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+-,.+0/213�4 13�57698;:=< 13'> ,?,@,?,A,?,?,A,?,A,?,A,?,?,@,?,A,?,A,?,?,A,?,A,?,@,?,?,A,?, B
+-, � CED%FHG :;8;69<I: D 4KJ@LM:.4N<O3�5 G 5 13P<O69<I: D 4 ,?,?,@,?,A,?,A,?,?,A,?,A,?,@,?,?,A,?, B
+-, Q / 5O6 FRF 6%:.5O3'> ,?,@,?,A,?,?,A,?,A,?,A,?,?,@,?,A,?,A,?,?,A,?,A,?,@,?,?,A,?, S
+-, T U 8;V D 5O:.<IW F 3?XY3AZ[3�5 F 3P<O\]5I3@<O5O6%4^>_:.<I:;`%3 ,@,?,A,?,A,?,?,A,?,A,?,@,?,?,A,?, a

b0cM�$d^e[f gih2e(hNj &(#-d]e(h k
�],.+ml 4-<O5 D XY\onp<I: D 4 ,?,@,?,A,?,?,A,?,A,?,A,?,?,@,?,A,?,A,?,?,A,?,A,?,@,?,?,A,?, q
�], � rtsYG 5O3'>O>_: D 4^>E5 13�V-\]8.:vu3'5I3i> ,A,?,A,?,A,?,?,@,?,A,?,A,?,?,A,?,A,?,@,?,?,A,?,�+'w
�], Q xy13P<OW D XY3?XY3'>zX D <_<O3'XK:.<I3 F > ,A,?,A,?,?,@,?,A,?,A,?,?,A,?,A,?,@,?,?,A,?,�+%+
�], T CED%FHG 8;3 s :=< 13 ,?,@,?,A,?,?,A,?,A,?,A,?,?,@,?,A,?,A,?,?,A,?,A,?,@,?,?,A,?,�+ �

�], B CED%FHG 8;:;n'6�<I: D 4o> ,@,?,A,?,?,A,?,A,?,A,?,?,@,?,A,?,A,?,?,A,?,A,?,@,?,?,A,?,�+'Q
{|cM�$d^e[f gih2g�f ���idYj &(}~!"h �]*

Q^,.+�rts 3 FHG 8;3'> ,A,?,@,?,A,?,?,A,?,A,?,A,?,?,@,?,A,?,A,?,?,A,?,A,?,@,?,?,A,?,�+iB
Q^, � � 6957>_:;4]V��$��� +i��,@,?,A,?,?,A,?,A,?,A,?,?,@,?,A,?,A,?,?,A,?,A,?,@,?,?,A,?,�+'S

Q], �Y,;+ ��� 3�4^>I3 F�� 8;3A� l�� L]� ,A,?,A,?,?,@,?,A,?,A,?,?,A,?,A,?,@,?,?,A,?,�+'S
Q], �Y, � ��� 3�4^>I3 F�� 8;3A���@�����z� ,A,?,?,@,?,A,?,A,?,?,A,?,A,?,@,?,?,A,?,�+'�
Q], �Y, Q � 5 D%� 8vu3 F 3i> ,A,?,?,A,?,A,?,A,?,?,@,?,A,?,A,?,?,A,?,A,?,@,?,?,A,?,�+'�
Q], �Y, T U \Y< D%F 6�<O3'>�u6 G :;8.3��$� ,?,A,?,?,@,?,A,?,A,?,?,A,?,A,?,@,?,?,A,?,�+'q

Q^, Q � 6957>_:;4]V�� � ,?,@,?,A,?,?,A,?,A,?,A,?,?,@,?,A,?,A,?,?,A,?,A,?,@,?,?,A,?, �9w
Q], Q],;+ U 4^6%8.�Y>I3?XY3?� � � w-��,?,A,?,A,?,?,@,?,A,?,A,?,?,A,?,A,?,@,?,?,A,?, �9w
Q], Q], � U 4^6%8.�Y>I3�LY� � � +i��,A,?,A,?,A,?,?,@,?,A,?,A,?,?,A,?,A,?,@,?,?,A,?, �%B
Q], Q], Q U 4^6%8.�Y>I3?� � � +i��,A,?,A,?,A,?,?,@,?,A,?,A,?,?,A,?,A,?,@,?,?,A,?, �9S

