
� � ��� ���	��
 �


 � �
�� ����������� � 
 ��� ���	��� ����� ��
 ����� ����
 
!�
" ����� � � �#�$� �
���%&� 
��

'�(*) +-,/.1032547698

:1;=<?>A@CBD<?EDF*G7HIGKJMLDNOGKLCJP<?>RQ5SFOTDUWVX@DF*JKYZF*G�Q[;\<?UR<?>A]CH^F9J�Q_F`Ya<?UWVcbF*JKF�TDUWFd>e<fHIGKJMLDNOGKLCJKF`GKJMVeQ_VgYhF*UDHIVAijUWUWF*>g>kF
Q_FlHm@CJKinGCSF*VAUCFlH�opNrqMst@D<?Ju<?vjJP<?@CBWFxw_ymzP{d|}|[~r�t�X�p�k�P�9�*�_�d�_�7�����t�c~t�_�O�c�X~r�7���l�P�n�A�d�}�f�9�*�R�u�A�P���^��|[~M�n�D��r�e�*�R�jz?�usn:[<
JCSF9@D<?JMGKVAGMVAijU�F9U�<nNtVeQ_FlH�<lYhVAU�SFlH�QW<?URH�NPBD<n�}LWFdEW>AiXN�YhijU_GMJKF7LWUWF�q�inJMGKF�H^@�SFlNtVkT[NOVgGCSF`ocNrqMs*@D<lJP<?vjJP<l@WBWFxw_s�w_s��_�P�
NOF*GMGKFxVAU_q�ijJKY�<lGKVginU�@D<lJP<?V�HKHM<?UXG`@�F9JKGKVgUWF*UXGKF}yjUWinLDHd<?>g>AinURH�>p;�LWGKVg>AV�H^F*J�Q_VAJMFlNOGMF*YhF*UXG�QC<?UDH7LWUWFfY�SF9GKBWiXQ_FxQXF
@WJCSFlQ_VeNtGKVAijU�Q_F3>e<�H^GMJKLDNtGKLWJMFf>AiXN*<l>AFZb<�@D<?JMGKVAJxQXF�>�<�HXSFl�}LWF*URNOF}s
:[<�@WJCSF Q_VeNOGMVAijU¡<�SF9GWSF�FO¢[FlNOGML`SF*F�<*£}FlN¤LWUCF¥Y�SF9GKBWiXQ_F�ER< ]dSFlHIVAF*UWUCF¤@WJMiXNrBWFZQ_FZNOF*>g>AF¤LCGKVA>gVeHXSF*F¤@DinLCJ¤>e<

@WJCSFlQ_VeNtGKVAijUhQXFlH7H^GKJMLDNOGMLWJKFlH7HIFlNOinURQW<?VgJKFlH�¦k§*¨jwn©py}QXFª>c;\<nN9NOFlHKHIVAEWVg>AVgGWSF`<lL�H^ij>A£j<?UXG3¦�§*¨j«?©DF*G`QXFªYhiXQ[bF*>AFlH1@W>ALDH
GKB�SF*inJMVe�}LWFlH`Qm;�<?UD<l>A]CH^F¬Q_FlH5YhiXQXFlH5EWVAij>AijvnVe�}LWFlH�¦k§j§?­l©ps
®�<?UDH7LWUhHIFlNOijUDQ¯GMF*Yh@DH�@DinLWJ�<?Y�SF9>AVAijJKF*J1>AF`Gu<?LW°�QXFª@WJCSFlQ_V�NOGKVginU�UWijLDH7< £}ijUDH�@WJKV�H�F*UhNtinYh@WGMF5>gF5qc<?VAG

�}LWF3Q_V�¢�SF9JKF*UXGKFlHdHXSFl�}LWF*URNOFlH�@DF*LW£}F*UXG3±F*GMJKFf>gV9SF*F Hªb<¤LCU/Y¡±F*YhF5GI]X@DF3Q_F3JKF*@C>AVAF9YhFOUXG`ot²�³O���?�ª|[~M�n�D��r�e�*�R�x´
�/�7��t�*�W�t�W�O�M�n�Ps
µ�U_TRU�Q_F*LW°ZH^GMJP<lGWSF*vjVAFlH7inUXGhSF*GCSFfQdSF9£}F*>Aij@W@`SF*FlH�@DinLCJ5@WJMin@Di}HIF*JªF9U¯q�ijUDNOGKVginU�Q[;¶LWUhGu<?LW°ZQ_Ff@CJWSFlQ_V�NOGKVginU

Yhil]}F*U�LWU·NOF*JMGP<?VgU�UWinY�EWJKF¸Q_F3EW>AiXN*H5@DijGKF*UXGKVgF*>eHtsWµ�U�FO¢[F*G9y_LWU�GI]X@�F¬Q_F¬HXSFl�¹LCF*UDNOFfUº;¶FlHIG`@D<nH`GKijLl»KinLWJuH
<nHMH^iXNOV9SFh<lL	Y¡±F*YhFfGI]X@�F�QXF�JKF*@W>gVAF*YZF*U}G3oO²��7��t�*�W�t�W�O��´ ��³t���l�r�3|[~K�n�D��t�e�*�W�K�n�us�¼7FlHfQ_F*JMUWVAF9JPHªGMJP<*£j<?LW°
H^F3ED<jH^F*UXG`@WJMVAUDNOVg@D<?>gF*YhF*U}G½H^LWJ`LWU�VgUDQ_VeNtFfF*UXGKJKij@WVe�}LWFxGKF*UR<?UXGxNOinYh@CGKF�Q_F3>e<��}LD<?>gVAGCSF�Q_F3>e<¤@CJWSFlQ_V�NOGKVginU
>AiXN9<?>AF=s
¾p>1NOijU_£XVAF9U_GxQ_F¬UWinGMF*J��¹LWF3@DinLCJ3Q5SFOTDUCVAJx>e<�Y�SF*GKBCiXQ_F3Q_F¬@WJCSFlQXVeNOGMVAinUºyWUWinLDH�< £}ijUDHxQ5SFlNOV�Q5SF¬Qm;¶LWGMVA>gVeH^F9J

LWUWFxY�SF*GMBWiXQ_F�H^Gu<?GKV�H^GMVe�}LWFfHIVAYh@C>AF`�}LWVD@DF*JKYZF*G7Q_F�NOinYZ@WJKF*URQ_JKFx�}LWF*>�H�<jNOVeQXFlH7<?YhVgU`SFlH�HIinUXG5VAYZ@�ijJKGu<?UXGPH
@DinLWJ¬NPBD<n�}LWF¬G^]X@DF�Q_F�HIGKJMLDNOGKLCJKFlHtsm¾p>1FlH^G3NtF*JKGu<?VAU¿�¹LCF¤>AF HªJCSFlHIFl<?LÀUCF*LWJKijUD<?LC°ÀQ_ijUWUWF*UXG3Q_FlHxJWSFlHILW>AGu<?GPH

¨?�



YhF*Vg>A>gF*LWJPHty?Ya<?VeH�F*UaNOinUXGKJMF*@D<?JMGKVgF}y}VA>mF H^G5@DF*L·<lVeHXSF¸Q_F3NOijYh@WJKF9UDQ_JKF�NOijYhYhF*UXG�Vg>eH7inUXG��n<?@C@WJKV�H��_s��xLDHKHIVpy
LWUWF¬<l@W@WJKiXNPBWF Q_F3G^]X@DF3ED<*]dSFlHIVAF*UCUWFfFlHIG`@D<?JMGKVeNtLW>AVcbF*JKF*YZFOUXG7<?@CJKin@CJKV9SF9F}s

'�(�� �	��
0
�À6l25476���� ,�����
0
��6*0����·0 ��6�� ���90

���! ��#" $ %&('*)�+�,�&.-
/1inLWJ�NrBR<n�}LWFdH^VAGMF`�`Qm;�LWUWF7@WJMinGCSF9VAUWF}yl�}LWVXNOijYh@WJMF*UDQf<lLDHKHIVWEWVAF9U�>�< @Di=H^VAGMVAijU�NOF*UXGKJu<?>gF7�¹LCF�>c;¶F*URH^F*Y�EW>AF

