JOBXWHH, a
3ITUIIAETHCS OJMH (PPATMEHT 13 KUIBKICTIO €JIEMEHTIB Ha OJTHHHUITIO MCHIIIC.

Hafikpamum BapiaHTOM BXiIHUX JaHUX OyIe Taka MOCIiJOBHICTb
€JIEMEHTIB, U1 sKOI BeOy4l €JEeMEHTH Ha KOXXKHOMY eTami 3aliMaTuMyTh
HEHTpaNbHY TMO3WIil0 y cBoeMy ¢parmenti. Ilpm 1mpoMy dYucio eTamiB
BU3HAYAaTUMETHCS JIOTapu(PMITHOIO 3aJeKHICTIO. 3aralloM MOXKHAa BBaXKaTH, IO
CKJIQ/IHICTD TI0 MOPIBHSIHHSIX 1 MPUCBOEHHAX MaTUME OJIHAKOBHH MOPSI/IOK:

Chin (N)’Mmin (N) = O(N-log(N)) :

2.2.3. HIBUJKE COPTYBAHHSI BUBOPOM 3A JOIIOMOI'OIO IIIPAMIJIN.
AJITOPUTM HEAPSORT

Ines metony. Hwusbka e(QEKTHUBHICTH alTOPUTMY HPSIMOrOo BHOOpY
MOB’si3aHa 3 OOOB’SI3KOBMM BHKOHAHHSAM Ha KOXXHOMY €Tali MaKCHMallbHO
MOXJIMBOI KINBKOCTI omepaniii mopiBHAHHA. CIHpOIICHHS alNTOpUTMy HE
nepenbadae 30epekeHHS i BUKOPHUCTAHHSA Ha HACTYHMHHX eTamax Ti€i KOpHCHOi
iHpopMamii Ipo eTeMeHTH CTPYKTYpH JaHUX — MOTCHLIWHI KaHIUAATH Ha BHOIp
JUIL HACTYNHHUX €TaliB, — sIKa HAKOIMMYYETHCS MpPU MOMIYKY HAWMEHIIOro
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(HaWOITBIIOTO) KITFOYA Y HEBIOPSIKOBAaHIM YaCTHHI HA MOTOYHOMY ertami. Tomy
JUT TIPUIIBHAAIICHHS TPOLECY COPTYBaHHA BHOOPOM MOTPIOHO SKOMOTa MOBHIIIE
BUKOPUCTOBYBATH BCIO TOJATKOBY 1HPOPMAIIIIO 3 IONIEPEIHIX €TaIliB.

3HOBY, HE OOMEXYIOUHM 3arajlbHOCTi, pO3TISHEMO CHOYAaTKy BHITAJ0K
CTPYKTYPH AaHUX i3 BOCBMH IUHX uncen (IN=8):

7 3 6 1 5 8 2 4

[Ipu mepmomy mpoxoxai BHOMpaeMO MEHIIHH i3 KOXKHOI IapH CYCimHIX
eneMenTiB. Ha mpyromy mpoxosi BHOMpaeMO MEHIIHH i3 KOXHOI IapH CyCigHIX
€JIEMEHTIB, IO Oyiu BHOpaHi MpH MONEPEIHFOMY HPOXOi. AHAJOTIYHUM YHHOM
MOCTYIIAa€EMO TPH KOXKHOMY HAcTyIHOMY mpoxoai. Ilpu 1mpoMy Ha KOXHii
HACTYIHIH cepil BHOOpPIB aHaJ3yeTbCs BJABIYI MEHIIE €JIEMEHTIB, HDX IpH
nonepenHii. I Tak pami. Ha octaHHbOMY Npoxoji BUOMPAETHCSI MEHIIUI 13 JBOX
paHiie BUOPaHUX €JIEMEHTIB — HAWMEHIIUI €JIEMEHT Y CTPYKTYP1 TaHHX:

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

=

VY pesynbTari OTpUMaNM JEepeBONOAIOHY CTPYKTYpY HaHUX, Y KOpPEHEBii
BEpIIMHI sKOI 3HaxoauThcsl HakimeHmmid enement I. [Ipum moOynoBi nepesa Ta

. C N N N
ineHTHdiKanii HaliMeHmoro kmoya BHKOHaHO C| = ? + X +...+2+1=N-1

orepariiii HOpiBHIHHS, IO CIIIBIAJA€ 3 KIIACHYHUM JITOPUTMOM IOLIYKY.
Jns mopanpmiol peamizaiii aJiropuTMy BHOOPY 3aCTOCYEMO IHIIMH MiaXif,
o mnependavae BUKOPUCTAHHS JIOJATKOBOI KOpHCHOI iH(opMmalii Ta moTtpedye
MEHIIOTO YHCIIA MOPIBHSHB. 3 LI€F0 METOF0 BUKOHAEMO TaKi Jii:
® 3anuIIEeMO 3HAaiilleHe HaliMeHIle 3Ha4YeHHS KJIo4Ya B JESKY DPEe3yJbTYIOUy
MOCJTIJOBHICTB;
® BIJIYyYHMO MiHIMAIBbHUH €JIeMEHT i3 Mo0yI0BaHOTO JepeBa, 3aMiHUBIIH BCi
HOT0 BXOIKEHHS OCOOITMBUM €JIEMEHTOM — «IIPKOIO»:

73605824
\/ N/ N/ N/
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® [epepaxyeMO 3aHOBO JICPEBO, BBaXKAIOYUHU, IO BCI «IIPKH» MAaKOTh SK
3aBTOJHO BeNMKE 3HadeHH:S. [lepepaxyHOK CTOCYEThCS IHIIE €JIEMEHTIB-
«IIpOK» — 10 OTHOMY €JIEMEHTY Ha KOXKHOMY PiBHi, OKpiM HEPIIOTO;

e y pe3ynbTaTi B KOPEHEBY BEPIIMHY MOTPAIUTh HACTYIHUH IO TIOPSIKY
HaMEHIINH €JIEMEHT 13 THX, 10 3aJUIIHINC:

73605824
\/ N/ N/ N/

LN

Y KOpeHeBill BepIIMHI HOBOT'O JepeBa ONMHUBCS HACTYIHHH HaWMEHIINI
enemeHT. [lns Horo imentudikanii Bukonano C, =log N omepaniif mopiBHAHHS,
1110 3HAYHO MEHIIIE, HDXK 3a KJIACMYHHUM aJrOPUTMOM rouyky st N—1 enemeHTa

(Cy"“ =N -2). 3 oTpuMaHUM JIepPEBOM 3HOBY BUKOHYEMO Ti cami [Iii: 3Haiinenuii
eJIeMEeHT i3 HaMEHIINUM KIIIOYEeM IIePENHCYyeMO B PE3yIbTYIOUY ITOCIiTOBHICTD,
BIIIy4aeMO IIeH €JIEMEHT i3 JiepeBa, 3aMiHIOEMO BCi HOTO BXOJDKEHHS «IipKaMm»,
nepepaxoByemMo HoBe jepeBo 1 T.a. [Ipu mpomy mopasy norpibHo nume log N
omeparliii opiBHSHHSI.

VY pesynbraTi BUKOHaHHs [V eramiB BHOOpPY B JEpeBi 3ajMIIAThCA OJHI

«IipKn», 1 OTPUMAEMO BIIOPSIKOBaHY pPE3YJIbTYIOUYy IOCITIOBHICTh. 3arajibHa
KIJIBKICTB Oomepaiil mopiBHIHHS Oye:

C=C;+Cy+..+Cy_;1+Cy =N—I+(N—1)-10gN=O(N~10gN)<<O(N2).

Ha >xanp, 3HaYHWI BUrpall MO KiILKOCTI MOPIBHSIHB MOTPEOy€e BEIMYC3HUX
3aTpar mam’sTi. Ampke il moOynoBH AepeBa BHOOpPY MOTPIOHO PO3MICTUTH B

. N . .
nam’sITi Koepeso = N+?+... +2+1=2N-1 enemenriB gaHux. OKpiM LbOTrO,

noTpiOHO 1mie N 10JaTKOBHX €JIEMEHTIB Ul Pe3yNbTYI04oi MoCiiqoBHOCTI. Takum
YHHOM, NMOTPIOHO MaTu mopsiAKy 3N eNeMeHTIB JaHWX, a e BXKE HE BiIIOBIJae
06a30BOMY IPUHIIMITY AITOPUTMIB OOPOOKH CTPYKTYpP JaHHUX «HA TOMY XK MiCIIi».
OTtxe, cmig MOauQIKyBaTH PO3TISHYTHH alTOPUTM BHOOPY Tak, MO0 MpH
3arajbHIid  KUIBKOCTI ~ omepauiii  MOpIBHAHHS  MOPSIKY O(N -log N ) HE
BUKOPHCTOBYBaTH JOJATKOBUX pECypCiB Tam’aTi, TOOTO MOTpiOHa ocoOinBa
oprasizallisi JaHUX 3a IPUHIIAIIOM JIepeBa, ska 0 BuMaraia /N OJUHHIIb ITaM’sITi.
Iporo Bpamocs nobutucs B anroput™mi HeapSort, sikuii po3pobus JoH
Binbsim [Ixo3e¢ Binbsmc. Bin BukopucTaB crieniaibHy JepeBONOAIOHY CTPYKTYPY
JaHuxX — nipamioy (auri. — Heap), sika N03BOJISIE MIBUAKO iNeHTH(DIKyBaTH
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HalilMeHIIMH (HaWOUIbIINK) eleMeHT Oe3 BHKOPHCTaHHS JOJATKOBHX pPECypCiB
Tam sITi.

Ilipamioa — 11e 0OCOOTMBUM YUHOM OpTaHi30BaHA MOCIIJOBHICTh €JIEMEHTIB,
JUTS STKOT BUKOHYIOTBCS OJIMH 13 IBOX BapiaHTIB yMOB:

a,-SaZ,- AN ai§a2i+1 5 l=I,N/2, (1)

al-ZaZi AN ai2a2i+1 y i=1,N/2 (2)

VY mipamiai, 1o BH3HadaeTrbcs ymoBamMu (1), mHepIIMi eleMEeHT €
HaliMeHIIMM, a y mipamiai Buay (2) nepumii enemeHT — HalOuibmmi. [lipamina He
00O0B’SI3KOBO € BIOPSIKOBAHOIO CTPYKTYPOIO NaHMX, aje INepuuid ii ereMeHT
3aBxau a00 HAaWMCEHIIHA, a00 HAWOUTBIINIA Y 3aJIeKHOCTI BiJl BU3HAYAJILHUX YMOB
(1) um (2). B3arani kaxxyyd, 3 OJHOTO i TOTO * HabOpy eJIeMEeHTIB (IO4aTKOBOI
HOCJTIZIOBHOCTI) MOYKHa OOy TyBaTH 0arato pi3HMUX BapiaHTIiB MipaMis.

[puxmax mipamign 3a ymoBamu (1):

11 7 10 5 6 8 9 1 3 2 4

[Mipamigy MoXxHa 300paskaTH y BUTIIAI OiHApHOTO AepeBa:

OCHOBa Hnipaminmu

OocHOBa Hnipaminm

HwxHi eneMeHTH Takoro aepeBa, siKi HE MalOTh NPHIETNIUX 1M 3rifHO 3
npaBwiIoM nipamiau (1) uu (2), yTBOPIOIOTE OCHOBY NipaMiou.

Hawm motpibno chopmymroBaTH eeKTHBHHNA alTOPUTM ITOOYIOBH ITipaMian
I JTOBUIBHOI ITOCTIZOBHOCTI eleMEHTIB. SIK B)Ke 3a3Hadajiocs BHIIE, HAa OCHOBI
3a1aHOTO HA0Opy €JIEMEeHTIB MOKHa MOOYIyBaTH AEKiTbKa pi3HUX mipamin. Jms
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Hac BOXJIMBUM € OJIUH IEPIINI eJIeMEHT MipaMiJIy, a perra MOXyTh PO3MICTHTHCS
JIOCTaTHBO JAOBLTBHO, aje 3rimHo 3 ymoBamu (1) gm (2). Tomy 3ynmHEMOCS Ha
SKOMYCBH OJTHOMY BapiaHTIi Imipaminu.

He 3meHmyrounm 3arambHOCTi, pPO3MJITHEMO BapiaHT MmipaMigu, IO
BU3HAYAETHCI YMOBaMU (2), TOOTO 3 MepHINM HaWOUIBIIMM eJIeMEHTOM. XO0dY IIei
BUOIp MOBUIHHHMA, MPOTE B HOJANBIIOMY BiH BHABHTHCS ONTUMANBHIIIAM IPH
peaiizarii anropuTMy IIOBHOTO COPTYBaHHS.

Iipamima Mae BIACTHBICTH PO3LIMPIOBATHCS BIiBO ab0 Bropy (mipamina sk
OiHapHe JIepeBo) MPH BBEACHHI B TaKy CTPYKTYPY AaHUX HOBHUX eleMeHTiB. PobepT
®ri0¥i/1 3aPONOHYBAB AJTOPUTM MOOYIOBH IMIPaMIIN «HA TOMY K MICLI»:

® OCKUIbKM BHM3HaYajJbHi YMOBHU mipaMizu (2) CTOCYIOTBCS JIMILE €JIEMEHTIB
ay, Ay, oo AN/2-1> AN/2 5 TO BCi HACTYIHI eJIeMEHTH

AN /2415 AN/2425 > AN—]> Ay MOXHA BiJIpa3y BBa)KaTU OCHOBHOIO IipaMian

He3aJIe’)KHO BiJl X 3Ha4YEHb;

® KOXXEH HOBHMHU €JIeMEHT J00aBIISETHCS B MipaMiay 3J1iBa B TAKOMY HOPSIIKY:
any2> ANj2—1s - > @) ; TIPH TBOMY BUKOHYETHCS IOPIBHSHHS KOXHOTO

HOBOTO €NeMeHTa a; ,i=N/2,1 i3 IpwiIermuMH [0 HBOTO 3TiAHO 3

YMOBaMH NipaMifau (2) eIeMEHTaMU ay; , Ay, -

v/ SIKIIO HOBHWil €IEMEHT ¢; HE MEHUINH BiJ GUIBIIOrO 3 ABOX HPUICTIINX
JI0 HBOTO EJIEMEHTIB dy; , Ay;41 , TOOTO a@; = max{azi , a2i+1} , TO 3TiIHO

3 yMOBaMH Mipamian (2), HOBUil eneMeHT «; yxke 3aiiMae BiANOBIHY
oMYy MTO3MIIIO B MipaMii;
v/ SIKIO HOBWil €IEMEHT «; MEHIIMH BiJ GLIBIIOrO 3 ABOX HPUICTIUX [0

HBOTO EINEeMEHTIB  dy; ,dy;.], TOOTO a; < max{a2,~ , a25+1} , TO

BUKOHYEThCS OOMiH MiCIIMM MiX HOBUM ¢; Ta OimbIINM i3 JIBOX

mpuierux. Y pe3ynbTaTi HOBHH €NEeMEHT IEepeMINlyeThCsl BIIIHO
mipamiau BOpaBo abo BHHU3 (mipamima sk OiHapHe JepeBo), HOro
IHAEKCHUI HOMeEp 3MIHIOETHCS, 1 B HHOTO OyAyTh BK€ iHIII MPHIETIT
CIICMEHTH;

v/ mpouec pyxy KOXKHOIO HOBOTO €JeMEHTa BIIMO Mipamian Moxe OyTH
OaratokpokoBuif. [licms wyeproBoro o0OMiHYy TIOpiBHAHHS HOBOTO
eJeMEHTa 3 MPWICTIIMMH JO0 HBOTO CJIEMCHTAMH 1 MOXIHBI OOMIHH
MOBTOPIOIOTHCS, MOKH BIiH HE 3aiiMae BINOBIHE #oMy Micue B
po3mupeHiit mipamizi: abo st HbOro BUKOHYIOTHCSI YMOBH Hipamiau (2),
a0o BiH MEPEeMIILYETHCSI B OCHOBY ITipaMisiu.

IIpukJiax MOKPOKOBOi MOOYXOBY MipaMinn. Po3risiHeMo MOCIiTOBHICTE:
o, 3, 5, 9, 7, 1, 4, 2, 8.
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Kinekicts exementiB N =9 . ToMy OCHOBY IipaMify CKIaZaTUMYTh I’ ATh
y Yy mpamiz It y

ocTaHHiX eneMeHTiB: 7, 1, 4, 2, 8. HoBi enemeHTn OyayTh BBOIUTHUCS B HipaMily B
TakoMy nopsiuky: 9, 5, 3, 6.

Jns 3pydHocti imocTpanii mporecy HoOyZOBH MipaMiM BHKOPUCTaHI

HaCTyHHi IIO3HAYCHHA

HOBHIA €JIEMEHT, 10 BBOJHUTHCS B MipaMiay, OXOIUICHHH KOJIOM O;
napa IpHUIErHX eTeMEHTIB 3BepXy CIoTydeHa Ayrow ~ ;
OUTBIITNH 13 IBOX MPHUJIETIINX €JIEMEHTIB — MIIKPECICHHUI;

£~ :

Ha NepeMilIeHHsI eJIEMEHTIB BKa3yIOTh ABOCTOPOHHI AYTOBi CTPUIKH

i=4
6 3 5 @|\7 1 4 2

ocHOBa mnipaminm

\Joo

BUMKOHAHO 2 NOplBHSHHS: BuOip O1JBMOIO 3 OBOX NPUIEIJINX
Ta [NOPIlBHSHHS MOI'O 3 HOBUM,;
HOBMM ejeMeHT 9 6e3 OOMIHIB pO3MMPMB HipaMiny 3J1Ba;

6 3 (O] o 7 1 1 2 8
nipamina

BMKOHAHO 2 NOpliBHSHHsS: BuOip O1JBMOIO 3 OBOX NPUIEIJINX
T4 MNOPIiBHSHHS MOI'O 3 HOBUM,;
HOBmI ejieMeHT 5 6e3 OOMIHIB po3umMpuB HOipaMiny 3JiBa;

1=2 TN TN

8l A s

nipamina

BUKOHAHO 4 nopliBHsSHHS: AB1Yl BmOip 61sbmOro 3 AOBOX
Opuyeryiux Ta HOPlBHSHHS MOI'O 3 HOBUM,;
HOBMM ejieMeHT 3 BMKOHAB OBa [NepeMIimeHHS;

| 9 5 8 7 1 4 2 3
~ ~—~7 =
nipamina

BMKOHAHO 6 NOpiBHSHE: Tpuyl BmGip 61JABIOI0 3 OBOX
Opuieryiux Ta HOPlBHSHHS MOI'O 3 HOBUM,;
HOBMM €JIeEMEHT 6 BMKOHAB OBA [NEepPEeMIimeHHS;

9 8 5 6 7 1 4 2 3
— U
HnoBHa mnipamina
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VY pesynbraTi HOOYIOBHU MipaMiy Ha TOYATOK MOCTITOBHOCTI IEPEMiCTHBCS
HaiOnpmnii enemeHt 9. Ilpu nmpomy Oyno BukoHano Cy;=2+2+4+6=14

oreparii NopiBHSAHHA. SIK BUJHO, € MEBHUN MpOrpanl y MOPIBHAHHI 3 KIACHYHUM
QITOPUTMOM TOUIYKY HaiOiunbIIoro, sikuidi norpedye N -1 =8 onepauiii. [Ipote
HOIIYK HACTYMHOTO HaiOULIBIIOro ejeMeHTa Bke Oyle 3HayHO JIETHIMM, 1 BCi
HaCTYIHI eTany noTpedyBaTUMyTh CyTTEBO MEHIIOT KIILKOCTI MOPIBHSHb.

HoBHe copryBanHs mipamino. [loOynoBa mouyaTrkoBoi mipaMigu — Ie
nauiie rnepiia ¢asa copTyBaHHsA. BoHa 103BoNIMIa NIEBHUM YHWHOM OpraHi3yBaTH
CTPYKTYpPY JaHMX W OJHOYAcHO iJAeHTH(DIKyBaTH HaHOLIBIIMK eJeMeHT, IO
OIMHHMBCS MEPIINM.

Sk mykaTd HaCTYNMHHEN HaWOUTBIIUK eeMEHT 1 Ky IMOMITH TMOTIepeaHbO
sHaigeHnii? Ilo6 3abe3neuntn 0OpPOOKY CTPYKTYyp HaHHWX i3 JOTPUMaHHIM
MIPUHIUITY «HA TOMY XK MICIIi» TOTpiOHO BUKOHATH TaKi Mii:

® TMPOBOJIUTHCS OOMIH MICISIMH TEPIIOrO HAHOUIBIION0 Ta OCTAaHHBOTO
€JIEMEHTIB IipaMiu;

e mipaMifia «BKOPOUYYETHCS» HA OJTUH CIIEMEHT BiJ| KIHIIS,

® mipaMijia HepepaxoBy€EThCs JIUILE ISl OJHOTO HOBOTO IIEPIIOTO eJIEMEHTA.

Y  pesynbTari MOBTOPIOBAHOTO BHKOHAHHS TakuX Jid  mipaMina
BKOPOYYBaTUMETHCS HAa OJIMH €JIEMEHT CIpaBa, OKU He 3aJHLINTHCS OJUH €MHUM
nepiuii enemeHT. [IpM mpoMy Bif KiHIS O MOYATKy CTPYKTYpH JAaHHX Oyne
¢dopmyBaTHCS  BHOpSIKOBaHA IOCHTIJOBHICTh  €JEMEHTIB: OCTaHHIM  Oyze
HaOUTPIIMIT eeMeHT, mo OyB iNeHTH(}IKOBAaHMA TpH TOOYAOBI ITOYATKOBOI
mipaMign, a TmepmuM Oyae HaWMEHIIHI elleMeHT, [0 CKIaJaTUME OCTaHHIO
HaiikopoTiry mipamingy. Temep cTamo 3po3yMino, YoMy Ha HOYaTKy MU 00paju
JIpYTUH BapiaHT mipaMiny 3 MEpIINM HAOUTBOINM eleMEHTOM. SIKIIO 3a OCHOBY
anroputMy Opaté mipaminy Bumy (1) i3 mepmmmM HalMEHIIAM €IEMEHTOM, TO B
pe3ynbTaTi BCiX Iii oTpuMaeMo 00SpHEHO BIOPSAKOBAHY MOCTiNOBHICTE. Tomi s
OpsSMOi  BIIOPSIIKOBAHOCTI ~ HPUHMIETBCS  JIONATKOBO  BHKOHYBATH  pesepc
MOCJIIIOBHOCTI — TIEPe3amnic eIEMEHTIB y NPOTHIIC)KHOMY TTOPSAKY.

IIpukJiax NOKPOKOBOr0 BHKOHAHHS TOBHOIO COPTYBAHHSA. 32 OCHOBY
Bi3bMEMO paHilie mo0yI0BaHy MipaMiTy:

e & 5 6 7T 1 4 2 53|

o06MI1H

i=l TN
3 8 5 6 7 1 4 2|9
s

nepepaxyHOK, BUKOHAHO 4 HNOpiBHSHHS;




i=l N TN
@ 2 5 6 3 1 4|8 9
7 ~—M—7 7

rnepepaxyHoOK, BMKOHAHO 4 [OpiBHSHHS;

R R
obMiH
® & 5 2 3 1|7 8 9

=~

rnepepaxyHoOK, BMKOHAHO 4 [OpiBHSHHS;

4 1 2|5 6 7 8 9

nmepepaxyHOK, BMUKOHAHO 3 NOPIBHSHHS: BuOip O61bmII0I0C 3
IBOX Hpwuierymnx 4, HNOpiBHSIHHS JMOI'O 3 HOBMUM e€JIEMEHTOM 3,
nicsas obMiHY — HNOPI1BHSHHS 3 HOBMM HpMyIeryiuM 2;

4 3 1 _2| 5 6 7 8 9

3 1|4 5 6 7 8 9
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nepepaxyHok, BuKOHaAHO 1 mopiBHSHHS;

2 1|3 4 5 6 7 8 9
7

1 2 3 4 5 6 7 8 9 stop, Ok!
nicyas OCTAaHHBOI'O OOMIHY OOHOEJEeMEHTHA HipaMina BXxe He
nepepaxoByETHCS, KI1HENEL COPTYBAaHHS.

VY pesyiabTaTi OTpUMAaIM BIOPSAKOBAHY MOCTIZOBHICTb i Ha i BUTPATIIM
Ciyy=4+4+4+2+3+2+1=20 mopiBHAHb. 3arajgbHa KiIBKICTh OmeEpamiit
MOpIBHAHHSA 3  BpaxyBaHHAM (a3  noOyJOBM  IOYATKOBOi  mipaminu
C=C;+Cyp =14+20=34. Sxuwo BuOip HalOLIBIIOro €1€MEHTa Ha KOXKHOMY

erarmi BUKOHYBaTH 3a KJIACUIHHUM aJTOPUTMOM, TO MOTPiOHO
C=8+7+...+2+1=36 nopiBHIHb. SIK BHUAHO, aNTOPUTM IIBHIKOTO
COpPTYBaHHsI BUOOPOM 3a JOMOMOTOF0 TpaMiu € OUTBIT €PEKTUBHAM Y TIOPiBHSHHI
3 mpsmuM BuOopoM. Taka mepeBara Oyae THM OUTBII CYTTE€BOIO, 9WM JOBIIA
CTPYKTYpa ZaHUX 00pOOIAETHCA.

Iporpamua peasi3zauis.