��cR�'����&[��!��ig bok
To,.+�rts 3 FHG 8;3'>�3�<�4 D <O: D 4^>zXY3 � 6%>I3 ,?,A,?,?,@,?,A,?,A,?,?,A,?,A,?,@,?,?,A,?, �9q
To, � � 4 G 3'\�XY3A<IW 13 D 5O:;3 ,?,?,A,?,A,?,A,?,?,@,?,A,?,A,?,?,A,?,A,?,@,?,?,A,?,�Q �

To, Q � :;3�4^>�3'4-<O5I3A8;3'>zV-5O6 FHF 6%:.5O3'>�LN��3�<��~��6�<_<O5I: � \ 13�3'> ,?,A,?,A,?,@,?,?,A,?,�Q �

*����)�����) �)e(h�g'�'dY�i&(}~!"h {�*
B],.+0/ 5O6 G W]3?XY3A¡ D <zX]3�n D 4N<O5£¢D 8.3 ,A,?,A,?,?,@,?,A,?,A,?,?,A,?,A,?,@,?,?,A,?,�Q-B

BY,;+%,;+ rtsYG 5O3'>O>_: D 4o> ,?,?,A,?,A,?,A,?,?,@,?,A,?,A,?,?,A,?,A,?,@,?,?,A,?,�Q-B
BY,;+%, � l Z�>_<O69<I3 F 3'4N< ,?,?,A,?,A,?,A,?,?,@,?,A,?,A,?,?,A,?,A,?,@,?,?,A,?,�Q-B
BY,;+%, Q C 6%>I3@>_<O69<I3 F 3'4N< ,A,?,A,?,A,?,?,@,?,A,?,A,?,?,A,?,A,?,@,?,?,A,?,�Q%S
BY,;+%, T ¤�D \^n�8.3i>�� D 5 ,?,?,A,?,A,?,A,?,?,@,?,A,?,A,?,?,A,?,A,?,@,?,?,A,?,�QNa

B], � CED 4N<I5�¢D 8;3@X]3A<�� G 3'> ,A,?,?,A,?,A,?,A,?,?,@,?,A,?,A,?,?,A,?,A,?,@,?,?,A,?,�QNa
BY, �Y,;+ LYn D-G 3i> ,@,?,A,?,?,A,?,A,?,A,?,?,@,?,A,?,A,?,?,A,?,A,?,@,?,?,A,?,�QNa
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B], �], � J 13�5O:��on�69<I: D 4MX]3A<�� G 3'> ,@,?,A,?,A,?,?,A,?,A,?,@,?,?,A,?,A,?,A,?,�Q-�
���A��� #��h �"!���h g hN� �^���ih-�ig �$�

S],;+! D <I: D 4�X~� U nP<I:;`�6�<I: D 4 5O3'n D 57X ,@,?,A,?,A,?,?,A,?,A,?,@,?,?,A,?,A,?,A,?,	To+
S], ��U G]G 3'8;> : F�� 5O:#"N\ 13i> ,?,A,?,A,?,?,@,?,A,?,A,?,?,A,?,A,?,@,?,?,A,?,A,?,A,?,	T �

S], Q $�13P<769:;8;>zX � \]4�6 G]G 3'8 ,A,?,A,?,?,@,?,A,?,A,?,?,A,?,A,?,@,?,?,A,?,A,?,A,?,	TNQ
S^, Q^,.+ % \�� 3i>�<I� n�3P�&"-\�� D 4M6 G^G 3'8.8;3(' ,A,?,A,?,?,A,?,A,?,@,?,?,A,?,A,?,A,?,	TNQ
S^, Q^, � CED-FHF 3'4N< D 4MZ(69:.<)' ,?,@,?,A,?,A,?,?,A,?,A,?,@,?,?,A,?,A,?,A,?,	TNQ

S], T % \]3'8#"N\]3i>�5I3 F 695*"-\^3'>�>_\^5z8.3i> D%�,+ 3�<O> ,A,?,?,A,?,A,?,@,?,?,A,?,A,?,A,?,	TNQ
S^, To,.+ - 13�5O:.<O69V-3 ,A,?,A,?,A,?,?,@,?,A,?,A,?,?,A,?,A,?,@,?,?,A,?,A,?,A,?,	T-T
S^, To, � � 3'X 13.�^4]:.<I: D 4 XY3'> F 13�<IW D XY3i> ,?,A,?,?,A,?,A,?,@,?,?,A,?,A,?,A,?,	T-T
S^, To, Q ��D 8.� FHD 5 G W]: > F 3 ,A,?,?,@,?,A,?,A,?,?,A,?,A,?,@,?,?,A,?,A,?,A,?,	T-T

