Chapter 6 Arrays
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Introducing Arrays

Array aa Tassasndiayatatinuile N GAUdeyaninLpeaii

double[] myList = new double[10];

myL.ist | reference

myL.ist[0]

T myList[1]

Array reference myList[2]
variable myList[3]
myL.ist[4]

Arra)i/nzls)?wsnt at > myList[5]
myL.ist[6]

myL.ist[7]

myL.ist[8]

myL.ist[9]

5.6

4.5

3.3

13.2

4

34.33

<— Element value

34

45.45

99.993

11123




mydszmeaauls Array

* datatype|[] arrayRefVar;

Example:

double[] myList;

 datatype arrayRefVar[]; //Thisstyleis
allowed, but not preferred

Example:

double myList[];




msasw Arrays

arrayRefVar = new datatypelarraySize];

Example:
myList = new double[l0];

myList [0] &vludsaudnusnlu array mylist

myL1st[9] &vludsaudngaiinalu array mylList




Uszmadauils array wag ainlu step mennu

*datatypel|] arrayRefVar = new
datatypelarraySize];

double[] myList = new double[10];

*datatype arravyRefVar|[] = new
datatypelarraySize];

double myList[] = new double[1l0];




Yiaved Array

FauN array gnaseaunn suasiawinmen wazdasulild ez
994 array Taali field (Fauilsaas Array) dneans

arrayRefVar.length

For example,

myList.length returns 10




a1 Default @ laenfsene)

FMAUT array QNAIINAUN ANVTNYNEL U array AzilAN default A3

0 for the numeric primitive data types,

[o}

"\u0000' s w5ussm char, and

false d1v50u4%im boolean




awnlsaati Indexed Variable)

anngnly array azgnidinds (gnanu vise gninvuaan) 1ileenis ldamd
n13819D9 Atiaziznann 0 Dy arrayRefVarlength-1

1971821 syntax ANWANENWANITNLANZFHI L1e array

arrayRefVar[index];

dJ = o Qi | o 4:19/| .
GINL?W%Lﬁ‘ﬂﬂmLLﬂ?VI@%GLu@ﬂHmzm’] Indexed Variable




msl¥ Indexed Variables

MAGAINNLINA51  array WA,  L9141H19D
indexed variable wUULALNTUNLEN MEAI LU TLL
G991 AN LT

myList[2] = myList[0] + myList[1l];
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manmuaandu i Array
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° 132N, 4519, AIANFIRAY ITUADILARA

double[] myList = {1.9, 2.9, 3.4, 3.




9y 9y
matlseme, a5, asnasauld array lugiuovge

double[] myList {1.9, 2.9, 3.4, 3.5};

A o
ANBLNLU

double[] myList new double[4];
myList[0] = 1.9;
myList[l] = 2.9;
myList[2] = 3.4;

myList[3] = 3.5;




o A

AU
n1stlsenid, 4319, AaAseAnlv array lugdu
einfaannlunil statement

PN L NLLLT AN

double[] myList;

myList = {1.9, 2.9, 3.4, 3.5};




Trace Program with Arrays

dsznna sauals variable 3a values, 4% array,
way saAtnnsdineda (dAn reference) 13 values

public class Test {
public static void main(Stri After the array s created
int[] values = new int[5]; ~
for (inti=1;i<5;i++) {
values[i] =i + values][i-1];
}

values[0] = values[1] + values[4];

}

A~ w N P O
o|lo|lo|lo|lo

}




Trace Program with Arrays

public class Test {
public static voiZ@¥ain(String[] args) {
int[] values #new int[5];

After the array is created

for (inti=1;i<5;i++) {
valuesl[i] =i + valuesl[i-1];

}

values[0] = values[1] + values[4];

}

A~ w N P O
o|lo|lo|lo|lo

}




Trace Program with Arrays

I (=1) is less than 5 ]

public class Test {
public static void mZ¥5tring[] args) {
int[] values = newfint[5]; After the array is created
for(inti=1;i<5; i++) {
valuesl[i] =i + values[i-1];
}

values[0] = values[1] + values[4];

