Arrays and Lists

Yao, Zhiyang

Background

[0 Programmer often B 1
need the ability to ths-2 2
represent a group of 014 2 1
values as a list 231 1 -3
B List may be one- 311 -1 -1

dimensional or
multidimensional 221 & -2

[0 Java provides arrays
and the collection
classes

O Consider arrays first

Basic terminology

Java array features

[ List is composed of elements
0 Elements in a list have a common name

0 The list as a whole is referenced through
the common name

[0 List elements are of the same type — the
base type

[0 Elements of a list are referenced by
subscripting (indexing) the common
name

[0 Subscripts are denoted as expressions within
brackets: [ ]

Base (element) type can be any type
Size of array can be specified at run time

Index type is integer and the index range must
0...n-1

B Where n is the number of elements
Automatic bounds checking

B Ensures any reference to an array element is
valid
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O Data field length specifies the number of elements

in the list
O Array is an object
B Has features common to all other objects




Array variable definition styles

Array variable definition styles

O Without initialization

ElementType [] id ;

Type of Brackets Name of
values in indicate array list
list variable

being defined

O With initialization

Nonnegative integer expression specifying
the number of elements in the array

ElementType[]id =new ElementType[n];

Reference to a new array of n
elements

Example

[0 Definitions
char[] c;
int[] value = new int[10];
[0 Causes
B Array object variable ¢ is un-initialized

B Array object variable v references a new ten
element list of integers
O Each of the integers is default initialized to O
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Consider

int[] v = new Int[10];
int 1 = 7;

int j = 2;

int kK = 4;

v[0o] = 1;

v[i] = 5;

vl = v[i] + 3;

v+1] = vli] + v[O0];
viviall = 12;
System.out.printin(v[2]);
V[k] = stdin.nextInt();
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Consider

Consider

int[] v = new int[10];
int 1 = 7;

int j = 2;

int kK = 4;

v[Oo] = 1;

v[i] = 5;

vis] = v[i] + 3;
v+1] = v[i] + v[O0];
vivill = 12;

System.out.printin(v[2]);
V[k] = stdin.nextInt();

int[] v new Int[10];
int i =
int j
int k
v[0o] = 1;

v[i] = 5;

vl = v[i] + 3;

vlj+1] = v[i] + v[O];
viviill = 12;
System.out.printin(v[2]);
Vv[k] = stdin.nextInt();
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Consider Consider

int[] v = new Int[10]; int[] v = new Int[10];

int 1 = 7; int 1 = 7;

int j = 2; int j = 2;

int k = 4; int k = 4;

v[0o] = 1; v[Oo] = 1;

v[i] = 5; v[i] = 5;

viil = v[i] + 3;

vj+1] = v[i] + v[O];
vivhyl] = 12;
System.out.printin(v[2]);
V[k] = stdin.nextInt();
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vl = v[i] + 3;

vj+1] = v[i] + v[O];
viviall = 12;
System.out.printin(v[2]);
V[k] = stdin.nextInt();
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Consider

Consider

int[] v = new int[10];
int i = 7;

int j = 2;

int kK = 4;

v[0o] = 1;

v[i] = 5;

vl = vli] + 3;
v+1] = v[i] + v[O0];
vivill = 12;

System.out.printin(v[2]);
V[k] = stdin.nextInt();

int[] v = new int[10];

inti =7;

int j = 2;

int kK = 4;

v[0o] = 1;

v[i] = 5;

vl = v[i] + 3;

vj+1] = v[i] + v[O];

vivill = 12;

System.out.printin(v[2]); 8 is displayed

Vv[k] = stdin.nextInt();
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Consider Consider
int[] v = new Int[10]; [0 Segment
Int 1 =7; int[] b = new int[100]:
int j = 2; b[-1] = O;:
int k = 4; ’
? b[100] = O;

v[0o] = 1; [100]
v[i] = 5; [0 Causes
vj] = v[i] + 3; B Array variable to reference a new list of 100
v[j+1] = v[i] + v[O0]; integers

viviill = 12;
System.out.printin(v[2]);

v[k] = stdin.nextInt(); Suppose 3 is extracted
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O Each element is initialized to O
B Two exceptions to be thrown
O -1 is not a valid index — too small

