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Java-Style Method Overriding
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Beta-Style Method Augmentation
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A Combination
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Creating a GUI Widget Hierarchy

W dget

pai nt ()

X

Bor der W dget

pai nt ()

X

But t on

pai nt ()

| rageBut t on

H ghl | grllt But t on

pai nt ()

pai nt ()

]
L]




Widget and BorderWidget in Java

W dget

pai nt ()

X

Bor der W dget

pai nt ()

X

But t on

pai nt ()

A

cl ass Wdget ...
void paint() {
/] paint the background:

}

| mageBut t on

Hi ghl i ght Butt on

pai nt ()

pai nt ()

cl ass Bor der W dget
void paint() {
/1 pal nt background:
super. pai nt () ;
[/ draw a border:



Button in Java

W dget

pai nt ()

X

Bor der W dget

pai nt ()

X

But t on

pai nt ()

A

| mageBut t on

Hi ghl i ght Butt on

pai nt ()

pai nt ()

class Button ...
void paint() {
/] paint background, border:
super. paint();
[/ draw a button | abel:



ImageButton in Java

W dget

pai nt ()

X

Bor der W dget

pai nt ()

X

But t on

pai nt ()

A

| mageBut t on

Hi ghl i ght Butt on

pai nt ()

pai nt ()

class | nageButton ...
void paint() {
/] paints background, border
[l - and | abel'!
super. pai nt();
[l draw I mage
/1 must cover | abel:



Fixed BorderWidget and Button in Java

W dget

pai nt ()
X
Bor der W dget

pai nt ()
pai nt | nsi de()

L
Butt on

pai nt | nsi de()
X

cl ass Border W dget
final void paint() {
/] pai nt background:
super. paint();
/'l paint a border:

pai ntl nside();

}
void paintlnside() {}

| mageBut t on Hi ghl i ght Butt on

pai nt 1 nside() ||pai ntl nside()

cl ass Button ...
voi d paintlnside() {
[ draw | abel :



ImageButton and HighlightButton in Java

W dget

pai nt ()

X

Bor

der W dget

pai
pai

nt ()
nt | nsi de()

X

But

ton

pai

nt | nsi de()

A

| rageBut t on

Hi ghl i ght Butt on

pai nt |l nsi de

() ||pai nt |l nsi de()

class | nageButton ...
voi d paintlnside() {

[/ draws | mage
/] doesn't call super
[/ for |abel:

}

class HighlightButton ...
voi d paintlnside() {

/'l replace background wth
/] blue gradient:

/1 draws the |abel:
super. pai ntl nsi de();
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The Problem with Inventing Names

W dget

pai nt ()

X

Bor der W dget

pai nt ()

X

But t on

pai nt ()

| mageBut t on

H ghl | grl1t But t on

pai nt ()

pai nt ()
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The Problem with Inventing Names

W dget

pai nt ()
X
Bor der W dget

pai nt ()

pai nt I nside()
X

But t on

pai nt I nsi de()

A

InageBﬂtton HighligHtButton
pai nt I nside() ||pal ntlnside()
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The Problem with Inventing Names

W dget

pai nt ()
X
Bor der W dget

pai nt ()

pai nt I nside()
X

But t on

pai ntl nside()

A

InageBﬂtton HighligHtButton
pai nt I nside() ||pal ntlnside()

« Other workarounds: Decorators/Delegation, Aspects
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BorderWidget and Button in Beta

W dget

pai nt ()

X

Bor der W dget

pai nt ()

X

But t on

pai nt ()

A

cl ass Border W dget
void paint() {
/] draw a border:

| nner . paint();

}

| mageBut t on

Hi ghl i ght Butt on

pai nt ()

pai nt ()

cl ass Button ...
void paint() {
[l draw a | abel:
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Widget and BorderWidget in Beta

W dget

pai nt ()

X

Bor der W dget

pai nt ()

