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Abstract

CICLOPS’2002meansto bringtogether, in aninformalsetting,people
involved in researchon sequentialandparallelimplementationtechnolo-
giesfor logic andconstraintprogramminglanguagesandsystems,in or-
der to promotea muchneededexchangeof ideasandfeedbackon recent
developments.Theworkshopprovidesameetinggroundfor peoplework-
ing on implementationtechnologyfor different aspectsof executionof
logic-basedandconstraint-basedlanguagesandsystems.CICLOPS’2002
continuesa tradition of succesfulworkshopson Implementationsof Lo-
gic ProgrammingSystems,previously held with considerablesuccessin
Budapest(1993)andIthaca(1994),theCompulogNetworkshopsonPar-
allelismandImplementation,andCICLOPS’01in Paphos(Cyprus).
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a úcb�÷edfd]g4ûWûKh�ò«úibËñ4öKj�÷ek�lmjnk"ñ,bSd úpoQl4úQñ�q�r/öWñsd ñslmgsk�o3÷ftWû6÷¤ò[uQd¤úcò«ú�kntKg�tW÷¤ñ�kvb�÷ftWõ"ñshQtGqwh"öKtWõ"ú�ö6ú�xnuQdfg�k�gst�÷¤ñskzyz{jñ4öGg
l4ñ�ñnol÷eknt�öWñnoQh�ô�tW÷ ñskRtWñ[r�öWñsd¤ñsl«ûWúcú}|f~��s�7�nt�ñ[tWõ�ú a��_� ûWúcú}|e~s�^���s�7y

� kUtWõ"ú a��_� g�qaöWúcú}k"ñskQ��gsd¤÷eg4ûWúpo>ùMgvöW÷fgs�Qd¤ú^÷¤û(öWú�u"öWú�ûWú�kntWú�oOg4û#g�ôcú�dfdËôcñsknt0g4÷fk"÷fkQl�g�û ú�dfq���öWúpq8úcöWúpk"ôcúny a õ"ú�kUt7bËñ
q8öWú�ú(ù,g4öW÷egs�Qd¤úcû>g4öWú#h�k"÷f�"ú�o�tWõ"ú#�4ñshQk�lvú�ö<ôcú�dfdì÷¤û<ò[gso"ú#tWñ}ugñv÷fk+t>tWñ}tWõ"ú(ñsdfo"úcö<ô�ú�dfdBy � ûWú�öW÷ ú�û<ñ�q=hQk"÷f�"ô�gstW÷¤ñ�k�û<ñsq�q8öWú�ú
ù,g4öW÷fg���d ú�ûVô�gsk�öWúcûEhQdftV÷ekUg�� �w�����
��ô½õ�gv÷fk�ñsq�öWúpq8úcöWúpk"ôcú�ûVñsqSb�õ"÷¤ô½õUtWõ"ú�dfg4ûKtVñsk"ú¿÷¤ûCg�û ú�deqw��öWú�qaúcöWú�k�ôcú¿ñvö,��÷fk�ô�g4ûWú}t�õ�ú
ù,g4öW÷fg���d úV÷ û
÷fk"ûKtKgsk+tW÷fg�tWú�o��Qg���ñshQkQo�tWúcöWò�y"ð�õ"÷¤û�÷¤ò[uQd¤÷¤úcû�tWõQgst�tWúcûEt�÷fkQl�b�õ�ú�tWõ"úcö�gm�aûWñsh�öWôcú�d¤úcù4ú�d7�#ù,g4öW÷fg���d úV÷ û_q8öWú�úAñ4ö
��ñshQk�oz��öWú��nh"÷¤öWúcû�o�úcöWú�qaúcöWú�k�ôc÷fkQl�yjó�h"ô�õmo"ú�öWú�q8ú�öWú�k"ô�÷ek�lQ÷ û9k"úcô�úcûWûKg4öK��oQh�öW÷ek�lQú�g4ô½õ�hQk"÷f�"ôpg�tW÷¤ñ�k�gskQo�t�õnh"û9u�úcöKqañvöWò«úpo
�nh"÷ft�ú�ñsq�tWú�kzy � kYõ"÷¤û�r �_�H��� ��ûE��ûEt�ú�ò�|f~��s�7�gð�g,�+d¤ñvöA÷fk+tWöWñ+o�h"ôcúpo�g o"÷f¡�úcöWú�knteù,g4öW÷egs�Qd¤ú�öWú�u"ö úcûWú�kntKg�tW÷¤ñskYû ô½õ"ú�ò«ú[tWõQgst
o"ñ�úcû[k"ñst6ûEhQ¡�úcö[q8öWñ4ò¢tWõ"÷¤û«ò[g4ûWûW÷¤ù4úio�úcöWú�qaúcöWú�k�ôc÷fkQlmk�úcú�ozy a õ"úpk3÷fkvt�õ�úir �_�H��� û ô½õ�úcò«úctBb�ñmq8öWú�úik�ñ�k���gsd ÷fg4ûWú�o
ù,g4öW÷fg���d ú�û#g4öWú}h�k"÷f�"ú�o��£tWõ"úit7bËñ.÷ek�ù4ñ�d¤ù4ú�o3ôcú�dfd¤û#g4öWú¿ò[gso"úitWñ�ugñv÷fk+t#tWñ.ú�g4ô�õ�ñstWõ"úcö,��ôcöWúpg�tW÷fkQl�g¥¤����^¤�¦n���
�
ô½õ�g4÷ek3ñ�q
d¤ú�kQlstWõ�t7bËñ�ys{2h"öKtWõ"ú�öAhQk"÷f�"ôpg�tW÷¤ñ�k�ûAb�÷ftWõ�qaöWúcú�ù,g4öW÷fgs�Qd¤úcûËò[gsj4ú�tWõ�÷ û�ôc÷¤öWô�hQdfg4öËô½õ�gv÷fk}deg4öKl4úcöAgskQo¿úcù4úcöK�«ù,g4öW÷fg���d ú[�8÷fk}t�õ�ú
d¤ñ�ô�gsdìûKtKg4ô�jlñ4ö_g�k�gvöKlsh�ò«ú�k+t
öWúplv÷¤ûKtWúcö,��u�ñ4÷ekntWû_tWñ}g^ô�ú�dfd�÷fk�ûKh�ô½õ�g^ô�õQg4÷fkzy a õ"úpk�tWõ"úVù,g4öW÷fg���d ú(÷ û>��ñshQkQo��"ú�g4ô�õ�ôcúpded
÷fkmtWõ�úGr ������� ô�õQg4÷fk·÷¤ûeöWú�u�deg4ôcúpom�n��tWõ"ú«ù,gsdeh�úGtWñcb�õ�÷ ô�õY÷etÂ÷¤û9��ñshQkQo�y�§
ñco"ú�öWú�q8ú�öWú�k"ô�÷ek�lQ÷ ûeöWúp�+h"÷¤öWú�o�tWñQù4úcöW÷fq��
b�õ"úpt�õ�úcöAgAôcúpded�÷ ûA��ñsh�kQoz�s��úcô�gsh"û ú�t�õ�ú�t0gslV÷ek�gVôcú�dfd�÷ ò«ò«ú�o�÷egstWú�df�6÷fo"úpk+tW÷e��úcûAgVôcú�dfd2g4ûA��úc÷fkQlC��ñshQk�o^ñvöAk"ñst,y � lvñ�ñno
g4ôcôcñshQknt�ñsqztWõ�ú�gso"ù,gsknt0gsl4úcûHgskQoRo"÷¤ûKgso"ù,gsk+tKgsl4úcû�ñ�q�tWõ"ú9r �_�H��� ��÷ek�o"÷fkQl«û ô½õ"ú�ò«úÂô�gskR��ú�qañshQkQol÷fkO| ¨s�By

� dft�õ�ñshQl4õCtWõ"úAr ������� ûWô½õ�úcò«úAg±ù4ñ4÷eo�û�o"ú�öWú�q8ú�öWú�k"ô�÷ek�l�÷fkC��ñshQk�oQk"ú�ûWûìô½õ�úcô'j�û,�ptWõ"÷¤ûì÷ ò[u�öWñ±ù4úcò«ú�knt�ñ±ù4ú�öztWõ"ú a��_�
ûWô�õ"úcò«ú<õQg4û�÷etWû]u"öW÷¤ôcú+y a õ"ú�kioQh"öW÷fkQlGg#hQk"÷f�"ô�gstW÷¤ñ�kig(ôcúpdedg÷¤û]gvû ûW÷fl�k�ú�oig(ù,gsdeh�ú+�
t�öEgv÷fd¤÷ek�l(÷ û]h"û ú�o¿÷fk\ñ4öKo"úcöVtWñ#��ú>gs�Qd¤ú
tWñÂöWúcôcñsk"ûEtWöKh"ô�tZtWõ"ú�ûKtKgst�ú�ñsq2tWõ"úSgs�"ûKtWöKg4ô�t#ò[g4ô½õ�÷ek�ú]�gú�q8ñ4öWúSt�õ�ú]h�k"÷f�"ô�gstW÷ ñsk[tWñ�ñsjCuQdfg4ôcú+y � k[t�õ�ú�ôpgvû ú�ñsq�t�õ�ú a��_� ��gst
ò«ñ4ûKt�ñsk�úÂôcú�dfd�k"ú�ú�o"ûStWöKg4÷ed¤÷fkQl���öWúpl�g4öKoQd¤úcû û�ñ�qztWõ�ú>d¤ú�k�lst�õQñsqztWõ"ú�d¤÷ek�ú�g4ö�ô�õQg4÷fkzy�©VkctWõ"úÂñst�õ�úcö�õQgskQoz��÷ekctWõ"ú�r �_�H���
ûWô�õ"úcò«ún�Iúcù4úcöK�Aô�ú�ded"÷ekGtWõ"ú�ôc÷¤öWô�h�deg4ö#ô½õQg4÷fkGu�ñst�úpk+tW÷fg�dfdf��k"úcúpo"ûZtWöKgv÷fd¤÷ek�l2y � ûZg<ö úcûKh�det,��tWõ"ú]tWöKgv÷fd�ûEt0g4ô'j�h"ûKgsl4ú�÷ û#ú�xnu�úcôpt�úpo
tWñ#��ú<ò#h"ô½õ\õ�÷el4õ"ú�ö�÷ekitWõ"ú>r �_�H��� ûWô½õ�úcò«ú>tWõQgsk\÷fkit�õ�ú a��_� y
ª<ú�ò«ñ�úpkig�k�oi§_l�h��vúpk«| �s��õQg±ù4ú<÷fkQo"úcúpo\ñs�"ûWú�öWùvúpo
÷fk}t�õ�ú�o�r/öWñ�d¤ñslVûE��ûKtWúcò ò[gsx�÷¤ò[gsd�tWöKg4÷edgûW÷f¬cúcûVq8ñ4öVt�õ�ú_r �_�H��� ûWô�õ"úcò«ú_tWõQgstAg4öWú
ñsk}g±ùvú�öKg�l4ú_t7b�÷¤ôcú_g4ûAdfg4öKl4ú_gvûVb�÷ftWõ
tWõ"ú a��_� û ô½õ"ú�ò«ú+y
­/ù4ú�k\÷fkitWõ"ú a���� ÷ft]uQg,��û�ñ�¡ tWñGg±ùvñ4÷foitWöKg4÷ed¤÷ek�lGb�õ�ú�k"ú�ùvú�ö]u�ñ4ûWûW÷f�Qd¤ú>gskQoigGq8ñ4öKtW÷ ñ4öW÷�t�õ�÷ û�õ�ñsdeo�û
÷fkctWõ"ú9r �_�H��� ûWô½õ�úcò«ú+y
ð�õ�ú�r ������� ûWô�õ"úcò«ú.÷ ûih"û ú�o-÷fk¯® �_°V± ® ��° | ²��^³��
÷¤û}g�ô�ñ�k�ûKtWöKgv÷fknt}d ñsl4÷ ô�dfg�k�lshQgslvú�o"ú�ûW÷fl�k�ú�o´t�ñ�ûEhQuQu�ñ4öKt

tWõ"ú(ôcñsk"ûEt�öKh�ô�tW÷ ñsk���ú�xntWú�k"ûW÷¤ñsk�gskQo�h"û ú(ñ�q�ô�ñ�k�ûKtWöKg4÷eknt
û ñsd ù4úcöWûMy�® ��° öWú��nh"÷¤öWúcû>t7�nu�ú#o"úcôpdeg4öKgstW÷ ñsk"û�g�k�o.õQg4û<ñsuQtW÷ ñskQgsd
ò«ñno"úCgskQo�o"úpt�ú�öWò«÷ek�÷ û òµo�úcô�dfg4öKg�tW÷¤ñsk"û,y � t�÷¤û
ôcñ4ò[u"÷fd úpo�t�ñ � úcö ô�h"öK�O|f~'¶��ìûWñ}gvû_tWñ}d úcù4úcöEg�l4úCq8ö ñvò ÷ft�û
û ñ�u�õ"÷¤ûKtW÷ ôpg�tWú�o
ôcñ4ò[u"÷fdfg�tW÷¤ñskGtWúcô�õQk�÷e�nh"úcûMy,®�ñ,bËú�ùvú�ö,�,hQkQd¤÷fj4ú � ú�öWô�h"öK�n�,® �_° ÷fk"ôpdeh�o"úcû�g�®�ú�öK�"öKgskQo«ôcñsk"ûEt�öKg4÷fk+t#û ñ�d¤ù4úcöZb�õ�÷ ô�õGu�öWñ±ù�÷fo"ú�û
q�h�ded�h�k"÷f�"ô�gstW÷¤ñ�k�ygð�õ"÷¤ûeû ñsd ù4úcö�h"ûWú�ûeð�g,�+d¤ñ4ö,· û9r �_�H��� û ô½õ"ú�ò«ú«öKgstWõ"ú�ö9tWõQgsk«t�õ�ú«ûEt0gskQo�g4öKo a���� öWú�u�öWúcûWúpk+tKgst�÷¤ñskzy
ð�õ"÷¤û�÷¤ûz�gúcô�gsh"û ú+��hQkQd¤÷fjvúAtWõ"ú a���� ��t�õ�ú=r ������� öWú�u"ö úcûWú�kntKg�tW÷¤ñsk�qañvözl4öWñshQk�o�tWúcöWò«ûì÷ û�t�õ�ú/ûEgvò«úAg4ûztWõQgst�ñsq � ú�öWô�h"öE�
÷fk�g\ù4úcöK�l÷ ò[ugñvöKtKgsk+t>g4ûKu�úcôpt ± k�ñ¿öWú�qaúcöWúpk"ôcú(ô½õ�gv÷fk"û<úpx�÷¤ûKt,y�ð�õ+h�û,��ôpg�dfd¤û_tWñ}tWõ"ú#®
úcöK��öKg�k�o.ôcñsk"ûKtWöKg4÷eknt
û ñ�d¤ù4úcö<ô�gsk���ú
öWú�u�deg4ôcúpoc�n�¿ô�gsded¤ûHt�ñ � úcöWô�h�öK��· û�úp¸«ôc÷¤ú�k+t�ö ñ�h�t�÷fk"ú�ûSb�õ"úpk"úcù4úcöHl4öWñ�h�kQoRt�ú�öWò«ûSg4öWú��gúc÷fkQl«ò[gsk"÷fuQhQdfgst�úpozy

a úAb�÷fdfdnu"öWú�ûWú�knt�t7bËñ<ò«ú�gsk"û5tWñ
ô�ñ�h�k+tWúcö5tWõ"úVtWöKgv÷fd¤÷ek�l_u�úpkQgsdet7�Añsq�t�õ�úVr �_�H��� ûWô�õ"úcò«úny�ð�õ"úV�"öWûEtì÷¤û5g�k(÷¤ò[u"öWñ±ù4ú�o
r �_����� t�öKg4÷fd ÷fkQl�û ô½õ"ú�ò«ú+�c÷ ò[u�d ú�ò6úpk+tWú�oC��ñst�õV÷ekCoQr/öWñsd ñsl�gskQo�tWõ"úA® �_° � � úcöWôph"öK�<ûE��ûEt�ú�ò ± ÷ft�ôcñsk"ûW÷fo"ú�öKg���de�ÂöWú�o�h"ôcú�û



