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by value ' uvN1S N1avn

,0"7272n DMpn 2vo0n N (npnyin *"'v) by value nvN® N1avn
Java v |In>'Ta 7Tm oy NIt Apmyn NNoN NN IWNT'Y

?NX2N TN 0'9 TN NN ,7unY
public class CallByValue {

public static void setToFive (int arg) {
arg = 5;
}

public static void main(String[] args) {
int x = 0;
System.out.println ("Before: x=" + x);
setToFive (X) ;
System.out.println ("After: x=" + Xx);
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Primitives by value

STACK HEAP
D'MIPp D'INYN — D'NXVI 0'71172 D'INWN
X NTINN 7 AARINI N'NDIIN NTINNA 17N 12'X
UNnv u NXY
X 0 n1aonnn —
“Before: x=0"
args main @

public class CallByValue {

CODE

public static void setToFive (int arg) {

arg = 5;
}

public static void main(String[] args) {
int x = 0;
System.out.println("Before: x=" + Xx);
setToFive (Xx) ;
System.out.println("After: x=" + x);

}




Primitives by value

STACK HEAP

arg 6 setToFive

X 0

“Before: x=0"
e main @

public class CallByValue {

CODE

public static void setToFive (int arg) {
arg = 5;
0 }

public static void main(String[] args) { nnmmpﬂmmn“hj
e DN IR 2K TN XTI

System.out.println("Before: x=" + Xx);
?Eg setToFive (x) ; TnnveSHakk At yuINNmWy
System.out.println("After: x=" + x);




Primitives

by value

“After: x=0"

STACK HEAP
X println
X 0
args main

@ “Before: x=0"

public class CallByValue {

public static void setToFive (int arg) {
arg = 5;

}

public static void main(String[] args) {
int x = 0;
System.out.println("Before: x=" + Xx);
setToFive (Xx) ;

System.out.println("After: x=" + x);
\r:':;li}

}
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import java.util.Arrays; //explained later...
public class CallByValue ({

public static void setToZero(int [] arr) {
arr = new int[3];

}

public static void main(String[] args) {
int [] arr = {4,5};
System.out.println("Before: arr=" + Arrays. toString(arr))
setToZero (arr) ;
System.out.println("After: arr=" + Arrays.toString(arr));
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STACK

Reference by value

L —

arr

args

main @

HEAP

=

public class CallByValue {

public static void setToZero(int [] arr) {

}

arr = new int[3];

public static void main(String[] args) ({

int [] arr = {4,5};

System.out.println ("Before: arr=" + Arrays.toString(arr))

setToZero (arr) ;

System.out.println ("After: arr=" + Arrays. toString(arr)) ;

J

CODE




Reference by value

HEAP

STACK
arr -1
args main

“Before: arr="

“Before: arr= [4,5]”

}

=

public class CallByValue {

public static void setToZero(int [] arr) {

arr = new int[3];

int [] arr = {4,5};

System.out.println ("Before:

setToZero (arr) ;
System.out.println ("After:

CODE

public static void main(String[] args) ({

arr=" + Arrays. toString(arr));

arr=" + Arrays.toString(arr)) ;




Reference by value

STACK HEAP
“[4’5]”
ary ~-$Zero< ) “Before: arr="

0

arr -1 o ]
e “Before: arr= [4,5]"
args main .
public class CallByValue {

public static void setToZero(int [] arr) {

arr = new int[3]; CODE

}

public static void main(String[] args) ({
int [] arr = {4,5};
System.out.println ("Before: arr=" + Arrays.toString(arr))
setToZero (arr) ;
System.out.println ("After: arr=" + Arrays. toString(arr)) ;




Reference by value

STACK
/
arr -1
args main

}

public static void setToZero(int [] arr) {

public class CallByValue {

arr = new int[3]; CODE

public static void main(String[] args) ({

int [] arr = {4,5};

System.out.println ("Before: arr=" + Arrays.t |String(arr))
setToZero (arr) ;

System.out.println ("After: arr=" + Arrays. toString(arr)) ;




Reference by value

STACK

arr =

args main

public class CallByValue {

public static void setToZero(int [] arr) {

arr = new int[3]; CODE

}

public static void main(String[] args) ({
int [] arr = {4,5};
System.out.println ("Before: arr=" + Arrays.toString(arr))
setToZero (arr) ;
System.out.println ("After: arr=" + Arrays. toString(arr)) ;
P:;;}
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public class CallByValue ({
static int global = 4;

public static int increment(int [] arr) {
int local = 5;
arr[0]++;
global++;
return local;

public static void main(String[] args) {
int [] arr = {4};
System.out.println ("Before: arr[0]="
"\tglobal="
int result = increment(arr);
System.out.println("After: arr[0]="
"\tglobal="

+ arr[0] +
+ global) ;

+ arr[0] +
+ global) ;

System.out.println("result = " + result);
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} 2'aN 7N NV'oNAIIN

17



Heap, Heap — Hooray!

