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ÞbG/PRHRß à�O(á=PRâaß/G
k5r XZo�oRceoRã�cefËXäoR[]_u[]\ace[bpRf r �Ýs�X`\a�å�;[]t�YRceo�X`_a[]\uc¿X r fadiX`\a�"s
�R\u[]Y r d�tØ� � oçæ�XZpR_u}:X`oR�ç�Jd r t:X`o�è g�z]z]ébê�ë d���[]oRfuce�Rd�\ad;�
�R[bt:XZceoJì�ceoR�Rd��=d�oR��d�oJ_iv4fa_"XZ_ud"ìífu��XZ�;dç� r XZo�oRceoRã�XZf�X×�;[]t�ì
�RpR_"XZ_uc�[bo�X r �^s=X rer d�oRã]db��T s�c�f9fa_�� r d�[Z�(� r X`oRoRceoRã#ceflX®��[b\ad
�R\u[]Y r d�tîc�oNS ��ï facet�c r XZ\���[]t��RpR_^X`_ace[]o=X r cefufapRd�fØXZ\acefud�c�o
t:X`oJ��[]_as�d�\*t�[J�Rd r fiv�fupR�"sWX`f�\ad�XZ��_uc�nbd�� r X`oRoRceoRã=v � r XZoJì
oRceoRã ë ce_as�p�oR��d�\u_^XZceoJ_���XZo��:p�_ac r c�_uced�fivb� r XZoRo�c�o�ã ë ce_as�t�d�_�ì
\ace� _uc�t�d]v]X`oR��fa[�[bo��5ð�d�fasR[ ë d���s�[ ë � r X`oRoRceoRã4�R\u[]Y r d�t�f
��[bp r ��Y�d���[boJn]d�\u_ad��ñc�oJ_u[ r X`\aã]d
�R\u[]�=[]face_uc�[bo�X r f^XZ_ucef�ò¼X`YRc r ì
ce_����R\a[bY r d�t�f�v�X`oR�ç_usRd�o×fa[ r nbd��×pRfaceoRãØsRceã]s r �bì�[]�R_ucet�ce}�d��
fad�XZ\a�"s��R\a[J��d���pR\ad�f�� � o���X`\a_uc��;p r XZ\iv ë d fusR[ ë d;��_as�X`_/ðçX r mbì
f^X`_lè¸�Jd r t:X`o�ó�ô�õ`ö�÷ gizbzZ��ê �;[]p r �#Y=d�pRfud��#_a[�fa[ r nbd4��d�\a_"XZceo
s�X`\a�#� r X`oRoRceoRã
�R\a[bY r d�t�f�_as�X`_ ë d�\ad9Y�d��b[]oR�®_asRd���XZ��X`YRc r ì
ce_aced�f [`�C�R\ud�nJc�[bpRf fa�=d���c¿X r ce}�d;�#� r XZoRo�c�o�ãlfu��fu_ad�t�fi�
T sRdÝ�JS/T k VÁS(wøfa�Jfa_ud�tù[]�=d�\^X`_ad�f�Y�����[]oJn]d;\a_aceoRãAX

� r XZo�oRceoRã��R\u[]Y r d�túceo�_u[#X�fud�_�[`�ÆX`û�ce[btLfu�^s�d�t:X`fi�
T sRd�fud
fa�"sRd;t:XZfçX`\ad�ceoRfu_^X`o�_uc¿XZ_ad;�ü�Ò[]\�� r X`oRf�[Z��X�ò�ûJd���ã]cen]d�o
r d�oRãb_as��5T sRd4ceoRfu_^XZoJ_ucÌX`_ad����Ò[b\at�p r X`f�XZ\udÅfu[ r n]d;�:YJ��X��JSÕT
d�oRãbceoRd]v/XZo���_asRd�� r XZo��iX`o�Y�d�\adiX`�ç[Zý×[Z�(_usRd�f"XZ_acefÛ�Ò�Jc�o�ã
t�[J�Rd r � � �(oR[#t�[J�Rd r cef4�Ò[]p�oR��v6_asRd r d;oRã]_us���XZ\"XZt�d;_ad�\�cef
ceoR��\ud�t�d�oJ_ud��:X`oR��_asRd ��\a[]Y r d;tþcef/\ud"ì�c�o�fa_^X`oJ_ac¿XZ_ud���vJpRoJ_ac r ce_
�iX`o:Y=d��R\u[Zn]d�o*_u[lY=d���[boRfacefa_ud�oJ_i�
T sRd*Y�d;oR�"sRt:X`\am�� r XZo�oRceoRã�_ud�fa_uY�d;�FpRfud��×ceoÿY=[]_us×[]pR\

