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O Algoritma kavrami

O Temel veri yapilari, temel problemler

O Fonksiyonlarin biiyiimesi, Asimptotik notasyonlar
O Algoritma karmasiklig1 ve analizi

m Iteratif ve 6zyinelemeli algoritmalarin analizi




Algoritma

Tanim: Algoritma, hesaplama yapmak veya bir problemi ¢6zmek i¢in sonlu (finite)
kesin (precise) komutlar/buyruklar/emirler (instructions) kiimesidir.

Ornek: Sonlu bir tam say1 dizisinde maksimum degeri bulmak icin
bir algoritmayi yaziniz.

Cozium: Asagidaki islemler sirasiyla uygulanir
Dizinin ilk eleman1 gecici maksimum deger olarak se¢ilir
Bir sonraki eleman gecici maksimum ile karsilastirilir

- Eger say1 gecict maksimumdan biiyiikse, gecici
maksimuma bu say1y1 atanir

Dizinin son elemanina kadar onceki adim tekrarlanir

Algoritma sonlandiginda dizideki en biiyiik say1 bulunur




Algoritma nasil belirtilir

O

O

Algoritma adimlar Tiirk¢e, Ingilizce veya s6zde kodla (Pseudocode), akis
semas1 veya bir programlama dili ile agiklanabilir.

Sozde kod, adimlarin Ingilizce agiklamasi ile bu adimlarin bir programlama
dili kullanilarak kodlanmasi arasinda ara bir basamaktir.

Sozde kod, algoritmay1 uygulamak i¢in kullanilan ger¢ek programlama
dilinden bagimsiz olarak, algoritma kullanarak bir problemi ¢dzmek i¢in
gereken zamani analiz etmeye yardimci olur.

Programcilar, bir programi kodlarken s6zde koddaki algoritmanin
aciklamasini kullanabilir.

Sozde kod, dogal bir dile dogrudan bagimli oldugundan Akis Semasi
algoritmanin gorsel olarak ifade edilmesinde ortak bir dil elde etmey1 saglar.

Sozde kod veya Akis semasina ihtiya¢ olmayan durumlarda, Algoritma
herhangi bir programlama diliyle de kodlanabilir.



Algoritmalarin Ozellikleri

QO Giris (Input): Bir algoritma, belirli bir kiimeden giris
degerlerine sahiptir.

Q Cikis (Output): Algoritma, girdi degerlerinden belirli bir
kiimeden ¢ikt1 degerlerini tiretir. Cikt1 degerleri ¢oziimdiir.

2 Dogruluk (Correctness): Bir algoritma, her girdi degeri kiimesi
icin dogru ¢ikt1 degerlerini tiretmelidir.

2 Sonluluk (Finiteness): Bir algoritma, herhangi bir girdi i¢in
sinirhi sayida adimdan sonra ¢ikt1 tiretmelidir.

0 Etkililik (Effectiveness): Algoritmanin her adimini dogru ve
sinirl1 bir siire iginde ger¢eklestirmek miimkiin olmalidir.

a Genellik (Generality): Algoritma, istenen formdaki tiim
problemler 1¢in ¢calismalidir.



Bir dizideki en buyuk elemani bulan algoritma

O Sozde kod:

procedure max(a,, a,, ...., a,: integers)
max := a,
fori:=2ton
if max < a; then max := g,
return max{max is the largest element}

O Bu algoritma onceki slayttaki tiim ozellikleri sagliyor mu?




Bazi ornek algoritma problemleri

O Bu boliimde fic tiir problem incelenecektir.

1. Arama (Searching) : Bir elemanin arama uzayindaki
yerinin bulunmasi

2. Swralama (Sorting) : Bir listenin elemanlarini artan /azalan
siraya koymak.

3. Eniyileme (Optimization) : Tiim olasi girdiler tizerinden
belirli bir biiyiikliigiin en iyi degerinin (maksimum/
minimum) belirlenmesi. (Diisiik maliyet, yiiksek verim )




Arama (Searching)

Tamim: Genel arama problemi, ayri elemanlar (a,, a,, ..., a,)
listesinde bir x elemanini bulmak veya listede olmadigini
belirlemektir.

2 Bir arama probleminin ¢oziimii, listedeki terimin x'e esit
olan konumudur (X = &) veya x listede yoksa 0'dir.

2 Arama sadece bir say1 dizisinde eleman aramak demek
degildir!
0 Iki farkli arama algoritmasini inceleyecegiz;

dogrusal arama
Ikili arama.




Dogrusal Arama

O Dogrusal Arama algoritmasi, aranan sayiyr dizinin
elemanlarini bastan baglayarak birer birer incelemesidir

procedure /inear search(x:integer,
a, a,, ...,a,. distinct integers)
=1
while (i < n and x # a))
=1+ 1
if / < n then /ocation := i
else /ocation := 0

return /ocation{location is the subscript of the term
that equals x, or is 0 if x is not found}




Ikili Arama

0 Ikili arama algoritmasi, arama uzayindaki orta noktay: dikkate
alarak arama gerceklestiren algoritmadir

procedure binary search(x: integer, a,,a,,..., a,: increasing integers)
i := 1 {jis the left endpoint of interval}
j = n {jis right endpoint of interval}

while/ <j

= (7 + j)/2]
if x > a, then/

=m+1
elsej:=m

if x = a; then /ocation := i
else /ocation := 0

return /ocation{location is the subscript / of the term a; equal to x
or 0 if x is not found}




Siralama

0 Bir dizinin 6gelerini siralamak, onlari artan siraya koymaktir
(sayisal sira, alfabetik vb.).

O Siralama onemli bir problemdir:

= Donamim kaynaklarinin onemsiz bir ytizdesi, farkh tiirdeki
dizileri, 6zellikle belirli bir sirayla sunulmasi gereken
bliylik bilgi ver1 tabanlarini igeren uygulamalari1 (0rnegin,
miisteriye gore, parca numarasi vb.) Siralamak i¢in
ayrilmastir.

= Cok fazla sayida Siralama algoritmasi gelistirilmistir.
Goreceli avantajlar1 ve dezavantajlar1 kapsamli bir sekilde
incelenmistir.




Kabarcik (Bubble) Sort

0 Kabarcik siralama, bir dizide birden ¢ok gecis yapar. Sira dis1
oldugu tespit edilen her 6ge cifti degistirilir.

procedure bubblesort(a,,...,a,: real numbers with n = 2)

fori:=1ton-1
forj:=1ton—i
if a;, >a,,, then interchange a; and a,,,
{a4,..., @, is now in increasing order}




Bubble Sort

Ornek: 3241 5 ile kabarcikli siralama adimlarini gdsterin

First pass (3 2 2 2 Second pass , 2 2 2
2 3 3 3 ( 3 3 I
P <:4 1 S
1 1 I (,4 4 4 \ 4
5 5 5 5 5] [5]
Third pass »2 1 Fourth pass g '
(: | (2 ( ) (: : an interchange

1
3 3 3
( : pair in correct order
> > N numbers in color
guaranteed to be in correct order
o Ilk gegiste en biiyiik eleman dogru konuma getirildi

o Ikinci gecisin sonunda 2. en biiyiik eleman dogru konuma getirildi
O Sonraki her geciste, dogru konuma ek bir eleman yerlestirilir




Euclid’s Algorithm

Problem: gcd(m,n), the greatest common divisor : m ve n sayisinin
OBEB'i

Ornek: gcd(60, 24) =12, gcd(60, 0) = 60,
Euclidean Algoritmast

gcd(m, n) = gcd(n, m mod n)
yukaridaki esitlik ikinci say1 (n) O olana kadar devam eder

Ornek:
gcd(60, 24) = gcd(24, 12) = gcd(12,0) = 12

14




Euclid’s Algoritmasi Sozde Kodu

1. 1fn=0, return m and stop; otherwise go to 2
2. Divide m by n and assign the value fo the remainder to r
3. Assign the value of n to m and the value of rto n. Go to 1.

while n #0 do
r <— m mod n
m<—n
n<—r

return m

15



Diger coziim gcd(m,n)

Ardisik tamsay1 kontrol algoritmasi

1. Iki sayidan kiiciik olan1 {m, n}, T degiskenine atayn

2. m'y1 T'ye boliin. Kalan 0 ise (3)'e gidin; degilse (4)'e gidin

3. n'yi T'ye boliin. Kalan 0 ise, T'yl dondiiriin ve durun; degilse
(4)'e gidin

4. T'yi 1 azaltin ve (2) gidin

16



Temel Veri Yapilan

Q Listeler

= Dizi -Array

= Baglantil1 listeler -linked list
= String

Y1g81n - Stack

Kuyruk - Queue

Priority queue

Cizge - Graf
Agaclar

o o O O O O

Kiimeler
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Listeler

O Dizi-Array — Bagli Liste- Linked List
= Diziler bellege ardisil olarak yerlestirilir
= Bagl listeler bellegin ardisil olmayan hiicrelerine yerlestirilir
= Birden fazla elemanin saklanmasi islenmesi durumunda kullanilir

