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O Algoritma kavrami

O Temel veri yapilari, temel problemler

O Fonksiyonlarin biiytimesi, Asimptotik notasyonlar
O Algoritma karmasiklig1 ve analizi

m [teratif ve 6zyinelemeli algoritmalarin analizi



Algoritma

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

Ornek: Sonlu bir tam say1 dizisinde maksimum degeri bulmak icin
bir algoritmay1 yaziniz.

Cozum: Asagidaki islemler sirasiyla uygulanir
Dizinin 1lk eleman1 gecici maksimum deger olarak secilir
Bir sonraki eleman gec¢ici maksimum ile karsilastirilir

- Eger say1 gec¢ici maksimumdan buytlikse, 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 adimlan Tiirkge, Ingilizce veya sézde kodla (Pseudocode), akis
semas1 veya bir programlama dili ile agiklanabilir.

Sozde kod, adimlarin Ingilizce agiklamast 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 ¢ézmek igin
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 etmeyi saglar.

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



Algoritmalarin Ozellikleri

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

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

A Dogruluk (Correctness): Bir algoritma, her girdi deger1 kiimesi
i¢in dogru ¢ikt1 degerlerini tiretmelidir.

Q Sonluluk (Finiteness): Bir algoritma, herhangi bir girdi i¢in
sinirlt sayida adimdan sonra ¢ikti tiretmelidir.

Q Etkililik (Effectiveness): Algoritmanin her adimini dogru ve
sinirh bir stire 1¢inde gerceklestirmek miimkiin olmalidir.

O Genellik (Generality): Algoritma, 1stenen formdaki tlim
problemler 1¢in ¢alismalidir.



Bir dizideki en biiyiik elemam 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 ozellikler1 sagliyor mu?



Bazi ornek algoritma problemleri

O Bu boliimde ti¢ tiir problem incelenecektir.

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

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

3. Eniyileme (Optimization) : Tum olas1 girdiler tizerinden
belirli bir buytkliiglin en 1y1 degerinin (maksimum/
minimum) belirlenmesi. (Diistiik maliyet, yliksek verim )



Arama (Searching)

Tamm: Genel arama problemi, ayr1 elemanlar (a,, a,, ..., a,)

listesinde bir x elemanini bulmak veya listede olmadigim
belirlemektir.

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

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

dogrusal arama
ikili arama.



Dogrusal Arama (Linear Search)

O Dogrusal Arama algoritmasi, aranan sayilyr dizinin
clemanlarini bastan baslayarak birer birer incelemesidir

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

a Ikili arama algoritmasi, arama uzayindaki orta noktayi dikkate
alarak arama gerceklestiren algoritmadir

procedure binary search(x: integer, a,,a,,...

, d,: increasing integers)
i := 1 {iis the left endpoint of interval}
j = n {Jjis right endpoint of interval}

while / < j
= |(/ + J)/2]

ifx>a, theni:=m+1
elsej:=m

iIf x = a; then /ocation

=
else /ocation := 0

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



Siralama (Sorting)

a Bir dizinin 6gelerini siralamak, onlar1 artan siraya koymaktir
(sayisal sira, alfabetik vb.).

a Siralama 6nemli bir problemdir:

= Donanim kaynaklarinin 6nemsiz bir yiizdesi, farkl tiirdeki
diziler1, 6zellikle belirli bir sirayla sunulmasi gereken
bliylik bilgi ver1 tabanlarini igeren uygulamalar1 (6rnegin,
miisteriye gore, par¢a numarasi vb.) siralamak i¢in
ayrilmastir.

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



Kabarcik (Bubble) Sort

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

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

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



Bubble Sort

Ornek: 324 1 5 ile kabarcikli siralama adimlarini gdsterin

First pass ('3 2 2 2 Second pass 2 - 2
o 2 p 3 3 3 \ 3 [/" 3 l
4 l\4 (:4 l l - l {' 3
1 1 l % 4 4 4
5 5 ) =5 3 E
Third pass t:? ; Fourth pass (; (: : an interchange
3 \ 3 3

B D 4 ( : pair in correct order
: ' 2 numbers in color

guaranteed to be in correct order

N

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



Araya Ekleme (Insertion) Sort

0 Araya Ekleme siralamasi, 2. eleman ile baslar. Ikinci elemani
1. 1le karsilastirir ve daha bliylik degilse i1lkinden once koyar.

procedure insertion sort (a4,...,a,:
real numbers with n = 2)

Daha sonra 3. eleman, ilk 3 forj:=2ton

eleman arasinda dogru konuma =1
getirilir. while a. > a.
. . Jj i
Sonraki her geciste, n + 1. i=7+1
eleman ilk n + 1 elemanlar m := a;
arasinda dogru konumuna fork:=0toj —i—1
yerlestirilir. 8y 1= g
Dogru pozisyonu bulmak i¢in a, :=m

dogrusal arama kullanilir. {Now ay,...,a, is in increasing order}



Insertion Sort

Ornek: Verilen 3 2 4 1 5 diziyi siralayiniz

A. 23415 (ilkiki pozisyon degistirilir)

B. 234 15 (ticuncii eleman yerinde kalir)

c. 12 3 4 5 (dordiinciisii baslangica yerlestirilir)
D. 12 3 4 5 (besinci eleman yerinde kalir)



Euclid’s Algorithm

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

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

gcd(m, n) = gcd(n, m mod n)
yukaridaki esitlik ikinci say1 (n) 0 olana kadar devam eder

Ornek:
gcd(60, 24) = gcd(24, 12) = gcd(12,0) =12
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Euclid’s Algoritmasi Sozde Kodu

1. If n=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 » to n. Go to 1.

while n # 0 do
r «<— m mod n
m<«— n
n<«r

return m

17



Diger cozum gcd(m,n)

Ardisik tamsay1 kontrol algoritmasi

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

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

3. n'yi T'ye boliin. Kalan 0 1se, T'y1 dondiiriin ve durun; degilse
(4)'e gidin

4. T'y11 azaltin ve (2) gidin

18



Algoritma tasarimi yontemleri

o 00000000 Co

Brute force

Divide and conquer
Decrease and conquer
Transform and conquer
Space and time tradeoffs
Greedy