diX`\ r ����XZ�=d�\(X`oR��_asRcef�[]oRd4cef��Rd�fa�;\aceY�d;�:ceo�T�X`Y r d g �5T sRd;\ad
�5º�À]¹�³�­°Â;½]¶��¿±������	��
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��\a[]Y r d;t fa[ r o r d;oRã]_us fa[ r o*fuc�};d ��[]oÖò�ã]pR\"XZ_uc�[boRf
r [bã���X gbg �`� gij����
r [bã�� Y g�{ �Jy g�j
�
r [bã�� � g�{ éb{ gij����
r [bã�� � g;� y`� gij����
Y ë ��X é g�| g�j��
Y ë � Y z g�h g�j��
Y ë � � g;� |bh gij����
Y ë � � g�h {bé gij����
T/X`Y r d g��çk�r X`oRoRceoRã�Y=d�oR�"sRt*XZ\am×_ud�fa_uY�d��6� q []\ r []ã]cefu_ace��f
��\a[]Y r d;t�fivb_as�d�fa[ r p�_ace[]o r d�oRãb_as*cef�[b�R_acet*X r v]XZo���_as�d�oJpRt�ì
Y=d�\�[Z�CX`��_ace[]o�f/��d;\�fu[ r pR_ace[bolcef/_usRd(fut:X rer d�fu_�_as=XZ_�s�XZf/Y=d�d�o
�¸[]pRoR��p�faceoRã�XZoJ�
fadiX`\a�"s��R\a[J��d;�RpR\ad4fu[4�íXZ\�� q []\Õ_asRd Y r [J�"mJf
ë []\ r �#è¿[]o�dÅXZ\ut ê vZ_asRd�fa[ r p�_ace[]o r d�oRãb_as*XZoR��fuc�};d�f(XZ\ud([]��_ac ì
t*X r è¿diX`�"s#_acet�d fu_ad��®c�o�� r pR�Rd�f(X
�Rce�"mJpR���`�RpR_a��[ ë o���X`c�\ ê �

X`\ad*X�fud�\aced�f�[`����\a[]Y r d;t�f��Ò\a[bt+X r [bã]cefa_uc��;fÅ��[]t:X`ceo�v=_as�X`_
ceoJn][ r n]d�t�[ZnJceoRã*��X`�^m]X`ã]d�f
Y=d�_ ë d;d�o r [J�iXZ_uc�[boRf
c�oñn]XZ\uc�[bpRf
�;c�_uced�f�YJ�
_a\upR�"m�XZoR��Y���XZce\u� r XZoRd]�6w([boJì���[]o��=c��;_aceoRãlX`��_ace[]o�f
ceoØ_asRcef4�R[bt:XZceo*t:X��*[J����p�\�ceo���X`\^X r�r d r v�XZo���diX`�"sçXZ��_uc�[bo
_"XZmbd�f�[boRd _acet�d�fu_ad���� q [b\/d�ûRXZt�� r d]v�_asRd�Y�d;fa_ mJoR[ ë o
fa[ r pJì
_uce[]o*_a[�_usRd��R\u[]Y r d�t r [bã]cefa_uc��;fi��X��;[]oJ_^X`c�o�f �Z� XZ�;_ace[]oRf�vRYRp�_
_usRd���X`\ad(�=XZ\^X rer d r ce}�d;�lceo�fap��^s*X4t:X`oRoRd�\5_us�XZ_/_usRd����iX`o�Y�d
d;û�d;��pR_ad;�ç[Zn]d;\ÅX�fu��XZoØ[Z� g]g _acet�dÅfu_ad���fi��T s�d r XZ\uã]d�fu_ r [`ì
ãbcefa_ace��f��R\a[bY r d�t�fa[ r n]d��*ceo#[]p�\ gizbz]é ��XZ�=d�\4ceoJn][ r nbd�� g�j����
�=[]fufaceY r d ��[boJò�ã]p�\^XZ_uce[]oRf5[Z����X`�^m]X`ã]d�f/X`oR�lnbd�sRce� r d�f�� � ol_usRcef
�=XZ�=d�\ ë d�s�X�n]d�fa[ r nbd��:X9t�pR�"s�s�X`\a�Rd�\�ceoRfa_"XZoR�;dÅceoJn][ r n�ceoRã
g�j���� ��[boJò�ãbpR\^X`_ace[]oRf���è¿T sRcef���[]\u\ad�fu��[boR�Rf#_u[äX r []ã]cefu_ace��f
��\a[]Y r d;t ë ce_as z ��XZ�"m]XZãbd�fiv � _a\upR�"m�f�v | XZce\a� r X`oRd�fiv=XZoR� g��
r [J�iX`_ace[]oRf�� ê