Q_Ff>�<�q�F*U1±F*GMJKF�Q_Ff>�<�H_SFl�}LWF*UDNtF�¦ 021ª�4351�©1<?LWGMinLWJxQXF¤NtF*GKGMFª@Di}HIVAGMVAinU·NOF9U_GMJP<?>gF}y}UWinLRH`< £}ijUDH`N*<l>eNOLW>9SFª@DijLWJ
LWUWF¬HXSFl�¹LCF*UDNOF¬Qm;�<nNOV�Q_FlH`<?YZVAU�SFlH7698WyW>�<¯@CJKinER<?EWVg>AVAGCSF¬Qm;¶ijEDH^F*JM£}F*J`NtF*GKGMF¤HXSFl�}LWF*UDNOF¸QW<?UDH`LWU·EW>AiXN¬Q_inUWU�SF
:<;<=nyXUWinGCSF*F�:�>?:<;<=�@A6 8CB s
®xF�NOF*GKGMF�@WJKijED<?ECVA>AVgGCSF NOinUDQXVAGKVginUWUCF*>A>gF¤@WJCSFl<?>�<?EW>gF*YhF*UXGxQ5SFOTDUCVAF}yDVA>1FlH^G�@�i=HKHIVAEW>gFhQ_F�N9<?>eNtLW>AF*Jx>e<�@WJKi�0

ED<lEWVA>gVAGCSFxQ[;\<*£}inVgJ7NOFxEW>AiXNxNOinUCUD<?V�HKHK<lU_Gd>e<3HXSF �¹LWF9UDNOF}ynF9U¥LWGMVA>gVeHK<lU_G�>AF`GKB�SF*inJ9bF*YhFxQ_F�D`<*]}FlHts}¾p>D<nN*NtinYh@W>gVAG9y
F*U�FO¢[F*G9yW>p;¶VgU_£}F9JPH^VginUZQ_F3>e<�HXSFl�¹LCF*UDNOF�6�8¥F*GxQXF�>�<�H^GMJKLDNOGMLWJKFE:<; =GF

H�oIH�J =LKNM 8W�<O H o M 8 K H�J�=?��P4H¬oQH�J�=*�
H�o M 8R�

<*£}FlN�:�>?:<;<= B y¹>�<�@WJMinED<lEWVA>gVAGCSFfQm;�inEDHIF*JK£}F9JR:<;S=fQW<?URH�>e<3ED<nHIF3Q_F3QXinUWU�SF9FlH�F*GT:�>U6 8CB y}>e<3@WJKijED<?ECVA>AVgGCSF
Qm;�inEDHIF*JK£}F*J�>e<#H_SFl�}LWF*UDNtFÀQm;�<nNOV�Q_FlHh<lYhVAU�SF HE698�HK<?URH/<lLDNOLWUCFÀVAU_q�ijJKY�<lGKVAijU�HILWJ�>e<�HIGKJKLRNOGKLWJMF}s`¼7F*GKGMF
Q_F*JMUWVcbF9JKF�FlHIG¡SF9v}<?>gFh<lL	@CJKiXQ_LWVgG�Q_F H�q�JCSFl�}LWF*UDNOF HfQ_FlH3<nNtVeQ_FlH3<lYhVAU�SF HfQW<?URH�>e<hED<jH^F�QXFhQ_ijUWU�SF*F HOs.VªUWF
<?@C@WJKiXNPBWF�<jHKHIFNW�HIVAYhVg>e<?VgJKF�<�SF9GWSF3LWGKVg>AV�H_SF*Ff@R<?J�X5BWijYh@DHIinU�F9G�Yªij>eQWHIGKF*VgU�¦�§*¨nwl©�@DijLWJª>�<¯@CJWSFlQ_V�NOGKVginU·Q_FlH
H^GMJKLDNtGKLWJMFlH`H^FlNtinUDQW<lVAJMFlHOs
:DF�GKF9JKYhFZ:�>U6�8[@\:]; = B FlH^G3>e<h@WJMinED<lEWVA>gVAGCSFhNOijUDQ_VgGKVAijUWUWF*>g>AF Qm;¶ijEDH^F*JM£}F*J3LWUWFZHXSFl�}LWF*URNOF�Q_inUCU`SF*F^698

op<`_`a�ygsAsgsAy\<Gbcam�`@DijLWJ¤LWUÀEC>AiXNZ:]; = s�¾p>1FlH^G¬N*<l>eNOLW>9SF�NOijYhYhFf>gF�@WJKiXQXLWVAG¬Q_FlHx@WJKijED<?EWVg>AVgGWSFlHª@DijLWJ�NPBD<n�}LWF
<nNtVeQ_F7<lYhVAU�SF�F*U3@Di}H^VgGKVginUTd3QW<lUDHm>e<`HXSFl�}LWF*UDNOF½QW<?UDH�>AF�EW>AiXNxopNrqMsPTDvnLWJMF7�Ws\«}�Psn¼7Fd�}LWV}<lYÀbF*UWFxb<5>c;MSFl�}LD<lGKVAijU F

H¤o M 8 K H�J = �<Ofehg
bca
i
ehg
_`a H¤okj e

K H
J = �

/1inLWJ·QdSFOTRUWVAJh>gF�EW>giXN ij@WGKVgY�<?>�:<;<lh@DinLWJ·LWUWF¡HXSF*JKVgFÀQm;�<nNOV�Q_FlHh<lYhVAU�SF H�6�8 F*U�LCU HIVAGKF�� Qm;¶LWUCF
@WJMinGCSF9VAUWF}yXUWinLRH LWGMVA>gVeH^ijUDH5>AF3Ju<?GKVgiZm�=�o ijLÀH^ijU�>ginv}<lJKVgGKBWYhFj��QdSFOTDUWV�@D<lJ F

m = O H#oQH�J�= K�M 8 �
H¤oIH�J = � O H#o M 8 K H�J�=l�

H¬o M 8W�
¨[n



®xLhGKB�SF9inJ9bF9YhFxQ_F�D`<*]}FlHtycm = FlH^G�Q5SFOTDUWVD@D<lJ5>gFªJu<?GKVgi�:¬o M 8 K H�J = ���[:¬o���8R�½�¹LCV�F H^GdN*<?>�NOLW>9SF�b<3@D<?JMGKVAJ
Q_FlH�Y�<?GMJKVeNtFlH¥Q[;¶iXN*NOLCJKJKF9UDNOFlHtsRYxJn±<jNOF�b<�NOF�Ju<?GMVAiWy`>�<	@WJKijED<?ECVA>AVgGCSF¿Qm;¶ijEDH^F*JM£}F*JhLWU�EC>AiXN¡Q_inUWU�SF H
J =
HK<jNrBR<?UXGf>e<hHXSFl�}LWF*UDNOF5698�FlH^G¸NOinYh@R<?JCSFZb<h>e<�@WJKijED<?EWVg>AVgGWSF�Q[;¶inERH^F*JM£}F*J
H�J = HM<?UDH3<*£}inVgJfQ[;¶VAUXq�inJKYa<?GKVginU
H^LCJ5>e<3HXSFl�¹LCF*UDNOF}sC�ªVAUDHIVpy}�}LD<lUDQ�����oQmR= ��FlH^G7@Di}HIVAGKV�qMy}>e<¤NtinUWUD<lVeHMHK<?URNOF3Q_Fx>e<3HXSF �¹LWF9UDNOF 6 8 FlHIG�qc< £}ijJKV�H_SF*F
@D<lJª>gFlH�iXN*NtLWJKJMF*UDNOFlH`QXF H�J = yWF*G`VAUX£}F*JPHIF*Y�F*U_G½�¹LD<lUDQ/Vg>mFlHIG`U`SF*v=<?GKV�qMs
:[<¤J9bF*vn>gFf@DinLWJ�QdSFOTRUWVAJd>AFfEW>giXNªin@CGKVAYa<?>(H�J l5@�ijLWJx>e<¤HXSFl�}LWF*UDNOF 698�JKF*£XVAF9U_G�b<�HXSF9>AFlNOGMVAijUWUWF*J9yn@D<?JMYhV