= Linked list sirali erisim, dizi rastgele veya sirali erisime uygundur

40 55 63 17 22 68 89 a7 89

| 0 1 2 3 4 5 6 7 8 | <-Arraylindices

Array Length=9
First Index=0 Head

Last Index=8
A ﬁl B

Data Next

C } D —) NULL

ol




Kuyruk - Queue

0 Ozel amach kullanilan listelerdir

0 Ilk gelen ilk ¢ikar / Son gelen son ¢ikar prensibine gore erisim saglanir
(FIFO / LILO =>First In - First Out / Last In - Last Out )

O Dizi veya bagl listeler ile olusturulabilir

O Processlerin sirali islenmesi, arama algoritmasi, vb. uygulamalar1 vardir

0 iki temel islem yapilir. Ekle (In-Enqueue), Cikar (Out-Dequeue)

& B
In Data Data Data Data Data Data Out
o »
Last In Last Qut First In First Out
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Y181n - Stack

0 Ozel amach kullanilan listelerdir

0 11k gelen son ¢ikar / Son gelen ilk ¢ikar prensibine gore erisim saglanir
(FILO / LIFO = First In-Last Out / Last In-First Out)

O Dizi veya bagl listeler ile olusturulabilir

O Arama algoritmalarinda, matematiksel ifadelerin doniistimiinde kullanilir

0 iki temel islem yapilir. Ekle (push), ¢ikar (pop)

\ Last In - First Out /
Push P

| op

Wwawolg Beq

l Data Element
' Data Element
l Data Element

Data Element

L Data Element

Stack

Data Element

Data Element

Data Element

Data Element

Data Element

Stack




Yi1gin Uygulamalan

0 Islemci icinde SP (Stack Pointer) basta olmak iizere cok cesitli uygulamalar
vardir. Ders kapsaminda asagidaki iki uygulamaya agirlik verilecektir.

Matematiksel ifadelerin birbirine doniistimii

Matematiksel ifadelerin islem onceligine uygun olarak degerlendirilmesi
Matematiksel Ifadelerin Yazilim

o Bir matematiksel ifadede OPERATOR ve OPERAND larin yazilim sirasi farkli

notasyonlara gore yapilabilir.

o Siralama farkl olsa da, sonug aynidir.

o Derleyicilerin operator onceligi vb. konularda bu notasyonlarin kullanimi 6nemlidir.

Ornek: Matetiksel ifademiz (A + B) x C olsun.
Operandlar: A, Bve C

Operatorler: + ve X

21



Yi1gin Uygulamalari

O Infix notasyonu: Operator, iki operandin ortasina bulunur
Ornek: A+B,7-9

O Prefix notasyonu: Operator iki operandin 6niinde bulunur PN (Polish Notation)
Ornek: +AB, -7 9

O Postfix notasyonu: Operator iki operandin sonunda bulunur (Reverse Polish

Notation)
Ornek: AB+, 7 9—

O Bilgisayar sistemlerinde infix yazilimdaki operator onceliginin ¢oziimlenmesinin
zorlugu sebebiyle postfix /prefix notasyonu doniisiimii ile islemlerin sonucu
hesaplanir!

Bu doniisiimler, infix < postfix, infix <> prefix, prefix < postfix olabilir

O Veilen bir notasyonun sayisal sonucunun hesaplanmasi da ¢ok sik karsilasilan
uygulamalardandir

O Déniisiimlerde Stack / Ikili Agaclar kullanilir

O

22




Infix 1fadenin degerlendirmesi

Operands are real numbers.

Permitted operators: +,-, %, /, “(exponentiation)
Blanks are permitted in expression.

Parenthesis are permitted

Example: Approach: Use Stacks
A*(B+C)/D We will use two stacks
2*(53+3)/4 » Operand stack: This stack will be used to keep track of numbers.

* QOperator stack: This stack will be used to keep operations (+, -, *

r r L

Qutput: 4
Order of precedence of operations—
1. ™ (Exponential)
2./ F
3.+ —

Note: brackets () are used to override these rules.

/)
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Infix 1fadenin degerlendirmesi

Algorithm:
lterate through given expression, one character at a time

1. If the character is an operand, push it to the operand stack.
2. If the character is an operator,
1. If the operator stack is empty then push it to the operator stack.
2. Else If the operator stack is not empty,
e |f the character's precedence is greater than or equal to the precedence of the stack top of the operator
stack, then push the character to the operator stack.
e |f the character's precedence is less than the precedence of the stack top of the operator stack then do
Process (as explained above) until character’s precedence is less or stack is not empty.
3. If the character is (", then push it onto the operator stack.
4. 1f the character is *)", then do Process (as explained above) until the corresponding “(" is encountered in
operator stack. Now just pop out the "(".

Once the expression iteration is completed and the operator stack is not empty, do Process until the operator stack is
empty. The values left in the operand stack is our final result.

24




Orn: Infix degerlendirme

Infix Expression: 2 * 5 *(3+6)) / 15-2

Token Action Operand Stack Operator Stack Notes
2 Push it to operand stack 2|
N Push it to operator stack 2| 5
[ Push it to operator stack 2| (*
5 Push it to operand stack 52| [ "]
i Push it to operator stack 52| . |
{ Push it to operator stack 52| (*(1"
3 Push it to operand stack 352 (*f*
+ Push it to operator stack 352 +{*("
& Push it to operand stack 6352 +{*("
Pop & and 3 from operand stack 52| +(*("
Pop + from operator stack 22| (*(" )
) Do6+3 =9 53| (= (* Do process until | is popped
. { from operator stack
Push 9 to operand stack 9352 [.=:[ ™
Pop [ from operator stack 95 2 L *
Pop 9 and 5 from operand stack zi' i
Fop * from operator stack 2,r [* o
J Do 9%5 = 45 2 [ Do process until | is popped
- - from operator stack
Push 45 into operand stack 45 2| . *
Fop | from operator stack 45 2| ]
/ Push / into operator stack 45 2| / ® [ hasequal precedence to *
15 Push 15 to operand stack 1545 2| ! x|
Fop 15 and 45 from operand stack 2] |
Pop [ from operator stack 2| * | - has lower precedence than [,
Do 45/15= 3 2| ¥ do the process
Fush 3 into operand stack 3 2| *
Pop 3 and 2 from operand stack *
Pop * from operator stack |- has lower precedence than *,
Do3*2=6 | do the process
Fush & into operand stack 5
Push - into operator stack 5 «| = has equal precedence to +
2 Push 2 into operand stack 2 6|
Pop 2 and & from the operand stack Given expression is iterated, do
Pop - from operator stack | Process till operator stack is
Do &-2 =4 not empty, It will give the final
Push 4 to operand stack 4 . result




Prefix 1fadenin degerlendirmesi

Prefitic: + 500 40
Cutput: 540
Explanation: Infix expression of the above prefix is: 500 + 40 which resolves to 540

Prefific: - /= 20 * 50 + 3 6 300 2
QOutput: 28
Explanation: Infix expression of above prefix iss 20 * {30 *(3+6))/300-2 which resolves to 28

Approach: Use Stack
Algorithim:
Reverse the given expression and lterate through it, one character at a time

1. If the character is a digit, initialize 5tring temp;
* while the next character is not a digit
* dotemp = temp + currentDigit
* convert Reverse temp into Number.
* push Mumber to the stack.
. If the character is an operator,
* pop the operand from the stack, say it's =1,
* pop the operand from the stack, say it's =2,
* perform (51 operator s2) and push it to stack,
3. Once the expression iteration is completed, The stack will have the final result. Pop from the stack and return the result,

8]




Orn: Prefix ifadenin degerlendirmesi

Prefix Expression :- f*20* 50+ 3 6300 2
Reversed Prefix Expression: 200363 +05*02* /-
Token Action Stack
2 Reverse 2, Push 2 to stack (2]
003 Reverse 003, Push 300 to stack [2, 300]
6 Reverse 6, Push 6 to stack [2, 300, 6]
3 Reverse 3, Push 3 to stack [2, 300, 6, 3]
Pop 3 from stack [2, 300, 6]
* Pop 6 from stack [2, 300]
Push 3+b =9 to stack [2, 300, 9]
05 Reverse 05, Push 50 to stack [2, 300, 9, 50]
Pop 50 from stack [2, 300, 9]
o Pop 9 from stack [2, 300]
Push 50*9=450 to stack [2, 300, 450]
02 Reverse 02, Push 20 to stack [2, 300, 450, 20]
Pop 20 from stack [2, 300, 450]
o Pop 450 from stack [2, 300]
Push 20*450=9000 to stack [2, 300, 9000]
Pop 9000 from stack [2, 300]
/ Pop 300 from stack (2]
Push 9000/300=30 to stack [2,30]
Pop 30 from stack (2]
Pop 2 from stack I
Push 30-2=28 to stack [28]
Result : 28
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Postfix 1fadenin degerlendirmesi

Input: Postfix expression: AB +
Output: Infix expression- (A + B)

lnput: Postfix expression: ABC/-AK/L-*
Output: Infix expression: ((A-(B/C))*((ASK)-L))

Algorithm:

lterate through given expression, one character at a time

1. If the character is an operand, push it ta the operand stack.
2. If the character is an operator,

1. pop an operand from the stack, say it's s1.

