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!rb�d�f;\^4 |:=�q]w�gUq]tZq]w�dQ{�w�e9o�d�fZbmjXw�q�lhu�g�n 7Hf=bpjXoPb�u9f�d�¤�gc~vq�y=j+gk¦M¤�� d�fhgcj�bmo.tZi�g.imbplhgkq]wXgGCFd+gklZj�b�e9le�{1e9yhw8Q R G�ipy=oPbmlhe9j�b�d��^w�gkimq]d�b�e9l d+e�!�q]w�¦Rd�fhg�f=b�u9f=gvw	Q R q�l=¦ d�f=g[¤=w�b�u9f�d+gvwEd gklZ¦�e�{1d�f=g�¦=q]d�qSnIC {d�fhg.j�bmoPtZi�gQgGCSd+gkl=j�bme9l�bmj�bml=~/e�w�w�gk~/dv¥�{�e�w�gGCSq�oPtZi�g�d�fhg.imy=oPbplhe9j�b�d���j�q]d�yhw�q]d+gkj�bpl�d�fhg.f=q]w�¦ Q�R�w�gvu9b�e9l�¥d�fhg�w�gk¦=j�fZb�{�dXgkj�d�bmoPq]d�b�e9l�f=q�j�d+e�¤�gUbpo.t=w�e £�gk¦�n ; d�t=w�gkj+gkl�dv¥�!,g\¦he�lhe�d�fZqk£�g�gklhe9yhu9f�bmlh{�e�w�oPq]d�b�e9lq]¤�e9yhdcd�f=g Q R G�ipy=oPbmlhe9j�b�d���w�gkimq]d�bme9l©{�e�w\o�y=~�f f=q]w�¦hgvw < :�=zjvn C�l=j+d+gkq�¦ e�{�y=j�bplhu^d�fhg���gGCFd+gklZ¦hgk¦��
Q R G�ipy=oPbmlhe9j�b�d���w�gkimq]d�bme9lUq�jz¦he9lhg1¤F�Pd�fhg1t=w�gv£Sb�e9y=j�!,e�w - jX�<Hhgkl=bmoPe�w�g�� :�q�oPb�w�gGPG,U:�y=bQP�¥ =?5'5'5�� 	 i�e¢�S¦6,
:He9lZl=bmlhu�gvdHq�i7n�¥ =?5'56=]qO��¥2!�g�f=qk£�g�j�fhe�!�l�q�ipiJw�gkj�y=i�d�jzbml J u9yhw�gXKFn KFn>C l\d�fhg�{�e9imi�e�!rbmlhu�j+gk~/d�b�e9l�¥D!�g !rbmimio.gkl�d�b�e9l�d�f=q]d�d�fhg�w�gkj�y=i�d1e�{ \�¨'| 5[bmjrw�e�¤Zy=j+d1q�l=¦�| 5�¨ \�¨ |:=\ocqk��¤�g�oPq]w�u9bml=q�i�n27Hf=gvw�gv{�e�w�g�¥ !�goPq¢��f=q¢£�g�d+e�d+w�gkq�¦ d�fhgP( `�� j�q�o.tZimgkj�bml \�¨'|:=Fn 7Hfhg�imbmj�dHe�{�d�fhg�e�¤Zj+gvw�£�gk¦ Q R ¥Jgkj�d�bmoPq]d+gk¦ w�gk¦=j�f=b�{�dq�l=¦�ipy=oPbmlhe9j�b�d���!�b�d�f�|�� gvw�w�e�wre�{5( `�� j�q�o.tZi�gkjrq]w�g�j�y=oPocq]w�bQPvgk¦[bml ; t=t�gkl=¦=b C =�n
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y=l=~/d�bme9l=q�iL{�e�w�o e�{zd�fhg < :�=!{�e�w�oPq]d�b�e9l^w�q]d+gc¤�gk~vq�y=j+g.e�{zd�fhgUw�gk¦=j�f=bm{�dXy=l=~/gvw�d�q�bmlOd���n ; f�y=j !�gf=q¢£�g�d+e�~/e9l=j�bm¦hgvw�d�fhg\gGF�gk~/d�j�e�{1¦=q]d�q�¦=gv£Fbmq]d�bme9l=jQd+e d�fhg\{
y=l=~/d�b�e9lZq�i�{�e�w�o e�{Hd�fhg < :�= {�e�w�oPq]d�b�e9lw�q]d+g�n
F lG<Zu9yhw�g�KFnm|'H��
yhtZt�gvw/��¥?¤Zq�j�gk¦5e9l5g0/Fy=q]d�b�e9lª�7KFnI>9��¥ !�g�j�f=e�! d�fhgUw�gk¦=j�f=b�{�d�gkj+d�bpoPq]d+gk¦�{�w�e9o d�fhg

?!ACB�ipy=oPbmlhe9j�b�d��\w�gkimq]d�bme9l�q�jXq�{
y=l=~/d�b�e9l�e�{J?JA #+1 3LK�&A o.gkq�j�yhw�gk¦�bpl�d�fhg�e�¤Zj�gvw�£�gvw@c j�w�gkj+d�{�w�q�o.g�n ��gvw�g�¥
1MA�bpj1|Xj�gk~�t�gkq - AZy6CUbml\y=lZb�d�j�e�{sgvw�u9j�~vo }2& j }43 n ; fhg�j+e9imbm¦\imbplhg�bmj�d�fhg�~vy=w�£�g�¤Zq�j+gk¦\e9l\d�fhg�¤�gkj+d�,.<=d
?!ACB�ipy=oPbmlhe9j�b�d���w�gkimq]d�b�e9l�¥sq�lZ¦�dU!�e�¦he�d+d+gk¦5imbmlhgkj�q]w�gc~vy=w�£�gkj !rb�d�f |c� yht=t�gvwXq�l=¦^i�e�!,gvw�¤�e9y=lZ¦�n F ld�fhgr~vq�j�gre�{�d�fhgrf=bmu9f�w�gk¦=j�f=bm{�dv¥�d�fhg�¦=b F�gvw�gkl=~/g�¤�gvdU!�gvgklcd�f=gHyht=t�gvw�q�l=¦.d�fhg�i�e�!�gvw�¤�e9y=l=¦.bpjC£�gvw��.imq]w�u�g¤�gk~vq�y=j+g�e�{�d�fhgX¦hgv£Fbpq]d�b�e9l=jze�{sd�f=gN?!A�B�imy=oPbplhe9j�b�d��Pw�gkimq]d�b�e9l !rfZbmi�g�b�d�bmjzlhgvu9imb�u9b�¤Ji�g�bml�d�fhg�ime�!«w�gk¦=j�f=b�{�d~vq�j+g�n!O=e�wrgGChq�o.tZi�g�¥Sd�fhgXgkj+d�bpoPq]d+gk¦[w�gk¦=j�f=b�{�d�e�{�\�§!|QPPf=q¢£�g�q�oQ¤Jb�u9y=b�d��ce�{�\�§!|QP 0 3 3} � n ; f=g1e9l=gG,�j�bm¦hggvw�w�e�w�w�gkq�~�f=gkj�|QP:P/R ~/e9o.tJq]w�gk¦�!�b�d�f[d�fhg�gkj�d�bmoPq]d+gk¦�w�gk¦=j�f=bm{�dvn ; fhgvw�gv{�e�w�g�¥Zbml�d�fhgQt=w�gkj+gklOd�!,e�w - ¥2!�g~vq�l�q�j�j+gvw�d�d�fhg�£�q�ipbm¦=b�d���e�{rd�fhg < :�= {�e�w�oPq]d�b�e9l�w�q]d+g\q]d�e9l=i��9\*S |QP !rf=bpi�g�!�g�j�f=e�! d�fhgUw�gkj�y=i�d�jd+e�!zq]w�¦ \�§T>UPPbplE<=u9yhw�gQKFnm|'>Fn
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!��,=81�"���9E"��)5<�
�%=�&8!��
���C=8��")&�F<$*=G��9�1*5H&�!��
FI��=>& ��& 1;/����KJB"���3L�)5<1*=8�M& �,���#"%$'&��)1*5�$;5<9�&>N�1O9�1�&G&��C9P")��5��C=Q��5<9��%R#$;&8�S&8!��
��?<?I�C�S$;5I9L")1'N��#� FA1���5I9�=TRC$;�<=8�C9UF`��&�!��@��5IRV�#�8&�$��)5B& �P1;/�����JB"���3L�)5�1B=G�)& �����#"%$'&��)1*5W�Q�
!��C=8�@9�1;&8&8��9
"��)5<�C=@$��8�,$;"%=81U5<1���3L$�")� � ��9:$�5<9X=G�<?I�C�8?A1*=8�C9:1�5E&8!<�,FI��=>&����C=8��")&C�T�
!<�,�#���81*��FI$;�7=Y$�R#R#1�3L?<$�5+�Z��5��
1*?I�C5X=��B�<$;���C=����#?����C=8�#5B&�&8!��H=G&�$;&8�%=>&���RC$;"[��5IRV�#�8&�$��)5B& �\1�/���$�R7!:?I1*�)5B&C�

F {�d�fhg < :�=�j�¦Zbmj+d+w�b�¤Jyhd+grq]w�e9y=lZ¦cd�fhg�¤�gkj+d�,.<=d ? A B�ipy=oPbmlhe9j�b�d��.w�gkipq]d�b�e9lUq]d�w�q�l=¦he9o[¥Sb�dzbmj�gGCSt�gk~/d+gk¦d�f=q]dHd�f=gkb�wzgkj+d�bmoPq]d+gk¦�w�gk¦=j�f=bm{�d�jzq�imj+e�w�q�lZ¦he9oPi���¦=bmj+d+w�bm¤Zyhd+g�q]w�e9y=l=¦\d�fhg�j+e9ipbm¦\imbmlhgXbml <=u9yhw�gQKFnm|'HFn���g~/e9l=j�bp¦hgvwrd !,e\gGCSd+w�gko.gki��[¤Zbpq�j+gk¦�~vq�j�gkj1q]d�!rf=bp~�f�q�ipi < :�=�j�q]w�g�e�w�¦hgvw�gk¦�e9l�d�fhg\|Q��yht=t�gvwHe�wXi�e�!�gvw¤�e9y=l=¦�e�{�d�fhg ?!ACB�ipy=oPbmlhe9j�b�d���w�gkimq]d�b�e9l�n ; fhgkl.!�gPgkj+d�bpoPq]d+gPd�fhgPq�i�d+gvw�q]d�b�e9l�e�{�d�fhgP{
y=l=~/d�b�e9l=q�i�{�e�w�oe�{�d�fhg < :�= {�e�w�oPq]d�b�e9l�w�q]d+g�n F lE<=u9yhw�g�KFnm| * ¥2!�g�j�fhe�!(dU!�eP¤�e9y=l=¦Zq]w��c~vq�j+gkjre�{?d�fhg < :�= {�e�w�oPq]d�b�e9lw�q]d+g !rbmd�fUd�f=gX¤�gkj�d,w�gkj�y=i�d�q�j�j�fhe�!rl[bml <=u9yhw�g�KFnm|'>Fn ; fhg�j+e9imbm¦\imbml=gkj,oPq]w - gk¦[¤��Ud�fhgXe�t�gkl\q�l=¦E<Zimi�gk¦j /Fy=q]w�gkjUq]w�g�d�fhg�y=t=t�gvwPq�l=¦Ri�e�!,gvwU¤�e9y=l=¦ ~vq�j+gkjv¥�w�gkj+t�gk~/d�b�£�gki���n ; fhgkj+g�{
y=l=~/d�b�e9lZjPq]w�g�lhe�w�oPq�imbB
vgk¦q]d�d�fhg <Zw�j+dQt�e9bml�dvn�Ohe�w.d�f=g�i�e�!,gvw�¤�e9y=l=¦5~vq�j+g[bml*<=u9y=w�g�KFnm|'H��
i�gv{�d���¥Cd�fhg�gkj+d�bmoPq]d+gk¦�w�gk¦=j�f=b�{�d�j�q]w�gj+�Sj+d+gkoPq]d�bm~vq�ipi��\¤Zbmq�j+gk¦�d+e�!zq]w�¦ j�oPq�imi�£]q�imyhgkjkn ; fhgvw�gv{�e�w�g�d�fhg < :�=_{�e�w�oPq]d�b�e9l�w�q]d+g�bmlZ~/w�gkq�j+gkjrbpl�d�fhgi�e�! w�gk¦=j�f=bm{�d�w�q�lhu�g[~/e9o.tZq]w�gk¦>!�b�d�fMd�f=g�¤�gkj+d�w�gkj�y=i�dvn a l�d�fhg\e�d�fhgvwPf=q�lZ¦�¥C{�e�w.d�f=g\y=t=t�gvw�¤�e9y=l=¦~vq�j+g�¥Jd�fhg < :�=ª{�e�w�oPq]d�bme9l[w�q]d+g�q]d�f=b�u9f\w�gk¦=j�f=b�{�dzbpl=~/w�gkq�j+gX¤Zy=d�d�fhgXe9lhg�e�{Ld�fhg�i�e�!(w�gk¦=j�f=b�{�d�w�q�lhu�gQbmjj�yhtZt=w�gkj�j+gk¦�n
D�u9q�bml�¥W!,g�gko.tJf=q�j�bB
vg�d�f=q]d,d�f=g�{
y=l=~/d�b�e9lZq�i={�e�w�o e�{sd�fhg < :�= {�e�w�ocq]d�b�e9lcw�q]d+g�{�e�wzd�fhg1y=t=t�gvw�q�l=¦d�fhgXi�e�!,gvw�¤�e9y=l=¦Ubml <=u9yhw�gXKFnm|'H[��w�b�u9f�d��,bmj,d�fhg�gGCFd+w�gkoPgki��c¤Zbpq�j+gk¦U~vq�j�g�¥Zq�l=¦�d�fhgv�cq]w�gXlhgv£�gvw�w�gkq�imbB
vgk¦�n

D1i�d�fhe9yhu9f[d�f=g�w�gk¦=j�fZb�{�dzgkj+d�bpoPq]d�b�e9l�j+d+w�e9lhu9i��\¦hgvt�gkl=¦=jze9l�d�f=gQ¦hgv£Sbmq]d�b�e9l\e�{Ld�fhg ?JACB�imy=oPbml=e9j�b�d��Uw�gkimq+,d�b�e9lUq�j�j�fhe�!rlcbpl <=u9yhw�g�KFnm|'H��
i�gv{�d���¥Od�fhg1yht=t�gvw�q�l=¦Pime�!�gvw,¤�e9y=l=¦Zj�!rb�d�f=bml\|���¦hgv£Sbmq]d�b�e9lPe�{�d�fhg < :�={�e�w�oPq]d�b�e9lUw�q]d+gXq]w�g�j�bmoPbmipq]w�d+e�d�f=g�¤�gkj+d,w�gkj�y=i�d�q�jzj�fhe�!�lUbml <=u9yhw�gXKFnm|'>Fn���gX~/e9l=~vimyZ¦hgrd�fhg�¦hgv£Sbmq]d�b�e9le�{�d�fhg ? A B�ipy=oPbmlhe9j�b�d���w�gkimq]d�b�e9l�¦he�lhe�dzj�b�u9l=b <J~vq�lOd�i���~/e9l�d+w�b�¤Zyhd+g1d+e�d�fhg�{
y=l=~/d�bme9l=q�i={�e�w�o e�{�d�fhg < :�={�e�w�oPq]d�b�e9l[w�q]d+g�n
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; fhg�?JACB�imy=oPbplhe9j�b�d��Hw�gkimq]d�b�e9lXbpj�~/e9l,<=w�oPgk¦ !rb�d�f=bml1d�fhg�ipy=oPbmlhe9j�b�d��Hw�q�lhu�g�e�{�|QP�� 3 a dRa_|QP�� _ gvw�u9jHj }43q�j1j�fhe�!�l�bml/<=u9y=w�g * n * n���g�j�bmo.tZim�cgGCSd+gkl=¦hgk¦�bmdHe¢£�gvw1d�fhg�~vq�ipb�¤=w�q]d+gk¦�w�q�lhu�g !rf=gkl !�g�gkj+d�bmoPq]d+g�d�fhgw�gk¦=j�f=b�{�d�{�w�e9oxe�¤Zj+gvw�£�gk¦ ?!Acq�l=¦ AZyDC�n =�e�w�gQw�b�u9bp¦[w�gkj�y=imd�jHoPqk�[¤�g�e�¤Zd�q�bmlhgk¦ !�fhgkl !�g�y=j�g�e9l=i��\d�fhg¦=q]d�qPbpl\d�fhgQ~vq�imb�¤Zw�q]d+gk¦\w�q�lhu�g�n
F l <=u9yhw�grKFnm|kKc�
i�gv{�d���¥�!�grj�fhe�!©d�fhgHw�gk¦=j�f=b�{�dL¦=bmj+d+w�bm¤Zyhd�b�e9l�!rb�d�f=bpl�d�f=grimy=oPbplhe9j�b�d���w�q�lhu�gr~/e9l <=w�o.gk¦¤F�5d�fhg - lhe�!rl�w�gk¦=j�fZb�{�d�j�q�o.tJi�gkj��
oPq]w - gk¦ � [��O��n V�j�bmlhu e9l=i��5d�fhg�¦=q]d�qS¥ !,g�d+w��Md+e^gkj+d�bpoPq]d+g�d�fhg

< :�=!{�e�w�ocq]d�b�e9l9!rbmd�f d�fhgcj�q�o.g�o.gvd�fheS¦^¦hgkj�~/w�b�¤�gk¦�bpl*DrtZt�gklZ¦=b C D�n��ªfhgkl9!�gcy=j+gU¦he9yh¤Zi���d+w�y=l6,~vq]d+gk¦^¦=q]d�q^�8AJy6C�imbpoPb�d�q�lZ¦ d�fhg.imy=oPbml=e9j�b�d���~vy=dXe�{�d(§`|QP�� _ gvw�u9j�j }43 ��¥�d�fhg <W,�j+d�q]d�bpj+d�bm~vq�iCo.gvd�fheS¦~vq�l=lhe�d�¤�gU¦=b�w�gk~/d�i���q�¦=e�t=d+gk¦Md+e�d�fhg�¦=q]d�qSn ; fhgkl;!,g�f=qk£�g�d+e�t�gvw�{�e�w�o lFy=o.gvw�bm~vq�i�j�bpo�y=ipq]d�b�e9l�q�l=¦u�gklhgvw�q]d+g�tZj+gkyZ¦hePgv£�gkl�d�j�¦=y=g�d+ecd�fhg�imy=oPbplhe9j�b�d��c{
y=l=~/d�b�e9l�q�lZ¦�d�fhg�w�gk¦=j�f=bm{�d�¦=bmj�d+w�b�¤Zyhd�bme9l�n���e�!�gv£�gvwk¥
!�g�!�e9y=im¦�imb - g1d+e.¦=bmj�~vyZj�j�d�f=g < :�= {�e�w�ocq]d�b�e9l�w�q]d+gXy=j�bmlhu�e9l=i��Pd�f=g�e�¤Zj�gvw�£�q]d�bme9l[¦=q]d�qS¥hj+e !,gX¦he.lhe�dt�gvw�{�e�w�o j�y=~�f[q�j�bpo�y=ipq]d�b�e9l�n�Ohe�wHgGChq�o.tZi�g�¥�=�q�i�e9lhgv� �
0?gvd+w�e9j�bmq�l^��|;
�
�
9��¦Zbmj�~vy=j�j�gk¦cd�fhgXimyZoPbmlhe9j�bmd��gv£�e9imyhd�bme9lUe�{ >
� a j�q�o.tJi�gkj !rb�d�fUdU!�eP~vq�j+gkjv¥=b7nAg�n�¥he9lhgG,�j�bm¦hgk¦�d+w�y=l=~vq]d�bme9l ��d�f=g�AJy6CUimbmocb�d��Cq�l=¦\¦he9y=¤Zi��d+w�y=lZ~vq]d�b�e9l_��d�fhg AZyDC�imbpoPb�d�q�l=¦�d�fhg�imbpoPb�d+gk¦�e�¤Zj+gvw�£]q]d�b�e9l ¤Jq�l=¦J��n�D�jcj�fhe�!�l©bml�d�q]¤Zi�g^|�¤���d�fhgkb�ww�gkj�yZi�d�jv¥�d�fhgP¦=b F�gvw�gklZ~/g�e�{,d�fhgPimy=ocbmlhe9j�b�d���gv£�e9imyhd�bme9l ¤���d�fhgkj+g.dU!�e�o.gvd�f=eF¦^bpj1l=e�d�j+e�imq]w�u�g��
q]¤�e9yhd|QP R�¦=b F�gvw�gklhgk~/g ��n ; fhgvw�gv{�e�w�g�¥ !�gcq�j�j�y=o.gPd�fhgUj�q�o.gcimyZoPbmlhe9j�bmd���gv£�e9ipyhd�b�e9l ��
F�b\F�X§���|%[ \�� &^] � q�jj�fhe�!rl�bml��Sgk~/d�b�e9l�KFnIHFn

; f=g,w�gkipq]d�b�£�g < :�=^{�e�w�oPq]d�bme9l�w�q]d+gzbpj?j�f=e�!rl�bml@<=u9yhw�g�KFnm|kK���w�b�u9f�d���n��hbml=~/g�d�f=g d�§!|QP�� _ gvw�u9jHj }43imbml=g�q�l=¦[d�fhg�AZy6C[imbmoPb�d�~/w�e9j�jHgkq�~�f�e�d�fhgvw¢¥2!�gQ~vq�l�oPgkq�j�yhw�g�d�f=g < :�=({�e�w�ocq]d�b�e9l�w�q]d+g�y=l�d�bmi4\�§ |���n
; fhgQw�gko.e�d+gkj+d1dU!�eUt�e9bml�d�jH~/e9l�d�q�bml�e9l=i��\e9lhg�gv£�gkl�dv¥�w�gkj+t�gk~/d�b�£�gki���¥�j+eE!�g�~vq�l�gGF�gk~/d�bm£�gki��[d+w�q�~/g�b�dHd�bmimi
\	S�|'>Fn F d�j�fhe�!rj�j�bpoPbmimq]w�d+gkl=¦hgkl=~/��e�{Jd�f=g�w�gkj�y=i�dCbml	<=u9y=w�gHKFnm|'>F¥Fq�l=¦�d�f=g < :�=�{�e�w�oPq]d�b�e9l.w�q]d+g - gvgvtZj
AZq]d�d+e�!zq]w�¦ f=b�u9f=gvwQw�gk¦=j�f=b�{�d�jvn a l5d�fhg�e�d�fhgvw.f=q�l=¦�¥CbmlG<=u9yhw�g\KFnm|'HF¥ !�g�f=q¢£�g[q�i�w�gkq�¦h�^j�f=e�!rl5d�f=q]dw�gk¦=j�f=b�{�d,gkj+d�bpoPq]d�b�e9l=j
!�b�d�f\d�fhgN?!ACB�ipy=oPbmlhe9j�b�d��Pw�gkimq]d�b�e9l�q]w�gXw�gkimbmq]¤Zi�g !rbmd�f=bml PP¨ \P¨(|QPSn ; fhgvw�gv{�e�w�g�¥
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Type I collapsar: GRB / JetSN 
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�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�

Type II collapsar: GRB / JetSN
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collapsar
Type III

�	�	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	�	�

�	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	��	�	�	�	�	�	�	�	�	�	�	�	�

JetSN

Type I collapsar:

�	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	�

�	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	��	�	�	�	�

T
yp

e 
II 

co
lla

p
sa

r:
 J

et
S

N

BH by fallback

(weak SN)

B
H

 b
y 

fa
llb

ac
k

(w
ea

k 
S

N
)

ir
o

n
 c

o
re

 c
o

lla
p

se

O
/N

e/
M

g
 c

o
re

 c
o

lla
p

se

lo
w

 m
as

s 
st

ar
s 

−−
 w

h
it

e 
d

w
ar

fs

direct black hole

direct black hole

d
ir

ec
t 

b
la

ck
 h

o
le

no H envelope

25 60 100 14040

initial mass (solar masses)

9 10

ab
o

u
t 

so
la

r
m

et
al

−f
re

e

34 260

m
et

al
lic

it
y 

(r
o

u
g

h
ly

 lo
g

ar
it

h
m

ic
 s

ca
le

)

�����
	���
h��� ���`��$*��
��& ]#)$=�����1A=
-�D��$
���9$=�O$_ "	�'T25�����
' �& �#%
G��$
�1���R2G�1�I[W$*�9��.�
-
0'�:e�& 6��.�
,�������Z "
,����#N
H� [
� 
,�

0��
G� $
� � 
��&L
L��0�G�
Eg;FU�,5JT=�,��cEG;M=�:D=
.7, 	nK!�>S yQEG;�JT,\=
.�,�C�,L=
012t@a3r01JT=
E4:F;o:1@�=
.7,�, NZO[24:���,��qCD018
8	EG8<0���:FR7= ^�< &�� =
.7,
8
=�3
:F;7I�C�,L=
012b,5;73!EGJr.�C�,5;M=�0?3
,\, NQO',5JT=�,��q@a3!:FC =
.7,58�,\, �1,5;M=
8LS

{ S�� + T�{�< � � 8�=
0?3!8eJT:F2G2G0?O[8�,cJT:FCDOK24,L=�,5246 EG;P=�: 0!�K2G01J mv.7:F24,��<E4=
.�:FR7=z,iU�,5JT=
EG;7I 01;M6v.7,50"�M6
,52G,5C�,5;P=
85S

	�; XKIFR73
, { S {�� � ,�8
.7: � =
.7,�8
=�,52G2G0?3d@B0?=�,)018�=
.�, @jR�;�JT=
EG:F;H:1@[=
.7,�C�,L=
012G2GEgJLE4=�6zh;s	,LI1,L3U� �-:Z:F8
24,L6 � T�<D< T krS
	�;GX�IFR�3
, { S�g � � ,	012G8�:�8
.7:2� 0�8
J!.�,5CD0?=
EGJ 	����>018
8!R�CDEG;7IH=
.7,	O�:2�U,L3C.�2g0��#��EG8�=�3!E$�KR7=
E4:F;�8 �	E4=
.�EG;%�7, N'&
01;��)( � 01;��/JLR7= .�:�R-CD018
8 :1@ ^�<�� � 01;��N_ � � @a:13).�EGIF.A.�CD018
8W01;��/24:2� .�CD018
8WOK0?3!= � 3!,58�O�,5JT=
E*�1,52461S EW=
O�3
,58
,5;P= � =
.�EG8	=�6ZO�,�:1@�	����uEg8	EG;%�7,LO�,5;��7,5;M=
246/3
,5JT:F;�8�=�3!RKJT=�,��+�Z6q8
EgC�R�2g0?=
E4:F;�8<Eg;Y8�, �1,L3r0120� :13[mQ8 � 01;��
�<E$��,5246,��,52GE4, �1,��c=
.�0?=&=
.7,�if:1O . 	 	 		8�=
0?3!8&0?3
,D.7,50"�ZEG,L3&=
.�01; ^�< � � �<.�Eg24,H=
.7,�, N7EG8�=�,5;KJT,�:13\0��[8�,5;�JT,
:1@{=
.�,\24: � .�C�018
8WOK0?3
=W:1@f=
.7,-�KEGC�:.��012 	���� EG;9X�IFR73
, { S�g�EG8W8�=
EG2g2'Eg;)��, �K0?=�,1S
	p;/=
.KEG8W8�,5JT=
E4:F; � � ,\012G8�:
�K018�,��q:F;o=
.7, 	���� EG;WXKIFR73
, { S�g�01;%�/��EG8!JLR�8
8)0���:FR7=<JT:F8
CD:F24:1IFEGJL012fEG; LKR7,5;KJT,580�M6/=
.7,Hif:1O . 	 	 	)8�=
0?3!8LS
�-,�JT:F;K8
E$�7,L3)=
.7,1��:1=
.�	����f8	EG;/=
.7,&@B:F2G24:2�<EG;7I�JL012GJLR�2g0?=
E4:F; � �KR7=W=
.7,�;MR�C2��,L3�01;��e=
.7,&=�:1=
012tCD018
8<:1@
=
.7,H2G: � .�CD018!8<8�=
0?3!8	0?3
,LvZR�E4=�,\8
C�012G2 � 01;��e=
.�,5E43<JT:F;M=�3!E*�KR7=
EG:F;�8W=�:�=
.7,H,50?3!246n,LO':QJ!.q3
,5E4:F;�E 350?=
E4:F;e01;��
=
.7,HCD,L=
012+,5;73!EGJr.�C�,5;M=�0?3
,H;7,LIF2gE4IFE*�K24,1SE�8W8
.7: �	;nEg;GX�IFR�3
, { S�g � 018!8
R�CDEG;�IH=
.7, 	�����:1@3�7:FR4�K2G,<O�: � ,L3C.�2G0 �m8
.�0?O�,58 �	E4=
.�O�,50�mQ8 :1@ ^�< � �



�����g� ��� � � ����� � �*��� �`��� � �
	k
��c��
 i�� � � � 	 � ���	�@��� � � �0��� � �	� _1_ k

Black Holes

White Dwarfs

Metal Enrichment

10 100 10005035 140 260

G
R

B
s 

/ H
yp

er
no

va
e

Pa
ir

 I
ns

ta
bi

lit
y

  S
up

er
no

va
e

  S
up

er
no

va
e

Stellar Mass (solar mass)

M
od

el
 M

as
s 

Fu
nc

tio
n

Pa
ir

 I
ns

ta
bi

lit
y

Su
pe

rn
ov

ae

Su
pe

rn
ov

ae

G
R

B
s 

/ H
yp

er
no

va
e

�����
	���
 ����������2F.�
,#)$&���R2QA �1
0K!�& ���.�
N�1'��1���R$&�`#)$
���� "	�'�25���1�=' 
����;� �G� KJ
N$
���D	�#N
_����#N��:�$
��:����D�����ZC
��	������
'S�& @��.�
	��� � ���e��
G "
0� ����
 $&<*$
#8	��F$
��� #%
,#8	���$I
 �
L
L�a �5�879.�
_ "	�'�25���1�='�$&�� "�
��# �
 ���.�

��� � ��� �
��A

0';� [c
��?	�$*���1�=' 
���� ���0� ��

��� ������$
'�:#
���� �����G�Q79.�
_�IKJ� > $&�����-:�
,'��&��
4:;$=������
�
��W$
'�:
�F�����9���H2,�
'?�����1��	���
9 "�=�^��.�
 2G�=��#%��29#%
,��$&�T
,'����R2F.�#%
,'?�&�?$&'�:_��.�
��&��.�
,� > $&������:��H'��&�@��'?��
,�F� > 
0����

$
'?[W.�
0$bA [�
0�1
0#N
0'?����:�	�����'��N��.�
0�1���*K�' ���Z "
,����#N
=�

01;��N_ � � @a:13W=
.7,&.�E4IF. .�CD018
8 01;���=
.�,�2G:�� .�CD018!8UO[0?3
=
8 � 3
,58�O�,5JT=
E*�1,5246 � � ,�8�,L=W=
.7,�@jR�;�JT=
E4:F;�012[@B:13!C :1@
=
.7, 	����m�

� q
� � d � h q�� I � � f q Q"!$#fk

� �
* h { S T nFk

�<.7,L3!,
� q%� I � �

� � d ''& �N�)( @B:13 ^�<"�$�zy � y _ <D<D< � � *< @B:13 :1=
.7,L3*�	EG8�, * h { S TFo k
� q Q"!$#

� � d ''+ � �-, @a:13 _ � �-y � yv^�<"� � *< @a:13 :1=
.7,L3*�<EG8
,�. h { S T1^ k
s	,L3
, &901;��)(90?3
,�=
.7,�O�:�� ,L3C.�2G0/�mEg;���EGJT,58U:1@ 	�����@B:13W.KE4IF.A.�CD018
8 01;��/24:0� .�CD018
8WOK0?3!=
8 � 3
,58�O�,5JT=
E*�1,52461SA�.7,e: �[8�,L3��1,�� KNM]O @B:13!CD0?=
E4:F;u3!0?=�,qEG; X�IFR73
, { S ^ JT:13
3
,58�O�:F;���8D=�:>=
.7,o3!,LIFE4:F; ��,L=1� ,L,5;�_ <D< 01;��
_ o�<��$� ��,5;7:1=�,��e018�2 KNM]OW8 ] s	6ZO',L3r;7:"�?0?,/3QS��-,H.K0��1,\;7:�EG;7@B:13!CD0?=
EG:F;z0���:FR7=W=
.7,&24:0�U,L3�O[0?3
=U:1@f=
.7,
	���� � 8�:
�U,<Eg;P=�3
:.��R�JT,�0\OK0?3!01C�,L=�,L354	=�: �7,L=�,L3!CDEg;7,W=
.7,�3
,52G0?=
E$�1, ��012gR7,)=�:H=
.7,�.KE4IF.7,L3sOK0?3!=
	���� � 01;��
=
.�0?=�8
0?=
EG8
@a6�0�JT:F;%��E4=
E4:F;�:1@ + h�_ �$� k �-, d 4 & h ^�< � � k �)( S	E�24=
.7:FR7IF.�=
.7,�	����cEG8fI1,5;7,L3!012G2G6 �7,58
JT3!E$�',��
EG;nR�;�E4=
8U:1@76 8�=
0?3r8 � ��� ��8 � �U,&8�,L=)E4=W018WEG;96 8
=
0?3!8?K�O+J�� 0 6Z3L� � �$��� �:8 =�:�JT:FC�OK0?3!,�=
.�,�0��K8
:F2GR7=�,tKNM]O
@B:13!CD0?=
E4:F;e3r0?=�,HEG;eR�;�EG=
8W:1@;6 , �1,5;M=
8NK�O�J�� 0 6Z3L� � 8 EG; X�IFR�3
, { S ^ S

<{,L=<R�8 �7,L=�,L3!C�EG;7,�=
.7,\;7:13!C�012GE4350?=
E4:F; & hj01;��o012G8�: + kU@B3
:FC =
.7,&: �K8
,L3��1,���KNMPOV@a:13!C�0?=
E4:F;/3!0?=�,
018�8
.7:��	;oEG;WX�IFR�3
, { S ^ S�At: �7:�8
: � EG;M=�,LI13!0?=
EG;7I�=
.7, 	���� :1@f,�vZR�0?=
E4:F; h { S T nFk�:"�1,L3�_ <D< C _ o�<�� � � � ,
�7,L=�,L3!C�EG;7,�=
.7,H;7:13rCD012GE4350?=
E4:F; & �;>=@?BA d r � =*C � �� C:C �$� � q�� I � �

� � � � d r � =*C � �� C:C �$� & � �)( � � h { S T�{ k



_ T�< ���
��� ��
m������������� 	����������
d &

h�_ o�< � � k � �)(�� h�_ <D< � � k � �)(
_�� & hB, �1,5;P=
8�K�O+J � 0 6M3 � � k . h { S T g1k

A�.ZR�8�=
.7,o;7:13!C�012GE4350?=
E4:F; & 01;%� + JL01; ��,,�7,58
JT3!E$�',�� 018D0c@jR�;�JT=
E4:F; :1@ ;>=@?BA � 01;�� =
.�, 	����f8D:1@
,�vZR�0?=
E4:F;>h { S TFo k<01;��>h { S T1^ k�JL01; ��,&3
,���3!EG=�=�,5;��

� q%� I � �
� � d h�_�� &fk ; =@? A

h�_ o�< � � k � �)( �vh�_ <D< � � k � �)( � �)( * h { S TDp k
� q Q !$#

� � d 4Qh ^�< � � k �)( h�_�� &dk ;>=@?BA
h�_ o�< �$� k � �)( �uh�_ <D< �$� k � �)( � �-, . h { S TDk k

	�; =
.7,c@a:F2g24:��<Eg;7I98�,5JT=
E4:F; � �K018�,�� :F;v=
.7,N0���:"�1,c@BR�;KJT=
E4:F;�012)@B:13!C�:1@!	���� � � , �KEG8
JLR�8
8�0��':FR�=�=
.7,
JT:F8
C�:F2G:1IFEGJL012{EG; LKR7,5;�JT,�@B3
:FC if:1O . 	 	 	W8�=
0?3!8�01;%��KNM]OW8LS

|	Ga}[G�� � PRY�e P Z P��ROKJxH�Z�_X\ O P Q+O	��H!M�O P Q W�

� Pb�FL+Z H!M�O P Q �1�1�Y� MDH d'Y
� :F8
C�EGJs3
,5EG:F;�E4350?=
E4:F;�EG8t:F;7,W:1@�=
.7,WC�:F8�=dEGC�O�:13
=
01;M=t, �1,5;M=�EG;�JT:F8!C�:F24:1I161S O 6\=
.7, 3
,5JT,5;M=f: �[8�,L3��?0?=
E4:F;�8
�<E4=
.�=
.7,��������w8!0?=�,52G2GE4=�, � O ,5;�;7,L=�=W,L= 012�S'h T�<D< nFk � yZO�,L3
I1,52K,L= 012�S�h T�<D< nFkU3
,LO�:13
=�,��z=
.�0?= =
.7,�JT:F8
CDEGJ
3
,5E4:F;KE4350?=
E4:F;�h
�!�������Y��� �"!$#%���L�&�('��*)��(+j�,��'Zk	8�=
0?3
=�,��N0?=.- d _�g0/ ^ h >eT�<D< CDEG2g2GE4:F;/61,50?3!8�0?@B=�,L3	=
.7, �KE4I
�K01;7IMk �<.KEGJ!.cEGC�OK2gE4,58�=
.7,�if:1O . 	 	 	<8�=
0?3!8&.�0"�1,D01243
,50 �76/��3!E4IF.M=�,5;7,��+�',L@B:13
,�0?=&24,5018�=�=
.�EG8�,LO�:QJ!. hB,1S�I7S
�YE43!012$��0 .��U8
JLR��21, � T�<D< n �43 :F8!.�E$��0),L=d012 S � T�<D<�o krS A�.7,L6&CD056\8!E4IF;�E4XKJL01;M=
246�R73
I1,U=
.7,UJT:F8
C�EGJs3
,5EG:F;�E4350?=
E4:F;
0?=H=
.�,�,50?3!2469RK;�E*�1,L3!8�, W S ��8
EG;7Io=
.�,z0��K8�:F2gR7=�,lKNMPOA@B:13!CD0?=
E4:F;>3!0?=�, � �U,/EG; �1,58�=
E4IF0?=�,zJT:F;M=�3!E*�[R7=
E4:F;�8
@B3
:FCyif:1O . 	 	 	 8�=
0?3!8<@a:13�=
.�,&,50?3!246n,LO':QJ!.q3
,5E4:F;�E 350?=
E4:F;+S
�Y018
8
E*�1,/if:1O . 	 	 	\8
=
0?3!8eh ^�< � � y � y _ <D<D< � � k&3r0 ��EG0?=�,z012gC�:F8�=�0?=�=
.�,z� �%��EG;7I1=�:F;�2GEGCDE4=H:1@! d _ .vn�5u_ <�076 h � X � � kH,L3
In8 � � �<E4=
. 0 �K2G01J[m���:���69=�,5C�O�,L3!0?=
R73
,/:1@ > _ < )98 �KR73!EG;7Ic0-CD01EG;A.

8�,�vZR7,5;�JT,�2GE4@B,L=
EGC�,�:1@ > n:5 _ < � 0 8DhB,1S�I7S � :FR�J!.KCD01;-01;��
M�,L,58 � _ kDp�{ � y7J!.�0?,L3
,L3&,L=&012 S ��T�<D< T krS A�.7,
=�6ZOKEGJL012�O�3
:1O�,L3
=
E4,58�:1@�it:1O . 	 	 	�8
=
0?3!8D0?3
,o8
RKCDCD0?3!E43L,�� EG; =
0��[24, { SG_>h yQJr.�0?,L3
,L3D,L=�012�S ��T�<D< T krS A�.7,
8
R73!@B01JT,z=�,5C�O�,L3!0?=
R73
,/01;��9=
.�,n2GEG@a,L=
EGCD,�8
JL0?3!JT,5246 �7,LO�,5;��-:F; =
.7,z8
=�,52G2G0?3�CD018
8��<.�EG24,z2GR�CDEG;�:F8
E4=�6NEG8
O�3
:1O�:13
=
EG:F;�012�=�:9C�018
8LS-u�; =
.�,/8!R73
@j01JT,/JT:F;%��E4=
E4:F; :1@�_ < );8 � 0��':FR�= k�< & O[.7:1=�:F;�8�3!0 ��Eg0?=�,�� �QEG0
�K2G01J m ��:.�76/0?3
,�0���:"�1,/_4nZS { ,=< � =
.MR�8	=
.7,L6eJL01;cE4:F;�E43L,H.M6.�73
:1I1,5;q0?=�:FC�8	,SR�,5JT=
E*�1,5246 �	E4=
.o=
.7,HOK.7:1=�: .
E4:F;�E 350?=
E4:F;/O�3
:QJT,58
8LS
��8
EG;7Iz=
.7,�0��':��1,�O�3
:1O�,L3
=
E4,58<:1@�CD018
8
E$�1,�if:1O . 	 	 	�8�=
0?3!8 � � ,�,58�=
EgCD0?=�,�=
.7,�O[.7:1=�:F;q,5C�EG8
8
E4:F;q3!0?=�,

0���:"�1,n�m_4n>. { ,=< �
> I d _ .vn?59_ < 076A@ �� ��B \DCE b �GF O E X h,H F k\ CC �GF O E > n?59_ < = 6A@ �� �0B hBO[.7:1=�:F;�8<8 � � k�. h { Svn < k

s	,L3
, � O E EG8�=
.7,�8�O�,5JT=�3!012RLKRAN/��EG8
=�3!E*�KR7=
EG:F;>hji�2G01;KJ[mY2g0/��k<EG;cR�;�E4=
8	:1@�,L3
InJLC � W 8 � � s
3 � � � 01;%� F I d
_4n>. { ,=< X H-EG8	=
.7,�JT3!E4=
EGJL012t@a3!,�vMR7,5;KJT6 �<.�EGJr.q,5;K0��K24,58�E4=	=�:/E4:F;�E 3L,'s	6��73!:1I1,5;-0?=�:FCD8LS�A�.7,L3
,L@B:13
, � =
.7,
=�:1=
012{;ZR�C2��,L3�:1@tO[.7:1=�:F;oO�3!:���RKJT,��nEg;e=
.7,\2GE4@B,L=
EGC�,Dhln:59_ < � 0 8rk EG8�3
:FR7IF.�246c_ <�knW h � X � � k O[.7:1=�:F;�8
h�_ < knW OK.7:1=�:F;�8 O�,L3)R�;�E4=U8�:F2G0?3)CD018
8rkrS�A�.7,�=�:1=
012�OK.7:1=�:F;n,5CDEG8
8!E4:F;D3!0?=�,\0���:��1,�_4n>. { ,=< O�3
:.��R�JT,�� �Z6

I�JLK,M�NPO�QSR	TVU�W	X�QSW0W	X4NZY[O[T]\$N^R	K,N_X[Q`Kba(NPNPO;R	NPT]U`O[T]cPN7d9Wfe�T]MPNgQhR	N_K,Y[i`i�NPK&W	N7dkjlJmM�W	Y[Q`n]npoqW	X[NZN�rsT]K&W	NPO4MPNgUhtuO[NPYsW,RvQ`nw o4d"R	U�i�N�O[K�T]OxW	X[Nzy&{}|~QhW������0QSR	N��(U`T]O"W	NPdZU`Y4W�a"o0W	X[N2�}�[��U�a4K,N�R	\�QSW	T]U�Oxe�X[T]n]N�W	X4N:���.����K	QhW	NPn]n]TpW	N���N7QhK,Y4R	N7dW	X[N�R	N�TVU`O[T]c7QSW	TVU`OxNP�(U=MvXxU`tA�u�%�S���q�=j���N�K,NP��QSRvQhW	N}W	X[N�K,NzW�e�U2R	N�TVU`O[T]c7QSW	TVU`O_Q`O�d�d4T]K,MPY[K,K�U`O[NzU`t�W	X4N�N7QhR	n]T]N�R�NP�(U=M^X�TVOW	X[T]KDW	X[N�K,TVKPj



�����g� ��� � � ����� � �*��� �`��� � �
	k
��c��
 i�� � � � 	 � ���	�@��� � � �0��� � �	� _ T _
	�;�E4=
Eg012 �Y018
8 <tR�CDEG;�:F8
E4=�6 A{,5C�O�,L3!0?=
R�3
, 2gE4@a,L=
EgC�, � 2GE4@B,L=
EGC�, W
� � !�� 8 6M3 6Z3
_ <D<D< T . p g?5-_ <�� _ . <D{ 59_ < ) � T . o n:59_ < k
^�<D< _ . TDp 5-_ < � _ . < g�59_ <�) _ . k�< 59_ <�k T . oP^ 59_ <�k
o�<D< k . {Fo 5-_ < k _ . < g�59_ < ) _ . k g?59_ < k �n <D< { . {�< 5-_ <�k _ . < T 59_ <�) T . <F^ 59_ <�k T .G_ ^ 59_ <�kT�<D< n>.�g ^ 5-_ < k k . kDp 59_ < = T . T�< 59_ < k T . { n:59_ < k
_ T�< _ .�g ^ 5-_ <�k k . ^ g�59_ < = T . ^�T 59_ <�k T . k1^ 59_ <�kp�< p . p1^ 5-_ <�) k .vnDn:59_ < = n>. < __59_ <�k n>.�g T 59_ <�k
{�< ^ .G_ k 5-_ < ) p .�gDg�59_ < = n>. oY{ 59_ < k �
o�< T . {Fo 5-_ <�) g . kFo 59_ < = n>. p�{ 59_ <�k �T1^ g .�g { 5-_ < = g . <�p 59_ < = { . oY{ 59_ < k �
_ ^ T .G_1__5-_ < = ^ .�g o 59_ < = _ . <�o 59_ < � �k ^ .G_ T 5-_ < 0 o .G_ k 59_ < = T . < T 59_ < � �
^ g . o __5-_ < W T .�g ^ 59_ < = { .G_ k 59_ <�� �

7�$&����
�����a
������� > 
,������
0�O�& > � > 	��R$*���1�='��1�1�9�D��$&�F��� [%��2F.�$&
0��
0�O
,� $&� � 
��&L
L ���G��79.�
Q�I��
,����$
�����Z "
,����#N

�R����	�#%#%$
�����,
4:W�/�&��.  "�
��'��%#)$
���ICE���=��� ; $&'�: �D�����
'��%#)$
���ICE���=�����-2,$=�D
4�,�

=
.7,Hif:1O . 	 	 	U8�=
0?3r8 �<E4=
. ^�< C _ <D<D< �$� EG8W,58�=
EGCD0?=�,��Y018
	q�

� d r � C:C:C �$�):C � � _ < knW h � X � � k � q�� I � �

� � � � d r � C:C:C � �):C � � _ < knW � � q�� I � �
� � � � h { SvnQ_�k

d _ < knW _�� &T � &
h�_ <D<D< � � k W �)(?�uh ^�< � � k W �)(
h�_ o�< �$� k � �)( �uh�_ <D< �$� k � �)( ;>=@?BA hBOK.�:1=�:F;�8���O+J � 0 6M3 � � k .zh { Svn T k

	p@ � ,�018!8
R�C�, 	���� EG;��7, Nn018W=
.7,�=�3!0 ��E4=
E4:F;K012 yQ012GO',L=�,L30�?012GR7,�:1@ & d T .vn ^ h y70124O�,L=�,L3 � _ k1^1^ k � �U,\.K0��1,
,58�=
EGC�0?=�,��o=
.7,&=�:1=
012k�b<�OK.7:1=�:F;o,5CDEG8
8
EG:F;/3!0?=�,H018 	q�

� dzp .�g ^ 59_ <�k = ;>=@?BA OK.�:1=�:F;�8���O+J�� 0 6M35� � SA�.�,�;7,5R�=�3!012�.P6.�73
:1I1,5;�8)0?3!,�EG:F;�E43L,��)�M6�=
.7, �b<%OK.7:1=�:F;�8 � �KR�=U=
.7,L6z3
,5JT:FC2�KEG;7,&EG;M=�:�=
.7,&;7,5R7=�3!012
8�=
0?=�,N0?IF01EG;+SSA<.7,qif:1O . 	 	 	�8�=
0?3r8z.�0"�1,N=�:�JT:F;M=
EG;MR�:FR�8
246 E43
3r0 ��EG0?=�,o=
.7,�	�� � =�:hm1,L,LO E4:F;�E 35EG;7I9012G2
.M6��73!:1I1,5;�8LS[A�.7,5;�� ,	.K0��1,<=�:�,58�=
EGCD0?=�,	=
.7,�3
,5JT:FC2�KEG;K0?=
E4:F;�=
EGC�,58!JL0124,	01;��D=
.7,��0< OK.7:1=�:F;D,5C�EG8
8
E4:F;
3!0?=�,�CDEG;KEGCD012G246n3
,�vZR�E43
,��Y=�:/3
,5CD01EG;c=
.7,�E4:F;�E 350?=
E4:F;c,�vMR�Eg2GE*��3!EgR�CeS�A�.7,�3
,5JT:FC2�KEG;�0?=
EG:F;Y=
EgC�,58
JL0124,�EG8
I1,5;7,L3!012g246)��,L=�,L3!CDEG;7,����Z6n=
.7, �7,5;�8
EG=�6/01;��e=
.7,&=�,5C�O�,L3!0?=
R�3
,H018

�� ����� d 64h�_ f T�� k ���� & A 8 � � dB< . ^ @���� H W< . < T�TFo�B � � @ _ f -
_ { B � 0 h���6Z3lk * h { SvnDnFk

�<.7,L3!, �X>B< . T1^ EG8�=
.�,	.7,52GEgR�C�=�:�.M6���3
:1I1,5;�JT:F8
C�EGJ�0��KR�;%��01;�JT,�3!0?=
EG: � 01;��)& A EG8�=
.7,	3
,5JT:FC �[EG;�0?=
E4:F;
JT:Z,@?�JLE4,5;M=n0?= > _ < = 8 S A�.�, ���� EG8D=
.7,cC�,501; .P6.�73
:1I1,5; �7,5;�8
E4=�6 :1@&=
.7,q, NQOK01;��KEG;7I�	 �!� � 01;��
� ,n8�,L= ���� d n>.vn { 5 _ < � � h ��� H W X < . < T�TFo k�JLC/� 0 =�:c3
,L@B,L3�=�: �q0 �K01R�,L=�012 SWh�_ kDkDk krS�O 69R�8�,z:1@�=
.7,
3
,5JT:FC2�KEG;�0?=
EG:F;>=
EGCD,58
JL0124, �� ����� � =
.7,/CDEG;�EgC�R�C O[.7:1=�:F;>,5C�EG8
8
E4:F;>3!0?=�,n=�:�m1,L,LO =
.7,z@BR�2g246cEG:F;�E4350?=
E4:F;
8�=
0?=�,�:1@t=
.7, 	��!� EG8W,58
=
EGCD0?=�,��q018

	q HmIKJ d ����
�� ����� d _ .G_ ^ 59_ < k � @ �!� H W< . < T�TFomB W @ _ f -

_ { B 0 hBOK.7:1=�:F;�8"��O+J � 0 6Z3 � � k�. h { Svn o k
u�;�2G6>EG; =
.7,oJL018�, �	.7,L3
,e=
.7,eOK.�:1=�:F; ,5CDEG8
8
EG:F;�3r0?=�, ��3!E4IF.M=�,L3�=
.�01; ,�vZR�0?=
E4:F;�h { Svn o k � =
.�,�	��!� EG8
.7,52$�eEg;/@BR�2g246�E4:F;�E 350?=
E4:F;o8�=
0?=�,2�M6/if:1O . 	 	 	 8�=
0?3!8LS"O 018
,��o:F;e=
.7,�0��':��1,\,58�=
EGC�0?=�,\:1@ 	q�

� 01;%� 	q HmIKJ �
,SR�,5JT=
E*�1,HOK.�:1=�:F;o2GR�CDEg;7:F8
E4=�6�JT:F;P=�3rE*�KR7=�,58)=
.�,\,50?3!246n,LO�:ZJr.e3
,5E4:F;�E 350?=
E4:F;eEG8)0���:FR7= 	q�

��� 	q H�IKJ S



_ T�T ���
��� ��
m������������� 	����������
A�.�,�JT:F8!C�:F24:1IFEGJL012{OK0?3!01C�,L=�,L3�@B:13)=
.7,1�K0?3!61:F; �7,5;�8
EG=�6zEg8)C�,5018
R73
,��e018 �!� dB< . <�o g �Z6z=
.�, � �pO

: �K8�,L3 ��0?=
E4:F;K8 �<EG=
.o=
.7, �������u8
0?=�,52G2GE4=�,/h yZO�,L3
I1,52t,L=�012 S �,T�<D< nFkrS A�.�EG8<EG8<,�vZR�E*�?0124,5;M=<=�:n=
.7, �K0?3
61:F;
CD018
8 �7,5;�8
EG=�6 :1@ ; � d �!� ; � � d { . < 5u_ < � 6 � � ��O+J � 0 � �<.7,L3
, ; � � � n�� W X p���� EG8�=
.7,YJT3!E4=
EGJL012
�7,5;�8!E4=�61Sn� .�,5; � ,z018
8
RKC�,�012G2��[0?3
61:F;�8HEg;-=
.7,DO�3rEGC�:13 ��Eg012tIF018�0?3
,n.P6.�73
:1I1,5;�0?=�:FCD8�Eg;-=
.7,D,50?3!2G6
R�;�E$�1,L3!8�, � =
.7,\;ZR�C2�',L3):1@gs	6���3
:1I1,5;oEG8),58
=
EGCD0?=�,��o018 q � > ; � X ��� d g . {�{ 59_ <�� ) ��O+J � 0 S A<.7,5;e=
.7,
3
,�vZR�E43
,��/=
EgC�,&=�:�E4:F;�E 3L,�012g2b.P6.�73
:1I1,5;K8�EG8

� ��� I ! J I�� � > q �
h 	q�

� � 	q H�IKJ k d g . {�{ 59_ <�� )p .�g ^ 59_ < k = ; =@? A � _ .G_ ^ 59_ < k � hB6M3lk h { Svn ^ k

yQR4�[8�=
E4=
R7=
EG;�I�=
.�,H0��K8�:F2GR�=�,��NMPO 3!0?=�,�Eg;WX�IFR73
, { S ^ @B:13<,�vZR�0?=
E4:F; h { Svn ^ k � � ,H,58
=
EGCD0?=�,H=
.�,H3
,�vZR�E43
,��
=
EGC�, .�Eg;P=�,L3��?012+=�:�EG:F;�E43L,�=
.7, 	 �!� JT:FC�OK24,L=�,52G6a�

� � � I ! J I�� � d
�	
 	�
_ . < 59_ < 6 6Z3 @a:13 ;>=@?BA d _Z59_ < 0 h
� dB< . < k *
o . o 59_ <�k 6Z3 @a:13 ; =@?BA d T 59_ < = h
� dB< . ^ k *T . k 59_ < ) 6Z3 @a:13 ;>=@?BA d n?59_ < ) h
� d _ . < k�.

h { Svn { k
�73
:FC =
.�Eg8\,58�=
EGC�0?=
E4:F; � =
.7,n;�,5R7=�3!012�.M6.�73
:1I1,5; EG;9=
.7,zO�3!EGCD:13 ��EG012 	 �!� JL01;!��,DO�3
:FC�OK=
246-E4:F;�E43L,�� �
8
R�Jr.o018b-��m_ T�� �Z6z=
.�,\8�=�3
:F;7IG�0<�3!0 ��EG0?=
EG:F;/@a3
:FC it:1O . 	 	 	U8
=
0?3!8LSA�.�,Uif:1O . 	 	 	b8
=
0?3!8{I1,5;�,L3!012G2461��,524:F;7I	=�:	=
.�, �7,5;K8�,�XK2g01C�,5;P=t:13d=
.7,�O�3rEGC�:13 ��Eg012?IF012G0 NQEG,58LS[A{:�E4:F;�E43L,
=
.7,U,5;P=
E43!,�	�� � � =
.7,��0< OK.7:1=�:F;�8{,5CDE4=�=�,��2�M6�=
.7, if:1O . 	 	 	+8�=
0?3!8tC�RK8�={,58
JL0?O�,U@a3
:FC�=
.7,5C 01;��H01Jr.�E4, �1,
=
.7,�	 �!�9SF� �1,5;�E4@�=
.7,),58!JL0?O',W@B3!01JT=
E4:F;�EG8W_ &)� �0<uO[.7:1=�:F;�2GR�CDEg;7:F8
E4=�6�h 	q 

� @B:13�� dB< . ^ k�EG8 T :13 �7,L3!8
:1@{CD0?IF;KE4=
R��7,�2G0?3
I1,L3W=
.�01;z=
.7,&CDEG;�EGC�R�C �?012GR7,�h 	q HmIKJ k � 8�:�=
.7, 	��!��EG8�,SR�,5JT=
E*�1,5246z3
,5E4:F;�E 3L,�� �Z6D=
.7,�0< O[.7:1=�:F;e@B3
:FCyif:1O . 	 	 	 8�=
0?3!8LS
|	Ga}[G�� � \�MDH Z�� d�P
�+L+J�M�YoH�Q�� � PRY�eBO2J�� PRZKZ2L MDO2PRQzW�

� Pb�FL+Z2HNM�O2PRQ �1�1�Y� M�H d'Y
	�;\=
.�EG8f8�,5JT=
E4:F; � � ,WJT:F;�8
E$�7,L3f0<.7,50"�M6E.�,524,5C�,5;M=�8�6Q;P=
.7,58!EG8{0?=f=
.7, ,50?3!246\R�;�E$�1,L3!8�, �K018
,��H:F;�=
.7,U0��[8�:F2GR7=�,
����� @a:13rCD0?=
E4:F;�3!0?=�,1S E�8�8!.7:��<;�EG;7X�IFR73!, { S�g � :F;K246�=
.�,<if:1O . 	 	 	d8�=
0?3!8��<E4=
.�=
.7,	CD018
8s3r01;7I1,�:1@�_ <D< C
_ o�<"�$� h������W8 ] s	6MO�,L3!;7:���0?,�k � _ o�< C T�{�<#�$� hBO[01E43�EG;�8�=
0��[EG2GE4=�6 y7X<,�k 01;��N_ < C T1^#� � hB=�6ZO�, . 	 	 yQX	,�k
JL01; JT:F;P=�3rE*�KR7=�,n=
.7,/C�,L=
012 ,5;73!EGJr.�C�,5;M=�0?=�=
.7,n,5;���:1@<=
.7,5E43�2GE4@B,L=
EGC�,1SjA�.7,nCD018
8�O�3
:.��R�JT=
E4:F;>3!0?=�,
hjEG;�JL2gR���EG;7I^s	6��73!:1I1,5; � s	,52GEGR�C 018 �U,52G2{018<.7,50"�M6e,524,5CD,5;P=
8rkW@a:13	,501J!.cCD018
8�3r01;7I1,HJL01; ��,\,58
=
EGCD0?=�,��
018@�

	� =@? A d r � =*C � �� C:C �$� � � q�� I � �
� � � � h { Svn�g1k

d _�� &T � &
h�_ o�< �$� k W �)( �uh�_ <D< �$� k W �)(
h�_ o�< �$� k � �)( �uh�_ <D< �$� k � �)( ; =@?BA h � � ��O+J � 0 6M3 � � k * h { Svn p k

	� ��� I � d r Wnk:C � �� =*C �$� � � q�� I � �
� � � � h { Svn k k

d _�� &T � &
h T�{�< �$� k W �)( �uh�_ o�< �$� k W �)(
h�_ o�< �$� k � �)( �uh�_ <D< �$� k � �)( ;>=@?BA h �$� ��O+J � 0 6M3 � � k * h { S o�< k

	����� d r WC) � �� C �$� � � q Q !$#
� � � � h { S o _�k

d 4
h ^�< �$� k ( _�� &T � (

h T1^ � � k W �-,g�vh�_ < � � k W �-,
h�_ o�< � � k � �)( �vh�_ <D< � � k � �)( ;>=@?BA h � � ��O�J � 0 6Z3 � � k�.Kh { S ogT k



�����g� ��� � � ����� � �*��� �`��� � �
	k
��c��
 i�� � � � 	 � ���	�@��� � � �0��� � �	� _ T n
E	IF01EG; � 018
8!R�CDEG;7I =
.�, yQ0124O�,L=�,L3+��012GR�,9@a:13 & d ( d T .vn ^ h yQ0124O�,L=�,L3 � _ k1^1^ kq01;%� 4 d _ . <.� � ,
JL012GJLR�2g0?=�,9=
.7,>0���:"�1, CD018
8qO�3
:.��R�JT=
E4:F;V3!0?=�, EG8 	� =@? A d _1_�g ;>=@?BA � 	� � � I � d _ p n ; =@? A 01;��
����� d < . < g ; =@? A �$� ��O+J � 0 6Z3 � � � 3
,58�O�,5JT=
E*�1,5246 0 S�yQEg;�JT,H=
.7,�@B3!01JT=
E4:F;c:1@s=
.7,�C�,L=
012dCD018
8�=�:/=
.7,
, NQOK24:.�7,��\=�:1=
012ZCD018
8fEG8�_ <!&)�F^�<!& 01;��z_ < & @B:13 	� =@? A � 	� ��� I � 01;%� 	����� hjX�0�m�01C�R73!0�����C�,5C�R73!0 �T�<D< _�k � =
.7,�=�:1=
012�CD,L=
012�O�3
:.��R�JT=
E4:F;c3!0?=�,zEG8�,58�=
EGCD0?=�,��>018 	� H � S � Q d _ < n>. T ;>=@?BA �$� ��O+J � 0 6M3 � � SA�.7,�=�:1=
012s;ZR�C2��,L3�:1@WC�,L=
012�EG;c=
.7, 	 �!��EG;�JT3
,5018
,%�	E4=
. 	q H � S � Q d 	� H � S � Q X h � ���Pk � �<.7,L3
, � EG8�=
.7,
C�,501;oC�018
8<;ZR�C2�',L3):1@f=
.7,H.�,50��Z6n,52G,5C�,5;P=
8 � 01;�� � ,\8�,L= � d _ { . ^Fo EG;/=
.7,\8
:F2G0?3 �?012GR7,1SE�8�0Y3!,L@a,L3
,5;KJT,)�?012GR7, � � ,/JT:F;�8
E$�7,L3�=
.7,n=
EGC�,/EG;M=�,L3��?012UEG;�U�,5JT=
EG;�Iq=
.7,e.7,50"�M6�,524,5C�,5;M=
8�Eg;P=�:N=
.7,
8�OK01JT,�018�� � d _ < � 6Z3 � =
.7,5;e=
.7,H=�:1=
012{;ZR�C ��,L3):1@�.7,50"�M6/,524,5C�,5;M=
8�0?3
,H,58�=
EGCD0?=�,��Y018

q H � S � Q > 	q H � S � Q�� � d _ . T n?59_ < knk ; =@? A ��O+J � 0 . h { S o nFk
A�.7,L3!,L@a:13
, � =
.�,q0��KR�;��K01;�JT,o3!0?=
E4:�� hjC�,L=
012G2GEgJLE4=�6�k�:1@&=
.7,c.7,50��Z6 ,524,5C�,5;M=
8z=�:�=
.7,�s<6.�73
:1I1,5;v01;��
s	,52GEGR�C JL01;,��,&,58�=
EgCD0?=�,��q018

� d q H � S � Qq �
d _ . T n?59_ <�knk ; =@? Ag . {�{ 59_ < � ) d _ . { _Z59_ < � � C�;>=@?BA . h { S o�o k

��8
EG;7Iz=
.7,�0��[8�:F2GR7=�, �����%@B:13!CD0?=
E4:F;Y3!0?=�,�EG;�X�IFR73
, { S ^�� C�,L=
012fO�:F2G2GR7=
E4:F;K8 �M6q=
.7,�if:1O . 	 	 	�8�=
0?3!8�0?=
=
.7,\,50?3r246nRK;�E*�1,L3!8�,&0?3
,�8
R�CDCD0?3rE43L,��/018�@B:F2G24:��	EG;7I �

� d { .G_Z5>_ < � k � � @B:13 ; =@?BA d __59_ < 0 h
� dB< . < k * h { S oP^ k
� d _ . T 5>_ < � = � � @B:13 ;>=@?BA d T 59_ < = h
� dB< . ^ k * h { S oY{ k
� d _ . p 5>_ < � 0 � � @B:13 ;>=@?BA d n�59_ < ) h
� d _ . < k�. h { S o g1k

s	,L3
, � � � d _ . { 5�_ < � 0 Eg8t=
.�,W8
:F2G0?3s0��KR�;��K01;�JT, � 01;�� ��EG8f=
.7,WOK0?3!01CD,L=�,L3�=�: �7,58
JT3!E*��,U=
.7,���,L=d:1O�,5;�EG;7I
01;7IF24,z, �1:F2GR7=
E4:F; EG;�,�vMRK0?=
E4:F; h { SG_ T krS`EW=�=
.7,nC�:F8�=�O�3
,L@B,L3!0��K24,�JL018
,n:1@ � d < . ^�� =
.7,/C�,L=
012W0��KR�;A.
��01;�JT,�EG;e=
.7, 	�� � 3!0?OKE$��2G6zEG;�JT3!,5018�,	� > _ < � = � � S�A�.�,58�, ��EG8!JLR�8
8
E4:F;K8)0?3
,H3
,LO�:13
=�,��YEG;��YR73!0�m?01CDE �3 :F;7,L=�:�mQRq,L=	012 S{h T�<D<�o krS


 �"T]O[MPN�� U`��
 y,y,y�K&WvQSR	K�QSR	N}i�NPO4N�RvQ`n]npo�W	X4U�Y4i�X=W�W	U�a(N}��QhK,K,TV\�N�U�a��&NPM^W��[e�N}K,X4U�Y4n�d0Q`K,K,Y4��N���� ��j�� \$NPO�Tpt W	X4N���\`Q`n]Y4NT]K�U`Rvd4N^RmUht Y[O4T]W�o��=e�N}M7QhO.O[N�i�n]NPM�W�W	X[N}M�U�O=W,R	T]a[Y4W	T]U`O0t R	U`� K,Y[�(N�R	O4US\�Q"j





� �������	��
 �

 ��� ����� �������

�-,N8�=
R���E4,�� =
.7,Y8�O�,5JT=�3!012<O�3
:1O�,L3
=
E4,58�:1@&=
.7,qOK3
:FC�O�= ����� ,5CDEg8
8
E4:F;�8 �<E4=
. =
.7,��Z;�:��<;v3
,���8
.KE4@a=
8
�7,L=�,5JT=�,�� �M6c=
.7, i�� � �"! EG;�8�=�3!RKC�,5;P=
8�0���:F0?3 �-=
.�, � ��#%$ 8
0?=�,52G2gE4=�,1S � :FC �[EG;�EG;7Iz=
.7,D3
,58!R�24=
8 �<E4=
.
=
.7, i'&)(*(,+ � �.- 3
,58
R�24=
8 �M60/�CD0?=
E�,L=�012 S h21435361Fk � � ,z8
.�:�� ,��9=
.7,n8�=�3
:F;7IqJT:13!3
,52G0?=
E4:F; �',L=��U,L,5;�=
.7,
8�O�,5JT=�3!012dO�,504�c,5;7,L3
I16 h 
��Pk�01;��N=
.7,�O�,504�N2GR�CDEg;7:F8
E4=�61S7/	8H0/@BR73!=
.7,L3\01;�01246Q8
EG8 � � ,�012G8�:/O�,L3
@B:13!C�,��
=
EGC�,�3!,58�:F2*�1,��>8
O',5JT=�3r012s01;�01246Q8�,58\EG; �QE4,��A:1@ =
.7,�Eg;���E*�QE$��R�012{OKR�2G8
,58LS �W018�,��9:F;-=
.�,"
��98M2GRKCDEG;7:F8
EG=�6
3
,52G0?=
EG:F; � �U,n,58�=
EGCD0?=�,�� =
.7,z3
,���8
.KE4@a=
8H@a:13�=
.7,/CD0���:13!E4=�6>:1@"�����W8%�<E4=
.�:FR7=%�Q;7:��<;!��EG8
=
01;�JT,58 � 01;��
�7,L3!E$�1,��e=
.7,�0��[8�:F2GR7=�, ����� @B:13!CD0?=
E4:F;q3!0?=�,H@B3
:FC =
.7,\3
,���8!.�E4@B= ��EG8�=�3!E$�KR7=
E4:F;+S;:<.�EG8)EG8<=
.7,%<�3!8
= �U:13=�
=�:e,58�=
EGC�0?=�,�=
.7,D0��K8�:F2GR�=�, �����%@a:13!C�0?=
E4:F;N3!0?=�,DR7ON=�:�-?> _@1 � �	.�EGJ!.NEG8&JT:FCDOK0?3!0��K24,�=�:e=
.7,�,50?3!2G6
,LO�:ZJr.�3
,5E4:F;�EBA50?=
E4:F;�C�,5018
R73
,�� �Z6H=
.�, ����/	i�8!0?=�,52G2GE4=�,\h � ,5;�;7,L=�=s,L=s012�S � 14353�n � yZO�,L3
I1,52Z,L=s012 S � 14353�nFkrS
	�;e=
.�EG8)Jr.�0?O�=�,L3 � � ,H8
RKCDCD0?3!ECAL,�=
.7,�EGC�O�:13
=
01;M= 3!,58
R�24=
8):1@f=
.�EG8W=
.�,58
EG8LS
_?SED&;e=
.7,H8�O�,5JT=�3!012{01;�01246Q8�,58�@B:13�=
.7,\OK3
:FC�O�=),5CDEg8
8
E4:F;/:1@F�Q;7:��<;o3
,���8
.�EG@a= ����� 8 � � ,\@a:FRK;��e=
.7,
=
EGIF.P=�JT:13
3
,52g0?=
E4:F; ��,L=1� ,L,5;�=
.7, 
���01;���=
.7,\_W8�,5J O�,504��2GR�C�EG;7:F8
E4=�6DhHG,IZkt018�8
.7:0�<;�EG;J<�IFR73
,LK7SMK7S:<.�EG8W3
,52G0?=
EG:F;eJL01; ��, �7,58
JT3!E$�',��/018<=
.7,&@a:13rC�R�2g0"NG I

_O35PRQ&,L3
IF8<8L�TS >Ah21>.vnUKWV QYX QRZ�TS X � P k259_O3 � P\[ 
 � h�_L] -Mk
_^�1,=< _ QYX Ca` C X Q . hcbMSG_�k

d	,L3
, � ,>C�,5018!R73
,�� =
.7,fe�g @B3
:FC =
.7,>8�O�,5JT=�3!0 0"�1,L3!0?I1,�� :"�1,L3c=
.7,-,5;M=
E43
,0h Z C ��R73!0?=
EG:F;V:1@
�����W8LSn�-,�O�3
:1O�:F8�,��N=
.K0?=\=
.7,ie g 8M2GR�CDEG;�:F8
E4=�6Y3
,52G0?=
E4:F;>EG8\R�8�,L@jR�2d=�:o,58
=
EGCD0?=�,�=
.�,D3
,���8
.KE4@a=
8
01;%�o2GR�CDEg;7:F8
E4=
E4,58U:1@ �����W8 �	E4=
.7:FR7=��Q;7:��	; ��EG8�=
01;KJT,1S

1ZS��-,�O�,L3
@B:13!C�,���=
.7,	8�O�,5JT=�3!012K01;�012G6Z8�,58�@a:13 0H24:1=U:1@ �����W87�<E4=
.7:FR7=j�Z;7:0�<;D3!,���8
.�E4@B=
8LS\k	8
Eg;7I\=
.7,
0���:��1,ie g 8M2GRKCDEG;7:F8
EG=�6o3
,52g0?=
E4:F;-018\=
.7,�3!,���8
.�E4@B=�EG;���EGJL0?=�:13 � �U,�,58�=
EgCD0?=�,��-=
.7,5E43&3!,���8
.�E4@B=
8�01;��
2gR�CDEG;7:F8!E4=
E4,58U@a:13 �K3!E4IF.M=�,L3.l5m5n �����W8LS

o S��-,�@B:FR�;���=
.7,	2GRKCDEG;7:F8
EG=�6�, �1:F2GR7=
E4:F;n018;p5qQh&-Mkj> h�_r]%-Mk QYX satWuwv xzy{ uwv I u @B3
:FC =
.7,<3!,���8
.�E4@B= ��Eg8�=�3!E*�KR�=
E4:F;
:1@jl5m5n ����� 8 �<E4=
.o=
.7,J|Y8�=
0?=
EG8�=
EGJL012tC�,L=
.7:.�/�7,58!JT3!E*��,��oEG;}/	O�O�,5;���EC~�/�SK�-,�8
R7I1I1,58�=�,��Y=
.�0?=
=
.�,L3
,e0?3
,z=��U:-O�:F8
8!E*�KEG2GEG=�6q=�:-EG;M=�,L3
O�3!,L=H=
.�EG8�2GR�C�EG;7:F8
E4=�6N, �1:F2GR7=
E4:F;+S�D�;�,zEG8�=
.7, ��,L=�:1O�,5;�EG;7I
01;�IF24,Y, �1:F2gR7=
E4:F; � 01;��v01;7:1=
.7,L3eEG8�=
.7,YOK3
:1I1,5;�E4=�:13z, �1:F2GR7=
E4:F;+S�:�.7,q@B:13!C�,L3/JL018�,NC�,501;�8n=
.7,
JT:F2g2GEGCD0?=
E4:F;>01;7IF24,58\:1@)=
.�,D3
,52G0?=
E*�QEG8�=
EgJ���,L=
8�0?3
,z;K0?3
3
:�� ,L3H=
.K01;9=
.7,zO�3
,58�,5;M=\:F;7,58LS?:�.�,5;9=
.7,
,5;�,L3
I16 �7,5;�8
EG=�6-EG;-=
.7,������ ��,L=
8�EG;�JT3
,5018�, � 8�:q=
.7,z2GRKCDEG;7:F8
EG=�6Y012g8�:qEG;�JT3!,5018�,1S�D�;9=
.7,z:1=
.7,L3
.K01;�� � =
.7,�2G0?=�=�,L3WJL018�,	C�,501;K8s=
.�0?=U=
.7,"����� O�3
:1I1,5;�EG=�:13UE4=
8�,52G@dhB,1S�I7S�C�018
8rkf, �1:F2*�1,58U=�:��W0?3 �n=
.7,
.KE4IF.7,L3)3
,���8!.�E4@B=
8 � 01;��oEG;M=�3!EG;�8!EGJ	2gR�CDEG;7:F8!E4=�6'��,5JT:FC�,58 ��3!E4IF.M=�,L35S

_@1 ^



_@15l ���.���E� !j#���� � $
	 ���
� ���@$
	

K7S /�8 8
.7:��	;zEG;i<�IFR73
,ElZS ^�� � ,-�7,L3!E*�1,���=
.7,	0��K8
:F2GR7=�, ����� @B:13!CD0?=
EG:F;D3!0?=�,�@a3!:FC =
.7,��KR"~���2GEGCDEG=�,��l5m5nH8
01C�OK2G,58 �<E4=
.�=
.7,�;7:F;���OK0?3!01C�,L=�3!EgJ)C�,L=
.7:.�'�7,58
JT3!E*��,���EG; /	O�O�,5;���E ~ /HS6:�.�,5; �U,�OK3
:1O�,L3!246
JT:13!3
,5JT=H=
.7,�I1,L:FCD,L=�3!EGJL012U,��',5JT=\:1@W=
.7, ��,L=\JT:F2G2gEGCD0?=
E4:F;-EG;KJL2GR���EG;�Iz012G8�:e=
.�, ��,L=H:1O',5;KEG;7Ie01;7IF24,
, �1:F2gR7=
E4:F;+S;:�.�, ����� @B:13!CD0?=
E4:F;n3!0?=�,�3!0?OKE$�K246�EG;�JT3
,5018�,�0?=�-��m_�01;�� �1,L,LOK8 3!EG8
EG;�I\=�:��W0?3 �/=
.7,
.KE4IF.7,L3&3
,���8!.�E4@B=�R7ON=�:�-}> _@1ZS	:�.7,�24:QJL012 ����� , �1,5;M=H3!0?=�,DEg8&0��':FR�=�_O3o, �1,5;P=
8 ��O+J ��� 6M3 �TS S:<.�EG8�3!0?=�,oEG8�,��MRKE*��012G,5;P=�=�: _O3Z� � , �1,5;P=
8	6M3�O�,L3�IF012G0U~Q61S /W=�=
.7,/,50?3!246 R�;�E*�1,L3r8�,z:1@�- > _@1 �
=
.�, ����� 3!0?=�,zEG8�_O3���=
EGC�,58&2g0?3
I1,L3\=
.�01;-=
.�,�O�3
,58�,5;M=1��012gR7,1S	:�.�EG8�3
,58!R�24=&EG;���EgJL0?=�,58�=
.�0?=\=
.7,
, ~QOK24:F8!E*�1,-CD018
8
E*�1,-8�=
0?3e@B:13!CD0?=
EG:F;�hBO�:1OKRK2G0?=
E4:F;������ ��8
=
0?3e@a:13!C�0?=
E4:F;[kz.�018e.�0?O�O�,5;7,�� 0?=e=
.7,
, ~Q=�3
,5C�,52G6n,50?3r246nRK;�E*�1,L3!8�,1S

^ S /�8
8
RKCDEG;7I�=
.7,)EG;�E4=
Eg012MCD018!8d@BR�;KJT=
E4:F;�:1@[X�04��01C�R73!0\� k�C�,5C�R73!0Dh2143537_�k � �U,)JL012GJLR�2g0?=�,)=
.7,�8�=
0?3
@B:13!CD0?=
EG:F;/3!0?=�, �<E4=
.z=
.7,�: �K8�,L3��1,�� ����� @a:13rCD0?=
E4:F;/3!0?=�,1S��W018�,��/:F;/=
.�,�8
=
0?3)@a:13!C�0?=
E4:F;/3!0?=�, �
� ,NEG; �1,58
=
E4IF0?=�,�� =1� : @jR�;��K01C�,5;P=
012	EG8
8
R�,58D:1@\=
.7,c,50?3!246 ,LO�:QJ!.v3
,5E4:F;�EBA50?=
E4:F;u01;��v=
.7,NC�,L=
012
0��[R�;���01;�JT,/EG;�=
.7,eEG;M=�,L3
IF012G01JT=
EGJ/C�,���EgR�C h!� �#"NkrS;:�.7,/R�24=�3!0$� �QE4:F24,L=�OK.7:1=�:F;K8�0?3!,n,���,5JT=
E*�1,5246
OK3
:��KR�JT,�� �Z6>CD018!8
E*�1,/it:1O%�������\8�=
0?3!85S :<.7,�k0<yOK.�:1=�:F; 2gR�CDEG;7:F8!E4=�6-EG8&�MRKE4=�,n8
=�3
:F;7Ic,5;7:FR7IF.
=�:-3!,5E4:F;�ECAL,/=
.7,/O�3!EgC�:13 ��EG012�IF018LS('�3
:FC :FR73�,58�=
EgCD0?=
E4:F; � =
.�,/RK;�E*�1,L3!8�, �W018DEG;�8�=
01;M=
01;7,L:FR�8!246
3!,5E4:F;�ECAL,�� �	E4=
.e=
.7,�=
EGC�,58
JL0124,H:1@�_O3 � 6M3�SL:�.�,Hif:1O��������W8�=
0?3!8�8
R7O�O[246z.7,50"�M6e,52G,5C�,5;P=
8	EG;M=�:�=
.7,
8
OK01JT,1�ZEg0�=
.7,&8
R7O�,L3!;7:���0�, ~QOK24:F8
E4:F;bSF:<.7,&C�,L=
012b0��KR�;%��01;�JT,�3
,501J!.�,58H_O3 �%) �+* �<E4=
.KEG;Y_O3 � 6Z3 �
�	.�EGJ!.�Eg8sJT:FC�OK0?3!0��[24,)=�:\=
.7,): �K8
,L3��1,���0��KRK;���01;�JT,)C�,5018
R�3
,��'�Z6�=
.7,�0��[8�:13
O�=
E4:F;�EG;�=
.7,,�ZR�018
0?3
8
O',5JT=�3r0QS



� � � ��������� �

	 
���
�� ��� � ����� 
 � � � ������� 
���
�� ����� ���
����� ���

:��! #"%$'&($')*"'$')*+,&.-0/21'3 �4-5 76�&($8�2&.9��:)*";$'�! ,�! ,$% ,1<6=)>92&($')53?9@3.AB$'�! C$%1<D! ,�2)*"'$%1<)*�4D!$')*3?9E3.AB-*D26F)*9!3?"')5$')* 7"&.9��#1' ��4"'�2)5AG$'"03.AH$'�! I"'3?D!1<+J 7"KAG1'3?6L& �4)*&."' ��#3.1�$%1<D292+,&($% ��,�4&($'&="% ,$ � "'D4+<�M&."�& �4D ~C-*)*6F)5$% ��N"<&.68/4-5 .OP   �. ,1<&.- �2) �Q ,1' 79R$S$% 7+T�292) �UD! 7"; ~�)*"'$S$'�2&($WV?)*�. C$'�! �2&($'&X&.9�� <2$S$%3Y"%3?68 C/4&(1<&.6= ,$%1<)*+=AG3.1<6="S3.A�$'�! -*D26F)*9!3?"')5$[Z\A]D292+J$')*3?92"^&.9��;$'�! �2 792"')5$[Z_AGD294+J$')53?92",O d\3��0  �. ,1 � )5$`)*"`/21' ,AG ,1<&��4-5 a$%3\D2"% 0&_' ��'2b �Q�����?���=+&�l�&!68 ,$'�!3.�2",O �c9S$'�2)>"H+T�2&(/2$% ,1 � �0 0�21<)5 �4Zd)>9e$%1'3.�2D2+J a$'�! ;�0&fZ;�!30�:$%3-�2 7&.- �\)5$'�S$'�2 �gD"~ �h->)*6=)5$% ��I"<&.68/4-5 7"
�B)5$'�#$'�2 S9!3?9��i/4&(1T&.68 ,$%1<)*+_68 ,$'�23��jO
kmlTn oqpjr\s8t<uwvyx{z0|Qz~}2uw�8���C��uw�8��ud|
�:�h�j�[� ���H�.�e�a�������.�4���E���.�
P D!/4/�3?"' \&.9MD29R$%1<D292+,&($% ��,�4&($'&8"'&.68/4-5 7"03?9��&-!�aG��a/4-*&.9! .��&.92�#$'�! d$%3.$'&.-^9UD26;�Q ,103.A�"'&.68/4-* ��@O �[A\G&.92��-M&(1' 8)*94�! ,/Q 792�! 79R$B3.A0 7&.+<�E3.$'�! ,1f�j$'�! 79Y$'�! =9UD26S�Q ,1�3.A0"<&.68/4-5 7"d����3.A2-7�5�B)*-*-`�� 8�2)>"%$%1<)5�4D2$% 7�D292)*A�3.1<6F-5Z��Q ,$1�0 , 79F ¡&.94�I� �B)5$'�_&.9I ~�/Q 7+J$% 7�S68 7&.9Je >��]�f]= f�%¢41�&.92�_£(&(1<)*&.94+J 0¤�>¥�]� Q �; f�%¢U @1UO:��! 79^�e3?9! d6=&7ZN9!3.1<6=&.-*)BA, \���^$%3w�2&7£. _&W68 7&.9F3.A 3;&.92�C&;£¦&(1<)>&.92+J \3.A¡ \�UZF�! O<492)>9!VI&S$% 7"'$�"'$'&($')*"%$')*+h � >§�]� � � eW�%¢.¨ ¤=O D_9! �$'�! 79�+,&.9 �%D4�!V. �B�2 ,$'�! ,1N$%3©1' �% 7+J$N3.1#$%3:&.+,+J ,/2$#$'�! Y�eZU/Q3.$'�! 7"')*"F3.A)*92�2 ,/� 794�! 792+J ��4&."% 7�M3?9M$'�2 S�2)*"%$%1T)5�4D!$')53?9N3.A�$'�! ^hQ�[O

�� 792 ,1<&.-*-5Z.�!$%3 �UD2&.9R$')5AGZN$'�! ;�2&($'&=+J3.1'1' 7->&($')53?9ª�! ,V.1' , .�4$'�! I$% 7"%$B"'$'&($')*"%$')*+^|ª)>"K)*9e$%1<3U�2D4+J 7�M&."
|i>¬« � �]���D�feW�­ « � ¤ . �H/;O* f�

:��2)>" |;£¦&.->D! K)*"H923.1<6=&.-*)CA, 7�W�UZI$'�! K"��UD2&(1' 01'3U3.$�3.Ag£¦&(1T)*&.92+J .�?"%3d$'�! K�2&($'&d+J3.1'1' 7->&($')53?98�! ,V.1' , ��Q ,$h®0 , 79-#&.92� G�+,&.9Y�Q ;68 7&."'D21' 7�Y)*9¯D492)5$B3.A�$'�! W"'$'&.92�2&(1<�Y�! ,£�)*&($')53?9jO /��2�2)5$')53?94&.-*-5Z.�4$'�4)*".|X)*"\ ��RD4)5£¦&.-* 79e$$%3 8  792�! 7-*-±°²"^|@"%$'&($')*"%$')>+(�H®B�4)*+<��)>"I�! O<49! 7�³)*9E$'�! =AG3?-*-53´®B)*9!Vª6F&.929! ,17O � 3?92"')>�! ,1_/Q3?"'"')5�4-* W/g&.)51<)*9!V?"µ�>��G¶'�h·R�_�� ,$[®a , 79³�2&($'&M/Q3?)*9R$'"_&.92��+,&.-*-¸&#/4&.)*1<)*9!VE�G¶'�h·R�_/Q3?"')5$')5£. 8)5Ad�]¹7�Hº»¹´·R�J�HG¡��º�GH¼f�S½ 3M&.92�9! ,V?&($')5£. ¯)5AW�]¹f��º¾¹f·U�J�HG¡��º�GH¼¦�#¿ 3�O �ÀA\$'�2 ,1' ª&(1' ª9!3E$%1<D492+,&($')53?9»3?9»$'�2 ³�]¹!�aG0�W/g-*&.9! .��$'�2 }|:3.A ��UD2&($')53?9³�H/;O* f�K)*"� ��RD2)*£¦&.-5 79R$�$%3FÁ_ 792�2 7-*-±°²"�|M"%$'&($')*"'$')*+
| > 9UD26;�Q ,1K/�3?"<)5$')5£. ?�G¶'�h·R��Âªµ ºÃ9RD26;�Q ,1�9! ,V?&($')5£. R�G¶<�h·R�KÂ�µ9RD46S�Q ,1f�G¶'�h·U�KÂªµ Ä �H/;O 1?�

 @16b



 @15m ��� � ! 	���� - � � |��r� � � � �r� � ��� � 	�� 	 $
	�� � � # ��� ! � #,� �	� ! � � $
�
�:�h�j��� �E���.�	
��±���������������h���4�����e���a���������`�
�À$�)>"�1<&(1< \$%383.�2$'&.)>9F$'�! _D29R$%1<D294+,&($% 7�C�4&($'&W"<&.68/4-5 7"�&."��! 7"'+J1<)*�� 7�C&(�Q3f£. dAG1'3?6�$'�! d1' 7&.-�3.�4"% ,1'£(&($')53?9jO/�$w&.-*683?"%$w&.-*-�+,&."' 7",�¡$'�! C�2&($'&¯"<&.68/4-5 7"W&(1' C1' 7"%$%1<)*+J$% 7�@�UZ�"%3?68 ��U)*94�E3.A�$'�! C$%1<D292+,&($')*3?9j��"<D2+<�:&."$'�! �4D"~M-*)*6=)5$K+,&.D2"' 7���UZ#$'�! S�! ,$% 7+J$%3.1_"% 792"<)5$')5£�)5$hZ.O�:��! ,1' ,AG3.1' .�4)*$B)*"BD4"% ,AGD4-Q$%3NV. 79! ,1T&.-*)CA, I$'�! W&(�Q3f£. 68 ,$'�!3��MAG3.1�$'�! I$%1TD292+,&($% 7�ª"'&.6=/4-5 7",O

'!3.1d ~!&.68/4-5 .�Q)5A $'�! w�2&($'&C)*"�$%1<D492+,&($% 7�X�RZM$'�! &�4D"~ª-*)>6=)5$,�2$'�! W&(�Q3f£. w/21'3�+J 7�2D!1' ;)*"B683��2)C<4 7��&."AG3?-*-53f®\",O����2 79M®a I923.$')*+J I$'�! _¶ �i$'��"'&.68/4-5 _3.AK�]¹7�c�aG��±�T�4&."B"'�!3f®\9ª)*9�<2V?D!1' %/;O* (�2®0 S+,&.9ª+J3?92"<)*�! ,1�&.9&."'"%3�+,)*&($% 7�¯"% ,$�3.A
�! >#"T·%$"G�¼_½ G¡�À�'¹T¼;¿�¹ �'& (*)*+-, � AG3.1S  �»¶ ��K bU3�� �H/;O o �

&.92�M�! O<g9! \$'�2 I9RD26;�Q ,1�3.AH"'&.68/g-5 7"K)*9.�! j&."�� � O;d\ ,1' .�2¹ ��& (*)*+ )*"�&8+J1'3?"'"')*92VW/Q3?)*9R$0�� ,$[®a , 79ª$h®03F-*)*9! 7"3.A�$'�! ��4D ~X-*)*6F)5$_&.92�E$'�! iG > G��[O�/\"SAG&(1;&."S+J3?92"')>�! ,1<)*9!V#$'�! F1' ,V?)53?9�)*9%�! i�`®0 F+,&.9� ��UD2)5£(&.-5 79R$'-5Z+J3?68/4&(1< B 7&.+<�N3.AQ$'�! 76M�R�� 7+,&.D4"% �$'�! B9UD26;�Q ,1��2)*"%$%1T)5�4D!$')53?9w)*9w$'�2 \&."'"%3�+,)*&($% 7�N"% ,$a)*"�D29!1' 7-*&($% 7�=$%3S$'�! 
�4D"~�->)*6=)5$,OE:��! 79j�j)5A¡¹f��&.92� G¡��&(1< w)>92�! ,/Q 792�! 79R$�3.A¡ 7&.+T�E3.$'�! ,17�Q®0 W ~�/Q 7+J$d$'�! W9UD26;�Q ,1\3.A0"'&.68/4-5 
/0 j3.A¸¹7�¸)*9#$'�! _ 7->)5V?)5�4-5 d"% ,$,�

/0 > 9UD26;�Q ,1�"T·FÂ1�! 2$�¹ ¼ ��¹ � , �H/;OMKR�
$%3=�Q ID292)*A�3.1<6F-5Z=�2)*"%$%1T)5�4D!$% 7�C�Q ,$h®0 , 79³ _&.92���S�ÀOj:��! I)>68/21'3´£. 7�}|M"%$'&($')*"%$')>+d£¦&.-*D2 I)*"��! O<492 7�M&."

|i> « � �]����ºfeB�h�­ « � ¤!� � �H/;O43?�
®B�! ,1< eB�;>¬�]�S� ]  f�%¢41#&.92��¤2�;>m�]� Q� ºq f�%¢U @1UO :��! w"'D26=6F&($')53?9Y)*"B/Q ,1'AG3.1<68 7�¯AG3.1I&.-*-`/Q3?)*9R$'",O �ÀA���¸)*"K+J3?68/4-5 ,$% 7-*ZC�2D2 _$%3=$'�! ID292)*A�3.1<6L�4)*"%$%1<)5�gD!$')53?9j�R®a I&(V?&.)*9� ~U/Q 7+J$�$'�2 %|M£¦&.->D! d$%3F�Q A, ,1'3!O

�E �D2"' 7�S$'�! K&(�Q3f£. �|w"%$'&($')*"'$')*+,"�$%3� 7"'$')*6=&($% �$'�! K-*D26=)>9!3?"')5$[Z\ ,£.3?-*D2$')53?9jO �[A2$'�2 ��4&($'&�+J3.1<1' 7-*&($')53?9w)*"AG3?D292�j�?&."'"<D26=)*9!V�$'�! �&(1'�g)5$%1<&(1'Z;AGD294+J$')53?92&.-UA�3.1T6 p4q��]¹R��/4&(1T&.68 ,$%1<)CA, 7�w�UZ65��e®a B+,&.9F+J3?9e£. ,1'$�$'�! ��2&($'&"% ,$\�]¹2�aG0� )*9R$%3N�]¹!�aG�¢ p4q!�]¹R�%�87��]¹!�aG:9*�TO '!3.10"'D2+T�=�2&($'&I"% ,$��]¹!�aG�9>�T�e®0 � 7"%$')>6=&($% �$'�!  |w£(&.-*D! 7"¡®B)5$'�w$'�! 68 ,$'�!3��Y�! 7"'+J1<)*�� 7�¯&(�Q3f£. .O<;d)5£�)*9!VN$'�! W1' ��RD4)51' 768 79R$B3.AL|�> 3��j$'�! ;�Q 7"%$�/4&(1<&.6= ,$% ,1=5}>>5�?W+,&.9¯�Q �! ,$% ,1<6F)*9! 7�jO':��2 79j�4$'�! WA]D292+J$')53?92&.-`A�3.1T6¬3.A¡$'�! W-*D26=)>9!3?"')5$[ZN ,£.3?-*D2$')53?9}p q uA@CBED &.92�¯$'�! ;)*94�! ,/Q 792�! 79R$�2&($'&="' ,$;�]¹!�aG0¢ p5q u �]¹U�%�K+,&.9ª�Q d3.�2$'&.)*92 7�jO
�:�h�j��F G¬�8H±���JI2HLKM���e���a�����(�g���E���(�
/ V. 79! ,1<&.->)CA7&($')53?9N3.A^$'�! \&(�Q3´£. d6= ,$'�!3U�F$%3W�23?D!�4-5Zª�G3.1K6;D4-5$')5/4-5Z2�`$%1<D292+,&($% 7�#�2&($'&;®�&."a�! ,£. 7-*3./� 7�N�UZ
N¡AG1'3?9�OQP� ,$%1'3?"')*&.9:�c @n5n51?�TO':��! S6= ,$'�!3U�¯)*"K ��UD2)5£(&.-5 79R$�$%3F$'�! S/21' ,£�)53?D2"�68 ,$'�23U�j�4®B)5$'�M$'�! S 7-*)5V?)5�4-* "% ,$B�2 O<49! 7�M&."

�R >#"T·%$"G ¼ ½ G � �'¹ ¼ Â³�]¹�S��& (*)*+ �'¹UT��& (*)*+ � , � �H/;O l?�
®B�! ,1< C¹ S�'& (*)*+ &.94�©¹ T��& (*)*+ )*"S$'�2 C/Q3?)*9R$;�2 ,$% ,1<6=)*9! 7�©&($w$'�! #+J1'3?"'"')*92V¯�Q ,$h®0 , 79:$'�! G >�G¡�B&.94�@ 7&.+T�$%1<D294+,&($')53?9ª-*)*6F)5$,�R1< 7"%/Q 7+J$')5£. 7-5Z.Oj:��2 79j��$'�! S"% ,$�3.A &.-*-53´®a 7�ª/4&.)51<)*92V?"

µ >V"R�G¶'�h·R�<$�¹7�¸Â��]¹�S¼E& (*)*+ �'¹WT¼E& (*)*+ �T�'¹ ¼SÂ³�]¹XS��& (*)*+ �'¹WT��& (*)*+ � , �H/;O b.�



� ����� ! � � � ��� � ! � � ! ��� �r� #
��� ��� �@$
	�� � 	 � � �O$ 	  @15n

���
	���
������
����������������� �!�#"�$�%�&��'�)(*(*",+��-�.%*�0/1(*��%0�324& �5��6��#��"7%��
+5�#%*&��'8:9;%*&�(��7�<���
�#"7$�=?>A@CB*DE@;FHG
%�&��I�)(*(*",+��-�.%��J/K(*��%�+J�7�MLN�O/,��%��5
����
���0/P��(E%*& �Q
��5	��
"��K"�$RLN"7%*&SDUTUD3@R�7�V/P><WX>A@?Y Z [ \O�^]_&��I/��.%`�
�
�S%*&��-(�(*��%��-(�$a
*�J�b$a
�"��c%*&��OdV�,�P�
�!�<�!%JGV(*"�%*&��Je1+J�7�SLV�#�0f)� �!g.�7�
�5�h%��!eP+5"��<� ��
*�b%*"K�0��+`&S"7%*& �5
0�

+,&.9ª�Q _�! O<492 7�ª"'D2+T�M$'�2&($� 7&.+T�ª3.�ji% 7+J$B-*)5 7"�®\)5$'�2)*9C$'�! I$%1TD292+,&($')53?9M1< ,V?)53?9#3.A $'�! I3.$'�! ,17O
�c9X$'�2)*"�+,&."% .�^�!3f®0 ,£. ,17�j$'�! w�2)*"'$%1<)5�4D!$')*3?9M3.A¡$'�! w9RD46S�Q ,1�3.A�"'&.68/4-* 7"w�G3.1^|4�B)*"dD29 ��9!3f®\9jO
�ÀA¡$'�! �2&($'&_&(1' �D492+J3.1'1' 7-*&($% 7�^�?$'�! 79 |86WD2"%$¸"%$')*-*-��2&f£. B&_68 7&.983.A A, ,1'3!�R&.94�8&_9RD26= ,1<)*+,&.-!"')*6WD2-*&($')*3?9;6=&fZ;�Q D2"% 7�¯$%3#�! ,$% ,1<6=)*92 I$'�! W£¦&(1<)>&.92+J w¤lkF&."\A�3?-*-*3f®B",OnmaZ¯&."'"'D26=)>9!V=$'�! W�2&($'& "f¹f�c�aG¡� , &(1' wD292+J3.1<1' 7-*&($% 7�j�3?9! ª+,&.9�D4"% M$'�! ª68 ,$'�!3��2"w3.Ad$'�! ª9! ~�$="% 7+J$')53?9�$%3³�! ,$% ,1<6=)>9! po8�HG0�T�a$'�! ªD292�! ,1T-5ZU)>9!V�/21<3.�4&(�4)*-*)*$hZ�2)*"'$%1<)5�4D!$')*3?9�3.A G�O�Dd92+J Xo=�HG0�W)*"wAG3?D292�j��3?9! ª+,&.9¾"')>6;D2->&($% #�1q�)*+{"% ,$'"83.A_�2&($'&Y®\)5$'�»D292�! ,1T-5ZU)>9!V/21'3.�g&(�4)*-*)5$[ZF�! 792"<)5$hZro8�HG0�K&.92�M$%1<D294+,&($')53?9M-*)*6=)*$'"Ms ¹�S��& (*)*+ �'¹WT�'& (*)*+Qt AG3.1�$'�! I¶ �i$'��3.�ji% 7+J$B)*9M 7&.+T��"% ,$,O '!3.1 7&.+<�Y"')>6;D2->&($% 7�ª"% ,$B3.A¸�2&($'&vu qe�g3?9! S6=&fZ?<492�}|Oqw&."\)*9M ��UD2&($')53?9:�H/SO 1?��&.92�ª 7"%$')>6=&($% w¤lk8A�1<3?6¬$'�! �2)*"'$%1<)5�4D!$')*3?9w3.A�" |Oq ,)wyx
z {q.| S O '!3.1�-*&(1'V. d9RD46S�Q ,1<"�3.A`"')*6WD2-*&($')53?94"��1q')*+��R$'�2 \ ,1'1<3.1�)>9=$'�2)*"0�! ,$% ,1<6F)*92&($')53?93.A\¤ k )*"S&(/2/41'3@~!)*6=&($% 7-5Z³¤ k ¢ ¨ � q�)*+ O ;_)5£. 79©¤ k � 3?9! C+,&.9@�2 O<49! F&¯9!3.1<6=&.-*)BA, 7��$% 7"%$W"%$'&($')*"%$')*+ |4¢.¤ k®B)5$'�M&F68 7&.9M3.A,3=&.92�M&8£(&(1<)*&.94+J _3.A� (O

kmlH} ~��2|jt5� z0|������w�Lx t��4|�p^tTs��;|Qt<r\u����8u���|Qt<r\u
�E =�! 7&.-�®B)5$'�X$'�! �4D ~ �h-*)>6=)5$% 7�ª"'&.6=/4-5 7",�j&.92�Y 7"%$')>6=&($% w$'�! 8"'&.68/4-5 w�2)*"'$%1<)5�4D!$')*3?9MA�1<3?6�$'�2 7"% 8$%1<D29��+,&($% 7�M�2&($'&�O "�3.1' ,3´£. ,17�4&.-5$'�!3?D2V?�N$'�2 ,ZF&(1' _�2)*"'+J1< ,$% ��2&($'&��!®0 _�! ,1<)5£. \$'�! d/4&(1' 79R$0�4)*"%$%1<)5�gD!$')53?98®B�4)*+<�&(1' \V. 79! ,1<&.-*-5Z8+J3?9R$')*9UD!3?D2"aAGD294+J$')53?9jOFdB ,1' .�U®0 \)*9R$%1'3��2D2+J B&;D2"% ,A]D2-268 ,$'�!3��N®B�2)*+T�=6=)*92)>6=)CA, 7"¸9UD268 ,1 �)*+,&.- �4D2+J$'D2&($')53?94"�®B�! 79¯�! ,1<)5£�)*9!V8$'�2 ;-*D26F)*9!3?"')5$[ZFA]D292+J$')53?94"�&.92�ª$'�2 ;�! 792"<)5$hZM ,£.3?-*D2$')53?92";�G .O V!O�;<�'mAG3.1<6=&($')53?9X1<&($% ´�TO :��2)*"�68 ,$'�!3��Y)*"E<21<"%$d�! ,£. 7-53./Q 7�X�UZX�^Z�92�! 79��Cma 7->-0�c @n6bU f�T� &.92�Y)5$�®0&."_AG1' ��UD! 79R$'-5ZD2"% 7�#$%3=&."'$%1'3./4�RZU"')>+,&.-j3.�ji% 7+J$'"�"'D2+T�ª&."n� P D_"d�G .O V!O���&.�2)5$RA=O>P� ,$%1'3?"')>&.9j�^ @n5n43j� N�A�1'3?9 O>P� ,$%1'3?"<)*&.9j� @n5n51N� "¯&.-53?9! ,Z O�P� ,$%1'3?"<)*&.9j�` @n5n5n?�T�!;<�'m�"S�G .O V!O��`-53´ZU���C��3?9292)>9!Vw ,$B&.-±O5� 14353! (� 1435361(&e��&.92��"%383?9jO



  o 3 ��� � ! 	���� - � � |��r� � � � �r� � ��� � 	�� 	 $
	�� � � # ��� ! � #,� �	� ! � � $
�

���
	���
��#�����,�y�Q�S�5���7�<���
�I"�$ %�&���(��7�<���
�O/��
(C%*
��!L �,%*�
"��S%*
���� +J�.%��J/1LheM%*&��Od ���1�
�!�<�!%J�

�E M®B)>"'��$%3 ��9!3f® $'�! M�2)*"'$%1<)5�4D!$')*3?9YAGD294+J$')53?9����HG��I3.A�&.9©3.�4"% ,1'£(&(�4-5 �G�)*9@&X/Q3./4D2->&($')53?9jO�/�""'�!3´®B9¾)>9�<2V?D!1' �/SO 1U�K®0 ¯�2&f£. ¯&@9RD26;�Q ,1=3.AI)*92�4)5£U)>�2D2&.-0"'&.68/4-5 7"=3.A�$'�2 �/Q3./4D2-*&($')*3?9: 7&.+<��$'&4�. 79&(�Q3f£. X& �4D"~»-*)*6=)*$#��� (*)*+�) � �T�K"%3�®0 �+,&.9¾+J3?92"<)*�! ,1=3?92-*Z@$'�! �1<&.9!V. ª3.A^G�� K
	�� Q
 � (*)*+�) � O�:B�! M$%1<D! �2)*"'$%1<)5�4D!$')*3?9�)*9 G¥)*"W3.A\+J3?D!1T"% C)>92�! ,/Q 792�! 79R$S3.A\3?D!1w3.�4"% ,1'£(&($')53?92&.-�"% 7-5 7+J$')*3?9:1' ,/21' 7"% 79R$% 7�:�! ,1' #�UZ� (*)*+�) � OQ�^ ,$����HG S ���� _$'�2 I/4&(1' 79R$B�2)*"'$%1<)5�4D!$')*3?9F3.A¸"%3?D!1T+J 7"K®B)5$'�}G�� G S )*9M$'�! S+,D46;D2->&($')5£. _A�3.1T6M�4"%3$'�2&($����HG0� 7�º������HG��%¢��WG )>"B$'�! w�! 7"')*1' 7�ª$%1<D2 W�2)>"%$%1<)5�4D2$')53?9#AGD492+J$')53?9jO��^ ,$��©�HG S �K�Q W$'�! ;3.�g"% ,1'£. 7�9UD26S�Q ,1\3.A¡/Q3?)*9e$'"B®B)5$'� G�� G S �Q$'�! 79©º��
� )*"\$'�! w9RD46S�Q ,1B3.A�/�3?)>9e$'"\)*9ª$'�! w)*9 <g92)5$% 7"')*6F&.-j+J3?-*D26=9�Q ,$h®0 , 79 G S &.92� G S ]�� G S O :��2 X1T&($')53:3.AS$'�2)*"#9UD26;�� ,1#$%3:$'�! �9UD26;�� ,1C3.AS/Q3?)*9R$'"�� 
 x )*9�$'�! 1' 7+J$'&.9!V?D4-*&(1C&(1< 7&�� S 3.A^<2V?D21' �/;O 1U�B)*"8 ��UD2)5£(&.-5 79R$=$%3@$'�2 �1<&($')53³3.A_$'�! ¯)*94+J1' 768 79R$¯�cº��
�K�8$%3©$'�! +,D26WD2-*&($')5£. X�2)*"%$%1T)5�4D!$')53?9©A]D292+J$')53?9^�0$%3����HG S �=)*$'"% 7-5AÀO :��2)*"=)>"= ��UD2)5£(&.-5 79e$N$%3©+J3?6=/4&(1' �$'�2 ¯/4&(1< 79e$�]+J3?9R$')*9RD23?D2"T���2)>"%$%1<)5�4D2$')53?9=®B)*$'�M$'�! I"'&.68/g-5 F�]�2)*"'+J1< ,$% ´�0�2)*"%$%1<)*�4D!$')53?9j�U&.92�M$'�2)>"K+,&.9ª�Q I�! 7"'+J1<)*�� 7�#&."
���� > �
�� Ä �H/;O m?�

�c9e$% ,V.1<&($')>9!V=$'�2)*"7�U®0 I3.�2$'&.)>9
�d�HG S �;>��¯ ~�/�� ���� >��� ~�/�� 
 x
 u

 �F�HG0� �
��WG �WG �H/;O n?�
d\ ,1' .� � )*"�$'�! S+J3?94"%$'&.9e$B3.A )>9e$% ,V.1<&($')*3?9jO

� �! 79ª3?92 S+<�!3U3?"% 7".G ? $%3F�Q I&8£(&.-*D! _3.A,Gq®a 7->-Q®B)5$'�2)*9#$'�2 I3.�4"% ,1'£. 7�ª1<&.9!V. S3.A /Q3?)*9R$'",�!� �! ,$% ,1 �6=)*92 7"_$'�! F9!3.1T6=&.-*)CA7&($')53?9Y3.A"�\O�d\3f®0 ,£. ,17�¸)*9E$'�! N+,&."% =®B�! ,1< =/4&(1'$'"_3.A�$'�! N�2)*"%$%1<)*�4D!$')53?9Y�2&f£. N9!3.$�Q , 79Y3.�4"% ,1'£. 7�^�`)5$_)*"d�Q 7"%$d$%3�D2"% 8&M9!3?9��h9!3.1<6=&.-*)BA, 7�X�4)*"%$%1<)5�gD!$')53?9�&.94�E&ª+J3?9e£. 794)5 79e$_3?92 =)*"dV.3.$I�UZ+<�23R3?"')>9!V=&.9}G ? &.94�M$'�! 79ªD2"<)*9!V#� >� (O



� ����� ! � � � ��� � ! � � ! ��� �r� #
��� ��� �@$
	�� � 	 � � �O$ 	   o  
�c9ª/21T&.+J$')*+J S3?D!1\3.�4"% ,1'£(&($')53?92"BV?)5£. ;D4"��2)*"'+J1< ,$% S/Q3?)*9R$'"�"%3 ��®B)>-*- i%D26=/�&($��4)*"'+J1' ,$% I£(&.-*D! 7".G¡�¸&($®B�2)>+<��;<�nm0"\&(1' S&.+J$'D2&.->-5ZN3.�g"% ,1'£. 7�jO;:��UD2"Iº �
�N¢��WGq®B)*->-4�Q I&="'D46 3.A��d)51T&.+_�! 7-5$'&8A]D292+J$')53?94"

º ���� G >�� ��� �HG©ºfG¡�i� Ä �H/;O* O3e�
d\3f®0 ,£. ,17� ®B�! 79Y$'�! F ��RD2&($')*3?9¾�H/SO* O3e�I)*"_"'D!�g"%$')5$'D!$% 7�E)*9R$%3M ��UD2&($')53?9¾�H/;O n?�d®0 	<492�Y$'�4&($ �=�HG � ��2&.";$%3Y�� N ,£¦&.->D2&($% 7�jO :��2&($w)*"I$'�! #9UD26S�Q ,1W3.AK/Q3?)*9e$'"W)*9³$'�! N�Q3 ~�� S �2&.";$%3Y�Q F ,£(&.-*D2&($% 7�:&(V?&.)*9&.92�M&(V?&.)*9ª®B�! 79#3?9! _/Q3?)*9R$d�G®\)5$'�?G > G��±�0)>"�3?9M$'�! _"')*�! d3.A�$'�! _�Q3@~QO����2 79M$'�! I9UD26S�Q ,1�3.A�/�3?)>9e$'")*9 � S )>"W923.$W-*&(1<V. .�¡ ,1'1'3.18+J3?D2-*�©�Q CV. 79! ,1<&($% 7�»)*9@$'�! M+<�!3?)>+J C3.A\®B�! ,$'�! ,1w$%3E)*92+,->D2�! .�  ~�+,->D2�! .�¸3.1�2&.-5Aa)*92+,-*D2�2 S$'�! w/Q3?)*9R$�3?9Y$'�2 W 7�2V. .O :H3ª�2)*"'+J3´£. ,1_$'�! 8+J3.1'1' 7+J$I®0 7)5V?�R$d$%3MV?)5£. ="'D2+T�E&.9Y 7�!V. 8/Q3?)*9e$®0 ��2)*"'+,D4"'"w$'�! ª$%1<&.94"')5$')53?9:AG1'3?6 $'�! ¯+J3?9e$')*9UD!3?D2"F$%3�$'�! ��4)*"'+J1' ,$% ª�2)>"%$%1<)5�4D2$')53?9³�UZ»&."'"'D26F)*9!VY$'�2&($º����N¢��WG �Q 7+J3?68 7"�-*&(1'V. w)*9ª$'�! w9! 7)5V?�R�Q3.1<�!3U3U�#3.A� 7&.+<�Y3.A¸$'�! W/Q3?)*9e$'".G¡�¸®B)*$'��D292)*$B)*9R$% ,V.1<&.-H&.+J1<3?"'" 7&.+<�³9! 7)5V?�R��3.1T�!3R3��jO^:H3C ,£(&.-*D2&($% w ��UD2&($')53?9��H/;O n?�T�^®0 8®B)*"'�¯$%3 �U9!3´®�$'�! w�Q 7�2&7£�)53.1d3.A"�F�HG0�B®B�! 79G¾)>"�+,-53?"% _$%3iG��[OO��-5 7&(1<-5Z �=�HG��a®B)*-*-Q)*92+,->D2�! �3?92-5ZC$'�! _A�1T&.+J$')53?9

� >��:�HG0�¸º �©�HG8T� � �H/;O* . f�
3.AK$'�! =/Q3?)*9R$S&($ G¡��®B�! ,1' G8T� )*"S$'&4�. 79 i'D2"%$I$%3¯$'�! F1T)5V?�e$S3.A0®\�! ,1' =$'�! N¶ �i$'�@/�3?)>9e$I+J3?9R$%1<)5�4D2$% 7"I$%3�³O �[Aa$'�! 8�! O<49! � S �HG��i�B$%3M�Q W$'�! 8£¦&.->D! ;3.A���&($%G¡�a®B)5$'�X$'�! 8+J3?9R$%1<)5�4D!$')*3?9¯3.Aa$'�! 8/Q3?)*9R$\¶�)5$'"' 7-5A3?6=)5$%$% 7�^�2$'�! 79ª)*9#$'�2 I9! 7)5V?�R��3.1T�!3R3��C3.A,G > G��H®0 S�2&f£. 

