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Chapter Objectives 

• Examine list processing and various ordering 

techniques 

• Define a list abstract data type 

• Introduce the concept of an iterator 

• Examine polymorphism via interfaces 

• Demonstrate how a list can be used to solve 

problems 

• Examine various list implementations 

• Compare list implementations 
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Lists 

• Lists are linear collections, like stacks and 
queues, but are more flexible 

• Adding and removing elements in lists are 
not restricted by the collection structure 

• That is, they don't have to operate on one 
end or the other 

• We will examine three types of list 
collections: 
– ordered lists 

– unordered lists 

– indexed lists 
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Ordered Lists 

• The elements in an ordered list are ordered 
by some inherent characteristic of the 
elements 

– names in alphabetical order 

– scores in ascending order 

• Therefore, the elements themselves 
determine where they are stored in the list 
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A conceptual view of an ordered list 
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Unordered Lists 

• There is an order to the elements in an 

unordered list, but that order is not based on 

element characteristics 

• The user of the list determines the order of the 

elements 

• A new element can be put on the front or the rear 

of the list, or it can be inserted after a particular 

element already in the list 
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A conceptual view of an unordered list 
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Indexed Lists 

• In an indexed list, elements are referenced by 

their numeric position in the list 

• Like an unordered list, there is no inherent 

relationship among the elements 

• The user can determine the order 

• Every time the list changes, the indexes are 

updated 
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A conceptual view of an indexed list 
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List Operations 

• There are several operations common to all 

three list types 

• These include removing elements in various 

ways and checking the status of the list 

• The key differences between the list types 

involve the way elements are added 
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The common operations on a list 
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The operation particular to an ordered list 
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The operations particular to an unordered 

list 
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List Operations 

• As with other collections, we use Java interfaces 
to define the collection operations 

• Recall that interfaces can be defined via 
inheritance (derived from other interfaces) 

• We define the common list operations in one 
interface, then derive three others from it that 
define the interfaces of the three list types 
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The various list interfaces 
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ListADT interface 

/** 

 * ListADT defines the interface to a general list collection. Specific 

 * types of lists will extend this interface to complete the 

 * set of necessary operations. 

 * @author Dr. Lewis 

 * @author Dr. Chase 

 * @version 1.0, 08/13/08 

 */ 

 

package jss2; 

import java.util.Iterator; 

 

public interface ListADT<T> extends Iterable<T> 

{ 

   /**   

    * Removes and returns the first element from this list.  

    *  

    * @return  the first element from this list 

    */ 

   public T removeFirst (); 
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ListADT interface (continued) 

 /**   

    * Removes and returns the last element from this list.  

    * 

    * @return  the last element from this list 

    */ 

   public T removeLast (); 

 

   /**   

    * Removes and returns the specified element from this list.  

    * 

    * @param element  the element to be removed from the list 

    */ 

   public T remove (T element); 

 

   /**   

    * Returns a reference to the first element in this list.  

    * 

    * @return  a reference to the first element in this list 

    */ 

   public T first (); 
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ListADT interface (continued) 

 /**   

    * Returns a reference to the last element in this list.  

    * 

    * @return  a reference to the last element in this list 

    */ 

   public T last (); 

 

   /**   

    * Returns true if this list contains the specified target element.  

    * 

    * @param target  the target that is being sought in the list 

    * @return        true if the list contains this element 

    */ 

   public boolean contains (T target); 

 

   /**   

    * Returns true if this list contains no elements.  

    * 

    * @return  true if this list contains no elements 

    */ 

   public boolean isEmpty(); 
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ListADT interface (continued) 

 /**   

    * Returns the number of elements in this list.  

    * 

    * @return  the integer representation of number of elements in this list 

    */ 

   public int size(); 

 

   /**   

    * Returns an iterator for the elements in this list.  

    * 

    * @return  an iterator over the elements in this list 

    */ 

   public Iterator<T> iterator(); 

 

   /**   

    * Returns a string representation of this list.  

    * 

    * @return  a string representation of this list 

    */ 

   public String toString(); 

} 
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OrderedListADT interface 

 /** 

 * OrderedListADT defines the interface to an ordered list collection. Only 

 * Comparable elements are stored, kept in the order determined by 

 * the inherent relationship among the elements. 

