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main frame

f

h

g

null

null

null

The variables are initialized to null
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main frame

f

h

g

null

null

A

k 1

f is assigned a new A object
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main frame

f

h

g

null

null

A

k

The statement f.k = 5; is executed
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h is assigned a new B

main frame

f

h

g null

A

k 5

x

B

null
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We call 

main frame

f

h

g null

A

k 5

x

B

null

h.m() which creates a frame for m
with no arguments

m frame

this
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The body of m is executed. It consists of the single statement
x = new A();

which creates a new A object and assigns it to this.x

main frame

f

h

g null

A

k 5

x

Bm frame

this

A

k 1

y �
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main frame

f

h

g null

A

k 5

x

B

A

k 1

After returning from m, its frame gets discarded, and h.x.k is 1
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Computation in main continues with h.p(f);
A frame for p is created, assigning f to its parameter u

main frame

f

h
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A

k 5

x

B

A

k 1p frame

u

this
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In this frame, the body of p is executed.
The body of p is x = u; which is the same as this.x = u;
main frame

f

h
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A
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x

B

A

k 1p frame

u

this
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When p ends, its frame is discarded.
The other A object that has no references to it, is also discarded.
main frame

f

h

g null

A

k 5

x

B
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Computation is resumed with the next instruction of the main: g = h.r();
So the right-hand side of the assignment, h.r() is evaluated. So a frame for
r is created.
main frame

f

h

g null

A
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x
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this

y �



� � � � �d�9� � ���  ��� �	�

The body of r is executed in this frame. Its body is return x;
which is the same as return this.x; But this.x
is the same as the pointer to f, so this pointer is returned,
discarding the frame for r, and performing the pending assignment 
to g, which is now equivalent to: g = h.x; or g = f;
main frame

f

h

g

A

k 5

x

B

y �



�  � � �"
 � ���J� � �  �  � � ��
	�Y� �G�Y� � �

% ��D32F;M7�0N+H;6'rC�) 0B)8: O ' 2M'*Db'Q/ 'W;]<

% � Pw7 >@C82 - C � -K),+�0B>32mPw/10.;6'rC�) i
k � ' : '*)3c ;MLN-_2F;50.;s-\C � 0w) C�DIEY-3+H;3S��p>K087 ;�C ��� ;MLN-!2F;M7]P8+H;MPw79-

C � 0B) C�DIEG-�+H; �G0.;Y;M7 '*DwP3;s-62 0B)8:��fC�7 ^!-X;MLNC?:f2TS � C 7 ;MLN-
' )3;s-f7])K0b/ 79-K>f79-625-K)3; 0.;6'rC�) C � :�0.;50 S 25C ;RLK0.; 0 +,/ '1-K)m;
:BC -623)
	 ;uLK0MOf-J;sC �f)NCmU 0BD@C�P3;�;MLN-!'*)m;p-K7 )80b/ 2 C � 0B)!C�DFEG-3+X;
�G0wD32F;M7�0N+H;6'rC�)?x �

k &�-3+8P�7 ' ;]< iv^a0@' )3; 0b' )b'*)3cd;MLN-�'*)m;p-6co7='W;]<aC � :�0.;50 x��) � C�7 +N'*)3c
/ '*^d' ;s-3: O�'n2M' DB'Q/ ' ;]< 25C ;ML80.; +,/ '1-K)m;I2 +30B)�)NC,; [G+.C�7 7 Pw>3;G` ;MLN-
2F;50.;p-ZC � 0B) C�DIEG-�+H;mS@25C_;RLK0.;�C�)B/e<�;MLN-�+,/10m2s2 C � ;MLN- C�DFEG-3+X;
+30B) +8L80B)�c -!;RL,-aC�DFEG-3+H;�	r2"2F; 0m;s-Bx

% 
 ' 2M'*Db' / 'W;]< ^!C?: '���-K7�2 � � C�7 0m;G;M7=' DwP3;s-R2 0B)8: ^!-6;RL,C :f2 � i
�  �� � 1 � S � � 1 0 	 �� 0B)8: � ���'���� �� 2 x

% 
 ' 2M'*Db' / 'W;]< ^!C?:�'���-K7�2 0K7�- C�7 ;MLNC8c C�)K0b/ �4'*),:B-f>@-K),:w-K)m; � C �
U!L,-X;MLN-K7Z;RL,- 0m;G;M7=' DwP3;s- C 7 ^_-X;RL,C?: ' 2 2F;50.;6'1+ C�7 )NC,;�x &�C
;RL,-H< +30B) Db-\+mC�^ Db'*)N-3: '*) 0B)m< UJ0 <Nx

D �



�  ��V� �"
 �d� � ��� �  ��� �! ��3� T�v� �Y �����  � � �

�  �� � 1 � ����	��9� ��	'% ��	 ��� �' 9%�
6
�  �� �"1�� 2 �! �� � � � 	��
	'% � ��#
�  �� �"1�� ��	'% ��	 ��� �! 9%�8(+* 6 � 	��
	'% � � $ � 7���# :
�  �� �"1�� 0 ��132 2�� � ����1 8( 2 �! �� � � 	�� �! �%� *
6