�=�HG0�,> � S¡�HG¡�h�T] � Ä �H/;O* @1?�
�c9N ��UD2&($')53?9E�H/;O n?�T�2®0 �1< ��RD2)*1' B$'�! d+J3?9R$%1<)5�4D!$')*3?9FAG1'3?6�$'�! _9! 7)5V?�R�Q3.1<�!3U3U�F3.A G > G � $%3w$'�! _)*9R$% ,V.1<&.-

� 
 t�

	�  � ���� G � G > � S? � �� S ] � > -*9��2 j]  � S�
 �H/;O*  o �
®B�! ,1< .�e®0 \1' 76= 76S�Q ,1�$'�4&($�$'�! �9RD26;�Q ,1�3.AQ/Q3?)*9R$'"�+J3?9R$%1<)5�4D!$')>9!V_$%3 ��)*94+J1' 7&."% 7"a�RZM B&."a®0 �+J1'3?"<"�G��[O:��! _ ��UD2&($')53?9@�H/SO*  o ��6=&7Z#�Q I"'D!�4"'$')5$'D!$% 7�M)*9R$%38 ��RD4&($')53?9³�H/;O n?��$%3=Z�)5 7-*�#$'�! S ~U/21< 7"'"')53?9

-*9 ���HG � �;>�� � � -*9��4 �]  � S �HG¡�h� 
 Ä �H/;O*  KR�
d\ ,1' .� « )*"¸ ~� 7+,D!$% 7�=3´£. ,10&.->-�¶`®B)5$'� G ? ¿ G¡� ¿ G³®B�! 79! ,£. ,1jG ? ¿ G�O,:��2 ��2) �Q ,1' 79e$')>&.-�A�3.1<6 �H�HG�� )*" 7&."')*-*Z=+,&.-*+,D2-*&($% 7�C$%3w�2) �Q ,1' 79e$')>&($% \$'�! d�! ,1<)*£. 7� �d�HG0�TOQm�&."% 7�C3?9C$'�! d&(��3´£. d$'�! ,3.1' ,$')*+,&.-Q�! 7"'+J1T)5/2$')53?92"7�®0 �&(/2/4-*)* 7�d$'�2)*"^9!3?9��i/4&(1<&.68 ,$%1<)>+¸68 ,$'�!3��I$%3�$'�! 
;<�'m��4&($'&KA�3.1H 7"%$')*6=&($')>9!VK$'�! a->D26=)*9!3?"<)5$hZ� ,£.3?->D!$')53?9j�$'�! S->D26=)*9!3?"<)5$hZ=A]D292+J$')*3?9M&.92�#$'�! ;<�nm A�3.1T6=&($')53?9M1<&($% .O





� ����� ������� �

� � ���K� 
 �q� � 	 � � � � ��
\� � 

� �
� � � ��� � � �¸���a� � ��
 ����� � 	 � �

� &(�4-* �m�O* ��Q�B 7�2"'�2)5AG$'"0&.92�#-*D26=)*923?"')5$')5 7"¸ 7"'$')*6=&($% 7�#�UZ����! V�Y1' #"-*&($')53?9
� 1<)5V.V. ,1 � � 1' 7�2"'�4)5A�$ ->D26=)*9!3?"<)5$hZ$\D46S�Q ,1 %. '&  ,1'VN" S)( '*�3  #+2  Ä +WT),.- /S0,.- P   Ä2143 T ? -5(6(S ? -5( ? � 1UÄ2748 T ? - P69S ? - :<; �>=� '* P69 '* 8 74? 3 Ä +WT 9 ? - ,S)(@/A- /   Ä284? T ? - 9 ?S ? -5(B, � 7UÄ  '*�T ? - / 9S ? - C ? �>=� '* P ; . .  8EDRÄ21 T 9 (6- ,S 9 ? - C  .  Ä2147 TF;6;A- /<,SGCA- P ( � 7UÄ2741 TFC<,.-5(@HS 9 - /<, ��=� '* P ;  7 *   ?41UÄ21 T),.- :S0,.-5( 3 Ä   D T ? - C6/S ? - P , � 1UÄ28ED T ? - H6HS ? - ,.( �>=� '* P ;  747 D�7UÄ28 T 9RP - :S 9 /A- ; + Ä 3 7 TFHA- :I,S 9 - /6H � 7UÄ2841 TJ:</A-5( PSG;A- P / ��=� '* P69 #+ 7 341 * Ä2? TK( ? - /S)( ? - P   Ä2743 T ? - ? :S ? - ? ; �L3 Ä *�+WT ? - ;6;S ? - ;A( �>=� '* P ;  3 * 1 * DRÄ28 TK(@CA- PS)( P - 9 + Ä2748 TK(6-5( ?S ? - ,L/ � 1UÄ28 +WT 9 - ? ;S)(6-5( ? �>=� '* P ;  D�8   84?UÄ21 T 9 HA- :S 9 ,.- C ?UÄ + 3 TF/A-5( 9SG;A- :#( � ?UÄ21 +WT 9 HA- ; 9S P - ,M: ��=� '* P ;1   8 1 * Ä28 TFHA- 9SGHA- C * Ä  .  T ? - ? PS ? - ? P �c  Ä21ED TK(6- P /S ? - HL: �>=� '* P ?14141 14? * ÄND TJ:#(6-5(SO: P - ; 8UÄND * TK( ? - :<CSO:#- PRP � 1UÄ   1 TF/A- ,LCS)(6- C 9 �>=� '* P :1414? + 1UÄ   TK(P:#- HS 9 (6- H   Ä * 8 T ? - C PS ? - C P �c  Ä2?41 TF;A- H ?S)(6- C 9 �>=� '* P (1 + 8 143   Ä   TK( ? - PS)( ? - ?   Ä *�3�T ? - ? CS ? - ? C � 3UÄND 3�T ? - H6HS ? - /6; �>=� '* P6974741 ? + Ä *�TK(B,.- ;S)(P:#- / 7UÄ2?4? T 9 - H ?S)(6- ;6/ � 7UÄ28 3�TK( ? - C PS 9 - P C ��=� '* P697 3�  3 8UÄ +WTJ: ? - PS 9 CA-5(   Ä * D TK(6- :I,S ? - P C � 7UÄ 3 3 T 9RP - / 9S 9 - H6C ��=� '* P (748 + 74147UÄ23 TFHA- ?SG/A- / DRÄ27 *�T ? - / ?S ? - C6/ �c  Ä2348 T ? - :<CS ? - ;L: �>=� '* P :7484?   141UÄ28 TF;6HA- ,SG;L:#- C 3 Ä  .  TK(6(6-5(6(S 9 - ,LH �c  Ä2741 TK(B,.- ? HS)(6-5( 9 ��=� '* P ;+E* ? D 3 Ä   TK(P:#- ?S)(@;A- 9 1UÄ27 +WTK(6- ? ;S ? - C6/ �c  Ä + D T 9 - ? /S ? - /L: �>=� '* P69+W3�    7 + Ä +WTF/A- ;S0,.- / * ÄND�3 T ? - ? CS ? - ? P �c  Ä2741 T ? - 9 ,S ? - 969 �>=� '* P69+ 3ED 7  .  Ä27 T 9RP - CS 969 - H DRÄ2141 T 9 - C6HS)(6- C P �c  Ä 3Q+ TK(6- C6;S ? - C6H �>=� '* P :+ 348 141EDRÄ2? TK(@C6CA- CSG/L:#- H 7UÄ   3 T 9RP - /L:S)(6- /A( � 1UÄ  .  TF; 9 CA- :6:S)(6- /L: ��=� '* P ;+ 847  #+4+ Ä21 T 9RP - :SG;6;A- ?  .  Ä28 + T 969 - H 9S0,.- ;L: � ?UÄ   3 T),L/A- P HS0,.- 9RP ��=� '* P ;3�*!  D�1UÄ 3 TK( ? - 9SGCA- , 1UÄ +E* T ? - ,6,S ? - : ? �c  Ä + 7 TK(6- ;<,S ? - P ( �>=� '* P693�* 7 + 8 + ÄND TFC P -5(S P69 - ; 3UÄ  '* TF;A- C PS)(6- ,M: � 1UÄ28 * T P - C ?S)(6- P / �>=� '* P :3Q+ 7 1 3 7UÄ * TF/A- ,SG/A- ; 1UÄ 3Q+ T ? -5(@/S ? -5(@C �c  Ä2?4? T ? - ; PS ? - 9 / �>=� '* P ;3Q+ ?   3 ?UÄ27 TK(@;A- :S)( 9 - P  '* Ä  '* T P - ? /S 9 - /6C � DRÄ21 + TK( ? - /<,SG;A- /6C ��=� '* P ;3 D4D  .  DRÄ * TF;6CA- 9S 9 ,.- 9 3 Ä 3 ? TK( 9 - :</S 9 - ,LC �c  Ä2748 TK(@/A- C6;S)(6-5(6( ��=� '* P ;3 + D 1 *4* Ä23 TFCA- ?S P - H 7UÄ  .  T ? - 969S ? - 9 ? �c  Ä 3 8 T ? - 9 /S ? - 9 ; �>=� '* P ;3 3 ? ?4?UÄ   T 9RP - :SG;A(6- 9 7UÄ28   TJ:#- H6CS 9 - 9 H �R+ Ä2748 T 9RP - ? PSG;A- /<, ��=� '* P693 3 8 341UÄ21 TK(6- CS)( P - C 1UÄ2?41 T ? -5(@CS)(6-5(@/ �c  Ä2747 T ? -5(@HS ? - H<, �>=� '* P69

  747



  7 + ��������� ���
	 ��� �
��
 � ����
�� ��� � � ��� �`� 
������ ����� � � ��� � � 
 � �2��� ��� �"!$#%�'� �
� &(�4-* �m�O* ��Q�B 7�2"'�2)5AG$'"0&.92�#-*D26=)*923?"')5$')5 7"¸ 7"'$')*6=&($% 7�#�UZ����! V�Y1' #"-*&($')53?9

� 1<)5V.V. ,1 ��� 1' 7�2"'�4)5A�$ ->D26=)*9!3?"<)5$hZ$\D46S�Q ,1 %. '&  ,1'VN" S)(
343 * 14?41UÄ2? T 9 ,.- 9S 9 :#-5( 8UÄ2147 T P -5(6(S 9 - C6C �c  Ä2843 TF;A- ;L:S)(6- ? C �>=� '* P :3ED�3 741   Ä   TK( ? -5(SGHA- H 8UÄ2348 TK(6- :I,S)(6-5(@H � 1UÄND�3 TK(6- ? :S ? - ,.( �>=� '* P :34? * ?41UÄ   TF; ? - ?S 9 CA- ? + Ä2747 TFHA- P HS 9 - :<; �R+ Ä + 8 TFCA(6-5(@CSG;A- /<, ��=� '* P6934841  '* DRÄ   T 9RP - ?S 9 (6- H 8UÄ23 3 T 9RP - C6;S P - 9 ; � 7UÄ *�3 T P ? - / PS 9 - PRP ��=� '* P ;D *�+   741UÄND TF; ? - PS)(@;A- C 7UÄ2348 TF;A-5( ?S ? - / 9 � 8UÄ * 8 T 9 /A- / ?SO:#-5( ? ��=� '* P69D�3 +  '*4* Ä23 TK(6(6- :S 9 HA- C 3 Ä2847 T 9 - / PSG;A- :<C �c  Ä  #+WTK(6- C6/S)(6- ? ? �>=� '* P ;D4D�7 D * Ä28 T 9 (6- :SGHA- H 1UÄ21 3�TK(6- ,LHS ? - P ; �c  Ä21 +WTF;A- / 9S ? - C ? �>=� '* P69D�8 3  '* 8UÄ27 TF; 9 - CSG;A(6- , 3UÄ28 3�T 9 ? - ? (SO:#- 9 ? �c  ÄND4D TF; P -5(@/S)(6- P , ��=� '* P ;?41 3 D   Ä   TF;6CA- HS 9 ,.- / 7UÄ21   TFHA- / 9S)(6- HA( � 1UÄ  '*�T P (6- / PS)(6- /<, ��=� '* P69?4148   1EDRÄND T ? - /S)(6- 9   Ä2? 3�T ? - ? 9S ? - ? ; � 7UÄ  .  T ? - ? /S ? -5(@; �>=� '* P69? +2   '* 1UÄ21 TK( 9 - /S)(6(6-5(   Ä27 *�T ? - 9 CS ? - 9 ? �c  Ä27 *�T ? - , PS ? - :6: �>=� '* P69?4348 147 3 Ä21 T 9 /A- ,S 9RP - / ?UÄ * 7 T P - P ?S 9 - C6C �c  Ä * 3 T 9 - ;6HS ? - CL: �>=� '* P :8 * D 1  .  Ä28 T),.- :S0,.-5( + Ä284? T ? - PRPS ? - :I, � 7UÄND4D TK(6- ? PS ? - ,L/ �>=� '* P ;8  #+ ?4?UÄ2? TK(B,.- ;S)(@CA- ;   ÄND * T ? - CL:S ? - :<C �c  Ä27 3 TK(6- C ?S ? - ,L; �>=� '* P698ED�7 14?48UÄ + TK(6(6- HS)(6(6- : + ÄND�1 T ? - C ?S ? - P ? � 3UÄ +4+ T 9 - ? /S)(6- :</ �>=� '* P ;84848 14341UÄ2? TK(B,.- /S)(@CA-5(   ÄND�1 T ? - 9 (S ? -5(B, �c  Ä21 *�T ? - ;6/S ? - 9 , �>=� '* P ; '* 1 3   3 7UÄ21 T),.- PS0,.-5(   Ä   ? T ? - ? HS ? - ? / � 1UÄ2341 T ? - P ?S ? - : ? �>=� '* P69 '* 743 848UÄND TF;6;A- 9S 9 /A- , 7UÄ  #+WTF;A- H<,S)(6- P ( �R+ Ä *4*�T 9 ;A- 9 ,SG;A-5(@/ ��=� '* P69 '* 748 847UÄ28 TF;A- /SG;A- P 3 Ä 3�  T ? - ,LCS ? - C ? � ?UÄND�? TF;A- ? /S 9 - ? H �>=� '* P69 '*�+ 1 + DRÄ28 T),.- :SGCA- :   Ä27 *�T ? - ;6;S ? - 9 : � 1UÄ2? 3�T 9 -5(6(S)(6-5(P: �>=� '* P ( '* ? 3 141EDRÄ21 TK(6- HS)(6- / * Ä2847 T ? - ? (S ? - ? ( �R+ Ä 3�*�T ? -5( 9S ? -5( 9 �>=� '* P69 . . #+  '* 3UÄ21 TF/A-5(S0,.- C + Ä2148 TK(6- ? ?S ? - , P � DRÄ2748 TJ:#- , 9S 9 - C6H �>=� '* P69 .  141   D * ÄND TJ:#- ,SO:#- P   Ä 3Q+WT ? - ? ,S ? - ? , �R+ Ä + 1 T ? - P ?S ? - :6: �>=� '* P69 . #+2  +2  DRÄ23 TFHA- HSGHA- C 3UÄ21 3 T ? - P69S ? - :<C � 1UÄ   3 T ? - :6:S ? - ; P �>=� '* P : . #+W3 D4DRÄND T 9 /A- CSO:</A- 9 1UÄ 3 3 TF;A- ? ,S)(6- H6C �c  Ä2? * TFHA- /<,S)(6- , P �>=� '* P69 . #+ ?   8   Ä23 TF;6;A- ,SG;6HA-5( 8UÄND4D TK(P:#- C6;S P - ;A( � 8UÄ284? TFC6CA- /6CSG/A- ;6C ��=� '* P ; .  3�* 343UÄ 3�TF;A- CSG;A- ?   Ä 3Q+WT ? -5(P:S ? -5(6( � 3UÄND   TK(6- P ,S)(6-5( ? �>=� '* P ( .  3 3 ?EDRÄ23 TF;6;A- ?S 9 HA- P 3UÄ2847 TF;6/A- /6;SO:#- PRP �c  Ä   7 T),L;A- P ?S)(6- ? : ��=� '* P ; .  3 D 14743UÄ2? TFHA- PSGHA-5(   Ä2?41 T ? -5(@;S ? -5( 9 �c  Ä *�3�T ? -5(@HS ? -5(@C �>=� '* P ; .  3 8 1 3Q+ Ä +WT 9 ;A-5(S 9 ? -5( 8UÄ2843 T P - : PS 9 - / ? �c  Ä2?41 TF;A- ? :S ? - H<, �>=� '* P : .  8 *   1   Ä28 TK( 9 - PS)(6(6- , 1UÄ23ED T ? - CL:S ? - :</ �R+ ÄND *�TF;A-5(@/S)(6- / ? �>=� '* P69 .  8ED 841UÄ27 TF; 9 - CSG;6HA- / 7UÄND *�TFCA- 9RPS 9 - : 9 �R+ Ä + 7 TF;6HA- P ?SO:#- ? H ��=� '* P69  1 *4* 8 * Ä   TK(@/A- ;S)(6(6- C 7UÄ284? TF;A- ? (S)(6-5(6( �R+ ÄND�1 TK( 9 - HA(S 9 - P C ��=� '* P69  1   ?  .  3UÄ   T P - ?S P - ?  .  Ä  .  T 9 - CL:S)(6- H6/ �R+ Ä23 +WT 9 - / PS)(6- C<, �>=� '* P ;  147 3   141UÄ   TK(6(6- PSGHA- H 1UÄ21 3 T ? - :6:S ? - ; 9 � 7UÄND * T 9 - ? 9S)(6-5(B, �>=� '* P69  1 +4+ 7 * ÄND TF;6HA- ?S 9 ;A- H * Ä2? 3 T 9 - :I,S ? - C6H � DRÄ 3�3 T 9 ? :#- C6/S0,.- : ? ��=� '* P ?  14?4? 7 3Q+ ÄND T 9 :#- ;S 969 - / 8UÄ2148 TF;A- ;L:S 9 -5(@; � 7UÄ   7 TF;A-5(P:S)(6- :#( �>=� '* P :  7 * 7   8 3 Ä 3 TF;A(6- CS P69 - H  .  Ä *4* TK(@CA-5( 9S0,.- 9 ( �c  Ä2148 TF/A- 9 ,S)(6-5(@/ �>=� '* P :  74? +  '* 7UÄ 3 TK( P -5(S 9 ? - , ?UÄ  #+ T),.- ;L:SO:#-5(@; � 1UÄ  '* TFCA- /<,S)(6- , ? �>=� '* P ;  74843  '*�3 Ä28 T 9 ;A- PS 9 :#- ; + Ä *�3 TF;A- P ;S)(6- ,L/ � 3UÄND * T 969 -5(@HS P - ? : ��=� '* P69 #+E* 3  '* 3UÄ28 TK( ? - /S)(@;A- :   Ä28   T ? - ;<,S ? - ;6H � 1UÄ214? TK(6- 9 ;S ? - H<, �>=� '* P69 #+2  3  '*�+ Ä27 TF; 9 - :S 9 /A- , 1UÄ2843 TF;A-5( PS)(6- ;L: �R+ Ä *4* TK(@/A-5(@;SG;A- ? / ��=� '* P69 #+2  8  #+W3 Ä23 TF; 9 - PS 9 ,.- ; 1UÄ27   TK(6- 9 ,S ? - ,.( �L3 Ä + 3 TK( ? -5(@HSG;A- 9 : ��=� '* P69



  7 3
� &(�4-* �m�O* ��Q�B 7�2"'�2)5AG$'"0&.92�#-*D26=)*923?"')5$')5 7"¸ 7"'$')*6=&($% 7�#�UZ����! V�Y1' #"-*&($')53?9

� 1<)5V.V. ,1 ��� 1' 7�2"'�4)5A�$ ->D26=)*9!3?"<)5$hZ$\D46S�Q ,1 %. '&  ,1'VN" S)( #+ 1 3   ? 3 Ä28 TFHA- ;SG/A- H 1UÄ   8 T ? - 9 (S ? -5(@H � ?UÄ2147 T 9 -5(6(S)(6- C6; �>=� '* P69 #+ 741 341UÄ27 T 969 - PS)(@CA- ? 1UÄ28   TF;A- /6/S)(6- 9RP �c  Ä2748 TF/A- / PS)(6- ? : �>=� '* P69 #+4+E* 1ED   Ä21 TFCA- ,SGCA- P 1UÄ 3 1 T ? -5(@;S ? -5( 9 � 1UÄ  #+ T ? - 9 /S ? - 9 : �>=� '* P ; #+4+ 7   347UÄ27 T 9 HA- ?S 9RP -5( 7UÄ + D TK(6- H PS)(6- ? C �c  Ä21 3 T 9 - ; 9S ? - ,L; �>=� '* P ; #+ 3ED  #+E* Ä2? TJ:I,.- CSG; ? - ; 1UÄ2747 T 9 - 9RPS ? - /A( �L3 Ä   3�T 9 ? - ,6,SG;A- ;L: ��=� '* P69 #+ D�1  #+ 1UÄND T 9 (6- ,S)(@HA- P 8UÄ23 +WTK( ? - H6HSO:#- ? : �L3 Ä +2  T 9 :#- 9 :SG;A- /6C ��=� '* P ;  3 747  #+ 8UÄ28 T 9RP - ;S 9 ;A- 9 7UÄ214? TK(6- C PS ? - H6/ � 8UÄ234? TK( P - , ?S P - P , ��=� '* P69  3Q+E*  .  1UÄND TK(@CA- /S 9 ? - P DRÄ 3Q+WTFCA- P ;SG;A- P ( � 1UÄ   D TFCA- ,LCS)(6- C<, �>=� '* P ;  3Q+2  748UÄ2? TJ:</A- /S)( P - P * Ä   ? T ? - 9 CS ? - ? , �L3 Ä   D TF;6;A-5(P:SG;A- :I, ��=� '* P ?  3 D + 84?UÄ 3�T 9 ? - ,S0,.- 9 3UÄ2841 TFHA- C 9S)(6- P : �c  Ä + 7 TF/A- /6;S ? - C6; �>=� '* P ;  3 D�?   D�8UÄ2? TFHA- :SG/A- H 7UÄND 3�T ? - P :S ? - :<; �c  ÄND   T ? - CL:S ? - :<; �>=� '* P ;  3 D�8 7  #+ Ä *�TK(@C6HA- HSG/6/A- P 1UÄ  .  TF;A- H ?S ? - /6H � 1UÄ21 +WT 9 :#- / 9S)(6- C P ��=� '* P ;  3  #+  #+4+ Ä2? TF;A(6- ,SG; P - , DRÄ 3 3 TK( 9 - P /SO:#- 9 C � 7UÄ23 * T 9 HA- ? PSG;A- ? H ��=� '* P ;  341 3 3 ? * Ä23 TF/A- :SG/A- 9 1UÄ21 * T ? - ? CS ? - ? C � ?UÄ  '* T ? - P CS ? - P ( �>=� '* P ;  34143   3 DRÄND TF;6CA- ,S 9 HA- / DRÄ +W3 TK(@;A- C<,SG;A- P : �R+ Ä   3 TF;6HA-5(@HSG;A- 9 : ��=� '* P ;  3414?   747UÄ   TJ:6:#- 9S P ? - ? 3 Ä2747 TK(@;A- ? (SG;A- :<H �c  Ä23ED T 9RP - H 9S)(6- P : ��=� '* P ;  3 3�  3 3UÄ27 TK(B,.- ,S 9 :#- / * Ä 3Q+WT ? - 9 (S ? - 9 C �c  ÄND 3�T 9 -5(B,S)(6- ;<, �>=� '* P (  3 3 1   ? + Ä2? T),.- CS0,.- ; 1UÄ28 3�T ? - 9 /S ? - 9 : �c  Ä21 3�T ? - ; ?S ? - 9 ; �>=� '* P ;  343 * 8 * Ä +WTF;6;A- :S)(@/A- H 1UÄ *4*�TK(6- HA(S ? - CL: �c  ÄND�1 TFCA- H 9S)(6- ? C �>=� '* P69  34347 +4+ ?UÄND TF/A- HSG/A- ; 1UÄND�? T ? -5( 9S ? -5(6( � 3UÄND +WT ? - , 9S ? - CA( �>=� '* P ;  34?47 7 3 7UÄ21 TK(B,.-5(S)(@CA- 9  .  Ä2348 TF;A- 9 CS 9 - 9 C �R+ ÄND   TF;A- :I,S)(6- /A( �>=� '* P :  D * 8 1 *�+ Ä23 T P - CS P - P 1UÄ *4*�T ? -5( ?S ? -5( ? � ?UÄ2?47 TK(6-5(@;S ? - H6H �>=� '* P69  D   1 1   1UÄ27 T 9 ;A-5(S 9 (6- P  '* Ä27   T),.- :<CSG;A- P , �c  Ä27 3�TF;A- 9 ;S ? - /L: �>=� '* P :  D   D   343UÄ + TK( P - ,S)(P:#- ? + Ä + ? TK(6- ;6HS ? - HA( �c  Ä28 3 TK(6- , 9S ? - /A( �>=� '* P ;  D�7 + 8 * Ä * T 969 - 9S 9 ? - ; 7UÄ2?   TF;A- C6CS)(6- C6; �R+ Ä +E* TK(@CA- /L:SG;A- 9 : ��=� '* P69  ? * D  #+ 8UÄ23 TK(P:#- HS 9 (6- P + Ä  .  TK(6- 9 /S)(6- 9 , �c  Ä27ED TK(6- 969S ? - /A( �>=� '* P ;  ?   3 1 *!  Ä   T 9 :#- /S 9 ? - / 7UÄ21   TK(6- ? /S ? - C6/ �c  Ä234? TK(6- C<,S ? - ,L; �>=� '* P ;  ?4?47 1  .  Ä23 TK( ? - CS)( ? - 9 7UÄ21 3�T ? - : ?S ? - ;L: �c  Ä28 *�T ? - CA(S ? - :6: �>=� '* P ;  ?4? 3  '* 7UÄ2? TF; ? - /SO:#(6- / ?UÄ   D TF; ? - CL:SGCA- ? P � 1UÄ   7 TFC P - 9 /S 9 - ? : ��=� '* P ;  ?4?43 + ?4?UÄ2? TFCA- PSGCA- : 1UÄ  '*�T ? - ? PS ? - ? P �L3 Ä274? T ? - ;6;S ? - ;A( �>=� '* P ;  84141   D * Ä *�T 9 ,.- CS 9RP - :  '* Ä21   TK(@;A- /6/SO:#- C6; � ?UÄ 3 1 TJ:<HA-5(B,SGCA- : ? ��=� '* P ;  841 + ? * Ä *�T 969 - /SO:#(6- 9 1UÄ2148 TK(6- ,.(S)(6- P69 �c  Ä2341 TJ:#- P /S)(6- P ( �>=� '* P69  8 3 3  #+ 7UÄ2? TK(@/A- PS)(@CA- P + Ä + D T 9 - ? 9S)(6-5(@H �c  Ä +W3�T 9 - ? 9S ? - ,LC �>=� '* P ;  843ED  .  8UÄ 3�T),.- /S0,.- ? 3 Ä214? TK(6- 9 ?S ? - / P �c  Ä2741 T ? - / ?S ? - : P �>=� '* P ;  8ED + 3 7UÄ2? TF;A- ;S 9 - P * Ä23ED T ? - ? PS ? - ? : �c  Ä28 * T ? - ;6/S ? - 9 C �>=� '* P (  84?48 8EDRÄ + T 9 :#- ?S)(6(6- C   Ä284? TK(6-5( ?S ? - ;6/ �c  Ä28ED TF;A- ,LCS ? - /A( �>=� '* P69  84847 3 DRÄ   T 9 - /S)( 9 - :   Ä2341 T ? -5(P:S ? - P ? �L3 Ä21 3 TK(6-5(P:SG;A-5( P �>=� '* P (  848ED 7   Ä * TK(P:#- PS)(6(6- : * Ä214? T ? -5(P:S ? -5(6( � 7UÄ23 3 TFCA-5(6(S 9 - : 9 �>=� '* P ?1 *!  ? 3 7UÄ + TF;A- CS 9 - ,   ÄND�8 T ? - 969S ? -5( P �L3 Ä2141 TK(6- C<,S)(6- ? ( �>=� '* P (1 * 7ED  '* 7UÄ28 TF; P -5(S 969 - 9 * Ä 3 D T ? - 9 :S ? -5(P: � 3UÄ21 * TF/A- C<,SG;A- ? ? �>=� '* P (1 *�+ D D * Ä * TK(@/A- CS 9 :#- P   Ä2347 T ? - /<,S ? - ,LC � DRÄ28 + TK(P:#- PRPSGCA- 9RP ��=� '* P (1 *�3 7   ?43UÄ23 TK(B,.- :S 9 (6- C DRÄ2847 TF;A- ,M:S 9 - , 9 � 3UÄ 3�  TFHA-5(B,SO:#- ? P �>=� '* P ;1 * 3   14147UÄ2? T P /A- /S P CA-5( + Ä 3 7 T P - , PS 9 - 9 ( � 7UÄ23 * T 9 ? - 9 /S 9 - /<, ��=� '* P ;



  743 ��������� ���
	 ��� �
��
 � ����
�� ��� � � ��� �`� 
������ ����� � � ��� � � 
 � �2��� ��� �"!$#%�'� �
� &(�4-* �m�O* ��Q�B 7�2"'�2)5AG$'"0&.92�#-*D26=)*923?"')5$')5 7"¸ 7"'$')*6=&($% 7�#�UZ����! V�Y1' #"-*&($')53?9

� 1<)5V.V. ,1 ��� 1' 7�2"'�4)5A�$ ->D26=)*9!3?"<)5$hZ$\D46S�Q ,1 %. '&  ,1'VN" S)(
1 * 3ED 1ED   Ä21 T 9 - ;S 9 - ;   ÄND4D T ? - ? ;S ? - ? ; �c  Ä2741 T ? - ? PS ? - ? P �>=� '* P ;1 * D +   748UÄ2? T P ,.- ;SO:#(6-5( 3 Ä27 * T 9 (6- C6;SG;A- ? ? �c  Ä2?41 TFC6HA- 9 (S)(6- P , ��=� '* P ;1 * ? * 7 +W3 Ä2? TF; ? - ?S 9 ,.- C  .  Ä 3�3 TFCA- C6HSG;A- :<H �R+ Ä + 1 T),.- /L:S 9 - :I, �>=� '* P :1 * ?47 74741UÄ 3 TJ:#- HSO:#- /   Ä * 3 T ? - ? 9S ? - ? 9 �c  Ä  '* T ? - ? CS ? - ? P �>=� '* P ;1 * 8 * 147 * Ä   TF/A- CSG/A- ; 1UÄ + 3 T ? -5(@HS ? -5(B, �c  Ä + ? T ? - 9 HS ? - 9 : �>=� '* P ;1  '* 1   7 + Ä21 T 9 ,.- :S 9 ? - P + Ä2? +WTJ:#- : ?S)(6- C6/ �c  Ä +4+WTJ:#- H6/S ? - H 9 �>=� '* P ;1  '* 3   D + Ä2? T 9 /A- 9S)(@HA- C ?UÄ *!  TF/A- ; PS 9 - C6H �L3 Ä2?47 T 9 ;A- ;L:SG;A- P C ��=� '* P ;1  . .   '*�3 Ä 3�T P -5(S)(@CA- 9 DRÄ28 *�TK(6- C6/SG;A- ; 9 � 1UÄ * D TK(6-5(P:S)(6- :<H �>=� '* P ;1  .  8   743UÄ28 T),.- CSGHA- ? ?UÄ2743 T 9 -5(@/S)(6- /<, � 7UÄ2? 3�T 9 - C<,S)(6- , ? �>=� '* P ;1   141  '*!  Ä28 TF;6HA- ?S 9 CA- /   Ä27 *�T ? - HL:S ? - : P �c  Ä2148 TF;A- C 9S ? - /L: �>=� '* P691   147  '*�+ Ä27 TK( P - ,S)(P:#- / 7UÄ + ? TK(6- P HS)(6- ? ? �L3 Ä   1 T),.- ; 9S 9 - /L: �>=� '* P691   74? 1474?UÄ +WTK(@HA- HS)( 9 - ? 1UÄ + 3 T ? - : PS ? - 9 : �c  Ä23 *�T ? - / ?S ? - ; P �>=� '* P ;1  #+ ? 8 * Ä * T P :#- :S P CA- H 1UÄ21ED T P - C PS)(6- , 9 � 1UÄ * 7 TF;6CA- /6HS)(6- H<, ��=� '* P691   3�   #+ 3UÄ2? TF;A- CSG;A- P * Ä27 * T ? - ? (S ? - ? ( � ?UÄ23 * T ? - P ;S ? - P ( �>=� '* P (1   3 3 74?   Ä21 TFHA- /SGHA- : 1UÄ +E* T ? -5( 9S ? -5(6( � 7UÄ28 + T ? - P (S ? - :6: �>=� '* P ;1   ?4? 8EDRÄND TK(P:#- PS 969 - 9  '* Ä21 *�TK(6(6- / 9S P - H<, � 1UÄ2?   TK( 9 - /6;S 9 - :6: ��=� '* P ;1   8ED 3�* Ä 3�TF; P - ;SG; ? - P   ÄND�1 TF;A- H6CS)(6- 9 ; �R+ Ä + 7 T), 9 - C6;SO:#- 969 ��=� '* P (141  .   '* 7UÄ *�T 9 - ;S)(P:#- : 1UÄND�? T ? -5(P:S ? - , 9 � 7UÄ 3�3�T ? - :6:S)(6- /6; �>=� '* P69141   7 7 *4* Ä 3�T 9 ,.- ;S 9RP - P 8UÄ28ED T P - : PS 9 - H6C � 1UÄ 3�3�TJ:#- 9 :S)(6- :#( �>=� '* P :141414?   841UÄND TK(P:#- ,S)(@;A- ; 1UÄ   ? T ? - ;L:S ? - 9 , � ?UÄ2?47 TF;A- C6HS 9 - :#( �>=� '* P691414741 1414?UÄ27 TF; P - :SG; 9 - C 7UÄ2?ED TK(6- H6HS)(6-5(@C � 1UÄ28 *�TJ:#- ,6,S)(6- C<, �>=� '* P ;141 3 7  .  DRÄ21 TK(@;A-5(S 969 - 9 DRÄ2?43 TJ:#- C6HSG;A- /A( � 1UÄ 3 7 TJ:#- ,L/S)(6- H6H �>=� '* P ;141 3Q+  #+ DRÄ23 T 9 ;A- :SG;L:#- P 7UÄ +2  TK(6- CL:S)(6- :6: � 8UÄ2843 TK( P -5(@/S0,.- ;A( ��=� '* P6914143ED ?47UÄ23 TJ: 9 - PSO:<;A- H 7UÄ * 7 TF/A- ? ;S 9 -5(P: � 1UÄ2343 T P (6- P ;S 9 - P ; ��=� '* P69141ED�3 741UÄ27 TK( P - :S)(P:#- , * Ä2?4? T ? - C6CS ? - : P � ?UÄ23 * T 9RP - P ,S0,.-5(@; ��=� '* P ?141ED4D   3 DRÄ + TK( ? - ?SG; ? - : 8UÄ2?47 TF;A- ;<,S P -5(@H � 3UÄ2?   TFCA- : PS P - CA( �>=� '* P ;1414?ED   748UÄ28 TF; P - /SG;A(6- H 7UÄ2?   TF;A- /6CS)(6- C6; �c  Ä * 3 TJ:#- ;6/S ? - ,LH �>=� '* P ;147 * 8 1 * DRÄ +WT 9 /A-5(SG;<,.- ? ?UÄND *�T),.- :I,SO:#-5(@H � 8UÄ + 8 T 9 /A- /6HS0,.- :<; ��=� '* P ;147   3   3 3 Ä +WTFHA- HSGHA- :  '* Ä + ? TF;A- :</S 9 - ; ? � ?UÄ + 3 T),.- C<,SG;A- CL: �>=� '* P ;147   3   74?UÄ23 TK(6- PS)(6- ; 1UÄ *�3�T ? - ? :S ? - ? ; �R+ Ä   8 T ? - 9 (S ? -5(B, �>=� '* P6914741   1 * ?UÄ *�T),.- /S0,.- P 1UÄ23 +WT ? - 9 (S ? -5(@H �c  Ä27 3�T ? - 9 /S ? - 969 �>=� '* P ;147414?   1 3 Ä +WT 9 (6- CS)(B,.- H 3 Ä23 *�TJ:#- P :S)(6- H6C �c  Ä23   TJ:#- C6/S)(6- ? 9 �>=� '* P ;1474148 ?4843UÄ2? TK( 9 - 9S)(6(6- H 1UÄ23 +WT ? - ? ,S ? - ? , � 1UÄ + 8 T ? -5(B,S ? -5(@C �>=� '* P :147 +E*  '* 8UÄND T P - HSGCA- ; 7UÄ2?4? T ? - P /S ? - P69 � 3UÄND�7 T 9 - CL:S)(6- H6C �>=� '* P69147 +W3   148UÄ + T 9RP - :S 9 ? - P + Ä   D TF;A-5( 9S)(6- : ? �c  Ä *�3 T 9 - /A(S ? - C P �>=� '* P ;147 + 3  .  3UÄND T 9 :#- ,S 969 -5( 1UÄ + 3 TK(6- ; 9S ? - ,L/ � 7UÄ2?47 TFCA- /6HS 9 - ; 9 �>=� '* P691474341 3 3 Ä * T P - ?S P - ,   Ä * 7 T ? -5(6(S ? -5( 9 �R+ Ä * 8 TK(6- 9 ?S)(6- ? , �>=� '* P (14743ED   7 + Ä21 TK( ? - 9S)(@CA- C 7UÄ2?47 T ? - /L:S)(6- ? 9 � 8UÄ2?4? T P - /6/S P -5( P �>=� '* P691474? * ?48UÄ 3 TJ: ? - ;SO: 9 - H + Ä * 1 TK( 9 - ,.(S 9 - /L: �R+ ÄND�7 TK(6(@HA- ;6/SO:#- :<H ��=� '* P69
1474?ED   ?   ÄND TF/A- :SG/A- ? 7UÄND�3 T ? - :I,S ? - ;6H �c  ÄND�3 T ? - P CS ? - : ? �>=� '* P ;1474847 3 7UÄ21 T 9 - ?S 9 -5( * ÄND 3 T ? - ? :S ? - ? : � 1UÄ * 1 T ? - 9RPS ? - 9 ; �>=� '* P (14748 +   3   Ä28 TF;A(6- 9SG;6;A- ? ?UÄ   8 TK(6(6- /6;SO:#- 969 �L3 Ä21 * TF;6;A- P69SO:#- 9 ; ��=� '* P ;1 + 147 3EDRÄ23 T 9 CA- 9SG;6;A- P 1UÄND + TF;A- /6;S)(6- /L: �c  Ä 3�* TK( ? - ;L:S)(6- : ? ��=� '* P69



  7ED
� &(�4-* �m�O* ��Q�B 7�2"'�2)5AG$'"0&.92�#-*D26=)*923?"')5$')5 7"¸ 7"'$')*6=&($% 7�#�UZ����! V�Y1' #"-*&($')53?9

� 1<)5V.V. ,1 ��� 1' 7�2"'�4)5A�$ ->D26=)*9!3?"<)5$hZ$\D46S�Q ,1 %. '&  ,1'VN" S)(
1 + 148   1EDRÄ27 T P69 - :SGCA(6-5( 3 Ä 3 D T 9RP - P /SO:#-5(B, �c  Ä23 + T),LCA- , 9S)(6- P / ��=� '* P ;1 + 7 * 3 7UÄ 3 T 9 ,.-5(S 9 /A- H   Ä2148 TK(6- ;L:S ? - /A( � 7UÄ 3�  TK(@CA- P CSG;A- 9 ? ��=� '* P (1 + 7   843UÄ21 TK( P - ;S)(P:#- ? * Ä + D T ? - ? HS ? - ? / �R+ Ä234? T 9 - :#(S)(6- CA( �>=� '* P (1 + 741 3   Ä   TF;6;A- CS 9 (6- /   Ä + ? TK(6- H6;S ? - C6H �L3 Ä274? TF; P - P ?SO:#- 969 ��=� '* P (1 + 7 3  '*�3 Ä21 TK(@HA- /S 9 CA- ; 1UÄ 3�*�TK(6-5(@/S)(6- ? ? � 7UÄ   8 TJ:#- /L:S 9 - 9 , �>=� '* P691 + 743 741 * Ä21 TJ:<HA- ?S0,L;A- / 3UÄ2?4? T P - C6/SG;A- C 9 �c  Ä + 8 TJ:#- ;6HS)(6- 9 ; �>=� '* P :1 + 74? 3 + Ä   TF;A- CSG;A- /   Ä2143 T ? -5(6(S ? -5(6( �R+ Ä28 +WTK(6-5( ?S ? - H<, �>=� '* P (1 +4+ 7   ? * Ä28 T 9 /A- 9S 969 -5( 7UÄ * ? TK(6- ;6;S ? - ,M: �c  Ä214? TK(6- , 9S ? - C 9 �>=� '* P ;1 +4+ 3 1ED�3UÄ *�TK(6(6- /S)(6(6- :  '* Ä   1 T 9 - 9 ;S)(6- C P � 1UÄ21   TK(6- 9RPS ? - ,M: �>=� '* P :1 +W3�    3 7UÄ28 TJ:<;A- 9SG;6CA-5( 3 Ä + 8 TFHA- /6;S 9 - , 9 � 1UÄ27 +WT 9 (6- H6;S)(6- /6/ ��=� '* P ;1 +W3 7 ?   Ä28 TK( 9 - ,S)( P - ? + Ä234? T 9 - / 9S)(6- /L: �L3 Ä * 8 TK( ? -5(6(SG;A- P : ��=� '* P691 +W3 ? 14?UÄND TJ: ? - :S)(6(6- 9 * Ä 3 3 TK(6- ;6CS ? - 9 : �R+ ÄND +WTFHA(6- 9 (SG;A- :<H ��=� '* P ?1 + 3 * D�7UÄ * T 9 ,.- HSO:</A- ; 7UÄ27 3 T P - ,6,S 9 - ,L; � 1UÄ2743 T 969 - ? /S 9 - ; 9 ��=� '* P691 + D�3 3 3 Ä27 TK(6- ;S)(6- :   Ä + 7 T ? - ? :S ? - ? P �L3 Ä2?48 T ? - :<CS ? - :<C �>=� '* P (1 + D4D  .  ?UÄ * TJ:#-5(S0,.- ?  .  Ä * 3 T 9 - ? 9S 9 - P H �R+ ÄND 3 T 9 -5(@/S 9 -5(@C �>=� '* P ;1 + ?41  .  ?UÄ27 TF/A- :S0,.-5( DRÄ  .  T 9 - 9 (S)(6- ;6C � 1UÄ   3 TK(6- /6CS ? - /L: �>=� '* P ;1 3�*4*  .  ?UÄ 3�TK(@/A- /S 9 ? - 9 DRÄ2148 TFCA- ,.(SG;A- 9 ? � 1UÄ2143 T),.- C6HS)(6- C6/ �>=� '* P ;1 3� '* 34?UÄ 3�TJ:<CA- 9SG;A(6- ?   Ä + ? T 9 - C<,S ? - /6; � 3UÄND�3 T), P -5( 9S P - /6C ��=� '* P (1 3� .  3 8UÄ23 TJ:</A- ?SG;6HA- ?   Ä2148 T 9 - ,L;S ? - H P �R+ Ä274? TFCL:#-5( PSO:#- 9 ? ��=� '* P (1 3�  8  #+ ?UÄ +WT 9 ,.- PS 9RP - H  '* Ä21 +WTK(B,.- H6;S P -5( P � 3UÄ 3 7 T PRP - 9 ;S P - 969 ��=� '* P ;1 3 7 * 1 *�3 Ä2? T P69 - CS P ;A- / 3 Ä2?4? TFHA- C ?SG;A-5(@H �R+ ÄND *�TF;<,.- / 9SG;A- H6C ��=� '* P ;1 3 747 74? * Ä +WT P - ,S P - C + Ä2743 T ? -5(@/S ? -5(B, � 8UÄND�3 TK(6- ? ?S ? - /6/ �>=� '* P ;1 3 7ED  '* 7UÄ23 TFCA-5(S P - ; * Ä 3 3 T ? - ? :S ? - ? ; � 3UÄ  .  TK(6- ? /S ? - /6C �>=� '* P (1 3 D * 1   1UÄ23 T 9 ? - /S)(B,.- 9 7UÄ + D T ? - HL:S ? - CA( � 1UÄ   1 TK(6- C 9S ? - ,L/ �>=� '* P ;1 3 ?43 148EDRÄ28 TK( 9 - ,S)( 9 -5( 3UÄ2347 TK(6- ? HS ? - /6C �c  Ä21   T ? - P (S ? - ;6; �>=� '* P :1 3 847 D�1UÄ27 TJ:#- 9SO:#- ? 1UÄ21   T ? - 9 CS ? - 969 �c  Ä2143 T ? - ;6HS ? - 9 / �>=� '* P69143 *4*  '* 1UÄ28 TJ:#- CS)(6(6- , + Ä2348 T ? - C PS)(6- 9 C � ?UÄ *�+WT 9 - /6CSO:#- 9 ( �>=� '* P69143 * 7 ?41UÄ21 TK(6- ;S)(6- :   Ä + ? T ? - ? :S ? - ? : � 8UÄND�1 T ? - P HS ? - CL: �>=� '* P (143  .  3�3�* Ä +WTK( P - :S)( P - 9 1UÄ28 *�T ? -5(@/S ? -5(B, �c  Ä * ? T ? -5(B,S ? -5( P �>=� '* P :14341 * D�7UÄND TJ:#- CSO:#- , 1UÄND�1 T ? - ;6HS ? - ;L: �c  ÄND4D T ? - C6CS ? - :<H �>=� '* P69143414?   D * Ä 3�TFHA-5(SGHA- 9   Ä28 *�T ? -5(@HS ? -5(B, �L3 ÄND�1 TK(6- :</S)(6-5(@H �>=� '* P6914347 + 3�  Ä *�TFCA- /S)(@;A- H * ÄND�? T ? -5(P:S ? - 9RP �c  Ä2847 T ? - H6CS)(6-5(@/ �>=� '* P (143 +E* 7 * Ä   TF;6CA- /S 9 ? -5( * ÄND�1 TK(6- ,.(S ? - P ( � 3UÄ214? TK(6(@CA- / 9S P - HL: ��=� '* P ?
14343 * ?4?UÄ21 TK( 9 - CS)(P:#- 9 3 Ä2347 TF;A- P (S 9 -5(@C � ?UÄ * 7 TK(@CA- :</S P - : P ��=� '* P691434341   147UÄ + TJ: ? - ;S 9 /A- , + Ä2341 TF/A- HA(S 9 -5( P �c  Ä   7 TK( 9 -5(B,S ? - /6/ ��=� '* P ;14343 3 84?UÄ23 T P - HSGCA- ;   Ä   8 T ? -5(6(S ? -5(6( �c  Ä  '* T ? - 9 CS ? - 9 ; �>=� '* P691434843  .  3UÄ2? TK(P:#- ;S)(@;A- C DRÄ23ED T P - ? CS 9 - CA( � 1UÄ +2  T P -5(@HS)(6- :<H �>=� '* P ;14348ED 847UÄ 3 T 9 :#- ?S 9RP - H + Ä284? TFCA- ,M:S 9 - C<, � DRÄ27 + TJ: P - ? /SGCA-5(@C ��=� '* P691ED *4*   8EDRÄ23 TFC<,.- :SO:I,.- : 1UÄ2341 T 9 - / PS)(6- ? ; �c  Ä21 * T P - , ?S ? - /L: �>=� '* P ;1ED * 7 14743UÄ21 T P CA- 9SGC6;A-5( 3UÄ28 + TK( 9 -5(@CSO:#- ? ? � ?UÄ21 3 T), 9 - / PS0,.-5(@C ��=� '* P ;1ED * 3   3 DRÄ + T 9 ;A- PS 9 ? - ;  '* Ä + 7 TK( 9 - P69SO:#- ; 9 � DRÄ 3 8 TF;6CA- : PS P - ;6C ��=� '* P ;1ED * 8   ?48UÄ23 TK(P:#- :S)(@;A- ?  '* Ä21 * TJ:#- :<HS 9 - P / �c  Ä * 3 TK(6- ;L:S ? - P ( �>=� '* P :1ED  .   '*!  ÄND TF;6/A- ?S 9 ;A- C 3 Ä * 3 TK(P:#- /6HS 9 - : 9 � ?UÄ28   TK(@HA(6- H6HS0,.- ? 9 ��=� '* P69



  74? ��������� ���
	 ��� �
��
 � ����
�� ��� � � ��� �`� 
������ ����� � � ��� � � 
 � �2��� ��� �"!$#%�'� �
� &(�4-* �m�O* ��Q�B 7�2"'�2)5AG$'"0&.92�#-*D26=)*923?"')5$')5 7"¸ 7"'$')*6=&($% 7�#�UZ����! V�Y1' #"-*&($')53?9

� 1<)5V.V. ,1 ��� 1' 7�2"'�4)5A�$ ->D26=)*9!3?"<)5$hZ$\D46S�Q ,1 %. '&  ,1'VN" S)(
1ED�14?   3 8UÄ 3 TJ:<CA- ?SO:6:#- / DRÄND 3 T 9 :#- :<;SO:#- ,M: �R+ Ä 3 D TK( ? :#- P (SO:#- ? , ��=� '* P ;
1ED�743   ? 3 Ä + TF;6/A- ?SG;L:#- / 7UÄ 3 7 T 9 - :<;S)(6- 9 , �c  Ä2343 TJ:#- ? ;S)(6- ? H �>=� '* P ;1ED + 8 + ?UÄ28 T 9 HA- HSG/A-5(   Ä27 3 TK(6- /6HS ? - ;A( � 7UÄ * ? T 9 ;A-5( ?S)(6- :I, ��=� '* P (1ED�3 * 3 3 ÄND TF;A- HS)( ? - H 1UÄ2? 3 T ? - ;6HS ? - / P �c  Ä 3�* T ? - P :S ? - /<, �>=� '* P691ED4D + 347UÄ 3�T 9 ? - HS 969 - :   Ä2847 TK(6- P ;S ? - HL: � ?UÄ   7 T 9RP -5( 9SGCA- P C ��=� '* P (1ED�8 * 1   DRÄ   TK(@CA- ?S)( P - C 3UÄND4D T 9 -5(6(S)(6- :I, � 3UÄ234? T P - ,6,S 9 - H ? �>=� '* P ;1ED�8ED 1ED�7UÄND TFHA- /SGHA- ; 7UÄ21 *�T ? - 9 ,S ? - 9 : � 7UÄ  '*�T ? - C<,S ? - P ; �>=� '* P ;1ED�84? 3 743UÄ27 T P - CS P - P 1UÄ * ? T ? - ? :S ? - ? : � 3UÄ +E*�T ? - ; ?S ? - 9 H �>=� '* P ;1ED�848   3 + Ä 3�TK(B,.- CS)(@CA- C 1UÄ2?   T ? - ,L;S ? - P : � 8UÄ2147 TFCA- / PSG;A- , P �>=� '* P6914?   1 147 3 ÄND T),.- :S0,.-5(   Ä2847 T ? -5(6(S ? -5( ? �c  Ä   1 T ? -5(@CS ? -5(P: �>=� '* P ;14?   3 8   Ä +WT P - :S P - / 3UÄ21ED TK(6- :<;S)(6-5(@/ �c  Ä *�+WT ? - C6;S ? - : ? �>=� '* P ;14?47   D�343UÄ   TK( P - HS)( P - P   Ä27   T ? - ? :S ? - ? : � DRÄ27 +WT ? - P /S ? - P : �>=� '* P ;14? 3 1 + 7EDRÄ27 T 9 HA- /S 9 ,.- ; DRÄ 3 D T 9 - ;6;S)(6- P : � 7UÄ27 * T 9 - ,LHS)(6- ; P �>=� '* P :14? 3�3 7   ?UÄ21 TFCA- ,SGCA- P 1UÄ   3 T ? - ? HS ? - ? / � 1UÄ27ED T ? - 9 :S ? - 9 ( �>=� '* P ;14?ED4D + ?UÄ23 TK(6- /S)(6- / * Ä +2  T ? - ? 9S ? - ? 9 �c  Ä  '* T ? -5(6(S ? -5(6( �>=� '* P (14?4? *   7EDRÄ   T 9 ;A- PS 9 (6- 9 7UÄ2748 TK(6- ,6,S)(6- ? ; � ?UÄ + 8 TK(P:#- :I,SO:#- H6; ��=� '* P6914?4?48 1 + ?UÄ28 TJ:</A- PSG;6HA- ? + Ä21 *�TF;A-5( 9S)(6- : ? � 7UÄ2847 TK( ? - :6:S 9 - :6: ��=� '* P ;14?48   D + DRÄ 3�TK(@HA- ,S)(@/A- H ?UÄ2?   TK(6- ? ;S ? - /6C �c  Ä2143 T ? - ;6CS ? - 9 C �>=� '* PRP14?48 + 1   DRÄ27 TFHA- PSG/A- H   Ä 3 8 T ? -5( 9S ? -5( ? � DRÄ +4+WTK(6- : ?S)(6-5(P: �>=� '* P6914?48ED +W3 Ä +WT ? - HS)(6- 9 * ÄND4D T ? - ? 9S ? - ? ; �c  Ä 3�  T ? - ? HS ? -5( 9 �>=� '* P (148   7   1   Ä23 TK(B,.- ?S)( P - , 1UÄ * 8 T ? - CA(S ? - : P � 7UÄ27   T 9 - /6CS)(6- :I, �>=� '* P69148   8 7   3 Ä23 T 9 ;A- :S 9 (6- : + Ä2141 T ? - H PS ? - C6H � 3UÄ2743 TF;A- /6HS 9 - 9 ? �>=� '* P ;14841 +  '*!  Ä +WTF/A- PSG/A- H  '* Ä + 7 T P - ;6;SG;A- 9RP � 7UÄ   3�TJ:#- /A(S)(6- /A( �>=� '* P ;14841 3 D�7UÄ 3 TF;6HA- :SG; ? - C 7UÄND + TK(@CA- :<;S 9 - : ? � 1UÄ2? 3 TK(@;A(6- 969S 9 - C 9 ��=� '* P69
1484148 + 3 * Ä 3 TK( P - CS)(P:#- / 7UÄ28 3 T ? - ;<,S ? - ;A( �c  Ä2141 T ? - 9 HS ? - 969 �>=� '* P :148 +W3 + 1UÄ2? TK(P:#- /S0,.- H   Ä2748 T ? - H 9S ? - ;6C � 1UÄ +4+ TFCA- ? HS)(6- 9 C �>=� '* P (148 3�*   1 * Ä27 T 9RP - /SG; 9 - ? ?UÄ   ? TK(P:#- ;6CSO:#- H 9 � 1UÄ2?43 T 9 :#- /6/S 9 - P ; ��=� '* P ;148 3�   #+ ?UÄ23 T P (6- HSGC6;A-5( 3UÄ 3 1 T 9RP - 9RPSO:#- ,M: � 1UÄ2847 TFH6/A- 9 ,S 9 - / ? ��=� '* P ;148 3 7   843UÄ27 T P - 9S P - ?   Ä  .  T ? - ? :S ? - ? : �R+ Ä * 7 T ? - ;6HS ? - ; P �>=� '* P69148 3 ?  #+4+ Ä23 TK(B,.- ?S)(P:#- , 1UÄ2?ED T ? - /L:S ? - P , � DRÄ27 3�TFCA- 9 ,SG;A- ? ; �>=� '* P691484?4?   848UÄ   TF;L:#- ;S 9 /A- P DRÄ28 +WTFHA-5(6(SG;A-5(@H � DRÄ +4+WTF;L:#- 9 ;S P -5(@/ ��=� '* P ;148484? D�1UÄ2? T P - ;S0,.- / 7UÄ * 7 T ? - P :S ? - CL: � 1UÄ * 1 T ? - H<,S ? - /6/ �>=� '* P697 *4*!  1   8UÄ27 T 9 ? - /S)(@HA- P DRÄ +E*�TF;A- ;6CS 9 - ? ? � DRÄ2843 TK( ? - , PSO:#-5( 9 ��=� '* P ;7 *4* 7 74143UÄ 3�TK(@;A- HS)(@;A-5( DRÄ +E*�TK(6- ;A(S)(6- ? ? �c  ÄND4D T ? - / ?S ? - P ? �>=� '* P :7 *! .    D�?UÄ + TJ: 9 - ,SG;6HA- C   ÄND4D T ? - /6/S ? - P / �L3 ÄND�7 TFHA- P ;SG;A- P C �>=� '* P697 *!  1 D�3UÄ2? TJ: 9 - ?S 9 /A-5( 1UÄ21 + TJ:#- PRPS)(6-5(B, �c  Ä +W3 TK(@/A- C<,S)(6- 9 ( ��=� '* P697 *!  3   D * Ä 3 T 9 HA- ;S 9 :#-5(  .  Ä27ED TK(@HA- P (S P -5(@/ �c  Ä *�+ TF/A- :</S ? - ,L/ �>=� '* P :7 * 741  '* 7UÄ   TK( P -5(SGHA- / 7UÄ27   TK(6- : ?S ? - C P �R+ Ä2347 TFCA- ? CS)(6- H ? �>=� '* P697 * 7 3   3EDRÄ   T),LCA- CSO:I,.- 9   Ä *�+ T ? - / 9S ? - ;<, � 1UÄND�7 TF/A- , ?S)(6- ,L/ �>=� '* P697 * 748   741UÄ28 TFCA- :SGCA- ;   Ä2?47 T ? -5(@CS ? -5(P: � 7UÄ27   T ? - , PS ? - C ? �>=� '* P697 *�+ 1 7 * 7UÄ   TK(P:#-5(S)(@;A- ; 1UÄ2848 T ? - ;6;S ? - 9 / � 7UÄ +4+ T ? - H<,S ? - , 9 �>=� '* P ;7 *�3�3 D�7UÄ + TK(6- HS 9 - ,   ÄND 3 T ? - ? /S ? -5(6( � 8UÄ 3 D TK(6- ? /S)(6- ; P �>=� '* P (7 *�3 3   1 3 Ä28 TK(@CA- /S)(@;A- , 1UÄ27 + T ? - , ?S ? - : P �R+ Ä   3 TF;A- C PS)(6- C6/ �>=� '* P69



