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A Buggy Example

static void Uniqueify(List<integer> Ist) {

for(int i= 0; 1 <lIst.size() - 1; i++4)
while(Ist.get(i) == Ist.get(i+ 1)) {
Ist.remove(i+ 1);
}



6.170 specifications

T h e@redonditiom : constraints t ha
IS called (if not, all bets are off)

requiresi spells out any obligations on client

T h gositonditio®m : constraints t he
IS called (if the precondition held)

modifiest lists objects that may be affected by method; any obj
not listed is guaranteed to be untouched

effectsT gives guarantees on the final state of modified objects,
unless an exception occurs

returnsi describes return value (if no exception)
throwsT lists possible exceptions



An example of a non-conforming client

static void Uniqueify(List<Integer> Ist)

requires Ist is not null.

modifies st _ -

effects all the elements of the Ist are unique, repetitions are removed
returns none

static void Uniqueify(List<Integer> Ist) {
Ist.sort();
for(int i= O0:1< ISt
while(Ist.get(i) == Ist.get(l
Ist.remove(i+ 1);

- 1; i++)

} if(Ist.size()<=i+ 1) break; [ Anai The list is also sorted }
}
Client:
Uniqueify(I  1);

| = BinarySearch(l 1, );



An example of a non-conforming client

static void Uniqueify(List<Integer> Ist)

requires Ist is not null.

modifies st _ -

effects all the elements of the Ist are unique, repetitions are removed
returns none

static void Uniqueify(List<Integer> Ist) {

for(int i= 0;i < lIst.size() -1; i++)
for(int j=lIst.size() -1;j>0; ] -- )
if(Ist.get(i) == Ist.get()))
Ist.remove());

Client:
Uniqueify(l 1)
| = BinarySearch(l 1,));



An example of unnecessarily strong spec

static void Uniqueify(List<Integer> Ist)

requires Ist is not null.

modifies Ist _ N

effects Ist is sortecand all the elements of the Ist are unique, repetitions are remo\
returns none

static void Uniqueify(List<Integer> Ist) {

Ist.sort();
for(int i= 0; 1 <Ist.size() - 1; I++4)
while(Ist.get(i) == Ist.get(i+ 1)) {
Ist.remove(i+ 1);
if(Ist.size()<=1+ 1) break;
}




Point example

class Point {
private double x,Y;
public Point (double x, double Yy)
{ this .x=x; this .y=y; }
public double x() { return x;}
public double y() { return vy;}
public double r() { return Math.sqrt (x*x+y*y); }
public double theta() { return Math.atan2(y,x); }

}

class SingleCalcPoint {
private double X, Y;
private double r, theta;
public SingleCalcPoint (double x, double Yy)
{ this .x=x; this .y=y;
r = Math.sgrt (x*x+y*y);
theta = Math.atan2(y,x);
}
public double x() { return x;}
public double y() { return vy; }
public double r(){return r; }
public double theta() { return theta; }



Changes are cumbersome

class Graphics {
void drawLine ( Point p1,
Point p2){...}

screen.drawLine (new Point (5,10),
new Point (10,5));



Changes are cumbersome

class Graphics {
void drawLine ( SingleCalcPoint pl1,
SingleCalcPoint p2){...}

screen.drawLine (new SingleCalcPoint (5,10),
new SingleCalcPoint (10,5));



Point example

class Point {
private double x,Y;
public Point (double x, double Yy)
{ this .x=x; this .y=y; }
public double x() { return x;}
public double y() { return vy;}
public double r() { return Math.sqrt (x*x+y*y); }
public double theta() { return Math.atan2(y,x); }

}

class SingleCalcPoint extends Point {
private double r, theta;
public SingleClacPoint (double x, double Yy)
{ super (x, y);
r = Math.sqgrt (X*x+y*y);
theta = Math.atan2(y,x);
}
public double r(){return r; }
public double theta() { return theta,; }

}



reducing impact of extension

class Graphics {
void drawLine (Point pl, Point p2){... }

screen.drawLine (new Point (5,10),
new Point (10,5));



reducing impact of extension

class Graphics {
void drawLine (Point pl, Point p2){... }

screen.drawLine (new SingleCalcPoint (5,10),
new SingleCalcPoint (10,5));

Only the constructors need to be changed!