S], B �$694]VN69V%3i>EZ D 4^nP<I: D 4]4]3'8;> ,A,?,?,@,?,A,?,A,?,?,A,?,A,?,@,?,?,A,?,A,?,A,?,	T-T
/10 �h �2�hN��dY�i&(�)� �$h2#-� �"h � /

a ,;+�l 4N<I5 D XY\^nP<I: D 4 ,?,?,A,?,A,?,A,?,?,@,?,A,?,A,?,?,A,?,A,?,@,?,?,A,?,A,?,A,?,	TYa
a , � / 13'4 13'5O69<I: D 4�6£`-3'n@XY3'> F 6-n7W]:.4^3'>�u6 � 6%>I3?XY3A5I3'V%: >�<O5I3i> ,?,?,A,?,A,?,A,?,	TYa
a , Q ¤ 6%>I: n � 8 D n*3Y> ,?,?,A,?,A,?,A,?,?,@,?,A,?,A,?,?,A,?,A,?,@,?,?,A,?,A,?,A,?,�B%w

aY, Q^,.+ $ 3?8v� U LY�y6%\ $�$A/0,?,@,?,A,?,A,?,?,A,?,A,?,@,?,?,A,?,A,?,A,?,�B%w
aY, Q^, � $ \ $4$A/ 69\ n D XY365Y8;3'> 13in7W]3�8;8;3'> ,?,A,?,A,?,@,?,?,A,?,A,?,A,?,�B]+

a , T L 13�8;3'np<O: D 4KX]3'>�:;4^>�<O5I\onp<I: D 4o> ,?,@,?,A,?,A,?,?,A,?,A,?,@,?,?,A,?,A,?,A,?,�B9T
aY, To,.+ ¤�D <_< D-F �v\ GKG 69<_<I3'5I4]� F 6�<7n7W]:;4]V ,?,?,A,?,A,?,@,?,?,A,?,A,?,A,?,�B-B
aY, To, � l 4o>�<O5I\^nP<I: D 4 >_3'8.3inp<O: D 4 � ��X]�N4o6 F :;n G 5 D V-5O6 FHF :;4]V ,?,A,?,A,?,�B-B
aY, To, Q ¤���� L75 ¤�D <_< D%F � \ GK� 3.8z5O:=<O:.4]V >I�Y>�<O3 F ,?,@,?,?,A,?,A,?,A,?,�B%S

9�:�h<;)&(g'����h g �){
�],;+ ��:.`-3�4]3i>I> U 4^698;�Y>_: >?�[` :;`£6-nP:.< 13 � ,@,?,A,?,A,?,?,A,?,A,?,@,?,?,A,?,A,?,A,?,�S-Q

�^,.+-,.+ r�s 3 FHG 8;3 ,A,?,A,?,A,?,?,@,?,A,?,A,?,?,A,?,A,?,@,?,?,A,?,A,?,A,?,�S-Q
�^,.+-, � r "N\^6�<O: D 4KX]69<O69� ¡ D 8 ,?,@,?,A,?,A,?,?,A,?,A,?,@,?,?,A,?,A,?,A,?,�S%T
�^,.+-, Q L <O6�<O:;nA`Y>zXY� 4^6 F :;nA8;:.`-3�4]3i>I> ,?,A,?,?,A,?,A,?,@,?,?,A,?,A,?,A,?,�SNB
�^,.+-, T / 576 G W]3?X~� :;4N<I3'5_Z 13'5I3'4^nP3 ,?,A,?,A,?,?,A,?,A,?,@,?,?,A,?,A,?,A,?,�S-S
�^,.+-, B �$5769:.<I3 F 3'4-<�XY3i> FHD `%3 ,@,?,A,?,A,?,?,A,?,A,?,@,?,?,A,?,A,?,A,?,�S-S

