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C)DFEHG'IKJMLN L�OQPRIRIBJTSVUWOYX[Z<\]U_^[`�a�G'bcPK\�`TPdU_^e`�SfG'`hgjikmlonqpVr�s�t-ucvVv U�JTLwg kxlwnypVr�z `�SVL]^

`TSVL{aMLFL�|}PdJM`Q\]U_^VJ~`�G�^[`�J�������G�^cb��)������J u \�S�`�SfG�`������W�� �����Q� �Q��U�a�G'IRI3�����3� s
��u `
IRPK��W���

g n � rp�n � r�� IRPK��W��� � ���
O�ScPd\�S�\]U_^[`�aTG�bcPd\]`�J�`�ScL v aTL] %PdU u J�JM`�G'`�L]��L]^[` s

¡ DFEHG'IdJTL¢ G�£�L�g n � r �¥¤ G�^Vb p�n � r � � s ¢ SVL]^<g�¦¨§ � n � r �©¤ z G�^Vb
n g�ª pVr«n � r � g n � r ª p�n � r � ��ª ¤

g0ª p ike¬�n gW¦�§ � r JMPd^V\]Lg0ª p ik<lon g�¦¨§ � r¨n X�L{\{G u JTL
IRPK� �W��� �����W�R® � ������y¯V°²±³���W� � IRPd� �³��� �³®3´´ �
� r�s

µcD ¢ a u Lt-uVvcv U_JMLhg k<lwnypVr�s ¢ SVL{^�O+L¶£%^VUWO·`�SVL]aTL¸L�|}PdJM` v U�JM`TPR _L¶\{U�^VJM`�G�^[`�J��FG�^Vb��3�J u \�S¹`TSfG'`�g n � r � � p�n � r ��U�a¸G'IdIB���8�)� s ¢ S u J ´º g n � r � p�n � r ��U�a¸G'IdIB���8�)�W»JMUo`�SVL]aTL¼L«|}PKJ~`�J¸Go\]U_^VJM`�G�^[`¸½ � ´º �¾�oJ u \�S<`TSfG'`A½¿g n � r � p3n � r ��U_aFG�IdIÀ�Á���)� zO�ScPd\�SÂPd� v IRPKL]J pwk<ÃAn g r�s
Ä DFEHG'IdJTLÅ U u ^[`TL{aTL«|cG�� v IKL'Æ�g n � r �Ç¤ z�p�n � r � � s�È ^É`TScPdJ�\³G'JTL�g k·lonqpVr J~PK^V\]Lo��U_a� �Ê¤ G�^VbÂ�)� �Ê¤ z g n � r �Ê¤ � � �Ê¤�Ë p�n � r ��U_a�G'IdI¨�¹� ¤ sQÌ UWO�L� _L{a p ik¹lon g rJ~PK^V\]L¶IRPd� �³��� � ���W�������� � IRPd�x� �j� z O�ScPd\�SÂPdJ�^VU�`�X�L]IdUWOjG�^[Z�\{U�^VJM`�G�^[` s

¤



Í3Î�Ï

q1

q2 q3

q4

Reject

Accept

(1, _) ->(y, y, R, R)

(0, _) ->(x, x, R, R)

(0,_) ->(0,0,R,R)

(1,_)->(1,1,R,R)

(_,_) ->(_,_,L,L)

(0,1)->(0,1,S,L)

(1,0)->(1,0,S,L)

(0,0)->(0,0,S,L)     (1,1)->(1,1,S,L)

(0,x)->(0,x,R,R)

              (1,y)->(1,y,R,R)

(x, 0)->(x,0,R,R)

(0,0)->(0,0,R,R)

(1,1)->(1,1,R,R)

(y, 1)->(y,1,R,R)

(x,1) -> (x,y,R,R)

(y,0)->(y, x, R,R)

(_,_)->(_,_,R,R) (0,y)->(0,y,L,R)

(1,x)->(1,x,L,R)

(1,0)->(1,0,L,R)

(0,1)->(0,1,L,R)

