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Array Implementation of Stacks

 Bir yiginin boyutunun maksimum seviyesi,
program yazilmadan once hesaplanabiliyorsa,
yiginin dizi ile gergeklestiriimesi, bagl liste
kullanarak gercgeklestirilen dinamik uygulamadan
daha verimlidir.

* Ayrica dizi ile yigin gercgeklestirmek
v cok daha kolay ve anlasilrr.



Array Implementation of Stacks

(Kavramsal) (Fiziksel yapi)

(a) Conceptual (b) Physical structure
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Stack Array Implementation

Maksimum 5 elemanli bir yiginin dizi ile gergeklestiriimesi
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Array Data Structure

Dizi uygulamasi i¢in veri yapisinda uc¢ degisiklik olur:
1. Stack top bir isaretci yerine bir indekstir.

2. Yiginda izin verilen maksimum eleman sayisini
tutmamiz gerekir

3. Sonraki elemana isaret eden «next» alanlarina
ihtiyacimiz yoktur.
“* her elemanin kendinden oncekiyle bir fiziksel
komsulugu vardir.



Array Data Structure

Veri yapisi onemli olgude farkli olsa da, bir
yiginin dizi implementasyonu,
bagli/baglantili liste implementasyonunda
kullanilan ayni temel algoritmalari gerektirir.

ADT deklarasyonu PROGRAM F-1 de
gorulmektedir.



PROGRAM F-1 Stack Array Definition
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// stack Definitions for Array Implementation

typedef struct

{
void** stackAry:
int count ;
int stackMax:
int top:

} STACK:

// Prototype Declarations

STACK* createStack (int maxSize);
STACK* destroyStack (STACK* gueue):

bool pushStack (STACE*
void* popStack (STACK*
void* stackTop (STACEK*
int stackCount (STACEK*
bool emptyStack (STACEK*
bool fullStack (STACE™*

stack, void* itemPtr);
stack):
stack):;
stack):
stack):
stack):

// End of Stack ADT Definitions




Create Stack

PROGRAM F-2 Create Stack
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[* ================== createStack =================
This algorithm creates an empty stack by allocating
the head structure and the array from dynamic memory.

Pre maxSize is max number of elements
Post returns pointer to stack head structure
—-or- NULL if overflow

*/

STACK* createStack (int maxSize)

{

// Local Definitions
STACK* stack:

// Statements
stack = (STACK*) malloc( sizeof (STACEK)):
if (!stack)
return NULL:

// Head allocated. Initialize & allocate stack.

stack->count = 0

stack->top = =1;

stack->stackMax = maxSize:

stack->stackAry = (void**)calloc(stack->stackMax,

sizeof (void*));
if (!stack->stackAry)
{
free (stack);
return NULL;
y /) if
return stack:
} // createStack




calloc vs malloc?

The name malloc and calloc() are library functions that allocate memory dynamically. It means that

memory is allocated during runtime(execution of the program) from heap segment.

- Initialization: malloc() allocates memory block of given size (in bytes) and returns a pointer to
the beginning of the block. malloc() doesn't initialize the allocated memory. If we try to access

the content of memory block then we'll get garbage values. void * calloc (size_t nitems,

Iﬁ void * malloc( size t size ); Size—_t Size)_ C kutuphane
fonksiyonu istenen hafizayi

), tahsis eder ve onun baslangi¢
adresine isaret eden pointer

calloc() allocates the memory and also initializes the allocate .. .. .
dondurdr.
access the content of these blocks then we'll get 0.

malloc ve calloc'taki fark,
Iﬁ void * calloc( size t num, size t size ); calloc tahsis edilen hafiza
£ hucrelerini sifira set ederken,
malloc bunu yapmaz.
« Number of arguments: Unlike malloc(), calloc() takes two arg
1) Number of blocks to be allocated. malloc ile yeni tahsis edilmis

2) Size of each block. bellek hucresinin igerigine
* Return Value: After successful allocation in malloc() and call erismek istedigimizde garbage

memory is returned otherwise NULL value is returned which i degerleri elde ederiz.



calloc vs malloc?

