
� � ��� ���	� 


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

���! "$#&%('*),+.-./0%(12)3#

46587:9<;=7>5@?BA:CEDF?BG=HJI=ALKM;=NOA:PQCSRT92P8CU?WVWPQ7X7:H<I&DQVWP!YZ?BG[VB5@?BHJA:N\5^]=VWPQ_E7:H2`aY0G=A:9bG[Gc58N\VWH<92H2ALdQH<Ie92P8CfR
NWAXI=H2VW58_=7XH,5g?W?WH2Ch?BAXPQCjik_E;E?mlnP8V^Y0GEA:9bGoNOPQ7:;f?BA:P8C=Np9q58CrNO?WA:7:7k_sH[927:58NWNOH2IoAXCt?TYuP�925g?BH<DQPQVOA:H2N<vxwyC
?BGEHzPQC=HzGc58C=IjisVWH<7>5g?WAXdQH<7X{,9<PQ`m]E7:H}|~`m5g?BGEH2`m5g?BAX9q587$58]E]=VWPh5g9bG=H2NJ58VOHz;=NOH2I�?WP�NWPQ7LdQHz?WG=HFDQVOP!YZ?BG
H2�U;c5@?BA:P8C~Y0AX?WG.58N\lnH<Y�58NWNO;=`3]E?BAXPQC=Ny5gN�]�PQNWNOA:_=7XH8i�PQV�?WP&58929<PQ;=Ch?�VOA:DQPQVOPQ;=NO7X{�lnPQV\?BG=H�DQH2P8`mH}?BVO{
P8l�?BGEH3D8VWP!Y0A:C=D,]c5gVO?BAX927XH2N2i��}���}v[�nH8v�D=v[���8�Ei��Q�Eij�E�2�>�}vp�\P�YuH<d8H2V<i�NW;E9bG�58]=]EVWPh589bGEH2N�58VWHpI=AL�392;=7L?
?BP�;=NOH~lnPQV^]=VW589<?WA:9q5g7Z]=;=VW]�PQNOH2N2i05gN3?WG=H<{tP8l�?WH2CoAXCh?BVWPSI=;=9<H,�S;=58Ch?BAX?WA:H<N3Y0G=AX9bG�58VOH~CEP8?��UC=P!Y0C
�nlnP8V\H�|E58`m]E7:H8i�?BGEHz92VOPQNWN�RTI=ALKM;ENWA:P8Ce92PSH<�39<A:H2Ch?WNb�}vywyC~?BGEHzP8?WG=H2V�Gc58C=Iji�NWP87:;E?WA:PQC=N0Y0G=AX9bG.58VWH�P8l
]=VW589<?WA:9q5g7uAXCU?WH2VOH2NO?^VOH27L{�PQCt58]E]=VWPq|fA:`m5g?BAXPQC=NJY0G=A:9bG 9258C _sH�¡O;=IEDQH2I�`3PQVWH�PQVF7:H<NWNpAX`m]�PQVO?B58Ch?qi
_=;E?u587X7:P!Yt?BG=H�9q587X92;=7:5g?BAXPQC=N�?WP�_�H�]�H2V¢lnPQVW`3H2I3VWH<7>5g?WAXd8H27X{FHq58NOA:7X{p58C=I3;=NWH�]c58VB5g`mH}?BH2VONu�UC=P!Y0C�lnP8V
`3PQNO?0`m5g?BH<VWA:587:Ny�£H8v�D=v\�¤�h¥fi��Q�Si��Q¦@�>�}v

§ C�?WG=A:N$YkP8VW��ih58Cz5g?W?WH2`3]E?�AXN$`�58IEH�?WP�_=;=AX7:I�58N¨DQH2C=H<VB587f5�`3PSI=H27U58N©]sP8NWNWAX_=7:Hgi@Y0GEA:7:H�5qdQP8A:I=AXC=D
;=C=CEH292H<NWNW58VO{ª5g]=]=VWPq|fA:`m5g?WA:PQC=N<v\«�P8V�?BGEA:N�VOHq58NOPQCji�Y0G=H2Cª]�PQNWNOA:_=7XH8i�?BG=HFIEAXKs;=NWAXPQCe9<PfH}�m9<A:H<CU?WNyP8l
?BGEH�92P8`m]�PQC=H<CU?WNFA:Chd8PQ7Xd8H2I�A:C�?BG=H�DQVWP!YZ?BG�PglZ?BG=HmI=AXKsH2VOH2Ch?p]=VOH292AX]=AX?B5g?BH<N�lnPQ;EC=I�A:C�58;=NO?WH2C=AL?BAX9
NO?B58A:CE7:H2NON�N¢?BH<H27:Ny58VWH�9q587X92;=7:5g?BH<IeA:Ch?WH2VWC=587:7L{Qi�58C=Ie?WG=HF;=NOHFP8l�¬[­kR�®0¯*­©¯�VOH2`3P!dQH2N�?BG=H�C=H2H<IªlnP8V
A:CE]=;E?BN�NO;=9bG�5gNJ?WG=H^`�5�|EAX`F;=`°dQPQ7X;=`3HFlnVB589}?BA:P8C.P8l65&DQALdQH<C�]=G=58NWHgi©AL?BN�92P8`m]�PQNWAL?BAXPQCjiMIEVWAXdSAXC=D
lnPQVO92H8i¨�}���}v



±$²X³�´�µc¶£·h¸©¶nµE¹�ºn»�¼r»�½Z¹�¾¨¿�À©º�Á�¸©Â2º£»�¼�·Q»j¿hÃ�·hº£¿S¼s¹�Â Ä�Å

����Æ ÇaÈzÉq/�-.É<È�%*1<)m# )^ÊË%*Ì�Í +.1<Î -.Ï(12)3# /0)&Í�Ð /\12Í�#�%(Ï

Ñ�ÒTÓ6Ò£Ô Õ�Ô�Ö¢×$Ø�Ö�Ô�Ù=Ú¢ÛuÜÝÛuÞ�Ù=ßyà�×�Ô*á�âzÛuÜäãJÚTåpØyæEÚ�ç�ÚèÙQé
¯�N�9q5gCm_�H0NWH2H<CmlnVOPQ`�?WG=H0]=;=_=7XA:NWGEH2I37:AX?WH2VW5g?B;=VOHJ�¤�8ê8�ëiQ?BG=H0I=ALKM;=NOAXdSAX?T{zP8ls9q58VO_sPQC3A:C358;ENO?BH<C=AX?WH

A:C�?WG=HJ«cH}R�4kV¢R�ì\ALR�4xN¢{SNO?BH<`íA:N6N¢?BVOPQC=DQ7L{�I=H<]sH<C=I=H2Ch?�PQC�?BGEH�9<PQ`3]sPQNOAX?WA:PQCjv©­ZG=H2VOH�58VWHy?TYuPm`m58AXC
58IEdg58Ch?B58DQH2N�A:C�92587:9<;=7>5@?BA:CED3?WG=HF9q5gVW_�PQC�I=ALKM;=NOAXdSAX?T{,Y0AL?BG=AXC~?BGEHzlnVB58`3H<YuPQVO�[Pgl�58Ch{e`3PfIEH27¨92VWH�R
5g?WH2Iji�VB5@?BG=H<V\?WGc58C�Gc5qdSA:CEDmAL?�5gNy58C~A:C=]=;f?qv0wyC=H�A:NZ?BPm92PQC=NOA:I=H<VB58_E7X{,Hq5gNWH�?WG=HJ?b58NO�[Pgl(?BG=H�;=NOH2V
Y0G=P&I=PSH2N�CEP8?�Gc5qdQHp?WP�îcC=I�5�dg587:;EHFA:Ce?WG=Hp7:AL?BH<VB5g?W;=VWH�lnPQV�?BGEHF]c58V¢?BA:9<;=7>5gV�92P8`m]�PQNWAL?BAXPQCe_�H2AXC=D
;=NOH2Ijv*­ZG=H�P8?BG=H<V6A:N�?BG=5g?6AL?k`m5q{�5g7:7:P!YxH�|S?BVB5g]sPQ7:5g?BAXPQC^?BPzdg587X;=H2N�Y0G=A:9bG&`3A:DQGh?�C=P8?k_sH�lnPQ;=C=I�AXC
?BGEHF7:AL?BH2VW5g?B;EVWH8v�­ZG=Hp9q587X92;=7:5g?BAXPQCePgl�?WG=HF9258VW_�PQC.9bG=H<`mAX9q587©I=AXKs;=NWALdSAX?T{,Y65gN�I=PQC=Hp5gN�NW;=DQD8H2NO?WH2I
_h{.ïcðP8C=NWNOPQCr���8êg�ñv § C.G=AXN�58NONWH2NONW`3H2Ch?�P8l*?BGEHF9q58VO_sP8C.`mPQ_EA:7:AL?T{&A:C.4�R¢4kV¢RT«cH}R�ì\A�5g7:7:P!{SN2ijïcðPQC=NONWPQC
;=NOH2N�?WG=Hz`F;E7X?BAX92PQ`3]�PQC=H2Ch?0I=ALKM;ENWA:P8C[?WG=H2PQV¢{��¤�hò!�(58CEIeY0VWAL?BH2N0?BGEHz9bG=H<`mAX9q587¨I=AXKs;=NOAXdSAX?T{&Pgl*9q58V�R
_�PQCji*;=C=IEH2Vp?BG=H,5gNWNW;E`m]E?WA:PQC�?WGc5g?p?WG=H&92PQCE92H2Ch?WVB5g?WA:PQC DQVW58I=A:H<Ch?BNFP8l�NW;E_=NO?WAX?B;f?BA:P8Cc587kH<7:H<`mH<CU?WN
58VOH�C=H2DQ7XA:DQAX_=7:H\?BG=VOPQ;=DQGEPQ;E?Z?BGEH�NO]sH<92AX`mH<Cji�58N2ó

ôõ^ö~÷ùø�ú\ûQü�ý<þ�ö$ÿ �nê=vX�!�
Y0G=H<VWH ôõ^ö A:N�?BG=H&9bG=H<`mAX9q587uI=AXKs;=NOAXdSAX?T{�P8l09258VW_�PQCji û8ü�ý ?BG=H�lnVW589<?WA:PQC�P8lZdg589q58Ch?pNOAX?WH2NpPQC�?WG=H
A:Ch?WH2VWN¢?BAL?BA>5g7gNO;=_=7>5@?W?BAX92Hgi þ�ö ?BGEH�`3PQ_=AX7:AL?T{�PglE9258VW_�PQCjig58C=I ÿ ?WG=H*?BG=H<VW`3PfIE{SCc5g`mAX9�l£589<?WPQV$I=H<î=C=H2I
_h{�ó

ÿ ÷ � ö
ø�ú

��� ö� � ö �nê=v ¥8�
Y0G=H<VWH�� ö A:N6?BGEH�`3PQ7:58Vk9<PQC=92H<Ch?BVB5@?BA:P8C[Pgl�9258VW_�PQCjvuïcðPQC=NONWPQC,?BGEH2C[H}|f]=VWH<NWNOH2N�?WG=HJ`mP8_=A:7XAX?T{ þ�ö
58N<ó

þ�ö�÷ùþ�� H}|f]
	���
��ø�ú�� �
ø�ú ÷ �

ø�ú H�|f]�	������ öø�ú�� �nê=v ¦Q�
Y0G=H<VWH þ�� AXN�5JlnVOH2�U;=H2CE9<{^l£589<?WPQV2i 
 ö 5gCm5g9<?BALdg5g?BAXPQCpH2Ch?BG=587:]h{358C=I ��� �ö ÷ ø�ú��6ö ��
 ö ihY0AL?BG�6ö IEH<îcC=H<I&_h{ þ��6÷ H}|f]F� �6ö �}v��\NWAXC=D�?WG=H�4k¯�� ���\¯y®�5g]=]=VWPQ589bG�?BP�`mPSI=H<7=?BG=H\92PQ`3]�PQNWAL?BA:P8C
I=H<]sH<C=I=H2CE9<{�Pgl�?BG=H�`mPQ_EA:7:AL?T{QihAL?kAXNuH258NWAXH2Vu?WPzî=?u?BG=Hy�U;c5gCU?WAX?T{ ��� �ö ?WGc58C�?WG=H�lnVOH2�U;=H<C=9<{ml£589<?WPQV58C=It589}?BALd85@?BA:P8C�H2Ch?BGc5g7:]h{�NWH<]c58VW5g?BH<7X{Ë�¤�8ê8�ëv ­ZG=H,�S;=58Ch?BAX?T{ �!���ö A:Np?BG=H<VWH}lnPQVWH&î=?O?BH2It;=NOA:C=D�5NW;E_=7>5g?O?BAX92Hy`3PfIEH27jê=v�ê=ó

��� �ö ÷ "$#%"'&�û # û & ��� � #)( &ö



±$²X³�´�µc¶£·h¸©¶nµE¹�ºn»�¼r»�½Z¹�¾¨¿�À©º�Á�¸©Â2º£»�¼�·Q»j¿hÃ�·hº£¿S¼s¹�Â Ä+*
, "-#." &0/1#2"43xû # û & û 365 "87 7 ��� � #)9 &0( 3ö � û # � û & � 7;:
, "-#."43<"= / 3 û # û 3 û = 5 " 7 7 ��� � #)( 3 9 =ö � û 3 � û = � 7 : �nê=v êh�

Y0G=H<VWH�?WG=H�AXC=I=AX92H2N�A:CEI=A:925g?BH0Y0G=A:9bG�NW]�H292AXH2NuPf9<92;=]=AXH2N�?BG=H�I=AXKsH2VOH2Ch?6NO;=_=7>5@?W?BAX92H<N2iSNWH2]=58VB5g?WH2I�_h{m5
92P87:PQCjiflnPQVZH}|E58`3]=7:H ��� �?> 7 ( ücý AXN0lnP8V\4kV\P8C,?WG=HJîcVWN¢?�NO;=_=7:5g?W?WA:92HyY0AL?BG,C=P8?WG=A:CED3P8C[?WG=HJNWH29<PQC=I�ndg589258C=9}{=��i ��� �A@CB 9 ö 7 ( ü=ý AXN�58CeA:Ch?BH<VB589}?BA:P8C~]c5gVB58`3H<?WH2V0lnPQV�«cHz58C=I.4kV�PQCe?WG=H�îcVONO?�NW;=_=7:5g?W?WA:9<HY0AX?WG�C=Pg?BG=AXC=D�PQC�?WG=H�NOH29<PQC=Ijv û # A:NJ?BGEH�lnVB589}?BAXPQC�P8lZ?WG=H�NOAX?WH2NFPS929<;=]=A:H<I�_h{�NO]sH<92AXH2NED�PQC�AX?WN
NW;E_=7>5g?O?BAX92H8v § luC=H29<H2NONB58V¢{Qi$?BG=HpAXC=I=AXdSAXI=;c587¨]c58VW58`mH}?BH<VWN ��� � #)( &ö 58VWHpH�|E]EVWH2NONWH<I�58N�]�PQ7X{SC=P8`mA:587:N
P8l¨?BG=H�?WH2`3]sH<VB5g?W;=VWHgv

ïcðPQC=NONWPQC����8ê@��]=VWP!dSA:IEH2N*?BG=H\]c58VW58`3H<?BH<VWN(lnPQV*?WG=H0`mPQ_EA:7:AL?T{�P8lM9258VW_�PQC3A:C358;=N¢?BH<C=AX?WH0lnP8V�«�H�R¢4kV�R
ì�A R¢4x587X7:P!{SN2i=NOP3?WGc5g?Z?BGEH�AXCGFc;=H<C=92H�P8l¨?BG=H�4kV<i�ì�A$58C=I~4 92PQCh?BH<Ch?�PQC,?BGEH�IEAXKs;=NWAXPQC&92PSH<�392AXH2Ch?
P8lk9q58VO_sPQC�A:Cª?BG=AXNz]=Gc5gNWH�9258C�_�Hm92587:9<;=7>5@?BH2IMv&­ZG=H2NOH&Ic5g?b5[Gc5qdQHm_sH<H2C�;=NOH2I�?WPe9q5g7:92;E7>5g?WH3?WG=H
I=ALKM;=NOA:PQC^9<PfH}�m9<A:H<CU?kP8l�9258VW_�PQCmY0AL?BG=AXC�5�«¨wIH�­�H\¯�ì���lnPQVW`z;=7>5y?BVW58C=NO7>5g?WA:PQC���]EVWPQDQVW58`�Y0VWAL?W?WH2C
?BP�`mPSI=H<76?BG=H~CS;E927:H25g?BAXPQC�5gC=I�DQVOP�YZ?WGoP8ly]=VWH<92A:]EAX?b5@?BH2N3A:Co58;=N¢?BH2CEAX?BAX9~N¢?b58AXC=7:H<NWN3NO?WH2H27XN2vË­ZG=H
A:C8Fc;=H2CE92H[P8lyP8?WG=H2V^H<7:H2`3H2Ch?WNm9<PQ`m`3PQC=7L{�lnPQ;EC=IrAXCrNO;=9bG�N¢?BH2H<7:Ne�£Hgv D=v�¬~P=i6¬~Cji�JfAëikì�iy�}���}v �
A:N�PQC=7L{�]EVWH2NOH2Ch?m58Np5e`3PSI=AXîc925g?BAXPQC�PglZ?BG=H�NOAX?WH�Pf9<92;=]=58C=9<{�lnVB589}?BAXPQC=N�lnP8VF«cH8i�4kV<iuì\A658CEIt4�i
_=;E?3?BGEH2VWHe58VWH~C=P�NO]sH<92ALîc9e]c5gVB58`3H<?WH2VWN<v ¯�N�AXNmH�|f]=7>58AXC=H2Ir7>5g?WH2V<ik?BG=AXN�«¨wIH�­�H0¯yì°]=VWP8DQVB58`
A:N\A:Ch?WH2VOl£5g92H2I[Y0AX?WG.5m7XA:_=VW58VO{&Pgl*NW;=_EVWPQ;E?WA:C=H<N�Y0G=AX9bG�H2C=58_=7:H�?BG=H�;=NWH�P8lu¬~­kRT®\¯*­¨¯�AXCU?WH2VOCc587:7L{Qv
­ZG=H<VWH<lnP8VWHkAL?�AXN©CEP8?(5�]=VWPQ_E7:H2`�?WP�92587:9<;=7>5g?WH�?WH2VO`mN©NW;=9bG^58N ÿ I=H<î=C=H2Ip_h{�H2�U;c5g?WA:PQCzê=v ¥Sv©­�{S]=A:92587
9q5g7:92;E7>5g?WH2I�dg587:;EH2N\58VWH�NOG=P!Y0CeAXC,?B58_=7XH�ê=vX�8v

¬e5@?BH2VOA>587 ì�«�K8�8� ¯ § J § ¦Q�8êôõ^öML `!N0NPO�Q êSR �TK�U��!�VO�QXW ò8R �ZY!U��!�VO�QXW
­©58_=7XH�ê=vL�Qó\[$]_^a`cbedgfZbedPfhbeiafhdgjlk;monpdPfqiCksr�tvuxw-jzyak\b{yCke|o`hbsdgfZm}`�~TiCrl`qn_`qj�]ougtG�!`q��dgiCrXjlks�a`�jzk\dgj�s���g�?�o� b�uP|o^Zuxrl`�jz`qux��uPtVjzyaksrlk�j��$u�rXjlkskefcr4bedg���Zk�tvuPia�Cm�`h��jzdg�Cfqk �x�q�x�

Ñ�ÒTÓ6Òëâ ��ßyà ãJÚ�åFØyæ=ÚTç�ÚèÙQéäÛuÞ��yà��FÕ�áxÔ�Üyã�� Ú
­ZG=HzNW58`3Hz58]E]=VWPh5g9bG~Yk58N�;=NOH2IelnP8V�«cHgij4kV�58C=Ieì�A�Y0G=A:9bG�587:7XP�Y0N0I=ALKM;ENWAXdSAL?T{&92PSH<�392AXH2Ch?\?BP

_�H�9q5g7:92;E7>5g?WH2IªY0AX?BGEA:C�?WG=H�]EVWPQDQVW58` `mH<Ch?BA:P8C=H2I�58_sP!d8H8i*]c58VW58`3H<?BH<VWNJYkH<VWH�lnPQ;EC=I�AXCx�¤¦TYg�k58C=I
�¤�TY@�ëvZ­�5g_=7:H�ê=v ¥3NWGEP�Y0N�H}|E58`3]=7:H<N�Pgl*9q587X92;=7:5g?BH<I~IEAXKs;=NWAXPQC~9<PfH}�392A:H<Ch?BN�lnP8Vy4kV<is9<PQ`m]=58VWH<I[Y0AL?BG
dg587:;EH2N6lnPQ;=CEI~AXC[7XAX?WH2VB5@?B;=VOH8ó



±$²���´�µc¶£·h¸©¶nµE¹�ºn»�¼r»�½Z¹�¾¨¿��-��»V�3¹!¾���µE¹!¿ �G�
¬e5g?WH2VOA>587 46587:9<;=7>5@?BH2I ��AL?BH2VW5g?B;EVWH

¯ § J § ¦E�}Y[�¤�'K@� �8R ��U��!� O�QX  ` N N O�Q YGR ¥¡U��q� O�QX  ` N N O�Q
�}Yh4kV�Rb�qêQì�A��¤�Q�g� ò8R ògê�U��!�1O�QX \`!N\NPO�Q ò8R òg�!U��q�VO�QX 0`¢N\NPO�Q

­©58_=7XHFê=v ¥fó�[£yCk?m}`q~TiCrX`huP�¤b�u_k�¥�be`qks�xj6ugt2�$w6`q�¤¦ §X¨_§ �a�s© d0j�ªP« ��¬ ��dxr\bsdgfcb�iafcd0jzksm�dP�CmtvuPia�­m�`h�Im}`q~Zkswlks�xj rXjliCma`qk;r �
���0® ÇaÈzÉq/�-.É<È�%*1<)m# )^ÊË%*Ì�Í ¯m'*)�° %(Ì '*È�%(Í

­ZG=H�]EVWPQ_=7XH2` Pgl69q5g7:92;E7>5g?WA:C=D&?BGEHmDQVOP!YZ?BG�VW5g?BH3A:N�?TYuPgRèlnP87:IjóJîcVWN¢?B7L{Qi¨AX?�A:NJC=H<92H2NONB58V¢{�?WPe_�H
58_=7XHu?WP�92587:9<;=7>5@?BHu?WG=HZDQVOP�YZ?WG^VB5g?WHZ58N�5�ln;=C=9}?BAXPQCpP8l�?BG=HZNO;=]�H2VWNW5g?B;EVB5g?WA:PQCjiQ?WGc5g?*AXN�58N*5yln;=C=9}?BAXPQC
P8l6?WG=H�9<PQC=9<H2Ch?BVW5g?BAXPQC�]=VOP8îc7XH�5g?�?BGEH�A:Ch?WH2VOl£5g92H8v�JfH<92PQC=IE7X{Qi�AX?�A:N�C=H29<H2NONB58V¢{�?BP~I=H<?WH2VO`mAXC=Hm?WG=H
A:Ch?WH2VOl£5g92H�92P8`m]�PQNWAL?BAXPQC=NkY0G=AX9bG~AXC&?B;=VOC[îE|fH<N\?WG=HJNW;=]�H2VONB5g?W;=VB5g?WA:PQCMv
Ñ�Ò{±ZÒ£Ô Õ�Ô�Ö¢×$Ø�Ö�Ô�Ù=ÚOÜ³² Ùcßyà´²�ácÛ\µ ÙcßÝácÔ�ÙEà�Ú¢Ü Ô â�ÚOÜyÔ*á=é
æSé�æUÙ=à·¶

­ZG=A:N�NWH<9<?BAXPQC.I=H2587:N\Y0AX?BG~?BG=HFIEAXKs;=NWAXPQCfRT9<PQCh?BVOPQ7:7XH2I,DQVWP!YZ?WG.P8l�5�]=VOH292AX]=AX?B5g?BH�¸�AXC�5�`m5g?BVOAL|¹ islnPQV�5�_=AXCc58VO{[N¢{fN¢?BH<`~v��\C=I=H2Vy?WG=H2NOHF92P8C=I=AX?WA:PQCEN2is?WG=H¤Fc;S|�P8l�NOPQ7:;f?BHzAXCe?BGEHF`�5@?BVWA |[A:N�DQAXd8H2C
_h{�ó º

÷ � õ¼» � �nê=v ò8�
Y0G=H<VWH

º
A:N0?BGEH�Fc;S|ePgl*NWPQ7X;E?BHgi õ AX?WN0I=AXKs;=NWAXPQC[92PSH<�392AXH2Ch?yAXC~?BGEH�`m5g?BVOAL|[5gC=I � ?BGEH�`3PQ7>5gVZPQV

`m58NWN092P8C=92H<CU?WVB5g?WA:PQCMi�IEH2]�H2C=I=AXC=D�P8C~?BGEH�Fc;S|ePgl(A:Ch?WH2VWH<NO?2v6­ZG=HzD8VWP!YZ?BG~VB5g?WH�½xP8l�¸3AXN\;ENW;c587X7X{
9q5g7:92;E7>5g?WH2IF_h{pNOPQ7XdSA:CED�?BG=HZIEAXKs;=NWAXPQCFH2�U;c5@?BA:P8CjiU58C=I^H2�U;c5@?BA:CEDy?BG=HoFc;S|pP8l�NWP87:;E?WHk?BP�?BGEH058`mP8;=Ch?
A:CE92PQVO]sPQVW5g?BH<I&A:Ch?BP!¸[�nî=DQ;=VWHJê=vL��58C=I[H2�U;c5g?WA:PQC,ê=vqYh��ó½¿¾ �PÀzÁ � �pÁPÀ0Â ÷ º

