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Array: A fixed-length data structure for

storing multiple values of the same type

Example from last week: An array of odd

numbers:

Indices (startfromQ0) — 0 1 2 3 4 5 6

v
odds: (1|35 |7 ]9 |11|13|15
N _/

—~
odds.length == 8

The type of all elements is int
The value of the element at index 4 is 9: odds[4] == 9




Array Variables

An array Is denoted by the [] notation

Examples:
m int[] odds;
W String[] names;

= int[][] matrix; [//an array of arrays

matrix: |®|*®




Array Creation and Initialization

What is the output of the following code:

int[] odds = new int[8]-
for (int 1 = 0; i < odds.length; i++) ({

System.out.print (odds[i] + " ");
odds[i] =2 * 1 + 1;
System.out.print (odds[i] + " ");
}
Array creation: all elements get the I—
OUtpUt: default value for their type (0 for int)

0103050709011 013 0 15



Array Creation and Initialization

Creating and initializing small arrays
with a-priori known values:
int[] odds = {1,3,5,7,9,11,13,15};
String[] months =
{"J}xnf', "E%ahﬂ', "hﬁarﬂ', "qurﬂ',
"May", "Jun", "July", "Aug",
"Sep", "OCt", "NOV", "Dec"};

months: | e

\\Jan// &



Loop through Arrays

By promoting the array's index:

for (int i = 0; 1 < months.length; i++) {
System.out.println (months[i]) ;

} The variable month is assigned
the next element in each iteration

foreach:

for (String month: months) {
System.out.println (month) ;

}



Operations on arrays

The class Arrays provide operations on array
» Copy

m Sort

= Search

= Fill

jJava.util.Arrays

http://docs.oracle.com/javase/8/docs/api/index.html?java/util/Arr
ays.html



http://java.sun.com/javase/6/docs/api/java/util/Arrays.html
http://java.sun.com/javase/6/docs/api/java/util/Arrays.html

Copying Arrays

Assume:
int[] arrayl {1,2,3};
int[] array2 = {8,7,6,5};

Naive copy: 87,63 2.3
arrayl = arrav2; I“\\\\\\J
array? arrayl

What's wrong with this solution?



Copying Arrays

Arrays.copyOf

1st argument: the original array
2"d argument: the length of the copy

{1, 2, 3};
Arrays.copyOf (arrl, arrl.length);,

Arrays.copyOfRange

1st argument: the original array
2"d initial index of the range to be copied, inclusive

3'd argument: final index of the range to be copied,
exclusive

10



Question

What Is the output of the following code:

int[] odds = {1, 3, 5, 7, 9, 11, 13, 15};
int newOdds[] =

Arrays.copyOfRange (odds, 1, odds.length)
for (int odd: newOdds) {

System.out.print(odd + " ");
}

Output: 3 57 9 11 13 15

11



2D Arrays

There are no 2D arrays in Java but ...

you can build an array of arrays:
char[][] board = new char[3][];

for (int 1 = 0; 1 < 3; 1i++)

board[1] = new char[3];

— >

Or equivalently:
char[][] board = new char|3][3];




2D Arrays

A more compact table:

int[][] table = new int[10][];
for (int 1 = 0; 1 < 10; i++) {
table[i] = new int[i + 1];
for (int j = 0; j <= i; J++) {
table[i][j] = (i + 1) * (3 + 1);

table > e > 1

13
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Fibonacci

Fibonacci series
1,1,2,3,5,8, 13,21, 34
Definition:

= fib(0) =1
= fib(1) =1
= fib(n) = fib(n-1) + fib(n-2)

en.wikipedia.org/wiki/Fibonacci_number



If-Else Statement

public class Fibonacci {

Assumption:
n=0

/** Returns the n-th Fibonacci element*/
public static int computeElement(int n) {
if (n==0)
return 1;
else if (n==1)
eturn 1;

eturn computeElement(n-1) + computeElement(n-2);

Can be
removed

16




Switch Statement

public class Fibonacci {

Assumption:
n=0

/** Returns the n-th Fibonacci element*/
public static int computeElement(int n) {
switch(n) {

case 0:
return 1;
case 1: can be placgd
outside the switch
return 1
default:

return computeElement(n-1) + computeElement(n-2);

17



Switch Statement

public class Fibonacci {
Assumption:
n=0

/** Returns the n-th Fibonacci element ¥/
public static int computeElement(int 1) {
switch(n) {
case 0:
return 1;

case 1: Compilation Error:
return 1; Unreachable Code
break;

default:
return computeElement(n-1) + computeElement(n-2);

b 18



l[terative Fibonacci

A loop instead of a recursion

static int computeElement (int n) {

if (n == || n == 1)
return 1; \\\\\\\\

int prev = 1; Assumption:
int prevPrev = 1; n=0
int curr = 2;

for (int 1 =2 ; 1 < n ; 1i++) {

curr = prev + prevPrev;
prevPrev = prev;

prev = curr;

curr = prev + prevPrev;

Must be initialized.
Why?

