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CÍC�C(C�CJC�CJC�C�CJC�CJC�C(C�C�C¸�%o

��C'" 4 9���W<��;�� E ; 5 · m ����7U�Íü ý E ��e��.e�9���; 5%E CþCJC�C�C(C�CJC�CJC�C�CJC�CJC�C(C�C�C²��

��C'"�?kg$�+W<��M 5 ;$�b�7G1 5 78� E �.e%:8�:G�K�+��C%CJC�CJC�CJC�CJC�C�C(C�CJC�CJC�C�CJC�CJC�C(C�C�CQ"I���
��Cª�¾?kg$�+W<��M 5 ;$�b�7G1 5 78� E �.e%:8�:G�K�+�)��� E :G7U��:U��CÿCJC�C�C(C�CJC�CJC�C�CJC�CJC�C(C�C�CQ"I��o
��C /É?kg$�+W<��M 5 ;$�b�7G1 5 78� E �.e%:8�:G�K�+�0����7U�����������
	������HC C(C�CJC�CJC�C�CJC�CJC�C(C�C�CQ"I���
��C � ?kg$�+W<��M 5 ;$�b�7G1 5 78� E �.e%:8�:G�K�+�0����7U������������¼ü���{C0C�C(C�CJC�CJC�C�CJC�CJC�C(C�C�CQ"N/�
��Cªo¾?k:U����� E ;��<� 5 e E :87GRLS+T 5 ;��<�781 5 7G� E �'e%:8�:G�K�+��C�C�C(C�CJC�CJC�C�CJC�CJC�C(C�C�CQ"N/��
��C �É?kg$�+W<��M 5 ;$�b�7G1 5 78� E �.e%:8�:G�K�+�0����7U�����������
����	���CÊC(C�CJC�CJC�C�CJC�CJC�C(C�C�CQ"N/��
��C¼q¥?kg$�+W<��M 5 ;$�b�7G1 5 78� E �.e%:8�:G�K�+�0����7U��������	����
�¼C«C�C(C�CJC�CJC�C�CJC�CJC�C(C�C�CQ"N/��
��C �É?kg$�+W<��M 5 ;$�b�7G1 5 78� E �.e%:8�:G�K�+�0����7U����������������� 	����
�Ì�"!#���%$���	�	&���
�¼C¨C�C(C�C�CQ">��
��C �É?kg$�+W<��M 5 ;$�b�7G1 5 78� E �.e%:8�:G�K�+�0����7U��!"�
�%$���	����'	���C C�CJC�CJC�C�CJC�CJC�C(C�C�CQ">�%�
��C'">2?kg$�+W<��M 5 ;$�b�7G1 5 78� E �.e%:8�:G�K�+�0����7U�(��)���)�
!"�
���6�"��)���*�¼ü���XC C�CJC�CJC�C(C�C�CQ">���
��C'"�"�?kg$�+W<��M 5 ;$�b�7G1 5 78� E �.e%:8�:G�K�+�0����7U���,+-�/.10&2,ù3�4�����5���Iú C C�CJC�CJC�C(C�C�CQ">���
��C'"N�Ñ?kg$�+W<��M 5 ;$�b�7G1 5 78� E �.e%:8�:G�K�+�0����7U�

a[j][i + 1] = b − 10
ù3�4�����5���Iú C}C�CJC�C�C2"Io�

��C'">/2?kg$�+W<��M 5 ;$�b�7G1 5 78� E �.e%:8�:G�K�+�0����7U�
a[i].x = b − 10

ù3�5�����5���Iú�C C�CJC�CJC�C�CQ"No$"

�.g
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g Î`ÏaÐ¬Ï�Î`ÏaÒ(ÓBÔZÕ)ÖÌ×*Õ¨ÖØÐÙÎ`ÏaÐ�Úd×*ÛØÜ»Ý<ÏaÕ

��C'"+�Q?kg$�+W<��M 5 ;$�b�7G1 5 78� E �.e%:8�:G�K�+�0����7U�
a[i].x(2, k).y = b − 10

ù6�5�����5���Iú C C�C�CQ"Io��
��C'"NoÑ?kg$�+W<��M 5 ;$�b�7G1 5 78� E �.e%:8�:G�K�+�0����7U�äü ý���)���{C¨C�C�C(C�CJC�CJC�C�CJC�CJC�C(C�C�CQ"Io��
��C'">�2?kg$�+W<��M 5 ;$�b�7G1 5 78� E �.e%:8�:G�K�+�0����7U�Jý������� ���XC$C�C�C(C�CJC�CJC�C�CJC�CJC�C(C�C�CQ"N��
��C'"Iq¬?kg$�+W<��M 5 ;$�b�7G1 5 78� E �.e%:8�:G�K�+�0����7U�����7!#��8�9:� C C(C�CJC�CJC�C�CJC�CJC�C(C�C�CQ"N��/
��C'">�2?kg$�+W<��M 5 ;$�b�7G1 5 78� E �.e%:8�:G�K�+�0����7U�<�)��g$��78� E8E T 5

a + b.x < −3 ∗ c[2]
CÍC�C�C2"N��o

q	C'"�?kg$�+W<��M 5 ;$�b�7G1 5 78� E �.e%:8�:G�K�+�0e	R�W<�+7U��;���C�CJC�C�C(C�CJC�CJC�C�CJC�CJC�C(C�C�CQ"�q	"

��C'"�?kg$�+W<��M 5 ;$��R�Wi�)� E :G78R$:8R�78�<; 5 :8�.� 5�;=<�>@?�A�B:C�D CbC�CJC�CJC�C�CJC�CJC�C(C�C�CQ"N���
��Cª�FE^781 5 7G� E �.e%:8�:G�K�+�)����78�)� 5 e E :87GRLS+T 5 ;��0:8���L�>M'�<;$� EGâ W3� 5 M 5�E C�CJC�CJC�C(C�C�CQ"N���
��C /É?kg$�+W<��M 5 ;$��R�Wi�0:8���L�>M'�<;$� EGâ W3� 5 M 5�E C#C�CJC�C�C(C�CJC�CJC�C�CJC�CJC�C(C�C�CQ"N���
��C � E^781 5 7G� E �.e%:8�:G�K�+�)����78�,�
���
!#���%$�0�C0CJC�CJC�CJC�C�C(C�CJC�CJC�C�CJC�CJC�C(C�C�CQ"N��
��Cªo¾?kg$�+W<��M 5 ;$�J:U���t�+MK�);�� E�â W3� 5 M 5�E � 5 W�1���78�'I1��+� E M 5 �+��� E C C�C�CJC�CJC�C(C�C�CQ"N��"
��C � c`�>��7G� E �>e%:8��S>T 5 ;��)�.W<��M'�+W<�>e�:U��S>T 5 ;$� ;=<�>@?�A�B:C�D C�CJC�CJC�C�CJC�CJC�C(C�C�CQ"N��/
��C'"�?kg$�+W<��M 5 ;$�b�7G1 5 78� E �.e%:8�:G�K�+��C%CJC�CJC�CJC�CJC�C�C(C�CJC�CJC�C�CJC�CJC�C(C�C�Cà���"
��Cª� l e E �+7US+T 5 ;$�b�+M'� EGE �(e��):8���L�>M'�<;$� EGâ W0� 5 M 5%E C6C�C�C(C�CJC�CJC�C�CJC�CJC�C(C�C�Cà����

"�"�C."�?kg$�+W<��M 5 ;$�b�U9��N�+�����+W�;��J:G�'� 5%E ����7U�0� 5 Wi��eL; 5 ü ýUC C�CJC�C�CJC�CJC�C(C�C�Cà�����
"�"�C � m �>��R�e�; 5 �+g$�+W<��M 5 ;��b�U9��>�>�����>W�;$�J:G�'� 5�E ����78�)� 5 Wi��e�; 5 ü ýUCyCJC�CJC�C(C�C�Cà�����

"N��C."�?kg$�+W<��M 5 ;$�b��M 5 �+��S+T 5 ;$�b��7G��R�W<�+e%: 5%E e 5 1���: 5 7`;$��1���78�'I1��+� E M 5 �+��� E CËC�C�Cà����/
"N��C � f �'M.9L�<e��)��g$�>�+R�S+T 5 ;��0�'e E :G78R�S+T 5 üG�&	�	�C�C�CJC�C�C(C�CJC�CJC�C�CJC�CJC�C(C�C�Cà�����
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½^WþM.�'1	7 5�E�5 ��78�ä� 5 W<���'M'��; 5 78� E ;$�+1��+78�'�-����78� E �+e%:U��73R�W<��1	� E T 5 ���+7U��M E�5 ��7G�z:G]N��e��K�+� E ;$�
� 5 W<���.MK��S>T 5 VB¦ �+787U��W<�+e%:8� E V[����M'�K�+��S È � E ��:U��C}? E :G�zM.�'1	7 5 ]#�t�+W´Wi��� E W 5 ;$� E : 5 V[1	� E : 5 Y%R��
W 5�E :G7U�i� 5 W 5 � 5 e E :G78R��'7^R�Wæ� 5 W<���.MK��; 5 7NV�R$:G�'M'�._N�<:G]N��e��K�+�i�b¦ �+7878��W)�>e%:8� E � E �L�N� â.Ç �+� E ����7U�
:8��My�.e%:8�+e%: 5 C

s�� E W 5 � E8E �.W}V E �+7U"H$:8�.MZ�i��R�7 EG5�E ;$�3��7U��;$R���S+T 5 Y%R�� E �b��7 5 � 5 e�9���Wî:8��W3�t]+W �iR�Wi�
��� 5 7U;������+W«��7U�:8�'�>��VP�#�'e����>e�:8�.1���7G�>W 5%E � E :8R�;���e�:8� E �0�G� 5 M 5 �+��7G�>W«� E WiT 5�E e��#Wi� E8E �I�b�
� 5 e E :G78R â 78�+W E �+R E ��7G¯���78� 5%E � 5 W<���'M'��; 5 78� E CZû»� EGE �0¦ 5 78W<��V$� 5 ;$�>78 E �+781	�.7`� 5 W 5 R�W���R��K�<�
E �+7aR$:G�'M'�._N��; 5 �+W¨��R�7 E�5%E ;$��� 5 W<���'MK��; 5 7G� E V	�+Wî����7U��M'�+M 5 �<��R�M'� E Y%R��J�>e E �'e��>Wî�0:G� 5 7G�K�);$�
¦ 5 78Wi�)W<��� E ��W<��M'��C

D ��W3�t]+W � 5 ;��+7U^��R$g$�'M.�K��7Ø��Y%R��+M'� E Y�R���VI�+W0� 5 78�ae�T 5»E �+e�; 5 ��;��»�78�>�I�k;$�6� 5 W<���'M'��; 5 78� E V
e��N��� E8E �H:8�+W �+W���M.��R�W�W 5 W<�+e%: 5 ;��01	�';��0���>��;7I>W)�K�+� 5 Rz��7 5�ÇLE8E � 5 e���M�R$:8�.M'�'_>��76:G]N��e��K�+� E ;$�
� 5 W<���.MK��S>T 5 C\? E :8�&] 5 �+� E�5 ; 5 ��R$: 5 7NV^��R�v��Ñ�78�>����78�'e����'����MJ;$�&��:GR���S+T 5 ]&�¬;���:G� E :8�
;$� EG5 ¦ :*~a��78��Cà·F:GRL��e�; 5 e�� EGE �-�7G�N��V 5 ;$� E �>e%1 5 M'1	�.W<�+e%: 5 ;$�z¦ �+7878��W<�+e%:8� E ;$����e��M'� E �};$�
��7 5 ��78��W<� E ]`� EGE �+e��+�'��M{V�� EGE �'W�� 5 W 5(5 ; 5 W â e�� 5 V�W<� E W 5 Y�R��^;$�F¦ 5 78W<�(�� E �K�+��V�;$�F:G]N��e��K�+� E
����78�)�<� 5 e E :87GR�S>T 5 ;$�b� 5 W<���.MK��; 5 78� E C

465 WÙ� EGE � Eä5 ��v*��:G�'1 5%E �>WÙW<�+e%:G��V ��7 5 ��R�7 5 R�p E ��Wi��e%:G�>7 5 Wi��� E}E �'W<��M.� E � 5%EGEGâ 1��+M 5
� E :G�'M 5 ;�� E :G��M'�.1	7 5 Cò? E � 5 M.9��>R$p E ��R�WþW<]�: 5 ; 5 ;�����e��M.� E � E �.e%:U�:G�K�+���}¦ �>7G7U��W<�+e%:U� E ����7U�
E R��b�'W<��M.�>W<�+e%:8��S+T 5 ¦§����>� E � Y%R�� � 5%EGE ��W E �+7a� 5 W<��78�+�>e�;$�K; 5�E � 5 W���M.��R�W�� E ¦ 5 7US 5 W<� E W 5
� 5 7^�*��7G�'e����'���K��e%:G� E � C3OêW 5�E :G7U��;���VB;$�)¦ 5 78Wi�z;$�+:8��M.9���;���VP: 5 ;��}�z�'W<��M'�+W<�+e%:8��S+T 5 ;$�<R�W
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Capítulo 1
Introdução
¤ñM.�>�H: 5 7@Y%R�� E �^�'e�:8�+78� E8E �(� 5 7@� 5 e E :G78R�S>T 5 ;$�»� 5 W<���.MK��; 5 78� E ��7 5 1��I1��+M'W<�+e%:G�Øv� E ���'��� 5 Y%R��
]J�J����7U�0Y%R�� E �+781��(R�Wî� 5 W<���'M'��; 5 7NC fZ5 7`� E8E�5 V	1I��W 5�E ���t�+e�� E ��7G�>1��>W)�>e%:G��;$� E �+R$:G�'7^Y%R���� E
E T 5 � E ¦ R�eLS È � E ;�� E �+W<�L�>e�9���;�� E � 5 7bR�W � 5 W<���.MK��; 5 7NC D ��W3�t]+W ��� 5 78;���78�+W 5�E � 5 W 5�E �
� E :G78R$:8R�78�<�'e%:G�>7Ge���W<�+e%:G�bR�W � 5 W<���'M'��; 5 7»�3� 5 W)�>e%:8��78�+W 5%E`E�5 ��7G�b�i¦ �+7878��W)�>e%:8�i°%�I1I� 4`4 V
R�W¨���+7U��; 5 7a;$�b� 5 W)���.MK��; 5 7G� E Y%R�� E �+7U0R$:G�'M.�'_>��; 5 e�� E :G�J:8��g	: 5 C

1.1 O que faz um compilador
j bR�Wi��¦ 7U� E �a¦§��W 5�E �bY%R��»;$�'_��y�G½^W���7 5 ��7U��Wi�J;$�(� 5 W<��R�:8��; 5 7d]^R�W<� E �NY=k�I+e��+�'��;��  E �
" E ��78Wi��_+�>e���;��ae�� E R��^W<�>W)¯�7G�K�I� CB? E8E � E �NY=k�I+e��+�'�»;$�F E � " E � 5 ;$�67G�>��7G� E �>e%:8��7Ø;���; 5%E :U��� E
� 5 W 5 e=H�W)�>7 5%E �.e%:8�+�'7 5%E V E :G78�'e�� E V�78�+��� E :G7 5�E ��:U��C'V 5 R�� 5 ;$� E �+7»R�Wi�<�.e E :G78R�S>T 5 VLY�R��b�.eL;$�'�>�
� 5 W 5�5 � 5 W<��R�:8��; 5 7d;$�>1�� E �»� 5 W)� 5 7G:8��7>CØ·òW<�+W<¯�78�'�J]^;��.1	�K;$�';����+W ����MK�I1	78� E V��>��;��JY%R���M
� 5�E8E R��'e�; 5 R�W¨�+e�;��+78�>S 5 ù � 5 7»��g$�+W<��M 5 V��Vy"�V��$VyC'C'C ú<Y%R����)�';��+e%:G� Ç �+�i;��(Wi��e��+�'78�lH�e��'�>��C
?dW3� 5 7U� E ��v��-��7GWi��_>�+e���; 5 e��-W<�+W<¯�78�K��VZ: 5 ; 5 ��7 5 ��78��W<��]z�+g	�N��R$:U��; 5 e�� 46f ½ ; 5

� 5 W<��R$:8��; 5 7NCØ· 46f ½ò� 5�E8E R��L7G�>��� E :878��; 5 78� E Y%R��`��RL��7U;���W\:8�+W<� 5 7U��78�'��W)�>e%:G�`;���; 5�EdEG5 ��78�
5�E Y%R���� E(E �);$� E �*v���W«78�>��M.�'_>��7 5 �L�>78��S È � E C fZ5 7(��g$�>W)��M 5 Vt�L��7U� E�5 Wi��7»R�Wæe=H�W)�>7 5 ��78W<��p
_+�>e���; 5 e��}W<�+W<¯�78�'�}e 5 �+e�;$�>7G�NS 5 "N�}� 5 W 5 eXH�W<�+7 5 ��78Wi��_+�>e���; 5 e 5 �+e�;$�>7G�NS 5 "N�"<�
� 5 M 5 �>��7 5 7G� E R�M.:8��; 5 e 5 �+e�;��+78�>S 5 ">%�$V$� 46f ½�;$�>1��>7G�K�3�+g$�>��R�:8��7 5 �L�>78��S È � E � 5 W 5 �

•
� 5 ���K��7 5 � 5 e%:G�'H�; 5 ;��)� 5%E �KS+T 5 ;���W)�>W<¯�78�'�z">�3����78� 5 78�+��� E :G7U��; 5 7F·nm

•
� 5 ���K��7 5 � 5 e%:G�'H�; 5 ;��)� 5%E �KS+T 5 ;���W)�>W<¯�78�'�z">�" ����78� 5 78�+��� E :G7U��; 5 7 n m

•
EG5 Wi��7 5 � 5 e%:G�'H�; 5 ;$� n �>Wî·/m

•
� 5 ���K��7 5 � 5 e%:G�'H�; 5 ;$��· ����7U�)�<� 5%E �KS+T 5 ;$��W<�>W)¯�7G�K�z">���C

465 W 5 ��R�W<�+e%: 5 ;��b� 5 W<��M.�+g$�';���;$� ; 5�E ��7 5 ��7U��Wi� E ;$�(� 5 W)��R$:8��; 5 7NV�: 5 78e 5 R$p E �^e��>�+� E p
E �78� 5 ;$� E �>e%1 5 M'1�I+pXM 5�E e	R�Wêe â 1��+M%;$�@��� E :878��S+T 5 R�W � 5 R�� 5 Wi��� E �>M.�>1I��; 5 VNW<�+e 5%E ;$�>�L�>e�;$�+e%:8�
;�� E �'e E :G78R�S È � E ;$� R�Wi�0;$�+:G�>7GW<�'e���;��3Wi�Y%R��'e���CZj 5 78��W��+7G�K��;�� E V�� E8E �.W}V$� E M.�'e���RL�����>e E ;$�

"
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��M.: 5 e â 1��+MXVLY%R�� E R�� E :G�.:GR��>W«� E �'e E :87GRLS È � E ; 5�E � 5 W<��R$:U��; 5 7G� E � 5 7 � 5 Wi��e�; 5%E ��R�v�� E R$:8�.M'�.p
_>��S+T 5 ��� 5 W<��7G�>�+e E T 5<E T 5 W<��� E ¦§����>� E C fZ5 7`��g$�>W)��M 5 V 5 � 5 Wi��eL; 5

c = a + b;
�'e�;$�K�+�iY%R���Y%R��+78�+W 5�E`EG5 Wi��7 5 � 5 e%:G�'H�; 5 ;$��R�Wi�<� 5�E �'S>T 5 ;$��W<�+W<¯�7G�K�0Y%R��J¦ 5 �Ì�U9���W<��;��
�t�+M 5 ��7 5 ��7U��Wi��; 5 7i;$� A � 5 W 5 � 5 e%:G�'H�; 5 ;��,� 5%E �KS+T 5 ;$��W<�+W<¯�7G�K�,�U9���Wi��;��,;$� B �
� 5 M 5 �>��7 5 7G� E R�M.:8��; 5 e��<� 5%E �KS+T 5 ;��(W<�>W)¯�7G�K�<�U9���Wi��;��0;��poIC
m �#� E M'�'e���R������>e E ;$�<��7 5 ��7U��Wi��S>T 5 W0R�;���78��W 78��;$�K�+��M'W<�+e%:G��V 5�E � 5 W<��R$:U��; 5 7G� E e	R�W

���>7�: 5zE �+e%:G�K; 5 �L�>7GWi��e��>�+�+Wæ�'e���M.:G�>78��; 5�E � E ¯}� 5 e E �>��R��>W ���+e%:8�+e�;$�>7*�3�'e E :G78R�S È � E(E �'W)��M.� E
�0Y%R��)� E :G��v���W e 5äE �>R&78�+�t�+7G:G¯�78� 5 C fZ5 7(� EGEG5 Vt��7 5 ��7U��Wi� E � E ��78�H: 5�E �+WæM'�.e���R������+e E ;$�0��MH: 5
e â 1��>MB��78�>��� E ��W E �+7»� 5 e	1��>7�:8�'; 5%E e�� E8E � E �.e E :G78R�S È � E ��e%:G� E ;$� E �+78�+W��+g$�>��R�:8��; 5�E Ck? EGE �)]b�
��78�.eL���'����MZ��:87G�'��R��KS+T 5 ;$�)R�W � 5 W)���.MK��; 5 7>�F:878��e E ¦ 5 7GWi��7»R�Wæ��7 5 ��78��Wi�<� E ��78�H: 5 e	R�Wi�#M'�.e�p
��RL�����>W�;$�»��MH: 5 e â 1��+M�u0Y%R��^�U9���Wi��W 5%E ;$�^M'�.e���R������+W�¦ 5 e%:G�`u3�+W �.e E :G78R�S È � E ��g$�N��R$:UI1��+� E
� 5 7`R�Wi�<;$��:8�+78W<�.e���;��)Wi�Y%R��'e��3u#Y%R��b�U9L��Wi��W 5�E ;$���+¯	;��.� 5)5 �$v*��: 5 C

PROGRAMA

OBJETO
COMPILADOR

PROGRAMA

       FONTE

q�r�s

Fonte 1

Fonte 2

Fonte n

.

.

.

Obj. 1

Obj. 2

Obj. n

.

.

.

Compilador Linkeditor Executável

q�t�s
j[�.��R�78�ä"�C."»u f 7 5 �+� E8E�5%E ;$�iù§��úa� 5 W<���'M'��S+T 5 �iù �túaM.�'e�º��>;$�KS+T 5 C

l EGEG5 ]ä78� E R�W<�'; 5 e�� Ç ��R�7U�à"�C'"�ù{��ú�C-?dW ���+7U��MXV 5 � 5 W<���.MK��; 5 7378�>�+�+�t�z� 5 W 5 �>e�:878��;��
R�W ��7UY%R��'1 5 � 5 e�:8�+e�; 5�5 ��7 5 ��78��W<�äe��&M.�'e���R������+W ¦ 5 e%:G�-ù 5 ��7 5 ��78��W<�z¦ 5 e�:8�Núb�#��7 5 ;�R�_
� 5 W 5¬E � â ;��,R�W 5 R$:87 5 ��7UY�R��.1 5 � 5 W 5 �+¯	;��.� 5à5 �$v*�+: 5 ù 5 ��7 5 ��78��Wi� 5 �$v*��: 5 ú�C�s�R��.:8� E
1��>_+� E � EGE �<��7 5 ��7U��Wi� 5 �$v*��: 5 ]<���L�>e�� E �L��7G:G�<; 5 ��7 5 ��7U��Wi�Í� 5 W 5 R�W : 5 ; 5 Ci· W<��� 5 7G�K�
;�� E M.�'e���RL�����>e E ;$����7 5 ��78��Wi��S+T 5 � E �+R E 78� E �t�>� :8�.1 5�E � 5 W<���.MK��; 5 78� E �L�>7GW<�.:G�>W Y%R��}R�W
��7 5 ��78��W<� E �*v��z;$�'1%�K;$�K; 5 �>W ;$�'1��+7 EG5�E ��78Y%R��'1 5%E pX¦ 5 e%:8���378� E �L�N� :G�'1 5%E^5 �$v*��: 5�E C(=»� E8E �)�+� EG5
](e��>�+� E8E �7G� 5 Wi��� E R�W ��� E8E�5 ����7U�b��7G�>����7U��7 5 ��7 5 ��78��W<�J�L��7U�b��g$�N��R�S>T 5 ù{j[�.��R�78�Í"�C'"�ù§�Lú�ú�C
½^WÿM'�.e�º��>;$�.: 5 7^v*R�e%:U�}: 5 ; 5%E�5�E ��7 5 ��7U��Wi� E(5 �$v*��: 5�E VB¦ 5 78Wi��e�; 5�5 ��7 5 ��7U��Wi�z��g$�>�+R$:8I1��+MXV
Y%R��J� E :8)��7 5 e%: 5 ����78� E �+7^�+��7G78�+�%��; 5 e��<W<�+W<¯�78�'�); 5 � 5 W<��R$:U��; 5 7F�J�+g	�N��R$:U��; 5 C
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1.2 Os componentes de um compilador
D 7U��;��'�+� 5 e���M'W<�+e%:G��VZ�&� 5 e E :87GR�S>T 5 ;$�zR�W � 5 W)���.MK��; 5 73]ä;$�.1	�K;$�K;����+W´����7�:8� E Vk�+��;���R�Wi�
� 5 W�R�Wi�)¦ R�e�S>T 5 � E �t�>� â.Ç �>��CZ?dWî���+7U��MXV$� 5 ;$�>W 5�E �K;$�+e%:G� Ç �>��7`�+WîR�W¨� 5 W<���'M'��; 5 7N�

•
5 ��e���M'� E ��; 5 7FM.]+g$�'� 5 m

•
5 ��e���M'� E ��; 5 7 E �'e%:8�:G�K� 5 m

•
5 ��e���M'� E ��; 5 7 E �>Wi®�e%:G�K� 5 m

•
5 ���+7U��; 5 7F;��J�+¯$;$�.� 5 C

1.2.1 O analisador léxico
¤Ê��e���M.� E ��; 5 7[M']�g$�'� 5 ù§· AØúZ�>e��+��7G78�+�%��p E �F;$� E �>����7U��7Ze 5 ��7 5 ��7U��Wi�`¦ 5 e�:8�^�+��;�� E�â W3� 5 M 5 Y%R��
:G�>e�9��z��M'��R�W E �.��e�� Ç �+��; 5 ����78�#�ÍM.�'e���R������+W 5 R&;��)�I1	� E ��7»Y%R���e�; 5 R�W EGâ W0� 5 M 5 Y%R��0eLT 5
¦§��_��L��7G:G��;��<M'�.e���R������+W�]��>e�� 5 e%:G7U��; 5 C fZ5 7`��g$�+W<��M 5 V�1���W 5%E`E R�� 5 7`R�W¨��7 5 ��7U��Wi��¦ 5 e�:8�
� 5 Wî� E �>��R��'e%:G� E �>Y=k�I+eL���K�);�� E�â W3� 5 M 5�E �
}�~X���M}w�p��~ S=d=��_�g�_&�:b'[
· 5 ��e���M.� E ��7a:8��MB�+e%:878��;���V 5 ��eL��M'� E ��; 5 7aM.]+g	�K� 5 ;$�>1��>7G�K�)�';$�>e%:G� Ç �+��7^� 5 � 5 787�I>e����K�3;��b� E�â W)p
� 5 M 5�E C[·»M.]>WË;$� EGEG5 V 5 ��e���M.� E ��; 5 7k;$�>1��`�+��:G�>� 5 78�'_>��7Z�+��;��JR�W ;$�+M'� E V��'e�;$�K�+��e�; 5 ;$�»Y%R��F:G�'� 5
]���Y%R��>M.� EGâ W0� 5 M 5 CZ= 5 �+� E�5 ��e%:G�>7G� 5 7NV%:G�>7 â ��W 5�E �

•
"I��/3uÍ� 5 e E :U��e%:G�(�'e�:8�+�'78��m

•
gy" uÍe 5 W)��;$��1���7G�KI1��>M 5 Rz��7 5 ���N;$�.W<�>e�: 5 m

•
m$u EGâ W3� 5 M 5 � E �t�>�+�'��M��*� 5 e%: 5 pr��pr1 â 78��R�MK�I�m

•
���buÍe 5 W)��;$��1���7G�KI1��>M 5 Rz��7 5 ���N;$�.W<�>e�: 5 m

•
:87GR��(u#� 5 e E :8��e%:G�J� 5	5 M.�N��e���m

•
�t�+���.ezu#����M'�I1	7U�378� E �+781���;���C

¤ �	1%�K��W<�>e�:8�b� E8E �#��MK� E8E � Ç �>��S+T 5 ;$�+�t�+e�;��0;$�)Y�RL��M[M.�'e���RL�����>Wî¦ 5 e%:G�b� E :U E �+e�; 5 ��e���M.�.p
E ��;���C)·���MK� E8E � Ç �>��S>T 5 � 5 ;$� E �>7�7G�N��MZ����78�ä�äM.�'e���RL�����>W f � E �+��MXVBWi� E �+�+7G:8��W<�>e�:8�<e�T 5ä5
]3�L��7U�i°��I1���V 5 eL;$�3�#�L��MK�I1%7U���*�t�+���.e$�3e�T 5 :8�+W e��>e�9	R�W E �'��e�� Ç �>��; 5 � E �t�>�+�'��MÌ�0� 5 ;$� E �>7
R$:8�.M'�._N��;���Vk� 5 70�+g$�+W<��M 5 Vd� 5 W 5 e 5 W<�ä;$�z1���7G�KI1��>M{C&· EGE �'WäV@����7U��;$�+:G�+78W<�.eL��70Y%R���� E)E T 5
5�E<EGâ W0� 5 M 5%E Y%R���;$�>1��>W E �>7078�>� 5 e�9��N���K; 5�E �t�+M 5 · AdVk;$�>1��+W 5%E 78�>� 5 787G�>7 J ;$� E ��78�'S>T 5 ;��
M'�.e���R������+W}C

¤´·»A ;$�>1��-:8��W0�L]>W©�I1	� E ��7äY�RL��e�; 5 R�W EGâ W0� 5 M 5 �'e%1��M.�K; 5 ������78�>�+�&e 5 ��7 5 ��7U��Wi�
¦ 5 e%:8��C fZ5 7d�+g	�>W<��M 5 V E � 5)E�â W3� 5 M 5"� |��	���L��78�>���>7ke	R�W���7 5 ��7U��Wi� E �>e�; 5 ��e���M'� E ��; 5 � 5 7@R�W
� 5 W<���.MK��; 5 7»°%�I1���V 5 ·»Aà;$�>1��3�I1	� E ��7^Y%R��3R�W EGâ W0� 5 M 5 �'e	1��M'�'; 5 ¦ 5 �[�+e�� 5 e%:G7U��; 5 V�� 5 � Ey� |��
e�T 5 ¦§��_J����7G:G��;$��e��>e�9	R�Wi�<�+��:8�+� 5 78�'�0;$� E�â W3� 5 M 5�E �����>�H:U�3�t�+M 5 ·»A@C
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¤¨¦ R�e��+� 5 e���W<�>e�: 5 ; 5 · A �L��78�>���z��� E :8��e%:G� E �'W<��M.� E C D R�; 5�5 Y%R��ä�+M'�ä;$�>1��z¦§��_>�+7<]
�GY�R��+��7U��7�� 5 ��7 5 ��7U��Wi� ¦ 5 e%:G� �+W E�â W3� 5 M 5�E �^1��>7G� Ç �+��7@�bY%R��»�>��:8�+� 5 7G�K�(�+M'� E �L�>7�:8�+e��+�+W}CZ·
1��>78;���;$�ae�T 5 ]»�L�>W�� E8E ��C[?kg$� E :G�>W ;$�'1��>7 EG5�E � 5 W<��M'�'�>��; 5 7G� E �L��7U� � EGE � :8��7G�+¦§��Cd¤ò��78�'W)�>�.7 5
;$�>M.� E ]ÍY%R��#�}�+e%:878��;��}e��+W E �+W<��78�)� E :U}:8T 5 �L�>Wÿ��7G78R�Wi��;��z� 5 W 5 ��Y%R��#W 5�E :G7U��W 5�E C
fZ5 7`�+g	�>W<��M 5 V�� 5 W 5iE �+78�'�)��eL��M'� E ��;��)� E �>��R��'e%:G�J�+e%:878��;��&�
}�~X���M} g�_&��b�[c�=_�[7a
?dMK�i;$�+1��+78�'� E �+7^;$�'1	�';$�K;��}ù �>W f � E �+��MKú��

� � ¿ uÍ� 5 e E :U��e%:G�(�'e�:8�+�'78��m
Ä � �@�	�Lµ � u#e 5 W)�b;��(1���7G�KI1��>M 5 Rz��7 5 ���N;$�'W)�>e%: 5 m
� u E�â W3� 5 M 5 � E �L�N���K��M��G����78���U9��I1�����m
� �Ø  u#����M'�I1	7U�378� E �+781���;���C

¤ R$:G7 5 ¦§��: 5 7iY�R��};�� Ç �+R�M.:8���-� 5 e E :G78R�S>T 5 ; 5 · A ]�Y%R��ä� E :G�}� 5 ;��ä�>e�� 5 e%:G7U��7Gp E �#�+W
��� E :8��; 5�E �);$�.¦ �+78�+e%:G� E VÌ;��#��� 5 78; 5 � 5 W 5%E �+��7U����:G�>7G� E Y%R�� E T 5 �+e�� 5 e%:G7U��; 5�E e 5 ��7 5 ��7U��Wi�
¦ 5 e%:8��C fZ5 7`�+g$�+W<��M 5 V�;$� EGE �+W 5%E 9�<� 5 R�� 5 Y%R��b�<��78� E �+eLS+�);$��R�W � |���e 5 ��7 5 ��7U��Wi��¦ 5 e�:8�
�+��R E �<R�W �+787 5 ;$�>e 5 W<�'e���; 5 �+787 5 M']�g$�K� 5 C^s�� E � E8E�5 eLT 5 ]b1��+7U;���;�� E �>W)��7G��C m �0������78�>�+�+7
e 5 ��7 5 ��78��W<�b¦ 5 e%:G�

�'�7� ��b���S7_�f:\�i���f:^�^&d=d�\�g�^ �
5 · A&e�T 5 ;$�>1��»��� 5 e�:U��76R�W��+787 5 M']�g$�K� 5 �>W�� �X� ��b���S7_�f:\�i���f�^�^�dXd�\�g�^�� V���V E �'WäV%78�>� 5 p
e�9��N���>7`R�Wi�i� 5 e E :U��e%:G��; 5 :8�.� 5ÍE :G78�.e��LCd·^M'� 5#E �+W<�+M'9���e�:8����� 5 e%:G�>�+��� 5 W 5�E � 5 W<�+e%:8�7G� 5�E C
· 5 �>e�� 5 e�:878��7>V�� 5 7@��g$�>W)��M 5 V 53EGâ W0� 5 M 5����(5 ·»A&�+e%:G7U�Je	R�W�� E :8��; 5 �+W Y%R��»;$�>1��^�'��e 5 7U��7
:GRL; 5 Y%R��(������7G�NS+�b��:G] 5 ��78¯Ig$�.W 5#�7� V$��:8]»W<� E W 5)EGâ W0� 5 M 5%E e 5 7GWi��M.W<�+e%:8�»e�T 5 1��M'�'; 5�E e��
M'�.e���R������+W}C
= 5 �>��� â :GR�M 5 /b1��+78�+W 5%E � 5 W 5 �K;$�>e�:8� Ç �+��7@� ��MK� E8E � Ç �>��7 5%EdE�â W3� 5 M 5�E ;$�»R�Wi��M'�'e���R������>W

��� 5 W 5 � 5 e E :G78R��'7`R�Wî·»A@C

1.2.2 O analisador sintático
¤ò��e���M'� E ��; 5 7 E �'e%:8�:G�K� 5 ù§· m úZ] 5 ��� 5 7U��S+T 5 �6; 5 � 5 W<���'M'��; 5 7NV�7G� E � 5 e E I1��+M%� 5 7k1��+78� Ç �+��7 E �`�
E �>Y=k�I+eL���K�0;$� EGâ W3� 5 M 5�E � 5 e�:8�';��0e 5 ��7 5 ��7U��Wi�J¦ 5 e%:8�J¦ 5 78W<�0R�W¨��7 5 ��7U��Wi�b1��M.�K; 5<5 Räe�T 5 C
= 5 :G� 5 M.�>�H: 5 7bY%R�� 5 ·»A E �i�+eL�+��7878�+���z;$�i�K;$�+e%:G� Ç �>��7 5�E�EGâ W3� 5 M 5�E Y%R��#������7G�N���>Wæe 5

��7 5 ��78��W<� ¦ 5 e�:8��V%Wi� E e�T 53E �^��78� 5 �+R������>W 1��+78� Ç �+��7 E �(� 5 7U;$�+W �+W Y%R�� �+M'� E ������78�>�+�+W ]
1��M'�';�� 5 R}e�T 5 Cd? E8E �<]�R�W<�Í;�� E ��:G78�.��R��'S È � E ; 5 · m C fZ5 7`�+g$�+W<��M 5 V�� 5 e E �';��+78� 5<E �+��R��'e�:8�
:G78�>�U9 5 ;$����7 5 ��7U��Wi���
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¤ · m ;$�>1�� E �+7F�+������_^;$� ��e���M.� E ��7k� E8E �»��7 5 ��7U��Wi�(�^78�>� 5 e�9��N��I�prM 5 � 5 W 5 1��M'�'; 5 C f ��7U�J� E8E�5 V
5 · m ��78�>��� E � E ���L�>7 Y%R��0���L¯ E �i�L��MK�I1%7U�)7G� E �>7G1���;��pb��Í;$�>1��31	�'7»R�W�� � � V�R�Wi�i�+g	��7G� EGE T 5
�»R�W�� � � CZû»�>� 5 � E ;$� EGEG5 V	;$�>1��»1	�'76R�W�� 5 Wi��e�; 5 Y%R���M'Y%R��>7>V%� 5 76�+g$�+W<��M 5 V	R�Wi�3��:G78�.��R��'S>T 5
� 5 W 5 ^�¢¤g � C
f ��7U�J� E8E�5 V 5 · m ]»� 5 e E :87GR â ; 5bEG5 ��7G�aR�Wi����78��W<�:G�K�+�JY%R��^;$� E �+7G�>1��^�JM'�.e���R������+W�¦ 5 e%:G��C

? E8E �<��78��Wi�:G�K�+�)]3� 5 W<� 5�E :8�i;$�bR�W<� E ]>7G�'�b;$�b78�+��78� E Y%R��0;$� E ��78�+1��+W¨Y%R���� E»E T 5 � E � 5 e E p
:G78R�S È � E 1��M'�';�� E ;��JM'�'e���R������>WäCd¤Ê· m ;$�>1��^���+�+�.:8��7@��Y%R��>M.� E ��7 5 ��7U��Wi� E Y%R�� E �+��R��+WË� E8E � E
78�+��7U� E �a7G��v*�+�.:8��7Ìub�'e�;$�K�+��e�; 5 � 5 � 5 787�I>e����K�»;$�aR�W��+787 5JE �'e%:8�:G�K� 5 ub��Y%R��+M'� E Y%R��`� E 1	� 5 MK��W}C
= 5 �+��� â :GR�M 5 �0;$� E �+7G�>1��+78�+W 5%E � 5 7FW)�>� 5 ;$�(R�Wi�0��7U��Wi�:8�'�>�b�3M'�'e���R������>W

X++
V�Y%R�� E �+7U

R$:8�.M'�._N��;��äe�� E :8�):G��g	: 5 �L��7U�z�}� 5 e E :G78R�S+T 5 ;$�<R�Wÿ� 5 W<���'MK��; 5 7>C D ��W3�t]+W � 5 W<�+e%:8��7G�>W 5�E
Wi��� E`E�5 ��78�(�<R$:8�.M'�'_>��S>T 5 ;$����7U��Wi�:G�K�+� E ����78�);$� E ��78�+1��+7aM'�.e���R������+e E C

·^M']+W´;$�Í�����+�.:8��7 5�E ��7 5 ��78��Wi� EJE �'e%:8��:G�K�+��W<�>e�:8�i� 5 7878��: 5%E �i7G��v*�+�.:8��7 5�E �'e�� 5 7G78��: 5�E V 5
· m ;$� E �>W)�t�+e�9��i���'e�;�� 5 R$:878�0�'W)� 5 7G:8��e%:G�(¦ R�e�S>T 5 Y%R��J]J�<� 5 e E :G78R�S+T 5 ;��<�7G1 5 78� E �'e%:8�:G�.p
�+��; 5 ��7 5 ��78��Wi�3¦ 5 e%:G��C ½^Wi�#�781 5 7G� E �'e�:U�:8�'�>��]�R�Wi�#� E :87GR�:GR�7U�<�+W«¦ 5 78Wi�#;$�)�781 5 78��Y%R��
;$� E �+7G�>1��J� E � 5 e E :G78R�S È � E ;��0M'�'e���R������>W�7G�N� 5 e�9��>�+�';�� E �L�>M 5 · m e 5 ��7 5 ��7U��Wi�b¦ 5 e%:G��C m � 5
��7 5 ��78��W<�(¦ 5 e%:G�»� 5�E8E R��LR�W�� 5 Wi��e�; 5 b��<� 5 W 5 ��Y%R��+M'�»1	� E : 5 9�3� 5 R�� 5 V E R��0�781 5 78� E �.e%:8�p
:G�K�+�(;$�>1��a� E �L�>M.9L��7[� E8E �6¦§��: 5 �a;$� E �+7G�>1��+7Z� 5 W 5 � EGE �F� 5 Wi��eL; 5 ]6¦ 5 78Wi��; 5 C fZ5 ;$�+7 â ��W 5�E :G�>7
����78�0��Y%R��+M'�J� 5 Wi��e�; 5 �0�7G1 5 78� E �'e%:8�:G�K�+�);�� Ç ��R�7U�#"�C ��V	Y%R��J�'e�;$�K�+�)Y%R�� 5 � 5 Wi��e�; 5 b��<]
¦ 5 78Wi��; 5 � 5 76R�Wi����g$��78� E8E T 5 �»R�W � 5 Wi��e�; 5 ;$� ��:G78�.��R��'S>T 5 C[·ñ�+g	��7G� EGE T 5 V�� 5 7 E R��J1��>_�V%]
:8��W3�t]+W 78�+��78� E �+e%:U��;��J� 5 7FR�Wi� E R����7G1 5 78�^��R�v��378���._ ] R�W<� 5 �t�+7U��S>T 5 ;$�(� 5 W)�L��7U��S+T 5   V
Y%R��b:8�+W � 5 W 5ÍE R��-�7G1 5 78� E R�Wi� E R��-��g$��78� E8E T 5 ;$� E R��$:878��S+T 5 �3R�Wi� E R��-��g$��78� E8E T 5 ;$�
W3R�MH:8�.��M'�K�+��S>T 5 C
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j[�'��R�7U�Í"�C �bu#?kg$�+W<��M 5 ;$�b�7G1 5 78� E �.e%:8�:G�K�+��C

= 5%E �>��� â :GR�M 5�E �Í�<oi� E :U��78�+W 5�E :878��:8��e�; 5 � 5 Wæ;$��:U��M'9�� E ; 5 · m Cy= 5%E �>��� â :GR�M 5%E �#�iq
:G7U��:U��78�+W 5�E ;$�b�7G1 5 78� E �.e%:8�:G�K�+��C
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1.2.3 O analisador semântico
¤ ��eL��M'� E ��; 5 7 E �+Wi®�e%:8�'� 5 ù§· m �+W#ú �'78Í1��+78� Ç �+��7 E � 5�E � E �t�>� : 5�E(E �>Wi®�e%:G�K� 5%E ; 5 ��7 5 ��7U��Wi�
� E :8T 5 � 5 7G78��: 5�E V 5 R E �*v���V E �^e�T 5 �+g$� E :G�>WË�'e�� 5 �>7�I>e����K� E Y%R���e%: 5 � 50E �'��e�� Ç �>��; 5 ;�� E � 5 e E :G78R$p
S È � E R$:G�'M.�'_>��;�� E �t�+M 5 ��7 5 ��7U��Wi��; 5 7NC

¤Ñ��e���M.� E ��; 5 7 E �+Wi®�e�:8�'� 5 e�T 5 R$:G�'M.�'_>�^W<��� EÌ5 ��7 5 ��78��W<�6¦ 5 e�:8�d����78�F¦§��_+�+7B:8��M�1��>7G� Ç �+��S+T 5 C
?dW\1��+_@;$� E8E�5 VNR�:G�'M.�'_>� �»�781 5 7G� E �.e%:U�:G�K�+� � 5 W 5 7G�>��7G� E �>e%:8��S>T 5 ; 5 ��7 5 ��7U��Wi��CÌ¤2��e���M'� E ��; 5 7
E �+Wi®�e%:G�K� 5 ;$�>1��J��7 5 �+R�7U��7a� 5 7`�.eL� 5 �+7�I+e��+�'� E � 5 W 5 �

•
:8�.� 5�E ;$� 5 �t�+7U��e�; 5�E �.eL� 5 W<����: â 1��>� E � 5 W 5 �t�+7U��; 5 78� E C m ��:8�.1��+78W 5�Eä5 � 5 Wi��e�; 5
^£¢¤g � `-�-��1I��7G�KI1��>M¥`&¦ 5 � ;$�N��MK��7U��;���; 5 :8�.� 5 i�SXd�b�[7�PV@�>e�:UT 5,5 ��e���M'� E ��; 5 7
E �+Wi®�e�:8�'� 5 ;$�+1��Í��� 5 e%:U��7�R�Wÿ�+787 5�E �+Wi®�e�:8�'� 5 VØ� 5 � E � E8E �<:8�.� 5 ;$� 5 �L�>78��e�; 5 e�T 5 ]
� 5 W<����: â 1��+MB� 5 W 5<5 �L�>78��; 5 7 � m

•
1���7G�KI1��>� E e�T 5 ;��>��MK��7U��;�� E m

•
78�>;��>��MK��7U��S>T 5 ;$��1���78�'I1��+� E m

•
�U9L��Wi��;�� E ;$�J¦ R�e�S È � E`5 RäW<]�: 5 ; 5�E � 5 W 5 eXH�W<�+7 5 �'e�� 5 787G�+: 5 ;$������7U®�W<�+:G7 5�E m

•
� 5 Wi��eL; 5�E � 5 M 5 �+��; 5�E ¦ 5 78�,;$�-� 5 e%:8��g	: 5 C fZ5 7#��g$�+W<��M 5 V^�àR$:G�'M.�'_>��S+T 5 ;$��R�WÙ� 5 p
Wi��e�; 5 `�\�[7S:b�[=��_(¦ 5 78�0;$�»R�W�� 5 Wi��e�; 5 ;�� MK��S 5 ;$�+1�� E �+7a��� 5 e%:8��;��3� 5 W 5 R�W �>7G7 5
E �+Wi®�e�:8�'� 5 C

? E8E � E �+787 5�E e�T 5#E T 5 ;���:G�N� :U��; 5%E �t�+M 5 · m Vt� 5 � E e�T 5 � 5 e E :G�.:GR��>W¨�>7G7 5�E`E �'e�:U�:8�'� 5�E C6û �
��� 5 7U; 5 � 5 Wÿ����78��Wi�:G�K�+�};���M.�'e���RL�����>W ¦ 5 e�:8��VZR�Wi��1���7G�KI1��>MV`ä� 5 ;$� E �+73R�:G�'M.�'_>��;����+W
R�Wi�z��g$��78� E8E T 5 � 5 W 5 ^£¢¤g � `$Vye�T 5 �.W<� 5 7G:8��e�; 5}E �0¦ 5 �d;$�N��MK��7U��;��Í��e%:G�>7G� 5 78W<�+e%:G� 5 R
e�T 5 V 5 R}Y%R���My] 5iE �+Rz:G�'� 5 C
f ��7U�#;$� E �+W<�t�+e�9L��7 E �+R&�����t�+MXV 5 · m �>W ;$�+�t�+e�;��0;$�0R�Wi�<:8���L�>M'�z;$� EGâ W0� 5 M 5%E C^=»�+MK�

E T 5 ��7GWi��_+�+eL��;�� E �'e$¦ 5 78Wi��S È � E ;$�<1���78�KI1��+� E ;��>��MK��7U��;�� E VL¦ R�e�S È � E(5 R&W<]�: 5 ; 5�E Vy:G�'� 5%E(5 R
��MK� E8E � E C m 5 W)�>e%:G�0� 5 Wæ�i:U���t�+MK�Í;$� EGâ W0� 5 M 5%E ]3� 5�E8EGâ 1��+M[7G�N��M'�._N��7»�Í1I��M.�K;���S+T 5zE �>W<®�e%:G�K�+�
; 5 ��7 5 ��7U��Wi��C f[5 7 �+g$�+W<��M 5 Vy� 5 ��e���M'� E ��7 5 � 5 Wi��eL; 5 ^£¢¤g � `�ù 5 R-W<�+M'9 5 7NVt�z�781 5 7G�
E �.e%:8�:G�K�+��� 5 7G78� E � 5 e�;$�>e�:8�ä�-� E8E �}� 5 Wi��eL; 5 ú�V 5 · m �>W ��78�>�+� E � E ���t�+7 E ���+��;��&R�Wi��;�� E
1���78�'I1��+� E �+e	1 5 M.1	�K;�� E ¦ 5 � ��7G�>1%�K��W<�>e�:8��;$�>�+M'��78��;���� 5 :8�.� 5 ;$���+��;���R�Wi�¬;$�>M'� E C f ��7U�
:8��e%: 5 V 5 W<� E W 5 · m �+W ;$�+1���V`� 5 ��e���M'� E ��7iR�W � 5 Wi��e�; 5 ;$�&;$�N��MK��7U��S+T 5 � 5 W 5 b�[7S¦`$V
�'e���M'R��'7@e��b:8���t�+MK�b;$� E�â W3� 5 M 5�E ��1���78�'I1��+M�`$V%�.eL;$�'�>��e�; 5 V%�+e%:G78� 5 R�:G7U� E � 5 � E � E V%Y�R�� E �+R<:G�'� 5
]"b�[XSPC
= 5 �+��� â :GR�M 5 ��:878��:8��78�+W 5%E ;$�ä:U���t�+MK�-;$� EGâ W0� 5 M 5%E C2= 5%E �>��� â :GR�M 5%E �-�2"�"�Vd�'7G�>W 5%E

� E :GRL;���7^� 5 W 5 ¦ R�e���� 5 e��<R�W¨��eL��M'� E ��; 5 7 E �+Wi®�e�:8�'� 5 C

1.2.4 O gerador de código
½^Wi�(1��>_a1��+78� Ç �+��; 5 Y%R��ae�T 5 �+g$� E :G�>W��+787 5�E[E �'e%:8�:8�'� 5�EZ5 R E �+Wi®�e%:8�'� 5�E V 5 � 5 W<���'M'��; 5 7Z� 5 ;$�
78�>��M'�'_>��7 E R��b:8��7G�+¦§��V�Y%R�� ](�3��78�'��S+T 5 ; 5 ��7 5 ��78��W<� 5 �$v*��: 5 C[?dW ���>78��M{V 5 ��7 5 ��78��Wi� 5 �$v*��: 5
]���78Wi��_+�>e���; 5 e	R�Wî��78Y%R��'1 5 Y%R��J� 5 ;$� E �+7`� 5�E :G�>7G� 5 78W<�+e%:G�(M'�.e�º��>;$�.:8��; 5 � 5 W 5 R$:87 5%E ��7 5 p
��7U��Wi� EZ5 �$v*�+: 5�E@5 R E �.W<��M'� E W<�+e%:G�a���>��787G�>����; 5 �@e��bW)�>W<¯�78�'�b; 5 � 5 W)��R$:8��; 5 7d� ��g$�>�+R$:8��; 5
�t�+M 5<E � E :8�+Wi� 5 �t�+7U����� 5 eL��MXC
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¤î��7 5 ��7U��Wi� 5 �$v*�+: 5 78��P��+:G��V[W<�N;$�'��e%:G�#�'e E :G78R�S È � E ;$�#�����Hg 5 e â 1��>M{V 5�E � 5 Wi��e�; 5�E ; 5
��7 5 ��78��W<�i¦ 5 e%:G��C 465 W 5 �>��;��zWi�Y%R��'e�� 5 R��>��;��z��MK��:U��¦ 5 78Wi�Í� 5�E8E R��kR�W � 5 e�v*R�e%: 5 ;��H¦ �+p
78�+e%:G�»;��»�'e E :87GRLS È � E �»;$�»W<�>� 5%E ;$�(����� EGEG5 � 50E � E :8�+Wi� 5 �L�>78����� 5 e���M{V��>W����+7U��M�]»e��N��� E8E �78� 5
Y%R��J��g$� E :U�0R�Wî���>78��; 5 7a;$�b�+¯	;��.� 5 ;�� E :G�'e%: 5 ����7U�)�+��;��0��M'��:8��¦ 5 7GWi��C
· 5 :G�'W<�._N��S>T 5 ; 5 �+¯	;��.� 5 :8��W3�t]+W � 5 ;$�0¦§��_+�>7J����7G:G�<; 5 ��7 5 �+� E8E�5 ;��)���+7U��S>T 5 ;$�i��¯�p

;$�'� 5 CÍ=^�>M'� E T 5 ����M'�K�+��;�� E ;$�'1��>7 E � E :G]N��e��K�+� E ����78� 5 :8�.W<�'_>��7b��M'��R�Wi� E �>��7U����:G�+7 âKE :8�'�>� E ; 5
��7 5 ��78��W<� 5 �$v*�+: 5 V�� 5 W 5 V$� 5 7`��g$�+W<��M 5 V E �+Rz:8��W<��e�9 5<5 R E R��)1��+M 5 ���K;���;���C
·����>78��S+T 5 ;$�i��¯$;$�'� 5zE �+7UÍ:G7U��:8��;��#e 5 �>��� â :GR�M 5 "N��C3?dW 1��+_<;$�<e 5�E � 5 e��+�+e%:G7U��78W 5�E

�+W¨R�Wi�i��7UY%R��H:8��:8R�78�)����7�:8�'�+R�MK��7NV%�'78�+W 5�E R$:8�.M'�'_>��7 �)s&�Y%R��'e��<ö»�'7�:8R���MB°%�I1��}ù§°�ö s&ú`� 5 W 5
Wi�Y%R��'e���pw��M'1 5 ; 5 e 5%EGEG5 � 5 W)���.MK��; 5 7>Cz·�°�ö(s ]#R�Wÿ��7 5 ��7U��Wi�Í�>������_#;$�i��g$�N��R$:U��7Íù§e��
1��>78;���;$��V��'e%:G�+78��78��:U��7 úd��7UY%R��'1 5�E ��C ��MK� E8E � Y�R�� E T 5 ���+7U��; 5�E � 5 7`� 5 W<���'M'��; 5 78� E °��I1���C[· EGE �.W
� 5 W 5 Y%R���MKY%R��+7 5 R$:878�bW<�Y%R��.eL��V	� 5%EGE R��tR�W�� 5 e�v*R�e%: 5 ;$�(�.e E :G78R�S È � E Y%R�� E �>78T 5 R$:G�'M'�._N��;�� E
�+Wîe 5�E8E�5 � 5 W<���.MK��; 5 7a����7U�07G�>��7G� E �>e%:8��7 5%E � 5 Wi��eL; 5�E ;$�b��MH: 5 e â 1��+MB;��)e 5%EGE �3M'�'e���R������>W
¦ 5 e%:8��CÍ¤�e 5%EGEG5 � 5 W<���'MK��; 5 7(eLT 5 ���+7U�ä;$�.78��:U��W<�+e%:8�)R�W ��7UY%R��.1 5 �+C ��MK� E8E � VyWi� E V E �'W}VBR�W
��7UY%R��'1 5 �+W Y%R��(� E �'e E :G78R�S È � E ;��3°�ö(sæ� 5 ;$�>W E �>7@1	� E R���M.�'_>��;�� E V�� 5 W 5 e	R�Wi�bM'�'e���R������>W
;$�0W 5 e%:8�����+W}C D ��M[��7UY�R��.1 5 � 5 ;$� E �>7»� 5�E :G�>7G� 5 78W<�+e%:G����7 5 ��� EGE ��; 5 �3:G7U��e E ¦ 5 78Wi��; 5 e	R�W
�+C �+M'� EGE �UVyR�:G�'M.�'_>��e�; 5 p E � 5 ��7 5 ��78��W<�Í°�� E W<�'eBVÌ;$� E �+7G�.: 5 � E �>��R��'7>C)=»�ä1��>78;���;$��Vy� E8E �ä��� 5 7Gp
;������+W�;������+7U��7Gp E �^R�W¨��¯$;$�'� 5 �'e�:8�+78W<�>;$�K�78� 5 R$:G�'M'�._N��e�; 5 R�Wi�)M'�.e���R������+Wî;��(W 5 e�:U�����+W}V
Y%R��J;$�+� 5 � E ]»:878��e E ¦ 5 7GWi��; 5 e 5 ��7 5 ��7U��Wi� 5 �$v*��: 5 V	]»:U��W0�L]>W R$:G�'M.�'_>��;��0�+W�� 5 W<���.MK��; 5 78� E
78�>��� E C

1.3 O JavaCC e o Jasmin
=^� E :8� :8��g	: 5 � E :U��78�+W 5�E R$:G�'M.�'_>��e�; 5)5 ��7 5 ��7U��Wi�b°%�I1I� 4`4 ����7U�3�+7G�K��7FR�W�� 5 W<���'M'��; 5 7F����7U�
R�Wi�iM'�.e���R������+W E �.W<��M'� E Vt����78� E �+e%:8��;��<e 5 �>��� â :GR�M 5 ��C^? E8E �0��7 5 ��7U��Wi�)]bR�W ���>78��; 5 7 ;$�
� 5 W<���.MK��; 5 78� E V 5 RàWi��� E ��7G�N��� E ��W)�>e%:G�#R�W ���+7U��; 5 73;$�ä��e���M.� E ��; 5 7 E �'e%:8�:G�K� 5 C-?dM'�Í: 5 Wi�
� 5 W 5 �>e�:878��;��zR�Wi�z��78��Wi�:G�K�+�Í�):G7U��e E ¦ 5 78Wi��pw�ie	R�W ��7 5 ��78��W<�z°��I1��ä�+������_<;$�i��e���M.� E ��7
R�W«��7UY�R��.1 5 �b;$�'_+�>7 E � E ��:G� E ¦§��_ 5 Räe�T 5 � E 7G�>��7U� E � E �L�N��� Ç �+��;�� E e�� EGE �)��7U��Wi�:8�'�>��C
?dM'�6:U��W0�L]>W 5 ¦ �+78�>�+�d¦§���+�.M'�K;���;$� E �L��7U�^� � 5 e E :G78R�S>T 5 ;��(�781 5 7G� E �.e%:U�:G�K�+��CØ· 5 ;$� E ��78�+1��+7

�-��7U��Wi�:8�'�>��VZ� 5 ;$�+p E �z:8��W0�L]>W �.eL;$�'�>��7<� 5 W 5 �-�7G1 5 78� E �.e%:8�:G�K�+�-;$�+1�� E �+7<� 5 e E :87GR â ;���V
�'e�� 5 7G� 5 7U��e�; 5 p E �(��¯$;$�'� 5 ����7U�378�>��M.�'_>��7F:8��MP:U��78��¦§�<� 5 ��e���M'� E ��; 5 7 E �'e%:8�:8�'� 5 ���+7U��; 5 VPC
û»�.¦ �+78�+e%:8�+W<�+e%:G��;$� 5 R$:G7 5�E ���>78��; 5 78� E ;$����e���M.� E ��; 5 7 E �.e%:8�:G�K� 5 V 5 ��7 5 ��7U��Wi�����+7U��; 5

�t�+M 5 °%�I1I� 4`4 7G�N��M'�._N��R�W´:G�'� 5 ;$�}��e��M.� E � E �'e%:8�:G�K�+���U9���Wi��;���;��Í: 5 �¬; 5 ~`e 5 R¬��e��M'� E �
;$� E �+�+e�;$�>e%:G��CJ¤ R$:G7 5 � 5 e%: 5 Y�R��3;$�.¦ �+78� 5 °%�I1�� 4`4 ;$� 5 R$:G7 5�E ��7 5 ��7U��Wi� E`E �'W)�'MK��78� E ])Y%R��
��Y%R��>M.�}�t�+78W<�H:8�&Y%R�� E ��v���W ;�� Ç e��K; 5%Ei5 ��e���M.� E ��; 5 7)M']�g$�K� 5 � 5 ��eL��M'� E ��; 5 7 E �'e�:U�:8�'� 5 ;$�
R�Wi� E ¯)1��>_�CZ?dW����+7U��MXV 5 R$:87 5%E ��7 5 ��78��Wi� E@E T 5 R$:8�.M'�._N��; 5%E � 5�E ����7G� E ù§AB�+g#�¨§@���+��m�j[M.�+gÍ�
n � E�5 eLú V$R�W¨����7U�0���+7U��7 5 ��eL��M'� E ��; 5 76M']�g$�K� 5 � 5 R$:87 5 V$����7U� 5 ��e���M.� E ��; 5 7 E �.e%:8�:G�K� 5 C

¤ °%�I1I� 4`4 ] R�Wî��7 5 ;$R�: 5 ;�� ��7 5 ��7G�'�>;���;$� ;�� m R�e}s��K��7 5�E � E :8�+W E �(M.�'�t�+7U��; 5)E�5 �Í�3M'�.p
���>e�S+� n �>7Gº��+M'�+� m 5 ¦ :*~F��7G�`û � E :G78�'��R$:G� 5 e�ù nam û(ú�C fZ5 ;$� E �+7 5 �$:G�K; 5 e�� l e%:G�>7Ge���:@e 5 �>e�;$�>7G�NS 5
Q7SXS&T:i|U�WXW&©X^&]�^�`=`|Z3aX_�]ªZ6©&^&]�^OZ�[�_&S7W�C3=»� E :G�<:8��g	: 5 :878��:8��78�+W 5%E ; 5�E � E �t�>��: 5�E ; 5 °��I1�� 4`4
Y%R��#�'e%:G�+78� E8E ��W J � 5 e E :G78R�S>T 5 ;$�Íe 5�E8E�5 �t�>Y%R��+e 5 � 5 W)���.MK��; 5 7>C}·��>��;����+:8������;���� 5 e E p
:G78R�S>T 5 ; 5 � 5 W<���.MK��; 5 7 E �+7UT 5 ;���; 5%E Wi��� E ;$�+:8��M'9�� E ; 5 ¦ R�e��+� 5 e���W<�+e%: 5 ; 5 °��I1�� 4`4 CL=»T 5
:G�>W 5�E Vy� 5 7G]>WäVB�z�'e�:8�+e�S>T 5 ;$�i��� 5 7U;���7»: 5 ; 5�E(5%E ;���:8��M.9�� E ;$�)R E�5 ;$� E :8� EG5 ¦ :*~a��78��C f ��7U�
:8��M{V 5 M'�+�.: 5 7^;$�+1�� 1��+78� Ç �>��7a�<; 5 ��R�W<�+e%:U��S+T 5 Y%R������ 5 W<����e�9�� 5iE�5 ¦ :*~F��7G� �J� E �.eL;$�'�>��S È � E
;$� 5 R$:G7U� E ¦ 5 e%:8� E ;$���'e$¦ 5 78Wi��S>T 5 Y�R�� E �J�+e�� 5 e%:G7U��Wîe 5 ·^��I+e�;$�K��� n C
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¤Ê��7 5 ��7U��Wi�(°�� E W<�'e)]»R�Wi���.e%:8�+7G¦§�����^;��^W 5 e%:8�����+WË����7U�J°��I1��iù{°��I1��J· m E �>s���M.�>7 l =^p
:G�>7�¦§�����Iú V�Y%R��6: 5 W<�J� 5 W 5 �>e%:G7U��;�� R�W���78Y%R��'1 5 · m 4 lGl � 5 W��'e E :87GRLS È � E °�ö s¨�F��7 5 ;$R�_FR�W
��7UY%R��'1 5 �+g$�>��R�:8I1��>M[°�ö s ù§��78Y%R��'1 5 ��C ��MK� E8E �*ú�Cb? E8E �)��7 5 ��7U��Wi�i� 5 ;$�):8��W3�t]+W E �+7 5 ��:G�K; 5
e�� l e%:G�+78e��+:>VBe 5 �+eL;$�+78�>S 5 Q7SXS=T«U�WXW�YXY=YVZ�`�^&SªZ�[ � �ªZ6_&a��cW7¬
fc_ � _�d�W&©X^7i
fb'[yC^?@M.� E �+7UÍR$:8�.M'�.p
_>��; 5 �+� EG5ä5 M'�+�.: 5 7bY%R��+�'78�z��7 5 ;$R�_+�'7�R�Wÿ��7UY�R��.1 5 ��g$�N��R$:UI1��+Mk�ä����7�:8�.7�; 5 ��¯$;$�'� 5 ���+7U��; 5
�t�+M 5 � 5 W<���'MK��; 5 7^Y�R����.78�+W 5�E � 5 e E :87GR��'7`e�� E :8�J:G��g	: 5 C@?@W 5 R$:G7U� E ����M'�I1	7U� E V	e 5�E8E�5 � 5 W<���.p
MK��; 5 7^���>78�)R�W ��7 5 ��78��W<�)°�ö s Y%R��b� E :U<e 5 ¦ 5 7GWi��: 5 · m 4 lGl �3Y%R��b� 5 ;$� E �+7^¦§�����'M.W<�>e�:8�
1	� E R���M.�'_>��; 5 CZ· E8E �'W�� 5 ;$�+W 5�E 1��+78� Ç �>��7 E � 5 ��¯$;$�'� 5 ���+7U��; 5 � E :8<� 5 7G78��: 5b5 Räe�T 5 C f[5 7G]>W}V
����78�äY%R��<� 5%EGE ��W 5�E ��g$�N��R$:U��7J� E8E �i�+¯	;��.� 5 Vy��78�>�+� E ��W 5�E �+g	�N��R$:U��7JWi��� E R�Wi�Í:U��78��¦§��VÌY%R��
](:G7U��e E ¦ 5 78Wi�prM 5 e%R�W���7UY�R��.1 5 ��g$�N��R$:UI1��+MP°%�I1I��V	R$:G�'M.�'_>��e�; 5)5 ��7 5 ��7U��Wi�b°%� E W<�.eBCk°%� E W<�.e
]3�L��7G:G�0; 5 Wi��:8�+78�'��MÌR$:8�.M'�._N��; 5 e 5 M'�'1%7 5¯® ������°Ìü±��������³²¯����$	ü±�:�#;$� D 7 5 �äû 7 5 ~`�.e��Í�0° 5 e
s��>���+7NV���R���M.�K�+��; 5 �t�+MK�b¤�� c`�>�.M'M'���FY%R��a;$� E ��78�+1��6�(s��Y%R��'e�� ö»�'7�:8R���M$°%�I1���CZ¤ò·^��I+e�;$�K��� 4
����7G� E �>e�:U�b:U��W0�L]>WîR�Wi�)�L�NY%R��+e��)�'e%:G7 5 ;�R�S+T 5 � 5 R E�5 ; 5 °%� E W<�.eBC
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Capítulo 2
A Linguagem X

++

·^e%:8� E ;$�b� 5 e%:G�'e	R���78W 5�E � 5 Wî�i� 5 e E :G78R�S+T 5 ; 5 e 5%EGEG5 � 5 W)���.MK��; 5 7>V	� E :8R�;���eL; 5 � 5 W 5 ¦ R�e$p
��� 5 eL���+��;���R�Wi��;$� E RL� E �L��7G:G� E V[��7G�N��� E ��W 5�E ;$� Ç e��'7)��M.�'e���RL�����>W)pr��M.1 5 ;��+M'��C�O 5 Y%R��
¦§��78�+W 5%E e�� E :G�b�+��� â :GR�M 5 C

fZ5 ;��+7 â ��W 5%E R�:G�'M.�'_>��7)M'�'e���R������>e E ;��z��7 5 ��78��Wi��S+T 5 � 5 W 5 °��I1�� 5 R 4 x�x0C 465 e�:8R�; 5 V
� E8E � E M.�'e���R������+e EJE T 5 � 5 W<��M'��g�� E ;$�>Wi��� E ����7U� 5%EJ5 �$v*�+:G�'1 5%E ;$� E :8�<M.�'1	7 5 C0?dW 1��>_<;�� E8E�5 V
�'7G�>W 5%E ;$� Ç e��'76R�Wi��M'�'e���R������>W Y%R�� E �*v��bW<��� E6E �'W<��M'� E V%Wi� E Y%R��^� 5�E8E �3;���7@� 5 M'�+�.: 5 76R�Wi�
1	� E T 5 � 5 W<��M'��:U��;$�z� 5 W 5 R�W´� 5 W<���.MK��; 5 7�¦ R�eL��� 5 e���C&·�M'�.e���R������+WÿY%R��ÍR$:8�.M'�'_>��78�+W 5%E u
�z�U9L��Wi��78�+W 5�E ;��

X++
u-]zR�Wi��M'�.e���R������+W 5 78�.�>e%:8��;���� 5 �$v*�+: 5%E3E �+W<�+M'9���e%:8� J °%�I1I��V

� 5 78]+W�M'�.���+�'78��W<�+e%:G�(Wi��� E`E �'W<��M.� E C
f ��7U�(;�� Ç e��'7d� E �'e%:8��g	�`;��(M'�.e���R������+W}V��'78�+W 5�E ��e%:8� E 78�+M'�+W3��78��7Z��M.��R�e E � 5 e����>�H: 5�EkEG5 ��78�

M'�.e���R������+e E ¦ 5 7GWi��� E �^� 5 W 5 � 5 ;��+W 5�E ;�� Ç e��.prM'� E C l 7G�>W 5�E :G7U��:U��7@;��^��M.¦§���t��: 5%E V�M.�'e���R������+e E V
��7U��Wi�:G�K�+� E � 5 R$:878� E ¦ 5 7GWi� E � 5 W0R�W<�+e%:G� R E ��;�� E ����7U�b;$� Ç e��'7�p E �»� E �.e%:8��g$�»;$�»M'�'e���R������>e E
;$����7 5 ��78��Wi��S+T 5 C

2.1 Alfabetos, palavras e linguagens
l e��K���K��M'W<�+e%:G��V@;$� Ç e��.W 5%E ��MH¦§���L�+: 5 � 5 W 5 R�W � 5 e�v*R�e%: 5&Ç e��H: 5 �}e�T 5 1���_>� 5 ;$� E�â W3� 5 M 5�E C
· E8E �.W}V�� 5 7`�+g	�>W<��M 5 V 5�E`E �+��R��.e%:8� E � 5 e�v*R�e%: 5%E`E T 5 ��MH¦§���L�+: 5%E �

• ´ �V'"�µ=m
• ´ �V'"�Vª�$V /�V ��Vªo$V ��V¼q	V ��V ��V 7µ=m
• ´ ��V �BV ��V'C.C'C.V _�µ=m
• ´ ��V$�BVL���BV����t��µ�C
4 ��;��^�+M'�+W<�+e%: 5 ;$�@R�W\��MH¦§���L�+: 5 ]F�U9���Wi��; 5 ;$�@R�Wi�`M'��:878��CØ= 5 :G�+p E �@Y%R��de�� E :G�6� 5 e%:G�+g	: 5

5 :8�+78W 5 M.�+:G7U�):G�+W R�W E �.��e�� Ç �+��; 5 ;$�'1��+7 EG5 ;���Y%R��>M.�3Y%R��3� E :8��W 5%E ��� 5�E :GR�Wi��; 5�E �iR E ��7^�
Y%R��a� 5 ;$�>7G�K�»:G�+7d� 5 W 5JE �'e�Æ�e��.W 5 ��M'� 5 � 5 W 5 ���>��7U��� :8�+78� � CB· E8E �'W}V 5 Y%R���7G: 5 ��M.¦§���t��: 5 � 5�E8E R��
�<M.�+:G7U� E �N��V³�+V³���b�¶�����iù � EGE � E ;�R�� E H�M.:G�'Wi� E � 5 W :87�I E ���>��7U����:G�+78� E ��ú C

�
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½^Wi�b�L��MK�I1%7U� 5 R#�>��;$�>�'� E�5 ��7G�»R�W ��M.¦§���t��: 5
Σ
]»R�Wi��:8R���MK� 5 78;$�>e���;���;$�»M'��:878� E ;$�

Σ
C

fZ5 7`�+g	�>W<��M 5 �

• 〈0, 1, 0, 1, 1, 0〉
]�R�Wi�)����MK�I1	78� E�5 ��78� ´ �V'"�µ&m

• 〈2, 1, 0, 8〉
]�R�Wi�0�L��MK�I1%7U� E�5 ��7G� ´ �V."�V ��V /�V �LV o�V ��Vªq$V ��V ��µ&m

• 〈c, o, m, p, i, l, e, r〉
]�R�Wi�)����MK�I1	78� E�5 ��78� ´ ��V �BV.C'C'C.V$_�µ&m

• 〈a, ab, b, abc〉
]JR�Wi�<����M'�I1	7U� EG5 ��78� ´ ��V	�BVL���BV����t��µ�C

?dW ���+7U��MXVy� 5 ;$�>W 5�E 78�+��78� E �+e%:8��7»R�Wi�ä����M'�I1	7U�Í���t�+eL� E ����M.R$:8�.eL��e�; 5 Vye�� 5 7U;$�+W � 5 7Gp
78��:8��V�� E M'��:878� E Y%R��b�<� 5 W<� È �>WäC fZ5 7`��g$�+W<��M 5 V$� 5 ;$�+W 5�E � E �+7G�>1��>7

• 〈0, 1, 0, 1, 1, 0〉
� 5 W 5 2&0�2�0&0�2m

• 〈2, 1, 0, 8〉
� 5 W 5p· 0&2�¸³m

• 〈c, o, m, p, i, l, e, r〉
� 5 W 5 ����!19tü±����� C

fZ5 78]+W}V
〈a, ab, b, abc〉

eLT 5 � 5 ;$� E �>7078�+��7G� E �>e�:U��;�� E �'W)��M.� E W<�+e%:8�z� 5 7����&�'�������+V6� 5 � E
� E8E � 78�+��7G� E �>e�:U��S>T 5 � 5 ;$�>7G�K�(�.e�;��'�>��7 5 R$:G7U� E ����M'�I1	7U� E ��M']+W ;���Y%R��>M'��Y%R��^;�� E �*v���W 5%E 7G�>��7G�+p
E �+e%:8��7>Vy� 5 W 5 VP� 5 7 �+g$�+W<��M 5 V

〈a, a, b, abc〉
C�=»� E8E �<�+� E�5 Vt� 5 ;$�+W 5%E R$:8�.M'�'_>��7J� E ����S 5%E �+e%:87G�

� E M.�+:G7U� E ����7U�}�.eL;$�'�>��7)� 5 W 5 � E �+����78��7*�i� E M'��:878� E ;��&����MK�I1	78��C}·î����MK�I1	78�
〈a, ab, b, abc〉E �+78�'��VL�>e�:UT 5 VL78�+��78� E �+e%:U��;��i� 5 W 5 �p���,�¶�����3�)�i�L��MK�I1%7U�

〈a, a, b, abc〉
Vt� 5 W 5 �����#�����+C

= 5 :G�+p E ��V$� 5 78]+W}V�Y%R�� 5�E � E ����S 5%E eLT 5 ¦§��_>�+Wî�L��7G:G��;��)����MK�I1	78��C
û»� Ç e��+p E � 5 :8��Wi��e�9 5 ;$�FR�Wi�(����MK�I1	78�¥¹àù{;$�+e 5 :8��; 5 � 5 7

|x|
úZ� 5 W 5 5 eXH�W<�+7 5 ;��FM'��:878� E

;$�"¹$Ck= 5%E ��g$�+W<��M 5�E ��e�:8�+78� 5 7G� E V�:G�>7 â ��W 5%E �

• |010110| = 6
m

• |2108| = 4
m

• |compiler| = 8
m

• |a ab b abc| = 4
C

m 5 ��7G�)Y�RL��MKY�R��+7»��MH¦§���L�+: 5
Σ
VP;$� Ç e���p E �3R�Wi�¶H�e��'�>�i����M'�I1	7U�i;$�b:U��Wi��e�9 5 ÍY%R��3;��+e 5 p

:8��W 5�E � 5 7
λ
Cdû»� Ç e��+W)p E ��V$:8��W3�t]+W}V 5%E � 5 e�v*R�e%: 5�E �

• Σk º ´ ����M'�I1	7U� E ¹ E�5 ��7G�
Σ | |x| = k

µ&m

• Σ∗ =

∞⋃

k=0

Σk = Σ0 ∪ Σ1 ∪ Σ2...
m

• Σ+ = Σ∗ − {λ}
C

4 9��+�%��W 5�E Vy�+e%:UT 5 V J ;$� Ç e��'S>T 5 ; 5 Y%R��0]<R�Wi�zM.�'e���R������+W}� ;���; 5ä5 ��MH¦§���L�+: 5
Σ
VBR�Wi�

M'�.e���R������+W¼» EG5 ��7G�
Σ
]@R�W E R��P� 5 e�v*R�e%: 5 Y%R���M'Y%R��>7Ø;$�

Σ∗
CÌök�*v���W 5�EØ5�E ��g$�+W<��M 5�E � E �+��R��.7NC
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• ´ �Vy"�V���V��"�Vy"N�Vy"�"�µ(]JR�Wi�<M'�.e���R������+W EG5 ��7G� ´ �V."�µ(Y%R��b� 5 e%:G]>W E �>� E �L��MK�I1%7U� E m
• ´ x ∈ {0, 1, 2, 3, 4, 5, 6, 7, 8, 9}∗ | x

78�+��7G� E �>e�:U�3R�WîeXH�W<�+7 5 ;$�>�+�.Wi��M â W<����7'µ�]�R�Wi�
M'�'e���R������>W E�5 ��78� ´ �V'"�Vª�$V /�V ��Vªo$V ��V¼q	V ��V �7µ»� 5 W�R�W¨e=H�W)�>7 5 �'e Ç e��.: 5 ;$���L��MK�I1%7U� E m

•
5 � 5 e�v*R�e%: 5 ;$�(: 5 ; 5�EF5�E ��7 5 ��78��W<� E °%�I1��b1��M'�'; 5�E ù E �.e%:U��:G�K�+��W<�+e%:G�J� 5 7G78��: 5�E úk]JR�Wi�
M'�'e���R������>W E�5 ��78� R�W«��M.¦§���t��: 5

Σ
� 5 W<� 5%E : 5 ;��

ì�����M'�I1	7U� E 7G� E �>7G1���;�� E � 5 W 5#À ��� V�Á#Â[µ Á �LV�µ À ��:U��C
ì EGâ W0� 5 M 5%E � E �L�N���K��� E � 5 W 5 �ÄÃ V:ÅtV5Æ �+:8��C
ì�e 5 W)� E ;$��1���78�'I1��+� E V%W<]�: 5 ; 5�E V���MK� E8E � E ��:8��C

f ��7U��;�� Ç e��'78W 5%E ¦ 5 78W<��M.W<�>e�:8�}R�Wi�-M'�'e���R������>W ;$����7 5 ��78��W<��S+T 5 Vk;$�+1��+W 5�E V@�>e%:8T 5 V
;$� Ç e��'7JY%R���M 5 ��MH¦§���L�+: 5}E�5 ��78� 5 Y%R���MZ� E8E �#M'�.e���R������+Wæ])¦ 5 78Wi��;��Í�i;$� Ç e��.7�Y%R���� EJE T 5 � E
����M'�I1	7U� E 1��M.�K;�� E ����78�»� E8E � M'�.e���R������+W}CØ= � E ��78¯Ig$�.Wi� E[E �>S È � E 1��+78�+W 5�E ��M'��R�W<� E Wi��e��+�'78� E
;$�J¦§��_+�+7a� EGEG5 C

2.2 Gramática livre de contexto
?dW\���>78��M{VNR�Wi�^M'�'e���R������>Wê;$�6��7 5 ��7U��Wi��S+T 5 �t�+7G:G�+eL���6�^R�Wi�»��MK� E8E �@;$�@M'�'e���R������>e E �U9���W<��p
;�� E ;$�dM'�'e���R������>e E M'�.1	78� E ;��@� 5 e�:8��g	: 5 CÌ½^Wi� ;�� E Wi��e��+�'78� E ;$� E �@;�� Ç e��'78�+W :8��� E M'�'e���R������>e E
]F� 5 7kW)�>� 5 ;�� E ��78��Wi�:G�K�+� E M'�.1	78� E ;$�`� 5 e%:G��g	: 5 CØ½»Wi�»��78��W<�:G�K�+�»M.�'1	7G�a;$�`� 5 e�:8��g	: 5 ù{¹JA 4 ú
]JR�Wi�iY%R��;$78R���MK�

〈Ω, Σ, S, P 〉
V 5 e�;$�

Σ
uÍ] 5 ��M.¦§���t��: 5<EG5 ��7G� 5 Y%R���MB�)M'�.e���R������+W�]�;$� Ç e��K;���m

Ω
uÍ]JR�W«� 5 e�v*R�e%: 5 e�T 5 1���_>� 5 ;$� EGâ W3� 5 M 5�E e�T 5 :8�+78W)�'e���� E m

P
u#]�R�W«� 5 e�v*R�e%: 5 ;$����7 5 ;$R�S È � E ;��)¦ 5 78W<�

A → α
V 5 eL;$�

A ∈ Ω
�

α ∈ (Σ ∪ Ω)∗
m

S
u#] 5iEGâ W0� 5 M 5 �'e��'�+�'��MB;��)��7U��Wi�:8�'�>��V

S ∈ Ω
C

¤Q� 5 e�v*R�e%: 5
Σ
;��FR�W<� ��7U��Wi�:G�K�+�`] 5 ��M.¦§���t��: 5JEG5 ��78� 5 Y%R���M$� E ����M'�I1	7U� E ;��»M'�'e���R������>W

;$� E ��v���;�� E T 5 ¦ 5 78Wi��;�� E Cz= 5 � 5 e%:G�+g%: 5 ;$�z¹JA 4FE VZ� 5�E :GR�W<��p E �i�U9���Wi��7 5�E �>M.�>W)�>e%: 5�E ;$�
Σ
;$� EGâ W0� 5 M 5%E :G�>7GW<�'e���� E C^¤�� 5 e�v*R�e%: 5

Ω
]b;$� E v*R�e%: 5 ;$�

Σ
C m �+R E �+M'�+W<�+e%: 5�E e�T 5 �+e%:G7U��W

e��0¦ 5 78Wi��S>T 5 ;�� E �>��;$�>�'� E ;��<M.�'e���RL�����>W}C m T 5 R$:G�'M'�._N��; 5%E � 5 W 5iEGâ W0� 5 M 5%E ��R$g$�.M'�K��78� E ����7U�
;$� Ç e��'7G�>W0p E �J� E ��7 5 ;�R�S È � E ;��<��78��Wi�:G�K�+��C
· E ��7 5 ;$RLS È � E

P
E T 5 78�+��78� E ;$� E R�� E :8�H:8R��KS+T 5 Y%R��<:�I+Wÿ; 5 M'��; 5 � E Y%R��+7U; 5 ; 5

→
R�W

EGâ W0� 5 M 5 e�T 5 :G�+78W<�.eL��MP� ; 5 MK��; 5 ;$�.78�+�.: 5 V	R�Wi�0�>��;$�>�'�b¦ 5 78W<��;���� 5 7 EGâ W0� 5 M 5%E :8�+78W)�'e���� E �
EGâ W0� 5 M 5%E e�T 5 :G�>7GW<�'e���� Ed5 R

λ
Cd·Ê����7G:G�'76; 50EGâ W0� 5 M 5 �'e��K���K��M

S
V%� E8E � E 78�+��7U� EkE T 5 ����M'�'�>��;�� E

E R�� E :G�.:GR��'e�; 5 p E � 5 e�T 5 p{:8�+78W<�.e���M[Y%R��<���L��78�>���0; 5 MK��; 5 � E Y%R��+7U; 5 ;$�0R�W<�z��7 5 ;$R�S+T 5 �t�+MK�
����M'�I1	7U�)Y%R��3� E :8#; 5 M'��; 5 ;$�'7G�>�H: 5 ;$� E :8��C m �3�i�L��MK�I1%7U� 5 �$:8�';��i� 5%EGE R�� E�5 W)�>e%:G� EGâ W0� 5 M 5%E
:G�>7GW<�'e���� E V@�+e%:UT 5 � E8E ������M'�I1	7U���t�+7G:G�+eL��� J M.�'e���RL�����>W ;$� Ç e��';����L�>M'����7U��Wi�:G�K�+��C m ���
�+��;$�+�K� 5 �$:G�K;��ä� 5 e�:8]+W ���.e�;�� EGâ W0� 5 M 5%E e�T 5 :G�+78W<�.eL��� E Vy�>e�:UT 5 e 5 1���ù E ú E R�� E :8�H:8R��'S>T 5 ù È � E ú
;$�>1���ù§W#ú E �+7»¦ �+�.:8��ù E ú ��:8]0Y%R�� E �)�U9��+��R��0�ÍR�Wi�Í�>��;$�>�'�#Y%R��0:G�>e�9��z���t�+e�� E EGâ W0� 5 M 5%E :8�+7Gp
W<�.eL��� E C
öd��W 5�E : 5 Wi��7^� 5 W 5 �+g	�>W<��M 5 �<��78��W<�:G�K�+�

G1 = 〈{S, A, B}, {a, b, c}, S, P 〉
V 5 e�;$�

P]��
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(1) S → AB
(2) A → aAb
(3) A → λ
(4) B → cB
(5) B → λ

· E8E �'W}V$�b����7�:8�.7F; 50EGâ W0� 5 M 5 �.e��'�+�'��M
S
� 5 ;$�+W 5%E ����M.�K�+��7@R�Wi� E �NY&k�I+e��+�'�b;�� ��7 5 ;$R�S È � E

;$�
P
��:8]äY%R��äR�Wi�&�>��;$�>�'��¹\Y%R��ä� 5�E8E R��&���t�+e�� E0EGâ W0� 5 M 5%E :8�+78W<�.e���� E)E �*v�����MK�+��eLS+��;���C

?de%:8T 5 ¹ñ�L�>7�:8�+e��+� J M'�.e���R������+W ;$� Ç e��';��ä� 5 7
G1

V 5 Y%R��<� 5 ;$�>W 5%E ;$�+e 5 :8��7b� 5 W 5 �
x ∈

L(G1)
C f[5 7`��g$�+W<��M 5 �
l e��K���K��W 5�E � 5 W

S
����M.�K�+��W 5�E ù*"Iú 5 ��:G�+W 5%E

AB:G�>W 5%E
AB

����M.�K�+��W 5%E ù§/%ú 5 �$:8�+W 5�E
B:G�>W 5%E

B
����M.�K�+��W 5�E ù{o�ú 5 ��:G�+W 5%E

λ ∈ L(G1)

l e��K���K��W 5�E � 5 W
S

����M.�K�+��W 5�E ù*"Iú 5 ��:G�+W 5%E
AB:G�>W 5%E

AB
����M.�K�+��W 5%E ù{��ú 5 �$:8�+W 5�E

aAbB:G�>W 5%E
aAbB

����M'�K�+��W 5%E ù{��ú 5 �$:8�+W 5�E
aaAbbB:G�>W 5%E

aaAbbB
����M'�K�+��W 5%E ù§/�ú 5 �$:8�+W 5�E

aabbB:G�>W 5%E
aabbB

����M'�K�+��W 5%E ù �%ú 5 �$:8�+W 5�E
aabbcB:G�>W 5%E

aabbcB
����M'�K�+��W 5%E ù �%ú 5 �$:8�+W 5�E

aabbccB:G�>W 5%E
aabbccB

����M'�'�>��W 5�E ùXo�ú 5 �$:G�>W 5�E
aabbcc ∈ L(G1)

fZ5 ;���p E �J¦§�����'M.W<�+e%:8�be 5 :U��7^Y%R��
|L(G1)| = ∞

VL� 5 � E ;$�+�t�+eL;$�+e�; 5 ; 5 eXH�W<�+7 5 ;$�b1��>_+� E
Y%R�� E T 5 ����M.�K�+��;�� E � E ��7 5 ;�R�S È � E ù{��úd�<ù �	ú V$� 5 ;$�+W E �+7a��78�K��;�� E ����M'�I1	7U� E ;��»:U��Wi��e�9 5 :8T 5
��7U��eL;$�(Y%R���e%: 5iE ��;$� E ��v*��C

4 ��;���R�W<�¬;�� E ����MK�I1	78� E �'e%:G�>7GW<�>;��'�7G�K� E ���+7U��;�� E ��:G] E ���U9��>����7 J ����MK�I1	78��Y%R�� E ¯
� 5 e%:G]+Wÿ:8�+78W)�'e���� E ]}�U9���Wi��;���;$�}R�Wi��¦ 5 7GWi� E �+e%:8�+e��+�'��M{C m �äR�Wi���+��;��+�K�

β
� 5 ;$� E �>7

5 ��:G�K;��Í�i�L��7G:G�'7 ;��#¦ 5 78W<� E �>e�:8�+e��+�'��M
α
W<�>;$�K��e%:8�0�Í����M'�'�>��S+T 5 ;$�3R�W<�,H�e��K�+�Í��7 5 ;$RLS+T 5 V

;$�'_+�>W 5%E Y%R��
α
;$�+78�.1���;$�'78��:8��W<�+e%:G�

β
V 5 R�Y%R��

β
]Í;$�+78�'1I��;���;$�'7G�+:8��W)�>e%:G�#;$�

α
V 5 Y�R��

;$�>e 5 :U��W 5�E � 5 7
α ⇒ β

C m �
β
� 5 ;$� E �+7 5 �$:G�K;���W<�N;$�'��e%:G�Í������M'�'�>��S+T 5 ;$�#R�W´eXH�W<�+7 5

Ç e��.: 5 ;��(��7 5 ;$R�S È � E V�;$�._>�+W 5�E Y%R��
α
;$�+78�.1��

β
�b;$�+e 5 :8��W 5%E

α
∗

⇒ β
C

465 W 5 �iM'�.e���R������+W
L(G)

Vt;$� Ç e��K;��<�t�+MK�i��7U��Wi�:8�'�>�)M.�'1	7G�b;$�b� 5 e%:G�+g	: 5
G = 〈Ω, Σ, S,

P 〉
V(] 5 � 5 e�v*R�e%: 5 ;$�-: 5 ;�� E � E ����MK�I1	78� E ¦ 5 78Wi��;�� E ���L�>e�� E � 5 7}�+M'�+W<�+e%: 5�E ;$�

Σ
Y�R��

� 5 ;��+W E �+7<;$�+78�.1���;�� E ������7�:8�.7<; 5-EGâ W3� 5 M 5 �'e��'�+�'��M
S
Vk� E8E�5 �>Y%R��'1���M'�z;$�'_+�>7)Y%R��

L(G) =

{x ∈ Σ∗ | S
∗

⇒ x}
C

2.3 Forma de Backus-Naur
·¬j 5 78W<�»;$� n ���Uº	R E pr= ��R�7dù n =»jkúy]dR�W<� 5 R$:878�aWi��e��+�'78�`;�� E �6;$� Ç e��.7ØM.�'e���RL�����>e E M'�.1	78� E ;$�
� 5 e%:G��g	: 5 CB?dMK� ] E �+W<�+M'9���e�:8�6�»R�Wi�»��78��W<�:G�K�+�`M'�'1%78�6;��6� 5 e%:G��g	: 5 V�Wi� E �L�>7GW<�.:G�aY%R�� 5 M'��; 5
;$�'7G�>�H: 5 ;�� E ��7 5 ;�R�S È � E � 5%EGE R�����M.��R�e Ek5 �L�>78��; 5 78� E CÌ? E8E � Ed5 �L�>78��; 5 78� EkE �+7UT 5 ����7G� E �>e%:8��; 5�E
� E �>��R��'7NC

ÞÌ� Á � ¢�£��
(α | β)

u�½^W ; 5�E �>M.�>W<�+e%: 5%E �+e%:87G�z����7�I+e%:G� E � E ù
α
5 R

β
ú�� 5 ;$� E �+70R$:G�'M'�._N��; 5 eL�

����M'�'�>��S+T 5 ;��0��7 5 ;$R�S>T 5 C
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fZ5 7`��g$�>W)��M 5 V E �J:8�.1�] E8E �>W 5%E �0��7 5 ;$R�S>T 5 �

S → a(b | c | d)e

� 5 ;��+7 â ��W 5%E :G�+7 � E ;$�>7G�'1���S È � E �

S ⇒ abe
S ⇒ ace
S ⇒ ade

5 Y%R�� E �'��e�� Ç �>�0Y%R��b�)M'�.e���R������+W ���+7U��;��0]
{abe, ace, ade}

C
½^Wi�#¹JA 4 �>Y%R��'1���M'�+e%:G���)� E8E � n =»j E �>7G�K�

S → abe
S → ace
S → ade

ök�*v���W 5%E`5 R�:G7 5 �+g	�>W<��M 5 �

S → (c(aSa | bSb)c | λ)

���>78�)�+��;$�+�K� E ; 5 :8�.� 5 �
S ⇒ caSac ⇒ cacaSacac ⇒ cacacbSbcacac ⇒ cacacbbcacac

=^� EGE �b�+� E�5 V	�i¹JA 4 �NY�R��.1���M'�+e%:8� E �+78�K�

S → λ
S → caSac
S → cbSbc

Ç<�6��µ �t� � Á
[α]

uÍ¤�Y%R�� � E :8�.1��+7a�+e%:87G� 5�E � 5 M'�U9���:G� E � 5 ;$� E �+7aR$:G�'M'�._N��; 5)5 Räe�T 5 e��)����M'�K�+��S>T 5 ;��
��7 5 ;$R�S>T 5 C

fZ5 7`��g$�>W)��M 5 V E �J:8�.1�] E8E �>W 5%E �0��7 5 ;$R�S>T 5 �

S → a[bcd]e

� 5 ;��+7 â ��W 5%E :G�+7 � E ;$�>7G�'1���S È � E �

S ⇒ ae
S ⇒ abcde

5 Y%R�� E �'��e�� Ç �>�0Y%R��b�)M'�.e���R������+W ���+7U��;��0]
{ae, abcde}

C
ök�*v���W 5%E`5 R�:G7 5 �+g	�>W<��M 5 �
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S → a[(A | B)c]d
A → a[a]
B → [b]

���>78�)� E �>��;$�>�'� E �

S ⇒ ad
S ⇒ aAcd ⇒ aacd
S ⇒ aAcd ⇒ aaacd
S ⇒ aBcd ⇒ abcd
S ⇒ aBcd ⇒ acd

5 R E ��v���VP���>78�#�ÍM.�'e���R������+W
{ad, aacd, aaacd, abcd, acd}

C ½»W<�ä¹JA 4 �NY%R��.1���M.�>e�:8�0�Í� E8E �
n =»j E �>7G�K���

S → ad
S → aAcd
S → aBcd
A → aa
A → a
B → b
B → λ

= 5 :G�»���.e�;���Y�R��^R�Wi�J��7 5 ;�R�S+T 5 ; 5 :G�'� 5
α → β[γ]δ

] E �>W<��7G�»�>Y%R��'1I��M.�>e%:G� J ��7 5 ;$R�S+T 5
α → β(γ | λ)δ

C

È �%�@� � µ ¢�£�� � �t¡ ¶à��µ{Â3�t�=É��	Â
(α)∗

u,¤¨Y�R��Í� E :G�'1��>7b�+e%:87G�#�L��7�I+e%:G� E �i� 5 ;$� E �+70R E ��; 5 R�W´eXH�W<�+7 5 Y%R���MKY%R��+7);$�
1��+_>� E eL�`����M'�'�>��S>T 5 ;��a��7 5 ;$R�S>T 5 �d� 5 ;$�d:U��W3�t]+Wêe�T 5^E �>7ÌR E ��; 5 ù§7G�>�L�+:G�K; 5 e��>e�9	R�Wi�
1��+_Iú C

fZ5 7`��g$�>W)��M 5 V E �J:8�.1�] E8E �>W 5%E �0��7 5 ;$R�S>T 5 �

S → a(b)∗c

:G�>7 â ��W 5%E � 5 W 5 7G� E R�MH:U��; 5 �)M.�'e���RL�����>W ´ ����V����t��V������P��V��������P��VBC'C'C4µ%C
465 W 5 Y%R���MKY%R��+7 5 R$:G7U� n = jFV�� 5 ;$�>W 5�E �>e�� 5 e�:878��7aR�Wi�#¹JA 4 � 5 7878� E � 5 e�;$�+e%:8��V$� 5 W 5 V

� 5 7`��g$�>W)��M 5 �

S → aZc
Z → bZ
Z → λ

465 W 5<5 R$:87 5 �+g	�>W<��M 5 V$� 5 ;$�>W 5�E :G�>7»� n =»jF�

S → a(b | c)∗d



���������	�}
 �����$���	�����&
 ���� ���
 �������2"No�
 !)�%q
i

i

i

i

i

i

i

i
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X++

"No

Y%R��b���+7U�): 5 ;�� E � E �>��;$�>�'� E Y%R��b�'e��K���K��W � 5 W
a
V�:G�>7GW<�'e���W � 5 W

d
�b:�I+W«�+e%:G78�b� E :G� E^5

λ5 R}Y%R���MKY%R��+7^�>��;$�>�'�3¦ 5 78Wi��;��)� 5 7
b
�

c
C

È �%�@� � µ ¢�£��Ñ���t¡ ¶à��µ{Â3�t�=É��	Â
(α)+

uQ¤æY%R���� E :G�'1��>7i�+e%:G78�}����7�I+e%:8� E �ä� 5 ;$� E �+7iR E ��; 5 R�Wi� 5 RQWi��� E 1��>_+� E e��
����M'�'�>��S+T 5 ;��0��7 5 ;$R�S>T 5 CZ· ��7 5 ;$R�S>T 5

α → β(γ)+δ
](�NY%R��.1���M.�>e�:8�b�

α → βγ(γ)∗δ
C

· E �>��R��'7>V	R$:8�.M'�'_>��78�+W 5%E � n =»j�����78�0;$� Ç e��.7^�3e 5�E8E �3M.�'e���R������+W
X++

C m �>783��¦ �+:GR���;��
R�Wi�};$� E ��78�KS+T 5 ;$�iY�RL��� E(E T 5 � E � E :87GR$:8R�7U� E ;��zM.�'e���RL�����>Wæ7G�>��78� E �+e%:8��;�� E �+W �>��;��zR�Wi�
;�� E ��7 5 ;$RLS È � E C

2.4 BNF para a linguagem X
++

= 5%EGE �-M.�'e���RL�����>W´]}� 5 e E :G78R â ;�� E�5 ��7G�äR�Wi����M.¦§���t��: 5 Y%R��ä� 5%EGE R�� EGâ W0� 5 M 5%E Y�R��z� 5 ;$�+W
E �+7 � 5 e$¦ R�e�;$�K; 5�E � 5 W 5%E W<��:U� E8E�â W3� 5 M 5�E R$:G�'M.�'_>��; 5�E � 5 W 5Í5 �t�+7U��; 5 7G� E e��ie 5 :8��S+T 5 n = j6V
� 5 W 5 V$� 5 7`��g$�>W)��M 5 V

[
�

]
C fZ5 7`� E8E�5 V$1I��W 5�E ��; 5 :8��7`� E �+��R��'e�:8��� 5 e	1��+e�S>T 5 �

• 〈symbol〉
78�+��7G� E �>e�:U� 5 e�T 5 pX:G�>7GW<�'e���M

symbol
m

•
EGâ W3� 5 M 5�E :G�>7GW<�'e���� E`E T 5 7G�>��7G� E �>e%:8��; 5�E � 5 WË� E �	W3� 5 MH��m

•
W<�+:8� E8EGâ W0� 5 M 5%E ;��)e 5 :U��S+T 5 n = j E T 5 7G�>��7G� E �>e%:8��; 5�E ��7U��¦§��; 5�E � 5 W

[ ]
C

l e��K���K��78�+W 5�E ��;�� Ç e��KS+T 5 �L�>M 50E�â W3� 5 M 5 �.e��'�+�'��ML;�� n =»jFV	Y%R��`7G�>��78� E �+e%:8�J��� E :87GR$:8R�7U��;$�
R�W¨��7 5 ��7U��Wi�b� E �+7G�.: 5 �+W

X++
C

〈program〉 → [ 〈classlist〉 ]

? E8E �<e�T 5 pX:G�+78W<�.eL��M[�.e�;��'�>�zY%R��)R�W ��7 5 ��78��Wi�<�+W
X++

]i� 5 W<� 5%E : 5 ;$�)R�Wi�äM.� E :8�ä;$�
��MK� E8E � E^5 R E �b:G7U��:U�Í;$�)R�Wi�Í�>��;$�>�'�Í1���_+�K��CJ· E8E �.W}V 5 e 5%EGEG5 � 5 W<���'M'��; 5 7NVt� 5 :8�+e%:8��7(� 5 W)p
���'M'��7`R�W���7 5 ��78��Wi�3��78Wi��_>�+e���; 5 e	R�W«��7UY�R��.1 5 Y%R��J� E :G��v��)1I��_+� 5 V$1����B�����>�H:U�prM 5 � 5 W 5 R�W
��7 5 ��78��W<�31��M'�'; 5 V�� 5 W 5<5 � 5 7G78� � 5 W«�0Wi��� 5 7G�K�0; 5�E � 5 W<���.MK��; 5 78� E C

〈classlist〉 → ( 〈classdecl〉 )+

5 R

〈classlist〉 → 〈classdecl〉 [ 〈classlist〉 ]

¤òeLT 5 pX:G�>7GW<�'e���M
classlist

78�+��78� E �+e%:8� R�Wi�J78�+�t��:G�KS+T 5 ;$�^;$�>�+M'��78��S È � E ;$�^�+M'� EGE � E V�� 5 W 5
e	R�W\��7 5 ��78��W<�a�>W\°��I1���V�Y%R��F��� E �K�+��W<�>e�:8�d]a� 5 W<� 5�E : 5 ;��6R�Wi� E �NY=k�I+e��+�'�»;$�F;��>��MK��7U��S È � E
;$�b�+M'� EGE � E � 5 W 5 �

`&h=^�iXiÊ^¡�ËZXZXZXZ�Ì
`&h=^�iXi�g¼�ËZXZXZXZ�Ì
ZXZXZ=Z
`&h=^�iXi¤`��ËZXZXZXZ�Ì
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">� Î`ÏaÐ¬Ï�Î`ÏaÒ(ÓBÔZÕ)ÖÌ×*Õ«ÖØÐÙÎ`ÏaÐ�Úd×*ÛØÜ»Ý<ÏaÕ

j 5 78��W�R$:8�.M'�._N��; 5%E ; 5 � E � E :G�'M 5%E ;$�.¦ �+78�+e%:G� E ����7U��;$� Ç e��'7�p E �
classlist

V�Wi� E ��W3� 5�E ���+7U��W
� E W<� E Wi� E �+��;��+�K� E CZ¤ñ��7G�'W<�+�'7 5 � E :8�.M 5 R$:G�'M.�'_>� 5(5 �L�>78��; 5 7k;$�»7G�>�L�+:G�KS+T 5

( )+
� 5bE �+��R�e�; 5 V

5 ��78¯���7G� 5 e�T 5 p{:8�+78W)�'e���M
classlist

7G�N��R�7 E �.1���W<�>e�:8�`����7U� 5 ��:G�+7Gp E �`� EGE �J7G�>�L�+:G�KS+T 5 CZ·òe 5�E8E �
n =»j,�'7U3R$:8�.M'�'_>��7 5 78�0R�W�� E :8�.M 5 V 5 78� 5 R$:87 5 V%�L��7U�0Y%R�� 5 M.�>�H: 5 7a� 5%EGE �)�I1I��M.�K��7aY%R���� EaE T 5 � E
�'W)��M.�K�+��S È � E V�Y%R���eL; 5 ¦ 5 78W 5�E �'W<��M.�>W<�+e%:8��7 5 ��e���M.� E ��; 5 7 E �'e�:U�:8�'� 5 VL;�� E �bR�:G�'M.�'_>��7^R�W 5 R
5 R�:G7 5 � E :8�.M 5 C

465 e%:G�'e	R���eL; 5 � 5 W¨�0��7G¯Ig$�'W<�0��7 5 ;$R�S+T 5 V

〈classdecl〉 → “class′′ “ident′′ [ “extends′′ “ident′′ ] 〈classbody〉

? E8E ��e�T 5 pX:G�>7GW<�'e���M
classdecl

7G�>��7G� E �>e%:8����;��>��MK��7U��S>T 5 ;$��R�Wi����MK� E8E ��C2?@M.���'e�;$�K�+�
Y%R��):8��Mk� E :G78R$:GR�7U� E �<�'e��K���K�ä� 5 W �z����M'�I1	7U�#78� E �+781I��;��=Í

class
Y%R��<1��+W E �>��R��K;��ä� 5 7JR�W

�K;$�+e%:G� Ç �>��; 5 73ù 5 R$:G7 5 :G�>7GW<�'e���M ú^Y%R��3�.7U#;���7»e 5 W)� J ��MK� E8E � E �>e�; 5 ;$�N��MK��7U��;���CFû �+� 5 � E ; 5
e 5 W)�b;��)�+M'� EGE ��V�� 5 ;$� 5 RäeLT 5 ������7G�N���>7a�<�L��MK�I1%7U�

extends
� 5 e 5 W)�b;�� E R��t�+7U��MK� E8E �(;��

Y%R���MB�<�+M'� EGE � E �>e�; 5 ;$�>�+M'��78��;��3;�� E ���+eL;$��C m �>7G�K��W¨�+��;��+�K� E ; 5 :G�'� 5

`&h=^�iXiÊ^ÎZ=ZXZ
5 R

`&h=^�iXiÊ^£_ � S�_�[�a�i�gÏZXZ=Z
¤\eLT 5 pX:G�>7GW<�'e���M

classbody
78�+��7G� E �>e�:U� 5 � 5 78� 5 ;��<;$�N��MK��7U��S+T 5 ;��<�+M'� EGE ���

〈classbody〉 → “{′′ [ 〈classlist〉 ] ( 〈vardecl〉 “;′′ )∗

( 〈constructdecl〉 )∗ ( 〈methoddecl〉 )∗ “}′′

?dM'� E �k�.e��K���K�`� 5 WÊR�W ´ Y%R��^ù 5 �t�+� 5 e���M'W<�+e%:G�Iút1��>W E �+��R��'; 5 � 5 7BR�W e�T 5 pX:G�>7GW<�'e���M classlist
V

;$�N��MK��7U��; 5 ��e%:8�+78� 5 7GW<�+e%:8��C l E8E�5àE �'��e�� Ç �+�,Y%R��&e 5�E8E ��M'�.e���R������+Wþ�L�>7GW<�.:G�&�,;��>��MK��7U��S>T 5
;$�ä��MK� E8E � E ��e��'e�9���;�� E Vk� 5 W 5 ��� 5 e%:G�>�+�ie���M'�'e���R������>Wÿ°%�I1���C�û �+� 5 � E V E �+��R��+W)p E �Í� E ;$�+p
��MK��7U��S È � E ;$�<1I��7G�KI1��>� E Vy� 5 e E :87GR�: 5 78� E �<W<]�: 5 ; 5%E VyW<�N;$�'��e%:G�i�ä7G�>�L�+:G�KS+T 5 ù � 5�E8E �.1��+M'W)�>e%:G�
e��>e�9	R�Wi�-1��+_Iú3; 5%E e�T 5 p{:8�+78W)�'e���� E

vardecl
V
constructdecl

�
methoddecl

Vd:8�+78W<�.e���e�; 5
� 5 W R�WÐµ%C}= 5 :8�ÍY%R��#e 5%EGE �}M.�'e���R������+W �+g$�.���ÍY%R��Í� E ;$�>�+M'��78��S È � E�E �*v���W ¦ �>�H:U� E �+g���:8��p
W<�+e%:G�3e�� E8E � 5 78;��+W}C`¤ R E �*v���VL�+M'� EGE � E ��e��'e�9���;�� E V�;$�+� 5 � E 1���7G�KI1��>� E ;��i�+M'� EGE ��Vt;$�+� 5 � E^5%E
� 5 e E :G78R$: 5 7G� E ��V Ç e���M.W<�+e%:8��V 5%E W)]+: 5 ; 5%E C
½^Wi�»;��>��MK��7U��S>T 5 ;$�d1���7G�KI1��>� E V+78�+��78� E �+e%:U��;��F�t�+M 5 e�T 5 p{:8�+78W<�.e���M

vardecl
VI] E �>W<�+M'9���e%:G�

J ;$�>�+M'��78��S+T 5 ;$��1���78�KI1��+� E �+W¨°%�I1���C fZ5 7`��g$�>W)��M 5 �
b�[7S£^ � 5 Ri�SXd�b�[7��^ËÑ3g � 5 Rf � S � T�_¤^ªÒ ÓËÑ�gVÒ Ó«Ò Ó �
D �>W 5�E �+e%:UT 5 �

〈vardecl〉 → ( “int′′ | “string′′ | “ident′′ ) “ident′′ ( “[′′ “]′′ )∗

( “,′′ “ident′′ ( “[′′ “]′′ )∗ )∗

Ô�Õ�Ö×GØ�Ù�Ú r ÚVÛ±×�ÜMÝ)Þ r Ú r�ß Ü6×*×�Ü3×�×�àáÚ t ÖâáÖ×�Ý3ÖÚKÖ
class ã for ã while ä Ü|å r â r3æ�ß*rªß Ü3×�Ü ß%ær ä r ä r âáçáè�éÙ r éÜ3Ú¥êë Ö ß*ì Ú ã Ö/âáÜ3ç Ø�Ö ß ä Ü æ ÜíâáÜ3Ú t�ß�r�ßeî Ù�ÜíÝ r ä r Ù�Ú ä Ü3×*×�Ü3×«×*àáÚ t ÖâáÖ× ì ã�ï Ö ß Ú r âáÚKÜ3è�Ø�Ü ï r â r è ä Ö ã Ù�Ú r âáÜ Ø ß*r ä Ör â ï r�t Ü Ø*Ö ä ÜËÜ3è�Ø ß*r ä r ê
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X++

"Iq

? E8E �<��7 5 ;$R�S>T 5 ���>78�)�+��;$�+�K� E Y%R��b� 5 W<�>S>��W¨� 5 W 5 :8�.� 5 ;��)1���78�KI1��+MB� E �+7»;��>��MK��7U��;���V
Y%R��b� 5 ;$� E �+7

int
V
string

V 5 R�R�W �K;$�+e%:8� Ç �>��; 5 7»Y%R��b] 5 e 5 W<�3;$�3R�Wi�Í��MK� E8E �b;$�>�+M'��78��;��
e 5 ��78¯���78� 5 ��7 5 ��7U��Wi��CØ?dW E �+��R��';���V	1�I+W 5%E e 5 W<� E ;�� E 1���78�KI1��+� EdE �+e�; 5 ;$�N��MK��7U��;�� E V%Y%R��
� 5 ;��+W E �+7 E �+��R��K; 5�E(5 R�e�T 5 � 5 7b� 5 MK�U9���:8� E Y%R��<�.eL;$�'�>��Wÿ�ä;��.W<�+e E T 5 ;��<�>��;��ä1���78�KI1��+MXC
= 5 :G�(Y�R�� 5 �
m �»e 5�Ç e���Mt;��3M.� E :8�b;$� 1���78�'I1��+� E e�T 5 ¦ 5 �t�.e��+M.R â ; 5 e�� E :8�3��7 5 ;$RLS+T 5 V�Wi� E V E �'W}V
e��)��7 5 ;$R�S+T 5 ; 5 e�T 5 p{:8�+78W)�'e���M

classbody
V$���L¯ E �+��;��)������78�KS+T 5 ;$��R�W

vardecl
C

û»��Wi��e��+�'78� E �+W<�+M'9���e�:8��V	:8�+W 5�E � E ;$�>�+M'��78��S È � E ;$�b� 5 e E :G78R$: 5 7G� E �JW<]�: 5 ; 5�E �

〈constructdecl〉 → “constructor′′ 〈methodbody〉
〈methoddecl〉 → ( “int′′ | “string′′ | “ident′′ ) ( “[′′ “]′′ )∗

“ident′′ 〈methodbody〉

· ;$�N��MK��7U��S+T 5 ;$�iR�W � 5 e E :G78R$: 5 7J� 5 W<�>S>�}� 5 Wÿ�ä����MK�I1	78�
constructor

Cä½^Wÿ� 5 e E :87GR$: 5 7
e�T 5 :G�>Wþ:8�.� 5 ;$�-7G�+: 5 7Ge 5,5 RòR�W e 5 W<��C�· E8E �'W}V»;$�+� 5 � E ;��

constructor
V»�'e��K���K��p E � 5

� 5 7G� 5 ; 5 � 5 e E :G78R$: 5 7>V�7G�>��7G� E �>e%:8��; 5 �L�>M 5 e�T 5 pX:G�+78W<�.eL��M
methodbody

Ck°�3�0;$�N��MK��7U��S>T 5 ;$�
R�WÿW<]�: 5 ; 5 �'e��K���K��p E �i� 5 W 5 :8�.� 5 ;$�i78��: 5 78e 5 ; 5 W<]�: 5 ; 5 VZY�R��i� 5 ;$� 5 R�e�T 5 :G�>7b1��78�'� E
;$�'W<�+e EGÈ � E V E �>��R��K; 5 �L�>M 5 e 5 W<�b; 5 W)]+: 5 ; 5 ���t�+M 5<E �+R�� 5 78� 5 C

¤«� 5 7G� 5 ;$�ÍR�W W<]�: 5 ; 5 ]Í;��.1	�K;$�'; 5 �+W´;$R�� E ����7�:8� E Vk� 5 e�¦ 5 78W)�iW 5%E :878��� E �+��R��'e�:8�
��7 5 ;$R�S+T 5 �

〈methodbody〉 → “(′′ 〈paramlist〉 “)′′ 〈statement〉

·���78�'W)�>�.7U�}����7�:8�#]Í��M'� E :8�&;$�#����78®�W)�+:G7 5�E ¦ 5 7GWi��� E ; 5 W)]+: 5 ; 5 V[78�+��7G� E �>e�:U��;��ä�t�+M 5
e�T 5 pX:G�+78W<�.eL��M

paramlist
CZ· E �+��R�e�;��)����7�:8� E T 5<5%E � 5 Wi��e�; 5�E Y%R���� 5 W<� È �+W 5 W)]+: 5 ; 5 C

〈paramlist〉 → [ ( “int′′ | “string′′ | “ident′′ ) “ident′′ ( “[′′ “]′′ )∗

( “,′′ ( “int′′ | “string′′ | “ident′′ ) “ident′′

( “[′′ “]′′ )∗ ]

? E8E �`M'� E :U�^;$�d����78®�W<��:G7 5�E V+Y%R��d] 5 �P��� 5 e���M{VIY%R���e�; 5 ��7G� E �>e%:G�k]k¦ 5 7GWi��;��a� 5 7 E �NY=k�I+e��+�'� E
;$�ä;$�>�+M'��78��S È � E Y%R��Í:�I>W 5 :G�'� 5 ; 5 �L��7U®�W<��:87 5 � 5 e 5 W)�ä;���1���7G�KI1��>M@� E8E�5 �+�'��;������>M.��V
E �+����78��;�� E � 5 7<1 â 78��R�MK� E C fZ5 7i�+g$�+W<��M 5 V6� E<E �>��R��'e%:G� E �>��;$�>�'� E � 5 ;$�+W E �>7<���+7U��;�� E � 5 7
paramlist

�
b�[7S£^ 5 R
b�[7S£^ËÑ�i�SXd�b�[7��g 5 R
i�SXd�b�[7��gKÒ ÓªÒ ÓOÑðb�[7S£^ËÑpñ �Xò=� T�_£`
· E �>��R�eL;��»�L��7G:G�a; 5 � 5 78� 5 ; 5 W<]�: 5 ; 5 ]aR�W

statement
C l EGEG5(E �'��e�� Ç �+�(Y%R��a� E8E �»����7G:G�

]0� 5 W<� 5�E :8�Í;��0R�WÎH�e��'� 5 � 5 Wi��e�; 5 V 5 Y%R��)� 5 ;$�)����78�>�+�+7 � E :G7U��e�9 5 C = �Í1��+7U;���;$��Vt� 5 W 5
1��>7G�>W 5�E e��<;$� Ç e��'S>T 5 ; 5 e�T 5 pX:G�+78W<�.eL��M

statement
� E �+��R��'7>V	R�Wi�i� 5 e E :G78R�S+T 5 ; 5 :8�.� 5

�
� `�\�f:^�[�a7\ }=�
� `�\�f:^�[�a7\ ~��Z=ZXZ
� `�\�f:^�[�a7\Ê[ �Ì
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]JR�W¨� 5 Wi��eL; 5 � 5 W<� 5�E : 5 �J� 5 ;$� E �+7`���+7U��; 5 �<����7G:G�'7`; 5 e�T 5 pX:G�+78W<�.eL��M
statement

C

〈statement〉 → (
〈vardecl〉 “;′′ |
〈atribstat〉 “;′′ |
〈printstat〉 “;′′ |
〈readstat〉 “;′′ |
〈returnstat〉 “;′′ |
〈superstat〉 “;′′ |
〈ifstat〉 |
〈forstat〉 |
“{′′ 〈statlist〉 “}′′ |
“break′′ “;′′ |
“;′′

)

? E8E �deLT 5 pX:G�>7GW<�'e���M����+7U� 5�EyE �+��R��.e%:G� E :G�'� 5�E ;$�6�+��;��+�K� E V>Y%R��d� 5 7G78� E � 5 e�;$�>WÊ�`� 5 Wi��e�; 5%E
;��)e 5%EGE �3M'�'e���R������>W��bY%R�� E �>78T 5 ;$� Ç e��K; 5�E � E �+��R��.7N�

•
;��>��MK��7U��S>T 5 ;$��1���78�'I1��+� E M 5 �+��� E m

•
� 5 Wi��eL; 5 ;$�b��:87G�'��R��KS+T 5 m

•
� 5 Wi��eL; 5 ;$���.W<��78� E8E T 5 m

•
� 5 Wi��eL; 5 ;$��M.�>�H:8R�7U��m

•
� 5 Wi��eL; 5 ;$�J:G]>7GW<�'e 5 ; 5 W)]+: 5 ; 5 ��78��: 5 7Ge 5 ;$��1���M 5 7'm

•
� 5 Wi��eL; 5 ;$� E �>M.�NS+T 5 m

•
� 5 Wi��eL; 5 ;$��7G�>�L�+:G�KS+T 5 m

•
� 5 Wi��eL; 5 ;$���.e%:8�+787GR��PS+T 5 ;��(MK��S 5 m

•
� 5 Wi��eL; 5 1I��_+� 5 C

¤ eLT 5 pX:G�>7GW<�'e���M
vardecl

¦ 5 �»;�� Ç e��K; 5 ��e%:8�+78� 5 7GW<�+e%:8�z����78��;$�N��MK��7U��S>T 5 ;���1I��7G�KI1��>� E ;$�
��MK� E8E ��CÊ½ E ��7G�>W 5%E � E8E ��W<� E W 5 :G�>7GW<�'e���M»����7U���,;$�>�+M'��78��S+T 5 ;$��1���7G�KI1��>� E M 5 �>��� E VF� 5 � E
E �.e%:8��:G�K�+��W)�>e%:G�k� E8E � E ;$RL� E � 5 e E :G78R�S È � EBE T 5 �'��R���� E CBök�*v���W 5�Ey5%EB5 R�:G7 5�E � 5 Wi��e�; 5�E 1��M'�K; 5�E �

〈atribstat〉 → 〈lvalue〉 “ =′′ ( 〈expression〉 | 〈alocexpression〉 )

? E8E �Í])�#;�� Ç e��KS+T 5 ;$�0R�W � 5 Wi��e�; 5 ;$�0��:G78�.��R��'S>T 5 VPY%R��b:8�+WæR�Wi�Í7G�+¦ �+7�I+e��+�'�#�ÍR�Wi�
� 5�E �'S>T 5 ;$�äW<�+W<¯�78�K�àù 78�+��78� E �+e%:U��;����t�+M 5 eLT 5 pX:G�>7GW<�'e���M

lvalue
ú V E �+��R��';���� 5 7)R�W

=
��V

;$�>� 5 � E VkR�Wi���+g	��7G� EGE T 5�5 R,R�Wi��78��¦ �+7�I+eL���K����R�W´e 5 1 5�5 ��v*��: 5 VZR$:G�'M.�'_>��e�; 5-5&5 �t�+7U��; 5 7
new

C fZ5 7`��g$�>W)��M 5 �
^ ¢ � 5 R^ªÒ }�� Ó¤¢�g�ó¼`@Z3a
^ªÒ }�� ÓªZ)g�¢�[�_�Y�ñ �Xò=� T�_ �'�
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〈printstat〉 → “print′′ 〈expression〉

? E8E �beLT 5 pX:G�>7GW<�'e���My���+7U�i� E �>��;$�>�'� E Y%R���78�+��78� E �+e%:8��W¨� 5 Wi��e�; 5�E ;$�b�'W<��78� E8E T 5 C@?@M'� E
� 5 e%:�I+W¨�0�L��MK�I1%7U�b78� E �+781���;��

print
V E �>��R��K;��<;$�JR�Wi�)��g$��78� E8E T 5 Y%R���MKY%R��+7NC fZ5 7a��g$�+W<��M 5 �

T7d:b'[7S }�~X�T7d:b'[7S�^
T7d:b'[7S�^ªÒ }�� ÓªZ)g � `|Z3a«Ò3_&Ó

〈readstat〉 → “read′′ 〈lvalue〉

? E8E �»��7 5 ;$RLS+T 5 � 5 7878� E � 5 e�;$�d� 5 � 5 Wi��e�; 5 ;$�6M.�>�H:8R�7U�
read

C[?dM'�@] E �>W)�>M.9L��e%:G�F� 5
print

V
Wi� E � E �>��R�e�;��i����7G:G�b;��i��7 5 ;�R�S+T 5 ù

lvalue
úF78�+��7G� E �>e�:U�)R�Wi�i7G�+¦ �+7�I+e��+�'�i�iR�W<�#� 5%E �KS+T 5

;$�äW<�+W<¯�78�'��VZ����7U��Y%R�� 5 � 5 Wi��e�; 5 ;$�ÍM'�+�.:GR�78��¦§��S+� E �>e%:G�K; 5 C,=»T 5 � 5 ;$�+W 5�E R$:8�.M'�._N��7 5
e�T 5 pX:G�+78W<�.eL��M

expression
V�� 5 � E Y%R��>7G�>W 5%E Y�R��J� EaE �>��R��'e%:G� E �>��;$�>�'� E � 5�E8E ��W E �+7a���>78��;�� E

� 5 7`� E8E �0��7 5 ;$R�S>T 5 �

d�_X^&a£^
d�_X^�g�^OZ)g
d�_X^&a£^OZ)gKÒ�`�ó ~ Ó
Wi� E e�T 5 Y�R��+78�+W 5�E ���>78��7

d�_X^&a£^�ó¤g
d�_X^&a }�~X�

〈returnstat〉 → “return′′ [ 〈expression〉 ]

f 7 5 ;�R�_&�+��;$�+�K� E � 5 787G� E � 5 eL;$�+e%:G� E � 5%E � 5 Wi��e�; 5�E ;$��7G�+: 5 7Ge 5 ;$�&R�Wi�à�U9���Wi��;���;$�
W<]�: 5 ; 5 C3·Ë��g$��78� E8E T 5 Y%R�� E �>��R��)�Í�L��MK�I1%7U�

return
] 5 �P��� 5 eL��MXVy� 5 � E Vy�+W0� 5 78�#: 5 ; 5�E(5%E

W<]�: 5 ; 5�E :G�+e�9���W Y%R�� E �>7(;$�N��MK��7U��; 5%E � 5 W 5 78��: 5 7GeL��e�; 5 ��M'��R�W 1���M 5 7 5 R 5 �$v*��: 5 ù§1��*v�� 5
e�T 5 pX:G�+78W<�.eL��M

methoddecl
ú V@� E8E�5 e�T 5�E �ä����M.�K�+��� 5%E � 5 e E :87GR$: 5 78� E ù 1��*v��

constructdecl
ú

Y%R��Je�T 5 78��: 5 78e���W e���;���Ck· EGE �.W}V�� 5 Wi��eL; 5�E ; 5 :8�.� 5

d�_&S&�7d=[ �d�_&S&�7d=[£^�ó�gVZ�`
E T 5 R E ��; 5�E ;$�+e%:G7 5 ; 5�E W)]+: 5 ; 5%E � 5 � 5 Wi��e�; 5 d�_�S=�7d=[ E �+WÙ�+g	��7G� EGE T 5 ;$��78��: 5 7Ge 5 ]
R$:8�.M'�._N��; 5 e 5%E � 5 e E :87GR�: 5 78� E C

= 5%E � 5 e E :G78R$: 5 78� E � 5 ;$� E �>7 R$:8�.M'�'_>��; 5 :8��W3�t]+W 5 � 5 Wi��e�; 5
super

�L��7U�Í�U9���W<��;��#; 5
� 5 e E :G78R$: 5 7a;�� E R��t�+7U��MK� E8E ��C m R�� E �'e%:8��g	�J]��

〈superstat〉 → “super′′ “(′′ 〈arglist〉 “)′′

¤
ifstat

] 5 eLT 5 pX:G�>7GW<�'e���MyY%R������+7U� 5%E � 5 Wi��e�; 5 ;$� E �>M.�NS+T 5 C 465 W 5 e��)W<��� 5 7G�K�);�� E
M'�.e���R������+e E V	� 5 ;$�>W 5�E :G�>7 5 Räe�T 5 �)����7�:8�

else
; 5 � 5 Wi��e�; 5 C
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〈ifstat〉 → “if ′′ “(′′ 〈expression〉 “)′′ 〈statement〉
[ “else′′ 〈statement〉 ]

465 W 5 � 5 W<�>e�:U��W 5�E ��e%:G�>7G� 5 78W<�+e%:G��V 5 e�T 5 pX:G�>7GW<�'e���M
statement

� 5 ;$�6���+7U��7[� 5 Wi��e�; 5�E
� 5 W<� 5%E : 5�E ù 5 Rä��M 5 � 5%E ;$��� 5 W<��e�; 5%E ú�C fZ5 7`� E8E�5 V E T 5 1��M.�K; 5�E ��W3� 5�Ea5%E � 5 Wi��eL; 5�E �

b�� � ^  �� �
d�_X^&a¤g �

5 R

b�� � ^¤ó�g�¢X¢�` �
�

d�_X^&a�a �T7d:b'[7S�a �d�_&S&�7d=[ �Ë�Ì
_7h�i�_

d�_&S&�7d=[ }��
¤ôH�e��K� 5 � 5 Wi��e�; 5 78�+�t��:8�H:8�.1 5 e��iM'�.e���R������+W

X++
] 5

for
V E �+W<�+M'9���e�:8�b� 5 �+g	� E :G�+e%:8�

e��)M'�.e���R������+Wî°%�I1���C m R��i;$� E �+7G�KS+T 5 ]��

〈forstat〉 → “for′′ “(′′ [ 〈atribstat〉 ] “;′′ [ 〈expression〉 ] “;′′

[ 〈atribstat〉 ] “)′′ 〈statement〉

?dM'�@�'e��'�+�'�»� 5 W �`����M'�I1	7U�
for

V E �+��R��';��`;��@R�Wò�+ù �d� 5�E :G7�I E �>M.�>W)�>e%: 5�E �yR�W\� 5 Wi��e�; 5 ;��
�'e��'�+�'��M.�'_>��S+T 5 VNR�Wi�^��g$��78� E8E T 5 ;$�F� 5 e%:87 5 M.�d�6R�W\� 5 W<��e�; 5 ;��@�'e���78�+W<�+e%: 5 VN: 5 ; 5%EÌ5 �t�+� 5 e���� E
� E �+�L��7U��; 5%E � 5 7)�
m � C�¤ ��78�'W)�>�.7 5 � 5 H�M.:G�'W 5 � 5 7G78� E � 5 e�;$�>Wþ�

atribstats
V^�>e�Y%R���e%: 5

5�E �>��R�e�; 5 ]}R�Wi�
expression

CQ¤ � 5 Wi��eL; 5 :8�+78W<�.e���� 5 W R�W �8úX�ä�}� 5 W 5 � 5 Wi��e�; 5
ù
statement

úFY�R��J;��+1�� E �+7`�+g	�N��R$:U��; 5 C m T 5 � 5 Wi��e�; 5%E 1I�M.�K; 5%E �

�7\&d � �=� � �
5 R

�7\&d � ^�¢ �Ë�£� � d�_X^=a�gKÒ3^&Ó �
5 R

�7\&d � ^�¢ �Ë� ^£õ�g � ^�¢£^�ó } ��
d�_X^&a¦`|Ò3^=Ó �T7d:b'[7S¦`ËÒ3^=Ó �Ì
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�$"

¤�� 5 Wi��eL; 5
break

� 5 ;$� E �>7�R E ��; 5 e 5 � 5 7G� 5 ; 5
for

����78�z�.e%:8�+787 5 W)�t�+7 E R��ä��g$�>�+R$p
S+T 5 Ca?dM'�b¦ 5 �Ø;$� Ç e��K; 5 ;$�'7G�+:8��W)�>e%:G�3;$�>e%:G7 5 ; 5 e�T 5 pX:G�+78W<�.eL��M

statement
CaAØ):8��W3�t]+W«¦ 5 �

;$� Ç e��K; 5<5 � 5 Wi��e�; 5 e%R�M 5 V$7G�>��7G� E �>e%:8��; 5 � 5 7`R�W¨� 5 e%: 5 pr��pr1 â 78��R�M'� E�5 _+�'e�9 5 � 5 W 5 �+W

b�� � ^   g �
�_7h�i�_
d�_X^&a¤g �
j[�.e���M.W<�>e�:8��V 5 � 5 Wi��e�; 5 � 5 W<� 5%E : 5 V`;$� Ç e��'; 5 ;$�>e�:87 5 ; 5 e�T 5 p{:8�+78W<�.e���M

statement
V

�'e��'�+�'��p E �0� 5 W R�Wî� ´ �bY%R��)1��>W E �>��R��K; 5 ;��0R�Wi�ÍM.� E :U�z;��0� 5 Wi��e�; 5%E Vt78�+��78� E �+e%:8��; 5 �t�+M 5
e�T 5 pX:G�+78W<�.eL��M

statlist
V	�J:G�>7GW<�'e��<� 5 WîR�W �&µ+�UC@¤

statlist
]��

〈statlist〉 → 〈statement〉 [ 〈statlist〉 ]

