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MONQPSRUT�V�WYX[Z�\^]`_bacPSRUTJ_�dSefRUR�g�hQijdJklhLac_
mon g�ijp9TSqKrtscelubTSavr&efp?wvsxa

yvklpQp9eCszav{`T|scTJd)N�TJscd)N�T�h+}<~L�f�f�'Z����Ad�TJR���scT	�l�f�C�|Z��A��pQkl�CTJ_

���&�J�S�����l�C� � TJh�T�acijdFsxTJ�fg���k�acefsc]�h�TSab��eCsx�`_'NQk �CT��+TSTSh¡R�e`{`TJ�¢TA{£kf_�{`i�_xdSsxTSaxT�acsckfhQ_zi¢axijefh£_x]`_bacTSR�_	�^]
R�klh^]¤kfp�p�sceCkfd)NQTJ_J¥+�+TShQT�¦�aci¢h���§¨scefR©k���klsc�fT�h^g�R��+TSs'ef§o§¨efscR�kl�&�fTJsxi¢¦9dJk�axijefhªkl�j�feCsxi¢axN�R�_|k ��klij�jkf���jT�§¨eCs
axNQTvklhQkf�¢]`_xij_<el§�{`i�_xdSsxTSaxT5axs)klh9_zi¢axijefhU_z]`_zaxTJRU_J«&¬ve��5TS�fTJsJ¥�RUeL_bael§+axNQTJ_xTOaxTJd)NQh�i n g�TA_{`e'h�efa_cdSkf�¢TOg�pU�5TS�j�®«
¯°h�acN�ij_5klsxaxi�d��jTf¥L�5TvT�±`p��jefscT�k'RUe`{`g���klsOklp�pQsxeLkfd)N�§¨efsoaxN�TYklhQkf�¢]`_xij_oel§��fTJh�T�acijd�sxTJ�fg���k�acefsc]�h�TSab��eCsx�`_J«�²ªT
p�scTJ_xTShLa'k�§¨s)klRUTS�5efsc��§¨efsYR�e`{`TJ�¢ijh����fTJh�T�acijd�sxTJ�fg���k�acefsc] hQT�ab�5efsc�^_³ijh�k R�e`{`gQ�jkfsY]CT�aY§´kli¢axN`§¨gQ�RUkfh�h�TJs
�QkC_zTA{�eCh�acN�T�R�k�acN�TSR�k�acijdJkl�j�¢]���TJ�¢�¢q®§¨eCg�hQ{`TA{	§¨eCsxR�kf�¢i�_zR�el§Ep�i¢TAd�TJ��ij_xT��¢ijh�TAklst{`i¢µ+TJsxTJhLaxi�kl�`ijhQd��jgQ_xi¢eChQ_S«<²ªT
axNQTSh�p�scefp+eC_xTvk	dSefRUp9eL_zi¢axijefh9kl�Qkf�¢�Cefsci¶acN�R·ace	T�¸�d�ijTShLac�¢]UklhQkf�¢]^¹JT�sxTAkfd)NQkf��i¢�ji¢ab]�p�scefp+TSsxaxijTJ_ef§EaxN�T³R�e`{`TJ�®«
wºdSkC_zT|_zaxgQ{`]Fefh�TSR��Qsx]Cefh�i�d³dSTS�j�»{`i¢µ+TJsxTJhCacijklaxijefh�i¢h^�Cef�j�Lijh��U_zTJ�fTJsckf�9N^g�hQ{�sxTA{ dSTS�j�j_�_xN�e��v_5axNQTYp+elacTShLaxi�kl�
el§<axNQij_�kfp�p�sceCkfd)N�«
¼?½L¾E¿xÀ�Á ��Â0�C�©� TShQT�axi�dYsxTJ�fg���k�acefsc]Uh�T�ab�5efsc�E¥^{�ij_cd�scT�acTYkf�Q_bacsckCd/aci¢eCh»¥L§¨efscRUkf��d�efRUp+efh�TJhLa5RUe`{`TS�K¥�scTJkCd)N`q
kl�Qi¢�ji¶ab]C¥�d�eCR�p+eC_xi¢axijefhQkf�»_zijR�g���k�aci¢eCh
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��� ���� � � ��T|h�eCR���scTSg9_zTA_oklpQp�sxe`d)N�TA_og�axij�¢i�_zTJhLaO�jTJ_O_x]`_bacPSRUTJ_5{`TYaxs)klhQ_xi¢axijefhQ_5{`i�_xdSsxPSaxTJ_�p+efg�sORUe`{`�S�ji¶q
_xTSs�{`TA_�sc�J_xTJklg�±F�f�Jh���aci n g�TA_S¥`p�scel¦QacklhLa�{�� g�h?�CsckfhQ{FhQefR��QsxT'{�� kl�j�feCsxi¢axN�RUTA_�{`ij_xp+efh�ij���jTJ_�p+efg�s���� klhQkf�¢]`_xT
{`T¤_x]`_bacPSRUTJ_�{�T?axs)klhQ_xi¢axijefhQ_�{�ij_cd�scP�acTJ_J« V�TSp+TSh9{�klhLaJ¥O��k p��jg�pQklsxaF{`T¤dSTJ_UacTJd)N�hQi n g�TA_�h�T�pQkC_x_xT?pQkC_��
��� �Ad)N�TS�j�¢TC«ª�Yklh9_�dST�a�kfszacijdS�¢TC¥h�efg9_�TS±^pQ�¢eCsxeChQ_	g�hQT klpQp�sxe`d)N�TFR�e`{`gQ�jkfi¢scTf«��vefg9_�p�sc�J_xTShLacefhQ_�g�h dJkf{`scT
p+efg�s���kªR�e`{`�J�¢i�_ck�axijefh {`T(sx�A_zTAklg`±£�C�Sh��Saxi n g�TJ_�{`T(R�klhQi¢PJsxT�RUe^{�g��jkfi¢scT(T�aU¦9{`PJ�¢TC¥��9kf_x��_xg�s��jT §¨eCsxR�klq
�jij_xRUTFR�k�acN��SR�k�aci n g�TJRUTShLa��Qi¢TJh §¨efhQ{�� {`TA_�ijhQdS�¢gQ_xijefhQ_�{`i¶µE�SscTShLaci¢TJ�¢�jTJ_��¢ijh��AklijsxTA_	pQkfs�RUefs)d�TAklg`±�«���efgQ_
p�scefp+eC_xefhQ_vTShQ_xg�i¢axT�gQh¤kl�j�feCsxi¢axN�RUT�dSefRUp+eC_xi¶aci¢eCh�h�TS�0p9TJsxRUTSazackfhLaY{�� klhQkf�¢]`_xTSs³T�¸�dSkCd�TSRUTJhCaY{`TJ_³p�scefp�sci¢�Sq
ax�A_|{�� klazacTSij�fhQkf��i¢�ji¢ax��{�g¤RUe`{`PS�jTf«���h�T��SaxgQ{�T�{`TUdSkC_³_xg�sY�jk {`i¢µ+�JsxTJhCacijklaxijefh¤{�T�dSTS�j�¢g��jTJ_YTJR���sc]feCh�hQklijscTJ_
p+efsxacklhLav_xg�s�p��jgQ_zijTSgQsc_�dSTShLackfi¢h�TA_�{`T'd�TJ�¢�jg��jTJ_�RUefhLacsxT|�jTYp+elacTShLaxijTS�0{`T	d�TSazaxT	kfp�p�sce`d)N�Tf«
�·Á �J� ¿ ��� � �(� sc�J_xTJkfg?{`T�sc�S�Cg��jklaxijefh(�f�Jh���aci n g�TC¥9kf�Q_bacsckCd/aci¢eCh({�ij_cd�scP�acTf¥QRUe`{`PJ�¢T�§¨efscR�TJ����dSefRUp9eL_xkfhLac_J¥
k�axaxTJi¢�ChQkl��ij�ji¶ac�f¥�_xi¢R�g��jklaxijefh(d�eCR�p+eC_xi¢axijefh�h�TJ�¢�jT



���������	��
������������
���������
�� �!�#"$���%�'&(
)��*)+��,���!�-�!�.�/(���	�-.��0�1�'�32�45
��%
���6*87'
�:9;�	<>=�� ?