OCHOBOIO aJrOPUTMY COPTYBaHHS € OIEpalisl HepepaxyHKy PO3LIIHPEHOT
mipamiJgy Ipy NepeMillleHHI HOBOrO eJIeMEeHTa Ha BiAMOBIJHE oMy Miclie — CBOTO
POy <«IpOCIIOBaHHS» HOBOrO ejeMeHTa uepe3 mipaminy. Lls onepauis
BUKOPHCTOBYETHCS 1 Ha mepiiiii (a3i npu noOym0BI MOYaTKOBOI MipaMiaH, 1 Ha ¢asi
MOBHOTO COPTYBaHHS CTPYKTYpH JIaHUX NPHU INEpepaxyHKy BKOPOUCHHX Hipamil.
Tomy, sik 1 B aBTOPCEKOMY BapiaHTi, 110 OIepalliio AOIIJILHO peai3yBaTi OKPEMOIO
mignmporpaMmoro Sift 3 nBOMa BXiTHUMH IapaMeTpaMd IHAEKCHOTO THILY, IO
BH3HAYAIOTH JIBY 1 MpaBy MeXi posmmpeHoi mipamian. TakuM YHHOM, HOBHMA
eJIeMEeHT, IO BBOIUTHCA B MipaMmimy 37TiBa, I1HACKCYBaTUMETHCS 3HAUCHHIM
MIEPIIOTO MapamMeTpa Li€l miIpoTrpaMu.

[Iporpamua peamizamist omepamii MPOCiOBaHHS HOBOTO elIEMEHTa Yepes
mipamigy Ha MoBi C++ motpeOye He3Ha4HOI KOpeKTHBH yMOB mipamimm (1) i (2).
Ile moB’s3aH0 3 TuM, 110 B MOBI C++ iHAeKkcallisi MacHBIB MOYMHAETLCSA 3 HYJIA,
TOOTO MEpLINH eJeMEeHT Mae iHAeKCHui Homep 0. BusHauanmbHi yMOBHM mipaminu
(1) i (2) 3 BpaxyBaHHSM BKa3aHUX OCOOJIIMBOCTEH 1HIEKcAllil MOXKHA 3alUCcaTH TakK:

aiSazl-_” A\ aiSa2i+2 y i=0,N/2-I, (3)

a,-ZaZ,-” N ai2a2i+2 y i=0,N/2-1 (4)
TakuMm 4WHOM, TIpOrpaMHa peamizamis omeparii mepepaxyHKy pO3IIHUpPeHOi
TipaMigy Ha TMiICTaBi yMOB (4) MOXKe MaTy BUTIILT (QYHKIIi:

void Sift(int L, int R)

{
int i=L, j=2*L+1, x=a[L];
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if <R && a[j+1]>afj]) j++;
while (j<=R && x<alj])
{
afi|=aljl; alj]=x;
i=j; j=2%i+1;
if <R && alj+1]>afj]) j++;
}
}

[Ipouec copryBaHHs nepexbauac MOBTOPIOBaHWI BUKIMK (yHKUil Sift i3
pi3HMMHU Habopamu BXiJHUX napameTpiB. Ha mepiii ¢a3i noOynoBH mo4aTtkoBoi
mipamiay iHaeKe npaBoi Mexi mipaminy € gpikcoBanum R=N-1, a yiBa Mexa L npu
KO)XKHOMY PpO3IIMPEHHI 3MIIIyeThCS BIIBO Ha OJHY TMO3WIII0, TOCIIIOBHO
naOyparoun 3uauenb N/2-1,N/2-2,...,1,0. Ha npyriii ¢asi nosHoro
COPTYBaHHS IIPH MEPEPaxyHKy BKOPOUYECHUX IipaMiJl iHAEKC JTiBOT Mexi mipamiau €
¢ixcoBanum L=0, a mpaBa Mexa R 1pHu KO’)KHOMY BKOPOYEHHI 3MIIIly€ThCS BIIIBO Ha
OJIHy IIO3UILIO, IIOCIiJ0BHO Habysaroun 3Hauenb N -2, N-3,...,2,1. Ocrannsa

HalKopoTIa mipaMiZa 3 OJHOr0 HaWMEHIIOr0 eJeMEHTa BXe He MOoTpedye
nepepaxyHky. IIpoTe MOINIFHO BUKOHATH IIE OJHY ITEpaIilo 3apagu OOMIHY
MICISIMH TIEpIIOTO I OCTAaHHBOTO €JIEeMEHTIB y TIOTOYHIH Tipamimi, SKwiA
BUKOHYETHCS TIepe/T epepaxyHKOM BKOPOUEHOT MmipaMisn.

IIporpamua peamizatist anroputmy HeapSort MOXe MaTH BUTIIS;

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);
4

AHajiz _ckaaaHocti. [loOynmoBa modaTkoBOi mipaMinu mepeabadana
MOJKITUBE TIEPEMIIIIEHHSI HOBUX €JIEMEHTIB yriaub CTPYKTypH AaHux. OUeBHIHO, IO
MOYaTKOBUI MHOPSAJOK €JEMEHTIB Y IOCIIJOBHOCTI BH3HA4a€ KiJbKICTh KPOKIB
3arnuONeHHs, a OTXKe, 1 YMCIIO Omepariii MOpiBHSHHA. SIKIIO MOCIIJTOBHICTH €
«XOpOIIOIO», TO MpU NMOOYAOBI MipaMiay 3a ymMoBaMH (2) KOKEH HOBUH €JEMEHT
3IifiCHIOBaTHME MaKCHUMajbHI 0araTOKpOKOBI IepeMillleHHs BIVIMO mipamiau.
Yucao KpOKiB BH3HAYATUMETHCS JIOTApU(PMIYHOIO 3alIeKHICTIO, 1 Ha KOXXHOMY
KpOIli BUKOHYBATUMETHCA 110 [1BA MOPIBHSAHHS (BUOIp OIIBIIOTO 3 ABOX MPHIETIINX
€JIEMEHTIB Ta MOPIBHAHHS HOTO 3 HOBUM €IIEMEHTOM). Y IIbOMY BHITAJKy KiTBbKICTH
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omepaniii MopiBHAHHA Ha mepuriit (Gasi He mepepmiyBatume Bemauau N -logl .

SIKIIO TOCIIIOBHICTD € «IIOTaHOI0», TO BOHA MOJKE Bifipa3y YTBOPIOBATH IipaMiny
BUay (2) a60 OyTu O61u3bKOF0 110 Hel. Toi OUIbIIICTh 800 HABITH yCi HOBI €JIEMEHTH
He OynyTh mepeMillyBaThCs BriauO mipaMigw. Y [IbOMY BHUIAJIKy KUIBKICT
orepariiii TOpiBHIHHS Ha NepIIii a3l Oyae BEITMUYUHOIO MOPSIKY O(N ) .

IIpu mepepaxyHKy BKOpOYeHHX Tipamim Ha (a3i MOBHOTO COPTYBaHHS
KUTBKICTD oOTiepalliii MOpiBHSAHHSI TPAKTUYHO HE 3ICKHUTh BiJl IMOYATKOBOTO
MOPSIKY €JEMEHTIB y TOCHTiIOBHOCTI. AJDKe MOYaTKOBI MipaMigw, OTpUMAaHi I
pi3HUX BapiaHTIB MOPSANKY BXITHUX AAaHWX, OyOyTh HOCUTH momiOHMMH. Yacoa
CKJIAJHICTh 1€l YACTHHU AJITOPUTMY 3aJICKUTh BiJ JOBXHHU CTPYKTYPH IaHUX.
KimpkicTe omeparmiii mopiBHAHHSA Oyne BETUYWHOIO MOPSAKY O(N -logN ) i

MEpEBHIIYBaTUME aHAJIOTIYHY CKJIAIHICTH (ha3u MOOYMOBH MOYATKOBOI MipaMigy 3
TOYHICTIO JIO CKaJSIPHOTO MHOXKHUKA, O171BIIIOTO BiJ| OJMHHILI.

Takum uWHOM, 3aranbHa CKJIAJHICTH 110 OMNEpAIisX IOPIBHSIHHSA €
BEJIMYMHOIO TaKOTro camoro nopsiaky C = O(N -logN ) .

KinpkicTh omepamiii TPUCBOEHHS 3aJICKHUTHh Bil TOYATKOBOTO MOPSIIKY
€JIeMEHTIB. 3arajioM I XapaKTePUCTHKA CKJIAJHOCTI aJTOPUTMY Ma€ TOH caMuid
MOPS/IOK, IO 1 mopiBHAHHA. OmHAK J0JAaTKOBO BHUKOHYEThCA me 3-N omepariiid
NPUCBOEHHS MPU OOMiHAaX MEPUIOr0 Ta OCTAHHBOI'O EJIEMEHTIB KOXKHOI Hipamigu
nepeJ iX BKOPOUEHHsIM 1 nepepaxyHkoM. OTxe, 3arajibHa CKJIAJIHICTb 1O ONepamnisx
MPUCBOEHHS € BEIMYMHOO nopsaky M = O(N -logN ) +3-N.

BpaxoByrouH Bce BHUIIE CKa3aHe, MOYKHA ITiCYMYBATH:

o amroputm HeapSort COPTYyBaHHS INBHAKAM BHOOPOM 3a IOIOMOTOIO
HmipaMiu € yHigepcanbHumM, TOOTO WOTO e(pEeKTHBHICTh YV PI3HUX BHIIAJKaX
MOPSAKY €JIEMEHTIB y BXiTHUX MOCTIIOBHOCTSX BiAPI3HAETHCS HE3HAUHO;

® Yy BHNAAKYy «XOPOIIMX» CTPYKTyp MJaHHUX dYacoBa CKJIQJHICTh MO
MOPIBHAHHSX 1 MPUCBOEHHIX HE3HAYHO TipINa, HIX Y BUMANKAX «IIOTAHUX
BXIJHHX IIOCJIiJOBHOCTEH;

® BUMAJKH [JOBUTPHUX HCBIOPSAKOBAHMX CTPYKTYp JaHUX 3alMaroTh
MPOMDKHE Miclle: BOHHM TpPOXH Tipili BiJf «IOTaHHX»  BXITHUX
MOCHIAOBHOCTEH 1 TPOXH Kpallli BiJl «XOPOIIUX» BXIJHUX MOCIHITOBHOCTEH.
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2.3. COPTYBAHHS NOCJITOBHOCTEM

JInst  CTpyKTyp HNaHWX 3 TIOCHIIOBHHM JOCTYIOM (TIOCTiOBHOCTEH)
PO3TIIIHYTI paHille aNrOpUTMH COPTYBaHHS B OIBIIOCTI BHUMAKIB € HE
3acTocoByBaHUMH. lle mOB’s3aHO 3 THM, IO Maibke BCi BOHH IIependadaroTh
TOPIBHAHHS 1 TEPENPHUCBOEHHS BiJTAJICHUX EJIEMEHTIB. SIK BHKIIOYEHHS, MIJIs
MIOCTITOBHOCTEH MOXHA 3aCTOCOBYBaTH pIi3HOBHA MPSIMOTO OOMIHY — METOX
KaMIHI[, OCKIJIBKH IIeld METOJ mependadyae MmoclioBHUM TOCTYI IO €ICMEHTIB i3
kpokoM +1. Crpoba BUKOpPHCTaTH NpsIMI alrOPUTMH BKJIIOYEHHS abo BHOOpY
notpedyBatuMe iX Moaudikaliii i BHKOPUCTaHHS JOJATKOBOi pPE3yJIbTYIOUOl
TMIOCJIITOBHOCTI.

Juist copTyBaHHS NOCIHIZOBHOCTEH BUKOPHCTOBYIOThH IHIIWI BH3HAYaJIbHUI
TIPUHITAIL — 37UMMsA 6NOPAOKOBAHUX NIONOCTIO08HOCHE.

He oOMexyrounm 3arajipHOCTi, Y SKOCTI IOCIiJOBHOCTI PO3TISAIATHMEMO
MAaCHB i3 MTOCTITOBHIM JOCTYIIOM IO €JIEMEHTIB i3 KPOKOM +1.

2.3.1. AJITOPUTM NPSAMOI'O 3JUTTS

Inest MeToay. 3 METOIO CHPOCTHTH 1 TOJETIIUTH PO3YMIHHS NPUHLUITY
COPTYBaHHS PO3TJSTHEMO CIIOYATKY BUIIAJIOK, KOJHM YUCIIO CIIEMEHTIB Y CTPYKTYpIi
JIAaHHX € CTEIEeHEM YKciia 2, TOOTO N=2F,

Hexaii € mocaiToBHICTh i3 BOCEMU HUTHX yucel (N=8):

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

Ha 1-omy erami BXigHa MOCIHIJOBHICTh MUISIXOM MOCHIIOBHOTO IEpPE3arucy
pO3AUISETECS HA Bl MIAMOCTIIOBHOCTI OJHAKOBOI JOBXKUHH. 3 KOXHOI
MiJIOCIIJOBHOCTI  TOCTIJOBHO  3YUTYIOTHCS  OJHOCIEMCHTHI  BIOPSIKOBaHI
(dbparMeHTy i 37U6al0MbCA Y BIOPSIKOBAaHI JBOGJEMEHTHI ()parMeHTH, sKi HOTIM
TOCJIITOBHO 3aMKMCYIOThCS HAa3aJ y Pe3yIbTYIOUY IMTOCIIOBHICTb:

7b=1|3|6|1|~\
a=7,3,6,1|5,8,2,4 aI=5,7|3,8|2,6|1,4|
™\ c=5(8]2]4

Ha 2-omy erami oTpuMaHa IIOCHIJOBHICTh IUIIXOM MOCHiZOBHOTO
nepe3anucy 3HOBY PO3AUISETHCS HA JIBI MiAMOCTIOBHOCTI OJHAKOBOI JOBXKUHH. 3
KOXKHOI MiJIIOCITIJOBHOCTI MOCIIIOBHO 3YUTYIOThCS JTBOCICMCHTHI BIOPSIKOBaHI
(dparmMeHTH 1 37U6aI0MbCA Y BIOPSIKOBAaHI YOTHPUEIIEMEHTHI (parMeHTH, sKi
MOTIM HOCJTITIOBHO 3aITUCYIOTHCS HA3a/l y Pe3yJIbTyI0UY TOCIII0BHICTb:

_7b'=5,7(3,8[\\
a’=5,7,3,8|2,6,1,4 aH=2,5,6,7|1,3,4,8|
\\c'=2,6|1,4
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I Tak mani.

Ha ocranapomMy k-omMy erami OTpHMaHa TIOCHIJOBHICTh IIISXOM
MOCTITIOBHOTO TI€pe3amncy 3HOBY PpO3IUIAETbCA Ha JBi  MiAHOCHTITOBHOCTI
onHakoBoi JMOBXKMHH. KoOXKHa 3 NOHX MiANOCHIZOBHOCTEH — YHOPSIIKOBAHHHA
(parmeHT i3 V/2 eneMeHTIiB, OTPIMAaHUI y pe3ynbTaTi 3IUTTS Ha MONEPEIHBOMY
eram. 3 KOXHOI MAIOCTIIOBHOCTI TOCTIJOBHO 3YUTYIOThCS [N/2-elIeMeHTHi
BITOPSIIKOBaHI (parMEeHTH, BOHHU 31UBAIOMbCA 1 3ATHACYIOTHCA Y BIOPSIAKOBAHY
Pe3yIBTYIOUY TOCIIOBHICT 13 /N €JIEMCHTIB:

7b'=2,5,6,7| \\
a'=2,5,6,7(1,3,4,8 a''’=1,2,3,4,5,6,7,8
\\c=1,3,4,8| 7
Stop, Ok!

PosrnsHyTHIT anroputM niependavae BUKOPHCTAHHS TPHOX JiHIA €JIEMEHTIB

a, b, c. IIpn pOMY KOXEH eTaIl CKIaJaeThCs 3 IBOX (ha3:
® (¢paza po3odinenns MOCTIIOBHOCTI HA JIB1 I AMTOCITIIOBHOCTI;
® ¢haza 3mumms BUOPSIIKOBAHUX (PArMeHTIB i3 JBOX MiAMIOCIiZOBHOCTEH y

BITOPSAAKOBaHI (hparMeHTH CyMapHOi JOBXHHH Ta MOCTITOBHHUU iX 3amuc y

Pe3yIBTYIOTY TOCHTiTOBHICTb.

Januii crioci® cOpTyBaHHS HA3UBAIOTh 080QAZHUM MPULIHITIHUM 3TUMMAM.
Ha xoxniit ¢a3i posnuieHHs 1opa3y BHKOHyeTbcst N onepauiii 3amucy
(npucBoeHHs1) Oe3 MOPIBHSHBL €IEMEHTIB 1 BpaxyBaHHS iX B3a€MHOTO TOPSAKY,
TOOTO Taka (ha3a € HENPOJYKTUBHOIO.

3 METOI MiABUIIEHHS e(EKTHBHOCTI MOXHA  BIIMOBUTHCS  BiJ
HETIPOAYKTHUBHOI (Da3u PO3MIUICHHS, ajle IPH IIbOMY HNPUHIETHCS BUKOPHCTOBYBATH
JIOJATKOBY YETBEPTY JIHIIO €IEMEHTIB. Y IIbOMY BHIIAJKy BXiTHI HaHi Biapaszy
PO3IUIAIOTECSA 1 TOCHIJOBHO 3alUCYIOTHCS B TIEPINI JABI JIiHII, sSKi BBa)KarOTHCA
BXiTHUMH (YMOBHO ITO3HaYMMO iX 4epe3 a i b). Ha mepmomy etami 3 mux JiHiH
3YUTYIOTHCS BIIOPSIIKOBAaHI OIHOENEMEHTHI (DparMeHTH, BOHHM 3IHBAIOTHCS Yy
BITOPSAKOBaHI JTBOCNIEMEHTHI (pparMeHTH 1 nowepzoeo 3amUCYIOTHCS B 1HINI JIBi
JiHii, SKi BBaXaIOThCS Pe3yJIbTYyIOYMMHU (YMOBHO MO3HAa4uMoO ix uepes ¢ i d). Ha
HACTYITHOMY €Talll HampsiM YUTaHHS BIIOPS/IKOBAHUX KOPOTUIMX (parMeHTiB Ta
3amucy pe3ynbTary iX 3JUTTS Yy JOBIII (ParMEHTH 3MIHIOETHCS HA MPOTHICKHUI:
cTapi pe3yibTyroui JiHil ¢ 1 d cTaloTh BXiIHUMH, a cTapi BXiiHi a i b cralTh
pesynbrytounmu. Lleit mporec 31 3MiHOIO HampsMy oOmeparii YUTaHHS-3JIATTS-
3aMKCy MOBTOPIOETHCS JI0 TUX Mip, TIOKH B SIKIMCH 13 JIIHIM @ 9 ¢ HE OTTMHUTHCS BCS
BIOPS/JKOBAaHA  IOCHIOBHICTh. Takuii  cmoci®  COpTyBaHHS  Ha3HMBA€ThCA
00HOGAZHUM HOMUPUNIHITIHUM 3TUMMAM, OCKUIBKH (AKTHIHO Mae Micle JIHIIe
onHa (asza 3IUTTS I BAKOPUCTOBYETHCSI YOTHPH JIiHIT €JIEMEHTIB.

3BHYaifHO, 110 BCi onepanii MOPiBHAHHA 1 3aIMCy B I[bOMY BHUIAIKY OyAyTb
NPOJYKTUBHUMH, OJIHAK IIOTPIOHO pe3epByBaTH B IaM SITI X YOTHPU CTPYKTYpH
JaHuX i3 IV eneMeHTiB. TOYHIIEe KaKydu, TAKUMH JTOBTUMHU MarOTh OYTH JiHIl @ i c,
B ONHIN 13 AKUX MOXE ONMUHHUTHCS DPE3yJbTyloua BIOPSAIKOBAHA IMOCIIiTOBHICTD.
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JIinii b i d Moxyrs Oytu 3 N/2 eneMeHTIB 3a YMOBH, II0 Ha KOXXHOMY eTami
MIOYEePTOBHUi1 3aIKC PE3yNIbTATIB 3MUTTS NOYMHATUMETHCS caMe 3 JIiHiH a 9u c.

OO6uaBa BapiaHTH aJTOPUTMY COPTYBAaHHS MOCTITOBHOCTEH 3a IPUHIIAIIOM
3MUTTA MOTPEeOYIOTh 3HAYHUX 3aTpar mam sTi. ToOMy TOBOPHTH NpO IOTPUMAaHHS
NPUHINITY COPTYBAaHHSA «Ha IIHOMY 3K Micli» He npuxoauThcs. Ilpore crix
BpPaxOBYBaTH, MI0 B SAKOCTI IIOCIIJOBHOCTEH HacTO pO3TIANAIOThCA (paiimm
mociioBHOTO noctymy (daimn marmx). BoHM pO3MIMIyIOTBCS B MPAKTHIHO
HCOOMEKCHIM, aje BiHOCHO MOBUIBHIN 30BHIIIHINA maM’sATi — Ha Jguckax. Tomy
BUTI/IHIIIE BUKOPHCTATH JOJATKOBI PECypCH Iam’sTi, Hi)XK BHKOHYBaTH 0Oararto
orepariiii YnTaHHI-3aMKUCy AaHUX 1 nepeMilieHHs (ailioBoro Bka3iBHUKA.

Bunwnkae e [leKiﬂI)Ka BaXJINMBUX INUTAHb.

Hurapns 1. Sk 37ificHIOBaTH  PO3MUICHHS — MOCTIIOBHOCTI  HA
MiATIOCTIIOBHOCTI 1 IK BUOMPATH BIOPSAAKOBAaHI (pparMeHTH y BUMIAAKY CTPYKTYPH
JTAHUX JOBUTLHOT TIOBXHUHH, & HE TIPH N=2*9

BinnoBinb. Ilomin Ha 1B MiANOCTIAOBHOCTI OJHAKOBOI MOBXHHH abo0 3
pI3HHIICI0O B OAMH €lleMeHT (AKmo /N HemapHe) Moxe OYyTH JIMIIe Ha TIEpIIOMY
eTami, OCKITbKM Ha [bOMY €Talli 3JIMBAIOTHCS OJHOEJIEMEHTHI BIIOPSIKOBAaHI
¢parmenTtun. Ha Bcix HACTymHHX eTamax MO Mae 3MiHCHIOBATHCS TOYHO MiX
JIBOMa BIIOPSIKOBaHUMH (DparMeHTaMu, OTPUMAHMMHU Ha MONEPEIHBOMY €Tarli.
[pu mozini Ba>KIMBUM € HE OJJHAKOBA YU Maike OJHAKOBA KUTBKICTh CJIEMECHTIB y
MiAMOCITIIOBHOCTSX, @ OJHAKOBA YU MaiKe OJHAKOBA KUIBKICTh BIOPSIKOBAHUX
¢parmenriB. Hexaii uis1 BU3HAUSHOCTI B NEpIIy JOAATKOBY JIiHIIO b mepexonutsb
I[iJIa YaCTHHA BiJl MOMUTY 3arajJbHOro 4yKcia (pparMeHTiB Ha 2.

Koy KiNbKICTh €1€MEHTIB y MOCIHIZOBHOCTI HE € CTENEHEM 32 OCHOBOIO 2,
TO Ha JEIKOMY €Talli B KiHI[i TOCTiJOBHOCTI OIIMHUTHCS HEMTOBHUH BIOPSIKOBAHIHA
¢parmenr. Ilicns ¢a3u po3nieHHs BiH 3aBepIIyBaTHME APYTY TOJATKOBY JIHIIO C.
[Micns ¢asm 3IUTTS B KIHII pe3ynbTyrouoi JiHII @ 3HOBY Oyme HETOBHHA
BriopsimKoBaHuii pparment. Lle abo pe3ynpTaT 3MHUTTS HEMOBHOTO (pparMeHTa
JOJATKOBOI JIiHII ¢ Ta TOBHOTO (hparMeHTa JOAATKOBOI JiHIi b (SKIIO KiJIBKICTH
(parMeHTiB y MOJAaTKOBHX IiHIsAX Oyna omHakoBa), abo HEMOBHWI (parMeHT
JIOAATKOBOI JiHIi ¢ 0e3 3MiH (SKIIO KUTBKICTh ()parMeHTIB y JOJNATKOBHX JIHIAX
BiZIpi3HsUIacCs Ha OJJMHULIIO).

Jomyctumi BapiaHTH MOMITY CXEMAaTHYHO MOXKHA 300pasuTH Tak (MOBHUI
(parmeHr i3 4 eneMeHTIB):

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

Henonyctumuii Bapiant noainy:
0000|0000 |0OOCO

69



Huranns 2. Sk peamizyBaTH  ONEpallil0 3JUTTS  BIOPSIKOBAHHUX
¢parmeHTiB?

