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TCWYX[Z\X]X^Z-_'`aWcbAdcdceLbC_fhg 8ji[WY`]klbnmoX]`]bAprq's"tUu�vxwzy|{~}Rv�{avx�A� �����7���5���l��� �-vxw���������v�{avx�A�����F��wz���� k�bC`[WYXzT V����]���a���-���\���- ]¡¢�-£N¤
�¥WcX�_�Z-iN¦�8
§�_�WY`]ZNbAdc¨�k�bC©/Z\`�MCª)X^`abCprq�X^e'«N©"MAdcX¬t��`L®�¯1bAdcdYMzi�Z-°�`aM7k�bz±AZ���²U�´³�jµCt8hdYd¶`]k�Z�MA`]k�Z-O[Wc_�·CO]Z\°�WYZ\_'`aX¸MAª�V¹k�bz±CZ1`ak�Z�X^bA«UZ1p-MC_�_�MA`]bA`]WYMC_7bAX[Wc_ f�g 8hX¬t� k�Z|X^Z-`NMAª¸WY_�X]`]O]º�p\`aWcMA_�XNWY_»mop-M'°�Z-°�s¼WY_'`aM9`ak�Z|O^Z-dcbA`]WYMC_½�At7¾�Z|k�bz±CZ5MA_�dce|¿xBC<�À`�e'¨"Z-X[MAª)Wc_�X]`]O]º�p-`aWcMA_�X¬T�·CWY±CZ-_l©/Z\dYMziÁWY_�Â�Mzi[ÃJ°�WcbA·AO^bA«Äª~MCO]«Å¦

Semantics
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Ý
i[k�Z-O^Z�T�·AZ\_�Z-O^WYp\bAdcdYe'T�bA_Þm?ßRs5°�Z\_�MA`]Z-X�b5«UZ\«N©"Z-O�MCª��àbA_�°¼bC_�m?á¬s5°�Z-_�MC`aZ\X�b5«UZ-«UÃ©/Z\ONMCª�`]k�Zâmo`abC¨/ZH�ãMAO¥mJWc_�¨�º�`]s"¤¸bCdY¨�k�bA©"Z-`asäT¸�[t � k�Z|§�O^X]`NbA_�°�`]k�WYO^°¥bCO]Zåmo«LWcæ'Z-°�sWY_�X]`]O]º�p\`aWcMA_�X��~©"MA`]k¥WY_�¨�º�`LbA_�°�X^`abCprqHbCp-`aWc±'WY`�e¶¤]T�i[k�WYdcZ|`ak�Z7X^Z-p-MC_�°�bA_�°¥ª~MAº�O^`ak�bCO]ZmJ¨�º�O]Z\s��ãX]`]bAprq|bCp-`aWc±'WY`�e7MA_�dce¶¤at � k�Z Ý _�°�WcXSbnmJ¨�º�O]Z1¨�º�X]klWY_�X]`]O]º�p\`aWcMA_�sät
ç WYæ'Z\°ÁWc_�X^`aO^º�p-`]WYMC_�XÁmJp-MC_�X^º�«UZHWc_�¨�º�`]sn`]k'º�X¼Z-_'`abCWYdcWc_�·nbåk�Z\bA°�«UMz±CZå�~`]M½`ak�ZO]Wc·Ak'`¬¤at�PRº�O^Z1WY_�X]`]O]º�p\`aWcMA_�X[°�MHE�BAI/Z\_'`abAWcdR�~bC_�WY_�¨�º�`x¤)k�Z\bA°�«UMz±AZ'téè

ê _�ZhO^Z-bCdYWcë-Z\XR`]k�bA`�`ak�Z�bA©"Mz±AZ¼mJX^Z-«UbA_'`aWcp-X^s�bCO]Z�ìaº�X]`�X]`]bA`]Z-°7Wc_'`aZ\_�`]WYMC_�XzTA_�MN«UMAO^Z�tê _�p-Z1i�Z1°�Z-§�_�Z�mJp-MC«U¨�º�`abC`aWcMA_�X^sL`ak�Z�bC©/Mz±CZhX^Z-«UbA_'`]WYp\X[i[WYdcd¶©"Z-p-MC«UZ�ª~MAO^«LbCdot

 /!,í�îhï�ð�ñ�ò)ó#%'!1�_�mJ`]k�ZR`]k�Z-MCO]e'sN�~`]k�bA`�WYXzTxi[k�Z\_�i�Z�X]`]º�°�e1¨�O^MA¨"Z-O^`aWcZ-X¶MCO�dcWY«UWc`abA`]WYMC_�XMAª�PRQS8hX¬T�p-MC_�_�Z\p-`aWcMA_�X�i[WY`]k�ô g�õ XzT¶Z\`ap'tY¤¥i�Z|i[WcdcdöX]`]WYprq�`aM¼`]k�Z|bC©/Mz±CZLª~MCº�O�`�e'¨"Z-XMAª�«LMz±CZ-Xzt¶�_l¨�O^bAp\`aWcp-Z5�~W�t Z'tYT'i[k�Z-_li�Z1«UbAX^÷'º�Z-O^bA°�ZhbAX¸PRQ�8Þ¨�O]MC·AO^bA«U«UZ-O^X¬¤äi�Z1i[WYdcdbAdcdYMzi;`]k�ZÍª~MCdYdcMzi[Wc_�·7`�i�M|bA°�°�WY`]WYMC_�bAd)`�e'¨/Z\X1MAªF«UMz±AZ\XL�~O^Z-bCdYdce�T/ø�`�e�¨"Z-XzT/X]Wc_�p\ZÍi�ZNdcZ-`áÍù���ú�ûrü�ý�©"Z-dcMziN¤a¦