 * @author Dr. Lewis 

 * @author Dr. Chase 

 * @version 1.0, 08/13/08 

 */ 

 

package jss2; 

 

public interface OrderedListADT<T> extends ListADT<T> 

{ 

   /** 

    * Adds the specified element to this list at the proper location 

    * 

    * @param element  the element to be added to this list 

    */ 

   public void add (T element); 

} 
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UnorderedListADT interface 

 /** 

 * UnorderedListADT defines the interface to an unordered list collection.  

 * Elements are stored in any order the user desires. 

 * 

 * @author Dr. Lewis 

 * @author Dr. Chase 

 * @version 1.0, 08/13/08 

 */ 

 

package jss2; 

 

public interface UnorderedListADT<T> extends ListADT<T> 

{ 

   /**   

    * Adds the specified element to the front of this list.  

    * 

    * @param element  the element to be added to the front of this list     

    */ 

   public void addToFront (T element); 
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UnorderedListADT interface (continued) 

 /**   

    * Adds the specified element to the rear of this list.  

    * 

    * @param element  the element to be added to the rear of this list     

    */ 

   public void addToRear (T element); 

 

   /**   

    * Adds the specified element after the specified target.  

    * 

    * @param element  the element to be added after the target 

    * @param target   the target is the item that the element will be added 

    *                 after     

    */ 

   public void addAfter (T element, T target); 

} 



1-23 

© 2010 Pearson Addison-Wesley. All rights reserved.  1-23 

Tournament Maker 

• Let's use an ordered list to help manage a 
bowling tournament 

• Teams are ordered by their number of wins in 
the regular season 

• To create the first round match-ups, the team 
with the best record is matched against the team 
with the worst record 

• The second best team is matched against the 
second worst team, etc. 
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Bowling league team names and number 

of wins 
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Sample tournament layout for a bowling league 

tournament 
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Tournament Maker 

• A class that represents a team will be 
Comparable, based on their number of 

wins 

 



1-27 

© 2010 Pearson Addison-Wesley. All rights reserved.  1-27 

The Tournament class 

/** 

 * Tournament is a driver for a program that demonstrates first round of  

 * tournament team match-ups using an ordered list. 

 * 

 * @author Dr. Lewis 

 * @author Dr. Chase 

 * @version 1.0, 08/12/08 

 */ 

 

import java.io.*; 

 

public class Tournament     

{ 

   /** 

    * Determines and prints the tournament organization. 

    */ 

   public static void main (String[] args ) throws IOException 

   { 

    TournamentMaker temp = new TournamentMaker(); 

    temp.make(); 

   }  

} 
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The Team class 

/** 

 * Team represents a team. 

 *  

 * @author Dr. Lewis 

 * @author Dr. Chase 

 * @version 1.0, 08/12/08 

 */ 

 

import java.util.*;  

     

class Team implements Comparable<Team> 

{ 

   public String teamName;  

   private int wins;  

 

   /** 

    * Sets up this team with the specfied information. 

    * 

    * @param name     the string representation of the name of this team 

    * @param numWins  the integer representation of the number of wins for this 

    *                 team  

    */ 
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The Team class (continued) 
 public Team (String name, int numWins) 

   { 

      teamName = name; 

      wins = numWins; 

   } 

 

   /** 

    * Returns the name of the given team. 

    * 

    * @return  the string representation of the name of this team 

    */ 

   public String getName () 

   { 

      return teamName; 

   } 

 

   /** 

    * Compares number of wins of this team to another team. Returns  

    * -1, 0, or 1 for less than, equal to, or greater than. 

    * 

    * @param other  the team to compare wins against this team 

    * @return       the integer representation of the result of this comparison, 

    *               valid values are -1. 0, 1, for less than, equal to, and 

    *               greater than. 

    */ 
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The Team class (continued) 

 public int compareTo (Team other) 

   { 

      if (this.wins < other.wins) 

          return -1; 

      else 

        if (this.wins == other.wins) 

           return 0; 

        else 

           return 1; 

   } 

 

   /** 

    * Returns the name of the team. 

    *  

    * @return  the string representation of the name of this team 

    */ 

   public String toString() 

   { 

     return teamName; 

   } 

} 
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The TournamentMaker class 

/** 

 * TournamentMaker demonstrates first round of tournament team match-ups  

 * using an ordered list. 

 * 

 * @author Dr. Lewis 

 * @author Dr. Chase 

 * @version 1.0, 08/12/08 

 */ 

 

import jss2.*; 

import jss2.exceptions.*; 

import java.util.Scanner; 

import java.io.*; 

import java.lang.*; 

 

public class TournamentMaker     

{ 

   /** 

    * Determines and prints the tournament organization. 