Í3ÎÐÍ
Ñ t `�L v ¤ n JM`�G'`�L]JÒ ¤ G�^Vb�Ò-Ó r ÆÕÔ¸U�U� �L{a�`�G v L ¤ O�aMPR`TPd^VÖ¼PR`�J\]U_^VL]^%`TJ`�U�`�G v L¸Ó s
Ñ t `�L v Ó n J~`�G'`TL¸Ò-× r ÆØ�L]OQPd^Vb/`�G v L¼Ó¼O�ScPRIKLh£�L]L v Pd^VÖo`�G v L ¤ PK^�Pd`TJ�IKG�J~`�Pd^ vVu `J~Z}��X�U�I s
Ñ t `�L v × n J~`�G'`TL�Ò%Ù r Æ�Ô¸UÂU� �L{a¼X�U�`TSÚ`�G v L{J z `�G v L ¤ ��aTU��ÛaMPdÖ_S[`�`�UÂIKL��Ü`¼G�^cb`�G v L�Ów��aTU��ÝIdL]�Ü`�`�U�aMPdÖ_S[` z \{U_� v G�a~PK^cÖ�JMZ}��X�U�IdJ s¶È �+J~Z}��X�U�IKJ¸G'aTL¼L]Ò u G'IBG'`G'^%Z v U�Pd^[` z aMLMÞ¿L{J~` s+t `TU v O�ScL{^/aTL³G'\�ScPK^cÖwIdL]�Ü`���U_J~` v U�Pd^[`�U���`�G v L ¤ s
ß L]`¸à n � r X3Lh`�SVL�O+U_aTJ~`¸\³G�JML�a u ^V^cPd^VÖ�`TPd��L�U��áÚâ s�t `�L v J ¤ z Ó z G�^Vb�×�L³G'\�S\]U_^VJMPdJM`TJ�U'��G�JMPd^VÖ�IdL¶JT\³G'^V^cPd^VÖoU��¨`�ScL¸`�G v LAJTU�à n � rÕk�¬�n � r

Í3Îdã

Ó



q1

q2

q3

q4

q5

q6

q7

q8
q9

q11q10

Accept

Reject

0 ->x, R

0->0,R

1->1,R

0->0,R

1->x,R

0->0,R

1->1,R

_->_,L

_->_,L

1->x,L

1->1,R

0->0,L
 x->x,R

0->0,l

1->1,L

x->x,R

0->x,R

0->0,R

1->1,R

x->x,L

1->x,R

x->x,R

1->x,R

0->0,R

1->1,R

x->x,L

0->x,R

_->_,R

0->x,R
1>1,L

x->x,L

Í3Îåä¨ÎRæ L]JT\{a~P v `TPdU_^çG�^cb�G�^VG'IdZ}J~PKJ
Ñ t `�L v ¤ Æ t \³G�^e`�SVL�`�G v L�\]aTU_JMJMPd^VÖ�`�SVL�èfaMJM`hG�^VbeIÐG'JM`¸JMZ}�hX3U�IdJ s�È �+JMZ}��X�U�IdJO+L{aMLhL]Ò u G'Ié`�ScL{^/aTLMÞ¿L]\]` s