T s�c�f���X`��d�\4XZ�R�=diX`\af(ceo�_asRd�� ��!	"^ó"ó$#�%'&�(
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w�[]_adØ_as=XZ_*_asRd�fu_^X`_ad"ì�fa��X`��dç[`�l_as�dç�JS/T�d�oR�;[���c�o�ã�[Z�
_usRd�fudFceoRfu_^XZo���d�f×cefçt�pR�"s r X`\aã]d;\ç_as=XZoü_asRdNoJpRt�Y=d�\�[Z�
�;[]oJò�ãbpR\^X`_ace[]o�fi� q []\�d;ûÖX`t�� r d]v5_usRd r XZ\uã]d�fu_��R\a[bY r d�t�f
ceo
_usRcefl�=XZ�=d�\���[]oJ_"XZceoçXZY=[]pR_ | v jbj]jWV [J[ r diXZoñn]XZ\ucÌX`Y r d�fivÁ�Ò[b\
X®fa_"XZ_ud"ìífu��XZ�;d:[`�Åfuc�};d |�X$�$�$� � � _
s�X`flY=d�d�o×ceoJ_ad�\ud�fa_uc�o�ã�_u[
��c�fu��[Zn]d;\Å_us�XZ_ ë dl��XZo#d$Y��;c�d;o�_ r �#fadiX`\a�"sØ_asRcefWZad�ûJ� r [J�Rd��@[
fu_^X`_ad"ì�fa��X`��d]�*ð�d�X r fa[ ë []\um]d��Ø[]oçX�fad;\aced�f
[Z��_u\^XZ��c�_uce[]o�X r
Y r [J�"mJf ë [b\ r �ç��\a[]Y r d;t�f
c�oJnb[ r nJc�o�ã#pR�ç_u[ giz Y r [J�^mJf�X`oR�
g�j���� ��[]oÖò�ã]pR\"XZ_uc�[boRfi�
q ceã]pR\ud g fupRt�t*XZ\uc�};d�f�_usRd
t:XZceo�\ad�fup r _af��Ò\a[btL_us�XZ_���X�ì

�=d�\�� � _/��[]t���XZ\ud�f5_asRd �=d�\Û�Ò[]\ut:XZo���d�[`�¼_usRd sRceã]s r �bì�d$Y���ced�oJ_
\ \^XZ��sR� r XZo#fu�Jfa_ad;t+[`� V�r pRt XZo�� q pR\afu_�è gizbz]�bê(ë ce_us#_asRd



�JS/T k V�S(w%XZ�R�R\u[�X`�^s6��T sRdñ�R\a[bY r d�t�f]Za\u[J�^mbd�_i��X^[FXZoR�
Za\u[J�^mbd�_i� Y9[×XZ\ud�fuc�t�� r d�\�n]d;\aface[boRf*[Z�l[bpR\ r []ãbcefa_ace��f��R\a[bYJì
r d�t�f���T sRd
ã]\"XZ�RsØ\ad �Òd�\af
_a[*_usRd�_acet�d4\ud2_JpRce\ad��ñ_a[*fadiX`\a�"s
XZo9c�o�fa_^X`oJ_ac¿XZ_ud�����X`_^X fu_a\upR��_ap�\ad��Ò[b\CX fu[ r pR_uc�[bo � ceo�_asRd��iX`fad
[Z�O\4\^X`�RsR� r XZo6v¼X�ãb\^XZ��s�v�XZoR�Øceo�_usRdl��XZfad�[`���JS/T k V�S(w
v
X*��w q �Ò[]\ut�p r XR�4T cet�d;f(_a[®c�o�fa_^X`oJ_ac¿XZ_ud X`oR����\ad"ì��R\a[J��d;faf
_as�d��R\u[]Y r d�t�f
�Ò[]\*�JS/T k VÁS(wú\^XZo�ã]d��×�¸\a[]t �J| fad��;[]oR�Rf
è r [bã���X ê _a[ |]yRg fud���[]o��RfÅè r []ã�� � ê � V d��iX`pRfad`\4\"XZ�Rs�� r XZo
�R[Jd�f
oR[b_�fud���XZ\"XZ_ud([]p�_�_usRd(ceoRfu_^XZoJ_ucÌX`_ace[]o�X`oR��fad�XZ\a�"s*_acet�d�fiv ë d
fap�YR_a\"XZ��_ud��#_as�d �ÖS/T k V�S�wFceoRfu_^X`o�_uc¿XZ_ace[bo�_acet�d�f��Ò\a[btþ_usRd
\4\"XZ�RsR� r X`o#oJpRt�Y=d�\af��lèÈT sRd<\4\^X`�RsR� r X`o:cet�� r d�t�d�oJ_"XZ_ace[bo
ceo��íX`��_�ceoR� r pR�Rd;�ÿXØt�[b\ad�d$Y��;c�d;o�_�ceoRfu_^X`o�_uc¿XZ_ace[bo�\a[]p�_aceoRd
_as=XZo*�Rce�:�JSÕT k V�S�wl� ê
T sRd
�^s=XZ\a_4��[bt���X`\ad�f*\4\^X`�RsR� r X`o ë ce_as®�Ò[]pR\�n]XZ\ucÌX`_ace[]o�f

