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Maccue Tak He ymeet: nouck 3a O(logn), Ho BcTaska/yganedue 3a O(n)
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HanomuHaHue: pepeBbs

Depeso — Habop BepivH 1 pébep, B KOTOPOM OT KOPHSI A0 tobOV BepLIVHbI BEAET €ANHCTBEHHBIN NyTb

® Poputenb — BeplunHa, U3 KOTopoli BeaéT pebpo
® [letn — BepLiMHbI, B KOTOpble BeayT pébpa

® Jluct — BepwuHa bes peteii

® [nybuHa BepLUViHbl — PacCTOsIHUE OT KOPHSI

® BbicoTa gepeBa — MakcuManbHas raybuHa
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BuHapHoe gepeBo noucka

BST (binary search tree) — pnepeBo, B KOTOPOM:

® y KON BepLUnHbI He Bosiee ABYX AeTei
® y KaXKJOli BEpPLUNHbI €CTb K04

[nasHoe cBoiicTBO:

® B N1IEBOM MOAJepeBe BCE KOHUN HEe BOosbLue KitoHa BEPLUNHbI
® B NpaBOM MOAJEpPEBe BCE KJOYM DONbLUE K/t0Ya BEPLUMHbI

ITO CBOWCTBO BbINOHAETCS PEKYPCNBHO ANA Ka)KAOVI BEPLUNHbI
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Mpumep BST

8
/\
3 10
/\ \
1 6 14

/N
4 713

Bce kntoun cnesa ot 8: {1,3,4,6,7} — Bce <8

Bce kntoun cnpaga ot 8: {10, 13,14} — Bce > 8



MNMpeacraBnexHne B namatu

struct Node {
int key;
Node* left = nullptr;
Node* right = nullptr;
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L4 Ka)K,D,aﬂ BEPLWNHA — 0bBEKT C KAOYOM 1 ABYMsA yKasaTensammn

® [lyctoe nogaepeso — nullptr
® B oTimyne oT Ky4u, MacCMBOM XpaHUTb HEyAODHO: AepeBO MOXET ObiTb HecbanaHCUPOBaHHbLIM
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NMounck anemeHTa

HauunHaem c kopHsi. Ha kaxxgom ware:

® I = K/IOY BepLINHbI = HaLn
® 1 < KJIOY = NAEM HaneBo
® T > KJIoY = NAEM Hanpaso

Hownu go nullptr = snemeHTa HeT

Mo CyTn 31O ,D,BOVI‘-IHI:;IVI NOUCK, TOJIbKO BMECTO MaCCuBa — LOEPEBO



Node* Find(int key, Node* root) {
if (root == nullptr) {
return nullptr;
}
if (key < root->key) {
return Find(key, root->left);
}
if (key > root->key) {
return Find(key, root->right);
¥

return root;
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>XwuBoi npumep: nouck

Nuwem kntoy 6 B aepese:

8
/\
3 10

/N \
1 6 14

/N
4 713

6 <8 — Bneso — 6 >3 — Bnpaso — 6 =06 v
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BcraBka anemeHnTa

Cnyckaemcsi no gepesy, kak npu nowucke. Korga gowsnn go nullptr — co3aaém HOBYIO BEPLUUHY

Node* Insert(int key, Nodex root) {
if (root == nullptr) {
return new Node{key};
}
if (key < root->key) {
root->left = Insert(key, root->left);
} else if (key > root->key) {
root->right = Insert(key, root->right);
}

return root;
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BcraBka anemeHnTa

Cnyckaemcsi no gepesy, kak npu nowucke. Korga gowsnn go nullptr — co3aaém HOBYIO BEPLUUHY

Node* Insert(int key, Nodex root) {
if (root == nullptr) {
return new Node{key};
}
if (key < root->key) {
root->left = Insert(key, root->left);
} else if (key > root->key) {
root->right = Insert(key, root->right);
}

return root;

Hosblii anemenT BCerga CTaHOBUTCA NUCTOM

10



>XwuBoii npumep: BcTaBka

Bcrasnsem 5 B pgepeso:

8 8
/N /\
3 10 => 3 10
/N \ /\ \
1 6 14 1 6 14
/\

11



>XwuBoii npumep: BcTaBka

Bcrasnsem 5 B pgepeso:

8 8
/N /\

3 10 => 3 10
/N \ /\ \
1 6 14 1 6 14
/\
5 7

5<8 —=+5>3—5<6 — nullptr — co3paém BepLUVHY
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Ypanenue: Tpu cny4as

VaaneHne — camasi HeTpuBMasibHas onepauns
Cnyuyaii 1: BepwwnHa — anct

= NpoCTO yAansiem

Cnyuaii 2: y BepluMHbl OANH pebéHoK

= 3aMeHsieM BEpLUMHY Ha 3Toro pebérka
Cnyuain 3: y BepwimHbl gBa pebéHka

=777
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YpaneHue: cny4daii ¢ AByMsi EeTbMU

Haxognm muHumym npasoro nogpepesa (cnefytowmii No nopsifKy 3AeMeHT)

