
� �������	��

������������������������� �!�"��#%$&

����������'(')�+*,#"�
-.�/���0�1�2���43

57698;:;<"=?>@6BAC=ED;FG=IH;<JH;6BK;8�LM<JNM=EDPO�<"= QR<"ATS�AC=IU+KV<JAXW9<"HZY[DP\�]C8_^C6BU+8�F�`aAX8;bB`9U	`c`9HPd
\�]e8_^X69Uc8f>T6B]C:;=gHP6

hji[kmlRnolRpBlRqsr"tvu?i[w%nxiBqyqXzRnxi[w|{�qX}C~[�"i[nx}yk2�"i[�����BkmlRqX�/ky�B�2i[nx��qXzRk�nolj�crJt?��k�p[�apB�M�9�
�X�R�X�R� �M�Vqyi � r"p � �[�Jn��[��k�pB�ap[�M�a�[hj�M��ze�"�an��M�"��� �j� �%�"�|���J�M�Ji

q � �|�"nx���[~Br"zRng���[��z��7nxiZ� qykm�9ky� lRk�p[�ap[�[�9� �"}%� �E�
� uv�xqy}Cl�zRr"lRqy}e~[iBn�}y�"�¡ Z�"�_rJze�JlRr"z����

�C�R�X�£¢ �B�s�/qy¤Xr%i[r9�B��k�p[�ap[�[�9�BhE�M��ze�"�an��M�"��� �E� �"¥ � �%�"�M�Ji
q � �|�"nx���9w"zRnx���_qXzRw��sqXlR��� w%rB� �E�

¦+§©¨yªX«J¬[­%ª%® hEi�lR~Bn�kP�M�J�_qXzP��q¯�Bqyk�}XzRnx�_q?lR~[qv�JzR}e~[nolRqy}ClRpBzRqvr"tB��k�~[r%w"n��BzRr�}Xqyk�k�r"z
�M�"k�qy�4r%i4zRqy}yr%i9°Mw"pBze�"�B�xq�~M�Jze�a����zRq%��±Br"zvr%p9z?n��/�B�xqy�/qyi�le�JlRnxr%iP�²��q�~[���%q�p[k�q²�
±¡n�qX�g� �j³ zRr"w"ze�"�/�|�J�[�xq/´���lRq/µ�z�ze�y�9k·¶¸± ³ ´�µ2ke¹C�;�7~[nx}e~�}y�"if�_qTzRqy}yr"iB°Mw"pBzRq²�
�9�9iM�J�/n�}y�"�x�o���a�º�9r��7iB�xr��%�9nxi[wG}yr"iB°Mw"pBze��lRn�r"i»�[��le��tIzRr"��~[r%kml|}Xr%�/�[p9lRqXzRky�
¼�qy}²�Jp[k�q½r"t@lR~[nxkczRqX}yr%i9°Mw%p9ze�JlRnxr%i»¾[qX¿9n��Bnx��nolj����nol�nxk��_r"k�k�nx�[�xq½lRr�nx�/�[�xqy�/qXial
�"iM��qX�%�J��p[�JlRqTi[qX���"�xw"r"zRnolR~[�/k�À�pBn�}e�a�o���JiM��lRr|�|�"��q@k��|�J���Vk�p[�[km�9kmlRqy�/k@¶�rJt
��qXz��·�xr²�»}yr"kmlC¹vlR~M��l�}²�Ji|�_qsp[k�qy�|r"i+�Bqy�|�JiM�P��±[r"z�k�~[r%w"nMlR~[qyk�q7lE��rTtIq²�JlRp9zRqyk
�JzRq@qyk��_qy}yn��J���o�Ánx�/�_r"z�le�Ji�l²�M�Jk2lR~[qCzRq4��zRq4iBr/kmle�"�B��qTk�p[�Bkm�9kmlRqy�/k�lR~M�Jl2}²�Ji	�_q
�_r"z�lRq²�/lRr4k��_qX}yn��"�P�[pBzR�_r"k�qs~[�Jze�9���JzRq%�[µ2�xk�r9�Bnxi+k�~[r"w%nZ�BnoÂ;qXzRqyi�l��/ra�9p[�xqyk���zRq
i[qyq²�9q²�	tÃr"z��BnoÂ;qXzRqXial@kmle�Jw%qykTr"t�lR~[q·w%�"�/q%�V�Vr�lRqykml�lR~Bq�tÃqy�"k�nx�[nx�xnolE��rJt7p[k�nxi[w
± ³ ´�µ�k4tÃrJz/k�~[r"w%n��©��qc~M�²��q|nx�/�[�xqy�/qyi�lRq²�½lE��rÁ�/ra�9p[�xqyk4lR~[�Jl��JzRqcw%qyiBqXze�"�
tÃr"z·�"�x��kml�zRr%iBwÁk�~[r%w"n��BzRr"w"ze�"�/k4r%i�r%iBqcrJÂ � lR~[q � k�~[qX�xt ³¯Ä h@�_r��Jze���7nolR~�r%iBq
± ³ ´�µ@�9��~[q��Bn�qX}yqs}yr���qCz��/ra�BpB��q2r%ic�"ic± ³ ´�µÅnxk�¥�Æ�lRn��/qXk�t��JkmlRqXz7lR~M�"i/lR~Bq
k�r"tIlj����zRqc�/ra�9p[�xq%�P�7~[nx�xq+lR~Bq/�/ra�Bp[�xq·tIr"zT°MiM�9nxi[w��|��lRq/r%i��"i�± ³ ´�µÇnxk·È
lRn��/qXk�t��"kmlRqCz2lR~[�"iclR~Bq�k�r"tglE���JzRq@�/ra�BpB��q"�
É�ÊaËZÌTÍ «JÎ¡¨ �9Ï2qX}yr%i9°Mw%p9ze�"�B��q�~[�Jze�a���JzRq"�M± ³ ´�µT�M�9~Br%w%n��

Ð ÑBÒ2Ó_Ô;Õ�ÖT×TØVÓ;ÙeÕ�Ò

Ú�HÅÛy:;<%]C]"D�Ü�Ý;ÝPÞàß·áBâ?Ýãd_<JU�69HZ]R^XAX`a^C<"dä^X:P`�^�`�åÃ`aAXW9<Á]Cb_]R^X<JU.æ�=�^X:Å]CçZ<%Û�=Ã`aåsç;8;AXçZ6[]e<
:P`9AXd_æ�`aAX<�ÛJ`aHèKV<"`a^/^C:;<	:M8;U	`aHèæs69AXåIdäÛy:P`9U�çP=g6BH�é êaëEì¯Ü�Ý;ÝPÞ�ß·á[â?Ý¡í ]·çZ<"Aeî¸6BACU	`9HPÛ�<
=Ã]c69î�^C<"HÅÛ�AX<"d_=g^C<%dè^C6ä=g^X]c:P`aAyd_æ�`aAX<	çZ6�æs<JA%D¯æ�:P=IÛy:ã=Ã]c=gHPd;<J<"dÅ=gU�ç;AX<"]X]C=gïB<9ì¯>T6�æ2<"ï9<"A"D
^C:P<	H[8PU+KV<JA/6aîsçZ6[]e=g^C=I69HZ]�^C:P`a^·HP<J<"dP]�^C6�KZ<Á]C<"`9AXÛy:P<"d�î¸6BA|]R^XAC6BH;WfÛy:P<"]X]4çPåI`�b�=Ã]�^C6M6
åÃ`aAXW9<@^X6cAX<JåIb�69HÁ:Z`aAyd_æs`9AC<4]eçV<J<%d½`aåI69HP<+é ð�ëEìPñ26BU�çP8_^X`a^C=I69H½çV6�æs<JA�=Ã]s=gU�çV69AC^X`9HB^%DMK;8_^
^C:P<�NB<Jb�^C6c^C:P<�]C8PÛJÛJ<"]X]�69î�Ü�Ý;Ý;Þºß�á[â?ÝÁ=I]2^C:P<�ÛJ69U+KP=gHP`a^C=I69HÁ69îv:P`9AXd_æ�`aAX<T]CçZ<"<"d�`aHPd
]C69ç;:;=Ã]e^C=ÃÛJ`�^X<"dò`aåIW969AX=g^C:;U	]+î¸69A�^CAX<J<�]C<"`aAyÛy:?D�çZ6[]e=g^C=I69Hò<Jï�`aåI8P`a^C=I69H?D�U�6�ï9<fW9<"H;<JAy`�^X=g6BH
`aHZdÁ]e6/6BH?ì9Úm^sæs`B]76BH;ågb�çV6B]X]e=IK;åI<�^C6|U	`9N9<T]CçZ<%Û�=Ã`aåZ:P`aAyd_æ�`aAX<2î¸6BA2Ûy:;<%]C]7KZ<%ÛJ`a8Z]e<�^X:;<JAX<
:P`Bd/KZ<"<JH�`@åI69H;W@:P=I]e^C6BACb·6aî;AX<"]C<"`9AXÛy:·=IH[^C64Ûy:P<"]X]v`aåIW96BAC=g^C:PU�]¯`aHPd/^C:;<"AC<2æs`B]vÛ�6BHP]C<JHP]C8P]
`aKV698;^@æ�:;=IÛy:�`aåIW96BAC=g^C:PU�]�æs<JAX<�U�6[]R^@<JóV<%Û²^X=gïB<9ì
\�:;=Ã]¯ÛJ69HP]C<JHZ]e8P]¯d_6M<"]¯H;6a^�H;<"ÛJ<"]X]C`9AC=IåIbT<�ô_=Ã]R^�=IH|6a^X:;<JA¯WB`aU�<%]Jì�õ@H|<Jô;`aU�ç;åI<�=Ã]7öC÷;øXù9ú�D

`Áû[`açP`9H;<"]C</WB`9U�<·^C:P`a^4=Ã]T]C=gU�=IåI`9A@^C6�Ûy:;<"]X]JìZü7ï9<"H�^C:;6B8;W9:�^X:;<|6BK_QR<"Û�^C=Iï9<|69î�]C:;6BW9=?=Ã]



^X:;<,]X`aU�<G`9]�î¸6BA½Ûy:;<"]X]Gý£Û"`aç_^X8;AX<G6aî·^C:;<GNM=IH;W»6aî·^X:;<G69ç;çV69HP<JH[^yþ�D7^C:P<JAX<�`aAX<�]C69U�<
=IU�çZ6BAe^y`aH[^·d;=�ó¡<JAX<JHPÛJ<"]·KV<�^Ræs<J<"H,^X:;<�WB`aU�<%]Jì©\�:;<"AC<�`aAX<cU�6BAC<�ç;=I<"Û�<%]·=gHè]C:;69WB=¯^X:P`aH
=IH½Ûy:;<%]C]4ý¸ÿ��[þ²DB^C:;<"AC<�`aAX<Td_=góV<"AC<"H[^2ç;=I<"ÛJ<"]Tý£H;6��[8;<"<JH?D[K;8_^�W96BåIdP]�`aHZdÁ]e=IåIï9<JAy]yþ�`aHPd�^X:;<
KV6B`9AXd�=Ã]�]eåI=gWB:[^CåIb�KP=gWBW9<JA�^C:P`9H	î¸69A�Ûy:;<%]C]�ý£êaô_ê+=gHZ]R^X<"`9dÁ6aî��aô��[þ²ì[\�:;<4U�6[]R^s=gU�çV69AC^X`aH[^
d_=gó¡<JAX<JHPÛJ<|KZ<J^Ræ2<"<JH�Ûy:;<%]C]T`aHPdG]C:;69WB=?=Ã]�^C:P<|çZ6[]C]C=IK;=gåI=g^Rb�69î�AX<��m8P]C=gHPW�Û"`aç_^X8;AX<"d�ç;=I<"ÛJ<"]
=IHf]C:;6BW9=Eì
	�=g<%Û�<"]2^X:P`�^�:P`�ïB<4KV<J<"HfÛ"`aç_^X8;AC<%d	î¸AX69U
^X:;<·69ç;çV69H;<"H[^�`9AC<�ç;8_^�H;<JôM^s^X6+^X:;<
KV6B`9AXd�`�^�^X:;<T]C=Id;<�6aî¡^C:;<Tç;åI`�bB<JA�^X:P`�^2Û"`aç_^X8;AX<"dc^C:;<"U ý¸^C:;<%]e<Tç;=g<%Û�<%]7`aAX<@ÛJ`9ågåI<"d��Vú�
���
�ö
ú��Á÷������Jþ�ìBÚmî¡=g^�=I]�`·ç;åI`�bB<JA%í ]�^X8;AXHc^X6|U�6�ï9<BD�<J=g^C:;<"A�`·U�6�ï9<�æ�=g^C:	`·ç;=I<"Û�<T69H�^C:;<TKZ6[`aAyd
Û"`aHÅKV<�ç;åÃ`�b9<"d?D�6BA�69H;<f6aî4^C:;<�ç;=I<"ÛJ<"]�^C:Z`�^	æs`B]�ç;AC<"ïM=g6B8P]eåIb»ÛJ`9ç_^C8;AX<"d�ÛJ`9HÅKV<�ç;8_^
KP`BÛyN�69H,`9H,<JU�ç_^Rb�]��[8P`aAX<+69î7^C:P<cKV6B`9AXdãý¸^C:;=Ã]�^RbMçZ<�6aî2U�6�ïB<|=Ã]�Û"`aåIåg<%d,`����Cø��_þ²ì¯õT]
`	AX<"]C8;åg^469î�^C:;=Ã]TAX8;åI<9DZ^C:;<�`�ï9<"AX`9W9<·HM8;U+KV<JA�6aî�åI<JWB`9å¯U�6�ïB<"]�=IH,]C:;69WB=v=Ã]TUc8PÛy:�åÃ`aAXW9<JA
^X:P`aH�=gH�Ûy:;<"]X]"ìM\�:P<JAX<�î¸69AX<9D[8P]C=gHPWc^X:;<·]C`9U�<·`aåIW96BAC=g^C:PU�]�`B]�=IHfÛy:P<"]X]sd;6[<%]sH;6a^�åI<"`9dÁ^C6
ç;AX69WBAX`9U	]7^X:P`�^T`9AC</]e^CAX69H;W�<JH;6B8;W9:�^C6	ÛJ69U�çZ<J^C</æ�=g^C:�:M8;U	`aH�<�ô_çV<JAC^X]"ì
FG6_d_=��ZÛJ`a^C=I69HP]�69îVÛy:;<%]C]�`9ågWB69AX=�^X:;U	]¯`9HPd+<"ï9<"H�ÛJ69U�ç;åI<�^C<"ågb+H;<Jæ�]e<%`aAyÛy:+`aåIW96BAC=g^C:;U	]

:P`�ïB<�KZ<"<JH�ç;AC6BçZ6[]e<%dcî¸69A�]e:;6BW9=Zæ�=�^X:ÁU�=�ô_<"dÁAC<%]e8;åg^X]"ì��4<"]XÛ�AX=Iç_^C=I69HP]26aî¡^Ræs6|6aî©^X:;<TKV<"]e^
ç;AX69WBAX`9U	]�ÛJ`aH,KZ<+î¸698;HPd�=gHÅé ��ë�é� Jÿ�ëmì¡L_6Áî£`aA%D;^X:;<JAX<+:Z`9]@KV<J<"H,H;6�`�^e^X<JU�ç_^/`�^TU	`9N[=IH;W
]CçZ<%Û�=Ã`aåI=�!"<"dè:P`9AXd;æs`9AC<�î¸6BA�]C:;69WB=jì#"4H;<Á69î�^C:;<fAC<%`9]C69HP]/î¸69A|^X:;=Ã]+=Ã]|^X:P`�^c^C:;<"AC<�=I]cH;6
]CçZ6BHP]C69A/åI=gNB<ÁÚ%$�F ^C6�î¸8;HPdÅ]e8PÛy:ã`GÛJ6B]e^CåIb,ç;AX6aQR<%Û²^%ì¯>@6�æs<JïB<JA%D¡^C:;<�]e<%Û�69HZdºçPAC6BK;åg<"U
=Ã]�^C:Z`�^Á^X:;<JAX<G=I]ÁH;6ãÛ�6BHP]e<"HP]C8P]	`aKV698_^½^C:;<,`9ågWB69AX=�^X:;U	]c^C:P`a^½æ26BACNÅKZ<%]R^Áî¸6BA½]C:;69WB=jì
>4`aAyd_æs`9AC<+KP`9]C<"dG6BH&�;ô_<"dºÛy:;=IçP]�åg=IN9<+^C:;6[]e<c8P]e<%d�=IHäÜ�Ý;Ý;Þòß·áBâ?Ý�ÛJ`aHºH;6a^·KV<c8P]C<"d
î¸6BA�]e:P69W9=ED9KV<"Û"`a8P]C<�^C:P<4Ûy:;=IçP]7æ�=IåIåZ`aåIAX<"`9d;b+KV<@698_^yd;`�^X<"d�KMbc^C:;<�^X=gU�<T^C:;<"bc:P`�ïB<�KZ<"<JH
U	`aHM8_î£`BÛ²^X8;AC<%d©ì?õ ^C:;=IAydºçPAC6BK;åg<"U�6aî2^C:;<½Ü�Ý;ÝPÞòß·á[â?Ý,`9ç;ç;AX6B`BÛy:�=I]�^X:P`�^|=g^|=Ã]·ï9<JAXb
:P`9AXd,î¸69A+6a^C:P<JAy]�^C6�=IU�ç;AC6�ïB<c8PçZ6BHè^C:;<½]e^X`a^C<'�E69î��j^X:;<���`aAC^"ì©\�:;<½Ü�Ý;Ý;Þ ß·á[â?ÝèÛy:;=Içä=Ã]
H;69^@`�ï�`9=gåÃ`aKPåg<�^C6�69^C:;<"AX]sî¸6BA�î¸8;Ae^X:;<JA�=IU�ç;AX6�ï9<JU�<"HB^y]Jì

(ä<@^C:P=gH;N�^X:P`�^�]e:;6BW9=Zæ�=gåIåZKV<JHP<��;^2î¸AC6BU ^X:;<T8P]C<@69î?:;=gWB:Á]eçV<J<%d	:P`9AXd_æ�`aAX<9ì9Ú�H�^C:;=Ã]
çP`9çZ<"A"DBæ2<4ç;AX69çV6B]C<T`|]C69åI8_^C=I69H	^X6|^X:;<Tç;AX69KPåg<"U�]�6aî?6B8_^Xd;`a^C<%dÁ`aHPdÁ=gHP`BÛJÛJ<"]X]e=IK;åI<@:P`aAyd)�
æ�`aAX<9ì*(º<�d_<"]XÛ�AX=IKZ<c:;6�æ `½]C:;69WB=vç;AX69WBAX`9U Û"`aH�KV<�=gU�ç;åI<JU�<JH[^X<"d�6BH�AX<"Û�6BH��PWB8;AX`9K;åI<
:P`9AXd;æs`9AC<@d_<"ïM=IÛJ<"]�Û"`aåIåg<%d,+�ú�
�-.��/102�CøXù3�4��5657��8�-.
:9;��<=
;>?�@�4��A�ö�ý1BC	2S·õT]yþ²ì�BC	2S·õ4]2`9AC<
AX<JåÃ`�^X=gïB<JåIb,Ûy:;<"`9ç?DEDP<JôM=IK;åI<½`aHZdº:Z`�ï9<	`G]e:P69AC^�^X8;AXH��m`9AC6B8;HPd)�E^C=IU�<Á`9]·=g^|^X`9N9<%]·69H;åIbº`
ÛJ698;ç;åI<·6aî�:;698PAX]2^C6	AX<"ÛJ69H��ZW98;AX<�`9HFBC	sS·õ|ì
\�:;=Ã]�çP`açV<JA�=I]�6BACW[`aH;=.!J<%dG`9]Tî¸69åIåg6�æ@]"ì¡L_<"Û²^X=g6BHHGÁ=IH[^CAX6_d_8PÛ�<%]@^X:;<cî¸<"`�^X8;AX<"]46aî2]Cb_]%�

^X<JU	]7æ�=g^C:	AX<"ÛJ69H��PWB8;Ay`aK;åI<2:Z`aAyd_æs`9AC<Bì9LM<"Û�^C=I69HHI/d;<"]XÛ�AX=gKV<"]�^X:;<T]C:;69WB=_ç;AX69W9Ay`aU æ�:;=IÛy:
æs<�`9AC<fÛ�8;AXAC<"H[^CåIbº=IU�ç;åg<"U�<JH[^C=IH;Wä69HJBC	2S·õ4]Jì7LM<%Û²^X=g6BHÁÿ,WB=gïB<"]/^X:;<�`aAyÛy:;=�^X<"Û�^C8;AX<½69î
^X:;<	]e:;6BW9=�ç;AX6MÛJ<"]X]e6BA"ì¡LM<"Û�^C=I69H�ð�d_<%]CÛJAC=IKZ<%]4^C:;<�=IU�çPåg<"U�<"H[^X`�^X=g6BHº=Ã]X]e8;<%]T69î�^X:;<	]e:;6BW9=
ç;AX6_Û�<%]C]C69A%ì9Ú�HGLM<"Û�^C=I69H:��`aHPdfLM<"Û�^C=I69HFK_D_d_<�^y`a=IåI]�`aHZd½AX<"]C8;åg^X]�î¸69As^Ræ26�U�6_d_8;åI<"]s6aî?^X:;<
]C:;69WB=¡ç;AC6_ÛJ<"]X]e6BA�`9AC<�W9=Iï9<"H?ì�B�=gHZ`aåIågbBDPÛ�6BHPÛ�åI8P]C=g6BHP]�`aAX<�WB=gïB<JHf=gH�LM<%Û²^X=g6BHF�Pì

L M!ÙONQPSRUTWVXVvÖZYºÕQ[\T�×�Ó�]�Ó_ÙeÕ�Ò_^�Ù�Ó�Pa`bVvØ¡Õ�Ò;c?N�×TÔ�]Cd?eOV
Mf]�ÔPÖg^h]�Ô�V

\�:;<+KP`9]C=IÛ/]e^CAX8PÛ�^C8;AX</6aî7`Á]C:;69WB=?ç;AX69WBAX`9U =I]�^C:;<�]C`9U�<|`B]�^C:Z`�^T69î�`½Ûy:;<"]X]�ç;AX69WBAX`9UfD
`9HPd	U�6B]e^�^X=gU�<@î¸6BAQ�ZHPd_=IH;W|^X:;<4HP<�ôM^2U�6�ï9<T=I]s]eçV<JH[^�69H½]C<"`9AXÛy:vì9\�:;<JAX<�î¸6BAC<BD9=IU�ç;AC6�ïB<��
U�<JH[^y]469î7:P`aAyd_æ�`aAX<+]CçZ<"<"d�:Z`�ï9</^X:;<�]X`aU�<�=gU�çP`BÛ²^�69Hº]C:;6BW9=�ç;AC6BW9Ay`aU	]@`B]T6BHºÛy:;<%]C]
ç;AX69WBAX`9U	]4`9HPd�æs<�<�ô_çZ<%Û²^|Û�6BHP]C=Id_<"AX`9K;åI<c=IU�ç;AC6�ïB<JU�<JH[^y]469î�^X:;<�ç;åI`�bM=IH;W�]R^XAC<"H;Wa^X:º69î
]C:;69WB=¡ç;AC6BW9Ay`aU	]sKMbÁ8P]C=gH;W	]CçZ<%Û�=Ã`aå?çP8;ACçV6B]C<·:P`aAyd_æ�`aAX<9ì



>@6�æs<JïB<JA%D%^Rb[çP=IÛ"`aå;]CçZ<%Û�=Ã`aå_ç;8;AXçV6B]C<�:P`aAyd_æ�`aAX<�åI=gNB<@õ4LMÚCñ»^X`9N9<"]�]C<JïB<JAy`aåMU�69H[^C:Z]�^C6
KV<+U	`aHM8_î£`BÛ²^C8PAC<%d©DZ`aî�^C<JA4æ�:;=ÃÛy:�`	U�69H[^C:G6BA4]C6Á=I]TH;<J<%d_<"dfî¸6BATU�6_d_=��ZÛJ`a^C=I69H?ì¡LM8PÛy:,`
åI69H;W	]CbM]e^C<"U d_<JïB<JåI69ç;U�<"HB^�^X=gU�<·=I]�8PHPd_<"]C=IAX`9K;åg<·=IHf]C:;6BW9=EDM`B]sU�6[]R^�69îv^C:P</=gU�çV69AC^X`aH[^
U�6_d_8;åI<"]�`aAX<½]R^X=gåIå�KV<J=IH;WºAC<"ï[=Ã]C<"dè6aî�^X<JH?ì�\�:;<"AC<Jî¸69AX<9Dv`�]C:;6BW9=2Ûy:P=gçãæs698PåIdèKV<½6B8_^+6aî
d;`a^C<4`a^7^C:P<@^C=IU�<T=Ã]2Û"`aH	KV<T8P]C<"d?ìBõàçV6B]X]C=gK;åI<T]C69åI8_^C=I69H	=Ã]�^C6|ç;AX6_d_8PÛJ<@U+8;åg^C=Iç;åI<4Ûy:;=IçP]"D
AX<Jç;åÃ`9ÛJ=gH;WT69H;åIb�^C:;<sU�6Md;8;åg<%]?^X:P`�^�:P`�ïB<7KZ<"<JH|AX<JïM=Ã]e<%d©ì�õãç;AX69K;åI<JU æ�=g^C:+^C:;=Ã]¯`9ç;ç;AX6B`BÛy:
=Ã]@^X:P`�^4^C:;<�Û�=IAXÛJ8;=g^Tî¸69A�`½]C:;69WB=vç;AX69WBAX`9U AX<i�[8;=IAC<%]�æ�=Ãd_<+U�<JU�6BACbfKP`aHZd_æ�=Id_^C:º`9HPd�`
:;=IW9:fd;`�^y`|^XAX`9HP]Rî¸<"A2Ay`�^X<9ì
( :;<JH�`�]e:;6BW9=Vç;AX69W9Ay`aU =Ã]2=IU�ç;åI<JU�<JH[^C<%dÁ6BH�]C<Jï9<"AX`9åZÛy:;=IçP]"D
d;`a^X`�:P`9]�^X6·KZ<�^XAX`9HP]Rî¸<"ACAX<"d+KZ<J^Ræ2<"<JHc^C:;<%]e<�Ûy:;=IçP]"ìa>@6�æs<JïB<JA%D"^X:;<�HM8;U+KV<JA�69îVÚ4j�"�ç;=IHP]
69Hè^X:;<½Ûy:;=IçP]/=Ã]+]CU	`aåIåg<"A/^C:Z`aHä^C:;<�AC<k�[8;=gAX<"däd;`a^X`�æ�=ÃdM^C:Å`9HPdº^C:;<½69çV<JAy`�^C=I69H»]CçZ<"<"d
6aîsÚ4j3" ç;=IHP]·=Ã]�U+8PÛy:ä]eåI6�æ2<"AT^X:P`aHº^C:Z`�^·6aî�^X:;<�=gH[^X<JAXHP`aå�ç;AX6_Û�<"]X]C69A%ì*B;6BA·:;=gWB:º]CçZ<"<"d
Û�6BU�ç;8_^X`a^C=I69H?DP=�^@=Ã]�KZ<%]R^�^X6�:P`�ï9</`aåIå©U�6_d_8;åI<"]�6aî�`�]e:P69W9=¡ç;AX69WBAX`9U 69H�`�]e=IH;W9åI</Ûy:;=Iç?ì

(ä<�^C:;=IH;Nc^C:P`a^7:P`aAyd_æ�`aAX<s]Cb_]R^X<JU	]�^C:P`a^2`aAX<�KP`9]C<"dc69H�AX<"ÛJ69H��PWB8;Ay`aK;åI<sd;<JïM=IÛJ<"]�`9AC<
`�U�69AX<sçPAC6BU�=Ã]C=gH;W·`açPç;AC6[`9Ûy:/^X6/]eçV<J<%dc8Pç�]C:;69WB=Mç;AC6BW9Ay`aU	]"ì"Ú�H�698PA�AX<"]C<"`9AXÛy:vD%æs<s:P`�ï9<
î¸6_Û�8P]C<"d�69Hl+�ú�
�-.�:02�CøXù��4��5�5m�38'-�
F9;��<=
n>?�@�4��A�ö:op+C0q9Q>·ösr�DVæ�:;=ÃÛy:�`aAX<|ï9<"ACb�çZ6Bç;8;åÃ`aA
AX<"Û�6BH��PWB8;AX`9K;åI<+d_<JïM=ÃÛ�<%]Jì¡õ d;<�^X`9=gåI<"d,:P`aAyd_æ�`aAX<|d_<"]XÛ�AX=Iç_^C=I69H�69î2`aHlBt	sS·õ =Ã]4698_^y]e=Ãd_<
^C:P<T]CÛJ69çV<@6aîV^C:P=I]�çP`açV<JA%D9K;8;^�U�69AX<�=gH_î¸6BACU	`a^C=I69H	`aKV698_^2Bt	sS·õT]7Û"`aH	KV<�î¸698PHPd�=gH�^X:;<
ç;AX6_Û�<J<%d_=IH;WB]c6aîT]C<JïB<JAy`aå�=IH[^C<"ACHP`a^C=I69HP`9å2ÛJ69H_î¸<"AC<"HPÛ�<%]+6BHJBC	2S·õg�mKP`B]e<%dã]eb_]e^C<"U�]+^C:Z`�^
:P`�ïB<TKV<J<JH�:;<JåÃdäéu k��ëmé� vK%ëmé� i��ëmì_>@<"AC<�æ2<4åg=IU�=�^�6B8;AX]C<JåIï9<%]�^X6+^X:;<4æ�`�b	`aHHBC	sS·õ!Û"`aH½KV<
8P]C<"d�î¸69A�=IU�ç;åI<JU�<JH[^C=IH;WÁ`�]C:;69WB=©ç;AC6BW9Ay`aU�ì
õ@HlBt	sS·õ Ûy:P=gç,ÛJ69HP]C=Ã]R^y]@6aî7åI69WB=IÛcÛ�<"ågåÃ]JDV=IHB^X<JAXHP`aå¯U�<JU�69AXbf`9HPd�^X:;<�ÛJ69H;HP<"Û²^X=g6BHP]

KV<�^Ræs<J<JH,^C:;<%]e<�Û�<"ågåÃ]4`9HPdGU�<JU�6BACbèéu �ð%ë�éu JëEì¡\�:;<cî¸8;HPÛ²^X=g6BH,69î�^C:;<cåg6BW9=ÃÛ+Û�<"ågåÃ]�`aHPd�^X:;<
Û�6BH;H;<%Û²^C=I69HZ]TKV<�^Ræs<J<"H,Û�<"ågåÃ]4`9HPd�U�<"U�6BACb�ÛJ`9H�KV<�Ûy:P`9H;W9<%d�KMb�d_6�æ�H;åI6B`9d;=gH;WÁÛJ69H��ZW��
8;Ay`�^X=g6BHÅd;`�^y`G^X6,^X:;<fÛy:P=gç?ì�\�:;<�Û�6BH��PWB8;AX`a^C=I69Hãd;`a^X`,=I]cW9<"H;<JAy`�^X<"d»KMb»Û�6BU�çP=gåI=gHPWä`
ç;AX69WBAX`9U æ�AC=g^e^X<JH�=gHG`�:P`9AXd_æ�`aAX<·d_<"]XÛ�AX=gç;^C=I69HfåI`9H;W98P`9W9<Bì;ñ26BU�ç;=gåI=IH;W�ç;AC6BW9Ay`aU	]2î¸AC6BU
^C:P<�:Z`aAyd_æs`9AC<�d_<"]XÛ�AX=Iç_^C=I69HºåI`9H;W98P`9W9<+^X`aNB<"]�]e<"ï9<"AX`9å¯:;6B8;Ay]JD¡æ�:;=Iåg<�^X:;<	`9Û²^X8P`aå�AX<"ÛJ69H��
�PWB8;AX`a^C=I69Hf6aî¯^C:;<nBC	2S·õ4]�^X`9N9<%]2åI<"]X]�^X:P`aH� i���+U	]C<"Û·=IHfWB<JH;<"AX`9åjì
\�:;<�AC<%Û�6BH��PW98PAX`9K;=gåI=g^Rb�69î�BC	2S·õ4]�U�`9N9<%]�=g^�çZ6[]C]C=gKPåg<�^C6�U�6_d_=�î¸b�Û�=IAXÛJ8;=�^y]2î¸69A�H;<Jæ

`aåIW96BAC=g^C:PU�]TAC<"åI`a^C=Iï9<"ågbw�[8;=IÛyNMåIb9ìVFG=gHP69ATU�6_d_=��ZÛJ`a^C=I69H�69î�^C:;<�Û�=IAyÛ�8;=g^X]T69HG^X:;<�BC	2S·õ4]
ÛJ`9HÁKV<x�PHP=I]C:;<"d�`aHPdÁ^C<%]R^X<"dÁ6BH	^C:P<4:P`9AXd;æs`9AC<�=IH�]C<JïB<JAy`aåP:P698;Ay]JìM\�:;<·]e=.!J<46aîyBC	2S·õ4]
`9]@æ2<"ågå?`B]s^C:;<+]CçV<J<"df:P`B]�=gU�ç;AX6�ï9<%d�d;AX`B]R^X=IÛ"`aåIågb	=IHf^C:;<|åÃ`9]e^@Û�6B8;ç;åI</6aî�b9<"`9AX]�`9HPdfæ2<
<�ô_çV<"Û�^4^X:P`�^/=g^�æ�=Iågå�]C6M69H�KV<�çZ6[]C]C=gKPåg<+^C6f:P`�ï9<�`½Û�6BU�ç;åg<J^C<�]e:P69W9=�ç;AX69WBAX`9U AX8;H;H;=IH;W
69HG`�]C=gH;WBåg<WBC	2S·õ Ûy:P=gç?ì
\�:;<2DP<JôM=IK;=Iåg=g^Rb/6aîZ^C:;<gBC	2S·õ4]�`aåÃ]e64U	`aN9<%]�=�^�çV6B]X]e=IK;åI<�^X6�AX<"`9åg=.!J<s`·]eU	`aåIåMK;8_^�:;=IW9:

çV<JACî¸69AXU�`9HPÛ�<2]e:;6BW9=Bç;AC6_ÛJ<"]X]e6BA©K[b·AX<JU�6�ïM=gHPW�8;H;H;<%Û�<"]X]X`aAXbTU�6_d_8;åI<"]�`aHPd·AX<"ÛJ69H��PWB8;AX=gH;W
AX<i�[8;=IAC<%dcU�6_d_8;åI<"]"ì9\�:;=Ã]7=Ã]�=IU�çZ6BAe^y`aH[^�î¸69A�]C:;6BW9=ED9`9]�^X:;<@KV<J:P`�ïM=I69A�69î¡]C:;69WB=;ç;AX69WBAX`9U�]
d_<"çZ<"HPd;]|6BHä^C:;<Á]e^X`9W9<�6aîs^C:;<½WB`aU�<Bì©Ú�Hº^X:;<Á6BçZ<"H;=gHPWPD©^X:;<Á]eb_]e^C<"U :P`B]·^C6GçV<JACî¸69AXU
<�zÁÛJ=g<"HB^2çP`�^C^C<JAXH�U	`�^XÛy:P=gH;W/KV<�^Ræs<J<"H�^C:;<TÛJ8;AXAC<"HB^7çV6B]C=g^C=I69H	`aHPd�çV6B]C=�^X=g6BHP]�=IH	69çV<JH;=IH;W
åI=gK;Ay`aAX=I<"]"ì;Ú�HG^C:P<|U�=Id;d;åg<cWB`aU�<BD;=�^�=I]TH;<"ÛJ<"]X]C`9ACb½^C6½]C<"`9AXÛy:�^C:P<+WB`9U�<·^CAX<J<|<'z	ÛJ=g<"H[^CåIb
^C6,�PHPd�^C:;<�KV<"]e^�U�6�ï9<BìZÚ�H,^C:;<�<JHZd_WB`9U�<BDV`a^e^y`9ÛyNG`aHPd,d_<�î¸<"HP]e<�6aî�^X:;<�NM=gH;W�=I]4ïM=�^y`aåED
`aHZdÅ]CçZ<%Û�=Ã`aå�Û�=IAXÛJ8;=g^X]c^C6l�PHPdòU	`�^C<�`aAX<½AX<i�[8;=IAX<"d©ì�õ@åÃ]C6PD�d_=góV<"AC<"HB^�çP`9AX`9U�<J^C<"AX]c`aHPd
d_=góV<"AC<"H[^@<Jï�`aåI8P`�^X=g6BH½î¸8PHPÛ²^X=g6BHP]�U	`�b	KZ</AX<i�[8;=IAX<"dfd_<JçV<JHPd;=gH;W	6BH½^X:;<|]e^CAy`�^C<"W9=I<"]2^C:Z`�^
:P`�ïB<�KV<J<"H�<JU�ç;åI6�b9<"d½=gHf^X:;</WB`9U�<Bì

"Tî@Û�6B8;AX]C<9D�Bt	sS·õT]+æ�=gåIå2HP6a^+KV<�`B]/î£`9]e^c`B]·^C:;<f]eçV<"ÛJ=I`9åg=.!J<%dè:P`aAyd_æ�`aAX<�8P]e<%d»KMb
Ü�Ý;Ý;ÞGß·á[â?Ý¡D9KP8_^2BC	2S·õ4]�`9AC<�AX<JåÃ`�^X=gïB<JåIbcÛy:;<%`açÁ`aHZd6DP<�ô_=IK;åg<Bì)"4HPÛJ<�^C:P<JAX<@=I]2Û�6BHP]e<"H��



]C8P]@`9KZ6B8_^@^C:P</U�6[]R^4<�ó¡<"Û²^X=gïB<|]e69î�^Ræs`9AC</`9HPd�:P`aAyd_æ�`aAX<Tî¸6BAT]C:;69WB=jD;=g^T=Ã]@]e^C=Iågå¯çZ6[]C]C=gKPåg<
^X6�çPAC6_d_8PÛJ</`	]eçV<"ÛJ=I`9å©ç;8;AXçZ6[]e</Ûy:;=Iç½î¸6BA�î¸8;AC^C:;<"A@]eçV<J<%df=gU�ç;AX6�ï9<"U�<"H[^X]"ì

{ |lPxV}R2~��&�b`�RgP@Õ�N�Ù6~ºÔ;Õ�N7Ô�]#[

õ4]�]C`9=Id©D%^X:;<�KP`9]C=IÛs]e^CAX8PÛ²^X8;AC<�69îZ`·]e:;6BW9=Mç;AX69WBAX`9U!=Ã]�]e=IU�=gåÃ`aA�^X6·`�Ûy:;<%]C]�ç;AX69WBAX`9Ufì�\�:;<
H;<JôM^�U�6�ï9<�^C6/çPåI`�b�=I]�d_<�^X<JAXU�=IH;<%d�K[b�<�ô_ç;åI69AX=IH;W|`·U�=gH;=��mU�`aôc^XAC<"<|éu kI�ëZæ�=g^C:½=�^X<JAy`�^C=Iï9<
`9ågç;:Z`��mKZ<J^X`»]C<"`aAyÛy:?ì2"T^X:;<JAfÛ�6BU�U�6BH ^C<"Ûy:PH;=.�[8;<%]	^y`aN9<"H î¸AC6BU Ûy:P<"]X]Áç;AX69WBAX`9U�]	`9AC<
^XAX`9HP]eçV6B]C=g^C=I69H ^X`9K;åI<"]"DU�[8;=I<"]XÛ�<"HPÛ�<ä]e<%`aAyÛy:Gé G�ëEDsç;AX=gHPÛJ=gçZ`aå�ï�`9AC=Ã`�^X=g6BH ]C<"`aAyÛy:Géu k��ë|`aHPd
^X:;<�:;=I]e^C6BACb�:;<"8;AX=I]e^C=ÃÛ+é� 3 ²ëmì©\�:;<�U	`a=IHºd_=góV<"AC<"HPÛ�<�KV<�^Ræs<J<JHäç;AX69WBAX`9U�]@î¸69A·Ûy:;<"]X]·`aHPd
]C:;69WB=v=Ã]�^X:P`�^·=gHº]e:;6BW9=¯ç;AC6BW9Ay`aU	]�Û�6BHP]C=Id_<"AX`9K;åI<|<�ó¡69AC^T=Ã]4]CçZ<"H[^469Hºd_<"`9åg=IH;WÁæ�=g^C:G^X:;<
:;=IW9:½H[8PU+KV<JA�6aî?åI<JW[`aåVU�6�ïB<"]"D9æ�:;=ÃÛy:½6BH½`�ï9<"AX`9W9<�=Ã]2`9KZ6B8_^g�3�	é�K%ëmìM\�:P=I]2=I]sU�69AX<@^X:P`aH
^Ræ�=ÃÛ�<�^C:P<|`�ï9<JAy`aWB<THM8;UcKZ<"A�6aî�åg<"WB`aå©U�6�ïB<"]2î¸69A@Ûy:;<%]C]"D_æ�:;=ÃÛy:�=Ã]@`9KZ6B8_^;IBð;é ��ëmì
\�:;<"AC<Jî¸69AX<9D2^C6 ]e<%`aAyÛy:àd_<J<"ç;ågb =g^�=I]f=IU�çV69AC^X`9H[^½^C6 d_=Ã]CÛ"`aAyd U�6�ï9<%]½<%`aAXågbBD�6aî�^X<JH

æ�=g^C:;6B8_^Á`aHMb»]e<%`aAyÛy:?ì�FG6B]e^�]e^CAX69HPWº]C:;69WB=2ç;AX69WBAX`9U	]|U	`aNB<fd_<%Û�=Ã]e=I69HZ]�`9KZ6B8_^�æ�:;=IÛy:
U�6�ï9<Á^C6,çPåI`�bäKMbº^X:;<Áî¸6BågåI6�æ�=IH;W,]e^C<JçZ]'��ý% �þ/8;ç¡d;`�^X<½^X:;<½çV6B]C=g^C=I69H?D�ý1GBþ/W9<"H;<JAy`�^X<½`aåIå
åI<JW[`aå�U�6�ï9<"]"D�ý�I[þT<"ï�`aåI8P`�^X<c^X:;<�çZ6[]e=g^C=I69Hè`�î�^X<JA/<%`9Ûy:äU�6�ïB<9D�ý¸ÿMþ�d_=I]XÛJ`9AXd,KP`9dºU�6�ï9<%]JD
^X:;<JAX<JKMb�N9<"<Jç;=IH;W�^C:;<�ç;åÃ`a8P]C=gKPåg<�69H;<%]JD�ýjðBþ�]e<%`aAyÛy:Gç;åI`98P]C=gK;åI<�U�6�ïB<"]"ìV\�:P=I]�ç;AX6_Û�<"d;8;AC<
:P`B]¡^C:P<�d_=Ã]C`Bd_ï�`aH[^X`9W9<�^C:P`a^¯U�6�ï9<%]V^C:P`a^¯`aAX<�69KMïM=I698P]CågbTKP`9d/]e^C=IågåBH;<J<%d�^C6@KV<7<"ï�`9åg8Z`�^C<%d©ì
ü�ï�`9åg8Z`�^C=I69H�=I]@<�ô_çZ<"HP]C=gïB<9D;]C6c^X:;=Ã]�<�ôM^CAy`c<Jï�`aåI8P`�^X=g6BH�=Ã]�H;69^@<�zÁÛ�=I<JH[^%ì
L�	2ü�õTOò=Ã]�`4]C:;69WB=Mç;AC6BW9Ay`aUÇ^C:Z`�^7`a=IU	]�`�^�W9<"H;<JAy`�^X=gH;W4ç;åÃ`a8P]C=gKPåg<�U�6�ï9<%]¯U�6BAC<s<�z7�

ÛJ=g<"HB^Xågb�KMb	8P]C=gHPW|^C:P<4<"ï�`9åg8Z`�^C=I69H�`�î�^C<"As^C:;<�ç;AX<JïM=g6B8P]7U�6�ïB<@^C6cW9<"H;<JAy`�^X<TU�6�ï9<%]@é Iaëmé ÿaëmì
�48;AX=gH;W,<Jï�`aåI8P`�^X=g6BH?Dv=IH_î¸6BACU	`�^X=g6BHã`aKV698_^�ù���57
&�yø��E��ú�<Eú£ø��Pö·åI=IN9<½çP=g<%Û�<½]C:P`açV<9D�ÛJ`B]R^Xåg<
]C:P`açV<9DPN[=IH;WÁd;`9H;W9<"A�`aHPd�]C6	69HG`aAX</Û�69åIåI<"Û²^X<"d©ì*	7åÃ`a8P]C=gKPåg<·U�6�ï9<%]�`aAX<4^X:;<JHGWB<JH;<"AX`a^C<%d
KP`B]e<%d½6BH½^X:;<|Û�8PACAX<JH[^�çZ6[]e=g^C=I69H�`aHZd½^X:;</WB`9U�<�ÛJ69HPd_=g^C=I69HZ]Jì
Ú�Hc^C:;=Ã]�]e<%Û²^C=I69HvD%æs<�d_<"]XÛ�AX=gKV<7^X:;<�d;`�^y`4]e^CAX8PÛ�^C8;AX<"]v^C:P`a^�`9AC<2KZ<"=gHPW�8Z]e<%d|=IH�L�	2ü�õTO

`9HPd½:P6�æÇL�	2ü�õTO��PHPdP]�^C:;</KV<"]e^@H;<Jô[^@U�6�ïB<9ì

�y��� �,���k�����i�v�t���k�y���)�
\�:;<�d;`�^y`G]R^XAC8PÛ�^C8;AX<"]|=gHÅL�	2ü�õ4O `9AC<Ád;=gïM=Ãd_<"dè=IH[^C6,d;`a^X`G]e^CAX8PÛ²^X8;AX<"]·î¸6BA|çZ6[]e=g^C=I69HZ`aå
d;`a^X`	`9HPdGd;`�^y`Á]e^CAX8PÛ²^X8;AC<%]�î¸69AT^C:;<+WB`aU�<+ÛJ69HPd;=�^X=g6BHP]JìZ>@<JAX<+`9AC<·^X:;<cd;`a^X`Á]e^CAX8PÛ�^C8;AX<"]
î¸6BA�çZ6[]e=g^C=I69HP`9å?d;`�^y`��
�h���)�������)����� �_=gH;î¸69AXU�`a^C=I69Hf`aKV698_^@æ�:;=ÃÛy:�ç;=I<"Û�<·=Ã]�69Hfæ�:;=ÃÛy:f]��[8P`aAX<9ì
���E �¡�¢3¡f¢���£�¡��¤���3¥�¦
¡ �@=IH_î¸69AXU	`�^X=g6BH `aKV698_^äæ�:;=IÛy: ç;=g<%Û�<�ÛJ`aH U�6�ïB<»^C6!æ�:;=IÛy:
]��[8P`aAX<9ì

���E �¡�¢3¡§ i¨�©��b���3¥*¦�¡ �²=IH_î¸69AXU	`�^X=g6BH·`9KZ6B8_^?æ�:;=ÃÛy:/]e=Ãd_<�^C:P<7ç;=I<"Û�<�KZ<"åg6BH;WB]V^X6PDJæ�:P<JAX<
=g^@=Ã]�åg6_ÛJ`a^C<%df`9HPd�=�î�^C:;</çP=g<%Û�</=Ã]�ç;AC6BU�6a^C<%d½6BA�H;6a^%ì
>@<"AC<|`9AC<4^C:P<|d;`�^y`�]e^CAX8PÛ�^C8;AX<"]sî¸6BA�^C:;<+ù
��5m
7�Xø����aú�<jú£ø��;ö@�

�hª�¡)��«�¬� �¡�¢3¡­���3¥*¦�¡ �²=IH_î¸69AXU	`�^X=g6BH|`aKV698_^?æ�:;=ÃÛy:/ç;=I<"ÛJ<7=I]vH;6a^�`9Û²^X=gïB<9D�8PHPd_<�î¸<"HPd_<%d©D
^X:;AX<"`�^X<JH;<%d½KMb�69ç;çV69H;<"H[^�çP=g<%Û�<"]�`9HPd�]e6�6BH?ì

�J®��)���3¨)¯b¬� �¡�¢3¡b����¥*¦
¡ �B=IH_î¸6BACU	`�^X=g6BHG`aKV698_^�æ�:;=ÃÛy:�ç;=g<%Û�</=Ã]@`9Û�^C=Iï9<BD;`aK;åI<�^C6	ç;AX6��
U�69^C<9DZ`�^e^y`9ÛyNM=IH;Wc6Bç;çV69H;<"HB^�ç;=I<"ÛJ<"]@`9HPdf]e6�69Hvì



���E �¡�¢�¡±°�²�³�����¡­���3¥*¦
¡ �B^X:;</AX<JåÃ`�^C=Iï9<�ï�`aåI8;</6aî¯^C:;</çP=g<%Û�<"]�6BH�<"`9Ûy:�]��B8Z`aAX<9ì
��´E k¨�¯�����¨�¯�¡�� �B^X:;</<Jï�`9åg8P`a^C<%d½ï�`aåI8;<·6aî�NM=gHPW�dP`aH;WB<JA%ì
�J®)�vµE�b£��)¦�³�¡ �[^C:;</<JôMçV<"Û�^C<%d�çPAC63�;^�6aî�ÛJ`aç;^C8;AX=gHPW�`�ç;=I<"ÛJ<·69HG`�]4�[8P`9AC<Bì

�y�·¶ ¸¹�vºy�3�)»������½¼¾º��,�,�)�3¿1»�¿1À�ÁhÂ,ÃQº�Àb�iÄt�½Å&�
Æ��6ÇÈº)É��
Ú�H ^C:P<,ç;AX69WBAX`9UfD�^X:;<Gî¸6BågåI6�æ�=gHPWã]R^X<JçP]Á`9AC<GAX<JçV<"`a^C<%d_ågb�<�ô_<%Û�8_^X<"d�^C6ãd;<"Û�=Ãd_<�æ�:P=IÛy:
U�6�ï9<�^X6|ç;åÃ`�b+H;<Jô[^k�ZýO %þ�8;ç¡d;`�^X<@^X:;<@çV6B]C=�^X=g6BH?DPý1GBþ�<Jï�`9åg8P`a^C<�^X:;<@çV6B]C=�^X=g6BH	`aHPd�8;ç¡d;`a^C<
WB`9U�<@Û�69HZd_=�^X=g6BHP]"DPý�I[þ�W9<JHP<JAy`�^C<�ç;åÃ`a8Z]e=IK;åI<�U�6�ïB<"]�KP`B]e<%d�69H�^C:;<TWB`aU�<�Û�6BHPd_=g^C=I69HP]"DPý£ÿ[þ
]C<"`aAyÛy:½çPåI`98P]e=IK;åI</U�6�ï9<"]"ì

B�=gWB8;AX<W @]e:;6�æ@]�^X:;<@K;åI6_ÛyNcd_=Ã`aWBAX`9U 6aîV^C:P=I]�ç;AC6BW9Ay`aU�ì�ü�`BÛy:�U�6_d_8;åI<@d_=IAC<%Û²^Xågb�Û�6BAO�
AX<"]CçZ6BHPd;]©^X6@69HP<76aî_^X:;<2]e^X`9W9<"]v`aKV6�ï9<9ì'(º<2æ�=gåIåBHP6�æºWB=gïB<�`�U�69AX<�d_<J^X`a=IåI<"d·<�ô_ç;åÃ`aHZ`�^C=I69H
î¸69A�<%`9Ûy:fU�6Md;8;åg<Bì

game
conditions

move
data Position

Updater

board data

candidate
moves

piece cover table

piece info table

next move 

candidate
moves

(next node)

Position
Evaluator

Tree
Builder

Plausible
    Move
Generator

Ê�Ë.Ì ®vÍM® µÅ�[�xr�}C�+�9ng�Jw"ze�J� rJt©lR~[q@� ³ uvµ2ÏÅ�BzRr"w"ze�J�

¸xº��k¿p�i¿1º*ÀbÂ,ÃQ»t���i�
� $�`9]C<"d�6BHc^X:;<@U�6�ï9<�d;`a^X`PD�^C:;=Ã]7U�6_d_8;åI<@8;ç¡d;`a^C<"] ¥��)�����¤������� D
¬� �¡�¢�¡±¢���£�¡�������¥*¦
¡ `aHPd ¬� �¡�¢�¡Î i¨�©��b���3¥*¦�¡ ì9\�:P=I]sd;`�^y`|=Ã]�^X:;<JH�8P]e<%d�î¸69AsçV6��
]C=�^X=g6BH�<Jï�`aåI8P`�^X=g6BHf`9HPd�ç;åI`98P]C=gK;åI</U�6�ï9<�W9<"H;<JAy`�^X=g6BH?ì

¸xº��k¿p�i¿1º*ÀbÏ?É���Ð��t���kº�� \�:P=I]�U�6_d_8;åI<�<Jï�`aåI8P`a^C<"]�^X:;<�çV6B]C=�^X=g6BH�`9HPdc8;çVdP`�^C<%]�^C:P<�WB`aU�<
ÛJ69HPd_=g^C=I69HZ]Jì%\�:;<�<"ï�`9åg8Z`�^C=I69H·U�6_d_8;åI<�:P`B]?U	`aHMb�]e8;K��EU�6_d_8;åI<"]¯]e8PÛy:|`B]E�¡ú�
���
söC÷�����


'Ñv��-ÓÒ���<�ø��²D6����ö@<1-�
J
�Ñ���-ÓÒ���<mø��²DqÔaú��[ùl�Pø�ö²ú�<Eú£ø��}
'Ñv��-ÓÒ���<�ø���`aHZd!]C6ò6BH?ì�ü�`BÛy:!]C8;K��
U�6_d_8;åI<	<Jï�`aåI8P`a^C<"]4^X:;<	çZ6[]e=g^C=I69Hè`aHZdº`Bd;d;]�^C:P<�<"ï�`aåI8P`�^X=g6BH,^X6�^X:;<�WB`9U�<	ÛJ69HPd_=��
^X=g6BHP]Jì)B;6BA�<Jô_`9U�ç;åg<BD��¡ú�
���
�öC÷�����
n
�Ñ���-uÒ���<�ø���<Jï�`9åg8P`a^C<%]�^C:P<Tæs<"`aNMH;<%]C]769A2]e^CAX<JHPWa^C:
69î�`äç;=I<"Û�<fî¸6BACU	`�^X=g6BH?D�`aHPdÅ^C:P=I]�<"ï�`9åg8Z`�^C=I69Hò=I]	`Bd;d_<%dã^X6lÕ ¡)��«�¬� �¡�¢3¡­���3¥*¦�¡ D
°��)����¨�¯�¬� �¡�¢3¡­���3¥*¦
¡ `aHPd ¬� �¡�¢3¡§°�²�³�����¡­���3¥*¦
¡ ì

¸WÐ������k¿pÖCÐ��&ÇÈº)É��l×F�)À��
�����kº�� \�:P=I]2U�6Md;8;åg<�W9<"H;<JAy`�^X<"]�çPåI`98P]e=IK;åI<TU�6�ï9<%]7KP`B]e<%d	69H
^X:;<�WB`9U�<�ÛJ69HPd_=g^C=I69HZ]Jì�ØT]C=IH;W·^C:;<�W[`aU�<�Û�69HZd_=�^X=g6BHP]�ý£`B]�æ2<"ågå;`B]�KZ6[`aAyd+d;`a^X`;D�çP=g<%Û�<
ÛJ6�ï9<JA?^X`aKPåg<�`9HPd·ç;=I<"ÛJ<7=gH;î¸6�^X`9K;åg<�þ²D%69H;åIbTçPAC6BU�=Ã]C=gH;W�åI6M69NM=IH;W�U�6�ï9<"]v`aAX<�W9<JHP<JAy`�^C<%d©ì
õ ï�`9åg8;</=Ã]@WB=gïB<JH�^C6	<%`9Ûy:�ç;åÃ`a8P]C=gKPåg</U�6�ï9<BD;`aHPd�^X:;<|KV<"]e^?Ù U�6�ïB<"]�`9AC</]C<JåI<"Û²^X<"d



`9HPdf`9d;d_<%dÁ^X6�^C:;</W[`aU�<�^CAX<J<	ý¸=IH½^X:;</åÃ`�^C<%]R^�^X698;AXHP`aU�<"HB^�ïB<JAy]e=I69H�6aî�L�	�ü�õ4OfÙ
æ�`9]�]C<�^�^X6HG��Bþ�ì