[Z���JS/T k VÁS(wl�ÆT sRdaZaoJ_^X`Y9[çn]X`\ac¿XZ_uce[]oRf�d�t�� r [Z�×XZoNc�t¡ì
� r d�t�d�oJ_^XZ_uce[]o×èÒ��\^X ë �¸[]\a�çX`oR��S(p�_a[]o g�z]zb{]ê [Z�(_usRd�� r X`f�ì
face� � X�nJc�fÛì k pR_ao�X`t�ìaV�[Znbd r XZoR�Nfa�Jfa_ud�t:X`_ace�çfudiXZ\u�"sA�R\a[J��d ì
�RpR\ud]v ë sRc r dÅ_usRdbZuðçX r mJf^XZ_c[ln]X`\ac¿XZ_uce[]oRf pRfud�fa_u[J�^s=XZfa_uce� r [Zì
�iX r fudiXZ\u�^s6� èed�pR\�fa�=d���c ò��4n]d�\uface[]o�[`� r [���X r fudiXZ\u�^s�cef/Y�XZfud��
[]o�_asRd*\��JS/Tf�9ðçX r mJf^X`_�X r ã][]\uce_asRt�èÒ�Öd r t:XZo*ó�ô/õZöe÷ giz]zb|Rï
gizbzZ�Jê � ê T s�dgZ"�JTih �ak ��[�n]XZ\ucÌX`_ace[]o�f/pRfad;���JS/TNd�oR��[J�RceoRãbf
XZp�_a[]t*XZ_uc���X rer ��ã]d�o�d�\^X`_ad��®�Ò\a[btLX��JTih �ak �bì�fa_�� r dÅ��\a[]Y r d;t
fa�=d���c ò���XZ_ace[bo � _usRd���[J�Rd�_u[��R[�_as�c�f ë X`f Y�XZfud��*[]o#X
t�[J�Jì
c ò�d���nbd�\afuce[]oN[Z�l_usRdj\ \^XZ��sR� r XZo×cet�� r d�t�d�oJ_^X`_ace[]o���T sRd
Z^�ÖTCSÕTikN[*n]XZ\ac¿X`_ace[]oRf9pRfad*X*s�XZo��Jìí�;\^X��¸_ad��lZafa_"XZ_ud"ìíY=XZfad;�9[
d�oR�;[���c�o�ã�v�X`f �Rd�fu��\aceY=d��#ceo*æ X`pR_a}�X`oR�#�Jd r t:X`o#è gizbz]ébê �
ð�d5fad�d/_us�XZ_6ceoÅ_usRcef��R[]t*XZceo _as�d��JS/T k VÁS(w×XZ�R�R\u[�X`�^s�d�f

�R[bt�ceo�XZ_ud]� V d;fa_��=d�\��¸[]\at*XZoR�;d�cef([]Y�_^XZceoRd;� ë ce_as#fu_a[J�"s�XZfÛì
_ace� r [���X r fadiX`\a�"s�XZo��lfu_^XZ_ud"ì�Y�XZfud���d�oR��[J�RceoRãbfi�5T ë [(�iX�nbdiXZ_uf
XZ\ud/ceo4[]\a��d�\i� q c�\ufa_�viceo4[]_usRd�\5�R[bt:XZceoRfm\4\^X`�RsR� r XZo4[b\�[]_as�d�\
� r XZo�oRceoRã×fa�Jfa_ud�t�f#��XZoÝ[]p�_a�=d"�Ò[]\ut2�JS/T k VÁS(w ï ceoR�Rd�d;��v
\4\"XZ�RsR� r X`o4c�f5��[bt���X`\^X`Y r d ë ce_usl�JS/T k VÁS(wñ[]o
_asRd�Y r [J�^mJf
ë []\ r �ñc�o�fa_^X`oR��d�f¡�Ò\a[bt�_as�d:_ud�fa_uY�d;���F�Jd;��[]oR�6v�_usRd*fa_"XZ_ad ì
Y�X`fad��Ød�oR��[J�RceoRãbf�XZ\adE_�p�c�_udl��c°ý�d�\ud�oJ_(�¸\a[]t��JTih �ak ��v�XZoR�
XZ\ud/oR[b_���pR\a\ud�oJ_ r �lX`pR_a[bt:XZ_uce�iX rer �/ã]d;oRd�\^X`_ad��9�Ò\u[]tÝ�JTih �ak �
[]�=d�\"XZ_a[b\af��bn([ ë d�nbd�\iv ë d�s�X�nbd�XZ\uã]pRd��ñ_as�X`_�fa_"XZ_ud"ìíY=XZfad;�
XZûJce[]t�f�XZ\udçXço=XZ_ap�\^X r XZoR�N��[]oJnbd�oRced�oJ_ ë X���_a[×fa�=d���c �Ò�
t:X`oJ��� r XZoRo�c�o�ã��R[]t*XZceoRf � _usRd�\ud�cef/oR[
oRd�d��*_a[
ceoRfacefu_�_us�XZ_
�JTih �ak �bì�oR[]_"XZ_ace[bo#cefgZu�R\acet*XZ\a��[=� q pR\a_usRd�\ut�[]\ud]v�_usRcefÅ�=X�ì
�=d�\ ë c r�r fasR[ ë _as=XZ_
_asRd�ã]d�oRd;\^X r X`�R�R\u[�XZ�"sñ[Z�(fa�=d���c �Ò�JceoRã
X
�R\u[]Y r d�tA��[]t:X`ceo�Y���X
fud�_([`��X`û�ce[bt:XZ_uce����[boRfa_u\^X`c�oJ_uf([]o
�"s�XZo�ã]d�f�Y�d�_ ë d�d�oØfa_"XZ_ud�f4t:XZmbd�f�c�_ fu_a\"XZceã]sJ_��¸[]\ ë XZ\u�*_a[�ceoJì
��[b\a�=[]\^X`_ad�t*XZoJ�
�Rc ý¼d�\ud�oJ_(mJceoR�Rf [`�CsRd�p�\acefa_uc��4mJoR[ ë r d��Rãbd]�
\4cen]d�o×_usRd��;[]t���pR_^X`_ace[]o�X r ��c?Y��;p r _��ÿ[`��_asRdØ� r XZoRo�c�o�ã