@ A ���:&������$t<���	�

� TShQT�axi�dtscTS�Cg���k�axeCsx]³h�T�ab�5efsc�`_�gQ_xgQkl�j�j]YTJhQd�eCRUpQkf_c_»kvR�g��¢axi¢axgQ{`T5el§�dSefRUp��jT�±�¥�i¢hLacTSs)kfd/aci¢hQ�O§¨TSTJ{��Qkfd)�|�jeLeCpQ_J«
B5TSijh�� kf���jT	axe�RUe`{`TS�&klhQ{�klhQkf�¢]^¹JT'axN�TJi¢s|�+TSNQk �^ijefs³ij_Yd�scgQd�i�kl�0§¨efsYg�hQ{�TSs)_ba)klhQ{`ijh��FaxN�T�i¢hLacTSs)kfd/aci¢eChQ_v�+T�q
ab�5TSTSh|acN�T5p�sxefaxTJi¢hQ_J¥ klhQ{|acN�TSijs0§¨g�hQd/aci¢eChQ_J« � TShQT�axi�dtscTS�Cg���k�axeCsx]³h�T�ab�5efsc�`_�NQk �CT�9TJTSh�RUe`{`TJ�¢TA{	kf_0{`ij_cd�scT�acT
axs)klh9_zi¢axijefh�_z]`_zaxTSR�_&�^]	R�klh^]�kfp�p�sceCkCd)N�TJ_J¥ �9TJh�T�¦�aci¢hQ�³§¨scefR k³��klsc�fT5h^g�R��+TSsef§Q§¨eCsxR�kl�^�CTSsci¶¦9dJk�aci¢eCh�kl�j�fefq
sci¶acN�R�_ok ��klij�jkf���jT�§¨eCsaxNQT�klhQkf�¢]`_xij_&ef§»{`ij_cd�scT�acTOaxs)klhQ_xi¢axijefh�_z]`_zaxTJRU_J«0¬�e���TJ�fTJsJ¥lRUeL_batef§+acN�TJ_xTvklpQp�sxeLkfd)N�TA_
§´kfdST|axN�T�p�scef���jTSR#el§t_ba)k�acT	_zpQkCd�T'TS±^pQ�¢eL_zijefh»¥9kf_�TJ�fTSh(RUe`{`TS��_vef§R�e`{`TA_ba�_xij¹STDC¨§¨sxeCR.kU��ijef�jef�CijdJkl��p+efijhLa
el§»�^ijTS��EtgQ_zg9kl�j�¢]U�jTJkf{�ace���klsc�fT�acsckfhQ_xi¶aci¢eCh�_z]`_zaxTSR�_J¥L{�g�Tvace�k�dSefR���i¢h9k�axeCsxi�kl�Q���¢e��Oq g�p�ef§�axN�T³hLgQR��+TSs5el§
_zack�acTJ_J«GFo�fTSh�i¢§QaxNQT�R�e`{`TJ�¢ijh��Y§¨efscR�kl�jij_xR·kl�j�je��v_�§¨eCskYdSefRUpQkCd/a&sxTJp�sxTA_zTJhLack�aci¢eCh�ef§QaxNQTO_zacklaxT�_xpQkfdSTf¥l_xgQd)N
kf_�r&T�axsci<h�T�a)_S¥E_zgQ�Q_zT n g�TShLaYkfhQkl�j]`_zi�_vkf�¢�Cefsci¶acN�R�_�NQk �fT	axeFdSefp+T���i¢axN?acN�T	§¨g��j�_ba)k�acT�_zp9kfd�TC«v¯°h�p�s)kfd�axi�d�TC¥
RUefh�eC�¢i¢axNQijd|klpQp�sxeLkfd)N�TA_�§¨efsOaxNQT	klhQkf�¢]`_xij_5el§<�fTJh�T�acijd|scTS�Cg��jklaxeCsx]Uh�TSab��eCsx�`_O{`eUh�ela�_cdSkf�¢TC«
¯°h efs){`TSs�ace£{`TJkf�v��i¶acN axN�T?pQsxeC���¢TJR el§'_zack�acT�_zp9kfd�T(TS±^pQ�¢eL_zijefh»¥O{`i¢µ+TJsxTJhLa�axTJd)NQh�i n g�TA_�NQk �CT��+TSTJh

{`TJ�fTS�jefp+TJ{�ijh�axN�T|§¨eCsxR�kl���CTSsci¶¦+dSk�aci¢eCh�dSefRUR�gQh�i¶ab]C¥Q_xgQd)N?kf_OpQkfszacijkf��efs){`TSs�scTJ{`g9d/axijefh�¥�kl�Q_zaxs)kfd�axijefh»¥�kfhQ{
d�eCRUp9eL_zi¢axijefhQkf��klpQp�sxeLkfd)N�TA_S«�¯°h(axN�i�_Yklsxaxi�d��jTf¥Q�5T'T�±`p��jefscT|axNQT�gQ_xT	el§tdSefRUp9eL_zi¢axijefh9kl�ji¶ab]�§¨eCsvacN�T�klh9kl�j]^_xi�_
el§	�CTSh�TSaxi�d�scTS�Cg��jklaxeCsx] h�T�ab�5efsc�`_S« V�eCRUp9eL_zi¢axijefhQkf�YkfhQkl�j]`_zi�_�RUTJkfhQ_FaxNQkla acN�T¤�+TSNQk �^ijefs el§�k£_x]`_bacTSR
d�eChQ_xij_zaxijh��¤ef§�ijhCacTSs)kfd�axijh���dSefRUp9eCh�TShLa)_�i�_UklhQkf�¢]^¹STA{ �^]£_zTJpQkls)k�acTS�j]�TS±�klRUi¢hQi¢h��¤axN�T��+TSNQk �^ijefs�el§�TAkfd)N
d�eCRUp9eCh�TShLa���i¶acN�ijh(kfh�kf�Q_zaxs)kfd/aci¢eCh�el§&i¢ac_OTSh^�^ijsxeCh�RUTShLaJ¥^s)k�axNQTSs5axNQkfh(�L]�RUeCh�ef�ji¶acN�i�dSkl�j�j]FklhQkf�¢]^¹Ji¢h���axNQT
�+TSNQk �^ijefstef§�axN�T³e��fTSs)kl�j�Q_x]`_bacTSR(«&¯ a5dSkfhUaxN�TJsxTS§¨efscTv�+T�RUefscTvT�¸�dSi¢TJhCa�axNQkfh�h�eCh`q dSefRUp+eC_xi¶aci¢eChQkl�QkfhQkl�j]`_zi�_J¥
klh9{ _cdSkf�¢T|�+T�azacTSsA«
w pQsxTAd�efh9{`i¶aci¢eCh�§¨efsOd�eCRUp9eL_zi¢axijefhQkf�9kf�¢�Cefsci¶acN�R�_axe��9T|klpQp��¢i�dSkf���jTf¥Lij_oaxNQkla�acN�T�RUe`{`TJ�+�+T|_bacsxgQd�axg�scTJ{»«

MON�TJsxTS§¨efscTf¥lacN�i�_opQkfp9TJsoR�kl�CTJ_tab��e�dSefhLaxscij��g`axijefh9_�H�¦Qsc_zaJ¥L�5T�p�scTJ_xTShLa�k'RUe`{`TJ�¢ijh��	§¨s)klRUTJ��eCsx�'§¨eCso�CTSh�TSaxi�d
scTS�fgQ�jklaxefsc]�hQT�ab�5efsc�^_oi¢hF��N�ijd)N�axN�T|{`i¢µ+TJsxTJhCaOd�eCR�p+efhQTShLac_�el§�acN�TY_x]`_bacTSRIC¨ijhFeCg�s�dJkf_xTf¥Lp�scelaxTJi¢h d�efh9d�TSh�q
axs)k�aci¢eChQ_�EOklhQ{ axNQT	�5k ]�axN�TJ]�dSefhQ_zaxs)klijh TAkfd)N�elacN�TSsA¥9kfsxT|RUe`{`TS�jTJ{?_xTSpQkfscklaxTJ�¢]�kfhQ{(RUe^{�g��jkfsx�j]f«5\^TJdSefhQ{�¥
�5T�p�scefp+eC_xT�k�dSefRUp+eC_xi¶aci¢eChQkl�+kl�j�fefsci¢axN�R kl�j�¢e���ijh��'ace�TS¸�dSi¢TJhLax�j]UkfhQkl�j]^¹STvscTJkCd)NQkl�Qi¢�ji¶ab]�p�scefp+TSsxaxijTJ_�el§�axNQT
RUe`{`TS�K«
V�TS�j�jg��jkfsv§¨g�h9d/axijefh9_YkfsxT�el§ acTSh�{�ij_zaxsci¢�Qg`axTA{�e��fTJs��CsxeCg�pQ_vef§�d�eCRUp9eCh�TShLac_�axN9k�a|i¢hLaxTJsckCd/aY��i¶acN�i¢hª��klsc�fT