�], ��U 8.8 D n�6�<O: D 4�XY3A5I3'V%: >�<O5I3i> ,A,?,?,@,?,A,?,A,?,?,A,?,A,?,@,?,?,A,?,A,?,A,?,�S-S
�^, �],.+ CED 8 D 5I: 69V-3 G 6%5�>_: FHG 8;:=�on'6�<O: D 4 ,A,?,?,A,?,A,?,@,?,?,A,?,A,?,A,?,�S a
�^, �], � �$5769:.<I3 F 3'4-<�XY3i> FHD `%3 ,@,?,A,?,A,?,?,A,?,A,?,@,?,?,A,?,A,?,A,?,�S-�
�^, �], Q  D 3�\^X]> G 5 13'n D 8 D 5 13'> ,?,@,?,A,?,A,?,?,A,?,A,?,@,?,?,A,?,A,?,A,?, a9w

�], Q �$5O6%:=<O3 F 3�4N< X~� \]4 3 s 3 FRG 8.3?n D-FHG 8.3�< ,?,A,?,?,A,?,A,?,@,?,?,A,?,A,?,A,?, a9w
k0c��"d]e(f g'h2�"dY�id7>��<? /)/

q],;+m� 3i6%n7W]:;4]V XY3.�^4]:.<I: D 4^> ,?,A,?,?,@,?,A,?,A,?,?,A,?,A,?,@,?,?,A,?,A,?,A,?, a-a
q], ��U `£6%:.8 6 � 8.3?3 s G 5I3i>I>I: D 4^> ,?,A,?,?,@,?,A,?,A,?,?,A,?,A,?,@,?,?,A,?,A,?,A,?, a9�
q], Q � G <O: F : >I69<I: D 4�6£`%3in 8v� 694^6%8.�Y>I3@X]69<O69� ¡ D 8 ,?,?,A,?,A,?,@,?,?,A,?,A,?,A,?, a9q
q], T U n�n 13�8 13�576�<O: D 4 ,?,?,A,?,A,?,A,?,?,@,?,A,?,A,?,?,A,?,A,?,@,?,?,A,?,A,?,A,?,��-w

q^, To,.+ U \ 4]:.`-3'6%\KXY3i> � 6%>I: n � 8 D n*3Y> ,A,?,?,A,?,A,?,@,?,?,A,?,A,?,A,?,��-w
q^, To, � ��57XY5O3@X]3'>z4A@?\oX]> ,?,?,@,?,A,?,A,?,?,A,?,A,?,@,?,?,A,?,A,?,A,?,��-w
q^, To, Q J�6%8.\^3?4N\ F � 3�5O:.4]V ,?,?,@,?,A,?,A,?,?,A,?,A,?,@,?,?,A,?,A,?,A,?,��^+

q], B�U 8.: 6%>�6%4^698;�Y>_: > ,?,A,?,A,?,A,?,?,@,?,A,?,A,?,?,A,?,A,?,@,?,?,A,?,A,?,A,?,��^+
�,BC:D�h<EF�hN��hN�"#%h g 9){
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��D \]5�8 6 G 5 D XY\^np<O: D 42X~� \]423 s�13inP\Y<76 � 8;3�u6 G 6%5_<O:.5�X~� \^4 n D XY3 > D \^5On�3+* D 42XY: >�<O:.4]V-\]3

V 13�4 13�57698;3 F 3�4N<�8.3i> 13P<76 G 3'>z>I\]:.`�6%4-<O3'> 5
<O3 s <I3E> D \]5On�3-, Z[5 D 4N<_� 3�4^X., 5O3 G 5 13i>_3'4N<O6�<O: D 4�> 13 F 6%4-<O:#"N\]3/, � 6%n*3N�v3'4^X., 3 s�13inP\Y<76 � 8;3 ,

r 4AV 13'4 13�576980* D 4?n D 4^>_: X~u3'5I3 "N\]3�8;3'>�<O5 D :;> 13P<O6 G 3i>~:;4-<O3�5 F 13'XY: 69:;5O3'>�>_3�Z D 4N<Eu6�8 � :.4N< 13�5O:.3'\]5
X]\ n D%FHG :;8;69<I3'\]5 5132(46587:90;=<>7@? 5t694o698;� >I3�8;3 s : n�6%8.3 � "N\]: F u3�4]3 u6 8 6 G 5 D XY\onp<I: D 4 XY3M8;3 s u3 F 3'>BAK< D �

3%3'4^> � * G \]:;>�8v� 6%4^698;�Y>_3 >I� 4-<76 s : "-\^3 "-\^:�6 �oD \Y<I:.< u6�8 62n D 4^>_<I5O\^np<O: D 4 XY3�8v� 6%5 � 5I3
>I�N4N<76 s :#"N\]3 � U LY� �P,1 r 4o>_\]:.<I3C*�8;6@> 13 F 694N<O:#"N\]3�694]4 D <I3�nP3�< U LY� � <�� G 3i>�*�: XY3'4-<O:=�)n�6�<O3�\]57> � 3�< D 4�6 �oD \Y�
<I:.<�u6H8 6�5O3 G 5 13i>_3'4N<O6�<O: D 4�> 13 F 694N<O:#"N\]3 ,1ED(F+G(HI;=<�7J? 5 D%G <I: F : >O6�<I: D 4?XY\?n D X]3�:.4N<O3�5 F 13'XY: 69:;5I3��(> D \o>~3 sYG 5O3'>O>_: D 4o>)n D%FHF \^4]3'> 5D 4 4]3 `-3�\Y<KZ(69:;5O37"N\ � \]4]3 >_3'\]8.3 13�`�6%8.\^69<I: D 4K* <>9LGNM ��4 4]3 Z(69:.< "N\]3 XY3i> <O5I\^n'>
:;4^X 13 G 3'4^X]694N<7>�XY3�8 6 F 6%n7W]:;4]3 �p, ��4 G 5 D XY\]:.< 3'4^>_\^:=<O3�8.3Rn D XY3�6->I>I3 F�� 8.3'\]5OAR8;3
n D XY3 F 6%n7W^:.4]3 ,^r 4A�^4 D 4�6 +�D \]<I3@8.3i> � : � 8.: D <OW u3 "-\^3'>&* D 4 5 13i> D \Y<�8.3i>zn D 4]¡^:=<7> ,1 � 3 G 5 D XY\]:.<�3'>_<�8 � 3 s�13inP\Y<76 � 8;3 ,

���(P QSRUTWV %�#�!O'X% R �ZY\[]%��U'X� � V � ��^'_!O'"% R �
r 4 V 13'4 13'5O6%8 D 4 XY: >�<O:.4]V-\]3�X]3�\ s <�� G 3i>�XY3�8;6%4]V-6%V%3'>�5N8;3'>�8 694^V-69V-3'>tn D%FHG :;8 13i>t3P<�8.3i>

8 694^V-69V-3'>�:;4N<I3�5 G 5 13P< 13'> ,Y/ 5 D >I> D � FHD X D * D 4 n D 4^>_: X~u3'5I3 "N\]3?8;3A<I576£`£6%:.8 X]3�8 � :;4-<O3�5 G 5 13P<O3�\]5
>I3?5 13'XY\^:=<z69\KZ[5 D 4N<_� 3�4^X � G 6%>zXY3 � 6-n*3N�v3'4^X D \ G 5I3i> "N\]3 � 51 CED%FHG :;8 6�<I: D 4�598;3�n D-FRG :.8 6�<O3�\]5 G 5 D XY\]:.<�\]4 G 5 D V-5O6 FRF 3�nP: � 8.3 u6 G 695I<I:;5�XY\ n D XY3

> D \]57nP3 ,iC � 3i>�<"3�4^>I\]:.<I3�nP3 G 5 D V-5O6 FHF 3 "N\]:N`�6�Z D \]5O4]:;5�u6z8v� \Y<I:;8.: >O6�<I3'\]5�\^4�5 13'>I\]8=<76�<
u6 G 695I<I:;5�XY3?8v� :;4 G \]< ,1 l 4N<I3'5 G 5 13�<O6�<O: D 4�5 U G 6%5_<O:.5zXY\�> D \]57nP3@3P< X]3@8v� :.4 G \Y<&* D 4 X D 4]4^3AX]:.5O3'nP<I3 F 3'4-<�8;3
5 13'>I\]8.<O6�< ,