} < - | oo

return curr;

prevPrev prev curr
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For Loop

Printing the first n elements:

public class Fibonacci {
public static int computeElement(int n) {

} o It is better to
use args|O]

public static void main(String[] args) {
for(inti =0;i<10;i++) {
System.out.println(computeElement(i));

)
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for vs. while

The following two statements are almost

equwalent: Variable i is not defined
//////////////////////— outside the for block

for(int i = 0 ; ;o 1t++)
System.out.println (computeElement(i)) ;

int i=0;
while ( ) {

System.out.println (computeElement(i)) ;
i++;

24



while vs. do while

The following two statements are equivalent
If and only If n>0 :

int i=0;

while (i < n) {
System.out.println (computeElement (1)) ;
i++;

}

int i=0;

do {
System.out.println (computeElement(i)) ;
i++;

} while (i<n);

25
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Compilation vs. Runtime Errors

nya "o1on?" INaw NINAY (AITN) NX7'ONIR NINAY

"Class", class expected

NIXRNAIT

e toD N Tonn 'y bytecode-7 im>'oni yaipn Ny

J

Class |[MyClass {
void £ () {
int n=10;
-
void g() {
int m = 20;
}
}

int 1i;

System.out.println (i) ;

Syntax error, insert "}" to
complete MethodBody

f] Mainjava &2

public class Main {
public static wvoid main(String[] args) {

System.out.println(i);

4 The local vanable i may not have been initialized
1 quick fix available:

@ Initialize variable

Press 'F2° for focusg

2 nniwp 1D 1

vin'y 197 A0 Tan ,0'019'0 NIN'KAN ,N'ann 27



Compilation vs. Runtime Errors

'9I¥90 DIPNY NXRAY N'NNY NYT? NI X7 0¥ NT NINAY

1 1 1
a = new int[20]; (n'x%'9n1p) TN N

7 NINNAAIT
in?/éLT/;/;;w int[10];
A Mainjava 23

— public class Main {
a [15] = 10; public static wveoid main(String[] args) {

String s = null;
System.out.println(s.length()}};

String s = null;
System. out. prlntln (s . 1ength () ) = Problems @ Javadoc [Z, Declaration 'l Console 52 | %% Debug 3¢ Call Hierarchy
X %G

<terminated> Main [Java Application]
Exception in thread "main" java.lang.NullPointerException
at Main.main(Main.java:4)

IwNnna N7 17y [ (exceptions) n'anNn 117 "wpnn

28



Compilation vs. Runtime Errors

?NIMyL 7w 210 TIV W DXN
NN NIMAR NIMYL NIV DN LD =

public class Factorial {
/** calculate x! **/
publi ic int factorial(int x) {

or (int 1 = 2; i <= x; i++)
f=F * i
return f;
}
}

29



The Debugger

Some programs may compile correctly, yet not
produce the desirable results

These programs are valid and correct Java
programs, yet not the programs we meant to write!

The debugger can be used to follow the program
step by step and may help detecting bugs in an
already compiled program



Debugger — Add Breakpoint

public class Test |

L= public static void wain (3tring
Svstem. cut.printlnicomputaeFi

* Right click on the desired line

public static int computeFibElem
if (n == |] n == 1)
return 1:
int prev = 1;
int prevPrev = 1:
int curr:
for (int i =2 ; 1 < n ; i++

CUrT = wnresr 4+ nrewPEeN

 “Toggle Breakpoint”

@ Toggle Brealpoint

Disable Breakpoink

(a0 ko Annotakion Zkrl+1
2%

&dd Boakmark, ..
add Task...

v Shiow Quick Diff Ckrl+5hift4+0)
Show Line Mumbers
Falding »

nsole 8

Preferences, ., 25 Javal jre) b

I ==

Breakpoint Properties. ..




