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Basics

A Motivation

A ldea of an array

A Declaring and constructing arrays
A Visualizing an array

" JEE
Motivation

A Sometimes, a calculation can be done on many
items, using just a few variables

A The key here is that you can use a value, then
replace it with the next one
So you only need one variable to hold all the values
(one at a time)
Example: average of a set of numbers

A Use the accumulator pattern

A You must add and count all the numbers. But only one
variable is needed for the numbers

A Once a number is added and counted, it is no longer needed




" JEE
Sample Program

// Obtain numbers, keeping running count and sum,

int count = 0;

double sum = 0;

while (kevboard.hasNextDouble ()] Used for all entered

{
double nextiumber = keyboard.nexthounlas?  NUMDErs

count++;
cum 4o nextNumber; = ONCe these steps are complete,

) nextNumber is no longer needed,
so this variable may be reused
// Find and report mean
double mean = sum / count;
System.out. printf ("The mean of the %d numbers iz %.2fWn", count, mean);

" JEE
Motivation (continued)

A Sometimes, you cannot use the same
variable for all the values

A You may have to use each of the values
after you have gotten them all

Example: Subtract the average from each of a
set of numbers
A You must add and count all the numbers

A But you must also save each number until after the
average is calculated

A Once the average is in hand, you must go through
the numbers and then do the subtraction

12/1/2008



12/1/2008

" J
Sample Program

keyboard.nextDouble () ;
kevboard.nextDouble () ;

keyboard.nextDouble () ;

double numberl
double numberz
double number3

double sum = numberl + numberZ + number3;

double mean = sum / 3;

double differencel = numberl - mean;

double differenceZ = numberZ - mean;

double difference3 = number3 - mean;

A What if you had 100 numbers?

A What if you had 3 numbers or fewer?

A You can use neither a definite loop nor an
indefinite loop

" J
Idea Of An Array

A An array is a single object that allows you to
store an entire list of items, using just one name

A Individual items are accessed using an index
The items are numbered starting from 0
The index of an item is its item number

A Java notation

The index is placed in square brackets, after the
name of the array

Example: the 3" item (item #2) in array a is denoted
a[2]




Declaring And Constructing Arrays

A Allitems in an array must have the same type

Name of type is element type followed by brackets —
otherwise declared in usual way

Example: double [] numbers;

A An array is an object — it must be constructed
Size is specified in square brackets (not to be

confused with array access):
numbers = new double [50];

You can declare and initialize in one step:

double [] numbers = new dou

ble [50];

The size of an array must be specified in advance,

and cannot be changed

Visualizing an Array

double [] numbers = new double [

Specifiesnumber of items /
to make room for (size of
array to be constructed)

numbers[@123.45;

Specifiesindex of item
to work with

numbers — ¢

1
2
3
4
5
6
7
8
9

0.0

0.0

0.0

0.0

123.45

0.0

0.0

0.0

0.0

0.0
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Traversal Algorithms

A Working with complete arrays
A The “for each” loop

A Counting

A Maximum and minimum

" J
Working With Complete Arrays

A Dealing with an array is easiest when it is “full” —
we use all its “slots”

A The size of an array is given by an attribute,

length
Example: Given the declaration
int [Ja= new int [10];

a.length  will have the value 10
Note that for a string s we write s.length() , but for an
array a we write a.length
A An array can be initialized with a list — Java will
figure out the length
Example: int [Ja={3,6,9,12,15,18,21};




" JEE
The “For Each” Loop

A There is a special for loop for complete arrays — and
only complete arrays — the “for each” loop

A Syntax

for (type variable -name :name -of-array )

...work with variable -name

A Example
int la= {3,6,9,12,15,18,21};
for (int item:a)

System.out.printin(item);

A This loop is useful only if
you are dealing with a complete array
You are going to traverse the entire array

You are not going to change the value of any element of the
array

" JEE
Sample Program

public class Completelrray
{

public static vold main (String[] args)

