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Announcements

Announcements

• Project to be posted later in the week.

• Quiz this Friday??
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Iterators

Iterators

ArrayList

is inherited from an abstract class called 

AbstractList

.

–

–

How Iterators work

: 

Iterator x = list.Iterator( ): 

x.next( ): 

x.hasNext( ): 
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Example

Example

Print

all the elements of an ArrayList:

public static void print( ArrayList a ) {

Iterator it = a.iterator( );

while ( it.hasNext( ) )

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

}

Perform a 

linear search

in an ArrayList:

public static boolean find2( ArrayList a, Object q ) {

Iterator it = a.iterator( );

while ( it.hasNext( ) ) {

if ( it.next( ).equals( q ) ) return true;

}

return false;

}
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Sorting and Searching

Sorting and Searching

Sorting:

.

Searching

:.

Sorting and Searching

:
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Selection Sort

Selection Sort

Selection Sort

: 

Input Argument

: 

int compareTo( Object obj )

This compares the current object to object obj.  It returns:

< 0 if this  <  obj

== 0 if this == obj

> 0 if this  >  obj

Examples of Objects that implement Comparable

:

–
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Selection Sort Algorithm

Selection Sort Algorithm

Selection Sort

: 

for ( i running from 0 up to n-1 ) {

Let j = index of the smallest of a[i], a[i+1], … a[n-1];

swap a[i] with a[j];

}

Example:

i

j

swap

i j

swap

i

j

swap

i

j

swap

i

j

swap

i

j

swap

3  5  11  8  15   6

3  5   6  8  15  11

3  5   6  8  15  11

3  5   6  8  11  15

8  6  11  3  15   5

3  6  11  8  15   5
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Selection Sort

Selection Sort

public static void selectionSort( Comparable[ ] a ) {

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

int j = indexOfMin( i, a );

swap( i, j, a );

}

}

private static int indexOfMin( int start, Comparable[ ] a ) {

Comparable min = a[start];

int minIndex = start;

for ( int i = start + 1; i < a.length; i++ )

if ( a[i].compareTo( min ) < 0 ) {

min = a[i];

minIndex = i;

}

return minIndex;

}

private static void swap( int i, int j, Comparable[ ] a ) {

Comparable temp = a[i];

a[i] = a[j];

a[j] = temp;

}
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Using Selection Sort

Using Selection Sort

Polymorphism

: 

Example

:

Integer[ ] list1 = { new Integer( 8 ), new Integer( 6 ),

/* blah, blah, blah… */ new Integer( 5 ) };

String[ ] list2 = { "Carol", "Bob", "Ted", "Alice", "Schultzie" };

selectionSort( list1 );

selectionSort( list2 );
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Running time of Selection Sort

Running time of Selection Sort

Efficiency

:

What should we count

?

– Milliseconds of execution time? 

– Statements of Java code that are executed? 

– Number of times we call compareTo( )? 
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Running time of Selection Sort

Running time of Selection Sort

Running time depends on the contents of the array

:

– Length: 

– Contents: 

– Worst-case running time: 

– Average-case running time: 

– Worst-case running time: 
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Running time of Selection Sort

Running time of Selection Sort

How many times is compareTo( ) called

? Call this 

T(n)

.

–

– subarray a[i+1, …, n-1].  

– k – j + 1 elements.

– n-i-1

– To compute T(n), we simple add up (n-i-1), for i = 0, 1, …, n-1:

i=0 (n-0-1)  = n-1

i=1 (n-1-1)  = n-2

i=2 (n-2-1)  = n-3

…

i=n-2 (n-(n-2)-1) = 1

i=n-1 (n-(n-1)-1) = 0
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Running time of Selection Sort

Running time of Selection Sort

What is the value of this sum

?

T(n) = 0 + 1 + 2 + 3 + … + (n-3) + (n-2) + (n-1)

An old addition trick

: 

Final running time

:

22

n(n1)nnnn

T(n)

2222




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Plot of Running Time vs. Array Size

Plot of Running Time vs. Array Size

2

nn

T(n)

22


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Notation

Notation

Selection Sort’s running time is given by the formula:

Observation

: Efficiency is most critical for large n.

