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O P QSRUTWV X
Y[Z]\�^`_aZ�bdc e
fg^ih�jN^i_ kmlon[p
qsrtbupij5vxw _yj{z}| kml~n�p

� z�Z]� �oZ�_yv
� � Z�z9z�Z]\ ���
� p�^�rtb.��|
� z�Z]���9�oZ�_yv _yj{z}| � Z�z�z�Z]\������ �(�{z�^tb�j5v�w
� �tbuZ � �N^t\yp
� j5v�z}buZ��s���Uz}jNZ]v�Z��"�t��v�r�\ j3� �tbuZtw]b.r�\ \ j5vxw
� � rtbd�N^i�
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� X�� T�X��
��j5v�w]��jNp�zUj3�  "v�Z�_y�N^��owt^o¡�kSZ]vxp�z}j{z}��^~v�z�p

� w]buZ]����j5vxwtp¢Z�� _aZ�b.�op�j5v�z�Z �3rtbuwt^~ba��v�j{z�pm_y|�j3�£| � ^t|�r�h�^ pij5\��j5�3r¤b¥� r�v£� |�r�hx^ r ��rtb¦z}j3�£���3rtb[��rtb¦z�Z��§pi�t^¨^��£| r�p¢z}|x^tj5b§|x^�r£�
� ��|�b.rxp�^©¡�ª«q |x^�r��o^�� � � ª§¬ ­�ª�®]¯�q °i°i°
lxZ�bd\�r��±��j5vxw]��jNp�z}j3� fg^t�tbu^²p�^tv�z³r�z}jNZ]v´¡�k�lon�p

� � ��zi®]�o^����3r¤bµr�z}j{hx^¢�¶Z�bd\�r��5jNp`\�p�Z]v��{� �o^i�(vx^·zU|x^ �N^²w©r��tp�z}bdj5vxwtpZ��ar �3r�vxw]��rxwt^
� �£rtbup`j5vxw r��NwtZ�b�j{zU|�\yp¢rtbu^ vx^¨^��o^�� z�Z pi�t^��£j{�.� |�Z�_ z�Z bu^��=Ztw��
v�jN¸i^�z}|x^¨p�^ p�z}bdj5vxwtp¹r�v�� rxp�pijNw]v p�z}bd���Uz}��bH^ºz�Z z}|x^t\

»�v£r��{�x¸�j5vxw �£r�vxw]��r�wt^ j5v ¼$^tbd\yp Z�� zU|x^¨p³^ fg^t�tbH^¨p�^~v�z�r�zUjNZ]vxp²¡
½ ��v�z�r��Uz}j3� qsr¤bHpij5vxw

� j3�~^~v�zUj{�.� �=Z]\ �tZ]v�^~v�zº��rtb¦z�p�r�v�� |xZ�_ bu^t�3r�z�^��
� z�Z p�^²^ j{�§r p�^~v�z�^tv��i^ jNp¢w]b.r�\ \�r�z}j3�¨r��
� z�Z rxp�pijNw]v r p�^~\ºr�v�zUj3�ºp�zUbd���}zU��bu^
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� X�� T�X��
kSZ]v�z�^=¾�z l�bH^¨^ nmb.r�\ \�rtbup

� p�^iz�p Z��gz�^tbd\ j5v�r��Np"¿7^tj{z}|x^tb(�N^=¾Àj3�²r��Áj{z�^~\�p�Z�bÂ��rtb¦z�p[Z��$pi�t^¨^���|tÃ
� p�^iz�p§Z���v�Z]v��7z�^tbd\ j5v�r��Np"¿ÄzU|x^��iZ]v�p�zUj{z}�x^tv�z�p&Z��$z}|x^º�3r�vxw]��r�wt^ÁÃ
� p�^iz�p Z�� bd���N^²p Z��yzU|x^ �¶Z�bd\ » Å Æ�®"_y|x^tbH^ » jNp r v�Z]v��
z�^~bd\ j5v�r���r�v�� Æ jNp"rºp�z}bdj5vxw�Z��S¸i^tbuZ ZÀb[\yZ�bu^¢z�^tbd\ j5v�r��NpÇr�v��
v�Z]v��7z�^tbd\ j5v�r��Np
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É Ê Ë�Ì Í R�X�Î
kSZ]vxp�z}j{zU�x^tv�z�p

� ½ Å ª«q ¯�q
� ª«q Å Ï&^`z ª[Z]��v
� ¯ºq Å ¯
� °i°i°
qsrtb¦z�p«Z�� ½ �t^¨^��£|

� Ï&^izyÅ r
� ªÐZ]��v Å Ñ(jNw]|�z
� ¯ Å �N^`�.z
� °i°i°
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Ó Ë�Ô Î(T�V Õ
qsrtbupij5vxw

� bu^��iZtw]v�jN¸�j5vxw r�v�� r�p³pijNw]v�j5vxw p�z}bd���Uz}��bu^ ¿³�tbu^ih�jNZ]�xpÖ�£|�r���z�^tbHp�Ã
½ ��v�z�r��Uz}j3� �£rtbup`j5vxw

� bu^��iZtw]v�jN¸�j5vxw r w]b.r�\ \�r�z}j3�¨r��¹p�^~v�z�^tv��i^ r�v�� r�p³pijNw]v�j5vxw r
p���v�z�r��Uz}j3�ºp�z}bd���Uz}��bH^

qsrtbupij5vxw _yj{z}| r kmlon

� r�p³pijNw]v�j5vxw r �iZ�bdbu^��Uz z}bu^¨^ ¿×ZÀbº�o^tb�j{h£r�z}jNZ]v¤Ã z�Z r p�^~v�z�^tv��i^
w]j{h�^~v p�Z]\y^ w]b.r�\ \�r¤b

� k§|�r���z�^~bÙØ+¡��o^��£�3rtb.r�zUj{hx^ kmlon �¶Z�bd\�r��5jNp`\
� k§|�r���z�^~b&Ú²Û+¡mr��NwtZ�b�j{zU|�\yp§�¶Z�b �xpij5vxw zU|x^ k�lon �¶Z�b�\ºr��5jNpi\ z�Z
�=Z]\ ����z�^ ��rtbup�^�z}bu^¨^²p¢�¶Z�b�r p�^~v�z�^~v£�i^
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Ý Þ ß Ó Ë�Ô Î(TWV Õ
qsrtbupij5vxw _yj{z}| r kml~n \�^�r�vxp rxp�p`jNw]v�j5v�w r �iZ�bdbu^��Uz zUbu^²^ ¿7Z�b
z}bu^¨^²p�Ã�z�Z r p³^tv�z�^tv��=^�w]j{hx^tv p�Z]\y^ kml~n w]b.r�\ \�rtb�°
¼¹|x^ �N^�r�h�^²p Z��ºz}|�^ zUbu^²^ �=Z�hx^tb�r��5�[r�v�� Z]v��{� z}|�^ j5v�����z r�v��
z}|�^·zUbH^¨^��iZ�bdbu^²pi�tZ]v��~pmz�Z r�h�r��5j3� �o^tbdj{h�r�zUjNZ]v�r��¨�iZ�b.�sj5vxw z�Z z}|x^
w]b.r�\ \�rtb�°
ª[Z�z�^ z}|£r�z àiá©â¨â}ãiàxäÖ|�^~bu^ \�^�r�vxp�z}|�r�z�zU|x^ z}bu^²^ jNp �=Z]vxp`jNp�z�^tv�z
_yj{z}|ºz}|�^ j5v�����z"r�v�� z}|x^yw]b.r�\ \�rtb�°¢åNzÖ�oZ�^¨piv´æMz�\�^�r�v�z}|£r�z¹j{ziæ3p
z}|�^�bdjNw]|�z[z}bu^¨^¹ZÀbgz}|�^��tbuZ]�¤^~bs_�ri��z�Z bu^~�tbu^¨p³^tv�z � vxw]�5jNpi| j5vyr�v��\yZ�bu^ w]�NZ � r���p�^~vxp�^�Z����=ZÀbdbu^��}z=°
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ç è Ý Ë�Ô X�ÎSé
nmb.r�\ \�r¤b§kÇ|x^��£c�j5vxw
½ ^t\�r�v�z}j3�º»¹v�r��{�xpijNp
ê �x^¨p�zUjNZ]v��d»¹vxp�_a^tbdj5vxw ë åìv��¶Z�bd\�r�z}jNZ]v � ¾xz}b.r£�}zUjNZ]v
½ �t^¨^���| fg^��iZtw]v�j{z}jNZ]v �£r�vxw]�£rxwt^ í Z´�o^~�Np
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Ó Ë�Ô Î(TWV Õ Ë Î ï�X Ë�ÔSð ç
»"pº_yj{z}| �(v�j{z�^`�dp�z³r�z�^ bu^��=Ztw]v�j{z}jNZ]v r�v�� zUb.r�vxp��s���Uz}jNZ]v´® ��r¤bHpij5vxw
�¨r�v � ^"h�jN^`_a^���rxp�rmp³^�rtb.��|À°�¼¹|x^"p�^�r¤bµ�£|�pi��r£�i^Ö�=Z�b�bu^¨p`�¤Z]v��op$z�Zz}|�^ pi��r��=^ Z��ÇzUbu^²^¨p¹wt^~vx^tb.r�z�^�� � � z}|x^ w]bµr�\ \ºrtb�°Ö¼¹|x^ p³^�rtb.��|
jNp¢w]��j3�~^�� � � z}|x^ p�z}bd���Uz}��bu^�Z��&z}|x^ pi��r��=^ r�v�� � � z}|x^ j5v�����zi°

� bu^¨w]���3rtbÂ^}¾´�tbu^²p�p`jNZ]v ��rtbup`j5v�w
ñ p�^�rtb.�£| p`��r£�i^�Z��mr��5�s�tZtp�p`j � �N^ ��r�z}|xp¢zU|�buZ]�xw]| z}|x^ l ½ »
ñ p�^�rtb.�£| p`��r£�i^ �o^`�(vx^�� � � zU|x^ l ½ »