�R\u[]Y r d�tØvR[]o�dlt�c�ãbsJ_ ë [boR�Rd�\ ë sJ�#ce_(s�X`f4d�n]d�\9Y�d�d;o���[bf�ì
faceY r d4_a[
�Rd�� r [Z��_a\"XZ�Rce_ace[bo�X r � r XZoRo�c�o�ãlfu��fu_ad�t�f ceo�\ad�X r X`�Jì
� r ce�iXZ_uce[]oRf��lT s�d�\adiX`fa[]oñcefÅ_us�XZ_9�R\^X`��_ace�iX r fa�Jfa_ud�t�f9t�ceoRc ì
t�ce}�dÕfadiX`\a�"s�YJ�Åp�faceoRã4_ad��"sRo�c>_JpRd;f/fapR�"s�X`fC��[]t:X`ceoJìífu��d;��c ò��
��[bo�_u\a[ r \up r d�f�è V XZ���"sJpRf#XZo���æ�XZY�X`oR}iX g�z]zb� v � XZ\uY�[boRd rer
ó�ô�õZöe÷ g�z]zb| v k d�oJY�d;\a_asJ� g�z]z]| vÅ��XZ��d�\u�R[]_uc gizby]y v4� r XZo�d��
XZo��AT sRced�Y�X`pRû giz]zbé v�oÕd r []fa[ gizbz]| v�XZoR�Að�d r � g�z]zZ�Jê v
Za�;[]t���c r d��@[#\adiX`��_acenbd#� r XZoRf#èÈS(ãb\ad�X`oR�F��s�X`�Rt:X`o giz]hby v
ð�c rer cÌX`t�f�XZo��Åw4X���X`m giz]zby]ê viXZo��Ås�d�pR\acefu_ace��f5Y�XZfud���[boÅ_ud�t�ì
�=[]\^X r XZoR�Ø\ad�fu[]pR\u��d��;[]oRfu_a\^X`ceo�_uf�è4oÕd�\ad g�z]h]� vSp*pRfa�;d�_a_u[ r X
gizbzZ�Jê �`n�[ ë d;n]d�\�v�fu�iX r ceoRã�\ud�t:X`ceoRf(�R\u[]Y r d�t*XZ_uc��9c�oØt:X`oJ�
ceoJ_ad�\ud�fa_uc�o�ã��R[]t*XZceoRfi�
S rer _asRd;fad�_ud��"sRoRc-_JpRd�f
ceo�nb[ r n]d9c�o���[]\u��[b\^XZ_uceoRã*t�[]\udl��[Zì

t:X`ceo�fa�=d���c ò���mJoR[ ë r d��RãbdÅceoJ_a[�_usRd�� r X`oRoRd�\���T s�d�o�XZ_upR\^X r
_JpRd�fu_ace[]oFX`\acefad;f � �iXZo�_usRdØ��[ ë d�\�[`�lmJoR[ ë r d��Rãbd�X r fa[�Y=d

ceoR�;[]\a�=[]\"XZ_ud��×c�oJ_u[#_asRd�� r XZoRo�c�o�ã7X`flf"XZ_uc�fÛò¼XZY�c r ce_��*�Ò\"XZt�d"ì
ë []\um�v ë c�_usR[]p�_ f^XZ�;\ac ò���ceoRã�ce_af d r d;ã�XZo���d�[]\�ã]d;oRd�\^X r c�_��9q