>AF H ;�EW>giXN*HOyD>AF�EW>giXN�H�J @DinLWJ3>AF �¹LWF9>1NOF¤Ju<?GKVgi�m = FlHIGfY�<l°_VgY�LWY�s /�<?J¸NOinUDHXSFl�}LWF*UDNOF=yWLWUWF�>AV�H^GMF�Q_FlH
; EW>giXN*Hª@WJMinGCSF*Ve�}LWFlH`FlH^G�QdSFOTRUWVAF H^F*>ginU�>gF*LWJuH £j<?>gF*LWJuHfQ5SFlNOJMinV�HKHK<lU_GMFlHxQ_F�m�=jy�>gF¤EW>giXN�in@CGKVAYa<?>3SF*Gu<?UXGf>AF
@WJMF*YhVAF9J*s��ªVgUDH^Vcy?UWijLDH�@DijLW£}inUDHdN*<?>�NOLW>gF*J�>gF`@DinLWJuNOF*UXGP<?vjFfQXFªEDinUCUWFª@CJWSFlQ_V�NOGKVginU��¬oK§l��<?Lh@WJMF*YhVgF*J�JP<lUWv
F*Gx<lUDQ��¬oP~n�d�}LD<?UDQh>gF�EC>AiXNfJCSF*F9>mFlHIGª@D<lJKYhVD>gFlH3~�@WJMF*YhVcbF9JKFlH7H^ij>ALWGMVAijUDHOs

���! ��! 	 %& -�

�h'�� '\-
������������� ���������! #"%$��'&)(�*,+- �+-(�.���/10

:[<�@WJCSFlQXVeNOGMVAinU·ED<*]dSF H^VAF9UWUWF¬<�SF9GWSF¤Ft¢mF NOGKL�SF9F�@DijLWJ3NPBD<n�}LWF�HXSF*JKVgF¬Q_F¤EW>giXN*HªijEWGKF*UXLWF}yD<l>A>�<?UXGfQ_F ; O
w?�¬EW>AiXN9HOy[b<3«n«_yX@WLWV�H §9¨_y[§32_yD§t�Wym§9«_yD§n§xF*G7F*U_TDU·§343EW>AiXN9HOsW:[<�Gu<?VA>g>AFxQ_Fx>e<ªq�F*U1±F*GKJMFxQ_Fª@CJWSFlQ_V�NOGKVginU�<¡SF*GCSF
@WJMVeH^F¿SF*v}<l>AF�b<�§Nn¤JCSF H^VeQXLDHOyCH^inVgGTn¬Q_Ff@D<lJKG`F*G�Qm;\<lLWGKJMF3Q_LhEW>giXNfH^GMJKLDNtGKLWJu<?>psD:[<�TDvnLCJKFf�Cs\w¤JCSF N*<?@WVgGKLW>gF`>AFlH
JCSF H^LW>gGP<?GuHªinECGKF*UXLDHª@DinLCJ�>�<¥HXSF*JKVgF�Q_F�§52¥EW>giXN*Hf<*£}FlN¤QXFlHªGP<lVA>g>AFlH`Q_F¤q�F9U�±F*GKJMF�<l>A>e<lU_G�Q_F nÀb<·§*¨¥JCSFlH^V�Q_LDHOs
� @R<?JKGMVAJ3QXF�§NnhJCSFlHIVeQ_LRHOyDVA>1]�<hLWUCF�HK<?GMLWJP<lGKVginU¡QW<lUDHf>AF¤v=<?VgU�Q_LÀGu<?LW°¿Q_F¤@CJWSFlQ_V�NOGKVginU�y[Q_FlHxJWSFlHILW>AGu<?GPH
H^VgYhVA>�<?VgJKFlH5ijU_G¡SF*GCSF¥ijEWGKF*UXLDHf@DinLWJ¬>AFlH�<?LWGMJKFlH¬H_SF*JMVAFlHts ¼7ijYhYhF�<lGKGMF*UDQ_L�y�@W>gLDHf>AF�UWijY¥ECJKF�; Q_F�EW>AiXN*H
<?LCvnYhF*UXGKF=y¹@C>ALDH`>AFfGu<?LW°·Q_F3@WJCSFlQ_V�NOGKVginU�Q_VgYhVAUXLWF¬opNrqMs}TDvnLCJKF3�Ws�w¹�Ps
®�<?UDH�>AFxNPBWijVA°¬Q_L�UWinY�EWJKF�Q_F`EW>giXN*H�NOijUDH^F*JM£dSF HOy}Q_F9LW°�HXSF*JKVgFlH5oK§j§`F*G`§36�/<D`Hr�ºinUXG�SF9GWSF5F9UW>AF*£dSFlH1N*<?J7Vg>eH

<*£j<?VAF9U_G�LCU¥Gu<?LW°�Q_F`@CJWSFlQ_V�NOGKVginU�VgU_qjSF*JKVgF*LWJ�b<3Q_FlH7HXSF*JMVAFlH�< ]X<lU_G�@W>ALDH�Q_FªEC>AiXN*H�@WJMinGCSF9Ve�}LWFlHOsjµ�U¥ijEDH^F9JK£j<?UXG
>AF H�Q_V�¢�SF*JKF*UXGKF H�HXSF*JKVgFlH ijEWGKF9U_LWF H5opNrqMsOTRvnLWJMF`�Ws¶�X�PynijU�HO;�<?@DF*J87NtinVAG½�¹L�;�<*£}FlN�@�F9L�Q_F5EW>giXNfoQ; O §34}�Pyn>gF5Gu<?LW°
Q_Fh@CJWSFlQ_V�NOGKVginU¡FlH^G¬EDinU opwj¨)9¥�uy Ya<?VeHf>c;\<?@C@WJKil°XVAY�<lGKVAijU�HIGKJMLDNOGKLCJP<?>gF¥F H^G�<l>AijJPH¤@W>gLDH¸qc<lVAEW>gF�o;:=<?>[�}�
Yhil]}F*U¡Q_FZwn«A@O�Ps�:DF�NPBWinVg°¡Q_F·§32�FlHIG�>gF¥@C>ALDH¬<?@W@WJMin@WJMV9SFZN*<?J¬>AF�GP<lLW°�QXF¥@WJCSFlQ_V�NOGKVginU¡FlH^G <nN*NOF9@WGP<lEW>AF
opwl�B9¥�uym>AF�:C<->[�}��Yhil]}F*U�JKFlHIGKF�NOijJKJKF NOG�opwA48@O�us�µ�U	ijLWGKJMF}ym>AF�EC>AiXN�>AF�YhijVAUDH`JKF*@CJWSFlHIF*U_GCSF¤FlHIG¡SF*v}<l>xb<
LWUÀ@DinLCJ¤NtF*U_G¸Q_F¤>�<aER<nH^F�QXF�Q_inUWU�SF*FlHOs1¼7F*GKGMF�Q_F*JKUCVpbF*JMF�JMF*Y�<lJP�}LWF�<hHIinU¡VAYh@DijJKGP<lUDNOF F @DinLWJ3>�<hHXSF*JMVAF
@WJCSFlNmSFlQ_F9U_GMF}y_>gFlH EC>AiXN*H`>AFlH`YhijVAUDH5ijEDH^F*JM£dSF H JMF*@WJCSF H^F*UXGKF*UXG`YhijVAUDH`Q_FD4_y nE9 Q_F¬>e<�ED<nHIF�Q_F�Q_ijUWU�SF*F H F*G
VA>[FlH^G�Q_inURN�QXVGFaNOVA>gF*YhFtU_G�LCGKVA>gVeHM<?EW>gFª@DinLCJ`>e<¤@WJCSFlQ_VeNtGKVAijUÀo >gFªUCinY�EWJKF3Q[;¶inERH^F*JM£n<lGKVginUDHZSF*Gu<?UXG`<l>AinJuH5GKJMin@
qc<?VgEW>AFj�Ps

¨82



�� ��� ��� � 	 
�� 
��� �� �� �� �� �� �� � � ��� � �� ���� � � � ��� � ! ��� "� � # �� � �� �� � ��� ��$ %�� � � � � � � � � � � ���� &� �� %� � �� � �� � ��� ��$ %�(' � % �� �) ! �� �� �� � � � �*�� � � %� � � � � �

 + , ) - �� � �� � �� ��� ��� �� � � "� � � � ��� � �� �� "� �� $ %� � � � �� � 
�� $ % � � � �� �* � � � ��� � � � � ��� '

�. ! /� � � � � � �� � � � ��� % ��� �� "1
0

2 # %� � 3 0 )
!
'

���  4� � � � ��

� � � � � �� � � ���� �� � � � �� � ��� � � � �� � � � � 0

¨¹­



���������Cs\«���:`~t�e�W�*�¶|D� �}�	�P�n���*�¹�d�}���9�P�}~r�
	�������
C�}�9�R�3|C�?�9�A�p�e�}�¡�_�����/�½��M�9�R�t�C�O���f�g��|[~M�l�}�_�A���_�K���9~�����
�*�W�t�W�O�K� �W�}~����n���k�½��P�K� �K�t�`���3�M�O�c�f��¬���?�M�¬��
C�}�*�W�����n�p~t�e�O����� �l�P�*�_~t~r�r�W�O���W�}~����n���k�7��P�5|C�}�_~���
C�}�*�W��; :�	