Dynamic programming
[terative improvement
Backtracking

Branch and bound

19



Bazi onemli problemler

Siralama - Sorting

Arama - Searching

Metin 1sleme - String processing
(Cizge problemler1 - Graph problems

Kombinasyonel problemler- Combinatorial problems
Geometrik problemler- Geometric problems
Sayisal problemler- Numerical problems

U000 000

20



Temel Veri Yapilan

a Listeler

= Diz1 -Array

= Baglantili listeler -linked list
= String

Yi18in - Stack

Kuyruk - Queue

Priority queue

Cizge - Graf

Agaclar

o 0o O 0O 0O O

Kimeler

21



Listeler

Dizi-Array / Bagh Liste- Linked List

= Daziler bellege ardisil olarak yerlestirilir

= Bagl listeler, bellegin ardisil olmayan hiicrelerine yerlestirilir

= Birden fazla elemanin saklanmasi islenmesi durumunda kullanilir

= Bagli isteler (Linked list) siral1 erisim, diziler rastgele veya sirali erisime

uygundur

40 55 63

17

22

68

89

a7

89

0 1

2

3

4

5

b

7

8 | <-Arraylindices

Array Length=9
First Index=0
Last Index=8

Head

L

HE=L

b

_) NULL

N

Data Next




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 )

QO Dizi veya baglh listeler ile olusturulabilir

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

‘-' e _—--"'"
In Data Data Data Data Data Data Out
" .
Last In Last Out Firgt in First Out

Queue
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Yig1n - Stack

Ozel amacli kullanilan listelerdir

Ik gelen son ¢ikar / Son gelen ilk ¢ikar prensibine gore erisim saglanir
(FILO / LIFO -> First In-Last Out / Last In-First Out )

Dizi veya bagh listeler ile olusturulabilir

Arama algoritmalarinda, matematiksel ifadelerin doniistimiinde kullanilir

Iki temel islem yapilir. Ekle (push), cikar (pop)

. 4 -
o Last In - First Out
Push P

op

UL BIEg

Data Element Data Element

Data Blement Data Element

| Data Element Data Element
|
| Data Element Diata Element

| Data Element Data Elemant

Stack Stack



Yi1gin Uygulamalan

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

Matematiksel ifadelerin birbirine dontisiimii

Matematiksel ifadelerin islem onceligine uygun olarak degerlendirilmesi

Matematiksel ifadelerin Yazihm

o Bir matematiksel ifade d¢ OPERATOR ve OPERAND larin yazilim siras1 farkli

notasyonlara gore yapilabilir
o Siralama farkli olsa da, sonug¢ aynidir
o Derleyicilerin operator onceligi vb. konularda bu notasyonlarin kullanimi 6nemlidir
Ornek: Matematiksel ifademiz (A + B) * C olsun.
Operandlar: A, B ve C

Operatorler: + ve *
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Yi1gin Uygulamalar

O

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

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

Postfix notasyonu: Operator iki operandin sonunda bulunur (Reverse Polish

Notation)
Ornek: AB+, 7 9—

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

Bu doniistimler, infix < postfix, infix < prefix, prefix < postfix olabilir

Verilen bir notasyonun sayisal sonucunun hesaplanmasi da ¢ok sik karsilasilan
uygulamalardandir

Déniisiimlerde Stack / Ikili Agaclar kullanilir

26



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
e R » Operand stack: This stack will be used to keep track of numbers.

* Operator stack: This stack will be used to keep operations (+, -, *, /, *)
Qutput: 4

Order of precedence of operations—
1. » (Exponential)
25y e
=

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,
* |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.
¢ |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.
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Orn: Infix degerlendirme

Infix Expression: 2 * 5 *(3+6)) / 15-2
Token Action Operand Stack Operator Stack MNotes
2 Push it to operand stack 2| |
* Push it to operator stack Fi .
{ Push it to operator stack 2|
5 Push it to operand stack 52 [ *
. Push it Lo operator stack 52 N
i Push it to operator stack 52 e
3 Push it to operand stack 352 s ke
* Push it to operator stack 352 + (="
[ Push it to operand stack 6352 "1
Pop 6 and 3 from operand stack 52 +{*1"
:I e ﬁ;:;“:?;“ L :; : - : ~ Do process until | is popped
: e e from operator stack
Push 9 to operand stack 952 B Bkl e
Pop [ from pperator stack 95 2 e e
Pop @ and 5 from operand stack 2| * | o
Pop * from operator stack 2| | U
) Do 9°5 =45 2| ( _| Do process until | is popped
¥ from operator stack
Push 45 into operand stack a5 2| {
Pop [1r=;|m operator stack 45 ZF o
/ Push / into operator stack 45 2! ! * [ hasequal precedence to *
15 Push 15 to operand stack 1545 2§ F i
Pop 15 and 45 from operand stack J!it f
Pop [ from operator stack Zr *| - has lower precedence than /.
Do 45/15 =13 2| e do the process
Push 3 into operand stack 32! .
Pop 3 and 2 from operand stack e
Pop * from operator stack - has lower precedence than * ,
Do3*l=6 do the process
Push & into operand stack 3
Push - into operator stack 6| -| - has eqgual precedence 1o +
2 Push 2 into operand stack 2 8/
Pop 2 and 6 from the operand stack Given expression is iterated, do
Pop - from operator stack | Process till operator stack is
Do 6-2 =4 ' not empty, It will give the final
Push 4 ta operand stack 4 ! result




Prefix 1fadenin degerlendirmesi

Prefix: + 200 40
Output: 540
Explanation: Infix expression of the above prefix is: 500 + 40 which resolves to 540

Prefite: - /*20*50 = 36300 2
Output: 28
Explanation: Infix expression of above prefix iss 20 * {50 *(3+6))/300-2 which resolves to 28

Approach; Use Stack

Algorithim:

Reverse the given expression and Iterate through it, one character at a time

1. If the character is a digit, initialize String temp;
*  while the next character is not a digit
* dotemp = temp + currentDigit
* convert Reverse temp into Number.
= push Mumber fo the stack.
. If the character is an operator,
* pop the operand from the stack, say it's s1.
* pop the operand from the stack, say it's s2.
* perform (s1 operator s2) and push it fo 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: Prefix ifadenin degerlendirmesi