    * 

    * @throws IOException  if an IO exception is encountered 

    */ 
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The TournamentMaker class 

(continued) 
 public void make ( ) throws IOException 

   { 

      ArrayOrderedList<Team> tournament = new ArrayOrderedList<Team>(); 

      String team1, team2, teamName; 

      int numWins, numTeams = 0; 

      double checkInput=-1; 

 

      Scanner in = new Scanner(System.in); 

 

      System.out.println("Tournament Maker\n"); 

 

      while (((numTeams % 2) != 0) || (numTeams == 2) || (checkInput!=0)) 

      { 

         System.out.println ("Enter the number of teams (must be an even \n" + 

                      "number valid for a single elimination tournament):"); 

         numTeams = in.nextInt(); 

         in.nextLine();// advance beyond new line char 

          

         /** checks if numTeams is valid for single elimination tournament */ 

         checkInput = (Math.log(numTeams)/Math.log(2)) % 1; 

      } 
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The TournamentMaker class (cont.) 
  System.out.println ("\nEnter " + numTeams + " team names and number of wins."); 

      System.out.println("Teams may be entered in any order."); 

 

      for (int count=1; count <= numTeams; count++)  

      { 

         System.out.println("Enter team name: "); 

         teamName = in.nextLine(); 

         System.out.println("Enter number of wins: "); 

         numWins = in.nextInt(); 

         in.nextLine();// advance beyond new line char 

         tournament.add(new Team(teamName, numWins)); 

       } 

       System.out.println("\nThe first round mathchups are: "); 

        

       for (int count=1; count <=(numTeams/2); count++) 

       { 

          team1 = (tournament.removeFirst()).getName(); 

          team2 = (tournament.removeLast()).getName(); 

          System.out.println ("Game " + count + " is " + team1 + 

             " against " + team2); 

          System.out.println ("with the winner to play the winner of game " 

             + (((numTeams/2)+1) - count) + "\n") ; 

       } 

    } 

} 
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UML description of the Tournament class 
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The Josephus Problem 

• In a Josephus problem, a set of elements are 

arranged in a circle 

• Starting with a particular element, every ith 

element is removed 

• Processing continues until there is only one 

element left 

• The question: given the starting point and 

remove count (i), which element is left? 
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The Josephus class 

 /** 

 * Josephus 

 * 

 * @author Dr. Lewis 

 * @author Dr. Chase 

 * @version 1.0, 08/13/08 

 */ 

 

import java.util.ArrayList; 

import java.util.Scanner; 

 

public class Josephus     

{ 

   /** 

    * Continue around the circle eliminating every nth soldier  

    * until all of the soldiers have been eliminated. 

    */ 

   public static void main ( String[] args) 

   { 

      int numPeople, gap, newGap, counter; 

      ArrayList<Integer> list = new ArrayList<Integer>(); 

      Scanner in = new Scanner(System.in); 



1-37 

© 2010 Pearson Addison-Wesley. All rights reserved.  1-37 

The Josephus class (continued) 

 

      /** get the initial number of soldiers */ 

      System.out.println("Enter the number of soldiers: "); 

      numPeople = in.nextInt(); 

      in.nextLine(); 

 

      /** get the gap between soldiers */ 

      System.out.println("Enter the gap between soldiers: "); 

      gap = in.nextInt(); 

 

      /** load the initial list of soldiers */ 

      for (int count=1; count <= numPeople; count++) 

      { 

         list.add(new Integer(count)); 

      } 
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The Josephus class (continued) 

 

      counter = gap - 1;  

      newGap = gap; 

      System.out.println("The order is: "); 

       

      /**  Treating the list as circular, remove every nth element 

           until the list is empty */ 

      while (!(list.isEmpty()))  

      { 

         System.out.println(list.remove(counter)); 

         numPeople = numPeople - 1; 

         if (numPeople > 0) 

            counter = (counter + gap - 1) % numPeople; 

      } 

   } 

} 
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UML description of the Josephus 

program 
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Implementing Lists with Arrays 

• An array implementation of a list could follow 
strategies similar to those used for a queue 

• We could fix one end of the list at index 0 
and shift as needed when an element is 
added or removed 

• Or we could use a circular array to avoid the 
shift at one end 

• However, there is no avoiding a shift when 
an element in the middle is added or 
removed 

• Let's examine the fixed version 
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An array implementation of a list 
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ArrayList - the remove Operation 

 

 /** 

    * Removes and returns the specified element. 