h�TSab��eCsx�`_J«»MON�T�dSefRUp9eCh�TShLa)_»klscTtefsc�Ckfh�ij¹STJ{³ijh'§¨g�hQd�axijefhQkf�fRUe`{`g��jTJ_J¥J§¨eCsxRUijh��vk�N�ijTSs)kls)d)N�i�dSkf�lkls)d)N�i¶acTJd�axg�scT
J �f¥�LKK« MON�TJsxTS§¨efscTf¥<axN�T�klp�pQsxeLkfd)N el§�dSefRUp+eC_xi¶aci¢eChQkl�5klhQkf�¢]`_xij_�kl�fscTSTA_'��i¢axN£acN�TFRUe`{`g���klsU_zaxscgQd/acg�sxTFel§
�fTJh�T�acijdUscTS�Cg���k�axeCsx]?hQT�ab�5efsc�^_J¥»klh9{�R�k ]¤ackl�CT�kf{`��klhLa)kl�fTUef§5i¢a	efh {`i¢µ+TJsxTJhLa	�¢TJ�fTS��_'ef§5�CsckfhLgQ�jkfsxi¢ab]f¥E§¨eCs
ijhQ_ba)klhQdSTf¥`�+T�ab�5TSTJh�ijhQ{`ij�^ij{�gQkl���CTSh�TA_S¥�_xg��`q h�T�ab�5efsc�`_S¥^eCs5ijhQ{`ij�^ij{�gQkl��dSTS�j�j_J«
¬ve��5TS�CTSsA¥»T�¸�dSi¢TJhQd�]�ij_�h�ela	TJ�fTSsc]LaxN�ijh��9« MON�T�RUe`{`TJ��_xN�efg���{ kl��_ze(§´kfi¶acN`§¨g��j�¢]ªscTSp�scTJ_xTShLa'axNQTFkfd�axgQkf�

�+TSNQk �^ijefsOel§<axN�T'RUe`{`TJ�¢TA{ hQT�ab�5efsc�+«MON�T'kfp�p�sceCkfd)N ��T|p�scTJ_xTShLa�i�_��Qkf_xTJ{ efh�acN�T'R�k�axNQTSR�k�acijdJkl�j�¢]��5TS�j�¢q
§¨efgQhQ{`TJ{ §¨efscRUkf�¢i�_xR7ef§ n gQkl�ji¶a)k�aci¢�CTF_zijR�gQ�jklaxijefh J ? K « � ij�fTJh¡k¤_x]`_bacTSR el§vp�ijTJdSTS��i�_zT �¢ijh�TAkls�{�i¶µETSscTShLaxi�kl�
T n gQklaxijefhQ_J¥ n gQkf�¢i¢acklaxij�fTv_xi¢R�g��jklaxijefhUkl�Q_zaxs)kfd�ac_<acN�T�d�eChLaxijhLgQefgQ_{`]^hQkfRUijdJ_i¢hLace	k'_zTSatel§ n g9kl�ji¶a)k�axij�fTv_zacklaxTA_
klh9{�{`i�_xdSsxTSaxT	acsckfhQ_xi¶aci¢eChQ_��+T�ab�5TSTJh?axNQTSR(«MFokfd)N n g9kl�ji¶a)k�axij�fT�_ba)k�acT�d�eCsxscTJ_xp+efhQ{�_�TSi¢axN�TJs�ace k <>
N"	OP�Q��R��<0.
�,�	���	�!� ¥Oijh kf�¢��p+efijhLac_Uef§³��N�i�d)N¡acN�T�_x]^_zaxTJR ef�+TS]`_�acN�T�_xkfRUT �ji¢hQTJkls�{�i¶µETSscTShLaxi�kl��T n gQk�aci¢eCh»¥oeCs�ace k
�09S�!N*�+T�!�T"U�,���V���!� efhªaxN�T�§¨sxeChCaci¢TJs'�9TSab��TJTShªab�5e?efs'RUefscTUsxTJ�fg���k�acefsc]�{`efR�klijhQ_J¥���N�TJsxTUacN�T���kl�jg�TJ_	el§
efhQTYeCs�RUefscTY��kfsxi�kl���jTJ_�a)kl�fT'_xefRUTYaxN�scTJ_xN�eC�j{�«
MON�i�_��5efsc��i¢hLaxsce`{`gQdSTJ_Yk�h�TJ�'¥+RUe`{`g���kls|{`i�_xdSsxTSaxij¹Jklaxijefh�ef§tp�i¢TAd�TJ��ij_xT��ji¢hQTJkls|{`i¢µ+TJsxTJhLaxi�kl�<T n gQk�aci¢eChQ_J«
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preci : Di → Di

�+T'axN�T�_zgQdJd�TA_x_xefsvkfhQ{(p�scTJ{`TAd�TJ_c_xefsO§¨g�hQd�axijefh?eCh acN�T	eCsc{`TJsxTA{(_zTSa�el§&i¢hLacTSsc� kf�j_
DiC¨ijh acN�T _xTShQ_xT�acNQk�a�§¨efsUklh^]

D1, D2 ∈ Di

¥
D1 < D2

i¶§
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∨
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eq#

i (D) ⇐⇒ ∃D′ ∈ R(D) ∀x ∈ D′
i . φi(D

′)#x
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eq=
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i ∨ eq=
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eq>
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_xp9TAd�i¢§¨]���NQTShF_xefRUT�kC{ uzkfdSTShLaoscTS�fgQ�jklaxefsc]�{�efR�klijh
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Di
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� E switching(D) ⊂ switching(D′) ∧ not � tr(D) ∧ order � inc � enabled(D, D′)
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not � tr(D) =
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i=1,...,n
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regi(D) ∨ min
D′∈R(D)

φi(D
′) < Di < max

D′∈R(D)
φi(D

′)
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order � inc � enabled(D, D′) =
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i=1,...,n
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D′
i = preci(Di) ∧ eq<

i (D) ∨

D′
i = succi(Di) ∧ eq>

i (D) ∨ D′
i = Di

)

order � dec � enabled(D, D′) =
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D′
i = preci(Di) ∧ eq≤i (D′) ∨

D′
i = succi(Di) ∧ eq≥i (D′) ∨ D′

i = Di

)
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order � inc � enabled
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order � dec � enabled(D, D′)
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����0�6�	�

k
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Dk 6= D′
k∧∀j 6=

k . D′
j = Dj E � OP<0 +�
�<8��OL��������
 9 E � E � E " E !+���

D′
k < Dk E�� . � 
���� �!:�6�	���

� (not � tr ∧ eq<
k )(D)

+���� ���
����%�V +TOT�

V <
k (D) E � +�
 �!�����-�6*�����6���V2��	�!� ��9 � E

² N�TJh(_xefRUT	{`i�kl�CefhQkf�Eefs){`TSsxq {�TJd�scTJkC_zijh���axs)klhQ_xi¶aci¢eCh i�_�p+eC_c_zij���jT'i¢h
Q(M)

¥`acN�TSh�kfhL]Fi¢hLaxTJsx�jTJk �^ijh���ij_
p+eC_c_zij���jTYijh

C(M)
« �QefscR�kl�j�¢]%H
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D → D′
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*�<>
����0�!�#" :<>�	���0�!��6��� �!�

Q(M)
9S�!!+

switching(D) ⊃ switching(D′) �
!+�
�� 2��	<$�	��. ��
 ��O�
���*�


D =
D0, D1, ..., Dk−1, Dk = D′

��2 � ���������6���-. :<>�	���0�6
��� � �����V���!���'9S�!!+
∀i = 0, ..., k − 1 . adj(Di, Di+1) ∧

switching(Di+1) ⊂ switching(Di)
9;
8+���;�


D  D1
 ... Dk−1

 D′ �
9G+�
�<>


adj(D, D′) ⇐⇒
∃k . D′

k ∈ {preck(Dk), succk(Dk)} ∧
∧

i6=k D′
i = Di E
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 9 E � E � E " E  +���
∀i . D′

i ≤ Di �
����� �Q
�

I = {i | Di 6= D′
i} E��  2����!�Q��9 � ��.�� 
���� �!:�6�	�

��!+��� ∧

i∈I eq≤i (D′) E F 
�
(i1, i2, . . . , ik)

��
 ���	��
 ��
�<0� OPN�	:�6�	� ��2  +�
 �!�%���6*�
0� �!�
I E �������0�6�,
�<  +�


��
 ��O�
���*�
 ��2������V���!���
Di0 , Di1 , Di2 , . . . , Dik = D′ �0O�*�+ !+���

Di0 = D �
�	���M2��	< ����.

j ∈ {1, ..., k} �
Dij

��� ��
�<��52�<>���
Dij−1

�	���-. �!� !+�
52��,*� !+��� ;���<0�6�����Q

xij

�1� �09S�!R*)+P�!�#"��!�
Dij−1

�	��� <)
�",OP� �	N�	<0.$�!�
Dij E � . ��
 �;���!��6���U�32

V <
�!�2��	�!� ��9 �' +��	

D  Di1  · · · Dik−1
 D′ E
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Q(M)

kfhQ{
C(M)