BinnoBiab. /I 3muTTS BIOPSAIKOBaHUX (PparMeHTiB BUKOHYIOThCS Taki il

® pe3yNbTyIOYa JIiHis @ 3BIIBHIETHCS BiJl €JIEMEHTIB IMONIEPETHLOTO €TaITy;,

e 3 (pparMeHTiB JOJATKOBHUX JiHIA b 1 ¢ TOCTIMOBHO OEpyThCS €IEMEHTH Ta
TTOPIBHIOIOTHCS MiXk CO00I0;

® KIIO MEHIIUM € eJNeMEHT JiHii b, To Iell eJeMEeHT 3alucyeThcsi B
Pe3yIbTYIOUY JiHIIO @, y JiHil b 3AIHCHIOEThCS TepeXil] Ha HACTYITHHMA
€JIEMEHT, TIOPIBHIHHS €JIEMEHTIB JIiHIH b 1 ¢ TOBTOPIOETHCS;

® KIIO MEHIIUM € €eJEeMEHT JIHIl ¢, TO Iedl eJEeMEeHT 3aluCyeThCsl B
Pe3yIBTYIOUY JIHIFO @, y JiHII ¢ 3IHCHIOEThCS TepexiJi Ha HACTYITHHMA
€JIEMEHT, TIOPIBHIHHS €JIEMEHTIB JIiHIH b 1 ¢ TOBTOPIOETHCS;

e SKIOIO OJHA 3 JOJATKOBHX JiHIA b UM ¢ BHYEpIIaHa JO KIHIII, TO 3aJHINOK
eIIEMEHTIB (parMeHTa JApyroi JiHii ©0e3 IOpIBHAHE MEPEHMUCYETHCA B
Pe3yIBTYIOUY JIHIIO d.

IIporpamua peaJjizanisg. He 3MeHImIyrouM 3arajibHOCTi, 3yMMMHUMOCS Ha
BapiaHTi IBO(}A3HOTO TPHWIIHIKHOTO 37UTTA. Monudikaliro TporpaMy s
0JTHO(a3HOT0 YOTUPWITIHIITHOTO 3IUTTS 3UIUILAEMO YHTAYY.

Crnovarky pO3IJISIHEMO IpOrpaMHy — peajli3amilo  omnepauii  3JIHTTA
BHOPSAJIKOBAaHUX (parMeHTIiB JiHIH b 1 ¢ y BHnopsakoBaHuid (parMeHT JiHIl @ y
BUIJIA/I OKpeMol miarporpaMu-GyHKuii zlyttya. Y skocti napamerpis mid QpyHKii
NepelatoThCs 11 ATh LIIOYMCEIBHUX 1HIEKCIB: MOYATOK 1 KiHelb (parMeHTa JiiHii b,
MOYaTOK i KiHenp ()parMeHTa JiHii ¢, IHAEKC MOTOYHOTO E€JIEMEHTa Pe3yNIbTYI0Uu0i
ninii a. OcTaHHIA MapaMeTp NepeIaBaTUMETHCS K MOCHIAHHS, OCKUIBKH MO3HIIIS
MCNA 3aIHCy OCTaHHBOTO €JIEMEHTa BIIOPSIKOBAHOTO (parMeHTa (aKTHIHO €
MO3ULIEI0 IS 3alMCy IMepIIOro  eJIeMEHTa HACTYITHOTO — BHOPSAAKOBAaHOTO
(parmenTa, BoHa OTpiOHA JJIs1 HOBOTO BUKIHKY QYHKIIT Zlyttya.

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

while (bp<=bk &<& cp<=ck)
if (b[bp]<c[cp])
alap++t]=b[bp+t];
else
afap+tj=c[cp++];
while (bp<=bk) alap++]=b[bp++];
while (cp<=ck) afap++]=c[cp++];
/

IIpomec copTyBaHHS Bciei TOCTIIOBHOCTI Tiependadae MOBTOPIOBAaHE
3acTocyBaHHs QYHKIIT Zlyttya Haa nBoMa JiHISAMH b 1 ¢ 31 3MIIIEHHSAM Ha BEJTUUUHY
JOBXKUHM TOBHOTO (parMeHTa i AaHoro eramy. @akTHYHMMH MapaMeTpamu
BUKJIMKY OYAyTh IHICKCH, IO OOMEXYIOTh IIOTOYHI ()parMeHTH B KOXKHIH JiHii.
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Ha koXHOMY TOTOYHOMY eTami pO3AUICHHS Ha JBi IIAMOCTITOBHOCTI
MOTPIOHO TIPOBOAWTH CTPOTO MIDXK JIBOMa BIIOPSIKOBAHUMHU (parMeHTaMH,
OTPIMaHUMH Ha TonepenHsoMy eTami. [Ipu mpomy Moke OyTH He Oinpme HixX
OIIMH HENOBHUH (hparMeHT i nume ocTaHHIM. TakuMm 4HMHOM, TOTPIOHO omepyBaTH
HACTYITHUMU BEIUYUHAMU:

e d fir=1, 2, 4,8, ... — 10BXUHA BIOPSAIKOBAHOTO ()parMEHTy HAa HOTOYHOMY
erari;
e k fr — 3arambHa KIIBKICTH IOBHHUX 1, MOXJIMBO, OJHOTO HEMOBHOI'O

(parMeHTiB y MOCIIiI0BHOCTI;
e k fr b — xumbKicTh NMOBHUX ()parMeHTIB, IIO TONAJae MPU PO3ALICHHI B
JiHio b;
e k_el b— xinbKiCTh €EMEHTIB, 110 TIONAAE MTPH PO3ALICHHI B JIiHIIO b.
Huknigauii mporec 3MUTTIB BHOPSAAKOBAHUX (parMeHTIB 31 30UIBIICHHAM X
JOBXHH 3aBEpIIYEThCSA, KOJIHM JOBXHHA (parMeHTa nocsrac abo HepeBHIIye
JOBXKUHY TIOCITITOBHOCTI /V.
[porpaMHa peajizallis IOBHOTO COPTYBAHHS MOXE MaTH BHIJIAL:

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 fi/2; k_el b=k fr b*d fi;
// paza posoinenns
for (i=0; i<k_el_b; i++) bfi]=ali];
for (; i<N ; i+1) cfi-k_el_b]=ali];
// gaza 3numms
ap=0; bp=0; bk=d_fr-1; cp=0; ck=d_fr-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_fi;
if (ck>N-1-k_el_b) ck=N-1-k_el b;

/
d_fir*=2;
/

AHaji3 ckaagHocTi. YacoBa CKIAIHICTH aJTOpUTMy, TOOTO 3arajibHa
KUTbKICTD oTepalliii TMOPIBHSHHS 1 MPUCBOEHHS, 3aJISKUTh BiJl KiJIBKOCTI €TaIiB
3UTTS, a (aKTHIHO — BiA JOBXKWHU mociimoBHocTi N. KinbkicTh erariB
BH3HAYACThCSA JIOTaPHPMITHOIO 3AIEKHICTIO 1 IOPIBHIOE K,y 0nic = |:log( N )] +1.

Yuco onepariiif mpUCBOEHHS HAa BCIiX eTamax € (pikCOBAHOKO i HE 3aJIC)KUTh
Bil 109aTKOBOTO MOPAAKY eneMeHTiB: Mopan = N posoin. ¥ Nsgumma =2 N .
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Toni 3aranbHa KUTEKICTh IPUCBOEHD Oy/Ie:
M=K M ppan =2-N-log(N).

emanie

KinpkicTh omepamiii TOpIBHSAHHA Ha KOXXHOMY €Tami 3alie)KHTh Bif
MOYaTKOBOTO MOPSAIKY eleMeHTiB. HalikpamuM BunagkoM Oyzae TOH, T IKOTO Ha
BCIX eramax IMpH KOXHOMY 3JIUTTI BHOPSIKOBAaHUX (H)parMeHTiB IEPIINA
HallMEHIINH eNleMeHT OJHOTrO (hparMeHTa, IOCIiZOBHO MOPIBHIOIOYHCH 3 yciMa
eIeMeHTaMH JIpyroro QparMeHTa, BHUSBUTHCS HE MEHIIMM BiJl OCTaHHBOTO
HaWOUIBIIOTO eJleMeHTa Apyroro ¢pparmMenrta. Toi B pe3yabTyrouiil JiHii crioyaTtky
ONMHUTBCS BECH APYTHH (parMeHT, a MepIINi JOMHUIIETHCS IICIs HbOTO. Y LEOMY
BUIAJIKy 3 €Tall BUKOHYETbCS MpuONIM3HO N/2 MOpiBHSHB. A 3araibHe YHCIO

TaKMX orepariii Oyze:
N
Cmin = 7]0g(N) .

Hatiripmum BumagkoM Oyzae TOH, U SKOTO HA BCiX eTamax Mpu KOKHOMY
3MUTTI BIOPSAAKOBAaHMX ()ParMeHTiB y pe3ynbTYIOdy JiHII0 eJIeMEHTH 3 000X
(parMeHTIB THCATUMYThCS IMOYEproBo. Toxi KOXKEH eNeMEeHT OpHiel JiHil
(haKTMYHO MOPIBHIOBATUMETHCS JBIUi: CIIOYATKY BiH BHSBUTHCS OUIBIINM, a MOTIM
MCHIIMM Y{ HaBINAkW. Y I[bOMY BHUIIQJKY 3a eTall BHKOHYeTbcs mpubinmszHo N
MOPiBHAHB. A 3arajbHe YMCIIO TaKUX OTeparii oyze:

Cpuax = N-log(N).
BapTto 3a3HaumTH, OO0 MPSIMO BIOPSIKOBaHA, TaK CaMoO, SK i OOEPHEHO
BIIOPSIKOBAaHA TOCIIOBHOCTI, € OJHAMH 3 HaWTipIINX BHUIIAJKIB BXITHHUX JaHUX.

Ha mouaTkoBux eramax BIIOpSAAKOBAaHa HOCHiHOBHiCTL ,uo6p${qe «IICYETBCSA», a
IIOTIM Ha 3aBCPUIAJIbHUX €TalaX — «IOKPAIlYy€EThCI».

2.3.2. MOJHA®IKAIIA MPAMOT O 3JUTTS — 3JIMTTSA BIOPAJIKOBAHUX CEPI

Inesi mMeroay. AHami3 CKJIQIHOCTI alrOPUTMy MPSIMOTO 3JMTTS TOKa3aB
MpoOJIEeMHI MOMEHTH COPTYBAaHHS «XOPOIIHX» TOCTigoBHOCTEH. [TogaTkoBi eTamu
BUSABJIAIOTBCS KOHTPIPOAYKTUBHUMH — BIIOPSIKOBaHa a0 Maibke BIOPSAKOBaHA
TIOCTITOBHICTh ITIEPETBOPIOETHCS O HAWTIPIIOrO IOPSAKY EJIEMEHTIB, a IMOTIM
CHTYyaIlisl BUIIPABJISIETHCS 3 MAKCUMAIILHOIO KUIBKICTIO Onepaniil opiBHIHHSL.

Jns nokpamieHHsT e(peKTUBHOCTI JOLUIBHO MPOBOJUTH MOIEPEIHIH aHami3
MOCITIZIOBHOCTI, BUIUISIOUH BCi BIOPSAKOBaHI MiAMOCIIJOBHOCTI Pi3HOT TOBXKHHHU.
Taki BnopsiikoBaHi (hparMeHTH Ha3UBAaTUMEMO 6HOPSAOKOBAHUMU CEPIAMIUL.

YuM MeHIIa KUTBKICTh cepiid, THM NMepeBa)KHO BOHU € JIOBLIMMH, 1 HaBIaKH.
OueBHIHO, Yy BHIAJKy «XOpOLIOD» IMOCTIJOBHOCTI OyJae Majo, aje JO0CTaTHBO
JOBTUX Cepii, a y BHUMAIKY «IOTaHOI» MOCTITOBHOCTI Oyae OaraTto KOpPOTKHX,
MOXJIMBO, OTHOCIIEMEHTHUX Cepii.
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3nUTTS IBOX Cepii MOPOKYE OJHY Cepilo CyMapHOI IOBXHMHH. TakuM
YIHOM, KOXCH €Tall NMPUBOJWTH A0 3MCHIICHHS YHCIa CEepid MpH 3pOCTaHHI ix
noBkuH. COpTyBaHHS 3aBEPIINTHCS 32 YMOBU (OPMYBaHHS €MHOI cepii.

SKmo TmoyaTkoBa KIiJBKICTH Cepiii € Majol, TO Tpolec OOpoOKH
3aBEpPIINTHCS IIBUANIE 31 3HAYHO MEHINOK KUTbKiCTIO ertamiB. [Ipsmo
BITOPSIKOBAaHA TIOCIIZOBHICTh — €MHA Cepisi MAKCHMAaJbHOI NOBXKHHH. Y HBOMY
BUTIAJIKY COPTYBaHHS B3araji He TOTpiOHe.

BuHukae nuraHHs, sK came NMOTpiOHO MoambikyBaTH (a3u po3miaeHHS i
3nuTTs. QUEeBHIHO, [0 3arajbHUM IIX1A 3aIUIIUTECS HE3MIHHUM: Ha BCiX €Tamax
NOAIT Mae 3AiHCHIOBATHCS TOYHO MDK JBOMa BIIOPSAKOBAHUMH CEpIsIMHU,
OTPUMaHUMHM Ha IONEPeAHbOMY eTarmi. B 000X j01aTKoOBUX JiHIAX Oylie 0JHAKOBa
KIJIBKICTB cepii, a00 X 4MCIIO BiAPI3HATUMETHCS Ha OJIMHULIIO.

Hexaii 3HOBY B mepiry J0AaTKOBY JIiHIIO b MEpexXOoIuTh IIijla YacTHHA Bif
TIOJTUTY 3araJlbHOTO YHCHa cepiif Ha 2.

OCKiNBKM Ha BCIX eTamax BIOPSAKOBaHI cepii MOXyTh OyTH pi3HOL
JOBXKUHHM, TO U peaiizalii (a3 po3miieHHs i 3MUTTS JOUUIBHO MAaTH JOJAaTKOBY
CTPYKTYpPY HaHHUX i3 IIOYaTKOBMMH MO3HIIsIMH KOXKHOI cepii. lle no3Bosmth
BUKOPHUCTATHU Ty caMy MiAnporpaMy-QyHKIito zlyttya.

S0 BXigHA MOCIIOBHICTh «XOPOIay, TOOTO MOYAaTKOBA KUIBKICTH Cepiit
Maja, TO JOAATKOBa CTPYKTypa JaHUX CYTTEBO HE BIUIMHE Ha 3arajbHi BUTPaTH
nam’sTi. SIKIIO0 K MOCIHIIOBHICTh «IIOraHay, TOOTO Ha MOYaTKy 0araTto KOpOTKHX
cepii, To 10AaTKOBa CTPYKTypa NaHUX Oyze CIiBpO3MipHa 3 OCHOBHOIO 32 YHCIIOM
€JIEMEHTIB. A IIe BXKe CyTTeBa JOJATKOBA BUTpaTa IaM ATi.

OpHuM 13 IIIXiB TOAOJIAHHS Takoi MpoOieMHu € me ofgHa Moaudixamis
ITOPUTMY 3JIUTTS BIIOPSIKOBAaHUX cepiif. [Ipn 1iboMy He BUKOHYETHCSI B IOBHOMY
00cs31 (haza posainenns. Moaugikallist moisrae B HACTYITHOMY:

e B OJHY 3 JOJATKOBHX JIiHIH, HanpuKinaa, b MOCIIZOBHO NEPENUCyEThCS
TepIa 1o NOpsAAKy cepisd 3 BXiHOI JiHil a;

® TIPOBOAUTHCS 3NUTTS cepii 3 JiHii b Ta HacTymHOi MO mopsAAKy cepii 3
BX1JIHOT JIiHIT @, pe3ybTaT 3IUTTS 3aMUCYETHCS B APYTY NOJATKOBY JIHIIO C;

® TIPOBOJUTHLCS 3JIUTTS cepil 3 JiHIl ¢ Ta HACTYIMHOI TO TMOPSAKY cepil 3
BXiZIHOT JiHI{ @, pe3yJbTaT 3JHUTTSA 3HOBY 3aIHCYETHCS Y 3BUIBHEHY J0JATKOBY
JIiHIIO b;

e [IPOLIEC 3IUTTS HAKOMUYYBAaHOI cepii 3 HACTYITHOIO IO MOPSIKY CEpiero 3
BXiZIHOT JiHIT @ Ta MOYEeproBHH Mepe3amnuc pe3yabTaTy B JONATKOBI JiHIl b 1 ¢
MOBTOPIOETBCS. Sk HAchifiok, 3 BXiAHOI JIHII @ MOCTIOBHO BHOMPAIOTHCA
BITOPSIKOBaHI cepii, a B JOJATKOBUX JIiHISAX b 1 ¢ TOYEProBO 3pOCTA€E PEe3yIbTyIOYa
nociigoBHicTh. Lleil mporec 3aBepHIMTbCs NMPHU MOBHOMY BHYEPITyBaHHI BXiZHOT
niHii a.

Taxwuii criocid copTyBaHHs Bxke He HOTpeOye 10JaTKOBUX CTPYKTYpP JaHUX.
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l'[gmc.nau INOKPOKOBOI0 BUKOHAHHSA.

1l-umm eramn:

7 3,9,11 |5 N
™ 1,4,8,10|2,6,7| 7

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

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

2-uUl eTarn:

7 1,3,4,8,9,10,11| ~
™\ 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 mnocnigoBHicTe Mictuth 11 enementiB. IloyaTkoBa KUIBKICTH
BIIOPSIIKOBAaHUX cepifi — 4. BukoHAaHO Jwie JBa eTamd, X04a MpsAME 3IUTTA
nepen0avyano YOTUPH ETAIH.

IIporpamua __ peadqizamisi. PosrsiHemo — BapianT — anroputMy i3
BCTAHOBJICHHSIM TIO3MINi IMOYAaTKy KOXXHOI 13 cepii. Ilei cmoci® mo3Bossie
BUKOpUCTaTH GyHKLiIO zlyttya 6e3 >komHux Momudikamiii. Ham mnpuiinerses
BUKOPUCTATH JOAATKOBUI MacuB po3Mmipy V. [Iporpamna peamizariss MmoBoro C++
MOXe OyTH TaKoI:

int a[N], b[N], ¢[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 cepiil
k_ser=0;
i=0;
while (i<N)
{
Jj=itl;
while (j<N && alj-1]<=a[j]) j++;
dfk_ser|=i; k_ser++;
i
dfk_ser]=N; // nompioHo 051 0bMeEdHCeH ST OCMAHHBOI cepil
// copmysanHs

while (k_ser>1)
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{

// po3dinenms

k_ser_b=k_ser/2;

k_el _b=d[k_ser_b];

flag=k_ser%2; //'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++) bfi]=ali];

for (; i<end_c; i++) c[i-k_el_b]=ali];

// 3nummsi
ap=0;
Sfor (i=0 to 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+titl]-1-k el b;
dfi]=ap;
zlyttya(bp, bk, cp, ck, ap);
/

k_ser=k_ser_b;

if (flag) d[k_ser++]=ap;

dfk_ser|=N;

/

AHagi3 ckaagHocTi. J[7s 1aHOTO ajIropuTMy YiTKO PO3MEKOBYIOTBCS 3a
CKJIQIHICTIO Kpallli Ta TipiIi BapiaHTW BXIJHUX JaHWX. Y HaWKpanioMy BHUMAAKY
MPSIMO  BIIOPSIZIKOBAHOT IOCIITIOBHOCTI Mae Micie e€nuHa cepist 3 /N eJIeMEHTIB.
[lopiBHAHHS BHUKOHYIOTBCSA JIMIIE TIPH BH3HAYCHHI MOYATKOBOI KUIBKOCTI
BITOPSIJIKOBAHUX Cepild. A IMUKIIYHI TOBTOPEHHS (a3 pO3MiJICHHS 1 37MUTTS B3arai
HE MpaloTs. Tomy:

Cuin=N-1; M,;, =0.

Y HadripmoMmy BUNAgKy OOEPHEHO BIOPSAAKOBAHOI IMOCIIIOBHOCTI
noriepeHii anamni3 nae N oqHOeIeMeHTHUX cepiid. Toi MoandikoBaHMiA anroOpuT™M
TPAITIOE TaK CaMo, SIK 1 PSIMe 3JTUTTSL.

[Iporpamuy peanizauito BapiaHTy MOJM(]IKOBAHOTO AITOPUTMY 3JIHUTTS 3
MOCJITOBHAM HAKOIHMYCHHAM PE3yJIbTYIOUOi cepii 0e3 MOomepeHhOro aHami3y
MOYATKOBUX CEPiil MPOMOHYETHCS PO3TIISIHYTH CaMOCTIHHO.
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YACTHHA 2
JANHAMIYHI CTPYKTYPHU JAHUX - CIIUCKH

PosrsiHyTi 3amadi Ta anropuTMu 0OpOOKH CTPYKTYP JaHWX Y TEpEeBaXKHIN
OLIBIIOCTI CTOCYBAJHCS CTPYKTYpP NAHUX 3 MPSMUM JTOCTYIIOM JIO €JIEMEHTIB 3a iX
IHAEKCHUM HOMEpPOM — MAacuBiB. Y OUIBIIOCTI Cy4acHMX MOB IPOTPaMyBaHHS
XapaKTepHOI0 OCOOJIHMBICTIO MACHBIB € IOCTIHHICTB X PO3Mipy Ta PO3MIIICHHS B
cremiajdbHIi YaCTHHI CTATHYHOI IMaM’ATi (IPOTPaAMHOMY CTEKY) MPOTSITOM YCHOTO
yacy BUKOHaHHS nporpaMu. [Ipore Ha mpakTHii motpeda B MOCTiiHIN MPHUCYTHOCTI
BCIX €JIEMEHTIB HE € 000B’s3K0BOI0. J[ocuTh 4acTo okpemi a0 HaBiTh OULIBIIICTH
€JIEMEHTIB PE3EPBYIOTHCS «HA 3arac» JJisi 0COONMBUX BHIIAJKIB BXIAHUX JaHuX. B
OKpEeMHX MOBax IporpaMyBaHHs, 30KkpeMa B C++, BUKOPDHCTOBYIOTBCS TaK 3BaHi
MUHaMigHi 200 BUIbHI MacHMBH. BOHHM YacTKOBO BHPIMIYIOTH HpoOIeMy
ONTUMAJILHOTO BUKOPHCTAHHS NaM’sATi BiIOBITHO 10 OTpeO 3amadi. OqHaK BOHH
nepea0adaloTe MUHAMIYHY 3MiHY CKJIAQAYy CTPYKTypH JHme B i KiHII i He
JIO3BOJISIFOTH JIOBUIBHO BCTABJIATH YM BHJIYYaTH €JIEMEHTH BCEPEAMHI CTPYKTYpH
JIAHUX.

JuHaMivyHI 3MiHHI 3pyYHO BHKOPHCTOBYBATH, KOJIU CTPYKTypa AAaHUX, IO
00pOOIISAIOTECS, HE € CTPOr0 BHU3HAYCHOK Harepe]. BUKOpUCTaHHS CTATHYHHUX
CKJIa[ICHUX Ta KOMOIHOBaHWX THUIIB JaHUX HE 3aBXIU ceOe ompaBaye. wHaAMivHI
3MiHHI JJO3BOJISIIOTH ONTHMI3yBaTH MPOLEC BUKOPUCTAHHS MaM’sITi 1o Mipi HoTpedu
B mnporpami. [IOBHICTIO ONTHUMI3yBaTH TIPOLEC CTBOPEHHS, PO3MILIEHHS Ta
BUJIQJICHHSI C€JIEMEHTIB BIAMOBIJHO JI0 IIOTOYHHMX MOTPEeOd MOXHA 3aBISIKH
BUKOPHCTAHHIO OJTHOTO 3 PI3HOBUJIIB CTPYKTYP JAHUX 3 MOCJIJOBHHM JOCTYIIOM —
OuHamiyHux cmpykmyp oanux a0o, K iX 11e Ha3UBaITh, cnuckis. OOpoOKa CIUCKIB
0a3yeTbCsi Ha BHKOPUCTaHHI OCOOJMBOTO THIy [aHUX — 6KA3IGHUKIG, SIKUH
peanizoBaHuii y 6araThb0X MOBax MpOrpaMyBaHHSI.

Cnucox — 1e IOWHAMIYHA CTPYKTypa OaHUX 3 IIOCIIJOBHHAM JOCTYIIOM,
KOXXCH CIIEMEHT $KOI, OKpiM KIIOYOBOTO iH(opMamiiHoro moins (abo mpocto
Kmoua), MICTUTh OJWUH abo Oulblle BKA3iBHUKIB Ha I1HINI €JIeMEHTH Iiel Xk
CTPYKTYpH. TakuM 4YHMHOM, EJIEMEHTH CIHCKIB (aKTHYHO € KOMOIHOBaHUMH
CTPYKTYpaMH 3 IEKiNbKOX IONIB JaHWX pisHOTO THIy. Y MoBax C/C++ Taky
(yHKIIIF0O BUKOHYIOTH CTPYKTypu (struct), a B moBax Pascal, Delphi — 3ammcu
(record). KimbKicTh €IEMEHTIB y CIIMCKY MOYX€E 3MIiHIOBAaTHCS B MPOIIECi BUKOHAHHS
nporpamu. [lamM’ATh U1 PO3MIMIEHHS €JIEMEHTIB BUAUIAETHCS 1 3BIUIBHIETHCS
JTUHAMIYHO TI0 Mipi HEOOXiTHOCTI.