}

STACK
HEAP
- . ”of
X ~
In In
efore:
B arr[0]=4
A1
s CallByValue.global
args main 4
public class CallByValue { /
>> static int global = 4;
public static int increment(int [] arr) {
int local = 5; CODE
arr[0]++;
global++;

return local;

public static void main(String[] args) {

int [] arr = {4};

System.out.println("Before: arr[0]=" + arr[0] + "\tglobal=" + global) ;
int result = increment(arr);

System.out.println("After: arr[0]=" + arr[0] + "\tglobal=" + global) ;
System.out.println("result = " + result);




Heap, Heap — Hooray!

STACK
HEAP
local 5
/ After:
arr - . arr[0]=5
Increme global=5
Before:
result 5 arr[0]=4
/” global=4
s CallByValue.global
args main 8
public class CallByValue { /
static int global = 4;
public static int increment(int [] arr) {
int local = 5; CODE
arr[0]++;
global++;

o

}

return local;

public static void main(String[] args) {

int [] arr = {4};

System.out.println("Before: arr[0]=" + arr[0] + "\tglobal=" + global) ;
int result = increment(arr);

System.out.println("After: arr[0]=" + arr[0] + "\tglobal=" + global) ;
System.out.println("result = " + result);




Heap, Heap — Hooray!

STACK
HEAP
7 After:
X arr[0]=5
printin global=5
result 5 arr[0]=4
/” global=4
s CallByValue.global
args main 5
public class CallByValue { /
static int global = 4;
public static int increment(int [] arr) {
int local = 5; CODE
arr[0]++;
global++;

}

3

return local;

public static void main(String[] args) {

int [] arr = {4};

System.out.println("Before: arr[0]=" + arr[0] + "\tglobal=" + global) ;
int result = increment(arr);

System.out.println("After: arr[0]=" + arr[0] + "\tglobal=" + global) ;
System.out.println("result = " + result);




Heap, Heap — Hooray!

STACK
HEAP
5 result = 5
After:
X - arr[0]=5
printin global=5
efore:
result 5 arr[0]=4
/” global=4
s CallByValue.global
args main 5
public class CallByValue { /
static int global = 4;
public static int increment(int [] arr) {
int local = 5; CODE
arr[0]++;
global++;

}

=

return local;

public static void main(String[] args) {

int [] arr = {4};

System.out.println("Before: arr[0]=" + arr[0] + "\tglobal=" + global) ;
int result = increment(arr);

System.out.println("After: arr[0]=" + arr[0] + "\tglobal=" + global) ;
System.out.println("result = " + result);
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D'NINY 7¥ 01900 N7 7Nnn
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java.lang.Math
java.util .Arrays
java.lang.System
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NIMYN anni nizan

directories, ) nI'P'NN N1an |'2 NAXRNN NNy
Tin NI7an a1 N vp'Nea (folders
(packages)

package il.ac.tau.cs.softwarel.examples;

===l

: o public class SomeClass |
== ac

[j”Ei?tau public =static void wain(3tring[] args) |
B2 5 fl..

