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L M NPORQTS U

VXWZY\[]W�^KY`_ acbedfYhgZikj lZYnmhiRo�[pYrq
s Yutvo�w0x\[�yzg|{\[EYuq}q`^Kav~ZqXx�~�� ��^2~�^�i�Y ��i�x�i�Y ��oni�av��x�i�x
� Y`i�Yz[�� ^2~�^Kq�iR^0m s Y�m:a\tv~�^�ih^Kav~
��Y\~ZY\[+xnih^�W�Y ��[+x�� ��x\[pqXx�~c� ��a|[���x�w'lcx�~�tvocxZt\Yuq
dfav~n� � Y�i�Y\[�� ^2~�^Kq��
s Ynm�a\tv~�^�ih^Kav~ xZq���Ynx\[+mc�
d � � s Ynm:a\tv~�^K��Y
��o�~ _�^�iR� �����"q
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� U"� N � � U��fN�M  �U�¡�¢ £� P¤ ¡

¥ �ZY ~ZYhgZi b¦avo�[ wKY�mRiho�[EYuq _�^2w2w�§\Yutv^2~�avo�[�q�iRoc�\¨�acb�©4_"a�[+�ªq¬« x�~c�
_�^2w2w�m:acWZYz[­iR��[pYrY [EY\w0xni�Y�� i�av{�^0m�q

®°¯ ~�^�i�Y�q�i�xni�Y x�oni�av��xni}x
®°¯ ~�^�i�Y�q�i�xni�Y�ih[+x�~Zq��±ocm:Y\[Eq
® y²~Ztvw2^Kq�� ��a|[�{���avwKa\tc¨

)+*�,.-0/2143657*2*98:,;,0/.<2=.>2?.@A@B,0<.<C, )ED2?.F2GIHKJ+, /



³ Uµ´�M O¬¶�  · � ¸  �U�¡$¡'Q�£�S ¡

¹ q}Y`b�o�wª_µx�¨ZqXi�a W�^KY`_ s Yrtvo�w0x\[µyzg|{\[EYuq}q`^Kav~Zq

® x�qex {\[ºx�mhiR^0mrx�w\_µx�¨ i�a q`{»Y�m�^�b+¨ i�YhgZiho�x�w�q�Ynx\[+mc� q�ih[�^2~Zt\q
® x�q x _µx�¨ i�a q`{»Y�m�^�b+¨ ih��Y �ªYrq�^Ktv~ acb�x {cx\[]iR^0mco�w0x»[�¼�^2~c� acb
��xcm���^2~ZY

�½qX_"Y�_�^2w2w\q}YrYª¾vih��Yrq}Y x\[pY�Y�¿Ào�^�Wcx�wKY\~ni

)+*�,.-0/2143657*2*98:,;,0/.<2=.>2?.@A@B,0<.<C, )ED2?.F2GIHKJ+, Á



Â ¡�U�¡ £�Ã ³ Uµ´�M O¬¶�  · � ¸  �U�¡$¡'Q�£�S ¡ QTS � � Ä

�$^2� {�wKY°§�o�iµ{\an_"Yz[]b�o�wRi�a�avwKq"q`ocm��ex�qÅtv[pY\{�x�~c� Æ�Y\[Çwux�w2wKan_ w0x\[pt\Y
m:a|[�{�o�q�x�~cx�w�¨Zq�^KqÈx�~c� ©�q`�cx�w2wKan_X« {\[paÉm:Yrq}q�^2~Zt

® _���xni _"a|[+� ^Kq ��a\q�i w2^2¼�Y\w�¨ i�a §\Yutv^2~ x q}Y\~ni�Y\~cm:Y WZqrÊ x
¿ÀoZYrq�ih^Kav~»Ë

® _���^0mc� {\[pav~Zavo�~Zq�x\[pY m:av~�ÌÍav^2~ZY�� ��a\q�iÎacb+i�Y\~\Ë
® ^2~�¨uavo�[fan_�~ Y\��x�^2wÏ¾vx\[pY�¨uavo ��a�[pY a�[µwKYuq�q�{\avw2^�i�Y�ih��x�~ ih�ZY
{»Yrav{�wKY½¨uavoem�a�[�[pYrq�{\av~���_�^�ih��ÐÇx�~c��_�^�iR��w0x�§\Y\wKY�����x�i�x|¾É�Zan_
mux�~ ¨uavo wKY�x\[�~�iR��^Kq�Ñ�Ë