V 3aneXHOCTI Bl KUTBKOCTI BKa3iBHHUX TIOJIB y CTPYKTYpi €JIeMEHTa Ta
HampsiMi 3B’S3YBaHHS €JIEMEHTIB MOXHA PO3IJIATH Pi3HI TOMOJIOTII CIHCKIB.
Haifyacrime BUKOPUCTOBYIOTB TaKi apXiTEKTYPH CITUCKIB:

e JTiHiIHI OJJHOHANPsIMIICH] (OHO3B sI3Hi);

e JTiHIITHI ABOHANpsMIICH] (JIBOB’SI3Hi);

® [UKJIIYHI OJJHOHANPSIMIICHI Ta JBOHAPSMIICHI;
e po3sranyxeHi 0arato3s’si3Hi abo gepera.
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Y ninilinux 0OHOHANPSAMIEHUX CHUCKAX KOXKEH €JIEMEHT Mae€ €IUHUI
BKAa3IBHUK HA HACTYIHUI €JIEMEHT y CTPYKTYpi JaHuX. TakuM YHHOM, JOCTYH IO
JIOBUTBHOTO €JIEMEHTa € CTPOTO TMOCiZoBHUM. OUeBHIHO, IO OOOB’SI3KOBO Ma€
Oyti xouya © onHa cTaTMYHA 3MiHHAa — BKa3iBHWK Ha MEpIIMH €IEMEHT CITUCKY,
mo3HauuMo ii first (aHrI. first — nepwwui). SIKIO B TporpaMi OOMEXHUTHUCS JIAIIE
BKA3IBHIKOM Ha TNEPIIMI €IEMEHT, TO CIMCOK MOKHa ()OPMyBAaTH BHKIIOUHO 3a
npUHIAIIOM cmeky. OKpiM 1iei 060B’SI3K0BOT 3MIHHOT, 9aCTO BUKOPHCTOBYIOTH IIIE
OJIHY IOJATKOBY CTAQTHYHY 3MiHHY — BKa3iBHMK Ha OCTaHHIH €JEMEHT CIIHCKY,
no3HauuMo ii last (auri. last — ocmanniii). 1i BuKOpUCTaHHs 103BONsAE POPMYBATH
CIIMCKH SIK 3@ IIPUHIUIIOM CMieKy, TaK 1 3a IPUHIHUIIOM Yepeu.

VY niniiHUX 080HANPIMACHUX CHUCKAX KOXKEH €JICMEHT Ma€ JIBa BKa3iBHUKH —
Ha HACTYIHUI 1 Ha NONepeNHii elNeMeHTH Y CTPYKTypi naHuxX. OTxe, JOCTyI 10
JIOBLITBHOTO €JIEMEHTA TEX € CTPOTO MOCIIIOBHUM, aJIe MOXKIIMBHH y JBOX B3a€MHO
MPOTHIICKHUX Hampsmax. s peamizamii moctymy B 000X HampsMax MOTpiOHO
MaTH JBI CTaTWYHI 3MiHHI — BKa3iBHUKM Ha TEPIIMH 1 HA OCTAaHHIN eJIeMeHTH
crcky (first, last). Taka opraHizarlisi IT03BOJSE IOBITFHO (OPMYBATH CITHCOK:
SKIIO JUIS BBEACHHS HOBHX €JIEMEHTIB BUKOPHCTOBYETHCS BKa3iBHUK Ha INEPIINI
€JIEMEHT, TO 1Ie A€ CIHCOK-CTEK MPH JIOCTYII Yepe3 3MiHHY first ab0 CITUCOK-4epry
OpU  JOCTymi Yepe3 3MIiHHY last; AKIIO [UIS BBEACHHS HOBUX CJICMCHTIB
BUKOPHCTOBYETHCSl BKa3IBHUK Ha OCTaHHIN €JIEMEHT, TO e Ja€ CHHCOK-4epry IpH
JIOCTYTII Yepe3 3MIHHY first a00 CIIMCOK-CTEK P TOCTYII Yepe3 3MiHHY last.

Y poseanyscenux 6acamos36’si3HUX CRUCKAX KOXKEH eJeMEHT Mae aBa abo
OinpIe BKA3iBHUKIB HA IHII €JIEMEHTH CTPYKTYpH NaHHX, ajie 0e3 JOTpHMaHHS
JMHIMHOTO TOPSAKY HIOCTYNy JOO eNeMeHTiB. Yacto Taki CHHCKH MAaroTh
JIepeBONIOIOHY CTPYKTYPY: KOXKEH €JIEMEHT HMONEpEeIHbOro PIiBHSA Ma€ 3B’A30K i3
JBOMa 4YM OUIbIle eJeMEHTaMHM HAacTyHmHOro piBHA. JlocTyn 10 HOBUIBHOTO
eJIeMEHTa MOIIMBHI 3aBJSIKU TEPEX0/aM BiJl HAWBHUINOrO PiBHSA Ha OUTBIN HIDKYI
piBHi. [yt mocTyny 10 Takoi IepeBONOAIOHOI CTPYKTYpH NaHHMX HOTPiIOHO MaTh
OJIHYy CTaTH4YHY 3MiHHY — BKa3iBHMK HA BEpIIMHHHMN €JIEMEHT fop (aHri. top —
sepuwuna). OCKIJIBKH TakKi JAE€peBONONIOHI CIIUCKH MaloTh BHPAXEHY PEKYypCHBHY
CTPYKTYpY, TO I iX OOpoOKHM TMOTPiOHO BHKOPHUCTOBYBAaTH PEKYpPCHBHI
i AIpoTpamMu.

OCHOBHUMM OTIEpAIiIMH ITPH POOOTI 31 CIICKAMH €:
CTBOPEHHS CIIHUCKY;

MIEPETIIsA] CIHCKY;

MIOUIYK €JIEMEHTA B CIHCKY;

BCTaBKa HOBOT'O €JIEMEHTA B CITHCOK;

BU/IQJICHHS €JIEMEHTa 31 CIIUCKY;

BIIOPSIIKYBaHHS CIIMCKY 32 03HAKOIO (COPTYBaHHS);
PO3JIUICHHS CITUCKY Ha ITiJICTIUCKH;

3’eqHaHHs (KOHKATEHAIlis1) CITHCKIB.

77



PO3/ILI 3
JIHIAHI CIUCKH

3.1. OTHOHAIIPAMJIEHI CIUCKH
3.1.1. OrOJIOMIEHHS TUNY EJIEMEHTA CIIUCKY

VYci eneMeHTH JHIHOTO OZHOHATIPSMIIEHOTO CIIMCKY, OKPIM OCHOBHOI 3a
yMOBaMH 3aadi iHpopwmarii, MaroTh BKa3iBHUK Ha YEPrOBHH €JIEMEHT IbOTO X
cnucky. Taka oprasizamis CIUCKY O3HAadae, IO KOXKEH HOTO eleMeHT — IIe
KOMOIHOBaHa CTPYKTypa, sika OXOIUIIOE JIBa MOJIsI AaHUX: iH(popMalliiiHe nose info
JISSIKOTO 0a30BOro THUIY (CKAISAPHOTO YU CKIIAJCHOrO) 1 BKa3iBHE MOJE mext, IO
(hakTUYHO € aJpecor0 y maM’sATi HACTYIHOTO ejeMeHTa. [loiie BKa3iBHHKA next
MOBHHHO MAaTH TaKWi caMuil THUII, MO ¥ caM eleMeHT crucky. J{ns inmentudikarii
eneMeHTa (200 Ui TOCTYIY JI0 HHOTO) MOTPIOHO MaTH JESKUN BKa3iBHUK P 1bOro
K TUITY.

info
next f

Puc. 1

TakuM 9YMHOM, Ma€ Miclle B3a€MHICTh BH3HAUCHHS SIK LIJIOTO E€JIEMEHTa
CIHCKY, TaK 1 HOTO OKpeMOro BKa3iBHOTO mmois. Taka B3aeMHa PEKYPCHBHICTh y
BHU3HAYCHHI TUMYy HomyckaeTbcs B MoBax C/C++, Pascal, Delphi Ta iHmwux numre
JUTS BKa3iBHHX THUIIIB.

3p03yMiJio, 1110 BKa3iBHUK Ha MEPIIHH €JIeMEHT CIHUCKY first TOBUHEH MaTH
TaKAH CaMH{ THII, SIK 1 PEIlNTa eJIEMEHTIB CIUCKY. [IpUpOIHO, 10 BKa3iBHE MOJC
next OCTAaHHBOTO €JIEMEHTA CIIMCKY MOBHHHO BKa3yBaTH «8 HIiKyOu» — Ha 0COOJIUBY
o0JyiacTh quHaMIYHOI aM’ati NULL, 1110 HE MICTUTh HISIKUX JUHAMIYHUX 3MiHHHX.

BpaxoByroun Bce BUIE cCKazaHe, JiHIWHUN OJHOHANPAMIIECHUN CIHUCOK
CXEMaTHYHO MOXKHa 300pa3nuTH TaK:

first

info info info

NULL
next f next ff next f

Puc. 2
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He 3MeHmyrounm 3aranbHOCTI, NpUHMaeMoO B SKOCTI 0a30BOro THITY
iH(GOPMAIIIfHOTO OIS JAHWX THIT IUIHX 4ucel int. [IporpaMHa peaizalliss MOBOIO
C++ oroyomieHHs CIHCKOBOTO THITY Ta ISSKUX HEOOXITHWX CTATHYHHUX 3MiHHUX
MOJKe OyTH TaKomo:

struct List 1
{
int info;
List 1 * next;
5
List 1 * first, * last, * P, * Q;

Tyt List 1 — iM’ cTpYKTypH i OfHOYacCHO 0a30BHH THI IS BKa3iBHOTO THILY
eJlleMeHTa CIHCKY; first, last, P, Q — BKa3iBHUKH BIAIMOBIIHO HA IEPINUii, OCTAaHHIM i
JIesIKi IOTOYHI eJIEMEHTH IS BAKOHAHHS OTEpalliil HaJl CIIUCKOM.

3.1.2. OCHOBHI OIEPAIIIi ITO OBPOBII OJHOHATIPSIMJIEHUX CITUCKIB

Creku i uepru

Cmexom € Taka CTPYKTypa JaHUX 3 IOCHIJOBHMM JOCTYIIOM, Yy SIKid
YBEJICHHS HOBHX CJICMCHTIB 1 BUIITOBXYBaHHS ICHYIOUHMX B1JI0YBA€THCS BUKIFOYHO
3 OJHOTO KIHI, IO HA3WBAETHCI GepuiuHoio abo eonogorw. OOpoOKa creky
XapaKTePU3YETHCS PABHIOM «NepUiUM NPULIUO8 — OCHIAHHIM BULILLOS8, OCMAHHIM
NpULiuios — nepuwum 6uiiuios». AHaJIOrOM CTEKY MOXKHA BBaXKaTH TPYOKY 3 OJHUM
3amasHUM KiHIeM (SK y mpo0ipii), y Ky HOMIIIEHO KyJIbKH BiAIIOBIIHOTO pO3Mipy
3 nmesikoro iHpopmamiero. Tomi BepmIMHOIO cTeKy Oyne BiOKpHUTHI KiHEIb TPYOKH.
[apopmaniiHuil eneMeHT, MO NepIIM MOTPANKUB Y TaKy CTPYKTYpYy HNaHHX,
OTIMHUTHCSA Ha OHI cmeKy (3a aHAJIOTIE0 3 THOM IPOOIpKH), 1 TOCTYyI 10 HROTO Oyzae
B OCTaHHIO 4yepry. OCTaHHIH yBelIeHHH €JeMEHT BUSIBHTBLCS BiJpa3y Ha BEpIIUHI
CTEKY, 1 IOCTYI JJO HHOTO OyJIe NepHIOueproBUM.

first N N-1 1
info info info
> = NULL
next f next ff next f
gepliuHa OHO
cmeky cmeky
Puc. 3
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Ha mepmmii mornsin Takui crioci® opraHizamii cTpyKTyp JaHUX BHUAAETHCS
HeedekTuBHUM. [Ipore mis moctymy 1m0 Oyab-iKOTO eleMeHTa IMOTPiOHO MaTh
MIHIMYM CTaTHYHHX 3MIHHHX — JIMIIE BKA3iBHHUK first Ha BEpIINHY CTEKY, TOOTO Ha
OCManuil yseoenutl enemenm, wo akmuuno € nepwum y cmpykmypi oanux. Ilpn
MpoTpaMHii pearizamii 00poOKH CIUCKIB UL JOCTYITYy 0 BHYTPIIIHIX €JIEMEHTIB
HACTIpaBIi HE TOTPIOHO «BUMMATH» IIOTEPENHI eJIeMEHTH. 3aMicTh IHOTO
BUKOHY€ThCA TIEPEXiJ] Ha HACTYIHMH €JIEMEHT duepe3 BKa3iBHE IIOJIE next,
MOYMHAIOYH Bifl (JiKCOBAHOTO BKa3iBHUKA first.

UYepru B nporpamMyBaHHi, 5K 1 B peaJbHOMY JXHTTi, BAKOPHUCTOBYIOTBCS TOII,
KOJIM TMOTpiOHO BHKOHYBaTH Aii 3a KOMaHJaMH IOCTIJJOBHO B HOPAAKY iX
HaJXOJDKeHHs. Yepea — Lie Taka CTPYKTypa JaHUX 3 IOCIIJIOBHUM JIOCTYIIOM, Y
SKii yBeJIEHHS HOBHX EJIEMEHTIB 1 BHMIITOBXYBaHHS ICHYIOUMX BifOYBaeThCsl 3
PI3HHX KiHIIIB, IO HA3WBAIOTHCS BiANOBITHO KiHeyb uepzu Ta NOYAMOK Hepeu.
OOpobOka 4Yepru XapakTEpH3YEThCS TPABWIOM «HEPUUM NPULIOE — Hepuum
BULIULOB, OCIANHIM NPULLO8 — OCMAHHIM 8Utiuioe». [ imocTpallil 4epru MoxHa
PO3TIIIHYTH TPYOKY 3 ABOMA BiIKPUTHUMH KIHIIIMH, Y Ky MOMIIICHI iHQopMaIiitHi
KYJIbKU. YBEACHHS HOBHX €JICMEHTIB IPOBOJUTHCS B KiHENb YEPTH, a OCTYH MO
BXKC ICHYIOUHX y CTPYKTYpi JaHUX 3MIACHIOETBCA Ha 1i mouaTky. [HopmarifiHmii
€JIEMEHT, 1110 TIepIIUM MOTPAINUB y 4epry, Bigpa3y Oyne Ha ii BUXOi, 1 AOCTYII JI0
HBOTO OyJe mepuioueproBuM. OCTaHHIN YBEJEHUI €IeMEHT BHUSBUTHCSI B CAMOMY
KIHIIl YepTH, 1 JOCTYII 0 HBOT'O Oy/e B OCTAHHIO YEpPTy.

first ! 2 N last
info info info
> NULL
next J next f _f next f
rnoyamok KiHeUb
yepau Yyepau
Puc. 4

Sk 1 y BHNAAKy CTEKy, IOCTYINl IO €JIEMEHTIB Yepru peajli3yeThCs depe3
(ikcoBaHM BKa3iBHHK first Ha IOYAaTOK YeprH, TOOTO Ha MEpIIMH ENEeMEHT Y
CTPYKTYPpi JaHUX, II0 TaKOX MepmiM OyB yBeneHH. OgHAK Ha BIMiHY BiJ CTEKY
JUI 3aTIOBHEHHS 4epru MmoTpiOHO MaTw me oauH (ikcoBaHWH BKa3iBHHK last Ha
KiHelb 4Yepru, TOOTO Ha OCTAaHHIA €JNEeMEHT y CTPYKTypi MOaHUX, IO TaKOX
ocraHHIM OyB yBeneHuH. [ gocTymy 10 ZOBUIBHOTO €1eMEeHTa Yepry MoAiOHO 110
CTEKy BHKOHYETBCS IEpeXiJ Ha HACTYNHHUH €JIEMEHT uyepe3 BKa3iBHE NOJe next,
MTOYMHAIOYH BiJ| (PiKCOBaHOTO BKa3iBHUKA fiFrst.
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CTBOpEHHS CIUCKY

VY BUmagKy OJHO3B’SI3HUX CIHCKIB MpoOIleC CTBOpeHHS (popmyBaHHS) 3a
TIPUHITATIOM CMieKy BiAPI3HAETHCS BiJ aHAIOTIYHOT omepariii 3a IPUHITUIIOM Yepeu.

Posrisiremo crmodartky iHiliagizaunilo Ta 3anoBHeHHsI cTeKy. Bech mporec
MO>KHA PO3JIIJIUTH Ha TPH €TaITH, 3 SIKUX J[BA OCTAHHIX MOTIM 00’ €THAEMO B OJIMH:

1) CTBOpEHHSI TOPOXKHBOTO CITHCKY:

first

NULL
Puc.5

first=NULL; // 6KA3IBHUK HA NEPUIULL BKAZVE «8 HIKYOUY,

2) YBCACHHA NEPIIOro HOBOI'O €JIEMECHTA!

first = ’@ kY

info |°

S NULL
next _jé

Puc. 6
P=new List 1; // 1) cmeoproembcsi HOBULL enemenm,
cin >> P->info; // 86i0 inghopmayiiino2o nois Ho8020 enemenma;
P->next=first; // 2) 6KA3I6HUK 3 HOBO20 eleMeHma 6KA3YE myou,
// Kyou pamniwe exa3zysaas first;
first=P; // 3) first nepeadpecogyemocsi Ha HOBULL eleMeHM.

SIK BUJHO 3 KOMEHTApiB, HOBUII €IEMEHT CIIHCKY BKa3yBaTHME Ha MiCIle, Ha
sKe paHilre BKa3yBaB first (mouaTtkoBo 1ie 0yae NULL, a nizHime ne Oyne pasimie
BBEICHMHN eneMeHT). | jmme moTiM first mepeagpecoByeTbCS Ha HOBOCTBOPEHHMA
enemenT. [lopsinox BUKOHAHHS onepanii i3 BkaziBHUKamu € BaxauBum! Tyt i
B TIO/IQJIBIIOMY 3 METOIO IOJIETIIEHHSI PO3YMIHHS i 3pYYHOCTI JeMOHCTpalii Ha
cXeMax MPHHIMIIOBUH MOPSIOK JIiHi 10 mepeajpecalii Ta 3B’ 13yBaHHIO BKa3iBHUKIB
NPOHYMEPOBAaHO YHCIaMHU B Koyiax. IIpu 1iboMy cTapi 3B’A3KH MiX eJeMeHTaMH
MO3HAYCHO IITPUXOBHMH CTPLIKaMM, a X HOBi peasi3amii micis nepeaapecarii
BKa3iBHHKIB — CyIJIbHUMH.
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3) yBeHCHHs PCINTH HOBHX eJeMeHTiB. O4YeBHIHO, IO BBCICHHS PEUITH
eJIEMEHTIB HIYMM HE BIIPI3HAETBHCA BiJ YBEINCHHS MEpIIOTO eJleMeHTa. oMy
JIPYTHH eTan MO>KHA IIUKJIIYHO TIOBTOPIOBATH 33aHy KUTBKICTh pa3iB /V:

first =<3 N\ N-1 1

info info

- - NULL
next _é) next f_f next f

P

Puc. 7

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

Tenep po3risiHeMo iHinmiagizamilo Ta 3anoBHeHHS 4epru. Sk i y BUIaaKy
CTEKy, e MpoIec MOMUILHO PO3MIMTA Ha TPH €Tamd, aje o0’€JHyBaTH IBa
OCTaHHIX BXXe He MokHa. lle moB’s3aHO 3 THM, 0 TpH (HOPMYyBaHHI Yepru
BBEJICHHSI HOBOTO IEPIIOTO eIeMeHTa MOoTpedye BHKOPHCTAHHS 000X (iKCOBaHUX
BKa3iBHHKIB first 1 last, a BBeIeHHS HACTYIHHX HOBHX E€JIEMEHTIB Iependayae
BUKOPUCTAHHS JIMIIE ONHOTO BKa3iBHUKA last. TlocmimoBHicTe Oiif Moxe OyTH
HACTYITHOIO:

1) CTBOpEHHS IOPOKHBOTO CIUCKY:

first last
NULL
Puc. 8
first=NULL; // 6KA3IBHUK HA NEPUIULL BKAZVE «8 HIKYOUY,
last=NULL; // 8KA3I6HUK HA OCMAHHIT 6KA3YE «8 HIKYOUY,

2) YBCACHHA NEPIIOr0 HOBOI'O €JIEMECHTA!
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- = NULL==.
first<(3) (4)~last

info

NULL
next 6

P~®

Puc. 9
P=new List_I; //' 1) cmeoploemoca no6uil enemenm;
cin >> P->info; // y6i0 ingopmayiiinozo nons Ho8ozo eremenma;
P->next=NULL; // 2) 6KA3I6HUK 13 HOBO20 eleMeHmMA 8KA3YE
// «8 HIKyOu»;
first=P; // 3) exazienux first ekazye na HO8uil enemenm,
last=P; // 4) exazienux last éxazye na HOGUIL eleMenm.

Hoswmii enemeHT cimcky BkasyBaTHMe «B Hikyam» (INULL). Ockineku 1eit
eJIeMEeHT € 1 TMepIIMM, 1 OCTaHHIM OJHOYACHO, TO first i last ajmpecyroTecsi Ha
HOBOYTBOPECHHUH €JIEMEHT;

3) yBeJCHHS peIITH HOBUX eneMeHTiB. Leit etan He MOkHA 00’ €IHYBaTH 3
norepeaHiM. Bka3iBHe TMoJie KOXHOTO HACTYITHOTO HOBOTO CJIEMCHTa Mae
BKazyBaTH «B Hikyam» (NULL), a paHimie BBeJCHMH €JIEMEHT IOBHHEH
3B’A3yBaTHCS 3 HOBOCTBOPEHHM. | nuire micis mporo last mepeanpecoByeThCsS Ha
HOBOYTBOPEHHH eleMeHT. TyT TeX MOpsSA0K BUKOHAHHS OIepaniil i3 BKa3iBHUKaMH
€ BaximBHM. Lleif eTam nepeabavae MUKIIIYHE TOBTOPEHHS BKa3aHOT MOCTiJOBHOCTI
Iiit yucio pasis, II0 Ha OJWHUIIIO MEHIIE BiJl HEOOXiTHOT KITBKOCTI IV:

- -

1 2 N-1 7N N

first Y é last
1 info info info | info j

next S next f_j next ff@ next @NULL

-

Puc. 10
for (int i=1; i<N; i++)
{
P=new List 1;
cin >> P->info;
P->next=NULL;
last->next=P; // pamiwie 66edenull enemenm 6Kazye Ha HOBUIL,
last=P; // éxazignux last menep exasye na Hosuil enemeHm.
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Ileperasig cnuCcKY

Ilin nepeenrsioom po3ymieTbcs TOBHUI Tiepebip €IeMeHTIB CIHCKY 3
MOJKJIMBMM BHBEJICHHAM 3Ha4YeHb iX iH(opManiitaux nomiB. O4eBHAHO, M0 PyX IO
CIFICKY BUKOHYETBCS BiJl BKa3iBHHKa first 3a paxyHOK Iepexoay Ha HACTYITHHH
eJIeMeHT uepe3 BKasziBHE mose next. OCKINbKY first € pikcOBaHUM BKa31BHHKOM Ha
MOYATOK CIIACKY, 1 1OT0 B )KOJHOMY pa3i HE MOXKHA 3MIiHIOBAaTH, TO JUIA ajpecarii
JIOBUIBHOTO €JIEMEHTA CIHCKY CJIiI BUKOPHCTOBYBATH JIOJJATKOBY CTATUUHY 3MiHHY
TaKOro > BKa3iBHOrO THIYy. [lepeMillleHHs IO CIUCKY 3aBEpUIYEThCS NpHU
JOCSITHEHH1 HOro KiHIsL, TOOTO npu HaOyTTi BKa3iBHUKOM Ha IOTOYHHUH €JIEMEHT
3HaueHHs NULL.

[Iporpamua peaiizaiis oneparii neperyisiy ClicKy Moxke OyTH Takoro:

P=first; // ROYAMOK CRUCKY;
while (P) // pyx, noKu He Kiheyb CRUCKy;
{
cout << P->info <<endl;  //6usio snauenns ingpopmayitinozo nons;,
P=P->next; // nepexio Ha HACMYNHULL eneMenn.
/

Ilomyk e1eMeHTa B CHUCKY

[Mouryk Mo>xe BUKOHYBATHUCS 3a PI3HUMHU KPUTEPISIMU:

e BCTAaHOBJICHHS 3HAa4YeHHS iH(GOpMAIIfHOTO TIONS eleMeHTa 3a Horo

MOPSITKOBUM HOMEPOM;

® BCTAaHOBJICHHS MO3UI[I TMEpPLIOr0 BXO/KEHHS eJeMEeHTa 13 3aJaHhM
3HAYEHHSIM 1HPOPMAITIHHOTO TIOJI;
e BCTAHOBJICHHS BCiX BXOJDKCHb €JIEMEHTIB i3 3aJaHAM KIIFOUEM.

[onibHo 1o momepenHpoi omepanii meperysiay A KOXKHOTO 3 BapiaHTIB
MOMIYKY PYyX II0 CIIUCKY BUKOHY€EThCS BiJl BKa3iBHUKA first 3a paXyHOK Iepexo1y Ha
HACTYITHHH eJeMEHT dYepe3 BKasiBHe mone next. [lns 1poro Ttak camo
BUKOPDHCTOBYBAaTHMETbCSl  JIOJIaTKOBa  3MiHHa-BKa3iBHMK.  Takuit  crmoci0
nepeMilleHHs Oyse B OCHOBI BCiX omepauiii no oopoo6ui cruckis. IIpore ymoBu
3aBEpLICHHS IEPEXO/IIB [0 CIIUCKY MOXKYTb OyTH PI3HHMH.