{`i�_xdSgQ_c_zTA{
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3���� )
MON�TOd�eCR�p+efhQTShLa0RUe`{`TS�

C(M)
kf�¢�je��v_�§¨eCs<dSefRUp9eL_zi¢axijefh9kl�^klhQkf�¢]`_xij_�el§Qi¢ac_<�+TSNQk �^ijefsA¥A�^]|a)kl�^i¢hQ�³kf{�� kfhLackl�CT

el§5i¶a)_'_bacsxg9d/axgQsxTC«�¬�e���TJ�fTSsA¥E��i¶acN �fsce���i¢h���_zij¹STUef§oaxNQT�pQi¢TAd�TS��i�_xT��jijh�TJkfs|_x]`_bacTSR
M
¥�TS�fTJh

C(M)
R�k ]

�+TJd�eCRUT|axe^e�d�efRUp��jT�± axe�kfhQkl�j]^¹STf«tyvTJ_zaxscijd�axijh���axN�T	dSefRUp9eCh�TShLavRUe`{`TS�
C(M)

axe�scTS�Cg��jklaxeCsx]�kfhQ{ ¦Qsc_zazq
efs){`TJsU_x��i¢acd)N�ijh�� {`efR�kfi¢hQ_U{`s)kf_zaxi�dSkf�¢�j] scTJ{`gQdSTJ_�i¢ac_�dSefRUp��jT�±`i¶ab]C« MONQT�scTJ_zaxsci�d/axTA{¡RUe`{`TJ��ij_Uef§ axTSh _zaxij�¢�
p�scTJdSij_xT|TSh�eCg��fN axeUp�sce��fTYsxTAkfd)NQkf��ij�¢i¢ab]�p�scefp+TSsxaxijTJ_5i¢h(p�s)kfd�axi�d�TC«
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�
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N",OP� ��< �����V���!��� ���%� ��<��0�����<>��
�<V�09S�!R*)+P�!�#"
�,�	���	�!��� �

D01 =
∨

i∈{1,...,n}

∧

j∈{1,...,n}\{i}

regj

V�efh9_zi�{`TSsOacN�T	RUe`{`TS�
C(M)/D01 ¥QaxN�T	scTJ_zaxsci�d/axijefh�el§ C(M) = (D, A, )

axe�acN�T	scTS�Cg��jkfs�klhQ{�¦Qs)_zazq
efs){`TJs	_z��i¢acd)N�ijh���{`eCR�klijhQ_S¥0klhQ{ �jT�a

 D01

{`TJh�elacT�i¶a)_|axs)klh9_zi¢axijefh scTS��k�axijefh�«�MON�ij_�ij_�d��jTJklsc�j]¤klh g�hQ{�TSsxq
klpQp�sxe ±`ijR�k�axijefh el§<�9efaxN

Q(M) = (D,→)
klh9{

C(M)
H

	|� Á ��Á � 	¨� 	 Á ��� � ��< �	��. :9;� ��O����-�!R����K;�
8��R��R
��
D, D′ ∈ D � D  D01 D′ =⇒

(

D → D′ ∧D  D′
) E
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(

{xa, xb}, {θa} × {θb}, (µa, µb)
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{

2
� 2

0 ≤ xa < θa ∧ 0 ≤ xb < θb ∨ θa < xa ≤ maxa

0
�� +�
�<09S�1��


µb = 2 � ν = 1 �
���%�

θa = θb = 1 E � � ",OP<>
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MON�T(d�eCR�p+efhQTShLa�RUe`{`TJ�
C(M) = (D, A, )

§´kli¢axN`§¨g��j�j]£sxTJp�scTJ_xTShLac_	axN�T n gQkl�ji¶a)k�aci¢�CTFRUe`{`TS�
Q(M) =

(D,→)
¥�kf_Y{`ij_cd�g9_x_xTJ{?kf�9e��CTf¥9kfhQ{�dJklh(axNQTSscT�§¨efscT�_xTSsc�fT	kC_³kfh?i¢h�pQg`a³§¨eCs³k�R�g��¢axi¢axgQ{`T�el§okf�¢�Cefsci¶acN�R�_Oaxe

klh9kl�j]L¹JT³��kfsxijefgQ_5p�scefp+TSsxaxijTJ_J«&¯°h�axN�T	_xT n g�TJ�®¥`�5T|��i¢�j��§¨e`d�gQ_OeChFacN�T'pQkfszacijdSg��jkfsOp�sxeCp9TJszab]�ef§<scTJkCd)NQkl�Qi¢�ji¶ab]C«
BOkf_xTJ{'eCh	acN�T �`Mv\

C(M)
¥ acN�T�d�eCR�p+eC_xi¢axijefhQkf�f�feLkl�¢q {�i¢scTJd�axTJ{'_xijR�g���k�aci¢eCh�kl�j�feCsxi¢axN�Rº_xN�e���h	�+TS�je��¡kl�j�je��v_

axeYd)N�TJd)�Y§¨eCs0scTJkCd)NQkl��ij�ji¶ab]Yel§9k��feLkl�C{�efR�klijh»¥�efs&_xT�a0ef§9{`eCRUkfi¢h9_S¥A§¨scefRºklh�i¢h�i¢axi�kl�`{`eCR�klijh»«0MON�T5kl�j�feCsxi¢axN�R
T�±`N�ij��i¢ac_vk�pQklaxN»¥Qi¶§&efh�T|i�_5§¨efg�h9{�¥`axN9k�a�_xef�j�fTJ_�acN�T'sxTAkfd)NQkf��ij�¢i¢ab]�p�scef���jTSR(«
¯°h�acN�T�_xT n g�TS�&�5T�dSefhQ_xi�{`TSs'k�{`T�acTSscR�ijh�i�_bacijd �`Mv\

B = (Q, A,→) = (B1‖ . . . ‖BN)/U
��i¢axN

Bi =
(Qi, Ai,→i)

¥
i ∈ K = {1, . . . , N}

¥`kfhQ{
U
klh�kfd/aci¢eCh dSefhQ_zaxs)klijhLaJ«&MONQk�a�i�_S¥^�5TY_xg�p�p+eC_xT�acN�T

n
p�scelacTSijhQ_

axeU�+T'RUe^{�TS�jTJ{���i¶acN
N (1 ≤ N ≤ n)

d�eCRUp9eCh�TShLac_J¥�kfdJd�eCsc{`ijh���axe�y�TJR�klsc�?�f«
�»TSa

pathk : Qk×P(Qk) → 2Ak
�+T�kv§¨g�hQd/aci¢eCh�eCh'axN�T �`Mv\

Bk

acTS�j�¢ijh�����NQijd)N�kCd/aci¢eCh'axe�ackl�CToijh	efs){`TJs
axe?�Qsxijh��?d�eCR�p+efhQTShLa

k
§¨scefR _zeCR�T�dSg�sxscTShLa	d�eCRUp9eCh�TShLa	_ba)k�acT�d��jeC_xTSsVC¨ijh axN�T�h^g�R��9TJs'el§5axs)klhQ_xi¶aci¢eChQ_�E

axe�k?_ba)k�axT _xklaxi�_b§¨]^ijh���_zeCRUT�p�sxTA{`i�dSk�acTf«(MON�i�_'§¨g�hQd�axijefh¡dJklh �+T d�eCRUp�g`axTA{ �¢e`dJkl�j�¢]%H'§¨eCs�klh^]�p�sxTA{`i�dSk�acT
P ∈ P(Qk)

klh9{ _zacklaxT
q ∈ Qk

¥Q�¢TSa

pathk(q, P ) = {a ∈ Ak | ∃i ≥ 0 . prea

(

prei
k(P )

)

(q) ∧ ∀j ∈ {0, ..., i} . ¬prej
k(P )(q)}

MONQkla�ij_J¥
pathk(q, P )

d�eChLacklijhQ_vkfh?kfd/aci¢eCh
a
i¢§tklhQ{�efhQ�¢]�i¶§&acN�TSscT'T�±`ij_zac_�_zeCR�T�_zN�eCszacTJ_za�pQk�acN(§¨sxeCR

q
axe

P
ijh�axN�T �`Mv\

Bk

��NQeC_xT³¦9sc_za�axs)klhQ_xi¢axijefhFi�_���kl�+TS�jTJ{ ��i¶acN
a
«

� ij�fTSh	k�d�efhlubg�hQd/aci¢eCh
c = c1∧...∧cN

ef§�p�scTJ{`i�dSklaxTJ_
ci ∈ P(Qi)

