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package appl et ;
i mpor t  ui . * ;
publ i c c l ass Pr ogr am ext ends 
Wi ndow{

But t on b = new But t on( ) ;
publ i c Pr ogr am( ) {

b. set Label ( “ st ar t ” ) ;
add( b) ;

}
publ i c voi d r un( ) {  

show( ) ;  
}

}

package ui
publ i c  c l ass Wi dget {

publ i c  voi d pai nt ( ) { …}
…

}
publ i c  c l ass But t on ext ends Wi dget {

publ i c  voi d set Label ( St r i ng s) { …}
…

}
publ i c  c l ass Wi ndow ext ends Wi dget {

publ i c  voi d add( Wi dget w) { …}
publ i c  voi d show( ) { …}
…

}
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package appl et ;
i mpor t  ui . * ;
publ i c c l ass Pr ogr am ext ends Wi ndow{

But t on b = new But t on( ) ;
publ i c Pr ogr am( ) {

b. set Label ( “ st ar t ” ) ;
add( b) ;

}
publ i c voi d r un( ) {  

show( ) ;  
}

}

package ui
publ i c c l ass Wi dget {

publ i c  voi d pai nt ( ) { …}
…

}
publ i c c l ass But t on ext ends Wi dget {

publ i c  voi d set Label ( St r i ng s) { …}
…

}
publ i c c l ass Wi ndow ext ends Wi dget {

publ i c  voi d add( Wi dget w) { …}
publ i c  voi d show( ) { …}

}
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package ui
publ i c  c l ass Wi dget {

publ i c  voi d pai nt ( ) { …}
publ i c  voi d dr aw( ) { …}

}
publ i c  c l ass But t on ext ends Wi dget {

publ i c  voi d set Label ( St r i ng s) { …}

.. .. ..
}
publ i c  c l ass Wi ndow ext ends Wi dget {

publ i c  voi d add( Wi dget w) { …}
publ i c  voi d show( ) { …}

.. .. ..
}

s i gnat ur e ui _s{
c l ass Wi dget
{  voi d pai nt ( ) ;  }
c l ass But t on ext ends Wi dget
{  voi d set Label ( St r i ng s) ;  }
c l ass Wi ndow ext ends Wi dget
{  voi d add( Wi dget w) ;

voi d show( ) ;
}

}

File: ./ui_s.sig
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package ui
publ i c  c l ass Wi dget {

publ i c  voi d pai nt ( ) { …}

.. .. ..
}
publ i c  c l ass But t on ext ends Wi dget {

publ i c  voi d set Label ( St r i ng s) { …}

.. .. ..
}
publ i c  c l ass Wi ndow ext ends Wi dget {

publ i c  voi d add( Wi dget w) { …}
publ i c  voi d show( ) { …}

.. .. ..
}

File: ./ui_s.sig

package appl et ;
i mpor t  ui . * ;
publ i c  c l ass Pr ogr am ext ends Wi ndow{

.. .. ..
publ i c  voi d r un( )

{  show( ) ;  }
}

s i gnat ur e appl et _s<ui _p>{
cl ass Pr ogr am ext ends ui _p. Wi ndow
{  voi d r un( ) ;  }

}

File: ./applet_s.sig

si gnat ur e ui _s{
c l ass Wi dget
{  voi d pai nt ( ) ;  }
c l ass But t on ext ends Wi dget
{  voi d set Label ( St r i ng s) ;  }
c l ass Wi ndow ext ends Wi dget
{  voi d add( Wi dget w) ;

voi d show( ) ;
}

}
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package ui
publ i c  c l ass Wi dget {

publ i c  voi d pai nt ( ) { …}

.. .. ..
}
publ i c  c l ass But t on ext ends Wi dget {

publ i c  voi d set Label ( St r i ng s) { …}

.. .. ..
}
publ i c  c l ass Wi ndow ext ends Wi dget {

publ i c  voi d add( Wi dget w) { …}
publ i c  voi d show( ) { …}

.. .. ..
}

File: ./ui_s.sig

package appl et ;
i mpor t  ui . * ;
publ i c  c l ass Pr ogr am ext ends Wi ndow{

.. .. ..
publ i c  voi d r un( )