Reuse of Code

é Old members need tO be
class SingleCalcPoint { redeclared, even if no change

private double x,Y; |
private double

r, theta:

public SingleCalcPoint (double x, double y)

{ this .x=x; this .y=y;

r = Math.sqgrt (X*x+y*y); Old methods need to be
theta = Math.atan2(y,x): reimplemented, even if no change
}
public double x() { return x;} —
public double y() { return vy; }
public double r() { return r; }
public double theta() { return theta; }

class SingleCalcPoint extends Point

1 —
private double r, theta;

Only the additional members

public SingleClacPoint (dwui Put the old constructor to good use

{ super (X, y);
r = Math.sqrt (Xx*x+y*y);

}theta = Math.atan2(y,x); Only new and changed methods
oublic double r() { return r: } —_—
public double theta() { return theta; }

}



Point example

class CachingPoint {
private double X, Vy;
public CachingPoint (double x, double Yy)
{ this .x=x; this .y=y; polarized = false; }
public double x() { return x; }
public double y(){return y;}

private double r, theta;
private boolean polarized ;
private void polarize () {
If ('polarized ) {
r = Math.sqgrt (x*x+y*y);
theta = Math.atan2(y,x);
polarized =true;

}
}

public double r() { polarize (); return r;}
public double theta() { polarize (); return theta; }



Point example

class CachingPoint extends Point {
private double r, theta;
private boolean polarized ;
public CachingPoint (double x, double vy) {

super (x,y);
polarized = false;
}

private void polarize () {
If (!polarized ) {
double x = x();
double y =vy();
r = Math.sgrt (Xx*x+y*y);
theta = Math.atan2(y,x);
polarized = true;

}
}

public double r() { polarize (); return r;}
public double theta() { polarize (); return theta; }



Use an Interface?

public interface Point {
public double x();
public double y();
public double r();
public double theta();

class MultiCalcPoint implements Point {
private double x,y;
é

class SingleCalcPoint implements Point {
private double x,y;
private double r, theta;
é

class CachingPoint implements Point {
private double x,y;
private double r, theta;
private boolean polarized;
é

Pros:
cons:

Pros:
Cons:

Pros:

cons:

compactsize
rand thetais calculated every time

r and thetais calculated only once

rand thetais calculated evenifthey are
notused

r and thetais calculated only once and
onlyifthey are ever used

Mostamountof space



Can you hide the constructors?

No need to know the implementation
class Graphics {
void drawLine (Point pl,m {..}

} ERROR! Cannot instantiate an interface.
Need to know the implemented class

screen.drawLine (new Point (5,10),

new M

What class to use?
MultiCalcPoint, SingleCalcPoint or CachingPoint?

What about if the implementer comes up with a

better implementation?
All constructors in the client code need to be changed



Factory Methods

class Point {
public static Point makePoint( e¢) { . . . }

screen.drawLine (Point.makePoint (5,10),
Point.makePoint (10,5));

Create a nfactory metho
Only a single place to modify to change the class
All objects will be of the same class

Thi s 1s a nbesign Patte



Dynamic Dispatch

class Account {

é
public void transfer(int amt, Account dst) { é }
}
class OverdraftAccount extends Account {
é
public void transfer(int amt, Account dst) { ¢é }
}

Account mine = new OverdraftAccount();
e
mine.transfer(100,yours);

Which transfer method gets calledhat of the dynamic (runtime) type



But Type Checking Is Static

class Account {
é

}

class OverdraftAccount extends Account {
é
public void transfer(int amt, Account dst) { ¢é }

}

Account mine = new OverdraftAccount();
é
mine.transfer(100,yours); Compiletime error

What happens now?