- }
EI---I,:_:- softwarel

K
Z

== examples
- Tath SnmeCIass.cIassp//

)] SomeClass.java
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import VOWN

“TIPN NX 7270Nn NpP7NNn 7 XN nnwa win'y

System.out.println ("Before: x=" +

java.util .Arrays. toString(arr)) ;

UNIQ DU XM 'Y XN Dwa wim'y )ion? |nn
(NP7NNN NOTAN 7yn) yan

import Jjava.util.Arrays;

System.out.println ("Before: x=" + Arrays. toString(arr))

Java nowa 1 n1dIn
2'aN 7N NV'oNAIIN

30



import VOWN

N2 NNMION N7'aNN NIRP7NN 2NN WIN'Y D'YIY TUKD
T'N' Import VOWNI NIZ7NNN 70 NINMY DX X"

import java.util.*;

System.out.println("Before: x=" + Arrays.toString(arr))

import LOYNI NIX W' INI7D ,'A'0NI70 'K -2 WIN'win
‘NN NN 7Dy 7o)

// for classes directly under subpackage
import package.subpackage.*;

// for classes directly under subsubpackagel
import package.subpackage.subsubpackagel.*;

// only for the class someClass
import package.subpackage.subsubpackage2.someClass;
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static i1mport UVOYN

NNYN NX NIMYN 2N1n7 Xa"7 |na Javas n 7nn
yan'n% 7oal (static import) 'ovon NINWNN IX
TIPN 9122 NP7NNN DY |I'¥N

package il.ac.tau.cs.softwarel.examples;
import static il.ac.tau.cs.softwarel.examples.SomeOtherClass. someMethod;

public class SomeClass {

public static voi
someMethod () 7

ain(String[] args) {

}

* -2 wnnwn? |na static import 2 na
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CLASSPATH
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APl and javadoc

7wun?) class ~yalp 1 XX ,970 2m yaug 0% Xw iy jar -n yaugp
(DI NPT 1'wn
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V5NN ,TIV'N JA0N DA NINS0N DY TN 7907 72171 N1DINN D71V
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/** Documetntaion for the package */

package somePackage;

/** Documetntaion for the class
* (@dauthor your name here

*/

public class SomeClass ({

/** Documetntaion for the class wvariable */
public static int someVariable;

/** Documetntaion for the class method
* (@param x documentation for parameter x
* (@param y documentation for parameter y
* @return
* documentation for return value
*/
public static int someMethod(int x, int y, int z) {
// this comment would NOT be included in the documentation

return 0;




Java API

7¢ N'MID0N NI7Nn 75 DX NTY'N Sun N1an
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http://download.oracle.com/javase/7/docs/api/
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public static void printOwing(double amount) {

//printBanner nUWDnI Dlnl_]w

System.out.println ("kkkkkkkkkkkkkkkkkkkk)

System.out.println("*** Customer Owes **"); NYJAIT
System,out,println("********************") ;

//print details
System.out.println ("name:" + name) ;
System.out.println ("amount" + amount) ;

}

public static void printOwing(double amount) {
printBanner() ;
printDetails (amount) ;

}

public static void printBanner () ({
System.out.println (¥ kkkkkdkkkkkkkkkkkkk")
System.out.println("*** Customer Owes **");
System.out.println (¥ kkkkkdkkkkkkkkkkkkk")

I }

public static void printDetails (double amount) {
System.out.println ("name:" + name) ;
System.out.println ("amount" + amount) ;
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(server ,Nw DA X171 0'NY97) 17 D'RIIPY M RIN — (supplier) poo

DA X172 D'MY97) D YNNWNY M IX 7907 Xpw M XiIn (client) nip%
NNAIT .(user ,unnwun

public static void do something() {
// doing. ..

}

public static void main(String [] args) {
do something() ;

}

do_something () N'¥j19N YW ANIFY X'N main N'¥PI9N IT NNAITA
main 7Y N'P90 X'N do_something
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D'WIX '"'VI DIV NINIZNA ,011Y DRATI 2AND'NY7 DMWY NIRNIE 7900
(N?7NNn NNINQ) YAl NN W'9I' X7 |AmD TR DIY

public static void do _something() {

// doing. ..

}

Supplier.java

public static void main(String [] args) ({

do something() ;

}

Client.java
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MY NIfNY7 D"IYY DIV D'NIDNN MY 0'ANd1 0'YS7 DA X7X D' T19)
D'ION NNY TI79N 1227 N1an

2720 , NN MYO ,N'YALVN NOWN NI72aNN 0'an 0DNYoN
D71V 7¥ 'MO'WI K70 IR 7Y 'TIO ‘Wizl DTRIM YT NIFY'RIVI'
n'yvan

NINN DX 'TNNI DN90N Y 727NN divide NNWA 212N (XNAIT?
‘DN7Y

public static int divide (int numerator, int denominator)
{...}
NN71VDI N'¥72190 A7 101 770 Aawin v 0'RIIZN 2NYT
2 -1 6 D'VMIARN DY N7 K71 OX DNZ90 V'TRN AN N2 T ,7unY
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"Let us speak of the unspeakable”
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12NN D7INI ,DTINN [I'X? NOWNN 270D TNIM 12NN 'K Java nswa
NI1DN 7D 190N 717NN 'ann 7y 001N)