}

A~ w N P O
o|lo|lo|lo|lo

}




Trace Program with Arrays

After this line is executed, value[1] is 1 }

public class Test {
public static void main(Strir! After the first iteration
int[] values = new int[5];
for (inti=1;i<5;i++) {
values[i] =i + values][i-1];

}

values[0] = values[1] + values[4];

}

N w N | |O
o|lo|lo]|lr |lo

}




Trace Program with Arrays

After i++, i becomes 2

public class Test {
public static void main(Stringd
int[] values = new int[5k
for (inti=1;i<5;i++) {
valuesl[i] =i + values[i-1];

}

After the first iteration

values[0] = values[1] + values[4];

}

N w N P O
o|lo|lo]|lr|o

}




Trace Program with Arrays

I (=2)islessthan 5

public class Test {
public static void main(String[] 2
int[] values = new int[5L
for (inti=1;i<5; i++) { After the first iteration
valuesl[i] =i + values[i-1];

}

values[0] = values[1] + values[4];

}

~ w b B O
o|lo|lo]|lr|o

}




Trace Program with Arrays

After this line is executed,
values[2] is3 (2 + 1)

public class Test {
public static void main(Strir! After the second iteration
int[] values = new int[5];
for (inti=1;i<5;i++) {
values[i] =i + values][i-1];

}

values[0] = values[1] + values[4];

}

N w || O
o|lolw]|r|lo

}




Trace Program with Arrays

After this, 1 becomes 3. ]

public class Test {
public static void main(S After the second iteration
int[] values = new int[5;
for (inti=1;i<5;li++) {
values[i] =i + values|[i-1];
}

values[0] = values[1] + values[4];

}

N w N P O
o|lo|lw|r|o

}




Trace Program with Arrays

I (=3) is still less than 5.

public class Test {
public static void main(Strizg After the second iteration
int[] values = new int}
for (inti=1;1<5; i++) {
values[i] =i + values|[i-1];

}

values[0] = values[1] + values[4];

}

N w N P O
o|lo|lw|r|o

}




Trace Program with Arrays

After this line, values[3] becomes 6 (3 + 3)

public class Test {
public static void main(String[] argg After the third fteation
int[] values = new int[5];
for(inti=1;i<5;i++){
valuesl[i] =i + valuesl[i-1];

}

values[0] = values[1] + values[4];

}

N|lw ]| D> B O
olo|lw|rr|lo

}




Trace Program with Arrays

After this, i becomes 4

public class Test {
public static void main(String]] After the third iteration
int[] values = new int[5];
for (inti=1;i<5; i++) {
valuesl[i] =i + values[i-1];

}

values[0] = values[1] + values[4];

}

N w b P O
o|lo|lw|r|lo

}




Trace Program with Arrays

I (=4) is still less than 5

public class Test {
public static void main(Striggs After the third iteration
int[] values = new int
for (inti=1;1<5; i++) {
values[i] =i + values|[i-1];

5.

}

values[0] = values[1] + values[4];

}

N w b P O
o|lo|lw|r|lo

}




Trace Program with Arrays

After this, values[4] becomes 10 (4 + 6) ]

public class Test {
public static void main(Strir! After the fourth iteration
int[] values = new int[5];
for (inti=1;i<5;i++) {
values[i] =i + values][i-1];

}

values[0] = values[1] + values[4];

}

|l w N P O
o|lw|lr|lo

}




Trace Program with Arrays

After i++, i becomes 5

public class Test {
public static void main(String[] argz
int[] values = new int[5];
for (inti=1;i<5;i++) {
values[i] =i + values]i-1];
} After the fourth iteration

values[0] = values[1] + values[4];

}

(o2 BNV B N o)

}

~ w b O




Trace Program with Arrays

I (=5) <5 is false. Exit the loop ]

public class Test {
public static void maf@¥tring[] args) {
int[] values = new/
for (inti=1;i<5; i++) {
values[i] =i + values]i-1];
}

values[0] = values[1] + values[4];

}

After the fourth iteration

(o2 BNV B N o)

~ w b O

}




Trace Program with Arrays

After this line, values[0] is 11 (1 + 10) ]

public class Test {
public static void mj
int[] values = ney
for(inti=1;i¢<
values|i] = i #values]i-1];

values[0] = values[1] + values[4];

