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(1)   if 1

( )
2 ( / 2) ( )   if 1

n
T n

T n n n

Θ =�
= � + Θ >�
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1   if 1
( )

2 ( / 2)   if 1
n

T n
T n n n

=�
= � + >�

T(n) = 2 T(n / 2) + n // substitute
= 2 (2 T(n / 4)+n / 2) + n // expand
= 22 T(n / 4) + 2n // substitute
= 22 (2 T(n / 8)+n / 4) + 2n // expand
= 23 T(n / 23) + 3n // observe
= 2b T(n / 2b) + bn
= 2lgn T(n / n) + nlgn
= n + n lgn
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2   if 1
( )

2 ( / 2) 2 3   if 1
n

T n
T n n n

=�
= � + + >�

T (n) = 5n + 2nlgn -3

2   if 1
( )

2 ( / 2) 2 3   if 1
n

T n
T n n n

=�
= � + + >�

T(n) = 2 T(n / 2) + 2n + 3
= 2 (2 T(n / 4)+n + 3) + 2n + 3
= 22 T(n / 4) + 4n + 2 . 3 + 3
= 22 T(n / 22) + 22n + 21 . 3 + 20.3
= 22 (2 T(n / 8)+n / 2 + 3) + 4n + 2.3 + 3
= 23(T(n/23)+2.3n + (22+21+20).3

b-1

= 2b T(n / 2b) + 2.bn + 3 � 2j

j=0

= n T(n / n) + 2nlgn + 3(2b-1)
= 2n + 2nlgn + 3n -3
= 5n + 2nlgn -3
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( ) ( / ) ( )T n aT n b f n= +

( ) 2 ( / 2) ( )T n T n n= + Θ
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Problem logbn seviyesinde a parçaya 
bölünür. adet yaprak 
vardır.
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log logb bn aa n=

2 2

2 2

log 1 log 1 log

log 1
log

0

( ) ( ) ( / )
( ) ( / ) ( / )
( ) ( / ) ( / ) ...

( / ) (1)
Thus,

( ) ( / ) ( )

b b b

b
b

n n n

n
aj j

j

T n f n aT n b

f n af n b a T n b

f n af n b a T n b

a f n b a T

T n a f n b n

− −

−

=

= +
= + +
= + + +

+ +

= + Θ�

logb an

Böylece
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( )f n log( )b aO n

( ) ( / ) ( )T n aT n b f n= +
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log( ) ( )b af n O n ε−=
logb an

0ε >

log( )b aO n
log( )b anΘ

log( )b anΘ

( ) ( / ) ( )T n aT n b f n= +
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log( ) ( )b af n n= Θ

( )f n

log( ) ( lg )b aT n n n= Θ

logb an

( ) ( / ) ( )T n aT n b f n= +
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log( ) ( )b af n n ε+= Ω

logb an

0 01 and 0 such that ( / ) ( )   c n af n b cf n n n∃ < > ≤ ∀ >

( ) ( ( ))T n f n= Θ

0ε >
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( )
( )

( )
( )

( )
( )

log

log

log

log

log
0

1. ( )

( )

2. ( )  

( ) lg

3. ( )  and ( / ) ( ),  for some 1,

( ) ( )

b

b

b

b

b

a

a

a

a

a

f n O n

T n n

f n n

T n n n

f n n af n b cf n c n n

T n f n

−ε

+ε

=

� = Θ

= Θ

� = Θ

= Ω ≤ < >

� = Θ
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logb an
logb an
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( ) ( )

2log log 2

log

( ) 2 ( / 2) ( )

2,  2;  ( )
Also ( ) ( )

Case 2 ( ) lg lg:  

b

b

a

a

T n T n n

a b n n n n

f n n

T n n n n n

= + Θ

= = = = = Θ
= Θ

� = Θ = Θ

( )

2

3

log 1

log 9

2

( ) ( / 2) 1

1, 2;  1
also ( ) 1, ( ) (1)

( ) (lg )

(

Case 2:  

Cas

) 9 ( / 3)
9, 3;  

( ) ,  ( ) ( ) with 1

( )e 1:  

T n T n

a b n

f n f n

T n n

T n T n n

a b

f n n f n O n

T n n

−ε

= +
= = =

= = Θ
� = Θ

= +
= =

= = ε =

� = Θ

"�������

log( )b anΘ

(A, q+1, r, s)      

Binary-search(A, p, r, s):
q←(p+r)/2
if A[q]=s then return q
else if A[q]>s then

Binary-search(A, p, q-1, s)
else Binary-search(A, q+1, r, s)      

log( ) ( lg )b aT n n n= Θ
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4

4

2

log 3 0.793

log 3

log 2 1

( ) 3 ( / 4) lg

3, 4;  

( ) lg ,  ( ) ( ) with 0.2

Regularity condition
( / ) 3( / 4) l

Case 

g( / 4) (3 / 4) lg ( ) for 3 / 4
( ) ( lg )

( ) 2 ( / 2) lg

2, 2;  

3:

T n T n n n

a b n n

f n n n f n n

af n b n n n n cf n c

T n n n

T n T n n n

a b n n

f

+ε

= +

= = =

= = Ω ε ≈
�

= ≤ = =
= Θ

= +

= = =
1

1

( ) lg ,  ( ) ( ) with ?

also l
neither Case 3 nor Case 2!

g / lg

n n n f n n

n n n n

+ε= = Ω ε
=

�
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Quicksort(A,p,r)
01 if p<r
02 then q←Partition(A,p,r)
03 Quicksort(A,p,q)
04 Quicksort(A, q+1, r)

Partition(A,p,r)
01 x ← A[r]
02 i ← p-1
03 j ← r+1
04 while TRUE
05 repeat j←j-1
06 until A[j] ≤ x
07 repeat i←i+1
08 until A[i] ≥ x
09 if i < j
10 then exchange A[i]↔A[j]
11 else return j