X

But t on

pai nt ()

A

cl ass Wdget ...
void paint() {

/] paint the background:

| nner . paint();

}

| mageBut t on

Hi ghl i ght Butt on

pai nt ()

pai nt ()

cl ass Border W dget
void paint() {
[/ draw a border:
| nner . paint();

}
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Fixed Widget and BorderWidget in Beta

W dget

pai nt ()

pai nt Backgr ound()

X

Bor der W dget

pai nt ()

X

But t on

pai nt ()

A

| mageBut t on

Hi ghl i ght Button

cl ass W dget
voi d pai nt Background() {
/] paint the background:

}
void paint() {
| nner . pai nt ()
el se pai nt Background();

}

pai nt ()

pai nt ()

cl ass Bor der W dget
void paint() {
pai nt Background() ;
[/ draw a border:
i nner . pai nt();

}
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Button Iin Beta

class Button ...

W dget
pai nt () voi d pai nt Label () {
pai nt Backgr ound() [/ draw a button | abel:
X e
Bor der W dget }
pai nt () voi d paint() {
7S i nner . pai nt ()
Butt on el se pai nt Label ();
pai nt () )
pai nt Label ()
|| A |
| mageBut t on||Hi ghl i ght Button
pai nt () pai nt ()
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ImageButton and HighlightButton in Beta

W dget

pai nt ()

pai nt Backgr ound()

X

Bor der W dget

pai nt ()

X

But t on

pai nt ()
pai nt Label ()

A

| nrageBut t on

Hi ghl i ght Button

pai nt ()

pai nt ()

class | nageButton ...
void paint() {
[l draw I mage
/[l (don't call paintlLabel):

}

class HighlightButton ...
void paint() {
/'l replace background wth
/] blue gradient:

pai nt Label (); // draws | abel

}
}
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Combining Beta and Java Styles

W dget

pai nt ()

X

Bor der W dget

pai nt ()

X

But t on

pai nt ()

| rageBut t on

Hi ghl i ght But t on

pai nt ()

pai nt ()
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Combining Beta and Java Styles

W dget

j ava paint ()

X

Bor der W dget

pai nt ()

X

But t on

pai nt ()

| rageBut t on

Hi ghl i ght But t on

pai nt ()

pai nt ()
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Combining Beta and Java Styles

W dget

j ava paint ()

X

Bor der W dget

beta paint ()

X

But t on

pai nt ()

| rageBut t on

Hi ghl i ght But t on

pai nt ()

pai nt ()
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Combining Beta and Java Styles

W dget

j ava paint ()

X

Bor der W dget

beta paint ()

X

Butt on

j ava paint ()

A

| rageBut t on

Hi ghl i ght But t on

pai nt ()

pai nt ()
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Combining Beta and Java Styles

W dget

j ava paint ()
X
Bor der W dget

beta paint()
X
Button

j ava paint ()
A

| mageBut t on |[Hi ghl | ght Butt on

beta paint()|/]ava paint()




Code for Beta/Java Combination

W dget cl ass W dget

j ava paint () java void paint() {
X [/ paint the background:
Bor der W dget C e

beta paint () }

A
Butt on

java paint ()
X

| mageBut t on ||H ghl i ght Button

beta paint() ||j ava paint ()




Code for Beta/Java Combination

W dget cl ass Border W dget
j ava paint () beta void paint() {
X /| paint background:
Bor der W dget super. paint();
X )
But t on | nner. paint();
java paint () }
A

| mageBut t on ||H ghl i ght Button

beta paint() ||j ava paint ()
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Code for Beta/Java Combination

W dget cl ass Button ...

j ava paint () java void paint() {
X /'l draw a button | abel:
Bor der W dget C e

beta paint () }

A
Butt on

java paint ()
X

| mageBut t on ||H ghl i ght Button

beta paint() ||j ava paint ()




Code for Beta/Java Combination

W dget class | nageButton ...