� k�lon p���v�z³r£�}zUj3� ��rtbup`j5v�w
ñ p�^�rtb.�£| p`��r£�i^�Z��mr��5�s�tZtp�p`j � �N^ ��r¤bHp�^�zUbH^¨^¨p
ñ p�^�rtb.�£| p`��r£�i^ �o^`�(vx^�� � � zU|x^ kmlon

ò ^oæì�5�óp�z�rtb¦z�_yj{z}| z}|�^ � rxpij3� \�^`zU|xZ��op�Z�����r¤bHpij5vxws®gp³^¨^ _y|�r�ziæ3p_ybuZ]vxw _yj{zU| z}|�^~\ ®ôr�v£� zU|x^tv \yZ�h�^ Z]v z�Z r � ^iz9z�^tb�\y^iz}|�Z��g°
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Ó Ë�Ô Î(T�V Õ
» \ j5v�jow]b.r�\ \�rtb[r�v�� �N^}¾´j3�=Z]v

S ö NPVP Det ö that ÷ this ÷ a
S ö AuxNPVP Noun ö book ÷ flight ÷ meal ÷ money
S ö VP Verb ö book ÷ include ÷ prefer
NP ö DetNominal Aux ö does
Nominal ö Noun
Nominal ö NounNominal Prep ö from ÷ to ÷ on
NP ö Proper-Noun Proper-Noun ö Houston÷ TWA
VP ö Verb
VP ö VerbNP Nominal ö NominalPP

¼¹|x^ �£rtbup³^ Z��¢z}|�^ p³^tv�z�^~v��=^ ø á�átù äÄúgû�ä§ü¹ý¦þ©úsä"r£�²�=Z�b.�sj5vxw z�Z
z}|�^ \ j5v�jow]b.r�\ \�rtb

S

VP

NP

Nom

Verb Det Noun

Book that flight
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Ó Ë�Ô Î(TWV Õ � ð èºV�QÂTWV P X�� �
ò |�r�z�c£j5v��ºZ��(�iZ]vxp�z}b.r�j5v�z�p��¨r�v � ^º�xp³^��yz�Z��=Z]v�vx^��}zÙzU|x^¢w]b.r�\��
\�r¤b�r�v£� zU|x^ p³^tv�z�^~v��=^�_y|x^tv p�^�rtb.��|�j5v�w �¶ZÀbÙzU|x^ ��rtbup�^�z}bu^¨^��
� z�Z]���9�oZ�_yv ¿7wtZ©r��{�9�sj5bu^��Uz�^��´Ã�p�z}b.r�z�^¨w��
ñ z}bu^¨^ p`|xZ]���3� |£r�hx^�Z]v�^ buZ�Z�z�¿7w]b.r�\ \�rtb �=Z]vxp�z}b.r�j5v�z�Ã

� � Z�z9z�Z]\ ��� ¿d��r�z³r����sbdj{hx^~v¤Ã"p�z}b.r�z�^²w��
ñ z}bu^¨^ pi|xZ]���3� |�r�hx^ z}|�bu^¨^ �N^�r�hx^¨p ¿³j5v�����z p�^~v�z�^tv��i^ �=Z]v��
p�z}b.r�j5v�z�Ã
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� � è�Q$X èºV Q±ç X �sV Í P Q
lxZ�b�bdjNw]|�zyvxZ�_º®´_"^oæì�5�´rxp�p`��\y^�z}|x^º�¶Z]�5�NZ�_yj5v�ws¡

� zU|x^ j5v�����z�jNp�vxZ�z¢z�rxwtwt^��
� zU|�jNp�j5v�����zÖ�=Z]vxpijNp�z�p�Z��«��v�r�v£r��{�x¸i^�� _aZ�bµ� z�Z]c�^~v�p
� r��5�tz}|x^�_aZ�b.�op�j5v z}|x^ j5v�����zÖrtbu^ c£vxZ�_yv
� r��5�(z}|x^ _aZÀb.� j5v z}|�^ j5v�����z rtbu^ r�h�r�j5�3r � � ^ pij5\ ���{z�r�vx^¨Z]�xpi�{�¿�j °3^o°E®]z}|�^`�´æ bH^ � �
	(^~bu^��´Ã
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� è Í ��
 è¢� V Ó Ë�Ô Î(T�V Õ
ò |x^~v zU|x^�p�^�rtb.�£| jNpy�tb�j5\ºrtbdj5�ÿ�ºwtZ©r��´Z�bÙ^}¾´�t^��}z�r�zUjNZ]v��9�sbdj{hx^ ¿ � �
z}|�^�p�z}bd���Uz}��bH^�Z��$zU|x^¹w]bµr�\ \ºrtb¶Ã}®�zU|x^~v�_a^©æìbu^��~Z]j5vxw�p�Z]\y^�c�j5v��
Z�� z�Z]���9�oZ�_yv p�^�rtb.��|´°
¼¹|x^ �tbdj5\�rtb¦�ywtZ©r��sjNp"z}|�r�z"_a^��²r�v�p�z³rtb¦z Z]��z � ��zUb¦��j5vxw z�Z �(v��
r z}bu^²^ buZ�Z�z�^�� rxp ½ ®sp`j5v£�i^y_a^©æìbu^�z}b¦��j5v�w z�Z �£rtbup³^�p�^tv�z�^tv��=^²p¨°
¼[bu^²^¨p�rtbu^�z}|x^tv � ��j5�{z§��bHZ]\ z}|�^ buZ�Z�z�vxZ��o^ ½ z�Z zU|x^ �N^�r�hx^¨p²°
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� Ó Ë�Ô QÂT Ë R � è Í ��
 è¢� V ï�X Ë�ÔSð ç ï Í Ë�ð X

S

S S S

NP VP AUX NP VP VP

S S S S S S

NP VP NP VP Aux NP VP Aux NP VP VP VP

Det Nom PropN Det Nom PropN V NP V

� r�p³pi��\ j5vxw �£rtb.r��5�N^t�<j{pi\
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� è�QgQ è Ì ��� Í Ó Ë�Ô Î(T�V Õ
ò |x^~v zU|x^ p�^�rtb.�£| jNp �tbdj5\�r¤b�j5�:� ��r�z³r��9�sbdj{hx^tv ¿ � � z}|x^ j5v�����z
_aZ�bµ�~pWÃU®�zU|x^~v _a^©æìbu^ �oZ]j5vxw p�Z]\y^ c£j5v�� Z�� � Z�z�z�Z]\������ p�^�rtb.�£|´°
¼¹|x^y�tbdj5\�rtb¦��^�rtbd�{�¢�iZ]vxpij3�o^tb.r�z}jNZ]vy|�^~bu^yjNpSz}|�r�zSz}|�^·�NZ�_a^²p�zÙpi� � �z}bu^¨^²p�Z��ÙzU|x^��(v�r��£z}bu^¨^ \ �xp�z¹|xZ�Z]c ���º_yj{z}|yzU|x^�p�z³r¤b¥zap���\ � Z]� °
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� Ó Ë�Ô QÂT Ë R � è�QgQ è Ì ��� Í ï Í Ë�ð X

Book that flight

Noun Det Noun Verb Det Noun

Book that flight Book that flight

NOM NOM NOM

Noun Det Noun Verb Det Noun

Book that flight Book that flight

NP NP

NOM NOM VP NOM NOM

Noun Det Noun Verb Det Noun Verb Det Noun

Book that flight Book that flight Book that flight

VP

VP NP NP

NOM NOM

Verb Det Noun Verb Det Noun

Book that flight Book that flight
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ï�X Ë�ÔSð ç Ý èºV�Q Ô è�R �sÎ$Î�P X�Î
¼¹|�jNp��ójNp �£�xp�p`jNZ]v �N^i�.z�Z]��z¹r �¶^i_ jNp�p`��^²p¨° ½ ���£| r�p�°i°i°
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ï�X Ë�ÔSð ç Ý èºVºQ Ô è�R �sÎ$Î$P X�Î � ð èºVºQ����

S � S � S � S

NP VP NP VP NP VP

Det Nom Det Nom

Noun

� S � S

NP VP NP VP

Det Nom Verb NP Det Nom Verb NP

Noun Noun Det Nom

� S

NP VP

Det Nom Verb NP

Noun Det Nom

Noun

� v�Z]v�����rtb.r��5�N^~�£p�z}b.r�z�^²w]jN^¨p�¿×^©°3ws° ®±�o^t��z}|��×�±bup�z�Ã
� _y|�j3��| �N^�r���vxZ��~^�z�Z ^=¾´�£r�v�� vx^}¾xzº¿7^o°3ws°E®Ù�N^`�.zU\yZtp�z�Ã
� _y|�j3��|«Z��sz}|x^¢r������5j3�²r � �{^aw]b.r�\ \ºrtb$bd���N^¨pSz�Zyz}b¦��¿×^©° ws°E®©Z�b.�o^tbj5v zU|x^�w]b.r�\ \�rtb¶Ã
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� è Í ��
 è¢� V 
 X Í Q±ç � Þ T Ô ÎsQ � X��iQ � Q è � � T�ÕºçºQ
åìv�j{zUj3r��5jN¸i^ r�wt^~v£��r _yj{z}| � ½�� zUbH^¨^ r�v£� �¤Z]j5v�z�^tb¢z�Z �(bup�z _aZ�bµ�
r�v£� \ºr�c�^�zU|�jNp��£��bdbH^tv�z�p�^�r¤bµ�£| p�z�r�z�^ ¿d�£��b¶Ã
�xZ�Z]� ��v�z}j5�opi���¨�i^¨p�p������s�£rtbup³^�Z�b ^~\ ��z7� r�wt^~v£��r

� r������{� r��5�"r������5j3�²r � �N^ w]b.r�\ \�rtb bd���N^¨p z�Z �N^`�.zU\yZtp�z ��v�^=¾x�
�£r�v��o^�� vxZ´�o^ Z��"����b
ñ j{� zU|�jNp�vxZ��o^ jNp�r q(¬ ½ r�v£� \�r�z³�£|x^¨p j5v�����zi®±���xp`| Z]v�z�Zrxwt^tv���r
ñ Z�z}|�^~b¦_yjNp�^ ���xpi| vx^`_ z}bu^²^¨p¹Z]v�z�Z r�wt^~v���r

