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#ifndef BINARY_TREE H
. # define Bl NARY_TREE H
/** Cass for a binary tree. Updated: 17 Novenber 2008 */
: #include <cstddef>
# i ncl ude <stdexcept>
t enpl at e<typename ltem_Type>
cl ass Binary_Tree
{
pr ot ect ed:
N R inner class for node ------------------
cl ass BTNode
{
private:
/1 Data Fields
BTNode *_parent, *_left, *_right;
ltem_Type _data;
publi c:
/1 Constructor
BTNode() : _parent(NULL), _left(NULL), _right(NULL) {}
/1 Destructor
vi rtual "BTNode() {}
Item_Typeé& data() { return _data;}
bool isEnd() const { return this== this->_left;}
bool hasParent() const { return_parent!=NULL;}
BTNode* parent() const { return _parent;}
bool hasLeft() const { return!_left->isEnd(); }
BTNode* left() const { return_left;}
bool hasRight() const { return!_right->isend(); }
BTNode* right() const { return _right;}
bool isLeaf() const { return !(hasLeft() || hasRight()); }
BTNode* sibling() { /1 should not be called upon root
i f ( this==parent->_left)
r et ur n parent->_right;
el se
r et ur n parent->_|left;
}
private:
friend cl ass Binary_Tree<ltem_Type>; /1 give access to outer class
voi d linkLeft(BTNode* other) {
_left = other;
_left->_parent = this;
}
voi d linkRight(BTNode* other) {
_right = other;
_right->_parent = this;
}
h /1 End BTNode
private:
/] data nenbers
BTNode* sentinel; /1 Fixed node used to desgi nate non-exi stent children
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BTNode* root;
size_t num_items;

public:

/1 A reference to the root of the tree
/] The number of nodes in the tree

/** Construct a tree with zero nodes */
Binary_Tree() : sentinel(createSentinel()), root(sentinel), num_items(0) { }

/** Return size of the tree. */

size_t size()

/** Return t
bool empty()

pr ot ect ed:
L

const { returnnum_items;}

rue if tree is enpty. */
const { returnnum_items==0;}

————— utilities for housekeeping ------------------

/** Factory function for instantiating a new node instance. */
vi rt ual BTNode* createNode() {
return newBTNode();

}

private:

BTNode* createSentinel() {

BTNode* temp =

createNode();

temp->linkLeft(temp);
temp->linkRight(temp);
ret urn temp;

}

pr ot ect ed:

BTNode* createlLeaf( const Item_Type& the data = Iltem_Type()) {
BTNode* temp = createNode();
temp->data() = the_data;
temp->linkLeft(sentinel);
temp->linkRight(sentinel);
return temp;

/** Clone this subtree, returning pointer to new root.
* Note that the parent of the new root is NULL.

*/

BTNode* cloneSubtree(BTNode* node) {
i f (node->isend())
r et ur n sentinel; /!l do not clone it

el se{

BTNode* new_root = createLeaf(node->data());

new_root->linkLeft(cloneSubtree(node->left()));

new_root->linkRight(cloneSubtree(node->right()));
ret urn new_root;

/** Destroy this node and all descendents.

*  However

*  The num_

*/

it leaves the sentinel alone.
itenms is accurately decremented to reflect the changes.

voi d destroySubtree(BTNode* node) {
i f ('node->isEnd()) {
destroySubtree(node->left());
destroySubtree(node->right());
del et e node;

num_items--;
}
}

public:

/** Construct a tree with given itemat root and copies of indicated subtrees.
* The original subtrees are not affected.