2. pop an operand from the stack, say it's s2.

3. perform (s2 operator s1) and push it to stack.
3. Once the expression iteration is completed, The stack will have the final result. Pop from the stack and return the result.
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Orn:Postfix ifadenin degerlendirmesi

Postfix Expression : 2536+**5/2-

Token Action Stack
2 Push 2 to stack 2]
5 Push 5 to stack [2, 5]
3 Push 3 to stack (2,5,3]
6 Push 6 to stack [2,5, 3, 6]
Pop 6 from stack (2,5, 3]
+ Pop 3 from stack (2, 5]
Push 3+6 =9 to stack [2,5,9]
Pop 9 from stack (2, 5]
" Pop 5 from stack (2]
Push 5*9=45 to stack (2, 45]
Pop 45 from stack [2]
* Pop 2 from stack [l
Push 2*45=90 to stack [90]
5 Push 5 to stack [90, 5]
Pop 5 from stack [90]
/ Pop 90 from stack (]
Push 90/5=18 to stack [18]
2 Push 2 to stack (18, 2]
Pop 2 from stack [18]
Pop 18 from stack [l
Push 18-2=16 to stack [16]

Result : 16




Infix-Postfix Doniisimii

Approach: Use Stacks

Input: Infix expression - A + B = Operator stack: This stack will be used to keep operations [+, -, *, /. *)
Output: Postfix expression- AB+

Order of precedence of operations—
Input: Infix expression - A+B*{CAD-E)
Output: Postfix expression- ABCD ME-*+

1. # (Exponential}
20"
3.+ -

Mote: brackets () are used to override these rules.

Algorithim:
nitialize result as a blank string, lterate through given expression, one character at a time

1. If the character is an operand, add it to the result.

2. If the character is an operator.
= |f the operator stack is empiy then push it to the operator stack,
* [lze If the operator stack is not empty,

= |f the operator's precedence is greater than or equal to the precedence of the stack top of the operator stack,
then push the character to the operator stack.

s |f the operator's precedence is less than the precedence of the stack top of operator stack then “pop out an
opergtor from the stack and add it to the resulf untill the stack is empty or aperator’s precedence is greater than or
equal to the precedence of the stack top of operator stack”, then push the operator to stack.

3. If the character is "(", then push it onto the operator stack,
4, If the character is )", then "pop out on operator from the stack and ead it to the result until the correspanding " s
encountered in operator stack, Now just pop out the .

Once the expression iteration is completed and the cperator stack is not empty, “pop out an aperator from the stock and add it
to the result” until the operator stack is empty. The result will be our answer, postfix expression,
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Orn:Infix-Postfix Déniisiimii

infix ion : A+B*|CAD-E
A, Add A to the result A,
* Push + bo stack A +
B Add B to the result AB +
’ Push * o stack AR * +|* has higher precedence than +
{ Push ( to stack AR {*+
C Add € to the result ABC | "+
- Push ® to stack ABC Al* e
] Add D to the result ABCD .
m lmr:::tftt:n::;d e E: - : - -: - has lower precedence than &
E Add E to the result ABCD*E - * +
Pop - from stack and add to result ABCDAE- { * +| Doprocess until | is popped
) Pop ( from stack ABCDME '+ from stack
Pop * from stack and add to result ABCD~E-* + | Given expresshon is iterated, do
Pop + fram stack and add to result ABCDME-*+ FH:IE:S:I:LH::: :::*:LH:"H
Postfix Expression : ABCDME-*+

31



InfiXx-Prefix Donlisimiu

Approach: Use Stack

* Operator stack: This stack will be used to keep operations (+, -, *, /, )

Input: Infix expression - A + B
DUtpUt PrE'ﬂ}‘: E'HPTESSiDﬁ— +AB Order of precedence of operations-

1. * (Exponential)

Input: Infix expression - A+B*(C*D-E) 2.7+
Output: Prefix expression- +A*B-ACDE 3.4 -

Note: brackets () are used to override these rules.

Algorithm:

* Reverse the given infix expression. ( Note: do another reversal only for brackets).
* Do Infix to postfix expression and get the result.
* Reverse the result to get the final expression. (prefix expression) .

Infix — Prefix doniistimii Stack ile dogrudan yapilmaz, dnce ifade tersten

yazilip Infix — Postfix doniisiimu ile dolayl olarak yapilir.
32




Orn: Infix-Prefix Doniisiimii

Infix Expression : A+B*(C*D-E)
Reverse Infix expression: JE-DAC(*B+A
Reverse brackets: (E-DAC)*B+A
Token Action Result Stack Notes

( Push ( to stack (
E Add E to the result [
- Push - to stack [ -
D Add D to the result ED [ -
A Push * to stack ED (-
C Add C to the result EDC - A

Pop A from stack and add to result EDCA ( -1 Do process until | is popped
) Pop - from stack and add to result EDCA- ( from stack

Pop ( from stack EDCA-

. Fush * to stack EDCA- -
B Add B to the result EDC*-B ¥

Pop * from stack and add to result EDCA-B
+ - has lower precedence than #

Push + to stack EDCA-B*
A Add A to the result EDCA-B*A
Given expression is iterated, do
Pop + from stack and add to result EDCA-B*A+ Process till stack is not Empty, It
will give the final result
Prefix Expression (Reverse Result): +A*B-"CDE
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Postfix-Infix Doniisimii

Input: Postfix expression: AB +
Output: Infix expression- (A + B)

lnput: Postfix expression: ABC/-AK/L-*
Output: Infix expression: ((A-(B/C))*((ASK)-L))

Algorithm:
lterate the given expression from left to right, one character at a time

1. If a character is operand, push it to stack
2. If a character is an operator,
1. pop operand from the stack, say it's s1.
2. pop operand from the stack, say it's s2.
3. perform (s2 operator s1) and push it to stack.
3. Once the expression iteration is completed, initialize the result string and pop cut from the stack and add it to the
result.
4. Return the result.

34



Orn: Postfix-Infix Doniistimii

Postfix Expression : ABC/-AK/SL-*

Token Action Stack Motes

A Push A to stack [A]
B Push B to stack (&, B]
C Push C to stack [& B, C]

Pop € from stack [A Bl pop two operands from stack, €
/ Pop B from stack [A]] and B. Perform B/fC and push (B/C)

Push (B/C) to stack [A, (B/C]] to stack
Pop (BfC) fram stack [Al] pop two operands from stack, (B/C)
Pop A from stack [l and A Perform A-{BfC) and push
Push (A-{B/C)) to stack [(A-1B/EN] (A-{B/C)] to stack

A Push A to stack [[Aa-(B/C)), Al
K Push K to stack [{A-[BSC)), A, K]

Pop K from stack [A-(B/C)), All  pop two operands from stack, K
Fi Pop A from stack [(tA<IB8SC))]| and A. Perform ASK and push [A/K)

Push (A/K) to stack [{A-(B/C)), (A/K]] to-tack

L Push L to stack [{A-(B/C)), (ASK), L]

Pop L from stack [1A-(B/C)). [A/K)]| pop two operands from stack, L and

Pop (A/K) from stack [((A-(BfCY)I|  (A/K). Perform (A/K)-L and push
Push [(A/K)-L) to stack [(A-{B/C)), ({Aa/K)-L)] ({A/K}-L) to stack
Pop ((A/K)-L) from stack [((a-(B/C))] Pop two operands from stack,
. Pop ((A-(B/C)) from stack 7] QR A i
Push ((A-(B/C))*((A/K)-L)) to stack [((a-(BSC))*([ASK)-L)] [{A-{B/C))* [{A/K)-L]) to stack
Infix Expression: ((A-{B/C))*{[A/K)-L))
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Prefix-Infix Dontisimii

Example:

Input: Prefix expression: + A B
Output: Infix expression- (A + B)

Input: Prefix expression: *-AfBC-FAKL
Cutput: Infix expression: ((A-{BSCY)*({ASK)-L))

Approach: Use Stacks

Algorithim:

terate the given expression from right to left {in reverse order), one character at a time

—

. If character is operand, push it to stack.
. If character is operator,
1. pop cperand from stack, say it's s1.
2. pop cperand from stack, say it's 52.
3. perform (51 operator 52} and push it to stack.
3. Once the expression iteration is completed, initialize result string and pop out from stack and add it to result,
. Return the result.