= 5 :G�^Y%R��
λ
e�T 5 ]a���>78��; 5 � 5 7Z:8��M$��7 5 ;$R�S>T 5 C l EGEG5�E �'��e�� Ç �>� Y%R��aR�WË��M 5 � 5 ;$�`� 5 Wi��e�; 5

1���_>� 5 � 5 W 5

b�[7SÊf � f:_&S=Q�\&a � b�[7S�^ �
�
Ì
e�T 5 ]J1��M'�K; 5 C fZ5 78]+W 5 ��7 5 ��7U��Wi��; 5 7@� 5 ;$��R$:G�'M'�._N��7

b�[7SÊf � f:_&S=Q�\&a � b�[7S�^ �
�

�Ì
5 R

b�[7SÊf � f:_&S=Q�\&a � b�[7S�^ �
�
465 e%:G�'e	R���eL; 5 � 5 W 5�E e�T 5 pX:G�+78W<�.eL��� E Y%R������.e�;��3¦§��MH:U��W«;$� Ç e��.7NV	:G�>W 5%E �

〈lvalue〉 → “ident′′ ( “[′′ 〈expression〉 “]′′ |
“.′′ “ident′′ [ “(′′ 〈arglist〉 “)′′ ] )∗

? E8E �Fe�T 5 p{:8�+78W<�.e���M�78�+��7G� E �>e�:U�`R�Wi� 7G�+¦ �+7�I+e��+�'� �^R�Wi� � 5%E �KS+T 5 ;$�FW<�+W<¯�78�'�»�@¦ 5 �	R E ��; 5
�+W

atribstat
�

readstat
C D ��M6�>��;$�>�'�}�'e��K���K��p E � E �+W<��78�Í� 5 W R�Wÿ�K;$�>e�:8� Ç �+��; 5 73Y%R��#] 5

e 5 W)�^;��^R�Wi�J1���78�'I1��+M 5 RiR�WËW<]�: 5 ; 5 CZ? EGE �`�K;$�+e%:G� Ç �>��; 5 7d� 5 ;$�`1	�'7 E �+��R��'; 5 1��7G�K� E 1��+_+� E
� 5 7dR�W â e�;$�K���^e 5 �+� EG5 ;$� E �^� E :U��7k78��¦ �+78�'e�; 5 ��R�Wi��1���7G�KI1��>M$�.e�;���g���;���m�R�Wi��78��¦ �>7�I>e����K�J�
R�W��>��W<� 5 V�e 5 �+� E�5 ;$� E � Y%R��>7G�>7678��¦ �>7G�>e����K��7@R�W��+��W)� 5 ;�� 5 �$v*��: 5 m 5 R#R�W e 5 W<� ;��»R�W
W<]�: 5 ; 5}E �+��R��K; 5 � 5 7�R�Wi�}M.� E :U�};$�#��78��R�W<�>e�: 5�E Vye 5 �+� E�5 �+WÿY%R�� E �i� E :UÍ¦§��_+�>e�; 5 R�Wi�
�U9���W<��;��);$��R�WîW<]+: 5 ; 5 C fZ5 7`�+g$�+W<��M 5 �
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•
d�_X^=a�^ � � 5 e%:G]+W E�5 W)�>e%:G���)7G�+¦ �+7�I+e��+�'�<�)R�Wi�)1I��7G�KI1��>M E �'W<��M.� E m

•
d�_X^=a�^ªÒ � Ó«Ò } Ó)]�R�Wi�078��¦ �>7�I>e����K�)�0R�W<�<1���7G�KI1��>ML�'e�;$�+g$��;���m

•
d�_X^=a�^eZ)gÍ]JR�Wi�<7G�+¦ �+7�I+e��+�'�)� 5 �+��W<� 5

b
;��01���7G�KI1��>M

a
m

•
d�_X^=a�^eZ)gVÒ � Ó«Ò } Ó0]�R�Wi�<� 5 W3���'e���S>T 5 ; 5�E ; 5 � E :G�'� 5%E ��e%:G�>7G� 5 78� E m

•
d�_X^=a�^eZ)g � }�~ � Z�``]`R�Wi�J� 5 W3���'e���S+T 5 ; 5%E :G7�I E :8�.� 5�E Ck=^� E8E �a�>� EG5 V

a
]`R�Wi�J1I��7G�KI1��>M

Y%R��&7G�+¦ �+78�+e��+�'��R�W 5 ��v*��: 5 C 465 W � E8E � 5 �$v*��: 5 � E :8��W 5%E �.e	1 5 �>��e�; 5,5 W)]+: 5 ; 5
b
V

�L� E8E ��e�; 5 "I�i� 5 W 5 ��78��R�W<�+e%: 5 C`? E8E �0W<]�: 5 ; 5 ;$�+1��b78��: 5 7GeL��7^R�W 5 R$:G7 5#5 ��v*��: 5 ; 5
Y%R���MB� E :8��W 5�E 7G�+¦ �+78�+e��+�'��e�; 5)5 �+��W<� 5

c
C

= 5 :G�»Y%R��^R�:G�'M.�'_>��e�; 5 � E :8�^e�T 5 p{:8�+78W<�.e���M$e	R�W � 5 Wi��eL; 5 ;$�»��:G78�.��R��'S>T 5 � 5 ;$�>7 â ��W 5%E :G�>7
^eZ)g � }�~ � ¢ }�� V 5 Y%R��»](�.M'�+�%��ML� 5 � E � E :8��7 â ��W 5�E :G�>e�:U��e�; 5 ��:87G�'��R��'7F1I��M 5 76�3R�Wi�3�U9���W<��;��
;$�JW<]�: 5 ; 5 C m �'e%:8��:8�'�>��W<�+e%:8�(� E8E�5 V%� 5 78]+W}V E �+7U3�t�+78W<�H:8�'; 5 eL�0e 5�E8E �0M.�'e���R������+W}C D ��My�>7G7 5
E �+7U0��� 5 e�:U��; 5 �+Wî¦§� E � E � 5�E :G�>7G� 5 78� E ;��<��eL�M'� E ��C
=^R�W � 5 Wi��e�; 5 ;��d��:G78�'��R��KS+T 5 � 5 ;$�+W 5�E :G�+7ÌR�Wi�

alocexpression
Y%R��@]kR�Wi�a7G�+¦ �+7�I+e��+�'�

�)R�Wîe 5 1 5)5 �$v*�+: 5<5 R}��7878�I��C m R��<;$� Ç e��'S>T 5 ]��

〈alocexpression〉 → “new′′ ( “ident′′ “(′′ 〈arglist〉 “)′′ |
( “int′′ | “string′′ | “ident′′ )
( “[′′ 〈expression〉 “]′′ )+ )

? E8E ��e�T 5 pX:G�>7GW<�'e���MP��7 5 ;$R�_J��g$��78� E8E�È � E ; 5 :8�.� 5

[�_�Y�ñ �=òX� T�_ � }�� Ñ�^ � g �
[�_�Y¼i�S=d:b�[7�VÒ }�� Ó«Ò�b�Ó«Ò)ö7Ó
[�_�Y�ñ �=òX� T�_ � }�� Ñ¯b��Êö �

¤Êe�T 5 p{:8�+78W)�'e���M
expression

]^R$:G�'M'�._N��; 5 ;��.1��+7 E � E 1��+_>� E �L��7U�J7G�>��7G� E �>e%:8��7d� E � 5�E8E�â 1��>� E
��g$��78� E8EGÈ � E Y%R�� � 5 ;$�>W E �>7F� 5 e E :G78R â ;�� E e��bM'�.e���R������+W

X++
CZöd��W 5%E 1��+7F� 5 W 5)E T 5 � E8E � E

��g$��78� E8EGÈ � E C

〈expression〉 → 〈numexpr〉
[ ( “ <′′ | “ >′′ | “ <=′′ | “ >=′′ | “ ==′′ | “! =′′ )
〈numexpr〉 ]

· E �+g	��7G� EGEGÈ � E e��0e 5�E8E �0��7U��Wi�:G�K�+� E T 5 ;$� Ç e��K;�� E �+W¨;$�.1��+7 E�5%E ��e â 1��>� E �(;$�.¦ �+78�+e%:G� E C@¤
e â 1��>MØWi��� E ��M.: 5 ]0� E :G��VPY%R��);$� Ç e��)� 5 W 5 ])R�Wi�#�+g	��7G� EGE T 5 Y%R��0� 5%EGE R�� 5 �t�+7U��; 5 7G� E 7G�>M'��p
��� 5 eL��� E C[?dMK�0]�� 5 W<� 5%E :U�0;��(R�W<� E R��L�+g$��7G� EGE T 5 Y%R���� 5 7878� E � 5 e�;$�»� 5 ��78�'W)�>�.7 5

numexprE �+��R��';��0� 5 7`R�W 5 �L�>78��; 5 7F78�+MK����� 5 eL��MP�JR�Wi� E �+��R�e�;�� E R��L�+g$��7G� EGE T 5 Y%R���� 5 7878� E � 5 e�;$�J� 5
E �+��R�e�; 5

numexpr
C 4 ��;�� E R��t��g$��78� E8E T 5 V�� 5 W 5 1��>7G�>W 5%E ��;$�K��e%:8��V�� 5 ;$�3� 5 e%:G�>7`:8��W3�t]+W

5 R�:G7U� EaE R��L�+g	��7G� EGEGÈ � E � 5 R$:87 5%EF5 �t�+7U��; 5 7G� E V%� 5 7^��g$�>W)��M 5
+
5 R

∗
C

· E8E �'W}V�����78�)�i�+��;$�+�K�l^�ó¤gôõ¡` � atV	:G�>7 â ��W 5�E � E �+��R��.e%:8�J;��+78�.1���S>T 5 �

expression ⇒ numexpr < numexpr
∗

⇒ a + b < numexpr
∗

⇒ a + b < c ∗ d
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��/

= 5 :G��V[� 5 78]+W}VØY%R��#� E �+��R�e�;��ä����7G:G�#;��z��7 5 ;$R�S>T 5 ] 5 �P��� 5 eL��MXC#½^Wi� 5 R$:878�ä� 5�E8E�â 1��>M
;$�>7G�'1���S+T 5 �)����7�:8�.7^;�� E :G�Je�T 5 p{:8�+78W<�.e���M E �>7G�K�

expression ⇒ numexpr
∗

⇒ a + b

5 Y%R�� E �.��e�� Ç �+�aY%R��ª^�ó�g»:U��W3�t]+Wê]kR�Wi�a��g$��78� E8E T 5 1I�M.�K;���V>���+7U��;��a�F����7G:G�'7Ì;$�
expression

V
�+W0� 5 78�aeLT 5 R$:8�.M'�'_+� 5 �L�>78��; 5 78� E 78�+MK���+� 5 e���� E CØ¤Ñe â 1��+M E �>��R��'e%:G�d] 5 e�T 5 p{:8�+78W<�.e���M

numexpr
C

〈numexpr〉 → 〈term〉 ( ( “ +′′ | “ −′′ ) 〈term〉 )∗

? E8E �i��7 5 ;$R�S>T 5 ] E �>W)�>M.9L��e%:G� J ��e%:G�+78� 5 7NCF·Ë;$�H¦ �>7G�>e�S+�#]3Y%R��3� E �+��R�e�;��i�L��7G:G��e�T 5 ]
���t�+eL� E�5 �t�+� 5 e���MXVÌWi� E � 5 ;$� E �+737G�>�L�+:G�K;��}R�Wÿe=H�W)�>7 5äÇ e��H: 5 ;$�#1��+_+� E CÍ? EGE ��;$�.¦ �+78�+e�S>�
��� E �>�'��p E �»e 5 ¦§��: 5 ;��JY%R��JY%R��+78�+W 5%E ���+7U��7F��g$��78� E8E�È � E ; 5 :G�'� 5 ^�ó�g¡ó¼` � aLV$Wi� E eLT 5
�+��;$�+�K� E ; 5 :G�'� 5 ^£õ�g¼õ¡`$V[� 5 � E VØ�>W ���+7U��MXVB:U��Md�+g	��7G� EGE T 5 e�T 5 ¦§��_iW3R��H: 5&E �>e%:G�K; 5 Cä·
;$�>7G�'1���S+T 5 �L��7U�l^�ó¤g¡óô` � a E �+78�'���

expression ⇒ numexpr ⇒ term + term + term
∗

⇒ a + term + term
∗

⇒ a + b +
term

∗

⇒ a + b + c ∗ d
¤òeLT 5 pX:G�>7GW<�'e���M

term
E �+��R�� 5 W)� E W 5 7U���+� 5 � â e�� 5 �L��7U� �+g$��7G� EGEGÈ � E � 5 W 5%EZ5 �t�+7U��; 5 7G� E÷ VL�3��ø ù 78� E : 5 ;��<;$�'1%� E T 5 ú�C

〈term〉 → 〈unaryexpr〉 ( ( “ ∗′′ | “/′′ | “%′′ ) 〈unaryexpr〉 )∗

½^Wi�)��g$��78� E8E T 5 Y%R���� 5 e%:G�+e�9��3R�W 5 �t�+7U��; 5 7FR�e��78� 5 � 5 W 5 ^�ó¼� } R$:8�.M'�'_>�<� E �+��R��'e�:8�
��7 5 ;$R�S+T 5 �

〈unaryexpr〉 → [ ( “ +′′ | “ −′′ ) ] 〈factor〉

·`Y%R��{V	e 5 1���W)�>e%:G��V%1��>W 5�E Y%R��
unaryexpr

� 5 ;$�(���>78��7@�+��;$�+�K� E Y%R�� E �»�'e��K���'�+W�� 5 W 5�E
5 �t�+7U��; 5 78� E

+
5 R

−
E �>��R��K; 5�E � 5 76R�W<�)�+��;$�+�K�����+7U��;����t�+M 5 eLT 5 pX:G�>7GW<�'e���M

factor
V	�(� 5 ;$�

���>78��7(:8��W0�L]>Wÿ��Y%R��+MK� E �>��;$�>�'� E ���>78��;�� E � 5 7
factor

E �+W 5�E�5 �L�>78��; 5 78� E � 5 W 5 ��78� Ç g 5 C
fZ5 7`�+g	�>W<��M 5 V$����7U�"^�ó¼� } :8�+7 â ��W 5�E

expression ⇒ numexpr ⇒ term + term
∗

⇒ a + term ⇒ a + unaryexpr ⇒
a + −factor

∗

⇒ a + −1

¤òeLT 5 pX:G�>7GW<�'e���M
factor

78�+��7G� E �>e�:U�J� EkE R��L�+g$��7G� EGEGÈ � E Wi��� EkE �.W<��M'� E Y%R��`� 5 ;$�+W 5%E :G�>7>V
:8��� E � 5 W 5 � 5 e E :U��e%:G� EF5 R}7G�+¦ �+7�I+e��+�'� E �01���7G�KI1��>� E C

〈factor〉 → ( “int
p
constant′′ | “string

p
constant′′ | “null′′ | 〈lvalue〉 |

“(′′ 〈expression〉 “)′′ )

· E8E �'W}V�� E8E �@e�T 5 pX:G�+78W<�.eL��M���7 5 ;$R�_F� 5 e E :U��e%:G� E �'e%:G�>�.7U� E V�� 5 e E :U��e%:G� EØE :G78�.e���V�� � 5 e E :8��e%:G�
null

VP78��¦ �>7�I>e����K� E �ä1���78�'I1��+� E �#�U9���W<��;�� E ;$�<W<]�: 5 ; 5�E ù eLT 5 pX:G�>7GW<�'e���M
lvalue

ú^��VÌ���.eL;���V
��g$��78� E8EGÈ � E �+e%:G78�`����7�I+e%:8� E � E CB? E8E �KH�M.:G�'W 5 �+� E�5 ]`e��N��� E8E �78� 5 ����7U�JY%R��^�(e 5�E8E �(��78��W<�:G�K�+�
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� 5�E8E �0���>78��7a�>��;$�>�'� E � 5 W 5 ^�ó � g¡ó¦` � Ck·\;$�+78�'1I��S+T 5)E �+78�'���

expression ⇒ numexpr ⇒ term + term
∗

⇒ a + term ⇒ a + unaryexpr ⇒ a +
factor

∗

⇒ a+(expression) ⇒ a+(numexpr) ⇒ a+(term+term)
∗

⇒ a+(b+term)
∗

⇒
a + (b + c)

?^V Ç e���M.W<�+e%:8��V 5 e�T 5 pX:G�>7GW<�'e���M[Y�R��0;$�>7G�'1��Í�+��;$�+�K� E Y%R��378�+��78� E �+e%:U��WîM'� E :U� E ;$�0��7G��R$p
W<�+e%: 5%E V$R E ��;�� E �+W«�U9���Wi��;�� E ;$��W<]�: 5 ; 5�E V$]��

〈arglist〉 → [ 〈expression〉 ( “,′′ 〈expression〉 )∗ ]

2.5 Grafos sintáticos
ök�+78�+W 5�E ���'e�;���V	R�Wi� 5 R�:G7U��Wi��e��>�.7U�b;$�(7G�>��78� E �+e%:8��7dR�Wi�bM'�.e���R������+W}V	�U9���Wi��;��b;$� ��7U��¦ 5
E �.e%:8�:G�K� 5 C ? E8E ��7G�>��7G� E �>e%:8��S>T 5 ¦§���+�.M'�H:U�à��1	� E R���M.�'_>��S+T 5 ; 5 :G�'� 5 ;��&�+��;$�+�K� E<5 RQ¦ 5 78W<� E
E �+e%:G�>e����K��� E Y�R��J�>��;��)e�T 5 pX:G�>7GW<�'e���MP� 5 ;��(���+7U��7NC f ��78�0� E8EG5 V$;$� Ç e���p E �J����78�)�+��;�� E�â W3� 5 M 5
e�T 5 :G�>7GW<�'e���MkR�Wæ��7U��¦ 5 ;��.78�>�+� 5 e���; 5 � 5 W ; 5 � E :G�'� 5%E ;��)1�]+7G:G�K��� E � 5%E Y�R�� E T 5 7 5 :GR�MK��; 5%E
� 5 W EGâ W0� 5 M 5%E :G�+78W<�.eL��� E �J��Y%R��+M'� E Y%R�� E T 5 7 5 :GR�MK��; 5�E � 5 W E�â W3� 5 M 5�E e�T 5 :G�+78W<�.eL��� E C

4 ��;��äR�W ;$� E8E � E ��7U��¦ 5%E � 5 787G� E � 5 e�;��)� 5 MK��; 5 ;$�'78�+�.: 5 ;$�iR�Wi�ä��7 5 ;$RLS+T 5 e	R�Wi�ä��7U��p
Wi�:8�'�>�be�� n = j6C$½»W<�0��78� E :8�b;��»R�W e�¯zù 1�]>7�:8�'�+�Nú@� 5 W�78¯�:8R�M 5

A
����78�bR�W�e�¯0� 5 W�7G¯�:GR�M 5

B
�'e�;$�K�+�<Y%R���� E R��P�+��;$�+�K�

AB
]J����7G:G��;��)��7 5 ;$R�S+T 5 ;$� E8E � :G�>7GW<�'e���MXV 5 R E �*v���V	:8��MB��7G� E :U�

�'e�;$�K�+�#�#� 5 e��>��:8�+e���S+T 5 ;��Í�+��;��+�K�
A
� 5 W«�Í�+��;��+�K�

B
e��i��7 5 ;$R�S>T 5 ;$� EGE �be�T 5 pX:G�+78W<�.eL��MXC

D 5 ; 5 ��78��¦ 5 � 5%EGE R��PR�WùH�e��'� 5 e�¯)�'e��'�+�'��M{V EG5 ��78� 5 Y%R���MPe�T 5 �'e����K;$�(e��+e�9%R�W<�)��78� E :8��V��(R�W
H�e��K� 5 e�¯ Ç e���MB;$� 5 e�;$�Je��>e�9	R�Wi�)��7G� E :U�3�L��7G:G��V���W3� 5�E 7 5 :8R�M'��; 5�E � 5 Wî�<�+��;$�+�K�

λ
C

· E8E �'W}V E � :8�.1��+78W 5�E R�Wi�)��7 5 ;�R�S+T 5 �

A → abc

:G�>7G�>W 5�Ea5 ��7U��¦ 5 � 5 7G78� E � 5 e�;$�>e�:8� � 5 eLT 5 pX:G�>7GW<�'e���M
A
�

ú
-

�̂
�

�
-

g�
�

�
-

�̀
�

�
-

= 5 :G�JY�R�� 5�E e�¯ E �'e��K���K��MP� Ç eL��MPe�T 50E T 5 78�+��78� E �+e%:8��; 5�E e 5 ;$�K����78��Wi�b; 5 ��78��¦ 5 C D 5 ;�� E
� E ��7G� E :U� E Y%R���e�T 5 � 5�E8E R��+W¨R�Wîe�¯#;�� 5 78�.���+W ù{;$� E :G�'e 5 úFe 5 ;$�'����7U��Wi��:�I+W 5 e�¯i�.e��'�+�'��M
ù Ç e���M ú^� 5 W 5#5 78�'���+Wÿù§;$� E :8�.e 5 ú C�¤ E e�¯ E � 5 787G� E � 5 e�;��+e%:G� E � E�â W3� 5 M 5�E e�T 5 :G�+78W<�.eL��� E»E T 5
78�+��78� E �+e%:8��; 5�E e 5 ;$�K����78��W<�0� 5 7`78��:8®�e���R�M 5%E C fZ5 7`��g$�>W)��M 5 V$����7U�0� E ��7 5 ;�R�S È � E

A → aBc
B → de

:G�>W 5�E �
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��o

ú
-

�̂
�

�
-
n

-

�̀
�

�
-

û
-

a�
�

�
-

_�
�

�
-

f ��7U� E ���t�+78W 5�E Y%R���� EkE T 5 � E ¦ 5 78Wi� EkE �+e%:G�>e����K��� E Y%R��`� 5 ;$�>W E �+7k���+7U��;�� E � 5 7kR�WËe�T 5 p
:G�>7GW<�'e���MXVB;$�>1��+W 5%E �t�+7U� 5 7G78�+7»: 5 ; 5%E 5%E �+��W<�'e�9 5%E Y%R��)1�T 5 ; 5 e�¯z�'e��K���K��Md� 5 e�¯ Ç e���Mk; 5
��7U��¦ 5 � 5 7G78� E � 5 e�;$�>e%:G�6� 5 e�T 5 p{:8�+78W)�'e���M{C m �F:G�'1��+78W 5�E[5 �t�+7U��; 5 78� E ;$� E �>M.�NS+T 5 e��(��7 5 ;$R�S>T 5
; 5 e�T 5 p{:8�+78W<�.e���Mt:G�+78�+W 5%E �>��W<�'e�9 5�E ��MH:8�+78e���:8�.1 5�E e 5 ��78��¦ 5 V	�+��;��3R�W���� E8E ��e�; 5 � 5 7aR�Wi�
;�� E �+��;��+�K� E Y%R���� E :8T 5 ;$�>e%:G7 5 ; 5)5 �L�>78��; 5 7`;$� E �+M'�>S>T 5 C fZ5 7`�+g$�+W<��M 5 V

A → B(a | b | c)B
B → (de | λ)

:G�>W 5�E �

ú
-

n
-

�̂
�

�
�

�- g�
�

�


�-�̀
�

�


�





-

n
-

û
�

�- a�
�

�
-

_�
�

�


�



-

= 5 :G�3Y%R���R�W«e�¯#7 5 :8R�MK��; 5 � 5 W
λ
� 5 ;$� E �+7 E �>W)��7G�J�+1	�.:8��; 5 e 5 ��7U��¦ 5 V�� 5 W 50Ç _+�+W 5%E

e 5 eLT 5 pX:G�>7GW<�'e���M
B
C^û � E8E �<¦ 5 7GWi��V E ���t�+W 5�E :8��W0�L]>W«� 5 W 5 78�+��78� E �+e%:U��7`R�Wi�i��7 5 ;$R�S>T 5

Y%R��JR$:G�'M'�._>�b�+��;��+�K� Ea5 �P��� 5 eL��� E V	� 5 7`W<�+� 5 ; 5<5 �t�+7U��; 5 7
[ ]
C fZ5 7`�+g$�+W<��M 5 V$����78�

A → B[abc]B
B → (de | λ)

:G�>W 5�E �

ú
-

n �

�-�̂
�

�
-

g�
�

�
-

�̀
�

�


�



-

n
-
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û
�

�- a�
�

�
-

_�
�

�


�



-

? 5%E@5 �L�>78��; 5 78� E ;$�(78�+�t��:G�KS+T 5 � 5 ;��+W E �+7@78�+��7G� E �>e�:U��; 5%E � 5 7@W<�>� 5 ;$� MK��S 5�E e 5 ��7U��¦ 5 C
fZ5 7`�+g	�>W<��M 5 V

A → B(a | b | c)∗B
B → (de)+

� 5 ;�� E �>7`7G�>��7G� E �>e%:8��; 5 � 5 W 5

ú
-

n �

� -

�̂
�

�
�

�- g�
�

�


�-�̀
�

�


�
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�

�



�



-

n
-

û
-

a�
�

�

-

_�
�

�
�

�

�



-

ök�+78�+W 5 �+e%:8T 5 � 5 W 5ÍÇ �+�ä�Í��78��W<�:G�K�+�#;��zM'�'e���R������>W
X++

Y%R��i;$� Ç e��.W 5%E eL� E �>S>T 5
��e%:8�+78� 5 7F78�+��7G� E �>e�:U��;��3� 5 7`W<�+� 5 ;���R�Wî��78��¦ 5)E �.e%:U�:G�K� 5 C

9�����ü�����!

�

�- �+M'� EGE M'� E :
�



-

�
�L������¼ü���
-

��MK� E8E ;��>��M �

�- ��MK� E8E M.� E :
�



-
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��q

�
�L�����
	����
�
-

`&h&^�iXi�
�

�
-

b�a7_�[7S�
�

�
�

�- _ � S�_�[7aci�
�

�
-

b�a7_�[7S�
�

�


�



-

��MK� E8E � 5 ;$�
-

�
�L�����
���'	��

-

��
�

�
�

�- �+M'� EGE M.� E :
�



�

� -

1���7U;$�N��M
-
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�

�
�

�

�
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�
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2.6 Semântica da linguagem X
++

=»T 5 :8�+e%:8��7G�>W 5%E ��Y�R��L�>M'��� 5 78��7@R�Wi�3;�� Ç e��KS+T 5 ¦ 5 7GWi��MP;�� E �>W<®�e%:G�K�+�3;��bM'�.e���R������+W
X++

� 5 � E :8��M�� E8E R�e�: 5 e�T 5bE �`7G� E :87G�'e���� 5%Ek5 �$v*�+:G�'1 5%E ;$� E :G�`M'�.1	7 5 C fZ5 78]+W}V 5 M'�+�.: 5 7Z¦§��W<�.M'�'��7G�'_>��; 5
� 5 W���M'��R�Wi� E M'�'e���R������>e E ;��(��7 5 ��7U��Wi��S>T 5 �+�+7G:8��W<�>e�:8� E �+7U3�>������_�V	� 5 7`W<�+� 5 ;�� E �'e�:U��g$�
;$� Ç e��K;���V[;$�#�K;$�+e%:G� Ç �>��7�� E :G78R$:8R�78� E � 5 e�9��>�+�';�� E Y%R��<:�I>Wÿ�}W<� E Wi� E �>Wi®�e%:G�K�+�äe��}e 5%EGE �
M'�.e���R������+W}C
·^M'��R�e E � 5 e%: 5�E@EG5 ��7G�(� E �+Wi®�e%:G�K�+�3;��bM'�.e���R������+WË¦ 5 7U��W ��� 5 78;���; 5�E e��b�+g	��M.�K�+��S+T 5 ;��

E R�����7U��Wi�:G�K�+�}e�� E �>S>T 5 ��C �LC�¤ R$:G7 5�E � 5 e�: 5�E Y�R��Íe�T 5 ¦ 5 7U��W´��� 5 7U;���; 5�E �zY%R��ze��>�+� E p
E �H:U��W ;$�i� E �+M'��7G�N���'W<�+e%: 5äE �>78T 5 :878��:8��; 5�E �+Wÿ�+��� â :8R�M 5%E � 5%E :8�+78� 5 7G� E Vy� 5 � E/J W<�>;$�K;��}Y%R��
��7 5 ��7G�N;$�.78W 5�E e��J�'W<��M.�>W<�+e%:8��S+T 5 ; 5 e 5�E8E�5 � 5 W<���.MK��; 5 7NV���M'��R�Wi� E ;$�>�+� EGÈ � E ;$�»�.W<��M'�+W<�+e�p
:8��S+T 5 ;$�>1��>78T 50E �+7a¦ �+�.:8� E ����7U�07G�
P���:8�.7a��g���:8��W<�>e�:8��� E �+Wi®�e�:8�'�>�0Y%R�� E ��;$� E �*v��<��:87G�'��R��'7 J
M'�.e���R������+W}C`· E8E �'W}VL�i��7G¯���7G�K�<�'W)��M.�>W)�>e%:8��S>T 5 ; 5 � 5 W<���'MK��; 5 7`�.7Ui� E �t�+M'9���7»� E �>W<®�e%:G�K�+�
;��)M'�.e���R������+W}C

2.7 Um programa em X
++

¤î��7 5 ��7U��Wi�ä� E �+��R��.7b]zR�Wÿ��g$�+W<��M 5 ;$�Í� 5 W 5&E �#R$:8�.M'�._N����M'�.e���R������+W
X++

C�?dM'�Í�'W)p
��M'�+W<�+e%:U��R�Wi�&�7G1 5 78�<;��#��R E �+�����.e��7G�K���+R�v����U9��I1��i]#R�Wi�&;���:8��C�öd��W 5�E ��7G�>1��>W)�>e%:G�
��g$��M'�K�+��7`� 5 W 5 � E8E �J��7 5 ��78��W<�b¦ 5 �B�'W<��M'�+W<�+e%:8��; 5 C

·\��MK� E8E �
bintree

]��)��MK� E8E �JY%R��J�.W<��M'�+W<�+e%:U�)�<�7G1 5 78�^���'e��78�'��CZ?dM'�)� 5�E8E R��yR�W H�e��K� 5
� 5 e E :G78R$: 5 70Y%R��ä7G�N���+�t�z� 5 W 5 �L��7U®�W<��:87 5 R�W 5 �$v*�+: 5 ; 5 :G�'� 5

data
C fZ5�E8E R��a���'e�;���:G7�I E

W<]�: 5 ; 5�E C�¤î��78�'W)�>�.7 5 ] 5
int start()

C�? E8E �ÍW)]+: 5 ; 5&E �+7U}� 5 70� 5 e	1��>e�S+T 5}5 � 5 e%: 5 ;$�
�+e%:878��;��<;$�3Y%R���MKY%R��+7»��7 5 ��7U��Wi�)�+W

X++
V 5 R E ��v���V 5 W)]+: 5 ; 5 ��7G�'e����'����M{CF?dM'� EG5 M'�'�+�H:U�i� 5

R E R��78� 5 ; 5 ��7 5 ��7U��Wi��Y%R���;$�'���.:G� 5 e�_>�^:87G�'��MK� E ;$�(e=H�W)�>7 5%E �'e%:G�>�.7 5�E Y%R��(7G�>��7G� E �>e%:8��W R�W
;$�K��VdR�W W"I E �zR�W ��e 5 C 465 W � E8E � E �.e%:G�>�.7 5�E ��78�K��W)p E � 5 �$v*��: 5�E ; 5 :G�'� 5

data
Y%R�� E T 5

�'e E �>7G�K; 5%E e��)�781 5 7G�`���.e��7G�K�b� 5 7aW<�+� 5 ; 5 W<]+: 5 ; 5
insert

;$� E :8�0��MK� E8E �
bintree

Ck= 50Ç e���MXV
5 W<]�: 5 ; 5

treeprint
]b�U9���Wi��; 5 �L��7U�3�'W)��7G�'W<�.7^�i�7G1 5 78� ��78�K��;���C

· ��MK� E8E �
data

:8�+W :87�I E 1���7G�KI1��>� E Y�R�� 78�+��78� E �+e%:U��W R�W�;$�K��V	R�W�W"I E �(R�Wî��e 5 CZû 5 � E
� 5 e E :G78R$: 5 7G� E�E T 5ä5%E 78� E � 5 e E I1��+� E �L�>M'���+7G�K��S>T 5 ; 5%E�5 �$v*�+: 5%E ;$� E8E ����MK� E8E ��Cz= 5 :G�+p E �#Y%R��
e��>e�9	R�Wi�,1��>7G� Ç �+��S+T 5 ]�¦ �+�.:8�¬Y%R���e%: 5�J 1���M.�K;���;��&;��à;���:8�àY%R��&� E :8 E �+e�; 5 ��78�'��;���C�¤
W<]�: 5 ; 5

compara
;$� E8E ����MK� E8E �»� 5 W<����78�J; 5 � E@5 �$v*�+: 5�E ; 5 :8�.� 5

data
�^]^R E ��; 5 e 5 W<]+: 5 ; 5

insert
;��ä��MK� E8E �

bintree
����7U�Í�>e�� 5 e%:G7U��7 5 ��MK��; 5 �0;��}�781 5 78�b�>W Y%R��<R�W ;$�+:G�>7GW<�'e���; 5

�+M'�+W<�>e�: 5 ;$�+1�� E �+7`�'e E �+78�'; 5 C
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W �X�=�X�X�X�X�=�X�X�X�X�=�X�X�=�=�=�X�&�X�X�=�=�=�X�&�X�X�=�=�=�X�&�X�X�=�=�=�X�&�X�X�=�=�=�X�
 iXi�_�TXd�\&�Xd�^�f:^£b�f�T�h=_�f:_�[XS�^���f�^��&d=]�\&d�_�a7_�gX��iX`�^�g�b�[���d:b�^
�X�X�=�X�X�X�X�=�X�X�X�X�=�X�X�=�=�=�X�&�X�X�=�=�=�X�&�X�X�=�=�=�X�&�X�X�=�=�=�X�&�X�X�=�=�=�X�X� W
`&h=^�iXi�g�b�[7S=d�_X_���W � aX_=��b�[�_¤\�[���a7^��&dX]�\�d�_Êg�b�[���d:b�^ � W

`&h=^�iXi�a7^&S�^���WXW¤a7_=��b�[�_Ê��fù`�h=^�iXi�_¤^�[�b�[XQ�^&a7^�a7\¤S:b�T�\¤a7^�S�^ � a�b�^ËÑ"f�_�i³Ñ�^�[�\ �
b�[7S�a�b�^ËÑ#f:_�i³Ñ�^�[�\ �
`�\�[�i�SXd=�:`�S�\&d �'� WXW£`�\�[:i�SXd=�XS�\&d } Ñði�_�f¦T�^�d���f:_&S=d�\�i
�

^�[�\�¢ }��X�X�Ë� WXW¡b�[:b=`7b�^7h�b��7^�_�f } W } W }��X�=�f:_�i�¢ }��a�b�^�¢ }��Ì
`�\�[�i�SXd=�:`�S�\&d � b'[7S�aOÑ�b'[7SÊfKÑ�b'[7S£^ � W=W�`�\�[:i�SXd=�XS�\&d ~ �Êa�b�^ËÑ#f���i�_£^�[�\¡`�\�f:\
� WXWÊT�^&d���f:_&SXd�\�i

a�b�^�¢�a �f:_�i�¢Êf �^�[�\�¢£^ �Ì
b�[7S¦`�\�f�T�^&d�^ � a7^&S�^ � � WXW¡`�\�f�T�^�d�^�a&��^�iÊa7^�S�^�i
� WXW�d�_&S�\&d&[�^�õ � ��f:_�[�\&d  �� f�^cb�\&d � b��=��^7h

b�� � ^�[�\¡õ � Z6^�[�\ � S=Q�_�[£d7_&S=�7d=[¼� }��b�� � ^�[�\  �� Z6^�[�\ � S=Q�_�[£d7_&S=�7d=[ }:�b�� � f�_�i�õ � ZGf�_�i � S=Q�_�[£d7_&S=�7d=[¼� }��b�� � f�_�i  �� ZGf�_�i � S=Q�_�[£d7_&S=�7d=[ }:�b�� � acb�^¡õ � Z3acb�^ � S=Q�_�[£d7_&S=�7d=[¼� }��b�� � acb�^  �� Z3acb�^ � S=Q�_�[£d7_&S=�7d=[ }:�d�_&S&�7d=[ �Ë�Ì

Ì�WXW��cb�[�^7h�`&h&^�iXi�_�a7^�S�^

WXW�]�^&d:b��&]�_cb=i a7^�`&h=^�iXi�_Êg�b�[7SXd7_X_
a7^&S7^¤ö7_ �e� WXW�`�Q�^&]�_�a7_�`�\�f�T�^&d�^����X\
g�b�[XSXd�_X_¤h&_=�=SeÑ6d�b��=Q7S � WXW�d�_=�7_&d���[:`7b�^�T�^&d�^�\�i���b�h�Q�\�i
`�\�[�i�SXd=�:`�S�\&d � aX^&S�^ � �
�

ö�_ � ¢ �e�h=_=�&S£¢�[X�chXh �
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/�o

d:b��&Q7S�¢�[X��hXh �Ì
b�[7S¼b�[�i�_&dXS � a7^&S�^�ö � W=W�^=acb=`7b�\�[�^���f¼_7h=_�f�_�[7S�\Ê[�^��&d=]�\&d�_
�
b�[7S �e�

� ¢�ö«Z�`�\�f�T�^&d7^ � ö�_ � � �b�� � � õ � � S=Q�_�[
�

b�� � h=_=�=S��3¢�[X��hXh �
S=Q�_�[�d�_&S&�7d=[¡h=_=�&S«Zb�[:i�_&dXS � ö � �h=_=�=S�¢¤[�_�Y�g�b�[7S=d�_X_ � ö � �d�_&S=�Xd=[ }��Ì

b�� � �� �� � S=Q�_�[
�

b�� � d:b��=QXS �3¢�[=�chXh �
S=Q�_�[�d�_&S&�7d=[�d:b��&Q7S«Zb�[�i�_&dXS � ö � �d:b��=QXS£¢¤[�_�Y�g�b'[7SXd�_X_ � ö � �d�_&S=�Xd=[ }��Ì

d�_&S&�7d=[ �Ë�Ì

b�[7S�SXd7_X_�T7d:b'[7S � b�[XS � � WXW�b�f�T7d�b�f:_�^!�&dX]�\�d�_
�
b�[7S¼b �

b�� � h=_=�&S"� ¢�[X��hXh �
S=Q�_�[ôbÊ¢¦h=_&�=S«Z SXd7_X_�T7d:b'[7S � � ó � � ��7\&d � bÊ¢ �|� b�õ �O� bÊ¢ôbÊó } �T7d:b�[XS �����T7d:b'[7S�ö�_ � Z3acb�^=ó � W � ó�ö�_ � Z%f:_�i�ó � W � ó�ö7_ � Z6^�[�\�ó ��# [ ���b�� � d:b��&Q7S �3¢¤[X�chXh �
S=Q�_�[ôbÊ¢£d:b��=Q7S«Z S=d�_X_�T7d�b�[7S � � ó � � �Ì

b�[7S¦i�S7^&dXS �'�
�
g�b�[XSXd�_X_ÊS �b�[7S¼bÑ�aOÑ¶fKÑ�^ �a7^&S7^�Y �

T7d:b'[7S �%$ b��:b�S�_¤\�acb�^eU ���d�_X^&a�a �



���������	�}
 �����$���	�����&
 ���� ���
 ��������/���
 !3�%�
i

i

i

i

i

i

i

i

/�� Î`ÏaÐ¬Ï�Î`ÏaÒ(ÓBÔZÕ)ÖÌ×*Õ«ÖØÐÙÎ`ÏaÐ�Úd×*ÛØÜ»Ý<ÏaÕ

T7d:b'[7S �%$ b��:b�S�_¤\Êf�_�i|U ���d�_X^&aÊf �T7d:b'[7S �%$ b��:b�S�_¤\£^�[�\eU ���d�_X^&a£^ �Y¦¢¤[�_�Y£a7^�S�^ � aOÑ"fVÑ¯^ � �S�¢¤[�_�Y�g�b'[7SXd�_X_ � Y � ��7\&d � bÊ¢ �|� b�õ }��Ë� b�¢¼b�ó } ��
T7d:b�[XS �&$ b��:b�S7_�\£a�b�^eU ���d�_X^=a�a �T7d:b�[XS �&$ b��:b�S7_�\�f:_�i|U ���d�_X^=a�f �T7d:b�[XS �&$ b��:b�S7_�\¡^�[�\eU ���d�_X^=a�^ �Y�¢�[�_�Y£a7^&S7^ � aOÑ"fKÑ�^ � �b�� � S«Zb�[�i�_&dXS � Y � ¢X¢ � �

S=Q�_�[�T7d:b'[7S �  h=_�f:_�[7S�\�©X^£_ � b=i�S�_ # [ ���Ì
b�¢�S«Z S=d�_X_�T7d�b�[7S � � � �d�_&S&�7d=[ �Ë�Ì

Ì
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Capítulo 3
Análise Léxica
=^� E :8���+��� â :8R�M 5 1��+78�+W 5�E � 5 W 5 � 5 e E :G78R��.7 5 ��eL��M'� E ��; 5 73M']�g$�K� 5 ù§· AØú0����7U���-M'�'e���R������>W
X++

C 465 W 5 1	�'W 5�E V��J:U��78��¦§��; 5 ��e���M'� E ��; 5 7kM']�g$�K� 5 ]»Y%R��>��7U��7@���>e%:G7U��;�� u)Y%R���V��>WË���+7U��MXV
� E :8<��7GWi��_>�+e���;��0e%R�W«��78Y%R��'1 5 :G�+g%: 5 e 5 78Wi��Mtu#�+W E�â W3� 5 M 5�E Y%R��J¦§��S+��W E �+e%:G�K; 5 ����7U�<�
;$� Ç e��KS+T 5 ;��äM'�.e���R������+Wæ�i�L��7U� 5 ��eL��M'� E ��; 5 7 E �'e%:8�:8�'� 5 C f ��7U�Í�K;$�>e�:8� Ç �+��78W 5�E Y%R���� E�E T 5
� E8E � EJE�â W3� 5 M 5�E VB��� E :U� 5 M.9L��78W 5%E e��};$� Ç e��'S>T 5 ;��äM.�'e���RL�����>W u E R��ä��78��W<�:G�K�+� 5 R���7U��¦ 5
E �.e%:8�:G�K� 5 uà���';��+e%:G� Ç �+��7GW 5%E Y%R���� EiE T 5�5%EiE �>R EiE�â W3� 5 M 5�E :8�+78W<�.e���� E Cñ= 5 � 5 e%:G�+g%: 5 ;��
��eL�M'� E � M']�g$�K�+��V�� 5�E :GR�W<��W 5�E �U9���W<��7a� E8E � EFEGâ W3� 5 M 5�E ;$�J: 5 º��>e E C
= 5 :G�&Y%R�� 5%EiE�â W3� 5 M 5�E e�T 5 :G�+78W<�.eL��� E � 5 W)� È �+W 5 ��MH¦§���L�+: 5àEG5 ��78� 5 Y%R���M^��e 5%EGE �

M'�.e���R������+W�]0;$� Ç e��';���C fZ5 7 5 R$:87 5 MK��; 5 V�� E8E �b��M.¦§���t��: 5 eL��;��<Wi��� E ]bY%R��bR�W«� 5 e�v*R�e%: 5 ;$�
EGâ W0� 5 M 5%E ��V�� 5 7d� E8EG5 V�� 5 ;$� E �+7@;�� Ç e��K; 5 � 5 W 5 R�Wi�JM'�.e���R������+W}V EG5 ��7G�aR�W 5 R$:87 5 ��MH¦§���L�+: 5 C
= 5 �>� EG5 V	� E8E �J��M.¦§���t��: 5iE �>78)Y%R���MKY%R��+7`�+��78��� :8�+78� · m 4 l�l Y�R��(� 5�E8E � E �+7^��7GWi��_>�+e���; 5 e	R�W
��7UY%R��'1 5 :G��g	: 5 C
? E8E �iM'�'e���R������>WäV�¦ 5 78W<��;��)�L�>M 5%E e�T 5 pX:G�+78W<�.eL��� E V�]�V��>Wî���>78��M{V��L�>W¨Wi��� E^E �.W<��M'� E Y%R��

��M'�.e���R������+W)pw��M'1 5 ; 5 � 5 W<���.MK��; 5 7d� 5 � E e�T 5 �.eL��M'R���� E :87GR$:8R�7U� E � 5 W<��M'��g�� E � 5 W 5 � 5 Wi��e�; 5%E
��e��.e�9L��; 5 5 R3�L��78� E ;�� EGâ W0� 5 M 5%E �>� E ��; 5%E � 5 W 5 ����7�I>e%:G� E � E V�� 5 M'�U9��+:G� EÌ5 R0�U9��I1�� E C f[5 7Z� E8E�5 V
� 5 ;��+W 5�E R�:G�'M.�'_>��7dR�W W 5 ;$�>M 5 Wi��� EdE �'W)��M.� E ����78�(78�+��78� E �+e%:8��7[:8��� E M'�.e���R������+e E V%�U9���Wi��;�� E
;$�äM.�'e���R������+e E 7G�>��R�MK��78� E C-=»� E :G�}�+��� â :8R�M 5 �'7G�>W 5%E 78�+1��+7 5�E � 5 eL���+�.: 5%E0EG5 ��7G�Í��R$:GÆ�Wi��: 5%E
Ç e��.: 5%E �6��g$��78� E8E�È � E 78�+��R�M'��7G� E VNY�R�� E T 5 ;�R�� E ¦ 5 78Wi� E ;��@78�+��78� E �+e%:8��7BM'�.e���R������+e E 7G�>��R�MK��78� E C

3.1 Autômatos finitos
½^W¨��R$:8Æ�Wi��: 53Ç e��H: 5 ;$�+:G�>7GW<�'e â'E :G�K� 5 ù§· jZû(úa](R�W�W 5 ;$�>M 5 ����7U�);$� Ç e��'S>T 5 ;��(M'�'e���R������>e E
78�+��R�M'��7G� E � 5 W<� 5%E : 5 ;$�b���'e�� 5 �>M.�>W)�>e%: 5�E

〈Σ, S, s0, δ, F 〉
V 5 e�;$���

Σ
] 5 ��M.¦§���t��: 5iE�5 ��7G� 5 Y%R���MB�)M'�.e���R������+Wî]J;�� Ç e��K;���m

S
]�R�W¨� 5 e�v*R�e%: 5)Ç e��H: 5 e�T 5 1���_+� 5 ;$��� E :8��; 5�E m

s0

] 5 � E :U��; 5 �'e��'�+�'��M{V
s0 ∈ S

m
δ
]b�0¦ R�e�S>T 5 ;$�J:878��e E �KS+T 5 ;��(� E :U��; 5%E V

δ : S × Σ → S
m

/%q
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'('('('('('('('('('('('('('('('('('('('('('('(''('('('('('('('('('('('('('('('('('('('('('('(''('('('('('('('('('('('('('('('('('('('('('('(''('('('('('('('('('('('('('('('('('('('('('('(''('('('('('('('('('('('('('('('('('('('('('('(''('('('('('('('('('('('('('('('('('('('('('('(''('('('('('('('('('('('('('('('('('('('('('('(''('('('('('('('('('('('('('('('('('('('('('('(''('('('('('('('('('('('('('('('('('('('('('('(''('('('('('('('('('('('('('('('('('('('('('('(''('('('('('('('('('('('('('('('('('('('('('('(''('('('('('('('('('('('('('('('('('('('('('('(''('('('('('('('('('('('('('('('('('('('('('('(''('('('('('('('('('('('('('('('('('('('('('('(''('('('('('('('('('('('('('('('('('('('('('('(''('('('('('('('('('('('('('('('('('('('('('('(''('('('('('('('('('('('('('('('('('('('('('('(''('('('('('('('('('('('('('('('('('('('('('('('

)()()()()()()()()()()()()()()()()()()()()()())()()()()()()()()()()()()()()()()()()()()()())()()()()()()()()()()()()()()()()()()()()()())()()()()()()()()()()()()()()()()()()()()()())()()()()()()()()()()()()()()()()()()()()()())()()()()()()()()()()()()()()()()()()()()()())()()()()()()()()()()()()()()()()()()()()()())()()()()()()()()()()()()()()()()()()()()()())()()()()()()()()()()()()()()()()()()()()()())()()()()()()()()()()()()()()()()()()()()()())()()()()()()()()()()()()()()()()()()()()()())()()()()()()()()()()()()()()()()()()()()()())()()()()()()()()()()()()()()()()()()()()()())()()()()()()()()()()()()()()()()()()()()()())()()()()()()()()()()()()()()()()()()()()()())()()()()()()()()()()()()()()()()()()()()()())()()()()()()()()()()()()()()()()()()()()()())()()()()()()()()()()()()()()()()()()()()()()
*(*(*(*(*(*(*(*(**(*(*(*(*(*(*(*(**(*(*(*(*(*(*(*(**(*(*(*(*(*(*(*(**(*(*(*(*(*(*(*(**(*(*(*(*(*(*(*(**(*(*(*(*(*(*(*(**(*(*(*(*(*(*(*(**(*(*(*(*(*(*(*(**(*(*(*(*(*(*(*(**(*(*(*(*(*(*(*(**(*(*(*(*(*(*(*(**(*(*(*(*(*(*(*(**(*(*(*(*(*(*(*(**(*(*(*(*(*(*(*(**(*(*(*(*(*(*(*(**(*(*(*(*(*(*(*(**(*(*(*(*(*(*(*(**(*(*(*(*(*(*(*(**(*(*(*(*(*(*(*(**(*(*(*(*(*(*(*(*

+(+(+(+(+(+(+(++(+(+(+(+(+(+(++(+(+(+(+(+(+(++(+(+(+(+(+(+(++(+(+(+(+(+(+(++(+(+(+(+(+(+(++(+(+(+(+(+(+(++(+(+(+(+(+(+(++(+(+(+(+(+(+(++(+(+(+(+(+(+(++(+(+(+(+(+(+(++(+(+(+(+(+(+(++(+(+(+(+(+(+(++(+(+(+(+(+(+(++(+(+(+(+(+(+(++(+(+(+(+(+(+(++(+(+(+(+(+(+(++(+(+(+(+(+(+(++(+(+(+(+(+(+(++(+(+(+(+(+(+(++(+(+(+(+(+(+(+ Aceita

Não 
Aceita

a b a c d 

Estados

Finito de
Controle

c

b

jØ�'��R�78�)/�C'" uiö � E T 5 ;$��R�W¨·»jZû�� 5 W 5 R�Wi�)W<�Y%R��.eL��C

F
] 5 � 5 e�v*R�e%: 5 ;$��� E :U��; 5%E6Ç e���� E V

F ⊆ S
C

½^W ·»jZûÊ� 5 ;$� E �+7@�.e%:G�>7G��7G�+:8��; 5 � 5 W 5 R�Wi�»��Wi�Y%R��'e���;$�^78�>� 5 e�9��N���>7d�+��;��+�K� E �UV�� 5 W 5
�iW 5�E :G7U��;��<e�� Ç ��R�78�i/�C."�C`?dM'�b7G�N���>�L�3� 5 W 5 �>e�:878��;��<R�Wi�#�>��;$�>�'�i�0;$�._ E �3�+MK�i�L�>7�:8�+e��+�
5 RÍe�T 5lJ M'�.e���R������+W ;$� E ��v���;���C f ��7U��¦§��_+�>76� EGEG5 V%� E8E ��Wi�Y%R��'e��b� 5�E8E R��tR�W�� 5 e%:87 5 M.� Ç e��H: 5
;$��� E :U��; 5%E ù 4 j[?6úa��R�W«� 5 e�v*R�e%: 5 ;$��� E :8��; 5�E

S
C6¤ 4 j[?ò� 5 M 5 �+� E �>W<��7G���<Wi�Y%R��'e��)�+W

R�W � E :U��; 5 �t�+7G:G�+eL���+e%:8�<� 5 � 5 e�v*R�e�: 5
S
C0·Ë¦ R�e�S>T 5

δ
;$�'_i� 5 W 5z5 · jZû�;$�+1��0W0R�;���7J;��

� E :8��; 5 V J W<�>;$�K;��bY%R�� � E M'��:878� E ;��b�>��;$�>�'��;��^�+e%:G7U��;��J1IT 53E �+e�; 5 ��e���M.� E ��;�� E CÌ· 5�Ç e���Mt;��
�+��;$�+�K��V�� E8E�5 ]�V�;$�+� 5 � E ;$�^��e���M'� E ��7ØR�Wi�J� 5 7kR�Wi��V�: 5 ;�� E � E M'��:878� E ;��J�+e%:G7U��;��»�`78�>��M.�'_>��7Z� E
W3RL;���e�S>� E ;$�3� E :U��; 5%E ;$��:8�+78W<�.e���;�� E V 5 ·»jZû����+�+�.:8�#�#�>��;$�>�'�<uä���+�+e�;$�>e�; 5#5 �.eL;$�'�>��; 5 7
E R��L�>7G� 5 7 e 5 �����'e��+MÌu E � 5 � E :8��; 5 �>W Y�R��3�+M'� E �0�+e�� 5 e%:G7U�i�t�+7G:G�+eL���<� 5ÍE R��P� 5 e�v*R�e%: 5

F
C

4 � EG5 � 5 e%:878�7G� 5 V%�)�>��;$�>�'�0]J7G��v*�+�.:8��;���u#���+�+e�;��+e�; 5 �0M.R�_(�'e$¦ �>7G� 5 7`; 5 �����.e��>MtutV	�'e�;$�K�+��eL; 5
Y%R��Je�T 5 �t�+7G:G�>e���� J M'�.e���R������+W�;$� Ç e��K;��<�t�+M 5 ·»jZû3C
öd��W 5�E : 5 Wi��7Ì� 5 W 5 �+g	�>W<��M 5`5 · jZû

A1

Y�R��k7G�N� 5 e�9��>�+�Z�aM'�'e���R������>W ´ x ∈ {0, 1, 2, 3, 4,
5, 6, 7, 8, 9}∗ |

g 78�+��78� E �+e%:8�FR�WêeXH�W<�+7 5 ;$�>�+�.Wi��M�;$�.1	� E�â 1��>M�� 5 7Ì/�µ�C
A1 = 〈{0, 1, 2, 3, 4, 5, 6,

7, 8, 9}, {s0, s1, s2}, s0, δ, {s0}〉
V 5 eL;$�

δ
]��
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δ(s0, 0) = s0

δ(s0, 1) = s1

δ(s0, 2) = s2

δ(s0, 3) = s0

δ(s0, 4) = s1

δ(s0, 5) = s2

δ(s0, 6) = s0

δ(s0, 7) = s1

δ(s0, 8) = s2

δ(s0, 9) = s0

δ(s1, 0) = s1

δ(s1, 1) = s2

δ(s1, 2) = s0

δ(s1, 3) = s1

δ(s1, 4) = s2

δ(s1, 5) = s0

δ(s1, 6) = s1

δ(s1, 7) = s2

δ(s1, 8) = s0

δ(s1, 9) = s1

δ(s2, 0) = s2

δ(s2, 1) = s0

δ(s2, 2) = s1

δ(s2, 3) = s2

δ(s2, 4) = s0

δ(s2, 5) = s1

δ(s2, 6) = s2

δ(s2, 7) = s0

δ(s2, 8) = s1

δ(s2, 9) = s2

· E8E �'W}V@� 5 7)��g$�+W<��M 5 V6Y�RL��e�; 5 ��g$�N��R$:U��; 5 � 5 W 5�E :87G�'e����">�%o���V 5 ·»jZû
A1

:8�+78�'� 5
E �+��R��.e%:G��� 5 W<� 5 7�:U��W<�+e%: 5 �

? E :8��; 5 � 5 7878�+e%:G� AÌ��:878�)M'�';�� f 7G¯Ig$�'W 5 � E :U��; 5
s0

ù§� E :8��; 5 �.e��K���K��M ú 
s0

s0

"
s1

s1

�
s2

s2

o
s1

s1

�
s0 ∈ F

465 W 5�5 · jZû :G�>7GW<�'e�� E R��-��g$�N��R�S>T 5 e 5 � E :8��; 5
s0

Y%R��}�L�>7�:8�+e��+�}� 5 � 5 e�v*R�e�: 5 ;$�
� E :8��; 5�EbÇ e���� E Vd�+e%:UT 5 � EGE ���>��;$�>�'�&�L�>7�:8�+e��+� J M.�'e���RL�����>W ;$� Ç e��';��-� 5 7

A1

Cà°%��L��7U���
�+��;$�+�K�iq�����"N��V�:8�+7 â ��W 5�E �

? E :8��; 5 � 5 7878�+e%:G� AÌ��:878�)M'�';�� f 7G¯Ig$�'W 5 � E :U��; 5
s0

ù§� E :8��; 5 �.e��K���K��M ú q
s1

s1

�
s1

s1

�
s1

s1

"
s2

s2

�
s1 /∈ F

5 Y%R��J�.e�;��'�>�)Y%R��J:U��MB�>��;$�>�'�)e�T 5 �t�+7G:G�>e���� J M'�.e���R������+W�;�� Ç e��K;��<� 5 7
A1

C
½^W ·»jZû\� 5 ;$� E �>7`7G�>��78� E �+e%:8��; 5 � 5 7^W<�>� 5 ;$��R�Wi�0:8���L�>M'�i;�� :878��e E �'S>T 5 ;$��� E :8��; 5�E C

=^� EGE �-:8���L�>M'����g$� E :8��R�Wi��M.�'e�9�������78���>��;��-� E :8��; 5 ��R�Wi�,� 5 M'R�e�������78���+��;���M.�+:G7U��; 5
��M.¦§���t��: 5 ;�� �>e�:878��;���CZû(��; 5%E65 � E :8��; 5

s
�J�0M.�+:G7U�

a ∈ Σ
V$� 5 M 5 �+��p E �^e��0� 5�E �'S>T 5 ;��b:U���t�+MK�

s × a
5 1���M 5 7`;$�

δ(s, a)
C f[5 7`��g$�+W<��M 5 V$�L��7U�

A1

V$:G�>7 â ��W 5%E �

δ 0 1 2 3 4 5 6 7 8 9
s0 s0 s1 s2 s0 s1 s2 s0 s1 s2 s0

s1 s1 s2 s0 s1 s2 s0 s1 s2 s0 s1

s2 s2 s0 s1 s2 s0 s1 s2 s0 s1 s2

½^Wi��;�� E 1I��e%:8�����+e E ;$� E �`R$:8�.M'�._N��7kR�W ·»jZûò����78�J;$� Ç e��'7dY%R���� EkE T 5J5�E : 5 º��>e E � E �>7G�>W
78�>� 5 e�9��N���K; 5�E �L�>M 5 · Az]`Y%R��F]F¦§����'M$�'W)��M.�>W)�>e%:8��7ZR�WË·»Aä��� E �>��; 5 e��^:U���t�+MK�J;$�F:G7U��e E �'S>T 5
;$�^� E :U��; 5%E C D ��ML��e���M'� E ��; 5 7k;$�+1��^���t�+e�� E M'�+7dR�W<�bM.�+:G7U��;��J�+e%:G7U��;��J��V��L� E �>��; 5 e��(:8���L�>M'��V
¦§��_>�+7��zW3R�;���e�S+�ä;$�<� E :8��; 5 C m � 5 � E :U��; 5 �+W Y%R�� 5 ·»jZû E �0�>e�� 5 e�:878��7»¦ 5 7JR�W � E :8��; 5



���������	�}
 �����$���	�����&
 ���� ���
 �����������
 !)o��
i

i

i

i

i

i

i

i

�� Î`ÏaÐ¬Ï�Î`ÏaÒ(ÓBÔZÕ)ÖÌ×*Õ«ÖØÐÙÎ`ÏaÐ�Úd×*ÛØÜ»Ý<ÏaÕ

Ç e���M{VZ�>e�:UT 5 �&�+��;��+�K��M.�K;��-��:G]z��Y%R��+M'�#� 5 e%: 5 ]#R�Wÿ: 5 º��>e,1I�M.�K; 5 C&·^e%:G� E ;��#:G7U��:U��78W 5�E
;$�bWi��� E ;���:8��M.9�� E^EG5 ��78��� E8E �J:G�'� 5 ;��b·»A,1��*v���W 5%E R�Wi� 5 R$:878�)¦ 5 7GWi�<;$�b78�+��7G� E �>e�:U��7aR�W
·»jZû�Y%R���] 5 ;$�K����78��Wi�3;$�J:878��e E �KS+T 5 ;��(� E :U��; 5%E C
? E8E �Í;��'����7U��Wi�Í]iR�W ��78��¦ 5 ;$�'78�>��� 5 eL��; 5 ��R�v 5�E 1�]+7G:G�K��� E VB78�+��78� E �+e%:U��; 5%E � 5 70� â 78�+R�M 5%E

� 5 7G78� E � 5 e�;$�>W«� 5�E � E :8��; 5�E ; 5 · j[û �<��R�v�� E ��7G� E :U� E � 5 7878� E � 5 e�;$�+W J�E :G7U��e E �KS È � E �+e%:G78�
� E :8��; 5�E C fZ5 7a��g$�+W<��M 5 VL�3:878��e E �'S>T 5

δ(s0, 1) = s1

]�78�+��78� E �+e%:U��;��3� 5 7>�

S 0 S1

1

= 5 �+� E�5 �+W Y%R��0:G�>W 5�E ;$�'1��+7 E � E :G7U��e E �'S È � E ;$� Ç e��';�� E �+e%:G78�<; 5 � E � E :8��; 5�E Vt� 5 ;$�+W 5%E
78�+��78� E �+e%:8�pXMK� E : 5 ;�� E � 5 WîR�W<�"H�e��'�>� E ��:8��V�7 5 :GR�M'��;��<� 5 W¨: 5 ;�� E � E M.�+:G7U� E � E8EG5 �+�'��;�� EKJ�E
:G7U��e E �KS È � E C f[5 7`��g$�+W<��M 5 V E �J:G�>W 5�E

δ(s0, 1) = δ(s0, 4) = δ(s0, 7) = s1

V$78�+��78� E �+e%:U��W 5�E �

S 0 S1

1,4,7

j �R�W<�b7G�>��7G� E �>e%:8��S>T 5 � E �L�N���K��ML����7U�(�.e�;��'�>��7 5 � E :U��; 5 �'e��K���K��MXCZO,R�Wi� E �+:8���U9��>����e�; 5
� 5 � E :U��; 5 V E �+W e��+e�9	R�Wþ� E :8��; 5 ;�� 5 78�.���+W}CÊ¤ E � E :8��; 5�E0Ç e���� E#E T 5 �K;$�+e%:G� Ç �>��; 5%E � 5 7
� â 7U��R�M 5�E ;$R���M 5%E C6¤�;$�'����7U��Wi�0����7U� 5 · j[û

A1

]�;���; 5 e�� Ç ��R�7U�</�Cª�

0 S1S

1,4,7

2S

0,3,6,9 0,3,6,9

2,5,8

0,3,6,9

2,5,8

2,5,8

1,4,71,4,7

j[�'��R�7U�0/�C �buÍû �'����7U��Wi�0;��J:G7U��e E �'S>T 5 ;$�J� E :8��; 5 ����7U�
A1

C

f ��7U�zR�:G�'M.�'_>��7bR�W · jZûî� 5 W 5 · Aò1���W 5�E ¦§��7G�>W 5�E ��M'��R�W<� E �L�NY�R��+e�� E W 5 ;�� Ç �>��S È � E
e 5 � 5 W<� 5 7�:U��W<�+e%: 5 ;$� EGE � E ��R�:GÆ�Wi��: 5�E CZ· ��7G�'W<�+�'78�0]�Y%R���1���W 5�E �t�+78W)�.:G�'7^Y%R����0¦ R�e�S+T 5
;$�0:G7U��e E �KS+T 5zE ��v��ÍR�Wi�Í¦ R�e�S>T 5 ����7U���K��MXV 5 R E �*v���VPe�T 5 ;$� Ç e��';��Í����78�#: 5 ; 5%E»5%E � 5 e%: 5�E ; 5
; 5 W â e�� 5

S × Σ
C fZ5 7^��g$�+W<��M 5 VL1���W 5�E : 5 Wi��7 5 ·»jZû

A2

Y%R��3]b�.��R���MØ�
A1

V�Wi� E ����7U� 5
Y%R���M 5 1���M 5 7»;$�

δ(s0, 0)
]3�'e�;$� Ç e��K; 5 C D �+7 â ��W 5�E V��+e%:8T 5 V��L��7U�<� E8E �3· jZû 5 ;$�K����78��Wi�);��

Ç ��R�78�0/�C /�C[? E8E �J��R$:8Æ�Wi��: 5 78�>� 5 e�9��N���`: 5 ;�� E � E �+��;$�+�K� E Y%R��»78�+��7G� E �>e�:U��W�WnH�MH:8�.��M 5�E ;$�J/
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0 S1S

1,4,7

2S

3,6,9 0,3,6,9

2,5,8

0,3,6,9

2,5,8

2,5,8

1,4,71,4,7

j[�'��R�7U�0/�C /3uÍû �'����7U��Wi�0;��J:G7U��e E �'S>T 5 ;$�J� E :8��; 5 ����7U�
A2

C

W<�+e 5%E ��M'��R�W<� E Y%R���:�I+W 5 ;$�'���.: 5 #� 5 W 5 ���%���CF· 5 ��7 5 ��� E8E ��7F:8��MØ�+��;$�+�K��V 5 � 5 W)� 5 7G:8��p
W<�+e%: 5 ;$�

A2

E �>7G�K���

? E :8��; 5 � 5 7878�+e%:G� AÌ��:878�)M'�';�� f 7G¯Ig$�'W 5 � E :U��; 5
s0

ù§� E :8��; 5 �.e��K���K��M ú �
s2

s2

�
s0

s0

 �����
l EGEG5}E �'��e�� Ç �>�zY%R�� 5 ·»jZû����7U�ä��e%:G� E ;$�i�U9��>����7(� 5ÍÇ eL��Mk;��}�+��;$�+�K��C3= 5 e 5�E8E�5 ·»A@V

5 ·»jZû ��7 5 ��� E8E �Í�ä�+��;��+�K�z;$�<�>e�:878��;��ä��:G]<Y%R��<e�T 5 ��g$� E :U��WæWi��� E :G7U��e E �KS È � E � 5�E8E�â 1��>� E V
�+e%:UT 5 �>M.�^�L�7U��C m � 5 H�MH:8�.W 5 � E :U��; 5 �+W Y%R�� 5 · jZûÊ� E :U�I1I�3Y�RL��e�; 5 ����7 5 R)¦ 5 7FR�W�� E :8��; 5
Ç e���M{V$�>e%:8T 5 R�Wî: 5 º��+eä1��M'�'; 5 ¦ 5 �BM'�'; 5 C 4 � EG5 � 5 e%:G7U�78� 5 V%R�Wî�>7G7 5 M']�g$�K� 5<5 � 5 7G78�+RBC

D 5 Wi��78�+W 5�E � 5 W 5 �+g$�+W<��M 5 R�W�· AÍY%R��6;��+1��67G�N� 5 e�9��>�+�+7[���t�+e�� E :G7�I E :G�'� 5�E ;$�@: 5 º��+e E �
eXH�W<�+7 5�E �'e%:G�>�.7 5�E m��K;$�+e%:8� Ç �>��; 5 7G� E V�¦ 5 78W<��; 5�E � 5 7^M.�+:G7U� E �); â ���.: 5�E V E �+W<��78���'e��'�+�'��; 5�E � 5 7
R�Wi��M'��:G7U��m»��������MK�I1	78�-7G� E �>7G1���;���b��tC fZ5 ;$�>W 5%E � 5 e E :87GR��.7 5 · j[û

A3

W 5%E :878��; 5 e��
Ç ��R�78�)/�C ��C
ök�*v��#Y%R�� 5 ·»jZûË;�� Ç ��R�7U�</�C �#� 5 e E�5 W<�J: 5 ; 5�E^5�E ����7U��e�� 5�E �(� 5 W 5 � E �L��S 5 V$:8���BV��+:8��V

e 5 � E :U��; 5 "�C[û �+� 5 � E V%;$�+�t�+eL;$�+e�; 5 ;$�»Y%R���M�]»�JM'��:G7U� E �+��R��.e%:G��V��>M.�^;$� E 1	�K�J����7U� 5�E � E :U��; 5%E
�$VP/ 5 R��#����78�#7G�N� 5 e�9��>�+�+7NV�78� E �L�N� :G�'1���W<�+e%:8��VtR�WæeXH�W<�+7 5 VP�i����MK�I1	78�pb�� 5 R 5 e 5 W<�);$�
R�W �K;$�+e%:G� Ç �>��; 5 7>C^?@M.�0�+e%:8T 5 � 5 e�:8�.e	R���Vt� 5 e E R�W<�'e�; 5 M'��:878� E ��:8]0Y%R��0e��+e�9	R�Wi�#:G7U��e E �'S>T 5
��g$� E :U��C32 R���eL; 5 � E8E�5ä5 � 5 7G78��VyR�W : 5 º��+e&¦ 5 �d�K;$�>e�:8� Ç �+��; 5}E � 5 � E :8��; 5 �>W Y%R��i�+M'�<����7 5 R
] Ç e���MXC�½^Wæ�+787 5 M.]+g$�'� 5 ¦ 5 �k���U9���; 5zE � 5 � E :8��; 5 eLT 5 ] Ç e���M{C fZ5 7G:8��e�: 5 VP�+��;��#1��+_0Y%R�� 5
·»A�]J��g$�N��R$:U��; 5 V%R�W�e 5 1 5 : 5 º��+eä](7G�N� 5 e�9��>�+�'; 5 CZOÑ�+g$��:8��W)�>e%:G�J� E8E �'W�Y%R�� 5 ��e���M'� E ��; 5 7
E �.e%:8�:G�K� 5 R$:8�.M'�._N� 5 ·»AdCL·\�+��;��01��+_�Y%R�� 5 · m e��N��� E8E �H:U�);���R�W�: 5 º��>eBV$�+M'����g$�N��R$:U� 5 · A
Y%R�����e���M.� E �0�<�>e�:878��;��0�(M'9��J¦ 5 7Ge��N���JR�Wî: 5 º��+eäe 5 1 5 C
½^Wi�#;�� E �+��78��� :G�>7 âKE :G�K�+� E ; 5 · jZû

A3

]0Y�R����+M'���.7U)7G�N� 5 e�9��>�+�+7`� 5 W 5 : 5 º��+e}�<W<��� 5 7
����M'�I1	7U�0Y%R����>M.����RL;$�+7`¦ 5 7GWi��7^� 5 W«� E M'��:878� E ;��<�+e%:878��;���C fZ5 7`��g$�+W<��M 5 V E �J:G�'1��>7GW 5%E e��
�+e%:878��;����

bÊ� }�~X���
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1

i f

letra - {i}

2

3 4

5

branco

letra, dígito

letra - {f}, dígito

dígito

dígito

letra, dígito

j[�'��R�7U�0/�C �0uÍû �'����7U��Wi�0;��J:G7U��e E �'S>T 5 ;$�J� E :8��; 5 ����7U�
A3

C

5 ·»jZû��'7U078��: 5 78e���7Fe�� E R��)��78�.W<�+�'7U�0�+g$�>��RLS+T 5)5 �';��+e%:G� Ç �+��; 5 7yb	V$e�� E �+��R�e�;���V 5 �';$�>e%:G�.p
Ç �>��; 5 7V�#��V�e��0:8�+7U���+�'7U��V 5 eXH�W<�+7 5 }�~X��� C m ���)�+e%:878��;��0¦ 5 7

b�� }�~=���
�)��78�.W<�+�'7U�)�U9L��Wi��;��)�'78)78��: 5 78e���7`�)����MK�I1	78�078� E �+781I��;��(b��#��V�;$�>� 5 � E V 5 eXH�W<�+7 5 0 ·�4&5 C6?
E �J�)�>e�:878��;��0¦ 5 7

b�� }�~=���
:G�>7G�>W 5�E � 5 W 5 : 5 º��>ez78��: 5 78e���; 505 �K;$�+e%:G� Ç �>��; 5 7¨b�� }�~X�6� C

½^W 5 R$:G7 5 � 5 e%: 5 �'W<� 5 7�:U��e%:G�»;�� E8E ���'W<��M'�+W<�+e%:8��S+T 5 ; 5 · A�]»Y%R���V��>W 1	�'7�:8R�;$�(;$� E R��
��g$�N��R�S>T 5 ����7U��7kY%R���eL; 5 e�T 5 ��g$� E :8�+WËW<��� E :878��e E �'S È � E V���M.��R�Wi� E ����M'�I1	7U� E ;��(�+e%:G7U��;�� eLT 5
��78�>�+� E ��W E �+7 E �>����7U��;�� E � 5 7J� E ����S 5%E ����78�zY%R�� E �*v���W � 5 7G78��:U��W<�+e%:G�07G�N� 5 e�9��>�+�';�� E C f[5 7
��g$�>W)��M 5 V E �(:G�'1��>7GW 5%E �0�>e%:G7U��;��

}�~X��� b�� }�~X���
�'7G�>W 5%E^5 �$:G�>7 e��Í��78�.W<�+�'7U�i��g$�>�+R�S+T 5 ; 5 ·»A 5 �.e%:8�+�'7 5 "N��/��i��VPe	R�Wi� E �+��R�e�;��i�+g$�>��RLS+T 5 V
5 �';��+e%:G� Ç �+��; 5 7yb�� }�~X�6� C
f ��7U�ä� 5 W<��M'��:U��78W 5%E»5 e 5%EGEG5 ·»AQ��� E �N��; 5 e	R�W ·»jZû0VÌ��78�>�+� E ��W 5%E ���.e�;��ä� EGEG5 ���K��7J�

�+��;���e�¯-Y�RL��M 5 :G�'� 5 ;$�i: 5 º��+e¬� EGEG5 ���K��; 5 ���>M.��C fZ5 70��g$�+W<��M 5 VZe 5 ·»jZû
A3

V E ���L�>W 5%E
Y%R�� E � E R�����g$�>�+R�S+T 5 :8�+78W<�.e���e 5 � E :U��; 5 �$V6R�W eXH�W<�>7 5 ¦ 5 �`78�>� 5 e�9��>���K; 5 m E �ä:G�>7GW<�'e��
e 5%E � E :8��; 5�E / 5 Rào�VÌR�Wÿ�';��+e%:G� Ç �+��; 5 7J¦ 5 �d78�>� 5 e�9��N���K; 5 mØ� E �):8�+78W)�'e��}e 5 � E :U��; 5 �LVÌR�W
ü ý�¦ 5 �k78�>� 5 e�9��>���K; 5 Cb·^M']+W ;$� E8E�5 Vy��7G�N��� E ��W 5�E(E ���L�>7 Wi��� E ��M'��R�Wi� E �'e$¦ 5 7GWi��S È � E(E�5 ��7G�)�
����M'�I1	7U��Y�R��^¦ �+_J� 5 W Y�R��»:U��ML: 5 º��+ei¦ 5%EGE �^78�>� 5 e�9��N���K; 5 C f 78�.eL���'����M'W<�+e%:G�(�+W : 5 º��>e E � 5 W 5
�K;$�+e%:G� Ç �>��; 5 7G� E �<eXH�W<�+7 5�E Vy��78�>�+� E ��W 5�E(E ���t�+7bY%R���M[¦ 5 �d�z�L��MK�I1%7U�ÍY%R�� 5 7G�'���'e 5 R 5 : 5 º��+e
ù � 5 7J�+g	�>W<��M 5 V E �)�ä�+��;$�+�K�Í]ä"> 5 RÑ">�������ú CJ?ê��78�>��� E ��W 5�E(E ���L�>7(:8��W0�L]>W Y%R���Mk]<�
M 5 �>��M'�._N��S>T 5 ; 5 : 5 º��+eBV�� 5 7k��g$�+W<��M 5 V��+W Y�RL��� E M.�'e�9��J�^� 5 M'R�e��J; 5 ��7UY%R��'1 5 ;$�`�+e%:G7U��;�� � EGE �
����M'�I1	7U� E �)�+eL� 5 e%:878��C�? EGE �z�.e$¦ 5 7GWi��S+T 5 ]"H$:G�'Mk����7U�ÍY%R�� 5 · m � 5%EGE �Í�'e�;$�K�+��7^u��+W �+� EG5
;$���>7G7 5 V	� 5 7`��g$�>W)��M 5 u 5 � 5 e�: 5<5 e�;$��� E :U<�0�L��MK�I1%7U��C
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· E8E �'W}V�����78�^� 5 e E :G78R��'7ÌR�W�· AÍ�L� E �>��; 5 e 5 ·»jZû
A3

V�;$�+1��+7 â ��W 5%E � 5 e E :G78R��'7Ø� E �+��R��'e�:8�
:8���L�>M'��V 5 eL;$��7G�>��78� E �+e%:8��W 5%E ���t�+e�� E � E :878��e E �'S È � E 1��M'�';�� E C6?dW Y�RL��MKY�R��+7`� E :8��; 5 V E �J¦ 5 7
M'�';��)e��)�>e�:878��;��bR�W<�)M'��:878�)����78�)Y%R���MPe�T 5 �+g	� E :8�0:G7U��e E �KS+T 5 V%� 5 e E �K;$�+7U��p E �(� 5 W 5 ��78¯Ig$�.W 5
� E :8��; 5 R�W�1���M 5 7[e�T 5 ��g$� E :8�+e%:G��V�� 5 W 5 �V�� 5 7Z�+g	�>W<��M 5 C[·�H�M.:G�'Wi�J� 5 M'R�e�� ;�� :8���L�>M'� �.eL;$�'�>�
5 :G�'� 5 ; 5 : 5 º��+e}� E8E�5 ���K��; 5 � 5 � E :U��; 5 C

? E :U��; 5 AÌ��:G7U���Z��78¯Ig$�.W 5 � E :8��; 5 D �'� 5
" ��78��e�� 5 �." ;$�'���.: 5 � � �X� / M.�+:G7U��p ´ �*µ��ªo ?@c^c^¤
� ;$�'���.: 5 � � =87»s�?@c^¤
/ ¦*� � M'��:878��� o ;$�.���H: 5 �ªo l û»?@= D
� M'��:878��� o ;$�'���.: 5 � o l j
o M'��:878��� o ;$�'���.: 5 � o l û»?@= D

? 5 ��7 5 ��7U��Wi�b�L��7U�3�+g	�N��R$:U�prM 5<E �+78�'�)����7G�N���K; 5 � 5 W 5 W 5�E :G7U��; 5 e 5 ��7 5 ��7U��Wi�b/�C'"�C

9�:�;%<�:�=?>�=A@CBED
F G&H�I%J = H�K ;ML G&NPO :�= H LQ;AR�RSLT=Q:U>�=QV G&H =A=XW6Y K6Z >�=MY GQK :�=AY Z&[ =
\ ] Y G�Z =ML R�R Z < H ;%:�= O :�= H L%;�^
_ ] ^ G LT`�`Pa Z > [�G Y ZbH�N =SR�RALQ; H�K :�;�YQ=SY ZbH�N = G LQ;�Y JQH =cLQ;%:�: G&H�K�G ^
d ] ] LQ;QY J�H =A`cD
e ] ] Y Z?H�N =A`SY ZbH�N =Sf
D
g ] ^ G&H =�;
h ] ] LQ;QY J�H =A`SLQ;�Y J�H =Af
D
i j `
D R�R G ^ K = [ ; ZbH�Z L Z =�Y
k ^P`ml�l R�Ron�=�YQ=Qp�:�=MY Z&[ =
Frq Y ZbH�N =QsA`SY ZbHQN = R�RtY ZbH�N =M; H�[�G ^ GSZbH�Z L Z =M; K ; j�G&H
FuF LQ;�Y J�H =�sA`ALQ;QY J�H = R�RSL%;�Y J�H =M; H�[�G ^ GAZbH�Z L Z =A; K ; j�G&H
Fr\ J ` j R�R Z?H�Z L Z =�Y Z V�=tW�Y K�Z >�; G ^ K = [ ;tp Z ^ Z&K = [ ;
Fr_ j `Xn�:�;%v Z >�; G ^ K = [ ;wR�RUn�:�x&v Z >�; G ^ K = [ ; H = K = O6G YQ=�y [�G =�LQ;%: [ ;MLQ;?>zL�{
F|d G&H�I%J = H�K ; j
} s
Fre ] ^Tf�`AL R�RSL%; H L%= K�G&H =
LT~on6=�YQ=QpQ:�=
Frg ] Y G�Z =ML R�RSYQ�on�:�x%v Z >�=MY GQK :�= [ = G&H�K :�= [ =
F�h ] ^ G LT`�`Pa Z > [�G Y ZbH�N =
Fri ] ] LQ;QY J�H =A`cD
Frk ] ] Y Z?H�N =A`SY ZbH�N =Sf
D
\uq ] ^ G&H =�;
\�F ] ] LQ;QY J�H =A`SLQ;�Y J�H =Af
D
\u\ ] J ` j R�RoW6Y K6Z >�; G ^ K = [ ;Tp Z ^ Z&K = [ ;
\u_ ] j `Xn�:�;&v Z >�; G ^ K = [ ;�RQRon�:�x&v Z >�; G ^ K = [ ;�y [�G =�LQ;&: [ ;MLQ;?>�L�{
\�d ^ GtK = O�G YQ=/� J�� B���; j�G&H `�`�`�`P�Q���6� RQR JtH6� ;t� G ^ K = [ ;ta Z?H =�Y
\ue ] ��:Q:�;T� G v Z LQ; R�R K :�= K =b> G&H�K ; [�GtG :�:�;SY%�Qv Z LQ;
\ug ^ G&H =�;
\�h ] K B K6Z n�;S` K = O6G Y%=/� j�� Br��; j6G&H
\ui ] K B�n6=�YQ=QpQ:�=A`M^
\uk ] K BuY ZbH�N =A`tY ZbH�N =�s
_uq ] K B�LQ;�Y J�H =A`ALQ;�Y J�H =�s
_�F : GQK ;%: H6GSK R�RT: GQK ;%: H =M; K ; j6GUH ; O�K6ZU[ ;�
=»� E M'�.e�9�� E "»� ��V%�b:G7U��e E �'S>T 5 Y%R��»� 5 e EG5 W<� 5%E ��7U��eL� 5�E �.e��K���K��� E ]^:G7U��:U��;���;��»Wi��e��>�.7U�

� E �t�>���K��MXV	� 5 � E ��7G�N��� E ��W 5%E6E ���t�+7F�+W¨Y�R��(M'�'e�9��0�JY%R��J� 5 M.R�e��3�'e��K���K��p E �J�0����MK�I1	78�bY%R�� 5 7G�.p
���'e 5 R 5 : 5 º��+eBC[? E8E � E ��7U��e�� 5�E � 5 ;$�+W}V%e���1��+7U;���;$��V E �+7d1	� E : 5�E � 5 W 5 ��Y%R��>M.� EdE �+����78��; 5 78� E
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;$�F����MK�I1	78� E �»Y%R��Fe 5%E 78��¦ �>7G�'W 5�E e 5 �'e â ��� 5 ; 5 �+��� â :8R�M 5 V��+W\1��+_F;$�6M'��:878� E Y%R��a� 5 W<� È �+W�� E
����M'�I1	7U� E CÌ=»T 5 � 5 ;$�>W 5�E V�� 5 78]+W}V��'��e 5 7U��7Z: 5 ; 5%Ek5�E ��7U��e�� 5�E Y%R��»������78�>�+�+78�+W�e��b�+e%:G7U��;���V
� 5 � E ��M'��R�e E ;��+M'� E � 5 ;��+W�¦§��_+�>7`����7G:G��;$�J: 5 º��>e E � 5 W 5 e	R�Wi�<� 5 e E :U��e%:G��; 5 :8�.� 5#E :87G�'e��LC

· E 1���78�KI1��+� E�C�������A Vªo�� C����cA �¯o¬;$�>1��>W E �>7 �'e��K���K��M'�._N��;�� E ��e%:G� E ;$� E �0R$:8�.M'�'_>��7J�t�+MK�
��78�.W<�>�.7U�31��+_ 5 ·»AdC�?dM'� E 7G�+:�I>W E �>R E 1���M 5 78� E �+e%:87G�J;$R�� E ��g$�>�+R�S È � E ; 5 · AdC�= 5 �'e â ��� 5 ;$�
�+��;��)��g$�>�+R�S+T 5 V E �+R E 1���M 5 78� E � 5 787G� E � 5 e�;��+W J ��78¯Ig	�'Wi�3M'��:878�<� E �+7`R$:8�.M'�._N��;���C
=»�zM.�'e���R������+W

X++
VBY%R��<])��� E :8��e�:8� E �.W<��M'� E VP:G�>W 5�E e���;��ÍW<�+e 5�E Y�R��</�� EGâ W0� 5 M 5%E

:G�>7GW<�'e���� E Y�R��@:8�+78�'��W�Y�R�� E �+7Z7G�N� 5 e�9��>�+�'; 5�E �t�+M 5 ·»AdC�¤ R$:878� E M'�'e���R������>e E Wi��� E � 5 W)��M.�+g$� E
� 5 ;��+W�:8�+7`R�W¨eXH�W<�+7 5 ���.e�;�� E R��t�+78� 5 7>V 5 Y%R���;$� Ç ��R�M.:8�<�L� E :8��e%:8�(�<� 5 e E :G78R�S+T 5 ; 5 · j[û
� 5 7G78� E � 5 e�;$�>e%:G��C ½»W<�2;�� E Wi��e��+�'78� E ;$��;$�'W<�.e	R��'7}� E8E �Ñ;$� Ç ��R�MK;���;��-]�R$:8�.M'�._N��e�; 5 R�W
��R�:GÆ�Wi��: 5<Ç e��.: 5 e�T 5 ;���:G�>7GW<�'e âKE :8�'� 5 ù§· j[= û(ú Y%R��b]bR�W«W 5 ;$�>M 5 M'�'���+�'7U��W<�+e%:G�b;��H¦ �>7G�>e�:8�
����78�07G�>��78� E �+e%:8��7F�<M'�.e���R������+W�; 5 · AdC
½^Wî· jZ=»û\;$�.¦ �+78� ;$�(R�Wî· jZû �>W 7G�>M'��S+T 5 � 5 ¦§��: 5 ;$� :G�+7`;$�'1��>7 EG5�E � E :8��; 5�E �.e��K���K��� E �

Y%R��»�J¦ R�e�S+T 5 ;$�^:878��e E �'S>T 5 ;$�»� E :U��; 5%E ] ;�� Ç e��K;��
δ : S×Σ →

� 5 e�v*R�e%: 5 ;$� E R��t� 5 e�v*R�e�: 5�E
Ç e��.: 5%E ;��

ρ(S)
V 5 R E ��v���V%� 5 ;$�(��g$� E :8�.76W<��� E ;$� R�Wi�J:G7U��e E �KS+T 50E ���.e�; 5 ;$�»R�W � E :U��; 5 ����7U�

��W<� E Wi��M'��:878�-; 5 ��M.¦§���t��: 5 C fZ5 70�+g	�>W<��M 5 V 5 · jZ=»û
A4

W 5�E :G7U��; 5 e�� Ç ��R�7U�&/�Cªo�� 5
·»jZ= û

A5

;�� Ç ��R�78�0/�C �378�>� 5 e�9��>���>W��3W<� E Wi�0M.�'e���RL�����>W�Y%R�� 5 · j[û
A3

W 5�E :G7U��; 5 e��
Ç ��R�78�)/�C ��C

1

i f

2

3 4

5

letra

branco

letra, dígito

dígito

dígito

j[�'��R�7U�0/�C obuÍû �'����7U��Wi�0;��J:G7U��e E �'S>T 5 ;$�J� E :8��; 5 ����7U�
A4

C

2 R���eL; 5 ��g$�N��R$:U��; 5 V[R�W´· jZ=»û«� 5 ;$�Í:G�>73Wi��� E ;��#R�W � E :8��; 5 � 5 7G78�+e%:8�#� 5 W<� E W 5
:G�>W<� 5 C fZ5 7 �+g	�>W<��M 5 Vy� 5 ��7 5 ��� EGE ��7(� E �+��;$�+�K��ü ý�0 · �zü ý�e 5 ·»jZ=»û

A4

VB� E �NY&k�I+e��+�'�z;$�
� E :8��; 5�E ��:G�'1 5�E �L��7U�0�>��;��)R�W E �+78�K���

�������
{1}

i
→ {3, 5}

f
→ {4, 5}

1
→ {5}

2
→ {5}

���
{1}

i
→ {3, 5}

f
→ {4, 5}

?òe 5 ·»jZ=»û
A5

V E �>7G�K���
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i f

1

letra

2

3 4 5

6 7

letra, dígito

dígitobranco dígito

branco

branco

j[�'��R�7U�0/�C �3uÍû �'����7U��Wi�0;��J:G7U��e E �'S>T 5 ;$�J� E :8��; 5 ����7U�
A5

C

�������
{1, 3, 6}

i
→ {4, 7}

f
→ {5, 7}

1
→ {7}

2
→ {7}

���
{1, 3, 6}

i
→ {4, 7}

f
→ {5, 7}

½^W«·»jZ=»û\78�>� 5 e�9��>��� R�Wi�<�+��;��+�K� E ��V�� 5bÇ e���MB;�� E RL�3�+g	�N��R�S>T 5 V%��M.��R�Wî; 5%E � E :U��; 5%E
� 5 7G78�+e%:8� E �L�>7�:8�+e��+�F� 5 � 5 e�v*R�e%: 5 ;$�F� E :8��; 5�EØÇ eL��� E

F
C[?kg$�>�+R$:8��e�; 5

A4

� 5 W ü ý�0 · V�:8�+7 â ��W 5%E
5 � E :8��; 5 o}��:G�'1 5 e 5�Ç e���MF;�����g$�N��R�S>T 5 ; 5 · j[= ûî��VZ� 5 7�:U��e%: 5 V@ü ý�0 · ;$�>1��>7G�K� E �>7b78�>� 5 p
e�9��N���K; 5 � 5 W 5 �K;$�>e�:8� Ç �+��; 5 7NC °%#e 5äE �>��R�e�; 5 �+� E�5 Vt� 5#Ç e���M[;��Í�+��;$�+�K��ü ýUVP:8�+7 â ��W 5�E ; 5 � E
� E :8��; 5�E � 5 7G78�+e%:8� E V���W3� 5�E �t�+7G:G�+eL���+e%:8� E � 5 � 5 e�v*R�e%: 5

F
C m �F¦ Æ E8E �>W 5%E R�:G�'M.�'_>��7k� E8E �a·»jZ=»û

����78�Í�.W<��M'�+W<�+e%:U��7(e 5 · AdVP:8�+7 â ��W 5%E R�Wæ��7 5 ��M'�+Wi��VP� 5 � E eLT 5}E ���L�>7 â ��W 5�E Y%R���M 5 : 5 º��+e
� 5 7G78� E � 5 e�;$�>e%:G� J ����M'�I1	7U�#M'�';���V E � E �>7G�K�ÍR�W �K;$�+e%:G� Ç �>��; 5 7 5 R-R�W ü ýUC D �+7 â ��W 5%E Vy�>e%:8T 5 V
Y%R��J� E :8���L�>M.�N���+7`��7G� 5 78�';���;$� E �L��7U�0;$�N���K;$�'7`�+e%:G78��; 5 � E � E :8��; 5�E Y%R��(:G�>7GW<�'e���7U��W¨��:G�'1 5%E C
·^�t� E ��7»;��J¦§�����'M'�H:U��7»�<;$� Ç e��KS+T 5 ;��<M.�'e���RL�����>Wî;$� E ��v���;���V$R�W«· jZ=»û�eLT 5 ]J:8T 5 ¦§�����'M.p

W<�+e%:G�<�'W<��M.�>W<�+e%:8��; 5 Y%R���e%: 5 R�W ·»jZû0C D �>e%:G��Vy� 5 7J�+g	�>W<��M 5 VB��;����$:8��7 5 ��M'� 5 7G�.:GW 5 ; 5
·»AÑY%R��3�t�+7U� 5 7G78�3�i:U���t�+MK�Í;$�3:G7U��e E �KS È � E ����7U�iR�W · j[= û3C fZ5 7 5 R�:G7 5 M'��; 5 VP� E �+��78��� :8��p
7 â'E :G�K�+� E ;$�ÍeLT 5 pw;$�+:G�+78W<�.e�� E W 5 e�T 5 ��;$�K��� 5 e���W � 5%E · j[= û E e��>e�9	R�W �*� 5 ;$�+7��#��g	:G7U���+W
78�+MK��S+T 5 � 5%E · j[û E C l E8EG5ÍE �'��e�� Ç �>�ÍY%R��)�Í��MK� E8E �3;$�)M.�'e���RL�����>e E Y%R��0� 5 ;$�>W E �>7(;�� Ç e��K;�� E
� 5 7`W<�+� 5 ;$�b·»jZ=»û E ]b�)W<� E Wi�);�� E Y%R���� 5 ;��+W E �+7^;�� Ç e��K;�� E � 5 7`W)�>� 5 ;$�b· jZû E C
· E8E �'W E �>e�; 5 VLY�RL��MKY�R��+7^·»jZ= û�� 5 ;$� E �>7`:G7U��e E ¦ 5 7GWi��; 5 e	R�W«·»jZû��NY%R��.1���M.�>e�:8��C fZ5 p

;$�>W 5%E V@�+e%:8T 5 V@;$� Ç e��'7<e 5�E8E �&M.�'e���R������+W´� 5 7<W)�>� 5 ;$�}R�W · j[= û3Vd:G7U��e E ¦ 5 78Wi�prM 5 e	R�W
·»jZûË��Vt�+e%:8T 5 V�W 5 e�:U��7(�):8���t�+MK�#; 5 ·»AdCB¤ R�W<�+M'9 5 7 ���'e�;���VL� 5 ;$�>W 5�E � E �+7G�>1��>7`R�W ��7 5 p
��7U��Wi�(Y%R��a¦§��S>�J� E8E�5 ����78�(e�¯ E ù 5 R<R E ��7kR�WËY%R��Zv�J�+g$� E :8�%ú C[O,��g���:U��W<�+e%:G�a� EGE �J� Ç M 5%E�5�Ç �
; 5%E ��7 5 ��7U��Wi� E Y%R��b���+7U��Wî· A E W)�N;$�K��e%:G�b�i;$� E �+7G�KS+T 5 ;��<M.�'e���R������+W�e	R�Wi�<¦ 5 7GWi�)Wi��� E
��W<�'��I1��+MXCØ? E8E � E ��7 5 ��78��W<� E ���+������W�:878��e E ¦ 5 7GWi��e�; 5 � E8E �);$� E ��78�KS+T 5 e	R�W¨· jZû3C
=»� E � EGE T 5 /�C �,1��+78�+W 5%E#5 R�:G7U��¦ 5 78Wi�¬;$��;$� E ��78�+1��+7#M'�.e���R������+e E 78�+��R�M'��7G� E C m T 5 � E

��g$��78� E8EGÈ � E 7G�>��R�MK��78� E V$Y%R���Vt� 5 W 5�E · jZ=»û E V E �>78T 5 R E ��;�� E eL�i� 5 e E :87GR�S>T 5 ; 5 · A,����7U�<�
M'�.e���R������+W

X++
e�� E �>S>T 5 /�C /�C
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3.2 Expressões regulares
¤ R$:G7U��Wi��e��>�.7U�-;�� E �}7G�>��78� E �+e%:8��7G�>WÿM'�'e���R������>e E 7G�>��R�MK��78� E ]}� 5 7iW)�>� 5 ;$���+g	��7G� EGEGÈ � E
78�+��R�M'��7G� E CÊ½»Wi����g$��78� E8E T 5 78�+��R�MK��7�ù ?6c»úiR$:8�.M'�'_>��M'�.e���R������+e E 7G�>��R�MK��78� E ����7G�'W<�H:8�.1�� E ���
� 5 W3���'e���pr� E � 5 7)W)�>� 5 ;$�}��M'��R�e E05 �t�+7U��; 5 78� E C&? E8E �-��g$��78� E8E T 5 ¦ 5 78Wi��;��-;$� Ç e���Vd�>e%:8T 5 V
R�Wi� 5 R$:878�)M'�.e���R������+W}C@¤ Ea5 �t�+7U��; 5 78� E R$:G�'M.�'_>��; 5�E e�� E8E � E �+g$��7G� EGEGÈ � EaE T 5)5�E`E �+��R��.e%:G� E �

•
½»e��KT 5 ù

∪
ú �^;���;�� E � E M'�'e���R������>e E

L1

�
L2

V E�5 ��78� 5 ��M.¦§���t��: 5
Σ
Vy;$� Ç e���p E �

L1 ∪ L2� 5 W 5
{x ∈ Σ∗ | x ∈ L1 ∨ x ∈ L2}

m
•
465 e��+��:G�>e���S>T 5 ù

·
ú �<;���;�� E � E M'�.e���R������+e E

L1

�
L2

V E�5 ��78� 5 ��M.¦§���t��: 5
Σ
V[;$� Ç e��+p E �

L1 · L2

� 5 W 5
{x.y ∈ Σ∗ | x ∈ L1 ∧ y ∈ L2}

m
•
j��>�U9 5 ;$���JM'�+�>e��0ù

∗
ú��k;���;��0��M'�.e���R������+W

L
EG5 ��78� 5 ��M.¦§���t��: 5

Σ
V$;$� Ç e��+p E �

L∗
� 5 W 5

E �+eL; 5
λ ∪ L ∪ (L · L) ∪ (L · L · L) ∪ (L · L · L · L) ∪ ...

C

·^M'��R�e E ��g$�+W<��M 5�E ;��)����M'�'�>��S+T 5 ;�� E8E � E65 �L�>78��; 5 78� EaE T 5 �

{a, b} ∪ {c, d} = {a, b, c, d}

{100, 010, 110}∪ {00, 01, 11} = {100, 010, 110, 00, 01, 11}

{101, 110} · {00, 11} = {10100, 10111, 11000, 11011}

{abc}∗ = {λ, abc, abcabc, abcabcabc, abcabcabcabc, ...}

{a, b}∗ = {λ, a, b, aa, ab, ba, bb, aaa, aab, aba, abb, baa, bab, bba, bbb, ...}

?Ë�L��7U�&;$� Ç e��'7GW 5�E)5 Y%R��z]äR�Wi����g$��78� E8E T 5 78�+��R�M'��7>VZ1���W 5�E ����7�:8�.7<;�� E M'�'e���R������>e E
Wi��� E»E �.W<��M'� E Y%R��3�+g$� E :G�>W«�0R$:G�'M'�._N��7»� EGE � E»5 �t�+7U��; 5 7G� E C D �+W 5%E Vt�+e%:8T 5 Vt;���; 5z5 ��M.¦§���t��: 5
Σ = {a1, a2, ...an}

�

• a1

V
a2

V0C.C'C
an

E T 5 ?@c E Y%R��-� 5 787G� E � 5 eL;$�+W J�E M.�'e���RL�����>e E
{a1}, {a2}, ..., {an}

V
78� E �t�>� :8�.1���W)�>e%:G��m

• ε
](R�W<�<?6cêY%R��b� 5 787G� E � 5 eL;$� J M'�.e���R������+W

{λ}
m

• ∅
]JR�Wi�<?@c Y%R���� 5 7G78� E � 5 e�;$� J M.�'e���RL�����>W ´ µ=m

•
E �

e1

�
e2

E T 5 ?@c E Y�R��»� 5 7G78� E � 5 e�;$�>W J�E M.�'e���RL�����>e E
L1

�
L2

V��>e%:8T 5
e1∪ e2

]^R�Wi�
�+g$��7G� EGE T 5 78�+��R�M'��7aY%R���� 5 787G� E � 5 e�;�� J M'�.e���R������+W

L1 ∪ L2

m
•
E �

e1

�
e2

E T 5 ?@c E Y�R�� � 5 7G78� E � 5 e�;$�>W J�E M.�'e���RL�����>e E
L1

�
L2

V	�+e%:8T 5
e1 · e2

](R�Wi�
�+g$��7G� EGE T 5 78�+��R�M'��7aY%R���� 5 787G� E � 5 e�;�� J M'�.e���R������+W

L1 · L2

m
•
E �

e
]�R�Wi�)?@c\Y%R���� 5 7G78� E � 5 e�;$� J M.�'e���RL�����>W

L
V$�>e%:8T 5

e∗
]�R�Wi�)?@c\Y%R���� 5 7G78� E p

� 5 eL;$� J M.�'e���RL�����>W
L∗
C

fZ5 7^�+g	�>W<��M 5 V
(a ∪ b ∪ c ∪ d)

�.e�;��'�>�i�<R�e��KT 5 ;�� E M.�'e���RL�����>e E
{a}

V
{b}

V
{c}

V
{d}

V 5 R
E �*v���V

{a, b, c, d}
C f ��7U�F�+1	�.:8��7Ø� 5 e�¦ R E T 5 Y�RL��e�; 5 W<� E :8R�7U��W 5�EP5%Ey5 �t�+7U��; 5 7G� E ;$�+e%:G7 5 ;$�dR�Wi�

W<� E Wi�}��g$��78� E8E T 5 78�+��R�M'��7>VØ;$�+1��+W 5�E � E :U���t�+M'�>�+�+7�R�Wi�}��78� 5 7G�K;���;$�<�+e%:G78� 5�E�5 �L�>78��; 5 78� E C
D �+W 5�E V��>e%:8T 5 V

∗
� 5 W ��Wi��� E ��M.:8����78� 5 78�';���;$��V%;$�+� 5 � E

·
��V Ç e���M.W<�>e�:8��V

∪
C f[5 ;$�>W 5�E ���.eL;��

R$:8�.M'�._N��7b�L��7�I+e%:G� E � E ����7U�};$��:8�+78W<�.e���73� 5 78;$�>W ;$�z����M'�'�>��S>T 5 ; 5�E35 �t�+7U��; 5 7G� E CÍök�*v���W 5%E
��M'��R�e E ��g$�+W<��M 5�E �
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• (a ∪ b) · (a ∪ b ∪ c)∗ · (b ∪ c)
;$� Ç e��#�zM'�'e���R������>Wæ¦ 5 78Wi��;��z� 5 7�: 5 ;�� E � E �>��;$�>�'� E

EG5 ��7G�
{a, b, c}

Y�R�� E ���'e��'�+�'��Wî� 5 Wî� E M'��:878� E
a
5 R

b
�J:G�+78W<�.eL��Wî� 5 W

b
5 R

c
m

• (a∪b) ·((a∪b) ·(a∪b) ·(a∪b))∗
;$� Ç e��^�JM.�'e���RL�����>W

{x ∈ {a, b}∗ | |x| mod 3 = 1}
C

· E8E �'W � 5 W 5ä5�E ·»jZ=»û E V[� E ?6c E � 5 ;��+W E �+7�W0R��H: 5 W<��� EJE �.W<��M'� E �L��7U�Í78�+��78� E �+e%:U��7
�-M.�'e���RL�����>W � E �>7)78�>� 5 e�9��>���K;��&� 5 7)R�Wþ·»A ; 5 Y%R��}R�W · j[û0C fZ5 7<�+g	�>W<��M 5 V@����78�-�
M'�.e���R������+W�;$� Ç e��K;��<�t�+M 5 ·»jZû

A1

V$� 5 ;��+7 â ��W 5%E R$:G�'M'�._N��7^� E �>��R��'e%:G�J?@c��

(digito · digito∗) ∪ (i · f) ∪ (letra · (letra ∪ digito)∗)

¤ RzW<�>M.9 5 7`Y�R�� � EGEG5 V	� 5 ;$�+7 â ��W 5�E ;$� Ç e��.7`�>��;��0R�Wî; 5%E : 5 º��+e E � E �>7G�>W 7G�N� 5 e�9��>�+�'; 5�E
� 5 7`W<�+� 5 ;$��R�Wi�)?@c�C fZ5 7`��g$�+W<��M 5 �

�o� � á È Ç��
digito · digito∗

m
� óJ�

i · f
m

�U¡ á � ß � ó � ô0± ¡ Ç È �
letra · (letra ∪ digito)∗

C

s�� E :8��W3�t]+Wæ� 5 W 5 ��� 5 e%:G�N���3� 5 W 5�E ·»jZ=»û E Vy]3Wi��� E ;��H¦ â ���'MZ�.W<��M'�+W<�+e%:U��7»R�Wæ��7 5 p
��7U��Wi�zY�R���VB;���;�� E � E ?@c E VÌ� 5 e E �'���#�K;$�>e�:8� Ç �+��7��>��;$�>�'� E Y%R��<�z�+MK� E � 5 7G78� E � 5 e�;$�>WäC f[5 7
5 R�:G7 5 MK��; 5 Vk]ä� 5�E8EGâ 1��+M6:8��W0�L]>W´:G7U��e E ¦ 5 78Wi��70R�Wi�&?@c¨e	R�W ·»jZû0Vd�&�+g$�+W<��M 5 ; 5 Y%R��
5 � 5 7G78�0� 5 W 5%E ·»jZ=»û E C<? W<�+M'9 5 7b���.eL;���VB�+g$� E :G�>W ��7 5 ��7U��Wi� E Y%R��(v�z¦§��_+�>W � EGEG5 C<½^W
;$�>M.� E ] 5 °��I1�� 4`4 V%Y%R��^R$:8�.M'�._N��78�+W 5�E � E �+��R��.76����7U�J�.W<��M'�+W<�>e�:U��7 5 ·»A&����7U�b��M'�'e���R������>W
X++

Ck? E8E �»��7 5 ��78��W<�J�t�+78W<�H:8�(Y%R��(� E �t�>��� Ç Y%R��>W 5%E@5%E : 5 º��+e E ; 5 e 5�E8E�5 ·»A-� 5 76W<�+� 5 ;$�
?@c E �J�+7G�K�)R�Wî��7 5 ��7U��Wi�3°%�I1��0�>������_J;��(M'�+7»�(78�>� 5 e�9��>���>7a� E8E � E : 5 º��+e E C

3.3 O analisador léxico da linguagem X
++

=^� E :U� E �>S>T 5 W 5�E :G7U��78�+W 5%E � 5 W 5 �.W<��M'�+W<�+e%:U��7 5 ·»AÑ����78�#�ÍM.�'e���R������+W
X++

R E ��e�; 5#5
���>78��; 5 7[;$�`� 5 W)���.MK��; 5 7G� E °%�I1�� 4`4 C�= 5 ·^��I+e�;��'�+� n ]@¦ �>�H:U� R�W<�(;$� E �+7G�KS+T 5 ;$�`� 5 W 5 ¦ R�eL���.p
5 eL� � EGE �F��7 5 ��7U��Wi��VI�'e���M'R��'e�; 5 ��M.��R�e E ��g$�+W<��M 5�E ;�� E R��(R$:8�.M'�._N��S>T 5 C[· E8E �'W}V�78�>� 5 W<�+e�;���p E �
Y%R�� 5 M.�>�H: 5 7`� 5 e E R�MH:8��� E8E �����cI>e�;$�K������e%:G� E ;$�b� 5 e%:G�'e%RL��7`�)M.�>�H:8R�78�<;$� E :U� E �NS+T 5 C

¤ ��7 5 ��7U��Wi��°��I1�� 4`4 ���+�+�.:8�,� 5 W 5 �+e%:878��;���R�WÙ��7UY�R��.1 5 Y%R���:G�+W �à;$� E �+7G�KS+T 5 ;��
M'�.e���R������+W�� E �+7k78�>� 5 e�9��N���K;�� �`�.7U»���+7U��7ZR�W ��e���M.� E ��; 5 7 E �.e%:U�:G�K� 5 �`R�W ��e���M.� E ��; 5 7ZM']�g$�K� 5
����78��� EGE ��M'�.e���R������+W}CZ· E8E �'W}V$��M']+W ;��b��78��Wi�:G�K�+�3;��bM'�.e���R������+W)pw��M'1 5 V�;$�+1���p E � ;$� E ��78�+1��+7
:8��W3�t]+W©Y%R���M(]��àM'�'e���R������>WäV 5 R 5 � 5 e�v*R�e%: 5 ;$�-: 5 º��+e E � E �>7G�>WÙ7G�N� 5 e�9��>�+�'; 5%E �t�+M 5
·»A@C$? E8E ����7UY%R��'1 5 � 5 ;$�(:G�+7^Y%R���M'Y%R��>76e 5 W<��V$Wi� E � 5�E :GR�Wi��p E � R$:8�.M'�'_>��7aR�Wi�0��g	:G�>e E T 5 ¢ £�£ C
öd��W 5%E e 5�E 78��¦ �>7G�'7`�0� EGE ����7UY%R��.1 5 � 5 W 5 ����78Y%R��'1 5 C v vr� C

¤ ��78Y%R��'1 5 � E �+7(:878��:8��; 5 �t�+M 5 °��I1�� 4`4 ]i;$�'1	�';��'; 5 �>W ;$�'1��+7 E � E(E �NS È � E C)· ��78�'W)�>�.7U�
;$�>M'� E ;���:G�>7GW<�'e��J��M'��R�e E �L��7U®�W<��:87 5%E ����78�(�(���>78��S+T 5 ; 5 ·»A}�`; 5 · m C�? EGE � E �NS+T 5 �'e��'�+�'��p E �
� 5 W �b����M'�I1	7U�^� 5 �$:G� 5 e E � V�� 5 W 5 W 5�E :G7U��; 5 � E �>��R��'7NC 4 ��;���R�W�;$� EGE � E ����7U®�W<�+:G7 5�E � 5�E8E R��
R�W 1���M 5 7�pr����;�78T 5 � E ¯Í��7G�N��� E ��W 5%E �'e��+M.R��'7�e��ze 5�E8E �Í;$� Ç e��KS+T 5 ��Y%R��>M.� E ����7U®�W<��:87 5%E �+R�v 5
1���M 5 7`;$� E ��v���W 5�E ��MH:8�+7U��7NC[= 5 �>� EG5 ;��)M.�'e���RL�����>W

X++
V��'78�+W 5�E R E ��7^���L�>e�� E � 5 �PS+T 5 �
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\�T7S�b�\�[:iÊ�
°&òX�Xò�±�² ¢£�7^Xh�i�_ �Ì
? E8E � 5 �tS>T 5 ��¦ �+:8� 5 W 5 ; 5 Y%R�� 5 ·»A�� 5 · m E T 5 ���+7U��; 5%E CÌ· 5 ���+7U��7 5�E ��e���M.� E ��; 5 78� E V 5

°%�I1I� 4`4 ��78�'�3R�Wi�3��MK� E8E � °%�I1I�b����7U� 5 ·»A-�»R�Wi�0����7U� 5 · m C m �(� E8E � 5 �PS+T 5 :G�'1��>7 5 1I��M 5 7
true

VLY%R��3] 5 1���M 5 7GpX����;$7UT 5 V%:U��e%: 5 �i�+M'� EGE �b� 5 7G78� E � 5 e�;$�>e�:8��� 5 · m Y%R���e%: 5 � 5 · A E �+7UT 5
��MK� E8E � E ��R�v 5�E � 5 W<� 5 e��+e%:8� E ù 1���7G�KI1��>� E �bW<]�: 5 ; 5�E ú E T 5o³c?�A�?�� oIC 465 W 5 � 5 e E �>Y=k�I>e����K��V E ¯
R�W\· m �@R�W\· AÍ� 5 ;$�+W E �+7Z��78�'��; 5�E CB½`:8�.M'�._N��e�; 5 � 5 �tS>T 5 °&òX�Xò�±�² ¢£�7^Xh�i�_a:8�+W)p E �6W<��� 5 7
P��+g	�'���'M.�K;���;$��V[� 5 � E ;$�.1��+7 E � E ��¯����'� E ; 5 · m ù ��VZ� 5 W 5 � 5 e E �NY&k�I+e��+�'��VÌ; 5 · AØúJ� 5 ;$�+W E �>7
��78�K��;�� E C fZ5 7 5 R$:87 5 MK��; 5 V�;$�^��� 5 7U; 5 � 5 WË�(; 5 �+R�W<�+e%:8��S+T 5 ; 5 °%�I1�� 4`4 V 5 ;$� E �+W<�t�+e�9 5 ;$�
R�Wî� 5 W<���'M'��; 5 7a� E :U�:G�K� 5 ] E R��L�>7G� 5 7`� 5 ;$�JR�W¨e�T 5 � E :8�:G�K� 5 C[?@W3� 5 7U�0R�:G�'M.�'_+�>W 5%E ���t�+e�� E
R�Wi�Í�+¯����K�i; 5 · m e 5 e 5�E8EG5 � 5 W<���'MK��; 5 7>VL��7G�+¦ �+78�.W 5%E R�Wæe�T 5 � E :8�:8�'� 5 ���t�+eL� E �L��7U�#Y%R��
5 M.�>�H: 5 7`� 5�E8E �)1��+7`Y%R���� E`E T 5 � E �.W<��M'�K�+��S È � E ;$� E :U� 5 �tS>T 5 e��)�'W)��M.�>W)�>e%:8��S>T 5 C

· E �>��R�eL;��b����7�:8�J](;$�>M.�'W<�H:U��;��)�t�+MK� E ����M'�I1	7U� Eµ´�¶�·�;6¸�·�¹�º�¸/»�¼�½ � ´�¶�·�;�¸�·�¹�¸�½�¾àE �>��R��.p
;�� E � 5 7kR�W e 5 W<��C[? E8E �`e 5 W<�^� 5 7G78� E � 5 e�;$� J ��MK� E8E �^Y%R��`�'7U(����78�.�%��7 5 · m C fZ5 7k��g$�>W)��M 5 V
R�W ´�¶�·�;�¸�·�¹�º�¸C»�¼�½À¿�C
A���Á�Â�Ã �'78 5 78�.���.e���7Ø� R�Wi� �+M'� EGE �6�U9L��Wi��;�� C'A���Á�Â V>Y%R�� E �>78 � �+M'� EGE �
; 5 · m V��`R�WË��78Y%R��'1 5ðC'A��6Á�Â1ÄbÅ�A�ÆcA Y%R��^� 5 e%:G]>W�� E8E �(�+M'� EGE ��C D 5 ; 5 �+¯	;��.� 5 � 5 M 5 �>��; 5 e�� EGE �
:G78�>�U9 5 ; 5 ��78Y%R��'1 5 C v v E �+7U3�'e��+M.R â ; 5 e�� EGE �)��MK� E8E ��C

·^M']+W ;�� E8E�5 V E �>78ä��78�K��;��ÍR�Wi�z�+M'� EGE �)Y%R��<� 5 7G78� E � 5 e�;$�)� 5 ·»AQ; 5 � 5 W)���.MK��; 5 7>C�? EGE �
��MK� E8E �Íù � 5 ��78Y%R��'1 5#5 e�;$�0�+MK�Í])��78W<��_+�>e���;��%úF:G�>W 5 e 5 W<�0; 5 · m W<��� EÈÇ ��É D��6Ê�A���A�ÁMD�Ë C
= 5 e 5�E8E�5 �+� E�5 V$� 5 7^��g$�>W)��M 5 V��i��MK� E8E ��; 5 · A E �+78�'�<�U9���W<��;�� C'A���Á�ÂÌÇ �6É D��6Ê�A��cA�ÁMDQË CÌ= 5
v���78��T 5 R$:8�.M'�._N��; 5 �t�+M 5 °%�I1I� 4`4 V 5 ·»AÑ]<�U9���Wi��; 5 ;$� D 5 º��>e&s���eL�����>7>Vt� 5 7(� E8E�5z5 e 5 W<�
;��<��MK� E8E ��C
= 5 ��7 5 ��7U��Wi��/�Cª�$V 5 �+¯	;��.� 5 ;$�+e%:87 5 ;�� E8E � E �>S>T 5 ; 5 ��7UY%R��.1 5 C v vF;$� Ç e�� 5 W<]+: 5 ; 5n>MA����

;��z��MK� E8E � C'A���Á�Â CL?dM'�3])7G� E � 5 e E I1��>MB� 5 7(1��+78� Ç �+��7»Y%R���� E E T 5Í5�E ����7U®�W<��:87 5%E ;$�0�+e%:G7U��;���V
��78�K��7 5-5 �$v*�+: 5 ; 5 :G�'� 5ôC'A���Á�Â �Í�+g	�N��R$:U��7)�&��eL�M'� E � EG5 ��78�#R�W ��78Y%R��'1 5 �+R�v 5 e 5 W<�#¦ 5 �
��� EGE ��; 5 � 5 W 5 �L��7U®�W<��:87 5 C m � 5 e 5 W<�JR$:G�'M.�'_>��; 5 ¦ 5 �t�wp{�UV$�>e%:8T 5 �i��eL�M'� E � E �>783¦ �+�.:8� EG5 ��78�
�^�>e%:G7U��;���pX����;$7UT 5 ù m � E :G�>W}C �'eLú CZ?dM'�a�����>�H:U�`:U��W3�t]+WË� 5 �PS+T 5 .)��$�����{V�Y�R��@W 5 ;$� Ç �+�(� E � â ;��
��7 5 ;$R�_+�K;��)�t�+M 5 � 5 W<���'M'��; 5 7NC

9�:�;%<�:�=?>�=A@CB ©F 9�ÍQ�6ÎU���6Ï&Ð���Ñ�ÒUÓ/y�Y%= H <�Ô�{
\ n6=�L j =Q< G n6=Q:�^ G :CÕ
_ Z >�n�;&: KcÖ =Qp�=�B Z ;�B � Õ
d
e
g n J�O Y Z LALQYQ=�^Q^tYQ= H <QÔM×
h a ZbH =�YA^ K = K�Z LSÎ K : Z?H <tØ G :�^ Z ; H `�lEÔ�f�fSÙ�;�>�n Z Y G : ¨ Ø G :�^ Z ; H D�B�s ¨X© sQsQª�l�Õ
iÚO ;�;�Y G = HMÛ�G&H ;�^�^ N ;&: K `ta�=�Y�^ G ÕÜR�RS^%=�Ý [ =P: G ^ J > Z&[ =A`ta�=�Y�^Q;
k
Frq
FuF R�RTÞ G a ZbH6G ; >�� K ; [ ;ml�>�= Z?H l [ =AL%YQ=�^�^ G Y%= H <�Ô/B
Fr\ n J�O Y Z Lw^ K = K6Z LPp�; Z&[ >�= ZbH y�Î K : ZbH <c=Q:�<�^�� � { K&N :�;&ß�^T9�=Q:6^ G ��v6L G n K�Z ; H
Fr_ ×
F|d Î K : ZbH <Aa Z Y G&H =?> G `�l�l�ÕÜR�R H ;?> GS[ ;T=Q: I%J�Z p�;S=A^ G :A= H =�Y Z ^%= [ ;
Fre Y%= H <�ÔPn�=Q:6^ G :�Õ R�RP= H =�Y Z ^%= [ ;%:cY%�Qv Z LQ;QR�^ ZbH�K�àQK6Z LQ;
Frg Z?H�KcZ Õ
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F�h O ;�;�Y G = H >�^T`ta�=�Y�^ G Õ
Fri
Frk Î&¥6^ K�G >áB�; J�K B�n�: ZbH�K Y H y�Ø G :6^ Z ; H {�Õ
\uq RQRSYQ�S;�^on6=Q:�â?> GQK :�;�^Xn6=�^�^%= [ ;�^Xn6=Q:�=A;ALQ;?>�n Z YQ= [ ;%:
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d�\ n6=Q:6^ G :A` H6G ßMYQ= H <�Ô�y H6G ß Ö =%p�=CB Z ;åB�ï Z Y G Ò H n J�K Î K : G =?>áyua Z Y G&H =b> G {Q{�Õ
d�_ ë
dud L%= K L N y Ö =%p�=CB Z ;åB�ï Z Y G Ó6; K ï�; J�H�[ ��v�L G n K6Z ; H�G {T×
d�e Î%¥6^ K�G >ìB�; J�K B|n�: ZbH�K Y H y?lEï Z Y G lífPa Z Y G&H =b> G fml H ; K a�; J�H�[ B�l%{�Õ
d�g : GQK%J : H Õ
d�h ë
d�i ë
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eue ló� G v Z L%=�YP��:Q:�;%:6^Ta�; J�H�[ l&{�Õ
eug G Y�^ G
e�h Î%¥6^ K�G >ìB�; J�K B|n�: ZbH�K Y H y?lE9�:�;&<�:�=b>ã^ J L�L G ^Q^&a J Y�Y&¥
= H =�Y Z V GQ[ B�l%{�Õ
eui ë R�RÈ>�= ZbH
euk
guq ^ K = K�Z LXn J�O Y Z LtÎ K : ZbH < Z >áy ZbH�K v�{ôR�Rí>�� K ; [ ;t= J v Z Y Z =Q:
g�F ×
gu\ ZbH�KPj Õ
gu_ Î K : Z?H <
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gug K :Q¥M×�^T`A^åB�^ J�O ^ K : ZbH <Cy�D�ö j {�Õ ë
g�h L%= K L N y�Î K : ZbH <�Ò H�[�G v�� J�K �%a%Ð6; J�H�[ ^U��v6L G n K6Z ; H!G {
gui × ë
guk : G%K%J : H ^�Õ
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h�F
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g ×
h : G%K%J : H L%; J�H�K � G vQ��:�:�;%:CÕ
i ë
k
Frq ë �
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\ ×
_ ltl
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h ] lbõ%a�l
i ë �
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;$�>1��+W E �+7 �.��e 5 7U��;�� E C^= 5 �>� EG5 Vt� E :8��W 5%E ;$�'_+�>e�; 5 Y%R��0R�Wî����78��e�� 5 � 5 R�R�W � ���+V 5 R�R�W
Ç e���M`;$�zM'�'e�9���V 5 R¬R�W ������ üG�
ü=�����
���7���V 5 RÑR�W �¼ü±�:��ý�����	�V6;$�>1��>W E �>70�'��e 5 78��; 5�E �zeLT 5
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�}Y�RL��� E05%E :8�.� 5�E ;��Í: 5 º��>e E Y%R��ä�-�+MK� E � 5 7G78� E � 5 e�;$�>W}C,ök�*v���W 5%E05 �+� E�5 ;�� E ����M'�I1	7U� E
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�)��78¯���78�'�0����M'�I1	7U��C D �>W 5%E �

9�:�;%<�:�=?>�=A@CB��
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��QÓê
d ×
e ä ÐQ����Í�
Ìíl O : G = j l }
g ](ä Ù&��Í�Î�Î�ílbLQYQ=�^�^6l }
h ](ä Ù��&Ó6Î%�Q�%è6ÙQ���&�/XlbLQ; H ^ K : J L K ;&:�l }
i ](ä �Q�6Î&�Ì l G Y�^ G l }
k ](ä ��Ô��Q��Ó�Þ�Î�íl G v K�G&H�[ ^�l }
Frq ](ä ï��&�Ì l�a�;%:�l }
FuF ](ä ÒUï/ l Z a�l }
Fr\ ](ä ÒbÓ��/ l Z?H�K l }
Fr_ ](ä ÓQ���Ì l H�G ß�l }
F|d ](ä 9Q��ÒUÓ��/ílîn�: ZbH�K l }
Fre ](ä �Q��ÍQÞÌ lE: G = [ l }
Frg ](ä �Q���%è���Ó/íl�: GQK%J : H l }
F�h ](ä Î&�Q��ÒUÓ�Ñ�ílU^ K : Z?H <�l }
Fri ](ä Îbè�9����Ìílb^ J n G :�l }
Frk ë �
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;$�&: 5 º��+e E �.7UT 5 � 5 787G� E � 5 eL;$�+7NVae��,�'W)��M.�>W)�>e%:8��S>T 5 ; 5 · m Va�¬� 5 e E :8��e%:G� E �.e%:G�>�.7U� E ;$� Ç p
e��K;�� E e 5 ��78Y%R��'1 5 C'A���Á�Â ��� ��³c?�A���?�³ VdY%R��&]-� E R��t�+7U��MK� E8E ���'W<�>;$�K��:U�à;��à�+M'� EGE � C'A��6Á�Â C
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F�h ë
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� 5 e%:G7 5 M'� 5 e=H�W)�>7 5 : 5 :8��M	;��F�>7G7 5�E M.]+g$�'� 5�E �+e�� 5 e%:G7U��; 5�E C f ��7U�^� EGEG5 V 5 °��I1�� 4`4 �L�>7GW<�.:G�`Y%R��
�J�+��;��(��g$��78� E8E T 5 ;$�^�>� E ��W<�+e%: 5 � EGEG5 ���'�+W 5�E R�WË�L�N;���S 5 ;��^��¯$;$�'� 5 °��I1��(Y%R��`]`��g$�>�+R$:8��; 5
�+��;��a1��>_dY%R�� 5 � 5 7G78�ZR�W\�+� E ��W<�>e�: 5 C D �+78�+W 5�E VN�+e%:8T 5 VI� E �>��R��'e%:G�d;$� Ç e��KS+T 5 VNY%R��6� 5 W<��M'��:U�
e 5%EGEG5 · Ad�

9�:�;%<�:�=?>�=A@CBED ©F R � ��:�= K =A;�^ G :�:�;�^PYQ�Qv Z L%;�^ � R
\ Î&9���Ù�Ò&ÍQ�6Ï%����
���Ó 
_ ×
d ä ÒUÓ�Ø�ÍQ��ÒUÞ6ÏU����Ô6Ò%Ù%ÍQ�Ì
e yy)��El�=�l ¨ l�V�l�öol�Í�l ¨ l%+�l�ö
g l?s�l ¨ l ¬ l�ö
h lbõ�lQl�ö
i l�y?l�ö
k l%{�l�ö
Frq l��El�ö
FuF l � l�ö
Fr\ lb×�l�ö
Fr_ l ë l�ö
F|d l�Õ?l�ö
Fre l�ö?l�ö
Frg l�B�l�ö
F�h l?`�l�ö
Fri l } l�ö
Frk l ä l�ö
\uq l�ñ�l�ö
\�F l?f�l�ö
\u\ l ¨ l�ö
\u_ l � l�ö
\�d lbR�l�ö
\ue l%$�l�ö
\ug ltl�ö
\�h lbõ K l�ö
\ui lbõ H l�ö
\uk lbõ%:�l�ö
_uq lbõ%a�l
_�FÚ� {Uf }
_u\ ×
_u_ Î%¥6^ K�G >ìB G :�:/B|n�: ZbH�K Y H y?lE� ZbH�G líf ZbH n J�K Ï�^ K : G =b>ìB�< G%K � H�[ � ZbH6G yE{Af
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ÎZÜ»ÚOu+Ô(ÖØÛFÏ-,"x)Ü Ò»ð»ÛÌ×�ÓX¿ñÛ/.10»×+ÎZÜ o��

_�d l ¨ Ò H p�=�Y Z&[ ^ K : Z?H <Sa�; JQH�[ íl f Z >�=Q< G {�Õ
_ue LQ; JQH�K � G v%��:�:�;%:�f�f�Õ
_ug ë
_�h ]
_ui ä ÒbÓ�Ø�ÍQ��ÒbÞ6ÏQÙ��&Ó�Î%�/
_uk lbõ�l�l�yy)��élbõ H l�ö�lbõ%:�l�ö�lbõ�l�l � { � �élbõ H l�ö�lbõ%:�l ��}
d�q ×
dîF Î%¥6^ K�G >ìB G :�:/B|n�: ZbH�K Y H y?lE� ZbH�G líf ZbH n J�K Ï�^ K : G =b>ìB�< G%K � H�[ � ZbH6G yE{Af
d�\ l ¨ Î K : ZbH <cLQ; H ^ K = H�KtN =�^P=Aõ�õ H  l f Z >�=Q< G {�Õ
d�_ LQ; JQH�K � G v%��:�:�;%:�f�f�Õ
dud ë
d�e
d�g ë �
¤Ë��¯$;$�'� 5 � E8EG5 �+�'��; 5 � 5 : 5 º��>e�� E �L�N���K��MBW 5%E :878�i�iW<�>e E �����>W¨;$�b�>7G7 5 �b�'e���78�+W<�>e�:U�i�

1���78�'I1��+M³o�� ����? » D ¹ ¸�Ë�Ë � Ë VNY�R��6¦ 5 ��;$� Ç e��';��Je��J��MK� E8E � C'A��6Á�ÂÌÇ ��É D��6Ê�Á�Ë V+� 5 7kW)�>� 5 ;�� E �>S>T 5
÷1ø ù û ý8þn²Aÿs�8þ�� û����	�tV$W 5�E :G7U��;��)��e%:G�>7G� 5 78W<�+e%:G��C
·ñ;$� Ç e��KS+T 5 ; 5 : 5 º��+e<� E �t�>���K��M��.e�� 5 78� 5 78�»:8��W3�t]+W 5 :G7U��:U��W<�+e%: 5 ;$�`R�W E �+��R�e�; 5 :G�'� 5

;$�6�+787 5 M']�g$�K� 5 VI�K;$�+e%:8� Ç �>��; 5 �L�>M 5 : 5 º��+e�� E �t�>���K��M ¼�½�xé¶ » ¼�¾�¹ ��� ½�;�Ç CG?dM'� 5 � 5 7G78�dY%R���e�; 5 R�Wi�
� 5 e E :8��e%:8� E :G78�.e��0]»�'e��K���K��;��zù R�Wi�)�+��;��+�K�b�'e��'�+�'��;��b� 5 7a� E ���%ú V	Wi� E e�T 5 :G�+78W<�.eL�3��e%:8� E ; 5
Ç e���M@;��äM'�.e�9L��CÍ=»� E8E �#�>� EG5 Vy:8�+W)p E �iR�W �+787 5 M']�g$�'� 5 VB� 5 � E e�T 5 ��g$� E :G�#�>� E ��W<�+e%: 5 1��M'�K; 5
� 5�E8E�â 1��>M{Cz? EGE �Í�>� E ��W<�+e%: 5 ]Í;�� Ç e��K; 5 VØ�>e�:UT 5 VÌe 5 : 5 º��+e�� E �L�N���K��M@� 5 W 5�E �+e�; 5 Y%R���M'Y%R��>7
�+��;$�+�K�0�.e��K���K��;��0� 5 7 � E ���3�J:8�+78W<�.e���;��0� 5 7^R�W Ç W«;$��M'�.e�9L��C