–

2

nn

T(n)

22




____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Slide 15


[image: image15.emf]15

Big

Big

-

-

”

”

Oh

Oh

”

”

Notation

Notation

“Big-Oh” Notation: a concise way of expressing the running time of 

an algorithm by ignoring less critical issues such as

– lower order (slower growing) terms and 

– constant multiplicative factors.

Thus, the running time:

Formal Mathematical Definition of “Big-Oh”

: 
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Other Sorting Algorithms

Other Sorting Algorithms

We have seen that Selection Sort is an O(n

2

) sorting algorithm.

Q

: Are their faster algorithms?

A

: 

Survey of common sorting algorithms

:

Bubble Sort: 

Insertion Sort: 

Tree Sort: 

Quick Sort, Merge Sort, Heap Sort: 
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Bubble Sort: Sorting by Swapping

Bubble Sort: Sorting by Swapping

Bubble Sort

: i

–

–

–

Minor optimization:  

Running time

: is O(n

2

). 
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Bubble Sort: Example

Bubble Sort: Example

Example

:

8  6  11  3  15   5

swap

6  8  11  3  15   5

okay

6  8  11  3  15   5

swap

6  8   3  11 15   5

okay

6  8   3  11 15   5

swap

6  8   3  11  5  15

Scan 1:

okay

6  8   3  11  5  15

swap

6  3   8  11  5  15

okay

6  3   8  11  5  15

swap

6  3   8   5 11  15

Scan 2:

6  8   3  11  5  15
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Bubble Sort: Example

Bubble Sort: Example

3  6   5   8 11  15

okay

3  6   5   8 11  15

swap

3  5   6   8 11  15

swap

6  3   8   5 11  15

okay

3  6   8   5 11  15

swap

3  6   8   5 11  15

3  6   5   8 11  15
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Insertion Sort

Insertion Sort

Insertion Sort

: 

–

–

–

Pseudo-code

:

for i = 1 up to n-1 {

curr = a[i]

j = i-1

while ( j ≥ 0 and a[j] > curr ) {

a[j+1] = a[j];  j--;

}

a[j+1] = curr;

}

already sorted

0  1   2  4  5   6  7  8   9  3  ?   ?   ?

already sorted

0  1   2  3  4   5  6  7   8  9  ?   ?   ?

curr = a[i]
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Insertion Sort

:

Example

:

Insertion Sort

Insertion Sort

8  6  11  3  15   5

6  8  11  3  15   5

6  8  11  3  15   5

3  6   8  11 15   5

3  6   8  11 15   5

3  5   6  8  11  15

Final result
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Tree Sort

Tree Sort

Tree Sort

:

–

–

–

–
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Tree Sort

Tree Sort

Input = 

8   5  11  3  15   7   6  13  1  18  10

8 8

5

5<8

8

5 11

11>8

3

3<8

3<5

8

5 11

8

5 11

3 15

15>8

15>11

8

5 11

3 15 7

7>5

7<8

8

5 11

3 15 7

6

6>5

6<8

6<7
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Tree Sort

Tree Sort

Input =

8   5  11  3  15   7   6  13  1  18  10

8

5 11

3 15 7

6

13>8

13>11

13

13<15

1   3   5  6   7   8  10  11 13  15  18

8

5 11

3 15

6

7

13 18

10

1

Final Tree

etc, etc, …
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Tree Sort

Tree Sort

Implementation

? 

Efficiency

: 

level 0: 1

level 1: 2

level 2: 4

level 3: 8
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How Efficient?

How Efficient?

Conclusion: Choice of

algorithm can make 

a big difference in 

efficiency.
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Searching

Searching

Searching

: 

Linear Search

: 

public static boolean find1( ArrayList a, Object q ) {

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

if ( a.get(i).equals( q ) ) return true;

}

return false;

}
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Binary Search

Binary Search

Can we search faster than linear search?

–

–

Binary Search

: 

–

– If q == x, we are done.

– If q  < x, continue the search on the left half.

– If q  > x, continue the search on the right half.

x (smaller than x) (larger than x)

Search here if q < x Search here if q > x
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Example

Example

Binary search

Example

: Find q = 28.

12 14  16  17  19 20  22  25  26 28  31  33 35  37

31 > 28

12 14  16  17  19 20  22  25  26 28  31  33 35  37

26 < 28

12 14  16  17  19 20  22  25  26 28  31  33 35  37

Found it!