{
int[] numbers = {3,6,9,12,15,18,21,24,27,30,33,36};
System.out.println("The " 4+ numbers.length + " numbers are™);
for (int item : numbers)

{
SGystem.out.printlniitem) ;
}
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Counting

A Sometimes we want to know how many of an
array’s items have a certain property. To do this
Set a counter to zero

Use a for loop to traverse the array, testing for the
property, and incrementing the counter if it passes

A Example: number of negative values in numbers

int  negativeCount = 0;
for (double item : numbers)

if (item<0)

negativeCount++;

" A
Maximum and Minimum

A To find the maximum value in an array

Start with a “dummy” value for maximum, small enough
to be replaced as soon as you start looking at the
array (Note: small, not large)

A A good choice (for floating-point numbers) is
Double.MIN_VALUE

Go through entire array, replacing maximum so far by any larger
value found

double largestSoFar = Double.MIN_VALUE;
for (double item: numbers)

{

{if (largestSoFar < item)
largestSoFar = item;

}
A The minimum value is found analogously
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Additional Algorithms

A Library algorithms

A Searching

A Working with incomplete arrays
A Adding and removing elements

" JE
Library Algorithms

A The Java library has a class called Arrays ,
which contains several useful methods

A The toString  method returns a string (which
you can print) containing the array’s elements
between brackets, separated by commas

A The sort method rearranges the elements of an
array in order (numerical or lexicographical)

A The binarySearch  method looks up an itemin a

sorted array, and reports whether it found it
and — if it did — where




" J
Sample Program

import java.util.Arrays;

public static void maini(String[] args)
i
ftring[] names = {"Joe", "Nancy", "Ralph", "Connie", "John", "Mike", "Jezsica"i:
System.cout.println("The criginal array 1s " + Arrays.toString (names));
Arrays.sort (names)
fystem.cut.println("The scorted array 1s " + Arrays.toString(names)):
String nameToFind = "John";
int place = Arrays.bilnarySearch (names, nameToFind];
if (place »= 0]
System.out.println (nameToFind + " found at index " + place):
else
System.out.println (nameToFind + " not found™):

he original array is [Joe. MNancy. Ralph. Connie. John,. Mike, Jessical
he zorted array iz [Connie. Jessica. Joe. John. Mike,. Mancy. Ralphl

ohn found at index 3

" J
Searching

A Let's convert the pseudocode we had to Java code for
sequential search

Sequential-Search(A,target)
placeholders i, pos
pos m-1
loop i from 1 to A.length, begin
if target = A[i], do
pos mi
end if
end loop i
return pos
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Sequential Search

/* Looks up item on list. returns index where found, or, if not found,
returns -1

*/

static int find(String[] 1list, String item)

{
boolean found = false;
int index = 0;

whilse (! found && index < list.length)+—— Loop ends_ If _elther item IS'found
{ or end of list is reached without

String nextItem = list[index];

if (item.equals (nextItem)) flndlng Item
{
found = true;
}
else
{
index++;
}
}
if (found)
{
return index;
' } Deal with two ways loop may have ended
else

{
return -1;
¥

Test Program

public static void main(String[] azrgs)

{

Scanner keyboard = new Scanner (System.in);
String[] names = {"Tom", "Mary", "Zdam", "Jans”, "Bob", "Pets", "Joe",
"Anne”, "Betty", "Zoe", "Carl", "Ken"}:

System.out.println("Look up a name on the list \n"
boolean testing = true;

while (testing)

{

+ Arrays.toString (names));

System.out.print ("Name to look up (xxx to stop): ");
String person = keyboard.nextLine();
1f (person.egualsIgnoreCase ("xzxx")
{
testing = false;
}
else
{
int location = find(names, person);
if (location >= 0)
{

System.out.println(person + " is #" + (location + 1) + " on the list");
}
else
{

System.out.println(person + " is not on the list");