¹

tWõ"úAöWú��nh"÷¤öWú�o tWöKg4÷ed�ûKtKg4ô�j\û ÷e¬�ú+y � t�÷¤û�u"öWú�ûWú�kntWú�o�÷ek�ó�úcô�tW÷¤ñ�k��2yz©Ak tWñsu�ñ�qZt�õ�÷ û�÷¤ò[u"öWñ±ù4ú�o tWöKg4÷fd ÷fkQl^ûWô�õ"úcò«ú�qañvö�® ��° �
� ú�öWô�h"öK��b�ú�õQg±ù4ú�÷ ò[u�d ú�ò6úpk+tWú�o[g�kGgskQgsdf��û ÷ ûZtWõQgstZo"ú�tWúcôpt�ûZb�õ�ú�kGtWöKgv÷fd¤÷ek�lvû�ô�gskG��ú]g±ùvñ4÷fo"ú�o�yIð�õ"÷¤ûZgskQgsdf��ûW÷¤û#÷¤û#ûW÷¤ò«÷edfg4ö
tWñ�tWõ"ú�ñsk"ú�bËú�õQg±ù4ú�u"öWú�ù�÷¤ñsh"ûKdf�6÷¤ò[uQd¤úcò«ú�kntWú�o�q8ñ4öAt�õ�ú�ô�deg4û ûW÷¤ôHr �_�H��� t�öKg4÷fd ÷fkQlVûWô�õ"úcò«úG|f~'���7����hQt=gsd¤ûWñ�o�÷e¡gúcöWûAq8öWñ4ò
÷ft�÷fk gsk�÷¤ò[u�ñ4öKt0gskntHg4ûKugúcô�t,y�ó�úcô�tW÷¤ñ�k�³�úpx+uQdfg4÷ek�û�tWõ"ú�gskQgsdf��û ÷ û_b�õ�÷ ô�õ gstKt�ú�ò[uQtWû�tWñNg±ù4ñ4÷fo tWöKgv÷fd¤÷ek�l�÷fk tWõ"úA÷¤ò[u"öWñ±ù4ú�o
ûWô�õ"úcò«úny � úcûKh�detWû/ñsq���ñst�õ�tWõ"ú�÷¤ò[u"öWñ±ù4ú�o^ûWô�õ"úcò«ú�g�k�oNtWõ"ú�÷ ò[u�öWñ±ùvúpo�ûWô�õ"ú�ò«ú�÷fk�ôcñ4òC��÷ek�g�tW÷¤ñ�k�b�÷ft�õ�tWõ"úHgskQgsdf��û ÷ ûAg4öWú
u"öWú�ûWú�kntWú�oQ÷fkló"úcô�tW÷¤ñskc²�yn{�÷fkQgsdedf�+��ó�úcô�tW÷¤ñ�kR�[o"÷¤ûWôph"ûWû úcû�öWúpdegstWú�oRgskQoRq�hQtKh"öWú9bËñ4öKj�y
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½2¾À¿ ÁCÂzÃ�Ä
ÅÀÆ�ÇpÇpÈÀÄRÉ=ÊiË}ÌÍÊÏÎzÄMÂ�Ã+ÐOÃ+ÑVÒ�Æ�ÅÀÓzÃ�ÔpÕ,Æ�ÈwÅÀÈÀÖ�×
ð�õ"úeô�dfgvû ûW÷¤ô�r ������� tWöKg4÷ed¤÷fkQl«ûWô�õ"ú�ò«ú�h"û úcû#Ø��
��¦n�GÙ��^�
�������MÚn�no"úcû ôcöW÷f��ú�oR�+�}tWõ"ú9q8ñsded¤ñ,b�÷fkQl�Û���d¤÷fjvúeôcñno"ú ±

Ü+Ý+Þnß+à+á+ânÝ�ã�ÞAä7å=æRá+â£çOè
é ä7á+ânê+ê�çUë é å=ì
é ä7á+ânê+ê�çUëîí�à+á+ïná+Ý+ðAä7å=æ^ñ+ò+ó+ônõ+ï+ön÷+ò�ø�ó£ç�ì

ù
� kRt�õ�÷ û�ôcñno"ú å ÷¤ûHt�õ�ú�gso�o"öWúcû û�ñsq�g«ôcú�dfd�÷fkcgNr �_�H��� ô½õQg4÷fkz� ánâ u�ñ4÷fk+tWûHt�ñNt�õ�ú�tWñsuQñsq�tWõ"ú9t�öEgv÷fd�ûKtKg4ô�j£y�ð�õ"ú9gs��ñ±ù4ú
tWöKg4÷ed¤÷ek�lQ÷¤û�h�k"ôcñskQo�÷etW÷¤ñ�k�g�d7y � tÂ÷¤û9h"ûWú�oY÷fkmtWõ"ú[® �_° � � úcöWôph"öK��ûK��ûKtWúcò����Qh�t�g�d¤ûWñQñstWõ"ú�öÂûK��ûKtWúcò«û9h"ûWú[hQk"ô�ñskQo"÷ftW÷ ñskQgsd
tWöKg4÷ed¤÷ek�l}gst>d úpgvûEt_oQh�öW÷fkQl¿û ñvò«ú#h�k"÷f�"ô�gstW÷¤ñ�k�ûN�aûWúcú#qañvö<÷fk"ûKtKgsk"ôcú | ��~'�B�Ky2ú�kntWöKgv÷fd¤÷ek�l¿û ÷ ò[u�de��ôcñsk"ûW÷¤ûKtWû<ñsq�öWú�gso"÷fkQli��ñstWõ
tWõ"ú�gsoQo"öWú�ûWûSgskQoctWõ"úÂù,gsdeh�ú�g�k�oQûKtWñvö ÷ekQl[tWõ"úÂù,gsdeh�ú�g�tSt�õ�ú�g�o�o"öWúcû û,y�ð�gsl�l4÷fkQl«ñsqzt�õ�ú�deg4ûKt�÷etWúcòûuQh�ûWõ"úpo\ñskctWõ"ú�tWöKg4÷ed
ûKtKg4ô�j(÷ û=k"úcô�úcûWûKg4öK�#t�ñ9o"÷¤ûKtW÷fkQlsh"÷¤ûWõ[��úpt7bËúcú�kNt�õ�úSo"÷f¡�úcöWúpk+t�j�÷fkQo�û�ñsq�tWöKgv÷fd¤÷ek�lÂ÷fkQqañ4öWò[g�tW÷¤ñskz�Mgvû/÷ û�úpx+u�deg4÷fk"ú�o�÷ek�ó"úcô�tW÷¤ñsk
��y ²�y
ð�õ�ú�h�k+tWöKg4÷ed�ñsu�ú�öKg�tW÷¤ñ�kRqañvö�ù,g�dfh"ú9tWöKgv÷fd¤÷ek�l«÷¤û�ûKtWöKg4÷flvõntKq8ñ4öKbAg4öKo ±

ß+ü+ánâ+Ý�ã�Þnï+Ü+ÝnÞ+ß+à+ánâ+Ý�ãpÞ=ä7á+â£çUè
Ý+ý+ý+ânà�í+íUëþß+ü+á+Ýnð=ä é ä7á+ânÿ+ÿ�ç+ç£ì
é Ý+ý+ýnâ+à�íníOë é ä7ánâ+ÿ+ÿ£ç�ì

ù
� kRt�õ�ú a��_� �ntWõ"ú9gsded¤ñ�ô�gst�÷¤ñsklñvöKo�úcö�÷¤û�öWú��"úcôpt�úpoQ÷fkctWõ"ú9gsoQo�öWúcûWû úcûSgskQoRtWöKgv÷fd¤÷ek�l«ô�gskR��úÂò[gso"úeôcñskQo�÷etW÷ ñsk�g�d ±

��� üný+ï+Ü+ÝnÞ+ß+àná+â+Ý�ãpÞ=ä7åAæcánâ=æ�����çUè
ã�	 ä7å�
����£çOè

é ä7á+ânê+ê�çUë é å=ì
é ä7á+ânê+ê�çUëîí�à+á+ïná+Ý+ðAä7å=æ^ñ+ò+ó+ônõ+ï+ön÷+ò�ø�ó£ç�ì

ù
ù

®
úcöWú ��� ÷¤û�t�õ�ú#ugñvû ÷etW÷¤ñ�kYñ�q=tWõ"úGtWñsu·ñ�q=tWõ"ú6õ�ú�gsumgst>tWõ"úG��ú�l4÷fkQk"÷fkQlQñ�q=tWõ�ú(ò«ñ4ûEt<öWúcôcúpk+tÂô½õ"ñ4÷¤ôcúGu�ñ4÷fk+t,y � q=tWõ"ú6ôcúpded
tWñ���ú�tWöKg4÷ed¤ú�o�÷¤û��4ñshQkQl4úcö,�QtWõ"úpk k"ñ�tWöKg4÷fd ÷fkQl^÷¤û�u�ú�öKq8ñ4öWò«ú�o�y"ð�õ�÷ û
õQgsuQugú�k"û_q8ñ4ö�÷fk"ûKtKgsk"ôcúV÷fk oQr/öWñsd¤ñ�l��Q��hQtG| �s��ûWõ�ñ,b�û
tWõQgstSlsd ñs�Qgsd£u�ú�öKq8ñ4öWò[gsk"ôcúe÷ û�õQg4öKo�de�}gs¡�úcô�tWú�oR�n��tWõ"úeô�õ"ñ4÷ ô�ú���úptBb�úcú�klôcñskQo�÷etW÷¤ñ�k�g�d�ñvöHhQk"ô�ñ�k�o"÷ft�÷¤ñskQgsd£tWöKgv÷fd¤÷ek�l2y

a ú[b�÷edfdZk�ú�xntÂû õ"ñ,b t�õ�gst�tWõ"ú[tWöKg4÷fd#ûKtKg4ô�j�h"ûEg�l4ú«ñsqËù,gsdfh"ú[tWöKg4÷ed¤÷fkQllô�gsk���ú[l4öWú�gstKdf��÷¤ò[u"öWñ±ù4ú�o�y�ð�õ"úNo"÷¤ûWô�h�ûWûW÷¤ñsk
o"÷¤ûKtW÷fkQlsh"÷¤ûWõ"úpoct7bËñ�ô�g4ûWúcû ± ùMgvöW÷fgs�Qd¤ú�
4ù,g4öW÷egs�Qd¤ú9hQk�÷e��ô�gst�÷¤ñskcgsk�oQù,g4öW÷fg���d ú�
�k�ñskQ��ù,g4öW÷fg���d ú9h�k"÷f�"ô�gstW÷ ñskzy

½2¾À½ ÁCÂzÃ�ÈÀÐ���Õ�����Ã��¯Ô�ÕMÆQÈÀÅÀÈÀÖ�×«ÇpÄMÂ�Ã+Ð«Ã����2Õ}Ò�Æ�Õ,ÈÀÆ���ÅÀÃ����TÆQÕMÈwÆ���ÅÀÃ Ó�Ö�È���Ä
Æ�Ô�È��2Ö
 g4öW÷fgs�Qd¤ú�
4ù,g4öW÷egs�Qd¤ú�h�k"÷f�"ô�gstW÷ ñsk¿öWúcûKh�detWûË÷fk�t�õ�ú�ò«úcöKl4÷fkQlVñ�q£t�õ�ú�ô½õ�gv÷fk"û�ñ�q£t�õ�ú�t7bËñV÷ek�ù4ñ�d¤ù4ú�o^ùMgvöW÷fgs�Qd¤úcû,y4ð�õ"÷¤ûËò«úcöKl4÷fkQl
÷¤û�ñs��t0g4÷fk"ú�o¯�+�3ûKbVg�u�u"÷fkQlOt�õ�ú�ûKh"ôcô�úcûWû ñvö û�ñsq>tWõ"ú�ôcúpded¤û�tWõQgstNtWõ"ú t7bËñ$ùMgvöW÷fgs�Qd¤úcû�u�ñ4÷fk+t�t�ñ�y�ð�õ�÷ û^ûEbAg�u�u"÷fkQl>ñ�k�de�
ô½õ�gskQl4úcûVtWõ"ñ4ûWú>t7bËñ(ôcú�dfd ûM�4õ�ú�k"ô�ú_tWõ"ú��Ng4öWú_t�õ�ú
ñskQdf�«ñsk�úcûVtWõQgst�õQg±ù4ú_tWñ#��ú_tWöKgv÷fd¤ú�ozy � k}tWõ"ú<ô�dfgvû ûW÷¤ô
ûWô�õ"úcò«ú>t�õ�ú
ù,gsdeh�ú
tWöKg4÷ed¤÷ek�l«ñsqz�gñ�tWõlôcú�dfd ûHtKgsjvú�ûSh�ucqañ�h�öStWöKg4÷ed�ûKtKg4ô�j¿ûEd ñstWûSb�õ�ú�kctWöKg4÷fd ÷fkQl«÷¤ûHhQk"ô�ñ�k�o"÷ft�÷¤ñskQgsd7y