*/
Binary_Tree(

const Item_Type& item,
const Binary_ Tree<ltem_Type>& left_subtree = Binary_Tree(),
const Binary_Tree<ltem_Type>& right_subtree = Binary_Tree()) :
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sentinel(createSentinel()), root(createLeaf(item)),
num_items(1 + left_subtree.size() + right_subtree.size()) {
root->linkLeft(cloneSubtree(left_subtree.root));
root->linkRight(cloneSubtree(right_subtree.root));

N R housekeepi ng functions ------------------
Binary_Tree( const Binary_Tree& other) : sentinel(createSentinel()),
root(cloneSubtree(other.root)), num_items(other.num_items) { }

Binary Tree& oper at or =( const Binary_Tree& other) {
i f (this!=&other){
destroySubtree(root);

root = cloneSubtree(other.root);
num_items = other.num_items;

}
return* this;
}
vi rtual "Binary_Tree() {
destroySubtree(root);
del et e sentinel;
}
pr ot ect ed:
N R some static utility methods ------------------

/[** Find | eftnbst node within a subtree.
* Node is its own | eftnost descendent when |eft subtree enpty.
*/
st ati ¢ BTNode* findLeftmostDescendent(BTNode* node) {
whi | e (node->hasLeft())
node = node->left();
ret ur n node;

/** Find rightnmost node within a subtree.
* Node is its own rightnost descendent when right subtree enpty.
*/
st at i ¢ BTNode* findRightmostDescendent(BTNode* node) {
whi | e (node->hasRight())
node = node->right();
return node;

}
/**
* Returns a pointer to the precedi ng node as per an in-order
* traversal. WIIl return NULL in the case that the given node is
* the first and therefore has no predecessor.
*/

st ati c BTNode* findPredecessor(BTNode* node) {
i f (node->hasLeft())
r et ur n findRightmostDescendent(node->left());
el se{
whi | e (node->hasParent() && node == node->parent()->left())
node = node->parent();

r et ur n node->parent(); /1 will be NULL when there is no predecessor
}
}
/**
* Returns a pointer to the successor node as per an in-order
* traversal. WII return NULL in the case that the given node is
* the last and therefore has no successor.

*/
st ati ¢ BTNode* findSuccessor(BTNode* node) {
i f (node->hasRight())
r et ur n findLeftmostDescendent(node->right());
el se{
whi | e (node->hasParent() && node == node->parent()->right())
node = node->parent();
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r et ur n node->parent(); /1 will be NULL when there is no successor

}
}
public
N L iterator class ------------------
cl ass iterator {
friend cl ass Binary_Tree<ltem_Type>; /1 Gve access to outer
pr ot ect ed:

const Binary Tree<ltem_Type>* tree;
typename Binary_Tree<Item_Type>::BTNode* current;

iterator( const Binary_Tree<ltem_Type>* tree, BTNode* pos)
: tree(tree), current(pos) { }

public:
/** Default constructor nmkes an invalid iterator. */
iterator() : tree(NULL), current(NULL) { }

const Item_Type& operator*() const {
r et ur n current->data();

}
const Item_Type* operator->() const {
r et ur n &current->data();
}
bool operator==(const iterator& other) const {
ret urn (tree == other.tree && current == other.current);
}
bool operator!=( const iterator& other) const {
return!(* this ==other);
}
bool isRoot() const { return current == tree->root; }
bool hasLeft() const { return current->hasLeft(); }
bool hasRight() const { return current->hasRight(); }
bool hasParent() const { return current->hasParent(); }
bool isLeaf() const { return current->isLeaf(); }
iterator parent() const {

iterator result(tree, current->parent());
i f (Iresult.current)
result.current = tree->sentinel,
r et ur n result;

}
iterator left() const {
r et ur n iterator(tree, current->left());
}
iterator right() const {
r et ur n iterator(tree, current->right());
}
iterator& oper at or ++() { /1 pre-increment version

current = findSuccessor(current);
i f (‘current)
current = tree->sentinel;
return* this;

}

iterator operat or ++(int){ /1 post-increnent version
iterator fixed(* t hi s);
++(* t hi s);

cl ass.
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r et ur n fixed;

}

iterator& operat or --() { /1 pre-increment version
i f (current->isend())
current = findRightmostDescendent(tree->getRoot().current);
el se
current = findPredecessor(current);
return* this;