6 8 10 12 14 16 18

27
.5

28
.0

28
.5

29
.0

29
.5

30
.0

30
.5

taille de la fenetre

ta
ux

 d
e 

pr
ed

ic
ito

n

�������}�Cs\w�� ���9�n���¹�c�e�}���}���c�}�"! �_��|[~���t�}�e�O�c�e�}���t���9�}�W�O�c�e�}�/�_�x���¤���}�n�}�W�t�_~3�_�`���#�l�t�%$�P�p~P�7|W�}�X~5���¤�7��t~t� �
�_�h²�&a³O���l�r�¬|[~K�n�D��t�e�*�W�K�'�����?�M�¥�����c�}�A�A�g�h�_� ���(�l�t�%$�P�c~r�Z�_�f|[~���M�}�e�O�c�e�}�)�f�r� �}³P�9�k�P�l�K���P�x�A�3|W�}�X~K�O�r�_�p�*�X�
�_�`|[~���M�}�e�O�p�e�}�·�?�P�9�l�*�_����x�t�À�}~K�}�}�C����K�*	

¨86



10 15 20 25 30

28
30

32
34

36
38

nombre de blocs

ta
ux

 d
e 

pr
ed

ic
iti

on

�������7�Ws�� � �#�*�n���}�p�e�}� �}���p�}� !¡�_��|[~���t�}�e�O�c�e�}� �t� �9�}�C�O�p�e�}���}���W����³9~r���_�a³O���l�r�'�¬���l�M���A�·�W����³*~P�
�_��³O���?�P�3|[~K�n�D��t�e�*�W�K�Z�}�}�¹���'
C�}�*�R���½��t~t� ���3�t�#�}³P�*�k�P�l�K�'�3�P�x�A�3|C�}�_~M�O�t�_�c�*�_���_��|[~���M�}�e�O�c�e�}���?�P�9�l�*�X������t�
�}~K�}�}�C����K�*	
������������� ����� *��+  ���/	�,���'$!.���/ � .�+

µ�U�LWGMVA>gVeHK<lU_G�>e<fHIGKJP<lGCSF*vjVAFdED<*]dSFlHIVAF*UCUWF`HIVAYh@W>gF}yl<*£}FlN�LCUWF5q�F*U1±F*GMJKF�Q_F�nªJCSF H^VeQXLDHOyjNOinJMJKFlHI@DinUDQW<lU_G�Q_inURN
<?LÀEC>AiXN¤HIGKJMLDNOGKLCJP<?>cy�>gF¤Gu<?LW°¿Q_F¤@WJCSFlQ_V�NOGKVginU�F H^G�Q_F�wA4_y 4 9hs �ª£}FlNfLWUWF3q�F*U1±F*GMJKF¬GKinGu<?>gF�Q_FZ§Nn¥JCSFlH^V�Q_LDHOy
H^ijVAG n�Q_F�@D<lJKG3F*G3Qm;�<?LWGMJKFZQ_L¡EW>AiXNny[>AF�GP<lLW°¡Q_F�@WJCSFlQ_V�NOGKVginUÀ@D<jHKH^F¿b<�w?�Cy¶� 9Zs�
xU¡@�F9LWG3UWinGMF*J¬�¹L�;�LWUWF
JKF NrBWF9JPNPBWF¥@CLWJKF*YZF*U_G¬<l>*SFl<lGKinVgJKF�QXinUWUWF9JP<?VgG�LWU�GP<lLW°�Q_F�@WJCSFlQ_VeNtGKVAijU�Q_FÀ­B9Zs�:1;¶F9UDH^F*Y�EW>gFhQ_F H¤EW>AiXN*H
@WJMinGCSF9Ve�}LWFlH�v=<?vjUWF*UXG`F*Uhv}<lVAU·Q_Ff@CJWSFlQ_V�NOGKVginU�yX@D<?JdF*°XF*Yh@W>gF}y`DT/x³ª@D<nHMH^F¬Q_F�§n§jy 4 9 b<h§*wXy n 9Zy\DT/f�fQXF
wnwXy 4�9-b<��}w_y�« 9hy DT/x��Q_F¬wj«_y\¨�9-b<¤�=«_y\«�9ZyWF*GTDT/�|ÀQXF¤«A2_y�¨E9-b<�wnwXy n�9hs
VxUWF¬NOF*JKGu<?VgUWF3B`SF*GCSF9JKinv�SF*U�SF*VgGCSF3FlHIGªijEDH^F*JM£dSF9F¤QC<?UDHª>gFlH5GP<lLW°·Q_F¤@CJWSFlQ_V�NOGKVginUDH`<jHKHIiXNOV9SFlH¬b<hNPBD<n�}LWF3EW>giXN

@WJMinGCSF9Ve�}LWF��}LWV�£j<hQ_F�§9w_y�w 9 @DinLWJ3>AF¬EW>AiXN�³�b< 284Xy\w-9�@DinLWJ3>AF DT/��ns�:[<ZTRvnLWJMF��Ws nhJCSFlN*<?@CVAGKLC>AF3>AFlH
Q_V�¢�SF9JKF*UXGPH7GP<?LC°hQ_F�@WJCSFlQXVeNOGMVAinUZ@D<?JdEW>AiXN*Hty_F*G9y_YhijU_GMJKF�<?LDHMH^V[>AFfGu<?LW°ZQ_Ff@WJCSFlQ_V�NOGKVginUhijEWGKF*UXL��}LD<?URQaLCU
NOF*JMGP<lVAU¤UCinY�EWJKFdQ_F�H^in>gLWGKVginUDH�H^inUXG7NOijUDH^F9JK£dSF*FlHOsjµ�U�FO¢[F*G*ylF*U NO>e<jHKHK<lU_G�>AFlH�EW>AiXN9H�@D<?J½HKNOijJKF`QdSFlNOJKijVeHMHK<?UXG*y
>AF`EC>AiXN5JCSF9F*>DH^F`GMJKijLW£}Fx<nHMH^FNWxJCSF*vjLW>AV9SF*JKF9YhF*U}G�@D<lJKYhVX>AFlH1EW>AiXN*H�>gFlH�@W>gLDH�@WJMinED<lEW>AFlHtyX< ]X<lU_G½Q_inUDN5LCUhHMNOinJMF
SF*>gF*£dSF=sN�ªVgUDH^Vcy*F*U�NOinURH^F*JM£n<lU_G1>AF H�«ªEC>AiXN*H�>gFlH�@W>ALDH�@WJMinED<lEW>AFlHtyn>AF7@DinLCJPNOF*UXGP<lvnFxQm;�<*£}inVAJ1>AF7EW>giXN5JCSF*F9>}@D<nHMH^F
b<Znj«_yA§�9Zy�@DijLWJ3��HIin>gLWGKVginUDHfNtinUDHIF*JK£dSF*FlHty�>gF¤GP<lLW°�F H^G�b<�­}§jy¶�-9 F*G3<*£}FlN 6�H^ij>ALWGMVAinURHfNOinURH^F*JM£dSF*F HfH^LWJ
>AF Hf§32_yDHIinVgGª>�<¤YhinVgGKV9SF=yn>AF3GP<lLW°h@D<jHKHIF�b<�¨84_y�� 9Zs
¼7F9GKGKF�Q_V�H^GKJMVAEWLCGKVAijU�YhinUXGKJMF`EWVAF9Uh�}LWF`>p;�LWGKVg>AV�HK<?GMVAijU�Qm;¶LWUCF`VAU_q�ijJKY�<lGKVAijUhHXSFl�}LWF*UXGKVAF9>A>AFdNOijU_GMVAF*UXG7<jHKH^F�W

Qm;�VAU_q�ijJKY�<lGKVAijUh@DinLWJ�NOijUDQ_VAGMVAijUWUWF*J`>�<�H^GKJMLDNOGMLWJKF3>AiXN9<?>AF=s

¨n¨



nombre de solutions

ta
ux

 d
e 

pr
ed

ic
tio

n

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

0
20

40
60

80
10

0

�������D�Ws n � �#�*�n���}�p�e�}�¡�}�/�c�}� !��_�`|[~���M�}�e�O�c�e�}�¥|W�}�X~f�A�K��²�&Z³O���l�r�x|[~K�n�D��t�e�*�W�K���t� �9�}�W�O�c�e�}�	�}�·�W����³*~P�
�_�¬³O���l�r�3�½��P�g�M�O�p�e�}�C����K�3|C�}~ª��� �O|}|[~M�?�'
D�3³P���`��M�9� �t�W���
	