    * 

    * @param element                    the element to be removed and returned  

    *                                   from the list 

    * @return                           the removed elememt 

    * @throws ElementNotFoundException  if an element not found exception occurs 

    */ 

   public T remove (T element) 

   { 

      T result; 

      int index = find (element); 

 

      if (index == NOT_FOUND) 

         throw new ElementNotFoundException ("list"); 

 

      result = list[index]; 

      rear--; 

      /** shift the appropriate elements */ 

      for (int scan=index; scan < rear; scan++) 

         list[scan] = list[scan+1]; 

  

      list[rear] = null; 

 

      return result; 

   } 
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ArrayList - the find Operation 

 

  /** 

    * Returns the array index of the specified element, or the 

    * constant NOT_FOUND if it is not found. 

    * 

    * @param target  the element that the list will be searched for 

    * @return        the integer index into the array containing the target 

    *                element, or the NOT_FOUND constant 

    */ 

   private int find (T target) 

   { 

      int scan = 0, result = NOT_FOUND; 

      boolean found = false; 

 

      if (! isEmpty()) 

         while (! found && scan < rear) 

            if (target.equals(list[scan])) 

               found = true; 

            else 

               scan++; 

 

      if (found) 

         result = scan; 

 

      return result; 

   } 
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ArrayList - the contains Operation 

 

 /** 

    * Returns true if this list contains the specified element. 

    * 

    * @param target  the element that the list is searched for 

    * @return        true if the target is in the list, false if otherwise  

    */ 

   public boolean contains (T target) 

   { 

      return (find(target) != NOT_FOUND); 

   } 
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ArrayOrderedList - the add Operation 
 

 /** 

    * Adds the specified Comparable element to this list, keeping 

    * the elements in sorted order. 

    * 

    * @param element  the element to be added to this list 

    */ 

   public void add (T element) 

   { 

      if (size() == list.length) 

         expandCapacity(); 

 

      Comparable<T> temp = (Comparable<T>)element; 

 

      int scan = 0;    

       while (scan < rear && temp.compareTo(list[scan]) > 0) 

          scan++; 

 

      for (int scan2=rear; scan2 > scan; scan2--) 

         list[scan2] = list[scan2-1]; 

 

      list[scan] = element; 

      rear++; 

   } 
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Implementing lists with links 

• As with stack and queue, we can implement a list 
collection with an underlying linked list 

• All operations can be accomplished using 
techniques similar to ones we've already 
explored 

• However, let's examine the remove operation 
with this traditional approach, then alter the 
underlying representation for comparison 
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LinkedList - the remove Operation 
 /** 

    * Removes the first instance of the specified element from this 

    * list and returns a reference to it.  Throws an EmptyListException  

    * if the list is empty.  Throws a NoSuchElementException if the  

    * specified element is not found in the list. 

    * 

    * @param targetElement              the element to be removed from the list 

    * @return                           a reference to the removed element 

    * @throws EmptyCollectionException  if an empty collection exception occurs 

    */ 

   public T remove (T targetElement) throws EmptyCollectionException,  

         ElementNotFoundException  

   { 

      if (isEmpty()) 

         throw new EmptyCollectionException ("List"); 

       

      boolean found = false; 

      LinearNode<T> previous = null; 

      LinearNode<T> current = head; 

       

      while (current != null && !found) 

         if (targetElement.equals (current.getElement())) 

            found = true; 

         else 
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LinkedList - the remove Operation 

(continued) 
        { 

            previous = current; 

            current = current.getNext(); 

         } 

             

      if (!found) 

         throw new ElementNotFoundException ("List"); 

       

      if (size() == 1) 

         head = tail = null; 

      else if (current.equals (head)) 

         head = current.getNext(); 

      else if (current.equals (tail)) 

      { 

         tail = previous; 

         tail.setNext(null); 

      } 

      else 

         previous.setNext(current.getNext()); 

       

      count--; 

       

      return current.getElement(); 

   } 
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Doubly Linked Lists 

• A doubly linked list has two references in each 
node, one to the next element in the list and 
one to the previous element 

• This makes moving back and forth in a list 
easier, and eliminates the need for a previous 
reference in particular algorithms 

• There is, however, a bit more overhead when 
managing the list 

 



1-50 

© 2010 Pearson Addison-Wesley. All rights reserved.  1-50 

The DoubleNode class 
/** 

 * DoubleNode represents a node in a doubly linked list. 