X219 70 yny TV NNyn2 |

2217 N'NZ21I9N AN 7¢ ninann [nan — (precondition) TR 'Nan
N1 UNNWUN7? N1'Nn NN

D2
N7Y 0'PNN D'YIN'YNN TNN

D'IX712 D"V 7Y D'NAINA YNAN 'RINT DTPN 'KIN DX IRNT? 7TNe)
(N1 TN X7) v D5 0veIin

:D"ZIN D'IN712 D™V YIN'Y
NI PN
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divide -7 mMwoX nTIN

/% *

* @pre denominator !'= 0 ,

3 “Can’t divide by zero"

*

* @post Math.abs ($ret * denominator) <= Math.abs (numerator) ,

3 "always truncates the fraction"

* (@post (($ret * denominator) + (numerator % denominator)) == numerator,
w3 "regular divide"

/
public static int divide (int numerator, int denominator)

Jose nwa '"7D 7y 00Ian Y'annn
N'X71190 91AN NI K NTINN D'NY97
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divide -7 AaNX MWON NTIN

/ % %
* @pre (denominator !'= 0) || (numerator '= 0) ,
3 "you can't divide zero by zero"
™
* @post (denominator == 0) && ((numerator > 0)) S$implies
* $ret == Integer.MAX VALUE
3 "Dividing positive by zero yields infinity (MAX INT)"
x
* @post (denominator == 0) && ((numerator < 0)) S$implies
* $ret == Integer.MIN VALUE
3 "Dividing negative by zero yields minus infinity (MIN_INT)"
T
* @post Math.abs($ret * denominator) <= Math.abs (numerator) |,
& "always truncates the fraction"
—
* @post (denominator !'= 0) $implies
* ((Sret * denominator)+ (numerator % denominator)) == numerator,
*

"regular divide"

*/

public static int divide (int numerator, int denominator)
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NIYTIN 12 NNIRYI 7NNIX 02D
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DI'N XA IXRITN

public static String [] messages = new String[INBOX CAPACITY];
public static int head = 0;
public static boolean isIntialized = false;

public static void init(String login, String password) {
// connect to mail server...
// put new messages on the messages array...
// update head
isIntialized = true;

/**

* isIntialized , "you must be logged in first"

* head < messages.length , "more messages to read"
* head == $prev(head)+l , "increments head"

*/

public static String getNextMessage() {
return messages[head++] ;

}
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71T N7 D71VT7 NNY
17W DTPN 'RIN NX
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12'N NIN NI7D — 'KIN INIX 112Y 20'N NNTAIM NIANINN
TIV DT 'NIN

190Y'y "0'"17210" 0'71TIN N2A'MD NYWOXRNA Np'TAN 'N
DN7YW 077N 7V 12T 0'N'IN DI'RY DY72ITINY NIRNP

business ) n'izoyn NE'AI7AN NI'PNN NIRP'TA DX 7191 7))
NNXRI NYIY Y290 nnn i (logic

"ln1ann NidN" Dwa nwha NONio atin 9"y [1>'N Nwn
750 TN 71ma7 nMp'vw (defensive programming)
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NNAI'T

/**

£ a 1s an array sorted in ascending order

B X a number to be searched in a

* the first occurrence of x in a, or -1 if not
B exists

*

L "a 1s sorted in ascending order"

*/

public static int searchSorted(int [] a, int x)

?07TPn 'NIN DX PITA7 N7V OXN
INXY WIS'NN VIX'A AWKRA NI N'O'R NIFY DMWY IT AT ,K7Y [2mD
?1"Mn 12'R YNNY NN DIYY? A N an  NRTIa ANy Nl
? -1 2 7NnY
?77vnn DX 'Y
?1"mn X70 1yna wonY

N717Y X'NINIR 19! NIPT7 DX .DTPN 'RIN DX 21727 X7 searchSorted 7y
..NNNWN X7 72D IT 72X D"'NONT X7 17'O9X IX '1AYW Y 'TNNY
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