Ú ���
��Û��t¿�Ð1»��
� \�:;=Ã]�U�6_d_8Påg<�`9d;dP]+^X:;<�AC<"U	`a=IH;=gHPWºç;åÃ`a8Z]e=IK;åI<�U�6�ï9<%]|^X6,^X:;<�WB`9U�<
^XAC<"<9ìPS·`9U�<·^XAC<"</]e<%`aAyÛy:½=IH�]C:;6BW9=¡=I]T]e=IU�=gåÃ`aA�^X6c^X:;<|]C<"`aAyÛy:½=IHGÛy:;<"]X]�ç;AX69WBAX`9U�]"ì

Ü � ÔPØ�P4Ù�Ó�VvØVÓ;×@Ô�VàÕ�ÝÁÓ�PxVÈRgP@Õ�N�Ù6~ºÔ;Õ�ØEVyÞ)ÞBÕ�Ô
õ4]	çZ6B=gH[^X<"d�698_^	<%`aAXåg=I<JA%D�î¸69A	<'z	ÛJ=g<"H[^Á:P`aAyd_æ�`aAX<�=IU�ç;åg<"U�<JH[^X`a^C=I69H `»]e=IH;W9åI<GÛy:;=Iç�=Ã]
KV<"]e^"ìMLM=gHZÛ�<T`/ÛJ69U�ç;åI<�^C<4]e:;6BW9=;çPAC6BW9Ay`aU d_6M<%]�H;6a^Q�;^�69HÁ`/]C=IH;W9åI<xBC	2S·õàÛy:P=gç�b9<J^"DBæ2<
Uc8P]R^�AX<"d_8PÛJ<s^C:;<�]e=.!J<�69î;^C:;<�ÛJ=gAyÛ�8;=g^�KMb/AC<%Û�69H��PW98;AX=IH;W�^C:P<�Ûy:P=gçcî¸69A�d_=góV<"AC<"H[^�]e^X`9W9<"]�69î
^X:;<·WB`aU�<·`aHPd½8P]C<·d;=�ó¡<JAX<JH[^@Û�6BH��PW98PAX`a^C=I69HP]�î¸69A�d_=góV<"AC<"H[^�]e^CAy`�^X<JWB=g<%]Jì[Ú�H½^X:;=Ã]�]e<%Û²^C=I69H
æs<	d_=I]XÛ�8Z]C]·^X:;<	=Ã]C]C8;<"]·=IH»d_<"]C=IW9H;=IH;WG`G]e:P69W9=�çPAC6_Û�<%]C]C69A%ìEB¯=IAy]R^%D?æ2<	æ�=IåIå7<�ô_ç;åÃ`a=IH,^X:;<
ÛJ=gAyÛ�8;=g^X]�î¸69A�<%`9Ûy:�WB`9U�<@]R^y`aW9<BìBLM<%Û�69HZd©D9æs<@æ�=IågåZW9=Iï9<�^C:P<4`aAyÛy:;=g^C<%Û²^C8PAC<sî¸69A�^C:;<TU�=Ãd;d_åI<
W[`aU�</`aHPd�<JHPd;WB`aU�</Û�=IAyÛ�8;=g^�î¸69A@æ�:;=ÃÛy:fæ2<·:P`�ïB<�U	`Bd_</`cçZ`aAC^C=Ã`aå©=IU�çPåg<"U�<"H[^X`�^X=g6BH?ì

ß���� à�¿����3�t¿p�i�m¼¾º*�H�F¿páQ�
���)ÀE�m×F��âJ�����k��Á*�)�
õTH�BC	2S·õ Ûy:;=IçcÛ"`aH+KV<sAC<%Û�69H��PW98;AX<"d|=gH�`aKV698_^U i���aU	]JD�]C64d_<"åg<J^C=IH;W46BKP]C69åI<�^C<sU�6_d_8;åI<"]
`9HPdäAC<%Û�69H��PW98;AX=IH;W�69^C:;<"A|U�6_d_8;åI<"]·î¸6BA|<"`BÛy:ä]e^X`9W9<�6aîs^C:;<½WB`aU�<�=Ã]|`�ïM=I`9K;åg<	6Bç_^C=I69H
î¸6BAsAX<"d;8PÛ�=IH;W�^C:;<|]C=.!J<·6aî¯^C:;<·ç;AX69WBAX`9Ufì_\�:;<�î¸6BågåI6�æ�=gHPWc6BKP]e<"ACï�`a^C=I69HP]2î¸69As^X:;<|Û�=IAXÛJ8;=g^X]
=IHòd_=gó¡<JAX<JH[^	WB`aU�<�]R^y`aWB<"]�`aAX<½H;69^	]CçV<"Û�=��ZÛ½^C6ãL�	2ü�õTO|D�KP8_^Á`aç;ç;åIbè^C6äU�6B]e^Á]e:;6BW9=
ç;AX69WBAX`9U	]Jì
ã ÃQ�)À�¿1À�Á�à�¿p���3�t¿p� FG6�ïB<"]�=gHè^X:;<	69çV<JHP=gH;W�`9AC<�8P]C8P`9ågåIb,WB<JH;<"AX`a^C<"dºKMbº`9H ø���
'�Pú��Mù

8yø%øiÔaD[]C6|:;=IW9:Á]CçV<J<"dÁU�`a^XÛy:;=IH;W|KV<�^Ræs<J<"H�^C:;<�Û�8;AXAX<JH[^�çV6B]C=�^X=g6BHÁ`aHPd�^X:;<TçV6B]C=�^X=g6BHP]
=IH�^C:;</6BçZ<"H;=gHPW�KV6M69NÁ=Ã]�AX<i�[8;=IAC<%d©ì_>@6�æs<Jï9<"A"DB^C:P</69çV<JH;=IH;W�KZ6M6BN	=I]s^RbMç;=ÃÛJ`9ågåIb	^C6M6
åÃ`aAXW9<T^C6��;^�=gHfU�<JU�69AXb9DM]C6�d;`a^X`c:P`9]2^X6cKV<·åg6[`9d_<%d�î¸AC6BU <�ôM^C<"ACHZ`aå¡U�<JU�69AXb9ì_\�:;<
HP<"Û�<%]C]X`aAXb·d;`�^y`�^CAy`aHZ]Rî¸<"A¯`aHZd/Ú4j3"ò6BçZ<"AX`a^C=I69HP]væ�=gåIå_]eåI6�æ»d_6�æ�H/^C:P<2U	`�^yÛy:;=IH;WTæ�=g^C:
^X:;</69çV<JHP=gH;W�KV6M69N¡ì
$sb48P]e=IH;WT`9HWBt	sS·õ|D"æ2<�Û"`aH/]e^C69AX<�^C:P<769çV<JH;=IH;W�åI=gKPAX`9ACb469H�^C:;<2ç;AX6MÛJ<"]X]e6BA¡KZ<%ÛJ`a8Z]e<
^X:;=Ã]TåI=gKPAX`9ACbèý¸æ�:;=ÃÛy:,æ�=IåIå¯6_ÛJÛJ8;çMbG`	åI`9ACWB<|çP`9Ae^�6aî�^C:P<6BC	2S·õ U�<JU�69AXb;þ²D¡ÛJ`aHGKV<
6�ïB<JAXæ�AC=g^e^X<JH·=gî;H;<"ÛJ<"]X]C`9ACbBì�Úm^¯=Ã]v<Jô_çZ<%Û²^C<%d·^C:Z`�^v^X:;=Ã]v=IH[^C<JAXHP`9å9ç;AX6_Û�<"]X]C=gH;WTæ�=gåIå[]CçV<J<"d
8Pç�^X:;</U	`�^yÛy:;=gHPW�æ�=g^C:f^X:;</69çV<JH;=IH;W�KV6[6BN�ÛJ69HP]C=Id;<JAy`aK;åIb9ì

ÇÈ¿1»�»tÐ��½×F��âJ��à�¿����3�t¿p� \�:;=I]�ÛJ=gAyÛ�8;=g^C�PHPd;]¯^X:;<�H;<�ôM^�U�6�ïB<�KMb|]C<"`aAyÛy:;=IH;W@^X:;<�WB`9U�<
^XAC<"<9ìvF�6B]e^�^X=gU�<½d;8;AC=IH;Wf^C:P=I]c]R^y`aW9<�=Ã]|]CçZ<"HB^|6BHºçV6B]C=g^C=I69Hè<Jï�`aåI8P`a^C=I69H»`aHPdäÛJ`9H��
d;=Id;`a^C</U�6�ï9<·WB<JH;<"AX`a^C=I69H?ì�( =g^C:�`9HwBC	sS·õ|DPæs</ÛJ`9Hf<Jô_çZ<%Û²^T:;=IW9:G]CçZ<"<"d�Û�6BU�ç;8��
^y`�^X=g6BH»K[bäç;AX6_Û�<"]X]C=gH;W�d;=�ó¡<JAX<JH[^�]C8;K��mU�6_d_8;åI<"]|=IHãçP`9AX`9ågåI<Jå2`aHPdè=IHãç;=IçZ<"åg=IH;<BìtBP69A
<Jô;`aU�ç;åI<9D;^X:;<�<Jï�`aåI8P`�^X=g6BHG6aî�`	çV6B]C=g^C=I69H�:P`B]@U	`aHMb�d_=góV<"AC<"HB^4î¸<"`a^C8;AX<"]Tåg=IN9<cç;=g<%Û�<
`BÛ²^X=gïM=g^Rb9DvçP=g<%Û�<	î¸6BACU	`�^X=g6BHã]e:Z`açV<9D¯Û"`aç_^X8;AX=gH;W,ç;AC63�;^c`9HPd»]e6,69H?ì�LM69U�<Á69î�^C:;<%]e<
î¸<%`�^X8;AC<%]�`9AC<�=IHPd_<"çZ<"HPd_<JH[^�`aHPd	Û"`aH	KV<Tç;AX6_Û�<%]C]C<"d�=IHÁçP`aAy`aåIåI<JåEìBFG6BAC<"6�ï9<JA%D�æ2<4æ�=gåIå
åÃ`�^X<JA@<Jô_ç;åI`9=gHG:P6�æ d;=�ó¡<JAX<JH[^@î¸<%`�^C8PAC<%]TÛJ`9H�KZ<cç;AC6_ÛJ<"]X]e<%d�=IHGç;=IçZ<"åg=IH;<BDZåI<"`Bd_=gHPW	^C6
î¸8PAe^X:;<JA@]CçZ<"<"d_8PçP]Jì
F�6�ï9<�W9<"H;<JAy`�^X=g6BHcÛJ`9H	`aåÃ]e6·KV<�çZ<"Aeî¸6BACU�<"dc=IH	çP`aAy`aåIåg<"å_`aHPd�=IH�çP=gçV<JåI=gHP<9ìB\�:P<�ç;åI`98��
]C=IK;åg<TU�6�ïB<"]�:Z`�ï9<�U	`aHMb�d_=�ó¡<JAX<JH[^�ÛJ`�^X<JWB69AX=g<%]�åg=IN9<T`a^e^y`9ÛyN+U�6�ïB<"]"DBd_<Jî¸<JHP]C<@U�6�ï9<%]JD
Û"`aç_^X8;AX<"]"DJç;AX69U�6a^X=g6BHP]v`9HPd|]C6@69Hvì%\�:;<%]e<sÛJ`a^C<JWB69AX=g<%]?ÛJ`9H/KZ<sW9<"H;<JAy`�^X<"d·=IH|çP`9AX`9ågåI<Jå
`9HPd�<"`9Ûy:fU�6�ï9</ÛJ`9H�KV</W9<"H;<JAy`�^X<"d½K[b�ç;=IçZ<"åg=IH;</ç;AX6_Û�<"]X]C=gH;WZì



ÏqÀ�»tÁ*��â��½à�¿����3�t¿p� Ú�H	^C:P<4<"HPd_WB`9U�<9DB^C:;<�æ2<"=gWB:[^X]26aî©^C:P<4<"ï�`9åg8Z`�^C=I69HÁî¸8;HPÛ²^X=g6BHÁî¸<%`��
^X8;AC<%]½Ûy:P`9H;W9<�d;AX`9U�`a^C=ÃÛJ`9ågåIb9ì�F,`�^C=IH;W»^X:;<,NM=IH;WãKV<"ÛJ69U�<"]Á^C:;<ºU�6[]R^�=gU�çV69AC^X`aH[^
î¸<%`�^C8PAC<@`9HPd+U	`a^C<JAX=Ã`aå_WB`9=gH�=Ã]�69H;åIb+`·]C<"Û�6BHPd;`9ACb|ÛJ69HP]C=Id;<JAy`�^C=I69Hvì�"4HP<�6aîP^X:;<�U�6_d)�
8;åI<"]�^C:P`a^7U�6[]R^7]e^CAX69H;W·]C:;69WB=[çPAC6BW9Ay`aU	]�8P]e<�=Ã]�`6<£ö@Ò�5m
�öC÷;øXùaúvöJø�-ÓÑ�
��¯^C6q�PHZdcU	`a^C<
ý£U�6BAC<|d;<�^X`9=gåÃ]�æ�=Iågå?KV</W9=Iï9<"H�=IH�LM<"Û�^C=I69HFK9þ²ì�$s<"Û"`a8P]C<·6aî�^C:;</AX<"ÛJ69H��ZW98;Ay`aK;=IåI=�^Rb�6aî
`9HwBC	sS·õ|D_^X:;=I]�U�6_d_8;åI<|ÛJ`9H�KZ</ç;AX<JçZ`aAX<"dÁ6BHfd;<JU	`aHPd?ì

ä ¿�Ö������vå�æyº*�3ç�è,Á*��¿�Àt�'�:���i�����i�)Á�¿��)� ØT]C=gH;W4`�åg=IK;Ay`aAXb@^X6Td_<"`9å9æ�=g^C:+d;=�ó¡<JAX<JH[^¯]e^CAy`�^X<��
WB=g<%]@=Ã]T`	WB6[6_dfæ�`�bÁ^C6½W98;=Ãd_</^X:;<+]C<"`aAyÛy:f^C6ÁçPAC6BU�=Ã]C=gH;W	çZ`aAC^X]@69î�^C:;<|W[`aU�</^XAC<"<9ì
BP69A	<�ô;`9U�çPåg<BD7d_=�ó¡<JAX<JH[^½Û"`9]e^CåI<"]�:P`�ï9<�d_=góV<"AC<"H[^½]R^XAC<"H;Wa^X:P]�`aHPdòæ2<%`aNMH;<%]C]C<"]"D�]e6
`9H�`�^e^y`9ÛyN½]C:;6B8;åId�KV<+`9=gU�<"d�`a^�^C:;<|æs<"`9N½çV69=IH[^T6aî�^C:;<cÛJ`9]e^CåI<9ìZ\�:;<JAX<|`aAX</U	`aHMb
d_=gó¡<JAX<JH[^c]e^CAy`�^C<"W9=I<"]·`aHZdäÛ"`9]e^CåI<�î¸69AXU	`�^C=I69HZ]·=gHã]C:;69WB=jD?]C6G]e8ZÛy:è`�åI=IK;AX`9ACb,æ26B8;åId
KV<�^C6M6�åI`9ACWB<|^X6fNB<J<"çº=IHºU�<"U�6BACbG6BH,^X:;<ÁÛy:;=Iç?ì�( =g^C:»`aH�Bt	sS·õ|D?æs<�ÛJ`aHäåI6B`9d
`9HPd�Û�69H��PW98;AX<�69H;åIb	^C:P</AC<k�B8P=gAX<"d�åg=IK;Ay`aAX=g<%]Jì

ß��·¶ �,���k�����i�v�t���k�y���)�
B;6BAÁ`,:Z`aAyd_æs`9AC<�=gU�ç;åI<JU�<"HB^y`�^X=g6BH?D�æ2<�H;<"<"dÅ^C:;<fî¸6BågåI6�æ�=gHPWäd;`a^X`è]e^CAX8PÛ²^X8;AC<%]Jì�ü�ï9<JH
^C:P698;WB:½^X:;<"]C<|d;`�^y`�]R^XAC8PÛ�^C8;AX<"]s:P`�ïB<4KV<J<"Hf^X`aNB<JH�î¸AC6BU L�	2ü�õTO|D;]e=IU�=gåÃ`aA�d;`a^X`�]R^XAC8ZÛ@�
^C8PAC<%]@`aAX<48Z]e<%d�=IH�U�6B]e^�]C:;6BW9=©ç;AX69WBAX`9U�]"ì
� \�:;< µE��£�¡�������� ÛJ69H[^X`9=gHP]�=IH_î¸69AXU	`�^X=g6BHä`9KZ6B8_^|`½U�6�ï9<Bì¡Úm^+]e:;6�æ@]�æ�:;=ÃÛy:äç;åI`�bB<JA
ç;åÃ`�b9<%dc^C:;<@U�6�ïB<9D�=gî©^C:;<�U�6�ïM=gHPW/ç;=g<%Û�<@çPAC6BU�69^C<%d©D�æ�:;=ÃÛy:Á]4�[8P`9AC<s^C:P<@ç;=I<"Û�<4ÛJ`aU�<
î¸AX69U `aHPd�æ�:;=ÃÛy:�]��[8P`aAX<4^C:;</ç;=I<"ÛJ<·U�6�ïB<"d½^C6Zì

� BP69A�<"`BÛy:½ç;=I<"ÛJ<9D_^X:;<JAX</`aAX<� k�+KP=�^y]�6aî �� �¡�¢3¡b���3��� ì_\�:;<·K;=g^T`9]X]e=IW9H;U�<"HB^%D_]e:;6�æ�H
=IH&B¯=IW98PAC<nG_DP:P`9]s^X:;<·î¸69åIåg6�æ�=IH;W�U�<"`aHP=gH;WZì
é \�:;<�I»K;=g^X]�6aî ¬� �¡�¢3¡ �)ê
¬�¡ `aAX<�8P]C<"d�^X6ò]e^C6BAC<G^X:;<,NM=IHPd 6aî|çP=g<%Û�<òý1ë·=gHPWPDO�6M69N¡D�$s=I]C:;6Bç�`9HPd�]e6	6BHZþ²ìZÚ�H�]e:P69W9=?^C:;<"AC<|`9AC<n�	d_=gó¡<JAX<JH[^Tç;=I<"ÛJ<"]"DZ]C6:I�K;=�^y]
`aAX<4H;<"<"d_<%d©ì