// C program to demonstrate the use of calloc()
// and malloc()

#include <stdio.h>

#include <stdlib.h>

int main()

{

int *arr;

// malloc() allocate the memory for 5 integers
// containing garbage values
arr = (int *)malloc(5 * sizeof(int)); // 5*4bytes = 20 bytes

// Deallocates memory previously allocated by malloc() function
free( arr );

// calloc() allocate the memory for 5 integers and
// set @ to all of them

arr = (int *)calloc(5, sizeof(int));

// Deallocates memory previously allocated by calloc() function
free(arr);

return(0);



Push Stack

PROGRAM F-3 Push Stack
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/* ================== pushStack =================
This function pushes an item onto the stack.
Pre stack is pointer to stack head structure
dataInPtr is pointer to be inserted
Post returns true if success; false if overflow

*f
bool pushStack (STACK* stack, void* dataInPtr)
{
// Statements

if (stack->count == stack->stackMax)

return false:

(stack->count )++:

(stack->top)++:;

stack->stackAry[stack->top] = datalInPtr;:

return true;
} // pushStack




Pop Stack

PROGRAM F-4 Pop Stack
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This function pops the item on the top of the stack.
Pre stack is pointer to stack head structure
Post returns pointer to user data if successful
NULL if underflow
*/
void* popStack (STACE* stack)
{
// Local Declarations
void* dataPtroOut;:
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// Statements

if (stack->count == 0)
dataPtrOut = NULL;
else
{
dataPtrOut = stack->stackAry[stack->top]:

(stack->count)--:
(stack->top)--;
} // else

return dataPtroOut;
} // popStack




Stack Top

PROGRAM F-5  Stack Top

l | /*# =======c=====c==c==== gtackTop =============cc==o==
2 This function retrieves the data from the top of the
3 stack without changing the stack.

4 Pre stack is pointer to the stack

5 Post returns data pointer if successful

6 —-or- null pointer if stack empty

7| */

8 | void* stackTop (STACK* stack)

914

10 | // Statements

11 if (stack->count == 0)

12 return NULL:

13 else

14 return stack->»stackary[stack->top]:

15 | ¥ // stackTop




Empty Stack, Full Stack, Stack Count

PROGRAM F-6 Empty Stack

/¥ =========s======= gnptyStack s=s=s=============
This function determines if a stack is empty.
Pre stack is a pointer to the stack
Post returns true if empty; false if data in stack]

*/
bool emptyStack (STACK* stack)
{
// Statements

return (stack->count == 0);
} // emptysStack
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PROGRAM F-7  Full Stack

1l | /* ================= fullStack ================

2 This function determines if a stack is full.

3 Pre stack is a pointer to a stack head structure
4 Post returns true if full; false if empty elements
5| */

6 | bool fullstack (STACK* stack)

714

8 | // Statements

9 return (stack->top == stack->stackMax);

10 | } // fullstack

PROGRAM F-8 Stack Count

/# ====s=ssssos======= gtackCount ==s=====ss========
Returns number of elements in stack.
Pre stack is a pointer to the stack
Post count returned

*/
int stackCount(STACK* stack)
{
// Statements
return stack->count:
} // stackCount
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Destroy Stack

PROGRAM F-9  Destroy Stack
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This function releases all memory to the heap.
Pre stack is pointer to stack head structure
Post returns null pointer
*/
STACEK* destroyStack (STACE* stack)
{
// Statements
if (stack)
{
// Release data memory
for (int i = 0; i < stack->count; i++)
free (stack->stackAry[i]):

// Release stack array
free (stack->stackAry):

// Now release memory for stack head
free (stack):
} // if stack
return NULL:
} // destroyStack




Stack Applications

* Yigin uygulamalari 4 genis kategoriye ayrilabilir:
1.

2
3.
4

Reversing data (Tersine cevirme)
Parsing data (Ogelerine ayirma)
Postponing data usage (Geciktirme/Erteleme)

Backtracking steps (Geri-izsurme)
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Stack Applications
Reversing Data

J
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Reversing a list

* Yigin uygulamalarindan biri listeyi tersine
cevirmektir.

» Ornegin, PROGRAM 3-15 bir tam sayi
dizisini okur ve bunlari tersten yazdirir.



PROGRAM 3-15 Reverse a Number Series

1 | /* This program reverses a list of integers read
2 from the keyboard by pushing them into a stack
3 and retrieving them one by one.

4 Written by:

5 Date:

6 | */

7 | #include <stdio.h>

g | #include <stdbool.h>

9 | #include "stacksADT.h"

10

11 | int main (void)

12 | {

13 | // Local Definitions

14 bool done = false:

15 int* dataPtr:

lé

17 STACE* stack:

18

19 | // Statements
20 // Create a stack and allocate memory for data
21 stack = createStack ();
22
23 // Fill stack
24 while (!done)
25 {

continued



PROGRAM 3-15 Reverse a Number Series (continued)

