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TVU7W�XZY;[%W�XZU7\][%\�^`_a[�b�c$d7e�U�f:\�^hgji/k�l�m1n	o%p q�r?k
s;lut�qAvAk
w�xytzs%xy{8x�k�|�s;l�o�l�|7s;l�|�w�l~}/x�|�s�q��$l�p�x��ul�x�|%na�?��m1�%k
w �
s%xy{8x�w�xy|��7l3p�l�o7x�p�{ k�{�k�qA|%l�s�x�|�sup l�n�{ p���w�{ �%p�l�s�k�|u��qAp ��xy{��$��o%o%t�k
w�x�{ k�q~|%n/w�xy|���n�l!r;k�l�m1n1{�qMw'�%n�{ qA�Mk���l�n���xyp�l�sOs%x�{�x
qA�A�'l�w�{�n�};l�rAl�|MxAs%s;k�|%va|%l�m�l��%{�p k�|�n�k
wQo%p�q~o�l�p�{�k�l�n/xy|�sa��l��7x�r?k�q~p�}~m1k�{ �%qA��{�x���l�w�{�k�|%v!q~{��%l�p�xyo%o%t�k
w�x�{ k�q~|%n���o7l�p8w'l�o%{�k�q~|%n
q��1{���l�s%xy{8x%��i�k�l�m1n!��x�r~l���l�l�|�l�n {8x���t�k�n �%l�s�xyn�x�|�l'��l�w'{�k�rAl��Ml�{��%q%s���qAp!r;k�p�{ ��x�t�t���p�l�n {�p ��w�{���p�k�|%v�s%xy{8x%}:w�t
x�n n�l�n�}
x�|7s�n8w �%l���x�{8xun q�x�n!{ q��Ml�l�{3{��%lu|%l�l�s;n	q��/n o�l�w�k¡ �wMxyo%o%t�k
w�x�{ k�q~|%n3qAp!��n�l�p n�¢:�ZqAp!k�|;{�l�v~p8xy{�k�|%v��%l�{ l�p�q~vAl�|%l�qA�%nMxy|�s
s;k�n�{ p�k��%�%{ l�s	n��;n {�l��un�¢���q~p:n�l�w���p�k�{B�£xy|�s	xAw�w�l�n�n�p k�v~�;{�n:p�l�n {�p k¤w'{�k�qA|�¢%xy|�s¥��qAp:xAw �%k�l�r;k�|%v/k�|;{�l�p qAo7l�p8xy�%k�t�k�{B�a�?�3�%k
s;k�|%v�{��%l
k
s;k�qAn �?|7w�p8xyn�k�l�n/qy�zw�qA�uo�q~|%l�|;{1n��;n�{ l��Mn�{�qu��l!k�|;{�l�vAp8xy{�l�s�k�|;{ qMqA|�l!�%|%k¡ �l�s#}%�Al�{1��l�s¦l�p8xy{�l�sOn��;n�{ l��¨§�©�}�ª�}�«�}�¬�}�©�­�®��
¯hl�w�x���n�l�r;k�l�m1n°xyt�t�q�m±xus%x�{�x���xyn�l!q~�A��l�w�{�{�qu��l��7x�rAl�s;k¡��l�p l�|;{�t���s;l�o7l�|�s;k�|%vuqA|�{ �%l�w�q~|;{�l��%{3k�|�m1��k¤w ��k�{3x�o%o7l�x�p n�}
r;k�l�m1n/x�p l¥x	p l�w�q~vA|%k���l�s�{�l�w �%|%k
²~�%l3�ZqApQl��%{�l�|�s¦k�|�v�x	s%x�{�x���xyn�l3n��;n�{ l��³m1k�{���n���o%o�q~p�{Q��q~p1n��%�A�'l�w�{�k�r;k�{B�?�

´�xy|;�µp l�n�l�x�p8w �¶xyp�l�xyn�w�x�|Vo%p�qy �{���p qA�·{ �%l�¸7l��%k���k�t�k�{B��o%p q�r?k
s;l�s¹�;��qA�A��l�w�{BºBqAp k�l�|?{ l�s»r?k�l�m1n��½¼B|±xAs�s;k�{�k�qA|
{�qO{��%l�{ p8xAs¦k�{ k�qA|�xyt��%n�l�qy��r;k�l�m1na��qAp��¾x~w�k�t�k�{�x�{ k�|�vM{���l�n���xyp�k�|%v�qy�¿s%xy{8x��;��xyo%o%t�k
w�x�{ k�qA|%n�}�w��%p p�l�|;{�p�l�n�l�xyp8w �%l�p n�x�p l
l���x��uk�|%k�|%v�|%l�mÀxyp�l�xyn!{��7x�{�w�xy|�n�o7l�w�k¡ �w�xyt�t����7l�|%l� �{a��p qA�jq~�A��l�w�{=º¾q~p�k�l�|;{�l�s�r;k�l�m1n���¯zxyp�n�x�t�qA��l�{�x�tB���%n l�qA�A��l�w'{Bº
��xyn�l�s	r;k�l�m1n:{�q3k�|;{�l�v~p8x�{ l1qA�A��l�w�{BºBqAp k�l�|?{ l�s�x�|7s!p l�t
x�{�k�q~|�x�t%s%xy{8x��7x�n�l�n�m1�%k�t�l�o%p�l�n�l�p r?k�|%v	�%o$s%x�{ l/w�x�o7x��%k�t�k�{�k�l�nz§ ª�®��:Á/x
x�|7sMÁ1��|�s;l�|%n {�l�k�|%l�p/�%{ k�t�k���l1r;k�l�m1n1{�q	o%p q�r?k
s;l�{�p�x�|%n o�x�p l�|;{1n8w �%l���x!l�r~qAt��%{ k�q~|�}�o%p l�n�l�p�r;k�|%vMl��%k�n�{ k�|%v�r;k�l�m1nQ{��%p qA�%v~�
n8w �%l���x3w ��x�|%v~l�§<ÂAE�®��:¯�l�w�x��%n l3{��%l1q~�A��l�w�{=º¾q~p�k�l�|;{�l�sSo�x�p�xAs;k�v~�¶q��$l�p n�x3�uqAp lzo7q�mzl�pB���%t7�Mq%s;l�tA�ZqAp�k�|;{�l�v~p8xy{�k�qA|	{���xy|
{���l�p�l�t
xy{�k�qA|�xyt�qA|%l~}�n�l�r~l�p8xyt;o�x�o7l�p�n:s;k�n8w���n�n:{��%lhk�|;{ l�vAp�x�{�k�q~|°qy�%�%l�{�l�p�qAv~l�|%l�q~�%n�s%x�{�xQp�l�o7qAn k�{�qAp k�l�n:r?k
xQq~�A��l�w�{=º¾q~p�k�l�|;{�l�s
r;k�l�m1n`§<«;}�ª%}�©�­�®��

Ã¹��k�t�l�x�|;�%���7l�p3q��/p�l�n�l�xyp8w �%l�p nM��x�r~l���l�v~�%|�{�qOn�{��7s;��r;k�l�m`�ul�w ��x�|�k�n �Mn�m1k�{ ��p l�v?xyp8s�{�q�q~�A��l�w�{=º¾q~p�k�l�|;{�l�s
s%xy{8x��7x�n�l�n/ÄBÅ°Å3Æ3¯hn8Ç3§�©�}�©�«;}?È~È;}?Â~¬%};Â%©�};ÂAÂ�®�}~t�k�{ {�t�l1mzq~p�É	��x�nh��l�l�|�s;q~|%l/p l�v?xyp8s;k�|%v!k��uo%t�l��Ml�|;{�x�{�k�q~|°k�n n��%l�nQp�l�t¤xy{�l�s
{�q�qA�A�'l�w�{BºBqAp k�l�|;{�l�s�r;k�l�m1n���Ê:q�{ �%l���l�n {�q��3qA�%p	É;|%q�m1t�l�s;vAl~}zw�q~�M�Ml�p8w�k
x�tQÅ°Å3Æ3¯½n �?n {�l��un£s¦q�|%q~{��~l�{�n���o%o�q~p�{
r;k�l�mÀw�xyo�x��%k�t�k�{�k�l�n���Ë%��p�{���l�p��uqAp�l~}zqy�°{ �%lu��l�mÌp l�n�l�xyp8w �Vo�x�o7l�p�n�{ ��x�{Ms¦k�n�w��%n nMk��Mo%t�l���l�|?{�x�{ k�q~|%n3q��!Å°Å3Æ3¯½r;k�l�m
n��;n {�l��un�}��uqAn {°n �%o%o7qAp {�qA|%t���t�k��uk�{ l�s����%|�w�{ k�qA|�xyt�k�{B��xy{�{ �%k�n�{ k��MlA�OÊ1�%l�p�l�xyp�lMn l�rAl�p8x�t1q~�%{�n {8xy|�s;k�|%v�k�n n��%l�n�{���xy{
���%n {��7l�xAs�s;p�l�n n�l�sÍ��q~p�{��%l�n ��w�w�l�n�nB�Z�%t!k��Mo%t�l��ul�|;{8xy{�k�qA|�q��!x�|¹q~�A��l�w�{=º¾q~p�k�l�|;{�l�sÍr?k�l�mÎn��;n {�l����±Ë�k�p�n�{�}/w�p l�x�{ k�|�v
r;k�l�m1n�k�|Íxy|�q~�A��l�w�{=º¾q~p�k�l�|;{�l�sÍ�Mq%s;l�t1k�n	|%qA{Mx�n k��uo%t�l�{�p�x�|%n=��l�pMqy�°{ �%l�p�l�t¤xy{�k�qA|7x�tQr?k�l�mÎn�q~t��%{�k�qA|Ï{�q�{ �%l�qA�A��l�w'{Bº
qAp k�l�|;{�l�sO�Mq%s;l�tB�1´���w ��q��z{ �%la���%|�w�{ k�qA|�xyt�k�{B��{B�;o%k
w�xyt�t��uo%p�q�r;k
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%