java paint() beta void paint() {
X [/ draw | mage,

Bor der W dget [/ don't call super

beta pai nt () /] for | abel :

4 ooy
But t on | nner . paint();
java paint () }
| | A |
| mageButton ||H ghlightButton| c| ass HighlightButton ...
beta paint()||j ava paint () java void paint() {

/] replace background wth
[/ blue gradient:

[/ draw | abel
super. paint();

}
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Summary: Java to Beta/Java Combination

« Add | ava and bet a keywords for methods
e Add | nner statement:

| nner . Identifier (Expression, ... Expression) el se Statement
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Operational Semantics: Calling paint on BorderWidget

W dget

j ava paint ()

X

Bor der W dget

beta paint()

29



Calling paint on BorderWidget: Method Dispatch

W dget

j ava paint ()

X

Bor der W dget

beta paint()

new Border Wdget (). paint();
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Calling paint on BorderWidget: Method Dispatch

« Highest method declared bet a or lowest method, if none

W dget new Border Wdget (). pai nt();

j ava paint ()
X
Bor der W dget

beta paint()




Calling paint on BorderWidget: Method Dispatch

« Highest method declared bet a or lowest method, if none

W dget new Border Wdget (). paint();

j ava paint ()
X
Bor der W dget

beta paint()




Calling paint on BorderWidget: Method Dispatch

W dget

j ava paint ()

X

Bor der W dget

beta paint()

cl ass Bor der W dget
beta void paint() {
super. paint();

| nner.paint() else ...;

}
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Calling paint on BorderWidget: super Dispatch

W dget cl ass Border W dget
j ava paint () beta void paint() {
- super. pai nt () ;
Bor der W dget o
beta paint () i nner.paint() else ...;

}



Calling paint on BorderWidget: super Dispatch

e Next method above Iin hierarchy

W dget

j ava paint ()

X

Bor der W dget

beta paint()

cl ass Bor der W dget
beta void paint() {
super. paint();

l nner.paint() else ...

}
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Calling paint on BorderWidget: super Dispatch

e Next method above Iin hierarchy

W dget

j ava paint ()

X

Bor der W dget

beta paint()

cl ass Bor der W dget
beta void paint() {
super. paint();

| nner.paint() else ...;

}
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Calling paint on BorderWidget: super Dispatch

e Next method above Iin hierarchy

W dget

j ava paint ()

X

Bor der W dget

beta paint()

cl ass W dget
java void paint() {
/] paint the background:
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Calling paint on BorderWidget: inner Dispatch

W dget

j ava paint ()

X

Bor der W dget

beta paint()

cl ass Bor der W dget
beta void paint() {
super. paint();

| nner.paint() else ...

}
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Calling paint on BorderWidget: inner Dispatch

 Next method below declared bet a or lowest method, If none

W dget

j ava paint ()

X

Bor der W dget

beta paint()

cl ass Bor der W dget
beta void paint() {
super. pai nt ();

| nner.paint() else ...;

}
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Calling paint on BorderWidget: inner Dispatch

 Next method below declared bet a or lowest method, If none

W dget

j ava paint ()

X

Bor der W dget

beta paint()

cl ass Bor der W dget
beta void paint() {
super. pai nt ();

lnner.paint() else ...;

}
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Operational Semantics: Calling paint on Button

W dget

j ava paint ()
A
Bor der W dget

beta paint()
X

Butt on

java paint()

41



Calling paint on Button: Method Dispatch

W dget new Button().paint();

j ava paint ()
X
Bor der W dget

beta paint()

X

Butt on

java paint()




Calling paint on Button: Method Dispatch

* Highest method declared bet a or lowest method, if none

W dget new Button().paint();

j ava paint ()
X
Bor der W dget

beta paint()

X
But t on

java paint()




Calling paint on Button: Method Dispatch

* Highest method declared bet a or lowest method, if none

W dget new Button().paint();

j ava paint ()
X
Bor der W dget

beta paint()