26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
<4
45
46
47

dataPtr = (int*) malloc (sizecof(int)):
printf ("Enter a number: <EOF> to stop: ");
if ((scanf ("%d" , dataPtr)) == EOCF
| | fullstack (stack))

done = true;
else

pushsStack (stack, dataPtr);
} // while

// Now print numbers in reverse
printf ("\n\nThe list of numbers reversed:\n");
while (!emptyStack (stack))
{
dataPtr = (int*)popStack (stack):
printf ("%3d\n", *dataPtr);
free (dataPtr):
} // while

// Destroying Stack
destroyStack (stack):
return 0;

} // main

Results:
Enter
Enter
Enter

Enter
Enter

The list of numbers reversed:
91
16
7
5
3

a number: <EOF> to stop:
a number: <EOF> to stop:
a number: <EOF> to stop:
Enter a number: <EOF> to stop:
a number: <EOF> to stop:
a number: <EOF> to stop:

WO =]
=

Bu basit programda dikkat edilmesi gereken
onemli nokta, yigin yapisina asla dogrudan
basvurmadigimizdir. Tum yigin referanslari,
yigin ADT araytzu Uzerinden yapildi. Bu,
kapsulleme (encapsulation) ve fonksiyon
yeniden kullanilabilirligi (reusability) yapisal
programlama ilkeleri agisindan 6nemlidir.




Convert Decimal to Binary

 Bir diziyi tersine cevirme fikri, ondalik
sayilari ikili sayiya donusturmek gibi klasik
sorunlarin gozumunde kullanilabilir.

1 read (number)
2 loop (number > 0)

1 set digit to number modulo 2

2 print (digit)

3 set number to quotient of number / 2
3 end loop

* Ancak bu kodda bir sorun var:
- Ikili sayiyr geriye dogru olusturur. Bdylece decimal 19, binary
10011 yerine 11001 olarak ortaya ¢ikar.



Convert Decimal to Binary

* Bir yigin kullanarak bu sorunu ¢ozebiliriz.
— Binary digit uretildigi anda ekrana basmak
yerine, yigina iteriz (push).
— Daha sonra, sayl tamamen donusturuldukten

sonra yigindan cekip (pop) ve tek bir satirda
yan yana ekrana basariz.




Convert Decimal to Binary

PROGRAM 3-16 Convert Decimal to Binary
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/* This program reads an integer from the keyboard

*/

and prints its binary equivalent.
to reverse the order of 0s and 1ls produced.

Written by:
Date:

#include <stdio.h>
#include "stacksADT.h"

int main (void)

{
/7

/7

Local Definitions

unsigned int num:;
int* digit;
STACE* stack:;

Statements
// Create Stack
stack = createStack ():

// prompt and read a number
printf ("Enter an integer:
scanf ("%d", &num);

")

// create 0s and 1ls and push them into the

while (num > 0)

It uses a stack

stack

continued



Convert Decimal to Binary

PROGRAM 3-16 Convert Decimal to Binary (continued)

27 {

28 digit = (int*) malloc (sizeof(int)):
29 *digit = num % 2;

30 pushStack (stack, digit);

31 num = num /2;

32 } // while

33

34 // Binary number created. Now print it
35 printf ("The binary number is : "):
36 while (!emptyStack (stack))

37 {

38 digit = (int*)popStack (stack):
39 printf ("%ld", *digit):

40 } // while

41 printf ("\n");

42

43 // Destroying Stack

44 destroyStack (stack);

45 return 0;

46 | } // main

Results:

Enter an integer: 45

The binary number is : 101101




Stack Applications
Parsing Data

Daha sonra 1slenmek tizere verileri bagimsiz pargalara ayirir.

source program-— compiler |——Mmachine language




Parsing

* Yiginlarin bir bagka uygulamasi da ogelerine
ayirma/ayristirmadir.

« Daha sonraki bir asamada islenmek uzere verileri
bagimsiz parcalara ayiran bir mantiktir.

» Ornegin, bir kaynak programi makine diline
cevirmek icin, bir derleyicinin programi asagidaki
gibi ayri bolumlere ayirmasi gerekir.

» anahtar kelimeler (keywords),
» adlar (names)
» simgeler/belirtecler (tokens)



Parse Parentheses

Yaygin bir programlama problemi, bir cebirsel ifadedeki eslestiriimemis
parantezlerdir.

I
((A+B)/C

(a) Opening parenthesis not matched
?

—
(A+B)/ C)
(b) Closing parenthesis not matched

FIGURE 3-14 Unmatched Parentheses Examples



Lab Uygulamasi 1: Kitaptaki PROGRAM 3-17 Verify Parentheses
Paired in Source Program C kodu incelenecek.