}

A w b PO
w

}




Processing Arrays

See the examples in the text.
(Initializing arrays)

(Printing arrays)

(Summing all elements)
(Finding the largest element)

(Finding the smallest index of the largest element

o Uk Wb

(Shifting elements)

1)




Enhanced for Loop (for-each loop)

] 9y
JDK 1.5 1 loop wHa vy Ne1%131 traverse (n049) 11049 array muaiau laTIag

9 Y v v A o 1 1 9 1 . 1 A 1 Y,
Gl@\‘]i%@]’)ﬂﬂﬁﬂﬁh’u AIDYNUTY code VNN print ﬂ?iﬂﬁ%?%ﬂllﬁﬁ%@?ﬂ@ﬂﬂ?

for (double value: myList)

System.out.println (value);
Tagna q 11) syntax Ao
for (elementType value: arrayRefVar) {

// Process the wvalue

o 1% v o . 1% 1% v =K 1 I~ o o =
13189P95e9 1 Aautls index 81L5HR9NFENDN array wat TlulRuatsLvizal
o 32 |
feangldlasualu array (
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o
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d10819: M3l Grades iiaa

* Objective: anunzuunanslian (Int) mAzuLTRfgs, and

q

then LL@'ﬂ‘MLﬂﬁ‘ﬂﬁ]’]ﬁ\l’j"]ﬂ@ L@mmu.
Grade is A if score is >= best-10;

Grade is B if score is >= best-20;
Grade is Cif score is >= best—30;
Grade is D if score is >= best—40;

Grade is F otherwise.




msnaaon Arrays

Ueemnis wsien1sdnaandeyaly array unansauauaesdy widnsld statement
LUU9a1 nsAnaanaz W lFiinTuass o

list2 = list1;
Before the assignment After the assignment
list2 = list1; list2 = list1;
listl listl
Contents Contents
of listl of listl
list2 list2
Contents Contents
of list2 of list2
Garbage




msAaaon Arrays
Using a loop:

int[] sourceArray = {2, 3, 1, 5, 10};

int[] targetArray = new 1int[sourceArray.length];

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

targetArray[1] = sourceArrayl[1l];




The arraycopy Utility

arraycopy (sourceArray, SrcC pos,
targetArray, tar pos, length);

Example:

System.arraycopy (sourceArray, 0,
targetArray, 0, sourceArray.length);




Linear Search

The linear search approach compares the key element, key,
sequentially with each element in the array list. The method
continues to do so until the key matches an element in the list or
the list is exhausted without a match being found. If a match is
made, the linear search returns the index of the element in the

array that matches the key. If no match is found, the search returns
1.




Linear Search Animation




From Idea to Solution

/** The method for finding a key in the list */
public static int linearSearch(int[] list, int key) {
for (int 1 = 0; 1 < list.length; 1++)
1f (key == 1list[1])

return 1i;

return -1;

Trace the method

int[] list = {1, 4, 4, 2, 5,

4 -3, 6,
int 1 = linearSearch(list, 4

(

(

2}
); // returns 1

int § = linearSearch(list, -4); // returns -1
3)

int k = linearSearch(list, -3); // returns 5




Binary Search

a1¥nlu array desiFesdduegudl (winliides e deeliunnla

1914 2 4 7 10 11 45 50 59 60 66 69 70 79

A Y A = Y A o A '
Lﬁll@]ucﬂl‘lldﬁ'fJ‘]JW]EJ‘]Jﬂ‘]Jﬁ?JWGJfﬂ@I'JCV]@qglﬁﬂﬂ’dTQﬂ@‘L!




Binary Search, cont.

