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ATA BinarySearchTree

AbstractDataType BSTree {

instances: binary trees, each node has an element with a key field; all
keys are distinct; keys in the left subtree of any node smaller than the
key in the node; those in the right subtree are larger;

operations
Create (): create an empty binary search tree
Search (k, €): return in e the element with key k; return false if
the operation fails, return true if it succeeds
Insert (e): insert element e into the search tree
Delete (k, e): delete the element with key k and return it in e
Ascend (): Output all elements in ascending order of key
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Avalntnon otoryelov péoa oe AAA

bool BSTree<E,K>::Search(const K& k, E &e) const
{// Search for element that matches k.
// pointer p starts at the root and moves through
// the tree looking for an element with key k
BinaryTreeNode<E> *p = root;
while (p) // examine p->data
if (k < p->data) p = p->LeftChild;
else if (k > p->data) p = p->RightChild;
else { // found element
e = p->data;
return true;}

return false;

} Kootog avalijtiong = k670G katdfaonc = O(h)
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Eroaywyn otoryeiov e AAA (1)
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Erooywyn otoryeiov oe AAA (2)

BSTree<E,K>& BSTree<E,K>::Insert(const E& e)
{// Insert e if not duplicate.
BinaryTreeNode<E> *p = root, // search pointer
*pp = 0; // parent of p
// find place to insert
while (p) { // examine p->data
PP = P/
// move p to a child
if (e < p—->data) p = p->LeftChild;
else if (e > p->data) p = p->RightChild;
else throw BadInput(); // duplicate
}

// get a node for e and attach to pp
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Eroaywyn otoryetov oe AAA (3)

// get a node for e and attach to pp
BinaryTreeNode<E> *r = new BinaryTreeNode<E> (e);
if (root) {// tree not empty
if (e < pp->data) pp->LeftChild = r;
else pp->RightChild = r;}
else // insertion into empty tree
root = r;

return *this;

Kéotog = Kostog avalnitnong + k6610g ‘cvykorinong’

véov Képpov otov matépa-képpo = O(h) + O(1) = O(h)
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Aroryoan atoryetov ano AAA (1)

3 TEPUTTAOGELG:
O képpog p (mov
TEPLEYEL TO GTOLYELD)
glval gUALO
To p éxel povo éva
U1 KEVO LTTOOEVOPO
To p €xel axpiog
dv0 un keva
VTOOEVIPAL

Aopéc Aedopévwy 8




Aroryoapn ototyetov ano AAA (2)

BSTree<E,K>& BSTree<E,K>::Delete(const K& k, E& e)
{// Delete element with key k and put it in e.

// set p to point to node with key k
BinaryTreeNode<E> *p = root, // search pointer
*pp = 0; // parent of p
while (p && p->data != k){// move to a child of p
PP = P/
if (k < p->data) p = p->LeftChild;
else p = p—>RightChild;
}
if (!p) throw BadInput(); // no element with key k

e = p->data; // save element to delete
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Aroyoapn otoryetov ano AAA (3)

// restructure tree
// handle case when p has two children
if (p->LeftChild && p->RightChild) {// two children
// convert to zero or one child case
// find largest element in left subtree of p
BinaryTreeNode<E> *s = p->LeftChild,
*ps = p; // parent of s
while (s->RightChild) {// move to larger element
ps = s;
s = s->RightChild;}

// move largest from s to p
p->data = s->data;

P =s;

PP = Ps;}
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Aroryoapn ototyetov ando AAA (4)

// p has at most one child

// save child pointer in c
BinaryTreeNode<E> *c;

if (p->LeftChild) c = p->LeftChild;
else c = p->RightChild;

// delete p
if (p == root) root = c;
else {// is p left or right child of pp?
if (p == pp->LeftChild)
pp->LeftChild = c;
else pp->RightChild = c;}
delete p;

return *this;

Kéotog="?
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To AAA mepteyet povo 1 nopfo (pile)
Alaypaen Tou k = 42

P = root;
pp = 0;

// move to a child of p

while (p && p->data != k){
PP = P/
if (k < p->data) p = p->LeftChild;
else p = p->RightChild;

if (p->LeftChild) c = p->LeftChild;
else ;

// delete p
if (p == root) root = c;

delete p;




Aroryoopr 9OAAOL
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Aroryoapn pOAAOL

Alaypaer Tou k =19

P = root;
pp = 0;

