BINA

RY SEARCH TREE

L

L

m Can be represented by a linked data structure
IN which each node is an object. Each node
contains fields: key, leff, right and parent.

m The keys are stored in such a way that safisty
the binary-search-free property:
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m Dictionary operations

Searching
Insertion
Deletion

m Other related operations
successor, predecessor
range search
split, merge ...




QUERYING A BINARY SEARCH TREE

m All dictionary operations (search, insert and
delete) and also “minimum”, “maximum”,
‘successor”’ and Ypredecessor” can be
supported in O(h) fime. (h is the height of the

tree)

For a balanced binary tree, h = ©(log n); for
an unbalanced free that resembles a linear
chain of n nodes, then h = ©(n) In the worst
case.




QUERYING A BINARY SEARCH TREE

Figure 13.2 Queries on a binary search tree. To search for the key 13 in the tree,
the path 15 — 6 — 7 — 13 is followed from the root. The minimum key in the tree
1s 2, which can be found by following /eft pointers from the root. The maximum
key 20 1s found by following right pointers from the root. The successor of the
node with key 15 is the node with key 17, since it is the minimum key in the right
subtree of 15. The node with key 13 has no right subtree, and thus its successor is
its lowest ancestor whose left child is also an ancestor. In this case, the node with
key 15 is its successor.




TREE-SEARCH(X, K)

1. it x =NIL or k = key|[X]
2. thenreturn x

3. If kK <key|[X]
4
S

then return Tree-Search(leff[x], k)
else return Tree-Search(right[x], k)




FINDING MIN & MAX

Minimum(x) Maximum(x)

1. while left[x] # NIL 1. while right[x] # NIL
2. dox - leff[x] 2. dox  right[x]
3. return x 3. return x




SUCCESSOR

FIND THE SUCCESSOR (THE NEXT LARGER VALUE)
OF A NODE.

(18
@)

IN THE ABOVE TREE, THE SUCCESSOR OF 13 1Is 15,

THE SUCCESSOR PF 4 IS 6 ETC.




Successor (TreePir T, key x)
// return node containing successor

{if (T == null) return null;
if (T.key > x) return Successor(T.right, x);
if (T.key == x) return Minimum(T.right);
y = Successor(T.left,x);
It (y = null) return vy;
else return T;




NODE INSERTION

Figure 13.3 Inserting an item with key 13 into a binary search tree. Lightly
shaded nodes indicate the path from the root down to the position where the item

1s inserted. The dashed line indicates the link in the tree that is added to Insert
the 1tem.




INSERTION




ANALYSIS ON INSERTION




NODE DELETION




NODE DELETION

.If the tree is NULL, there is not

niNg to delete.

f (T.key < x) confinue with right subtree.

f (T.key > x) confinue with lef
Now T.key == x.

Case 4.1. x has no children. (se
Case 4.2. x has one child. (set T to T.rnght.)
Case 4.3. X has both children.

F subtree.

t tree to null.)




TreePtr Delete(TreePir T, key x|
{if (T ==null) return T;
it (T.key <x)
{T.left = Delete(T.left, x); return T;}
it (T.key > x)

{T.right = Delete(T.right, x); return T;}
It (T.left == null && T.left == null) return null;
It (T.left == null) return T.right;
if (T.right == null) return T.left;
TreePir y = DeleteMin(T.right);
T. key = y.key; return T,

}




COMPLEXITY OF BST OPERATIONS

Nelelfelg

Successor
INnsert
Delete — all take O(h) steps.




Balanced Binary Search Tree

Goal is to make h = Oflog n) so that all the
dictionary operations can be performed in Oflog
n) basic steps.

AVL free is one of the simplest height balancing
techniques. (oldest as well.)