ú_kQo�ñ4÷ek�l$ûKh"ô�õ ù,g4öW÷fgs�Qd¤ú�
4ù,gvö ÷egs�Qd¤ú hQk"÷f�"ô�gstW÷¤ñ�k*ôcñsk"û ÷ ûEt�û^ñsq
öWú�ûKtWñvö ÷ek�l�tWõ�úlñsdeo*ù,gsdeh�úcû^ñ�q>tWõ"úlô�ú�dfd û^ûWú�u�gvöEg�tWú�df�+y
®
ñ,bËúcù4úcö,��tWõ"úcöWú(÷¤û_g¿ò«ñ4öWúVúcô�ñ�k�ñ4ò«÷ ô(÷ek�ù4úcöWûWú(ñsu�úcöKgstW÷ ñsk�t�õ�g�t_h�kQo"ñ�úcû>t�õ�úVûKbVg�u�u"÷fkQl}tWõQgst
õQgsuQu�úpk"ú�o�oQh"ö ÷ekQl}h�k"÷f�
�"ôpg�tW÷¤ñ�k ± ûW÷¤ò[uQdf�6ûEbAgsuQu"÷fkQlC��gvô'j£yvð�õ�÷ û�ûKbAgsuQu�÷ek�lVñ�k�de�«öWú��nh"÷¤öWúcûVt�õ�ú�gsoQo�öWúcûWû úcûËñsq£t�õ�ú�÷fk�ù4ñsd ù4ú�o¿ôcúpded¤ûAgskQo}k"ñstAtWõ"úc÷¤ö
öWúcûEu�úcô�tW÷¤ùvú�ñ�dfo�ôcñsknt�úpk+tWû,y a ú�÷fk+tWöWñ+o�h"ôcú�g9k�ú�b�j�÷fkQo�ñsq�tWöKg4÷ed¤÷fkQl�kQg4ò«ú�o"!$#Z�&%�Ù��^�s�w� �w�MÚ�b�õ�÷ ô�õ�ú�xnuQd¤ñ4÷etWû=tWõ"÷¤û=gskQoNgsd¤ûWñ
tWõ"ú9t�õ�úÂôcñ4öWöWú�ûKu�ñskQo�÷ek�l[hQk+tWöKg4÷fd ÷fkQl«ñsu�ú�öKg�tW÷¤ñskzy�óQbAgsuRtWöKgv÷fd¤÷ek�l«÷ ûHo"úp�Qk"úpoc�n�}t�õ�ú�q8ñsdfd ñ,b�÷fkQl�ôcñno"ú ±



'

í�(+Ýnå+á+â+Ý£ã�Þ=ä^å=æ�)=æRá+â�çUè
é ä7á+ânê+ê�çUëþå=ì
é ä7á+ânê+ê�çUëîí�à+á+ïná+Ý+ðAä*)=æ,+�-+ò�.nï+ö+÷nò�ø�ó�ç£ì

ù
®
úcöWú å gskQo ) g4öWú�tWõ"ú_gsoQo"ö úcûWûWú�ûËñsq£t�õ�ú�t7bËñVô�ú�ded¤û,y4ó�bAgsu�tWöKg4÷ed¤÷fkQlVñskQdf�«ôcñsk"ûKh�ò«úcûVt7bËñVûKd¤ñ�tWû�÷ek}tWõ"ú_t�öKg4÷fd�ûKtKgvô'j�y4ð�õ�ú
hQkntWöKgv÷fd�ñsu�úcöKgstW÷ ñskRq8ñ4ö�ûEbAgsuctWöKg4÷ed¤÷fkQl«÷¤û ±

ß+ü+ánâ+Ý�ã�Þnï�í�(nÝ+å+á+ânÝ�ã�ÞAä7á+â�çUè
å ëþß+ü+ánÝ+ð=ä é ä7á+ânÿ+ÿ�çnç�ì
) ë é ä7ánâ+ÿ+ÿ£ç�ì
á�/+åþë é å=ì
é å ë é )Aì
é ) ëþá�/nå=ì

ù
ð�õ"ú#gs��ñ±ù4úCo�úcûWô�öW÷e��ú�û_tWõ"ú(ô�g4ûWú#b�õ"úcöWú#��ñstWõ�ô�ú�dfd û>g4öWúCh�k"ôcñskQo�÷etW÷¤ñ�k�gsdedf�RtWöKg4÷ed¤ú�ozy � k�tWõ"ú(ôcñskQo�÷etW÷¤ñ�k�gsdìù,gsdeh�úCtWöKg4÷ed¤÷fkQl
ô�g4ûWún�Qt�õ�úAô�dfg4ûWûW÷¤ôVûWô½õ�úcò«úCbËñ�h�deo�úc÷ftWõ"úcö
ôcñsk"ûKh�ò«ú�¬cú�öWñ��QtBb�ñ^ñvö_q8ñsh"ö�ûEd ñstWû
÷eq#öWúcûKugúcô�tW÷ ù4úpde�ck"ñsk�ú+�"ñskQde�Qñsk"úVñ4ö���ñstWõ
ù,g4öW÷fg���d ú�ûZg4öWú�ñsdfo"úcö�tWõQgskGtWõ"ú�ò«ñ4ûKt#öWúcô�ú�k+t#ô�õ"ñ4÷ ô�ú]ugñv÷fk+t,y±ó�bAg�u[tWöKg4÷ed¤÷ek�lÂô�gsk«ñ�k�de�C��úSh"ûWúpoGtWõ"ú�öWú]tWñÂöWú�u�deg4ôcúSt�õ�ú]qañsh"ö
ûKd¤ñstìôpgvû ú+y  gsdeh�úVt�öKg4÷fd ÷fkQl<÷¤û�ûKtW÷edfdTh"ûWúpo#q8ñ4ö5t�õ�úVt7bËñ
ûEd ñst�ô�g4ûWú+y � ûZg
öWúcûEhQdft�tWõ"ú�ô�ñ+o"ú]q8ñ4ö�ôcñskQo"÷ftW÷ ñskQgsd�ù,g4öW÷egs�Qd¤ú�
4ù,g4öW÷fg���d ú
tWöKg4÷ed¤÷ek�l[d¤ñ�ñsj�ûHd¤÷ej4ú ±

��� üný+ï+Ü+Ýnâ+Ü+Ýnâ+á+â+Ý£ã�Þ=ä^å=æ�)=æRá+â=æ�����çUè
ã�	 ä^å�
����£çOè

ã�	 ä*)�
�����çUè
í�(nÝ+å+ánâ+Ý�ã�ÞAä7å=æ,)=æ7á+â£ç�ì

ù à+Þ�ípà è
Ü+ÝnÞ+ß+àná+â+Ý�ãpÞ=ä7åAæcánâ�ç�ì

ù
ù à+Þ£í�àîã�	 ä*)�
����£çOè

ÜnÝ+Þ+ßnà+á+ânÝ�ã�Þ=ä,)=æRá+â�ç£ì
ù

ù
� t�÷¤û�ô�d¤ú�g4öStWõQgstStWõ�ú�ugñ�tWú�kntW÷egsd£lsg4÷ekl÷fklûKu�gvô�úeñ�kRtWõ"ú9tWöKg4÷ed�ôcñ4ò«úcûHgstSg«ô�ñvûEt�÷fkctW÷¤ò«ú9g�k�oRt�õ�gstStWõ"ú9lsgv÷fkl÷fkQûEuQg4ôcúe÷¤û
k"ñstSlshQg4öKgsk+tWúcúpozy

½2¾�0 ÁCÂzÃ�ÈÀÐ���Õ�����Ã��¯Ô�ÕMÆQÈÀÅÀÈÀÖ�×«ÇpÄMÂ�Ã+Ð«Ã����2Õ}Ò�Æ�Õ,ÈÀÆ���ÅÀÃ��ZÖ1�2Ö2�TÆ�Õ,ÈÀÆ���ÅÀÃ�ÓzÖ�È��zÄ
Æ�ÔpÈ���Ö
 g4öW÷fgs�Qd¤ú���k"ñsk�ù,g4öW÷egs�Qd¤ú9hQk"÷f�"ôpg�tW÷¤ñskcu�hQdfd ûHt�õ�úÂú�kntW÷ öWúeô½õ�g4÷eklñ�q�tWõ"úeù,gvöW÷fgs�Qd¤ú�gsuQg4öKt,yn­/ùvú�öK�^ô�ú�dfd�÷fkRt�õ�úÂô�õQg4÷ekl÷¤û�ûWúpt]tWñ
tWõ"ú9k�ñsk�ù,g4öW÷fg���d úny � û�úcù4úcöK�\ôcú�dfd�÷ û�ô½õQgskQl4úpol÷fkRtWõ"÷¤ûHbAg,�n��ú�ùvú�öK�¿ô�ú�dfd�õ�g4ûHtWñN��ú}�aôcñskQo"÷ftW÷ ñsk�g�dfdf���5tWöKg4÷ed¤ú�o�÷fklñ4öKo"úcöHtWñ
��ú�g���d ú�tWñ6öWúcôcñsk�ûKtWöKh"ô�t]tWõ"úÂô½õ�gv÷fkcoQh"ö ÷ek�lG�Qg4ô�jnt�öEgvô'j�÷fkQl�y � qztWõ"úÂô½õQg4÷fk\ô�ñsk"ûW÷¤ûKtWû�ñsq23Yôcúpded¤û,�+tWõ"ú�kctWõ"ú�hQk"ô�ñskQo"÷ftW÷ ñskQgsd
ù,gsdeh�ú9tWöKg4÷fd ÷fkQl�ô�ñ�k�ûKh"ò«ú�ûH�43>ûEd ñstWû�ñsk t�õ�ú9tWöKg4÷ed�ûEt0g4ô'j�y ÛìñskQo�÷etW÷¤ñ�k�g�dzt�öKg4÷fd ÷fkQl^ôcñsk"ûKh�ò«úcû���5�ôcú�dfd û�÷fq65�ñ�q5tWõ"ú73>ôcú�dfd¤û
g4öWúÂñsdfo"úcöHt�õ�g�kRtWõ"úeò«ñvûEt�öWúcôcúpk+t�ô�õ"ñ4÷ ô�ú�u�ñ4÷fk+t,y

� kitWõ"ú<ô�g4ûWú<ñ�q hQk�ôcñskQo�÷etW÷¤ñ�k�g�d�ù,g�dfh"ú>tWöKg4÷ed¤÷ek�l(úcù4úcöK�NgsoQo�öWúcû û�ñsq g(ôcú�dfdg÷ û�ûKtWñ4öWú�oit7b�÷ ô�ú ± ñsk"ôcú>g4ûVtWõ"ú>gsoQo"ö úcûWû�ñ�q g
ôcúpdedzgsk�o�ñsk�ôcúCgvû_tWõ"úVô�ñ�kntWú�k+tWû
ñsqZtWõ"úCu"öWúpo"úcôcú�ûWûWñ4ö
ôcú�dfdBy�ð�õ"÷¤û
ò«ú�gsk"û_t�õ�gst�tWõ"úcöWúV÷¤û_�+h�÷etWúVûWñ4ò«úVöWú�oQh�kQoQgsk�ô��+y"ð�õ�ú
ñs��ù�÷¤ñ�h�ûA÷¤ò[u"öWñ±ù4úcò«ú�kntA÷ ûCt�ñ�ûKtWñ4öWú�ú�g4ô�õ«gsoQo�öWúcûWûAñsk�de�·ñ�k�ôcú+y a úNk�gvò«ú�t�õ�÷ ûR¤�8
�
�w�?Ù��^�
�������MÚny:9�ú�ô�gsh"ûWú�t�õ�úNd úpkQlstWõ
ñsqAtWõ"ú«ô½õ�gv÷fkY÷¤û9k"ñst�jnk"ñ,bSkz��gQò[g4öKj4úcöe÷ û9k�úcú�o�ú�o�tWñQ÷fkQo"÷¤ô�gstWú[t�ñRtWõ"ú[hQkntWöKgv÷fd¤÷ek�lQñsu�úcöKgstW÷¤ñ�k�b�õ�úcöWú«ô½õ�gv÷fk�tWöKg4÷ed¤÷fkQl
ú�k�o"û,y�ð�õ�ú#deg4ûKt<ú�k+tWöK�lñsq�tWõ"ú(ô½õ�g4÷ek.úpk"ôcñshQkntWúcöWú�o�oQh�öW÷ek�l}hQkntWöKg4÷ed¤÷ek�l¿÷¤û>t�õ�ú#�"öWûKt<ñ�k�ú#gvôpt0h�g�dfdf�RtWöKg4÷ed¤ú�o�gskQo�bËú#h"û ú
tWõ"ú<;�= ò�ø�> õ�>�? tKg�l[tWñ«ò[g4öKj}tWõ"÷¤û�ú�kntWöK�+y
ð�õ�ú�dfg4ûKtSgsoQo"öWú�ûWûSu�hQt�ñskctWõ"ú9t�öEgv÷fd�÷ ûHtKg�lsl4ú�oRb�÷ft�õ@;�= ò£ø�> A+õCB�ø�> t�ñ«÷fkQo�÷ ôpg�tWú9t�õ�ú�j�÷ek�oQñsq�t�öKg4÷fd ÷fkQl�yn{jñ4ö�ô½õ�g4÷ek�û