� k�Zh§�O]X^`RWcX¸bA_½moWY·C_�MAO^Z-ÃJ`ak�Z\Ã,X^`abCprq'sh«UMz±AZU�~bC_�°|bAdcX^MNWc·A_�MCO]ZS`]k�Z�WY_�¨�º�`xT�WcªöáÍ��ü/¤at�_�`]k�Z1X]Wc«Nº�dYbC`aWcMA_�T/ß½WYX[bÅE�þxD�X^`abCprqUX]e'«N©"MAd�bC_�°  hb¼E/þ\D¼X]`]bA`]Z�t � k�WcX[«LZ\bA_�X¸`]k�bA`WYª¸HmJ¨�O]MC·AO^bA«Us�b¼P�QS8LTöV
T¶i[Wc`ak�bjmJ«UbAp\O]MCs�dcWYqCZ¼á'��ü�ÿ ü/T¶`]k�Z-_�`]k�Z|Z-æ'¨�bC_�X^WYMC_�~Wc«U¨�dYZ\«UZ-_'`abC`aWcMA_�¤�MAªä`ak�Zh«UbAp\O]M�WcX�°�MA_�Zh©'eÅGC@A@��~E���bN_�Z\iâX]`]bA`]Z  [bA_�°|b�_�Z\iâX]`]bAprqX]e'«Í©/MCdFßâ`aMU`ak�Z�O^Z-X^¨"Z-p-`]WY±CZ1bAdc¨�k�bA©"Z-`]XÍ���ÞbA_�°l�¸¤�MAª)«Ne|MCO]Wc·AWc_�bAd�V
t

Simulated by

� k�ZN_�Z\æ'`�WcXhbCdYX^M|±AZ\O]e�º�X^Z-ª~º�d)i[k�Z-_jmJ¨�O^MA·CO]bC«L«UWc_�·AsUP�QS8�XU�~W�t Z'tYT/p-MC_�X^`aO^º�p-`]WY_�·Z-æ'bA«U¨�dcZ-Xz¤at � k�Z|X^º�·A·CZ-X^`aZ\°�Wc«U¨�dcZ-«UZ-_'`abC`aWcMA_�`abCqAZ\X�p-bCO]ZUMAª¸`]k�Z|·AZ\_�Z-O^bAdFp\bAX^Z5WY_�bp-MC«L¨�bAp-`|�ãO]Z\p-º�O^X]Wc±AZ'¤�«LbC_�_�Z\O¬tÍ�`�X^bze'X�`]k�bA`�moWYª�eAMCºHq'_�Mzi k�Mzi
`]M�«LbCp-O^MAÃJZ-æ'¨�bC_�°�~X^WY«Íº�dcbA`aZ'¤�� á'�-ß�ÿ��
	cT�`ak�Z\_�k�Z-O^Z�WcX¸k�Mzi�`]MÍ°�M�� á'�-ß�ÿ���
	3s"t � k�ZHmJ©�bAX^WYX^s"TAi[k�Z-_����ü/T'WcX[MA_�Z�MCª�MCº�O[©�bCX]Wcp1«LMz±CZ-X��~Q�Z-ªat��At��A¤]t
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��������������� ��!���"�!�#%$rÌaÌ���&�� $��¬Ì�� '

Simulated by

è
� k�Z\O]Z�bCO]Z�b5_'º�«Í©/Z\OSMAª�p-MC_�p-Z\¨�`aX�i�Z�_�Z\Z-°¼`]Mzi�bCO]°�X¸°�Z\§�_�Wc_�·|b)(?BAK�:"<�IJGAI*�~BAEUMAªbU¨�º�X^k�°�Mzi[_lbAº�`aMA«UbC`aMA_)T�bA_�°lZ-±CZ-_'`aº�bCdYdce|X^`aO^WY_�·LbCp-p\Z-¨�`]bA_�p\Z�t

 "! +�$�%'&)(�*,+-*,./()!10�,U./()&�-/.10xð�+-*#."(12\6¼83(?BAE541��<�À3GAI*�~BAE¼�ãMAOÅmJX^_�bA¨�X^k�MC`asUMAO6�~E/=?I,GCE87IJGAE/þ^BC<�=Í@Cþ\=5(xÀ�� :"I*�~BAE�9nWc_àX^k�MAO^`��Q5¤[MAª�bÅP�QS8 p-MC«L¨�º�`abC`aWcMA_;:LWYXÍb¼`aO^WY¨�dYZH�3 z�=<Í���ö¤i[k�Z\O]Z� Í°�Z-_�MC`aZ\X�`ak�Z5p\º�O]O^Z-_'`1X^`abA`]Z�T>< WcX�`ak�ZH<�E�=,:'þxE�I¸�¬mJº�_�Z-æ'¨/Z\_�°�Z\°�s�MAO�º�_�¨�O]MCÃp\Z-X^X]Z\°�T¶MCO¬T¶º�_�O^Z-bC°�Ã,X^MAÃJª~bAOz¤�WY_�¨�º�`NbC_�°)�åWcXN`]k�Z|`aMC`abCdRp-MC_'`aZ-_'`]X�MAª¸`ak�Z|X]`]bAprq¶T�O]Z\bA°ª~O^MA« `]MA¨l`aMU©/MC`a`]MA« �ã`ak�bC`�WcXzT�`ak�Z1dcZ-ª~`a«UMCX]`¸X^e�«Í©/MCd�MAª?�¼WcX[`ak�Z�`]MA¨�«UMCX]`¸X^e�«Í©/MCdäMAª`]k�Z�X]`]bAprq¶¤at� k�Z�WY_�¨�º�`¸k�Z-bC°7WcX¸bA`�`ak�Z1§�O^X]`�X^e�«Í©/MCd/MCª><UT'©�º�`A@CB>D/@�¯�EGF)H�I>J�B>D"¯LK�I>@MHON�N�K
P NOD>QRE8N�@OS è
 "! T�$�%'&)(�*,+-*,./()!10�U´.%V�%�2x6��ªXW½bA_�°ZYÁbAO^Z¼p-MA_�§�·Aº�O^bA`]WYMC_�X5MAª�b¥P�QS8 V
T�`ak�Z\_W�[\Y>9å¨�O^MA_�MCº�_�p-Z\°�m]W�e'WYZ\dY°�X^Yäs_9å«LZ\bA_�X[`]k�bA``@aB>N P N�®�¯�DcbOFdI/e�N?f�g�MAª�V�`ak�bC``]O]bC_�X]ª~MCO]«UXL`ak�Z��Q3WàWc_'`aMhYöTX�~EâBAE/þÅ=?I,þa:/t � k�Z�ª~MAO^Z-·CMAWc_�·9WcXnm*i�_�·AdcWYX^k�sHª~MAO5`ak�Z«UbA`]k�Z-«UbC`aWcp-bAdcdce|¨�O^Z-p-WcX^Z�¦g MCO[bAdcdFáÍù��Húlûrü�ýCTkj�ù��ml�bA_�°n�Hùl��l\T