§5484



'�(�� �#0
� 8`� � 6����90
� � 
0����·0
��4�690
���90
�

�������#" 	�

��������� &�,�& -�� ��� � � �I&.- - %&��=
�& � ' � &��;�I& -
:[<�Y�SF*GKBCiXQ_F¬Q_F3@WJCSFlQXVeNOGMVAinU�ED<*]dSFlH^VgF*UWUWF3VgYh@W>AV��¹LCFª@DinLCJ3NrBR<n�}LWF3EW>AiXN3>p;¶LCGKVA>gVeHM<?GKVginU·Qm;�LWUWF3Y�<?GMJKV�NOF

Qm;�iXN*NOLWJMJKF*UDNtFÀ�}LWVf>ALCVfFlH^GZ@WJKij@WJKF}s��ªVgUDH^Vcy5HIVfLWU EW>AiXN�F H^G·NOinYZ@�i=HXSF¡Q_F¡QXF*LW° GI]X@DFlHhQ_F#HXSFl�}LWF*URNOFlH
Q_V�H^GKVgUDNOGMFlHOyW>c;¶LWGMVA>AV�HK<lGKVAijU�Qm;�LWUWF¤Ya<?GKJMVeNOF¸NOinYhY�LWUWFxF*UXGKJu<?±�AUCF�LCU�@WB�SF9UWinY¿bF9UWF3Q_F¬Yhil]}F*UWUD<lvnF¬�¹LCVmqc<?VAG
@DF*JPQXJKF�Q_Ff>p;�VAU_q�ijJKY�<lGKVg£_VgGXSF¸b<¤NOFxEW>giXNnsA�ªLDHKHIVm@DinLCJ`<?Y�SF*>AVginJKF9J�>e<f@WJCSFlQ_VeNtGKVAijU�ynUWijLDH`<*£}inUDH7YhVeH�<?Lh@DinVgU_G
>e<¤Y�SF*GKBWiXQXF��jQ_FlH�qc<?YZVA>A>gFlH�HXSFl�¹LCF*U_GMVAF*>g>AFlH#�_s}µ�>g>AF�NOinUDHIVAGMF�F9Uh>e<¤v�SF*U`SF*Ju<?GKVginU�yX@DinLWJ`LWU�EW>giXNf@WJKijGWSF*V��¹LWF !
Q_F%�¿Y�<?GMJKVeNtFlH�Q_V�H^GKVgUDNOGMFlH5NOijU_GMF*UD<lU_G�NrBD<jNOLWUWF�LWUWF3@D<?JMGKVgF3Q_FlH�q�Ju<?vnYZF*U_GuH�@WJMinGCSF*Ve�}LWFlHdQ_L DT/ ! s�/�inLWJ
NOF*>�<_yXUWinLDHx<*£}inUDH5@CJKiXN[SFlQdSFhb<¤LCUWF¬NO>e<jHKH^V�T[N*<lGKVAijU·Q_FlH�q�JP<lvnYhF9U_GuH�@D<lJ`LWUWF3Y�SF*GMBWiXQ_Ff@WJMiXNrBCF¤QXFlH`N*<?JMGKFlH
GKij@Din>AijvnV��¹LWF HªQ_F��finBCinUWF*U ¦k§54n¨n©ps
/1inLWJfLCU	EW>giXN¤@WJKijGCSF*V��¹LCF�!ly �#Y�<?GMJKV�NOFlH`Qm;�iXN*NOLWJMJKF*UDNtF�H^ijU_G¬NOJCSF�SF*FlHts ¼7BR<nNOLWUCF�Q_FlH �#Y�<?GMJKVeNtFlH5FlH^G

VAUCVAGKV�<?>gVeHXSF9F5F*U�YhF*GMGP<?UXG1>AFlH q�JCSFl�}LWF*UDNOF H�Q_FlH7<nNtVeQ_FlH7<lYhVAU�SF H�Q_Fx>e<fY�<lGKJMVeNOF�<nHKHIiXNOV9SF9Ff<lLhEW>AiXN !�<*£}FlN5LWUCF
>9SF9vWbF*JMFª£j<?JMVe<lGKVAijUh@DinLWJd>AFlH7VAUDQXVA£XVeQ_LD<l>AV�H^F*J9s[X�inLWGMFlH5>AF H�q�JCSFl�}LWF*UDNOF H�inUXGZSF*GCSFªJMFlN*<l>eNOLW>9SF*FlH�@DijLWJx<*£}inVAJ7LWUCF
q�JCSF �¹LWF9UDNOF¿SF*v=<?>gFhb<h§3F*U·NPBD<n�}LWF3@Di}H^VgGKVginU�s
µ�UDHILWVAGMF}yXNrBR<n�}LWF q�Ju<?vjYhF*UXG�@WJKijGCSF*V��¹LCFx<nHKHIiXNOV9SF¸<?L DT/ !�FlHIGd<?>A>ginL�SF¯b<¸>�<�Y�<lGKJMVeNOF��¹LWVD>gLWVWJKF HKH^F9Y¥EW>gF

>AF7@W>gLDH�@D<lJKYhVj>AFlH ��Y�<?GMJKV�NOFlHOs�/�inLCJ�NOF9>e<_y*>�< @CJKinER<?EWVg>AVAGCSF`NOijUDQ_VgGKVAijUWUWF*>g>AF H��\O H¤o M 8 K JEH �= �mFlHIG�N9<?>eNtLW>9SF
@DinLWJ��7<l>A>e<lU_G�Q_F�§�b< �tym<*£}FlN M 8/>�<¥HXSFl�}LWF*UDNOF¬F*UÀ<jNOVeQXF�<?YhVgU`SF¬NOinJMJKFlHI@�ijUDQW<lU_G3<lL�q�JP<lvnYhF*UXG*s��xVAUDHIVpy
>AF¬HMNOinJMF�Ya<?°XVAY�<l> H l� O Y�<l° �`H �"! @DF*JMYhF*G�Q_F¬N*<?Ju<nNOGCSF*JKV�H^F*J`>�<¤Y�<?GMJKVeNtF � lªNtinJKJMFlH^@DijUDQW<?UXG�<?L�YZVAF*LW°
<?L�q�JP<lvnYhF*UXG M 8Dsm¼7F*GKGMF¤Y�<lGKJKV�NOFf£j<�±F*GKJMF¤QXinUDN3>*SF*vCbF*JKF*YZF*U_G7YhiXQXVkT SF*F3@DinLCJªJMFlHKHIF*Y¥EC>AF*JdLWU�@DF*L·@W>ALDH
<?L�q�JP<lvnYhF*UXG M 8 s�¼7BR<n�}LWF�q�JCSFl�¹LCF*UDNOF3Q[;\<nNtVeQ_FlHd<?YhVgU`SFlH$#&%�%xF*U�@�i=H^VgGKVAijU('ZFlH^G`YhiXQXVkT SF*F=s

0h@DinLCJª>c;\<nNtVeQ_F3<lYhVAU�SF��¥@WJCSFlH^F9U_GCSF�b<¯>�<¤@Di}H^VgGKVginU('aQ_Lhq�JP<lvnYhF*UXG M 8 F

# =@*)
# =@ 3,+§R3-+

0h@DinLCJª>gFlHf§*¨�<?LWGMJKFlH5GI]X@DFlH`Qm;\<jNOVeQXFlH`<?YhVgU`SFlH�b<¤>e<�Y	±F*YhF`@Di}HIVAGMVAinU F

# =%�% )
# =%�%
§ 3,+

¼7F9GKGKF·GKJu<?UDHpq�inJKYa<?GKVginU�@�F9JKYhF*G Q_FÀNtinUDHIF*JK£}F*J�F*U�NrBD<j�¹LCF/@Di=H^VAGMVAijU�LWUWFÀHIinYhYZF�Q_FlH¤q�JCSFl�}LWF*URNOFlH
§54_§