ñsqzd¤ú�k�lst�õlñsk"ú+�ntWõ"ú9deg4ûKtHg�k�oc��öWûKt�ôcú�dfd�ôcñ4÷fk"ôc÷fo"úny�ð�õ�úD;C= ò�ø�> õC>�? t0gsl«÷¤ûSh�ûWú�oRtWñ«ò[gvöKj}tWõ"÷¤û�ûW÷fkQlsd ú9gsoQo"öWú�ûWû,y
Ûìõ�gv÷fkRt�öEgv÷fd¤÷ek�l«÷ ûHo"úp�Qk"úpoc�n��tWõ�úÂôcñno"ú ±

� �+Ý£ã�ü+á+ânÝ�ã�ÞAä7å=æRá+â£çOè
í�á+Ýnâ+á ëþå=ì



E

é ä7ánâ+ê+ê�çUëîí�à+ánï+á+Ý+ðAä7å=æ ;�= ò�ø�>+ï+õC>�?�ç�ì
å ë é å=ì
� ü+ÞCF+ï � ünà ëþö+÷nô+õ=ì
(���ãpÞ+à ä^åHG^ë ípá+Ý+â+á£çOè

� ü+Þ�Fnï � ünà ë�I+ò+óC++õ=ì
é ä7á+ânê+ê�çUëþå=ì
å ë é å=ì

ù
ã�	 ä�G � ünÞ�F+ï � ü+à�çUè

Þ+Ý�í�áþëþá+âþÿKJ�ì
é Þ+Ý�ípá ëîí�àná+ï+á+Ýnð=ä é Þ+Ý�í�áAæ ;�= ò�ø�>+ïCA+õ�B£ø�>�ç�ì

ù
ù

ð�õ�úSh�k+tWöKg4÷ed�ñsu�ú�öKg�tW÷¤ñsk[qañ4ö�öWúcô�ñ�k�ûKtWöKh"ô�tW÷fkQl9tWõ"ú�ô½õ�gv÷fk�÷¤û�ûKtWöKg4÷flvõntKq8ñ4öKbAg4öKo ± ÷ft�o"÷¤ûKu�gst�ô�õ"úcû=tWñ9tWõ"úHg�u�u"öWñsu"öW÷fgst�úHhQk��
tWöKg4÷ed¤÷ek�lHg4ô�tW÷ ñsk�o"ú�ugú�kQo"÷fkQl�ñsk�t�õ�ú�tKgsl�ñsqntWõ"ú=�"öWûKt�ô�ú�ded�úpk"ôcñshQkntWúcöWú�o�oQh"ö ÷ek�lSh�k+tWöKg4÷fd ÷fkQl�y � keôpg4ûWú�tWõ"÷¤û�÷¤ûL;�= ò£ø�> A+õ�B£ø�> �
ò«ú�gsk"÷fkQlM3ON?���ntWõ"úÂô�ñvö öWúcûKu�ñskQo�÷ek�l«ôcñno"úÂ÷¤û ±

ß+ü+ánâ+Ý�ã�Þnï � �nÝ�ã�ü+ánâ+Ý�ãpÞ=ä7á+â£çUè
�+à+Ýný ëþß+ü+ánÝ+ð=ä é ä7á+ânÿ+ÿ�çnç�ì
å+â+ànÜ�ã � ß£íOë��+ànÝ+ý=ì
� ß+ânâ+à+ü+áþë é ä7ánâ+ÿ+ÿ�ç£ì
(���ãpÞ+à ä^ð+à+ánï+á+Ýnð=ä � ßnâ+â+ànü+á�çPG7ë ;�= ò£ø�>+ïnõ�>�?�çUè

é � ß+â+ânà+ü+áþëþå+â+à+Ü£ã � ß£í�ì
ånâ+à+Ü�ã � ß�íUë � ß+â+ânà+ü+áAì
� ß+â+â+ànü+áþë é ä7á+â+ÿnÿ�ç�ì

ù
� ß+ânâ+à+ü+áþëþß+ü+ánÝ+ð=ä � ß+â+ânà+ü+á�ç£ì
é � ßnâ+â+à+üná ëþå+ânà+Ü�ã � ß�í�ì
é �+ànÝ+ý ë � ßnâ+â+ànü+á=ì

ù
� klô�g4ûWú�tWõ"ú9�"öWûEtSt0gsl«ú�k�ôcñshQknt�ú�öWú�ol÷ ûQ;�= ò£ø�> õ�>C? �R3TSþ~>g�k�octWõ"÷¤û�ô�ñ+o�ú�qañvöHhQknt�öKg4÷fd ÷fkQl�÷ û ±

ß+ü+ánâ+Ý�ã�Þnï�í�� � â+á � �+Ý�ãpü=ä7á+â£çUè
� à+ÞnÞ ëþß+ü+ánÝ+ð=ä é ä7á+ânÿ+ÿ�çnç�ì
é � ànÞ+Þ ë � ànÞ+Þ=ì

ù
� q��<UV5XWT3V�nh�k"ôcñskQo�÷etW÷¤ñ�k�gsd�ô½õ�g4÷ekRtWöKg4÷ed¤÷ek�l«ôcñsk�ûKh"ò«úcû�ò«ñ4öWúeûKuQg4ôcú9tWõQgsklôcñskQo�÷etW÷¤ñ�k�g�d�ù,gsdeh�ú�tWöKg4÷ed¤÷fkQl�yC9]hQtSg«ô�ñ�k�o"÷f�
tW÷ ñskQgsd�ù,g4öW÷fgsk+t�ñsqìô½õ�gv÷fkRt�öKg4÷fd ÷fkQl«÷¤ûHg�d¤ûWñ[ugñvû ûW÷f�Qd¤ú ±

��� üný+ï � �nÝ�ã�üná+â+Ý�ãpÞ=ä7åAæcánâ=æ�����çUè
í�á+Ýnâ+á ëþå=ì
	�ã�â£í�á ëþö+÷nô+õ=ì
� ü+ÞCF+ï � ünà ëþö+÷nô+õ=ì
ý � è

ã�	 ä^å�
����£ç
ã�	 ä,	�ã�â£í�á�çUè

é ä7á+ânê+ê�çUë ípà+á+ïná+Ý+ð=ä^å=æ ;C= ò�ø�>nï+õ�>C?�ç�ì
	£ã�â�ípá ë�I+ò+óC++õ=ì

ù à+Þ£í�àþè
� ü+Þ�Fnï � ü+àþë�I+ò+óC++õ=ì
é ä7á+ânê+ê�çUë åAì

ù
å ë é å=ì



Y

ù (C��ã�Þ+à ä7åZG7ëîí�á+Ýnâ+á�ç£ì
ã�	 ä�G*	�ãpâ�í�á�[�[ZG � ünÞ�F+ï � ü+à£çOè

Þ+Ý�í�áþëþá+âþÿKJ�ì
é Þ+Ý�ípá ëîí�àná+ï+á+Ýnð=ä é Þ+Ý�í�áAæ ;�= ò�ø�>+ïCA+õ�B£ø�>�ç�ì

ù
ù

ð�õ"÷¤û�ô�ñ�k�o"÷ft�÷¤ñskQgsd�ù,g4öW÷egskntSh"ûWú�û�ñskQdf��5«ûKd¤ñ�tWû�ñsq�t�õ�úÂûEt0g4ô'j�tWöKg4÷ed7��ûWñ«÷ft�÷ û�ô�d¤ú�g4öKde�}gskQ÷¤ò[u"öWñ±ù4úcò«úpk+t�ñ±ù4úcö�ô�ñskQo"÷ftW÷ ñskQgsd
ù,gsdeh�úHtWöKg4÷fd ÷fkQl�b�õ�ú�k"úcù4ú�öQ5X\^]2yvð�õ�úHhQkntWöKg4÷edjñsu�úcöKgstW÷¤ñ�k�h"û ú�o^÷ ûAt�õ�ú�ûEgvò«ú�g4û=qañvöAt�õ�úHh�k"ôcñskQo�÷etW÷¤ñ�k�gsdjô½õQg4÷fk�t�öKg4÷fd ÷fkQl�y
ð�õ"÷¤û d¤ñ�ñ�j�û b�úc÷ öEo9gst �"öWûEt ± tWõ"ú�ô�ñ�k�o ô�õQg4÷ekntWöKgv÷fd�õQg4ûzk"ñst uQhQt gsdfd
t�õ�ú�ôcúpded¤û�ñsqTt�õ�ú�ô�õQg4÷ekAñsk9tWõ"ú=t�öEgv÷fd7y¾ð�õ�ú�ô�ú�ded¤ûz�vñshQk�l4úcö
tWõQgskmtWõ"ú«ò«ñ4ûKtÂöWúcô�ú�k+tÂô�õ"ñ4÷ ô�úGu�ñ4÷fk+t�g4öWú«÷ek�o"úcúpomk"ñstÂñskmtWõ�úGtWöKgv÷fd7y�ó"ñQñsk"ú«ô�gskmbËñskQo�úcö�b�õ�ú�tWõ"úcöÂô�ñskQo ô�õQg4÷ekntWöKgv÷fd
d¤ú�g±ù4úcû�ú�k"ñsh�lvõQ÷fkQq8ñ4öWò[gstW÷ ñskQñskct�õ�ú>tWöKg4÷ed�÷fkQñ4öKo"úcöSt�ñ«öWúcôcñsk"ûEt�öKh�ô�t]tWõ"úÂô½õ�gv÷fkct�õ�gst�ú�x�÷ ûEt�úpoAøKh"ûKt]�gú�q8ñ4öWú�t�õ�ú>��÷ek�o"÷fkQl
bAg4û�ò[gso�ú+yQ®�ñ,b�úcù4úcö,�QtWõQgst�÷ û_k"ñst�g4ô�tKhQgsdedf�QöWú��nh"÷¤öWú�o�y�ð�õ�úAñs��ø�ú�ô�t�÷¤ù4úVñ�qZtWöKgv÷fd¤÷ek�l^÷ û_tWñ���ú�gs�Qd¤úCt�ñ^öWú�ôcñsk"ûKtWöKh"ôpt�t�õ�ú
�"÷fkQo�÷ek�lvû�tWõQgst#ú�x�÷¤ûKtWú�o[g�t�t�õ�ú�ô�öWú�gst�÷¤ñsk[t�÷¤ò«ú�ñ�q�gÂô�õ"ñ4÷¤ôcúSu�ñ4÷eknt��k÷eknt�ú�öWò«ú�o"÷fgstWú�ûEt0gstWúcû�oQh�öW÷ek�l�hQknt�öKg4÷fd ÷fkQl9k"úcúpoGk�ñstZ��ú
ôcñsk"û ÷ ûEt�úpk+t,y�9V�Qôcñsk"ûW÷fo"ú�öW÷ek�l�õ�ñ,bK5�ôcñsh�deo �gúAûWò[gsded¤úcö�tWõQgsk_3�÷et���ú�ôcñ4ò«úcû��nh"÷ft�úAôpd úpgvö�tWõQgst�tWõ"úAôcñskQo�÷etW÷¤ñ�k�gsd�ô�õQg4÷fk
tWöKg4÷ed¤÷ek�l�tWñ�l4úpt�õ�úcö�b�÷ft�õ�u"ö úcù�÷¤ñsh"û_t�öKg4÷fd ÷fkQl4û
ûW÷fk"ô�ú�tWõ"úVò«ñvûEt�öWúcôcúpk+t�ô�õ"ñ4÷ ô�ú�u�ñ4÷fk+t�ò[gsj4úcû
÷et�u�ñ4û ûW÷f�Qd¤ú�tWñ^öWúcôcñsk�ûKtWöKh"ô�t
tWõ"ú\ûW÷ftKhQgstW÷ ñsk?gstGt�õ�ú\ôcöWú�gstW÷ ñsk?tW÷¤ò«ú\ñsqHt�õ�gst(ô�õ"ñ4÷ ô�úiu�ñ4÷eknt,y�ð�õ"ú`3ba�5�ô�ú�dfd ûGtWõQgstGgvö úik"ñst#tWöKg4÷ed¤ú�o3÷fk?tWõ"ú\ô�õQg4÷fk
tWöKg4÷ed¤÷ek�l���úpd ñskQlmt�ñ·ù,gvö ÷egs�Qd¤úcûG�4ñshQkQl4úcöGtWõQgsk?t�õ�ú¿ò«ñ4ûKt6öWúcôcúpk+t(ô�õ"ñ4÷¤ôcúiu�ñ4÷eknt�y�ð�õ"ú��$ò#h"ûKt(õ�g±ùvúi��ú�ú�k3÷ekntWöWñ+o�h"ôcúpo
÷fk�tWõ"ú(ô�õQg4÷fk��n�lò«ú�gsk�û<ñsq�g\ù,g4öW÷fg���d ú�
vù,g4öW÷fgs�Qd¤ú#hQk�÷e��ô�gstW÷ ñsk.úpg4öKd ÷¤úcö<ñskzy a õ"ú�k�tWõ"÷¤û<ùMgvöW÷fgs�Qd¤ú�
4ù,g4öW÷egs�Qd¤úGhQk"÷f�"ôpg�tW÷¤ñ�k
÷fk�ù4ñsd ù4ú�oRgskQñsdfo"úcö�ù,gvöW÷fgs�Qd¤ú+�ntWõ"úÂô�ú�dfd�÷fkRt�õ�úÂô�õQg4÷ekRu�ñ4÷ekntWú�octWñ[�n��tWõQgst�ù,gsdeh�ú�bAg4û�ù,gsdeh"ú9tWöKgv÷fd¤ú�ozy�ð�õ"úe÷fk"ôcñsk"û ÷ ûEt�úpk+t
ô½õ�g4÷ek��jñ���t0g4÷fk"úpo��n� hQknt�öKg4÷fd ÷fkQlct�õ�ú(ô�õQg4÷ekmtWöKg4÷ed¤÷fkQl��j÷ û��"öWñsh�lvõnt>�Qg4ô'jRtWñ\÷ftWû<ôcñsk�ûW÷¤ûKtWú�k+tÂûKtKg�tWúGg�t>tWõ"úG��úplv÷fkQk�÷ek�l\ñ�q
tWõ"úeô½õ"ñ4÷¤ôcú9u�ñ4÷ekntS�+�}h�k+tWöKg4÷ed¤÷ek�l[tWõ"úeù,gsdeh�ú�tWöKg4÷ed¤÷ek�l�y