¥
i = 1, ..., N

¥ �¢TSa
c[i] = ci

{`TJh�elacTtaxNQT
��<)����
�*���6��� el§

c
efh

Qi

«2��eCs�k�_xT�avel§tkCd/axijefh9_
A
¥Q�jT�a

enabling(A)
�+T�kU�jij_za'C´{`i�_´ubg�hQd/aci¢eCh E�ef§<pQsxTA{`ijdJk�acTJ_

_xgQd)N axN9k�a ∨

P∈enabling(A) P =
∨

a∈A enabled(a)
¥klhQ{¡TJkfd)N ef§vaxNQT p�scTJ{�ijdJk�axTA_	ijh

enabling(A)
i�_�k

d�eCh�ubg�hQd�axijefh
c1 ∧ ...∧ cN

el§�p�scTJ{`i�dSklaxTJ_tefh�axN�TYd�eCR�p+efhQTShLao_ba)k�acTJ_J«&MON9k�aoi�_S¥
enabling(A)

d)NQkls)kfd�axTSscij¹STJ_
axNQT	_ba)k�axTA_�el§

B
��N�TJsxT	_xefRUT'kfd�axijefh�i¢h

A
i�_�TShQkf���jTJ{�¥���sci¢azaxTJh(i¢h?{`i�_¨ubgQhQd/aci¢�CT|§¨efscR�« �»T�a

⊕
{`TJh�elacT'�¢i�_ba

d�eChQdSklaxTJhQk�aci¢eCh»« � ij�fTJh(kUhQefh`q TSRUp`ab] �¢i�_ba
l
¥Q�5T'��sci¶acT

l = e.l′
��N�TSscT

e
i�_�acN�T'¦Qs)_zavTS�jTSRUTShLaJ¥+klhQ{

l′
axNQT

scTJ_za|ef§oacN�T��¢i�_zaJ« � i¢�CTSh kF�ji�_ba
L
el§Okfd�axijefhQ_|klh9{�k({`eCRUkfi¢h

D
¥0�¢TSa

first � enabled(L, D)
�+TUaxN�T�¦Qs)_za

kfd�axijefh
a
ef§

L
_xgQd)N�axNQkla (

enabled(a)
)

(D)
¥^klhQ{

first � enabled(L, D) = ⊥
C Yzg�hQ{`TS¦Qh�TA{#\3Ei¶§�kl�j�Qkfd�axijefhQ_

klscT'{`i�_xkf���¢TA{�«

��� � Á ��	¨� ��� ? V�eCRUp9eL_zi¢axijefhQkf�O�feCkf�¶q°{`ijsxTAd/acTJ{£_xi¢R�g���k�axijefh�«¡¯°h�i¢axi�kl�vdJkl�j��ace d�efh9_bacsxgQd�a�k¤pQklaxN
σ
§¨scefR

{`eCRUkfi¢h
Dinit

axeUp�scTJ{`i�dSklaxT
P

H
(D′, σ, success) = move(Dinit, P, 〈〉)

«
� Á��+½

(D, c.l, h) =






























(D, 〈〉,
�<0O�


)
i¢§

c(D) (1)
(

a(D), 〈a〉,
:<0O�
 ) i¶§

¬c(D) ∧ a 6= ⊥ (2)
(D′′, σ ⊕ σ′,

:<0O�

)
i¶§
¬
(

c(D) ∨ a 6= ⊥
)

∧ goal 6= ∅ ∧ goal � enabled ∧ success (3)
move(D, l, h)

i¢§
¬
(

c(D) ∨ a 6= ⊥ ∨ goal 6= ∅ ∧ goal � enabled ∧ success
)

∧ l 6= 〈〉 (4)
(D, 〈〉,

2��	� ��

) otherwise (5)À � ½ � ½

a = first � enabled(h, D)

goal =
⋃

k

pathk(D[k], c[k]) \ h

(D′, σ, goal � enabled) = move
(

D, enabling(goal), h⊕ goal
)

(D′′, σ′, success) = move(D′, c, h)

wv�j�feCsxi¢axNQR �|ij_vdSefhQ_zaxscgQd�axij�fTf¥^acNQk�avi�_J¥�i¶avTA_ba)kl���ji�_zN�TA_OsxTAkfd)NQkf��ij�¢i¢ab]U§¨sxeCR1_xefRUT'i¢hQi¶acijkf��{`efR�kfi¢h
Dinitaxe k£_xT�a ef§	{`efR�klijhQ_�d)NQkls)kfd�axTJsxij¹STA{¡�^] k p�scTJ{`i�dSklaxT
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Dinit

axe
P
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D
¥�axNQT�p�scTJ{�ijdJk�axT

PaxeF�9T�sxTAkfd)N�TA{Fijh?axNQT'§¨efscR#ef§tk��¢i�_za
d = 〈c1, ..., cm〉

ef§td�efhlubg�hQd/aci¢eChQ_'C®_zg9d)N(axNQkla
P =

∨

j cj

E/¥EklhQ{?kfh
klg�±^ij�jijkfsx]U�jij_za

h
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D′ TSh9kl���ji¢hQ� _xefRUT
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D
«O²�T�NQk �fT	d)N�eL_zTJh»¥�N�e��5TS�CTSsA¥^axe�i¢axTJscklaxT	eCh��j]Fe��fTJs�axNQT

d�eCh�ubg�hQd�axijefhQ_�ef§�axNQT�_xTJdSefhQ{ klsc�fg�RUTShLa�el§ � Á��9½ C¨�ji¢hQTUC W E>E/¥�kC_�h�TJ_zaxTA{¡scTJdSg�sc_xijefhQ_���eCg��j{¡R�kl�fT axNQT
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d)NQkls)kfd�axTSscij¹Sijh���kF_xT�a³ef§th�efh�q®acsckfhQ_zijTShLa�_zacklaxTJ_J¥Ek�pQklaxN

D  ∗ D′ i�_v§¨eCg�hQ{?eCh
C(M)

C axN^gQ_J¥
P (D′)

N�ef��{�_�E/¥LaxN�TJhFMON�TJefscTSR.�vTShQ_xg�scTJ_taxNQkla5k'pQklaxN
D →∗ D′ T�±`i�_ba)_tijh�axNQT n gQkl�ji¢ack�aci¢�CT
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Q(M)

«
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E/«	w �f�jef�9kl�<pQk�acN¤i�_�acN�TSh
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C(M)

«

� 8 � � � � ½ � A � 8 � � � � ½ � � Á �E�	 �� ½ Â�� C � +�
 2�OP��*�:�6�	���!�#" �32�/(� "#��<0�! +T� � �1�8�!�!�-OT�0�<>��R
��D��.  +�
 ���	!+
*��������<0O�*�:�6�	� 2�<>�	�I�����V���!�

Dinit = (θ1
a < xa < θ2

a, θ1
b < xb < θ2

b )
R�D�����V���!�

Dgoal = (xa = θ2
a, 0 ≤

xb < θ1
b )

<)
N�%<>
0��
�����!�#" ���0R�,��� 
 
 ��OP�!�-�6��<0�!OP� E�� +�
'�0O��0��
 ��O�
�� Z*����!� �'��2 � Á��9½ ��<)


� Á��+½
(Dinit, 〈Dgoal〉, 〈〉)
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a, . . . 〉, 〈inca, decb〉)
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��-R� d�efh9d�TShLacscklaxijefh?p�scTS�CTShLac_³i¶a)_Yi¢RURUTJ{`i�k�acT�hQTSij�fN^�9eCsc_�§¨scefR kf{�efp`aci¢h��FaxN�TU_cklRUT	§´klaxT��»axN�eL_zT�h�TSij�fN�q
�+efs)_'axNQTSh a)kl�fT�k¤{`i¶µETSscTShLa�§´k�axTFefs�scTSR�kfi¢h g�h9{`T�acTSscR�ijh�TA{�«9�<i¢�Cg�sxT��(i¢�j�jgQ_bacscklaxTA_'axNQTJ_xT�i¢hLacTSs)kfd/aci¢eChQ_J¥
��N�i�d)N�kfsxTYacN�T	_xkfRUT|kC_Oi¢h J �f�0K «

Notch Notch Notch

Delta Delta Delta

�<i¢�Cg�sxT	��H<¯°hLacTSs)kfd/aci¢eChQ_5��i¶acN�ijh(kfhQ{��9TSab��TJTSh�h�TSij�fN^�+efsvdSTS�j�j_J«

��eCsFeCg�s�dJkf_xT¤_zaxgQ{`]C¥��5T�dSefhQ_xij{�TSs�h�T�ab�5efsc�`_�d�eChQ_zi�_zaxijh��¡ef§��J�¡kfhQ{ ? � d�TJ�¢��_S¥YklhQ{ axN�Tªh�T�ab�5efsc�`_
el§ W � kfhQ{·� W � d�TS�j��_¤_xN�e���h ijh �<i¢�Cg�scT£~�« ��efs¤TJkfd)N p�scelacTSijh ��T£p9klsxaxi¢axijefh axN�T d�efhLaci¢h^g�eCgQ_?_ba)k�acT
_xpQkfdST�i¢hLaxe(ab�5e(i¢hLacTSsc� kf�j_�klhQ{ªefhQTUaxN�scTJ_xN�ef��{ª��kl�jg�T,H