Prefix Expression:-/*20*50+3 63002
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 b, Push 6 to stack [2, 300, B]
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+6 =9 to stack [2, 300, 9]
05 Reverse 05, Push 50 to stack [2, 300, 9, 50]
Pop 50 from stack [2, 300, 9]
. 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]
= Pop 450 from stack |2, 300]
Push 20*450=9000 to stack (2, 300, 5000]
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 11
Push 30-2=28 to stack [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 to 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 B 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]
K Pop 2 from stack 1]
Push 2*45=90 to stack [20]
5 Push 5 to stack [90, 5]
Pop 5 from stack [50]
/ Pop 90 from stack [l
Push 90/5=18 to stack [18]
2 Push 2 to stack [18, 2]
Pop 2 from stack [18]
Pop 18 from stack 4]
Push 1B-2=16 to stack [16]

Result : 16




Infix-Postfix Donustimiu

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*{C*D-E) — Hal)
Output: Postfix expression- ABCDAE-*+ ;.' . ; et
3o+ =

MNote: 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 operatar.
* |f the operator stack is empty then push it to the operator stack.
* Else 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.
T the operator's precedence is less than the precedence of the stack top of operator stack then “pop out an

operator from the stock and add it to the result undil the stack is emply or operator’s precedence is greater than or
egqual fo 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 ond odd it to the result until the carresponding (™ is

encountered in operator stock. Now just pop out the "™,

Once the expression iteration is completed and the operator stack is not empty, “pop out an operator from the stack ond add it
te the result” until the operator stack is empty. The result will be our answer, postfix expression, 34



Orn:Infix-Postfix Déniisiimii

[ Add A to the result A
# Push & to stack A +
B Add B to the result AR +
. Push * to stack AR * #|* has higher precedence than +
\ Pugh [ to stack AB [ *#
C Add € to the result ABC | ® %
A Push & to stack ABC .
D Add D to the ressill ARCD ol el
-, " -
s Imr::::c_h|:;:;d S ﬁn x : = : - Fas bower precedencs than ®
£ Add E 1o the result ABCDME o
Pop - from stack and add to result ABCDAE- { * +| Do processuntil | is popped
d Pop { from stack ABCDAE - "y from stack
Pop ® from stack and sdd Lo result ABCONE-* # | Given expression is terated, do
Pop + from stack and add to result ABCDRE-*+ F'T:ﬁ:::’:::‘ﬂ::i{h
Postfin Expression : ABCDAE-*+
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Infix-Prefix Doniusimu

Approach: Use Stack

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

Input: Infix expression - A + B
DUtDUt Pr'E'ﬁ}: E‘:{prESSiDn‘ +AB Order of precedence of operations—

1. * (Exponential)

Input: Infix expression - A+B*(C*D-E) -
Qutput: Prefix expression- +A*B-CDE A

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, once ifade tersten

yazilip Infix — Postfix doniisiimii ile dolayli olarak yapilir.
36



Orn: Infix-Prefix Doniistimii

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

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

Pop ® from stack and add to result EDCH ( -| Do process until { is popped
) Pop - from stack and add to result EDCH- { from stack

Pop | from stack EDCAH-

" Push * to stack EDCA- a
B Add B to the result EDCA-B .

Pop * from stack and add to result EDCH-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 EDC™-B*A+ Process till stack is not Empty, It
wiill E|'H'E the ftinal result
Prefix Expression (Reverse Result): +A*B-ACDE
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Postfix-Infix Dontlisimi

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

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

Algorithm:

lterate the given expression from left to night, 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, Feturn the result.
38



Orn: Postfix-Infix Doniistimii

Postfix Expression : ABC/-AK/L-*

Token Action Stack Motes
A Push A to stack |A)
B Push B to stack [A, B]
C Fush C to stack [A, B, C]
Pop C from stack [A Bl pap two operands from stack, C
! Pop B from stack |A]| and B. Perform B/C and push (B/C)
Push (B/C) to stack 1A, (B/C)] to stack
Pop (B/C] from stack [Al] pop two aperands from stack, (B/C)
Pop A from stack [1| and A Perform A-{B/C) and push
Push (A-{B/C)) ta stack [{(A-(B/CH] (A-{B/C)} to stack
A Push A to stack [{A-[B/C)), Al
K Push K Lo stack [{a-[BSC)), A, K]
Pop K from stack HA-(B/C)), Al pop two operands from stack, K
! Pop A from stack [[{A-[BSC))]| and A. Perform A/K and push [A/K]
Push {A/K) to stack liA-(B/C)), (A/K)] tostack
L Push L to stack [{A-(B/C)), (AJK), L]
Pop L from stack [{A-(B/C)), |A/K)] Pap two operands from stack, L and
- Pop (ASK) from stack [({a-(8/CH ] (A/K] Perform (A/K]-L and push
Push ([A/K)-L) to stack [{A-{B/C)), [{A/K)-L)] ({A/K}-L) to stack
A Pop two operands from stack,
i I::::f:_:::::]f::::;c; la :Bﬁ:::i (A/K]-L) and A-(B/C). Perform
{A-(B/CH*[{A/K)-L) and push
Push {(A-{B/C))* ([A/K)-L)) to stack (HA-B/CH " IAKE-LI | (jA-(B/CY)* ({A/K)-L]) to stack
Infix Expression: ((A-(B/C))*({[A/K)-L))
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Prefix-Infix Donustimu

Example:

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

Input: Prefix expression: *-ASBC-FAKL
Output: Infix expression: ((A-(BSCH*((ASK)-L))

Approach: Use Stacks
Algorithm:
terate the given expression from right to left {in reverse order}, one character at a time

1. If character is operand, push it to stack.
2. If character is operator,
1. pop operand from stack, say it's s1.
2. pop operand from stack, say it's 52.
3. perform [s1 operator s2) 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
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Orn: Prefix-Infix Doniisiimii