� �¤Z]� vx^i_ �£��bS��buZ]\ rxwt^tv���r
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� è Í ��
 è¢� V 
 X Í Q±ç � Þ T Ô ÎsQ � X��iQ � Q è � � T�ÕºçºQ

S S S S

NP VP NP VP NP VP

Det Nom PropN

[Does] [Does] [Does] [Does]

S S S

AUX NP VP AUX NP VP AUX NP VP

Det Nom

[Does] Does [this] Does [this]

S S

AUX NP VP AUX NP VP

Det Nom Det Nom

Noun

Does this [flight] Does this [flight]

S S

AUX NP VP AUX NP VP

Det Nom Det Nom Verb

Noun Noun

Does this flight [include] Does this flight [include]
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S S

Aux NP VP Aux NP VP

Det Nom Verb NP Det Nom Verb NP

Noun Noun

Does this flight [include] Does this flight include [a]

S S

Aux NP VP Aux NP VP

Det Nom Verb NP Det Nom Verb NP

Noun Det Nom Noun Det Nom

Does this flight include [a] Does this flight include a [meal]

S

Aux NP VP

Det Nom Verb NP

Noun Det Nom

Noun

Does this flight include a [meal]
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 X Í Q(ç � Þ T Ô ÎóQ � � � Ó Ë�Ô Î�X Ô

function TOP-DOWN-PARSE(input,grammar) returns a parsetree

agenda� (Initial Stree, Beginningof input)
current-search-state� POP(agenda)
loop
if SUCCESSFUL-PARSE?(current-search-state) then

return TREE(current-search-state)
else

if CAT(NODE-TO-EXPAND(current-search-state)) is aPOSthen
if CAT(node-to-expand)�

POS(CURRENT-INPUT(current-search-state)) then
PUSH(APPLY-LEXICAL-RULE(current-search-state),agenda)

else
return reject

else
PUSH(APPLY-RULES(current-search-state,grammar),agenda)

if agendais emptythen
return reject

else
current-search-state� NEXT(agenda)

end

� f fg»±¼�»�¡�»ap³pi��\y^ z}|�r�z��5j5vx^ v���\ � ^~bdj5vxw p�z�rtb¦z�p¢_yj{z}| z}|x^ rxp��pijNw]v�\y^tv�z�Z���rxwt^tv���r r�p��5j5v�^ Út°

� ¼¹|�^ ��kS»±¼ � ����v��Uz}jNZ]v Z]v �5j5vx^ � bu^`zU��bdvxp z}|x^ w]b.r�\ \�r�z��
j3�¨r�� �¨r�z�^²wtZ�b¦� Z�� r vxZ��o^ j5v r ��rtbup³^ z}bu^²^o° ½ Z z}|�jNp �5j5v�^
jNp ��|�^��£c�j5vxw z�Z p�^²^ j{�¹z}|x^ w]b.r�\ \�r�zUj3�²r��S�¨r�z�^¨wtZ�b¦� Z��yz}|x^
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�£��bdbu^~v�z vxZ´�o^ z�Z � ^ ^}¾´��r�v£�o^�� j5v zU|�jNp p�^�r¤bµ�£| p�z³r�z�^ jNp r�£rtb¦z9�dZ��.�dpi�t^¨^���| �¨r�z�^¨wtZ�b¦�¨°
� ¼¹|�^ ��j{� � Z]v �5j5vx^��ºpi|xZ]���3� � ^¢pij5\ j5�3rtboz�Z�zU|x^¢Z]vx^«Z]v �5j5vx^��+®jN^o°�kS»(¼¹¿Wª§¬ Ï � �9¼�¬¢� �! q£»·ª¢Ï�¿d����bdbu^tv�z9�dp�^�rtb.��|�� p�z�r�z�^xÃ�Ã
� ¼¹|�^ �dp`� � p³^iz � p���\ � Z]�[Z]v �5j5vx^ Ø p`|�Z]���3� � ^ r�v ��j5v � j5v��
p�z�^�r��ô°

� fô^~\�Z�hx^ zU|x^ �d^~�Np�^ bu^`zU��bdv bH^#" ^��Uz � Z]v �5j5v�^²p Ú²e r�v�� Ú%$'&"j{z
�¨r���p³^¨p�r �tbH^t\�r�z}��bu^yz�^tbd\ j5v�r�z}jNZ]v Z�� z}|�^ p�^�rtb.��|´°

� ¼¹|�^ �²r��5�$z�Z ª �! ¼ Z]v �5j5vx^ Ú²Ø pi|xZ]���3� � ^ r q ¬ q p`j5v��=^
zU|�jNp�r��NwtZÀbdj{zU|�\ jNp¹^}¾´���5j3�£j{z}�ÿ� �o^t��z}|��7�(bHp�zi°
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Ý è Ì Í Ë�Ô X � T�Q±ç � 
 � � X ð èyÕºV T)(§X+*

function ND-RECOGNIZE(tape,machine) returns acceptor reject

agenda, - (Initial stateof machine,beginningof tape).
current-search-state, NEXT(agenda)
loop

if ACCEPT-STATE?(current-search-state) returnstruethen
return accept

else
agenda, agenda/ GENERATE-NEW-STATES(current-search-state)

if agendais emptythen
return reject

else
current-search-state, NEXT(agenda)

end

function GENERATE-NEW-STATES(current-state) returns a set of search-
states

current-node, thenodethecurrentsearch-stateis in
index , thepointon thetapethecurrentsearch-stateis lookingat
return a list of searchstatesfrom transitiontableasfollows:

(transition-table[current-node,ε], index)/
(transition-table[current-node, tape[index]], index + 1)

function ACCEPT-STATE?(search-state) returns trueor false

current-node, thenodesearch-stateis in
index , thepointon thetapesearch-stateis lookingat
if index is attheendof thetapeand current-nodeis anacceptstateof machine

then
return true

else
return false
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hjilknmok pnmok prqtsrpvuxw�plynk{z|pvurq qsjQz)prqns}pvuxw�plynk{z�w�~ �t~rw�i��
h�~��x����~x��u
� ~�u���� z�kxpnm2�rilk{z�j9u w�i�k z��rp}��k�~r��mKkxplz�~�urp��v�Qk pvu�z���knmKz
� z��lynynk{z�w�z ix���n~rw�i�k%z�k%z w�irpxw pnmok ul~rw ��~�u�z`jQz�w�knuxw �yj�w�i w�ilk
q�pxw�p

� i}plz��nmo~��v�Qkn��z��yj�w�i �Qk��2w��)mok��}�vmoz`jQ~�u ��j9ux ¡u�j�w�k�z��rp}��k{z£¢
¤¡~rw�w�~��c��¥¦�
� ~�u���� �§~vm¨��z�ix���n~rw�i�k%z�k%z|�@~�ulzijQz�w�k©uxw��yj�w�i w�ilk qvpxw�p
� z��lynynk{z�w�z ix���n~rw�i�k%z�k%z[w�irpxwW��p�ª«k ul~ z�k©ulz�k y��Q~��rpv�9���
� p��Qz�~ irp�z¬�nmo~��v�Qkn��z��yj�w�i j9ux ¡u�j�w�k�z��rpr�@k%z
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º»ktj�w�ilknm�w�~��x�#q!~x��u ul~vm¹�n~rw#w�~��|�)����prq!kx¼½�rp
w�kn���|k�¾��v�Q~]j�w�p��9��w�ilk
�@~�ulz�w�m2p�j9uxw�z%�
hjilknmok ptmKk �Wpvux� �¿p@� w�~ �@~�� ��j9u�k w�~��x�#q!~x��u k@¾��tk���w�p
w}jQ~�ulz
�yj�w�i �t~rw#w�~��c�)�v� qvp
w�p w�~ ynk�w|p ��~vmok k�À ��jQknuxwÁz�kxpnm2�riÂ�
hjilk ��~nz�w �t~��v�v�7pnmj��k�w�i�~Ãq!z ��z�k ~�ulk ��k�w�i�~Ãq p�z¬w�ilk �rplzij7�
z�k�pnm2�}i ��~�uxw�mo~��vz�w�m2pxw�k%yr� w�~ ynk©ulknm2pxw�k�w�mok{k%z{�
hjilk�� w�ilk©u �lz�k ��~�u�z�w�mÄp�j9uxw�zW��mK~�� w�i�k ~rw�ilknm���k�w�i�~Ãq w�~ qt�x�
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�;w�knm¨� j9urp��QzØpv�Q~�u�y w�i�k w�mKk{k!É7z �Qk��2w|kxq!ynk q!~x��u
w�~ �Qk��2w���~nz�wW�Qk�p
�

� �Ù~rslk{z|~�u w�~ k�¾��rpvu}q q©~���u w�~ ulk�¾lwW�Qk��2w���~nz�w��Qkxpx�
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w�ilk q!knm�j�s}pxw}jQ~�u
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� ¤ jQzàp �Qk��2w[�@~vm¨ulk©m´~r�¦á j���á â ãrâ ä ¤
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S S
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Verb Det Noun Noun Verb Det Noun Noun

prefer a morning flight prefer a morning flight

ò¡ó
ôrõ pvurq ö ô�óÛ÷
óxô pnmok �t~rw�i �Qk��2w#�#�@~vmÛu�k©moz�~r��ø�ù
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ë Ñ�ì@b + Ñ�· % ² ^ ³ UW\ 1}· UW\Wb ³ \ % Ñ µ 2
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S 3 S 3 S 3 S 45454
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NP PP NP PP

NP PP

Ý ~���k ul~�ux�¨z�~��9�xw�üQ~�ulz
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, U U ² $ U Ð6% b ³ UW\ ^ bÎU ë Ñ�ì@b + Ñ�· % ² ^ ³ UW\
áà�
w�~���p
w�ü7�{pv�9��� q©k�w�k���wàp�urq mok���m¨ü�w�k �Qk��2w��)mok��}�vmoz�üQ~�u
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¤Þp�z�ü7� ü7q!k�pÂ�H�H�[ul~�ux� mKkx�}�vmoz�ü�slk m¨�v�Qk{z¿ ¡moz�w
¤Þp}q
� º�ù / º[ù ù�ù
� º�ù / ��k�w º»~�� ü9u}pv�
¤¡k�w#w�k©m����v�xw�z�w�ü9�9�½ul~ yn~�~Ãq�¢
� º�ù / ��k�w º»~�� ü9u}pv�
� º�ù / º[ù ù�ù