}

iterator operator--( int){ /1 post-increnent version
iterator fixed(* t hi s);
-(* t hi s);
r et ur n fixed;

h /! end of iterator class

N R tree methods involving iterators ------------------
iterator getRoot() const {
r et ur n iterator( t hi s, root);
}

iterator begin() const {
r et ur n iterator( t hi s, findLeftmostDescendent(root));
}

iterator end() const {
r et ur n iterator( t hi s, sentinel);
}

pr ot ect ed:
N LR iterator-based nmutators ------------------
voi d resetData(  const iterator& pos, const Item_Type& item) {
pos.current->data() = item;

}
/**

* Replace the subtree rooted at this position by the given structure.
* By default, replaces the subtree with an enpty tree.
* The given paraneter is unaffected.
* Returns an iterator to the root of the newy created subtree.
*/
iterator replaceThisSubtree( const iterator& pos,
const Binary_Tree<ltem_Type>& other=Binary_Tree()) {
BTNode* node = pos.current;
BTNode* clone = cloneSubtree(other.root);
BTNode* parent = node->parent();
bool leftOrient = (parent && node == parent->left());

num_items += other.size();
destroySubtree(node);
i f (parent) {
i f (leftOrient)
parent->linkLeft(clone);
el se
parent->linkRight(clone);
} el se{
root = clone;

}

i f (clone)

r et ur n iterator( t hi s, clone);
el se

return this->end();

/**

* Replace the left subtree of this position by the given subtree.
* By default, replaces the subtree with enpty subtree.
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* The given paraneter is unaffected.
*/
iterator replaceLeftSubtree( const iterator& pos,
const Binary_Tree<ltem_Type>& other=Binary_Tree()) {
BTNode* node = pos.current;
BTNode* clone = cloneSubtree(other.root);
num_items += other.size();
destroySubtree(node->left());
node->linkLeft(clone);
r et ur n iterator( t hi s, node->left());

/ * %
* Replace the right subtree of this position by the given subtree.
* By default, replaces the subtree with enpty subtree.
* The given paraneter is unaffected.
*/
iterator replaceRightSubtree( const iterator& pos,
const Binary_Tree<ltem_Type>& other=Binary_Tree()) {
BTNode* node = pos.current;
BTNode* clone = cloneSubtree(other.root);
num_items += other.size();
destroySubtree(node->right());
node->linkRight(clone);
r et ur n iterator( t hi s, node->right());

/**
* Assumi ng that given position has zero or one children,
* Renoves the node fromthe tree, and reconnects parent
* to remaining child (if any).
*/
voi d spliceOut( const iterator& pos) {
BTNode* node = pos.current;
i f (node->isEnd())

t hr ow std::invalid_argument( “"Invalid position in the tree");
i f (node->hasLeft() && node->hasRight())
t hr ow std::invalid_argument( "Cannot splice out node with two children");

BTNode* parent = node->parent();
BTNode* child = (node->hasLeft() ? node->left() : node->right());
i f (parent) {
i f (node == parent->left())
parent->linkLeft(child);
el se
parent->linkRight(child);
} el se{
root = child;
root->_parent = NULL,;
}

del et e node;
num_items--;
}
/ * %
* Perfornms a "rotation" along the edge between this node and its parent.
*/
voi d rotateUpward(  const iterator& pos) {
BTNode* node = pos.current;
BTNode* p = node->parent();

it (p){
BTNode* grand = p->parent(); /1 mark grandparent while we have it

i f (node == p->left()) {
p->linkLeft(node->right());
node->linkRight(p);

} el se{
p->linkRight(node->left());
node->linkLeft(p);

}
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i f (grand) {
i f (grand->left() == p)
grand->linkLeft(node);
el se
grand->linkRight(node);
} el se{
root = node;
root->_parent = NULL;

}
}
}

438:

439:

440

b /1 End Binary_Tree
» # endif