é \�:;< ¬)���vµE���� ��3¨ K;=�^@=Ã]@]C<�^�=gî�^X:;<·ç;=I<"Û�</=Ã]�ç;AX69U�69^C<"d?ì
é \�:;< � Õ ¨�¡���°kì� k¬ K;=�^@=Ã]@]C<�^�=gî�^X:;<·ç;=I<"Û�</=Ã]�6�æ�H;<%d½KMbÁKPåI`BÛyNVì
é \�:;<½ðfK;=g^X]|69î  i¨���¡�í d_=Ã]R^X=gH;WB8;=Ã]e:»ç;=I<"ÛJ<"]/69î�^C:;<½]X`aU�<�^RbMçV<9ì�BP69A|<Jô;`aU�ç;åI<9D^C:;<"AC<G`aAX<h i�äçP`�æ�HP]�=IH ]e:P69W9=ED�æ�:;=ÃÛy: Û"`aH�KZ<G8PH;=.�[8;<"ågbò=Id;<JH[^C=��P<"d�KMbã^X:;<
=gHPd;<�ô©ìB\�:;< ¬� �¡�¢3¡ �
ê
¬�¡ `9HPd  k¨��)¡�í `9AC<T8P]e<%d�^C6W�ZHPd�^C:P<Tç;=I<"ÛJ<@=gHÁ^C:;<@çP=g<%Û�<
Û�6�ï9<"A�^y`aK;åI<|`aHZdÁ^X:;</ç;=I<"Û�</=IH_î¸6�^y`aK;åI<9ì

\�:;<cç;=I<"Û�<�d;`�^y`	=IH�B�=gWB8;AC<6G�U�<"`aHZ]�^C:Z`�^T^X:;<+çP=g<%Û�<|=Ã]?	�`�æ�HEî%ï�DVç;AX69U�6a^X<"d©DZ`aHPd
6�æ�H;<%d½KMb�æ�:;=�^X<9ì

� \�:;< ¥��)���)���)����� =I]/`�]C<�^/6aîsç;=I<"Û�<	d;`a^X`f`aHPdäÛ�6BH[^X`a=IHP]4^C:P<�åI6_ÛJ`a^C=I69Hä6aî�ç;=I<"ÛJ<"]"ì
BP69As^C:;</ÛJ69U�ç;åI<�^C<·d_<%]CÛJAC=Iç_^C=I69H½6aî?^X:;<·KZ6[`aAyd©D
�� i�+K;=�^y]/ýsðq�� 4]��B8Z`aAX<"]�ñg i�·K;=g^X]s6aî
ç;=I<"ÛJ<|d;`�^y`Bþs`aAX<·H;<J<%d_<"d?ì

� \�:;< ¬� �¡�¢3¡§¢3��£�¡������3¥*¦
¡ ]e^C6BAC<%]�æ�:P=IÛy:�ç;=g<%Û�<�ÛJ`aH�U�6�ï9<@^X6+æ�:;=ÃÛy:�]��[8P`aAX<9ì�"4H;<]��[8P`aAX</:P`9]Tÿ���K;=g^X]T6aî�ç;=I<"ÛJ<+Û�6�ïB<JA@d;`a^X`	æ�:;<"AC<+<"`9Ûy:�K;=g^�ÛJ69AXAC<%]eçV69HZd;]s^C6Á6BH;</6aî
ÿ
��ç;=g<%Û�<%]+ý¸ÿ
��=I]@^C:;<|^C6a^y`aå¯H[8PU+KV<JA@69î�çP=g<%Û�<"]@=gH,]C:;6BW9=�þ²ì;Úmî7`�ç;=I<"ÛJ<+ÛJ`9HGU�6�ïB<�^C6
`�]��[8P`aAX<9D?^C:;<fÛ�69AXAX<"]CçZ6BHPd_=IH;W�K;=�^�=I]Fò�ì�Úmî�H;6a^%Dv^X:;<½Û�6BACAX<"]CçV69HPd_=IH;W�K;=g^c=Ã],óaì¯Ú�H
B�=IW98;AX<xI;D9^C:;<4ç;=I<"Û�<4Û�6�ï9<"A�d;`a^X`|]C:;6�æ@]�^X:P`�^Uë·=gH;W î DMO�6M69N î D)$2=Ã]C:;69ç î DMS�6BåId î `aHPd
S�6BåId ï Û"`aHfU�6�ï9<�^C6	]��B8Z`aAX<Býjð�ô4�[þ²ì



12 1 0 1 1 1 101 00

piece_type 

promotion

index

10 bit

ownership

Pawn

Ê�Ë.Ì ®iõP® ¼�nol2�"k�k�nxw%iB�/qyi�l2rJt¡lR~[qs�[nxqy}yq@�B�Jle�

101010110

11 212118 2 2

40 bit

board data

piece cover 
data 

9

8

7

5 4 367

1K

1B

1R

2G1G

P KKRRBBGG

K
R
B
G
P

King
Rook
Bishop 
Gold
Pawn

:
:
:
:
:

Ê�Ë.Ì ®'öP® ��~Bq �Bnxqy}yq }XrJ�%qXz �B�Jle� r"tÅlR~[q
kRÀ�p[�JzRq�¶£��÷ � ¹

ß��.� è:���vÄ�¿��i�)���k�y����º�¼g�kÄ��½Çø¿�»t»�Ð1�&×F��â���à�¿p���3�t¿p�
$s<�î¸6BAC<s=IU�çPåg<"U�<"H[^C=IH;W|`/]e:P69W9=Mç;AX69WBAX`9U =gH�:P`9AXd;æs`9AC<2=�^7=Ã]�=IU�çV69AC^X`9H[^�^X6·^C:;=IH;N�`aKV698_^
^X:;<G`aAyÛy:;=�^X<"Û�^C8;AX<�69îT^X:;<Gç;AX6MÛJ<"]X]e6BA"ìCù@69^Á`aåIå@`aç;ç;åI=ÃÛJ`�^X=g6BHP]�`aAX<f]CçV<J<"d;<"dò8;ç K[bè^X:;<
8P]C<+69î�`aH�BC	sS·õ|ì¡Úmî�`aH,`9ç;ç;åI=IÛ"`�^X=g6BH�:P`9]4H;6�çZ6[]C]C=gKP=gåI=�^X=g<%]@î¸6BA4çZ`aAy`aåIåg<"å¯`aHZdGç;=IçZ<"åg=IH;<
ç;AX6_Û�<%]C]C=gHPWPD;^X:;<+çV<JACî¸69AXU	`aHPÛJ<|æ�=Iågå�KV<cd_=Ã]C`9ç;çV69=IHB^X=gHPWPD¡]e6BU�<J^C=IU�<"]4<Jï9<"H�]eåI6�æs<JA@^X:P`aH
^X:;<|Û�6BACAX<"]CçZ6BHPd_=IH;Wc]C6aî�^Ræ�`aAX<·`aç;ç;åI=ÃÛJ`�^X=g6BH?ì

( =g^C:	^X:;=I]�=gH	U�=IHPd©DBæ2<Td;<"]C=gWBH;<"d�`·U�=IdPd_åg<4WB`9U�<@ÛJ=gAyÛ�8P=�^�î¸6BA2]C:;69WB=M^C:P`a^�=I]�:;=IW9:;åIb
çP`9AX`9ågåI<JåI=.!J<"d»`9HPdãd_<%]e=IW9HP<"dä^C6ºçZ<"Aeî¸6BACU.ç;=IçV<JåI=gH;<fç;AX6_Û�<"]X]C=gH;WZì¯\�:;<f`aAyÛy:;=g^C<"Û�^C8;AX<½d_=��
AX<"Û�^CåIb�ÛJ69AXAC<%]eçV69HZd;]�^C6½^C:;<�]e^CAX8PÛ²^X8;AC<c6aî�^X:;<�]C6aî�^Ræ�`aAX<|ç;AX69WBAX`9U WB=gïB<JH�=IHºLM<%Û²^C=I69H,I;ì
\�:;<"AC<Jî¸69AX<9DM=g^@:P`9]sî¸6B8;A�U	`�QR69A�U�6_d_8;åI<"]s^X:P`�^@æs</æ�=Iågå©H;6�æÇd_<"]XÛ�AX=IKZ</=IH�U�6BAC</d_<J^X`a=IåEì

Board Data
Updater

move
data

board data

piece cover table 

piece info table

Position Updater

Piece Info Table
Updater

Piece Cover
Table Updater

Ê�Ë.Ì ®@úV® µò�B��r�}e�c�Bn��"wJze�"� r"tEû�ü�ývþ'ÿ3þiü����������'ÿ�	�


¸?º*�k¿p�k¿�º�À­Â,ÃQ»t���i�
� Ú�H ����°� v�E ���¨
��¬����3��¡�� D?KV6B`aAyd»d;`a^X`;D�ç;=I<"ÛJ<fÛJ6�ï9<JA|^X`aKPåg<�`aHPd
çP=g<%Û�<|=IH_î¸6	^y`aK;åI<|`aAX</8;ç¡d;`�^X<"dfî¸69A4<"`BÛy:fU�6�ïB<9ì�B�=gWB8;AX<@ÿ½]C:;6�æ@]s^C:;<�]R^XAC8ZÛ²^C8PAC</69î
^X:;<�Û�=IAXÛJ8;=�^�î¸69A ����°) v�E ��3¨���¬�������¡�� ìP\�:;<�U�6_d_8;åI<"] ¥��
�������������b³
¬�������¡3� `aHPd
¬� �¡�¢3¡§ i¨�©��b���3¥*¦�¡b³
¬�������¡3� Û"`aHGKV<|ç;AX6_Û�<"]X]C<"df=gHGçZ`aAy`aåIåg<"åjDP`9HPdf^C:P<+U�6_d_8;åI<"]



¥��)���)���)�����­³)¬����3��¡�� `9HPd ¬� �¡�¢�¡±¢���£�¡�������¥*¦
¡­³)¬����3��¡�� Û"`aHãKV<�çPAC6_Û�<%]C]C<"d
=IH�ç;=gçV<JåI=IH;<9ì

¸xº��k¿p�i¿1º*ÀbÏ?É���Ð��t���kº�� õ K;åI6MÛyN	d_=Ã`aWBAX`9U 69î ����°� v�E ��3¨��)£��)¦�³������3� =I]2]e:;6�æ�H½=gH	^X:;<
8;çPçZ<"A�:P`aågî¯69î�B�=gWB8;AC</ð_ì ����°� k�E ��3¨��)£���¦�³�������� :Z`9]sU	`aHMbÁ]e8PK��EU�6_d_8;åI<"]"ì;\�:;<%]e<
U�6_d_8;åI<"]@Û"`aHfKZ<|d;=gïM=Ãd_<"df=IHB^X6�^C:;<�î¸6BågåI6�æ�=gHPWc^X:;AX<J<·W9AX698;çZ]Jì
 Bì;	7=I<"Û�</]��[8P`aAX<T^y`aK;åI<·<Jï�`aåI8P`a^C69A%ì
G;ì@FG6_d_8;åI<"]�î¸69As<Jï�`aåI8P`�^X=gHPW+ç;=IHP]"DMd;=I]XÛ�6�ïB<JAX<"d	`�^C^X`BÛyNM]"D9çP=g<%Û�<�U�6BK;=Iåg=g^Rb	`aHPd½N[=IH;W
d_=I]e^X`9HPÛ�<Bì

IPì@FG6_d_8;åI<"]�î¸6BA�<Jï�`aåI8P`�^X=gHPW�^C:;<|]C69U	`�ï�`aåI8;<9DPç;=g<%Û�<|]C:P`açV<9DPç;AC6BU�6a^C=I69H�^C:PAC<%`�^X]"D
ÛJ`9]e^CåI</]e:Z`açV<·`9HPd�N[=IH;W	çV6B]C=�^X=g6BH?ì

\�:;<%]e<|^C:;AX<J</WBAC6B8;çP]�ÛJ`9H�KZ<|çPAC6_Û�<%]C]C<"d�=IHfçP=gçV<JåI=gHP<9DVæ�:;=gåI<·^C:P<|U�6Md;8;åg<%]�=IHG<"`9Ûy:
WBAC6B8;ç�Û"`aH�KZ<Tç;AC6_ÛJ<"]X]e<%d|=IH�çZ`aAy`aåIåg<"åjìaõ çV6B]C=�^X=g6BH�=I]�<"ï�`9åg8Z`�^C<%d�K[b|^C:;<%]e<�U�6_d_8;åI<"]"D
`9HPdº^C:;<	AX<"]C8;åg^X]/69î�^C:P=I]+<Jï�`aåI8P`�^X=g6BHä`9AC<	]e^C6BAC<%d,=IHä^C:;<Ád;`a^X`�]e^CAX8PÛ²^X8;AC<%]·î¸69A·^X:;<
W[`aU�<äÛJ69HPd;=�^X=g6BHP]�]C8PÛy:Ç`9]��Q
��kÔ��Vú�
���
h<=�38'-�
JD·ö�<s�Cø��[ù��Vú�
���
h<=�38'-�
�`aHZdfÔ�ú��Mù ú��
�����[ù

'�²ì

¸WÐ������k¿pÖCÐ��&ÇÈº)É��l×F�)À��
�����kº�� ü2`9Ûy:�çZ6[]e=g^C=I69H·=Ã]?<"ï�`9åg8Z`�^C<%d�KZ<Jî¸69AX<�W9<JHP<JAy`�^C=IH;W�ç;åÃ`a8��
]C=gKPåg<�U�6�ï9<%]JD%`aHPd+69H;åIb/ç;AX69U�=I]C=IH;WTU�6�ï9<%]¯`9AC<2W9<"H;<JAy`�^X<"d©ì�\�:;<s:P`aAyd_æ�`aAX<7U�6Md;8;åg<%]
]C:;6�æ�H,=IH�^X:;<�åg6�æs<JA4:P`aågî�6aî�^C:;<7B�=gWB8;AC<	ðÁ`9AC<c8P]C<"dGî¸6BAT^X:;=Ã]4çPAC6_Û�<%]C]"ì¡õ@åIå¯^X:;<"]C<
U�6_d_8;åI<"]@Û"`aHfKZ</çPAC6_Û�<%]C]C<"d�=IHfçZ`aAy`aåIåg<"åjì

×F��â�� Ú ���)�½Û��t¿�Ð1»��
� \�:;<·W[`aU�<�^CAX<J<·=I]T]R^X69AX<"d�=gHf^C:P</U�<"U�69AXb	6aî�^C:;<nBC	2S·õ+ìPõ
H;6_d_<4=I]2AX<Jç;AX<"]C<JH[^C<%d�K[b�^X:;<TU�6�ï9<4d;`�^y`|`aHPd	`+AC<"åI`a^C=Iï9<@`Bd;d_AX<"]X]�î¸AX69U =�^y]�çP`9AC<"H[^"ì
\�:;=Ã]�U�6_d_8;åI<@K;8;=IåÃd;]�H;6_d_<%]�KMbc`9dPd_=gHPW4^X:;=Ã]7`9d;d;AC<%]C]�^X6·^C:;<�U�6�ï9<�d;`a^X`PD9`aHPdc^X:;<JH
]e^C6BAC<%]s^C:;</H;6_d_<·=IH_î¸69AXU	`�^X=g6BH�=IH�U�<"U�69AXb9ì

ß���ß è:���vÄ�¿��i�)���k�y����º�¼;ÏqÀ�»tÁ���â��½à�¿p���3�t¿p�
õT]�æs<·çZ6B=gH[^X<"d�698_^�<"`9ACåI=I<JA%D9^X:;<·æ2<"=gWB:B^y]s6aîv^X:;<�î¸<"`a^C8;AX<"]s6aî¯^C:;<·<"ï�`9åg8Z`�^C=I69H�î¸8;HPÛ�^C=I69H
Ûy:P`9H;W9</=IH�^C:;<+<JHPd_W[`aU�<9ì*�T<%]eç;=g^C<|^C:;<%]e<+Ûy:Z`aH;WB<"]"DM^C:;<|<"HPd_W[`aU�<|Û�=IAXÛJ8;=g^4]R^X=gåIåv]C:;698PåId
çV<JACî¸69AXU `·^XAC<"<T]C<"`aAyÛy:?D9]C6/^X:;<TKP`B]e=ÃÛ@]e^CAX8PÛ²^X8;AX<@=I]2]e=IU�=gåÃ`aA�^C6/^X:P`�^s6aî¡^C:P<4Û�=IAyÛ�8;=g^�8P]C<"d
î¸69A�^X:;<�U�=Id;d;åg<GW[`aU�<9ì�\�:;<"AC<�=Ã]�69H;<f<�ô;Û�<"ç_^C=I69HvD7`9]�^C:P<JAX<�=Ã]	`äH;<J<%dãî¸6BAÁ`ºÛJ=gAyÛ�8;=g^
çV<JACî¸69AXU�=IH;W|]CçZ<%Û�=Ã`aåI=�!"<"dcU	`�^C=IH;W|]C<"`9AXÛy:?ìa\�:P=I]�U�6_d_8;åI<@=Ã]7`·ïM=�^y`aå_çP`9Ae^769î¡]e^CAX69HPW·]C:;6BW9=
ç;AX69WBAX`9U�]"ì��T<J^X`9=gåÃ]�6aî�`c^X]C8;U�<|]e:;6BW9=?ÛJ=gAyÛ�8;=g^�æ�=gåIå?KV</W9=Iï9<"H�åÃ`�^X<JA�=IHGL_<"Û²^X=g6BH,KMì

� Ñ�[\T?eOVy[\VvÒ2Ó)]�Ó;ÙRÕ2Ò Õ�Ý½Ó�PxVÈRgP@Õ�N2Ù�~ºÔ;Õ�ØEVyÞ)Þ[Õ7Ô

Ø@H;î¸69AC^C8;HP`a^C<"ågbBDJAX<"Û�6BH��PWB8;AX`9K;åI<�:Z`aAyd_æs`9AC<�=Ã]?H;69^¯`�U	`aWB=IÛ�KV6�ô�æ�:P<JAX<7`�]e:;6BW9=açPAC6BW9Ay`aU
=IH `èÛJ69U�U�69HÅçPAC6BW9Ay`aU�U�=gH;WºåI`9H;W98Z`aW9<fåI=gNB<�ñ ÛJ`9HòKV<G<JH[^C<"AC<%d©D�`äK;8_^e^X69H ÛJ`9HòKV<
ç;8P]C:;<%dä`9HPdº^C:;<:BC	sS·õ Ûy:;=gçèAX69åIåI]·6B8_^+`�^·^X:;<	6a^X:;<JA|<"HPd©ìX(ä<Á`aåIAX<"`9d;bGçZ6B=gH[^C<%dè`�^
^C:P<	=gU�çV69AC^X`aHZÛ�<�6aîsW96M6_d�:P`9AXd_æ�`aAX<�d_<"]C=gWBH?DV^X`9N[=IH;WG`9d;ï�`9H[^X`aWB<c69î�^X:;<�çP`aAy`aåIåg<"å�`aHPd
ç;=IçZ<"åg=IH;<|çPAC6_Û�<%]C]C=IH;W	`aK;=Iåg=g^C=I<"]�69î¯^X:;<�BC	2S·õ Ûy:P=gç?ìPÚ�H�^X:;<|H;<JôM^�^Ræ26	]C<"Û²^X=g6BHP]�æs</æ�=gåIå
]C<J<|:;6�æ!^C:P<c]CçZ<%Û�=Ã`aå?î¸<%`�^X8;AC<%]�6aî�^X:;<�BC	2S·õ U�`9N9</=g^TH;<%Û�<"]X]X`aAXbÁ^C6½AC<"æ�AC=g^C<|]C69U�</6aî
^C:P</KP`9]C=IÛ�K;8P=gåÃd_=IH;W	K;åI6MÛyN_]�69î�6B8;A�]e:;6BW9=©ç;AX69WBAX`9U�ì
õT]·`�AC<%]e8På�^·6aî2^C:;<%]e<7BC	2S·õ ]eçV<"ÛJ=u�ZÛ�d_<%]e=IW9Hº=I]X]C8;<"]"D¡=gU�ç;åI<JU�<JH[^X=gH;W�`½î¸8;ågå7]C:;6BW9=