Debugger — Start Debugging

— Java - Test/src/Test.java - Eclipse
Fil= Edit Source

Mawigate Search Project Funm Window  Help

- EH & D-Q-  EHG- BB G-

- - = =

2 reckags ot 5 ety = | ([ Jesimain,

{}:L.-“} ~ public class Test |

k ér JS&Gmm e pubhlic static void main (3tring [] args){
ep % Test Swatem. cut.printlnicomputeFikbElament (7)1 :
11) 3 o :

: ElH] idefault package)

. EmD]Teij@m public static int computeFibhElement (int n) 1
Iﬂﬂ. JRE Svystem Library [jren] it (n == L == 1
return 1;
int prev = 1:
int prevPrewv = 1:

int curr;

for (int i = 2 ; 1 < n ; i++]) {
CUrr = prev + prevPresw;
rrevPrewv = prew;

breakpomt DEEV = CULE;:

H

Curr = prev + prevPrew;

return curr:




Debugger — Debug Perspective

£ Java - Test/src/Test.java - Eclipse

File Edit Source Refactor  Mawigate Search

- o i %-0-Q-

Project  Fun  Window  Help

= “
] Package Explar 23 E: Hierarchﬂ 8

=i =S

1’3 S9ystem
Elf-‘s‘J Test
= sre
=3 (default package)
; m Test.java
[-E JRE System Library [jref]

3 e 3 o 3 I
R CANER Nr=R R R ] R R R 5 %
{ | E-\'
public class Test | e
public static void mwain (3tring [] args) {
Syatem. out.println(computeFibElement (7)) :
B
public =static int computeFibElement (int n) |
3 o o A
P This kind of launch is configured ko open the Debug perspective when it
“) suspends,
This Debug perspective is designed ko support application debugging. It
incorporates views For displaying the debug stack, wariables and breakpaink =
management.
Do o wank to open this perspective now?
el
[ ]remember my decision
1 -,
5 %, = F
2 ey v J[ = |PIFIetE- O
Test [




ebugger — Debugging

File Edit Source Refactor Mavigate Search FProject Rum ‘window  Help

iC-He  $-0-G- (90 - - IR R R

5 Debug 52 % 0w B 3RS T e T T 0|00 variables 2

= 5 Test [Java application]

! Mame
Bé@ Test at localhost: 2457 @on
g Thread [main] {Suspended (breakpoint at line 10 in Test)) & prev

Test, computeFibElement(int) ine: 10
Test.main(Stringl1) line: 3

.5 Ct\Program Filest Javaljregibintjavaw.exe (27710/2009 12:52:30) C u rre nt State

Yalue

D Testive 8

=

public class Test | =
= public static woid main (Scring [] args){ B k J
System. out.println(computeFibElemant (7)) aC to ava
3 .
perspective
public static int computeFibElement (int n)
if (n==0 || n == 1) j
return 1; 3
int prev = 1:
e praverev = Current location
int curr;
for {(int i = 2 ; i < n ; i++) {
Curr = prev + prevPrewv:
prevPrev = prew; T
pPrewv = Cure:
¥
Curr = nrev + brevPrew:

bl

El consale i | Tasks\l

B X% GEi&EE #E-rh-—0O

Test [Java Application] C:\Program Files! Javaljresibinijavaw exe (27/10/2009 12:52:30)




ebugger — Debugging

& Debug - Test/src/Test. java - Eclipse

File Edit Source Refactor Mavigate Search  Project

[(f-He % 0-G- ™8 4

(35 Debug 52 % e (] W

= El Test [Java application]
EI @ Test at localhost: 2457
=" m’*I Thread [main] {suspended {breakpoint at line
----- = Test.computeFibElementiint} line: 10
‘ “= Test.mainiString[]) line: 3
------ .E Z:\Program Files\Javaijredibintjavaw.exe (27710

N Window  Help

-
[J] Test.java i3

public class Test
= public =static void main (Stri
System. ort.println(comput

= public static int computeFikhE

if (n == || n == 1)
return 1;

int prev = 1:

int prevPrew = 1:

int curr:

for (int i = 2 ; i < n ;

CUrr = nrev 4+ nrevPre

[E=FResume Fa
00 suspend
[H] Terminake Chrl+Fz
T._Skep Inko FS
ik Skep Ower F&
_[Skep Return F7
= Run ko Line Chrl+R
¥ Lse Step Filkers Shift+FS
. Run Chr+F11
i, Debug Fi1

Fun Hiskary

Run As

Fun Configurations. ..

Debug Hiskory

Debug As

Debug Configurations. .
@ Togagle Breakpoint Ckrl+5hift+B

@ Toggle Line Breakpoink

@ Toggle Method Breakpaoint
EE;/ Toggle Watchpoink

" Skip Al Breakpoinks




Using the Debugger: Video
Tutorial

INT'I NIAXN
http://eclipsetutorial.sourceforge.net/debugger.html

NI DTV TN

http://www.vogella.com/tutorials/EclipseDebugging/articl
e.html

Ol NN DA O'RXN]Y DY N
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http://eclipsetutorial.sourceforge.net/debugger.html
http://www.vogella.com/tutorials/EclipseDebugging/article.html
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