� kCq�g4ô�tztWõ"ú/ò«ñ4öWú=l4ú�k�úcöKgsd�
HgskQoC��ú�tKtWúcözb�÷etWõVöWúcûKu�ú�ô�tzt�ñ�ûKtKg4ô�j�tWöKg4÷ed�ôcñsk"ûEh"ò[uQtW÷¤ñ�kc
�u"öW÷fk"ôc÷fuQd¤ú=��ú�õ"÷fkQo�tWõ"÷¤û�÷¤ûztWõQgst
ñskQdf�#tWõ"ú�ñ�dfo��añ�dfo"ú�ö�tWõQgskNtWõ"ú�ò«ñ4ûKt�öWú�ôcú�knt�ô½õ�ñ4÷ ôcúHu�ñ4÷fk+t,�gô�ú�dfd û/÷fkNt�õ�ú�ô�õQg4÷fkNu�ñv÷fknt�÷fkQl�tWñeñst�õ�úcö/ñ�dfo�ôcú�dfd¤û�ò#h"ûKt=t�ñ���ú
tWöKg4÷ed¤ú�ozy±ð�õ"ú]j�÷fkQo6ñsq�tWöKg4÷ed¤÷fkQl<ûEh"÷ft0gs��d ú]q8ñ4öZt�õ�÷ û#÷¤û5g<ûEu�úcôc÷fgsdTj�÷fkQo6ñsqjù,gsdeh�úVtWöKg4÷ed¤÷fkQl���b�õ"ú�öWúVtWõ"ú�ûKh�ôcôcúcû ûW÷¤ù4ú�ú��nhQgsd�ûKd¤ñstWû
ñsk�tWõ"úCtWöKg4÷edìûKtKgvô'jcg4öWúVñ±ù4úcöKdfgsuQu�úpozy"ð�õ�úCg��gñ±ùvú(ôcñskQo ô�õQg4÷ekntWöKg4÷edìñskQdf�cgsuQu"öWñ,x�÷¤ò[g�tWúcû>t�õ�÷ ûM�Qg4û_gsk�÷¤ò[uQd¤úcò«ú�knt0gstW÷ ñsk
bËñshQdfo.÷ek�ô�h"ö>gsk�h�kQoQh�ú#t�÷¤ò«ú(ñ±ùvú�öWõ"ú�gso���ú�ô�gsh"ûWú(ñsq�t�õ�úVúpx+tWöKg¿öKh�k+tW÷¤ò6ú#tWúcûEt�û ± bËú#g�d¤ûWñ\ûKtWñvö úCtWõ"ú#gsoQo�öWúcûWû úcû<ñ�q�ñsdfo
ôcúpded¤ûSk�úc÷ft�õ�úcöSu�ñ4÷fk+tW÷fkQl[tWñ«ñ4öSu�ñ4÷fk+tWú�oRtWñ[�+�¿ñsdeolôcúpded¤û,y

dfe �Rgh%����C{�÷elsh�öWú9~/÷edfdfh"ûKtWöKgstWúcû5b�÷ftWõ#g<ûWò[gsdfd�úpx+g4ò[uQd¤ú�õ�ñ,b?t�õ�úVgs��ñ±ù4ú�ûEu�úcôc÷f�"úpo(ôcñskQo�÷etW÷¤ñ�k�g�d�ô�õQg4÷fk#tWöKg4÷ed¤÷fkQl>tWñ�l4úpt�õ�úcö
b�÷ft�õRu"öWú�ù�÷¤ñsh"ûHt�öKg4÷fd ÷fkQl4û�ûKgsq8úpde�¿öWúcûEt�ñ4öWú�ûStWõ"úeûKtKg�tWúeñ�q�gsdfd�ù,gvöW÷fgs�Qd¤úcû�ñ�dfo"ú�öStWõQgskctWõ�úÂò«ñ4ûKt�öWú�ôcú�knt�ô½õ"ñ4÷¤ôcú9u�ñ4÷eknt ±

i ë�j=æ_jþë�k=æ i ëþÝ=æ�	+Ý�ãpÞ
óQh�uQu�ñ4ûWú�tWõQgst i g�k�o k g4öWú^ñsdeo�úcöCt�õ�g�kUt�õ�ú^ò«ñvûEtAöWú�ôcú�kntAô�õ"ñ4÷ ô�ú�u�ñ4÷eknt,� j ÷¤ûCk"ú�b�úcöCg�k�oOgsdedAt�õ�öWúcú�g4öWú^ô�õQg4÷ek�ûVñ�q
d¤ú�kQlstWõ¯~#g4û9o"ú�u�÷ ôpt�úpoY÷fk�{�÷fl�h�öWú�~s�wg2�Kygð�õ"ú«ûEh"ôcôcú�ûWûW÷¤ù4ú[q8ñ4öKbAg4öKoYûEt�úpu"û9g4öWú«û õ"ñ,bSkY÷fk�tWõ"ú[{�÷flsh"öWú�û}~s�����0��~s�8ôn�Vg�k�o
~s��o��KyRlÆ÷ û�ù,gsdeh�ú_tWöKg4÷ed¤ú�oioQh�öW÷ek�l i ë�j �
gvû�÷¤û k oQh"öW÷fkQl j ë�k y�ð�õ�ú_gsoQo�öWúcûWû úcû�ñsq i gskQonm¼g4öWú
ûEt�ñ4öWú�o\ñsk}tWõ�ú_tWöKg4÷ed
ûKtKg4ô�j}b�÷ft�õlôcñskQo�÷etW÷¤ñskQgsd�ô½õ�gv÷fkRt�öKg4÷fd¤÷ekQlNoQh"öW÷fkQl i ëþÝpo yð�õ�ú Ü � � � gskQo � à t�ñ«tWõ"úlû ÷eo�úlñ�q>t�õ�úlûKtKg4ô�j?t�öKg4÷fd�úpk+tWöW÷¤úcû�öWú�u�öWúcûWúpk+tNt�õ�ú ñ+ò+ónô+õ ö+÷nò�ø�ó ��;�= ò�ø�> A+õCB�ø�> g�k�o
;�= ò�ø�> õ�>C? tKgsl4û�öWú�ûKu�úcôpt�÷¤ù4ú�df�+y
ð�õ�ú<ú�x�úcô�hQtW÷¤ñskiq�g4÷fd û�÷¤ò«ò«ú�o�÷egstWú�df�Ngsq�tWúcö i ë Ý �
gskQoi��gvô'j+tWöKg4ô'j�û]tWñGt�õ�ú<÷ek�÷etW÷fg�d�ûKtKgst�ú<÷fkitWõ"öWú�ú<ûKtWú�u"ûMy
{�÷¤öWûKt9�aûWú�ú

{�÷fl�h�öWúi~s�aú+�K�5tWõ"úVôcñskQo�÷etW÷ ñsk�g�d�ô�õQg4÷fk tWöKgv÷fd¤÷ek�l^÷ û_hQk+tWöKg4÷fd úpoz�"ôcöWú�gstW÷ek�l�g�ô�õQg4÷fk�ñsqql gskQo@m[yQ§�úpx+tG�aûWúcúC{�÷elsh"öWúc~s��q��K�
tWõ"ú«ù,gsdfh"ú[tWöKg4÷ed¤÷fkQllñ�q6m ÷¤û9hQk�o"ñsk"ú[gskQo«�QkQgsdfde���8û úcú[{�÷flsh"öWú�~s�wl2�K�Vt�õ�ú«ù,gsdeh�ú[t�öEgv÷fd¤÷ek�lQñsqrl ÷¤ûeöWúcù4úcöWûWúpo�tWñ�ñ�y�ð�õ�ú
�Qk�g�dgûKtKg�tWú
ôcñ4öWöWúcûKugñ�k�o"ûVt�ñ#t�õ�ú�÷fk"÷ftW÷egsd�ûKtKgstWú+�4ú�x�ôcú�u�tAq8ñ4ö7s£�sb�õ�÷ ô�õ^÷¤û�ûKtW÷edfd���ñshQk�o�tWñCg�ys®
ñ,bËúcù4úcöVg4û7s[o�÷eo}k�ñ�tËúpx�÷¤ûKt
��ú�qañ4öWú�tWõ"úeò«ñ4ûKt�öWúcô�ú�k+t�ô�õ"ñ4÷¤ôcú9u�ñv÷fknt���÷ftWû�ô�ñ�kntWú�knt�÷ û�÷¤öWöWú�d¤úcù,gsk+tSgstStWõQgstSu�ñ4÷fk+tS��ú�ô�gsh"ûWúe÷et�÷ û�÷ek�gvô�ôcúcû ûW÷f�Qd¤ú�gskQoRb�÷fded
õQg±ù4ú9��úcú�klöWúcôpdeg4÷¤ò«ú�ocqañ4öWòûtWõ"úeõ"ú�gsuRg�kn�nbAg,�}b�õ�ú�kRq8ñ4öKbAg4öKolú�x�ú�ô�hQtW÷¤ñ�klöWúcûEh"ò«úcûMy

½2¾�t uX�2Ðv��ÈÀÖzÈÀÖ�×«ÔpÂ�Ã ÈÀÐO�zÕ����2Ã+ÐOÃ+Ö£Ô�Ç
� kþtWõ"úY÷¤ò[u"öWñ±ù4ú�o¼hQk"ô�ñ�k�o"÷ft�÷¤ñskQgsd9t�öKg4÷fd ÷fkQl ûWô�õ"ú�ò«úYñ�q#® �_° � � úcöWôph"öK�+�Vk"ú�xntctWñ ûKbAgsuþgskQoþh�k"ôcñskQo�÷etW÷¤ñskQgsdÂô�õQg4÷fk
tWöKg4÷ed¤÷ek�l��+gsd¤ûWñ[q�h�k"ô�tW÷¤ñ�kRtWöKg4÷ed¤÷ek�l«÷ ûHu�ñ4ûWûW÷f�Qd¤ú+yn{2hQk"ôpt�÷¤ñskctWöKg4÷ed¤÷fkQl«ûKtWñ4öWúcûSg[u�ñ4÷fk+tWúcöStWñ[gskch�k+tWöKg4÷ed¤÷fkQl[q�h�k"ô�tW÷¤ñ�kRgskQoctWñ
hQkntWöKgv÷fd¤÷ek�lRo�gst0g�y�ð�õ�úNhQkntWöKgv÷fd¤÷ek�lRu�öWñ�ô�úcûWûAòCh�ûKt���úNg���d ú�t�ñ o"÷¤ûKtW÷ek�lsh"÷¤ûWõ«��úpt7bËúcú�k«tWõ"úNo�÷e¡gúcöWú�knt9j�÷ek�o"ûAñsqVtWöKg4÷ed¤÷fkQl
÷fkQq8ñ4öWò[gstW÷ ñsk�ñskRtWõ"ú9tWöKg4÷fd�ûKtKgvô'j\ûWñNt�õ�gstHt�õ�ú9gsuQu"ö ñ�u�öW÷egstWú9h�k+tWöKg4÷ed�ñsu�úcöEg�tW÷¤ñ�k�ô�gskR�gúeô�gsdfd úpozy � û�ûKg4÷foRu"öWú�ù�÷¤ñsh"ûKdf�+�Tg
w ÿB6+� 4�� ��� XM4�4^	�þ�ý��*x
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ûW÷¤ò[uQd¤ú�tKg�lsl4÷fkQlVûWô½õ�úcò«ú�÷¤ûAh"ûWúpo�t�ñV÷ek�o"÷¤ô�gst�ú_t�õ�ú�j�÷fkQo^ñsq�tWöKg4÷ed¤÷ek�lA÷fkQqañ4öWò[g�tW÷¤ñ�k�y�{jñ4öKtKhQkQgstWú�df�GtWõ"ú�öWú�gvöWú�t7bËñCtKg�lC�"÷ftWû
g±ù,g4÷edfgs�Qd¤ú��>g�k�o}t�õ�g�t�÷ û�øKh"ûKtËúpk"ñshQl4õ}tWñCo"÷¤ûKtW÷fkQlsh"÷¤ûWõ}��ú�t7b�úcú�k}tWõ"ú_q8ñsh"öVj�÷ek�o"û�ñsq£t�öKg4÷fd ÷fkQl(÷ek�q8ñ4öWò[gst�÷¤ñskzy�ð�õ"úcöWú
÷¤û�ñ�k�ú
ôcñsk"ûEt�öKg4÷fk+t�ñskRtWõ"ú9gsded¤ñ�ô�gst�÷¤ñsklñsq�tWõ"ú9q8ñsh�öSo�÷e¡�ú�öWú�kntStKgslvûHtWñNt�õ�ú9j�÷fkQo�û�ñ�q5t�öKg4÷fd ÷fkQl ± t�õ�ú<;�= ò£ø�> õ�>�? tKgsl�ûWõ"ñshQdfoRk"ñst
d¤ñ�ñsjRtWõ"ú(ûKg4ò«ú#gvû>tWõ"ú#t0gsl¿ñsq�tWõ"ú(÷ekntWúcöWò«ú�o�÷egstWú#g�o�o"öWúcû ûWúcû<÷fk�g¿ô�õQg4÷fk�t�öKg4÷fdByjð�õ�úCl4úpk"úcöKgsd�hQkntWöKgv÷fdìñsu�úcöEg�tW÷¤ñ�k�tWõ"úpk
ûW÷¤ò[uQdf�}d ñ�ñsj�ûHd¤÷ej4ú ±

ß+üná+â+Ý�ãpÞ=ä7ánâ=æ7á+ânï � å£çOè
(���ãpÞ+à ä7á+â��þá+â+ï � å�çUè

í�(�ãpá � � ä7ðnà+á+ï+ánÝ+ð=ä é á+â�çnçOè
� Ý�ípà�Inô�> ; ö£ø���>nï+ö+÷+ò£ø�óf�Rß+üná+â+Ý£ã�Þ+ï�	nß+ü � á�ã � üná+â+Ý£ã�Þ=ä7ánâ�ç�ì