�nê=vhYQ�
Y0G=H<VWH � ÀzÁ A:N6?WG=HJ92PQCE92H2Ch?WVB5g?WA:PQC[P8l©NWPQ7X;E?BH�AXC,?WG=HJ]=VWH<92AX]=AX?B5g?BHyAXC,H2�U;=A:7XA:_=VOA:;=` Y0AL?BG,?BG=HJ`m5g?BVOAL|
58C=I � ÁPÀ ?BG=Hy9<PQ`3]sPQNOAX?WA:PQC^P8lj?WG=Hy`m5g?BVOAL|^AXC�H<�S;EA:7:AX_=VWAX;=`�Y0AL?BGm?WG=H�]EVWH29<A:]=AL?b5g?WH8v(¯�NkAXNkNWGEP�Y0C&AXC
îcDQ;EVWHFê=vL�QisAX?�A:NyH<NWNWH<Ch?BA>5g7©?BG=5g?y?BGEHFA:Ch?BH<VOl£589<HF92P8`m]�PQNWAL?BAXPQC=N�58VWH��SCEP�Y0CªAXC�PQVWIEH2V�?WP�NWPQ7LdQHF?WG=H
]=VOPQ_=7:H<`~v���C=IEH2V�?WG=Hp58NONW;=`3]E?BAXPQCePgl�7:PS9q587¨H2�U;=AX7:A:_EVWA:;E`~i=?WG=H2NOH^58VWH�DQAXd8H2C._h{~?WG=HFH<�S;EA:7:AX_=VWAX;=`
]=Gc5gNWHJI=A>5gDQVB58`[v(­ZG=H<VWH�58VWH�dg58VOA:PQ;=NZH}KMH<9<?WN\Y0G=AX9bG~`3A:D8GU?69q58;=NOHz5^I=H<]c58VO?W;=VWH�lnVOPQ` 7:PS9q5g7MH2�U;=A R
7:AX_=VWAX;=`[igNO;=9bG&58N*?BGEH\H}KMH<9<?uP8lsA:Ch?BH<VOl£589<H\H<C=H2VOD8{QiU?BGEH\H�|fA:NO?WH2C=9<H�PgljNO?WVWH<NWNWH<N658CEI3?WG=H0NWPQ7X;E?BH�RTI=VW58D
H<KsH29}?~�ë5.VWH}dSA:H<Y�P8l0?BG=H<NWH[H<KsH29}?BN^9q58C _�H�lnPQ;=C=I AXC �¤�Q������v ¬~;=9bGtYkPQVO��Gc5gN3_�H2H<CrIEH2I=AX9q5g?WH2I
?BP&?WG=H3?WVWH25g?B`3H2Ch?�P8l6`z;=7X?WA:92P8`m]�PQC=H<CU?y9q58]=AX7:7:58VWAL?T{QisY0GEA:9bG�AXNJ]=VWH<NWH2Ch?WH2I�AXC�9bGc5g]E?BH<VFòfv�w�?BG=H<V
H<KsH29}?BN\58VOH�5gNWNW;E`mH<I[?WPm_�H�C=H2D87:A:D8A:_=7XH8v



±$²���´�µc¶£·h¸©¶nµE¹�ºn»�¼r»�½Z¹�¾¨¿��-��»V�3¹!¾���µE¹!¿ �2Ã

BA

T

θr

c

c

c

γθ
γθ

γ

c c c

θγ

θγ
«�AXDQ;=VOHkê=vL�Qó [£yak4beuP�Cbeke��jlw{d0jz`qux��^awzugÄCfhk2ugtCjzyak4rXuxfqiajlk£dPr�d·tvia�CbÅjz`qux�ougtajzyak m}`cr�j{dg�Cbek-tvwzuP|jlyakÆ`q��jlkswXtÇdxb�k�|�d0jzwl`qÈ¡É�^Cwlk;b�`h^a`�j{d0jzk ��Ê `cr�jzyakÆb�u_uxwzm}`h�Cdgjlk�ugt£jzyak�`h�xjzkewltÇdPbek��­kej��$kske�¤jlyak|�d0jlwz`qÈ6dg�­m6jlyak+^Cwlk;b�`h^a`�j{d0jzk � Ë `hr1jlyak-�aiafhÌ6dPfqfhu0]\beuP|o^­u�rX`qjl`huP� � [£yak-rlyCdPmaksm�dgwzksd2wzke^awzksrlke��j{rjlyakAdg|ouPia��j·uPt+rXuxfqi}jzk�`q�­b�uPwz^ZuPw{d0jlk;m�`q�³jzyakÍ^awzksbe`q^a`qjzdgjlk�maiawl`h�aÎÆd�rl|�dgfhf8dP|?uxia��j ugtSjl`h|ok �§Ïj |�iCrXj �ZkÍksÐ�iCdPfTjluojlyCkÍdg|ouPia��j uPtSrluPfhi}jlk��CwluxiaÎPy�j d0j£jlyCkÍ`q��jzkewltÇdPb�k��_]�jzyakÍm}`q~Zi­rX`huP�I`h�jlyak�|�dgjlwz`�È �

«cPQV�]=7>5gCc58V2i�9}{S7:A:CEI=VWAX9q587(P8V�NO]=G=H<VWA:92587*DQH<PQ`mH}?BVOA:H2N<i�?BG=H^DQVOP�YZ?WG�VW5g?BH^9258C�_�H^DQH2C=H<VB587X7X{eH}|UR
]=VOH2NWNOH2I~_U{��¤�8ê@�ñó ½ ÷ÒÑ?Ó õ¥ Ó Ô �nê=vcK8�
Y0G=H<VWH�½xA:N6?WG=H�dQH27XPf9<AX?T{�P8l©?WG=HJA:Ch?BH<VOl£589<H8i Ô A:N6?BGEHJ?WA:`3H8iE58C=I Ñ A:N6?WG=HJNWPQ7X;E?BAXPQC&P8l�ó

Ñ & ÷ ¥�Õ H}|f]¨� �¢ÖC×Ø �� & � Ñ � �nê=v �Q�
Y0G=H<VWH¢Õyi$?WG=H^NW;=]�H2VONB5g?W;=VB5@?BA:P8Cji$A:NJI=H<î=C=H2I�_U{�Õ ÷ � � � � ÁPÀ �;Ù=� � ÀzÁ � � ÁPÀ ��i¨58C=IÛÚ~A:N^�Qi ¥�PQVJ¦
I=H<]sH<C=I=A:CEDzPQC3?BG=H�DQH2PQ`3H<?WVO{^P8lM?BG=H\]=VWP8_=7:H<`~ó©]=7>58C=58V2iU9<{S7XA:C=I=VOA:92587�58C=ImNW]=G=H<VWAX9q587�VWH<NW]�H29<?WAXd8H27X{8v� & � Ñ �kA:NZDQALdQH<C[_h{�ó � & � Ñ � ÷ÝÜ�ÞÖ ß QÅO

&
H�|f] 	 � Ñ Nê � I ß �nê=v �Q�

§ Cª9q58NOH2NJY0G=H2VOH!Õ	AXNydQH2V¢{ª927XPQNWHF?WP~��P8VydQH2V¢{ª927XPQNWHF?WP��8i$58NO{S`3]E?BP8?WA:9FH�|f]c58C=NOA:PQC=NJ9258C�H258NWAX7X{
_�HFlnPQ;=C=IªlnPQVy?BGEHm]=7:58Cc58Vy58C=I�NW]=G=H<VWAX9q587*9258NWH<N2i�_h{.VOH<Y0VOAX?BAXC=D � ;=NOA:C=D&?WG=HmH<VOln9pln;=C=9}?BAXPQC�58C=I
H}|f]c5gC=I=A:CED�?BG=HF7:5g?W?WH2V\?BP�?BGEHzîcVWN¢?�?BH<VW`3NyP8l�AX?WNyH2�U;=ALdg587:H<CU?yNWH2VOA:H<N2vJ­ZG=HFlnPQ7X7:P!Y0A:C=DmVWH<NW;=7L?BN�58VOH
PQ_E?B58A:CEH2Ijó
«cPQV6NO`�587X7jNW;E]sH<VWNB5@?B;=VW5g?BAXPQC=N��lÕ�à �h��ó

Ñ�á;âäã{å0ã{æ ÷ ¥Ó ç Õ �£êEvX�!�Q�



±$²���´�µc¶£·h¸©¶nµE¹�ºn»�¼r»�½Z¹�¾¨¿��-��»V�3¹!¾���µE¹!¿ �=³
Ñ�è�ápépê�æ)ëíìXã{â ÷ Ó ¥­Õ �£êEvX�Q�!�

«cPQV67:58VWDQH�NO;=]�H2VWNW5g?B;EVB5g?WA:PQC=N��XÕîà ���}ó

Ñ ápâäã{å0ã{æ ÷ 	 ¥
� � Õ � �£êEvX��¥8�

Ñ è)á;épê�æ)ëíìXã{â ÷ 	 Y
� � Õ � �£êEvX�!¦Q�ï ðÍñZò �Pó òÇñ � ïzôCõMô�ö �ø÷c�F�sù ñ �}��ú ôCò óf� ïzôCõ

¯�7L?BG=PQ;EDQG^H2�U;c5g?WA:PQC3ê=v ��9258C�_�H0NWPQ7LdQH2Im;=NWAXC=D�5�«¨wIH�­�H0¯yìx]=VWP8DQVB58`[i8?WG=A:N�A:N�C=Pg?uN¢?BVW58A:DQGh?¢R
lnPQV¢Y658VOIji8]=58VO?WA:92;E7>58VO7X{J5g?�7>58VODQH�NW;=]�H2VONB5g?W;=VB5g?WA:PQCEN2i8Y0G=H<VWHk?WG=H6I=ALKMH<VWH<CU?©?BH<VW`3N�Gc5qdQH6?WP�_�H69q5g7:92;SR
7>5@?BH2IzA:C^5�9q58VOH<ln;=7X7X{�9bG=PQNOH2CmPQVWI=H<V�?BP�5qdQP8A:IpH}|f9<H2H2IEA:C=DJ?BG=HZ7XA:`3AX?WN©P8l�`3PQNO?(92PQ`3]=;E?WH2VWN<v § C=N¢?BHq5gIji

0.001

0.01

0.1

1

10

100

0 0.2 0.4 0.6 0.8 1

Sû

Ω

(I)

(a)
(b)
(c)

1e-05

0.0001

0.001

0.01

0.1

1

0.9 0.95 1

R
el

at
iv

e 
er

ro
rü

Ω

(II)

(a)
(b)

«�AXDQ;=VOHyê=v ¥fó�ýÇ§Xþ£[£yak�k�ÈadPb�j rXuxfqi}jz`qux��tvuPw£jlyCk�ÎPwzu0�£jlyÆuPtSd?^afcdg�­dgw£`q��jzkewltÇdPb�k�ý�dxþ � dg�CmÆjlyakdg^a^CwlupÈ}`h|odgjl`huP�Cr tvuPw�rl|odPfqf ýÇ�­þ6dg�Cm�fcdgwzÎPk�ý�bsþ6rlia^­kswzrzd0jziaw{d0jl`huP�­r � ýÇ§X§Xþ�[£yak?wlksfhdgjl`hnPk?kewzwluxwývkswlwzuPw2m}iak6jlu?|ok�jlyCu_m³É�keÈadPbÅj£rXuxfqiajl`huP�­þ$m}iak6jluAjlyCk\iCrlk6ugtVk;Ðxi­d0jl`huP��ÿ �h�;� ý�dxþ2dg�­mojluAjlyakfq`h�ak;dgw4`h�xjzkewz^­uxfhdgjl`huP���­kej��$kske�IbedPfhbeiafhdgjlk;mÆ^ZuP`h��jzrÍýÇ�­þ �
5�lnVWH<H27X{�5!dg58AX7>58_E7:H�`m5g?WG=H2`m5g?BAX9�]c5g9b�g5gDQH~92587:7XH2I Jf9<AÏ�$58_ù�£Gh?O?B]jó LTL YZYZY6RèVWPS92��v AXC=VWA:5Ev¤lnV L NO92A:7:58_ L �
Yk58Ny;=NOH2I�?BP�92VWH25g?BHF5mîc7:H�92PQCh?B58A:C=AXC=Dm?WG=HzNOPQ7:;f?BA:P8C=N�lnPQV�ò8�Q�m]sPQAXCh?BN�_�H<?TYuH2H<C���58C=I��8v § Ch?BH2V�R
`3H2I=A:5g?BH0dg587:;=H<NZ58VOH�lnPQ;=C=I&_h{�7:A:CEHq58V�A:Ch?BH<VW]�PQ7>5@?BA:P8Cjv(�\P�YuH<d8H2V<i�5g?Z7>5gVWDQH�NW;=]�H2VONB5g?W;=VB5g?WA:PQCEN2iE?WG=H
H2VOVWPQV¨9q5g;=NWH<IF_h{�?WG=A:N¨`mH}?BG=PSIz_�H29<PQ`3H2N¨A:`3]sPQV¢?b58Ch?2v � {�9<PQ`3]c58VWAXC=D0?BG=HuVWH27:5g?BALdQH�H2VOVWPQV©PQ_E?B58A:C=H<I
_h{~?WG=HF7XA:C=H258V�AXCh?BH2VO]sP87>5g?WA:PQC~58C=I�?WG=HF;=NOHFP8l*?BGEHp58NO{S`3]E?BPg?BA:9�H}|f]c58CENWA:P8C=N3�nîcD8;=VWHFêEv ¥Q��iMAL?�Yk58N
]�PQNWNOA:_=7XH�?WPyPQ]E?WA:`3A:NWH*?WG=H6;=NOH6P8l�PQC=HkPQV�5gC=P8?BGEH2V(`3H<?WG=PfIz58N*5�ln;EC=9<?WA:PQCFPgl=?BG=HkNW;=]�H2VONB5g?W;=VB5g?WA:PQCMv