3.6 Arquivos-fonte do compilador
=»�`�L����'e��a;$�@; 5 ~`e�M 5 ��; E ;��^�>;$�.: 5 78�Jù±Q7SXS=TVU6WXW�YXYXY«Z)[�\&]�^�S7_�`�_=a�b�S7\�d�^ËZ�`�\�fNZ�g7d�W�a7\�Y=[�h=\X^�aci@Z
TXQXT�ú�V 5 M'�+�.: 5 7d�+eL� 5 e%:878��78 : 5 ; 5%Ed5%E ��7UY%R��.1 5�E p{¦ 5 e%:G�F7G�>M'��:G�'1 5�EeJ �.W<��M'�+W<�+e%:U��S+T 5 ; 5 � 5 W<���.p
MK��; 5 7`����7U�m~Jx�x0Cd= 5<Ç e���MÌ;��b�+��;��i�+��� â :8R�M 5 V�R�Wi� E �NS+T 5 � 5 W 5 � E :8�i;$� E �+7G�>1���Y%R���� E`E T 5
5�E ��78Y%R��'1 5%E 78�+MK��:8�.1 5�EVJ Y%R��>M.���>��� â :GR�M 5 �b� 5 W 5 ;$�>1��+W E �>7`R E ��; 5�E C
= 5�E R��t;$�'78��:G¯�7G� 5 ����9�2 4 Q�9������
�
� VF�>e�� 5 e%:G7U��p E � 5 ��7UY%R��.1 5 �L���=ü��oz�zG� 8�8 V6Y%R��}� 5 e%:8]+W �

;$� Ç e��KS+T 5 ; 5 · A�� E :8R�;���; 5 e�� E :8�-�+��� â :GR�M 5 C f ��7U�,���>78��7Í�à��78�'W)�>�.7U�,1��+7 E T 5 ; 5 e 5%EGEG5
� 5 W<���.MK��; 5 7NV 5 M'�+�.: 5 7^;$�+1��(�+g$�>��R�:8��7 5%E`E �>��R��'e%:G� E � 5 Wi��eL; 5�E �

`�^�T �X� W�T�^�d�i�_&dK��©X^&]7^�`X`�h=^�[X�M�7óXóªZ3©X©
� ^&]7^ ² \�f�T�b�h&_&d ² \�f�T�b�h=_&d���_&d�i7b�\�[ ~ Z } ��� ^�d�i�_&d��7_�[�_&d�^&S7\&d �
² \�T � d:b��=QXS � ` � }���� �c� ~X�X��}S° �X[�ñ:b=`�d�\�i � i�S�_�fi³Ñ ± [:`@Z
² \�T � d:b��=QXS � ` � }������ � ~X�X��} _�_�gE�X^cb�[ªÑ ± [:`|Z
� S � T�_ � ©X^&]7^�`X` � Y�b�S=Q¤[�\�^&dX�=��f�_�[7S�i��X\&d¤Q�_7h�T �
� _X^&a�b�[7�¤�&d�\�f¦��b�h=_�h=^�[7�M�7óXóeZ6©X©RZ�Z£Z
� b�h&_ �
ò \&ö�_�[XñX�Xd  d=d�\&d«Z ©X^&]7^ � aX\X_�i�[�\&S£_ � b&i�S«Z�_�b�hXh£`�d�_X^&S7_¤\�[�_eZ
� b�h&_ � � ^&d�i�_  � `�_�TXS:b�\�[ªZ6©X^�]7^ � a7\X_�i�[�\�S�_ � b=i�S«Z�_�b�hXh£`�d�_=^&S�_¤\�[�_OZ
� b�h&_ �
ò \&ö�_�[«Z6©X^&]�^ � a7\=_�i�[�\&S£_ � b=i�S«Z�_�b�h=h¡`�d�_X^&S�_¤\�[�_eZ
� b�h&_ �Q° b�f�Tch&_ ² Q�^&d ° SXd�_&^�f1Z3©=^�]�^ � a7\=_�i�[�\&S¡_ � b=i�S«Z{_�b�hXh£`�d�_X^&S7_¤\�[�_eZ
� ^&dci�_&d¤��_�[�_&d�^&S�_&a£i��:`X`�_�iXi��&��hXh � Z
`�^�T �X� ��©X^&]7^�`�T�^&d�i�_&d�WXh=^�[7�M�«Z6©=^&]�^
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�� Î`ÏaÐ¬Ï�Î`ÏaÒ(ÓBÔZÕ)ÖÌ×*Õ«ÖØÐÙÎ`ÏaÐ�Úd×*ÛØÜ»Ý<ÏaÕ

¤¨��78�.W<�+�'7 5 ��7 5 �+� E8E � 5 ��7UY%R��.1 5 � 5 W´�-;$� Ç e��'S>T 5 ; 5 e 5%EGEG5 ·»AÊ�Í���+7U� 5�E ��7UY�R��.1 5�E
� 5 W 5 ��¯$;$�'� 5 °��I1��&; 5 · m ��; 5 · AdVd��M']+Wþ;$����M'��R�e E)5 R$:G7 5�E ��7UY%R��.1 5�E ��R$g$�'M.�K��78� E C2¤
E �+��R�e�; 5 � 5 Wi��e�; 5 � 5 W<���'M'���&��MK� E8E � C'A���Á�Â �#: 5 ;�� E � E �+M'� EGE � E Y%R��Í�+MK��R$:G�'M'�._N��C 465 W 5
78� E R�MH:U��; 5 V 5 �$:G]>W)p E � 5 ��7UY�R��.1 5 �L���=ü����±�
�L�����-Y%R���� 5 ;$� E �+7#�+g	�N��R$:U��; 5 R$:8�.M'�'_>��eL; 5 R�Wi�
Wi�Y%R��'e��)1	�.7G:GR���MB°��I1���C
? E8E �}��78�'W)�>�.7U�ä1��>7 E T 5 ; 5 � 5 W)���.MK��; 5 7 E�5 W<�+e%:G�<M�I#�}�+e%:G7U��;���VB�K;$�+e%:G� Ç �>� 5%E : 5 º��>e E �

W 5�E :G7U��p 5�E e�� E � â ;���pr����;$7UT 5 C¬?dM'�����+�+�.:8��� 5 �PS+T 5 .)��$�����{VaY%R��}7G�N;$R�_���Y%R���e%:G�K;���;$��;$�
�'e$¦ 5 78Wi��S+T 5 W 5%E :878��;���Ck¤òM'�+�.: 5 7d� 5 ;$�`�+g$�L�>7G�'W<�+e%:8��7 5 ��7 5 ��7U��Wi��V�R�:G�'M.�'_>��e�; 5�5 ��7 5 ��7U��Wi�
�+ü±�����������á8�VZ� 5 M 5 �+��; 5 e 5 ;$�.78��:8¯�78� 5 ���
��!19��L���z;��}�L����'e��};$�Í; 5 ~`e�M 5 ��; E(5 RBV[���.eL;���V[� 5 W 5
��7 5 ��78��W<����ü±�c�*�����
.6�
�����. �L��8�üG���"�á8�Y%R���� 5 e%:G]>Wî��M'��R�e E �+787 5%E M']�g$�K� 5%E �

`�^�T �X� ��©X^&]7^�T�^&d�i�_&dªZ�h=^�[7���£�=i�Q�\&dXS ZXZ6W�iXi�^�f�Tch=_7W�g:b�[7SXd�_&_eZ ��7óXó ² \�f�T�b�h=_�d�����_�d�i7b�\�[ } Z � � ~X�=���
� _X^&a�b�[7�¤�&d�\�f¦��b�h=_ ZXZ6W�iXi�^�f�Tch=_�i&W�g�b�[7S&d�_X_OZ � Z�Z�Z
`&h=^�iXi `&h=^�iXi }��g�b�[XSXd�_X_ õ ±�$ M^ ò� �~��� � �6�`&h=^�iXi `&h=^�iXi }��a7^&S7^ õ ±�$ �^ ò� �~��� � �6�b�[7S b'[7S }��a�b�^ õ ±�$ M^ ò� �~��Ñ Ñ ���f:_�i õ ±�$ M^ ò� �~��Ñ Ñ ���^�[�\ õ ±�$ M^ ò� �~��Z=ZXZ
SXd�_=_�T7d:b�[XS õ ±Q$ M^ ò� �~��� � �=~
� õ�b�[7SE��`�\�[:i�S�^�[7S  �~ �� � �=�
� �¯���d�_&S&�7d=[ d7_&S=�7d=[ ~X�
� õ�b�[7SE��`�\�[:i�S�^�[7S  �~ �
� �¯���Ì Ì ���Ì Ì ���õ  \ �  ��� d�\��Xd�^�fôi��:`X`�_�i=i��&�chXh � ^�[�^Xh � �7_=aeZ
`�^�T �X� ��©X^&]7^�T�^&d�i�_&dªZ�h=^�[7���RZXZ6W�iXi�^�f�Tch=_7W�g:b�[7SXdX_X_c��_�d=d�\c��h=_ � b&`�\eZ ��  \��XS
a b�[�_ � � ± [7]�^7h�b�a¡i�SXd:b'[7���7\��X[7aªUó	
a b�[�_ }�� � ± [7]�^Xh�b�a£i�S=d:b�[7���7\��X[�aªUó	�	�	�	
a b�[�_ }��X� � ° S=d:b�[7��`�\�[:i�S�^�[XS�Q�^�i�^ # [VU �  h=_�f�_�[7S�\�©=^£_ � b=i�S�_ �
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Capítulo 4
Análise Sintática

=^� E :8�<�>��� â :GR�M 5 � 5 W<�NS+��78�+W 5%E �#� E :8R�;���7 5 ��� 5 7U��S>T 5 �b; 5 � 5 W<���'MK��; 5 7>VyY%R��3] 5 ��e���M.�.p
E ��; 5 7 E �'e�:U�:8�'� 5 CiO\�+M'�#Y%R��+W ��e���M.� E � 5 ��7 5 ��78��W<�Í¦ 5 e%:8�i�)1��+78� Ç �+� E �<� E :8�i�L�>7�:8�+e��+� 5 R
e�T 5¯J M'�.e���R������+W´;$� E ��v���;���C-O\:U��W0�L]>W ����� E �#�L��7U��� E ;$�+Wi��� E ¦§� E � E ; 5 � 5 W<���'M'��; 5 7NV
� 5 W 5 ����e��M.� E � E �>Wi®�e%:G�K�+�-�ä�-���>78��S+T 5 ;$����¯$;$�'� 5 VkW<�N;$�'��e%:G�}�-� 5 e E :G78R�S+T 5 ;����781 5 7G�
E �.e%:8�:G�K�+��C[=»� E :G�»�>��� â :GR�M 5 1��>7G�>W 5�EkEG5 W<�+e%:G� 5%E � E �t�>� : 5�E 78�+MK���+� 5 e���; 5�EËJ ��eL�M'� E � E �'e%:8�:G�K�+�
��7 5 ��78�K��W<�+e%:G�);$�.:8��C)· 7G�N��R��t�+7U��S>T 5 ;$�)�+787 5�E �<�ä� 5 e E :G78R�S+T 5 ;��ä�781 5 7G� E �'e�:U�:8�'�>� E �+7UT 5
:G7U��:U��; 5%E e 5�E �>��� â :GR�M 5�E`E �+��R��'e�:8� E C
?kg$� E :G�>W ;$�'1��+7 E � E :8]>��e��'�>� E �L��7U� E �z�.W<��M'�+W<�+e%:U��73R�W´��e���M'� E ��; 5 7 E �'e�:U�:8�'� 5 C�öd��W 5%E

��Y%R��6e 5�E � 5 eL���+e%:878��7�e%R�W<��:G]>�+e��K�+���U9���Wi��;��};$�ä;$� E ���>e�;$�+e%:8�#7G�N��R�7 E �.1���Cz? E8E �}:8]>�+e��'�>�
]#��� E :U��e%:G� E �'W<��M.� E �#PL��g â 1��+MXC}O\:8��W3�t]+Wÿ� Ç �+�.�>e�:8�#e 5&E �+e%:8�'; 5 ;$�ÍY%R��ÍR�Wÿ��e���M'� E ��; 5 7
E �.e%:8�:G�K� 5 � 5 e E :87GR â ; 5 R E ��e�; 5 � E8E �^:G]>�+e��K�+�»:G�+eL;$�F� E �+7[78����'; 5 � 5 ��e���M.� E ��7Ì��7 5 ��7U��Wi� E C l e��.p
���K��M'W<�+e%:G�3�.78�+W 5�E � E :GR�;���7J� 5 W«Wi��� E �+R��K;���; 5Í5 Y%R��3])�Í��eL�M'� E �3;$� E �+�+e�;$�>e%:G�b78�>�+R�7 E �'1I��C
û �+� 5 � E 1��>7G�>W 5�E � 5 W 5 �'W<��M'�+W<�+e%:8��7@R�W���eL��M'� E ��; 5 7 E �'e%:8�:8�'� 5 ;$� E ���>e�;$�>e�:8�`7G�N��R�7 E �.1 5 R�:G�.p
M'�._N��e�; 5<5 °%�I1I� 4`4 C

4.1 Análise sintática descendente recursiva
û(��;��<R�Wi�Í¹JA 4 VL�i��e��M'� E � E �.e%:8�:G�K�+�<��� E �N��;��<e�� E8E �#¹JA 4 � 5 ;$� E �+7»� E �+�+e�;��+e%:G� 5 R};�� E p
���>e�;$�>e�:8��C)½^W ��e���M'� E ��; 5 7J� E ���+eL;$�+e%:G�)����7GR��L� 5�EJEGâ W0� 5 M 5%E ;��Í�>e%:G7U��;��z����7U�i¦ 5 7GWi��7 5%E
EGâ W0� 5 M 5%E e�T 5 :G�>7GW<�'e���� E Wi��� E ;$� E :8��e%:G� E ; 5-EGâ W3� 5 M 5 �.e��'�+�'��MF;��-¹JA 4Ë5 RÑY�R��Í� E :8T 5 �+W
e â 1��>� E �'e$¦ �>7G� 5 78� E e��}� E :87GR�:GR�7U��;��}M'�.e���R������+W}CÍ°%}e�����eL�M'� E �i;$� E ���>e�;$�+e%:8��V[����7G:G�+p E �i; 5
EGâ W0� 5 M 5 �'e��'�+�'��Md;���¹JA 4 �i��R E �+��p E �0�K;$�+e%:8� Ç �>��7�e��ä�>e�:878��;��ä� E � 5 e E :G78R�S È � E Y%R��i� 5 7G78� E p
� 5 e�;$�>W J�E ��7 5 ;$RLS È � E ;��#¹JA 4 C
½^W ��e���M.� E ��; 5 7Z;$� E �+�+e�;$�>e%:G�a7G�N��R�7 E �.1 5 R$:8�.M'�._N�J� E8E �íH�M.:G�'Wi�J� E :G7U��:G]>���K��CB?@M.�`]`�U9���W<��; 5

;$��78�>�+R�7 E �'1 5 V	� 5 � E �i�+��;�� E�â W3� 5 M 5 e�T 5 :8�+78W)�'e���MÌ;��#¹JA 4 � 5 7G78� E � 5 e�;$�(R�Wi�)¦ R�e�S>T 5 ù 5 R
��7 5 ���>;��.W<�+e%: 5 V 5 R0W<]�: 5 ; 5 ú[78�>�+R�7 E �'1I��V�7G� E � 5 e E I1��+M%� 5 7k1��+78� Ç �+��7 E �`�(�+e%:G7U��;��`�G�+� E ���6� 5 W
�)� E :G78R$:GR�78�<;���Y�R��+M'�(eLT 5 pX:G�>7GW<�'e���MXC
öd��W 5�E : 5 Wi��7^� 5 W 5 ��g$�+W<��M 5 �)��7 5 ;$RLS+T 5 1	� E :8�)e 5 �>��� â :GR�M 5 �$�

��"
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〈classdecl〉 → “class′′ “ident′′ [ “extends′′ “ident′′ ] 〈classbody〉

½^Wi�i�>e�:878��;��iY%R��3�>� E �b� 5 W«� E8E �<��7 5 ;$RLS+T 5 ;$�>1��b�'e��K���K��7Gp E ��� 5 W«�#�>��;$�>�'�Ä�
�L����� VPY%R��
1��>W E �>��R��K;��Í;��3R�Wæ�K;$�+e%:8� Ç �>��; 5 7>VP� 5 ;$�b:8�+7JR�WÐ��8�� �
��	��0�3R�Wæ�K;$�+e%:8� Ç �>��; 5 7 �3:G�>7GW<�'e��
� 5 W 5 � 5 78� 5 ;��-�+M'� EGE ��Vk78�+��78� E �+e%:U��; 5 e��-��7 5 ;$R�S+T 5 �t�+M 5 e�T 5 pX:G�>7GW<�'e���M¥���L����������	���C¬= 5
��eL��M'� E ��; 5 7 ;$� E �+�+e�;��+e%:G�<78�>��R�7 E �.1 5 V 5 W)]+: 5 ; 5 � 5 7G78� E � 5 e�;$�>e%:G�0�z� E8E �Í��7 5 ;$R�S>T 5 ;��+1��>7G�K�
�+e%:UT 5 �

•
1��+78� Ç �+��7 E � 5 ��7G¯Ig$�'W 5 : 5 º��>e�;��z�>e%:G7U��;��z]¯��������� C m �)¦ 5 7NVØ;$�>1��i� 5 e%:G�'e%RL��7�� 5 W �
��e��M'� E ��C m �0e�T 5 ¦ 5 7NVLR�Wæ�>7G7 5#E �.e%:8�:G�K� 5z5 � 5 787G�>RBV�� 5 � E �i�+e%:G7U��;��ie�T 5 � 5 7G78� E � 5 e�;$�
J ��7 5 ;$R�S>T 5 � E �L�>78��;���m

•
1��+78� Ç �+��7 E � 5 ��78¯Ig$�.W 5 : 5 º��+e&]äüG	��
���XC m �0¦ 5 7>VB;��+1��<� 5 e%:G�'e%RL��7J� 5 W �z��e��M'� E ��C m �
eLT 5 ¦ 5 7>VLR�W �+787 5#E �.e%:U�:G�K� 5i5 � 5 787G�>RBV�� 5 � E �i�>e�:878��;��<e�T 5 � 5 7G78� E � 5 e�;$� J ��7 5 ;$R�S>T 5
� E �t�+7U��;���m

•
1��+78� Ç �+��7 E � 5 ��7G¯Ig$�'W 5 : 5 º��>e<]���8&� ���:	�� C m �»e�T 5 ¦ 5 7NV�;$�>1��^� 5 e%:G�'e	R���7@����e��M'� E ��V�� 5 � E
� EGE �#�L��7G:G�0;��Í��7 5 ;$R�S>T 5 ] 5 �P��� 5 e���M{C m �3¦ 5 7NVB;$�+1��31��+78� Ç �>��7 E � 5 : 5 º��>e E �+��R��.e%:G�0]
R�W üG	��
���XC m �)¦ 5 7>VB;$�>1��<� 5 e�:8�.e	R���7(� 5 W �}��eL�M'� E ��C m �<e�T 5 ¦ 5 7>VyR�W �+787 5äE �'e%:8�:G�K� 5
5 � 5 787G�>RBV	� 5 � E �)�>e�:878��;��0e�T 5 � 5 7G78� E � 5 e�;$� J ��7 5 ;�R�S+T 5 � E �t�+7U��;���m

•
1��+78� Ç �+��7 E � 5 78� E : 5 ;��i�+e%:G7U��;��i� 5 7878� E � 5 e�;$��� 5 e�T 5 pX:G�>7GW<�'e���Mª�
�L�����
�����
��C l E8E�5 eLT 5
] ¦ �+�.: 5 ;$�'7G�+:8��W)�>e%:G�»�t�+M 5 W<]+: 5 ; 5 V	Wi� E V E �'W}V	�.e	1 5 �>��e�; 535 W<]�: 5 ; 5 � 5 787G� E � 5 e�;��+e%:G�
J Y%R��+M'�Je�T 5 p{:8�+78W)�'e���M{C

·\�+��;��31��+_JY%R�� 5 W<]�: 5 ; 5 e��>�+� E8E �.:8�);$�(R�W�: 5 º��>ez;��0�+e%:878��;���V	�+M'�J�.e	1 5 �>� 5 ·»A@V�Y%R��
M'9��J¦ 5 78e��>�+� 5 : 5 º��+eBC D �+7 â ��W 5%E ��M'� 5<E �>W)�>M.9L��e%:G��� 5 ��7 5 ��78��Wi�b��C'"�C

9�:�;%<�:�=?>�=Sª/BED
F p�; Z&[ LQYQ=�^�^ [�G LQYåyé{
\ ×
_ Z a-y3L J :Q��; j6G&H B K ¥%n G `�`tÙ%��Í�Î�Î�{TR�R K ; j6G&H LQ;&:�: G&H�K�G �mlULQY%=�^�^�l
d = H =�Y G vCyE{�Õ R�RAL N =?>�=tÍQ�ÌB L J :���; j6G&H : G L G&O6GPH ;%p�; K ; j6GUH
e G Y�^ G
g Î ZbH�K = K6Z Lb��:�:�;%:�yE{�Õ R�Rt;�LQ;%:�: G&J
G :�:�;S^ ZbH�K�à%K6Z LQ;
h Z a-y3L J :Q��; j6G&H B K ¥%n G `�`AÒUÞ���Ó���{TR�R K ; j6G&H LQ;&:�: G&H�K�G � Z&[�GUH�K6Z a Z L%= [ ;%:
i = H =�Y G vCyE{�Õ
k G Y�^ G
Frq Î ZbH�K = K6Z Lb��:�:�;%:�yE{�Õ
FuF Z a-y3L J :Q��; j6G&H B K ¥%n G `�`T��Ô��Q��ÓQÞ6Î6{PR�R K ; j6G&H LQ;%:�: GUH�K�G ��l G v K�G&H�[ ^�l
Fr\ ×
Fr_ = H =�Y G vCyE{�Õ
F|d Z aãy L J :���; j6G&H B K ¥%n G `�`MÒbÞ���Ó���{XR�R K ; j�G&H � Z&[�G&H�K6Z a Z L%= [ ;&:
Fre = H =�Y G vCyE{�Õ
Frg G Y�^ G
F�h Î ZbH�K = K6Z LU��:Q:�;%:CyE{�Õ
Fri ë
Frk L%YQ=�^�^ O ; [ ¥CyE{�Õ
\uq ë �
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·Ê1���7G�KI1��>MOo ��ËåÇ ��É D�� � 5 e�:8]+W E �+W<��78� 5 H�MH:8�.W 5 : 5 º��+eÍ;��+1 5 M.1	�K; 5 �t�+M 5 · AÑù A���AMC�D ¹[ú C
· 5�E �)�'e%1 5 �+��7 5 W<]�: 5 ; 5 o C'A�³�³EH�D o C Vªo ��ËåÇ ��É D�� v�ä� 5%EGE R�� 5 : 5 º��>e-� 5 7G78� E � 5 e�;$�>e%:G�<� 5
��78�.W<�>�.7 5»EGâ W0� 5 M 5 � 5 787G� E � 5 eL;$�+e%:G�6�^� E8E �de�T 5 p{:8�+78W<�.e���M{VNe 5 �+� EG5 V 5 : 5 º��+ebY%R��F;$�+1��6� 5 7G78� E p
� 5 e�;$�>7 J ����MK�I1	78�`�7�
�L����� � CZ? EGE ��� 5 M â :8�'�>�b]^Wi��e�:8�';��b� 5 �U9L��Wi��7Gp E � 5 W<]�: 5 ; 5 o C'A�³�³cB � H�< V
� 5 � E o ��ËåÇ ��É D�� v��� 5%EGE R�� 5 : 5 º��+eàY%R��Í;$�>1��#�>� E ��73� 5 W 5 �.e â ��� 5 ;�����7 5 ;$RLS+T 5 ;���Y%R��+M'�
e�T 5 :8�+78W<�.e���M{C
Oà�'W)� 5 7G:8��e%:G�^e 5 :8��7@Y%R�� 5 : 5 º��>eiM.�K; 5 eL���+e%:G7U��;�� E �>7G1��F�L��7U�J�.e�;��'�>��76Y%R���M 5 �>��W<�.e�9 5

� E �+7 E �>��R��K; 5 e 5 7G�N� 5 e�9��>�+�.W<�+e%: 5 ; 5�E ��7G¯Ig$�'W 5�E : 5 º��>e E C[½»W<�b1��+_ Y�R��»R�W : 5 º��>e0¦ 5 �LM'�K; 5
;��Í�+e%:G7U��;��<�)�+� E ��; 5 � 5 W«��M.��R�W E�â W3� 5 M 5 ;$�0R�Wi�#��7 5 ;$R�S>T 5 VLe�T 5 9�#� 5 W 5 78��:G7 5 ���N;$�+7NV
�+� E�5 ��M'��R�W : 5 º��+eä� 5�E :G�+78� 5 7ae�T 5 � 5 W3���'e���� 5 Wî�)��7 5 ;�R�S+T 5 � E � 5 M'9��K;���C fZ5 7`��g$�>W)��M 5 V$e��
��7 5 ;$R�S+T 5

〈classdecl〉 → “class′′ “ident′′ 〈classbody〉 |
“class′′ “ident′′ “extends′′ “ident′′ 〈classbody〉

E �3R$:8�.M'�._N��78W 5�E 5 : 5 º��>e&;$�)�+e%:G7U��;������������0����78�i¦§��_+�>7 5 �+� E ��W<�+e%: 5 � 5 Wæ�#��7G�'W<�+�'78�Í��7 5 p
;$R�S>T 5 V��+e%:UT 5 :G�>7G�>W 5�E � E � 5 M'9��'; 5bE �>��R��'7d� E8E �J��7 5 ;$RLS+T 5 V��^�>e%:G7U��;�� E Y�R��^� 5%EGE R���W ��8�� �
��	��
üG	��
���`eLT 5 � 5 ;$�>78T 5#E �>7`7G�N� 5 e�9��>�+�';�� E Cd?ñ��e���M 5 ����W)�>e%:G��V E ��� E � 5 M.9��+78W 5%E � E �>��R�e�;��<��7 5 p
;$R�S>T 5 V�e�T 53E �+7UT 5 ���+�+�.:8� E �>��;$�>�'� E@E �+W ��8&� ���:	��^üG	&���c�{C fZ5 7G:8��e%: 5 V���78�>��� E ��W 5�E :G�+7F��R��K;���; 5
� 5 Wî� E ��7 5 ;$R�S È � E Y%R��JR$:G�'M.�'_>��W 5�E e��<� 5 e E :87GRLS+T 5 ;$�JR�Wî��e���M'� E ��; 5 7a;$� E ���>e�;$�>e�:8�J7G�N��R�7Gp
E �.1 5 C
· E ��7U��Wi�:G�K�+� E Y%R��0� 5 ;$�>W E �>7»R$:8�.M'�'_>��;�� E e��Í� 5 e E :G78R�S+T 5 ;$�3R�W ��e���M.� E ��; 5 7^;�� E ���+e�p

;$�>e�:8�378�>�+R�7 E �'1 5#E T 5 �U9���Wi��;�� E ;$�0AØA@ù�"Nú C�¤Ë��78�.W<�+�'7 5 A E �.��e�� Ç �+�iM'��¦ :(: 5 7G�'��9%:»�0�.eL;$�'�>�
Y%R��J�bM'�+�.:GR�7U�0;��b�+e%:878��;��b] ¦ �+�.:8�);��0� E Y�R��+7U;�������78�0�0;$�'78�+�.:8��C@¤ E �+��R�e�; 5 A E �.��e�� Ç �+�3M.�+¦ :
M'�.e��N��7J�<�.eL;$�'�>�}Y�R�� E �+W<��78� 5}EGâ W3� 5 M 5 e�T 5 :G�+78W<�.eL��MkY%R��<� E :G�'1��+7JWi��� EyJ � E Y�R��+7U;�� E �+7U
78�>� 5 e�9��N���K; 5 ��78�.W<�>�.7 5 CJ? 5 eXH�W<�+7 5 "0�.e�;��'�>�zY%R�� 5 eXH�W<�+7 5 ;�� EGâ W0� 5 M 5%E ;��0M 5	5 º���9��N��;
e��N��� E8E �78� 5%E ]i"�V 5 R E �*v���VLY%R�� E �b� 5 e�9��>�+�+e�; 5 ���L�>e�� E R�W EGâ W0� 5 M 5 ;��<�>e%:G7U��;��<]�� 5�E8E�â 1��>M
;$�N���K;$�.70Y�R��)��7 5 ;$R�S>T 5 R$:8�.M'�._N��7NC#=»�}��7 5 ;$R�S>T 5 ���.:8��;�� E �>7G�K��W e��>��� EGE �78� 5�E :G7�I EbEGâ W0� 5 M 5%E
����78� E ��;$�N���K;$�'7»Y%R���My��7 5 ;$R�S>T 5 R$:G�'M.�'_>��7>C
f ��7U�Í��R�g	�'M'�'��7 e��ä� 5 e E :G78R�S+T 5 ;$�)R�W ��eL��M'� E ��; 5 7 ;$� E �+�+e�;��+e%:G�)7G�N��R�7 E �.1 5 VP� 5�E :GR�W<��p E �

� 5 e E :G78R��.76R�Wi�J:8���L�>M'�3��78�>;$�.:G�'1���CZ? E8E �J:U���t�+MK�b� 5�E8E R���R�Wi�bM'�'e�9��b�L��7U���+��;���e�T 5 p{:8�+78W<�.e���M
;��3¹JA 4 �»R�Wi�b� 5 M'R�e����L��7U���+��;��J:G�>7GW<�'e���MXC m �`:G�'1��>7GW 5%Ed5 e�T 5 pX:G�>7GW<�'e���M ú � 5 :8�+78W)�'e���M
��V»e��,� 5�E �'S>T 5

A × a
;��+1��>W 5�E � 5 M 5 �+��7zY�RL��M»]-�,��7 5 ;�R�S+T 5 Y�R��-;$�>1��+W 5%E R$:G�'M'�._N��7 E ��V

� 5 :G�>e%:8��78W 5�E 78�>� 5 e�9��N���+7 ú Vy�>e�� 5 e%:G7U��78W 5%E eL�Í�>e�:878��;�� 5}EGâ W3� 5 M 5 ��C fZ5 7(�+g$�+W<��M 5 V E �
:G�'1��>7GW 5%E

S → aSAb | bAa
A → bAb | c

:G�>7G�>W 5�E � E �>��R��'e%:G�(:8���L�>M'�)��78�>;��H:8�.1����

D �+78W<�.eL��� E
= T 5 p{:8�+78W)�'e���M

a b c
S S → aSAb S → bAa
A A → S → bAb S → c
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· E � 5%E �KS È � E 1���_>�'� E e��,:U���t�+MK�,�'e�;$�K�+��W Y%R��&� EGE ��:8�+78W)�'e���M»e�T 5 � 5 ;$��������7G�N���>7ie 5
�'e â �+� 5 ; 5 e�T 5 p{:8�+78W)�'e���M{C m �`:G�'1��>7GW 5%E W<��� E ; 5 Y%R��^R�Wi�J��7 5 ;$R�S+T 5 �+W���M'��R�Wi�(� 5%E �KS+T 5 ;��
:8���L�>M'��V��>e%:8T 5 �0¹JA 4 e�T 5 � 5 ;$� E �>7@R E ��;��be��b� 5 e E :G78R�S+T 5 ;$�^R�W ��eL��M'� E ��; 5 7d;$� E ���>e�;$�>e�:8�
78�>��R�7 E �.1 5 � 5 WËR�W H�e��K� 5bEGâ W0� 5 M 5 ;��»M 5%5 º���9��N��;yC[s�R��.:8� E 1��>_+� E V�� 5 78]+W}V�� 5 ;$�>W 5%E ��MH:8�+7U��7
�i¹JA 4 ;$�(¦ 5 78Wi�)�)�>M.�'W<�.e���7`� E8E � E ��7 5 ��M'�+Wi� E V E �>W¨��MH:8�+7U��7`�)M.�'e���RL�����>W ���>78��;���C
½^W\�+� E�5 : â ���'� 5 ;$�d��7 5 ��M.�>W<� E � 5 � 5 e E :G78R��'7Ì�a:U���t�+MK�`��78�>;$�.:G�'1��`]d78�+MK��:G�'1 5KJ �^��g$� E :�I>e����K�

;$�}78�>��R�7 E T 5¯J � E Y%R��>78;���C l E8E�5 ��� 5 e%:G�N���zY%R���e�; 5 V@����78�-��M'��R�W eLT 5 pX:G�>7GW<�'e���M û VZ:G�+W 5%E
û ∗

⇒ Bα
V»W<�N;$�'��e%:G�-�Ñ����M'�K�+��S>T 5 ;$�-R�Wi� 5 RñWi��� E ��7 5 ;$R�S È � E C l EGEG5¬E �.��e�� Ç �+�àY%R����

����7�:8�.7(;$� û � 5 ;$�>W 5�E ���+7U��7 R�Wi�i¦ 5 78Wi� E �+e%:G�>e����K��MØ�+W Y%R�� 5 ��7G¯���78� 5 û ������7G�N���3� 5 W 5
��78�.W<�>�.7 5bE�â W3� 5 M 5 C l e%:GR��.:G�'1���W<�+e%:8�^]`¦§��+�.ML1��>7G� Ç �+��7dY%R��^� EGEG5 �+��R E �J��7 5 ��M'�+Wi� E CØ· 5 :8�+e%:8��7
78�>� 5 e�9��N���+7 û V 5 · m ;$� E �+�+e�;��+e%:G�i78�>�+R�7 E �'1 5 �.e	1 5 �>� 5 W<]�: 5 ; 5 � 5 7878� E � 5 e�;$�+e%:8�<� 5 e�T 5 p
:G�>7GW<�'e���MXC^¤ M.9���e�; 5 ����78� 5 : 5 º��>e�;��i�+e%:878��;���V$� EGE ��W<]�: 5 ; 5 � 5 ;$�b� E � 5 M'9��+7`R�W«�>��W<�.e�9 5
Y%R��)M.�>1��0� 5 ���L��78�>���'W<�+e%: 5 ;$� 5 R$:G7 5 û V E �>W Y%R��3e��>e�9	R�Wæ: 5 º��>e�:G�>e�9�� E �K; 5 � 5 e E R�W<�K; 5
u 5 Y%R��i�>��7U��� :8�+78�._N�#�ä7G�N��R�7 E T 5,J � E Y%R��+7U;���C l E8E�5 ¦§��_<� 5 W Y%R�� 5 W<� E W 5 �+��W<�'e�9 5}E ��v��
E �+��R��'; 5 V 5 Y%R��J1����yM'�+1���7Fe 5 1I��W<�+e%:G�J� 5 R$:87 5 û V$��� EGE �.Wî� 5 7a;��'��e�:8��C l E8E�5 ¦§��_�� 5 W�Y%R�� 5
· m �t�+78Wi��e��NS+�0e%R�W<�<78�>�+R�7 E T 5 �'e Ç e��.:8��V E �>Wî� 5 e E R�W<�.7`e��>e�9	R�W�: 5 º��+eBC
·Q7G�N��R�7 E T 5¥J � E Y%R��>78;�� � 5 ;$�^���L��78�>���>7[;��.78��:U� 5 R)�.e�;��.78��:U��W<�+e%:G��CØ?@M'�J]`;$�'7G�+:8��Y%R���e�; 5

:G�>W 5�E
B ⇒ Bα

��VI�.eL;$�.78��:U��V�Y%R���eL; 5
B ⇒ Aα

∗

⇒ Bβ
CØ·¬�+M'�.W<�'e���S>T 5 ;��^7G�N��R�7 E T 5 �.e�;��.78��:U�

� 5 ;�� E �>7y��� E :8��e%:G�d� 5 W<��M.�K�+��;��a�ke�T 5^E �>786:G7U��:U��;��a��Y�R��{C[·,�+M'�.W<�'e���S>T 5 ;��a78�>�+R�7 E T 5 ;$�'7G�+:8��V
� 5 7 5 R�:G7 5 MK��; 5 V	] E �'W<��M'� E ��� 5 ;�� E �>7`7G� E�5 M.1	�K;��0;�� E �+��R��'e�:8�JW<��e��+�'7U���

•
;��.1	�K;$�+W)p E �d� E ��7 5 ;�R�S È � E ; 5 e�T 5 p{:8�+78W<�.e���M û �+Wê; 5 � EBE R��t� 5 e�v*R�e�: 5�EB� º {α1, ..., αn}

V
;�� E ��7 5 ;$R�S È � E Y%R��`e�T 5 � 5%EGE R��+WË7G�N��R�7 E T 5¥J � E Y�R��+7U;��(��� º {Bβ1, ..., Bβm}

V�;�� E
��7 5 ;$R�S È � E � 5 W�78�>��R�7 E T 5"J � E Y�R��+7U;���m

•
�>M.�'W<�.eL��W)p E ��� E ��7 5 ;$R�S È � E ;$����m

•
��;$�K��� 5 e���W0p E �b� E ��7 5 ;$R�S È � E

B → α1B
′ | ... | αnB′

V 5 eL;$� û*� ]3R�W e 5 1 5#E�â W3� 5 M 5
eLT 5 :G�>7GW<�'e���MXV�Y%R��Je�T 5 �t�+7G:G�>e����K� J ��78��Wi�:G�K�+��m

•
��;$�K��� 5 e���W0p E �Z� EBE �+��R��.e%:G� E ��7 5 ;�R�S È � E ����7U� ûC� �

B′ → β1 | ... | βm | β1B
′ | ... | βmB′

C

465 WË� E8E �a��7 5 ���>;��.W<�+e%: 5 V�:87 5 �+��W)p E �`� E 78�>��R�7 EGÈ � E|J � E Y%R��+7U;�� � 5 7d7G�N��R�7 EGÈ � E|J ;��.78�+�.:8��V
Y%R��^e�T 5bE T 5 ��7 5 ��M'�+Wi�:8�'�>� E ����78������e��M'� E �^;$� E �+�+e�;$�>e%:G�^78�>�+R�7 E �'1I��CØ½»WË�+g	�>W<��M 5 �+M' EGE �K� 5
;$���>M.�'W<�.e���S+T 5 ;$��78�>�+R�7 E T 5�J � E Y%R��+7U;��0]�����7U�0�)��78��W<�:G�K�+���

expression → expression + term |
expression − term |
term

term → term ∗ factor |
term/factor |

factor → ident | constant | (expression)

·^��M'�K�+��eL; 5 �)�+M'�.W<�'e���S>T 5 ;$� E ��78�H:U��V	:8�+7 â ��W 5%E �

expression → term | term expression′

expression′ → −term | + term | − term expression′ | + term expression′

term → factor | factor term′

term′ → ∗fator | /factor | ∗ factor term′ | /factor term′

factor → ident | constant | (expression)
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¤ R$:G7 5 W 5 ; 5 ;��äW 5 ;$� Ç �+��7iR�Wi�,¹JA 4 �L��7U�-Y%R��}� 5�E8E � E �+7<R E ��;���e	R�W ��e���M'� E ��; 5 7
;$� E �+�+e�;$�>e%:G�Í78�>�+R�7 E �'1 5 ]z¦§��_>�+e�; 5 �&¦§��: 5 78��S+T 5ÄJ � E Y%R��+7U;��-;���Y%R��>M'� E ��7 5 ;$R�S È � E ;��ÍR�W
W<� E W 5 e�T 5 p{:8�+78W)�'e���M^Y�R���:�I>WþR�W ��78� Ç g 5 �+W � 5 W3R�W}C O 5 �+� E�5 ; 5 �+g	�>W<��M 5 1	� E : 5
��e%:8�+78� 5 7GW<�+e%:8���

〈classdecl〉 → “class′′ “ident′′ 〈classbody〉 |
“class′′ “ident′′ “extends′′ “ident′′ 〈classbody〉

m �(¦§��: 5 7U��78W 5%EªJ � E Y%R��+7U;���V�:8�+78�+W 5�E �)��7 5 ;�R�S+T 5 Y%R��JR E ��W 5�E e��i¹JA 4 ;��0M'�'e���R������>W
X++

�

〈classdecl〉 → “class′′ “ident′′ [ “extends′′ “ident′′ ] 〈classbody〉

¤ R}e��i¹JA 4 ;�� E �+g	��7G� EGEGÈ � E V�:8�+7 â ��W 5�E �

expression → term expression′

expression′ → −term [expression′] | + term [expression′] | λ
term → factor term′

term′ → ∗factor [term′] | /factor [term′] | λ
factor → ident | constant | (expression)

� ��7G�'W<�+�'78�»1	� E :8��V�� 5 ;$�F����7G�N���+7Ø¦§��+�.M$�>��MK��R�MK��7Z�^:U���t�+MK�(��7G�N;$�.:G�'1I�(;$�FR�Wi�(¹JA 4 C n � E :8�
5 M'9���7JY%R���� EJE T 5ä5�E : 5 º��>e E Y%R��i�.e��'�+�'��W � E ��7 5 ;$R�S È � E ; 5 e�T 5 p{:8�+78W)�'e���M û �#� 5 M 5 �>��7(e��
M'�.e�9L�z;$� û VyeL�Í� 5 M.R�e��Í;$� EGE � E : 5 º��>e E Vy� E ��7 5 ;$R�S È � E Y%R��0�+M'� E �'e��'�+�'��W}C fZ5 7G]>WäVP�+g	� E :G�+W
;$�'1��>7 E � EaE �H:8R���S È � E Y�R���� 5 ;$�>W¨� 5 W<��M.�K�+��7a� E8E �0:8��7G�+¦§��CZök�*v���W 5�E ��M'��R�e E ;$� E8E � E �+� E�5%E �

•
E �`:8�+W 5�E

B → Aα | Cβ
V	�+e%:8T 5 ]`��7G�N��� E�5bE ���t�+76Y�RL��� EdE T 5�5�E : 5 º��+e E Y%R��»�.e��K���K��W�� E

��7 5 ;$R�S È � E ;�� ú ��������7U�i;$�>�+�';��.7JY%R���MØ��7 5 ;$RLS+T 5 R�:G�'M.�'_>��7>C`?ñ� EGE � E �H:8R���S>T 5 � 5 ;$�
E ����7 5 ��������7>V%R�Wi�)1��+_�Y%R�� ú ���\� 5 ;$�>W�:U��W3�t]+W E ���'e��K���K��7^� 5 W�e�T 5 pX:G�+78W<�.eL��� E m

•
E �d:8�+W 5�E

B → A1A2...Anaα
V���7G�N��� E ��W 5�EBE ���t�+7 E �

A1

V.C'C'C
An

� 5 ;$�>W\���+7U��7Ø�»�+��;$�+�K�
1���_+�K��C m �^� EGEG5 ��� 5 e%:G�>�+�+7NV��+e%:UT 5�5 : 5 º��>e���:8��W3�t]+W�;$�+1�� E �>7dR$:G�'M'�._N��; 5 ����78�J;$�N���K;$�'7
Y%R���MB��7 5 ;$R�S+T 5 ;�� û R�:G�'M.�'_>��7'm

•
E �k:8�+W 5�E

A → aBb; B → α
�
α

∗

⇒ λ
VI�+e%:8T 5 �3;$�+1�� E �>7Ø� 5 e E �';��+7U��; 5 � 5 W 5 R�WÊ: 5 º��+e

Y%R��);$�+1�� E �+7»R�:G�'M.�'_>��; 5 ����78�#;��>���K;$�'7»�t�+MK�i��7 5 ;$R�S+T 5
B → α

� 5 :G�+e%:U��7»78�>� 5 e�9��>���>7
û C

öd��W 5�E V@�>e%:8T 5 V6;$� Ç e��'7i��g���:U��W<�+e%:8�}� 5 W 5 �&:U���t�+MK����7G�N;$�.:G�'1I��;$�>1�� E �>7#� 5 e E :87GR â ;���C
f 78�.W<�>�.7 5 V%��;$�K��� 5 e���W 5�E R�W e 5 1 5bEGâ W3� 5 M 5 :G�+78W<�.eL��M J ¹JA 4 C�? E8E �`:G�>7GW<�'e���M�;��+e 5 :8��; 5 � 5 7
� ���L��78�>��� E �+W<��78�`e 5�Ç e���M�;��b�+��;$�+�K��;$�^�>e�:878��;���C[· E �+��R��.7NV�1���W 5%E � E8E�5 �+�'��7 J ¹JA 4 ;$R�� E
¦ R�e�S È � E V Jç¼�·�;�Ç � J ��»X»@�EeIC

m �*v��
α
R�Wi�Í¦ 5 7GWi� E �+e%:G�>e����K��Md;��ä��78��W<�:G�K�+��C0?de%:UT 5�Jç¼�·�;�Ç/¿

α
Ã ]i;$� Ç e��'; 5 � 5 W 5ä5

� 5 e�v*R�e%: 5 ;��i: 5 ; 5%E�5�E0E�â W3� 5 M 5�E :8�+78W)�'e���� E �}:8��M6Y%R��
α

∗

⇒ aβ
V 5 R E ��v���V 5 � 5 e�v*R�e%: 5 ;��

:G�>7GW<�'e���� E Y%R��J�.e��'�+�'��W¨��M'��R�W<�)�+��;$�+�K�<;$�+78�'1I��;��<�)����7G:G�'7`;$�
α
C

f ��7U�)�>��MK��R�MK��7 5*Jç¼�·�;�Ç ;$��R�W E :87G�'e��LV�;$�+1��+W 5�EaE �+��R��.7^� EFE �+��R��'e�:8� E 78�+��78� E �
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•
�L��7U� 5 :8�+78W)�'e���Me��V Jç¼�·�;åÇ

(a) = {a}
m

•
�L��7U� 5 e�T 5 pX:G�>7GW<�'e���M û V�:8��MPY%R��

B → A1A2...An

V 5 e�;$�
Ai

E T 53E�â W3� 5 M 5�E :G�+78W<�.eL��� E
5 R}e�T 5 :G�>7GW<�'e���� E V�¦§��_+�>W 5�E �

ì��'e��'�+�'��M.W<�>e�:8� Jç¼�·�;�Ç
(B) = {}

ì�78�+�t��:G�'W 5�E*Jç¼�·�;åÇ
(B) =

Jç¼�·�;�Ç
(B) ∪

Jç¼�·�;åÇ
(Ai)

VF����7U�
i = 1, 2, ...

��:8]}Y%R��
�+eL� 5 e%:87G�>W 5%E ��M'��R�W

i
:8��MØY�R��

Ai

e�T 5 ;��+78�.1��
λ
m

•
�L��7U�aR�W E :87G�'e��

α = A1A2...An

V 5 eL;$�
Ai

E T 5^E�â W3� 5 M 5�E :G�+78W<�.eL��� EB5 R�eLT 5 :G�>7GW<�'e���� E V
¦§��_+�>W 5%E �

ì�78�+�t��:G�'W 5�E�J�¼�·�;�Ç
(α) =

Jç¼�·�;�Ç
(α) ∪

Jç¼�·�;�Ç
(Ai)

V^����78�
i = 1, 2, ...

��:G]&Y%R��
�+eL� 5 e%:87G�>W 5%E ��M'��R�W

i
:8��MØY�R��

Ai

e�T 5 ;��+78�.1��
λ
C

=»�i¹JA 4 ¦§��: 5 78��;��3Y%R��(W 5�E :G7U��W 5�E ��e%:G�>7G� 5 78W<�+e%:G��V�:8�+7 â ��W 5�E65�EaE �>��R��'e%:G� E � 5 e�v*R�e%: 5�E V
����78� 5�E :8�+78W)�'e���� E ��e�T 5 pX:G�>7GW<�'e���� E �

Jç¼�·�;�ÇE���!� º ´b� µ
Jç¼�·�;�ÇE�� �� º ´ z1µ
Jç¼�·�;�ÇE�&¡�� º ´ .)µ
Jç¼�·�;�ÇE��¢£� º ´ TXµ
Jç¼�·�;�ÇE�(¤@� º ´ QKµ
Jç¼�·�;�ÇE�E�¦¥@6"§sD/� º ´ üG	��
���µ
Jç¼�·�;�ÇE�%¨�4K§B©!D&1K§sD/� º ´ �������� ���c�µ
Jç¼�·�;�ÇE����� º ´ p µ
Jç¼�·�;�ÇE� ��1@¨�D�42ª�� º ´ üG	��
���XV�������� ���c�{V p µ
Jç¼�·�;�ÇE�&D�6�ª"«¬ � º ´ TGVEQKµ
Jç¼�·�;�Ç

(term) º ´ üG	��
���XV³�������� ���c�{V p µ
Jç¼�·�;�Ç

(expression′) º ´ z`V�.)µ
Jç¼�·�;�Ç

(expression) º ´ üG	��
���XV�������� �����XV p µ
m �*v�� û R�WÙe�T 5 p{:8�+78W)�'e���M»;��à��78��Wi�:G�K�+�à�®� 52E �>R EGâ W0� 5 M 5 �'e��K���K��MXC ¤ÿ� 5 e�v*R�e�: 5

J ��»=»@�Ee
(B)

]a¦ 5 7GWi��; 5 �t�+M 5�E :G�+78W<�.eL��� E �J:U��MLY%R��
S

∗

⇒ αBaβ
V 5 R E �*v���V���g$� E :8�`R�Wi�J¦ 5 78Wi�

E �+e%:G�>e����K��M`;$�>7G�'1�I1��+Ma�-����7G:G�'7i; 5�EGâ W3� 5 M 5 �'e��K���K��Ma�+W Y%R�����������78�>�+�Í�'W)�N;$�K��:8��W<�+e%:G� J
;$�'7G�>�H:U�<;$� û C
·��'W<� 5 7�:U®�e��+�'��; 5nJ ��»X»@�Ee¬� 5 ;��Íe�T 5&E �>7b:UT 5 �'e%:GR��.:G�'1��&� 5 W 5 ��; 5nJç¼�·�;�Ç VÌW<� E3E �

:G�'1��>7GW 5%E R�W EGâ W0� 5 M 5 eLT 5 :8�+78W)�'e���M û Y%R��-� 5%EGE R�� R�Wi�à��7 5 ;$R�S+T 5 ; 5 :8�.� 5
B → α

V
�

α
∗

⇒ λ
V`�+e%:8T 5 ]��.W<� 5 7G:8��e%:8��Y�R�� E ���.�L��W 5�E Y%R���� E#E T 5�5%E#E�â W3� 5 M 5�E ;$� J ��»=»@�Ee

(B)
C

öd��W 5%E : 5 Wi��7NVP� 5 7 �+g	�>W<��M 5 V 5 :8�+78W)�'e���MV�ä� E R�� 5 7�Y%R��
a ∈

J ��»X»@�Ee
(B)

C l E8E�5äE �'��e�� Ç �>�
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ÎZÜ»ÚOu+Ô(ÖØÛFÏ��#x)Ü»Ò ð»ÛÌ×�ÓX¿ÊÓ	×*Ò0ÔLð^Ô[×+ÎZÜ �%q

Y%R��Íe 5 ��eL��M'� E ��; 5 73;$� E �+�+e�;$�>e%:G�#78�>�+R�7 E �'1 5 VZ� 5 ��g$�>�+R$:8��7GW 5�E35 W<]�: 5 ; 5 � 5 787G� E � 5 e�;��+e%:G�
� û V6�.78�+W 5%E � 5 e E R�W<�'7iR�W �+�+7G: 5 eXH�W<�+7 5 ;��}: 5 º��+e E ��V E �}� E8E � E : 5 º��>e E �+� E ��7G�>W � 5 W
��;$� Ç e��'S>T 5 ;$� û V@� 5 ;$�>W 5%E :G�>7iR�W ��e����>e�:878��;���C fZ5 78]+W E �

B
∗

⇒ λ
V6� E8E�5,E �.��e�� Ç �+�

Y%R��#e�T 5 � 5 e E R�W)�'e�; 5 e��+e�9	R�W : 5 º��+e,;����+e%:G7U��;���V«��� 5 ;$�ä������7G�N���+7Je����+e%:G7U��;��ä� E �+7U
�+� E ��; 5 �+W ��M.��R�W � 5 e%: 5 VØ���L¯ EJ5 78�>� 5 e�9��>���'W<�+e%: 5 ù e	R�M 5 úJ;�� û C fZ5 7�:U��e%: 5 V E �ie 5 �'e â ��� 5
; 5 7G�N� 5 e�9��>�+�.W<�+e%: 5 ;$� û :G�'1��>7GW 5�E R�W �ze��#�>e�:878��;���Vt;$�+1��+W 5�E E �>��R��'7 �Í��7 5 ;�R�S+T 5 Y%R��
¦§��_ä� 5 W´Y%R�� û ;��+78�.1��z�&�>��;$�>�'��1I��_+�K��C m �z:G�'1��+78W 5�E35 R$:878�&��7 5 ;$RLS+T 5 � 5 W 5

B → Aα�
a ∈

Jç¼�·�;�Ç
(A)

VÌ�>e%:8T 5ä5 � 5 7G78�+7UiR�W ��7 5 ��M.�>Wi�Íe��}¹JA 4 Vy� 5 � E � 5 W 5 W)� E W 5 :G�>7GW<�'e���M
:G�>W 5�E ;$R�� E ��7 5 ;�R�S È � E �<����M.�K�+��7>C
f ��7U�)�>��MK��R�MK��7 5%E � 5 e�v*R�e%: 5�EGJ ��»X»@�be}����78� 5�E eLT 5 pX:G�>7GW<�'e���� E ;��#¹JA 4 V�;$�>1��>W 5%E �

•
��;$�K��� 5 e���7 5 �'e�;$�K�+��; 5 7);$� Ç W ;$�ä�>��;$�>�'� � � 5 � 5 e�v*R�e%: 5�J ��»X»@�be

(S)
V 5 e�;$��� ] 5

EGâ W3� 5 M 5 �'e��K���K��MÌ;��<¹JA 4 m
•
;���;��<�)��7 5 ;�R�S+T 5

B → αAβ
V�¦§��_>�+W 5�E �

J ��»X»@�Ee
(A) =

J ��»X»¯�Ee
(A) ∪

Jç¼�·�;åÇ
(β)

E �
β

∗

⇒ λ
V��+e%:UT 5 ¦§��_>�+W 5�EGJ ��»X»¯�Ee

(A) =
J ��»X»@�Ee

(A) ∪
J ��»X»@�be

(B)
C

4 ��MK��R�MK��eL; 5<5CJ ��»X»@�be�����78� 5 e 5�E8EG5 �+g	�>W<��M 5 V	:G�>7 â ��W 5�E �
J ��»=»@�Ee

(expression) º ´ � V�ú�µ
J ��»=»@�Ee

(expression′) º ´ � V�ú�µ
J ��»=»@�Ee

(term) º ´ x0V	pUV � V�úµ
J ��»=»@�Ee

(term′) º ´ x0V	pUV � VLúµ
J ��»=»@�Ee

(factor) º ´ ÷ VL�	VLx0V	pUV � V�ú�µ
½^Wi��1��+_ä�+��MK��R�M'��; 5�E�5%E � 5 e�v*R�e%: 5�EmJç¼�·�;�Ç � J ��»X»@�be�Vy� 5 ;$�+W 5�E Vk�+e%:UT 5 Vk� 5 e E :G78R��'73�

:8���L�>M'�&��78�>;$�.:G�'1��&;���¹JA 4 C f ��78��� E8E�5 VZ1I��W 5�E �+g���W<�.eL��70� E ��7 5 ;$R�S È � E ;���M'�.e���R������+Wÿ�
:G�>e%:8��7^;�� E � 5 ��7G�'7a�+W¨Y%R��J� 5�E �'S È � E � 5 M 5 �>�prM'� E e��0:U���t�+MK��Cdû �+1��>W 5�E ¦§��_>�+7N�

•
;���;����}��7 5 ;$R�S>T 5

B → α
VØ����78�ä: 5 ; 5 :G�>7GW<�'e���Mí�

∈
Jç¼�·�;�Ç

(α)
Vk;$�+1��+W 5�E � 5 M 5 �+��7

� EGE �)��7 5 ;�R�S+T 5 e��)� 5�E �'S>T 5
(B, a)

;��0:8���L�>M'��m
•
;���;�������7 5 ;$RLS+T 5

B → α
V 5 e�;��

α
∗

⇒ λ
V6����78��: 5 ; 5 :G�>7GW<�'e���Mn�

∈
J ��»X»@�Ee

(B)
V

;��+1��>W 5�E � 5 M 5 �>��7a� E8E �0��7 5 ;$R�S+T 5 eL�<� 5%E �KS+T 5
(B, a)

;��0:8���L�>M'��C

m �+��R��'e�; 5 � EGE � E 7G�>��7U� E VL� 5 e E :G78R â W 5%E Vt�+e%:UT 5 VP�i:U���t�+MK�#��78�>;��H:8�.1��#�L��7U�Í�z¹JA 4 ;$�3�+g	p
��78� E8E�È � E V�;���;��<e��<:U���t�+MK�<��C'"�Ca· :8���L�>M'�<��7G�N;$�H:8�.1��i� 5 ;$� E �+7^R E ��;���V���M.]>W¨;��<1��+78� Ç �+��S>T 5
;��0��7U��Wi�:8�'�>��V	����78�0� 5 e E :87GR��'7 5 · m C f ��7U�b�'W<��M'�+W<�+e%:8��7 5 W<]+: 5 ; 5 ;$�JR�W�e�T 5 pX:G�>7GW<�'e���MXV
� 5 ;��+W 5�EØ5 M'9���7[�^:U���t�+MK�^�F;$��:8�+78W)�'e���7Ø����78�»�+��;��`:G�>7GW<�'e���M%1��M'�'; 5 Y%R���� E[E T 5 � E[E �NY=k�I+e��+�'� E
;$�3��S È � E �<: 5 Wi��7NV�� 5 W 5 V�� 5 7 ��g$�+W<��M 5 VP� 5 e E R�W)�'7^R�W«:8�+78W)�'e���M 5 R��'e	1 5 �+��7 5�E W)]+: 5 ; 5%E
;$� 5 R$:G7 5�E e�T 5 pX:G�+78W<�.eL��� E C
fZ5 78]+W}V E �<�äM'�.e���R������+Wæ]i� 5 W<��M'��g���V 5 �+�M'�+R�M 5 ;��z:U���t�+MK�z��7G�N;$�H:8�.1��ä�i�}� 5 e E :87GR�S>T 5

; 5 · m ;$�<¦ 5 78Wi�}W<��e	R���M E T 5 :8��7G�+¦§� E �78;�R�� E C#·^�'e�;���Wi��� EbE �i� E :G�'1��>7GW 5%E :878������M'9���e�; 5
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��� Î`ÏaÐ¬Ï�Î`ÏaÒ(ÓBÔZÕ)ÖÌ×*Õ«ÖØÐÙÎ`ÏaÐ�Úd×*ÛØÜ»Ý<ÏaÕ

D ���t�+MK�)��C'"^u D ���t�+MK�)��78�>;$�.:G�'1��0�L��7U�0�#¹JA 4 ;$���+g	��7G� EGEGÈ � E C

D �+78W<�.e���� E
= T 5 :G�>7GW<�'e���� E �K;$�+e%: � 5 e E :U��e%: x0V	p ÷ VL� ù ú �
��g$��78� E8E � 5 e " " "
��g$��78� E8E � 5 e� � / /
:8�+78W � � �
:G�>7GWp� � o � �
¦§��� : 5 7 q � �

(1)expression → term expression′

(2)expression′ → +term expression′

(3)expression′ → λ
(4)term → factor term′

(5)term′ → ∗factor term′

(6)term′ → λ
(7)factor → ident
(8)factor → constant
(9)factor → (expression)

� 5 W R�Wi����78��W<�:G�K�+�-e�� n =»jFV@� 5 � E VF� 5 W 5 1	�.W 5�E V 5 �+�MK��R�M 5 ; 5%E � 5 e�v*R�e%: 5%E*J�¼�·�;�Ç �
J ��»=»@�Eeò� 5 e E �K;$�+7U��W ���L�>e�� E ��7 5 ;$R�S È � E e 5 78Wi��� E V E �>W 5�E<5 �L�>78��; 5 78� E ;�� n =»jFCd=^� EGE �
� 5 e%: 5 �+e%:G7U��W 5%E ��7 5 ��7U��Wi� E � 5 W 5)5 °%�I1�� 4`4 V	Y%R���V$��� E �N��; 5 e��);$� Ç e��'S>T 5 ;��3M'�'e���R������>W
�+W n = jFV����>78�»: 5 ; 5%EØ5%E W<]�: 5 ; 5%E � 5 7G78� E � 5 e�;$�>e�:8� E � 5%E eLT 5 pX:G�>7GW<�'e���� E �F1��+78� Ç �+� � 5%EGEGâ 1��+� E
��7 5 ��M'�+Wi� E V$�I1	� E ��eL; 5 � 5 �.W<��M'�+W<�+e%:U��; 5 7 5%E � 5 e%: 5�E ;��0��78��Wi�:G�K�+�)Y%R�� 5�Ea5 7G�'���'e���7U��W}C
=»� E �>S>T 5`E �+��R��.e%:G�k��� 5 78;���7G�>W 5�E �a�.W<��M'�+W<�>e�:U��S>T 5 ; 5 · m �L��7U�F�aM'�'e���R������>W

X++
R$:8�.M'�.p

_>��e�; 5<5 °��I1�� 4`4 C

4.2 O analisador sintático da linguagem X
++

ök�+78�+W 5%E VI� E �+��R��.7NVI� 5 W 5 �'W<��M'�+W<�+e%:8��7 5 · m V�� 5 W ��� E �@e��^��78��W<�:G�K�+�F1	� E :8�^e 5 �>��� â :GR�M 5 ��V
R$:8�.M'�._N��e�; 5)5 °%�I1I� 4`4 C l e��'�+�'��M.W<�>e�:8��V���;$�'�+� 5 e���78�+W 5%E R�Wi�)e 5 1�� 5 �PS+T 5 e��)��78�.W<�>�.7U�b����7�:8�
; 5 ��7UY%R��'1 5 C v v�C

9�:�;%<�:�=?>�=Sª/B ©F ;Un K6Z ; H ^S×
\ Î%��ÍQ�6Ò%ÙS`ta�=�Y�^ G Õ
_ Þ���Ð%è6Ñ�Ï&�6�Q��
�Í�#���ÍQÞ
` K : J�G Õ
d ë �
· 5 �PS+T 5 $ �°�± �b� aE\M\"]=� `  ��$ ¢�SXd=��_(9������'M'�H:U� 5 W<�>�>��e�� E W 5 ;$�`;$�>��R�7U��S>T 5 ; 5 · m Y%R��

E �+7Ub���>78��; 5 �t�+M 5 °%�I1�� 4`4 C l EGEG5 ¦§��_J� 5 W�Y%R�� 5 · m W 5%E :87G�(e�� E � â ;���pX�L��;$7UT 5 Y%R���� EFE T 505%E
e�T 5 pX:G�+78W<�.eL��� E Y%R��»� E :UT 53E �+e�; 5 �*�+g$�>��R�:8��; 5�E �a�(Y�RL��� E6E T 5b5%E : 5 º��>e E Y%R�� E T 5 � 5 e E R�W<�'; 5%E
�+W��>��;��0R�W�;$�>M.� E Ck·»M.]>Wî;$� EGEG5 V	W 5�E :G7U��:U��W3�t]+W�� E :G�+e%:U��:G�'1�� E ;$�J�+� E ��W)�>e%: 5�E ¦ �+�.:8� E � 5
��eL��M'� E ��7"�L�����&�'$����&	�� C}= 5äÇ e���M@;$� E :G�#�>��� â :GR�M 5 VBW 5�E :G7U��78�+W 5�E R�W ��g$�+W<��M 5 �+W Y%R��<� EGE �
:G�'� 5 ;$� E � â ;��)� E :U09L�����'M.�.:8��;���C
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ÎZÜ»ÚOu+Ô(ÖØÛFÏ��#x)Ü»Ò ð»ÛÌ×�ÓX¿ÊÓ	×*Ò0ÔLð^Ô[×+ÎZÜ ���

=^�>W E �+W<��78�^Y%R��+78�+W 5�E 1��+7@Y%R���� E@E T 5 � E ��S È � E : 5 Wi��;�� E �L�>M 5 · m C�?@WË���+7U��MXV�� E :8��W 5%E
Wi��� E �'e%:G�+78� E8E ��; 5%E �+W E ���L�>7 E �3��g$� E :G�3R�W �+787 5iE �.e%:8�:G�K� 5 �0Y�RL��MÌ]3� E8E ���>7G7 5 C^¤Ë°��I1�� 4`4
�t�+78W)�.:G�6Y�R�� 5 W<�>�+��e�� E W 5 ;$�@;��+��R�7U��S>T 5 ; 5 · m E �*v��`;$� E �����.M'�.:8��; 5 �+W :G�+W<� 5 ;$�d�+g$�>��RLS+T 5 C
· E8E �.W}VPe 5�E8EG5 � 5 W<���.MK��; 5 7 �����>�H:U�Í� 5 W 5 ����7U®�W<�+:G7 5 ;$�)�+e%:G7U��;��Í� 5 �PS+T 5 .6	&�'�
��ü%þ ú �LC m �
� E8E � 5 �tS>T 5 ¦ 5 7Z¦ 5 78e��>�+�';��»Y%R���eL; 5 5 e 5%EGEG5 � 5 W<���'M'��; 5 7[]a��g$�>�+R$:8��; 5 V��>e%:8T 5 � E �'e$¦ 5 78Wi��S È � E
;$��;$�>��R�7U��S+T 5&E �+7UT 5 W 5%E :878��;�� E C m �}� E8E � 5 �PS+T 5 e�T 5 ]}R$:8�.M'�._N��;���Vd�+e%:UT 5�5 · m W 5�E :G7U�
���t�+eL� EZE �`�+g$� E :G�a�`Y%R���M$] 5 �+787 5JE �.e%:8�:G�K� 5 C f ��7U�(� E8E�5 V���M.:G�>78��W 5%E :8��W0�L]>W 5 W<]�: 5 ; 5y>MA����
; 5 e 5%EGEG5 · m CB?@M.�i1��+78� Ç �>� E �i� 5 �PS+T 5 ¦ 5 �@;���;�� 5 R�e�T 5 ��VÌ�+Wÿ�+� E�5 e��+�%��:8�.1 5 VB�'e	1 5 �+� 5
W<]�: 5 ; 5ÄC'A��6Á�Â1Ä�H���³�A�B:C�DQ¹�?�Ë�A o �Q��Á1¿�Ã ; 5 · m ��78�K��; 5 ù§1���78�'I1��+M N@A6Ë�³cD�Ë ; 5 ��7 5 ��7U��Wi�a��C /�ú�C

9�:�;%<�:�=?>�=Sª/Bu@
F 9�ÍQ�6ÎU���6Ï&Ð���Ñ�ÒUÓ/y�Y%= H <�Ô�{
\ n6=�L j =Q< G n6=Q:�^ G :CÕ
_ Z >�n�;&: KcÖ =Qp�=�B Z ;�B � Õ
d
e
g n J�O Y Z LALQYQ=�^Q^tYQ= H <QÔM×
h a ZbH =�YA^ K = K�Z LSÎ K : Z?H <tØ G :�^ Z ; H `�lEÔ�f�fSÙ�;�>�n Z Y G : ¨ Ø G :�^ Z ; H D�B�s ¨X© sQsQª�l�Õ
i ZbH�K L%; H�K 9�=%:6^ G ��:Q:�;%:c`Ss�Õ R�RtLQ; H�K = [ ;%: [�GSG :�:�;�^S^ ZbH�K�àQK�Z LQ;�^
k
Frq
FuF R�RTÞ G a ZbH6G ; >�� K ; [ ;ml�>�= Z?H l [ =AL%YQ=�^�^ G Y%= H <�Ô/B
Fr\ n J�O Y Z Lw^ K = K6Z LPp�; Z&[ >�= ZbH y�Î K : ZbH <c=Q:�<�^�� � { K&N :�;&ß�^T9�=Q:6^ G ��v6L G n K�Z ; H
Fr_ ×
F|d O ;�;QY G = HM[�G&O�J <M`Ta�=�Y�^ G Õ
Fre
Frg Î K : ZbH <Aa Z Y G&H =?> G `�l�l�ÕÜR�R H ;?> GS[ ;T=Q: I%J�Z p�;S=A^ G :A= H =�Y Z ^%= [ ;
F�h Y%= H <�ÔPn�=Q:6^ G :�Õ R�RP= H =�Y Z ^%= [ ;%:cY%�Qv Z LQ;QR�^ ZbH�K�àQK6Z LQ;
Fri Z?H�KcZ Õ
Frk O ;�;�Y G = H >�^T`ta�=�Y�^ G Õ
\uq
\�F Î&¥6^ K�G >áB�; J�K B�n�: ZbH�K Y H y�Ø G :6^ Z ; H {�Õ
\u\ RQRSYQ�S;�^on6=Q:�â?> GQK :�;�^Xn6=�^�^%= [ ;�^Xn6=Q:�=A;ALQ;?>�n Z YQ= [ ;%:
\u_ a�;%:ãy Z `Ps�Õ ZTä =Q:�<�^åB�Y G&H < K%N!¨ D�Õ Z f�f�{
\�d ×
\ue Z aãy�=Q:�<�^�� Z&� B GQI%J =�Y�^çy?l ¨b[�G&O�J <�Ï&Í�Î�l%{�{
\ug [�G&O�J <S` K : J�G Õ
\�h G Y�^ G
\ui ×
\uk Î%¥6^ K�G >ìB�; J�K B|n�: ZbH�K Y H y?lîè�^%=Q< G�Z ^å l f
_uq l Ö =Qp�=AY%= H <�Ôê� ¨b[�G&O�J <�Ï%Í�Î �mZbH n J�K a Z Y G l%{�Õ
_�F Î%¥6^ K�G >ìB G v ZUK y�s�{�Õ
_u\ ë
_u_ ë
_�d
_ue Z aãy�=Q:�<�^�� Z&� B GQI%J =�Y�^çy?l ¨ l&{�{
_ug × R�RtYQ� [ = G&H�K :�= [ = ¨ n6= [ : � ;
_�h Î%¥6^ K�G >ìB�; J�K B|n�: ZbH�K Y H y?lE� G = [6ZbH <�aQ:�;?>z^ K = H�[ =Q: [
ZbH n J�K BSBtB�l&{�Õ
_ui n6=Q:�^ G :A` H�G ßcYQ= H <�ÔCy�Î%¥�^ K�G >ìB ZbH {�ÕÈR�RSLU: Z =tÍ�Î
_uk ë
d�q G Y�^ G
dîF × R�RtYQ� [ ;t=Q: I&J�Z p�;
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q� Î`ÏaÐ¬Ï�Î`ÏaÒ(ÓBÔZÕ)ÖÌ×*Õ«ÖØÐÙÎ`ÏaÐ�Úd×*ÛØÜ»Ý<ÏaÕ

d�\ a Z Y G&H =b> G `P=Q:�<6^å��=Q:�<6^çB�Y G&H < K%N�¨ D � Õ
d�_ Î%¥6^ K�G >ìB�; J�K B|n�: ZbH�K Y H y?lE� G = [6ZbH <�aQ:�;?>
a Z Y G lífTa Z Y G&H =b> G fml�BtBSB�l&{�Õ
dud K :�¥A× R�RSL&: Z =tÍ�Î
d�e n6=Q:6^ G :A` H6G ßMYQ= H <�Ô�y H6G ß Ö =%p�=CB Z ;åB�ï Z Y G Ò H n J�K Î K : G =?>áyua Z Y G&H =b> G {Q{�Õ
d�g ë
d�h L&= K L N y Ö =Qp�=CB Z ;�B�ï Z Y G Ó6; K ï�; J�H�[ ��v6L G n K6Z ; H!G {X×
d�i Î%¥�^ K�G >ìBu; J�K B|n�: ZbH�K Y H y?l�ï Z Y G l fPa Z Y G&H =b> G fml H ; K a�; J�H�[ BEl%{�Õ
d�k : GQK&J : H Õ
euq ë
e�F ë
eu\
eu_ Z aãy�ñ [�G&O�J <�{ín�=Q:6^ G :CB [6Z ^%= O Y G Ï K :�=�L ZbH <CyE{�Õ R�R [�G ^&= O�Z Y ZUK =Ap G : O ;�^ Gt[ ;PÍ�Î
e�d
eue K :�¥M×
eug n6=Q:�^ G :/B|n�:�;%<�:�=?>áyE{�Õ R�RSL N =b>�=S;í>�� K ; [ ; I%J6G a�=QVA=P= H6à Y Z ^ G
e�h ë
eui L&= K L N yr9�=Q:6^ G ��v6L G n K6Z ; H�G {
euk ×
guq Î&¥6^ K�G >áB G :�:/B�n�: ZbH�K Y H y G Br< GQKQÛ�G ^�^%=Q< G yé{�{�Õ
g�F n�=Q:6^ G :CB�LQ; H�K 9�=Q:6^ G ��:�:�;%:m`
D�Õ R�R H�� ; G v Z ^ K�G : G L J n G :�=!² � ; [�GSG :�:�;�^
gu\ ë
gu_ a ZbH =�Y�Y&¥c×
g�d Î%¥6^ K�G >ìB�; J�K B|n�: ZbH�K Y H yrn6=Q:6^ G :/B K ; j6G&H Ï�^Q; J :�L G B�a6; J�H�[ � G v%��:�:�;%:Cyé{cf
gue lÈ� G v Z L%=�YT��:�:�;%:6^Pa�; J�H�[ l&{�Õ
gug Î%¥6^ K�G >ìB�; J�K B|n�: ZbH�K Y H yrn6=Q:6^ G :/B�LQ; H�K 96=Q:6^ G ��:�:�;%:�f
g�h loÎ%¥ H�K =�L K6Z LT��:�:�;%:�^Ta�; J�H�[ l%{�Õ
gui ë
guk
h�q ë R�RÈ>�= ZbH
h�F
h�\ ^ K = K�Z LXn J�O Y Z LtÎ K : ZbH < Z >áy ZbH�K v�{
h�_ ×
hrd ZbH�KPj Õ
h�e Î K : Z?H <
^çÕ
h�g ^X` K ; j6GUH Ò�>�=Q< G �rv � Õ
huh j `M^åB�YQ=�^ K Ò H�[�G v��%aCy�lbõ�l�l%{�Õ
h�i K :Q¥M×�^T`A^åB�^ J�O ^ K : ZbH <Cy�D�ö j {�Õ ë
h�k L%= K L N y�Î K : ZbH <�Ò H�[�G v�� J�K �%a%Ð6; J�H�[ ^U��v6L G n K6Z ; H!G {
iuq × ë
i�F : G%K%J : H ^�Õ
iu\ ë
iu_
i�d ë R�RPYQ= H <QÔ
iue
iug 9�ÍQ�6ÎU���6Ï&��ÓQÞ/y�YQ= H <�Ô�{ �

= 5 W)]+: 5 ; 5,>MA���� V$:G�>W 5%E :U��W3�t]+Wæ�#�U9L��Wi��;��i� 5 W<]�: 5 ; 5�N³A6Ë�³cD�ËáÄ/N/Ë � Á�Ë�A'> C 465 W 5
1��>7G�>W 5�E � E �>��R��'7>V 5 °%�I1�� 4`4 �'7Uä;�� Ç e��'7bR�W W<]�: 5 ; 5 ����78�}�>��;�� E�â W3� 5 M 5 e�T 5 :8�+78W)�'e���M
;�����78��Wi�:G�K�+��CØ·ò�L��7G:G�'76;�� E ��7 5 ;�R�S È � E ;$� E ��78�.:8� E e 5 ��7UY%R��'1 5 C v v�V E T 5 �+7G�K��; 5%Ek5�E W)]+: 5 ; 5%E
Y%R��0:G�+e%:U��W ¦§��_>�+7 5 �>� E ��W<�+e%: 5 ;��#�>e%:G7U��;��z� 5 W 5%E 78� E �t�>� :8�.1 5�E e�T 5 p{:8�+78W<�.e���� E CJ· E8E �'W}V
�3�U9L��Wi��;��3; 5 W<]+: 5 ; 5�N@A6Ë�³cD�ËìÄ/N/Ë � Á�Ë�A'> �'7U�:G�>e%:8��7F78�>� 5 e�9��N���+76e��b�>e%:G7U��;���R�W<�)�+��;$�+�K�
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ÎZÜ»ÚOu+Ô(ÖØÛFÏ��#x)Ü»Ò ð»ÛÌ×�ÓX¿ÊÓ	×*Ò0ÔLð^Ô[×+ÎZÜ q	"

Y%R��<�+� E �<� 5 W �z;$� E ��78�KS+T 5 ;���;��z� E �>��R��'7(e 5 ��78Y%R��'1 5 C v v(����7U� 5 e�T 5 p{:8�+78W<�.e���MM9:����ü�����!0C
? E8E �i] 5�EGâ W0� 5 M 5 �'e��K���K��Md;��}��78��W<�:G�K�+��C)·��>e�:878��;��äR$:G�'M'�._N��;��ä]#�}Y%R��i� E :8äe 5 ��78Y%R��'1 5
��� EGE ��; 5 � 5 W 5 ����7U®�W<�+:G7 5 eL�à��78�'��S+T 5 ; 5,5 �$v*�+: 5nN@A6Ë�³cD�Ë V6e 5 �.e â ��� 5 ; 5 W)]+: 5 ; 5�>MA����
ù M'�'e�9�� E /��)���%o�ú�C
½^Wi�Í;�� E 1I��e%:8�����+e E ; 5 · m ���>78��; 5 �t�+M 5 °%�I1I� 4`4 ])Y%R�� 5 7G�N� 5 e�9��>�+�.W<�+e%: 5 e�T 5 ��7G�+p

��� E � E �>7�¦ �+�.: 5 e��>��� EGE ��78�K��W<�+e%:G�i�}����7�:8�.70;$�Í��M'��R�W e�T 5 pX:G�>7GW<�'e���Mk� E �t�>� âHÇ � 5 C}½^Wi���U9���p
Wi��;��Ñ�¬Y%R���M'Y%R��>7ÍW<]�: 5 ; 5 Y%R��-� 5 787G� E � 5 eL;��,�àR�WÙeLT 5 pX:G�>7GW<�'e���M �.7U�:8�+e%:8��7z78�>� 5 e�9��+p
���>7Í� EGE �&e�T 5 pX:G�>7GW<�'e���M^eL�à�+e%:878��;���C fZ5 7Í��g$�>W)��M 5 V E ��:G�'1�] E8E �+W 5�E ¦ �+�.: 5 �Ñ�U9���Wi��;��,�
N@A6Ë�³cD�ËìÄ�D ¹ N/Ë�D�³�³ç� � � V 5 e 5%EGEG5 � 5 W<���'M'��; 5 7(�'7G�K�z� 5 e E R�W<�'7 5%E : 5 º��+e E ;��Í�>e�:878��;��z��7 5 �+R$p
7U��e�; 5 78�>� 5 e�9��N���+7aR�Wi�<�+g	��7G� EGE T 5 ���t�+e�� E V$�Je�T 5 R�Wî��7 5 ��78��W<��C

· �U9���W<��;���� N³A6Ë�³cD�ËáÄ/N/Ë � Á�Ë�A'> � E :U�;��+e%:G7 5 ;$��R�W � 5 Wi��e�; 5 SXd � � 5 78Y%R���� E R��
��g$�N��R�S>T 5,5 Rñ�¬;$�-��M.��R�W 5 R$:G7 5 W<]�: 5 ; 5 � 5 7G78� E � 5 e�;$�>e%:G��� 5 R$:G7 5 e�T 5 pX:G�+78W<�.eL��M^� 5 ;$�
MK��e�S>��7)R�Wi�-�+g����>S>T 5 ; 5 :8�.� 5c´:A�Ë�³cD%¸ ¹�o D&NO?�� � � C l E8E�5 ��� 5 e%:G�N���äY�RL��e�; 5�5 · m ;$��:8�>� :U�
e��,�>e%:G7U��;��,��M.��R�Wþ�>7G7 5,E �'e%:8�:G�K� 5 C fZ5 7#��g$�+W<��M 5 V 5 W)]+: 5 ; 5 � 5 787G� E � 5 eL;$�+e%:G��� 5 e�T 5 p
:G�>7GW<�'e���MV���������
	������k� E �t�+7U�<�+eL� 5 e%:878��7`e��i�+e%:878��;�� 5 : 5 º��>e��
�L����� C 4 � E�5 � EGE ��W<]�: 5 ; 5ÍE ��v��
�'e%1 5 �+��; 5 �ie�T 5 �+e�� 5 e%:G78�):8��Md: 5 º��+e�e��}�+e%:878��;���VB�>e%:8T 5 �>M.�iMK��e�S>�äR�Wi�}��g����NS+T 5 C 465 W 5
e��>e�9	R�WîW<]�: 5 ; 5 � 5 7878� E � 5 e�;$�+e%:8� � 5%E e�T 5 p{:8�+78W<�.e���� E :G7U��:U�)� E8E �0��g����NS+T 5 V	�+MK� E �J��7 5 �������
��:8] 5 W<]�: 5 ; 5 Y%R��3��7G�'W<�+�'7 5 �U9���W 5 R�R�W ;$� E8E � E W<]+: 5 ; 5�E Vte 5 �+� E�5i5 W)]+: 5 ; 5,>MA���� Ca= 5
W<]�: 5 ; 5ð>MA��Q� VZR�Wi�-W)�>e E �����>W´7G�+¦ �+78�+e%:G�Í� 5 �>7G7 5 ]ä�+W<�H:8�';��&�ä�-��e��M'� E �Í; 5 ��7 5 ��7U��Wi�
;$�>1��^:8�+78W<�.e���7>CZ=»T 5 9�0� 5 W 5 � 5 e�:8�.e	R���76�0��e��M.� E ��V�� 5 � E ] �'W<� 5%EGEGâ 1��+ML7G� E :U��R�7U��7 5 � E :8��; 5
; 5 · m e 5 W 5 W<�>e�: 5 Y%R�� 5 �+787 5 ¦ 5 �Ø;���:G�N� :U��; 5 CF· EGE �.W}VP� 5 �>e�� 5 e�:878��7`R�W«�+787 5#E �.e%:U�:G�K� 5 V
�<��g$�N��R�S>T 5 ; 5 e 5�E8EG5 � 5 W<���'M'��; 5 7 E �'W)��M.� E W<�+e%:8�J:G�+78W<�.eL��C@= 5 �+��� â :8R�M 5 o)1��+78�+W 5�E � 5 W 5
� 5 ;��+W 5�E �.W<��M'�+W<�+e%:U��7 5 Y%R�� E � �U9���W<��;��»78�>��R��L�>78��S+T 5 ;��^�+787 5%E V%Y%R��»�t�+78W<�H:8� Y%R�� 5 · m
� 5 e%:G�'e%R�� E R��)��g$�N��R�S>T 5 W)� E W 5 Y%R���R�W¨�+787 5<E �'e%:8�:G�K� 5<E ��v��<�+e�� 5 e%:G7U��; 5 C
ök�*v���W 5%E Vy�>e%:8T 5 VB� 5 W 5 ;$� Ç e��'7 5%E W)]+: 5 ; 5%E Y%R��)�'78T 5 � 5 W<� 5 7 5 e 5%EGEG5 · m CBû»�>1��>W 5%E

;$� Ç e��'7)�>��;���eLT 5 pX:G�>7GW<�'e���M6;���e 5%EGE �}��7U��Wi�:G�K�+�}W<�>;$�K��e%:8�ÍR�Wi�&;��>��MK��7U��S>T 5 Y%R��Í]zR�Wi�
W<� E :GR�78�<;$�b�+¯	;��.� 5 °%�I1��3�b;$�J��7 5 ;$R�S È � E e�� n =»jFC 4 ��;��0R�W<�<;$� EGE � E ;��>��MK��7U��S È � E :G�+W«�
E �+��R��.e%:G�(¦ 5 7GWi���

〈não terminal〉 → 〈tipo〉 “nome′′ “(′′ 〈argumentos〉 “)′′ “ :′′

“{′′ 〈decl. locais〉 “}′′

“{′′ 〈BNF 〉 “}′′

? E8E �0;$�>�+M'��78��S+T 5 �'e��'�+�'��p E �»� 5 W R�W :G�'� 5 V	Y%R��»] 5 :8�.� 5 78��: 5 78e���; 5 �t�+M 5 W<]�: 5 ; 5 � 5 7G78� E p
� 5 e�;$�>e%:G�a�^� E8E �@e�T 5 pX:G�+78W<�.eL��MXC fZ5 ;�� E �+7ZY�RL��MKY�R��+7Ø:G�'� 5 ���+� E8E�â 1��>M�;$�+e%:87 5 ;�� �+M'� EGE �@; 5 · m V
e 5 e 5�E8EG5 �+� E�5 V%�)��MK� E8E � C'A��6Á�Â C�û �+� 5 � E 1��>W 5 e 5 W<�(; 5 e�T 5 pX:G�>7GW<�'e���M[ù ��; 5 W)]+: 5 ; 5 Y%R��
E �+7U#��78�'��; 5 ú`� 5�E ����78®�W)�+:G7 5�E ¦ 5 7GWi��� E ;$� E8E �0W<]�: 5 ; 5 C ?@W E �>��R��K;���Vt1�I>W R�Wî��� ���0R�Wi�
E � E8E T 5 ;$�Í��¯$;$�'� 5 °��I1���� 5 M 5 �>��;��}�>e�:87G�z�U9��I1�� E VZY%R��Í� 5 7G78� E � 5 e�;$� J�E ;$�N��MK��7U��S È � E M 5 �>��� E
;$� EGE �iW<]�: 5 ; 5 Cä· E 1���78�'I1��+� E � â ;��>��MK��7U��;�� E � 5 ;��+7UT 5�E �>7bR$:8�.M'�._N��;�� E ;$�>e�:87 5 ; 5 W)]+: 5 ; 5 C
?ñ;$�>� 5 � E 1�I+W«� E ��7 5 ;$R�S È � E ;$� EGE ��e�T 5 pX:G�+78W<�.eL��Mye�� n = j6Ct·\��78�.eL���'����MB�'e��+R�W3��I+e��+�'�Í; 5
°%�I1I� 4`4 ]J:878��e E ¦ 5 7GWi��7`� E8E � E ��7 5 ;$RLS È � E �>W¨�+¯	;��.� 5 °��I1���V�Y%R��3�.7U0:G�+e%:U��7^78�>� 5 e�9��N���>7`e��
�+e%:878��;��ÍR�W<� E �>Y=k�I>e����K�z;��<: 5 º��+e E Y%R��i�+� E �>W � 5 Wæ� E8E �};$� E �+7G�KS+T 5 C0ök�*v���W 5%E VB�>e%:8T 5 V 5
EGâ W0� 5 M 5 �'e��'�+�'��MB;��)e 5�E8E �0M'�'e���R������>WäV$Y%R���] 5 e�T 5 p{:8�+78W<�.e���Mc9�����ü�����!}�
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q�� Î`ÏaÐ¬Ï�Î`ÏaÒ(ÓBÔZÕ)ÖÌ×*Õ«ÖØÐÙÎ`ÏaÐ�Úd×*ÛØÜ»Ý<ÏaÕ

9�:�;%<�:�=?>�=Sª/B�ª
F p�; Z&[ n�:�;%<�:�=b>áyE{�
\ ×
_ ë
d ×
e �æLQYQ=�^Q^QY Z ^ K yE{ �Aä �6�&ï }
g ë �

=»�};$� E �+7G�KS+T 5 ;�� E ��7 5 ;$R�S È � E � 5 ;$�+W ������7G�N���+7 5�E : 5 º��>e E ;$� Ç e��'; 5%E e�� E �>S>T 5 ; 5 · A
; 5 ��7UY%R��.1 5 C v väù 5 û ø�. ]äR�W<�-��g��+�>S+T 5 ú3�<�G�U9���W<��;�� E �Í� 5 R$:87 5%E e�T 5 pX:G�>7GW<�'e���� E � 5 W 5
�
�L������¼ü���{C
? E8E �Je�T 5 pX:G�+78W<�.eL��M79:����ü�����!î](R$:G�'M'�._N��; 5 ��Y%R��P����78�3�.e�;��'�>��7`Y%R���e�; 5 R�W û ø�.�ù Ç W¨;$�

��7UY%R��'1 5 ú�]z1��M'�K; 5 eL��e 5%EGE ���>e�:878��;���C¬¤î: 5 º��>e�û øU.«eLT 5 ¦ 5 �`;$� Ç e��'; 5 ��g$��M'�K���.:8��W<�>e�:8�
e�� E ;$�N��MK��7U��S È � E ;$�Í: 5 º��+e E ; 5 ·»AdC D 78��:8��p E �#;$�äR�Wÿ: 5 º��+eà��7G�N;$� Ç e��'; 5 Y%R��Í]ä��� E8E ��; 5
����78� 5 · m Y�RL��e�; 5-5 ��78Y%R��'1 5 ;$�ä�+e%:878��;��}¦ 5 �`� 5 W<��M'��:8��W<�+e%:G�zM.�K; 5 �ze�T 5 � 5%EGE R��FWi��� E
e��>e�9	R�W�: 5 º��+e#;$� E � 5 e â 1��+MXC[?@e�:UT 5 V�� E8E �^e�T 5 p{:8�+78W<�.e���MX9�����ü�����! ;$�'_»Y%R�� R�WË��7 5 ��7U��Wi�(e��
e 5%EGE �iM'�.e���R������+W ]0¦ 5 78W<��; 5 � 5 7(R�Wi�zM.� E :U�Í;$�<��MK� E8E � E V E �+��R��K;��i�t�+M 5 û øU.@Cy·�;$� Ç e��'S>T 5
;$�#����������¼ü���@](W 5%E :878��;���e 5 ��7 5 ��7U��Wi�J�LC o�CØ?dMK� E �'W<��M.� E W<�>e�:8� E �+��R�� �0;$� Ç e��'S>T 5 ;�� n =»j
1	� E :8�ze 5 �+��� â :8R�M 5 �$C l E : 5 1���M'�0�L��7U�ð�
�L�����
	����
�¼C m RL�Í��7 5 ;$R�S>T 5 �'e��K���K��p E �)� 5 WÐ���L�����UVÌ1��+W
E �+��R��';��0� 5 7^R�W¨�';��+e%:G� Ç �+��; 5 7NV	�b� E8E �'W � 5 7»;$�K��e%:8��C

9�:�;%<�:�=?>�=Sª/B��
F p�; Z&[ LQYQ=�^�^%Y Z ^ K yé{�
\ ×
_ ë
d ×
e LQY%=�^�^ [�G LQYåyE{-� L%YQ=�^�^QY Z ^ K yE{ �
g ë
h
i
k p�; Z&[ LQYQ=�^�^ [�G LQYåyé{�
Frq ×
FuF ë
Fr\ ×
Fr_ ä Ù&��Í�Î�Î }wä ÒUÞ���Ó�� } � ä ��Ô��Q��Ó�Þ�Î }Aä ÒUÞ��QÓ�� }t� L%YQ=�^�^ O ; [ ¥CyE{
F|d ë �

O,� 5 W 5 � E �>7G1���7ZY%R���V��>W����>78��M{V 5 ��¯$;$�'� 5 °��I1�� ���>78��; 5 �L�>M 5 °%�I1�� 4`4 ����78� 5%E W)]+: 5 ; 5%E
Y%R��`�'W)��M.�>W)�>e%:8��W 5�E eLT 5 pX:G�>7GW<�'e���� E e�T 5 :8�+W W3R��.:8� E �+W<�>M.9���e�S+�J� 5 WË� EkE RL� E ��7 5 ;$R�S È � E
�@� 5 ;$� E �>7Ø;$�.¦ â �+�.M$;$� E �>7[� 5 W<��78�+�>e�;$�K; 5 C fZ5 7Ì� EGEG5 VIe�T 5 ]@R�W<�»� 5 M â :G�K�+�»7G�N� 5 W)�>e�;�I1��+M����+7U��7
5 · m � 5 7(W)�>� 5 ; 5 °%�I1�� 4`4 ��Vy;$�>� 5 � E Vt¦§��_>�+7 ��MH:8�+7U��S È � E e 5 ��¯$;$�'� 5 ���+7U��; 5 C»·^M']+W ;�� E8E�5 V
E �»¦ 5 7Fe��>��� EGE �78�K�b�0��MH:8�+7U��S>T 5 ; 5 ��7UY%R��'1 5 C v v�V$R�W�e 5 1 5 �+¯$;$�.� 5 °%�I1��3;$�>1�� E �>7F���+7U��; 5 �J� E
��M.:G�>78��S È � E ¦ �>�H:U� E ��e�:8�+78� 5 7GW<�>e�:8��;$�.78��:U��W<�+e%:8�(e�� E8E �b�+¯	;��.� 5<E T 5 �t�+7U;$�K;�� E C@·^�t�+eL� E � 5 W 5
��g$�>W)��M 5 Vd����78� E �+e%:8��W 5�E e 5 ��7 5 ��78��W<�}�LC �&R�W´:G78�>�U9 5 ;$�ä��¯$;$�'� 5 ���+7U��; 5 �L�>M 5 °��I1�� 4`4
����78� 5 W)]+: 5 ; 5 � 5 787G� E � 5 e�;��+e%:G�(� 5 e�T 5 p{:8�+78W<�.e���MO���L������	&�����¼C
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ÎZÜ»ÚOu+Ô(ÖØÛFÏ��#x)Ü»Ò ð»ÛÌ×�ÓX¿ÊÓ	×*Ò0ÔLð^Ô[×+ÎZÜ q�/

9�:�;%<�:�=?>�=Sª/Bu«
F a ZbH =�YXn J�O Y Z LTp�; Z&[ LQYQ=�^�^ [�G L%YåyE{ K%N :�;Uß�^T9�=Q:6^ G ��v6L G n K6Z ; H ×
\ K :�=�L G Ï�L%=�Y�Yåy�lULQYQ=�^Q^ [�G LQY�l%{�Õ
_ K :�¥M×
d Ö�Ö Ï�L%; H ^ J > G Ï K ; j�G&H y�Ù%��Í�Î�Î6{�Õ
e Ö�Ö Ï�L%; H ^ J > G Ï K ; j�G&H yîÒUÞQ��Ó���{�Õ
g ^Uß Z&K L N y�y Ö�Ö Ï H�K%j `Q` ¨ DQ{�³ Ö�Ö Ï H�K&j yE{� ÖQÖ Ï H�K%j {
×
h L%=�^ G ��Ô��Q��Ó�Þ�Î�
i Ö�Ö Ï�LQ; H ^ J > G Ï K ; j6G&H y���Ô��Q��Ó�Þ�Î6{�Õ
k Ö�Ö Ï�LQ; H ^ J > G Ï K ; j6G&H yîÒbÞ���Ó���{�Õ
Frq O : G = j Õ
FuF [�G a�= J Y K 
Fr\ Ö�Ö ÏQYQ=�D��éD � ` Ö�Ö Ï&< G&H Õ
Fr_ Õ
F|d ë
Fre LQYQ=�^Q^ O ; [ ¥�yE{�Õ
Frg ë a ZbH =�Y�Y%¥c×
F�h K :�=�L G Ï%: GQK&J : H y?lbLQYQ=�^�^ [�G LQY�l&{�Õ
Fri ë
Frk ë �

465 e%:G�'e	R���eL; 5 � 5 Wþ�-e 5�E8E �-�.W<��M'�+W<�>e�:U��S>T 5 V@:G�>W 5%E<5 e�T 5 p{:8�+78W)�'e���M¥�
�L�����
���'	���CÊû �
��� 5 7U; 5 � 5 W¨�0e 5�E8E � n =»jFV�� E8E �(eLT 5 pX:G�>7GW<�'e���My;$�>1��>7G�K� E �+7^;�� Ç e��K; 5 � 5 W 5 �

9�:�;%<�:�=?>�=Sª/B('
F p�; Z&[ LQYQ=�^�^ O ; [ ¥Cyé{�
\ ×
_ ë
d ×
e ä �QÐ���Í�Ù%� }
g ��LQYQ=�^�^QY Z ^ K yE{ �
h yup�=Q: [�G LQYåyé{ ä Î&� Û Ò%Ù��&�6�&Ó } { �
i yîLQ; H ^ K : J L K�[�G LQYçyE{�{ �
k y�> GQK&N ; [�[�G LQYåyE{�{ �
Frq ä �QÐ���Í�Ù%� }
FuF ë �

fZ5 78]+W}V E � :G�>e%:8��78W 5�E ��7 5 ��� E8E ��7 5 e 5%EGEG5 ��78Y%R��'1 5 C v va� 5 e�:8�+e�; 5 � EGE �0;��>��MK��7U��S>T 5 V�1��>7G�+p
W 5�E Y%R�� 5 °%�I1I� 4`4 ��7 5 ;$R�_�� E �>��R��'e%:G����;$1��+7G:�I>e����K���
��=Q: H�ZbH </ Ù N ; Z L G LQ; H a�Y Z L K
ZbH y�B�B�Bé{ � L%; H ^ K : J L K = K Y ZbH6G @QsQªCöóLQ;�Y J > H 'CB��v%n6= H ^ Z ; HAH6G ^ K�GQ[ ß Z&K&N�ZbH LQ; H ^ K : J L K = H�[AG v%n6= H ^ Z ; H a�;�YQY�;&ß ZbH <�L%; H ^ K : J L K

N =Qp G LQ;�>�>�; H n�: G a Z v G ^çöó; H6G ;&aPß N�Z L NmZ ^åÈl ZbH�K lÙ�; H ^ Z&[�G : J ^ ZbH <A=AY�;�; j = N6G = [ ;%a © ;&:o>�;%: G a�;%: H�G ^ K�GQ[MG v%n6= H ^ Z ; H B
? E8E �(W<�+e E �����+W��'e�;$�K�+�JY%R��a��g$� E :8�aR�W�� 5 e7P��.: 5 e��J� 5 e E :G78R�S+T 5*p ������	����
� p´t

<
��ûª²*7� øV.

� ø ý
>
t T»;��»e 5%EGE � ��7 5 ;$RLS+T 5 CÌû �._�V����'e�;���V�Y%R��F;��+e%:G7 5 ;�� � 5 e E :G78R�S+T 5 �6¦ 5 7U� ;��+MK�»��g$� E :8�+W

��78� Ç g 5%E � 5 W0R�e E Vy�+e%:G78�<�+M'� E(5 :G�+78W<�.eL��M`ü±���XC l EGEG5 ��� 5 e�:8�>�+�0� 5 7UY%R�� 5�Jç¼�·�;åÇ/¿éÆcA6ËEH�D o CUÃ
�'e���M'R�� 5 :G�>7GW<�'e���MFü±���XVtY%R��b:8��W0�L]>W � E :8#e 5µJç¼�·�;�Ç/¿�>D7?�� � H�H�D o C?Ã V%� 5 W 5 W 5%E :878� 5 ��7 5 p
��7U��Wi�0��C ��C
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qI� Î`ÏaÐ¬Ï�Î`ÏaÒ(ÓBÔZÕ)ÖÌ×*Õ«ÖØÐÙÎ`ÏaÐ�Úd×*ÛØÜ»Ý<ÏaÕ

9�:�;%<�:�=?>�=Sª/Bu®
F p�; Z&[ p�=Q: [�G LQYåyE{�
\ ×
_ ë
d ×
e y ä ÒUÓ�� }ê] ä Î%�Q�6ÒUÓ�Ñ }ò]üä ÒUÞ���Ó�� } {
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\�h ë �
¤ E � 5 W<��e�; 5%E ;��)M.�'e���RL�����>W E T 5 7G�N� 5 e�9��>�+�'; 5%E �L�>M 5%E e�T 5 p{:8�+78W)�'e���� EaE �+��R��.e%:G� E �

9�:�;%<�:�=?>�=Sª/BED ©F p�; Z&[ = K : ZbO ^ K = K yé{�
\ ×
_ ë
d ×
e Y&p�=�Y J6G yE{ ä Í�Î�Î�Ò%Ñ%Ó } yæ=�Y�;�L G v%n�: G ^Q^ Z ; H yé{ ] G v%n�: G ^�^ Z ; H yE{�{
g ë
h
i p�; Z&[ n�: ZbH�K ^ K = K yé{�
k ×
Frq ë
FuF ×
Fr\ ä 9���ÒUÓ�� }SG v%n�: G ^�^ Z ; H yE{
Fr_ ë
F|d
Fre p�; Z&[ : G = [ ^ K = K yE{�
Frg ×
F�h ë
Fri ×
Frk ä ����ÍQÞ } Y&p�=�Y J6G yE{
\uq ë
\�F
\u\
\u_ p�; Z&[ : GQK%J : H ^ K = K yE{�
\�d ×
\ue ë
\ug ×
\�h ä �����%è��QÓ } � G v%n�: G ^�^ Z ; H yE{ �
\ui ë
\uk
_uq
_�F p�; Z&[ ^ J n G :�^ K = K yé{�
_u\ ×
_u_ ë
_�d ×
_ue ä ÎUè�9���� }Aä ��9�ÍQ�Q��Ó } =Q:�<�Y Z ^ K yé{ ä ��9�ÍQ�Q��Ó }
_ug ë
_�h
_ui p�; Z&[MZ a6^ K = K yE{�
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q�� Î`ÏaÐ¬Ï�Î`ÏaÒ(ÓBÔZÕ)ÖÌ×*Õ«ÖØÐÙÎ`ÏaÐ�Úd×*ÛØÜ»Ý<ÏaÕ

_uk ×
d�q ë
dîF ×
d�\ ä Ò&ï }Sä �Q9�ÍQ����Ó }SG v%n�: G ^�^ Z ; H yE{ ä ��9�ÍQ�Q��Ó } ^ K = K�G > G&H�K yE{
d�_ ���6����
�Í�#���ÍQÞ/yEDQ{ ä ���6Î&� } ^ K = K�G > G&H�K yé{ �
dud ë
d�e
d�g
d�h
d�i p�; Z&[ a�;%:6^ K = K yE{�
d�k ×
euq ë
e�F ×
eu\ ä ï��&� }Sä ��9�ÍQ���QÓ } ��= K : ZbO ^ K = K yE{ �
ä Î&� Û Ò%Ù��&���&Ó }
eu_ � G v%n�: G ^�^ Z ; H yE{ �mä Î&� Û Ò%Ù��&���&Ó }
e�d ��= K : ZbO ^ K = K yE{ �
ä ��9�ÍQ����Ó }
eue ^ K = K�G > G&H�K yE{
eug ë
e�h
eui p�; Z&[ ^ K = K Y Z ^ K yé{�
euk ×
guq ë
g�F ×
gu\ ^ K = K�G > GUH�K yE{-��^ K = K Y Z ^ K yE{ �
gu_ ë
g�d
gue p�; Z&[ Y%p�=�Y J�G yE{�
gug ×
g�h ë
gui ×
guk ä ÒbÞ���Ó�� } y
h�q ä ��Ð���Í�Ù�
���� }SG v&n�: G ^�^ Z ; H yE{ ä �QÐ���Í�Ù�
Q��� }ò]
h�F ä Þ6�%� }Sä ÒUÞ���Ó�� } � ä ��9�Í%����Ó } =Q:Q<�Y Z ^ K yE{ ä ��9�Í%����Ó }%�
h�\ { �
h�_ ë
hrd
h�e p�; Z&[ =�Y�;�L G v%n�: G ^Q^ Z ; H yé{ã
h�g ×
huh ë
h�i ×
h�k ä Ó���� } y
iuq �6����
�Í�#���ÍQÞCy © { ä ÒUÞ��QÓ�� }Aä ��9�ÍQ����Ó } =Q:�<�Y Z ^ K yE{ ä ��9�ÍQ����Ó }ò]
i�F y ä ÒbÓ�� }ò]ðä Î%�Q��ÒUÓ�Ñ }ò](ä ÒUÞQ��Ó�� } {
iu\ y ä ��ÐQ��Í�Ù�
���� }AG v%n�: G ^�^ Z ; H yE{ ä ��Ð���Í�Ù�
���� } {Uf
iu_ {
i�d ë �

¤ eLT 5 pX:G�>7GW<�'e���M1���L������8�9�������� üG���2� 5%EGE R��dR�W´� 5 Wi��e�; 5 »@�M� ��¶ f ¸�¶�¾ �+R�v��}R$:8�.M'�._N��S>T 5}5
M'�+�.: 5 76� 5 ;$�»¦§���+�.M'W<�+e%:G�^�K;$�>e�:8� Ç �+��7NCZ½^W �+� E�5 ;$�.¦ �+78�+e%:8� 5 � 5 7G78�ae 5 e�T 5 pX:G�+78W<�.eL��MBü ý��� ���XC m �
e�T 5 R$:8�.M'�'_>��78W 5�E65 � 5 Wi��eL; 5 »@�M� ��¶ f ¸�¶�¾ � E �t�>��� Ç �>��; 5 e���Y%R��>M.�(e�T 5 pX:G�+78W<�.eL��MXV 5 �$:G�>7G�>W 5%E
� E �>��R��'e%:G����;�1��+7G:�I>e����K�)� 5 ��7 5 �+� E8E ��7 5 ��78Y%R��'1 5 C v v��
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ÎZÜ»ÚOu+Ô(ÖØÛFÏ��#x)Ü»Ò ð»ÛÌ×�ÓX¿ÊÓ	×*Ò0ÔLð^Ô[×+ÎZÜ q��

��=Q: H�ZbH </ Ù N ; Z L G LQ; H a�Y Z L K
ZbH �%B�B�B � L%; H ^ K : J L K = K Y ZbH6G ª © �åö3LQ;�Y J > H ��B��v%n6= H ^ Z ; HAH6G ^ K�GQ[ ß Z&K&N�ZbH LQ; H ^ K : J L K = H�[AG v%n6= H ^ Z ; H a�;�YQY�;&ß ZbH <�L%; H ^ K : J L K
N =Qp G LQ;�>�>�; H n�: G a Z v G ^çöó; H6G ;&aPß N�Z L NmZ ^åÈl G Y�^ G lÙ�; H ^ Z&[�G : J ^ ZbH <A=AY�;�; j = N6G = [ ;%a © ;&:o>�;%: G a�;%: H�G ^ K�GQ[MG v%n6= H ^ Z ; H B

l EGEG5 ��� 5 e%:G�N���<�+W 1	�'7�:8R�;$�#;$�#�ä����7�:8�Ä���á�
�z; 5 � 5 W<��e�; 5�E �+7 5 �P��� 5 eL��MXC)?\;$�>� 5 � E ;$�
R�Wæ� 5 Wi��e�; 5 ü ý E �+Wæ�Í����7G:G�(�
�á�
�+Vy� 5 ;$�>W 5%E :8�+7(R�WÐ���5���<Y%R��0�L�>7�:8�+e��+�0�iR�W � 5 Wi��e�; 5
ü ý�Wi��� E ��g	:8�+78e 5 C fZ5 7`�+g	�>W<��M 5 V

b�� � ^�¢X¢ � �
b�� � g�¢X¢ � �

^�¢¡^�ó }��_7h7i�_
g�¢�g¡ó }��

? E8E �z�+��;��+�K�i� 5 ;$��Vy;$�0��� 5 7U; 5 � 5 Wæ�Í;$� Ç e��KS+T 5 ;$�Íü ý��� ��� ��!#�
���3ù E �>W 5 »@��� ��¶ f ¸�¶�¾ ú V
E �+7)�.e%:G�>7G��7G�+:8��;��&� 5 W 5 R�W � 5 Wi��e�; 5 ü ýQWi��� E �+g	:G�+78e 5 Y�R��ze�T 5 � 5�E8E R��a�-����7�:8���
�á�
�}�
Y%R��b:8�+Wæ�'e%:G�+78e 5 �#�+M'�3R�W 5 R$:87 5 � 5 Wi��eL; 5 ü ýUCJ? E8E �)� 5 W<��e�; 5 �.e%:G�>7Ge 5 � 5%EGE R��XVPe��#����7�:8�
�=�%$��
��� VØR�W<�&��:G78�'��R��KS+T 5 ��+ �¾zR0¬��V[e�������7�:8�¯���á�
�+VZR�Wi� 5 R$:878����:G78�.��R��'S>T 5 ��+ ��z
0�C�¤ R$:G7U�ä�.e%:8�+78��7G�+:8��S+T 5 ]iR�W´� 5 Wi��e�; 5 ��g	:G�>7Ge 5 Y%R��<:8�+W R�W � 5 Wi��e�; 5 �'e%:G�>7Ge 5 ü ýàe 5
7U��W 5 1��>78;���;$�>�.7 5 �»R�Wî� 5 W<��e�; 5 ;��(��:G78�.��R��'S>T 5 ��+¼�mz�0ze��0����7�:8�l�
�á�
��C6¤ê� 5 Wi��e�; 5 ü ý
�'e�:8�+78e 5 � 5%EGE R��B���L�>e�� E R�Wi�<��:87G�'��R��KS+T 5 ;��+e%:G7 5 ;$�+M'��V E �+W�:G�+7 �0�L��7G:G�¶���5���+C
f ��7U�^:8�+e%:8��7k7G� E�5 M.1��+7[� E8E �a� 5 e7P��.: 5 V�� 5 ;$�>7 â ��W 5�E :8�+e%:8��7Z��R�W<�+e%:8��7 5 eXH�W<�>7 5 ;$�a: 5 º��>e E

R$:8�.M'�._N��; 5%E � 5 W 5 M 5	5 º���9��>��;yC fZ5 78]+W}V�� E8E�5#E ��W 5�E :G7U��78�'�)�'e=H�:G�'M{C»¤�°��I1�� 4`4 e�T 5 � 5 e E �+��R��
;$�N���K;$�.7dY%R��^�>��W<�'e�9 5 : 5 W<��7dY%R���e�; 5(5 ��78¯Ig$�.W 5 : 5 º��+e0¦ 5 7@R�W �
�á�
��V�� 5 � E e�T 5�E ���t� E �`;$�+1��
� 5 e E R�W<�.7 5bEGâ W3� 5 M 5 ���á�
� ;$�+e%:87 5 ; 5 � 5 Wi��eL; 5 ü ý 5 R)��R�M'��7k: 5 ;����J�L��7G:G�n�
�á�
� ; 5 � 5 Wi��e�; 5
�Í�>� E ��73�}�>e�:878��;���� 5 Wÿ��� E :G78R$:GR�7U��Y%R��#� E :U�Wi��� E ��g	:8�+78e���� 5 ü ý��� ��� ��!#���c�{C�s&� E � EGE �
� E :G78R$:8R�78�J] ����78¯���78�'�J�L��7G:G�n�
�á�
� ;��^R�W 5 R$:87 5 ü ý��� ���dWi��� E �+g	:G�+78e 5 C[· EGE �.W}V E �^:G�+e%:U��78W 5%E
��R�W)�>e%:8��7 5 eXH�W<�>7 5 ;$�0M 5	5 º���9��>��; E Vt�.78�+W 5%E �>� E ��7»� EGE � E(EGâ W0� 5 M 5%E»E �+W<��78�)� 5 Wæ� E ;$R�� E
� 5 e E :G78R�S È � E Y%R��a� E :8T 5 �>WË� 5 e7P��.: 5 ù e��(1��+7U;���;$��V��(W)� E Wi�(� 5 e E :87GRLS+T 5 ú 5 R0� 5 W�e��>e�9	R�Wi�
;$�>M'� E C l E8E�5<E �'��e�� Ç �>�3Y%R����);$�>�+� E T 5<E �>780�0;��(R�:G�'M.�'_>��7 E �+W<��78�J�0��7 5 ;$R�S>T 5 ; 5 ü ý��� ���FWi��� E
�'e�:8�+78e 5 V$� 5 � Ea5 »@��� ��¶ f ¸�¶�¾ �.eL;$R�_b�)� E8EG5 C
j��>M.�'_+W<�+e%:8��V$� E8E �^] 5 � 5 W)� 5 7G:8��W<�+e%: 5 Y%R��(;$� E �*v���W 5�E Ck¤ R E ��v���V 5 �
�á�
�(� E :8��7U E �+W<��78�

� E8EG5 �+�'��; 5 � 5 W 5 ü ý-��e�:8�+78� 5 7^�#�>M.�3Y%R��3� E :G�'1��+7 Wi��� E ��78¯Ig$�.W 5 C`= 5 ��g$�+W<��M 5 VL:G�>7 â ��W 5%E �
E �H:8R���S>T 5 W 5�E :G7U��;��äe�� Ç ��R�7U�}��C'"�C�s���� E ��g	:G�>7Ge���W<�+e%:G��VÌ:8�+W 5�E ���U9���Wi��;���� 5 W<]�: 5 ; 5
� 5 7G78� E � 5 e�;$�>e%:G�»� 5 �� ��� ��!#���c�{V$Y%R���V	� 5 1��+78� Ç �+��7 5 : 5 º��+ez� 5 787G�>e%:G�»eL�0�>��;$�>�'�);$�(�+e%:G7U��;���V
�U9���W<� 5 W<]+: 5 ; 5 ü ý���� ��� �
!"�
���XC,? E :G��V6� 5 7 E R��-1��>_�Vd� 5 e EG5 W<� 5%E : 5 º��+e E ü ýQ� p V@;��+� 5 � E
�U9���W<����8�9��������UüG���¬��VØ� 5 78��: 5 78e���7�;���Y�R��+MK�ä�U9L��Wi��;���VÌ� 5 e EG5 W<� t Cz?dW E �+��R��K;���V[�U9���Wi�
78�>��R�7 E �.1���W)�>e%:G� 5 ��)���)�
!#���c�{V@Y%R���Vd� 5 7 E RL�&1��+_�V6�U9���Wi��;$�ze 5 1 5&5 ü ý���)���)�
!#���c�{Cà? EGE �
E �+��R�e�;����U9���Wi��;��-� 5 e EG5 W<��ü ýò� p VF�U9���Wi����8�9��������UüG���Ê��� 5 e EG5 W<� t C 4 9���W<��V6�>e%:8T 5 V
��)���)�
!#���c�<Y%R���V 5 M'9���eL; 5�5 M 5	5 ºI��9��>��;yV`�U9���Wi�����*� üG����)���{C\· 5 78��: 5 7GeL��7#; 5 ���*� üG����)���i�
; 5 ��)���)�
!"�
���XV 5 W)]+: 5 ; 5 ü ý���)���)�
!"�
���(1��>7G� Ç �>� 5 : 5 º��+e�� 5 7878�+e%:G��Vt�i� 5 W 5 ]<R�W �
�á�
�+VB�+M'�
� 5 e EG5 W<�d� E8E �k: 5 º��+ezù 5 R E ��v���V�;$�>�+�';��.Rb� 5 7[e�T 5 ��R�MK��7[�^����7�:8�Ø�*�>M E � �@;��»��7 5 ;�R�S+T 5 úP�F�U9���Wi�
��)���)�
!#���c�Ø����78�J� E �+��R�e�;��J��:87G�'��R��KS+T 5 CØ? EGE �`] 5 � 5 W<� 5 7�:U��W<�+e%: 5 ;$� E ��v���; 5 C[= 5 :8��V��>e%:8T 5 V
Y%R�� 5 � 5 Wi��e�; 5 »@�M� ��¶ f ¸�¶�¾ ¿|º�ÃÑE �>7G1��)�L��7U�Í¦ 5 78S>��7 5 · m ��� 5 e E R�W<�'7 5 �
�á�
�Í;$�>e%:G7 5 ; 5
W<]�: 5 ; 5 ü ý��� ��� ��!#�
���XC
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�� Î`ÏaÐ¬Ï�Î`ÏaÒ(ÓBÔZÕ)ÖÌ×*Õ«ÖØÐÙÎ`ÏaÐ�Úd×*ÛØÜ»Ý<ÏaÕ

statement

consome: if ( 
expression

consome: )

ifstatement
consome: if ( 

expression
consome: b == 0

consome: a == 0

consome: )

statement

atribstat
consome: a = a + 1 

consome: ;
consome: else

statement

atribstat
consome: b = b + 1

consome: ;

statement

ifstatement

j[�.��R�78�0��C'" u 4 9���Wi��;�� E ; 5 · m ����78�zü ý E ��e��'e�9���; 5�E C

?^VP����7U�#� 5 e��+M.R��'7NV�:G�>W 5�E � E �'W<��M'�+W<�+e%:8��S È � E ; 5�E e�T 5 pX:G�+78W<�.eL��� E � 5 7G78� E � 5 e�;$�>e�:8� ENJ�E
��g$��78� E8EGÈ � E ;��»e 5�E8E �aM'�'e���R������>WäC[·`Y%R���:U��W0�L]>WêeLT 5 9�»e���;��^;$�@�'W<� 5 7�:U��e%:G�F� E �+7Z� 5 W<�>e$p
:8��; 5 VL� 5 � E � E8E � E e�T 5 pX:G�>7GW<�'e���� E^E T 5 ���t�+eL� E R�W<�#7G�>��7 5 ;$RLS+T 5 ;�� E ��7 5 ;$R�S È � E W 5�E :G7U��;�� E
e 5 �+��� â :GR�M 5 �)�J� â � 5 W)�>e%:8��;�� E C

9�:�;%<�:�=?>�=Sª/BEDb@
F p�; Z&[SG v%n�: G ^�^ Z ; H yE{-
\ ×
_ ë
d ×
e HQJ > G v%n�:CyE{-�%y ä ��� }ê]üä ÑQ� }ê]ðä ��� }ê]üä Ñ%� } ](ä �" } ]ðä Ó��! } { H�J > G v%n�:Cyé{ �
g ë
h
i p�; Z&[TH�J > G v&n�:CyE{�
k ×
Frq ë
FuF ×
Fr\ K�G :U>áyE{!yQy ä 9��Qè6Î }ê](ä&Û ÒUÓQè�Î } { K�G :U>áyé{�{ �
Fr_ ë
F|d
Fre p�; Z&[tK�G :U>áyé{�
Frg ×
F�h ë
Fri ×
Frk JQH =Q:�¥ G v%n�:CyE{�y�y ä Î%��ÍQ� }ò]ðä Î&��Í�Î�# }Ì]æä ��� Û6} { J�H =Q:�¥ G v%n�:Cyé{�{ �
\uq ë
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ÎZÜ»ÚOu+Ô(ÖØÛFÏ��#x)Ü»Ò ð»ÛÌ×�ÓX¿ÊÓ	×*Ò0ÔLð^Ô[×+ÎZÜ ��"

\�F
\u\ p�; Z&[TJ�H =Q:�¥ G v%n�:Cyé{�
\u_ ×
\�d ë
\ue ×
\ug �%y ä 9��Qè�Î }ò]ðä&Û ÒbÓQè�Î } { � a�=�L K ;&:CyE{
\�h ë
\ui
\uk
_uq p�; Z&[ a�=�L K ;&:CyE{�
_�F ×
_u\ ë
_u_ ×
_�d
_ue
_ug y
_�h ä�ZbH�K Ï�LQ; H ^ K = H�K�} ]
_ui ä ^ K : ZbH <�Ï�L%; H ^ K = H�K�} ]
_uk äUH�J YQY�Ï�LQ; H ^ K = H�K�} ]
d�q Y%p�=�Y J6G yE{ ]
dîF ä ��9�Í%����Ó }SG v&n�: G ^�^ Z ; H yE{ ä ��9�ÍQ���QÓ } {
d�\ ë
d�_
dud p�; Z&[ =Q:�<�Y Z ^ K yE{�
d�e ×
d�g ë
d�h ×
d�i � G v%n�: G ^�^ Z ; H yE{�y ä Ù�� ÛQÛ Í }SG v%n�: G ^�^ Z ; H yE{�{ � �
d�k ë
euq �

4.3 Arquivos-fonte do compilador
= 5 ;$�.78��:8¯�78� 5 ����9�2 5 Q�9������
�
� E �b�+e�� 5 e%:G7U�i�#e 5 1I�<1��+7 E T 5 ; 5 e 5%EGEG5 ��7UY%R��'1 5 C v v»Y�R��3�'W)��M.�+p
W<�+e%:8�Í�#��e��M.� E � E �'e%:8�:8�'�>�#; 5 e 5�E8E�5 � 5 W<���'M'��; 5 7NC»¤ E � 5 Wi��e�; 5%E ����78�i�+7G�K��7 5 · m E T 5#5%E
W<� E W 5�E W 5�E :G7U��; 5%E e 5 �+��� â :8R�M 5 /��

`�^�T ��� W�T�^�d�i�_&dK��©X^&]7^�`X`�h=^�[X�M�7óXóªZ3©X©
� ^&]7^ ² \�f�T�b�h&_&d ² \�f�T�b�h=_&d���_&d�i7b�\�[ ~ Z } ��� ^�d�i�_&d��7_�[�_&d�^&S7\&d �
² \�T � d:b��=QXS � ` � }���� �c� ~X�X��}S° �X[�ñ:b=`�d�\�i � i�S�_�fi³Ñ ± [:`@Z
² \�T � d:b��=QXS � ` � }������ � ~X�X��} _�_�gE�X^cb�[ªÑ ± [:`|Z
� S � T�_ � ©X^&]7^�`X` � Y�b�S=Q¤[�\�^&dX�=��f�_�[7S�i��X\&d¤Q�_7h�T �
� _X^&a�b�[7�¤�&d�\�f¦��b�h=_�h=^�[7�M�7óXóeZ6©X©RZ�Z£Z
� b�h&_ �
ò \&ö�_�[XñX�Xd  d=d�\&d«Z ©X^&]7^ � aX\X_�i�[�\&S£_ � b&i�S«Z�_�b�hXh£`�d�_X^&S7_¤\�[�_eZ
� b�h&_ � � ^&d�i�_  � `�_�TXS:b�\�[ªZ6©X^�]7^ � a7\X_�i�[�\�S�_ � b=i�S«Z�_�b�hXh£`�d�_=^&S�_¤\�[�_OZ
� b�h&_ �
ò \&ö�_�[«Z6©X^&]�^ � a7\=_�i�[�\&S£_ � b=i�S«Z�_�b�h=h¡`�d�_X^&S�_¤\�[�_eZ
� b�h&_ �Q° b�f�Tch&_ ² Q�^&d ° SXd�_&^�f1Z3©=^�]�^ � a7\=_�i�[�\&S¡_ � b=i�S«Z{_�b�hXh£`�d�_X^&S7_¤\�[�_eZ
� ^&dci�_&d¤��_�[�_&d�^&S�_&a£i��:`X`�_�iXi��&��hXh � Z
`�^�T ��� ��©X^&]7^�`�T�^&d�i�_&d�WXh=^�[7�M�«Z6©=^&]�^
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l e���M'R��'R$p E ��V�:8��W3�t]+W}V�e 5 ;��.78��:8¯�78� 5 ���
��!19��L�0R�W«��7 5 ��7U��Wi����ü±�c�*�����
.6�������.)� ü±��� ���XüG���iY%R��
� 5�E8E R��aR�W 1��+7 E T 5 ; 5 �+ü±���������}� 5 W ��M.��R�e E �+787 5�E3E �'e�:U�:8�'� 5�E C¬· 5 �+g	�N��R$:U��78W 5�E05 e 5%EGEG5
� 5 W<���.MK��; 5 7a����7U�)��e���M.� E ��7a� E8E ����7UY%R��'1 5 V 5 �$:G�>W 5%EF5#E �>��R��'e%:G�(7G� E R�M.:8��; 5 �

`�^�T ��� ��©X^&]7^�T�^&d�i�_&dªZ�h=^�[7���RZXZ6W�iXi�^�f�Tch=_�i&W�g�b�[7S&d�_X_���_�dXd�\��=iXb'[XS�^&Scb=`�\OZ ��7óXó ² \�f�T�b�h=_�d�����_�d�i7b�\�[ } Z � � ~X�=���
� _X^&a�b�[7�¤�&d�\�f¦��b�h=_ ZXZ6W�iXi�^�f�Tch=_�i&W�g�b�[7S&d�_X_���_�dXdX\c�=iXb'[XS�^&Scb=`�\OZ � Z£Z�Z
 [:`�\��X[7S�_�d�_=a � f:_�i � ^&S�h�b�[�_ ~�} Ñð`�\7h���f�[ � Z_�^�i�_ � T�_�`�S:b'[7��\�[�_�\=�eU

� Ò � Z=ZXZ
���'� Z=ZXZ
� Z � Z=ZXZ
�� c� Z=ZXZ
� õ � Z=ZXZ
� ¢=¢ � ZXZXZ
� õ�¢ � ZXZXZ
��  ¢ � ZXZXZ
� � ¢ � ZXZXZ
� ó � Z=ZXZ
� � � Z=ZXZ
� � � Z=ZXZ
� W � Z=ZXZ
� ý � Z=ZXZ

��a _ � b=`�^7h  dXd�\�d�i��7\��X[7a
}c°&� [7S�^�`�S:b=`  dXd�\&d�i��X\��X[�a
·�W<�+e E �����+W W 5�E :G7U��pre 5%E Y%R���� E�E �+78�'��W 5�E � 5�E8EGâ 1��+� E : 5 º��+e E � E �t�+7U��; 5%E ���t¯ E �}��:87G�.p

��R��KS+T 5 a�b�^¤¢£aLC0? E Y�R��>���>W 5 pre 5�E ;$�i� 5 M 5 �+��7 5 � 5 e%: 5 pX�+pX1 â 7G��R�MK�#���t¯ E � E8E �)� 5 Wi��e�; 5 V 5
Y%R�� 5 7G�'���'e 5 R 5 �>7G7 5 C(= 5 :8�)Y%R���Vy���t� E ��7J;$�0� 5 e%:G�>7(;$�'1��>7 EG5�E �+787 5%E»E �.e%:U�:G�K� 5%E V EG5 W<�+e%:G� 5
��78�.W<�>�.7 5 ]ÍW 5�E :G7U��; 5 � 5 ��e���M'� E ��78W 5�EJ5 ��78Y%R��'1 5 �+ü±����������.6�
�����.)�Uü±�c�)���{üG����C l E : 5 � 5 7UY�R�� 5
e 5%EGEG5 · m e�T 5�E �#78�>�+R��t�+7U��; 5 �>7G7 5 �Í:G�+78W<�.eL� E R�����g$�N��R�S>T 5 C-= 5 �>��� â :GR�M 5 o�1��>7G�>W 5�E
� 5 W 5 �'W<��M'�+W<�+e%:8��7`7G�N��R��t�+7U��S>T 5 ;$���+787 5 e 5 e 5%EGEG5 � 5 W<���'M'��; 5 7NC
l e���M'R��'R$p E ��Vd:8��W3�t]+W}VFe 5 ;$�.78��:8¯�78� 5 ������!N9:�L� 5 ��78Y%R��'1 5 	�������ü ú ���á8òY%R���� 5 e%:8]+W R�W

��7 5 ��78��W<�3��g	:G78�+Wi��W)�>e%:G� E �'W<��M'� E �

`&h=^�iXi � �
b�[7S£^ËÑ�g �
b�[7SÊf �
�

�Ì
·`Y%R��Ì� 5 ;$�+78�'�<9L�I1��+7`R�W«� 5 e7P��.: 5 V�� 5 � E �i;$�N��MK��7U��S>T 5 ;$�b1���78�'I1��+� E Y�R��b�.e��'�+�'�#�i�+M'� EGE �

� 5 ;��+78�'� E �+7<: 5 Wi��;���� 5 W R�Wi�,;$�N��MK��7U��S+T 5 ;$��1���7G�KI1��>� E)5 RQ� 5 W 5 R�W<�,;��>��MK��7U��S>T 5 ;$�
W<]�: 5 ; 5 V E �����t�+eL� E<5�E ; 5 � E ��78�.W<�+�'7 5�E : 5 º��+e E ¦ 5�E8E �>W � 5 e E �K;$�>78��; 5�E ����7U��;$�>�+�';��.7#Y%R���M
��7 5 ;$R�S+T 5 R$:G�'M'�._N��7NC ·»M.� 5¬E �+W<�+M'9���e%:8� 5 � 5 787G��� 5 W �à;$�>�+M'��78��S+T 5 ; 5 W<]�: 5 ; 5 !0C\s�� E
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5 · m ¦ 5 �^���+7U��; 5 � 5 W R�W M 5	5 º���9��N��;Ñ;$�}:G7�I E : 5 º��>e E e�� E8E �z� 5 e%: 5 V 5 Y%R�� E�5 M.RL��� 5 e�� 5
� 5 e7P��.: 5 CØöd��W 5%E ��g$�N��R$:U��7 5 e 5%EGEG5 � 5 W<���'MK��; 5 7kR$:G�'M.�'_>��e�; 5 � 5 �tS>T 5 .6	����
��ü%þ ú ������78�(� EGE �
��7 5 ��78��W<��CØ· E � â ;�� 5 �$:8�';��0]�� E �+��R��.e%:8���

`�^�T ��� ��©X^&]7^�T�^&d�i�_&dªZ�h=^�[7���£��aX_�gX�7�K� ��° ZXZ�W7iXi�^�f�T�h=_�i&W&aX_�gX�X� ��° Z ��7óXó ² \�f�T�b�h=_�d�����_�d�i7b�\�[ } Z � � ~X�=���
� _X^&a�b�[7�¤�&d�\�f¦��b�h=_ ZXZ6W�iXi�^�f�Tch=_�i&W�a7_�gX�=� ��° Z � Z�Z�Z
² ^7h=hOU TXd�\&�Xd�^�f
² ^7hXhOU `&h=^�i=i&h�b=i�S
² ^XhXhOU `�h=^�iXi�aX_�`&h
² \�[:i���f:_=a�S�\�ö�_�[VU�õ � `&h=^�iXi �� 
² \�[:i���f:_=a�S�\�ö�_�[VU�õXõ ±�$ M^ ò�  U �'���� 
² ^7hXhËU `&h=^�iXi�g�\=a �
² \�[:i���f�_=a�S�\&ö�_�[VU�õ � � �� 
² ^7hXhOU ]�^&d7a7_�`&h � aE\�\"]�± ^ � � `  ��$ ZXZ=Z ��:b=i7b�S�_=a�S�\�ö�_�[VU�õ � b�[7S �� @�  � T�_�`�S�_=a�S�\�ö�_�[VU�õ � b�[7S �� �:b=i7b�S�_=a�S�\�ö�_�[VU�õXõ ±�$ M^ ò�  U � ^ �� |�  � T�_�`�S�_=a�S�\�ö�_�[VU�õXõ ±�$ M^ ò� X �:b=i7b�S�_=a�S�\�ö�_�[VU�õ � Ñ �� |�  � T�_�`�S�_&a�S�\&ö�_�[VUpõ � Ò �� �:b=i7b�S�_=a�S�\�ö�_�[VU�õ � Ñ �� |�  � T�_�`�S�_&a�S�\&ö�_�[VUpõ � Ñ �� 
� _&S=�7d=[«U¶]�^&d7a7_�`&h � aE\�\"]X� `  ��$
° ± ²�² � $  $ �
² ^7hXhOU ]�^&d7a7_�`&h
² \�[:i���f:_=a�S7\&ö�_�[VU�õ � b�[7S �� 
² \�[:i���f:_=a�S7\&ö�_�[VU�õ=õ ±�$ M^ ò�  U � ^ �� 
² \�[:i���f:_=a�S7\&ö�_�[VU�õ � Ñ �� 
² \�[:i���f:_=a�S7\&ö�_�[VU�õ=õ ±�$ M^ ò�  U � g �� 

� _&S=�7d=[«U¶]�^&d7a7_�`&h
² \�[:i���f�_=a�S�\&ö�_�[VU�õ ������ 
² ^7hXhOU ]�^&d7a7_�`&h � aE\�\"]�± ^ � � `  ��$ ZXZ=Z ��:b=i7b�S�_=a�S�\�ö�_�[VU�õ � b�[7S �� @�  � T�_�`�S�_=a�S�\�ö�_�[VU�õ � b�[7S �� �:b=i7b�S�_=a�S�\�ö�_�[VU�õXõ ±�$ M^ ò�  U � f �� |�  � T�_�`�S�_=a�S�\�ö�_�[VU�õXõ ±�$ M^ ò� X �:b=i7b�S�_=a�S�\�ö�_�[VU�õ � � �� |�  � T�_�`�S�_&a�S�\&ö�_�[VUpõ � Ò �� �:b=i7b�S�_=a�S�\�ö�_�[VU�õ � � �� |�  � T�_�`�S�_&a�S�\&ö�_�[VUpõ � Ñ �� 
� _&S=�7d=[«U¶]�^&d7a7_�`&h � aE\�\"]X� `  ��$
° ± ²�² � $  $ ���b=i7b�S�_&a�S�\&ö�_�[«U�õ � � �� @�  � T�_�`�S�_=a�S�\�ö�_�[VU�õ �:���� 
² ^7hXhOU f:_&S=Q�\&aXa7_�`&h
² \�[:i���f:_=a�S7\&ö�_�[VU�õ � b�[7S �� 
² \�[:i���f:_=a�S7\&ö�_�[VU�õ=õ ±�$ M^ ò�  U � f �� 
² ^7hXhËU f:_�S=Q�\=a&g�\=a �
² \�[:i���f�_=a�S�\&ö7_�[VU�õ � � �� 
² ^7hXhOU T�^&d�^�f�h�b=i�S
� _&S=�7d=[«U"T�^&d�^�f�h�b=i�S
² \�[:i���f�_=a�S�\&ö7_�[VU�õ � � �� 
² ^7hXhOU i�S�^&S7_�f:_�[7S
² ^7h=hOU ]�^�d7a7_�`&h � aE\M\"]å± ^ � � `  ��$ ZXZXZ ��:b=i7b�S7_=a�S�\&ö�_�[VU�õ ������ |�  � T�_�`�S�_=a�S7\&ö�_�[VU�õ � b�[7S �� �:b=i7b�S7_=a�S�\&ö�_�[VU�õ ������ |�  � T�_�`�S�_=a�S7\&ö�_�[VU�õ � i�SXd:b'[7� �� �:b=i7b�S7_=a�S�\&ö�_�[VU�õ ������ |�  � T�_�`�S�_=a�S7\&ö�_�[VU�õ=õ ±�$ M^ ò� X 
� _&S&�7d=[VU¶]�^�d7a7_�`&h � aE\M\"]=� `  ��$ � ��±7a  $ �
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² \�[�i���f:_=aÊS�\&ö�_�[«U�õ ������ 
� _&S=�7d=[«Upi�S�^&S7_�f:_�[7S

� _&S=�Xd=[VUnf:_�S=Q�\=a&g�\=a �
� _&S=�7d=[«U�f:_&S=Q�\&aXa7_�`&h
² \�[:i���f�_=a�S�\&ö�_�[VU�õ � Ì �� 

� _&S=�Xd=[VU�`&h=^�iXi�g�\=a �
� _�S=�7d=[VU�`�h=^�iXi�aX_�`&h

� _&S=�7d&[VU�`&h=^�i=i&h�b=i�S
² \�[:i���f:_=a�S�\�ö�_�[VU�õXõ  \ �  X 

� _&S&�7d=[VU"TXd�\&�Xd�^�f
��a _ � b=`�^7h  dXd�\�d�i��7\��X[7a
�!°&� [7S�^�`�S:b=`  dXd�\&d�i��X\��X[�a
ök�*v��bY%R�� � E � â ;��(W 5�E :G7U�JY%R���� EdE T 5�5�E W<]+: 5 ; 5�E �U9���Wi��; 5�E �»Y%R���� EdE T 5J5%E : 5 º��+e E � 5 e$p

E R�W<�'; 5%E �+W �+��;��JR�WË;��+M'� E CZs 5�E :G7U��V�:U��W3�t]+W}V%Y�RL��e�; 5 �+g$� E :G�`R�W � 5 W<��e�; 5 »@�M� ��¶ f ¸�¶�¾ V
Y%R���� EFE T 5b5�E : 5 º��+e E 1	� E �.:8��; 5�E eL�31��+78� Ç �>��S>T 5 ; 5�E M 5%5 º���9��N��; E CØO 5 �>� EG5 ; 5 � 5 Wi��eL; 5 ��e�p
:G� E ;$�,������	����
�de 5 W<]�: 5 ; 5 �
�L�����
	����
�¼C»=»�#��7G�'W<�+�'78�):8�+e%:8��:G�'1���Vt� E8E �b� 5 Wi��e�; 5 »@��� ��¶ f ¸�¶�¾
:G�>7GW<�'e���� 5 W I�g$�.: 5 ��;$�>�+�';���p E �}� 5 7<:G�>e%:8��7#��e���M'� E ��7<���>e�:878��;��-� 5 7iW)�>� 5 ;��äR�W �����.
	����
�¼Cd°%0e 5<E �+��R�e�; 5 �+� E�5 V	�+W3� 5 7U�3:G7�I EaE�â W3� 5 M 5�E :8�+e�9���W E �'; 5 1	� E �.:8��; 5�E V 5 :8�+7U���>�.7 5 eLT 5
�+� E �ä� 5 W 5 e�T 5 pX:G�+78W<�.eL��MK������	&���
�F��VÌ� 5 73� E8E�5 V 5 �+� E ��W)�>e%: 5 ]<:G�+e%:U��; 5 � 5 W �ä��78¯Ig$�.Wi�
� 5�E8E �'���'M.�K;���;���V�Y%R��J]#!"�
�%$���	�	����
�¼C
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Capítulo 5
Tratamento de Erros
Sintáticos

¤�� 5 W<���'M'��; 5 7bY%R��<:8�+W 5�E ��:G]#��� 5 7U�ä;$� E �+W<�t�+e�9���� E �'W)��M.� E :8��78��¦§��;��<:G�+e%:U��7�78�>� 5 p
e�9��N���>7dR�Wi�b�+��;$�+�K�b;$� ��� 5 78; 5 � 5 W R�Wi����7U��Wi�:G�K�+�(�»�I1	� E ��7 5 R E R��7G� 5 �+� E�5 � E8E�5 e�T 5bE ��v��
� 5�E8E�â 1��>M{C m �<�Í�+��;$�+�K�Í;��3�+e%:878��;��#e�T 5ÍE �0�>e�Y%R���;$7U�i�>Wæe��+e�9	R�Wi�Í��7 5 ;$RLS+T 5 ;��#��78��Wi�p
:G�K�+��V$e 5�E8EG5 · m W 5�E :G7U�0�+W¨Y%R��J� 5 e%: 5 ;��0�+e%:878��;��3eLT 5 ¦ 5 �y� 5�E8E�â 1��>Mt¦§��_+�>7 5 �>� E ��W<�+e%: 5 ��V
�+e%:UT 5 V�:G�>7GW<�'e�� E R�����g$�N��R�S>T 5 CØ?dW����>78��M{V�� E8E �J�'e�;$�K�+��S+T 5bE �+781��`�L��7U�bY%R�� 5 R E R��7G� 5 � 5%EGE �
�K;$�+e%:G� Ç �>��7 5 �+787 5<E �.e%:8�:G�K� 5<5 � 5 7G78�'; 5 V	� 5 7878�.���.7`�)�+e%:G7U��;��3�b��e���M'� E �prMK�be 5 1���W<�>e�:8��C
? E8E �)��7 5 �+� E8E�5 � 5 ;$� E �+7(�+e%:G�N;$�'��e%:G� E � 5 eXH�W<�+7 5 ;$�)�+787 5�E»E �'e�:U�:8�'� 5�E ]0��78��e�;$��Vt� 5 � E

�<�+��;��3�+g$�>��RLS+T 5 ; 5 � 5 W<���.MK��; 5 7NV 5 R E R��7G� 5 ;$�+1�� �N;$�H:U��7 5 ��7UY%R��'1 5 ;$�J�+e%:G7U��;���V	M 5 �+��M.�'_>��7
5 �+787 5 VP� 5 787G�'���.prM 5 �<78�+�'e��K���K��7 5 ��7 5 ��� EGEG5 C m �+78�'�z�.e%:8�+78� E8E ��e�:8� E �0e 5�E8E�5 � 5 W<���'MK��; 5 7 ¦ 5%EGE �
�+������_�;$��W 5%E :878��7#: 5 ; 5�Eä5 RBV �L�>M 5 W<�+e 5%E V(;$�'1��+7 EG5�E �>7G7 5�EzE �'e%:8�:G�K� 5�E ;$��R�Wi� E ¯¬1��+_�C
· E8E �.W}V 5 e=H�W)�>7 5 ;$�(�H:8�+7U��S È � E � 5 W<���'M'��pr� 5 787G�'��� E �>7G�K�b78�>;$R�_+�K; 5 C f ��7U�3Y%R��J� EGEG5 ��� 5 e%:8�>S+��V
5 � 5 W<���'M'��; 5 7(;$�+1�� E �+7J�+������_3;��078�>�+R��L�>78��7�p E �b; 5 �>7G7 5#5 � 5 7G78�'; 5 �)� 5 e%:G�'e	R���7 e��Í��e��M'� E �
E �.e%:8�:G�K�+��C l EGEG5 e��+W E �>W<��7G�i]<¦§����'M{V[� 5 � E �+e�Y%R���e%: 5 �}�+e%:G7U��;��ä�>� E �z� 5 Wÿ� E ��7 5 ;$R�S È � E
;��Í��7U��Wi�:8�'�>��V�] E �'W<��M.� E �L��7U� 5 · m ;$�>�+�';��.7JY%R���� E ��7 5 ;$R�S È � E ;$�>1��>W E �+7»: 5 W<��;�� E ����7U�
78�>� 5 e�9��N���+7b�&�+��;��+�K��C fZ5 78]+W}V[Y%R���e�; 5 R�Wÿ�>7G7 5�E �'e%:8�:G�K� 5�5 � 5 7G78��VÌ: 5 7Ge���p E �<Wi��� E ;$�.¦ â �+�.M
;$�N���K;$�.7^� 5 W 5 � 5 e�:8�.e	R���7ae 5 7G�N� 5 e�9��>�+�.W<�+e%: 5 ; 5 78� E :8��e%:G�J;��<�+e%:G7U��;���C
l e$¦ �+M'�'_+W<�+e%:G��V 5 °%�I1�� 4`4 e�T 5�5 ¦ �+78�>�+�ä� 5 ;�� E �+e	1 5 M.1��>; 5 70W0R��H: 5�E 78�>�+R�7 EG5�E ����78��Y%R��

E �*v��}�'W)��M.�>W)�>e%:8��;���R�Wi��78�>��R��L�>78��S+T 5 ;$�#�>7G7 5�E � Ç ���'�+e%:8��C&¤ W<]+: 5 ; 5 Y%R��#R�:G�'M.�'_>��7G�>W 5%E
�bY%R��b� E :8R�;���78�+W 5%E ��Y%R��B]b� 5 e�9��N���K; 5 � 5 W 5 W)]+: 5 ; 5 ;$�37G� EGE �.eL��7 5 e��'_>��S+T 505 R}W<]�: 5 ; 5 ; 5
��®�e��'� 5 C[ök�+78�+W 5�E �'e��K���K��M'W<�+e%:G�»Y%R���M 5 � 5 e����>�H: 5 ;$� E8E �`W)]+: 5 ; 5 ��V��+e%:UT 5 V%;$� E �+R$:G�'7G�>W 5�EkE R��
�'W)��M.�>W)�>e%:8��S>T 5 R$:G�'M'�._N��e�; 5i5 °%�I1�� 4`4 C

5.1 O método de ressincronização
l e��K���K��78�+W 5�E(5 � E :GR�; 5 ;�� E8E �<W<]�: 5 ; 5 � 5 W R�W ��g$�>W)��M 5 C0öd��W 5%E : 5 W<��7�� E �+��R��'e�:8�<��7U��p
Wi�:8�'�>���

��o
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��� Î`ÏaÐ¬Ï�Î`ÏaÒ(ÓBÔZÕ)ÖÌ×*Õ«ÖØÐÙÎ`ÏaÐ�Úd×*ÛØÜ»Ý<ÏaÕ

S → aAcd
A → gh

2 R��+78�+W 5%E ��e���M'� E ��7[� �+e%:G7U��;��l�'ü&�&����	�C D �+7 â ��W 5�E e 5 e 5�E8EG5 · m ;$� E �+�+e�;$�>e%:G�a7G�N��R�7 E �.1 5 �

•
R�W<�i�U9L��Wi��;��)� 5 W<]�: 5 ; 5p; Y%R���� 5 e E�5 W)� 5 : 5 º��>e �i;��<�+e%:G7U��;���m

•
R�W<�i�U9L��Wi��;��)� 5 W<]�: 5 ; 5ó¶ Y%R���� 5 e E�5 W)� 5 ü�m

•
5 W<]�: 5 ; 5A¶ :G�>e%:8�����U9���70e��&�+e%:G7U��;���R�W $2Y%R��äe�T 5 � E :8�� â ��V6�+e%:8T 5 VkR�W �>7G7 5
E �'e�:U�:8�'� 5)5 � 5 787G��C

·¬�K;$]>�'� ; 5 W<]�: 5 ; 5 ;$�F78� E8E �'e���7 5 e��._N��S+T 5 ]d¦§��_>�+7[� 5 W\Y%R�� 5 W<]�: 5 ; 5n; e�T 5(E ��v��»��¦ ��:8��; 5
� 5 7k� E8E �F�>7G7 5JE �'e%:8�:8�'� 5 �^Y�R��`� 5%EGE � � 5 e%:G�'e	R���7d�J��e���M'� E ��7k�(�+e%:878��;���C f[5 7G]>W}V E � 5 W<]�: 5 ; 5
¶ÊE �'W<��M.� E W<�>e�:8�b�+W<�.:G�'7 R�W<�ÍW<�+e E �����+W ;$�3�>7G7 5 �378��: 5 78e���7^�Í��g$�>�+R�S+T 5 ����7U� 5 W<]�: 5 ; 5
Y%R�� 5 �U9L��W 5 RBV�R�W 5 R$:87 5 �>7G7 5bE �'e%:8�:G�K� 5 �'78 5 � 5 7G78�+7NV�� 5 � Ed5 W<]+: 5 ; 5¶; � E �L�>78��Y%R��»;��+� 5 � E
;��0�U9���Wi��;���� ¶ ��g$� E :8�3e����>e�:878��;�� 5 : 5 º��+e o�V 5 Y%R��»eLT 5b5 � 5 7G78��V�1	� E : 5 Y�R�� ���'e�;���:G�+W 5%E
e��)�+e%:878��;��0�i�>��;$�>�'�p������	�C
fZ5 7^� EGEG5i5 W<]�: 5 ; 5È¶ VL� 5 ;$��:8�>��:8��7»R�W¨�>7G7 5iE �'e%:8�:G�K� 5 VL;$�+1���7G� EGE �.eL��7 5 e��'_>��7F�<�>e�:878��;��

� 5 W 5 e�T 5 pX:G�>7GW<�'e���M[Y�R�� E �3� E �t�+7U�#78�>� 5 e�9��N���>7>CJ½^Wi�Í:G�+e%:U��:G�'1��Í;$� E �3¦§��_+�+7(� EGEG5 ]<� 5 e$p
E R�W<�.e�; 5 : 5 º��+e E ;��Í�+e%:G7U��;��i��:G]3Y%R��)������7G�NS+�i��M.��R�W«Y%R��3� 5%EGE �.���.M'�H:8�0�#� 5 e%:G�'e	R��K;���;$�0;��
��eL�M'� E ��C s�� E Y�RL��� E#E �>7G�K��Wþ� E8E � E : 5 º��>e E � ½»W<�à� 5 �,�';�]+�K� E �>7G�K��R$:G�'M'�._N��7 5 � 5 e�v*R�e�: 5
J ��»=»@�Ee�;�� ¶ Cy· E8E �'W}V 5 W<]�: 5 ; 5o¶ ;$�>1��<� 5 e E R�W)�'7 : 5 º��+e E ;��z�+e%:G7U��;��#��:8])Y%R��<������7G�NS+�
R�W E�â W3� 5 M 5 �t�+7G:G�+eL���+e%:8�»� 5bE �+R#� 5 e�v*R�e%: 5}J ��»X»@�Ee#� E ¯b;��+� 5 � E 78��: 5 7GeL��7k����g$�N��R�S>T 5 ����7U�
; C�?@W ; V�:GR�; 50E �»��� EGE ��� 5 W 50E �(�b��g$�N��R�S>T 5 ;$� ¶ :8�.1�� E8E � E �K; 5 �t�+W)p E R��+�>;$�K;����(�3��e��M'� E �
� 5 e%:G�'e%RL��VZ� 5 W´�����>7�:8�+_N��;$�zY%R���VØ�t�+M 5 W<�+e 5%E V 5 ��7G¯Ig$�'W 5 : 5 º��>eà;��}�+e%:878��;��}�.7U��>� E ��7
� 5 WË����7 5 ;$R�S>T 5�E �+e�; 5 R�:G�'M.�'_>��;���C 465 W � E8E � E W 5 ;�� Ç �>��S È � E V 5 · m ;�� E ���+eL;$�+e%:G�`78�>�+R�7 E �'1 5
Ç �>��78�'�)��M'� 5 � 5 W 5<5 ��¯$;$�'� 5 W 5�E :G7U��; 5 e 5 ��7 5 ��78��Wi�0o$C'"

9�:�;%<�:�=?>�=®��BED
F p�; Z&[ ÎåyE{
\ ×
_ Z a-yîL J :Q��; j6G&H B K ¥%n G `�`�¿�=@¿E{
d ×
e = H =�Y G vCyE{�Õ
g ÍCyE{�Õ
h Z aãy�L J :���; j6G&H B K ¥%n G `�`À¿�L2¿E{
i ×
k = H =�Y G vCyE{�Õ
Frq Z a�yîL J :���; j�G&H B K ¥&n G `Q`À¿ [ ¿é{
FuF = H =�Y G vCyé{�Õ
Fr\ G Y�^ G
Fr_ Î Z?H�K = K6Z LU��:�:�;&:Cy?lE� H LQ; H�K :�= [ ;�l fAL J :Q��; j6G&H B K ¥%n G yE{Sf
F|d l G ^?n G :�= [ ;� [ l%{�Õ
Fre ë
Frg G Y�^ G
F�h Î ZbH�K = K6Z LU��:Q:�;%:Cy?lé� H LQ; H�K :�= [ ;!lífAL J :���; j�G&H B K ¥&n G yE{tf
Fri l G ^bn G :�= [ ;�3L�l&{�Õ
Frk ë
\uq G Y�^ G
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ÎZÜ»ÚOu+Ô(ÖØÛFÏÁnx}ÔZÕ^Ü^ÔLÜ»Ð�¿@Ò)Ô`ÏêÝ1¿�¿@Õ^Õ�Ï`Ó}Ó	×*Ò)Ô�ð^Ô[×+Î`Ï`Ó �%q

\�F Î ZbH�K = K6Z Lb��:�:�;%:�y?lE� H L%; H�K :�= [ ;-l fSL J :���; j6G&H B K ¥%n G yé{Sf
\u\ l G ^bn G :�= [ ;å =�l%{�Õ
\u_ ë
\�d
\ue p�; Z&[ ÍCyE{
\ug ×
\�h K :Q¥M×
\ui Z aãyîL J :���; j�G&H B K ¥&n G `�`Â¿u<�¿é{
\uk ×
_uq = H =�Y G v�yE{�Õ
_�F Z aãyîL J :Q��; j6G&H B K ¥%n G `�`À¿ N ¿E{
_u\ = H =�Y G vCyE{�Õ
_u_ G Y�^ G Î Z?H�K = K6Z LU��:�:�;&:Cy?lE� H LQ; H�K :�= [ ;-lÈfML J :���; j6G&H B K ¥%n G f
_�d l G ^bn G :�= [ ;å N l%{�Õ
_ue ë
_ug G Y�^ G
_�h Î ZbH�K = K�Z LU��:�:�;%:Cy?lE� H LQ; H�K = [ ;-lÈfML J :���; j6G&H B K ¥%n G yé{tf
_ui l G ^bn G :�= [ ;å <�l%{�Õ
_uk ë
d�q L%= K L N yuÍ�Î&��v6L G n K6Z ; HmG {
dîF ×
d�\ Î%¥6^ K�G >ìB G :Q:/B|n�: Z?H�K Y H y G B�< GQK%Û�G ^�^Q=Q< G yE{�{�Õ
d�_ LQ; H ^ J > G Ï JQH�K6Z Yåy�¿îL2¿E{�Õ
dud ë
d�e ë
d�g
d�h p�; Z&[ Î ZbH�K = K6Z LU��:Q:�;%:Cy�Î K : ZbH <z^�{
d�i ×
d�k K%N :�;&ß H6G ßAÍ�Î&��v�L G n K6Z ; H yî^�{�Õ
euq ë
e�F
eu\ p�; Z&[ LQ; H ^ J > G Ï J�H�K6Z Yåy Z?H�K
K {
eu_ ×
e�d ß N�Z Y G yîL J :���; j�G&H B K ¥&n G ñu` K {
eue = H =�Y G vCyE{�Õ
eug ë �
=^� EGE �äe 5�E8E �ä�'W<��M.�>W<�+e%:8��S+T 5 V 5 W<]�: 5 ; 5 ;å����?�A�?�� o ¸�Ë�Ë � Ë ]i78� E � 5 e E I1��+M[� 5 7�M'��e�S+��7

R�Wi���+g$�+�>S>T 5 ; 5 :8�.� 5S¶�;6¸ ¹:o D&NO?�� � � Cä¤îW<]�: 5 ; 5 o�� ��³���>³D�¹�����?��:C � 5 e EG5 W<�#���>e�:878��;��
��:8]^Y%R��`R�WË;���:G�>7GW<�'e���; 5 : 5 º��+e E ��v��(�+e�� 5 e%:G7U��; 5 CÌ? 5 W<]�: 5 ; 5æ¶ R$:G�'M'�._N�JR�Wi��� 5 e E :87GR�S>T 5
SXd � W�`�^&S�`�Q�����7U�&:G�+e%:U��7<7G�N� 5 e�9��>�+�+7<����7 5 ;$RLS+T 5 � 5 7G78� E � 5 e�;$�>e�:8�ä� 5�E �+RÑe�T 5 p{:8�+78W<�.e���M
��VP�>W �>� EG5 ;$�0�+787 5 V��'78#�U9L��Wi��7 5 W<]�: 5 ; 5 o�� ��³���>³D�¹�����?��:C Y%R��3¦§��_0�#7G� EGE �.eL��7 5 e��'_>��S+T 5
;$� E ��v���;���C
s�� E � 5 ;��+W 5�E ¦§��_+�>7z���.e�;��àR�W � 5 R�� 5 W<�+M'9 5 7ä; 5 Y%R��-� E8E�5 C�öd��W 5%E : 5 Wi��7z� 5 W 5

��g$�>W)��M 5 � E �>��R��'e%:G�J��7U��Wi�:G�K�+���

S → aAcd | bAef
A → gh

=^� EGE �3�+� E�5 V J ��»X»¯�Ee
(A) = {c, e}

�0� 5 ;$�>W 5�E R�:G�'M.�'_>��7»� E8E � E ; 5 � E : 5 º��+e E ����78�<�+¦ ��:GRL��7
�#78� E8E �.e��+7 5 e��'_>��S>T 5 C fZ5 7G]>WäV E �3� E :G�'1��>7GW 5%E R$:G�'M'�._N��e�; 5 �#��78�'W)�>�.7U�i��7 5 ;$R�S>T 5 ;$� ; VL;$� E �+p
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��� Î`ÏaÐ¬Ï�Î`ÏaÒ(ÓBÔZÕ)ÖÌ×*Õ«ÖØÐÙÎ`ÏaÐ�Úd×*ÛØÜ»Ý<ÏaÕ

v���78�+W 5%E R$:G�'M'�._N��7 5 �#�L��7U�}¦§��_>�+70��7G�N��R��t�+7U��S>T 5 ;$�#�>7G7 5�E V[�Íe�T 5�5 �+C&? E �#� E :8�.1��+78W 5%E
R$:8�.M'�._N��e�; 5 � E �>��R�eL;��J��7 5 ;�R�S+T 5 ;�� ; V�;$� E �*v���7G�>W 5�E R$:8�.M'�._N��7 5 �^����78�(¦§��_+�>7@�J7G�N��R��t�+7U��S>T 5
;$�<�+787 5�E Vy�)eLT 5ä5 �+C l EGEG5 � 5 78Y%R�� E � Ç _>�+78W 5�E �ä7G� EGE �.eL��7 5 e��'_>��S+T 5 � 5 W 5 : 5 º��>e-�>7G7U��; 5 V
R�W�e 5 1 5 �>7G7 50E �'e�:U�:8�'� 50E R�7G���.7Ub�>W ; C�· E8E �'W}V%� 5 ;$�+W 5%E ��M.:G�+7U��7 5 e 5�E8E�5 · m V$�t�+78W<�H:8�.eL; 5
Y%R��J�)�>��;��)�U9���W<��;��3;�� ¶ÑE �*v��)�'e$¦ 5 78Wi��; 5 V%� 5 7aW<�+� 5 ;$�JR�W�����78®�W)�+:G7 5 V	Y%R���MP] 5 : 5 º��+e
;$� E �.eL��7 5 e��'_>��S+T 5 � E �>7FR�:G�'M.�'_>��; 5 Ck? E8E �)��MH:8�+7U��S>T 5 ]�W 5%E :878��;��3e 5 ��7 5 ��7U��Wi�0o�C �

9�:�;%<�:�=?>�=®��B ©F p�; Z&[ ÎåyE{
\ ×
_ Z a-yîL J :Q��; j6G&H B K ¥%n G `�`�¿�=@¿E{
d ×
e = H =�Y G vCyE{�Õ
g ÍCy�¿�L2¿E{�Õ
h Z aãy�L J :���; j6G&H B K ¥%n G `�`À¿�L2¿E{
i ×
k = H =�Y G vCyE{�Õ
Frq Z a�yîL J :���; j�G&H B K ¥&n G `Q`À¿ [ ¿é{
FuF = H =�Y G vCyé{�Õ
Fr\ G Y�^ G
Fr_ Î Z?H�K = K6Z LU��:�:�;&:Cy?lE� H LQ; H�K = [ ;�lÈfML J :���; j6G&H B K ¥%n G yé{tf
F|d l G ^?n G :�= [ ;� [ l%{�Õ
Fre ë
Frg G Y�^ G
F�h Î ZbH�K = K6Z LU��:Q:�;%:Cy?lé� H LQ; H�K = [ ;!lífAL J :���; j6GUH B K ¥%n G yE{tf
Fri l G ^bn G :�= [ ;�óL�l%{�Õ
Frk ë
\uq G Y�^ G
\�F Z a-yîL J :Q��; j6G&H B K ¥%n G `�`�¿ O ¿E{
\u\ ×
\u_ = H =�Y G vCyE{�Õ
\�d ÍCy�¿ G ¿E{�Õ
\ue Z aãy�L J :���; j6G&H B K ¥%n G `�`À¿ G ¿E{
\ug ×
\�h = H =�Y G vCyE{�Õ
\ui Z a�yîL J :���; j�G&H B K ¥&n G `Q`À¿ua�¿é{
\uk = H =�Y G vCyé{�Õ
_uq G Y�^ G
_�F Î Z?H�K = K6Z LU��:�:�;&:Cy?lE� H LQ; H�K = [ ;�lÈfML J :���; j6G&H B K ¥%n G yé{tf
_u\ l G ^?n G :�= [ ;� a�l%{�Õ
_u_ ë
_�d G Y�^ G
_ue Î ZbH�K = K6Z LU��:Q:�;%:Cy?lé� H LQ; H�K = [ ;!lífAL J :���; j6GUH B K ¥%n G yE{tf
_ug l G ^bn G :�= [ ;� G l%{�Õ
_�h ë
_ui G Y�^ G
_uk Î ZbH�K = K6Z LU��:�:�;%:Cy�lE� H LQ; H�K = [ ;!lífAL J :���; j�G&H B K ¥&n G yE{Pf
d�q l G ^bn G :�= [ ;� O l&{�Õ
dîF ë
d�\
d�_ p�; Z&[ ÍCy ZbH�Ktj {
dud ×
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ÎZÜ»ÚOu+Ô(ÖØÛFÏÁnx}ÔZÕ^Ü^ÔLÜ»Ð�¿@Ò)Ô`ÏêÝ1¿�¿@Õ^Õ�Ï`Ó}Ó	×*Ò)Ô�ð^Ô[×+Î`Ï`Ó ���

d�e K :Q¥M×
d�g Z aãyîL J :���; j�G&H B K ¥&n G `�`Â¿u<�¿é{
d�h ×
d�i = H =�Y G v�yE{�Õ
d�k Z aãyîL J :Q��; j6G&H B K ¥%n G `�`À¿ N ¿E{
euq = H =�Y G vCyE{�Õ
e�F G Y�^ G Î Z?H�K = K6Z LU��:�:�;&:Cy?lE� H LQ; H�K :�= [ ;-lÈfML J :���; j6G&H B K ¥%n G f
eu\ l G ^?n G :�= [ ;� N l%{�Õ
eu_ ë
e�d G Y�^ G
eue Î ZbH�K = K�Z LU��:�:�;%:Cy?lE� H LQ; H�K = [ ;-lÈfML J :���; j6G&H B K ¥%n G yé{tf
eug l G ^?n G :�= [ ;� <�l%{�Õ
e�h ë
eui L%= K L N yuÍ�Î&��v6L G n K6Z ; HmG {
euk ×
guq Î%¥6^ K�G >ìB G :Q:/B|n�: Z?H�K Y H y G B�< GQK%Û�G ^�^Q=Q< G yE{�{�Õ
g�F LQ; H ^ J > G Ï JQH�K6Z Yåy j {�Õ
gu\ ë
gu_ ë
g�d
gue p�; Z&[ Î ZbH�K = K6Z LU��:Q:�;%:Cy�Î K : ZbH <z^�{
gug ×
g�h K%N :�;&ß H6G ßAÍ�Î&��v�L G n K6Z ; H yî^�{�Õ
gui ë
guk
h�q p�; Z&[ LQ; H ^ J > G Ï J�H�K6Z Yåy Z?H�K
K {
h�F ×
h�\ ß N�Z Y G yîL J :���; j�G&H B K ¥&n G ñu` K {
h�_ = H =�Y G vCyE{�Õ
hrd ë �
· �>��;��b��7 5 ;$RLS+T 5 �+W ; � 5 7878� E � 5 e�;$�`R�Wi�)�U9���Wi��;���;$� E :G�'e%:8�);$� ¶ ��V	� 5 7F� E8EG5 V%� 5 ;$�+p

W 5�E �L� E8E ��7[�L��7U®�W<��:87 5%E ;$� E :G�'e%: 5%E ����7U�(7G�N��R��t�+7U��S>T 5 ����7U�J�+��;��(R�Wi�b;$�+MK� E CZ= 5 :8�^Y%R���V�e��
1��>78;���;$��V�� 5 :G�>e�:U��78W 5�E ¦§��_>�+7»�)78� E8E �'e��+7 5 e��._N��S>T 5 V%e��>W E �+W<��78�(:G�+78�+W 5%E R�Wi�"H�e��K�+�<� 5�E p
E �.���'M'�';���;$��V 5 R E ��v���V$e��>W E �+W<��78� :8�+W 5�E R�WRH�e��K� 5 : 5 º��+e}Y�R�� E �+781��J� 5 W 5<E �'e���7 5 e��'_>��; 5 7NC
=»�zWi��� 5 78�'�ä;�� E 1��+_>� E VtR�:G�'M.�'_>��W 5%E R�W � 5 e�v*R�e%: 5 ;$� E �.eL��7 5 e��'_>��S+T 5 Cb· E8E �'W}V 5�E ����78®�W)�+p
:G7 5�E Y%R�� E T 5 �L� E8E ��; 5�E ����7U� 5�E W<]�: 5 ; 5%E(¶ ��o6� ��³���>D�¹�����?��:C ;$�>1��>7G�K��W E �+7�� 5 e�v*R�e%: 5%E
;$�J: 5 º��>e E V%��eLT 5 R�W E ¯0: 5 º��+eBC
? E8E �z��g$�+W<��M 5-E �.W<��M'� E ����78� E �+e%:U� 5 � 5 e����>�H: 5 �� E �K� 5 ;���:G]N��e��K�+�&;$�Í78�>�+R��L�>78��S+T 5 ;$�

�+787 5�E Y�R�� �'7G�>W 5�E R$:G�'M'�._N��7`� 5 W 5 °%�I1�� 4`4 C$s�R��.: 5%E � 5 e%: 5�E ;$�+1��+W����.e�;�� E �+7`��� 5 7U;���; 5�E �
��7 5 ��R�7U��78�+W 5�E ¦§��_'I�prM 5 � E �>��R��'7NV	Y%R���e�; 5 ;$� E �+R$:G�'78�+W 5�E �)�'W)��M.�>W)�>e%:8��S>T 5 ;��)7G�N��R��t�+7U��S>T 5
;$���>7G7 5�EFE �'e%:8�:G�K� 5�E �L��7U� 5 · m ;��<M'�'e���R������>W

X++
C

5.2 Implementação da recuperação de erros
·æ¦§�����'M.�K;���;��&Y%R�� 5 °%�I1I� 4`4 e 5�Ei5 ¦ �+78�>���&����7U�-:G7U��:8��7GW 5%E �+787 5%E#E �'e%:8�:G�K� 5�E ]���� E :8��e%:G�
E �+W<�+M'9���e%:8� J ��� 5 7U;������+W W 5%E :878��;��ae 5%E ��g$�+W<��M 5�E CZ¤Ñ°%�I1�� 4`4 �t�+78W<�H:8�6Y%R��@� E ��7 5 ;$R�S È � E
e�� n =»j E �*v���W�� 5 M 5 �>��;�� E �>e%:G78�F� 5 e E :G78R�S È � E SXd � W�`�^&S�`�Q �^�>� EG5 ��M.��R�W\�+787 5JE �.e%:8�:G�K� 5JE ��v��
;$�+:G�>��:8��; 5 � 5 :G�>e%:8��7(�+� E ��7 �#�>e%:G7U��;��#� 5 Wæ� EGE � E ��7 5 ;$RLS È � E VL� 5 ;$�+W 5%E :878��:8��7 � E8E �0�+787 5 C
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465 W 5 1	�.W 5%E e 5 �+��� â :8R�M 5 ����e%:8�+78� 5 7>VyR�W �+787 5�E �.e%:U�:G�K� 5 ¦§��_#� 5 W Y%R��iR�W<�ä�+g$�+�>S>T 5 ; 5
:G�'� 5ð´:A6Ë�³cD&¸ ¹:o D&NË?�� � �ÍE ��v��»MK��eLS+��;���CØ· EGE �'WäV�R�W�e�T 5 pX:G�>7GW<�'e���M	� 5 W\:G7U��:U��W<�+e%: 5 ;$�a�+787 5�E
Ç �>� E �+W<�>M.9���e%:G�����

]�\cb�a � �'�
�
Ì
�

SXd � �
� � ��� Q �Ì

`�^&Sc`�Q ��� ^&d�i�_  � `�_�T7S:b�\�[�_ �
�

WXW�SXd�^&S�^�f:_�[7S�\�a7_�_&dXd�\
Ì

Ì
m � 5 e�T 5 pX:G�+78W<�.eL��M»� 5�E8E R����U9���Wi��;��,����7U� 5 R$:G7 5 e�T 5 pX:G�>7GW<�'e���MXV`e�T 5 9�ÑW3R�;���e�S+��C

fZ5 78]+W ]3�'W<� 5 7�:U��e%:G�)e 5 :8��7(Y%R�� 5 e�T 5 p{:8�+78W<�.e���MÌWi��� E �.e%:G�>7Ge 5 � 5 ;�� 5 R�e�T 5 :G7U��:U��7 E �+R E
��78¯���78� 5�E �+787 5%E C m ��e�T 5 :878��:8��7>V$R�W¨�+787 5)5 � 5 7G78�'; 5 e��i�U9���Wi��;��0�.e%:8�+78e��)](��7 5 �����%��; 5 � 5 7
W<�+� 5 ;��<�+g$�+�>S>T 5 ��:8] 5 W<]�: 5 ; 5 Y%R���¦ �+_0�#�U9���Wi��;���V�Y%R��3� 5 ;$��¦§��_+�>7 5 :G7U��:U��W<�+e%: 5 � 5 W
�z7G� EGE �.eL��7 5 e��'_>��S+T 5 C fZ5 7J�+g	�>W<��M 5 VB� E �+��R��.7(:8�+W 5�E(5 W)]+: 5 ; 5X¶ Y�R��)�U9���Wi� º VyY�R��)eLT 5
¦§��_ 5 :G7U��:U��W<�+e%: 5 ;$���>7G7 5�E �J� 5 ;$��V�� 5 7a� E8E�5 V$M'��e�S+��76R�W<� ´:A6Ë�³�D%¸ ¹:o D�NO?�� � � V�Y%R��J]J�+e%:UT 5
:G7U��:U��;��0�+W ¶ C

]�\cb�a � �'�
�
Ì
�

SXd � �
� � � ° �'� � Q �Ì

`�^&Sc`�Q ��� ^&d�i�_  � `�_�T7S:b�\�[�_ �
�

WXW�SXd�^&S�^�f:_�[7S�\�a7_�_&dXd�\�iÊa7_ � \��¡a7_ °Ì
Ì
ök�+78� Ç �+��78�+W 5%E V`�>e�:UT 5 V»� 5 W 5 �.W<��M'�+W<�>e�:U��7ä�à78�>��R��L�>78��S+T 5 ;$�&�>7G7 5�E �+W e 5�E8EG5 · m C

l e��K���K��W 5�E � 5 W��J�'e���M'R E T 5 ;$�»R�Wi��e 5 1�� 5 �PS+T 5 Y�R��^� 5 ;$� E �>7@R$:8�.M'�._N��;��J�t�+M 5 R E R��7G� 5 ����7U�
;$�>��R�7U��76�b7G�N��R��t�+7U��S>T 5 ;$�»�>7G7 5�E C[? EGE � 5 �tS>T 5 .6	&�'�
��ü%þ������������
��b¦§��_(� 5 W Y%R�� 5 · m �+W<�H:U�
W<�+e E �����+e E ;$�Í� 5 W 5 � E :8 E �+eL; 5 ��7 5 �+� E8E ��;��}��78�>��R��L�>78��S+T 5 ;$�z�+787 5%E V[Y%R���e�; 5 � E :8�ä¦ 5 7
����M.�K�+��;���C 465 W � E8E�5 V[� E �NS+T 5 �'e��K���K��M6; 5 e 5�E8EG5 ��e���M'� E ��; 5 7NVØY%R��#�'e��+M.R�� 5 W<]�: 5 ; 5Ä>�A���� V
;$�>1�� E �>7^��M.:G�>78��;��0� 5 W 5 W 5%E :878��; 5 e 5 ��7 5 ��7U��Wi�)o$C /�C
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9�:�;%<�:�=?>�=®��Bu@
F 9�ÍQ�6ÎU���6Ï&Ð���Ñ�ÒUÓ/y�Y%= H <�Ô�{
\ n6=�L j =Q< G n6=Q:�^ G :CÕ
_
d Z >�n�;&: KcÖ =Qp�=�B Z ;�B � Õ
e Z >�n�;&: K : G LQ;&p G :�¥/B � Õ R�R Z >�n�;%: K =A=�^SLQY%=�^�^ G ^ [�G : G L J n G :�=7² � ; [�GtG :�:�;�^ [ ;XÍ�Î
g
h
i n J�O Y Z LALQYQ=�^Q^tYQ= H <QÔM×
k a ZbH =�YA^ K = K�Z LSÎ K : Z?H <tØ G :�^ Z ; H `�lEÔ�f�fSÙ�;�>�n Z Y G : ¨ Ø G :�^ Z ; H D�B�s ¨X© sQsQª�l�Õ
Frq ZbH�K L%; H�K 9�=%:6^ G ��:Q:�;%:c`Ss�Õ R�RtLQ; H�K = [ ;%: [�GSG :�:�;�^S^ ZbH�K�àQK�Z LQ;�^
FuF O ;�;�Y G = Hc[�G&OQJ <�Ï%: G LQ;%p G :Q¥CÕ R�RSL%; H�K :�;QYQ=Sp G : O ;�^ GS[�G : G L J n G :�=!² � ; [�GSG :�:�;�^
Fr\
Fr_
F|d R�RTÞ G a ZbH6G ; >�� K ; [ ;ml�>�= Z?H l [ =AL%YQ=�^�^ G Y%= H <�Ô/B
Fre n J�O Y Z Lw^ K = K6Z LPp�; Z&[ >�= ZbH y�Î K : ZbH <c=Q:�<�^�� � { K&N :�;&ß�^T9�=Q:6^ G ��v6L G n K�Z ; H
Frg ×
F�h O ;�;QY G = HM[�G&O�J <�Ï%=�^t`ta�=�Y�^ G Õ
Fri O ;�;QY G = HM[�G&O�J <�Ï&: G LQ;%p G :�¥
`Pa�=�Y�^ G Õ
Frk
\uq Î K : ZbH <Aa Z Y G&H =?> G `�l�l�ÕÜR�R H ;?> GS[ ;T=Q: I%J�Z p�;S=A^ G :A= H =�Y Z ^%= [ ;
\�F Y%= H <�ÔPn�=Q:6^ G :�Õ R�RP= H =�Y Z ^&= [ ;%:
YQ�Qv Z LQ;�R�^ ZbH�K�àQK�Z LQ;
\u\ Z?H�KcZ Õ
\u_ O ;�;�Y G = H >�^T`ta�=�Y�^ G Õ
\�d
\ue Î&¥6^ K�G >áB�; J�K B�n�: ZbH�K Y H y�Ø G :6^ Z ; H {�Õ
\ug RQRSYQ�S;�^on6=Q:�â?> GQK :�;�^Xn6=�^�^%= [ ;�^Xn6=Q:�=A;ALQ;?>�n Z YQ= [ ;%:
\�h a�;%:ãy Z `Ps�Õ ZTä =Q:�<�^åB�Y G&H < K%N!¨ D�Õ Z f�f�{
\ui ×
\uk Z a�yu=Q:�<6^�� Z&� B GQI&J =�Y�^çy�l ¨b[�G&OQJ <�Ï%Í�Î�l%{z{
_uq [�G&O�J <�ÏQ=�^t` K : J6G Õ
_�F G Y�^ G
_u\ Z a�yu=Q:�<6^�� Z&� B GQI&J =�Y�^çy�l ¨b[�G&OQJ <�Ï%: G LQ;%p G :�¥�l%{z{
_u_ [�G&O�J <�Ï%: G LQ;&p G :�¥c` K : J6G Õ
_�d G Y�^ G
_ue ×
_ug Î%¥6^ K�G >ìB�; J�K B|n�: ZbH�K Y H y?lîè�^%=Q< G�Z ^å Ö =Qp�=AYQ= H <�Ôò� ¨b[�G&O�J <�Ï&Í�Î � líf
_�h l�� ¨b[�G&O�J <�Ï&: G LQ;%p G :�¥ ��ZbH n J�K a Z Y G l%{�Õ
_ui Î%¥6^ K�G >ìB G v ZUK y�s�{�Õ
_uk ë
d�q ë
dîF
d�\ Z aãy�=Q:�<�^�� Z&� B GQI%J =�Y�^çy?l ¨ l&{�{
d�_ × R�RPYQ� [ = G&H�K :�= [ = ¨ n6= [ : � ;
dud Î%¥6^ K�G >ìB�; J�K B|n�: ZbH�K Y H y?lE� G = [6ZbH <�aQ:�;?>z^ K = H�[ =Q: [
ZbH n J�K BSBtB�l&{�Õ
d�e n6=Q:�^ G :A` H�G ßcYQ= H <�ÔCy�Î%¥�^ K�G >ìB ZbH {�ÕÈR�RSLU: Z =tÍ�Î
d�g ë
d�h G Y�^ G
d�i × R�RSY%� [ ;t=%: I%J�Z p�;
d�k a Z Y G&H =b> G `P=Q:�<6^å��=Q:�<6^çB�Y G&H < K%N�¨ D � Õ
euq Î%¥6^ K�G >ìB�; J�K B|n�: ZbH�K Y H y?lE� G = [6ZbH <�aQ:�;?>
a Z Y G lífTa Z Y G&H =b> G fml�BtBSB�l&{�Õ
e�F K :�¥A× R�RSL&: Z =tÍ�Î
eu\ n6=Q:6^ G :A` H6G ßMYQ= H <�Ô�y H6G ß Ö =%p�=CB Z ;åB�ï Z Y G Ò H n J�K Î K : G =?>áyua Z Y G&H =b> G {Q{�Õ
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eu_ ë
e�d L%= K L N y Ö =%p�=CB Z ;åB�ï Z Y G Ó6; K ï�; J�H�[ ��v�L G n K6Z ; H�G {T×
eue Î%¥�^ K�G >ìBu; J�K B|n�: ZbH�K Y H y?l�ï Z Y G l fPa Z Y G&H =b> G fml H ; K a�; J�H�[ BEl%{�Õ
eug : GQK&J : H Õ
e�h ë
eui ë
euk
guq n�=Q:6^ G :CB [�G&O�J <�Ï%: G L%;%p G :�¥m` [�GUO�J <�Ï%: G LQ;%p G :�¥CÕ
g�F Z aãy�ñ [�G&O�J <�Ï%=�^�{ín6=Q:�^ G :/B [�Z ^%= O Y G Ï K :�=�L ZbH <Cyé{�ÕoR�R [�G ^%= O B(p G : O ;�^ GS[ ;PÍ�Î
gu\ K :�¥M×
gu_ n6=Q:�^ G :/B|n�:�;%<�:�=?>áyE{�Õ R�RSL N =b>�=S;í>�� K ; [ ; I%J6G a�=QVA=P= H6à Y Z ^ G
g�d ë
gue L&= K L N yr9�=Q:6^ G �6�%ïQ��v�L G n K6Z ; HzG {
gug ×
g�h Î%¥6^ K�G >ìB G :�:/B|n�: ZbH�K Y H y G B�< G%KQÛ�G ^�^&=Q< G yE{�{�Õ
gui ë
guk a ZbH =�Y�Y&¥c×
h�q Î%¥6^ K�G >ìB�; J�K B|n�: ZbH�K Y H yrn6=Q:6^ G :/B K ; j6G&H Ï�^Q; J :�L G B�a6; J�H�[ � G v%��:�:�;%:Cyé{cf
h�F lÈ� G v Z L%=�YT��:�:�;%:6^Pa�; J�H�[ l&{�Õ
h�\ Î%¥6^ K�G >ìB�; J�K B|n�: ZbH�K Y H yrn6=Q:6^ G :/B�LQ; H�K 96=Q:6^ G ��:�:�;%:�f
h�_ loÎ%¥ H�K =�L K6Z LT��:�:�;%:�^Ta�; J�H�[ l%{�Õ
hrd ë
h�e
h�g ë R�RÈ>�= ZbH
huh
h�i ^ K = K�Z LXn J�O Y Z LtÎ K : ZbH < Z >áy ZbH�K v�{
h�k ×
iuq ZbH�KPj Õ
i�F Î K : Z?H <
^çÕ
iu\ ^X` K ; j6GUH Ò�>�=Q< G �rv � Õ
iu_ j `M^åB�YQ=�^ K Ò H�[�G v��%aCy�lbõ�l�l%{�Õ
i�d K :Q¥M×�^T`A^åB�^ J�O ^ K : ZbH <Cy�D�ö j {�Õ ë
iue L%= K L N y�Î K : ZbH <�Ò H�[�G v�� J�K �%a%Ð6; J�H�[ ^U��v6L G n K6Z ; H!G {
iug × ë
i�h : G%K%J : H ^�Õ
iui ë
iuk
kuq
k�F O ;�;�Y G = H
G ;%a�Õ R�RPp�=Q: Z%à p G Y I&J6GMZbH�[�Z L%=M^ G �6�%ïSa�; Z =�Y�L&= H ²%= [ ;
ku\ R�RS;È>�� K ; [ ;S= O = Z v�;ALQ; H ^%;?> GSK ; j�G&H ^t= K�G =�Y�L%= H ²%=Q: J > I%J6G n G : K�G&H ²&=
ku_ R�Rt=�;tLQ; H�ÖbJ�H�K ; [�G ^ ZbH L&:�; H�Z V�=7² � ;
k�d
kue p�; Z&[ LQ; H ^ J > G è H�K�Z Yåy�� G LQ;%p G :Q¥�Î GQK <�ö
kug 9�=Q:6^ G ��v6L G n K�Z ; HmG ö
k�h Î K : ZbH <o> GQK { K&N :�;&ß�^T9�=Q:6^ G ���%ïQ��v6L G n K6Z ; H ö
kui 9�=Q:6^ G ��v6L G n K�Z ; H
kuk ×
Frquq ��; j6GUHMK ; j Õ
Frq�F
Frqu\ Z a-y [�G&OQJ <�Ï%: G LQ;%p G :Q¥�{tR�R ZbH a�;%:U>�=!² � ;M^Q; O : G =P: G L J n G :�=7² � ;
Frqu_ ×
Frq�d Î%¥6^ K�G >ìB�; J�K B|n�: Z?H�K Y H yé{�Õ
Frque Î%¥6^ K�G >ìB�; J�K B|n�: Z?H�K Y H y�l ����� l fo> G%K fml ����� l%{�Õ
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Frq�g Î%¥6^ K�G >ìB�; J�K B|n�: Z?H�K Y H y�l Î%¥ H LU:�; H�Z V ZbH <
Î GQK Èl ft<�{�Õ
Frq�h ë
Frqui
Frquk Z a-yu<A`�` H�J Y�Y6{ K%N :�;&ß G ÕÜR�RA^ G ;ALQ; H�ÖUJ�H�K ;S� H�J YQYåö(n�:�;bn6=Q<�=A= G v6L G ² � ;
FuFrq
FuFuF K ; j `P< G%K ��; j6GUH y�DQ{�ÕóR�Ron G <�= K ; j6G&H L%;%:�: G&H�K�G
FuFr\ ß N�Z Y G yAñ G ;%am{ R�RA^ GTH6� ;AL N6G <�; J =�;Pa Z > [ ;P=Q: I%J�Z p�;
FuFr_ ×
FuF|d Z aãy(</B�LQ; H�K = ZbH ^çy K ; j B j�ZbH�[ {S{oR�RQ=�L N ; JAJ > K ; j6G&HSH ;SLQ; H�ÖUJQH�K ;
FuFre ×
FuFrg Z aãy [�G&O�J <�Ï%: G LQ;&p G :�¥�{
FuF�h Î%¥�^ K�G >ìBu; J�K B|n�: ZbH�K Y H y?l ï�; JQH�[ ^&¥ H L&:�; H�Z V ZbH < K ; j�G&H íl f
FuFri Z > y K ; j B j�ZbH�[ {Q{�Õ
FuFrk O : G = j Õ
Fr\uq ë
Fr\�F Z aãy [�G&O�J <�Ï%: G LQ;&p G :�¥�{
Fr\u\ Î%¥6^ K�G >ìB�; J�K B|n�: Z?H�K Y H y�l Ò&< H ;&: ZbH < K ; j6G&H ílÈf Z >áy K ; j B j�Z?H�[ {�{�Õ
Fr\u_ < GQK Ó G v K ��; j6G&H yé{�Õ R�RXn G <�=Tn�:�x%v Z >�; K ; j6G&H
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� 5 W 5 � 5 e�v*R�e%: 5 ;$� E �.eL��7 5 e��'_>��S+T 5 CB= 5%E �>� EG5�E �>W�Y�R��6�»�U9L��Wi��;��`�»e�T 5 p{:8�+78W<�.e���� E ������7G�N���
EG5 _+�'e�9��ze��z��7 5 ;�R�S+T 5 VB� 5 W 5 �+W ü ý���� ���XVÌR�:G�'M.�'_>��p E � 5 ��78¯���78� 5 � 5 e�v*R�e%: 5 ;$� E �.e��+7 5 e��'_>��S>T 5
;$����)���)�
!#���c�»� 5 W 5 ��78��R�W)�>e%: 5 ;��z�U9L��Wi��;���Cb?êe 5 �+� EG5 ;��(�� �����¼ü���{VÌR$:G�'M.�'_>��p E � 5 ¦ �N�U9��
�U9��I1���VÌY%R��i] 5 ;$�>M.�'W<�H:U��; 5 73;�� E �NY=k�I+e��+�'�};$�#� 5 Wi��eL; 5�E VÌ� 5 W 5�E �'e���7 5 e��._N��; 5 7>C D �>W 5�E V
�+e%:UT 5 V 5 �+¯	;��.� 5 W 5�E :G7U��; 5 e 5 ��7 5 ��7U��Wi�0o�C."N/

9�:�;%<�:�=?>�=®��BEDb@
F p�; Z&[ ^ K = K�G > G&H�K yr� G LQ;%p G :�¥�Î G%K <�{ K&N :�;&ß�^o9�=Q:6^ G �6�%ïQ��v�L G n K6Z ; H 
\ ×
_ � G LQ;&p G :�¥�Î GQK a�Dí` H�G ßS� G L%;%p G :�¥�Î GQK y�ÎU� Û Ò%Ù��U�6�&Ó�{�Õ
d � G LQ;&p G :�¥�Î GQK a © ` H�G ßS� G L%;%p G :�¥�Î GQK y��QÐ���Í�Ù%��{�Õ
e ë
g ×
h K :�¥M×
i ������
�Í�#Q��ÍQÞ/y © {
k p�=Q: [�G L%Yåyua�DQ{ ä ÎU� Û Ò%Ù��U�6�&Ó }
Frq ]
FuF = K : ZbO ^ K = K yua�DQ{ ä Î&� Û Ò&Ù��&�6�&Ó }
Fr\ ]
Fr_ n�: ZbH�K ^ K = K yua�DQ{ ä Î&� Û Ò&Ù��&�6�&Ó }
F|d ]
Fre : G = [ ^ K = K yua�D%{ ä Î&� Û Ò%Ù��&�6�&Ó }
Frg ]
F�h : GQK%J : H ^ K = K y�a�DQ{ ä Î&� Û Ò%Ù��&�6�UÓ }
Fri ]
Frk ^ J n G :6^ K = K yua�DQ{ ä Î&� Û Ò&Ù��&�6�&Ó }
\uq ]
\�F Z a6^ K = K yu<�{
\u\ ]
\u_ a�;%:6^ K = K yu<�{
\�d ]
\ue ä ��Ð���Í�Ù&� } ^ K = K Y Z ^ K y�a © { ä ��Ð���Í�Ù%� }
\ug ]
\�h ä Ð�����Í�
 }Aä Î&� Û Ò&Ù��&�6�&Ó }
\ui ]
\uk ä Î&� Û Ò%Ù��&�6�&Ó }
_uq ë
_�F L%= K L N y�9�=Q:�^ G ��v6L G n K6Z ; HzG {
_u\ ×
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_u_ LQ; H ^ J > G è H�K6Z Yçyu<Cö G öílU^ K = K�G > G&H�K l%{�Õ
_�d ë
_ue ë �
¤ E ;$�+Wi��� E e�T 5 p{:8�+78W<�.e���� E VI��R�v�� E ;�� Ç e��KS È � E[E T 5 ����78� E �+e%:U��;�� E e 5 ��7 5 ��7U��Wi�»o�C.">�»R$:8�.M'�.p

_>��W 5 W)� E W 5 7U���+� 5 � â e�� 5 ����7U��;$�+:G�+78W<�.eL��7 5%E � 5 e�v*R�e%: 5%E ;$� E �'e���7 5 e��._N��S+T 5 ;�� E �U9���Wi��;�� E
� 5 R$:G7 5�E e�T 5 p{:8�+78W)�'e���� E C»· E8E �.Wæ���t�+eL� E ����78� E �+e%:8��W 5%E � E8E � E eLT 5 pX:G�>7GW<�'e���� E V E �+W e��>�+� E p
E �';���;$��;$��e��>e�9	R�Wî� 5 W<�+e%:8�7G� 5 �+g	:G7U��C

9�:�;%<�:�=?>�=®��BED?ª
F p�; Z&[ = K : ZbO ^ K = K yr� G LQ;%p G :�¥�Î G%K <�{ K&N :�;&ß�^o9�=Q:6^ G �6�%ïQ��v�L G n K6Z ; H 
\ ×
_ � G LQ;&p G :�¥�Î GQK a�Dí` H�G ßS� G L%;%p G :�¥�Î GQK yuÍ�Î�Î�Ò%Ñ%Ó�{�Õ
d ë
e ×
g K :�¥M×
h Y&p�=�Y J6G yua�DQ{ ä Í�Î�Î�Ò%Ñ%Ó } y =�Y�;�L G v%n�: G ^�^ Z ; H yu<�{ ]üG v%n�: G ^�^ Z ; H yu<�{Q{
i ë
k L%= K L N y�9�=Q:�^ G ��v6L G n K6Z ; HzG {
Frq ×
FuF LQ; H ^ J > G è H�K6Z Yçyu<Cö G öíl?= K : ZbO ^ K = K l%{�Õ
Fr\ ë
Fr_ ë
F|d
Fre p�; Z&[ n�: ZbH�K ^ K = K yr� G LQ;%p G :�¥�Î G%K <�{ K&N :�;&ß�^o9�=Q:6^ G �6�%ïQ��v�L G n K6Z ; H 
Frg ×
F�h ë
Fri ×
Frk K :�¥M×
\uq ä 9���ÒUÓ�� }SG v%n�: G ^�^ Z ; H yu<�{
\�F ë
\u\ L%= K L N y�9�=Q:�^ G ��v6L G n K6Z ; HzG {
\u_ ×
\�d LQ; H ^ J > G è H�K6Z Yçyu<Cö G öílén�: ZbH�K ^ K = K l%{�Õ
\ue ë
\ug ë
\�h
\ui p�; Z&[ : G = [ ^ K = K y�� G LQ;%p G :�¥�Î GQK <�{ K&N :�;&ß�^T9�=Q:6^ G ���%ïQ��v6L G n K6Z ; H 
\uk ×
_uq ë
_�F ×
_u\ K :�¥M×
_u_ ä ����ÍQÞ } Y&p�=�Y J6G yu<�{
_�d ë
_ue L%= K L N y�9�=Q:�^ G ��v6L G n K6Z ; HzG {
_ug ×
_�h LQ; H ^ J > G è H�K6Z Yçyu<Cö G öíl�: G = [ ^ K = K l%{�Õ
_ui ë
_uk ë
d�q
dîF
d�\ p�; Z&[ : GQK%J : H ^ K = K y�� G LQ;&p G :�¥�Î GQK <�{ K%N :�;&ß6^X9�=Q:6^ G �6�%ïQ��v6L G n K�Z ; H 
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d�_ ×
dud ë
d�e ×
d�g K :�¥M×
d�h ä �����%è��QÓ } � G v%n�: G ^�^ Z ; H yu<�{ �
d�i ë
d�k L%= K L N y�9�=Q:�^ G ��v6L G n K6Z ; HzG {
euq ×
e�F LQ; H ^ J > G è H�K6Z Yçyu<Cö G öíl�: GQK%J : H ^ K = K l&{�Õ
eu\ ë
eu_ ë
e�d
eue
eug p�; Z&[ ^ J n G :�^ K = K yr� G LQ;%p G :�¥�Î G%K <�{ K&N :�;&ß�^o9�=Q:6^ G �6�%ïQ��v�L G n K6Z ; H 
e�h ×
eui � G LQ;&p G :�¥�Î GQK aS` H6G ßt� G L%;%p G :�¥�Î GQK y��Q9�ÍQ����Ó�{�Õ
euk ë
guq ×
g�FÚK :�¥M×
gu\ ä ÎUè�9���� }Aä ��9�ÍQ�Q��Ó } =Q:�<�Y Z ^ K y�a�{ ä ��9�Í%����Ó }
gu_ ë
g�d L%= K L N y�9�=Q:�^ G ��v6L G n K6Z ; HzG {
gue ×
gug LQ; H ^ J > G è H�K6Z Yçyu<Cö G öílU^ J n G :6^ K = K l%{�Õ
g�h ë
gui ë
guk
h�q p�; Z&[MZ a6^ K = K y�� G L%;%p G :�¥�Î GQK <�{ K%N :�;&ß�^T9�=Q:�^ G �6�%ï%��v6L G n K6Z ; H 
h�F ×
h�\ � G LQ;&p G :�¥�Î GQK a�Dí` H�G ßS� G L%;%p G :�¥�Î GQK y��Q9�ÍQ����Ó�{�ö
h�_ a © ` H�G ßS� G L%;%p G :�¥�Î GQK y��Q�6Î&��{�B J�H�Z ; H yu<�{�Õ
hrd ë
h�e ×
h�g K :�¥M×
huh ä Ò&ï }Sä �Q9�ÍQ����Ó }SG v%n�: G ^�^ Z ; H yua�DQ{ ä ��9�ÍQ����Ó } ^ K = K�G > G&H�K yua © {
h�i ���6����
�Í�#���ÍQÞ/yEDQ{ ä ���6Î&� } ^ K = K�G > G&H�K y�<�{ �
h�k ë
iuq L%= K L N y�9�=Q:�^ G ��v6L G n K6Z ; HzG {
i�F ×
iu\ LQ; H ^ J > G è H�K6Z Yçyu<Cö G öíl Z a6^ K = K l%{�Õ
iu_ ë
i�d ë
iue
iug
i�h
iui p�; Z&[ a�;%:6^ K = K y�� G LQ;%p G :Q¥�Î GQK <�{ K%N :�;&ß�^T9�=%:6^ G �6�&ïQ��v6L G n K6Z ; H 
iuk ×
kuq � G LQ;&p G :�¥�Î GQK a�Dí` H�G ßS� G L%;%p G :�¥�Î GQK y�ÎU� Û Ò%Ù��U�6�&Ó�{�ö
k�F a © ` H�G ßS� G L%;%p G :�¥�Î GQK y��Q9�ÍQ����Ó�{�Õ
ku\ ë
ku_ ×
k�d K :�¥M×
kue ä ï��&� }Sä ��9�ÍQ���QÓ } ��= K : ZbO ^ K = K yua�DQ{ ��ä ÎU� Û Ò%Ù��U�6�&Ó }
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kug � G v%n�: G ^�^ Z ; H yua�D%{ ��ä Î&� Û Ò%Ù��&�6�&Ó }
k�h ��= K : ZbO ^ K = K yua © { ��ä �Q9�ÍQ����Ó }
kui ^ K = K�G > G&H�K yu<�{
kuk ë
Frquq L%= K L N y�9�=Q:�^ G ��v6L G n K6Z ; HzG {
Frq�F ×
Frqu\ LQ; H ^ J > G è H�K6Z Yçyu<Cö G öíl�a�;%:6^ K = K l%{�Õ
Frqu_ ë
Frq�d ë
Frque
Frqug p�; Z&[ ^ K = K Y Z ^ K yr� G LQ;%p G :�¥�Î G%K <�{ K&N :�;&ß�^o9�=Q:6^ G �6�%ïQ��v�L G n K6Z ; H 
Frq�h ×
Frqui � G LQ;&p G :�¥�Î GQK aS`tï Z :6^ K B�^ K = K Y Z ^ K B J�H�Z ; H yu<�{�Õ
Frquk ë
FuFrq ×
FuFuF ^ K = K�G > GUH�K yua�{���^ K = K Y Z ^ K yu<�{ �
FuFr\ ë �

°�3e 5 e�T 5 p{:8�+78W)�'e���M�5�����5���+V$��7 5 ��78��W<�bo�C."Io$V�:G�>W 5%E R�Wi�be 5 1	�K;���;$��Ck= 5 :8� 5 M.�>�H: 5 7aY%R��
5�E ; 5 � E e�T 5 pX:G�>7GW<�'e���� E Y%R�� E T 5 �U9���Wi��; 5�E ;$�+e%:G7 5 ;$�p�5�����5���ieLT 5 R$:G�'M.�'_>��W � 5 e�v*R�e%: 5%E ;$�
E �.e��+7 5 e��'_>��S>T 5 V 5 R�W<�+M'9 5 7>V 5 1���M 5 7B�L� E8E ��; 5 � 5 W 5 ��7G��R�W<�+e%: 5 e�� E8E �`�U9���Wi��;��a] ���|CXC C l EGEG5
E �.��e�� Ç �+�^Y%R�� 5�E W<]+: 5 ; 5�E ��89:������� üG���0�¥���*ü��¼ü���Ìe�T 5 ;$�>1��+Wê¦§��_+�+7Ø7G�N��R��t�+7U��S>T 5 ;$�F�+787 5 �FY%R��
�+� E�5<5 � 5 7G7U�0R�Wî�>7G7 5iE �'e%:8�:8�'� 5 e��<��g$�>�+R�S+T 5 ;$� E8E � E W<]�: 5 ; 5%E VL�<��g����NS+T 5 � 5 787G� E � 5 e�;��+e%:G�
�}� E8E �#�+787 5 ;$�>1�� E �+7b��7 5 �����%��;��i������7U�}���'W<���i��:G] 5 �4�����5���äY�R��#�.7Uä:G7U��:U��7 5 �>7G7 5 C l EGEG5
]0¦ �+�.: 5 � 5 78Y%R��(�5�����5���Í������7G�N����VPe��zWi��� 5 78�'�Í;�� E 1��>_+� E Vy;$�>e�:87 5 ;$�)R�Wi�ä��g$��78� E8E T 5#5 R�;$�
R�W«� 5 Wi��e�; 5 ��V��>Wî���+7U��MXV	� 5 787G� E � 5 eL;$�(�<R�WîeXH�W<�+7 5 �L�NY�R��+e 5 ;$�J: 5 º��+e E � 5 W 5 � r ü u05 R
�"�±���±� r 	Mz1� u C

9�:�;%<�:�=?>�=®��BED|�
F p�; Z&[ Y%p�=�Y J�G y�� G L%;%p G :�¥�Î GQK <�{ K%N :�;&ß�^T9�=Q:�^ G �6�%ï%��v6L G n K6Z ; H 
\ ×
_ ë
d ×
e K :�¥M×
g ä ÒbÞ���Ó�� } y
h ä ��Ð���Í�Ù�
���� }SG v&n�: G ^�^ Z ; H y HQJ Y�Y6{ ä ��Ð���Í�Ù�
���� }ò]
i ä Þ6�%� }Sä ÒUÞ���Ó�� } � ä ��9�Í%����Ó } =Q:Q<�Y Z ^ K y H�J Y�Y�{ ä ��9�ÍQ���QÓ }%�
k { �
Frq ë
FuF L%= K L N y�9�=Q:�^ G ��v6L G n K6Z ; HzG {
Fr\ ×
Fr_ LQ; H ^ J > G è H�K6Z Yçyu<Cö G öílbY&p�=�Y J6G l%{�Õ
F|d ë
Fre ë �

· E8E �'W}V�� 5 ;$�+W 5�E � 5 e E �K;$�+7U��7`Y%R�� E ��R�W«�+787 5)5 � 5 7G78��;$�+e%:G7 5 ;��i�U9���Wi��;��<� 5 W<]�: 5 ; 5
��89:������� üG���Í;$�+e%:87 5 ;$�¥�5�����5���+V�: 5 ; 5J5 e�T 5 p{:8�+78W<�.e���M:�5�����5���^;��+1�� E �+7k� 5 e E �K;$�>78��; 5 �'e	1I�M.�K; 5 �
�07G�N��R��t�+7U��S>T 5 ;$�>1�� E �>7F¦ �+�.:8�)�3����7�:8�.7`;$� EGE �»eLT 5 pX:G�>7GW<�'e���MXV	�+1	�.:8��eL; 5 R�Wi�)��7U��e	R�MK��78�K;���;$�
W3R��H: 50Ç e��<e��)7G�N��R��t�+7U��S>T 5 C 465 W���¦ �>�H: 5 V E �(:G�'1��+78W 5�E � E �>��R��'e%:G�J�+e%:878��;����
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^eZ)g«Z�`ËÒ a�ó � _&Ó«Ò�b�Ó¤¢ }��Ë�
:G�>7G�>W 5�E R�Wi�#�U9���Wi��;��<�p�5�����5���0� 5 W 5 � 5 e�v*R�e�: 5 ;$� E �.e��+7 5 e��'_>��S>T 5 �.��R���MØ� ´ ú �2�M�ÿúý µ�V
Y%R��<¦§��_iR�W<���U9L��Wi��;��}����8�9��������UüG����C m �¯��8�9:������ üG��� Ç _+� EGE �i78�>��R��L�>78��S+T 5 ;$�i�>7G7 5 VB� E :U�
E �+78�'�à¦ �+�.:8�Q��:8] 5 ��78�.W<�+�'7 5 ¦ �>�U9L�Ñ� 5 MK�U9���:8�&�,�Ñ��e��M'� E ��� 5 e%:8�.e	R���7G�K��C s�� E � E8E�5 e�T 5 ]
e��N��� E8E �78� 5 C#öd��W 5�E � 5 e E �K;$�+7U��7bY%R�� E �#R�Wÿ�+787 5ä5 � 5 787G�>R-e��}�+g$��7G� EGE T 5 �>e�:87G�#� 5 MK�U9���:8� E V
: 5 ; 5-5 MK��; 5 � E Y�R��+7U; 5 ;��-��:G78�'��R��KS+T 5 � E :8��>7G7U��; 5 �z��78�>�+R��t�+7U��S+T 5 ]#¦ �>�H:U�-���L�>e�� E � 5 7
�5�����5���+Vk� 5 e E R�W)�'e�; 5 :8R�; 5 ��:G] 5 ú �K�b�ÿ ý �Í7G�+: 5 78e���e�; 5}5 � 5 e�:87 5 M.�i�L��7U� ���*� üG����)���bY%R��
:G7U��:U�}; 5 7G� E : 5 ; 5 � 5 Wi��e�; 5 C l E8EG5 �>1	�H:U��Y�R��#; 5 � E �+787 5%E ������7G�NS+��WæW0R��.: 5 �t�+7G: 5 R�Wÿ; 5
5 R�:G7 5 V 5 R E �*v���V�;��+e%:G7 5 ;$�JR�Wi�<W)� E Wi�)��g$��78� E8E T 5 C
·^M'� 5�E �+W<�+M'9���e%:8� E �+7UÍ¦ �+�.: 5 ����78�ä��Y%R��>M.� E e�T 5 p{:8�+78W)�'e���� E Y%R��<� E :8T 5 �G�������Hg 5 �);$�Ä��8&.

9������� üG����� 5 W 5 ���7!#��8�9�� V�� ���! �6ý��&��� ��� Ck? E8E � E eLT 5 pX:G�>7GW<�'e���� E e	R�e��>�J¦§��_>�+W 7G�N��R��t�+7U��S>T 5
;$���>7G7 5iE �'e%:8�:8�'� 5 V Ç �>��e�; 5 � E :8� E �+W<��78�(� 5 7 � 5 e%:U�); 5 W)]+: 5 ; 5 ��8�9��������UüG����C f[5 7^� EGEG5 V$�>M.� E
e��>W E �NY%R��+7J� 5�E8E R��>W R�W ����7U®�W<��:87 5 ¦ 5 78Wi��Mk� 5 W 5}5%E ;��+Wi��� E e�T 5 p{:8�+78W<�.e���� E CbO 5 Y%R��
W 5�E :G7U� 5 ��7 5 ��78��Wi�0o$C'">�

9�:�;%<�:�=?>�=®��BEDb«
F p�; Z&[ =�Y�;�L G v%n�: G ^Q^ Z ; H yr� G LQ;%p G :�¥�Î G%K <�{ K%N :�;&ß�^X9�=Q:6^ G ���%ïQ��v6L G n K6Z ; H 
\ ×
_ � G LQ;&p G :�¥�Î GQK a�Dí` H�G ßS� G L%;%p G :�¥�Î GQK y��Q9�ÍQ����Ó�{�ö
d a © ` H�G ßS� G L%;%p G :�¥�Î GQK y��QÐ���Í�Ù�
Q����{�Õ
e ë
g ×
h ä Ó���� } y
i �6����
�Í�#���ÍQÞCy © { ä ÒUÞ��QÓ�� }Aä ��9�ÍQ����Ó } =Q:�<�Y Z ^ K yua�D%{ ä ��9�ÍQ���QÓ }ò]
k y ä ÒbÓ�� }ò]ðä Î%�Q��ÒUÓ�Ñ }ò](ä ÒUÞQ��Ó�� } {
Frq y ä ��ÐQ��Í�Ù�
���� }AG v%n�: G ^�^ Z ; H yua © { ä ��ÐQ��Í�Ù�
���� } {Uf
FuF {
Fr\ ë
Fr_
F|d
Fre p�; Z&[SG v%n�: G ^�^ Z ; H y�� G LQ;&p G :�¥�Î GQK <�{ K%N :�;&ß6^X9�=Q:6^ G �6�%ïQ��v6L G n K�Z ; H 
Frg ×
F�h ë
Fri ×
Frk K :�¥M×
\uq HQJ > G v%n�:CyE{-�%y ä ��� }ê]üä ÑQ� }ê]ðä ��� }ê]üä Ñ%� } ](ä �" } ]ðä Ó��! } { H�J > G v%n�:Cyé{ �
\�F ë
\u\ L%= K L N y�9�=Q:�^ G ��v6L G n K6Z ; HzG {
\u_ ×
\�d LQ; H ^ J > G è H�K6Z Yçyu<Cö G öíl G v%n�: G ^Q^ Z ; H l&{�Õ
\ue ë
\ug ë
\�h
\ui
\uk p�; Z&[TH�J > G v&n�:CyE{ K%N :�;&ß�^T9�=%:6^ G �6�&ïQ��v6L G n K6Z ; H 
_uq ×
_�F ë
_u\ ×
_u_ K�G :U>áyE{!yQy ä 9��Qè6Î }ê](ä&Û ÒUÓQè�Î } { K�G :U>áyé{�{ �
_�d ë
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ÎZÜ^ÚOu+Ô(Ö[Û6ÏÈÁ�x}ÔZÕ^Ü^Ô�Ü Ð�¿@Ò)Ô`ÏÊÝí¿¤¿@Õ^Õ�Ï`Ó}Ó	×*Ò0ÔLð^Ô[×+Î`Ï`Ó "N%q

_ue
_ug p�; Z&[tK�G :U>áyé{ K%N :�;&ß6^X9�=Q:6^ G �6�%ïQ��v6L G n K�Z ; H 
_�h ×
_ui ë
_uk ×
d�q JQH =Q:�¥ G v%n�:CyE{�y�y ä Î%��ÍQ� }ò]ðä Î&��Í�Î�# }Ì]æä ��� Û6} { J�H =Q:�¥ G v%n�:Cyé{�{ �
dîF ë
d�\
d�_ p�; Z&[TJ�H =Q:�¥ G v%n�:Cyé{ K&N :�;&ß�^o9�=Q:6^ G �6�%ïQ��v�L G n K6Z ; H 
dud ×
d�e ë
d�g ×
d�h �%y ä 9��Qè�Î }ò]ðä&Û ÒbÓQè�Î } { � a�=�L K ;&:CyE{
d�i ë
d�k
euq
e�F p�; Z&[ a�=�L K ;&:CyE{ K%N :�;&ß�^T9�=Q:�^ G �6�%ï%��v6L G n K6Z ; H 
eu\ ×
eu_ ë
e�d ×
eue y
eug ä�ZbH�K Ï�LQ; H ^ K = H�K�} ]
e�h ä ^ K : ZbH <�Ï�L%; H ^ K = H�K�} ]
eui äUH�J YQY�Ï�LQ; H ^ K = H�K�} ]
euk Y%p�=�Y J6G y H�J Y�Y6{ ]
guq ä ��9�Í%����Ó }SG v&n�: G ^�^ Z ; H y HQJ Y�Y6{ ä ��9�ÍQ����Ó }
g�F {
gu\ ë
gu_
g�d p�; Z&[ =Q:�<�Y Z ^ K y�� G LQ;%p G :Q¥�Î GQK <�{ K%N :�;&ß�^T9�=%:6^ G �6�&ïQ��v6L G n K6Z ; H 
gue ×
gug � G LQ;&p G :�¥�Î GQK aS` H�G ßS� G L%;%p G :�¥�Î GQK y�Ù�� Û�Û Í�{�B J�H�Z ; H yu<�{�Õ
g�h ë
gui ×
guk � G v%n�: G ^�^ Z ; H yua�{�y ä Ù�� Û�Û Í }SG v&n�: G ^�^ Z ; H yua�{�{ � �
h�q ë �

· E8E �'W}V$���+������W 5%E ;$�^1��+76�0;$� Ç e��'S>T 5 ;��^: 5 ; 5%Ed5%E e�T 5 pX:G�+78W<�.eL��� E V%����78� E ���K;�� E ;��b78�>�+R$p
�t�+7U��S+T 5 ;��(�>7G7 5�E CZ=»�<��78¯Ig$�.Wi� E �NS+T 5 V	1��+78�+W 5%E ��M.��R�e E �+g	�>W<��M 5%E �J:G�+e%:U��78�+W 5�E ��M'��R�W<� E
¦ 5 78Wi� E ;$��W<�+M'9 5 78��7a�)78�>�+R��L�>78��S+T 5 ;$���>7G7 5�E ����7G� E �>e�:U��;��0��Y%R��XC

5.3 Algumas possíveis melhorias
ö»�'W 5�E Y%R��a]`��� E :U��e%:G� E �'W<��M'� E �+��M'�+R�MK��7 5 � 5 e�v*R�e%: 5 ;$� E �'e��+7 5 e��._N��S>T 5 �L��7U�»R�Wi�J�U9���W<��;��
;$� R�W e�T 5 p{:8�+78W<�.e���M�;��3e 5�E8E �b��7U��Wi�:8�'�>��C fZ5 7G]>WäV 5 78� E R�M.:8��; 5b5 �$:8�'; 5 e��>W E �+W<��78�»] E ��p
:G� E ¦§��:G¯�7G� 5 C l 78�+W 5�E e�� E :8� E �>S>T 5 ����78� E �+e%:8��7@��M'��R�Wi� E ¦ 5 78Wi� E ;��»W<�+M'9 5 7U��76� E8E �»W)]+: 5 ; 5 ;$�
78�>��R��L�>78��S+T 5 V���eL��M'� E ��e�; 5 � 5 W�Wi��� E ;$�+:8��M.9�� Ed5 � 5 e�v*R�e�: 5 ;$� E �'e���7 5 e��'_>��S+T 5 ;�� ��M'��R�e E ; 5%E
e�T 5 pX:G�+78W<�.eL��� E C0O ��78�>�+� EG5 �+e%:G�>e�;$�+7NVB� 5 78]+W}VÌY%R��i�ä� E � 5 M.9��ä; 5%E � 5 e�v*R�e�: 5�E ;$� E �.eL��7 5 e��.p
_>��S+T 5 ;$�>�L�>e�;$�i��� E :U��e%:G�i;��ä��78��W<�:G�K�+�zY�R�� E �<R$:8�.M'�._N�}�iY�R��iR�Wi�z� E :878��:G]>���K�zY%R��i� 5 ;$�
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����7G� E �>e�:U��7F� 5 e E 78� E R�MH:U��; 5%E ����7U�3��M.��R�Wi� E ��7U��Wi�:8�'�>� E � 5 ;$��eLT 5 ����78� E �+e%:8��7 5%E W<� E W 5%E
78� E R�MH:U��; 5%E ����7U� 5 R$:G7U� E C

¤ ��78�.W<�>�.7 5 ��7 5 ��M.�>W<�ä;��z7G�N��R��t�+7U��S>T 5 ;��0�>7G7 5 ¦ 5 �[1	� E : 5 eL� E �>S>T 5 o�C ��C�O 5 �+� E�5 ; 5
��7 5 ��78��W<���

`&h=^�iXi�S�_�i�S¡�
Ì
S�_ � S�S&Q�^&S¼b=i�[�\&S¡^ � `&h=^�iXi �
`&h=^�iXi�S�_�i�S ~ �
Ì
5 eL;$�#R�Wÿ�+787 5 ]Í��� 5 e%:8��; 5 � 5 �+eL� 5 e%:878��7b������MK�I1	78�ð� ��8&�J�Í��78�>�+R��L�>78��S+T 5 ;$�Í�+787 5%E V[; 5
W<]�: 5 ; 5 9�����ü�����!)V��.��e 5 7U�6: 5 ; 5%EB5�E : 5 º��+e E ��:8]d�+eL� 5 e%:878��7yR�Wêû øU.dCN·à��78�'W)�>�.7U� 5 � E �>7G1���S>T 5
� E �+7@¦ �+�.:8��](Y�R��^e�T 5 ¦§��_^W0R��H: 53E �+e%:G�K; 5 R$:8�.M'�'_>��7 5 û øU.ê� 5 W 5bE�â W3� 5 M 5 ;$� E �'e���7 5 e��'_>��S+T 5 V
1	� E : 5 Y%R��}� E :8��7G�>W 5�E<E �>W<��7G�}� 5 e E R�W<�.e�; 5 : 5 ; 5�5 78� E :8��e%:G��;����+e%:G7U��;���V@Y%R���e�T 5�E �+7U
��eL��M'� E ��;���C
öd��W 5�E ��MH:8�+7U��7 5 e�T 5 pX:G�>7GW<�'e���M�9�����ü�����!î;��(W 5 ; 5 Y%R���V����L¯ E 78�>� 5 e�9��N���>76R�W ���L�������Hü����

e��J�>e�:878��;���V��+M'�a:G�+e%:8�^���U9���7 5 û øU.dV�Wi� EkE �`e�T 5 � 5 e E �+��R��.7NV�;$�>1��+7U ¦§��_>�+7@�J78� E8E �'e��+7 5 e��._N��p
S+T 5 �»1 5 M.:8��76�3��e���M'� E ��7 5 ��7 5 ��78��Wi��CÌ?@e�:UT 5 V�� EGE �»e�T 5 pX:G�>7GW<�'e���M Ç �+�0� 5 W 5b5 ����78� E �+e%:U��; 5
e 5 ��7 5 ��78��W<�)o$C'"Iq

9�:�;%<�:�=?>�=®��BED£'
F p�; Z&[ n�:�;%<�:�=b>áyE{ K%N :�;&ß�^T9�=%:6^ G �6�&ïQ��v6L G n K6Z ; H 
\ ×
_ � G LQ;&p G :�¥�Î GQK <S`tï Z :6^ K B|n�:�;%<�:�=?>áÕ
d ë
e ×
g ä �6�%ï }
h ]
i L%YQ=�^�^QY Z ^ K yu<�{
k K :�¥M×
Frq ä �6�%ï }
FuF ë
Fr\ L&= K L N yr9�=Q:6^ G ��v6L G n K6Z ; H�G {
Fr_ ×
F|d LQ; H ^ J > G è H�K6Z Yåyu<�ö G öílén�:�;&<�:�=b>ål&{�Õ
Fre ë
Frg � n�:�;%<�:�=b>áyE{ �
F�h ë �
·^� 5 7U�»� EGE �6W<]+: 5 ; 5 �U9���Wi�#�
�L������¼ü���{V%Y%R���V�� 5 W 5 v�(� 5 W<�+e%:U��W 5�E V�e	R�e��+�(��7 5 �L�����»R�Wi�

��g��+�>S+T 5æ´:A�Ë�³cD%¸ ¹�o D&NO?�� � � ��V	� 5 7@� EGEG5 V�e�T 5 ��7G�N��� E �b� E :8��76;$�+e%:G7 5 ;$� R�W SXd � W�`�^&Sc`�QyCy?dW
E �+��R��';���V�:8�+e%:8�b���U9���7@e����+e%:878��;���R�W û øU.@C m �(� 5 e E �>��R��'7NV��+e%:8T 5b5 W<]�: 5 ; 5 :G�>7GW<�'e���V%� 5 � E
û øU.êe�T 5 �t�+7G:G�>e����J� 5�J�¼�·�;�Ç

(program)
� �)�U9���W<��;��3� 5 ��78¯���7G� 5 e�T 5 pX:G�+78W<�.eL��M�e 53Ç eL��M
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ÎZÜ^ÚOu+Ô(Ö[Û6ÏÈÁ�x}ÔZÕ^Ü^Ô�Ü Ð�¿@Ò)Ô`ÏÊÝí¿¤¿@Õ^Õ�Ï`Ó}Ó	×*Ò0ÔLð^Ô[×+Î`Ï`Ó "N��

; 5 W)]+: 5 ; 5 e�T 5 ]»¦ �>�H:U��C m �(e�T 5 � 5 e E �>��R��'7NV�� EGEG50E �.��e�� Ç �+�0Y�R��(��M.��R�W : 5 º��+e#� E :878��e�9 5 � E :U
��78� E �+e%:G��eL�<�+e%:G7U��;���C@?de%:UT 5 V�R�Wi�iW<�+e E �����+W¨;����+787 5 ]b�>W)�.:G�K;��i�0�<7G� EGE �.eL��7 5 e��'_>��S+T 5 ]
¦ �+�.:8��VPe 5�E W<� E W 5%E W 5 M';$� E 1	� E : 5�E ��e%:G�>7G� 5 78W<�+e%:G��C^?dW E �+��R��';���V 5 ��78¯���7G� 5 e�T 5 p{:8�+78W<�.e���M
9�����ü�����!¨]��.e	1 5 �>��; 5 ����78�3:G�>7GW<�'e���7`�<��e��M.� E �J;��0�>e%:G7U��;���V%� E8E�5iE �J�)78� E8E �'e��+7 5 e��._N��S>T 5 ¦ 5 �
78�>��M'�'_>��;��3� 5 W E RL��� E8EG5 C m �(e�T 5 ¦ 5 �y�t�+W)p E R��+�>;$�K;���V$�+e%:8T 5050Ç e���MB;��3�>e%:G7U��;��3¦ 5 �B��:G�'e����K; 5
;$R�7U��e%:8� 5 :G7U��:U��W<�+e%: 5 ;��b�+787 5 �bR�W<�#��g����NS+T 5È´:A6Ë�³cD&¸ � J�¸ ¹�o D&NO?�� � � ¦ 5 �ÌMK��e�S>��;��<� E �+7U
��7 5 ��������;���C
=^� EGE �,e 5 1 5 :G7U��:U��W<�+e%: 5 Y%R��,;$�>W 5%E � 5 e�T 5 pX:G�+78W<�.eL��Mí9�����ü�����!)V�R$:G�'M'�._N��W 5�E}5 ����7

SXd � W�`�^&S�`�Q}; 5 °��I1�� 4`4 eLT 5}E�5 ��7G�)�ä��7 5 ;$RLS+T 5 : 5 ;��ä; 5 e�T 5 p{:8�+78W<�.e���M{VPWi� E ���L�>e�� E �+W
R�Wi�ä����7G:G�<;$�>M'��C0½ E ��eL; 5 � EGE �i��7G:G�.¦ â �+� 5 V 5 �'W<��M'�+W<�+e%:8��; 5 7J� 5 ;$� E ���L�>7J��g���:U��W<�+e%:G�)�+W
Y%R��b� 5 e%: 5 ; 5 W)]+: 5 ; 5#5 � 5 787G�>R 5 �>7G7 5#E �'e%:8�:G�K� 5 C fZ5 7 5 R$:G7 5 M'��; 5 V�� 5 ;$�>W 5%E e 5 :8��7»Y%R��b�
;$� Ç e��KS+T 5 ; 5 e�T 5 p{:8�+78W)�'e���M�: 5 7GeL��p E �^Wi��� E � 5 W)��M.�K�+��;��b�(e��+W R�W � 5 R�� 5 �+M'�+�%��e%:G��C 4 ���L��V
� 5 7G:8��e%: 5 V$� 5 �.W<��M'�+W<�>e�:U��; 5 7F�I1���M.�K��7 5 Y�RLT 5 �'W<� 5 7�:U��e%:G�J]J�)7G�N��R��t�+7U��S>T 5 ;$�J�>7G7 5�E ����7U�
5iE �>Rä� 5 W<���'M'��; 5 7`�J�>W¨Y%R��J� 5 e%: 5�E 1���M.�b�)�t�+e��)�+W<��78�+�%��7a� E8E �J��7�:8�H¦ â ��� 5 C
½^W 5 R$:G7 5 �+g$�+W<��M 5 ;$�ä��7 5 ��M'�+Wi� E Y%R��ä� 5 ;$�>W ������7G�N���>73e��-e 5�E8E ��78�>��R��L�>78��S+T 5 ;$�

�+787 5�E ]&W 5%E :878��;����L�>M 5%E ��g$�>W)��M 5%E � E �+��R��.7NC\= 5 ��78�'W)�>�.7 5 V`�,78�>�+R��t�+7U��S+T 5 ]�¦ �+�.:8�Ñ;$�
Wi��e��>�.7U� E ��:G� E ¦§��:G¯�78�K��V	�L�>M 5 W<]+: 5 ; 5 ��)���)�
!"�
���XC
`&h=^�iXi�S�_�i�S¡�
b�[7S Ò ÓÊf � b'[7S�^ �
�

b�[7S¤gªÑ�`
Ì
Ì
`&h=^�iXi�S�_�i�S ~ �
Ì
·\��78�.W<�>�.7U�i;$�>�+M'��78��S+T 5 ]�78�>� 5 e�9��N���K;��<� 5 W 5 R�W<�p������	������HVLWi� E �L�>M'�)¦§��MH:U�i; 5 � 5 e%: 5 p

��pr1 â 78��R�M'�ÍR�W �+787 5Í5 � 5 7G78��C3· 78�>�+R��L�>78��S+T 5 Vy;$�+e%:87 5 ;$����)���)�
!"�
���XVy��7 5 ��R�7U�#R�W E�â W3� 5 M 5
Y%R��(� E :G�*v��0e 5 � 5 e�v*R�e%: 5 ;$� E �'e���7 5 e��'_>��S+T 5 V 5 Y%R���Mt�'e���M'R�� 5 ¦ �N�U9��)�U9��I1���V���V%�>e%:8T 5 V�78��: 5 78e��
5 � 5 e�:87 5 M.�(����78�,��)���*�¼ü���`Y%R���� 5 e E�5 W<� 5 ¦ �N�U9��<�U9��I1���C fZ5 78]+W}V E � 5 ��7 5 ��7U��Wi��¦ 5%EGE ���
`&h=^�iXi�S�_�i�S¡�
b�[7S Ò ÓÊf � b'[7S�^ �
�

b�[7S¤gªÑ�`³Ñ
Ì
Ì
`&h=^�iXi�S�_�i�S ~ �
Ì
� 7G�N��R��t�+7U��S>T 5 e�T 5(E �+78�K�`:8T 5 � Ç ���'�+e%:8��CZ=^� E8E �F�>� EG5 V 5 �>7G7 5»5 � 5 787G�>R3;$�+e%:87 5 ;$�¥������	����
�L�+R�v 5
� 5 e�v*R�e%: 5 ;$� E �.e��+7 5 e��'_>��S>T 5 ] ���L�>e�� E R�W�� 5 e�: 5 pr��pr1 â 78��R�MK��CØ· 5 :G�>e�:U��767G�N��R��t�+7U��7 5 �+787 5 V 5
W<]�: 5 ; 5 Æ�A6ËKH�D o C � 5 e EG5 W<�F: 5 ; 5%Ed5%E : 5 º��+e E ;��J�+e%:878��;���V E �+W �+eL� 5 e%:878��7 5 ;$� E �*v���; 5 C l EGEG5
���>7�:U��W<�+e%:8�be�T 5 ]3;$� E �*v���; 5 C f ��78�iW<�>M.9 5 78��7^� E8E � E �.:GRL��S+T 5 V�� 5 ;$�+W 5%E ��MH:8�+7U��7y�� ��� ��!#���c�
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��� EGE ��e�; 5 � 5 W 5 �L��7U®�W<��:87 5 ����78�"������	������Ìe�T 53E ¯ 5 � 5 e%: 5 pr��pr1 â 78��R�MK��V�Y%R��»]»� E �t�+7U��; 5 ���L¯ E
��;$�N��MK��7U��S+T 5 ;$�i1���7G�KI1��>M{VBWi� E :8��W0�L]>W 5 ��78¯���7G� 5 � 5 e�v*R�e�: 5 ;$� E �.e��+7 5 e��'_>��S>T 5 ��� E8E ��; 5
� 5 W 5 ����7U®�W<�+:G7 5 ����7U����)���)�
!"�
���XC 465 W 5 7G� E R�M.:8��; 5 V³������	����
�d�'7G�K�i����78��7»� E �.e��+7 5 e��'_>��S>T 5
e 5 ¦ �>�U9L�)�U9L�I1���C D �+7 â ��W 5�E �

L%=&n�s7��Ë Ö =%p�=Pn6=Q:6^ G :/B�YQ= H <�Ô ¨b[�GUO�J <�Ï%: G LQ;%p G :�¥ BQB�R�^�^%=?>�n�Y G ^%R�^ K = K�G > G&H�K�© B�vÔ�f�ftÙ�;?>�n Z Y G : ¨ Ø G :6^ Z ; H D�Bus ¨o© s�sQª� G = [6ZbH <Aa�:�;?>
a Z Y G B�B�R�^Q^%=b>�n�Y G ^QR�^ K = K�G > GUH�K�© B�v BSBtB
����� p�=Q: [�G LQY �����Î%¥ H LU:�; H�Z V ZbH <
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b�[7SÊf ~ �'�
�

�Ì
Ì
?dM'�.W<�'e���e�; 5(5 ¦ �>�U9��(�U9��I1��@; 5 � 5 e�v*R�e%: 5 ;$� E �'e���7 5 e��'_>��S+T 5 ;$�¥!"�
�±$��'	&	����
�¼V�� EGE �@W<]�: 5 ; 5

E �`7G�N��R��t�+7U�J� 5 �+e�� 5 e%:G7U��7 5 : 5 º��+eäü±���Z��V%;$�+e%:G7 5 ;$�n�
�L�����
���'	���V	R�Wi�Je 5 1����U9���Wi��;��»]`¦ �>�H:U�
��!"�
�%$���	�	����
�¼VLY%R��J�'78)� 5 7G78��:U��W<�+e%:8� 78�>� 5 e�9��N���>7 5 W<]�: 5 ; 5¶>K¹ C m ��� E �'e��+7 5 e��._N��S>T 5 ¦ 5%EGE �
¦ �+�.:8�i� 5 W 5 ¦ �N�U9��i�U9��I1���V 5 · m ;$�N���K;$�'7G�K�<Y�R��b�i;$�>�+M'��78��S+T 5 ;��i��MK� E8E � :8�+78W<�.e 5 Rz�J: 5 ; 5i5
78� E :8��e%:8�(;��<�>e%:G7U��;�� E �>7G�K�0�.��e 5 7U��; 5 C
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·^��M'�K�+��eL; 5 ��� 5 7U�6�a78�+��78�a;$�@R$:G�'M.�'_>��7 5 � 5 e�v*R�e%: 5 ;$� E �.e��+7 5 e��'_>��S>T 5 ; 5 e�T 5 pX:G�+78W<�.eL��M�e�� E
�U9���W<��;�� E ;��+e%:G7 5 ;$�>M.��V Ç �>��W 5�E � 5 W�� E ;$� Ç e��'S È � E W 5%E :878��;�� E e 5 ��7 5 ��7U��Wi��o$Cª��J����78� 5%E
;$�>W<��� E e�T 5 p{:8�+78W<�.e���� E ù E T 5 W 5�E :G7U��; 5%E ���t�+e�� EB5%E e�T 5 p{:8�+78W<�.e���� E Y�R��k¦ 5 7U��W W 5 ;$� Ç �>��; 5%E ú��

9�:�;%<�:�=?>�=®��B © sF p�; Z&[ > GQK%N ; [%O ; [ ¥�y�� G LQ;&p G :�¥�Î GQK <�{ K%N :�;&ß6^X9�=Q:6^ G �6�%ïQ��v6L G n K�Z ; H 
\ ×
_ � G LQ;&p G :�¥�Î GQK aS` H6G ßt� G L%;%p G :�¥�Î GQK y��Q9�ÍQ����Ó�{�B J�H�Z ; H yu<�{�Õ
d ë
e ×
g K :�¥M×
h ä ��9�ÍQ���QÓ } n6=Q:�=?>�Y Z ^ K yua�{ ä ��9�Í%����Ó } ^ K = K�G > GUH�K yu<�{
i ë
k L%= K L N y�9�=Q:�^ G ��v6L G n K6Z ; HzG {
Frq ×
FuF LQ; H ^ J > G è H�K6Z Yçyu<Cö G öíl�> GQK%N ; [&O ; [ ¥�l&{�Õ
Fr\ ë
Fr_ ë
F|d
Fre p�; Z&[ = K : ZbO ^ K = K yr� G LQ;%p G :�¥�Î G%K <�{ K&N :�;&ß�^o9�=Q:6^ G �6�%ïQ��v�L G n K6Z ; H 
Frg ×
F�h � G LQ;&p G :�¥�Î GQK a�Dí` H�G ßS� G L%;%p G :�¥�Î GQK yuÍ�Î�Î�Ò%Ñ%Ó�{�B J�H�Z ; H yu<�{�Õ
Fri ë
Frk ×
\uq K :�¥M×
\�F Y&p�=�Y J6G yua�DQ{ ä Í�Î�Î�Ò%Ñ%Ó } y =�Y�;�L G v%n�: G ^�^ Z ; H yu<�{ ]üG v%n�: G ^�^ Z ; H yu<�{Q{
\u\ ë
\u_ L%= K L N y�9�=Q:�^ G ��v6L G n K6Z ; HzG {
\�d ×
\ue LQ; H ^ J > G è H�K6Z Yçyu<Cö G öíl?= K : ZbO ^ K = K l%{�Õ
\ug ë
\�h ë
\ui
\uk p�; Z&[ ^ J n G :�^ K = K yr� G LQ;%p G :�¥�Î G%K <�{ K&N :�;&ß�^o9�=Q:6^ G �6�%ïQ��v�L G n K6Z ; H 
_uq ×
_�F � G LQ;&p G :�¥�Î GQK aS` H6G ßt� G L%;%p G :�¥�Î GQK y��Q9�ÍQ����Ó�{�B J�H�Z ; H yu<�{�Õ
_u\ ë
_u_ ×
_�d K :�¥M×
_ue ä ÎUè�9���� }Aä ��9�ÍQ�Q��Ó } =Q:�<�Y Z ^ K y�a�{ ä ��9�Í%����Ó }
_ug ë
_�h L%= K L N y�9�=Q:�^ G ��v6L G n K6Z ; HzG {
_ui ×
_uk LQ; H ^ J > G è H�K6Z Yçyu<Cö G öílU^ J n G :6^ K = K l%{�Õ
d�q ë
dîF ë
d�\
d�_ p�; Z&[MZ a6^ K = K y�� G L%;%p G :�¥�Î GQK <�{ K%N :�;&ß�^T9�=Q:�^ G �6�%ï%��v6L G n K6Z ; H 
dud ×
d�e � G LQ;&p G :�¥�Î GQK a�Dí` H�G ßS� G L%;%p G :�¥�Î GQK y��Q9�ÍQ����Ó�{�B J�H�Z ; H yu<�{�ö
d�g a © ` H�G ßS� G L%;%p G :�¥�Î GQK y��Q�6Î&��{�B J�H�Z ; H yu<�{�Õ
d�h ë
d�i ×
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d�k K :�¥M×
euq ä Ò&ï }Sä �Q9�ÍQ����Ó }SG v%n�: G ^�^ Z ; H yua�DQ{ ä ��9�ÍQ����Ó } ^ K = K�G > G&H�K yua © {
e�F ���6����
�Í�#���ÍQÞ/yEDQ{ ä ���6Î&� } ^ K = K�G > G&H�K y�<�{ �
eu\ ë
eu_ L%= K L N y�9�=Q:�^ G ��v6L G n K6Z ; HzG {
e�d ×
eue LQ; H ^ J > G è H�K6Z Yçyu<Cö G öíl Z a6^ K = K l%{�Õ
eug ë
e�h ë
eui
euk
guq p�; Z&[ a�;%:6^ K = K y�� G LQ;%p G :Q¥�Î GQK <�{ K%N :�;&ß�^T9�=%:6^ G �6�&ïQ��v6L G n K6Z ; H 
g�F ×
gu\ � G LQ;&p G :�¥�Î GQK a�Dí` H�G ßS� G L%;%p G :�¥�Î GQK y�ÎU� Û Ò%Ù��U�6�&Ó�{�B J�H�Z ; H yu<�{�ö
gu_ a © ` H�G ßS� G L%;%p G :�¥�Î GQK y��Q9�ÍQ����Ó�{�B J�H�Z ; H yu<�{�Õ
g�d ë
gue ×
gug K :�¥M×
g�h ä ï��&� }Sä ��9�ÍQ���QÓ } ��= K : ZbO ^ K = K yua�DQ{ ��ä ÎU� Û Ò%Ù��U�6�&Ó }
gui � G v%n�: G ^�^ Z ; H yua�D%{ ��ä Î&� Û Ò%Ù��&�6�&Ó }
guk ��= K : ZbO ^ K = K yua © { ��ä �Q9�ÍQ����Ó }
h�q ^ K = K�G > G&H�K yu<�{
h�F ë
h�\ L%= K L N y�9�=Q:�^ G ��v6L G n K6Z ; HzG {
h�_ ×
hrd LQ; H ^ J > G è H�K6Z Yçyu<Cö G öíl�a�;%:6^ K = K l%{�Õ
h�e ë
h�g ë
huh
h�i p�; Z&[ =�Y�;�L G v%n�: G ^Q^ Z ; H yr� G LQ;%p G :�¥�Î G%K <�{ K%N :�;&ß�^X9�=Q:6^ G ���%ïQ��v6L G n K6Z ; H 
h�k ×
iuq � G LQ;&p G :�¥�Î GQK a�Dí` H�G ßS� G L%;%p G :�¥�Î GQK y��Q9�ÍQ����Ó�{�B J�H�Z ; H yu<�{�ö
i�F a © ` H�G ßS� G L%;%p G :�¥�Î GQK y��QÐ���Í�Ù�
Q����{�B JQH�Z ; H y�<�{�Õ
iu\ ë
iu_ ×
i�d ä Ó���� } y
iue �6����
�Í�#���ÍQÞCy © { ä ÒUÞ��QÓ�� }Aä ��9�ÍQ����Ó } =Q:�<�Y Z ^ K yua�D%{ ä ��9�ÍQ���QÓ }ò]
iug y ä ÒbÓ�� }ò]ðä Î%�Q��ÒUÓ�Ñ }ò](ä ÒUÞQ��Ó�� } {
i�h y ä ��ÐQ��Í�Ù�
���� }AG v%n�: G ^�^ Z ; H yua © { ä ��ÐQ��Í�Ù�
���� } { �
iui {
iuk ë �

Oò�.W<� 5 7G:8��e�:8� 5 � E �+781���7`Y%R��b��Y%R��>M.� E e�T 5 p{:8�+78W)�'e���� E Y%R��b���+�+�.:8��Wî� 5 W 5 ��7G��R�W<�+e%: 5)5
1���M 5 7 ���|CXC ;$�+1��+Wÿ��� E8E ��7�����78� 5%E W<]�: 5 ; 5%E Y%R�� E T 5 �U9���Wi��; 5%E ;$�+e%:87 5 ;$�>M.� E :U��W3�t]+W
� E8E �^1���M 5 7NV�����7U��Y%R��»� EGE � E W)]+: 5 ; 5%E Wi��� E �'e%:G�+78e 5%E e�T 5 ¦§��S+��W�:U��W3�t]+W ��78�>�+R��t�+7U��S+T 5 ;$�
�+787 5�E C[=»� E8E � E e�T 5 p{:8�+78W)�'e���� E V%:G�+W 5%E e��<;$� Ç e��'S>T 5 ;$��1���78�'I1��+� E ;��>��MK��7U��S È � E � 5 W 5 �

9�:�;%<�:�=?>�=®��B © DF � G LQ;&p G :�¥�Î GQK a�Dí` H�G ßS� G L%;%p G :�¥�Î GQK y��Q9�ÍQ����Ó�{�B J�H�Z ; H yu<�{�ö
\ a © ` H�G ßS� G L%;%p G :�¥�Î GQK y��QÐ���Í�Ù�
Q����{�B JQH�Z ; H y�<�{�Õ�
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=^� EGE �&;$�N��MK��7U��S>T 5 V 5�E 1I��M 5 7G� E ;�� E 1���78�KI1��+� E Å º �µÅ ¹ E T 5 :U��W3�t]+W ���|CXC VØ� 5 � E �>M'� E
E �+7UT 5 R�:G�'M.�'_>��;�� E � 5 W 5 ��7G��R�W<�+e%: 5%E ����78� 5 R$:878� E �U9���Wi��;�� E C fZ5 7J� E8EG5 V E � 5 M'�+�.: 5 7 5 M.9���7
�&�+M'� EGE � ·MD o�� Æ�D�Ë=<7;�DX? VB1��+7U&Y%R�� 5 W<]�: 5 ; 5c����� � � 78��: 5 7GeL� ���@CXC,E � 5 ��7G��R�W<�+e%: 5 ;$�
�+e%:878��;��b:U��W0�L]>W¨� 5 e%:G�'1��+7a� EGE �J1I��M 5 7>C
?^V$� 5 7VH�M.:G�'W 5 V$R�W���7 5 ��M.�>W<�3��7U�I1���V�Y%R�� E R�78���'Rz� 5 W��37G�N��R��t�+7U��S>T 5 ;$�J�>7G7 5�E V 5 � 5 787G�

Y%R���eL; 5 R�Wîe�T 5 pX:G�+78W<�.eL��MP]��U9���Wi��; 5 78�+�t��:8�';���W<�+e%:G�J��V�� 5 :878��:8��7a;��(R�Wî�+787 5)E �.e%:U�:G�K� 5 V
e�T 5 � 5 e E�5 W<�#e��+e�9%R�W : 5 º��+eBC 465 W´� E8EG5 Vk���U9���W<��;���� 5 e%:G�'e	R���� E �+73¦ �+�.:8�&�.e�;�� Ç e��K;���p
W<�+e%:G��C,=»�-e 5�E8E ����7U��Wi�:8�'�>��VZ� E8EG5 ��� 5 e%:G�N���#e 5 e�T 5 pX:G�+78W<�.eL��Mí��� �����¼ü���3Y%R��ä�U9���Wi���� ��.
� ��!#���c�{CÑ? E :G��V6� 5 7 E RL�&1��+_�V@� 5 ;$�}��7 5 1 5 �+��73R�W �+787 5�E �'e%:G]+:G�K� 5 Y�R�� E �+7U�:878��:8��; 5�E �+W
e��>e�9	R�W : 5 º��>e E �>7b� 5 e E R�W<�K; 5 Cz= 5 78��: 5 7Ge 5 VË�� �����¼ü���J�U9L��Wi��p 5z5 R$:G7U�}1��>_�VØ� 5 ��7 5 �+� E8E�5
E �Í78�+�t��:G��C f ��78� EG5 M'R��+� 5 e���7b� EGE �Í��7 5 ��M.�>Wi��V[:G�>W 5%E ;��.1��+7 E � Eb5 �PS È � E C-öd��W 5�E ��; 5 :8��7)�
EG5 M'R�S+T 5 ;$�^¦§��_+�>7F� 5 W Y%R�� E �»�t�+M 5 W)�>e 5�E R�W�: 5 º��>eÍ�+� E �3� 5 W �3�+e%:G7U��;��be��0�U9L��Wi��;��3;$�
��)���)�
!#���c�{V	�+e%:UT 5 �>M.�(]J� 5 e E R�W<�K; 5 V 5 Y%R�� eLT 5)5 � 5 787G� ;��b¦ 5 7GWi�0� 5 W�Y%R��(�+M'�(¦ 5 �y;$� Ç e��K; 5
� 5 7@�>��R E ��; 5 »@�M� ��¶ f ¸�¶�¾ CI· E8E �'W}V�W 5 ;$� Ç �+��W 5�E Wi��� E R�Wi�J1��+_ 5 e�T 5 pX:G�>7GW<�'e���M:�� ��� ��!#���c�
� 5 �$:8�+W 5�Ea5 ��7 5 ��78��Wi�0o$Cª����C

9�:�;%<�:�=?>�=®��B ©�©F p�; Z&[ ^ K = K�G > G&H�K yr� G LQ;%p G :�¥�Î G%K <�{ K&N :�;&ß�^o9�=Q:6^ G �6�%ïQ��v�L G n K6Z ; H 
\ ×
_ � G LQ;&p G :�¥�Î GQK a�Dí` H�G ßS� G L%;%p G :�¥�Î GQK y�ÎU� Û Ò%Ù��U�6�&Ó�{�B J�H�Z ; H yu<�{�Bu: G >�;Qp G yîÒbÞ���Ó���{�Õ
d � G LQ;&p G :�¥�Î GQK a © ` H�G ßS� G L%;%p G :�¥�Î GQK y��QÐ���Í�Ù%��{�B J�H�Z ; H yu<�{�B�: G >�;%p G yéÒUÞ���Ó���{�Õ
e ë
g ×
h K :�¥M×
i ������
�Í�#Q��ÍQÞ/y ä ÒUÞ���Ó�� }
ä ÒbÞ���Ó�� } {
k p�=Q: [�G L%Yåyua�DQ{ ä ÎU� Û Ò%Ù��U�6�&Ó }
Frq ]
FuF ������
�Í�#Q��ÍQÞ/y�D%{
Fr\ = K : ZbO ^ K = K yua�DQ{ ä Î&� Û Ò&Ù��&�6�&Ó }
Fr_ ]
F|d p�=Q: [�G L%Yåyua�DQ{ ä ÎU� Û Ò%Ù��U�6�&Ó }
Fre ]
Frg n�: ZbH�K ^ K = K yua�DQ{ ä Î&� Û Ò&Ù��&�6�&Ó }
F�h ]
Fri : G = [ ^ K = K yua�D%{ ä Î&� Û Ò%Ù��&�6�&Ó }
Frk ]
\uq : GQK%J : H ^ K = K y�a�DQ{ ä Î&� Û Ò%Ù��&�6�UÓ }
\�F ]
\u\ ^ J n G :6^ K = K yua�DQ{ ä Î&� Û Ò&Ù��&�6�&Ó }
\u_ ]
\�d Z a6^ K = K yu<�{
\ue ]
\ug a�;%:6^ K = K yu<�{
\�h ]
\ui ä ��Ð���Í�Ù&� } ^ K = K Y Z ^ K y�a © { ä ��Ð���Í�Ù%� }
\uk ]
_uq ä Ð�����Í�
 }Aä Î&� Û Ò&Ù��&�6�&Ó }
_�F ]
_u\ ä Î&� Û Ò%Ù��&�6�&Ó }
_u_ ë
_�d L%= K L N y�9�=Q:�^ G ��v6L G n K6Z ; HzG {
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_ue ×
_ug LQ; H ^ J > G è H�K6Z Yçyu<Cö G öílU^ K = K�G > G&H�K l%{�Õ
_�h ë
_ui ë �

5.4 Arquivos-fonte do compilador
ök�+78�+W 5�E V�� E �>��R��'7NV	��M.��R�e E ��g$�>W)��M 5%E ;��)7G�N��R��t�+7U��S>T 5 ;��(�>7G7 5�E 78�>��M'�'_>��;��b�t�+M 5 e 5�E8E�5 · m C
= 5 ;��.78��:8¯�78� 5 ���
��!19��L��� V 5 M'�+�.: 5 7@� 5 ;$�`�>e�� 5 e�:878��7 5�E ��78Y%R��'1 5%E 9:����ü�����!o�á8�V����������
	������´�á8�V��
�L���.
�
���'	��"�á8�V:!#���%$���	�	&�����»�á8�V:!#���%$���	�����	��"�á8�V:������	����
�»�á8�V=9�������!l�¼ü�����á8�Vc��)���)�
!"�
���9�á8�V��� ��� ��!#���c� · �á8�V
����� üG����� ���9�á8��Ä��89:������� üG���¯�á8�VÌ��R�v 5�E e 5 W)� E �.eL;$�'�>��W Y%R���� EJ5%E W<]+: 5 ; 5�E Y%R��)¦§��_>�+W �ä78�>�+R$p
�t�+7U��S+T 5 ; 5�E �>7G7 5�EJE �.e%:U�:G�K� 5%E e��>M.� E � 5 e�:8�'; 5�E Czû � E :G� E V[�.78�+W 5�E ��e���M.� E ��7����t�+e�� E :G7�I E C}¤
��78�.W<�>�.7 5 ]0�#7G�N��R��t�+7U��S>T 5 ¦ �+�.:8�Í�L�>M 5 W<]�: 5 ; 5 9�����ü�����!)C�¤���7 5 ��78��Wi�i� E �>7 R�:G�'M.�'_>��; 5 V�v�
� 5 W<�+e%:8��; 5 eL� E �>S>T 5 o$C /�V	] 5iE �+��R��.e%:G�%ù§��78Y%R��'1 5 9�����ü�����!��á8tú��
`&h=^�iXi�S�_�i�S¡�
Ì
S�_ � S�S&Q�^&S¼b=i�[�\&S¡^ � `&h=^�iXi �
`&h=^�iXi�S�_�i�S ~ �
Ì
?kg$�>�+R$:8��e�; 5»5 � 5 W)���.MK��; 5 7

X++
E�5 ��7G�@� E8E �6��7 5 ��7U��Wi��V 5 �$:8�+W 5�EÌ5 E �+��R��.e%:8�@78� E R�MH:U��; 5 �

`�^�T ��� ��©X^&]7^�T�^&d�i�_&dªZ�h=^�[7���£��aX_�gX�7�K��d�_�`�\&]7_&d � ZXZ�W�i=i�^�f�Tch&_�i&W�T7d7\&�Xd7^�fNZ ��7óXó ² \�f�T�b�h=_�d�����_�d�i7b�\�[ } Z � � ~X�=���
� _X^&a�b�[7�¤�&d�\�f¦��b�h=_ ZXZ6W�iXi�^�f�Tch=_�i&W�T7d�\&�&d�^�fNZ � Z�Z�Z
�X�X� T7d7\&�Xd�^�f �=�X�

°�� [:`�d�\�[�b���b�[X� ° _�S«UÄ`&h=^�iXi
± �=[�\&d:b'[7��S�\&ö7_�[VU�õ ±�$ M^ ò� 
± �=[�\&d:b'[7��S�\&ö7_�[VU�õ ±�$ M^ ò� 
± �=[�\&d:b'[7��S�\&ö7_�[VU�õ ±�$ M^ ò� 
± �=[�\&d:b'[7��S�\&ö7_�[VU�õ ±�$ M^ ò� 
± �=[�\&d:b'[7��S�\&ö7_�[VU�õ ±�$ M^ ò� 
± �=[�\&d:b'[7��S�\&ö7_�[VU�õ�i�S=d:b�[7�K�7`�\�[:i�S7^�[7S  
� \��X[�a¡i � [:`�d�\�[:b���b�[7�ÊS�\&ö�_�[VU�`&h=^�i=i

 [:`�\��X[7S�_�d�_=a � S�_ � S � ^�S¦h�b'[�_ � Ñ�`�\7h���f�[ } Z
_�^�i�_ � T�_�`�S:b'[7��\�[�_�\=�eU

õ  \ �  
� `�h=^�iXi � Z=ZXZ

��a _ � b=`�^7h  dXd�\�d�i��7\��X[7a
}c°&� [7S�^�`�S:b=`  dXd�\&d�i��X\��X[�a
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= 5 :G�»Y%R��»��� 5 78�J�J78�>��R��L�>78��S+T 5 ]`¦ �>�H:U�b;$�^Wi��e��+�'78����;$�>Y%R���;���V��`: 5 ; 5%E ��Y%R��>M.� E : 5 º��>e E
�+e%:87G�»� E ;$� Ç e��KS È � E ;$�(��MK� E8E � E ¦ 5 7U��W�;$� E ��78�+_N��; 5%E � � E ;$R�� E �+M'� EGE � E ¦ 5 7U��W���e���M.� E ��;�� E ;��
Wi��e��>�.7U�0� E �L�>78��;���C@¤ ��7G¯Ig$�'W 5 ] 5 ��7 5 ��7U��Wi�(���*� üG����)�����á8�V$�>W¨Y%R����)7G�N��R��t�+7U��S>T 5 ]J¦ �>�H:U�
;$�>e�:87 5 ; 5 W<]�: 5 ; 5 ����� üG��� ���XC
`&h=^�iXi�S�_�i�S¡�
b�[7S Ò ÓÊf � b'[7S�^ �
�
b�[7S¤gªÑ` �b�[7S�a �

g¦¢=¢¦`�ó£a �a«Ò � � ¢ �Ë�a«Ò � � ¢=¢¼`�ó¡a �Ì
Ì
`&h=^�iXi�S�_�i�S ~ �
Ì
f ��7U�0� EGE �J��7 5 ��7U��Wi��V 5 · m ��7 5 ;$R�_ 5iE �>��R��'e%:G�J78� E R�MH:U��; 5 �

`�^�T ��� ��©X^&]7^�T�^&d�i�_&dªZ�h=^�[7���£��aX_�gX�7�K��d�_�`�\&]7_&d � ZXZ�W�i=i�^�f�Tch&_�i&W=^&S=d:b�g�i�S7^&S«Z ��7óXó ² \�f�T�b�h=_�d�����_�d�i7b�\�[ } Z � � ~X�=���
� _X^&a�b�[7�¤�&d�\�f¦��b�h=_ ZXZ6W�iXi�^�f�Tch=_�i&W&^&SXd:b
g:i�S7^�SªZ � Z�Z£Z
�X�X� ^&S=d:b�g:i�S7^&S �X�X�

°�� [:`�d�\�[�b���b�[X� ° _�S«U � Ì��¦i��=T�_&d�i�SXd�b�[7�¤d�_&S&�7d=[�d�_X^&a¤TXd:b�[7S
b'[7S¼b��£�X\&d¦`&h=^�iXi�g7d7_X^&ö
± �=[�\&d:b'[7��S�\&ö7_�[VU,¢X¢
± �=[�\&d:b'[7��S�\&ö7_�[VU�õ ±�$ M^ ò� 
± �=[�\&d:b'[7��S�\&ö7_�[VU,ó
± �=[�\&d:b'[7��S�\&ö7_�[VU�õ ±�$ M^ ò� 
� \��X[�a¡i � [:`�d�\�[:b���b�[7�ÊS�\&ö�_�[VU �

 [:`�\��X[7S�_�d�_=a � ¢X¢ � ^&S¡h�b�[�_ � Ñ�`�\7h���f�[��eZ
_�^�i�_ � T�_�`�S:b'[7��\�[�_�\=�eU

� Ò � Z=ZXZ
� Z � Z=ZXZ
� ¢ � Z=ZXZ
õ ±Q$ M^ ò�  Z=ZXZ

�X�X� h�]7^7h���_ �X�=�
°�� [:`�d�\�[�b���b�[X� ° _�S«U(¢ � Ì¡�¡i��XT�_�d�i�SXd:b�[X�¤d�_&S=�7d&[�d�_X^=a�T7d:b'[7S
b'[7S¼b��£�X\&d¦`&h=^�iXi�g7d7_X^&ö
± �=[�\&d:b'[7��S�\&ö7_�[VU �
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� \��X[�a¡i � [:`�d�\�[:b���b�[7�ÊS�\&ö�_�[VU,¢
 [:`�\��X[7S�_�d�_=a � � � ^&S¦h�b�[�_ � Ñð`�\7h���f�[ � Z_�^�i�_ � T�_�`�S:b'[7��\�[�_�\=�eU

� Ó � Z=ZXZ
�� c� Z=ZXZ
� õ � Z=ZXZ
� ¢=¢ � ZXZXZ
� õ�¢ � ZXZXZ
��  ¢ � ZXZXZ
� � ¢ � ZXZXZ
� ó � Z=ZXZ
� � � Z=ZXZ
� � � Z=ZXZ
� W � Z=ZXZ
� ý � Z=ZXZ

�X�X� h�]7^7h���_ �X�=�
°�� [:`�d�\�[�b���b�[X� ° _�S«U(¢ � Ì¡�¡i��XT�_�d�i�SXd:b�[X�¤d�_&S=�7d&[�d�_X^=a�T7d:b'[7S
b'[7S¼b��£�X\&d¦`&h=^�iXi�g7d7_X^&ö
± �=[�\&d:b'[7��S�\&ö7_�[VU �
± �=[�\&d:b'[7��S�\&ö7_�[VU,¢X¢
± �=[�\&d:b'[7��S�\&ö7_�[VU�õ ±�$ M^ ò� 
± �=[�\&d:b'[7��S�\&ö7_�[VU,ó
± �=[�\&d:b'[7��S�\&ö7_�[VU�õ ±�$ M^ ò� 
� \��X[�a¡i � [:`�d�\�[:b���b�[7�ÊS�\&ö�_�[VU �

 [:`�\��X[7S�_�d�_=a � � � ^&S¦h�b�[�_ � Ñð`�\7h���f�[ � Z_�^�i�_ � T�_�`�S:b'[7��\�[�_�\=�eU
� Ó � Z=ZXZ
�� c� Z=ZXZ
� õ � Z=ZXZ
� ¢=¢ � ZXZXZ
� õ�¢ � ZXZXZ
��  ¢ � ZXZXZ
� � ¢ � ZXZXZ
� ó � Z=ZXZ
� � � Z=ZXZ
� � � Z=ZXZ
� W � Z=ZXZ
� ý � Z=ZXZ

�X�X� ^&S=d:b�g:i�S7^&S �X�X�
°�� [:`�d�\�[�b���b�[X� ° _�S«U � Ì��¦i��=T�_&d�i�SXd�b�[7�¤d�_&S&�7d=[�d�_X^&a¤TXd:b�[7S
b'[7S¼b��£�X\&d¦`&h=^�iXi�g7d7_X^&ö
� \��X[�a¡i � [:`�d�\�[:b���b�[7�ÊS�\&ö�_�[VU �

��a _ � b=`�^7h  dXd�\�d�i��7\��X[7a
�!°&� [7S�^�`�S:b=`  dXd�\&d�i��X\��X[�a
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=^� EGE �z�>� EG5 V 5 ��78�'W)�>�.7 5 �+787 5 VkY%R��Í]ä� E R�� E :G�.:GR��KS+T 5 ; 5-E �'e���Ma;$�z��:G78�.��R��'S>T 5 +¨�t�+M 5
;$�0�.��R���MK;���;��b7G�>M'����� 5 e���M«+¥+ V�¦ 5 �Z7G�N��R��t�+7U��; 5 �t�+M 5 ����� üG��� ���XVt�'��e 5 7U��e�; 5i5%E : 5 º��+e E ��:G] 5
� 5 e%: 5 pX�+pX1 â 7G��R�M'�0Y%R��b;$�+M'�'W)�.:8� 5 � 5 Wi��eL; 5 Ck= 5 :G�bY%R�� E �b�)7G�N��R��t�+7U��S>T 5 :G�'1�� E8E �(R�:G�'M.�'_>��; 5
R�W¦� ûúýÈ÷&� 5 W 5^E �'e���7 5 e��._N��; 5 7>V��L��7U��78�'�6e 5 �K;$�+e%:8� Ç �>��; 5 7Vo0� 5 R$:G7 5 �+787 5`E �+78�'�a��� 5 e�:U��; 5 C
¤ E �+��R�e�; 5 �+787 5 ](�+eL� 5 e%:878��; 5 ;$�>e�:87 5 ;$�l�5�����5���J�J�378�>�+R��t�+7U��S+T 5 ]»¦ �>�H:U�3� 5 7a� EGE �»W<� E W 5
e�T 5 pX:G�+78W<�.eL��MXV�� 5 e E R�W)�'e�; 5i5%E : 5 º��>e E ��:8](+ C6? 5 :G�+7U���>�.7 5 �+787 5 ]3�+e�� 5 e%:G7U��; 5 ;$�>e%:G7 5 ;$�
�5�����5���+VZWi� E ��78�>�+R��t�+7U��S+T 5 :8�+W Y%R�� E �+7�¦ �>�H:U��;$�+e%:87 5 ;$�¯�5�����5���z�Í;$�>� 5 � E �+W ����� üG��� ���XC
·^�t� E ��7^;�� E8E�5 V$R�Wi�"H�e��K�+�)W<�+e E �����+W�]��>W<�H:8�';��<�L��7U�3� EGE �J�+787 5 V%��78��S+� E«J ��MH:8�+7U��S+T 5 ¦ �>�H:U�
e 5 W<]�: 5 ; 5 o6� ��³���>DM����?���C C
?ò����7U� 5 ��7 5 ��7U��Wi�(��8�9��������UüG���¯�á8�V�Y%R���]JW 5�E :G7U��; 5 � E �>��R��'7NV

`&h=^�iXi�S�_�i�S¡�
b�[7S Ò ÓÊf � b'[7S�^ �
�
b�[7S¤gªÑ` �b�[7S�a �

b�� � ^�ó�g¦õ   ` �
�`¤¢£^eZ � � }�� Ñp^¦�   gªÑ�`¡�   a � ��7\&d � � ^�¢=¢X¢ �Ë� ^�¢£^�ó � Z �
�Ì

Ì
`&h=^�iXi�S�_�i�S ~ �
Ì
:G�>W 5�E � E �>��R��'e%:G�J��g$�N��R�S>T 5 �

`�^�T ��� ��©X^&]7^�T�^&d�i�_&dªZ�h=^�[7���£��aX_�gX�7�K��d�_�`�\&]7_&d � ZXZ�W�i=i�^�f�Tch&_�i&W=_ � T7d�_�i=iXb�\�[ªZ ��7óXó ² \�f�T�b�h=_�d�����_�d�i7b�\�[ } Z � � ~X�=���
� _X^&a�b�[7�¤�&d�\�f¦��b�h=_ ZXZ6W�iXi�^�f�Tch=_�i&W&_ � T7dX_�iXiXb�\�[VZ � Z�Z£Z
�X�X� _ � T7d�_�iXiXb�\�[ �X�=�

°�� [:`�d�\�[�b���b�[X� ° _�S«U � Ì�� � i��XT�_�d�i�SXd:b�[X�¤d�_&S=�7d&[�d�_X^=a�T7d:b'[7S
b'[7S¼b��£�X\&d¦`&h=^�iXi�g7d7_X^&ö
± �=[�\&d:b'[7��S�\&ö7_�[VU  
± �=[�\&d:b'[7��S�\&ö7_�[VU�õ ±�$ M^ ò� 
� \��X[�a¡i � [:`�d�\�[:b���b�[7�ÊS�\&ö�_�[VU �

 [:`�\��X[7S�_�d�_=a �� �� ^&S¦h�b�[�_ � Ñð`�\7h���f�[ } �eZ
_�^�i�_ � T�_�`�S:b'[7��\�[�_�\=�eU

õ�b'[7SK��`�\�[:i�S�^�[XS   Z=ZXZ
õ�i�SXd:b�[7�E��`�\�[:i�S�^�[7S   ZXZ=Z
� [=�chXh � ZXZ=Z
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õ ±Q$ M^ ò�  Z=ZXZ
� � � Z=ZXZ
� ó � Z=ZXZ
� � � Z=ZXZ

�X�X� _ � T7d�_�iXiXb�\�[ �X�=�
°�� [:`�d�\�[�b���b�[X� ° _�S«U¶[X�chXh

�X�X� h�]7^7h���_ �X�=�
°�� [:`�d�\�[�b���b�[X� ° _�S«U¶[X�chXh

�X�X� _ � T7d�_�iXiXb�\�[ �X�=�
°�� [:`�d�\�[�b���b�[X� ° _�S«U � Ì��¦i��=T�_&d�i�SXd�b�[7�¤d�_&S&�7d=[�d�_X^&a¤TXd:b�[7S
b'[7S¼b��£�X\&d¦`&h=^�iXi�g7d7_X^&ö
± �=[�\&d:b'[7��S�\&ö7_�[VU  
± �=[�\&d:b'[7��S�\&ö7_�[VU�õ ±�$ M^ ò� 
± �=[�\&d:b'[7��S�\&ö7_�[VU�Ñ
± �=[�\&d:b'[7��S�\&ö7_�[VU�õ ±�$ M^ ò� 
± �=[�\&d:b'[7��S�\&ö7_�[VUÄ�
± �=[�\&d:b'[7��S�\&ö7_�[VU  
± �=[�\&d:b'[7��S�\&ö7_�[VU�õ ±�$ M^ ò� 
± �=[�\&d:b'[7��S�\&ö7_�[VU �
� \��X[�a¡i � [:`�d�\�[:b���b�[7�ÊS�\&ö�_�[VU �

 [:`�\��X[7S�_�d�_=a �� �� ^&S¦h�b�[�_ � Ñð`�\7h���f�[ }�� Z_�^�i�_ � T�_�`�S:b'[7��\�[�_�\=�eU
õ�b'[7SK��`�\�[:i�S�^�[XS   Z=ZXZ
õ�i�SXd:b�[7�E��`�\�[:i�S�^�[7S   ZXZ=Z
� [=�chXh � ZXZ=Z
õ ±Q$ M^ ò�  Z=ZXZ
� � � Z=ZXZ
� ó � Z=ZXZ
� � � Z=ZXZ

�X�X� _ � T7d�_�iXiXb�\�[ �X�=�
°�� [:`�d�\�[�b���b�[X� ° _�S«U � Ì��¦i��=T�_&d�i�SXd�b�[7�¤d�_&S&�7d=[�d�_X^&a¤TXd:b�[7S
b'[7S¼b��£�X\&d¦`&h=^�iXi�g7d7_X^&ö
± �=[�\&d:b'[7��S�\&ö7_�[VU,¢
± �=[�\&d:b'[7��S�\&ö7_�[VU�õ�b�[XSK��`�\�[�i�S�^�[7S  
� \��X[�a¡i � [:`�d�\�[:b���b�[7�ÊS�\&ö�_�[VU �

 [:`�\��X[7S�_�d�_=a � ¢ � ^&S¦h�b�[�_ }�� Ñð`�\7h���f�[ }�� Z_�^�i�_ � T�_�`�S:b'[7��\�[�_�\=�eU
õ�b'[7SK��`�\�[:i�S�^�[XS   Z=ZXZ
õ�i�SXd:b�[7�E��`�\�[:i�S�^�[7S   ZXZ=Z
� [=�chXh � ZXZ=Z
õ ±Q$ M^ ò�  Z=ZXZ
� � � Z=ZXZ
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� ó � Z=ZXZ
� � � Z=ZXZ

��a _ � b=`�^7h  dXd�\�d�i��7\��X[7a
�!°&� [7S�^�`�S:b=`  dXd�\&d�i��X\��X[�a
= 5 ��78�.W<�+�'7 5 �+787 5 V	�b78�>��R��L�>78��S+T 5 ]»¦ �>�H:U�3e 5 7GWi��M.W<�+e%:8�»� 5 7y��8�9������� üG���LV�� 5 �>e�� 5 e%:G7U��7

R�W E �.eL��7 5 e��'_>��; 5 7NVLY%R��)] 5 ¦ �>�U9��z����7�I>e�:8� E � E C(°% 5äE �>��R�eL; 5 �>7G7 5 ]0�+e�� 5 e%:G7U��; 5 e 5 W<]+p
: 5 ; 5 ��8�9�������� üG����Vt�U9���Wi��; 5 ;$�3;$�>e�:87 5 ; 5 ���*ü��¼ü���{VPY%R���V�� 5 7 E R��<1��+_�V�� E :8i;$�>e%:G7 5 ;��bR�Wi�
�U9���W<��;��#;$�(�5�����5���)� 5 R$:878�#;��p��8�9��������UüG����CJ= 5 :G�0Y%R��)�Í�U9���Wi��;��i;$���5�����5���+VO���*ü��¼ü���»�)�
�U9���W<��;��bWi��� E �'e�:8�+78e��);$�"��8�9�������� üG��� E T 5 ¦ �+�.:8� E � 5 W 5 � 5 e�v*R�e%: 5 ;$� E �'e��+7 5 e��._N��S>T 5 �'��R���M
� ���|CXC V 5 Y%R��b�'e�;$�K�+�zY�R��b� E8E � E W<]�: 5 ; 5�E e�T 5 ;��+1��>Wî¦§��_+�>7 �#78�>�+R��t�+7U��S+T 5 ;$�3�>7G7 5 V�Wi� E
E �.W<��M'� E W<�+e%:G� ��7 5 �����%��7d���+g����>S>T 5 CØOà� E8E�5 Y%R�� W 5�E :G7U��� E � â ;���; 5 · m C D ��e�: 5 ��89:������� üG���
Y%R���e%: 5 �5�����5���)78�>���>�L�>W«� 5 W 5 ����78®�W)�+:G7 5i5 1���M 5 7/�c�7�±�¼VP;$�+�.g���e�; 5 �L��7U�i�#�U9���Wi��;��<Wi��� E
��g	:8�+78e�� ;��y��8�9�������� üG���Í� 7G�N��R��t�+7U��S>T 5 VIY%R��a]F¦ �+�.:8� E �.eL��7 5 e��'_>��e�; 5 �(�>e�:878��;��»� 5 W 5 � 5 e%: 5 p
��pr1 â 78��R�M'��Cá2 R���MKY%R��+7[�+787 5(E �.e%:U�:G�K� 5 ;$�>e�:87 5 ;�� M.� E :8�J;$�a��78��R�W<�+e%: 5�E V�� 5 W 5 e�� E :G�a��g$�>W)��M 5 V
EG5 W<�+e%:G� E �>7G�K�<:G7U��:U��; 5 � 5 7(� E8E �i�U9���Wi��;��iWi��� E ��g	:8�+78e���C»= 5 :8�+7U���+�'7 5 �+787 5 VL�i78�>�+R��L�>78��p
S+T 5 ]»¦ �+�.:8�3:8��W0�L]>W � 5 7¥��8�9�������� üG����V�� 5 e E R�W<�'e�; 535%E : 5 º��+e E ��:8] ���U9L��7 5 � 5 e%: 5 pr��pr1 â 78��R�M'�
;$�>e�:87 5 ; 5 � 5 Wi��e�; 5 ý���� C
?^VZ� 5 7nH�M.:G�'W 5 V Ç �>�&� E R���� E :8T 5 � 5 M'�+�.: 5 7<;$�ä����M'�'�>��7 5 e 5�E8EG5 · m � 5 Wÿ7G�N��R��t�+7U��S>T 5

;$�#�>7G7 5�E � 5 ��7 5 ��78��W<� �+ü±����������.6�
�����.)� ü±�c��Í��{üG���"�á8�VkY%R��i:U��W3�t]+W E �#�+e�� 5 e%:G7U�}e 5 ;$�'78��:G¯�7G� 5
���
��!19��L�����bY�R�� ¦ 5 �BR$:8�.M'�._N��; 5 e 5 �>��� â :GR�M 5 �<����7U�);$�+W 5 e E :878��7a�)R$:8�.M'�'_>��S>T 5 ; 5 · m C
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Capítulo 6

Geração da Árvore
Sintática

¤\· m ;$�JR�W«� 5 W)���.MK��; 5 7F;��+1���V���M']+W�;$�J�K;$�+e%:8� Ç �>��7 E �J�0�+e%:878��;��b¦ 5 7Ge��>���K;��0�L�>7�:8�+e��+�
5 R&e�T 5�J M'�.e���R������+W ;$� E �*v���;��#�)78�+� 5 7G:8��7 5�E � 5%EGEGâ 1��+� E �>7G7 5�E ��g$� E :G�>e%:G� E VP��7 5 ;�R�_+�'7(� 5 W 5
E � â ;��#R�Wi�z7G�>��78� E �+e%:8��S+T 5 ; 5 ��7 5 ��78��W<�ÍY�R��0�'78 E �>7G1	�'7»����78�zY%R��)� E ¦§� E � E E R��+� E8E �'1�� E ; 5
� 5 W<���.MK��; 5 7`� 5�E8E ��W E �+7»�+g$�>��R�:8��;�� E C@? E8E �#7G�>��7G� E �>e%:8��S>T 5 ]3�i�781 5 7G� E �.e%:U�:G�K�+� 5 R}�781 5 7G�
;$�b;$�>7G�'1���S>T 5 C
=^� E :8�(�>��� â :GR�M 5 �.78�+W 5�E � E :GR�;���7F� E8E �b¦ 5 78W<�0;$�(7G�>��7G� E �>e%:8��S>T 5 �J� 5 W 5 �.W<��M'�+W<�>e�:U�prM'��C

l e��K���K��M'W<�+e%:G�0W 5%E :878��7G�>W 5�E`5 Y�R��0]0R�Wi�Í�781 5 7G� E �'e�:U�:8�'�>�#�0� 5 W 5 � 5 ;$� E �>7 R E ��;��i����7U�
78�+��78� E �+e%:8��7`�);��+78�.1���S>T 5 ;$��R�Wi�i�+��;$�+�K�<;��<M'�.e���R������+W}Cdû �+� 5 � E 1��>7G�>W 5%E � 5 W 5 �i;$� Ç e��.p
S+T 5 ; 5 · m ;��)M.�'e���RL�����>W

X++
;$�+1�� E �+7`��MH:8�+7U��;��0����7U�)Y�R���V�� 5 ��e���M'� E ��7 5 ��7 5 ��7U��Wi�0;$�

�+e%:878��;���V$� 5 e E :G78R��<�)�7G1 5 78� E �.e%:U�:G�K�+�<� 5 787G� E � 5 e�;��+e%:G��C

6.1 O que é a árvore sintática
û(��;�� E R�Wi�à�>��;$�>�'��¹ Y%R����t�+7G:G�+eL��� J M'�'e���R������>W »���R�Wi�¬¹JA 4 » Y%R��&;$� Ç e��&� EGE �
M'�.e���R������+W}Vy����78�z�.eL;$�'�>��7�Y%R���� E�E T 5 � E ��7 5 ;�R�S È � E Y%R��i;$�>1��+W E �>7J����M'�'�>��;�� E �L��7U�Í���+7U��7
� E8E �»�+��;$�+�K��VI� 5 ;$�+W 5�E W 5�E :G7U��7[� E �>Y=k�I>e����K�»;��F;$�>7G�'1���S È � E ;��.78��:U� E �F� E ¦ 5 7GWi� E[E �+e%:G�>e����K��� E
�'e�:8�+78W<�>;$�K�78�'� E R E ��;�� E ��:8]���MK�+��eLS+��78W 5�E �)�>��;$�>�'�0�+W¨Y�R�� E :8T 5 C f[5 7a��g$�+W<��M 5 V$R$:8�.M'�'_>��eL; 5
�)��7U��Wi�:8�'�>�0;��0M'�'e���R������>W

X++
�J�<�>��;$�>�'�

`&h=^�iXi�S�_�i�S¡�
Ì
`&h=^�iXi�S�_�i�S ~ �
Ì
:G�>7 â ��W 5%E � E �+��R��.e%:8� E �>Y=k�I>e����K�<;$�b;$�>7G�'1���S È � E ;��.78��:U� E �

"N��/
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〈program〉 ⇒
〈classlist〉 EOF ⇒
〈classdecl〉 〈classlist〉 EOF ⇒
class test 〈classbody〉 〈classlist〉 EOF ⇒
class test { } 〈classlist〉 EOF ⇒
class test { } 〈classdecl〉 EOF ⇒
class test { } class test2 〈classbody〉 EOF ⇒
class test { } class test2 { } EOF

465 W � E8E�5 V E ���L�>W 5%E �+g���:8��W<�+e%:G�<Y%R���� E ¦ 5 7U��W � E ��7 5 ;$R�S È � E ����M'�'�>��;�� E e��z¦ 5 7GWi��S>T 5
;����+��;$�+�K��C¬½»Wi��¦ 5 7GWi����M.:G�+78e���:G�'1I�-;$�}7G�N��M'�._N��70� E8E � 5 �t�+7U��S+T 5 ]ä� 5 7<W)�>� 5 ;����781 5 7G�
E �.e%:8�:G�K�+��C}û(��;����&¹JA 4 VØR�Wi���781 5 7G� E �.e%:U�:G�K�+��]#R�Wi���781 5 7G�<7 5 :8R�M'��;�����R�v���78���._<:8�+W
E �+W<��78� 5 e�T 5 pX:G�>7GW<�'e���MP�'e��'�+�'��MB� 5 W 5 78¯�:8R�M 5 Ck=^R�Wi�i;$�>7G�'1���S+T 5

S ⇒ α1α2...αn

5 e�¯ ; :G�+W©� 5 W 5àÇ M.9 5%EX� e�¯ E 7 5 :8R�M'��; 5�E
α1

��:8]
αn

C 4 ��;��àR�W ;�� E8E � E e�¯ E Y%R��-]
e�T 5 pX:G�+78W<�.eL��MB;$�>1��+7U)�+1��+e%:GR���M.W<�>e�:8� E �>7 E R�� E :G�.:GR â ; 5 � E �+7U<78���._b;���R�Wi� E R����781 5 7G�JY%R��
78�+��78� E �+e%:8� 5 R�:G7U�z;$�>7G�'1���S>T 5 VB��:G]iY%R��): 5 ; 5%EJ5�E e�¯ E ¦ 5 M'9�� E�E �*v���W � 5 W)� 5�E : 5%E ���t�+e�� E ;$�
EGâ W0� 5 M 5%E :G�>7GW<�'e���� E C = 5 �>� EG5 ;��#����M.�K�+��S+T 5 ;$�3R�Wi�i��7 5 ;$R�S>T 5 1���_>�'��Vt; 5 :G�'� 5

A → λ
VP�

;$�>7G�'1���S+T 5 ]�78�+��7G� E �>e�:U��;��0� 5 W ú e��<7U���'_ � 5#EGâ W0� 5 M 5
λ
� 5 W 5 7G¯�:GR�M 5 ; 5 H�e��K� 5 e�¯ Ç M'9 5 C

f ��7U� 5 �+g	�>W<��M 5 V$:G�>7 â ��W 5%E �<�7G1 5 78� ;$�b;$�>7G�'1���S>T 5 ;�� Ç ��R�7U�)��C'"�C

〈program〉

〈classlist〉 Î	ÏÑÐ

〈classdecl〉 〈classlist〉

Ò%ÓÕÔ�Ö9Ö ×yØ%Ö�× 〈classbody〉 〈classdecl〉

Ù Ú Ò%ÓÕÔ�Ö9Ö ×yØ%Ö�×�Û 〈classbody〉

Ù Ú

j[�'��R�7U�0��C." u#?kg$�+W<��M 5 ;$�b�7G1 5 78� E �.e%:8�:G�K�+��C

? E8E �&� E :G78R$:GR�7U�&;��z�781 5 7G�i�t�+78W<�H:8�z78�+��7G� E �>e�:U��73�>��;����+M'�+W<�+e%: 5 ; 5 ��7 5 ��7U��Wi��C m R��
R$:8�.M'�._N��S>T 5 �t�+M 5 � 5 W<���.MK��; 5 7b�t�+78W<�H:8�zY%R��z� E ;$�>Wi��� E :8��7G�+¦§� E � E �>7G�>W 78�>��M.�'_>��;�� E V[� 5 W 5
��eL�M'� E � E �+Wi®�e%:G�K�+�¬�&���+7U��S+T 5 ;$����¯$;$�'� 5 V E �*v���W ¦ �+�.:8� E ;$�-¦ 5 78Wi�,� Ç ���'�+e%:G��C�½»Wi�à1��>_
� 5 e E :G78R â ;��ä���7G1 5 78� E �.e%:U�:G�K�+��V 5%E ;$�+Wi��� E �L� E8E�5%E ; 5 � 5 W<���'MK��; 5 7b� 5 e E � E :8�+W �>W 1	� E �.:8��7
� E8E �z�7G1 5 78�3e	R�Wi�z;���:G�>7GW<�'e���;�� 5 78;��+W}C0? EGE �#:U��78��¦§�ä� 5 ;�� E �+7(¦ �>�H:U��;$�<W<��e��+�'7U�ÍW0R��H: 5
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Wi��� E � Ç ���'�+e%:G�z; 5 Y%R��#W<�>;��'��e�:8�Í��M'�+�.:GR�7U��; 5 ��7 5 ��7U��Wi��pX¦ 5 e%:8��Cz= � E �>S+T 5 ��Cª�}1��>7G�>W 5�E
� 5 W 5 �'W<��M'�+W<�+e%:8��7^�<� 5 e E :87GR�S>T 5 ;��<�781 5 7G� E �'e%:8�:8�'�>�)e 5 e 5�E8E�5 � 5 W<���.MK��; 5 7

X++
C

·\e 5%EGE �<R$:G�'M'�._N��S+T 5 ;��#�781 5 7G� E �.e%:8�:G�K�+�<e�T 5 7G�NY%R��+7^Y%R���: 5 ; 5�E`5%E �+M'�+W<�>e�: 5�E ;��bR�Wi�
��7 5 ;$R�S+T 50E �*v���W�� 5 M 5 �+��; 5�E e��<�781 5 78��C l EGEG50E �'��e�� Ç �+�0Y%R��JW3R��.: 5%E ; 5�E e�¯ E ù �>W����>78��M{V%e�¯ E
¦ 5 M'9�� E úa� 5 ;$�+W E �+7(;$� E � 5 e E �K;$�>78��; 5�E e 5 W 5 W<�+e%: 5 ;$�3� 5 e E :G78R��.7(�#�781 5 7G��C fZ5 7»��g$�>W)��M 5 V
Y%R���eL; 5 :G�'1��>7GW 5%E R�W´e�¯&Y%R��z7G�>��7G� E �>e%:8� 5 e�T 5 pX:G�>7GW<�'e���Mí�
�L�����
	&���
�¼Vd� 5 ;$�+W 5%E �+M'�'W)�'e���7
5�E e�¯ EbÇ M'9 5%E � 5 787G� E � 5 e�;��+e%:G� E � 5%E e�T 5 pX:G�>7GW<�'e���� E �
�L�����ä����8�� �
��	�� Vd� 5 � E � E8E � E e�¯ E eLT 5
���+7G� E �+�+e%:8��W¨�'e$¦ 5 7GWi��S>T 5 78�+M'�+1���e�:8�b����78�z� E ;$�+Wi��� E ¦§� E � E ; 5 � 5 W<���'M'��; 5 7NC ? EGE �3:8�.� 5 ;$�
�781 5 7G�)]Í�U9���Wi��;���;$�z�781 5 78� E �'e%:8�:G�K�+����� E :878��:8��C f ��7U� 5 ��g$�+W<��M 5 ��e%:8�+78� 5 7>VÌ:G�+7 â ��W 5�E V
�+e%:UT 5 V��<�7G1 5 78� ��� E :878��:8�);�� Ç ��R�7U�<��Cª�

〈program〉

〈classlist〉

〈classdecl〉 〈classlist〉

×yØ%Ö�× 〈classbody〉 〈classdecl〉

λ
×yØ%Ö�×�Û 〈classbody〉

λ

j[�'��R�7U�)��Cª��u#?kg$�>W)��M 5 ;$�b�7G1 5 78� E �.e%:U�:G�K�+�)��� E :878��:8��C

6.2 Implementação da árvore sintática
·�� 5 e E :G78R�S+T 5 ;��i�781 5 7G� E �'e%:8�:G�K�+�<e 5 e 5�E8E�5 � 5 W<���.MK��; 5 7 5 � 5 7G78� J W)�N;$�K;��#Y%R��3�i��e��M'� E �
E �.e%:8�:G�K�+� E �a��7 5 ��� EGE ��C 4 ��;�� ��g$�>�+R�S+T 5 ;$�aR�W ; 5�E W<]�: 5 ; 5�E � E8E�5 �+�'��; 5�E � 5%E eLT 5 pX:G�>7GW<�'e���� E
��78�K�`R�W\e�¯(;�� �7G1 5 78�k�[���L�>e�;$R�7U�I�de��>M.� 5�E e�¯ EBÇ M'9 5%E CØ? EGE � E e�¯ EBÇ M'9 5%EØE T 5 ¦ 5 7GWi��; 5�E �L�>M 5%E
: 5 º��>e E 78�>� 5 e�9��N���K; 5�E e���Y%R��>M.�6W<]�: 5 ; 5 �6�t�+M 5�EØ5 R�:G7 5�E e�¯ E ��78�'��; 5�E �L�>M'� E �U9���Wi��;�� E � 5 R$:G7 5
W<]�: 5 ; 5�E ;$��e�T 5 pX:G�>7GW<�'e���� E C fZ5 7`�+g	�>W<��M 5 V$R�Wi�i�U9���Wi��;��0� 5 e�T 5 p{:8�+78W)�'e���MË�
�L�����
	&���
�Z�.7U
��78�K��7[R�W�e�¯JY%R��@:8�+W�� 5 W 5 Ç M.9 5�E �+��;��^R�WË; 5�E : 5 º��>e E Y�R��6�>M.�a� 5 e E R�W)�'Rzù{� 5 W 5 ¦� ûúý ÷aú
��R�W 5 R�:G7 5 e�¯à��78�'��; 5 �t�+MK�,�U9���Wi��;��,� 5 e�T 5 pX:G�+78W<�.eL��Mn�
�L�����
���'	���C�· E8E �'W}V`�+W3� 5 7U���
��eL�M'� E � E �'e%:8�:8�'�>� E ��v���;$� E ���>e�;$�>e�:8��V[��� 5 e E :87GR�S>T 5 ;����781 5 7G� E �.e%:8�:G�K�+�}]<¦ �>�H:U��;$�#�����Hg 5
����78�)���'Wi��V 5 R E �*v���V�; 5�E e�¯ E Wi��� E ��7 5 ¦ R�e�; 5%E V$�>W¨;$�'78�>S+T 5lJ 7U���'_�C

4 ��;��äe�¯�;��}�7G1 5 78� E �+7Uz78�+��7G� E �>e�:U��; 5 � 5 7�R�W 5 �$v*��: 5 °��I1��äY�R��)� 5�E8E R��k7G�+¦ �+7�I+e��+�'� E
� 5 R�:G7 5i5 �$v*�+: 5�E VLY%R�� E T 5#E �>R EaÇ M'9 5�E C`=^¯ E ;$�.¦ �+78�+e%:G� E»E T 5 78�+��78� E �+e%:8��; 5�E � 5 7 5 �$v*�+: 5�E ;$�
;$�.¦ �+78�+e%:G� E �+M'� EGE � E CF· EGE �'WäVL:G�>7G�>W 5�E Y%R��3;�� Ç e��'7»R�W<�z��MK� E8E ���L��7U�<7G�>��7G� E �>e%:8��7`R�W¨e�¯z; 5
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:G�'� 5 9�����ü�����!)V 5 R$:878�ä����78�}R�Wÿe�¯�; 5 :G�'� 5 �
�L������¼ü���XV 5 R$:878�}����78���
�L�����
	����
�¼Vk�#� E8E �.W � 5 7
;$�K��e%:G��CØ? EGE � E �+M'� EGE � EkE T 5 ;��>��MK��7U��;�� E ;$�+e%:87 5 ; 5 �L��� 5 :G� ³&<���?�A o ?�� o Ç�Ë�DXD C D 5 ;�� E �>M'� EdE T 5
E R��t�+M'� EGE � E ;$� »XD��:D�Ë�AMCE½ � H7D V�W 5%E :878��;��3e 5 ��7 5 ��7U��Wi�3��C."�C

9�:�;%<�:�=?>�=A«CBED
F n6=�L j =Q< G ^&¥ H�K =�L K6Z L&��: G�G Õ
\
_ Z >�n�;&: K ��; j6GUH Õ
d
e = O ^ K :�=�L K n JQO Y Z LALQY%=�^�^PÑ GUH6G :�=�YUÓ6; [�G ×
g n J�O Y Z LP��; j6GUH n�;�^ ZUK6Z ; H Õ
h
i n J�O Y Z LtÑ G&H6G :�=�Y&Ó6; [�G yu��; j6G&H v�{
k ×
Frq n�;�^ Z&K6Z ; H `PvCÕ
FuF ë
Fr\
Fr_ ë �

?dMK� E �.W<��M'� E W<�+e%:G�3;�� Ç e��0R�Wi�i1���78�'I1��+M N � ³ç�7?�� � � V�Y%R��3��78Wi��_>�+e���V�����7U�i�+��;��ie�¯z;��
�781 5 7G��V�R�Wê: 5 º��>eb;$�d78��¦ �+7�I+eL���K��CB? E8E �k: 5 º��+e E �+7UaR$:8�.M'�._N��; 5 Y%R���e�; 5^5 � 5 W<���'MK��; 5 7B��78�>��� E ��7
� E8EG5 �+�'��7(��M.��R�Wi�z� 5 e E :G78R�S>T 5 ;��ä�7G1 5 78�0� 5 W 5 ��7 5 ��7U��Wi��p{¦ 5 e�:8��C fZ5 7��+g$�+W<��M 5 VÌY%R���e�; 5
5 � 5 7G78�+7JR�Wÿ�+787 5}E �+Wi®�e%:G�K� 5 �>W e�¯�;����781 5 78�)]i��7G�N��� E�5 �'e�;$�K�+��73� 5 ��7 5 ��78��W<��; 5 7 5 eL;$�
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â ÓÕÔ�Ö9Ö9ãÑØ%Ò&ÓÕäZå!æ�Ø
ç å�è�Ø%é2ê�Ô ç å�è�Ø%é2ê�ë â ÓÕÔ�Ö9Öyìíå!æ"î"äïå!æ"Ø

j[�.��R�7U�0��C /3u#?kg$�+W<��M 5 ;$���781 5 7G� E �'e%:8�:8�'�>�)����7U�����L������	&�����¼C

9�:�;%<�:�=?>�=A«CB�ª
F � Z ^ K Ó6; [�G n�:�;%<�:�=b> yE{ K%N :�;Uß�^T9�=Q:6^ G �6�%ïQ��v6L G n K�Z ; H 
\ ×
_ � G LQ;&p G :�¥�Î GQK <S`tï Z :6^ K B|n�:�;%<�:�=?>áÕ
d
e � Z ^ K Ó6; [�G Yt` H�J Y�Yçö [ ` HQJ Y�YåÕ
g ë
h ×
i ä �6�%ï }
k ]
Frq y Yt`ALQY%=�^�^QY Z ^ K yu<�{
FuF K :�¥M×
Fr\ ä �6�%ï } ×%: GQK%J : H YåÕ ë
Fr_ ë
F|d L&= K L N yr9�=Q:6^ G ��v6L G n K6Z ; H�G {
Fre ×
Frg LQ; H ^ J > G è H�K6Z Yåyu<�ö G öílén�:�;&<�:�=b>ål&{�Õ
F�h ë
Fri � [ `Xn�:�;%<�:�=b> yE{ �
Frk {T×T: GQK%J : H YçÕ ë
\uq ë �
? E8E � e�T 5 p{:8�+78W)�'e���M{V��+e%:8T 5 V%7G�+: 5 78e��JR�Wi�0�781 5 78� E �.e%:8�:G�K�+�bY%R��»¦ 5 �tW 5 e%:8��;��b;$�>e�:87 5 ; 5

W<]�: 5 ; 5 ����������¼ü���{C D ��e�: 5 9�����ü�����! Y%R���e%: 5 �
�L������¼ü���»78��: 5 78e���W¨R�W e�¯Í; 5 :8�.� 5 » ��³�?&½ � H�D
Y%R�� E �>78�R�:G�'M.�'_>��; 5)E �+W<��78� Y%R��(��78�>�+� E ��78W 5�E 78�+��78� E �+e%:U��7@R�W ��78R�� 5 7G�>�L�+:G�.:G�'1 5 ;$� e�¯ E ;��
�781 5 7G��V�� 5 W 5 R�Wi��M'� E :U��;$�^��MK� E8E � Ek5 R<R�Wi�JM'� E :8��;��^1���78�'I1��+� E V 5 R)R�W<�JM'� E :U�b;$�^� 5 Wi��e�; 5%E
��:U��Cd·\;$� Ç e��KS+T 5 ;�� E8E �)��MK� E8E �J]�;���;��)e 5 ��7 5 ��7U��Wi�b��C o�C

9�:�;%<�:�=?>�=A«CB��
F n6=�L j =Q< G ^&¥ H�K =�L K6Z L&��: G�G Õ
\
_ n J�O Y Z LALQYQ=�^Q^X� Z ^ K Ó6; [�GAG v K�G&H�[ ^tÑ G&H6G :�=�Y&Ó6; [�G ×
d n J�O Y Z LtÑ G&H6G :�=�Y&Ó6; [�GPH ; [�G Õ
e n J�O Y Z LT� Z ^ K Ó6; [�GPH6G v K Õ
g
h
i n J�O Y Z LT� Z ^ K Ó6; [�G yuÑ G&H6G :�=�Y&Ó6; [�GcK�© {
k ×
Frq ^ J n G :Cy K�© B|n�;�^ Z&K6Z ; H {�Õ R�RXn6=�^Q^%= K ; j�G&Hc[�G : G a G :�� H L Z =tn6=Q:�=MLQ; H ^ K : J�K ;&: [ =
FuF R�RA^ J n G :6LQYQ=�^�^ G BmðM; > G ^�>�; I%J6G ; [ ;A^ G&J a Z Y N ;
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">/� Î`ÏaÐ¬ÏËÎ`ÏaÒ ÓBÔZÕ)ÖÌ×*Õ¨ÖØÐÙÎ`ÏaÐ�Ú@×*ÛÌÜ»Ý<ÏaÕ

Fr\ H ; [�G ` K�© Õ
Fr_ H6G v K ` HQJ Y�YåÕ R�RXn�: Z > G�Z :�; G Y G > G&H�K ; [ =AY Z ^ K =
F|d ë
Fre
Frg n J�O Y Z LT� Z ^ K Ó6; [�G yuÑ G&H6G :�=�Y&Ó6; [�GcK�© öæ� Z ^ K Ó6; [�G Y6{
F�h ×
Fri ^ J n G :Cy K�© B|n�;�^ Z&K6Z ; H {�Õ R�RXn6=�^Q^%= K ; j�G&Hc[�G : G a G :�� H L Z =tn6=Q:�=MLQ; H ^ K : J�K ;&: [ =
Frk R�RA^ J n G :6LQYQ=�^�^ G BmðM; > G ^�>�; I%J6G ; [ ;A^ G&J a Z Y N ;
\uq H ; [�G ` K�© Õ
\�F H6G v K `SYçÕ R�RXn�: Z > G�Z :�; G Y G > G&H�K ; [ =AY Z ^ K =
\u\ ë
\u_
\�d n J�O Y Z LPp�; Z&[ = [�[ y�Ñ G&H6G :�=�Y&Ó6; [�GAK�© {
\ue ×
\ug Z a-y H6G v K `�` H�J Y�Y6{PR�RXp G : Z a Z L%=c^ G �oW�Y K6Z >�; [ =AY Z ^ K =
\�h H6G v K ` H6G ßS� Z ^ K Ó6; [�G y K�© {�ÕóR�R ZbH ^ G : GTH ;Ta ZbH =�Y
\ui G Y�^ G
\uk H6G v K Bu= [�[ y K�© {�ÕóR�R Z?H ^ G : G =Un�x�^t;ín�:�x%v Z >�;
_uq ë
_�F
_u\ ë �

·^M']+W ; 5 � 5 e E :G78R$: 5 7bY%R��ÍW 5 e�:U�}R�Wÿe�¯&;����7G1 5 78� E �'e%:8�:8�'�>��� 5 M 5 �+��e�; 5 � 5 W 5}Ç M'9 5
R�W 5 R$:87 5 e�¯���� E8E ��; 5 � 5 W 5 �L��7U®�W<��:87 5 VÌ� E8E �ä�+M'� EGE �i� 5�E8E R�� 5 W<]�: 5 ; 5�A�HMH VØY%R��i�'e��+M.R��
R�W e 5 1 5 e�¯#e 5iÇ e���M[;��iM'� E :8��C fZ5 7^�+g	�>W<��M 5 V E ��:8�.1��+78W 5%E Y%R��3� 5 e E :G78R��'7»R�Wi�iM'� E :8�Í� 5 W
:G7�I E �+M'� EGE � E V$� 5 7G78� E � 5 e�;$�>e�:8�(� 5 ��7 5 ��7U��Wi�
`&h=^�iXiÊ^£_ � S�_�[�a�i�g¼� ZXZXZ�Ì
`&h=^�iXi�g¼� ZXZXZpÌ
`&h=^�iXi¤`�� ZXZXZ�Ì
:G�>7 â ��W 5%E � 5 W 5 7G� E R�MH:U��; 5 �<�781 5 78�(W 5%E :878��;��0e�� Ç ��R�7U�)��C �

ñ2ò Ö�×yäïå!æ"Ø
â ÓÕÔ�Ö9Ö9ãïØ%Ò%Óóäïå!æ"Ø ñKò Ö�×yäZå!æ�Ø

â Ó»Ô�Ö9Ö9ãÑØ%Ò%ÓóäZå!æ�Ø ñKò Ö�×yäïå!æ�Ø
â ÓÕÔ�Ö9Ö9ãÑØ&Ò%Óóäïå!æ�Ø

jØ�'��R�78�<��C �0u#?kg$�+W<��M 5 ;$���781 5 78� E �'e�:U�:8�'�>�0�L��7U���
�L������¼ü���XC
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= 5 :G� Y%R���V E �+W<��78�»Y%R�� � E :G�'1��+78W 5�E M'�K;���e�; 5 � 5 WËR�Wi�3M.� E :U�b;$�(��MK� E8E � E V��+W3� 5 7U�(:G�>e�9���p
W 5�E ;�� Ç e��K; 5�5}Ç M'9 5 ��Wi��� EyJ � E Y�R��+7U;��I�i;$�(» ��³�?&½ � H7D � 5 W 5�E �>e�; 5 R�W »=D��:D�Ë�A�CE½ � H�D V
:G�>7G�>W 5�E V�� 5 W 5 :G�'� 5 78�>��MB;$� E8E � Ç M.9 5 V$R�Wîe�¯�� C'A�³�³�¾MD o CE½ � H�D C
f ��7U� 5 e�T 5 pX:G�>7GW<�'e���MO�
�L������¼ü���{V�:G�>7G�>W 5%E �);�� Ç e��KS+T 5 W 5%E :878��;��0e 5 ��7 5 ��7U��Wi�3��C �

9�:�;%<�:�=?>�=A«CBu«
F � Z ^ K Ó6; [�G LQY%=�^�^QY Z ^ K y�� G LQ;%p G :Q¥�Î GQK <�{ K%N :�;&ß�^X9�=%:6^ G �6�&ïQ��v6L G n K6Z ; H 
\ ×
_ Ù�YQ=�^Q^UÞ G LQYUÓ6; [�G LP` H�J Y�YåÕ
d � Z ^ K Ó6; [�G Yt` H�J Y�YçÕ
e
g � G LQ;&p G :�¥�Î GQK aS`tï Z :6^ K B�L%YQ=�^�^QY Z ^ K B JQH�Z ; H y�<�{�Õ
h ë
i ×
k y
Frq LX`MLQYQ=�^Q^ [�G LQYçyua�{-� YT`MLQYQ=�^Q^QY Z ^ K yu<�{ �
FuF {T×T: GQK%J : HAH�G ßt� Z ^ K Ó6; [�G yîLçöóY6{�Õ ë
Fr\
Fr_ ë �
·`Y%R��{Vk��� 5 e E :G78R�S>T 5 ;$�#R�Wi��M'� E :U��;$�Í�+M'� EGE � E ]Í¦ �+�.:8��;$�ÍW<��e��+�'7U�}��� E :8��e�:8� E �'W<��M'� E C

¤ e�T 5 p{:8�+78W<�.e���M��
�L�����
	����
�b7G�+: 5 7Ge���R�W e�¯¬; 5 :8�.� 5 � C'A�³�³�¾D o CE½ � H�D �-R�Wi�à�U9���W<��;��
78�>��R�7 E �.1����¤���L�������Hü����<78��: 5 78e��&R�W<��M'� E :8��;$���+M'� EGE � E C n � E :U��V@�>e%:8T 5 V6�+7G�K��7<R�W e 5 1 5 e�¯
; 5 :8�.� 5 » ��³�?&½ � H�D ����78��� 5 M 5 �>��7 5 e�¯��|�L�����¦�l���
� ý��'	&�}e 5 �'e â ��� 5 ;���M'� E :U��C�= 5 :G�äY�R��Í�
� 5 e E :G78R�S+T 5 ;��äM'� E :8�ä])¦ �+�.:8��; 5äÇ eL��Mk����78� 5 �.e â ��� 5 CÍ¤ ��7G�'W<�+�'7 5 e�¯¯» ��³c?&½ � H�D ]i��78�'��; 5
Y%R���eL; 5 : 5 ;�� E � E ��MK� E8E � E v�-¦ 5 78��W ��e���M.� E ��;�� E �����U9���Wi��;��-� 5 W<]�: 5 ; 5 ����������¼ü���)eLT 5
5 � 5 7G78�Í� 5 � E e�T 5 ��g$� E :8�+W Wi��� E ��MK� E8E � E � E �>7G�>W ��e���M.� E ��;�� E C¬=»� E8E ���+� E�5 V@�-1I��7G�KI1��>Mno
� 5 e%:G]+WÿR�W´e�¯&Y%R��z� 5 7878� E � 5 e�;$� J ;$� Ç e��KS+T 5 ;���H�M.:G�'Wi�&�+M'� EGE �#��e���M.� E ��;���C�¤î1���M 5 70;��
1���78�'I1��+M C ] ���|C=C VZ� 5 � E � 5 W 5 ���U9���W<��;���78�>�+R�7 E �'1I�-�Ê�
�L������¼ü���)e�T 5 ¦ 5 �a��g$�>�+R$:8��;���V C
� 5 e%:G�'e%RL�3� 5 W 5 1���M 5 7F� 5 W 5 Y�RL��Mt¦ 5 �P�'e��'�+�'��M.�'_>��;��be 5 �'e â ��� 5 ; 5 W<]�: 5 ; 5 Ck?de%:8T 5 V$� 5 ��78�'��7
5 e�¯i; 5 :G�'� 5 » ��³�?&½ � H�D V�:8�+W 5�E � 5 W 5 R�W Ç M'9 5<5 e�¯�� C'A6³�³�¾D o CE½ � H�D V�� 5 787G� E � 5 eL;$�+e%:G� J
H�M.:G�'Wi�b��MK� E8E � ��e���M.� E ��;���V��»� 5 W 535 R$:87 5JÇ M'9 5 V%Y%R�� E �+78�K� 5 7G� E :U��e%:G�^;��bM'� E :8��V 5 1���M 5 7 ���|CXC C
· Ç ��R�7U�F��C oa����78� E �+e%:8�a� E ��:8����� E ����7U�`� 5 e E :87GRLS+T 5 ;���Y�R��+M'�k:G78�>�U9 5 ;$�6�781 5 78�[W 5%E :878��; 5

��e%:8�+78� 5 7GW<�+e%:8��V	����7U� 5 ��7 5 ��7U��Wi�

`&h=^�iXiÊ^£_ � S�_�[�a�i�g¼� ZXZXZ�Ì
`&h=^�iXi�g¼� ZXZXZpÌ
`&h=^�iXi¤`�� ZXZXZ�Ì
l e��K���K��M'W)�>e%:G��V 5 e�¯}� 5 7878� E � 5 e�;$�+e%:8� J �+M'� EGE ���3])�.e��+M.R â ; 5 e��zM.� E :8��Vy;$�>� 5 � E(5 e�¯z� 5 7Gp

78� E � 5 e�;$�+e%:8� J �J��V Ç e���M.W<�>e�:8��V 5 e�¯#;��<�+M'� EGE �"��C
2 R���eL; 5 ����7G� E �>e%:8��W 5%E �^��78��Wi�:G�K�+�»;$�

X++
V�� 5 W)�>e%:8��W 5%E Y%R��F��g$� E :8�+W\;$�'1��+7 E � E Wi��p

e��>�.7U� E � 5�E8E�â 1��>� E ����78�);$� Ç e��.7 � E � E :G78R$:GR�78� E ;��0M'�'e���R������>WäCZ?dW¨����7G:G�K��R�M'��7>V$� 5 W<�+e%:8��W 5%E
Y%R�� 5 e�T 5 p{:8�+78W<�.e���Mí�
�L������¼ü���3� 5 ;$�+78�'� E �>70;$� Ç e��K; 5 ;��ä;$RL� E Wi��e��+�'78� E �äY�R��z��� E � 5 M'9��
;$�ÍY%R���MF;��+MK� E R$:8�.M'�'_>��70� 5 ;$�>7G�K�}:8�+7<� 5 e E �NY&k�I+e��+�'� E e����'W<��M.�>W<�+e%:8��S+T 5 ; 5 · m CZ=»��Y%R��+M'�
� 5 e%: 5 V�����78� E �+e%:8��W 5�E � E`E �+��R��.e%:G� E ;$� Ç e��'S È � E �

〈classlist〉 → ( 〈classdecl〉 )+
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ñKò Ö�×yäZå!æ�Ø
â Ó»Ô�Ö9Ö9ãÑØ%Ò%ÓóäZå!æ�Ø�ê	Ò

ù{��ú

ñKò Ö�×yäïå!æ�Ø
â Ó»Ô�Ö9Ö9ãÑØ%Ò%ÓóäZå!æ�Ø�êíë ñ2ò Ö�×yäZå!æ�Ø

â ÓÕÔ�Ö9Ö9ãÑØ%Ò%Óóäïå!æ"Ø�êíÒ

ù �tú

ñ2ò Ö�×yäïå!æ"Ø
â ÓÕÔ�Ö9Ö9ãÑØ%Ò%Óóäïå!æ"Ø�ê	Ô ñ2ò Ö�×yäïå!æ"Ø

â ÓÕÔ�Ö9Ö9ãÑØ&Ò%Óóäïå!æ�Ø�ê	ë ñKò Ö�×yäZå!æ�Ø
â ÓÕÔ�Ö9Ö9ãÑØ%Ò&ÓÕäZå!æ�Ø�ê	Ò

ù§�Nú

j[�'��R�7U�<��CªoJuÍ?k:U����� E ;��<� 5 e E :87GRLS+T 5 ;��<�781 5 7G� E �'e%:8�:G�K�+��C

5 R

〈classlist〉 → 〈classdecl〉 [ 〈classlist〉 ]

·à;$�.¦ �+78�+e�S>�`e��a�'W<��M.�>W<�+e%:8��S+T 5 ������78�>�+�tv*R E :U��W<�+e%:8�de��aWi��e��>�.7U�`;$�d� 5 e E :G78R��'7Ì�`�781 5 7G�
E �.e%:8�:G�K�+�)����78�)� E8E �(eLT 5 pX:G�>7GW<�'e���MXC m �J:G�'1�] EGE �+W 5%E � E � 5 M'9��K; 5 �)��7G�'W<�+�'78�0¦ 5 7GWi�<;$�b;$� Ç e��'7
�
�L������¼ü���`:G�>7 â ��W 5%E Y%R��0�+7G�K��7»�#M.� E :U�#; 5 �'e â ��� 5 ����78� 5#Ç W}C m �+78�K�#��M'� 5 � 5 W 5#5 �+¯	;��.� 5 ; 5
��7 5 ��78��W<�0��C¼q	C
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9�:�;%<�:�=?>�=A«CB('
F � Z ^ K Ó6; [�G LQY%=�^�^QY Z ^ K y�� G LQ;%p G :Q¥�Î GQK <�{ K%N :�;&ß�^X9�=%:6^ G �6�&ïQ��v6L G n K6Z ; H 
\ ×
_ Ù�YQ=�^Q^UÞ G LQYUÓ6; [�G LP` H�J Y�YåÕ
d � Z ^ K Ó6; [�G Yt` H�J Y�YçÕ
e
g � G LQ;&p G :�¥�Î GQK aS`tï Z :6^ K B�L%YQ=�^�^QY Z ^ K B JQH�Z ; H y�<�{�Õ
h ë
i ×
k y
Frq LP`AL%YQ=�^�^ [�G LQYåyua�{
FuF × Z aãy�Yt`�` H�J Y�Y�{
Fr\ Yt` H6G ßS� Z ^ K Ó6; [�G yîL�{�Õ
Fr_ G Y�^ G
F|d Y�Bu= [�[ yîL�{�Õ
Fre ë
Frg {Uft×P: GQK&J : H YåÕ ë
F�h
Fri ë �
=^� EGE �i�+� EG5 VB�>��;��}�+M'� EGE �078�>� 5 e�9��>���K;��z�+W �
�L�����
	&���
�F:G�>W Y%R�� E �>7��.e E �+78�K;��ÍeL�zM'� E :U� C

� 5 7�W<�+� 5 ;��ä�U9L��Wi��;��ä� 5 W<]�: 5 ; 5�AMHMH ;��}��MK� E8E �#» ��³�?U½ � H�D C�? EGE �ä�.e E �>78S>T 5 ]0¦ �>�H:U�äe��
5 7U;$�>Wæ�+W Y%R��i� E ��MK� E8E � E ������7G�N���+W e��z�+e%:878��;���C3= T 5 � 5 ;$� E �+7�;$�.¦ �+78�+e%:G��Vy� 5 � E �ä�+��;��
�+� E ��W<�+e%: 5 ¦ �+�.: 5 ;$�>e�:87 5 ;��}� 5 e E :G78R�S+T 5dp´t z`VBR�W e 5 1 5 1���M 5 7(]i��:G78�.��R â ; 5 �Êoà� 5 1I��M 5 7
��e%:8�+78� 5 7)]&�L�>78;$�K; 5 CÊ?dW 5 R$:87 5%E � 5 e%: 5�E ;���e 5�E8E �-��78��Wi�:G�K�+��V6� 5 W 5 e 5 e�T 5 p{:8�+78W<�.e���M
�
�L�����
���'	���V 5 �$: 5 R$p E ���t�+MK� 5 R$:878�i��� 5 78;������>WäV 5 R E ��v���V��t�+MK�<R$:8�.M'�._N��S>T 5 ; 5%E`5 �t�+7U��; 5 7G� E ;$�
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F|d L%= K L N y�9�=Q:�^ G ��v6L G n K6Z ; HzG {
Fre ×
Frg LQ; H ^ J > G è H�K6Z Yçyu<Cö G öíl?= K : ZbO ^ K = K l%{�Õ
F�h : G%K%J : HSH�G ßAÍ K : ZbO Ó6; [�G y K D�ö G D�ö G�© {�Õ
Fri ë
Frk ë �
= 5 :G��Y%R�� 5%EdÇ M.9 5%E ; 5 e�¯ ¶?�Ëç�XB%½ � H7D � 5 ;$�>W E �>7F;��H¦ �>7G�>e�:8� E :G�'� 5�E ;$�(��g$��78� E8E T 5 C f[5 7

��g$�>W)��M 5 Vt� E �>��R�e�;��i��g$��78� E8E T 5 � 5 ;$� E �>7 R�W<� E�5 Wi�i���'e��78�'� 5 R�R�Wi�#W0R�M.:G�'��M.�K�+��S+T 5 V 5 R
E �.W<��M'� E W<�+e%:G�dR�W<�`� 5 e E :8��e%:G��C f ��78�`�>��;��aR�Wê;$� EGE � E :G�'� 5%E ;$�@��g$��78� E8E T 5 V+;$�>1��>W 5%E :G�>7BR�W
:G�'� 5 ;$�H¦ �>7G�>e����K��; 5 ;��(e�¯i����7U�0Y%R��J� 5�E8E ��W 5�E 7G�N� 5 e�9��>�+�+7`� 5 W 5 :878��:8��7a��Y%R��+MK�)��g$��78� E8E T 5 C
· E8E �.WÙ� 5 W 5,Ç _+�>W 5�E � 5 W ;:?�A�?=D�>³D��:?&½ � H�D V6;$� Ç e��.W 5�Eí¸ ¹ N/Ë�D%½ � H�D � 5 W 5 R�Wi�¬�+M'� EGE �
��� E :878��:8�b;��)Y%R���M 5%E ;$�>Wi��� E e�¯ E Y�R�� 78�+��78� E �+e%:U��W 5�E :G�'� 5%E �+g$� E :G�>e�:8� E ;$�(��g$��78� E8E�È � E@E T 5
E R��t�+M'� EGE � E C@¤ ��7 5 ��78��Wi�3��Cª��q3����7G� E �>e�:U�0�<;$� Ç e��KS+T 5 ;�� ¸ ¹ N/Ë�D%½ � H�D C

9�:�;%<�:�=?>�=A«CB © 'F n6=�L j =Q< G ^&¥ H�K =�L K6Z L&��: G�G Õ
\
_ Z >�n�;&: K ��; j6GUH Õ
d
e = O ^ K :�=�L K n JQO Y Z LALQY%=�^�^X��v&n�: G Ó6; [�GAG v K�GUH�[ ^tÑ G&H�G :�=�Y&Ó�; [�G ×
g
h n J�O Y Z LT��v%n�: G Ó6; [�G yu��; j6GUHmK {
i ×
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"+�%� Î`ÏaÐ¬ÏËÎ`ÏaÒ ÓBÔZÕ)ÖÌ×*Õ¨ÖØÐÙÎ`ÏaÐ�Ú@×*ÛÌÜ»Ý<ÏaÕ

k ^ J n G :Cy K {�Õ
Frq ë
FuF ë �

¤2e�T 5 pX:G�+78W<�.eL��M��5�����4���a� 5 ;$�F78��: 5 7GeL��7ÌY%R���:G7 5 :G�'� 5%E ;$� E :G�'e%: 5%E ;$�Fe�¯ E VN: 5 ; 5%EØE R��P��MK� E8E � E
;$� D ¹ N/Ë6½ � H�D CÊ¤æ��78�'W)�>�.7 5 ]�R�W x'A�Ë6½ � H�D V6Y�RL��e�; 5,5 eLT 5 pX:G�>7GW<�'e���M`78�>� 5 e�9��>����� 5 W 5
��g$��78� E8E T 5 ���t�+eL� E ��7G�+¦ �+7�I+e��+�'���&R�Wi��1���78�'I1��+M@� 5 W 5 �>WÐ^�¢¤g-� }�� C&·«� 5 e E :87GR�S>T 5
;$� EGE �3e�¯ä]0¦ �+�.:8�ze��ÍM'�'e�9���"�"0; 5 ��7 5 ��78��W<�i��C ����C3¤Ëe 5 W)�<;��z1���78�'I1��+MÌ])R$:8�.M'�._N��; 5 ����7U�
��78�K��7`R�W x'A�Ë6½ � H�D V$�+R�v��i��MK� E8E �J¦ 5 �BW 5�E :G7U��;��)e 5 ��7 5 ��7U��Wi�0��C."I�$V���� EGE ��e�¯i]b78��: 5 78e���; 5 C
½^Wi�<�781 5 7G� E �.e%:8�:G�K�+�0����7U�<�<��:G78�'��R��KS+T 5 ^�¢�gw� }�� ]�W 5%E :878��;��0e�� Ç ��R�7U�<��C'"�"�C

9�:�;%<�:�=?>�=A«CB © ®F ��v%n�: G Ó6; [�G Y&p�=�Y J6G y�� G LQ;&p G :�¥�Î GQK <�{ K%N :�;Uß�^T9�=Q:6^ G �6�%ïQ��v6L G n K�Z ; H 
\ ×
_ ��v%n�: G Ó6; [�GAG Do` H�J Y�Yåö
d G�© ` H�J Y�YåÕ
e ��; j6GUHMK Do` HQJ Y�Yåö
g K�© ` HQJ Y�YåÕ
h � Z ^ K Ó6; [�G Yt` H�J Y�YçÕ
i ë
k ×
Frq K :�¥M×
FuF K D ` ä ÒUÞQ��Ó�� } × G Do` H�G ßSØ�=Q:%Ó6; [�G y K DQ{�Õ ë
Fr\ y
Fr_ K Dí` ä ��Ð���Í�Ù�
���� }SG�© ` G v&n�: G ^�^ Z ; H y HQJ Y�Y6{ ä ��Ð���Í�Ù�
���� }
F|d × G Dí` H6G ßcÒ H�[�G vQÓ6; [�G y K D�ö G D�ö G�© {�Õ ë
Fre ]
Frg �6����
�Í�#���ÍQÞCy�@�{
F�h K Dí` ä Þ6�%� }TK�© ` ä ÒUÞ���Ó�� }Aä ��9�ÍQ�Q��Ó } YP`t=Q:�<�Y Z ^ K y H�J Y�Y6{ ä ��9�Í%����Ó }
Fri × G Dí` H6G ßAÙ�=�YQY&Ó6; [�G y K D�ö G D�ö K�© öÜY6{�Õ ë
Frk ]
\uq K Dí` ä Þ6�%� }TK�© ` ä ÒUÞ���Ó�� }
\�F × G Dí` H6G ßtÞ6; K Ó6; [�G y K D�ö G D�ö K�© {�Õ ë
\u\ { �
\u_ ×X: GQK%J : H
G D�Õ ë
\�d ë
\ue L%= K L N y�9�=Q:�^ G ��v6L G n K6Z ; HzG {
\ug ×
\�h LQ; H ^ J > G è H�K6Z Yçyu<Cö G öílbY&p�=�Y J6G l%{�Õ
\ui : G%K%J : HSH�G ßSØ�=Q:%Ó6; [�G y K DQ{�Õ
\uk ë
_uq ë �

¤ R$:G7 5 :8�.� 5 ;$�@e�¯JY%R��@� 5 ;$� E �>7Ø78��: 5 78e���; 5 �t�+M 5 e�T 5 p{:8�+78W)�'e���M��5�����5���F]FR�W ¼��2H�D ¹ ½ � H�D V
��R�v��3��MK� E8E �`]»W 5�E :G7U��;��Je 5 ��7 5 ��78��W<�J��C ����V�Y%R�� 7G�>��78� E �+e%:8�����'e�;$�+g���S+T 5 ;$�»R�W<�31���78�'I1��+M
� 5 Wî;$�'W<�+e E T 5 Wi��� 5 7`Y%R���_+�>7 5 CØ? EGE ��e�¯<� 5%EGE R��Ì;�R�� E �+g	��7G� EGEGÈ � E � 5 W 5)Ç M'9�� E C
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ÎZÜ^ÚOu+Ô(Ö[Û6ÏÈÜnx(¾V¿6Õ^Ü/z|{bÏÊÝ»Ü\ð»ÕlÝ6ÏaÕN¿òÓ$×*Ò0ÔLð^Ô[×+ÎZÜ ">���

�B×9ÿ ò ë�äïå!æ"Ø
þ Ô|ÿyäïå!æ"Ø Î�� ��ÿyØ%äZå!æ�Ø
ç å�è�Ø%é2ê�Ô

j[�.��R�7U�)��C."�"^u#?kg$�>W)��M 5 ;$���7G1 5 78� E �.e%:8�:G�K�+�)����78�p�(+-�n.K0&2àù6�5�����5���Iú C

9�:�;%<�:�=?>�=A«CB ©Q¬F n6=�L j =Q< G ^&¥ H�K =�L K6Z L&��: G�G Õ
\
_ Z >�n�;&: K ��; j6GUH Õ
d
e n J�O Y Z LALQYQ=�^Q^SÒ H�[�G vQÓ6; [�GAG v K�G&H�[ ^T��v%n�: G Ó6; [�G ×
g n J�O Y Z LT��v%n�: G Ó6; [�GAG v%n�:�D�ö G v%n�: © Õ
h
i n J�O Y Z LAÒ H�[�G vQÓ6; [�G yu��; j6GUHmK öæ��v%n�: G Ó6; [�GAG D�öæ��v%n�: G Ó6; [�GAG�© {
k ×
Frq ^ J n G :Cy K {�Õ
FuF G v&n�:�Do` G D�Õ
Fr\ G v&n�: © ` G�© Õ
Fr_ ë
F|d ë �
·���78�.W<�+�'7U�z�'e�;$�K�+�}Y%R���Md�z1���7G�KI1��>MZY%R��<� E :U E �+eL; 5 �.e�;���g���;��ä�i� E �>��R�eL;��}Y�RL��Mk] 5

â e�;$�K���`� E �>7[R�:G�'M.�'_>��; 5 CZ= 5 :G�`Y%R��`� ��7G�'W<�+�'78� ��g$��78� E8E T 5 � 5 ;$� E �>7ZR�W�e�¯�; 5 :G�'� 5�x
A6Ë6½ � H7D V
� 5 W 5 e 5 �>� EG5 ^eÒ�b�ó } Ó¤¢¤gw� }�� V%Wi� E � 5 ;$� E �+7@:8��W3�t]+W�;$� 5 R$:G7 5�E :8�.� 5�E V%� 5 7@��g$�>W)��M 5 V
5 R�:G7 5S¼��2H�D ¹ ½ � H�D Vt� 5 W 5 �+WÏ^ªÒ3©=ÓªÒ�b�ó } Ó�¢�g-� }�� C<? E8E �<:G�'� 5 ;$�ie�¯ä]#� 5 e E :G78R â ; 5 e��
M'�.e�9L�-">�ä; 5 ��7 5 ��78��Wi�Í��Cª����C)¤�e�¯z]i��78�K��; 5 R$:G�'M'�._N��e�; 5 � 5 W 5ÍÇ M.9 5%E �z1���7G�KI1��>M Æ@º VBY%R��
� 5 e%:G]+W 5¾x'A6Ë6½ � H�D Y%R��^¦ 5 �L�+7G�K��; 5 eL�bM'�.e�9L�i"�"^78�+��7G� E �>e�:U��e�; 5 �b1I��7G�KI1��>M�� E �+76�.e�;���g���;���V
�b�<��g$��78� E8E T 5 7G�+: 5 78e���;��3eL�i�U9���Wi��;��)����8�9��������UüG����C^¤ e�¯#�+7G�K��; 5 ]b��:G78�.��R â ; 5¶J ��7G¯���7G�K�
Æ@º C
m �#:8�.1��+78W 5�E R�Wi� E �+��R�e�;����'e�;$�+g���S+T 5 VØ�+e%:8T 5 R�W´e 5 1 5A¼��2H7D ¹ ½ � H7D ]Í�+7G�K��; 5 :G�+eL; 5

� 5 W 50Ç M.9 5 Æ@º V�Y%R��J] 5í¼��2H�D ¹ ½ � H�D �+7G�K��; 5 ��e%:8�+78� 5 7GW<�+e%:8��V	���<��g$��78� E8E T 5 78��: 5 7GeL��;��3� 5 7
D ¹ NCË�D�³�³ç� � � CP? E8E � E �>Y=k�I>e����K�J� 5 ;$� E �>7d7G�>�L�+:G�K;���;$�'1��>7 E � E 1��+_+� E V�R�Wi������7U�J�+��;��(e â 1��+Mt;$�
�'e�;$��g���S+T 5 Y%R��J¦ 5 7`7G�N� 5 e�9��>�+�'; 5 e 5 eLT 5 pX:G�>7GW<�'e���MË�4�����5����CF· Ç ��R�78�<��C."I�3W 5%E :878�<�<�781 5 7G�
E �.e%:8�:G�K�+�)����78�)�<��:G78�'��R��KS+T 5 ^ªÒ3©&Ó«Ò�b�ó } Ó�¢�gw� }�� C
= 5 ��7 5 ��78��W<�¬��C /��V(W 5�E :G7U��W 5�E �2��MK� E8E � ¾ � ?&½ � H�D Y%R���:8��W3�t]+W©� 5 ;$� E �>7ä78��: 5 7Gp

e���;���� 5 7(�5�����5���}�z7G�>��7G� E �>e%:8� 5 ����� EGEG5 ��R�W<�&1���78�'I1��+M ù{�+��W)� 5 ú3;$�ÍR�W 5 �$v*�+: 5 � 5 W 5
^eZ � ¢¤g-� }�� C[û(�bW<� E Wi�bWi��e��+�'78�3Y�R��»e 5 �+� EG5 ;��3�.eL;$��g���S>T 5 V�� 5 ;��+W 5�E :G�>76W�H�MH:8�.��M 5%E
���+� E8E�5%E �Í�>��W<� 5�E VP� 5 W 5 �>W ^OZ � Z � ¢¤g-� }�� C fZ5 ;$�>W 5%E Vy���.e�;���VP� 5 W0���'e���7 �.e�;���g���S>T 5
�����+� E8E�5 �<R�Wî�>��W<� 5 V�� 5 W 5 �>W ^ªÒ�b�ÓªZ � ¢¤g-� }�� 5 R�^eZ � Ò�b�Ó¤¢�gw� }�� C@¤���7 5 �+� E8E�5
;$�Í� 5 e E :G78R�S>T 5 ; 5P¾ � ?&½ � H�D ] E �.W<�'M'��7>C}·î�>��;����>� E ��W<�+e%: 5 Y%R�� 5 � 5 787G�<e���M'�'e�9��&��"#;$�
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"No� Î`ÏaÐ¬ÏËÎ`ÏaÒ ÓBÔZÕ)ÖÌ×*Õ¨ÖØÐÙÎ`ÏaÐ�Ú@×*ÛÌÜ»Ý<ÏaÕ

�B×9ÿ ò ë�äZå!æ�Ø
� é�æ�Ø � äZå!æ�Ø Î
� ��ÿyØ&äïå!æ�Ø

� éMæ"Ø � äïå!æ"Ø Î�� ��ÿyØ%äZå!æ�Ø
þ Ô�ÿyäZå!æ�Ø Î�� ��ÿyØ%äZå!æ�Ø
ç å�è�Ø&é2ê�Ô

j[�'��R�7U�0��C."I�JuÍ?dg	�>W<��M 5 ;$�b�7G1 5 78� E �.e%:U�:G�K�+�)����78�
a[j][i + 1] = b − 10

ù6�5�����5���Iú C

�5�����5���+V�R�W�e�¯J]aW 5 e%:8��; 5 :8�+e�; 5 � 5 W 5 ��7G�'W<�+�'7 5 Ç M'9 5J5 1���M 5 7[�>W Æ@º V�Y%R���V�� 5 W 5 v� 1	�'W 5�E V
� 5 ;�� E �>7�R�W x'A6Ë6½ � H�D VPR�W ¼��2H�D ¹ ½ � H�D�5 R-R�W 5 R�:G7 5í¾ � ?&½ � H�D VP�#� 5 W 5�E �+��R�e�; 5äÇ M'9 5
R�W Ç ��É DQ� � 5 W 5 e 5 W<� ; 5 �+��W<� 5 � E �+7@R�:G�'M.�'_>��; 5 Ck=»� Ç ��R�78�b��C."N/�V%W 5�E :G7U��W 5�E �0�781 5 7G�
E �.e%:8�:G�K�+�)����78�)�<��:G78�'��R��KS+T 5 ^ªÒ�b�ÓªZ � ¢¤g � }�� C

9�:�;%<�:�=?>�=A«CBu@�s
F n6=�L j =Q< G ^&¥ H�K =�L K6Z L&��: G�G Õ
\
_ Z >�n�;&: K ��; j6GUH Õ
d
e n J�O Y Z LALQYQ=�^Q^XÞ6; K Ó�; [�GAG v K�G&H�[ ^X��v%n�: G Ó�; [�G ×
g n J�O Y Z LT��v%n�: G Ó6; [�GAG v%n�:CÕ
h n J�O Y Z LP��; j6GUH a Z%G Y [ Õ
i
k n J�O Y Z LTÞ6; K Ó�; [�G yu��; j6G&H
K öð��v%n�: G Ó6; [�GMG ö(��; j6G&HAK�© {
Frq ×
FuF ^ J n G :Cy K {�Õ
Fr\ a Z&G Y [ ` K�© Õ
Fr_ G v&n�:A` G Õ
F|d ë
Fre ë �

?^V�� 5 7ËH�MH:8�.W 5 V 5 e�¯µ� A�CXCE½ � H7D W 5�E :G7U��; 5 e 5 ��7 5 ��78��Wi� ��C /�"@:U��W3�t]+WË� 5 ;$� E �+7k78��: 5 7Gp
e���; 5 � 5 7Ë�5�����5���+V�7G�>��78� E �+e%:8��e�; 5 R�Wi�`�U9���Wi��;��F;��kW)]+: 5 ; 5 � 5 W 5 �+W¦^eZ � � bÑp© � ¢�g-� }�� CáÍIC

Ô¦õ³Ö�Ø*Ü î Ù�Ü ã ×�Ü3Ú r è
Ø*çáÝ r ÚKÜ3è
Ø*Ü ã Ü3×�×*ÜVÝ3ÖÚ r è ä Ö1è���Ö ï r�� ×�Ü3è�Ø�ç ä Ö ã Ú r × r è�Ö×�× r é ß*r Ú���Ø�çáÝ r å�Ü ß ÚKç Ø�Ü î Ù�ÜÜ3âáÜMÖ'Ý3Ö ßGß�r ×�Ü3Ú å ß Ö t âáÜ3Ú r ×�ê���×�×*ÜÜ ßGß Ö ä Ü æ Ü ß �O×�Ü ß�r å�Öè�Ø r ä Öªå�Ü3âáÖ r è r âáçá× r ä Ö ß ×*Ü6Ú���è�Ø*çáÝ6Ö ã î Ù�ÜM×�Ü ß �ËØ ß*r Ø r ä Öè�ÖVÝ r å�à Ø*Ù�âáÖ ��ê
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ÎZÜ^ÚOu+Ô(Ö[Û6ÏÈÜnx(¾V¿6Õ^Ü/z|{bÏÊÝ»Ü\ð»ÕlÝ6ÏaÕN¿òÓ$×*Ò0ÔLð^Ô[×+ÎZÜ "Io$"

�B×9ÿ ò ë�äZå!æ�Ø
ãÑå�×yäZå!æ�Ø Î
� ��ÿyØ&äïå!æ�Ø

� éMæ"Ø � äïå!æ�Ø ç å�è�Ø%é2ê �
þ Ô�ÿyäZå!æ�Ø Î�� ��ÿyØ%äZå!æ�Ø
ç å�è�Ø&é2ê�Ô

j[�.��R�7U�0��C."N/�u#?kg$�+W<��M 5 ;$�b�7G1 5 78� E �.e%:8�:G�K�+�)����78�
a[i].x = b − 10

ù3�5�����4���Nú�C

9�:�;%<�:�=?>�=A«CBu@�D
F n6=�L j =Q< G ^&¥ H�K =�L K6Z L&��: G�G Õ
\
_ Z >�n�;&: K ��; j6GUH Õ
d
e n J�O Y Z LALQYQ=�^Q^PÙ�=�Y�YUÓ6; [�GAG v K�G&H�[ ^T��v%n�: G Ó�; [�G ×
g n J�O Y Z LT��v%n�: G Ó6; [�GAG v%n�:CÕ
h n J�O Y Z LP��; j6GUH > GQK%N Õ
i n J�O Y Z LT� Z ^ K Ó6; [�G =Q:Q<6^çÕ
k
Frq n J�O Y Z LtÙ�=�Y�YUÓ6; [�G y���; j6G&H
K ö(��v%n�: G Ó6; [�GAG ö(��; j6GUH >áö(� Z ^ K Ó6; [�G Y6{
FuF ×
Fr\ ^ J n G :Cy K {�Õ
Fr_ G v&n�:A` G Õ
F|d > G%K%N `í> Õ
Fre =Q:Q<6^P`SYçÕ
Frg ë
F�h ë �

? E8E �0e�¯Í]3�+7G�K��; 5 e��iM'�.e�9���"N�#; 5 e�T 5 pX:G�>7GW<�'e���MO�4�����5���)�3� 5�E8E R��Ø� 5 W 5 ��78�.W<�+�'7 5iÇ M'9 5
R�Wi����g$��78� E8E T 5 Y%R��}�'e�;$�K�+�,;$��Y%R���M 5 �$v*��: 5 ;$� E �*v���p E �zR�:G�'M.�'_>��7iR�W W<]�: 5 ; 5 VF;���; 5 �t�+MK�
1���78�'I1��+M Æ¯º Cd¤ E �>��R�eL; 5bÇ M'9 5 ] 5 e 5 W<�(; 5 W<]+: 5 ; 5 V$;���; 5 � 5 7FR�W Ç ��É DQ� V���V	� 5 7VH�MH:8�.W 5 V
R�WÙe�¯¤» ��³�?&½ � H7D Y�R��-� 5 e%:G]+W R�Wi�¬M.� E :U�Ñ;��&��g$��78� E8EGÈ � E Y%R�� E T 5¬5�E ��78��R�W)�>e%: 5�E ;��
�U9���W<��;���C ? E8E ��:8�.� 5 ;$�&e�¯à� 5 ;�� E �>7#R$:8�.M'�._N��; 5 � 5 W 5�E ;��+Wi��� E 1	� E : 5�E ��e�:8� E V`;$�+e%:G7 5
;$�Ä�4�����5����C fZ5 7b��g$�+W<��M 5 V[� 5 ;��+W 5�E :G�+7)����:87G�'��R��KS+T 5 ^eÒ�b�ÓªZ � � ~ Ñ,ö � Z � ¢�gw� }�� VZY%R��
� 5�E8E R��$R�W x'A�Ë6½ � H�D VNR�W ¼6�2H�D ¹ ½ � H�D V+R�WX� A�CXCE½ � H7D �aR�W ¾ � ?U½ � H�D VN� 5 e$¦ 5 7GW<�FW 5%E :878��; 5
e�� Ç ��R�78�<��C.">��C

¤îe�T 5 p{:8�+78W)�'e���M1���*ü��¼ü���{VZR$:8�.M'�'_>��; 5 �+W �5�����5���+V[78�>� 5 e�9��>���<R�Wi��M'� E :U��;$�#��g$��78� E8EGÈ � E �
� 5 e E :G78¯��P����7U�0�+MK� E R�WÎ» ��³�?&½ � H�D C m R��<;$� Ç e��'S>T 5 ]b;���;��3e 5 ��7 5 ��7U��Wi�3��C /%�$C
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"No�� Î`ÏaÐ¬ÏËÎ`ÏaÒ ÓBÔZÕ)ÖÌ×*Õ¨ÖØÐÙÎ`ÏaÐ�Ú@×*ÛÌÜ»Ý<ÏaÕ

�s×9ÿ ò ë�äïå!æ�Ø
ãÑå�×yäïå!æ�Ø Î
� �"ÿyØ%äïå!æ"Ø

â Ô�ÓóÓóäïå!æ"Ø ç å�è�Ø%é2ê�î
� éMæ"Ø � äïå!æ�Ø ç å�è�Ø&é2ê � ñKò Ö�×yäïå!æ�Ø
þ Ô|ÿyäïå!æ�Ø Î�� ��ÿyØ%äZå!æ�Ø Î�� ��ÿyØ%äZå!æ�Ø ñ2ò Ö�×yäïå!æ"Ø
ç å�è�Ø%é2ê�Ô Î
� ��ÿyØ&äïå!æ�Ø

j[�'��R�7U�)��C'"+�3uÍ?kg$�+W<��M 5 ;��b�781 5 78� E �'e�:U�:8�'�>�0�L��7U�
a[i].x(2, k).y = b − 10

ù3�5�����4���Nú�C

9�:�;%<�:�=?>�=A«CBu@ ©F � Z ^ K Ó6; [�G =Q:Q<�Y Z ^ K y�� G LQ;&p G :�¥�Î GQK <�{ K%N :�;Uß�^T9�=Q:6^ G �6�%ïQ��v6L G n K�Z ; H 
\ ×
_ � Z ^ K Ó6; [�G Yt` H�J Y�YçÕ
d ��v%n�: G Ó6; [�GAG ` H�J YQYåÕ
e
g � G LQ;&p G :�¥�Î GQK aS` H�G ßS� G L%;%p G :�¥�Î GQK y�Ù�� Û�Û Í�{�B J�H�Z ; H yu<�{�Õ
h ë
i ×
k �
Frq G ` G v%n�: G ^Q^ Z ; H y�a�{
FuF ×tYP` H6G ßt� Z ^ K Ó6; [�G y G {�Õ ë
Fr\ y ä Ù�� Û�Û Í }SG ` G v%n�: G ^�^ Z ; H yua�{
Fr_ ×tY�Bu= [�[ y G {�Õ ë
F|d { �
Fre �
Frg ×X: GQK%J : H YåÕ ë
F�h ë �

û 5 MK��; 5 ;$�'7G�>�H: 5 ;��ä��:G78�.��R��'S>T 5 Vt� 5 ;$�+W 5%E :G�+7JR�Wi�ä��g$��78� E8E T 5 e 5 7GWi��M{Vy78�+��78� E �+e%:U��;��
�t�+MK���U9���Wi��;�������89:������� üG����V 5 R,R�W<�&��g$��78� E8E T 5 ;$�z�+7G�K��S>T 5 ;$�ÍR�W 5 �$v*��: 5�5 Rà;$�zR�Wi�
1���78�'I1��+MÌ� 5 Wæ;$�'W<�+e E T 5 C^? E8E �3:G�'� 5 ;$�3�+g$��7G� EGE T 5 ]07G�N� 5 e�9��>�+�';��<�L�>M 5 e�T 5 p{:8�+78W)�'e���M«������.
����8�9:������ üG���LV�e 5 ��7 5 ��78��W<�0��C /�/�C

9�:�;%<�:�=?>�=A«CBu@�@
F ��v%n�: G Ó6; [�G =�Y�;�L G v&n�: G ^�^ Z ; H y�� G LQ;%p G :�¥�Î GQK <�{ K%N :�;&ß�^X9�=%:6^ G �6�&ïQ��v6L G n K6Z ; H 
\ ×
_ ��v%n�: G Ó6; [�GAG Do` H�J Y�Yåö
d G�© ` H�J Y�YåÕ
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ÎZÜ^ÚOu+Ô(Ö[Û6ÏÈÜnx(¾V¿6Õ^Ü/z|{bÏÊÝ»Ü\ð»ÕlÝ6ÏaÕN¿òÓ$×*Ò0ÔLð^Ô[×+ÎZÜ "Io�/

e � Z ^ K Ó6; [�G Yt` H�J Y�YçÕ
g ��; j6GUHMK D�ö K�© Õ
h
i � G LQ;&p G :�¥�Î GQK a�Dí` H�G ßS� G L%;%p G :�¥�Î GQK y��Q9�ÍQ����Ó�{�B J�H�Z ; H yu<�{�ö
k a © ` H�G ßS� G L%;%p G :�¥�Î GQK y��QÐ���Í�Ù�
Q����{�B JQH�Z ; H y�<�{�Õ
Frq ë
FuF ×
Fr\ K Do` ä ÓQ��� }
Fr_ y
F|d �6����
�Í�#���ÍQÞCy © { K�© ` ä ÒUÞ���Ó�� }Aä ��9�Í%����Ó } YT`S=Q:�<�Y Z ^ K yua�DQ{ ä ��9�ÍQ�Q��Ó }
Fre × G Dí` H6G ßtÓ G ß�� O�ÖQG L K Ó6; [�G y K D�ö K�© öÜY�{�Õ ë
Frg ]
F�h y K�© ` ä ÒUÓ�� }ê]üK�© ` ä Î%�Q�6ÒUÓ�Ñ }ò] K�© ` ä ÒUÞ���Ó�� } {
Fri y ä ��ÐQ��Í�Ù�
���� }AG�© ` G v%n�: G ^Q^ Z ; H y�a © { ä ��Ð���Í�Ù�
���� }
Frk ×
\uq Z a-yÜYP`Q` H�J Y�YM{
\�F Yt` H�G ßS� Z ^ K Ó6; [�G y G�© {�Õ
\u\ G Y�^ G
\u_ Y�Bu= [Q[ y G�© {�Õ
\�d ë
\ue {Uf
\ug × G Dí` H�G ßSÓ G ß�Í�:�:�=Q¥%Ó6; [�G y K D�ö K�© öÜY�{�Õ ë
\�h {
\ui ×X: GQK%J : H
G D�Õ ë
\uk ë �

=^�>M.��VØ� 5 ;$�+W 5�E �';$�>e%:G� Ç �+��73;$R�� E ����7G:G� EJ5 R,;$R�� E ��7 5 ;$R�S È � E ;$� E :G�'e%:8� E CÍ·���7G�'W<�+�'78��V
;��<M'�.e�9���">/i��:G]3�<M'�'e�9���"Io$V�78�>� 5 e�9��>���JR�Wi�i�+g$��7G� EGE T 5 Y%R��b�+7G�K�<R�W 5 �$v*�+: 5 �t�+7G:G�>e����>e�:8�
�zR�Wi�ä;���:G�>7GW<�'e���;��ä�+M'� EGE ��C)=^� EGE �)�>� EG5 V 5 e�T 5 pX:G�+78W<�.eL��MZ� 5 e E :87G¯��[�<78��: 5 78e��#R�W e�¯�; 5
:G�'� 5o½MD�! � B�ÅcD o ?U½ � H�D W 5%E :878��; 5 e 5 ��7 5 ��7U��Wi�i��C /���VyY%R��3� 5�E8E R��Z� 5 W 5iÇ M'9 5%E R�W Ç ��É D��
� 5 W 5 e 5 W<�(;��0�+M'� EGE � ;��)Y%R���My;$�>1�� E �>7a�+7G�K��; 53535 �$v*��: 5 �(R�Wi�0M.� E :U�0;��(�+g$��7G� EGEGÈ � E ù R�W
e�¯,» ��³c?&½ � H�D ú V�Y%R�� E T 5)5�E ��7G��R�W<�+e%: 5%E ;��)�U9L��Wi��;��)� 5 � 5 e E :G78R$: 5 7`;��<��MK� E8E ��C

9�:�;%<�:�=?>�=A«CBu@Qª
F n6=�L j =Q< G ^&¥ H�K =�L K6Z L&��: G�G Õ
\
_ Z >�n�;&: K ��; j6GUH Õ
d
e n J�O Y Z LALQYQ=�^Q^XÓ G ß6� O�ÖQG L K Ó6; [�GMG v K�G&H�[ ^T��v&n�: G Ó6; [�G ×
g n J�O Y Z LP��; j6GUHSH =b> G Õ
h n J�O Y Z LT� Z ^ K Ó6; [�G =Q:Q<6^çÕ
i
k n J�O Y Z LTÓ G ß6� O�ÖQG L K Ó6; [�G y���; j6G&HmK ö ��; j6G&HMK�© öæ� Z ^ K Ó6; [�G Y�{
Frq ×
FuF ^ J n G :Cy K {�Õ
Fr\ H =?> G ` K�© Õ
Fr_ =Q:Q<6^P`SYçÕ
F|d ë
Fre ë �
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"No�� Î`ÏaÐ¬ÏËÎ`ÏaÒ ÓBÔZÕ)ÖÌ×*Õ¨ÖØÐÙÎ`ÏaÐ�Ú@×*ÛÌÜ»Ý<ÏaÕ

¤ E �>��R�e�; 5 :8�.� 5 ;$�i�+g$��7G� EGE T 5 78�>� 5 e�9��N���K;��ä�+W ���L������8�9������� üG���2]Í����78�K��S+T 5 ;��#R�Wi�
e 5 1�� 1I��7G�KI1��>M%;��.W<�+e E � 5 e���;��)ù 1��+: 5 7 5 R0Wi��:G78�._Iú C l EGEG5 ]F¦ �>�H: 5 eL� E M'�.e�9L� E ;$�J"Iq»������C[=^� EGE �
�+� E�5 V 5 e�T 5 pX:G�>7GW<�'e���M�� 5 e E :G78¯��$R�W�e�¯b; 5 :G�'� 5 ½�D�!6¶�Ë�Ë�A�<�½ � H7D VNY�R��`:8��W3�t]+W � 5%EGE R��L� 5 W 5
Ç M'9 5�E R�W Ç ��É D�� ��R�W » ��³�?U½ � H�D C�¤ÿ��78�'W)�>�.7 5 78�+��7G� E �>e�:U� 5 :G�'� 5 ; 5%Ez5 �$v*��: 5�E Y%R��
� 5 W<� È �+W 5 1���: 5 7`� E �+7^��78�K��; 5 � 5iE �>��R�e�; 5 V�� E �+g$��7G� EGEGÈ � E Y%R��b;�T 5 � E`E RL� E ;$�'W<�+e EGÈ � E C
·\��MK� E8E � ½MD�!6¶�Ë�Ë�A�<�½ � H�D ]b;$� Ç e��K;��<� 5 W 5 W 5�E :G7U� 5 ��7 5 ��7U��Wi�3��C /%o$C

9�:�;%<�:�=?>�=A«CBu@7�
F =�L j =%< G ^&¥ H�K =�L K6Z LU��: G�G Õ
\
_ Z >�n�;&: K ��; j6GUH Õ
d
e n J�O Y Z LALQYQ=�^Q^XÓ G ß�ÍQ:�:�=Q¥QÓ�; [�GMG v K�GUH�[ ^T��v%n�: G Ó6; [�G ×
g n J�O Y Z LP��; j6GUHSH =b> G Õ
h n J�O Y Z LT� Z ^ K Ó6; [�GS[6Z >�^çÕ
i
k n J�O Y Z LTÓ G ß�ÍQ:�:�=Q¥QÓ�; [�G yu��; j6G&HmK öæ��; j6G&HcK�© öæ� Z ^ K Ó6; [�GS[ {
Frq ×
FuF ^ J n G :Cy K {�Õ
Fr\ H =?> G ` K�© Õ
Fr_ [6Z >�^P` [ Õ
F|d ë
Fre ë �
û»�>� 5 � E ; 5 � 5 Wi��e�; 5 ;$�)��:G78�.��R��'S>T 5 V�:8�+W 5�E ���'e�;��ze�T 5 p{:8�+78W<�.e���� E 9�� ü±���*��)���{VË�����&	��� ���XV

���
�*�7�����)���Ø�y���9������� ���kY%R��^78��: 5 78e���WËe�¯ E ; 5�E :8�.� 5�Eµ´�Ëç����?&½ � H�D V ·MD�AMH�½ � H7D V ·MD7?%��Ë���½ � H�D
� ;���NËD�Ë6½ � H�D Vy78� E �t�>� :8�.1���W)�>e%:G��C�= 5�E ��7 5 ��7U��Wi� E Y%R�� E �+��R��+W}V[W 5�E :G7U��W 5�E �&;$� Ç e��'S>T 5
;$� EGE � E e�T 5 pX:G�>7GW<�'e���� E �b� E �+M'� EGE � E � 5 787G� E � 5 eL;$�+e%:G� E � 5�E e�¯ E Y%R��b�>M.� E 78��: 5 7GeL��W}Cd=»T 5 9�
W3R��H: 5 �}� 5 W<�+e%:8��7(�z7G� E �t�+�.: 5 ;$�>M.� E C)¤ E :87�I E ��7G�'W<�+�'7 5%E � 5�E8E R��+W � 5 W 5ÍÇ M.9 5 R�W H�e��'� 5
e�¯ ¸ ¹ N/Ë�D&½ � H�D V6Y%R���V`e 5 �+� E�5 ;$�-R�W ·�D7?Q��Ë��6½ � H�D V@� 5 ;���e�T 5 ��g$� E :G�'7-ù§�.��R���M(� ���|C=C ú
Y%R���eL; 5b5 d�_&S&�7d=[3] R E ��; 5 ;$�>e�:87 5 ;$�^R�W � 5 e E :G78R$: 5 7>CØ? 5¶;���N|D�Ë6½ � H7D � 5�E8E R��L� 5 W 5�Ç M'9 5
R�W » ��³�?&½ � H7D VB� 5 WÿR�Wi��M.� E :8��;$�#�+g$��7G� EGEGÈ � E Y%R�� E T 5�5%E ��78��R�W)�>e%: 5�E ;����U9���Wi��;���� 5
� 5 e E :G78R$: 5 7a;�� E R��t�+7U��MK� E8E ��V	�J:8��W0�L]>Wî� 5 ;$� E �>7 ���@CXC C

9�:�;%<�:�=?>�=A«CBu@�«
F 9�: ZbH�K Ó6; [�G n�: ZbH�K ^ K = K y�� G LQ;%p G :�¥�Î GQK <�{ K%N :�;&ß�^X9�=Q:6^ G ���%ïQ��v6L G n K6Z ; H 
\ ×
_ ��v%n�: G Ó6; [�GAG Do` H�J Y�YåÕ
d ��; j6GUHMK ` HQJ Y�YåÕ
e ë
g ×
h K :�¥M×
i K ` ä 9��6ÒUÓ�� }SG D ` G v%n�: G ^�^ Z ; H yu<�{
k ×P: GQK&J : HSH6G ßS9�: ZbH�K Ó6; [�G y K ö G DQ{�Õ ë
Frq ë
FuF L%= K L N y�9�=Q:�^ G ��v6L G n K6Z ; HzG {
Fr\ ×
Fr_ LQ; H ^ J > G è H�K6Z Yçyu<Cö G öílén�: ZbH�K ^ K = K l%{�Õ
F|d : G%K%J : HSH�G ßS9�: Z?H�K Ó6; [�G y K ö G DQ{�Õ
Fre ë
Frg ë
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ÎZÜ^ÚOu+Ô(Ö[Û6ÏÈÜnx(¾V¿6Õ^Ü/z|{bÏÊÝ»Ü\ð»ÕlÝ6ÏaÕN¿òÓ$×*Ò0ÔLð^Ô[×+ÎZÜ "Io�o

F�h
Fri � G = [ Ó6; [�G : G = [ ^ K = K y�� G L%;%p G :�¥�Î GQK <�{ K%N :�;&ß�^T9�=Q:�^ G �6�%ï%��v6L G n K6Z ; H 
Frk ×
\uq ��v%n�: G Ó6; [�GAG Do` H�J Y�YåÕ
\�F ��; j6GUHMK ` HQJ Y�YåÕ
\u\ ë
\u_ ×
\�d K :�¥M×
\ue K ` ä ����ÍQÞ }tG Dí`SY%p�=�Y J6G yu<�{
\ug ×P: GQK&J : HSH6G ßS� G = [ Ó6; [�G y K ö G DQ{�Õ ë
\�h ë
\ui L%= K L N y�9�=Q:�^ G ��v6L G n K6Z ; HzG {
\uk ×
_uq LQ; H ^ J > G è H�K6Z Yçyu<Cö G öíl�: G = [ ^ K = K l%{�Õ
_�F : G%K%J : HSH�G ßS� G = [ Ó6; [�G y K ö G DQ{�Õ
_u\ ë
_u_ ë
_�d
_ue
_ug � GQK%J : H Ó6; [�G : GQK%J : H ^ K = K yr� G LQ;%p G :�¥�Î G%K <�{ K%N :�;&ß6^T9�=Q:6^ G �6�%ïQ��v�L G n K6Z ; H 
_�h ×
_ui ��v%n�: G Ó6; [�GAG Do` H�J Y�YåÕ
_uk ��; j6GUHMK ` HQJ Y�YåÕ
d�q ë
dîF ×
d�\ K :�¥M×
d�_ K ` ä �����%è���Ó } � G Do` G v%n�: G ^�^ Z ; H yu<�{ �
dud ×P: GQK&J : HSH6G ßS� GQK%J : H Ó6; [�G y K ö G DQ{�Õ ë
d�e ë
d�g L%= K L N y�9�=Q:�^ G ��v6L G n K6Z ; HzG {
d�h ×
d�i LQ; H ^ J > G è H�K6Z Yçyu<Cö G öíl�: GQK%J : H ^ K = K l&{�Õ
d�k : G%K%J : HSH�G ßS� GQK&J : H Ó6; [�G y K ö G D%{�Õ
euq ë
e�F ë
eu\
eu_
e�d Î J n G :QÓ6; [�G ^ J n G :6^ K = K y�� G LQ;%p G :�¥�Î GQK <�{ K%N :�;&ß�^X9�=Q:6^ G ���%ïQ��v6L G n K6Z ; H 
eue ×
eug � Z ^ K Ó6; [�G Yt` H�J Y�YçÕ
e�h ��; j6GUHMK ` HQJ Y�YåÕ
eui
euk � G LQ;&p G :�¥�Î GQK aS` H6G ßt� G L%;%p G :�¥�Î GQK y��Q9�ÍQ����Ó�{�B J�H�Z ; H yu<�{�Õ
guq ë
g�F ×
gu\ K :�¥M×
gu_ K ` ä ÎUè�9���� }Aä �Q9�ÍQ����Ó } YP`t=%:�<�Y Z ^ K yua�{ ä ��9�ÍQ����Ó }
g�d ×P: GQK&J : HSH6G ßcÎ J n G :QÓ6; [�G y K öóY6{�Õ ë
gue ë
gug L%= K L N y�9�=Q:�^ G ��v6L G n K6Z ; HzG {
g�h ×
gui LQ; H ^ J > G è H�K6Z Yçyu<Cö G öílU^ J n G :6^ K = K l%{�Õ
guk : G%K%J : HSH�G ßcÎ J n G :QÓ6; [�G y K öóY6{�Õ
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"No�� Î`ÏaÐ¬ÏËÎ`ÏaÒ ÓBÔZÕ)ÖÌ×*Õ¨ÖØÐÙÎ`ÏaÐ�Ú@×*ÛÌÜ»Ý<ÏaÕ

h�q ë
h�F ë �

9�:�;%<�:�=?>�=A«CBu@�'
F n6=�L j =Q< G ^&¥ H�K =�L K6Z L&��: G�G Õ
\
_ Z >�n�;&: K ��; j6GUH Õ
d
e n J�O Y Z LALQYQ=�^Q^X9�: ZbH�K Ó6; [�GAG v K�G&H�[ ^SÎ K = K�G > G&H�K Ó�; [�G ×
g n J�O Y Z LT��v%n�: G Ó6; [�GAG v%n�:CÕ
h
i n J�O Y Z LT9�: ZbH�K Ó6; [�G yu��; j6GUHmK öæ��v%n�: G Ó6; [�GAG {
k ×
Frq ^ J n G :Cy K {�Õ
FuF G v&n�:A` G Õ
Fr\ ë
Fr_ ë �

9�:�;%<�:�=?>�=A«CBu@�®
F n6=�L j =Q< G ^&¥ H�K =�L K6Z L&��: G�G Õ
\
_ Z >�n�;&: K ��; j6GUH Õ
d
e n J�O Y Z LALQYQ=�^Q^X� G = [ Ó6; [�GAG v K�G&H�[ ^SÎ K = K�G > G&H�K Ó6; [�G ×
g n J�O Y Z LT��v%n�: G Ó6; [�GAG v%n�:CÕ
h
i n J�O Y Z LT� G = [ Ó6; [�G y���; j6G&H
K ö(��v%n�: G Ó6; [�GAG {
k ×
Frq ^ J n G :Cy K {�Õ
FuF G v&n�:A` G Õ
Fr\ ë
Fr_ ë �

9�:�;%<�:�=?>�=A«CBu@ ¬F n6=�L j =Q< G ^&¥ H�K =�L K6Z L&��: G�G Õ
\
_ Z >�n�;&: K ��; j6GUH Õ
d
e n J�O Y Z LALQYQ=�^Q^X� GQK%J : H Ó6; [�GAG v K�G&H�[ ^SÎ K = K�G > G&H�K Ó6; [�G ×
g n J�O Y Z LT��v%n�: G Ó6; [�GAG v%n�:CÕ
h
i n J�O Y Z LT� GQK%J : H Ó6; [�G yu��; j�G&H
K öæ��v%n�: G Ó6; [�GAG {
k ×
Frq ^ J n G :Cy K {�Õ
FuF G v&n�:A` G Õ
Fr\ ë
Fr_ ë �
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9�:�;%<�:�=?>�=A«CB�ª�s
F n6=�L j =Q< G ^&¥ H�K =�L K6Z L&��: G�G Õ
\
_ Z >�n�;&: K ��; j6GUH Õ
d
e n J�O Y Z LALQYQ=�^Q^tÎ J n G :QÓ6; [�GAG v K�G&H�[ ^SÎ K = K�G > G&H�K Ó�; [�G ×
g n J�O Y Z LT� Z ^ K Ó6; [�G =Q:Q<6^çÕ
h
i n J�O Y Z LSÎ J n G :QÓ6; [�G yu��; j6GUHmK öæ� Z ^ K Ó6; [�G n�{
k ×
Frq ^ J n G :Cy K {�Õ
FuF =Q:Q<6^P`Xn/Õ
Fr\ ë
Fr_ ë �

¤¬e�T 5 p{:8�+78W)�'e���M$ü ý���� ���Ì7G�+: 5 78e��FR�Wêe�¯»; 5 :G�'� 5(¼ Å ½ � H7D V+� 5 W 5 W 5�E :G7U� 5 ��7 5 ��78��W<�F��C ��"�C
9�:�;%<�:�=?>�=A«CB�ª�D

F Ò&aQÓ6; [�GcZ a6^ K = K y�� G LQ;%p G :Q¥�Î GQK <�{ K&N :�;&ß�^T9�=Q:6^ G ���%ïQ��v6L G n K6Z ; H 
\ ×
_ ��v%n�: G Ó6; [�GAG Do` H�J Y�YåÕ
d Î K = K�G > G&H�K Ó6; [�G ^6Do` H�J Y�Yçö
e ^ © ` H�J Y�YçÕ
g ��; j6GUHMK ` HQJ Y�YåÕ
h
i � G LQ;&p G :�¥�Î GQK a�Dí` H�G ßS� G L%;%p G :�¥�Î GQK y��Q9�ÍQ����Ó�{�B J�H�Z ; H yu<�{�ö
k a © ` H�G ßS� G L%;%p G :�¥�Î GQK y��Q�6Î&��{�B J�H�Z ; H yu<�{�Õ
Frq ë
FuF ×
Fr\ K :�¥M×
Fr_ K ` ä Ò&ï }Sä ��9�Í%����Ó }SG Dí` G v%n�: G ^�^ Z ; H yua�D%{ ä ��9�ÍQ���QÓ } ^6Do`S^ K = K�G > G&H�K y�a © {
F|d ���6����
�Í�#���ÍQÞ/yEDQ{ ä ���6Î&� } ^ © `M^ K = K�G > G&H�K yu<�{ �
Fre ×P: GQK%J : HSH6G ßcÒ&aQÓ6; [�G y K ö G D�ö3^6D�ö3^ © {�Õ ë
Frg ë
F�h L%= K L N y�9�=Q:�^ G ��v6L G n K6Z ; HzG {
Fri ×
Frk LQ; H ^ J > G è H�K6Z Yçyu<Cö G öíl Z a6^ K = K l%{�Õ
\uq : G%K%J : HSH�G ß
Ò&aQÓ�; [�G y K ö G D�ö3^6D�ö3^ © {�Õ
\�F ë
\u\ ë �
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7U��W 5 ¦§��M EG5 C[ök�+W 5�E V	e 5 ��7 5 ��7U��Wi����C �%��V%�)��MK� E8E � ¼ Å ½ � H�D ��V$e�� Ç ��R�7U�3��C'"No�V�R�W ��g$�+W<��M 5
;$�b�7G1 5 78�»����78� 5 :G78�>�U9 5 �
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_7h�i�_
�
g¡¢ �|�`�¢ }��X~��e�Ì

�#" äïå!æ"Ø

Î
� ��ÿyØ&äïå!æ�Ø �$" äZå!æ�Ø

Î�� �"ÿyØ%äïå!æ"Ø �B×9ÿ ò ë�äZå!æ�Ø ìíÓÕå7Ò¦è!äïå!æ"Ø
ñ2ò Ö�×yäïå!æ"Ø

�B×9ÿ ò ë�äZå!æ�Ø ñ2ò Ö�×yäïå!æ"Ø
�B×9ÿ ò ë�äZå!æ�Ø

j[�.��R�7U�)��C."IoJu#?kg$�>W)��M 5 ;$�b�7G1 5 78� E �.e%:U�:G�K�+�0����78�äü ý���)���{C

9�:�;%<�:�=?>�=A«CB�ª ©F n6=�L j =Q< G ^&¥ H�K =�L K6Z L&��: G�G Õ
\
_ Z >�n�;&: K ��; j6GUH Õ
d
e n J�O Y Z LALQYQ=�^Q^SÒ&aQÓ6; [�GSG v K�G&H�[ ^SÎ K = K�G > GUH�K Ó6; [�G ×
g n J�O Y Z LSÎ K = K�G > G&H�K Ó6; [�G ^ K = K D�ö3^ K = K�© Õ
h n J�O Y Z LT��v%n�: G Ó6; [�GAG v%n�:CÕ
i
k n J�O Y Z LAÒ&aQÓ6; [�G yu��; j6G&HcK öæ��v%n�: G Ó�; [�GAG öÜÎ K = K�G > G&H�K Ó6; [�G ^6D�öÜÎ K = K�G > GUH�K Ó6; [�G ^ © {
Frq ×
FuF ^ J n G :Cy K {�Õ
Fr\ G v&n�:A` G Õ
Fr_ ^ K = K Do`M^�D�Õ
F|d ^ K = K�© `M^ © Õ
Fre ë
Frg ë �
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ù f 7 5 ��7U��Wi�b��C ���	ú V	��R�v 5%E6Ç M.9 5�EaE T 5 ; 5 � Eµ¶?�Ëç�XB%½ � H7D V�Y%R��J� 5 7G78� E � 5 e�;$�>W J �'e��'�+�'��M.�'_>��S+T 5 �
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�����X? � ��� o Ë � 5 W 5 ¶?�Ëå�XB&½ � H�D�³ V�� 5 � EaE ���L�>W 5�E � 5 W �+�+7G:G�+_N�3Y%R�� :G�>W 5%E � E8E �»:G�'� 5 ;$�(e�¯
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9�:�;%<�:�=?>�=A«CB�ª�@
F n6=�L j =Q< G ^&¥ H�K =�L K6Z L&��: G�G Õ
\
_ Z >�n�;&: K ��; j6GUH Õ
d
e n J�O Y Z LALQYQ=�^Q^Tï�;%:QÓ�; [�GAG v K�G&H�[ ^tÎ K = K�G > G&H�K Ó6; [�G ×
g n J�O Y Z LPÍ K : Z?O Ó6; [�GcZ?H�Z&K ö Z?H L&:CÕ
h n J�O Y Z LSÎ K = K�G > G&H�K Ó6; [�G ^ K = K Õ
i n J�O Y Z LT��v%n�: G Ó6; [�GAG v%n�:CÕ
k
Frq n J�O Y Z LPï�;%:QÓ�; [�G yu��; j6G&H
K öð��v%n�: G Ó6; [�GMG ö(Í K : ZbO Ó6; [�G ^6D�ö Í K : Z?O Ó6; [�G ^ © ö
FuF Î K = K�G > GUH�K Ó6; [�G ^&@�{
Fr\ ×
Fr_ ^ J n G :Cy K {�Õ
F|d G v&n�:A` G Õ
Fre ZbH�Z&K `A^�D�Õ
Frg ZbH L&:A`A^ © Õ
F�h ^ K = K `A^&@�Õ
Fri ë
Frk ë �

9�:�;%<�:�=?>�=A«CB�ª�ª
F ï�;%:QÓ�; [�G a�;%:�^ K = K yr� G LQ;%p G :�¥�Î G%K <�{ K%N :�;&ß6^X9�=Q:6^ G �6�%ïQ��v6L G n K�Z ; H 
\ ×
_ Í K : Z?O Ó6; [�G ^�Do` H�J Y�Yåö
d ^ © ` H�J Y�YåÕ
e Î K = K�G > G&H�K Ó6; [�G ^%@S` H�J Y�YçÕ
g ��v%n�: G Ó6; [�GAG Do` H�J Y�YåÕ
h ��; j6GUHMK ` HQJ Y�YåÕ
i
k � G LQ;&p G :�¥�Î GQK a�Dí` H�G ßS� G L%;%p G :�¥�Î GQK y�ÎU� Û Ò%Ù��U�6�&Ó�{�B J�H�Z ; H yu<�{�ö
Frq a © ` H�G ßS� G L%;%p G :�¥�Î GQK y��Q9�ÍQ����Ó�{�B J�H�Z ; H yu<�{�Õ
FuF ë
Fr\ ×
Fr_ K :�¥M×
F|d K ` ä ï��U� }Sä ��9�ÍQ����Ó } �u^6Do`t= K : ZbO ^ K = K yua�DQ{ �mä Î&� Û Ò&Ù��&�6�&Ó }
Fre � G Do` G v%n�: G ^�^ Z ; H yua�DQ{ �
ä ÎU� Û Ò%Ù��U�6�&Ó }
Frg ��^ © `t= K : ZbO ^ K = K y�a © { �
ä ��9�ÍQ����Ó }
F�h ^%@S`A^ K = K�G > G&H�K y�<�{
Fri ×X: GQK%J : HAH6G ßAï�;&:QÓ6; [�G y K ö G D�öÜ^6D�ö3^ © ö3^%@�{�Õ ë
Frk ë
\uq L%= K L N y�9�=Q:�^ G ��v6L G n K6Z ; HzG {
\�F ×
\u\ LQ; H ^ J > G è H�K6Z Yçyu<Cö G öíl�a�;%:6^ K = K l%{�Õ
\u_ : G%K%J : HSH�G ßAï�;%:%Ó6; [�G y K ö G D�öÜ^�D�ö3^ © öÜ^%@�{�Õ
\�d ë
\ue ë �
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ñ2ò Ö�×yäïå!æ"Ø

�B×9ÿ ò ë�äZå!æ�Ø ñ2ò Ö�×yäïå!æ"Ø
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F ��v%n�: G Ó6; [�GAG v%n�: G ^Q^ Z ; H yr� G LQ;%p G :�¥�Î G%K <�{ K&N :�;&ß�^o9�=Q:6^ G �6�%ïQ��v�L G n K6Z ; H 
\ ×
_ ��v%n�: G Ó6; [�GAG Do` H�J Y�Yåö G�© ` H�J Y�YçÕ
d ��; j6GUHMK ` HQJ Y�YåÕ
e
g ë
h ×
i K :�¥M×
k G Do` H�J > G v%n�:�yE{
Frq �
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FuF y K ` ä ��� }ê] K ` ä ÑQ� }ê]üK ` ä ��� }ê] K ` ä Ñ%� } ] K ` ä �" }ê] K ` ä ÓQ�" } {
Fr\ G�© ` HQJ > G v%n�:CyE{
Fr_ × G Do` H6G ßS� G YQ= K6Z ; H =�Y&Ó6; [�G y K ö G D�ö G�© {�Õ ë
F|d �
Fre ×X: GQK%J : H
G D�Õ ë
Frg ë
F�h L%= K L N y�9�=Q:�^ G ��v6L G n K6Z ; HzG {
Fri ×
Frk LQ; H ^ J > G è H�K6Z Yçyu<Cö G öíl G v%n�: G ^Q^ Z ; H l&{�Õ
\uq : G%K%J : HSH�G ßS� G Y%= K6Z ; H =�Y&Ó6; [�G y K ö G D�ö G�© {�Õ
\�F ë
\u\ ë �
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\
_ Z >�n�;&: K ��; j6GUH Õ
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h
i n J�O Y Z LT� G YQ= K6Z ; H =�Y&Ó6; [�G yu��; j6GUH�K ö(��v%n�: G Ó6; [�GAG D�öæ��v%n�: G Ó6; [�GAG�© {
k ×
Frq ^ J n G :Cy K {�Õ
FuF G v&n�:�Do` G D�Õ
Fr\ G v&n�: © ` G�© Õ
Fr_ ë
F|d ë �
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FuF ZbH�K L%; H�K 9�=%:6^ G ��:Q:�;%:c`Ss�Õ R�RtLQ; H�K = [ ;%: [�GSG :�:�;�^S^ ZbH�K�àQK�Z LQ;�^
Fr\ÚO ;�;�Y G = Hc[�G&OQJ <�Ï%: G LQ;%p G :Q¥CÕ R�RSL%; H�K :�;QYQ=Sp G : O ;�^ GS[�G : G L J n G :�=!² � ; [�GSG :�:�;�^
Fr_ ��; j6GUH YQ=�^ K ��:�:�;%:c` H�J Y�YåÕ
F|d
Fre
Frg R�RTÞ G a ZbH6G ; >�� K ; [ ;ml�>�= Z?H l [ =AL%YQ=�^�^ G Y%= H <�Ô/B
F�h n J�O Y Z Lw^ K = K6Z LPp�; Z&[ >�= ZbH y�Î K : ZbH <c=Q:�<�^�� � { K&N :�;&ß�^T9�=Q:6^ G ��v6L G n K�Z ; H
Fri ×
Frk O ;�;QY G = HM[�G&O�J <�Ï%=�^t`ta�=�Y�^ G Õ
\uq O ;�;QY G = HM[�G&O�J <�Ï&: G LQ;%p G :�¥
`Pa�=�Y�^ G Õ
\�F
\u\ Î K : ZbH <Aa Z Y G&H =?> G `�l�l�ÕÜR�R H ;?> GS[ ;T=Q: I%J�Z p�;S=A^ G :A= H =�Y Z ^%= [ ;
\u_ Y%= H <�ÔPn�=Q:6^ G :�Õ R�RP= H =�Y Z ^%= [ ;%:cY%�Qv Z LQ;QR�^ ZbH�K�àQK6Z LQ;
\�d Z?H�KcZ Õ
\ue O ;�;�Y G = H >�^T`ta�=�Y�^ G Õ
\ug
\�h Î&¥6^ K�G >áB�; J�K B�n�: ZbH�K Y H y�Ø G :6^ Z ; H {�Õ
\ui RQRSYQ�S;�^on6=Q:�â?> GQK :�;�^Xn6=�^�^%= [ ;�^Xn6=Q:�=A;ALQ;?>�n Z YQ= [ ;%:
\uk a�;%:ãy Z `Ps�Õ ZTä =Q:�<�^åB�Y G&H < K%N!¨ D�Õ Z f�f�{
_uq ×
_�F Z aãyu=Q:�<6^�� Z&� B GQI&J =�Y�^çy�l ¨b[�G&OQJ <�Ï%Í�Î�l%{�{
_u\ [�G&O�J <�ÏQ=�^t` K : J6G Õ
_u_ G Y�^ G
_�d Z aãyu=Q:�<6^�� Z&� B GQI&J =�Y�^çy�l ¨b[�G&OQJ <�Ï%: G LQ;%p G :Q¥�lQ{�{
_ue [�G&O�J <�Ï%: G LQ;&p G :�¥c` K : J6G Õ
_ug G Y�^ G
_�h ×
_ui Î%¥6^ K�G >ìB�; J�K B|n�: ZbH�K Y H y?lîè�^%=Q< G�Z ^å Ö =Qp�=AYQ= H <�Ôò� ¨b[�G&O�J <�Ï&Í�Î � líf
_uk l�� ¨b[�G&O�J <�Ï&: G LQ;%p G :�¥ ��ZbH n J�K a Z Y G l%{�Õ
d�q Î%¥6^ K�G >ìB G v ZUK y�s�{�Õ
dîF ë
d�\ ë
d�_
dud Z aãy�=Q:�<�^�� Z&� B GQI%J =�Y�^çy?l ¨ l&{�{
d�e × R�RtYQ� [ = G&H�K :�= [ = ¨ n6= [ : � ;
d�g Î%¥6^ K�G >ìB�; J�K B|n�: ZbH�K Y H y?lE� G = [6ZbH <�aQ:�;?>z^ K = H�[ =Q: [
ZbH n J�K BSBtB�l&{�Õ
d�h n6=Q:�^ G :A` H�G ßcYQ= H <�ÔCy�Î%¥�^ K�G >ìB ZbH {�ÕÈR�RSLU: Z =tÍ�Î
d�i ë
d�k G Y�^ G
euq × R�RtYQ� [ ;t=Q: I&J�Z p�;
e�F a Z Y G&H =b> G `P=Q:�<6^å��=Q:�<6^çB�Y G&H < K%N�¨ D � Õ
eu\ Î%¥6^ K�G >ìB�; J�K B|n�: ZbH�K Y H y?lE� G = [6ZbH <�aQ:�;?>
a Z Y G lífTa Z Y G&H =b> G fml�BtBSB�l&{�Õ
eu_ K :�¥A× R�RSL&: Z =tÍ�Î
e�d n6=Q:6^ G :A` H6G ßMYQ= H <�Ô�y H6G ß Ö =%p�=CB Z ;åB�ï Z Y G Ò H n J�K Î K : G =?>áyua Z Y G&H =b> G {Q{�Õ
eue ë
eug L&= K L N y Ö =Qp�=CB Z ;�B�ï Z Y G Ó6; K ï�; J�H�[ ��v6L G n K6Z ; H!G {X×
e�h Î%¥�^ K�G >ìBu; J�K B|n�: ZbH�K Y H y?l�ï Z Y G l fPa Z Y G&H =b> G fml H ; K a�; J�H�[ BEl%{�Õ
eui : GQK&J : H Õ
euk ë
guq ë
g�F
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gu\ � Z ^ K Ó6; [�G :�;�; K ` H�J YQYåÕ
gu_ n�=Q:6^ G :CB [�G&O�J <�Ï%: G L%;%p G :�¥m` [�GUO�J <�Ï%: G LQ;%p G :�¥CÕ
g�d Z aãy�ñ [�G&O�J <�Ï%=�^�{ín6=Q:�^ G :/B [�Z ^%= O Y G Ï K :�=�L ZbH <Cyé{�ÕoR�R [�G ^%= O B(p G : O ;�^ GS[ ;PÍ�Î
gue K :�¥M×
gug :�;�; K `Xn6=%:6^ G :/B�n�:�;%<�:�=b>áyE{�Õ R�RtL N =b>�=M; >�� K ; [ ; I%J6G a�=QVS=t= H6à Y Z ^ G
g�h ë
gui L&= K L N yr9�=Q:6^ G �6�%ïQ��v�L G n K6Z ; HzG {
guk ×
h�q Î&¥6^ K�G >áB G :�:/B�n�: ZbH�K Y H y G Br< GQKQÛ�G ^�^%=Q< G yé{�{�Õ
h�F ë
h�\ a ZbH =�Y�Y&¥c×
h�_ Î%¥6^ K�G >ìB�; J�K B|n�: ZbH�K Y H yrn6=Q:6^ G :/B K ; j6G&H Ï�^Q; J :�L G B�a6; J�H�[ � G v%��:�:�;%:Cyé{cf
hrd lÈ� G v Z L%=�YT��:�:�;%:6^Pa�; J�H�[ l&{�Õ
h�e Î%¥6^ K�G >ìB�; J�K B|n�: ZbH�K Y H yrn6=Q:6^ G :/B�LQ; H�K 96=Q:6^ G ��:�:�;%:�f
h�g loÎ%¥ H�K =�L K6Z LT��:�:�;%:�^Ta�; J�H�[ l%{�Õ
huh ë
h�i
h�k ë R�RÈ>�= ZbH �

· E ��M.:G�+7U��S È � E ��¦ �+:GR���;�� E3E �i�>e�� 5 e�:878��W �>Wÿ���L�>e�� E :87�I E � 5 e%: 5%E ; 5 ��7 5 ��78��W<�ä��Cªo��LC
¤���7G�'W<�+�'7 5 V$e��)M.�'e�9��i��V��+W«Y%R�� E T 5 �.W<� 5 7G:8��;�� E � E �+M'� EGE � E ; 5 ����� 5 :G� ³&<���?�A o ?�� o Ç�Ë�DXD V
Y%R�� E T 535�E e�¯ E Y�R��»¦ 5 7GWi��W��3�7G1 5 78� E �'e%:8�:G�K�+��Cd¤ E65 R$:87 5%E ; 5 � E � E :8T 5 e�� E M.�'e�9�� E �%���(���
5 eL;$�i�z1���7G�KI1��>M Ë ��� ? ]i;$� Ç e��K;��}� 5 W 5 R�Wi�ä1���78�'I1��+MZ; 5 :G�'� 5 » ��³�?&½ � H�D �i�}�U9���W<��;��
� 5 W)]+: 5 ; 5 9�����ü�����!)V$Y�R��(� 5 787G� E � 5 e�;��^� 5 eLT 5 pX:G�>7GW<�'e���ML�.e��'�+�'��Mt;��3��7U��Wi�:8�'�>��V�] ��M.:G�>78��;��
����78�}Y%R�� E �*v�����:87G�'��R â ;�� J 1���78�KI1��+M Ë ��� ? �}78���._i;����7G1 5 78� E �.e%:U�:G�K�+���+7G�K��;��ä;�R�78��e%:G�i�
��eL�M'� E � E �'e�:U�:8�'�>��C

6.3 Arquivos-fonte do compilador
f ��7U�i��78�'��7 5 e 5�E8EG5 � 5 W<���'MK��; 5 7>V 5 ��7 5 ���N;$�'W)�>e%: 5 �t�+78W<��e��>�+���.eL��M.:G�+7U��; 5 C6û �+1��+W 5�E ��7 5 p
��� EGE ��7 5 ��7UY�R��.1 5ÄC'A��6Á�Â�-.-�Ä?Å�Å ��V�;$�+� 5 � E V�� 5 W)���.MK��7 5 ��7UY�R��.1 5�C'A���Á�Â1ÄbÅ7A�ÆcA Cy·2;��H¦ �>7G�>e�S+� ]
Y%R��^��� 5 7U�(��g$� E :G� 50E R��P;$�'7G�+:G¯�7G� 5Ü³�<���?�A o ?�� o Ç�ËcDXD V>Y%R�� � 5 7878� E � 5 e�;$�`� 5 ����� 5 :8�^;$�^W<� E W 5
e 5 W)�z�z� 5 e%:G]>Wÿ� E ��MK� E8E � E 78��¦ �>7G�>e%:G� E � 5%E e�¯ E ;��-�781 5 78� E �'e%:8�:G�K�+��C-=»T 5 9��e��>e�9	R�Wi�
Wi��e��>�.7U�i;$� E ���t�+78W 5�E V�� 5 7»�>e�Y%R���e%: 5 V E �3�i�7G1 5 78� E �'e�:U�:8�'�>�i� 5 e E :87GR â ;��i� 5 787G� E � 5 e�;��b� 5
Y%R��`;$� E �*v���W 5�EZ5 R<e�T 5 C l EGEG5�E �>78(��� 5 7U;���; 5 e 5 �>��� â :GR�M 5 q	V 5 e�;$�a1��+78�+W 5�E � 5 W 5 �'W<��78�.W<�'7
�<�781 5 7G� E �'e%:8�:8�'�>��C



�������+�	��
 �����	���%�����&
 ���� ���
 �������¬"N����
 !Í"N��
i

i

i

i

i

i

i

i

">��� Î`ÏaÐ¬ÏËÎ`ÏaÒ ÓBÔZÕ)ÖÌ×*Õ¨ÖØÐÙÎ`ÏaÐ�Ú@×*ÛÌÜ»Ý<ÏaÕ



�������+�	��
 �����	���%�����&
 ���� ���
 �������¬"N����
 !Í"N��"
i

i

i

i

i

i

i

i

Capítulo 7

Exibição da Árvore
Sintática
=^� E :8�3�+��� â :GR�M 5 1��+78�+W 5�E � 5 W 5 1	� E R���M.�'_>��7»�#�781 5 7G� E �.e%:U�:G�K�+�i� 5 e E :G78R â ;��i�t�+M 5 e 5%EGEG5 · m C
465 W � E8E�5 V%� 5 ;$�+W 5%E 1��+78� Ç �>��7 E �(e 5%EGE �b�'W<��M.�>W<�+e%:8��S+T 5 ;��)�781 5 78� E �.e%:8�:G�K�+�0� E :8)� 5 7G78��:U��C
· ����7�:8�.70;$�Í��� 5 7U��VØe�T 5 R$:8�.M'�'_>��78�+W 5%E Wi��� E�5 ��7UY%R��'1 5 C v vb�L��7U�ä¦§��_+�>7GW 5%E e 5�E8E � E �'W)��M.�+p
W<�+e%:8��S È � E Cd¤ :G7U������M.9 5 ; 5 · m :8�+78W<�.e��)� 5 � 5 e E :87GR��.7a�3�7G1 5 78� E �'e%:8�:8�'�>�3�(�3�L��7G:G�'7F;$� E :8�
W 5 W<�+e%: 5 V$�'7G�>W 5%EaE �>W)��7G��� 5 e E :G78R��.7`��7 5 ��7U��Wi� E Y%R�����:GRL��Wî� 5 W���� E �Je��>M'��C
·^M']+W ;$���t�+78W)�.:G�'7»�<1��+78� Ç �>��S>T 5 ;��i�781 5 78� E �'e%:8�:8�'�>��V 5 �+¯	;��.� 5 W 5%E :878��; 5 e�� E :G�3�>��� â p

:GR�M 5#E �+781��J� 5 W 5 R�Wi�<�'e%:G7 5 ;�R�S+T 5lJ�E ;$�+Wi��� E ¦§� E � E ; 5 e 5�E8E�5 � 5 W<���.MK��; 5 7NCZ· �+g$�.���KS+T 5 ;��
�781 5 7G� E �'e%:8�:8�'�>�»]F��¦ �+:GR���;��(� 5 7ZR�W�� 5 e�v*R�e%: 5 ;$�FW<]�: 5 ; 5%E Y�R��a��e���M'� E ��W 5%E e�¯ E ;��(�781 5 7G�
� ��; 5 :U��W�� E ��S È � E e��N��� E8E �78�'� E ����7U���+g	�'���.pXM 5�E m%����7U���+��;���:8�.� 5 ;$� e�¯�V%��g$� E :8�»R�W 5 RiWi��� E
W<]�: 5 ; 5�E � 5 787G� E � 5 e�;��+e%:G� E Cä·���e��M.� E � E �+Wi®�e�:8�'�>�}�Í�}���>78��S+T 5 ;$�z��¯$;$�'� 5�E �i��7 5 �+� E8E ��W
��g���:8��W<�>e�:8�z;���W<� E Wi��¦ 5 7GWi��C 4 ��;��-e�¯�;��-�7G1 5 78� E �.e%:8�:G�K�+�-;$�+1�� E �+7<1	� E �.:8��; 5 R$:8�.M'�.p
_>��e�; 5)5�E W<]�: 5 ; 5�E � 5 787G� E � 5 e�;��+e%:G� E � 5�E :G�'� 5�E ;$��e�¯ E �bY�R��(78�>��M.�'_>��W��0:8��78��¦§�<;$� E ��v���;���V
Y%R��+7 E �*v��}��e��M'� E � E �>Wi®�e%:G�K�+��Vy���+7U��S>T 5 ;$�#��¯$;$�'� 5 VÌY%R��+7 E �*v�� E �.W<��M'� E W<�+e%:G�i�}�'W)��7G� EGE T 5
;��<�781 5 7G� E �'e%:8�:G�K�+��C
l 7G�>W 5�E �'e��'�+�'��M.W<�>e�:8��VF� E :8���L�>M.�N���+7#� 5 W 5 Y�R��+78�+W 5�E 1	� E R���M.�'_>��7i���7G1 5 78� E �.e%:U�:G�K�+����V

;$�>� 5 � E V3;$� E �+7G�>1��+7�� E ;$RL� E ¦§� E � E e��N��� E8E �78�'� E ����7U�òY%R��à� EGEG5 � 5%EGE � E �+7�¦ �>�H: 5 �Ñ� 5 W 5
�'W)��M.�>W)�>e%:8�prMK� E C�? EGE � E ;$R�� E ¦§� E � E0E T 5 �&e	R�W<�>78��S+T 5 ; 5�E e�¯ E ;����781 5 7G�i�}�-��g$�.���'S>T 5
��7 5 ��78�K��W<�+e%:G�J;$�.:8��C

7.1 Exibição da árvore sintática
öd��W 5%E R$:8�.M'�._N��7(R�Wi�i¦ 5 7GWi�i��� E :U��e%:G� E �'W<��M.� E ;��31	� E R���M.�'_>��7»�Í�7G1 5 78� E �'e%:8�:8�'�>��V 5 R E �*v���V
�'e��'�+�'��M.W<�>e�:8�3e	R�W<�+7U��7 5�E(E �>R E e�¯ E ��VB;$�>� 5 � E VP��g$�'���HprM 5�E eL� 5 78;$�>W¨�>W Y%R��b¦ 5 78��W«e	R�W<�+p
7U��; 5%E V%W 5�E :G7U��e�; 5)5 :G�'� 5 ;$���+��;��be�¯)��Y%R���� EF5�E eXH�W<�+7 5�E ; 5%EFE �+R EFÇ M.9 5�E CZ·êe	R�W<�+7U��S>T 5
;$�>1��J�.e��'�+�'��7�p E �J�t�+MK�<78���._J� E �+7a¦ �>�H:U�<��7G�'W<�+�'7 5 �>Wî��7 5 ¦ R�eL;$�';���;$��V 5 R E �*v���V E �>��R��'e�; 5 �+��;��
7U��W 5 ;��i�781 5 78� ��:G] 5)Ç e���M{C

">���
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öd��W 5�E : 5 Wi��7^� 5 W 5 ��g$�+W<��M 5<5 ��7 5 ��7U��Wi�3� E �+��R��.7N�

`&h=^�iXiÊ^¡�
i�SXd�b�[7��g �
`�\�[�i�SXd=�:`�S�\&d � b'[7S¤` �
�

g¦¢¦`�ó �X�:�Ì
b�[7SÊf �
�
�

T7d:b'[7S � gVU � ó¤g �Ì
Ì
m �+��R��'e�; 5 �Je	R�W<�+7U��S>T 5 ;$� E ��78�.:8��V 5 �$:8�+W 5�E ���7G1 5 78� E �'e�:U�:8�'�>�(;�� Ç ��R�7U�bq	C'"�CZ½^Wi�J1��>_

¦ �+�.:8�-��e	R�W<�+7U��S>T 5 VØ1���W 5%E ��g$�'���'7)���7G1 5 78�iW 5�E :G7U��e�; 5-E �NY&k��+e��+�'��M.W<�+e%:8�Í�+��;���R�W ; 5%E
e�¯ E C f ��7U�b�+��;���e�¯LV�W 5�E :G7U��W 5%E Y�RL��Mt] 50E �+R<:8�.� 5 �(Y�RL��� E@E T 5b5%E eXH�W<�+7 5�E ;�� E �+R EdÇ M.9 5�E C
465 W 5ä5�E e�¯ E Y%R�� E T 5cÇ ��É D���³ e�T 5zE T 5 e%R�W)�>78��; 5�E VP��g$�'���.W 5%E ;��.78��: 5äE �+R�� 5 e%:8�
H�; 5 �+W
1��>_�;$�JW 5%E :878��7 E �>RäeXH�W<�>7 5 C
f ��7U� 5 �+g	�>W<��M 5 ���L�>e�� E 1	� E : 5 V	:G�>7 â ��W 5%E � E �+��R��.e%:8� E � â ;����

} U a b=i�S ^ \=a7_ � ² h=^�iXi $ _�`&h ^ \=a7_ � ¢X¢=¢  �~ [X��hXh
~ U ² h=^�i=i $ _�`&h ^ \=a7_�¢X¢X¢   ^�[X�chXh �
� U ² h=^�i=i ° \=a � ^ \=a7_�¢X¢X¢   [X��hXh �ã��~X~
� U a b=i�S ^ \=a7_ � ��^&d $ _�`&h ^ \=aX_ � ¢=¢X¢  z� [=�chXh
� U ��^&d $ _�`&h ^ \&a7_Ê¢X¢=¢   i�SXd:b'[7�!�
�eU a b=i�S ^ \=a7_ � ��^&d ^ \&a7_ � ¢X¢=¢  �� [X��hXh
� U ��^&d ^ \=a7_�¢X¢=¢   g
� U a b=i�S ^ \=a7_ � ² \�[:i�S=d=�:`�S $ _�`&h ^ \=a7_ � ¢X¢=¢  z� [X��hXh
� U ² \�[:i�SXd=�:`�S $ _�`&h ^ \&a7_�¢X¢X¢  ¼}��
}�� U,ñ�_�S=Q�\=a ° \=a � ^ \&a7_�¢=¢X¢  ¦}X}�}��
}X} U a b&i�S ^ \=aX_ � ��^&d $ _�`&h ^ \=a7_ � ¢X¢X¢  ¦}�~ [X�ch=h
}�~ U*��^�d $ _�`&h ^ \=a7_�¢X¢X¢   b�[7S }��
}�� U a b&i�S ^ \=aX_ � ��^&d ^ \=a7_ � ¢X¢X¢  ¦}%� [X�chXh
}%� U*��^�d ^ \=a7_�¢=¢X¢   `
}�� U ° h&\�`�ö ^ \&a7_�¢X¢X¢  ¼} �
} �eU a b&i�S ^ \=aX_ � ° S�^�S�_�f:_�[XS ^ \=a7_ � ¢X¢=¢  �}�� [X�chXh
}�� U � S=d:b�g ^ \&a7_�¢X¢X¢  ¼}Q�w}��
}�� U*��^�d ^ \=a7_�¢=¢X¢   g
}�� U � a=a ^ \=a7_�¢=¢X¢  ¤~X� ó ~:}
~X� U*��^�d ^ \=a7_�¢=¢X¢   `
~:} U ° S=d:b�[7� ² \�[:i�S ^ \=a7_�¢X¢X¢  ¦�X�
~X~ U a b&i�S ^ \=aX_ � ñ�_&S&Q�\=a $ _�`&h ^ \=aX_ � ¢X¢X¢  ¤~X� [X�chXh
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~X� U,ñ�_�S=Q�\=a $ _�`&h ^ \&a7_�¢=¢X¢   b�[7SÊf ~��
~�� U,ñ�_�S=Q�\=a ° \=a � ^ \&a7_�¢=¢X¢   [X�chXh ~��
~�� U ° h&\�`�ö ^ \&a7_�¢X¢X¢  �~ �
~ �eU a b&i�S ^ \=aX_ � ° S�^�S�_�f:_�[XS ^ \=a7_ � ¢X¢=¢  �~�� [X�chXh
~�� U � d�b�[7S ^ \&a7_�¢X¢X¢  �~��
~�� U � a=a ^ \=a7_�¢=¢X¢  ¤~�� ó �X�
~�� U ° S=d:b�[7� ² \�[:i�S ^ \=a7_�¢X¢X¢  ¦� g«U �
�X� U*��^�d ^ \=a7_�¢=¢X¢   g
2 R���eL; 5 R�W ; 5�E Ç M'9 5%E ;��0R�W ;$��:8�+78W)�'e���; 5 e�¯ze�T 5 �+g	� E :G��VÌR$:G�'M.�'_>��p E �����7�±�d����78�Í7G�+p

��78� E �+e%:8��7b� E8E � E �.:GR���S+T 5 C fZ5 73�+g$�+W<��M 5 V 5 e�¯�eXH�W<�>7 5 ����]#R�W ÊD7?Q� � H�º � H�<�½ � H7D Y%R��
;$�>1��+78�K�<:G�>7 R�WÏ» ��³�?&½ � H�D �0R�W ;:?�A�?=D�>³DQ��?&½ � H7D � 5 W 5#Ç M'9 5�E C 465 W 5Í5 W)]+: 5 ; 5 ! ; 5
��7 5 ��78��W<�3��e���M.� E ��; 5 eLT 5 � 5%EGE R��P����7U®�W<�+:G7 5�E V��+e%:UT 5)5 ��78�'W)�>�.7 50Ç M.9 5 e�T 5 �+g$� E :G�J� :G�+W 5%E
���|C=C e 5 e�¯i����C
4 ��;��¥» ��³�?&½ � H7D �+g$�.���K; 5 W 5%E :878�^Y%R���M�] 5 :G�'� 5 ;$�6e�¯F�G� 5 e%:G�K; 5 �ke��^M'� E :U��C fZ5 7Ì��g$�>W)��M 5 V

5 e�¯zeXH�W<�>7 5 ">/z]0R�W » ��³�?&½ � H7D ��R�v 5äÇ M'9 5 ]<R�W x'A6Ë�½ � H�D C 465 W 5z5%E : 5 º��>e E e�T 5}E T 5
e	R�W<�+7U��; 5%E VZ���L��78�>���>W ;$�'78��: 5 e�����g$�'���KS+T 5 ;$� E �+R E ����� E C f[5 73�+g	�>W<��M 5 V 5 e�¯-����]#R�W
¶@HMHQ½ � H�D �+R�v 5�EFÇ M.9 5%E`E T 5<5�E e�¯ E ���0�b/�)�JR�W Ç ��É DQ� Y%R��b� 5 787G� E � 5 e�;�� � 5iEGâ W0� 5 M 5 z`C
?dW3� 5 7U�b���'W<��M'�+W<�+e%:8��S+T 5 ;�����g$�'���KS+T 5 ;��b�781 5 7G� E �.e%:8�:G�K�+�Je�T 53E �*v��(¦ �+�.:8�3e 5 ��78Y%R��'1 5

C v v�V�;$�+1��+W 5�E ¦§��_>�+7F�L�NY�R��+e�� E ��MH:8�+7U��S È � E e 5 W)]+: 5 ; 5 ��78�.e��+�.�L��MP; 5 e 5%EGEG5 � 5 W<���'M'��; 5 76����7U�
Y%R��)� E8E �Í��g$�.���'S>T 5zE �*v��#¦ �+�.:8��Cb·Ë��7G�'W<�+�'78�z;$�+MK� E ])�z�'e���M'R E T 5 ;��0R�Wi� 5 �PS+T 5 9�� ü±�c� þ��������
e�� E M.�'e�9�� E ��/<�i���i; 5 ��7 5 ��7U��Wi�<q	C'"�C