021)3547698;:#<=191?>@3A3765B9C5D9E5FGFH37B5BI3 0KJ9E5L9MONQPR8QB S5B



7 ² ¶cf f ¶ ² + Ñ�Z ²¹³ b ³ \ Ì
-ïw üQz|pv����p��lz[w�ilk �{plz�k w�irpxw|p �Qk��2w��)mok��}�vmoz�ü�s�k�y�m2pv� �Wpnm��{pvu �nk
mok�� ��mÛü�w�w�knu ü9uxw�~ p ��kxpvª}��� kx¼½�vü�s}pv�Qknuxw|ul~�u
�)�Qk��2w��)mok��}�vmoz�ü�slk�~�ulk!�
åÕp�u �tk q!~�ulk!�H�H�
� ��� irp�urq
� p��xw�~��Wpxw�ü7�%p��9��� �;z�k{k¬w�ilk �n~v~�ª
¢
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Y Ñ�V b¡¸ a U % \ µ
Ý k�wàp�u pnm¨�vü�w�mÄptm � �n~���urqd�
Ý k�wàp�u pvu}pv���xw�ü7�%p��9�O� q!k©m¨ü�slkxq �t~��vurqd�
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021)3547698;:#<=191?>@3A3765B9C5D9E5FGFH37B5BI3 0KJ9E5L9MONQPR8QB SI3



® f ± ³ Ì % ³ b °
åßirp��xw�knm:9 q½üQz �}�lz�z�kxq ù¡æ Ý áà� ��üQy��vü�w;� �
#»knmok¬��k ptmKk �@~�ur�@k©m¨ulkxq ��ü�w�i Ý w�m¨�r��w��vm2p��!áà� ��üQy��vü�w;� �
 ü�s�k©u p y�mÄp�� �Wpnm�Ò  �Q~��rp��!áà� �vüQy��vü�w;� �n~rw�k©u
w�ü7pv�9��� �Qk�p}q!z w�~
� ����w�ü9�v�Qk �rptmKz�k{z��§~vm¹w�ilk�z)pv�Ùk ü9uv�v�xw���ü��`��k��§~vm2��k ü�w�w�~v¢��
� ; ÿ<�>= � = þ � �

 =?�@��� � ��óA�çó{ÿ<� þ ö óCB
Ôl~��%p��váj� �vüQy��vü�w � ÒÍü9u �@~�uxw�m2plz�w�ÒÎ�Qkxprq!z¦w�~ ix�v�t~rw�ilk{z�k{z�w�irp
w�pnmok
�Q~Ã�{pv�9��� mokxplz�~�urpv���Qk �v�xwWk�slk©u
w��rp��9��� �Qkxprq u�~���i�k©mok p�urq mok%z��v��w
ü9u ü9ulk�À �}üQk©u
wà�}pr�}ª�w�m2p}�rª}ü9uly½�|Ó�ü9��w�k©m¨ü9uly ilkn�9�lz[p �9ü�w�w��Qk!�
� D þrþFE ���G���H���	�
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î UWf f UW\ $ b ²J% ·»b % ² ¶ Ð ® f ± ³ Ì % ³ b ³ Ñ�^
á`w�w�pr�}iv�Ùk©uxw[p�� �vüQy���ü�w;�
� p+��~�ulz�w�ü�w��lknuxwß�{pvu �tkØp
w#w�p}�ri�k�q w�~ w�i�k �rpnmoz�k[w�mok%k�pxw[�Ù~vmKk
w�irpvu ~�ulk �v�7p}��k

� ù�ù p
w#w�pr�}iv��knuxwjpv� ��üQy��vü�w;�
(a) S (b) S

NP VP NP VP

NP

NP PP NP PP

NP NP

Pro V Det Noun P Poss Noun Pro V Det Noun P Poss Noun

I shotan elephantin my pajamas I shotan elephantin my pajamas

� ynknm¨�vurq½ü�s�kØøWù p
w#w�pr�}iv��knuxwjpv� ��üQy��vü�w;�
. K ó ÿ<�>= ���dó LM�ON ó���P þ =jóxôQ�SR
��
*� � þ T �!ôU�Äÿ

åÞ~v~vm2q½ü9urp
w�üQ~�u p�� �vüQy���ü�w;�
� þ �	� VI� ó<
 �

J� = þ � ó<

W slz{� V þ �X� � ó<

W �>
�� = þ � ó<

º[ù �nmÄp}�rª k�w�ü9uly �ZY�ö �>
��2ÿ[� �	�>
*�\���A�'ó �#ó��]�U�Íó
ô�ÿ ¢
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¸ ° ³ ^ ® f ± ³ Ì % ³ b ° , ² U ± Ð Ñ�f ¶�b ³ ·_^
hjilknmok ptmKk �t~rw�knuxw�ü7p��9��� pvu k�¾��n~�u�k©uxw�ü7pv�½uv��� �nknm»~r�j�rpnmoz�k%z��§~vm
p z�k©u
w�knur��k!Ò»z�~ mKk�w���mÛu�ü9uly p��9�Îz�w�m¨�r��w���mÄp��9��� srpv�9ü7q �rpnmoz�k%z üQz�u�ÉQw
pv����p���zàp yn~v~Ãq ü7q!kxp��
Ý ~���k z�~��9�
w�üQ~�ulz{è
� k�¾��v�Q~�ü�w»mok%y����7pnm¨ü�w�ü�k{z`ü9u�w�ilk�z�kxpnm2�riÁz��}pr�@k w�~Øq!knm¨ü�slkÜ��~�� ��~�u
z��v�v�}pnmçw�z[~�uv��� ~�u}��k �;k!�7y½�HÒ��lz�k qn��urpv� ü7� �nmo~ny�mÄp�� � ü9uly w�~
ü9u}�rmokxplz�k�k�À �}üQknur���t¢

� i�k©�vm¨üQz�w�ü7�cz�k�ptmÄ�}i z�w�m2pxw�k{y�üQk{z
� mok�w��vm¨ujpv�9�}�n~nz�z�ü9�v�Qk��rpnmoz�k%z`p�urq�q½üQz)pv� �vüQy��rp
w�k|�lz�ü9uly Æ¨~rw�i�k©m
�Ùk�w�il~Ãq!z)Ç
. mok©��� ~�u z�kn��p�uxw�ü7�@z
. mok©��� ~�u �nmK~��}pv�vü9�9ü=w�k{z
. �n~rw�i

021)3547698;:#<=191?>@3A3765B9C5D9E5FGFH37B5BI3 0KJ9E5L9MONQPR8QB SI­



` \�]�¶ ²´³ ¶c\WbÅ^
��k%z��vü�w�k pv�9�¡w�ilk p�� �vüQy���ü�w;� pvurq �rp}�rª�w�m2pr�}ªrü9uly w�ilk©mok pnmok ü9ux�
srpnm¨ü7p�uxw�z�w�~ �nk�w�pvª«knu p}qnsrpvu
w�plynk+~r���
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�� ö þ �e�Äÿ � þ f þ ��ÿU� þ 
 þ 
 P K g
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� º�ù / º[ù ù�ù
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` \¬]�¶ ²¹³ ¶|\Wb¡^ 1}· UW\Wb ³ \ % Ñ µ 2