O 100 is not a valid index — too large
B IndexOutOfBoundsException




Consider

Point[] p = new Point[3];
p[O] = new Point(0, 0);
p[1] = new Point(l, 1);
pl2] new Point(2, 2);
p[O0].-setX(1);

Consider

Point[] p = new Point[3];

p[0] = new Point(0, 0);

p[1] = new Point(1, 1);

p[2] = new Point(2, 2);
PLO].setX(1);
p[1].setY(p[2].getY));

Point vertex = new Point(4,4);

p[1]-setY(p[2]-getY()); p[1] = p[O1;
Point vertex = new Point(4,4); p[2] = vertex;
p[1] = p[O]; POl Pl P2
p[2] = vertex; ol ]
( Poaint: (0, 0) ) ( Point: (1, 1) ) ( Point: (2, 2) )
Consider Consider

Point[] p = new Point[3];

p[0] = new Point(0, 0);

p[1]1 = new Point(1l, 1);

pl[2] new Point(2, 2);
p[0].setX(1);
p[1].setY(p[2].getY));

Point vertex = new Point(4,4);
p[1] = plO];

pl2] vertex;

p[0] p[1] p[2]

L
~—

T

( Point: (1, 0) ) ( Point: (1, 1) ) ( Point: (2, 2)

Point[] p = new Point[3];

p[0] = new Point(0, 0);

p[1]1 = new Point(1l, 1);

pl[2] new Point(2, 2);
P[0].setX(1);
p[1].setY(p[2].getY);

Point vertex = new Point(4,4);
p[1] = pLO];

rl2] vertex;

p[0] p[1] p[2]

L 1
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T

( Point: (1, 0) ) ( Point: (1, 2) ) ( Point: (2, 2) )




Consider

Point[] p = new Point[3];

p[0] = new Point(0, 0);

p[1] = new Point(1, 1);

p[2] = new Point(2, 2);
P[0].setX(1);
p[1].setY(p[2].getY);

Point vertex = new Point(4,4);

Consider

Point[] p = new Point[3];

p[0] = new Point(0, 0);

p[1] = new Point(1, 1);

p[2] = new Point(2, 2);
PLO].setX(1);
p[1].setY(p[2].getY));

Point vertex = new Point(4,4);

p[1]1 = p[O]; p[1]1 = p[O];
p[2] = vertex; vertex p[2] = vertex; vertex
plO] Pl P2 \ plO] Pl pl2) \
= LT T
\\\\\\\\\\‘> [\\~l \\\\\\\\\\*
Consider Explicit initialization

Point[] p = new Point[3];

p[0] = new Point(0, 0);
p[1] = new Point(1, 1);
p[2] = new Point(2, 2);

P[0].setX(1);

p[1].setY(p[2].getYQ):
Point vertex = new Point(4,4);

p[1] = pLOl;
p[2] = vertex; vertex \

p[0] p[1] p[2]
J R = ( ey )

0 Syntax

id references an array of n elements. id[0] has
value exp,, id[1] has value exp, , and so on.

/

ElementType([] id = {exp,, exp,, ... exp, , }

N J
Y

Each exp, is an expression that
evaluates to type ElementType




Explicit initialization

O Example
String[] puppy = { "nilla“, “darby*,
"galen™, "panther™ };
int[] unit = { 1 };
0 Equivalent to
String[] puppy = new String[4];
puppy[O0] = "nilla”;  puppy[1]

puppy[2] = "galen™; puppy[4]
"panther";

int[] unit = new int[1];
unit]0] = 1;

“darby"’;

Array members

0 Member length

B Size of the array
for (int i = 0; i1 < puppy-length; ++i) {
System.out._printIn(puppy[i]);
}

Array members

0 Member clone()

B Produces a shallow copy

Point[] u = { new Point(0, 0), new
Point(l, 1)};

Point[] v = u.clone();

Array members

0 Member clone()

B Produces a shallow copy

Point[] u = { new Point(0, 0), new
Point(1, 1)};

Point[] v = u.clone();

u[0] u[1]

e

C Point: (0, 0) ) ( Point: (1, 1) )
v

S

v[0] v[1]




Array members

0 Member clone()

B Produces a shallow copy

Point[] u = { new Point(0, 0), new
Point(l, 1)};

Point[] v = u.clone();

uo]  ufy] v[1] = new Point(4, 30);