Prefin Expression ; *-A/BC-/AEL

Merate right to keft
L Push L 1o stack [
K Push K bo stack L K]
A Push A to stack L K Al
Fop A from siack LK} Pop two operands from stack, A
! Pop K from stack L] | amd K. Perfarm AJSK Gnd push [A/K)
Push (A/K) 10 stack IL [A/X)) to stack
Pop (ASK) from stack 1]  Pop two operands from stack,
Fop L from stack 1] &K} and L Perfore (A/K)-L and
Pust) (IAfK}-L) to stack kil ush VKL o stack
C Push C to track (ALY C]
B Push B to stack [iane)-L), C. B
EOpE fom Siack HAKFLL El| pap two operands from stack, B
! Pop € from stack [A/]-L}] | and C. Perform 8/C and push {B/C)
Push [B/C) to stack [asei-Ly (B/ch] 10 Hack
A Push A to atack flin/H-LI, [8/C), A
Pop A from stack [AKILL (B/CH | pog twa operands from stack, A
Pop [B/C) from stack [A/K}-LH | @nd (B/C). Perform A-(B/CH and
Push (A-{B/C]) to stack (AL, |A-TBACIN push (A-(B/Clto stack
Pop (A-{B/C) from stack [Iih/xp-1)]| Fop twe opesinds from itack,
£ it JA-(B/CI*1IAMK)-L) and push
Push [{a-{B8/CH"{|A/K]-L]) to stack [HEA-TBACH) ™ HAMI-LIH A-(B/CIIIA/E)-LI} to stack
Infin Expression: ({A-(8/C))*((A/K}-L))
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Prefix-Postfix Dontisumu

Input: Prefix expression: + A B
Output: Postfix expression: A B +

Input: Prefix expression: *-A/BC-JAKL
Output: Postfix expression: ABCS-AK/S/L-*

terate the given expression from right to left, one character at a time

1. If the character is operand, push it to the stack.
2. If the character is 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 (51 s2 operator) and push it to stack,
3. Once the expression iteration is completed, initialize the result string and pop out from the stack and add it to the
result,
4, Return the result.

Please walk through the example below for more understanding.
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Orn: Postfix-Prefix Déniisiimii

Prefix Expression : *-A/BC-/AKL
Iterate right to left
Token Action Stack Notes
L Push L to stack IL]
K Push K to stack [L, K]
A Push A to stack IL K, &)
Pop A from stack [LK]| pop two operands from
/ Pop K from stack [L]] stack, A and K. Perform AK/
Push AK/ to stack L, AK/] and push AK/ to stack
Pop AK/ from stack [L]| Pop two operands from
| Sok e e
Push AK/L- to stack [AK/L-] stack
£ Push C to stack [AK/L-, C]
B Push B to stack [AK/L-, C, B]
Pop B from stack [AK/L- Clf  pop two operands from
! Pop C from stack [AK/L-]| stack, B and C. Perform BC/
Push BC/ to stack [AK/L-, BC/] and push BC/ to stack
A Push A to stack [AK/L-, BC/, A]
Pop A from stack [AK/L-, BC/}| Poptwo operands from
Pop BC/ from stack [AK/L-] s;a;:}_nazzdpﬂ. :;gf:?
Push ABC/- to stack [AK/L-, ABC/-] stack
Pop ABC/- from stack [AK/L-) Pop two operands from
S ey ] i A et
Push ABC/-AK/L-* to stack [ABC/-AK/L-*]| push ABC/-AK/L-* to stack
Postfix Expression: ABC/-AK/L-*
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Postfix-Prefix Donusumu

Input: Postfix expression: AB +
Output: Prefix expression- + AB

Input: Postfix expression: ABCS/-AK/L-*
Output: Infix expression: *-AfBC-FAKL

Algorithm:

terate the given expression from left to right, one character at a time

the character is operand, push it to stack.

the character is operatar,

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

2. Pop operand from the stack, say it's 52.

3. perfoerm {operator s2 s1) and push it to stack

3. Once the expression iteration is completed, initialize the result string and pop out from the stack and add it to the
result.

4, Return the result.

1.If
& 0f
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Orn:Prefix-Postfix Doniisiimii

‘ Posthis Expression - ABC/-AR/L-* I

A Puiih A 1o itack 1)
B Push B to stack [, B
C Puish € ta sk 1A, 8, C}
Fop € from stack A Bll  pop two operands from
/ Fop B froem stack [l | stack, C and 0. Perdarm /8L
Fuah f“‘lﬂl-'l.-l-l:h |'“n- mr; arvd push (B 1o flachk
g e B e et s
plnck, and A, rem
Pop A from itick 1] AJBC and push -AJBC to
Push -AFBC 1o stack [-&/BLC) wtack
A Pk & 1o stack [-AJBC, &}
K Push K b0 stech [-ASBE, A, K]
Fop K from stack I'ABC, Al pryp twio operands irom
i op A from stock -4 BC] | stack, K and & Perform fAK
Push JAK 1o stack |-A/BC, jAK]|  #0d push FAK 10 Sk
L Push L o stack [-8J/BC, fAK LI
Do L e LA/B, FAM ::T.,Tﬂ vl fAK. Part
% an G
Pap JAK from siack [-&/8C) JAKL and push -fAXL to
Puh -JAKL to stack [-A/BL, -fAKL] stach
Pog -JAKL from stack [-Afac]| Pop two opersnds fraem
stack, -fREL and -&/BL
" Pap -AfBC froam stack 1] Peeform *-A/BC-/AKL and
Push ®-AMC-FAEL (o sk [*-A B REL) push *-A/BC-JAKL to stack |
Prafix Exprassian: *-A&/RC- [AKL
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Algoritma Analizi
I



Algoritma analizi

O Konular
» Dogruluk - correctness
m Zaman - time efficiency
» Bellek - space efficiency
» En 1y1 ¢Ozlm - optimality

O Yaklasimlar
m Teorik analiz - theoretical analysis
» Kaba analiz - empirical analysis (sayac/stire 6l¢gmek gibi)
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Teorik Analiz

Zaman verimliligi, girdi boyutunun bir fonksiyonu olarak temel
1slemin tekrar sayis1 belirlenerek analiz edilir.

