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/Ob ject-Oriented Languages. \

e 3. Polymorphism, which is the ability of
a variable to store values of different
types. OO languages support a
special kind of polymorphism, called
inclusion polymorphism, that
restricts the values that can be stored
in a variable of type T to values of
type T or subtypes of T'.

4. Data encapsulation. Data (instance
variables) and operations (methods)
are defined together.

5. Templates and objects. A template
(class or prototype) describes how
to create new objects (instances of
abstract data types).

/ Object-Oriented Languages\

e Object-oriented languages extend
imperative languages with:

1. A classification scheme that allows us
to specify is-a as well as has-a
relationships. Has-a is supported by
Pascal, where we can declare that one
data item has another item (a record
variable has-a record field).
Object-Pascal, Oberon, etc, extends
this capability with inheritance
which allows us to state that one
data item is (an extension of)
another item.

2. Late binding, which allows us to
select between different
implementations of the same abstract

/

data type at run-time.

N
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/ Compiling OO Languages \

e Runtime type checking (a variable of

type ref T' may only reference objects of
type T or T’s subtypes).

e Because of the polymorphic nature of
OO languages, we can’t always know (at
compile-time) the type of the object that
a given variable will refer to at run-time.
When we invoke a method we can’t
actually know which piece of code we
should execute. Finding the right piece
of code is called method lookup. It
can be done by name (Objective-C) or
number (C++).

e Most OO languages rely on dynamic
allocation. Garbage collection is a
necessary part of the runtime system of
a compiler for an OO language (C++
non-withstanding). This requires

/
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\ runtime type description.

/
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/ Object-Oriented Example \

TYPE
Shape = CLASS
x, v : REAL;
METHOD draw (O; BEGIN ---;
METHOD move (X, Y : REAL);
BEGIN x := x+X; --- END;
END;

Square

Shape CLASS

side : REAL;

METHOD draw (); BEGIN ---;
END;

Circle

Shape CLASS
radius : REAL;
METHOD draw (); BEGIN ---;
METHOD area () REAL;
BEGIN .-- END;

END;

. /
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/ Example in Modula-3 (A) \

TYPE Shape = OBJECT
x, vy : REAL
METHODS
draw()
move(X, Y :

END;

Square

:= DefaultDraw;

REAL) := Move;

Shape OBJECT
side : REAL
METHODS
draw()

END;

Circle

:= SquareDraw

Shape OBJECT
radius : REAL
METHODS

draw()

area()

END;

:= CirlceDraw;

:= ComputeArea

/
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-

cla

N

Example in Java

ss Shape {

double x, y;

void draw (); { --- }

void move (double X, double Y); {
x = x+X; -+ }

class Square extends Shape {

double side;
void draw O; { ---

}

class Circle extends Shape {

double radius;

~

~

Example in Modula-3 (B)

-

.

void draw (); { --- }
double area (); { --- }
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Example in Oberon-2

-~

-

.ng I
=
Z & 2
H 4 5
g ~
~ < m a .o
AR &G " "
Z & b= - ~ - o
m .o B Z C C -
5. 8-~ § 8 & &
< "qd’ e H M ju <
SEEE I
S5 ¢e & & & #
= 5 v 0 S 3
I A ~ - ~
n 0 o~ ~ 2 3 S
.78 RE5& -7 -7 4d
n28¢& FEsaaiial
I~ 0 Wgo o ko<
688 .. .3 .8 .8 .14
Fﬂ m ﬂ: —~ 04 0 4 O+ *H 4 O
] g = £ [ J; 2] g &) £ &)
L 2l alalnalna
o PR ZMZMZMZNF Z
&8 gﬁmmmmmmmmm
n nn O a . a . a . a . a
¢ S5g8ggssas
> FRERERAER MR
& AR AMAMM AN A A mj
Slide 228
Record Layout. .. \
TYPE Shape =
CLASS
X, ¥y: REAL;
END; x:REAL
y:REAL
TYPE Square =
Shape CLASS x:REAL
side: REAL; y:REAL
END; side:REAL
x:REAL
TYPE Circle = EAL
Shape CLASS v
radius: REAL: radius:REAL

END;

VAR S:Shape;
VAR Q:Square;
VAR C:Circle;

Inheritance
Hierarchy

-

~

Record Layout

e Single inheritance is implemented by
concatenation, i.e. the the instance
variables of class C' are

1. the variables of C’s supertype,
followed by

2. the variables that C declares itself.
e The offsets of the variables that C

inherits from its supertype will be the
same as in the supertype itself.