�� z�\áoj��\ßp�R¤�[¼�� �qJ�=j¶�=�R¤
*]r�Wc_�X]`]O]º�p-`aWcMA_ ' �~Q�Z-ªat��At��AT�p\bAX^ZÍáLù��[¤]T'MAO¸ø9�ãQhZ\ªat?�At��AT�p\bAX^ZLáU��ü/¤)WcXSbz±¬bAWcdYbC©�dYZ't
g MCO[bAdcdFáÍù��Húlûrü�ýCTkj�ù��ml�bA_�°n�Hùl��l\T

�� z�\áoj����ö¤�[���  q ��j��\ßp�R¤
*]r7WY_�X^`aO^º�p\`aWcMA_L�h�~Q�Z-ªat%�Cts�CT-p\bAX^Z�áLù��[¤]TxMAO Ý �~Q�Z-ªat%�Cts�CT\p-bAX^Z�áU��ü/¤�WYX�bz±¬bAWcdYbC©�dcZ�t è

tau !�vxw?��y�y���!���z���"*"{� |��}#~$rÌ���� |�$���w/���O! Ç���� �O�a���M� !��o��!Cw�w{|O$��1$L� Ì�!�z�&�v�� $�� ��!����A��" Ï ��#~!��*�w>�1����!CwLw?|�$���$����~�����}��"5�������������Aw>��w?��y�y_�O�a�O����$RÌa!�z�&�v�� $��]��!��X$�"�$���$�&O&��*!�&��]��$��]�1"*���ovO�a�xÌa�p!�#����"���a� !��]�o���������������a���;$�z Ç���� "]$ Ð �����
�]|O$��>���/��">� |�� ��Ç�� � z�!¡ ��o¢�!��/� |�$��?£pv�������v���y Ð �����]���]z�������"�¤��
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ø
 /!]¥�$�%'&)(�*,+-*#."()!�0=¦-(�*,+-*#ð�ó §�¨�%�0¬ñ�*#()ð�ó�¦�$\2x6Å8´p-MC_�§�·Cº�O]bC`aWcMA_�WYXL®=K)®=@]®=D>J�Ws©HWY`�k�bAX`ak�Z¼ª~MCO]« �� ]¡C��ª)��ü/¤]t � k�WcX|p-bC¨�`aº�O]Z\X5`ak�Z¼Wc_'`aZ-_�°�Z-°âX^Z-«UbA_'`]WYp\X5`ak�bC`|p-MC«L¨�º�`abC`aWcMA_�Xi[WY`]k«�~E¢:"<�I�ªÅX]`]bAO^`�bC`�X^`abC`aZ9m^ a¡\sl�ã·AZ-_�Z-O^WYp�WY_�WY`]WYbCd"X^`abC`aZ'¤¶bC_�°7i[Wc`aklbA_�Z-«U¨�`�e5X^`abAprq¶t8�p-MC_�§�·Aº�O]bC`aWcMA_��� z�3ü����ö¤�WcX�IJþxÀrK`�~E/G_¬/MAO�4[E�G�¬)�~1°�Wc°ÁE�BAIFX]bzejmJbAp\p-Z\¨�`aWc_�·/c¤�W�©`ak�Z\O]Z1WcXLE�Bh°�Z-§�_�Z\°�_�Z-æ'`¸«UMz±AZ�t � k�bC`[WYXzT

® ��¯%Yö¤ �� z��ü����ö¤�[LY
è

 /!]°�$�%'&)(�*,+-*#."()!�0�2�$54±C./ñ�ò1.)+-ð�+\*#."(�2x6�8�PRQS8âp\MA«U¨�º�`]bA`aWcMA_5WcXöb�X^Z-÷'º�Z\_�p-Z[MCª�QhXzT�W\¡���²o²�²���W�³|X^º�prkl`ak�bC`
�a�C¤xW\¡NWYX[Wc_�Wc`aWcbAd
� Ý ¤xW�³�WcX[`aZ\O]«UWc_�bAd��ã§�_�bCdo¤
� ' ¤ g MAO�´[�¶µ��o²�²o²��=·�¸R�CT_W�¹p[ºW�¹~»}¼\t
8�XLº�X]º�bAd�T¶i�Z|i[O^WY`]Z½W ¡ [�lAW ³ �ã°�Z-_�MC`aWc_�·¾µ¼MCON«UMAO^Z5M'p-p\º�O]O^Z-_�p-Z-XNMAª�m5[�sä¤�bA_�°X]bze�mMW ¡ [{l¿W ³ WcX7b�p\MA«U¨�º�`]bA`aWcMA_�s"T�i[k�WcprkâWYX�b�X]dcWY·Ck'`|bA©�º�X]Z¼MCª�dcbA_�·Aº�bC·AZ�¦¼¾HZX]k�MAº�dc°¼k�bz±AZ1X^bAWc°;9åWYª�i�Z�°�M|_�MC`Si�bA_'`[`aM|«UZ\_�`]WYMC_LW�¼r�o²�²o²¶�=W ³8À ¼=9å`ak�bA`¼mo`ak�Z\O]Z�WcX�bp-MC«L¨�º�`abC`aWcMA_li[WY`]knW ¡ bAX[Wc_�Wc`aWcbAd�bA_�°nW ³ bCX[`aZ-O^«UWY_�bAd¶�Q�X]sät è

