Binary Search Trees



1) Binary tree

2) Binary-search-tree property
@ if y is a node in the left subtree of x, then key[y] < key[x]
@ if y is a node in the right subtree of x, then key[x] < keyly]
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(Q) key = {1, 4, 5, 10, 16, 17, 21}, height = 2 21 BS.T & 1242}



Data Member

« T: linked-list (Left-child, right-child representation)
root[T]: root node 2| index

« Node = key field + pointer fields (left, right, parent)

(ex)



Operations

INORDER-TREE-WALK(x)
TREE-SEARCH(x,k)
TREE-MINIMUM(x),
TREE-MAXIMUM(x)
TREE-SUCCESSOR(x)
TREE-PREDECESSOR(x)
TREE-INSERT(T,z)
TREE-DELETE(T,z)



Operations

 INORDER-TREE-WALK(x)

— binary search tree (root node 2| index = x) 2| 2=

o, O 2t2 print
— 6 (n), n: node &

INORDER-TREE-WALK (x)
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(cf) PREORDER-TREE-WALK(x)
POSTORDER-TREE-WALK(x)

if x £ NIL
then INORDER-TREE-WALK (/eft[x])

print key[x]
INORDER-TREE-WALK (right[x])



Operations

« TREE-SEARCH(x, k)

key 2t = k @ =E9| index & HO}A return

x: root node 2| index

O(h), h: height of tree

HinElES
* If k < key[x], go to left-child
* If k > key[x], go to right-child

TREE-SEARCH(x, k)

|
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if x = NIL or k = key[x]
then return x

if £k < key[x]
then return TREE-SEARCH (left[x], k)
else return TREE-SEARCH (right|x], k)

ITERATIVE-TREE-SEARCH (x, k)

1 while x # NIL and k # key|x]

2 do if k£ < key|x]

3 then x < left[x]
else x <« right|x]

B

5 return x



Operations

(Q) k = 363, TREE-SEARCH(x, k) =3 Al ZXZ =l sequence

= 7

(a) 2, 252, 401, 398, 330, 344, 397, 363
(b) 924, 220, 911, 244, 898, 258, 362, 363
(c) 925, 202, 911, 240, 912, 245, 363



Operations

« TREE-MINIMUM(x)
— XAZE e EEE FOF O index £ return
— x : root node 2| index
— O(h)
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TREE-MINIMUM (x)

|  while /left[x] £ NIL
2 do x <« left|x]
3 return x



Operations
TREE-MAXIMUM(x)

— X OIS 2= = EE A0} 1 index £ return
X : root node 2| index
— O(h)

- 202 71 25| L oM

TREE-MAXIMUM (x)

|  while right[x] # NIL

2 do x <« right[x]
3 return x



Operations

« TREE-SUCCESSOR(x)
~ = x Ol key 3t ELHCHE 22 30| 2 =5 R0 T index S
return

— smallest key greater than key(x)
— O(h)
- ZALF
(case 1) right[x] !'= NIL — TREE-MINIMUM(right[x])
(case 2) right[x] == NIL — A}7| EE= X}7| 2 E left-child =2
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TREE-SUCCESSOR (x)

1 if right[x] # NIL

2 then return TREE-MINIMUM (right[x])
3 y <« plx]

4 while y 5~ NIL and x = right[y]

S5 dox <y

6 y < ply]

7 return y
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Operations

(Q) Two-children node 2| successor = left child 7} $iC}.

(Q) TREE-PREDECESSOR(x)
— largest key less than key(x)



Operations

 TREE-INSERT(T,2)
— Tree T O] =& z &% (key[z] = v, plz]= NIL, left[z]=NIL, right[z]=NIL)
Tt binary-search-tree 2| property FX| B =&
- Y12|E
« search 7t T2 E X0 =E &
— O(h)

TREE-INSERT(T, z)

y < NIL

[w—

2 x < root[T]

3 while x % NIL

4 doy «x

S if key[z]| < key[x]

6 then x <« left[x]
7 else x <« right|x]
8 plz] <y

9 if y =NIL

10 then root[T] < z > Tree T was empty
11 else if key[z] < key[y]

12 then left[y] < z

13 else right(y] <z



Operations

TREE-DELETE(T,z)
— Tree T O|A E z 4K
=t binary-search-tree 2| property FX| £ =%
- S12|E
(case 1) no children case
-z 2 E XA
. parent node (p[z]) 2| left or right & z — NIL 2 C{X|
(case 2) one child case
- parent node 2t child node & A&
. plz] 2l left or right Ofl z 9| left or right CH
left[z] or right[z] 2| parent O p[z] CH
(case 3) two children case
-z 9| successor ‘== y (left child 812) Ol CHSHO] (case 2) A
:z L E9| key W satellite 2f= y node 2| ¢=ZE CHA

— O(h)



Operations
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Operations

TREE-DELETE(T, z)

if left[z] = NIL or right[z] = NIL
then y « 2
else y <« TREE-SUCCESSOR(2)
if left[y] % NIL
then x < left[y]
else x <« right[y]
if x £ NIL
then p[x]| < p[y]
if p[y] = NIL
then root[T] < x
else if y = left[p[y]]
then left[p[y]] < x
else right[ply]] <« x
if y £z
then key[z] < key|y]
copy y’s satellite data into z
return y
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