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

Tema 4. JlepeBbs

BbunapHble J1epeBbs MOUCKA

Omnpejgenenne. BuanapHoe 1epeBO HA3BIBAETCS JEPEBOM IIOMCKA, €CJIU JJIsl J1I000oro y3aa A
BBITIO/THEHO COOTHOIIIEHTE

x < A.value < y

r7e X - TPOU3BOIbHOE 3HAUEHWE U3 JIEBOTO TOJJIEpeBa, V - MPOW3BOJIbHOE 3HAUYEHUE W3
MPaBoOro TO/IIePeBa.

MokHO JaTh olpejeseHne ¢ HECTPOIMM HepaBeHCTBOM X <= A.value < y , HO Ha
NpaKTUKe BCe MHTEPECHbIE CIy9al UCIOJIb3YIOT CTPOTHE HEPABEHCTBA, MTOITOMY X 1 UMeeM
B BUJLY.

Taxkoe omnpejeserne cpa3y 3ajaeT MPaBUIa padOThI C JIEPEBOM IOMCKA, & KMEHHO, CaM
HOKWCK 3HAYEHUsI, U OIEePAIUN T00ABICHUS U YIAJEHHS JIEMEHTOB TaK, YTOOBI IMOIIEPKHU-
BaJIOCh OlIpeJIeJIeHUe.

Jlajiee B 3TOM TEKCTE OY/IEM IMHCATH HE COBCEM CTPOTHIl KOJ, 4TOOBI HE 3arPOMOXKJIATH
HJLTIOCTPUPOBATH HMEHHO JIOTHKY paboTh (T.e. omycTHM template, cTporoe omucaHue THIIOB
U T.01.). A cTporuii Koj 6yer y:ke B pabodnX mpHMepax.

Bo3MoXKHBI peKypCcUBHBIE T HEPEKYPCUBHBIE PeaTIM3aliu.

Ilouck. XoTtum y3HATH, €CTH JIU B JepeBe KOHKPEeTHOEe 3HaUeHHe X W B KAaKOM y3Jie OHO
HAXOUTCS

TreeNode * Search(TreeNode * root, const T & x)

{
if (root == nullptr) return nullptr;
if (x == root->value) return root;
if (x > root->value) return Search(root->right, x);
else return Search(root->left, x);
}
TreeNode * Search(TreeNode * root, T & x)
{
if (root == nullptr) return nullptr;
TreeNode *p = root;
while (p) {
if (x == p->value) return p;
p = (x > p->value) ? p->right : p->left;
}
return nullptr;
}

OTH HIpoIeypbl BO3BPAIAIOT yKa3aTelb Ha y3es jgepesa. OJIHAKO UJIe00THA KOHTEMH-
HEPHBIX CTPYKTYP HCIOJb3YeT IMOHATHE UTEPaTopa Jid 000O3HAUYCHHE IO3UIIMH JOCTYIA K
snemenTy. [loaToMy mo-xoporremy 3/1ech Hy>KHO OBLIO OBl HAUMHATH IMMOUCK C MO3UIIUU HTe-
paTopa u pe3y/braT IOMCKa BO3BpallaTh Kak ureparop. Ho 1noka He OyjieM yC/I0KHATH KO/
U OCTaBUM YyKa3aTeJb Ha BEPIIUHBI JIe/IeBa.



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

Hobasisenmne. [Iponeaypa Bo3BpalmaeT yKa3aTesb Ha BEPIINHY BCErO JIEpeBa IIOCJIe
nobaBIeHAA

TreeNode * Add(TreeNode * root, const T & x)

{
if (root == nullptr) {
root = new TreeNode;
root->value = x;
} else { // HeT TpOBepKH Ha HaJIW4iue X B Jepese !!!
if (x > root->value) {
root->right = Add(root->right, x);
root->right->parent = root;
} else {
root->left = Add(root->left, x);
root->left->parent = root;
}
}
return root;
}
TreeNode * Add(TreeNode * root, const T & x)
{
TreeNode *px = new TreeNode;
px->value = x;
if (root == nullptr) {
root = px,;
} else { // HeT TNpOBepKM Ha HalIW4YMe X B mepeBe !!!
for (TreeNode *p = root; p; ) {
if (x > p->value) A
if (p->right) { p = p->right; }
else { p->right = px;
px->parent = p;
break;
}
} else {
if (p->left) { p = p->left; }
else { p->left = px;
px->parent = p;
break;
}
}
}
}
return root,;
}

Ynaneunne. Vjuiocrpanus Ha KapTUHKAX.
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TreeNode * Remove(TreeNode * root, const T & x)

{
TreeNode *p;
if (root == nullptr) return nullptr;
if (x > root->value) {
root->right = Remove(root->right, x);
if (root->right) root->right->parent = root;
} else if (x < root->value) {
root->left = Remove(root->left, x);
if (root->left) root->left->parent = root;
} else {
if (root->right == nullptr) {
p = root->left;
delete root;
return p;
}
if (root->left == nullptr) {
p = root->right;
delete root;
return p;
}
p = SearchRightmost (root->left); // HO MOXHO M Cpa3y MCKaTb X yIAIATH
root->value = p->value;
root->left = Remove(root->left, root->value);
if (root->left) root->left->parent = root;
}
return root;
}
TreeNode * p = SearchRightmost (TreeNode *root)
{
for ( ; root->right; root = root->right);
return root;
}

HepekypcuBnblii BapuaHT — B KaueCTBE CAMOCTOATEIHHOTO YIIPAZKHEHUSI.
Hurne ve ucnosip3oBasicsa yKa3aTesb parent.

1 — MOXKHO ero y4uTbhIiBaTh U COOTBETCTBEHHO YCTaHABJIUBATD

2 — MOXKHO He YYHTBIBATH U BOOOIIE YOPATh U3 PeATH3aAIIH
Hepocrarku — j1epeBo MOZKeT BBIDOJAMTHCS B CIIUCOK, TpypoeMkoctb O(N).