Temel Islem (Basic operation): Algoritmanin calisma siiresini en cok
etkileyen islemdir. Siralamada ................ temel 1slemdir. ??
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Kaba Analiz

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

Yiirtitiilen temel 1slem adimlarinin sayisi

O Deneysel veriler ile analiz yapilir

49



Problemler - Temel 1slemler

Giris verisinin

Problem e et T e Temel islemler
buyiikliigii
n elemanli bir dizide D Elemanlar1
Dizinin eleman sayisi. n
cleman arama karsilastirma

Matris boyutu veya toplam

Iki sayinin carpimi
cleman sayisi yInin ¢arp

Iki matrisin ¢arpimi

Integer bir sayinin asal N sayisinin dijit sayisi

olup olmadigimin ST Bolme
kontrolii (ikil1 gosterilim)
: o 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 yiiriitiilmesi gerektigini gosteren matematiksel
bir ifadedir

Islem olarak karsilastirma sayisi, 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
ihtiyacidir

Maliyet programin kodu, veri yapisi alanlar1 ve y1gin bellek alanidir
Alan maliyeti algoritma rekiirsif degilse ve veri yapisi alani ¢ok ¢ok
bliyiik degilse pek hesaplanmaz



Asimptotik Ifade

* Bir problemin biiylimesinin iist, alt ve ortalama smirmni1 belirleyen ifadedir
« Big O 20, Big Omega = Q, Big Theta - 6

Alan Karmasikhigi (Space Complexity)
* Eleman sayis1 n’nin biiyiik degerleri i¢in bellek alan1 gereksiniminin
artisini gosteren asimptotik bir ifadedir

Zaman Karmasikhg (Time Complexity)
* Algoritmanin yiiriitiiliirken gegecek zamanin artmasi hakkinda bilgi
veren asimptotik bir ifadedir
* O(g(n)), B(g(n)), (g(n)), o(g(n)) gosterilir
* Veri kiimesinin biiytimesi durumunda ¢alisma stliresinin nasil
etkilenecegi hakkinda bilgi verir



Yuriutme Zamani-Running Time T(n)

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

n, ifadenin bagimsiz degiskenidir ve temel islem sayisina baglidir.

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

T(n) = n? karesel



Ornek

float BulOrta (float A[], int n)

d
float ortalama, toplam=0; =——= toplam=0 1 islem
' k=0 1 kere
int k;
o . . k<n (n+1) kere— 1+(n+1)+n=2n+2
for (k=0; k<n; k++) >t 1 lere
toplam=toplam + A[k];
rtal _F}: | m/p. [k atama ve toplama 2 islem } 2n
tu tol alama = toplam/, — dongii icerisinde n kere
reurn ortalama,
} 1 islem Dongili 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[ ])

d

float enkucuk;

int k;
enkucuk=A[0]; = atama lislem k=1 1 kere
for (k:1 - k<n: k+ _|_) : N k<n n kere 1+n+(n-1)=2n

. k++ n-1 Kkere

if (A[k] < enkucuk) Farsilastirma 1 is] .
arsiiastirma 1 1Siem n- cre

enkucuk=A[Kk]; i ¥

tu kucuk;
returh enkucux, islem Bu islemin kag kez yiriitiilecegi belli degil,

en koti 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; 4 < n-1; i++) I

{
miney; II | islem | Tekrar | Toplam __

for(int j=i; j < n; j++) III I 1,1,1 1nn 2n+1
{ if (A[3] < Amin)){ TV II 1 n n
min=4; V I 1,1,1 n,n(nt+1)/2, n(n+1)/2 n+2n(n+1)/2

} IV 1 n(nt1)/2 n(nt1)/2

} :Trlﬂs-lil:ﬂinl. - \% 1 n(n+1)/2 n(n+1)/2
Almin]=tmp; vl 1,1,1 nnn 3n

l:'.'l'l'-tlﬂ A VII VII 1 1 1
} 4n(n+1)/2+7n +2

T(n) = 2n2 + 9n+ 2



Matris Toplam

I+(n+1)+n=2n+2

for (1=0; 1<n; 1++)
for (j=0; j<m; j++) (1+(m+1)+m) *n=2m+ 2)n
Chbl=ANL]Dl + Bl —— (2 * m * n)

—

4mn +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 biiytuidiigii siklikla incelenir

O Bilgisayar biliminde girdinin boyutu biiytidiikge, algoritmanin
bir problemi ne kadar hizli ¢ozebilecegini bilmek 1steriz
= Aym problemi ¢6zmek 1¢in iki farkli algoritmanin
verimliligini karsilastirabiliriz

» Girdi buyudikce belirli bir algoritmay1 kullanmanin pratik
olup olmadigini da belirleyebiliriz



Karmasikhk

a Bir algoritmanin, tizerinde 1slem yapacagi veri kiimesinin
eleman sayisinin artmasi durumunda yiiriitme zaman
maliyetinin nasil degisecegini gosteren asimptotik bir ifadedir

Yiiriitme maliyetine, zaman karmasikligi

Bellek kullanim maliyetine, alan karmasikligi

0 Karmasiklikta ki amag gercek zaman ve bellek buiytikligl
bilgisi degil, ver1 kiimesi biiytidiiglinde maliyet bilgisinin
degisimidir



n— oo bazi onemli fonksiyonlarin biiytiime hizi

2

3

n |logon n nloga,n n ) 2T 1!

10 3.3 100 33107 107 10° 10° 3.6-10°
10 | 6.6 10¢ 6.6-10° 10¢ 10° 1.310% 9.3.1017
10° | 10 10° 1.010* 109 10°

104 13 104 1.3.10% 108 1012

10° 17 105 1.7.105 101 106

106 | 20 108 20107 1012 1018

| I I | I | I I | I




Algoritma Analiz Turleri

* Worst case (en kotii): Algoritma c¢alismasimin en fazla
siirede gergeklestigi analiz tiiriidiir. En kotii durum, ¢alisma
zamaninda bir st simirdir ve o algoritma i¢in verilen
durumdan “daha uzun siirmeyecegi” garantisi verir. Bazi
algoritmalar icin en koti durum oldukca sik rastlamir.
Arama algoritmasinda, aranan oge genellikle dizide olmaz
dolayisiyla dongii N kez ¢ahsir.