9�:�;%<�:�=?>�=¾'CBED
F R�RTÞ G a ZbH6G ; >�� K ; [ ;ml�>�= Z?H l [ =AL%YQ=�^�^ G Y%= H <�Ô/B
\ n J�O Y Z Lw^ K = K6Z LPp�; Z&[ >�= ZbH y�Î K : ZbH <c=Q:�<�^�� � { K&N :�;&ß�^T9�=Q:6^ G ��v6L G n K�Z ; H
_ ×
d O ;�;QY G = HM[�G&O�J <�Ï%=�^t`ta�=�Y�^ G Õ
e O ;�;QY G = HM[�G&O�J <�Ï&: G LQ;%p G :�¥
`Pa�=�Y�^ G Õ
g O ;�;QY G = H n�: ZbH�K Ï K : G�G `Pa�=�Y�^ G Õ
h
i Î K : ZbH <Aa Z Y G&H =?> G `�l�l�ÕÜR�R H ;?> GS[ ;T=Q: I%J�Z p�;S=A^ G :A= H =�Y Z ^%= [ ;
k Y%= H <�ÔPn�=Q:6^ G :�Õ R�RP= H =�Y Z ^%= [ ;%:cY%�Qv Z LQ;QR�^ ZbH�K�àQK6Z LQ;
Frq Z?H�KcZ Õ
FuF O ;�;�Y G = H >�^T`ta�=�Y�^ G Õ
Fr\
Fr_ Î&¥6^ K�G >áB�; J�K B�n�: ZbH�K Y H y�Ø G :6^ Z ; H {�Õ
F|d RQRSYQ�S;�^on6=Q:�â?> GQK :�;�^Xn6=�^�^%= [ ;�^Xn6=Q:�=A;ALQ;?>�n Z YQ= [ ;%:
Fre a�;%:ãy Z `Ps�Õ ZTä =Q:�<�^åB�Y G&H < K%N!¨ D�Õ Z f�f�{
Frg ×
F�h Z aãyu=Q:�<6^�� Z&� B GQI&J =�Y�^çy�l ¨b[�G&OQJ <�Ï%Í�Î�l%{�{
Fri [�G&O�J <�ÏQ=�^t` K : J6G Õ
Frk G Y�^ G
\uq Z aãyu=Q:�<6^�� Z&� B GQI&J =�Y�^çy�l ¨b[�G&OQJ <�Ï%: G LQ;%p G :Q¥�lQ{�{
\�F [�G&O�J <�Ï%: G LQ;&p G :�¥c` K : J6G Õ
\u\ G Y�^ G
\u_ Z aãyu=Q:�<6^�� Z&� B GQI&J =�Y�^çy�l ¨ n�: Z?H�K Ï K : G�G l%{�{
\�d n�: ZbH�K Ï K : G�G ` K : J6G Õ
\ue G Y�^ G
\ug ×
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\�h Î%¥6^ K�G >ìB�; J�K B|n�: ZbH�K Y H y?lîè�^%=Q< G�Z ^å Ö =Qp�=AYQ= H <�Ôò� ¨b[�G&O�J <�Ï&Í�Î � líf
\ui l�� ¨b[�G&O�J <�Ï&: G LQ;%p G :�¥ � � ¨ n�: ZbH�K Ï K : G�GQ�mZbH n J�K a Z Y G l%{�Õ
\uk Î%¥6^ K�G >ìB G v Z&K y�s�{�Õ
_uq ë
_�F ë
_u\
_u_ Z aãy�=Q:�<�^�� Z&� B GQI%J =�Y�^çy?l ¨ l&{�{
_�d × R�RtYQ� [ = G&H�K :�= [ = ¨ n6= [ : � ;
_ue Î%¥6^ K�G >ìB�; J�K B|n�: ZbH�K Y H y?lE� G = [6ZbH <�aQ:�;?>z^ K = H�[ =Q: [
ZbH n J�K BSBtB�l&{�Õ
_ug n6=Q:�^ G :A` H�G ßcYQ= H <�ÔCy�Î%¥�^ K�G >ìB ZbH {�ÕÈR�RSLU: Z =tÍ�Î
_�h ë
_ui G Y�^ G
_uk × R�RtYQ� [ ;t=Q: I&J�Z p�;
d�q a Z Y G&H =b> G `P=Q:�<6^å��=Q:�<6^çB�Y G&H < K%N�¨ D � Õ
dîF Î%¥6^ K�G >ìB�; J�K B|n�: ZbH�K Y H y?lE� G = [6ZbH <�aQ:�;?>
a Z Y G lífTa Z Y G&H =b> G fml�BtBSB�l&{�Õ
d�\ K :�¥A× R�RSL&: Z =tÍ�Î
d�_ n6=Q:6^ G :A` H6G ßMYQ= H <�Ô�y H6G ß Ö =%p�=CB Z ;åB�ï Z Y G Ò H n J�K Î K : G =?>áyua Z Y G&H =b> G {Q{�Õ
dud ë
d�e L&= K L N y Ö =Qp�=CB Z ;�B�ï Z Y G Ó6; K ï�; J�H�[ ��v6L G n K6Z ; H!G {X×
d�g Î%¥�^ K�G >ìBu; J�K B|n�: ZbH�K Y H y?l�ï Z Y G l fPa Z Y G&H =b> G fml H ; K a�; J�H�[ BEl%{�Õ
d�h : GQK&J : H Õ
d�i ë
d�k ë
euq
e�F � Z ^ K Ó6; [�G :�;�; K ` H�J YQYåÕ
eu\ n�=Q:6^ G :CB [�G&O�J <�Ï%: G L%;%p G :�¥m` [�GUO�J <�Ï%: G LQ;%p G :�¥CÕ
eu_ Z aãy�ñ [�G&O�J <�Ï%=�^�{ín6=Q:�^ G :/B [�Z ^%= O Y G Ï K :�=�L ZbH <Cyé{�ÕoR�R [�G ^%= O B(p G : O ;�^ GS[ ;PÍ�Î
e�d
eue K :�¥M×
eug :�;�; K `Xn6=%:6^ G :/B�n�:�;%<�:�=b>áyE{�Õ R�RtL N =b>�=M; >�� K ; [ ; I%J6G a�=QVS=t= H6à Y Z ^ G
e�h ë
eui L&= K L N yr9�=Q:6^ G �6�%ïQ��v�L G n K6Z ; HzG {
euk ×
guq Î&¥6^ K�G >áB G :�:/B�n�: ZbH�K Y H y G Br< GQKQÛ�G ^�^%=Q< G yé{�{�Õ
g�F ë
gu\ a ZbH =�Y�Y&¥c×
gu_ Î%¥6^ K�G >ìB�; J�K B|n�: ZbH�K Y H yrn6=Q:6^ G :/B K ; j6G&H Ï�^Q; J :�L G B�a6; J�H�[ � G v%��:�:�;%:Cyé{cf
g�d lÈ� G v Z L%=�YT��:�:�;%:6^Pa�; J�H�[ l&{�Õ
gue Î%¥6^ K�G >ìB�; J�K B|n�: ZbH�K Y H yrn6=Q:6^ G :/B�LQ; H�K 96=Q:6^ G ��:�:�;%:�f
gug loÎ%¥ H�K =�L K6Z LT��:�:�;%:�^Ta�; J�H�[ l%{�Õ
g�h ë
gui
guk R�RPp G : Z a Z L%=c^ G n�; [�GcZ >�n�: Z > Z :M= à :�p�;%: G ^ ZbH�K�à%K6Z L%=
h�q Z aãyðn6=%:6^ G :/B K ; j6G&H Ï�^Q; J :�L G B�a�; J�H�[ � G vQ��:�:�;%:�yE{
h�F fTn�=Q:6^ G :CB�LQ; H�K 9�=Q:6^ G ��:�:�;%:
`�`Ss�Ã�ÃPn�: ZbH�K Ï K : G�G {
h�\ ×
h�_ 9�: Z?H�K ��: GQG n�: K ` H6G ßS9�: ZbH�K ��: G�G yE{�Õ
hrd n�: K B|n�: ZbH�K �6;�; K yu:�;�; K {�Õ R�RAL N =b>�=o>�� K ; [ ;Tn�=Q:�= Z >�n�: Z > Z : à :�p�;%: G
h�e ë
h�g
huh ë R�RÈ>�= ZbH �
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f ��7U���.W<��M'�+W<�>e�:U��7<��e	R�W<�+7U��S>T 5 �z��g$�.���'S>T 5 ;����781 5 7G� E �.e%:U�:G�K�+��Vk��g$� E :8�+W ;$�'1��+7 E � E
��M.:G�>7GeL��:G�'1�� E C[· E Wi��� EFE �'W<��M'� E ;$�+MK� EFE �>7G�K��W �'e���M'R��'7>V%����7U�b�>��;�� 5 �t�+7U��S+T 5 � 5 W 5 e%R�W)�>78��7
5 R��+g	�'���'7>VØR�W W<]+: 5 ; 5 �+Wÿ�+��;��}R�Wi��;�� E �+M'� EGE � E � 5 787G� E � 5 eL;$�+e%:G� E � 5�E e�¯ E ;����7G1 5 78��m
��78�K��7(R�Wi�,H�e��'�>�z�+M'� EGE �3�<;$�+e%:87 5 ;$� E :8�z�.eL��M'R��.7JW<]�: 5 ; 5�E Y%R��<�����>�H:U��Wæ� 5 W 5 ��78��R�W)�>e%: 5
R�W¨e�¯<��7G�N��M'�._N��W�� Ea5 �L�>78��S È � E ;$� E ��v���;�� EaE�5 ��7G�J� EGE � e�¯�C

·ê��7G�'W<�+�'78�0]�V E �+W¨;7H�1	�';���V	Wi��� E �+M'�+����e%:G��V%� 5 � E W<��e%:G]+W¨� Ç M 5�EG5�Ç �3;��)��7 5 ��78��W<��S+T 5
5 78�'�+e%:8��;��0� 5 �$v*��: 5�E C f[5 7G]>W}V��+��R E �0R�W¨�+�+7G: 5 :G7U��e E : 5 78e 5 Y%R���e�; 5 :G�>W 5�E Y%R��b��M.:G�>78��7 5 R
� 5 7G78�'���'76e 5%EGE �0�.W<��M'�+W<�+e%:U��S+T 5 V	� 5 � E � E :8�)� E :80� E ����M'9���;��3� 5 7^;��.1��+7 E�5%E ��78Y%R��'1 5%E ;$�.¦ �+78�+e�p
:G� E Cb· E �+��R�e�;���VP���t� E ��7J;$�<;$� E �+M'�+�%��e%:G��Vt;��.W<�'e%R�� 5 � E ¦ 5 7US 5 7G�NY�R��+78�'; 5 ����7U�iWi��e%:8�+78W 5%E
e 5%EGE �ä�.W<��M'�+W<�+e%:U��S+T 5 C#· EGE �.W}V[1���W 5�E �+7G�K��7�R�Wi���+M'� EGE � ´�Ëå����?�ÇQË�DXD ;$�+e%:G7 5 ; 5 ����� 5 :G�
³&<��:?�A o ?�� o Ç�Ë�DXD V>Y�R��`]`7G� E � 5 e E I1��>M	� 5 7k��g$�.���.7@�J�7G1 5 78� E �.e%:U�:G�K�+��CØ= � E M'�.e�9�� E q����q�o(; 5
��7 5 ��78��W<�bq$C."`]»�+7G�K��; 5 R�W 5 �$v*�+: 5 ; 5 :8�.� 5 ´�Ëå����?�Ç�Ë�DXD �»�U9���Wi��; 5�5 W<]�: 5 ; 5�N/Ëç����?&· ��� ?
��� EGE ��e�; 5 p E ��� 5 W 5 ��78��R�W<�>e�: 5i5 e�¯Í78���._3;��#�781 5 7G� E �.e%:U�:G�K�+��V�78��: 5 78e���; 5 �t�+M 5 · m CP= 5 :8�
Y%R��J� E8E � 5 �t�+7U��S>T 5)E ¯<� 5 ;��+7U E �+7a78�>��M'�'_>��;�� E � 5 eXH�W<�+7 5 ;$�J�+787 5%E �>e�� 5 e%:G7U��; 5%E e�� E ��e��p
M'� E � E M']�g$�K�+�)� E �'e%:8�:8�'�>�0¦ 5 7`_+�>7 5 C
=»� E ��78¯Ig	�'Wi� EFE �NS È � E V$W 5�E :G7U��78�+W 5�E � 5 W 5 �<�+M'� EGE � ´�Ëå����?�ÇQË�DXD ]J�'W<��M.�>W<�+e%:8��;���C

7.1.1 Numeração dos nós
·��+M'� EGE � ´�Ëå����?�ÇQË�DXD ]b;$� Ç e��';��#;$�+e%:87 5 ; 5 �L��� 5 :G� ³&<���?�A o ?�� o Ç�Ë�DXD V�� 5 W«� E ��MK� E8E � E Y%R��
� 5 7G78� E � 5 e�;$�>W¨� 5�E e�¯ E ;��#�781 5 7G� E �.e%:8�:G�K�+��C f 78�.W<�+�'7U��W<�+e%:G��VL�>M'�#]378� E � 5 e E I1��+My� 5 7 e%R�p
W<�+7U��7ä�+��;��,R�WÙ; 5�E e�¯ E ;��Ñ�781 5 78��C f ��78��� EGEG5 V E T 5 ;$� Ç e��'; 5�E ;��+e%:G7 5 ;$�>M'�àW)]+: 5 ; 5%E
� E �t�>� â.Ç � 5�E ����78�i����M'�'�>��7^� EGE � 5 �t�+7U��S>T 5 �#�+��;��):G�'� 5 ;$�3e�¯Í;��i�781 5 7G��C fZ5 7 ��g$�+W<��M 5 V�:G�+p
W 5�E R�W�W)]+: 5 ; 5 �L��7U�Je%R�W)�>78��7dR�WÉ� C'A6³�³�¾D o CE½ � H�D VNR�W ����7U�µ� C'A6³�³�º � H�<�½ � H�D VN� � EGE �'W
� 5 7^;$�K��e%:G��C
· � E :G78R$:GR�78�<;��<��MK� E8E �(� 5 ;$� E �+7a7G�>��78� E �+e%:8��;��0� 5 W 5 W 5�E :G7U� 5 ��7 5 ��78��W<�<q	Cª�
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:G�>W 5�Ea5 W<]�: 5 ; 5 ; 5 ��7 5 ��7U��Wi�)q$Cªq$C

9�:�;%<�:�=?>�=¾'CB('
F n J�O Y Z LPp�; Z&[TH�J > O6G : Û�GQK%N ; [ Ð6; [ ¥QÓ6; [�G y Û�GQK%N ; [ Ð6; [ ¥QÓ�; [�G v�{
\ ×
_ Z a-yuvA`�` H�J Y�Y6{í: GQK%J : H Õ
d v/B H�J > O6G :M` j�j fQf�Õ
e H�J > O6G :QØ�=Q:QÞ G L%Y&� Z ^ K Ó6; [�G y�v/B|n6=Q:�=b>�{�Õ
g H�J > O6G :�Î K = K�G > G&H�K Ó6; [�G yuv/B�^ K = K {�Õ
h ë �

?dM'�)�U9���Wi� ����>³BXD�ËX;�?�A�?=D�>D���?U½ � H7D ����78�#e%R�W)�>78��7»�#�L��7G:G�3;��z�781 5 7G� E �.e%:8�:G�K�+�#� 5 7Gp
78� E � 5 e�;$�+e%:8�(� 5 ù E ú6� 5 Wi��e�; 5 ù E ú6; 5 W<]�: 5 ; 5 Cks�� EF5 Y%R��J;$�+1�� ¦§��_+�>7F� EGE �(W)]+: 5 ; 5 � 465 W 5
1	�.W 5%E VÌ;��+1��<e	R�W<�+7U��7 5 e�¯�Y%R��<M.9��0¦ 5 �d��� EGE ��; 5 � 5 W 5 ����78®�W<��:G7 5 ��VÌ�>e�:UT 5 VÌ�U9���Wi��7 5%E
W<]�: 5 ; 5�E ����78�Je	R�W<�>78��7G�>W 5�E@E �>R EZÇ M'9 5�E C fZ5 78]+W}V 5 e�¯0Y�R��^]»��� 5 e%:U��; 5 � 5 7N¹ Äb³�?�A�? eLT 5
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]#78�>��M.W<�+e%:8�iR�W ;:?�A�?=D>³D���?&½ � H�D VL� 5 � E � EGE �}]#R�Wi���+M'� EGE �#��� E :878��:8��Cz?��+��;��}R�Wi��;�� E
E R�� EkE R��P��MK� E8E � E � 5%EGE R�� Ç M'9 5�E ;��H¦ �>7G�>e�:8� E V 5 Y%R��a¦§��_`� 5 WËY%R�� ����>³B=D�ËX;:?�A�?=D�>³D��:?&½ � H7D eLT 5
� 5�E8E �3¦§��_>�+7^�i�U9���W<��;��)� 5 7878��:8�0����78� 5�EFÇ M'9 5%E ; 5 e�¯#Y%R��(¦ 5 �B��� EGE ��; 5 � 5 W 5 ��7G��R�W<�+e%: 5 V
�)e�T 5iE �+7^Y%R��J� 5�E8E �<;$� E � 5 ��78�.7`Y%R���My] 5 :8�.� 5 7G�N��MB;$� EGE �Je�¯�C

¤òY%R��F¦§��_>�+W 5�E V��>e�:UT 5 V�]^��78�'��7ØR�W ����>³BXD�ËX;�?�A�?=D�>D���?&½ � H7D Y%R�� E �'W<��M.� E W<�>e�:8�`�U9���Wi�
5 R�:G7 5�E W<]�: 5 ; 5�E � E �t�>� âHÇ � 5�E V�;$�>�L�>e�;$�>e�; 5 ; 5 :G�'� 5 ; 5 e�¯ÍY%R���M'9��b]b�L� E8E ��; 5 � 5 W 5 ��7G��R$p
W<�+e%: 5 CZO 5 Y%R��J]�e 5%E W 5�E :G7U� 5 ��7 5 ��78��W<�<q	C ��C

9�:�;%<�:�=?>�=¾'CBu®
F n J�O Y Z LPp�; Z&[TH�J > O6G :�Î K = K�G > G&H�K Ó6; [�G y�Î K = K�G > G&H�K Ó�; [�G v�{
\ ×
_ Z a-yuv ZbH ^ K = H L G ;%aSÐ6Y�;�L j Ó6; [�G {
d HQJ > O6G :%Ð6Y�;�L j Ó6; [�G ycy�Ð6YQ;�L j Ó6; [�G {Xv�{�Õ
e G Y�^ G
g Z a-yuv ZbH ^ K = H L G ;%aSØ�=Q:%Þ G LQY&Ó�; [�G {
h HQJ > O6G :%Ø�=Q:QÞ G LQY&Ó6; [�G y
yrØ�=Q:QÞ G LQY&Ó6; [�G {Tv�{�Õ
i G Y�^ G
k Z a-yuv ZbH ^ K = H L G ;%aAÍ K : ZbO Ó6; [�G {
Frq HQJ > O6G :QÍ K : ZbO Ó6; [�G ycyuÍ K : ZbO Ó6; [�G {Xv�{�Õ
FuF G Y�^ G
Fr\ Z a-yuv ZbH ^ K = H L G ;%a
Ò&aQÓ�; [�G {
Fr_ HQJ > O6G :�Ò&aQÓ6; [�G yMyîÒ&aQÓ6; [�G {Xv�{�Õ
F|d G Y�^ G
Fre Z a-yuv ZbH ^ K = H L G ;%aAï�;%:%Ó6; [�G {
Frg HQJ > O6G :Qï�;%:QÓ6; [�G yMyuï�;%:%Ó6; [�G {Xv�{�Õ
F�h G Y�^ G
Fri Z a-yuv ZbH ^ K = H L G ;%aS9�: Z?H�K Ó6; [�G {
Frk HQJ > O6G :%9�: ZbH�K Ó6; [�G ycy�9�: ZbH�K Ó6; [�G {Xv�{�Õ
\uq G Y�^ G
\�F Z a-yuv ZbH ^ K = H L G ;%aSÓ6;Un�Ó6; [�G {
\u\ HQJ > O6G :%Ó6;Un�Ó6; [�G yMy�Ó6;Un�Ó6; [�G {Xv�{�Õ
\u_ G Y�^ G
\�d Z a-yuv ZbH ^ K = H L G ;%aS� G = [ Ó6; [�G {
\ue HQJ > O6G :%� G = [ Ó�; [�G yMy�� G = [ Ó6; [�G {Tv�{�Õ
\ug G Y�^ G
\�h Z a-yuv ZbH ^ K = H L G ;%aS� GQK&J : H Ó6; [�G {
\ui HQJ > O6G :%� GQK%J : H Ó6; [�G y
y�� GQK%J : H Ó6; [�G {Tv�{�Õ
\uk G Y�^ G
_uq Z a-yuv ZbH ^ K = H L G ;%acÎ J n G :QÓ6; [�G {
_�F HQJ > O6G :�Î J n G :%Ó6; [�G ycy�Î J n G :QÓ6; [�G {Xv�{�Õ
_u\ G Y�^ G
_u_ Z a-yuv ZbH ^ K = H L G ;%aSÐ�: G = j Ó6; [�G {
_�d HQJ > O6G :%Ð�: G = j Ó6; [�G ycy�Ð�: G = j Ó6; [�G {Xv�{�Õ
_ue ë �

?,����7U�(�+��;��»:8�.� 5 � E �t�>� â.Ç � 5 ;��^� 5 Wi��e�; 5 V�:G�+W 5%E R�W�W<]�: 5 ; 5 � 5 W 5(5 ����>BXD�Ë�¼ Å ½ � H�D V
Y%R��Je	R�W<�+7U�0R�Wîe�¯i; 5 :8�.� 5o¼ Å ½ � H�D ù f 7 5 ��7U��Wi�iq	C ��ú�C
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9�:�;%<�:�=?>�=¾'CB ¬F n J�O Y Z LPp�; Z&[TH�J > O6G :6Ò&aQÓ6; [�G yîÒ&a%Ó6; [�G v�{
\ ×
_ Z a-yuvA`�` H�J Y�Y6{í: GQK%J : H Õ
d v/B H�J > O6G :M` j�j fQf�Õ
e H�J > O6G :Q��v%n�: G Ó�; [�G yuvCB G v%n�:�{�Õ
g H�J > O6G :�Î K = K�G > G&H�K Ó6; [�G yuv/B�^ K = K D%{�Õ
h H�J > O6G :�Î K = K�G > G&H�K Ó6; [�G yuv/B�^ K = K�© {�Õ
i ë �
¤´W<� E W 5 ��7 5 ��M'�+Wi�ÑY%R�� 5 � 5 787G��� 5 W 5¡;:?�A�?=D>³D���?&½ � H�Dñ5 � 5 7G78�&:U��W0�L]>Wï� 5 W 5

¸ ¹ NCË�D%½ � H7D Cà=»¯ E Y%R��ä:�I>Wþ� 5 W 5&Ç M'9 5 R�W ¸ ¹ N/Ë�D%½ � H�D � 5 ;$�+W}VFe���7G�N��M'�';���;$��Vd:G�>7#;$�.p
1��>7 EG5�E :8�.� 5�E ;$� Ç M.9 5�E V%� 5 W 5æ¶@H�H�½ � H�D V �Q�cA6Ë=<�½ � H�Di5 R ����? o6� ��³�?�A���?&½ � H7D V>� 5 7@��g$�>W)��M 5 C
· E8E �.W}V$:U��� E e�¯ E ¦§��_+�>WîR�Wi�#�U9L��Wi��;��)� ����>BXD�Ë6¸ ¹ N/Ë�D%½ � H�D Y%R��b;��+1���1��+78� Ç �+��7`Y%R���MB] 5
:G�'� 5 7G�N��M@; 5 e�¯��Í�U9���Wi��7 5 W<]�: 5 ; 5 ��;$�NY%R���; 5 C D �+W 5�E V[�+e%:8T 5 V 5 ��7 5 ��7U��Wi��q	C'">}Y%R��
W 5�E :G7U� ����>³BXD�Ë6¸ ¹ N/ËcD%½ � H�D C

9�:�;%<�:�=?>�=¾'CBEDbs
F n J�O Y Z LPp�; Z&[TH�J > O6G :Q��v%n�: G Ó6; [�G y���v%n�: G Ó6; [�G v�{
\ ×
_ Z a-yuv ZbH ^ K = H L G ;%aSÓ G ß�� O�ÖQG L K Ó6; [�G {
d HQJ > O6G :%Ó G ß6� O6ÖQG L K Ó�; [�G y
y�Ó G ß6� O�ÖQG L K Ó6; [�G {Tv�{�Õ
e G Y�^ G
g Z a-yuv ZbH ^ K = H L G ;%aSÓ G ß�Í�:�:�=Q¥%Ó6; [�G {
h HQJ > O6G :%Ó G ß�Í�:Q:�=Q¥QÓ6; [�G ycy�Ó G ß�ÍQ:�:�=Q¥QÓ�; [�G {Pv�{�Õ
i G Y�^ G
k Z a-yuv ZbH ^ K = H L G ;%aS� G Y%= K6Z ; H =�Y&Ó6; [�G {
Frq HQJ > O6G :%� G YQ= K�Z ; H =�YUÓ6; [�G y
y�� G Y%= K6Z ; H =�Y&Ó6; [�G {Tv�{�Õ
FuF G Y�^ G
Fr\ Z a-yuv ZbH ^ K = H L G ;%aAÍ [�[ Ó6; [�G {
Fr_ HQJ > O6G :QÍ [�[ Ó6; [�G yMyuÍ [�[ Ó6; [�G {Xv�{�Õ
F|d G Y�^ G
Fre Z a-yuv ZbH ^ K = H L G ;%a ÛQJ Y K Ó6; [�G {
Frg HQJ > O6G : ÛQJ Y K Ó�; [�G yMy ÛQJ Y K Ó6; [�G {Tv�{�Õ
F�h G Y�^ G
Fri Z a-yuv ZbH ^ K = H L G ;%atè H =%:�¥QÓ6; [�G {
Frk HQJ > O6G :&è H =Q:�¥%Ó6; [�G ycyrè H =Q:�¥QÓ6; [�G {Xv�{�Õ
\uq G Y�^ G
\�F Z a-yuv ZbH ^ K = H L G ;%aMÙ�=�YQY&Ó6; [�G {
\u\ HQJ > O6G :�Ù�=�Y�Y&Ó�; [�G yMy�Ù�=�Y�Y&Ó6; [�G {Tv�{�Õ
\u_ G Y�^ G
\�d Z a-yuv ZbH ^ K = H L G ;%a
Ò H�K Ù�; H ^ K Ó6; [�G {
\ue HQJ > O6G :�Ò H�K Ù�; H ^ K Ó6; [�G ycyîÒ H�K Ù�; H ^ K Ó�; [�G {Pv�{�Õ
\ug G Y�^ G
\�h Z a-yuv ZbH ^ K = H L G ;%acÎ K : ZbH <�Ù�; H ^ K Ó6; [�G {
\ui HQJ > O6G :�Î K : ZbH <�Ù�; H ^ K Ó6; [�G ymy�Î K : ZbH <�Ù�; H ^ K Ó�; [�G {Pv�{�Õ
\uk G Y�^ G
_uq Z a-yuv ZbH ^ K = H L G ;%aSÓ J YQYQÙ�; H ^ K Ó6; [�G {
_�F HQJ > O6G :%Ó J Y�YQÙ�; H ^ K Ó�; [�G y
y�Ó J Y�Y%Ù�; H ^ K Ó6; [�G {Tv�{�Õ
_u\ G Y�^ G
_u_ Z a-yuv ZbH ^ K = H L G ;%a
Ò H�[�G vQÓ6; [�G {
_�d HQJ > O6G :�Ò H�[�G v%Ó6; [�G ycyîÒ H�[�G vQÓ6; [�G {Xv�{�Õ
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_ue G Y�^ G
_ug Z a-yuv ZbH ^ K = H L G ;%aSÞ6; K Ó6; [�G {
_�h HQJ > O6G :%Þ6; K Ó6; [�G yMy�Þ6; K Ó6; [�G {Xv�{�Õ
_ui G Y�^ G
_uk Z a-yuv ZbH ^ K = H L G ;%aSØ�=Q:%Ó6; [�G {
d�q HQJ > O6G :%Ø�=Q:QÓ6; [�G yMy�Ø�=Q:%Ó6; [�G {Xv�{�Õ
dîF ë �

?�:G�>W 5%E VF����78���+��;��-:G�'� 5 ;$���+g$��7G� EGE T 5 V 5,E �>RÑW<]+: 5 ; 5 ����78�-e	R�W<�+7U��S+T 5 V@� 5 W 5�5
��7 5 ��78��W<�<q	C'"�"(����7U� 5È¶¯HMH�½ � H7D C

9�:�;%<�:�=?>�=¾'CBED�D
F n J�O Y Z LPp�; Z&[TH�J > O6G :�Í [�[ Ó�; [�G yuÍ [�[ Ó6; [�G v�{
\ ×
_ Z a-yuvA`�` H�J Y�Y6{í: GQK%J : H Õ
d v/B H�J > O6G :M` j�j fQf�Õ
e H�J > O6G :Q��v%n�: G Ó�; [�G yuvCB G v%n�:�DQ{�Õ
g H�J > O6G :Q��v%n�: G Ó�; [�G yuvCB G v%n�: © {�Õ
h ë �

=»� E �NS+T 5 q$C."�C �`1��+78�+W 5%E � E �+��R�e�;��`����7�:8�6; 5 ��7 5 �+� E8E�5 ;$�6��g$�'���'S>T 5 ;��^�781 5 7G� E �.e%:U�:G�K�+��V
Y%R�� E T 5<5�E W<]�: 5 ; 5�E Y%R��JW 5�E :G7U��Wî�>��;��)R�Wî; 5�E e�¯ E C

7.1.2 Exibição dos nós
f ��7U���J��g$�'���'S>T 5 ; 5%E e�¯ E ;��b�7G1 5 78��V�����M.�K�+��p E �^Y%R�� E �a:GRL; 5 Y%R��»� 5 W<�+e%:8��W 5�E �>WË78�+MK��S>T 5 �
E R��Je	R�W<�+7U��S+T 5 C f ��78���>��;�� :G�'� 5 ;$�^e�¯LV�:8�+W 5�E R�WäV 5 R<�>W ��M.��R�e E �>� EG5�E V���M'��R�e E W)]+: 5 ; 5%E
Y%R��):G7U��:U��W ;$� EGE �0:G�'� 5 ;$�<e�¯LCi· ;$�H¦ �>7G�>e�S+�ä78� E �';��0e�� E ��S È � E Y�R�� E T 5 : 5 Wi��;�� E C<=^� EGE �
�+� E�5 V[Y%R��>7G�>W 5�E W 5�E :G7U��7bY%R���M@] 5 :G�'� 5 ;$�Íe�¯&�ÍY%R���� E3E T 5�5%EbE �>R E�Ç M.9 5%E C�öd��W 5�E 1��+7NV
� 5 W 5 �+g$�+W<��M 5 V$e 5 ��7 5 ��78��W<�<q	C'"N��V 5 W<]�: 5 ; 5 Y%R��(:G7U��:8�<;$��R�Wh� C'A6³�³�º � H�<�½ � H�D C

9�:�;%<�:�=?>�=¾'CBED ©F n J�O Y Z LPp�; Z&[ n�: ZbH�K Ù�YQ=�^�^bÐ6; [ ¥QÓ�; [�G y�Ù�YQ=�^�^UÐ�; [ ¥QÓ6; [�G v�{
\ ×
_ Z a-y vS`Q` H�J Y�YM{í: GQK&J : H Õ
d Î%¥�^ K�G >ìBu; J�K B|n�: ZbH�K Y H yE{�Õ
e Î%¥�^ K�G >ìBu; J�K B|n�: ZbH�K y�v/B H�J > O6G :�fml� Ù�YQ=�^�^UÐ6; [ ¥QÓ6; [�G `�`Q` } l f
g yuv/B�LQY Z ^ K `Q` H�J YQY¾³
l H�J Y�Y�l� Î K : ZbH <CB�p�=�Y J�G �%aCyuvCB�LQY Z ^ K B H�J > O6G :�{�{
h fmltl f
i yuv/Brp�Y Z ^ K `Q` H�J YQY¾³
l H�J Y�Y�l� Î K : ZbH <CB�p�=�Y J�G �%aCyuvCB�p�Y Z ^ K B H�J > O6G :�{�{
k fmltl f
Frq yuv/B�L K Y Z ^ K `�` H�J YQY�³
l HQJ Y�Y�l�æÎ K : ZbH </B�p�=�Y J6G �%aCy�v/B�L K Y Z ^ K B HQJ > O6G :�{Q{
FuF fmltl f
Fr\ yuv/B >�Y Z ^ K `Q` H�J YQY¾³
l H�J Y�Y�l� Î K : ZbH <CB�p�=�Y J�G �%aCyuvCB >�Y Z ^ K B H�J > O6G :�{�{�{�Õ
Fr_
F|d n�: ZbH�K Ù�Y%=�^�^UÞ G LQY&� Z ^ K Ó6; [�G yuv/B�LQY Z ^ K {�Õ
Fre n�: ZbH�K Ø�=%:QÞ G LQYU� Z ^ K Ó�; [�G yuvCB�p�Y Z ^ K {�Õ
Frg n�: ZbH�K Ù�; H ^ K : J L K Þ G L%Y&� Z ^ K Ó6; [�G y�v/B�L K Y Z ^ K {�Õ
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F�h n�: ZbH�KQÛ�G%K%N ; [ Þ G LQY&� Z ^ K Ó6; [�G yuv/B >�Y Z ^ K {�Õ
Fri ë �
? E8E �äW<]�: 5 ; 5 ��g$�'�L�äe�� E � â ;���pr����;$7UT 5 R�W<�&W<�+e E �����+W´�.eL;$�'�>��e�; 5 Y%R���M6] 5 :8�.� 5 ; 5

e�¯LV^e 5 �+� EG5 V"o C'A�³�³�B � H�<�½ � H�D C ?dW E �>��R��K;���V^W 5�E :G7U�¬Y%R���M(] 5 eXH�W<�+7 5 ;$���+��;��,R�W
; 5%E(E �+R E Y%R���:G7 5 e�¯ E^Ç M.9 5%E VP: 5 Wi��eL; 5 �+R��K;���; 5 � 5 W ��Y%R��>M.� E Y%R��)� 5 ;$�>W 5 R-e�T 5 ���L��78��p
���>7>C m � 5 M'9���78W 5�E �Í��7U��Wi�:8�'�>�ie 5 ��7UY�R��.1 5 C v v�Vy1��+78�+W 5�E Y�R��0� 5 ��78�'��7�p E ��R�Wæe�¯z; 5 :G�'� 5
� C'A6³�³�º � H�<�½ � H�D V%:8�+W 5�E : 5 ; 5%E»5%E E �+R E»Ç M.9 5%E � 5 W 5Í5 �t�+� 5 e���� E C fZ5 7 � EGEG5 VP����78�z�+��;��iR�W
;$�>M.� E Vt;$�+1��+W 5�E V���e%:G� E VL1��>7G� Ç �+��7 E �b] 5 R�e�T 5 ���|CXC C m �J¦ 5 7NV��>e%:8T 5 V�� E ��78�+1��+W 5�E ��e	R�M.MH��e��
E � â ;���Vt�+� EG5 � 5 e%:G7U�78� 5 � E �+7G�>1��+W 5%Ea5 eXH�W<�+7 5 ; 5 e�¯ Ç M'9 5 C»û �+� 5 � E ;$�b� E ��78�+1��+7 5 :G�'� 5 ; 5
e�¯z�3eXH�W<�+7 5 ; 5%E`Ç M'9 5�E V 5 W<]�: 5 ; 5 �U9���W<� 5�E 5 R$:87 5%E W<]�: 5 ; 5�E VL78� E � 5 e E I1��+� E � 5 7»:G7U��:8��7
; 5%E e�¯ EFÇ M'9 5%E C
· E8E �'W}V	e�T 5 :8�+W 5�E W3R��.: 5 W<��� E �b���+7G� E �+�+e%:8��7 J ;$� E �+7G�KS+T 5 ; 5�E W)]+: 5 ; 5%E Y%R��^�+g	�'�t�+W �

�781 5 7G� E �.e%:U�:G�K�+��C m T 5 1��M'�'; 5%EB5%E � 5 W)�>e%:8�78� 5�EBEG5 ��78� 5�E e�¯ E ; 5 :8�.� 5 » ��³�?U½ � H�D V ¸ ¹ N/Ë�D%½ � H�D
� ;:?�A�?=D�>³D��:?&½ � H�D Y%R�� Ç _+�>W 5�E e�� E �>S>T 5 q	C'"�C'"�C 465 e%:8R�; 5 V E �+78�K�0�'e%:G�>7G� EGE ��e%:G�(78� E8E ��MH:U��7 5
:G7U��:U��W<�+e%: 5 ;���; 5/J Y�R��+M'� E e�¯ E Y%R��`� 5�E8E R��>W Ç M'9 5%E ; 5 :8�.� 5oÇ �6É D�� C 465 W 5 � EGE � E e�¯ EZÇ M'9 5%E
e�T 5 � 5%EGE R��+Wþe	R�W<�+7U��S+T 5 VF��g$�'���.W 5%E ;$�'7G�+:8��W<�>e�:8� E �>Rò� 5 e%:8�
H�; 5 V 5 R E ��v���V 5 � 5 e%:G�'H�; 5
;�� E RL��1���78�'I1��+M �>MA�ÁMD Y%R��äW 5�E :G7U�&Y%R���MF¦ 5 � 5�E�â W3� 5 M 5 � 5 e E R�W<�K; 5 eL���+e%:878��;����}Y%R��
5 78�'���'e 5 R 5 : 5 º��>eBC fZ5 7i�+g$�+W<��M 5 Vd����78� 5 e�¯À� C'A�³�³�¾MD o CE½ � H�D VB:8�+7 â ��W 5�E05 W<]�: 5 ; 5 ; 5
��7 5 ��78��W<�<q	C'">/�C

9�:�;%<�:�=?>�=¾'CBEDb@
F n J�O Y Z LPp�; Z&[ n�: ZbH�K Ù�YQ=�^�^bÞ G LQY&Ó�; [�G y�Ù�YQ=�^�^UÞ G LQY&Ó6; [�G v�{
\ ×
_ Z a-y vS`Q` H�J Y�YM{í: GQK&J : H Õ
d Î%¥�^ K�G >ìBu; J�K B|n�: ZbH�K Y H yE{�Õ
e Î%¥�^ K�G >ìBu; J�K B|n�: ZbH�K y�v/B H�J > O6G :�fml� Ù�YQ=�^�^UÞ G L%Y&Ó6; [�G `�`Q` } l f
g v/B H =b> G B Z >�=%< G fmltl f
h y�v/B�^ J n G : H =b> G `�` H�J YQY�³ml H�J Y�Y�l� v/B�^ J n G : H =b> G B Z >�=%< G {Af
lSl f
i y�v/B O ; [ ¥A`�` H�J Y�Y�³
l H�J Y�Y�l�ÜÎ K : ZbH </B�p�=�Y J6G �%aCy�v/B O ; [ ¥/B H�J > O6G :�{�{�{�Õ
k
Frq n�: ZbH�K Ù�Y%=�^�^UÐ6; [ ¥QÓ6; [�G yuv/B O ; [ ¥�{�Õ
FuF ë �
? E8E �bW<]+: 5 ; 5 �+g	�'�t� 5 :G�'� 5 V 5 e�¯�VL�3M 5 � 5 �>W E �>��R��K;���V���g$�.�t� 5 1���M 5 7»; 5ÍE �+R���78�'W)�>�.7 5

Ç M'9 5 VdY%R��ä]ÍR�W e�¯-; 5 :G�'� 5-Ç ��É D�� C�? E8E �Í1���M 5 7NVd;���; 5 � 5 7 � Z)[�^�f�_eZb�f:^���_äe��&M.�'e�9��-�
� 5 7G78� E � 5 e�;$�#� 5 e 5 W)�ä;��&�+M'� EGE �ÍY%R��Í¦ 5 �a;$�>�+M'��78��;���e 5 ��7 5 ��7U��Wi��pX¦ 5 e%:G��C l E : 5 :U��W3�t]+W
E �<����M'�'�>�z� 5äE �+��R�e�; 5zÇ M'9 5 VÌ��� 5 e%:8��; 5 �t�+MK�ä1I��7G�KI1��>M ³���NËD�Ë��cA'>³D �iY%R��i� 5 7G78� E � 5 e�;$�)� 5
e 5 W)��;�� E R��t�+7U��MK� E8E �J;��<��MK� E8E �(;$�N��MK��7U��;��0�bY%R��J� 5 ;$� 5 RzeLT 5 � E :8��7`��7G� E �>e%:G��C

7.2 Outras operações
? E :G�J�+��� â :8R�M 5 � 5 ;$� E �>7dR$:G�'M'�._N��; 5 � 5 W 5 R�Wi�3�.e%:G7 5 ;$R�S>T 5 �b;$�'1��>7 E � EZ5 R$:G7U� E@5 �t�+7U��S>T 5 Y%R��
� 5 ;��+W E �+7d¦ �>�H:U� EaEG5 ��78�»�3�7G1 5 78� E �'e%:8�:G�K�+��C[?de%:G78�(�+MK� E 9L3�3��e��M'� E � E �>W<®�e%:G�K�+��� ���+7U��S>T 5
;$�ä��¯$;$�'� 5 VkY%R�� E �>78T 5 :G7U��:8��;�� E e 5�E ��78¯Ig	�'W 5�E �+��� â :8R�M 5%E C-s�� E Vd��M']+W ;$� E :U� E V[� 5 ;$�+W 5%E
���.:8��7dR�W ��7U��e�;��FeXH�W<�>7 5 ;$� 5 �L�>78��S È � E Y%R��`� 5 ;$�+W E �+7d78�>��M.�'_>��;�� E �^��R�v����.W<��M'�+W<�>e�:U��S>T 5
E �+��R�� 5 W<� E W 5 W 5 ;$�>M 5 1	� E : 5 e�� E :G�b�+��� â :GR�M 5 C fZ5 7`�+g	�>W<��M 5 �
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•
��7 5 ��7U��Wi��;$�F����78��:G:*��pr��78�.e%:��`Y%R�� ��7 5 ;$R�_ � 5 W 53E � â ;�� 5 ��7 5 ��78��W<��p{¦ 5 e%:G�F¦ 5 78Wi��:8��; 5
;��b��� 5 78; 5 � 5 Wî��M.��R�Wi� E 7G�>��7U� E ;$�J�'e�;$�+e%:U��S+T 5 m

•
� 5 e E :G78R�S>T 5 ; 5 ��78��¦ 5 ;��(PLR$g 5 ;$��� 5 e%:G7 5 M'�ä; 5 ��7 5 ��7U��Wi��C,? E8E �z:8�.� 5 ;$�}��7U��¦ 5 ]
W0R��.: 5 H$:8�.MF����78�}����:G�'1%�K;���;$�#;$�i:8� E :G��VZ��78�'e����'����M'W<�+e%:G�#Y%R���e�; 5 �}� E :8� E �Í� E8E�5 �+�'�
�'e$¦ 5 7GWi��S>T 5<E�5 ��78�J�)R$:8�.M'�'_>��S>T 5 ;�� E 1���7G�KI1��>� E m

•
�>�MK��R�M 5 ;��<� 5 W<��M.�+g$�';���;$�b; 5 ��7 5 ��78��W<��V$� 5 W 5 eXH�W<�+7 5 ;$��M.�'e�9�� E ;$�b�+¯	;��.� 5 V�� 5 W)p
��M.�+g	�K;���;$�b���K��M 5 Wi�:8�'�>��V$� 5 W<��M.�+g$�';���;$��;$� j ��M E :G�N��;z��:U��C

7.3 Arquivos-fonte do compilador
f ��7U�i� E :G�)�+��� â :8R�M 5 V��'e���M'R â W 5�E e 5 ����� 5 :8� ³&<���?�A o ?�� o Ç�Ë�D=D �#�+M'� EGE � ´�Ëç����?�Ç�ËcDXD V$Y%R��b¦ 5 �
����7G� E �>e�:U��;��3e�� EaE �>S È � E ��e%:G�>7G� 5 78� E CØ? EGE �3e 5 1I�<�+M'� EGE � ����Y�R��+MK� E �L�NY�R��+e�� E ��M.:G�+7U��S È � E e 5
��7UY%R��'1 5 C v v^¦ 5 7U��W � E H�e��K�+� E W3R�;���e�S>� E 78�>��M.�'_>��;�� E e 5 e 5%EGEG5 � 5 W<���.MK��; 5 7NC`öd��W 5�E Vt� 5 W 5
�'M.R E :G7U��S>T 5 V%W 5%E :878��7`R�W�:87G�N�U9 5 ;�� E � â ;��0��7 5 ;$R�_>�';��)� 5 W«�0�+g$�.���KS+T 5 ;��i�781 5 7G� E �'e%:8�:G�K�+�
����78� 5 ��7 5 ��7U��Wi�(�+ü±���������+V�����78� E �+e%:U��; 5 e 5 �+��� â :8R�M 5 ��C
`�^�T ��� ��©X^&]7^�T�^&d�i�_&dªZ�h=^�[7���£��TXd:b�[7SK��SXd�_X_ùZXZ�W�iXi�^�f�Tch=_�i&W�g�b�[XS=d�_X_ËZ ��7óXó ² \�f�T�b�h=_�d�����_�d�i7b�\�[ } Z � � ~X�=���
� _X^&a�b�[7�¤�&d�\�f¦��b�h=_ ZXZ6W�iXi�^�f�Tch=_�i&W�g�b�[7S&d�_X_OZ � Z�Z�Z
��a _ � b=`�^7h  dXd�\�d�i��7\��X[7a
�!°&� [7S�^�`�S:b=`  dXd�\&d�i��X\��X[�a

} U a b=i�S ^ \=a7_ � ² h=^�iXi $ _�`&h ^ \=a7_ � ¢X¢=¢  �~ [X��hXh
~ U ² h=^�i=i $ _�`&h ^ \=a7_�¢X¢X¢   g�b'[7SXd�_X_�[X�chXh �
� U ² h=^�i=i ° \=a � ^ \=a7_�¢X¢X¢  m�-}�~:}�}��:}�}���}
� U a b=i�S ^ \=a7_ � ² h=^�iXi $ _�`&h ^ \=a7_ � ¢X¢=¢  �� [X��hXh
� U ² h=^�i=i $ _�`&h ^ \=a7_�¢X¢X¢   a7^�S�^Ê[X�chXhz�
�eU ² h=^�i=i ° \=a � ^ \=a7_�¢X¢X¢   [X��hXh �-}������
� U a b=i�S ^ \=a7_ � ��^&d $ _�`&h ^ \=aX_ � ¢=¢X¢  z� [=�chXh
� U ��^&d $ _�`&h ^ \&a7_Ê¢X¢=¢   b�[7S �
� U a b=i�S ^ \=a7_ � ��^&d ^ \&a7_ � ¢X¢=¢  �}��ô}X}
}�� U*��^�d ^ \=a7_�¢=¢X¢   a�b�^
}X} U a b&i�S ^ \=aX_ � ��^&d ^ \=a7_ � ¢X¢X¢  ¦}�~ô}��
}�~ U*��^�d ^ \=a7_�¢=¢X¢   f:_�i
}�� U a b&i�S ^ \=aX_ � ��^&d ^ \=a7_ � ¢X¢X¢  ¦}%� [X�chXh
}%� U*��^�d ^ \=a7_�¢=¢X¢   ^�[�\
}�� U a b&i�S ^ \=aX_ � ² \�[�i�SXd=�:`�S $ _�`&h ^ \=aX_ � ¢=¢X¢  ¦} � �:}
} �eU ² \�[:i�SXd=��`�S $ _�`�h ^ \=a=_�¢X¢=¢  �}��
}�� U,ñ�_�S=Q�\=a ° \=a � ^ \&a7_�¢=¢X¢   [X�chXh }��
}�� U ° h&\�`�ö ^ \&a7_�¢X¢X¢  ¼}Q�
}�� U a b&i�S ^ \=aX_ � ° S�^�S�_�f:_�[XS ^ \=a7_ � ¢X¢=¢  �~X��~X�
~X� U � S=d:b�g ^ \&a7_�¢X¢X¢  �~�}Ê~X~
~:} U*��^�d ^ \=a7_�¢=¢X¢   a�b�^
~X~ U ± [XS ² \�[:i�S ^ \=a7_�¢X¢X¢  ¦}��=�X�
~X� U a b&i�S ^ \=aX_ � ° S�^�S�_�f:_�[XS ^ \=a7_ � ¢X¢=¢  �~��¡~��
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~�� U � S=d:b�g ^ \&a7_�¢X¢X¢  �~��£~ �
~�� U*��^�d ^ \=a7_�¢=¢X¢   f:_�i
~ �eU ± [XS ² \�[:i�S ^ \=a7_�¢X¢X¢  ¦}
~�� U a b&i�S ^ \=aX_ � ° S�^�S�_�f:_�[XS ^ \=a7_ � ¢X¢=¢  �~�� [X�chXh
~�� U � S=d:b�g ^ \&a7_�¢X¢X¢  �~��£�X�
~�� U*��^�d ^ \=a7_�¢=¢X¢   a�b�^
�X� U ± [XS ² \�[:i�S ^ \=a7_�¢X¢X¢  ¦}
�:} U a b&i�S ^ \=aX_ � ² \�[�i�SXd=�:`�S $ _�`&h ^ \=aX_ � ¢=¢X¢  ¤�X~ [X�chXh
�X~ U ² \�[:i�SXd=��`�S $ _�`�h ^ \=a=_�¢X¢=¢  ��X�
�X� U,ñ�_�S=Q�\=a ° \=a � ^ \&a7_�¢=¢X¢  ¤����� �
��� U a b&i�S ^ \=aX_ � ��^&d $ _�`&h ^ \=a7_ � ¢X¢X¢  ¤�������
��� U*��^�d $ _�`&h ^ \=a7_�¢X¢X¢   b�[7S � �
� �eU a b&i�S ^ \=aX_ � ��^&d ^ \=a7_ � ¢X¢X¢  ¤��� [X�chXh
��� U*��^�d ^ \=a7_�¢=¢X¢   a
��� U a b&i�S ^ \=aX_ � ��^&d $ _�`&h ^ \=a7_ � ¢X¢X¢  ¤���z��~
��� U*��^�d $ _�`&h ^ \=a7_�¢X¢X¢   b�[7S ���
��� U a b&i�S ^ \=aX_ � ��^&d ^ \=a7_ � ¢X¢X¢  m�M} [X�chXh

ZXZXZ
�X��� U �7^&d ^ \=aX_�¢X¢X¢   S
�X� �OU ^ _�Y \ g�©=_�`�S ^ \&a7_�¢=¢X¢   g�b�[7S=d�_X_ �X���
�X��� U a b=i�S ^ \&a7_ �  � T7d�_ ^ \&a7_ � ¢=¢X¢  ¤�X��� [X�ch=h
�X��� U �7^&d ^ \=aX_�¢X¢X¢   Y
�X��� U a b=i�S ^ \&a7_ � ° S7^&S�_�f:_�[7S ^ \=aX_ � ¢X¢X¢  ¤���������=~
����� U � \&d ^ \=aX_�¢X¢X¢  ¤����}Ê�����¡�6�������X~
���M} U � SXd:b�g ^ \=a7_�¢X¢=¢  �����~������
����~ U �7^&d ^ \=aX_�¢X¢X¢   b
����� U ± [7S ² \�[�i�S ^ \=aX_�¢X¢=¢  ¤�
����� U � _7h=^&S:b�\�[�^7h ^ \=a7_�¢X¢X¢  ¤����� õ ��� �
����� U �7^&d ^ \=aX_�¢X¢X¢   b
��� �OU ± [7S ² \�[�i�S ^ \=aX_�¢X¢=¢  ¦}��
����� U � SXd:b�g ^ \=a7_�¢X¢=¢  ������������
����� U �7^&d ^ \=aX_�¢X¢X¢   b
����� U � aXa ^ \=aX_�¢X¢X¢  ¤���=� ó ���:}
���X� U �7^&d ^ \=aX_�¢X¢X¢   b
���:} U ± [7S ² \�[�i�S ^ \=aX_�¢X¢=¢  ¦}
���X~ U ° h=\�`�ö ^ \=a7_�¢X¢=¢  ����X�
���X� U a b=i�S ^ \&a7_ � ° S7^&S�_�f:_�[7S ^ \=aX_ � ¢X¢X¢  ¤�����£��� �
����� U � _X^=a ^ \&a7_�¢X¢X¢  ������
����� U �7^&d ^ \=aX_�¢X¢X¢   a
��� �OU a b=i�S ^ \&a7_ � ° S7^&S�_�f:_�[7S ^ \=aX_ � ¢X¢X¢  ¤�����������
����� U � _X^=a ^ \&a7_�¢X¢X¢  ������
����� U �7^&d ^ \=aX_�¢X¢X¢   f
����� U a b=i�S ^ \&a7_ � ° S7^&S�_�f:_�[7S ^ \=aX_ � ¢X¢X¢  ¤� � ��� � ~
� � � U � _X^=a ^ \&a7_�¢X¢X¢  �� � }
� � } U �7^&d ^ \=aX_�¢X¢X¢   ^
� � ~ U a b=i�S ^ \&a7_ � ° S7^&S�_�f:_�[7S ^ \=aX_ � ¢X¢X¢  ¤� � �����=~
� � � U � SXd:b�g ^ \=a7_�¢X¢=¢  �� � �¡� � �
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� � � U �7^&d ^ \=aX_�¢X¢X¢   Y
� � � U ^ _�Y \ g�©=_�`�S ^ \&a7_�¢=¢X¢   a7^&S�^ � ���
� ���OU a b=i�S ^ \&a7_ �  � T7d�_ ^ \&a7_ � ¢=¢X¢  ¤� � ��� � �
� � � U �7^&d ^ \=aX_�¢X¢X¢   a
� � � U a b=i�S ^ \&a7_ �  � T7d�_ ^ \&a7_ � ¢=¢X¢  ¤� � �����X�
� � � U �7^&d ^ \=aX_�¢X¢X¢   f
���X� U a b=i�S ^ \&a7_ �  � T7d�_ ^ \&a7_ � ¢=¢X¢  ¤���:} [X�ch=h
���:} U �7^&d ^ \=aX_�¢X¢X¢   ^
���X~ U a b=i�S ^ \&a7_ � ° S7^&S�_�f:_�[7S ^ \=aX_ � ¢X¢X¢  ¤���X� [X��hXh
���X� U ± � ^ \=a7_�¢=¢X¢  ¤�����£���X� [X��hXh
����� U � _7h=^&S:b�\�[�^7h ^ \=a7_�¢X¢X¢  ¤����� ¢X¢ �����
����� U ² ^7hXh ^ \&a7_�¢X¢X¢  ���� ��b�[:i�_&d=S �����
��� �OU �7^&d ^ \=aX_�¢X¢X¢   S
����� U a b=i�S ^ \&a7_ �  � T7d�_ ^ \&a7_ � ¢=¢X¢  ¤����� [X�ch=h
����� U �7^&d ^ \=aX_�¢X¢X¢   Y
����� U ± [7S ² \�[�i�S ^ \=aX_�¢X¢=¢  ¤�
���X� U � d:b�[7S ^ \=a7_�¢X¢=¢  ����:}
���:} U ° SXd:b�[7� ² \�[:i�S ^ \=a7_�¢X¢X¢  ¼�  h=_�f:_�[7S�\�©X^�_ � b=i�S�_ # [ �
���X~ U a b=i�S ^ \&a7_ � ° S7^&S�_�f:_�[7S ^ \=aX_ � ¢X¢X¢  ¤���X�������
���X� U � SXd:b�g ^ \=a7_�¢X¢=¢  ������¡�����
����� U �7^&d ^ \=aX_�¢X¢X¢   b
����� U ² ^7hXh ^ \&a7_�¢X¢X¢  ���� ��SXd�_X_�TXd:b�[7S �����
��� �OU �7^&d ^ \=aX_�¢X¢X¢   S
����� U a b=i�S ^ \&a7_ �  � T7d�_ ^ \&a7_ � ¢=¢X¢  ¤����� [X�ch=h
����� U ± [7S ² \�[�i�S ^ \=aX_�¢X¢=¢  ¤�
����� U a b=i�S ^ \&a7_ � ° S7^&S�_�f:_�[7S ^ \=aX_ � ¢X¢X¢  ¤���X� [X��hXh
���X� U � _&S=�7d=[ ^ \=a7_�¢X¢X¢  ¤���:}
���:} U ± [7S ² \�[�i�S ^ \=aX_�¢X¢=¢  ¤�
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Capítulo 8
Tabela de Símbolos
=^� E :8�6�>��� â :GR�M 5 :878��:8��78�+W 5%E ;$�@R�Wi�^;�� E Wi��� E �.W<� 5 7G:8��e�:8� E � E :87GR�:GR�7U� E ����7U�`Y%R�� E �@� 5�E8E ��W
78�>��M'�'_>��7�� E ��7G¯Ig$�'Wi� E ��:U����� E ;��}� 5 W<���'MK��S+T 5 C<? E8E �ä� E :87GR$:8R�7U�z]#�U9L��Wi��;��ä;$�<:U���t�+MK��;$�
EGâ W0� 5 M 5%E VØ1%� E : 5 Y%R��i78�
H�e�� 5%E e 5 W)� E ; 5%E ;$�'1��+7 EG5�E �+M'�+W<�+e%: 5�E R$:8�.M'�'_>��; 5�E e 5 ��7 5 ��7U��Wi��p
¦ 5 e%:8��V�� 5 W 5 �+M'� EGE � E V	1���78�'I1��+� E �JW<]�: 5 ; 5�E C
l e��K���K��M'W)�>e%:G��V[W 5�E :G7U��78�+W 5�E ��M'��R�e E ��g$�+W<��M 5�E ;$�#� 5 W 5 �z:8���L�>M'��;�� E�â W3� 5 M 5�E ]#H$:8�.M

e��b��e��M'� E � E �+Wi®�e�:8�'�>���^e��3���>78��S+T 5 ;$�(��¯$;$�'� 5 ��V%�>W E �+��R��K;���V%W 5�E :G7U��78�+W 5�E � 5 W 5 �'7G�>W 5%E
�'W)��M.�>W)�>e%:8��7^�0:U���t�+MK�);�� E�â W3� 5 M 5�E ����78� 5 � 5 W)���.MK��; 5 7

X++
C

8.1 Para que serve
·ê:8���L�>M'�<;$� EGâ W3� 5 M 5�E`E �+781��(����7U�0��7GWi��_+�+eL��7a�.e�¦ 5 78W<��S+T 5)EG5 ��78�J�+��;��0e 5 W<��V 5 Rä�K;$�>e�:8� Ç p
�+��; 5 7NV	R$:G�'M'�._N��; 5 e 5 ��7 5 ��78��Wi��pX¦ 5 e%:G��CÌ· E8E �'W}V�� 5 ��e���M'� E ��7FR�Wi�i;$�N��MK��7U��S+T 5 ; 5 :8�.� 5

`&h=^�iXi���b�d�i�S�`&h=^�i=i�_ � S�_�[�aci�i�_�`�\�[�ac`�h=^�iXi
�

ZXZXZ
Ì
5 � 5 W<���'M'��; 5 7Z;$�>1�� E �+7Z�+������_F;$�F7G�N� 5 e�9��>�+�+7ØY%R��«��b�d�i�S�`&h&^�iXi@� E :U E �+e�; 5 ;$�N��MK��7U��;��^� 5 W 5
R�Wi�<��MK� E8E ��Ck· E8E �'W}V�Y%R���e�; 5 R�W<� 5 R$:G7U�<;$�>�+M'��78��S+T 5 � 5 W 5

��b�dci�S�`&h=^�iXi �e�
���L��78�>���>7>VP�>M.�<� 5 ;��+7Uz78�>� 5 e�9��>��I+pXMK�Í� 5 W 5 1��M'�';���VB� 5 � E �cb�d�i�S�`�h=^�iXi0]<R�W :G�'� 5 ;$�#;���; 5
� 5 e�9��N���K; 5 C
·^M']+Wæ;$� EGEG5 VL;$�+1��+W 5�E :U��W0�L]>W ��7GWi��_+�+eL��7`��M'��R�Wi� E �.e�¦ 5 78W<��S È � E �'W<� 5 7�:U��e%:G� E VL7G�>M'��p

��� 5 eL��;�� E � 5�E �K;$�+e%:G� Ç �>��; 5 7G� E C f ��7U�0�>��;��0:8�.� 5 ;$���';��+e%:G� Ç �+��; 5 7NV$� E �'e$¦ 5 78Wi��S È � E � E �>7G�>W
��78Wi��_>�+e���;�� E ;$�.¦ �+78�+W}C fZ5 7`��g$�>W)��M 5 V	:G�+W 5%E ����7U�

">��o



þ � ^�`�g�ÿã�X� ~X�X�6� W��7W ~�� �X� ~X� U ��� �=��T�^���_ }�� ���X�
	 }����
i

i

i

i

i

i

i

i

">��� Î`ÏaÐ¬ÏËÎ`ÏaÒ ÓBÔZÕ)ÖÌ×*Õ¨ÖØÐÙÎ`ÏaÐ�Ú@×*ÛÌÜ»Ý<ÏaÕ

•
�+M'� EGE � E �Ìe 5 W<��V%Y�RL��M�] � E R��t�+7U��MK� E8E ��V�Y%R���� EdE T 5 � E 1���78�'I1��+� E ;$� E8E �(�+M'� EGE ��V%Y%R���� EdE T 5
� E ��MK� E8E � E ��e��'e�9���;�� E V$Y%R���� E`E T 505%E W<]�: 5 ; 5%E �b� 5 e E :87GR�: 5 78� E m

•
1���7G�KI1��>� E �Øe 5 W<��V	:8�.� 5 V�;��.W<�+e E T 5 V E � E T 5 M 5 �+��� Ea5 Räe�T 5 m

•
W<]+: 5 ; 5�E �ke 5 W)��V$����7U®�W<�+:G7 5�E V%1���7G�KI1��>� E M 5 �>��� E V	:8�.� 5 ;$�J7G�+: 5 7Ge 5 C

465 W«� E8EG5 VL�i:8���t�+MK�#;$� E�â W3� 5 M 5�E ��R$g$�'M.�K�i�#��eL�M'� E � E �>Wi®�e%:G�K�+�i�0�i���>78��S+T 5 ;$�)��¯$;$�'� 5
;$�b;$�'1��>7 E � E Wi��e��>�.7U� E C fZ5 7`��g$�>W)��M 5 �

•
� 5 ;$�>�+M'��78��7a�<�+M'� EGE �
`&h=^�iXiÊ��b�d�i�S�`&h&^�iXi�_ � S�_�[�a�i¤i�_�`�\�[7ac`&h=^�i=i-ZXZXZ
]Fe��N��� E8E �78� 5^E ���t�+7 E �«��b�d�i�S�`&h&^�iXi@���'e�;��»e�T 5 ¦ 5 �	;$�>�+M'��78��;���V E �Ni�_�`�\�[�ac`&h&^�iXid��g$� E :8�
� E �J� 5 ;$� 5 RzeLT 5iE �>7^;$�>�+M'��78��;��)� 5 W 5iE R��L�>78�+M'� EGE ��m

•
� 5 ;$�>�+M'��78��7a�)1���78�KI1��+M
��b�d�i�Sc`&h=^�iXi �e�
]äe��N��� E8E �78� 5&E ���t�+7 E �(��b�dci�S�`&h=^�iXiÍ]zR�W :8�.� 5-5 R¬��MK� E8E �Í1��M'�'; 5 � E � � � 5 ;$� E �>7
;��>��MK��7U��;��3e�� EGE �J� 5 e%: 5 m

•
� 5 ;$�>�+M'��78��7 5 W<]�: 5 ; 5
��b=i�dXSc`&h=^�iXiÄf � b�[7S¤öOÑ i�_�`�\�[�ac`�h=^�iXiÊi �
]&e��>�+� E8E �7G� 5,E ���L�>7 E �¯��b�d�i�S�`&h&^�iXi}]&R�Wþ:G�'� 5¬5 Rñ��MK� E8E ��1I�M.�K; 5 V E �,fÊ� 5 ;$� E �>7
;��>��MK��7U��; 5 e�� EGE �J� 5 e%: 5 � E � E �+R E �L��7U®�W<��:87 5%EFE T 5 M'�+����� E m

•
� 5 R$:G�'M.�'_>��7 5 � 5 Wi��e�; 5
� Ò�b�ó � Ó¤¢ � ZGf � }�� Ñ¶g �
]Í��7G�N��� E�5�E ���t�+7 E � � ]iR�Wÿ��7G7U�I��V E � 5�â e�;$�K���ÍR$:G�'M.�'_>��; 5 :G�>W 5 :8�.� 5 � E �t�+7U��; 5 V E �
�Í��MK� E8E �b;$� � � 5�E8E R�� 5 W<]�: 5 ; 5 f&� 5 W ; 5 � E ����78®�W<��:G7 5�E V�Y%R���MB] 5 :8�.� 5 ;$�b78��: 5 78e 5
; 5 W<]�: 5 ; 5 f-� E � 5%E ��7G��R�W<�+e%: 5%E R$:8�.M'�._N��; 5%E eL� E R��Í�U9���Wi��;��#� 5 W0���.eL��W � 5 W 5%E
�L��7U®�W<��:87 5%E ;$�N��MK��7U��; 5%E � E � 5�E ; 5 � E M'��; 5�E ;��ä��:G78�'��R��KS+T 5 � 5%EGE R��>W 5 W<� E W 5 :G�'� 5
5 Rä:G�'� 5%E � 5 W<����: â 1��>� E C

? E8E � E�E T 5 ���L�>e�� E ��M'��R�e E ; 5�E �'eXH�W<�+7 5�E �+� E�5%E �>W Y%R��)��7G�N��� E ��W 5�E ;�� E �'e$¦ 5 78Wi��S È � E
;���:8���t�+MK��;$� EGâ W0� 5 M 5%E C�?dMK�-��R$g$�.M'�K��:8��W3�t]+W �-� 5 e%:87 5 M'��7 5 � E � 5 � 5 ;$�äR$:G�'M'�._N��S+T 5 ; 5%E
�K;$�+e%:G� Ç �>��; 5 7G� E C fZ5 7`��g$�>W)��M 5 V$e 5#E �>��R��'e%:G�J��7 5 ��78��W<�

`&h=^�iXi¤`&h=^�i=i � �
`&h=^�iXi¤`&h=^�i=i ° �
Ì
b�[7S¼b �
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i�SXd�b�[7��f � `�h=^�iXi ��� �
�

b�� � � ¢X¢�[X�chXh �
�
b�[XS¡© �Ì

Ì
Ì
`&h=^�iXi¤`&h=^�i=i ² �
Ì
1��>W 5�E Y%R��b�+��;��)�';��+e%:G� Ç �+��; 5 7a:8�+W¨1I��M.�K;���;$���+W«���+7G: 5%E :G78�>�U9 5%E ; 5 ��7 5 ��78��W<��V���eLT 5 �+W
5 R�:G7 5�E C)?@W

X++
VZ�}��MK� E8E ��`&h=^�i=i � � 5 ;$� E �>7�R$:G�'M'�._N��;��ä�+WÿY%R���MKY%R��+7�� 5 e%: 5 ;��+e%:G7 5 ;$�

E �6��78¯���7G�K��VZ�'e���M'R��'e�; 5 �>W `�h=^�iXi ° �z;��+e%:G7 5 ;$�¯`&h&^�iXi ² CÌ°�&�&��MK� E8E ��`&h&^�iXi ° e�T 5 � 5 ;$�
E �+7#R$:8�.M'�'_>��;��,;$�+e%:G7 5 ;$��`&h=^�iXi ² Ck·æ1���78�KI1��+M¥b�� 5 ;$� E �>7iR$:G�'M.�'_>��;��à;$�>e%:G7 5 ;$� `&h&^�iXi �
ù �+g���M'R��.eL; 5 `�h=^�iXi ° ú�V�Wi� E e�T 5 ;��+e%:G7 5 ;���`&h=^�iXi ² C%°�)�)1I��7G�KI1��>M � ]JM 5 �+��My�¥f}�y©<] M 5 �+��M
� 5 � 5 Wi��eL; 5 b��tCZ· E8E �'W}V��(:U���t�+MK�b;$� EGâ W0� 5 M 5%E ;$�+1��`�L�>7GW<�.:G�'76Y%R�� E �`� 5%EGE � E ���t�+7@Y%R���e�; 5
R�W ;$�+:G�+78W<�.eL��; 5 �';$�>e%:G� Ç �+��; 5 7d] 1��M'�'; 5 V 5 R E �*v���V	Y%R���eL; 5 � 5 ;$� E �+76R E ��; 5 �(Y�RL��e�; 5 e�T 5 C
=»� E �>S>T 5 ��Cª�0W 5%E :878��7G�>W 5�E ��M'��R�e E � E �t�>��: 5%E ;��)R$:G�'M.�'_>��S+T 5 ;����';$�>e%:G� Ç �+��; 5 78� E e��<M'�.e�p

��RL�����>W
X++

�#� 5 W 5 �'W)��M.�>W)�>e%:8��7�R�W<�ä:U���t�+MK�};$� E�â W3� 5 M 5�E ����78� E ��:8� E ¦§��_>�+7J� E8E � E 7G�+p
Y%R�� E �.: 5%E C

8.2 A tabela de símbolos para X
++

½^Wþ��7 5 ��7U��Wi�-�+W
X++

]�� 5 W<� 5�E : 5 ;$��;$�'1��>7 E � E �+M'� EGE � E Cñ· E8E �.W}VF1I��W 5�E � 5 W<�>S>��7i�
;$� Ç e��'7`e 5�E8E �3:8���L�>M'�<;$� EGâ W0� 5 M 5%E`E �'W<��M'� E W)�>e%:G��� 5 W 5 R�Wi�)M.� E :8�)�+W«Y�R��J�>��;��0�+M'�+W<�>e�: 5
]FR�Wi� ;$� EGE � E ��MK� E8E � E C f ��7U� 5 ��7 5 ��7U��Wi�`� E �>��R��'7>VN:8�+7 â ��W 5%E ��M.� 5 � 5 W 5 �»:8���L�>M'�»W 5%E :878��;��
e�� Ç ��R�78�<��C."�C

`&h=^�iXi���b�d�i�S�`&h=^�i=iÊ�
Ì
`&h=^�iXi¤i�_�`�\�[�ac`&h=^�iXi��
Ì
`&h=^�iXi�S=Q�b�dXac`&h=^�i=iÊ�
Ì
öd��W 5�E �U9���W<��7»� EGE �i� E :G78R$:8R�78�Í;$� ;=<�>@?�A�B:C�D C^=»T 5 �.W<� 5 7G:8��VP� 5 7 �+e�Y%R���e�: 5 Vy� 5 W 5 ]

�'W)��M.�>W)�>e%:8��;���V�� 5 ;$�+e�; 5ÍE �>7`R�Wi�iM'� E :8�<M'�.�%��;���V�R�W¨1���: 5 7^� E :U�:8�'� 5 V�R�Wi�):U���t�+MK�<9�� E 9 5 R
Y%R���MKY%R��+7 5 R$:878��� E :G78R$:GR�7U��C l W)� 5 7G:8�-���t�+e�� Eb5 Y�R��z;$�>1��Í� 5 e%:G�>70�ä� 5 W 5 ]ä� 5 e E :87GR â ;���C
f ��7U���+e%:8�+e�;$�>7GW 5%E � 5 W 5 ] �+7G�K��;���V�] W)�>M.9 5 7 5 � E �+781I��7GW 5%E �b78�+��78� E �+e%:8��S+T 5 ; 5 ��7 5 ��7U��Wi�
W 5�E :G7U��;��JeL� Ç ��R�78�3��Cª�$Ck· E8E �'W � 5 W 5 e 5 ��7 5 ��78��Wi�(Y%R��(��g$�'�L�(�3�7G1 5 78� E �'e�:U�:8�'�>��V�:G�+W 5%E
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firstclass

thirdclass

secondclass1

2

0

j[�.��R�7U�)��C." u#?kg$�+W<��M 5 ;$�JR�Wi�<� E :G78R$:8R�78�); 5 :8�.� 5p;&<�>@?�A�B�C�D C

R�W ��7 5 ��7U��Wi�ÍY%R��i��e���M'� E �ä�ä�7G1 5 78�3�<1����dW 5 e�:U��e�; 5 �z:8���L�>M'��;�� EGâ W3� 5 M 5�E C)? EGE �<��7 5 p
��7U��Wi��V	� 5 ��e���M'� E ��7 5 e�¯<eXH�W<�+7 5 ��V�;$�+1��J�.e E �+78�'7FeL�3:U���t�+MK� 5 �K;$�>e�:8� Ç �+��; 5 7¢¡O���� ���L�����UVL� 5
��eL��M'� E ��7 5 e�¯0��V$;$�+1��»�'e���M'R��'71�
��������	&��������� ��V	� 5 ��e���M'� E ��7 5 e�¯z">�V	;$�>1��»�'e E �+78�.7í�±$$ü±��	��
�L����� C

q#�s û çá×GØ�õÖ ä Ü

q � s Õ:â r ×�×(ô@Ü3Ý6âóõÖ ä Ü q¤£�s û çá×GØ�õÖ ä Ü

q¤¥�s ö Ö£÷Ü3è�øf¦ ß ×*Ø*Ý6â r ×*× q¨§
s Õ�â r ×*×�ù:Ö ä�ú õ³Ö ä Ü qª©�s Õ:â r ×�×(ô@Ü3Ý6âóõÖ ä Ü q � s û çá×*Ø(õ³Ö ä Ü

qª«s ö Ö£÷Ü3è�ø�×�Ü3Ý3Öè ä Ý3â r ×�× qª¬�s Õ:â r ×�×�ù:Ö ä�ú õ³Ö ä Ü q# � s Õ:â r ×�×�ô³Ü6Ý3âóõÖ ä Ü

q#�s ö Ö£÷Ü3è�ø�Ø*Þ�ç ß ä Ý3â r ×�× q$ � s Õ�â r ×*×�ù:Ö ä�ú õ³Ö ä Ü

jØ�'��R�78�<��Cª��u(E^781 5 78� E �'e�:U�:8�'�>�0�L��7U�)� 5 e E :G78R�S>T 5 ;��):8���t�+MK�<;$� E�â W3� 5 M 5�E C
4 ��;��#�+e%:G7U��;���ù 5 R&;�� E ��78�H: 5 7»;$�)��MK� E8E �Iúae�� ;=<�>@?�A7B:C�D ;$�>1��b� 5�E8E R��.7 5 R$:878� E �.e�¦ 5 78W<��p

S È � E V	� 5 W 5 V�� 5 76��g$�+W<��M 5 V 5 e 5 W<� ;�� E R��t�+7U��MK� E8E ��CZû»�>1��»� 5�E8E R��.7NV�:U��W0�L]>WäV	�'e$¦ 5 78Wi��S È � E
EG5 ��78� 5 � 5 e%:G�'H�; 5 ;��-��MK� E8E ��V 5 R E ��v���V E R�� E 1���7G�KI1��>� E V[� 5 e E :G78R$: 5 78� E VÌW<]�: 5 ; 5�E �Í��MK� E8E � E
��e��.e�9L��;�� E C f ��7U�i� E8EG5 Vy� E8E�5 �+�'��W 5%E �Í�>��;��z;$� E ��78�.: 5 7(;$�<��MK� E8E �bR�W<� 5 R�:G7U�i� E :G78R$:GR�78�z; 5
:G�'� 5�;&<�>@?�A�B�C�D CBöd��W 5%E`E R�� 5 7^Y�R��"���������:	��
�L�����J¦ 5�E8E �J;�� Ç e��K;��i;�� E �+��R��.e%:8�(Wi��e��+�'78���
`&h=^�iXi¤i�_�`�\�[�ac`&h=^�iXi��

`&h=^�iXi�i�_�` ~ �
`&h=^�iXi¤i�_�` � �
Ì

Ì
b�[7S¼i�_�`�]�^&d } Ñ�i�_�`�]�^�d ~ Ò Ó ���b�dci�S�`&h=^�iXi�i�_�`�]�^&d �Ë�S=Q�b�d7ac`&h=^�iXiùÒ Ó«Ò)Ó¦i�_�`
f:_&S&Q } �'� �Ì



�������+�	��
 �����	���%�����&
 ���� ���
 �������¬"N����
 !)���"
i

i

i

i

i

i

i

i

ÎZÜ^Úeu+Ô(ÖØÛ6Ï��lx}Ô�Ü�1ª¿6ÛÌÜ\Ýí¿ÊÓXu*Ð 1�ÏaÛ6Ï`Ó "N���

D �>W 5�E ;$�+e%:87 5 ;$�(���������:	��
�L�����<R�Wi�z�+M'� EGE �0��e��'e�9���;��Ä�
��� · ��VB��e��'e�9���;��Í�z� E :8��VyR�Wi�
5 R�:G7U�&��MK� E8E �Ä�
��� 4 C¬·^�'e�;��-�+W �
��������	&���������z:8�+W 5�E R�Wi�-1���78�'I1��+M@�'e%:G�>�.7U���
���������
02�äR�W
1��+: 5 7#;$���.e%:8�+�'7 5%E �
���
����� · V`R�Wi��1���78�'I1��+M`;��,�+M'� EGE �(¡e����)�
�L��������R�WþW)]+: 5 ; 5 �
����!#�
�±$�0
Y%R��#78��: 5 78e��äR�Wi��Wi��:G78�'_#;$� 5 ��v*��: 5%E ; 5 :8�.� 5 �%$	ü±��	&���������z�#Y%R��#eLT 5 � 5�E8E R��6����7U®�W<�+:G7 5�E
¦ 5 78Wi��� E C f ��7U�#� EGE �)��7 5 ��7U��Wi��V�:G�>7 â ��W 5�E VP�+e%:8T 5 VPR�Wi�z� E :G78R$:GR�7U�ä;$�3:U���t�+MK�z;�� EGâ W0� 5 M 5%E
� 5 W 5 �)W 5�E :G7U��;��3e�� Ç ��R�7U�0��C /�C

Symtable
para 

Symtable

para 

thirdclass

firstclassfirstclass

thirdclass

secondclass1

2

0

sec2 sec3

secvar1

secvar2

secmeth1

secvar3

Symtable
para 

sec3

jØ�'��R�78�<��C /3u#?kg$�+W<��M 5 ;���R�Wi�3:U���t�+MK�i;$� E�â W3� 5 M 5�E C

465 W 5 ¦ 5 �d;$�.: 5 VØ�z:8���L�>M'�};$� EGâ W3� 5 M 5�E ;$�+1��<�L�>7GW<�.:G�'7 5 � 5 e%:87 5 M.�<; 5 � E � 5 � 5 ;$�#�+��;��
EGâ W0� 5 M 5 C fZ5 76��g$�+W<��M 5 V%R�Wi�b;$�N��MK��7U��S>T 5 ;$�»1���7G�KI1��>M�;$�+e%:87 5 ;��b��MK� E8E �/����� · � 5 ;$�»R�:G�'M.�'_>��7
� E �+M'� EGE � E �
��� · VO����� 4 VË�
�������:	��
�L����� V�¡O���� ��������� 5 R��%$	ü±��	&��������� C)= T 5 � 5 ;$��VÌ� 5 7G]>WäVyR�:G�'M.�'_>��7
R�Wi�)��MK� E8E �J;$�>�+M'��78��;��3��e��'e�9���;��3��¡O���� ���L�����UV$� EGE �.W�� 5 W 5 ���������:	��
�L������e�T 5 � 5 ;��(R�:G�'M.�'_>��7
�
��� 4 V�� 5 � E � E :U�<e�T 5 � E :8<;$�'78��:8��W<�+e%:G����e��.e�9L��;��)�+W �
��������	��
�L����� C
¤\� 5 W<� 5 7�:U��W<�+e%: 5 �(� E � 5 � 5 ;$����MK� E8E � E V%W<]�: 5 ; 5%E V�� 5 e E :G78R$: 5 78� E �J1���78�KI1��+� E ;��J�+M'� EGE �

E T 5 VP;$�<���>7�:U�<¦ 5 78Wi��VP� E :8�:G�K� 5�E CJ½^Wi�#1��+_0;��>��MK��7U��; 5�E V�� E8E � E �';$�>e%:G� Ç �+��; 5 78� E W<��e%:�I+W � E
E R�� E ��7 5 ��7G�'�>;���;$� E ��� 5 ;$�+W E �+7`R$:8�.M'�._N��; 5%E ;$�b;$�'1��>7 EG5�E � 5 e%: 5�E ;$�.¦ �+78�+e%:G� E ; 5 ��7 5 ��78��Wi��C
°%0� E 1���7G�KI1��>� E M 5 �>��� E ; 5%E W<]�: 5 ; 5%E :�I+W¨� 5 W<� 5 7G:8��W)�>e%: 5 Wi��� E 1 5 MK�:G�'MXV%� E : 5 ]�V E ¯0� 5 ;$�+W
E �+7FR E ��;�� E ;$�+e%:87 5 ; 5 W<]�: 5 ; 5 �>W�Y%R��^¦ 5 78��W�;�� Ç e��K;�� E65 RBV	���'e�;���V$;$�>e%:G7 5 ; 5 ��M 5 � 535 eL;$�
¦ 5 7U��Wê;$� Ç e��';�� E C f ��7U�F� E8E�5 VN� 5 �.e��'�+�'��7Ø�`��eL�M'� E �d;$�dR�W W<]�: 5 ; 5`5 R�R�Wê��M 5 � 5 V 5 ��e���M'� E ��; 5 7
;$�>1��bWi��7U�+��7»Y%R���� E � E 1���78�KI1��+� E Y%R��3¦ 5 7U��W ;$� Ç e��';�� E ��:G]0��Y%R��+M'�b� 5 e%: 5 C»· 5 :G�>7GW<�'e���7(�
��eL�M'� E �0;$� EGE �)��M 5 � 5 V 5 R E ��v���VB;�� E R����781 5 7G��M'�.�%��;��z� 5 e�¯}Y�R��0�'e��K���K� 5 ��M 5 � 5 Vy� 5 W 5 R�W
ÊD7?Q� � HQ¾D o CE½ � H7D 5 RJR�W ºËC ��o�É ½ � H�D V 5 ��e���M.� E ��; 5 7B;$�+1��Z:G�'78��7B;��F:8���L�>M'�^��Y%R��+MK� E 1���78�KI1��+� E
;$�N��MK��7U��;�� E ;$�>e%:G7 5 ; 5 ��M 5 � 5 C
öd��W 5�E`E R�� 5 7^Y%R�� 5 W<]�: 5 ; 5í³cD o >³DX?��¯º�E ��v��

S=Q�b�d7ac`&h=^�iXiËÒ Ó«Ò)Ó�i�_�`
f:_&S=Q } �'�
�

b�[7SôbÑ�© ��
i�SXd:b'[7��i �Ì

Ì
:G�>7 â ��W 5%E �i�781 5 78� E �'e%:8�:8�'�>�)W 5%E :878��;��)e�� Ç ��R�78�<��C �LC@· 5 �.e��'�+�'��7»�i��e��M.� E �J;��"�����
!"�
�%$�0�V
5 ��e���M'� E ��; 5 7@�U9���Wi� 5 W<]�: 5 ; 5 Y%R��^:878��:8�b; 5 ÊMD7?�� � HQº � H�<�½ � H�D VNY%R���V�� 5 7 E RL��1��>_�V	�U9���Wi�



�������+�	��
 �����	���%�����&
 ���� ���
 �������¬"N���
 !)����
i

i

i

i

i

i

i

i

">�� Î`ÏaÐ¬ÏËÎ`ÏaÒ ÓBÔZÕ)ÖÌ×*Õ¨ÖØÐÙÎ`ÏaÐ�Ú@×*ÛÌÜ»Ý<ÏaÕ

5 W<]�: 5 ; 5 ����7 5 ��78�'��; 5 ����78� 5�E �+R Ç M.9 5XºOC ��o�É ½ � H�D Vt;$�'����W 5�E�?�Ë�A�?�A�ºOC ��o�É ½ � H�D C�=^� EGE �
� 5 e%: 5 V 5 W<]�: 5 ; 5�?�Ë�A�?�AQºOC ��o�É ½ � H�D ;$�>1�� E ��M'1I��7 5 � E :8��; 5 ;��):8���L�>M'�i;$� EGâ W3� 5 M 5�E V�Y%R���]
;���; 5 �t�+MK� Ç ��R�7U�#��Cªo���C f 7 5%EGE �+��R��.eL; 5 �Í��e��M'� E ��VP�U9��+����p E �b� 5äE �>��R�eL; 5íºOC ��o�É ½ � H�D � 5 W
�Í:8���t�+MK�};$� E�â W3� 5 M 5�E � 5 e%:G�+eL; 5 � E 1I��7G�KI1��>� E M 5 �>��� E3� � Å VB� 5 W 5 W 5�E :G7U�ä� Ç ��R�7U�z��C o��BC
= 5 1���W)�>e%:G��V 5 W<]�: 5 ; 5�?�Ë�A�?�A�ºOC ��o�É ½ � H�D ;$�+1�� E ��M.1���7 5 � E :8��; 5 ;��}:U���t�+MK�}�Í� 5 e�:8�.e	R���7
����e��M'� E �Í;�� E R�� E R��L�781 5 78��V[Y%R��#�'78�;�� Ç e��'70�&1���78�'I1��+M ³ C&· 5 78��: 5 78e���7b;��-��e��M.� E �#;��
E R����781 5 7G��V+�F:8���L�>M'�^�+e�� 5 e%:G7U��p E �Z� 5 W 5 W 5%E :878�`� Ç ��R�7U�`��Cªo���C[¤,W<]+: 5 ; 5¶?�Ë�A�?�A�ºOC ��o�É ½ � H�D
;$�>1���VØ�+e%:8T 5 VØ7G� E :U��R�7U��7��z:8���L�>M'��VÌ¦§��_+�+eL; 5 pw�ä1 5 M.:8��7�� 5 � E :8��; 5 ;�� Ç ��R�78�}��C o��BC 2 R���e�; 5
5 � 5 e%:G7 5 M'�#78��: 5 78e���7 J ��78�.W<�+�'7U���U9���Wi��;���;$� ?�Ë�A�?�A�ºOC ��o�É ½ � H�D VP� E :G�ä;$�+1��Í78� E :8��R�78��73�
:8���L�>M'�<;$� EGâ W3� 5 M 5�E ����7U� 5 � E :8��; 5 ��e%:G�+78� 5 7NV 5 R E �*v���V�;�� Ç ��R�78�<��Cªo���C

�mØ&×���å!æ"ãÑØ%Ò%ÓóäZå!æ�Ø
ç å�è�Ø%éKê�×�� ò ÿ¦æ�Ò&Ó»Ô�Ö9Ö Û �mØ&×���å!æ�ì	å!æ!î"äïå!æ�Ø

ì	Óóå7Ò¦è!äïå!æ�Ø
ñKò Ö�×yäïå!æ�Ø

þ Ô|ÿyãÑØ%Ò%Óóäïå!æ"Ø ì	Óóå7Ò¦è"äZå!æ�Ø
ç å�è�Ø%éKê ò é!× ñ2ò Ö�×yäïå!æ"Ø ñ2ò Ö�×yäZå!æ�Ø

þ Ô|ÿyäïå!æ"Ø ñKò Ö�×yäïå!æ�Ø þ Ô�ÿyãÑØ%Ò&ÓÕäZå!æ�Ø
ç å�è�Ø%éKê ò � þ Ô�ÿyäZå!æ�Ø ç å�è�Ø&é2ê�Ö�×9ÿ ò é�� ñ2ò Ö�×yäïå!æ"Ø

ç å�è�Ø&é2ê¯® � þ Ô|ÿyäïå!æ"Ø
ç å�è�Ø%éKê�Ö �

j[�'��R�7U�<��C �0u¶E»7G1 5 78� E �'e�:U�:8�'�>�3����78�(�
����!#�
�±$�0�C
¤�M'�+�.: 5 7�� 5 ;$�ie 5 :8��7JY%R��i�>��;��z�+e%:G7U��;��z;�� ;=<�>@?�A�B:C�D � 5 ;$�<7G�>��78� E �+e%:8��7»:8�.� 5�E ;��H¦ �+p

78�+e%:G� E ;��(�K;$�>e�:8� Ç �+��; 5 78� E V%� 5 W 5 R�W¨;$� E �+7G�.: 5 7F;$�JR�Wi�<��MK� E8E ��V$;$�JR�Wî� 5 e E :G78R$: 5 7>V$;$�(R�W
W<]�: 5 ; 5z5 R-;$�<R�Wi�z1I��7G�KI1��>M{C f ��78�z�+��;��ÍR�W ;$� E8E � E ;�� E ��78�H: 5 78� E V 5 :G�'� 5 ;��)�'e$¦ 5 7GWi��S>T 5
Y%R�� E �<��78W<��_+�>e��<]);��H¦ �>7G�>e�:8��C�=»� E �NS+T 5 ��C /iW 5�E :G7U��78�+W 5%E � 5 W 5 ]0�'W<��M'�+W<�+e%:8��;��Í�#:8��p
�t�+MK�#;$� EGâ W0� 5 M 5%E ����78� 5 e 5%EGEG5 � 5 W<���.MK��; 5 7

X++
VtW 5�E :G7U��e�; 5 �+g$��:8��W)�>e%:G�bY%R���� E»E T 5 � E

�'e$¦ 5 78Wi��S È � E ��7GWi��_+�+eL��;�� E ����78�)�+��;��0:G�'� 5 ;�� E ��78�H: 5 7NC



¤�¥�=�L O�¦z§�¨o© s�sQª�RQ«�R ©Q¬m§Q¨T© sCusQ® §�¨ n6=%< G D ¬ D §�¨X¯�© sQ@
i

i

i

i

i

i

i

i

ÎZÜ^Úeu+Ô(ÖØÛ6Ï��lx}Ô�Ü�1ª¿6ÛÌÜ\Ýí¿ÊÓXu*Ð 1�ÏaÛ6Ï`Ó "N��"

sec2

secvar1

secvar2

secmeth1

secvar3

sec2

secvar1

secvar2

secmeth1

secvar3

sec2

secvar1

secvar2

secmeth1

secvar3(a) (b)

(c)

i

s

i

j

j

j[�.��R�7U�0��C obu#?kg$�+W<��M 5 ;$�J:8���L�>M'�<;$� EGâ W3� 5 M 5�E � 5 W�1���78�'I1��+� E M 5 �+��� E C

8.3 Implementação da tabela de símbolos
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F n6=�L j =Q< G ^&¥U> K = O Y G Õ
\
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k
Frq R�Rt=&n6; H�K = [ ;%:tn6=Q:�=t= G&H�K :�= [ =t� H�K :�¥�Ù�Y%=�^�^ [�GXH Ý&p G YM^ J n B
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Fr\
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Fri ë
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\uk n J�O Y Z LPp�; Z&[ = [�[ y�� H�K :�¥���= O Y G v�{TRQRP= [6Z L Z ; H = J >�= G&H�K :�= [ =A~ K = O6G Y%=
_uq ×
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Capítulo 9
Análise Semântica –
Primeira Parte
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����78�J�'e�;$�+g$��7@R�W ��7G7U�I�3;$�>1�� E �+7dR�W eXH�W<�>7 5 �'e%:G�>�.7 5 CZ=»T 5 � 5 ;$� E �>7dR�Wi�b�+g$��7G� EGE T 5 �+R�v 5
78� E R�MH:U��; 5 ]b; 5 :G�'� 5X³c?�Ëå����Á C
·���eL�M'� E � E �+Wi®�e�:8�'�>�ä]<¦ �+�.:8��;$�iWi��e��+�'78� E �+W<�+M'9���e%:8� J 1	� E RL��M'�._N��S+T 5 ;����7G1 5 78� E �.e�p

:8�:G�K�+�&W 5%E :878��;���e 5 �+��� â :8R�M 5 q	V 5 R E �*v���VkW<�N;$�'��e%:G�ÍR�W ��� E8E �>� 5 �L�>M'���781 5 7G� E �.e%:U�:G�K�+��C
· ��e��M.� E � E �+Wi®�e%:G�K�+��;$�>1�� E �>7);$�'1	�';��';����>W´¦§� E � E C¬=^� E :8�}�>��� â :GR�M 5 Vd�.e��'�+�'��M.W<�+e%:8��V E �+7U
;$� E �+R$:G�K; 5<5 � 5 78Y%R�I�;$� EGE �);$�.1	� E T 5 ��V$�+W E �>��R��K;���V%W 5%E :878��7G�>W 5%E �)��78�'W)�>�.7U�);$� E8E � E ¦§� E � E V
�+W«Y%R���� E ��MK� E8E � E ; 5 ��7 5 ��7U��Wi��p{¦ 5 e�:8� E T 5 ��e���M.� E ��;�� E C

9.1 Análise semântica em fases
·ÿ��e��M.� E � E �>W<®�e%:G�K�+�à]�78�>��M'�'_>��;����+W©;$�'1��>7 E � E ¦§� E � E V»�+��;��àR�Wi�Ñ;$�+MK� Ez5 �$v*�+:G�'1���e�; 5 �
��eL�M'� E �^;$� � E �t�>��: 5%E � E �L�N� â.Ç � 5%E ;�� E �>W<®�e%:G�K�+��;���M'�'e���R������>WäCZ½^W�� 5 e%: 5 � E �>7@;$� E :U���+��; 5
] Y%R�� �+��;���R�Wi�b;$� EGE � E ¦§� E � E ]»¦ �+�.:8�3� 5 7@W<�+� 5 ;$� R�W���� E8E �>� 5 �t�+MK�3�7G1 5 78� E �'e%:8�:8�'�>��C l E : 5
E �.��e�� Ç �+�#Y%R��)�Í�+��;��<¦§� E �)�Í�781 5 7G� E �'e�:U�:8�'�>�i]3�t�+7U� 5 7G78�';��i�0;���; 5�E E T 5 M'�+1���e%:8��; 5�E ����7U�
E �+78�+W�R$:8�.M'�'_>��; 5�E e��0¦§� E � E �>��R��'e%:G��C
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m �+78�K�ÍWi��� E �.e%:8�+78� E8E ��e�:8� E �0��RL;$] E8E �>W 5�E 7G�N��M'�._N��7»: 5 ;��ä�z��e��M'� E � E �+Wi®�e�:8�'�>�Í�>WæR�Wi�
H�e��K�+�a����� E8E ��;��I�d�t�+MK�J�781 5 78� E �.e%:U�:G�K�+��V�R�Wi�»1��+_aY%R��`�+��;��^¦§� E �F7G�>��78� E �+e%:8�^:G7U������M.9 5 ��g	:G7U�
�i���+7G] E �+�.W 5 e 5 :8�+W<� 5 ;$�i� 5 W<���'MK��S+T 5 C l E : 5 VB� 5 78]+W}VBe�T 5 ]<� 5�E8E�â 1��>M 5 R�]�VBe 5 W â e��.W 5 V
;$�>W<� E �K��; 5 � 5 W)��M.�K�+��; 5 C f ��7U�à�+e%:8�+e�;$�>7GW 5%EÍ5 � 5 78Y%R�I�;��àe��N��� EGE �';���;$��;$� E8E �Ñ;$�'1%� E T 5
1���W 5�E R�:G�'M.�'_>��7 5 �+g$�+W<��M 5 ; 5<E �+��R��'e�:8�J��7 5 ��7U��Wi���

`&h=^�iXi � �
° ]�^&d ° �

Ì
`&h=^�iXi ° �
Ì
· �781 5 78� E �.e%:U�:G�K�+��� 5 7G78� E � 5 e�;$�>e%:G�#]}W 5�E :G7U��;���e�� Ç ��R�7U�-��C."�Cà½^Wi�&:G�+e%:U��:G�'1���;$�

��eL��M'� E ��7a� E :G�J��7 5 ��78��Wi� E �+78�'�0� 5 7`W<�+� 5 ;$�JR�Wi�<1%� E �H:U�)� 5�E e�¯ E e�� E �>��R��'e%:G� 5 7U;$�>Wä�

"�CF1	� E �.:8�i� 5 e�¯ä"&m
��CF1	� E �.:8�i� 5 e�¯i��V��'e E �>7G�'e�; 5 �i��MK� E8E � ¶ eL�3:U���t�+MK�<;$� E�â W3� 5 M 5�E m
/�CF1	� E �.:8�i� 5 e�¯</�m
�LCF1	� E �.:8�i� 5 e�¯)�cm
o�CF1	� E �.:8�i� 5 e�¯io)�J1��+78� Ç �>� E �b;$�N��MK��7U��S+T 5 ;$�J1���78�KI1��+MP]J1��M'�';���m
��CF1	� E �.:8�i� 5 e�¯<��m
q$CF1	� E �.:8�i� 5 e�¯<�<�J�'e E �+78�J�+M'� EGE � º e��0:8���L�>M'�i;$� EGâ W0� 5 M 5%E m
��CF1	� E �.:8�i� 5 e�¯ä"N�C

¤\��7 5 ��M.�>Wi�3]bY%R��Je 5 �.:G�+W o$V�1��+78� Ç �+��7 E �J�i;��>��MK��7U��S>T 5 ;��)1I��7G�KI1��>ML]�M'�+�%��MXV�� 5 e E � E :G�
�+Wæ1��+78� Ç �+��7^u}�>e%:G78� 5 R$:G7U� E � 5 � E � E u E � 5 :G�'� 5 ;��z1���78�'I1��+MØ��g$� E :G��C fZ5 78]+W}Vye 5 :8��p E �)Y%R��
�i1	� E �.:8�z� 5 e�¯äoi]b¦ �>�H:U�Í��e�:8� E Y�R�� 5 e�¯ä�i:8�+e�9�� E �K; 5 1	� E �.:8��; 5 �)�#��MK� E8E � º �'e E �+78�';��#e��
:8���L�>M'�<;$� EGâ W3� 5 M 5�E C

f ��7U� E�5 M.R��+� 5 e���7i� EGE ����7 5 ��M.�>W<��Va��¦ ��:8R���78�+W 5%E �à��eL�M'� E � E �>Wi®�e%:G�K�+���>W ;$RL� E ¦§� E � E
;$� E :8�.e%:U� E VÌ�+��;��ÍR�W<�ä;$�>M'� E � 5 WæR�W 5 �$v*�+:G�'1 5 ;$�.¦ �+78�+e%:G��C)· ��78�.W<�>�.7U�Í�L��7U�z� 5 M'9��+7J�'e$¦ 5 7Gp
Wi��S È � E^EG5 ��78�3� E ��MK� E8E � E ;$�>�+M'��78��;�� E �3� E �+��R�e�;��i����78�<78�>��M.�'_>��7^�i1��>7G� Ç �>��S+T 5iE �>W<®�e%:G�K�+�
��7 5 ��78�K��W<�+e%:G�J;$�.:8��Ck?de%:8T 5 V�� 5 7U;$�+Wî; 5 �L� E8E �>� 5iE �+78�'���
j�� E �<"��

"�CF1	� E �.:8�i� 5 e�¯ä"&m
��CF1	� E �.:8�i� 5 e�¯i��V��'e E �>7G�'e�; 5 �i��MK� E8E � ¶ eL�3:U���t�+MK�<;$� E�â W3� 5 M 5�E m
/�CF1	� E �.:8�i� 5 e�¯</�m
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¹ �»º ñKò Ö�×yäZå!æ�Ø
¹ Û�º â ÓÕÔ�Ö9Ö9ãÑØ%Ò&ÓÕäZå!æ�Ø ¹½¼ º ñKò Ö�×yäZå!æ�Ø

ç å�è�Ø%éKê�� ¹ �±º â ÓÕÔ�Ö9Öyì	å!æ!î�äZå!æ�Ø ¹½¾ º â Ó»Ô�Ö9Ö9ãÑØ%Ò%ÓóäZå!æ�Ø
¹À¿ º ñKò Ö�×yäïå!æ�Ø ç å�è�Ø%é2ê�ì ¹ ��±º â ÓÕÔ�Ö9Öyì	å!æ!î�äZå!æ�Ø

¹$Á º þ Ô�ÿyãÑØ&Ò%Óóäïå!æ�Ø

ç å�è�Ø%éKê�ì ¹½Â º ñKò Ö�×yäïå!æ�Ø
¹$Ã º þ Ô�ÿyäZå!æ�Ø
ç å�è�Ø%éKê
Ä�Ô|ÿ¦ì

j[�'��R�7U�0��C." u#?kg$�+W<��M 5 ;$�b�7G1 5 78� E �.e%:8�:G�K�+��C

�LCF1	� E �.:8�i� 5 e�¯)�cm
o�CF1	� E �.:8�i� 5 e�¯io�m
��CF1	� E �.:8�i� 5 e�¯<��m
q$CF1	� E �.:8�i� 5 e�¯<�<�J�'e E �+78�J�+M'� EGE � º e��0:8���L�>M'�i;$� EGâ W0� 5 M 5%E m
��CF1	� E �.:8�i� 5 e�¯ä"N�C

j�� E �b�$�
"�CF1	� E �.:8�i� 5 e�¯ä"&m
��CF1	� E �.:8�i� 5 e�¯i��m
/�CF1	� E �.:8�i� 5 e�¯</�m
�LCF1	� E �.:8�i� 5 e�¯)�cm
o�CF1	� E �.:8�i� 5 e�¯io)�J1��+78� Ç �>� E �b;$�N��MK��7U��S+T 5 ;$�J1���78�KI1��+MP]J1���M'�';���m
��CF1	� E �.:8�i� 5 e�¯<��m
q$CF1	� E �.:8�i� 5 e�¯<��m
��CF1	� E �.:8�i� 5 e�¯ä"N�C
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465 Wÿ� E8E �}��� 5 78;������>WäV[� 5 1��>7G� Ç �>��7Gp E �)�}1���M.�K;���;��#;���;$�N��MK��7U��S+T 5 ;��}1I��7G�KI1��>M Æ�A6Ë6º V
:G�>W)p E �3: 5 ;��z�Í�.e�¦ 5 78W<��S+T 5 e��N��� E8E �78�'� EG5 ��7G�)�z�+M'� EGE � º Y%R�� v�#¦ 5 �Z��e���M'� E ��;��#�)�.e E �>7G�K;��
e��0:8���L�>M'�<;$� EGâ W3� 5 M 5�E C
· E8E �'W}Va:G�>e���� 5 e���p E �ä¦§��_>�+7Í� 5 WþY%R����>��;����L� E8E �>� 5 e��,�7G1 5 78� E �.e%:U�:G�K�+�,� 5 M'9����'e$¦ 5 7Gp

Wi��S È � E � E �t�>� âHÇ �>� E �»1��+78� Ç Y%R�� � E �L�N� : 5%E ����7�:8�'�+R�MK��78� E ;�� E �+Wi®�e%:G�K�+��C[·»M.]>W�;$� EGEG5 V	;$�+�t�+e�p
;$�>e�; 5 ;$�^Y%R���� EkE T 5 � E8E � E � E �L�N� : 5�E V�e�T 5 ]`e��N��� EGE �78� 5 1	� E �.:8��7d�J�7G1 5 78�@: 5 ;���V����L�>e�� E ����7�:8�
;$�>M'��CF= 5 ��g$�+W<��M 5 Y%R��b���+���L��W 5�E ;$�31��+7NVL�<��7G�'W<�+�'78�)¦§� E �3;��i��e��M.� E ��� 5 ;$�+78�K� E �>7»�'e�:8�+7Gp
7 5 W<���K;��}����7U�}R�W ;$�+:G�+78W<�.eL��; 5 7U��W 5 ;����7G1 5 78��VØR�Wi��1��>_#1��>7G� Ç �+��; 5 Y%R��Í� EGE �+�i7U��W 5
e�T 5 � 5�E8E R�� 5 R$:878� E ;$�>�+M'��78��S È � E ;$����MK� E8E � E CZ· EGE �'WäV�� 5 ;$�>7 â ��W 5�E ����7G�>1	�'��7F�)¦§� E �<"J����7U���

"�CF1	� E �.:8�i� 5 e�¯ä"&m
��CF1	� E �.:8�i� 5 e�¯i��V��'e E �>7G�'e�; 5 �i��MK� E8E � ¶ eL�3:U���t�+MK�<;$� E�â W3� 5 M 5�E m
/�CF1	� E �.:8�i� 5 e�¯</�m
�LCF1	� E �.:8�i� 5 e�¯)�cm
o�CF1	� E �.:8�i� 5 e�¯<��m
��CF1	� E �.:8�i� 5 e�¯<�<�J�'e E �+78�J�+M'� EGE � º e��0:8���L�>M'�i;$� EGâ W0� 5 M 5%E m
q$CF1	� E �.:8�i� 5 e�¯ä"N�C

¤ R E ��v���VaR�Wi��1��>_}Y%R�� 5 e�¯,��eLT 5 � 5�E8E R��`e��+e�9	R�W Ç M'9 5 e 5 Y%R���M^� 5�E8E ��W �+g	� E :G�'7
;$�N��MK��7U��S È � E ;��^��MK� E8E � E ��e��'e�9���;�� E V�e�T 5 9�(e��N��� EGE �';���;$�`;$�^� 5 e%:G�'e	R���7d�J��eL�M'� E � E �>W<®�e%:G�K�+�
���L���.g 5 ;$� EGE �Je�¯�C
=»� E ��7G¯Ig$�'Wi� E[E �NS È � EZE �+7U»;$� E �+7G�.:8�(�»��7G�'W<�+�'78�»¦§� E �`;�� ��e��M'� E � E �>Wi®�e%:G�K�+� ����7U� 5 � 5 W)p

���'M'��; 5 7
X++

V��'e�;$�K�+��e�; 5 p E �^Y�RL��� EdE T 5 � E �'e$¦ 5 78Wi��S È � E � 5 M.�+:8��;�� E �»� E R��J�'W<��M.�>W<�+e%:8��S+T 5 C

9.2 Análise da declaração de classes
? E :8�-��7G�'W<�+�'78��¦§� E �Í;��&��e��M'� E � E �+Wi®�e�:8�'�>�}]Í��� E :U��e%:G� E �'W<��M.� E C m �+R 5 �$v*�+:G�'1 5 ]ä��78�'��73�
:8���L�>M'�i;�� E�â W3� 5 M 5�E �b��e���M'� E ��7^�i�7G1 5 78� E �.e%:U�:G�K�+� J ��7 5 ��R�7U�<;�� E ;$�>�+M'��78��S È � E ;$�b�+M'� EGE � E C
4 ��;��)�+M'� EGE �(�+e�� 5 e%:G7U��;��0]J�.e E �>7G�K;��)e��0:8���L�>M'�i;$� EGâ W0� 5 M 5%E C
·à�781 5 7G� E �.e%:U�:G�K�+�aeLT 5 ��78�>�+� E � E �>7Ì� 5 W)��M.�+:8��W<�>e�:8�k�L�>78� 5 787G�K;���V EG5 W<�+e%:G� 5%EBE �+R E e â 1��+� E

Wi��� E ��M.: 5%E CÍ¤ ��e���M'� E ��; 5 7 E �+Wi®�e%:G�K� 5 �'e��'�+�'���}��e��M'� E �)e��}78���._<;����7G1 5 78� E �.e%:8�:G�K�+��VÌY%R��
E �+W<��78�`]»R�W » ��³�?&½ � H7D CB? EGE �^e�¯b� 5 ;$�»� 5 e%:G�>7dR�W Ç M'9 5 � C'A6³�³�¾D o CE½ � H�D Y%R��»;$�+:G�>7GW<�'e��
�J;$�>�+M'��78��S+T 5 ;$�aR�Wi����MK� E8E ��CØ· 5 �>e�� 5 e�:878��7Ì:U��M$e�¯LV 5 ��eL��M'� E ��; 5 7 E �+Wi®�e�:8�'� 5 ;��+1��a�'e���M'R��'7d�
��MK� E8E �d� 5 7878� E � 5 e�;$�+e%:8�ke��a:8���L�>M'�»;$� EGâ W0� 5 M 5%E ù e 5 e â 1��+M%Wi��� E ��MH: 5 ú V 5 W<� E W 5 ��� 5 e%:G�N���>e�; 5
� 5 W 5�E ;��+Wi��� E e�¯ E � C'A�³�³�¾D o CE½ � H�D Y%R��J78�+��78� E �+e%:8��W�� E �+M'� EGE � E ;$��Wi��� E ��M.: 5 e â 1��>M{C
·ò��e��M.� E � E �+Wi®�e�:8�'�>��V�� 5 78]+W}V�eLT 5 ;$�+1��a����7U��7Z� 5 7d� â CZ½^W�e�¯�� C'A�³�³�¾MD o CE½ � H�D � 5�E8E R��

� 5 W 5aÇ M.9 5 R�W e�¯�� C
A�³�³�º � H�<�½ � H7D VUY%R���VN� 5 7 E R��a1��>_�VN� 5 ;$�k:8�+7ØR�W 5 R$:G7 5 � C
A�³�³�¾D o CE½ � H7D
� 5 7G78� E � 5 e�;$�>e%:G�0�zR�Wi�}��MK� E8E �<��e��.e�9L��;���C0· E8E �.W}VÌ�>� EG5 � EGE �0e�¯ä�+g$� E :8��V 5 ��e���M'� E ��; 5 7 E �+p
Wi®�e%:G�K� 5 ;$�>1��(��7 5%EGE �+��R��'76�)��e��M.� E �(����78� 5�E e â 1��+� E �.e�¦ �+78� 5 7G� E V	��:8](Y%R��Je�T 5 �+eL� 5 e%:87G�(R�Wi�
��MK� E8E �^��e��'e�9���;���CZû»�>1��»:8��W0�L]>W :G�+7 5 ��R��';���; 5 ;$� �.e E �>7G�'76� E ��MK� E8E � E ��e��.e�9���;�� E e��3� E :G78R$p
:GR�78� ;=<�>³?�A�B:C�D ��;$�>Y%R���;���V��`eLT 5 e���;$�`e â 1��>M$Wi��� E ��M.: 5 C 465 W 5 1	� E : 5 e 5 �+��� â :8R�M 5 ��V��+��;��
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��MK� E8E �(eL�3:U���t�+MK�i;$� EGâ W0� 5 M 5%E � 5%EGE R�� E R��)��78¯���78�'� ;=<�>@?�A�B:C�D V 5 eL;$�b� E �+M'� EGE � E ��e��.e�9���;�� E
;$�>1��+W E �>7`�.e E �+78�K;�� E C
=^� EGE ��¦§� E �&;��¬��e��M.� E � E �+Wi®�e�:8�'�>��V EG5 W<�+e%:G�&R�W :8�.� 5 ;����+787 5àE �+Wi®�e�:8�'� 5 � 5 ;$� E �>7

;$�+:G�>��:8��; 5 �BY%R���e�; 5 R�Wi�`��MK� E8E �dY�R��Pv�a¦ 5 ��;�� Ç e��K;��`e	R�Wê;$��:8�+78W<�.e���; 5 � E � 5 � 5 ]k78�>;�� Ç e��K;���C
· E8E �.W}V 5iE �+��R��.e%:G�(:87G�N�U9 5 ;�����7 5 ��7U��Wi�b]JM'�+�%��M

`&h=^�iXi¤`&h=^�i=i }�
`&h=^�iXi�^�[�b�[XQ�^=a7^¤�
Ì

Ì
`&h=^�iXi¤`&h=^�i=i ~�

`&h=^�iXi�^�[�b�[XQ�^=a7^¤�
Ì

Ì
fZ5 78]+W}V 5 E �+��R��.e%:G�@:G78�>�U9 5 ]@�'e%1��M.�K; 5 VI� 5 � E �»��MK� E8E �yo C'A�³�³Kº ��e��'e�9���;��`� E :U`7G�N;$� Ç e��.eL; 5

R�Wi�<��MK� E8E ��o C'A�³�³2º v�i;$� Ç e��';��0eL��Y%R��+M'�J� E � 5 � 5 C
`&h=^�iXi¤`&h=^�i=i }�

`&h=^�iXi�`&h=^�iXi } �
Ì

Ì

9.3 Implementação
·î��e��M'� E � E �+Wi®�e%:8�'�>�}e�� E :G�#e â 1��+M@]Í�.W<��M'�+W<�+e%:U��;����t�+MK���+M'� EGE ��� C
A�³�³ � �cD o�É2e 5 ����� 5 :G�
³cD�>�A��cAMC�<�³ç��³ Ck·^e%:G� E ;$�b�'e��K���K��7»�<1	� E �.:8�<�t�+M 5�E e�¯ E ;��#�781 5 7G��V 5 � 5 W)���.MK��; 5 7

X++
;$�+1��

��78�K��7BR�W 5 ��v*��: 5 ;$� E8E �`�+M'� EGE �k��VI�>e�:UT 5 V>R$:8�.M'�'_>�prM 5 e��`��eL�M'� E ��VI� 5 W 5 ¦ 5 ��¦ �>�H: 5 � 5 Wê�^��g$�.���'S>T 5
;��<�781 5 7G� E �'e%:8�:G�K�+�)e 5 �+��� â :8R�M 5 q$C
= 5 ��7 5 ��7U��Wi�b��C."�V	1��+W 5%E � E ;$�N��MK��7U��S È � E � 5 � 5 e E :G78R$: 5 7a;��3�+M'� EGE ��C@¤ê� 5 e E :G78R$: 5 76] 5

78� E � 5 e E I1��+MP�t�+MK�i��78�'��S+T 5 ;��):U���t�+MK�i;$� EGâ W0� 5 M 5%E ��78�'��e�; 5 R�W 5 �$v*��: 5 ;$�J:G�'� 5Ä;=<�>@?�A�B:C�D C
·^M']+W ;$� EGEG5 V>�+M'�d�'e��'�+�'��M.�'_>� 5 � 5 e%:8��; 5 7B;$�k�>7G7 5�EyE �+Wi®�e�:8�'� 5�E �k�'e E �+78��VNe��F:8���L�>M'�`;$� E�â W3� 5 M 5�E V
; 5 � E E�â W3� 5 M 5�E Y�R��378�+��78� E �+e%:8��W 5%E :G�'� 5�E �� E �'� 5�E ;��#M'�.e���R������+W}V 5 R E ��v���V 5�E :G�'� 5%E ü±�c�^�
��*� ü±�Xü�C

9�:�;%<�:�=?>�= ¬ BEDF n6=�L j =Q< G ^ G >�= H =�Y%¥�^ Z ^çÕ
\
_ Z >�n�;&: K ^&¥U> K = O Y G B � Õ
d Z >�n�;&: K ^&¥ H�K =�L K6Z LU��: G�G B � Õ
e
g n J�O Y Z LALQYQ=�^Q^PÙ�YQ=�^Q^%Ù N6G L j ×
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���� Î`ÏaÐ¬ÏËÎ`ÏaÒ ÓBÔZÕ)ÖÌ×*Õ¨ÖØÐÙÎ`ÏaÐ�Ú@×*ÛÌÜ»Ý<ÏaÕ

h Î%¥U> K = O Y GtÛ = ZbH�K = O Y G Õ R�R K = O6G Y%= [�G >�= Z ^P=�Y K ; H Ý&p G Y
i n�:�; K�G L K�GQ[ Î&¥U> K = O Y G Ù J : K = O Y G Õ R�Rt=&n�; H�K = [ ;&:tn6=Q:�=S= K = O6G YQ=cLQ;%:�: G&H�K�G
k ZbH�K a�; J�H�[ Î G >�= H�K�Z LU��:�:�;%:CÕ
Frq
FuF n J�O Y Z LtÙ�YQ=�^Q^%Ù N6G L j yE{
Fr\ ×
Fr_ � H�K :Q¥�Î Z >�n6Y Gtj Õ
F|d
Fre a�; J�H�[ Î G >�= H�K6Z LU��:�:�;&:m`Ps�Õ
Frg Û = ZbH�K = O Y G ` H6G ßcÎ%¥U> K = O Y G yé{�Õ R�RAL&: Z = K = O�G YQ=Tn�: ZbH L Z n�=�Y
F�h j ` H6G ßS� H�K :�¥�Î Z >�n�Y G y?l ZbH�K l%{�Õ R�R ZbH ^ G : GtK�Z n�;�^ O6à ^ Z LQ;�^ [ =AY ZbH < J =Q< G >
Fri Û = ZbH�K = O Y G Bu= [Q[ y j {�Õ
Frk j ` H6G ßS� H�K :�¥�Î Z >�n�Y G y?lU^ K : ZbH <�l%{�Õ
\uq Û = ZbH�K = O Y G Bu= [Q[ y j {�Õ
\�F ë �

¤�� 5 W<���'M'��; 5 7`R�:G�'M.�'_>� 5 W<]�: 5 ; 5 � C
A�³�³ � �cD o�É · ��� ? V�W 5�E :G7U��; 5 e 5 ��7 5 ��7U��Wi�3��C ��V�Y%R��
�'e��'�+�'�z�i1	� E �.:8�Í�U9L��Wi��e�; 5 � C'A�³�³ � ��D o�É2� C'A�³�³�¾MD o C » ��³c?U½ � HXD ����78�i�Í78���._3;��Í�781 5 7G� E �.e�p
:8�:G�K�+�i�31��+78� Ç �+� E �3��M'��R�Wî�+787 5#E �>W<®�e%:G�K� 5 ¦ 5 �[�+eL� 5 e%:878��; 5 Ca·^M']+W ;$� E :G��Vt�Í��MK� E8E ��� 5�E8E R��
R�W W)]+: 5 ; 5 ����78�}�+��;��Í:G�'� 5 ;$�ie�¯}� E �+7b��e���M'� E ��; 5 C#¤ ��7 5 ��78��Wi�Í��Cª�ÍW 5%E :878�z:U��W3�t]+W
5 W<]+: 5 ; 5 Y�R��z�+¦ ��:GRL� 5 :G7U��:8��W<�+e%: 5 ��7 5 ��78�'��W)�>e%:G�Í;$�.: 5 ;��-78���._ä;��&�7G1 5 78��VkY%R��ä]ÍR�W
» ��³c?&½ � H�Dä5 e�;$���+��;��)�+M'�+W<�+e%: 5 ;��)M'� E :8�)78�+��78� E �+e%:U�3R�Wi�<��MK� E8E ��C

9�:�;%<�:�=?>�= ¬ B ©F n J�O Y Z LPp�; Z&[ Ù�YQ=�^�^&Ù N6G L j �6;�; K yr� Z ^ K Ó�; [�G v�{ K%N :�;Uß�^tÎ G >�= H�K6Z Lb��v6L G n K6Z ; H
\ ×
_ Ù J : K = O Y G ` Û = Z?H�K = O Y G Õ R�R K = O6G YQ=ML%;%:�: G&H�K�G `Tn�: Z?H L Z n6=�Y
d Ù�Y%=�^�^%Ù N�G L j Ù�Y%=�^�^UÞ G LQY&� Z ^ K Ó6; [�G yuv�{�ÕôRQRAL N =b>�=S= H6à Y Z ^ G n6=Q:�=t:�= Z V [ = à :�p�;%: G
e Z a-yua�; JQH�[ Î G >�= H�K6Z Lb��:�:�;%: ñu`ts6{TR�RA^ GoN ; J p GAG :�:�;åö YQ= H ²%= G v6L G ² � ;
g K%N :�;Uß H6G ßcÎ G >�= H�K�Z LU��v6L G n K6Z ; H yua�; JQH�[ Î G >�= H�K6Z L&��:�:�;%:�f
h loÎ G >�= H�K6Z Lo��:�:�;%:�^Pa�; J�H�[ yrn N =�^ G DQ{�l%{�Õ
i ë
k
Frq n J�O Y Z LPp�; Z&[ Ù�YQ=�^�^&Ù N6G L j Ù�YQ=�^�^bÞ G LQY&� Z ^ K Ó6; [�G y�� Z ^ K Ó6; [�G v�{
FuF ×
Fr\ Z a-yuvA`�` H�J Y�Y6{í: GQK%J : H Õ
Fr_ K :Q¥M×
F|d Ù�YQ=�^Q^%Ù N6G L j Ù�YQ=�^Q^UÞ G LQYUÓ6; [�G y
y�Ù�YQ=�^�^UÞ G L%Y&Ó6; [�G {tv/B H ; [�G {�Õ
Fre ë
Frg L%= K L N y�Î G >�= H�K�Z LU��v6L G n K6Z ; HzG {
F�h ×PR�RA^ GTJ > G :�:�;S;�LQ;%:Q: G&JAH =S= H6à Y Z ^ Gt[ =MLQY%=�^�^ G ö
Fri R�R [�à = > G&H ^&=Q< G >áöð>�=�^Ta�=QVS=t= H6à Y Z ^ G n6=%:�=Tn�:�x&v Z >�=cLQY%=�^�^ G
Frk Î%¥6^ K�G >ìB�; J�K B|n�: Z?H�K Y H y G B�< GQK%Û�G ^�^%=%< G y�{�{�Õ
\uq a�; J�H�[ Î G >�= H�K6Z LU��:�:�;%:�fQf�Õ
\�F ë
\u\ Ù�Y%=�^�^%Ù N�G L j Ù�Y%=�^�^UÞ G LQY&� Z ^ K Ó6; [�G yuv/B H�G v K {�Õ
\u_ ë �

¤ñY%R��m� C'A�³�³ � ��D o�É2� C'A�³�³�¾MD o C » ��³�?U½ � H�D ¦§��_`]`�U9���W<��7 5 W<]+: 5 ; 5 Y%R��F:G7U��:U�(;��(�+M'� EGE �
�d1��+78� Ç �>��7 E �@R�Wê�>7G7 5 ¦ 5 ���+e�� 5 e%:G7U��; 5 C 4 � E�5 :8�+e�9�� E �K; 5 �>e�� 5 e%:G7U��; 5 V 5 W<]�: 5 ; 5 �>W)�.:G�6R�Wi�
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W<�+e E �����+W}Vt�.e��+7G�>W<�+e%:8� 5 � 5 e�:U��; 5 7»;$�0�+787 5%E �)� 5 e%:G�'e	R��#� 5 W �Í��eL�M'� E �b����78�#� E ;$�>Wi��� E
��MK� E8E � E VÌ�U9���Wi��e�; 5 p E �078�>�+R�7 E �'1I��W<�+e%:G��Vy��� E8E ��e�; 5 � 5 W 5 ��7G��R�W<�+e%: 5ä5 78� E : 5 ù§�+��R�;��%úJ; 5
» ��³c?&½ � H�D C
¤«W<]�: 5 ; 5 � C'A�³�³ � ��D o�É2� C'A�³�³�¾D o Cé½ � H7D :G7U��:8�-;���;$�>�+M'��78��S+T 5 ;��zR�Wi����MK� E8E ��C m R��

¦ R�e�S>T 5 ]�1��+78� Ç �>��7 E ��e 5 � E � 5 � 5 � 5 7G78�+e%:8�6v�<�+g$� E :G��R�Wi�i�+M'� EGE ��� 5 W¨� E8E �Je 5 W<����V��>e%:8T 5 V
: 5 Wi��7»�i��:G�.:GR�;$�0;$�+1	�K;����d�'e E �+78�HprMK�<e��):8���L�>M'�#;�� E�â W3� 5 M 5�E V��+W �+� E�5 e��>����:G�'1 5 V 5 R}M'��e�S+��7
R�Wi�)��g����NS+T 5 V	�+W«�+� EG5 � 5%E �.:G�'1 5 C[? E :8�bW<]�: 5 ; 5 ]JW 5�E :G7U��; 5 e 5 ��7 5 ��78��Wi�3��C /�C
· ��78�.W<�+�'7U����S+T 5 e�� EGE �}W<]�: 5 ; 5 ] E ��M'1���7 5�5 �$v*�+: 5�;=<�>@?�A�B:C�D � 5 7G78�+e%:G��C2·«:U���t�+MK�

� 5 7G78�+e%:8�`]^7G� E � 5 e E I1��+M�� 5 7F��78W<��_+�>e���7 5%E@EGâ W0� 5 M 5%E ;��b�+M'� EGE �»� 5 7G78�+e%:8��C l e��'�+�'��M.W<�+e%:8��V%e 5
e â 1��>MLWi��� E ��M.: 5 V	��:U���t�+MK�3� 5 787G�>e�:8�^] ��Y%R��+MK�3�+7G�K��;��be 5 � 5 e E :G78R$: 5 76;$� EGE �b�+M'� EGE ��V 5 e�;�� E T 5
�'e E �>7G�K; 5%E65%E :G�'� 5�E �� E �K� 5%E �b� E ��MK� E8E � E ;$��e â 1��>MBWi��� E ��g	:G�>7Ge 5 C12 R���e�; 5 �i;��>��MK��7U��S>T 5 ;$�
R�Wi�Í�+M'� EGE �b]0�+e�� 5 e%:G7U��;��#e��Í�7G1 5 78� E �'e�:U�:8�'�>��VtR�Wi�#e 5 1��#�>e%:G7U��;��#; 5 :G�'� 5X¸���?QË=< � C'A6³�³
]i�'e E �>7G�K;��}e��ä:U���t�+MK��� 5 7G78�+e%:G��CÍAB�>W3��78��p E �<;��ÍY%R��iR�Wi��;�� E 1���78�'I1��+� E ;�� E8E �}�>e�:878��;��ä]
R�W 5 R�:G7 5�5 �$v*�+: 5�;=<�>@?�A�B:C�D ����7U����78Wi��_>�+e���7 5�E3EGâ W3� 5 M 5�E ;���7G�N��]+W)pw;$�>�+M'��78��;��}��MK� E8E ��C
·^M']+W´;$� EGEG5 VZ� 5 W 5 ����e��M.� E � E �>W<®�e%:G�K�+�}��7 5�E8E �>��R��<e 5%E e�¯ E �G;$�+e%:G7 5 �i;���;$�N��MK��7U��S>T 5 ;��
��MK� E8E ��V 5 e 5 1 5^5 �$v*��: 5n;=<�>³?�A�B:C�D ;$�+1��6�L� E8E ��7Ø� E �+7Z�»:8���t�+MK�(� 5 7878�+e%:G��VN;$�FW 5 ; 5 Y%R��Fe 5 1 5�E
EGâ W0� 5 M 5%E6E �*v���W��.e E �>7G�K; 5�E e�� E :U�3e 5 1��3:8���L�>M'�<Y%R��J� 5 7878� E � 5 e�;$� J ��MK� E8E � E �+e�; 5 ��e���M'� E ��;���C
· 5)Ç e���MB; 5 W)]+: 5 ; 5 V 5 1���M 5 7a��e%:G�'� 5 ;��)1I��7G�KI1��>MU� ��Ë:?�A7B:C�D ]J78�>�+R��L�>78��; 5 V$;$�J¦ 5 7GWi�)Y%R��
e 5 1�� E ;$�N��MK��7U��S È � EaE �>78T 5 �+¦ ��:GRL��;�� E e��0:8���t�+MK�<;$��e â 1��>M E R��t�+78� 5 7NC
D 5 W<�+W 5�E � 5 W 5 �+g	�>W<��M 5 �ä�781 5 78� E �.e%:U�:G�K�+�ä;�� Ç ��R�78�z��C'"�C3· 5 7U;$�>W ;$�01	� E �.:8�ä; 5%E

e�¯ E`E �>7G�K�0� E �+��R��.e%:8�<ù 5�E eXH�W<�>7 5%E �'e�;$�K�+��W 5%E e�¯ E`E �+e�; 5 1	� E �.:8��; 5�E ú �

•
� C'A�³�³ � ��D o�É · ��� ? ù�"Nú

•
� C'A�³�³ � ��D o�ÉK� C'A�³�³�¾D o C » ��³�?&½ � HXD ù*"Nú

•
� C'A�³�³ � ��D o�ÉK� C'A�³�³�¾D o Cî½ � HXD ù{��ú

=^� EGE ��� 5 e%: 5 Va�-:8���L�>M'�,;$� EGâ W3� 5 M 5�E ����78� E �+e%:U�-��¦ 5 7GWi��W 5�E :G7U��;��-e�� Ç ��R�78����Cª����C
?de%:8T 5 V��#�+e%:G7U��;��<;��i�+M'� EGE � ú ]b�'e E �+78�';��<eL�):8���t�+MK�i;$� EGâ W3� 5 M 5�E V���� E8E ��e�; 5 � E �+7^� E :U�i�
��MK� E8E �)� 5 787G�>e�:8��Vy;$�>1��+eL; 5�E R��Í:8���L�>M'�};$� EGâ W0� 5 M 5%EJE �>7J��Y%R��+MK�ÍR E ��;��Í�L��7U�Í�'e E �+78�.7Je 5 1 5�E
EGâ W0� 5 M 5%E CdOñ� E �.:GR���S+T 5 W 5%E :878��;��)e�� Ç ��R�78�<��Cª����Y%R����t�+78W<�H:8�3Y%R��b�i��e��M.� E � E �>W<®�e%:G�K�+�
� 5�E8E �z��7 5�E8E �>��R��'7(� 5 W �ä�U9���W<��;��ä�i� C'A�³�³ � ��D o�ÉK� C'A�³�³�º � H�<�½ � HXD ;$�iWi��e��+�'78�ä� 5 7G78��:U��C
· 5 78��: 5 78e���7(;$� E8E �Í�U9���W<��;���Vy� E �.:GR���S+T 5 ;��#:8���t�+MK�ä;$� EGâ W3� 5 M 5�E ])��Y�R��+MK�#W 5�E :G7U��;��#e��
Ç ��R�78�3��C'">��CZû � E8E �J¦ 5 7GWi��V�� 5 � 5 e%:8�.e	R���76�b��e��M'� E � E �+Wi®�e%:8�'�>��V�� 5 76��g$�+W<��M 5 V	� 5 W ��1	� E �H:U�
� 5 e�¯#��V$:G�>W)p E ��e 5 1���W<�+e%:8�J�):U���t�+MK�i;$��Wi��� E ��M.: 5 e â 1��>MÌ� 5 W 5 � 5 787G�>e%:G�J�b�<�.e E �>78S>T 5 ;��
��MK� E8E � û e 5 � 5�E : 5 v*R E : 5 C

9�:�;%<�:�=?>�= ¬ Bu@F n J�O Y Z LPp�; Z&[ Ù�YQ=�^�^&Ù N6G L j Ù�YQ=�^�^bÞ G LQY&Ó�; [�G y�Ù�YQ=�^�^UÞ G L�Y&Ó6; [�G v�{
\ K%N :�;&ß6^tÎ G >�= H�K6Z LU��v6L G n K�Z ; H
_ ×
d Î%¥U> K = O Y GSK�G >�n N ;�Y [ `tÙ J : K = O Y G Õ R�R�^&=�Y%p�=S=Un�; H�K = [ ;%:tn�R K = O6G YQ=cL%;%:�: G&H�K�G
e � H�K :Q¥�Ù�YQ=�^Q^ H LçÕ
g
h Z a-yuvA`�` H�J Y�Y6{í: GQK%J : H Õ
i
k R�Rín�:�;�L J :�=cLQYQ=�^�^ GPH = K = O6G Y%=
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j[�'��R�7U�)��Cª��u l e E �+7US+T 5 ;��J�+M'� EGE �Je��0:8���L�>M'�<;$� EGâ W0� 5 M 5%E C