×



Ñ t `�L v Ó-Æ t \³G�^�`�SVLê`�G v L¸G�Ö[G'Pd^�\{aTU�JTJMPd^VÖ�`�SVLêèVaTJM`�J~Z-�hX3U'Ié`�SfG'`QPdJQ^VU�`�G'^/ëG'^Vb<`�SVL¼IKG�JM`¶J~Z-�hX3U'I
`�SfG'`APdJ¸^VU�`¶G�^eë s�È ��U_a~PKÖ'PK^fG�I�JMZ}�hX3U�IdJ¸O�L]aTL�L{Ò u G'I`TSVL{^/aTL~Þ¿L{\�` sBÈ ��^VU�J~Z-�hX3U'I�U'`�SVL]a�`TSfG�^�ëìSfG�JQX�L{L{^/��U u ^Vb z G�\{\]L v ` s
Ñ t `�L v ×cÆÕÔ¶íj`TU�J~`�L v Ó s
¢ SVL�èfaTJ~`�J~`�L v \³G�^wX3L�bVU_^VL�OQPd`TS�G¶JMPd^VÖ�IdLFJT\{G�^�U��3`�SVL�`�G v L z JMUhPR`+`�G�£�L]J lon � rJ~`�L v J s+t Pd��PRIKG�aMIRZoJ~`�L v Ó¸`�G'£�L{J lwn � r J~`�L v J s+t `�L v Ó¸PdJaTL v L{G'`�L]b�G'`+��U�JM` � â `TPd��L{J zJ~PK^V\]L¼G'`�L³G'\�SçJM`TL v `îO+U�JMZ}�hX3U�IdJAG�aML¶`Ta�G�^cJM��U_aM��L]b�Pd^%`TUoë s ¢ ScL{aTL���U_aTLh`�SVL¸`�U�`�G'Ia u ^V^cPd^VÖ�`TPd��LAPdJQPK^ lon � â r
Í3ÎÐï Ø�ðêñìò
aMU_Ö_a�G'�N L¸OQPRIRI u JTL¶aTL]Ö�PKJ~`�L]aTJ{Æó³� � G'\{\ u � u IKG'`�U�aó ´ � J~`�U_aMLAPK^VbcL�|/U��¨IKL��Ü`���U_J~`�J~Z}��X�U�Iô`�U�X3LAL«|VG'��Pd^VL]bóWâ � J~`�U_aMLAPK^VbcL�|/U���aMPdÖ_S[`���U_J~`�J~Z}��X�U�Iô`�U�X3LAL«|VG'��Pd^VL]b¤ ß í�ð æ �õ¤Ó t ¢ íAØ�ö ¤×�Ø�ö
ð æõ÷ ¤Ù t ¢ íAØ�öøÓù ß í�ð æ ¤ú ð æAæ � Óû t ¢ íAØ�ö ¤ü ß í�ð æ Óý t ¢ íAØ�ö ÷ ¤¤ ��ð æAæ ¤¤_¤hþ[ÿ öBØQí ¤ ú¤ Ó ß í�ð æ ¤¤ × t���� ¤¤ Ù t ¢ íAØ�ö ¤¤ ù þ � ñÂò�× ����IKU}U v ×�� ¤ ù aTL³G'bVJ�� ´	��
�
�
�� � � PK^[`TUwó� ��
�
�
	� ó �W® â¤ ú ß í�ð æ ¤¤ û t���� �¼¤¤ ü t ¢ íAØ�ö�Ó ���¼óWâ��:��ªxÓ
¤ ý ß í�ð æ � ×Ó�� t ¢ íAØ�ö ¤ ���¼ó ´ �!×Ó ¤ ß í�ð æ ÓÓ_Ó t���� ¤