GKijLl»KinLCJPH·SF*v=<?>gF�b<¥LWUºs :DF NOi}F FaNOVAF*UXGxQm;�<?@W@WJMF*UXGKVeHMHK<lvnF +�FlH^G·SF*v=<?>�b<*+ � K oK§T3�� K���� �Py[<*£}FlN + � >gF¤Gu<?LW°
VAUCVAGKV�<?>1Qm;�<?@W@CJKF*UXGKV�HKHK<lvnF¬@WJKV�H�SF*v=<?>�b<�4_y 4[nXy��`JKF*@WJCSFlH^F9U_Gu<?UXG`>AF¤UCinY�EWJKF3QXF�q�JP<lvnYhF9U_GuH`Q5SFI»lb<¥£XLDH`F*G � = y
>AF�UWinY�EWJKF�GKinGu<?>�Q_Ffq�JP<lvnYhF*UXGPHd<nHMH^iXNOV9SFlHª<lL�EW>giXNf@WJKijGWSF*V��¹LWF !lsm:DF3@WJMiXNOFlHMH^LDHªF H^G`VAGCSF*JP<lGKV�qMy¹>c;¶F*URH^F*Y�EW>AF
Q_FlH5q�JP<lvnYhF9U_GuH5FlH^GxQ_ijUDN�£XL�GMinGu<?>AF9YhF*UXG3b<�NrBD<j�¹LCF¤Nt]WNO>gF}s\�xL/EDijLWG3Qm;�LWUÀNOF9JKGP<lVAU�UWijY¥EWJMF3Q_F NO]WNt>AFlHty
>AF H�q�JP<?vjYhF*UXGPH�HIFaq�iXN9<?>AV�H^F*UXG�H^LCJ¥LWUCFÀH^F9LW>AF·Q_FlH�� Y�<lGKJMVeNOFlHts.n	NO]CNO>gFlH�ijU_G�SF*GCSF�LWGMVA>gVeHXSF H¤QW<lUDHhNOF*GMGKF
<?@C@WJKF*UXGKV�HKHM<?vnF=s

�������! � + � -c' 
 
 � ' � + � ,�& -�� ��� � � �I&.- - %&��=
�& � ' � &��;�I& -
:[<`TDvnLWJMF5�Cs 2ªVg>A>ALRH^GKJMF�>AFd@WJKVgUDNOVg@�FdQ_Fd>e<xHXSF*@R<?JP<lGKVginU¤F9U�Q_F*LC°�Ya<?GKJMVeNOF HmQ_L¬EW>AiXN5@WJMinGCSF*Ve�}LWF�³�F*U Q_F*LW°

qc<?YZVA>A>gFlH�HXSFl�¹LCF*U_GMVAF*>g>AFlHts 
xU�@�F9LWG`inEDHIF*JK£}F9JxH^LWJ`>gFlH�Y�<lGKJMVeNOFlH�UWijJKY�<l>AV�H_SF*FlH�F*U
	\0 HKNOijJKFlH5LCUWF¬Q_Vk¢�SF*JMF*UDNOF
Q_F·>AiXN*<l>AVeHM<?GMVAinU�Q_FlH�H^LWJI0¬F*GhQXFlH¥HIinLDH!0pJMF*@WJCSFlH^F*UXGP<lGKVginUDHtsª¼7FlNOVxHIF�JKF9GKJKijLW£}F·QW<?URH¥>AFlH W9inUWFlH�Q_F·@W>ALDH
vnJu<?UDQXF¥VgU_q�inJMY�<?GMVA£XVAGCSF�inEWGMF*U_LCFlHª@D<lJ�>gF¤@WJMi?TD>$�¤:[Q�opNPqMs�TDvnLCJKF��Ws�­n�us�:DF �f>eQ�Y�<l°_VgY�<?>[FlH^Gf@R<nHKHXSFhQXF
4_yg§¬b< 4Xy\wXs_µ�U�U�;¶ijEDH^F9JK£j<?UXG7�}LWFª>gFlH�£j<?>gF*LWJuH�H^LW@�SF*JKVgF*LWJKF H`b< 4_y 4A6_y}inU�£}inVgG7�}LWFª@DijLWJ7>e<f@WJKF9YhVcbF*JMF�qc<?YhVg>A>AF
HXSF �¹LWF9U_GMVAF*>g>AF¤>�< W*ijUWF�Qm;�VAUXGCSF*Jl±F*G3HIFhGKJMinLW£}FZQW<?URH¤>p;¶VgU_GMF*JK£j<l>A>AF�0Iw#b<�3�«_y�<lVAUDHIVd�¹LWFZ@�ijLWJ�>AF H¸@Di=H^VAGMVAijUDH
o 0M­n�7F9GfoQ3x�X�P�_@DijLWJª>gFfHIFlNOijUDQmy_>�< W*inUCFfFlH^GdJKFlHIGKJMF*VAUXGKF b<¤>p;�VAUXGKF*JM£n<l>A>gF3¦ 0 «_�43�«?©psD:DF*LWJuH5YhiXQ_FlHd<?LDHMH^V1H^ijU_G
Q_V�¢�SF9JKF*UXGPHty_JKF H^@DFlNOGMVA£}F*YhF9U_G�F9U	o?0P§l�5F9G3o 4¹�us
µ�U#NOinYZ@D<?Ju<?UXG�>gFlHfQ_F9LW°ÀY�<?GMJKV�NOFlHx<nHKHIiXNOV9SF9FlHOy1Q_FlH3Q_V�¢�SF*JKF*URNOFlHªUWF9GKGKF H¸F9U�NOijYh@Di}HIVAGKVginUÀF*U#<nNtVeQ_FlH

<?YZVAU�SFlHDHIinUXG�£XVeHIVAEW>gFlHWF*U3>e<�@CJKF*YhVcbF*JKF1F*G[>e<`H^F NOinUDQXF½qc<lYhVA>g>AF1HXSFl�¹LCF*U_GMVAF*>g>AF}yMNOijYhYhF�LWUWFdHILWJQ0cJKF*@CJWSFlHIF*U_Gu<?GMVAinU
F*U��ª>�<?UWVgUWF¤F9UÀ@�i=H^VgGKVAijU o?0K­j�Py(��NOVeQ_F5�fH^@R<?JKGMVe�}LWFho?0I«}�Py./�JKij>AVAUCF¤F*U�o?0P§l�Py��ªV�H^GMVeQ_VgUWF¤F*G �fH^@D<lJKGu<?GKF�F9U
o 4}�Py(/�JMin>AVgUWF�F*U#oQ3¬§?��<?URQ�/�B�SF*UX]X>e<?>�<?UWVgUWF¤F9U�oQ3 2}�Py�<lVAUDHIV7�¹LCF�Q_FlHfHIinLDH!0pJMF*@WJCSF H^F*UXGP<lGKVAijUDHfF*U�:D]CH^VAUCF
F*U�@Di}HIVAGKVginU#o 0 «¹�Py(Yx>A]CNOVAUCFfF*U¡oQ3¬§?�7F9Gf¼7]WHIGWSF*VgUWF3F*U¡oQ3x�_�usm:DFlHªN9<?JP<jNOGCSF9JKVeHIGKV��¹LWF H�@WJMVAUDNOVg@D<?>gFlH5QXL�EW>giXN
@WJMinGCSF9Ve�}LWFZ³¤H^ijU_GxJKF*GMJKijLW£dSF9FlH`QW<?URHªHIFlHªQXF*LW°¥qc<lYhVA>g>AFlH7HXSF �¹LWF9U_GMVAF*>g>AFlHty_NtinYhYhFx>e<�HIinLDH!0pJMF*@WJCSFlH^F*UXGP<lGKVginU
F*U /�JKij>AVAUCF�F9U/@Di=H^VAGMVAijU�oQ3�«}�Ps
®xFlH F HKHK<lVeH`@DinLWJxGKijLWGª>gFlH5EW>giXN*H ijU_G·SF*GCSFfFO¢[FlNOGML`SFlH5F*U·@WJKF*UR<?UXG`LWU�UWijY¥ECJKF3Q_Ffqc<lYhVA>g>AFlH �¡NOijYh@WJMVeH