Frq H LX`�y�� H�K :�¥�Ù�Y%=�^�^�{PÙ J : K = O Y G B�LQYQ=�^Q^&ï ZbH�[ è�nÌyuv/B H =b> G B Z >�=Q< G {�Õ
FuF
Fr\ Z a-y H L-ñ�` H�J Y�Y�{TR�R ÖQàP[�G LQYQ=%:�= [ =�ö �Q���6�
Fr_ ×
F|d K%N :�;Uß H6G ßcÎ G >�= H�K�Z LU��v6L G n K6Z ; H yuv/B H =b> G ö
Fre l?Ù�YQ=�^�^
l?ftvCB H =b> G B Z >�=Q< G f
lí=�Y%: G = [ ¥ [�G LQYQ=Q: G%[ l%{�Õ
Frg ë
F�h
Fri R�R ZbH LQY J�Z LQYQ=�^Q^ GTH = K = O6G YQ=cL%;%:�: G&H�K�G
Frk Ù J : K = O Y G Bu= [�[ y H LS` H6G ßt� H�K :�¥�Ù�YQ=�^�^�yuv/B H =?> G B Z >�=Q< G öÈÙ J : K = O Y G {�{�Õ
\uq Ù J : K = O Y G ` H LåB H6G ^ K�G%[ Õ R�R K = O6G YQ=ALQ;%:�: GUH�K�G ` K = O6G YQ= [ =MLQYQ=�^Q^ G
\�F Ù�Y%=�^�^%Ù N�G L j Ù�Y%=�^�^UÐ6; [ ¥QÓ6; [�G yuv/B O ; [ ¥�{�Õ
\u\ Ù J : K = O Y G ` K�G >�n N ;�Y [ Õ R�RP: G L J n G :�=A=&n�; H�K = [ ;%:tn6R K = O�G YQ=cLQ;%:Q: G&H�K�G
\u_ ë �

?dW E �>��R��K;���V�e��JM'�.e�9L�i">�V�1��>7G� Ç �+��p E � E �`e 5 � E � 5 � 5 � 5 7G78�+e%:G�[v�J�+g	� E :G�`R�Wi�b�+M'� EGE �`� 5 W
5 W<� E W 5 e 5 W<�3;��Í�+M'� EGE � E �+e�; 5 ;$�>�+M'��78��;���C`? EGE �i��7 5 ��R�7U�i]�¦ �>�H:U�#� 5 7(W)�>� 5 ; 5 W<]�: 5 ; 5
;=<�>³?�A�B:C�D�Ä o C'A�³�³!J/�Q�KHb�&N W 5%E :878��; 5 e 5 ��7 5 ��78��Wi�#��C ��C0? EGE �)W)]+: 5 ; 5 ;$�>1��)7G� E �t�+�.:8��7J� E
78�+��7U� E ;$��� E � 5 � 5 ;��<M'�'e���R������>WäCk· ��R E �>�3¦ R�e���� 5 e��<;�� E �+��R��.e%:8� ¦ 5 7GWi���

"�CF�'e��K���K��M'W<�+e%:G��V 5 W<]+: 5 ; 5 ��7 5 ��R�78�i�#�+M'� EGE ��e��#:8���t�+MK�#� 5 787G�>e�:8�#ù 5 R E ��v���Vt1��+78� Ç �+� E �
eL�i��MK� E8E �J� 5 7G78�+e%:G�(��g$� E :8�JR�Wi�i��MK� E8E �J� 5 Wî� E8E �(e 5 W<�Nú�m

��Ca�>� EG5 e�T 5 :8�+e�9�� �+eL� 5 e%:878��; 5 V��U9���W<�»7G�N��R�7 E �.1���W<�>e�:8�@� �L� E Y%R�� E �»R$:G�'M'�._N��e�; 5 �`:U���t�+MK�
;��(e â 1��+M E R��L�>7G� 5 7NV 5 R E �*v���V$��Y%R��+MK�07G�+¦ �+78�+e%:G� J �+M'� EGE �»R�W�e â 1��+MPWi��� E ��g	:G�>7Ge 5 ù{�+� EG5
�>M'�<�+g$� E :8�%ú C
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ÎZÜ^ÚOu+Ô(Ö[Û6Ï·¶/x)Ü Ò»ð»ÛÌ×�ÓX¿ÊÓX¿@Ð�¸»Ò0Ô[×+ÎZÜwx3Ú6Õ`×*Ð�¿d×*Õ^Ü�ÚPÜ Õ`Ô@¿ ��%q

û»R�78��e�:8���&��R E �>�-eL��:U���t�+MK��;�� EGâ W3� 5 M 5�E V E�5 W<�+e%:G�ä�+e%:G7U��;�� E ; 5 :G�'� 5c¸���?QË=< � C'A6³�³
� ¸��:?�Ë=<7;å�>"NKC�D ù§�+M'� EGE �<�3:8�.� 5�E �'W<��M'� E VB7G� E �t�>��:G�'1���W<�+e%:G�Iú E T 5 � 5 e E �';$�>78��;�� E C3· �'W)��M.�+p
W<�+e%:8��S+T 5 ;$� E8E �3W)]+: 5 ; 5 VLe��Í7G�N��M'�';���;$��VL;$� Ç e��0� E 78�+��78� E ;$�3� E � 5 � 5 ����7U�iR$:8�.M'�._N��S>T 5 ;�� E
��MK� E8E � E CØ?dW¨R�W¨;���:G�>7GW<�'e���; 5 � 5 e%: 5 ; 5 ��7 5 ��78��W<��V E T 5 ���+� E8E�â 1��>� E : 5 ;�� E � E ��MK� E8E � E ;$� Ç p
e��K;�� E eL�)�+M'� EGE ��� 5 7G78�+e%:G�(�(: 5 ;�� E ;$� Ç e��';�� E �+W¨��MK� E8E � E ;$�Je â 1��+MBWi��� E �+g%:8�+78e 5 C

9�:�;%<�:�=?>�= ¬ B�ªF n J�O Y Z LT� H�K :Q¥���= O Y G LQYQ=�^�^Uï ZbH�[ èQnÌy�Î K : ZbH <cv�{
\ ×
_ � H�K :Q¥���= O Y G nA` K ;bnÌÕ
d
e R�Rín6=Q:�=cL&= [ = G Y G > G&H�K ; [ = K = O6G YQ=cLQ;&:�: G&H�K�G
g ß N�Z Y G yrnêñu` H�J Y�Y6{
h ×
i R�RTp G : Z a Z L%=c^ G � J >�= G&H�K :�= [ = [�G LQYQ=�^Q^ G ; JMK�Z n�;A^ Z >�n�Y G ^
k R�R GtG&H�K�� ;SLQ;?>�n6=%:�=M; H ;�> G
Frq Z a�yty�yrn ZbH ^ K = H L G ;%aS� H�K :�¥�Ù�YQ=�^�^�{ ]�] y|n ZbH ^ K = H L G ;&aS� H�K :�¥�Î Z >�n�Y G {�{
FuF Ã�ÃTn B H =b> G B GQI%J =�Y�^çyuv�{�{
Fr\ : G%K%J : H n/Õ
Fr_ nM`TnÌB H6G v K ÕÜR�RXn�:�x%v Z >�= GUH�K :�= [ =
F|d ë
Fre Z a-y�Y G p G Y J n
`�` H�J Y�Y6{XR�RA^ GTH�� ;t=�L N ; JcG �S; H Ý&p G Yí>�= Z ^ G v K�G : H ;
Frg : GQK%J : HSH�J YQYåÕ R�RT: G%K ;%: H = HQJ Y�Y
F�h
Fri R�Rín�:�;�L J :�= H ; H Ý&p G Yí>�= Z ^ G v K�G : H ;
Frk : G%K%J : H Y G p G Y J n B >�¥ K = O Y G B�LQYQ=�^�^Uï ZbH�[ èQnÌyuv�{�Õ
\uq ë �
ö 5 M.:8��e�; 5 � 5 ��7 5 ��7U��Wi� ��C ��V�1��+W 5�E Y%R�� E �»���+M'� EGE �`]`�+e�� 5 e%:G7U��;���V��>e�:UT 5 R�Wi�J�+g$�+�>S>T 5

]»MK��eLS+��;���C 4 � EG5 � 5 e%:G7U�78� 5 V���78�'��p E �^R�Wi�3e 5 1��b�+e%:878��;�� ¸���?QË=< � C'A6³�³ ����78�3�3��MK� E8E �^� � EGE �
�+e%:878��;���]»�'e E �+78�';���e���:U���t�+MK�3� 5 787G�>e�:8��CZ= 5 :G� Y%R�� 5 � 5 e E :G78R$: 5 76;$� ¸��:?�Ë=< � C
A�³�³ v�3�+R��K;��
;����+7G�K��S>T 5 ;$�zR�W´e 5 1 5}5 ��v*��: 5�;&<�>@?�A�B�C�D Cz= ��M'�.e�9L�-���VØ� E :U��e 5 1��ä:8���L�>M'��: 5 7Ge���p E �i�
:8���L�>M'�<� 5 787G�>e�:8�J�J�i��e��M'� E ��� 5 e%:G�'e%RL�3e 5 e�¯q� C'A�³�³�º � H�<�½ � H�D V Ç M'9 5 ; 5 e�¯#� 5 787G�>e�:8��V	� 5 � E
]Je��+M'�bY%R���� 5 ;��+W¨������78�>�+�+7 5 R$:878� E ;$�>�+M'��78��S È � E ;$����MK� E8E � E C
= 5 W)]+: 5 ; 5 Y%R��z��e���M.� E �}R�Wg� C'A�³�³�º � H�<6½ � H�D ù 5 � 5 7G� 5 ;����+M'� EGE �Nú�VØ�+g$� E :G� EG5 W<�>e�:8�

R�Wi�(�U9���Wi��;��^����78� 5^Ç M'9 5 Y�R��F� 5 e%:G]>W��»M'� E :8�(;$�a��MK� E8E � E ��e��'e�9���;�� E VI� 5 e$¦ 5 7GW<�6W 5%E :878��; 5
e 5 ��7 5 ��78��W<�0��Cªo$C

9�:�;%<�:�=?>�= ¬ B��F n J�O Y Z LPp�; Z&[ Ù�YQ=�^�^&Ù N6G L j Ù�YQ=�^�^bÐ6; [ ¥QÓ�; [�G y�Ù�YQ=�^�^UÐ�; [ ¥QÓ6; [�G v�{
\ ×
_ Z a-yuvA`�` H�J Y�Y6{í: GQK%J : H Õ
d Ù�Y%=�^�^%Ù N�G L j Ù�Y%=�^�^UÞ G LQY&� Z ^ K Ó6; [�G yuv/B�L�Y Z ^ K {�Õ
e ë �
?Ñ� EGE � EaE T 505�E H�e��K� 5�E e�¯ E Y�R�� ��78�>�+� E ��W E �+76:G7U��:U��; 5%E e�� E :8�0��7G�'W<�+�'78�b¦§� E �(;��0��e��M'� E �

E �+Wi®�e%:G�K�+��C m T 5 �+M'� E Y%R��^� 5�E8E R��+W 5 Ri� E :UT 5 �+W�R�W �>��W<�.e�9 5 Y%R��»M'�+1��»��R�Wi�b;��>��MK��7U��S>T 5
;$�(��MK� E8E ��C[· 5�Ç e���MP;$� E8E �(¦§� E ��V	�b� E :G78R$:8R�78�3;$�^:U���t�+MK�b;$� EGâ W3� 5 M 5�E V��+W :8�+78W 5%E ;$�(��MK� E8E � E
;$�N��MK��7U��;�� E e 5 ��7 5 ��7U��Wi��V%� E :8��78)� 5 W)��M.�+:8��W<�>e�:8�JW 5 e%:8��;���C
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9.4 O programa principal
fZ5 7 Ç W}V�]F��78�>�+� EG5 ��MH:8�+7U��7 5 W)]+: 5 ; 5 ��78�.eL���'����M$; 5 e 5%EGEG5 � 5 W<���'M'��; 5 7Z����78� Y�R��F�>M.�a�+g	�N��R$:8�
� E :G�»e â 1��+Mt;�����e��M.� E � E �>Wi®�e%:G�K�+��C l E8E�5 ]`¦ �>�H: 5 V	� 5 W 5 ;$�»� 5%E :8R�W<��V%��M.:G�+7U��eL; 5�5 ��7UY%R��'1 5 C v v�C
¤ ��7 5 ��78��W<����C �3W 5�E :G7U� 5 :87G�N�U9 5 ; 5 W<]�: 5 ; 5l>MA�����5 e�;$� ](�+7G�K��; 5b535 �$v*��: 5 � C'A6³�³ � ��D o�É
ù M'�'e�9��}">%ú6�(�'e��K���K��;��<�)��78�.W<�>�.7U�0¦§� E �J;��)��e��M'� E � E �+Wi®�e%:G�K�+�äù M'�'e�9��}"N��ú C

9�:�;%<�:�=?>�= ¬ Bu«F RQRPp G : Z a Z L%=c^ G n�; [�G ;Un G :�=%:
^Q; O : G = à :�p�;&: G ^ ZbH�K�àQK6Z L&=
\ Z aãyðn6=%:6^ G :/B K ; j6G&H Ï�^Q; J :�L G B�a�; J�H�[ � G vQ��:�:�;%:�yE{
_ fXn6=Q:6^ G :/B�LQ; H�K 9�=Q:6^ G ��:�:�;&:�`�`Ps�{
d ×
e Z aãy|n�: ZbH�K Ï K : G�G {PR�R G v Z?O�Z :M= à :�p�;%: G
g ×
h 9�: ZbH�K ��: G�G n�: K ` H6G ßS9�: ZbH�K ��: G�G yE{�Õ
i n�: K B|n�: ZbH�K ��;�; K yu:�;�; K {�Õ R�RAL N =?>�=o>�� K ; [ ;Tn6=Q:�= Z >�n�: Z > Z : à :Qp�;%: G
k ë
Frq Ù�YQ=�^�^%Ù N6G L jcK LP` H6G ßMÙ�Y%=�^�^%Ù N�G L j yE{�Õ
FuF K :�¥A×
Fr\ K LåBuÙ�YQ=�^�^%Ù N6G L j ��;�; K yu:�;�; K {�Õ
Fr_ Î%¥6^ K�G >ìB�; J�K B|n�: Z?H�K Y H y�l?s�Î G >�= H�K6Z L G :�:�;%:ta�; J�H�[ l%{�Õ
F|d ë
Fre L%= K L N y�Î G >�= H�K6Z LU��v6L G n K6Z ; H�G {
Frg ×
F�h Î%¥6^ K�G >ìB�; J�K B|n�: ZbH�K Y H y G B�< GQKQÛ�G ^�^%=Q< G y�{�{�Õ
Fri ë
Frk ë �

9.5 Arquivos-fonte do compilador
f ��7U� � E :8�^�+��� â :8R�M 5 ¦ 5 78��W��'e���M'R â ; 5�E e 5 ;��.78��:8¯�78� 5 ����9�2ÆÅ 5%E ����� 5 :8� E ���!�� ���
�L�^�¥���
!#�������5��.
� ü�� Cd·^M']+W¨;�� E8E�5 V 5 ��7UY�R��.1 5 C v v6¦ 5 �Ì��M.:G�>78��; 5 V$� 5 W 5 ;$� E ��78�H: 5 eL� E �NS+T 5 ��C ��C
465 M 5 �+��W 5%E Vy:U��W0�L]>WäV[e 5 ;$�'7G�+:G¯�7G� 5 ���
��!N9:�L��#R�W<�}1���7G�K��S>T 5 W0R��.: 5�E �.W<��M'� E ; 5 ��7 5 p

��7U��Wi���+ü±���������+Vke 5 Y%R���M E T 5 ;$�>�+M'��78��;�� E ��M'��R�Wi� E ��MK� E8E � E ��e��'e�9���;�� E Y%R��ä78�>;$� Ç e��+W � E
��MK� E8E � E ��ü±�c�*�����b�¶	���� ��VL���>78��e�; 5 V$� EGE �.W}V$R�W¨�+787 5<E �+Wi®�e%:G�K� 5 Ck¤�78� E R�MH:U��; 5 ] 5iE �>��R��'e%:G���

`�^�T ��� ��©X^&]7^�T�^&d�i�_&dªZ�h=^�[7���RZXZ6W�iXi�^�f�Tch=_�i&W�g�b�[7S&d�_X_���_�dXd�\��=i�_�f�^�[7Scb=`�\����7^�i�_ } Z ��7óXó ² \�f�T�b�h=_�d�����_�d�i7b�\�[ } Z � � ~X�=���
� _X^&a�b�[7�¤�&d�\�f¦��b�h=_ ZXZ6W�iXi�^�f�Tch=_�i&W�g�b�[7S&d�_X_���_�dXdX\c�=i�_�f�^�[7Scb=`�\����7^�i�_ } Z � Z�Z�Z
��a _ � b=`�^7h  dXd�\�d�i��7\��X[7a
�!°&� [7S�^�`�S:b=`  dXd�\&d�i��X\��X[�a
a b�[�_ }�~ `�\7h���f�[ }�� U ² h=^�iXi�g�b'[7SXd�_X_¤^Xh�d�_X^=a � a7_�`&h&^&d�_=a
a b�[�_ }Q� `�\7h���f�[ ~X� U ² h=^�iXi�a7^�S�^�^7h�d�_X^&a � a7_�`&h&^&d�_=a
~!° _�f:^�[XS:b=`  d=d�\&d�i��7\��X[�a � TXQ�^�i�_ } �
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Capítulo 10
Análise Semântica –
Segunda Parte

=^� E :8�#�+��� â :8R�M 5 VÌ����7G� E �>e�:U��78�+W 5�E � E �>��R�eL;��ä����7G:G��V 5 R E �>��R�eL;��#¦§� E ��VØ;��}��e��M'� E � E �+p
Wi®�e%:G�K�+��C@=^�>M'��V E �+7UT 5 ��e���M.� E ��; 5�E ��M.��R�e E � E �t�>� : 5�E 78��¦ �>7G�>e%:G� EKJ 9��>78��e�S+�)�>e�:87G�b� E ��MK� E8E � E
;$�N��MK��7U��;�� E �z:8��W0�L]>W � E ;$�N��MK��7U��S È � E ;�� E 1���78�KI1��+� E VZ; 5�E W)]+: 5 ; 5%E �}� 5 e E :G78R$: 5 7G� E ;�� E
��MK� E8E � E C

10.1 Análise da hierarquia de classes
= 5 �+��� â :8R�M 5 �»1%�'W 5�E � 5 W 5 �»�7G1 5 78� E �'e%:8�:G�K�+�^]6R$:G�'M'�._N��;�� ����7U�`W 5 e%:U��7Z�^� E :G78R$:8R�78�»�� E �K�+�
;��<:U���t�+MK�i;$� EGâ W0� 5 M 5%E �b1��+78� Ç �>��7^�i��7G� E �>e�S+�i;$�3�+787 5%E V�� 5 W 5 �<78�>;$�N��MK��7U��S+T 5 ;��3��MK� E8E � E
�+W � E � 5 � 5%E eLT 5 �L�>7GW<�.:G�K; 5�E C#½^Wÿ� E �L�N� : 5 ;���;$�>�+M'��78��S+T 5 ;$�#��MK� E8E � E VÌ� 5 e�:8R�; 5 VBe�T 5 ¦ 5 �
1��>7G� Ç �>��; 5 �[�<� 5 �>7�I>e����K�3eL�<R$:G�'M.�'_>��S+T 5 ;��<�+M'�R E R�M'����8�� �
��	�� C
2 R���eL; 5 :G�+W 5%E R�Wi�i;$�>�+M'��78��S+T 5 ;$����MK� E8E ��� 5 W 5

`&h=^�i=i � _ � S7_�[�aci °
R�W ; 5�E � E �L�N� : 5�E � 5 Y�RL��M�;��+1��>W 5�E :8�+7Ø��:G�>e�S+T 5 ]@�`��g$� E :�I+e��+�'�`;��^��MK� E8E � û C 465 W 5 �+W

X++

e�T 5 :878������M'9���W 5%E � 5 W ��MK� E8E � E ����g	:G�>7Ge�� E � VÌ���+M'� EGE � û :G�>W Y%R��#� E :U��7 E �+e�; 5 � 5 W<���'M'��;��
� 5 WË���+M'� EGE � ú C fZ5 78]+W}V�� 5 ;$�»������78�>�+�+7k��e%:G� EZ5 Ri;$�>� 5 � E ;�� ú C fZ5 7k� E8E�5 V�e��J��78�'W)�>�.7U� ¦§� E �
;��z��e��M.� E � E �>Wi®�e%:G�K�+�Íe�T 5 ]3� 5�E8E�â 1��>M{V 5 R E �>7G�K�#Wi��� E ;$�H¦ â ���'MXVB7G�N��M'�._N��7`:U��MZ1��>7G� Ç �>��S+T 5 C m �
û ]�;$�>�+M'��78��;��3;$�>� 5 � E ;�� ú V�� 5 ��e���M.� E ��7a�);��>��MK��7U��S>T 5 ;$� ú V$e�T 5)E �+78�'�0� 5�E8E�â 1��>M E ���t�+7 E �
û ](;��>��MK��7U��;�� 5 Räe�T 5 CZ°�0e�� E :8� E �+��R�e�;��b¦§� E ��V�Y%R���eL; 5 : 5 ;�� E � E �+M'� EGE � E � E :8T 5 �'e E �+78�';�� E
e��0:8���L�>M'�<;$� EGâ W3� 5 M 5�E V$](� 5�E8EGâ 1��+My��¦ �+:GR���7a:8��MB1��>7G� Ç �+��S+T 5 C

½^W 5 R$:87 5 � E �L�N� : 5 Y%R��i;$�>1�� E �>7(1��+78� Ç �+��; 5 �+W 7G�>M'��S+T 5�J 9��.�>78��78Y%R��K�Í;��<�+M'� EGE � E ]i�
��g$� E :�I+e��+�'�<;$��;$�N��MK��7U��S È � E ���'78�+R�M'��7G� E � 5 W 5

`&h=^�i=i � _ � S7_�[�aci °`&h=^�i=i ° _ � S7_�[�aci ²`&h=^�i=i ² _ � S7_�[�aci �
����
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Y%R��J]J�.M'�+�%��MXC[? EGE �(:G�'� 5 ;$�J��7 5 ��M.�>W<�0e�T 5)E �+7Ub:878��:8��; 5 e�� E :8�0¦§� E �Je��<��e��M.� E � E �+Wi®�e%:G�K�+��C
l E : 5 � 5 78Y%R��a�J� 5 e E :U��:U��S+T 5 ; 5 ��7 5 ��M.�>W<� E ¯(� 5 ;$�+78�K� E �+7Z¦ �>�H:U� eL�(;��>��MK��7U��S>T 5 ;$�o�[C�· E8E �'W}V
��78��¦ �>7G�'W 5�E ��;$�K��7b� EGE ��1��>7G� Ç �>��S+T 5 ����7U���}¦§� E � E �>��R��'e%:G�#�z� 5 ;$�>70��� 5 e%:U��7 5 �+787 5 v�&e��
��eL�M'� E �(;��0;$�N��MK��7U��S>T 5 ;$� ú C�· E8E �'W}V$e�� E :8�3¦§� E ��V�� 5 :878��:8��7a;$�JR�Wi�<;$�>�+M'��78��S+T 5 ;$����MK� E8E ��V
5 ��e���M'� E ��; 5 7 E �+Wi®�e%:8�'� 53E �'W<��M'� E W)�>e%:G�^1��+78� Ç �>� E �»� E R��t�+7U��MK� E8E �`�+g	� E :G�^�(��� 5 e%:8��R�W �>7G7 5
�+W �>� EG5 e��>����:G�'1 5Í5 R-� 5 W<��M'��:8�z�Í�>e%:G7U��;��z;��z�+M'� EGE �3eL�#:U���t�+MK�z;$� EGâ W0� 5 M 5%E VP�'e�;$�K�+��eL; 5
Y%R���MB� E R�� E R��L�>78�+M'� EGE ��C
f ��7U�}� E :8� E �+��R�e�;��ä¦§� E �<¦ 5 �F;$� Ç e��';�������MK� E8E � x'A6Ë � �cD o�É%VBY%R�� E �i�.e��K���K��;�� E �+��R��'e�:8�

Wi��e��>�.7U���

9�:�;%<�:�=?>�=�DbsCBED
F n6=�L j =Q< G ^ G >�= H =�Y%¥�^ Z ^çÕ
\
_ Z >�n�;&: K ^&¥U> K = O Y G B � Õ
d Z >�n�;&: K ^&¥ H�K =�L K6Z LU��: G�G B � Õ
e
g n J�O Y Z LALQYQ=�^Q^XØ�=Q:�Ù N6G L j
G v K�G&H�[ ^tÙ�YQ=�^�^%Ù N6G L j ×
h
i n J�O Y Z LTØ�=Q:�Ù N6G L j yé{
k ×
Frq ^ J n G :CyE{�Õ
FuF ë
Fr\
Fr_ n J�O Y Z LPp�; Z&[ Ø�=Q:�Ù N�G L j �6;Q; K y�� Z ^ K Ó6; [�G v�{ K%N :�;&ß6^SÎ G >�= H�K6Z LU��v�L G n K6Z ; H
F|d ×
Fre Ù�Y%=�^�^%Ù N�G L j �6;Q; K yuv�{�Õ R�RTa�=%VA= H6à Y Z ^ GS[ =�^tLQYQ=�^�^ G ^
Frg Ø�=%:�Ù N6G L j Ù�YQ=�^Q^UÞ G LQYU� Z ^ K Ó�; [�G yuv�{�Õ
F�h Z a-yua�; JQH�[ Î G >�= H�K6Z Lb��:�:�;%: ñu`ts6{TR�RA^ GoN ; J p GAG :�:�;åö YQ= H ²%= G v6L G ² � ;
Fri K%N :�;Uß H6G ßcÎ G >�= H�K�Z LU��v6L G n K6Z ; H yua�; JQH�[ Î G >�= H�K6Z L&��:�:�;%:�f
Frk loÎ G >�= H�K�Z LT��:�:�;&:6^Ta�; JQH�[ yrn N =�^ GM© {�l&{�Õ
\uq ë �

? E8E ���+M'� EGE �<� E :G�+eL;$�#�}��MK� E8E �n� C'A6³�³ � ��D o�É%Vy;$�<¦ 5 78Wi�}Y�R��<: 5 ;�� E � E 1���78�'I1��+� E � â ;$�+p
Ç e��K;�� E � 5�E8E ��W E �+70R$:G�'M'�._N��;�� E ��Y%R��XC�¤«� 5 e E :G78R$: 5 7 E �.W<��M'� E W<�+e%:G�z�.e	1 5 �>� 5 � 5 e E :G78R$: 5 7
;�� E R��L�>78�+M'� EGE �ä� 5 W<]+: 5 ; 5 x'A�Ë � ��D o�É · ��� ? ] 5 W<]+: 5 ; 5 Y%R���;$�+1�� E �>7#�U9���Wi��; 5 �t�+M 5
� 5 W<���.MK��; 5 7)����7U�&;$� E ����7U��7)�-��e��M'� E � E �+Wi®�e�:8�'�>��CÑ¤ Y%R��ä� E8E �ÍW<]�: 5 ; 5 ¦§��_z]ä�'e%1 5 �+��7)�
��78�.W<�>�.7U�ä¦§� E �#;�����e��M'� E � E �>Wi®�e%:G�K�+�,ù§W)]+: 5 ; 5 � C'A�³�³ � ��D o�É · ��� ? ú���VZ�+� EG5 e�T 5�5 � 5 7878��W
�+787 5�E VN�'e��K���K��7d� E �+��R�e�;��»¦§� E �a�U9L��Wi��e�; 5�x'A6Ë � ��D o�ÉK� C'A�³�³�¾D o C » ��³�?b½ � HXD V ��� EGE ��eL; 5 � 5 W 5
��78��R�W)�>e%: 5 �07U���'_�;��<�781 5 7G� E �'e%:8�:8�'�>��C

465 W 5 ;$�»� 5�E :GR�W<��V�� E8E �FW<]+: 5 ; 5 �t�+7U� 5 7G78�F�bM.� E :U��;$�^��MK� E8E � E �U9���W<��e�; 5�5 W<]�: 5 ; 5 Y%R��
:G7U��:U��;$�#�+��;��}R�Wi��;$�>M'� E C m �#R�Wÿ�+787 5}5 � 5 7G78�)�+W´��M'��R�Wi�};�� E ��MK� E8E � E V 5 � 5 e%:U��; 5 7b;$�
�+787 5�E ]J�.e��+7G�>W<�+e%:8��; 5 �J�<��e��M'� E ��� 5 e�:8�.e	R��0����78� 5 7G� E : 5 ;��)M.� E :U�<;$�b��MK� E8E � E C

9�:�;%<�:�=?>�=�DbsCB ©F n J�O Y Z LPp�; Z&[ Ø�=Q:�Ù N�G L j Ù�Y%=�^�^UÞ G LQY&� Z ^ K Ó6; [�G y�� Z ^ K Ó6; [�G v�{
\ ×
_ Z a-yuvA`�` H�J Y�Y6{í: GQK%J : H Õ
d K :Q¥M×
e Ø�=Q:�Ù N6G L j Ù�YQ=�^�^UÞ G LQY&Ó6; [�G ymyuÙ�YQ=�^�^bÞ G LQY&Ó�; [�G {Pv/B H ; [�G {�Õ
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g ë
h L%= K L N y�Î G >�= H�K�Z LU��v6L G n K6Z ; HzG {
i ×PR�RA^ GTJ > G :�:�;S;�LQ;%:Q: G&JAH =S= H6à Y Z ^ Gt[ =MLQY%=�^�^ G ö
k R�R [�à = > G&H ^&=Q< G >áöð>�=�^Ta�=QVS=t= H6à Y Z ^ G n6=%:�=Tn�:�x&v Z >�=cLQY%=�^�^ G
Frq Î%¥6^ K�G >ìB�; J�K B|n�: Z?H�K Y H y G B�< GQK%Û�G ^�^Q=Q< G yE{�{�Õ
FuF a�; J�H�[ Î G >�= H�K6Z LU��:�:�;%:�fQf�Õ
Fr\ ë
Fr_ Ø�=%:�Ù N6G L j Ù�YQ=�^Q^UÞ G LQYU� Z ^ K Ó�; [�G yuvCB H6G v K {�Õ
F|d ë �

ök�*v���W 5%E ��� 5 7U� 5 Y%R��(¦§��_ 5 W<]�: 5 ; 5 Y%R��J:878��:8�<;��<;$�N��MK��7U��S+T 5 ;$�b�>��;��)��MK� E8E ��C

9�:�;%<�:�=?>�=�DbsCBu@
F n J�O Y Z LPp�; Z&[ Ø�=Q:�Ù N�G L j Ù�Y%=�^�^UÞ G LQY&Ó6; [�G y�Ù�YQ=�^�^UÞ G L%Y&Ó�; [�G v�{
\ K%N :�;Uß�^SÎ G >�= H�K6Z LU��v6L G n K�Z ; H
_ ×
d Î%¥U> K = O Y GSK�G >�n N ;�Y [ `tÙ J : K = O Y G ÕÈRQRS^%=�Y&p�= K = O6G YQ=MLQ;%:Q: G&H�K�G
e � H�K :Q¥�Ù�YQ=�^Q^cLX` H�J Y�YåÕ
g � H�K :Q¥�Ù�YQ=�^Q^ H LçÕ
h
i Z a-yuvA`�` H�J Y�Y6{í: GQK%J : H Õ
k Z a-yuv/B�^ J n G : H =b> G ñu` H�J Y�Y6{
Frq × R�RPp G : Z a Z L&=c^ G ^ J n G :6LQYQ=�^�^ G a�; ZX[�G a ZbH�Z&[ =
FuF LP`-yr� H�K :�¥�Ù�YQ=�^�^�{tÙ J : K = O Y G B�LQY%=�^�^&ï Z?H�[ è�nÌy�v/B�^ J n G : H =U> G B Z >�=Q< G {�Õ
Fr\ Z aãyîLT`�` H�J Y�Y6{PR�RPÎ GTH6� ;P=�L N ; J ^ J n G :�LQYQ=�^�^ G ö �����6�
Fr_ ×
F|d K&N :�;&ß H6G ßMÎ G >�= H�K6Z Lb��v6L G n K6Z ; H y�v/B|n�;�^ Z&K6Z ; H ötlbÎ J n G :6LQYQ=�^Q^zl�f
Fre v/B�^ J n G : H =b> G B Z >�=Q< G f�l H ; K a�; JQH�[ l%{�Õ
Frg ë
F�h ë
Fri H LX`�y�� H�K :�¥�Ù�Y%=�^�^�{PÙ J : K = O Y G B�LQYQ=�^Q^&ï ZbH�[ è�nÌyuv/B H =b> G B Z >�=Q< G {�Õ
Frk H LçB|n6=Q: GUH�K `ALçÕ R�RAL%;�Y�;�L%= H = K = O�G YQ=M;P=Un�; H�K = [ ;%:tn�RA^ J n G :6L%YQ=�^�^ G
\uq Ù J : K = O Y G ` H LåB H6G ^ K�G%[ ÕóR�R K = O6G YQ=cLQ;&:�: G&H�K�G ` K = O�G YQ= [ =SLQYQ=�^�^ G
\�F Ø�=%:�Ù N6G L j Ù�YQ=�^Q^UÐ6; [ ¥%Ó6; [�G y�v/B O ; [ ¥�{�Õ
\u\ Ù J : K = O Y G ` K�G >�n N ;�Y [ Õ R�RT: G L J n G :�= K = O6G YQ=cLQ;%:�: G&H�K�G
\u_ ë �

l e��K���K��M'W)�>e%:G��V`��78��¦ �>7�I>e����K� J :8���t�+MK�,� 5 7G78�+e%:8�ä] E ��M'1���e���1���78�'I1��+M ?=D>"N/� � C�H CQ?dW
E �+��R��';���V�1��+78� Ç �>��p E � E �^��g$� E :8�^e 5 e�¯3� 5 7G78�+e%:G�^;��b�781 5 7G� E �.e%:8�:G�K�+� 5�Ç M.9 5 ³���NËD�Ë��cA
>³D V�Y%R��
�'e�;$�K�+��Y%R��^�J��MK�R E R�MK�#��8&� ���:	��a¦ 5 ��R E ��;���CØ?dW �>� EG5 � 5%E �.:G�'1 5 V��(�+e%:G7U��;��J� 5 787G� E � 5 e�;��+e%:G� J
E R��L�>78�+M'� EGE �»]J��7 5 ��R�7U��;���e��3:8���t�+MK�)R$:G�'M'�._N��e�; 5)5 W)]+: 5 ; 5�;=<�>@?�A�B:C�DCÄ o C'A6³�³!J/���EHE��N V�Y%R���V
� 5 W 5 1%� E : 5 e 5 �+��� â :8R�M 5 ��7G� E �t�+�.:8�&� E 78�+��78� E ;$�Í� E � 5 � 5 ����7U��� E ��MK� E8E � E C�· EGE �.W}V E � 5
��7 5 ��78��W<��; 5 7J:8�+e%:8��7<R$:G�'M.�'_>��7)� 5 W 5-E R��t�+7U��MK� E8E �zR�Wi�-�+M'� EGE �zY%R��äe�T 5 ¦ 5 �`;$�N��MK��7U��;�� 5 R
Y%R��3eLT 5 ]<���+� E8E�â 1��>MÌe 5 � 5 e�:8��g	: 5 � 5 7G78�+e%:G��Vt�Í�L� E Y%R�� E �i¦§��M'9��Í�0R�Wi�Í��g����NS+T 5 ]0MK��e�S>��;���V
�'e�:8�+787 5 W<�L�>e�; 5 �)��e��M'� E � E �+Wi®�e%:G�K�+�0����78�0: 5 ;��)� EGE �<��MK� E8E ��C

4 � EG5 � E R��t�+7U��MK� E8E � E �*v��`�>e�� 5 e%:G7U��;���V>�`1���78�KI1��+M��@� 5�E8E R��%�^� 5 7G78� E � 5 e�;$�>e%:G�Z�+e%:G7U��;��ae��
:8���L�>M'�0;$� E�â W3� 5 M 5�E CZ?dW E �>��R��K;���V%�0�+e%:G7U��;��b� 5 7G78� E � 5 e�;$�>e�:8� J ��MK� E8E � E �>e�; 5 ;��>��MK��7U��;���]
��7 5 ��R�7U��;��(e���:8���t�+MK���»� 5 W<��M'��:U��;���� 5 W��J7G�+¦ �+7�I+e��+�'� JbE R��t�+7U��MK� E8E ��CÌ? E :G� ]^��� E �K�+��W)�>e%:G�
: 5 ; 5¬5 ��7 5 ��� E8E ��W<�+e%: 5 78�>��M.�'_>��; 5 �L�>M 5 W<]�: 5 ; 5 C fZ5�E :G�>7G� 5 78W<�+e%:G��VF1���M 5 7Í;$��� ��Ë:?�A7B:C�D
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]���:8R���M'�'_>��; 5 ����78��Y%R���� E ;��>��MK��7U��S È � E Y%R�� E �>78T 5 ��e���M'� E ��;�� E e 5�E e�¯ E �G�������Hg 5 �}; 5 e�¯
� 5 7G78�+e%:8� E ��v���W ����M'�K�+��;�� E eL������7G:G�(;��J:U���t�+MK�3;$� E�â W3� 5 M 5�E � 5 7878� E � 5 e�;$�+e%:8�^�b� E8E �b��MK� E8E ��C
¤�W<]�: 5 ; 5�x
A6Ë � ��D o�É2� C'A6³�³�º � H�<6½ � H�D ]b�'e	1 5 �+��; 5 ����78�0:G7U��:U��7»; 5 � 5 7G� 5 ;��#�+M'� EGE ����VLe 5
78��: 5 7Ge 5 V 5 1I��M 5 7^;$�µ� ��Ë:?�A�B:C�D ]J7G� E :U��R�7U��; 5 C

10.2 Análise da declaração de variáveis e mé-
todos

=^� E :U�Í¦§� E �<;��ä��e��M.� E � E �+Wi®�e%:G�K�+� E T 5 :U��W3�t]+W ��e���M.� E ��; 5�E � E ;$�>�+M'��78��S È � E ;�� E 1���78�KI1��+� E
;��Ñ��MK� E8E ��V E �+R E W<]�: 5 ; 5�E �-� 5 e E :G78R$: 5 7G� E CË¤ W<]�: 5 ; 5 Y%R�����e���M.� E � 5 � 5 78� 5 ;��¬�+M'� EGE �
E �.W<��M'� E W<�+e%:G�0�.e	1 5 �>� 5�E W<]�: 5 ; 5�E Y�R��3:878��:8��Wæ;$�)�+��;��#R�Wi�ä;�� E M'� E :8� E �^;$�<��MK� E8E � E ��e��.p
e�9���;�� E V`;$��1���78�'I1��+� E Va;$�&� 5 e E :G78R$: 5 78� E �&;$��W<]+: 5 ; 5�E Vae�� E :8� 5 78;��+W}C\¤ W<]�: 5 ; 5 Y%R��
:G7U��:U�};�� E �+M'� EGE � E ��e��.e�9L��;�� E ] 5 W<� E W 5 Y%R��):G7U��:U�ä� E ;$�>�+M'��78��S È � E ;$�#�+M'� EGE � E V 5 R E �*v���V
x'A6Ë � ��D o�ÉK� C'A�³�³�¾D o C » ��³�?&½ � H7D C

9�:�;%<�:�=?>�=�DbsCB�ª
F n J�O Y Z LPp�; Z&[ Ø�=Q:�Ù N�G L j Ù�Y%=�^�^UÐ6; [ ¥QÓ6; [�G y�Ù�YQ=�^�^UÐ6; [ ¥QÓ�; [�G v�{
\ ×
_ Z a-yuvA`�` H�J Y�Y6{í: GQK%J : H Õ
d
e Ø�=%:�Ù N6G L j Ù�YQ=�^Q^UÞ G LQYU� Z ^ K Ó�; [�G yuvCB�LQY Z ^ K {�Õ
g Ø�=%:�Ù N6G L j Ø�=Q:QÞ G LQY&� Z ^ K Ó6; [�G yuv/B�p�Y Z ^ K {�Õ
h Ø�=%:�Ù N6G L j Ù�; H ^ K : J L K Þ G LQY&� Z ^ K Ó6; [�G yuvÌB�L K Y Z ^ K {�Õ
i
k R�Rt^ GTH6� ; G v Z ^ K�G LQ; H ^ K : J L K ;%:CyE{�ö ZbH ^ G : GTJ >
a�=�Y�^%;
Frq Z a-y Ù J : K = O Y G B > GQK%N ; [ ï ZbH�[ Ò H LQY%=�^�^çy?lbLQ; H ^ K : J L K ;%:�l�ö H�J Y�Y6{o`�` H�J YQY6{
FuF ×
Fr\ Ù J : K = O Y G B�= [�[ y H�G ß
� H�K :�¥ Û�GQK%N ; [ y?lULQ; H ^ K : J L K ;%:�l�ö
Fr_ Ù J : K = O Y G B�Y G p G Y J nÌö K : J�G {�{�Õ
F|d ë
Fre Ø�=%:�Ù N6G L j�Û�GQK%N ; [ Þ G L%Y&� Z ^ K Ó6; [�G y�v/B >�Y Z ^ K {�Õ
Frg ë �

¤ E W<]�: 5 ; 5�E Y%R��Z:878��:8��Wê;�� E ;$�>�+M'��78��S È � E ;$�d1���7G�KI1��>� EPE T 5 W 5�E :G7U��; 5%E e 5 ��7 5 ��7U��Wi� ">�Cªo$C
¤���7G�'W<�+�'7 5 :G7U��:U�z;��}M.� E :U�};$�#;$�>�+M'��78��S È � E � 5�E �>��R�eL; 5 �.e E �+78�i�+��;��Í1���7G�KI1��>M[eL�Í:U���t�+MK�
;$� EGâ W0� 5 M 5%E C l e��K���K��M'W<�+e%:G��V 5 W)]+: 5 ; 5 :G�>e�:U�ä�+e�� 5 e%:G7U��7 e��#:U���t�+MK�};$� EGâ W3� 5 M 5�E �z�+M'� EGE �
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g�d l =�Y%: G = [ ¥ [�G L%YQ=Q: GQ[ l%{�Õ
gue ë �

½^W 5 R�:G7 5 ;$��:U��M'9��^;$�+1�� E �+7de 5 :8��; 5 e 5 ��7 5 ��78��W<�)"N�C �(W 5%E :878��; 5 ��e%:G�>7G� 5 78W<�+e%:G��CÌ?dW
X++

Vy: 5 ;��}��MK� E8E �<;$�+1��3:8�+7JR�Wÿ� 5 e E :87GR$: 5 7 E �>W ����78®�W)�+:G7 5�E Y�R�� E �+7UÍ�U9L��Wi��; 5 �+� E�5z5
� 5 7G� 5 ;$� R�W � 5 e E :87GR$: 5 7@;��»R�Wi� E R��P��MK� E8E �^eLT 5 R$:8�.M'�'_+�»�+g$��M.�K���.:8��W<�+e%:G� 5 � 5 Wi��e�; 5 ���9����
ù 1��+7��+��� â :GR�M 5 "I�i����78�zWi��� E ;$��:U��M'9�� E ú C3· EGE �'WäV E �<�z�+M'� EGE �)e�T 5 � 5%EGE R��d�ä;$�>�+M'��78��S+T 5 ;$�
:8��M@� 5 e E :G78R$: 5 7>VBR�W<�}�>e%:G7U��;��Í¦§��M E �}]i�'e E �+78�';��zeL�Í:U���t�+MK��;$� EGâ W0� 5 M 5%E ù f 7 5 ��78��W<�-">�C �LV
M'�.e�9L�#"N��ú Cd¤£H�M.:G�'W 5 ��78��R�W<�>e�: 5 ;��3�U9L��Wi��;���� 5 � 5 e E :G78R$: 5 7 ¸���?QË=<6ÊD7?Q� � H �.e�;��'�>�`v*R E :8��p
W<�+e%:G�bY%R�� E �(:G7U��:8�<;$��R�W¨� 5 e E :G78R$: 5 76¦§��M EG5 C
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9�:�;%<�:�=?>�=�DbsCB('
F n J�O Y Z LT� H�K :Q¥ Û�GQK%N ; [ > GQK%N ; [ ï ZbH�[ Ò H LQY%=�^�^çy�Î K : ZbH <mvCö(� H�K :�¥Q� G LP:�{
\ ×
_ � H�K :Q¥���= O Y G nA` K ;bnÌÕ
d � H�K :Q¥�Ù�YQ=�^Q^ I Õ
e
g R�Rín6=Q:�=cL&= [ = G&H�K :�= [ = [ = K = O�G YQ=
h ß N�Z Y G yrnêñu` H�J Y�Y6{
i ×
k R�RPp G : Z a Z L&=c^ GtK6Z n6;t�T� H�K :�¥ Û�G%K%N ; [cG L%;?>�n6=Q:�=M; H ;?> G
Frq Z aãy(n ZbH ^ K = H L G ;&aS� H�K :�¥ Û�GQK%N ; [ Ã�ÃPn B H =?> G B GQI&J =�Y�^çy�v�{M{
FuF ×
Fr\ � H�K :�¥ Û�G%K%N ; [MK `-y�� H�K :Q¥ Û�GQK%N ; [ {onÌÕ
Fr_ R�RSLQ;?>�n6=%:�=A;�^on�=Q:�âb> G%K :�;�^
F|d Z a�y K B|n6=%:�=b>�`�` H�J Y�Y6{
Fre ×
Frg Z a�yu:S`�` H�J YQY6{o: GQK&J : HcK Õ
F�h ë
Fri G Y�^ G
Frk ×
\uq Z a�y K B|n6=Q:�=?>ìB GQI%J =�Y�^çyu:�{�{
\�F : G%K%J : HcK Õ
\u\ ë
\u_ ë
\�d nc`XnÌB H6G v K Õ3R�RXn�:�x&v Z >�= GUH�K :�= [ =
\ue ë
\ug : G%K%J : HSHQJ Y�YåÕ3R�R H6� ;t=�L N ; J
\�h ë �
= 5 ��7 5 ��7U��Wi�)">�C � E T 5 W 5�E :G7U��; 5%EZ5�E W<]+: 5 ; 5�E Y%R��`:G7U��:U��W ;�� E ;$�>�+M'��78��S È � E ;$�»W)]+: 5 p

; 5%E ;��b�+M'� EGE ��Ck¤Ê��7 5 �+�>;$�'W<�+e%: 5 ]»W3R��.: 5)E �>W)�>M.9L��e%:G�`����78���3;$�>�+M'��78��S+T 5 ;$�(� 5 e E :87GR�: 5 78� E C
· E ;$�H¦ �>7G�>e�S+� E �.e��'�+�'��W0p E �FeL� M'�'e�9��bo��V 5 eL;$� 5 e 5 W<�^; 5 W<]�: 5 ; 5 ]`��7 5 �+R�78��; 5 e�� :8���t�+MK��V��
e�T 5 �(����M'�I1	7U�6�7��������������
�)���+� CÌ?@W E �+��R��';���V��+� E�5(5 W<]+: 5 ; 5 e�T 5 �+g	� E :8� e��J��MK� E8E �a� 5 7G78�+e%:G��V
]3��;$�'�+� 5 e���;��0R�W<�#�+e%:G7U��;��<eL�<:8���L�>M'�#;�� E�â W3� 5 M 5�E ;$� E ��78�+1��+e�; 5<5 W<]+: 5 ; 5 V 5 R E �*v���V E �+R
e 5 W)��VÌ:8�.� 5 ;��#7G�+: 5 7Ge 5 VØ;$�'W<�+e E T 5 ; 5 78��: 5 7Ge 5 �#:G�'� 5%E ; 5%E ����78®�W)�+:G7 5�E ¦ 5 7GWi��� E C D 5 ;��
� E8E �3�'e$¦ 5 78Wi��S>T 5 ]�7G�+:G�'78��;��0; 5 e�¯<� 5 787G�>e%:G�J;��i�781 5 7G� E �'e%:8�:8�'�>��C

9�:�;%<�:�=?>�=�DbsCBu®
F n J�O Y Z LPp�; Z&[ Ø�=Q:�Ù N�G L j�Û�G%K%N ; [ Þ G LQY&� Z ^ K Ó6; [�G y�� Z ^ K Ó�; [�G v�{
\ ×
_ Z a-yuvA`�` H�J Y�Y6{í: GQK%J : H Õ
d K :Q¥M×
e Ø�=Q:�Ù N6G L j�Û�GQK%N ; [ Þ G LQY&Ó�; [�G y�y Û�GQK%N ; [ Þ G LQYUÓ6; [�G {Tv/B H ; [�G {�Õ
g ë
h L%= K L N y�Î G >�= H�K�Z LU��v6L G n K6Z ; HzG {
i ×
k Î%¥6^ K�G >ìB�; J�K B|n�: Z?H�K Y H y G B�< GQK%Û�G ^�^Q=Q< G yE{�{�Õ
Frq a�; J�H�[ Î G >�= H�K6Z LU��:�:�;%:�fQf�Õ
FuF ë
Fr\ Ø�=%:�Ù N6G L j�Û�GQK%N ; [ Þ G L%Y&� Z ^ K Ó6; [�G y�v/B H6G v K {�Õ
Fr_ ë
F|d
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Fre n J�O Y Z LPp�; Z&[ Ø�=Q:�Ù N�G L j�Û�G%K%N ; [ Þ G LQY&Ó6; [�G y Û�G%K%N ; [ Þ G L�Y&Ó6; [�G v�{
Frg K%N :�;Uß�^SÎ G >�= H�K6Z LU��v6L G n K�Z ; H
F�h ×
Fri � H�K :Q¥ Û�GQK%N ; [ LçÕ
Frk � H�K :Q¥Q� G LP:A` H�J Y�YçÕ
\uq � H�K :Q¥���= O Y GcG Õ
\�F � Z ^ K Ó6; [�G nÌÕ
\u\ Ø�=Q:QÞ G LQY&Ó6; [�GAI Õ
\u_ Ø�=Q:QÓ�; [�GPJ Õ
\�d ZbH�KPH Õ
\ue
\ug Z a-yuvA`�` H�J Y�Y6{í: GQK%J : H Õ
\�h nA`tv/B O ; [ ¥/B|n6=%:�=b>áÕ
\ui H `Ss�Õ
\uk ß N�Z Y G yrnêñu` H�J Y�Y6{ R�RXn�=Q:�=ML%= [ =Tn6=Q:�âb> GQK :�; [ ;í>�� K ; [ ;
_uq ×
_�F H f�f�Õ
_u\ I `-yrØ�=Q:QÞ G LQY&Ó6; [�G {on B H ; [�G Õ R�R I ` H x [ = [�G LQYQ=Q:�=�L � ; [ ;on�=Q:�âb> G%K :�;
_u_
_�d J `-yrØ�=Q:QÓ6; [�G { I B�p�=Q:6^åB H ; [�G ÕóR�R J ` H xtLQ;?>�; H ;?> GSGT[6Z > G&H ^ � ;
_ue R�Rt=�L N =S= G&H�K :�= [ = H = K = O�G YQ= [ ; K6Z n�;
_ug G `tÙ J : K = O Y G B�LQY%=�^�^&ï Z?H�[ è�nÌy I B|n�;�^ Z&K6Z ; H B Z >�=Q< G {�Õ
_�h R�RA^ GXH6� ;t=�L N ; J öæ�Q���6�
_ui Z aãy G `�` H�J Y�Y6{
_uk K%N :�;&ß H6G ßMÎ G >�= H�K6Z LU��v�L G n K6Z ; H y I B�n�;�^ Z&K�Z ; H öAl?Ù�YQ=�^�^
l f
d�q I B|n6;�^ Z&K6Z ; H B Z >�=Q< G f�l H ; K a�; J�H�[ l%{�Õ
dîF
d�\ R�RALQ; H ^ K :�x Z Y Z ^ K = [�GtK6Z n6;�^ [ ;�^ín6=Q:�âb> GQK :�;�^
d�_ :A` H�G ßS� H�K :�¥Q� G L�y G ö J B [6Z >áö H ö :�{�Õ
dud nc`XnÌB H6G v K Õ
d�e ë
d�g Z a-yu: ñu` H�J Y�Y6{
d�h :A`P:CB ZbH p G : K�G yE{�Õ R�R ZbH p G : K�G =tY Z ^ K =
d�i
d�k R�Rín�:�;�L J :�= H = K = O6G YQ=S; K6Z n�; [�G : GQK ;%: H ; [ ;í>�� K ; [ ;
euq G `SÙ J : K = O Y G B�LQYQ=�^�^Uï ZbH�[ èQnÌyuv/B|n6;�^ Z&K6Z ; H B Z >�=%< G {�Õ
e�F Z a-y G `�` H�J Y�Y6{
eu\ K%N :�;Uß H6G ßcÎ G >�= H�K6Z LU��v6L G n K6Z ; H yuv/B|n�;�^ Z&K6Z ; H öSl?Ù�Y%=�^�^ml f
eu_ v/B|n�;�^ Z&K6Z ; H B Z >�=Q< G f
l H ; K a�; J�H�[ l%{�Õ
e�d
eue R�Rín�:�;�L J :�=X>�� K ; [ ; H = K = O6G Y%=�ö [�G&H�K :�; [ =í> G ^�>�=cLQY%=�^�^ G
eug LX`SÙ J : K = O Y G B > GQK%N ; [ ï ZbH�[ Ò H LQYQ=�^�^çyuv/B H =b> G B Z >�=�< G öí:�{�Õ
e�h Z a-yîLP`�` H�J Y�Y6{
eui × R�RA^ GXH6� ;t=�L N ; J ö Z?H ^ G : G
euk LP` H�G ßS� H�K :�¥ Û�GQK&N ; [ yuvCB H =b> G B Z >�=Q< G ö G ö(v/B [6Z > ö :�{�Õ
guq Ù J : K = O Y G B�= [�[ yîL�{�Õ
g�F ë
gu\ G Y�^ G R�R >�� K ; [ ; Ö =QV [�G a ZbH�ZU[ ; H =o> G ^�>�=MLQY%=�^�^ G ö �Q���6�
gu_ K%N :�;Uß H6G ßcÎ G >�= H�K6Z LU��v6L G n K6Z ; H yuv/B|n�;�^ Z&K6Z ; H öSl Û�G%K%N ; [ lÈf
g�d v/B H =b> G B Z >�=%< G f�l�y?lÈf�yu:A`�` H�J Y�Y�³�l�l�æ:CB K ;�Î K :CyE{�{
gue f�l%{�líf
lí=�Y%: G = [ ¥ [�G LQYQ=Q: GQ[ l%{�Õ
gug ë �
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465 W´� EGEG5 :8�+78W)�'e���� E �>��R�eL;��}¦§� E �z;��&��eL�M'� E � E �+Wi®�e%:G�K�+��C-· 5&E �+R Ç e���MXVZ:G�>W 5�E e��
:8���L�>M'�Í;$� EGâ W0� 5 M 5%E � E �+M'� EGE � E ;��>��MK��7U��;�� E ��Vt����78�<�+��;��<R�Wi�#;$�>M'� E Vt�<M.� E :8�#;$�31I��7G�KI1��>� E V
W<]�: 5 ; 5�E �ä� 5 e E :87GR�: 5 78� E C D ��W3�t]+Wÿe�� E :G�ä�+� E�5 V 5%E W<]�: 5 ; 5�E 78� E � 5 e E I1��>� E �t�+MK�&��e��M'� E �
E T 5 ��� E :8��e%:G� E �.W<��M'� E �b� 5 R�� 5%E :G�'� 5�E ;��b�+787 5%E`E �>Wi®�e%:G�K� 5%E � 5 ;$�>W 5 � 5 7G78�+7NC@·»M.]>W ;�� E8E�5 V
EG5 W<�+e%:G�J����7�:8��;��i�781 5 7G� E �'e%:8�:8�'�>�)��7G�N��� E � E �+7^��e���M'� E ��;���C@¤ E e�¯ E Y%R���� E :UT 5 ;$�>e�:87 5 ù 5 R
���L���.g 5 ú»;��ä;��>��MK��7U��S>T 5 ;��)W<]+: 5 ; 5�E �i� 5 e E :G78R$: 5 7G� E e�T 5}E T 5 ��e���M'� E ��; 5�E VP� 5 � E e��>e�9	R�Wi�
�'e$¦ 5 78Wi��S+T 5 �t�+7G:G�'e��+e%:8�a� � E8E �^¦§� E �a;��J��e��M.� E � E �+Wi®�e%:G�K�+� ��g$� E :8�F� â Cd¤Ñ:878������M'9 5 7G�N��M'W)�>e%:G�
���L� E ��; 5 �0;��ä��eL�M'� E � E �+Wi®�e�:8�'�>� E �+7Ui¦ �>�H: 5 e��#:8�+7U���>�.7U�#�"H�M.:G�'Wi�Í¦§� E ��VBY%R�� E �>78Í1%� E :8�ze 5
�+��� â :GR�M 5 "�"�C

10.3 O programa principal
û �zW<� E Wi�iWi��e��>�.7U�iY%R��3e 5 �+��� â :8R�M 5 ��Vt]b��78�>�+� EG5 ��M.:G�>78��7 5 W<]�: 5 ; 5 ��78�'e����'����M[; 5 e 5%EGEG5
� 5 W<���.MK��; 5 7@�L��7U�3Y%R��(� E :G�»�'e��+M.R��)�)�U9���Wi��;��b�3� E :U� E �+��R�e�;��b¦§� E � ;��)��e��M.� E � E �+Wi®�e%:G�K�+��C
l E : 5 ]J¦ �+�.: 5 � 5 W 5 W 5%E :878��; 5 e 5 ��7 5 ��7U��Wi�#"N�C ��C

9�:�;%<�:�=?>�=�DbsCB ¬F RQRPp G : Z a Z L%=c^ G n�; [�G ;Un G :�=%:
^Q; O : G = à :�p�;&: G ^ ZbH�K�àQK6Z L&=
\ Z aãyðn6=%:6^ G :/B K ; j6G&H Ï�^Q; J :�L G B�a�; J�H�[ � G vQ��:�:�;%:�yE{
_ fXn6=Q:6^ G :/B�LQ; H�K 9�=Q:6^ G ��:�:�;&:�`�`Ps�{
d ×
e Z aãy|n�: ZbH�K Ï K : G�G {PR�R G v Z?O�Z :M= à :�p�;%: G
g ×
h 9�: ZbH�K ��: G�G n�: K ` H6G ßS9�: ZbH�K ��: G�G yE{�Õ
i n�: K B|n�: ZbH�K ��;�; K yu:�;�; K {�ÕÈR�RAL N =b>�=o>�� K ; [ ;Tn�=Q:�= Z >�n�: Z > Z : à :�p�;%: G
k ë
Frq Ø�=Q:�Ù N6G L jcK LT` H6G ßSØ�=Q:�Ù N6G L j yé{�Õ
FuF K :�¥A×
Fr\ K LåBrØ�=Q:�Ù N6G L j �6;�; K yu:�;�; K {�Õ
Fr_ Î%¥6^ K�G >ìB�; J�K B|n�: Z?H�K Y H y�l?s�Î G >�= H�K6Z LT��:�:�;%:�^Ta�; J�H�[ l%{�Õ
F|d ë
Fre L%= K L N y�Î G >�= H�K6Z LU��v6L G n K6Z ; H�G {
Frg ×
F�h Î%¥6^ K�G >ìB�; J�K B|n�: ZbH�K Y H y G B�< GQKQÛ�G ^�^%=Q< G y�{�{�Õ
Fri ë
Frk ë �

=»�,M'�'e�9��Q">�]��+7G�K��; 5,5,5 �$v*�+: 5 ; 5 :8�.� 5Çx'A6Ë � ��D o�ÉÊ��V`e���M.�'e�9��Q"I�$Va]��U9���W<��; 5�5
W<]�: 5 ; 5 Y�R��}:G7U��:8�,; 5 e�¯,78���._�;��,�7G1 5 78� E �'e�:U�:8�'�>��C = 5 :8��Y�R���� E8E ��W<]�: 5 ; 5 :G7U��:U�,;$�
��g$�N��R$:U��7`�)��7G�'W<�+�'78�0¦§� E ��;��<��eL�M'� E � E �+Wi®�e�:8�'�>�)�(1��+78� Ç �+��7`Y%R��Je��>e�9	R�Wî�>7G7 5 :8�+e�9L� E �K; 5
�+eL� 5 e%:878��; 5 V$��e%:8� E ;$����7 5%EGE �+��R��.7`� 5 W¨� E R��)����7�:8�b;��i��e��M.� E ��CdAB�>W3��78��V�:8��W0�L]>W}V�Y%R��b�
��MK� E8E � x'A6Ë � ��D o�É�� E :G�>e�;$� �)��MK� E8E �C� C'A6³�³ � ��A7D o�Éä��V$� 5 7F� E8EG5 V	���t�+e�� E R�W 5 �$v*�+: 5 ; 5 :G�'� 5
x'A6Ë � ��D o�É&]���78�K��; 5 C
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10.4 Arquivos-fonte do compilador
= 5 ;$�'7G�+:G¯�78� 5 ����9�0&20¦ 5 �%�.eL��M'R â ;��»�^1��+7 E T 5 e 5 1��»; 5 ��7UY%R��.1 5 C v vØ��V�e 5 ;$�.78��:8¯�78� 5 ����9�0&2%Q��
�
!"��.
�����5��� ü�� V 5 ��7UY%R��.1 5 °c���7�$����&��� 8
������Vy;$� E �+7G�.: 5 e�� E :8���+��� â :8R�M 5 C
465 W 5 ��g$�+W<��M 5 V(e 5 ;$�.78��:8¯�78� 5 ������!N9:�L����:8�+W 5�Eä5 ��7UY%R��.1 5 �+ü±����������.6�
�����.)���
!#�����XüG����.

ý����
� · �á8�V	�+W Y�R��a:8��e%: 5 R�W � 5 e E :G78R$: 5 7d;����+M'� EGE �/	���� �b� 5 W 5 R�W W<]�: 5 ; 5 ;�����MK� E8E �/�+ü±���������
E T 5 ;$�N��MK��7U��; 5%E ;$R�� E 1��+_>� E CÌ=^� EGE � E �+��R�e�; 5 �>� EG5 VI�+W0� 5 78� 5�E ; 5 � E W<]�: 5 ; 5�E ü±���
�
��y:G�>e�9���W
E �'; 5 ;��>��MK��7U��; 5�E � 5 W�:8�.� 5�E ;$�^78��: 5 7Ge 5 ;$�H¦ �>7G�>e%:G� E V E �+R E e 5 W<� E �a:G�'� 5�E ;��^����7U®�W<�+:G7 5�EkE T 5
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Capítulo 11
Análise Semântica –
Parte Final
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Frg l K6Z n�;�lí�Q¥%n G Ù N�G L j y�� G YQ= K6Z ; H =�Y&Ó�; [�G v�{
F�h ×
Fri K Dí`P��¥%n G Ù N6G L j yuv/B G v%n�:�DQ{�Õ
Frk K�© `P��¥%n G Ù N6G L j yuv/B G v%n�: © {�Õ
\uq ^ GPK D GtK�© ^ � ;
l ZbH�K l
\�F : GQK ;&: H =cLQ;?>�;P: G ^ J Y K = [ ;�l ZbH�K l�Õ
\u\ ^ G v/B|n�;�^ Z&K6Z ; H `Q`�l?`�`�lí; J v/B|n6;�^ Z&K6Z ; H `�`�l�ñ�`�l
\u_ ^ GtK D � H�J YQY GPK�© �mlU^ K : ZbH <�lX; J p Z L G6¨ p G :6^&=
\�d : G%K ;%: H =ALQ;?>�;P: G ^ J Y K = [ ;zl ZbH�K l
\ue ^ GtK D � H�J YQY GPK�© � J >�; O�ÖQGQK ;t; J p Z L G�¨ p G :�^%=
\ug : G%K ;%: H =ALQ;?>�;P: G ^ J Y K = [ ;zl ZbH�K l
\�h ^ GtK D GtK�© ^ � ; H�J Y�Y
\ui : G%K ;%: H =ALQ;?>�;P: G ^ J Y K = [ ;zl ZbH�K l
\uk ^ GtK D GtK�© ^ � ;S; O6ÖQGQK ;�^ [�GtK6Z n�;�^SLQ;?>�n�= K Ý&p G�Z ^
_uq : G%K ;%: H =ALQ;?>�;P: G ^ J Y K = [ ;zl ZbH�K l
_�F ^ GUH6� ;
_u\ G :�:�;å ;Un G :�= H�[ ;�^ Z?H p à Y ZU[ ;�^ G >m;bn G :�=!² � ;t: G YQ=�L Z ; H =�Y
_u_ ë
_�d
_ue l K6Z n�;�lí�Q¥%n G Ù N�G L j y�Ø�=Q:QÓ6; [�G v�{
_ug ×
_�h n�:�;�L J :�=Sv/B|n�;�^ Z&K6Z ; HAH = K = O6G YQ= [�G ^QÝ�> O ;�YQ;�^çÕ
_ui ^ G =�L N ; J
_uk : GQK ;%: H = K6Z n�; [ =tp�=Q: Z%à p G Y H = K = O6G YQ=åÕ
d�q ^ G&H6� ;
dîF G :�:�;�æp�=Q: Z%à p G Y H�� ; [�G a ZbH�Z&[ =åÕ
d�\ ë �

= 5 :G�@Y%R��d� EGE �.Wê� 5 W 5 eL�`��e��M.� E �d; 5 � 5 Wi��e�; 5 ü ýUV��+��;��F:G�'� 5 ;$� ¸ ¹ N/Ë�D%½ � H�D � 5%EGE R�� E R�� E
��78¯���78�K�678�+��78� E ;$�d1��+78� Ç �>��S>T 5 C fZ5 7B��g$�+W<��M 5 VI� 5 ��e���M'� E ��7yR�W e�¯»; 5 :8�.� 5 ·MD:C'A�?�� � �cA�CE½ � H�D
E T 5 e��>�+� E8E �7G�K� E ;$�'1��>7 E � E 7G�>��7U� E ����78�01���M'�';���7`�<��g$��78� E8E T 5 �

•
E � 5�E ; 5 � Ea5 �t�+7U��e�; 5%E ¦ 5 78�+W��'e%:G�+�'7 5�E V	�)�+g	��7G� EGE T 5 � E :8#¤ ��� 5iE �+Rä:G�'� 5 ]<ü±�c��m

•
E � 5�E ; 5 � E(5 �t�+7U��e�; 5�E ¦ 5 78�+W ��*� ü±�Xü�VB�z��g$��78� E8E T 5 ])1��M'�';�� EG5 W<�+e%:8� E � 5ä5 �t�+7U��; 5 7
¦ 5 7^;$���'��R���M';���;$� 5 R};$� E �'��R���M';���;$��m

•
�K;$�>W�����7U�3; 5 � E65 �$v*��: 5�E ;$�(:G�'� 5%E � 5 W<����78I1��+� E ù :G�'� 5%E �'��RL��� E65 RÍR�W ] E R��P��MK� E8E �(; 5
5 R$:G7 5 ú�m

•
E :G78�'e�� E � 5 �$v*�+: 5�E � 5 ;$�>W E �+73� 5 W<����78��; 5�E Y%R���e%: 5ÄJ �.��R���MK;���;��i� J ;$� E �'��R���M';���;$�
� 5 W¨R�W 5 R$:G7 505 �L�>78��e�; 5 Y%R�� E ��v������7�±�¼C

·^M']+Wÿ;$�<1��+78� Ç �+��7J�z1���M'�';���;$�i;�� E ��g$��78� E8E�È � E Vy�}�U9��>�>�����>W ;$�):G�'� 5%E ]):8��W3�t]+W H$:8�.M
����78�-��R��K��7i�����>78��S+T 5 ;$����¯$;$�'� 5 V6� 5 W 5 1��+78�+W 5�E e 5 �>��� â :GR�M 5 "N��CÑöd��W 5%EiE R�� 5 7>V6� 5 7
��g$�>W)��M 5 V�Y�R��J:G�+W 5%E � E �+��R��'e�:8�J��g$��78� E8E T 5 �
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ñ ��² h&^�iXi �e�^�¢ � ZGf � ñ�_&S=Q�\&a � g¡ó¼` � �
m �b� E 1���7G�KI1��>� E �J�¶�(¦ 5 78��Wî; 5 :G�'� 5 ü±�c�{V��)���+7U��S+T 5 ;$�b�+¯$;$�.� 5 ;$�+1����

•
�+7G�K��7^� E �.e E :G78R�S È � E ����7U� E�5 Wi��7a� E8E � E 1I��M 5 7G� E ����7 5 ;$R�_+�'7`R�Wî78� E R�M.:8��; 5 �'e%:G�+�'7 5 m

•
�U9L��Wi��7 5 W<]�: 5 ; 5 ²��b�|�L��������!l��²¯���%$���	 p ü±��� t C

= 5 �+� E�5 VL� 5 78]+W}VP�+W Y%R����z]0R�W E :G78�'e��Í�p��VyR�Wæ�'e%:G�>�.7 5 V 5 �+¯$;$�.� 5 ���+7U��; 5 ;$�>1�� E �>7
;$�.¦ �+78�+e%:G��C ¤æ�+¯	;��.� 5 ;��+1��>78 E �+7i���>78��; 5 ;��}¦ 5 78W<��Y%R���� EiE �+��R��'e�:8� E<5 �L�>78��S È � E<E �*v���W
78�>��M'�'_>��;�� E �

•
:878��e E ¦ 5 78W<��7 5 1���M 5 7F�'e%:G�>�.7 5 ;$�,�J�+W¨R�W E :G78�'e���m

•
� 5 e��>��:8�+e���7 5 1���M 5 7Ø;$�¨�(� 5 W � EGE �d1���M 5 7Ì:G7U��e E ¦ 5 78Wi��; 5 V+��7 5 ;$R�_>�.e�; 5 � 5 W 5 7G� E R�M.:8��; 5
R�W E :G78�.e��cm

•
�U9L��Wi��7 5 W<]�: 5 ; 5 ²��b�|�L��������!l��²¯���%$���	 p ��*� ü±�Xü t C

¤ R E �*v���V$��M']+Wî;$�(���>78��76�'e E :G78R�S È � E �L��7U��:G7U��:U��7`;$�(Wi��e��>�.7U�0;��.1��+7 E � 5�EF5 �t�+7U��e�; 5�E ;$�
:G�'� 5�E ;$�H¦ �>7G�>e%:G� E V	�3��eL�M'� E �»; 5%E :G�'� 5�E ;�� E ��g$��78� E8E�È � E@E �>7G1	�'RÍ� 5 W 5 ��R��K������78�b;��>���K;$�'76Y%R���M
W<]�: 5 ; 5 ;��)��MK� E8E �/²p�b�|�L������;��+1�� E �>76�'e	1 5 �+��; 5 �[��Y%R��>M.�(Y�R��»78�>���>�L�J� 5 W 5 ��78��R�W<�>e�: 5 R�W
E :G78�.e�� 5 RzR�W¨eXH�W<�+7 5 �'e%:G�>�.7 5 C
=»� E ��78¯Ig$�.Wi� EdE �NS È � E W 5�E :G7U��78�+W 5�E � 5 W�;$��:U��M'9�� E �+��;���R�W�; 5�E W<]+: 5 ; 5�E Y%R��^:878��:8��W

; 5%E e�¯ E ;��#�7G1 5 78� E �'e�:U�:8�'�>��V��'W<��M'�+W<�+e%:8��; 5�E e��#�+M'� EGE � Ç�<�NËD � ��D o�É%Cd? E :8� E»E �+7UT 5#E �>S È � E
M 5 e��%� E VL� 5 � E ;��H¦ �>7G�>e�:8�+W<�+e%:8�);�� E ¦§� E � E ��e%:G�+78� 5 78� E V�: 5 ;��ä�Í�7G1 5 78� E �'e%:8�:G�K�+�i:8�+W Y%R�� E �>7
1	� E �.:8��;���V��0e�T 5 ���L�>e�� E»5�E e â 1��+� E Wi��� E ��MH: 5�E C 465 W 5 � 5 e E �>Y=k�I+eL���K��V���78��:G�K�+��W<�>e�:8�J: 5 ; 5%E
5�E :G�'� 5%E ;$�0e�¯ E :�I+W«:878��:8��W<�>e�: 5�E �L��7G:G�K��R�MK��78� E � E �>7G�>W�¦ �+�.: 5%E � 5 7 W<]�: 5 ; 5%E � E �t�>� âHÇ � 5�E V
;$� Ç e��K; 5�E e�� E :U�<��MK� E8E ��C

11.2 Análise das declarações
l e��K���K��W 5�E V^;$� E :8��1��+_�Va� 5 W 5 ��7 5 ��7U��Wi����78�.eL���'����MXV`Y�R��&;$�+1�� E �>7Í��M.:G�>78��; 5 ;���W<� E Wi�
¦ 5 78Wi��Y%R��^e 5 �>��� â :GR�M 5 "N�CZ·òW3R�;���e�S>�(¦ �+�.:8��e 5 ��7 5 ��7U��Wi�0"�"�C /�V�M.�'e�9��i"I�$V�]»� 5 e����>7Ge��>e%:G�
J R$:G�'M'�._N��S+T 5 ;$�JR�W 5 �$v*��: 5 ; 5 :8�.� 5AÇ�<�N|D � ��D o�É-����78�);$� E ����78��7`�)��e��M'� E � E �>Wi®�e%:G�K�+��C

9�:�;%<�:�=?>�=�D�D�Bu@
F RQRPp G : Z a Z L%=c^ G n�; [�G ;Un G :�=%:
^Q; O : G = à :�p�;&: G ^ ZbH�K�àQK6Z L&=
\ Z aãyðn6=%:6^ G :/B K ; j6G&H Ï�^Q; J :�L G B�a�; J�H�[ � G vQ��:�:�;%:�yE{
_ fXn6=Q:6^ G :/B�LQ; H�K 9�=Q:6^ G ��:�:�;&:�`�`Ps�{
d ×
e Z aãy|n�: ZbH�K Ï K : G�G {PR�R G v Z?O�Z :M= à :�p�;%: G
g ×
h 9�: ZbH�K ��: G�G n�: K ` H6G ßS9�: ZbH�K ��: G�G yE{�Õ
i n�: K B|n�: ZbH�K ��;�; K yu:�;�; K {�ÕÈR�RAL N =b>�=o>�� K ; [ ;Tn�=Q:�= Z >�n�: Z > Z : à :�p�;%: G
k ë
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ÎZÜ^ÚOu+Ô(Ö[Û6Ïwv�vyx)Ü»Ò ð»ÛB×�Ó7¿ÊÓX¿@Ð ¸ Ò0Ô[×+ÎZÜôx0ÚyÜ»Õ`Ô@¿ÉÈ[×*Ò»Ü Û ����q

Frq ��¥%n G Ù N6G L jcK LP` H�G ßA��¥%n G Ù N6G L j yE{�Õ
FuF K :�¥A×
Fr\ K LåB��Q¥%n G Ù N�G L j �6;Q; K yu:�;Q; K {�Õ
Fr_ Î%¥6^ K�G >ìB�; J�K B|n�: Z?H�K Y H y�l?s�Î G >�= H�K6Z LT��:�:�;%:�^Ta�; J�H�[ l%{�Õ
F|d ë
Fre L%= K L N y�Î G >�= H�K6Z LU��v6L G n K6Z ; H�G {
Frg ×
F�h Î%¥6^ K�G >ìB�; J�K B|n�: ZbH�K Y H y G B�< GQKQÛ�G ^�^%=Q< G y�{�{�Õ
Fri ë �

=»�2��MK� E8E � Ç'<�NËD � �cD o�É%V@:8�+W 5�Ez5 W)]+: 5 ; 5òÇ'<�NËD � �cD o�É · ��� ? V@Y%R���]&78� E � 5 e E I1��+M»� 5 7
;$� E �L��7U��7^�#��e��M'� E � E �+Wi®�e%:8�'�>��Ca? E8E �bW<]+: 5 ; 5 ��78�'W)�>�.7 5 �U9���W<� 5 W<]�: 5 ; 5�x
A6Ë � ��D o�É · ��� ?
1	� E : 5 e 5 �>��� â :GR�M 5 "N`�6Y%R��6]d7G� E � 5 e E I1��+M�� 5 7Ø��g$�>�+R$:8��7Ø� E ;$R�� E ¦§� E � E ��e%:8�+78� 5 7G� E ;��»��e��M'� E �
E �+Wi®�e%:G�K�+��C fZ5 7 E �>7Ø� ��MK� E8E � Ç'<�NËD � �cD o�É<R�Wi� E R��P��MK� E8E �F;$� x'A6Ë � �cD o�É%V�: 5 ;��»�^�'e$¦ 5 7GWi��S>T 5
� 5 M.�+:8��;��3eL� E ¦§� E � E ��e%:G�+78� 5 78� E ù �+W¨����7G:G�K��R�M'��7>V$�0:8���L�>M'�<;$� EGâ W0� 5 M 5%E ú6� 5 ;�� E �>7FR�:G�'M.�'_>��;��
��Y%R��XC@¤\��7 5 ��7U��Wi�i"�"�C �<W 5�E :G7U�)�);��>��MK��7U��S>T 5 ;��i��MK� E8E �(�b; 5 W<]�: 5 ; 5tÇ�<�NËD � ��D o�É · ��� ? C

9�:�;%<�:�=?>�=�D�D�B�ª
F n J�O Y Z LALQYQ=�^Q^T��¥%n G Ù N6G L j
G v K�G&H�[ ^TØ�=Q:�Ù N�G L j
\ ×
_ ZbH�KPH�G ^ K6ZbH <CÕ R�RAL%; H�K :�;QYQ=M; H ÝUp G Y [�G = H�ZbH�N =b> G&H�K ; G >�LQ;?>�= H�[ ;�^P: G n GQK6ZUK6Z p�;�^
d n�:�; K�G L K�GQ[
Z?H�K Ó6Y�;�L%=�Y�^çÕ R�RALQ; H�K = H W%> G :�; [�G p�=Q: Z%à p G�Z ^AY�;�L&= Z ^ H�J >S>�� K ; [ ;
e K ¥%n G � GQK%J : H�K ¥%n G ÕÈRQR K6Z n6; [�G : G%K ;%: H ; [�GTJ >t>�� K ; [ ;
g n�:�; K�G L K�GQ[ a ZbH =�YP� H�K :�¥�Î Z >�n�Y G Î%�%��ÒUÓ�Ñ�Ï&�±Ê�9��/öóR�RTp�=Q: Z%à p G�Z ^ I%J�G =&n�; H�K =b>z;�^
h ÒUÓ���Ï%��Ê�9��/ö R�R K6Z n6;�^ O6à ^ Z LQ;�^ H = K = O6G YQ= [�G ^QÝ�> O ;�YQ;�^
i ÓQè����6Ï&�±Ê�9��/Õ
k n�:�; K�G L K�GQ[ � H�K :�¥ Û�GQK%N ; [ Ù J : Û�GQK%N ; [ Õ RQRí>�� K ; [ ;A^ G&H�[ ;t= H =�Y Z ^%= [ ;
FrqÚO ;�;�Y G = H L%= H ^ J n G :�Õ R�R ZbH�[6Z L%=c^ G L N =b>�= [ =c^ J n G :A�Tn G :U> Z&K6ZU[ =
FuF n�:�; K�G L K�GQ[tO ;�;�Y G = H ^ K ;%: G Õ3R�R ZbH�[6Z L%=c^ GPG ^ K�à =Q:U>�=QV G&H = H�[ ;Ap�=�Y�;%: HQJ >�=Sp�=Q:
Fr\
Fr_ n J�O Y Z LP��¥%n G Ù N6G L j yE{
F|d ×
Fre ^ J n G :CyE{�Õ
Frg H6G ^ K6ZbH <M`Ps�Õ
F�h Ó6YQ;�L%=�Y�^t`Ps�Õ
Fri Î%�%��ÒUÓ�Ñ�Ï&�±Ê�9��c`�yr� H�K :�¥�Î Z >�n�Y G { Û = ZbH�K = O Y G B�LQYQ=�^�^Uï ZbH�[ èQnÌy?lU^ K : ZbH <�l&{�Õ
Frk ÒUÓ���Ï%�±Ê�9Q�c`-y�� H�K :�¥�Î Z >�n�Y G { Û = ZbH�K = O Y G B�LQY%=�^�^&ï Z?H�[ è�nÌy�l ZbH�K l&{�Õ
\uq ÓQè����6Ï%�±ÊQ9��c` H6G ßS� H�K :Q¥�Î Z >�n6Y G y?l£ËUÓQè����"Ë�l%{�Õ
\�F Û = ZbH�K = O Y G Bu= [Q[ y�ÓQè��Q�6Ï%�±Ê�9Q��{�Õ
\u\ ë
\u_
\�d n J�O Y Z LPp�; Z&[ ��¥%n G Ù N6G L j ��;�; K y�� Z ^ K Ó6; [�G v�{ K%N :�;Uß�^SÎ G >�= H�K6Z LU��v6L G n K�Z ; H
\ue ×
\ug Ø�=%:�Ù N6G L j �6;�; K yuv�{�Õ RQRPa�=QVA= H6à Y Z ^ Gt[ =�^Tp�=Q: Z%à p G�Z ^ G >�� K ; [ ;�^
\�h ��¥&n G Ù N6G L j Ù�YQ=�^�^UÞ G L%Y&� Z ^ K Ó6; [�G y�v�{�ÕXR�RXa�=QVA= H�à Y Z ^ GS[ ;SLQ;%:&n�; [ ;�^ >�� K ; [ ;�^
\ui Z a-yua�; JQH�[ Î G >�= H�K6Z Lb��:�:�;%: ñu`ts6{TR�RA^ GoN ; J p GAG :�:�;åö YQ= H ²%= G v6L G ^Q^Q;
\uk K%N :�;Uß H6G ßcÎ G >�= H�K�Z LU��v6L G n K6Z ; H yua�; JQH�[ Î G >�= H�K6Z L&��:�:�;%:�f
_uq loÎ G >�= H�K�Z LT��:�:�;&:6^Ta�; JQH�[ yrn N =�^ G @�{�l&{�Õ
_�F ë �
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ök�+W 5�E Y%R��<;$�'1��>7 E � E 1I��7G�KI1��>� E E T 5 ;��>��MK��7U��;�� E eL�z�+M'� EGE ��C0¤ E � 5 W<�+e%:8�7G� 5�E ;�T 5 R�Wi�
e 5 S+T 5 ;�� E R��äR$:8�.M'�._N��S>T 5 Vy� 5 78]+W ;$R�7U��e%:G�i�z��g$��M'�'�>��S+T 5 ; 5�E W<]�: 5 ; 5�E ;��ä��MK� E8E ��VB�'7G�>W 5%E
;$�+:8��M'9��pXMK� E � 5 W�Wi��� E ��R��K;���; 5 Ckû ���.W<� 5 7G:8��e%:8� :8�+W 5�E`EG5 W<�>e�:8���0�'e��+M.R E T 5 uÍ�)��g$�+W<��M 5
; 5 Y%R��Z¦ 5 ��¦ �>�H: 5 � 5 W 5%E :G�'� 5�E �L E �'� 5�E ;��`M'�'e���R������>Wòu(;$�@R�WÊ:8�.� 5^Ç � : â ��� 5 ����78�a78�+��78� E �+e%:U��7
5 :G�'� 5 ;$�^;���; 5 � E8E R�W)�K; 5 �t�+MK��� 5 e E :U��e%:G�V[X�chXh�CÌ½^Wi���>e�:878��;��J� 5 W 5 e 5 W)�F� � ý�Ê���� � �`]�'e E �>7G�K;��(e 5 e â 1��>M$Wi��� E ��M.: 5 ;��(:U���t�+MK�(;�� E�â W3� 5 M 5�E V�;$�`W 5 ; 5 � E �>7@���+� E8E�â 1��>M	�+WËY%R���M'Y%R��>7
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i Ù J : Û�GQK%N ; [ ` K Õ R�RP< J =%: [ =o>�� K ; [ ;MLQ;&:�: G&H�K�G
k
Frq R�Ro� GQK%J : H�K ¥%n G ` K6Z n�; [�G : GQK ;%: H ; [ ;È>�� K ; [ ;
FuF � G%K%J : H�K ¥%n G ` H6G ß K ¥%n G y K B K ¥%n G ö K B [�Z >�{�Õ
Fr\
Fr_ BPBtB
F|d ë
Fre
Frg R�R�R�RQR�R�R�R�RQR�R�R�R�RQR�R�R�R�RQR�R�R�R�RQR�R�RmÙ�Y%=�^�^ K ¥%n G R�R�R�RQR�R�R�R�RQR�R�R�R�RQR�R�R�R
F�h n6=�L j =Q< G ^ G >�= H =�Y%¥�^ Z ^çÕ
Fri
Frk Z >�n�;&: K ^&¥U> K = O Y G B � Õ
\uq
\�F n J�O Y Z LALQYQ=�^Q^ K ¥%n G ×
\u\ n J�O Y Z LT� H�K :Q¥���= O Y GSK ¥CÕ R�R G&H�K :�= [ = H = K = O6G YQ= [ ; K�Z n�;
\u_ n J�O Y Z L ZbH�KS[�Z >áÕ R�R [6Z > G&H ^ � ;
\�d
\ue n J�O Y Z L K ¥%n G y�� H�K :Q¥���= O Y GMK ö ZbH�KS[ {
\ug ×
\�h K ¥A` K Õ
\ui [�Z >m` [ Õ
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\uk ë
_uq
_�F n J�O Y Z LSÎ K : Z?H < [ ^�L±Í%=Qp�=�yé{
_u\ ×
_u_ : GQK%J : H � H�K :�¥���= O Y G B�^ K :QÞ Z >áy [6Z >�{Af K ¥/B [ ^�L±Í%=Qp�=�yé{�Õ
_�d ë
_ue
_ug ë
_�h �
·^� 5 7U;���78�+W 5%E V$��� 5 7U��V 5 � 5 7G� 5 ; 5 W)]+: 5 ; 5<5 R}� 5 e E :G78R$: 5 7>Ck·^W0� 5%E`E T 5 :G7U��:8��; 5�E �t�+M 5

W<� E W 5 W)]+: 5 ; 5 V Ç�<�N|D � ��D o�É ÊD7?�� � H�º � H�<6½ � H�D C l e��K���K��M'W<�+e%:G��VL;$�>1��+p E �(:G7U��:8��7»;��<M'� E :8�Í;$�
����78®�W)�+:G7 5�E ¦ 5 7GWi��� E C6? E :G� E ;��+1��>W E �+7 �.e E �+78�K; 5�E eL�<:8���L�>M'�i;$� E�â W3� 5 M 5�E � 5 W 5 1���78�KI1��+� E
M 5 �>��� E e 5 78Wi��� E C l E : 5 ] ¦ �+�.: 5 V�� 5 W 5 W 5�E :G7U��; 5 e��0M.�'e�9��io0; 5 ��7 5 ��7U��Wi�i"�"�C."�"�V	�U9���Wi��e�; 5
5 W<]�: 5 ; 5MÇ�<�N|D � ��D o�É�»���o A�CMx'A�Ë�¾MD o C » ��³c?U½ � HXD �b��� E8E ��e�; 5 � 5 W 5 ��78��R�W)�>e%: 5 �iM'� E :8�Í;$�
����78®�W)�+:G7 5�E Y%R���� E :8)e 5 e�¯i� 5 7G78�+e%:8��V 5 R E �*v���V:¹ Ä/N@A6Ë�A'> C

9�:�;%<�:�=b>�=mD�D�BEDQD
F n J�O Y Z LPp�; Z&[ ��¥%n G Ù N6G L j�Û�GQK%N ; [ Ð6; [ ¥QÓ�; [�G y Û�GQK%N ; [ Ð6; [ ¥QÓ6; [�G v�{
\ ×
_ Z a-yuvA`�` H�J Y�Y6{í: GQK%J : H Õ
d R�R K :�= K =Pn6=Q:�âb> GQK :�;MLQ;�>�;Pp�=Q: Z%à p G YAYQ;�L%=�Y
e ��¥&n G Ù N6G L j �6;�L&=�Y&Ø�=Q:%Þ G LQY&� Z ^ K Ó6; [�G yuvÌB|n�=Q:�=U>�{�Õ
g
h L%= H ^ J n G :M`Pa�=�Y�^ G Õ
i Z a-y�Ù J : K = O Y G B�Y G p G Y J n B|n�=Q: G&H�K ñu` H�J YQY6{
k × R�R G v Z ^ K�GPJ >�=M^ J n G :6LQYQ=�^�^ G n6=Q:�=S=MLQYQ=�^�^ G LQ;&:�: G&H�K�G ³
Frq
FuF R�RP=�L N =Tn�: Z > G�Z :�;MLQ;?>�= H�[ ; [ ;í>�� K ; [ ;
Fr\ Î K = K�G > G&H�K Ó6; [�G nM`Pv/B�^ K = K Õ
Fr_ ß N�Z Y G yðn Z?H ^ K = H L G ;%aSÐ6YQ;�L j Ó6; [�G {
F|d nA`-y�Î K = K�G > G&H�K Ó6; [�G {-y�y�Ð6Y�;�L j Ó6; [�G {on�{�B�^ K = K ^åB H ; [�G Õ
Fre
Frg R�RTp G : Z a Z L%=c^ G �SL N =b>�= [ =c^ J n G :
F�h L%= H ^ J n G :M`on ZbH ^ K = H L G ;%a
Î J n G :%Ó6; [�G Õ
Fri ë
Frk K :Q¥M×
\uq ��¥%n G Ù N6G L j Î K = K�G > G&H�K Ó�; [�G yuvCB�^ K = K {�Õ
\�F ë
\u\ L%= K L N y�Î G >�= H�K�Z LU��v6L G n K6Z ; HzG {
\u_ ×
\�d Î%¥6^ K�G >ìB�; J�K B|n�: Z?H�K Y H y G B�< GQK%Û�G ^�^%=%< G y�{�{�Õ
\ue a�; J�H�[ Î G >�= H�K6Z LU��:�:�;%:�fQf�Õ
\ug ë
\�h ë
\ui
\uk n J�O Y Z LPp�; Z&[ ��¥%n G Ù N6G L j ��;�L%=�Y&Ø�=Q:QÞ G L%Y&� Z ^ K Ó6; [�G yr� Z ^ K Ó6; [�G v�{
_uq ×
_�F Z a-yuvA`�` H�J Y�Y6{í: GQK%J : H Õ
_u\ K :Q¥M×
_u_ ��¥%n G Ù N6G L j �6;�L%=�YUØ�=Q:QÞ G LQY&Ó6; [�G y�y�Ø�=%:QÞ G LQYUÓ6; [�G {Tv/B H ; [�G {�Õ
_�d ë
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_ue L%= K L N y�Î G >�= H�K�Z LU��v6L G n K6Z ; HzG {
_ug ×
_�h Î%¥6^ K�G >ìB�; J�K B|n�: Z?H�K Y H y G B�< GQK%Û�G ^�^%=%< G y�{�{�Õ
_ui a�; J�H�[ Î G >�= H�K6Z LU��:�:�;%:�fQf�Õ
_uk ë
d�q ��¥&n G Ù N6G L j �6;�L&=�Y&Ø�=Q:%Þ G LQY&� Z ^ K Ó6; [�G yuvÌB H�G v K {�Õ
dîF ë
d�\ �

11.3 Análise dos comandos
·´����7G:G�'7�;$� E :G��� 5 e%: 5òE �+7UT 5 :878��:8��; 5�Ez5�E � 5 Wi��e�; 5%E ; 5 W<]+: 5 ; 5 C«=»�Ñ7G�N��M'�';���;$��V»R�W
ÊD7?Q� � H�º � H�<�½ � H7D :G�+W � 5 W 5 � 5 78� 5 R�W H�e��'� 5 � 5 Wi��e�; 5 ; 5 :G�'� 5Ä;:?�A�?=D>³D���?&½ � H�D CØ? EGE �
]):8��W3�t]+W R�W<�}�+M'� EGE �)��� E :G7U��:8�äY%R��i78�+��78� E �+e%:8�zY%R���MKY%R��+7�R�W ; 5�E :8�.� 5�E ;��<� 5 Wi��eL; 5�E V
� 5 W 5 R�W ¼ Å ½ � H�D V%�L��7U�3R�W«� 5 W<��e�; 5 ü ýUV 5 R ¶?�Ëå�=B%½ � H�D V�����7U�0R�W¨� 5 Wi��e�; 5)E �.W<��M'� E ;$�
��:87G�'��R��KS+T 5 CZ=^� E :8�»� 5 e%: 5 �+W�Y%R��»� E :U��W 5�E V�:G�+78�+W 5%E V%�+W ���+7U��MXV 5bÇ M.9 5 ¹ Ä?³�?�A�? � 5 W 5 R�W
ºOC �7o�É ½ � H7D V%Y�R�� E �+781��(����78�<����7GR�����7a;$�'1��+7 EG5�E � 5 W<��e�; 5%E �>e%:G78�(R�WÏÎÍ��R�W�Ð�C
·���78�'W)�>�.7U�i1��+78� Ç �>��S>T 5 ¦ �+�.:8�i�t�+M 5 W<]+: 5 ; 5MÇ�<�NËD � ��D o�É ÊD7?�� � H�º � H�<�½ � H�D V 5 R�W)�>M.9 5 7NV

�'e��'�+�'��;��i��Y%R��XV�]0� 5 W¨7G�>M'��S+T 5"J R�:G�'M.�'_>��S+T 5 ; 5 � 5 Wi��e�; 5 ���9��
� p ����� t ����7U�)�.e	1 5 �>��7 5 � 5 e E p
:G78R$: 5 70;��ÍR�Wi� E R��t�+7U��MK� E8E ��C�· E 7G�>��7U� E ����78�}R$:8�.M'�'_>�prM 5&E T 5&E �.W<��M'� E �i����MK� E8E �#� 5 787G�>e%:G�
;$�>1���:8�+7(R�Wi� E R��L�>78�+M'� EGE �3;$�N��MK��7U��;���m��>M.� E ¯#� 5 ;$� E �+7(R$:8�.M'�._N��; 5 ;$�+e%:G7 5 ;��3R�Wæ� 5 e E :G78R$p
: 5 7'm	�(�+M'�»:8�+W�Y%R�� E �>7 5 ��78�.W<�>�.7 5 � 5 Wi��e�; 5 ;$�>e�:87 5 ; 5 � 5 78� 5 ; 5 W)]+: 5 ; 5 Cd¤ R�:G7U� E 7G�>��7U� E
� 5 ;��+78�'��W E �+7d��;��'�+� 5 e���;�� E V�� 5 W 5 �+W °��I1���V�Y%R��`e�T 5 �t�+78W<�H:8�^�JR$:G�'M'�._N��S+T 5 ;$�^1���78�'I1��+� E ;$�
�'e E :U®�e��+�'�Í� 5 W 5 ��7G��R�W<�+e%: 5%E ;��#�U9���Wi��;���V�Wi� E �L��7U� 5 �+� E�5 ;��ie 5�E8E �<M.�'e���RL�����>W

X++
V

���t�+eL� E � E8E � E :G7�I E 78�+��78� E6E �+7UT 5 R$:G�'M'�._N��;�� E C
· 1��+78� Ç �>��S>T 5 7G�N��M»;$� EGE � E 78�+��78� E ]�¦ �+�.:8�¬;$�+e%:G7 5 ; 5 W<]�: 5 ; 5 Y%R��}:G7U��:U�,;��à��e��M'� E �

E �+Wi®�e%:G�K�+�i;��bR�W e�¯ ;���NËD�Ë6½ � H�D V$Y%R��b78�+��7G� E �>e�:U�<�#�U9���Wi��;��<�+W E �XC`? E8E �3W)]+: 5 ; 5ÍE �+7U
1	� E : 5 Wi��� E ��;$�K��e%:8��Vye�� E :8�<�>��� â :GR�M 5 VyW<� E 1I��M.�i��;$�'��e%:8��7JY%R��i�Í�K;$]>�'�ä]<1��>7G� Ç �+��7»e���Y%R��+M'�
� 5 e%: 5(E ���Ì�»1���7G�KI1��>M ·MDX?Q��Ë���?'<�NËD ¦ 5 �	�'e��K���K��M'�._N��;�� � 5 W 5 1I��M 5 7 ���|CXC V 5 Y%R��6�>��7U��� :8�+78�._N��78�'�
5 W<]�: 5 ; 5 � 5 787G�>e�:8�Í� 5 W 5&E �>e�; 5 R�W � 5 e E :87GR$: 5 7�mk�Í1��+78� Ç �>��73�&1���78�'I1��+Myo A���³6��NËD�Ë Y%R��
�'e�;$�K�+� E � 5 � 5 Wi��e�; 5 ���9���� p ����� t ] 5 Räe�T 5 �t�+78W<�H:8�'; 5 e 5 � 5 e%: 5<5 e�;$�(¦ 5 �B�'e E �+78�'; 5 C 465 W 5
W 5�E :G7U��; 5 e�� E M.�'e�9�� E �z��"N��VP�#1���78�'I1��+MØ7G�N���+�t� 5 1���M 5 7»1��+7U;���;��+�'7 5#E �0�z��MK� E8E �3� 5 787G�>e%:G�
� 5�E8E R��[R�Wi� E R��t�+7U��MK� E8E ��� E � 5 ��78�'W)�>�.7 5 e�¯z;$�0� 5 Wi��e�; 5 VP;$�H¦ �>7G�>e%:G�0;��3R�W ºOC ��o�É ½ � H�D V
]JR�W ;���NËD�Ë�½ � H�D CØ= 5 :G��Y%R���R�W¨��7 5 ��7U��Wi�b; 5 :8�.� 5

`�\�[:i�SXd&�:`�S�\&d �'�
�

�
i��XT�_&d �
� �Ì

Ì
] E �'e%:8��:G�K�+��W<�>e�:8�01��M.�K; 5 �):8��W0�L]>W e�T 5 ;$�>1�� E �>7b� 5 e E �K;$�>78��; 5 � 5 W 5 R�W<�ä1	� 5 MK��S+T 5 ;�� E
78�+��7U� E ;$� E ��78�H:U� E C fZ5 76� EGEG5 V 5 W<]+: 5 ; 5 Y�R�� ��eL��M'� E � 5 � 5 78� 5 ; 5 W<]+: 5 ; 5 � 5 ;$� :G�+7`Y%R�� ��7 5 p
��R�78��7d�L�>M 5 ����9��
� p ����� t V$� 5 7F;$�.1��+7 E�5%E e â 1��+� E ;�� ��e��.e�9L��W<�+e%: 5 ;��»��M 5 � 5�E ��:G] �+e�� 5 e%:G7U��7 5 e�¯
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� 5 7G78� E � 5 e�;$�>e%:G�J� 5 ��7G�'W<�+�'7 5 � 5 Wi��e�; 5 ��7G�N��MH�UCk·»�L¯ E � E8E � 5 �t�+7U��S>T 5 V%�<��eL�M'� E � E �>W<®�e%:G�K�+�
��7 5�E8E �>��R��J� 5 Wî�<��e��M.� E �(; 5%E � 5 W<��e�; 5%E C
· E8E �'W � 5 W 5 ]J¦ �>�H: 5 ����78�<�#�+M'� EGE � ¸ ¹ NCË�D%½ � H7D V	�#��MK� E8E � ;�?�A�?=D�>D���?&½ � H�D 7G�NY�R��+7`R�W

:G7U��:U��W<�+e%: 5 � E �t�>�+�'��M`����7U�&;$� E � 5 ��78�'7<Y%R���M 5 :8�.� 5 78�>��M`; 5 e�¯,� E �+7i��e���M.� E ��; 5 CQ¤«��78�.p
W<�+�'7 5 :8�.� 5 ;��0� 5 Wi��e�; 5 Y%R��3� 5 ;$�)������7G�N���+7`]3R�W ��M 5 � 5 V 5 RÍ��� 5 Wi��eL; 5 � 5 W)� 5�E : 5 �UVtY%R��
E �+781��i����78������78R�����7b;��.1��+7 E�5%E � 5 Wi��e�; 5�E �#]#78�+��78� E �+e%:8��; 5 e����7G1 5 78� E �'e�:U�:8�'�>��� 5 7bR�W
ºOC �7o�É ½ � H7D C&· E R��&��e��M'� E �z]z��� E :U��e%:G� E �'W<��M'� E V@� 5 W 5 W 5�E :G7U��; 5 e 5 ��7 5 ��78��Wi�,"�"�C."I�$C
·^e%:8� E ;$� ��e���M.� E ��7d�JM.� E :8��;$�»� 5 Wi��eL; 5�E V�]^�U9���W<��; 5J5 W<]�: 5 ; 5ÄB=D%Á/���7; o�� NËD ����78�JWi��78�>��7
5 �'e â �+� 5 ;$�#R�Wÿ� E � 5 � 5 e 5 1 5 ��Vk;$�+� 5 � E ;��&��e��M.� E ��VÌ]#78�>��M.�'_>��;��}���U9���W<��;��}� 5 W<]�: 5 ; 5
D��2H�; o�� NËD C#¤�7G� E : 5 ]iR�W<���U9L��Wi��;��ä� Ç�<�N|D � ��D o�É ;:?�A�?&D�>³DQ�:? » ��³�?&½ � H7D V�Y%R���V[� 5 7 E R��
1��>_�VI�'e%1 5 �+� Ç�<�N|D � ��D o�É ;:?�A�?&D�>³DQ�:?&½ � HXD ����7U�^�+��;��`e�¯0ù E �+W<��78�6; 5 :8�.� 5l;�?�A�?=D�>D���?&½ � H�D ú
;$�>e�:87 5 ;��)M'� E :8��C

9�:�;%<�:�=b>�=mD�D�BED ©F n J�O Y Z LPp�; Z&[ ��¥%n G Ù N6G L j Ð�Y�;�L j Ó�; [�G y�Ð�Y�;�L j Ó�; [�G v�{
\ ×
_ Ù J : K = O Y G B O6G < ZbH Î�L%;Un G yE{�ÕíR�R Z?H Ý�L Z ; [�GTJ > G ^�LQ;Un6;
d �Q¥%n G Ù N�G L j Î K = K�G > GUH�K � Z ^ K Ó6; [�G yuv/B�^ K = K ^�{�Õ
e Ù J : K = O Y G B G&H�[ Î�LQ;Un G yE{�Õ R�RTa Z?H =�Y [ ; G ^�LQ;Un6;åö3Y ZbO6G :�=tp�=Q:�^åBÜY�;�L%= Z ^
g ë
h
i n J�O Y Z LPp�; Z&[ ��¥%n G Ù N6G L j Î K = K�G > G&H�K � Z ^ K Ó6; [�G y�� Z ^ K Ó�; [�G v�{
k ×
Frq
FuF Z aãyuvS`Q` H�J Y�Y�{o: GQK%J : H Õ
Fr\
Fr_ K :�¥M×
F|d ��¥%n G Ù N6G L j Î K = K�G > G&H�K Ó6; [�G y
y�Î K = K�G > G&H�K Ó6; [�G {tv/B H ; [�G {�Õ
Fre ë
Frg L&= K L N y�Î G >�= H�K6Z LU��v�L G n K6Z ; HzG {
F�h ×
Fri Î%¥6^ K�G >ìB�; J�K B|n�: ZbH�K Y H y G B�< G%KQÛ�G ^�^&=Q< G yE{�{�Õ
Frk a�; JQH�[ Î G >�= H�K6Z Lb��:�:�;%:�f�f�Õ
\uq ë
\�F �Q¥%n G Ù N�G L j Î K = K�G > GUH�K � Z ^ K Ó6; [�G yuv/B H�G v K {�Õ
\u\ ë �
¤ ��78¯Ig	�'W 5 :G�'� 5 ;$�(� 5 W<��e�; 5 Y�R��»1��>7G�>W 5�E ] R�Wi�3;$�N��MK��7U��S>T 5 ;$�(1���78�'I1��+� E M 5 �>��� E V%7G�+p

��78� E �+e%:8��;��J� 5 7FR�W�e�¯ x'A6ËEH�D:C o ½ � H�D VIM.�>W3��7U��e�; 5 Y%R��»R�Wi�b;��>��MK��7U��S>T 5 ;$� 1���78�'I1��+M�� 5 ;$�
���L��78�>���>7^�+WæY%R���M'Y%R��>7»� 5 e%: 5 ; 5 W<]�: 5 ; 5 C»? EGE �3e�¯Í] 5 W<� E W 5 R$:8�.M'�'_>��; 5 e��#;��>��MK��7U��S>T 5
;$�i1���78�KI1��+� E ;$�i�'e E :8®�eL���K�}� 5 7b7G�>��78� E �+e%:8��7J�}W<� E Wi��� 5 e E :G78R�S+T 5}E �'e�:U�:8�'�>��VÌ�>W3� 5 7U� E �+p
Wi��e%:G�K�+��W<�+e%:G� � E8E � E ;$RL� EaE �.:GRL��S È � E 78�>Y%R��>�.7U��W ��S È � E �L�>Wî;$�.¦ �+78�+e%:G� E C fZ5 ;$�+7Gp E ��pr�K�b��78�'��7
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11.4 Análise de expressões
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� 5 e��>��:8�+e���S+T 5 ; 5�E :G78�.e��J� 5 WË�(78�+��78� E �+e%:8��S+T 5 :G�+g%:8R���ML; 5 e=H�W)�>7 5 ù§� 5 W 5 �+W °��I1���ú�C
¤�78� E R�MH:U��; 5 ]�R�W E :87G�'e���m

• i == 0, j == 2
uä:G�>W 5%E ; 5 � E E :G78�.e�� E C m ¯z]01��M.�K;��Í�z� 5 e��+��:G�+eL��S+T 5 ù EG5 Wi��ú^�+e%:G78�

�>M.� E C6¤\7G� E R�MH:U��; 5 ]JR�W E :G78�'e���C

¤�e 5%EGEG5 � 5 W<���'MK��; 5 7(eLT 5 �����>�H:U� 5 R$:G7U� E(5 �L�>78��S È � E ;$� EG5 Wi�%� E R���:G7U��S+T 5 C fZ5 7J�+g	�>W)p
��M 5 V%e�T 5 �����>�H:U��V	� 5 W 5 �+W�°%�I1I��V�� EG5 Wi�b;��»R�W 5 �$v*��: 5 ;$� Y%R���M'Y%R��>7d:8�.� 5 � 5 W�R�W E :87G�'e��LV
5 Y%R��<7G�>��78� E �+e%:8�}�}� 5 e��+��:G�+eL��S+T 5 ; 5�E :87G�'e���� 5 W 5 78� E R�MH:U��; 5 ;����U9���Wi��;��}� 5 W<]�: 5 ; 5
S�\ ° SXd:b�[7� �'�3EG5 ��7G�)��Y%R��+M'� 5 �$v*�+: 5 C3?dW

X++
V 5 ��7 5 ��78��W<��; 5 7^;��+1��)��g$��M'�K���.:8��W<�>e�:8�0�+g	p

:G7U���'7J�#78�+��78� E �+e%:8��S+T 5 ; 5Í5 �$v*��: 5 e��Í¦ 5 78Wi�#;$�)R�W E :87G�'e��LVt�L��7U��Vt�+e%:8T 5 VP� 5 ;$�>7JR$:G�'M.�'_>�pXM 5
�+W¨R�Wi�<� 5 eL�+��:8�+e���S+T 5 C

9�:�;%<�:�=b>�=mD�D�Bu@�D
F n J�O Y Z L K ¥%n G ��¥%n G Ù N6G L j Í [�[ Ó6; [�G yuÍ [�[ Ó6; [�G v�{
\ K%N :�;&ß�^tÎ G >�= H�K6Z LU��v6L G n K6Z ; H
_ ×
d K ¥%n GPK D�ö K�© Õ
e ZbH�K ;bnÌÕÜR�RS;bn G :�=!² � ;
g ZbH�KcZ ö Ö Õ
h
i Z a-yuvA`�` H�J Y�Y6{í: GQK%J : HAH�J Y�YåÕ
k
Frq ;UnA`tv/B|n6;�^ Z&K6Z ; H B j�Z?H�[ Õ
FuF K D `t��¥%n G Ù N6G L j ��v%n�: G Ó6; [�G yuv/B G v&n�:�DQ{�Õ
Fr\ K�© `t��¥%n G Ù N6G L j ��v%n�: G Ó6; [�G yuv/B G v&n�: © {�Õ
Fr_
F|d R�Rt^ Gt[6Z > G&H ^ � ; } s�öæ�Q���6�
Fre Z a-y K D�B [6Z > } s ]�]üK�© B [6Z > } sc{
Frg K%N :�;&ß H6G ßMÎ G >�= H�K6Z LU��v�L G n K6Z ; H yuv/B�n�;�^ Z&K�Z ; H öAl?ÙQ= HSH ; KTJ ^ G l f
F�h vCB|n�;�^ ZUK6Z ; H B Z >�=Q< G fmlóa�;%:A=%:�:�=Q¥6^6l%{�Õ
Fri
Frk Z ` Ö `SsåÕ
\uq
\�F Z a-y K D�B K ¥M`�`MÒUÓ���Ï%�±Ê�9Q��{
\u\ Z f�f�Õ
\u_ G Y�^ G
\�d Z a-y K D�B K ¥M`�`AÎ%�%��ÒUÓ�Ñ�Ï&�±Ê�9���{
\ue Ö f�f�Õ
\ug
\�h Z a-y K�© B K ¥M`�`MÒUÓ���Ï%�±Ê�9Q��{
\ui Z f�f�Õ
\uk G Y�^ G
_uq Z a-y K�© B K ¥M`�`AÎ%�%��ÒUÓ�Ñ�Ï&�±Ê�9���{
_�F Ö f�f�Õ
_u\
_u_ R�R [ ; Z ^S;bn G :�= [ ;%: G ^ ZbH�K�G�Z :�;çö3��




¤�¥�=�L O�¦z§�¨o© s�sQª�RQ«�R ©Q¬m§Q¨T© sCusQ® §�¨ n6=%< GA© �Q® §�¨X¯�© 'Qs
i

i

i

i

i

i

i

i

��o�� Î`ÏaÐ¬ÏËÎ`ÏaÒ ÓBÔZÕ)ÖÌ×*Õ¨ÖØÐÙÎ`ÏaÐ�Ú@×*ÛÌÜ»Ý<ÏaÕ

_�d Z a-y Z `�` © {
_ue : GQK%J : HSH6G ß K ¥%n G y�ÒUÓ���Ï%��Ê�9��/ö3s�{�Õ
_ug
_�h R�R J > ZbH�K�G�Z :�; GoJ >z^ K : ZbH </BÜÎQxon�; [�G ^Q;?>�=%:
_ui Z a-yÜ;Unc`Q`SYQ= H <�Ô�Ù�; H ^ K = H�K ^åBr9��Qè6ÎiÃ�Ã Z f Ö `�` © {
_uk : GQK%J : HSH6G ß K ¥%n G y�Î%�Q��ÒUÓ�Ñ�Ï%�±Ê�9Q�/öÈs6{�Õ
d�q
dîF K%N :�;&ß H6G ßcÎ G >�= H�K6Z LU��v6L G n K�Z ; H yuvCB|n�;�^ ZUK6Z ; H ötlUÒ H p�=�Y Z&[AK ¥%n G ^Pa�;%:zlÈf
d�\ vCB|n�;�^ ZUK6Z ; H B Z >�=Q< G {�Õ
d�_ ë �
=»T 5 ��� 5 7U;���7G�>W 5%Ek5 W<]�: 5 ; 5 Y%R�� :G7U��:U�b;$�»W0R�M.:G�'��M.�K�+��S+T 5b5 RÍ;��.1	� E T 5 V%� 5 � E ]»����7G�N���K; 5

� 5 W 5 W<]+: 5 ; 5 ; 5 ��7 5 ��7U��Wi��"�"�C /�"�Vk� 5 78]+W Wi��� E0E �'W)��M.� E V6R�Wi�&1��+_zY%R�� EG5 W<�+e%:G� E T 5
���+�+�.:8� E ��g$��78� E8EGÈ � E ; 5 :G�'� 5 �.e%:8�+�'7 5 C f � E8E ��7G�>W 5�E V��+e%:8T 5 V J�E ��g$��78� E8E�È � E 7G�>M'����� 5 e���� E V�:878��p
:8��;�� E �L�>M 5 W)]+: 5 ; 5 ; 5 ��7 5 ��7U��Wi�ä"�"�C /%�$Ca=^� E :8�3W<]�: 5 ; 5ÍE T 5 ¦ �+�.:8� E ;$�'1��>7 E � E 1��+78� Ç �+��S È � E
Y%R��(:G�>e�:U��78�+W 5�E �+g$��M.�K�+��7`� E �+��R��'7>�

•
M'�'e�9��#">���Z;$R�� E@E R��L�+g$��7G� EGEGÈ � E �'e%:G�>�.7U� E � 5 ;$�>W E �>76� 5 W<����7U��;�� E ;$� Y%R���M'Y%R��>7d¦ 5 7GWi�
ù{Y%R���MKY%R��+7 5 �t�+7U��; 5 7Uú�C ¤�:G�'� 5 7G�+: 5 7Ge���; 5#E �+7U E �>W<��7G�3�.e%:G�>�.7 5 VtR�Wi�#1��+_3Y%R��

X++

eLT 5 � 5%EGE R�� 5 :8�.� 5 � 5	5 M.�N��e 5 m
•
M'�'e�9��<">���Ø� E[E R��t��g$��78� E8E�È � E ;$�+1��+W\:8�+7d� E W<� E Wi� E ;��.W<�+e E�È � E C l EGEG5 � 5 78Y%R�� 5 ��v*��: 5%E
�#��7G7U�I� E E ¯�� 5 ;��+W E �+7b� 5 W<����78��; 5�E Y%R���e%: 5�J�E R��ä�.��R���MK;���;$��ù 5 �t�+7U��; 5 7 ºyº ú 5 R
;�� E �.��R���MK;���;��äù 5 �t�+7U��; 5 7�� º ú ��VÌ� 5 7�� E8E�5 V 5 �$v*�+: 5%E � 5 W ;��.W<�+e E�È � E ;$�.¦ �+78�+e%:8� E�E T 5
5 �	1%�K��W<�>e�:8��;$�H¦ �>7G�>e%:G� E ��V�� 5 7G:8��e%: 5 V	e�T 5 ;$�>1��>W E �>7^� 5 W)�L��7U��; 5%E m

•
M'�'e�9��i��/��[��7G7U�I� EdE ¯)� 5 ;��+W E �+7`� 5 W)�L��7U��; 5%E Y%R���e%: 5�J)E R��3�.��R���MK;���;$�»� J ;�� E �.��R���M.p
;���;$��V�� 5 R$:87 5%Ea5 �t�+7U��; 5 7G� E ���+7U��W R�W¨�+787 5 m

•
M'�'e�9��¬/����; 5 � E#5 �$v*��: 5�E � 5 ;$�+W E �+7Í� 5 W<����7U��; 5�EiE ��¦ 5 78�+W ;��,W<� E Wi�à��MK� E8E � 5 R
R�Wî¦ 5 7 E R��P��MK� E8E �b; 5<5 R$:87 5 CF¤ W<]�: 5 ; 5S��³&;��:B � C
A�³�³ 78��: 5 78e��)1��>78;���;$�+�'7 5 :U��W3�t]+W
Y%R���e�; 5#5%E ; 5 � E :8�.� 5�E(E T 5 �.��R���� E V 5 R E �*v���V E �J:G�'1��>7GW 5�E ; 5 � E^E :G78�.e�� E^E �+e�; 5 � 5 W<����p
7U��; 5�E VL�>M.� E(E �+7UT 5 1��+78� Ç �+��; 5�E ��Y%R��{C f ��7U�#�>M.� E EG5 W<�>e�:8�0� 5 W<����7U��S>T 5 ;$�)�'��R���M';���;$�
5 R�;$� E �.��R���MK;���;$� � 5 ;$� E �+7a¦ �+�.:8��m

•
M'�'e�9��ä/�o$�a� E :8�nH�M.:G�'W 5 �+� E�5 1��+78� Ç �+� E �0�Í� 5 W<����78��S+T 5 ]3�+e%:87G�0R�W 5 �$v*�+: 5 � 5 :G�'� 5
� ^�± aMa � Y%R��F7G�>��78� E �+e%:8� �(� 5 e E :8��e%:G�ª[=�chXh�CÌ=^� EGE �a�+� EG5 :8��W0�L]>W EG5 W<�+e%:G�F�'��R���M';���;$�
�b;�� E �.��R���MK;���;�� � 5 ;$�+W E �>7^� 5 W<����78��;�� E C

9�:�;%<�:�=b>�=mD�D�Bu@ ©F n J�O Y Z L K ¥%n G ��¥%n G Ù N6G L j � G YQ= K6Z ; H =�Y&Ó�; [�G y�� G YQ= K6Z ; H =�Y&Ó6; [�G v�{
\ K%N :�;Uß�^tÎ G >�= H�K6Z Lb��v6L G n K6Z ; H
_ ×
d K ¥%n GPK D�ö K�© Õ
e ZbH�K ;bnÌÕÜR�RS;bn G :�=!² � ;
g
h Z a-yuvA`�` H�J Y�Y6{í: GQK%J : HAH�J Y�YåÕ
i
k ;UnA`tv/B|n6;�^ Z&K6Z ; H B j�Z?H�[ Õ
Frq K D `t��¥%n G Ù N6G L j ��v%n�: G Ó6; [�G yuv/B G v&n�:�DQ{�Õ
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FuF K�© `t��¥%n G Ù N6G L j ��v%n�: G Ó6; [�G yuv/B G v&n�: © {�Õ
Fr\
Fr_ R�Rt^ G =b> O ;�^S^ � ; ZbH�K öæ: GQK ;%: H =M��

F|d Z a-y K D�B K ¥A`�`MÒbÓ���Ï%�±ÊQ9��®Ã�Ã K�© B K ¥M`�`SÒUÓ���Ï&�±Ê�9��z{
Fre : GQK%J : HSH6G ß K ¥%n G y�ÒUÓ���Ï%��Ê�9��/ö3s�{�Õ
Frg
F�h R�Rt^ G = [�Z > G&H ^ � ;t� [6Z a G : G&H�K�G ö �������
Fri Z a-y K D�B [6Z > ñu` K�© B [6Z >�{
Frk K%N :�;Uß H6G ßcÎ G >�= H�K�Z LU��v6L G n K6Z ; H yuv/B|n6;�^ Z&K6Z ; H ö
\uq l�Ù�= HSH ; K LQ;?>�n�=Q: G ; O�Ö%G L K ^Xß Z&K%NM[6Z a�a G : GUH�KM[6Z > G&H ^ Z ; H ^6l%{�Õ
\�F
\u\ R�Rt^ Gt[6Z > G&H ^ � ; } s�ö3^%xXn�; [�G LQ;?>�n6=%:�=Q: Z < J =�Y [ = [�G
\u_ Z a-y K D�B [6Z > } s Ã�ÃM;bnòñu`SY%= H <�Ô�Ù�; H ^ K = H�K ^åBr�! ®Ã�Ã
\�d ;Unòñ�`SYQ= H <�Ô�Ù�; H ^ K = H�K ^åBrÓ��" {
\ue K%N :�;Uß H6G ßcÎ G >�= H�K�Z LU��v6L G n K6Z ; H yuv/B|n6;�^ Z&K6Z ; H öSl?ÙQ= HSH ; KTJ ^ G líf
\ug vCB|n�;�^ ZUK6Z ; H B Z >�=Q< G fmlóa�;%:A=%:�:�=Q¥6^6l%{�Õ
\�h
\ui R�Rt^ Gt[ ; Z ^S^ � ;t; O�ÖQGQK ;�^ [ ; > G ^�>�; K6Z n�;åö(n�; [�G LQ;?>�n6=Q:�=Q: Z < J =�Y [ = [�G
\uk R�R Z ^�^Q; Z?H LQY J�ZX[ ; Z ^S^ K : ZbH <�^
_uq Z a-ySy Z ^QÎ J�O Ù�YQ=�^�^çy K�© B K ¥�ö K D�B K ¥�{ ]�]ðZ ^QÎ J�O Ù�YQ=�^�^�y K D�B K ¥Cö K�© B K ¥�{m{�Ã�Ã
_�F y�;UnM`�`SYQ= H <�Ô�Ù�; H ^ K = H�K ^åBrÓ��! ]�] ;Unc`�`tYQ= H <�Ô�Ù�; H ^ K = H�K ^åB|�" 6{m{
_u\ : GQK%J : HSH6G ß K ¥%n G y�ÒUÓ���Ï%��Ê�9��/ö3s�{�Õ
_u_
_�d R�Rt^ GTJ >
�S; O�Ö%GQK ; G ; J�K :�;åö HQJ Y�Yåö(n6; [�G LQ;�>�n6=Q:�=%: Z < J =�Y [ = [�G
_ue Z a-ySyty K D�B K ¥ ZbH ^ K = H L G ;%aS� H�K :�¥�Ù�YQ=�^�^nÃ�Ã K�© B K ¥M`Q`TÓQè��Q�6Ï%�±Ê�9Q��{ ]�]
_ug y K�© B K ¥ ZbH ^ K = H L G ;%aS� H�K :�¥�Ù�YQ=�^�^nÃ�Ã K D�B K ¥M`Q`TÓQè��Q�6Ï%�±Ê�9Q��{M{�Ã�Ã
_�h y�;Unc`�`AY%= H <�Ô�Ù�; H ^ K = H�K ^åBrÓQ�" ]Q] ;UnM`Q`AYQ= H <QÔ�Ù�; H ^ K = H�K ^çBr�" 6{c{
_ui : GQK%J : HSH6G ß K ¥%n G y�ÒUÓ���Ï%��Ê�9��/ö3s�{�Õ
_uk
d�q K%N :�;&ß H6G ßcÎ G >�= H�K6Z LU��v6L G n K�Z ; H yuvCB|n�;�^ ZUK6Z ; H ötlUÒ H p�=�Y Z&[AK ¥%n G ^Pa�;%:zlÈf
dîF vCB|n�;�^ ZUK6Z ; H B Z >�=Q< G {�Õ
d�\ ë �

11.5 Arquivos-fonte do compilador
= 5 ;��.78��:8¯�78� 5 ����9M0�0%Qc�
��!#���:���¼ü±��� ü��2¦ 5 7U��Wï��;$�'�+� 5 e���; 5�E}5�E ��78Y%R��'1 5%E ÷7��9��!�$����%��� 8
����� �
����9���� 8
������VtY�R��J� 5 e%:�I>W}V$7G� E �t�>��:G�'1I��W<�+e%:G��V	�<�+M'� EGE � Ç�<�NËD � ��D o�É�;$� E �+7G�.:8�0e�� E :G���>��� â :GR�M 5 �
�}��MK� E8E � ?�<�NËD R$:8�.M'�._N��;��ä����78�z78�+��78� E �+e%:8��7»R�W :G�'� 5 �<R�Wi�};$�'W)�>e E T 5 VÌ���+7U��M'W<�+e%:G�0����7U�
��78Wi��_>�+e���7 5 78� E R�MH:U��; 5 ;$�JR�Wi�<�+g	��7G� EGE T 5 C
= 5 ;$�'7G�+:G¯�7G� 5 ���
��!19��L��� V��'e���M'R â W 5�E[5 ��78Y%R��'1 5 ��ü±�c�*�����
.6�
�����.)�
�
!"�����XüG����.¼ý����
� 4 �á8#Y%R��F� 5�E p

E R��`��M'��R�e E �+787 5�E)E �>W<®�e%:G�K� 5�E Vd;$�+:G�>��:8I1��+� E e�� E :U��¦§� E �ä;�����e��M.� E ��C 465 e$¦ 5 7GW<�zW 5%E :878�-�
��g$�N��R�S>T 5 � E �+��R��'7>V 5%E �+787 5%E �'e%:G7 5 ;�R�_+�K; 5�E ¦ 5 78��W}�

•
5 � 5 W<��e�; 5 d�_&S=�7d&[ � E �+W�e��>e�9	R�W���78��R�W)�>e%: 5 ¦ 5 �tR$:8�.M'�._N��; 5 ;$�+e%:87 5 ;�� R�W�W<]�: 5 ; 5
Y%R��b;��+1��>7G�K�07G�+: 5 78e���7FR�W��.e%:8�+�'7 5 m

•
R E�5 R$p E �d�`� 5 W<����7U��S>T 5 h=_=�=S��3¢ � VN�d�a1I��7G�KI1��>M&h=_&�=S^]kR�W 5 �$v*��: 5 ; 5 :G�'� 5 g:b�[7SXd�_=_LV
� 5 7G:8��e%: 5 e�T 5 � 5 ;$�+78�'� E �+7`� 5 W<����7U��;��)� 5 W�R�W¨e=H�W)�>7 5 �'e%:G�+�'7 5 m
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•
e 5 � 5 Wi��eL; 5 T7d:b�[7S3¦ 5 �P¦ �+�.:8�<�0� 5 e��>��:8�+e���S+T 5 ;$�JR�W 5 �$v*��: 5 � 5 W R�W E :G78�'e���V 5 Y%R��
]���7 5 �.���K; 5 m

•
¦ 5 ��R$:8�.M'�'_>��;���� E �>��R��'e%:G�a��g$��78� E8E T 5 S�¢¤[�_�Y�g�b�[7S=d�_X_ � YeÑ } � � V��»����MK� E8E �«g�b�[7S=d�_X_
eLT 5 � 5%EGE R��yR�W«� 5 e E :87GR�: 5 7`� 5 W¨; 5 � E ��78��R�W<�+e%: 5�E C

· E W<�>e E �����>e E ;���;�� E �L�>M 5 � 5 W<���'M'��; 5 7 E T 5 � E`E �+��R��.e%:8� E �

`�^�T }X} ��©X^&]7^�T�^&d�i�_&dªZ�h=^�[7���RZXZ6W�iXi�^�f�Tch=_�i&W�g�b�[7S&d�_X_���_�dXd�\��=i�_�f�^�[7Scb=`�\����7^�i�_ � Z ��7óXó ² \�f�T�b�h=_�d�����_�d�i7b�\�[ } Z � � ~X�=���
� _X^&a�b�[7�¤�&d�\�f¦��b�h=_ ZXZ6W�iXi�^�f�Tch=_�i&W�g�b�[7S&d�_X_���_�dXdX\c�=i�_�f�^�[7Scb=`�\����7^�i�_ � Z � Z�Z�Z
��a _ � b=`�^7h  dXd�\�d�i��7\��X[7a
�!°&� [7S�^�`�S:b=`  dXd�\&d�i��X\��X[�a
a b�[�_ �=~ `�\7h���f�[ ~X~ U � _&S=�7d=[£_ � T7d�_�i=i7b�\�[�d�_ � ��b�d�_=a
a b�[�_ ��� `�\7h���f�[ } �OU ± [7]�^7h�b�a�S � T�_�i��X\&d��3¢
a b�[�_ �=� `�\7h���f�[ }%� U ± [7]�^7h�b�a�S � T�_�i��X\&d�ó
a b�[�_ ��� `�\7h���f�[ � U ² \�[:i�SXd=��`�S�\&d�g�b�[7SXd7_X_ � a7^�S�^ËÑpb�[7S � [�\&S��7\��X[�a
�-° _�f:^�[XS:b=`  d=d�\&d�i��7\��X[�a � TXQ�^�i�_ � �
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Capítulo 12
Geração de Código
j[�.eL��M'W)�>e%:G�3�U9��>����W 5%EVJ ¦§� E �3;$�����>78��S+T 5 ;$�0��¯$;$�'� 5 C l 7G�>W 5�E R$:8�.M'�'_>��7 ��Y%R��BR�Wi�#��� 5 78;���p
���>W ��� E :8��e�:8� E �.W<��M'� E VPWi� E Y�R��0;���78#� 5 M'�+�.: 5 7(R�Wi�z� 5 �#e 5 S+T 5 ;$�)� 5 W 5 �#���>78��S+T 5 ;$�
��¯$;$�'� 5 ]^¦ �+�.:8��V$��M']+W ;�� E ��:8� E ¦§��S>T 5 ;$� � 5 ;$�>761��+7 E �>R E ��7 5 ��7U��Wi� E

X++
V%� 5 W<���'M'��; 5�E � 5 W

E �+Rä��7G¯���78� 5 � 5 W)���.MK��; 5 7>V	78�>��M.W<�+e%:8�(�+g$�>��R�:8��eL; 5 C
½`:8�.M'�._N��78�+W 5�E � 5 W 5 Wi�Y%R��'e���pw��M'1 5 �#s��Y%R��.eL�0ö �.7G:GRL��MØ°%�I1���V 5 R}°�ö sÙù{°��I1��)ö»�'7G:GR���M

s����U9��.e��Nú Vt� 5 W 5 �Í�U9���Wi��78�+W 5%E ��Y%R��XCF·�R$:G�'M.�'_>��S+T 5 ;��#°�ö(s´�L�>7GW<�.:G�)Y�R��b;$�+�.g$�+W 5�E ;$�
MK��; 5 ;$�'1��>7 EG5�E � E �t�>��: 5�E � 5 W<��M'�'�>��; 5%E ;��<���>78��S+T 5 ;$�b�+¯$;$�.� 5 V�� 5 W 5 ��M 5 �+��S>T 5 ;$��78�+��� E :G7U��p
; 5 7G� E V[��M 5 �>��S>T 5 ;$�#W<�+W<¯�78�K�}����7U�ä1I��7G�KI1��>� E �+:8��Cä·�°�ö s � 5�E8E R��k:G7U��:U��W<�+e%: 5 �*e���:G�'1 5 �
����78� 5�E :8�.� 5�E ;$�#;���; 5%E R�:G�'M.�'_>��; 5�E �>W

