
 

  2018 

 

 

 

 



  1

 

2000

201520162018

 

 

 

 

 

 

 
 

Mobile: 07701515582 

E-Mail:  

dr.hemn@yahoo.com 

Facebook: 

facebook.com/ hemn.melakarimbarznji 



  2

Data Structure
 

 

2018 



  3

 

  
  
  
 

 
 

 
  
 



  4

Data Structure 

Operating System

Programming  Software Development 

 Programmer  Engineeer 

 

Data Structure 

500

Java Programming 

Language using Netbean 

 



  5

Data Structure



  6

Data Structure 
Basics



  7

Data Structure
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Computer’s Memory 

Categories of Data Structure

Data Structure 

Linear Data Structure

Data Structure Linear 

Linear Structure 

 

Linear Memory 

Array  



  8

 

PointerLink

Linked List  

 Arrays  
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Linked List
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Advantage of Linked List

 Dynamic Nature  

 Insertion Deletion 

Easily Implement  

 Linked List Access Time  

Disadvantage of Linked List

 Memory Waste Pointers 

Storage  

 Randomly 

Access Node Sequentially  

 Reverse Traversing 

Linked List  

Applications Linked List

 Linked List Stack 

Queue Graph  

 Linked List Element 

Node Beginning End List  
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 Linked List 

 

Linked List Representation

Linked List Sequence 

NodesNext Node

Linked List 

1Head

22Data Link

Next

3 Link Next Link 

4Null 
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Types of Linked List

1Singly Linked List 

Single Linked List Nodes 

Data Part Address Part 

NextPoint Next Node 

Sequence of NodesSingly 

Linked List Insertion 

Deletion Traversal 

2Doubly Linked List 

Doubly Linked List Link 

Address First Link 

Previous Node Other Link 

Next Node Sequence 
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3Circular Linked List 

Circular Linked List Last 

Node Address 

 Basic Operation

Insertion 

Deletion 
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Display 

Search 

Delete

Insertion Operation

Node Linked List 

Node 

Node BNew Node 

A Left Node C Right Node 

NewNode.next −> RightNode; 
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Delete Operation 

Deletion 
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RemoveSearching Algorithm

NodePrevious Left Node Node 

Point 

Link Remove 
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TargetNode.next −> NULL; 



  21

Delete Node 

Memory Deallocate  
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Reverse Operation

End Node Head Node 

Linked List 

Null
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Doubly Linked List
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Doubly Linked List Presentation

 

First Last 

 Link Data Link 

Next  

 Link Next Link 

Next Link  

 Link Previous Link 

Prev Link  

 Last Link Null  

Basic Operations

Doubly Linked List 

Insertion 
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Deletion 

Insert Last 

Delete Last 

Insert After 

Display Forward  

Display Backward  

Delete

Insertion Operation

Double Linked List 

//insert link at the first location 

void insertFirst(int key, int data) { 

 

   //create a link 

   struct node *link = (struct node*) malloc(sizeof(struct 
node)); 

   link->key = key; 

   link->data = data; 
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   if(isEmpty()) { 

      //make it the last link 

      last = link; 

   }else { 

      //update first prev link 

      head->prev = link; 

   } 

 

   //point it to old first link 

   link->next = head; 

  

   //point first to new first link 

   head = link; 

} 

Operation Deletion 

Double Linked List 

//delete first item 

struct node* deleteFirst() { 

 

   //save reference to first link 

   struct node *tempLink = head; 

  

   //if only one link 

   if(head->next == NULL) { 
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      last = NULL; 

   }else { 

      head->next->prev = NULL; 

   } 

  

   head = head->next; 

  

   //return the deleted link 

   return tempLink; 

} 

Operation at End Insertion

Double Linked List 

//insert link at the last location 

void insertLast(int key, int data) { 

 

   //create a link 

   struct node *link = (struct node*) malloc(sizeof(struct 
node)); 

   link->key = key; 

   link->data = data; 

  

   if(isEmpty()) { 

      //make it the last link 

      last = link; 

   }else { 
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      //make link a new last link 

      last->next = link;      

      //mark old last node as prev of new link 

      link->prev = last; 

   } 

 

   //point last to new last node 

   last = link; 

} 
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Circular Linked List
Data Structure TypeFirst Element 

Last Element Last Element  
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Single Linked List 
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Singly Linked List as Circular

Single Linked List Next Pointer 

Last Node First Node Circular 

 

 

 



  30

 Doubly Linked List as Circular

Doubly Linked List Next 

Pointer Last Node First Node 

Previous Pointer First Node 

Previous Node Last Node 

 

 

Basic Operations

Circular Linked List 

Insertion 

Deletion 

Display
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Insertion Operation

Circular  Linked List 

Single Linked List 

//insert link at the first location 

void insertFirst(int key, int data) { 

   //create a link 

   struct node *link = (struct node*) malloc(sizeof(struct 
node)); 

   link->key = key; 

   link->data= data; 

  

   if (isEmpty()) { 

      head = link; 

      head->next = head; 

   }else { 

      //point it to old first node 

      link->next = head; 

   

      //point first to new first node 

      head = link; 

   }    

    

} 
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Operation Deletion 

Circular Linked List 

Single Linked List

//delete first item 

struct node * deleteFirst() { 

   //save reference to first link 

   struct node *tempLink = head; 

  

   if(head->next == head){   

      head = NULL; 

      return tempLink; 

   }      

 

   //mark next to first link as first  

   head = head->next; 

  

   //return the deleted link 

   return tempLink; 

} 
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Display Operation

Display Operation 

Circular Linked List 

//display the list 

void printList() { 

   struct node *ptr = head; 

   printf(“\n[ “); 

  

   //start from the beginning 

   if(head != NULL) { 

      while(ptr->next != ptr) {      

         printf(“(%d,%d) “,ptr->key,ptr->data); 

         ptr = ptr->next; 

      } 

   } 

  

   printf(“ ]”); 

} 
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Doubly Linked List 

Circular Linked List 

Program Structure Software and 

Database 2016

12013

Start All Program 

20132013



  36

2

3Software and Database  

4
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8Memory Objects 
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9
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Linked List 
Implementation  
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 Linked List Implementation 

1NetBeans Start 

Button NetBeans NetBeans IDE 8.1
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2NetBeans 

3File 

4New Project 
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5New Project 

Next 

6

Project Name 

Project Location 

Check Box Create Main 

Class

Finish 
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7
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Create Class

1Projects Project 

NameRight Click 

2New 

3Java Main Class 

4

Class Name The Class 

Package 
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5Finish 

6Class Main Class 
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 Coding for Linked List

1Java Util 

import  java.util.*; 

2Linked List Declaration

Main MethodLinkedList 

Class 

<String>Object 

Object of 

Linked List New 

=new LinkedList<String>();

LinkedList<String> linkedlist = new LinkedList<String>(); 
3Add Method 

linkedlist 

.add(“ 

    “)

linkedlist.add(“Hemn”); 

4

linkedlist.add(“Mala”); 

         linkedlist.add(“Karim”); 

         linkedlist.add(“Barznji”); 
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         linkedlist.add(“Software Development Instructor”);

5Display Method 

System.out.println(“Linked List Content: “ +linkedlist”); 

/* 

 *Data Structure Book – Kurdish Language 

 * Written By: Hemn Mala Karim Barznji 

 * Software Development Instructor 

 */ 

/** 

 * 

 * @author HemnBarznji 

 */ 

import java.util.*; 

public class Linked_List_Of_DataStructure_Book { 

    /** 

     * @param args the command line arguments 

     */ 

    public static void main(String[] args) { 

                 /* Linked List Declaration */ 

              LinkedList<String> linkedlist = new LinkedList<String>(); 
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               /*add(String Element) is used for adding  

          * the elements to the linked list*/ 

         linkedlist.add(“Hemn”); 

         linkedlist.add(“Mala”); 

         linkedlist.add(“Karim”); 

         linkedlist.add(“Barznji”); 

         linkedlist.add(“Software Development Instructor”);   

          /*Display Linked List Content*/ 

         System.out.println(“Linked List Content: “ +linkedlist); 

    }  

} 

6Compile & Run

Run Project 

7
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 Constructor

Empty 

LinkedList(); 

Specified Collection 

xtends E> c)ELinkedList(Collection<? 

Methods 

Class Linked List 

Boolean add(E e); 

Method End

True 
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* 

 *Data Structure Book -  Kurdish Language 

 * Written By: Hemn Mala Karim Barznji 

 * Software Development Instructor 

 */ 

 

/** @author HemnBarznji   */

import java.util.*; 

public class Linked_List_Of_DataStructure_Book { 

    public static void main(String[] args) { 

                 /* Linked List Declaration */ 

              LinkedList<String> linkedlist = new LinkedList<String>(); 

               

               /*add(String Element) is used for adding  

          * the elements to the linked list*/ 

         linkedlist.add(“Hemn”); 

         linkedlist.add(“Mala”); 

         linkedlist.add(“Karim”); 

         linkedlist.add(“Barznji”); 

         linkedlist.add(“Software Development Instructor”); 
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          /*Display Linked List Content*/ 

         System.out.println(“Linked List Content: “ +linkedlist); 

         linkedlist.add(“2015-2016”);                  

// print the updated list 

   System.out.println(“LinkedList:” + linkedlist); 

    }  

}

Linked List Content: [Hemn, Mala, Karim, Barznji, Software 
Development Instructor]

LinkedList:[Hemn, Mala, Karim, Barznji, Software Development 
Instructor, 2015-2016]

element);Void add(int index, E  

intindex 

Parameter 

0

Linked List 0
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/* 

 *Data Structure Book -  Kurdish Language 

 * Written By: Hemn Mala Karim Barznji 

 * Software Development Instructor 

 */ 

 

/** @author HemnBarznji   */ 

import java.util.*; 

public class Linked_List_Of_DataStructure_Book { 

    public static void main(String[] args) { 

                 /* Linked List Declaration */ 

              LinkedList<String> linkedlist = new LinkedList<String>(); 

               

               /*add(String Element) is used for adding  

          * the elements to the linked list*/ 

         linkedlist.add(“Hemn”); 

         linkedlist.add(“Mala”); 

         linkedlist.add(“Karim”); 

         linkedlist.add(“Barznji”); 

         linkedlist.add(“Software Development Instructor”); 
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          /*Display Linked List Content*/ 

         System.out.println(“Linked List Content: “ +linkedlist); 

          

         linkedlist.add(4,”2015-2016”);                 

// print the updated list 

   System.out.println(“LinkedList:” + linkedlist); 

    } 

}

Linked List Content: [Hemn, Mala, Karim, Barznji, Software 
Development Instructor] 

LinkedList:[Hemn, Mala, Karim, Barznji, 2015-2016, SoŌware 
Development Instructor]

Boolean addAll(Collection<?extends E> c) 

C

True 

Call
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NullPointerException

/* 

 *Data Structure Book -  Kurdish Language 

 * Written By: Hemn Mala Karim Barznji 

 * Software Development Instructor 

 */ 

/** @author HemnBarznji   */ 

import java.util.*; 

public class Linked_List_Of_DataStructure_Book { 

    public static void main(String[] args) { 

                 /* Linked List Declaration */ 

              LinkedList<String> linkedlist = new LinkedList<String>(); 

               

               /*add(String Element) is used for adding  

          * the elements to the linked list*/ 

         linkedlist.add(“Hemn”); 

         linkedlist.add(“Mala”); 

         linkedlist.add(“Karim”); 

         linkedlist.add(“Barznji”); 

         linkedlist.add(“Software Development Instructor”); 
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          /*Display Linked List Content*/ 

         System.out.println(“Linked List Content: “ +linkedlist); 

          

// create a new collection and add some elements 

   Collection collection = new ArrayList(); 

   collection.add(“Array”); 

   collection.add(“Linked List”); 

   collection.add(“Stack & Quee”);    

    

      // append the collection in the LinkedList 

   linkedlist.addAll(collection); 

// print the updated list 

   System.out.println(“LinkedList with Collection:” + linkedlist); 

    }     

}

 

Linked List Content: [Hemn, Mala, Karim, Barznji, Software 
Development Instructor] 

LinkedList with Collection:[Hemn, Mala, Karim, Barznji, Software 
Development Instructor, Array, Linked List, Stack & Quee] 
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Collection<?extends E> c)int index, Boolean addAll( 

C

True 

Call 

NullPointerException

 

IndexOutOfBoundsException

/* 

 *Data Structure Book -  Kurdish Language 

 * Written By: Hemn Mala Karim Barznji 

 * Software Development Instructor 

 */ 

 