±$²���´�µc¶£·h¸©¶nµE¹�ºn»�¼r»�½Z¹�¾¨¿��-��»V�3¹!¾���µE¹!¿ �S�
¯�NZ9258C,_sH�NOH2H2C[A:CmîcDQ;=VOH�ê=v ¥SiE?BG=H�VOH27:5g?BALdQHyH<VWVWP8V6A:NZ5g7XYk5!{SNZ�gH2]E?\_�H27:P!Y	��� AXl$?BG=H�NOPQ7:;f?BA:P8C

A:N\9q5g7:92;E7>5g?WH2Ie;ENWA:CED�H2�U;c5@?BA:P8C�ê=vL��¥^Y0G=H<C Õ��ù�GR �Q�8ê3Y0G=A:7XH�?WG=HF7:AXC=Hq5gV\AXCh?BH2VO]sP87>5g?WA:PQC,_�H<?TYuH2H2C
]=VOH}RT92587:9<;=7>5@?BH2Im]sP8A:Ch?BNuDQAXd8H2NZ5�d8H2V¢{�VWH258NWP8Cc58_=7XHyH2VOVWPQVuI=P!Y0C�?BP¡Õ ÷ �Ev(¯�NOA:`3A:7:58V*`mH}?BG=PSI�Yk58N
;=NOH2Im?WP�92587:9<;=7>5@?BHZ?BG=H\DQVOP�YZ?WGmVW5g?BH\P8lj5�NO]=G=H2VOA:92587�A:Ch?BH<VOl£589<H8if58C=I3Dh5qdQH³Õ ÷ �GR �Q�Q��58N�?BG=H0dg587:;EH
58_�P!dQH�Y0G=AX9bG�AX?�Y65gNF]=VWH}lnH2VW58_=7:H3?BP�;ENWH&H2�U;c5@?BA:P8C�ê=vL�!¦Eve¯a92PQCENWA:IEH2VB5g_=7:H�92587:9<;=7>5@?BA:P8C�?WA:`3H3AXN
Dh58AXC=H2I&_h{�?WG=A:NZ]EVWPS92H2IE;=VWHgi=Y0G=A:9bG~587:`3PQN¢?6VWH<I=;=9<H2N0?BG=H�92587:9<;=7>5g?WA:PQC�P8l Ñ ?BP35p`3H2`3PQVO{�58929<H2NON2v
Ñ�Ò{±ZÒëâ Õ�Ô�Ö�×$Ø�Ö¢Ô�Ù=Ú¢ÛuÜ Û�ÞmÙcßyà�²�ácÛ\µ Ù=ßäácÔ�Ù=à Ú¢Ü Ô ¶�Ø�ÖèÙcÚ�×�Û?¶��zÛuÜyà¨Ü6ÙrÔ�Ö¢Ö¢Û¨é

­ZG=HJH}|S?BH<C=NWAXPQC[P8l©?WG=HJ`mH}?BG=PSI&I=H<NW92VOA:_�H2Ie58_sP!d8H�AXN6l£58VklnVOPQ`�N¢?BVB5gA:DQGh?WlnP8VOYk58VWIji=58N0I=AXKsH2VOH2Ch?
H<KsH29}?BN�58]=]�Hq58V�A:C[`F;=7X?WA:9<PQ`m]�PQC=H<Ch?�N¢{SNO?BH<`mN<isY0G=AX9bGjiMAL?\A:N\NWG=P!Y0C.A:C[?BG=AXN�NOH29}?BA:P8Cjis9258C�C=Pg?�_�H
VWH258NWP8Cc58_=7L{�C=H<DQ7:H<9<?BH<Ijvï � ÷c�
	AóZù�� ñZòÇñZõ �b�

­ZG=HeIEA:NW9<;=NWNOA:PQCr?BGc5g?3lnPQ7X7:P!Y0N^92PQC=NOA:I=H<VWN�5�?BH<VWCc5gVO{ NO{SN¢?BH2` 58N�58CoH�|=5g`m]=7XH8i6_E;E?�9258C�_�H
H}|S?WH2C=I=H<IeH258NWAX7X{�?WP35^7:58VWD8H2VZCU;=`F_�H2V0P8l©92PQ`3]�PQC=H2Ch?WN2v

«�A:D8;=VWH6êEv ¦yAX7:7:;ENO?BVW5g?BH<N©?WG=HZ9q58NOH0P8ls5�?BH2VOCc58V¢{pNO{SNO?WH2`�AXCFY0G=A:9bGm5y`m5g?BVOAL| ¹ AXN(A:CpH<�S;EA:7:AX_=VWAX;=`
Y0AX?WG�5�]EVWH29<A:]=AL?b5g?WH¤¸Sv�­ZGEHF_=;=7X�[9<PQ`3]sPQNOAX?WA:PQC[92PQVOVWH<NW]�PQC=I=N�?WP�]�PQA:Ch?��©iM58C=Ie?WG=HzH<�S;EA:7:AX_=VWAX;=`
?BAXH}Rè7:A:CEHzA:Ny?WGc5g?�DQPQAXC=D�?BGEVWPQ;=D8G��¨v�­ZG=A:N�?BAXH}Rè7:A:CEHFI=H<î=C=H2N�I=AXKs;=NWAXPQC.]=VOP8îc7:H<N�58NJA:7:7X;=NO?WVB5g?WH2IjijlnP8V
Y0G=AX9bG[?WG=HJNW;=]�H2VONB5g?W;=VB5g?WA:PQCEN�5gVWHJ587X7jH2�U;c587ëv

��P!YuH<dQH<V2i*?BGEH�H27XH2`3H2Ch?BN�A:ChdQP87XdQH<I�P8l�?BH<C�Gc5qd8H�dQH2V¢{�IEAXKsH2VWH<Ch?FI=ALKM;=NOAXdSAX?WA:H<N2v,«cPQV�H}|E58`3]=7:Hgi
Y0AX?WG~4kV�5gC=I�4 A:C[58;=N¢?BH<C=AX?WH8i=?BGEH�IEAXKs;=NWAXPQC&92PSH<�392AXH2Ch?BN\I=ALKMH<VZ_U{[5pVW5g?BAXPpP8l*58_�PQ;E?\5g_sPQ;f?J�!��

5g?¤KQò8� � 4�v&­ZG=H<VWH}lnPQVWH�?WG=H392PQC=9<H2Ch?BVW5g?BAXPQC�]EVWP8îc7XH2N�I=H<îcCEH2I�_h{ª?BG=Hm`�5gNWN¢Rè_c587:58C=92Hp?WA:H}Rè7:AXC=HpI=P
C=P8?2i=A:C,DQH<C=H2VW587ñiENB5g?WA:NOl�{�?BG=H�lnPQ7X7:P!Y0A:C=D�NWH}?�P8l©H2�U;c5@?BA:P8C=NZlnPQV05p;=C=A:�U;=HJAXCU?WH2V¢l£5892H�dQH<7:PS92AL?T{ ½\óº Q ÷ ½�� � ÀzÁQ � � ÁPÀQ��º N ÷ ½ � � ÀzÁN � � ÁPÀN�� �£êEvX�qêh�
PQV<i=?b58�UA:CED3?WG=H�]EVWPQ_=7XH2`íAXC[?WG=H�Pg?BG=H<V\NOH2C=NOH8i�?BG=H�I=AXKs;=NOA:PQC[]=VWPgîc7:H<N\Pgl(?BG=H�I=ALKMH<VWH2Ch?�H27XH2`3H2Ch?BN<i
58N6îE|fH<Ie_h{&?BG=HJ`m58NWN�RT_c5g7>58C=9<H�?BAXH}Rè7:A:CEH8iE7XHq58I&?WP3IEAXKsH2VWH<Ch?\dg587X;=H2NZPgl©?WG=HJA:Ch?BH<VOl£589<HJd8H27XPf9<AX?T{Qv� ;E?\?BG=H<VWH�A:N0C=PmVWHq5gNWPQC[?BP3NWH27XH29}?�?WG=H�H<�U;=A:7XA:_=VOA:;=` ?BA:H�RT7XA:C=HgiE?BGc5@?�D8PQA:C=Dp?WG=VWPQ;EDQG
�¨is5gN\?WG=H
PQC=H3I=H}îcC=A:CEDe?BG=HmA:Ch?BH<VOl£589<H�9<PQ`m]�PQNOAX?BAXPQC=N<v�­ZG=H�`m58NWN�RT_c5g7>58C=9<HmH<�U;c5g?BAXPQC=Nz58VWH3C=P�7XPQC=DQH<V�?WG=H
I=H}?BH2VO`mAXC=A:CED~9<PQC=NO?WVB58AXCh?BNp58CEI�`F;=NO?F_sHmVWH2]E7>589<H2I�_h{�H<�U;c5g?BAXPQC=NFêEvX�qêEv�­ZG=H�?WA:H}Rè7:AXC=HpîE|fH2I _h{
?BGEH2NWHJ9<PQC=I=AL?BA:P8C=N6Y0A:7X7M_�H�VOH<lnH<VWVWH<I[?WP�5gN6?BG=HIFc;f|URè_c587>5gC=92H�?BAXH}Rè7:A:CEH8v



±$²���´�µc¶£·h¸©¶nµE¹�ºn»�¼r»�½Z¹�¾¨¿��-��»V�3¹!¾���µE¹!¿ �f±

P

θ

x

x c1

c2
θ

c1
θγ

γ

M

c2

γ

2
γθ

γθ

c 2

c 1

c

c

1

«�AXDQ;=VOH�êEv ¦Eó?[£yCk
�Ci}È��Ï�Cdgfcdg�Cbek�ÄaÈ}ksm�jz`qk��)fh`q�CkÍÎPux`q�aÎojzyawzuPiaÎxy�� � bedP�I�­kAÐxiC`�jzkAm}`q~Zkswlks��jtvwlux| jzyak·|�dxrlr��)�­dgfcdg�Cbek$ÄCÈ_k;m�uP�Ck � jlyCdgj$^CdxrlrlksrSjzyawzuPiaÎxy�� � jlyCk·�aiafhÌob�uP|o^Zuxrl`�jz`qux� � §ø�ojlyakbedxrXk��4yakswlk � m}`q~ZiCrlksr |�iCb{y�tÇdPrXjlksw£jlyCdP� �a� `�j{r4ÎPw{dPma`qks�xj£|�dp]��ZkÍr�jzwlux�aÎPfh]�wlk;m}iCbeksm �ïøï � ÷c��� � ô � ò �"! ô�ö�ï�# � õ � ï ö%$­ïøõ'& ��÷c�(	AóZù*)�� ñZòÇñZõ �b��� ï �") ò ïøõ �
¯�7L?BG=PQ;EDQGm?WG=Hy]=VOPQ_=7:H<` P8l$A:IEH2Ch?BALl�{fAXC=DJ?BG=H�F=;f|URT_c587:58C=9<H�?BAXH}Rè7:A:CEH\G=58NkVOH292H<AXd8H2I,5g?O?BH2Ch?WA:PQC�AXC