I

P
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Orn: Prefix-Infix Doniisiimii

Prefix Expression : *-A/BC-/AKL
terate right to left
Token Action Stack Motes
L Push L to stack L]
K Push K bo stack (L. K]
A Push A to stack IL K Al
Pop A from stack (L. K] Pop two operands from stack, A
! Pop K from stack L) | and K. Perfarm ASK and pusk (&K)
Push [AJK) 1o stack IL, (A%} 1o stack
Pap (A/K) from stack L] Pop two operands from stack,
Pop L from stack 1] (AFK) and L Perform (A/K)-L and
Push ([A/K}-L) 1o stack (DALY push [[AMK]}-L) 1o stack
Push C to stack U{.A.."I:J--Lp, C]
Push B to stack [(a/K)-L), C, B
Pop B from stack (WAKILL C1} - pop two aperands from stack, B
! Pop C from stack [[(A%]-L}] | and C. Perform B/C and push (B/C)
Push [B/C) to stack [{A/K)-L), (B/CH 1o stack
A Push A to stack [liAFKR-LY, [B/C], A
Pop A from stack [HASKILL (B/CH | pap two operands from stack, A
Pop [B/C) from stack [{(AE}-L}| and [B/C). Perform A-(B/C] and
Push [A-{B/C]) to stack (AL, (A-{BACHH push (A-(B/C]to stack
! Pop two operands from stack,
. Y T —— LA 0 08/C) and (A Perform
{4-(B/C)|*({A/K)-L) and push
Push ([A-{B/CH*{[A/K)-L]) to stack [([A-(B/CI*(IAND-LIN ) (a(B/c))*{(A/K)-L)) to stack
Infix Expression: ([A-{B/C))*[(A/K}-L))
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Algoritma Analizi



Algoritma Analizi

0 lyi bir algoritmanin kriteri nedir
= Hiz - Siire : time efficiency
- Bellek : space efficiency

O Daha 1y1 bir algoritma var mi?
= Alt sinirlar
= optimallik

39



Algoritma analizi

O Konular
» Dogruluk - correctness
= Zaman - time efficiency
= Bellek - space efficiency
= En 1y1 ¢6ziim - optimality

O Yaklasimlar
= Teorik analiz - theoretical analysis
= Kaba analiz - empirical analysis (sayag/siire 6lgmek gibi)

40



Bazi onemli problemler

Q Siralama - Sorting

2 Arama - Searching

O Metin isleme - String processing

Q Cizge problemleri - Graph problems

2 Kombinasyonel - Combinatorial problems
2 Geometrik - Geometric problems
Q Sayisal - Numerical problems

41



Kaba Analiz

O Bir giris verisi secilir
O Zaman birimini se¢ (milisaniye)
veya

Yirtitiilen temel 1slem adimlarinin sayisi

O Deneysel veriler ile analiz yapilir

42



Teorik Analiz

Zaman verimliligi, girdi boyutunun bir fonksiyonu olarak temel
islemin tekrar sayis1 belirlenerek analiz edilir.

Temel Islem (Basic operation): Algoritmanin calisma siiresini en cok
etkileyen islemdir. Siralamada ................ temel islemdir. ??
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Problemler - Temel islemler

Giris verisinin

Problem ot o Temel islemler
buyiikliigii
n elemanl bir dizide . Elemanlar
Dizinin eleman sayisi. N
eleman arama karsilastirma

Matris boyutu veya toplam

Iki sayinin carpimi
eleman sayisi Y saIp

Iki matrisin ¢arpimi

Integer bir saymin asal
olup olmadiginin
kontroli

N sayisinin dijit sayisi .
e et Bolme
(ikili gosterilim)

Diigiim ve kenarlarin

Graf problemi Diiglim / Kenar sayisi ) )
gezilmesi
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Temel Kavramlar

Yiiriitme Zamani (Running Time) T(n)
* Algoritmanin islevini yerine getirebilmesi i¢in kabul edilen

islemlerden kag adet yuritiilmesi gerektigini gosteren matematiksel
bir ifadedir.

* Islem olarak karsilastirma sayis1, cevrim sayisi, aritmetik islem sayisi

kabul edilir
* T(n) hesaplanirken hangi isleme gore hesaplandigi bildirilmelidir

Alan Maliyeti (Space Cost)
* Algoritmanin islevini yerine getirebilmesi i¢in gerekli olan bellek
thtiyacidr.
* Maliyet programin kodu, veri yapisi alanlar1 ve y1gin bellek alanidir
* Alan maliyeti algoritma rekiirsif degilse, veri yapisi alani1 ¢ok ¢ok
bliylik degilse pek hesaplanmaz




Asimptotik ifade
* Bir problemin biiylimesinin iist, alt ve ortalama smirini belirleyen bir

ifadedir
« Big O >0, Big Omega > 2, Big Theta > 0, Little O 20 ve

« Little Omega 2 w
Alan Karmasikhgi (Space Complexity)

* [Eleman sayis1 n’nin biiyiik degerleri i¢in bellek alani gereksiniminin
artisini gosteren asimptotik bir ifadedir.

Zaman Karmasikhgl (Time Complexity)
* Algoritmanin yiritilirken gececek zamanin artmasi hakkinda bilgi
veren asimptotik bir ifadedir.
* 0O(g(n)), 6(g(n)), Q(g(n)), o(g(n)) gosterilir
* Veri kiimesinin biiyiimesi durumunda ¢alisma siiresinin nasil
etkilenecegi hakkinda bilgi verir




Yiiriitme Zamani-Running Time T(n)

T(n) = 2n2 - 2n + 5 olabilir.

n, ifadenin bagimsiz degiskenidir ve temel islem sayisina baghdir.

T(n) =1 sabit
T(n) = log n logaritmik
T(n) =n lineer

T(n) = n2 karesel




Ornek

float BulOrta (float A[], int n)

float ortalama, toplam=0; = toplam=0 Lislem
int k; k=0 1 kere (o1 e
, k<n (n+1) kere— 1+(n+1)+n=2n+
for (k=0; k<n; k++) | N
’ ’ n kere
toplam=toplam + A[K];
tal _F: | /p [ ] atama ve toplama 2 islem } 2n
O: alama = toplam/n, — dongii igerisinde n kere
return ortalama,
} 1 islem Dongii disinda bolme ve atama 2 islem

T(n)=1+2n+2+2n+2+1=4n+6
T(n)=4n+6




Ornek

float BulEnkucuk (float A[ ])

{

float enkucuk;

int k;
enkucuk:A[O]; == atama 1 islem k=1 1 kere
for (k=1; k<n; k++) . »  k<n nkere 1+n+(n-1)=2n

if (A k++ n-1 kere

If (A[K] < enkucuk)
karsilast 1 islem n-1 kere

enkucuk=A[K]; arsilagtirma 1 1slem

t kucuk;
return enkucux, 1 islem Bu islemin kag kez yiiriitiilecegi belli degil,

en kot durumda n-1 kere

T(n)=1+2n+(n-1)+(n-1)+1=4n
T(n) =4n



public static int [ ) selectionsort(imt [] A,int n)

{
int tmp;

int min;

for(int i=0; 1 < n-1; i++) I

{
miney; 11 -M

for(dnt j=i; j < n; j++) III 1,1,1 1,nn 2n+1
{
if (A(J) < Amin)){ TV I 1 n n
min=j; V Il 1,1,1 n,n(n+1)/2, n(n+1)/2 n+2n(n+1)/2
}
vV 1 n(n+1)/2 n(n+1)/2
}
tmp=A[i); v 1 n(n+1)/2 n(n+1)/2
Ali)=A[min]; VI
A(min]=tmp; vi 111 111 3
}
return A; \II VIl 1 1 1

}
4An(n+1)/2+4n +5=2n2+6n+5

T(n) = 2n2 + 6n+ 5




Matris Toplam

for (i=0; i<n; i++) , 1+(n+1) +n=2n+2

for (j=0; j<m; j++) ° " (1+(m+1) + m) * n = (2m + 2)n

ClID] =ADDT + BOIDS —— @2*m*n)

dmn + 4n + 2

m ve n esit alirsak T(n) = 4n° + 4n + 2



Fonksiyonlarin Buyumesi ve
Asimptotik Notasyonlar

O Hem bilgisayar biliminde hem de matematikte, bir
fonksiyonun ne kadar hizli biytidiigiini siklikla inceleriz

O Bilgisayar biliminde, girdinin boyutu biiyiidiik¢e, bir
algoritmanin bir sorunu ne kadar hizli ¢ozebilecegini anlamak
Isteriz.

® Aym problemi ¢6zmek 1¢in iki farkli algoritmanin
verimliligini karsilastirabiliriz

» Girdi bliytidiikce belirli bir algoritmayi kullanmanin pratik
olup olmadigini da belirleyebiliriz




Karmasikhk

O Bir algoritmanin tizerinde islem yapacagi veri kiimesinin
eleman sayisinin artmasi durumunda yiiriitme zaman
maliyetinin nasil degisecegini gosteren asimptotik bir ifadedir.

Yiiritme maliyetine, zaman karmasikligi

Bellek kullanim maliyetine, alan karmasikligi

0 Karmasiklikta ki amac, gercek zaman ve bellek biuiyiikliigi
bilgisi degil, ver1 kiimesi biliytidiiglinde maliyet bilgisinin
degisimidir.