/** @author HemnBarznji   */ 

import java.util.*; 



  58

public class Linked_List_Of_DataStructure_Book { 

 

    public static void main(String[] args) { 

                 /* Linked List Declaration */ 

              LinkedList<String> linkedlist = new LinkedList<String>(); 

               

               /*add(String Element) is used for adding  

          * the elements to the linked list*/ 

         linkedlist.add(“Hemn”); 

         linkedlist.add(“Mala”); 

         linkedlist.add(“Karim”); 

         linkedlist.add(“Barznji”); 

         linkedlist.add(“Software Development Instructor”); 

          

          /*Display Linked List Content*/ 

         System.out.println(“Linked List Content: “ +linkedlist);

 

// create a new collection and add some elements 

   Collection collection = new ArrayList(); 

   collection.add(“Array”); 

   collection.add(“Linked List”); 
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   collection.add(“Stack & Quee”);    

    

      // append the collection in the LinkedList 

   linkedlist.addAll(4,collecƟon); 

// print the updated list 

   System.out.println(“LinkedList with Collection:” + linkedlist); 

    }    

}

Linked List Content: [Hemn, Mala, Karim, Barznji, Software 
Development Instructor] 

LinkedList with Collection:[Hemn, Mala, Karim, Barznji, Array, Linked 
List, Stack & Quee, Software Development Instructor]

Void addFirst(E e); 

e

/* 

 *Data Structure Book -  Kurdish Language 

 * Written By: Hemn Mala Karim Barznji 
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 * Software Development Instructor 

 */ 

 

/** @author HemnBarznji   */ 

import java.util.*; 

public class Linked_List_Of_DataStructure_Book { 

 

    public static void main(String[] args) { 

                 /* Linked List Declaration */ 

              LinkedList<String> linkedlist = new LinkedList<String>(); 

               

               /*add(String Element) is used for adding  

          * the elements to the linked list*/ 

         linkedlist.add(“Hemn”); 

         linkedlist.add(“Mala”); 

         linkedlist.add(“Karim”); 

         linkedlist.add(“Barznji”); 

         linkedlist.add(“Software Development Instructor”); 

          

          /*Display Linked List Content*/ 

         System.out.println(“Linked List Content: “ +linkedlist); 
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     // add a new element at the beginning of the list 

   linkedlist.addFirst(“Data Structure Book:”); 

// print the updated list 

   System.out.println(“Linked List:” + linkedlist); 

    }  

}

Linked List Content: [Hemn, Mala, Karim, Barznji, Software 
Development Instructor] 

Linked List :[Data Structure Book:, Hemn, Mala, Karim, Barznji, 
Software Development Instructor]

(E e);LastVoid add 

e

/* 

 *Data Structure Book -  Kurdish Language 

 * Written By: Hemn Mala Karim Barznji 

 * Software Development Instructor 

 */ 

 



  62

/** @author HemnBarznji   */ 

import java.util.*; 

public class Linked_List_Of_DataStructure_Book { 

 

    public static void main(String[] args) { 

                 /* Linked List Declaration */ 

              LinkedList<String> linkedlist = new LinkedList<String>(); 

               

               /*add(String Element) is used for adding  

          * the elements to the linked list*/ 

         linkedlist.add(“Hemn”); 

         linkedlist.add(“Mala”); 

         linkedlist.add(“Karim”); 

         linkedlist.add(“Barznji”); 

         linkedlist.add(“Software Development Instructor”); 

          

          /*Display Linked List Content*/ 

         System.out.println(“Linked List Content: “ +linkedlist);  

   // add a new element at the end of the list 

   linkedlist.addLast(“2015-2016”); 

// print the updated list 
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   System.out.println(“Linked List:” + linkedlist); 

    }  

}

Void clear(); 

Remove 

/* 

 *Data Structure Book -  Kurdish Language 

 * Written By: Hemn Mala Karim Barznji 

 * Software Development Instructor 

 */ 

 

/** @author HemnBarznji   */ 

import java.util.*; 

public class Linked_List_Of_DataStructure_Book { 

    public static void main(String[] args) { 

                 /* Linked List Declaration */ 

              LinkedList<String> linkedlist = new LinkedList<String>(); 

               

               /*add(String Element) is used for adding  
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          * the elements to the linked list*/ 

         linkedlist.add(“Hemn”); 

         linkedlist.add(“Mala”); 

         linkedlist.add(“Karim”); 

         linkedlist.add(“Barznji”); 

         linkedlist.add(“Software Development Instructor”); 

          

          /*Display Linked List Content*/ 

         System.out.println(“Linked List Content: “ +linkedlist); 

          

  // clear the list 

   linkedlist.clear(); 

// print the updated list 

   System.out.println(“Linked List:” + linkedlist); 

    }    

}

Linked List Content: [Hemn, Mala, Karim, Barznji, Software 
Development Instructor] 

Linked List:[]
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Object clone

Parameter Exception 

/* 

 *Data Structure Book -  Kurdish Language 

 * Written By: Hemn Mala Karim Barznji 

 * Software Development Instructor 

 */ 

 

/** @author HemnBarznji   */ 

import java.util.*; 

public class Linked_List_Of_DataStructure_Book { 

 

    public static void main(String[] args) { 

                 /* Linked List Declaration */ 

              LinkedList<String> linkedlist = new LinkedList<String>(); 

               

               /*add(String Element) is used for adding  

          * the elements to the linked list*/ 

         linkedlist.add(“Hemn”); 
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         linkedlist.add(“Mala”); 

         linkedlist.add(“Karim”); 

         linkedlist.add(“Barznji”); 

         linkedlist.add(“Software Development Instructor”); 

          

          /*Display Linked List Content*/ 

         System.out.println(“Linked List Content: “ +linkedlist); 

         

  // create a second LinkedList 

   LinkedList list2 = new LinkedList(); 

   // clone list1 

   list2 = (LinkedList) linkedlist.clone(); 

// print the updated list 

   System.out.println(“Linked List:” + linkedlist); 

 

    }   

}

Linked List Content: [Hemn, Mala, Karim, Barznji, Software 
Development Instructor] 

Linked List:[Hemn, Mala, Karim, Barznji, Software Development 
Instructor]
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Boolean contain (object O) 

True 

O

/* 

 *Data Structure Book -  Kurdish Language 

 * Written By: Hemn Mala Karim Barznji 

 * Software Development Instructor 

 */ 

 

/** @author HemnBarznji   */ 

import java.util.*; 

public class Linked_List_Of_DataStructure_Book { 

 

    public static void main(String[] args) { 

                 /* Linked List Declaration */ 

              LinkedList<String> linkedlist = new LinkedList<String>(); 

               

               /*add(String Element) is used for adding  
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          * the elements to the linked list*/ 

         linkedlist.add(“Hemn”); 

         linkedlist.add(“Mala”); 

         linkedlist.add(“Karim”); 

         linkedlist.add(“Barznji”); 

         linkedlist.add(“Software Development Instructor”); 

          

          /*Display Linked List Content*/ 

         System.out.println(“Linked List Content: “ +linkedlist); 

           

 // check if the list contains “H-H” 

   System.out.println(“List contains ‘H-H’:” + linkedlist.contains(“H-
H”)); 

 

   // check if the list contains “Barznji” 

   System.out.println(“List contains ‘Barznji’:” + 
linkedlist.contains(“Barznji”)); 

    }   

}

Linked List Content: [Hemn, Mala, Karim, Barznji, Software 
Development Instructor] 
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List contains ‘H-H’:false 

List contains ‘Barznji’:true

 

Iterator<E> descendingIterator  

Linked List 

// set Iterator as descending 

   Iterator x = linkedlist.descendingIterator(); 

 

   // print list with descending order 

   while (x.hasNext()) { 

   System.out.println(x.next()); 

   }

Linked List Content: [Hemn, Mala, Karim, Barznji, Software 
Development Instructor] 

Software Development Instructor 

Barznji 

Karim 

Mala 

Hemn
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E element

Head Linked List 

Remove Head 

Linked List 

// print the head of the list 

   System.out.println(“Head of list:” + linkedlist.element());

Linked List Content: [Hemn, Mala, Karim, Barznji, Software 
Development Instructor] 

Head of list:Hemn

E get(int index) 

IndexOutOfBoundsException
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// print element at index 3 

   System.out.println(“Element at index 3 :” + linkedlist.get(3));

Linked List Content: [Hemn, Mala, Karim, Barznji, Software 
Development Instructor] 

Element at index 3 :Barznji

E getFirst(); 

Parameter

NoSuchElementException 

 // print the first element of the list 

   System.out.println(“First Element :” + linkedlist.getFirst());

Linked List Content: [Hemn, Mala, Karim, Barznji, Software 
Development Instructor] 

First Element :Hemn

E getLast() 

Parameter

NoSuchElementException 
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// print the last element of the list 

   System.out.println(“Last Element :” + linkedlist.getLast()); 

Linked List Content: [Hemn, Mala, Karim, Barznji, Software 
Development Instructor] 

Last Element :Software Development Instructor

Object O)Int indexOf( 

Index 

1

// get the index for “Barznji” 

   System.out.println(“Index for Chocolate:” + 
linkedlist.indexOf(“Barznji”)); 

 

   // get the index for “Siwayly” 

   System.out.println(“Index for Coffee:” + 
linkedlist.indexOf(“Siwayly”));

Linked List Content: [Hemn, Mala, Karim, Barznji, Software 
Development Instructor] 

Index for Chocolate:3 
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Index for Coffee:-1

ndexOf(Object O)lastIInt  

Index 

1

   // get the last index for “Hemn” 

   System.out.println(“Index for Hello:” + 
linkedlist.lastIndexOf(“Hemn”)); 

 

   // get the index for “Siwaily” 

   System.out.println(“Index for Coffee:” + 
linkedlist.indexOf(“Siwaily”));

Linked List Content: [Hemn, Mala, Karim, Barznji, Software 
Development Instructor, Hemn] 

Index for Hello:5 

Index for Coffee:-1 
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ListIterator<E> listIterator(int index)

List Iterator 

Index Index 

IndexOutOfBoundsException

// set Iterator at specified index 

   Iterator x = linkedlist.listIterator(3); 

 

   // print list with the iterator 

   while (x.hasNext()) { 

   System.out.println(x.next()); 

   }

Linked List Content: [Hemn, Mala, Karim, Barznji, Software 
Development Instructor, 2015-2016] 

Barznji 

Software Development Instructor 

2015-2016
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Boolean offer (E e) 

Last 

Element 

// offer a new element 

   linkedlist.offer(“2015-2016”); 

   // print the new list 

   System.out.println(“Linked List:” + linkedlist);

Linked List Content: [Hemn, Mala, Karim, Barznji, Software 
Development Instructor] 

Linked List:[Hemn, Mala, Karim, Barznji, Software Development 
Instructor, 2015-2016]

Boolean offerFirst(E e) 

Element 

Linked List 

  // offer a new element as the head of the list 

   linkedlist.offerFirst(“Data Structure”); 
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   // print the new list 

   System.out.println(“LinkedList:” + linkedlist);

Linked List Content: [Hemn, Mala, Karim, Barznji, Software 
Development Instructor] 

LinkedList:[Data Structure, Hemn, Mala, Karim, Barznji, Software 
Development Instructor]

Boolean offerLast(E e) 

Element 

Linked List 

  // offer a new element as the tail of the list 

   linkedlist.offerLast(“2015-2016”); 

   // print the new list 

   System.out.println(“LinkedList:” + linkedlist);

Linked List Content: [Hemn, Mala, Karim, Barznji, Software 
Development Instructor] 

Linked List:[Hemn, Mala, Karim, Barznji, Software Development 
Instructor, 2015-2016]
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k ()E Pee 

Head 

NullEmpty 

   // peek at the head of the list 

   System.out.println(“Head of the list:” + linkedlist.peek());

Linked List Content: [Hemn, Mala, Karim, Barznji, Software 
Development Instructor] 

Head of the list:Hemn

() FirstE Peek 

 

NullEmpty 

   // peek at the first element 

   System.out.println(“First element of the list:” + 
linkedlist.peekFirst());

Linked List Content: [Hemn, Mala, Karim, Barznji, Software 
Development Instructor] 

First element of the list:Hemn
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() LastE Peek 

 

NullEmpty 

   // peek at the last element 

   System.out.println(“Last element of the list:” + 
linkedlist.peekLast());

Linked List Content: [Hemn, Mala, Karim, Barznji, Software 
Development Instructor] 

Last element of the list:Software Development Instructor

E Poll() 