��3�n D%FHG :;8;69<I3�\^5 3'>_< G 8;\^>�5O6 G : XY3+* F 6%:;> :.8"3'>_< G 8;\^>@XY:a` n�:.8;3Ku6 13'n�5I:;5I3 , ��� :;4-<O3�5 G 5 13P<O3�\]5
3i>�< G 8;\^>�Z(6%nP:;8;3Ru6 X 13 �)D V-V%3�5��[:;8^<O5O6%:=<O3 8;3'>E:.4^>_<I5O\^nP<I: D 4^>�69\ ` D 8)X D 4^n D 4 G 3�\]<Ub_<I576%nP3'5dc
8v� 3 sE13'n�\Y<I: D 4e*Y3P<�:;8 3'>_< G 8.\o>�> 13'nP\^5I:.<O6%:.5O3 ,
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��D \^5�>On7W 13 F 6�<I: >I3�5zX~� 6£`£6%4N<O69V-325 CED%FHG :;8;69<I3�\^5 l 4-<O3�5 G 5 13P<O3�\]5
<I5769:.<I3 F 3'4-< X]\ > D \^5On�3 13�4 D 5 F 3 8.: F :=< 13
Z D 5 F 3A:.4N<I3'5 F 13iXY: 69:;5I3 3 sE13'nP\]<O6 � 8.3 � :;4^69:;5I3 >�<O5I\^nP<I\]5O3?XY3?X D 4^4 13�3i>z> G�13'n�:=��"N\]3F 13in�694^:;> F 3@X~� :;4-<O3�5 G 5 13P<76�<I: D 4 C���� > D Z <

` :.<I3i>I>I3 576 G : XY3 8;3�4N<I3
����� � �"! TWT !$%��"� )

��4 13P<I\oXY:.3 : nP:?>I\^n�n�:.4^nP<I3 F 3'4N< 8;3'>KV-5O6 FRF 6%:.5O3'>�W D 57> n D 4N<O3 s <I3 ,���D \]5 G 8.\o>KX]3
X 13P<O6%:.8 >&* D 4 GoD \]5I576R>_3A5O3 G)D 5I<I3�5z6%\ n D \]57>�XY3���6%4]V-6%V%3i>E� D 5 F 3'8;> ,
�������������� ��!"�$#&%(' %)#� 4]3 ;^��d+*,* d]&[��h.-$�o��g #%�)���'hNj~�'h 3'>_<�\]4C"N\^6%XY5O\ G 8;3P<�/10 �3254768259:6�;�6�< ��D u\ 5
= 2 4 3'>_<�\^4 6%8 G W^6 � 3P<N*^XY:.< 698 G W^6 � 3P<�XY3i>z4 D 4Y� <O3�5 F :.4^6%\ s">
= 2 9 3i>�<z\]4�6%8 G Wo6 � 3P<&*oXY:=< 6%8 G W^6 � 3P< XY3i>�<I3'5 F :;4^69\ s *?2 9�@ 2 4 0BA >
= ;,CD2 4 3'>_<�XY:.< 13�8 13 F 3'4-<zXY3�X 13 G 6%5_<?� D \ 6 s : D-F 3AXY3 /?�E>
= <�3'>_<@\]4 3�4^>I3 F�� 8.3RXY3 G 5 D XY\^nP<I: D 4^>&*on%� 3i>�< u6�XY:;5O3�XY3�5'u3'V%8;3'>�X]\�<�� G 3GF ,IH
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Figure 2.89 Transition diagram for the LR(0) automaton for the grammar of Figure 2.85.
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1

S->A.{$}

S

B->x.{b$}

S

2

5

7S

a

4S

6S

8S

S0

S

3S
S->.A{$}
S->.xb{$}
A->.aAb{b$}
A->.B{b$}
B->.x{b$}

A->a.Ab{b$}
A->.aAb{b$}
A->.B{b$}
B->.x{b$}

A

a

B

b

A->aAb.{b$}

A->aA.b{b$}

A->B.{b$}

x
B

A x

S->xb.{$}

B->x.{b$}
S->x.b{$}

b

Figure 2.96 The SLR(1) automaton for the grammar of Figure 2.95.
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S1

12

S->A.{$}

5

S2 S

10

B->x.{b}

S

S->xb.{$}

S

S->x.b{$}

b

S

b

A->aAb.{$}

A->aA.b{$}

6S

8S

3

7S

A->B.{b}

9S

A->B.{$}

4S

B->x.{$}

S->.A{$}
S->.xb{$}
A->.aAb{$}
A->.B{$}
B->.x{$}

A->a.Ab{$}
A->.aAb{b}
A->.B{b}
B->.x{b}

a

A->a.Ab{b}
A->.aAb{b}
A->.B{b}
B->.x{b}

A->aA.b{b}

A->aAb.{b}

A

a a

B B x

A
x

x B

A

b

Figure 2.97 The LR(1) automaton for the grammar of Figure 2.95.
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Figure 6.22 Possible structure of an activation record.
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356 SECTION 6.3 Routines and their activation
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b. After calling    . Ra. Before calling    . R