ALGORITHM 3-9 Parse Parentheses

Algorithm parseParens
This algorithm reads a source program and parses it to make
sure all opening-closing parentheses are paired.
1 loop (more data)
1 read (character)
2 1f (opening parenthesis)
1 pushStack (stack, character)
3 else
1 1f (closing parenthesis)
1 if (emptyStack (stack))
1 print (Error: Closing parenthesis not matched)

2 else
1 popStack(stack)
3 end if
2 end if
4 end 1if
2 end loop

3 1f (not emptyStack (stack))
1 print (Error: Opening parenthesis not matched)
end parseParens




Postponement

» Genellikle bir uygulamanin mantigi,
verilerin kullaniminin daha sonraki bir
noktaya kadar ertelenmesini gerektirir.

* Eger uygulamaniz verilerin kullaniminin bir
sure ertelenmesini gerektiriyorsa, yigin
kullanilabilir.



Stack Applications
Posponement

« Aritmetik ifadeler, uc¢ farkl formatta temsil edebilir:

1. Prefix +ab
2. Infix a+b
3. Postfix ab +

Aritmetik oncelik;
toplama ve cikarmadan once carpma ve bolme gelir



Infix to Postfix Transformation

* Infix gosterimin dezavantajlarindan birisi

— operatorlerin degerlendirmesini kontrol etmek
icin parantez kullanmamiz gerekir.

— Dolayisiyla parantez ve iki operator oncelikli
sinif iceren bir degerlendirme yontemine ihtiyac
vardir

» Postfix ve prefix notasyonlarinda parantez
gerekli degildir;

— Dolayisiyla yalnizca bir degerlendirme kurall
vardir.



Infix to Postfix Transformation

» Bazl yuksek seviyeli dillerde infix gosterim
kullanilsa da, bu ifadeler dogrudan
degerlendirilemez.

— Aksine, ifadelerin degerlendirilecedi
(evalulation) sirayi belirlemek i¢cin analiz
edilmelidirler.

* Yaygin bir degerlendirme teknigi, ifadeleri
degerlendirmek icin kod olusturmadan
once postfix notasyonuna donusturmektir.




Infix to Postfix Transformation

* Infix'ten postfix’e donusum, yuksek
seviyeli dillerde yazilmis kaynak kodlarin
on islenmesinin cok onemli bir parcasidir.

 Bu donusum operand’lari operatorlerden
ayirir



Infix to Postfix Transformation

A*B > AB*

Hangi donusum dogrudur?
A*B+C - ? ABC*+

A*B+C = ? - AB*C+

Dogru temsili saglamak icin bir oncelik
kurali goz onunde bulundurulmalidir.

Dolayisiyla ikinci gosterim dogrudur.



Infix to Postfix Transformation

Manual Transformation

— Kurallar

1. Aritmetik oncelikleri ve belirgin parantezleri
kullanarak ifadeyi tamamen parantezli yapiya
kavusturun.

2. En icteki ifadelerden baslayarak her parantez

icindeki tum infix notasyonlari, postfix’'e gevirin.

(Postfix notasyonuna donigiim, operatori ifadenin kapanis
parantezinin onune getirerek yapllir.)

3. Butun parantezleri atin.



INnfix to Postfix Transformation

Basit bir ornek

A+B *C
* Place the paranthesis
(A+(B*Q))
* Replace it in postfix format
(A(BC*)+)
 Remove all paranthesis

ABC*+

Implementation by computer is too hard!



INnfix to Postfix Transformation

Karmasik bir ornek

(A+B)*C +D+E*F -G
Step 1 adds parentheses.

(((CC(A+B)*C)+D)+ (E*F))-G)
Step 2 then moves the operators.

(((CC(AB+)C*)D+ ) (EF*)+)GC-)
Step 3 removes the parentheses.

AB+C*D+EF* + G -

Implementation by computer is too hard!



Infix to Postfix Transformation

Algorithmic Transformation

* Y1gin kullanarak kolayca yapilir

— Gorunen en basit cozum, tum operatorleri yigina
itmek ve sonra yigindan ¢gcekmektir.

« |ki operandin carpimindan olusan basit bir drnek

A * B converts to A B *

— Problem ¢carpma operatorunun nasil kullanilacagidir;

— sagdaki operandi (B) okuyana kadar operatoru ciktiya koymayi
ertelememiz gerekiyor




Infix to Postfix Transformation

Algorithmic Transformation

« Daha karmsik bir ornek

A * B + C converts to A B * C +

» QOperatorleri daha once yaptigimiz gibi yigina koyarsak
ve tum operandlar okunduktan sonra yigindan ¢ekip
postfix ifadesine yonlendirirsek, yanlis sonug aliriz.

