
� �������	��

� � ��� ��� ��
����

� ��� ���! "�$#"%'&)(*� &,+ -.�$�/�$0213%4�65 78091!&:+��65.; <�&=%?> %@>A� BDCFEHG!I
+J%81"%K�$LM�$�"%ON

PRQTSVUXW Y*Z6[]\_^.`�a

<�>A�$0b� Y*Z6[c\T^.` &:+d1e��&f�O+J%81F�A 3�g(Ah_1�+"ikj! Alm1"+n+�(Ah]oRprqks!t PcuvU!w
(k0yx QTSzUXW|{!}�~ s

� ��>A� BDE��e���@�eB��3C +J%81"%K�$LM�$�"%ON
PVSk� �

� `k�T`�\O�y\A�c` � a
�
q {eP q Q � ����^k\?��`���Y��_���zZ�^v��� �R�|� \ � �

� `k�T`�\O�y\A�c` �|� a
�
q {eP q Q � ����^k\?��`���Y��_���zZ�^v��� �R�.� \ � �

� `k�T`�\O�y\A�c` �.� a
�
 
 
 

¡



� �������	��

� � ��� ��� ��
����

� � %@0����  O13%4 $> +J%�13%4�$L��X�"% � �v�6 $i"%4�'+�&=%�+	5F� hD1eiel=% +J%81"%K�$LM�$�"%�+ &f�
+�����iA�$�A "���V1e� 5

� 	 h	�/( ���e 3�$#6% & (*� &,+ 021v&,+��65
�.%?>/�$�  3(*L #ki"%�13% & (*�  3(*�6% & �FiA�'+
13h2%4�$0�%?>/�  613%8 >  Alm1ei6+ �'+

� � %?>/�X0 <�&,+���� &:h�1F� ���e 3�$#6% & (*� &:+ 091!&:+��65
�|%?>/� +�����i/�X�A 3� (Ah
+J%�13%4�$L��$�6% + &:+ & �"%4�$0H0HiF#"%4�65
� 1e�A5 ���v�O i"%'&)(*�  3(*�6% & �FiA�'+
&f� %?>/�  O13%4 $>  Alm1ei6+�� %?> 13% L 13%8 >A�'+ %?>/� %
�R#v� (Ah %?>/�
���e 3�$#6% & (*�

� ��h2%K�$0 1  613%8 >  Alm1ei6+�� ���!&:+6>/�'+��  3(*L #Fi"%�13%'&)(*�  3(*�6% & �FiA�'+
13h2%K�$0 %?>/� %@0����  O13%4 $>�� ��>!&:+ &,+�� %?>/� �V("< (Ah  3(*�6%@0b(�l 5F(��'+
�/(A% 0b� %?iF0H� %K( %?>/� #v(R&f�6% <M>/�$0b� %?>/� ���! "�$#"%'&)(*� (R " ik0H0
�O5
�
� G.B���� � B �������"E E���B��XE��� BDG BHC!� " ��BHCkG�# BDC!�FB E �%$& '��# BDC��
��(��)�+*�B�$ G��-,.$/� �3G��RBDE �0 B I1$�BDC � " ��BDCFG�# �@�324265

� ��� ���e 3�$#6% & (*� <M>!&  $> &:+ �A(A%  61Fi6-T>"% j7� 1 %@0����  O13%4 $>8� &,+
9 #X0b(*# 1"-R13%4�653:7�|&;� �-�	&:%M&:+ 021v&,+��65 16-R1v&f�

<



� �������	��

� � ��� ��� ��
����

uOw*P ��U�� s � s PRQ U��g��uOw*P } �
�

uOw*P {�� q � � a
{ � � a
u
	 �J} ��� 
_� q � { � } a
s ~�� s q � 
�a
� � q � � a
S s P��_SFw � a