Y Oarateox BHIIAAKaxX peamizamii  oOpoOKH CHHCKIB  MOTPiOHO
BUKOPHCTOBYBAaTH [OJATKOBHH JIYMJIBHUK MOTOYHO! mo3uiii y crucky. He
3MEHIIYIOYH 3arajibHOCTi, BBaKATHMEMO, IO HyMepallis €JIeMEHTIB Yy CIHCKY
nounHaeThes 3 1. Lle Bimpi3HAETHCS BiA iHAEKcallii eleMEHTIB MacHBIB Y MOBax
C/C++, sika TpaaumiitHo mounHaeThes 3 (. Takwmid miaxix MiIKoM YMOBHUH 1 MOXe
OyTH 3MiHEHHUH pu MOTpeOi.

Ilomyk ejeMeHTa 32 Or0 NOPSIIKOBUM HOMEPOM Y CHUCKY.
O4eBUIHO, IO YMOBH 3YIUHKH PYXY OyIyTh CKIaJICHIUMU 1 1X JIBi:
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® II[e HE JOCSITHYTHH KiHEIb CIHCKY, a JIYMIBHUK ITOTOYHOI MTO3MIII CIiBIIaB
i3 3aJaHUM MTOPSIAKOBMM HOMEPOM — 11 TIO3UTHBHUN pe3ylIbTaT;
e JIOCSATHYTHH KiHEIb CIIUCKY — 16 HeTaTUBHHMI pe3yJIbTar.

Hpyruit BapiaHT BiONOBiTa€ BWIIAAKY, KOJMH 3a/JaHa IJIOBA ITO3MIISA
MIEPEBUIIY€E peaNbHy KiJbKICTh €IEMEHTIB y cucKy. [ Takoi curyamii moTpiOHO
repen0aunT KOPEKTHE 3aBEpIIeHHS IporpaMu. Lle moB’s3aHO 3 HEAOMYCTUMICTIO
orepariii po3iMeHyBaHHs BKa3iBHUKa, 1110 BKka3zye B NULL.

3aMiCTh IPUPOCTY JOAATKOBOTO JHYMWIbHMKA MOTOYHOI IMO3MLII MOXXHa
3MEHIIYBaTH 3HA4YeHHS LUIbOBOI MO3MILII, MOKA BOHO HE JOCATHE OJIWHHII.
[Iporpamua peainizatis gaHoi onepanii MOXe MaTH BUTIIS;

int Pos; cin >> Pos; // Pos — yinbosa nozuyis eremenma,
P=first; // nouamox cnucky;
while (P & & Pos>1) // pyx, ROKu He Kineyb CRUCKY i He Yilb08a NO3UYIs.

{ P=P->next; Pos--; }
if (P & & Pos==1)
cout << ‘snauennn enemenma =’ << P->info << endl;
else
cout << “cnucox nopoicHiil Yu HeKOpeKmHa no3uuyis enemenma” << endl;

Bapro 3azHauuTH, MmO Taka peamizalis TOIIYKYy MaTHME KOPEKTHE
3aBEpIICHHS LUKy HE JIMIIC, KOIU 3aJaHuil TOPSIKOBUII HOMEp CJIEMCHTA
MEPEBUINYE X peanbHy KUIBKICTh Y CITUCKY, a W KOJIHM I[ei HOMEp MEHIIEC OJUHHUII
(Bin’eMHHMH 200 HYJIB).

Iomyk mnepuioro BXO/J:KeHHS eJeMeHTa i3 3aJaHMM 3HaYeHHAM
indopmauiiiHoro moJsi.
3HOBY YMOBH 3YITUHKH PyXy OYAYTh CKIQJICHUMU 1 1X JBi:
e ¢ HE JOCATHYTHUH KiHEIb CIMCKY, a 3HA4YCeHHS iH(OPMAIIHHOTO IO
MMOTOYHOTO SJIEMEHTA CITIBIIAJIO i3 3aJJAHUM — II¢ TO3UTUBHUHN PE3yJIbTAT;
® JIOCATHYTHH KiHEIb CIIUCKY — I1¢ HErATUBHUM Pe3yJIbTar.
IIporpamua peasizailis JaHOT oneparii MOKe MaTh BULJISLI

int X; cin >> X; // X — yinvoee snauenns enemenma,

int i=1; // iniyianizayis nomounoi no3uyii;

P=first; // nouamox cnucky;

while (P & & P->info!=X) // Pyx, nOKu He Kineyb CRUCKY i He Yilbo6e 3HAYEHHA.
{ P=P->next; i++; }

if (P)

cout << “enemenm ” << X << “ ¢ ¢ nosuuyii ’ << i << endl;
else
cout << “chucok nopoicHiii 4u yinboeozo enemenma Hemac” << endl;
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Iomyk ycix BX0I:KeHb €JeMeHTIB i3 32IaHUM KJII04YeM.

3aranpHa cxema peajizamii MmomiOHa 10 PO3TASHYTOI BHINE OIeparii
neperasaay cnucky. s po3minmeHHS YCHIIIHOTO 1 HEBAAJOrO MOIIYKY BapTo
BUKOPHUCTATHU TOJATKOBY 3MiHHY — JTIYMIBHUK KiTBKOCTI BXO/KEHB!

int X; cin >> X; // X — yinboee 3nauenns enemenma;
int k=0; // MYUNLHUK KiTbKOCI 8X00XHCEHD;
int i=1; // iniyianizayis nomounoi no3uyii;
P=first; // ROYAMoK cnucky;
while (P) // DYX, ROKU He Kileyb CRUCKY;
if (P->info==X) // cnienadanms i3 YinboGUM 3HAYEHHSM,
{ cout << “enemenm ”’ << X << “ ¢ ¢ nozuyii ’ <<i << endl; k++; }
P=P->next; i++; // nepexio Ha HACMYNHULL eneMenn.
if (k)

cout << “ycpo20 6cmanosneno ” << k << “ gxooxncenv” << endl;
else
cout << “cnucox nopocuiil yu yinbLoeoz2o enemenma Hemace” << endl;

BceTaBka HOBOIO €J1EMEHTA B CIIHCOK

[onibHo mo omepauii MONIYKY JOLIJIBHO PpO3MNISAATH PIi3HI BapiaHTH
BCTaBKH HOBOTO €JIEMEHTA.

BceraBka HOBOIO eleMeHTa B 3aAaHY MO3UIIIO CIUCKY.

Jlnst BU3HAYEHOCTI JDOMOBHUMOCS MPO HACTYIHE: SKIIO IIO3UIisS BCTaBKH
MEHIIIa ONUHUII (Bix’eéMHa ab0 HYJb), TO BUKOHYBATHMEMO BCTaBKY Ha IOYATOK
CHHCKY; SKIIO TO3WIS BCTaBKM NEPEBHUINYE pPEaJbHY KiIbKICTh €JIEMEHTIB Yy
CIIMCKY, TO BUKOHYBaTMMEMO BCTaBKY B KiHEIb CIMCKY. I[IpHHHSTTS Takoro
pIlICHHSI HE € BiAXOAOM BiJ MPHHIMITY CTPOroi BU3HAYEHOCTI B MPOTrpaMyBaHHI.
OkpiM IHIIOTO, e TO3BOJIUTH KOPEKTHO OOPOOIATH 1 MOPOXKHI CIIMCKHU. 3BUYAITHO,
Taxi JIOMOBJICHOCTI € YMOBHHMH, 1 NMpH MoTpedi y MOAIOHHMX BHITAKaX 3aBXKIU
MOJKHA BiTMOBHUTHCS BiJl BUKOHAHHS IIi€1 omeparrii.

Jns peamizamii BCTaBKM HOBOTO €JIEMEHTa IOTPIOHO mepemdaduTH pi3Hi
MOJKJIMBI CUTYAIii:

e BCTaBKa B IOPOXHIH CHHMCOK (Ile BHMAara€ OJHOYACHOTO OIpalOBaHHI

BKa3iBHUKIB first i last);

e BCTaBKa Ha NIOYATOK CIHCKY (16 BUMAarae ONpalfoBaHHs BKa3iBHHKA first);
e BCTaBKa B KiHellb CIIUCKY (1Ie BUMAarae onpaloBaHHs BKa3iBHHKA last);
® BCTaBKa BCEPEAMHI CIIHCKY.

VY Oyap-skOMy BUNaAKy HPH BCTaBLi MOTPIOHO MaTH NOCTYI 10 €JEeMEHTa,

mo mnepeaye 3axaHii nosuiii. Ilpy oMy HEOOXiJHO CIIOYATKY «IIPHB’S3aTH)
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BKa3iBHE IIOJIC HOBOTO CJIEMEHTAa JIO0 MOTPIOHOTO €IeMEHTa CIHCKY, 1 JIUIIE MiCIIs
IIBOTO «pO3ipBaTH» 3B’SI30K MK ICHYIOUNMH €JIEMEHTaMH CIMCKYy B MO3MIii
BCTaBKH Ta a/IpeCyBaTH 3BiJbHEHI BKa3iBHUKH Ha HOBHHU eleMeHT. CXxeMaTHYHO IIie
MO>KHA 300pa3uTH TaK:

first 1 =) Pos-1 Pos

info info info

next f next _-—~’/-—_ next f

@

info

j next
Q

@

Puc. 11

IIporpamua peasizamis JaHOT onepariii Moke MaTH BUTIISL

Q=new List _1; cin>> Q->info; // cmeopenns H06020 enemenma;
int Pos; cin >> Pos; // Pos — yinbo6a nozuyis écmasxu,
P=first; // ROYamoK cnucky;
if (I1P) // 6cmagKka 6 NOPOACHIL CRUCOK;
{ O->next=NULL; first=last=Q; }
else // 6cmaeka 6 HeNnOPOJICHII CRUCOK;
if (Pos<=1) // 6cmaska Ha ROYamoK CRUCKY;
{ O->next=first; first=0Q; }
else // 6cmaeka He Ha NOYAMOK CHUCKY;
while (P->next & & Pos>2) // pyx 00 yinbo8oi no3uyii;
{ P=P->next; Pos--; }
if (P->next) // 6cmagka 6 Yinbogy no3uyio;
{ O->next=P->next; P->next=Q; }
else // 6cmaska 6 Kineyb CHUCKY.

{ O->next=NULL; last->next=Q; last=0Q; }
/

UnragaM IIPONOHYETHCS CAMOCTIHHO MOAM(DIKYBAaTH IPOTPaMHY peatizarlito
3 METOI0 BIJMOBM BiJ BCTAaBKHM €JEMEHTa B CIIMCOK, SIKIIO 3aJaHa ITO3MIls He
BIINIOBiZla€ peanbHI KiNBKOCTI enmeMmeHTiB. [lpm mpoMy cminm BpaxyBaTH, IO
BCTaBKa B mo3ulit0 N+I cuucky, SKAH MICTUTH /N €JIEeMEHTiB, € abCONOTHO
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KOpPEKTHOI0. 30KpeMa, YacTKOBHM BHIIAJIKOM TaKoOl 3ajqadyi € BCTaBKa B MeEpIIy
MIO3HIIi}0 TOPOXKHBOTO CITUCKY.

BceraBka HOBOIO ejleMEHTA Iepel eJeMEeHTOM i3 3aJaHMM 3HAYEHHAM
indopmauiiiHoro moJsi.

3 METOI0 KOPEKTHOTO ONpAIIOBaHHSI OCOONMBHX CHTYyallid, SK 1 B
MIOTIEPEeTHHOMY BHITAJKy, HEe OOIMTHCS 0e3 JOMOBICHOCTEH: SIKIIO eIEeMEHTIB i3
3aJJaHUM 3HA4YEeHHSIM Y CIIUCKY € JIEKUIbKa, TO BUKOHYETHCSI BCTABKa JIMILE TIEpe]
MepIINM 13 HUX; SKIIO B CIIMCKY HEMAE JKOJIHOTO €JIEMEHTA i3 3aJ]aH|M 3HAUYEHHSIM,
y TOMY YHCIIi ¥ JJIs1 TIOPOXKHBOTO CIIUCKY, TO BCTaBKa HE BUKOHYEThHCS B3araii. Taki
JIOMOBJIGHOCTI € NPUPOJHHMH 1 CYTTEBHMH, /K€ BIJACYTHICTH KIIFOUOBOTO
€JIEMEHTA B CITUCKY POOHUTH a0COIIOTHO HEBU3HAYEHOIO TTO3UIIiI0 BCTABKH.

[IpononyeThCs pearizallisi BCTaBKA HOBOTO €JI€MEHTa IS TAKIX BUITAIKiB:

e BiMOBAa BiJ BCTAaBKH B MIOPOKHIH CIHCOK;

e BCTaBKa Ilepe] HEepLINM eIEMEHTOM, TOOTO Ha IOYAaTOK CIUCKY (I BUMarae
OTIpAITFOBaHHS BKa3iBHHKA first);

e BCTaBKa BCEPEIMHI CIMCKY Iepell NOBIIHPHUM €JIEMEHTOM, y TOMY YHCHi i
mepen ocTaHHIM (MOTpPiOHO MaTH JOCTYH O eJeMEeHTa, IO Iepexye
LJIbOBOMY €JIEMEHTY);

e BiJIMOBA BiJI BCTaBKH y BUIAJIKy BiJICyTHOCTI 331aHOTO €JIEMEHTa B CITUCKY.
IMocnimoBHICTh Ail MO 3B’SI3yBaHHIO CJICMCHTIB BKA3iBHUKAMHU aHAJIOTiYHA

[IONIEPEAHBOMY BUIIALIKY.

first P
info info X

next f next --~"/”d next f

info

next

O

Puc. 12

[Mporpamua peaiizaisi 1aHOT oneparii MO>Ke MaTH BUIJISIA:

QO=new List_1; cin>> Q->info; // CmBOpenHsl HOB020 eleMeHma;
int X; cin>>X; // X — yinvoee snavenns enemenma;
P=first; // nouamok cnucky;,
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if (P) // CRUCOK HENOPOIICHIL,

if (P->info==X) // 6CMasKka Ha NOYAMOK CRUCKY;
{ O->next=first; first=0Q; }
else
{
while (P->next & & P->next->info!=X) //pyx 0o yinrvoeozo eremenma;
P=P->next;
if (P->next) // 6cmagKka 6cepeouni CRUcKy.

{ O->next=P->next; P->next=Q; }
else cout << “yinvoeozo enemenma 6 cnucky nemac” << endl;

/

else cout << “cnucok nopooicuiii — ecmaexa nemodxcnuea” << endl;

BceraBka HOBOro ejeMeHTa mWicas ejJeMeHTa i3 3alaHUM 3HAYEHHAM
indopmauiiiHoro moJsi.
3aMnImMMo B CHJIi Ti caMi TOMOBIIEHOCTI, IO W y MONEPEeIHHLOMY BUIAIKY.
3BHUYAIfHO, IO TYT PO3TIAAETHCS BCTABKA HOBOTO €JIEMEHTa caMe MICIIs IePIIoro
cepell eJIeMEHTIB 13 MUJTLOBUM 3HAYCHHSIM. MOJKIIHMBI Taki BapiaHTH peatiartii:
e BiJMOBAa BiJI BCTABKHU B MOPOXKHIH CIUCOK;
® BCTaBKa BCEPEJMHI CIHCKY IICIA JOBUIBHOTO €JIEMEHTa, Y TOMY YHCIi i
micns mepuioro (TMOTPIOHO MaTH JOCTYN JO €JEMEHTa 3 IUIbOBHM
3HAa4YEeHHAM);
e BCTaBKa IICIs OCTAHHBOTO €JIEMEHTa, TOOTO B KiHEIb CIHCKY (Il BUMArae
OMpaIfOBaHHs BKa3iBHUKA last);
e BiIMOBA BiJI BCTABKHM Y BUIIAJKY BiJICYyTHOCTI 33IaHOTO EIEMEHTA B CIIUCKY.
[MocnimoBHiCTH Ailf TO 3B’SI3yBAHHIO €IIEMEHTIB BKA3iBHHKAMHU aHAJIOTidHA
MOTIepeTHHOMY BHUTIAIKY.

first P
info X info

next f next _-——’/—_ next _I»

info

next

Puc. 13
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[Iporpamua peainizaris gaHoi onepanii MOKe MaTH BUTIIA;

O=new List _1; cin >> Q->info; // cmeopenna HO6020 eNeMeHma;
int X; cin>>X; // X — yinvoee snavenns enemenma;
P=first; // nOuamoxk cnucky;
if (P) // CRUCOK HENOPOCHIT,
{
while (P & & P->info!=X) // pyx 00 Yinb06020 enemenma;
P=P->next;
if (P) // 6cmaeka 6cepeouHi CRUCKY;

}

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

else cout << “yinvoeozo enemenma 6 cnucky nemac” << endl;
if (P==last) last=Q; // 6cmaska € Kineyb CRUCKY.

else cout << “cnucok nopooicniii — ecmaexa Hemoxcnuea” << endl;

BujajieHHs1 eJ1eMeHTA 3i CIIUCKY

BunaneHHs € NpOTWIKHOIO OIepali€elo 10 BCTaBku. [yist Hel Tex noTpioHo

pO3MIIsAaTH Pi3Hi BapiaHTH BUIYYEHHS €JIEMEHTA.

BujaJjieHHsi eJieMeHTa B 3a/1aHiil NO3UILIT CHUCKY.
[pupoaHo, mo omepamis BHAANCHHS OyAe YCIIIIHOI, SKIIO IO3UIs

BIUTYYEHHS BiATIOBia€ peanbHil KiJIbKOCTI €JIEeMEHTIB y CHHCKY. [0 MoposkHBOTO
CHHCKY Taka OIepallisi B3arajli He 3aCTOCOBYeThCS. J[Is KOpeKTHOi peasizarii
MOCTABIICHOTO 3aBIAaHHS CIIiJ] PO3TILIHYTH TaKi MOXKIIMBI CHTYyaIIil:

BU/IQJICHHS MEPIIOTO i OHOYACHO OCTaHHBOTO €JIEMEHTa, TOOTO €JHHOTO B
CIIHCKY (1Ie BUMAarae 0THOYaCHOTO ONPAIfOBaHHS BKa31BHUKIB first i last);
BUJIQJICHHS IIEpIIOrO €JIEeMEHTa, L0 He €IWHUH y CHHCKY (Lle BUMarae
OTIpAIFOBaHHS BKa3iBHHKA first);

BUJIQJICHHS OCTaHHBOTO €JIEMEHTa, 110 He €IMHUH y CIHCKY (16 BUMarae
OTIpaLlOBaHHs BKa3iBHUKA last);

BUJIQJICHHS €JIEMEHTa BCEPEJHWHI CIHCKY (MOTpiOHO MaTW JOCTyN [0
€JIEMEHTA, 110 MePEeAY€E 3aIaHiil MO3uIlii).

IIpu BumaneHHi moTpiOHO BUKOHATH y BU3HAYECHOMY IMOPSIKY HACTYIHI il

(muB. puc. 14):

1)

2)

BKa3IBHUKOM 3 €JIEMEHTa, M0 Nepeaye MUIbOBIH IMO3UIli, «OOMHUHYTH
€IIEMEHT, 1[0 BUJIYYa€ThCS, Ta aJAPECYBAaTH LeH BKa3IBHUK Ha HACTYITHHN
IiCIIs eIEMEHTa, 10 Buily4daeThes. Lle mpuBe/e 10 «BUMAIaHHS» [LILOBOTO
eJIeMeHTa 31 CIHCKY (mo3HaueHo mudporo I Ha cxemi);

LUIBOBUM €IeMEHT BUIAIAETHLCS 3 JUHAMIYHOI maM’sTi 3a IOIIOMOIOIO
JI0AaTKOBOT 3MiHHOT-BKa3iBHUKa @ (1I03HaUEHO HU(POIO 2 Ha cXeMmi).
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1 =) Pos-1 Q Pos @

first
1 info 1 info info info

next fj’ next --"’®’-_ /49}\__-)"/ next _I’

Puc. 14

IIporpamua peamizariist 1aHO1 orneparrii MOXKe MaTH BUTIISI;

int Pos; cin >> Pos; // Pos — yinb06a nozuyis uOanenmsi;
P=first; // ROYamoxK cnucky;
if (P && Pos>0) // CRUCOK HenopoNCHill;
if (Pos==I1) // 8uOaneHHs nepuioeo enemenma,
if (first==last) // nepuwiuil — €OunuUl y CRUCKY,;
{ first=last=NULL; delete P; }
else // nepuiuii — He €OUHULL Y CRUCKY;
{ first=first->next; delete P; }
else // UOANEHHs HE NEPULO20 eNeMeHma;
{
while (P->next & & Pos>2) // pyx 00 yinboeoi nosuyii;
{ P=P->next; Pos--; }
if (P->next) // yinboea nozuyis docscHyma,
if (P->next==last) // 8UOGNEHHA OCIMAHHBLO20 eAeMEeHMA;
{ P->next=NULL; delete last; last=P; }
else // 8uoanenHs ecepeouti Cnucky.

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

}

else cout<<“cnucox noposcniit yu nexopekmua no3uyin euoanrennn”<<endl;

BunajneHHd ejeMeHTa i3 3a1aHNM 3HAYeHHAM iHdopManiliHOro moJs.

3aranpbHa cxeMa BUKOHAHHS Jil MoaiOHa O BUIIE PO3TISHYTOI oreparii.
ToMy OCHOBHI BHIaJK{ BHJAJICHHS €JEeMEHTa 31 CIUCKY 3a Horo iHpopMaliiHuM
noseM OyIyTh TAKMMHU CAMHMHU.

first P Q @

info info \V info

next _f»_f’ next _——"®/F /ﬁah\---/'/ next f

Puc. 15
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[Iporpamua peasnizamis AaHOT onepanii Mo>ke MaTH BUTIIS:

int X; cin>>X; // X — yinvoee 3navenns enemenma;
P=first; // nouamox cnucky;
if (P) // CRUCOK HEROPONCHIT,
if (P->info==X) // UOANEHHS NEPUIO2O eleMEHmMA;
if (first==last) // nepuiuii — €OUHULL Y CRUCKY,;
{ first=last=NULL; delete P; }
else // nepuiuti — He €OUHUL Y CRUCKY;
{ first=first->next; delete P; }
else // 8UOaNeHHs He nepuio2o eleMeHma;
{
while (P->next & & P->next->info!=X) // pyx 0o yireoeozo eremenma;
P=P->next;
if (P->next) // Yinbosutl enemenm 00CASHYmuil,
if (P->next==last) // 8UOANEHHIA OCMANHLO20 eleMeHma;
{ P->next=NULL; delete last; last=P; }
else // eudanents 6cepeouni Cnucky.

{ O=P->next; P->next=Q->next; delete Q; }
else cout << “yinvoeozo enemenma 6 cnucky nemac” << endl;

/

else cout << “cnucok nopoosicuiii — eudanenns nemodxncauge” << endl;
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3.2. IBOHANTPAMJIEHI CIIUCKH
3.2.1. OrOJIONIEHHS TUITY EJIEMEHTA CITACKY

PosrisiHyTa BHIE CTPYKTypa JaHUX y BUIVISAAL OJHOHAIIPSIMIIEHOTO CIHCKY
MONPU BCl CBOi ITO3UTHBHI PUCH Ma€ CYTTEBWH Henonik. Lle HaBiTh 3akiianeHo B
caMy Ha3By CIHCKY — OOHOHanpsimienuil. ToOTO B TakMX CTPYKTypax TaHUX
MOXJIMBHH TOCIIJIOBHUH JOCTYIl IO €JIEMEHTIB JIMIIE B OJHOMY HampsMi Bij
BEPIIUHHU B TTTHOWHY. Y SBITh CO01 CHTYAIi0, KOJM MOTOYHUM MiCIIEM JIOKaJi3aIii y
JIOCTATHRO JIOBFOMY CIHCKY € OCTaHHIA eJIEMEHT 1 TOTPiOHO IIBHIKO
TIEPEMICTHTHCS Ha CYCiHIN momepenHiii enement. be3 pyxy Bim camoro modaTky
Maibke depe3 yBeCh CHHCOK He o0OiliTica. Jly)ke dYacto B TNPHUKIATHUX
3aCTOCYBaHHAX TIOTPIOHO MaTH MOJMIIMBICTh IIBHIKO TIEPEMIIIyBaTHCA IO
CTPYKTYpi NaHUX y pi3HHX HampsMmax. Taka mpoOiema Moke OyTH BHpilIeHA
[OUITXOM HE3HAYHOTO YCKIAJHEHHS CTPYKTYPH CaMOrO eJIEeMEHTa CIIUCKY —
BBCICHHSM II¢ OIHOTO BKa3iBHOrO TONs (TO3HAYMMO HWOTO prev), sKe
aZipecyBaTHMe TOMepeaHii eneMeHT. [100ynOBaHUII TaKMM YHHOM CIIHCOK BXKE
Oyne dgonanpsamienum i IO HhOMY MOXIIMBHH pyX y IBOX HaIpsMax.