"\ | .
WIITUT 3 NI
. Y =
*  key < middle element, AUN AT LT NUDY array
. ! y
*  key == middle element, HigANINDINT1ZLIDLAN

. Y & v
*  Key > middle element, AUNIIUATIAIUDY array




Binary Search

3

6

A




Binary Search, cont.

key is 11

key <50

key >7

key == 11

low mid high

[0] [1] [2] [3] [4] [5] [e] [7] [8] [9][10] [11][12]
list |2 4 7 10 11 45 50 59 60 66 69 70 79

low  mid high
oy
[0] [1] [2] [3] [4] [

Iist|_2 4 7 10 11 45

low mid high

%[][*4][‘3‘]{

list 10 11 45




key 1Is 54

key >50

key <66

key < 59

list

list

list

low mid hiih

[%] [1] [2] [3] [4] [5] [%] [7] [8] [9][10] [11] [12]

2 4 7 10 11 45 50 59 60 66 69 70 79

low mid high

v

[0] [1] [2] [3] [4] [5] [6] [7] [8] [9][10][11] [12]

59 60 66 69 70 79




Sorting Arrays

Sorting, like searching, is also a common task in computer programming.
would be used, for instance, if you wanted to display the grades from
Listing 6.2, “Assigning Grades,” in alphabetical order. Many different
algorithms have been developed for sorting. This section introduces two
simple, intuitive sorting algorithms: selection sort and insertion sort.




Selection Sort

Selection sort finds the largest number in the list and places it last. It then finds the
largest number remaining and places it next to last, and so on until the list contains onl
single number. Figure 6.17 shows how to sort the list {2, 9, 5, 4, 8, 1, 6} using selection

sort.

swap
Select 9 (the largest) and swap it 2 t 5 4 8 %
with 6 (the last) in the list
swap
. J l The number 9 is now in the
Select 8 (the largest) and swap it 2 6 4 8 9 correct position and thus no
with 1 (the last) in the remaining longer needs to be considered.
list swap
¢—¢ The number 8 is now in the
Select 6 (the largest) and swap it 2 6 5 4 1 9 correct position and thus no
with 1 (the last) in the remaining longer needs to be considered.
list swap
J ¢ The number 6 is now in the
Select 5 (the largest) and swap it 2 1 5 4 6 9 correct position and thus no
with 4 (the last) in the remaining longer needs to be considered.
list
) L4 s & . o The number 5 is now in the
4 is the largest and last in the list. Icorrect pos(;tu:n gnd thu§dno q
No swap is necessary wp onger needs to be considered.
. ¢ ¢ The number 4 is now in the
Select 2 (the largest) and swap it 2 1 5 6 8 9 correct position and thus no
‘I’V'th 1 (the last) in the remaining longer needs to be considered.
ist
. . The number 2 is now in the
Since there is only one number 1 2 4 5 6 9

remaining in the list, sort is
completed

correct position and thus no
longer needs to be considered.




Selection Sort

int[] myList={2,9,5, 4, 8, 1, 6}; // Unsorted

2 85 4 [8 [1]6
2 |85 [+ 1 [8Tfo]
20 [0

t]2]4]s [6 [8 ]9 ] ()




Insertion Sort
int[] myList ={2, 9, 5, 4, 8, 1, 6}; // Unsorted

The insertion sort Step 1: Initially, the sorted sublist contains the 2 i 5 4 8 1
a|gorithm sorts a list  firstelementin the list. Insert 9 to the sublist.
of values by N

repeatedlyinserting ?SE%ZS:t.Thesortedsublistis{z,9}. Insert 5 to the 2" 9 5 4 8 1

an unsorted element ; |
Into a sorted sublist Step 3: The sorted sublist is {2, 5, 9}. Insert 4 to Yo o 4 8 1
until the whole list the sublist.

is sorted. v oo

Step 4: The sorted sublist is {2, 4, 5, 9}. Insert 8 2 4 5 9 8 1
to the sublist.

Step 5: The sorted sublist is {2, 4, 5, 8, 9}. Insert 2 4 5 8 9 1
1 to the sublist.

Step 6: The sorted sublist is {1, 2, 4, 5, 8, 9}. 1 2 4 5 8 9
Insert 6 to the sublist.

Step 7: The entire list is now sorted 1 2 4 5 6 8




Insertion Sort

int[] myList={2,9,5, 4, 8, 1, 6}; // Unsorted

27885 |4 [8 [1 [6

EREN I EHE
ERENENENCN




How to Insert?