A
But t on

java paint()




Calling paint on Button: Method Dispatch

W dget

j ava paint ()

X

Bor der W dget

beta paint()

X

Butt on

java paint()

cl ass Bor der W dget
beta void paint() {
super . pai nt () ;

| nner.paint() else ...;

}
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Calling paint on Button: inner Dispatch

W dget

j ava paint ()

X

Bor der W dget

beta paint()

X

Butt on

java paint()

cl ass Bor der W dget
beta void paint() {
super. pai nt ();

| nner.paint() else ...;

}
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Calling paint on Button: inner Dispatch

 Next method below declared bet a or lowest method, if none

W dget

j ava paint ()

X

Bor der W dget

beta paint()

X

Butt on

java paint()

cl ass Bor der W dget
beta void paint() {
super. pai nt ();

| nner.paint() else ...

}
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Calling paint on Button: inner Dispatch

 Next method below declared bet a or lowest method, if none

W dget

j ava paint ()

X

Bor der W dget

beta paint()

X

But t on

j ava paint ()

cl ass Bor der W dget
beta void paint() {
super. pai nt ();

| nner.paint() else ...

}
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Calling paint on Button: inner Dispatch

 Next method below declared bet a or lowest method, if none

W dget

j ava paint ()

X

Bor der W dget

beta paint()

X

Butt on

java paint()

cl ass Button ...
java void paint() {
[/ draw a button | abel:
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Operational Semantics: Calling paint on ImageButton

W dget

java paint()

X

Bor der W dget

beta paint()

X

But t on

j ava paint ()

X

| mageBut t on

beta paint()
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Calling paint on ImageButton: Method Dispatch

W dget

java paint()

X

Bor der W dget

beta paint()

X

But t on

j ava paint ()

X

| mageBut t on

beta paint()

new | mageButton(). paint();
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Calling paint on ImageButton: Method Dispatch

* Highest method declared bet a or lowest method, if none

W dget new | mageButton(). paint();

java paint()
X
Bor der W dget

beta paint()

XA
But t on

j ava paint ()
A
| mageBut t on

beta paint()




Calling paint on ImageButton: Method Dispatch

* Highest method declared bet a or lowest method, if none

W dget new | mageButton(). paint();

java paint()
X
Bor der W dget

beta paint()

A
But t on

j ava paint ()
A
| mageBut t on

beta paint()




Calling paint on ImageButton: Method Dispatch

W dget cl ass Bor der W dget

java paint () beta voi d pal nt() {
ES super. paint () ;

Bor der W dget -

beta paint() i nner.paint() else ...;
- )

But t on

j ava paint()

X

| rageBut t on

beta paint()




Calling paint on ImageButton: inner Dispatch

W dget

java paint()

X

Bor der W dget

beta paint()

X

But t on

j ava paint ()

X

| mageBut t on

beta paint()

cl ass Bor der W dget
beta void paint() {

}

super. paint ();

| nner.paint() else ...;
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Calling paint on ImageButton: inner Dispatch

 Next method below declared bet a or lowest method, If none

W dget cl ass Bor der W dget

java paint () beta voi d pal nt() {
ES super. paint();

Bor der W dget o

beta paint() i nner.paint() else ...;
- }

But t on

j ava paint ()
A
| mageBut t on

beta paint()
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Calling paint on ImageButton: inner Dispatch

 Next method below declared bet a or lowest method, If none

W dget cl ass Bor der W dget

java paint () beta voi d pal nt() {
ES super. paint();

Bor der W dget o

beta paint() i nner.paint() else ...;
- }

But t on

j ava paint ()
A
| mageBut t on

beta paint()
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Calling paint on ImageButton: inner Dispatch