® _���^0mc� mrx�~c�±^0��x�i�Y�b¦a�[Ò��acWZY\[�~Za�[Ó^Kq ��Y\~nih^Kav~ZYn� ��a\q�i�acb+i�Y\~
^2~�iR�ZY ~�Y`_�qeÐ�x�~c� _�^�ih� w0x�§\Y\wKY�� ��xni}x�¾\_���^0m�� ^Kq���Y\~niR^Kav~ZY��
��a\q�ikb4xnWZa�[+x�§�w�¨»Ñ�Ë

Ô ^�ih� acih�ZY\[­i�a�avwKqr¾v_"Y mrx�~ x�wKq�a

® §�o�^2w0� q�^2� {�wKY ^2~ni�Yz[+x�mhiR^�WZYÕx�{�{�w2^0muxniR^Kav~Zqew2^2¼�Y y�w2^K�rx

)+*�,.-0/2143657*2*98:,;,0/.<2=.>2?.@A@B,0<.<C, )ED2?.F2GIHKJ+, Ö



³ Uµ´�M O¬¶�  · � ¸  'U�¡$¡'Q¬£�S ¡�¢ × U"� N Ø�Uµ¶e Ù�­Ú U�¡

yªWZY\[Û¨�§\aÉ�\¨ �za�Yrq�^�i

® Æ�Y\[�wÏ¾�Y\��xcm:qu¾ Ô a�[+�²¾vq}Y��Ü¾Üx�_�¼»¾±tv[EY\{�¾'~ZY`i�q¬mux�{»YÝ¾�Y`i}m\Ê

Þ x�q`^0m [pYrtvo�w0x\[�Y:g�{\[pYuq�q�^Kav~ {cxnißi�Y\[Ç~�q ÐTÆ�Y\[�wµ~Zaci�x�ih^Kav~\Ñ � àZá â
{cx�t\Yrqeã\äZ�6ã\å

® q}Yn¿±oZY\~cm�Y Ð4q�w0xZq��ZYuqTÑ
® �À^KqæÌço�~cmRih^Kav~ Ð}§\[+xcm�¼�Y�i�q�Ñ
® [+x�~Zt\Y Ð}§\[ºx�mc¼¬Y`i�qÕ{�w2oZqÈ��xZq��\Ñ
® ~�YrtÝx�ih^Kav~ Ð4av{»Yz~ §\[+x�mc¼�Y�i�{�w2oZqXmux\[pY`içÑ
® av{�ih^Kav~cx�w2^�i4¨ Ð�¿±oZYuq�iR^Kav~n����x»[Ç¼�Ñ
® è wKYuYz~ZY�q�i}x\[½Ð�xZq�i�Y\[�^Kq`¼�Ñ
® _�^2w0��mrx\[+� Ð�{»Yz[�^KaÉ�|Ñ
® x�~cm��Za�[Eq�ÐÇmux\[pY`i:¾Ü�ªavw2w0x»[Û�Íq`^Ktv~�¾�év§�¾'é Þ Ñ

)+*�,.-0/2143657*2*98:,;,0/.<2=.>2?.@A@B,0<.<C, )ED2?.F2GIHKJ+, ê



ë  �¶��­ìeU"N'¡ ¶�S ¤ í Ú ¶� �¶��fN$U�  î QT¡rï�M S �fNÙQ¬£�S

RE Match ExamplePatterns
/[wW]oodchuck/ Woodchuckor woodchuck “Woodchuck”
/[abc]/ ‘a’, ‘b’, or ‘c’ “In uomini, in soldati”
/[1234567890]/ any digit “plenty of 7 to 5”