The insertion sort o] [ [2 [3] [4] [5] [6]
algorithm sorts a list list [2 5 9 4 |  Step 1: Save 4 to a temporary variable currentElement
of values by . [0] [1] [2] [3] [4] [5] [6]
repeatedly inserting list (25 9 |
an unsorted element
Into a sorted sublist

until the whole list
is sorted. | [01 [1] [2] [3] [4] [5] [6] | |
list (2 4 5 9 | Step 4: Assign currentElement to list[1]

Step 2: Move list[2] to list[3]

[0] [1] [2] [3] [4] [5] [6]
list | 2 5 9 | Step 3: Move list[1] to list[2]




From Idea to Solution

for (int 1 = 1; 1; 1 < 1list,length; 1i++) {
insert list[i] into a sorted sublist 1ist[0..i1-1] so that
1list[0..1] 1s sorted

1ist[0]
1list[0] 1list([1]
1ist[0]

list[1l] list|[2]

list[0] 1list[1l] 1list[2] list[3]

list[0] 1list[1l] 1list[2] 1list[3] ...



The Arrays.sort Method

Since sorting is frequently used in programming, Java provides several
overloaded sort methods for sorting an array of int, double, char, short,
long, and float in the java.util.Arrays class. For example, the following
code sorts an array of numbers and an array of characters.

double[] numbers = {6.0, 4.4, 1.9, 2.9, 3.4, 3.5};
java.util. Arrays.sort(numbers);

char[] chars = {'a, 'A', '4', 'F', 'D', 'P'};
java.util.Arrays.sort(chars);




Arrays 2 ia
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Distance Table (in miles)

Chicago Boston New York Atlanta Miami Dallas Houston

Chicago 0 983 787 714 1375 967 1087
Boston 983 0 214 1102 1763 1723 1842
New York 787 214 0 888 1549 1548 1627
Atlanta 714 1102 888 0 661 781 810
Miami 1375 1763 1549 661 0 1426 1187
Dallas 967 1723 1548 781 1426 0 239

Houston 1087 1842 1627 810 1187 239 0




Declare/Create Two-dimensional Array

// Declare array ref var

dataTypel[] [] refVar;

// Create array and assign its reference to variable
refVar = new dataType[10][10];

// Combine declaration and creation in one statement
dataTypel[] [] refVar = new dataType[10][10];

// Alternative syntax
dataType refVar[][] = new dataType[10][10];




Declaring Variables of Two-dimensional
Arrays and Creating Two-dimensional
Arrays

int[][] matrix = new int[10][10];
or

int matrix[][] = new int[10][10];
matrix[0] [0] = 3;

for (int 1 =
for (int 7 ; ] < matrix[1i].length; j++)
1x[1

0; 1 < matrix.length; 1++)
[ = (int) (Math.random() * 1000

double[][] x; (56J




[llustration

01 2 3 4
0
1
2
3
4
matrix = new int[5] [5];

matrix.length? 5

matrix[0].length? 5

Two-dimensional Array

01 2 3 4
0
1
2 7
3
4
matrix[2][1] = 7;

int[][] array = {
{1, 2, 3},
{41 5’ 6}1
{7I 8’ 9}1

{10, 11, 12}
b

array.length? 4
array[0].length? 3



Declaring, Creating, and Initializing Using Shorthan

Notations

You can also use an array initializer to declare, create an
initialize a two-dimensij

int[][] array = {
{1, 2, 3}, P
{4, 5, 6},
{7, 8, 9},

{10, 11, 12}

Same as

al array. For example,

¥

int[][] array = new int[4][3];

array[0][0] = 1; array[0][1] = 2; array[0][2] = 3;
array[1][0] = 4; array[1][1] = 5; array[1][2] = 6;
array[2][0] = 7; array[2][1] = 8; array[2][2] = 9;
array[3][0] = 10; array[3][1] = 11; array[3][2] =

(5]




Lengths of Two-dimensional Arrays

int[][] x = new int[3][4];

x[0][0]

x[0][1]

x[0][2]

x[0][3]

X[1][0]

x[1][1]

x[1][2]

X[1][3]

X.length is 3

x[2][0]

x[2][1]

x[2][2]

x[2][3]

X[0].length is 4

X[1].length is 4

X[2].length is 4

[0




Lengths of Two-dimensional Arrays,
cont.

int[][] array = { array.length
{1, 2, 3}, array[0].length
{4, 5, 6}, array[1].length
{7,8,9}, array[2].length
{10, 11, 12} array[3].length