« Bir sekilde, iki operatoru dogru operandlar ile
eslestirmeliyiz.

* Qlasi bir kural, bir operatoru yalnizca baska bir operator
gelene kadar ertelemek olabilir.

— Ardindan, ikinci operatoru yigina itmeden once, ilkini ¢gekip ¢ikti
ifadesine yerlestirebiliriz.



Infix to Postfix Transformation

Algorithmic Transformation

« Bu mantik bu ornek icin isler, ancak baskalari icin olmaz. Asagidaki
ornegi dusunun.

A+ B * C converts to A BC* +

« Daha once bahsedildigi gibi, infix ifadeleri, operandlarin ve
operatorlerin bir ifadede nasil gruplanacagini belirlemek igin bir
oncelik kurali (precedence rule) kullanir.

 infix'i postfix'e donusturdugumuzde de ayni kurali kullanabiliriz.

« Bir operatoru yigina itmemiz gerektiginde, onceligi yiginin
tepesindeki operatorden daha yuksekse, devam edip yigina iteriz.
« Tersine, yiginin tepesindeki operator, mevcut operatorden daha

yuksek oncellge sahipse, yigindan cekilir ve ¢ikti ifadesine
yerlestirilir.



Infix to Postfix Transformation

 Let us obtain A+B*C - ABC*+

Expression Stack
Copy operand A to output expression. A
Push operator + into stack. A +
Copy operand B to output expression. AB +
Push operator * into stack (Priority of * is higher than +) AB *+
Copy operand C to output expression. ABC  *+
Pop operator * and copy to output expression. ABC* +

Pop operator + and copy to output expression. ABC*+



Infix to Postfix Transformation

Algorithmic Transformation

Mantigi tamamlamak igin bir kural daha koymaliyiz.

Daha dusuk veya esit oncelige sahip mevcut bir operator yiginin
tepesindeki operatort yigindan ¢ikarmaya zorlarsa, yiginin yeni tepe
operatorunu kontrol etmeliyiz.

Yiginin tepesindeki operator mevcut operatorden daha buyukse,
yigindan cekilip ¢ikti ifadesine koyulur. Bu igslemden sonra yiginin
tepesindeki yeni operator mevcut operatorle ayni oncelige sahipse o
da yigindan cekilip ¢ikti ifadesine koyulur.

Sonugc olarak, yeni operatoru yigina itmeden once birka¢ operatoru
cikti ifadesine goturebiliriz.



INnfix to Postfix Transformation

* Daha da karmasik bir ornek A+B*C-D/E convertsto ABC*+DE/ -
— BuUtln temel oparatorleri kullanir

Stack

Infix Postfix
(a) A+B*C-D/E
(b) +B*C-D/E A
(c) B*C-D/E A
+
(d) *C-D/E AB
+
(e) C-D/E » AB
+
() -D/E * ABC
+
(g) D/E ABC»+
(h) = ABC«+D
(i) E / ABC++D
(i) / ABC-+DE
(k) ABC++DE/-




Infix to Postfix Transformation

* Nihal algoritma (En genel durum):

1)it" operand ¢ikti ifadesine kopyalanir.
2)ith operator yigina itilir.
3)Bir sonraki operand (i+1s!) cikti fadesine kopyalanir

4)Bir sonraki operatorun onceligi, I. operatorun onceliginden yuksekse,
yigina itlir, aksi takdirde i. operator yigindan c¢ekilir, ¢ikti ifadesine
kopyalanir ve ardindan ele alinan oparator yigina itilir.

5)Son oparand cikti ifadesine kopyalanana kadar onceki adimlari
tekrarlanir.

6)Yi1ginda kalan operatorler c¢ekilip ¢ikti ifadesine kopyalanir.



Infix to Postfix Transformation

Priorities:
2. %/

1: + -

0: (



ALGORITHM 3-10 Convert Infix to Postfix

Lab Uygulamasi 2:
Kitaptaki PROGRAM 3-18
Convert Infix to Postfix C
kodu incelenecek.