// retrieve and remove the head of the list 

   System.out.println("Head element of the list:" + linkedlist.poll()); 

 

   // print the list 
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   System.out.println("Linked List:" + linkedlist);

Linked List Content: [Hemn, Mala, Karim, Barznji, Software 
Development Instructor] 

Head element of the list:Hemn 

Linked List:[Mala, Karim, Barznji, Software Development Instructor]

 

PollFirst()E 

NullEmpty 

// retrieve and remove the head of the list 

   System.out.println("First element of the list:" + linkedlist.pollFirst()); 

 

   // print the list 

   System.out.println("Linked List:" + linkedlist);

Linked List Content: [Hemn, Mala, Karim, Barznji, Software 
Development Instructor] 

First element of the list:Hemn 

Linked List:[Mala, Karim, Barznji, Software Development Instructor]
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E pollLast()

NullEmpty 

// retrieve and remove the Last  of the list 

   System.out.println("Last element of the list:" + linkedlist.pollLast()); 

 

   // print the list 

   System.out.println("Linked List:" + linkedlist);

Linked List Content: [Hemn, Mala, Karim, Barznji, Software 
Development Instructor] 

Last element of the list:Software Development Instructor 

Linked List:[Hemn, Mala, Karim, Barznji]

E pop() 

Pop Element 

Stack Linked List 

// pop the list 

   System.out.println("Pop element in the list:" + linkedlist.pop()); 
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   // print the list 

   System.out.println("LinkedList:" + linkedlist);

Linked List Content: [Hemn, Mala, Karim, Barznji, Software 
Development Instructor] 

Pop element in the list:Hemn 

LinkedList:[Mala, Karim, Barznji, Software Development Instructor]

Void push(E e) 

push

Stack 

   // push Element the list 

   linkedlist.push("2015-2016"); 

 

   // print the list 

   System.out.println("LinkedList:" + linkedlist);

Linked List Content: [Hemn, Mala, Karim, Barznji, Software 
Development Instructor] 
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LinkedList:[2015-2016, Hemn, Mala, Karim, Barznji, SoŌware 
Development Instructor]

E Remove() 

Retrieve Remove Head 

First Element Linked List 

   // remove the head of the list 

   linkedlist.remove(); 

 

   // print the list 

   System.out.println("LinkedList:" + linkedlist);

Linked List Content: [Hemn, Mala, Karim, Barznji, Software 
Development Instructor] 

LinkedList:[Mala, Karim, Barznji, Software Development Instructor]

E remove(int index) 

Linked List 

Parameter 

Index

   // remove the element at index 3 
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   System.out.println("Element to be removed:" + 
linkedlist.remove(3)); 

 

   // print the list 

   System.out.println("LinkedList:" + linkedlist);

Linked List Content: [Hemn, Mala, Karim, Barznji, Software 
Development Instructor] 

Element to be removed:Barznji 

LinkedList:[Hemn, Mala, Karim, Software Development Instructor]

Boolean remove(Object o) 

True 

           // remove "Barznji" 

   System.out.println("Barznji is in the list:" + 
linkedlist.remove("Barznji")); 

 

   // print the list 

   System.out.println("LinkedList:" + linkedlist);
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E removeFirst() 

Linked List NoSuchElementException

   // remove the first element 

   System.out.println("First element:" + linkedlist.removeFirst()); 

 

   // print the list 

   System.out.println("Linked List:" + linkedlist);

Linked List Content: [Hemn, Mala, Karim, Barznji, Software 
Development Instructor, Barznji] 

Element found:true 

LinkedList:[Hemn, Mala, Karim, Software Development Instructor, 
Barznji]

(Object o)FirstOccurrenceBoolean remove 

True  Linked 
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ListTraversing Head Tail 

    // remove the first "Barznji" 

   boolean found = linkedlist.removeFirstOccurrence("Barznji"); 

   System.out.println("Element found:" + found); 

 

   // print the list 

   System.out.println("LinkedList:" + linkedlist);

Linked List Content: [Hemn, Mala, Karim, Barznji, Software 
Development Instructor] 

Element found:true 

LinkedList:[Hemn, Mala, Karim, Software Development Instructor]

()LastE remove 

Linked List NoSuchElementException

   // remove the last element 

   System.out.println("Last element:" + linkedlist.removeLast()); 
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   // print the list 

   System.out.println("LinkedList:" + linkedlist);

Linked List Content: [Hemn, Mala, Karim, Barznji, Software 
Development Instructor, Barznji] 

Last element:Barznji 

LinkedList:[Hemn, Mala, Karim, Barznji, Software Development 
Instructor]

(Object o)OccurrenceLastBoolean remove 

True  Linked 

ListTraversing Head Tail 

   // remove the last "Barznji" 

   boolean found = linkedlist.removeLastOccurrence("Barznji"); 

   System.out.println("Element found:" + found); 

 

   // print the list 

   System.out.println("LinkedList:" + linkedlist);
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Linked List Content: [Hemn, Mala, Karim, Barznji, Software 
Development Instructor, Barznji] 

Element found:true 

LinkedList:[Hemn, Mala, Karim, Barznji, Software Development 
Instructor]

E set(int index, E element) 

Linked List 

Parameter index

Element 

   // set "Barziny" at index 3 

   System.out.println("Object to be replaced:" + linkedlist.set(3, 
"Barziny")); 

 

   // print the list 

   System.out.println("LinkedList:" + linkedlist);
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Linked List Content: [Hemn, Mala, Karim, Barznji, Software 
Development Instructor, Barznji] 

Object to be replaced:Barznji 

LinkedList:[Hemn, Mala, Karim, Barziny, Software Development 
Instructor, Barznji]

Int size() 

Linked List 

  // print the size of the list 

   System.out.println("List size:" + linkedlist.size());

Linked List Content: [Hemn, Mala, Karim, Barznji, Software 
Development Instructor, Barznji] 

List size:6

Array 

Object[] toArray()

Array 

First Last

 APIsArray – Based Collection 

– Based  
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  // create an array and copy the list to it 

   Object[] array = linkedlist.toArray(); 

 

   // print the array 

   for (int i = 0; i < linkedlist.size(); i++) 

{ 

   System.out.println("Array:" + array[i]);

}

Linked List Content: [Hemn, Mala, Karim, Barznji, Software 
Development Instructor, Barznji] 

Array:Hemn 

Array:Mala 

Array:Karim 

Array:Barznji 

Array:Software Development Instructor 

Array:Barznji
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Array 

<T> T[] toArray(T[]a)

Array 

First Last 

// create an array and copy the list to it 

   Object[] array = linkedlist.toArray(new Object[4]); 

 

   // print the array 

   for (int i = 0; i < linkedlist.size(); i++) { 

   System.out.println("Array:" + array[i]);

Linked List Content: [Hemn, Mala, Karim, Barznji, Software 
Development Instructor, Barznji] 

Array:Hemn 

Array:Mala 

Array:Karim 

Array:Barznji 

Array:Software Development Instructor 

Array:Barznji
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 Loops Linked List

Linked List 

Print Loops

/* 

 *Data Structure Book -  Kurdish Language 

 * Written By: Hemn Mala Karim Barznji 

 * Software Development Instructor 

 */ 

 

/** @author HemnBarznji   */ 

import java.util.*; 

public class Linked_List_Of_DataStructure_Book { 

    public static void main(String[] args) { 

                 /* Linked List Declaration */ 

              LinkedList<String> linkedlist = new LinkedList<String>(); 

               

               /*add(String Element) is used for adding  

          * the elements to the linked list*/ 

         linkedlist.add("Hemn"); 

         linkedlist.add("Mala"); 
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         linkedlist.add("Karim"); 

         linkedlist.add("Barznji"); 

         linkedlist.add("Software Development Instructor"); 

         linkedlist.add("Barznji"); 

          

          /*Display Linked List Content*/ 

         System.out.println("Linked List Content: " +linkedlist); 

          

 

       /*for loop*/ 

      System.out.println("**For loop**"); 

      for(int num=0; num<linkedlist.size(); num++) 

      { 

       System.out.println(linkedlist.get(num)); 

      } 

 

      /*Advanced for loop*/ 

      System.out.println("**Advanced For loop**"); 

      for(String str: linkedlist) 

      { 

       System.out.println(str); 
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      } 

 

      /*Using Iterator*/ 

      System.out.println("**Iterator**"); 

      Iterator i = linkedlist.iterator(); 

      while (i.hasNext()) { 

   System.out.println(i.next()); 

      } 

 

      /* Using While Loop*/ 

      System.out.println("**While Loop**"); 

      int num = 0; 

      while (linkedlist.size() > num) { 

   System.out.println(linkedlist.get(num)); 

   num++; 

      }

      

    }   

}
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Linked List Content: [Hemn, Mala, Karim, Barznji, Software 
Development Instructor, Barznji] 

**For loop** 

Hemn 

Mala 

Karim 

Barznji 

Software Development Instructor 

Barznji 

**Advanced For loop** 

Hemn 

Mala 

Karim 

Barznji 

Software Development Instructor 

Barznji 

**Iterator** 

Hemn 

Mala 

Karim 

Barznji 
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Software Development Instructor 

Barznji 

**While Loop** 

Hemn 

Mala 

Karim 

Barznji 

Software Development Instructor 

Barznji
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 Array List and Linked List betweenerence ffiD

Array List  Linked List 

Dynamic 
Array Doubly Linked List 

Slow
Array

Remove
Shift 

Faster

Bit Shifting 

Class of Array
ListList

Implement

Class of 
Linked ListList
Queue

ListDeque

Array List 
 

Sorting and Accessing Data 

Linked List 
 

Better for Manipulating Data

 SearchArray List 

Search Operation Linked List

PerformanceArray List O(1)
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Performance Linked List 

O(n) 

 Deletion Performance

Remove Linked ListO(1)

Array List O(n)

O(1)  

 InsertPerformance

Linked List O(1)

O(n) 

 Memory OverheadArray List 

Index Linked ListData 

Pointers Neighbor Node 

Memory Consumption 

Linked List  

/* 

 *Data Structure Book -  Kurdish Language 

 * Written By: Hemn Mala Karim Barznji 

 * Software Development Instructor 

 */ 

 

/** @author HemnBarznji   */ 

import java.util.*; 
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public class Linked_List_Of_DataStructure_Book { 

 

    public static void main(String[] args) { 

                 /* Linked List Declaration */ 

              LinkedList<String> linkedlist = new LinkedList<String>(); 

               

               /*add(String Element) is used for adding  

          * the elements to the linked list*/ 

         linkedlist.add("Hemn"); 

         linkedlist.add("Mala"); 

         linkedlist.add("Karim"); 

         linkedlist.add("Barznji"); 

         linkedlist.add("Software Development Instructor"); 

          /*Display Linked List Content*/ 

         System.out.println("Linked List Content: " +linkedlist); 

          

 

      ArrayList<String> arrayList = new ArrayList<String>();//creating 
//Array List     

  arrayList.add("HS");//adding object in Array List     

  arrayList.add("Company");     

 arrayList.add("For IT");     
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  arrayList.add("Solutions");     

     

  System.out.println("Array List: "+arrayList);  

      

    }   

}

Linked List Content: [Hemn, Mala, Karim, Barznji, Software 
Development Instructor] 

Array List: [HS, Company, For IT, Solutions]
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Basic Concept of Stack

Stack 

First InLast Out

Last In First Out

Stack Abstract Data Type 

AddingRemove 

TopStack 

LIFO 
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Common Example

atures of StackBasic Fe

1 Stack Ordered List 

Same Data Type 

String  
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2 Stack LIFO 

Last In First Out  

3 Push Function Insert 

Stack Pop Function 

Delete Stack 

Insertion and Deletion 

Top 

4 

Over Flow  

Applications of Stack

Stack 

StackParsing 

Expression Conversion 
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Stack Implementation

Stack Array 

Linked List 

Fixed

Basic Operations

Push() Operation 

Push ()

Stack Store  
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begin procedure push: stack, data 

   if stack is full 

      return null 

   endif 

   top ← top + 1 

   stack[top] ← data 

end procedure

Stack

1Check If Stack is Full 

2Error Exit 

3StackTop

4StackTop

5
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POP() Operation

Pop()Remove 

Access 

begin procedure pop: stack 

   if stack is empty 

      return null 

   endif 

   data ← stack[top] 

   top ← top - 1 

   return data 

end procedure

Stack

1Check If Stack is Full 

2Error Exit 

3Stack

Top

4Top1

5
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Peak () Operation 

Peak()Peak

Not Remove

begin procedure peek

  return stack[top] 

end procedure 

isFull() Operation 

isFull()

begin procedure isfull 

   if top equals to MAXSIZE 

      return true 

   else 
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      return false 

   endif 

end procedure 

isEmpty() Operation

isEmpty()