}
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" JEE
Working With Incomplete Arrays

A Sometimes we don’t know in advance how many
items we will be using

A But..Java requires that you specify the size of
an array in advance, and does not allow
insertions or deletions

A Patrtially filled arrays can be used, but you must

Estimate the size of the array in advance

Keep track of how much of the array is actually being
used at any time

A And sometimes we want to move things around,
add things, and remove things

" JEE
Examples

int count = D;

double sum = 0; « ” :
double[] numbers = new doubleQ ,«— You mus’t guess”at maximum
@ (keyvboard. hasNextDoubkle size you IIneed

{

WextDouble (s
mbers[count] = nextNumb <—— Each time you get a number, save

Ceount++: >Keep track of usage itin the array

sum += nextNunmber:

i
double mean=sum/count;

{ (int n = 0; n < count; nt++) No array needed here
double difference = numbers[n] - mean;
System.out.printf ("%6.2fvn", difference);

}
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Adding And Removing Elements

A Overview

A Visualizing addition and removal
A Addition and removal methods
A Print method

A Test program

"
Overview

A Adding at the end is easy, if there is room
If not, you can’t do it

A Don't forget to keep track of the number of
elements in use — one more now

A Adding anywhere else requires shifting items
starting at the place where you are adding
toward the end

A Removing from the end is easy — number of
elements is now one less

A Removing from anywhere else requires shifting
items following the one removed toward the
beginning
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Visualizing Addition And Removal

A Addition
Add 5 to array below
in position 2
(between 7 and 3)

A Removal
Remove item at
index 2 (the 5)

[2[7]3fof6[ | [ | ]| l2[7]s]sfofe] | [ ]|

[2[7]8/3fof6] [ [ ]| [2]7]sfof6] | [ [ 1]

A Now using 6 A Now using 5
elements

elements

" JE
Addition And Removal Methods

static void addiint[]lwvalues, int valusToAdd, int position, int numberUsed)
i

agsert numberUsed »>= 0 && numberUsed < values.length;

assert position »= 0 && position <= numberUsed;

for (int index = numberUsed - 1; index »>= position; index—-) <i::::]
i

values[index + 1] = values|[index];
}
values [position] = valueToadd:
}

static veid remove {int[]walues, int peosition, int numberUsed)

i

asszert numberUsed >= 0 && numberUsesd <= walues.length;
agzert position »= 0 && position < numbkberUsed:

for (int index = position; index < numberUsed - 1; index++)<:::::]
i

values[index] = valuez[index + 1];:
}
}

Note that numberUsed must change, but this cannot be done inside the method

12/1/2008
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" S
Print Method

>

Arrays.toString prints the entire array, even the part we
are not using, so we must write our own method

Our method prints the array elements between square
brackets, separated by commas (fencepost pattern)

>

static vold printArrayContents (int[] walues, int numberUsed)
i
assert numberUsed >= 0 && numberUsed <= wvalues.length;
if (numberUsed == 0)
i
System. out. println("[]1");
'
else
i
System.out.print ("[" + wvalue=[0]);:
for (int 1 = 1; 1 < numberUsed; 1i++)
i
System.out.print (", " + wvalues[i]);
'
gystem.out.println ("] ") ;

" JE
Multidimensional Arrays

A If you want to store a table or matrix, you
can use a two-dimensional array

A A two-dimensional array is really an array
of arrays
An array in which each item is itself an array
A You can also make (if not draw) higher-
dimensional arrays

Idea is the same — e.g., a 3-dimensional array
Is an array of arrays of arrays

12/1/2008
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Example
A Atable of integers 2| 4| 6| 8
3 6 9 12
4| 8| 12| 16
A Java declaration and initialization
int [J[table ={{2,4,6,8},{3,6,9,12},{4,8,12,16} };
A Java storage
2 4 6 8
/V
table / —
3 6 9 12
——[" 4] 8] 12] 16