X++
ù �'e%:G�+�'7 5 � E :G78�.e��%ú V 5 Y%R��):U��W3�t]+W ¦§���+�.M'�H:U�

W3R��H: 5Í5 :878������M'9 5 ;��Í���>78��S+T 5 ;��0��¯$;$�'� 5 C»·^M']+W ;�� E8E�5 Vt� E �t�>��: 5%E ;$�0:G�>W)� 5 ;��3��g$�N��R�S>T 5
� 5 W 5 M'�.e�º��>;��'S>T 5 ;��.e�®�W<�'�>�Í�>e�:87G�<� E �+M'� EGE � E ���>78��;�� E V E T 5 ;$�<78� E � 5 e E �����'M.�K;���;$�b: 5 :8��Mk;��
°�ö s,C
l e��K���K��78�+W 5�E�5 �>��� â :GR�M 5 V[�>e%:8T 5 VØ� 5 WÿR�Wi���L�NY%R��+e����.e%:G7 5 ;$R�S>T 5�J °�ö s,V[Y�R��#1	� E ���

��g$��M'�K�+��7iW<�>M.9 5 7 5,E �>RÑ¦ R�e���� 5 e���W<�+e%: 5 ��� EiE R�� E �.e E :G78R�S È � E Cñc^�>� 5 W<�+e�;���p E ��V6� 5 7G]>W}V
Y%R�� 5 M'�+�.: 5 7#� 5 e E R�M.:G��� E 7G�+¦ �+7�I+e��+�'� E � E �L�N� â.Ç �+� EiE�5 ��78� 5 � EGE R�e%: 5 ����78� 5 �$:G�>7iW<��� 5 7G� E
;$�+:8��M'9�� E CË?dW E �>��R��K;���V E �>78¬����78� E �+e%:8��;���:8��W3�t]+W R�Wi�à�'e%:G7 5 ;$R�S+T 5 � 5 °�� E W<�'eBV`R�W
��7 5 ��78��W<����W 5 e%:8��; 5 7���Y%R��3�L�>7GW<�.:G�3���+7U��7»�+¯$;$�.� 5 ����78�i�z°�ö(s �i����7�:8�.7(;$�3R�Wæ��78Y%R��'1 5
:G�+g	: 5 V�� 5 e%:G�>e�; 5 �<;$� E ��78�KS+T 5 ;$��R�Wi�<��MK� E8E �(�J�'e E :G78R�S È � E °�ö sàC
?^VB� 5 7 Ç W}VÌ����7G� E �>e%:8��78�+W 5%E �z�.W<��M'�+W<�+e%:U��S+T 5 ;��ä���+7U��S+T 5 ;$�<��¯$;$�'� 5 �i; 5 78R�e%:G�'W<�

X++
C

12.1 A Máquina Virtual Java
· � E �t�>��� Ç �>��S+T 5 � 5 W<��M'��:U�);��)°�ö sÿ� 5 ;$� E �>7a�+e�� 5 e%:G7U��;��0e 5 M'�.1	7 5

D 9��b°��I1��)ö»�'7�:8R���MBs&���U9��'e�� E �L�N��� Ç �+��:G� 5 eBV�;$� D �'W¨AÌ�.eL;$9 5 M'Wî�bj�78��e�º#§d�>M.M'�.e
ùd�

a
�N;yC.VL·`;�;$� E�5 e���� E M.�>��VB"N������ú V

:8��W3�t]+W«;$� E � 5 e â 1��>M 5 e$prM.�'e��J�+WÎ$X���59�� Q"Q�8
�����"�L��7�¯�±����!=Q:	&�'����Q:���������(Q��'!���9����yQLü±�:	&��8M�5$X��!��¼C
����"
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���%� Î`ÏaÐ¬ÏËÎ`ÏaÒ ÓBÔZÕ)ÖÌ×*Õ¨ÖØÐÙÎ`ÏaÐ�Ú@×*ÛÌÜ»Ý<ÏaÕ

? E8E �`� E �t�>�+� Ç �+��S>T 5 ����7G� E �>e%:8��VN;$�dWi��e��+�'78�`� 5 W<��M'��:8��V�� 5 W 5 ;$�>1�� E �+7Ø�`�.W<��M'�+W<�>e�:U��S>T 5
;$�bR�W<�Í°�ö(s,VLY%R���M'Y%R��>7»Y%R�� E �*v��#�i��M'��:8��¦ 5 7GWi��C6?dMK�#;$� E �+7G�>1���V��+e%:G78� 5 R�:G7U� E �>��7U��� :8�+7 â'E p
:G�K�+� E �

•
5%E :G�'� 5%E ;$�b;���; 5�E :878��:8��; 5�E �L�>M'�i°�ö s�m

•
5 � 5 e�v*R�e�: 5 ;$���'e E :87GRLS È � E �b� 5 W 5 ] 5 � 5 W<� 5 7G:8��W)�>e%: 5 ;��<°�ö(s � 5 ��g$�N��R$:U��7^�+��;��
R�W<�i;��+MK� E m

•
5 ¦ 5 7GWi��: 5 ;$��R�W¨��78Y%R��'1 5 ��g$�>�+R$:8I1��+Mdù§R�W¨��78Y%R��'1 5 C �+M'� EGE úF;��i°�ö(s�m

•
� 5 W 5 ¦ R�e��+� 5 e�� 5 ��7 5 ��� EGEG5 ;$�b�+��7G78�+�%��W<�+e%: 5 V��'e��K���K��M'�._N��S+T 5 �JM'�.e�º��>;��'S>T 5 ;$����MK� E8E � E
eL�i°�ö(s,C

4 ��;��ò��78Y%R��'1 5 ��g$�N��R$:UI1��+M�;��ò°�ö s¾ù :8��W0�L]>W �U9L��Wi��; 5 �
�L������¡O�L�8ú};$� E �+7G�>1���R�Wi�
��MK� E8E ��C<=^� E :G�#��78Y%R��'1 5 ��g$� E :8�+W ��M.��R�Wi� E ;$� E �+7G�KS È � EJEG5 ��78�<�ä�+M'� EGE � E �>W E �{V[� 5 W 5 �(Y%R���M
] E R�� E R��t�+7U��MK� E8E ���);$�)Y%R���MZ��7UY%R��.1 5 pX¦ 5 e%:G�J�>M'�#¦ 5 �[���+7U��;���VL�z;$� E ��78�KS+T 5 ;�� E 1I��7G�KI1��>� E ;$�
�'e E :U®�e��+�'��VÌ1���78�KI1��+� E ;$�#�+M'� EGE ��VØW)]+: 5 ; 5%E �Í� 5 e E :G78R$: 5 7G� E ;$� E8E �}�+M'� EGE �i��:U��Cz· E 1���78�KI1��+� E
E T 5 ;$� E ��78�H:U� E �>W ¦ R�e�S>T 5 ;$���

•
E �+R#:G�'� 5 V	Y%R��»� 5 ;$� E �>7@R�W :G�'� 5 �� E �K� 5 V E R�� 5 7G:8��; 5 �L�>M'�0°�ö(s,V%� 5 W 5 ü±�c�)�)ü=��� V��L���Xü�V
� �����XVª	�����������VV��������������V 5 R&R�W<�}�+M'� EGE �)Y%R��)� 5 ;�� E �+7��ä��78¯���78�K�Í��MK� E8E �0;$� Ç e��K;��äe 5
��78Y%R��'1 5)5 Rä�+W«��M'��R�W 5 R$:87 5 ��7UY%R��'1 5 ;��b��MK� E8E �&m

•
E R�� E ��7 5 ��78�.�N;���;$� E V$� 5 W 5 9����
�¼üG��V79������)���
�)��	�V79�� ü±����� ��V�¡O�����¼V��� ���XüG�J��:U��C

4 ��;��zW<]�: 5 ; 5 �<� 5 e E :87GR$: 5 7NVy��M']+W ; 5 :G�'� 5 �<;��#��7 5 ��7G�'�>;���;$��VPe��N��� EGE �H:U��Wæ;$� 5 R$:878� E
�'e$¦ 5 78Wi��S È � E �L��7U� E �+78�+Wî� 5 W<��M'��:U��W<�+e%:G�J� E �t�>�+� Ç �>��; 5%E CZ?de%:87G���>M'� E V	:8�+W 5�E �

•
5%E :G�'� 5%E ;$�b�>��;��0����7U®�W<�+:G7 5 � E �t�+7U��; 5 �t�+M 5 W)]+: 5 ; 5<5 R}� 5 e E :G78R$: 5 7'm

•
5 eXH�W<�>7 5 ;$��1���78�'I1��+� E M 5 �+��� E Y%R�� 5 W<]�: 5 ; 5 R�:G�'M.�'_>��m

•
�i��MH:8R�7U�3Wi�g$�'Wi�)Y%R��b�)���'M'9��<;$����g$�>�+R�S+T 5 ù§1��>7^��;$�K��e%:G�IúF��:G�'e�����m

•
� E �.e E :87GR�S È � E V�Y�R��b;$� E ��78�+1��+W 5 � 5 W)� 5 7G:8��W<�+e%: 5 ; 5 W<]�: 5 ; 5 m

•
R�W<�):U���t�+MK�<;$� E ��78�+1��+e�; 5 � 5 W 5<E T 5 :G7U��:U��;�� E � E ��g��+�>S È � E ;$�+e%:G7 5 ;$� E :G��W<]�: 5 ; 5 m

•
R�W<�`:8���t�+MK�^Y%R��d78�+MK���+� 5 e��`�+��;��a�'e E :87GRLS+T 5 ; 5 W<]�: 5 ; 5 � 5 WêR�Wi�`M'�.e�9��`e 5 ��7 5 ��7U��Wi��p
¦ 5 e%:G��m

•
R�W<�3:8���L�>M'�0Y%R��»78�+MK���+� 5 e��b�+��;���1���78�KI1��+MLM 5 �>��M�R�:G�'M.�'_>��;��b�t�+M 5 W<]+: 5 ; 5 � 5 W 5 e 5 W<�
;���R�Wi�<1I��7G�KI1��>MLM 5 �+��Mye 5 ��7 5 ��7U��Wi��pX¦ 5 e%:8��C

=^�>W : 5 ; 5%E � E8E � E ;���; 5%E E T 5 � E8E �>e����K��� E e��};$� E ��78�'S>T 5 ; 5�E W<]�: 5 ; 5�E(5 R�� 5 e E :87GR�: 5 78� E C
fZ5 7[��g$�+W<��M 5 V��^:8���t�+MK�(Y�R��@78�+MK����� 5 eL�^� E 1���78�'I1��+� E M 5 �>��� E � 5 W e 5 W<� E e 5 ��7 5 ��7U��Wi��p{¦ 5 e�:8�k]
H$:8�.MP����78��;$�>��R�7U��S>T 5 V�Wi� EFE R��3��R E I+e��+�'�be�T 5 �'W<�L�N;$�J�3� 5 7G78��:U�J��g$�>�+R�S+T 5 ;$�(R�W�W)]+: 5 ; 5 C
2 R���eL; 5 R�W\��7 5 ��7U��Wi�`]F��g$�>�+R$:8��; 5 eL� °�ö s,V�R�W\W)]+: 5 ; 5 ]d������� 5 e���; 5 �kW<�>;$�K��e%:G� E R��

�U9���W<��;��b�>W R�W 5 R�:G7 5 W<]�: 5 ; 505 RÍW<�>;$�K��e%:8� E R��)�U9���Wi��;����L�>M'�0��78¯���78�K�3°�ö s,V$�+� E�5 �+M'�
E �*v�� 5 W<]�: 5 ; 5 ��78�.e��+�.�L��MÌ; 5 ��7 5 ��7U��Wi��V 5 R E �*v���V 5 W<]�: 5 ; 5 i�S7^&S:b=`�TX�=gch�b=`�]�\�b�a�f:^cb�[
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� ° S=d:b�[7�VÒ)Ó � C D 5 ; 5 W<]�: 5 ; 5 � 5�E8E R��tR�W<�3�.e E :87GR�S>T 5 �.e��K���K��MXV 5 R E ��v���V$�+��;���W<]�: 5 ; 5 � 5�E8E R��
���t�+eL� E R�W � 5 e%: 5 ;$�Í�>e�:878��;���C�· E �'e E :87GRLS È � E0E T 5 ��g$�>�+R$:8��;�� E eL� E �NY=k�I+e��+�'�&Y�R��Í������p
78�>���>W¨e 5 W<]�: 5 ; 5 V E ��M.1 5i5 �	1	�'��W<�+e%:G�3Y%R���e�; 5ÍE T 5 ��g$�>�+R$:8��;�� E �.e E :G78R�S È � E ;��0;$� E 1	� 5 VP;$�
�U9���W<��;�� E ;$�JW<]�: 5 ; 5�E`5 RäY%R��JMK��e�S>��W��+g����>S È � E C
2 R���eL; 5 78�>�+�+�t� 5 � 5 e%:87 5 M.�F;$�6�+g$�>��RLS+T 5 V 5 W<]�: 5 ; 5 � 5�E8E R��	;�R�� E �78�>� E 78� E �+781I��;�� E ����7U�

E �{��R�Wi���7G�N� 5 e�;$� E T 5 ��78Wi��_+�>e���;�� EJE RL� E 1���78�'I1��+� E M 5 �+��� E �iR�W<���7G�N�ÍR�:G�'M.�'_>��;��}����7U�
��g$�N��R$:U��7 5 �t�+7U��S È � E CZ·ê��78�.W<�+�'7U�3]JR�W�1���: 5 7`Y%R���� E �.e E :87GR�S È � E �+e�;��+78�>S+��W�;$�'7G�+:8��W<�>e�:8�
R$:8�.M'�._N��e�; 5 V$����78�3� E8E�5 V 50â e�;$�K����;$���>��;��0�+M'�+W<�+e%: 5 ; 5 1���: 5 7NCØO2e�� E8E �(1���: 5 7`Y%R�� E T 5 :8��W)p
�t]+W´��78W<��_+�>e���; 5%E(5�E ��78��R�W)�>e%: 5�E �L� E8E ��; 5�E ����78� 5 W<]�: 5 ; 5 Cz= 5 �+� E�5 ;$�#W<]+: 5 ; 5�E ;$�
��MK� E8E �#ù � E :8�:G�K� 5%E ú�V 5�E ��78��R�W<�>e�: 5�Ea5 ��R�����W � E ��7G�'W<�+�'78� E � 5�E �'S È � E ;$� EGE �b1��+: 5 7>C`= 5 �+� EG5
;$�)R�W W<]�: 5 ; 5 ;��)�'e E :8®�e����K�-ù§e�T 5 � E :8�:G�K� 5 ú Vy�Í� 5�E �KS+T 5 _+�>7 5 ] 5 �+R�����;��Í�t�+MK�Í78��¦ �>7�I>e����K�
� 535 �$v*�+: 5 pw��M'1 5 ;��0�U9���Wi��;��J� 5%E ��78��R�W)�>e%: 5�E@E T 5 ��78Wi��_+�>e���; 5�E ������7�:8�.7F;��b� 5�E �KS+T 5 R�WäC
½^Wî1I��M 5 7F��7GWi��_+�+eL��; 5 e 5 1��+: 5 7F;$�J1���78�KI1��+� E M 5 �+��� E � 5 ;$� : 5 Wi��7FR�W 5 Rä; 5 � E � E ����S 5�E ; 5
1��+: 5 7>V$;$�>�L�>e�;$�+eL; 5 ; 5iE �>RÍ:8�.� 5 Cd½»Wî�>M.�>W)�>e%: 5 ; 5 :G�'� 5 �'e%:G�+�'7 505 RzR�Wi�<78��¦ �>7�I>e����K�0�0R�W
5 ��v*��: 5 : 5 Wi�<R�W H�e��K� 5 � E ����S 5 C D �'� 5%E � 5 W 5 M 5 e�� 5 R�; 5 R���M.�b: 5 Wi��W¨; 5 � E � E �L��S 5%E V$Wi� E
E T 5�E �>W<��7G�i�>e�;$�>7G�NS+��; 5�E �t�+MK� E �'e E :G78R�S È � E R$:G�'M.�'_>��e�; 5�5 eXH�W<�>7 5 ; 5 ��7G�'W<�+�'7 5 �+M'�+W<�>e�: 5
Y%R�� 5 �+R�����Wæe 5 1���: 5 7>C�=»� E :G�<�+� EG5 VPR�Wi�z�.e E :87GR�S>T 5 Y�R��)����� E8E �0;$�'7G�+:8��W)�>e%:G� 5}E �+��R�e�; 5
�+M'�+W<�>e�: 5 ]#�'M.�>����MXCz· Ç ��R�7U��"N��C."<W 5�E :G7U�}��� 5 e Ç ��R�78��S+T 5 �.e��'�+�'��M6; 5 1���: 5 7b;$�#1���78�KI1��+� E
M 5 �>��� E ;$�0R�W¨W<]+: 5 ; 5 ;$�)��MK� E8E ���3R�Wæ;$�b�'e E :U®�e��+�'��C`· E � 5�E �KS È � E �.e��K���K��M'W<�+e%:G�3e�T 5i5 ��R�p
����;�� E ; 5 1���: 5 7 E T 5 R�:G�'M.�'_>��;�� E �L��7U�(��7GWi��_+�+eL��7d� E 1I��7G�KI1��>� E M 5 �+��� E �`1���M 5 7G� E :G�>W)� 5 7U�78� 5�E
; 5 W<]�: 5 ; 5 C
i�S�^�S:b=`�]�\cb�aÊf � ñ�_&S=Q�\=a � b�[XS � Ñ¯h=\�[X��ö �
�

ZXZXZ
Ì

Variáveis locais

0

n

1

2

3

}x

k

]�\�b�a�f � ñ�_&S&Q�\=a � b'[7S � Ñðh=\�[7��ö �
�

ZXZ=Z
Ì

this

Variáveis locais

0

n

1

2

3

}
}

k

x

j[�'��R�7U�ä"N��C."»u#?kg$�+W<��M 5 ;$����M 5 �>��S>T 5 ;$����78��R�W<�+e%: 5�E e 5 1��+: 5 7^;��(1���7G�KI1��>� E M 5 �>��� E C

¤Ñ� E ����S 5 78� E �+781���; 5 ����78�»�^78�>��M'�'_>��S>T 5 ;$� 5 �t�+7U��S È � E ¦ R�eL��� 5 e��»e��`¦ 5 7GWi�»;��6R�Wi�»���.M'9���C
· W<��� 5 7G�K�3;�� E �.e E :87GR�S È � E R$:G�'M.�'_>� 5�E 1���M 5 78� E ��78Wi��_+�>e���; 5�E e 5)E �+RÍ: 5 � 5 � 5 W 505 �t�+7U��e�; 5%E
�3��7GWi��_>�+e�� E �+R E 7G� E R�MH:U��; 5%E :8��W3�t]+W«e 5 : 5 � 5 ;$� E :8�i���.M'9���C D 5 W<�+W 5%E � 5 W 5 ��g$�+W<��M 5 �
�'e E :87GRLS+T 5 üG��	�	aY%R��6: 5 Wi�»; 5 � E 1���M 5 78� E �.e%:G�>�.7 5�E � 5 W 5»5 �t�+7U��eL; 5�E �6��7 5 ;$R�_F� 5 W 5 7G� E R�M.:8��; 5
R�W�1���M 5 7Ø�'e%:G�+�'7 5 Y%R��F]`� EG5 Wi�(; 5�E ; 5 � E[5 �t�+7U��eL; 5�E Cá2 R���e�; 5 � EGE � �.e E :G78R�S>T 5 ]a�+g	�N��R$:U��;���V
�}���'M.9L��;$�+1��<:G�+7NVÌ�t�+M 5 W<�+e 5�E VØ; 5 � E �>M.�>W<�+e%: 5%E � 5�E ; 5 � E �+M'�+W<�+e%: 5%E Y%R��i� E :G�'1��>7G�>W e�� E
� 5�E �'S È � E e 5 : 5 � 5 ;��Í���'M'9��};$�+1��+W E �+7(�.e%:G�>�.7 5�E C 465 W 5 78� E R�MH:U��; 5 ;��z�.e E :G78R�S>T 5 V 5%E ; 5 � E
�+M'�+W<�>e�: 5�E Y%R��3� E :U�I1I��W¨e 5 : 5 � 5äE T 5 78��:8�.7U��; 5%E Vt�#���'M'9��Í;$�N��78� E ���3;��);$RL� E R�e��K;���;$� E � 5
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1���M 5 7^� 5 787G� E � 5 e�;��+e%:G� JiE�5 Wi�);���Y%R��+M'� E 1���M 5 7G� E ]�V��>e�:UT 5 V��+W<���'M.9L��; 5 C@= 5<Ç eL��MXV��i��M.:GR�7U�
;������.M'9�� Ç �>��R�Wi��R�e��';���;$�#�'e$¦ �>7G� 5 7 J Y%R��+MK��Y%R��i:8�.e�9L�&��e%:8� E ;�����g$�>�+R�S+T 5 ; 5 üG��	&	�C�·
Ç ��R�78�z"N��C �0W 5�E :G7U�0� E :8� E �.:GRL��S+T 5 C

8

Pilha de execução

0

18

IADD

Pilha de execução

0

10

jØ�'��R�78�ä"N��C ��u f �'M.9��<eL�<��g$�>�+R�S+T 5 ;��)�'e E :G78R�S+T 5 üG�&	�	�C
· E8E �'W}VPW3R��.:8� E ;�� E �'e E :G78R�S È � E ;��#°�ö sþ��:8R���W E�5 ��78�3�#���'M'9���V 5 e�;�� E T 5 �+g	�N��R$:U��;�� E

� E»5 �t�+7U��S È � E C»¤ R$:878� E �'e E :87GRLS È � E E �>7G1��+Wî�L��7U�#��78Wi��_+�>e���7 5 R�7G�N��R��t�+7U��7 5�E 1���M 5 7G� E Y%R��
� E :8T 5 e�� E 1���7G�KI1��>� E M 5 �>��� E Cz· E8E �'W}VÌ� 5 7b�+g	�>W<��M 5 VÌ����78� EG5 Wi��7b; 5 � E 1���M 5 78� E M 5 e�� 5%E Y%R��
� E :8T 5 ��78Wi��_+�>e���; 5�E e�� E 1I��7G�KI1��>� E M 5 �+��� E eXH�W<�>7 5%E /��^���^� 5 M 5 �>��7 5 78� E R�M.:8��; 5 eL��1���78�'I1��+M
eXH�W<�+7 5 "&;$�+1���p E �}��78�'W)�>�.7 5 �+W<���'M.9L��7 5%E 1���M 5 78� E ��78Wi��_>�+e���; 5�E e 5 1���: 5 7Í;$��1���78�KI1��+� E
M 5 �>��� E ����78��V��+e%:8T 5 V�¦§��_+�>7@� EG5 Wi�J�»;$�>� 5 � E :G7U��e E � 5 7G:8��7 5 78� E R�M.:8��; 5 ;$�^1 5 M.:8�J����78� 5 1���: 5 7
;$��1���78�KI1��+� E M 5 �+��� E Ck· E �'e E :G78R�S È � E � 5 787G� E � 5 eL;$�+e%:G� E ����7U�3� E8E�5iE �+78�'��Wä�

h=h=\X^=a � � _�f�T:b�h�Q�^�]�^�d:b��&]�_Xh�h=\�`�^Xh �h=h=\X^=a � � _�f�T:b�h�Q�^�]�^�d:b��&]�_Xh�h=\�`�^Xh��
h&^=aXa � i�\�f�^�aX\cb=i�_7h=_�f�_�[7S�\�i�[�\�S�\�T�\¤a7^�T�b�h�Q�^
h7i�S�\&d�_ } � a7_�i�_�f�T�b�h�Q�^�h=\�[7�£_£^&d�f:^��7_�[�^Ê[�^�]�^&d«Zph=\�`�^7h }

·^M']+W�;��b���.M'9��3� ;�� E 1���78�'I1��+� E M 5 �>��� E V%�'e E :87GRLS È � E � 5 ;$�>WË:U��W0�L]>W 78�>�+R��t�+7U��7@� ��78W<��p
_+�>e���7 5�E 1���M 5 78� E ;�� E 1���7G�KI1��>� E ;�� �'e E :8®�eL���K��� ;$�J��MK� E8E �»;$�»R�W�;���; 535 �$v*�+: 5 C@¤ E W<� E W 5%E
� 5 W<�+e%:8�7G� 5�E ¦ �>�H: 5�E Y%R���e�: 5ÄJ�E 1���7G�KI1��>� E M 5 �+��� EbE �+781��>Wæ:8��W3�t]+Wÿ����7U� 5�E 1���M 5 7G� E ��78W<��p
_+�>e���; 5�E e�� E8E � E 1I��7G�KI1��>� E V 5 R E �*v���Vy����7U�#R�:G�'M.�'_>�pXM 5�E ])e��>�+� E8E �7G� 5 :878��_
I�prM 5�E ��e%:G� E ����78�z�
���'M.9L��CØ·Q;$�.¦ �+78�+eLS+�^]aY%R��a� E 1���78�'I1��+� E ;$�`��MK� E8E �6�F;��6�'e E :8®�eL���K� E T 5 R�:G�'M.�'_>��;�� E ;$�'7G�+:8��W<�>e�:8�
� 5 7`W<�+� 5 ;$� E �>Rze 5 W<��C
fZ5 ;��+W 5�E �+M'� EGE � Ç �+��7)� E ����q&�'e E :G78R�S È � E � 5 787G�>e%:G�+W<�>e�:8�ä;�� Ç e��K;�� E ����7U�-�,°�ö sçe�� E

E �+��R��.e%:G� E �+��:G�+� 5 78�'� E �

•
Wi��e��.��R�M'��S+T 5 ;��0���.M'9��<� 5 W 5 9:�X�6$$VX9���9z�¶	���9P�@�)�.e E :87GR�S È � E m

•
�>W<���.M'9���W)�>e%: 5 ;$��� 5 e E :8��e%:8� E � 5 W 5 �L	&��VØüG���������þ"2�V³�&���������þn�c�7�±�¼�d��)�'e E :87GRLS È � E m

•
�>W<���.M'9���W)�>e%: 5 ;$�J1���78�'I1��+� E M 5 �+��� E � 5 W 5 ü±�L�'�&	�V|���L����	��F��o0�'e E :G78R�S È � E m

•
��7GWi��_+�+eL��W<�+e%: 5 ;��@1���M 5 78� E eL� E 1I��7G�KI1��>� E M 5 �+��� E � 5 W 5 ü��� �����+V����� �����+�[��oa�'e E :87GRLS È � E m

•
�+7G�K��S>T 5 ;$� 5 ��v*��: 5%EF5 R���7878�I� E � 5 W 5 ����ckVM!l�7�5�XüG������ce����������d�<�'e E :87GRLS È � E m
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•
�>W<���.M'9���W)�>e%: 5 ;$�J1���M 5 78� E ;$�b��7G7U�I� E � 5 W 5 üG���L����	�V|�&���L����	��6�)�.e E :87GR�S È � E m

•
��7GWi��_+�+eL��W<�+e%: 5 ;$�J1���M 5 78� E �>Wî��7878�I� E � 5 W 5 üG����� ������V³�&���� �����+�@�)�.e E :87GR�S È � E m

•
Wi��e��.��R�M'��S+T 5 ;��(1���7G�KI1��>� E � 5 W 5 9:�7� ¡«���L	�Vcü=��� ¡ª�
�L	��k�i�'e E :G78R�S È � E m

•
1��+78� Ç �+��S>T 5 ;$�J:G�'� 5%E � 5 W 5 ��$����%���������XVBü±����� ���:������ýU�@�)�.e E :87GR�S È � E m

•
5 �L�>78��S È � E ��7G�.:GW<]�:8�'�>� E � 5 W 5 üG��	�	�VÌü±�:��ü��@���<�'e E :G78R�S È � E m

•
5 �L�>78��S È � E M'¯����'�>� E � 5 W 5 ü���$X�HVÌü48X��� �`"I�3�'e E :G78R�S È � E m

•
� 5 e	1��>7 EGÈ � E � 5 W 5 ü · �¼V� · ü �^"No0�'e E :G78R�S È � E m

•
:878��e E ¦ �+7�I+e��+�'�);$�b� 5 e%:G7 5 M'�(� 5 W 5 ü ý��
	+V�ü=��� ��V"8���� �@��"J�.e E :G78R�S È � E m

•
� 5 W<����78��S È � E � 5 W 5 �L�
!19tV@	&��!19��H�6o0�.e E :G78R�S È � E m

•
;�� E 1%� 5 :G�'� 5 �£ckü±� ��$B�6�0�'e E :87GRLS È � E m

•
78��: 5 78e 5 ;$��W<]�: 5 ; 5 � 5 W 5 �������7���Vyü±�������7����k�)�.e E :87GR�S È � E m

•
�+g����>S È � E V������$��7ck�»"(�'e E :G78R�S+T 5 m

•
� 5 e%:G7 5 M'��;$�JW 5 e��.: 5 7G� E !"����ü±� �����
��� ��� V�!#���Lü±�)������8�ü±�X�@�0�.e E :87GR�S È � E m

•
�U9L��Wi��;�� E ;$��W<]�: 5 ; 5%E � 5 W 5 ü±�c�������
�>ü±��������HVÌü±�������&����� ���XüG�+�d�<�.e E :G78R�S È � E m

•
78� E �+781���; 5%E VM�
��������9���ü±���XVBü±!19�	&�)9M0�V[ü±!N9�	�� 9 · �6/)�.e E :87GR�S È � E m

•
5 �L�>78��S È � E �GY%R��'�Uº���� 5 W 5 �L	���þ�	��$üG�%��V����cÌþ�	��$üG�%���@��/)�.e E :87GR�S È � E m

•
5 R$:G7U� E ü ü±�:��V�cküG	��+V@����������L�
�=ü��±$$V�:��9t�k�i�'e E :G78R�S È � E C

12.2 O Assembler para Java
½^Wi�}�'e E :87GRLS+T 5 Y%R��<� 5 M 5 �+�ze��ä���'M.9�� 5 1���M 5 7�;��z1I��7G�KI1��>M[;��)�'e E :8®�e����K�lf � ��^&d};��ä�+M'� EGE �
ñ ��² h=^�iXi�]J� E �+��R��.e%:8���

��_�S7��b�_7h�a }Q� � _�f�T:b�h�Q�^¤\¤]�^7h=\�d�a7_�ñ ��² h=^�i=i|ZGf � �7^&d
s�� E V	� 5 W 5 ;�� E8E �>W 5�E ��e%:G� E V�R�W<�31���78�'I1��+M�;$� �.e E :8®�e����K��] �+e�;$�>7G�NS+��;��J�L�>M 5)E �>Rie 5 W<��C

?de%:8T 5 V 5 Y�R��^7G�>��78� E �+e%:8� 5 eXH�W<�+7 5 ">�Je��J�'e E :G78R�S+T 5 ü&�
� ¡ª�
�L	
� n �+W}V�� 5 76Y%R�� E :8T 5 ;$�^� Ç ���.p
I+eL���K��V�� E �.e E :G78R�S È � EkE T 5 78�+��7G� E �>e�:U��;�� E � 5 7kW<�>� 5 ;$� E �+R<��¯$;$�'� 5 ù*"a�	�%:G�Iú[�a��M.��R�Wi� E ;$�>M'� E
:�I>W E �>R E ��78��R�W<�>e�: 5�E V>���+7U��M'W<�+e%:G��VI;��@:U��Wi��e�9 5^Ç g 5 C[· E8E �'W}V��+W\1��+_6;��F��7GWi��_>�+e���7t�Gs��%p
4 MK� E8E C W3�	öd��7�� � 5 W 5 �L��7G:G��;��)�.e E :87GR�S>T 5 V	�>��;��<�+M'� EGE � � 5�E8E R��BR�Wi�0:8���L�>M'�<;$�b� 5 e E :8��e�:8� E C
û(��; 5%E � 5 W 5 �Í78��¦ �>7�I>e����K� J 1���78�'I1��+M³ñ ��² h=^�i=i|ZGf � �7^&d E T 5 ��78Wi��_+�>e���; 5�E e�� E :8�Í:8���t�+MK�ä�
78��¦ �+78�+eL���K��; 5%E e�� E �'e E :G78R�S È � E CJ· E8E �'W}V 5 eXH�W<�+7 5 ">�Í�.eL;$�'�>�Í�z�+e%:G7U��;��ie�� E8E �i:8���L�>M'�zY%R��
;$�>1�� E �>7`R E ��;��0e��<��g$�N��R�S>T 5 ;��)�.e E :G78R�S>T 5 C
? E :G�ä]z���t�+eL� E R�W ; 5�E W3R��.: 5%E ;$�+:8��M.9�� E Y%R��Í¦§��_+�>W � 5 W Y%R��ä��� 5 e E :87GRLS+T 5 ;��ÍR�W

��7UY%R��'1 5 ;$�i�+M'� EGE � E �*v���Vye 5 W â e��.W 5 Vy:G7U������M.9 5�EG5 C f ��7U�i¦§���+�.M'�.:8��7(� E :G�0:G7U���L��M'9 5 C��+g	� E :G�+W
��M'��R�e E ��7 5 ��7U��Wi� E �i���'��M'� 5 :G�N�+� E Y%R�� 5 ¦ �+78�>�+�+W R�Wi�}�'e%:G�+7G¦§���+�<W<��� E ����7U��;�I1��+M[����7U�z:8��M
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:8��7G�+¦§��CñO 5 �>� EG5 ; 5 °�� E W<�'eêù{°��I1��,· EGE �+W0��M.�>7 l e%:G�+7G¦§���+�Nú�C fZ5 7#W<�+� 5 ;$�>M.��VF� 5 ;$�+W 5%E
:G7U��e E ¦ 5 7GWi��7JR�W´��7UY%R��'1 5 :G��g	: 5 VZY�R��#;$� E ��78�+1��<���+M'� EGE ��ù E R�� E 1I��7G�KI1��>� E VyW<]�: 5 ; 5�E �+:8��Cªú V
�+WîR�W¨��78Y%R��'1 5 ;$����MK� E8E ��Ck¤ R E ��v���V	:878��:8��p E � ;$��R�Wî1��+7U;���;$�+�'7 5 W 5 e%:8��; 5 7F����7U�)�)°�ö sàC
fZ5 7`�+g	�>W<��M 5 V��)�.e E :G78R�S>T 5 ���.:8��;��)�<� 5 RL� 5iE �>7G�K�);$� E ��78�H:U�<;�� E �>��R��'e%:G�(¦ 5 78Wi���

� _�f�T�b�h�Q�^�\¤]�^7h=\�d£aX_�ñ ��² h=^�iXi@ZGf � ��^�d
��_�S7��b�_7h�a ñ ��² h=^�i=i&W�f � �7^&d a ©X^&]�^7W��7S:b�hXW!��_�`�S�\�d �

· ��78�.W<�>�.7U�<����7G:G�����L¯ E �<�.e E :87GR�S>T 5 �'e�;$�K�+� 5 e 5 W)�b;��<1I��7G�KI1��>MP�b� E �>��R�e�;���V 5 :G�'� 5 Y%R��
E �0� E �t�+7U�Í;$� EGE �#1���7G�KI1��>M{C�= 5 ·^��I+eL;$�'�+� 4�E T 5 ;���; 5�E ��M'��R�e E ;���:8��M.9�� EJE�5 ��78� 5 °%� E W<�.eÌV
��:8]^W<� E W 5 � E 78��¦ �>7�I>e����K� E ;�� 5 eL;$�`�+e�� 5 e%:G7U�prM 5 �(� 5 W 5�5 �$:�I+pXM 5 e�� l e%:8�+78e���:NC[=»� E :8� E �>S>T 5
����7G� E �>e�:U��78�+W 5�E ���t�+eL� E ��M'��R�Wi� E �+��7U����:G�>7 âKE :8�'�>� E Y%R��JR$:G�'M.�'_>��7G�>W 5�E Wi��� E ��;$�K��e%:8��C
f ��7U�^;$� E ��78�+1��+7 5%E � 5 W<� 5 e��+e%:G� E ;��»��MK� E8E ��V 5 °�� E W<�'eb;$� Ç e��dR�W\� 5 e�v*R�e%: 5 ;$�@;$�'7G�+:G�'1�� E C

½^Wi�-;�� E Y�R��ÍR E ��78�+W 5�E e������>78��S+T 5 ;$�z�+¯	;��.� 5 ����7U�
X++

]ä�&;$�'7G�+:G�'1���Z�i�\��7d�`�_�V[Y%R��
� E �t�>��� Ç �>�^Y%R���M 5 e 5 W)�F; 5 ��78Y%R��'1 5 p{¦ 5 e%:G�dY%R�� 5 7G�'���'e 5 R 5 ��7UY�R��.1 5 ;$�F�+M'� EGE ��CØ½`:G�'M'�._N��78�+W 5�E V
���'e�;���V%� E ;��.78��:8�.1�� E Z�`&h=^�iXi(�¯Z�i��XT�_&dPCÌ· ��78�.W<�+�'7U�3;$�'_(Y%R���ML] 5 e 5 W<�(;��3��MK� E8E � Y%R��»� E :U
;$� E �+7G�.:8�äe 5 ��7UY%R��'1 5 �#� E �+��R�e�;���V 5 e 5 W<�#;�� E R�� E R��L�>78�+M'� EGE ��Ci½^W´��7UY%R��'1 5 : â ���'� 5 ; 5
°%� E W)�'eä�.e��K���K��p E �(� 5 W¨� E`E �>��R��'e%:G� E ;��.78��:8�.1�� E �
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12.3 Implementação
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�+M'�)e�T 5äE ��v��Í;$�N��MK��7U��; 5 �t�+M 5 ��7 5 ��7U��Wi��; 5 7>V 5 ��78¯���7G� 5 ��eL��M'� E ��; 5 7 E �+Wi®�e%:8�'� 5 ��R��K;���78z;$�
�'e E �>7G�.prM 5 e��):8���L�>M'�<;$� EGâ W3� 5 M 5�E CZ=»� E :G�b�>� EG5 V 5 �+��W<� 5 Å A É D ;��<�>e�:878��;��0]�1��+7U;���;$�+�'7 5 �
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9�:�;%<�:�=?>�=�D © B�ªF n J�O Y Z LPp�; Z&[ Ù�; [�G Ñ G&H Ù�YQ=�^�^UÐ6; [ ¥QÓ6; [�G y�Ù�YQ=�^Q^UÐ6; [ ¥%Ó6; [�G v�{
\ K%N :�;&ß6^PÑ G&H Ù�; [�G ��v�L G n K6Z ; H
_ ×
d � H�K :Q¥ Û�GQK%N ; [ YåÕ
e
g Z a-yuvA`�` H�J Y�Y6{í: GQK%J : H Õ
h
i Ù�; [�G Ñ G&H Ù�YQ=�^�^bÞ G LQY&� Z ^ K Ó6; [�G yuv/B�LQY Z ^ K {�Õ
k Ù�; [�G Ñ G&H Ø�=Q:QÞ G LQY&� Z ^ K Ó6; [�G yuv/B�p�Y Z ^ K {�Õ
Frq YT`SÙ J : K = O Y G B > GQK%N ; [ ï ZbH�[ Ò H LQYQ=�^�^çy?lUL%; H ^ K : J L K ;%:�l�ö HQJ Y�Y6{�Õ
FuF Z a-yÜY�B�a�= j6G {
Fr\ Ñ G :�=�Ù�; H ^ K : J L K ;%:%Þ G a�= J Y K yE{�ÕíR�RA^ G LQ; H ^ K : J�K ;%:c�Ta�=�Y�^Q;çö < G :�= [�G a�= J Y K
Fr_
F|d Ù�; [�G Ñ G&H Ù�; H ^ K : J L K Þ G LQY&� Z ^ K Ó6; [�G yuv/BîL K Y Z ^ K {�Õ
Fre Ù�; [�G Ñ G&H�Û�GQK%N ; [ Þ G LQYU� Z ^ K Ó�; [�G yuvCB >�Y Z ^ K {�Õ
Frg ë �

9�:�;%<�:�=?>�=�D © B��F n�: Z p�= K�G p�; ZU[ Ñ G :�=QÙ�; H ^ K : J L K ;&:QÞ G a�= J Y K yE{
\ ×
_ Î K : Z?H <
^ J nÌÕ
d � H�K :Q¥�Ù�YQ=�^Q^cLQLçÕ
e
g L�LX`�y�� H�K :�¥�Ù�Y%=�^�^�{PÙ J : K = O Y G B�Y G p G Y J nÌÕÈR�Ron G <�=MLQY%=�^�^ G LQ;&:�: G&H�K�G
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h Z a-yîL�LåB�n6=Q: G&H�K ñ�` H�J YQY6{PR�RP=�L N = H ;?> Gt[ =A^ J n G :6L%YQ=�^�^ G
i ^ J nc`SL�LåB|n�=Q: G&H�K B�LQ;?>�n6Y GQK�G Ó�=b> G yE{�Õ
k G Y�^ G
Frq ^ J nc`
l Ö =Qp�=�R�YQ= H <�R�� O�Ö%G L K l�Õ
FuF
Fr\ R�RX< G :�=M;tLQx [6Z <�;Xn6=Q:�=M;SLQ; H ^ K : J�K ;%: [�G a�= J Y K
Fr_ n J�K Ù�; [�G yE{�Õ
F|d n J�K Ù�; [�G y?l�Õ�Þ G a�= J Y K LQ; H ^ K : J L K ;%:/BÜÙ�=�YQY�^S^ J n G :CyE{�l&{�Õ
Fre n J�K Ù�; [�G y?l�B > G%K%N ; [ n J�O Y Z L ä�ZbH�Z&K�} yE{�Ø�l%{�Õ
Frg n J�K Ù�; [�G y?l�B�Y Z > Z&K Y�;�L%=�Y�^
D�l%{�Õ
F�h n J�K Ù�; [�G y?l�B�Y Z > Z&K ^ K =�L j D�l%{�Õ
Fri n J�K Ù�; [�G y?l?=�Y�;%= [ ÏQs�l&{�Õ
Frk n J�K Ù�; [�G y?l ZbH p�; j6G ^bn G L Z =�Y!l fM^ J ncfml?R ä�ZbH�ZUK�} yE{?Ø�l%{�Õ
\uq n J�K Ù�; [�G y?l�: GQK&J : H l%{�Õ
\�F n J�K Ù�; [�G y?l�B G&H�[ > GQK%N ; [ l%{�Õ
\u\ ë �
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\ ×
_ � Z ^ K Ó6; [�G nÌÕ
d � H�K :Q¥QØ�=Q:cYåÕ
e � H�K :Q¥���= O Y G LX` H�J Y�YåÕ
g
h Z a-yuvA`�` H�J Y�Y6{í: GQK%J : H Õ
i
k a�;&:ãyrnM`Pv/B�p�=Q:�^çÕ(nòñu` H�J Y�YåÕðnM`Tn B H6G v K {
Frq ×
FuF Ø�=Q:QÓ�; [�GtI `�y�Ø�=Q:%Ó6; [�G {ínÌB H ; [�G Õ
Fr\
Fr_ R�Ron G <�=wp�=%: Z%à p G Y H = K = O6G YQ=
F|d YP`SÙ J : K = O Y G B�p�=%:�ï ZbH�[ y I B|n�;�^ Z&K6Z ; H B Z >�=%< G {�Õ
Fre
Frg R�RT< G :�= [6Z : GQK6Z p�= B�a Z%G Y [
F�h n J�K Ù�; [�G y?l�B�a Z%G Y [ n J�O Y Z LmlÈfAY�B H =b> G f
lSl fAYåB [ ^�L×Í&=Qp�=�yE{Q{�Õ
Fri ë �
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;$����� 5 7U; 5 � 5 W 5 ����;$78T 5 ; 5 °�� E W<�'eÑ��°�ö s,V6]ðõ�b'[�b�S   � 5 :G�'� 5 ;$�&7G�+: 5 78e 5 ]�����üG	�V
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9�:�;%<�:�=?>�=�D © B('F n J�O Y Z LPp�; Z&[ Ù�; [�G Ñ G&H Ù�; H ^ K : J L K Þ G LQYUÓ6; [�G yuÙ�; H ^ K : J L K Þ G L%Y&Ó6; [�G v�{
\ ×
_ � H�K :Q¥ Û�GQK%N ; [MK Õ
d � H�K :Q¥Q� G LP:A` H�J Y�YçÕ
e � H�K :Q¥���= O Y GcG Õ
g � H�K :Q¥�Ù�YQ=�^Q^ K&N�Z ^�LQY%=�^�^çÕ
h � H�K :Q¥QØ�=Q: K%N�Z ^&p�=Q:�Õ
i � Z ^ K Ó6; [�G nÌÕ
k Ø�=Q:QÞ G LQY&Ó6; [�GAI Õ
Frq Ø�=Q:QÓ�; [�GPJ Õ
FuF ZbH�KPH Õ
Fr\ Î K : Z?H <
^ J nc`
l�l�Õ
Fr_
F|d Z a-yuvA`�` H�J Y�Y6{í: GQK%J : H Õ
Fre nA`tv/B O ; [ ¥/B|n6=%:�=b>áÕ
Frg H `Ss�Õ
F�h
Fri R�RÈ>�; H�K =A=SY Z ^ K =MLQ;?>m;�^ K6Z n6;�^ [ ;�^ín6=Q:�âb> GQK :�;�^
Frk ß N�Z Y G yrnêñu` H�J Y�Y6{
\uq ×
\�F R�R I ` H xAL%;?>m= [�G LQYQ=Q:�=!² � ; [ ;ín6=Q:�âb> GQK :�;
\u\ I `�yrØ�=Q:QÞ G LQY&Ó6; [�G {on B H ; [�G Õ
\u_ J `�yrØ�=Q:QÓ6; [�G { I B�p�=Q:6^åB H ; [�G ÕóR�R J ` H xSLQ;?>�; H ;?> GSGP[6Z > G&H ^ � ;
\�d H f�f�Õ
\ue
\ug R�Rt=�L N =S= G&H�K :�= [ = [ ; K�Z n�; H = K = O6G Y%=
\�h G `SÙ J : K = O Y G B�LQY%=�^�^&ï Z?H�[ è�nÌy I B|n�;�^ Z&K6Z ; H B Z >�=Q< G {�Õ
\ui
\uk R�RSL%; H ^ K :�x Z =AY Z ^ K =MLQ;?>m;�^ K6Z n6;�^ [ ;�^ín6=Q:�âb> GQK :�;�^
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_uq :S` H�G ßt� H�K :�¥Q� G Lçy G ö J B [�Z >áö H ö(:�{�Õ
_�F nM`TnÌB H6G v K Õ
_u\ ë
_u_
_�d Î K : ZbH <Pn�=Q:�Y Z ^ K `ml�l�Õ
_ue Z a-yu: ñu` H�J Y�Y6{
_ug ×
_�h :S`t:CB ZbH p G : K�G yE{�Õ R�R ZbH p G : K�G =tY Z ^ K =
_ui R�R >�; H�K = [�G ^�L&: Z&K ;%:tn6=Q:�=AL%= [ = J > [ ;�^ n6=Q:�âb> GQK :�;�^
_uk n6=Q:�Y Z ^ K `t:CB [ ^�L×Í&=Qp�=�yE{�Õ
d�q ë
dîF
d�\ R�RT=�L N =A= G&H�K :�= [ = [ ;tLQ; H ^ K : J�K ;%: H = K = O6G YQ=
d�_ K `SÙ J : K = O Y G B > GQK%N ; [ ï ZbH�[ y?lULQ; H ^ K : J L K ;%:�l�ö :�{�Õ
dud Ù J : Û�GQK%N ; [ ` K Õ R�RP< J =%: [ =o>�� K ; [ ;MLQ;&:�: G&H�K�G
d�e
d�g R�RX< G :�=cL%x [6Z <�;on6=Q:�=A;SL%= O6G ²&=�Y N ; [ ;tLQ; H ^ K : J�K ;&:
d�h n J�K Ù�; [�G yE{�Õ
d�i n J�K Ù�; [�G y?l�B > G%K%N ; [ n J�O Y Z L ä�ZbH�Z&K�} y?lofon6=Q:�Y Z ^ K f�l%{�Ø�l%{�Õ
d�k R�R H W%> G :�;o> à v Z >�; [�G YQ;�L%= Z ^ J�K6Z Y Z V�= [ =�^
euq n J�K Ù�; [�G y?l�B�Y Z > Z&K Y�;�L%=�Y�^ml f K B K ; K =�Y�Y�;�L%=�Y�^�{�Õ
e�F R�Rín G <�=A= G&H�K :�= [ = [ =SLQYQ=�^�^ G LQ;%:�: GUH�K�GPH = K = O6G Y%=
eu\ K%N�Z ^�LQYQ=�^�^t`-y�� H�K :�¥�Ù�YQ=�^�^�{PÙ J : K = O Y G B�Y G p G Y J nÌÕ
eu_ R�Rín G <�=M; H ;?> GP[ =M^ J n G :6LQYQ=�^�^ G
e�d Z a-y K%N�Z ^�LQYQ=�^Q^åB|n6=Q: G&H�K ñu` H�J YQY6{
eue ^ J nc`�y�y�� H�K :�¥�Ù�Y%=�^�^�{ K&N�Z ^�LQY%=�^�^åB|n�=Q: G&H�K {�BîLQ;?>�n�Y GQK�G Ó6=b> G y�{�Õ
eug G Y�^ G
e�h ^ J nc`
l Ö =Qp�=�R�YQ= H <�R�� O�Ö%G L K l�Õ
eui
euk R�RXp G : Z a Z L%=c^ GPK�G >zL N =b>�= [ =A=�;S^ J n G :6LQ; H ^ K : J�K ;%:
guq Z a-y�ñ Ù J : Û�GQK%N ; [ B N =�^�^ J n G :�{
g�F × R�RA^ GXH6� ;åö3L N =b>�=M^ J n G :Cyé{�{
gu\ n J�K Ù�; [�G yé{�Õ
gu_ n J�K Ù�; [�G y�l?=�Y�;Q= [ ÏQs�l�öXDQ{�Õ
g�d n J�K Ù�; [�G y�l ZbH p�; j6G ^bn G L Z =�Y!l fM^ J ncfmlbR ä�ZbH�Z&K�} yE{?Ø�l�ö ¨ DQ{�Õ
gue ë
gug
g�h R�R ZbH�Z L Z = J > H ;&p�; G ^�L%;Un�; H = K = O6G Y%=MLQ;%:�: G&H�K�G
gui Ù J : K = O Y G B O6G < ZbH Î�LQ;bn G yE{�Õ
guk
h�q K%N�Z ^&p�=Q:M` H6G ßS� H�K :�¥QØ�=Q:Cy?l K&N�Z ^�l�ö K%N�Z ^�LQYQ=�^Q^çöÜs�{�Õ
h�F Ù J : K = O Y G Bu= [�[ y K%N�Z ^Up�=Q:�{�Õ R�R Z?H LQY J�Z p�=Q: Z%à p G YAY�;�L%=�Yml K%N�Z ^�lTLQ;?> H W%> G :�;Ps
h�\ Ó6YQ;�L%=�Y�^t`cD�Õ R�R ZbH�Z L Z =�Y Z V�= H W%> G :�; [�G p�=Q: Z%à p G�Z ^SY�;�L%= Z ^
h�_
hrd R�R ZbH�Z L Z =�Y Z V�= H W%> G :�; [�GSG ^bn�=!²Q;�^S;�L J n6= [ ;�^ H =Xn Z Y N =
h�e ^ K =�L j Î Z V G `A^ K =�L j # Z < N `ts�Õ
h�g Ù�; [�G Ñ G&H�Û�GQK%N ; [ Ð6; [ ¥%Ó6; [�G y�v/B O ; [ ¥�{�Õ
huh Ù J : K = O Y G B G&H�[ Î�LQ;Un G yE{�Õ R�RT: G%K6Z :�=Sp�=%: Z%à p G�Z ^SY�;�L%= Z ^ [ = K = O6G YQ=
h�i n J�K Ù�; [�G y?l�: GQK&J : H l%{�Õ
h�k n J�K Ù�; [�G y?l�B�Y Z > Z&K ^ K =�L j l f-y K B K ; K =�Y�^ K =�L j `M^ K =�L j Î Z V G {�{�Õ
iuq n J�K Ù�; [�G y?l�B G&H�[ > GQK%N ; [ l%{�Õ R�RTa ZbH =�Y [ ;í>�� K ; [ ;
i�F ë �
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?dW E �>��R��K;���VÌe��}M.�'e�9���o��VØ])���+7U��;��}�};$�'7G�+:G�'1��¡Z6h�b�f³b�S£h&\�`�^7h�i<R�:G�'M.�'_>��e�; 5 �}�'e$¦ 5 7Gp
Wi��S>T 5�EG5 ��78� 5 eXH�W<�>7 5 ;��Í1���78�'I1��+� E M 5 �>��� E Y%R�� 5 W<]�: 5 ; 5 R E ���zY%R��Í¦ 5 �F��7G�>1	�'��W)�>e%:G�
ù§��e��M'� E � E �+Wi®�e%:G�K�+�%ú@�>��MK��R�MK��; 5 �J��R���7U;���; 5 e��0:U���t�+MK�);�� E�â W3� 5 M 5�E Ck· �L��7G:G�'7^;�� â V$�.e��'�+�'��p
E � �b���+7U��S>T 5 ;�� E �'e E :G78R�S È � E ; 5 � 5 e E :87GR�: 5 7NCØ·»e%:G� E ;$�(�'e��'�+�'��7F�3���>78��S+T 5 �L��7U� 5 � 5 78� 5 ; 5
� 5 e E :G78R$: 5 7>VI1��>7G� Ç �>��p E � E �6� E :8� E �@�'e��K���K� � 5 W R�Wi�(�U9���Wi��;��^� 5 � 5 e E :87GR$: 5 7Z;�� E R��t�+7U��MK� E8E ��C
? E8E �)�'e$¦ 5 78Wi��S>T 5 ¦ 5 �Ì��78Wi��_>�+e���;��be��)�>e�:878��;��); 5 W)]+: 5 ; 5 V�e��0:8���L�>M'�<;$� EGâ W0� 5 M 5%E C 4 � EG5
e�T 5 �+g$� E :8�z:8��M@�U9���W<��;��z]i���+7U��; 5 �+¯	;��.� 5 �U9L��Wi��e�; 5z5 � 5 e E :G78R$: 5 7�;�� E R��L�>78�+M'� EGE � E �+W
e��>e�9	R�W¨��7G��R�W<�+e%: 5 ù M'�.e�9��<���%ú�C
?dW E �>��R��K;�� E T 5 ¦ �+�.:8� E ��M'��R�W<� E �.e��'�+�'��M.�'_>��S È � E ��e�:8� E ;�� E �#�U9L��Wi��7 5 W<]�: 5 ; 5 ����7U�

���>78��76�+¯	;��.� 5 ����7U� 5 � 5 7G� 5 ; 5 � 5 e E :G78R$: 5 7>CØ?dW�����7�:8�'�+R�M'��7>V E T 5 �'e��K���K��M'�._N��;�� E � E 1���78�KI1��+� E
³�?�A o�É ;å�òµ�D � ³�?�A o�É7f �%Á�� Y�R��&� 5 e�:87 5 M'��W 5 eXH�W<�+7 5 ;$�-� E ����S 5�E R$:8�.M'�._N��; 5%E e��à���.M'9���C
? E :8�}�'e$¦ 5 78Wi��S>T 5 ]iR$:G�'M.�'_>��;��}����78�z���>78��7J��;��.78��:8�.1��£Z�h�b�f³b�S�i�S7^�`�öPVÌ���t¯ EJ5 78��: 5 78e 5 ;$�
��� H7D�»XD��6ÊMD7?�� � HQº � H�<6½ � HXD CPök�*v���W 5�E V$�+e%:8T 5 V�� 5 W 5 � EGE �(1I��M 5 7`]��+��MK��R�M'��; 5 C
· �>��;��b�.e E :G78R�S>T 5 Y%R�� ]»���>78��;���V�R$:G�'M'�._N��e�; 5 p E � 5 W)]+: 5 ; 5�N���? ��� H7D V�� 5 ;$��p E � �.e�¦ 5 78W<��7

Y%R���M�]@�a1���78�'��S+T 5 ù§� 5%E �.:G�'1�� 5 R�e��+����:G�'1���úPe 5 :U��Wi��e�9 5 ;��`���.M'9���C fZ5 7B�+g	�>W<��M 5 VN�^�.e E :G78R�S>T 5
üG��	&	)]0���+7U��;�� E �>W)��7G� E �<�U9���Wi��e�; 5#5 W<]�: 5 ; 5 TX�7S ² \=a7_ � � b�^=aXa � Ñ�� } � VL�'e�;$�K�+��e�; 5 Y%R��
�����'M.9L�,;$�>�+7G� E �+��;$��R�Wi�,R�e��K;���;$��� 5 W ���+g	�N��R�S>T 5 ;$� E :U���.e E :G78R�S>T 5 C · E8E �'W}V^;$�+e%:G7 5
; 5 W<]�: 5 ; 5µNC�:? ��� H�D �+g$�.���K; 5 e 5 ��7 5 ��7U��Wi�&"I�$C ��VB� 5 ;$��p E �#� 5 e%:87 5 M'��7 5 :U��Wi��e�9 5 Y%R��#�
���'M.9L�0;$�>1�� :G�>7a���L¯ E �0��g$�N��R�S>T 5 ;��0�'e E :87GRLS+T 5 ��V$� 5 7G:8��e�: 5 V�:8��W3�t]+W 5 :8��Wi��e�9 5 W<�g$�.W 5
Y%R��3�i���.M'9��Í��M'�>��e�S>�i;$R�7U��e%:G�b�Í��g$�>�+R�S+T 5 ; 5 W<]�: 5 ; 5 C^·�1I��7G�KI1��>M ³�?�A o�É!f �&Á�� ��RL��7U;�� 5
:8��Wi��e�9 5 ;��)���'M'9��b��� 5 787G�>e%:G� � V	���t¯ E �)��g$�>�+R�S+T 5 ;��0�'e E :G78R�S+T 5 V$� ³�?�A o�É ;å�òµ�D V 5 :8��Wi��e�9 5
Wi�g$�'W 5 ��MK�+��e�S+��; 5 C f ��7U�ÍY%R��<� E :8�}��� 5 7U;������+W«¦ R�eL��� 5 e��<9�}��M'��R�W<� E 7G� E :87G�KS È � E Y%R��i�
���>78��S+T 5 ;$�b�+¯	;��.� 5 ;$�>1�� E �+��R��.7NCZ?dM'� E`E �>78T 5 �+g$��M.�K�+��;�� E e�� E �>S>T 5 "N��C /�C /�C

9�:�;%<�:�=?>�=�D © Bu®F n�: Z p�= K�G p�; ZU[ n J�K Ù�; [�G y�Î K : ZbH <m^çö ZbH�KcZbH L�{
\ ×
_ ^ K =�L j # Z < N f�` Z?H LçÕ
d Z aãyî^ K =�L j # Z < Nm} ^ K =�L j Î Z V G {
e ^ K =�L j Î Z V G `A^ K =�L j # Z < N Õ
g a&n B|n�: Z?H�K Y H y�lbõ K õ K lPfS^�{�Õ
h ë
i
k n�: Z p�= K�G p�; ZU[ n J�K Ù�; [�G y�Î K : ZbH <m^�{
Frq ×
FuF n J�K Ù�; [�G yî^çöÜs�{�Õ
Fr\ ë
Fr_
F|d n�: Z p�= K�G p�; ZU[ n J�K Ù�; [�G yE{
Fre ×
Frg a&n B|n�: Z?H�K Y H yé{�Õ
F�h ë
Fri
Frk n�: Z p�= K�G p�; ZU[ n J�K ��= O6G Yåy�Î K : ZbH <�^�{
\uq ×
\�F a&n B|n�: Z?H�K Y H y�^�{�Õ
\u\ ë �
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·����+7U��S+T 5 ;$�z�+¯	;��.� 5 ����7U����;$�N��MK��7U��S+T 5 ;$�ÍW<]�: 5 ; 5�E0E �>��R�� 5 W<� E W 5 � E Y%R��>W<�&;��
;$�N��MK��7U��S+T 5 ;$�b� 5 e E :G78R$: 5 78� E V�� 5 7`� EGEG5iE �>78 5 W<�.:G�K;��i��Y%R��XC

12.3.1 Geração de código para os comandos
f � E8E �>W 5�E V��+e%:8T 5 V J ���>78��S+T 5 ;$�)��¯$;$�'� 5 ����78�i� 5�E � 5 Wi��e�; 5�E C`·�;$�N��MK��7U��S>T 5 ;$�b1���78�KI1��+� E
M 5 �>��� E eLT 5 ���+7U�3��¯$;$�'� 5 V�Wi� E ��78�>�+� E ��W 5%E V%� 5 W 5 v��¦ �+�.: 5 e��0��e��M.� E � E �>Wi®�e%:G�K�+��V%�+R��';���7a;$�
�'e���M'R â pXMK� E e��i:U���t�+MK�Í;$� E�â W3� 5 M 5�E Vt� 5 � E Y%R���e�; 5 R�W � 5 Wi��e�; 5iÇ _+�>7 78��¦ �>7�I>e����K�#�z��M'��R�Wi�
;$�>M'� E ��78�>�+� E ��78�+W 5�E ;��@��M'��R�Wi� E �'e$¦ 5 78Wi��S È � E ����7U�`�`���+7U��S+T 5 ;$�6�+¯	;��.� 5 CÌ· EGE �.W}V 5 W<]�: 5 ; 5
Y%R��):G7U��:U�z;��};$�N��MK��7U��S>T 5 ;��)1���7G�KI1��>� E ] E �'W<�.MK��7�� 5 1	� E : 5 e 5 �>��� â :GR�M 5 "�"�C0·^M'� 5�E �.W<�'M'��7
��� 5 e%:G�N���#�L��7U� 5 :878��:8��W)�>e%: 5 ;$�}� 5 Wi��e�; 5 � 5 W<� 5�E : 5 V��6� H�D�»XDQ��ºOC ��o�É ½ � HXDÌ¿�ºËC �7o�É ½ � H7D
¹ Ã C
l e��K���K��W 5�E � 5 W R�W � 5 Wi��e�; 5 ��� E :U��e%:G� E �.W<��M'� E � 5 � 5 Wi��eL; 5 T7d�b�[7SPC = �����+7U��S>T 5

]ÍR�:G�'M.�'_>��;���R�Wi�-�U9���Wi��;���� 5 W<]+: 5 ; 5 9:� ü±��� EG5 ��7G�Í�&1���78�'I1��+Ml������� �
!o�±���7�3; 5 78R�e%:G�'W<�
°%�I1I��V%Y%R��»:8��W3�t]+W � E :8);$� E � 5 e â 1��+Mte 5 78R�e%:G�'W<�

X++
C[? E :U�3](R�Wi�3;�� E 1I��e%:8�����+e E �+W E �

R$:8�.M'�._N��7Z�»°�ö s�� 5 W 5 ��M.1 5 ;��»���+7U��S>T 5 ;$�a��¯$;$�'� 5 C[¤ÑW<]�: 5 ; 5 W 5�E :G7U��; 5 e 5 ��7 5 ��78��Wi�J"N�$C �
��78�.W<�>�.7 5 ���+7U�Í��¯$;$�'� 5 Y%R��)�+W<���'M.9�� 5ä5 �$v*�+: 5 �c���� ��!��±���7�XVB;$�+� 5 � E �U9���W<� 5 W)]+: 5 ; 5 Y%R��
���>78� 5 �+¯	;��.� 5 ����78�#�z��g$��78� E8E T 5 ; 5 T7d�b�[7SPVt;��+�.g$��e�; 5z5 78� E R�MH:U��; 5 e 5 : 5 � 5 ;��Í���'M'9���Vy��V
�+e%:UT 5 V����+7U� 5 ��¯$;$�'� 5 ����78�<�#�U9L��Wi��;��<; 5 W<]+: 5 ; 5 �«� ü±�c�W���*������!o� 9:� ü±���XV�Y%R��bWi��eL;��<����7U�
� E � â ;���pr����;�78T 505ÍE :G78�'e��#Y%R��b� E :8#e 5 : 5 � 5 ;��i���'M.9���C`= 5 :8�be��i�U9���Wi��;��i;$� N���? ��� H7D�5%E
1���M 5 78� E �J�.eL��78�+W<�+e%: 5 �b;$�N��78�+W<�+e%: 5 ; 5 :U��Wi��e�9 5 ;��)���.M'9���C

9�:�;%<�:�=?>�=�D © B ¬F n J�O Y Z LPp�; Z&[ Ù�; [�G Ñ G&H 9�: Z?H�K Ó6; [�G y�9�: Z?H�K Ó6; [�G v�{
\ ×
_ K ¥%n GPK Õ
d
e Z a-yuvA`�` H�J Y�Y6{í: GQK%J : H Õ
g
h n J�K Ù�; [�G yE{�Õ
i n J�K Ù�; [�G y?l�Õ O6G < ZbH ^Tn�: Z?H�K l%{�Õ
k R�RtLQ;�Y�;�L%=MÎ%¥6^ K�G >ìB�; J�KtH =Tn Z Y N =
Frq n J�K Ù�; [�G y?l�< GQK ^ K = K6Z L Ö =%p�=�R�YQ= H <�R�Î%¥�^ K�G >�RQ; J�K � Ö =Qp�=�R Z ;�R&9�: ZbH�K Î K : G =b> Õ?l�ötDQ{�Õ
FuF
Fr\ R�RtLQ;�Y�;�L%=S: G ^ J Y K = [ ; [ = G v%n�: G ^�^ � ; H =Tn Z Y N =
Fr_ ^ K ;%: G `ta�=�Y�^ G Õ
F|d K `SÙ�; [�G Ñ G&H ��v&n�: G Ó6; [�G yuv/B G v%n�:�{�Õ
Fre R�RtL N =b>�=t9�: ZbH�K Î K : G =?>ìB|n�: Z?H�K y�Î K : ZbH <�{
Frg n J�K Ù�; [�G y?l ZbH p�; j6G p Z : K%J =�Y!l f
F�h l Ö =%p�=�R Z ;QR&9�: ZbH�K Î K : G =b>�RUn�: ZbH�K y�� Ö =Qp�=�R�Y%= H <�R�Î K : ZbH <CÕ�{?Ø�l�ö ¨&© {�Õ
Fri ë �

¤æW<]+: 5 ; 5 Y%R��}:G7U��:U��;��äR�Wþ� 5 Wi��e�; 5 d�_X^=a�:8��W0�L]>W ]}��� E :U��e%:G� E �.W<��M'� E V6� 5 78]+W
� 5�E8E R��Z��M'��R�W<� E ����7�:8�'�+R�MK��78�';���;$� E Y�R��3W<�+78�>�+�+W E �>7(� 5 W<�+e%:U��;�� E C 465 W 5 e�T 5 ��; 5 :8��W 5%E
�<��� 5 7U;������+W�;$�b��7GWi��_+�+eL��7ae 5 e�¯#;��<�781 5 7G� E �.e%:8�:G�K�+� 5 :G�'� 5 ;��<��g$��78� E8E T 5 V�:G�+W 5%E Y%R��
�U9���W<��7@e 5 1���W)�>e%:G� 5 W<]�: 5 ; 5 Y%R��^¦§��_(�0�U9��>�>�����>W ;��»:8�.� 5 Ck=»T 5 ����78�b1��+78� Ç �+��7 E �»��g$� E :8�
��M'��R�W���7 5 ��M'�+Wi��V�� 5 � E � EGEG5 ¦ 5 �$¦ �>�H: 5 e��J��e��M.� E � E �+Wi®�e%:G�K�+��V�Wi� E � 5 7UY%R��a��7G�N��� E ��W 5�EZE ���L�>7
Y%R���M 5 :G�'� 5 ;��(�+g	��7G� EGE T 5 �L��7U�»���+7U��7 5 �+¯	;��.� 5 ;$�`�U9���W<��;��»; 5 W<]+: 5 ; 5 � 5 7878��: 5 ����7U�»¦§��_+�>7
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\�F ZbH�K : G >�;&p G Î K =�L j `�y K B K ¥A`�` HQJ Y�Y6{�³TsãPyQy�� H�K :Q¥Q� G L�{ K B K ¥�{�B�L%; H�K Õ
\u\
\u_ n J�K Ù�; [�G y?l ZbH p�; j6G ^bn G L Z =�Y!l f
\�d ^ J nMf�l?R ä�ZbH�ZUK�} y?lofS=%:�<�Y Z ^ K f�l%{?Ø�l�ö ¨ yu: G >�;%p G Î K =�L j f�DQ{�{�Õ
\ue ë �

= 5 ��7 5 ��78��Wi�&"I�$C'"+��VÌ1��+W 5%EJ5 W)]+: 5 ; 5 Y%R��i���+7U�ä�+¯$;$�.� 5 ����7U�äR�W � 5 Wi��e�; 5 ¦ 5 7>Cz·
M'¯����K�+�0R$:8�.M'�._N��;��)����78�)� EGE �(� 5 Wi��eL; 5 ;$�+1�� E �+7^� E �+��R��.e%:8���

•
���+7U��7`��¯$;$�'� 5 ����78� 5 � 5 W<��e�; 5 ;$���'e��'�+�'��M.�'_>��S+T 5 ù§M.�'e�9��}"I��úm

•
� 5 M 5 �+��7ae 5 �+¯	;��.� 505 78¯�:GR�M 5 �7\�d�h=\X\�T

N
UUV 5 e�;��

N
]�R�W�eXH�W<�>7 5iE �>Y=k��+eL���K��My;$�+1 5 M.p

1	�K; 5 �t�+M 5 W<]+: 5 ; 5í�:D�! » A�BXD:C�¿�Ã ù§M.�'e�9��}"Io�ú�m
•
¦§��_+�>7(�Í���+7U��S>T 5 ����78�Í�#��g$��78� E8E T 5 ;$�)� 5 e�:87 5 M.��CJ¤ �+¯	;��.� 5 ���>78��; 5 ;$�>�Hg��#R�Wæ1I��M 5 7
�'e%:G�>�.7 5 e 5 : 5 � 5 ;��)���'M.9L��ù M'�.e�9L�z"N��ú�m

•
���+7U��7Í�+¯$;$�.� 5 Y%R���:G� E :8� E � 5 1���M 5 7zY�R�� Ç � 5 Ròe��,���.M'9��,]-_+�+7 5 ��V E ��¦ 5 7>V^;$� E 1	�'�
�&��g$�>�+R�S+T 5 ����78� 5&Ç e���MF; 5 ý����¬ù§7G¯�:GR�M 5 d�\=�

N
ú VZ� 5 � E05 1���M 5 73_>�+7 5 �'e�;$�K�+�&Y%R��ä�

�+g$��7G� EGE T 5 ](¦§��M E �}ù§M.�'e�9��#��"Núm
•
���+7U��7(��¯$;$�'� 5 �L��7U� 5 � 5 Wi��eL; 5 ;$�>e�:87 5 ; 5 ¦ 5 7(��Vy�+W E �+��R��K;���Vt����7U� 5 � 5 W<��e�; 5 ;$�
�'e��+7G�>W)�>e%: 5 ù M'�.e�9��#���	úm

•
���+7U��70R�Wi���'e E :87GRLS+T 5 ü&���)�Í����7U� 5 �'e â ��� 5 ; 5 M'��S 5 ; 5 ¦ 5 7>V 5 R E ��v���Vk����78� 5 7G¯�:GR�M 5
�7\&d�h=\=\�T

N
ù§M.�'e�9��#����úm

•
���+7U��7 5 7G¯�:GR�M 5 d�\&�

N
U@Y%R��J] 5)Ç e���MB; 5 ý����}ù M'�.e�9��i/�"Iú C

9�:�;%<�:�=b>�=mD © BED�ªF n J�O Y Z LPp�; Z&[ Ù�; [�G Ñ G&H ï�;%:%Ó6; [�G y�ï�;%:QÓ6; [�G v�{
\ ×
_ Î K : Z?H <cYQ= O ` H6G ß���= O6G Yåyé{�Õ
d Î K : Z?H <c;�Y [%O : G = j Y%= O6G YA` O : G = j Y%= O6G YåÕóR�Rt^%=�Y%p�=MYQ= O6G Y [ ; O : G = j
e
g
h Z a-yuvA`�` H�J Y�Y6{í: GQK%J : H Õ
i
k n J�K Ù�; [�G yE{�Õ
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Frq n J�K Ù�; [�G y?l�Õ O6G < ZbH ^ta�;%:�lífSYQ= O {�Õ
FuF R�RX< G :�=cL%x [6Z <�;on6=Q:�= Z?H�Z L Z =�Y Z V�=!² � ;
Fr\ Ù�; [�G Ñ G&H Î K = K�G > G&H�K Ó�; [�G yuvCB ZbH�Z&K {�Õ
Fr_
F|d R�RX< G :�=MY%= O6G YXn�=Q:�=AYQ=7²Q; [ ;AL%;?>�= H�[ ;
Fre n J�K ��= O6G Yåy?l�a�;&:�Y�;�;Un�lPftYQ= O f�l��l%{�Õ
Frg R�RX< G :�=cL%x [6Z <�;on6=Q:�=ML%; H�[6Z ² � ; Gt[�G�Z v�=t: G ^ J Y K = [ ; H =Tn Z Y N =
F�h ^ K ;%: G `Pa�=�Y�^ G Õ
Fri Ù�; [�G Ñ G&H ��v%n�: G Ó6; [�G y�v/B G v%n�:�{�Õ
Frk
\uq R�R K�G ^ K =M;T: G ^ J Y K = [ ;
\�F n J�K Ù�; [�G y?l Z a G%I :�;%a�líftYQ= O ö ¨ DQ{�Õ
\u\ O : G = j YQ= O6G YS`�l�:�;%a�líftYQ= O Õ RQR H ;%p�;SYQ= O6G YTn6=Q:�= O : G = j (a Z > [ ;Ta�;%:
\u_ R�RX< G :�=cL%x [6Z <�;on6=Q:�=A;SLQ;%:%n�; [ ;Pa�;%:
\�d Ù�; [�G Ñ G&H Î K = K�G > G&H�K Ó�; [�G yuvCB�^ K = K {�Õ
\ue R�RX< G :�=cL%x [6Z <�;on6=Q:�= Z?H L&: G > G&H�K ;
\ug Ù�; [�G Ñ G&H Î K = K�G > G&H�K Ó�; [�G yuvCB ZbH L&:�{�Õ
\�h
\ui R�RX< G :�=S: GQK ;%: H ;t=�;SYQ=7²Q;
\uk n J�K Ù�; [�G y?l�<�; K ;Aa�;%:�Y�;�;bn�lofSYQ= O {�Õ
_uq R�RX< G :�=MY%= O6G Y [ ;Ta Z > [ ;ALQ;?>�= H�[ ;
_�F n J�K ��= O6G Yåy O : G = j YQ= O�G Ycfml��l%{�Õ
_u\
_u_ O : G = j YQ= O6G YS`A;�Y [%O : G = j YQ= O6G YåÕóR�RP: G ^ K = J :�=SYQ= O6G Y [ ; O : G = j
_�d ë �

½^Wþ� 5 e�: 5 � E �}e 5 :U��7<]��&R$:8�.M'�'_>��S>T 5 ;���1���78�'I1��+M B�Ë�D&A É�» A�BXD:C ����78����78Wi��_+�>e���7 5
78¯�:GR�M 5 Y%R��&7G�>��7G� E �>e%:8� 5,Ç eL��MJ; 5 � 5 Wi��e�; 5 C\? E8E ��78¯�:8R�M 5 ]&R$:8�.M'�'_>��; 5 e��,���+7U��S+T 5 ; 5
� 5 Wi��e�; 5 �
��������Vy� 5 W 5 W 5%E :878� 5 ��7 5 ��7U��Wi�ä"N��C."Io$C`·��+��;��#� 5 Wi��e�; 5 ý����#��e��.e�9L��; 5 � EGE �
78¯�:GR�M 5 ;��+1�� E �>7 ��v*R E :U��; 5 ����78� 5iÇ e���M[; 5 � 5 Wi��e�; 5 V�: 5 W<��e�; 5 p E � 5 �+R��';���; 5 VL� 5 78]+W}VP;$�
E ��M'1I��7 E �>R�1���M 5 7»��e�:8�+78� 5 7>V�;��bW 5 ; 5 Y%R��3� 5<Ç e���M[;��<���>78��S+T 5 ;$�0��¯$;$�'� 5 ����78� 5 ¦ 5 7^Wi��� E
�'e�:8�+78e 5 V 5 1���M 5 7`; 5 78¯�:8R�M 5 ; 5 � 5 Wi��eL; 5 �+g	:G�+78e 5iE �*v��)7G�N��R��t�+7U��; 5 C

9�:�;%<�:�=b>�=mD © BED£�F n J�O Y Z LPp�; Z&[ Ù�; [�G Ñ G&H Ð�: G = j Ó6; [�G y�Ð�: G = j Ó6; [�G v�{
\ ×
_ Z a-yuvA`�` H�J Y�Y6{í: GQK%J : H Õ
d
e n J�K Ù�; [�G yE{�Õ
g n J�K Ù�; [�G y?l�Õ O6G < ZbH ^ O : G = j l%{�Õ
h R�RX< G :�= [�G ^&p Z ;on6=Q:�=A;tYQ= O6G Y [ ; O : G = j
i n J�K Ù�; [�G y?l�<�; K ;�lÈf O : G = j YQ= O�G Y6{�Õ
k ë �

=»T 5 ����7G� E �>e%:8��78�+W 5%E^5�E W<]�: 5 ; 5�E Y%R��<���+7U��Wæ�+¯	;��.� 5 ����78� 5�E � 5 W<��e�; 5%E ���
���7��-�}ü ý
� 5 7 E �+78�+W E �>W)�>M.9L��e%:G� E �JW<]�: 5 ; 5%E v������7G� E �>e�:U��; 5%E ����7U� 5 R$:87 5%E � 5 W<��e�; 5%E CØ?,e��+W ����7U�
5 � 5 Wi��e�; 5 1���_>� 5 V�� 5 7 E �>7`:G78�'1%�K��MXCd=»� E �>S>T 5 "N��C /�C � E �+7UT 5 ����78� E �+e%:8��; 5�EF5%E W)]+: 5 ; 5%E Y%R��
���>78��W���¯$;$�'� 5 ����78�)� E �+g	��7G� EGEGÈ � E �+W

X++
C
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12.3.2 Geração de código para as expressões
½^W ; 5%E W<]�: 5 ; 5�E Y%R��#:G7U��:8��Wÿ;��}���+7U��S>T 5 ;$�Í�+¯$;$�.� 5 ����7U�}��g$��78� E8EGÈ � E ¦ 5 �61	� E : 5 eL� E �+p
S+T 5 "N��C /�C."�CÌO 5 W<]�: 5 ; 5 Y%R��a:G7U��:U�b;$�^R�W<�b��g$��78� E8E T 5 ;$�»�.e�;���g���S>T 5 ;$�^R�W ��7G7U�I��C 465 e%:G�.p
e	R��+W 5%E 1��+e�; 5 �0���>78��S+T 5 ;$�(�+¯$;$�.� 5 �L��7U�3� E �+g	��7G� EGEGÈ � E W<��� E �� E �K�+� E V 5 R E �*v���V	1���78�KI1��+� E
�#� 5 e E :8��e%:8� E Cz· ���+7U��S+T 5 �L��7U��� 5 e E :U��e%:G�<�'e�:8�+�'78� 5 R E :87G�'e���]#��� E �K�+��W<�+e%:G�i��W<� E Wi�}�
� 5 e E � E :G�)�+W � 5 M 5 �+��7(e��z���'M.9�� 5 1���M 5 7J;��}� 5 e E :U��e%:G��C l E : 5 ]0W 5%E :878��; 5 e 5�E W<]�: 5 ; 5%E ; 5
��7 5 ��78��W<�Í"N��C."N��C m 5 W<�+e%:8�(R�W<�<�'e E :G78R�S+T 5 V$; 5 :G�'� 5 �L	��+VL�+R��';��);�� E :8� 5 �t�+7U��S>T 5 C

9�:�;%<�:�=b>�=mD © BED?«F n J�O Y Z L K ¥%n G Ù�; [�G Ñ G&H Ò H�K Ù�; H ^ K Ó6; [�G y�Ò H�K Ù�; H ^ K Ó6; [�G v�{
\ ×
_ Z a-yuvA`�` H�J Y�Y6{í: GQK%J : HAH�J Y�YåÕ
d
e R�RtL%=Q:�: G <�=A=MLQ; H ^ K = H�K�GPH =Xn Z Y N =
g n J�K Ù�; [�G y?lbY [ L�lÈfPv/B|n6;�^ Z&K6Z ; H B Z >�=Q< G öXDQ{�Õ
h : G%K%J : HSH�G ß K ¥%n G yîÒUÓ���Ï%�±Ê�9��Cöós6{�Õ
i ë
k
Frq n J�O Y Z L K ¥%n G Ù�; [�G Ñ G&H Î K : ZbH <�Ù�; H ^ K Ó6; [�G y�Î K : ZbH <�Ù�; H ^ K Ó6; [�G v�{
FuF ×
Fr\ Z a-yuvA`�` H�J Y�Y6{í: GQK%J : HAH�J Y�YåÕ
Fr_
F|d R�RtL%=Q:�: G <�=A=MLQ; H ^ K = H�K�GPH =Xn Z Y N =
Fre n J�K Ù�; [�G y?lbY [ L�lÈfPv/B|n6;�^ Z&K6Z ; H B Z >�=Q< G öXDQ{�Õ
Frg : G%K%J : HSH�G ß K ¥%n G yÜÎ%�Q�6ÒUÓ�Ñ�Ï%��Ê�9��/ö3s�{�Õ
F�h ë �
f ��7U�0�01���78�'I1��+M�]Je��N��� EGE �78� 5 �+e�� 5 e%:G7U��7Fe��3:8���t�+MK�<;$� E�â W3� 5 M 5�E �0�+e%:G7U��;��0� 5 7G78� E � 5 e$p

;$�>e�:8�»� 1��+78� Ç �+��7 E � � E :8� E �^:878��:8�b;��»R�Wi�b1���7G�KI1��>M�M 5 �>��M 5 R#;$�J��MK� E8E ��C 4 � E�53E �*v��31���78�'I1��+M
M 5 �>��MXV$ù M'�.e�9L�3"N/»; 5 f 7 5 ��7U��Wi��"I�$C'"Iq�úy�.e�;��'�>��;��»�L�>M 5 1���M 5 7Ø;�� C ��o A�C o�� ���:? Wi��� 5 7ØY%R��F_+�+7 5
e��z�+e%:G7U��;��z;��z1���78�'I1��+M[e��z:8���L�>M'�ä;$� E�â W3� 5 M 5�E Vy���>78��p E �3�ä�'e E :87GRLS+T 5 Y%R�� E �'W<��M.� E W<�>e�:8�
�t�+��� 5 1���M 5 7^;��<1I��7G�KI1��>MP�av 5 ����pr�0e��<���'M'9���ù e 5 �>� EG5 ;$�be�T 5<E �+7`R�W<�i��:G78�.��R��'S>T 5 ú 5 R�;��
���'M.9L�<����7U�<�01���7G�KI1��>MZù{�+� E�5iE �*v��<R�Wi�i��:87G�'��R��KS+T 5 ú�Cd·`Y�R��y:8��W3�t]+Wî]�R�:G�'M.�'_>��;��i�<1���78�'I1��+M
³�? � Ë�D Y%R����'e�;$�K�+�i� 5 ���+7U��; 5 7F;$�b�+¯$;$�.� 5 �+� EG5iE ��;$�>1��<���+7U��7`�+¯	;��.� 5 �L��7U�)��7GWi��_+�+eL��7 5 R
78�>��R��L�>78��7FR�W¨1���M 5 7NC@= 5 �.e â ��� 5 ; 5 W<]�: 5 ; 5 V�¦§��_�p E �J�<� E � 5 M'9��<;$�bY%R���MÌ�.e E :G78R�S>T 5 R$:G�'M'�._N��7NV
� 5 W���� E �(e 5 1���M 5 7`;��)1���78�'I1��+M ³c? � Ë�D CØ·^�'e�;���V�]J��78�>��� EG5 ;$�N���K;$�'7>V$����78� 5 �+� EG5 ;�� E 1���78�'�p
1��>� E M 5 �+��� E V E � 5 1���M 5 7^� E �+7`Wi��e��.��R�M'��; 5 ]�R�W¨�.e%:G�>�.7 5<5 R}R�W E :87G�'e�� 5 R}��787U�I��ù :G7U��:U��; 5%E
� 5 W 5Í5 ��v*��: 5%E eL�z°�ö s&ú�CB· E8E �'W}VB�Í� 5 W<����7U��S>T 5 eL�ÍM'�.e�9��&">� E �+781��b�L��7U�Í;$�N���K;$�.7Gp E � E � 5
��78� Ç g 5 ;��<�'e E :87GRLS+T 5<E �+7U3R�W��*�H�(�L��7U�0�'e%:G�>�.7 5�EF5 RäR�W������(����78� E :87G�'e�� Ea5 R}��7878�I� E C
= 5 �>� EG5 ;���1I��7G�KI1��>� E ;$�b�+M'� EGE ��V�;$�>1��+p E �JR$:G�'M.�'_>��7^�'e E :87GRLS È � E � E �t�>� âHÇ �>� E ����78�078�>��R��L�+p

7U��S+T 5 ;$� E �>R E 1���M 5 7G� E C 465 W 5ÍE �b:G7U��:U�Í;$�0R�Wæe 5 W)�);$�)1I��7G�KI1��>M E �.W<��M'� E W<�+e%:G��Vt� E :U E �
78��¦ �+78�'e�; 5 �)R�Wi�01���7G�KI1��>MP; 5)5 �$v*��: 5 � 5 7878�+e%:G��V 5 R E ��v���V�; 5i5 �$v*��: 5 �%$	ü�� 5 RBV$Wi��� E ��7G�N��� E ��p
W<�+e%:G��VÌ� 5ä5 ��v*��: 5 �+R�v��ä7G�+¦ �+7�I+e��+�'�z� E :8ze��ä1���78�'I1��+M[M 5 �+��Mk_+�>7 5 C fZ5 7J� EGEG5 VBeL�zM'�'e�9�����oÍ]
���>78��; 5 �+¯$;$�.� 5 Y%R��<�>W)���.M'9��ä� E8E �)1���M 5 7J��VÌ�+W E �+��R��';���V 5 ��¯$;$�'� 5 ;$�¶ü&�
� ¡ª�
�L	 5 R¯9��7� ¡ª�
�L	
;$�b��� 5 7U; 5 � 5 W 5 1���M 5 7`;$� ³�? � Ë�D Ck· ��78¯���78�'�0�'e E :87GRLS+T 5 �'e�;$�K�+�iY%R���M 5 e 5 W<��;��<1���78�'I1��+M
�<¦§��_+�+7»����7G:G�b;�� 5 �t�+7U��S+T 5 CF½^Wi� 5 � E �>7G1���S>T 5 � E �+7`¦ �>�H:U�i]3Y%R��be 5 �+� E�5 ;$� 5 �t�+7U��S+T 5 ;$�
��78Wi��_>�+e������+W}V 5 1���M 5 7`� E �+7^� 5 M 5 �>��; 5 e��<1���78�KI1��+MP� E :U»v�<e 5 : 5 � 5 ;��<���'M'9��<��V�� 5 7»� E8E�5 V
���t¯ E �#�'e E :G78R�S+T 5 Y%R��0�>W<���.M'9�� 5 1���M 5 7(;$� ?��å��³ Vt]3���+7U��;��<R�W<�Í�.e E :87GR�S>T 5 �£ce��9�Y%R��0�.e�p
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1��>7�:8� 5�E ; 5 � E 1I��M 5 7G� E e 5 : 5 � 5 ;������'M.9���V$;$�+�.g���e�; 5 p 5%E e���� 5�E �KS+T 5 � 5 7878��:8�J�L��7U�b����78¯Ig$�.Wi�
�'e E :87GRLS+T 5 V 5 9:�7� ¡«����	�C

9�:�;%<�:�=b>�=mD © BED%'F n J�O Y Z L K ¥%n G Ù�; [�G Ñ G&H Ø�=Q:%Ó6; [�G yrØ�=Q:QÓ6; [�G v�{
\ ×
_ � H�K :Q¥QØ�=Q:tnÌÕ
d Î K : Z?H <
^T`M^ K ;%: G ³clU^ K ;&: G l�Èl?Y�;Q= [ l�Õ
e Î K : Z?H <
^ © `A^ K ;%: G ³
lén J�K a Z%G Y [ l!Èl�< G%K a Z%G Y [ l�Õ
g
h Z a-yuvA`�` H�J Y�Y6{í: GQK%J : HAH�J Y�YåÕ
i
k R�Rín�:�;�L J :�=Sp�=Q: Z%à p G Y H = K = O6G YQ=
Frq nA`SÙ J : K = O Y G Brp�=Q:�ï Z?H�[ yuv/B�n�;�^ Z&K�Z ; H B Z >�=Q< G {�Õ
FuF
Fr\ Z a-yrn B�YQ;�L%=�Y�L%; J�H�K
} `Ss6{
Fr_ × R�Rt�Tp�=Q: Z&à p G YAY�;�L%=�Y
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Fri
Frk Î K : ZbH <A=%:�<�Y Z ^ K `-y K�© B K ¥M`�` HQJ Y�Y6{�³cl�lz K�© B [ ^QL×Í%=Qp�=åyE{�Õ
\uq ZbH�K : G >�;&p G Î K =�L j `�y K�© B K ¥A`�` H�J Y�Y6{�³tsCPyQy�� H�K :Q¥Q� G L�{ K�© B K ¥�{�B�LQ; H�K Õ
\�F
\u\ R�RX< G :�=cL N =b>�= [ =
\u_ n J�K Ù�; [�G y?l ZbH p�; j6G p Z : K%J =�Y!l fMLçB�LQ;?>�n6Y GQK�G Ó�=b> G yE{Pf�l?R�lífí>áB H =b> G f
l�y?líf
\�d =Q:�<�Y Z ^ K f�l&{�lífí>áB [ ^�L×Í&=Qp�=�yE{�ö ¨ : G >�;%p G Î K =�L j {�Õ
\ue
\ug : G%K%J : HSH�G ß K ¥%n G y�>ìB K ¥%n G ö(>ìB [�Z >�{�Õ
\�h ë �

? E8E � EÌE T 5 � E �+g$��7G� EGEGÈ � E ����78�`� E Y%R���� E ��78�>�+� E ��W 5%E 1��+7Ø� 5 W 5 ���+7U��7y��¯$;$�'� 5 CÌ· E ;$�+Wi��� E V
Y%R��ke�T 5 ����78� E �+e%:8��7G�>W 5�E ��Y%R��XV E T 5 � E ;$�d��M 5 �+��S>T 5 ;$�d��7G7U�I� E V����.e��7G�K� E ;�� E�5 W<�	� E R��$:878��S+T 5
�äW3R�M.:G�'��M'�'�>��S+T 5 ��;$�.1	� E T 5 V[��g$��78� E8E T 5 R�e��7G�K��Vd����� EGEG5 ���+��W<� 5 ;$�äR�W 5 �$v*��: 5 �äM.� E :8��;$�
��g$��78� E8EGÈ � E CØ?dMK� E@E T 5 �L� E :8��e%:8� E �>W)�>M.9L��e%:G� E � 5 R�:G7 5�E W<]�: 5 ; 5�E Y%R��»1%�'W 5�E ��e%:G�>7G� 5 78W<�+e%:G�
��V$� 5 7G:8��e%: 5 V 5 ��78¯���7G� 5 M'�+�.: 5 7 E �>78)�+������_�;$�b� 5 W<��78�+�>e�;7I�prMK� EFE �>WîW3R��H: 5 � E ¦ 5 78S 5 C
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12.3.3 Algumas restrições
?kg$� E :8�+W ; 5 � E ��7 5 ��M.�>Wi� E eL�����>78��S+T 5 ;$�(��¯$;$�'� 5 Y%R�� ����78� E �+e%:8��W 5�E �Ì�b���+7U��S+T 5 ;����'e E :87GR�p
S+T 5 ���
�*�7��ze 5#Ç e���MZ;$�)R�WæW<]�: 5 ; 5z5 R&� 5 e E :G78R$: 5 7»�<�Í� 5 e%:8�����>W«; 5 :8��W<��e�9 5 ;��#���'M'9��
R$:8�.M'�._N��;��)�t�+M 5 W<]�: 5 ; 5 C
· E �.e E :87GR�S È � E ;��@78��: 5 7Ge 5 ;$�@R�W W<]�: 5 ; 5 E T 5 ���+7U��;�� E �L�>M 5 e 5�E8EG5 � 5 W<���'MK��; 5 7Ø�+��;��a1��>_

Y%R��`R�W�e�¯ ·MD7?Q��Ë���½ � H7D ]`�+eL� 5 e%:878��; 5 e��b�781 5 7G� E �.e%:8�:G�K�+��C[·»M.]>W ;$� E8E�5 V E �+W<��78�`e 5JÇ e���M
;$�b�>��;��<W<]�: 5 ; 5i5 R�� 5 e E :G78R$: 5 7>V 5 � 5 W<���'M'��; 5 7a���>78�)� 5 7»� 5 e%:8�)��78¯���7G�K�)R�W«� 5 Wi��eL; 5 ;$�
78��: 5 7Ge 5 ����7U�J�+1	�.:8��7FY%R�� ���+g$�>��RLS+T 5 ���>���K�(¦ 5 7U�I�^; 5 W<]�: 5 ; 5 C��Q2 R���e�; 5b5 W)]+: 5 ; 5 78��: 5 78e��
��M'��R�W�1���M 5 7NV 5 � 5 W<���.MK��; 5 7Z:G�>W Y%R���V%��M.]>WË;$�»���+7U��7k�J�'e E :G78R�S+T 5 ;$�`7G�+: 5 7Ge 5 V�� E � 5 M.9��+7kR�W
1���M 5 7(����7U�i78��: 5 78e���7NC(= 5 �>� EG5 VP� E � 5 M.9��>78��W)p E ��_+�>7 5 ����7U�#W<]�: 5 ; 5�E �.e%:8�+�'7 5%E ��[X��hXh#����7U�
E :G78�.e�� E V 5 �$v*��: 5�E �b��787U�I� E C
? E :G�3�+�+7G:8��W<�>e�:8�Je�T 5 ] 5 W<�+M'9 5 7^� 5 W<� 5 7G:8��W)�>e%: 5 C6¤�Y%R�� 5 � 5 W<���.MK��; 5 7^;$�>1��J¦§��_>�+7NV

�+� E�5 ¦§��MH:8�iR�W � 5 Wi��e�; 5 ;��i7G�+: 5 78e 5 e 5}Ç e���Md; 5 W<]�: 5 ; 5 VÌ]#�I1	� E ��7�� 5 ��7 5 ��7U��Wi��; 5 7(; 5
¦§��: 5 Vt�+W<�.:G�'e�; 5 R�Wæ�+787 5#E �+Wi®�e%:8�'� 5 C»·»M.]>W ;�� E8E�5 VL]0� 5%EGEGâ 1��+MØY�R�� 5 � 5 Wi��eL; 5 ;$�378��: 5 78e 5
���>78��; 5 �L�>M 5 � 5 W<���.MK��; 5 7 E ��v��)�.eXH$:8�.MXC fZ5 7a��g$�>W)��M 5 V�� 5 � 5 W)���.MK��7 5iE �+��R��.e%:G�JW<]�: 5 ; 5

b�[7S�ñ � ñ�_�S=Q�\=a � b�[7S�ö �
�

b�� � ö  �� �
d�_&S&�7d=[ }��_7h�i�_
d�_&S&�7d=[¼� }��Ì

:G�>7 â ��W 5%Ey5 ��¯$;$�'� 5 ���+7U��; 5 � 5 WêR�W�ü±�������7��`e 5`Ç e���M����+7U��; 5 ;$�k¦ 5 78Wi�a�.eXH$:8�.MXV�� 5 W 5 1��+W 5%E �
E �+��R��.7NCÌ?dW0� 5 78�b� E8E�5 eLT 5 � 5 W<��7 5 W<��:8���J���+7U��S>T 5 ;$�»��¯$;$�'� 5 V�]^R�W<� E�5 M.R�S>T 5 V�e 5 W â e��.W 5 V
� 5 R�� 5 �>M.�>����e�:8�)ù§� 5 7G]>W}V$¦§��+�.MB;$���'W<��M'�+W<�+e%:8��7Uú�C

b�h=\=^=a }h&ac` �b��E��b=`
f�T7�=S�d�_7h=_ � T7d �g�b�T=�:i�Q ���\&S7\�T � _7h=_&d �d�_7h&_ � T7d � U
g�b�T=�:i�Q }T � _Xh=_&d � U
b��7_ � _Xh�i�_ }h&ac` }b�d�_�S=�7d=[
��\&S7\��cb }_7h�i�_ } U�h&ac` }b�[�_��
b�d�_�S=�7d=[

��b } U h&ac` �b�d�_�S=�7d=[ � `6�&a�b���\���_�d�^=a7\ÊT�_Xh=\£`�\�f�T:b�h=^=a7\�d«Z
� ö r â=Ü ß*ß ÖK×�Ü ß ç rKr å�Öè
Ø r ä ÖKå�Ü3â r Ó%üsý r ÖªØ�Ü3è�Ø r�ß ÚKÖ×@Ü �'Ü6Ý3Ù�Ø r�ß Ö«å ß Öé ß*r Ú r ê
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¤ E �+��R�e�; 5 ��7 5 ��M'�+Wi�b78�+MK���+� 5 e���p E �»� 5 Wî�0� 5 e%:8�����>W�; 5 eXH�W<�>7 5 ;$�J� E ����S 5�E Y%R��J��7G�+p
��� E ��W 5�E 7G� E �>7G1���7Íe��Ñ���'M.9��Ñ����78�ÑY�R�� 5 W)]+: 5 ; 5 ¦ R�e��+� 5 e���C 465 W 5 ;$� E �+7G�>1��+W 5%E V^� EGE �
� 5 e%:8�����+W�]b¦ �+�.:8�i��� EGE ��eL; 5 p E �J� 5 W 5 ��78��R�W<�+e%: 5 �L��7U� 5 W<]+: 5 ; 5oNC��? �6� H�D�5 eXH�W<�+7 5 ;$�
� 5�E �'S È � E Y%R��(�+��;����.e E :87GR�S>T 5 ��;$�K��� 5 e�� J ���.M'9��zù 1���M 5 76e��+�%��:G�'1 5 V��>� EG5 7G�+:G�'7G� W<��� E �+M'�+W<�+e�p
: 5%E ; 5 Y%R����+W<���'M.9��Nú Ckök��v���W 5�E V�� 5 78]+W}V 5iE �>��R��'e%:G�(:G78�>�U9 5 ;$�b�+¯$;$�.� 5 �

b�h=\=^=a �a&�XT
b��7_ � a�} U
b�d�_�S=�7d=[

a�} U
b�h=\=^=a }ZXZXZ

m �<e 5�E8EG5 � 5 W<���.MK��; 5 7(���+7U� E8E �3��¯$;$�'� 5 ;$� E8E �#Wi��e��>�.7U��VP:8�+7 â ��W 5�E R�W ��7 5 ��M'�+Wi��Vt1	� E : 5
Y%R��#� E �.e E :G78R�S È � E�E T 5 ���+7U��;�� E e��}W<� E Wi� 5 7U;$�+W �+W Y%R��#������78�>�+�+W e 5 ��¯$;$�'� 5 V 5 Y%R��
e�T 5 78�+��78� E �+e%:U��e��>�+� E8E ��7G�K��W<�>e�:8�#: 5 ; 5�E)5�E P�R$g 5�E ;$�}�+g	�N��R�S>T 5 � 5%EGEGâ 1��+� E Cà=»� E8E �}�+� E�5 V
E R�� 5 e�9���W 5%E Y%R���VZ� 5 �+W<�.:G�'73�}�'e E :87GRLS+T 5 ü ý���	��O0 5 � 5 e%:8��; 5 7�;�����MH:8R�7U�ä��:GR���M@;��}���'M'9��
:G�>e�9�� 5 1���M 5 7��$Cb·»�L¯ E � E :8�#�'e E :G78R�S+T 5 Vt:G�>78Í1���M 5 7)"3�<���t¯ E 5 ü±���
���7��#:G�>78Í1���M 5 7J�C�· 5
���>78��7»�z��7G¯Ig$�'Wi�i�.e E :87GR�S>T 5 VL� 5 7G:8��e�: 5 V 5 1���M 5 7(; 5 � 5 e%:U��; 5 7^� E :8��78i�>7G7U��; 5 C û �+1��+78�'� E �>7
"�Vy� 5 � E �Í�+g$�>��RLS+T 5 �U9��+� 5 R��Í� EGE �0� 5 e%: 5 � 5 W �z��g$�>�+R�S+T 5 ; 5 ü ý���	�V[���t¯ E(5 Y%R���Mk�Í���'M'9��
:G�>W¨��MH:8R�78�ä"�C

½^W W<�+� 5 ;$�3� 5 e%: 5 7Ge���7a� E :G�b��7 5 ��M.�>W<�)¦ 5 �B�'W)� 5 7(�<7G� E :87G�KS+T 5 ;$�3Y%R���: 5 ;��<�.e E :G78R�S>T 5
;$�»;�� E 1%� 5 ]^���+7U��;��(�t�+M 5 � 5 W)���.MK��; 5 7>V�;$�`:8��M�W 5 ; 5 Y%R��»���L¯ EdE R��J��g$�>�+R�S+T 5 �J���'M.9��b� E :8��7U
e��N��� E8E ��78�'��W)�>e%:G�)1I��_+�K��Ci· E8E �.W}Vt����M 5 � 5�E �)� 5 e%: â ��R 5%E ;$�#��¯$;$�'� 5 ����7�:8�+W E �+W<��78�i;$�iR�Wi�
���'M.9L� E �+W¨e��+e�9%R�W��+M'�+W<�+e%: 5 Cd·�H�e��K�+�)�+g$�+�>S>T 5)5 � 5 787G� e��)���>78��S+T 5 ; 5 ��¯$;$�'� 5 ����78�0R�Wi�
��g$��78� E8E T 5 7G�>M'����� 5 e���MÌù f 7 5 ��7U��Wi�<"N��C."N��ú C[·^M'�{V$���'e E :G78R�S+T 5 ü=��� �`���>78��;��Je���M'�'e�9��0����;$�+�.g��
R�Wæ�>M.�>W)�>e%: 5 e��#���'M'9���C�?dW � 5 W<�t�+e E ��S>T 5 VP�z�.e E :G78R�S>T 5 �+ü 9��X��$�00e��ÍM.�'e�9��ä/�Í]0���+7U��;��
E �+W´� 5 e%:U�����'M.�'_>��7be��>e�9	R�W �'e��+7G�>W)�>e%: 5 e������.M'9���V[;$�Í¦ 5 78Wi��Y�R��Í� 5�Ç e���MF; 5 �+�M'�+R�M 5 ;��
��g$��78� E8E T 50E ���t��p E �JY%R����)���'M.9L�i��78� E ���+Rz�+W¨��g���:U��W<�+e%:G�JR�Wi�)R�e��K;���;$��C
·�Wi��e��+�'78�0��� 5 787G�+:8�I�b;$� E�5 M.R��+� 5 e���7 � E8E � E ; 5 � E ��7 5 ��M'�+Wi� E»E �+78�'�iW<�N;$�'��e%:G�0;��#�'W)��M.�+p

W<�+e%:8��S+T 5 ;$��R�Wî��� EGEG5 �0Wi��� E ;��i��e��M'� E � E �+Wi®�e%:G�K�+�)Y%R���78�>��M'�'_>� E8E � 5 Y%R�� E �J�U9L��Wi�<;$�
��eL�M'� E �»;$�1P�R$g 5 ;$�(� 5 e�:87 5 M.�»� ;$�íP�R$g 5 ;$�J;���; 5�E C f ��78�J:U��e%: 5 V 5 W<]�: 5 ; 5 ]»78�+��78� E �+e%:U��; 5
e��^¦ 5 78W<�(;$�6R�W���7U��¦ 5 ;$�.78�>�+� 5 e���; 5 VI�+W�Y%R��a�+��;��^1�]+7G:G�K���@78�+��7G� E �>e�:U�`R�W\��M 5 � 5 �.e�;��.1	� E�â 1��>M
;$�i� 5 Wi��e�; 5%E �i�>��;��z��78� E :8��VB� E � 5%EGEGâ 1��+� E :878��e E ¦ �+7�I+e��+�'� E ;$�i� 5 e%:G7 5 M'�3e�� E R��Í�+g$�>��RLS+T 5 C
· E8EG5 �+�'��e�; 5 p E �@�'e$¦ 5 78Wi��S>T 5JE�5 ��7G� 5�E � 5 e%: 5%E ; 5 ��7U��¦ 5 5 e�;$�aR�Wi�(1���78�'I1��+M	78�>���>�L�FR�WË1I��M 5 7
�<� 5 e%: 5�E(5 e�;$�<� E8E �z1���78�'I1��+M[]iR E ��;���Vy� 5 ;$�+p E �i���'e�;��zM 5 �+��M.�'_>��7 5 R$:87 5%E :8�.� 5�E ;��)��7 5 ��M.�+p
Wi� E V$� 5 W 505 R EG5 ;�� 1���78�KI1��+� E e�T 5 �'e��K���K��M'�._N��;�� E CZ½^Wî� 5 W<���'M'��; 5 7F� 5 W)�>78�+�'��Mt�+�+7G:8��W)�>e%:G�
;$�>1��+78�K�3�'W<��M.�>W<�+e%:8��7^�)��e��M'� E ��; 5 P�R$g 5 ;$�b� 5 e%:G7 5 M'� �b;���; 5%E C

12.4 O runtime X
++

¤���W3���'�+e%:G�<;$�)��g$�>�+R�S+T 5 ����78�z�ÍM'�'e���R������>W
X++

����7 5 1��+�.:8��p E ��W3R��.: 5 ; 5 ��W0���.�>e%:G�<;��
°�ö s,C l E : 5-E �'��e�� Ç �+�-Y%R��zeLT 5 :8�+W 5�E Y%R��äe 5�E ��78� 5 ��R��L��7<� 5 W � E �t�>��: 5�E � 5 W 5 �+��7G78�+�%��p
W<�+e%: 5 V@1��+78� Ç �>��S>T 5 V@�.e��K���K��M'�'_>��S>T 5 ;�����MK� E8E �ä��:U��Cò· �.W<��M'�+W<�>e�:U��S>T 5 ; 5 7GR�e%:8�.W<�

X++

M'�.W<�.:8��p E �Í��R�W´����70;$�#W<]+: 5 ; 5�E Y%R�� E T 5 �U9���Wi��; 5%E ;$�+e%:87 5 ; 5 W<]�: 5 ; 5 !"��ü±�2;$�zR�Wi�
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��MK� E8E ��VÌ��e�:8� E �i;$�>� 5 � E ;��}�+g$�>��RLS+T 5 ; 5 W<]�: 5 ; 5 ��� ����XVÌY%R���VØ� 5 W 5 1	�'W 5�E VB] 5 � 5 e�: 5 ;$�
�+e%:878��;��-;���R�W ��7 5 ��78��Wi�

X++
C j �VF:8��W3�t]+W}VFR�W ����7#;$��W<]�: 5 ; 5�E ����78����¦ �+:GR���7#�

M'�+�.:GR�7U�z;��i1I��M 5 7G� E �'e%:G�>�.7 5�E � E :87G�'e�� E �i] E T 5 R$:G�'M'�._N��; 5 e��ä�.W<��M'�+W<�>e�:U��S>T 5 ; 5 � 5 Wi��e�; 5
d�_X^&atC

¤\78R�e%:G�'W<�J]��.W<��M'�+W<�+e%:U��; 5 �+W«°��I1���V%eL�)�+M'� EGE � C'A���Á�Â�Ë:?åÄé·�����?���>³D CP· 5 �+g$�>��R�:8��7Gp E �
R�WË��7 5 ��7U��Wi�

X++
V�;$�>1���p E �6�'e���M'R��'7k:8��M���MK� E8E �ae 5 �
�L������9����%$)¦ 5 78e��N���K; 5yJ °�ö s«����78�(Y%R�� 5

78R�e%:G�'W)� E ��v��b���>��� E8EGâ 1��+MXCØ= 5 ��7 5 ��7U��Wi�)"N��C ��" E T 5 W 5%E :878��; 5�Ek5%E ; 5 � E ��7G�'W<�+�'7 5%E W<]�: 5 ; 5�E V
Y%R��(¦§��_>�+W¨�)�'e��K���K��M'�._N��S+T 5 � 5 ¦ �>�U9L��W<�+e%: 5 ;��)�+g	�N��R�S>T 5 ;$�JR�W¨��7 5 ��7U��Wi�

X++

9�:�;%<�:�=b>�=mD © B © DF n J�O Y Z LALQYQ=�^Q^X� J�H�K�Z > G ×
\ ^ K = K�Z LTÐ J a�a G : GQ[ � G = [�G : ZbH Õ
_
d ^ K = K�Z LXn J�O Y Z L ZbH�KMZbH�Z&K6Z =�Y Z V G yE{
e ×
g Î%¥�^ K�G >ìBu; J�K B|n�: ZbH�K Y H y?lE��= H < J =Q< G ÔS: J�H�K6Z > G ^U¥6^ K�G >áBæØ G :6^ Z ; H sCBED�l&{�Õ
h ZbH ` H6G ßtÐ J a�a G : GQ[ � G = [�G :Cy H6G ßzÒ H n J�K Î K : G =?>6� G = [�G :Cy�Î%¥�^ K�G >ìB ZbH {�{�Õ
i Z a-y ZbH `Q` H�J Y�Y�{
k ×
Frq Î%¥6^ K�G >ìB G :Q:/B|n�: Z?H�K Y H y�lE��:�:�;&: ZbH�ZUK6Z =�Y Z V ZbH <MÔMYQ= H < J =Q< G : J�H�K6Z > G ^&¥6^ K�G >ål%{�Õ
FuF : GQK%J : H�¨ D�Õ
Fr\ ë
Fr_ : G%K%J : H såÕ
F|d ë
Fre
Frg
F�h ^ K = K�Z LXn J�O Y Z LTp�; ZU[ a ZbH�Z Y Z V�¥Cyé{
Fri ×
Frk K :Q¥
\uq ×
\�F ZbH B�L%Y�;�^ G yé{�Õ
\u\ ë
\u_ L%= K L N yîÒ%�&��v6L G n K6Z ; HmG {X× ë
\�d ë �

=»�Í7G�N��M'�';���;$��VP�i�'e��K���K��M'�._N��S+T 5 78� E R�W<��p E ���>W ��78�'��7^R�W 5 ��v*��: 5 ; 5 :8�.� 5PÅ�A�ÆcA/ÄQ� � Äéº���Ä
ÅMÅ D�Ë�D�H�·MD�AMH�D�Ë Y%R�� E �+7UäR$:G�'M.�'_>��; 5 ����7U�äM.�>7b1���M 5 78� E ;��}�>e%:G7U��;���pX����;$7UT 5 e 5�E � 5 Wi��e�; 5%E
������	�C 4 � EG5 e�T 5)E �*v��0� 5�E8E�â 1��>Mt�+7G�K��76:8��M 5 �$v*�+: 5 V 5 7GR�e�:8�.W<�(�+W<�.:G�JR�Wi�3W<�>e E �����>W�;$� �>7G7 5
�378��: 5 78e�� 5 1���M 5 7^pU"�Cb¤ W<]�: 5 ; 5 !#��ü±�,;��ä��MK� E8E ��VtY%R��<�U9���W 5 R 5 W<]�: 5 ; 5c�����7?���AMC��òµcD V
1��>7G� Ç �>�}� E8E �i1���M 5 73��Vk�+� E�5 9���v��}R�W´�+787 5 VB:8�+78W)�'e�������g$�>�+R�S+T 5�E �>Wÿ�U9���Wi��7 5 W<]�: 5 ; 5
i�S�^�dXSPCZ¤ W<]+: 5 ; 5 Å ������C��òµ&<&E �'W<��M'� E W)�>e%:G�^¦ �N�U9�� 505 �$v*�+: 5 º�� ÅMÅ D�Ë�D�H�·MD�AMH�D�Ë �+7G�K��; 5 e��
�'e��'�+�'��M.�'_>��S+T 5 C

¤ E@5 R$:G7 5�E ; 5 � E W<]�: 5 ; 5%E eL�0�+M'� EGE � E T 5 W 5%E :878��; 5�E e 5 ��7 5 ��78��Wi�<"N�$Cª����C 465 W 5 ���.:8��; 5
��e%:8�+78� 5 7GW<�+e%:8��Vt�+M'� E(E T 5 R$:8�.M'�._N��; 5%E eL�Í���+7U��S+T 5 ;$�<��¯$;$�'� 5 ; 5 � 5 Wi��e�; 5 ������	�Cb½^W ;$�>M.� E
M�I<; 5oº�� ÅMÅ D�Ë�D�H�·�D&AMH�D�Ë �078��: 5 78e��#R�W �.e%:8�+�'7 5 � 5}5 R$:G7 5 M�I<�)78��: 5 78e��#R�W E :87G�'e��LC 4 � EG5
��M'��R�W �+787 5 e��}M'�+�.:GR�78� 5 � 5 7G7U��V 5 78R�e%:G�'W<�i�+W<�.:G�iR�Wi�}W<�+e E �����+W ;��#�+787 5 VBWi� E W<� E W 5
� E8E �.W 78��: 5 78e���e 5 7GWi��M'W<�+e%:G��V$� 5 W R�W�1���M 5 7GpX����;$7UT 5 CØ= 5 �+� E�5 ;$� M'�+�.:GR�78�);$�JR�W�eXH�W<�+7 5
�'e�:8�+�'7 5 Vy�+� EG5 9L��v��#�>7G7 5 e 5 ¦ 5 7GWi��: 5 ; 5 eXH�W<�+7 5 VP�+e%:8T 5 e��+e�9	R�Wi�#W<�>e E �����>Wæ]0�>W)�.:G�K;���V
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���t�+eL� E`5 1���M 5 7Gpr����;$7UT 5 ]�7G�+: 5 7Ge���; 5 Ca¤\1���M 5 7`78��: 5 78e���; 5 e 5 �+� EG5 ;$��R�W«eXH�W<�+7 5 �.e%:G�>�.7 5
]��V��Je 5 �>� EG5 ;�� E :G78�'e���V$]#�c�7�±�¼C

9�:�;%<�:�=b>�=mD © B ©Q©F ^ K = K�Z LXn J�O Y Z L ZbH�K : G = [ Ò H�K yE{
\ ×
_ Î K : Z?H <
^T` HQJ Y�YåÕ
d ZbH�KPj Õ
e
g K :�¥
h ×
i ^T` ZbH B�: G = [ � ZbH�G yE{�Õ
k j `AÒ H�K�G < G :/B|n6=%:6^ G Ò H�K yî^�{�Õ
Frq ë
FuF L&= K L N y�ÒQ�&��v6L G n K6Z ; H�G {
Fr\ ×
Fr_ Î%¥6^ K�G >ìB G :�:/B|n�: ZbH�K Y H y?lE��:�:�;%:�: G = [6ZbH <SaQ:�;?>z^ K = H�[ =Q: [
ZbH n J�K l%{�Õ
F|d Î%¥6^ K�G >ìB G :�:/B|n�: ZbH�K Y H y?lE� G =�^Q; H tlÈf G B�< GQKQÛ�G ^Q^%=Q< G yé{�{�Õ
Fre : GQK&J : H s�Õ
Frg ë
F�h L&= K L N yrÓ J > O6G :�ï�;%:U>�= K ��v6L G n K6Z ; H a�{
Fri ×
Frk : GQK&J : H s�Õ
\uq ë
\�F : GQK%J : HAj Õ
\u\ ë
\u_
\�d
\ue ^ K = K�Z LXn J�O Y Z LtÎ K : ZbH <A: G = [ Î K : Z?H <CyE{
\ug ×
\�h Î K : Z?H <
^T` HQJ Y�YåÕ
\ui
\uk K :�¥
_uq ×
_�F ^T` ZbH B�: G = [ � ZbH�G yE{�Õ
_u\ ë
_u_ L&= K L N y�ÒQ�&��v6L G n K6Z ; H�G {
_�d ×
_ue Î%¥6^ K�G >ìB G :�:/B|n�: ZbH�K Y H y?lE��:�:�;%:�: G = [6ZbH <SaQ:�;?>z^ K = H�[ =Q: [
ZbH n J�K l%{�Õ
_ug Î%¥6^ K�G >ìB G :�:/B|n�: ZbH�K Y H y?lE� G =�^Q; H tlÈf G B�< GQKQÛ�G ^Q^%=Q< G yé{�{�Õ
_�h ë
_ui : G%K%J : H ^�Õ �

12.5 Arquivos-fonte do compilador
· E e 5 1	�';���;$� E e�� E :G�Í�>��� â :GR�M 5�E T 5 �}�'e���M'R E T 5 ; 5%E ��7UY%R��'1 5�E ; 5 ���+7U��; 5 7�;$�Í�+¯	;��.� 5 �z; 5
78R�e%:G�'W)��C[= 5 ;��.78��:8¯�78� 5 ����9�0 · Q�����	
ü=�
�Í¦ 5 78��Wê�'e��+M.R â ; 5%EZ5�E ��7UY%R��.1 5�E �O�'	&��ÿN�
�¯� 8
�����3� ÿN�
��.
�O�'	&��ûO8=��� 9��XüG���LC ¤\��78�'W)�>�.7 5 � 5 e%:G]+W 5�E W)]+: 5 ; 5%E ;$� E ��78�.: 5�E e�� E :G�b�>��� â :GR�M 5 � 5ÍE �+��R�e�; 5 V
�b;$� Ç e��KS+T 5 ;����+g$�+�>S>T 5 MK��e�S>��;����>� EG5 ��M'��R�W ��7 5 ��M'�+Wi� 5 � 5 7G7U�Je������+7U��S+T 5 ;$�»��¯$;$�'� 5 C[= 5
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;$�'7G�+:G¯�7G� 5 ����9�0 · Qc�����=ü��y��b¦ 5 �6� 5 M 5 �+��; 5z5 ��78Y%R��'1 5 �í�7���Xü±!"��� 8
�����-� 5 Wÿ�}�.W<��M'�+W<�>e�:U��S>T 5
; 5 78R�e%:G�'W)�

X++
C

· E8E �'W}V�����78�0���>78��7 5 � 5 W<���'M'��; 5 7a� 5 7GR�e�:8�.W<��V E T 5 e��>��� EGE �78� 5�E65�E`E �+��R��.e%:G� E ��� E8EG5�E �

`�^�T }�~ W�T�^�d�i�_&dK��©X^&]7^�`X`�h=^�[X�M�7óXóªZ3©X©
� ^&]7^ ² \�f�T�b�h&_&d ² \�f�T�b�h=_&d���_&d�i7b�\�[ ~ Z } ��� ^�d�i�_&d��7_�[�_&d�^&S7\&d �
² \�T � d:b��=QXS � ` � }���� �c� ~X�X��}S° �X[�ñ:b=`�d�\�i � i�S�_�fi³Ñ ± [:`@Z
² \�T � d:b��=QXS � ` � }������ � ~X�X��} _�_�gE�X^cb�[ªÑ ± [:`|Z
� S � T�_ � ©X^&]7^�`X` � Y�b�S=Q¤[�\�^&dX�=��f�_�[7S�i��X\&d¤Q�_7h�T �
� _X^&a�b�[7�¤�&d�\�f¦��b�h=_�h=^�[7�M�7óXóeZ6©X©RZ�Z£Z
� b�h&_ �
ò \&ö�_�[XñX�Xd  d=d�\&d«Z ©X^&]7^ � aX\X_�i�[�\&S£_ � b&i�S«Z�_�b�hXh£`�d�_X^&S7_¤\�[�_eZ
� b�h&_ � � ^&d�i�_  � `�_�TXS:b�\�[ªZ6©X^�]7^ � a7\X_�i�[�\�S�_ � b=i�S«Z�_�b�hXh£`�d�_=^&S�_¤\�[�_OZ
� b�h&_ �
ò \&ö�_�[«Z6©X^&]�^ � a7\=_�i�[�\&S£_ � b=i�S«Z�_�b�h=h¡`�d�_X^&S�_¤\�[�_eZ
� b�h&_ �Q° b�f�Tch&_ ² Q�^&d ° SXd�_&^�f1Z3©=^�]�^ � a7\=_�i�[�\&S¡_ � b=i�S«Z{_�b�hXh£`�d�_X^&S7_¤\�[�_eZ
� ^&dci�_&d¤��_�[�_&d�^&S�_&a£i��:`X`�_�iXi��&��hXh � Z
`�^�T }�~ ��©X^&]7^�`�T�^&d�i�_&d�WXh=^�[7�M�«Z6©=^&]�^
`�^�T }�~ ��©X^&]7^�`�h=^�[7���XdXS�W � �X[7S:b�f�_eZ6©=^�]7^
=»� E �NS+T 5 "N��C �b1��+78�+W 5%E � 5 W 5 � 5 W<���'M'��7>V%���>78��7 5�E ��7UY%R��'1 5�E ;$�J��MK� E8E � � �+g	�N��R$:U��7FR�Wi�

�G����M'�'�>��S>T 5 �»�>W
X++

C

12.6 Exemplos
½`:8�.M'�._N��78�+W 5�E � 5 W 5 �+g	�>W<��M 5i5 ��7 5 ��7U��Wi���+ü±���������+V�Y%R���1	�.W 5�E e 5 �+��� â :8R�M 5 /�C f ��78�i� 5 W)p
���'M'��7 5 ��7 5 ��7U��Wi�b�J���+7U��7`��¯$;$�'� 5 V$R$:G�'M.�'_>��7G�>W 5�EF5 � 5 Wi��e�; 5 ;$� E �>W<��7G���

`�^�T }�~ ��©X^&]7^�T�^&d�i�_&dªZ�h=^�[7���RZXZ6W�iXi�^�f�Tch=_�i&W�g�b�[7S&d�_X_OZ ��7óXó ² \�f�T�b�h=_�d�����_�d�i7b�\�[ } Z � � ~X�=���
� _X^&a�b�[7�¤�&d�\�f¦��b�h=_ ZXZ6W�iXi�^�f�Tch=_�i&W�g�b�[7S&d�_X_OZ � Z�Z�Z
��a _ � b=`�^7h  dXd�\�d�i��7\��X[7a
�!°&� [7S�^�`�S:b=`  dXd�\&d�i��X\��X[�a
�!° _�f:^�[XS:b=`�_&d=d�\&d��7\��X[7a
�7_�[�_&d�^&S:b'[7� ZXZ6W�iXi�^�f�Tch=_�i&W�g�b�[7S&d�_X_OZ � Z)g�b�[7S=d7_=_eZ ©X^�i
�7_�[�_&d�^&S:b'[7� ZXZ6W�iXi�^�f�Tch=_�i&W�g�b�[7S&d�_X_OZ � Z)g�b�[7S=d7_=_b��a7^&S7^OZ3©X^�i
² \=aX_¤�7_�[�_&d�^�S�_=a

465 W � E8E �i� 5 Wi��e�; 5 ¦ 5 7U��W ���+7U��; 5�E(5�E ��78Y%R��'1 5%E ��� Qc���
��!N9:�L���Q���ü±�c�*�������á8M�±��ü±�c�*������� 8
���}�
��� Q����
��!19������Q:�+ü±�����������á8��±�+ü±��������� � 	����)��� 8
���»� 5 e%:G�>e�; 5`5 ��¯$;$�'� 5 °%� E W<�.eJ����78�a� E ��MK� E8E � E �+ü±���������
��	&��� ��V%7G� E �t�>��:G�'1I��W<�+e%:G��Ck¤ E ��7 5 ��7U��Wi� E "I�$Cª��/(��"N��C ����V�e 5bÇ e���Mt;$� E :G�^�>��� â :GR�M 5 W 5%E :878��W
�t�>Y%R��+e 5�E :G78�>�U9 5�E ;$� E8E � E ��7UY%R��.1 5�E ����7U�äY�R�� 5 M'�+�.: 5 7J� 5%EGE �z� 5 W<����78��7 5 ��¯$;$�'� 5 ���+7U��; 5
� 5 W 5 ��7 5 ��7U��Wi��p{¦ 5 e�:8��C
?dW E �>��R��K;��i�+7G�K��W 5�E V�� 5 W 5 ��R$g â M'� 5 ; 5 °%� E W)�'eBV 5�E ��78Y%R��'1 5%E ����g$�N��R$:UI1��+� E �(��7 5 ��78�K��p

W<�+e%:G�b;��H: 5�E CZû �+1��+W 5�E R�:G�'M.�'_>��7 5�E`E �+��R��.e%:G� E � 5 W<��e�; 5%E �

`�^�T }�~ ��`�aÎZXZ�W�i=i�^�f�Tch&_�i
iXi�^�f�Tch=_�i"��©X^�i
fb�[¤g�b�[7S=d�_X_eZ � Z)g�b�[7S=d7_X_ËZ6©X^�i
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�7_�[�_&d�^&S�_&aªUlg�b'[7SXd�_X_OZ�`&h=^�i=i
iXi�^�f�Tch=_�i"��©X^�i
fb�[¤g�b�[7S=d�_X_eZ � Z)g�b�[7S=d7_X_��&a7^�S7^OZ6©&^�i
�7_�[�_&d�^&S�_&aªUlg�b'[7SXd�_X_M�&a7^&S�^OZ�`&h=^7iXi
?^V Ç e���M'W<�+e%:G��V�� E :8��W 5�E ��7 5 e%: 5�E ����78�)��g$�N��R$:U��7`e 5%EGEG5 ��7G�'W<�+�'7 5 ��7 5 ��7U��Wi�3�>W

X++
C

¤ñ7G� E R�M.:8��; 5 ]`W 5�E :G7U��; 5 � E �+��R��.7NC 4 ��;�� E �>Y=k�I>e����K�J;$�`:G7�I E e=H�W)�>7 5%E � 5 7G78� E � 5 e�;$�a� 5 ;��'��V
W"I E �b��e 5 Y%R�� E �+7UT 5 M.�K; 5%E �L�>M 5 ��7 5 ��7U��Wi�3�b�i;���:8�<�'e E �+78�';��0e	R�Wi�#�7G1 5 78�»���'e��7G�K��C f[5 7
��g$�>W)��M 5 V�����78�'W)�>�.7U��;���:8��� 5 7G78� E � 5 e�;$�^�<"I���$">%������Cy·^�t¯ E65 e�_>�^;���:U� E ;��.���H:U��;�� E ù§;���:8� E
78�+�t��:G�K;�� E`E T 5 78�*v*�>�H:U��;�� E ú�V 5 ��7 5 ��7U��Wi�b�'W<��7G�'W<�.7U<�<�781 5 78�»�J:8�+78W<�.e���78�C

iXi�^�f�Tch=_�i"��©X^&]�^��=`�h=^�iXi�T�^&S=Q Z=UXZXZ�W�`�^�T }�~ g�b�[7SXd7_X_
a ^�[X�=��^&��_i�£d=�=[7S:b�f:_£i � i�S�_�fNZ���_&d�iXb�\�[ � Z }
}�~
}��
~X�X�=�
�
�
~X�X��}
�
�
}������
~��
�
~X�X�=�
~��
�
~X�X�=�
 h=_�f:_�[7S�\�©X^£_ � b=i�S�_
�
�
}������
~��
~
}������
}��
}��
~X�X�=�
~��
�
~X�X�=~
~��
�
~X�X�=�
}��
}�~
~X�X�=�

~�� W ~ W }Q�����
� W � W }������
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� W � W }������
~�� W��7W ~X�X�X�

~�� W � W ~=�X�X�
}�~ W }�� W ~X�=�X�

}�� W }�� W ~X�X�X�
}�� W }�~ W ~X�X�X�

� W � W ~X�X��}
~6� W � W ~=�X�X~

9�:�;%<�:�=b>�=mD © B © @F Õ ¨�¨Q¨�¨�¨�¨�¨Q¨�¨�¨�¨�¨Q¨�¨�¨�¨�¨Q¨�¨�¨�¨�¨Q¨�¨�¨�¨�¨Q¨�¨�¨�¨�¨�¨Q¨�¨�¨�¨�¨�¨�¨Q¨�¨�¨�¨�¨�¨Q¨�¨
\ Õ Ù�; [�G < GUH6G :�= K�GQ[SO ¥tÔ�fQfMLQ;?>�n Z Y G :
_ Õ(Ø G :6^ Z ; H sCBED ¨o© s�s ©
d Õ ¨�¨Q¨�¨�¨�¨�¨Q¨�¨�¨�¨�¨Q¨�¨�¨�¨�¨Q¨�¨�¨�¨�¨Q¨�¨�¨�¨�¨Q¨�¨�¨�¨�¨�¨Q¨�¨�¨�¨�¨�¨�¨Q¨�¨�¨�¨�¨�¨Q¨�¨
e B�^Q; J :6L GPO�Z?H�K : G�G B�v
g B�LQY%=�^�^on JQO Y Z L O�Z?H�K : G�G
h B�^ J n G : Ö =%p�=�R�YQ= H <�R�� O6ÖQG L K
i B�a Z&G Y [ n JQO Y Z L j6G ¥t� O�ZbH�K : G�G Ë [ = K =�Õ
k B�a Z&G Y [ n JQO Y Z LSY G a K � O�Z?H�K : G�G Õ
Frq B�a Z&G Y [ n JQO Y Z LP: Z < N�K � O�ZbH�K : GQG Õ
FuF
Fr\ Õ�Þ G a�= J Y K L%; H ^ K : J L K ;%:CB3ÙQ=�Y�Y�^S^ J n G :Cyé{
Fr_ B > G%K%N ; [ n JQO Y Z L ä�ZbH�Z&K�} yE{?Ø
F|d B�Y Z > Z&K Y�;�L%=�Y�^
D
Fre B�Y Z > Z&K ^ K =�L j D
Frg =�Y�;%= [ ÏQs
F�h ZbH p�; j6G ^bn G L Z =�Y Ö =%p�=�R�YQ= H <�R�� O6ÖQG L K R ä�ZbH�Z&K�} yE{?Ø
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