
Ðàáîòà íà ÝÂÌ è ïðîãðàììèðîâàíèå, ìåõìàò, 2 êóðñ 2 ïîòîê

Òåìà 4. Äåðåâüÿ

Áèíàðíûå äåðåâüÿ ïîèñêà

Îïðåäåëåíèå. Áèíàðíîå äåðåâî íàçûâàåòñÿ äåðåâîì ïîèñêà, åñëè äëÿ ëþáîãî óçëà A
âûïîëíåíî ñîîòíîøåíèå

x < A.value < y

ãäå x - ïðîèçâîëüíîå çíà÷åíèå èç ëåâîãî ïîääåðåâà, y - ïðîèçâîëüíîå çíà÷åíèå èç
ïðàâîãî ïîääåðåâà.

Ìîæíî äàòü îïðåäåëåíèå ñ íåñòðîãèì íåðàâåíñòâîì x <= A.value < y , íî íà
ïðàêòèêå âñå èíòåðåñíûå ñëó÷àè èñïîëüçóþò ñòðîãèå íåðàâåíñòâà, ïîýòîìó èõ è èìååì
â âèäó.

Òàêîå îïðåäåëåíèå ñðàçó çàäàåò ïðàâèëà ðàáîòû ñ äåðåâîì ïîèñêà, à èìåííî, ñàì
ïîèñê çíà÷åíèÿ, è îïåðàöèè äîáàâëåíèÿ è óäàëåíèÿ ýëåìåíòîâ òàê, ÷òîáû ïîääåðæè-
âàëîñü îïðåäåëåíèå.

Äàëåå â ýòîì òåêñòå áóäåì ïèñàòü íå ñîâñåì ñòðîãèé êîä, ÷òîáû íå çàãðîìîæäàòü è
èëëþñòðèðîâàòü èìåííî ëîãèêó ðàáîòû (ò.å. îïóñòèì template, ñòðîãîå îïèñàíèå òèïîâ
è ò.ï.). À ñòðîãèé êîä áóäåò óæå â ðàáî÷èõ ïðèìåðàõ.

Âîçìîæíû ðåêóðñèâíûå è íåðåêóðñèâíûå ðåàëèçàöèè.
Ïîèñê. Õîòèì óçíàòü, åñòü ëè â äåðåâå êîíêðåòíîå çíà÷åíèå X è â êàêîì óçëå îíî

íàõîäèòñÿ

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;

}

Ýòè ïðîöåäóðû âîçâðàùàþò óêàçàòåëü íà óçåë äåðåâà. Îäíàêî èäåîëîãèÿ êîíòåé-
íåðíûõ ñòðóêòóð èñïîëüçóåò ïîíÿòèå èòåðàòîðà äëÿ îáîçíà÷åíèå ïîçèöèè äîñòóïà ê
ýëåìåíòó. Ïîýòîìó ïî-õîðîøåìó çäåñü íóæíî áûëî áû íà÷èíàòü ïîèñê ñ ïîçèöèè èòå-
ðàòîðà è ðåçóëüòàò ïîèñêà âîçâðàùàòü êàê èòåðàòîð. Íî ïîêà íå áóäåì óñëîæíÿòü êîä
è îñòàâèì óêàçàòåëü íà âåðøèíû äåëåâà.
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Äîáàâëåíèå. Ïðîöåäóðà âîçâðàùàåò óêàçàòåëü íà âåðøèíó âñåãî äåðåâà ïîñëå
äîáàâëåíèÿ

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

if (root == nullptr) {
root = new TreeNode;
root->value = x;

} else { // íåò ïðîâåðêè íà íàëè÷èå õ â äåðåâå !!!
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 { // íåò ïðîâåðêè íà íàëè÷èå õ â äåðåâå !!!

for (TreeNode *p = root; p; ) {
if (x > p->value) {

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;

}

Óäàëåíèå. Èëëþñòðàöèÿ íà êàðòèíêàõ.
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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); // íî ìîæíî è ñðàçó èñêàòü è óäàëÿòü
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;

}

Íåðåêóðñèâíûé âàðèàíò � â êà÷åñòâå ñàìîñòîÿòåëüíîãî óïðàæíåíèÿ.
Íèãäå íå èñïîëüçîâàëñÿ óêàçàòåëü parent.
1 � ìîæíî åãî ó÷èòûâàòü è ñîîòâåòñòâåííî óñòàíàâëèâàòü
2 � ìîæíî íå ó÷èòûâàòü è âîîáùå óáðàòü èç ðåàëèçàöèè
Íåäîñòàòêè � äåðåâî ìîæåò âûðîäèòüñÿ â ñïèñîê, òðóäîåìêîñòü O(N).
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