Algorithm inToPostFix (formula)
Convert infix formula to postfix.
Pre formula is infix notation that has been edited
to ensure that there are no syntactical errors
Post postfix formula has been formatted as a string
Return postfix formula
1 createStack (stack)
2 loop (for each character in formula)
1 1if (character is open parenthesis)
1 pushStack (stack, character)
2 elseif (character is close parenthesis)
1 popStack (stack, character)
2 loop (character not open parenthesis)
1 concatenate character to postFixExpr
2 popStack (stack, character)
3 end loop
3 elseif (character is operator)
Test priority of token to token at top of stack
1 stackTop (stack, topToken)
2 loop (not emptyStack (stack)
AND priority(character) <= priority(topToken))
1 popStack (stack, tokenOut)
2 concatenate tokenOut to postFixExpr
3 stackTop (stack, topToken)

3 end loop
4 pushStack (stack, token)
4 else

Character is operand
1 Concatenate token to postFixExpr

5 end if
3 end loop

Input formula empty. Pop stack to postFix
4 loop (not emptyStack (stack))

1 popStack (stack, character)

2 concatenate token to postFixExpr
5 end loop
6 return postFix
end inToPostFix

postfix
ABC*+



Evaluating Postfix Expressions

« Simdi daha once gelistirdigimiz postfix ifadeleri
degerlendirmek icin yigin (stack) ertelemeyi
nasil kullanabilecegimizi gorelim.

ABC+ *

* ve A'nin 2, B'nin 4 ve C'nin 6 oldugunu
varsayarsak, ifadenin degeri nedir?



Evaluating Postfix Expressions

Dikkat edilmesi gereken ilk sey, operandlarin
operatorlerden once geldigidir.

Bu, operandlarin kullanimini ertelememiz
gerektigi anlamina gelir,
— bu sefer operatorler degil!

Bu yuzden operandlari yigina iteriz.

Bir operator buldugumuzda, yiginin
tepesinden iki operan cekeriz ve islemi
gerceklestiririz.



Stack Applications
Evaluation of Postfix Expression

_ Stack
Postfix
(@) 246+~
(b) 46+
2
6 + 4
© + 4
6
() 4 4
4+6=10
* 10
(e) X f
2+10=20
(f)
20 Figure 4-13



Evaluating Postfix Expressions

ALGORITHM 3-11 Evaluation of Postfix Expressions

Algorithm postFixEvaluate (expr)
This algorithm evaluates a postfix expression and returns its

value.
Pre a valid expression
Post postfix wvalue computed

Return value of expression
1 createStack (stack)
2 loop (for each character)
1 1if (character is operand)
1 pushStack (stack, character)
2 else
1 popStack (stack, oper2)
2 popStack (stack, operl)
3 operator = character
4 set value to calculate (operl, operator, oper2)
5 pushStack (stack, value)
3 end if
3 end loop
4 popStack (stack, result)
5 return (result)
end postFixEvaluate

Lab Uygulamasi 3: Kitaptaki PROGRAM 3-19 Evaluate Postfix
Expression C kodu incelenecek.




Excercise

 Algoritmik yontemi (yigin) kullanarak asagidaki infix
ifadesini postfix ifadesine cevirin.

a+b*c-d

Solution: abc*+d-




Infix String : a+b*c-d

The first character scanned is 'a'. 'a' is added to the Postfix string. The next character scanned is '+'. It
being an operator, it is pushed to the stack.

Next character scanned is 'b' which will be placed in the Postfix string. Next character is *' which is an
operator. Now, the top element of the stack is '+' which has lower precedence than '*', so "*" will be
pushed to the stack.

The next character is 'c' which is placed in the Postfix string. Next character scanned is '-'. The topmost
character in the stack is ** which has a higher precedence than '-'. Thus "*" will be popped out from the
stack and added to the Postfix string. Even now the stack is not empty. Now the topmost element of the
stack is '+' which has equal priority to '-'. So pop the '+' from the stack and add it to the Postfix string.
The - will be pushed to the stack.

Next character is 'd" which is added to Postfix string. Now all characters have been scanned so we
must pop the remaining elements from the stack and add it to the Postfix string. At this stage we have
only a '-' in the stack. It is popped out and added to the Postfix string. So, after all characters are
scanned, this is how the stack and Postfix string will be :

End result :
* Infix String : a+b*c-d

* Postfix String : abc*+d-



Backtracking

» Geri-izsurme (Backtracking), bir takim
noktalardan belirli bir hedefe giden uygun bir
yol bulma yontemidir.

— karar analizinde,
— uzman sistemlerde ve
— bilgisayar oyunlarinda yaygin olarak kullanilir.

* Hedef arama (goal seeking), istenen bir hedefe
giden benzersiz yolu bulmak i¢in kullanilan tipik
bir geri-izsurme algoritmasidir.




Backtracking

Hedef arama uygulamasi ornegi

Start node
4
® ®
1 2 3
12

I%' The goal

13 14 15 16

17 18

Backtracking Example

* Problemi canlandirmanin bir yolu, adimlari birka¢ alternatif yol igeren
bir graf biciminde yerlestirmektir.
« Sekildeki yollardan sadece bir tanesi istenen hedefe ulasmaktadir.
« Sekle baktigimizda dogru yolu hemen gorebilsek de,
» dogru yolu belirlemek igin bilgisayarin bir algoritmaya ihtiyaci
vardir.