NP

Nom

Det Noun

a flight from Indianapolis to Houston on TWA

NP

NP PP

Nom NP

Det Noun Prep Prop-Noun

a flight from Indianapolis to Houston on TWA

NP

NP

NP PP PP

Nom NP NP

Det Noun Prep Prop-Noun Prep Prop-Noun

a flight from Indianapolis to Houston on TWA

NP

NP

NP

NP PP PP PP

Nom NP NP NP

Det Noun Prep Prop-Noun Prep Prop-Noun Prep Prop-Noun

a flight from Indianapolis to Houston on TWA
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+ Ñ % ^ÍÑ ] ³ ¶ Y ° \ ¶cf ³ · , ² U�Ì ² ¶cf f ³ \ Ì
æ��vm��r��mÛmoknuxwÞp��Qyn~Âm¨ü�w�iv� �v�vü9�7q©zes}pv�9ü7q[w�mok%k{z%Ònq½üQz)�%pnm2q!zÎw�ilk©� q½��m �
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w¦irpxslk
z��v�x�)�nmo~��v�Qkn��z�w�irp
w[ynk�w�z�~���slkxq p�yépvü9u pvu}q p�yépvü9u��
È k �¿p�uxw�pvu p��Qyn~Âm¨ü�w�iv� w�irpxwW ¡�9�Qz¬p w�pv�v�Qk ��ü�w�i z�~��9�xw�üQ~�ulz�w�~
z��v�x�)�nmo~��v�Qkn��z�w�irp
w�è
� q©~vk%z�ul~rwcq!~ mok©�tk�p
w�kxq �Ü~vm¨ª
� q©~vk%z[w�~��x�#q!~x��u z�kxpnm2�ri ��ü�w�i �t~rw#w�~��c�)�v�  ¡��w�knm¨ü9uly
� z�~���slk{z[w�ilk �Qk��2w#� mKkx�}�vmoz�üQ~�u �nmo~��v�Qkn�
� z�~���slk{z|pvu k@¾Â�n~�ulknuxw�ü7p��½�nmo~��v�Qk©� ü9u k lnm o�pÜw�ü9��k
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Y ° \ ¶|f ³ · , ² U�Ì ² ¶cf f ³ \ Ì
Ý �lz�w�kn��p
w�ü7�{pv�9���� ¡�9�dü9u�w�p��v�Qk%z�~r�Üz�~��9�xw�üQ~�ulz¿w�~ z��v���nmK~����Qk©�Ùz%�
È ilk©u �@~�� �v�Qk�w�k!ÒÍw�i�k w�pv�v�Qk{zØ�@~�uxw�p�ü9u w�ilk z�~��9�xw�üQ~�ulz|w�~ pv�9�'~r�
w�i�k z��v�v�nmo~��v�Qkn��z�ulk{k�q©k�q w�~ z�~���slk�w�ilk���il~��Qk �nmo~��v�Qkn� �
Ól~vm��rptmKz�ü9uly½Òéw�ilk�w�p��v�Qk%z�z�w�~Âmok z��v�xw�mok{k%z��§~Âm��@~�ulz�w�ü�w��lk©u
w�z{�
Ý ~���slk{zàmokn�rpnmoz�ü9u�y ü9ulk�À �}üQk©u}�rü k%z{Ò©p�z�z��v�
w�mok%k{zÜpnmok ul~rwjmokn�rpnmoz�kxq
�v�xwW�Q~v~�ª«kxq �����
Ý ~���slk{z pv� �vüQy��vü�w;� k�¾��v�Q~nz�üQ~�ulz%Ò�plz w�ilk w�pv�v�Qk �%p�u ��� ö ���q�<�r�d�eR
z�w�~vmok p��9�½�rpnmoz�k%z{�
)�pr�}i z��v�
w�mok%k üQz mokn�nmKk{z�k©uxw�k�q ~�uv��� ~�ur�@k pvurq z�irpnmokxq ��� pv�9�
w�i}pxwWulk%kxq ü�w��
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Y ° \ ¶cf ³ · , ² U�Ì ² ¶cf f ³ \ Ì ¶c\ µ , ¶ ² ^ ³ \ Ì
È k!ÉÊ�9�c�lz�k w�i�k )�pnm¨�Qk�� pv�Qyn~vm¨ü�w�iv� Òà��ivü7�}i  Å�9�Qz p w�pv�v�Qk � ���dó
�s�G�!ô<� ¢�ü9u p z�ü9uly��Qk �rp�z�z[~rs�k©m»w�ilk ü9uv�v�xw@�
hjilk�w�pv�v�Qk���ü9�9�r�tk[z�üut�k ºwv x���ilknmok º üQz`w�ilkWuv�v� �tk©m'~r�Î��~vm2q!z
ü9u w�ilk ü9uv���xw��
-ïwcüQzÜ��mÛ��ü�w#���v�{w�~ w�ivü9uvªc~r�Þw�ilkØw�pv�v�Qkck©u
w�m¨üQk%z�plz�z�ü�w#w�ü9uly �tk�w;��k{k©u
w�i�k|�Ü~vm2q!z|ü9u�w�ilk ü9uv�v�xw�z�w�m¨ü9uly ª«k{k©�vü9u�y w�m2p}�rªc~r�¹z�w�p
w�k{z�~r� w�ilk
�rpnmoz�k pxw�w�i�k%z�k �n~nz�ü�w�üQ~�ulz{�
Ól~vm�k�p}�ri���~vmÄq �t~nz�ü�w�üQ~�u�ü9u�w�ilk�z�knuxw�k©ur�@k!Ò�w�ilk¿�}irpnmçwÞ�@~�uxw�pvü9ulz¹p
�9üQz�wÜ~r��z�w�pxw�k%zWmKkn�nmok%z�knuxw�ü9uly w�ilk �rpnmçw�ü7p��v�rpnmoz�kØw�mKk{k{z[ynk©u�k©m2pxw�k�q
z�~ �;ptm#�
Ý ~½Ò[�rirptm wzy|{�}��@~�uxw�p�ü9ulz p��9�Ü�rptm w�ü7pv�¦�rpnmoz�k w�mok{k%z ynknulknm2pxw�kxq p
w
w�i�k �tk%y�ü9u�uvü9uly ~r��w�ilk z�knuxw�knur�@ké�
hjilk¦w�pv���Qkßknuxw�mÛüQk{zÍ��ü9�9�{mok©�nmok{z�knuxw½w�i�mKk{k¿q üQz�w�ü9ur��w¹ª}ü9urq!z¡~r��w�ivü9u�ynz%è
� �@~�� ���Qk�w�k�q �@~�ulz�w�ü�w��lknuxw�z
� ü9u
�)�nmo~ny�mKk{z�z �@~�ulz�w�ü�w���k©uxw�z
� �nmokxq½ü7��w�kxq �@~�ulz�w�ü�w���k©uxw�z
ù¹mokxq½ü7��w�k�q �@~�ulz�w�ü�w���k©uxw�z���ü9�9�é�tkØprqtsrpvur�@kxq plz���~�� �v�Qk�w�kxq �@~�ux�
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$ bÎ¶�beÑ�^
È k!ÉÊ�9���{pv�9��w�i�k%z�kßw�pv�v�Qk¦knuxw�m¨üQk{zÎz�w�pxw�k%z`p�urq�mokn�nmKk{z�k©uxw½w�ilkà�nmo~ny�mok{z�z
��p}q!k ü9u mokx��~ny�u�üutrü9uly w�ilk z�w�pxw�k!É7z m¨�v�Qk ��ü�w�i ��irp
w�pnmok �{pv�9�Qkxq
��~rw#w�k�q ×¹���Qk%z �
hjilk�w�ivmok{k ªrü9urq©z�~r��z�w�p
w�k{z �@~vmÛmok{z��t~�urq w�~ q½ü�~¡knmKknuxw�q!~rwc�Q~Ã�%p
�
w�üQ~�u�z%�
� øWù / ø º[ù �
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� Ý / �½ø�ù
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$ bÎ¶�beÑ�^ 1}· UW\Wb ³ \ % Ñ µ 2
 ü�s�k©u m¨�v�Qk%z|�9ü9ª kàw�i�k%z�kØ��k ulk{k�q w�~ ª«k{k©��w�m2pr�}ª�~r�¦p �@~��v�v�Qk�~r�
w�i�ü9ulynz%è[��ilknmok w�ilk mok©�nmok{z�knuxw�k�q �@~�ulz�w�ü�w���k©uxw üQz ü9u w�ilk ü9u��v�xw�Ò
pvu}q ��i}pxwWü�w�z��rptm w�zàpnmok!�
� á / ðcÒ�y ¾ÃÒ��<}
� ¾ ü9urq½ü7�{pxw�k%z���ilknmKkWw�ilk z�w�pxw�k �nk{y�ü9ulz
� � ü9urq½ü7�{pxw�k%z���ilknmKkWw�ilk q!~rwW�9üQk%z
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ú û ¶cf V Ð Ñ
)n¾npv� �v�Qk�z�w�p
w�k{z ü9u �rptmKz�ü9uly D þrþFE ���G�������	�
��� �
� Ý / �½ø�ù'ÒHy|{'Ò�{�}

. w�i�k  ¡moz�w { ü9u}q½ü7�%p
w�k{z w�irpxw w�ilk �@~�ulz�w�ü�w��lk©u
w �tk%y�ü9u�z p
w
w�i�k z�w�ptm w�~r��w�ilk ü9uv�v�xw

. w�i�k z�kx��~�urq { ü9urq½ü7�{pxw�k%z�w�i}pxwWw�ilk q!~rw üQz ilknmok plz���k©�9�ÚÒ
pvu}q w�iv�lz�ü9urq½ü7�{pxw�k%z�p w�~��
�#q!~x��u �nmokxq½ü7��w�üQ~�u

� º�ù / ��k�w�� ºÕ~�� ü9urp��ÚÒ�y�xnÒAÖ�}
. w�i�k º�ù �nk{y�ü9ulzàp
w��t~nz�ü�w�üQ~�u x
. w�i�k q©~rw�üQz|pxwW�n~nz�ü�w�üQ~�u Ö
. ��k�w+irplz�w�iv�lz��nk{knu z��r�{��k{z�z����v�9��� �rpnmoz�kxq
. º»~�� ü9urpv�düQz�w�i��lz��nmok�q ü7��w�k�q u�k@¾lw

� øWù / ø º[ù �KÒ�y|{'Ò���}
. ø�ù üQz|�@~�� �v�Qk�w�kxq
. ul~ ����m w�ilknmÜ�nmok�q ü7��w�üQ~�ulzÜ��mo~�� w�ivüQz�m¨�v�Qk
. p z��r�{�@k%z�z������nø�ù �}pnmoz�kW~r�¦w�ilk�knuxw�ü9mKk ü9uv�v�xw
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7 ² ¶|V ¸ ³ ·�¶ Ð + Ñ�V ² Ñ�^dÑ�\�bÎ¶�b ³ UW\ U�ì $ bÎ¶�beÑ�^

Book that flight
0 1 2 3

VP −> V NP .

NP −> Det . Nominal

S −> .VP
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$ % ·¦· Ñ�^�^
hjilk  ¡urpv� pvulz���k©mcüQz��§~��vurq ��� �Q~v~�ª}ü9uly pxw+w�ilk �7plz�w+k©uxw�mç� ~r�
w�i�k w�pv�v�Qk!� -Êu �rpnmçw�ü7�r�v�7ptm#Ò�ü��|��k  ¡urq w�ilk �§~��9�Q~x��ü9uly ª}ü9urq ~r�
z�w�pxw�k�w�ilknmok¬��k!Éïslk z��r�%�@k{k�q!kxqdè
Ý / ð��oÒ�y|{'Ò º�}
¤��
w ul~rw�k w�irpxw w�ilk �}irpnmçw ��ü9�9�¹pv�Qz�~ �@~�uxw�p�ü9u p mKkx�@~Âm2q ~r��pv�9�
�n~nz�z�ü9�v�Qk �rpnmoz�k%z�~r��w�i�k ü9uv�v�xw�z�w�m¨ü9uly y�ü�slknu w�ilk+y�mÄp�� �Wpnm�Òeu�~rw
� �lz�w�w�i�k z��r�{��k{z����v�!~�ulkn�;z«¢��

021)3547698;:#<=191?>@3A3765B9C5D9E5FGFH37B5BI3 0KJ9E5L9MONQPR8QB ­5­



, ¶ ² ^ ³ \ Ì
Ý ~½�H�H�[�rptmKz�ü9uly�üQz»z���k{k©�vü9u�yàw�i�mK~���y�i[w�ilk�w�p��v�QkÜ� =Q�r��� þ ��� �rp}�rª��w�m2p}�rª}ü9uly ���rmokxpxw�ü9uly w�ilk�w�ivmok{k ªrü9u}q!z[~r��z�w�pxw�k%z{�
º»k�� �nmokxq½ü7��w�kxq z�w�p
w�k{z ptmKk �rp�z�kxq ~�u k@¾ÂüQz�w�ü9uly w�p��v�Qk knuxw�mÛüQk{z
���nmKkxq½ü7��w�kxqdÒ�~vmÍü9u
�)�nmo~ny�mKk{z�z£¢½w�i}pxw��nmokxq½ü7��wÎp���knmçw�pvü9u��@~�ulz�w�ü�w���k©uxw
pxw�w�i}pxw�z��t~rw��
º»k�� ü9u
�)�nmo~ny�mKk{z�z¹z�w�pxw�k{zßpnmok[�rmokxpxw�k�q ��� �v�!qvpxw�ü9uly|~��7q©k©m'z�w�pxw�k%z
w�~ mok��'kx��w�w�ilk[�;pr��w�w�i}pxw[�nmok�svüQ~��lz����|k�¾��tk���w�kxq ��~�� �v�Qk�w�kxq �@~�ux�
z�w�ü�w���k©uxw�z�irp
slk �nk{k©u �Q~Ã�{pxw�k�qd�
º»k�� �@~�� �v�Qk�w�k z�w�pxw�k%z pnmok �rmokxpxw�kxq ��ilknu w�ilk q©~rw ü9u pvu ü9ux�
�nmo~ny�mok%z�zjz�w�pxw�k �Ù~rslk%zjw�~ w�ilk k©u}qd�
º»~rw�k w�i}pxw�z�w�pxw�k{z|pnmok ulk�slknm�mKkn��~rs�k�qd�
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U ² Ñ $ V Ñ�· ³Z� ·�¶ Ð�Ð�°
xn�Øù´mKkxq½ü7��w�p��9�nw�ilk z�w�pxw�k%zj�{~�� �{pvu��
Ö'�Ø×ík�p}q pvu ü9uv���xw��
Ý k{k ��irp
w �nmok�q½ü7��w�üQ~�u�z �{~�� �{pvu �Wpxw��ri�� )n¾lw�knurq ��p
w��}ilk�q
z�w�pxw�k%z{ÒÍprq�q u�k�� �nmokxq½ü7��w�üQ~�ulz{�  ~ w�~ ulk�¾lw�z�w�pxw�k � yn~rw�~ Ö!¢��
�'�Üá»w�w�ilk k©urqíÒÃz�k{k ü���z�w�pxw�k y2ºwv x[}¦��~�uxw�pvü9ulzjp �@~�� �v�Qk�w�k Ý �
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ú ¶ ²´Ð Ñ ° ® Ð Ì�U ²´³ b¡¸ f
hjilka)�pnm¨�Qk��jpv�Qyn~vm¨ü�w�iv� irplz¹w�ivmok{k|��p�ü9u����vu}��w�üQ~�ulzÅw�irpxw��nmK~���k{z�z
w�i�k z�w�p
w�k{z�ü9u w�ilk �ri}pnmçw[pvurq w�i��lz|q!~ pv�9�nw�ilk���~Âm¨ªt�
ù¹mokxq½ü7��w�~vm#è�á¿qvq!zW�nmKkxq½ü7��w�üQ~�ulz|ü9u
w�~ w�ilk �}irpnmçw��
åÞ~�� �v�Qk�w�k©m�è 8 ~rslk{z w�ilk q©~rw w�~ w�ilk mÛüQy�i
w ��ilknu u�k�� �@~�ux�
z�w�ü�w���k©uxw�zàpnmok��§~��vu}qd�
Ý �{pvuvulknm�è ×ík�p}q!zßw�ilk ü9uv�v�xw»��~vmÄq p�urq knuxw�knmÎz�w�p
w�k{zØmokn�nmok%z�k©u
w#�
ü9uly w�il~nz�k ��~vm2q!z�ü9uxw�~ w�i�k �ri}pnmçw��
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T ¸ Ñ T ¸ ² Ñ�Ñ ' V Ñ ² ¶�bÎU ² ^
æ��nknm2pxw�~Âm�-�(næ
� ü9u��v�xw�è�z�ü9uly��QkWz�w�pxw�k
� ~��
w��v�xw@è ulk�� z�w�pxw�k%z�w�irpxw�pnmok p}qvq!kxq w�~ w�ilk �}irpnmçw ü���u�~rw
p��9mok�p}qn� �nmok%z�knuxw

� u�~rw�k�w�irp
w[z�w�p
w�k{z|pnmok u�k�slknmÜmokn��~rslkxq
ù¹mokxq½ü7��w�~vmÕp�urq åÞ~�� ���Qk�w�k©m
� u�k�� z�w�pxw�k%z�pnmokàprqvq©k�q�w�~�w�ilkà�}irpnmçw»knuxw�mç� �nknü9uly �nmo~Ã�@k{z�z�k�q

Ý �{pvuvulknm
� ~��
w��v�xw@è[ulk�� z�w�pxw�k{z|pnmok prq�q!k�q w�~ w�ilk ulk�¾lwà�}irpnmçw�knuxw�mç�
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, ² Ñ µ ³ ·»bÎU ²
-Êuxw��vü�w�üQ~�uÂè�ulk�� z�w�pxw�k%z�mok©�nmok{z�knuxw�w�~��x�#q!~x��u k�¾��tk���w�p
w�üQ~�ulz{�
áà���v�9üQk�q ��ilknu ul~�u �rpnmçw#�¨~r�2� z��tk%kx�ri ul~�ux�;w�k©m¨� ü9u}pv�Qz�pnmok�w�~ w�ilk
m¨üQy�ixw�~r�Üp q!~rw��
� Ý / �íøWù y|{'Ò�{�}

 knulknm2pxw�k{z[~�ulk ulk�� z�w�p
w�k��§~vm»k�p}�ri pv��w�k©m¨urp
w�ü�slkWk�¾��rpvu�z�üQ~�u ~r�
w�i�k u�~�ux�;w�knm¨� ü9urp���ü9u w�i�k y�m2p�� ��ptm#�
� øWù / �íø y|{'Ò�{�}
� øWù / �íø º[ù y|{'Ò�{�}

Ý pv�Ùk �rirptm w�knuxw�m � plz[ynknulknm2pxw�ü9u�y z�w�p
w�k!�
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î UWf V Ð Ñ�bÎÑ ²
-Êuxw��vü�w�üQ~�uÂèß�rpnmoz�k©m¡irp�zßq½üQz)��~rs�k©mokxq�p���~�u�z�w�ü�w��lknuxw�Ò}z�~ � �lz�w¹ ¡urq
pvu}q p}qnsrpvu}��k�z�w�p
w�k{z�w�irp
w¦�Üknmok �Q~�~�ªrü9uly �§~vm¡w�ivüQz�y�m2p�� ��p
w�ü7�{pv�
�{pxw�k{yn~vmç� pxw�w�i�üQz¬�t~nz�ü�w�üQ~�u ü9u w�ilk ü9uv���xw��
áà���v�9üQk�q ��ilknu q!~rw�irp�z�mok�p}�rilkxq m¨üQy�ixw�k©u}q ~r�jm¨�v�Qk!�
� º�ù / ��k�w º»~�� ��y�xnÒ���}
Ó'ü9urq pv�9�!z�w�pxw�k%z[��ü�w�i q©~rw|pxw�x pvu}q k�¾��tk���w�ü9uly pvu º[ù
� øWù / ø ��º[ù y|{'Ò�x[}

á¿q�q!z�ulk�� �¨��~�� �v�Qk�w�k�qÂ¢�z�w�p
w�kn�;z«¢�w�~ �r�vm¨moknuxw[�ri}pnmçw
� øWù / ø º[ù ��y|{'Ò���}

hjiv�lz{Òßu�k�� z�w�p
w�k{z pnmok ynknulknmÄp
w�kxq ��� �@~����vü9uly ~��7q z�w�p
w�k pvurq
prqtsrpvur�}ü9uly q!~rw�w�~ w�ilk k@¾��tk���w�kxq �{pxw�k%yn~vmç�{�
Ý pv�Ùk �rirptm w�knuxw�m � plz[ynknulknm2pxw�ü9u�y z�w�p
w�k!�

021)3547698;:#<=191?>@3A3765B9C5D9E5FGFH37B5BI3 0KJ9E5L9MONQPR8QB Ë98



$ ·�¶c\ \ Ñ ²
º»k�� z�w�pxw�k%zj�§~vmÜ�nmok�q ü7��w�k�q �}pnmçw�~r�¦z��tk%kx�}i��
áà���v�9ü7�%p��v��k|��i�k©u �rpnmçw�~r��z��nk{k��}i üQz�w�~ w�i�k m¨üQy�ixw�~r��p q!~rw@�
� øWù / �íø º[ù y|{'Ò�{�} É ¤¡~v~�ª ������É
Ôl~�~�ª�zØp
wà�}�vm¨mok©u
w��Ü~vm2q ü9u ü9uv�v�xw@�
-ï�[�Wpxw��ri�Ò½prqvq©z[z�w�pxw�k©� z£¢[w�~ ulk�¾lw|�}irpnmçw�knuxw�mç�{�
� øWù / ø ��º[ù y|{'Ò�x[}
º¦æ|h�)�è�)�pnm¨��� �rpnmoz�k©m»�lz�k%zÜw�~��x�#q!~x��u �nmok�q½ü7��w�üQ~�u�z w�~ ilkn�9��q½üQz��
pv� �vüQy��rp
w�k �}pnmçwÜ~r�´z��tk%kx�}i p�� �vüQy��vü�w�üQk%z{��æ�uv����w�il~nz�k �}pnmçw�z�~r�
z��nk{k��}i�~r�»p���~vmÄq w�i}pxw�pnmok �nmokxq½ü7��w�k�q ���+z�~��Ùk�z�w�pxw�kØ��ü9�9�{ ¡urq
w�i�k©ü9m �¿p@� ü9u
w�~ w�ilk �rirptm w@�
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ú ¶ ²´Ð Ñ ° ® Ð Ì�U ²´³ b¡¸ f

function EARLEY-PARSE(words,grammar) returns chart

ENQUEUE((γ � � S��� 0 � 0� ),chart[0] )
for i � from 0 to LENGTH(words) do

for each statein chart[i] do
if INCOMPLETE?(state) and

NEXT-CAT(state) is notapartof speechthen
PREDICTOR(state)

elseif INCOMPLETE?(state) and
NEXT-CAT(state) is a partof speechthen

SCANNER(state)
else

COMPLETER(state)
end

end
return(chart)

procedure PREDICTOR((A � α � B β ��� i � j � ))
for each � B � γ � in GRAMMAR-RULES-FOR(B,grammar) do