Ù



Ó�× þ�� öÕÔÊ×�Ù ���¼PR��óWâ��xó ´ `TSVL{^/Ö_U�`�U�G�\]\{L v `Ó'Ù ß í�ð æ�÷ ¤Ó ù t���� ÷ ÓÓ ú þ[ÿ Ø × ú ���¼PR�ÀIdL]�Ü`T��U_JM`�JMZ}�hX3U�I � aMPdÖ_S[`���U_JM`�J~Z-�hX3U'I¨`TSVL{^/aTL~Þ¿L{\�`Ó û ß í�ð æ ¤Ó ü ð æAæ �¼¤Ó ý t ¢ íAØ�ö ¤ ���¼ó ´ �:ó ´ ª ¤×_� ß í�ð æ Ó× ¤ t���� �¼¤×[Ó t ¢ íAØ�ö�Ó ���¼óWâ��:óWâ�� ¤×_× þ ñ�òøÓ ¤×�Ù ß í�ð æ �¼¤ ����G�\]\{L v `× ù Ì ð ßc¢× ú ß í�ð æ � � ���¼aTL~Þ¿L{\�`× û Ì ð ßc¢
Í3Î�� Ø u ^V^cPd^VÖ ¢ Pd��L¢ SVLAèfaMJM`QIdU-U ven IdPd^VL¸×¼`�U¼IRPd^VL ¤ ù r J~PK� v IRZ�aML³G�bVJQ`TSVLêPK^ vVu `QO�ScPd\�S/`�G�£�L]JQ`TPd��Llwn � r�s ¢ SVL�JTL{\]U_^Vb�IdU-U vçn IRPd^VLAÓ ¤ `�U�IRPd^VLê×_× r a u ^VJ+��U�a�� � â�� PR`�L]a�G'`MPKU_^cJ z JMU�PR`+`�G�£�L]J`MPK��LAPK^ lon � r�s ¢ SVLAO�SVU�IdL v aMU_Ö_aTG�� `�G�£�L]J�`MPK��LAPK^ lon � r�s
��6 ß L]`�� k���z � ��"!$# G�^cb%� ��"& s�t Pd^V\{L'� k���z O+L¼£%^VUWO"� k)(*��s�È `aML{��G'Pd^VJQ`�U�JTSVUWO+��PdJ � ò,�îSfG'aTb sN L¶^cL{L{b/`�U�JTScU�O¾`�SfG'`�- �/. �j��U�a�G'IdI0- k1(2��sß L]`*- k3(2� X�L�G�^¾G'aTXcPR`�aTG�aMZ�IKG�^VÖ u G�Ö_L<Pd^ (*��s?t Pd^V\{L � � (2��z O�L\]U_^V\]I u bVL4- k5� G'^VbÁJTU�`TSVL{aML�L�|}PdJM`TJ�G v U'IdZ}^VU_��Pd^fG'I+`TPd��L�G'IKÖ�U_aMPR`�SV�76:`TSfG'`bVL]\]PdbVL{J'- s N L¼OQPdIRIBX u PRIdb¹G�aML{b u \�`TPdU_^¹G'IKÖ�U_aMPR`�SV�98 n aTL{b u \]`MPKU_^<��aMU_�:-ø`�U;� rPd^/`TSVLA��U�IRIKUWOQPd^VÖ�OG³Z�Æð�IdÖ_U_a~Pd`TSV� 8 n=<0r> ß L�`�G�X�L¶G�J~`�a~PK^VÖ�Pd^*� z ß L]`�XÂX�L¸G�JM`�a~PK^cÖ�Pd^ ! #@? �PR��6 nA<0r �¥¤ `�SVL]^ÂaML]` u aT^ÂGL]IdJTL¶aTL�` u aM^ÂXB
PR� <çk -m`�SVL]^26 n=<0r �¥¤ G�^Vb*8 n=<0r �5C k � sPR� < ik - z `TSVL{^*6 nA<0r � ��G�^Vb*8 nA<0r �ED ik � sñÂU_aML{UW _L]a z J~PK^c\{LF6 a u ^VJ�Pd^ v U�IdZ}^VU���Pd^fG'I�`TPd��LAG�^Vb48©J~PK� v IRZo\{G'IRIKJG6 nyv U�IdZH�^VU���PKG'I
`MPK��L r G�^Vb�bVU}L{JhG/\]U_^VJ~`�G�^[`h^ u ��X�L{a�U'��J~`�L v J z 8 a u ^VJAPK^ v U'IdZ}^VU_��Pd^fG'I