12 14  16  17  19 20  22  25  26 28  31  33 35  37

22

22 < 28
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Using Selection Sort

Polymorphism: 

Example:

	Integer[ ] list1 = { new Integer( 8 ), new Integer( 6 ),

	        /* blah, blah, blah… */   new Integer( 5 ) };

	String[ ] list2 = { "Carol", "Bob", "Ted", "Alice", "Schultzie" };

	selectionSort( list1 );			

	selectionSort( list2 );	
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Other Sorting Algorithms

We have seen that Selection Sort is an O(n2) sorting algorithm.

Q: Are their faster algorithms?

A: 

Survey of common sorting algorithms:

Bubble Sort: 

Insertion Sort: 

Tree Sort: 

Quick Sort, Merge Sort, Heap Sort: 
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Insertion Sort

Insertion Sort:

Example:





8  6  11  3  15   5

















6  8  11  3  15   5

















6  8  11  3  15   5























3  6   8  11 15   5

















3  6   8  11 15   5





















3  5   6  8  11  15













Final result
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Tree Sort



Tree Sort:
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Tree Sort

Input =

















8   5  11  3  15   7   6  13  1  18  10

etc, etc, …

8



5





11

3





15

7



6

13>8

13>11



13

13<15

1   3   5  6   7   8  10  11 13  15  18













































8

5

11

3

15

6

7

13

18

10

1





















Final Tree
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Binary Search

Can we search faster than linear search?

		 

		 



Binary Search: 

		 

		If q == x, we are done.

		If q  < x, continue the search on the left half.

		If q  > x, continue the search on the right half.



x

(smaller than x)

(larger than x)



Search here if q < x



Search here if q > x
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Searching

Searching: 

Linear Search: 





	public static boolean find1( ArrayList a, Object q ) {

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

	        if ( a.get(i).equals( q ) ) return true;

	    }

	    return false;

	}
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Example

Binary search 

Example: Find q = 28.

12 14  16  17  19 20  22  25  26 28  31  33 35  37

































31 > 28

12 14  16  17  19 20  22  25  26 28  31  33 35  37

































26 < 28

12 14  16  17  19 20  22  25  26 28  31  33 35  37































Found it!



12 14  16  17  19 20  22  25  26 28  31  33 35  37



























22

22 < 28
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Tree Sort

Implementation? 

Efficiency: 

	



























































level 0: 1

level 1: 2

level 2: 4

level 3: 8
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Insertion Sort

Insertion Sort: 

		 

		 

		 



Pseudo-code:

for i = 1 up to n-1 {

    curr = a[i]

    j = i-1

    while ( j ≥ 0 and a[j] > curr ) {

        a[j+1] = a[j];  j--;

    }

    a[j+1] = curr;

}















already sorted































0  1   2  4  5   6  7  8   9  3  ?   ?   ?



already sorted





























0  1   2  3  4   5  6  7   8  9  ?   ?   ?

curr = a[i]
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Bubble Sort: Sorting by Swapping

Bubble Sort: i

		 

		 

		 



Minor optimization:  



Running time: is O(n2). 
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Bubble Sort: Example



3  6   5   8 11  15















okay

3  6   5   8 11  15















swap

3  5   6   8 11  15





















swap

6  3   8   5 11  15















okay

3  6   8   5 11  15















swap

3  6   8   5 11  15













3  6   5   8 11  15
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Bubble Sort: Example

Example:

Scan 1:

8  6  11  3  15   5















swap

6  8  11  3  15   5















okay

6  8  11  3  15   5















swap

6  8   3  11 15   5















okay

6  8   3  11 15   5















swap

6  8   3  11  5  15















okay

6  8   3  11  5  15















swap



6  3   8  11  5  15















okay



6  3   8  11  5  15















swap



6  3   8   5 11  15















6  8   3  11  5  15













Scan 2:
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Running time of Selection Sort

What is the value of this sum?

T(n) = 0 + 1 + 2 + 3 + … + (n-3) + (n-2) + (n-1)



An old addition trick: 



Final running time:









22


n(n1)nnnn


T(n)


2222


--


===-
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Big-”Oh” Notation

Selection Sort’s running time is given by the formula:





Observation: Efficiency is most critical for large n.