 

begin procedure isempty 

   if top less than 1 

      return true 

   else 

      return false 

   endif 

end procedure
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 Status of Stack

Stack Status 

Position of Top 

Position of Top Status of Stack 

-1 

Stack is Empty 

0 

Only one element in Stack 

N-1 

Stack is Full 

N 

Overflow state of Stack 
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Time Complexity

Time Complexity 

Stack

 Push Operation O(1) 

 Pop OperationO(1) 

 Top Operation O(1) 

 Search Operation O(N) 

Example

Stack 

TOP Element 1

TOP 
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Stack 

1

TOP Element 0

 

1

TOP 

TOP 
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Program Structure 

Diagram

Stack
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Stack

Program Structure Software and 

Database 2016

120162013

Start All Program 

20132013



  115

2

3Software and Database  

4

Program Structure Diagram 
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5Create 

6Stack

7Shapes 

Memory Objects 
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8Memory Objects 
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9

Design Orientation 

Landscape 

103D Stack Top 

3D Stack Middle 

11Stack
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  120

 

 

 

Stack 

Implementation  
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Stack Implementation 

1NetBeans Start 

Button NetBeans NetBeans IDE 8.1
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2NetBeans 

3File 

4New Project 
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5New Project 

Next 

6

Project Name 

Project Location 

Check Box Create Main 

Class

Finish 
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7

 



  125

8Class Main Class  

/* 

 *Data Structure Book -  Kurdish Language 

 * Written By: Hemn Mala Karim Barznji 

 * Software Development Instructor 

 */ 

 

package stack; 

 

/** 

* @author HemnBarznji 

 */ 

public class Stack { 

    public static void main(String[] args) { 

        // TODO code application logic here 

    }    

}
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StackCoding for 

1Java Util 

import  java.util.*; 

2Stack Declaration

Main MethodStack Class 

StackObject 

StackObject of Stack 

New 

// creating stack 

Stack st = new Stack(); 

3PUSH Method 

Stack  Stack

.push(“     “)

st.push("Hemn"); 

4

   st.push("Barznji"); 

   st.push("May 1-1982");
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5Display Method 

System.out.println("stack: " + st); 

6empty()

// checking stack 

   System.out.println("Is stack empty: "+st.empty());

/* 

 *Data Structure Book -  Kurdish Language 

 * Written By: Hemn Mala Karim Barznji 

 * Software Development Instructor 

 */ 

 

/** 

* @author HemnBarznji 

 */ 

import java.util.*; 

public class Stack_DS_Book { 

    public static void main(String[] args) { 

        // creating stack 

   Stack st = new Stack(); 
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   // populating stack 

   st.push("Hemn"); 

   st.push("Barznji"); 

   st.push("May 1-1982"); 

   // checking stack 

   System.out.println("Is stack empty: "+st.empty()); 

       System.out.println("stack: " + st);    

    } 

}

7Run Project 

8

Is stack empty: false 

stack: [Hemn, Barznji, May 1-1982]



  129

Methods 

Empty () Method

Empty() Method Stack

TrueStack

False

Stack Push Element

True 

// creating stack 

   Stack st = new Stack(); 

   // checking stack 

   System.out.println("Is stack empty: "+st.empty()); 

MethodPush()  

Push ()

Stack Store  

Object push

   st.push("Hemn"); 
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/* 

 *Data Structure Book -  Kurdish Language 

 * Written By: Hemn Mala Karim Barznji 

 * Software Development Instructor 

 */ 

/**   @author HemnBarznji   */ 

import java.util.*; 

public class Stack_DS_Book { 

    public static void main(String[] args) { 

        

        // creating stack 

   Stack st = new Stack(); 

   // checking stack 

   System.out.println("Is stack empty: "+st.empty()); 

   // populating stack 

   st.push("Hemn"); 

   st.push("Barznji"); 

   st.push("May 1-1982");  

       System.out.println("stack: " + st);   
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    }   

}

Is stack empty: true 

stack: [Hemn, Barznji, May 1-1982] 

MethodPeak ()  

Peak()

PeakNot 

Remove

/* 

*Data Structure Book -  Kurdish Language 

 * Written By: Hemn Mala Karim Barznji 

 * Software Development Instructor 

*/ 

 

/**   * @author HemnBarznji       */ 

import java.util.*; 

public class Stack_DS_Book { 

    public static void main(String[] args) { 

        // creating stack 

   Stack st = new Stack(); 
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   // checking stack 

   System.out.println("Is stack empty: "+st.empty()); 

    

   // populating stack 

   st.push("Hemn"); 

   st.push("Barznji"); 

   st.push("May 1-1982"); 

       System.out.println("stack: " + st);  

       // checking the top object 

   System.out.println("Top object is: "+st.peek());  

    } 

}

Is stack empty: true 

stack: [Hemn, Barznji, May 1-1982] 

Top object is: May 1-1982

MethodPOP() 

Pop()Remove 

Access  Object 

pop

TOP
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st.pop()

/* 

 *Data Structure Book -  Kurdish Language 

 * Written By: Hemn Mala Karim Barznji 

 * Software Development Instructor 

 

 */ 

 

/**   @author HemnBarznji   */ 

import java.util.*; 

public class Stack_DS_Book { 

    public static void main(String[] args) { 

        

        // creating stack 

   Stack st = new Stack(); 

       

     

   // checking stack 

   System.out.println("Is stack empty: "+st.empty()); 
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   // populating stack 

   st.push("Hemn"); 

   st.push("Barznji"); 

   st.push("May 1-1982"); 

         

       System.out.println("stack: " + st);  

          // removing top object 

   System.out.println("Removed object is: "+st.pop()); 

   // elements after remove 

   System.out.println("Elements after remove: "+st);        

    }   

}

Is stack empty: true 

stack: [Hemn, Barznji, May 1-1982] 

Removed object is: May 1-1982 

Elements after remove: [Hemn, Barznji]
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Search () Method

Stack 

st.search("Barznji");

/* 

 *Data Structure Book -  Kurdish Language 

 * Written By: Hemn Mala Karim Barznji 

 * Software Development Instructor 

 */ 

 

/**   @author HemnBarznji   */ 

import java.util.*; 

public class Stack_DS_Book { 

    public static void main(String[] args) { 

        

        // creating stack 

   Stack st = new Stack(); 
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   // checking stack 

   System.out.println("Is stack empty: "+st.empty()); 

    

   // populating stack 

   st.push("Hemn"); 

   st.push("Barznji"); 

   st.push("May 1-1982"); 

         

       System.out.println("stack: " + st);  

    // searching 'Barznji' element

System.out.println("Searching 'Barznji' in stack: 
"+st.search("Barznji"));  

    }   

}

Is stack empty: true 

stack: [Hemn, Barznji, May 1-1982] 

Searching 'Barznji' in stack: 2 
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Stack Example for Integer

Stack 

/* 

 *Data Structure Book -  Kurdish Language 

 * Written By: Hemn Mala Karim Barznji 

 * Software Development Instructor 

 */ 

/**   @author HemnBarznji   */ 

import java.util.*; 

public class Stack_DS_Book { 

     

     

     static void showpush(Stack st, int a) { 

      st.push(new Integer(a)); 

      System.out.println("push(" + a + ")"); 

      System.out.println("stack: " + st); 

   } 

 

   static void showpop(Stack st) { 
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      System.out.print("pop -> "); 

      Integer a = (Integer) st.pop(); 

      System.out.println(a); 

      System.out.println("stack: " + st); 

   } 

     

    public static void main(String[] args) { 

        

  Stack st = new Stack(); 

      System.out.println("stack: " + st); 

      showpush(st, 42); 

      showpush(st, 66); 

      showpush(st, 99); 

      showpop(st); 

      showpop(st); 

      showpop(st); 

      try { 

         showpop(st); 

      } catch (EmptyStackException e) { 

         System.out.println("empty stack"); 

      } 
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    }   

}

stack: [] 

push(42) 

stack: [42] 

push(66) 

stack: [42, 66] 

push(99) 

stack: [42, 66, 99] 

pop -> 99 

stack: [42, 66] 

pop -> 66 

stack: [42] 

pop -> 42 

stack: [] 

pop -> empty stack
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Queue Abstract Data Type 

Stack 

Enqueue 

RearTail

Dequeue

Front

 

 

 

First – In First – 

Out Enqueue 

Dequeue 

Queue 
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Stack Array 

Linked ListQueue 

Basic Features of Queue

1 StackQueue Ordered List 

Similar Data Type  

2 Queue First – In 

First – Out FIFO  

3 

Remove  

4 Peak ()

Dequeue  

Applications of Queue

 Shared Resource 

PrinterCPU Task Scheduling  

 Queue 
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 Line of Cars  

 Packets Waiting Router  

 Simulation  

 Printer Buffer  

  

plementationQueue Im

Queue ArrayStack 

Linked List 

Array Head 

Front Rear Tail 
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Basic Operations

Operations Queue 

Operation Enqueue ()

Add Store 

Queue Rear 

TailFront Head

Stack 

Insert 

Enqueue 

1 Check If Queue is Full 

2 Overflow 

Exit Queue  

3 Rear Pointer 

Next Empty Space  

4 Queue Location  

5  
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procedure enqueue(data)       

   if queue is full 

      return overflow 

   endif 

   rear ← rear + 1 

   queue[rear] ← data 

   return true 

end procedure

Dequeue 

Access 

Remove

1 Check If Queue is Full 

2 Overflow 

Exit Queue  

3 Access 

Front  

4 Front Pointer Next Data 

Element  

5  
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procedure dequeue 

   if queue is empty 

      return underflow 

   end if 

   data = queue[front] 

   front ← front - 1 

   return true 

end procedure
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Peak () Operation 

Peak()Peak

Front Queue 

begin procedure peek 

   return queue[front] 

end procedure

isFull() Operation 

Queue isFull()

begin procedure isfull 

   if rear equals to MAXSIZE 

      return true 

   else 

      return false 

   endif 

end procedure
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isEmpty() Operation

isEmpty()Queue 

 

begin procedure isempty 

   if front is less than MIN  OR front is greater than rear 

      return true 

   else 

      return false 

   endif 

end procedure
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Queue

Implementation  
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Implementation Queue  

1NetBeans Start 

Button NetBeans NetBeans IDE 8.1
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2NetBeans 

3File 

4New Project 



  152

5New Project 

Next 

6

Project Name 

Project Location 

Check Box Create Main 

Class

Finish 



  153

7
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8Class Main Class  

/* 

 *Data Structure Book -  Kurdish Language 

 * Written By: Hemn Mala Karim Barznji 

 * Software Development Instructor 

 */ 

package queue_implementation_ds_book; 

 

/** 

 @author HemnBarznji 

 */ 

public class Queue_Implementation_DS_Book { 

 

    public static void main(String[] args) { 

        // TODO code application logic here 

    } 

     

}
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QueueCoding for 

Queue Array 

Linked List Stack

Queue 

1Java Util 

import  java.util.*; 

2Queue Declaration

Main MethodLinked List

        //Creating Queue 

        Queue<String> queue = new LinkedList<String>();

Queue Print 

        //Print Empty Queue 

         System.out.println("Queue ="+ queue);

3Enqueue

Rear Tail Offer Method 

Queue  Queue 

.offer(“     “)
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 queue.offer("Hemn");   

4

   queue.offer("Barznji"); 

   queue.offer("May - 1 1982");

5Display Method 

System.out.println("Queue ="+ queue);

6size()Queue

  System.out.println("Size: " + queue.size());

7peak()element()head 

QueueRemove

 System.out.println(“Queue head using peek   : “ + queue.peek()); 
System.out.println(“Queue head using element: “ + 
queue.element());

8Dequeue 

HeadFront

First – In 

First – Out 

queue.poll();

Loop

  Object data; 
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    while ((data = queue.poll()) != null) { 

      System.out.println(data); 

    }

remove()

poll()

/* 

 *Data Structure Book -  Kurdish Language 

 * Written By: Hemn Mala Karim Barznji 

 * Software Development Instructor 

 */ 

package queue_implementation_ds_book; 

 

/** 

 @author HemnBarznji 

 */ 

import java.util.*; 

public class Queue_Implementation_DS_Book { 

 

    public static void main(String[] args) { 
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        //Creating Queue 

        Queue<String> queue = new LinkedList<String>(); 

        //Print Empty Queue 

        System.out.println("Queue ="+ queue); 