Interfaces and specifications

public interface Matrix<e> {
E get(int row, int col);
void set(int row, int col, E val);
Int rows ();
int cols ();

}



Interfaces and specifications

public interface Matrix<e> {
Il specfield width : integer
Il specfield height : integer
Il specfield cells : map from integer pair to <E>

I/ returns: cells[<row,col>] if it exists, otherwise
E get(int row, int col);

// modifies: this.cells
I effects: cells[<row,col>] = val

void set(int row, int col, E val);

// returns: height
Int rows ();

/] returns: width
int cols ();

0

Omitted bounds checking to
save screen space




Interfaces and specifications

public interface Matrix<e> {
Il specfield width : integer
Il specfield height : integer

Il specfield cells : setof 3-tuples of <integer,integer,E>

/] returns: if for some v <row,col,v> is in cells,
Il then return v; otherwise return 0O

E get(int row, int col);

/I modifies: this.cells
/| effects:

/I cells ={<r,c,v>in \old(cells) | (r'=row || c!= col)}

I + <row,col,val>
void set(int row, int col, E val);

// returns: height
Int rows ();

/] returns: width
int cols ();

Omitted bounds checking to
save screen space




flat array implementation

public class OneDimArrayMatrix<E> implements Matrix<gE> {

private E [] data;
private int width ;

public OneDimArrayMatrix (int r, int c){
data = (E[]) new Object [r*c]; // gross cast
width = c;

}

public E get(int r, int c)
{ return data[r*width +c]; }

public void set(int r, int c, E V)
{ data[r*width +c] = v; }

public int rows () { return data.length /width ; }
public int cols () { return width ; }



Flat Array Representation

1 2 3

3

Matrix j>1 data 1|2 |3
4 0 6 width



AF/RI

Abstraction Function (AF)

Says how representation should be interpreted

Tells you how to get from the values of tlep fields
(data) to the values of tispec fieldgwidth, height,
cells)

Representation Invariant (RI)

Some possible values of rep fields may not
correspond to a valid state of the object

The representation invariant gives conditions that
must be satisfied by the rep fields for interpretation to
be possible




Flat Array Representation

Matrix<Integer>

1

23j>ldata123456
41 5|6 width

3

Abstraction Function:

specfield width = width
specfield height = data.length/width
specfield cells = {<r,c,data[r*width+c]>
|]0O r < height,
00 ¢ < width}

Representation Invariant:

data should be nenull
width should be %
data.length should be a multiple of width



2D array implementation

public class TwoDimArrayMatrix<E> implements Matrix<e> {
private E [][] data;

public TwoDimArrayMatrix (int r, int c)
{ data = (E[][]) new int[r][c];} // gross cast

public E get(int r, int c)
{ return dataf[r][c]; }

public void set(int r, int c, E V)
{ data[r][c] = v; }

public int rows () { return data.length ; }
public int cols () { return data[0].length ; }



2D Array Representation

Matrix<Integer>

1

2 3 1] 2
P c 5 > data 2 z

Abstraction Function:

?77?

Representation Invariant:
27?7



2D Array Representation

Matrix<Integer>

1

A

> data

Abstraction Function:

specfield width = data.length
specfield height = data] 0].length
specfield cells ={<r,c,data[r][c]>| 0O r

Representation Invariant:

277

1 3
4 6
< height,
00 <

wi dt



2D Array Representation

Matrix<Integer>
1

’ > data 12 3
4 5 6 :||> 4 | 5|6

Abstraction Function:

specfield width = data.length
specfield height = data] 0].length
specfield cells ={<r,c,datar]c]>| 0O r < height,
00 ¢ < widt