DD = {[0, θD), {θD}, (θD, maxD]}
klhQ{

DN =
{[0, θN), {θN}, (θN , maxN ]}

«7V�TS�j��_(��i¶acN �je�� � 
��-R� kfhQ{ N�ij�fN 7'�	N*�+ �¢TJ�fTJ�j_ C
0 ≤ Delta < θD

¥
θN <

7 ��R*)+
≤ maxN

E�kfsxT g�hQ{`i¢µETSscTShLaxi�k�acTJ{�¥t��NQTSscTJkf_�d�TJ�¢��_���i¶acN N�ij�fN � 
��-R� kfhQ{ �je�� 7'�	N*�+ d�efh�q
d�TJhLaxs)k�axijefh9_ C

θD < Delta ≤ maxD

¥
0 ≤

7'��R*�+
< θN

EUkfsxT({`i¢µ+TJsxTJhLaxi�k�axTA{�¥�axNQkla�ij_J¥5_xT�aUace kC{`efp�a
k¤{�i¶µETSscTShLa�§´klaxTFaxNQkfh£g�hQ{`i¢µETSscTShLaxi�k�acTJ{£dSTS�j�j_J«ªMONQT kfd�axgQkf�o��kl�jg�TA_�ef§�axN�TFaxN�scTJ_xN�ef��{�_

θD

klhQ{
θN

klscT
g�h��^h�e���h��`p9eL_x_xi¢�Q�¢T|s)klh��CTJ_5NQk �fT|�+TSTJh({�TSsci¢�CTJ{�ijh J ? �0K «²�T	_xg�p�p+eC_xTYaxN�T|§¨e`dSkf�»p+efijhCa

φ
axe�_ck�axi�_z§¨]

0 ≤ φDeltai
< θD

i¶§ 7'��R*�+
i > θN

θD < φDeltai
≤ maxD

i¶§ 7'��R*�+
i < θN

0 ≤ φ  �!#"%$'&
i
< θN

i¶§
max{Deltaj | j ∈ neighbors(i)} < θD

θN < φ  �!#"($)&
i
≤ maxN

i¶§
max{Deltaj | j ∈ neighbors(i)} > θD
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M
¥9axN�T�gQ_zT�el§

C(M)�fTJsc_xgQ_�axNQT'g�hQ{`TJszq°klp�pQsxe ±`ijRUklaxijefh
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n
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axNQT n gQkl�ji¢ack�aci¢�CT�RUe`{`TS�
Q(M)
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TJhQd�eCR�p9kf_c_
9n
{`efR�klijhQ_J¥&��N�TSscTJkC_

axNQT�g�hQ{�TSsxq kfp�p�sce ±^ijR�k�aci¢eCh
C(M)/D01 NQkf_³kF_zacklaxT�_xpQkfdST�ef§ 4n

sxTJ�fg���k�acefsc] {`eCR�klijhQ_�kfhQ{
2n × 22n−1

¦Qs)_baxqKeCsc{�TSsO_z��i¢acd)N�ijh���{`eCR�klijhQ_S«
²ªTFd)N�TJd)��sxTAkfd)NQkf��ij�¢i¢ab]�el§vk(�Ci¢�CTSh _ba)kl���jT�T n g�ij�ji¢��scijg�R©§¨scefR axNQT�i¢hQi¶acijkf��_zack�acT���N�TJsxT�kf�¢�5d�TS�j��_	klscT

h�eCh�{`i¢µETSscTShLaxi�k�acTJ{�¥^§¨eCs�acN�T'RUe`{`TS��_Oel§5�J��¥ ? �^¥ W �Q¥�klhQ{(� W �	d�TJ�¢��_J«tM0kf���¢T��'_zNQe��v_oacN�T'_ba)k�acT|_xpQkCd�TJ_OkfhQ{
T�±`TAd�g`aci¢eChFaci¢RUTJ_5§¨eCsOTJkfd)N el§0axN�T'RUe`{`TS��_J« Y�F±�kfd�a3\YkfhQ{�Ybg�h9{`TSsxq kfp�p�sce ±`i¢R�k�aci¢eChT\vRUTJklhFaxNQkla�axN�T|RUe`{`TS�
C(M)

klh9{�i¢ac_|scTJ_zaxscijd�axijefh
C(M)/D01 �5TSscT�g9_zTA{�¥»scTJ_xp9TAd/axij�fTJ�¢]C«	MON�T�_zgQ�Q_zT n g�TShLa'd�ef�jg�RUhQ_|_xN�e��ºaxNQT

h^g�R��+TSs|ef§5{`ijRUTShQ_xi¢eChQ_J¥EaxN�TUh^g�R��+TSs|ef§�{`efR�kfi¢hQ_Yef§oaxNQT�RUe`{`TJ�®¥»kfhQ{�acN�T�axijR�TA_Y§¨efs'd�eChQ_zaxscgQd/aci¢h�� axNQT
d�eCRUp9eCh�TShLa³RUe`{`TJ�<kfhQ{�k�p9k�axN¤axeFaxN�T�¦QhQkl�_zacklaxT�g9_zijh�� w��¢�Cefsci¶acN�R7�f«|wv�j�<RUTAkf_xg�sxTJRUTShLac_�NQk �fT	�+TSTJh
R�kf{`T|eCh acN�T	_cklRUT|RUkCd)N�ijh�Tf¥�k�r&TShLaxijg�R W k�a ? � ¬v¹'��i¢axN����A��X B ef§0RUTSRUefsc]f«

hLgQR��+TSs�el§&d�TJ�¢��_ {`i¢R(« _ba)k�acT	_zpQkCd�T RUe`{`TS� scTJkfd)N9kl��ij�¢i¢ab]
�J� C¨g�hQ{�TSsxq kfp�p�sce ±E« E

38 5.5× 1012 0.01
_

0.68
_

�J� C¨T�±�kCd/a�E
38 1.4× 1018 18.4

_
10
RUi¢h

38
_

? �DC¨g�hQ{�TSsxq kfp�p�sce ±E« E
74 7.2× 1023 0.04

_
2.7
_

W � C¨g�hQ{�TSsxq kfp�p�sce ±E« E
98 1.6× 1031 0.08

_
4.0
_

� W � C¨gQhQ{`TSsxq°klp�p�sce ±�« E
490 7.9 × 10149 2.4

_
46
RUi¢h

M0kf���¢T���H&r<TJsz§¨eCsxR�kfhQd�TYefh(RUe`{`TS��_Oel§&{`i¶µETSscTShLa�_xi¢¹JT'klhQ{�p�scTJdSij_xi¢eCh»«

¯°h	kl�j�CdJkf_xTJ_J¥SacN�ToscTJ_xg��¢ac_�scTSp+efsxaxTA{|�^] � � �����
	��� ���kfsxTtdSefhQ_xij_zaxTJhLa���i¶acN'axNQTokfd�axgQkf�®¥ T�±`p+TSsci¢RUTJhCa)kl�j�¢]
ef�9_zTJsx�CTJ{��9TJNQk �^i¢eCs J ? ��K « �Qefs³axN�T�dSkC_zT	ef§�� W ��d�TJ�¢��_³kfhQ{�axNQT�_zacklaxT�_xN�e���h?ijh �<i¢�Cg�scT�~�¥���������
	�������
¦QhQ{Q_S¥9i¢h�_xp�i¢axT	ef§0acN�T�d�eChQ_xij{`TJsckf���jT|_xij¹ST'el§&acN�T	RUe`{`TS�K¥9kUpQklaxN(el§�jTSh��faxN � �f��sxTAkfd)N�ijh���axNQT	_ba)k�axTC«5MONQT
�+TShQd)N�R�kfsx�`_�_xg��f�CTJ_za�acN�T�gQ_xT(el§YaxN�T?g�h9{`TSsxq kfp�p�sce ±`i¢R�k�aci¢eCh¡kf_��¢eCh�� kf_�axNQT?R�e`{`TJ�vscTSR�klijhQ_Up�scTJdSij_xT
TShQefg��CNFace�TA_ba)kl���ji�_zN axN�T	{�TJ_xi¢scTJ{ p�scefp+TSsxab]f«

� ���� ½ �0� ½?Á � � Á Â���´�`��	´� ¾ ¯°h eCsc{�TSs�axe�TS��kl�jgQk�acTYaxN�TYp9TJsz§¨eCsxR�kfhQd�TYi¢h9d�scTJkf_xT³{�g�TYaxe�R�e`{`gQ�jkfsxi¢ab]f¥^�5T
h�e�� ¦Q±	axN�Tv_xij¹ST5el§