         

        queue.offer("Hemn"); 

        queue.offer("Barznji"); 

        queue.offer("May - 1 1982"); 

        System.out.println("Size: " + queue.size()); 

         System.out.println("Queue ="+ queue); 

          

    System.out.println("Queue head using peek   : " + queue.peek()); 

    System.out.println("Queue head using element: " + 
queue.element()); 

     

      queue.poll(); 

     System.out.println("Queue After First  Poll="+ queue); 

      queue.poll(); 

     System.out.println("Queue After Second  Poll="+ queue); 

 

     queue.poll(); 

     System.out.println("Queue After  Third Poll="+ queue); 
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/* 

      Object data; 

    while ((data = queue.poll()) != null) { 

      System.out.println(data); 

    } 

    */ 

    }   

}

9Run Project 

10

Queue =[] 

Size: 3 

Queue =[Hemn, Barznji, May - 1 1982] 

Queue head using peek   : Hemn 

Queue head using element: Hemn 

Queue After First  Poll=[Barznji, May - 1 1982] 

Queue After Second  Poll=[May - 1 1982] 

Queue After  Third Poll=[]
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Convert Queue to List

Object 

Queue 

/* 

 *Data Structure Book -  Kurdish Language 

 * Written By: Hemn Mala Karim Barznji 

 * Software Development Instructor 

 */ 

package queue_implementation_ds_book; 

 

/** 

 @author HemnBarznji 

 */ 

import java.util.*; 

public class Queue_Implementation_DS_Book { 

 

    public static void main(String[] args) { 

        //Creating Queue 

        Queue<String> queue = new LinkedList<String>(); 

        //Print Empty Queue 
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        System.out.println("Queue ="+ queue); 

         

        queue.offer("Hemn"); 

        queue.offer("Barznji"); 

        queue.offer("May - 1 1982"); 

        System.out.println("Size: " + queue.size()); 

         System.out.println("Queue ="+ queue); 

          

    List<String> myList = new ArrayList<String>(queue); 

 

    for (Object queueList : myList) 

      System.out.println(queueList); 

    }   

}

Run Project 

Queue =[] 

Size: 3 

Queue =[Hemn, Barznji, May - 1 1982] 

Hemn 

Barznji 

May - 1 1982
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Double – Ended Queue 

((Deque))
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Double – Ended Queue Deque 

Insertion Deletion 

ItemFront Rear 

Building Deque

Array

ArrayDeque Methods 

 

Doubly Linked List 

Deque Head Node 
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Front NodeTail NodeRear Node

Deque Applications

1 StackStack 

 

2 Queue 

Queue  

3 UndoRedo 

4  

5 

Example

10

Front Rear 1
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17Front – Rear 

101710Front 

17Rear 

817Rear 8

9

13Rear 13

28

Front28
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1414Rear

5

Front Rear 

25Rear 

6Rear

Front 
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21

1010

11
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Deque 
Implementation
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Implementation Deque  

1NetBeans Start 

Button NetBeans NetBeans IDE 8.1
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2NetBeans 

3File 

4New Project 
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5New Project 

Next 

6

Project Name 

Project Location 

Check Box Create Main 

Class

Finish 
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7
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8Class Main Class  

/* 

 *Data Structure Book -  Kurdish Language 

 * Written By: Hemn Mala Karim Barznji 

 * Software Development Instructor 

 */ 

package deque_implementation_ds_book; 

 

/** @author HemnBarznji   */ 

public class Deque_Implementation_DS_Book { 

 

    public static void main(String[] args) { 

        // TODO code application logic here 

    } 

     

}
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Dequeg for Codin

Array Linked List 

Deque Class

1Java Util 

import  java.util.*; 

2Deque Declaration

Main Method

   // create an empty array deque with an initial capacity 

   Deque<Integer> deque = new ArrayDeque<Integer>(5);

Deque Print 

   //Print Empty Queue 

    System.out.println("Deque ="+ deque); 

3

deque.add(20);

4

   deque.add(30); 

   deque.add(20); 
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   deque.add(30); 

   deque.add(15);         

   deque.add(22); 

   deque.add(11);   

5Display Method 

//Print After  Adding 

 System.out.println("Deque ="+ deque);

Loops 

  // let us print all the elements available in deque 

   for (Integer number : deque) { 

   System.out.println("Number = " + number); 

   }

6size()Queue

System.out.println("Size: " + deque.size());

7remove()

  // Remove Item 

   deque.remove();
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/* 

 *Data Structure Book -  Kurdish Language 

 * Written By: Hemn Mala Karim Barznji 

 * Software Development Instructor 

 */ 

 

package deque_implementation_ds_book; 

 

import  java.util.*; 

 

/** @author Hemn Barznji   */ 

public class Deque_Implementation_DS_Book { 

 

    public static void main(String[] args) { 

       // create an empty array deque with an initial capacity 

   Deque<Integer> deque = new ArrayDeque<Integer>(5); 

    

           //Print Empty Queue 

         System.out.println("Deque ="+ deque); 
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      // use add() method to add elements in the deque 

   deque.add(20); 

   deque.add(30); 

   deque.add(20); 

   deque.add(30); 

   deque.add(15);         

   deque.add(22); 

   deque.add(11);     

     

       //Print After  Adding 

         System.out.println("Deque ="+ deque); 

          

    System.out.println("Size: " + deque.size()); 

      

       System.out.println("Print Deque With For Loop");  

    // let us print all the elements available in deque 

   for (Integer number : deque) { 

   System.out.println("Number = " + number); 

   } 
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   // Remove Item 

   deque.remove(); 

    //Print After  Remove 

         System.out.println("Deque After Remove ="+ deque); 

    }   

}

8Run Project 

9

Deque =[] 

Deque =[20, 30, 20, 30, 15, 22, 11] 

Size: 7 

Print Deque With For Loop 

Number = 20 

Number = 30 

Number = 20 

Number = 30 

Number = 15 

Number = 22 

Number = 11 

Deque AŌer Remove =[30, 20, 30, 15, 22, 11] 
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Class Constructors

Array Deque 

Constructor 

 ArrayDeque() 

Constructor 

Empty Array Deque 16

 ArrayDeque(Collection<?extends E>c) 

Constructor 

Array Deque Specified Collection

 

 ArrayDeque(int numElements)

Constructor 

Empty Array Deque 

Methods

Constructor Methods 

31 
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Boolean add(E e); 

Method End

True Null

Exception NullPointerException 

// use add() method to add elements in the deque 

   deque.add(20); 

   deque.add(30); 

   deque.add(20); 

   deque.add(30); 

   deque.add(15);         

   deque.add(22); 

   deque.add(11);

Deque =[] 

Deque =[20, 30, 20, 30, 15, 22, 11]
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Void addFirst(E e); 

Insert Front

e Null

Exception NullPointerException 

    // use addFirst() method to add element at the front of the deque 

   deque.addFirst(10); 

   deque.addFirst(15); 

   deque.addFirst(20);//now, element 20 will be at the front

 

Deque =[] 

Deque =[20, 15, 10, 20, 30, 20, 30, 15, 22, 11]

(E e);LastVoid add 

InsertRear

e Null

Exception NullPointerException 

  // the values will be printed in the same order 

   deque.addLast(10); 

   deque.addLast(12);
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Deque =[] 

Deque Befor =[20, 30, 20, 30, 15, 22, 11] 

Deque AŌer =[20, 30, 20, 30, 15, 22, 11, 10, 12]

clear();Void  

Remove 

// finding size of this deque 

   int retval = deque.size(); 

   System.out.println("Deque consists of "+ retval +" elements"); 

       

   System.out.println("Performing clear operation !!"); 

   deque.clear(); 

   retval = deque.size(); 

   System.out.println("Now, deque consists of "+ retval +" elements");

Deque =[] 

Deque consists of 7 elements 

Performing clear operation !! 
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Now, deque consists of 0 elements

Object clone

Parameter Exception 

      Deque<Integer> deque2 = deque.clone();

/* 

 *Data Structure Book -  Kurdish Language 

 * Written By: Hemn Mala Karim Barznji 

 * Software Development Instructor 

 */ 

 

package deque_implementation_ds_book; 

 

import  java.util.*; 

import  java.util.Deque; 

/** @author Hemn Barznji   */ 

 

public class Deque_Implementation_DS_Book { 
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    public static void main(String[] args) { 

         

// Create empty array deque with an initial capacity 

    ArrayDeque<Integer> deque = new ArrayDeque<Integer>(8); 

 

      // Use add() method to add elements 

      deque.add(100); 

      deque.add(200); 

      deque.add(300); 

      deque.add(400);         

      deque.add(500);         

 

      Deque<Integer> deque2 = deque.clone(); 

       

      // Print Deque2 elements 

      for (Integer num : deque2) { 

         System.out.println("Element is " + num); 

      }             

    }   

}
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Element is 100 

Element is 200 

Element is 300 

Element is 400 

Element is 500 

contain (object O)Boolean  

True 

O

True False 

// deque contains element 10 

   boolean retval = deque.contains(10);

/* 

 *Data Structure Book -  Kurdish Language 

 * Written By: Hemn Mala Karim Barznji 

 * Software Development Instructor 

 */ 

 

package deque_implementation_ds_book; 
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import  java.util.*; 

import  java.util.Deque; 

/** @author Hemn Barznji   */ 

public class Deque_Implementation_DS_Book { 

 

    public static void main(String[] args) { 

       // create an empty array deque with an initial capacity 

   Deque<Integer> deque = new ArrayDeque<Integer>(); 

    

           //Print Empty Queue 

         System.out.println("Deque ="+ deque); 

 

          

      // use add() method to add elements in the deque 

   deque.add(20); 

   deque.add(30); 

   deque.add(20); 

   deque.add(30); 

   deque.add(15);         

   deque.add(25); 
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   deque.add(11);   

   

   //Print Deque 

    System.out.println("Deque ="+ deque); 

   

// deque contains element 10 

   boolean retval = deque.contains(10);  

    

   if (retval == true) { 

   System.out.println("element 10 is contained in the deque"); 

   } 

   else { 

   System.out.println("element 10 is not contained in the deque"); 

   } 

   

   // deque does not contain element 25 

   boolean retval2 = deque.contains(25); 

    

   if (retval2 == true) { 

   System.out.println("element 25 is contained in the deque"); 

   } 
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   else { 

   System.out.println("element 25 is not contained in the deque");     

   }  

    }   

}

Deque =[] 

Deque =[20, 30, 20, 30, 15, 25, 11] 

element 10 is not contained in the deque 

element 25 is contained in the deque

 

Iterator<E> descendingIterator 

Dque

// set Iterator as descending 

   Iterator x = deque.descendingIterator(); 

   // print list with descending order 

   while (x.hasNext()) { 

   System.out.println(x.next()); 

   }
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//iterator() is used to print all the elements 

   //next() returns the next element on each iteration 

   System.out.println("printing elements using iterator:"); 

   

   for(Iterator itr = deque.iterator();itr.hasNext();)  { 

   System.out.println(itr.next()); 

   } 

 

   //descendingIterator() is used to print the elements in reverse 
order 

   //next() returns the next element on each iteration 

   System.out.println("printing elements in reverse order:"); 

   

   for(Iterator descItr = deque.descendingIterator();descItr.hasNext();) 
{ 

   System.out.println(descItr.next()); 

   }

/* 

 *Data Structure Book -  Kurdish Language 

 * Written By: Hemn Mala Karim Barznji 
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 * Software Development Instructor 

 */ 

 

package deque_implementation_ds_book; 

 

import  java.util.*; 

import  java.util.Deque; 

/** @author Hemn Barznji   */ 

public class Deque_Implementation_DS_Book { 

    public static void main(String[] args) { 

       // create an empty array deque with an initial capacity 

   Deque<Integer> deque = new ArrayDeque<Integer>(); 

    

           //Print Empty Queue 

         System.out.println("Deque ="+ deque); 

      // use add() method to add elements in the deque 

   deque.add(20); 

   deque.add(30); 

   deque.add(20); 

   deque.add(30); 

   deque.add(15);         
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   deque.add(25); 

   deque.add(11);   

   

    System.out.println(deque); 

   // set Iterator as descending 

   Iterator x = deque.descendingIterator(); 

   // print list with descending order 

   while (x.hasNext()) { 

   System.out.println(x.next()); 

   } 

 

   //iterator() is used to print all the elements 

   //next() returns the next element on each iteration 

   System.out.println("printing elements using iterator:"); 

   

   for(Iterator itr = deque.iterator();itr.hasNext();)  { 

   System.out.println(itr.next()); 