F*UXGKJMFf«3F*G 2Xs�:DFlH7EW>AiXN*HdQ_VA£XVeHXSFlH�F9U¯qc<lYhVA>g>AFlH�HXSFl�}LWF*UXGKVAF9>A>AF H ijU_GZSF*GCSF�NrBCinVeHIVeH7F*U¥@CJKF*UD<lU_G�NOinYZYhF`NOJMVAG9bF*JKF
>AFZGP<?LC°�Q_FZ@WJCSFlQXVeNOGMVAinU#vn>AijED<?>gF�<?L�@WJMF*YhVgF*JfJP<lUWvWy�H^ijVAG�
�oM§?�Ps7¼7inYhYZF�@W>ALDHIVAF*LCJPH�Ya<?GKJMVeNOF Hª@DinLWJ�>AF
Y¡±F*YZF5EW>giXN¸@CJKinGCSF*Ve�}LWF·SF*GP<lVAF*UXG5LCGKVA>gVeHXSF*FlHOy=H^F*LW>gF3NOF*>g>AF�<*]X<?UXG5>AF�@W>ALDH7BD<?LCGxHKNOijJKF3FlH^G�NOinURH^F*JM£dSF*F�@�ijLWJ`>e<
@WJCSFlQ_VeNtGKVAijU¤ED<*]dSFlH^VgF*UWUWF=s[VªU�<lLWGKJMFfNtJKVAG9bF*JKFd<ÀSF*GCSF`@WJKV�H�F*U�NOijYh@WGKF=y?Vg>WHt;\<?vjVeHMHK<?VgGdQ_F`JCSFºSF �¹LWVg>AVgEWJKF*J�>gFlH�Gu<?LW°
Q_F3@WJCSFlQ_VeNtGKVAijUhF*UXGKJMFfGKijLDH >gFlH�EC>AiXN*Htsm:DF¤GP<lEW>AF <?L��Wsg§fJWSFlN*<l@WVAGMLW>AF�>AFfUWijY¥ECJKF3Q_Ffqc<lYhVA>g>AFlH�HXSFl�}LWF*UXGKVAF9>A>AF H
NOijUDH^F*JM£dSF9FlHOsm:DF¬GP<?LC°�QXF�@CJWSFlQ_V�NOGKVginU

�oM§?�`FlHIG`@D<nHMHXSF�Q_F¬wl�Wy¶�?9-b<¥�14Xyk­ 9-o v}<lVAU¿Q_F 2Xy\w�9¥�uyD< £}F Nª>AFlH

§54n«



�� ��� �� � 	 �� � � � � �� � % ��� � � % �� #� �* % �� �� �� � � � �*�� � � %� � � � � � �� %� % � � �� � �� � ��� ��$ %� �� � � �� � � �� %� �� �� � � �� �*�� � � %� � � � � �� � � � � � � ��� �� &� ���

"� � � � ��� � ��� $ % � � � � � � �� � 0

§54nw



position

• • •

•

•

•

•

•

•

•

•
•

• • •

-7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7

0.
0

0.
1

0.
2

0.
3

di
ve

rg
en

ce

+

+ +
+

+
+

+

+

+

+

+

+

+

+ +

�������X�Ws�­�� � !}���ª|D�A�¬�_�x���u����9�n���¹�c�e�}�À�}�����1���}�}�¹�x�A�¸�ª��t�P�}� |C�*�_�3�t� �9�����A�A�A�x�7��t�*�W�t�_�c� �P�A�e�x|C�}�_~`�A��³O���l�
|[~K�n�D��t�e�*�W��E �����?�M�h�A�3|[~K���7�����1�À�e�W�A�c�e�n�`�t�����\�}���3|D�A�r�e�����P���A�K�¬|[~K���7�¶�¯�_�K���3���¡�_�K�Z�_�t� ! ���n�c~t�e�O�K�
�k�P�9�W�K� �_�3�O�¬³O���l�¥�t�À���\�}�D�����?�M���_�M�`|C�}�e�_� ���P�����?�M���_�K� ~K�}�C�?�*	

§54?�



EC>AiXN UCinY�EWJKF3QXF¸qc<lYhVA>g>AFlH GP<lLW°�Q_F3@WJCSFlQ_V�NOGKVginU
HXSFl�}LWF*UXGKVgF*>A>gFlH VAUCVAGKV�<?> qc<?YÀsCHXSFl�Ds

< § 2A4_y�w nnwXy n
E « §9w_yg§ «¹­=y 4
N « «A2_y�w wn«Xy\¨
Q w «}­}y 2 w?�Cy 6
F § �=w_yg§ w[nXy\¨
q « wj«_y�« w82Xy\«
v § wX§ny�� w[nXyA§
B § nj«_yg§ �}«Xyk­
V § �=«_yg§ �W§jy 4
» § n}­}y n �_­=y\«
� § �C§ny�� w[nXy\«
> § wj¨_y�« wn«XyA§
Y 2 wA2_yg§ n84Xy 6
U § nA2_y 4 �n�Cyk­
i § nGn_y 6 �`nXy 6
@ § wjw_y n wnwXy\¨

X ijGP<?> «82 wl�Wy�� �14Xyk­
����� �t�WsA§����¸����³*~r�½�_� �9�����A�A�A�K�d�7��t�*�W�t�_�c� �P�A�e�K�7|C�}~7³O���l���º���?�M�5�g�t�_~7�p�}� !��_��|[~���M�}�e�O�p�e�}�ª|C�}�X~���� �O|}|[~K�l��
D�
�e�W�A�c�n�A���P�`�O�P�g�A� �¹�c�A���k�9�}�_�`�A�M� �9�����A�g�A�K�¬�7��t�*�W�t�_�c� �P�A�e�K��> �9����	m�½��r� 	 B 	

GP<lLW°�Q_F3@WJCSFlQ_V�NOGKVginU�VAUWVgGKV�<?>mF9Gx< £}F Nª>p;�LWGKVg>AVeHM<?GMVAinUZQ_FlH5qc<?YZVA>A>gFlH�HXSFl�¹LCF*U_GMVAF*>g>AFlHts
µ�U¬JWSFlHILWY�SF}ytNOFdH^ijU_G1>AF HmEW>AiXN*H�>AF Hm@W>ALDH�q�JCSFl�}LWF*UXGPH��}LWV}inUXG�@CLh±F9GKJKFdHILWE[Q_VA£XVeHXSFlHOy*>�<�q�JCSFl�¹LCF*UDNOF�TRUD<?>gF5QXF

>AF9LWJ qc<lYhVA>g>AFdHXSF �¹LWF9U_GMVAF*>g>AF7HIF`JP<?@C@WJKiXNPBWFxQm;�<?VA>g>AF*LCJPH1<?>AijJPH7Q_Fd>e< q�JCSFl�¹LCF*UDNOF�Q_FlH�<lLWGKJMFlH�EW>AiXN*H1@WJKijGWSF*V��¹LWF HOs
/�<?J7<lVA>A>gF*LWJuHOyOVg>W<`qc<?>A>gL3£dSF*JMVkTDF9J1�¹LWFd>e<xNOJCSF <?GKVginU Q_FxNOFlH�UWinLC£}F*>A>gFlHRqc<lYhVA>g>AFlH[H_SFl�}LWF*UXGKVgF*>A>gFlHmNOijUDH^GMJKLWVgGKFlH

H^LCJª>gF�@C>e<?U¿Q_F¤>�<¥HXSFl�}LWF*UDNOF3U�;�<?VgG`@D<nHªF9L�QXF�NOijUDHXSFl�}LWF*URNOF¬H^LWJx>AF3@W>�<?UÀQXF¤>e<�H^GMJKLDNtGKLWJMF}s��ªLDHMH^VpyW@DijLWJ
NPBD<n�}LWF`qc<?YhVg>A>AFdHXSFl�¹LCF*U_GMVAF*>g>AF}y*>gFª£}F NOGKF*LCJ7Qm;¶ijEDH^F9JK£j<?GMVAinU�Yhil]}F*U�Q_F H 6¬<?UWvj>AFlH7Q_VcbFlQ_JMFlH`opNrqMsn@R<?JP<lvnJu<?@WBWF
w_s�«¹�1>AF�N*<lJP<nNtGWSF*JMVeHK<lU_G½<	SF*GCSFxN*<?>�NOLW>9SF¬b<f>c;\<?V�Q_FxQ_FlH�q�Ju<?vnYZF*U_GuH�<?@C@D<?JMGKF*UD<lU_G¸b<¤NPBD<n�}LWF`UWijLW£}F*>g>AF5Ya<?GKJMVeNOF=s
¼7FlH`£}FlNOGMF*LWJPH7inUXG·SF9GWSF¬NOinYZ@D<?JCSFlH`<?L·£}FlNOGKF9LWJ`QdSF NOJKVg£n<lU_G`>gF3EW>AiXN¬Q_inUXGªVg>eH`HIinUXGªV�HKH^LRH�ocNrqMsWGP<lEW>AFl<lLÀwXsA§?�
<?VgUDH^V��}L�;eb<�NOF*>gLWV1Q_FlHx<?LWGMJKFlH5qc<?YZVA>A>gFlH5HXSFl�}LWF*UXGKVAF9>A>AF H�QXLÀY	±F*YhF`EW>giXNns VªUÀHIF*LW>�<?UWvj>AF�HIF¤GMJKinLC£}Fhb<�@W>ALDH
Q_F3w¬Q_F*vjJWSFlHdQ_FfQXVk¢�SF*JKF9UDNOFlHts_µ�U�NtinUDNO>gLDH^VginU�y}>gFlH�qc<?YhVg>A>AF H�HXSFl�¹LCF*U_GMVAF*>g>AFlH1U�;¶ijU_G7@D<jH`NOJCSFºSFxQXF��?UWijLW£}Fl<lL��
EW>giXN¸@CJKinGCSF*Ve�}LWF}s