{  show( ) ;  }
}

s i gnat ur e appl et _s<ui _p>{
cl ass Pr ogr am ext ends ui _p. Wi ndow
{  voi d r un( ) ;  }

}

File: ./applet_s.sig

si gnat ur e ui _s<st _p>{
cl ass Wi dget  ext ends Obj ect
{  voi d pai nt ( ) ;  }
c l ass But t on ext ends st _p. Wi dget
{  voi d set Label ( St r i ng s) ;  }
c l ass Wi ndow ext ends st _p. Wi dget
{  voi d add( st _p. Wi dget w) ;

voi d show( ) ;
}

}
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File: ./ui_s.sig

File: ./applet_s.sig

at om appl et  {
i mpor t ui _i n:  ui _s<ui _i n>;
expor t appl et _out :  appl et _s<ui _i n>;

}

File: ./applet.unit

si gnat ur e ui _s<st _p>{
cl ass Wi dget  ext ends Obj ect
{  voi d pai nt ( ) ;  }
c l ass But t on ext ends st _p. Wi dget
{  voi d set Label ( St r i ng s) ;  }
c l ass Wi ndow ext ends st _p. Wi dget
{  voi d add( st _p. Wi dget w) ;

voi d show( ) ;
}

}

s i gnat ur e appl et _s<ui _p>{
cl ass Pr ogr am ext ends ui _p. Wi ndow
{  voi d r un( ) ;  }

}
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package appl et _out ;
publ i c c l ass Pr ogr am ext ends 
ui _i n. Wi ndow{

ui _i n. But t on b = 
new ui _i n. But t on( ) ;

publ i c Pr ogr am( ) {
b. set Label ( “ st ar t ” ) ;
add( b) ;

}
publ i c voi d r un( ) {  

show( ) ;  
}

}

File: ./applet/applet_out/Program.java
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package appl et _out ;
publ i c c l ass Pr ogr am ext ends 
ui _i n. Wi ndow{

ui _i n. But t on b = 
new ui _i n. But t on( ) ;

publ i c Pr ogr am( ) {
b. set Label ( “ st ar t ” ) ;
add( b) ;

}
publ i c voi d r un( ) {  

show( ) ;  
}

}

File: ./applet/applet_out/Program.java

package appl et ;
i mpor t  ui . * ;
publ i c c l ass Pr ogr am ext ends 
Wi ndow{

But t on b = new But t on( ) ;
publ i c Pr ogr am( ) {

b. set Label ( “ st ar t ” ) ;
add( b) ;

}
publ i c voi d r un( ) {  

show( ) ;  
}

}
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applet_s.sig

ui_s.sig

applet.unit

Window.class

Button.class

Widget.class

Jiazzi stub generator
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Program.java Window.class

Button.class

Widget.class

Jiazzi stub generator

Java Compiler

applet_s.sig

ui_s.sig

applet.unit

Window.class

Button.class

Widget.class

Jiazzi stub generator

Program.class
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applet_s.sig

Program.java

ui_s.sig

applet.unit

Program.class
Program.class

metadata

Window.class

Button.class

Widget.class

Jiazzi stub generator

Jiazzi unit linker

Java Compiler
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File: ./ui.unit

compound l i nkui {
expor t  ui _out :  ui _s<ui _out >,

appl et _out :  appl et _s<ui _out >;
} {

l ocal u: ui ,  a: appl et ;
l i nk u@ui _out t o a@ui _i n,

u@ui _out t o ui _out ,
a@appl et _out t o appl et _out ;

File: ./linkui.unit
at om ui {

expor t  ui _out :  ui _s<ui _out >;
}

at om appl et  {
i mpor t  ui _i n:  ui _s<ui _i n>;
expor t  

appl et _out :  appl et _s<ui _i n>;
}

File: ./applet.unit

ui_out ui_in

ui_out

applet_outapplet_out
a:applet

linkui
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class Pane {
... 
void setVisible(boolean value) { ... } 

} 
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class Pane {
... 
void setVisible(boolean value) { ... } 

} 

class DialogBox { 
... 
void setVisible(boolean value) { ... }

} 
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class Pane {
... 
void setVisible(boolean value) { ... } 

} 

mixin Scrollable { 
int maxScrollSize; 
inherited void setVisible(boolean value); 
void doScroll(){…}