5zCU;=`F_�H2VuP8l$NO?W;=I=AXH2NJ�¤�Q�Eif�Q�g�ëifAL?6VOH2`m58A:C=N<ifAXC�]=VW589<?WA:9<H8iEIEAX�392;=7L?u?WPFNWP87XdQHgv § l$PQC=H�AXNu?WPp58929<PQ;=Ch?
lnPQV\?BG=AXN�H<KsH29}?yY0AX?WG=A:C�5�`mPSI=H<7©I=H<NW9<VWA:_EA:C=D�?WG=HFH<d8PQ7:;f?BA:P8C�P8l*?BGEHF]=VWH<92AX]=AX?B5g?BAXPQCji�PQC=HFCEH2H2IENy?BP
Gc5qdQH�589<92H<NWN0?BPp?BG=HJH<CU?WA:VOH�]=Gc58NOH�IEA>58DQVW58` lnPQV6?BG=HJ]=G=58NWH<N\9<PQC=9<H2VWCEH2Ijis58C=I,C=P8?2ic58N0A:Nu?BG=HJ9q5gNWH
Y0AX?WG,_=A:Cc5gVO{�N¢{SNO?BH<`~i8¡O;=N¢?Z?BG=HJAXCU?WH2V¢l£5892HJ92P8`m]�PQNWAL?BAXPQC=N2v+ 58VW7XA:H2V�58]=]=VOPh589bG=H<NJ_U{�«c;@¡OAX?B5�58C=I � Gc5gI=H2NOG=A>5��¤�Q¦@�*G=5!d8H^;=NWH<I�NOA:`3]=7:Hz58Cc587L{S?WA:92587©H�|f]=VWH<N¢R
NWAXPQC=Np?BP.î=?^?WG=H~]EGc58NWH[_�PQ;=C=Ic5gVO{�AXC ?WG=H,?BH2VOCc58V¢{�NO{SNO?WH2` P8l�A:Ch?BH<VWH2N¢?qvr��P!YuH<dQH<V2i6?WG=H2VOHe58VOH
NWH<VWAXPQ;=N�7XA:`3AX?B5g?BAXPQC=Nk?WPm?BGEA:N�`3H<?WG=PSIjó6îcVWN¢?qiM?WG=Hz;ENWHFP8l*?WG=Hz`3PSI=H27$Y0A:7X7¨_�HzVOH2N¢?BVWAX9<?WH2I�?BP3?BG=P8NWH
NO{SN¢?BH2`3NzlnPQVJY0G=AX9bG�?BG=Hm]=Gc58NOH�_�PQ;=C=Ic5gVO{�Gc5qdQH�_�H2H<C�î=?O?BH2I�_U{�5[ln;EC=9<?WA:PQCji�58C=I�NOH29<PQC=Iji(?WG=H
`3H<?BGEPfI,A:NZH�|S?BVWH<`mH<7X{�I=AX�392;E7X?Z?BP^H�|f?WH2C=I[?BP3NO{SNO?WH2`3N�Pgl�`3PQVWHy?WGc58C&?BGEVWH2HJ9<PQ`m]�PQC=H<Ch?BN2v



±$²���´�µc¶£·h¸©¶nµE¹�ºn»�¼r»�½Z¹�¾¨¿��-��»V�3¹!¾���µE¹!¿ �-,
­ZG=H,58]=]E7:A:925g?BAXPQC�AXCh?BH2V¢l£5892H�P8l0?BG=H�?WG=H2VO`mPSIE{SCc58`3A:9m9q587X92;=7:5g?BAXPQC�NOP8l�?TY65gVWH[¬~­kRT®\¯*­¨¯ ��¦@�

Yk58NJ;=NWH<I�?BP[]=VOP�dSAXI=H358C�587:DQP8VWAX?WG=` 58_=7:HF?WP,NWPQ7LdQHp?BG=H3]=VOPQ_=7:H<`äAXC�5gCU{ªN¢{SNO?BH<`ÝI=H2NO92VOA:_�H2I�AXC
?BGEHEJ-.�­ + �£PQV�58Ch{[P8?BGEH2Vb�ZIc5g?B58_c58NOH2N<v § ?�92PQCENWA:N¢?BN�P8l�5m7XA:_=VW58VO{�P8l(NO;=_=VWP8;E?BAXC=H2N\Y0G=A:9bG�9258C�_�H
9q5g7:7:H<I�Y0AL?BG=AXC�5�«¨wIH�­�H0¯yì ]=VWPQD8VB58` ?WP�]sH<VOlnPQVO`Ý?BG=H<VW`3PfIE{SCc5g`mAX9392587:9<;=7>5@?BA:P8C=N�Y0AX?BG�¬~­kR
®0¯*­©¯�v� H<lnP8VWH�]=VWH<NWH2Ch?WA:C=D3?BG=H�587:D8PQVWAL?BG=` Y0G=A:9bG[Y65gN�Y0VWAL?W?WH2C,?BP3NWPQ7LdQHJ?BG=AXN\]EVWPQ_=7XH2`íAXC~53DQH2CEH2VB5g7
`m58C=C=H<V2i8AL?(AXN�C=H<92H2NONB58V¢{F?BP�7:PSPQ��`mP8VWHk9258VWH}ln;=7:7L{�5g?�?WG=H6NOH<?*P8l�H<�S;=5g?BAXPQC=N�êEvX�qêEih58C=IF]=58VO?WA:92;E7>58VO7X{
5g?*?WG=HÆF=;f|fH2N2v § Cm`F;=7L?BA:9<PQ`3]sPQCEH2Ch?*NO{SN¢?BH2`[iU?BG=H�Fc;f|3Pglj92P8`m]�PQC=H<CU?�D$A:N�VOH27>5@?BH2I^?BP�?WG=H\dg58VOA:PQ;EN
92P8C=92H<CU?WVB5g?WA:PQC,DQVW58I=AXH2Ch?BN\589<92PQVOI=A:C=Dp?WP=óº # ÷ � õ # » � # � " &�/0 # õ #ä& » � & �£êEvX��ò8�

Y0G=H<VWHJ?BG=HJ92VOPQNWN�RTI=ALKM;ENWA:P8C,?WH2VO`mN�� õ #ä& » � & �Z58VWAXNWHJ_sH<9q58;ENWHJ?BG=HJDQVW58I=A:H<Ch?�Pgl�9<PQ`m]�PQC=H<Ch?BN\P8?BG=H<V
?BG=58C�D¨9258C3`mPSI=AXl�{�AX?WN*9bG=H2`3A:92587=]�P8?BH<Ch?BA>5g7ñv § C3?WG=HZlnPQ7:7XP�Y0AXC=D=ig92VWP8NWN¢RèI=AXKs;=NOA:PQCp?BH<VW`3N*Gc5qdQH\_sH<H2C
C=H<DQ7:H<9<?BH<Ijv21 AX?WG=PQ;E?u?BG=AXNZ58NONW;=`3]E?BAXPQCjiSY0G=A:9bG&AXNkln;=VO?WG=H2VkI=A:NO92;=NONWH2I[7>5@?BH2V<ifAL?6AXNkC=P8?6]sPQNONWAX_=7:H\?BP
;=NOH�H<�U;c5g?BAXPQC,ê=vhKfv
Ñ�Ò{±ZÒ£× 3ËÜ�Ô�Ö�²uÛ�á�ÚèÙcßI¶ ÙEÛ�ã�àjÙEà$á+¶aÚ¢Üyà Ù=ßyà�ÙcÚ�à548ÖOÚ¢Üyà æfÔ�ÙcÚ�æEÞbé�Ú¢Ü³²	Ù=ßyà76�Ø98:4

âyÔ�Ö�Ô�Üy×�à
§ C�?BGEA:N�`mH}?BG=PSIjih?BG=H\dQH<7:PS92AX?T{!½ # �n?WG=H�AXC=I=H�|3A:C=I=AX9q5g?WA:C=D�Y0G=AX9bG�92P8`m]�PQC=H<CU?k]=VWPgîc7:H\A:N�;=NWH<I��

P8lc?WG=HZA:Ch?BH<VOl£589<H6A:N�9q587X92;=7:5g?BH<IFA:C=IEH2]�H2C=I=H<Ch?B7X{�lnPQV�H2589bG392PQ`3]sP8C=H2Ch?*9<PQ`m]�PQNOAX?BAXPQC�]=VWP8î=7:H8igY0G=A:9bG
A:`3]=7XA:H2NZ?WGc5g?y9<VWPQNON¢RèI=AXKs;=NWAXPQCe?WH2VW`3N�AXC�H2�U;c5@?BA:P8C.ê=vX�!òm58VOHFC=H2D87:H29}?BH<Ijv�­ZG=H^58AX`íA:N�?WP�îcC=I.?WG=H
?BAXH}Rè7:A:CEH�lnPQVZY0G=A:9bG�587:7M?WG=H�½ # 5gVWH�A:I=H<CU?WA:92587ñv�­ZG=A:N\A:N0AXC[l£589}?�VOH2I=;E92H2I~?BP�H<�U;c5g?BAXC=D^?BG=H Ñ # Ó õ # i58NZNOG=P!Y0Ce_h{,H2�U;c5g?WA:PQC,ê=vhKfv

«�A:D8;=VWH(êEv ê0I=H<NW92VOA:_�H2N$G=P!Y�?WG=H(?BAXH}Rè7:A:CEH�NB5@?BA:N¢l�{SA:C=D6?WG=H�Fc;f|URT_c5g7>58C=9<H*A:N�AXI=H2Ch?BALîcH2IJAXCJ50]ENWH2;EI=PgR
?BH<VWCc5gVO{&N¢{fN¢?BH<`~vA�*NWH2;EI=PgRè?WH2VOCc58VO{[VOH<lnH2VONZ?BPm5^?WH2VWC=58VO{&NO;=_fRèNO{SNO?WH2`°P8l*5p`F;E7X?BAX92PQ`3]�PQC=H2Ch?ZN¢{SN¢R
?BH<`~v;1�HZ92PQC=NOA:I=H<V*G=H2VOH6?BG=HZH�|E58`m]E7:HkPgl�?WG=HZDQVOP�YZ?WGpP8lM¬ NÅW 4 
 v*«cPQV¨?BG=HZ`m58NWN�RT_c5g7>58C=9<Hu?WA:H}Rè7:AXC=H8i4�5gC=Ip4kV¨Gc5qdQH�?BG=H�NB5g`mH�NW;=]�H2VONB5g?W;=VB5@?BA:P8C��XÕ öe÷ Õ ö 7 �}i@G=H2CE92H Ñ ö~÷ Ñ ö 7 v(�\P�YuH<d8H2V�4ªI=AXKs;=NOH2N`F;=9bGFl£5gNO?BH<V©?WGc58C34kV2iQ58C=IF?BGEH2VWH}lnPQVWH?½ ö ih58N©9q587X92;=7:5g?BH<IzlnVWP8` ?WG=H04�92P8C=92H<CU?WVB5g?WA:PQCp]EVWP8îc7XH8i@Y0A:7:7
_�HF`F;=9bG.7:58VWDQH<V�?WGc58C�½ ö 7 vJ­ZG=HF?BAXH}RT7XA:C=HJH}dQH2Ch?W;c587:7L{�DQALdSA:C=D¢½ ö 7 ÷ ½ ö 9<PQC=NWAXI=H2VW58_=7L{eVOH2I=;=9<H2NÕ ö 58C=I,A:C=9<VWH258NWH<N�Õ ö 7 v

§ C^NO{SNO?WH2`3N�Y0AL?BG^`3PQVWHk?WGc58Cp?BGEVWH2HZ9<PQ`3]sPQCEH2Ch?BN<iU?WG=A:N�A:N(VOH2]�Hq5g?WH2I3A:C^5yC=H<NO?BH<I�`m58C=C=H<V2v�«�P8V
H}|E58`3]=7XH8i=5zî=VWNO?\`3PfIEAXîc925g?BAXPQC�AXN6I=PQC=H�P8Ce¬[P=iEY0G=AX9bG[D8AXdQH<N05FC=H<Y ]=NWH<;=I=PgRñ?BH<VWCc58V¢{&NO{SN¢?BH2`íAXC



±$² ±=<?>�¿1��µc¶ë¶A@�º£¼¨¿h¹�º£·hÂ �=Ä

DfS f Ss Ds

How many phases 
at equilibrium ?

no

yes

[step]=[step] / 2

1

Tie−line found for pseudo−ternary

Calculate equilibrium

Decrease amount of (f) by [step]. 

slowest (s) diffusing components.
Identify fastest (f) and

ε<

«�AXDQ;=VOHyê=v�ê=ó�[£yak�dPfqÎxuPwz`�jzya| �4wl`qjXjzke��jlu?ÄC�­m�jzyak�jl`hkB�Ïfq`h�ak�rzd0jl`crXtv]�`h�aÎ?jlyCkC�­i}È��)�CdPfhdP�Cb�k�`h�dg�_]�rl]_rXjlks| m}ksrzb�wz`h�­k;m�`h��jzyak�mad0j{dg�CdxrXk;r·iCrlksm��_]D��[5�FE ¦�[8¦AGTtvuPw�ksdxb{y�beuP|o^­ux�ake��j6jlyakr�jzke^³`cr£`q�a`qjl`cdgfhfh]�rlk�j£jlu�dAjlks��jly³ugtS`�j{r2jluPjzdgf8dg|ouPia��j �
Y0G=AX9bG�?BG=AXN0587:DQP8VWAX?WG=` A:N658]=]=7XA:H2IMiS?WP34kV058C=I~4�vH1 G=H<C,?WG=Hy?BAXH}Rè7:A:CEH�AXNklnPQ;=C=IMiE?BG=H³F=;f|fH2N0P8l�4kV
58C=I�4�58VOH\AXI=H2Ch?WA:9q5g7ñiU58C=ImC=H2H<I�?BP�_�H�9<PQ`m]=58VWH<Im?BPJ?BG=5g?kPgl$¬~P=v�­ZG=Hy58`3PQ;=Ch?�P8l¨¬[P�9258Cm?WG=H2C
_�Hp92PQVOVWH29}?BH<I�58CEIª?WG=H^]=VWPS92H<I=;=VOH3VOH2]�Hq5g?WH2Iª;=Ch?BAX7�?BGEH^?WA:H�RT7:AXC=HJ?BGc5g?JD8AXdQH<N�A:I=H<Ch?BA:925876Fc;S|EH<N�lnP8V
587X7MH27XH2`3H2Ch?BN0AXCUd8PQ7Xd8H2I[A:N6lnPQ;EC=Ijv