�+ânà+Ý��Aì
� Ý�ípà�+C-+ò�.+ïnö+÷+ò£ø�óf� ß+üná+â+Ý£ã�Þ+ï�í�(+Ý+åná+â+Ý�ãpÞ=ä7ánâ�ç�ì

�+ânà+Ý��Aì
� Ý�ípà ;C= ò�ø�>nï�A+õCB�ø�>f� ß+üná+â+Ý£ã�Þ+ï � �+Ý�ãpü+á+â+Ý£ã�Þ=ä^á+â�ç�ì

�+ânà+Ý��Aì
� Ý�ípà ;C= ò�ø�>nï+õ�>C?f� ß+üná+â+Ý£ã�Þ+ï�í�� � âná � �+Ý£ã�ü=ä^á+â�ç�ì

ù
ù

ù

� k�tWõ"ú«÷ ò[u�öWñ±ù4ú�oYôcñskQo"÷ftW÷ ñskQgsdZtWöKg4÷fd ÷fkQlQû ô½õ�úcò«ú«ñ�qAo�r�öWñsd¤ñslQñ�k�de��ùMg�dfh"ún��ûKbAgsu�g�k�o·ô�ñ�k�o"÷ft�÷¤ñskQgsd#ô�õQg4÷ek�tWöKg4÷ed¤÷fkQl
g4öWú[h"û ú�ozygð�õ"ú«ö úcò[g4öKj�ûeñsk«t�õ�ú[gsuQuQd¤÷¤ô�gst�÷¤ñsk�gskQo«gsded¤ñ�ôpg�tW÷¤ñskYñsqAtKgsl4ûe÷¤û9tWõ"ú«ûEgvò«úNgvû�q8ñ4ö9tWõ"ú[h�k"ôcñskQo�÷etW÷¤ñ�k�g�d�ôpgvû ú
gskQoRt�õ�ú�l4ú�k�úcöKgsd�ôcñskQo"÷ftW÷ ñsk�g�d£h�k+tWöKg4÷fd�ñ�u�ú�öKgst�÷¤ñskQ÷¤û�ûW÷¤ò«÷edfg4ö,y

a õ"ú�kþd¤ñ�ñsj�÷ek�lvgstctWõ"úYù,g�dfh"ú�tWöKg4÷ed¤÷fkQl4ûQñsqVô�õQg4÷ek�ûQñsqCd¤ú�kQlstWõ_ñ�k�ú·÷fkþt�õ�ú·úpx+g4ò[uQd¤úY÷ekþtWõ"ú�u"öWú�ù�÷¤ñ�h�ûlûWúcô�tW÷¤ñsk
�aûWúcúN{�÷fl�h�öWú�~s�K��tWõ"úcöWú�÷¤û9gsk$ñs��ù�÷¤ñ�h�û�t�öKg4÷fd ÷fkQl g�dftWúcöKkQgstW÷¤ùvú�÷fk«t�õ�ú«ô�ñ�k�o"÷ft�÷¤ñskQgsd�ûE��ûKtWúcò t�õ�gsteûKtWñ4öWúcû�k"ñlöWú�o�hQk�oQgsk+t
÷fkQq8ñ4öWò[gstW÷ ñsk ± ô�õQg4÷fk�tWöKg4÷ed¤÷ek�l�y � k�o"úcúpo^÷fq�ûKh�ô½õ}gAùMgvöW÷fgs�Qd¤ú�bËñshQdfo��gú�ô½õ�gv÷fk�tWöKg4÷fd úpo^÷fk"ûKtWú�gso¿ñ�q�ù,gsdeh�ú�tWöKgv÷fd¤ú�oz�4ñskQdf�«ñ�k�ú
÷fk"ûKtWú�gso¿ñsq�t7bËñ(ûKd¤ñ�tWûVbËñshQdfo��gú�h"û ú�o¿ñ�k}tWõ"ú
ûKtKg4ô�j£ys®�ñ,bËú�ù4úcöAtWõ"÷¤ûVbËñshQdfo^öWúp�+h�÷ öWú
ò«ñ4öWú�öKh�k+tW÷¤ò«ú�tWúcûEt�ûVgskQo}bËú
õQg±ù4ú
k"ñst�÷¤ò[uQd¤úcò«ú�kntWú�oRt�õ�÷ ûMy

­=xnu�úcöW÷¤ò«ú�knt0gsd�öWúcûEhQdft�ûzq8ñ4ö ��ñstWõ9tWõ"ú�ôcñsk�o"÷ft�÷¤ñskQgsd
g�k�o9h�k"ôcñskQo�÷etW÷¤ñ�k�gsdstWöKg4÷fd ÷fkQl�ûWô�õ"ú�ò«ú�g4öWú�u"öWú�ûWú�knt�úpoe÷fkeó"ú�ô�tW÷ ñsk9²�y
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ð�õ"ú�ñ���øWúcô�t/ñsq�g�tWöKg4÷ed¤÷fkQl�gskQgsdf��û ÷ ûË÷ ûAtWñ9��kQo�hQk"÷f�"ô�gstW÷¤ñ�k�û/÷fkNg�u�öWñ�l4öKg4ò tWõQgst=o"ñ�k"ñst/öWú��nh"÷¤öWúHgskn�#tWöKg4÷fd ÷fkQlAñsq�ñ�k�ú�ñ4ö
ò«ñ4öWúe÷ek�ù4ñ�d¤ù4ú�olù,g4öW÷fgs�Qd¤úcû,y�ð�õ"÷¤ûHg�k�g�df��ûW÷¤û�÷ek�q8ñ4öWò[gst�÷¤ñskRtWõ"ú�klôpg�kR�gú�h�ûWú�oRtWñ�öWú�uQdfg4ôcú9tWõ"ñ4ûWú9uQg4öKtW÷ ôphQdfgvöHh�k"÷f�"ô�gstW÷ ñsk"û
b�÷ft�õlò«ñ4öWúÂúp¸«ôc÷ úpk+t�ù,g4öW÷fgsk+tWû�ûWñ[tWõQgstS��ñst�õlú�x�úcô�h�t�÷¤ñskctW÷¤ò«ú�gsk�octWöKg4÷ed�ûEt0g4ô'j�h�ûKgsl4úÂ÷¤ò[u"öWñ±ù4ú+y
ð�õ�ú#tWöKgv÷fd¤÷ek�lig�k�g�df��ûW÷¤û<õ"úpg±ù�÷fde� o"úpu�ú�kQo�û<ñsk�tWõ"ú#o�ú�tKgv÷fd¤û<ñsq�tWõ"ú#tWöKg4÷fd ÷fkQl\ûWô�õ"úcò«úny � k�|f~'�s��bËú6õQg±ù4ú#u"ö úcûWú�kntWú�o�g

tWöKg4÷ed¤÷ek�l_gsk�g�df��ûW÷ ûZq8ñ4ö5t�õ�ú�ô�dfgvû ûW÷¤ôVr �_�H��� tWöKgv÷fd¤÷ek�l
û ô½õ�úcò«ú�÷ekG® �_° y � k(ôcñ4ò[uQg4öW÷ û ñsk#t�ñ>tWõQgstìû ô½õ"ú�ò«ú+��÷ft5b�÷fdfdn��ú�ôcñ4ò«ú
ô�d¤ú�g4öVtWõQgstV��úcô�gsh�ûWú
ñsq�÷etWû�ûEt0g4ô'j[tWöKg4÷edgúcô�ñ�k�ñ4òC�Nt�õ�ú
÷¤ò[u"öWñ±ù4ú�oit�öKg4÷fd ÷fkQl(û ô½õ�úcò«ú_l4÷¤ùvú�û�öW÷¤ûWú_tWñ#d¤úcûWû�ñsu�u�ñvöEt0h�k"÷ft�÷¤úcû]q8ñ4ö
tWöKg4÷ed¤÷ek�l«ú�d¤÷ ò«÷fkQgstW÷¤ñ�kRqañvöHq�h�öKt�õ�úcö�ûKtKg4ô�j}tWöKg4÷ed�ûEg±ù�÷fkQl4û,y

02¾À¿ �cÖ�ÖzÃnÄ
Ã+ÇpÇ�ÆQÕ��vÔpÕ,Æ�ÈÀÅwÈÀÖ�×«ÈÀÖ¯ÔpÂzÃ�ÈÀÐ���Õ����2ÃC�¯Ô�Õ,Æ�ÈÀÅÀÈÀÖz×OÇpÄMÂzÃnÐ«Ã

ð�õ"úRk"úcúpovq8ñ4ö[tWöKg4÷ed¤÷fkQl�g4öW÷ û úcû[qaöWñ4ò ô½õ�ñv÷¤ôcúRu�ñ4÷ekntWû[gskQo��Qg4ô�jnt�öKg4ô'j�÷fkQl�yS©Vk"ôcúcgYô�úcöKtKgv÷fkvu�gst�õ ÷ek�g�u"öWñsl4öKgvò õQg4û
��úcúpkNqwhQdfde�6úpx+u�d ñ4öWú�o��Qg4ô'j+tWöKg4ô�j�÷ek�l��"öW÷fkQl4ûAt�õ�ú�úpx�ú�ô�hQtW÷¤ñ�k��Qg4ô'jGt�ñ�tWõ"ú�ò«ñ4ûKt/öWú�ôcú�knt/ô½õ�ñv÷¤ôcú�u�ñ4÷eknt=tWñAôcñsknt�÷fk+h�ú�g�d¤ñskQl
gsk"ñstWõ"úcö[u�g�tWõzy�ª>h�öW÷ek�lm��gvô'j+tWöKg4ô'j�÷fkQlY÷fkQq8ñ4öWò[gstW÷ ñsk ñ�k�t�õ�úctWöKg4÷ed�ûKtKg4ô�j�÷ ûNh"ûWúpovt�ñYöWú�ôcñsk"ûKtWöKh"ôptGtWõ"úlûKtKg�tWúQñsq_t�õ�ú
u"öWñsl4öKg4ò���÷etWû�ù,gvö ÷egs�Qd¤úcûM�+tWñ[b�õQgst�÷ftSbAg4ûHg�tStWõ"ú9tW÷ ò«úeñ�q�tWõ"úeô½õ�ñv÷¤ôcú9u�ñ4÷eknt,y

©VkQdf��gst�ô½õ"ñ4÷¤ôcú�u�ñ4÷fk+tWûStWõ"úÂûKtKgstWúÂûWõ"ñshQdfoc��úÂöWú�ôcñsk"ûKtWöKh"ôpt0gs��d ú+y  gsdfh"ú�tWöKg4÷ed¤÷fkQl��+tWõ"úÂñsk�de�}j�÷fkQoQñsqztWöKg4÷ed¤÷fkQl«ñ�q�t�õ�ú
ô�dfg4ûWûW÷¤ô�ûWô�õ"úcò«ú+�±õ�ñ,bËúcù4úcö�÷ û�gÂòCh�ô½õ«ò«ñ4öWúSu�ñ,bËúcöKqwhQd"ò«ú�gsk"û�ñsq�t�öKg4÷fd¤÷ek�l2�Mgvû�÷ftZgsded¤ñ,b�û�q8ñ4öZtWõ"ú�öWúcô�ñ�k�ûKtWöKh"ô�tW÷¤ñsk6ñsq�gÂôcúpded
tWñV÷ft�û�ûKtKgstWú�gstAtWõ"ú_tW÷ ò«ú
ñsq£t�öKg4÷fd ÷fkQl�y � q�gVô�ú�dfd�÷ û�ù,gsdfh"ú_t�öKg4÷fd¤ú�o¿ûWúcù4úcöKgsd�tW÷¤ò6ú�ûVg�qwt�ú�öAgVô�õ"ñ4÷¤ôcú_u�ñ4÷eknt��w��ú�qañvöWú_gsk+�[dfgstWúcö
ô½õ�ñ4÷ ô�ú>u�ñ4÷eknt,�0�+tWõ"úpk\ñskQdf��t�õ�ú<ú�g4öKd¤÷ ú�ûKt�ñsq tWõ"ñ4ûWú�tWöKgv÷fd¤÷ek�lvû�÷¤û]k"ú�ú�o"úpozy+{�h�öKt�õ�úcö�ù,gsdfh"ú>tWöKg4÷fd ÷fkQl4û�÷ekcg�o�o"÷ft�÷¤ñskcg�dfd¤ñ,b q8ñ4ö
öWúcô�ñ�k�ûKtWöKh"ô�tW÷¤ñsk¿ñsq£g(ôcúpded�gstVgsk¿÷fk+tWúcöWò«ú�o�÷egstWú_ugñv÷fk+t,y � ûVtWõ"ñ4ûWú<÷eknt�ú�öWò«ú�o"÷fgstWú
ûKtKgstWúcûVg4öWú_h�ûWú�d¤úcû û��n�4÷ft�÷ û�úcù�÷eo�ú�k+tVtWõQgst
g[tWöKg4÷ed¤÷ek�l[gskQgsdf��ûW÷¤ûHq8ñ4öStWõ"úeô�dfgvû ûW÷¤ôÂû ô½õ"ú�ò«úÂõ�gvûHg[d¤ñ�t�ñsqìñsuQu�ñ4öKtKhQk"÷ft7�}tWñ[o"ú�tWúcô�t�ûEuQh�öW÷ ñsh"ûHt�öEgv÷fd¤÷ek�lvû�ñsq�t�õ�÷ ûHj�÷fkQo�y

