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public class BOOK1 {
private String title;
private int date;
private int page_count;

}

–
   

title 
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Simple Book

public class BOOK1 {
private String title;
private int date;
private int page_count;

}
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Writer Class
public class WRITER {

private String name;
private String real_name;
private int birth_year;
private int death_year;

}
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public class BOOK3 {
private String title;
private int date;
private int page_count;
private Writer author;

}
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Java  

 
)sharing, aliasing(

  
)immutability (
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 )supplier (–) ,server(
 )client ()  

 ,user .(:

public static void do_something(){
// doing...

}

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

}

 main  do_something()
do_something  main



1 Java 12

 ,"  
)(

public static void do_something(){
// doing...

}

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

}

–  

)domain (

Supplier.java

Client.java
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public static int divide(int numerator, int denominator) 
{...}
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"Let us speak of the unspeakable"
7 - 2 ?

  ?
  ?

?
?

 ?

?
?

?

 ?

 ?
?

 ? ,?
?



1 Java 15

...
 divide 

:
 

) ,'(
 

 

  
 , ,'...



1 Java 16

)design by contract(
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 )precondition(–   
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- divide
/**
* @pre denominator != 0 ,
* “Can’t divide by zero"
*
* @post Math.abs($ret * denominator) <= Math.abs(numerator) , 
* "always truncates the fraction"
*
* @post (($ret * denominator) + (numerator % denominator)) == numerator,

*      "regular divide"

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

Jose  



1 Java 18

 - divide
/**
* @pre (denominator != 0) || (numerator != 0) ,
* "you can't divide zero by zero"
*
* @post (denominator == 0) && ((numerator > 0)) $implies
* $ret == Integer.MAX_VALUE
* "Dividing positive by zero yields infinity (MAX_INT)"
*
* @post (denominator == 0) && ((numerator < 0)) $implies
* $ret == Integer.MIN_VALUE
* "Dividing negative by zero yields minus infinity (MIN_INT)"
*
* @post Math.abs($ret * denominator) <= Math.abs(numerator) , 
* "always truncates the fraction"
*
* @post (denominator != 0) $implies
*       (($ret * denominator)+(numerator % denominator)) == numerator,
* "regular divide"
*/
public static int divide(int numerator, int denominator)

–
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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; 

}

/**
* @pre isIntialized , "you must be logged in first"
* @pre head < messages.length , "more messages to read"
* @post "returns the next unread message"
*/
public static String getNextMessage(){

return messages[head++];
}
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/**
* @param a Am array sorted in ascending order
* @param x a number to be searched in a
* @return the first occurrence of x in a, or -1 if not 
*         exists
*
* @pre "a is sorted in ascending order"
*/
public static int searchSorted(int [] a, int x)

?
 ,

 ,?
1 - ?

?
?

searchSorted  .  
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:
plutoniumLevel < CRITICAL_MASS_THRESHOLD 

  
:

(cabinAirPressure < 1) 
$implies airMaskState == DOWN

true
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 .counter 

m():

/** @inv counter == #calls for m() */ 
public class StaticMemberExample {

public static int counter; //initialized by default to 0

public static void m() {
counter++;

}
}

  - m() ,  
StaticMemberExample
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""
)0n=:( m() 

StaticMemberExample   
counter  ..

)n=k:( k   
k m()  counter k  .

)1n=k+:( 1k+   
m() counter k+1

 :k+1 m() .
 - m() .k  .  

counter==k .  
m() counter++ k+1 .  

m()  ,counter 
k+1   ....
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public class CounterExample {

public static void main(String[] args) {
StaticMemberExample.m();
StaticMemberExample.m();
StaticMemberExample.counter++;

}
}

" "?
counter 

 , 
 

counter
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)private visibility(
private 

:
/** @inv counter == #calls for m() */ 
public class StaticMemberExample {

private static int counter; //initialized by default to 0

public static void m() {
counter++;

}
}

public class CounterExample {

public static void main(String[] args) {
StaticMemberExample.m();
StaticMemberExample.m();
StaticMemberExample.counter++;
System.out.println("main(): m() was called " +      

StaticMemberExample.counter + " times");
}

}
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 - private " "

counter   
StaticMemberExample 

)(

 )encapsulation(

 )information 
hiding (

–-   
counter
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)public (  

/** @inv getCounter() == #calls for m() */
public class StaticMemberExample {

private static int counter; 

public static int getCounter() {
return counter;

}

public static void m() { 
counter++;

}
}
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public class CounterExample {

public static void main(String[] args) {
StaticMemberExample.m();
StaticMemberExample.m();
// StaticMemberExample.counter++; - access forbidden

System.out.println("main(): m() was called " +      
StaticMemberExample.getCounter() + " times");

}
}
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)representation invariant ,Implementation 
invariant ()private(

:

/** @inv getCounter() == #calls for m()
* @imp_inv counter == #calls for m()
*/
public class StaticMemberExample {

private static int counter; 

public static int getCounter() {
return counter;

}
}
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:

/** @imp_post isIntialized */
public static void init(String login, String password)