1 
 ( 	!� �! 9%� � � 7���*
� 	 �
	'% � � $ � 	��
	'% � � � 	!� �! 9%� #

:
�  �� �"1�� 0 ��132 & 132��� 2���	'& ( 2 �! �� � � 	�� �' 9%� *
6

1 
 ( 	!� �! 9%� � $ � 	��
	'%�� ��*
� 	 �
	'% � � $ � 	��
	'% � � 	 	!� �! 9%� #

:
:

D]y



�  ��V� �"
 �d� � ��� �  ��� �! ��3� T�v� �Y �����  � � �

�  �� � 1 � ����	��9� ��	'% � 1 %���	 � � � 1���	� 1!��%
6
�  �� �"1�� �� 	� 1 � 0 ��132 � 	�1 % ( �� � 1 %����� 	�� ����*
6
��	'% ��	 ��� �' 9%� �4#
� $ %��!& ��	'% � 	 ��� �! �%�8(+*,#
� 7 2 � � ����1/8( � � � 7��"*,#
� 7 � 	��
	'% � � $ � 7 � 	��
	�% � � 	 � � � 7�� # ��� ���

:
:

D D



�  ��V� �"
 �d� � ��� �  ��� �! ��3� T�v� �Y �����  � � �

�  �� � 1 � ����	��9� ��	'% ��	 ��� �' 9%�
6
� � 1 0 	��� 2 �! �� � � � 	��
	'% � ��#
�  �� �"1�� ��	'% ��	 ��� �! 9%�8(+* 6 � 	��
	'% � � $ � 7���# :
�  �� �"1�� 0 ��132 2�� � ����1 8( 2 �! �� � � 	�� �! �%� *
6

1 
 ( 	!� �! 9%� � � 7���*
� 	 �
	'% � � $ � 	��
	'% � � � 	!� �! 9%� #

:
�  �� �"1�� 0 ��132 & 132��� 2���	'& ( 2 �! �� � � 	�� �' 9%� *
6

1 
 ( 	!� �! 9%� � $ � 	��
	'%�� ��*
� 	 �
	'% � � $ � 	��
	'% � � 	 	!� �! 9%� #

:
:

D �



�  ��V� �"
 �d� � ��� �  ��� �! ��3� T�v� �Y �����  � � �

�  �� � 1 � ����	��9� ��	'% � 1 %���	 � � � 1���	� 1!��%
6
�  �� �"1�� �� 	� 1 � 0 ��132 � 	�1 % ( �� � 1 %����� 	�� ����*
6
��	'% ��	 ��� �' 9%� �4#
� $ %��!& ��	'% � 	 ��� �! �%�8(+*,#
� 7 2 � � ����1/8( � � � 7��"*,#
� 7 � 	��
	'% � � $ � 7 � 	��
	�% � � 	 � � � 7�� # ��� ����� �
�

:
:

D �



�  ��V� �"
 �d� � ��� �  ��� �! ��3� T�v� �Y �����  � � �

�  �� � 1 � ����	��9� ��	'% � 1 %���	 � � � 1���	� 1!��%
6
�  �� �"1�� �� 	� 1 � 0 ��132 � 	�1 % ( �� � 1 %����� 	�� ����*
6
��	'% ��	 ��� �' 9%� �4#
� $ %��!& ��	'% � 	 ��� �! �%�8(+*,#
� 7 2 � � ����1/8( � � � 7��"*,#
� 7 & 1 �� 2���	!& ( � � � 7 ��* # ��� ���

:
:

D �



�  � ��� � � �9
 ���� � ��� � �

�  �� � 1 � ����	��9� ��	'% ��	 ��� �' 9%�
6
� � 1 0 	��� 2 �! �� � � � 	��
	'% � ��#
�  �� �"1�� ��	'% ��	 ��� �! 9%�8(+* 6 � 	��
	'% � � $ � 7���# :
�  �� �"1�� 0 ��132 2�� � ����1 8( 2 �! �� � � 	�� �! �%� *
6

1 
 ( 	!� �! 9%� � � 7���*
� 	 �
	'% � � $ � 	��
	'% � � � 	!� �! 9%� #

:
�  �� �"1�� 0 ��132 & 132��� 2���	'& ( 2 �! �� � � 	�� �' 9%� *
6

1 
 ( 	!� �! 9%� � $ � 	��
	'%�� ��*
� 	 �
	'% � � $ � 	��
	'% � � 	 	!� �! 9%� #

:
�  �� �"1�� 0 ��132  ��	�% � 
���� ( ��	'% � 	 ��� �! 9%9 ���������*
6
�� 1 � 7 � 	���	'% � � $ �� 1�� 7 � 	��
	'%�� � � ��������47 � 	��
	'%�� � #
�'������47 � 	 �
	'% � � $ � 7���#

:
:

D �



�  � ��� � � �9
 ���� � ��� � �

�  �� � 1 � ����	��9� ��	'% � 1 %���	 � � � 1���	� 1!��%
6
�  �� �"1�� �� 	� 1 � 0 ��132 � 	�1 % ( �� � 1 %����� 	�� ����*
6
��	'% ��	 ��� �' 9%� � � � ��� #
� � $ %��!& ��	'% ��	 ��� �' 9%�8(+*B#
��� $ %��!& ��	'% ��	 ��� �' 9%�8(+*B#
� �B7A2�� � ����1 8( � � � 7 ��* #
��� 7  ��	'% � 
���� (�� � * #

:
:

D �



� � � �! �

D �


