Pabora na 9BM u mporpaMmMmupoBanmne, MexMaT, 2 Kypc 2 TOTOK

Tema 5. beicTpble AepeBbd MOUCKA

KpacHo-yepHoe gepeBo

Eie oaun BapuanT 1mocTpoenusi ObICTPOTo Jepesa.

Onpenenenne: KpacHo-4epHOE epeBO — 3TO OMHAPHOE TePeBO MOUCKA, YIOBICTBOPSIIO-
Iee CJICIYIOIINM YCIOBUSM:

1. Kazxmas BepiiuHa uMeeT CBOii “liBer” — KpacHBIil Win 4epHbIil (KOpeHb JiepeBa Beeraa
YepHBIN );

2. Kpacnas BepiimHa MoOKeT UMeTb TOJIHBKO YePHBIX TOTOMKOB;

3. B s060it BeTke OT KOPHS JI0 KOHIEBOW BEPIIMHBI COJMEPKUTCH OJMHAKOBOE YUCJIO
YEPHBIX BePIIUH (3TO YHCJI0 HA3BIBAETCSA YePHOI AJIHHON /epesa);

Tperbe ycioBre cOOCTBEHHO ¥ JIA€T OCHOBAHUS HAIEATHCS HA HEOOXOAUMYIO Jorapud-
MHYECKYIO CJIO?KHOCTD ITOUCKA, MMOCKOJIBKY KPACHO-4ePHOE JIEPEBO sBJsgeTcs “HjieanbHo coOa-
JIAHCUPOBAHHBIM 110 YepHOit junHe”. Bojiee cTporo 3Tor pakT yCcTaHABIUBAET CJIELYIOIee

Yr1BepxKaenue. [1yonHa KpacHO-4epHOTO OMHAPHOTO JepeBa ¢ [N BepIuHAMHI He TIpe-
Bocxoaut 2logy (N + 1).

JlokazareabcTBo. [lycTh KpacHO-depHOE AepeBo mMmeeT rayouHy k. 3aMeTum, 9TO B CH-
Jy ycaoBust 2 JinHa Ji060i BeTBH OT KOpHs He MeHbIme, deM k/2. Takum obpasom, st
KOJIMYeCcTBa BeplnH JepeBa N uMeeM

N >2k2 1

Kpacno-depubie gepeBbst VI00OHO PeaM30BBIBATH CO CCBLIKONR Ha POAUTEIbCKHT 3Je-
MEHT, T.€.

template <class T>
struct TreeNode

{
T value;
TreeNode *left, *right, *parent;
int color; // 0 - red or 1 - black
TreeNode() { left = right = parent = nullptr; }
}

obaBjieHne B KpacHO-4Ye€pHOE JIEPEBO.

JTobaBJjisieM KakK OOBIYHO U KpacuM J00aB/ICHHbBIH 3JI€MEHT KpacHbIM. YepHad JijInHa He
HAPYIIMIACH, BOXKMOKEH KOH(MDINKT KPACHbIH-KpacHbIil (11.2)

NnmocTpamus: BO3MOXKHBIE CAy9an YCTPpaHeHWsT KOH(MIUKTOB P T0OABICHUN.

Croxnocts pobasienus O(log, N).

YiaajaeHnume.

Ynangem kak o0ObiuHO. Ecmu dusmyecku yganuicsd KpacHbIH 37eMeHT, TO Bce. Ecom
VIATIICS 9ePHBIil, TO YePHBIH [BET OCTABJISEM B JePeBe, IePEeHOCs ero Ha moToMKa. Jlist
YHUMDUKAINN C CIY9aeM YIaJeHUsI JTUCTA BBOAUM (DUKTUBHBIE JTUCTHI 9€PHOTO IBETA, KOTO-
pBIe CMOT'YT MPHHATH Ha ceOd JUITHIH YepHBIH 11BeT. TakuM 06pa3oM, B JepeBe MOsABUINCH
“nBayKIbl YepHble” BepIIUHBI, U Telepb 9TOT JABOWHOI YepHBIH nBer HaJL0 “pa3Masarh’ IO
JIePEBY.

NnmocTpamms: BO3MOXKHbBIE CIydan YCTPAHEHUS JBAZKIbl YEPHOIO I[BETA MIPU Y/AJI€e-
HUW.
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HecMmoTpa Ha KaKyNIyiocd CI0OKHOCTH OMUCAHHBIX CXEM, aJITOPUTM yIaJIeHus dJIeMeHTa
BBIITHCBHIBACTCS JIOCTATOYHO MPOCTO. BOT ero Habpocok.

1. llycTe A - Texymas OBaxfb 4depHas BepINHA.
Ecomu A - KopeHb, TO ybpaThb JMNHNN IIBET M 3aKOHYUTD.
3. Ecim A nexwT cieBa OT CBOEr0 POJUTENs, TO
eciu uBeT D KpacHHil, TO
BHIIOJIHUTL IpeobpasoBaHue 1 u mepeiT: K m.1l.
uHave // useT D depHbHI
ecimu useT E depHuil, TO
ecim useTr C depHHil, TO
BHIIOJIHUTEL Ipeobpa3oBaHue 2
ecimu B gBaxmel wepHas, TO
cmenaTh B Tekymel um mepeiitm K m.1.
MHA4Ye 3aKOHYUTD.
unave // user C KpacHsii
BHIIOJIHUTEL Ipeobpa3oBaHue 3
KOHeI eCnu
KOHeIl eCcqu
BHIIONHUTHL IpeobpasoBanue 4
3aKOHYUTD
KOHelIl eCcu
4. Ecimm A 7mexuT cmpaBa OT CBOEr0 POIUTENsS, TO
CUMMETPHUYHHE (parMeHT Koma

N

Kpacuo-uepubie nepeBbst UCHOAB3YIOTCsI, HANPUMED, B cTaHAapTHON peagm3arun STL
map. 1o apdeKTUBHOCTH TH JlepeBbst 4y Th Jiydlie (He HCIOAb3YIOT peKypcuio), dem AVL
JIepeBbs, HO, KOHEYHO, 110 TOPAIKY OHH 00eCIeuYrBAIOT OJHY U TY K€ TPYI0eMKOCTb.