Backtracking

“*Bu is icin kafamizda bir algoritma formulize edelim.
= Ne zaman bir karar noktasina (yol ayrimina)
varsak, nerede oldugunu hatirlamaliyiz,
» boylece gerektiginde geri donebiliriz.

= Gerl izsurdugumuzde, ileriye devam etmeden
once en yakin noktaya kadar geri gitmek
IStlyoruz;
* yani, tekrar en bastan baslamak istemiyoruz.
» Bu problemin ¢cozumu icin LIFO veri yapisi
kullanilir
v Yani yi1gin (stack)



Backtracking

o Peki bu is i¢cin neyi yigina koyacagiz?

Yalnizca hedefi iceren dugumu bulmamiz
gerekirse,
» dallanma noktasi dugumilerini yigina koyariz.

Ancak, isimiz bittiginde hedefimize giden yolu
yazdirmak istiyorsak,
« Gecerli yoldaki dugumleri yigina koymaliyiz

Yigina iki sey koydugumuz i¢in, onlari birbirinden
ayirmamiz gerekir.



Backtracking

* Yigina iki sey koydugumuz icin, onlari
birbirinden ayirmamiz gerexir.

» Bunu bir bayrak (flag) ile yapabiliriz.

» Dugum gecerli yoldaki dugumlerden ise,
bir yol belirtecini (path token) yigina
iteriz.

» Bir geri-izsurme noktasi sakliyorsak,
bayragi bir geri-izsurme belirtecine
(backtracking token) ayarlariz.



Start node

1

2

(b)

I%' The goal

@ @ U
12 13 14 15 16
17 18
end
7 end goal
6 end 11 16
B8 8 10 15 _
B9 B9 9 14 | backtracking
5 5 5 B17] token
4 4 4 13
B12 B12 B12 12
2 2 2 2 path
1 1 1 1 token
(c) (d) (e) (f)

Backtracking Stack Operation



ALGORITHM 3-12  Print Path to Godl

Algorithm seekGoal (map)

This algorithm determines the path to a desired goal.
Pre a graph containing the path
Post path printed

1l createStack (stack)

set pMap to starting point

2 loop (pMap not null AND goallNotFound)
1 if (pMap is goal)

1 set goalNotFound teo false
2 else
1 pushStack (stack, pMap)
2 41f (pMap is a branch point)
1 loop (more branch points)
1 create branchPoint node
2 pushStack (stack, branchPoint)
2 end loop
3 end if
4 advance to next node
3 end if

4 end loop

5 if (emptyStack (stack))

1 print (There is no path to your goal)

6 else
1 print (The path to wvour goal is:)
2 loop (not emptyStack (stack))

1 popStack (stack, pMap)
2 if (pMap not branchPoint)
1 print(map point)
3 end if
3 end loop
4 print (End of Path)

7 end if

8 return

end seekGoal

[




Stacks and Subroutines

 Tum parametreler, cagiran programdan alt
yordama (veya tersi yonde) yigin
uzerinden aktarilir.

» Gerekli tum sistem verileri (islemci
registerlerinin igerigi, islemci durum
kelimesinin (PSW) icerigi, geri donus
adresi, vb.) bir alt yordam cagrilmadan
once yigina itilmelidir.



program testPower h
1 read (base, exp)

2 result = power (base, exp)—
3 print ("hasg**exp 1s", result)

end testPower

Y

algorithm power (base, exp) )
I set num to 1

2 loop while exp greater (
1 set num to num * base

When power is called, the

stackframe is created and 2 decrement exp
pushed into a system stack. 3 end loop

4 return num

end power

F|GURE 322 CG” und Return ~ when it concludes, the stackframe is popped, the

local variables are replaced, the return value is
stored, and processing resumes in the calling
algorithm.



Stacks and Subroutines

 stack frame, belirli bir alt yordam icin yiginda
tahsis edilen bir alt alandir.

« Bir stack frame 4 farkli eleman icerir:

1)
2)

3)
4)

Cagirilan (called) algoritma tarafindan islenecek
parametreler;

Cagiran (calling) algoritmadaki sistem verileri (register
ve PSW iceriQi)
Cagiran algoritmada donus adresi;

Donus degerini alacak olan ifade (eger varsa, alt yordamin
fonksiyon olmasi durumunda)



Parameter Passing

Genel amagli islemci registerlarinin
cagiran program ve alt yordam tarafindan
ayri ayri kullanilabilecegini dikkate almak
gerekir.