)+*�,.-0/2143657*2*98:,;,0/.<2=.>2?.@A@B,0<.<C, )ED2?.F2GIHKJ+, -



ð Ø QTñ ¸ O�U · � ¶eñ ¸ O�U

��^2~c�±^2~Zt ^2~Zq�i}x�~cm:Yuq­acb�iR�ZYÈ�zY`i�Yz[�� ^2~�Yz[µ©4iR�ZYn« Ð�o�q`^2~Zt�x�{cxnißi�Y\[�~ ¾
acWZY\[ x m:a�[�{�oZq Ñ
òÝó�ô$õÀò
òÓößóv÷±ø�ô$õÀò
òvù\ú�ößóv÷Üø�ô'ù\ú'ò
¥ �ZY q�Ynm:av~c� s y muxni�m��ZYuq ©4iR�ZYn« _��ZYz~ ^�i §»Yrtv^2~�q�x q}Yz~ni�Yz~�m�Yª¾
_���^2wKYeiR�ZY�ih��^2[+� s y �ªa�Yuq�~Zaci���x�i�m�� ©4iR�ZYn« _��ZY\~ Y\� §»Y����ªY��
^2~ x�~ZaciR�ZY\[P_"a�[º� q`o�mc� xZq ©�aciR�ZYz[+«

)+*�,.-0/2143657*2*98:,;,0/.<2=.>2?.@A@B,0<.<C, )ED2?.F2GIHKJ+, û



× Ú U × ü £ ý QTS ¤ ¡ £�Ã ·  Ù �£� P¡

¥ �ZY {\[paÉm�Yuq}q _"Y Ì�oZq�i _"Yz~�i ih��[Eavo�tv� _µxZq §cxZq}Y�� av~ ¯ g�^2~Zt
Y\[Ç[pa�[pq�^2~ ih�ZY [pYutvo�w0x\[ÙY:g|{\[EYuq}q`^Kav~

® Y\[�[pa|[pq _��ZY\[pY�q}av��Y�acb'iR�ZY ^2~Zq�i�x�~cm:Yrq�_"Y\[pY � ^Kq}q}Y�� ÐþÌçoc�ªt\Yn�
i�a §\Y ~Zaci�^2~Zq�i}x�~cm:Yuq�_��ZY\~ iR�ZY�¨ q��Zavo�w0� �cx�WZY §\YuYz~»Ñ

® Y\[�[pa|[pq _��ZY\[pY ih�ZY ^2~Zq�i}x�~cm:Yuq _"Y\[pY ^2~cmcw2o��ªY�� Ðÿ_��ZY\~ ih�ZY�¨
q��Zavo�w0� ~Zaci��cx�WZY §\YuY\~\Ñ

¥ ��^KqX^Kq�{\[pY�i6i4¨ � ocm���t\av^2~Zt i�a §»Y�iR�ZYeq�i�a�[]¨�acb'iR�ZY [pYuq�i"acb'ih�ZY
m:avo�[pq�Y
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³ · ¡�¢ × U"� N Ø�Uµ¶� P�­Ú U�¡ �c� £�S�NÙQTS M U�¤ �
� ^KqæÌço�~cmRih^Kav~|¾Ýtv[pavo�{�^2~�t±¾|x�~c� {\[pYnm�Yn�ªY\~cm:YÈ� àZá â {�xZt\YuqÓã\åZ�6ã��
V�{\Y\[+xni�a|[pq�x»[EY�tv[EYuYn�\¨
���»Wcx�~cm:Yn� av{»Yz[+x�i�a�[pqÈ�µàZá â {�xZt\Yuq�ä��Z�ßä��
�$o�§Zq�ih^�iRonih^Kav~ x�~c� ��Y\��a�[]¨ �µàZá â {cx�t\Yrqeä��h�6ä\ä

)+*�,.-0/2143657*2*98:,;,0/.<2=.>2?.@A@B,0<.<C, )ED2?.F2G7H J¦, 1K<



· � �
	 ð ¢ Ø M � ¡±NÙQ�N'M NÙQ¬£�S ¡ Â ¡'Q�S ´ U�ñ £� 
�
��������������� ����� ����� � �"!$#��&%
��'&%)( ���*� %+(,'�-/. 0 1*2*3 0�2�4�'
5*67-98,2�� -/. 0 1*2*3 0 2�4
���������:3�;��=<?>@��� ���/A��=<�� B*C�D�D7!$��D CE� ��B�F�C�G ��F$HI��G�;I!$��D F=� F=G,;��=��%
��'&%)( ���JAK�=<�� %+(�'�LM2*. 4�NJ� 3�17-/.*O N=P 2 Q=R*5�L�-/P7-�L 5*S�2���R*6*5T'
5*67-98,2��UL,2*. 4�NJ� 3�17-/.*O N=P 2 Q=R*5�L�-/P7-�L 5*S�2���R*6*5
������������< B�F�<*V*�7!=�9��W ���=<�� -X>YH WT��Z����������=W�%
��'&%)( -X>YH [\WT��Z����������=W^]_�,�=W7` %+(�'�- 2�� Q*N=a*a,4 3�N 1*5*2�a 4�NJ� 2*a�5 b7c/'
5*67-98,2�� - 2�� Q*N=a*a,4 3TN 1*5*2�a 4�NJ� 2*a�5 d�5*R�a*5�Q*Q=5,d