N— oo baz1 onemli fonksiyonlarin bliytime hizi

n |[logan n  nlogsn  n? n> 27 n!

10 | 3.3 10T 3.3107 107 10° 10° 3.6-10°
10| 6.6 102 6.610° 10* 10° 1.310°° 9.3.1017
100 | 10 10° 1.010¢ 105 10°
104 13 104 1.3.105 108 102
10° 17 10° 1.7.105 1010 1018
108 | 20 108 2.0107 102 1018

I [ I [ | I I [ [ [




Algoritma Analiz Turleri

* Worst case (en kotii): Algontma calismasinin en fazla
stirede gerceklestigi analiz tiirtidiir. En kotii durum, ¢alisma
zamaninda bir ust smirdir ve o algoritma i¢in verilen
durumdan “daha uzun siirmevecegi” garantisi verir. Baz
algoritmalar i1i¢cin en kotii durum oldukca stk rastlanir.
Arama algoritmasinda, aranan oge genellikle dizide olmaz
dolayisiyla dongii N kez ¢ahsir.

* Best case (en ivi): Algoritmanin en kisa siirede ve en az
adimda c¢ahstig1 giris durumu olan analiz tiirtidiir.  Calisma
zamaninda bir alt sinirdir.

* Average case (ortalama): Algoritmanin ortalama siirede ve
ortalama adimda ¢aligtig: giris durumu olan analiz tiiriidiir.

https://www.slideshare.net/DenizKILIN/yzm-2116-blm-2-algoritma-analizi




* Bir algoritmanin genelde EN KOTU durumdaki
¢alisma zamanina bakilir. Neden?

o En kotii durum ¢alisma zamaninda bir _iist simirdir ve o
algoritma i¢in verilen durumdan daha uzun siirmeyecegi
garantisi verir.

o Baz1 algoritmalar icin en kotii _durum olduk¢a sik
rastlanmir. Arama algoritmasinda, aranan 6ge genellikle
dizide olmaz dolayisiyla dongii N kez ¢cahisir.

o Ortalama c¢aligma zamani genellikle en kotii calisma
zamani_kadardir. Arama algoritmas: i¢cin hem ortalama
hem de en kotii ¢alisma zamam dogrusal fonksiyondur.

https://www.slideshare.net/DenizKILIN/yzm-2116-blm-2-algoritma-analizi




* Bir problemi ¢ozmek icin A ve B seklinde iki algoritma
verildigini diistinelim.

* Girigs boyutu N icin asagida A ve B algoritmalarinin
¢aligma zaman1 T, ve T fonksiyonlan verilmistir.

Hangi algoritmayi
secersiniz?

(alisma zamam

EEEEEEEE

Giris Boyutu (N)

https://www.slideshare.net/DenizKILIN/yzm-2116-blm-2-algoritma-analizi




* N biiyiidiigii zaman A ve B nin ¢alisma zaman:

Cahisma Zamani
EEEEEEER

Ta(N) = N2

' e e e

° 2 0 40 0 60

Giris Bovutu (N)

https://www.slideshare.net/DenizKILIN/yzm-2116-blm-2-algoritma-analizi

Simdi hangi
algoritmayi
secersiniz?



* Asimptotik notasyon, eleman sayisi n’nin_sonsuza
gitmesi durumunda algoritmanin, benzer isi yapan
algoritmalarla karsilastirmak ic¢in kullanilir.

* Eleman sayisinin kiiciik oldugu durumlar miimkiin
olabilir fakat bu bircok uygulama icin gecerli degildir.

* Verilen iki algoritmanin ¢alisma zamanim TI1(N) ve
T2(N) fonksiyonlar1 seklinde gosterilir. Hangisinin
daha iyi oldugunu belirlemek icin bir yol belirlememiz
gerekiyor.

— Big-O (Big O): Asimptotik tist sinir

— Big Q (Big Omega): Asimptotik alt sinir
— Big © (Big Teta): Asimptotik alt ve tist sir

f(x), bir algoritmanin fonksiyon seklindeki gosterimi ise

karmasikiik O(f(x)), Q(f(x)), ... seklinde gosterilir.

https://www.slideshare.net/DenizKILIN/yzm-2116-blm-2-algoritma-analizi




Biiyiik- O (Big-O) Gosterimi

Tanim: f ve ¢, tamsay1 kiimesinden veya reel say1 kiimesinden
reel sayilara tanimlanmis olsun. Z + - R

Eger, x > k oldugunda |f(x)| < C|g(x)| oluyorsa ve bu
esitsizligi saglayan C ve K gibi sabit sayilar varsa f(x)=0(g(x))

olmaktadir.
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Ornek

Show that f(z) = 2% + 2z + 1is O(a?)

Sincewhenx>1, x<x?and 1 < x2

0<z?+2x+1<z?+ 22+ 2% = 42°

Can take C =4 and k = 1 as witnesses to show that

f(z) is O(z?)

Alternatively, when x > 2, we have 2x < x%2and 1 < x2.

Hence, 0 < 22 + 22 + 1 < 2% + 2° + 22 = 322
when x > 2.

e Can take C = 3 and k = 2 as witnesses instead.



Cg(x)

f(x) is O(g(x)

J(x)

The part of the graph of f(x) that satisfies
f(x) < Cg(x) is shown in color.

g(x)

f(x) < Cg(x) forx>k




ALGORITHM SequentialSearch(A[0..n — 1], K)

//Searches for a given value in a given array by sequential search
/Input: An array A[0..n — 1] and a search key K
//Output: The index of the first element of A that matches K
/1 or —1 if there are no matching elements
i <0
while i < n and A[i] # K do
i <1+ 1
if i <nreturni
else return —1

O Worst case O(n)

O Best case O(1)

1+24+3+.at+n RE+LY. (1)

O Average case n 2n 3




Ordering Functions by Order ot Growth

o Put the functions below in order so that each
function is big-O of the next function on the

i O o o o [ Iy

list.

fi(n) = (1.5)"

f-(n) = 8+177% +111
f3(n) = (logn )?
fa(n) = 27

f<(n) =log (log n)
fe(n) = r*(log n)>
f-(n) = 272 (? +1)
fg(n) = M+ n(log n)?
f9(n) = 10000
fio(n) = n!

We solve this exercise by successively finding the
function that grows slowest among all those left on the
list.

« fo(n) = 10000 (constant, does not increase with n)
fs(n) =log (log n) (grows slowest of all the others)

f3(n) = (logn)? (grows next slowest)

fs(n) = r?(log n)® (nextlargest, (log n)3 factor smaller than
any power of n)

f5(n) = 8+17n% +111 (tied with the one below)

fg(n) = P+ n(log n)? (tied with the one above)

f;(n) = (1.5)" (next largest, an exponential
function)

f,(n) = 27 (grows faster than one above since 2 > 1.5)
f5(n) = 27(n* +1) (grows faster than above because of the
”* +1 factor)

fio(n) = n! ( ! grows faster than c” for every ¢)



Biiyiik- Q(Big-Omega) Gosterimi

Tanim: f ve g, tamsay1 kiimesinden veya reel sayr kiimesinden
reel sayilara tanimlanmis olsun. Z + - R

Eger, x > k oldugunda |f () [=Clg (%) oluyorsa ve bu esitsizligi
saglayan C ve Kk gibi sabit sayilar varsa f(x)=(g(x))

olmaktadir.

Big-O ile Big- Q arasinda siki1 bir iliski vardir.
Ancak ve ancak g(x), O(f(x)) oldugunda f(x), €2(g(x)) olacaktir.




Example: Show that f(z) =8z% +52*+ 7 is
Qg(r)) where g(z) = 27,

Solution: f(z) =823 + 522 +7 > 8% forall
positive real numbers x.

* [s it also the case that J}(LL) =23 is O(8z° + 5x° +T)?




Biiyiik- 0(Big-Theta) Gosterimi

Tanim: f ve ¢, tamsay1 kiimesinden veya reel say1 kiimesinden
reel sayilara tanimlanmis olsun. Z + - R

Eger, f(x), O(g(x)) ve f(x), Q(g(x)) i1se f(x), 8(g(x)) deriz.

Eger x>k oldugunda C,|g(x)| < |[f(x)| < C,|g(x)| oluyorsa
ve bu esitsizligi saglayan pozitif C; ve C, reel sayilar1 ve bir
pozitif k reel sayis1 bulunabiliyorsa bu durumda f(x)’in 6(g(X))

oldugunu gosterebiliriz.




Big-Theta Notation

Example: Show that f(x) = 3x? + 8xlog x
IS O(Xx?).

Solution:
3x? + 8xlog x < 11x? forx>1,

since 0 < 8xlog x < 8x2.

= Hence, 3x%? + 8xlog x is O(x?).
X% is clearly 0(3x%? + 8xlog x)
Hence, 3x? + 8xlog x is ©(x?).




Big-Theta Notation

When f(z) is O(g(x)) it must also be the case that
g(z) is ©(f(z)).