­ZG=A:N�`3H<?BGEPfI�A:N�92PQ`3]=;E?WH2V�A:Ch?BH<C=NWALdQH8i©H2NONWH2Ch?WA>587X7X{ª_�H29q5g;=NWH�AL?�A:N�C=P8?�]sPQNONWAX_=7:Hp?BP~A:Ch?BH<VB589}?
Y0AX?WG�¬~­kRT®\¯*­¨¯�P8C�5e7:P!Y 7XH<d8H2765gC=I�VWH<]=7>5g92Hm?WG=H�`m58NONz_c587:58C=9<Hm9<PQC=NO?WVB58AXCh?FI=AXVWH29}?B7L{ªA:C�?WG=H.�A:_=_=NZH<C=H2VOD8{&PQ]f?BA:`3A:NW5g?BAXPQC�]EVWPS92H2NON2v
���¢� IKJ3Í�'*ÈzÉqÉML&1q#�Í�%(1q/�Ï

­ZG=H6P!dQH<VB587X7E�UA:CEH<?BAX9kAXN©]=VOH2NOH2Ch?BH<ImAXCF9bGc58]E?WH2V�Yfv(«cPQV�9<PQ`3]c58VWAXNWPQCEN©`m58I=Hu7>5g?WH2V2igAX?�A:N�GEP�YuH<d8H2V
C=H<92H2NONB58V¢{&?BP3A:Ch?BVOPfIE;=92Hy?WG=HJ92PQC=9<H2]E?�P8l©NWP8l�?¢RTAX`m]=AXC=DQH<`mH<CU?2v



±$²N,�´�»�¼©Â2¿'Oj¸$¿S¼©·Q¿SÂ �+�
1 G=H2C�`�5gCU{J]EVWH29<A:]=AL?b5g?WH2N�lnPQVO`�A:C�?BGEHuNW58`mH�`m5g?BVOAL|si!Y0G=H<?WG=H2V¨?BG=H}{�58VWH�P8lENB58`3H�PQV$I=AXKsH2VOH2Ch?

Cc5g?W;=VWHgif?WG=H<{�92PQ`3]sH}?BH�lnP8VkNWP87:;E?WH8v(­¨PpVWH<]=VWH<NWH2Ch?0?BGEA:N2iS?BG=H�`mH258CfRèî=H27:I�58]=]=VOP!|fAX`�5g?WA:PQC3A:Nk;=NWH<Iji
A:C~Y0G=A:9bG.?BGEHp92PQ`3]sP8NWAX?WA:PQC � # AXNy;=]�Ic5g?WH2I.?BP,VWHPFcH29}?�?BG=H^5g`mPQ;ECU?yP8l�92PQ`3]sP8C=H2Ch?�D6Y0G=AX9bG�G=58N
_�H2H2C[A:CE92PQVO]sPQVW5g?BH<I,I=;=VWAXC=D35F?BA:`3HyN¢?BH2][_h{&?BG=H�dg58VOA:PQ;=NZ]EVWH29<A:]=AL?b5g?WH2N<v

���%P Ça)3#.Ï�ÍRQ&-�Íy#./\Í�Ï
Ñ�ÒTS6Ò£Ô ��ßyà�²�ácÛ\µ Ù=ß ácÔ�ÙEà

­ZG=HJDQVWP!YZ?WG[VW5g?BH�92587:9<;=7>5@?BH2I,5gNWNW;E`mAXC=DF?BGc5@?�4kV058C=I~4Ë9<PQCh?BVWP87M?BG=H�]EVWPS92H2NONZY658NZlnPQ;EC=I&?BP
_�H�`3PQVWH�?WGc58C�5gCePQVOI=H2V\P8l*`m58DQC=AL?B;=IEH�7>58VODQH2VZ?BG=58C~?WG=HzPQCEH�92587:9<;=7>5g?WH2I~58NWNO;=`3A:C=D�4kV�9<PQCh?BVWP87
587XPQC=H8v

With soft−impingement

With
out s

oft−
im

pingement

0

100

200

300

400

500

600

700

0 10 20 30 40 50 60

S
iz

e 
/ n

m

Time / h

(I) Cr control

Cr a
nd C contro

l

0

100

200

300

400

500

600

700

0 10 20 30 40 50 60

S
iz

e 
/ n

m

Time / h

(II)

«�AXDQ;=VOH�êEv òfó ýv§XþI�$ux|?^­dgwz`hrluP���Zk�j��2keks� jzyakEbedgfcb�iCfhdgjlksm ÎPwzu0�£jly�w{d0jzksr�tvuPwR�DUWV;�5XEdgj© « � ¬ � � `q��¦·§X¨_§ �a�;©DY Z ª\[ � �4`qjly¤dg�Cm��4`�jzyauPi}j�rXuPt j��Ï`q|o^a`h�aÎxke|oke��j � ia�Cmakew�b�uP��jzwluxfVugt��Zugjzy�$w6dP�Cm¤��m}`�~TiCrl`qux� � ýv§l§Xþ��$uP|o^Cdgwz`crXux� � �4`qjlyCuPi}j�rXuPt j6`h|o^a`h�aÎPks|?ks��j � ugt-jlyak?ÎPwzu0�£jly�w{d0jzkugt4dR�DUWV;�5Xo^CdPwXjz`hbefqk��_iCbefqk;d0jlk;mEd0j(]2^ �a� d0j © « � ¬ � � iC�Cm}kewo�$w�b�ux�xjzwluxf+dgfhuP�ak � dg�­m¡�$wdg�CmI� b�uP��jzwluxf �
«�A:D8;=VWHFêEv ò=� § �}i�NOG=P!Y0N�?WG=H^]=VWH<I=A:9}?BH2I�VB5gI=A:;=N�Pgl65[¬ NÅW 4 
 ]=VWH<92A:]EAX?b5@?BHFCU;=9<7:Hq5@?BH2I�5g? Ô ÷ �fi

Y0AX?WGo5gC=ItY0AL?BG=P8;E?m58929<PQ;=Ch?BAXC=D�lnPQV^NOP8l�?3A:`3]=A:C=D8H2`3H2Ch?qi*Y0G=AX9bGo9q5gCoGc5qdQHe5�N¢?BVOPQC=D�H}KMH<9<?mPQC
?BGEHpDQVWP!YZ?BG�VB5@?BH8v¡JfA:C=9<HF?BG=H^]=;EVW]�PQNWH^A:N�G=H2VOH^?WP,92PQ`3]c58VOHF?BG=H^DQVOP�YZ?WGªVB5g?WH2NJ;=C=I=H<VJI=AXKsH2VOH2Ch?
Gh{S]sP8?WG=H2NOH2N.5gC=I NOA:C=9<H�?WG=H�VOPQ7:HªP8lzNWP8l�?~A:`3]=AXC=DQH2`3H2Ch?&AXN~AL?BNOH27Xl�I=H<]sH<C=I=H2Ch?.P8Cù?BGEH�DQVOP!YZ?BG
VB5@?BH2N<i*?BG=AXNpH<KsH29<?^G=58Np_sH<H2CtVWH<`mP!dQH<It?WP�l£5892AX7:AL?b5g?WH3ln;=V¢?BG=H<Vp92PQ`3]c58VOA:NOPQC=N2v�­ZG=AXNp`mH258C=NF?BG=5g?



±$²N,�´�»�¼©Â2¿'Oj¸$¿S¼©·Q¿SÂ �=Å
DQVOP�YZ?WGª92;=V¢dQH2N�9q58CªPQCE7X{�_�H^VWH<]=VWH<NWH2Ch?B5g?BALdQH3P8lu?WG=H^VWH2587*]=G=H<C=PQ`3H2C=PQC�5g?�?WG=H^Hq58VO7X{eNO?b5gDQH2NJP8l
?BGEH�]EVWH29<A:]=AL?b5g?WA:PQCMv

«�A:D8;=VWH�ê=v ò=� §O§ �09<PQ`m]=58VWH<N�?BGEHzDQVOP�YZ?WG�VB5@?BHz;EC=I=H2V�4kVy58C=I.4 I=AXKs;=NWAXPQCe9<PQCh?BVOPQ7�5gC=I�;=C=IEH2V
4kV0I=AXKs;=NOA:PQC,92P8CU?WVWPQ7$5g7:PQC=Hgv § C[?WG=A:NZNOAX?B;=5g?BAXPQCji=_�H29258;=NWH�P8l©?BG=H�dQH<VO{,7:58VWDQH�IEAXKsH2VWH<C=92H�_�H<?TYuH2H2C
?BGEH�I=ALKM;=NOAXdSAX?T{^Pgl$9q58VO_sPQC�58C=I�9bG=VOPQ`3A:;=` AXC�58;=N¢?BH<C=AX?WH8if?WG=H�?WA:H}Rè7:AXC=H6lnPQ;=C=I�?WPzNW5g?BAXNOl�{^?BG=H�Fc;f|UR
_c587:58C=9<HuAXN$dSAXVO?B;=587:7L{�_=VWAXC=DQAXC=DZ?BG=Hu9q58VO_sPQCzDQVB58IEA:H2Ch?$?BP9_2H<VWP^��?BA:H�RT7XA:C=H*DQP8A:C=D0?BG=VOPQ;=DQGF¬aA:C�îcDQ;=VOH
ê=v ¦h�}v[¯�NF5~92P8C=NWH<�S;EH2C=9<H8iu5g?z?WG=H�Hq5gVW7X{ªN¢?b58D8H2NFP8l6]=VWH<92A:]EAX?b5@?BA:P8Cji¨?WG=H�9<PQ`m]�PQNOAX?BAXPQC�P8l\¬ NÅW 4 
58C=I&Pgl�?BG=HyNO;=VWVOPQ;=C=IEA:C=D^58;ENO?BH<C=AX?WH8ic5gVWHyH�|E]�H29}?BH<I[?WPF_sHyl£5gA:VW7L{^I=AXKsH2VOH2Ch?6lnVOPQ` ?WG=HyH<�S;EA:7:AX_=VWAX;=`
dg587:;EH2N2v
Ñ�ÒTS6Òëâ ��ßyà ×�Û?¶��zÛ�æ=ÚèÙcÚ�ÛkÜÝÛ�Þa` �g�*b!© ÚOÜ Ù=ßyà´�yà54UÕ�ác4­� ÚW4UÕ æSé\æSÙEà\¶JfH<d8H2VW587�PQ_ENWH2V¢dg5g?BAXPQC=N\9q58C�_�H�lnP8;=C=IeY0G=AX9bG�VWH<]sP8VO?�58CeAXC=92VOHq58NOA:C=D�4kV L «cHzVW5g?BAXPmIE;=VWAXC=Dm?WG=H
DQVOP�YZ?WGrPglJ¬ NÅW 4 
 �£NWH<9<?WA:PQCo¥fvL�Qv 9q�}vt­�5g_=7:H,ê=v ¦�NOG=P!Y0Nm?WG=H,H}|f]sH<9<?WH2I ¬ NÅW 4 
 92PQ`3]sP8NWAX?WA:PQC�5g?H2�U;=AX7:AX_=VWAX;=`~iu58C=Ir?BG=H~92PQ`3]sP8NWAX?WA:PQCt5g?m?BG=H~_sH<DQA:CEC=A:C=D�P8lJ]=VOH29<A:]=AL?b5g?WA:PQCjvx¯�N�PQ_=NOH2V¢dQH2IMi\?WG=H
4kV L «�H�VW5g?BAXPpA:NZ`F;E9bG~NO`�587X7:H<VZ5g?Z?BGEH�P8C=NWH}?�Pgl�]=VOH29<A:]=AL?b5g?WA:PQC�?WGc58C,lnPQV6?BG=HJH<�S;EA:7:AX_=VWAX;=`[v

+ 7:H<`mH<Ch? «cH 4kV ¬~P ¬[C1x?d� � § � ê=vcK Ygê=vhYf� �fv �hò �Ev �Q�E�YQò8� � 4 1x?d� � §O§ � êQ�EvX�!¥ ¥g�Ev �Qò �!�fvX��¥ �Ev �Q�TY1x?d� � § � Kfv � YQ¥fv ¦TK �fv �Q¦ �Ev �Q�hò�8�Q� � 4 1x?d� � §O§ � ¦f�Qv êTY ¦8�Ev òg� �fv ¦E� �Ev �E�}Y
­©58_=7XH*ê=v ¦fó�­ZG=H�NW;=_=N¢?BAL?B;E?WA:PQCc5g7Q92PQ`3]�PQNWAL?BA:P8CyP8l=¬ NÅW 4 
 AXC�?TYkP\I=AXKsH2VOH2Ch?$9q5gNWH2N<ó§ A:NklnP8Vk?BG=H�`m58NONZ_c587>5gC=92H�5gC=I §W§ lnPQVk?BGEH³Fc;f|,_c5g7>58C=9<H�58NZ92587:9<;=7>5g?WH2I&AXC�?BG=AXN
]=VOP@¡OH29}?qvª­ZG=H�N¢?BH<H2769<PQ`m]�PQNOAX?BAXPQC�Yk58N&�aKSv ò�4kV<iZ��¥fv ¦�ì�Aëi�¥fv ò.¬~P=iZ�QvqY.¬~CMi
�Ev �'K^4 YZ?d��i�58N0A:C����TK��ëv