ù



`MPK��L s
Iç6 t PK^c\{L Ì ðêñ�ò3ð ¢ Ì�kJ��z `TSVL{aML�L�|}PdJM`�JhG v U�IdZ}^VU���PKG'I�`MPK��L�G'IdÖ_U_a~Pd`TSV�K�`TSfG'`�bVL]\]PdbVL{J Ì ðAñÂò3ð ¢ Ìhs� L�IKUWO©O�L�bVL]JT\]aMPdX3L¼`TSVL v U�IdZ}^VU���PKG'I�`TPd��L�G�IKÖ_U�aMPR`�SV�ML?`�SVG'`Fèf^cbVJ¸G�SfG���PRIN�`TU_^cPKG�^ v G'`�S���aTU��POÂ`TURQ z PR��U_^VL¸L�|}PdJM`�J sð�IdÖ_U_a~Pd`TSV� L nTS � nVU �XW r � O � Q r>
¤ PR�Y� nZS � O � Q r � ��`�SVL]^Ó U u ` vVu `\[M^VU�SfG���PRId`TU_^cPKG�^ v G'`�S���aTU�� u `�U� �L�|}PdJM`TJ�]× L]IdJTLÙ > � �_^ U ^ù ` � Oú ��U_aG� �¥¤ `�U��ebVUû > ò�ð ¢ ÌRa �Zb � ` »ü Sdc � S ? > ` B »ý ��U�aQL³G�\�S/L{bVÖ�L n ` �fe r Pd^ S \{U_��Pd^VÖ�U u `�U�� ` bVU¤ � > Pd� n � nTSdc �feg� Q r �j¤ r `�SVL]^¤_¤ > ` � e »¤ Ó XcaTL³G'£o`�ScPdJ�IKU}U v »
¤ × B
¤ Ù B
¤ ù S � S c »
¤ ú B
¤ û aTL�` u aM^ n ò3ð ¢ ÌAr »
¤ ü B
¤ ý B¢ SVL¸\{U�aTaTL]\]`T^VL{JMJ�U'��`TSVL¸G'IdÖ_U_aMPR`�Sc� \]U_��L{JQ��aTU_��`�ScL¸PdbVL{G�`TSfG'`PR�ô`�SVL]aTL¸L�|}PdJM`TJG�SfG���PdIR`�U�^cPÐG'^ v G'`TS���aTU_� Oç`TU4Q z SfG³ }Pd^VÖ�JML{\{U�^Vbç _L]aM`�L«|�` z O�ScL{^çO+L¼aTL]��UW �LhO��aMU_� S�z `�ScL{aTL�� u JM`¶X�L�SfG���PRId`TU_^cPKG�^ v G'`�Sç��aMU_� `F`�U� �Pd^ç`�SVL�aML{b u \]L{b�Ö_a�G v S sÈ `TL{a�G�`TPd^VÖ¼`�ScPdJ v a~PK^V\�P v IKL z O�L¸\³G'^�bVL]`TL{aT��Pd^VLA`�SVLAJML{Ò u L]^V\{L¶U��é`�ScLê _L{a~`TPd\{L]J�Pd^�`�SVLSfG'��PRIR`�U_^cPKG�^ v G'`TS s¢ SVLhG'IdÖ_U_aMPR`�Sc�?a u ^VJQPK^ v U'IdZ}^VU_��PKG'Ié`TPd��L z ��U_a`TSVLA��U�IRIKUWOQPd^VÖwaML³G�JMU_^VJ]Æß L]`¸à n � �ji r X�L�`TSVL¼O+U_aTJ~`h\{G�JTL�a u ^V^cPd^VÖ�`TPd��L�U��+G'IdÖ_U_a~Pd`TSV��ðÊ��U�a¸G�Ö�a�G v SOQPR`�S/�< _L{a~`TPd\{L]JêG�^Vb i L{bVÖ_L]J sJM`TL v ¤ `�G'£�L{J�`TPd��L¸à n � �ji rJM`TL v Ók� ù `�G�£�L]J�\]U_^VJM`�G�^[`�`TPd��L