  748
� &(�4-* �m�O* ��Q�B 7�2"'�2)5AG$'"0&.92�#-*D26=)*923?"')5$')5 7"¸ 7"'$')*6=&($% 7�#�UZ����! V�Y1' #"-*&($')53?9

� 1<)5V.V. ,1 ��� 1' 7�2"'�4)5A�$ ->D26=)*9!3?"<)5$hZ$\D46S�Q ,1 %. '&  ,1'VN" S)(
7 *�3 D 34?47UÄ28 TK(P:#- :S)(@;A- H   Ä214? T ? - ? :S ? - ? : �L3 ÄND   T ? - :<CS ? - :#( �>=� '* P ;7 * 3ED 74? * Ä + TK( 9 - PS)(6(6- /   Ä2?4? T ? -5(6(S ? -5( ? � 1UÄ2?41 T ? - : 9S ? - ;6C �>=� '* P ;7 * 34?   741UÄ + T 9 CA- 9SG;6/A- P 8UÄ2347 TK(B,.- / ?SGCA- ;L: �R+ Ä23 3 TJ:<;A- ? ,SO:#- 9 , ��=� '* P ;7 * D *   D   Ä21 T 9 ;A- ,SG;6;A- P  .  Ä *4* TK( 9 - ;L:SGCA- ? C � 8UÄ28   TJ: 9 - H6CSG/A- ;L: ��=� '* P ;7 * D�1 3�3 Ä 3�TK(@CA- :SG;A(6- 9 1UÄ *�+WTK(6- :I,S)(6- : 9 � 3UÄ2343 TK(B,.- HL:SGCA- ; ? ��=� '* P (7 * D 3 + 8UÄND TF;A(6- PSG;<,.- P   Ä23ED TF;A-5( ?S)(6- ;6H �R+ Ä   7 TJ:I,.- ;6HSO:#- ? / ��=� '* P (7 * D�3 847UÄ *�TF;6/A- PSG;6/A- 9 7UÄ2743 TFCA- , PS 9 - ? / � 7UÄ2? 3�TJ:<CA-5(P:SG;A- :</ ��=� '* P697 * ? +   343UÄ23 TF; P - ;SG;<,.- ? 3UÄ 3 D TF/A- , ?SG;A- ; 9 � 7UÄND�7 T 9 (6- PRPSG;A- ? 9 ��=� '* P ;7 * ? 3 8   Ä27 T 9 :#- :SO: ? - H 3UÄ *�+WTK(6(6-5(@;SO:#- :6: � 8UÄND *�TFHL:#- ? CSGHA- 9 H ��=� '* P697 * 847   14?UÄ23 TF;A(6- PSG;6CA- H 3UÄ +W3�TK( ? - H6;SG;A- / ? � 1UÄ   3�TK(@/A-5( PS)(6- /6H ��=� '* P ;7 * 843 1 +E* Ä28 TF;L:#- ,SO:I,.- /  '* Ä2848 TK(@;A-5( 9SGCA-5( ? �c  Ä2843 TFHA- 9 ,S)(6- C P �>=� '* P :7  '*4* 3Q+ Ä21 T 9 - ?S)(6- 9   Ä2?4? T ? -5(@;S ? - ? , �L3 ÄND�7 T ? - H6/S ? - P ( �>=� '* P (7  '*!   '* DRÄ 3 T P - :S P - P   Ä2348 T ? -5( PS ? -5(P: �c  Ä2843 T ? - :6:S ? - ;6/ �>=� '* P697  '*�3 1 3 8UÄND TF/A- ;S0,.- P ?UÄ28   TK(6- ; ?S ? - H6/ �c  Ä 3�3 T ? - P CS ? - ;6C �>=� '* P :7  '* 8  . .  Ä   TK( 9 - ?S)( ? - / DRÄ2343 TJ:#- 9 :S 9 - 9RP � 1UÄ   D TF;A- ,M:S)(6- 9 ? �>=� '* P ;7  .  3 7  '* Ä2? T),.- ?SGCA- / 7UÄND�1 T ? - 969S ? - 9 ? �L3 Ä *�+WT ? - ,L;S ? - CA( �>=� '* P ;7  .  8 3 1UÄ +WTK(@;A- /S)(P:#- /   Ä + 3 T ? - , 9S ? - PRP � 7UÄ2?4? TFCA- :<HS 9 - C6/ �>=� '* P (7   1 *  '* ?UÄ2? TJ:<CA- ,SO:#(6- : + Ä + D TK( P - ? /S 9 - /6; � ?UÄ2741 T 9 ;A(6- : PS0,.- P , ��=� '* P69
7   14? 74?41UÄ   T),.-5(SGCA- H 1UÄ2? *�T ? -5(6(S ? -5(6( �R+ Ä28 +WT ? - P ?S ? - :6: �>=� '* P ;7   148 D�1UÄ 3�TFHA- /S)( 9 - ; 1UÄ2143 T ? - C<,S ? - C6; �c  Ä27   TK(6-5( PS ? - , 9 �>=� '* P697   7   +E* Ä *�TK(6- ?S 9 - 9 * Ä2? *�T ? - ? ;S ? - ? C �c  Ä2141 T ? -5( ?S ? - 9 ? �>=� '* P (7   741 ?   Ä 3�TJ:#- ?SO:#- ; + ÄND�1 T ? - ,L;S ? - C P �L3 Ä  .  T 9 - ? :S)(6- P ( �>=� '* P697   74? 1   DRÄ23 TFCA- PSGCA- 9   Ä2747 T ? - ? CS ? - ? C � 3UÄ *4*�T ? - , ?S ? - C 9 �>=� '* P697  #+ 1 1 + ?UÄ28 TJ: P - HSGCA(6- , 8UÄ2747 TK(P:#- : 9S P - C ? �c  Ä 3�3 TK( ? - HL:S)(6- ;<, ��=� '* P :7  #+ 7   7 * Ä23 TJ:<;A- :SG; P - :   Ä23 3 TK(6-5(B,S ? - C 9 � 1UÄ2? * T),.- PRPS)(6- H6; �>=� '* P697   3 7 14?UÄ2? TK(6(6- HS)(P:#-5( * Ä2?47 T ? - P69S ? - :<C � 3UÄ 3�3 TK(P:#- HL:S P - P H ��=� '* P ?7   3 8 + 7UÄ27 TF;A(6- PSG;6/A- C   Ä214? T 9 - 9 ;S)(6-5(B, � 1UÄ2148 T 9 :#- : PS 9 - 9 / ��=� '* P (7   343 +2  Ä +WTJ:<;A- HS 9RP - :   Ä2147 TJ:#-5(6(S ? - /6C � 1UÄ *4*�TFC6CA- CL:S)(6- /6H ��=� '* P (7   D4D   8EDRÄ2? T 9 HA- :S 9 :#- P ?UÄND 3�TF/A- , 9SG;A- 9 H � ?UÄND�1 TF; 9 - C ?S P - ,L/ ��=� '* P ;7   847   1   ÄND TF;L:#-5(S 9 /A- / DRÄ2?   T 9 ;A- 9 ?SO:#- ;L: � 1UÄND *�T PRP - CA(S 9 - 9 H ��=� '* P ;741   1  '*�3 Ä2? TF;6CA- /S P (6-5(   Ä274? T ? - H 9S ? - /A( �c  Ä + 8 TF;A- , 9S)(6- ; 9 �>=� '* P69741   D 3�  Ä23 TJ:I,.- PS)(@CA- , * Ä2? 3�TK(6- P ?S ? - ;6; � 1UÄ  #+WT 9 ;A- C6HS)(6- :</ ��=� '* P (74141 * D�?UÄ2? T 969 - PS)(@/A- P 1UÄND *�T 9 - ;6;S)(6- ? C � 1UÄ *4*�TFCA- ,6,S)(6- : ? �>=� '* P6974141ED 14141UÄ21 TK( ? - CS)( ? - 9   Ä23ED T ? -5(P:S ? -5( 9 � ?UÄ21 3�TK(6- ,LCS)(6- :<; �>=� '* P6974147ED 8EDRÄ27 TK(P:#- HS 9 ? - :   Ä27 + T ? - ;L:S ? - ;6/ �c  Ä2141 T ? - H ?S ? - C6/ �>=� '* P69741474? 8 3 Ä + TFC<,.- 9S P (6- 9   Ä 3Q+ TF;A-5( 9S ? - H6H �c  Ä274? TK(@/A- P ;S)(6- 9 , ��=� '* P69741 +2  148EDRÄ21 TK( ? -5(SGHA- H 7UÄ *�3 T ? - 9 :S ? - 969 � 7UÄ +2  T ? - C6HS ? - P C �>=� '* P ;741 + 1 147UÄ23 TK(@;A- 9S0,.- , * Ä27 + T ? - 969S ? -5( 9 � 1UÄ27 + T P - :#(S)(6- :<C �>=� '* P ?741 +W3 7 + 1UÄ28 TK(@;A- :S)(6(6- C 1UÄ21 * T ? -5(B,S ? -5(P: � 1UÄ2?47 T ? - P CS ? - :#( �>=� '* P ;741 + 3  .  8UÄ 3 TK(B,.- HSG;6CA- H  '* Ä23ED TK(@;A- 9 :S0,.- : ? �R+ Ä 3 3 T 969 - HA(SO:#- 9 , ��=� '* P ;741 + D 1  .  ÄND T P HA- CS0,6,.- ? 3UÄ + D TK(P:#- P HSO:#- ; P �L3 Ä2?43 T),L/A-5(@;S P - : P ��=� '* P ;741 3�3 8   Ä + TK( 9 - PS)(6(6- C * Ä2348 T ? -5( 9S ? -5( ? �L3 Ä 3 ? T 9 - C6HS)(6- / P �>=� '* P (741 3 3  #+2  Ä2? TFCA-5(SGCA- C 7UÄ + 1 T ? - ;6/S ? - ;6C � 8UÄ2147 T 9 - C ?S 9 -5( P �>=� '* P69



 #+E* ��������� ���
	 ��� �
��
 � ����
�� ��� � � ��� �`� 
������ ����� � � ��� � � 
 � �2��� ��� �"!$#%�'� �
� &(�4-* �m�O* ��Q�B 7�2"'�2)5AG$'"0&.92�#-*D26=)*923?"')5$')5 7"¸ 7"'$')*6=&($% 7�#�UZ����! V�Y1' #"-*&($')53?9

� 1<)5V.V. ,1 ��� 1' 7�2"'�4)5A�$ ->D26=)*9!3?"<)5$hZ$\D46S�Q ,1 %. '&  ,1'VN" S)(
741 3 D 1  '* Ä 3 TFCA- ;S P - H  .  Ä28ED TK(6- H6/S)(6- P69 �c  ÄND 3 T ? - , 9S ? - :<C �>=� '* P :741 3 8 143 3 Ä + TFC6/A- ,SO:</A-5( ?UÄ2843 T 9 ,.- : 9SO:#- :#( �c  Ä23 + TF;L:#- H6CS)(6- ; ? ��=� '* P :741ED�8 D�3UÄ27 TK(B,.- CS)(B,.- C 1UÄ28 3 T 9 - ? PS)(6-5(B, � 1UÄ   7 T P - ; 9S)(6- P ? �>=� '* P697414?47   ? 3 Ä2? TF; 9 - ?S 9 HA- :  '* Ä23   TK(@CA- /6CS P - ? , �c  Ä * 8 T),.- H6;S ? - / P �>=� '* P :7414?ED   84?UÄ   TK( P - ?S)(@;A- H + Ä *4*�T ? - /6HS ? - C6C � 1UÄ27   TK(6- ;6HS ? - /A( �>=� '* P ;74148 *  #+4+ Ä27 T P - 9S P -5(   Ä * 3 T ? - ? PS ? - ? P � 1UÄ * 3 T ? - 9 ,S ? - 9 : �>=� '* P697414841 8EDRÄ27 TF;6/A- ?SO:<;A- : 3 Ä2?   T 9 :#- ,L/SO:#- 9 ; �c  Ä * 7 TJ:#(6- /6;S ? - H6H ��=� '* P ;747 * 3   7 * Ä2? T 9 :#- PS 969 - C 1UÄ2? *�TK(6- : 9S ? - /6C �L3 ÄND�8 TFHA- CA(SG;A- :<; �>=� '* P69747 * D + 3UÄ   T 9 CA- ;S 9 ? - P   Ä 3 3 T 9 - 9 CS ? - /<, � 7UÄ21ED T 9RP - 9 HS 9 - /6; ��=� '* P (747   8 1 * DRÄ21 TF;6CA- CSG;6/A- 9 8UÄ * 7 TK( 9 - : 9SO:#- P ? �c  Ä *!  TFCA- ? 9S ? - /A( �>=� '* P :74741 *  .  3 Ä 3�TK(B,.- CS)( ? - P 3UÄ2743 TJ:#- /6CS)(6- CL: �c  ÄND *�TJ:#- P (S ? - / P �>=� '* P ;74747 * + 7 + Ä27 T 9RP - :S 9 ;A- ; 3 Ä   3 TK(6- ? 9S ? - ,LC �c  Ä234? T ? - /6/S ? - P69 �>=� '* P :7474743  '*�+ Ä27 TJ:#(6- PSG;<,.- , 1UÄ2? + TJ:#- ;6;S)(6- PRP � 7UÄND4D T 9 HA- CA(SG;A- 969 ��=� '* P69747 +W3 1 *!  Ä 3 TK( 9 - ;S)( ? - /   ÄND * T ? -5(@/S ? -5( P � 3UÄ28 3 TK(6- H6/S)(6- ;6/ �>=� '* P69747 3�    3 8UÄ27 TJ: P - ,SO: P - ? + Ä2148 T P - H PS 9 - 9 ; �c  Ä23ED TK( ? - / ?S)(6- ;6/ ��=� '* P ;747 3 1  #+ 8UÄ   TFHA- CSG/A- 9   Ä2?ED T ? - 969S ? -5(B, �R+ Ä27 *�TK(6- ; PS ? - HA( �>=� '* P69747 3 3  '*4* Ä 3�T 9RP - ;S 9 CA-5( 1UÄ2341 TK(6- /L:S)(6-5( ? � 7UÄ  '*�T),.- H6CS 9 - 9 , �>=� '* P6974743 +  '*�3 Ä   TK( 9 - :S)(B,.- ; ?UÄ28   TFCA- ;6;SO:#-5(6( � 1UÄ 3Q+WT P - H6/S)(6- H6; �>=� '* P ;7474348 ?47UÄND T 969 - ,S)(P:#- ? 7UÄ2848 TJ:#- C6CS)(6- ;6/ �R+ Ä * 8 T 9 ? - CL:S 9 - CA( ��=� '* P69747ED * +2  Ä28 TF; P - /SG;A(6- :   Ä   3 T 9 - :#(S ? - HL: �c  Ä2841 T 9 ,.- C6/S)(6- /6H ��=� '* P (7 +E* 7 ?EDRÄ   TK(B,.-5(SG;L:#- 9 3UÄ + 7 T),.- ;A(SO:#- :</ � 8UÄ2?41 TJ: P - P (SGHA- 9RP ��=� '* P697 +E* D  .  1UÄ 3�T P /A- ,S P69 - / + Ä * 8 T 9 ? - ? CS 9 - /<, � DRÄ2348 TJ: 9 ,.- 9RPS0,.- 9 , ��=� '* P69
7 +E* ? 7 + ?UÄND TFCA- ;SGCA- ; 7UÄND�7 T ? -5(B,S ? -5(@C � 3UÄ2748 T ? - ,L;S ? - C P �>=� '* P ;7 +2  3 1 *�3 Ä28 T),.- ?SGCA- / 1UÄ +4+ T ? -5(B,S ? -5( P �c  Ä   ? T ? - 9 (S ? -5(B, �>=� '* P ;7 + 743   847UÄ * TK( P - ,S)(P:#- H ?UÄ2? 3 TF;A- /A(S 9 - ;A( � ?UÄ + ? TK( ? - C ?SO:#- 9 : ��=� '* P ;7 +4+ ?   D�3UÄ   T), 9 - /S P CA- / 7UÄ *4* T P - 9 ?S)(6- P ; �c  Ä   3 TK(6(6-5(@;S ? - H6C ��=� '* P ;7 +W3 ? 14743UÄND TF/A- 9S0,.- H 1UÄ  #+WT ? -5(P:S ? -5(@; �c  Ä27 *�T ? - 969S ? -5(@/ �>=� '* P ;7 + ? * 7ED * Ä2? TK( ? - ?SGHA- C 1UÄ2?41 T ? -5(B,S ? -5( P �R+ ÄND   T ? - , ?S ? - P H �>=� '* P ;7 + ?   748 3 Ä 3�TK( ? - :S)( ? -5(   ÄND�8 T ? - ? /S ? - ? / � 1UÄ2? 3�T ? - ;6;S ? - 9 H �>=� '* P ;7 + ? 3  .  7UÄ21 TK(@HA- CS)(B,.- ,  '* Ä23   TK(@CA- H6/S P - ? 9 �R+ Ä *�3�T 9 HA- ,LCSG;A-5( 9 ��=� '* P ;7 + ?4? 741   Ä2? TF; 9 - ;S 9 /A- H 3 Ä214? TK(6- H6HS)(6- 9 ; � 8UÄ 3 D TK( ? - P (SO:#- : P ��=� '* P ;7 + ?48 741EDRÄND TK( ? - :S)( ? - ? 3UÄ2?   T ? - /6;S ? - C6H �c  Ä 3Q+WT ? - :I,S ? - ;L: �>=� '* P :7 + 8   141   Ä2? TK(@;A- ;S)( 9 - : * Ä28 *�T ? - ? ,S ? - ? , �R+ Ä   8 T ? - /6/S ? - ,.( �>=� '* P697 3�* 7  '* 3UÄ   TK(@HA- ;S 969 - C  '* Ä 3 D TK(@/A- CL:SGCA- ? ; � 7UÄ 3Q+WTF; ? -5(@/SG;A- ? : ��=� '* P ;7 3� .  +W3 Ä * TK(@;A- 9S)(@HA- ,   Ä2748 T ? - ,LCS ? - ,LC � 1UÄND�1 T P -5(@/S 9 - ; 9 �>=� '* P (7 3�  1 14147UÄ21 TK(@;A- CS)( 9 - : 1UÄ2743 T ? - ; ?S ? - 9 : �c  Ä2741 T ? - :6:S ? - ;A( �>=� '* P ;7 3� #+   14?UÄ23 TF;6;A- PSO: 9 - P 3 Ä + 8 TF/A- P ;SG;A- ;6C �c  Ä2347 TK( 9 - 9 CS)(6- :<C ��=� '* P ;7 3�  3 143   Ä27 TJ: ? - ,SG;<,.- ?  '* Ä   1 TK( 9 - C6CSO:#- : 9 �c  Ä284? TK( ? -5( 9S)(6- : P ��=� '* P :7 3 147 3 + 1UÄ 3 TF/A- CSG/A- P   Ä 3 ? T ? - ? ;S ? - ? ; � 3UÄ + 3 T ? - ;6CS ? - ;L: �>=� '* P ;7 3 1ED 1   3 Ä   T P :#- :S P ? - H 8UÄ2348 TF;A(6- /A(S P - ,L; �c  Ä21 + T 9 HA- P ;S)(6- ? / ��=� '* P :7 3 3ED  '* ?UÄ23 T 9 (6- ,SGHA-5( 3UÄ 3�3 T),.- / PS)(6- P H �c  Ä 3 ? T),.- /6HS ? - , P �>=� '* P ;7 3 348 1   3UÄ   TJ:I,.- /SG;6CA- C 7UÄ  .  T 9 -5(@;S ? - H6/ �c  Ä2? 3 TJ:#- P69S)(6-5(6( �>=� '* P ;7 3 ?4? 3 * Ä21 T 9 /A- 9SG;A(6- H   Ä21 + TK(6-5( 9S ? - ,6, �R+ Ä21ED TK(@CA- :I,SG;A- /6C ��=� '* P (



 #+2 
� &(�4-* �m�O* ��Q�B 7�2"'�2)5AG$'"0&.92�#-*D26=)*923?"')5$')5 7"¸ 7"'$')*6=&($% 7�#�UZ����! V�Y1' #"-*&($')53?9

� 1<)5V.V. ,1 ��� 1' 7�2"'�4)5A�$ ->D26=)*9!3?"<)5$hZ$\D46S�Q ,1 %. '&  ,1'VN" S)(
7 3 84? 147 3 Ä 3 TK(B,.- PS)(@CA- 9 3UÄND4D T 9 -5(@;S)(6- :#( � DRÄ2? 3 TFCA- /6CSG;A- 9 H �>=� '* P ;743 * ? +4+ Ä2? T 9 :#- HS 9 ,.- : * Ä23   T ? - :I,S ? - : ? �c  Ä2141 TF;A- ,L;S)(6-5( 9 �>=� '* P (743   ? 1 3 1UÄ28 TK( 9 - HS)( 9 - ; DRÄ   ? TK(6- P69S)(6-5(P: �c  Ä *4* T ? - PRPS ? - ;6; �>=� '* P :74347 + 1 3Q+ Ä2? TJ: ? -5(SG;L:#- ; 3UÄ2?47 T P - /6;S 9 - :I, � 8UÄ27 3 T 9 /A- ,LCSGCA- ? , ��=� '* P ;74347ED   3 + Ä28 TK(6(6- 9S)( ? -5( DRÄ + 8 T 9 - 9 HS)(6- :<H �R+ Ä23 *�TF;A- /6CS)(6- / P �>=� '* P ;743 + ?   848UÄ *�T),.- :S0,.- 9 7UÄ2?4? T ? - ;6HS ? - ;L: � 1UÄ21   T ? - P ,S ? - :<; �>=� '* P ;743 + 8 14748UÄND T 9 (6- ?S 9 ? -5( 3UÄ214? T 9 - 9 /S)(6- P ? � DRÄ  #+WT),.- : 9SG;A- ;6C �>=� '* P ;743 3 ? 1 + DRÄ21 T P - HS P - ,   Ä23 3�T ? - ? ,S ? - ? C �c  Ä *4*�T ? -5( ?S ? - ? H �>=� '* P ;7434341 141 + Ä *�TK( P - CS)(@;A- C   Ä28   T ? - 9RPS ? - 9 ? � 8UÄ2843 TF;A- :I,S 9 - ;A( �>=� '* P697434347   8EDRÄ21 T 969 -5(S)(@HA-5( 1UÄ2?43 T ? - / ?S ? - P : �c  Ä2743 TK(6- ? HS ? - P : �>=� '* P ;74343 + D�8UÄ +WTFCA- 9SO:#- : 1UÄ27ED T ? - ;6HS ? - 9 : �c  Ä23ED T ? - , PS ? - ;6H �>=� '* P697ED�3 3 1484?UÄ   T P - ,S P - C   Ä21ED T ? - ? :S ? - ? : �c  Ä * ? T ? - ? /S ? - ? , �>=� '* P ;7ED4D�3   ? * Ä * T),.- CSGCA- H 1UÄ 3�* T ? - 969S ? -5(@/ � 8UÄ27   T 9 -5(P:S)(6- P / �>=� '* P697ED�?4? 1 *�+ Ä2? T P - ,S P - P 1UÄ  #+ T ? -5(6(S ? -5( ? � 8UÄND * TK(6- ;A(S)(6-5( 9 �>=� '* P6974?  .  3�3 Ä23 TK(6- /S 9 -5(   Ä2141 T ? - ? CS ? - ? , � 7UÄ 3 ? T ? - :6:S ? - :<C �>=� '* P (74?   3 + 3UÄ27 TK(6(6- /S)(6(6- ; * Ä2?ED T ? - ; 9S ? - 9 C �c  ÄND4D T 9 - ? CS)(6- ? 9 �>=� '* P (74? + 7   847UÄ23 TK( ? -5(S 9 HA- : DRÄ 3 3 TK(6- C6HSG;A-5( ? � 3UÄ +W3�TF;A- ,LHSO:#- P C �>=� '* P ;74?4343 7  '* ÄND TFCA(6- :SO:#(6- ;  '* Ä   3�T 9 ? - ? (SO:#- 9RP � 1UÄ2?   T 9 /A- ,.(S 9 - ? ? ��=� '* P :74?4348 D4DRÄND TJ:#(6- PSO:I,.- ;   Ä2347 T 9 - 969S)(6-5(@C � 8UÄND�3 TFC6/A- ;<,SGHA- 9 H ��=� '* P (74?ED *   7 3 Ä2? TF; ? - CS)(@HA- 9 * Ä2343 T ? -5(@HS ? -5(6( �c  Ä   8 TK(6- ? :S ? - : 9 �>=� '* P6974?ED 3 D4DRÄ27 TJ:#- CSO:#- /   Ä + ? T ? -5( PS ? -5(P: � ?UÄ23 *�T 9 - 9 :S)(6- /6/ �>=� '* P (74?ED�8 8 3 Ä23 TK(@CA- 9S)(@/A- ; 1UÄND 3�TK(6- 9 (S ? - HA( � 7UÄ *!  TJ:#- 9 ?S)(6- /6H �>=� '* P6974?4?43   3 * Ä +WTJ:6:#- ,SG;6;A- , 3 Ä2?   TK(6(6- ? CS 9 - , 9 � 1UÄ2? *�T 9 /A- ,L;S 9 -5(B, ��=� '* P ;74?48 *  '*�+ Ä21 TK(@HA- HS 9 ? - P  '* ÄND�1 T 9 (6-5( 9S P - /<, � 7UÄ 3�* TF; P - :</S 9 - HL: ��=� '* P ;74?48   1   3UÄ21 TK(6(6- :S)( ? - P   Ä21 3 T ? -5( ?S ? - ? H �L3 Ä 3 D TK(6-5(@CS ? - HA( �>=� '* P6974?4841 741UÄ + TF;A(6- :S)(@/A- : * Ä 3 ? T ? - /6CS ? - ; P � 3UÄ   7 T P ? - ,LHS P - :6: ��=� '* P ?74?4847   34?UÄND TF;A- /SG;A- , + Ä 3 7 T ? - 9 HS ? - 9 , � 1UÄ *�3�T ? - ;6;S ? - 9 / �>=� '* P ;748 *4* ?EDRÄ2? TK(6(@CA- ?SG;A(B,.- :   Ä  .  T P -5(@;/A- , P � ?UÄ * 8 T P ? ;A- , ?(P: P ? - ;<, ��=� '* P (748 *�3 1414?UÄ2? TK( P - CS)(P:#- ; 7UÄND4D T ? - , 9S ? - P : � 1UÄ2? *�TK(6- :<;S ? - /<, �>=� '* P ;748 * 3   1 * Ä27 TFHA- HSGHA- 9 7UÄND�7 T ? - /<,S ? - CL: � DRÄ 3 8 TJ:#- H ?S 9 - ,LC �>=� '* P69748 * 8 3 ?UÄ21 T 9 CA- HS 9RP - ;   Ä * 7 T ? - / 9S ? - P ; � 7UÄ2148 TK( ? - P :S 9 - ,.( ��=� '* P (748   1   84?UÄ *�TK(B,.- CS)(@CA- 9 + Ä2748 TK(6- 9RPS ? - /<, � 1UÄ23ED T 9 -5(P:S)(6- ? H �>=� '* P ;748   3  '*!  Ä2? T 9 /A- PS 9 CA- / 3 Ä *4*�T),.- H PS 9 - P H � ?UÄND +WTFC6/A- ,M:S0,.- 9 ( ��=� '* P69748   ? 1ED�7UÄND TK(@HA- 9S)(B,.- P DRÄ2848 T 9 - C PS)(6- , ? �c  Ä + 1 TK(6- ;A(S ? - C ? �>=� '* P :7484148 1ED + Ä28 TK( 9 - ?S)(6(6- 9 + Ä   7 T ? - P (S ? - : 9 �R+ Ä23ED TK(6- :<HS)(6- ? P �>=� '* P ;74847 * 3�  1UÄ   TK( 9 - ;S)(6(6- H 3 Ä23   T ? - :6:S ? - ;6H � 1UÄ2348 T ? - P69S ? - : 9 �>=� '* P :7484743   ?41UÄ28 TFCA- PSGCA- 9 1UÄND�? T ? - 969S ? -5(@H �c  Ä   1 T ? - 9 ;S ? -5(@/ �>=� '* P ;748 3Q+ 7 *�+ Ä28 TK(@;A- HS)(@;A- : 1UÄ +E* T ? - 9 ;S ? - 9 ? � 1UÄ 3�  T ? - C 9S ? - :</ �>=� '* P ;+E*�+ ? 7 3�3 Ä28 T 9 ? -5(S)(@/A- C 3UÄ28 3 TK(6- C 9S)(6-5( P �c  Ä2?4? TK(6-5(@CS ? - C P �>=� '* P :+2  3 D ? 3 Ä27 TFCA- :S P - ? 1UÄ27ED T ? - ;6/S ? - 9 C �c  Ä28 + T ? - /6;S ? - :</ �>=� '* P69+ 1   3 3 3UÄ28 TK( ? - HS)( P - , * Ä28 * T ? - 9RPS ? - ; ? � 1UÄND 3 T 9 - 9 ;S)(6- ,L; �>=� '* P (+ 7   1  '* 8UÄ23 TK( ? - :S)( ? -5( * Ä284? T ? -5(@;S ? -5( 9 �c  Ä  .  T ? - : ?S ? - ; ? �>=� '* P69+ 7 3�* ? 3 Ä21 T 9 ,.- HS)(@HA- C   Ä *�3 T ? - PRPS ? - ; ? � DRÄ   7 TK(@;A-5( PSO:#- ? C ��=� '* P (



 #+ 1 ��������� ���
	 ��� �
��
 � ����
�� ��� � � ��� �`� 
������ ����� � � ��� � � 
 � �2��� ��� �"!$#%�'� �
� &(�4-* �m�O* ��Q�B 7�2"'�2)5AG$'"0&.92�#-*D26=)*923?"')5$')5 7"¸ 7"'$')*6=&($% 7�#�UZ����! V�Y1' #"-*&($')53?9

� 1<)5V.V. ,1 ��� 1' 7�2"'�4)5A�$ ->D26=)*9!3?"<)5$hZ$\D46S�Q ,1 %. '&  ,1'VN" S)(+W3�3 3 143 + Ä   TFCA- CSGCA-5(   Ä 3�3 T ? - ? CS ? - ? C �c  Ä * D T ? -5(6(S ? - ? H �>=� '* P ;+ D *!  1474?UÄ21 TF/A-5(S0,.- / 7UÄND�3 T ? - ;L:S ? - ; ? � 7UÄ * 1 T ? - C6/S ? - P : �>=� '* P ;+ D  '* 848UÄ * T P - ?S P - ;   Ä * 1 T ? - ? ,S ? - ? , � 8UÄ2747 TK(6- , 9S)(6- P H �>=� '* P (+ ?  #+ 1   DRÄ + T 9 /A- ;SG;<,.- 9 DRÄND�3 T P - C6;SG;A- :<H � ?UÄ 3�  T 9 ? - /6;SGCA- : ? ��=� '* P ;3�* ? * + 7UÄ21 T 9 - ,S 9 - ; * Ä2?48 T ? - ? /S ? - ? C �c  Ä 3 D T ? - ; PS ? - 9RP �>=� '* P (3 7 *�+ + D   ÄND TK(B,.- HS)(B,.- ? 7UÄ2747 T ? - ;A(S ? - 9 , � 8UÄND4D T 9 - ;L:S)(6- ,LH �>=� '* P ;3 74?48   ?41UÄND TF/A- PSG/A- ? 7UÄ28 3�T ? - P (S ? - : 9 �c  Ä2841 T ? - CL:S ? - : P �>=� '* P ;3Q+2  3   1 3 Ä27 TK(@;A- CS)(6(6- ; DRÄ   3 TF;A- ,6,S)(6- H 9 � 1UÄ +W3�TF;A- H6HS)(6- 9 , �>=� '* P ;3Q+2  3  .  DRÄ21 TK(B,.- ,S)(@CA- :  '* Ä28   TK(@;A- H<,SO:#- /6C �R+ Ä 3 D T 9 :#- ? 9SG;A- ;6/ ��=� '* P ;3Q+2  D   D�3UÄ23 TFHA- CSG/A- H   Ä27 3�T ? -5(6(S ? -5( ? �R+ Ä *�3�T ? - H ?S ? - ,.( �>=� '* P693Q+2  8 8EDRÄ21 T P69 - /SG; ? - ;   Ä 3 3 T 9 - ? HS ? - C P �c  Ä +W3�TFHA- H6;S)(6- ? , �>=� '* P693Q+ 14? D�7UÄ 3�TFCA- HS)(P:#- C 1UÄ23ED T ? - P /S ? - HA( �c  ÄND *�TK(6- ? ;S)(6- ? / �>=� '* P693Q+ 148 D�?UÄ   T 9 (6- CS 9 HA- ,   Ä   1 T ? - P (S ? - P69 � 3UÄ +W3 TFHA- C6/S P - ? : �>=� '* P (3Q+ 747   8 + Ä23 TK(P:#- HS)(P:#-5( 3UÄND�? T 9 - 9 (S)(6- :</ �L3 Ä274? TJ:#- /6HS 9 - ;L: �>=� '* P ;3Q+ 7 + 8EDRÄ28 T 9 /A- ;S 9 HA- ? ?UÄ2343 TF;6;A- CL:S P - C ? � 1UÄ  '* TFC6/A- ? CS)(6- H 9 ��=� '* P ;3Q+ 748 14343UÄ *�TJ: P - PSG;L:#- ? + Ä2343 TF;A-5(@/S)(6- ;6/ �L3 Ä2741 TK( 9 - :<CSG;A- ? ( ��=� '* P ;3Q+4+ D 7EDRÄ28 TK(@/A- CS 9 - C * Ä 3�  T ? - ; 9S ? - ? : � DRÄND *�TK(B,.- P ?S)(6- ;6C ��=� '* P ?3Q+W3�    847UÄ   T),.- CS0,.- ; 3 Ä  '*�T ? - C PS ? - P : � 7UÄ21 3�TK(6- ? PS ? - , P �>=� '* P ;3Q+ 347  '* 7UÄ *�TK( ? -5(S 9RP - P ?UÄ234? TJ:#- ,.(S P -5( ? � 1UÄ2747 TF;A- /6HS 9 - ? : �>=� '* P ;3Q+ D�1   747UÄ23 T 9 CA- CS 9 ;A-5( 3UÄ2147 T),.- ? (S 9 - CA( � 1UÄ   8 TK( ? - ? ;S)(6- P / ��=� '* P ;3Q+ D + 7EDRÄ +WT 9 - ,S 9 - H   Ä21   T ? -5(@;S ? -5(@; �c  Ä23 *�T ? - :I,S ? - ;6H �>=� '* P (3Q+ D�3   3EDRÄ +WTF; ? - PS 9 CA- 9 3UÄ23 *�TFCA- /6;S 9 - C6; � 7UÄ2? *�TK( P - ; 9S 9 - CL: ��=� '* P ;3Q+ D4D  #+W3 3UÄ2? T),L;A- /S P ? - 9 3 Ä + 3 T ? - H PS ? - PRP � 1UÄ * ? T ? - HL:S ? - :<C �>=� '* PRP3Q+ D�?   D�?UÄ21 TFHA- HS)( ? - ; 3 Ä2?   TK(6-5(B,S ? - H<, � 7UÄ +W3 TK(6- /6;S)(6- 9 ? �>=� '* P ;3Q+ D�8   D * Ä2? T 9 ;A- ;S 9 (6- 9 7UÄ2?43 TK(6- C6/S)(6- ? ; �c  Ä2341 T 9 -5(B,S ? - / P �>=� '* P ;3Q+ ?43 14341UÄ + TF/A- :SG/A- ? 1UÄ21 * T ? -5(P:S ? -5( 9 �c  Ä2343 T ? - 9 CS ? - 969 �>=� '* P ;3Q+ ?48 7   1UÄ *�TF/A- 9SG/A- ? 7UÄ2341 T ? - 9 :S ? - 969 �R+ Ä2?4? T ? - / 9S ? - C6/ �>=� '* P ;3Q+ 847 8   Ä23 TJ: ? - 9SO: P - , 3 Ä 3 7 TF; ? - ,.(SO:#- 969 � ?UÄ +E*�T PRP CA- , ?SG/A-5(@; ��=� '* P69
3�3�*�+ 8   ÄND TJ:6:#- /SG;6;A- P   Ä2?41 T 9 - :#(S ? - H ? �c  Ä 3 D TK( ? - ;6HS)(6- 9 , ��=� '* P693�3�* ? D�3UÄ21 TK(6(6- HS)(6(6- : 7UÄ2843 T 9 -5( ?S)(6- 9 : � 7UÄ27 3�T P - , 9S)(6- H6H �>=� '* P693�3�  3 8   Ä2? TFC6;A- CS P ? - P 1UÄ 3 D TK( ? - / 9S)(6- / 9 � 1UÄ 3 1 TK(6(P:#- ,M:S 9 - ;6H ��=� '* P69
3�3�  D   74?UÄND TF;A(6- PS 9 :#- / 7UÄ27   T 9 - :I,S)(6-5( 9 � ?UÄ27ED T 969 - /<,S P - 9 , ��=� '* P693�3�  ?   347UÄ27 TK( P - CS)(@;A- H 3 Ä 3Q+WT 9 - ? ;S)(6- 9 C � 1UÄ23ED T 9 - /L:S)(6- 969 �>=� '* P ;3�3 147   7 3 Ä21 T 9 (6- PS 9 ? - 9 1UÄ2143 T ? - /A(S ? - P , �R+ Ä 3 D TJ:#- H6HS 9 - ; 9 �>=� '* P693�3 7 * D   Ä27 T P - /S P - C   Ä * 8 T ? -5(@;S ? -5( 9 �L3 Ä2147 TK(6- C<,S)(6- 9 , �>=� '* P (3�3 7     7   Ä28 TK(@CA- HS)(@CA- 9 3 Ä2848 TF;A- :#(S)(6- HA( �c  Ä2848 TF;A- C6;S)(6-5(@/ �>=� '* P ;3�3 748  .  1UÄ21 TK( P - ,S)(@/A- ? + ÄND�7 T 9 - :</S)(6- C6H � 8UÄND * TK(@CA-5(@CSGCA- 9 H ��=� '* P693�3Q+2   #+W3 ÄND TF;A(6- 9S 9 /A- ; 8UÄ   3 TK(@/A- C ?SO:#- ,M: �L3 Ä   1 T PRP - P :SO:#-5(@/ ��=� '* P ;3�3Q+ 1 1   8UÄ 3 T),.- HS0,.- P 3 Ä2347 T ? - C6HS ? - P , �R+ Ä28ED TK(6- P :S)(6-5( ? �>=� '* P ;3�3Q+ ?   3 3 Ä21 T 9 ? - /S)(@/A-5(   Ä2? + T ? - :6:S ? - ; 9 �L3 Ä   3 TF;A- P HS)(6- HL: �>=� '* P693�3�3�  34?UÄ   T 9 :#- :S)(6(6- C 1UÄ *�+ TK(6- HA(S ? - P C �c  Ä *!  TF;A- HA(S ? - P : �>=� '* P693�3 347   ? + Ä   TK( ? - PSGHA- H   Ä   3 T ? -5( ?S ? - ? H � 7UÄND�1 T ? - / 9S ? - C P �>=� '* P693�3 3ED 7 3 8UÄ2? TF/A- PSG/A- ;   Ä2?43 T ? - ? /S ? - ? , � 1UÄ + ? T ? - 9 CS ? - 9 ; �>=� '* P ;



 #+ 7
� &(�4-* �m�O* ��Q�B 7�2"'�2)5AG$'"0&.92�#-*D26=)*923?"')5$')5 7"¸ 7"'$')*6=&($% 7�#�UZ����! V�Y1' #"-*&($')53?9

� 1<)5V.V. ,1 ��� 1' 7�2"'�4)5A�$ ->D26=)*9!3?"<)5$hZ$\D46S�Q ,1 %. '&  ,1'VN" S)(
3�3 34? 3�* 8UÄ27 TK(@HA- CS)(@/A- P 1UÄND   T ? - 9 ;S ? - 9 ? � ?UÄ274? TK(6- /A(S)(6- : 9 �>=� '* P ;3�3 D    #+ DRÄ * TFC 9 - CSO:<HA- 9 7UÄ * 1 T P - C ?S)(6- P H � ?UÄ   8 TF/<,.-5(P:SGCA- /<, ��=� '* P693�3 D�1   ?48UÄ23 TK(@/A- ;S 9 ? - : 1UÄ28 3 T ? - ,.(S ? - C 9 �c  Ä27   T ? - /6/S ? - P , �>=� '* P ;3�3 D 3 1   3 Ä23 TK(@CA- HS)(@CA- ? 1UÄ28 + T ? - P CS ? - :6: �c  Ä2348 T ? - /<,S ? - PRP �>=� '* P ;3�3 ? 3   3 7UÄ21 T 9 HA-5(SG;6/A-5( DRÄ *4*�TF/A- 9 ,SG;A- /6/ � 7UÄ 3 1 TK(B,.-5(@;S 9 - H6H ��=� '* P ;3�3 847 1414?UÄ27 TF/A- CSG/A-5( DRÄ214? TK(6-5( ?S ? - /6/ � ?UÄ27ED TF;A- 9 ?S 9 -5( P �>=� '* P ;3 3 *!  1ED�8UÄ2? T P ,.-5(SO:<CA- C 3 Ä *4*�TJ:#- C6HS)(6- /<, � 3UÄ23   T 9 ;A- /A(SO:#- :6: ��=� '* P ;3 3 * 7   3 * Ä 3�T 9 /A-5(S 9RP - ,  .  Ä23 +WT 9 (6- ; ?S P - ,L/ � 8UÄ23 3�TF/6CA- : 9S0,.- C P ��=� '* P ;3 3 *�+ 1ED�7UÄ23 T 969 - ,S)(@HA- / 3UÄ * D T 9 - ? (S)(6- 9 C � ?UÄND�8 TF/A- 969SG;A- C6/ �>=� '* P ;3 3 * 3   3 3 Ä +WT 969 - HSG;6CA- 9 3UÄ +E*�TJ:#- 9 /SG;A-5(@/ � 7UÄ 3�  T),.- /L:S 9 - / 9 �>=� '* P ;3 3 * ? 1 * 1UÄ28 T 9 ? - ,SG;6;A- : ?UÄ  '*�TJ:#- ;6CSG;A- CA( � ?UÄ *4*�TK(@;A- 9 CS P - H<, ��=� '* P ;3 341   1 3 8UÄ   TF/A- CSG/A-5(   Ä * D T ? - ? PS ? - ? P � 3UÄND +WT ? - / ?S ? - ,.( �>=� '* P693 341 + 14143UÄ + TJ:<HA- PSO:6:#- 9 ?UÄ   ? TK(P:#- H6/SO:#-5( ? �c  Ä *!  TFHA- :#(S ? - /A( �>=� '* P :3 3414? 147EDRÄ + TK( 9 - CS)( 9 - ? 1UÄND   T ? - ; 9S ? - 9 , �c  Ä2?41 T ? - P ,S ? - :#( �>=� '* P ;3 347ED   3Q+ Ä + TF/ 9 -5(SO:I,.- H + Ä 3 7 T 9 HA- H PS 9 - P : �c  ÄND   TK(@C6;A- : ?S)(6- :I, ��=� '* P ;
3 3 +E* 348UÄND TK(6(6- ?S)( ? - ? 7UÄ2?41 TK(6- H6CS)(6-5(P: � 1UÄ23 3�TJ:#- ;6/S)(6- P69 �>=� '* P693 3 +4+ 7 *!  Ä28 TK(@CA- 9S)(P:#- H 7UÄ2741 T ? - : PS ? - ;6C � 7UÄ284? TK(6- :#(S ? - H6C �>=� '* P ;3 3 +W3  '*!  Ä27 TF;6CA- 9S P ? - C 7UÄ274? T P - 9 ?S 9 - ;6C �R+ Ä2341 TF;6CA- ? :SO:#- ;<, ��=� '* P693 3 3Q+ 1 3�3 Ä   TJ:#- ,SO:#- C 7UÄ284? T ? - 9 ?S ? -5(@/ � 7UÄND�8 T ? - :<CS ? - : ? �>=� '* P ;3 3 3�3 D + Ä27 TJ:#(6- /SG; 9 - / 1UÄ2?ED TF/A- / PS)(6- /A( �c  Ä28 +WTJ:<HA- 9RPS)(6- ,6, ��=� '* P693 343ED   743UÄ +WTJ: P - PS 9 HA- ; + Ä * 1 TFCA- ,M:S)(6- C6/ �c  Ä  '*�TFHA- C6;S ? - / ? �>=� '* P ;3 348ED 3�* Ä +WTFCA- /SGCA- C * Ä27 +WT ? - ? PS ? - ? P �c  Ä * D T ? - : 9S ? - ; 9 �>=� '* P (3 D *�+   D 3 Ä 3�TF/A- 9S0,.- ,   Ä *!  T ? - ? ,S ? - ? C � 1UÄ28   T ? - :</S ? - :#( �>=� '* P693 D * 3   3�3 Ä23 T P (6- CS0,M:#- ; 3 Ä2741 TK( 9 - H 9SG;A- HL: � 1UÄ21ED TF; P - ? ?S 9 -5(@/ ��=� '* P ;3 D  .  + ?EDRÄ + TK(@/A- :S)(B,.- C   Ä28 3 T ? -5(P:S ? -5( 9 �R+ Ä2? 3 T ? - /<,S ? - ,.( �>=� '* P ;3 D   7 +2  Ä * T 9 ? -5(S)(@;A- /   Ä21 + TK(6-5(@HS ? - P ; �c  Ä284? TF/A- ; PS)(6- :</ �>=� '* P (3 D   8   ?43UÄ 3�TJ: P - /SG;6/A- ; DRÄ2? *�TK(B,.-5( ?SG;A- H<, � 3UÄ2741 T),L/A- CA(S P -5(6( ��=� '* P ;3 D�143  .  7UÄND TF/A- PSG/A-5(   Ä 3�  T ? -5(@HS ? -5(@C �c  Ä28 *�T ? - CL:S ? - :I, �>=� '* P693 D�148 ?43UÄ *�TK(P:#- PSG/A- ;   Ä 3�3�T ? - :I,S ? - 9 ; �c  Ä   7 TK(6- ? ;S ? - ;6C �>=� '* P693 D�7     D 3 Ä2? TF;6CA- HS 9 ? - , 3UÄ2747 T),.- H 9S 9 - ? ? � 7UÄ28 *�T 9 ? - ,LHS 9 - 9 H ��=� '* P ;3 D4D�7   ?41UÄ28 TK(6- ,S)(6- ,   Ä *�3�T ? - ? (S ? - ? ( � 7UÄ27 *�T ? -5(6(S ? -5( ? �>=� '* P693 ?43ED 1 * DRÄ   TF;A(6- ?S 9 HA- : ?UÄ2?47 TFHA- ? ?SG;A- C<, � 8UÄND +WTF;<,.- :I,SGCA- H 9 ��=� '* P ;3 84?48 +E* Ä27 TK(6(6- PS)( ? - H * Ä   3�T ? - ? PS ? - ? : �L3 Ä * D TF;A- H6CS 9 - P / �>=� '* P ?3 848 3 D * 3UÄ 3�TF/A- PSG/A- ; + Ä2341 T ? -5(@CS ? -5( P � 7UÄND *�T ? - ;A(S ? - 9 / �>=� '* P :3 *4*�+ + ?UÄ   TF;6;A- ;SG; 9 - ?   Ä *4* TK(6- ;6;S ? - ,L; � 1UÄ   D TK( P - ? PS 9 - ? , ��=� '* P (3 * ?41 347UÄ21 TF;A-5(SGHA- :   ÄND�8 T ? -5(@CS ? - :#( � DRÄ214? TK(6- CL:SG;A- :6: �>=� '* P (3 * ?47  '*4* Ä23 T),.- ?SG;A- / 7UÄ + 1 T ? - C6;S ? - ; ? �R+ Ä23 + T 9 - 9 HS ? - H ? �>=� '* P693 * 8 *   3 3 ÄND T 9 ;A- /S 9 ? - : 7UÄ2?41 TK(6- ,LCS)(6- ? ( �c  Ä 3�* T 9 -5(@CS ? - ,L/ �>=� '* P ;3 * 84?  .  7UÄND TK(@HA- ?S)(@CA- : 3 Ä28   TJ:#- /A(S 9 -5(@; �c  Ä +W3 TJ:#- 9 ;S ? - HL: �>=� '* P ;3  '*4* 3 341UÄ   TK( ? - HS)( ? - , 7UÄ21   T ? -5( PS ? -5(P: �c  Ä2741 T ? -5( PS ? -5(@; �>=� '* P :3  .  7   3�3 Ä 3 T 9 (6- 9S)(@/A- / 1UÄ   1 T ? - CA(S ? - :<; �L3 Ä 3 7 TJ:#- C6HS 9 - ;6C �>=� '* P693   1 + +E*�3 Ä + T),.- :S0,.- ;   Ä 3 ? T ? - ? PS ? - ? P � 1UÄ 3 ? T ? -5(@HS ? -5(@/ �>=� '* P ;3   14? 74?UÄ + TJ:#- :S P - , * Ä28   T ? -5(P:S ? -5(B, �c  Ä2143 T ? - PRPS ? - P ( �>=� '* P (



 #+4+ ��������� ���
	 ��� �
��
 � ����
�� ��� � � ��� �`� 
������ ����� � � ��� � � 
 � �2��� ��� �"!$#%�'� �
� &(�4-* �m�O* ��Q�B 7�2"'�2)5AG$'"0&.92�#-*D26=)*923?"')5$')5 7"¸ 7"'$')*6=&($% 7�#�UZ����! V�Y1' #"-*&($')53?9

� 1<)5V.V. ,1 ��� 1' 7�2"'�4)5A�$ ->D26=)*9!3?"<)5$hZ$\D46S�Q ,1 %. '&  ,1'VN" S)(
3  #+2  ?48UÄ2? TFC 9 - PSG;6/A- H 1UÄ  #+ TFCA- P /S)(6- 9 : �c  Ä2?43 TJ:<HA- :<HS)(6- CL: ��=� '* P693  #+ D ? 3 Ä2? TF;A- ;SGCA- ; 7UÄ 3 8 T ? - ; PS ? - P H � 7UÄ23 + T ? - HA(S)(6- 9 C �>=� '* P693   3 1   7 * Ä * TFC 9 - ;SG/L:#- C + ÄND + T 9 :#- CA(SG;A- H6H �c  Ä27   T),L/A- C PS)(6- 9 H ��=� '* P ;3   3 8 D�3UÄ27 TF;A- ?S)(@;A-5(   ÄND + T ? -5( 9S ? - : P �c  Ä * 1 T ? -5(@/S ? - P ; �>=� '* P693   3ED 3 8UÄ23 TK(6(6- ,SGCA- P 1UÄ2148 TK(6- ? ,S ? - :6: � 8UÄ * 1 TK(@;A- C6CSG;A- C6; ��=� '* P (3   ?43 +W3 Ä *�T P69 - /S 9RP - ? * Ä28 *�T 9 - :</S ? - P C �c  ÄND�1 TJ:#(6- : ?S)(6- PRP ��=� '* P (3   8 * ?4?UÄ28 TJ:</A- CS 9 ,.- P 1UÄ + ? T P - , ?S)(6-5(B, � 1UÄ21 +WTF; P - ? /S)(6- ,6, ��=� '* P693   8 +   743UÄ21 TK(@HA- PS)(@/A- : + Ä2748 T 9 - 9 :S)(6- ;6; �c  Ä2143 T 9 - ? PS ? - ,L; �>=� '* P ;3   84? 743   Ä +WTK(6(6- PSGHA- / * Ä28   T ? - ? :S ? - ? ; �c  Ä   1 T ? -5( 9S ? -5( ? �>=� '* P ;341 * 3 + 3UÄ23 TF;A- CSG;A- H * Ä28 *�T ? -5( ?S ? -5( ? �c  Ä2? +WT ? - P (S ? - : P �>=� '* P (341   3  '* ?UÄ +WTK( P - HS0,.- : 7UÄ27 *�TK(6- ;6HS ? - :<H �L3 Ä * 8 TFCA- C 9S)(6- C 9 �>=� '* P693414141 3�  Ä28 T 9RP -5(S 9 /A- P   Ä2341 TK(6- H ?S)(6- ? , �R+ Ä27 +WT 9 :#-5( 9SO:#- ? ; ��=� '* P (3414143 1 * 3UÄ   T 9 :#- ?SG;6/A- C 3UÄND + TF;A- ,L;SG;A- ? / �L3 Ä284? TK( ? - ;6HSO:#- P : ��=� '* P ;34147 3 74?4?UÄ 3 TK(6(6- ,S)(6(6- 9 7UÄND4D T ? - ; ?S ? - 9 C � ?UÄ *�+ TK(6- C ?S)(6- 9 , �>=� '* P ;341 +2  84?UÄ28 T 9 ? - ;SG;L:#-5(   Ä2?4? T ? - / ?S ? - /6H �c  Ä28 * T 9 - C 9S)(6- P ( �>=� '* P693414343 1 * ?UÄ   TFC6CA-5(S0, ? - C 7UÄ  #+WTF;A- C6/S)(6- C6H �c  ÄND +WTFHA- ? ;S)(6- :I, �>=� '* P ;341ED�1 3   Ä28 TK(6- 9S)(6- :   Ä2141 T ? - ? :S ? - ? : �R+ Ä +2  T ? - ;6;S ? - ; P �>=� '* P (341ED�7  .  7UÄ 3�TF;A(6- CSG;A(6- C 3 Ä2843 TK(6(6- , ?SG;A- ;<, �c  Ä + D TK( P - ,M:S)(6- 9 C ��=� '* P ;341ED +   ? + Ä *�TFHA- CSG/A- H   Ä  .  T ? - ? /S ? - ? , � 7UÄ 3 1 T ? - C6HS ? - PRP �>=� '* P693414? *   1   Ä27 T 9 :#- ,S)(@/A- ; + Ä *4*�TF;A- ? ;S)(6- 9 , � ?UÄ2347 T 9 ;A- C6CS P -5(B, ��=� '* P693414? 3 +2  Ä +WTK(@;A- CS 9 ,.- :   Ä   1 T ? - C 9S ? - / 9 �c  Ä2?   TF;A- P ?S)(6- ,L; �>=� '* P (3414?4? 741UÄ   T 9 /A- :SG;A- : * Ä 3Q+WT ? - C6HS ? - ? , �L3 ÄND�1 TF;6CA- / PS)(6- P ; ��=� '* P ?34148 3 ? + Ä 3�T),.-5(S P - H   Ä23 *�T ? - 9 ;S ? -5(B, �c  Ä   7 T ? - : PS ? - 9 / �>=� '* P69347 * 7   8 + Ä   TK( 9 - 9S)(6(6- ; + Ä * 3 T ? - ,M:S ? - P , � 1UÄ2143 TK(6- ? HS ? - C6/ �>=� '* P ;347 *�+   14?UÄ2? TF;6;A- ;SO:</A- : DRÄ *!  TK(P:#- , ?SO:#- /<, � 1UÄ + 8 T 9 HA- 9 ,S 9 - ; P ��=� '* P ;347 * 8 747UÄ   TJ:<;A- CS 9 (6- H * Ä28 3 TF;A- : ?S ? - C6/ � 8UÄND 3 TF;6/L:#- ; 9SGHA- 9 H ��=� '* P ?
347   3 848UÄ *�TK( ? - :SGHA- P 1UÄ23ED T ? - C6CS ? - :</ � 7UÄ  '*�T 9 -5(B,S)(6-5(@H �>=� '* P69347   D ?4?UÄ2? TF; ? -5(SG;6HA- C 3 Ä2? 3�TK(B,.- 9 /SO:#- 9 C � ?UÄ234? TK(@/L:#- P :SG/A- ; ? ��=� '* P69
347   8  .  7UÄ +WTF;6CA- ?SO: 9 - : DRÄ2748 T 9 ,.- , ?S P -5(@H � 1UÄ   7 TFC6CA- ? HS 9 - ? ( ��=� '* P ;34741 * D�1UÄND TK(@;A- /S 9 ;A- C   Ä2147 T ? - ;6/S ? - P ? � 3UÄ   D T P - ,LHSO:#- :</ �>=� '* P (34741     3Q+ Ä *�TK(@;A- ;S)( 9 - ; 7UÄ * 1 T ? - C PS ? - :<H � ?UÄ284? T P - ;A(SG;A-5( 9 �>=� '* P693474141 ?47UÄ2? T 9 (6- CS)(@HA- C   Ä + D T ? - ,.(S ? - :I, �c  Ä *!  TK(6- CL:S ? - C 9 �>=� '* P693474147 8 3 Ä27 TK(6(6-5(S)(@;A- C 3 Ä23   T 9 - C6/S)(6- H6C � 8UÄ2747 TK(@;A- C<,S P - H6; ��=� '* P693474148 14148UÄ2? T P - ,S P - P 7UÄ   3 T ? -5(@/S ? -5(B, � 1UÄ  #+WT ? - ;A(S ? - 9 C �>=� '* P ;34747 3  #+ DRÄ28 TK(@;A-5(S)(6(6- , 1UÄ21 3 T ? - :#(S ? - ; 9 �L3 Ä +2  T 9 - ,M:S)(6- C<, �>=� '* P69347 +4+ 3 8UÄ   TJ:I,.- ?SG;6;A- ?   Ä   7 T 9 - ? 9S ? - , 9 � 7UÄND * TJ:#(6- ,L;SG;A- ;6H ��=� '* P (347 + 8  . .  Ä28 T),LHA- :S P :#- H 1UÄ   3 T),.-5(6(S)(6- ;6/ � 1UÄ28 + TF/<,.- /A(S 9 - , ? ��=� '* P69347 3�  +W3 Ä2? T P - :SGCA- P * Ä28 3 T ? -5(@CS ? -5(B, �c  Ä2?ED T ? - / PS ? - ,L; �>=� '* P (347 3 7 14?   Ä + TJ:<;A- ?SO:I,.- ;  '* Ä21 * TK( 9 - :<;S P - ? ? � 1UÄ2747 TK(6(6- : PS)(6- /6; ��=� '* P :3474348 3 3UÄ 3 TF; P - 9S 9 HA- ;   Ä2? * TF;A- P69S)(6-5( P �L3 Ä2? 3 T), 9 - /6;S P - ;6H ��=� '* P (34748ED   84?UÄND T P - PS P - ; 1UÄ2748 T ? -5(@;S ? -5( 9 �c  Ä * D T ? -5( PS ? -5(@; �>=� '* P ;3474848 743UÄ 3 TJ:<;A- :S 9 (6- ; * Ä2?   T 9 - ? :S ? - P69 �c  Ä * 7 T 9 (6-5( PS ? - H6; ��=� '* P (3 +E*�+   D 3 Ä 3 T P - 9S P -5( * Ä2843 T ? - ? :S ? - ? : � 1UÄND4D T ? - 9 /S ? - 9 C �>=� '* P69