Note that f(z) is ©(g(x)) if and only if it is the case

that f(z) is O(g(x)) and g(z) is O(f(z)) .

Sometimes writers are careless and write as if big-O

notation has the same meaning as big-Theta.




Bir¢ok algoritma birden fazla alt programdan olusabilir.

1<c<d ise

g z 8839”) max(O(logn), O(n)) - O(n)

g 3 88;) | max(0(2"), O(n)) > O(2")

fl> 0?2

- 2
2> o) [ 7O




f(n) = 3n log(n!) + (n%+3) logn
n, pozitif bir tamsay1 olmak tizere Big-O ?

3nlog(n!) = 3n ve log(n!)

! !
O(n) O(lognM)

N Ag(nlogn)
O(n? logn)




F(x) = (x+1) log(x?+1) + 3x¢>  Big-O ?
O(x+1) = O(x) } O(xlogx)
O(log(x?+1))=>0(log x?)=>0O(2logx)—> O(logx)

3x2 > 0(3x2) > O(x2)

max(O(xlog), O(x?))> O(x?)




Big-Theta Estimates for Polynomials

Theorem: Let f(z) = ana™ + ap_ 12" ' +--- + a12 + a,
where ag.ap....,a, arereal numberswith a, #0.

Then f(x) is of order x" (or O(x)).

(The proof is an exercise.)

Example:

The polynomial f(z) = 8z° + 52% + 10 is order of x5 (or
Bl

The polynomial f(z) = 8219 + 72190 4 299 4 522 4 25
is order of x19° (or O (x199) ).




Asymptotic order ot growth
5 : R - I

factors and small input sizes

o O(g(n)): class of functions f(n) that grow no faster
than g(n)

o ©(g(n)): class of functions f(n) that grow at same
rate as g(n)

o Q(g(n)): class of functions f(n) that grow at least
as fast as g(n)




Big-oh

— 4

og(n)
t{n)

doesn't
matter

e e e e S e

0

Figure 2.1 Big-oh notation: t(n) € O(g{n))




Big-omega

" |
| t(n)
|
i cg(n)
i
|
I
I
|
I
doesn't |
matter |
I
|
ho - 17

Fig. 2.2 Big-omega notation: ¢(n) € Q{g(n))




Big-theta

A

doesn't
matter

Figure 2.3 Big-theta notation: t(n) € &(g(n))




Establishing order of growth using limits

/’
0 order of growth of /() < order of

growth of ¢ (), T(n) € O (g(n))
lim 7(n)/g(n) = < ¢ > 0 order of growth of 7 (s/) = order of
n—co growth of g(n), T(n) € © (g(n))

co order of growth of /() > order of
~growth of ¢ (), T(n) € Q (g(n))

L'Hépital’s rule: If Iim, . f(n) = lim._.g(n) = = and

the derivatives f, g° exist, then

Jimy e — _ gy L Llo)

fi—st oln) newm 5 "{0)
'Example: logn vs. n

Eseannples 2 ys, ol ‘

79

Stirling’s formula: n! = (2xn)Y2(n/e)
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[teratif ve Ozyinelemeli
Algoritmalarin Analizi



[teratif (nonrecursive) algoritmalarin analizi

Genel Adimlar:

>

>

n girdi boyutu (input size) belirlenir
Algoritmanin temel operasyonu saptanir (basic operation)

Durum analizleri (worst, average ve best cases for input of size) n degerine
gore belirlenir

Temel operasyonun kag kez isletilecegini hesaplamak i¢in toplama islemi
yapilir ve n degerine bagl bir ¢calisma zamani fonksiyonu T(n) elde edilir

Toplama sonucu elde edilen n’e bagli fonksiyon T(n), asimptotik
notasyonlara gore ifade edilir



Selection Sort (Secmeli Siralama)

procedure selection sort
list : array of items
n : size of list

for i =1 ton -1
/* set current element as minimum*/
min = 1

/* check the element to be minimum */

for j = 1+1 to n
if list[j] < list[min] then
min = Jj;
end 1if
end for

/* swap the minimum element with the current element*/
if indexMin != 1 then
swap list[min] and list[1]
end if
end for

end procedure




ODooon
0 1 2 3 4 Swap Yapilir. (i = 2)

_EB
Swap Yapilir. (i = 0)

I =0
2 Swap Yapilir. (i = 3)

—— ooo e
0 1 2 3 4
14 17 21 18




Iterations

of inner

loop =
void selection(int A[], int N) N-1-j

{ int i1, j, temp; . ,
iterations
for (j = 0; j < N-1; j++) —> (N-1)

{ int min idx = j;
. 2 . iterations ,
for (i = j+1; i < N; i++) ———> (N-1-3j)
if (A[i] < A[min_idx]) (dependsonj) N3 2
min idx = i; N2 1

temp = A[min_idx];
A[min_idx] = A[j];

A[]] = temp; Total instructions (all iterations of inner loop for all values of j)
} T(N) = (N-1) + (N-2) + .. 2+ 1=
} =[N * (N-1)]/2 -> N2 order of magnitude
Note that the came from the summation NOT because ‘there
is an N in the inner loop’ (NOT because N * N).

worst-case : O(n?)
average-case : O(n?)
best_case : O(n?)




Oz yinelemeli (Recursive)
Algoritmalarin Analizi

0 n girdi boyutu (input size) belirlenir
0 Algoritmanin temel operasyonu saptanir (basic operation)

0 Temel 1slemin gergeklestirilme sayisinin ayni boyuttaki farkls
giriglere gore degisiklik gosterip gostermedigi kontrol edilir
(Eger degisiklik gosterirse, durum analizi ayr1 ayr1 the worst,
average ve best cases yapilmalidir)

O Temel 1slemin kag kez yiritiildiigiinii ifade eden uygun bir
baslangi¢ kosulu ile bir 6zyineleme bagintisi (recurrence relation)
kurulur

Q Recurrence relation uygun bir yontemle ¢oziilir. Coziim sonucu
elde edilen n’e bagli fonksiyon T(n), asimptotik notasyonlara
gore 1fade edilir




Oz yinelemeli (Recursive) bagintilariin ¢oziimii

O n bagimsiz degiskene gore 1fade edilen ve n degerinin onceki
degerlerini i¢inde bulunduran fonksiyonlardir

TN)=T(M1)+1

O Cozim yontemleri
= Forward Subsitition
= Backward Subsitition *
= Recursive Tree Method
= Master Theorem

» Karakteristik Denklem Yontemi (2. veya yiiksek dereceden
bagintilar i¢in)




Forward Subsitition

e Recurrence: T(n) = T(n-1) + 1, with mnitial condition t(1) =2
Look for a pattemn:

o T(1) =2, Initial condition

o TQ=T(1)+1=2+1=3

o TR)=TQ2)+1=3+1=4

o T@=TB)-1=4+1=35

o TO)=T@)+1=5+1=6
e Guess:

o Tn)=n-=+1

e Informal Check:
o Tn)=Tnh-1)+1=[(n-1)*1]+1=n+1
o T)=1+1=2




Ornek : 1’den 5’e kadar olan sayilar1 toplayalim.

1+2+3+---.+(n—2)+(ﬂ—l)t”=n(n;l)

1+ 2+ 3+ wet (n-2)+ (n-1)+ n
nty (n-1)+ (n-2)+ .+ 3+ 2+ 1

f(n)=n + f(n-1) F(1)=1 ilk deger

f(5)=5+f(4) 10 1
15 Tf(@)=4+1@3)__ © l

f®)=3+1@L. oy = 24 11)




Ornek : n sayisinin faktoriyelini hesaplayalim

i _ factorial(0) sadece 1 karsilastirma (1 unit of time)
faCtO”al(n)- factorial(n) (1 karsilastirma, 1 multiplication,
ifnisO subtractio

return 1
return n * factorial(n-1)

TnN)=T(h—1) +3
T(0) =1

T (n)

as we know T(0) =1
we need to find the wvalue of k for which n - k = 0, k = n

T(0) + 3n , kK =n
1 + 3n

that gives us a time complexity of O(n)




Orn: Backward Subsitition (guessing and checking)

¢ Look for a pattern (how many 1's in each line7):
¢ Tin)=T(n-1)+1

Tin) =[T(n-2)~1] +1

Tn)=[[T(n-3)+1]+1]+ 1

Tin) =[[[T(n-4)+1]+1]+1] + 1

T(n) = [..[[T(n-k)+1]+1] ... #1] + 1 [has k ones]
. [Letk=n-1]
T(n) = [ [[Ta-(n-1))~1]+1] ... +1] = 1 [has k=n-1 ones]
Tin) =T{n-(n-1)) +(n- 1)
Tin)=T(1) = (n-1)
Tn)=2+(n-1)
¢ Tin)=n+1
e This process leads to this Guess:
¢ Tin)=n+1

o o o 0 0 0 0 0 0 0

e Check the guess, bv substituting, as in the previous example:
o T(n)=T(n-1)+1=[(n-1)+1] + 1 =n+1
o T(1)=1+1=2




Recursion Tree Method

O O'zyine/emev Agaci Yéntemi, her seviyede diglmlerin
genisletildigi bir agac formundaki bir 6z yineleme
yoénteminin grafiksel bir gésterimidir

O Gc?_llw_el olarak 6zyinelemede ikinci terimi kok olarak kabul
edilir.

o Bol ve Fethet algoritmasi kullanildiginda faydalidir.