 *  

 * @author Dr. Lewis 

 * @author Dr. Chase 

 * @author Davis 

 * @version 1.0, 08/13/08 

 */ 

package jss2; 

 

public class DoubleNode<E> 

{ 

    private DoubleNode<E> next; 

    private E element; 

    private DoubleNode<E> previous; 

    /** 

     * Creates an empty node. 

     */ 

    public DoubleNode() 

    { 

       next = null; 

       element = null; 

       previous = null; 

    } 
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The DoubleNode class (continued) 
 /** 

     * Creates a node storing the specified element. 

     *  

     * @param elem  the element to be stored into the new node 

     */ 

    public DoubleNode (E elem) 

    { 

       next = null; 

       element = elem; 

       previous = null; 

    } 

 

    /** 

     * Returns the node that follows this one. 

     * 

     * @return  the node that follows the current one 

     */ 

    public DoubleNode<E> getNext() 

    { 

       return next; 

    } 
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The DoubleNode class (continued) 
  /** 

     * Returns the node that precedes this one. 

     * 

     * @return  the node that precedes the current one 

     */ 

    public DoubleNode<E> getPrevious() 

    { 

       return previous; 

    } 

 

    /** 

     * Sets the node that follows this one. 

     * 

     * @param dnode  the node to be set as the one to follow the current one 

     */ 

    public void setNext (DoubleNode<E> dnode) 

    { 

       next = dnode; 

    } 
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The DoubleNode class (continued) 
 /** 

     * Sets the node that precedes this one. 

     * 

     * @param dnode  the node to be set as the one to precede the current one 

     */ 

    public void setPrevious (DoubleNode<E> dnode) 

    { 

       previous = dnode; 

    } 

 

 

    /** 

     * Returns the element stored in this node. 

     * 

     * @return  the element stored in this node 

     */ 

    public E getElement() 

    { 

       return element; 

    } 
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The DoubleNode class (continued) 
  /** 

     * Sets the element stored in this node. 

     * 

     * @param elem  the element to be stored in this node 

     */ 

    public void setElement (E elem) 

    { 

       element = elem; 

    } 

 

 

} 
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A doubly linked list 
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Doubly Linked Lists 

• Lets revisit the remove method for linked implementation 
of a list, this time using a doubly linked list 

• Notice how much more elegant the code in this version is 
compared to our earlier version 

• The cost of this elegance is the overhead associated with 
storing and managing additional links 
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DoubleList - the remove Operation 
 /** 

    * Removes and returns the specified element. 

    *  

    * @param element                    the element to be removed and returned  

    *                                   from the list 

    * @return                           the element that has been removed from  

    *                                   the list 

    * @throws ElementNotFoundException  if an element not found exception occurs 

    */ 

   public T remove (T element) 

   { 

      T result; 

      DoubleNode<T> nodeptr = find (element); 

 

      if (nodeptr == null) 

         throw new ElementNotFoundException ("list"); 

 

      result = nodeptr.getElement(); 
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DoubleList - the remove Operation 

(continued) 

 

      /** check to see if front or rear */ 

      if (nodeptr == front) 

          result = this.removeFirst(); 

      else if (nodeptr == rear) 

           result = this.removeLast(); 

           else 

 {              

                nodeptr.getNext().setPrevious(nodeptr.getPrevious()); 

              nodeptr.getPrevious().setNext(nodeptr.getNext()); 

 count--; 

 } 

 

      return result; 

   } 
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Analysis of List Implementations 

• In both array and linked implementations, many 

operations are similar in efficiency 

• Most are O(1), except when shifting or searching 

need to occur, in which case they are order O(n) 

• In particular situations, the frequency of the need 

for particular operations may guide the use of 

one approach over another 



1-60 

© 2010 Pearson Addison-Wesley. All rights reserved.  1-60 

Java List Implementations 

• The List Interface 

• Vector 

• ArrayList 

• LinkedList 

http://java.sun.com/javase/6/docs/api/index.html?java/util/List.html
http://java.sun.com/javase/6/docs/api/index.html?java/util/Vector.html
http://java.sun.com/javase/6/docs/api/index.html?java/util/Vector.html
http://java.sun.com/javase/6/docs/api/index.html?java/util/ArrayList.html
http://java.sun.com/javase/6/docs/api/index.html?java/util/LinkedList.html