5

array[4].length  ArraylndexOutOfBoundsExceptio

[o0])




Ragged Arrays

- 3 Yy X '
UABZLDIVBY array NIJY array A28 FIVLIAVDILADL LD
1 v <cn Y
919 IUMUOUAUN 1A (ragged array)

int[][] matrix = {
{1, 2, 3, 4, 5},

matrix.length is 5

{2,3, 4,5} matrix[0].length is 5
{3, 4, 5}, matrix[1].length is 4

matrix[2].length is 3
14, 51, matrix[3].length is 2
{5} matrix[4].length is 1

5




Ragged Arrays, cont.

int[][] triangleArray = { /[1 21314 | 5
{11 2/ 3/ 4/ 5}/ » ~
(2, 3, 4, 5}, 4 71 [2]3 [4
{31 4/ 5}1 »
{4, 5}, 1 (23
{5} I
1 (2




Problem: Grading Multiple-Choice
Test

Student
Student
Student
Student
Student
Student

Student
Student

o O w N+ O

* Objective: write a

Students’ Answers to the Questions:

program that grade
0123456789
NI N multiple-choice test
DBABCAETEA AD
EDDACBETEA AD
CBAEDCTETER AD Key to the Questions:
ABDCCDEEAR AD 0123456789
BBECCDETEAD
BBACCDEEAD Key DBDCCDAEADTD
EBECCDETEA AD




Problem: Finding Two Points

Nearest to Each Other
A 0
Y .3 3 1
2
a1 o (4, 2) 3
° 4
e (2, 0.5) ) c
o (4, —0.5) 6
(-1 _1‘) o (2, -1) ]




A A

Arraysn ua

QU

9y
1 9 Aan o) Y
1951 D 5192152 MA array 3 UAEIL150 laaall.

double[][][] scores = new double[10][5][2];

(Y] =

= 9 v
"])"L!!,!,ﬁﬂcl,u scores @Nﬁﬂuﬂlﬁﬂu

~ Y = g A
NEADIDINDNNITADUATIN

¢
=2

~ Yy =X
NATUDNNASUUUETD

2
=2




Refine the table

Tax rate single filers AEGTES T:'.'&E’. jﬂﬂ;ﬁ'ﬂﬂ;‘r“a"f"'i"g “'Laer;i:rirgilzg Head of household
10% Up to $6,000 ;ﬁ;m Up to $6,000 Up to $10,000
15% $6,001 - $2F,950 $12,001 I[ $46,700 $6,Dm/ $23,350 $1D,Dm/ $37,450
27% $27,951 - $67,700 $46,701 ,[ $112,850 $23,3;/1 - $56,425 $3?,45/ - $96,700
30% $67,701 - $141,250 $112,851/ - $171,950 $56,¢/26 - $85,975 $96,?;z(1 - $156,600
3500 | $141,251- $307,050 $1?1,95/1 - $307,050 $85/6?6 - $153,525 $156/6[]1 - $307,050

a6 600 $307,051 $j0?,051 / $153,526 / $307,051

or more - more or more or more
| / /

10% 6000 12000 6000 10000

15% 27950 46700 23350 37450

27% 67700 112850 56425 96745

30% 141250 171950 85975 156600

35% 307050 307050 153525 307050

38.6%




Reorganize the table

27950 46700 23350 37450
67700 112850 56425 96745
141250 171950 85975 156600
307050 307050 153525 307050
Rotate
27950 67700 141250 307050
46700 112850 171950 307050
23350 56425 85975 153525
37450 96745 156600 307050

Single filer

Married jointl




Declare Two Arrays

27950 67700 141250 | 307050 Single filer
46700 112850 171950 307050 Married jointl
23350 56425 85975 153525 Married separ
37450 96745 156600~ 307050 Head of house
~.
10% int[][] brackets = {
5% {6000, 27950, 67700, 141250, 307050}, // Single filer
{12000, 46700, 112850, 171950, 307050}, // Married jointl
27% {6000, 23350, 56425, 85975, 153525}, // Married separatel
30% {10000, 37450, 96700, 156600, 307050} // Head of house
35% X
38.6%

double[] rates = {0.10, 0.15, 0.27, 0.30, 0.35, 0.386};