Orn: Recursion Tree Method T (n) = 4T G) +n
-
D n
Tin/2) Tin/2)
= ] s
/ \
2(n/2) 2(n/2) » 2n
logn A(n/4) 4(n/4) 4(n/4) 4n/d) —» 4n
/NN N N
v Total=8(n)’

We have n = 2n+4n +...... log; n times
=n(l+ 2+4+.__  log,ntimes)

— {Elngzn—1J=n(n—1)= T _ . 2
=y . n® —n = 068(n?)

T (n) = 6(n?)




Master Theorem

Cookbook way of solving recurrences of this form:

o T(n) =aT(}) + O (n)

o T(l)==¢
o n=>bF for positive integer k
o a>=1,b>2c>0,d=>0 are constants

B (n%), a < bl
T(n) € { B(n%lgn), a=>1"
B(n'*=, g = b

We call these Case 1. Case 2, and Case 3.

Intuition: Which term of recurrence dominates (1e contributes more)

e In the recurrence we can replace "Tin)=" with "Tin)=" or "Tin)=" and get O or {1 performance




Orn: Master Theorem

* T(n) = 16T (n/4) + 5n° e« T(n) = 2T(n/2) + n
ca=16b=4d=3 o a=2b=2 f(n)=ndogga=1g2=1
o 16 =4 and so Case 1 o Case2: f(n) = n=n'=0(n""%")
o Thus, T(n) = O(n?) = O(n?) o Thus. T(n) = ©(n"*%Ign) = B(nlgn)
e T(n) =2T(n/2) +n * T(n) =8T(n/2) + n
oa=2b=2d=1 o a=8"b=2, f(n) =n,logya =log, 8 =3

o Case3: f(n) =n=0(n*1).withe =1

-1
o 2=2" and so Case 2 o Thus. T(n) = O(n'°%%) — O(n%) — O(n?)

o Thus, T(n) = O(n'lgn)

e T'(n) =8T(n/2) +n
ca=8b=2d=1,
o 8=21andso Case 3

o Thus, T(n) = O(n°%%) = O(n'2®) = O(n®)




Rekiirans Bagintilar
(OzyineliBagintilar)

Bir d.IZ;f\;n ;c‘,'nde Lendlsindm bi'r por¢a Lulwwjarsa o] olh.ye rekyraons
|oa§tﬂ'h3( (Sl\jheli diz) denir.

Gn=5n+1 (dizi) (sequece) a,. = 101

'0n= ZQn_1 +3J (aﬂ“l kenJI'Sl‘ﬂd-k qua) f‘e'kuqfan; bcfn‘hﬂ

)

ao= 3

n=1

a
On:an_1—2~an_z +5 ~§ 7°1=3Ia°:5')ﬁ;2

rekarong \oaamhsl
An = 3a5.4 +2a,_,



' o= ", Q4= 2’ n 22 olorak

N=2 = Ol=la1_qo—f IS a, =4~ +2 |a, =g

n=3 =) 3= 2a,~a, + 4 :)a3:10-2+l,=>|03=lz.f

n=l.1_—_) Q, = 2a3-a,_-f-8 => 0\1,‘-'2.(1—3'1'? :)\q'l -2

N=5= Qg =2a, —03+lb=) a5y 5412+l 9 ar - S2




Ayrik matematikteki hedefimiz

Rekiirans Bagintisi

Reklirans bagintisini cdzmek So6zel bir problemi reklrans
a,=3a,; +a ., bagintisina cevirme

ic bilesenlerden kurtaracak sekilde yazmaliyiz




Rekiirans Bagintilarinin Siniflandirilmasi

a,’nin kendisinden sonraki kag terime bagli olmasi
rekiirans bagintisinin derecesini verir

'ﬂ Derece (Order)

a-1 » 1 first order

Da®: 303 = dngse . 2 second order

n .
Qn= 3a,-y +Q,.5 + 3 3 third order

Oy = lqn_" -+ 1 » 4. derece




2) H jgj\ - t\omﬂm dﬁﬂ (hOMoaw\‘,s
Omo

Gn:3cln—, 0
Qn = A, —2a,_, 0

=+ N.0q _5 _+3f1 o

- ﬂonLOMu}MM)

a,,=3a

n-j

Q - aa—‘ +2aﬂ-3 ~L’- o
/\-

} A




3) L.‘naer/ linee~ a\maqof\ ( L\’naorl nonl-'neov-)

)
Qq I terimlenn  Gsleand, alinanag, Veya lefrbiclen ile qovpilmas, l:‘nee.—'lﬁf

koo zov.
a, =5a,., +1.Qa_3 +a " O
an'—'@n—l]a—i— 3a o
(an)3 = Q. + Q- o
0, = @-)eaz)—3

4) Sabit Katsayh ola ve lmayan (conshut coefficient]
a,’lv \'f.dzbf ali birrey ile Corpimn dwpminda oluga Sabit katsey)

deglldir.
: 0= 3q,_ +58,-, Lk O
n
By= N9 + 385, + 5 o

Oy= Fan +19a,_, 0

AQn=3"a,_, + 1 o




Sabit Katsayili Homojen Rekiirans Bagintilarinin Coziilmesi
(Karakteristik Kok Teknigi)

Karakteristik Kok Teknigi

» Ikinci derece ve daha biiyiik dereceli rekiirans bagmtilarinin
coziimiinde kullanilir.

 Sabit ve homojen rekiirans bagintilarinda kullanilir.

« Homojen olmayan rekiirans bagintisinda ise homojen hale
getirmek 1¢in kullanilir.




Sab.'-}- Za-l—fmjnll HomoJQn 2 .derece

Qn_—_ 30,‘_'—*’)1‘1:1—1 1
b\‘r‘ reLu\f'CMS \nQPInh;l

e

H’Oﬂte-']zq (o) uufMdM

(’:)‘— l’\oma\u\ olmadﬁmda
a : a » )
N n a, = aﬂ(h]+ un(O)
2 tane farkli koku varsa
Opeq = 1
& : karakteristik denklem
nN=4 =
X l: r
Qn = r* = Esit 2 tane kokii varsa

r*-3r—4=0




KoroH-ULsHk Penlelewin Kokleme (dre HOMOJu C3zumun Yazim)

d,}’" 1) r,;f;r'z iSQ —_—;
'V} |

) =r ke = [a,,““: e le) + cz.(rz)”.n(

Qn(h) = Cy ‘(r1)n * Cz-(ra.)r]

=4 r=-|
(r-Wir+1) =0
n
]rz‘h‘-'ﬂ-—o Gn:t:1.4 ‘\’Cl.F”q

sy ettt 5 g™ 2ot "+ ¢, (0 4 ¢, )"

= = ol q
2] P1 —Q-Pz —> q,\(") = C,.(f'd - Ca.-(f';)n- e C,.(f‘_.ﬂn_ ﬂl

Ty = "~ (h - n
HR=au30 5 o L g Y C5(r)"




60ru2 A, = 3°n-| + 100, 3% ) 94=5 ve a,= & olan lbaélw\gtq dejeu Ly

Vﬁf{lmlé r‘f.'c_u'rans h°§|'\"'\sln| (;Zu\f‘ll.;z--

1.adim . =0 (h)

N n

2.ad\m rr*=3r+10 (koroklenshle dulelu)

2. dwremt Fe—2r-10 = 0 — PUme—
(r-8)(r+2) = 9 }an‘m= C,fS) + c,,(-l)n]

5 -2

3.0dt-
Oa=C 5" +C3(-0)"

ao'::; =) C1+C2_=S /2

Ol1:9 => 162 27 vn: %5” + g .(—))ﬂf
1c, =19 g 7




sOfU'- Ap ==L g —qun-r ) Qo= B WM, ‘onﬂmsuq L.oéUNM ile

Vin‘-A relu“ra,u bﬂflﬂ“‘l&l‘)m C,SZL:MU‘ACI BU‘IN\MZ.