Figure 6.30 Calling a routine defined by the two-pointer routine descriptor D.
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364 SECTION 6.3 Routines and their activation
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local variables
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.
.
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.
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old FP

Figure 6.45 Two activation records on a stack.
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Instruction Actions

Load_Const c,Rn Rn:=c;
Load_Mem x,Rn Rn:=x;
Store_Reg Rn,x x:=Rn;

Add_Reg Rm,Rn Rn:=Rn+Rm;
Subtr_Reg Rm,Rn Rn:=Rn-Rm;
Mult_Reg Rm,Rn Rn:=Rn*Rm;

Figure 4.22 Register machine instructions.
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c Load_Mem  ,R :nLoad_Const  ,R :n x

Figure 4.28 The abstract syntax trees for the register machine instructions.
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240 SECTION 4.2 Code generation
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Figure 4.42 AST of the sample basic block.
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254 SECTION 4.2 Code generation
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Figure 4.43 Data dependency graph for the sample basic block.
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SUBSECTION 4.2.5 Code generation for basic blocks 255
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Figure 4.44 Cleaned-up data dependency graph for the sample basic block.
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256 SECTION 4.2 Code generation
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b I1

c

Load_Mem b,R1

Add_Reg I1,R1

Add_Mem c,R1

Store_Reg R1,x

x

Figure 4.49 Rewriting and ordering a ladder sequence.
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Rm

Rm

Rm

Mult_Scaled_Reg   ,R ,R*#8 multiply scaled register cost = 5

R

Add_Scaled_Reg   ,R ,R#7 add scaled register cost = 4

R

#6 m multiply registers cost = 4

R

Mult_Mem    ,R#5 multiply from memory cost = 6

R

#4 Add_Reg R ,R1 add registers cost = 1

R

Add_Mem    ,R#3 add from memory cost = 3

R

Load_Mem    ,R#2 load from memory cost = 3

R

Load_Const   ,R#1 load constant cost = 1

R

cst

+

+

*

*
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R

R

R

R

R

R *

*

mem
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cst
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Mult_Reg R ,R

m

m

#7.1

#8.1

Figure 4.60 Sample instruction patterns for BURS code generation.
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->mem
#2->reg

->cst
#1->reg

#1->reg
->cst

->mem
#2->reg

#4->reg
#7->reg

#6->reg
#7.1
#8->reg
#8.1

#5->reg
#6->reg
#7.1
#8.1

a8

4

b

+

*

*

Figure 4.69 Label sets resulting from bottom-up pattern matching.
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#7.1
#8->reg @9

#7.1
#8.1

#4->reg @13

#5->reg @7

->cst @0
#1->reg @1

->mem @0
#2->reg @3

#1->reg @1
->cst @0

->mem @0
#2->reg @3

✔

✔

✔
✔

✔

✔

*

*

✔

Figure 4.71 Bottom-up pattern matching with costs.
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S00 = {}
S01 = {→cst@0, #1→reg@1}
S02 = {→mem@0, #2→reg@3}
S03 = {#4→reg@0}
S04 = {#6→reg@5, #7.1@0, #8.1@0}
S05 = {#3→reg@0}
S06 = {#5→reg@4, #7.1@0, #8.1@0}
S07 = {#6→reg@0}
S08 = {#5→reg@0}
S09 = {#7→reg@0}
S10 = {#8→reg@1, #7.1@0, #8.1@0}
S11 = {#8→reg@0}
S12 = {#8→reg@2, #7.1@0, #8.1@0}
S13 = {#8→reg@4, #7.1@0, #8.1@0}

Figure 4.74 States of the BURS automaton for Figure 4.60.
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S01
- S03 S05 S03 S09 S03 S09 S03 S03 S03 S03 S03 S03 S09
S13

�
�
�
�
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S01 S04 S06 S04 S10 S04 S12 S04 S04 S04 S04 S04 S13 S12
S02
- S07 S08 S07 S11 S07 S11 S07 S07 S07 S07 S07 S11 S11
S13
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�
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Figure 4.76 The transition table Cost conscious next state[].
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S01 S02 S03 S04 S05 S06 S07 S08 S09 S10 S11 S12 S13
cst -- -- -- -- -- -- -- -- -- -- -- --
mem -- -- -- -- -- -- -- -- -- -- -- --
reg #1 #2 #4 #6 #3 #5 #6 #5 #7 #8 #8 #8 #8

�
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Figure 4.77 The code generation table.
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