?
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)sort 
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)package friendly(
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)specification ( –  

) (  
)DbC -

Design by Contract (  
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  :
push, pop, top, isEmpty

LIFO 
 ,

StackOfInts s1 = new StackOfInts();
System.out.println("isEmpty() == " + s1.isEmpty()); 
s1.push(1);
System.out.println("s1.top() == " + s1.top()); 
s1.push(2);
System.out.println("s1.top() == " + s1.top()); 
s1.pop();
System.out.println("s1.top() == " + s1.top()); 
System.out.println("isEmpty() == " + s1.isEmpty()); 

  

// true

// 1

// 2

// 1
// false

  
s1.top() ?
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public class StackOfInts {

/**
* @post isEmpty() , "The constructor creates an empty stack“ */
public StackOfInts() { ... }

/** returns top element
* @pre !isEmpty() , "can't top an empty stack" */
public int top() { ... }

/** returns true if stack is empty */
public boolean isEmpty() { ... }

/** removes top element
* @pre !isEmpty() , "can't pop an empty stack" */
public void pop() { ... }

/** adds x to the stack as top element
* @post top() == x , "x becomes top element"
*  @post !isEmpty() , "Stack can’t be empty“ */
public void push(int x) { ... }

}

:

 :count()   
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package il.ac.tau.cs.software1.lec4;

/** @inv count() >= 0 */
public class StackOfInts {

/**
* @post isEmpty() , "The constructor creates an empty stack“ */
public StackOfInts() { ... }

/** returns top element
* @pre !isEmpty() , "can't top an empty stack" */
public int top() { ... }

/** returns true if stack is empty

* @post $ret == (count() == 0) */
public boolean isEmpty() { ... }

/** removes top element
* @pre !isEmpty() , "can't pop an empty stack"

* @post count() == $prev(count()) - 1 */
public void pop() { ... }

/** adds x to the stack as top element
* @post top() == x , "x becomes top element"
*  @post !isEmpty() , "Stack can’t be empty“ 

* @post count() == $prev(count()) + 1 */
public void push(int x) { ... }

/** returns the number of elements in the stack*/
public int count() { ... }

}
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count() 

count   

) , (  
  

5 
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/** @abst (i1, i2, ... , in) or () for the empty stack */
public class StackOfInts {

/** @abst AF(this) == () */
public StackOfInts(){

/** @abst $ret == i1 */
public int top(){

/** @abst $ret == (AF(this) == ()) */
public boolean isEmpty()

/** @abst AF(this) == (i2, i3, ... , in) */
public void pop()

/** @abst AF(this) == (x, i1, ... , in) */
public void push(int x)

/** @abst $ret == n */
public int count()

}
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@abst AF(this) == (i2, i3, ... , in)

 ,
@abst $ret == i1

 ,  

@abst (i1, i2, ... , in)
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StackOfInts

package il.ac.tau.cs.software1.lec4;

public class StackOfInts {

public static int DEFAULT_STACK_CAPACITY = 10; 

private int [] rep;
private int count;

public StackOfInts(){
count = -1;
rep = new int[DEFAULT_STACK_CAPACITY];

}
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StackOfInts )(
public int top(){

return rep[count];
}

public boolean isEmpty(){
return count == -1;

}

public void pop(){
count--;

}

public int count(){
return count + 1;

}
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StackOfInts )2(

public void push(int x){
if (count == rep.length - 1)

enlargeRep();
count++;
rep[count] = x;

}

/** allocate storage space in rep */
private void enlargeRep(){

int [] biggerArr = new int[rep.length * 2];
System.arraycopy(rep, 0, biggerArr, 0, rep.length);
rep = biggerArr;

}

}
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StackOfInts

  

-0 
"count

:

"count  

1 2 3 0 0 0 0

count

0 0 0 0 3 2 1

count



1 Java 55

StackOfInts

StackOfInts 

enlargeRep 
  

:

  

1 2 3 0 0 0 0

count

1 2 3

tail
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)private (  
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)design phase(
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StackOfInts

1( ) ( ,..., ) . . : 1.. : [ 1 ],
1

n iAF this x x s t i n x rep count i
n count
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many to one:

  
) ,concrete state (

1 2 3 0 0 0 0

count==1

1 2 7 8

count==1

(2,1)
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1 2 3 0 0 0 0

count == 35

1 2 7 8

count == -11
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StackOfInts 

/** @imp_inv count < rep.length
*  @imp_inv count >= -1
*  @imp_inv top() == rep[count]
*  @imp_inv isEmpty() == (count==-1)
*/
public class StackOfInts {
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) (m():
as m()   

as’ cs 
) - as (m() cs’   

as’

AF(cs.m()) == AF(cs).Spec_m()
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m()
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AF()
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public class StackOfInts {

public static int DEFAULT_STACK_CAPACITY = 10; 

public StackOfInts(){
count = -1;
rep = new int[DEFAULT_STACK_CAPACITY];

}

public StackOfInts(int expectedCapacity){
count = -1;
rep = new int[expectedCapacity];

}

  : !  