run

Person compileAccessingMethodsFor:

             #( #birthyear #name).

%

run

BaseClass createSubclass: #Person
supers: #[ Root ]

instVarNames: #( #birthyear #name )
constraints: #[ #[birthyear, Integer],

                #[name, String] ]
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run

%

run

%

supers: #[ Person ]
BaseClass createSubclass: #Student

instVarNames: #( #gpa )

constraints: #[ #[gpa, Number] ]

Student compileAccessingMethodsFor: #( #gpa ).

run

%

run

%

supers: #[ Person ]
BaseClass createSubclass: #Staff

instVarNames: #( #title )

constraints: #[ #[title, String] ]

Staff compileAccessingMethodsFor: #( #title ).
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Cat
-height
-weight

subsumption relation

derivation relation

LEGEND

implementation object

conceptual object

class

implementation link

virtual class

conceptual object

O1

-owner=Fred

derived from 
refine query on

instance variable.

derived from Cat
with predicate
weight > 15 lbs.

Dieting
HeavyCat -diet

-diet=Iams Light

HeavyCat adding ‘diet’

-height=9"
-weight=17lbs

-ownerHouseCat HeavyCat 
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(a)  An implementation object from the PedigreedCat class receives a message ‘color’.
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color = brown

(b)
belonging to the superclasses of 
Each of the implementation objects 

the method ‘color’.
the PedigreedCat class is queried for

(c)
The implementation object of O1 belonging
The method ‘color’ is found at the Cat class.

to the Cat class returns the value of the 
‘color’ instance variable, ‘brown’.
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the new Class B, and the other an object instance of the New Class.

NewClass

a b

Class B -print_a
-print_b

code for
method
print_a

code for
method
print_b

a=4
b=3

O1

Now a new class, NewClass, is inserted into the
hierarchy.  Attribute ’a’ and method ’print_a’ are
to be promoted from Class B to NewClass.

NewClass is extended to include storage for
attribute ’a’ and the code for method ’print_a’.

code for
method
print_a

code for
method
print_b

NewClass
a

-print_a

a b

Class B -print_a
-print_b

O1

a=4
b=3

b=3

O1

a=4

O1

Class B

b
-print_b

NewClass
a

-print_a

code for
method
print_a

code for
method
print_b

Class B

b
-print_b

NewClass
a

-print_a
code for
method
print_a

code for
method
print_b

(d)

a b

Class B -print_a
-print_b

code for
method
print_a

code for
method
print_b

a=4
b=3

O1

(b) (c)

(e)

O1

a=4

method ’print_a’ and the promoted instance
variable ’a’. 

b=3

(a)

Class B has attributes ’a’ and ’b’,

Object O1 is an instance of Class B, 
and methods ’print_a’ and ’print_b’.

and stores the values ’4’ for attribute ’a’, 
and ’3’ for attribute ’b’.

Class B is modified to remove the promoted

NewClass

Class B

Object O1 is split into two implementation objects --  one an object instance of
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Let method ‘a’ be defined

by CLASS A, and method

‘b’ be defined by CLASS B.

A
CLASS -a CLASS 

B
-b A

CLASS -a

CLASS 
B

-b

CLASS 
B

-b

A
CLASS -a

A
CLASS -a CLASS 

B
-b

(b) (c)(a)

CLASS A can be a subclass of CLASS B, or CLASS B can inherit
from CLASS A, but they cannot be subclasses of each other.
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î�ïÎð ñÑòôó
òõïÑð ñÑòôó
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ö � ð ñÑòôó ýþù ó � ÷Çøúùüû û ýþù ó ÿProperty
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