)+*�,.-0/2143657*2*98:,;,0/.<2=.>2?.@A@B,0<.<C, )ED2?.F2G7H J¦, 1.1



e QTS Q�N$U Ø�N$¶kN U ð M N$£�ñ ¶kN$¶

s Yutvo�w0x\[Îy\g�{\[pYrq}q`^Kav~�q Ð s y�qTÑ�mrx�~ §»Y W�^KY�_"Y�� x�q�x _�x:¨ i�a �ªY��
q�mc[�^2§\Y ��xcm���^2~ZYuq mux�w2wKYn� ��^2~�^�i�Y ��i�x�i�Y ��oni�av��x�i�x ÐT�����e¾ x�wKq}a
¼c~�a�_�~ xZqex�o�i�av��x�i�x|¾ ¯ ~�^�i�Y x�oni�av��xni�x»ÑhÊ
�����½q°x�~c� iR�ZY\^2[ mcwKa\q}Y Wcx»[Ç^0x�~ni�qÎx\[pY x ih�ZYua�[EY�ih^0mux�wªb¦avo�~c��xnih^Kav~
acbX� ocmc� acb ih��Y ¯ Y\w0� acbedXlvÆ�Ê

)+*�,.-0/2143657*2*98:,;,0/.<2=.>2?.@A@B,0<.<C, )ED2?.F2G7H J¦, 1 ,



e Ø ð ¡ ¶�¡ î Q� �U��fN$U�¤ f  �¶�¸ Ú ¡

� q`�ZYuY\{ w0x�~Ztvocx�t\Y

® §�xcxhg
® §�xcxcxig
® Ê�Ê�Ê

� [EYutvo�w0x\[ÙYhg�{\[pYrq}q�^Kav~�b¦a�[­ih�ZY q��ZYrY\{ w0x�~Ztvo�xZt\Y

® j §�xcx�k g j
� tv[ºx�{���^0mux�w�W�^KY`_ acb ih�ZY q��ZYuYz{ w0x�~�tvocxZt\Y

q
0

q
1

ab

q q

!
a

q

a

2 3 4

®°¯ WZY q�i�x�i�Yuq Ð}~ZaÉ�ªYuq�^2~ iR�ZY tv[+x�{��\Ñ
® ¿�� ^KqÓih��Y q�i�x»[Ûikq�i�xni�Y Ð�^2~cm:av� ^2~�t x\[�[pan_ÎÑ
® ¿zj ^KqÓih��Y ¯ ~cx�w�q�i�x�i�Y Ð��ªavo�§�wKY m�^2[+mcwKYZÑ
®°¯ WZY�iR[ºx�~Zq�^�ih^Kav~Zq�ÐÇx»[ºm:q�^2~ ih�ZY tv[+x�{��»Ñ
® �zY`i�Yz[�� ^2~�^Kq�iR^0m

)+*�,.-0/2143657*2*98:,;,0/.<2=.>2?.@A@B,0<.<C, )ED2?.F2G7H J¦, 1K/



ð O�N$U� PS ¶kNPQ$l�U�¡ Ãr£�  £�M   Ø Ú UµU�¸ � ¶�S ´�M ¶Î´�U

j §cx�x�k g j
j §cx�xcxEmXg j

q
0

q
1

ab

q q

!
a

q

a

2 3 4

a

q
0

q
1

ab

q q

!