Xoya y BHMNQJKYy JBOHANpPSIMJICHHX CIHCKIB TEX BHKOPHUCTOBYIOTHCS
(ixcoBaHi BKa3iBHUKH first Ha MepIInii eJeMeHT 1 last Ha OcTaHHIHN eJeMeHT, PoTe
HaclpaB/i Take BU3HAYEHHS NOHITh HOYAMOK 1 KiHeyb € YMOBHMMH. AJDKE MpH
pyci 3 mepexomoM dYepe3 BKaziBHE IIOJIE mex!t YMOBHHH II0YaTOK CITUCKY
aJipecyBaTHMEThCS BKa3iBHUKOM first, a HOTO KiHEIb — BKa3iBHUKOM last. SIKio x
JUIL TIEPEeXOMiB BHUKOPHCTOBYBATH BKa3iBHE ITIOJE prev, TO HA YMOBHHH ITOYATOK
CIHCKY BKa3zyBaTuMe last, a BKa3iBHUK first agpecyBatuMme Horo KiHemb. [lo mii
camiif MpUYWHI IS THIHHAX ABOHAIPSMIICHUX CITUCKIB HE POOUTHCS PI3HHUIIT MiX
CTEKOM 1 4epror: cTek, copMOBaHUH BITHOCHO (hiKCOBAHOTO BKa3iBHUKA first i3
nepexoiaMu 1o 3B’SI3Ky mext, — e 4depra, chopMoBaHa BiIHOCHO (iKCOBAHOTO
BKa3iBHUKA 3 TIEpEX0JaMH IO 3B 3Ky prev, i HaBmakd. MoJKHa BBa)XaTH, 0 TaKi
CIFICKH MAIOTh JIBI BEPIINHHU (TOJIOBH), AKi TP POOOTI aOCOTIOTHO PiBHOIIHHI.

He 3MeHmryroun 3aragpHOCTI, TOMOBHMOCS PO HACTYyIIHE: EJIEMEHT, Ha
KWW BKa3ye first, — nouamox CINCKY, a €JIEMEHT, Ha KWW BKa3ye last, — kiHeys
criucky. O4ueBHIHO, 0 1 BKa3iBHE TOJIE prev i3 TepIIoro eIeMeHTa Ha TIOTepeIHiH,
1 BKa3iBHE II0JIc mext 3 OCTaHHBOTO EJIEMEHTAa Ha HACTYIHUH BKa3yBaTUMYTh «B
HIKyIW», TOOTO MaTUMyTh 3HaueHHs NULL.

3HOBY npuiiMaeMo B sIKOCTI 0a30BOro THIy iH(GOPMAaLIHHOTO MO JaHHUX
THII UIMX ducen int. [IporpamHua peasizaiisi MOBOIO C++ OTroJIONIEHHS CICKOBOTO
TUITY Ta JCSIKHX HEOOXITHUX CTATUYHUX 3MIHHUX MOXeE OyTH TaKOIo:

struct List 2
{
int info;
List 2 * next, * prev;
5
List 2 * first, * last, * P, * Q;
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3.2.2. OCHOBHI OIIEPAIIII ITO OBPOBII JBOHAIIPSIMJIEHUX CIUCKIB

CTBOpEHHS CINUCKY

Xoua, sIK BXxke OyJI0 TOMOBIEHO, POPMYBAHHS CITUCKY YMOBHO IPOBOIUTHCS
3a MPHUHIIAIIOM CTEKY BiTHOCHO (DiKCOBAaHOTO BKa3iBHUKA first, IpoTe Iei mporiec
nofioHu# 1o QopmyBaHHA 4Yepru. AKEe OJHAKOBO TOTPIOHO BHKOPHUCTOBYBATH
(bikcoBaHMii BKa3iBHUK last Ha OCTaHHINA CJIEMEHT CIUCKY, KU HacmpaBiai Oyxe
BBe/ICHUH repiuM. Beck mporiec ckiiaaeTbes 3 TPhOX €TalliB.

1) cTBOpEeHHS MOPOKHBOIO CIHUCKY:

first last
1 j first=last=NULL;
NULL

Puc. 16

2) yBeAEHHS MEPIIOTO HOBOTO €JIEMEHTa!

~~= NULL =~
first ~| >~ last
@ @ P=new List 2;
inf cin >> P->info;
@ info P->next=P->prev=NULL;
P next @ first=last=P;
@J,_ prev L NULL
NULL
Puc. 17

3) yBeIeHHS PEIITH HOBUX €IEMEHTIB:

Sor (int i=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 N-1 N-2

-~ info info
next next F——
----------- - prev |« prev |=——m
N @
info
next @
prev
Puc. 18

Ilomyk e1eMeHTa B CHUCKY

Peanizanis mnomryky eneMeHTa 3a pI3HUMH KPHUTEpPiIMH CHIBIAJae 3
AQHAJIOTIYHUMHM OllepalissMU Ul OJHOHANPSIMJIICHOTO CIIMCKY. 3BHYaiHO, 1€
CTOCYEThCSI BHIAJKy, KOJM pyX JO TOTPIOHOrO elleMeHTa 3/iHCHIOEThCS
nepexofaMu MO 3B’SI3KaX mext BiJl MOYATKy CIUCKY. SIKIIO X ISl AOCTYyIy IO
€JIEMEHTa BHUKOPHUCTOBYIOTBCS IEPEXOAN IO 3B’SI3KaX prev Bif KiHIA CIHCKY, TO
PO3TISHYTI paHimie pparMeHTH MPOTPaMHOTO KOy HEBAXKKO MEPEPOOHTH, B3aEMHO
3aMiHMBIIH ineHTH(iKaTOPH first Ha last i last Ha first, a TakoX next Ha prev i prev
Ha next.

BceTaBka HOBOIO €J1EMEHTA B CIIHCOK

Posrisaemo Taki cami BapiaHTI/I BCTaBKH HOBOI'O €JICMCHTA, 110 u JIIsL
OAHOHAIIPAMIICHUX CIIHMCKIB.

BcTaBka HOBOIO €JIeMEHTA B 3aIaHY MO3UILII0 CIMCKY.

[IpuitmaeMo aHaJOTiUHI OMOBJIEHOCTI: SKIIO TO3HWIliS BCTaBKH MEHIIE
OJIMHUII, TO BUKOHYETHCS BCTABKa Ha MOYATOK CIHCKY; SIKIO MO3MUIMsI BCTABKH
MEePEBHUIIlYE PEAIbHY KUIBKICTh €JIEMEHTIB y CIHCKY, TO BHKOHYETHCSI BCTaBKa B
KiHenp criucky. Crtiff Tak caMo mepeadaduT KOPEeKTHY MPOTpaMHy peaizamito Jis
KOYKHOTO 3 MOXKITHBHX BHIIAJIKIB:

e BCTaBKa B MOPOXKHIH CIHUCOK;
e BCTaBKa Ha MIOYATOK CIIHCKY;
e BCTaBKa B KiHEIb CIHCKY;

® BCTaBKa BCEPCIUHI CIUCKY.

Ha BigMmiHy BiI OJHOHANpPSMJICHUX JJs JBOHANPSMIICHUX CIIMCKIB HE
moTpiOHO MaTH JOCTYI NIO €JIEMEHTa, IO TepeAye 3alaHii MO3WIii, a CIIiJg MaTH
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BKa31BHHK O€3II0CEpETHRO Ha TO3UIIiI0 BCTaBKU. KOpekTHE 3B’s13yBaHHS BKa3iBHUX
ITOJIiB HOBOTO €JIEMEHTa 3 HACTYIHUM Ta TOIEPEeIHIM eJIEeMEHTaMH pPeali3yeThCs
BiJIMTOBITHOIO KOMOIHAIIIE€I0 OTepalii HaJl BKa3iBHUKaMU kext i prev. Ilicas mporo
MOJKHa «pO3ipBaTH» 3B’S3KM MK ICHYIOUHMH €JEMEHTAMH CIIHCKY B MO3HIIii
BCTaBKHU Ta aJpecyBaTH 3BUIFHEHI BKa3iBHUKU HA HOBHH eleMeHT. CXeMaTHIHO IIe

MOJKHA 300pa3uTH TaK:
P
Pos-1 1 Pos
info info

—| next <m~<-——"""""=5 next |—
-~ prev |17 -----

prev |=——m

info

next
prev

Puc. 19

[Iporpamua peainizaliis gaHOi oneparii MO>Xe MaTH BUIJIS:

QO=new List 2; cin>> Q->info; // cmeopeHHs HO8020 enemMenma;
int Pos; cin >> Pos; // Pos — yinboséa no3uyis 6CmasKi;
P=first; // nouamok cnucky;,
if (!P) // 6CMasKa 6 NOPONCHilL CRUCOK;
{ O->next=Q->prev=NULL; first=last=0Q; }
else // 6cmaeKka 6 HeNnoOPOJICHIN CRUCOK;
if (Pos<=1) // 6cmaska na ROYamoK CRUCKY;
{ O->prev=NULL; Q->next=first; first=Q; }
else // 6cmaska He Ha NOYAMOK CRUCKY,
{
while (P & & Pos>1) // pyx 00 yinbosoi nozuyii 6cmaski;
{ P=P->next; Pos--; }
if (P) // 6cmagka écepeduHi CRucKy;
{ O->prev=P->prev; Q->next=P; P->prev->next=Q; P->prev=0Q; }
else // 6cmaeka 6 Kineyb CHUCKY.

{ O->prev=last; Q->next=NULL; last->next=Q; last=0Q; }
/
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BceTraBKa HOBOIO e€JIeMEHTA Iepel eJIeMeHTOM i3 3aJaHHM 3HAYEHHSIM

indopmauiiiHoro moJis.

JlomoBneHocTi, 1O OyauW TPUAHATI I OJHOHANMPSAMIICHUX CITHUCKIB,

3anumaeMo B cwii. [IpomoHyeThCs peami3amlisi BCTABKHM HOBOTO €JIEMEHTa JUIA
TaKUX BUITAJKIB:

BiIMOBA BiJl BCTABKH B TIOPOKHIN CITUCOK;

BCTaBKa Nepes NepLIuM eJIeMEHTOM, TOOTO Ha [TOYaTOK CIHCKY;

BCTaBKa BCEPE/IMHI CIIMCKY Iepell AOBUILHUM €JIEMEHTOM, Y TOMY 4YuCIi i
mepe]] OCTaHHIM;

BiZIMOBa Bijl BCTABKH Y BHIAJIKY BiJICYTHOCTI 3aJIaHOTO €JIEMEHTA B CITUCKY.
[MocninoBHICTH Il MO 3B’A3YBaHHIO €JIEMEHTIB BKa31BHHKAaMH aHAJIOTI4HA

nomneperHpOMy BUMaiky. Ilporpamna peanmizaris naHoi omepauii MoXe MaTH

BHTJISI:
O=new List 2; cin >> Q->info; // cmeopenna HO6020 eneMenma;
int X; cin>>X; // X — yinvoee 3navenns enemenma;
P=first; // nowamok cRucky;
if (P) // CRUCOK HEROPONCHIT,
if (P->info==X) // 6cmaska Ha NOYAMOK CRUCKY,
{ O->prev=NULL; Q->next=first; first=Q; }
else // 6cmaska He Ha NOYAMOK CHUCKY,
{
while (P & & P->info!=X) // ROWLYK YiNb0B020 eeMenma;
P=P->next;
if (P) // 6cmagka 6cepeduHi CRUcCK).

{ O->prev=P->prev; Q->next=P; P->prev->next=Q; P->prev=0Q; }
else cout << “yinvosozo enemenma 6 cnucky nemac” << endl;

}

else cout << “cnucok nopooicuiii — ecmaexa Hemoxcnuea” << endl;

BcraBka HOBOIO ejleMEHTA HWic/sl _ejJeMeHTa i3 3aJaHUM 3HAYeHHAM

iHdopMmaniliHoro moJjs.

3HOBY 3aJIMIIAEMO B CHJI Ti cami JOMOBJIEHOCTI, IO Oyau HPUHHATI IS

OAHOHAIIPAMIICHUX CIIMCKIB. HpOHOHy€TLCH peanisauiﬂ BCTaBKH HOBOTI'O CJICMCHTa
JUIA TaKUX BI/IHa,HKiBZ

BiJIMOBA BiJl BCTABKH B TIOPOKHIN CITUCOK;

BCTaBKa BCEPEAMHI CHUCKY IMICIA JOBIIFHOTO €JIEMEHTa, Y TOMY YuCHi U
TTiCTIS TIEPIIIOTO;

BCTaBKa IiCIIsI OCTAHHBOTO €JIEMEHTa, TOOTO B KiHEIh CITUCKY;

BiIMOBA BiJl BCTaBK{ y BUIIAJIKY BiICYyTHOCTI 33JaHOTO €JIE€MEHTAa B CIIHCKY.
[MocninoBHICTH Ail TO 3B’SI3yBaHHIO CJICMCHTIB BKA3iBHUKAMHU aHAJIOTiYHA

MOTEPEeTHOMY BHMAAKy. [IporpaMHa peanizamis HaHOi omeparii MOXXKe MaTH
BUTIIS:
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O=new List 2; cin >> Q->info; // cmeopenna HO6020 eneMeHma;

int X; cin>>X; // X — yinvoee snavenns enemenma;
P=first; // noYamox cRucky;
if (P) // CRUCOK HEROPONCHIT,
while (P & & P->info!=X) // ROWyK Yinbosozo eremenma;
P=P->next;
if (P) // Yinbosuil enemenm 3HaAOeHo;
if (P==last) // 6cmagka 6 Kineyb CRUcKy;
{ O->prev=last; Q->next=NULL; last=0Q; }
else // 6cmaska 6cepeOuti CRUcKYy.

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

else cout << “yinvosozo enemenma 6 cnucky nemace” << endl;

}

else cout << “cnucok nopooichiii, ecmasxa nemosxncausa” << endl;

BujaJjieHHs eJieMeHTa 3i CIHUCKY

BunaneHHs € NpOTWIC)KHOIO OIepalii€elo 10 BCTaBku. [yist Hel Tex noTpioHo

pO3MIIsAaTH Pi3Hi BapiaHTH BUIYYEHHS €JIEMEHTA.

BujaJjieHHsi eJieMeHTa B 3a/1aHiil NO3UILI CHUCKY.
JIist KopeKTHOT pearmizallii MoCTaBIeHOTO 3aBIaHHsI CIIiJ] OKPEMO PO3TIITHYTH

TaKi caMi MOXKITUBI BUTIAKH, IO ¥ JUIS OJJTHOHATIPSMIICHUX CITUCKIB:

BiIMOBA Bij omepailii HaJ| ITOPOKHIM CITHCKOM;

BHIAJICHHS MIEPIIOro i OAHOYACHO OCTAHHBOTO €JIEMEHTa, TOOTO €IUHOTO B
CIHCKY;

BUJIAJICHHS MIEPIIOTO eJICMEHTA, 0 HE €JWHUI Y CITUCKY;

BUJIAJICHHS OCTAHHBOT'O SJICMEHTA, 10 HE €IMHUI Y CITUCKY;

BUJIAJICHHS €JIEMEHTA BCEPE/IMHI CITHCKY.

IIpu BumaneHHI HEOOXITHO CMOYATKY BUKOHATH TaKi JIii: BKa3iBHUKOM Hext

3 eJeMeHTa, 10 MepeAye UUIbOBIH NO3ulii, «O0OMHHYTH» €JIEMEHT, IO
BWIIy4Ya€ThCs, M afpecyBaTH Lieil BKa3IBHUK Ha HACTYITHUH ITICNIS eJeMEHTa, IO
BIJTYJA€THCS;, BKA3IBHUKOM prev 3 €JIeMEHTa, IO CIIAYe MICIs MiTbOBOI MO3MIIIL,
«OOMHHYTH» €JIEeMEHT, L0 BHJIY4YaeTbCs, W aJapecyBaTH LeW BKa3iBHUK Ha
HOIepe/IHIH Nepex eleMeHTOM, L0 BHIy4aeThes. lle mpuBene 10 «BUITQJAHHS»
LiIbOBOrO eyieMeHTa 31 crucky. Ilicis Iboro meil eJIeMEeHT MOXKHA BHIAIUTH 3
OMHAMIYHOT aM’siTi, KOPHCTYIOUHCh JOJATKOBOK  3MiHHOIO-BKa3iBHHUKOM.
CxeMaTHU4HO 11e MOXKHA 300pa3uTH TakK:
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info \.info A info
— next g}@ ————— next p—
~— prev |e=--}prevN<<-_{ prev |«—
\y
Puc. 20

IIporpamua peaizariis 1aHO1 orneparii MOXe MaTH BUTIISL;

int Pos; cin >> Pos; // Pos — yinboea no3uyis 6u0anens;
P=first; // ROYamoxK cnucky;
if (P && Pos>0) // CRUCOK HEenoPOACHilL;
if (Pos==I1) // 8uOaneHHs nepuloeo enemenma,
if (first==last) // nepuwuil — €OunuUl y CRUCKY,;
{ first=last=NULL; delete P; }
else // nepuiuti — He €OUHUL Y CRUCKY;
{ first->next->prev=NULL; first=first->next; delete P; }
else // BUOGNEHHA He Neputozo elemMenma,
{
while (P & & Pos>1) // pyx 00 yinboeoi nosuyii;
{ P=P->next; Pos--; }
if (P) // yinbosa nosuyis docsieHyma,
if (P==last) // BUOANEHHS. OCMAHHBO2O eNeMEHMA;
{ P->prev->next=NULL; last=P->prev; delete P; }
else // 8uodanenHs 6cepeouri CHUCKY.

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

}

else cout<<“cnucox noposicuniit yu Hexopekmua no3uyin euoanrennn”<<endl;

BujajieHHsI e1eMeHTA i3 3aJaHUM 3HAYEHHSAM iH)OPMAaIiHHOT0 1Mo,

3aranpbHa cxeMa BUKOHAHHS il MoaiOHa O BUINE PO3TISHYTOI oreparii.
ToMy OCHOBHI BHUIAaIKN BHUAAJICHHS €JIEMEHTAa 31 CIMCKY 3a Horo iHdopmariifHmm
nojieMm OynyTh Takumu camMmumiu. [Iporpamua peaizaiis 1aHoi oneparii MoXe MaTH
BHIJISI;

int X; cin>>X; // X — yinvoee snauenns enemenma;
P=first; // ROYamoK cnucky;
if (P) // CRUCOK HEROPONCHIT,
if (P->info==X) // UOANEHHS NEPUIO2O eleMEHmMA;
if (first==last) // nepuiuii — €OUHULL Y CRUCKY;
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{ first=last=NULL; delete P; }

else // nepuiuii — He €OUHULL Y CRUCKY;
{ first->next->prev=NULL; first=first->next; delete P; }
else // 6uOaneHHs He Neputoeo elemenma;
{
while (P & & P->info!=X) // pyx 00 yinbosozo eremenma;
P=P->next;
if (P) // Yinbosuil eemenm 00CASHYmuil,
if (P==last) // BUOANEHHS OCMAHHLO20 eleMeHma;
{ P->prev->next=NULL; last=P->prev; delete P; }
else // 8uoanenHs ecepeouti Cnucky.

{ P->next->prev=P->prev; P->prev->next=P->next; delete P; }
else cout << “yinvosozo enemenma 6 cnucky nemac” << endl;

}

else cout << “cnucok nopooicniii — eudanennsn nemodciuge” << endl;
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3.3. IUKJITYHI CITUCKHA

Luxniuni cnucky — e Taka ocoONMBa TpaHc(hOpMAaIlisl TIHIHHUX CIHCKIB, Y
SIKMX TTOYATOK 1 KiHEIh 3B’ s13aHi M’k CO0010, TOOTO BOHHM 3aMKHYTI B KiJIbIIE.

SKmo po3miAgaTH NUKIIIYHI OJHOHANPSIMIICHI CIIMCKH, TO BKa3iBHE IOJIE
OCTaHHBOTO eJieMeHTa ajpecyeThcsi He B NULL, a Ha TepUINid eJIeMeHT, TOOTO
TyIH, Ky BKa3ye first.

first last
info info info

next next f f next

Puc. 21

VY BuUmaaKy MUKTIYHUX ABOHAIPSMIICHHX CIHUCKIB MOMIOHHWH 3B 30K MiX
YMOBHUMH ITOYATKOM 1 KiHIIeM OyJie 1o 000X BKa3iBHHX IOJISAX: BKa3iBHE TOJIE next
OCTAaHHBOTO eJIeMEeHTa ajpecyeThbcs He B NULL, a Ha mepiiuii eJIeMeHT, TOOTO
Ty, KyId BKa3ye first; BKa3iBHE TOJIC prev MEPIIOoro eIeMEHTa aipecyeThCs HE B
NULL, a Ha ocTaHHI} eleMeHT, TOOTO TyAH, Kyu BKa3ye last.

first last
info info info info
next »| next
prev |- prev |=——mm ~
next
prev
Puc.22

BpaxoByroun OesmocepeqHiii 3B’S30K YMOBHO TIIEPIIOTO Ta YMOBHO
OCTaHHBOT'O €JICMEHTIB, Bl (hikCOBAHOTO BKa3iBHHUKA last MOXHA BIIMOBUTHCS.

Y OaraThOX BHNAIKaX NPaKTUYHAX 3aCTOCYBaHb MUHAMIYHHX CTPYKTYP
JAHUX BHUKOPHCTaHHS IUKJIIYHUX CIHCKIB Mae psJ mepesar. 30Kpema, IIe
CTOCYEThCSI OOPOOKM TIOCHIJOBHOCTEH (DYHKIIOHATHHHUX CJICMCHTIB, HATIPHKIAT,
KOPHUCTYBaIbKMX MEHIO iH(pOpMaLiiiHuX cucteM. Bukopucranus B sikocTi 6a30Boi
CXEMH CaMe€ IHMKIIYHHX CTPYKTYp IO3BOJISE€ IIBUAKO IIEPEXOTUTH 3 KIiHIS Ha
NoYaToK 200 HABMAKH IPH PYCi JIUILE B OJHOMY HAPsIMI.

Peaxizamis Oiumpmmocti omepariii mo oOpoOIi NHUKIIYHAX CHHCKIB HE MAae
NPUHITUIMOBUX BIAMIHHOCTEH BiJl aHAJOTIYHUX OIEpaIiil A JIHIHHUX CIIHCKIB.
BinMiHHiICTE NHIIEe B 3HAYCHHI BKA3iBHOTO MO YMOBHO OCTAHHBOTO CIEMEHTA
CIHCKY: 3amicTh 3HaueHHs NULL BOHO Ma€e Take came 3Ha4€HHS, sIK 1 first.
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3.3.1. OCHOBHI OIIEPAIIII ITO OBPOBILI HUKJIITYHUAX CIIMCKIB

He 3MeHmyroun 3araibHOCTi, pPO3MVITHEMO JeKiJIbKa orepariii  Haf
OJTHOHATIPSMIICHUMHY IIUKJIIYHUMU CITUCKaMU. Pelnrta ormepartiii Ta ix peamizartis 1is
JIBOHATIPSMIICHUX ITUKITIYHUX CITMCKIB 3IHCHIOETHCS 32 aHAJIOTIEIO 31 3BUYAHUMU
JMHIAHUMY CTIHCKaMH.

CTBOpPEHHS CIUCKY

BpaxoByioun BHM3HAYaJIbHUH TNPHUHIMI OpraHizamii IMKIIYHUX CIIUCKIB,
HEeMae 3MICTy PO3TJIsiaTh MTOPOsKHI ciucku. [IpoTe X moOynoBa MoXKe MOYHHATUCS
3 eTaly TOPOXHBOTO CHHCKYy, MO0 HE BIIXOAWTH Bi 3arajlbHOI CXEMH
KOHCTPYIOBaHHS JIIHIHHUX CIIHCKIB.

Hezanexxno Big Toro, skuii npuHOHI (opMyBaHHSA (CTEK YH depra)
MMOKJIAZICHO B OCHOBY, NIl peaii3amii 3B’S3Ky OCTaHHBOTO €JEMEHTa 3 TEPIINM
MOTPiOHO BUKOPHCTOBYBAaTH JABa (iKCOBaHI BKa3iBHHUKH: first — Ha YMOBHUA
moyatok Ta last — Ha yMOBHHH KiHEIb CITMCKY. YBEICHHS HOBUX CJICMCHTIB
nependavae X po3MmilleHHs1 a0o Micisl eleMeHTa, Ha SIKWi paHilie BKazyBaB last,
a0bo mepes eeMeHTOM, Ha SIKHI paHille BKazyBaB first, TOOTO (pakTHYHO MiXK HUMH.
Ha nepmmii moruisi HiOu Hemae skoaHOl pisHuii. [Ipote B mepiiomy Bunanky last
3MIHIOE CBO€ 3HA4YCHHS, a first 3ajuIIacThcss HE3MIHHMM — Lie Oyzne uepra. A B
JPyroMy BUINAJKY first 3MiHIOE CBOE 3HAU€HHS, a last 3a/IMINAETHCS HE3MIHHUM —
e Oyne crtek. PizHuus Oyne B MOPSIKY CiJyBaHHS €JIEMEHTIB IPHU HEepexoaax
4epe3 BKa3iBHE MOJIC next:

1) CcTBOpEHHS MOPOKHBOTO CITHCKY:

first last first=last=NULL;

NULL
Puc.23

2) yBeJleHHS TIepIIOTO HOBOTO EIEMEHTa!

-~ NULL=~ P=new List_I;
first ~<{ Y~ last cin >> P->info;
@ info @ first=last=P;

last->next=first;

P@ next @

Puc. 24
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3) yBeICHHS peIITH HOBUX eneMeHTiB. Lleil etan He MOkHA 00’ €IHYBaTH 3
norrepenHiM. BiH MaTnme BiIMIHHOCTI B peaii3atiii npu moOyI0Bi CTeKy i 4epru.