 Next method below declared bet a or lowest method, If none

W dget cl ass | mageButton ...
java paint () beta void pal nt() {
2 [/ draw | mage,
Bor der W dget [/ don't call super
beta paint() /1 for |abel:
X e
But t on i nner . pai nt () ;
java paint () }
X
| rageBut t on
beta paint()
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Compiling Method Dispatch

W dget

j ava paint ()

X

Bor der W dget

beta paint()

X

But t on

j ava paint ()

X

| rageBut t on

beta paint()
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Compiling Method Dispatch

W dget

j ava paint ()

pai nt |Widget

X

Bor der W dget

beta paint()

pai nt |BorderWidget

X

But t on

j ava paint ()

pai nt |BorderWidget

X

| rageBut t on

beta paint()

pal nt |BorderWidget
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W dget

j ava paint ()

X

Bor der W dget

beta paint()

X

But t on

j ava paint ()

X

| mageBut t on

beta paint()

Compliling super Calls

cl ass Bor der W dget
beta void paint() {

}

super . pai nt ();

| nner.paint() else ...;
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W dget

j ava paint ()

X

Bor der W dget

beta paint()

X

But t on

j ava paint ()

X

| mageBut t on

beta paint()

Compliling super Calls

cl ass Bor der W dget
beta void paint() {
paint() in class Wdget

| nner.paint() else ...;

}
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W dget

j ava paint ()

X

Bor der W dget

beta paint ()

X

But t on

j ava paint()

X

| rageBut t on

beta paint()

Compiling inner Calls
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W dget

j ava paint ()

X

Bor der W dget

beta paint ()

X

But t on

j ava paint()

X

| rageBut t on

beta paint()

Compiling inner Calls



W dget

j ava paint ()

X

Bor der W dget

beta paint ()

X

But t on

j ava paint()

X

| rageBut t on

beta paint()

Compiling inner Calls

cl ass Bor der W dget
beta void paint() {

}

super. paint();

l nner.paint() else ..

65



W dget

j ava paint ()

X

Bor der W dget

beta paint ()

X

But t on

j ava paint()

X

| rageBut t on

beta paint()

Compiling inner Calls

cl ass Bor der W dget
beta void paint() {

}

super. paint();

paint() at index 1

66



W dget

j ava paint ()

X

Bor der W dget

beta paint ()

X

But t on

j ava paint()

X

| rageBut t on

beta paint()

Compiling inner Calls

cl ass Bor der W dget
beta void paint() {

}

super. paint();

paint() at index 1
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W dget

j ava paint ()

X

Bor der W dget

beta paint ()

X

Butt on

j ava paint()

X

| rageBut t on

beta paint()

Compiling inner Calls

: 0
pal nt IW

. | 0 | 1
pai nt BorderWidget null

. | 0 | 1
pai nt BorderWidget| Button

0 1 2

- _
pai nt BorderWidget | ImageButton | null
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Performance

» Performance unchanged with these modifications
o All | ava methods behave exactly like normal Java

o Additional 250 lines of code to 2800-line object system
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Model and Implementation

 Model based on CLASSICJAVA [Flatt, Krishnamurthi, Felleisen '98]
© Soundness proof in paper

e Implemented in v299 of PLT Scheme
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Use In Practice: on-close and render-value Methods

* on- cl ose method of editor called when window closed
2 Includes important code to be executed
© Must be in control
* r ender - val ue method of language converts values to strings

© Sometimes language wants control — certain values always
displayed the same

o Sometimes gives up control to subclasses
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Conclusions

 Programmers need super and W dget
| nner Iin same language java pfi nt ()
Bor der W dget

© Method can maintain control or _
beta paint ()

give control as desired X
_ Butt on
 Developed simple system of j ava pai nt ()
. -
determlnlng control | mageButt on |[(H ghli ght Button
© Easy to implement beta paint () ||j ava paint ()

* Implementations:
http://drschene. plt-schene. org/
http://ww. cs. ut ah. edu/ pl t/ super +i nner/
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