q

a

2 3 4

â a|[pY�av~ ih��^Kq�w0x�i�Y\[6Ê ÊBÊ

)+*�,.-0/2143657*2*98:,;,0/.<2=.>2?.@A@B,0<.<C, )ED2?.F2G7H J¦, 1KÁ



ð £� �U e £� Ùñ ¶�O n Q¬Uµü

�����½qemrx�~ §\Y�b¦a�[Ç��x�w2w�¨ q�{\Ynm�^KY�� xZqex oZ�4iRo�{�wKY

® x ¯ ~�^�i�Y�q�Y�iXacb�d q�i�xni�Yrq�p,q*rJp"s?t�t�t�p=uwvyx
® x ¯ ~�^�i�Y ^2~�{�oni�x�w2{��cx�§\Y�i�acb q�¨�� §»avwKq�vyz
® iR�ZY q�i}x\[]i�q�i}xni�Y7vyp,q
® iR�ZY q�Y�ikacb ¯ ~cx�w�q�i}xni�Yrq,v°� { x
® iR�ZY�ih[+x�~�q`^�iR^Kav~�b�o�~cmRih^Kav~�iR�cxni���x�{Zq�x | z i�a x

)+*�,.-0/2143657*2*98:,;,0/.<2=.>2?.@A@B,0<.<C, )ED2?.F2G7H J¦, 1 Ö



ð � £�N$U £�S ð O�¸ Ú ¶}� U"N'¡
~ avo q��Zavo�w0�±~�� i W�^KY`_ ih��Y i�Y\[�� x�w2{��cx�§»Y`i i�a�a ~cx\[�[pan_�w�¨uÊ � ~
{cx\[]iR^0mco�w0x»[�¾Ü¨uavo �ªav~�� i �cxnW�Y i�a w2^2� ^�i ^�iÎi�a wKY`ißi�Y\[pqrÊ ��~�¨ ¼c^2~c�
acb q�¨�� §»avw�_�^2w2w��ªa±Ê
��o�[ÛiR�ZY\[Ç��a�[EYª¾�ih�Za\q}Y q�¨�� §\avwKq mux�~ q�i}x�~c� b¦a�[ av§�ÌÍYnmhi�q ih�cx�i
ih��Yz��q�Y\w�WZYuq��cxnW�Y ^2~�i�Y\[Ç~�x�w\q�ih[�ocmRiho�[EYªÊ

)+*�,.-0/2143657*2*98:,;,0/.<2=.>2?.@A@B,0<.<C, )ED2?.F2G7H J¦, 1Kê



Ø Q�ñ ¸ O¬U î £�ORO¬¶� P¡ ¶�S ¤ í U�S�N�¡ · � ¶�ñ ¸ O¬U

q
0

q
1

q
2

one
two
three
four
five

six
seven
eight
nine

eleven
twelve
thirteen
fourteen
fifteen

sixty
seventy
eighty
ninety

ten
twenty
thirty
forty
fifty

twenty
thirty
forty
fifty

sixty
seventy
eighty
ninety

one
two
three
four
five

six
seven
eight
nine

sixteen
seventeen
eighteen
nineteen

dollars

q
3

cents

q

one
two
three
four
five

six
seven
eight
nine

eleven
twelve
thirteen
fourteen
fifteen

sixty
seventy
eighty
ninety

ten
twenty
thirty
forty
fifty

twenty
thirty
forty
fifty

sixty
seventy
eighty
ninety

one
two
three
four
five

six
seven
eight
nine

sixteen
seventeen
eighteen
nineteen

q
4 5

q

cents

6
q

7

® x�w2{��cx�§\Y�iµacb _"a�[+�ªq
® x�mrm:Y\{ni�q {���[+xZq}Yuq w2^2¼�Y ����� �=���?�_���U�_�����=� �w�I�_�Y�E�M�9�U�\���*�
�\�
�w�I�_�Y�E�M� �_�����*�������E� �=���?�_�

® §�oni�ÊBÊ Ê
� xcmum:Yz{ni�q �7��� �w�I���Y�E�=�
� �ªa�Yuq�~w� iex�mrm:Yz{�i����h���E���=� �w�I�_�Y�E�M�

)+*�,.-0/2143657*2*98:,;,0/.<2=.>2?.@A@B,0<.<C, )ED2?.F2G7H J¦, 1 -



� U"N ð S £�N�Ú U�  ³ U�¸  �U�¡�U�S�N$¶kNPQ�£�S

q
0

q
1

ab

q q

!
a

q

a

2 3 4

�����½qemrx�~ x�wKq}a §\Y Y\~cm�a��ªY�� x�q������I���  ¡���E�¢�=�\���£�E�  
��¤ �Y�,�

® x ¥ ¦�p q r�p s r/p*§,r�p,¨*rJpM©�ª
® z ¥ ¦\x�¾ §�¾«g¬ª
® ��¥ ¦�p © ª
® iR[+x�~Zq�^�ih^Kav~�b�o�~cmhiR^Kav~ ¥

Input
State b a !
0 1 /0 /0
1 /0 2 /0
2 /0 3 /0
3 /0 3 4
4: /0 /0 /0

­¯®$°²±´³¶µ\·�¸¹®¶®»º�°¼°´³²½¶¾²¿¶À²ÁÂÁÃ°´½²½Ä° ­ÆÅ¶À²Ç¶È¹ÉËÊ_° µKû



ð Ì Ì Í/Î Ï Ð e ÐÑÍ�Ò9ÍJÎ Ï Ó�Ô&ÐÕÔ×Ö

Input
State b a !
0 1 /0 /0
1 /0 2 /0
2 /0 3 /0
3 /0 3 4
4: /0 /0 /0

q
0

q
1

ab

q q

!

q

a

2 3 4

q
F

a
a

a

bb b
b

!!!
!

­¯®$°²±´³¶µ\·�¸¹®¶®»º�°¼°´³²½¶¾²¿¶À²ÁÂÁÃ°´½²½Ä° ­ÆÅ¶À²Ç¶È¹ÉËÊ_° µÙØ



Ú Ö�ÛÝÜ�Ï:Î ÍÞÔ�ÍßÜ:Î
à¡á m=â�ãXä�åçæ�åÙâXä è�âIéëê�mrm á�ì æÞê�äcm á í åÙîïæ�ð á ì é«âÉm á îñî�â�òôó á æ á é£õ å¶äIå¶ä�ã
ö ð á æ�ð á éhâIé�ä�â�æëêÑãXåç÷ á ä å¶ä ìIø æùîMð�â ø�ú ó û á êcmum áüì æ á ó û=ý�êÑãXåç÷ á ä
õ�ê�m�ð�å¶ä á
þ äUæ á é+õÑîÿâ�ò à�� î��
åçæ îyæ�ð á ì é«âÉm á îñîïâ�ò ó á æ á é+õ å¶äIå¶ä�ã ö ð á æ�ð á é
âIé
ä�â�æ�ê ãXåç÷ á ä å¶ä ìIø æ}õ�ê*æ}m�ð á î ê ì ê�éYæ�å0m øIú êTéÝé á ã øIú êKé á��wì é á îÞî=åÙâXä��
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function D-RECOGNIZE(tape, machine) returns acceptor reject

index 
 Beginningof tape
current-state 
 Initial stateof machine
loop

if Endof inputhasbeenreachedthen
if current-stateis anacceptstatethen

return accept
else

return reject
elsif transition-table[current-state,tape[index]] is emptythen

return reject
else

current-state 
 transition-table[current-state,tape[index]]
index 
 index + 1

end
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function D-RECOGNIZE(tape, machine) returns acceptor reject

index - Beginningof tape
current-state - Initial stateof machine
loop

if Endof inputhasbeenreachedthen
if current-stateis anacceptstatethen

return accept
else

return reject
elsif transition-table[current-state,tape[index]] is emptythen

return reject
else

current-state - transition-table[current-state,tape[index]]
index - index + 1

end
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function D-RECOGNIZE(tape, machine) returns acceptor reject