ç;AX6_Û�<"]X]C69A�=Ã]T`�^X=gU�<+ÛJ69HP]C8;U�=gHPW�^X`9]CN¡ìZ>T6�æ2<"ï9<JA%D_=gî7æ2</æ�`a=g^T8;H[^C=Iå?^X:;<+]C:;69WB=vç;AX6_Û�<%]%�
]C69A�=I]x�PH;=Ã]e:P<"d©DVæ2<cU�=I]X]·`aH�6Bç;çZ6BAe^X8;H;=g^Rbf^C6Á^y`aNB<+`9d_ï�`9HB^y`aWB<|6aî2`9H;6a^X:;<JA�`aç;çV<"`9åg=IH;W



pin evaluator

discovered attack
evaluator

piece shape
evaluator

promotion threat
evaluator

castle shape
evaluator

king position
evaluator

check
generator

piece captures
generator

discovered attack
generator

defense moves
generator

pin defense moves
generator

king attack moves
generator

king defense moves
generator

special attack
moves generator

check defense
generator

promotion moves
generator

castle moves
generator

positional moves
generator

develop moves
generator

pattern moves
generator

so
m

a 
va

lu
e

ta
bl

e

w
ea

k 
pi

ec
e

ta
bl

e

st
ro

ng
 p

ie
ce

ta
bl

e

pi
ec

e 
sq

ua
re

   
  t

ab
le

ki
ng

 in
da

ng
er

   
ki

ng
at

ta
ck

ed

FILO

game
conditions

Position
Evaluator

Plausible
Move
Generator

piece square
table evaluator

bo
ar

d 
da

ta

pi
ec

e 
co

ve
r 

ta
bl

e

pi
ec

e 
in

fo
 ta

bl
e

pi
ec

e 
in

 h
an

d

Inputs from
"Position Updater"

ca
nd

id
at

e 
m

ov
es

(t
o 

"P
os

iti
on

 U
pd

at
er

")

next move

T
re

e 
B

ui
ld

er

mobility and king
distance evaluator

soma value
evaluator

piece attack moves
generator

promotion defense
moves generator

special defense
moves generator

Ê�Ë.Ì ®��P® ��~Bq�kml�zRp[}XlRp9zRq�r"t©lR~Bq�k�~[r"w%nZ�BzRr�}yqyk�k�rJz²�



î¸<"`a^C8;AX</6aî#BC	2S·õ4]'�P^C:;<"b�`aAX<·AC<"åI`a^C=Iï9<"ågb½Ûy:P<"`açG`9HPd�ÛJ`aH�KV</8P]C<"d�KMb½U	`aHMb½d;=�ó¡<JAX<JH[^
AX<"]C<"`aAyÛy:;<"AX]"ì�$2b�Û�6BU+K;=IH;=IH;W�^C:;<@<JóV6BAe^y]�6aî©d_=góV<"AC<"H[^�çZ<"69ç;åI<9D9æ2<@Û"`aH�AC<%d_8PÛJ<�^C:;<@æs69AXN
69H�^X:;</î¸8;åIå¯]C:;6BW9=?ç;AX6_Û�<%]C]C69A@`9HPdfæ2<|Û"`aH�`aåÃ]C6c^y`aNB<|`9d_ï�`aH[^y`aW9</69î�=IU�ç;AX6�ï9<JU�<"HB^y]�KMb
6a^X:;<JAy]�69HfU�6_d_8;åI<"]�^X:P`�^@:P`�ïB<�`9ågAX<"`Bd_b	KV<J<JH�=IU�ç;åg<"U�<JH[^C<%d©ì
õT]T`6�PAX]e^4]e^C<"ç?D;æs</:P`�ï9<·U	`9d_<|^Ræ26�çP`9Ae^X=I`9å?=gU�ç;åI<JU�<"HB^y`�^X=g6BHP]�^C6	WB<�^4`9H�=gHPd;=IÛ"`��

^C=I69H�6aî?:;6�æà`c]e:P69W9=Zç;AX69W9Ay`aU ÛJ`9HÁKZ<·]CçZ<"<"d_<%d	8;ç½KMb�^C:P<48P]C<T69îyBC	2S·õT]"ìM\�:;<JAX<4`9AC<
6aî@ÛJ698;Ay]e<�U	`aHMbäÛJ`aHZd_=IdP`�^C<%]�î¸69A|çZ`aAC^C=Ã`aå7=IU�ç;åg<"U�<JH[^X`a^C=I69H?D?KP8_^+æs<½Ûy:;6B]C<�^C6G=IU�ç;åg<'�
U�<JH[^/^Ræs6�U�6_d_8;åI<"]�^X:P`�^+`9AC<�W9<"H;<JAy`aå�î¸69A|`9ågå7]e^CAX69HPWf]C:;69WB=�ç;AC6BW9Ay`aU	]i�V`�Û�=IAyÛ�8;=g^·î¸69A
Û�6BU�ç;8_^C=IH;Wc^C:;<x�Vú�
���
��yø�Ñv
'�¹<¾��8�-�
s`9HPd½`cÛ�=IAXÛJ8;=�^sî¸69AsU	`�^X=gH;W�]e<%`aAyÛy:?DB^C:;<6<£ö@Ò�5m
4öC÷;øXùaú
öJø�-ÓÑ�
'�²ì2õT]�^X:;<"]C<�U�6Md;8;åg<%]	`aAX<f]e^X`9K;åI<9D�^C:P<JAX<f=Ã]�ç;AX69KP`9K;åIb»H;6èH;<J<%dãî¸6BA	=gU�çV69AC^X`aH[^
U�6_d_=u�VÛJ`�^X=g6BHP]�åÃ`�^C<"A"ì
Ú�H	LM<"Û�^C=I69HH�PD�æ2<�d_<"]XÛ�AX=IKZ<s^C:P<?0sú�
���
��7ø�Ñ�
�����ú�����Ò_ú�<;=IH�d_<�^y`a=Iåjì�BPAC6BU ^C:;=Ã]�d_<%]CÛJAC=Iç��

^C=I69HvD_=�^@æ�=Iågå©KV</Û�åI<"`9A2^X:P`�^�^X:;</U�<�^C:P6Md½î¸69A@`BÛ'�[8;=IAC=IH;Wcç;=g<%Û�</Û�6�ïB<JA�d;`�^y`�8P]e<%d½=IH�^C:;=Ã]
Û�=IAyÛ�8;=g^@=I]�WB<JH;<"AX`9å©`aHPd�ÛJ`9H�KV</8P]C<"df=IHfU�6[]R^�6a^X:;<JA�U�6_d_8;åI<"]T`9]�æs<JåIåjì
\�:;<��?ö@Ò�5m
��;÷;øXùaú���ú��4�'Ò_ú�<ED2d_<%]CÛJAC=IKZ<%d =gH L_<"Û²^X=g6BH,Kä=Ã]	H;6a^f`9]	WB<JH;<"AX`9åT`9]�^X:;<

0sú�
���
��7ø�Ñv
'����ú��4�'Ò_ú�<jD?KP8_^/^C:;<Á`Bd_ï�`aH[^X`9W9<�6aî2^C:;=Ã]/U�6_d_8;åI<	=I]�^X:P`�^|=g^|=I]/ÛJ69U�ç;åI<�^X<JåIb
=IHPd_<JçV<JHZd_<JH[^�î¸AC6BU ^X:;<+69^C:;<"A4U�6_d_8;åI<"]"ì¡FG6�ï9<|WB<JH;<"AX`a^C=I69H�=Ã]4d_=gó¡<JAX<JH[^�ý£69H;åIbGÛy:;<"ÛyN_]
`aHZd|d_<�î¸<"HP]C<"]v`9WB`9=gHP]e^vÛy:;<%ÛyNM]yþ²D"çZ6[]e=g^C=I69H/<"ï�`aåI8P`�^X=g6BH/=I]�d_=góV<"AC<"HB^sý¸<"]e^C=IU	`�^X<�6aîPd;=I]e^X`9HPÛ�<
^C6�U	`�^X<%þ·`9HPd,<"ï9<"H,^X:;<�^CAX<J<	]e<%`aAyÛy:,=Ã]/d_=góV<"AC<"HB^½ý£ç;AX6[69î2HM8;UcKZ<"A|]e<%`aAyÛy:�=gHZ]R^X<"`9dº6aî
`aåIç;:P`��EKV<�^y`Å]C<"`9AXÛy:Zþ�ì�\�:;<"AC<Jî¸69AX<9D7^X:;=Ã]�U�6_d_8;åI<,=Ã]f`»W96M6_d ^C<%]R^f6aî/^X:;<ä]e^X`9HPd)��`aåI69H;<
`aKP=gåI=�^X=g<%]�6aî�`aH&BC	2S·õ+ì

� ~ºÙ%V¯ØEVÈYºÕ! QV?Ô�YäÙeÔPØ©×TÙRÓ

õT]T`��ZAX]e^@]R^X<Jç�=gH�=IU�ç;åg<"U�<JH[^C=IH;W�698;A@]C:;6BW9=©ç;AX6_Û�<"]X]C69A%DBæs<·:P`�ï9<·d_<"]C=IW9H;<%dÁ^X:;<�0sú�
���

�7ø�Ñ�
��"��ú��4�'Ò_ú�<V^C:P`a^sæ�=Iågå¡KV<�d;<"]XÛ�AX=gKV<"d	=IH�d;<�^X`9=gåVKV<JåI6�æ/ìMõ4]�çV69=IH[^C<%dÁ698;^2<"`9ACåI=I<JA%D9=g^s=Ã]
H;<%Û�<"]X]X`aAXb½^X6½8P]C<+çP`9AX`9ågåI<JåI=Ã]eU `aHPd,ç;=IçZ<"åg=IH;<�Û�69U�ç;8;^C=IH;WÁî¸6BA4WB6[6_dG]CçZ<"<"d)�m8;çºAC<%]e8;åg^X]"ì
\�:;<�=IU�çPåg<"U�<"H[^X`�^X=g6BH,6BHä`9HlBC	2S·õ =I]�^X:;<JAX<�î¸6BAC<cï9<"ACbGd_=góV<"AC<"H[^�î¸AX69U ^X:;<	]e69î�^Ræs`9AC<
=IU�çPåg<"U�<"H[^X`�^X=g6BH�6aî�`cçP=g<%Û�</Û�6�ïB<JAs^X`9K;åg<Bì

#y��� ã Öt�i��¿1À�¿1À�Á��iÄt�½¸W¿1�
����à�º)É*�
�,�F���i�
	�`aAy`aåIåI<JåI=�!%`�^C=I69Hc6aîV^C:;<4Û�69U�ç;8;^X`�^X=g6BH�6aîV^C:;<@çP=g<%Û�<@Û�6�ïB<JA�^y`aK;åI<�=I]�`9Ûy:;=I<JïB<"dcK[bcåg6[`9d_=IH;W
ê�]4�[8P`9AC<%]�ýsð 69H;<�Ay`aH;N;þ46aîsKZ6[`aAydºd;`a^X`�]C=gUc8;å�^y`aH;<"698P]CåIb�`�^|<"`BÛy:ºÛJåg6_ÛyN,ÛJbMÛJåg<Bì?\�:;<
æ�:;6Båg<�KV6B`aAyd,Û"`aHº^C:;<"AC<Jî¸69AX<cKV<	]CÛ"`aH;HP<"dº=gHèê�ÛJåg6_ÛyN,ÛJb_Û�åI<"]�ý£`B]�^C:;<	d_=IU�<JHP]C=g6BHº69îs`
]C:;69WB=?KZ6[`aAydf=I]@êaô;êBþ²ìPÚ�HG698;A�U�<�^X:;6_d©DVæ2</8P]C<·^Ræs6Á]CÛ"`aHP]�69î¯^X:;<|KV6B`9AXd��Z`�^C69ç��md_6�æ�H
]XÛJ`aH�`aHZdc`�KV6a^e^X69U6�m8;ç	]CÛ"`aH?ìa\¯6·KP`aåÃ`aHPÛJ<�^X:;<@]C=�!"<s69îZ^X:;<@Û�=IAyÛ�8;=g^X]�^X:;<s^C69ç��md_6�æ�H�]XÛJ`aH
`aHZd	^C:P<4KV6a^C^C69U6�m8;ç�]XÛJ`9H?D[<"`9Ûy:½W9=Iï9<@ç;=I<"ÛJ<�ÛJ6�ï9<"A2d;`a^X`|69î?î¸698PA269î©^C:;<�<J=IW9:[^�`9d�Qe`BÛ�<JH[^
]��B8Z`aAX<"]"ì7õ@H <�ô;`9U�çPåg<G69î4^X:;<�^C6Bç��md;6�æ�H ]XÛJ`9Hò=Ã]	WB=gïB<JH =gH�B�=IW98;AX<x�Pýj`Bþ�D7æ�:;=Iåg<G^X:;<
KV6a^e^X69U6�m8;çG]CÛ"`aHf=I]�WB=gïB<JH�=gH&B�=gWB8;AX<x�Pý£KZþ
\�æs6,]e<"çP`aAy`�^X<½]XÛJ`aHZ]+`aAX<ÁH;<%Û�<%]C]X`aAXb9D?KV<"Û"`a8P]C<Á^X:;<fç;AC6BK;åI<JU æ�=�^X:ò`�]C=gHPW9åI<�]XÛJ`aH

=Ã]�^C:P`a^·çP=g<%Û�<�Û�6�ï9<"A�dP`�^X`½î¸69A7-gø��[ùw�����[ù

q�¡ú�
���
�ö�ý£AC6M6BNVDVK;=Ã]e:P69çº`9HPdºåI`9HPÛ�<�þTÛ"`aH,HP6a^
KV<�6BK_^X`9=gH;<%d©ì�\�:;<"]C<½çP=g<%Û�<"]�ÛJ`9HãH;69^�6BH;ågbèU�6�ï9<Á^C6è`aHÅ`Bd�Qe`9ÛJ<JH[^�]��[8P`aAX<9D¯K;8_^	`aåÃ]e6
^C6º]4�[8P`9AC<%]�^C:P`a^+`aAX<�î¸8;Ae^X:;<JAc`�æs`�bBì?õ@H»<�ô;`9U�çPåg<	69îs:;6�æ ^C:P<Áç;=I<"Û�<ÁÛJ6�ï9<"A|d;`�^y`fî¸69A
^C:P<fKP=I]C:;69çÅ=I]�69K;^X`a=IH;<%dãKMb»`�^X69ç���d_6�æ�HÅ]XÛJ`9HÅ`aHPdò`,KV6a^C^C6BU��m8;ç�]CÛ"`aHã=Ã]�W9=Iï9<JHÅ=gH



B�=IW98;AX<qKMì%$v<�^%í ]@`B]C]C8;U�<�^C:P`a^�^C:;<¹�Pî�^C:GAy`aH;N	=Ã]@Û�8PACAX<JH[^CåIbÁ]XÛJ`aHPH;<"d©ìZ\�:;<·KZ6[`aAyd�d;`a^X`
69î¯^X:;=I]@AX`9H;N½=Ã]�åI6B`9d;<"d©D_K;8;^@^C:;<"AC</æ�=IåIåvKV</H;6	ç;=I<"Û�<|ÛJ6�ï9<"A@d;`�^y`�`B]�^C:P<JAX</=I]�HP6	ç;=g<%Û�<
6BHÁ^C:P=I]�Ay`aH;N¡ì
(º<·æ�=Iågå¡WB<�^s^C:;</]X`aU�<4AX<"]C8;åg^�`aî�^C<"A�]XÛJ`9H;H;=IH;Wc^C:;<·]e=gôM^C:fAX`9H;N¡D[`B]2^C:;<"AC<
=Ã]/]R^X=gåIå�HP6fçP=g<%Û�<�î¸698PHPd©ìt"4H;åIbº`aî�^C<"A/åg6[`9d_=IH;Wf^C:;<	KV6B`9AXdäd;`a^X`f6aîs^C:;<Á]C<JïB<JH[^C:èAy`aH;N¡D
^X:;<�K;=I]C:;6Bçº=Ã]·î¸698PHPdº`9HPd,^C:;<	ç;=I<"ÛJ<	Û�6�ï9<"A/d;`�^y`½69î2^X:;<	]4�[8P`9AC<%]�ýsG�ô��Bþ�`aHPd�ý¸ÿ*ô4�[þT=Ã]
6BK_^X`9=gH;<%d©ì_\�:;<·=gH;î¸69AXU�`a^C=I69H	^X:P`�^�^X:;<JAX<4=Ã]�`cK;=I]C:;6Bç½69Häý�IPD�K9þ7=Ã]�]R^X69AX<"d	=IH�`+AX<JWB=I]e^C<"A"ì
\�:;<�=IH_î¸6BACU	`�^X=g6BHc=IH�^C:;=Ã]�AX<JWB=I]e^C<"A�Û"`aH�KZ<�8Z]e<%d�`a^�^C:;<�HP<�ôM^�Û�åI6_ÛyN+Û�b_Û�åI<9Da`B]�^C:;<TKZ6[`aAyd
d;`a^X`4î¸69A�^X:;<@<"=gWB:B^�Ay`aH;N+=I]�åI6B`Bd_<"d�`aHZd|^X:;<@ç;=I<"ÛJ<�ÛJ6�ï9<"AC=IH;W�6aî©]4�[8P`9AC<·ý% �ôCêBþ�`9HPdfýjð�ôXêBþ
KMb·^C:P<2K;=Ã]C:;69çc=I]�69K;^X`a=IH;<%d©ì�\�:;<�^X69ç���d_6�æ�H+]XÛJ`9H+=Ã]�H;6�æ��PH;=Ã]C:;<"d©D�`9HPd/^X:;<�KZ69^e^C6BU6�E8;ç
]XÛJ`9Hc=Ã]�çV<JACî¸69AXU�<%d+HP<�ôM^"ì9\�:P<�ç;=g<%Û�<@ÛJ6�ï9<JAX=IH;WT69îZ^X:;<@]4�[8P`9AC<%]�=gHmB�=IW98;AX<qK_ý£KZþ�ÛJ`9HcHP6�æ
KV</69K_^y`a=IH;<"d�=IH�^X:;<|]X`aU�<·æs`�bÁ`B]sî¸69A�^C:P<·^C69ç��md_6�æ�H�]XÛJ`aHvì
õ�î�^X<JA	KV6a^X:ã^C:P<½^X69ç���d_6�æ�HÅ`9HPdè^C:P<fKV6a^C^C6BU��m8;ç�]CÛ"`aHã:P`�ïB<m�PH;=Ã]C:;<"d©D�^X:;<fç;=g<%Û�<