Ñ�ÒTS6Ò£× � ØI¶�âzà$áxÛuÞ,×�ÛA¶e��ÛkÜyà¨ÜkÙ=ærÔ*×�×�ÛkØ�ÜkÙEà$ãÝÞ}Û�á
­ZG=H.CU;=`F_�H2V&P8l�9<PQ`m]�PQC=H<Ch?BN�?BG=5g?&9q5gCË_�H.589<92PQ;ECU?WH2I lnPQV�AXCo?BG=H.92587:9<;=7>5@?BA:P8CoA:NmîcVWN¢?B7X{

7:AX`mAL?BH<I~_h{e?WG=Hz?WG=H2VO`mPSIE{SCc58`3A:9�Ic5g?b5g_c58NWH<N2v��*Gc58NWH<NJNW;=9bG�58N�ì\_cì�ij­ZA:ì�58CEI�NOA:`3A:7:58V0]=Gc58NOH2N
58VOHe`3PfI=H<7:H<I�58N�]E;=VWH�NO;=_=N¢?b58C=9<H2N,A:Ct?BG=H�J-.J­ + Ic5g?B58_c58NOH2N<i\NOP�?BGc5@?�AX?�A:N3C=P8?&]�PQNONWA:_E7:H,?BP
]=VOH2I=AX9<?�5&9bGc58C=D8H3Pglk9<PQ`m]�PQNOAX?BAXPQCjiM587X?WG=PQ;=DQGMi$58N�H}|f]=7:58A:C=H<IªA:Cª9bGc58]E?WH2V�¥fi$`m58Ch{eYuPQVW�UN�Gc5qdQH
VWH<]sP8VO?BH<I&d85gVWA>5@?BA:P8C=N6A:C&?WG=HJ92PQ`3]sP8NWAX?WA:PQC�58C=I[NO?BP8A:9bG=AXPQ`mH}?BV¢{�P8l¨?BGEH2NWH�]=Gc5gNWH2N\I=;=VOA:C=D^DQVOP!YZ?BGjv

§ Cx?BG=H.9258NWHªP8lz¬ NÅW 4 
 i\?BG=H.H<7:H2`3H2Ch?WN,«�Hgiy4kV<i�¬~PEi�¬~Cji�ì�Aëi�5gC=Iù4°9258C _sH.AXC=927X;=I=H2IMv



±$²XÄ�´�» fhg©µG�gº£Â2»�¼¨Â^µ=¼©À À¨ºëÂq·h¸¨ÂqÂqºn»�¼©Â �S*
��P!YuH<d8H2V2i¨A:CE927:;EI=A:C=D�`mAXC=PQV�H<7:H<`mH<CU?WN�NW;=9bG�58N�¬~P=i$ì\A*58C=I�¬~CªGc5gN�7XAX?O?B7:H�A:C8Fc;=H2CE92H^P!dQH2V�?WG=H
DQVOP�YZ?WG�VB5@?BH�92587:9<;=7>5g?WH2I�Y0AX?BG�4kVp58C=I 4�I=ALKM;ENWA:P8Cji�_=;f?pDQVWH25g?B7L{ªA:C=9<VWH258NWH<NF?BG=H�9<PQ`3]=;E?b5@?BA:P8C
?BAX`mHgv «cPQV�?BGEA:N�VOHq58NOPQCji�AXCo?BGEHª58_sP!d8H.9q587X92;=7:5g?BAXPQC=N�5gC=IxlnPQ7:7XP�Y0AXC=D�92PQ`3]c58VOA:NWP8C=N2i\PQC=7L{r?WG=H
I=ALKM;=NOA:PQC&Pgl*4kV\58C=Ie4ËG=5!d8H�_�H2H<C~;ENWH2I[?BP^9q5g7:92;E7>5g?WH�?BG=HJDQVOP!YZ?BG[VB5g?WH2N2v

���di Ça)kj l�ÈF'�1qÏ©)m#.ÏíÈz#.+ +.1qÏ(/\-.Ï(Ï(12)3#.Ï

«�A:D8;=VWHpê=vqY,NWG=P!Y0NJ?BG=H3H}|f]�H2VWAX`mH<Ch?b587*VOH2NW;E7X?BNJPQ_f?b58AXC=H2I�_h{nmRo58GU;=`mH<C=NW�po{��}� ñZòrq ���TK@�*lnPQVJ5
¯ § J § ¦f�}Y�NO?WH2H<7c5g?ÍYhòg� � 4�58C=I^�Q�8� � 4�v8¯�N*9q58Cp_�H6NWH<H2CjiQ?WG=H058DQVOH2H<`mH<CU?(A:N�VOH27:5g?BALdQH27L{�]sPSPQV�NOA:C=9<H
?BGEH�H�|E]�H2VOA:`3H2Ch?b5g7¨]�PQAXCU?WN07:A:H�AXC~_�H<?TYuH2H<C�?BG=H�?TYkPm92;=V¢dQH<Ny92PQVOVWH<NW]�PQC=I=AXC=Dm?WP3?WG=HF4kV�I=AXKs;=NOA:PQCfR
92P8CU?WVWPQ7X7:H<I.DQVWP!YZ?BG�58C=I.?WG=H^`F;=7X?WA:9<PQ`m]�PQC=H<Ch?yDQVOP�YZ?WG��£58929<PQ;=Ch?BAXC=D&lnPQV�4kV�58C=I�4	IEAXKs;=NWAXPQC��}v
«c;=VO?WG=H2VO`mP8VWH8ifY0G=A:7XH�?BG=H�58_�P!dQH�`mH}?BG=PSI,]=VWH<I=A:9}?BN\5pVWH<I=;=9<?WA:PQC[P8l(4kV L «cHyYuH27X7�_sH<7:P!Y��m�£êQ�3«cHgi

Cr a
nd C

 co
ntro

l

Cr control
0

200

400

600

0 10 20 30 40 50 60

S
iz

e 
/ n

m

Time / h

(I) Cr control

Cr a
nd C

 co
ntro

l

0

200

400

600

800

0 5 10 15

S
iz

e 
/ n

m

Time / h

(II)

«�AXDQ;=VOH3êEvhYEó¤�$uP|o^CdPwl`crluP���Zk�j��2keks�E^awlk;m}`cbÅjlk;m ývfh`q�ak;rzþÍdg�Cm�|oksdPrliawzksm ýv^ZuP`h��jzr{þ�wzdxm}`h`�ugt� UWV � X tvuPw£jzyakÍ¦ §X¨}§ �C�s© r�jzkekefV`q� Y Z ª\[ � d0jÍýÇ§Xþ © « � ¬ �¼dP�CmEýv§X§Xþts �P� ¬ � �
¦Q�^4kVZYZ?%�^��i=?BG=H�`3Hq58NO;=VWH<`mH<Ch?BN\`�58IEHy_h{ � PfH<;El0�}� ñZòrq � �q�Q�g��PQC[58C,¯ § J § ¦Q�gê3N¢?b58AXC=7:H<NWNZN¢?BH2H<7
VWH<]sP8VO?\534kV L «cHJVB5@?BA:PpNO7:AXDQGh?B7X{mDQVOHq5g?WH2V6?BG=58C�¥FAXC,?WG=HJNB58`3H�92P8C=I=AX?WA:PQCEN2v

­ZG=H.P!dQH<VW]=VOH2I=AX9<?BAXPQCxP8lJ?BGEH�VB58IEA:;=N�9258Cx_�H�]c58V¢?BA>5g7:7X{�5g?W?WVWA:_E;E?BH<I�?BP�?BGEHel£589<?�?BGc5g?�NWP8l�?¢R
A:`3]=AXC=DQH2`3H2Ch?ZAXN�CEP8?y5g9292P8;=Ch?BH2I~lnPQV2v6¯�N�NOG=P!Y0C�A:C,îcDQ;EVWHzêEv òficNOP8l�?ORèA:`3]=A:CEDQH2`3H2Ch?�F�5g?O?BH<C=N�?WG=H
DQVOP�YZ?WG�92;EVOdQH&9<PQC=NOA:I=H<VB58_=7L{�58C=I��U;=AL?BH�H258VW7L{Qv � ;E?FAL?F5g]=]sH258VWN�?BGc5@?z?BGEH�I=AXKsH2VOH2C=9<H�A:N�7>5gVWDQH<V
?BG=58C�9<PQ;=7XI�_�Hk5@?W?BVOA:_=;f?BH2IJ?BP\?BG=AXN$H<KsH29<?�587XPQC=H8v¨¯�7XNWP=i�?BGEHk58_ENWH2CE92HkPglcNWP8l�?¢RTAX`m]=AXC=DQH<`mH<CU?j9q58C=CEP8?
H}|f]=7:58A:C�Y0Gh{&?WG=HJ92PQ`3]sP8NWAX?WA:PQCENZ58VWH�IEAXKsH2VWH<Ch?\lnVOPQ`�?WG=HJPQ_=NWH<VOdg5g?WA:PQC=NZ`m58I=H�_h{ � PSH2;fl\�}� ñZòrq



±$²Ï�vuwfhg\��»'>s¿'f�¿S¼s¹3º£¼r¹�¾$¿�·Qµ=¶ë·h¸¨¶£µf¹�º£»�¼t»�½Z¹�¾$¿ax�¸;y{z}|¨µc¶nµc¼©·Q¿�¹!º£¿*zB¶ëº£¼¨¿ Å��
¯�Ny`3H2Ch?WA:PQC=H<I._sH}lnPQVWHgiM?BGEA:N�`3H<?WG=PSI�A:Ny_=58NWH<I�P8Ce?BG=Hp9<PQ`3`mPQCE7X{,;=NOH2Ir�£Hgv D=v3�¤�h¥fiM�Q�Eis�Q¦g�>�

58NONW;=`3]E?BAXPQCe?WGc5g?y?WG=HF92VOPQNWN�RTI=ALKM;ENWA:P8C�?BH2VO`mN�A:C�H<�S;=5g?BAXPQC.ê=vL��ò�58VOHFC=H2D87:A:D8A:_=7XH8i�G=P!YkH}dQH<V2i$_sPg?BG
?BGEH3H�|E58DQDQH<VB5g?WH2I�D8VWP!YZ?BG�VB5g?WH�58CEI�9<PQ`m]�PQNOAX?BAXPQC.9bGc58CEDQHmAXC=I=AX9q5g?WH^?WGc5g?J?BGEA:NJA:NJC=P8?J?WG=Hm9258NWHgv
¯�]E]=7X{SA:CEDpH2�U;c5g?WA:PQC[ê=vL��ò�?BP^?BG=HJH�|=5g`m]=7XH�P8l(¬ NÅW 4 
 iE?TYuP¢Fc;f|fH<N�Gc5qd8H�?WP3_�HJ92PQCENWA:IEH2VWH<Ijóº > ÷ � õ > » � > � õ >1> 7 » � > 7º > 7 ÷ � õ > 7 » � > 7 � õ > 7 > » � > �£êEvX�}YQ�
1 G=H<C,?WG=Hy?BAXH}Rè7:A:CEH\VOHq589bGEH2N0]sP8A:Ch?\¬ A:C�î=DQ;=VWH�êEv ¦EiS?BG=H�9258VW_�PQC&DQVW58I=AXH2Ch?ZA:N6587:`3PQNO?uVWH<I=;=9<H2I,?BP_2H<VWP=i@_=;E?$?WG=H2VOHuAXN©5ZN¢?BVWP8C=D�DQVW58I=AXH2Ch?$P8l=9bGEVWPQ`3A:;=`ù92PQCE92H2Ch?WVB5g?WA:PQCji@NWP\?BGc5@?$H<dQH<CFAXl õ >1> 7p~ õ > iAX?6A:NZC=P8?\]�PQNWNOA:_=7XH�?BP392P8C=927X;=I=H�?BGc5@? õ >1> 7 » � > 7p~ õ > » � > NWAXC=92H » � > 7�� » � > v®yAX�392;E7X?BAXH2Nu58VWAXNWAXC=DzlnVWP8` ?WG=H�A:C=9<7:;=NOA:PQCmP8l¨92VOPQNWN�RTI=ALKM;=NOA:PQC�?WH2VO`mN6G=5!d8HJ_sH<H2C,]=VWH<NWH<CU?WH2I[_sH�R
lnPQVOH8v(�\P!YkH}dQH2V<if?WG=HZlnPQ7:7XP�Y0AXC=DyNOPQ7:;E?WA:PQC^5qd8PQA:I=N(?WG=A:N*IEAX�392;=7L?T{�ó�A:Cp?WG=H0`mPQN¢?�DQH2CEH2VB5g7ElnPQVW`m587XA:NW`[i
AX?�A:NJ5�DQVW58I=AXH2Ch?JP8lu589<?WAXdSAX?T{[?BG=5g?JI=VWALdQH<N�I=AXKs;=NWAXPQCjv � {�VOH2I=;=9<A:C=D&?WG=HpDQVB5gI=A:H<CU?yP8lk9258VW_�PQCª589�R
?BALdSAX?T{ªVB5@?BG=H<Vz?BGc5gC�AX?BN�92PQCE92H2Ch?WVB5g?WA:PQC�D8VB58I=AXH2Ch?qi*AL?z9258C�_�H�H2C=NO;=VWH<I�?BGc5g?z?BG=H�9258VW_�PQC�F=;f|�AXN
VWH2587:7L{ªVWH2589bG=A:CED.5e`3A:C=AX`F;=`[v~«c;=V¢?BG=H<VW`3PQVWHgi(AX?z9q58C�_sH�9<PQC=NOA:I=H<VWH2IMi�5g?F?BGEA:Nz]�PQAXCU?2i©?WGc5g?F?WG=H
H<KsH29}?�P8l�?BG=HkVWH2`m58AXC=A:C=D�9q58VO_sP8C3D8VB58I=AXH2Ch?(P8C^?WG=H0589}?BAXdSAL?T{�Pgls9bGEVWPQ`3A:;=`	A:N�C=H2DQ7XA:DQAX_=7:Hgi!?BG=H<VWH<lnP8VWH
587X7:P!Y0A:C=D\?BPJA:IEH2Ch?BALl�{