Record
Layout

Inheritance
Hierarchy

instance vars

instance

instance

instance

/
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instance

N //
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~

translate the declarations in the previous

-

e A compiler for an OO language would

Record Layout. ..

slide into something similar to this:

TYPE Shape=POINTER TO RECORD
x, y: REAL;

END;

TYPE Square=POINTER TO RECORD
x, y: REAL;
side: REAL;

END;

TYPE Circle=POINTER TO RECORD
x, y: REAL;
radius: REAL;

END;

VAR S:Shape;

VAR (Q:Square;

QAR C:Circle;
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4 N

e To support late binding, runtime

Class Templates

typechecking, etc, each class is
represented by a template at runtime.

e Each template has pointers to the class’s
methods and supertype.

ROOT
Shape$draw
Shape$Temp1ate/////////’/////27
parent:
»\

=
draw:

move: _\Shapeﬂimove .

N \

Square$Template

Square$draw \\\Code
.- for
<~ methods

parent:
draw: —

-

move:

Circle$draw -

'
'
'
E’ |
'
'
’
'

/
Circle$area

Circle$Template

parent:
draw:

move:

/Er’/
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area:

/

~

Class Templates. ..

e Methods are implemented as procedures
with an extra argument (SELF), a
pointer to the object through which the
method was invoked.

TYPE Shape = CLASS
x, vy : REAL;
METHOD draw (); BEGIN ---
METHOD move (X, Y : REAL);
BEGIN x := x+X; .-- END;
END;
s
PROCEDURE Shape$move (
SELF : Shape; X, Y : REAL);
BEGIN
SELF~.x := SELF".x + X;
SELF-.y := SELF".y + X;
END;
Slide 22-14

4 N

e Square’s x,y fields are inherited from

Class Templates. ..

Shape. Their offsets are the same as in
Shape.

TYPE
$TemplateT=POINTER TO RECORD
$TemplateT;
ADDRESS;
ADDRESS;

parent :
move :
draw :
END;
Square=POINTER TO RECORD
$TemplateT;
REAL;
REAL;

$template :
X, ¥ :
side :
END;
CONST Square$Template:$TemplateT =
[ parent= ADDR(Shape$Template);
ADDR (Shape$move) ;
ADDR (Square$draw) ; ];/

move

\ draw
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-

e Sending the message draw to Q:

1. Get Q’s template, T'.

Met od nvocation

2. Get draw’s address at offset 4 in T'.

3. ump to draw’s address, with Q as the
first argument.

Shape$Template
parent:
draw:
move:
Shape$move
Square$Template i%
parent: -
draw: ~
move: Square$draw

$template

side
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Met od nvocation...

nclusion olymorp ism...

n oints to a ob e t,

b tit o st as e ave ointe

to an ob e t of any one of S

s bty es, an

f,fore am e, a beena

t e assi nment o} ave

been erfe ty n ., o ever,

is a an t e assi nment
isiea a a

nclusion olymorp ism

VAR S : Shape;
VAR Q : Square;
VAR C : Circle;
BEGIN
Q := NE (Square) ;
C := NE (Circle);
=Q; ( )
S :=C; ( )
Q :=C; ( Compile time Error )
1: S := NE (Shape) ;
2: C :=8; ( Run time Error )
END;
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nclusion olymorp ism...

A variab e of ty e may refer to an

obe tof oroneof ss bty es
Assi nment om ie time n ime
t r e a e a
t e a e a
t e a e
S e a




Run-time Type C ec ing

o0 a y e test rimitives

S sty ea

s bty e of
f sty eis

as bty eof ,t eniss ea

r n time ty e error t er ise

ret rn , ty e ast to
erform 1 erent

a tions e en in ont er ntime

Run-time C ec s

¢ NARRO
the run-time system) which takes a

is a function (declared in

template and an object as parameter.
NARRO checks that the type of the
object is a subtype of the type of the
template. If it is not, a run-time error
message is generated. Otherwise,

NARRO returns the object itself.

VAR S : Shape; VAR C : Circle;
BEGIN

S := NE (Shape); C := S;
END;

4

VAR S : Shape; VAR C : Circle;
BEGIN

S := malloc (SI E(Shape));

ty e of
_  ntime ystem 1 tions
e STY E(S,T : Template) : LEA
e ARR ( b ect, Template) b ect
e TY EC DE( b ect) CARD AL
Slide 22-20

Run-time C ec s...

e Simply put, we follow the object’s
template pointer, and immediately
(through the templates’ parent pointers)
gain access to it’s place in the
inheritance hierarchy.