} 

class DialogBox { 
... 
void setVisible(boolean value) { ... }

} 
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class Pane {

... 
void setVisible(boolean value) { ... } 

} 

class DialogBox { 
... 
void setVisible(boolean value) { ... }

} 

mixin Scrollable { 
int maxScrollSize; 
inherited void setVisible(boolean value);
void doScroll(){…}

} 

class ScrollPane = 
Scrollable extends Pane{ 

ScrollPane(int maxScrollSize){
this.maxScrollSize = maxScrollSize;

} 
} 

class ScrollDialog = 
Scrollable extends DialogBox { 

ScrollDialog() { 
this.maxScrollSize = 10; 

} 
} 
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at om mi x. col or {
i mpor t  ui _i ni t :  ui _s<ui _i ni t >,

ui _i n:  nop_s<ui _i ni t >;
expor t  ui _out :  col or _s<ui _i n>;

}

File: ./mix.color.unit

Si gnat ur e ui _s<ui _p>{
cl ass Wi dget  ext ends Obj ect
{  voi d pai nt ( ) ;  }
c l ass But t on ext ends ui _p. Wi dget
{  voi d set Label ( St r i ng s) ;  }
c l ass Wi ndow ext ends ui _p. Wi dget
{  voi d add( Wi dget w) ;

voi d show( ) ;
}

}

File: ./ui_s.sig
Si gnat ur e nop_s<or i g_p>{

cl ass Wi dget  ex t ends  or i g_p. Wi dget { }
c l ass But t on ex t ends  or i g_p. Wi dget { }
c l ass Wi ndow ex t ends  or i g_p. Wi dget { }

}

File: ./nop_s.sig

Si gnat ur e col or _s<or i g_p>{
cl ass Wi dget  ex t ends  or i g_p. Wi dget {

voi d set Col or ( i nt ) ; }
c l ass But t on ex t ends  or i g_p. Wi dget { }
c l ass Wi ndow ex t ends  or i g_p. Wi dget { }

}

File: ./color_s.sig
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at om mi x. col or {
i mpor t  ui _i ni t :  ui _s<ui _i ni t >,

ui _i n:  nop_s<ui _i ni t >;
expor t  ui _out :  col or _s<ui _i n>;

}

File: ./mix.color.unit

Si gnat ur e ui _s<ui _p>{
cl ass Wi dget ext ends Obj ect
{  voi d pai nt ( ) ;  }
c l ass But t on ext ends ui _p. Wi dget
{  voi d set Label ( St r i ng s) ;  }
c l ass Wi ndow ext ends ui _p. Wi dget
{  voi d add( Wi dget w) ;

voi d show( ) ;
}

}

File: ./ui_s.sig

ui
_i

ni
t

Widget
paint

Button
setLabel

mix.color
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at om mi x. col or {
i mpor t  ui _i ni t :  ui _s<ui _i ni t >,

ui _i n:  nop_s<ui _i ni t >;
expor t  ui _out :  col or _s<ui _i n>;

}

File: ./mix.color.unit

Si gnat ur e nop_s<or i g_p>{
cl ass Wi dget ex t ends  or i g_p. Wi dget { }
c l ass But t on ex t ends  or i g_p. Wi dget { }
c l ass Wi ndow ex t ends  or i g_p. Wi dget { }

}

File: ./nop_s.sig

ui
_i

ni
t

Widget
paint

Button
setLabel

Widget Button

mix.color

ui
_i

n
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at om mi x. col or {
i mpor t  ui _i ni t :  ui _s<ui _i ni t >,

ui _i n:  nop_s<ui _i ni t >;
expor t  ui _out :  col or _s<ui _i n>;

}

File: ./mix.color.unit

Si gnat ur e col or _s<or i g_p>{
cl ass Wi dget ex t ends  or i g_p. Wi dget {

voi d set Col or ( i nt ) ; }
c l ass But t on ex t ends  or i g_p. Wi dget { }
c l ass Wi ndow ex t ends  or i g_p. Wi dget { }