M
axe W �Yd�TJ�¢��_&klhQ{�gQ_xT5axN�TOg�hQ{�TSsxq kfp�p�sce ±^ijR�k�aci¢eCh

C(M)/D01 «&MON�TOefh��j]	pQkfsckfRUT�axTJs
axN9k�a|� kfsxijTJ_�ij_³acN�T��Csckfh^g��jkfsxi¢ab]Fef§axN�TUd�eCRUp9eCh�TShLac_J¥E��N�TSscT�TS±^axscTSRUT�dJkf_xTJ_YklscT	�fij�fTJh��^] acN�T�R�e`{`TJ�&el§
98
d�efRUp+efh�TJhLac_YTJkCd)N�RUe^{�TS�ji¢h���efhQT�p�scelacTSijh�dSefhQdSTShLaxs)k�aci¢eCh»¥+kfhQ{?acN�TURUe^{�TS�d�eChQ_zi�_zaxijh�� ef§oefhQT�_xi¢hQ�f�jT

d�eCRUp9eCh�TShLaJ«w�dJd�efs){`ijh��'ace�y�TJRUkfsx�(�C¥CacN�T|d)N�efi�d�Tvef§»axNQTY_zaxscgQd/acg�scT�el§�acN�T|d�efRUp+efh�TJhLa�RUe`{`TS��{`e^TJ_�h�efa
ijhP[Qg�TJhQd�T�i¢ac_��9TJNQk �^i¢eCsJ«�wv�j�oRUe`{`TS��_�kfsxT Y3[9k�a�\)¥<ijh axN�TF_xTSh9_zTUacNQk�a�dSefRUp+efh�TJhCa)_	klscT�h�efa�{`TJdSefRUp+eC_xTJ{
ijhCaceF_xg��`q°d�efRUp+efh�TJhLac_J«³W³h�TJkCd)N�ijhQ_zackfhQd�T�el§&axN�T�_z]`_zaxTJR#�5T�kfp�p��j]�w��¢�Cefsci¶acN�R �	axe�¦9hQ{�k�pQklaxN(§¨scefR
axNQT'i¢h�i¢axi�kl�K¥�g�h9{`i¶µETSscTShLacijklaxTJ{�_zack�acT|axe�axNQT	_ba)k�axT'ef§
�<ij�fg�scT'~ C´�¢TS§ a�E�«

]^]`_	a�b�c�d0d



�J~ 4 <>
N"#��<V4 � ���0� 
�<

d�TJ�¢��_Op9TJsvd�eCR�p+efhQTShLa ��« � � ? � �A� W �
sxTAkfd)NQkf��ij�¢i¢ab]

10.7
_

7.5
_

8.4
_

35.5
_ C��,E C��,E

M<kl���jTª��HUB5TJhQd)N�R�klsc�`_U§¨efs({`i¢µ+TJsxTJhCa��¢TJ�fTJ�j_Fel§	RUe`{`g���klsci¶ab] el§��³TS�¢acklq ��elacd)N W ��« C��	E�H d�efRUp�g�ack�aci¢eCh
ijhCacTSscsxgQp`axTA{ kl§ axTSs'� ��N�efg�s)_J«

MON�T�RUTAkf_xg�sxTA{¤p+TSsx§¨efscR�klhQdSTJ_	kfsxT�_xN�e���h ijh£M0kf���¢T��`«���eCs'axN�i�_	TS±�klRUp��jTf¥0axN�T efp`aci¢R�kl��{`TS�CsxTJT�el§
�fs)klh^g���klsci¢ab]��¢ijTJ_³klscefg�hQ{ efhQT�d�eCR�p+efhQTShLavp9TJs³dSTS�j�®«5¯ a³_xN�efg���{(�+T	h�elacTJ{ axN9k�avacN�T	efp�axijRUkf��pQkfszaci¶aci¢eCh�ijh��
el§�p�sxefaxTJi¢hQ_ ijhCace dSefRUp9eCh�TShLa)_�{�TSp+TShQ{ efh acN�T _z]`_zaxTSR(¥�kfhQ{ dJklh�hQela �+TªTJkf_xij�¢] �fTJh�TSs)kl�jij¹STJ{»« �Qefs(k
N�ij�fN�TJs5{�TS�fscTST³el§»RUe`{`g���klsci¶ab]$Cz�YdSefRUp9eCh�TShLa5p9TJs5pQsxefaxTSijh E�¥CacN�T|kl�j�fefsci¢axN�R p9TJsz§¨eCsxR�_5_zeCRUTS��NQkla5_x�¢e��5TSsA¥
p�scef�Qkf���j]¡{`g�T(ace£klh e��fTSscN�TAkf{£ijh d�e^efs){`ijhQk�aci¢eCh �+T�ab�5TSTJh d��jeC_xTS�j] i¢hLaxTJsckCd/aci¢h�� dSefRUp9eCh�TShLa)_S« w³_UaxNQT
d�eCRUp9eCh�TShLaF_xi¢¹JT�ijhQdSsxTAkf_xTJ_J¥�d�eCRUp��¢TS±`i¶ab] el§YaxN�T C´h�efh d�eCRUp9eL_zi¢axijefhQkf�1E�pQklaxN d�eChQ_zaxscgQd/aci¢eCh ��i¢axN�ijh axNQT
d�eCRUp9eCh�TShLac_OTS±`p9eCh�TShLaxi�kl�j�j]����je��v_Og�p»«
MON�i�_�ijR�pQ�¢ijTJ_UacNQk�aFaxN�T�p9k�axN dSefhQ_zaxscgQd/aci¢eCh ijh ��klsc�fTSsURUe`{`TS��_�i�_�eCh��¢]¡§¨TJkC_zij���jT?�L] T�±`p��jefi¢axijh�� axNQT

N�ijTSs)kls)d)N�i�dSkl��_zaxscgQd/acg�scT'el§<axN�T�dSefRUp+efh�TJhCa)_S¥9klhQ{�gQ_xi¢hQ��d�efRUp+eC_xi¶aci¢eChQkl�ji¢ab]�efh(TJkCd)N(�¢TJ�fTS�K«2�Qefs�ijhQ_zacklh9d�Tf¥
efgQs�R�e`{`TJ��el§

245
d�TJ�¢��_�{`i�_xdSgQ_x_xTJ{�kl�+e��fT|d�eChQ_xij_zac_5el§��ij{`TJhLaxi�dSkl�Eacefp`q �jTS�fTJ�»d�eCR�p+efhQTShLac_J¥^TJkfd)N�el§<��N�i�d)N

i�_�dSefRUp+eC_xTJ{ ef§Y��dSefRUp9eCh�TShLa)_S¥��N�i�d)N kfsxT i¢h¡axg�sch¡dSefRUp9eL_zTA{£ef§Y�?�+elaxaxefR�q �¢TJ�fTJ�5dSefRUp9eCh�TShLa)_�TAkfd)N
RUe`{`TS�ji¢hQ��eCh�T	d�TJ�¢�K«
M0eYdSefRUp��jT�axT�axNQT5�+TSh9d)N�R�klsc�^_J¥lM<kl���jT ? _xN�e��v_�axN�T�d�eCRUpQklscij_xefh���i¶acN�ab�5e³efaxN�TJs<axe^ef��_S¥ � �³w �`« ��kfhQ{

axNQT5RUe`{`TJ�^d)NQTJd)�^i¢hQ��aceLeC�QV5w��³r J ? ��KK« B5elaxN�axe^ef��_&klscTta)klsc�fT�acTJ{�k�a{`i¶µETSscTShLa&§¨g�hQd�axijefhQkf�¢i¢axijTJ_J¥fkfhQ{�{`eYh�efa
d�eCRUpQklscTv{`ijsxTAd/ax�j]�axe�efg�s5klp�p�sceCkCd)N»«0¬�e���TJ�fTJsJ¥�acN�i�_�dSefRUpQklsci�_zeCh�NQTS�jpQ_tace�d�eCh`§¨scefhLataxNQT�p+TSsx§¨efscRUkfhQd�T�el§
d�eCRUp9eL_zi¢axijefhQkf�0kfhQkl�j]`_zi�_v��i¢axN�h�efh`q°d�eCRUp9eL_zi¢axijefhQkf��axTAd)N�h�i n g�TJ_J«YMONQT�_xTJd�eChQ{�dSef�jg�RUh�el§oM<kl���jT ? _zNQe��v_
axNQT�aci¢RUTYsxT n gQi¢scTJ{��^] � �³w ace�TS±^pQ�¢eCsxT�acN�T|_ba)k�axT|_xpQkfdST�scTJkfd)N9kl���jT�§¨scefR axN�TYijh�i¶acijkf��_ba)k�axTYijh�axNQT³RUe`{`TS�
Q(M)