r�ß/�AM5âaGAà�ERs�E6G(à�E�GÕPts(�aM5G�G(âaG u
�ÖS/T k V�S�w�v f*pRfadØ[Z��d$Y��;c�d;o�_*�R\u[]�=[]fuc�_uce[]o�X r \ad;�R\ad�fud�oJ_^X,ì
_uce[]oRf/XZo���fadiX`\a�"s�d�oRãbc�o�d�f/�R\"XZt:X`_ace�iX r�r ��c�o���\adiX`fad���_usRd face}�d
[`�l�R\u[]Y r d�t�f�_as�X`_���[bp r ��Y�dØfa[ r n]d����wd�oRdØ��XZ_us�_a[ �ÒpR\�ì
_usRd�\�cet��R\u[Zn]d�t�d�oJ_�c�fÕ_a[�XZ�R� r �9oRd ë d�\ivb�íX`fa_ud�\/f^X`_acef�ò�XZYRc r ce_��
_ud�fa_uceoRã*�R\a[J��d���pR\ad�f�v/XZoR�®c�o��Rd�d�� ë d ë c rer YR\aced$���®t�d�oJ_ace[bo
fu[]t�d��R\a[bt�cefaceoRã
�R\ud r c�t�ceo�XZ\u��d�ûJ��d�\ucet�d�oJ_af ë ce_as#_usRd<)�õbô>x
fu�Jfa_ad;t [`� V�c
XZoR��S�oJYRp r XZãJXZoåè giz]zby]ê �üT sRd�[]_usRd�\#XZ�Jì
��\a[�X`�"s�v ë sRce�"s�c�f
_as�d��Ò[J��pRf9[Z�(_as�c�f
��X`��d�\�v5cef�_a[Ød�oR��[J�Rd
t�[]\ud(mJoR[ ë r d��RãbdÅceo�_asRd���\a[]Y r d;tA\ad���\ad�fud�oJ_^XZ_uce[]oRf��
T sRd;\ad�fad�nbd�\^X r mJc�o��Rf5[Z��mJoR[ ë r d��Rãbd/_as=XZ_��;[]p r �
Y�d XZ�R��d��

_u[#X���\a[]Y r d;t�\ad��R\ud�fad;o�_"XZ_uc�[bo�� q ce\afu_iv�_usRd�\ad�cef`y5&9!�z�öeó�#	(]ó
õ5P$!�0Jô ô>,�ó�#�!5Dlõ5%4&{%Èô4)�ó;ö +�� q []\ ceoRfa_"XZoR�;d]v�X9�íX`��_ÅX`Y�[bpR_ _asRd
r [bã]cefa_uc��;fl�R[bt:X`c�o�cef�_us�XZ_|Z"X#_u\apR�"mçcef�[bo r ��c�oñ[]oRd r [J�iX,ì
_uce[]o9[=���Jd��;[]oR��v�_asRd;\ad
c�fiy5&9!5z�ö�ó$#�(bó�õ�P$!�0JôN(�!	!	#`}=ö�õ5&�)�vJ�Ò[b\
d;ûÖX`t�� r d]v Za�R[*oR[b_Å\ud�_ap�\aoÿX���X`�"m]XZã]d
_a[#X r [J�iXZ_uc�[bo#�¸\a[]t
ë s�c��"sñc�_9s�XZf
Y�d;d�o×\ad�t�[Zn]d��9[=�#S�o���� r X`o�nJc�[ r XZ_aceoRã*_usRcef
�;[]oRfu_a\^X`ceo�_�cef�[bY�nJce[]p�f r ��fupRY=[]�R_uc�t*X r �ØT sRce\a��vÕ[]oRd*��[bp r �
d;oR��[J�RdØd�ûJ� r c��;c�_��;[]oJ_a\u[ r mJoR[ ë r d���ã]d#XZY=[]pR_�fudiXZ\u�"s�v fap��^s
X`f�Za� r X`o:XZce\ \u[]pR_ud�f Y�d �Ò[]\ud r XZoR��\a[]p�_ad�fc[��
�Jp��^s*ceoJ�Ò[b\at*XZ_ace[bo�cef�_u\^XZ��c�_uce[]o�X r�r ��ceoR�;[]\a�=[]\"XZ_ud��*c�o�_asRd