   } 

  //descendingIterator() is used to print the elements in reverse order 

   //next() returns the next element on each iteration 

   System.out.println("printing elements in reverse order:"); 
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   for(Iterator descItr = deque.descendingIterator();descItr.hasNext();) 
{ 

   System.out.println(descItr.next()); 

   } 

          

    }   

}

Deque =[] 

[20, 30, 20, 30, 15, 25, 11] 

11 

25 

15 

30 

20 

30 

20 

printing elements using iterator: 

20 

30 

20 
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30 

15 

25 

11 

printing elements in reverse order: 

11 

25 

15 

30 

20 

30 

20

E element

Head Queue 

DequeRemove 

Head DequeDeque 

EmptyException NoSuchElementException 

// it will retrive element at first(head) position 

   int retval = deque.element(); 

   System.out.println("Retrieved Element is = " + retval);
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Deque =[] 

[20, 30, 20, 30, 15, 25, 11] 

Retrieved Element is = 20

E get(int index) 

Deque 

EmptyException NoSuchElementException 

// print element at index 3 

   System.out.println(“Element at index 3 :” + linkedlist.get(3));

Linked List Content: [Hemn, Mala, Karim, Barznji, Software 
Development Instructor] 

Element at index 3 :Barznji

E getFirst(); 

DequeRemove

Parameter

NoSuchElementException 
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// getFirst() will retrieve element at first(head) position 

   int retval = deque.getFirst(); 

   System.out.println("Retrieved Element is = " + retval);

Deque =[] 

[20, 30, 20, 30, 15, 25, 11] 

Retrieved Element is = 20

E getLast() 

DequeRemove

Parameter

NoSuchElementException 

  // getLast() will retrieve element at last position 

   int retval = deque.getLast(); 

   System.out.println("Retrieved Element is = " + retval); 

    System.out.println("Deque After Retrive Last Elemt"+deque);

Deque =[] 

Deque[20, 30, 20, 30, 15, 25, 11] 

Retrieved Element is = 11 

Deque AŌer Retrive Last Elemt[20, 30, 20, 30, 15, 25, 11]
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isEmpty() 

Method True 

False Parameter 

Exception 

boolean retval = deque.isEmpty();

System.out.println("Deque Empty?"+retval);

boolean retval = deque.isEmpty(); 

   if (retval == true) { 

   System.out.println("deque is empty"); 

   } 

   else { 

   System.out.println("deque is not empty"); 

   }

/* 

 *Data Structure Book -  Kurdish Language 

 * Written By: Hemn Mala Karim Barznji 

 * Software Development Instructor 
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 */ 

 

package deque_implementation_ds_book; 

 

import  java.util.*; 

import  java.util.Deque; 

/** @author Hemn Barznji   */ 

public class Deque_Implementation_DS_Book { 

 

    public static void main(String[] args) { 

       // create an empty array deque with an initial capacity 

   Deque<Integer> deque = new ArrayDeque<Integer>(); 

    

           //Print Empty Queue 

         System.out.println("Deque ="+ deque); 

 boolean retval = deque.isEmpty(); 

    System.out.println("Deque Empty?"+retval); 

          

      // use add() method to add elements in the deque 

   deque.add(20); 

   deque.add(30); 
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   deque.add(20); 

   deque.add(30); 

   deque.add(15);         

   deque.add(25); 

   deque.add(11);   

   

    System.out.println("Deque"+deque); 

 

 retval = deque.isEmpty(); 

   if (retval == true) { 

   System.out.println("deque is empty"); 

   } 

   else { 

   System.out.println("deque is not empty"); 

   } 

    }   

}

Deque =[] 

Deque Empty?true 

Deque[20, 30, 20, 30, 15, 25, 11] 
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deque is not empty

ListIterator<E> listIterator()

List Iterator 

// set Iterator at specified index 

   Iterator x = deque.iterator(); 

   // print list with the iterator 

   while (x.hasNext()) { 

   System.out.println(x.next()); 

   }

// iterator() is used to print all the elements 

   // next() returns the next element on each iteration 

   System.out.println("printing elements using iterator:"); 

   for(Iterator itr = deque.iterator();itr.hasNext();)  { 

   System.out.println(itr.next()); 

   }

[] 

Deque[20, 30, 20, 30, 15, 25, 11] 
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Using Iterator 

20 

30 

20 

30 

15 

25 

11

Boolean offer (E e) 

Last 

Element  Null

Exception NullPointerException 

// this will insert 50 at the end 

   deque.offer(50); 

   System.out.println("Deque"+deque); 

[] 

Deque[20, 30, 20, 30, 15, 25, 11] 

Deque[20, 30, 20, 30, 15, 25, 11, 50] 
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Boolean offerFirst(E e) 

Element 

Front NullException 

NullPointerException 

// this will insert 10 at the front 

   deque.offerFirst(10); 

   System.out.println("Deque"+deque);

[] 

Deque[20, 30, 20, 30, 15, 25, 11] 

Deque[10, 20, 30, 20, 30, 15, 25, 11] 

 

 

Boolean offerLast(E e) 

Element 

NullException NullPointerException 

// this will insert 40 at the end 
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   deque.offerLast(40); 

   System.out.println("Deque"+deque);

[] 

Deque[20, 30, 20, 30, 15, 25, 11] 

Deque[20, 30, 20, 30, 15, 25, 11, 40]

E Peek () 

Head Queue

Deque Null 

// this will retrieve head of the queue 

   int retval = deque.peek(); 

   System.out.println("Retrieved Element is " + retval);

[] 

Deque[20, 30, 20, 30, 15, 25, 11] 

Retrieved Element is 20

() FirstE Peek 
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 Deque

NullEmpty  Remove

      // this will retrieve head of the queue 

   int retval = deque.peekFirst(); 

   System.out.println("Retrieved Element is " + retval);

[] 

Deque[20, 30, 20, 30, 15, 25, 11] 

Retrieved Element is 20

 

() LastE Peek 

Deque Tail

NullEmpty 

Remove

// this will retrieve end value 

   int retval = deque.peekLast(); 

   System.out.println("Retrieved Element is " + retval);

[] 

Deque[20, 30, 20, 30, 15, 25, 11] 
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Retrieved Element is 11

E Poll() 

Head 

Queue Deque Null 

Empty

int retval = deque.poll(); 

   System.out.println("Element removed is " + retval);

[] 

Deque[20, 30, 20, 30, 15, 25, 11] 

Element removed is 20

 

E PollFirst()

HeadDeque 

NullEmpty 

  int retval = deque.pollFirst(); 
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   System.out.println("Element removed is " + retval);

[] 

Deque[20, 30, 20, 30, 15, 25, 11] 

Element removed is 20

 

E pollLast()

Deque

NullEmpty 

int retval = deque.pollLast(); 

 System.out.println("Element removed is " + retval); 

[] 

Deque[20, 30, 20, 30, 15, 25, 11] 

Element removed is 11 

E pop() 

Pop Element 

Stack Deque 

int retval = deque.pop(); 
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 System.out.println("Element removed is " + retval);

Deque[20, 30, 20, 30, 15, 25, 11] 

Element removed is 20

Void push(E e) 

push

Stack Deque

 NullException 

NullPointerException 

  // adding elements using push() method 

   deque.push(10); 

   deque.push(15); 

 System.out.println("Deque"+deque);

[] 

Deque[20, 30, 20, 30, 15, 25, 11] 

Deque[15, 10, 20, 30, 20, 30, 15, 25, 11]

E Remove() 



  207

Retrieve Remove Head 

First Element Queue Deque 

Parameter Deque 

Exception NullPointerException 

// this will remove element at the first(head) postion 

   int retval = deque.remove(); 

   System.out.println("Element removed is: " + retval);

[] 

Deque[20, 30, 20, 30, 15, 25, 11] 

Element removed is: 20

Boolean remove(Object o) 

True 

// deque contains element 30, returns true 

   boolean retval = deque.remove(30);

/* 

 *Data Structure Book -  Kurdish Language 

 * Written By: Hemn Mala Karim Barznji 
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 * Software Development Instructor 

 */ 

 

package deque_implementation_ds_book; 

 

import  java.util.*; 

import  java.util.Deque; 

/** @author Hemn Barznji   */ 

public class Deque_Implementation_DS_Book { 

 

    public static void main(String[] args) { 

       // create an empty array deque with an initial capacity 

   Deque<Integer> deque = new ArrayDeque<Integer>(); 

    

      

    System.out.println(deque); 

          

// use add() method to add elements in the deque 

   deque.add(25); 

   deque.add(30); 

   deque.add(20); 
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   deque.add(40);         

            

   // printing all the elements available in deque 

   for (Integer number : deque) { 

   System.out.println("Number = " + number); 

   } 

 

   // deque contains element 30, returns true 

   boolean retval = deque.remove(30);  

   if (retval == true) { 

   System.out.println("element 30 is removed from the deque"); 

   } 

   else { 

   System.out.println("element 30 is not contained in the deque"); 

   } 

   

   // deque does not contain element 15, returns false 

   retval = deque.remove(15);  

   if (retval == true) { 

   System.out.println("element 15 is removed from the deque"); 

   } 
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   else { 

   System.out.println("element 15 is not contained in the deque");   

   } 

   

   // printing remaining elements 

   for (Integer number : deque) { 

   System.out.println("Number = " + number); 

   }   

    }   

}

[] 

Number = 25 

Number = 30 

Number = 20 

Number = 40 

element 30 is removed from the deque 

element 15 is not contained in the deque 

Number = 25 

Number = 20 

Number = 40
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E removeFirst() 

Head 

Deque Deque Exception 

NullPointerException No Parameter 

// this will remove element at the first(head) postion 

   int retval = deque.removeFirst(); 

   System.out.println("Element removed is: " + retval);

[] 

Deque[20, 30, 20, 30, 15, 25, 11] 

Element removed is: 20 

 

 

(Object o)FirstOccurrenceBoolean remove 

True 

// this will remove first occurrence of element 20 
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   deque.removeFirstOccurrence(20); 

     System.out.println("Deque"+deque);

[] 

Deque[20, 30, 20, 30, 15, 25, 11] 

Deque[30, 20, 30, 15, 25, 11]

()LastE remove 

Deque 

Deque Exception 

NullPointerException No Parameter 

// this will remove element at last position 

   int retval  = deque.removeLast(); 

   System.out.println("Element removed is: " + retval);

[] 

Deque[20, 30, 20, 30, 15, 25, 11] 

Element removed is: 11

(Object o)LastOccurrenceBoolean remove 
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True 

// this will remove element at last Occurence 

boolean retval  = deque.removeLastOccurrence(20); 

System.out.println("Element removed is: " + retval);

[] 

Deque[20, 30, 20, 30, 15, 25, 11] 

Element removed is: true 

Int size() 

Deque Size 

Parameter 

// print the size of the Deque 

   System.out.println("List size:" + deque.size());

[] 

Deque[20, 30, 20, 30, 15, 25, 11] 

List size:7
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Array 

Object[] toArray()

Array 

First Last 

     // printing the array length of elements added above 

   Object[] ob = deque.toArray(); 

   System.out.println("\n Array Size : " + ob.length); 

    // print the array 

   for (int i = 0; i < deque.size(); i++)  

{ 

   System.out.println("Array:" + ob[i]); 

}

[] 

Deque[20, 30, 20, 30, 15, 25, 11] 

 

 Array Size : 7 

Array:20 

Array:30 

Array:20 

Array:30 
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Array:15 

Array:25 

Array:11

Stack Deque 

Queue Deque

Rear Tail

Front Head

Rear Tail

Front Head
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Priority Queue

 



  217

Priority Queue 

Queue 

Same MethodPriority 

Queue Key Value 

Front Highest Value of Key 

Rear 

Key ValueLower the Value

Higher the Priority  

(K,V) K=Key=Integer …. V=Value
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 Basic Operations

5

 

Enqueue Insert

Rear Priority Queue 

Data 

High Value Low Priority 
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Dequeue 

Remove

Remove Front 

Priority Queue 

 

 

Other Operations

 Peak () Front  

 isFull () 

 isEmpty ()  
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Example

(K, V) K=Key=Integer ….. V=Value=Letter

 Empty Priority Queue  

PQ={  }; 

 5 

Insert (5,A) …..> PQ={ (5,A) }; 

  

Insert (9,C) ……> PQ={ (5,A), (9,C), }; 

  

Insert (3,B)…..> PQ={ (5,A), (9,C), (3,B) }; 

  

Insert (7,D)….> PQ={ (5,A), (7,D), (9,C), (3,B)}; 