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

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

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



* Bir problemi ¢ozmek i¢in A ve B seklinde iki algoritma

verildigini distinelim.

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

Hangi algoritmayi
secersiniz?

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

Calisma zamam

EEEEENE

4

Giris Boyutu (N)



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

Calisma Zamam

Ty(N) =N?

o ® 2 ® © ®
Giris Bovutu (N)

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

mn

Y]

100

Simdi hangi
algoritmayi
secersiniz?



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

* Eleman sayisimn kiiciik oldugu durumlar miimkiin
olabilir fakat bu bir¢cok uygulama icin gecerli degildir.

* Verilen iki algoritmanin ¢alisma zamanimm TI(N) ve
T2(N) fonksiyonlar1 seklinde gosterilir. Hangisinin
daha iyi oldugunu belirlemek i¢in bir yol belirlememiz
gerekiyor.

— Big-O (Big O): Asimptotik tist sinir
— Big Q (Big Omega): Asimptotik alt sinir

— Big © (Big Teta): Asimptotik alt ve {ist simr

f(x), bir algoritmanin fonksiyon seklindeki gosterimi ise

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

https://www.slideshare.net/DenizKILIN/yzm-2116-blm-2-algoritma-analizi
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TABLE 1 Commonly Used Terminology for the
Complexity of Algorithms.

Complexity Terminology

O(1) Constant complexity
®(log n) Logarithmic complexity
®(n) Linear complexity

O(n logn) Linearithmic complexity
O (n?) Polynomial complexity

O(b"), where b > 1
O(n!)

Exponential complexity

Factorial complexity




TABLE 2 The Computer Time Used by Algorithms.

Problem Size

Bit Operations Used

n logn n nlogn n? 2% n!

10 3x107s 107105 3x 107105 1077 s 1078 3x 107 7s
102 7x107 s 1079 7x 1072 s 1077 s 4x 10 yr  x

103 1.0x 10710 1078 s 1x1077s 1079 s * *

104 1.3x 10710 1077 s 1x107%s 1073 s * *

10° 1.7x10710s 1076 2x 10725 0.1s * *

100 2x10710g 1075 2x 10745 0.17 min  * #




Buyuk- O (Big-0) Gosterimi

Tamm: f ve g, tamsay1 kiimesinden veya reel say1 kiimesinden
reel sayilara tanimlanmis olsun. Z + — R

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

olmaktadir.



Ornek

Show that f(z) = 22 + 2z + 1is O(z?)

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

0<z?+2x+1<z?+ 22 + 2 = 4z°

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 4+ 22+ 1 < 2% 4+ 2% + 22 = 322
when x > 2.

e Cantake C = 3 and k = 2 as witnesses instead.



Cg(x)

f(x) is O(g(x)

f(x)

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

fx)<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
/! or —1 if there are no matching elements
i <0
while i < n and A[i] # K do
[ «—i+1
ifi <nreturni
else return —1

O Worst case O(n)

O Best case O(1)

2434k ®  HEHL) Ordl)
O Average case n 2n -



. Sabit: Veri giris boyutundan

| Bagl listeye ilk eleman olarak

bagimsiz gerceklesen islemler. ekleme yapma
Ol(log N) Logaritmik: Problemi kiiglik veri | Binary search tree veri yapisi
pargalarina bolen algoritmalarda | zerinde arama
gorulur.
O(N) Lineer —dogrusal; Veri girig Sirali olmayan bir dizide bir eleman
boyutuna bagh dogrusal artan. arama
O(N log N) Dogrusal anlilogari N elemani bol-pargala-yonet
Problemi kliguk veri parcalarina | yontemiyle siralama. Quick Sort.
bolen ve daha sonra bu pargalar
uzerinde islem yapan.
O(N?) Karesel Bir grafikte iki digim arasindakien
kisa yolu bulma veya Buble Sort.
O(N¥) Kibik Ardarda gerceklestirilen lineer
denklemler
o(2") iki tabaninda tssel Hanoi'nin Kuleleri problemi




Buyuk- (Big-Omega) Gosterimi

Tamm: f ve g, tamsay1 kiimesinden veya reel say1 kiimesinden
reel sayilara tanimlanmis olsun. Z + — R

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

olmaktadir.

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



o

Example: Show that flz) =823 +5224+7 is
Qg(x))  where g(z) = a7,

Solution: f(x) =8z3 + 522 +7 > 8% forall
positive real numbers x.

* Is it also the case that 4}(.1,] =% is O(8z° + 5x% +T7)?



Buyuk- O(Big-Theta) Gosterimi

Tamm: f ve g, tamsay1 kiimesinden veya reel say1 kiimesinden
reel sayilara tanimlanmis olsun. Z + —» R

Eger, f(x), O(g(x)) ve f(x), Q(g(x)) ise {(x), 0(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 sayilari ve bir
pozitif k reel sayis1 bulunabiliyorsa bu durumda {(x)’in 0(g(x))

oldugunu gosterebiliriz.
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Arama Algoritmalari

Searching

Algorithm

Depth First Search (DF3)
Breadih First Search (BFS)
Binary search

Lmear [Brute Fonce)

Shortest path by Dikstra
using a Min-heap as pricrity queus

Shariest path by Dijkstra
using an unsoried array as pronty queus

Shorlest path by Baliman-Ford

Data Structure

Graph of |V] vertices and |E| edges
Graph of |V] vertices and |E] edges
Sorted afray of n elements

Array

Graph with |V vertices and |E] eages

Graph with [V vertices and |E] edges

Graph wimn [V] veriices and [E] eoges

Time Complexity

Average

5

[orcivi = I0) 1ag (V1]

[ot v = I€]) 10 [vl}]
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Siralama Algoritmalari

Sorting

Algorithm Data Structure Time Complexity Worst Case Auxiliary Space Complexity
Best Average Worst Worst

Queksan iray oy I T

ergesor iy S S

Heapsor Aray [ote 1213} [oce 08tm3) (o617

Bubble Sort Array [Biny) (ein2)] [etr=2)) (6]

Insertion Sort Array [otm1) [ote=2)] (otn"2) (ac13]