º > 7 ?BP � õ > 7 » � > 7 v�­ZGEA:N�`mH258C=N(?WGc5g?*?BGEH\D8VWP!YZ?BG^VB5@?BHZ9q5gCm_�HZ9q587X92;=7:5g?BH<I_h{e;ENWA:CED�?BG=HpI=ALKM;ENWA:P8C�P8l�9bG=VOPQ`mAX;=` 587:PQCEHF5g?�?BG=Hp]�PQA:Ch?�Y0G=H2VOHF?BG=H<VWHpA:N�C=P&9q58VO_sP8Cª589<?WAXdSAX?T{
DQVW58I=A:H<Ch?qv ­ZG=HelnPQ7X7:P!Y0A:CED�NOH29}?BA:P8C�I=H2NO92VOA:_�H2N�?WG=H�A:`3]=7XH2`3H2Ch?b5g?WA:PQC�Pgl�?BG=AXNm`3H<?WG=PfI�58C=Io?WG=H
VWH<NW;=7L?BN0PQ_E?B58A:CEH2Ijv

���"� ";j l.'�)DJ3ÍRj Í�#�%t1q# %*Ì�Í�/\ÈzÉq/�-.É<È�%*1<)m# )^Ê�%*Ì�Í���-�������ÈFÉ2Èz#./\Í
%*12Í9��Éq1q#�Í

§ C=NO?WHq58IeP8l*VWH<I=;=9<A:C=D�?WG=Hz9258VW_�PQC~DQVB58IEA:H2Ch?�58C=Ieî=C=I=A:CEDm?BGEH�?BAXH}Rè7:A:CEHyY0G=A:9bG�D8AXdQH<N�AXI=H2Ch?BAX9q587Fc;f|fH<N��n;=C=I=H<V*?BG=H\58NONW;=`3]E?BAXPQCF?BG=5g?�92VOPQNWN�RTI=ALKM;=NOA:PQC^AXN(C=H2D87:A:D8A:_=7XH!�}i�?BGEH�5g7:DQPQVOAX?WG=` I=H2NO92VWAX_sH<ImAXC
îcDQ;EVWH�ê=v�êFY65gN\`3PSI=AXîcH<I�?BPFîcCEI[?WG=H�A:Ch?BH<VOl£589<H�92PQ`3]�PQNWAL?BA:P8CmlnPQV6Y0G=AX9bG&?BG=HJ589}?BALdfAL?T{�P8l¨9258VW_�PQC
Yk58N0H2�U;c587�?BPp?WG=H�l£58V¢RñîcH27XI[P8C=H8v
1 G=H<C~?BGEA:N6?BAXH}Rè7:A:CEH�A:NZlnPQ;EC=Iji=?BGEHJd8H27XPf9<AX?T{�Pgl�?BGEH�AXCh?BH2V¢l£5892H�AXN
58NONW;=`3H2I,?BP^_�HJ?WGc5g?0DQALdQH<C~_h{�?WG=HJI=AXKs;=NWAXPQC,P8l©9bG=VWPQ`3A:;E`~v

¯�N�NWG=P!Y0C�AXC�î=DQ;=VWH3ê=vhK&?WG=Hm58DQVWH<H2`3H2Ch?�_sH}?TYkH<H2C�?BGEHm92587:9<;=7>5g?WH2I�58C=I�`mH258NW;=VOH2I�VB58I=AXA(P8l
¬ NÅW 4 
 A:C�¯ § J § ¦E�_Y[AXN�9<PQC=NWAXI=H2VW58_=7L{.A:`3]=VWP!d8H2Ijv�1 AL?BG=PQ;f?�IEPQ;=_E?2i¨?WG=H�P!dQH<VW]=VOH2I=AX9<?WH2I�NOA�_2H3P8l
¬ NÅW 4 
 5@l�?BH2V��!��G.5@?y�Q�8� � 4 A:N�I=;=H�?BP�?WG=HF58_ENWH2CE92HpP8l*NOP8l�?ORèA:`3]=A:CEDQH2`3H2Ch?qi=?WG=A:N\?BH<`m]�H2VW5g?B;=VOH



±$²Ï�vuwfhg\��»'>s¿'f�¿S¼s¹3º£¼r¹�¾$¿�·Qµ=¶ë·h¸¨¶£µf¹�º£»�¼t»�½Z¹�¾$¿ax�¸;y{z}|¨µc¶nµc¼©·Q¿�¹!º£¿*zB¶ëº£¼¨¿ Å4Ã

isoactivity of

carbon

Cr control

Cr a
nd C

 co
ntro

l

0

200

400

600

0 10 20 30 40 50 60

S
iz

e 
/ n

m

Time / h

(I)

isoactivity of

carbon

Cr control

Cr a
nd C

 co
ntro

l

0

200

400

600

800

0 5 10 15

S
iz

e 
/ n

m

Time / h

(II)

«�AXDQ;=VOH�ê=vhKfó�[£yak�w{dPma`qiCr·ugt�� UWV � X d0joýv§Xþ © « � ¬ ��dg�Cm!ýv§X§Xþ�s �x� ¬ � � [£yak?dgÎPwzkeks|oke��j `hr�­k;r�j4tvuxw£jlyak�Îxwlu0�£jzyÆw{d0jzk�bsdgfcb�iafcd0jzksm��4`�jzy³�au�ÎPw{dPm}`hke��j£ugt�bedPwl�ZuP��dPbÅjz`qn_`qj�] �
92P8VWVWH<NW]�PQC=I=AXC=D�VOPQ;=DQGE7X{,?BP3?BG=H�C=PQNWHzP8l(?BGEHF­Z­Z­a�n?BAX`mH�?WH2`3]sH<VB5g?W;=VWH�?BVB5gC=NOlnPQVO`�5@?BA:P8C��k92;=V¢dQH
lnPQV6?WG=A:NZ925g?BH<DQPQVO{�P8l�N¢?BH<H27:N�� ê8�ëi=Y0G=H2VOHJ?WG=H�?BVW58C=NOlnP8VW`m5g?BAXPQC&A:N6îcCEA:NWGEH2I[A:C[5p`�5g?O?BH<VZP8l�GEPQ;=VWN<v

­ZG=H,92PQ`3]�PQNWAL?BA:P8C�P8ly¬ NÅW 4 
 5@?p?BG=H,_�H2DQAXC=C=A:CED.P8l�]EVWH29<A:]=AL?b5g?WA:PQC�Y658N^92587:9<;=7>5g?WH2I�lnPQVF?WG=H¯ § J § ¦Q�8ê[NO?W;=I=A:H<I�_h{ � PSH2;El��}� ñZòrq � �!�Q�g�ëv�­©58_=7XHmê=v�ê[NW;=`m58VWAXNWH<N�?WG=HmP8_=NWH<VOdQH<I�A:CEAX?BA:587*4kV L «cH
VB5@?BA:P,5gC=I.?BG=H^9q5g7:92;E7>5g?WH2IªPQC=H<N2i¨;=NWAXC=D[5�_<H2VOP~DQVW58I=AXH2Ch?JP8lu9q58VO_sPQC�92P8C=92H<CU?WVB5g?WA:PQC�58C=I�5�_2H<VWP
DQVW58I=A:H<Ch?�P8lu9q58VO_sPQC�589}?BALdfAL?T{QvF­ZGEH37:58NO?J`3H<?WG=PSIjijY0G=A:9bG�DQALdQH2Nyd8H2V¢{ªNB5g?WA:NOl�{SAXC=D,]=VWH<I=A:9}?BA:P8C=NyP8l
?BGEH�VW58I=AX;=N2ic5g7:NWPp]EVWH2IEA:9<?WN\YuH27X7M?BGEHz4kV L «cHJVB5g?WA:P=v

4kV L «cH�VB5g?WA:P+ �S;EA:7:AX_=VWAX;=` ��¥� PSH2;El0�}� ñZòrq 5g? Ô ÷ � ³�²XÃ
«�7:;S|&_c587:58C=9<H �EvcK8¥
4658VW_�PQC,A:NOPh589}?BAXdSAL?T{ ³�²X³

­©58_=7XHuê=v�ê=ó [£yak4�$wÅÉ%�ak-w{d0jz`qu\`q��� U�V � X `q��ma`�~Tkewzke��j�bedPrlksr � tvuPw8jlyak£¦ §X¨}§ �P� ÿ·r�jzkeksf�rXjliCma`qk;m�_]A�2u�ksi}t��B���d��� � [£yCk4fhdxr�j+|ok�jzyau}mob�fhksdgwzfh]ÍÎP`hnPk;rGrzd0jz`hrXtv]_`q�CÎ�dPÎPwzkeks|?ks��jS�4`qjlyokeÈ_^Zkewz`h|?ks��jzdgfwlk;rXiCf�j{r �



±$²XÅ��j¸Cf�f�µS���rµ=¼©À ·Q»�¼©·h¶£¸¨Âqº£»�¼¨Â Å�³

���d� �,-vj j ÈF'2� Èz#.+ /0)m#./\Éq-.Ï(1<)m#.Ï

¯ «©wIH�­�H0¯yì ]=VOPQDQVW58`äGc5gN�_�H2H<C�Y0VOAX?W?WH2Cji$AXCU?WH2V¢l£5892H<I�Y0AL?BGª?BG=Hp?BGEH2VW`3PSIE{SCc58`3A:9p9q5g7:92;SR
7>5@?BA:P8C�NWP8l�?TYk58VOH�¬~­kRT®\¯*­¨¯zi�?WP[NOPQ7Xd8Hp?BG=H3]=VWP8_=7:H<`äP8lkDQVWP!YZ?BG�A:Cª`F;E7X?BAX92PQ`3]�PQC=H2Ch?�NO{SNO?WH2`3N2v
§ ?�A:N\NWG=P!Y0C�?BG=5g?qis587X?WG=PQ;=D8G[?WG=A:N�58]=]=VOPq|EAX`�5@?BA:P8C[G=58N�_�H2H<C�P8l�?BH<C�;=NOH2IjisC=H2DQ7XH29}?BA:CEDm?BGEHz92VOPQNWN�R
I=ALKM;=NOA:PQC.?WH2VW`3NJA:N�]c58V¢?BA:9<;=7>5gVW7X{~A:C=58]=]=VOPQ]=VWA:5g?BHFY0GEH2C�?WVO{SA:C=D&?WPeH2�U;c5@?BH^?BG=H�Fc;f|fH2N<i*58C=I�7:H258I
?BPp;EC=VWH2587:AXNO?BAX9�VOH2NW;E7X?BN<v�¯ `mH}?BG=PSI&Gc58NZ_�H2H<C~]=VOPQ]�PQNWH<I,?WPpNWPQ7LdQH�?BGEH�]=VWPQ_E7:H2` `3PQVWH�VOA:DQPQVOPQ;=NO7X{
Y0AX?WG=PQ;E?�Gc5qdSA:C=D~?BPeAXC=927X;=I=HmNW;=9bG�?WH2VW`3N2i�_U{�92P8C=NWAXI=H2VOA:C=De?WG=H�5g9<?BALdSAX?T{ªP8l09258VW_�PQCjv~­ZG=A:N�7>58N¢?
`3H<?BGEPfI�]EVWH2IEA:9<?WNF92P8VWVWH<9<?W7X{�CEP8?FPQCE7X{�?BG=H�D8VWP!YZ?BG VB5@?BH8i*_E;E?^587XNWPe?WG=H&9bGc58C=D8H�A:C�?WG=H,¬ NÅW 4 
92P8`m]�PQNWAL?BAXPQCjv