Representation Invariant:
data should be nenull

datal[i] should be non null for all@ Oi < data.length
data[i].length = data[j].length for all i, |



map Implementation

public class HashMatrix<T> implements Matrix<T> {
private Map<Pair<Integer,Integer> ,T> data;
private int height , width ;
public HashMatrix (int r, int c) {
data = new HashMap <Pair<Integer,Integer> ,T>();
height =r;
width =c;
}
public int get(int r,int c) {
Integer v = data.get(new Pair<integer,Integer> (r,c));
If (v==null) return O;
return v,
}
public void set(int r, int c, int v) {
data.put (new Pair<Integer,Integer> (r,c),v);
}
public int rows () { return height ; }
public int cols () { return width ; }



Map Representation

Matrix<Integer>
1

2 | 3
P77
R -

Abstraction Function:

?77?

Representation Invariant:

P77



Spec Fields: Notation for Abstract State

What is the range of the AF?

A space of things that the objects model. matrices,
|l 1 sts, sets, empl oyees,

To specify what the methods do, we need a
notation for this space and its operations

Sometimes, there I1s a natural mathematical notation:
notation of set theory, or linear algebra

Wh at | f t here 1 snot a

Spec fields: Javéke notation for abstract state

Relational data models: a method to model and denot
the abstract state of many reabrid domains



Interfaces vs. abstract classes

Strings are comparable
Compexhumbers are numbers
Real numbers are both comparable and numbers

But
multiple superclasseare difficult to use and to implement
So thedesigher®f Java decided that

A class has exactly orseliperclass
A class may implement multiple interfaces
An interface may extend multipiaterfaces

Multiple interfaces+singlsuperclasgets most othe
benefits



potential benefits of subclassing

Implementation reuse

Implementations need not repeat unchanged fields
and methods instead reuse from tlsiperclass

Specification reuse

Clients who understand tlseiperclasspecification
need only study novel parts of subclass

Abllity to substitute new implementations

Clients may not need to change their code when new
subclasses adeveloped

Many pitfalls! We'll see them through the term



) Remember testing?
O
Imﬁe ntation reuse

Imple tions need not repeat unchanged fields
and meth e&@stead reuse from trseiperclass

Specification reusg

Clients who understan perclasspeuﬂcaﬂon
need only study novel pa subclass

Abllity to substitute new |mpléﬁ1e ations

Clients may not need to change then@@e when new
subclasses adeveloped

Many pitfalls! We'll see them through the té?ﬁ.



Code Duplication and Type Safety

public class ListOfintegers { public class ListOfObjects {
private Integer Ist[]; private Integer Ist[];
public void add(int, Integer) { € é } public void add(int, Object) { éé }
public Integer get(int) { éé } public Object get(int) { éé }
e e
} }
public class ListOfStrings { é
private String Ist[];
public void add(int, String){ éé } ListOfObjects stringL ist = new ListOfObjects ();
public String get(int) { éé }
e e
}
stringList.add (O, &170A ) ;
e stringList.add (1, A F2007f ) ;
e
ListOfStrings stringList = new ListOfStrings (); String course = (String) stringList.get (0);
e

stringList.add (0, 61170 ) ;
stringList.add (1, A F2007f ) ;
é

String course = stringList.get (0);

Up to Javdl.4, programmers had to choose between code
duplication and relying on dynamic type checking (rather than static)



Generic types

public class List<T> {
private T Ist[];
public void add(int, T) { ¢é& }
public Tget(int) { ¢é }
é

}

List<Integer> intList = new List<Integer> ();
Integer fst = intList.get (0);

List<String> stringList = new List<String> ();
String firstString = stringList.get (0);



Generic types

public class List<T> {
private T ISt[];
public void add(int, T) { ¢é& }
public Tget(int) { ¢é }
é

}

List<Integer> intList = new List<Integer> ();
Integer fst = intList.get (0);

List<String> stringList = new List<String> ();
String firstString = stringList.get (0);

Another codereuse mechanism, static type checking

Great for collections (sets, maps, etc)
Interactions witlsubclassingan get subtle