		 









2


nn


T(n)


22


=-
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Big-”Oh” Notation

“Big-Oh” Notation: a concise way of expressing the running time of an algorithm by ignoring less critical issues such as

		lower order (slower growing) terms and 

		constant multiplicative factors.



Thus, the running time:



				





Formal Mathematical Definition of “Big-Oh”: 
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Plot of Running Time vs. Array Size









Running Time

5x10°

4x10°

3x10°

2x10°

1x10°

Selection Sort Running Time vs. Array Size

200 400 600 800
Array Size (n)

1000




2


nn


T(n)


22


=-
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Running time of Selection Sort

Efficiency:

What should we count?

		Milliseconds of execution time? 

		Statements of Java code that are executed? 

		Number of times we call compareTo( )? 
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Running time of Selection Sort

How many times is compareTo( ) called? Call this T(n).

		 

		subarray a[i+1, …, n-1].  

		k – j + 1 elements.

		n-i-1

		To compute T(n), we simple add up (n-i-1), for i = 0, 1, …, n-1:



i=0	(n-0-1) 	= n-1

i=1	(n-1-1) 	= n-2

i=2	(n-2-1) 	= n-3

…

i=n-2	(n-(n-2)-1) = 1

i=n-1	(n-(n-1)-1) = 0
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Running time of Selection Sort

Running time depends on the contents of the array:

		Length: 

		Contents: 

		Worst-case running time: 

		Average-case running time: 

		Worst-case running time: 
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Example

Print all the elements of an ArrayList:

	public static void print( ArrayList a ) {

	    Iterator it = a.iterator( );

	    while ( it.hasNext( ) )

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

	}



Perform a linear search in an ArrayList:

	public static boolean find2( ArrayList a, Object q ) {

	    Iterator it = a.iterator( );

	    while ( it.hasNext( ) ) {

	        if ( it.next( ).equals( q ) ) return true;

	    }

	    return false;

	}
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Selection Sort

Selection Sort: 

Input Argument: 

int compareTo( Object obj )

	This compares the current object to object obj.  It returns:

  < 0		if	this  <  obj

== 0		if	this == obj

  > 0		if	this  >  obj

Examples of Objects that implement Comparable:
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Selection Sort

public static void selectionSort( Comparable[ ] a ) {

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

        int j = indexOfMin( i, a );

        swap( i, j, a );

    }

}

	

private static int indexOfMin( int start, Comparable[ ] a ) {

    Comparable min = a[start];

    int minIndex = start;

    for ( int i = start + 1; i < a.length; i++ )

        if ( a[i].compareTo( min ) < 0 ) {

            min = a[i];

            minIndex = i;

        }

    return minIndex;

}

	

private static void swap( int i, int j, Comparable[ ] a ) {

    Comparable temp = a[i];

    a[i] = a[j];

    a[j] = temp;

}








_1167236828.ppt


Selection Sort Algorithm

Selection Sort: 

	       for ( i running from 0 up to n-1 ) {

    Let j = index of the smallest of a[i], a[i+1], … a[n-1];

    swap a[i] with a[j];

}

Example:

swap

swap

swap





i





j



swap





i





j



swap





i





j



swap





i



j





i





j





i



j

3  5  11  8  15   6















3  5   6  8  15  11















3  5   6  8  15  11















3  5   6  8  11  15















8  6  11  3  15   5















3  6  11  8  15   5
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Iterators

ArrayList is inherited from an abstract class called AbstractList.



		 

		 



How Iterators work: 

Iterator x = list.Iterator( ): 

x.next( ): 

x.hasNext( ): 
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Sorting and Searching

Sorting:.

Searching:.

Sorting and Searching:
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Tree Sort

Input = 

8   5  11  3  15   7   6  13  1  18  10

8

8

5



5<8

8

5



11



11>8

3

3<8



3<5

8



5



11

8



5





11

3

15



15>8

15>11

8



5





11

3



15

7

7>5



7<8

8



5





11

3





15

7



6

6>5

6<8

6<7








_1167236536.ppt


Announcements



		Project to be posted later in the week.

		Quiz this Friday??
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How Efficient?



Conclusion: Choice of

algorithm can make 

a big difference in 

efficiency.





Running Time

5x10°

4x10°

3x10°

2x10°

1x10°

Sorting Running Time vs

400 600
Array Size (n)

. Array Size

@—® Selection Sort
8 Tree Sort