 #+W3
� &(�4-* �m�O* ��Q�B 7�2"'�2)5AG$'"0&.92�#-*D26=)*923?"')5$')5 7"¸ 7"'$')*6=&($% 7�#�UZ����! V�Y1' #"-*&($')53?9

� 1<)5V.V. ,1 ��� 1' 7�2"'�4)5A�$ ->D26=)*9!3?"<)5$hZ$\D46S�Q ,1 %. '&  ,1'VN" S)(
3 +E*�3 ? 3 ÄND T 9 /A- ?S)(@/A-5( + Ä27   T),.- P ,S)(6- /6; �R+ Ä2?43 TJ: P - :#(SG;A- P C ��=� '* P693 +2  7 3   Ä * TFHA- CS)( ? - ? * Ä2847 T ? - 9 (S ? -5(@H � 7UÄ21 3 T 9 - ? HS)(6- :#( �>=� '* P (3 + 141 34?UÄ + TK(6- PS)(6- : * ÄND * T ? - ? 9S ? - ? 9 � 7UÄ   D T ? - 969S ? -5(@H �>=� '* P (3 + 743   3 3UÄ 3 TJ:I,.- ;SO:<;A- : 1UÄ *�3 TK(6- P69S ? - /L: �L3 Ä27 3 TK( P - ? ;SG;A- /6/ ��=� '* P693 +4+E* + DRÄND TK( 9 - PS)( ? - : * ÄND�1 T ? - 9RPS ? -5(@/ �c  Ä 3 D TK(6- , 9S ? - / ? �>=� '* P (3 +W3 7  .  ?UÄ   TFCA- /SGCA- :   Ä23   T ? -5(@CS ? -5(P: � 1UÄ2141 T ? - P /S ? - :6: �>=� '* P693 + D�1 + D * Ä21 TJ:<CA- 9SO: 9 - 9 7UÄ   ? T ? - / 9S ? - P H � 8UÄ * 3 TFCA- P ,SG;A- P ( �>=� '* P ;3 + ?48   147UÄ28 TK(6- :S)(6- : 7UÄ28 3�T ? -5( 9S ? -5( 9 � ?UÄ2?   T ? - C PS ? - C ? �>=� '* P693 3�*�+   3Q+ Ä2? TJ:#- ?SO:#- ?   Ä23ED T ? - ? ,S ? - ? , �R+ Ä *4*�T ? - :6:S ? - :#( �>=� '* P693 3 1     747UÄ +WT 9 :#- ;S 9RP - , DRÄ   3�TF/A- ? ,SG;A- ;6H � 1UÄND�? TK( 9 - P HS 9 -5(@C ��=� '* P ;3 3 141 84?UÄ   T 9 (6- :SG/6;A- ?   Ä + D T ? - P HS)(6- ;A( �c  Ä274? TK(6- ,LCS)(6- ;<, �>=� '* P693 3 147 841UÄ +WT P /A- CS 9 ,.- P   Ä + ? T 9 - : ?S ? - P H �c  Ä2147 TK(6(6- P (S ? - /6/ ��=� '* P693 3 1 3 7 + 8UÄ28 T 9RP - 9SG;6CA- C  '* Ä   8 TJ:#-5(@/SG;A- C ? � 7UÄ23 * TJ:#- 9 (S 9 - 9 , �>=� '* P :3 3 14? 14141UÄ + TK(@CA-5(S)( P - ; DRÄ2?47 T 9 - C6CS)(6- ,LC � 8UÄ *�+ TF/A- P CSO:#- ? ( �>=� '* P ;3 3 7   343UÄ21 TJ:#- ,S P - ? 7UÄ   7 T ? - PRPS ? - :<H �c  ÄND�3 T ? - /6;S ? - P H �>=� '* P693 3 74? + ?UÄ23 TFCA- HS)( ? -5( * Ä2?47 T ? -5(@CS ? - 9 ( �c  Ä2?43 TK(6- ? (S ? - HL: �>=� '* P (3 3 748 7  '* Ä +WTFCL:#- 9S0,LCA- H + Ä  '*�TF;A- 9 CS)(6- H 9 �L3 Ä2?48 TK(B,.-5(P:SO:#- P H ��=� '* P ;3 3Q+ 3 D�7UÄ23 TF;A- CSG;A- C   Ä 3�3�T ? -5(@;S ? -5( 9 � ?UÄ27 *�TK(6- , PS)(6- :</ �>=� '* P (3 3�3 1 743UÄND TK( P - ?S 969 - /   Ä *�3�T ? - ,L;S ? - , 9 �c  Ä2741 TF;A- P ?S)(6- 9RP �>=� '* P (3 3�3Q+ 348UÄ27 TK( ? - /SGHA- /   ÄND   T ? - P ?S ? - ;<, � ?UÄ2143 T),.- 9 :SG;A- , 9 �>=� '* P (3 3 3 *   D4DRÄ28 TJ:#- ?SG;A- H 1UÄ + 3 T ? -5(6(S ? -5(6( � ?UÄ2?48 TK(6- ? 9S ? - H ? �>=� '* P693 3 3 +  .  DRÄ *�T 9 (6- ;S)(B,.- P 3 ÄND�8 T P - 9 CS 9 -5( 9 �c  Ä + ? T P - ? :S ? - H6/ �>=� '* P ;3 3 D�?  '* DRÄ21 T P :#- ;SGC ? - , 7UÄND4D TK(P:#- ;L:S 9 - /6/ � 3UÄ   1 T 9 (B,.- 9 CS P - HL: ��=� '* P69
3 3 ?41 348UÄ23 T P ;A- HSO:I,.- H   ÄND�1 TJ:#- /6;S)(6- ; P � ?UÄ + 1 TK(@H P - ,L;SG/A- 9 ( ��=� '* P (
3 3 ?47 8 * Ä + TJ:#- HSO:#- 9 3UÄ23ED TK(6- : PS ? - H6/ �c  Ä   7 T ? - CL:S ? - ; P �>=� '* P ;3 3 ? 3 + ?UÄ21 TJ:#(6- :S 9 /A- : * Ä2?   TK(6- 9RPS ? - P69 �c  ÄND�? TK( P - /6;S)(6- C6; ��=� '* P (3 3 ?ED 74143UÄ 3�TJ:#- :SO:#- C   Ä * D T ? - ? 9S ? - ? 9 �c  Ä * D T ? - ? PS ? - ? P �>=� '* P ;3 3 847 143   Ä +WT P - ,S P - C 1UÄ +E*�T ? -5(6(S ? -5( ? �c  Ä2?43 T ? - 9 ?S ? -5(@/ �>=� '* P ;3 3 84? D�7UÄ21 T 9 :#- 9SG/A- C   Ä28 *�TK(6- P ?S ? - ;6C �c  Ä * 3 TF;A- 9RPS ? - : 9 �>=� '* P69343 *!  748UÄ27 TJ:<HA- 9S 969 - P * Ä2?41 T 9 - 9 /S ? - P69 �c  Ä21 *�T 9 HA- ,6,S)(6- ? H ��=� '* P (343 *�3  .  DRÄ28 TF/A- HSG/A- C 1UÄ2?43 T ? - P (S ? - : 9 �R+ Ä2?43 T 9 - ; PS)(6- P : �>=� '* P69343  '* D�1UÄ +WT P - PSO:#- :   Ä28 3�T ? - 9 /S ? - 9 ? �c  Ä * D T ? - : 9S ? - 9RP �>=� '* P69343  .   .  1UÄ27 TJ:<;A- PS 9RP - / 7UÄ 3�*�TFCA- P ;S)(6- :I, �L3 Ä284? TFC6;A- 9 /SO:#- ;<, ��=� '* P6934341    .  3 Ä +WTK(@;A- 9S)( ? - H * Ä28ED T ? -5(@CS ? -5( 9 �c  Ä2141 T ? - PRPS ? - ;L: �>=� '* P6934341 3 ?   ÄND T),.- HS0,.- : 1UÄ   ? T ? - :<;S ? - ;L: �c  Ä 3 ? T ? - /6/S ? - P : �>=� '* P693434148 +2  8UÄ21 TFH P - ,S0,6,.- : ?UÄ2348 TK(@/A- HA(SO:#- 9 H � 7UÄ2?ED TJ:I,.- ? 9SG;A- ? , ��=� '* P :34347 * 14?4?UÄ + T P - ;S P - 9   Ä28 * T ? - ? CS ? - ? C �c  Ä23 3 T ? -5(P:S ? -5( 9 �>=� '* P ;34347   841UÄND TF; P - 9SG;6;A- P 1UÄND + TF;A- ,.(S)(6- :<H � 1UÄ2?47 TK(@/A- :</S 9 - :#( ��=� '* P69343 +2  + 1UÄ 3 TJ: 9 - ?S 9 (6- ; * Ä28   TK(6- /6HS ? - P69 �c  Ä 3�3 T 969 - C<,S)(6- ;L: ��=� '* P (343 + 8 ?EDRÄ   T 9 (6- HSG;6;A- / 3UÄ23 3 TK( 9 - 9 HSO:#- CL: �c  Ä *�+ TK( ? - ? ;S ? - H6/ ��=� '* P ;343 3 D 847UÄ2? TF;L:#- 9SO:#(6- , 7UÄ * 7 TJ:#- 9 /S)(6- H6; � 7UÄ2743 T 9 ;A- 9 ?SG;A- ? , ��=� '* P693434343 ?4?UÄ 3 TJ: 9 - ?SO:<HA- ? + Ä2?41 T 9RP -5(P:SG;A- ,L/ � 3UÄ2147 TF;<,6,.- ? ?SGCA- ? / ��=� '* P69
343ED�1  .  3UÄ21 TK( P - HS)( P - :   Ä27 3 T ? - ;A(S ? - 9 C �c  ÄND 3 TK(6-5(P:S ? - ,.( �>=� '* P69



 #+ 3 ��������� ���
	 ��� �
��
 � ����
�� ��� � � ��� �`� 
������ ����� � � ��� � � 
 � �2��� ��� �"!$#%�'� �
� &(�4-* �m�O* ��Q�B 7�2"'�2)5AG$'"0&.92�#-*D26=)*923?"')5$')5 7"¸ 7"'$')*6=&($% 7�#�UZ����! V�Y1' #"-*&($')53?9

� 1<)5V.V. ,1 ��� 1' 7�2"'�4)5A�$ ->D26=)*9!3?"<)5$hZ$\D46S�Q ,1 %. '&  ,1'VN" S)(
3434?47   ?4?UÄ27 TK( P - ,S)(P:#- H 3 Ä +E* TK(6- C PS)(6-5(P: � 7UÄ +2  T 9 - H 9S)(6- :<C �>=� '* P ;3ED�341   148UÄ23 TF;6CA- ,SG;6HA- ? 3UÄ27   TK(@;A- H 9SG;A- / ? � 1UÄ  .  T 9 ,.-5(@CS)(6- /<, ��=� '* P ;3ED�347   3�3 Ä * TF; 9 - :S 9 (6- 9 7UÄ 3Q+ T 9 - P ?S ? - H6H �c  Ä   3 T 9 - H 9S ? - C6; �>=� '* P ;3ED�3ED ?4?UÄ28 TF; 9 - ,SO:<CA- ; 7UÄ2?43 T),.- : ?S 9 - /6; �R+ Ä274? TJ:I,.- /A(SO:#- 9 ( ��=� '* P6934? * 1   147UÄ   TF;6CA-5(SO: ? - / 7UÄ23 *�TJ:#- 9 CS)(6- H<, � DRÄ 3�  TF;6HA-5( 9SGCA- : 9 ��=� '* P6934?  #+   8EDRÄ23 T 9 /A- ?S 9 ;A- / + Ä   8 T 9 - ? ;S)(6-5(@; � 1UÄ + D TF;A- ,LCS)(6- ; ? �>=� '* P ;34?   3 ? 3 Ä27 TF;A- PSGCA- H * Ä2?ED T ? - ? PS ? - ? H �L3 Ä28ED T ? - /L:S)(6- ;6H �>=� '* P (34?47 * 847UÄ23 T 9 /A- ?S)(@/A-5( DRÄ2743 T 9 ;A- ;6CSG;A- P ; �c  Ä + 7 TF;6;A- :6:S)(6-5( 9 ��=� '* P ;34?ED4D  #+ 7UÄ2? TK(6(6- 9S)( 9 - C DRÄ +4+WT 9 - C6CS)(6- H6H � 7UÄ + 3 TF;A- :</S)(6- ,L/ �>=� '* P ;34?4?41 +4+ ÄND TF; P - /S P ? -5(   Ä  #+WT 9 - ? HS)(6- ? : � 1UÄ   3�T 9RP -5( ?S 9 -5(P: ��=� '* P (34?4841   843UÄ2? T P /A- ?SGCA(6- 9 3 Ä + 1 TK( ? - P69SG;A-5(@H � 7UÄND +WTF;6HA- HL:SG;A- ; ? ��=� '* P ;348 *�+   1 * 3UÄ *�TF; 9 - /SG;A(6- P + Ä  #+WT ? - ;A(S ? - 9 / � 8UÄ * 7 TK(6- C6HS)(6- ;6C �>=� '* P :348   D   3 7UÄ * T 9 ,.- ,S 9 HA- ; 1UÄ21ED T ? - H PS ? - ,.( �L3 Ä2?43 T),.- ,6,SG;A- P ( �>=� '* P6934847 *  '*4* Ä + T),.- :SGCA- H   Ä * 1 T ? -5(6(S ? - ? H � 8UÄND * T 9 - , 9S 9 - ? : �>=� '* P (3484347   848UÄ27 TF;6CA- /S 9 HA- ,   Ä *�3 T ? - 9 HS ? - 9 ? � 7UÄ28   TF;A- 9 ,S)(6- CA( �>=� '* P69D *!  1 7 *4* Ä +WT P -5(SO:#- H   Ä23 +WT ? - ? PS ? - ? : �c  Ä + ? T ? -5( ?S ? -5( ? �>=� '* P ;D * 14? 1 * ?UÄ21 T 9 ? - ,S)(B,.- /   Ä * D T ? -5(@CS ? -5( 9 �R+ Ä274? TK(6- ,M:S)(6-5(P: �>=� '* P69D * 7 * 3 1UÄ21 T 9 HA- :S 9 ;A- /   Ä21 3�TK(6- :</S ? - C6H � 7UÄ21 +WTK(@/A- P (S 9 - ,L/ ��=� '* P (D * ?ED   8EDRÄ27 T P ,.- :SO:</A- , DRÄ  #+WT 9 ? - ? HSG;A- H6C � 3UÄ *�3�TK(6( P - 969S P -5(P: ��=� '* P ;
D�1 * D   743UÄ2? TJ:#(6- ,SG;A(6- ? DRÄ2147 T 9 ;A- :<HSG;A- / 9 � 1UÄ284? T), 9 - 9 HS 9 - :I, ��=� '* P ;D�1 * 8 ?   Ä28 TF;<,.-5(S)(@;A- ,   Ä 3 3 TK(6- CA(S ? - ;6/ �c  Ä * 7 TJ:#- ,M:S ? - P ( �>=� '* P69D�1   7 D�1UÄ 3�TK(@HA- ;SG;A(6- : 7UÄ23 *�TF;A- C6/S 9 - ; P � 1UÄ23   TK( ? - H PS 9 - :#( ��=� '* P69D�1414?   D 3 Ä2? T 9 CA- /S 9 (6- C 7UÄ2141 TK(6- : ?S ? - ,LH �c  Ä2148 TK(6- , PS ? - C6; �>=� '* P ;D�147 *   8 * Ä   TF;<,.- :S 9 ,.- /  '* Ä * ? TK(@HA- P ,SO:#- :<H �c  Ä *�+ TK( ? - ;<,S ? - ,6, ��=� '* P :D�1 +E* 3   1UÄ * TK( ? (6- /SGH6/A-5(  .  Ä + ? TK(@/A- ,.(S P - C6/ �c  Ä27ED TK( ? - 9 CS)(6- ? / ��=� '* PRPD�1 3�*   7 + Ä23 TK( 9 - ;S)(6(6-5( 7UÄ27 * T ? - / ?S ? - P , � DRÄ2? 3 T P - ;6;S 9 - /6/ �>=� '* P69D�1 3�3 1 +E* Ä 3�T 9 ;A- PS 9 (6- / 7UÄ284? TK(6-5(@HS ? - / 9 � 7UÄ27ED T 9 - / PS)(6- :<; �>=� '* P ;D�14347 +2  Ä28 T P :#- ;SG;A(6- C * Ä2?   T 9 - ;L:S ? - CL: �c  Ä27 +WTF;6CA- ? ;S)(6- ;A( ��=� '* P (D�14? 3 847UÄ   TF;6CA- ,SG;6;A- H 1UÄ *�3�T 9 - 9 ?S)(6- ? : �c  Ä2?48 TFHA- ? 9S)(6- P C �>=� '* P69D�14847   ?43UÄ 3�TK(B,.- HS)(@CA-5( ?UÄ + ? TJ:#- ; PS 9 - ;6/ � DRÄ2747 TK(6(6- : 9SG;A- /6H ��=� '* P ;D�148 3 7 3 7UÄ +WTK(@CA- HS)( P - , 3 Ä23 3�T ? - H PS ? - ,L; �c  Ä27 *�T ? - P CS ? - ;6C �>=� '* P :D�1484?  #+2  Ä +WTJ: 9 - ,S)( P -5( DRÄ27 3�T 9 ;A- H<,S 9 - 9 H � 7UÄ21ED T),LHA- /A(S)(6- H ? ��=� '* P ;D�7 *!  3 3 + Ä2? TK( ? - CS)( ? - ;   Ä  '*�T ? - ? ;S ? - ? ; � 7UÄ27   T ? - 9 ;S ? - 9 ? �>=� '* P ;D�7   8   3 + Ä28 TF;<,.- :S 9 CA- C 3 ÄND 3�T),.- ;6HS 9 - 969 � 1UÄ28   TK(@CA- 9 HS)(6- H6/ ��=� '* P ;D�74147 843UÄ + TJ: ? -5(SO:<;A- 9 3 Ä + 1 T 9 :#- ;A(SG;A- HA( � ?UÄ2848 TJ: ? :#- ;6CSG/A- P , ��=� '* P69
D�7414?  '* 7UÄ + T 9 /A-5(S)( ? - H 3UÄ2841 TK( P - H6;S 9 - ? / �c  Ä 3 D T 9 (6- P ;S ? - /6H ��=� '* P ;D�7ED +   847UÄ + TF/A- ;SGCA- / 1UÄ28 * T ? - 9 /S ? - 9 ( �c  Ä27 + T ? - ;L:S ? - 969 �>=� '* P ;D�748 * 1 3Q+ Ä + TK(@/A- /S)(B,.-5(  .  Ä214? T P -5(B,S 9 - H P � 1UÄ2148 TF;A- ? :S)(6-5(P: �>=� '* P :D +E* 7  #+4+ Ä2? T 9RP - ,S 969 - C  '* Ä * 1 TK( P - , PSO:#- C P �L3 Ä284? TJ: 9 - HL:SO:#- P C ��=� '* P ;D + 148 14147UÄ 3 TFHA- 9SG/A- , 8UÄ 3�* TK(6- HA(S)(6- :<; �c  Ä2148 T ? - C6CS ? - : ? �>=� '* P :D +4+ 3   74?UÄ2? TK( P - ;S)(P:#- :   Ä +E* T ? - 9 CS ? - 9 ( � 1UÄ23 * TK(6- ; 9S ? - /6C �>=� '* P69D +W3 1 8 * Ä2? T 9 (6- 9S)(@C<,.- : + Ä  #+ TF;A- H PS)(6- ;6/ �L3 Ä  '* TK(@HA- 969SG;A-5(@C ��=� '* P69D + 3 + 743EDRÄ21 TFH 9 - HS)( 9 CA-5( 3UÄ23   TK( 9 - 9 HSO:#- ;6; �c  Ä2?47 TK(B,.- /L:S)(6- C6H ��=� '* P :



 #+ D
� &(�4-* �m�O* ��Q�B 7�2"'�2)5AG$'"0&.92�#-*D26=)*923?"')5$')5 7"¸ 7"'$')*6=&($% 7�#�UZ����! V�Y1' #"-*&($')53?9

� 1<)5V.V. ,1 ��� 1' 7�2"'�4)5A�$ ->D26=)*9!3?"<)5$hZ$\D46S�Q ,1 %. '&  ,1'VN" S)(
D + 348 3EDRÄ 3 TF;6HA- CS 9 :#- C   Ä * ? TK(6- 9 ?S ? - :</ �R+ Ä2347 T 9 :#- ;L:SG;A- P69 ��=� '* P (D + D 3  #+ 8UÄ + TK(P:#- HS)(@;A-5(   Ä2847 T ? - ;<,S ? - 9 / �R+ Ä 3�* T 9 - :#(S)(6- :6: �>=� '* P69D + D4D 14741UÄ21 TF; P - PS 9 HA- , 3 Ä23 3 TF;A- H ?S)(6- /A( �L3 Ä 3 8 TK(@;A-5( ?SG;A- ;L: ��=� '* P ;D + ?    . #+ Ä28 TF; 9 - ;S P :#- P 7UÄ 3 8 TF;A- H6/S 9 - :I, � 3UÄ 3 7 TF; ? - / 9SGCA-5(P: ��=� '* P69D + ?ED D�8UÄ21 T),.- :S0,.- ? 1UÄ27 +WT ? - :I,S ? - ;<, �c  Ä23 +WT ? - HA(S ? - P C �>=� '* P69D + 8   + 14?UÄ23 TFCA-5(SGCA- ? 1UÄ * 7 T ? - ? PS ? - ? P � 7UÄ28 +WT ? - 9 CS ? - 9 : �>=� '* P ;D + 8 +  . .  Ä *�TK(@CA-5(S)(P:#- H + Ä2348 T 9 - P ,S)(6- : P � 8UÄ2743 TK(@CA- P (S P - :<C ��=� '* P69D + 8ED   747UÄ *�TK(@CA- ?S)(@HA- , 3 ÄND�3 T 9 - H 9S 9 - ? H �c  Ä2?48 T 9 - H6/S)(6- 9 : �>=� '* P ;D 3�* 1  . '* Ä21 TJ:I,.- ?SO:#(6- ; 7UÄ2348 TFHA- ? ?S 9 - 9 ( � 3UÄ2143 TK( ? 9 - P (S P - P , ��=� '* P69
D 3�* 7   84?UÄ21 TK(@;A- PS)( 9 - / 7UÄ234? T ? - C6HS ? - P : � 1UÄ * 1 TK(6- ? (S ? - CL: �>=� '* P ;D 3�*�+  .  3UÄ23 T 9 (6- HS 969 - : + Ä * D T 9 - / ?S)(6- P , � ?UÄ21 *�TK(@HA- , 9S P - C P ��=� '* P69D 3�  3 141   Ä21 TK(@;A- ?S)( 9 - ? 3 Ä +4+WTK(6-5( 9S ? - /6; �R+ ÄND�3 T 9 - CA(S)(6- P ; �>=� '* P ;D 3 1ED +E*4* ÄND TFHA- HSGHA- C 7UÄ2? * T ? - 9RPS ? - 969 � ?UÄ2348 TK(6- ;6HS)(6-5(@C �>=� '* P ;D 3 14? D * ÄND TF;A(6- 9SO: P - / 1UÄ23   TJ:#- ;6;S 9 - ? P �c  Ä 3 7 TK(@;A- / PS)(6- :<H ��=� '* P69D 3 148   D4DRÄ2? TK(6(6- PS)( ? - C 1UÄ274? T ? - ; 9S ? - 9 C � ?UÄ + D TF;A- ? PS 9 -5( ? �>=� '* P69D 3 7 *  #+ 3UÄ28 TFCA- :SGCA- 9   Ä214? T ? - ? HS ? - ? / � 1UÄ2347 T ? - : PS ? - ;6/ �>=� '* P69D 3Q+ ?   ? + Ä21 T 9 (6- 9S)(B,.- C 3 Ä 3 D T 9 - P HS)(6- : ? � 7UÄ +4+WTJ:#- /<,S)(6- , ? �>=� '* P ;D 3�3�*   1 * Ä +WT 9 (6- CS)(@CA-5( 1UÄ * 7 T ? - ,L/S ? - :6: � 7UÄ   1 TF;A- ,LCS)(6- : 9 �>=� '* P69D 3�3�  D   Ä   TF; P - ?S)(P:#- , 1UÄ * ? TF;A- 9 ?S ? - C<, �c  Ä   1 TFHA- 9 HS ? - C6H �>=� '* P69D 3 3 + ?41UÄ   TF;A- :S P - , 1UÄ  '*�T ? -5(@CS ? - 9RP �c  Ä 3 7 T ? - ;A(S ? - :#( �>=� '* P69D 3 343 +E* ÄND TF/A- CS)(6(6-5(   Ä * D T ? - ; PS ? - ;<, �c  Ä2343 TK(6- C6CS)(6- ? , �>=� '* P (D 3 3ED 34?UÄ28 T P - ;S P - /   Ä2?41 T ? - 9RPS ? - 9RP � ?UÄ2? +WTF;A- ;6;S 9 - C6C �>=� '* P (D 3 34? + 8UÄ +WT 9RP - /S 9RP - C   Ä2? +WT 9 - ,M:S)(6-5(@H �R+ Ä23   TF;6CA- C6/SO:#- 9RP ��=� '* P (D 3 D�7 3 1UÄ21 TK(@CA- 9S 9 ;A- / * Ä2843 T ? - :<CS ? - P ( � 1UÄ +W3 TF;A- H6CS 9 - ? P �>=� '* P (D 3 D 3 + 3EDRÄ28 TFCA- 9SGCA-5( 1UÄ2?41 T ? - ? /S ? - ? / � DRÄ 3�  T ? - P :S ? - P ? �>=� '* P ;D 3 D�8 7   Ä27 TF; 9 - /S 9RP - ; * ÄND + TK(6- : ?S ? - C 9 � 3UÄ28 + TF/<,.- H 9SGCA- /6; ��=� '* P ?D 3 ?4? D + ÄND T 9 - CS)(6(6- P   Ä +4+WT ? - ? /S ? - ; 9 � DRÄND�8 TK(6-5( 9SG;A- P , �>=� '* P (D 3 84?  '* 8UÄ27 TK( P - CS)( P - ? 1UÄ27 +WT ? - , PS ? - PRP � 7UÄ   1 T 9 - H6HS)(6- P ? �>=� '* P69D�3 * 7 847UÄ23 T 9 ? - 9SG;6HA- 9 1UÄ27   TK(6- 9 (S)(6- ;6; � 1UÄ21 +WTF;A- HL:S)(6- H<, �>=� '* P69D�3 *�3   743UÄ21 T 9 ,.-5(S)(B,.- ; + Ä * 3 TF;A- ? 9S)(6-5(@; �c  Ä   1 T 9 - H<,S ? - C ? �>=� '* P ;D�3 * D 3 * Ä28 TJ:#- ?S P - ? * Ä28 3�T ? - ? HS ? -5( ? � 7UÄ2148 T ? - ,LHS ? - / ? �>=� '* P (D�3 * ? 841UÄ +WT 9 ;A- HS 9 ? -5( DRÄ2747 TK(@CA- :<CSG;A- ,LH �c  Ä2748 TK(@/A-5(@;S)(6-5(P: ��=� '* P ;D�347 *   1EDRÄ21 T 9 :#- 9SG;A(6-5( + Ä * 8 T 9 - /6/S)(6- /6H � 8UÄ2? 3�T 9 :#- ;<,S0,.- C6; ��=� '* P69D�3474? 343UÄ2? TF;A- ;SG;A- ;   ÄND +WT ? -5( PS ? -5(P: � DRÄ2?47 TK(6- ,LHS)(6- : P �>=� '* P (D�3 +W3 D * ÄND TK( P - HS 9RP - / 1UÄ 3Q+ TK(6- P (S)(6- ;6C �c  Ä + D TF;A- ? (S)(6- 9 : �>=� '* P69D�3 3 D D + ÄND T 9 - ,S 9 - H   Ä * 7 T ? - ? PS ? - ? P �L3 Ä +2  T ? - , ?S ? - C<, �>=� '* P (D�3ED4D D�7UÄ + T),.- ;S)(B,.- , 1UÄ * D T ? - :#(S ? - ,LC �c  Ä   8 T ? - C6CS ? - / ? �>=� '* P69D�3ED�? 74147UÄ 3 T),.- :S0,.- 9 1UÄ2843 T ? -5( PS ? -5(P: � 7UÄ2?43 T ? - P ?S ? - :<; �>=� '* P ;D�34?4? 1 3 ?UÄ * TF; ? - HS 9 ,.- C 3 ÄND�7 T 9 - /<,S)(6- C ? � DRÄ * D TK( ? - H6/SG;A- / ? ��=� '* P ;D�348 3 ?ED   Ä + TJ: 9 - :SG;6HA- / 3UÄ2741 TK(6-5(B,S ? - /6H � 8UÄ 3 3 TJ:#- P ,S 9 - /L: �>=� '* P :D4D *!    ? 3 Ä27 TF;6;A- CS 9 HA- / 8UÄ * 8 TK(@;A-5(@/SO:#-5(@C � ?UÄ21 * T P69 - C 9SGCA- 9 ? ��=� '* P ;D4D * 7   D + Ä23 TF/A(6- :S P :#- : 7UÄ2?41 TK( 9 - ? ;S 9 - ? : �c  Ä2343 TJ:#(6- H<,S)(6- : ? ��=� '* P ;D4D *�3 +4+ Ä27 T P HA- ?SG;A(6-5( * Ä284? TF;A- , 9S ? - ,M: �c  Ä2? * T),LHA- P ,S)(6- ,M: ��=� '* P (



 #+ ? ��������� ���
	 ��� �
��
 � ����
�� ��� � � ��� �`� 
������ ����� � � ��� � � 
 � �2��� ��� �"!$#%�'� �
� &(�4-* �m�O* ��Q�B 7�2"'�2)5AG$'"0&.92�#-*D26=)*923?"')5$')5 7"¸ 7"'$')*6=&($% 7�#�UZ����! V�Y1' #"-*&($')53?9

� 1<)5V.V. ,1 ��� 1' 7�2"'�4)5A�$ ->D26=)*9!3?"<)5$hZ$\D46S�Q ,1 %. '&  ,1'VN" S)(
D4D * D 341UÄ2? TF;<,.- 9SG;L:#- 9 1UÄ2?ED TFHA- H6CS 9 - ? C �c  Ä2748 TJ:<;A- P ?S)(6- ;6; ��=� '* P69D4D  .  1 * 3UÄ23 TK(6(6- :S)( ? - H 3 Ä   3 T ? - H6CS ? - ,M: � 7UÄND�8 TK(6- / PS)(6-5(@C �>=� '* P ;D4D�1ED   143UÄ23 TK( 9 - ;S)(P:#- : + Ä *4* TK(6-5(@/S)(6- ? ? � 8UÄ +E* T),.- HA(SO:#- C6H �>=� '* P69D4D +4+ D�8UÄ 3 T 9 - :S 9 - ,   Ä2? 3 T ? -5( ?S ? -5(6( �c  Ä21 * T ? -5(@CS ? -5(@C �>=� '* P69D4D 3�* 8 * Ä28 T),M:#- ?SG;<,.- : 1UÄ * ? TF/A- H ?S)(6-5(@C �c  Ä2? +WTF/6HA- ,.(S)(6- P H ��=� '* P69D4D�341  '* 7UÄ28 TK(@CA- ;SG; ? - ; 1UÄ2?47 TK(6-5(B,S)(6- ;6; � 7UÄND�1 TJ:#- ,LCS 9 - H6; �>=� '* P69D4D�348   1 * Ä   TJ:<;A- /SG;A(6- : 7UÄ2747 T P - 9 ;S)(6- P ( � 3UÄ27 +WT P (6-5(@/SO:#- /<, ��=� '* P69D4D4D *   1   Ä28 T P (6-5(SG;<,.- C 1UÄ + ? TF;A- P ;S)(6-5(@C �R+ Ä21   TF; ? - 969SG;A- ; 9 ��=� '* P69D4D�?     1   Ä21 TK( 9 - :S)(6(6- ;   ÄND�3 T ? - ;6;S ? - 9 C � 1UÄ23   TK(6- ;6CS ? - / P �>=� '* P69D4D�? 3  #+ ?UÄ27 TF/A- /SO:#- ; + Ä21 +WT ? - , PS ? - ;A( �c  Ä +2  T ? - C6CS ? - 9 : �>=� '* P ;D4D�?43  '*!  Ä28 TF;A(6- :SO:<HA- /   Ä   8 T ? - C6;S ? - C6H �c  Ä   D T 9 -5(P:S)(6- ? 9 �>=� '* P69D4D�?4? 1 +4+ Ä +WT 9 /A- :SG;A(6- /  '* Ä * ? T),.- /6CSO:#-5( P �c  ÄND�1 TJ:#- P :S)(6- 9 ( �>=� '* P :D�? * 7 8EDRÄ 3 T),.- ?SGCA- , 1UÄ284? T ? - P69S ? - : 9 � 7UÄ 3Q+ TK(6- CL:S)(6- ? / �>=� '* P69D�?   ?   D�?UÄ2? TF;6/A- HS P69 - ? ?UÄND�8 TK(B,.- P CS P - C6C � DRÄ   8 T),LCA- ? (SGCA- PRP ��=� '* P ;D�?4141 843UÄND TK( ? - /S)( ? - :   Ä 3 D T ? - ;A(S ? - 9 C �c  Ä +4+ T ? - ,LHS ? - P ( �>=� '* P69D�?47   841UÄ27 TJ:<;A- ,SO:6:#-5( 7UÄ * 7 TFCA- HL:S 9 - ? ; � 7UÄ2143 TJ:<HA- ? PSG;A- ? : ��=� '* P69D�? +E*   D�1UÄ   TF/A- PSG/A-5( 3UÄ 3 3 TK(6- 9 CS ? - H<, � 7UÄ28ED TK(6- H6/S)(6- 9 ; �>=� '* P ;D�? +2   '* 8UÄ21 T P CA- /SO:<HA-5( 1UÄ274? TJ:#- ,M:S)(6- :<C � 7UÄ21 *�TF;6HA- P (S 9 - /6H ��=� '* P69D�? +W3 +4+ ?UÄ23 TK( ? ;A- :SGH 9 - /  '* Ä28 *�TF;L:#-5(@/SGCA-5(@/ � 3UÄ234? TK(P: P -5(@;S P - ,.( ��=� '* P :
D�? 3 ? 843UÄ +WT 9 - PS 9 - C   Ä23ED T ? - ? ,S ? - ? , �c  Ä 3�3�T ? -5(B,S ? -5(@C �>=� '* P69D�?434? 1  #+ Ä2? T P CA- HSG; 9 -5( ?UÄ284? T 9 HA- 9 ?SG;A- /6H �c  Ä * ? T 9RP - P (S ? - ,LH ��=� '* P :D�?4?43   143UÄ2? T),.-5(SGC 9 -5( + Ä +W3�T ? - , PSG;A- 9 : �c  Ä   1 T ? - P ?S)(6- ? , �>=� '* P ;D�84148 34? + Ä +WTF/6;A- ,S0, ? - H 8UÄ28 +WTF/A- 9 /SG;A- : P �c  Ä2741 TF;A- / ?S ? - / 9 �>=� '* PRPD�84741  #+E* Ä2? T 9 ? - :S)(@CA- 9 7UÄ 3�  TK(6- P ;S ? - /L: � 8UÄ + D TK( 9 - ,L/SO:#- P C ��=� '* P69D�847 + +W3 Ä + TJ: ? - /SG;6HA- P   Ä + 1 TJ:#-5( ?S)(6- 9 H � 1UÄ2?41 T),.(6- 969S 9 - /A( ��=� '* P (D�8474?  #+ 8UÄ   TF;6/A- /SG; ? - ; ?UÄ 3�  T 9 :#-5(B,SO:#- :<; �R+ ÄND�1 TF/6HA- 9 ,SG;A- /6C ��=� '* P ;D�8 3Q+ 1 +4+ Ä21 T P - :S P - ; * Ä28ED T ? - ? ;S ? - ? ; �L3 Ä +2  T ? - :#(S ? - ;6/ �>=� '* P69D�84348 ?47UÄ21 TK(6(6- PSGCA-5(   Ä2743 T ? - ;A(S ? -5( P � 8UÄ *4*�T P - H 9S 9 -5(@H �>=� '* P (D�8ED�3   D   Ä23 T 9 - :S 9 - ? 1UÄ27 3�T ? - ? ,S ? - ? P � DRÄND 3�T ? - P :S ? - :#( �>=� '* P69D�84?ED 14841UÄ *�T 9 ? - ?S)(B,.- / 1UÄ2? *�T ? - :6:S ? - ;L: � 1UÄ2?4? TK(6- 9 ;S ? - ,L/ �>=� '* P ;D�84841 147UÄ *�TF;6;A- :SG;A- ; * Ä23 *�TK(6- P ,S ? -5( ? � 7UÄ   ? T),.(6- HA(S)(6-5( 9 ��=� '* P ?D�848 + 1ED + Ä *�T P - CS P - P DRÄ274? T ? - P HS ? - P69 �c  Ä21 +WT ? - 9 :S ? -5(@H �>=� '* P :D�8484? 8 * Ä23 T 9 - ;SG;A-5(   Ä + 1 T ? - ? CS ? - ? , �c  Ä   7 T ? -5(6(S ? -5(P: �>=� '* P69? *4*!    743UÄ   TFCA- CSGCA- : ?UÄ21   TK(6- /A(S)(6- ;6C � 7UÄ2348 T 9 -5(6(S)(6- 9 C �>=� '* P ;? *4*�+ D + Ä28 T 9 :#- ?S)(@;A- ; * Ä2848 T ? - P ?S ? - 969 �L3 Ä2141 TFHA- ? 9S 9 - :6: �>=� '* P (? *4* ? 3 148UÄ 3 TFHA- ;SGHA-5( 3 Ä2?43 T ? - ; PS ? - ; 9 � 7UÄ * 8 T ? - :6:S ? - ;<, �>=� '* P :? *!  1 847UÄ28 TJ:<CA- 9SO:</A- ; 7UÄ2? + TK(P:#- ? (S 9 - / ? �R+ Ä2? 3 TK( P /A- /6HSO:#- C P ��=� '* P69
? *!  8 8 3 Ä28 TF;A- CSG;A- P   Ä2341 T ? -5( ?S ? -5( ? �c  Ä + ? T ? - 9 :S ? - 9 ( �>=� '* P69? * 141   743UÄ * T 9RP - ;S 9 ;A- /   ÄND * T ? - CA(S ? - :6: � 7UÄ   3 TF;A- P (S)(6- C P �>=� '* P69? * 143 D * Ä * TF;L:#-5(SO:#(6- ; 7UÄ * 7 T),.- ;6/S 9 - ; ? �c  Ä2?ED TF;A(6- 9 :S)(6- /A( ��=� '* P69? * 7 *   343UÄND TK(@;A- ,S)(@;A-5( 7UÄ  #+ T ? - C PS ? - P ( �c  Ä   1 T ? - CL:S ? - ;6H �>=� '* P ;? * 743  '* 3UÄND TJ:#- HSO:#- / 7UÄ23 3 T ? - :6:S ? - ;6/ �L3 ÄND�8 TK(6- / ?S)(6- ; P �>=� '* P69? *�+ 8 147UÄ27 TJ: P - CS)( P - : * Ä + 3 TK(6- PRPS ? - ;A( � 1UÄND * TFH<,.- ,LHS 9 - P ( ��=� '* P ?



 #+ 8
� &(�4-* �m�O* ��Q�B 7�2"'�2)5AG$'"0&.92�#-*D26=)*923?"')5$')5 7"¸ 7"'$')*6=&($% 7�#�UZ����! V�Y1' #"-*&($')53?9

� 1<)5V.V. ,1 ��� 1' 7�2"'�4)5A�$ ->D26=)*9!3?"<)5$hZ$\D46S�Q ,1 %. '&  ,1'VN" S)(
? *�3�* ?   ÄND TF;A- 9SG;A- 9   Ä + 8 T ? -5( ?S ? - ? H � 8UÄND + TK(6- CA(S)(6- ;6/ �>=� '* P (? *�3 8 341UÄND TF;6HA- 9S 9 /A- /   Ä21 3 TK(6- , 9S ? - C6H �R+ Ä234? TF;6;A- ,M:SO:#- ? 9 ��=� '* P (? * 347 143 * ÄND TJ:I,.- ;SO:<;A- : DRÄ +2  TF/A- P HSG;A- 969 �c  Ä   7 T P - ; ?S ? - /6; �>=� '* P :? * 3 + 3   Ä28 T P - ?S)(@HA- C 1UÄ2743 T ? - :#(S)(6-5(6( �c  Ä *!  T ? - :</S ? - / ? �>=� '* P69? * 343 ?47UÄ 3�TK(@HA-5(SGC6;A- : 1UÄ +2  TK(6- : ?S 9 - ? C �c  Ä28 *�TF;A- / 9S)(6- /6/ �>=� '* P69? * D�7   1EDRÄ 3�TF/ ? - ;S P ? - H 1UÄ  #+WT P - ;<,S)(6-5(@/ � 7UÄND�3 TFC6HA- P :SG;A- 9 ; ��=� '* P69? * D 3   74?UÄ2? TK(6(6- ,S)( ? - / 1UÄND�1 T ? - P :S ? - :#( � 3UÄ2143 TF;A- ;6/S 9 - ? : �>=� '* P69? * ? +   143UÄ *�TJ:#- HSO:#- H 3UÄ   3�T ? - /6/S ? - ,M: �c  Ä28   T ? - C6HS ? - :<H �>=� '* P ;? * ?ED 7 +2  Ä27 TJ:<;A- PSG;6/A- P 3UÄ2843 TJ:#- :<CS 9 - 9 ( �c  ÄND�7 TF;A- C6;S)(6- ? 9 �>=� '* P :? * 84?  #+ ?UÄ23 TK(@HA- ;S)(@CA- ; 1UÄ * 3 T ? - PRPS ? - ;6/ �R+ Ä2? 3�TF;A- ,L/S)(6- H ? �>=� '* P69? * 848 D�8UÄ 3�TK( 9 -5(S)(6(6- ; * ÄND +WT ? -5( PS ? -5(@; �R+ Ä + 8 T 9 - P :S)(6- C6C �>=� '* P (?  '*�3   DRÄ   T P - PS P - : * Ä +2  T ? -5( PS ? -5(P: �c  Ä2743 TK(6- PRPS ? - /L: �>=� '* P ??  . .  7 3Q+ Ä 3 TJ:<CA- CSG/6/A- ; DRÄ284? TFCA- ? PSO:#- C ? � 1UÄ274? TFCA-5( PS 9 - ? C �>=� '* P :?  .  3 1 +2  Ä21 TF; ? - ,S)(@/A- 9  .  ÄND�? TK( 9 - ; 9SG;A- :6: � 1UÄ2147 TF/A- C6HS)(6- 9 ( �>=� '* P :?   1    '* 7UÄ2? T 9 :#- ,S 9 ? - H ?UÄ + 7 TK(@HA- 9 ;SO:#- ;L: � 1UÄ21 3 T 9 HA- P /S)(6- /6; ��=� '* P ;





� ������������� 	

� � � ��� � � ��

� � � ��� � 
�� � �

�c9 �K�2&(/2$% ,1 3U�¡®a #/21<3./�3?"' 7�³$'�! C ��!)*"%$% 792+J #3.AB$'�2 C-*D46=)*9!3?"')*$hZY ,£.3?-*D!$')53?9©3.A;�c ���¹R� 9 - C )*9@/21'3?68/2$
;<�nm0"��G$'�2 �-*D26=)*923?"')5$hZ_)*94+J1' 7&."% K&." $'�! �AGD492+J$')53?9W3.A41' 7�4"'�2)5AG$T�^D4"')*9!V�� "h"%$'&($')*"%$')*+,&.-!6= ,$'�!3U�w)*9R$%1'3��2D2+J 7�)*9��\/2/Q 792�2)��
�SO3�`-53´ZU� "C�B3?9292)*92VC ,$;&.-±Oa� 1 *4* 1 &e�;&.92� �E 7)2O ;d&(3@� 1 *4* 1 �;)*94�! ,/Q 792�! 79R$'-5Zª1' ,/Q3.1'$% 7�$'�! Y-*D26=)>9!3?"')5$[Z© ,£.3?->D!$')53?9�&."Y�c �� ¹R� (6- : &.92� �c �� ¹R� (6- / ��1' 7"%/Q 7+J$')5£. 7-*Z.O���"#&.-51' 7&.�!Z��4)*"'+,D2"'"' 7�¾)*9
���2&(/4$% ,1 3 �a3.�g"% ,1'£. 7�¾->D26=)*9!3?"<)5$hZ�)*"F�! 7"'+J1<)5�Q 7�:&."����! #"%$ 1 �H¼'&�S 9¼ O � �! ,1' ,AG3.1' .��®0 �+,&.9¾V?)5£. M$h®03/21'3.�g&(�4-5 M)*9R$% ,1'/21' ,$'&($')53?94"wA�3.1=$'�2 ª-*D26=)*923?"')5$hZ³ ,£.3?-*D!$')53?9»&."8$'�2 ª/21'3.V. 792)*$%3.18 ,£.3?-*D!$')53?9 �G .O V!Oq6=&."'" ,£.3?-*D!$')*3?9g��&.94�¯$'�2 �i% ,$\3./Q 792)>9!V�"h&.9!V?-5 ; ,£.3?-*D!$')53?9jO(�c9�$'�4)*"\+T�2&(/2$% ,17�j�g&."% 7�X3?9¯$'�2 ;1' 7+J 79R$d$'�! ,3.1'Z¯3.A$'�! _"%$'&(1KAG3.1<6=&($')53?9C1<&($% _&.92�C$'�! d3.�4"' ,1'£. 7�1ic ,$�3./Q 792)*92V;&.9!V?-5 .�!®0 _"'�!3´® �23f®� 7&.+<�ª/4&(1'$�+J3?9e$%1<)*�4D!$% 7"$%3=$'�! S3.�4"% ,1'£. 7�ª->D26=)*9!3?"<)5$hZ= ,£.3?->D!$')53?9jO
) lTn oqpjrBvB�au8tc|�r\p ~+*\r-,J�;|Qt<r\u
��./.1032´®54�674
8:9<;3=?> 3A@23 �`®B>�.1032´®DC103>E.FCF>HG7GJIK=MLNIKCF>�IO./C103>ELP;:4:Q�C16R2<4S2OLBC103>�TU>VC1IOG7GJ67QV6RCXW @ ;�>H4:>V=?IOG7GRW.�;<�nmB.�IK=1>ZY:=12��:;:Q�>7�M£�6R=-C103>[TEIO.?.165£O>[.1C1IK=�Q�2<G7GJIKY\.F>�0:If£A6J439^] +E*%_a` @ � 0:6J.b67.5Q�2O=?=1>H.FYc2<42�dCF2%C103>QVIO.F>K®567C10[C10:>bTU>VC1IOG7G767QV67CXW/2OLe.F2<G7IK=fI(�\;:44�:IO4:Q�> @ ;<�'mg.hLN=12<T�C103>H.F>i2.�jiF>HQ�C1.fIf£O>V=?IK9O>HGRWj2AQVQV;:=fIKC¡¹[]   @kl2O=1>V2f£O>V=7�mIO.1.?;:TE67439on3IOGRYc>VCF>V=6"#CXWAYc>/�!kqp0�e.1C1IK=?.503>HIf£A67>V=-C10:IO4@ '*4*%_ ` 67.50:IK=<�dCF2oLr2O=sT¬�c>HQVIO;:.F>[2OL
TU>VC1IOGtQ�2u2<G76J439 @ Pv=12.�\I(�\GRW.�:IOGJTU2<.FC5IOG7G ;<�'mg.�IKCB¹j]¥ /IK=1>[CF=?6R9O9O>V=1>7���uW^.F>,£O>V=?IOGtC167TU>H.I '*%_+` @bw 4C103>E2OC10:>V=Z0:IO44�j�xTU>VC1IOG "#LN=1>V>%.FC1IK=?.N�NYc2OY "#�?�1�-.FC1IK=s.T�M674
C10:>oTEIO.1./=?IO439O>�2OL_ '*4*! g #+E*�_a`yTEIHW�2�QVQV;3=
;<�nmB.7�2®50:67Qs0zQVIO4ª�c>MLN2O=?TU>7�^2<4:GRW^674^C103>�>HIK=?GRW^;:4:65£O>V=?.1>(.?;:Q?0dIO.B¹F½   1A@�{LiC103>^G7;:TE674:2<.16RCXW
2OLiC103>%Y:=12<TEY:C6;<�nmg.ZIO.?.F2AQV6JIKCF>H.w®56RC10|C10:>%.FCF>HGJG7IK=ZT�IO.1.,� ®�>zQVIO4}4:IKC1;3=sIOG7GRW
674uCF=12��:;:Q�>lTEIO.?.E>,£O2<G7;3C1672<4�LN2O=oC103>lY\;3=1Yc2<.F>z2OLM>���Y\G7IO674\67439
C103>qGJ;:TE67432<.?6RCXW+>,£O2<G7;3C16R2<4 @ �y03>H4�®B>
Q�2<4:.16>�3>V=[C10:>^GJ;:TE67432<.?6RCXW���~�LN=12<T +E*
_a`�Y:=12O9O>H4:6RCF2O=UIKC8¹�$y (�fC103>zG7;:T�67432<.16RC�W
Lr=12<T�¹�]y  1 67.>���Ye>HQ�CF>7�UIO. 7 � ~ �c>HQVIO;:.1>BC10:>BTEIO.?.h2OL:Y:=12O9O>H4:67CF2O=h6J.0  1 */_ ` @ � 0:>H4�C103>g>,£O2<G7;:C16R2<4j67.h�u;:IO4uC16RC1IKC165£O>HG7W�3>H.1Q�=s65�c>7�%IO.W�c ��:¹R� ? - C @
)�� } �_�h��� �C�v�U�?�j�i�A���j��,'� ~+*-��,5�[�c�?�-�
�!4U8:9<;3=1>'� @  (�R®�>-.1032f®�C103>�i!>VCv2OYe>H4\67439MIO439<GR>bIO.vC103>iLN;\4:Q�C16R2<4j2OLc=1>7�:.10\6RLrChTU>HIO.1;:=1>7�ULN=12<T�C103>��:=?>HI�%
C167TU>52OLcIKLNCF>V=19<GR2´®5. @ � 03>i8\G7GR>7�U.?�u;:IK=?>H.vIK=1>-C103>-TU>HIO.?;3=1>7�U2OYc>H4:674:9�"XIO439<GR>5IO42�EC103>-QV;3=s.F2O=?.fTU>HIO4oC103>;3Y:Yc>V=g2O=-G72f®B>V=�£�IOGJ;3> @ � 03>(CF2OC1IOGt9<IOTETEIQ"#=?I'Wz>H43>V=19OW%=1>HGR>HIO.F>7�l674^C103>OiF>VC567.