»Bu, alt yordami cagirmadan once igeriklerinin
korunmasi gerektigi anlamina gelir.



Stack Frame

 stack frame

— Alt yordam igin yigin icerisinde ayrilan ozel bir
calisma alanidir. Alt yordama girildigi esnada
olusturulur ve kontrol alt yordamdan ¢agiran
programa devredildigi esnada serbest birakilir.

— Bellek alanindan tasarruf etmek ve alt yordam
tarafindan kullanilan verilere erisimi kolaylastirmak
icin, alt yordam tarafindan kullanilan yerel bellek
degiskenleri de stack frame igine yerlestirilebilir.

— frame pointer (FP) alt yordama iletilen parametrelere
ve alt yordam tarafindan kullanilan yerel bellek
degiskenlerine erisim icin kullanilan bir isaretci
registeridir.



Problem-Example 1

 Bir alt yordam icin bellekte yer tahsis etmek

Istedigimizi varsayalim.
— Bu alt yordam RO, R1 genel amacli registerlari
ve ¢agiran programdan iletilecek PAR1, PAR?2,

PAR3, ve PAR4 parametrelerini kullanacak
olsun.

* Bu durumda yi1ginin yapisi?




Problem-Example 1

Stack

PAR1
PAR2

PAR3

PAR4

(RO)

(R1)

RETURN ADDRESS

Comment

Paramenter PAR1
Paramenter PAR2
Paramenter PAR3
Paramenter PAR4
The old contents of RO
The old contents of R1

Address for return to the
calling program



Problem-Example 2

* Diyelim ki bellekte iki alt yordam ic¢in yer
ayirmamiz gerekiyor: SUB1 ve SUB2.

— SUB1 RO registerini ve ¢cagiran programdan
lletilen A parametresini kullanacak.

— SUB2, SUB1 yordamindan cagrilacak ve RO,
R1 registerlerini ve SUB1 den iletilen B,C,D
parametrelerini kullanacak.

* Bu durumda yiginin yapisi?



Problem-Example 2

Stack Comment

- D « Paramenter D

« C « Parameter C

- B  Parameter B

* (RO) RO from SUB1

 (R1) * The old contents of R1
« SUB 2 RETURN ADDR. » Return address for SUB2
e A  Parameter A

* (RO) « The old contents of RO

SUB 1 RETURN ADDR.

Return address for SUB1



Recursive function (subroutine)
and stack

1 tn=0
Factorial (n) =

nx (Factorial (n-1)) tn>0

FIGURE 22 Recursive Factorial Algorithm Definition



Factorial (3):
Decomposition and solution

Factorial(3) = 3« Factorial {E]I ‘ Factorial(3) = 3 » 2 = 6 I
(2) (1) ‘ Factorial(2) = 2 « 1 = P I
) ‘ )

‘ Factorial(2) = 2 » Factorial (1 I
‘Fac:tcarial(ﬂ = 1« Factorial (0 I Factorial(1) = 1 «_1 = 1 I

‘ Factonial (0) = 1 I

FIGURE 2-3 Factorial (3) Recursively



ALGORITHM 2-2 Recursive Factorial

Algorithm recursiveFactorial (n)

Calculates factorial of a number using recursion.
Pre n 1s the number being raised factorially
Post n! 1s returned

1 if (n equals 0)

LR =TI

2 else
1 return (n * recursiveFactorial (n - 1))

3 end if

end recursiveFactorial




Odev 4

Normal parantez ve suslu parantez karakterlerini kabul eden bir program
yazin. Karakter ciftlerinin eslesip eslesmedigini belirlemek i¢in bir yigin
kullanin. Bu dogrultuda asagidaki fonksiyonun govdesini tamamlayin.

bool balanced(const char p[ ], size_t n)

// Precondition: p[0]...p[n-1] her biri'(", )", {' veya '}’ olan n adet karakter icerir
// Postcondition: Karakterler, her biri '(' ile eslesen ')’ ve {'ile eslesen

// '}'ile dogru sekilde dengelenmis parantezler dizisi olusturursa,

// fonksiyon true degerini dondurdr.

I/ ({)} Gibi bir dizinin dengeli(eslestirilmis) olmadigina dikkat edin, cunku

Il parantezleri esleriyle eslestirmek icin cizgiler cizdigimizde, cizgiler

/I birbiriyle kesisir gecer. Diger taraftan, ({} ) ve { () } dengesi dengelidir.

Odev 4 teslim tarihi: 2? Arahk 2020 ?? ?? (GitHub)