® Konunpyem €ero KJitod B yLansieMyto BEpLUUHY
® PeKypCrBHO yaansieM 3TOT MUHUMYM M3 MpaBoro noanepesa
® V MUHUMYyMa NpaBoro noanepesa HeT NeBoro pebéHka = ygaseHne npocToe

13



Node* Remove(int key, Node* root) {

if (root == nullptr) return nullptr;

if (key < root->key) {
root->left = Remove(key, root->left);
} else if (key > root->key) {
root->right = Remove(key, root->right);
} else {
if (root->left == nullptr) {
Node* child = root->right;
delete root;
return child;
}
if (root->right == nullptr) {
Node* child = root->left;
delete root;
return child;



Tpu knaccrnyeckux obxoga brHapHoro gepesa:
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Obxogbl aepesa

Tpu knaccrnyeckux obxoga brHapHoro gepesa:

® Inorder: neBoe nogaepeso — BepLUMHA — MPaBOe MOAAEPEBO
® Preorder: BeplwinHa — N1eBOe MOAAEPEBO — MPABOE MOAAEPEBO
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15



Obxogbl aepesa

Tpu knaccrnyeckux obxoga brHapHoro gepesa:

® Inorder: neBoe nogaepeso — BepLUMHA — MPaBOe MOAAEPEBO
® Preorder: BeplwinHa — N1eBOe MOAAEPEBO — MPABOE MOAAEPEBO
® Postorder: neBoe noafepeso — npasoe NMOALEPEBO — BEPLUMHA

Ons BST inorder-obxoa [aéT ko4 B OTCOPTUPOBAHHOM nopsigke
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Inorder-obxop: kop,

void Inorder (Node* root, std::vector<int>& result) {
if (root == nullptr) return;
Inorder (root->left, result);
result.push_back(root->key) ;
Inorder(root->right, result);
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Inorder-obxop: kop,

void Inorder (Node* root, std::vector<int>& result) {
if (root == nullptr) return;
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result.push_back(root->key) ;
Inorder(root->right, result);

Ons pepesa us npumepa: 1,3,4,6,7,8,10,13,14
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Inorder-obxop: kop,

void Inorder (Node* root, std::vector<int>& result) {
if (root == nullptr) return;
Inorder (root->left, result);
result.push_back(root->key) ;
Inorder(root->right, result);

Ons pepesa us npumepa: 1,3,4,6,7,8,10,13,14

ObpaTHbIii NOPSAOK — MOMEHATb MECTaMU PEKYPCUBHbIE BbI30BbI
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CnoxHocTtb onepauuii

Bce onepauun pabotatot 3a O(h), rae h — BbicoTa aepesa
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CnoxHocTb onepauyuii

Bce onepauun pabotatot 3a O(h), rae h — BbicoTa aepesa

Kakoii moxeT bbITb BbicOTa?

Jlyqwnii cnyyaii  Xygwuii cnyyaii

Boicota  O(logn) O(n)
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Korpa Bcé nnoxo: «6ambyk»

Ecnwn BcTtaBnaTb anemeHThl B OTCOPTNPOBAHHOM Mopsgke

1 BMecTO mepemBa -

IIOJIy49aeTCd IIeIloYKa

Bce omepamuu 3a 0(n)
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5

Bce npenmyuiectsa BST tepsitorcs
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CbanaHcupoBaHHble aepeBbs

Xotum rapantuposats h = O(logn)

19
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Xotum rapantuposats h = O(logn)
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CbanaHcupoBaHHbie aepeBbs

Xotum rapantuposats h = O(logn)
Wges: npu BCTaBKe 1 yAaneHnn NoaAepKMBaTb MHBApPUaHT, OrPaHNYMBaIOLWMNA BbICOTY

® AVL-pepeBo — BbICOTbI NOAAEPEBLER OTANYAKOTCS He bosee yem Ha 1
® KpacHo-4épHoe aepeso — npasuna Ha LgeTa BeplumH rapantupytot h < 2log,(n + 1)
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CbanaHcupoBaHHbie aepeBbs

Xotum rapantuposats h = O(logn)
Wges: npu BCTaBKe 1 yAaneHnn NoaAepKMBaTb MHBApPUaHT, OrPaHNYMBaIOLWMNA BbICOTY

® AVL-pepeBo — BbICOTbI NOAAEPEBLER OTANYAKOTCS He bosee yem Ha 1
® KpacHo-4épHoe aepeso — npasuna Ha LgeTa BeplumH rapantupytot h < 2log,(n + 1)

Bo Bcex cnyqasix ocHosHble onepaumn pabotatot 3a O(logn)
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BST — nepeBo, B KOTOpoM Kitoum cnesa He bosblue, a cnpasa bonbLue
Mouck, BCTaska, yaanexne pabotatot 3a O(h)
Inorder-obxopn faéT aneMeHTbl B OTCOPTUPOBAHHOM MOPSIAKE

B xyawem cnyyqae h = O(n) — «bambyk»

CbanancuposaHHbie gepesbs rapantupytot b = O(logn)
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