ÛJ6�ï9<JA·^y`aK;åI<Á=Ã]c]C=IU�çPågbº^C:;<�åg6BW9=ÃÛJ`9å2"�O
6aî�^C:P<Áç;=I<"Û�<fd;`�^y`�69K_^y`a=IH;<"däî¸AX69U1^C:P<Á^C6Bç��
d_6�æ�H�]XÛJ`aH�`aHZdÁ^X:;</KZ69^e^X69U6�E8Pç�]XÛJ`9H?ì

piece cover data
given by Bottom Up scan 

piece cover data
given by Top Down scan 

(b)

(a)

Ê�Ë.Ì ®�&P® ��~[q|�Bn�qX}yq|}yr���qXz4�[��le��w%nx��qyiG���
q²�"}e~�k�}²�Ji

obtained by
top-down scan 

obtained by
bottom-up scan 

(a)

(b) 12345

9

8

7

6

5

B

Ê�Ë.Ì ®�';® µ2i qX¿B�J�/�[�xqGr"t|r"�Ble�"nxiBn�iBwèlR~[q
�Bnxqy}yq@}yr���qXzRnxi[w4r"t?�xr%iBw%q�ze�Ji[w%q@�Bn�qX}yqyky�

S�<�^C^C=IH;Wã^X:;<,çP=g<%Û�<ºÛJ6�ï9<"AÁd;`�^y`ã6aî·^X:;<,AX6M69NÅ=Ã]f`»åg=g^e^Xåg<ºU�69AX<,d_=�z	ÛJ8;åg^"D�`9]	^X:;<
:;6BAC=.!J6BH[^X`aå¡ç;=I<"ÛJ<|Û�6�ïB<JA�d;`�^y`�6aî�^C:;</AX6M69NÁ=Ã]�69ç;çV6B]C=g^C<·^C6�^X:;<|]XÛJ`aH�d_=IAC<%Û²^X=g6BH?ì_Ú�Hf^C:;=Ã]
Û"`9]C<·`9H�<�ôM^CAy`�åg<Jî�^O�E^C6��mAX=gWB:B^@]XÛJ`9H�`9HPd�`�AC=IW9:[^O�E^C63�EåI<�î�^T]XÛJ`9H�=Ã]�H;<%Û�<%]C]X`aAXb	69Hf^C:P<|AX`9H;N
æ�:;<"AC<4^C:P</AC6M69N�=Ã]�çZ6[]e=g^C=I69HP<"d©ì;\�:;<·KV6B`9AXd�d;`�^y`+69îv^C:P=I]�Ay`aHPN	=I]�]e^C69AX<"d½=gHG`cAC<"W9=Ã]R^X<JA
`9HPdÁ^X:;<·^Ræs6�:P69AX=�!"69H[^X`9å¡]XÛJ`9HP]�`aAX<�çZ<"Aeî¸6BACU�<"d�69Hf^X:;=I]@AC<"W9=Ã]R^X<JA%ì
>@<"AC</=Ã]�`�]e8PU�U	`9ACbÁ69î¯^X:;<|Û�6BU�ç;8_^X`a^C=I69Hf6aî¯^C:;</ç;=I<"ÛJ<|Û�6�ïB<JAs^X`9K;åg<��

 Bì@ñs`9ACAXb|6B8_^7^C:P<�^C6Bç��md;6�æ�H�]XÛJ`9HÁ`aHPdc^X:;<4ÛJ69U�ç;8_^y`�^C=I69H�69îV^X:;<@AX6M69N+Ay`aHPNcÛ�6�ïB<JAX=gHPW
=IH�çP`aAy`aåIåI<Jås�
� õ ^X69ç���d_6�æ�H�]XÛJ`aH,6aî�^C:P<cKV6B`9AXdG=Ã]4<�ô_<"ÛJ8_^C<%dG^C6fÛ�6BU�çP8_^C<cç;=g<%Û�<�Û�6�ïB<JATd;`a^X`
]e:;6�æ�H/=IH�B�=IW98;AX<qK;ý¸KZþ�ì%\�:;<�^C6Bç��md;6�æ�H/ç;=g<%Û�<sÛ�6�ï9<"A¯d;`a^X`�=Ã]�]R^X69AX<"d·=IH+U�<JU�69AXb
69H�^C:;<nBC	2S·õ+ì

� ñ269U�ç;8_^X<|^C:P<cAX6M69NfAX`9H;NfÛJ6�ï9<"A4d;`a^X`ÁKMbG`	åI<�î�^4�j^X6��mAC=IW9:[^�`9HPd�`½AC=IW9:[^O�E^C63�EåI<�î�^
]CÛ"`aH?ì;\�:;</AX6M69N	Ay`aH;N�Û�6�ï9<"AsdP`�^X`�=Ã]�]e^C69AX<"d½^C6	`�AX<JW9=Ã]e^C<JA%ì



G_ìTñs`9ACAXb,6B8_^+`�KZ69^e^X69U6�E8Pçã]CÛ"`aHä^C6�6BK_^X`9=gHä^X:;<Áç;=I<"ÛJ<½Û�6�ïB<JA|d;`a^X`G]C:;6�æ�Hè=gH�B�=IW��
8;AX<¹K;ý£`[þ²ìa\�:;<�KV6a^e^X69U6�m8;ç�ç;=g<%Û�<�Û�6�ïB<JA�d;`a^X`4=I]7]e^C6BAC<%d|=IH�U�<"U�69AXb/69Hc^C:;<;BC	2S·õ+ì

I;ìTñ26BU�çP8_^C<	^X:;<	åI69W9=ÃÛJ`9å "�O 69î2^X:;<	^X69ç���d_6�æ�Häç;=g<%Û�<ÁÛJ6�ï9<JA/d;`a^X`PD©^C:;<	KV6a^C^C6BU��m8;ç
ç;=I<"ÛJ<|Û�6�ïB<JA�d;`�^y`�`aHPd½^C:;</AX6M69NÁAy`aHPNÁÛ�6�ï9<"A�d;`�^y`;ì

#y�·¶ ���i�v�t���k�y���lº*¼g�kÄ���(&���v»!)������

Top Down
Scanner

Bottom Up
Scanner

Rook Cover
Calculator

Logical OR
Calculator

Address
Controller

from "Position Updater"

address

address

Left to
Right

Right to
Left

Board  Data
(RAM)

Piece Cover
Table (RAM)

file9 file2 file1 file9 file2 file1

Ê�Ë.Ì ®�*P® µÅ�[�xr�}e���9ng�Jw"ze�J� rJt¡lR~[q�}XnxzR}Xp[nol7tÃr"z�}yr"�/�[p9lRn�iBw4lR~Bq��[nxqy}yq�}XrJ�%qXz2�[�Jle�a�

B�=gWB8;AX<x�Á]C:;6�æ@]s^C:;<�d_<"]C=IW9H�6aî�^C:P<cÛ�=IAyÛ�8;=g^"ìV\�:;<+Û�=IAyÛ�8;=g^T:P`B]�^C:;<|î¸69åIåg6�æ�=IH;W	U�6_d)�
8;åI<"]i�

Û6º*����»¤�F���k� "4H;<�çP=g<%Û�<�=Ã]�AC<"ç;AX<"]C<JH[^C<%d+KMbH k��K;=�^y]7`aHZdc6BH;<�Ay`aH;N|:Z`9]7ê·]��B8Z`aAX<"]"Da]e6
^X:;<|KV6B`aAyd�d;`�^y`	6aî�69HP</AX`9H;N½=Ã]Tê���K;=�^y]JìV\�:;</KV6B`aAydf:P`9]Tê	AX`9H;N_]JDM^X:;<JAX<�î¸6BAC<·^X:;<
ÛJ69U�ç;åI<�^C</d_<%]CÛJAC=Iç_^X=g6BHÁ6aî¯^C:;<�KZ6[`aAydÁAX<i�[8;=IAC<%] �� i�+K;=�^y]Jì_\�:;=Ã]�U�6_d_8;åI<4=Ã]�`cê�ñÁê3�
K;=g^T]C=�!"<�O@õ4F =gHfæ�:;=ÃÛy:Á^C:P</KZ6[`aAydÁ=Ã]s]e^C6BAC<%d©ì_ê3�cK;=g^X]�6aî�KZ6[`aAyd½d;`a^X`�`aAX<4åI6B`Bd_<"d
`a^@69H;</Û�åI6_ÛyN½Û�b_ÛJåg<Bì

Ú º�Ã¤�Fº+)mÀ��X����À�Àt�
�3ç�Û6º��i�iº�âZÂ,Ã§�y�3��ÀtÀ��
� \�:P<-, �3¬/.�� Õ ¨§®�¢3�3¨)¨�¡�� d;6[<%]½`
^X69ç���d_6�æ�H�]XÛJ`aHvìZ\�:;<c=gH;çP8_^469î�^C:;=Ã]TU�6_d_8;åI<+=Ã]@6BH;<cê:ñ� k�	K;=g^�d;`a^X`	KPåg6_ÛyNfî¸AC6BU
^X:;< ���)������.������ ì�\�:;=Ã]�d;`�^y`TK;åI6_ÛyN/=I]�]Cç;åI=�^�=IHB^X6� k�TKP=�^�K;åI6_ÛyNM]¯^X:P`�^7`aAX<�çPAC6_Û�<%]C]C<"d
=IH�çP`aAy`aåIåg<"å©KMb	^C:;<|]C8;K��mU�6_d_8;åI<"]10�-.
iòaD20�-�
�39D¯ìgìIìID�0�-�
�4aìVü�`9Ûy:�6aî�^C:;<|]C8;K��mU�6_d_8;åI<"]
Ûy:;<%ÛyN_]s^C:;</d;`a^X`�6aî�69H;</]��B8Z`aAX<�`9HPdfW9=Iï9<"]2^X:;<·ç;=g<%Û�<|ÛJ6�ï9<JA�d;`a^X`�69H�^C:P`a^T]4�[8P`9AC<
`B]�698_^Xç;8_^"ìa\�:P=I]�d;`a^X`4=I]�]e^C6BAC<%d|=IH �E �¡�¢3¡65)��£�¡���.������ ì�"4H;<�AX`9H;N/6aîZç;=g<%Û�<�Û�6�ïB<JA
d;`a^X`�=Ã]gI3����ý¾ðàê7ñfÿ��[þ�KP=�^y]�æ�=Id;<9ì



\�:P< �����
���vµ/��¬±®�¢3�3¨
¨�¡�� d_6M<%]c`,KZ69^e^C6BU6�E8;çò]CÛ"`aH?ì�\�:;<�ÛJ69HP]e^CAX8PÛ�^C=I69H»6aî�^X:;<
�����)���kµ/��¬Î®�¢3�3¨)¨�¡3� =Ã]�]e=IU�=gåÃ`aAs^C6�^X:P`�^�6aî7, ��¬8.�� Õ ¨§®�¢3�3¨
¨�¡�� ì
$s69^C:Á^X:;</çP`9AO�
`9ågåI<Jå©çPAC6_Û�<%]C]C=IH;W�`9HPd�^C:;</çP=gçV<JåI=gHP</ç;AC6_ÛJ<"]X]e=IH;W�=I]�çV<JACî¸69AXU�<"d�=gHf^X:;<|]C`9U�<�æ�`�b9ì
Úm^�^X`9N9<%]v<"=gWB:B^�Û�åI6_ÛyN·ÛJb_Û�åI<"]v^C64ÛJ69U�ç;8_^X<26BH;<�Ay`aHPN�69îPç;=I<"ÛJ<2Û�6�ïB<JA�d;`�^y`;ì�"4K_^X`9=gH;=IH;W
^X:;<+çP=g<%Û�<cÛJ6�ï9<"ATd;`�^y`	6aî�^X:;<cæ�:P69åI<|KZ6[`aAydf^X`9N9<"]qG9ð�ÛJåg6_ÛyN�Û�b_Û�åI<"]"ì�BP69AT^C:;=Ã]T=g^4=Ã]
HP<"Û�<%]C]X`aAXb»^X6»8P]e<GçP=gçV<JåI=gHP<�ç;AX6MÛJ<"]X]e=IH;WZD7æ�:;<JAX<f^C:;<ºÛ�69U�ç;8;^X`�^X=g6BH 6aî�^C:;<,ç;=g<%Û�<
ÛJ6�ï9<"A·dP`�^X`f69î269HP<�Ay`aHPN,d_6M<"]·H;69^/H;<J<%d,^X6F�PH;=Ã]e:èKV<�î¸69AX<	Û�6BU�çP8_^C=IH;W�^C:P<	ç;=g<%Û�<
ÛJ6�ï9<"A�dP`�^X`�69îv^C:P</H;<�ôM^@Ay`aH;N¡ì;\�:;=Ã]�=I]T]e:;6�æ�Hf=IHwB�=IW98;AX<TêPì

9 ºXº;:bà�º)É��
�Fà���Ð�����Ð1���iº*� \�:;<=< �)��«/5���£�¡���5���¦�¢k³*¦
�����3� çV<JACî¸69AXU	]©`�åg<Jî�^O�E^C6��mAX=gWB:B^
]XÛJ`9H	`aHPd	`/AX=IW9:[^O�E^C63�EåI<�î�^�]XÛJ`9Hc^X6+Û�6BU�ç;8_^C<@^C:;<@AX6M69NcAX`9H;N+ç;=I<"ÛJ<TÛ�6�ïB<JA7d;`a^X`PìB\�:;<
çP=g<%Û�<TÛJ6�ï9<JA7dP`�^X`·6BK_^X`9=gHP<"d�KMb+^X:;<"]C<T]XÛJ`aHZ]�=I]�]R^X69AX<"dc^C6|AX<JWB=I]e^C<"AX]�=IH�^C:P<@U�6Md;8;åg<Bì

8 clock

25 clock

T
op

 D
ow

n 
sc

an
B

ot
to

m
 U

p 
sc

an

memory
read

memory
write

calculate
piece covering

rank1
rank2
rank3
rank4
rank5
rank6
rank7
rank8
rank9

rank9
rank8
rank7
rank6
rank5
rank4
rank3
rank2
rank1

memory access
delay

Ê�Ë.Ì ®�>P® ³ n��_qX��nxiBqf�BzRr�}Xqyk�k�nxi[w�r"t@lR~[qÁ�Bn�qX}yq
}yr���qXz�le�J�[�xq�}yr%�/�BpBle��lRn�r"i

6 clock

22 clock

rank9
rank8
rank7
rank6
rank5
rank4
rank3
rank2
rank1

memory
read

memory
write

calculate
OR

memory access
delay

Ê�Ë.Ì ®vÍ�?Z® ³ nx�_qy�xnxi[q��BzRr�}yqXk�k�n�iBw4rJt;lR~[q7}²�"�x}yp �
����lRn�r"i�r"t©lR~Bq��xr%w"n�}y�"�A@sÏ

ä º*Á�¿�����Ð ã 9 à���Ð��3�tÐ����iº*� \�:;=Ã]½U�6_d_8;åI<äÛ"`aåÃÛ�8;åÃ`�^X<"]Á^C:;<äåg6BW9=ÃÛJ`9å¹"�O�69î/^C:;<º^C6Bç��
d;6�æ�Hºç;=I<"ÛJ<ÁÛ�6�ïB<JA/d;`�^y`;D¡^X:;<	KZ69^e^X69U6�E8PçäçP=g<%Û�<ÁÛ�6�ïB<JA/d;`a^X`�`aHPdº^X:;<	AC6M6BN�AX`9H;N
ÛJ6�ï9<"ATd;`�^y`;ìVÚm^T^y`aN9<%]x�ÁÛJåg6_ÛyNGÛ�b_ÛJåg<%]�^C6fÛJ`9åIÛJ8;åI`a^C<+`½åg6BW9=ÃÛJ`9åt"�O `aHZdGæ�AC=g^C<+=�^�^C6
OTõTF»ì7\�:;<�Û�6BU�ç;8_^X`a^C=I69Hò6aî@^X:;<H�ZHP`aå�ç;=I<"ÛJ<fÛJ6�ï9<JAc^X`9K;åI<H�PHP=I]C:;<"]�=IH­G�G�Û�åI6_ÛyN
ÛJb_Û�åI<"]�KMbÁç;=IçZ<"åg=IH;<|çPAC6_Û�<%]C]C=IH;W�`B]�]e:P6�æ�H½=IHwB�=IW98;AX<� k�;ì

¸W¿1�
����à�º)É*�
� Ú ��ÖCÐ�� "4H;<GAy`aHPNò69î·çP=g<%Û�<,ÛJ6�ï9<JAÁdP`�^X`èAX<i�[8;=IAX<"]:I��3�èK;=g^X]½KZ<%ÛJ`a8Z]e<
<%`9Ûy:è]4�[8P`9AC<�:P`B]4ÿ
�fK;=�^y]/6aîsç;=I<"Û�<	ÛJ6�ï9<JA/d;`a^X`Pì?\�:[8Z]WI�G�ÿ
�,ý¾ð êfAy`aH;N_]FñfI��3�Bþ
KP=�^y]�`9AC<2H;<J<%d_<"d|^C6�AC<"ç;AX<"]C<JH[^v^X:;<2æ�:P69åI<2KV6B`9AXd©ì�\�:;<2^C6Bç��md;6�æ�H|ç;=I<"Û�<�Û�6�ïB<JA�d;`�^y`;D
^X:;<@KV6a^C^C69U6�m8;ç	ç;=I<"ÛJ<TÛ�6�ïB<JA7d;`a^X`/`aHZd�^C:;<@åI69WB=IÛ"`aå*"�O <%`9Ûy:�AC<k�[8;=gAX<�êxñ�I3�3�4K;=g^X]"D
^X:;<JAX<�î¸6BAC<c^C:P< �� �¡�¢3¡65��3£�¡�� , �3¥*¦�¡ Û"`aHäKZ<Á]e^C6BAC<%d�=IH�G
K7ñ�I��3��K;=g^X]/69îsO@õ4F»ì
I��3��K;=g^�6aîV^C:P<@ç;=I<"Û�<4Û�6�ï9<"A�^X`aKPåg<@=Ã]7]e^C6BAC<%d|^X6|69A�åI6B`Bd_<"dcî¸AX69U OTõTF `�^76BH;<@Û�åI6_ÛyN
ÛJb_Û�åI<9ì



#y�.� ¸x�
��¼sº*��â���Àt�3�
\¯6�^C<%]R^c^C:;<fçV<JACî¸69AXU�`9HPÛ�<½6aî�^C:P<½ç;=I<"ÛJ<�Û�6�ïB<JA+ÛJ=gAyÛ�8P=�^%Dv^X:;<fÛJ69U�ç;8_^y`�^X=g6BH»^C=IU�<½æ�`9]
Û�6BU�çP`aAX<"d½^C6�^C:Z`�^@6aî7L�	2ü�õTO|ì;\�:;</AC<%]e8På�^�6aî¯^C:;=Ã]�^X<"]e^@=I]@]C:;6�æ�Hf=gH�\�`aK;åI<� Bì