 /!]ÁÂ Ã %'ñ�ð;0�Ä�! � k'º�XzT�i�Z5O^Z-÷'º�WcO]ZUMCº�O�p-MC«U¨�º�`abC`aWcMA_�XN`aM¼©"Z|`aZ\O]«UWc_�bA`]WY_�·ät � k�WYX�WcXWY«U¨�dcWcp-Wc`LWc_àP�QS8 «LM'°�Z\dYXU`]k�bA`UMA_�Z�X^Z-Z\XÍWc_n`]k�ZldYWc`aZ\O]bC`aº�O^Z�t g MAOLZ-æ'bA«U¨�dcZ�T�Wc_å`ak�ZbA¨�¨�O]MCbAprk¥`]bAqAZ\_àWc_¶ÅhMA¨"p-O^MAª~`UbA_�°ÇÆ�dcdY«UbC_�Töb�X^`abAprq�«UMz±AZ7ü½ÿ ß �ã¨�º�X^k�¤hWYX9E/BAIbAdcdYMzi�Z-°)t��_�X^`aZ-bC°�T)`ak�Z�MC_�dYe�X^`abCprqH«UMz±AZ\XNbCdYdcMzi�Z\°�bAO^ZÅß ÿÈ�
�~Wc_¶i�_�·AdcWcX]k�T�mo`ak�ZX]`]bAprq|«Íº�X^`�bCdYi�bze'X¸©/Z�p\MA_�X^º�dc`aZ-°ÊÉ?þ ¿xBCÀ3þ¸«UMz±'Wc_�·UbAk�Z\bA°�sä¤at� k�º�X¬TSWY_Á¨�bAO^`aWcp-º�dcbAOzT�ÅhMA¨"p-O^MAª~`lbA_�°ËÆ�dcdY«UbA_ÁPRQS8hX�`]k�bA`�bCp-p-Z\¨�`7©'e moZ-«U¨�`�eX]`]bAprq's[Z-_�°�º�¨�Wc_�bS`]Z-O^«LWc_�bC`aWc_�·Sp-MC_�§�·Cº�O]bC`aWcMA_�T-X^WY_�p\Zö_�MS«UMz±CZöWYX�¨/Z\O]«UWc`a`]Z-°Ni[Wc`ak�MAº�`p-MC_�X]º�dY`]WY_�·U`]k�Z�X]`]bAprq¶t : Â

 /!]Ì�$�%'&)(�*,+-*#."()!�0�îAÍ1§}ÎmÍ1§¸ð�(�ÏâîAÍ�Ð�ÎmÍåð8±_±A%'ò)+-ð�(1±A%'6� k�Z�X]`]O]Wc_�·Çª ®�¯ZÑAÒ1Ó5D>Ô�Ô�N�Õ
@CNOQÖg9©'e�b½PRQS8UT�V
ThWs©´`]k�Z-O^Z�WYX9båp\MA«U¨�º�`]bA`]WYMC_�� ]¡A�=ª���ü/¤p[{l��� z��ü��3ü�¤�ª~MCO[X]MC«LZU 1ù��Ít× I P ÑAÒØD/Ô�Ô�NoÕ
@aD>K�ÔON�Ù\@aB>N½¯�N�@7£ÚI�ÛnÜXK�D>J�¯�@aD>@aN'¯�®�¯�® P�P N�J�N�e�D>K�@aÙ½D>K�Q;®�¯I�Û�@CN�KÝ@CD/Þ�N�Kß@aIhH�N�µ�à� k�Z|X^`aO^WY_�·�ªÞ®�¯ × Ò�Ó5D/Ô�Ô�NoÕ
@aN�Qâáh©'e9bÅP�QS8LTöV
T¶W�©å`ak�Z\O]Z5WcXNbÅp\MA«U¨�º�`]bA`]WYMC_�� ]¡A�=ª���ü/¤A[ l �� z�3ü����ö¤�ª~MCO�X]MC«UZl �ù�£Nt � k�Z5X^`abAprq9p-MA_'`]Z-_'`aXzTG�RTäbA`�p\MA«U¨�º�`]bA`aWcMA_1	 XZ-_�°�WcX[WYO^O^Z-dcZ-±¬bA_'`¸`aM g�ã ÃJbAp-p\Z-¨�`]bA_�p\Z�t
t�ä !p$�y�y�!¡w¿"*vxÌ�|må/�{æ1"8�]!Xç�è*é¡ê Ç $FÌa!�z�&�v�� $��]��!��;¢��]|O��"]�]$rÌ��}��"��~��ë��]���]��$�y�y Ð ��ì¿� � �o��¢ Ç���� Ï\Ð $på/�{æ����"]�]�]v¬Ì��]��!��Oìn���O���]��$�y���í����Xw?��� |A$�"]&k�aÌ���$�y
� Ï !�� � !�zh!�#;�]|��p"]�]$rÌ*�½î ������� ��$�y ï�" Ð z Ï !�y��_��ðp!�í��a�Oìn$ Ï !�!���>vO"*���A$�#~��wñ"*��"]"*��!���" Ï $rÌ���ì¿|�$�"�"]��z���y�$���Ì�!��o ������]��!��O"����ò Ð�ó z�&�� Ð`ô � $rÌ����õ�ò Ð�ö ���O$�y ô � $��]�o�

ÆFÇ�È/É�Ê�ËLÌÎÁÏ\Ð�Ñ1Ò-Ó¢Ô?Õ¢Ò1Ö�Ó¢×�Ô?ØcÙzÚCÛcÜ



÷_� ópô  o" ö�ô  �" ópô�ø/ö�ô ù
� k�Z�X]`]O]Wc_�·�ª¼®�¯6ÑAÒ�Ð × Ò�Ó5D>Ô�ÔONoÕ
@aN�Q\:F©'e�bhP�QS8LTCV
TxW�©5`ak�Z\O]Z�WYX�bhp-MA«U¨�º�`abA`]WYMC_�3 a¡A��ª)�3ü�¤º[{l7�3 z��ü���ü/¤¸ª~MCO�X^MA«UZÅ ¼ù;£Ntûú�Bä®�¯à®�¯Ê@CB/NýüAD>EßÒ�®�ÕF¯�N P ÙnD>K�Qÿþ�N�ü1®�¯D>K�Q��MD�Õ?D/Qä®=F�®=@ P ®=I����âbC_�MA`]k�Z-O)©"M�MCq1`ak�bC`)�º�X]Z\°Ni�bze1©�bAprq�� üAD>K�@�@aB>N'® P ���
	D>Ô�Ô�N�Õ
@`Dn¯�@ P ®=K���à
�ª¶`]k�Zhp\MA_'`aZ\æ'`Rk�Z\dY¨�XzTCi�Zh«UbzeLX^Wc«L¨�dYeUX^bzelV bCp-p\Z-¨�`]X
ªöTAi[Wc`ak�MAº�`�k�bz±'WY_�·N`aMÍX]bzeWc_�i[k�bA`[«UM'°�Z7��i ã T g�ã T'MAOmi ã Ð g�ã ¤at è

 "!��$�%'&)(�*,+-*,./()!10 Ã %�±A./-"(�*,+-*#."(å.�����ð�(1-G.)ð;-"%�2x6Å�ªUV WcX|b¥P�QS8LTö`ak�Z\_����3V
¤°�Z\_�MA`]Z-X�`ak�Z�X]Z\`Rû5ªHù�� l ¦oªUWYX)bAp\p-Z\¨�`aZ\°�©�eLV´ý��ã©�exi ã T g�ã T-MAO�i ã Ð g�ã bAp\p-Z\¨�`abC_�p-Z'TbCX[`ak�Z1p-bCX]Z1«Ubze|©"Z�¤]t
m��nWYXxi ã Ã1� g�ã Ã?T"MCOXi ã Ð g�ã Ãr¤hÀ3þ5(?B���E8� �¢þ?@?säT"WYªR`ak�Z\O]ZÍWYX1b7P�QS8 V�`ak�bC`hbCp-p-Z\¨�`aX©'e¿i ã �ãO]Z\X]¨"Z-p\`aWc±AZ-dce�T g�ã MAOmi ã Ð g�ã ¤�X]º�prkl`]k�bA`��¥�����3V
¤at è

������� ����� � �������"!#� �

í"!# d¨%$)%�./0¬%'ñ�!10�ÎmÍû±Að�( 2x*#ñ).�ó,ð�+-%¼îAÍ)6'&ã¿�V �~=�G)(+*�, G_(5(?þ3:äI]�~Ek�LÉ.-0/2143�IJ>AþxEDFþ6(?GAE�(?BAE/=?I,Àr<%(xIRG%(+*�,�5 IJ>AGCI�G�(5(^þa:"IJ=xÉ6-07�1�3F=^B�I,>CGAI+���3V
¤F�8���95H¤;:

(hÀaB\Bo¿.:S¾�Z�O^Z-ª~Z-O¸`]M5`ak�Z�§�·Cº�O^Z�©"Z-dcMziNt=<�Z\`
V����]���a���-���\���-  ¡ �-£N¤

i[k�Z\O]Z5£
�;µ�T'©"ZNMAº�O�i ã ÃJPRQ�8Lt'¾�Z�©�º�Wcdc°>5 bAXSWc`�WcXÍ�~¨�bAO^`aWcbAdcdYe¶¤�X^º�·A·CZ-X^`aZ\°�Wc_Å`ak�Z§�·Cº�O^Zh©"Z-dcMziNt
5 �Þ�a��� ��� ��� �z�  ]¡A� £N¤

i[k�Z\O]Z � � �ÁúHû   ¡ �  ¢ý�T £ �Äû  ¢ý�T"bA_�° �Þ�Þ��ú9û@?¢ýCt �NWcX5�ATäbAº�·C«UZ-_'`aZ\°9©'eÅ`ak�ZE/þ\DÅWY_�X]`]O]º�p\`aWcMA_�X�¨�WYp\`aº�O^Z-°¼©"Z-dcMziNt � k�Z�MA_�Z�Wc_'±AMCdY±'Wc_�·   ¡ WcXSX^Z-dcª)Z\æ'¨�dYbC_�bA`]MAO^e�t � k�Zmo¨�º�O^Zh¨"MA¨�s5Wc_�X^`aO^º�p-`]WYMC_�X[`ak�bA`[dcZ-bA°l`aM  
GAÀ3þLBAEG¬A-5@Aþ�4[E/þ?@7BAEH=?I,GCI,þx=[ �IJ>AGCI�>CGCBxþ`K1I¾Õ+� P N¿Õ+��¯�BhFdI>e�N'¯ �a�C¤

taò Ðmó z�&�� Ð6ô � $rÌ��ED ÇGF ö ����$�y ô �]$�� �o�4H^�
z�$ Ð $�y�"]!�"*$ Ð � ö1ôOø/ópô $rÌ3Ì���&�� �a�O�
ÆFÇ�È"É�Ê)ËÍÌÎÁÏ-Ð�Ñ1Ò-ÓAÔ^ÕAÒhÖ�Ó¢×�Ô?ØcÙzÚCÛcÜ



I

M accepts by ES (empty stack)

N accepts by FS (final state)
J

¾HZ�_�MziÁ¨�O^M�p\Z-Z\°�`]M5¨�O]Mz±CZh`]k�bA`
�¸��V
¤F�K���L5�¤ � Ý ¤

g MAO%M�¦N<�Z-`�ªHùO�¸��V
¤at � k�Z\_
�� ]¡A�=ª���ü/¤p[ l �� z��ü��3ü�¤�WcXSbA_�VâÃJp-MA«U¨�º�`abA`]WYMC_%:

� k'º�X¬T
�  a¡��=ª)�3ü/¤�[��3 a¡C�=ª)�P?A¤�[ l �� z��ü��P?A¤�[¼�  z�3ü��3ü/¤�WcXSbC_Q5|ÃJp-MC«U¨�º�`abC`aWcMA_

ô)dYZ\bAO^dYe7`ak�Z�dcbAX^`[�Q´WcXS`aZ\O]«UWc_�bA`]WY_�·äT'X^WY_�p\Z�T'©'e�p-MA_�X]`]O]º�p\`aWcMA_lMAªR5HT  �k�bAX�_�M5«UMz±AZ-XbA`¸bAdcd�t
<�Z-`�º�X¸ìaº�X^`aWcª~e9`ak�Z5dYbCX]`�m�[�s"¦ ã Wc_�p-ZÅ�3 z��ü���ü/¤�WcX�`aZ\O]«UWc_�bAdFWc_½V
T� Íp\bA_�_�MA`1k�bz±AZ¨�º�O^Zh¨�º�X]kl«UMz±AZ\X��ãZ-dcX]Z�`ak�Z�p\MA«U¨�º�`]bA`]WYMC_«(?BA<%¬ @Sp\MA_'`aWc_'º�Z�ª~O]MC« �� z�3ü��3ü/¤�9å`ak�Z1dcbA`a`]Z-O�Q;i�MCº�dY°7_�MA`�`ak�Z\_7©"Zh`]Z-O^«UWY_�bCd�c¤ � k'º�X¬TA`ak�WYX1 N®�¯[p\MA_�_�Z-p-`]Z-°�`aM  �bAX�X]k�Mzi[_7WY_�`ak�Z§�·Aº�O]Z1bA©"Mz±AZ't�_lX^k�MCO]`¬T_ª�ùS�¸�L5H¤]t
g MAO%T�¦N<�Z-`�ªHùO�¸�L5H¤]t � k�Z-_

�  a¡��=ª���ü/¤�[ l �  ¢��ü����ö¤�WcX[bA_U5|ÃJp-MA«U¨�º�`abA`]WYMC_ � ' ¤
� k�Z I/K�J�EÿüxD>EH`aM�O]Z\bAprk  �WYXU`aM�O^Z-bAprknWY`C9nWc_åMA_�Zl«UMz±AZ�9åª~O^MA« X]MC«UZH H�ãMAªh`ak�ZMAO^WY·CWY_�bAd�V
¤�`ak�bC`[k�bAX[_�MU¨�º�O]Z1¨�º�X^k�«UMz±AZ-X��ãWY_�V
¤¸�~X^Z-Z1§�·Cº�O]Z1bC©/Mz±CZ�¤at � k'º�XzT�� ' ¤aT

t ä |���"}ê ÇGVC� W.F è Ë � |��
$�"*"*���]�]��!��X�]|�$��YXAZ\[^]G[_]P`���"?�]���]z�����$�y�ì¿"*��������#*����� a_�
ÆFÇ�È/É�Ê�ËLÌÎÁÏ\Ð�Ñ1Ò-Ó¢Ô?Õ¢Ò1Ö�Ó¢×�Ô?ØcÙzÚCÛcÜ



÷_� ópô  o" ö�ô  �" ópô�ø/ö�ô b

Wc_UX]MC«LZ¸«UMAO^Z¸°�Z-`]bAWcdoT¢WYXF`]k�Z�5|ÃJp-MC«L¨�º�`abC`aWcMA_L©/Z\dYMziNT¢i[k�Z-O^Z¸`ak�Z[§�O^X^`FX]`]Z-¨UWYXFMC©'±�WcMAº�X�ãbA_�°lWY_�Z-±'WY`]bA©�dcZ�¤)°�º�Z�`aMU`ak�Z�p-MA_�X]`]O]º�p\`aWcMA_lMAªR5H¦
�   ¡ �=ª)�3ü/¤p[l�3  ¡ �=ª��.?A¤�[ l �� z�3ü����>q�¤�[¼�  z�3ü����ö¤ �~øä¤

f MziNT�`ak�Z�MC_�dce7i�bze5ª~MAOS`]k�Z�dcbAX^`x[l`]M5©/Z�±¬bCdYWc°¥�~X^Z-Z�Q�Z-ªat{�Ct øUbC_�°�`ak�Z�p\MA_�X^`aO^º�p\`aWcMA_MCªc5H¤öWcX�`ak�bC`�� q �d?¡�Rt ç MCO]Z\Mz±AZ\O¬T�X]Wc_�p-Ze5 p-bC_9MC_�dYe�i[O^WY`]Z"?�MA_�p\Z�T)®=Kÿ@aB>NÇe�N P EÜ P ¯�@^FdI/e�N��~bC_�°�`]k�Z5VâÃJ¨�bAO^`¸p-bA_�_�MA`¸i[O^WY`]Zf?hbC`[bAdcdo¤]T�i�Z�p\MA_�p\dYº�°�Z�`]k�bA`�����ü/t
f MziÁi�Z1X^Z-Z7�ãø"¤�«UMAO^Z�p\dYZ\bAO^dYe¶¦

�  a¡A��ª)�3ü�¤
[��3 a¡C�=ª)�P?A¤�[ l �� z��ü��P?A¤�[¼�  z�3ü��3ü/¤
� k'º�XzT�ª~MAO^·AZ\`a`aWc_�·U§�O^X]`¸bC_�°�dcbAX^`[«UMz±AZ\X¬Tä�� ]¡C��ª)�P?A¤�[{lS�3 z��ü��.?C¤�bA_�°lk�Z-_�p-Z�:

��  ¡ �=ª���ü/¤p[ l �3 z��ü���ü/¤�WcXSbA_�VâÃ,p\MA«U¨�º�`]bA`]WYMC_ � ù ¤
f MA`aZH`ak�bC`��Q¹�3 z��ü���ü/¤�WYX�`aZ\O]«UWc_�bAd�Wc_
V
t � k'º�X¬TSX]Wc_�p\ZàV WcX�bC_ýi ã «UbAprk�Wc_�Z�TªHùQ���3V
¤at è

í"!#íd¨%$)%�./0¬%'ñ�!103îXÍû±Cð�( 2x*#ñ¾.)ó#ð�+-%�ÎmÍ)6'&ã¿�V �~=1G)(+*g, G_(5(?þ3:äI]�~Ek�ñÉ.-07�143�IJ>AþxEDFþ6(?GAE�(?BAE/=?I,Àr<%(xIRG%(+*�,�5 IJ>AGCI�G�(5(^þa:"IJ=xÉ6-0/0143F=?B7IJ>AGCIh�¸��V
¤F�8�¸�L5H¤�:
(hÀaB\Bo¿.:S¾�Z�O^Z-ª~Z-O¸`]M5`ak�Z�§�·Cº�O^Z�©"Z-dcMziNt=<�Z\`

V����]���a���-���\���- ]¡¢�-£N¤
©"ZhMCº�O g1ã Ã,P�QS8LtC¾âWc`ak�MCº�`¸dYMCX]X�MAª¶·CZ-_�Z\O]bCdYWc`�eLi�Z�bAX^X]º�«LZh`ak�bC`h£j�Áû¢ ¢ýSbC_�°7`]k�bA`� k�bCX[_�MU«UMz±AZ-Xzt��_�°�Z-Z\°�T'Wcª�Wc`[WcXS_�MA`[X^ML°�Z-X^WY·C_�Z-°)T'`ak�Z\_�°�M"¦

�~W�¤)8�°�°¼_�Z-iÁbLX^`abC`aZ5 �bA_�°l«UbAqCZ�Wc`[§�_�bCdot
�~WcW�¤ g MAO�Z-bCprk �~MCO]Wc·AWc_�bCdo¤N§�_�bCd�X^`abC`aZå  q bA°�°Ábn«UMz±CZjm#ü��3ü´ÿ ü¢s;�ãO]Z\p-bCdYd1MAº�O«UbAp\O]MCX�c¤[ª~O^MA«é  q `aM¼ At
�~WcWcWo¤ õ Wc±AZ K�IRF)I>e�N'¯h`]M¼ At
¾�Z�©�º�WcdY°U5 bAX[Wc`[WYXN�ã¨�bAO^`aWcbAdcdce�¤�X^º�·A·CZ-X^`aZ\°�Wc_�`ak�Z�§�·Cº�O^Z�©"Z-dcMziNt

5 �Þ�a��� ��� ��� �z�  ]¡A� £N¤
i[k�Z\O]Z � � �Áú9û  a¡C�  ¢ýCT £ �Äµ¼�~`ak'º�XzT�i�ZUk�bz±AZLO^Z-«UMz±AZ\°9bAp\p-Z\¨�`aÃJX]`]bA`]º�X1ª~O]MC«  A¤aTbC_�° �à�à�Åú�ûi?AýCt �hWcX��AT'bAº�·A«UZ-_'`aZ\°�©'e�`ak�Z�E/þ\D¼WY_�X^`aO^º�p\`aWcMA_�X[¨�Wcp-`]º�O^Z-°�©/Z\dYMziNt

t ���EXjZlkm[^n4[Lop`�q.r�XAZ\[_]G[Lop` ¢o�]|O$�����"5¢����fXAZlkm[sn4[Lop`4q}£.tuq}£mv�q2w9w;wPq�£px+q0XAZ\[^]G[Lop`��a$rÌ*|M£py%|�$�"�o{$���]|O� Ï !�� � !�zh!�#%���]"{"*� $rÌ����;���EXAaC`%w>�py���#~��$�y�y���y�"*�p� |��p"*$�z��O¢ Ï v��?w>�p�*��z�!C ����x$�y�y�� |��go�ï "��
ÆFÇ�È"É�Ê)ËÍÌÎÁÏ-Ð�Ñ1Ò-ÓAÔ^ÕAÒhÖ�Ó¢×�Ô?ØcÙzÚCÛcÜ



z

N accepts by ES (empty stack)
{

M accepts by FS (final state)

¾HZ�_�MziÁ¨�O^Mz±AZ�`ak�bC`�����V
¤F�����95H¤at
g MAO%M�¦N<�Z-`�ªHùO�¸��V
¤at � k�Z\_

��  ¡ ��ª)��ü/¤�[ l �� z��ü����ö¤)WcX[bA_�VâÃ,p\MA«U¨�º�`]bA`]WYMC_%:
� k�Z-_)T'`aO^WY±'WcbAdcdYe'T

�  a¡A��ª)�3ü�¤
[l�3 a¡��=ª)�P?A¤�[ l �� z��ü����+?C¤�[ l �  ¢�3ü���ü/¤�WYX[bC_O57Ã,p\MA«U¨�º�`]bA`aWcMA_%g
� k'º�X¬T_ª�ùS�¸�L5H¤]t
g MAO%T�¦N<�Z-`�ªHùO�¸�L5H¤]t � k�Z-_