�

�



� �������	��

� � ��� ��� ��
����

uOw*P ��U�� s � s PRQ U��g��uOw*P } �
�

uOw*P {�� q � � a
PVSk� �

{ � �ga
q � { � } a
� � q � � a

�
q {eP q Q ���VSru PRQ�� s Pcu qXoRprqFsvt PyuXUvw s � �

� � � a
�
S s P��_SFw � a

�

�



� �������	��

� � ��� ��� ��
����

q ~F{ � � �*U � s�� ~F{ � � �
�XP_{ePyu q uOw*P ��U�� s � s PRQ U��g��uOw*P } �
�

uOw*P { � q � � a
PVSk� �

{ � � a
q � { � } a
� � q � � a

�
q {eP q Q � �VSru P�Q�� s Pcu q$oRprqFset PcuXUvw s � �

� � � a
�
S s P �TSFw � a

�
�XP_{ePyu q � U u
� � s P {!w|U!PRQ s S � s PRQ U �g�"�
�

uOw*P p � � � � a
� � �RU�� s � s PRQ U �g� p � a
�e� �vP s �   U �*P   t S�uOw�Pr~/w �J����a�

�

�



� �������	��

� � ��� ��� ��
����

q ~F{ � � �*U � s�� ~F{ � � �
�XP_{ePyu q uOw*P ��U�� s � s PRQ U��g��uOw*P } � PRQTSzUvW � �VSru PRQ�� s Pcu qXoRp
�

uOw*P { � q � � a
{ � �ga
q � { � } a
� � q � � a
S s P �TSFw � a

�
�XP_{ePyu q � U u
� � s P {!w|U!PRQ s S � s PRQ U �g�"�
�

uOw*P p � � � � a
PVSk� �

� � ��U�� s � s PRQ|U��g� p ��a
�
q {eP q Q � �VSru P�Q�� s Pcu q$oRprqFset PcuXUvw s � �

� � � a
�
�e� �vP s �   U �*P   t S�uOw�Pr~/w �J����a�

�

�



� �������	��

� � ��� ��� ��
����

q ~F{ � � �VU*U�� �
} U�UV~ s {!w 	*S s �$Q � � � s ~�~ � a

�
q ~F{ � � �VU ��~ � � s ~�~ sFp P s w � � oRp�qFs!t Pcu!Uvw �

t ��}�~Tu q �ePVSruOw�� P U �ePVSru w�� �"� �
S s P �TSFw ��� � q��
	 a

�
�
q ~F{ � � �VU*U����_U u ��Uvw sFp P s w � � o�prqFs!t PyuvUvw �

t ��}�~Tu q �ePVSruOw�� P U �ePVSru w�� �"� �
S s P �TSFw ��
 � q Q 	 a

�
�

�



� �������	��

� � ��� ��� ��
����

�XP_{ePcu q � U|u
� �
� s ~*~ � �VU�U � 	|� P�QTSzUXW � �VU ��~ � � s ~�~
�

u
	 � 	   �
� s ~�~$���PRQTSVUXW w s W �VU � ~ � � s ~*~ �"� a
�e� �XP s �   U ��P   t Sru w�Pr~/w � � ��� s ~R~�� 
�� � ��a�a

�
�XP_{ePcu q � U|u
� s {eP	� �VU�U�� 	|� PRQ_SzUXW � �VU�U ���_U u �RUvw
�

�e� �XP s �   U ��P   t Sru w�Pr~/w � ��� � � �  � R  � � a
��u � s �XP	� 	|��a

�
�XP_{ePcu q � U|u
� ��u � s �XP	� �VU*U�� 	|� PRQTSzUXW � �TU�U����_U|u ��Uvw
�

u
	 � � 	   	*S s �XQ �PRQTSVUXW w s W �VU�U ���_U u �RUvw �"� a
�

�



� �������	��

� � ��� ��� ��
����

�XP_{ePcu q � U|u
� ��uOw s �"�
�

PVSk� �
�VU�U � 	�u �$Q � w s W �VU�U�� �"� a
	�u �XQ   �
� s ~�~ � � 	z{T~�� s a
	�u �XQ   	*S s �$Q � PTS � s a
�
� s ~�~ � 	�u �$Q � a
s {eP � 	�u �$Q]� a

�
q {eP q Q � �VU ��~ � � s ~�~ s � �
�e� �vP s �   U �*P   t S�uOw�Pr~/w � s ��a�

q {eP q Q � �VU�U�����U u ��Uvw s � �
�e� �vP s �   U �*P   t S�uOw�Pr~/w � s ��a�

�

�



��� �� � � �	� 
 �
� 
 �� � 
�

� � �� � ��� �� � � ��� � ��� � � � �� � �� �"! � � � � #! $ � 

eat digest

smelldine

try {
  .
  .
  .
  smell(fish);
  eat(fish);
  .
  .
  .
}
catch (FS e) {
  ...
}
catch (FP e) {
  ...
}

digest(f);

if (!f.fresh)
  throw new FP();

if (f.smelly)
  throw new FS();

.