T

( Point: (0, 0) > ( Point: (1, 1) >
| ‘ 4’—>< Point: (4, 30) >

v[0] v[1]

\

Array members

0 Member clone()

B Produces a shallow copy

Point[] u = { new Point(0, 0), new
Point(l, 1)};

Point[] v = u.clone();
uo]  ufy] v[1] = new Point(4, 30);

u v[0] .setX(3);//what will
// happen then?
L

\

( Point: (0, 0) > ( Point: (1, 1) )
| ‘ 4’—>< Point: (4, 30) >

v[0] v[1]

Making a deep copy

0 Example
Point[] w = new Point[u.length];
for (int 1 = 0; 1 < u.length; ++i) {
wli] = u[i]-clone();
}

Making a deep copy

u[0] uf1] u[2]

=

~

C Point: (0, 0) ) C Point: (2, 1) ) ( Point: (2, 2) )
wio]  wi] w[2]

T
~

( Point: (0, 0) ) ( Point: (2, 1) ) C Point: (2, 2) )

u




Searching for a value

// input the searched value:

int i;

for (i = 0; i1 < data.length;

it (key == data[i]) {
break;

}
}

if (i 1= data.length) {

System.out.printin(key + "

+ "-th element™);

}

else {

System.out._printin(key + "

}

key, then

++i) {

is the " + 1

is not in the list");

Searching for the minimum value

[0 Segment
int minimumSoFar = sample[0];
for (int 1 = 1; 1 < sample.length; ++i) {
it (sample[i] < minimumSoFar) {
minimumSoFar = sample[i];
¥
be

ArrayTools.java method

sequentialSearch()

public static int sequentialSearch(int[] data, int key)

{

for (int 1 = 0; 1 < data.length; ++i) {

it (data[i] == key) {

return 1i;
}
}
return -1;
}
O Consider

int[] score = { 6, 9, 82, 11, 29, 85, 11, 28, 91

}:

int il = sequentialSearch(score, 11);
int i2 = sequentialSearch(score, 30);

ArrayTools.java method
sequentialSearch()

public static int sequentialSearch(int[] data, int key)

{
for (int 1 = 0; 1 < data.length; ++i) {
if (data[i] == key) {

return i;
}
}
return -1; 0 1 2 3 4 5 6 7 8
} data | 6 ‘ 9 ‘ 82 ‘ 11 ‘ 29 ‘ 85 ‘ 11 ‘ 29 ‘ 91 ‘
O Consider
int[] score = { 6, 9, 82, 11, 29, 85, 11, 28, 91
};
int il = sequentialSearch(score, 11);

int i2 = sequentialSearch(score, 30);




ArrayTools.java method binarySearch()

public static int binarySearch(char[] data, char key) {
int left = O;
int right = data.length - 1;
while (left <= right) {
int mid = (left + right)/2;
if (data[mid] == key) {
return mid;

}
else if (data[mid] < key) {
left = mid + 1;

¥
else {
right = mid - 1;
¥
b Algorithm Tips:
return -1; Sequential:O(N)
b Binary: O(logN)

Sorting

O Problem

B Arranging elements so that they are ordered
according to some desired scheme

O Standard is non-decreasing order
B Why don't we say increasing order?

[0 Major tasks
B Comparisons of elements
B Updates or element movement

Selection sorting

0 Algorithm basis

H On iteration i, a selection sorting method
O Finds the element containing the ith smallest
value of its list v and exchanges that element
with V[i]
O Example — iteration O
B Swaps smallest element with v[O]
B This results in smallest element being in the
correct place for a sorted result

0 1 2 3 4 5 6 7 8 9

Selection sorting

v g W Q' R’ T ! U I ‘0 P

0 Algorithm basis

B On iteration i, a selection sorting method
O Finds the element containing the ith smallest
value of its list v and exchanges that element
with V[i]
O Example — iteration O
B Swaps smallest element with v[O]
B This results in smallest element being in the

correct place for a sorted result
0 1 2 3 4 5 6 7 8 9

v| 'E ‘W' Q' 'R’ T Y ‘U I' ‘o' ‘P’

A A




Selection sorting

Selection sorting

O Algorithm basis

B On iteration i, a selection sorting method
O Finds the element containing the ith smallest
value of its list v and exchanges that element
with v[i]
O Example — iteration 1
B Swaps second smallest element with v[1]

B This results in second smallest element
being in the correct place for a sorted result

0 Algorithm basis

B On iteration i, a selection sorting method
O Finds the element containing the ith smallest
value of its list v and exchanges that element
with v[i]
O Example — iteration 1
B Swaps second smallest element with v[1]

B This results in second smallest element
being in the correct place for a sorted result

0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9
v E W Q 'R’ T Y U | O P v E | Q R T Y U W O P
A A A A
ArrayTools.java selection sorting Iteration |

public static void selectionSort(char[] v) {
for (int i = 0; i < v.length-1; ++i) {
// guess the location of the ith smallest element
int guess = 1;
for (int j = i+1l; jJ < v.length; ++j) {
if (v[i] < v[guess]) { // is guess ok?
// update guess to index of smaller element
guess = j;
}
}

// guess is now correct, so swap elements
char rmbr = v[i];
v[i] = v[guess];
v[guess] = rmbr;

// guess the location of the ith smallest element
int guess = i;
for (int j = i+1; j < v.length; ++j) {
if (vb] < v[guess]) // is guess ok?
// update guess with index of smaller element
guess = j;

}

// guess is now correct, swap elements v[guess] and

v[O]




Multidimensional arrays

Example

O Many problems require information be organized as
a two-dimensional or multidimensional list

O Examples

[0 Segment
int[1[] m = new int[3][];
m[O0] new int[4];
m[1] new int[4];

B Matrices m[2] = new int[4];
B Graphical animation [1 Produces
B Economic forecast models
] Map representatlon m[0] m[1] m[2] ‘ m(2][0] m(2][1] m[2](2] m[2](3]
B Time studies of population change m‘ | ‘ ‘ | =‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘
B Microprocessor design L‘ o
[ ofoefofo][ofofofo]
m(0][0] mlo](1] m[0](2] m0](3] m[1][0] m{1]{1] m[1]2] m[1](3]
Example Example
O Seggtleljt .- stringl410] 0 Segment
roang S = new rong - - _
o e St int e[l = (1. 2). {3. 4. 5. ). 7.
s[1] = new String[2]; 7 i
s[2] = new String[4];
s[3] = new String[3]; J Produces

O Produces

S0 sl szl (3] ‘”“" ‘ null ‘””” ‘

‘ | ‘ sBlo] sE s

N - -

\ s[2][0] sl2][1] sf2]l2] s[2](3]
s[0](0] s[0][1]

s[1][0] s

null null null null ‘

c[0] c[1] c[2] c[3] ‘ ! ‘ 8 ‘ ° ‘

‘ | ‘ cElol @l cEl2

L - [
c[2][0] c[2][1]
.

c[1][0] el




Matrices

O A two-dimensional array is sometimes
known as a matrix because it resembles
that mathematical concept

O A matrix a with m rows and n columns is
represented mathematically in the
following manner 1

y Qp - Ay

By Gy - Ay,

Gn1 @m2 - 8mn

Matrix addition

O Definition C = A + B

Wc = alib1j + aizsz + ...+ ambnj

u Cij iIs sum of terms produced by multipling
the elements of a’s row i with b’s column ¢

Matrix addition

public sb1:)a15Eic double[]1[1 add(double[][] a, double[1[]

// determine number of rows in solution
int m = a.length;

// determine number of columns in solution
int n = a[0].length;

// create the array to hold the sum
double[][1 ¢ = new double[m][n];

// compute the matrix sum row by row
for (int 1 = 0; 1 <m; ++i) {

// produce the current row

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

X clillil = a[i10] + bLil10il;

}

return c;

ArrayList

O

O

Although arrays in Java are more robust, but still they

cannot be resized, that is there are no Java array

operations that support the insertion of a new elements or

the deletion of existing elements.

ArrayList

B java.util.ArrayList allows for expandable arrays, and is
the Collections replacement for the older Vector class. An
ArrayList has the following advantages over an array:

B An ArrayList automatically expands as data is added.

B Access to any element of an ArrayList is O(1). Insertions
and deletions are O(N).

B An ArraylList has methods for inserting, deleting, and
searching.

B An ArraylList can be traversed using either iterators or
indexes.

B Automatic expansion.
B Objects only.