ENQUEUE((B � � γ ��� j � j � ),chart[j])
end

procedure SCANNER((A � α � B β ��� i � j � ))
if B � PARTS-OF-SPEECH(word[j] ) then

ENQUEUE((B � word � j ����� j � j � 1� ),chart[j+1] )

procedure COMPLETER((B � γ �b��� j � k� ))
for each (A � α � B β � � i � j � ) in chart[j] do

ENQUEUE((A � α B � β ��� i � k� ),chart[k] )
end

procedure ENQUEUE(state,chart-entry)
if stateis notalreadyin chart-entrythen

PUSH(state,chart-entry)
end
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' % ¼ 7 ¼ ¶�½ ½ ¶ ¼ ¶M¾ ¿ ë Ñ�û À«·ÂÁÃ¾ Ä Ì�¶ÅÀ6¾

S Æ NPVP Det Æ that Ç this Ç a
S Æ AuxNPVP Noun Æ book Ç flight Ç meal Ç money
S Æ VP Verb Æ book Ç include Ç prefer
NP Æ DetNominal Aux Æ does
Nominal Æ Noun
Nominal Æ NounNominal Prep Æ from Ç to Ç on
NP Æ Proper-Noun Proper-Noun Æ HoustonÇ TWA
VP Æ Verb
VP Æ VerbNP Nominal Æ NominalPP
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ú û ¶�½ É Ð Ñ�Ê D þrþFE ���G���H���	�
���

Chart[0]
γ Ë Ì S [0,0] Dummystartstate
S Ë Ì NPVP [0,0] Predictor
NP Ë Ì DetNOMINAL [0,0] Predictor
NP Ë Ì Proper-Noun [0,0] Predictor
S Ë Ì AuxNPVP [0,0] Predictor
S Ë Ì VP [0,0] Predictor
VP Ë Ì Verb [0,0] Predictor
VP Ë Ì VerbNP [0,0] Predictor

Chart[1]
Verb Ë book Ì [0,1] Scanner
VP Ë VerbÌ [0,1] Completer
S Ë VPÌ [0,1] Completer
VP Ë Verb Ì NP [0,1] Completer
NP Ë Ì DetNOMINAL [1,1] Predictor
NP Ë Ì Proper-Noun [1,1] Predictor

Chart[2]
Det Ë thatÌ [1,2] Scanner
NP Ë DetÌ NOMINAL [1,2] Completer
NOMINAL Ë Ì Noun [2,2] Predictor
NOMINAL Ë Ì NounNOMINAL [2,2] Predictor

Chart[3]
Noun Ë flightÌ [2,3] Scanner
NOMINAL Ë NounÌ [2,3] Completer
NOMINAL Ë NounÌ NOMINAL [2,3] Completer
NP Ë DetNOMINAL Ì [1,3] Completer
VP Ë VerbNP Ì [0,3] Completer
S Ë VPÌ [0,3] Completer
NOMINAL Ë Ì Noun [3,3] Predictor
NOMINAL Ë Ì NounNOMINAL [3,3] Predictor
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ú ¼�¼ ¶�ÎÎ¶
Ï�Ð�Ñ Ò�ÓnÔ>ÑFÓ�ÒÖÕa×zÐ�Ñ Ø�×ZÙÚ×�ÑUØ ü|Û ×zÐvüuØ ÜCÐÖÙFÓ	× Ô>Ò\ÑsØ�Û�É�× Ó�Ñ���Ñ<Ü[× ×[Ð�Ñ
Ò�ÓnÔ>ÑÝÓjü|Û Þ�Ð�üOÜÖÐ ×[Ð�Ñ Ù�ßuàFÒ�Ó¨ü�×[Ð�á ÞâÒ*ã\ßOÔ ÑÝÛÚ×�ÑFÓä×zÐ�ÑFá å åäÐÖÙFÓ	×[y|{�}
Ø�Ð�Ò*ã�ßOÔ ßuÒ�Ò*æ ß9ü|æçÑè×[ÐéÑêÕ�Ò*ß|ßuÒ<Þ�ü|Û�à½è
 Ù\á áÃÙ / � Ý
Ý / ��º[ù øWù
Ý / �dáëã%¾ º[ù ø�ù
Ý / �½ø�ù
º[ù / �ÂìíÑ�× º¦æ 8 - º»á�Ô
º[ù / � ù�Ó�Ò*îïÑÝÓ	ð�ºñÒ*ã\Û
ø�ù / �½øwÑFÓdò
ø�ù / �½øwÑFÓdò º[ù
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ó Á ÁÃô Î¡¸ ¶�Î õ À ÌW¸ÃÎ 1�î ¸ ¶ ¼ Î ö�÷�ø 2
Ý ÑUÑéÔ ÜCÐÖÙFÓ	×ùÞ�ü�×[Ða×�Ò*î<ð Ô>Ò<Þ�Û îFÓ�ÑéÔ½üOÜz×�üuÒ*ÛéØâÕ�ÒúÓ Ý Õ�Ó�Ò*á à*ÓûÙ\á áÃÙFÓ
ü åäÐÖÙFÓ	×[y|{�}�ý
È Ð�ÑÝÛ Ôþã�á á�ÿ Ø�×ZÙFÓ	×�Ø�×ZÙÚ×�Ñ üuØ îFÓ¶Ò]Ü�ÑUØZØ�Ñ<ÔdÒ`ü�×�É Ø îÖÙéØZØ�ÑéÔ ×�Ò ù�Ó�Ñ�ð
Ô½üOÜz×�Ò�Ó�Ò Þ�ÐvüOÜÖÐ îFÓ�Ò ÔþãÖÜ�ÑUØ Ø�×ZÙÚ×�ÑUØ Ó�ÑFîFÓ�ÑsØ�ÑÝÛÚ×�ü|Û�à Ñ � ÑFÓ	ÿ îFÒFØ�Ø�ü|ò\ßuÑ
Ñ�¾]îÖÙ�ÛéØ�üuÒ*ÛÃÒÖÕ Ý Ò Ù\ÛÖÔ ÙÖÔ\Ô>Øâ×[Ð�ÑUØ�ÑèÙ�ÛÖÔ Ñ � ÑÝÓ	ÿ�Ñ@¾]îCÙ�Û�Ø�üuÒ*ÛÃÒÖÕ�×[Ð�Ñ
ßuÑ�Õn×�Ü�Ò�ÓqÛ�ÑFÓ¶Ø�ÒÖÕ ×[Ð�ÑUØ�Ñê×zÓ�ÑsÑUØ�×�Ò ×[Ð�Ñ òïÒÖ× ×�Ò*á ÒÖÕ�åäÐÖÙFÓ	×zye{�}
È Ð�ÑÝÛ øWù / �ÜøwÑÝÓqò y|{'Ò�{�} üuØ Ó�ÑéÙCÜÖÐ�Ñ<ÔdÒ Ý ÜUÙ�Û�ÛéÑÝÓ üuØ ÜUÙ�ß|ßuÑ<ÔdÒ
Þ�ÐvüOÜCÐ Ü­Ò*Û�Ø�ã\ß�×�Ø��HÓ�Ø ×ÃÞùÒ�ÓûÔ ÒÖÕWü|Û�î�ã<×ÃÙ�ÛÖÔ ÙCÔ�Ô>Ø��HÓ�Ø ×ÃØ�×ZÙÚ×�Ñ ×�Ò
åäÐÖÙïÓb×zy�x[}#Ò�øWù / � ��������y|{'Ò�x[}
ºñÒÖ×�ÑéÒ*Þ�Ð�ÑFÛ øWù / �íøwÑFÓqò º[ù ye{'Ò¦{�}àüuØÃÓ¶Ñ<ÙÖÜCÐ�Ñ<Ô ü|Û åäÐÖÙFÓ	×zye{�}�Ò
Ý ÜUÙ�Û�Û�ÑFÓHÔ>Ò�ÑUØMÛ�ÒÖ×�Û�ÑsÑ<Ô ×�Ò ÙCÔ�Ô ø�ù / � ���	� ��y|{'Ò�x[}:Ùéà
Ùvü|Û�×�Ò
åäÐÖÙïÓb×zy�x[}
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ó Á ÁÃô Î¡¸ ¶�Î õ À ÌW¸ÃÎ 1�î ¸ ¶ ¼ Î ö�
wø 2
È Ð�ÑÝÛ ø�ù / �HÒ�Ò*æ ��y|{'Ò�x[}[üuØèîÖÙéØZØ�Ñ<Ô ×�Ò å�Ò*á î�ßuÑ�×�ÑFÓ�ÒÅü�×
�HÛÖÔ>Ø
Ö Ø�×ZÙÚ×�ÑUØ ü|Û åäÐÖÙFÓ	×[y|{�}ñÞ�Ð�ÒFØ�Ñ ßuÑ�Õn×MÜ�Ò�ÓqÛ�ÑFÓ�üuØ[ø Ù�ÛÖÔ ÙÖÔ�ÔÝØS×zÐ�ÑFá
×�Ò åäÐCÙFÓ	×[y�x[}�Ò�á�Ò � ü|Û�à Ô>ÒÖ×�Øë×�Ò ×zÐ�Ñ Ó¨üuà*Ð<×�å
È Ð�ÑÝÛ øWù / ø �:y|{'Ò�x[}|üuØaîÖÙéØZØ�Ñ<Ô ×�Ò å�Ò*á î\ßuÑ�×�ÑÝÓ�Ò Ý / ø�ù �
y|{'Ò�x[}[üuØMÙÖÔ\Ô>ÑéÔ ×�Ò åäÐÖÙFÓ	×zy¶x[}ñØ�ü|ÛÖÜ­Ñ�ø�ù üuØMÙ ßuÑ�Õn×ëÜ­Ò�ÓdÛéÑÝÓ ÒÖÕ Ý
Ï�Ð�Ñ ßOÙ�Ø�× Ö Óqã�ßuÑUØ ü|Û åäÐCÙFÓ	×[y�x[} ÙïÓ¶Ñ ÙÖÔ�Ô>Ñ<Ô ò�ÿ ×[Ð�Ñ ù�Ó�ÑéÔ üOÜ[×�ÒúÓ
Þ�Ð�ÑFÛ ø�ù / ø � º�ù üuØÃîFÓ¶Ò]Ü�ÑUØZØ�Ñ<ÔGå
)>×ZÜïå
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+ ÑùÎ % ¼ ¾ Àç¾ Ì ÎÅ¸ Ñ , ¶ ¼�� Ñ
áëãéà*á�ÑFÛ<×�åJÒ*á î�ßuÑ�×�ÑFÓ�×�Ò ÙCÔ�Ô îFÒ�ü|Û<×�ÑÝÓ�Ø