�i�Z$ & 9¼
1 �-�! #"B$

& 9¼
1
+
	�� 9
 ��c ��»¹R� Ä � � @  f�

  3� 



  3 1 ��������� ���
	�� ����� � � � �-� � 
�� ����� ��� 
 � �%�

�->V=1>.�!� 
 67.�C103>-GJ;:TE67432<.?6RCXW8�:67.1C1IO4:Q�>-IO42�oC103>�� 6J.vC103>�2.�\.F>V=<£O>7��� ;3>H4:Q�>-6J4�;:4:67C1.f2OL >V=19%QVT S 9 @ � 03>I.�2�:67C16R2<4:IOG3CF>V=?T 2OL��c m��¹U�vQ�2<TE>H.�LN=12<T�C103>-Q�2<.1TE2<GR2O9<67QVIOGeC167TU>B�\67G7IKC16R2<4 @ ���32OY:C167439�C103>59O>V2<TU>VCF=s67QVIOGQ�2O=1=1>HQ�C1672<4^2OL C103>bi!>VC,�:p:=?IO67G >VCbIOG @ � 1 *4*! f�iIO42� mBG72u2<T�>VCiIOG @ � 1 *4* 7 ��=1>VYc2O=1CF>7�%C103>_�:67.FCF=s65�\;3C16R2<4E2OL �i�IO.gC103>(.FC1IO42�:IK=T�%QVIO44�:GR>�2OLK�i�[$  '* P ( >V=19��P.1>V>M8:9<;3=1>w  @28 =?6R9<0uCT� @ � 03>H4#®B>M.F>VCgC103>��\;3>H4:Q�>(G767TE67C�IO.  =@ '* S0, >V=?9oQVT S 9 �^®-0:67Q?0
Q�2O=1=?>H.FYc2<42�
CF2zC103>=�3>VCF>HQ�CF2O=Z.F>H4:.16RC16*£A6RC�Wl2OL � ��
:� � �`®�>EQVIO4�>H.1C167TEIKCF>
C103>�T�I���67TZ;:T�iF>VCb2OYc>H4:67439�"XIO4:9<GR>MIO.bC103>MLP;:4:Q�C16R2<4^2OLh=1>7�\.10:6RLNCd�P.12<G76*�zG7674:>(6J4^8:9<;3=1>1� @  f� @

���
	���
��
	b�!�)���bL (*�5
�g��J/�
 ��%b"��N�5���
��	79 �7� 	��
�O/��
(C%*
��!L �,%*�
"���
��5�N"�
*%*�J/1L e����
"h")�c�5%Q�7�;�R= �������hFH�E]_& �
� �
�
�J/ (*fh� ��
*�0(<�7
��P%�&����<�J��(*��
��J/p"��N�5���
��	79 �7� 	��
�S��� /r%�&�� +�� 
�(*"�
`('�<�0�7�U%*&������ �V�J
M"�
<�
".63�J

g.�7�
���)�M]_&��K(C")�!�-/ �
�
���K�
(I%�&��K�K�.�,�
�'��� ")�V�J���
��	��7��	)�!�<"7$_/,��%��J+�%��7L �!�������_(O�
� ( %`�7� /v"��v%*&��
%�&���( %`�7� / �7
`/1+J�7� /,�
�#��(���@����! �"�$#&%Q�J
*	V�y]_&���/���(*&��0/P�
�!� �#�
( ��
���$a�5
��5�V+��O"7$('*),+ = ��-p>hF/.0%A�

�{Ci67.,1\632�QV;:GRC�CF2j9<634O>M�u;:IO4uC16RC1IKC1634O>/IK=?9<;:TU>H4uC1.iI65e2<;:C�C103>biF>VCg2OYe>H4\67439�"XIO439<GR>->74O2<G7;3C16R2<4^LN=12<T�C103>.1TEIOGJG81:IKC1IU.?IOTUY\GR>H.g.1032´®54^674%8:9<;3=1>M� @:9K@ mg;3C�®B>/QVIO4^=1>HQ�2O9<4:63;V>MIjCF>H4<13>H4\Q�WE2OLxC103>M>74O2<GJ;3C16R2<4>=�6 @ > @ =C103>z43>HIK=U>74O>H4uC1.�0:I�4O>dG7IK=19O>^2OYc>H4:67439
IO439<GR>zIO4<1}C10:>%=?>HTU2OCF>z2<43>H.UIK=1>d4:IK=?=12f®5G7W�Q�2<G7G767T�IKCF>?1 @ ��>.1;3Yc>V=1Yc2<.F>?1qI�=?>VLr>V=1>H4\Q�>ZG76J43>[IO.(& ¼�@BA 9 ��¹DC S)( 2<4qC10:>Z.1IOTE>Z8\9<;3=1> @ �{Lv.1;\Q?0S>74O2<G7;3C16R2<4q>��367.FC1.7=cC103>G7;:T�67432<.16RC�WE>74O2<G7;3C1672<4dIO.bC103>IiF>VCb2OYc>H4:674:9�"XIO439<GR>(>74O2<G7;3C16R2<4l67.b�v�! #" @ & S 9¼ @EA 9 �:¹DC 9 @�{C�67.v0:IK=*1ECF2ZQ�2<4:.16:1:>V=fC10:IKCvC10:>-.F>H4:.?6RC1634�6RCXWZ2OLcC103> � ��
�� �F13>VCF>HQ�CF2O=?.gG767T�6RChC103>
13>VCF>V=sTE674:IKC16R2<4E2OL
C103>biF>VCB2OYc>H4:6J439�"XIO439<GR>G=H5c>HQVIO;:.F>�C103>(CF=?;:4:QVIKC1672<4o2OL .1;:Qs0^>JIe>HQ�Cb67.BLPIK=iLr=?2<T C10:>�2G5 .F>V=K4KIKC16R2<4 @�w 4%C103>2OC103>V=/0:IO4L1>=Q®�>UQVIO4:432OCM13>VCF>V=sTE6743>ZC103>N�\;��qG76JTE6RCb2OL�C103>j2OY:C167QVIOG 2G5\.F>V=K4KIKC16R2<4:.O5c>HQVIO;:.1>ZIKLNCF>V=19<GR2´®5.
IK=1>�2G5\.F>V=K4O>?1P1\6�Ie>V=?>H4 C�CF>HGR>H.1Q�2OYc>H.0®56RC10Q1:6�Ic>V=1>H4 Cg.F>H4:.?6RC1634�6RCXWU674oC103>�®�2O=?GR1 @ ��Cg67.BIO4%IOQ�C1;\IOG LPIOQ�CgC10:IKCC103>M>74O>H4uC1.5TU>HIO.?;3=1>?1^C103>IiF>VCS5:=1>HI�%%IK=1>/Q�2<4:.16:1:>V=?I65\GRWT5\=?6R9<0uCgQVIO.1> @ � 03>V=1>VLN2O=1>MC103>V=?>/67.gIjYe2<.?.1635\67GJ6RCXWC10:IKCgC103>(Y\GR2OC1.B674%8:9<;3=?><� @:9 67.BCF=?;:4\QVIKCF>?1�5AW�.F2<TE>�2G5 .F>V=K4KIKC16R2<4:IOGcG767TE67C1IKC16R2<4:. @ ��>MQVIO4:432OCi.FCF=12<439<G7WIO.1.F>V=?C(I65c2<;3C(C103>niF>VC(2OYe>H4\67439oIO4:9<GR>j>74O2<G7;3C16R2<4S2OL�&J¼ @UA 9 �¾¹DC S)( = 6RC(67.(432OCM67TUYc2<.1.?635\GR>MCF2z>���Y\G7IO674C103>�GJ;:TE67432<.?6RCXWE>74O2<GJ;3C16R2<4^2OL A 9 �:¹DC 9 - C 6J4^CF2OC1IOG @



� ������������� �

� � 
 � � � � ��� � � � � 
 � ��� � � � 
-
	�
��� � ��
 �

;<�nm IKLNCF>V=19<GR2��5.(IK=1>jC103>[Y 03>H432<TU>H4:I�Lr2<GJGR2��56J439�C103>ZY:=12<TEY:C59<IOTET�IQ"#=?IHWS>HTE67.1.?6R2<4d2OL2;K�'mg. @ � 03>IKLNCF>V=19<GR2��-.7=39O>H43>V=?IOG7G7WG=AIK=1>O5:=s6R9<0 CF>H4\67439[6J4�� "#=?IHWG=32OY\C167QVIOGcIO4<1%=?IG1:6R2N5\IO4<1>=H13>HQVI'WA674:9[C103>H67= � ;����56RC10
C103>oYe2���>V=<"XG7I�� 674�C167TU> @ �!4�C103>oLr=sIOTU>���2O=I%|2OLiC103>�8\=1>75\IOG7GfTE2 13>HG�= IKLNCF>V=19<GR2��5.jIK=1>oC10:2<;39<0 CZCF2 5c>9O>H43>V=?IKCF>?1 5uW^C103>M>���CF>V=?4:IOGx.1032�Q<% A C103>/=1>HGJIKC1634A6J.FC167Q��:2�� 674 CF>V=sIOQ�C1.��56RC10^C10:>�674uCF>V=5.FCF>HG7G7IK=bTE>?1:67;:T�C @�!4�C10\67.�Qs0:IKY:CF>V=?=��B>(Ye>V=?Lr2O=?T�� "#=sIHWo.1Ye>HQ�CF=sIOG IO4<1%CF>HTUYc2O=?IOGeIO4:IOGRW�.167.vLr2O=g>HIOQs0�� "#=?I'WoIKLNCF>V=19<GR2��5.7=
432OC167QV6J439(C103>�� "#=?IHWj>HTE67.?.16R2<4jG76743>H. @ ��>5;\.F>?1 7 1:IKC1I A ;K�'m 8ED * ?414? = 848 * 9 147 IO4L1 848 * D *�+ ��kq;3=?I�%KIOTE6>VCoIOG @ = 9 848ED Q6= 9 84848 IH= 5 CU2G5\.1>V=K4O>?1��567C10 ��� � � ( =iIO4<1 3 1:IKC1I A ;<�nm *4* 9 * 1 3K��=>* 9G9 1H9G9 = * 1 * 74141 =* 7 * 141ED IO4<1 * 7H9 1 * 7 � ��GRC16R>V=s6t>VC[IOG @ = 1 *4*4*j�hn�IO4uCF2<.L"C�tGR>V2d>VC�IOG @ = 1 *4* 9 � Nv0:G7>Z>VC/IOG @ = 1 *4* 1 �3� 2<6J.F>HIO;�>VCIOG @ = 1 *4* 7 � n�IO4uCF2<.L"C�xGR>V2j>VCgIOG @ = 1 *4* 7 CB2G5\.F>V=K4O>?1��567C10 	 � � � ��!#"%$'&#( =�=1>H.FYc>HQ�C1634O>HG7W @ �{4oC1I65\GR> � @:9 =)�B>.1;:T�TEIK=?63;V>?1^C103>M5 IO.167QM6743LN2O=?TEIKC1672<4:.iI65c2<;3Ci>HIOQ?0%;<�'m @

;<�'m n�IKCF>HG7G76RCF> ;<�nm � 67TU> A+* � C � n � ��� � A+* � C N,��P @ � @ � @ ��NO� @8ED * ?414? ��� � � 9 848ED.- * ?/-�14?A@ND + 9 848ED.- * ?/-�148A@2841 +E* @ *�%A. 9 ? 0O* ? T 148A@ +<. � 3 8 � 9 ?)02748A@ND#1848 * 9 147 ��� � � 9 84848/- * 9�-�147A@ 3 3 9 84848/- * 9�-�1 3 @ND * 748A@2? %A. 9 3K0 1 3KT 741A@ *O. � +4+ � +W3 0214?A@2821848 * D *�+ ��� � � 9 84848/- * D.- *�+ @ND�7 9 84848/- * D.- *�3 @2743 148A@ *�%A. 9 1 0 9 8 T 1 * @ND . "@* 7 � 3�* 0:9 * @2321*4* 9 * 1 3K� 	 ��� 1 *4*4* - 9 * -�1 3 @:9 7 1 *4*4* - 9 * -�1EDu@21 3 9 ?A@ *�%A. * ? 0 743 T 7 3 @28 . " 9 7 � *�+ 0 * 8A@:9�1* 9G9 1H9G9 	 ��� 1 *4* 9�- 9 1/- 9G9K@2? * 1 *4* 9�- 9 1/- 9 1A@27 * 14?A@2? %A. 9G9 0 9 3KT 9 Du@28 . " 1H9 � 3 3)0 3 Du@ 3 1* 1 * 74141 	 ��� 1 *4* 1/- * 7/-�141A@:9 3 1 *4* 1/- * 7/-�141A@2? * 143A@27 %A. 9 ? 0O* 9 T * 7A@ +<. � ?H9 � * 3)027 * @ND#1* 7 * 141ED 	 ��� 1 *4* 7/- * 1/-�1EDu@2743 1 *4* 7/- * 1/-�1EDu@ND4D 7H9K@2? %A. *�+<0 3 D T 747A@ *O. � 1 * � 148)0 * 8A@ * 1* 7H9 1 * 7 " 9 	 ��� 1 *4* 7/- 9 1/- * 7A@2841 1 *4* 7/- 9 1/- *�+ @:9 8 3 3A@21 %A. * ? 0 141 T 7 * @27 . " 748 � 3 920 * 1A@ + 1* 7H9 1 * 7 " 1 	 ��� 1 *4* 7/- 9 1/- * 7A@2841 1 *4* 7/- 9 1/- * 3A@ND4D 3 1A@23 %A. * ? 0 141 T 7 * @27 . " 748 � 3 920 * 1A@ + 1
]��7L��
�43n�!�)�']_&��ML �)(C�-+��!��$a"�
��<�7%*�
"�� "7$65�9 
`�Ae �.$ %��5
�	��
".6 (*���<���!�0(O%���7 �!��	��
�h%*" �)+5+�")���h%#�!� %*& �
(
%�&��J(*�
(J�E� "�
 �J�)+`& ���!�bG�%*&��-(_%���L��
��+�"��h%`�7�
�P%�&��#�!��$a"�
��<�7%*�
"����7LN"���%�%�&��
����� %*
��!	)	��J
3%��!�<�)G,%*&��
�5� �N")(*��
��P(C%��7
*%�%��!�<�v=:],8,]��!��]�F#$a")
%5Q9;
`�Aev�7$ %*�5
�	��
".6#G %*"7%`�7�3���,�V"h(C� 
*�M/,� 
��7%*�
"�� =:9;5=<�� F���� /
%�&���+�" "�
`/,�
� �.%��K=R�#� ���
G>3b�J+7� FHG 
*�0(C�N�J+�%*�
g��5�
e��

?A@CBEDF@�GIH#JLKNMAOPKRQTSAU#K V.GWJLXYSAXZGW[#J\G^]_SAU#K`GWSAU�KaM\bTcCdfegJih:cCdfekjIlWmPnWnWo�p�cCdfekjPl^mWbPmIn�pqcCdCekjIlWmWr�sRrutW[2QcCdfevjIlWmIo�sxwWyNpzH#{�S=SAU�K�[#G4[#Ka|u}f~�M't��_JLGW{�MA��K%|�t^J�Q�KNSAK��aSAKRQ/�_�zU�K�Q�KaS'tWX���Q�K�JL�aMAX�V�SAX�GI[�t^H.GI{�S=SAU#K�]�GW���ZGR|�~:{#V�GIH�JLKaML~OWt^SAX�GI[�JftxMAK6]�GW{#[2Q%X�[��+������rIwWjW��p2��������rIrWoPl�t^[2Q������6��rPl^�Pn�h���GIJLU#XZQ�t=KaSftW����p)s�jIjIl��/��{�M'tW�WtW��X/KaSftW����p)s�jIjIlWt�p H2yN�
9 3 7



9 3Q+ ����������� � 	 � � � ��
 ������� � �,� � � � � 	 � � ��� � � 
 � � # � ��� �
� ��� � �	�E�1*[�
� �	�b,z����
m���h��� ~+*��v������� �!�^� ~�� �����e�?�-���q�?�	���
$-2OC167QV67439�.FYc>HQ�CF=?IOGgLN>HIKC1;3=1>H.7==��>d.?032�� C10:>d.FYc>HQ�CF=?IOGBY:=12OYc>V=1CXW+2OL � "#=?I'WaIKLNCF>V=19<GR2��5.E2G5\.1>V=K4O>?1 �56RC10
� � � � IO4<1 	���� � ��!#"%$'&#( @ �!4�C10:67./.1>HQ�C16R2<4>=C��>%.1;:TETEIK=s63;V>UC103>E>74O>H4uC1._�56RC10�C103>�>HTE67.1.1672<4|G76743>H.IO4<1 - 2O=vC103>i>?139O>b.FCF=?;\Q�C1;3=1>H. @ �!4jC103>b43>���Cf.F>HQ�C16R2<4>=<C10:>bQVIO.F>H.,�567C1032<;3Ch>HTE67.1.?6R2<4jG76743>H.hIK=1>b674uCF=12H1:;:Q�>?1 @
��������� �! !"$#&%('*)�+�)
��4v� "#=?I'W�IKLrCF>V=?9<GR2�� IOQVQ�2<TUY IO4 W�67439-,/.10 8ED * ?414? �gIO.Z2G5\.F>V=K4O>?1u�56RC10 ��� � � @ � 0:6J.[67.�C103>^8:=?.FC>74O>H4uCiCF2U2G5:C1IO674%C103>�� "#=sIHWo.1Ye>HQ�CF=s;:T �56RC10o9O2u2H1z.FC1IKC167.FC16JQV.�5uW � � � � @ � =sIG1:6R2N�\IK=1>��BIO.g2G5 .F>V=K4O>?1
�56RC10\674jC103>5>V=?=12O=�QV6R=sQVGR>i2OLmC103>%� "#=?I'WUCF=?IO4:.16R>H4uC7=uIO4L1EC103>-=1>?1:.10:67LrC6�gIO.�TU>HIO.?;3=1>?1�IO.32[$ * Ä2854ED�? LN=12<TC103>�.1Ye>HQ�CF=sIOGmI65\.F2O=1Y:C1672<4zG76743>H.g2OLhC103>/032<.1Cb9<IOG7I���W A7698 2O=19O2�4�.6%�6 >VC5IOG @ = 1 *4* 9 C @:�>(.1032���C103> � "#=?I'WE67TEIK9O>-2OLeC10:>%� "#=?IHWEIKLNCF>V=19<GR2�� 2OL*,/.�0 8ED * ?414? 2G5\.F>V=K4O>?1 �56RC10 ��� � �;,��1n 113>VCF>HQ�CF2O=Z674
8:9<;3=1> 6 @:9 A �567C10:674SC103>EQV6R=?QVG7>$C @ �!4�8:9<;3=?> 6 @21 =f��>E.10:2��DC103>EGJ6R9<0 C1QV;:=K4O>U2OL�C10:>E.F2<;3=?Q�>
IKLNCF>V=�.1;05:CF=sIOQ�C167439%C103> 5\IOQ<%A9O=12<;:4<1 @ � 03>UG76R9<0uC1QV;3=K4O>U.10:2��5.�Yc2��B>V=6"XG7I�� 13>HQVG7674:> �56RC10 @=<�> (6- :6:�?(@A- @6C =IO4<1|I �\IK=1>�.FCF=s;:Q�C1;3=1>EIK=12<;\4<1 9(Ä21 = 9 * P .F>HQ @ :�> 1:634�6:13>jC103>E>H4uC16R=1>U2G5 .F>V=K4KIKC16R2<4�674uCF2zC103=1>V>�Y\IK=1C1.5c>VLr2O=?> - 674 - IKLNCF>V=bC103>��\IK=?>G=:IO4<1zYc>V=1LN2O=?T C103>�.FYc>HQ�CF=?IOGmIO4\IOGRWA.?67. @

18:10:00 09:00 08:00 07:00

59
:1

0:
00

05
:0

0
15

:0
0

20
:0

0
25

:0
0

Right ascension

D
ec

lin
at

io
n

GRB970828

A�BDCFEHGJI 3�KDLFMONQPHIRBTS�UFCFI9VFWYXZP[I 59\]G^U`_�UaWb\XJI�GJCFcDVadeVFW �����gfih?�Fjikljnmpo3qYr(o �3s'8HkutvKNQPHIxwZVFEHG^y
IzBD{-XJPHI|y�I�{iXZI}G~y�BTG^y
cDI�B�w�XZPHI59\]G^U`_�y�VFEH{iXZI}GZ��UlGZX�VlW�XZP[BDw�I��uI�{iX}K�NQPHIPHVuGZBD��Vu{iXJUlc&Ul{[��XJPHI��FI}G�XJBDy}Ulc*Ul�5BDw�S/I�Ul{[w
��K ��K�Ul{[� 3�I}ylKD�HGJI}wZ��I�yvXJBT�uI�cD_FK

A�BDCFE[GZI 31K�k5MONQPHI3cTBDCFPiX^y
EHGJ�FI�VlW 5�\7G^U`_�UlWb\XZI�GJCFcDVadeVlW������efih?�FjukFjHK�NQPHI�wZVFcDBD�	cDBD{HIBDw&XZP[I3��I}w�X � XQGZI�w�EHcTXQd�B�XJP +!�&.0%v� �Z�uK�NQPHIw���I}y
XZG^Ulc�UF{[UlcD_5w�B�w/B�w���I�GZW�VFGJS�I���W�VFG�X�d�VBT{iXZI}GZ�aUFcDwOUuwO�5BT��B��5I}����_�XJPHI��HUFwZPHI��1cDBT{[I}w}K
�f2<.10\6:1:Id>VCjIOG @ A 9 84848 C[674 CF>V=?Y:=1>VCF>?1+C103>%.1Ye>HQ�CF=sIOGfLN>HIKC1;3=1>^674�.FYc>HQ�CF=?;\T A 5(C/IO.ZC103>��->#"XG76 %O>^6R=12<4

>HTE67.?.16R2<4 G76743> A 3A@ND %O>'&MC"=-IO4<1 TU>HIO.1;3=?>?1 C10:>S=?>?1:.10:6RLNC^IO. 2 $ * Ä2747A@ �-2��B>74O>V=?=MC10:67.%=1>?1:.?0:6RLNCo67.
674:Q�2<4\.167.FCF>H4uC%�567C10lC103>j2OY:C16JQVIOG7GRWdTU>HIO.1;:=1>?1l=?>?1:.10:6RLNC52OL�2o$ * Ä2854ED�?A@ � 03>V=1>VLN2O=1>G=z��>j=1>HIO4:IOG7WD;V>?1SC103>.FYc>HQ�CF=?;:T�IO4<1l6J4 CF>V=1Y\=1>VCF>?1q67C5IO.5C10:>[=?IG1\67IKC1634O>/=1>HQ�2<T�5\674\IKC16R2<4l>?1:9O>[IO4<1SQ�2<4 C16J4u;:;\T A .1.�¡ Ci2OLfC103>
LP;:G7GRW�672<4:63;V>?1z6R=12<4 A ��¢�¢�£�$ 8UÄ214? %O>'&�C @ � 03>/TE2 13>HG LN;:4\Q�C16R2<4^2OLtC10:>�.1.�¡y67.S1:>H.1Q�=?635c>?1 5c>HGR2�� @

¤ A �NCv$¦¥ * LN2O= �¨§ � ¢�¢�£¤ @ Aª©�« C�> ;
¬ 9 >���Y Av­z® > ®�¯H¯H°±}² C LN2O= �¨³ ��¢�¢�£R´ A76 @:9 C



� ��� � � ��� � � � � � � � 
 � � # ��
������ ����
,� � � 
 ��� � � � � � � � � � ��� � 9l454
�!4 CF=?2 1:;\QV67439�C10:>SC10:=1>V>�Y\IK=?IOTU>VCF>V=s.^Lr2O=zC103>!.�.�¡O=g6 @ > @ = ��¢�¢�£�= ©�«�� =(IO4<1y432O=?TEIOGJ63;HIKC16R2<4>=��B>IOQ?0\6R>74O>5IM.16R9<4\6R8\QVIO4uC =?>?1:;:Q�C16R2<4Z2OL�� 9 =	�
� 9 $ 9 7UÄ21A@ �5>H4\Q�>G= C103>bQ�2<438813>H4:Q�>iGR>74O>HG32OLeC103>�.1.�¡}TU2H13>HG67.�Lr2<;\4<1T5AWEIO4�� "#CF>H.FCBCF2N5c> 848UÄ27�
%@ � 03>�5c>H.FC�8:Cv9<634O>H.gIO4%>?139O>�>H43>V=19OWE2OL ��¢�¢�£�$ + ÄND�3�� @A-5(@H> @A- 9�� %O>'&T=IO4 >HGR>HQ�CF=?2<4 CF>HTUYc>V=?IKC1;3=1>dIKCUC10:>z=1>H.FCULN=?IOTU>z2OL ©�«�� $ * Ä2? � (6- @> @A- 9 =gIO4<1 IO4�674uCF>V9O=?IKCF>?1�.�.�¡ �\;��a2OL

�Q¢�¢�£+$ 9(ÄND�� CA- :> (6- ; = 9 *�> � Y 032OCF2<4:.bQVTx> 9 .a> ( @ � 03>[I65e2$4O> 8 * 
 >V=1=12O=-=?IO439O>[2OL ��¢�¢�£ 67.5Q�2<4:.167.FCF>H4uC
�56RC10�C103>%>��AYc>HQ�CF>?1g.1.�¡ "#>?139O>^>H43>V=?9OW|2OL�� "XG76 %O>o67=12<4�IKC + ÄND + %O>'&�IO4L1 �->#"XG76 %O>^6R=12<4+IKC + Ä�4H9 %O>'&�56RC10qI�=?>?1:.10:6RLNCb2OL�2o$ * Ä2854ED�?A@ � 0A;:.7=mC10:>Z.FYc>HQ�CF=?IOGtLN>HIKC1;3=1>jQ�2<;:G:1 5c>[>��AY\GJIO6743>?1lIO.�C103>~.1.�¡ I65c2�4O>
C103>/>?1:9O>/>H43>V=19OW^674z0:6R9<0\GRWo6R2<4\63;V>?1^Y\G7IO.1T�I @�{Co.10:2<;:G:1 5c>q4:2OC1I65\GR>dC10:IKC%C103>V=1>S67.�4:2�=1>?1:.?0:6RLNCF>?1�6R=12<4�>HTE67.1.1672<4�G76743>d.1>V>H4 IKCoC103>l>���Yc>HQ�CF>?1
>H43>V=19OWlLr2O=M.1;:Qs0q672<4:63;V>?1dY G7IO.1TEI @ :�>j.1>HIK=?Q?03>?1
LN2O=(IO4 � "XG76 %O>Z6R=12<4q>HTE67.1.?6R2<4lG76J43> A 3A@28ED %O>'& IKC(C103>
=1>H.FC�Lr=?IOTE>$Cj674 C103>q.FYc>HQ�CF=?;:T IKC A 5 C @ ��.�.10:2��54�6J4 8:9<;3=1> 6 @27 " A 5(C"=��B>lLN2<;:4<1 4:2|>HTE67.1.?6R2<4 G76743>IK=12<;:4L1 3UÄ28ED�� A 9 ��2 CB$ 7UÄ�443 %O>'&��-6RC10lIO4
;3Y:Yc>V=5GJ67TE6RCi2OL�����������³ 9(Ä�4 = 9 * > C Y\032OCF2<4\.bQVT > 9 . > ( @$-2|.16R9<4:6R8 QVIO4 CjG76743>%.FCF=?;:Q�C1;:=1>��BIO.jLN2<;:4<1}674 A I C[2O= A Q�C @ �f2<43>V2OC6%�; >VCEIOG @ A 1 *4* 9 Cj.1;39O9O>H.1CF>?1 C10:IKCC103>H.F>ZQVIO.F>H.�QVIO4d=1>HIOG76:;V>�674zC103>�Y\G7IO.1TEI �-6RC10zC103>�4:2<4 "#>H�u;\67G7635:=s67;:T�672<4:63;HIKC16R2<4 A $��f�KCi.1C1IKCF> @ :�> �567G7GTU>H4uC16R2<4|I65c2<;3C/C10\67.(Yc2<674 C/6J4 ¡g0:IKY:CF>V= 3A@ � 03> 5c>H.FCL"#8\C/Y\IK=?IOTU>VCF>V=s.�IO4<1�C10:>�;3Y:Yc>V=/G767T�6RC1.�2<4|C103>6R=12<4E>HTE67.1.1672<4UG76743>iIO4<1�C103>1.1.�¡�674 CF>H4\.16RC16R>H.�IK=1>-.1;:TETEIK=s63;V>?1E674jC1I65\G7> 6 @21 IO4<1�C1I65\GR> 6 @27 A �f2<.?0:6:1:IH=$�IOTE6 %�6 =��f2<43>VCF24%A;q>VC5IOG @ = 1 *4* 9 C @

(a) (b)

(c) A�BDCFE[GZI�3�K �[M�NQPHI�wZ��I�yvXZGJEHS�VlW�XZPHI�59\]G^U`_�UlWbXZI�GZ\CFcDVad�VlW�������f�h7�Fjiklj[K1NQPHI�XZVu�5\]cDI
WbX��YXJVF�5\7GZBDCFPiXUl{[����VFX�XZVuS�\]cDI
WbX3�[Ul{HI}c(BDw9XZPHI/wZ��I�yvXZGJEHS;VlW3mpUut
�m���t~Ul{�� m y}t�BT{ � CFE[GZI�31K�k5�3GJI}wZ��I�yvXZBD�FI}cT_uK ��cT\XZPHVuEHCFP XZPHInwZ��I�yvXZGJEHS VFW�mpUit1UF{[� m y}t�UlGJI�d�I�cDc
� X�XJI}� ��_|XZPHI~Ul�[wZVFGJ��I�����Vad�I�GZ\]c�U`d��YVu{HI�VlW�mp��tw�PHVad�wQU/wZ��I�yvXZG^Ulc�W�I�UaXZE[GZI�UlGJVFE[{[� � 7FI"!1K �QUFwZI}�VF{/XZP[I�GZI��HwZPHB�WbX�S/I}UFwZEHGJI}����_�XJPHI9Vu�5XZB�y�UFcHVF�[wZI�GZ\�`UlXZBDVF{ VFW�XJPHI�P[Vuw�X�\7CuUlc�Ua�5_u�Yd&I�BT{iXZI}GZ�[GZI�XZI}��XJPHIw���I}y
XZG^Ulc W�I}UlXZEHGJI�UFw�XJPHIS����	�K



9l443 ����������� � 	 � � � ��
 ������� � �,� � � ��� 	 � � ��� ��� 
 � � # � ��� �
�t>V=s6R2 1 ¤���� �� ¤ � Yc2���>V=6"XGJI�� � ¢�¢�£ ©�« � � 9 - 1 @ 2 @ LA = 9 * 9 @ QVTx> 9 C A = 9 * 9 @ QVTx> 9 C 674<13>�� %O>'& %O>'&
A I C 7A@ + A 83��>?18C 	 743UÄ�4 9(Ä23 � @A- 9> @A- ; @R@R@ @R@R@ 7 + @ND.- + ?A 5 C 7A@ + A 83��>?18C 	 454UÄ + 1UÄ:9 � @A- ;> @A- ; + ÄND�3 � @A-5(@H> @A- 9�� * Ä2? � (6- @> @A- 9 D * @27/-4D�1A Q�C 7A@ + A 83��>?18C D * Ä2? � ; 9 -5(> 9 ,.- � 1UÄ28 � @A- ,> @A- : @R@R@ @R@R@ 8 + @ * -�? +

N�Ul�HcDI�31K�k5M�A�BTX�XJBT{HC�GJI}wZEHcTXJwQVFWg59\]G^U`_�UaWbXJI�GJCFcDVad-VlW>����� f�h7�Fjiklj[K
� >V=?6R2H1 
x6J43> A 3A@28ED %O>'&�C .1.�¡ A 8A@214? %O>'&�CY 032OCF2<4:.bQVTx> 9 .a> ( Y 032OCF2<4:.bQVTx> 9 .a> (
A I C 	 + ÄND = 9 *�> C 	 9(Ä21 = 9 *�> �A 5(C 	 9(Ä�4 = 9 *�> C 9(ÄND�� CA- :> (6- 9 = 9 *�> �A Q�C 	 7UÄ *�= 9 * > � 	 DRÄ * = 9 * > C

N�UF�HcDI�3�K �HMOsªGJVF{��YBD{HI�Ul{[�N����	 A�cDE5�~VlW�59\]G^U`_�UaWbXJI�GJCFcDVad-VlW ����� fih7�ujukFjHK
������� + �! !" '�'9�Y'*+�
��
,/.�0 *4* 9 * 154 �gIO.�13>VCF>HQ�CF>?1�5uWZC103>b��G7G "{n %AWZkl2<4:6RCF2O=�I65e2<IK="1UC103> � 	 
 � .1IKCF>HG7G76RCF>bIKC�I65e2<;:C * 7 � 9 * � * 4A+* � Ch2<4 154Zw Q�C 1 *4*4*H=3IO4<1 1:>VCF>V=?TE6743>?1o6RC1.fYc2<.167C16R2<4 5AWUC103>-674uCF>V=vY G7IO43>VC1IK=1WU43>VCN��2O=<% A ��� $OC A n�TE6RC10>VC(IOG @ = 1 *4*4* C @ � 03>�Yc>HI�% � ;��z2OLfC10:67.->74O>H4 C��gIO./] + ¡g=?I65S6J4 4  9 1 %O>'& 5\IO4L1>=eIO4L1
] 9(Ä�4 ¡B=?I65
674
9K@�4  7 5\IO4L1>= =?>H.FYc>HQ�C1634O>HGRW @ � 03>Z2OY:C167QVIOGhQ�2<;:4uCF>V=1Y\IK=?CM2OLfC10:67.�>74O>H4uC/67.(432OC-LN2<;:4<1 =eC10A;:.�C103>j=1>?1:.?0:6RLNC67.i;:4O%A432��54 @�!4�8:9<;3=?> 6 @ +0=f�B>o.10:2���C10:>�67TEIK9O>E2OL�� "#=?IHW|IKLNCF>V=19<GR2�� 1:>VCF>HQ�CF>?1 5AW
C103>���$B13>VCF>HQ�CF2O=jI65c2<IK=*1
	���� @ � 03>fYc2<674uCx.F2<;3=sQ�>�.1032��54Z674MC103>BQV6R=?QVGR>v6J. C103>=� "#=?I'W�IKLNCF>V=19<GR2�� @ � 03>vG76R9<0uC1QV;3=K4O>�2OL3C10:67.t.F2<;3=?Q�>67.B.1032��54o6J4�8:9<;:=1> 6 @�4A@ :y03>H4���>(IG132OY:CBC103>�Yc2��B>V=6"XG7I�� TU2H13>HG CF2jC103>�GJ6R9<0 C1QV;:=K4O>G=E�B>�2G5:C1IO6743>?1%C103>5c>H.FC�=1>H.1;:GRC�IO. @�<}> 9 - H
?K(6- @ �567C10 � 9 $ 8UÄ274? Lr2O= 9 1 1 @ 2 @ L @ � 03>V=1>j67.(G7IK=19O>j>V=1=?2O=(6J4lC103> 13>HQVI'WS674L13>�� @� 0:6J.�67.N5c>HQVIO;:.F>%C10:67.[2G5\.F>V=K4KIKC16R2<4}0:IO.N5c>V>H4 132<43>^IKLrCF>V= 1A@:9 1:I'WA.U.16J4:Q�>�C103> ,/.�0�CF=s6R9O9O>V=?=f.F2
C103>
.F2<;3=sQ�>Z67.
1:67TETE>V=5C10:IO4qC103>�2OC10:>V=(.?IOTUY\GR>H.7=eIO4<1qC103>�Y\0:2OCF2<4 � ;��d67.5432OC�>H432<;39<0qCF2 13>VCF>V=?TE674:>�C103>
13>HQVI'Wd674<13>�� @:�> 1:6:4A6:1:>?1�C103>
>H4uC16R=1>S2G5\.F>V=K4KIKC16R2<4 674uCF2 1 Y IK=1C1. A I C%IO4<1 A 5(CoIO.%.?032��54y674 8:9<;:=1> 6 @�4A@ �{4
8:9<;3=?> 6 @23 =���>S.1032���C103>l.12<;3=?Q�>q.1Ye>HQ�CF=s;:T 2OL�,/.�0 *4* 9 * 154 � @ � 03>lGR>VLNC�IO4<1�C103>d=?6R9<0uCEY\IO4:>HG567.C103>Z8:CFC167439�=1>H.1;:GRC �56RC10lC103>[I65\.12O=K5c>?1dYc2��B>V=6"XG7I���TE2 13>HGt674:QVG7;L1:67439jC103>Z9<IOG7IOQ�C167QZI65\.F2O=1Y\C16R2<4 A ¤ � $
3UÄ:9 = 9 * 9 @ QVTx> 9 C @ � 03>V=?>�IK=1>[.12<TU>�1:6J.1Q�=1>VY\IO4:QV67>H.�5e>VCN��>V>H4qC103>N1:IKC1I�IO4<1lC103>�TU2H13>HGmLP;:4:Q�C1672<4:.b674* @23  1A@21 %O>'& =?IO4:9O> @ �!4:QVG7;L1:67439%IG1<1:6RC16R2<4\IOG GJ6743>jQ�2<TUYc2<43>H4 C1.�674 CF2zC10:>j.1Ye>HQ�CF=s;:T A 5(C"=��B>E67TUY:=?2�4O>?1
C103>%8:CFC167439
.16R9<4\6R8\QVIO4uC1GRW�IO.U.1032��-4+674+8:9<;3=?> 6 @NDu@ � �B2�G76743>H.[IK=1>zI65e2<;:C 7�� Q�2<438L13>H4:Q�>^IO4<1aC103>2OC103>V=(C'�B2^IK=1>ZT�IK=19<674:IOG�13>VCF>HQ�C16R2<4 @ : 03>H4`�B>ZQ�2<4:.?6:13>V=5C10:>�13>VCF>HQ�CF>?1�G76J43>H.bIO.�C103>�� "XG76 %O>[>HGR>HTU>H4uC1.A kl9����1� =On36/���B&N= n � &-� =K�5=6� &-�1�?�/C"= C103>g=1>?1:.10:67LrCxQVIO4N5c>,1:>VCF>V=?TE6743>?1ZIO.Q2Z$ * ÄND�8�� * Ä * Du@ �!4:QVG7;<1:6J439C103>5GJ6743>iTU2H13>HG:Q�2<TUYc2<43>H4uC1.fCF2[C103>5.FYc>HQ�CF=?;:T A I C"=)�B>-Q�2<;:G:1�432OCf2G5:C1IO674EC103>5.16R9<4\6R8\QVIO4uC�=1>?1:;:Q�C16R2<4E2OL
� 9 =�IO4<1%.F>VC�2<4\GRWU;3Y:Yc>V=6"XG767T�6RC1.h2OLmC103>(G76743>S�\;3�A>H. @ � 0:>�5c>H.FCL"#8:CBQ�2<4 C1674A;:;:T�IO4<1�C103>�GJ6743>bY\IK=sIOTU>VCF>V=?.
IK=1>�.?;:TETEIK=?6:;V>?1z674^C1I65\GR> 6 @ +�IO4<1dC1I65\GR> 6 @�4A@



� ��� � � ��� � � � � � � � 
 � � # ��
������ ����
,� � � 
 ��� � � � � � � � � � ��� � 9l4ED

8:36:001224364837:0012

-1
3:

00
:0

0
03

:0
0

06
:0

0
09

:0
0

-1
2:

57
:0

0

Right ascension

D
ec

lin
at

io
n

GRB001025

A�BDCFEHGJI 3�K �[MONQPHIRBTS�UFCFI9VFWYXZP[I 59\]G^U`_�UaWb\XJI�GJCFcDVad VFW,����� ���[L"�uk �l�;m�5����	\L<��3tvKNQPHIxwZVFEHG^y
IzBD{-XJPHI|y�I�{iXZI}G~y�BTG^y
cDI�B�w�XZPHI59\]G^U`_�y�VFEH{iXZI}GZ��UlGZX�VlW�XZP[BDw�I��uI�{iX}K�NQPHIPHVuGZBD��Vu{iXJUlc&Ul{[��XJPHI��FI}G�XJBDy}Ulc*Ul�5BDw�S/I�Ul{[w
��K ��K�Ul{[� 3�I}ylKD�HGJI}wZ��I�yvXJBT�uI�cD_FK

A�BDCFE[GZI�3�K �5M NQPHI�cDBDCFPiXJy�EHGZ�uInVlW�XJPHI�59\GJU`_ UlWbXZI}GZCucTVad VFW ���!�U���[L"�ik �l�1K�NQPHIw�VucTB��=cDBT{HI BDw-XZPHI ��I}w�X�\ � X GJI}wZEHcTX d�B�XJP
+ � .���� �
	(%^� � K NQP[I	wZ��I}yvXJGJUFc�Ul{[UFcT_5wZBDw�B�w��I}G�W�VuGZS/I}� W�VFG�X�d�VzBD{iXZI�GJ�aUlc�w1Uuw��5BD��BD�HI}��i_�XZPHI��[UFwZPHI}��cTBD{HI�w�K

A�BDCFEHGJI�31K �HM(NQPHI�w���I}y
XZGJEHS VFW�XJPHI�5�\7G^U`_�UaWbXZI}GZCucTVad VlW<����� ���[L"�ik �l�1KaNQPHIQcTI�WbX&Ul{[��GJBTCuPuXO�[UF{HI�cB�wQXZP[I�w���I}y
XZGJEHS VFW�mpUitQUl{[��m���tv�[GJI}wZ��I}yvXJBT�uI�cD_FKONQPHI}GZI�UlGJI��5B�wZy�GZI}�[Ul{[y�BTI�w���I�X�d&I}I�{~XZPHI��[UaXJU/UF{[�XJPHI�S/V��HI�c y�VFS/��Vu{HI�{iX�UlGJVFE[{[���[K � 7uI !�Ul{[�	k5K ��7FI"!1�HI�w���I}y�BDUFcTcD_�BD{�XJPHIRGZBDCFPiX��[UF{HI�c]K

A�BDCFE[GZI%3�K h�MQNQPHI1wZ��I�yvXZGJEHS�VlW�5�\7G^U`_�UaWbXJI�GJCFcDVadVlW ����� ���[L"�ik �l�1KiNQP[I�cTI�WbX��[Ul{HI}c BDw�XZPHI � XZXZBD{HCGZI�w�EHcTX d�BTXZP XZP[I-Ul�[wZVFGJ��I�� ��Vad�I�GZ\]c�U`d S/V5�5I�c]KNQPHI�GJI3UFGZI��5BDwJy
GJI���Ul{[y�BTI�w*��I
X�d�I�I}{�XZP[I3�HUlXJU�Ul{[�XZPHI-S/V5�5I}c�y
VuS���VF{[I�{iX UlGJVFEH{[� �HK h 7FI"! Ul{[�LFKDL=7uI !1K5NQPHI3GJBTCuPuX��[Ul{[I�c BDw&XJPHI�wZUFS�IR�HUlXJU��[E5XBT{[y�cTE��5BT{[C�XZP[I
�N�RUFE[wJw�B�Ul{nS/V5�5I�c�w�XJV�GJI��HGJI}wZI�{iXXZPHI�I}S�B�wJw�BDVF{~cTBD{HI�w�K



9l44? ����������� � 	 � � � ��
 ������� � �,� � � ��� 	 � � ��� ��� 
 � � # � ��� �
�!4 CF>V=*4�IOG ¤ � Yc2���>V=6"XGJI�� >H43>V=19OW �\;�� A 1  9 *�%O>'&�C � 9 1 @ 2 @ L

9 * 9 @ QVT > 9 674<13>�� >V=?9<.5QVT > 9 . > (
A I C�� 
 3UÄ:9 A 83�LC 9(Ä23H9 � * Ä:9 D A DRÄ2154 � * Ä28 +DC = 9 *�> (P: 9l4A@28 1 *A 5(C � 
 3UÄ:9 A 83�LC 9(Ä2843 � * Ä:9 8 A 7UÄ�454 � * Ä + 9 C = 9 *�> (P: 747A@ND 1 +A 5(C � 
 �(GJ6743> 3UÄ:9 A 83�LC 9(Ä2?4? � * Ä2747 A 1UÄ2348 � * ÄND�8 C = 9 * > (P: ?A@2341 9 +

N�Ul�HcDI,3�K ��M�A�B�XZXZBD{HC�GJI}wZEHcTXJw�W�VFG�XZPHI�y�VF{iXZBD{�EHEHS wZ��I}yvXJGZE[S VlW0����� ���HL �uk �l��K��!PHI}{�d�I�I}w�XZBDS�UaXJIXJPHI�I�{HI}GZCu_��[E5� ��XJPHI�CuUFcDUuyvXZB�yRUl�[wZVFGJ�5XJBTVu{|m����(t�dQUFw�y�VFGJGZI�yvXJI}� K
�vG7>HTU>H4 C �v43>V=?9OW � ��032OCF2<4dphG7;�� ��43>V=19OW^p GJ;�� n�6R9<4:6R8 QVIO4:Q�>%O>'& %O>'& Y\032OCF2<4dQVT > 9 . > ( >V=?9oQVT > 9 . > (
A I CgG76J43>#" 9 A kd9��-�1�KC * ÄND4D A 8:�<C * A 83�<C 	 7UÄ�4ED = 9 * > C 	 + Ä27ED = 9 * > ( � @R@R@A I CgG76J43>#" 1 A n�6z���B&�C 9(Ä * ? A 8:�<C * A 83�<C 	 9(Ä2?H9 = 9 * > C 	 7UÄ:9 1 = 9 * > ( � @R@R@A I CgG76J43>#" 7 A n�� &-�KC 9(Ä + 8 A 8:�<C * A 83�<C 	 9(Ä2854 = 9 * > C 	 + Ä2347 = 9 * > ( � @R@R@A I CgG76J43>#"P+ A �5=%� &��1�1�KC 9(Ä28 * A 8:�<C * A 83�<C 	 9(Ä * 9 = 9 *�> C 	 7UÄ:9 1 = 9 *�> ( � @R@R@
A 5(CBG76J43>#" 9 A kd9��-�1�KC * ÄND4D � * Ä *�+ * A 83�<C A 1UÄ2354 � 9 -5(6(> (6-5(@C C>= 9 * > C A 7UÄ214? � 9 - � H> (6- :<; C�= 9 * > ( � 7UÄ:9 �A 5(CBG76J43>#" 1 A n�6z���B&�C 9(Ä * ? � * Ä * ? * A 83�<C A 1UÄ * 4�� (6- � H> (6- ��� C>= 9 *�> C A 7UÄ�4 + � 9 - ,M:> 9 - C<, C�= 9 *�> ( � 1UÄ28 �A 5(CBG76J43>#" 7 A n�� &-�KC 9(Ä + 8 � * Ä * 4 * A 83�<C A ?UÄND 9 � CA- � H> � - / � C>= 9 * > , A 1UÄ * D � (6- � ,> (6- ;6H C�= 9 * > ( � ] 8 * 
A 5(CBG76J43>#"P+ A �5=%� &��1�1�KC 9(Ä28 * � * Ä:9 1 * A 83�<C A 8UÄ2?43 � CA- �69> ,.- 9 , C>= 9 * > , A 7UÄ * 1 � (6- H6H> 9 - 969 C�= 9 * > ( � ] 8 * 


N�Ul�HcDI�31K �5M�NQPHI���I}w�X � X�GJI}wZEHcTXJwQVlW�XZP[I�cTBD{HI�y
VuS���VF{[I�{iXJw�VFW ����� ���[L"�uk �l�1K
�������	� �! !" '��*� +����
,/.�0 * 9G9 1H9G9 �gIO. 13>VCF>HQ�CF>?1 5uW�
�!
����&.� � 	 =/IO4<1yC103> 5 ;3=?.FCP1:;3=sIKC16R2<4��BIO. 1ED *�. A C103>+GR2<439O>H.FC5\;3=s.FC/2G5\.F>V=*4O>?1 5AW�
�!
����&.� � 	 C��-6RC10�IqYc>HI�% � ;���2OL 4 = 9 *�> / >V=19<.-QVTx> 9 .`> ( @ � 0:>E=1>?1:.10\6RLrC�2OL,/.�0�* 9G9 1H9G9 �gIO.5TU>HIO.?;3=1>?1dIO.�2j$ 1UÄ:9 + 9 � * Ä * 9 A p3=?;\Q?0uCF>V=5>VC-IOG @ = 1 *4* 9�� �-2<G7G7IO4<1^>VC5IOG @ = 1 *4* 9 C @� 0:>�� "#=sIHW�67T�IK9O>52OL&,/.�0 * 9G9 1H9G9 67.f.10:2��54%674U8:9<;:=1> 6 @2?A@ * 43Lr2O=?C1;:4:IKCF>HGRWG=AIKC�C103>-8:=?.FCvYe2<6J4 C1674:92OL:C10:6J.x2G5\.1>V=K4�IKC1672<4>=OC103>g.F2<;3=?Q�>g67. GR2AQVIKCF>?1UQVG72<.F>�CF2(C103>B>?139O>g2OL:C103>���$�Q?0:6RY @ � 0:>V=1>VLr2O=?>G=KIKLNCF>V=�] 4 %�..1674\Q�>�C103>%>��AYc2<.1;:=1>o.FC1IK=?C7= 	/� � � ��!#"�$'&#(`�gIO.ZT�IO43>H;04O>V=1>?1}674uCF2qC10:>oYc2<.16RC1672<4|C10:IKCjC103>^.F2<;3=?Q�>^67.
�B>HG7G3GR2�QVIKCF>?1U2<4UC103> � $ 13>VCF>HQ�CF2O= A .F>V>iC103>i=?679<0 C�Y\IO4:>HG A I C�IO4<1 A 5(Ct2OL 8:9<;3=1> 6 @2? C @ � 03>iG7679<0 C1QV;3=*4O>i2OLC103>/.F2<;:=?Q�>/67.g.1032��54z674^8:9<;3=?> 6 @28A@ � 03>M5c>H.FCg8:CgYe2���>V=<"XG7I���TE2 13>HGm6J. @ <�> (6- C6C
?(@A- 969 �56RC10�� 9 $ 9 + Ä21LN2O= 9 1 1 @ 2 @ L @ :�>oYc>V=1LN2O=?TU>?1�C10:>o.FYc>HQ�CF=?IOG�IO4:IOGRW�.167.MLN2O=[C10:>o674uCF>V=K4KIOG7./2OL A I C�IO4<1 A 5 CMIO.Z.1032��-4�674
8:9<;3=?> 6 @28�!4E8:9<;:=1> 6 @:9 *H=���>5.?032�� C103>5.FYc>HQ�CF=?I�2OL 5e2OC10 A I C�IO4<1 A 5(CC�567C10EC103>5I65 .F2O=K5c>?1UYc2��B>V=6"XG7I�� TU2H13>HG @�!4jC103>b8:=?.1C 4 %A.F>HQb2G5\.F>V=K4KIKC16R2<4 A I C"=A.F2<TU>5.FYc>HQ�CF=?IOG�LN>HIKC1;3=1>H.�IK=1>iLN2<;:4<1UIK=12<;:4L1 * @ND %O>'&N= * @28 %O>'& IO4<1
9K@21 %O>'& @ew 4^C103>M2OC10:>V=50:IO4<1>=3674%C103>MLN2<G7GR2��567439 141 %�.F>HQ(2G5\.F>V=*4�IKC16R2<4 A 5(C"=3C103>/G7674:>H.BIK=?>�1:67.1IKY:Yc>HIK=1>?1IO4<1 ��>iQVIO4Z2G5:C1IO674ZC103>gIOQVQ�>VY:C1I65\G7>B8\Ct2<4:G7W4�56RC10�C103>i.167439<GR>vYe2���>V=<"XG7I��T�567C10/C103>g9<IOG7IOQ�C167QgI65\.12O=1Y:C16R2<4 @��132OY:C167439jC103=?>V>�,(IO;:.1.16JIO4zQ�2<TUYc2<43>H4 C1.bCF2E=1>VY:=1>H.1>H4 CgC103>/.FYc>HQ�CF=?IOG Lr>HIKC1;3=?>H.b674 A I C"= �B>/QVIO4d67TUY\=12�4O>
C103>Z8:C(IO.�.?032��54S674l8:9<;3=1> 6 @:9G9 A CN��2zIK=1>jI65c2<;3C 7�� Q�2<438L13>H4\Q�>ZIO4<1q2<43>j67.�TEIK=19<674:IOG C @ ��GRC1032<;39<0.b>V>74O>H./>VC(IOG @ A 1 *4* 1 = 1 *4* 7 C�=1>VYc2O=1CF>?1������->HT�67.1.16R2<4SG7674:>H.-674SC103> � "#=?IHWS.FYc>HQ�CF=?;:T�2OLR,�.10 * 9G9 1H9G9 =�B>5Q�2<438:=?TE>?1j2<4:GRW�����������2OLcC103>HT @ � 0:>iY\IK=?IOTU>VCF>V=?.v2OL(1:>VCF>HQ�CF>?1�C103=?>V>i>HTE67.1.1672<4UG76743>H.7=<6 @ > @ � �������fIO4<1



� ��� � � ��� � � � � � � � 
 � � # ��
������ ����
,� � � 
 ��� � � � � � � � � � ��� � 9l448
C103>��\;�� =AIK=?>(Q�2<4\.167.FCF>H4uC=�-6RC10�C10:>H6R=g=1>H.1;:GRC1. @ � 0:>
5c>H.FCL"#8:CBY\IK=?IOTE>VCF>V=?.iIK=1>(.1;:TETEIK=s63;V>?1o6J4�C1I65\G7> 6 @23LN2O=bC103>�Q�2<4uC1674A;:;:T IO4<1zC1I65 GR> 6 @ND LN2O=bC103>M>HTE67.?.16R2<4zG7674:>H.7=�=1>H.FYc>HQ�C1634O>HGRW @�!4�C10:>oC167TE>%674uCF>V=K4KIOG,1:>VCF>HQ�CF>?1}C103>o>HT�67.1.16R2<4+G76743>H.?=tC103>^.F2<;3=sQ�>%IK=1>zGR2�QVIKCF>?1}43>HIK=ZC103>Q1:>VCF>HQ�CF2O=>?139O> @ � 03>V=1>VLN2O=1>G=fC10:>P5\IOQ<%A9O=12<;:4<1 =f>H.FYc>HQV67IOG7GRW|QVIO;\.F>?1 5AW�C103>zTU2<;:4uCjY\G7IKCF>^2OL�C103> ��$U1:>VCF>HQ�CF2O=?=
.1032<;\G:1 5c>jQ�2<4:.16:1:>V=1>?1
IO./QVG7IO67TU>?1 5AW�0B2O=12G;?1:6J4�� � =?;<1:2<GRWA;<5e2$4 A 1 *4* 7 C @ �{4 .b>V>74O>H./>VC/IOG @ A 1 *4* 7 C"=C103>VWS.1032���C103> 13>VC1IO67GhIO4:IOGRW�.167.�C1I�%�67439z674uCF2dIOQVQ�2<;:4 CMC10:> 5\IOQ<%A9O=12<;:4<1 =mC103>EQVIOG7635:=sIKC16R2<4>=mIO4<1
.F2z2<4 @¡B2<4:.?6:13>V=?674:9�.F>74O>V=?IOGe2G5\.F>V=*4�IKC16R2<4\IOG >JIc>HQ�C1.7=:C10:>�13>VCF>HQ�CF>?1d>HTE67.1.1672<4�G7674:>H.�IKY:Yc>HIK=?.B=12G5 ;:.FC A .5>V>74O>H.i>VC
IOG @ = 1 *4* 7 C @

11:15:00 50 40 30102030405016:00

-2
2:

00
:0

0
02

:0
0

04
:0

0
06

:0
0

58
:0

0
56

:0
0

54
:0

0
52

:0
0

50
:0

0

Right ascension

D
ec

lin
at

io
n

1ES1255+244

(a) (b)

A�BDCFEHGJI_3�K jHM	NQPHI�cDI
WbX��[UF{HI�cQB�w�XZPHI~BDS/UFCFI~VlW�XJPHI 5�\7GJU`_ UlWbXZI�GJCFcDVad VlW������ �HLuL�kHLFLzm�5����	\< ��tvKHNQP[I�GJBTCuPiX��[UF{HI�c B�w�XZPHI�wZVFEHG^y
I�BTS�UFCFI�m Uut
M�UaX�XZPHI � G^w�XQ��VFBD{uXJBT{[C[�Ym���tvM�UaWbXJI�GQS�Ul{HI}EH�FI}GZBD{HC��GJI}wZ��I�yvXJBT�uI�cD_FK

A�BDCFEHGJI`3�K f[M�NQPHI cDBDCFPiXJy�EHGZ�uI VlW 5�\7GJU`_eUaWbXZI}G�\CucTVad VFW������ �HLFL`k5LuLFK NQPHI	BD{uXJI�GJ�aUlc�UFwJw�BDCF{[I}�m Uut�UF{[�xm���tQB�w�y�VFGJGZI�w���VF{[��XZV�Vu{HI�VlW � CuEHGZI�3�K jmpGZBDCFPiX^t
��GZI�w���I}y
XZBD�FI�cD_FKONQPHI3w�VucTB���cDBD{HI�B�w*XZPHI3��I�w�X
� X���Vad�I�GZ\]c�U`d-S/V5�5I�cYUuw!+!� .<%^� ���
	 ��� �
� K

��������� �! !" ' ��'*+�+&%
,/.�0 * 7 * 141ED �gIO.�13>VCF>HQ�CF>?1 5AW/C103> � � 
�� # � � � .1IKCF>HG7G76RCF>gIO4<1Z6RC1. Yc2<.16RC16R2<4 �BIO.�1:>VCF>V=?TE6743>?1 �56RC10\674/I
LN>��}IK=sQV.F>HQgIOQVQV;3=?IOQ�W @ � 03> 5\;3=s.FC�1:;:=?IKC16R2<4 �BIO.�I65c2<;3C 1 *(.F>HQ�2<4<1UIO4<1[C103>gYc>HI�%��\;��/2$4O>V= 1 .F>HQ�2<4<1:.h67.I65c2<;3C 3 = 9 * > / >V=19<.bQVT > 9 . > ( 674oC103> 154  9 *4* %O>'&�>H43>V=19OW�=?IO439O> @ 	���� � ��!#"%$'&#( 5c>V9<IO4%2G5\.F>V=K4�67439



9 3 * ����������� � 	 � � � ��
 ������� � �,� � � ��� 	 � � ��� ��� 
 � � # � ��� �

A�BDCFEHGJI�31KDL"�[MONQPHI�w���I}y
XZGJEHS VFW�59\]G^U`_�UaWbXJI�GJCFcDVad-VlW>����� �[LFL`k5LFLuK
A�BDCFE[GZI�3�KTLuLFM NQPHI�wZ��I�yvXJGZEHS VlWE59\]G^U`_�UaWbXJI�GJCFcDVadVlW������ �[LFL�kHLFLuK�NQPHI/cDI
WbX1��Ul{HI}c�BDw3XJPHI � XZXZBD{HCGZI�w�EHcTX d�BTXZP XZP[I-Ul�[wZVFGJ��I�� ��Vad�I�GZ\]c�U`d S/V5�5I�c]KNQPHI�GJI3UFGZI��5BDwJy
GJI���Ul{[y�BTI�w*��I
X�d�I�I}{�XZP[I3�HUlXJU�Ul{[�XZPHI-S/V5�5I}c�y
VuS���VF{[I�{iX UlGJVFEH{[� �HK h 7FI"! Ul{[�LFKDL=7uI !1K5NQPHI3GJBTCuPuX��[Ul{[I�c BDw&XJPHI�wZUFS�IR�HUlXJU��[E5XBT{[y�cTE��5BT{[C�XZP[I
�N�RUFE[wJw�B�Ul{nS/V5�5I�c�w�XJV�GJI��HGJI}wZI�{iXXZPHI�I}S�B�wJw�BDVF{~cTBD{HI�w�K

�{4uCF>V=K4KIOG ¤ � Yc2��B>V=6"XG7I�� >H43>V=?9OW��\;3� A 1  9 *�%O>'&MC � 9 1 @ 2 @ L
9 * 9 @ QVT > 9 674L13>�� >V=19<.bQVT > 9 . > (

A I C � 
 + Ä21ED A 83�LC 1UÄ:9 7 � * Ä:9G9 A 9(Ä + 4�� * Ä:9G9 C�= 9 * > (@; 4H9K@28 4 +A 5(C�� 
 + Ä21ED A 83�LC 1UÄ:9 D � * Ä * 8 A ?UÄ * ?�� * Ä + 8 C�= 9 *�> (P: 7 + @ * 7 +A I C � 
h�(G7674:> + Ä21ED A 83�LC 1UÄ:9 * � * Ä * ? A 9(Ä274?�� * Ä2143 C�= 9 * > (@; 747A@2? + ?
N�Ul�HcDI�31K �HM�A�BTX�XJBT{HC/GJI}wZEHcTXJw�W�VFGQXJPHI�y
Vu{uXJBT{�EHE[S w���I}y
XZGJEHS VFW ����� �HLFL`k5LuLFK��!PHI}{	d&IRI}w�XZBDS�UaXJIXJPHI�I�{HI}GZCu_��[E5� ��XJPHI�CuUFcDUuyvXZB�yRUl�[wZVFGJ�5XJBTVu{|m�� � t�dQUFw�y�VFGJGZI�yvXJI}� K

�vG7>HTU>H4 C �v43>V=?9OW � ��032OCF2<4dphG7;�� ��43>V=19OW^p GJ;�� n�6R9<4:6R8 QVIO4:Q�>
� %O>'&�� � %O>'&�� � Y\032OCF2<4dQVT > 9 . > ( � � >V=?9oQVT > 9 . > ( �

A I CgG76J43>#" 9 A n�6z���B&�C * ÄND * � * Ä *�+ * A 83�<C A + Ä:9 + � (6(6-5(> 9 - H � C>= 9 * > C A + Ä2347 � ( 9 - :> ;A- ;v@ C�= 9 * > ( � ] 8 * 
A I CgG76J43>#" 1 A n�� &-�KC * Ä2?48 � * Ä * 1 * A 83�<C A DRÄ *�+ � ,.- ;A(> ;A- @A( C>= 9 *�> C A 9(Ä * 9 � (6- @ �> @A- :<; C�= 9 *�> (P: 7UÄ:9 �A I CgG76J43>#" 7 A �5=%� &��1�1�KC 9(Ä2141 � * Ä *�+ * A 83�<C A 7UÄ�4 * � ;A- � @> 9 - � C C>= 9 * > C A 3UÄ2? + � CA- /6;> � - @ 9 C�= 9 * > ( � 1UÄND��
A 5(CBG76J43>#" 9 A n�6z���B&�C * ÄND * A 8:�<C * A 83�<C 	 9(Ä2?ED = 9 * > C 	 1UÄ:9 *�= 9 * > ( � @R@R@A 5(CBG76J43>#" 1 A n�� &-�KC * Ä2?48 A 8:�<C * A 83�<C 	 3UÄ�4H9 = 9 *�> , 	 8UÄ2747 = 9 *�> (@C @R@R@A 5(CBG76J43>#" 7 A �5=%� &��1�1�KC 9(Ä2141 A 8:�<C * A 83�<C 	 9(Ä * 9 = 9 * > C 	 9(Ä2848 = 9 * > ( � @R@R@

N�Ul�[cTI�3�K�h5M�NQPHIR��I�w�X � X�GZI�w�EHcTXJwQVFW XJPHI�cTBD{HI�y�VFS/��Vu{HI�{iX^wQVlW ����� �HLuL�kHLFLFK