«�MONQT���kf_zaYab��e(d�eC�¢g�RUhQ_|RUTAkf_xg�sxT�axN�T�p+TSsx§¨efscR�klhQdST�ef§�scTJkfd)N9kl��ij�¢i¢ab]?klhQkf�¢]`_xij_YgQ_xijh��?V5w³��r eCh
axNQT�RUe`{`TJ�j_

C(M)/D01 klh9{ C(M)
p�scTS�^ijefgQ_x�j]��CTSh�TJscklaxTA{��^] ������� �
	�������l« ��elacijdST�acNQk�a	kf�¶acN�efg��CN

V5w��³r kl�j�¢e��v_�§¨efs'd�eCRUp9eL_zi¢axijefhQkf�0�CTSsci¶¦+dSk�aci¢eCh»¥E��TU{`i�{�h�efaYg9_zT�axN�i�_Y§¨TJklaxg�scTUkf_³i¶a	d�gQsxscTShLax�j]?{`e^TJ_Yh�efa
_xg�p�p+efsxa�kCd/aci¢eCh�dSefhQ_zaxs)klijhLac_J«

� ��w C
Q(M)

E V5w��³r C
C(M)/D01 E V5w³��r C

C(M)
E

�³TS�¢ack�q �vefacd)Nª�J� C��	E
9.8
_ C��,E

�³TS�¢ack�q �vefacd)N ? � C��	E C��	E C��,E

M0kf���jT ? HoV�efRUpQkfsxi�_zeChF��i¢axN(elacN�TSsOace^ef��_S« C��,E0HtdSefRUp�g`a)k�axijefh�ijhCacTSscsxgQp`axTA{�kl§ axTJs�� W N�efgQsc_J«

� �©����$ � �0�������

y�TJ�fg���k�acefsc]Fh�TSab��eCsx�`_�ef§&�Qi¢eC�¢eC�fi�dSkl��i¢hLaxTJsxTA_baYklscT'gQ_zg9kl�j�¢](d�eCR�p+eC_xTJ{(ef§tk��jkfsx�CT'h^g�R��+TSsYel§�fTJh�TJ_J¥QpQsxefq
axTJi¢h9_S¥LklhQ{�RUT�ackf�9eC�¢i¢axTA_S«<MON�TSscTONQkf_&�+TSTJh�kY��i�{`T���klsci¢TSab]'el§+R�e`{`TJ�¢ijh��'klpQp�sxeLkfd)N�TA_��9kf_xTJ{�efh�{�i¶µETSscTShLaxi�kl�
T n gQklaxijefhQ_J«&¬ve��5TS�fTJsJ¥L_zijR�gQ�jklaxijefh�klh9{��fTJsxi¢¦9dSklaxijefh�ef§�axN�T|d�eChCaci¢h^g�eCgQ_tRUe`{`TJ�+kfsxT³T�±`p9TJhQ_xi¢�CTf¥^klhQ{�R�kfhL]
p�scefp+TSsxaxijTJ_|klscT�hQela'TS�CTSh�{�TJd�i�{�kf���¢T�ijh¤acN�ij_Y§¨s)klRUTJ��eCsx�E«	MON�TUklp�pQsxeLkfd)N�ef§ J ? Kt�Qkf_xTJ{¤efh¤axN�T�klpQp�sxe ±`i¢q
R�k�aci¢eCh?el§th�eCh��¢ijh�TAklsvRUe`{`TS��_³�L]�p�ijTJdSTS��i�_zT	�jijh�TJkfs³{`i¢µ+TJsxTJhLaxi�kl��ijhQdS�¢gQ_xijefhQ_J¥9g9_zTA_�k�{`i�_cd�scT�axT�kl�Q_zaxs)kfd�axijefh
p�scTJ_xTSsc�^i¢h���acN�T n gQkl�ji¢ack�aci¢�CT	{`]^hQklRUi�dS_�ef§<hQT�ab�5efsc�^_J«�MONQij_vkfp�p�sceCkCd)N NQkC_��+TSTSh�kfp�p��ji¢TA{�axeUacN�T�klh9kl�j]^_xi�_
el§_xTS�fTJsckf�ER�e`{`TJ�j_vel§&h�T�ab�5efsc�`_5dSefhLaxscef�j�ji¢h���axNQT	_bacsxTA_x_OscTJ_xp9eChQ_xTYef§<�9kfd/acTSscijkQ«w�_ J ? K0kfp�p�sce ±`i¢R�k�acTJ_�axNQT
d�eChLaxijhLgQefgQ_Y�+TSNQk �^ijefs|��i¶acNªk�RUefhQef�ji¶acN�ijdU{`i�_cd�scT�axT�axs)klh9_zi¢axijefhª_z]`_zaxTSR(¥»i¢a�_zaxij�¢�t_xg`µETSs)_Y§¨sxeCR4ab��e?{`s)k �Oq
�QkCd)�^_�HOd�efh9_bacsxgQd�axijefh?i�_vh�efa³RUe`{`g���klsA¥9kfhQ{(§´kfdSTJ_vaxN�T�p�sxeC���jTSR.el§o_zack�acT�_xpQkfdST	T�±`p��jeC_xi¢eCh»¥Q��NQijd)N��jijR�i¢ac_
_xg��Q_xT n g�TShLavklh9kl�j]^_xi�_oace�RUe^{�TS��_Oel§&�¢ijRUi¶acTJ{(_zij¹STC«
MON�TY��eCsx��pQsxTA_zTJhCacTJ{FN�TSscT'kf{�{`scTJ_c_xTJ_��9efaxN�ij_c_zgQTJ_J«&w {`i�_cd�scT�axT'kf�Q_bacsckCd/aci¢eCh�el§0axN�T|h�TSab��eCsx��{`]^hQkfR�q

i�dS_J¥Q{`T�¦9h�TJ{(�^] k�_x]`_bacTSR#el§&p�i¢TAd�TJ��ij_xT'�¢ijh�TAkls�{`i¢µETSscTShLaxi�kl�»T n gQk�aci¢eChQ_S¥`i�_vdSefhQ_zaxscgQd/acTJ{(d�eCRUp9eCh�TShLazq ��i�_zTC«
²ªT�NQk �fT�_xN�e���hªaxNQTFT n g�ij��kl�jTShQdST�el§OaxNQT d�eCRUp9eCh�TShLa	RUe`{`TS�OklhQ{�acN�T {`i�_cd�scT�axT�kf�Q_zaxs)kfd/aci¢eCh el§ J ? K�§¨eCs
��ijef�jef�CijdJkl�j�¢](_zeCg�hQ{?RUe`{`TJ�j_J«�W³h?axN�TUeC�`ackfi¢h�TA{?RUe`{`TS�K¥EsxTAkfd)NQkf��i¢�ji¢ab] p�scefp+TSsxaxijTJ_YdSkfh��+T�kfhQkl�j]^¹STJ{¤d�efh�q

GIH ],GKJ
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_zaxscgQd/aci¢�CTS�j]��L] k�dSefRUp9eL_zi¢axijefh9kl�E�feLkl�¢q {`ijscTJd/acTJ{�_xijR�g���k�aci¢eCh kl�j�feCsxi¢axNQR�¥`kf�¢�je���i¢hQ��aceU{�TJkl�E��i¢axN?d�eCRUp��¢TS±�¥
N�ij�fN`q°{`ijRUTShQ_xi¢eChQkl�<_z]`_zaxTJRU_J«³W³g�sYklp�p�sceCkCd)N?dSklh?NQTS�jp�i¢h�d�efpQi¢h��F��i¶acN?axN�T�§´kf_za³�Csxe���ijh���d�eCR�pQ�¢TS±^i¢ab]�el§
RUe`{`TS��_S¥^kf_�i¢a�i�_�kf���¢T�axe�ackl�CT�kf{�� kfhLackl�CTvel§�acN�T�h9k�axgQsckf�®¥^_zp9k�axi�kl�+klhQ{�§¨g�hQd/aci¢eChQkl�+RUe`{`g���klsci¶ab]�el§»�CTSh�TSaxi�d
h�TSab��eCsx�`_J«<MON�T|�+TShQd)NQRUkfsx�`_�dS�¢TAklsc�¢]�_xN�e�� i¢ac_�TS¸�d�ijTShQdS]f«�B5TJ_xij{�TJ_5sxTAkfd)NQkf��ij�¢i¢ab]�klhQkf�¢]`_xij_J¥^�feLkl�¢q {`ijscTJd/acTJ{
d�eCRUp9eL_zi¢axijefhQkf��_zijR�g���k�aci¢eCh kf�¢�je��v_	acN�T(gQ_xTSs�axeªhQk �^i¢�Lk�acTFacN�sxeCg��fN¡NLgQ�fT(_ba)k�axT?_xpQkfdSTJ_�el§³N�i¢�CN��j]£h�efh�q
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