� r X`oRoRceoRã#X r ãb[]\ace_usRt�ce_afad r �([b\�ceoçX�fa�=d���c¿X r �R\u[]ãb\^XZt�t�c oRã
r X`oRã]p�X`ã]d�ceoJ_ad;\a�R\ud�_ad��ñYJ�:_usRd�� r XZo�oRd�\i� � oRfa_udiXZ�6v ë dl��\a[Zì
�=[]fud d�ûJ�R\ad;fafaceoRã9�R[]t*XZceo4m�o�[ ë r d;�Rã]d XZf/XZ���Rce_ace[]o�X r �Rd;� r XZ\�ì
X`_acen]d#X`û�ce[bt�fi�ñT sJpRfiv�XØ�R\a[bY r d�t�ceoRfu_^X`oR��d ë c rer Y=d#\ud��Jì
\ud�fad;o�_ud��åXZf�_asRdØpRoRce[boÿ[`��_asR\ud�d�fad�_uf*[Z�lXZûJce[]t�f � _as�[]fad
�¸[]\ []�=d�\"XZ_a[b\af�v�_asR[bfad4�¸[]\ _as�d�ceoRce_ac¿X r X`oR�*ã][�X r fu_^XZ_ud�fiv�X`oR�
_usR[]fud��Ò[b\�XZ�R�Rce_uc�[bo�X r �R[bt:X`c�o®m�o�[ ë r d;�Rã]d]v ë sRce�"s ë d ë c rer
��X rer Zas�d�pR\acefu_ace�ËX`ûJc�[bt�fc[�� � []t*XZceo×c�oÖ�Ò[]\ut:XZ_uce[]oçfucet�� r �
�¸pRoR��_uc�[boRf#XZf#X��;[]oRfu_a\^X`ceo�_*[boF_usRd�fudiXZ\u�"såXZoR�Nfa[ r p�_ace[]o
fu��XZ�;d�fiv/X`oR�#cef4c�o��Rd��=d�oR�Rd�oJ_�[`�ÆX`oJ�:fudiXZ\u�"s�d�oRã]ceoRd
fa_u\^X`_�ì
d;ã]�J� � _/cef/cet���[b\a_^X`oJ_�_a[4oR[b_ad _us�XZ_/��[]t:X`ceoÅmJoR[ ë r d���ã]d s�X`f
d;ûÖX`��_ r �×_as�d:f"XZt�d:fu_^X`_apRf*XZf�XZoJ�ñ[Z��_asRd*[b_asRd�\��R\a[bY r d�t
�;[]oRfu_a\^X`ceo�_ufi� � o���XZ\u_ace��p r XZ\�v]_usRd(��[]t:X`ceo�mJoR[ ë r d��Rã]d cef*&9!]ô
X~Zat�d�_^X,ìí��[boRfa_u\^X`c�oJ_c[l[bo#_asRd
fad�XZ\a�"s�X r ã][b\ace_as�t�vJXZf(cef�vJ�Ò[b\
ceoRfu_^X`oR��d]vZ_usRd`Zu��pR_�[ [b��d;\^XZ_u[]\6c�o r []ãbce���R\u[]ã]\"XZt�t�ceoRã���è3h d"ì
r X`_ad��#_u[�[]pR\4XZ�R��\a[�X`�"s:cef�_as�X`_([Z� V XZ���"sJpRf4XZoR�#æ�X`Y�XZoR}�X
è gizbz]�]ê v ë sR[*X r fa[���d�� r XZ\"XZ_acenbd r �:fu��d;��c �Ò�*sRd�pR\uc�fu_ace��XZûJce[]t�f
�¸[]\�XØ� r XZoRoRceoRã®fa�Jfa_ud�t�� � _���c°ý�d�\uf�c�oñ_as�X`_�_asRd;�çpRfud���X
��d�_^X`c r d��×t�[��=X r _ad�t���[b\^X r r [bã]ce��fu��d��;c°ò=�iXZ_uc�[bo×_a[�_aceãbs�_ r �
�;[]oJ_a\u[ r _asRd k hOd �(� \Å�ç� r XZoRoRceoRã fu�Jfa_ad;t�v ë sRd�\udiXZf ë d/pRfad
��\a[]�=[]fuce_ace[]o�X r XZûJce[]t�f�_u[lXZfufacefa_�v]YRp�_/oR[]_Õ\ad�� r X`��d]vJfad�XZ\a�"s�� ê
T sRcef���XZ�=d�\�YRpRc r �Rf�[]o�_usRd([bYRfad;\an]XZ_uce[]oRf�[Z�8k5\aoRfu_ivmp*c r�r ì

fu_ad�ceo�vJXZo���ð�d r �:è giz]zby]ê ��[boR��d�\uoRceoRãl_usRd d"ý�d���_�[Z���R[]t*XZceoJì
fu��d;��c ò��ÿX`û�ce[bt�f�[]oN[]p�\:[b\aceã]ceo�X r Y r [J�"mJf�ì ë [b\ r �F_ud�fa_uY�d;���
T s�d���oR[]_ud���_as=XZ_/ceoR� r pR��c�o�ãÅfu_^X`_ad"ì�ceo�n]X`\ac¿XZoJ_/XZûJce[]t�f�t*XZ�Rd
_usRd
�R\a[bY r d�t�f r X`\aãbd�\(Y=d"�Ò[b\ad
facet�� r c ò��iX`_ace[]oØèÒX`f(�Rd�fu��\aceY=d��
Y=d r [ ë(ê vJY�pR_ fat*X rer d�\�XZo���diX`faced�\(_u[lfu[ r n]d4X��Ò_ud�\ facet�� r c°ò=�iX�ì
_uce[]o��

���(EÝ�ußNu�âaá�M5�`�bPRM6PROi�çß����(E6O(HRâc�bPÖâuáS�
T s�d�fu_a\^X`ceã]sJ_��Ò[b\ ë XZ\u��v r []ãbc���X r \ud��R\ud�fad�oJ_"XZ_ace[boÝ[Z��sRd�pR\ucef�ì
_uce��mJoR[ ë r d��Rã]d ë d
s�X�n]d�X`�R[]�R_ud���X rer [ ë f pRf(_u[��Rd�_ud�\at�ceoRd
_usRd r []ãbc���X r \ad r X`_ace[]o�fasRce�
Y�d�_ ë d�d�o�_us�XZ_6mJoR[ ë r d��Rã]d XZo���_asRd
[b\aceã]ceo�X r �R\a[bY r d�t fa_^X`_ad�t�d�oJ_i� � _ÅX rer [ ë f�pRf _a[��Rcefa_aceoRãbpRcefas
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T/XZY r d |@� k5ûRXZt�� r d�XZûJce[]t*XZ_uc��Á�Ò[]\utÝ[Z� r []ã]cefu_ace��f�s�d�pR\acefu_ace��fi�

Y=d�_ ë d;d�oFs�d�pR\acefu_ace��f�_us�XZ_*XZ�R�×d�oJ_uc�\ud r �×oRd ë ��[]oRfu_a\"XZceoJ_afiv
XZo���_asR[bfad _as=XZ_/fuc�t�� r �4t:XZmbdÅó$¸�}�ö>%'"�%¿ô6ceoJ�Ò[b\at:X`_ace[]o4_us�XZ_/cef
cet�� r ce��ce_5ceo�[]_usRd�\ ��X`\a_uf [Z�C_usRd4�R\a[bY r d�t�� � o���XZ��_�vJ_asRd4�iX`_�ì
d�ãb[]\aced�f��Rd"ò=oRd���YJ��_usRd r []ãbce�iX r \ad r X`_ace[]o�fasRce��[Z��_usRd(s�d�pR\acefÛì
_ace��f5_u[Å_usRd�\ad�fu_/[Z��_usRd��R\a[bY r d�tÝceoRfa_"XZoR��d���\udiXZ_ud�f�XÆo�XZ_upR\^X r
� r XZfufac ò��iX`_ace[]o
[Z�=m�ceoR��fC[`��sRd�p�\acefa_uc��;fi�/��[]o�face�Rd�\5_as�d��Ò[ rer [ ë ì
ceoRã9�Ò[]pR\ � r X`fafud�f �
g �On(d�p�\acefa_uc��;f(d�oJ_^X`c r d;�:YJ��_asRd�[b��d;\^XZ_u[]\4XZûJce[]t�f�X r []oRd�X`\ad
_asR[bfad9�Ò[]\�"$!�&K¹U%4"�ô') õ5&9#b#]ó	�2%4º�ó$##ó3» ó�"�ô') � q [b\(d�ûRX`t�� r d]v
XZoJ�Ø_ ë [#fucet�p r _^XZo�d�[]pRf`¼ �e½ X`��_ace[boRf��¸[]\�_usRd�f"XZt�d�X`ce\�ì� r XZoRd��;[]o���ce��_�� q []\�Za�RpR\ud2[��JTih �ak � []�=d�\^X`_a[b\afiv���[boJì
��ce��_af ��XZo�Y=d�diX`fac r ���Rd�\uc�nbd���vJYJ��fucet�� r ����[bt���X`\aceoRã�_usRd
�R\ad;��[]oR��c�_uce[]o#XZoR�*�Rd r d;_ad r cefa_uf [Z�C[b��d;\^XZ_u[]\ufi��ð�sRd�o*�Rd ì
\acen]d;�ç�R\ud��Rce�iXZ_ud�f�XZo��ÿXZp�û�c r c¿XZ\u��XZûJce[]t�f X`\ad*ceoR� r pR�Rd;��v
sR[ ë d�n]d�\�v��Rd�_ud�\at�ceoRceoRãWX`��_ace[boþ�;[]o���ce��_ufç�iX`oüY�d��;[]t�d
w k ì���[bt�� r d�_ud]� � o:fupR�"s���XZfad;fÅce_ �iX`o#Y=d�sRd r �J�Òp r _a[*XZ�R�
sRd�pR\ucefa_ace��XZûJce[]t�f/_as=XZ_ t:X`m]d _usRd���[bo���ce��_af d;û�� r ce��ce_��

| �On(d�p�\acefa_uc��;f�d�oJ_^X`c r d���YJ�#_usRd�[]�=d�\"XZ_a[b\lXZo���ceoRce_ac¿X r fu_^X`_ad
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Fig. 1.  Comparison of search times on original logistics problems.

Fig 2.  Number of variables in logistics formulas after simplification.

Fig. 3.  Number of clauses in logistics formulas after simplification.

0.01

0.1

1

10

100

1000

10000

100000

rocket.a     rocket.b     log.a         log.b         log.c         log.d

lo
g

 s
o

lu
ti

o
n

 t
im

e

Graphplan

ntab/STRIPS

walksat/STRIPS

ntab/STATE

walksat/STATE

500

600

700

800

900

1000

1100

1200

none h1 h2 h3 h4

n
u

m
b

er
 o

f 
va

ri
al

b
es

log.a

log.b

log.c

4000

6000

8000

10000

12000

14000

16000

none h1 h2 h3 h4

n
u

m
b

er
 o

f 
 c

la
u

se
s

log.a

log.b

log.c



Fig. 4:  Solution times for walksat on logistics with different sets of heuristics.
Times are normalized as multiples of the minimum solution time for each problem.

Fig. 5:  Normalized solution time for ntab on logistics wffs. Times are normalized
 as multiples of the minimum solution time for each problem (a, b, c, d), and
 plotted on a log scale.

Fig 6:  Best solution times logistics wffs, any solver.
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