}

File: ./color_s.sig

ui
_i

ni
t

Widget
paint

Button
setLabel

Widget Button

Widget
setcolor

Button

mix.color

ui
_i

n
ui

_o
ut
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ui
_i

ni
t

Button
setLabel

Button

Button

mix.color

ui
_i

n
ui

_o
ut

Widget
paint

Widget

Widget
setcolor

ou
t Button

setLabel

Widget
paint
getP

Button

ui
_o

ut Widget
setcolor

getP
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in

it Widget
paint

Button
setLabel

Widget Buttonin

Widget
setfont Button

ou
t

setcolor

in
it Widget

paint
Button

setLabel

Widget Button

Button

mix.font

in
ou

t Widget
setfont

mix.both

in
it Widget

paint
Button

setLabel

Widget Button

Widget
setcolor

Button

in
ou

t

mix.color
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ui
_i

ni
t

Widget
paint

Button
setLabel

Widget
setcolor

Button

mix.color

ui
_o

ut
at om mi x. col or {

i mpor t  ui _i ni t :  ui _s<ui _i ni t >,
expor t  ui _out :  col or _s<ui _i ni t >;

}

File: ./mix.color.unit

Si gnat ur e col or _s<or i g_p>{
cl ass Wi dget ex t ends  or i g_p. Wi dget {

voi d set Col or ( i nt ) ; }
c l ass But t on ex t ends  or i g_p. Wi dget { }
c l ass Wi ndow ex t ends  or i g_p. Wi dget { }

}

File: ./color_s.sig

Si gnat ur e ui _s<ui _p>{
cl ass Wi dget ex t ends  Obj ect
{  voi d pai nt ( ) ;  }
c l ass But t on ex t ends ui _p. Wi dget
{  voi d set Label ( St r i ng s) ;  }
c l ass Wi ndow ex t ends  ui _p. Wi dget
{  voi d add( Wi dget w) ;

voi d show( ) ;
}

}

File: ./ui_s.sig



%�%���,����,��
in

it Widget
paint

Button
setLabel Button

ou
t

in
it Widget

paint
Button

setLabel

Button

mix.font

ou
t

mix.both
in

it Widget
paint

Button
setLabel

Widget
setcolor

Button

ou
t

mix.color

Widget
setfont

Widget
setfont
setcolor
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ui
_i

ni
t

Widget
paint

Button
setLabel

Widget Button

Widget
setcolor

Button

mix.color

ui
_i

n

ui
_o

ut

Adding features – vertical class extension
Creating variants – horizontal class extension Extensibility Problem
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at om open. col or {
i mpor t  ui _i n:  ui _s<ui _f i xed>,

ui _f i xed:  nop_s<ui _out >;
expor t  ui _out :  col or _s<ui _i n>;

}

File: ./open.color.unit

ui
_i

n Widget
paint

Button
setLabel

Widget
setcolor

Button

open.color

ui
_o

ut
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at om open. col or {
i mpor t  ui _i n:  ui _s<ui _f i xed>,

ui _f i xed:  nop_s<ui _out >;
expor t  ui _out :  col or _s<ui _i n>;

}

File: ./open.color.unit

ui
_i

n Widget
paint

Button
setLabel

Widget Button

Widget
setcolor

Button

open.color

ui
_f

ix

ui
_o

ut
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at om open. col or {
i mpor t  ui _i n:  ui _s<ui _out >,
expor t  ui _out :  col or _s<ui _i n>;

}

File: ./open.color.unit

ui
_i

n Widget
paint

Button
setLabel

Widget
setcolor

Button

open.color

ui
_o

ut
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open.both

in Widget
paint

Button
setLabel

Widget Button

fix
ed

Widget
setcolor

Button

ou
t

open.color

open.font

Button

fix
ed

Button

ou
t Widget

setfont

in Widget
paint

Button
setLabel

in Widget
paint

Button
setLabel

Widget Button

fix
ed

Widget
setfont Button

ou
t

setcolor

Widget
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open.both

in Widget
paint

Button
setLabel

Widget
setcolor

Button

ou
t

open.color

open.font

Button

ou
t Widget

setfont

in Widget
paint

Button
setLabel

in Widget
paint

Button
setLabel

Widget
setfont Button

ou
t

setcolor
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in A

Bou
t

in B

Aou
t

a2b

b2a
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t

in
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t

A
m()

B
m()

A
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in
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B
m()

A
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