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tree

* Populate Alphabet




Binary representation
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2pointers for each node:

15t points to its first child;
2"d points to its sibling(if any).



Implicit representation

NEED
NO
POINTER!

A Complete Binary Tree
12 internal nodes, 13 terminal nodes

Ali]

Linear storage in an array!

A[2i] A[2i+1]



* Priority-queue
-insert(x)
-remove()
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heap

Every subtree of a heap is
another heap.
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Heap adjustment
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subheap maintenance
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Heap adjustment for z=& A 2

W : Remove_Max_from_Heap(A, n)
WA : A (FRFRHEMKNNR n BB )
W : Top_of the_Heap ( M\ AKMOITE ). A (VHRIFHME) 1 n (IS
BN #Fn=0, NHEERE)
begin
if n =0 then print "the heap is empty"
else
Top_of the Heap := A[1],
All]l:=Aln};
n=n-1l;
parent ;=1 ; | Max(left_child, right_child)
child := 2 ;
while chil. <n-1do
if A[child] < A[child+1] th .
a1 | LA SMax(lef_chil,

if A[child] > A[parent] then right_child)

swap(A[parent], A[child]) ; /
parent := child ; 2 5 L I Og 5 n

child := 2*child ;

- else child := n {4 ILTE3F) :[:EEHF}‘? ﬁé\fg—éﬁ 3@ n

¥ 4.7 Rk Remove_Max_from_Heap




insert(x) for 5 N

W3k Insert_to_Heap(A, n, x)
WA : A (FRFRHEN AN n 9BEH ) UK x (FEAED)

Wi: A (HBENHE) Dk n (FREERAN)
begin
n:=n+l1; (BREEHARLHA)
Aln] :=x;
child :=n ;
parent := ndiv 2 ;
while parent > | do
if A[parent] < A[child] then
swap(A[parent], A[child]) ; (Z ]~ K 4.6}
child := parent ;
parent := parent div 2 ;
else parent := 0 {# (L TE3F)

4.8 W3k Insert [to_Heap

Aln]



BST: Binary Search Tree

e fE/NEK.
« H E%W%‘KEBSTM

o RINHI Erecord, 7 i B & key.
o L HFPIESSortingFlSearching.
e Base DS for set, multisets, associative arrays
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BST search

* Simple recursive compare

WL BST Search (root, x)
WA : roor (817 — AHEWR SA0FEE ) IR x (4%

W : node (F81H) A KLBT x 19 EBI8E, R RS
AFFELE, WF8IM nil )

if root = nil or root” key = x then node := root
{root™Jj2: root I £t BT 48 a1 B C 5% )
else
if x < root” key then BST Search(root’ left, x)
else BST Search(root”.right, x)
end
P 4.9 Y BST_Search



BST insert

Alwavs inserted on as leaf node.

W3k BST Insert (root, x)

WA : roor (F8m SIS RWRY LM ) UK x (4%

W EEA R TEET child 1RIMED, LBRFR x B SUTTBME T A
MBRCHWEXBFER x, A child = nil

begin

if root = nil then

create a new node pointed to by child;

root := child ;
root” key := x
else
node := root ;
child := root ; {#IRAAL child EHAR nil }
while node # nil and child # nil do Leaf’s children ==nil,
if node".key = x then child := nil stops the while
else
parent := node ;

if x < node”.key then node := node’ left
else node := node".right ;
if child # nil then

create a new node pointed to by child;

child"key := x ;

child" left := nil ; child’right “= nil ;

if x < parent”.key then parent’left := child
else parent”.right := child

end
B 4.10 ¥ ¥ BST Insert



Sort

* |Insertion, then traverse in-order




BST delete

Say delete node *p
* A. p has no children
- simple deletion
* B. p has only one children
- simple deletion and concatenation

* C. p hastwo children

- two methods



C: p has 2 children
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:Arbitrary size sub-tree, whose leftmost(9) and rightmost(6) are
shown here.

We pop a node

Pop a node




C: p has 2 children

Method 1 Method 2

A :Arbitrary size sub-tree, whose leftmost(9) and rightmost(6) are
shown here.




W3 BST Delete (root, x)
WA : root (FEIA _AERWBY SBEE ) UK x (HEA%)

M - ARAFFECE TR x BT, TR BR A M2 X R AR
Jﬁ&*ﬁX%ﬂ%ﬁﬁﬁ, HEERNMNSHBAHEE. )

node := root ;
while node # nil and node” key # x do
parent := node ;
if x < node’ key then node := node" left
else node := node’.right ;
if node = nil then print("x is not in the tree”) ; halt ;
if node # root then
if node” .left = nil then
if x< parent” key then
parent”.left := node”.right
else parent”.right := node".right
else if node”.right = nil then
if x< parent”.key then
parent”.left := node” left
else parent”.right := node” left
else {FiF4 SIS ) Hleft subtreed iz £1

nodel := node’left ; TR K (key iz o)
parentl := node ;
while nodel ".right # nil do

parentl := nodel ;
nodel := nodel ".right ;
(T m I R U IE R RER)
parentl ”.right := nodel "left ;

Method 1

node” key := nodel "key <
end




complexity

e Search, insertion and deletion

Time complexity
in big O notation

Average Worst case
Space O(n) O(n)
Search Of(log n) O(n)
Insert  O(log n) O(n)
Delete  O(log n) O(n)

Depth of the tree depends on the balance of the tree.
Induction to self-balancing tree



AVL and Red-Black

e Self-balancing tree

Time complexity
in big O notation

Average Worst case

n)

Space O( (
Search O(log n) O(log n)
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( (
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Insert O(log n) O(log n)
Delete O(log n) O(log n)