IS E
S : e plate tr : LEA

ALSE

IS E

Slide 22-22

C := NARRO (S, Circle$Template);
END;
Slide 2221
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Run-time C ec s...

TYPE T = CLASS [---]1;
S =T CLASS [--];
= T CLASS [--];
= CLASS [--];
X =8 CLASS [--];
Y = CLASS [--];
= CLASS [--];
AR x : X;

T
| P

Slide 2224

Organi ing t e ymbol Table

e In C ’s method body we can refer to
1. ’s locals and formals, and s
SELF.

2. C’s methods and instance variables.

3. Methods and instance variables of
C’s superclasses.

SS
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[ 0 ectT pe | ield
W id:$template
o145 nd othod T pe:
ields nd ethods+
T Offset:
e t:
0 ectT pe ormal ormal
id: T‘ arent id:S id:
\ -
ields nd ethods T pe: T pe:
/ e t: e t:
ield ield ethod ethod
id:v id:c id: id:
T pe: T pe: N ormals: ormals:
Offset: Offset: Offset: Offset:
e t: e t: b irtual:T irtual:
e t: —= e t:
0 ectT pe
id: arent — ‘R C R
ields nd ethods
ield ield ethod ethod
id:c id: id: id:
T pe: T pe: ormals: ormals:
Offset: Offset: Offset: Offset:
e t: e t: T | irtual:T irtual:
e t: e t:
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Exam roblem

e In the following object-oriented program

— TYPE =T CLASS means
that inherits from T.

— NE
type T is created.

T means that a new object of

— All methods are 4 t al, i.e. a method
in a subclass overrides a method with

the same name in a superclass.

PROGRAM ;
TYPE T = CLASS [

v : INTEGER;

c : CHAR;

METHOD (x : INTEGER)
BEGIN ..- END ;

METHOD Q (x : CHAR);
BEGIN ... END Q;

Slide 222

Readings and Re erences

e Read the Tiger book:

O ect oriented Lan ua es pp.
232

e For information on constructing layouts

for multiple inheritance, see

— William Pugh and Grant Weddell:
Two-directional record layout for
multiple inheritance.

e The time for a type test is proportional
to the depth of the inheritance hierarchy.
Many algorithms do type tests in

constant time:

1. orman Cohen, Type-Extension
Type Tests can be Performed in
Constant Time.

2. Paul F.Diet , Maintaining Order in
a Linked List .
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Exam roblem
TYPE =T CLASS [
x : REAL; INTEGER;

METHOD R (x : INTEGER)
BEGIN ..- END R;

METHOD Q (r : REAL);
BEGIN ... END Q;

1;
VAR t : T; u: ;
BEGIN

t := NE T; u := NE ;
END

1. Draw a figure that describes the state of
. It should have

one element for each item stored in

the program at point

memory (i.e. global heap variables,
templates, method object code, etc.)
and should explicitly describe what each
pointer points to.
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ummary

e For single inheritance languages, an
instance of a class C' consists of (in
order):

1. A pointer to C’s template.

2. The instance variables of C’s

ancestors.

3. C’s instance variables.

e For single inheritance languages, subtype

checks can be done in (1) time.

e Method invocation is transformed to an
indirect call through the template.

e If we can determine the exact type of an
object variable at compile time, then
method invocations through that
variable can be turned into normal

procedure calls.
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ummary. ..

¢ A template for class C consists of (in

order):

1. A pointer to the template of C’s
parent.

2. The method addresses of C’s

ancestors.
3. Addresses of C’s methods.
4. Other information needed by the

runtime system, such as

— The si e of a C instance.

— (s pre- and postorder numbers, if
the (1) subtype test algorithm is
used.

— (C’s type code.

— A type description of C’s instance
variables. eeded by the garbage
collector.
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Con used tudent Email

hat happens when both a class and
its s bclass ha e an instance a iable
with the same name

e The subclass gets both variables. ou
can get at both of them, directly or by

casting. Here’s an example in ava:

class C int a;
class C extends C double a;
class C

static public void main(Strin [] ar )

C x=new C ;

C y=new C ;

Xx.a = ;

y.a= . ;

((Cly).a= ;
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