� q=bËú(ô�ñ�k�ûW÷fo"úcö�t�õ�ú(÷¤ò[u"öWñ±ù4ú�o.û ô½õ�úcò«ú(÷ft>��úcôcñ4ò«úcûÂô�d¤ú�g4ö>tWõQgst<ûKbAgsu�tWöKg4÷ed¤÷fkQl��2g4û<ñsuQu�ñ4ûWúpo�tWñ\ù,g�dfh"úGgskQo.ô�õQg4÷fk
tWöKg4÷ed¤÷ek�l��j÷¤û>gsk·÷fk"ôcöWú�ò«ú�knt0gsd5j�÷fkQo·ñsq=t�öKg4÷fd ÷fkQl���öWú�df��÷fkQl\ñskmqwhQtKh"öWúGtWöKgv÷fd¤÷ek�lvû�qañ4ö>u�öWñ�ugúcö>h�k+tWöKg4÷ed¤÷fkQl\ñsq/ô�ú�ded¤û,y�ª>h"öW÷fkQl
tWõ"ú#hQknt�öKg4÷fd ÷fkQl}u�öWñ�ô�úcûWû>gsded�dfgst�ú�ö
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}tWõ"ú(ú�d¤úcò«ú�knt�û<ñsq�tWõ"ú#gskQgsdf��ûW÷¤û>o"ñ4ò[g4÷fkv
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g4öWú�o�ú��Qk�ú�ocqañ4öSgsk+�¿ûKh��"ûWúpt��ngskQoRb�õ"÷¤ô½õl÷fk"ô�dfhQo�úcûHt�ñsuU��~���gskQoR��ñst0tWñ4ò �"�9�ìúpd úcò«úpk+tWû,y

©Vh"ö]o"ñ4ò[gv÷fk\ô�gsuQtKh�öWúcûVtWõ�ú
öWúpd úcùMg�knt�÷fkQq8ñ4öWò[gstW÷ ñskiqañvö a��_� ô�ñ+o�ú
ñsuQtW÷¤ò«÷e¬pg�tW÷¤ñskz�
k�gvò«úpde�n��ò«ñ+o�ú+�
q�h�k"ô�tWñ4öVt7�nu�ú+�
o"ú�öWú�q8ú�öWú�k"ô�÷ek�l[g�k�octWöKg4÷fd ÷fkQl«÷fkQqañvö ò[g�tW÷¤ñ�kRgs��ñshQt a���� öWú�l4÷¤ûKtWúcöWû,y � t�÷¤ûSo�úcûWô�öW÷e��úpocg4ûSqañsded¤ñ,b�û,y
� �
��®�öWú�u�öWúcûWú�kntWûStWõ"úeûWú�t�ñsq�gsded£tWúcöWò«ûM�+tWõ"ú9tWñ�ulú�d¤úcò«úpk+tC�"~9�ìñsq�t�õ�ú�gs��ûKtWöKgvôptSo"ñ4ò[g4÷ek�y
� ��Ø>gskQo´��Ø&�.������öWúpu"öWúcû ú�knt�gsded�k"ñskQ� ù,gvö ÷egs�Qd¤ú[tWúcöWò«û9gskQo�gsdfdZk�ñ�k���ù,g4öW÷fg���d ú[tWúcö ò«û9k"ñst�k�úcú�o"÷fkQlRgRo"úcöWúpq8úcöWúpk"ôc÷fkQl
ñsu�ú�öKg�tW÷¤ñ�k�y

� ¤|!�Ù2gskQo?¤|!�Ù5�.�����AöWúpu"öWúcû ú�k+tStWõ"úeûWúpt�ñsq�gst�ñ4ò«÷¤ô�tWúcöWò«ûM��ú�x�ôpdeh�o"÷fkQl«÷fk+tWú�l4úcöWûHgskQoRtWõ"ú�k�÷ed£gstWñ4ò�y
� �w��Ù2gskQo?����Ù��.�����AöWúpu"öWúcû ú�k+tStWõ"úeûWúpt�ñsqì÷ekntWú�l4úcöStWúcö ò«û,y
� ���w�sg�k�oU���w�K�.�����AöWú�u"ö úcûWú�kntStWõ"ú�k�÷ed£gstWñ4ò�y
� !�Ù��'¦T¤�Ù������²3��(� o �(���@�@�(�����]gsk�o�!�Ù��'¦T¤�Ù5�.�����T�����²3��(� o �(���@�@�(������öWúpu"öWúcû ú�knt�tWõ"ú^ûWú�tVñ�q�ûEt�öKh�ô�tKh"öWú�tWúcöWò«ûCb�÷etWõOq�h�k"ô�tWñ4ö

���²3«g�k�ocb�÷ftWõQúpgvô�õcg4öKlsh"ò«úpk+t�ñsq�t7�+u�ú!� z �K~��E���O3V�ì÷fkctWõ"ú9gs�"ûKtWöKg4ô�tSo�ñvò[g4÷fkzy
� �Ã!�Ù���� o �(� � �]gskQoþ�Ã!�Ù5�.�����T��� o �(� � ��öWúpu"öWúcû ú�kntAûKtWöKh"ô�tKh"ö úNtWúcöWò«ûCb�÷ftWõOq�hQk�ô�tWñ4öv��� �����2��� o ÷ekOtWõ"ú�gs�"ûEt�öEgvôpt�o"ñ4ò[g4÷ek

gskQo�� � b�÷etWõRt7�+u�úi�À!�Ù'�G� o �(� � �ìñ4ö#�Ã!�Ù5�.�����T��� o �A� � �ìñ4ö#�����4ñ4ö#���w�K�.�����Ty
� �Ã!�Ù � � �Q�w�5g�k�o¯�À!�Ù��.����� � � �����K�.������öWú�u�öWúcûWúpk+t>tWõ"ú[d ú�g4ûEt>hQu�u�úcö���ñshQkQoYñ�qAt�õ�úGg��gñ±ùvúGt7�nu�úcû}�Ã!�Ù]gskQo¯���w�@y�ð�õ"úcû ú
úpd ú�ò«ú�k+tWû#gvöWú¿÷ ò[u�ñ4öKtKgsk+tC��ú�ô�gsh"ûWú«� ��!�ÙÓ!#�wq�h�k"ô�tWñ4öT�G�����]gsk�oþ������ñsq�tWú�kUg�u�u�ú�g4öV÷fkOtWõ"ú^ûEgvò«ú}g4öKl�h�ò«ú�kntAñsqSt�õ�ú
ôpdegsh"û úcû�ñ�q�g[u"öWúpo"÷¤ô�gst�úny
{jñ4ö�ù,g4öW÷fgs�Qd¤ú�t7�nu�úcûHbËú�gsoQolú�xnt�öKg�÷ek�q8ñ4öWò[gst�÷¤ñskcgs��ñsh�tSt�öKg4÷fd ÷fkQl ±

��� �.�@� gskQo � ������.����� öWú�u�öWúcûWúpk+tSgsded�ù,g4öW÷fgs�Qd¤úcûHk"ñstSk"úcúpo"÷fkQl[tWöKgv÷fd¤÷ek�l2y
��� gsk�o � �.�����AöWú�u"öWú�ûWú�kntSg�dfd�ù,g4öW÷fg���d ú�ûStWõQgst�õQg±ù4ú9t�ñN��ú�tWöKg4÷ed¤ú�o�y
� ��gh% � !$!���­�� ��öWúpu"öWúcû ú�knt�ûHtWõ"úÂû ú�t�ñsq�÷¤ò[u�ñ4ûWû ÷e��d ú9t�ú�öWò«û,�ntWõ"ú9��ñst0tWñ4ò?ú�d¤úcò«úpk+tC�"�9�ìñsq�tWõ"ú�gs�"ûEtWöKgvôptSo"ñ4ò[g4÷ekzy
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½2¾�0 wµÈ���Ã+Ö�ÈÀÖ�×��Ê�QuM�2ÐO��ÅwÃ^�vÁª�2�ZÃnÇ

ð�õ"úNo"ñ4ò[gv÷fk«o"úcû ôcöW÷f��ú�o�gs��ñ±ù4ú�÷ û�k"ñst���k"÷ft�úN��úcôpg�h�ûWú«ñsqVt�õ�ú[u�ñ4ûWû ÷e��d ú�÷ek��Qk"÷ftWú�Ù����²gHj�¬
�¾%�ÙÓ8(ñsqAtWõ"úNg���ûKtWöKg4ô�t9t7�+u�ú�û
!�Ù��'¦n¤�Ù�gskQo¥�À!�ÙÀy�ð�ñ}lshQg4öKgsknt�ú�úCgskQgsdf��û ÷ û>t�ú�öWò«÷ek�g�tW÷¤ñsk�bËú(ôcñshQdfo�ò[gsj4úCtWõ"ú#o"ñ4ò[g4÷ek��Qk"÷ftWúC�n�QöWú�ûKtWöW÷ ôpt�÷fkQl}tWõ"ú#t�ú�öWò[�
o"úpuQtWõ«tWñRg �Qx·ù,gsdeh�ú+��d¤ñ�ñvû ÷ek�l u"öWúcôc÷¤ûW÷¤ñsk«b�õ"úpk«gskQgsde��ûW÷¤ûAúpk"ôcñshQkntWúcöWû�tWúcöWò«û�b�õ�ñvû úNo"ú�u�t�õ>÷ ûCdeg4öKl4úcö�tWõQgsk«tWõ"÷¤û��Qx
ù,gsdeh�ú+y�ð�õ"÷¤ûì÷ û5j+k"ñ,bSk#gvûQ¬s�¾%�ÙÓ8�jG����­|!�Ù��^�
¤�Ù�� � �C|f~�È��ngskQoV÷¤ûìôcñ4ò«ò«ñskQdf��h�ûWú�o(÷ekCg_knh"òC��úcöìñsqQgsk�g�df��ûW÷ û5q8öKg4ò«ú�bËñ4öKj�ûS| ��]��
~'¨���~'���7yTª<úpuQtWõQ��5Ngs�"ûKtWöKg4ô�tW÷ ñsk�û�k"ñ4öWò[g�dfdf�\öWú�u�öWúcûWúpk+tHtWõ"ú�u"ö ÷ek"ô�÷eu�gsd q�hQk�ô�tWñ4ö�ñsq5gNtWúcöWò�ôcñ4ò[uQd¤ú�tWú�b�÷etWõ o"úcû ôcöW÷fuQtW÷ ñsk�û
q8ñ4ö�÷ftWû�ûEhQ�Q�@t�ú�öWò«û,y�óQh��Q��tWúcöWòûo�úcûWô�öW÷eu�t�÷¤ñsk"ûHgvö ú�l4÷ ù4ú�kRtWñ[tWõ"ú9o"ú�uQtWõlñsqzg[u�öWú�o"úpt�ú�öWò«÷ek�ú�oQô�ñsk"ûKtKgsk+tS��ñsh�kQo 52y

� kQñ�h�ö�ûK��ûKtWúcò bËú<÷¤ò[uQd¤úcò«ú�knt]g#o�÷e¡�ú�öWú�kntVgsuQu�öWñ�g4ô�õzy a ú<öWúcûEt�öW÷¤ô�t]tWõ"ú>t7�nu�úcû�ñsq tWõ�ú>o"ñ4ò[g4÷ekQñ�k�de��b�õ"ú�kQô�gsded¤÷fkQl
g u"öWúpo"÷¤ô�gstWú+y�ð�õ"÷¤û�bVg,�mbËú�õ�g±ùvú�g u�ñ4ûWû ÷e��de�·÷fkQ��k"÷ft�ú�u"öWú�ôc÷¤ûW÷¤ñ�kOb�÷ft�õ�÷ekOg u"ö ú�o"÷¤ô�gstWú+��b�õ"÷¤ô½õOgsded¤ñ,b�ûCh"ûCt�ñ�ú�x+tWöKg4ô�t
g4û�òCh�ô½õ�gvû_t�õ�úcöWúA÷¤û_d ñ�ô�gsd�÷ek�q8ñ4öWò[gst�÷¤ñskz�QgskQo b�ú�lshQg4öKgsk+tWúcúCt�ú�öWò«÷ek�g�tW÷¤ñsk �n�\û ÷ ò[u�d ÷fq���÷fkQl�t7�nu�úcû�g4ôcöWñ4û û�u"öWúpo"÷¤ô�gst�ú�û
��ñshQk�oQg4öW÷ ú�û,y�ð�õ"÷¤û�ô�gsk}�gú
ûWúcúpk¿õQg4û�õQg±ù�÷fkQl#t7bËñ#o�ñvò[g4÷fk"û ± g#d¤ñ�ôpg�d�o"ñ4ò[g4÷fk}h"û ú�o¿÷fknt�öKgs��u�öWñ�ô�ú�oQh�öKg�dfdf�[gsk�o}g(ûW÷¤ò[uQd¤úcö
�Qk�÷etWú9l�d¤ñs�Qgsd£o"ñ4ò[g4÷ekRh�ûWú�ol÷ekntWúcöK��u"ö ñ�ôcúpoQh"öKgsdfde�ny

� k}t�õ�ú�ûW÷¤ò[uQd¤÷e��ô�gst�÷¤ñsk^ñsq�ô�ñvò[ugñ�h�kQo�t7�nu�úcû9�Ã!EÙTgsk�o !EÙ@�'¦n¤�ÙTbËú�öWú�o�h"ôcú�tWõ"ú_t�ú�öWò«ûËôcñsk"ûW÷fo"ú�öW÷ek�lAñsk�de�[t�õ�ú�u"öW÷fk"ô�÷euQgsd
q�h�k"ô�tWñ4ö£gskQoe÷flsk"ñ4öW÷ek�lStWõ"ú�ûKhQ����tWúcöWò«û,y�ð�õ�÷ û�÷¤ò[uQd¤÷ úcû gSdfg4öKl4úcö£d¤ñ4ûWû�÷ek9u"ö úcôc÷¤ûW÷¤ñ�k9tWõQgsk9b�õQgst£h"ûEhQgsdedf�
÷¤û£u�öWúcûWúpk+t�ñskeñst�õ�úcö
gskQgsdf��ûW÷¤ûHqaöKg4ò«ú�bËñ4öKj�ûMy � û�bËú9b�÷fded�ûWú�úeûWõ"ñ4öKtKdf�+�TbËúeûKugúcôc÷fg�d¤÷f¬cú9u�öWú�o"÷¤ô�gstWúcû�÷fkRgNknh"òC��ú�ö�ñsqìù4úcöWûW÷¤ñsk"ûHo�ú�tWúcöWò«÷fk"ú�o �+�
ô�gsdfd ÷fkQlCuQgstKtWúcöKk"ûVt�õ�g�tAg4öWú�o"ú�ûWôcöW÷f��ú�o��n�GtWõ"ú_tB�nu�úcû�ñ�q£t�õ�ú�g4öKlsh"ò«ú�knt�û�ñ�q£t�õ�ú�ô�gsdfdBy4ó"÷¤ò[uQd¤÷eqw��÷fkQlCtWõ"ú�ûWú�t7�nu�úcûËöWú�o�h"ôcú�û
tWõ"ú9k+h"ò#��úcö�ñsqìù4úcöWûW÷¤ñsk"ûHlvúpk"úcöKgstWú�oz�nb�õ�÷ ô�õQ÷¤ûHt�õ�úÂò[g4÷fkQò«ñstW÷ ù,gstW÷¤ñ�kl÷fkctWõ"÷¤û�ûW÷¤ò[uQd¤÷e��ô�gst�÷¤ñskzy
ðìñA÷ ò[u�öWñ±ù4úHu"öWú�ôc÷¤ûW÷¤ñ�k^÷et/÷¤û=u�ñ4ûWû ÷e��d ú�t�ñ�gshQl4ò«ú�knt=tWõ"úHgs�"ûEt�öKg4ô�t=o"ñ4ò[g4÷fkNb�÷ft�õ^ò«ñ4öWú�÷fkQq8ñ4öWò[gstW÷ ù4ú�o"úcû ôcöW÷fuQtW÷ ñsk"ûËñ�q