Access And Traversal

A An individual item is written using two bracketed

indices
Example: table[1][2]

A To traverse a two-dimensional array, we must

use one loop for the rows (across) and another

for the columns (down)

We can look across a row by varying the column

index

We can look down a column by varying a row index
We can do both using a loop within a loop

12/1/2008
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" J
Sample Program

int[][] takle = { {2, 4, &, 8}, {3, &, 9, 12}, {4, 8, 12,16} }:
4/ Print the element in row 1 column 2
System.out.println(tabkle[1][2]); System.out.printlni():;

4/ Drint the element in row 2 column 1
System.out.printlnitable[2][1]); System.out.printlni();

S/ Print all of row 2

for (int column = 0; column < 4; column++)

i
System.out.print (tablel[2] [column] + " ");
}

System.out.printlni); System.out.printlni);
4/ Print all of column 1
for (int row = 0; row < 3; rowtt)

i
System.out.println(takble[row] [1]);
i
System.out.printlni();
// Print everything
for (int row = 0; row < 3; rowtt)
i
for {int column = 0; column < 4; columnt+)
i
gystem.out. print (table[row] [column] + " ");
}
System.out.printlni);
i

" J
Example — Edit Distance

A Also know as “Levenshtein distance”
http://en.wikipedia.org/wiki/Levenshtein_distance
A a metric for measuring the amount of
difference between two sequences
The minimum number of operations needed
to transform one string into the other
A Valid operations are insertion, deletion, or
substitution of a single character

12/1/2008
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" JE
Edit Distance (continue)

A Example: To transform “kitten” to “sitting

Kitten -> sitten (substitution)
sitten -> sittin (substitution)
Sittin -> sitting (insertion)

A Applications:
Spell checker
Turnitin.com to catch plagiarism
Comparing two DNA sequences

A You really don’'t want to do this manually!

" JE
Distance Table

A The table, dist[][], has m+1
rows and n+1 columns.

A dist[i][j] is the minimum
number of operations to
transform s[0...i-1] to t[0...j-1]

E.g. dist[4][3] is for
transformation of “sitt” to “kit”
How about dist[0][5]? i.e. *" to
“kitte” (and vice versa)

How about dist[5][0]? i.e. “sitti”
to @

S

n

g

kKitten

0|1 2/34(5)6
11234586
2|2/1|2|3|4]5
31321234
4/43@Q)1 23
543223

6(6/5(4|3/3(2
7|7/6/5|44(3

12/1/2008
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Distance Table

A How to get dist[4][3] if dist[4][2] , dist[3][3],
and dist[3][2] are known?

A How to get dist[4][4] if dist[4][3], dist[3][4],
and dist[3][3] are known?

A How to get dist[5][5] if dist[4][4] , dist[4][5],
and dist[4][4] are known?

A How to get dist[3][5] if dist[2][5] , dist[3][4],
and dist[2][4] are known?

public class editDistance |
public =tatic void main (String[] args)

Sy=temn. out . println{"Enter twvo strings for comparison');
Scanner keyboard = new Scanner(System.in);
String strl = kevboard nextline():
String str2 = keyboard nextline():
char[] arrl = to_arravistrl);
char[] arrZ = to_arravi(stri);

s declare a maxtrixz of size m+l rows and n+l columns
s where m i= the length of =trl, and n i= the length
s of strl.
int m = arrl. length:
int n = arr?. length;
int[ ][] dist = new int[m+l][n+l]:
for {(int 1 = 0; 1i<=m; 1i++)
dist[1i][0] = 1i:
for (int j = 0; j<=n; j++)
dist[0][3] = 3:
for (int i = 0; i<m; i++) {
for i(int 3 = 0; Jj<n; j++) {
int cost = 0;
if f{arrl[i] != arr2[j]) co=t=1;

s compute the walus of the current cell bassed on
< the wvalus of the top and left neighborsd
dist[i+1][j+1] = min{dist[i+1][j]+]l. <~ in=sertion
dist[1][7+1]+1. ~-deletion
dist[1i][37] + cost); ~substitution
b
h
Sy=stemn.out . println( "The =dit distance between "+4strl+
"and "+str2+" i= "+ dist[m][nl):