// move to a child of p

while (p && p->data !'= k){
Pp = P/
if (k < p->data) p = p->LeftChild;
else p = p->RightChild;

}
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Aroryoopr 9OAAOL

Aiaypaer) Tou k =19

if (p->LeftChild && p->RightChild) {
// convert to zero or one child case
// find largest element in
// left subtree of p
BinaryTreeNode<E> *s
*ps
while (s->RightChild) {
pPs = s;
s = s->RightChild;
}

p->LeftChild,
p; // parent of s

// move largest from s to p
p->data = s->data;

P =s;

PP = Ps/
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Aroryoapn pOAAOL

Alaypaer Tou k =19

BinaryTreeNode<E> *c;
if (p->LeftChild) c = p->LeftChild;
else ;

// delete p
if (p == root) root = c;
else {// is p left or right child of pp?
if (p == pp->LeftChild)
pp->LeftChild = c;
else 5}
delete p;
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Avoryoopn nopPou pe 1 vtodevipo
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Aroryoapn nopPou pe 1 vnodeévipo

Alaypaen Tou k = 25

P = root;
pp = 0;

while (p && p->data !'= k){
PP = P/
if (k < p->data) p = p->LeftChild;
else p = p->RightChild;
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Avoryoopn nopPou pe 1 vtodevipo

Aiaypaer) Tou k = 25
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if (p->LeftChild && p->RightChild) {
// convert to zero or one child case
// find largest element in
// left subtree of p
BinaryTreeNode<E> *s = p->LeftChild,
*ps = p; // parent of s

while (s->RightChild) {

pPs = s;

s = s->RightChild;
}

// move largest from s to p
p->data = s->data;

P =s;

PP = PS;

Alaypaen Tou k = 25
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Aroryoapn nopPou pe 1 vnodeévipo

BinaryTreeNode<E> *c;
if (p->LeftChild) ¢ = p->LeftChild;
else ;

// delete p
if (p == root) root = c;
else {// is p left or right child of pp?
if (p == pp->LeftChild)
pp->LeftChild = c;
else 5}
delete p;
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Aroryoopn nopfou pe 2 vtodevipn
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Aroryoapn nopfou pe 2 vnodevipa

Alaypaen Tou k = 25

p = root;
pp = 0;

while (p && p->data != k){

PP = P/

if (k < p->data) p = p->LeftChild;
else p = p->RightChild;
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Aroryoopn nopfou pe 2 vtodevipn

Alaypaer] Tou k = 25

if ( ) {
// convert to zero or one child case
// find largest element in
// left subtree of p
BinaryTreeNode<E> ,
// parent of s
while (s->RightChild) {
ps = s;
s = s->RightChild;
}

// move largest from s to p
p->data = s->data;

P =s;

PP = PS;
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Aroryoapn nopfou pe 2 vnodevipa

Alaypaen Tou k = 25

if (p->LeftChild && p->RightChild) {
// convert to zero or one child case
// find largest element in
// left subtree of p
BinaryTreeNode<E> *s
*ps

p->LeftChild,
p; // parent of s

// move largest from s to p
p->data = s->data;

P =s;

PP = Ps;
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Aroryoopn nopfou pe 2 vtodevipn

Alaypaer] Tou k = 25

if (p->LeftChild && p->RightChild) {
// convert to zero or one child case
// find largest element in
// left subtree of p
BinaryTreeNode<E> *s = p->LeftChild,
*ps = p; // parent of s

while (s->RightChild) {

ps = s;

s = s->RightChild;
}

// move largest from s to p

p=s;
PP = Ps;

Aopéc Asdopévwy S 25

Aroryoapn nopfou pe 2 vnodevipa

Alaypaen Tou k = 25

if (p->LeftChild && p->RightChild) {
// convert to zero or one child case
// find largest element in
// left subtree of p
BinaryTreeNode<E> *s
*ps
while (s->RightChild) {
Ps = s;
s = s->RightChild;
}

p->LeftChild,
p; // parent of s

// move largest from s to p
p->data = s->data;
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Aroryoopn nopfou pe 2 vtodevipn

Aiaypaer) Tou k = 25

BinaryTreeNode<E> *c;
if (p->LeftChild) c = p->LeftChild;
else ;

// delete p
if (p == root) root = c;
else {// is p left or right child of pp?
if (p == pp->LeftChild)
pp->LeftChild = c;
else 5}
delete p;
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Yog AAA
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