�   ¡ �=ª���ü/¤�[ l �  z��ü���ü/¤�WcXSbA_O5|ÃJp-MA«U¨�º�`abA`]WYMC_ �C�A¤
2�ð;.12x%�!S¾�bAWc`¸bÍ«UWc_�º�`aZ�)¾âk'e|WcX  �`]k�Z1X]`]bA`]ZhWc_�`]k�Z�dcbAX^`��QjMCª��a�C¤}|U¾�Z-dcd�T'©/Z\p-bCº�X]ZK�I I>@aB>N P ¯�@CD/@CNUp-bC_¼¨/MC_�°�Z-O�bA_¼Z\«U¨�`�e�X]`]bAprq¶t � k�ZNMC_�dce�X^`abC`aZ-X�`ak�bA`�p\bA_¼Z\O]bCX]Ze?bAO^ZÍ �bA_�°  AT>N�D>Ô�BhH�EÇDÇFdI>e�Nd@CB>D/@`J�N�D/Qä¯�@CI  At8�X5Wc_n`]k�Z¼¨�O^M�MCªSMAªh`ak�Z�¨�O^Z-±'WcMAº�XL`ak�Z-MAO^Z-«ÅTödYZ\`Lº�X5i�MCO]q�©�bCprq�ª~O]MC« `ak�Z�Z\_�°�¦ �p\MA_�X^º�«UZ-X5_�M�Wc_�¨�º�`|bA_�°½WcX5MA_�dceàbCp-p\Z-X^X]Wc©�dcZlª~O^MA«�X]`]bA`aZ� ��~X^Z-Z�§�·Cº�O^Z�¤at � k'º�XzTi[k�Z-_å LX]Z\_�`1`]k�Z5p-MC«L¨�º�`abC`aWcMA_�`aM  ��ã©'eÅ¨/MC¨�¨�Wc_�·�MA_�p\Z�¤]T
@aB>Nå®=KGÕh��@¿FO��¯�@nB>D>e�N

t XjZG[s]P[^].`���"?�]���*z�����$�y ¢�$�"{�*����v����*���;¢���v��p� !��]|O� �~w?��� |�!�v��{y�!�"*"?!�#%���������*$�y���� Ð �m����"JÌ�v�"]"*��!��X$ Ï !C ��o�� ä ���*z�����$�� �����_¢�"*���¬Ì�� Z}|O$�"���!�&�v��*�1&�v�"*|Xz�!¡ ���"5�
ÆFÇ�È/É�Ê�ËLÌÎÁÏ\Ð�Ñ1Ò-Ó¢Ô?Õ¢Ò1Ö�Ó¢×�Ô?ØcÙzÚCÛcÜ



÷_� ópô  o" ö�ô  �" ópô�ø/ö�ô ~

H�N�N�K D/J P N�D/Q>EËÔOI>K�¯G�{FdN�Q�t � k�WcX¬T�p-MCº�¨�dcZ-°�i[Wc`ak�`ak�Z5WY_�Z\±'WY`]bA©�dcZ½Ü P ¯�@S«LMz±CZU`ak�bC`¨�dcbAp\Z-X�b�?LWc_�`ak�Z|X^`abCprq�9nb�X^e�«Í©/MCd�üxBä®=Ô�BÝÔ�D>K�K1I>@\HONûN P D"¯�N�QÿH�E bx®=K�@aN P K�D>JafVÿÓ5FdI/e�N'¯59å·AWc±AZ-X[bU«UMAO^ZHmJ°�Z\`abCWYdcZ-°l¨�Wcp-`aº�O]Z\s5MAª��C�A¤]T'©/Z\dYMziN¦
�   ¡ �=ª���ü/¤�[¼��  ¡ �=ª��.?C¤�[ l �� z�3ü��=��?A¤�[ l �  z��ü���ü/¤

f Mzin`]k�Z�¨�bCO]`��� a¡C�=ª��.?A¤�[�lS�� z�3ü����+?C¤aTAX]`]O]Wc¨�¨"Z-°�TA`ak�O]MCº�·Ak�MCº�`xT¢MAªä`ak�Z�©"MA`a`]MA«N?¸X^`abAprqX^e'«N©"MAd"©/Z\p-MA«UZ\X�`]k�Z5��@aN P FH®=K�D>@a®=K��O9nO^Z-«UZ\«N©"Z-O�`ak�Z�ª~bAp\`�`]k�bA`� Sk�bCX�_�MN«UMz±AZ\X�Wc_V c¤Sp\MA«U¨�º�`]bA`]WYMC_ �� a¡��=ª���ü/¤�[ l �3 z��ü��=�R¤
ã Wc_�p\ZL 1ù�£NT'Wc`[ª~MAdcdYMzi[X¸`ak�bA`�ª�ùQ���3V
¤at è
í"! +d,U.G0¬."ó#ó#ð80.�C!�,º¬�¬�I,>CÀ3þ?þÍG�(¡(?þa:"IJGAEG(^þLKLB\@Cþ\=�GCÀ3þÍþ��x<%�^B\G�¬ þxE�I�:
(hÀaB\Bo¿.:��¸e � k�Z-MCO]Z\«LX Ý t���bA_�° Ý t Ý T;i ã bA_�° g1ã bCp-p\Z-¨�`]bA_�p\Z�«LM'°�Z\XSbAO^Z�Z-÷'º�Wc±¬bAdcZ-_'`xt¾âk�bC`[bA©"MAº�`�i ã Ð g�ã |¾�Z-dcdoT¸Wcª5V WYX\i ã Tö`ak�Z\_�bA_�5 `]k�bA`7bAp-p\Z-¨�`]X7©'eRi ã Ð g�ã p-bC_â©/ZH©�º�WcdY°�`ak�bC`X^WY«Íº�dcbA`aZ\X¼V
tå¾HZ¼bCprk�WcZ-±AZ\°n`]k�WcXH�~i[Wc`ak�MCº�`|ª~bC_�ª~bAO^Z�TRº�_'`aWcdS_�MziN¤hWc_å`]k�ZÅ¨�O^M'MAªhMAª� k�Z\MAO^Z-« Ý ts�Ctô)MA_'±CZ-O^X]Z\dYe'TxdYZ\`SV�bCp-p-Z\¨�`F©'eºi ã Ð g�ã t¬)p-bA_U`]k�Z-_U©�º�Wcdc°5bA_½i ã ÃJPRQ�8åX^Wc«Nº�dcbA`]MAOzT
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