12/1/2008
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£ Convert a string to an array
=tatic char[] to arraviString str)

char[] array = new char[str. length()]:
for {(int 1 = 0; i<str. length{): i++) {
array[i] = =str.charitii):

return arrav:

}

A/ Finding the minimum of 2 numbers
=tatic int min({int a, int b, int <)

int min = &a;
if (b<min) min
if {c<min) min
return min;

h:
[

Enter two strings for comparison

kitten

Eitting

The edit distance between kitten and sitting i= 3

Presz any key to continue . . . _

" JE
Example — Polling

A Election polls are taken to predict the
outcome.
A Data entries in a survey include:
Preferred candidate
Age group
Gender
Race
Party affiliation
Region
Income

12/1/2008
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" J
Example — Polling

A http://lwww.surveyusa.com/

657 Lilely Voters Gender Age <300 4 50+ Race Pty Affliarion
Mirgin of Senpling Evor: & 3.9% Ml | Femde | 1334 | 3549 | 5064 5+ 1849 50+ White | Bhwk | Higpanic
B Cain (R) o
Ohams (D) -
Otber 3% [ i 4 % 3 45 3% LY 3% 1% e

>

Undecided

A How to generate the summary table from
the raw data?

Republic | Demost | b

Polling — Design

A What's the data structure for storing the
information?

Let’s just consider the preferred candidate,
age, and gender for now

A How to store the information?

A How to generate the summary with
respect to each data entry?

12/1/2008
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" N
3D array

[ e o fore e
I

EE - s z z
EXZI - s 2 1
I - 30 3 1

Male
18-34
35-49 46 54 2 2
50-64 36 45 3 2
65+ 29 39 3 0
Female
" _

Queries

A What is the % of the female population
voting for McCain?

A What is the % of the population over 65
voting for Obama?

A What is the % of the total population
undecided?

A See polling.java for the code

12/1/2008
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" JE
Example — Image Smoothing

A An image is stored as
a 2D array

A A common smoothing
technique is to replace
the value store in each
cell by the (weighted)
average of its
neighborhood.

=
[llustration

origin

W(lYl)

f(x-1,y-1)| f(x-1,y) [f(x-1,y+1) Mask coefficients

y

Image section
under mask

12/1/2008

23



" JE
Issues

A How to process each pixel given the
neighborhood size?

A Special care needed for pixels at the
borders of the image?

* JE
< Perform smoothing
=tatic int[][] smoothing(int[][] image. int row, int col)

int window = 1; s {window#2+1l) local area
int[][] =moothed = nev int[row][col]:

<« perform =moothing on every [1][7] pixel
for (int 1 = 0;: i<row. 1i++
for (int j=0: Jj<col; J++) {

<« For each [1][]] pizel. average the pizel
< waluez in the neighborhood centered at [1]1[3]

int count = 0;
int sum = 0;
for (int h = —-window: h<=window: h++)
for {(int w = —window: w<=window: w++) {

< check for boundary conditions

if (i+h »>=0 && i1+h<row &é& Jj+vw =0 && Jj+w<col)
sum += image[i+h][j+w]:
count++;

b

s mtore the awerage walue of the 3x3 neighborhood in
S smoothed[1][7]

smoothed[1][j] = sumn/count:

System.out . println(i+". "+j+". "+sum+’ . "+count);

return smnoothed

12/1/2008
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Summary

A Declaring and constructing arrays
A Traversal algorithms

A Searching

A Library methods

A Working with incomplete arrays

A Multidimensional arrays and numerous
examples
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