Select Sort Asray (otr=2) ] (0(n72)) (6tn"23) (B

Bucket Sort Array [Bir=icy | (ainesy) [@2y)

Radi Sor airay ) =) =D



Heap ve Graf Algoritmalar:

Heaps
Heaps Time Complexity
Heapify Find Max Extract Max Increase Key Insert Delete Merge
Linked List (sorted) [BrL) (o) [otm) | [otri) | [Beay) [Oimeri )
Linked LIst (unsorted) (Bea7) [atm) [eta1) (o623) (o)) [8433)
Binary Heap [ofny) 0(1eg(n)) 0(1sg(n}) [amen]
Binomial Heap 2 [e0oetnn) [GGieginn)) O(1og(n)) 0(10g{n)) 0(og(n))
-ionaca Heap foi] ) ) fawE
Graphs
Node / Edge Management Storage Add Vertex Add Edge Remove Vertex Remove Edge Query
Adjacency list [a¢11] C)
Incidence fist (atiT) (o]
Adjacency matrix - - - - - -
Incidence matrix CAIIENGE (CALTRRIEY CHTIENTR (BT TED] B TED]



Bircok algoritma birden fazla alt programdan olusabilir.

23 8&3 max(O(n), 0(n)) > O(n%)

I<c<d ise

g z 883gn)} max(O(logn), O(n)) - O(n)

23 0 | ™NOE).0m) >0

f1 > On2) |

2> om) | 7o)




f(n) = 3n log(n!) + (n?+3) logn

n, pozitif bir tamsay1 olmak tizere Big-O ?

3nlog(n!) 2 3n ve log(n!) (n2+3) logn
| l l
O(m) O(logn) n’logn + 3logn
O(nlogn) }
N O(n’logn)
O(n? logn)
TT— max /

O(n? logn)



F(x) = (xt1) log(x>+1) +3x*>  Big-O?
O(x+1) =2 O(x) } O(xlogx)
O(log(x*+1))>0(log x*)>0(2logx)>O(logx)

3x? 2 0(3x?) 2 O(x?)

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



[teratif ve Ozyinelemeli
Algoritmalarin Analizi



Iteratif (nonrecursive) algoritmalarin analizi

Genel Adimlar:

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

> Durum analizler1 (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 bagli bir calisma zamani fonksiyonu 7(n) elde edilir

» Toplama sonucu elde edilen n’e bagh fonksiyon 7(n), asimptotik
notasyonlara gore ifade edilir



Insertion Sort (Sokma Siralamasi)

A pseudocode for insertion sort ( INSERTION SORT )

INSERTION-SORT(A)
1 forj <« 2 to length [A]
do key <« A[J]
Insert A[j] into the sortted sequence A[1,..., j-1].
<« j—1
while i > 0 and A[i] > key
do A[i+1] « AJj]
[« i—1
Ali +1] <« key

ONO OTVPH WN
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INSERTION -SORT(A) cost  times

1 for j <« 2 to length| A] c, N
2 do key < A[]] c, n-—l1
3 V Insert A4[ j] into the sorted

sequence A[1--j—-1] 0 n-1
4 < j—1 cy, n-—1
5 while i >0 and Ali]>key c5 ijz t;

. . n

6 do A[i +1]« A[i] Ce ijz(t =1
7 ie—i—1 ¢ Zﬁzz(tj—l)

8 Ali +1] < key cg n—1



Toplam Calisma suresi
T(n)=c,+c,(n=D)+c,(n=1)+c; Dt +cg D (t,~1)
j=2 j=2

+C7Zn:(tj —D+c(n—-1).



Best-case : O(n)
Diz1 baslangicta sirali 1se. Yer degistirme yapilmaz

Average-case : O(n?)

Worst case : O(n?)
Baslangicta diz1 biiytikten kiigtige sirali 1se her eleman
icin en basa kadar karsilastirma yapilacaktir.



Selection Sort (Se¢cmeli Siralama)

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

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

/* check the element to be minimum */

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

of inner
loop =
void selection(int A[], int N) N-1-j
{ int 1, j, temp; o 0 N1
) ) . iterations
for (j = 0; j < N-1; j++) > (N-1) 1 N-2
{ int min idx = j; 2 N-3
¢ g : ; iterations ,
for (1 = 9+1; i < N; i++) —> (N-1-7)
if (A[i] < A[min_idx]) (dependsonj) N3 2
min idx = 1i; N-2 1

temp = A[min idx];

A[min_ idx] = A[3j];
A[3] = 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 -> N? 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

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

O Temel 1slemin gergeklestirilme sayisinin ayni boyuttaki farkli
girislere gore degisiklik gosterip gostermedigi kontrol edilir
(Eger degisiklik gosterirse, durum analizi ayr ayri the worst,
average ve best cases yapilmalidir)

a Temel 1slemin kag kez yurutiildigiini ifade eden uygun bir
baslangi¢ kosulu 1le bir 6zyineleme bagintisi (recurrence relation)
kurulur

O Recurrence relation uygun bir yontemle ¢oziilir. Coziim sonucu
elde edilen n’e bagl fonksiyon 7(n), asimptotik notasyonlara
gore 1fade edilir



Oz yinelemeli (Recursive) bagintilarinin ¢éziimii

O n bagimsiz degiskene gore ifade edilen ve n degerinin 6nceki
degerlerini i¢inde bulunduran fonksiyonlardir

Tm)=Tn-1)+1

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

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



Forward Subsitition

Recurrence: T(n) = T(n-1) + 1, with imtial condition t(1) =2
Look for a pattern:
o T(1) =2, Intial condition
o TQ)=T(1)+-1=2+1=3
o T3 =TQ2)+1=3+1=4
o T@)=TGB)+1=4+1=3
o TO)=T@)+1=5+1=6
e Guess:
o Tn)=n-+1

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



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

1+2+3+---.+(ﬂ—2)+(n—1)t:r-a.=“(”':;F 2
1+ 2+ 3+ wt (n-2)+ (n-1)+
nty  (n-1)+ (n-2)+ .+ 3+ 2+