� ��� � � ��� � � � � � � � 
 � � # ��
������ ����
,� � � 
 ��� � � � � � � � � � ��� � 9 3H9
C103>g>V=1=12O=<"�5e2'�[2OL�,/.10 * 7 * 141ED I65c2<;3Ch>H6R9<0uC�032<;3=?.hIKLNCF>V=fC103>�5\;3=s.FC @ � 0:67.f� "#=?I'WZIKLNCF>V=19<GR2����gIO.hY:=1>VCFCXW5:=?679<0 C7=:.F2UC10:>�13>VC1IO67GmIO4:IOG7WA.16J.��BIO.5Ye>V=?Lr2O=?TE>?1 5uW�:|IKC1.F2<4q>VC5IOG @ A 1 *4* 7 C @�!4 8:9<;3=1> 6 @:9 1 =���>�.1032�� C103>�67TEIK9O>
2OL�C10:> � "#=?I'W IKLNCF>V=19<GR2�� 2OL	,/.�0�* 7 * 141EDu@ � 0:>`� "#=?IHWIKLNCF>V=19<GR2�� 67.-QVGR>HIK=?GRW 1:>VCF>HQ�CF>?1`�-6RC10:674zC10:>[QV6R=?QVG7> @ � 03> � "#=?I'W �\;��d67.
13>HQVIHW�67439��56RC10qIEYc2��B>V=6"XG7I���2OL
@ < > (6- @
?(@A-5( IO.(.10:2��54S674d8\9<;3=1> 6 @:9 7A@ :�> 1:634�6:13>?1zC103>Z>H4uC16R=1> 1:IKC1Io6J4 CF2 +oY IK=1C1. A I C"= A 5(C"= A Q�C5IO4<1A 18C"=\IO4L1zYc>V=1Lr2O=sTU>?1^.FYc>HQ�CF=?IOG IO4:IOGRW�.F>H. @:�>Z.1032���Lr2<;3=5C167TU>#"#=1>H.F2<G:4O>?1d.FYc>HQ�CF=?IU674^8:9<;:=1> 6 @:9 + @

4:57:20 57:08 56:5632435558:0719

20
:2

3:
02

28
:5

5
31

:5
2

34
:4

8
37

:4
4

Right ascension

D
ec

lin
at

io
n

GRB030227

A�BDCFEHGJI�31KDL�kHMzNQPHInBDS/UFCFI	VlW3XZP[Iq5�\7GJU`_UlWbXZI�GJCFcDVad VFW!�����F�$���ikFkuh�m�5����	\L<��3tvKNQPHI�w�VuEHGJy�I�BT{�XZPHI9y�I�{iXZI}G&y�BTG^y
cDI�BDw�XZPHI=5�\G^U`_�y
VuEH{iXZI�GJ�[UFG�X�VlW�XZPHB�w�I}�FI�{iX�K
A�BDCFE[GZI�3�KDL"�HMxNQPHIzcDBDCFPiXJy�EHGZ�uInVlW�5�\7G^U`_UaWbXZI}GZCucTVad¨VlW������ ���$�ukukuh�K�NQPHI w�VucTB��cTBD{HI�B�wRXZP[I���I�w�X � X�GZI�w�EHcTX�d�BTXZP + �&.<%^� �uKNQPHInw���I}y
XZG^UlcQUl{[UFcT_5wZBDw�BDw���I�GZW�VFGJS/I}�xW�VuGX�d&V~BT{iXJI�GJ�`UFcDwRUuw��5BT��B��5I}�|��_	XZPHI��HUuw�P[I}�cTBD{HI}w}K



9 341 ����������� � 	 � � � ��
 ������� � �,� � � ��� 	 � � ��� ��� 
 � � # � ��� �

(a) (b)

(c) (d)

A�BTCuEHGJI�3�KDL �[MONQPHI�wZ��I}yvXJGZE[S VlWg5�\7GJU`_�UaWbXZI}GZCucTVad VlW ���!� ���$�ukukuh�K



� ��� � � ��� � � � � � � � 
 � � # ��
������ ����
,� � � 
 ��� � � � � � � � � � ��� � 9 347

�vG7>HTU>H4 C �v43>V=?9OW �;- ©�« � �v032OCF2<4qp GJ;�� ��43>V=19OW^phG7;�� n�6R9<4:678\QVIO4:Q�>
� %O>'&�� � %O>'&�� � Y\032OCF2<4lQVTx> 9 .`> ( � � >V=19oQVTx> 9 .a> ( �

A I CgG76J43>#" 9 A n�6z���B&�C * @2?54 A 8:�<C * A 83�LC 	 DRÄ2?48 = 9 *�> C 	 9(Ä * ? = 9 *�> (P: @R@R@A I CgG76J43>#" 1 A n�� &-�KC 9K@:9 * A 8:�<C * A 83�LC 	 7UÄ:9 *�= 9 * > C 	 4UÄ + D = 9 * > ( � @R@R@A I CgG76J43>#" 7 A �5=%� &��1�1�KC 9K@2747 A 8:�<C * A 83�LC 	 7UÄ2347 = 9 * > C 	 DRÄND + = 9 * > ( � @R@R@A I CgG76J43>#"P+ A ¡gIq���MC 9K@2343 A 8:�<C * A 83�LC 	 DRÄ�454 = 9 *�> C 	 1UÄ * 1 = 9 *�> (P: @R@R@A I CR.�.�¡ A p3>4��� &��KC 7A@2?54 A 8:�<C * @�443 A 83�LC 	 DRÄ2354 = 9 * > C 	 4UÄ + 9 = 9 * > (P: @R@R@
A 5(CBG76J43>#" 9 A n�6z���B&�C * @2?54 A 8:�<C * A 83�LC 	 + Ä21 + = 9 * > C 	 4UÄND�8 = 9 * > ( � @R@R@A 5(CBG76J43>#" 1 A n�� &-�KC 9K@:9 * A 8:�<C * A 83�LC 	 3UÄ27H9 = 9 *�> C 	 9(Ä:9G9 = 9 *�> ( � @R@R@A 5(CBG76J43>#" 7 A �5=%� &��1�1�KC 9K@2747 A 8:�<C * A 83�LC 	 8UÄ�4 *�= 9 * > C 	 1UÄ * 7 = 9 * > (P: @R@R@A 5(CBG76J43>#"P+ A ¡gIq���MC 9K@2343 A 8:�<C * A 83�LC 	 1UÄ:9 + = 9 *�> C 	 4UÄND + = 9 *�> ( � @R@R@A 5(C3.�.�¡ A p3>4��� &��KC 7A@2?54 A 8:�<C * @�443 A 83�LC 	 9(Ä * 8 = 9 * > � 	 DRÄND�1 = 9 * > (P: @R@R@
A Q�CgG76J43>#" 9 A n�6z���B&�C * @2?54 A 8:�<C * A 83�LC 	 7UÄ:9 8 = 9 * > � 	 + Ä2754 = 9 * > ( � @R@R@A Q�CgG76J43>#" 1 A n�� &-�KC 9K@:9 * A 8:�<C * A 83�LC 	 1UÄND�4 = 9 * > C 	 + Ä2?54 = 9 * > ( � @R@R@A Q�CgG76J43>#" 7 A �5=%� &��1�1�KC 9K@2747 A 8:�<C * A 83�LC 	 + Ä + 3 = 9 *�> C 	 8UÄ�4H9 = 9 *�> ( � @R@R@A Q�CgG76J43>#"P+ A ¡gI ���MC 9K@2343 A 8:�<C * A 83�LC 	 4UÄ *�+ = 9 * > C 9(Ä2754 = 9 * > (P: @R@R@A Q�CR.�.�¡ A p3>4��� &��KC 7A@2?54 A 8:�<C * @�443 A 83�LC 	 8UÄ�448 = 9 *�> C 	 3UÄND�? = 9 *�> (P: @R@R@
A 18CBG76J43>#" 9 A n�6z���B&�C * Ä2?54 � * Ä * 1 * A 83�LC A 9(Ä:9l4 � @A- :<;> @A- ,.( C>= 9 * > � A 9(Ä�454 � @A- � /> @A- H6C C�= 9 * > (P: 7UÄ�4 �A 18CBG76J43>#" 1 A n�� &-�KC 9(Ä:9 * � * Ä * 7 * A 83�LC A 3UÄ�44? � ;A- :6:> :#-5( 9 C>= 9 * > C A 9(Ä:9 3 � @A- CA(> @A- ,M: C�= 9 * > (P: 7UÄ * �A 18CBG76J43>#" 7 A �5=%� &��1�1�KC 9(Ä2747 � @A- @ �> @A- @L: * A 83�LC A 7UÄ + 3 � :#- � H> 9 - 9 ( C>= 9 * > C A DRÄ2754 � HA- ,LC> :#- ,.( C�= 9 * > ( � ] 8 * 
A 18CBG76J43>#"P+ A ¡gIq���MC 9(Ä2343 � * Ä *�+ * A 83�LC A 3UÄ�4ED � (6- H �> :#- C6/ C>= 9 * > C A 9(ÄND�3 � @A- �69> (6- 9�� C�= 9 * > (P: 1UÄ�4 �A 18C3.�.�¡ A p3>4��� &��KC 7UÄ2?54 � @A-5(@C> @A- 9 , * Ä�443 � (6-5(�@> @A- � @ A 3UÄND�3 � :#- H6C> :#-5(B, C>= 9 * > C A + Ä28 * � ;A- � H> ;A- @ 9 C�= 9 * > (P: ] 8 * 


N�Ul�[cTI�3�K j[M�NQPHIR��I�w�X � X�GZI�w�EHcTXJwQVFW XJPHI�cTBD{HI�y�VFS/��Vu{HI�{iX^wQVlW ����� ���$�ukukuh�K



9 3 + ����������� � 	 � � � ��
 ������� � �,� � � ��� 	 � � ��� ��� 
 � � # � ��� �
� ��� � *���������� �F��� �
	 �����c�1��� �l�s�	�
� � �h�(�
� ����������������������� �b�	���! #"$"&%('*),+

�!4jC10:67.�.F>HQ�C16R2<4 =>�B> 5:=?6R>7�\W�.1;:TET�IK=?63;V>gY\IO.FC�2G5\.1>V=K4�IKC1672<4:.�13>VCF>HQ�CF>?1�C103>i>HTE67.1.?6R2<4UG76743>H.hIO4<1EC103>�.1.�¡
.FCF=?;\Q�C1;3=1> @ 
�!
����&.� � 	 13>VCF>HQ�CF>?1}C10:>o6R=12<4�>HTE67.1.?6R2<4�G76J43>E674|C10:>�� "#=?IHW�IKLNCF>V=19<GR2�� 2OL�,/.10 8ED * 4 * ?A �v67=12d>VCjIOG @ = 9 84848 C[IO4<1e,�.10 *4*4* 1H9 + A ��4 CF2<4:>HG7G76f>VCZIOG @ = 1 *4*4* C @ �.-0/ (�132 / IOG7.F2 13>VCF>HQ�CF>?1aC103>%6R=12<4>HTE67.?.16R2<4zG7674:>�IO4<1dC103>�.1.�¡y6J4^C103>4� "#=?IHWzIKLNCF>V=19<GR2�� 2OL9,/.10 848H9 1H9 3 A �v6R=?2Z>VC�IOG @ = 1 *4*4* C @��� +���� �! !"$#&%(' 
O'*)547698;:�:=<3>�?A@�B

� 03>M8\=?.FC 13>VCF>HQ�C16R2<4l2OLtC10:>/>HTE67.1.?6R2<4zG76743>M674^C10:>4� "#=sIHWzIKLrCF>V=?9<GR2�� 2OL�,�.10 8ED * 4 * ? �BIO.5=1>VYc2O=1CF>?1P5AW
�v67=12(>VCvIOG @ A 9 84848 C @ �!4U8:9<;:=1> 6 @:9l4 =)�B>5.1032���C103>5G7679<0 C1QV;3=*4O>B2OLcC103>�� "#=?I'WEIKLrCF>V=19<G72���2OL�,/.�0 8ED * 4 * ?A@� 03>V=?>%67.ZI �\IK=1>#"XG76 %O>Q5c>H0:I?4�6R2O= 3 = 9 * : .F>HQ^IKLrCF>V=UC10:>�5\;:=?.FC�CF=s6R9O9O>V= @ � 03>%.FYc>HQ�CF=?;:T 5e>VLN2O=1> - IKLNCF>V=C103>��\IK=1> A 9 IqIO4<1 9 5 � CF2OY IO4<1 5e2OCFCF2<TQC/67.[.1032��54+6J4|8:9<;3=?> 6 @:9 3 =�=1>H.FYc>HQ�C1634O>HGRW @ �{4+C103>�Y\=1>#"��\IK=1>Y\0:IO.1>G=-I}.FCF=12<439}>HTE6J.1.16R2<4 G76743>S67.Q13>VCF>HQ�CF>?1 IK=12<;:4L1 7A@�4 %O>'&N=iIO4<1 6RC^67.%674 CF>V=?Y:=1>VCF>?1yIO.^C103>�6R=12<4
>HTE67.?.16R2<4aG76743>�5\IO.F>?1}2<4aC103>z2OY:C167QVIOGJGRW|TU>HIO.1;3=?>?1+=?>?1:.10:6RLNC A 2a$ * Ä2?4754 C @ � 03>�5c>H.FCL"#8\CjGJ6743> � ;��+67.
������� �a$ A 4 � 1 C = 9 *�> � Y\032OCF2<4:.5QVTx> 9 .`> ( =MIO4<1yC103>�Yc2��B>V=6"XG7I�� 674<13>��y67. 9(Ä�4�� * Ä28A@�w 4yC103>2OC103>V=E0:IO4L1>=fIKLrCF>V=UC10:>��\IK=?>G=fC103>z6R=12<4+>HTE67.1.?6R2<4+GJ6743>��gIO. 1:67.?IKY:Yc>HIK=1>?1 �567C10�C103>z;3Y\Ye>V=<"XG767TE6RCM� ;��
2OL ��������� 	 1 = 9 *�> � Y\032OCF2<4:.bQVT > 9 .a> ( IO.^.1032��54 6J4�8:9<;:=1> 6 @:9 3 A 5c2OCFCF2<T�C @ � 03>qQ�2<4uC1674A;:;:TY\IK=?IOTE>VCF>V=-67. 9(ÄND � 9(Ä *q�50:6JQ?0z67.bQ�2<4\.167.FCF>H4uC��56RC10^C103>[.FYc>HQ�CF=?;:T 2OLhY:=1>#"��\IK=?>MY\0:IO.F> @

A�BDCFEHGJIu3�KDL �5M NQPHI cDBDCFPiXJy�EHGZ�uI-VlW�XZPHIu5�\7GJU`_UlWbXZI�GJCFcDVad VFW ����� f�h7� �?�Fj �5I
XJI}yvXJI}����_ XZP[I
C
DFEGE�HFq5o
I�wJUaXJI�cDcTBTXZI	m:<*BTGJV�I�X�UFc KD��L}fFfufut
KR�	5�\G^U`_���UFGZIRdQUFw��5I�XZI}y
XZI��~UF��VuE5X ��JxL"�F�RwZI}yRUlWbXZI�GXJPHI������!XJGZBDCFCuI�G�K

��� +�� + �! !" '�'*'*+�� �K47698;:�:=<3>�?A@�B

��4 CF2<43>HGJG76e>VCbIOG @ A 1 *4*4* CB=1>VYc2O=1CF>?1^C103>M13>VCF>HQ�C16R2<4d2OLtC103>M.FCF=?2<439UIO4<1z.16R9<4:678\QVIO4 Cg6R=12<4%>HTE6J.1.16R2<4^G7674:>-674C103>_� "#=sIHW
IKLrCF>V=19<G72�� 2OL3,/.�0 *4*4* 1H9 + @ � 03>ZLr2<GJGR2���"X;:Yq2G5\.1>V=K4�IKC1672<4`�-6RC10 
�!
����&.� � 	 5e>V9<IO4
I65c2<;3C
9 1 032<;:=?.UIKLrCF>V=�C103> ,/.�0 CF=s6R9O9O>V=?=gIO4<1 G7IO.FCF>?1 9 *�+ %A.1>HQ @ � 03> 13>HQVI'W}6J4<13>���2OL(C103>\� "#=?IHW �\;3�a67.
@ <}> (6- :#(Z?(@A- @6; @ � 03>�� "#=?IHWd.1Ye>HQ�CF=s;:T 2OLtC10\67.i>74O>H4uC-67.i.10:2��54d6J4^8:9<;3=1> 6 @:9 D =eIO4L1^C103>�G7674:>�>HT�67.1.16R2<4�gIO.vQVGR>HIK=?G7Wj.?032��54�IK=12<;:4<1 + @ND %O>'& @ � 03>iYc2���>V=6"XGJI�� 6J4<13>��j2OLeC10:>5Q�2<4 C16J4u;:;\T�.FYc>HQ�CF=?;:T 6J. 1UÄ21 � * Ä27 =IO4<1jC103>S� ;���2OL�� $ 1UÄ28�� * Ä28 >V=19<.-QVT > 9 . > ( 674 1  9 * %O>'& =?IO439O> @ �
1:2OY:C167439(C103>�,(IO;\.1.167IO4UTU2H13>HGACF2



� ��� � ��� ����
,�|� � 
 � � ��� � � � �%� ��� ��� �/����
�� � 
 ��� 
�� � ������� � ������� 
 ����������� 	 9 354

A�BDCFEHGJI 3�KTL �HM NQP[I w���I}y
XZGJEHS VlWxXZP[I�5�\7GJU`_UlWbXZI�GJCFcDVad VFW ����� f�h7� �?�Fj �5I
XJI}yvXJI}����_ XZPHI
C
DFEGE�HFq5o
I�wJUaXJI�cDcTBTXZI m:<*BTGJV�I
X�Ulc]KT�QL�fFfFfitvK NQP[IEH�[��I}G|Ul{��gcTVad�I�Gn�[UF{HI�c�BDwzXZPHI�w���I}y
XZGJEHS ��I
\X�d�I�I}{RXZBDS�I&BT{iXJI�GJ�`UFcFVFWYL}U�Ul{���L���BD{ � CFE[GZI;3�KDL �5�GJI}wZ��I�yvXJBT�uI�cD_FK�NQP[I~BDGJVF{ I}S/BDwJw�BDVF{�cTBD{HI	dQUFw/�5I
\XJI}yvXJI}�~BD{�L�U�d�B�XJP	fufHK ��� y
Vu{ � �5I}{[y
IRcDI��FI}c K

A�BDCFEHGJI 3�KTLah�M NQP[I wZ��I�yvXZGJEHS VlWxXZP[I�5�\7GJU`_UlWbXZI�GJCFcDVad VFW ����� �$���ik5L � �5I
XJI}yvXJI}����_ XZP[I
C
DFEGE�HFq5o
I�wJUaXJI�cDcTBTXZI m ��{iXZVu{HI�cDcDB�I�X|Ulc]KT�Rk?�$���ut
KNQPHI|EH�H��I�G	Ul{[� cDVad�I�G��[UF{HI�c�BDw�XZP[I|wZ��I�yvXZGJEHSI��5y�cTE��5BT{[C��`BD{[y�cTE[�HBT{HC�XZPHI�I�S/B�wZwZBDVF{ncDBT{HI/y
VuS/��VF\{HI}{iX}K ��{iXZVu{HI�cDcDB&I�X/UFc KQm k������itRBD{uXJI�GJ�HGJI
XZI��xXZP[IwZ��I�yvXJGJUFc w�XZGJE[y
XZEHGJI�UFw&XZPHIRGJI}�HwZPHBTWbXZI���BDGZVu{�I�S/B�w�\wZBTVu{ cDBT{HIu�OXZP[I�_xS/I}UFwZEHGJI}��XJPHI�GJI}�[w�PHBTWbX�UFw��	�
��
 �$�HK-NQPHIzy�VF{ � �HI�{[y�InVlW3XZPHIncDBT{[Izy
VFS/��VF{HI}{iXUuy^PHBTI}�FI�w ��
 k
�|cTI}�FI}c K

C103>M.FYc>HQ�CF=?IOGc.FCF=?;\Q�C1;3=1>G=3�-4uCF2<43>HG7GJ6 >VCbIOG @ A 1 *4*4* Ci=1>VYc2O=1CF>?1%C103>MG76743>->H43>V=19OW%2OLK� � ��� �g$ + ÄND � * Ä21 %O>'&T=IO4<1UC10:>bG76743>��\;��
� � ��� �g$ A 8�� 7 CJ= 9 *�> C Y\032OCF2<4:.bQVT > 9 .`> ( �56RC10 7UÄ21 � Q�2<4:8L13>H4:Q�>5G7>74O>HG @ ��4uCF2<43>HG7G76>VCgIOG @ A 1 *4*4* CB6:13>H4uC16R8:>?1EC103>5>HTE6J.1.16R2<4ULN>HIKC1;3=1>(IO.�C103>-6R=?2<4����EGJ6743>G=<C103>-=1>?1:.10\6RLrC�2OL&,�.10 *4*4* 1H9 + �gIO.TU>HIO.1;:=1>?1P5c>VC'�B>V>H4 * @27ED CF2�* @ + Du@��� +��	� �! !"$#�#�� +����54�������������� B

,/.�0 848H9 1H9 3 �BIO.b2<43>(2OLtC103>O5:=s6R9<0 CF>H.1C�,�.10g. 13>VCF>HQ�CF>?1P5AW�
 ��
 � � @ � 0:> ��	 
���.1IKCF>HG7GJ6RCF>M1:67.1Q�2$4 "
>V=1>?1|IO4 � "#=?I'W|IKLrCF>V=?9<GR2�� 2OL�C10:6J.(>74O>H4 C7=�IO4<1
2G5\.1>V=K4O>?1 A .1QVIO4\43>?18C�674
C103>�>V=1=12O=�QV6R=sQVGR>j2OLBC10:> 5\;3=?.FC
1:6R=?>HQ�C16R2<4^C'�56JQ�>/IKC + @ * 1 IO4<1 9 * @28 *o032<;3=?.iIKLNCF>V=bC103>M5 ;3=?.FCgCF=?6R9O9O>V=�=3=1>H.FYc>HQ�C1634O>HGRW @ � 03>MIKLrCF>V=19<G72�� � ;��
�gIO.bTU>HIO.1;3=?>?1zIO. A 9(Ä21 + � * Ä *�+DC�= 9 * > (�@ >V=19<.5QVT > 9 . > ( IO4<1 A * Ä2154 � * Ä * 9 C�= 9 * > (�@ >V=?9<.5QVT > 9 . > ( =.F2EC10:>�13>HQVG76743>��gIO.�13>H.?Q�=?635c>?1Q5uW @ <}> (6- CL: A � I�%O>H.10\67TEIU>VC5IOG @ = 9 84848 C @� 0:>-8:=s.FC�2G5 .F>V=K4KIKC16R2<4%Lr2O=gC103>�� "#=?IHW%IKLrCF>V=19<G72�� �56RC10 �.-0/ ( 1G2 / �BIO.gYc>V=1LN2O=?TU>?1oLN2O=�,�.10 848H9 1H9 3�56RC10�C103> �-6R9<0 �v4:>V=19OW � =?IO4:.1TE6J.1.16R2<4�,(=?IKC167439 A � � � ,�C @ �{4 8:9<;3=?> 6 @:9 ? = ��>}.1032�� C10:>v� "#=?IHW



9 343 ����������� � 	 � � � ��
 ������� � �,� � � ��� 	 � � ��� ��� 
 � � # � ��� �
.FYc>HQ�CF=?;:T 2G5\.F>V=*4O>?1 5uW+C103>P� � � , A GR>VLrC"C[IO4<1}�1¡B�1n "J¡�¡ 6 A =?6R9<0uC"C�13>VCF>HQ�CF2O=?. A ��6R=12S>VCEIOG @ = 1 *4*4* C @��.�.1032��54 C103>qGR>VLrC�Y\IO43>HG =gI|.FYc>HQ�CF=?IOGiLN>HIKC1;3=1>S67.EQVGR>HIK=sGRWa.?032��54 � �������l$ 7UÄ + 8 � * Ä * 3 %O>'& �50\67Q?067.o674 CF>V=?Y:=1>VCF>?1 IO.�C103>q=1>?1:.10\6RLrCF>?1�>HTE67.1.1672<4�G7674:>z2OL/LN;\G7GRW+672<4:63;V>?1�67=12<4 @ � 03>SG76743>P� ;���67. ���������S$
A 7UÄ21 � * Ä2? C = 9 * > � Y\032OCF2<4:.5QVT > 9 . > ( �56RC10qC103>U.FC1IO4<1:IK=*1 13>74�67IKC16R2<4S2OL � �������($ * Ä2147 � * Ä * D %O>'& @� 03>/Q�2<4:8L13>H4:Q�>/GR>74O>HG 2OL C10:>M>HTE67.1.1672<4zG76743>(IOQ?0:67>74O>H. + ÄND��h@ � 0:67.�5:=?2<IG1^>HTE67.1.1672<4zG76743>M67.iQ�2<4:.?6:13>V=1>?1IO.bC10:>/QVIO;:.F>/2OLhC103>/TU2$4A6J439U> 8 >HQ�C1I��56RC10zC10:>M4O>HGR2AQV67CXW^2OL��j] * Ä:9�� @kl2O=1>V2�4O>V=�=<C103>9.�.�¡�Q�2<TUYc2<43>H4uC;�gIO. 13>VCF>HQ�CF>?1jIK=12<;\4<1 + @�4 %O>'&�674MC103>�.FYc>HQ�CF=?;:T 2G5 .F>V=K4O>?1�5AWMC103>
�1¡B�1n "J¡�¡ 6 13>VCF>HQ�CF2O= A C103>g=?679<0 C Y\IO43>HGA2OL\8\9<;3=1> 6 @:9 ? C @ � 03>,5c>H.FCL"#8\CtY\IK=sIOTU>VCF>V=?.hLN2O=�C103>3.�.�¡a.FCF=?;:QA"C1;3=1>/6J.���¢�¢�£�$ + Ä + � * Ä�4 = � ¢�¢�£�� 9(Ä * %O>'&�= IO4<1 ��¢�¢�£�$ A 7UÄ2? � 1UÄ * C>= 9 * > � Y\032OCF2<4\.bQVT > 9 . > ( @� 03>[.16R9<4:6R8 QVIO4:Q�>M2OLhC10:67.�.�.�¡ Q�2<TUYc2<43>H4uC-67.-] 7 �h@ � 03>�Q�2<4uC1674A;:;:T�67. 13>H.1Q�=s635c>?1��56RC10zC103>[.167439<GR>Yc2��B>V=6"XG7I�� �-6RC10�C10:>�Y 032OCF2<4^674<13>��E2OL 1UÄ21 � * Ä21 =:IO4<1%C103>��\;��E2OL�� $ 1UÄ27 = 9 * > ( 9 >V=19<.5QVT > 9 . > ( 674
1  9 * %O>'& @

A�BDCFEHGJI%3�KTL�jHM&NQP[I�wZ��I�yvXZG^U/VlW(XJPHI%59\]G^U`_�UlWbXZI�GJCFcDVad VFW �����gfFfHL`k5L �1Vu�[w�I}GZ�uI}��d�B�XJP�r��	��

������KNQPHI�cDI
WbX*UF{[��GZBDCFPiXO�[UF{HI�c5B�w�XZPHI�wZ��I}yvXJGZE[S ��_�XJPHI���BDCFP�9�{HI}GZCu_�N G^Ul{�w�S/B�wZwZBTVu{��3G^UaXJBT{HC�m�� 9*N���tUF{[��XJPHI��!	&s'8i\ 	�	C3!�5I
XJI}yvXJVFG��lGJI}wZ��I�yvXZBD�FI}cT_�m <�BDGZV�I
X*UFc KD�lk?���$�ut
K sª{�cTI�WbX(��Ul{HI}c �aXJPHIQBTGJVF{�I�S/B�wZwZBTVu{cDBT{[I�B�w�y
cDI}UFGZcD_n�5I
XJI}y
XZI}��UlGJVFE[{[� �[K � 7FI"! d�BTXZP ��
�k � y
Vu{ � �5I}{[y
I�cDI��FI}c K�BT{�cDI
WbX��[Ul{[I�c]� Ul{[�zXZPHI
����	 w�XJGZE�yvXZE[GZI�Ulc�wZV��5I�XZI�yvXZI��	UlGJVFEH{[� �[K ��7FI"!eBD{	GZBDCFPiX��[UF{HI�c]K

� ��� � �	�E�1*[�
���	�b,z����
m���h��� � *��v���5� �F���j���[� �
	 �����c�1��� �l�?�	�
�
:�>/674uCF=12H1:;:Q�>?1 13>VC1IO67GcIO4:IOGRW�.F>H.gLN2O=gC103>(>74O>H4 C1.%�56RC10%C103>(>HTE67.1.?6R2<4oGJ6743>H.BIO4<1 - 2O=iC103>�.1.�¡ .FCF=s;:Q�C1;3=1>674%Y:=1>74�6R2<;:.g.F>HQ�C1672<4 @ �-2��B>74O>V=?=\C103>/.1Ye>HQ�CF=sIOGe.1CF=?;:Q�C1;3=1>H.i0\I?4O>�432OCS5c>V>H4P13>VCF>HQ�CF>?1l674^C103>MTEI 8 2O=bY\IK=1C2OLxC10:> � "#=?I'W%IKLNCF>V=19<GR2�� @ p32O=5>���IOTUY GR>G=:674 74? � "#=sIHW^IKLrCF>V=19<G72��5.i2G5 .F>V=K4O>?1 5AW 
�!
����&.� � 	 =32<4:G7WEC'�B2
QVIO.F>j.1032�� C103>Z.FYc>HQ�CF=?IOGx.1CF=?;:Q�C1;3=1>H. A �v6R=?2�>VC-IOG @ = 9 84848 � �-4uCF2<43>HG7GJ6 >VC-IOG @ = 1 *4*4* C @ �{4lC10:67.5.1>HQ�C16R2<4>= �B>.1032�� C103>/CF>HTEYe2O=sIOGmIO4<1zC103>�.1Ye>HQ�CF=sIOGcY:=12OYc>V=1C16R>H.g2OL6� "#=?IHWzIKLNCF>V=19<GR2�� �56RC1032<;:Ci>HTE67.1.1672<4%GJ6743>H. @



� ��� � � ��� � � � � � � � 
 � � # ��
������ ����
�� � 
 ��� � 
 � ��� � � � � � � � ��� � 9 3ED���	����� �! !"$#�#�'�� + �
,/.�0 848 * 9 147 �gIO.Q1:>VCF>HQ�CF>?1 5uW 
�!
����&.� � 	 2<4 9 84848�� IO4A;:IK=1W 147A@ +E* ? A+* � C @ � 03>`� "#=sIHW �\;3��2OL
C103>n,/.10 �gIO. ?UÄ21 = 9 * > / >V=19<.-QVT > 9 . > ( 674 9K@�4 " 1 * %O>'&�=?IO439O>G=cIO4<1dC103>N1:;3=?IKC1672<4\�BIO./] 9 *4*o.
5AW

�!
����&.� � 	 @ � 03>g9O=12<;:4L1�5\IO.1>?1j2OY:C167QVIOGA2G5\.F>V=K4KIKC16R2<4:. 1:6J.1Q�2�4O>V=1>?1UIO4 w � IO.?.F2AQV6JIKCF>?1 �56RC10[C103>1,/.10A w 13>��gIO0:4S>VCMIOG @ = 9 84848 C @ .b>HT�IK=<%�I65 GRWlIO4<1
.1;3=?Y:=?67.16J439<GRWE>H432<;:9<0>=mC10:67.
5\;3=?.1C%�gIO.MIOG7.F2 13>VCF>HQ�CF>?1|IO.I ?A@2854 TEIK9<4\6RC1;<13>�2OY:C167QVIOG �\IO.?0 5uW�. w � n � .167TZ;:GRC1IO4:>V2<;:.1GRWq�567C10^C103>O5\;3=?.FC A � %O>V=?GR2OL >VCbIOG @ = 9 84848 C @� 03>��/>HQ<%^2G5\.F>V=K4KIKC16R2<4z=?>74O>HIOGR>?1lIU=?>?1 "X.10:6RLNCg2OL 9K@23 *4* A ��4<13>V=?.F>H4^>VC-IOG @ = 9 84848 C @�MnY¡g� .FC1IK=1CF>?1q2G5\.F>V=K4KIKC16R2<4z2OLhC103>[IKLrCF>V=19<G72�� �-6RC10dIT13>HGJIHW^2OLv] 4EDRÄ +o032<;:=?.bIO4<1dTE2<4:6RCF2O=1>?1zLN2O=
? * %�. A kq;3=?I�%KIOTE6g>VCUIOG @ = 9 84848 I C @ �{4aC103>z8\>HG:1�2OL
4A67>���2OL-C103> ,��1n 13>VCF>HQ�CF2O=?.7=�C103>V=1>���>V=?>dIqLN>��
43>HIK=K5AW�� "#=?IHW%.F2<;3=?Q�>H. @ � 2U.1;05\CF=?IOQ�C,5 IOQ<%A9O=12<;:4<1>=)�B>(0\IG1�CF2UQ�2<4:.16R13>V=�C10:>H.F>M43>HIK=K5AW�� "#=sIHWo.12<;3=?Q�>H. @� 03>oG76R9<0uC1QV;3=K4O>E2OLiC10:6J.M>74O>H4 Cj67.[.1032��-4�674�8\9<;3=1> 6 @:9 8 A GR>VLrC"C @ � 03>�674uCF>H4:.16RC�Wq2OLiC10:> �\;�� 13>HQVI'WO>?11:;3=s67439�C103>b2G5\.F>V=*4�IKC16R2<4��56RC10UIMYc2���>V=6"XGJI�� 6J4<13>��j2OLcI65c2<;3C " 9K@ + @ � 03>S5\IOQI%u9O=12<;\4<1E.1;05\CF=?IOQ�CF>?1�� "#=?IHW�\;�� 1:;3=?6J439[C10:>��(n ¡g��2G5 .F>V=K4KIKC16R2<4\�gIO. A 3UÄ21 � (6- 9> (6-5( C>= 9 * > (@; >V=19<.bQVT > 9 . > ( @

A�BDCFEHGJI 3�KTL�fHM�NQPHI�cTI�WbX3��Ul{HI}c B�w9XJPHI%59\]G^U`_~cTBDCFPiXJy�EHGJ�FI�VFW������gfFf��[L�k��/BT{nXJPHI�k���L ��7FI"! �[UF{[�UlWbXZI�G�w�EH�HXZG^UFyvXJBT{[C�XJPHI��[Uuy�7�CFGJVFEH{[�YK/NQP[I 5�\7GJU`_ ��E5�|VFW&XJPHI9C
DFE E�HlqHo
I �-A(	 U`�FI}GJUFCFI��zVa�FI}GXJPHI��[EHGJw�X�BD{nXJPHI�k���L"�47FI ! BDw3Ulc�w�V��HcTVFX�XJI}�zBD{nXJPHI�wJUlS/I � CFEHGJIFK9NQP[I�GJBTCuPiX9�[Ul{[I�c�BDw9XZPHI 5�\7GJU`_wZ��I�yvXJGZEHS¦y
VuS1�HBD{HI}�|d�BTXZP�XZPHI/W�VuEHG1� 8 	�� �5I
XJI}y
XZVFG^wRBD{uXJV	VF{HI � CuEHGZIuK�NQPHI�w���I}y
XZGJEHS y}Ul{���II����[cDUFBT{HI��	d�B�XJPHVFEHX�Ul{�_�BDGJVF{zw�XZGJE[yvXJEHGZI�UlX �M �L 
 �$�HKQf�� � EH�H��I�G�cTBDS/B�X�W�VFG�XJPHI
�[K � 7uI !�cDBT{[I�BDw
��
 ��J�L"� . �3�HPHVFXZVF{�w�y
SN.���w*.0%�VFG,9 �  L ����I !1K

��4 � "#=?IHW .FYc>HQ�CF=?;\T Q�2<T�5\6J43>?1 �56RC10yC10:>|Lr2<;:=l�(n ¡g� ,(�FnyIO4L1 nA�1n 13>VCF>HQ�CF2O=?.S67.z.1032��54 6748:9<;3=?> 6 @:9 8 A =?6R9<0uC"C @ � 03>d.1Ye>HQ�CF=s;:T �gIO.E8:CFCF>?1 5AW I�.167439<G7>zYe2���>V=<"XG7I�� TE2 13>HG��56RC10 I ,(IO;\.1.167IO4
G7674:> @ � 0:>dI65\.F2O=1Y:C1672<4:. 5uW}G7674:>o2OL(.16R9<0uCETEIKCF>V=?67IOG5674}2<;3=U2��-4 9<IOG7I���W}IO4L1 674 I|032<.FCU9<IOGJI��AW}IK=1>IOG7.F2 Q�2<4:.?6:13>V=1>?1 @ �{Cz67.^QVGR>HIK=zC10:IKCzC103>V=?>
6J.%4:2}4:2OC167Q�>HI65\GR>�6R=12<4 >HTE67.?.16R2<4yG76743>S674 C103>�.FYc>HQ�CF=?;:T @�!4<13>VYc>H4<13>H4uC1GRW%Lr=12<T�C103>Z>���Q�>H.?.�I65 .F2O=1Y:C16R2<4qIKC�G72���>H43>V=19OW\�50\67Q?0`�567G7G 5c>N1:67.1QV;:.?.5G7IKCF>V=?=g�B>Z.F>VC(IO4
;3Y:Yc>V=(G767TE67CbCF2zC103>UG76743>��\;�� @ �-.1.?;:TE67439oC103>UG76743>ZQ�>H4 CF>V=�CF2Q5c>jIKC 3A@ + %O>'& IKC�2^$ 9(Ä23 *H=xC103> 8 * 
;3Y:Yc>V=MG767T�6RC5LN2O=MC103>EG7674:>��\;3�S67. 7UÄ27 = 9 * > C Y\032OCF2<4:.bQVT > 9 . > ( 2O= 9(Ä27 = 9 * > (P: >V=?9<.bQVT > 9 . > ( 2O=
9 *4*o>'&D674 �9: @ � 03>/=1>?1\;:Q�>?1 � 9 A�� Cg2OL D�8UÄ * A D�8 C �56RC10:2<;3CbC103>ZG76743>/.FCF=s;:Q�C1;3=1>�6J.bIOGR=1>HIG13WdIOQVQ�>VY\C1I65\GR>IO4<1oC103>���� 9 LN2O=�C10:>�IG1<1\6RC16R2<4:IOG32<4:>5Y\IK=?IOTE>VCF>V=BLN2O=BC103>�GJ6743>b67.�2<4:GRW 9K@ * @ nA2 ��>O132Z432OCv=1>H�A;:6R=?>56R=12<4G7674:>Z>HT�67.1.16R2<4
LN=12<T .FC1IKC167.FC167QVIOGvYc2<674 C(2OLS4�6R>���=xIO4L1|2<4:GRW
IO4|;3Y\Ye>V=/GJ67TE6RCMQVIO4 5c>�.1>VC @ ¡B2<4:.?6:13>V=?674:9C103>E.FCF=?2<439z6R=12<4
G76743>Z2G5\.F>V=*4O>?1�2<4:GRW 1\;3=?67439oC103> �\IK=1>U.FC1IKCF>�2OL�,/.�0 8ED * ?414? =f�B>T1:634�6:13>?1qC103> 1:IKC1I674uCF2q.16R�
Y IK=1C1.[IO4L1+QVIK=1=s6R>?1|2<;3CZIq.?G76:1:674:9^.?QVIO4�2$4O>V=ZC10:>Q1:IKC1IqCF2q.1>HIK=?Q?0aLN2O=ZI �\IK=1>oIO4L1�C103>%G76743> @



9 34? ����������� � 	 � � � ��
 ������� � �,� � � ��� 	 � � ��� ��� 
 � � # � ��� �
��4S67=12<4lG76J43>/>HTE67.?.16R2<4`�BIO.(432OC(IKY:Y\IK=1>H4uC(674l>HIOQs0�.FYc>HQ�CF=?;:T�IKC�IO4uWlC16JTU>[TU2O=?>[C10:IO4|] 7 *4*%>'&�674
��: @ � 03>EYc2��B>V=6"XG7I���Y\032OCF2<4+674<13>��
2OL ­ 9(Ä2? � * Ä:9 67.MCXWAY\67QVIOGv2OL�� "#=?I'W�IKLNCF>V=19<GR2��-.[IO4<1|C103>�� "#=?IHW�\;����BIO. ����$ A 8UÄ * � (6- /> (6- � C�= 9 *�> C Y 032OCF2<4:.bQVTx> 9 .`> ( 2O= ��� $ A 3UÄ21�� (6- 9> (6-5( C�= 9 *�> (@; >V=?9<.bQVTx> 9 .`> ( 674
C103> 1  9 *�%O>'& 5\IO4<1 @

w 4:>-C10:6J439�432OC167Q�>HI65 GR>�6J.�IO4%>��3Q�>H.1.iI65\.F2O=1Y\C16R2<4o6J4EC103>(GR2��y>H43>V=?9OW�.FYc>HQ�CF=?;:T @ ��GRC1032<;39<0%IZ.167439<GR>Yc2��B>V=6"XG7I���TU2H13>HG =f�56RC10|Q�2<GJ;:TE4 13>H4\.16RCXW
83��>?1�CF2SC103>E9<IOG7IOQ�C16JQ 4KIOG7;3>E2OL�¤ � $ 1UÄ * 8 = 9 * 9 @ QVT > 9A76 67Q<%O>VW � 
 2�Q<%�TEIO4>= 9 848 * CE.1032��5.�IO4�IOQVQ�>VY\C1I65\GR>l8\Cq�56RC10 � 9 2OL ?48A@ND Lr2O= ?H9 1 @ 2 @ L @ = �B>l0:I�4O>lI.16R9<4\6R8\QVIO4uCZ=?>?1:;:Q�C16R2<4a2OL�� 9 2OL D�8A@21 Lr2O= ? * 1 @ 2 @ L @ 674 QVIO.F>z2OL�C103>zLN=1>V>dQ�2<G7;:TE4 13>H4\.16RCXWaIKCz¤ � $
A 9(Ä�4�� @A- ,> @A- C C = 9 * 9 ( QVTx> 9 @ � 03>�67TEY:=12�4O>HTE>H4 C�2OLv.1;:Qs0qIoG7IK=19O>Z=1>?1:;:Q�C1672<4lQ�2O=1=1>H.1Ye2<4L1:.bCF2^IoQ�2<4:8L13>H4:Q�>GR>74O>HGi2OL���� @�� 
^@ � 03>zG7IK=19O>z=1>?1\;:Q�C16R2<4 674 �	�z.1;39O9O>H.FC1.EIO4�>���Q�>H.1.oI65\.F2O=1Y\C16R2<4 674}C103>lG72�� >H43>V=?9OW
Y\IK=1Cj2OL�C103>d.FYc>HQ�CF=?;:T @ �{L%�B>dIKCFCF=?635\;3CF>^C10:6J.[>��3Q�>H.1.oI65\.F2O=1Y:C1672<4+CF2�C10:>d032<.FCj9<IOG7I���WaIKC�2a$ 9(Ä�
 =¤ � $ A 9(Ä�� �
��Ä�
 C�� 9�� ���%QVT > �%67.�=?>H�u;:67=1>?1|LN2O=[C10:>o=1>H.1C[LN=?IOTU>^IKC[C10:>%032<.1C[9<IOG7I���W @ � 03>o8:CFC167439=1>H.1;\GRC1.iIK=1>/.1;:T�TEIK=?63;V>?1^674^C1I65\G7> 6 @ � =eIO4<1^C103>H.F>M=1>H.?;:GRC1.iIK=1>MY\;<5\G767.10:>?1�IO.R�f2<43>V2OC���;d>VCbIOG @ A ������� C @
���	��� + �! !"$#�#�'�%�' �
� 03>S�(n ¡g��2G5\.F>V=K4KIKC16R2<4 2OL~,/.10���� ������� =-LN2<G7GR2��567439�C103> 13>VCF>HQ�C1672<4F5AW 
�!
����&.����� A ��6R=12�>VC^IOG @ =
9 ����� C"= .FC1IK=1CF>?1 9�
 032<;3=s.5IKLNCF>V=�C10:>�5\;:=?.FC5IO4<1STU2<4:67CF2O=1>?1dC103>jIKLNCF>V=19<GR2���LN2O= 
�� ��.F>HQ A kl;3=sI���IOTE6t>VCIOG @ = 9 ����� 5(C @ p32<G7G72�� �X;3YS2OY:C167QVIOGt2G5\.F>V=*4�IKC16R2<4\.�1\67.1Q�2�4O>V=?>?1SIO4 w � A ��G7IO674>= 9 ����� C
5\;3C5C10:>[=1>?1\.10:6RLNC567.;:4!��432��54 @ � 03> 5\;:=?.FC �gIO.�5:=?679<0 CM674i���#=?IHW �-6RC10�IP�\;��S2OL 9(Ä�4 � 9�� >#" >V=?9<.5QVT > �V. >%$UA 
A@�� ¡B=?I65(C674 �'&89�� �O>�(�5\IO4L1 1:;3=?6J439zC103> 5 ;3=?.FC7= IO4<1|C103> 5\;3=?.FC�1:;3=?IKC16R2<4 �BIO.U] �)� .1>HQ @ ,/.10*��� ������� �gIO.TZ;:Q?0 5:=?6R9<0uCF>V=fC10:IO4|,�.10+��� �09����A@ �-GRC10:2<;39<0E�MnY¡g� .FC1IK=1CF>?1EC10:>52G5\.F>V=*4�IKC16R2<4E2OLeC10\67.fTZ;:Q?0o�u;:6JQ,�O>V=C10:IO4 ,/.10
��� �09���� =<5\;:C,1:;3>-CF2[C10:>-LPIO.FCF>V=S13>HQVIHW �56RC10oIO4o674L13>��E2OL I65c2<;3C-� 9K@�4 =3C10:>��\;���IKCBC103>�C167TU>2OLBC103>��MnY¡g� 2G5\.F>V=K4KIKC16R2<4 �gIO./0:IOGRLB2OLBC103>|,/.10.��� �09����A@ � 03>EGJ6R9<0 C/QV;:=K4O>EIKLrCF>V=Z.1;05:CF=sIOQ�C167439zC103>5\IOQ/�u9O=12<;\4<1d67.b.?032��54z6J4^8:9<;3=1> 6 @���� A G7>VLrC"C @�y.FYc>HQ�CF=?;:T�2OL*,/.�0+��� ������� 67.fIOG7.F2M8\CFCF>?1T5AWZI[.167TUY\G7>�Yc2��B>V=��XG7I�� �567C10UIM83��>?1U9<IOG7IOQ�C167Q-Q�2<G7;:TE413>H4:.?6RCXW 2OL�¤ � $ �UÄ0�)
 � 9�� � @ QVT > � @ � 03>
Yc2��B>V=��XG7I�� Y 032OCF2<4 674<13>�� 2OL ­ 9(Ä1� �2��Ä:9 67.%CXWAY\67QVIOG2OL����#=?IHW|IKLNCF>V=19<GR2��5. @ � 03>��3�#=?I'W �\;���67. ��� $ A �RÄ�
 �
�UÄ�� C�� 9�� > � Y\032OCF2<4:.5QVTx> � .`>%$�2O=
��� $
A 4UÄ�� � $�4 ">%$�4 5 C6� 9�� >%$87 >V=19<.-QVT > ��. >%$ 674[C103> �'&89�� �O>�(�=?IO439O> @ � 0:>v=1>?1:.?0:6RLNC 2OL:C103> 5\;3=?.1Ct67.t432OC9�A432��54>=O.F2�B>5.F>HIK=?Qs03>?1�LN2O=vIMY\=12G5\I65\GR>bGJ6743>g>HTE67.1.?6R2<4 5c>VC'�B>V>H4 ��@1� IO4L1 
A@1� �O>�( @ �-2��B>74O>V=i432/G7674:> �gIO. 13>VCF>HQ�CF>?1674UC10:>b>H43>V=19OWU=?IO4:9O> @ ��4�;:Y:Yc>V=fG767TE6RCh2OLmC103>-G76743>��\;��U67.�.F>VCfCF2�5c> �!Ä1� � 9�� >:5 Y\032OCF2<4:.iQVT > �M. >%$ 2O=
�UÄ�� � 9�� >%$<;i>V=19<.-QVTx> � .`>%$ 2O= �54�� >�( 674
�9: @ 6 ;3>gCF2MYc2u2O=1>V=vn -�= 2OL\C103>����#=?IHWjIKLrCF>V=?9<GR2���Q�2<TEY\IK=1>?1CF2	,�.10+��� �09���� = �B>-QVIO4\432OC�.1I'WEI65c2<;3CfC103>->���Q�>H.1.BI65\.F2O=?Y:C16R2<4ELN2O=vC10\67.vQVIO.F> @ � 03>b8:CFC1674:9/=1>H.1;:G7C1.fIK=1>.1;:T�TEIK=?63;V>?1z674^C1I65 GR> 6 @ � = IO4<1zC10:>H.F>M=1>H.1;:G7C1.bIK=1>/IOG7.F2�Y\;05\G76J.103>?1�IO.��f2<43>V2OC���;d>VC-IOG @ A ������� C @
,/.�0 ¤ � � �� ¤ � Yc2��B>V=��XG7I�� � � ��� � ������� � � � - 1 @ 2 @ L

9�� � @ QVT > � 9�� � @ QVT > � 6J4<13>�� Y\032OCF2<4:.bQVT > �M. >%$ >V=19<.5QVT > ��. >%$
��� �09���� �UÄ0� � 9���� �>
�� 9(Ä����?��Ä:9 	 �UÄ�� � 9�� >:5 	 9(Ä�� � 9�� >%$<; � � @0�>-�� ���� ������� �UÄ0�)
 @R@R@ 9(Ä1� �?��Ä:9 	 �!Ä1� � 9�� >:5 �UÄ�� � 9�� >%$<; ��
A@:9�-�4��

N�UF�HcDI�3�K fHM�A�B�XZXZBD{HC�GJI}wZEHc�X^wQVlW�XZPHI�59\]G^U`_�UaWbXJI�GJCFcDVad-VlW>����� fuf��[L�k?��Ul{[� ����� fFf���h7� �[K



��� � ��������� ���^�	� ��
�� ��
���������������������������������� � �x� ��������
������ � 9�
 �

A�BDCFEHGJI,31K�k?�[M�NQP[I�cTI�WbX*�[UF{HI�c�BDw(XJPHI�cDBTCuPiXJy
E[GZ�uI�VlWL����� fFf���h7� �[KYNQPHI9� 8 	��-d�BD{[�5Vad B�w��5BD�iB��5I��BD{iXZV�X�d&V�BT{iXZI}GZ�aUFcDw}KONQPHI=59\]G^U`_ �[E5���5E[GZBD{HC�XZPHI3�HEHG^w�XQ��_/XZPHI$C
DFEGE�HFq5o
I �-A 	 BDwQUFcDwZV1�HcDVlXZXZI��BD{ XZP[I~wJUlS/I � CuEHGJIFK|NQP[I�GJBTCuPuX��[Ul{HI}c&B�w1XZPHI~w���I}y
XZGJEHS � X�XJI}� d�BTXZP XZPHI~Ul�[wZVFGJ��I}�x��Vad&I}G�\7cDU`dS/V5�5I�c]K�NQPHI}GZIRB�w�{HV�w�BDCF{[B � y}Ul{iX�w���I}y
XZG^Ulc W�I�UaXZE[GZIRBD{�XJPHI�I�{iXJBTGJIRI�{HI}GZCu_�GJUF{HCFIuK
���	���	� �! !" '*+�' ��+�+
,/.�0 �)���)����� �gIO.Q13>VCF>HQ�CF>?1 5AW 
�!
����&.���3��:yp&¡ 2<4 klIK= @
��� = �)�� �4H9! ���� * � @ ��Lr2<GJGR2���;3Y�2G5!�
.F>V=K4KIKC16R2<4 �BIO.�132<43> 5AW 
�!
� �6&.�!�3� �u@�4 032<;:=?.EIKLNCF>V=oC103> 5\;3=?.FCUCF=s6R9O9O>V=?=iIO4<1�6RC�Lr2<;:4L1 C103> ���#=?IHWQ�2<;:4uCF>V=1Y\IK=1C[2OLiC10:67.M>74O>H4uC @ �-LrCF>V=ZC10:IKC7=9� ��� �"��!#"%$'&#(q.FC1IK=?C1.�CF2S2G5\.F>V=K4O>oC103>����#=?I'W|Q�2<;:4 CF>V=?Y\IK=1C
9l4A@ � 032<;3=?.�IKLrCF>V=BC103>5CF=s6R9O9O>V= @ � 4O>V=1WULPIO674 Cv2OY:C167QVIOG\IKLNCF>V=19<GR2���=�C103>$# ��5 IO4<1ETEIK9<4:67C1;<13>b2OL ���A@���
 TEIK9A 0gGR2A2<T >VCjIOG @ = �����)� C"= �gIO.UIOG7.F2qLr2<;:4L1+674+C103> � � � >V=1=12O=jQV6R=?QVGR>G= 5\;:C�C103>%=1>?1:.10\6RLrCZQ�2<;:G:1+432OC�5c>
TU>HIO.1;:=1>?1 @:�>
.1032���C103>S67TEIK9O>q2OLMC103>����#=?IHW�IKLNCF>V=19<GR2�� 2OLMC10:67.E>74O>H4uC^674 8:9<;3=?> 6 @��H9 2G5\C1IO6743>?1 5AW C103>
� ��� �"��!#"%$'&#(l2G5\.1>V=K4�IKC1672<4 @ � 03>b.F2<;3=sQ�>b674jC103>5QV6R=sQVGR>b67.hC103>����#=?I'WjIKLNCF>V=19<GR2���2OL*,/.�0 �)���)�����A@ � 03>5\IOQ/�u9O=12<;\4<1��X.1;05\CF=?IOQ�CF>?1oGJ6R9<0 C1QV;:=K4O>b2OLmC103>�.F2<;3=?Q�> �BIO.g.1032��54�6J4U8:9<;3=1> 6 @����A@ � 0:67.v.F2<;3=?Q�>�67.vQVGR>HIK=sGRW13>HQVI'WA674:90=\IO4<1d6RC1.�13>HQVG76743>M67.S1:>H.1Q�=?635c>?1Q5uW @ < >%$�4 7 $ ?(@ 4 7 � @

18:00:00 30 003001:003002:003003:00

81
:0

3:
00

04
:0

0
05

:0
0

06
:0

0
07

:0
0

08
:0

0
09

:0
0

Right ascension

D
ec

lin
at

io
n

GRB020322

A�BDCFEHGJI�31K�k5LuMzNQPHInBDS/UFCFI	VlW3XZP[Iq5�\7GJU`_UlWbXZI�GJCFcDVad VFW!�����F�ik?�$�ukFk|m�5����	\L<��3tvKNQPHI�w�VuEHGJy�I�BT{�XZPHI9y�I�{iXZI}G&y�BTG^y
cDI�BDw�XZPHI=5�\G^U`_�y
VuEH{iXZI�GJ�[UFG�X�VlW�XZPHB�w�I}�FI�{iX�K
A�BDCFE[GZI 3�K kuk5M NQPHI cTBDCFPiX^y
EHGJ�FI VlW 59\GJU`_ UaWbXJI�GJCFcDVad VFW������ �ik?�$�ukFkHK�NQPHIw�VucTB�� cDBT{[I B�w�XZPHIe��I�w�X � X!GJI}wZEHc�X d�B�XJP
+!�&.<%^� %/% 	 ��� %
�lK



9'��� ������������� �=��� � � �:� ������
��,���x� ��� � �"
3��� ��� ����
���
���� �
� GRC1032<;39<0	�B>qYc>V=1LN2O=?TU>?1�C167TU> � 1:634�6:1:6J439�.FYc>HQ�CF=?IOG-IO4\IOGRWA.?67.ELN2O=oC10:>qY\;:=1Yc2<.F>d2OL/8\4L1:67439 ���#=?IHW

>HTE67.?.16R2<4dG76J43>H.7=F�B>�LPIO67GR>?1zCF2Q13>VCF>HQ�C5C103>Z.16R9<4:678\QVIO4 Ci>HT�67.1.16R2<4lG76743>H.i674lC103>�1:IKC1I @�� 4z8:9<;:=1> 6 @���� =��B>.1032���C103>%.FYc>HQ�CF=?;:T 2OLiC10:>E>H4 C167=1>�2G5\.1>V=K4�IKC1672<4 @ :y03>H4v��>oIG132OY:C�C10:>�Yc2��B>V=��XG7I�� TU2H13>HG,�-6RC10�C103>
9<IOG7IOQ�C167QUI65 .F2O=1Y:C16R2<4S2OL3¤ ��� �!Ä�4)� � 9�� � @ QVT > �N=��B>UQVIO4:432OCM2G5:C1IO674
C10:>jIOQVQ�>VY\C1I65\GR>U8:CMIO.M.1032��54674l8:9<;3=1> 6 @���� A GR>VLNC"C @ � 03>V=1>[67.5IoG7IK=19O>�1\67.1Q�=1>VY\IO4\Q�WQ5c>HGR2�� ��@�
 �O>�( =?IO439O>G=cIO4<1dC10\67.bLPIOQ�C�6J4<1:67QVIKCF>H.
C10:IKCZC103>�>	��CF=?I��#9<IOG7IOQ�C16JQzI65\.F2O=1Y:C1672<4�.1032<;\G:1 5c>oQ�2<4:.?6:13>V=1>?1 @
� 4:QVGJ;<1:67439^C103>^IG1<1:67C16R2<4:IOGfI65\.12O=1Y:C16R2<4Q�2<TUYc2<43>H4uC7=mC103>j8:CFC167439%=1>H.1;\GRC1.-IK=?>j.?6R9<4:6R8\QVIO4uC1GRWd67TEY:=12�4O>?1
IO.(.1032��54
674S8:9<;3=1> 6 @���� A =?6R9<0uC"C @ � 03>�
� � � 9G9l4UÄ�
 LN2O=5IO4dIG1<1\6RC16R2<4:IOG 1 @ 2 @ L @

A�BDCFEHGJI 3�K k��HM NQPHIxwZ��I�yvXZGJEHS VlW 5�\7GJU`_ UaWbXJI�GJCFcDVad�VFW
�����E�uk����ikFk5K�NQP[I|cDI
WbX	�[Ul{[I�c3BDw�XZPHIwZ��I�yvXJGZEHS � XZXZI��R�i_�XZP[I*��Vad&I}G�\7cDU`d|S/V��HI�cFd�BTXZP�XZPHI�CiUlc�UFy
XZB�yOUl�[wZVFGJ�5XZBDVF{ ��UF{[�3XZPHI*GZBDCFPiX Vu{HIOBDwYXZPHIBDS/�HGZVa�uI}��w���I}y
XZGJEHS d�BTXZP~XZP[IRUu�H�5BTXZBDVF{[UFc I
��XZG^Ua\7CuUFcDUuyvXJBDy�Ul�[wZVFGJ�5XZBDVF{ � �Q �L`h 
TL J�L"� � ��y
SN.��/K
� 4uCF>V=K4KIOG ¤���� �� ¤ � Yc2��B>V=��XG7I�� >H43>V=?9OWQ� ;�� A �'&89�� �O>�(MC � � 1 @ 2 @ L

9�� � @ QVTx> � 9�� � @ QVT > � 6J4<13>	� >V=19<.-QVTx> � .`>%$
� 
 �3@�4)� A 8��LC @R@R@ 9(Ä�4�� �UÄ���� � 9�� >%$87 ����
A@�� 9G9�

� 
�
HY 0:I65\. �3@�4)� A 8��LC 9'�RÄ:9 �>�UÄ � �UÄ������ ��Ä:9�� A �UÄ:9�� � ��Ä���� C � 9�� >%$87 9�����@�
 9G9l4

N�Ul�HcDI�31KDL"�[M�A�BTX�XJBT{[C~GJI}wZEHcTXJw9W�VFG�XZPHI/y
Vu{iXZBD{iE[EHS w���I}y
XZGJEHS=VlW����!� �uk?�$�ukuk5K �!P[I�{�d�I�Uu�5VF�HXXJPHI���Vad�I�GZ\]c�U`d�S/V5�5I}c(m < ��tOd�BTXZP�XJPHI3CuUlc�UFy
XZB�y�Ul��w�VuGZ�5XJBTVu{Y�uXZPHI�GZI��5E[y
I���� ��B�w&UF��Va�uI3k5K �H��wZV�XZPHII}GZGJVFG�y�UFcDy�EHc�UaXZBDVF{	y�UF{H{HVFXQ��I���I�GZW�VFGJS�I�����I}y}UlE[wZIRVlW�XZPHI�wZVlWbX�dQUlGJI9GJI}w�XZGJB�yvXZBDVF{ K
���	����� �! !" ' ��� +O' �
,/.�0 �)�H9����)� �gIO. 1:>VCF>HQ�CF>?1 5AW+C10:> ������� ��
3��
�.1IKCF>HGJG76RCF> @ � Yc>HI�� �\;��}2OL-C10:6J.U>74O>H4 C%67.EI65c2<;3C
9(Ä�� Y 032OCF2<4:.bQVTx> � .`>%$ IO4L1 9(Ä�� � 9�� >#"^>V=19<.5QVTx> � .`>%$ 674}C103> ��� &6����� �O>�( >H43>V=19OW}=?IO4:9O> @ � 03>5\;3=s.FC�Q�2<4:.167.FC1.h2OLcIM.1674:9<GR>�Yc>HI��jG7IO.FC1674:9(I65c2<;3C ��� .1>HQ A ,�2OC/;5>VCfIOG @ = �����)� � kd>V=?>V9<03>VCFC16 � ,�2OC/;G= �����)� C @� ��� �"��!#"%$'&#( 5c>V9<IO4q2G5\.F>V=K4�67439oC103> ����� ����
��$
�>V=1=12O=�=1>V9<6R2<4 �u@0� 0:2<;3=?.5IKLNCF>V=(C103>z,/.10�CF=?6R9O9O>V=?=
IO4<1�1:>VCF>HQ�CF>?1�IbQ�2<4:.?6:13>V=?I65\G7W 5:=?6R9<0uC����#=?IHWMIKLNCF>V=19<GR2��+2OL ,�.10 �)�H9����)�A@ � 03>V=?>VLr2O=1>G= � � � �"��!#"�$'&#(SYc>V=1LN2O=?TU>?1.F>HQ�2<4<1dYe2<6J4 C1674:9Z2G5 .F>V=K4KIKC16R2<4 �A@���� 1\IHW�.5IKLNCF>V=bC103>/CF=?679O9O>V= @:�>S.1032���C103>l67T�IK9O>d2OL(C103>d8:=?.1CEIO4<1 C103>l.1>HQ�2<4<1�2G5\.1>V=K4�IKC1672<4 5AW � ��� 674�8:9<;3=1> 6 @�����& GR>VLNCIO4<1 & =?6R9<0uC7= =?>H.FYc>HQ�C1634O>HGRW @ � 0:>�.F2<;3=?Q�>��\;��|67.[QVGR>HIK=?GRW 13>HQVI'WA674:9 @ � 03>%G76R9<0uC1QV;3=K4O>E2OLiC103>^.F2<;3=sQ�>o67.