VY Bunagky ¢opMYBaHHS CHHMCKY 32 NPUHIMIIOM CTeKY BKa3iBHUK first
Oyne mepeagpecoByBaTHCS Ha KOXXEH HOBHUH €JIEMEHT, a BKa3iBHUK last
3aUIIaTHMEThCS 0e3 3MiH:

first ag-=- - . N-1 ! last
o info info
/,/""_/ next f o S| next
N
<P info

Puc. 25

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

v BUIIAJKY ShOEM!BaHHSI CIMCKY 32 NMPUWHIMUIIOM Y€pru BKa3iBHUK last

Oyne mepeanpecOBYBaTHUCS Ha KOXKCGH HOBHUI €JIEMEHT, a BKa3iBHHK first
3aTUIIATHMETHCS 03 3MIH:

first ! N-1 S last

info info L

next f _J’ next |k----

Puc. 26
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Sor (inti=1; i<N; i++)

{
P=new List_1;
cin >> P->info;
P->next=first;
last->next=P;
last=P;

/

Ilomyk e1eMeHTa B CHUCKY

PosrisiHemMO Uil MPHKJIAAy NOUIYK MEPUIOro BXO/KEHHS eJieMeHTa i3
3aJ]aHUM _ 3HAYeHHAM _indopmaniiinoro mousi. Tyr moBHa aHaoTia 3
OJTHOHAMPSMIICHUMH JIHIHHUMHU CIHCKaMH 32 BHKIIIOYEHHSIM YMOBHU 3YIHHKHU MPH
MMOBEPHEHHI Ha T0YaTOK CIIMCKY Y BHIIQJIKy HEraTHBHOTO pe3ynbrary. IIporpamua
peaizariis oneparii MoXe MaTH BUTJIS;

int X; cin >> X;
int i=1;
P=first;
if (P)
{
while (P->next!=first & & P->info!=X)
{ P=P->next; i++; }
if (P->info==X)
cout << “enemenm € 6 nosuyii ”’ <<i << endl;
else
cout << “yinvoeozo enemenma nemae” << endl;
/
else
cout << “cnucox nopoxcuiin” << endl;

UnTayy NPONOHYETHCS CAMOCTIHHO peali3yBaTH pelTy olepamiil as
IUKJIIYHUX OJIHO- Ta JIBOHANPSMIICHNX CIUCKIB (BCTABKA, BUAAJEHHS).

104



PO3JILI 4
PO3TAJIYKEHI BATATO3B’SI3HI CIIUCKA

4.1. TIEPEBA

OkpiM pO3MIISIHYTHX BHIIE JIHIHHUX Ta UMKIIYHUX OJHOHANpPSMIEHUX abo
JIBOHANPSMIIEHUX CIMCKiB, B OOYMCIIIOBAJIbHIM MpaKkTUIl HAOYJIH IIUPOKOTO
BUKOPHUCTAHHSI 0araTo3B’s3Hi CIHCKH 31 CKJIJHOK PO3railyxeHor OymoBoro. o
TaKHX CTPYKTYpP JaHWX MOKHA BiTHECTH Tak 3BaHi depesa, Jicu.

Hepeso — 11e GaraToHaNPSIMIICHUH CIIMCOK 3 PO3TaTy’KEHOIO CTPYKTYPOIO, y
AKOMY KOXXEH €JIEMEHT, OKpiM iH(opMamiifHOTO ™o, Mae AesKy (ikcoBaHy
KUTBKICTH (HE MEHIIIE IBOX) BKa3iBHUX IOJIIB Ha iHIIII €IIEMEHTH IHOTO K CITHCKY.

Umcno BKa3iBHUX IIONMIB y CIPYKTYypi €JEMEHTIB JepeBa, MO0 €
BU3HAYaJILHUM IIPU OT'OJIOIICHHI THUIY CITUCKY, HA3UBAETHCS PO3MIpHICMIO Oepesa.
KosxeH 13 Takux BKa3iBHHKIB MOke ab0 aJpecyBaTH SIKUICH €JIEMEHT CIIUCKY, abo
OyTH BiJIbHUM, TOOTO BKa3yBaTH «B HIKyJM». 3arajibHa KUIBKICTb €JIEMEHTIB, IO
YTBOPIOE TaKUi CIHUCOK, BUSHAUAE pO3MiIp depesa.

Taki criucku 3a OyZ0BOIO HaraaylTh 3BUYAiHI JiepeBa, TUIBKU NEePeBEPHYTI
KOopeHeM Joropu. [IponoHoBaHe TpakTyBaHHs OyIOBH CIUCKIB-IEPEB € JOCTAaTHBO
yMOBHMM. [l11 3pydYHOCTI Ta 3 METOIO MOJETIICHHS PO3YMIHHSA aJITOPHTMIB
00pOOKH TOMOBHMOCS, IO MEPIINI €IEMEHT Takoi CTPYKTYpPH IaHHUX — L€ TaK
3BaHa KOpeHesa eepulna, abo MPOCTo Kopinb. BiH — eIMHNIN eIEMEHT Ha MepUIoMY
piBHi gepea. KopiHb MoOke MaTH JAESKY KiJIBKICTh NPHJIETINX HOMY BEpIINH
JpYyroro piBHA. Y CBOIO Yepry Iii BEPIIMHHA MOXYTbh MaTH CBOT IPHJIETIII €JIEMEHTH
TPEThOTO PIiBHSA 1 T.O. Y KOXHOMY IHIOIOMY BHIQAKY KUTBKICTD MPHIICTIIHX
€JIEMEHTIB MOXKe OyTH pi3Ha, aje He MOXKE MEePEeBHUIYBaTH PO3MIPHOCTI Aepesa.
EnemeHTH BCiX piBHIB, IOYMHAIOYM 3 JPYroro, YTBOPIOIOTh TaK 3BaHY KPOHY
Oepesa.

SIk Bxke OyJo CKa3aHO, BCi €JIEMEHTH JiepeBa, y TOMY YHCII W KOpEHeBa
BEpIIMHA, MOXXYTh MAaTH Pi3HY KUIBKICTh NMPHIETINX iM €JIEMEHTIB HACTYITHOTO
piBHi. Bepmmuu nepeBa, sKi HE MAarOTh JKOJHOTO TIPHJIETIIONO e€JIeMEHTa
HACTYITHOTO PiBHS, TOOTO BCi iX BKa3iBHI MOJIA BUIBHI, HA3MBAaTUMEMO BUCAUUMU
sepuwunamu abo aucmkamu oepesd. JINCTKN MOXYTh OyTH Ha OyIb-IKOMY piBHI
nepeBa. BepmmHu gepeBa, sKi MalThb Xo4ya O OAWH NPWIETIHH EIEMEHT
HaCTyITHOTO piBHA Ta Xoda O OJHE BiUIbHE BKa3iBHE I0JIe, TOOTO 4YacTWMHA iX
BKa3iBHUKIB € 3B’S3aHUMM, a 4YacTHHA BKa3zye «B HIKYAW», Ha3UBaTUMEMO
Haniggucsuumuy eepuunamu abo citkamu Oepesa. BepmmHu nepeBa, BCi BKa3iBHI
MoIsl SKUX € 3B’SI3aHMMH 3 MPWIETIMMH €IEMEHTAMH HACTYIHOTO PiBHS,
Ha3UBATUMEMO 8Y3106umMu gepuiunamu ado mpocto gysnamu. OUEeBHIHO, KPOHY
JiepeBa YTBOPIOIOTH yCi BY3JIH, TUIKH 1 JMCTKHA 3a BHKIIOYEHHSM KopeHs. Cam
KOpiHb JaepeBa Moke OyTH SK BY3JIOM, TaK 1 TiIKOIO, 1 HaBiTh JHCTKOM. B
OCTaHHbOMY BHIIA/IKY JIEPEBO CKIIAIA€THCS JIUIIIE 3 OHOTO EJIEMEHTA.

Ha BinMminy BiA JNiHIHHUX a00 IUKIIYHUX JBOHANPSMIICHUX CIHCKIB Yy
JiepeBax HEMae TOCIIJOBHOTO JOCTYITY O €JIEMEHTIB. TouYHiIIe, mepeMillieHHs 1Mo
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JepeBy nepeadayae MOCHIZOBHI MEPEXoay 3 MOTOYHOTO PiBHS Ha HACTYIIHUH, ane
IpH IFOMY Ha KOXHOMY piBHI MOXIHBHHA Tepexii Ha OOWH i3 JEKIIBKOX
€JIEMEHTIB, 110 aAPECYIOTHCS BKAa3iBHUMH TOJSMHU ITOTOYHOI BepmnHH. OUeBUIHO,
IO JOCTYN 1O €JIEMEHTIB JepeBa pealli3yeThCsl depe3 KOPEHEeBY BEpUIMHY. YCiM
orepanisM o o0polIIi epeB y SKOCTI mapaMeTpa MmepeaaBaTuMEThCs caMe KOPiHb.
Tomy mipu ix mporpamHiit peamizarii 000B’I3K0B0 Ma€e OyTH (iKCOBaHUIT BKa3iBHUK
Ha KOpeHeBY BepiuuHy. [lozHayaTuMeMo Horo fop — BEpILIUHA.

HesanexxHo Bif po3MipHOCTI BCi JepeBa € PEeKypCHBHUMH CTPYKTYpaMu
JaHux. AJDKe NepeBo — e a0 IMOPOXKHIM CnHcoK, abo HEMOPOXKHIN CIHCOK,
KOpEHEBa BEPIIMHA SKOTO B SIKOCTI HPWIETIIMX CTPYKTYpP AaHHX Ma€ AepeBa Takoi
K PO3MIPHOCTI, ajJie MEHIIIOTO PO3MIipy — niddepesd.

[oniOHuii crocid KOHCTPYIOBaHHS CHHMCKIB MOXHa 3acTOCyBaTH 1 Yy
BUNAJKaX, KOJH iX €JIeMEHTaMH € Wil JepeBa. Taki CIHCKH 3 JepeB YyTBOPIOIOTH
OimpII CKIAmHy JAWHAMIYHY CTPYKTYpy JaHux — Jic. IIporpamyBaHHS 3
BUKOPUCTAHHSAM CTPYKTYpPOBaHUX (CKJIaIeHNX) KOMOIHOBAaHHMX THINB JAaHUX 3
ANbTCPHATHBHUMU TOJAMH (06 ’€onanna B MmoBax C/C++, 3anucu 3 eéapianmamu B
MmoBax [lackamb, Delphi) mo3BomsroTe OynyBaTH JicH HaBIiTH i3 AepeB pPi3HOL
PO3MIpHOCTI.

4.2. BIHAPHI TEPEBA

B oOuuncmioBanpHilf MpakTHI IIMPOKOTO 3acCTOCYBaHHSI HaOyB OIWH i3
MPOCTIMINX PI3HOBUAIB PpO3TalyXEHUX CIHUCKIB — OiHapHi Oepesa. 3 Ha3BH
3pO3yMLIIO, IO TaKi JepeBa MAIOTh PO3MIPHICTH 2, TOOTO KOXKEH CIIEMEHT, OKPIM
iH(pOpMAaIiIHHOTO 1OJIs, MaTUME JIBa BKA3IBHUKH Ha J1Ba MPUIIECTIINX HOMY €JIEMEHTH
HacTynmHoOro piBHA. Taki CHHCKHM 3pYyYHO BUKOPHUCTOBYBAaTH IIPH IIPOTPaMHIH
peaiizamii aaropuTMiB, SIKi IepeadavaroTh OpraHizallilo JUHAMIYHOI CTPYKTYypH
JIAaHUX 3a JIesIKOI0 OiHApHOIO O3HAKOIO: YMOBHO 3JIiBa BijJ ITOTOYHOTO €JIEMEHTA
PO3MIIIyBaTUMEThCSL niddepeso 3 MeHwumu Kuouyamu ado Jjiee niodepeso, a
YMOBHO cClipaBa — niddepeso 3 Oinbuumu Kuoyamu abo npase niooepeso.
3po3ymisio, 0 MOXKYTh OYTH €JIEMEHTH 3 OJTHAKOBUMHU 1HPOPMAIliHHUMU TTOJISIMH.
TTonepeHbO CITiJT BU3HAYMUTHUCS 3 HAMPSMOM 3B’S3yBAaHHS €JIIEMEHTIB 3 PIBHUMH
KII0OYaMU: BOHH TIOMAJaTHMYTh BHKIIOUYHO abo B JiBe, a0 B MpaBe MianepeBo.
Amxe GiHApHICTH 03HAKH Tepeadayae JBi MPOTHIICKHI YMOBH. SIKIIIO0 BUKOPHCTATH
JIepeBo po3MipHOCTI 3, TO MOXXHa peani3yBaTH AMHAMIYHY CTPYKTYpY JaHUX 32
TPHUHAPHOIO 03HAKOIO (3 YMOBaMH IIEPEXOY: MEHIIE, TOPIBHIOE, OlIbILE).

ITpu poGoTi 3 OiHapHUMH JepeBaMH, OKpIM aHaji3y BY3JiB, T'UIOK Ta
JIMCTKIB, TAKOX BU3HAYAIOTh 1X rabapUTHI MapaMeTpH — GUCOMY Ta WUPUHY Oepesad.

Ulupunoro binapnoco Oepeéa HA3UBAETbCS CyMapHE YHUCIO TEPEXOJiB,
BUKOHAHHUX IO BKa31BHHUKY BJIIBO BiJl KOPEHsI O HAWMEHINIOr0 (KpalHBOIO JIiIBOTO)
eleMeHTa Ta 10 BKa3iBHHUKY BIIPaBO BiJl KOPEHA OO HAHOINBIIOro (KpaiHBOTO
MPaBOTO) €JeMEeHTa, Ta 30UTbIIIEHE Ha OAMHMINI0 33 PaxyHOK CaMOro KOpPEHS.
[ammmu cnoBamu, wupuna 6inapno2o depeéa — 1€ YUCIO TUX HOTO BEPILIUH, IO
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3B’s13aHi IlepexojaMu BIIiBO 1 (a00) BIpaBO Ta yTBOPIOIOTH JIaMaHy, sIKa OTHHAE
3BepXy [HepeBO BiJ KpaiHboi JiBOi BEpIIMHM dYepe3 KOPEHEBY BEPIIMHY [0
KpalHbO1 MPaBOi BEPIINHU.

Bucomoio 6inapnozo depesa Ha3UBAETHCS MAaKCHUMAJIbHE YUCIIO TIEPEXOIIB,
BUKOHAHMX II0 BKa3iBHUKax BiiBO 1 (a00) BIpaBO Bif KOpPEHS A0 HAHOUIBII
BiJTaJICHOTO JIMCTKA, Ta 30LUIbIIEHE HA ONUHHIIO 32 PaXyHOK CaMOTO KOPEHS.
[HIIIMu croBamu, sucoma 6inapHo2o depega — 1ie YHCIO PIBHIB HOTO BEPUIVH Bij
KOPEHSI 10 HAaiO1IIBII BiIAAJIEHOTO JIUCTKA.

top

nige nidoepeso npase niddepeso

=4

aucoma

nucmok

NULL NULL n NULL NULL NULL NULL ;-
1

NULL NULL NULL NULL

wupuHa=6

Puc. 27

4.2.1. OroJIOIEHHS TUITY EJIEMEHTA CIIUCKY

Enementn OiHapHOTO JepeBa, OKpiM

OCHOBHOI 3a yMOBaMH 3afadi iHQopmarii, R

MalOTh JIBa BKa3iBHUKHM Ha MPIJIETIl iM 3IiBa i \
cnpaBa miggepena. [o3HaumMo iX BiATOBIITHO m
left i right. Y moganpmomMy AJst IPOCTOTH KOIY LR

B OKpeMHUX (YHKIISX I Ha PUCYHKax OyIyTb /<
BUKOPHCTOBYBaTHCsl Ho3HaueHHs L i R. Ane

BapToO mam'sataty, mo L — ue te came, o left, a Puc. 28

R — ue Te came, 1o right.
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BkaziBHukw left 1 right NoBUHHI MaTH Takuii caMUid THII, [0 H CaM €JIEMEHT
cinucky. Jns inentmdikamii exeMeHTa (UL IOCTYIy IO HBOTO) MOTPIOHO MaTH
JesKy CTaTUYHY 3MiHHY P, 110 € BKa31BHUKOM IIbOTO K THITY.

3po3ymino, Mo BKa3iBHUK Ha KOPEHEBY BEpIINHY fop MaTHME TAaKWH caMUiA
THII, 5K 1 peIiTa eJICMCHTIB CITHCKY.

3HOBY mpuiiMaeMo B SKOCTi 0a30BOTO THMy iHPOPMALIHHOTO OIS AaHUX
TUT OUTHX 9ucen int. [IporpaMHa peanizamis MoBol0 C++ OTOJIOMIEHHS CIICKOBOTO
TUIY Ta JCSIKUX HCOOXITHUX CTATUYHHUX 3MIHHUAX MOXKE OyTH TaKOIO:

struct Bin_tree
{
int info;
Bin_tree * left, * right;
5
Bin_tree * top, * P, * Q;

Tyt Bin_tree — iM’st CTpyKTypH i OZHOYACHO 0a30BHI THII [T BKa3iBHOTO THILY
€JIEMEHTa CIINCKY; fop, P, () — BIINOBIAHO BKa3iBHUKM HAa KOPEHEBY BEPIUUHY 1
JIeSIK] TIOTOYHI JIEMEHTH JIJIs1 BAKOHAHHSI OTIepallii HaJl CIIMCKOM.

4.2.2. OCHOBHI OIIEPAIIIi ITO OBPOBIII BIHAPHUX JEPEB

CTBOpPEHHS CIUCKY

BinapHi 1epeBa yTBOPIOIOTH PO3TaNyKeHY CTPYKTYpPY HaHUX, KOHDIrypamis
SKOI BU3HAYAETHCA 0A30BHM IMPHUHIIUIIOM (OPMYBaHHS, 10 OYB CHOPMYITbOBAHHHA
BUIIIE: 3I1iBa Bi/l IIOTOYHOTO €IEMEHTA PO3MIITyBaTUMETHCS MiIEPEBO 3 MEHIITIMH
KIIOYaMH, a clpaBa — MAAEpeBo 3 OiIbIIMMH KitodamMu. [l BH3HAYEHOCTI
JIOMOBHUMOCSI, IO HOBI EJIEMEHTH 3 KJIIOYaMHd, PIBHUMHU KJIIOYaM I[OTOYHOTO
eJIEMEHTa, MOTPAILUIATUMYTh 10 JIBOTO MiJepeBa.

VY mporeci imimiamizamii_Ta ¢dopMyBaHHS 0iHADHOTO JepeBa MOXKHA

BI/I,HiJ'H/ITI/I TpHU CTalln.

1) mOpOXKHiH CITUCOK:
top=NULL;

2) yBeJeHHS NEPIIIOTO eJIeMEHTa — KOPEHEBO1 BEPIINHU:
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top

top=new Bin_tree;
(info cin >> top->info;
“P top->left=top->right=NULL;
NULL NULL
Puc. 29

3) yBemeHHs pemITH HOBHX eJeMeHTiB. OdYeBHIHO, IO BBEICHHS PEUITH
€JIEMEHTIB CYTTEBO BiJPi3HATUMETHCS BiJ BBEICHHS KOPEHEBOI BEPIIIHHI:
® KOXXCH HOBHU €JIEMEHT JOJYYaEThCsl J0 JepeBa MUISIXOM MOPIBHIHHS 3 yXKe
ICHYIOUHMH eJIeMEHTaMH, TOYMHAIOYH BiJl KOPCHS;
® SKIIO KJIIOYW HOBOTO EJIEMEHTa MeHwiuil abo pignuil BiJl KIOYa TOTOYHOTO
€JIEMEHTA 1 JIIBUH BKa3iBHUK i3 TIOTOYHOTO CIEMEHTA GilbHUl, TOOTO BKa3ye
«B HIKyW», TO JIiBUH BKAa3iBHUK i3 MOTOYHOIO €JICMEHTA 3B’S3YETHCS 3
HOBUM €JIEMEHTOM; BJACHI BKa3iBHHKHM 3 HOBOTO €JIEMEHTa BKa3ylOTh «B
HIKY I,
® SKIIO KJIIOY HOBOTO €IIEMEHTa MeHwiuil abo pignutl Bill KJIHOUYa MOTOYHOTO
eIEMEHTa 1 JIiBUH BKa3IBHHK i3 TIOTOYHOTO EIIEMEHTa BXKE 36 A3aHuil 3
IHIIMM €JIEMEHTOM, TO HOBHI C€JIEMEHT MEPEXOJUTh Ha HACTYIHHUH PiBEHb
JepeBa BITHOCHO TOTOYHOTO €NEMEHTa IO HOro JiBOMY BKAa3iBHHKY, i
anroput™ (opMyBaHHsSI JepeBa MOBTOPIOETHCS HA HOBOMY PiBHI BiJIHOCHO
BXKE THIIIOTO MOTOYHOTO EIEMEHTa;
® SKIIO KJIIOY HOBOTO €JIEMEHTa Oiibuiuil BiJl KJIOYA IMOTOYHOTO eJeMeHTa i
NpaBUii BKa3iBHUK 13 TMOTOYHOIO €JIEMEHTa 6LibHuil, TOOTO BKa3zye «B
HIKYJJ1», TO IIPaBHil BKa31BHUK i3 TIOTOYHOTO €JIEMEHTA 3B’ A3YEThCS 3 HOBUM
€JIEMEHTOM; BJIaCHI BKa3iBHUKH 3 HOBOTO €JIEMEHTa BKa3YIOTh «B HIKYIH1»;
® SIKIIO KJIIOY HOBOTO €JIEMEHTa Oiibuiuil Bijl KJIOYA MMOTOYHOTO eJeMeHTa i
MpaBUii BKa3iBHUK 13 IMOTOYHOIO €JEMEHTa BKE 36 $3aHutl 3 IHIIUM
€IEMEHTOM, TO HOBHU E€JIEMEHT TEePEeXOJUTh Ha HACTYMHHH PiBeHb JepeBa
BIJTHOCHO MMOTOYHOTO €JeMEHTa M0 HOro mpaBoMy BKa3iBHHKY, i alrOPUTM
(hopMyBaHHS JIepeBa MOBTOPIOETHCS HA HOBOMY PiBHI BiTHOCHO BXKE 1HIIIOTO
MOTOYHOTO EJICMEHTA.
TakuM 4MHOM, IEPEBO PO3POCTATUMETHCS SIK B MIMPUHY, TaK 1 B TIMOHHY.
JIs KOXHOTO IOTOYHOTO eNeMEHTa JiBile 1 HIDKYe PO3MIIIyBaTUMYTHCS Yci
€JIeMEHTH, 10 He TMEepPEeBUIIYI0Th TOTOYHOTO, a TpaBime 1 HIWKYIe
PO3MINTYBaTUMYTHCSI yCi €JIEMEHTH, 10 OibIN Bif moToyHoro. [Ipy mboMy OnuH i
TOW camuii HaOip KIIOYiB, IO MAaTUME IHINIWUH TMOPSIOK, JaBaTUME BiIMiHHE 3a
KoHirypariero aepeso (puc. 30).
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=9

sucoma

NULL

NULL

wupuHa=9

-]

=4

eucoma

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

top

NULL

b ;U

NULL

wiupuHa=9
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CoopmynsoBanuii anroput™ (opMyBaHHS OIHApHOTO JepeBa Mae€ UiTKO
BUPXCHUH PEKYpPCHBHHN XapakTep: IpH TIEepexoldi Ha HACTYIHHH pIiBEHb
BUKOHYIOTBCSI Ti cami [ii, 0 ¥ Ha momepegHpoMy. ToMmy [t Horo mporpamHoi
peaizarii JOITEHO BHKOPHUCTOBYBATH PEKYPCHBHY IMIANPOrpaMy, SKa B SKOCTI
(hopManpHUX MapaMeTpiB MaTHUME ABa BKa3iBHUKH: () — Ha HOBUH eleMeHT Ta P —
Ha TOTOYHHUI emeMeHT y nepeBi. [Iporpamna peamizamisi Takoi peKypcHBHOL
MAIPOTpaMU MOYKE MaTH BUTILA (YHKIIII:

void New_element(Bin_tree * Q, Bin_tree * P)
{
if (Q->info<=P->info)
if (!P->left) P->left=0Q; else New_element(Q, P->left);
else
if (!P->right) P->right=Q; else New_element(Q, P->right);
/

Taka QyHKIiS BUKIMKATUMETHCS LHUKIIYHO [UISi BBEACHHS YEPrOBOTO
HOBOTO elieMeHTa B JiepeBo, 1o Qopmyerbes. [lopasy B sikocTi (akTHuHHX
napamMeTpiB TepelaBaTUMyThCs BKa3iBHHK Ha HOBUH eleMEHT Ta (HiKCOBaHHIA
BKa3iBHHK fop Ha KODPiHb JepeBa.