 Front  

Min() …..> Return (3,B); 

  

RemoveMin() …> PQ={ (5,A), (7,D), (9,C) }; 

  

Size() ….> Return 3 

  

RemoveMin()….> Return (5.A)  PQ={ (7,D), (9,C)}; 
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RemoveMin()…> Return (7,D) PQ={ (9,C) }; 

  

RemoveMin ….> Return (9,C)   PQ={ }; 
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Priority Queue 
Immplementation 
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Implementation  Priority Queue 

1NetBeans Start 

Button NetBeans NetBeans IDE 8.1
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2NetBeans 

3File 

4New Project 



  225

5New Project 

Next 

6

Project Name 

Project Location 

Check Box Create Main 

Class

Finish 
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7
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8Class Main Class  

/* 

 *Data Structure Book -  Kurdish Language 

 * Written By: Hemn Mala Karim Barznji 

 * Software Development Instructor 

 */ 

package priority_queue_immplementation_db_book; 

 

/** @author HemnBarznji   */ 

public class Priority_Queue_Immplementation_DB_Book { 

 

    public static void main(String[] args) { 

        // TODO code application logic here 

    } 

     

}
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DequeCoding for 

Priority Queue 

1Java Util 

import  java.util.*; 

2Main 

Method

   // create priority queue 

   PriorityQueue < Integer >  prq = new PriorityQueue < Integer > () ;

Deque Print 

    System.out.println(prq); 

3

prq.add(20);

4

prq.add(15); 

   prq.add(25); 

   prq.add(10);
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5Display Method 

//Print After Adding

 System.out.println(prq);

6size()

System.out.println("Size: " + prq.size());

7remove()

Priority Queue 

   // Remove Item 

   prq.remove(); 

    //Print After Remove 

      System.out.println(prq);

 

/* 

 *Data Structure Book -  Kurdish Language 

 * Written By: Hemn Mala Karim Barznji 

 * Software Development Instructor 

 */ 

package priority_queue_immplementation_db_book; 

import java.util.*; 

/** @author HemnBarznji   */ 

public class Priority_Queue_Immplementation_DB_Book { 
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    public static void main(String[] args) { 

       // create priority queue 

   PriorityQueue < Integer >  prq = new PriorityQueue < Integer > () ;  

   System.out.println("Priority Queue = "+prq); 

    

   prq.add(20); 

   prq.add(15); 

   prq.add(25); 

   prq.add(10); 

    

   //Print After Adding 

      System.out.println(prq); 

 System.out.println("Size: " + prq.size()); 

 // Remove Item 

   prq.remove(); 

 

    //Print After Remove 

      System.out.println(prq); 

  // Remove Item 

   prq.remove(); 
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    //Print After Remove 

      System.out.println(prq); 

       

      // Remove Item 

   prq.remove(); 

 

    //Print After Remove 

      System.out.println(prq);    

    }  

} 

8Run Project 

9 

Priority Queue = [] 

[10, 15, 25, 20] 

Size: 4 

[15, 20, 25] 

[20, 25] 

[25] 
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Class Constructors

 Priority Queue PriorityQueue 

Constructor 

 PriorityQueue () 

Constructor 

Empty Priority Queue 16

 PriorityQueue(Collection<? extends E> c) 

Constructor Priority 

QueueSpecified Collection 

 PriorityQueue(int initialCapacity)

Constructor Priority 

Queue

 PriorityQueue(int initialCapacity, Comparator<? super 

E> comparator) 

Constructor Priority 

Queue

Specified Comparator 

 PriorityQueue(PriorityQueue<? extends E> c) 
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ConstructorPriority 

QueuePriority Queue 

 PriorityQueue(SortedSet<? extends E> c) 

ConstructorPriority 

QueueSorted Set 

Methods

Constructor Methods 

12 

Boolean add(E e); 

Method 

Priority Queue Null

Exception NullPointerException 

Exception 

ClassCastException

prq.add(20); 
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   prq.add(15); 

   prq.add(25); 

   prq.add(10);

   //Print After Adding 

      System.out.println("Priority Queue = "+prq);

Priority Queue = [] 

Priority Queue = [10, 15, 25, 20]

Void clear(); 

Remove 

Priority Queue

     // clear the queue 

   prq.clear(); 

   System.out.println ( "Priority queue values after clear: " + prq);

Priority Queue = [] 

Priority Queue = [10, 15, 25, 20] 

Priority queue values after clear: []
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Comparator<? super E> comparator

Element Order 

Null 

   // create comparator 

   Comparator comp = prq.comparator(); 

   System.out.println ( "Comparator value is: "+ comp);

Priority Queue = [] 

Priority Queue = [10, 15, 25, 20] 

Comparator value is: null

Boolean contain (object O) 

True 

Priority Queue O

True 

False 

// check if queue contains 5 

   boolean b = prq.contains(5); 
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   System.out.println ( "Priority queue contains 5: " + b);

Priority Queue = [] 

Priority Queue = [10, 15, 25, 20] 

Priority queue contains 5: false

 

Iterator<E> iterator

Priority 

Queue

// create iterator from the queue 

   Iterator it = prq.iterator(); 

      System.out.println("Priority Queue = "+prq);

// create iterator from the queue 

   Iterator it = prq.iterator(); 

    System.out.println ( "Priority queue values are: "); 

   while (it.hasNext()){ 

   System.out.println ( "Value: "+ it.next()); }
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Priority Queue = [] 

Priority Queue = [10, 15, 25, 20] 

Priority queue values are:  

Value: 10 

Value: 15 

Value: 25 

Value: 20

Boolean offer (E e) 

Priority Queue  Null

Exception NullPointerException 

Exception 

ClassCastException

// add using offer() function call 

   prq.offer(122); 

   System.out.println ( "Priority queue values after addition: "+ prq);

Priority Queue = [] 

Priority Queue = [10, 15, 25, 20] 
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Priority queue values aŌer addiƟon: [10, 15, 25, 20, 122]

E Peek () 

Head Priority 

QueueNull Priority Queue

// get the head from the queue 

   Integer head = prq.peek(); 

   System.out.println ( "Head of the queue is: "+ head);

Priority Queue = [] 

Priority Queue = [10, 15, 25, 20] 

Head of the queue is: 10

E Poll() 

Head 

Priority Queue  Null Empty

// get the head from the queue 

   Integer head = prq.poll(); 

   System.out.println ( "Head of the queue is: "+ head); 
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   System.out.println ( "Priority queue values after poll: "+ prq);

Priority Queue = [] 

Priority Queue = [10, 15, 25, 20] 

Head of the queue is: 10 

Priority queue values aŌer poll: [15, 20, 25]

Boolean remove(Object o) 

Retrieve Remove Head 

First Element Priority Queue 

Parameter 

       // remove 7 from the queue 

   boolean isremoved = prq.remove(15); 

   System.out.println ( "Return value after remove: "+ isremoved); 

   System.out.println ( "Priority queue values after remove: "+ prq);

Priority Queue = [] 

Priority Queue = [10, 15, 25, 20] 

Return value after remove: true 

Priority queue values aŌer remove: [10, 20, 25]
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Int size() 

Size of Priority Queue 

Parameter 

System.out.println ( "Size of the queue is: "+ prq.size());

Priority Queue = [] 

Priority Queue = [10, 15, 25, 20] 

Size of the queue is: 4

Array 

Object[] toArray()

Array 

Priority Queue  

   // get objects from the queue 

   Object[] arr = prq.toArray(); 

   System.out.println ( "Value in array: "); 

   for ( int i = 0; i<arr.length; i++ ){   

   System.out.println ( "Value: " + arr[i].toString()) ;  

   }
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Priority Queue = [] 

Priority Queue = [10, 15, 25, 20] 

Value in array:  

Value: 10 

Value: 15 

Value: 25 

Value: 20 

Array 

<T> T[] toArray(T[]a)

Array 

Priority Queue  

   // create arr1 

   Integer[] arr1 = new Integer[5]; 

   // use toArrsy() method 

   Integer[] arr2 = prq.toArray(arr1);  

   System.out.println ( "Value in arr1: "); 

       

   for ( int i = 0; i<arr1.length; i++ ){   

   System.out.println ( "Value: " + arr1[i]) ;  
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   }   

   System.out.println ( "Value in arr2: "); 

   for ( int i = 0; i<arr2.length; i++ ){   

   System.out.println ( "Value: " + arr2[i]) ;  

   }

Priority Queue = [] 

Priority Queue = [10, 15, 25, 20] 

Value in arr1:  

Value: 10 

Value: 15 

Value: 25 

Value: 20 

Value: null 

Value in arr2:  

Value: 10 

Value: 15 

Value: 25 

Value: 20 

Value: null
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Expression 
Parsing 
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Arithmetic Expression 

NotationsArithmetic Expression 

Output 

sInfix Notation

Infix Notation 

A=b+c

A,B,C

Infix Notations 

ReadWrite 

Prefix Notations

Operator 

+ab

ab

Infix Notations Expression 

a+bPrifix Notations Polish 

Notation  
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Postfix Notations

Reversed Polish 

NotationPostfix Notation 

ab+Infix Notations 

Expression a+b

Examples 

S.n. Infix Notation Prefix Notation Postfix Notation 

1 a + b + a b a b + 

2 (a + b) * c * + a b c a b + c * 

3 a * (b + c) * a + b c a b c + * 

4 a / b + c / d + / a b / c d a b / c d / + 

5 (a + b) * (c + d) * + a b + c d a b + c d + * 

6 ((a + b) * c) - d - * + a b c d a b + c * d - 
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Parsing Expressions

Design Algorithm Program 

Infix Notation 

Infix Notation 

Prifix Notations Postfix 

Notations Arithmetic Operation 

Arithmetic Expression 

precedence

Multiplication 

Addition b*c

 

 Associativity

Associativity 

a+b-c

Precedence 

Associativity 

Left Associativity 

(a+b)-c
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Precedence 

Associativity 

S.n. Operator Precedence Associativity 

1 Esponentiation ^ Highest Right 
Associative 

2 Multiplication ( * ) & 
Division ( / ) 

Second 
Highest 

Left 
Associative 

3 Addition ( + ) & 
Subtraction ( − ) 

Lowest Left 
Associative 

a+b*c b*c

a+b

(a+b)*c 
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Searches 
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Linear Search 

Linear Search Search

sequential searchItems 

331010

33
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Linear Search Algorithm 

Linear Search ( Array A, Value x) 

 

Step 1: Set i to 1 

Step 2: if i > n then go to step 7 

Step 3: if A[i] = x then go to step 6 

Step 4: Set i to i + 1 

Step 5: Go to Step 2 

Step 6: Print Element x Found at index i and go to 
step 8 

Step 7: Print element not found 

Step 8: Exit 
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 PseudocodeLinear Search 

procedure linear_search (list, value) 

 

   for each item in the list 

 

      if match item == value 

 

         return the item's location 

 

      end if 

 

   end for 

 

end procedure 

Java Example for Linear Search

/* 

*Data Structure Book -  Kurdish Language 

 * Written By: Hemn Mala Karim Barznji 

 * Software Development Instructor 
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 */ 

package linear_search_db_book; 

import java.util.Scanner; 

/** @author HemnBarznji 

 */ 

public class Linear_Search_DB_book { 

 

    /** 

     * @param args the command line arguments 

     */ 

    public static void main(String[] args) { 

     

         

         int a[]; 

        Scanner s = new Scanner(System.in); 

        System.out.println("Enter Size of an Array"); 

        int n = s.nextInt(); 

        a = new int[n]; 

        System.out.println("Enter " + n + " elements"); 

        for (int i = 0; i < n; i++) { 

            a[i] = s.nextInt(); 
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        } 

        System.out.println("Enter Key element to Find"); 

        int key = s.nextInt(); 

        int position = linearSearch(a, key); 

        if(position == -1){ 

            System.out.println("Element Not found"); 

        }else{ 

            System.out.println("Element Found at Position : "+position); 

        } 

  

    } 

  

    public static int linearSearch(int a[], int key) { 

        for (int i = 0; i < a.length; i++) { 

            if (a[i] == key) { 

                return i + 1; 

            } 

        } 

        return -1; 

    } 

    public static void display(int a[]){ 
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        System.out.println("Array Elements Are"); 

        for (int i = 0; i < a.length; i++) { 

            System.out.println(a[i]+" "); 

              

        } 

    }     

    } 

Enter Size of an Array 

10 

Enter 10 elements 

10 

14 

19 

26 

27 

31 

33 

35 

42 

44 
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Enter Key element to Find 

33 

Element Found at PosiƟon : 7

Binary Search 

Binary Search Fast Search Algorithm 

Run Time – Complexity O(log n.) 