B ¬[§DC Ê ÍM® ³ nxqy}XqT}XrJ�%qXz�}yr%�/�BpBle�JlRnxr"iclRnx�/q��_qXz7�_r"k�nxlRnxr"i
±BzRq²À�p[qXi[}X��E {GFs¤IH Ä r"�/�[p9le�JlRnxr%i+lRn��/qJE KPk�qy}IH ³ qCz�tÃr"zR�|�Ji[}yq�ze��lRnxr

� ³ u¯µ�Ï ¢ �%� � ¢ � � È �
± ³ ´�µ � � � ¢ ¥ � � Æ"� ¥�Æ

\�:;<cç;=g<%Û�<�Û�6�ï9<"A�^X`9K;åI<cÛ�6BU�ç;8_^X`a^C=I69H�69î2L�	�ü2õTO æ�`9]TçZ<"Aeî¸6BACU�<"d�69H,`	ÿ
�3�BF�>;!
	�<JH[^X=g8;U1Ú�Ú²ì;\�:;<�^X<"]e^TÛ�69HZ]e=Ã]R^X<"d½6aî  k�3��]e:P69W9=¡çV6B]C=�^X=g6BHP]"ì;\�:;</`�ï9<JAy`aWB<4ÛJ69U�ç;8_^y`�^C=I69H
^C=IU�</6aî�^C:;</çP=g<%Û�</Û�6�ïB<JAs^X`9K;åg</=IHf^C:;<%]e<·çV6B]C=�^X=g6BHP]�æ�`9]xK�ÿZì �Bê�L?]C<"Û9ì

enable

initial delay

memory access delay

top-down/bottom-up scan

computation of logical OR

0 2 2722 44 46 clock cycles 

2

25

22

2

Ê�Ë.Ì ®�Í)ÍM® µãlRnx�/n�iBw·}e~M�Jz�l7rJt©lR~[q�}XnxzR}Xp[nol7tÃr"z��Bn�qX}yq�}yr���qXz7le�"�B�xq

B�=gWB8;AX<n 3 �]C:;6�æ@]�^C:Z`�^�=IH :P`9AXd_æ�`aAX<�^C:;<�HM8;UcKZ<"A½69î·ÛJåg6_ÛyNòÛJb_Û�åI<"]ÁAX<i�[8;=IAX<"dÅ^C6
Û�6BU�ç;8_^C<f^X:;<�ç;=g<%Û�<�Û�6�ïB<JAc^X`aKPåg<f=I]�`9ågæ�`�b_]+ÿ
�;ì�\�:;<fî¸AC<k�B8P<JHPÛJb»6aî@^X:;<GÛ�=IAXÛJ8;=�^�æ�`9]
ÛJ`9åIÛJ8;åÃ`�^C<%d,æ�=g^C:ä^X:;<Á]e=IU+8PåI`a^C69A/=IHNMPOAQ!R·ÞPáBâTSVUWU"D©æ�:;=ÃÛy:ä=I]|`�ÛJ=gAyÛ�8;=g^|d_<"]C=IW9Hº^C6M69åEì
MPOTQ!R·Þ;á[âTSPUWU½ÛJ`aH­�PHZd�^C:;<,ÛJAC=g^C=ÃÛJ`9å@çP`a^C: =IH ^C:;<äÛ�=IAXÛJ8;=�^ÁKV<"Û"`a8P]C<�69î4^X:;<,d_<"åI`�b
�
ç;AX<"d_=ÃÛ²^y`aK;åI<|Û�6BH;H;<%Û²^C=I69HZ]�=gH�`aH&BC	2S·õ é� ²ëmìP\�:;</åI69H;WB<"]e^�d;<JåÃ`�bÁæs`B]gG��;ì ��HP]�`aHZd½^X:;<
U	`�ô_=IU+8;U î¸AX<i�[8;<JHZÛ�bf6aî�^C:P<cÛ�=IAyÛ�8;=g^Tæ�`9]xI��;ì ÿ��	F�>x!9ì¡\�:;<JAX<�î¸6BAC<BD_^C:P<�ÛJ69U�ç;8_^y`�^C=I69H
^C=IU�</6aî�^C:;<|ÛJ6�ï9<"A2^y`aK;åI<·=I]

ÿ
��ñ  
I3�;X ÿ
� ðÈ 2X�G��2L?]e<%ÛYX

\�:;<"AC<Jî¸69AX<9DM^C:P<cÛ�6BU�ç;8_^X`a^C=I69HG]CçZ<"<"d�6aî�^X:;<+Û�=IAyÛ�8;=g^T=Ã]x��Gc^X=gU�<%]�î£`9]e^C<"A�^C:Z`aH�^C:Z`�^
6aî7L�	2ü�õTO|ì

ù@69^C<�^X:P`�^2^C:;<�]CÛ"`aH;HP=gH;W/U�<J^C:;6_dÁd_<%]CÛJAC=IKV<"d�=IH	^C:;=Ã]�]C<"Û�^C=I69H	=Ã]7H;69^2åI=gU�=g^C<%d�^C6/^X:;<
ç;=I<"ÛJ<�ÛJ6�ï9<JA�Û�=IAXÛJ8;=g^"ì¡Úm^�æ�=IåIå�KV<c^C:;<�]C`9U�<|î¸69A�U�6B]e^�69î7^C:P<cU�6_d_8;åI<"]�6aî�^X:;<�çZ6[]e=g^C=I69H



<"ï�`9åg8Z`�^C6BA+`aHZdèU�6�ïB<	W9<"H;<JAy`�^X69A%ì?\�:;<JAX<�î¸6BAC<BD©^C:;<½çZ<"Aeî¸6BACU	`aHZÛ�<	6aî�^X:;<w0sú�
���
��7ø�Ñ�
��
��ú��4�'Ò_ú�<¯=Ã]T`ÁW96M6_d�=gHPd;=IÛ"`�^C=I69HG69î�^C:;<c6�ï9<JAy`aåIå©çV<JACî¸69AXU�`9HPÛ�<|^C:P`a^4ÛJ`9HGKZ<c<�ô_çZ<%Û²^X<"dG69î
6B8;A@]e:P69W9=©ÛJ=gAyÛ�8;=g^"ì

Z |lPxVÎ|lÞM×x[\VøRUPTÕ�N�ÙHYäÙRÔZØ©×TÙ�Ó

Ú�H	^X:;=Ã]2]C<"Û�^C=I69HÁæs<Td_<%]CÛJAC=IKZ<T^C:;<�Û�=IAXÛJ8;=g^�î¸69A �PHPd;=gH;WcU	`�^C<4=gHÁ^C:;<4<JHPd_W[`aU�<9ì)$s8;=IåId_=IH;W
`Tç;AC6BW9Ay`aUÇî¸69A�]C69åIï[=IH;W4U�`a^C=IH;W�ç;AC6BK;åI<JU	]v=IH�]e:;6BW9=¡ý�^X:;<¹<£ö@Ò�5m
2öe÷PøCù9ú¡öJø�-ÓÑ�
'�eþ�:P`9]¯KZ<"<JH
`9H|=gHZd_<JçV<JHPd;<JH[^�AC<%]e<%`aAyÛy:|`aAX<"`�=IH�]C:;6BW9=Bî¸69A�b9<"`9AX]væ�=�^X:c=IU�ç;AX<"]X]e=Iï9<7AX<"]C8;åg^X]"ì�\�:;<2U�6[]R^
=IU�çZ6BAe^y`aH[^@d_=�ó¡<JAX<JHZÛ�<·KZ<J^Ræ2<"<JH�U	`�^X=gH;W�ç;AX69KPåg<"U�]s=IHGÛy:;<"]X]�`aHPd½^X]C8;U�<|]C:;69WB=V=Ã]s^C:Z`�^
=IH,^y]e8PU�<Á]C:;6BW9=�<JïB<JAXbGU�6�ïB<cKMbG^X:;<Á`�^C^X`BÛyN9<JA�:P`B]�^C6�KZ<Á`�Ûy:;<%ÛyN¡ì¡õ4]/`fAC<%]e8;åg^"D¡^X:;<
]C<"`9AXÛy:�]eçP`BÛ�<�6aî�^X]C8;U�<�]C:;69WB=�=I]	Uc8PÛy: ]eU	`9ågåI<JA�^X:P`aH�^C:Z`�^Á6aî·H;6BACU	`aå�]C:;69WB=�ç;åÃ`�b9D
`B]�^C:;<�K;Ay`aHPÛy:P=gH;Wfî£`BÛ²^C6BA·6aîs^C:;<Á]C<"`9AXÛy:,^CAX<J<�=I]·6BH;åIb,`aKV698_^+ð½é K"ë�é� kG�ëmì?\�]C8;U�<Á]e:;6BW9=
ç;AX69KPåg<"U�]4`aAX</8P]C<"d�î¸6BAT<JHZd_WB`9U�<|^CAy`a=IH;=gHPWÁ69A�QR8P]R^·`9]Tç;8�!'!"åg<%]4`9HPdf^C:P<JAX<c`aAX<·^X]C8;U�<
]C:;69WB=7ç;AX69K;åI<JU	]|^C:P`a^c:P`�ïB<Á]e6Båg8_^X=g6BHP]|69î@]e<"ï9<JAy`aå�:[8PHPd_AX<"dèç;åIb9ì�\�:;<½åI69HPW9<"]e^/^X]C8;U�<
]C:;69WB=2çPAC6BK;åg<"U :P`9]�`ä]e6Båg8;^C=I69HÅ69î� �ð3G9ðGç;ågbBì7\�:;<&�[8;<"]e^cî¸6BA	]e6BågïM=IH;W�^X:;=I]�çPAC6BK;åg<"U
Û"`aåIåg<%d/[Gú��'�Cøk�Xø�ö@5�ø�öÁ=gHP]Cç;=IAC<%d AC<%]e<%`aAyÛy:;<JAy]cî¸69A�b9<"`9AX]�8PHB^X=gå·F�`B]C`9:;=gAX6ãLM<J6ÅK;8;=IåId `
ç;AX69WBAX`9U ^C:P`a^	ÛJ698;åÃdÅ]C69åIï9<�[Gú����Xøi�yø�ö@5	ø�ö�=gH§ "êBê
K_ì�\�]C8;U�<G]e:;6BW9=�=Ã]�ÛJ8;AXAC<"HB^Xågbè^X:;<
6BH;ågb�`aAX<"`cæ�:;<JAX<·ç;AC6BW9Ay`aU	]2698_^XçZ<"Aeî¸6BACU ^X:;</:M8;U	`aH�<�ô_çV<JAC^X]"ì
õ çP`9Ae^X=I`9å_U�6Md;8;åg<�î¸6BA�^X]C8;U�<@]e:P69W9=_æ�`9]�6B8;AC�PAy]R^�^X<"]e^�î¸69A�8P]C=IH;WnBC	2S·õT]7=gH	]C:;69WB=jì

Úm^�]e<"<JU	]�Û�åI<"`9A�^X:P`�^�^C:P<48P]C<·6aî�BC	sS·õT]sæ�=gåIå¡:P`�ï9<4U�69AX<4=IU�çP`9Û�^s=IHf`c]e<%`aAyÛy:½d_6BU�`9=gH
æ�=g^C:	`�:;=IW9:�K;Ay`aHPÛy:;=IH;W4î£`9Û�^C69A%Da]C6�=g^7=Ã]�=gH[^C<"AC<%]R^X=gHPW4^X6|Û�6BU�çZ`aAX<�^X:;<�AC<%]e8På�^y]�î¸69A�^X]C8;U�<
]C:;69WB=?æ�=g^C:G^X:;<+]CçZ<"<"d)�m8;çP]TW9=Iï9<JH�=IHG^C:P<|ç;AX<JïM=g6B8P]@]C<"Û�^C=I69H?ìVü7ï9<"Hf^C:;6B8;W9:�^X:;</^X]C8;U�<
]C:;69WB=?Û�=IAXÛJ8;=g^@æs`B]�H;6a^TÛJ69U�ç;åI<�^X<JåIb:�PH;=Ã]C:;<"d©DP^C:;<+çZ<"Aeî¸6BACU	`aHZÛ�<·6aî�`	Û�6BU�çPåg<J^C<·^X]C8;U�<
]C:;69WB=¯ÛJ=gAyÛ�8;=g^�Û"`aH�KV<�<"]e^C=IU�`a^C<%d�KMbf^C:;<c=gH[^C<"ACU�<%d_=I`a^C<cAC<%]e8;åg^X]4æs<+:P`�ïB<+Û�6BågåI<"Û�^C<"d,]e6
î£`9A"ì

\ ��� ���i�v�t���k�y���lº*¼g�kÄ���à�¿����3�t¿p�
\�:;<½^X]C8;U�<�]C:;69WB=�Û�=IAyÛ�8;=g^��PHZd;]+U	`a^C<½KMbäç;AX6MÛJ<"]X]e=IH;W�^X:;<½î¸6BågåI6�æ�=IH;W�^C:;AX<J<f]R^y`aWB<	=gH
ç;=IçV<JåI=gH;<��
 BìUØTçVdP`�^C</çV6B]C=g^C=I69HG`�î�^X<JA@`�U�6�ï9<9ì
G;ì�S�<"H;<JAy`�^X</`aåIå©U�6�ïB<"]"DMW9<JHP<JAy`�^C</Ûy:;<%ÛyN	U	`9]CN½`aHPdfWB<JH;<"AX`a^C<·d_<�î¸<"HP]e</U	`B]eN¡ì
IPìU�4=Ã]R^X=gH;WB8;=Ã]e:ÁÛy:;<%ÛyN�j�d_<Jî¸<JHP]C<�U�6�ï9<"]�î¸AC6BU `aåIåPU�6�ïB<"]"D9`aHPd	]e^C6BAC<�^X:;<JU =IH	U�<"U�69AXb9ì
\¯6G=gU�ç;åI<JU�<JH[^/^X:;=I]|ç;AC6_ÛJ<"d_8;AX<9D©æs<Ád_<%]e=IW9H;<%d�^X:;<½ÛJ=gAyÛ�8;=g^X] ����°� v�� ��3¨6��¬��)����¡�� D

] ¦)¦
^���£�¡�_)¡3¨�¡����3����� D 5�ì�¡�¢�«�^���°�«/_�¡3¨�¡���������� D .�¡
©�¡�¨E°3¡
^���°v«8_)¡3¨�¡����3����� `aHPd
5�ì�¡�¢v«;`2.�¡
©)¡3¨E°3¡P^���£�¡�_�¡�¨�¡���������� ìB\�:P<·î¸8;HPÛ²^X=g6BH�6aî¯<%`9Ûy:�Û�=IAXÛJ8;=g^@=I]�`B]sî¸69åIåg6�æ@]"ì
¸?º*�k¿p�k¿�º�À­Â,ÃQ»t���i�
� \�:P=I]·U�6_d_8;åI<	8;ç¡d;`�^X<"]·^X:;<�çZ6[]e=g^C=I69H?ì¯\�:;<�KZ6[`aAydºd;`a^X`�=I]|8;ç��
dP`�^C<%dfKP`9]C<"d�69H�^C:;</U�6�ïB<�d;`a^X`Pì

è,Ð�Ð2ÇÈº)É*�l×F�)Àt�
�v���iº*� \�:;<·]R^XAC8PÛ�^C8;AX<�6aî ] ¦)¦
^���£�¡�_�¡�¨�¡���������� =I]�]C=gU�=IåI`9A2^X6+^X:;<
�E �¡�¢3¡65)��£�¡��/5� v�*¢v³� v� =IH½LM<"Û�^C=I69HH�PìB\�:;<4ç;=g<%Û�<TÛJ6�ï9<"A�^X`9K;åg<4Û�69H[^y`a=IHP]7=IH_î¸69AXU	`��
^X=g6BH,`aKV698;^4æ�:;=ÃÛy:,ç;=I<"ÛJ<cÛ"`aH�U�6�ï9<|^C6½æ�:P=IÛy:,]��[8P`aAX<9DV]e6½^C:;<�d;`�^y`½ÛJ69åIåg<%Û²^C<%dGKMb
^X:;=Ã]7Û�=IAXÛJ8;=g^7=I]�^X:;<@]C`9U�<�`B]�^C:;<@dP`�^X`�^X:P`�^�=Ã]�H;<"<"d_<%d+^X6·W9<JHP<JAy`�^C<�`9ågå_åI<JW[`aå_U�6�ï9<%]Jì



Position Updater

All Move Generator
Check Mask
Generator

Defense Mask
Generator

Check/Defense Move Generator

board data

all moves check mask defense mask

check/defense moves

move data

stage 1

stage 2

stage 3

Ê�Ë.Ì ®vÍ�õP® µò�[�xr�}e���9n��"w"ze�J� r"t©lR~Bq�}ynozR}yp[nol7tÃrJzsk�~Br%w"nZ�|��lRn�iBw·�BzRr"�[�xqy�

à�Ä��)��:bÇÈ����:b×F�)À��
�����kº�� S�<"H;<JAy`�^X=gHPWT`��y÷�
���Ô¹57��öOÔ7U	`aNB<"]©=g^¯çV6B]X]e=IK;åI<�^C64d_=I]XÛJ`9AXd
^X:;<�H;69H���Ûy:;<%ÛyN[=IH;WºU�6�ïB<"]c=gH `aHò<�zÁÛ�=I<JH[^	æ�`�b9ì�\�:;=I]�U�6_d_8;åI<G]CÛ"`aHP]+^C:P<fKV6B`9AXd
^Ræ�=ÃÛ�<�ý¸^C69ç��md_6�æ�H»`9HPdäKZ69^e^C6BU6�E8;çVþ·`aHPdèÛy:;<%ÛyNM]·=gî�=�^+=Ã]/çV6B]X]e=IK;åI<�î¸69A+`fç;=I<"ÛJ<�^C6
Ûy:;<%ÛyN�^C:;<sNM=gH;WTî¸AC6BU `T]��B8Z`aAX<9ìiB�=IW98;AX<x kIT]C:;6�æ@]v`9H|<�ô;`9U�çPåg<26aîZ`TKZ6[`aAyd·çZ6[]e=g^C=I69H
`9HPdG^X:;<cWB<JH;<"AX`a^C<%d�Ûy:;<"ÛyNfU	`9]CN¡ìVõ æ�:;=g^C<�]4�[8P`9AC<cU�<%`aHP]T^C:Z`�^�^C:;<"AC<c=I]·`ÁçP=g<%Û�<
^X:P`�^�ÛJ`9H½Ûy:;<"ÛyN�^X:;<TNM=IH;W+KMb	U�6�ïM=gH;W+69A2d;AC6Bç;ç;=IH;W|^X:;<JAX<9ìMõ KPåI`BÛyN�]��[8P`aAX<@U�<"`9HP]
^X:P`�^@H;6	çP=g<%Û�</ÛJ`9HfÛy:;<%ÛyN	^C:P</N[=IH;W�î¸AX69U ^X:P`�^@]��[8P`aAX<9ì

(a) a sample board data (b) a generated check mask

B

R

K: King     R: Rook     B: Bishop

K
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