ôcñ4ò[u�ñshQk�o t7�nu�úcû,yQ{jñ4ö�÷ek�ûKtKgsk"ôcún��û ñ4ò«úAûKtWöKh"ôpt0h�öWúcû�b�õ�÷ ô�õ gsuQugú�g4ö�ñsq�tWú�k�÷ek�r�öWñsd¤ñsl�u"öWñsl4öKgvò«ûM�Qd ÷fj4úc����!�Ù ��Ô �w��Ù��ÀÚT���²!
gskQoO� ��!�Ù ��Ô ¤ � ��!�Ù��
��ÙÓ!E�
gsdfd ñ,b h"ûWúpq�hQdgñsuQtW÷¤ò«÷e¬pg�tW÷¤ñ�k�û�÷eq tWõ"ú>gs�"ûKtWöKg4ô�tVo�ñvò[g4÷fk\ô�gsk¿öWúpu"öWúcû ú�k+tVtWõ"ú�ò g4ôcöWñ4ûWû]u"öWúpo"÷¤ô�gst�ú�û
��ñshQk�oQg4öW÷ ú�û,y�{jñ4ö¿÷fk"ûKtKgsk"ô�ú+��tWõ"ú�q8ñsdfd ñ,b�÷fkQl3ôcñ4ò[u�ñshQkQo´t7�nu�ú¥�À!�Ù5�.�����T�E����Ù��.�������,�Ã!EÙ��.�����T�E����Ù��.�������,���w���������n�K�e÷¤û,��÷fkGñsh"ö
ûK��ûKtWúcò���ûW÷¤ò[uQd¤÷f�"ú�oRtWñ��À!�Ù��.����� ��Ô ����Ù��.�����T�nb�õ"÷fd úi�À!�Ù��.�����T�K�w��Ù5���������M�À!�Ù5�������n� � �����?���M�����K�.�����T�K�ì÷ û�ôcñsk�ù4úcöKtWú�oRtWñ��À!�Ù��.�����Ty
ð�õ�÷ ûHgsuQu"öWñsg4ô½õlô�gsklöWúcûKh�det�÷fklöWú�d¤úcù,gsk+tSu�öWúcôc÷¤ûW÷¤ñskcd¤ñ4ûWûWú�û,y£Ûìñ�k�ûW÷fo"úcöHq8ñ4ö�ú�xng4ò[uQd¤ú�tWõ"ú9q8ñsdfd ñ,b�÷fkQlNu"öWñsl4öKgvò ±

I Þ0� zK�Ã½ � �,��� � ��� ½ �ã{7�%� z �D{B�

� z ��� �7{7�

ð�õ�úVôpg�dfd�uQgstKtWúcöKk�t�ñ_%<���A÷ ûN�E�À!�Ù5�����?�T�E�w�QÙ��.�������,�Ã!�Ù5�.�����T� � �.�@��.����� �*3��� ¡�.�����T�K���,�À!�Ù��.�����T� � ������.����� �,�À!�Ù��.�����T�K�w��Ù��.�������,�����K�.�����T�K�0�Ky
ð�õ"ú�gs�"ûEt�öKg4ô�tihQk"÷f�"ô�gstW÷¤ñ�kGôpg�k´o�úcöW÷¤ùvú�tWõQgst§� b�÷fded<ú�x�÷ftn%���� b�÷ftWõ´t7�+u�ú¥�w��Ù5�.�����T��gsk�o£¢"��¤�ô�gsk¯�gú�ûEu�úcôc÷fgsd ÷f¬cúpo
q8ñ4öÂûKh"ô�õmuQgst0tWúcöEkzy � q/õ"ñ,bËú�ùvú�ö>b�õ�ú�k·ô�gsded¤÷fkQl_%����CbËú(û ÷ ò[u�d ÷fq���tB�nu�úcû��E�À!�Ù��.�����T�K�w��Ù��.�������M�À!�Ù5�������n� � �.�@��.����� �,3��9 6�������T�0�Ag�k�o
�À!�Ù��.�����T� � ������.����� �,�À!�Ù��.�����T�K�w��Ù��.�������M�����K�.�����T�K�HtWñ¥�À!�Ù��.�����ct�õ�ú�k?k"ñstWõ"÷fkQl�b�÷fded]��ú}jnk"ñ,bSk?gs��ñshQt#tWõ"úit7�+u�ú\ñsq�ù,g4öW÷egs�Qd¤ú`�
b�õ"úpkQô�gsdfd ÷fkQl:¢���¤sy
ð�õ�÷ û�d ñ4ûKt�ñsq5u"öWúcô�÷ û ÷ ñskl÷¤ûHg4ôcô�ú�uQtKgs�Qd¤ú9qaöWñ4ò t�õ�ú9u�ñ4÷fk+t�ñsqìù�÷ úpbÆñsqìñsh"öHgskQgsdf�+¬�úcö,y � ûHbËú9b�÷fdfd�û õ"ñ,bC��ñsh"öHq8ñ�ô�h�û�÷¤û

òCh�ô½õ¿ò«ñ4öWú�ô�ú�knt�ú�öWú�o¿ñsk�l4ñsgsde� ÷ek�o"ú�u�úpkQo"úpk+tVg�k�o}d ñ�ô�gsd�gskQgsde��ûW÷¤ûVtWõQgsk¿÷ek}l4ñsgsde��o�ú�u�ú�k�o"ú�kntAgskQo}lsd¤ñ���gsd�gskQgsde��ûW÷¤û,�
g�k�o
ô�d¤ú�g4öKdf�¿ô�degsh�ûWú©¨£��l[� lG��l4÷¤ù4úcû�ù4ú�öK��qaú�b_ñsqìûKh"ô�õcd¤ñ�ô�gsd£g�k�ocl4ñsgsde��÷fkQo�ú�u�úpkQo"ú�knt�÷fkQqañvöWò[gstW÷¤ñ�k�y

½2¾�t Ên�zÇpÔpÕ,Æ�Ä
Ô[Ð«ÃnÆQÖ�ÈÀÖz×O�Ê�¥w¼ÊiÌ ÈwÖ�ÇpÔpÕ,Ó�ÄsÔpÈ��2Ö�Ç

a ú>gvû ûKh"ò«ú<÷fk}tWõ"÷¤û�ûWúcôpt�÷¤ñsk}tWõ�g�tVtWõ"ú<öWú�gso�úcö�÷¤ûVqwg4ò«÷ed¤÷fgvö]b�÷etWõitWõ"ú<ôcñsk"ôcöWúpt�ú<ò«ú�gsk"÷fkQl6ñ�q a��_� ÷ek�ûKtWöKh"ô�tW÷¤ñsk"û,y
{jñ4öVg
o"úpt0g4÷fd úpoQúpx+u�degskQgstW÷ ñsklñsq�t�õ�ú a��_� ú�x�ú�ô�hQtW÷¤ñskQò«ñno"ú�d£gskQol÷ft�û�÷fk"ûKtWöKh"ôpt�÷¤ñskQû ú�t�ûWú�ú � ÷etK�ÓÚ9g4ôc÷£tKhQtWñvöW÷fgsdA|e~'�7y

� û_bËúAõ�g±ùvúVûKg4÷foz�"÷ek�÷ft�û_gs�"ûKtWöKg4ô�t�úcòCh�degstW÷¤ñ�k a���� ÷ek�ûKtWöKh"ô�tW÷¤ñ�k�û�õ�g±ù4ú�t7bËñ^ú�¡gúcô�tWû ± tWõ"ú��cu"öWñnoQh�ôcúAô�õQgskQl4úcû
÷fk
tWõ"ú>d¤ñ�ôpgsd�u�Ù��
Ù�¦�!ìûKtWöKh"ô�tKh"öWú�g�k�oitWõ"ú��^ñshQtKuQhQt]gGk"úpb ¦T� Ô|� �Ã¬
�Õ¬ a��_� ÷ek�ûKtWöKh"ôpt�÷¤ñskzy � t�÷¤û�÷¤ò[u�ñ4öKtKg�knt]t�ñGk�ñ�tWú>tWõQgst�÷fk
ñsh"ö=gskQgsdf�+¬�úcö=tWõ"ú�öWú�÷¤û=k�ñ�l�d¤ñs�QgsdjûKtWöKh"ôpt0h�öWú+�vûKh�ô½õ�gvûAtWõ"úM8
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label(2)
get_nil(0)
get_x_value(1,2)
proceed
label(3)
trust_me_else_fail
label(4)
get_list(0)

unify_x_variable(0)
get_list(2)
unify_x_value(3)
unify_x_variable(2)
execute(append,3)

label(1)
try_me_else(3)

unify_x_variable(3)

append([],L,L).
append([H|T],L,[H|R]) :− append(T,L,R).

:− append([1,2],[3],R).

put_list(1)

$exe_1/0: allocate(1)
get_y_bc_reg(0)

unify_integer(2)
unify_nil
put_list(0)
unify_integer(1)
unify_x_value(1)
put_list(1)
unify_integer(3)
unify_nil
put_x_variable(2,2)
call(append/3)
cut_y(0)
deallocate
proceed

$append/3: switch_on_term(1,2,4,fail)
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label(0)
   switch_on_term(1,5,6,fail)
label(1)
   try_me_else(2)
   get_nil_v(1)
   get_x_value_any_any(2,3)
   proceed
label(2)
   trust_me_else_fail
   get_list_v_ntr(1)
   unify_x_variable_write(4)
   unify_x_variable_write(1)
   switch_on_list(3,3,4)
label(3)
   unify_x_value_read_v_ndrf_ntr(4)
   unify_x_variable_read(3)

label(4)
   unify_x_value_write(4)
   unify_x_variable_write(3)

label(5)
   get_nil_atom(1)
   get_x_value_any_any(2,3)
   proceed
label(6)
   get_list_list(1)
   unify_x_variable_read(4)
   unify_x_variable_read(1)
   switch_on_list(3,7,8)
label(7)
   unify_x_value_read_any(4)
   unify_x_variable_read(3)
   execute(append_any_any_any/3)
label(8)

   unify_x_variable_write(3)
   execute(append_any_any_v_ndrf_ntr/3)

   unify_x_value_write(4)

   execute(append_v_ndrf_ntr_any_any/3)

   execute(append_v_ndrf_ntr_any_v_ndrf_ntr)

Two run−time tests with
propagation of information,
leading to code unfolding
(3 outer blocks − first test,
2 inner blocks − second test)

Code for argument 1 
with type var

Code for argument 1 
with type const

Code for argument 1 
with type list

Calls to 4 distinct
predicates
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r(c,Y)

fail

q(d)

failA_add:r(a,b)
  success

L_add:(1)
  fail

L_add:(1)
  fail

Normal
State

of r(a,Y)

A_add:r(b,c)
A_add:r(a,c)
  success

p(b,Y),q(Y)

q(c)

L_add:(1)
  fail

p(c,Y),q(Y)

fail

r(c,Y)

r(c,Z2),r(Z2,Y)

r(b,Z1),r(Z1,Y)

Looping
State
of r(a,Y)

r(a,Y)

p(a,Y),q(Y) r(a,Z),r(Z,Y)

q(b)

r(b,Z1),r(Z1,Y)

r(b,Y)

r(a,Z),r(Z,Y)

  Looping
Alternatives

r(a,b)
r(a,c)

Calls Answers

r(a,Y) (1)

r(b,Y) r(b,c)

r(c,Y)

(1)

(1)

r(X,Y) :− r(X,Z), r(Z,Y).    (1)
r(X,Y) :− p(X,Y), q(Y).      (2)
p(a,b).   p(a,d).   p(b,c).
q(b).     q(c).
:− table r/2.
:− r(a,Y).
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r(b,Y) r(b,c)

r(c,Y)
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r(c,Y)

r(c,Z2),r(Z2,Y)

r(X,Y) :− r(X,Z), r(Z,Y).
r(X,Y) :− p(X,Y), q(Y).
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:− r(a,Y).

q(b).    q(c).
p(a,b).  p(a,d).  p(b,c).
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r(c,Y)
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r(X,Y) :− p(X,Y), q(Y).
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:− r(a,Y).
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  Looping
Alternatives

r(a,b)
r(a,c)

Calls Answers

r(a,Y) (1)

r(b,Y) r(b,c)

r(c,Y)

(1)

(1)

r(X,Y) :− r(X,Z), r(Z,Y), !.  (1)
r(X,Y) :− p(X,Y), q(Y).       (2)
p(a,b).   p(a,d).   p(b,c).
q(b).     q(c).
:− table r/2.
:− r(a,Y).

q(d)

failA_add:r(a,b)
  success

L_add:(1)
  fail

Normal
State

of r(a,Y)

Looping
State
of r(a,Y)

L_add:(1)
  fail

r(b,Z1),r(Z1,Y),!,!

A_add:r(b,c)
A_add:r(a,c)
  success

r(a,Y)

p(a,Y),q(Y)

q(b)

r(a,Z),r(Z,Y),! r(a,Z),r(Z,Y),!

r(b,Y),!

p(b,Y),q(Y),!

q(c),!

!
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