.

.
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eat digest

smelldine

try {
  .
  .
  .
  smell(fish);
  eat(fish);
  .
  .
  .
}
catch (FS e) {
  ...
}
catch (FP e) {
  ...
}

digest(f);

if (!f.fresh)
  throw new FP();

if (f.smelly)
  throw new FS();
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Some frame

r

This is executed in some frame:
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factorial frame

n

Some frame

r

4

We execute the body of factorial; n is not 0 so we execute
return factorial(n-1)*n;

which in this frame is the same as
return factorial(4-1)*4;

When we call factorial(4); a new frame for the method is created:
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factorial frame

n

Some frame

r

4

factorial frame

n 3

pending computation:
return factorial(3)*4;

Again, we execute the body of factorial;
again, n is not 0 so we execute

return factorial(n-1)*n;

which in this frame is the same as
return factorial(3-1)*3;
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factorial frame

n

Some frame

r

4

factorial frame

n 3

pending computation:
return factorial(3)*4;

Again, we execute the body of factorial;
again, n is not 0 so we execute

return factorial(n-1)*n;

which in this frame is the same as
return factorial(2-1)*2;

factorial frame

2

pending computation:
return factorial(2)*3;

n
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factorial frame

n

Some frame

r

4

factorial frame

n 3

pending computation:
return factorial(3)*4;

Again, we execute the body of factorial;
again, n is not 0 so we execute

return factorial(n-1)*n;

which in this frame is the same as
return factorial(1-1)*1;

factorial frame

2

pending computation:
return factorial(2)*3;

n

factorial frame

1n

pending computation:
return factorial(1)*2;

< �



factorial frame

n

Some frame

r

4

factorial frame

n 3

pending computation:
return factorial(3)*4;

Now, we have reached the base case, and n is 0, so we execute:

factorial frame

2

pending computation:
return factorial(2)*3;

n

factorial frame

1n

pending computation:
return factorial(1)*2;

factorial frame

0n

pending computation:
return factorial(0)*1;

return 1;

We get rid of the frame, and pass the returned value to the caller
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factorial frame

n

Some frame

r

4

factorial frame

n 3

pending computation:
return factorial(3)*4;

The pending computation here was:
return factorial(0)*1;

and the method called

return 1*1;

factorial frame

2

pending computation:
return factorial(2)*3;

n

factorial frame

1n

pending computation:
return factorial(1)*2;

factorial(0)
returned 1, so this pending computation is now:

We get rid of the frame, and pass the returned value to the caller
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factorial frame

n

Some frame

r

4

factorial frame

n 3

pending computation:
return factorial(3)*4;

The pending computation here was:
return factorial(1)*2;

and the method called

return 1*2;

factorial frame

2

pending computation:
return factorial(2)*3;

n

factorial(1)
returned 1, so this pending computation is now:

We get rid of the frame, and pass the returned value to the caller

< �



factorial frame

n

Some frame

r

4

factorial frame

n 3

pending computation:
return factorial(3)*4;

The pending computation here was:
return factorial(2)*3;

and the method called

return 2*3;

factorial(2)
returned 2, so this pending computation is now:

We get rid of the frame, and pass the returned value to the caller
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factorial frame

n

Some frame

r

4

The pending computation here was:
return factorial(3)*4;

and the method called

return 6*4;

factorial(3)
returned 6, so this pending computation is now:

We get rid of the frame, and pass the returned value to the caller
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Some frame

r

The pending computation here was:
r = factorial(4);

r = 24;
which returned 24, so this pending computation is now:

24
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