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3 ST-SEARCH(T, )
> r is a node (or the root) of a BST
1 if r =null or x = key[r]
2 then return r
3 if z < key[r]
4  then return BST-SEARCH(left[r], z)
5 else return BST-SEARCH(right[r|,x)
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13, 6, 9, 1, 14, 8, 22

13, 14, 6, 22, 1, 9, 8
13, 6, 1, 9, 8, 14, 22
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(ny + ny)!
T(n) = T(ny)T(ny)————
() = T T(ny)
ny is the number of nodes in the left subtree
ny is the number of nodes in the right subtree
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3ST-SEARCH(r, x)

> r is a node (or the root) of a BST
1 while r # null and x # key|[r]

2 do if z < keylr]
3 then r — left[r]
4 else r «— right[r]

5 return r
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3ST-MINIMUM(7)
1 while left[r] # null
2 do r — left[r]

3 return r
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BST-SEARCH(r, x)

> r is a node (or the root) of a BST
1 while r # null and x # key[r]
2 do
3
4

5 return r
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BST-MINIMUM(T)
1 if left[r] = null
2 then return r BST-MiNiMuM(left[r])
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3 ST-SUCCESSOR(r) S
if right[r] # null
then return BST-MINIMUM(right[r])

y «— parent|r]

1

2

3

4 while y # null and r = right[y]

) dor«— y

6 y «— parently] @

7 return y r
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3 ST-INSERT (7, ) 7
> r is a node (or the root) of a BST

> important: r should be a reference parameter
> no parent is assumed

if r = null

then r «— ALLOCATE-NODE(z, null , null )
if x < key|r] ja
then BST-INSERT(left[r], z) @
else if x> key[r]
then BST-INSERT(right[r], )
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3 ST-INSERT(7, p, x)

> r is a node (or the root) of a BST

> p is the parent of r

> important: r should be a reference parameter
> BST-INSERT(Root[T], null ,z) 4l jls1 3

1 Z
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1 if r = null
2  then r — ALLOCATE-NODE(z, null | null ;| P)
3 if x < key[r]
4 then BST-INSERT(left[r],r, x)
5 else if x > key[r]
6 then BST-INSERT(right[r],r, )
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3ST-INSERT(T', )
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n < ALLOCATE-NODE(z,null ,null ,null )
prevp «— null
p «— root[T|
while p # null
do prevp «— p
if z < key[p]

then p — left[p]

else p <« right[p]
parent[n] «— prevp
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-
10 if prevp = null
11 then root[T] — n
12 else ifz < key[prevp]
13 then left[prevp] — n
14 else right[prevp] — n
-
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> r is a node (or the root) of a BST
> 7 is assumed to be a reference variable

BST-DELETEMIN(T)

1 if r =null

2 then error (“Tree is Empty”)

3 if left[r] = null

4 then z «— label|r]

) te—r

6 r <« right[r]

7 parent|r] «— parent[t]

8 FREE-NODE (t)

9 return z
10  else return BST-DELETEMIN(left[r])
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3ST-DELETE(r, x)

1 if x = label[r]

| z -2 |
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2 then temp «— r

3 if left[r] = null

4 then r «— right[r]

5 parent|r] «— parent[temp]

6 FREEE-NODE(temp)

7 else if right[r] = null

8 then r — left|r]

9 parent[r] «— parent[temp]
10 FREEE-NODE(temp)
11 else label[r] «— BST-DELETEMIN (right[r])
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BST-DELETE(r, )
> r is a node (or the root) of a BST
> r is a reference variable
if r = null

then error (“Tree is Empty”)
if © < label[r]

then BST-DELETE(left[r], x)
if © > label[r]

then BST-DELETE(right[r], x)
if x = label[r]

then
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I max-heap (g jlwosly

A[1..n] sal,ie

Al1] ,5 4ly e

(Yi<n BN AL21] )5 pli pais cor L340
(Yi+ ) <n SNARi+1] ;5 Of Coly 235 50

ALS]] 55 oo
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TAX-HEAP-INCREASE-KEY(A, i, key)

1 if key < Ali]
2 then error “new key is smaller than current key”
3 Ali] — key
4 while i >1 and A[i] > A[PARENT(:)]
5 do swap(A[i], A[PARENT(i)] )
6 i < PARENT(7)]
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I (Lo S 5 5) min-heap

AL o Ign] i n b min-heap o& 55 gle
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PARENT(7)

1 return L%J

LEFTCHILD(7)

1 return 2;

RIGHTCHILD(7)
1 return 2:+1
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Ali..length[A]] C»Jﬂ s3> max-heap & g0

MAX-HEAP-INSERT (A, key)

1 length[A] < length[A] +1
2 Allength[A]] — —o0
3 MAX-HEAP-INCREASE-KEY(A, length[A], key)
VR ov S i e A5l

wdd dozes OA Sl wdige oISl
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50 S 9= 219
I max-heap 4 4,1 & LS
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Ali..length[A]] C).UJT 3 max-heap &) g4

MaX-HEAPIFY(A, 1)

1
2
3
4
5
6
7
8
9

10

[ — LEFTCHILD (%)
r « RIGHTCHILD (%)
if I <length[A] and A[l] > A[i]
then bigchild «— 1
else bigchild «— i
if r < length[A] and Alr] > Albigchild]
then bigchild — r
if bigchild # i
then swap(Ali], A[bigchild))
MaX-HEAPIFY (A, bigchild)
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1 2 3 4 5 6 7 8 910
——t ettt ——t————t——+

181816 9 7 1 9 3 7 5 initial heap

5 1816 9 7 1 9 3 7 deletemax

8 516 9 7 1 9 3 7 after heapify (4,1)
18 916 5 7 1 9 3 7 after heapify (4,2)
18 916 7 7 1 9 3 b after heapify (A,4)

1 2 3 4 5 6 7 8 9 10 11

e s e i T B e e  a K

181816 9 7 1 9 3 7 5 13 after Insert 13
181816 913 1 9 3 7 5 7
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I max-heap 4 4, & J.i.u
BuiLD-HEAP(A)
1 for i« L%@J downto 1
2 do HEAPIFY(A4, 1)
.
e dazs [ Sl wdige (5oLl
Loz S0 oo 5 bl bl
/
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Imax—heap D0 RS p Sy Bl
HEAP-DELETE-MAX(A)
1 if length[A] < 1
2 then error “heap underflow”
3 max — A[l]
4 A[l] « Allength[A]]
5 Allength] «— Allength] —1
6 MAX-HEAPIFY(A,1)
7 return maz
.

o daes B

Sl wdige (5ol




Lo = 21 A Lo Mol
B S 5 Byl

Build-Heap Jolow
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3 UILD-HEAP(A)

1 for i« L%j downto 1

2 do HEAPIFY(A, 1)

[EAPSORT(A)
1 BuIiLD-HEAP(A)
2 for i «— length[A] downto 2
3 do swap(A[1], Allength[A]])
4 length[A] « length[A] — 1
5 HEAPIFY (4,1)
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heapify (A,i)

1 2 3 4 5 6 7 8 910
do—t——t——t——t————t——t————t——+

1 2 3 45 6 7 8 910
-—+-——+-——+-——+——+——+——+——+——+—-—+
18 918 9 7 1 6 3 5 7 heap
7 918 9 7 1 6 3 5| 18 swap (1,10)
18 7 N
5 9 7 9 7 1 6 3|18 18 swap (1,9)
9 5 . . . . . .
.9 5
3 9 7 5 7 1 619 18 18 swap(1,8)
9 3 . . . . .
. 7 3 .
. 6 3
3 7 6 5 7 119 9 18 18 swap(1,7)
7T 3 . . . .
7 6 3
wdd oo VY Sl wdige oISl
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3 6 1 9 718 9 18 5 7 initial array
3 6 1 9 718 9 185 7 1i:=b
3 6 118 718 9 9 5 7 i:=4
3 61818 7 1 9 9 b5 7 1i:=3
31818 6 7 1 9 9 b 7 i:=2
31818 9 7 1 6 9 5 7
18 318 9 7 1 6 9 b 7 i:=1
18 918 3 7 1 6 9 5 7
18 918 9 7 1 6 3 5 7 heap
JEEHRE Y Sl wdige (5oLl
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1 6 3 5 717 9 9 18 18 swap(1,6)
6 1 . . .
.7 1
17 3 516 7 9 9 18 18 swap(1,5)
7T 1 . .
. 5 1
1 5 317 6 7 9 9 18 18 swap(1,4)
5 1 .
3 1|5 7 6 7 9 9 18 18 swap(1,3)
113 5 7 6 7 9 9 18 18 swap(1,2)
[t 3 5 7 6 7 9 9 18 18 sorted
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