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

f(5)=5+1f(4) 10
15 = f4)=4+£3) 6

= f3)=3+1Q)_

n
1

1

;o

f(2) =2 + (1)



Ornek : n sayisinin faktoriyelini hesaplayalim

factorial(n):
ifnis O
return 1

return n * factorial(n-1)

Tn)=Tnh—1)+3
T0)=1

factorial(0) sadece 1 karsilastirma (1 unit of time)
factorial(n) (1 karsilastirma, 1 multiplication,
subtractio

Tiiry = Tla=1) + 3
= T(n-2) + 6
— sl e
= T(n-4) + 12
— s k) Sk
as we know T(0) =1

we need to find the value of k for which n - k = 0, k = n

m) TH0) + 3n , k& — B

1 + 3n

that gives us a time complexity of O(n)



Rekiuirans Bagintilar:
(Ozyineli Bagintilar)

Bl'r d-lz;ﬂ;n ;C.l‘"c’e Lﬂndlsiﬁdm bl‘r' FOJ'I;Q LUJMujafSO. 0 dl\le‘ye reiu'rcms
bua“m'hsi (5l\jf‘e|i dizi) denir.
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Ayrik matematikteki hedefimiz

Reklirans Bagintisi

Reklrans bagintisini ¢gozmek SoOzel bir problemi rektrans
a,=3a,; + a bagintisina gevirme

Ic bilesenlerden kurtaracak sekilde yazmaliyiz



Rekiirans Bagintilarinin Siniflandirilmasi

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

'ﬂ Derece (Order)

a=\ » 1 first order

Ons 30, — 30p-a . 2 second order

n .
D 28a=i +Qn‘1_;_3 3 third order

Q= z_qn_‘_' =+ 1 » 4. derece
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Sabit Katsayili Homojen Rekiirans Bagintilarinin Coziilmesi
(Karakteristik Kok Teknigi)

Karakteristik Kok Teknigi

« Ikinci derece ve daha biiyiik dereceli rekiirans bagmtilarinin
cozliimiinde kullanilir.

* Sabit ve homojen rekiirans bagintilarinda kullanilir,

* Homojen olmayan rekiirans bagintisinda ise homojen hale
getirmek 1¢in kullanilir,
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Sabit Katsayili Homojen Olmayan Rekiirans Bagintilarinin Coziilmesi
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Say1 Dizilerini Rekiirans Bagintisina Dontisturme

Bizlere bazen bir say1 dizisi bazen de sozel bir ifade verilerek ondan
bir say1 dizi formunda olay1 yazmamiz beklenir.
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Homojen olmayan reklirans bagintisi icin bir 6rnek yazalim
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Problemlerin Karmasikligi

(Cozilebilir Problemler (Tractable)

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

¢ Cunku algoritmanin, nispeten kisa bir zaman icinde makul
bllylikllkte veriye sahip bir probleme ¢dziim getirecedi
beklenmektedir.

¢ Bununla birlikte, blyuk—0O tahminindeki polinomlar ylksek dereceye

sahipse (100. derece gibi) veya katsayilar asiri bliylkse,
algoritmanin problemi ¢cozmesi oldukga uzun zaman alabilir.

¢ Sonug olarak, polinomsal en kétli durum zaman karmasikhigina
sahip bir algoritma kullanarak ¢oztlebilen bir problemin nispeten
kiiclik veri degerlerinde bile makul zamanda ¢oziilebilmesi garanti
edilemez.

¢ Pratikte bu tlir tahminlerdeki polinomlarin derece ve katsayilari
genellikle ktgukttr.



Cozulemez Problemler (Intractable)

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

¢ En kotl duruma sahip bir problemin ¢ézUmi, ¢ok kiiclik girdi degerleriyle bile
her zaman olmasa da genellikle asiri miktarda zamana ihtiyag duyabilmektedir.

¢ Bununla birlikte, pratikte bazi en kéti durum zaman karmasikligina sahip
algoritmalarin bir problemi, bircok durumda kendisine 6zgu en koti
durumundan cok daha hizli ¢6zebildigi 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 ¢ézecedinin en iyi olcusidur.

¢ Endistride 6nemli olan bircok problem ¢tzlilemez olarak distntlmektedir ancak
uygulamada, aslinda gunlik yasamin getirdigi tim girdi durumlari igin
cozulebilmektedir.

¢ Pratik uygulamada karsilasilan ¢oézlilemez problemlerin tstesinden gelmenin bir
diger yolu da problemin kesin ¢éziimiini bulmak yerine yaklasik ¢ozimler
aramaktir,

¢ Bu tir yaklasik ¢coziimler bulmakta hizli algoritmalarin varligi ise yaramakta ve
hatta kesin ¢éziimden ¢ok farkli olmama olasihig bulunmaktadir.



Cozumiu Bulunmayan Alg. (Unsolvable)

¢ Hicbir algoritmanin onlari c6zemedigi bazi
problemler mevcuttur.

¢ Bu tur problemler gozumu bulunamayan
(unsolvable) olarak adlandirimaktadir

¢ Algoritma kullanarak ¢cozulebilen problemlerin
zitt1 olarak ifade edilebilir.

¢ CozUimu bulunamayan problemlerin varligina ilk
kanit, sonlanma (halting) probleminin ¢cozulemez
oldugunu gosteren biiyiik Ingiliz matematikci ve
bilgisayar bilimcisi Alan Turing tarafindan
saglanmistir.



P ve NP Problem Siniflari

¢ Cozulebilir problemlerin P sinifina (Class P) ait oldugu sdylenir.

¢ Polinomsal zamanda kontrol edilebilen bir ¢ozum icin problemlerin
NP sinifina (Class NP) ait oldugu sdylenmektedir.

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

% Problemlerin herhangi birisi polinomial en kéti-durum zaman
algoritmalari ile ¢ozllebildiginde, NP sinifindaki tim problemler
de polinomsal en kétli-durum zaman algoritmalari ile ¢ozilebilir.
Bu 6zelligi tasiyan algoritmalara NP-tam problemler (NP-
complete problems)

< NP-Hard, polinomsal zamanda bir ¢c6zimu oldugunu
ispatlayamadigimiz karar problemlerinin karmasiklik sinifidir.
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