Bolum 1: Algoritma Karmasikligi

Algoritmalar
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Algoritma Karmasikligi

= Karmasiklik Teorisli:

= Bir algoritmanin kaynak kullanimini (zaman ve bellek) Glcer.
* BUyuk-O Notasyonu (Big-O Notation):

» En k6t durumda bir algoritmanin ¢alisma siresini temsil eder.
= Ornekler:

* 0(1): Sabit zamanli

* O(n): Dogrusal zamanli

= 0(n?): Karesel zamanl

* O(logn): Logaritmik zamanli

* O(nlogn): Log-lineer zamanli




Master Teoremi

» BOl ve fethet algoritmalarinin zaman karmasiklhigini ¢cozmek icin kullantlir.

= Genel Form
» T(n) = aT(n/b) + f(n)
= Parametreler:
= a: Her alt probleme bdliinen kopya sayisi
= h: Alt problemlerin boyutu
* f(n): Birlestirme suresi




Master Teoremi

= Durum 1:
" f(n) = 0(n°) ve c < log,a
= T(n) = 0(n'o9ba)

= Durum 2:
= f(n) = 0O(n) ve c = log,a
» T(n) = 0(n'°92logn)

= Durum 3:
» f(n) = O(n°) ve c > log,a

" T(n) = 0(f(n))




Ornek

* T(n) = 2T(n/2) + O(n)
"q=2
"h=2
" f(n) = 0(n)
" log,a =log,2=1
nc=1

= Durum 2'yi uygulariz:
* T(n) = O(nlogn)




f1 O(n)

public int f1(int n) {
int x = 0;
for (int 1 = 0; 1 < n; i++) {
X++;

¥

return x;

}




f1 O(n)

= |nitialization:

* int X = O; Initializes the variable x to 0. constant time operation, O(1).
= |_oop:

= for (inti=0;1<n;i++)

= The loop runs from O to n, so It iterates n times.
* [Increment Operation:

= X++; IS executed once per iteration of the loop.
* This IS a constant time operation, O(1).

= Since the loop runs n times and the body of the loop performs a constant
time operation, the total time complexity is O(n).




f2 O(n3)

public int f2(int n) {
int x = 0;
for (int i =
for (int j
X++;
}
}

return x;

9; 1 < n; i++) {
=0; J < 1*1i; j++) {

¥




f2 O(n3)

= |nitialization:
" int X = 0; Is a constant time operation, O(1).
= Quter Loop:
= for (inti=0;1<n;i++)
= This loop runs from O to n, so It iterates n times.
= [nner Loop:
= for (intj=0;]<i*i; J++)
* For each value of i from 0 to n-1, the inner loop runs from O to i * i.
» Therefore, the number of iterations depends on the current value of i.




f2 O(n3)

= When 1=0: the inner loop runs 0O times (since 0x0=0).
= When i=1: the inner loop runs 1 times (since 1x1=1).
= When i=2: the inner loop runs 4 times (since 2x2=4).
= When 1=3: the inner loop runs 9 times (since 3x3=9).

= [n general, for each i, the inner loop runs i? times.




f2 O(n3)

* The total number of iterations of the inner loop from 0 to n—1.:

- T§

. (n—-1)n(2n-1)
6

= simplifies to n®/ 3.

= Therefore, the time complexity is: O(n3)




f3 O(2")

public int f3(int n) {
if (n <= 1) {
return 1;
}

return f3(n - 1) + f3(n - 1);
}




f3 O(2")

= Base Case:
= When n<1, the function returns 1. constant time operation, O(1).

= Recursive Case:
= \When n>1, the function makes two recursive calls f3(n-1).
= This creates a recurrence relation:
= T(n) = 2T(n—1)
= The base case Is:
= T(n) = O(1) for n=1




f3 O(2")

= T(n) = 2T(n-1) = 2:2T(n-2) = 2-:2-2T(n—-3) = 2 T(n—k)
= continue expanding until n—k=0:

= T(n) = 2" T(0)

»= Since T(0) =1

= T(n) =2"




f4 O(n)

public int f4(int n) {
if (n <= 1) {
return 1;
}

return f4(n / 2) + f4(n / 2);
}




f4 O(n)

= Base Case:
= When n<1, the function returns 1. constant time operation, O(1).

= Recursive Case:
* \When n>1, the function makes two recursive calls f4(n/2).
= This creates a recurrence relation:
= T(n) = 2T(n/2)
= The base case Is:
= T(n) = O(1) for n=1




f4 O(n)

= T(n) =a T(n/b) + f(n)
= In our case, a=2, b=2, f(n)=0(1), log,a = log,2 = 1.
» Here, f(n) = O(1) corresponds to ¢ = 0, which is less than log,a = 1.
= According to the Master Theorem,
= if f(n) = O(n°) where ¢ < log,a, then T(n) = O(n'°9,2).
* Therefore:
" T(n) = O(n'%?) = O(n') = O(n)




f5 O(nlogn)

public int f5(int n) {
if (n <=1) {
return 1;

}
return f1(n) + f5(n / 2) + f5(n / 2);

¥




f5 O(nlogn)

= Base Case:
= When n<1, the function returns 1. constant time operation, O(1).

* Recursive Case:
= When n>1, function calls f1(n) and makes two recursive calls f5(n/2).

= T(n) = 2T(n/2) + f1(n)

= T(n) = 2T(n/2) + O(n) (T(n) = aT(n/b) + f(n))
"a=2,b=2, f(n)=0(n), log,a=1log,2=1

* f(n) = O(Nn) corresponds to c=1

= T(n) = O(n'°9,2 logn) = O(nlogn)




f6 O(logn)

public static int f6(int n) {
int x = 0;
// 1<<i 1s the same as 2”°i
// Ignore integer overflow.
// 1<<1i takes constant time.
for (int i =0; 1i < n; 1 =1<< 1) {
X++;

¥

return x;
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f6 O(logn)

= |nitialization:

= int i = O; initializes i to 0. constant time operation, O(1).
= Condition:

» | < nchecks ifiis less than n, at each iteration.
» Update:

" =1 <<iupdatesito 2' (since 1 <<iisthe same as 2)).




f6 O(logn)

= |nitially, 1 = 0.

= After the first iteration, i = 2° = 1.

= After the second iteration, i = 21 = 2.
= After the third iteration, i = 22 = 4.

= After the fourth iteration, i = 24 =16.

= The value of i grows extremely quickly due to the exponential nature of 2'.




f6 O(logn)

= et k be the number of iterations needed to reach or exceed n. 2k=n
= Taking the logarithm of both sides:
= k 2 log,n
» Therefore, the number of iterations k is approximately log,n.
* Hence, the time complexity of the function 6 is O(logn).
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