ú



IdU-U v Pd^/IRPd^VL ú a u ^VJ�^/`MPK��L]JIdU-U v Pd^/IRPd^VL ý a u ^VJ�G'`���U_JM` i `TPd��L]J`�ScL{aTL���U_aTLAIRPK^cL ¤ ��UW _L]a�G'IdIéPR`�L]a�G'`MPKU�^/a u ^�PK^/�ml i lçà n � �ji rIRPK^VL ¤_¤ � ¤ Ó¼a u ^�PK^�`TPd��L¸�ml iIRPK^VL ü G�^Vb ¤ ù G�aMLAaTL v L³G�`�L{b/�<`TPd��L{J�G�^Vb/L³G�\�S�`TPd��LAPd`���G³Z�`�G�£'L lon �%l i r�zJMU�`TU�`�G'IRIRZ z PR`�PKJ lon � â l i r¢ S u JA`�SVL�a u ^V^cPd^VÖ�`MPK��L¼��U_adL?PdJêPd^ lon � â l i ªx�nl i l�à n � �ji rTr�z JMPd^V\]Là n � �ji r PdJ�G v U�IdZ}^VU���PKG'I z LYa u ^VJ�Pd^ v U�IRZ}^VU_��PÐG�Ié`TPd��L s
o�6 ò
aTU}U��¿Æt `TL v ¤ æ U u XcIKL t ð ¢ k%(2�Å L{a~`TPRèf\³G�`�L�Æ ¢ O�U�`�a u `�SÂG�JTJ~PKÖ_^c��L]^[`�Jp L{a~PdèV\³G'`MPKU_^/ð�IdÖ_U_a~Pd`TSV��Æ� n � & � �jq}´X�jq â r
Ñ ö� 'G'I u G'`TLh��U_aM� u IKG & u JMPd^VÖo`Ta u `TS<G�JMJMPdÖ_^V��L{^[`AÖ�PR _L]^çPK^ q}´ s�È � n q}´ PdJF^cU�`êGJTG'`TPR�ÜZ%PK^cÖoG�JMJMPdÖ_^V��L{^[` r `TSVL{^/aTL�` u aM^��c»
Ñ ö� 'G'I u G'`TLh��U_aM� u IKG & u JMPd^VÖo`Ta u `TS<G�JMJMPdÖ_^V��L{^[`AÖ�PR _L]^çPK^ q â s�È � n q â�PdJF^cU�`êGJTG'`TPR�ÜZ%PK^cÖoG�JMJMPdÖ_^V��L{^[` r `TSVL{^/aTL�` u aM^��c»
Ñ È � n q}´ �� q â r `�SVL]^ÂaML]` u aT^ ¤ »VL]IdJTL¶aTL�` u aM^��-»
& PdJFJTG'`TPdJMèfG�XcIdLRr `�ScL{aTL�L�|}PKJ~`ê`îO+U�bcPdJM`TPd^V\�`ê`�a u `�S<G'JTJMPdÖ_^V��L]^%`TJê`�SfG�`êJ�G�`TPdJM�ÜZ

& r `�SVL]aTL¸L�|}PdJM`TJ�Pd^ vVu `TJ q%´g�jq â���U_aQð `TSfG'`�\³G u JTL]J�ð `TUwaML]` u aT^ ¤ sð�IdÖ_U_a~Pd`TSV�Êðøa u ^VJ
PK^ v U'IdZ}^VU_��PKG'IH`TPd��L�J~PK^c\{L�`�SVLQ��U_aM� u IKG¶L� 'G'I u G'`TPdU_^�\³G�^�X3LbVU�^VLQPK^�IRPK^VL{G�a
`TPd��L�OQPR`�S�`�ScL�J~Pts]L�U'� & s ð�IdJTU q}´ G�^cb q âBSVGW �L�J~Pts]L�� z `�SVL�^ u �hX3L]aU��¨ 'G�aMPKG�XcIdL{JQPd^ & z JTU�`�ScL{JTL¶\{U�� v G�aMPdJTU_^ÂG'IdJTU�`�G�£'LAIdPd^VL³G'a�`MPK��L st `TL v Ó N LAOQPdIRI v aTUW �L t ð ¢ �/. æ U u XcIdL t ð ¢t `TL v × N LAOQPdIRIôbVL{JM\{a~PKX�L¶`TSVL¸aTL]b u \]`MPKU�^çG'IdÖ_U_a~Pd`TSV� E sð�IdÖ_U_a~Pd`TSV��E n � & � r>
ß L]` < ´g� < â ��
�
N
N� < � X3Lê`TSVLA 'G�aMPKG�XcIdLAPK^ &��u PdIdb�G�^VU�`TSVL{a
��U_aM� u IKG & âBL{Ò u PR �G�IKL]^%`Õ`�U & X u `BJ u XVJ~`TPR` u `MPK^cÖh 'G�aMPKG�XcIdL{J< ´	� < â ��
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