��� � ��������� ���^�	� ��
�� ��
���������������������������������� � �x� ��������
������ � 9'� 9
.1032��54d674d8:9<;3=1> 6 @��54A@ � 03>MYc2��B>V=��XG7I�� 674<1:>	�%2OLhC103>/8\=?.FCi>VYc2AQs0 A I Ci6J. @ <}> @ 4 ; ?(@ 4 $ =<5\;3CiC103>[.167439<GR>Yc2��B>V=��XG7I���TU2H13>HG�QVIO4:432OC/Q�2<4uC1674A;32<;:.1GRW 13>H.1Q�=?6:5e>jC103>E.1>HQ�2<4<1�>VYc2AQs0 A 5(C(IO./.?032��54�6J4
8:9<;3=1> 6 @��54A@� 03> 13>HQVI'W��X674L13>	� 5c>HQ�2<TU>H.j.FCF>V>VYc>V=jC10:IO4aC103>o>VYc2�Q?0 A I C"=vIO4<1u�B>^=1>H�u;\6R=1>EC103>z674L13>	��2OL 	 ­ 9(Ä � �u@� 03>V=?>VLr2O=1>G=�C103> 5:=1>HI��+Ye2<6J4 Cj2OL5C10:>Q� ;�� 13>HQVGJ6743>^TEIHWa>	��6J.FC 5e>VCN��>V>H4�C'�B2�>VYe2�Q?0\. A I CZIO4<1 A 5(CZIO.
.1;39O9O>H.1CF>?1 5AW|:|IKC1.F2<4q>VC5IOG @ A ������� C @:�>P1:634�6:13>?1
C10:>o>H4uC16R=1>o2G5\.F>V=K4KIKC16R2<4+2OLiC103>o>VYc2�Q?0 A I C/6J4 CF2 � Y\IK=?C1.7=�IO4<1+6J4 CF>V9O=?IKCF>?1aC103>oCF2OC1IOG>	��Ye2<.?;3=1>EC167TE>ELr2O=ZC103>o>VYe2�Q?0 A 5(C"=hIO4<1+Ye>V=?Lr2O=?TE>?1�C103>o.1Ye>HQ�CF=sIOGvIO4:IOGRW�.F>H.[CF2q.F>HIK=sQ?0aC103>�>HT�67.1.16R2<4
G7674:>H.ZIO4L1 C103> .1.�¡ Q�2<TEYe2<4:>H4 CE674}C10:>z2G5\.F>V=K4O>?1 .FYc>HQ�CF=?;:T @ �52���>74O>V=�=���>dLPIO67GR>?1aCF2 1:>VCF>HQ�C�IO4 W
.FYc>HQ�CF=?IOGmLN>HIKC1;3=1>H. @ � 4^8\9<;3=1> 6 @���
 = �B>�.1032�� C103>/2G5 .F>V=K4O>?1d.FYc>HQ�CF=?I�674 CF>V9O=sIKC167439UC103>M>H4uC16R=1>/>	��Yc2<.1;3=1>2OL A I CjIO4<1 A 5(C"=B=1>H.FYc>HQ�C1634O>HGRW @ :�>lQVIO4:4:2OCE2G5:C1IO674 IOQVQ�>VY:C1I65 GR>d8:C1. �567C10 I�.167439<GR>%Yc2��B>V=��XG7I�� �56RC10C103>[9<IOG7IOQ�C167QZI65\.F2O=1Y:C1672<4 A ¤ � � 
UÄ��H9 � 9�� � @ QVT > ��C"=c.F2%IG1<1:6RC16R2<4\IOGm>	�ACF=sI��#9<IOG7IOQ�C167QjI65\.F2O=1Y\C16R2<4 �gIO.=1>H�A;:6R=1>?1 @ � 0:>5.FYc>HQ�CF=?IOG Y\IK=?IOTU>VCF>V=?.�2OL 5c2OC10 A I CvIO4<1 A 5(C�IK=?>�Q�2<4:.?67.FCF>H4uC �56RC10�>HIOQ?0^2OC103>V=B>	�3Q�>VY:C�LN2O=C103>�� ;��(=3IO4<1dC103>M8:CFC167439U=?>H.1;:GRC1.iIK=1>[.1;:TETEIK=s63;V>?1z674^C1I65\GR> 6 @:9G9K@

8:02:00 48 361224364803:001224

-3
9:

57
:0

0
54

:0
0

51
:0

0
48

:0
0

45
:0

0

Right ascension

D
ec

lin
at

io
n

GRB031203

8:02:00 48 361224364803:001224

-3
9:

57
:0

0
54

:0
0

51
:0

0
48

:0
0

45
:0

0

Right ascension

D
ec

lin
at

io
n

zeta Puppis

A�BDCFEHGJI�31K�k ��M�NQPHIRBTS�UFCFIRVlW�XZPHI�59\]G^U`_�UaWbXJI�GJCFcDVad-VlW>����� �$�HL �uk �F� m:5 ���	\L<��3tvK

A�BDCFEHGJI�3�K k �5MxNQPHIzcDBTCuPuX^y
EHGJ�FInVFW�5�\7GJU`_�UaWbXZI}G�\CucTVad VFW������ ���HL`k?�$�HK NQPHIn�HUlXJU�BDw � XZXZI�����_XJPHI��HGJV�7FI}{���Vad&I}G�\7cDU`d S/V5�5I}cHd�B�XJPM+ � .���� � UF{[�
+ �&.<%^� � � y�VF{iXZBD{�EHVFE�w�cD_ 
�VFBD{iXZI}� UaX�XZP[I~I}{[��VlWI}��V5y^P mpUitvK



9'��� ������������� �=��� � � �:� ������
��,���x� ��� � �"
3��� ��� ����
���
���� �

A�BDCFEHGJI 3�K k �HM NQPHIxwZ��I�yvXZGJEHS VlW 5�\7GJU`_ UaWbXJI�GJCFcDVad�VFW
�����E���[L�k����HK�NQP[I|cDI
WbX	�[Ul{[I�c3BDw�XZPHIwZ��I�yvXJGZEHS � XZXZI��R�i_�XZP[I*��Vad&I}G�\7cDU`d|S/V��HI�cFd�BTXZP�XZPHI�CiUlc�UFy
XZB�yOUl�[wZVFGJ�5XZBDVF{ ��UF{[�3XZPHI*GZBDCFPiX Vu{HIOBDwYXZPHIBDS/�HGZVa�uI}��w���I}y
XZGJEHS d�BTXZP~XZP[IRUu�H�5BTXZBDVF{[UFc I
��XZG^Ua\7CuUFcDUuyvXJBDy�Ul�[wZVFGJ�5XZBDVF{ � �  �L`h 
TL J�L"� � ��y
SN.��/K
� 4 CF>V=K4KIOG ¤ ��� �� ¤ � Ye2���>V=,�XG7I�� >H43>V=19OWQ�\;�� A �'&89�� �O>�(�C �	� 1 @ 2 @ L

9�� � @ QVTx> � 9�� � @ QVTx> � 674<1:>	� >V=19<.bQVTx> � .a>%$
A I C�� 
 
��A@:9 A 8��<C @R@R@ 9(Ä�
�� �>��Ä0�H4 A �!Ä:9 � �>��Ä��H9 C � 9�� >%$87 9 � 9K@�
 9�
�
A I C�� 
�
HY\0:I65 . 
��A@:9 A 8��<C 9��UÄ�4 �>
UÄ�� 9(Ä���� �>��Ä0�)� A �!Ä:9G9 �>��Ä �[4 C � 9�� >%$87 9�
��A@�
 9�
54A 5(C � 
 
��A@:9 A 8��<C @R@R@ 9(Ä � � �>��Ä���� A 9(Ä�4�
 �>��Ä��H9 C � 9�� >%$87 4)�u@�� � �A 5(C � 
�
HY\0:I65 . 
��A@:9 A 8��<C ����Ä � � 9l4UÄ�4 9(Ä���� �>��Ä���� A 9(Ä � � �>��Ä1��� C � 9�� >%$87 4��3@�
 ��


N�Ul�[cTI�3�KTLuLFM�A�B�XZXZBD{HC�GJI}wZEHc�X^w�W�VFGQXJPHI�y
Vu{uXJBT{�EHE[S�wZ��I�yvXZGJEHS VFW>���!� ���[L�k����HK
� ��� � � 	 	 ��
�� ���
���	������
O��� �������9
m�-,1�*� ���	�b,;�A�e���
� � � � IO4<1 � � � �"� !#"�$'&#( 13>VCF>HQ�CF>?1^C103>�>HTE67.1.1672<4�G7674:>H.v2OL n36 =�n(= � =�=Y¡iIH=AIO4<1^p3>MTEIKCF>V=s67IOG7.BIO4<1 - 2O=C103>�.�.�¡|Q�2<TUYc2<43>H4uCm2OLAC10:>�LN;:GJGRW56R2<4:6:;V>?1M6R=12<4M674 � ,�.10g. A ,/.�0 � ���)����� =�,/.10 ���09��)�54 � =H,/.10 �09G9��H9G9 =IO4<1�,�.10 �)���)���)� C"=[IO4L1 
�!
����&.���3��IO4<1 ��-0/ (�1G2 / 674L13>VYc>H4<13>H4uC1GRW 13>VCF>HQ�CF>?1 6R=12<4y>HTE67.?.16R2<4yG76743>
674 � ,/.10g. A ,/.10�� ���H4��)� =/,/.�0 ��� 9��H9�
 =-IO4L1 ,/.�0 �����)�H9 � C @ � CoY:=1>H.F>H4uC7=b674 CF2OC1IOG�=���> �A4:2��
� ,/.�0B.��-6RC10 C103>�>HTE67.1.?6R2<4 GJ6743>H.^IO4<1yC103>!.1.�¡�.FCF=s;:Q�C1;3=1> @ �52���>74O>V=?=MC10:>H.F>|.FYc>HQ�CF=?IOG(LN>HIKC1;3=1>H.
�B>V=1>U432OCM13>VCF>HQ�CF>?1�674STEI 8 2O=MY\IK=1C(2OLR,�.10g. @ p32O=�>	��IOTUY GR>G= ��
 QVIO.F>H.,�U674 ��� ,/.10g.(2G5\.1>V=K4O>?1i�56RC10

�!
����&.����� .F>VC�2<4:GRWj;3Y:Yc>V=��XG76JTE6RC1.tLr2O=�C103>b>HTE67.?.16R2<4UG7674:>H. @ :�>�674uCF=12 1\;:Q�>?1 � 2OLmC103>-432��#>HTE67.1.?6R2<4UG76743>QVIO.F>H. A ,/.10 ��� �09���� =9,/.10 ��� ������� =9,/.�0 �)���)����� =hIO4<1 ,/.�0 �)�H9����)� C��567C10�0:6R9<0
�u;\IOG76RCXW 1:IKC1Iz6744�6R>�� 2OL C103>/Y\032OCF2<4l.FC1IKC167.FC167QV. @� .�IOGR=?>HIG13WS.?032��54+674
C10:67.�Q?0:IKY:CF>V=�=tC103>�>HTE67.1.1672<4�Lr>HIKC1;:=1>H.�.10:2���C10:>ECF>HTUYc2O=?IOG�5c>H0:I�4A6R2O=�=xIO4<1
C103>VW�IKY:Yc>HIK=E2<4\GRW 674�I�Y\IK=?C�2OL(C103>l>H4uC16R=1>l2G5\.F>V=K4KIKC16R2<4�C16JTU> @ � 03>V=1>VLN2O=1>G=g>74O>H4 6RL��B>d2G5\.F>V=*4O>qI5:=?679<0 C�IKLrCF>V=19<G72���=z�B>ZQVIO4:4:2OC�IOG��gIHW�.O13>VCF>HQ�C(C103>Z>HTE67.1.1672<4dLN>HIKC1;3=1>N5e>HQVIO;\.F>[2OLf67C1.-CF=sIO4:.16R>H4:Q�> @ � 0:67.LPIOQ�C/=1>H.FCF=?6JQ�C1.MIO4<1�TEI��O>H.�1\632�QV;:GRC�CF2 13>HIOG6�567C10
C103>U>HTE67.1.?6R2<4
G76743>ZY\03>H432<TE>H4:I^�u;:IO4uC16RC1IKC1634O>HG7W @ � 4C1I65\GR> 6 @:9�� =��B>5.1;:T�TEIK=?63;V>?1UC10:>5G76743>S13>VCF>HQ�CF>?1oC167TU> �X6J4 CF>V=K4KIOG A]< �������"C�IKC�C103>b=1>H.1CfLr=sIOTU>b2OL*,/.10g.7=AC103>CF>HTUYc2O=?IOG IO4L1^C103>�.FYc>HQ�CF=?IOG 6J4<13>	� =A=?>H.FYc>HQ�C1634O>HGRW @

� 4 8:9<;3=?> 6 @��)� A GR>VLNC�IO4<1 =s6R9<0 C"C"= �B>q.1032�� C103> 1:>HQVIHW�67439�674L13>	�}IO4L1 C103>l.FYc>HQ�CF=?IOG5674<13>	�}IO.�I
LP;:4:Q�C16R2<4+2OL < ����� ��=�=1>H.FYc>HQ�C1634O>HGRW @ � .j.1032��54}674�C10:>%GR>VLNCZY\IO43>HGB2OLb8:9<;3=?> 6 @��)� = �B>zQVIO4a=1>HQ�2O9<4:63;V>zI
� e�K��RtW{�JLK,GW]FV.G�G^MCJ+S'txSAXZJ+SAX���J�p�SAU#K�JLV.K��NSLM'tW�EtW[2t^�Y��JLX�J;�RtW[�H.K�V.KaML]�G^MA��KRQ JL{
	���X�K�[�SA�Y� GW[#�Y�%]�GWM,sab��RtWJLK�J��



������� ��� � � ��

��� �����$�+���"
���� � � ��� 
 ��
 ��� �$� �$
�� ���x� 9'���
�B>HI��EQ�2O=1=1>HG7IKC16R2<4�5c>VC'�B>V>H4�C10:>�13>HQVIHW�67439Z674<13>	�UIO4<1 < � � ���?=E�50:67G7>iC103>-.1679<4:6R8\QVIO4uCfQ�2O=1=1>HG7IKC1672<4T5c>VC'�B>V>H4
C103>^.FYc>HQ�CF=?IOGB674<13>	��IO4<1 < ����� �jQ�2<;:GR1+432OCN5c>�LN2<;:4<1 @ � 4+8:9<;3=?> 6 @���� =,�B>z.1032���C103> 1:67.FCF=s635\;3C16R2<4|2OLC103> 1:>HQVIHW�67439�674L13>	�aIO4<1�C103>l.FYc>HQ�CF=?IOGb6J4<13>	� =v=1>H.FYc>HQ�C1634O>HG7W @ � 03>z9O=sIHW�IO4<1 C10:> �50:6RCF>zQ�>HG7GJ.q�56RC10,/.�0 4A;:T�5c>V=�IK=?>S.1IOTEY\GR>H.7=��50:6JQ?0�IK=?>lC1I��O>H4y674uCF2aIOQVQ�2<;:4uC^674�C10:6J.�Q?0\IKY:CF>V=?=��567C10�IO4<1	�56RC1032<;3C
C103>%>74A6R13>H4:Q�>%2OLbC103>%>HTE67.1.1672<4|LN>HIKC1;3=1>H.7=f=?>H.FYc>HQ�C1634O>HGRW @ � 03>�2OC10:>V=ZY IK=1C[2OL5C103>Q1\67.FCF=?635 ;3C16R2<4|67.[C103>

�!
����&.����� =1>H.?;:GRC1.(=1>VYc2O=1CF>?1 5AW ��6R=12^>VC/IOG @ A ������� C @ � ./.?032��54�6J4
8:9<;3=1> 6 @���� =tC10:>UYe2<.?.1635\67GJ6RCXW^CF213>VCF>HQ�C(C103>Z>HTE67.1.?6R2<4dLN>HIKC1;3=1>H.�=?67.1>H.5674 5c>HGR2�� C'�B2zQVIO.F>H. @ A 9 C5IKC�C103>jQVIO.F> �503>V=1>[C103>ZC167TU>�1:>HQVIHW�67439674<1:>	�z6J.5G7IK=19O>G=cIO4<1 A � CiC10:>[674<1:>	�^2OL�C10:>Z.FYc>HQ�CF=?IOGtQ�2<4 C16J4u;:;\T�67.-.FCF>V>VY @ 0BIO.1>?1l2<4qC103>Z=1>H.1;:GRC1.?=\2<43>Yc2<.1.1635 GR>/674uCF>V=1Y:=1>VC1IKC16R2<4qI65c2<;3C5C103>[>	��6J.FCF>H4:Q�>Z2O=�G7IOQ/�z2OL�C103>j.FYc>HQ�CF=?IOG LN>HIKC1;3=1>H. �567G7G 5e>�1:67.1QV;:.?.F>?1d674¡g0:IKY\CF>V= 
A@

,/.10 < � � ��� IKLNCF>V=19<GR2�� IKLNCF>V=19<GR2��
9�� ; .F>HQ�2<4L1 13>HQVIHWd674L13>	� .FYc>HQ�CF=?IOG 6J4<13>	�

� ���H4��)� �UÄ�� � ��Ä�� ] 9(Ä:9 9(Ä�4 � ��Ä �� ���)����� 
UÄ�4 � ��Ä�
 9(Ä ��� �>��Ä0�)
 �UÄ:9 � ��Ä����� 9��H9�
 
UÄ � � ��Ä�� ] 9(Ä�
�� �UÄ�� � ��Ä��
�����)�H9 � 
UÄ1� �>�UÄ1� 9(Ä �<9 �>��Ä0�)� �UÄ�� � ��Ä��
���09��)�54 � 9���Ä���� ��Ä�4 �UÄ � � 9(Ä0� 9(Ä������ ��Ä����
�09G9��H9G9 9(Ä�
 � ��Ä�� 9(Ä�
�
 �>��Ä���� �UÄ:9�� � ��Ä0�)�
�)���)���)� �UÄ0� � ��Ä�� 9(Ä0���>��Ä:9 9(Ä � 
�� ��Ä����

N�Ul�HcDI 3�KDL�k5M�NQP[I1�[Uuw�B�y�BD{5W�VFGJS�UaXJBTVu{zVlW�59\]G^U`_~UlWbXZI}GZCucTVadgwZUFS/�HcTI�w�X^U�7�BD{HC�BD{iXZV�Uuy�y�VFEH{iX9BD{nXZP[BDwXJPHI}wZBDw}K*A[VFG�I}Uuy^P ���!���HXZPHB�wQXJUF�HcDI�y
VF{iX^UlBD{�XJPHI�BT{HW�VFGJS/UlXZBDVF{nUl��VFEHX�XJPHI
�����-XZGJBTCuCFI}G&XJBTS/Iu�5XZPHII�����VuwZEHGJI�w�XJUlGZX�XJBTS/I|m N,85N��!�(N�t�W�VuG%59\]G^U`_|UlWbXZI�GJCFcDVad���XZVlX^Ulc&I
�5��Viw�E[GZI��5E[GJUlXZBDVF{-m:9;5=<(K�t�UF{[�XJPHI�y
V�VFG^�5BD{[UaXJI�mR��K ��KD�>3�I}ylK�tv�[GZI�w���I}y
XZBD�FI�cD_FK

A�BDCFEHGJI 3�K kih�M9NQP[I1cDI
WbX�Ul{[�zGZBDCFPiX���Ul{HI}c�B�w�XZPHI/�5I}y}U`_�BT{HC�BT{[�HI
��Ul{��	XZPHI/wZ��I�yvXZG^Ulc�BD{[�5I
�zVFWOXZPHIwJUlS/�HcDI��HI
XZI�yvXJI}�nXJPHI/w���I}y
XZG^Ulc�W�I}UaXJEHGJI}w3UFwRU�W�EH{�yvXZBDVF{|VlW�XJPHI�cTBD{HI
\ª�5I�XZI}y
XZI��nXZBDS/I/BT{iXZI}GZ�aUFc K �|Iy}Ul{~GZI�y
VFCu{HBD��I�U�d�I}U�7�y
VFGJGJI�c�UaXZBDVF{�BT{�XZPHI�cDI
WbX��[UF{HI�c]�5�HE5X�XJPHI�Ul{�_�y
VuGZGJI�c�UaXJBTVu{�y�UF{H{HVFXQ��I3W�VFEH{��BD{~XZPHI�GJBTCuPiXQVu{HIFK



9'� � ������������� �=��� � � �:� ������
��,���x� ��� � �"
3��� ��� ����
���
���� �

0.5 1 1.5 2

030227 970828

991216

000214

001025A

2

4

6

8

10

0
031203 970508

Time Decaying Index

Number of Events

990123

020322

990704

011211

0
2.50.5 1 1.5 2

4

2

Number of Events
6

970508 001025

030227

970828

991216

000214

011211

020322

990123

031203

990704

Spectral IndexA�BDCFEHGJI 3�K kFjHM�NQP[I��5B�w�XJGZBD�HE5XJBTVu{ VlWQXZPHI�XZBDS�I~�5I}y}U`_�BT{HCnBD{[�5I��xUF{[��XZP[I�w���I}y
XZG^Ulc��[PHVlXJVF{5\7BT{��5I
�VFWC59\]G^U`_zUaWbXJI�GJCFcDVad�w�K/NQPHI�y
I}cTc�wRd�BTXZP ������{�EHS���I}G�UlGJI�XZPHI�wJUlS/�HcDI}w�wZPHVad�{�BT{�XZP[BDw�y^P�Ul�5XJI�G�KNQPHI�CFG^U`_�UF{[�nd�PHBTXZI��[UFG�X^w�UFGZI�XJPHI�I��FI}{iXJw�d�B�XJP�VFG�d�B�XJPHVFEHX�XJPHI�I}S/BDwJw�BDVF{ncDBD{HI}wRUl{��	XZPHIO����	y�VFS/��Vu{HI�{iX��iGJI}wZ��I}yvXJBT�uI�cD_FKONQPHI�VlXZP[I�GQ�[UlGZXJw�UlGJI�XJPHIRI��FI}{iXJw��5I
XJI}yvXJI}���i_ C
DFEGE�HFq5o
I �HUF{[��VF{[cT_EH�[��I}G�\7cTBDS/B�X ��E5��VFW�XJPHI�I�S/B�wZwZBTVu{�cDBD{HIRBDw�wZI
X�W�VuGQXZPHI}S	K



� ��� ����� � � �	� 
��

� ��
�����������¡�� :���� 0��������� !�!� ."��� 0��#��$�%!
&�7T[W��('(���!
�$)���*�,+������-� = �#$�.!��
�� � � � � �)���
� ����/� 0�21,���3+������-�(,�¡ = �54 ��
��
� ��$�/�
���/*� 0��2
�$6���7� ������� �O,�¡ = �(4 ��
 �
� T8�#$�/*� 
9���2:!���; <$=
����>�?:���� � �&@#�� 2/*�A1,���2
�$6���7� �����)� � � � � � � � � � � +
�  2B!
����=
& C1,� � ����¡����=$=����� � /�����B!�!� � � � ���2D 8 ����$�%0� � ���!
�$6���*�,+������-�0'�Q�/�
& :QE
�� ����� � ������4
�  2B!
����=
& C1,� � ���AD 8 ����$�%F� � ��� �G
&B!
�����
& 0�2D"���A
�$6���*� ������� � � � � � ��
�� � 
 4��
�  H$=�; !
&�I��/*� 
J� � ���2
�$6���7� ������� � � Y � � 4��[4 � 
 � �
� $=$=
&/��>� � � 
J� �����)� �?���=$=�����#Y?% -��)���������)�0��� 2B0� 6 � 
J���51K�#$=$=
&���; 0� � ���A:!����B0��
9���2
�$6���*�3+���� � � � Y � � � + � � ��� +0��� 2B0� 6 � 
J� �����)� � � Y � � 4���� � � �[40��#��L�
��&� � � � ����¡����)/�
���
J� 
9��� �=.6/JQ�%2�#��BA��� �M� � � ������� � � � �N+�+��-� ��� � �0�
& 2 !
�$=$���¡O� 
J���2D����RY5
��� 0�21,���AD)/I 2��%2���P��,Q���2
�$6���7� �����)� � � Y � '5�F+ ��� �R+0�
�@-/I !L�$=�; 0� �G��."� � .M��SA/� A�=�; 0� 6 � �T�U+���� � �WV,XFYJZ>[]\<^ �`_�acb*dPegfhfi� 6 �#$��-.6
&B2.:QE$�/��; j�� 2B �9�������
�  2���RW>��/����h���M$�%!
 ��% W>��/7Q����N'3Q�/�
& :QE
&�

0����� 2B!�h����B0� ."� 6 ��� �k1qQ��l
�
��(¡��2:��,+�� ��
 � �9%uW-��/7Q������m:G�I.2/�B2���0+��-�R+�+ ���0����-�<TW� � �('5���!
�$6���*�,+������-� = �#$�.!��
�� �)� +#� �[4��0����-�<TW� � �('5���2:!����/��*� 6 � � ��� �n'!�#��/*� .P� ����� +#� � � �R+ � +#� ���)� �0����-�<TW� � �('5�!
�$6���*� �����)� ��,�¡ = �?4o+ � � �0����-�<TW� � �('5���2:!����/��*� 6 � � ��� � �".2� �#�#�� 2/*�2'(�Y.P� �����)� �5���=$=�����#Y?%?p �)���)��� + �0�����L��; !�q@��!� 
9� �=.bW>B!
��2:���� ����� +#� � Y � � 4���� � �����0�������r&B2/� F���T� = ��� � � �s.2B!�;�RW>.!S5�t@(�A'(���G� �����)� � � Y � 
9� 4���� � 4)�0���/�L�L;���(1]�?'(����0��� AB0� 6 � 
J�����"/RY:Y5
& 0� .P�A1,���2
�$6���*�,+������-� � Y � � 4���� � ���0�.2 !��
�� � � � ���?'-$��� Hu��HW �6�Y.P��� ������/��R."�?'(��� �k1qQ&1K��%2�; .P�(,Q� ������� �?����$=�����#YA%?p ���)�)�������
+ ��4



+ ��
 
 � 
�
 ������
���� ���

0�.!�,��
��O0����M���F1C�;.A H$���/� F�(."��:����FD��#����/��=�; F� 6 �*¡����O0���.!$=r��R1]��:���� 6 ��$�W�� � � �G����.6/7Q/��
��&�*,Q�O.P��� �6 �� 2/�
&�I�����G� � �R+����>+#�������������`_
	���
����2\�f�
��?\�e�
I� ��� �R+ �)
 �0�.!�,��
���0)�	�M���<1K�;.2 <$���/� 0��."�5: ��� 6 �� 2/�
&����� �N� � ��� ¡��-�OY5
��&�H1,� � ��� � 6 �;�I�#$�� (Q�<'(�2+���� � �������������=_�	���

���2\�f�
��?\�e�
�� � +#� �)��4¡���B2/�$=r�� 6 � � �G
�$=���;��/��� 0�:( �,+���� � � � Y � � �54)� � ����
¡�
& 0�Y."� �����)� � � Y � � 4 �>+#�N+ �¡��;�=$��>� �M���2
�$6���7�,+���� � � = �#$�.!��
�� ���)� � �����¡��;.:Qs%:T8�� 0�2D �?1,� �G� �=.6
�
&���?1,� � �]+�� ��
 �01 = . � '(� ��� +#� 4��¡��qu6/�
���
J� 
J� �n'-�; 2L;��/����>� � �,+���� � � = �#$�.!��
�� � � � � ���¡��qu6/�
���
J� 
J���?'-�; !L;��/I���>� � ��� �=0��#��L�
��&� � � � �F+������-� � � �R+�+ � � 
��)�¡���/IB!
��&� � ��� 
R/��� !L!� �6���G��� �J��
�
HQE
���.P� 6 ���A
�$)���*�]+������ � Y � � 4 +��-� ���)
6 /7Q,��
VW�� � �?1,��� � 
R�AQ/�AT �� 0� � �2:����R+���� � � � . � � � � ��� � � + 4698 ����L��t@>���-/7�('(��,Q���?
�$6���*� ����� +#� � Y � � 4�
�� � 
54��6 ��$��� 2/*� � ��� �9�OT8����%2/�$��>� � ����.6���1TQ.2���=
& F� � ��� � $�%!
 ' � ' $=
&�OT +���� 4 � ����� � = 
�u6��� � � �54 "!�#$#&%('*)+),!�-/.�01.
243658740,9�365�:4.�01.�5;7/<1=>)
?/<�3/0�)+.>013&.$)�:�-1@A01B1-&#+#+-&2401)1C+<�:�#+-
:�#�0
D�5E!+#
FAB+G

6 ��$��� 2/*� � ���!
�$)���*�F+���� 
 � ����� � = 
�u6��� � � � "!�#$#&%('*)+),!�-/.�01.
243658740,9�365�:4.�01.�5;7/<1=>)
?/<�3/0�)+.>013&.$)�:�-1@A01B1-&#+#+-&2401)1C+<�:�#+-
:�#�0�H�5E!+#
FAB+G

6 ��$��� 2/*� � �����9�OT8����%A/�$��>� � ��� �Jr&. � �>�cD ��� � ���#��%2����%2/*� �T����¡���
�u"��,Q���91 .!�#��/*� �T��� �U$�%!
W' � ' $=
&�OT+���� � � ����� � = 
�u6��� 4 �N+ � "!�#$#&%('*)+),!�-/.�01.
243658740,9�365�:4.�01.�5;7/<1=>)
?/<�3/0�)+.>013&.$)�:�-1@A01B1-&#+#+-&2401)1C+<�:�#+-
:�#�01IJ5E!+#
FAB+G

�J�h���; 0�Y0�� � �N
�$=���;��/��� 0� (Q���,+���� � � � Y � � � ���-� ���[4
�9%A��
��A1]���A
�$6���*� �����)� ��,�¡ = �?4o+ � � �
:!����BF� 
J� � ��� 0��� 2B0� 6 � 
9���A1K�#$=$=
&���; � � 
J���!
�$6���7�,+���� 4 � � Y � � ��� �-� �����
:!
& 2/JTT����
�� �6� �M��� �=.)�OT8/���
�r ��.).2/�r�� �6� ������� �(���=$=�����#YA%?p ������� + ��

:!�; <$��� 2�>� � ��� �G�;��/7�>:����51C
& :Q�/7� = ���2
�$)���*� �����)� � � Y � � 4��)� � 4����
:!����/I�*� 6 � � ��� �P.2� �#�#�� 2/*�2'(�Y."���?'>�#��/*�Y."���2
�$6���*� ����� +#� � Y � � 4�
�� � 
 454
:!���; <$=
����>�(:���� � T8�#$�/7� 
J����¡��;�=$��>� � �A1,���2
�$6���7� ������� � � Y � �F+ �)� � 4 �
:!��.\Q�%<$=
��&� � ���2
�$6���*� ����� +#��,�¡ = �?4o+ �����,O�����OT �>� � � � ����0��s/�L�L;���?1,�?'(���Y: / 8 
������Y.P� � �?1,���2
�$6���*�3+������-� = �#$�.!�&� � � � � � � �




 � 
�
�������
3� ��� � + ���,�
& 2B2��
&��.0���T��¡O�!
�$6���*�]+���� � � � � ' � � � � � 
 4,�
& 2B2��
&��.0���T��� �;�9� � �-��SF� � ���3+���� � � ����� � = 
�u6��� 4 � � "!�#$#&%('*)+),!�-/.�01.
243658740,9�365�:4.�01.�5;7/<1=>)
?/<�3/0�)+.>013&.$)�:�-1@A01B1-&#+#+-&2401)1C+<�:�#+-
:�#�01IJ5E!+#
FAB+G

,O/��t@ ���I/��1QE� 1,��� 6 /7Q,�>/� 2���; C1]���A:2
���L;.2�=�; 0�?D"��¡O���!
�$)���*� ������� � � Y � 
J� 
���� �G+ �)�,O���#r�
�SA���<���(���T���!
�$����*� �����)� � � Y � � 4��)� � 454,O !
&BA/� 0� = �Y�Q� ������� � � Y � � 4��54 � 4����,���$=r�� 6 ���(1C
���
�L;%2
�$=$�/*�5'(���Y0�
HQ/�?�01]��� �=0����,���tu6�,�-/*� � ��� �����)� �O,�¡ = �(4 ���[4 �
D��#����/��=�; F�>:�� � ���2
�$6���7� ����� +#�N+ � Y � � 454 �-�N+ ���
D)
�L�
��&� � � �;: �-�;����
VW��5'5� �M� �����)� � � Y � � 4�
)� � 4����
D)
�L�
��&� � ���A:!�1W�
��t��¡�� 
J��� : �<�;����
VW��('(� �M�A
�$6���*� �����)� � � Y � � 4 �>+#� �����
D 8 ����$�%F� � ���2
�$6���7� �����)� � = �#$�.!��
�� ����� � ��� �
D)�;������ 2B0�A'(���!
�$����*��� �����)� � � � �N+ ��� � 
�� �

� ��%2/������>/*��� �F+���� � � ��%0� 6 �!$�%!
&��/���� � ���AW����� 2/�@�
�����/�$XW
� ��%2/������>/*��� �����6
&B2�>��� �����P.2S(�!��D"��� � ��
�S5
����Q����1 ���-/���%2/7T8�>� �8��� � $�%!
�, � ' $=
&�OT +���� � � ����� �
= 
�u6��� 4 � ��
 "!�#$#&%('*)+),!�-/.�01.
243658740,9�365�:4.�01.�5;7/<1=>)
?/<�3/0�)+.>013&.$)�:�-1@A01B1-&#+#+-&2401)1C+<�:�#+-
:�#�01IJ5E!+#
FAB+G

�P�� !
&BA�>�AD"�F+���� � � �9%F� 6 �!$�%2
&��/���� � ���uW����) A/�@�
�����/�$�W
�P�� !
&BA�>�JD"����1 ���>/���%2/7T �>� �8�����9�OT8��.:Qs%2/*��'(��� �l� W;�OT8�>� �8����1K�#$���.!r&���-/7� �T��� � �9�OT8�������>/*� = �*� �+���� � � � Y � � � �>+#� 
����
�P����%A/ � �tu��>� = ��� � ���#�#$��>� � �����l% W;�OT8�>�Y�Q���2
�$)���*� �����)� �G+ �54 � 4��
�P��
�S5
&����B2
&�*� .P� :����A
�$6���*�]+�� ��� � � Y � �F+ ��� � 
 �54
�l�>B2��/���� �T���A
�$6���*� �����)� � � � ' � � 454 �R+ �
�P.2� � �#�� A/*�!'5���!
�$6���*�,+������-� = �#$�.!��
�� � � � � ��� �

R�OT SF� 6 ��� �!
�$6���*�]+������-� ��� '(�F+ ��� � � � �

R�OT SF� 6 ��� �!
�$6���*� �����)� �5���=$=�����#YA%?p �)� + ��� + �

R/I���RW��A'(� � ����
R
&:!
�@-��
��	�Q���?D)�OTET8
��&�2:���� �¨¡����OTEY2$=�; 0� 6 �3+���� 
 � � Y � � ��
�� � 
�+

F�;/I�=
&��.0� = ���2
�$6���*� �����)� �O,�¡ = �(4o+�� � +

R���'W>B���.M�; 2 A/� !L!� = �(1]��� �G
�$=���;��/��� 0� (Q� �k1 ��������r�r&/*� ."�?'(� ����� +#� � Y � � 4���� � ���)�

R���'W>B���.M�; 2 A/� !L!� = �(1]� � �N
�$=���;��/��� 0�!(Q� �����)� � � Y � � 4�
54 �N+ ���



+ ��� 
 � 
�
 ������
���� ���


R���'W>B���.M�; 2 A/� !L!� = �(1]���A:2�1W�
��&��¡���
9� �=.)�OT8/���
�r ��.).2/�r�� �M� �����)� � � Y � � 4)� � � 454��

 W> 2B!
& !��0�
&�I�*� 6 �3+�� � +#�51 = . � '5�F+ 454 � � 4
� ��� �>���8��� � = ��� �OTQ.!���>� � � ����� +#� � Y � 
9� 454�� �N+ 
��
1 ��B2��.0� �G���A:!
���L;.2�=�; 0�AD ��¡���� 6 /7Q/�-/I 2�=�; 0�A1,� �M���!
�$����*�]+���� 
 �(1 = . � '(� ����� �N+ �����
1 ��B2��.0� �G���AD����#��B!$��A:���� � .M
�
&���?1,� � �,+������-� � Y � � 4 + � � 
����
1 ���-/���%2/7T8�>� �T�2
�$)���*�F+���� 
 � � � ' � � ��� �N+ � +
1 �����; !
VW�� � � � �G
�$=���;��/I�� 0� (Q�,+������-� � Y � � 4 + � � ���
1 �#$���.!SA�'W;����%2/*� � ��� �9�OT8�#r&���-/7��.P���Y�J�; !
�$=���-.F� 6 � � �9SA/���.!r&���>/*� � � ������� � � Y � �2��.!S\T /�$=$=
&B
1K
���
�L;%!
�$=$�/*�0'(��� �¨,���$=r�� 6 ��� �����)� �(,�¡ = �(4 ����
��
1 /�������B2��� ���1Q�.2B��
�� � ��� �����)� � � Y � � 4 �>+#� 
 �>+
1 .!�����#�OT8/*� � ���!
�$6���7���,+���� � � � � ��¡��?4 
�
��)�
1 .!�����#�OT8/*� � ���!
�$6���7���,+���� � � � � ��¡��?4 
)�����
1 .!�����#�OT8/*� � ���!
�$6���7���,+���� � � � � ��¡��?4 
)�����
1 .!�����#�OT8/*� � ���!
�$6���7���,+������-�O,�¡ = �?4 �����
1 .!�����#�OT8/*� � ���!
�$6���7���,+������-�O,�¡ = �?4 �)���
1 .!�����#�OT8/*� � ��� �J�; !
�$=���>.0� 6 ��� � r&�tu��>�5D"���A
�$6���*� �����)� ��,�¡ = �?4 �������
1 .!�����#�OT8/*� � ��� �J�; !
�$=���>.0� 6 ��� � r&�tu��>�5D"� � � ���#�>� �T� �����)� � � � ' � � 454 � 
54
1 .!�����#�OT8/*� � ��� �J�; !
�$=���>.0� 6 ��� �-TT
HTQ.!���>�(1]���2
�$)���*� ������� � � Y � 
J�2��.!S T8/�$=$=
&B
= ��� �OTQ.!���>�A:�� � �-TT
HTQ.!���>�(1]��� ����� +#� � Y � � 4���� �N+��
= ������/���� � �!
�$6���*�]+�� ��
 � � Y � � ��� +#� � + �
= ������/���� � �!
�$6���*�]+���� 
 � � Y � � �[4 �-� � � �
= ������/���� � ���A1K�#�s�� 2/*��,Q��� �¨0��; A !
&���*� � � ������� � � Y � � 4���� � �����
= ������/���� � � �����)� � � Y � � 4)� �-� ����

�OB!
�u���%2 0�?'5��¡����Y0����<�<TC� � �?'(��� � �P.2� �#�#�� 2/*�2'(�Y."���,+������-�O,�¡ = �?4 ��� +
�O%2����%2/*� � �!
�$6���*�F+���� 
 � � � ' � � ��� �R+ 4)�
�G
�
�SA��
&��� �N� � � �M��� � e 	?\�� ����	���	2e���� � �se �	�
� ����� �s� �J��/� \Q�/RYA��
&����� �9%uW-��/JQ����*¡��;�1TT�;����LOW
�G
�$=
����=�; 0��0)� � � � �J��/7QE
����G� � � �����)� ��,�¡ = �?4o+�� �54




 � 
�
�������
3� ��� � + � �
�G
�$=���;��/��� F� ( �3+���� � � � Y � � �)�)� � 
 ���
�9/����� 0� � �,+������-� �9%uW-��/JQ���.M
VY5����$�� � + � � 4)��4
�9/����!��
J���!
�$6���7�,+������-� � Y � � 4 + � � 
 ���
�9/����!��
J���!
�$6���7�,+������-�(,�¡ = �(4W+����
�9/����!��
J���!
�$6���7� ������� �5'�Q�/�
& :QE
�� � � � � � 454
�9/����!��
J� ������� �5���=$=�����#YA%(p ���)�)��
����
�G����$�/� 2�#�s/*� 
J����¡�%A/��;��/*� ¡���� �=0���
&������ 0� � �,+���� � � � � � � ����� � 4��H4
�J��
�
HQE
���.P� 6 ��� 0���/�L�L;���?1,�('(���A1 ��������r�r&/*��, � = ���2
�$)���*� ������� � � Y � '(�F+ ��
 �N+��.M
�
&��1]� � � �k1��
&�=r ��#���;� �G�,+���� � �(1 = . � '5� �54�� � 
 � +.M
�
�@�
&�&� � � = ���Y:]�#$��=�; F� 6 ���	�O��S(���s !
�� � ���G���2
�$6���*� �����)� � = �#$�.!��
�� � + 
 � 4 + �.M
�
�@�
&�&� � � = ���Y:]�#$��=�; F� 6 ���	�O��S(���s !
�� � ���G���2
�$6���*� �����)� � � � � � �)�)� � ��
��.6.2$���
&B!L�
��?'(� �n'!�����!�(1,� �����)� �(1 = . � '5� ��� �-� 
����.bW-SA/7Q/�-/7�Q,Q�*0�� � 
R/�L;%H$1T8�� F� � � �G��+�� � �-�TV ������� ��� ����� �NX������ X����*.6��B2/I�#$�/�@�
��J���AQE
&����
&�"/� 
� �=$=���OYA%uW>��/7Q��

'>���#�OTT��$=� � � ������� � ��%0� 6 �!$�%!
&��/���� � ���AW�� �  2�=$�/�$�.!$=
O��� � 
HQ�%2 !�;����LOW
'>���RY5
�$=
��&� �6� �M�,+�� 454 � � Y � �F+ � +#�N+ 
 +
'>�� <$=�;� � 
R��
��!�?1]���?
�$6���*��,�¡ = �(4W+�+�� �
'>�� <$=�;� � 
R��
��!�?1]���?
�$6���*��,�¡ = �(4 ����
��
'>�#$=�!� ."��� �9�#$���.0�Y�Q���('!.!r&.!�>/*�21]���A�� AB �P�&u���/*� = � �����)� �O,�¡ = �(4 ���)���
'�Qs%2�#
��g
��t� 0�� �M��� 6 
& !L!�(1]� � 0��� AB0� 6 � 
J� ����� + � Y � � 4�
�� � 
�+ ���
'�Qs%2�#
���
��&� 6 � �����)� � � � � � ����� � ���
'-
�����
HT8/�$��=�;��� �G� � ���2
�$6���*�F+���� 4 � � � ' � � � � �R+ �H4
'>%2�KY?/����!�?'(� 
9� � � 
&.!���;���,�uW��0'(� � � +�� ��� ����� ��	 VWehf � �
	 � ��	����6� 	?\ 
���0����OQ,�CD)�;��
&���Y: %2/�$=
 6 u��#��� �
�� 2B = 
&.!$=���; '-$��#��� & � %!
 �9%uW>��/7Q������9¡��<TUYA�OQE$ ��S 8 
HQE$��

'�T8/�$�%0� 6 � � ��� 
R
�@-/I !
 � �A1,��� .6
HT8/������#�sB�."���2
�$6���*� ������� ��,�¡ =  !��$�/7QE
 4 ��
 +
'-�; !L;��/I���>� � � ����� +#� � Y � � 4�
 +#� 
9+ 4��
'AY5
���L�
&�*� 6 � = ��� (c
���B!
�� 
J��� �G
&/���/I���!D"� (Q���2
�$6���7� �����)� �?���=$=�����#YA%?p �)���)����� �
'-$��� <u��'W�� �6� .P���Y0�.2 !��
��t� � � � � �k1qQ&1K��%2�; 0� .P�(,Q� �����)� �01 = . � '(� ����� � ��� �



+ ��� 
 � 
�
 ������
���� ���

� ��� �#L;/*��.P� ������� �51K���=$=
�� � %!
&��/��
� ����
&��%2/7T8�>� � ���!
�$6���*�,+������-�O,�¡ =  !��$�/7QE
 4 � ���
� �� 2��� �>�Y�Q��� �  !�;.!
��?D"��� �kD6�;��$��?'5�('(�]+���� � � � � ' � � ��
 � 
 �)�
� ����/�/*� �T� �����)� �O,�¡ = �(4o+�� ��

�)
HT .!�s�>�?1]� �����)� �O,�¡ = �?4o+�� � �:]�#$��=�; 0� 6 ��� .M
�
�@�
&��� � � = ���AD 8 ����$�%0� � ���2
�$)���*� �����)� �(����$=�����#YA%?p �)���)
������:]�#$��=�; 0� 6 ���AD 8 ����$�%0� � ����
F
�@#�� 0� � ���2
�$6���7� ������� �?���=$=�����#YA%?p ���)� + ���54:]� �3T8�� 0� �6�����P.2� �#�#�� 2/7�!'(�Y."� � :!�s��/��*� 6 � � �3+���� � � � Y � � � � � � �����: 
&/*� 6 �?1,� �¨,l�#�!� 6 �AD � �����)� �?��.2S\T8/�$=$=
&Bo$=� 1 = . � '  ���=$=�����#Y?%?p �)� + �54 + � G�9�OT8����%A/�$��>� � �R+���� � � ��%0� 6 �2$�%!
&��/��&� � ���AW����� 2/�@�
�����/�$XW�9�OT8����%A/�$��>� � ��� 6 ��$��� 2/*� � ��� �Jr&.!�#�>�2D"��� �P�&u��������>/*�(1,��� � � ��� ��%A����%2/*���T�F+������-� =�� 1 � � ����
 � 
���9�OT8�#r&���>/*��."��� � ��� �>���8��� � = ���#�OTQ.!���>� � � �����)� � � Y � � 4)� +#� 
 � +�9�OT8�#r&���>/*��."��� �J�; !
�$=���>.0� 6 � � = ���#�OT .!�s�>� � � �����)� � � Y � � 4 � � � 
 � ��J�;��%2/IB2�>� � ���A
�$6���*�,+���� � � � � � ¡�/��sQ#�?4 
54 � ��J�;��%2/IB2�>� � ���A
�$6���*�,+������-� � � � '(�F+ ��� � ������J�;��%2/IB2�>� � ��� = �OT8/ �-/*�A1,��� �J�; !
�$=���>.0� 6 ���(1K.!�s��� �OT8/7� � ���!
�$6���*� ����� +#� � Y � � 454)� � �)��J�;��%2/IB2�>� = ����0����<TETW� (Q� � D)
��� � .2/��=$���
9� ������� � � Y � � 
��H4 � 4)� ��J�; !
�$=���>.0� 6 ���?1 .!�����#�OT8/*� � ��� �)
&B2�>� � �2
�$6���*� ������� � � � ' � � 4�� � 4�� ��J�; !
�$=���>.0� 6 ���?1 .!�����#�OT8/*� � ���A1K������/7���T���2
�$6���7� ����� +#� � Y � � 454)� � ����J�; !
�$=���>.0� 6 � ����� +#�51K����$=
�� � %2
&��/���J�; !
�$=���>.0� 6 ���?1 .!�����#�OT8/*� � ���!
�$6���*� ������� � � Y � � 
�� �-� � �54



� ����� ��� �	��
 �
� � ���

� L��s�#$=
��h.2�I�RWP$�%2�� !� �J������� � �;��%A/��P1K.!�s��� �OT8/-�h���J%2/��GL;.2/�BA�� :QE
�$=�l$�%2
��g���; <$�/�
����G���O,O�OTET8����.)�HWn0�.!���=$�� 2Bo�#�h$=
���L;���tu �?Q�/�
& :QE
&���JD)
l����u��'W-�6��.3Y:Y5����$���TT
O$=� ��B2@ �� :QE
l/� $�%!
(Y2���OY5
���B2/���
HQE$�/��; u6%2
& � �=$=���HW��� /� <$=�]�1Q�/�
& <$�/��\QW�� 2B 
	��Y5
���/7TT
& <$�����B2/���Q�.A��$�/�
&��� � QE�;.2��Bj !��$EQE�<TUY?��
�$=
C$�%2/�� $�%2
&��/��Tu6/�$�%!�;.!$T%2/��
QE�; <$�/� <.2�;.2�P
& :QE�;.2���#L�
HTT
& <$����CD6
 
�$=
��� 2�����7WSQE�; 2��/�B!
��Pu6%A�#$"/��P$�%2
�TT�;�=$Q/7TUY5����$��� <$P�� 2B]$�%!
oTT�;�=$
/� <$=
���
&�=$�/� 2LK$=�OYA/7Q��Q/� �1Q�/�
& :QE
��J�� AB � �h��
 � .!
& H$��7W]B2/��1Q�.2���"�#S5�;.!$"$�%2
HT $=��L�
�$�%2
��Tu6/�$�%,%A/7TW� � %A�&@�
��
&�#�� 2
&BW�8����$M��� YA%uW-��/JQ���/� oL���
&�#$6
& <@>/����; :TT
& <$����

� u��;.2��B ��/ ��
P$=�o$�%2�� � �J������� � ��� ����%A/ = ��� �OTQ.!���>� 6 �&�
�P.2 2/�%A/�$=� � ���#� �� 2B 6 �&��.bW����9�OT8�#r&���>/�h���^T8
&�� 2/� !L�� .2�M$�%2
�����
�$�/7Q����lB2/��?Q�.2����/��; A��� � ����u��HW>�W��
&�#�� �#S5�;.!$ $�%!
 ���#$=
&�=$ $�%!
�����/�
&�o/� Y5
����=�; 2���
B2/��?Q�.2����/��; A�R�� 2BjT8�� uW �1Q�/�
& H$�/�� QBT8
�
�$�/� !L;��� � �OT L����#$=
�� .2�-$=� �J����� �c1K�����HW>.!�-/ ��TT
HTQ.!�����h���cL;.2/�B2/� 2L
TT
�/� <$=�)$�%!
� !
�u��2
&��B��`$�%!
�
&�#���RWP.2 A/�@�
����=
��>�mD6
������=��L;�&@�
bT8
�������$G���A.2�=
�� .2�-��.!L�L�
&�=$�/��; A�R$=�l/7TUYA���t@�

$�%2/���$�%2
&��/����

� %2�t@�
Q��
&�#�� !
&BK� ����$6���J����$=���OYA%uW-��/JQ��6�h���<T ���I�F���c$�%!
 S(
&��$6�h��/�
& 2B2�&� ���FY5
HQ�/������RW�� � 
	��YA�� 2B2
&BlT[W�> !�tu6��
&B!L�
o���6$�%!
W���=$=���OY?% W>��/7Q��Q$�%!���;.2L;% .A�=
��h.A��B2/I�1Q�.2����/��; 2�"�� 2B $=��/�@-/�����$���� �>�Qu6/�$�% 6 �&� = �#�;%2/�����  2�#SA.!�>/*� � u��;.2��BW�I/ ��
l$=� ��
�
VY /I o$=�;.:Q�%Ku6/�$�%W�����0���G$�%!
HTW�:m/� 2���I�RW�� � L����#$=
�� .2���7W $�%2�� �%T[W%T8��$�%!
��6�h���6��.3Y\Y(����$�/� !LjT�W 
&B2.:Q��#$�/��; A�M�� 2BC�1Qs%!�-�;�F��/��h
��

� %2
l��
��g
���
�
&�����m$�%2/���$�%!
&��/I�
�9����� � = ��SA.:W-.!�>/ �P�&u���/  � � � 
HQ�% G �
�9����� � � �>/��8D)�;�=�'W;�  � � � 
HQ�% G �
�9����� ���9����.2��%2/(:]�#$��� A�#S(
  � � � 
HQs% G
�9����� ��D)/�B2
VW�� �P.2 2/�
&BA�  � ' � '2p � ��� � G �6 �&�9D�/�B!
�� 1 �#$���.2%A�#���  � ' � 'Ap � ��� � G �

+ � +




