| nheritance - Assignment5
- EXpr objects
— What they look like?

. Inheritance hierarchy

— Inheriting instance variables and methods
—How to do method lookup?
— Polymor phism
— Abstract classes
. Complex objects
— Recursive methods

— Structural equality
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Expr Objects
- Examples of expressions
-1,2+3, (4+51)* 14, 16-1, -3,-(6-4)
- Operators. +, -, *,/, % (unary minus)
— Each operator takes one or two Expr operands

— Can be simple constants (e.g., 1, 50, 3) or
subexpressionsthemselves, as% 3 or (4 + 51) the
first operand in (4 + 51) * 14 (see below)

*

(4 +51)—__ // \ (4+51)*14
O] =P
4 51
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Expr Objects- Structure
AN

* Times_Expr

AN / N\

Plus Expr Const_Expr

14 — —
a PUAN
4| [51 \\\%C,

t Expr Const_Expr
(4 +51)* 14 \\’//

Times_Expr (Plus_Expr (Const_Expr,Const_Expr),Const_EXpr)
T operandl _—— operand?
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| nheritance Hierarchy -
I nstance Variables

Object
|

EXpr operator

_—/

Const_ Expr  Unary Expr Binary_Expr

operandl
C operand

perand?2

Plus Expr Times Expr

Uminus
Minus_Expr Divide Expr
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Inheriting | nstance Variables

- A Times EXpr object consists of an oper ator
(in Expr), and operandl, operand?2 (in
Binary EXxpr)

operator Must beinitialized in Expr

operandl| Must beinitialized in Binary Expr
operand?2

Every Times EXxpr object isalso a Binary EXxpr object
and an Expr object, since Times _Expr class extends
Binary Expr and Binary_ Expr class extends Expr
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Examplel : 1+ 2

Plus_EXpr object:

operator +
operang % Const_Expr(1)
operan Const_Expr(2)

or pictorially: / \

Barbara G. Ryder & Spring 1998 Inheritance (16) 6



Examplell : (4+51) * 14

Time_EXxpr object:

*

Plus_Expr
Const_Expr(14)

+

Const_Expr (4)
Const_Expr (51)

or pictorially:

/

*

/\
4

51

N

14
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Inheritance Hierar chy-
| nheriting Methods

Object
|

EXpr operator

// \ operand1

Const_Expr  Unary_Expr Binary Expr operand2

FirstOperand()
¢ operand get
getOperand() getSecondOperand()
Plus Expr Times _Expr
. commute() commute()
Uminus

Minus_Expr Divide Expr
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| nheritance

- Class Times Expr extends class
Binary EXxpr which extends class Expr

- Ifti mesisaTimes Expr object, wheredo
we find methods which can beinvoked on
t1 nes?

—ti1mes. comut e()

—tinmes. get First Operand(),
tines. get SecondQper and()
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Method L ookup

. Without inheritance, method must bein
class of receiver

- With inheritance, method used isin class of
receiver or 1ts“ closest” ancestor class

— Method lookup startsin class of receiver and

proceeds up the tree until first method of same
name isfound

—comut e() Isin Times Expr

—get Fi rst Oper and(), get SecondQper and()
arein Binary EXxpr

Barbara G. Ryder & Spring 1998 Inheritance (16) 10



Abstract Classes

- Can define methods (and implementations)
In an abstract class which can beinherited
by subclasses

. Can also contain instance variablesto be
Inherited by subclasses

. ADbstract classesin Assignment 5: Expr,
Unary EXpr, Binary EXxpr

— Non-abstract classes are at leaves of the Expr
Inheritancetree
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Abstract Classes

. Useful when you want to define only part of
an implementation

. Abstract classes

— Abstract methods are signatures of promised
methods to be provided in subclasses of the
abstract class

— Can providethese through definition or inheritance

— No objects can be created asinstances of an

abstract class
— Because abstract method implementationsdon’t exist
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Assignment 5. Expressions

ODbject

abstract eval()

|
EXp WO
Operato
// operandl

Const Expr  Unary Expr Binary_Expr operand2
equals()
C operand getFirstQperand()
equals()  getoperand() _getSeconyOperand()
eval() equals() Plus_Expr Times_Expr
_ commute() commute()
Uminus eval() eval()
eval() Minus_Expr Divide Expr

eval() eval()
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Eval()

- Abstract in Expr, only signature provided

- Implementation provided in Const_EXxpr,
Plus Expr, Times Expr, Minus Expr,
Divide EXxpr

- Provides away to evaluate an Expr object
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Constructorswith I nheritance

- With inheritance, within a constructor for a
subclass object, constructorsfor the

superclass areimplicitly called by system

. |f Instance variable data needs initialization
INn asuperclass, can use super to
explicitly call constructor of superclasswith
Initialization values
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Constructors- Example

publ i c abstract class Expr extends (bject
{ Expr(String s)//constructor

{ operator =s; }
! EXxpr

publ i c abstract class Unary Expr ‘

{ Unary_ Expr (Expr e, String s) Unary Expr
{ super(s); operand = e;} ‘

}

publ1c class Um nus

{ Um nus (Expr e, String s)
{ super(e,s); }

Uminus

Uminus u = new Uminus (new Const_Expr(3),"%")
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Super

. Super actsasareferenceto an object asan
Instance of its superclass

- Thereferenceto super intheUnary Expr
class constructor, means call the Expr
constructor with argument String s.