Divide and 

Conquer

Sorted Form 

Binary Search 

Middle 

Middle 

Sub – Array 

Middle 

Sub – Array LeftSub – Arrays 

Sub – Array 
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Binary Search Example

Sorted Array 

Binary Search 31

Middle Array 

Mid = Low  + ( High – Low ) / 2 

Mid = 0 + (9-0) / 2 

Mid=9/2=4.5 

4.5427

2731

Middle 273131

Middle 27Right Sub Array 

31
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Middle 

low = mid + 1 

mid = low + (high - low) / 2

Mid= 5 + (9-5)/2 

Mid=5+(4)/2=5+2=7

3135

35Left Sub Array 

53131

315
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Pseudocode

Procedure binary_search 

   A ← sorted array 

   n ← size of array 

   x ← value ot be searched 

   Set lowerBound = 1 

   Set upperBound = n  

   while x not found 

      if upperBound < lowerBound  

         EXIT: x does not exists. 

   

      set midPoint = lowerBound + ( upperBound - lowerBound ) / 2 

      if A[midPoint] < x 

         set lowerBound = midPoint + 1 

      if A[midPoint] > x 

         set upperBound = midPoint - 1  

      if A[midPoint] = x  

         EXIT: x found at location midPoint 

   end while 

end procedure
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Java Example for Binary Search

/* 

*Data Structure Book -  Kurdish Language 

 * Written By: Hemn Mala Karim Barznji 

 * Software Development Instructor 

 */ 

package binarysearch_implementation_db_book; 

 

import java.util.Arrays; 

 

/**@author HemnBarznji */ 

public class BinarySearch_Implementation_DB_Book { 

    public static void main(String[] args) { 

     // initializing unsorted int array 

   int intArr[] = {10,19,14,27,26,33,31,35,44,42}; 

 

   // sorting array 

   Arrays.sort(intArr); 

 

   // let us print all the elements available in list 
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   System.out.println("The sorted int array is:"); 

   for (int number : intArr) { 

   System.out.println("Number = " + number); 

   } 

   // entering the value to be searched 

   int searchVal = 31; 

   int retVal = Arrays.binarySearch(intArr,searchVal); 

   System.out.println("The index of element 31 is : " + retVal);   

    }   

}
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Interpolation Search
Interpolation Search Binary 

Search Probing Position 

Sort 

Binary Search Time 

Complexity  Linear Search Worst 

– Case Complexity Linear Search O(n) 

Binary Search O (log n) 

Positioning in Binary Search

Binary Search Not 

Found2Lower Higher 
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Position Probing in Interpolation Search

Interpolation Search 

Probe Position 

Middle 

Index 

mid = Lo + ((Hi - Lo) / (A[Hi] - A[Lo])) * (X - A[Lo]) 
 
where − 
   A    = list 
   Lo   = Lowest index of the list 
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   Hi   = Highest index of the list 
   A[n] = Value stored at index n in the list 

Probe Position 

Sub Array Middle 

Sub Array Left 

Middle Size of Sub Array 

Runtime Complexity 

Interpolation Search Algorithm O ( log n ( log n) ) 

O(log n) Binary Search Time Complexity 

 Interpolation Search Algorithm

Step 1  − Start searching data from middle of the list. 

Step 2  − If it is a match, return the index of the item, and exit. 

Step 3  − If it is not a match, probe posiƟon. 

Step 4  − Divide the list using probing formula and find the new midle. 

Step 5  − If data is greater than middle, search in higher sub-list. 

Step 6  − If data is smaller than middle, search in lower sub-list. 

Step 7  − Repeat unƟl match.
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 seudocodeInterpolation Search P

A → Array list 

N → Size of A 

X → Target Value 

 

Procedure Interpolation_Search() 

 

   Set Lo  →  0 

   Set Mid → -1 

   Set Hi  →  N-1 

 

   While X does not match 

      if Lo equals to Hi OR A[Lo] equals to A[Hi] 

         EXIT: Failure, Target not found 

      end if 

      Set Mid = Lo + ((Hi - Lo) / (A[Hi] - A[Lo])) * (X - A[Lo])  

      if A[Mid] = X 

         EXIT: Success, Target found at Mid 

      else  

         if A[Mid] < X 
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            Set Lo to Mid+1 

         else if A[Mid] > X 

            Set Hi to Mid-1 

         end if 

      end if 

   End While 

End Procedure

Java Example for Interpolation Search 

/* 

 *Data Structure Book -  Kurdish Language 

 * Written By: Hemn Mala Karim Barznji 

 * Software Development Instructor 

 */ 

package interpolationsearch_implementation_db_book; 

import java.util.*; 

/**@author HemnBarznji */ 

public class InterpolationSearch_Implementation_DB_Book { 

 

    /** interpolationSearch function **/ 

    public static int interpolationSearch(int[] sortedArray, int toFind) 
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    { 

        int low = 0; 

        int high = sortedArray.length - 1; 

        int mid; 

        while (sortedArray[low] <= toFind && sortedArray[high] >= 
toFind)  

        {   if (sortedArray[high] - sortedArray[low] == 0) 

                return (low + high)/2; 

            /** out of range is possible  here **/ 

             mid = low + ((toFind - sortedArray[low]) * (high - low)) / 
(sortedArray[high] - sortedArray[low]);   

             if (sortedArray[mid] < toFind) 

                 low = mid + 1; 

             else if (sortedArray[mid] > toFind) 

                 high = mid - 1; 

             else 

                 return mid;     } 

        if (sortedArray[low] == toFind) 

            return low; 

           /** not found **/ 

        else 

            return -1;   }     
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    /** Main method **/ 

    public static void main(String[] args)  

    {   Scanner scan = new Scanner( System.in );         

        System.out.println("Interpolation Search Test\n"); 

        int n, i; 

        /** Accept number of elements **/ 

        System.out.println("Enter number of integer elements"); 

        n = scan.nextInt(); 

        /** Create integer array on n elements **/ 

        int arr[] = new int[ n ]; 

        /** Accept elements **/ 

        System.out.println("\nEnter "+ n +" sorted integer elements"); 

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

            arr[i] = scan.nextInt(); 

        System.out.println("\nEnter element to search for : "); 

        int key = scan.nextInt(); 

  

        int result = interpolationSearch(arr, key); 

        if (result == -1) 

            System.out.println("\n"+ key +" element not found"); 

        else 
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            System.out.println("\n"+ key +" elemnt found at position "+ 
result);     }          } 

Interpolation Search Test 

Enter number of integer elements 

10 

Enter 10 sorted integer elements 

1  

2 

3 

4 

5 

6 

7 

8 

9 

10 

 

Enter element to search for :  

2 

2 elemnt found at posiƟon 1
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Hash Table Search 

Hash Table 

Associative Manner 

Hash Table Array Form 

Data Value Index Value 

Index 

 Insert Search

Array Storage 

Hash Technique Index 

Hashing 

Hashing 

Indexes of Array Modulo 

Size 

20

Key,Value 
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 (1,20) 
 (2,70) 
 (42,80) 
 (4,25) 
 (12,44) 
 (14,32) 
 (17,11) 
 (13,78) 
 (37,98) 

 

S.n. Key Hash Array Index 

1 1 1 % 20 = 1 1 

2 2 2 % 20 = 2 2 

3 42 42 % 20 = 2 2 

4 4 4 % 20 = 4 4 

5 12 12 % 20 = 12 12 
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6 14 14 % 20 = 14 14 

7 17 17 % 20 = 17 17 

8 13 13 % 20 = 13 13 

9 37 37 % 20 = 17 17 

 

 Linear Probing 

Linear Probing 

Hash Technique Index 

ArrayArray 

Found an Empty Cell

Linear Probing 

S.n. Key Hash Array 
Index 

After Linear 
Probing, Array 
Index 

1 1 1 % 20 = 1 1 1 

2 2 2 % 20 = 2 2 2 

3 42 42 % 20 = 2 2 3 
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4 4 4 % 20 = 4 4 4 

5 12 12 % 20 = 12 12 12 

6 14 14 % 20 = 14 14 14 

7 17 17 % 20 = 17 17 17 

8 13 13 % 20 = 13 13 13 

9 37 37 % 20 = 17 17 18 

 Basic Operations

Hash Table Search 

Search Operation

struct DataItem *search(int key){                

   //get the hash  

   int hashIndex = hashCode(key);    

   //move in array until an empty  

   while(hashArray[hashIndex] != NULL){ 
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      if(hashArray[hashIndex]->key == key) 

         return hashArray[hashIndex];   

      //go to next cell 

      ++hashIndex;  

      //wrap around the table 

      hashIndex %= SIZE; 

   } 

   return NULL;         

}

 Insert Operation

void insert(int key,int data){ 

   struct DataItem *item = (struct DataItem*) malloc(sizeof(struct 
DataItem)); 

   item->data = data;   

   item->key = key;      

   //get the hash  

   int hashIndex = hashCode(key); 

   //move in array until an empty or deleted cell 

   while(hashArray[hashIndex] != NULL && hashArray[hashIndex]-
>key != -1){ 
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      //go to next cell 

      ++hashIndex;  

      //wrap around the table 

      hashIndex %= SIZE; 

   } 

   hashArray[hashIndex] = item;         

}

 

Delete Operation

struct DataItem* delete(struct DataItem* item){ 

   int key = item->key; 

   //get the hash  

   int hashIndex = hashCode(key); 

   //move in array until an empty  

   while(hashArray[hashIndex] !=NULL){ 

      if(hashArray[hashIndex]->key == key){ 

         struct DataItem* temp = hashArray[hashIndex];  

   

         //assign a dummy item at deleted position 

         hashArray[hashIndex] = dummyItem;  

         return temp; 
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      }   

      //go to next cell 

      ++hashIndex;  

      //wrap around the table 

      hashIndex %= SIZE; 

   }   

   return NULL;         

}

Hash Table Class

Constructors 

 Constructors

Sr.No 
Constructor and Description 

1 Hashtable( )
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2 Hashtable(int size)

3 Hashtable(int size, float fillRatio)

Fill Ratio 
fiiRatio0.01.0 

Methods 

  

1 void clear( ) 

 

2 Object clone( ) 
 

3 boolean contains(Object value)
True

False  

4 boolean containsKey(Object key)
True Key 

Hash Table 
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5 boolean containsValue(Object value) 
True

False  

6 Enumeration elements( )

7 Object get(Object key)
The Object 

Hash Table 
Null Object  

8 boolean isEmpty( )
True Hash Table 

EmptyFalse  

9 Enumeration keys( )

10 Object put(Object key, Object value)
KeyValue 

Hash Table 

11 void rehash( )

12 Object remove(Object key)
Key

Null Object  

13 int size( )
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14 String toString( )

Example 

import java.util.*; 

public class HashTableDemo { 

   public static void main(String args[]) { 

      // Create a hash map 

      Hashtable balance = new Hashtable(); 

      Enumeration names; 

      String str; 

      double bal; 

 

      balance.put("Zara", new Double(3434.34)); 

      balance.put("Mahnaz", new Double(123.22)); 

      balance.put("Ayan", new Double(1378.00)); 

      balance.put("Daisy", new Double(99.22)); 

      balance.put("Qadir", new Double(-19.08)); 

 

      // Show all balances in hash table. 

      names = balance.keys(); 

      while(names.hasMoreElements()) { 

         str = (String) names.nextElement(); 
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         System.out.println(str + ": " + 

         balance.get(str)); 

      } 

      System.out.println(); 

      // Deposit 1,000 into Zara's account 

      bal = ((Double)balance.get("Zara")).doubleValue(); 

      balance.put("Zara", new Double(bal+1000)); 

      System.out.println("Zara's new balance: " + 

      balance.get("Zara")); 

   } 

}

Qadir: -19.08 

Zara: 3434.34 

ahnaz: 123.22 

Daisy: 99.22 

Ayan: 1378.0 

Zara's new balance: 4434.34
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Array n. 

Array v. 

Link n. 

Link v. 

 

Implementation n. 

Application n. 

  

Pop v. 

 

Stack n. 
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Stack v. 

Push v. 

 

Push n. 

Abstract 

Queue n. 

Queue v. 

Rear n. 

Front n. 

Priority n. 

Exception n. 



  282

Poll n. 

Remove n. 

Remove v.

Offer v. 

  

Get v. 

Set v. 

Expression n. 

 

Parse v. 

Infix v. 

Notation n. 
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Prefix n. 

Postfix n. 

Conquer v. 

Sort n.

Sort v. 