‘r.ﬂdlﬂ'l a, = Qn(hl

lOJV\ Qp-2 = |

= = —4r-y Dri+ur+4 =0
(r+2)(rp2) =0

l’ A an—1 ‘.-r
a,\: f'z '
t‘f‘:-l rF, ==2

o.M = ¢, L) +c 0"

3.0dm 4, = ¢;(-2)"+ ¢, (-2)"

Q, = 3.62)" =1 ;)"
00“3’_.) . [ n 2_.(?.).rlf

0125% -)-C-‘-ZCL:S -% —ZCszt %(C)_:—L‘—}




Sabit Katsayili Homojen Olmayan Rekiirans Bagintilarinin Coziilmesi

Q, = 3an-y+ 4a,_, + Pin)

L

genel B _? O‘\‘nam al“"‘l J“‘ﬁl -&"n‘l.ﬂ'j-ﬂ\ olwsg
(9 (h) (o) y
n+2 &
2 -N
n +

“

A
= 0 -
OZQ] C‘OZ,U\A Lu'w\uflu.n qn( ) +ohmin ec‘;lff ve {ozum by }:Ulhc“:ﬂ\r

e




Po | hom Durumu

\u

O¢c: Qn = Q.a'\_‘-i-?baﬂ_z . ; Q, =4 ' c.|4=1O boéldr\%l{‘ l«éu"”l

1[2 Vuilen rekurang ba.g\m'}\SMl q‘.gz.u‘m?z..

1.0d|m On(9\= Qn(h) <+ anta) r 4
ST
2 odim a,,m bulunwe ofn o R, Qa,‘_z = r‘z2r+23

e PR

" e o A (B = z R

i k = Pl v x

A £t .é,“. N : ) -
’

n
TPV N, c,_.(-l)"]

PRI




Qa = lun_i + 3qn_2_ + S5 not: polinomun derecesi ne ise a, nin de dereceside ayn1 olur
3. 0dim Qn‘O) "‘QL\M;:\ ngl,'l‘. aq{‘;, - A ard i~ dan Qn-; ve a s
Bk €lde <dil'p ejitlikie
fj"'\'\e L”\ulul"m ¢
ar\—z__ = A +a hanvAcle s katsayiys
bu(—nahﬁ".
A=2A43A+S = —LA =5 SA=-5 G)_ _s5
q o Tl
, L
H.aellm .
N Gla=
A, = C,g +Cz,(-l)n -5 0=
C1‘*Q"‘E= b = Ctcp= 2
: Vo= e
3o Ly ~Z 20 D G~ &8 o
q 4




u
_ . 3
0(‘_ qn_ Gn-|+2q"-2 ) QO:S- ) q1=q' loaé\g,?\c‘ k\:‘\ul|w|

e veilkr  relwraas Bqﬁmhsm C,5Z€Adz.

P an(ﬂ: c‘ﬂ(l-.l +an(°,
pe r 1 a
L.odim qn(h‘ — G4=0,_, +Z°n-1 2> N=ec+2
e re e =0
( : (Fr=2)r+4) = 0
[a,,"" =C;.2 + Ca_-(")q 2 -

a,,_| = An-A+ R %/zﬁ'\/-’* 7(-#”,‘-4#'1'2.6 + 3a+1,

Qn-z — AA-ZA +R —_liﬁ'f‘sA—le - E_ﬂ""“




4 .0di~ Fﬂ -— C4.ln+C1.(-l)ﬂ—3n_ 2—3§ Qig= Y

2 q 04=j.

c,ve C, bulw\ur er son a, yeuli~




Say1 Dizilerini Rekiirans Bagintisina Donustiirme

Bizlere bazen bir sayi1 dizisi bazen de sozel bir 1fade verilerek ondan
bir say1 dizi1 formunda olay1 yazmamiz beklenir.

ﬁ' .13, 28, 113/3}, --=---  Say) dizjs,
Reh?rms . | ap=y Qq =200 =1 : n247
L’GfthI 4 {
Or- @ ?" "}“ L 1 | 35' 233/ - == Sayl dizisin e mh‘rons bﬂ%lnhSﬂ

S O(wak ljaZMl z.,
a,=1
0 Qn=200_|+ Qn_z ) ﬂ>/2_
q1=3 = &




Homojen olmayan reklirans bagintisi icin bir 6rnek yazalim

56, 1S, — e Syt @Imralai eabadinns. laiiat
haline.  gehriniz.
\O‘n'-'- Qp-y Ty, + f-' I e )




Soru: Sadece O Ve 1 Tlerda olugen A birtm  wamnlujmdal  soyi diziles
\

O\u?*u.ru\ujor, B&Mu qo‘re/ Lu Sﬂl d\zllm‘f\d.l/\ n U.‘lMlug\Mda o\uP “O=O‘

| cerbn len'n Suyisn D re'w“rms‘ga;mﬁs«n: Lo‘slo».flc, L.agqu:m d o
¥ )

kel leyerel.  yeziniz.

N=( lirim —_— d;\tl'sok Qp= 0O
nzl 0 — 0 4 a,=0
n=2 n —“—700, 01| 10,11 Q, =1
=1 4 ———— 000,001 010,40 o _3
041, 104, 110 114 .
I
. _» 0000~ 0014~ 0114 .
Ll 3001- oigy (0% a,=4
010- 1004~
0190- Opq0 ' '°
1000- 1049 1411
1100~




Problemlerin Karmasikligi

(Coziulebilir Problemler (Tractable)

¢ Polinomsal en kot durum karmasikhgina sahip bir algoritma
kullanarak ¢ozulebilen bir problem ¢ozulebilir (tractable) olarak
adlandiriimaktadir.

¢ Cunku algoritmanin, nispeten kisa bir zaman icinde makul
buytkliikte veriye sahip bir probleme ¢6zim getirecegi
beklenmektedir.

¢ Bununla birlikte, blyik—O tahminindeki polinomlar yliksek dereceye
sahipse (100. derece gibi) veya katsayilar asiri buytkse,
algoritmanin problemi ¢c6zmesi oldukca uzun zaman alabilir.

¢ Sonug olarak, polinomsal en kétl durum zaman karmasikligina
sahip bir algoritma kullanarak ¢oztilebilen bir problemin nispeten
kiiclk veri degerlerinde bile makul zamanda ¢6zllebilmesi garanti
edilemez.

¢ Pratikte bu tur tahminlerdeki polinomlarin derece ve katsayilari
genellikle klguktr.




(Cozulemez Problemler (Intractable)

¢ En kot durum polinomsal zaman karmasikligina sahip bir algoritma kullanilarak
¢Ozllemeyen problemler goziilemez (intractable) olarak adlandiriimaktadir.

¢ En kotl duruma sahip bir problemin ¢ézimi, ¢ok kiglik girdi dederleriyle bile
her zaman olmasa da genellikle asiri miktarda zamana ihtiyag duyabilmektedir.

¢ Bununla birlikte, pratikte bazi en kot durum zaman karmasiklidina sahip
algoritmalarin bir problemi, bircok durumda kendisine 6zgl en kotu
durumundan ¢ok daha hizl ¢ézebildigi durumlar vardir.

¢ Muhtemelen ¢ok az sayidaki durumlarin makul zamanda ¢ozilememesine izin
vermeye istekli oldugumuzda, ortalama durum zaman karmasiklidi, bir
algoritmanin bir problemi ne kadar uzun zamanda ¢ozeceginin en iyi olglistdur.

¢ Endustride 6nemli olan birgok problem ¢ozlilemez olarak diusunulmektedir ancak
uygulamada, aslinda gtinliik yasamin getirdigi tiim girdi durumlari igin
cozulebilmektedir.

¢ Pratik uygulamada karsilagilan ¢dzlilemez problemlerin Ustesinden gelmenin bir
diger yolu da problemin kesin ¢éztimini bulmak yerine yaklasik ¢oztimler
aramaktir.

¢ Bu tir yaklasik ¢oziimler bulmakta hizh algoritmalarin varlidi ise yaramakta ve
hatta kesin ¢éziimden ¢ok farkli olmama olasihgi bulunmaktadir.




Cozumiu Bulunmayan Alg. (Unsolvable)

¢ Hicbir algoritmanin onlari ¢c6zemedigi bazi
problemler mevcuttur.

¢ Bu tur problemler ¢gozumu bulunamayan
(unsolvable) olarak adlandiriimaktadir

¢ Algoritma kullanarak ¢ozulebilen problemlerin
zitt olarak ifade edilebilir.

¢ CozUmu bulunamayan problemlerin varligina ilk
kanit, sonlanma (halting) probleminin ¢oziilemez
oldugunu gdsteren bliyuk Ingiliz matematikgi ve

bilgisayar bilimcisi Alan Turing tarafindan
saglanmistir.



P ve NP Problem Simiflar:

¢ Coztlebilir problemlerin P sinifina (Class P) ait oldugu soylenir.

¢ Polinomsal zamanda kontrol edilebilen bir ¢6zim igin problemlerin
NP sinifina (Class NP) ait oldugu sdylenmektedir.

¢ NP kisaltmasi, belirli olmayan polinomsal zamanli (nondeterministic
polynominal time) anlamina gelmektedir.

% Problemlerin herhangi birisi polinomial en koti-durum zaman
algoritmalari ile ¢ozulebildiginde, NP sinifindaki tim problemler
de polinomsal en koéti-durum zaman algoritmalari ile ¢gozulebilir.
Bu 6zelligi tasiyan algoritmalara NP-tam problemler (NP-
complete problems)

<+ NP-Hard, polinomsal zamanda bir ¢6ziimi oldugunu
ispatlayamadigimiz karar problemlerinin karmasiklik sinifidir.
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