Sor (int i=1; i<N; i++)
{
Q=new Bin_tree;
cin >> Q->info;
Q->left=NULL;
O->right=NULL;
if (top) New_element(Q, top);
else cout << “ giocymns xopeneea eepuiuna oepesa ”’ << endl;

3ayBa:keHHs. Jl0 MOpPOXHBOIO CIUCKY HE MOXXHa 3aCTOCOBYBaTH
pexypcuBHy minnporpamy Buay New_element. Amxe B 11bOMy BUIIQAKY B SKOCTI
¢dopmanbHoro mapamerpa P mano 6 nepenaBartucsi gaktuune 3HaueHHs NULL. A
1ie pHBeIIo O 10 HEeJOIYCTUMOI orepalii po3iMeHyBaHHS BKa3iBHHUKA 31 3HAUYSHHSAM
NULL y niepmioMy i €JHHOMY OIIEpaTopi MiAIPOrpaMu — ONepaTopi po3TaryKeHHS

if (0->info<=P->info) ...else ... .

Ileperasia cnucky

VY cuily peKypCHBHOTO XapakTepy TakKoi JMHAMIYHOI CTPYKTYPH AaHUX, SK
OiHapHe JepeBO, OYEBHMIHO, IIO BCi omepauii mo ix oOpoOui peani3yBaTUMYThCS
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PEKYpPCUBHMMH MiANpPOTrpaMamMu, NoAiOHMMH 10 (YHKIII (opMyBaHHS aepeBa
New_element. IIpn nroMy 00Xix AepeBa 31iHCHIOETHCS 32 HACTYITHOIO CXEMOIO:

1) pyx BNiBO, MOKH JIiBMii BKa3iBHUK ITOTOYHO{ BEPIINHHU He 8ilbHUil, TOOTO
38’A3aHull 13 TIPWICTIIMM HOMY €JIeMEHTOM — Iieé € oOpoOKka JBOTO mMiaaepeBa
BIZTHOCHO TIOTOYHOI BEPIINHH;

2) SKmo JiBHH BKa3iBHHUK IIOTOYHOI BEPIINHU BilbHUll, TOOTO BKa3ye «B
HIKyZIn», TO 00po0sieThes iH(pOpMaIiiiHe ToJe IFOTO eIEeMEHTa;

3) sKmo MpaBWil BKAa3IBHUK MOTOYHOI BEPUIMHU 38 A3aHull 13 TPHIETIHM
HOMY €JIEMEHTOM, TO BHKOHYETBHCS IEpeXiJ| YHpaBO, 1 BCsSl IOCIIOBHICTH [ii
MOBTOPIOETHCS — I1e € 00pOOKa MPABOT0 MiIEPEBa BiTHOCHO OTOYHOT BEPIIIMHU.

Skiio Ha geskoMy erari 00Xony JepeBa pa3oM i3 MOTOYHOK KOPCHEBOIO
BEPIIMHOIO MOBHICTIO 00iiineHo i JiBe 1 mpaBe mijjepeBa, TO i€ O3HAYa€ MMOBHY
00poOKy mmpIIoro ¢pparMeHTa JepeBa, IO B CBOIO YEPry € IiAJEpeBOM SAKOIiCh
IHIIIOT KOPEHEeBOI BEPIIMHN BHIIOTO piBHA. Tol BUKOHYETBCS PEKyPCHUBHHN BiJIKIT
Ha el momepenHiit piBeHb. [licms moBHOro 00X0my BCHOTO OiHApHOTO JepeBa
3BepXy BHU3 1 3J1iBa HAIPAaBO OCTAHHIH BiAKIT 3HOBY IIOBEpHE ITOTOYHUI BKa3iBHUK
Ha caMUil BepXHill KOpiHb JepeBa fop.

XapakTepHOIO 0COOIMBICTIO TAKOTO PEKYPCHBHOTO 00XOJy CIHCKY € T€, IO
00poOKa BEpILMHU 3[IHCHIOETHCS B TOPSIAKY 3pOCTaHHs (TOUHINIE — HECIaaHHs)
ix kmouiB. To0To meperysy OiHAPHOro aepeBa ABTOMATHYHO 3a0e3mevye
COPTYBAHHSI BXi/THOT MOCJIi/IOBHOCTI eJlIeMEHTIiB TaHuX!

Ha puc. 31 300pakeHO MOCHIZOBHICTH KpPOKiB IpH 00xoai OiHapHOTrO
JiepeBa, 10 MepeHyMepoBaHi B Kpykedkax. LLITpuxoBuMHu CTpinkamMu MO3HAYEHI
KPOKH IPSMOTO XOOy peKypcii, ToOTO pyX y ITHOMHY AepeBa; CIOBOM «0OpoOKay
Ta BIJIOBIIHUM HOMEpPOM II03HAYECHO BUKOHAHHS OCHOBHOI Iii Haj IMOTOYHUM
€JIEMEHTOM; IITPUXITYHKTHPHUMH CTPLIKaMH IO3Ha4YeHI KPOKH 3BOPOTHOTO XOIy
pexypcii, ToOTO BiJKOTH IO AEpPEBY Ha MOMEpeHIH pPiBEHb.

OueBugHO, 1O €AMHUM (POpMaATBLHUM NAapaMeTpOM TaKoi PEeKypCHBHOL
mianporpamMu Oyzae BKa3iBHMK Ha NOTOYHHM eJleMeHT JepeBa. DakTHYHUM
rapamMeTpoM y TOYIi NEpIIOro BUKIMKY MiANporpamu Oyje KOpiHb JiepeBa fop.
IIporpamua peamizaris mianporpaMu-QyHKITT MOKe MaTH BUTIIS:

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 << “cnucok noposicniii’” << endl;
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Ilomyk e1eMeHTa B CHUCKY

Y Bumaaky OiHapHHX JepeB pe3ylbTaTOM IIOIIYKYy MO)Ke OyTH JHIie
TTOBITOMJICHHSI TIPO HAsBHICTH YW BiJICYTHICTH €IEMEHTIB 3 I[UIbOBHM KJIIOUeM. 3
MIOTIEPETHROT0 MaTepiady 3pO3yMiJIO, IO TOBOPUTH TPO MO3HIII0 BXOIKEHHS
HeMae 3Micty. Sk Bke Oyno 3a3HaueHO, NMPAKTHYHO BCi omepamnii mo oOpoOi
OiHapHHX JepeB peaji3yloThcs 3a CIUIBHOI PEKYPCHBHOIO cXeMor. PexypcuBHa
(GYHKIIS U TOUTYKY 3 OAHOYACHUM MiAPaxXyHKOM KiJIbKOCTI BXOMXKEHB IIIbOBOTO
3HAYEHHS MOXKE MaTH BUTJIAL;

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 << “ycvozo 6cmanosneno ” << k << “ gxodamcenv” << endl;
else cout << “yinvosozo enremenma nemae” << endl;

else cout << “cnucok nopoxycniit’” << endl;

BceTaBka HOBOIO €J1EMEHTA B CIIHCOK

Jana ormepallisi peani3yeTbcs BXKe PO3MIAHYTOK (yHKIiEro New element.
Hoguit enemeHT 3aiiMe BiJIIOBiIHE HOMY MicClie B CIIHCKY.

BujajieHHs1 eJleMeHTA 3i CIIUCKY

BupaneHHs € IPOTHIISKHOIO OIlepauieo 1o BCTaBKW. [IpuponHo, y cuity
BU3HAYAJILHOI'O IIPHHLUITY TOOYIOBH OiHAPHHX JEpeB, MOXKHA FOBOPUTH JIMIIE IIPO
BUJAJICHHA €JEeMEHTa 13 3aJlaHMM 3HadeHHsM. He 3MeHIIyrouM 3arajbHOCTI,
JIOMOBUMOCSI TIPO BUJIAJICHHS OJJHOTO €JIEMEHTa 3 MOXKJIMBO JIEKIJIBKOX OJJHAKOBHX
€JIEMEHTIB i3 3a/JaHMM 3HauyeHHsM. [Ipy 1HbOMy HeMae 3MICTy TOBOPUTH PO
NOPSJOK TAKOTO ejJeMeHTa B OiHapHOMY AepeBi. Y OlHapHUX JiepeBax HasiBHICTbH
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JIEKUTBKOX €JIEMEHTIB 3 OJJHAKOBHM 3HAa4€HHSM He mependavyae 00OB’SI3KOBOTO ix
MIOCTITOBHOTO PO3MIIICHHS B MEXaX NIeAKOl TUTKHA. Y 3aJeKHOCTI BiJ MOPSAKY
BBE/ICHHS OJIHAKOBI €IEMEHTH MOXXYTh OYTH CYTTEBO BinnaneHuMH. MoxHa JHiIe
CTBEpIDKYBATH, IO BHIANATHMETHCS HAMOMIKYIMHA 1O KOPEHEBOI BEPIIMHH
€JIEMEHT 13 MOKJIMBO JEKIJIBKOX OJHAKOBUX E€JIEMEHTIB 13 3aJaHUM 3HAUYECHHSM.

Omnepariss BUmaJeHHA, AK 1 BCi TONEpedHi, peali3yBaTUMEThCA
pexypcuBHOIO (QyHKIi€0. [IpoTe BoHA OTpeOye OLIBIT IPYHTOBHOTO i JETaIbHOTO
obroBopenHsi. OueBHIHO, MO MOUIYK €JIEMEHTa 13 3aJaHUM 3HAYEHHSM, IO
BUJIAJISIETHCS, CJIiJI OPraHi3yBaTH Tak, 00 OTpUMAaTd BKa3iBHUK P Ha BepIUUHY,
JUISL SIKOT 1Iell eIEMEHT € IPWIIETIINM 3J1iBa UM CrpaBa. Y 3aleXXHOCTI Bij TOTO, Ky
caMme BEpIIMHY IOTPIOHO BHJIYYHTH 3 JiepeBa (JIMCTOK, TUIKY, BY30J YM KOPIHB),
BUHHUKA€E MOTpeda B Pi3HUX BapiaHTax TpaHcopmailii biHapHOTo fAepeBa. DyHKIIi0
BUJAJICHHS CIiJg OyAyBaTH Tak, MO0 yci MOXKIIMBI BapiaHTH OyJIM OKpEeMHMH
peanizanisiMu 6araToBITKOBOTO PO3TraTy>KCHOTO PEKYPCHBHOTO allTOPUTMY.

Hanepex 3abiratoun, mpoBeneMo OTOJIOMICHHS iHTepdeiicy Takol QpyHKIIIT:

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

Tyt nepmmii mapamerp P — me BKa3iBHHK Ha BEPIIMHY, A SKOI €JIEMEHT 3i
3HaYCHHSAM JPyroro mapamerpa X, IO Ma€ BUIAIATHCS, € NPHICTJIUM 3JiBa 4H
copasa. Tperiii mapameTp k — YUCIIOBHI KO i3 MOXKIUBUMHE 3HaueHHsmu 0, -1, 1,
KWW BU3HAYaTHME HAIPsSIM IIepexoay BiJ BEPIIMHH 3 BKa3iBHUKOM P Ha mpuierii
ili enemenTn. 3HaueHHI0O k=0 BiJmoOBinae oxpeMuil aHaji3 KOPEHEBOI BEpLIMHH;
3Ha4eHHI0 k=-1 BiANOBifae mepexill Ha HACTYNHHUH DPIBEHb BIIBO BiJ MOTOYHOL
BEpIINHM 3 BKa3iBHUKOM P, a 3HaueHHIO k=1 BiAmoBizae mepexiy HAa HACTYITHHH
piBEHB BIIPABO Bij MOTOYHOI BEPIINHHU 3 BKa3iBHUKOM P.

AmHani3 nepeBa NOYMHAETHCA 3 KOpeHeBoi BepmnHHU. LlpoMy Binmosimae
TaKW¥ BUKJIMK (QYHKIIT BUTAICHHS

Delete_el(top, X, 0).

BxkasiBHUK fop € 1100aTbHOI0 3MIHHOIO, Yepe3 SKY 3IIHCHIOETHCS JOCTYH JI0
GinapHoro nepesa. PakTHYHOMY MapaMeTpy fop BUKIMKY (QYHKIIi BiAmoBizaTume
(dopmanpuuii napametp P B Timi niel Gpynknii. 3BnyaiiHo, oo onepanito BUAaIeHHS
MOJKHa 3aCTOCOBYBaTH JIMIIE OO HEMOPOKHBOro gAepeBa. CHOYaTKy OKpEMO
aHANI3YEThCSI KOPEHEBA BEPIIMHA, OCKITBKH JUISI KOPEHS HEMA€ BEPIIMHH BHILOTO
piBHA. SIKmO KOpeHeBa BEpIIMHA CIIBIAAAa€ i3 NIYKAaHAM 3HAYCHHSIM, TO
MPOBOIUTHCS BHAaNeHHS. [Ipw mbOMY MOXIIMBI HACTYIHI BapiaHTH peami3amii B
3aJIeKHOCTI BiJl BUAY KOPEHEBOI BEPIIHHU:

® KOpEHEeBa BEPLIMHA € JIUCTKOM:
if (IP->L && !P->R) { top=NULL; delete P; }
e KOpEHEeBa BEpLIMHA € TUIKOI0, MalO4H JIiBe IiJIEepPEBO:

if (P->L && !P->R) { top=P->L; delete P; }

e KOpEHEBa BEpLIMHA € TUIKOI, MalO4YH IpaBe MiiaIepeBo:
if (IP->L && P->R) { top=P->R; delete P; }
® KOpCHEBA BEPIINHA € BY3JIOM:

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

{ O=move_R(P->L); Q->R=P->R; top=P->L; delete P; }

115



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

B ocraHROMY mpHKITagi KOXy BHKOPHCTaHO AOAATKOBI (yHKIii move R
ab6o move L. DyHKIiE move R 31ificHIOE TiepeMilleHHS Ha KpalHill mpaBwid
€JIEMEHT JIBOTO MiA/IepeBa BiTHOCHO €JIEMEHTA, 1[0 BHIYYIA€THCH, 1 TOBEPTAE CBOIM
3HAYCHHSAM BKa3iBHUK Ha IIeW eleMeHT. AHaIOTIYHO (QyHKIis move L 3milicHIOE
MepeMIlIeHHs] Ha KpaifHill B eJleMEeHT MpaBoro MiIAepeBa BiTHOCHO €IIEMEHTa,
IO BHJIYYAEThCS, 1 IOBEpTa€ CBOIM 3HAUYEHHSM BKa3iBHUK Ha LEH EJIEMEHT.
[Iporpamua peainizanis qux QyHKLIH MOKe MaTH BUIJISA:

Bin_tree * move_R(Bin_tree * P)
{
Bin_tree * Q=P;
while (Q->R) Q=0->R;
return Q;

/

Bin_tree * move_L(Bin_tree * P)
{
Bin_tree * Q=P;
while (Q->L) Q=0->L;
return Q;

/

e motpibHO, MO0 NpH BUIAICHHI BEpPIIMHU-BY3Ja 3B’S3aTH MK COOOO
obuaBa minmepeBa, IO 3AIMIIAIOTHCS: ab0 BKa3iBHMK BIpaBo R KpaiHBOTO
MIPaBOro eJIeMEHTa JIBOro MijJepeBa aApecyeTbcs Ha Ipase MixuepeBo, ado
BKa3iBHHUK BJiBO L KpaifHbOro JIBOTO €JIEMEHTa MpaBoro IijJepeBa aJlpecyeThes
Ha JiBe mizaepeso (puc. 34, 35).

SIkmro aHai3 KOpeHeBOi BEpPIIMHM HE JaB 0a)XXaHOTO pe3yJbTaTy, TO IUIS
KOYKHOTO 3 TIIepeB 3J1iBa i cIipaBa BiJl MOTOYHOI BEPIIMHU (TI0YATKOBO — KOPEH)
3aCTOCOBYEThCSI Taka caMa IIOCHTIOBHICTh Mifl. 3 1Ii€l0 METOI BUKOHYIOTHCS
pexypcuBHI BUKIHKN (QyHKIT Delete el i3 BiINOBITHUMH 3HAYEHHSMH TPETHOTO
napamerpa:

e BHJAJCHHS Y JIIBOMY IiiAepeBi

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

abo
® BUJIAJNICHHS Y IPaBOMY ITiJiepeBi
if (P->R & & P->info<X) Delete _el(P, X, 1)

ANBTEpHATHBOIO € BHIAJOK, KOJHM IOTOYHA BEpIINHA BXKE HE € KOpEHEM
nepesa. Tozi BUKOHYIOTBCSI pEKYPCHBHI ITEPEXOH 110 IEPEBY 31 3MIIIEHHIMH BIIIBO
abo BHIpaBO BiJ TMOTOYHOI BEpPIIMHHU. SIKIIO BCTAHOBICHO EIEMEHT i3 3aJaHUM
3HaYeHHAM X, II0 Ma€ BHIAJISATHCSA, TO ITOCIIIOBHICTH Jil Taka cama, SIK 1 IS
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PO3MIISTHYTOT BUILlE KOPEHEBOI BEPIIMHHU. 3BUYAHO, IO aJipecallis eJIeMeHTIB Oye
CKJIaHIMION0, OCKITHKH TIOTOYHUH BKa3iBHUK Ma€ aIpecyBaTH HE TOW €JIEMEeHT, 10
BUJIAJSIETBCS, a TOMEpeaHiid mepen HUM. Takoxk TOTPIOHO PO3PI3HATH HAMPSIMHU
MePeXoIiB M0 AEpeBy, IO 3aleXaTh BiJ 3HAUYEHHS TPETHOro mapamerpa (DyHKIIii
Delete_el (-1 BinmoBinae mepexoy BIiBO, a 1 BiANOBigae mepexoay BIPaBo).

CxeMu [i#f, 0 BUKOHYIOTHCS B PI3HHX BHIIQJKaX BUIAJICHHA €JICMECHTA,
HaBesneHI Ha puc. 32-35. He 3MeHIIylounm 3arajbHOCTI, ITFOCTPYIOTHCS BHUIAJIKH
BIJTyYCHHS JOBUIBHUX BHYTPIIIHIX €IEMEHTIB (He KOPEHEBOI BEPIINHM): Ha pHC. 32
MPOUTIOCTPOBAHO BUAAJIECHHS JINCTKA, HA pUC. 33 — BHJAJICHHS NPaBoOl T'JIKK, Ha
puc. 34 — BujaneHHs By3Jia 13 3aMiHOIO Ha JIiBe MiJIepeBO, Ha pHC. 35 — BUJIAJICHHS
By3JIa i3 3aMIHOIO Ha IIpaBe MiAIepeBo.

Ha IUX pUCYHKaX IJIS1 KOKHOT'O MOKIIMBOTI'O BUIIAAKY BUAAJICHHSA €JIEMCHTA
MMO3HAYEHO IIOCIIIOBHICTh OCHOBHHX [iif, IO MEPEHYMEpOBaHI B KpYyXKEUKax.
Homepowm 1 BCroiu mMo3HAYEHO LTy CKIAICHY IO — MONIYK EIEMEHTa, 110 Hepeaye
EIIEMEHTY, SIKUIl Ma€ BHIAISATHCS, | BCTAHOBIICHHS BKa3iBHUKA P Ha 10 BEPIIUHY.
Ha puc. 34 i puc. 35 Bka3iBHUK P crmiBnanmae 3 (ikCOBaHMM BKa3iBHUKOM fop Ha
KOpiHb JIepeBa, OCKUIbKM I[i MPUKIAIM LUIIOCTPYIOTh BHIAJCHHS €JIEMEHTa 3
Jpyroro piBHs aepeBa. Ha nux caMux pUCYHKax Jiist 3 HOMEPOM 2, 1[0 MO3HAYEeHA
CTPIJIKOIO 3 MyHKTHPHHM DPO3PHBOM, — II¢ poOOTa J0AaTKOBHX (DyHKI move R
abo move L, 1o 3a0e3meuyioTh MEPEMIIICHHs BiJNOBIIHO HAa KpaWHIHA MpaBuii
€JIEMEHT JIIBOTO Ii/iepeBa BiTHOCHO €IEMEHTa, 10 BHIYYaeThes, a00 Ha KpahHii
JBHH €JIeMEHT IPaBOTO MiIIepeBa BiJIHOCHO €JIEMEHTA, 110 BUIYYaeThCs.

top

@ -«
A?A NULL
W

NULL NULL n NULL NULL NULL NULL a

NULL NULL NULL NULL

Puc. 32. Bunanenus 1ucTka
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NULL NULL NULL NULL NULL

NULL NULL NULL NULL

Puc. 33. BupaneHnus npaBoi Tiku

NULL NULL NULL

NULL n NULL

N
NULL NULL NULL NULL

Puc. 34. BunanenHs By37a i3 3aMiHOIO Ha JIiBe TiAIepeBo
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NULL NULL NULL

’
NULL NULL NULL NULL

Puc. 35. Buganenns By3:a i3 3aMiHOIO Ha TIpaBe IMiIIePEBO

OcratouHa nporpamHa peaiizauis (QyHKuii BHIaJeHHS eJIeMEHTa MOXe
MaTH BUIJISIA:

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

{
if (P) // He NOPOICHE Depeso
if (k==0) // kKopinw
{
if (P->info==X) // moii, wo mpeba
if (!P->L && !P->R) // aucmox
{ top=NULL; delete P; }
else
if (P->L && !P->R) // einka 3nisa
{ top=P->L; delete P; }
else
if (!P->L && P->R) // einka cnpaea
{ top=P->R; delete P; }
else // 8y3on
{ O=move_R(P->L); O->R=P->R; top=P->L; delete P; }
// abo { O=move_L(P->R); Q->L=P->L; top=P->R; delete P; }
else // he mou, wo mpeba
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if (P->L &<& P->info>X) Delete_el(P, X, -1); // nige niooepe6o

else
if (P->R & & P->info<X) Delete_el(P, X, 1); // npase nidoepeso
/
else // e Kopinb
if (k==-1)
{
if (P->L & & P->L->info>X) Delete_el(P->L, X, -1); //pyx suico
if (P->L && P->L->info==X) // motl, wo mpeba
{
if (IP->L->L && !P->L->R) // aucmox
{ delete P->L; P->L=NULL; }
else
if (P->L->L && !P->L->R) // einka 3nisa
{ O=P->L; P->L=0Q->L; delete Q; }
else
if (!P->L->L && P->L->R) // einka cnpasa
{ O=P->L; P->L=0->R; delete Q; }
else // 8y3on
{ O=move_R(P->L->L); O->R=P->L->R;
0=P->L; P->L=0->L; delete Q; }
// abo { O=move_L(P->L->R); Q->L=P->L->L;
// abo Q=P->L; P->L=0Q->R; delete Q; }
/
else
if (P->L && P->L->info<X) Delete_el(P->L, X, 1); // kpok 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) // moti, wo mpeba
{
if (!P->R->L & & !P->R->R) // iucmox
{ delete P->R; P->R=NULL; }
else
if (P->R->L && !P->R->R) // 2inka 3niea
{ O=P->R; P->R=0->L; delete Q; }
else
if (!P->R->L & & P->R->R) // 2inka cnpaea

{ O=P->R; P->R=0->R; delete Q; }
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else // ey3on
{ O=move_R(P->R->L); O->R=P->R->R;
0=P->R; P->R=0Q->L; delete Q; }
// abo { O=move_L(P->R->R); OQ->L=P->R->L;
// abo Q=P->R; P->R=0->R; delete Q; }
/
else
if (P->R & & P->R->info>X) Delete_el(P->R, X, -1); //kpok éniso

/

3ayBaskeHHs.

1. Jlana QyHKIisS BHIAIs€ OJAWH €JIEMEHT i3 BpaxyBaHHSAM KoH(]iryparii
nepeBa. Ha me cmig 3BakaTd, KOJMHM CHHCOK MICTHUTh JEKijbKa eJIeMEHTIB 3
OJTHAKOBMM 3HAYCHHSM, IO CIHIBMNAJAE€ 3 KIOYEM BHJANCHHSI. Y CTPYKTYpi
OiHapHOTO JiepeBa €JIeMEHTH 3 OJHAKOBHUMH 3HAYEHHSMH HE O00OB’SI3KOBO MalOTh
Oytn mopsim y Mexax naeskoi rinkd. Ti eneMeHTH, IO BBOAWINCS B CITHUCOK
BIJTHOCHO paHillle, OMMHSIOTHECSA B HhOMY Ha BUIUX PIBHAX. TOMY BHIATITUMETHCS
HaMONMMmKYa 0 KOPEHsS BEPIIHMHA 13 MOXKIJIMBO JIEKUTPKOX OJHAKOBUX CJICMCHTIB i3
3aJIJaHIM 3HAYCHHSIM.

2. 3ampornoHoBaHa (YHKIiS BHAAJICHHS CJIEMCHTa Ma€ 3HAYHO OILIbIIY
CKJIQIHICTh TporpamHoi peaizalii B HOpIBHSHHI 3 IHIIMMH orepauisiMu. Taka
CKJIQJIHICTD He € I HeJJOJIIKOM, Iie € TI XapakTepHolo ocoOuuBicTio. Benukuii obesr
MPOTPAMHOTO KOJAY TOB’S3aHUH 13 HEOOXiTHICTIO 00’€IHATH B OXHE IIe Pi3Hi
peaiizarii oneparii i1 pi3HUX BHUIIB €JIEMEHTIB (KOpiHb, JIUCTOK, T1JIKA, BY30J).

3. ABTOpH 3ayBaxyiOTh, II0 HHMH HE OYyJIO 3HAHAECHO Y BiIKPUTHX
JoKepenax myOmikamiid i3 MpUKIagaMy MUTICHAX MPOTpaMHUX peati3amiid omepamii
BUIAJICHHS €JIEMEHTA 3 OIHAPHOTO JIepeBa B 3aralbHOMY BHIA/IKY.
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