Chart[0]
S0 γ � � S [0,0] [] Dummystartstate
S1 S � � NPVP [0,0] [] Predictor
S2 NP � � DetNOMINAL [0,0] [] Predictor
S3 NP � � Proper-Noun [0,0] [] Predictor
S4 S � � AuxNPVP [0,0] [] Predictor
S5 S � � VP [0,0] [] Predictor
S6 VP � � Verb [0,0] [] Predictor
S7 VP � � VerbNP [0,0] [] Predictor

Chart[1]
S8 Verb � book � [0,1] [] Scanner
S9 VP � Verb� [0,1] [S8] Completer
S10 S � VP� [0,1] [S9] Completer
S11 VP � Verb � NP [0,1] [S8] Completer
S12 NP � � DetNOMINAL [1,1] [] Predictor
S13 NP � � Proper-Noun [1,1] [] Predictor

Chart[2]
S14 Det � that� [1,2] [] Scanner
S15 NP � Det � NOMINAL [1,2] [S14] Completer
S16 NOMINAL � � Noun [2,2] [] Predictor
S17 NOMINAL � � NounNOMINAL [2,2] [] Predictor

Chart[3]
S18 Noun � flight� [2,3] [] Scanner
S19 NOMINAL � Noun� [2,3] [S18] Completer
S20 NOMINAL � Noun� NOMINAL [2,3] [S18] Completer
S21 NP � DetNOMINAL � [1,3] [S14,S19] Completer
S22 VP � VerbNP � [0,3] [S8,S21] Completer
S23 S � VP� [0,3] [S22] Completer
S24 NOMINAL � � Noun [3,3] [] Predictor
S25 NOMINAL � � NounNOMINAL [3,3] [] Predictor
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� ���
�Ú% � , ¼ ÁÃÉ �?¼ Î�À ���
)GÓqÓ¶Ò�ÓùÐÖÙ�ÛÖÔþß��|Û�à
�ëß�×�ÑÝÓqÛÖÙÚ×�� � ÑaÜ­Ò*Û<×[Ó�Ò*ß\Ø ×zÓûÙÚ×�ÑUà��uÑsØ
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$ ÐÖÙ<× ÐCÙ�î�îïÑÝÛ�ØaÞ�Ð�ÑFÛ ÞùÑ ßuÒ�Ò*æ Ù<×a×zÐ�Ñ Ü­Ò*Û<×�ÑÝÛ<×�Ø ÒÖÕM×zÐ�Ñ ßOÙéØ ×
×ZÙ\ò�ßuÑ Ü­Ò*ß|ã�á Û Ù\ÛÖÔ Ô>Ò*Û&%�×'�HÛÖÔ Ù ( / )���Óqã�ßuÑ�h
-OØ*��×�Ù ×�ÒÖ×ZÙ�ßGßuÒFØ�Ø6h -OØë×zÐ�ÑÝÓ�ÑaØ�Ò*á�Ñ Þ_Ù�ÿ ×�Ò îFÓ�Ò Ü�ÑUÑ<Ô]h
+HÑUØså Ï�Ð�ÑQÜCÐÖÙFÓ	×�Ü­Ò*Û<×ZÙ��|Û�Ø�Ñ � ÑFÓ	ÿëÜ­Ò*Û�Ø�×���×[ãéÑÝÛ<×JÙ�ÛÖÔÃÜ�Ò*á ò	�|ÛÖÙÚ×��uÒ*Û
ÒÖÕQÜ­Ò*Û�Ø�×���×zã�ÑÝÛÚ×�Øë×zÐÖÙ<×�Ü�Ò*ã�ßOÔ ÐÖÙ � Ñ òFÑUÑFÛ Õ�Ò*ã�ÛCÔ Õ�Ò�Ó:×zÐÖÙ<× �|Û�î\ã<×
à�� � ÑFÛ ×[Ð�Ñ à*ÓnÙ�á áèÙFÓIå
�ëßuØ�Ò ã�Ø�Ñ�Õ�ã\ß*Õ�Ò�Ó�îÖÙFÓ	×��OÙ\ß�îÖÙFÓ�Ø,�|Û�à Ò�ÓùØ�ÐCÙ�ß|ßuÒ<Þ îÖÙïÓ¶Ø,�|Û�à Ù�Ø �|Û �|Û<ð
Õ�Ò�ÓqáèÙ<×-�uÒ*Û Ñ/.�×zÓnÙÖÜz×��uÒ*Û]å

¡n¢¤£¦¥O§|¨r© ª«¢|¢�¬­£�£O§¦®|¯¦°|±¦²³²�£O®¦®´£ ¡¶µ|±¦·|¸º¹u»�¨u® ¥�¨



Ä � Î �?¼ ¾ " Î�À10 � 2 ÁÃ¾èÎ ¼ Á � 3 Î ¼4" Î � #�À ���
5�×/%OØ ×[Ó6� � �OÙ�ßz×�Òè×�Ù�æçÑ?×[Ð�Ñ 7]ÙFÓqßuÑ�ÿ�×�Ò*îÚð Ô>Ò<Þ�Û�Ø ×zÓûÙÚ×�ÑUàÖÿèÙ\ÛÖÔaÜCÐÖÙ�Û�àFÑ
��×_×�Ò òïÒÖ× ×�Ò*á�ð¤ã�î Ò�Ó?å�å�å
å�å�å ×�Ò ÜCÐÖÙ�Û�àFÑ*��× ×�Ò Ù òFÑUØ ×8��Ó�Ø�×wØ�×[ÓnÙ<×�ÑsàÖÿ òÖÙ�Ø�Ñ<Ô Ò*Û�×[ÐéÑ îFÓ�Ò*òÖÙ<ð
ò	�|ß���×-�uÑsØ_ÒÖÕ ×zÐ�Ñ Ü­Ò*Û�Ø�×���×zã�ÑÝÛÚ×�ØUå9(:�|á î�ß�ÿ Ü�Ò*á î�ã<×�Ñ Ù\ÛÖÔ Ø�×�Ò�Ó�Ña×[Ð�Ñ
îFÓ�Ò*òÖÙ�ò��|ß��º×��uÑ�Ø�ÒÖÕ�Ü�Ò*Û�Ø�×���×zã�ÑFÛ<×�Ø �|Û ×zÐ�Ñ ÜÖÐÖÙïÓb×aÙéØèÿUÒ*ã ÙïÓ¶Ñ îÖÙFÓ�Ø ð
�|Û�à�å Ï�Ð�ÑÝÛ �|ÛéØ ×�ÑéÙCÔ ÒÖÕÃÑ�.]îÖÙ�ÛCÔ;�|Û�à ×zÐ�Ñ Ü�Ò*ß|ã\á Û�Ø=<�Ø ×�Ù<×�ÑsØ �|Û Ù
�	.CÑ<Ô Ò�ÓnÔ>ÑÝÓJÿUÒ*ã Ù\ß|ßuÒéÞ ×zÐ�Ñ îFÓ�Ò*òÖÙ�ò	�|ß��«×�� ÑsØâ×�Ò Ü­Ò*Û<×zÓ¶Ò*ß>×[ÐéÑ Ò�ÓnÔ>ÑFÓ
ÒÖÕwÑ�.]îÖÙ\Û�Ø>�uÒ*Ûúå
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3 ? ½ ½ À6¾ # � É
�ëá ò	�uà*ã	��×rÿA@ñßuÑ�Õn×Ið¤Ó�ÑéÜCã�Ó�Ø>�uÒ*ÛB@�Ù\ÛÖÔ Ó�ÑÝîïÑéÙÚ×�Ñ<Ô Ó�Ñ�ð¤îÖÙFÓ�Ø,�|Û�à ÒÖÕ�Ø�ã�ò<ð
×[Ó�ÑUÑsØaîFÓ�ÑUØZÑFÛ<×�áèÙ � Ò�Ó_îFÓ�Ò*ò�ßuÑFá�Ø_Õ�Ò�Ó_îÖÙFÓ�ØZÑFÓ�Ø
(]Ò*ß|ã<×-�uÒ*Û&CEDJØ�Ñ ìñÿ�ÛÖÙ\á �OÜ F Ó¶ÒFà*ÓnÙ\á á �|Ûéà;@�Ñ>åOà�åG@H×[Ð�Ñ 7 ÙïÓdßuÑ�ÿ Ù�ß�ð
àFÒ�Ó6��×[Ð�á
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H Á ¼ I �KJ Î L À6½ �

ì��uØ ÜCã�Ø�ØèîFÓ�ÒNMqÑ<Üz×ëÙéØZØ,�uà*Û�á�ÑFÛ<×
(�×ZÙïÓb×ÃÓ�ÑéÙCÔ;�|Û�à O P�ðQ� îÖÙ\îFÑFÓ�Ø
R ÐÖÙ\î<×�ÑFÓ
STS
(�×ZÙïÓb×�Ø�×[ãÖÔFÿ��|Û�à Õ�Ò�Óùá �OÔF×�ÑÝÓqá
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