index ¾ Beginningof tape
current-state ¾ Initial stateof machine
loop

if Endof inputhasbeenreachedthen
if current-stateis anacceptstatethen

return accept
else

return reject
elsif transition-table[current-state,tape[index]] is emptythen

return reject
else

current-state ¾ transition-table[current-state,tape[index]]
index ¾ index + 1

end
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� â é ái×+á m9æïê î æ�é+å¶ä�ã åçæ�ð�ê î æ â û á î ø é á æ�ðTê*æôæ9ð á é á ê�é á ä�â ì ê*æ9ð�î
æ�ðTê*æÎm�ê�ä úÙá ê�ó æ â ê�ä êcmum á�ì æM�
� ð�ê�æ õ á ê�ä�î æ�ðTê*æ æ9ð á ì é«âXû úÙá õ â�ò ä�âXäO��ó á æ á é£õ å¶äIåÙî æ�å0m é á m�â�ã��
äIåçæ9åÙâXä m�ê�ä û á æ9ð�â ø ãXð*æÕâ�òôê îÑê î á ê�é+mTð ì éÆâXû úÙá õ �
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+ . � Ù ,?Ü;Î ~ � ( Ü½Ñ Ú . ÜÛ�/Û �
Yëð�âXå0m á å¶ä ä âXä#��ó á æ á é+õ å¶äIåÙî æ�å0m õÑâ ó á�ú î m=âXõ á î øIì ê ã7êIå¶ä êIä�ó
ê�ã7ê�å¶ä å¶ä � ? �
 wá ÷ á é¯ê ú î æÞê�ä�óIê�é¯ó îñâ ú¶ø æ�åÙâXä î

� ûTêcmÀ� øIì è�î á ê�é+m�ð�� æ�ð�åÙî�m�ðTê ì æ á é í
Ü õ�êKéÝ� å¶ä ìIø æ���î æÞê*æ á ê*æÎmTð�âXå0m á ì âXå¶ä*æ î
Ü åçò ö é«âXä�ã m�ð�âXå0m á � ø î á õ�ê�é]� á éyæ â û�ê�m�� øIì ê�ä�ó æ�éYý êIä#�
â�æ�ð á é mTð�âXå0m á

� ú â�â���êIð á ê�ó
Ü ú âIâ�� ê�ð á ê�ó å¶ä æ�ð á å¶ä ìIø æyæ â ð á�ú¶ì õ:êD� á mTð�âXå0m á

� ì ê�é¯ê ú¶úÙá�ú åçî=õ
Ü ú âIâ�� ê�æ ê ú¶ú m�ð âXå0m á î�å¶ä ì ê�é¯ê ú¶úÙá�ú

^`_�aQb9cedgfihj_e_lkBama9cQneoQpeqQrsrta9nQnua ^JveqQwexjy{z|a 8ed



+ . � Þ �}ÛÒß � * % * * ,?Ü½�}ÛÒ.
" ò¯æ á éÿê ö éÆâXä ã mTð�âXå0m á úÙá êTóEî�æ â ê ó á êTó�� á ä�ó èÞä�â å¶ä ì�ø æ úÙá ò¯æB�
ä�â úÙá ã7ê ú æ�é¯ê�ä�îMåçæ9åÙâXä�î í �hé á æ ø é+ä�æ â ê ì é á ÷IåÙâ ø î�mTð�âXå0m á ì âXå¶ä*æyêIä�ó
ìIø é«î ø�á ê�ä�â�æ�ð á é��KÅ<��à�È Ï ÆÇÂ��MÁ�mTð�âXå0m á �
� ð ø î�� ê�æ á ê�m�ð m�ð âXå0m á ì âXå¶ä*æM� æ�ð á î á êKéºmTð ì éÆâ�m á îÞî ä á�á óEî æ â
é á õ á õ û á é�æ9ð á î á ê�é+m�ð î æÞê�æ á �

� æñê ìKá ì â�îMåçæ9åÙâXä
� �! �" ä�â ó á è�â�é0Ã 2�5�á4ÄÉÅ<��î æñê*æ á�í
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â �Wã Ù ÜÛ�X�;��>
" î á ê�é+m�ð#�)î æñê*æ á åÙî�ê ì êIå¶é+å¶ä�ã â�ò ê îMå¶ä ã úÙá õ�êcmTðIå¶ä á �+î æÞê�æ á ö åçæ�ð
ê ì â�î=åçæ�åÙâXä âXä æ9ð á å¶ä ìIø æ æÞê ìKá �
Ö ýÛ� á�á�ì å¶ä�ã�æ�é¯êcmÀ�yâ�ò ä�â�æ�ý á æ áB�wì�ú â�é á ó�î á ê�é+m�ð#�)î æñê*æ á î��Kê é á m�â�ã��
äIå�� á é­m�ê�ä î ý�î æ á õ:ê*æ9å0m�ê ú¶ú ý á��wìIú âIé á ê ú¶úhì â�îÞî=å¶û úÙá ì ê*æ9ð�îïæ9ðIé«â ø ãXð
ê õ�êcmTðIå¶ä á ãXåç÷ á ä îñâXõ á å¶ä ìIø æM�
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V 	 
�ä �0åçæ ¼;� ��� � Ú æ � �

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

agenda è;é (Initial stateof machine,beginningof tape)ê
current-search-state è NEXT(agenda)
loop

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

else
agenda è agenda ë GENERATE-NEW-STATES(current-search-state)

if agenda is emptythen
return reject

else
current-search-state è NEXT(agenda)

end

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

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

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

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

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

then
return true

else
return false
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pDùÍõOù ñMþ�p;��õ?�Mñ p�ñ#õ��@��ú q r ö�s�÷	�Ýíðù7ú	��� ������ú õt� uwv þ
x¡ñD�M÷�s�ó!í�yMñ ü
�½úDíH�Àú �z�"� ù ñ�� íH��õDöeö%�{�Íñ#õ��@��úÛø|÷|�}�Õ÷�öQ�#ù7í�÷�ó"�

� ���L÷�ûDö�ñ�� ÿôñ�~/óDíðù7í�÷�ó ���Lñ#õ#ùØñ(� õ ����õ��Bñ�÷�øw��÷��$�MíeûDö�ñj�Í÷�öQ�#ù7í�÷�ó"�
� s�÷ õ!ö@í��¥ùØ÷ ñ
E��Dö�÷	�Lñ½ù�ú¤ñ ����õ��Bñ

Ü �Lñ�ù��	�]ó õDó"���Wñ����½ú¤ñôó ø|÷��DóÀÿ
Ü �Lñ × ñD��ù=�½ú¤ñ�ó ����õ��Bñ ú�õt�Ôû�ñ�ñ�ó ñFE�ú�õ	�"� ù�íðïòñôö%� ñ
E��Dö�÷	�Lñ#ÿ
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� � ùÍõOù ñ��0�M÷�ó"�Mí9ÿÇñ��Lñòÿ íeó �?�LñòõOù�í�÷�ó ÷	� ÿôñ��
� õts�ñôóÀÿDõ í�� õ §��¤ñ��¤ñ
� ~���� ù íeó ~���� ù�÷��#ùj�7£¨¢¤£�¥�)
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��§��Díðï�õ!ö�ñôóOù

� ù7ú¤ñ ��ö9õt�$� ÷�øEö9õ!ó"s���õts�ñ(�Eù�úÀõ#ù õ��Lñ ÿôñ�~/ó�õ!ûDö�ñ û�� �Lñ(s��Dö9õ*�Òñ
E¤þ
���Lñ��$�Mí�÷�ó"�

� ù7ú¤ñ���ö9õt�$�W÷�ø¥ö9õ!ó"s���õ"s�ñ�� ù�úÀõ#ù�õ��Lñ#��úÀõ��`õ��7ù ñ��Ýí�y�õ!ûDö�ñ�û�� £�p�r¶�
� ñ�íðù�ú¤ñ�� ÿÇñMù ñ���� íeóDí�� ù�íH�)÷	��ó¤÷�ù·)

£¤÷	��� õ!ö�v ñ�~/óDíðù�í�÷�ó

� íðø¹¸�º³õ!ó�ÿ0¸ C õ*�Jñw�Lñ�s��Dö9õ���ö9õ!ó"s���õts�ñ(��üD�Õ÷�õ*�Jñ�ù7ú¤ñ»�B÷�ó���õ#ù ñ�ó�õOù�í�÷�ó
÷�ø�¸�º õDó�ÿ ¸ C üÒù�úòñ �DóDí�÷�ó ÷	�¥ÿKí��!¼·�Dó��7ù�í�÷�ó ÷�ø0¸µºÔõDóÀÿ ¸ C ü
õ!ó�ÿ ù�ú¤ñ ½Wö�ñ�ñ�ó¤ñ �Àö�÷����	�Lñ ÷�ø4¸�º

� ù7ú	�"��üýõDöeöÇù�ú¤ñ �Lñ(s��Dö9õ*�Òñ
E����Lñ(�k��í�÷�ó ÷���ñ��`õ#ù ÷	��� íeóOù
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