— Implicitly, when a subclass object iscreated, the
constructor of the superclassiscalled before
anything elseisdonein the subclass constr uctor

— |f arguments are needed, super(<args>) Is used
to call the superclass constructor explicitly.
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Objects

- Simple objects have instance var iables of
primitive types

. Complex objects have instance variables
which themselves are objects

— e.g., Expr objectswith instance variablesthat are
other Expr objects

— Why needed? allows for all possible kinds of
subexpressions:
1+2, 1+3+4), 1+(2*5), 1+ %4, €tc.

- Requiresusto define operandsasExpr’s
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Equals( )

» Testsstructural equality

— Two EXxpr objectsare structurally equal if their
operand(s) arestructurally equal and they have
the same operator

—1.e., Plus Expr objectscan only be equal to
other Plus Expr objects

—eg.,2+1lisequalto2+ 1, but notto1+ 2;
2*3 + 41sequal to (2*3) + 4, but not to (2*2)+6
- Provided by inheritance for all kinds of
binary or unary expressions, defined in
Const_EXxpr
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Equalgf)

- Equals() iIsexample of a useful recursive
function on Expr objects

- Const_EXxpr objectsare equal to other
Const_Expr objectsrepresenting the same
Integer value

— 2 equals2, 2not equal to 5

- Unary EXxpr objectsareequal only to other
Unary EXpr objects, if thelr operandsare
equal and their operator isthe same

— %1 equal to %1 but not equal to % (1*1)
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Equalgf)

- Binary Expr objectsareequal if both are
Binary EXpr objects, their first operandsare
equal, their second operands are egual and
their operatorsare equal

- Remember thisisstructural equality NOT
equal in value(suchasl+3and5+ %1)

. Canthink of it as“dliding” one expression tree
over another and “ matching” shape and nodes

- Example of polymorphism, where a function
can take parameters of different types
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Equals()

publ i ¢ bool ean equal s( Expr ot her)
{ iIf (!'(other instanceof Const Expr)) return fal se;
else return (this.c == (other.eval()));

Instanceof isaway of checking the runtime class member ship of an
object. red expression returnstrue when other isa Const_Expr object
and false otherwise;

method checksthat other isa Const_Expr object and if so, checksits
value versusthe value of thereceiver object

2 | equals?|3
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| Equalgf)

publ i c bool ean equal s( Expr ot her)
{ iIf (!(other instanceof Unary Expr)) return fal se;

else if
(( ). equal s( )) &&

(oper and. equal s(((Unary_ Expr) ot her). get Operand())))
return true;
el se return fal se;

) this other
this other
+
% 5 % %
| equals? | | equals? /\
2 2 2 3 4
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Eq Ual q ) other can be a Const_EXxpr,
. _ Plus_Expr, Times_EXxpr,
In Binary_EXxpr: Divide_Expr, Minus_EXxpr,
publ i ¢ bool ean equal s( Expr ot her) or Uminus
{ i1f (!'(other instanceof Binary Expr)) return false;
else if

(!'(this.get Operator().equal s(ot her. get Cperator())))
return fal se;

el se return

((this.getFirstOQoerand().equal s(
((Binary Expr)other).getFirstQperand()))
&&

(this.get SecondOperand() . equal s(
(Bi nary_ Expr)other).get SecondOperand())));
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Equals( ) in Binary Expr

+ + + /

/ N\ / N\ /N y
1112 1 3 1112 1 3
equals?

+ * + *
/ N\ VAERN VRN Y
1112 1 3 1] |2 1 4
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Equals( ) in Binary Expr

S AN /R VAN

1. see both are Binary_EXpr's 2 check first operands same
then check operators same through call which in this case
calls equals in Const_EXxpr
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Equals( ) in Binary Expr

+

77

3

A4

3. check second operands

Methods we called in
example (in order):

equals() in Binary Expr
getOperator()
getFirstOperand()
equals() in Const_EXxpr
getSecondOperand()
equals() in Binary Expr

through call to equals() in Unary_Expr.
returns false since 2nd Expr is not unary!
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