��������� � �
	 
R& ��� &	, & -�� ��� � �;�I&.- - %& �=
�& � ' � &��;�Q&.-f, � � -%� � ��
 %&., ��� ' � + �
�x£}FlN�>gFlH7«82�Ya<?GKJMVeNOF H ijEWGKF*UXLWFlH�@D<lJ7>p;¶LCGKVA>gVeHM<?GKVginU�Q_F H�qc<lYhVA>g>AFlH�HXSFl�}LWF*UXGKVAF9>A>AF HOy*>AFxGP<lLW°�Q_Fx@`SFlQ_V�NOGKVginU


�oM§?�IlxFlH^Gf@R<nHKHXSF·b<¯� 4_y�­�9hyDF*U¿NOinUDHIF*JK£j<lU_Gf>gFlH`Q_F*LC°�HIin>gLWGKVginUDHª>gFlH`@W>ALDH`@WJMinED<lEW>AFlH¬o 
�oc«¹�IlO�uy�>gF¤Gu<?LW°
FlHIGfQ_F n}­}y n�9ZyDH^inVgG�nXy¶� 9�Q_F¬v}<?VgU�@D<lJªJu<?@W@DijJKG�b<�>p;�<?@W@WJMiXNrBCF D`<*]dSFlH^VgF*UWUWF¸H^VAYZ@W>AF}yXQ_F3Y¡±F9YhF 
ao �_� l

§54[n



O ­�nXy 6 9�o v=<?VAU¿Q_F��Wy�� 9��dF*Gf<lGKGMF*VAUXGf¨A4_y�« 9�@�ijLWJ 
�o^­j�Il*y[H^ijVAGxLWUÀv}<lVAU¡Qm;�LWU�Ju<?UWvh@DijLWJ3>AF3Y	±F*YhF
GP<lLW°�Q_F3@WJMinED<lEWVA>gVAGCSF}s

nombre de solutions

ta
ux

 d
e 

pr
ed

ic
tio

n

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

0
20

40
60

80
10

0

���������Cs 6 ���W�}� !¿�_�¤|[~���M�}�e�O�p�e�}��|C�}�X~¥��
C�}�9�R�Z� �P|��Z�_�a³O���l�r�¬|[~K�n�D��t�e�*�W�K�À�t���P�}�¹�l�t~��*�}�_�¬�_��²����²�&
�9�n���}�p�e�}�}�ª|C�?�P�9�e³O�g�K� ���?�M���¹�c�A���k�9�n�c�e�}�À�_�K� �9�����A�A�A�M�¤�7��t�*�W�t�_�c� �P�g� �M�
:[<¥TDvjLWJKF¬�Ws 6¥YhinUXGKJMF}yDNOijYhYhFf>�< TDvjLWJKF��Cs n¥@DijLWJ3>e<�@WJCSFlQXVeNOGMVAinU·ED<*]dSF H^VAF9UWUWF�HIVAYh@C>AF}yX>p;MSF9£}in>ALCGKVAijU

Q_L�GP<lLW°�Q_F`@WJCSFlQ_VeNtGKVAijU�VAUDQXVA£XVeQ_LWF9>XQ_FlH<DT/7H�F*U�q�inUDNOGMVAijU�Q_L¥UCinY�EWJKF�Q_FxH^ij>ALWGMVAinURH5NOijUDH^F*JM£dSF9FlHOs}:1;¶FO¢[F*G
Q_F�NOijUDNOF*UXGKJu<?GMVAinU¿Q_FlHªEC>AiXN*H3QW<lUDHfLWUÀVAUXGKF*JM£j<?>A>gF3@W>ALDHxJKFlHIGKJKF9VAUXGªFlHIGªijEWGKF9U_L�s1:1;KSFlN*<lJKGfF9U_GMJKF¤>gFEDT/�>AF
YhF*Vg>A>gF*LWJ�F*G`>gF3@W>ALDH5Ya<?>m@CJWSFlQ_VgG`FlH^G`@R<nHKHXSF�Q_F¬�_­=y\«�9-b<¥«A2_y�«E9�<*£}FlNxLWUWF¬<?LWvjYhF*UXGP<lGKVAijU·Q_L�GP<?LC°�QXF
@WJCSFlQ_VeNtGKVAijU�Q_L DT/x³�QXF�§*wXyA§ 9 b<�«¹­=y 4 9 F*GdLWUWF¬Q_VgYhVAUXLWGKVginU�Q_F¬NOF9>ALWV[Q_L DT/x�¥Q_F�2A4_y\w�9 b<Ennw_y�«E9Zy
NOF¬Q_F*JMUWVAF9J5U�;�< ]X<lU_Gd@D<nH�SF*GCSF¤QXVA£XVeHXSF=s
:[<�TDvnLWJMF3�Ws\¨�YhijU_GMJKFf>�<¥Q_V�¢�SF*JKF*URNOF3�}LWV�F*°XVeH^GMF3F*U_GMJKFf>gF3GP<?LC°�QXF�@CJWSFlQ_V�NOGKVginU�VAUCVAGKV�<?> 
�oK§l�5VgUDQ_Ve�}L�SF

F*U¿<?EDHMNOVeHMH^F¤F9G`>e<�Q_Vk¢�SF*JMF*UDNOF3F*UXGKJMF¤NtF�Gu<?LW°�F*G 
�oM§?� l inEWGMF*U_L�@D<lJf>AF H�qc<?YhVg>A>AF HOsW¼7F*GKGMFfTDvnLWJMF¤YhijU_GMJKF
EWVgF*U��¹LWF�>gFhv}<lVAU�NtinUDNOF9JKUWFh>�< Ya<*»KinJMVAGCSFZQ_FlH¤@CJKinGCSF*VAUCFlHOy7¨Gn 9 ijU_G�v=<?vjU`SFÀF*U�GP<lLW°�Q_F�@WJCSFlQ_VeNtGKVAijU�s
�À<?VgU_GMF*UD<lU_G n_§jy¶�-9 Q_FlH`@WJMinGCSF9VAUWFlH`inUXGfLWU·GP<lLW°ÀQ_F¬@WJCSF Q_VeNOGMVAijU�HILW@�SF*JMVAF*LCJ�b<¥� 4 9 NOinUXGKJMF¤YhijVAUDH`QXF
«_§�9 <?LW@D<lJP<*£j<?UXG*s�¼7F�v}<lVAUÀU�;�FlH^G�@D<nHÀSFl�}LWVA£j<l>AF*UXGfHIF*>AijUÀ>AF¬G^]X@DF�Q_F�@WJMinGCSF9VAUWF�<lVAUDHIV�F*UÀYhil]}F*UWUCFf>AFlH
@WJMinGCSF9VAUWFlH7GKijLWGQ0 +	inUXG5LCUhv}<lVAU·Q_F�¨_yA§ 9 opw}­}y�w 9!NOinUXGKJMFª� 2_y¶��9��Py}>gFlH�GMinLWGI0��¡inUXG5LWUZv}<?VgU�@W>ALDH�qc<?VgEW>AF

§5482



20 30 40 50 60

-5
0

5
10

15

**

*

* *
*

*

* *
*

*

*

*

*

*

*
*

*

* *

*

*

* *

*
* *

*

20 30 40 50 60

-5
0

5
10

15

o

o

oo
o

o

o

o

o

o
o

o

o

o

o

o

o

o o

o

o

o
o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

Q(1)

Q
(1

)*
-Q

(1
)

20 30 40 50 60

-5
0

5
10

15

. .

.

.

.

.

.

.

.
..

.

..

. .

.

.
.

.

. .

. .

.
.

.

.

..

..

.

.

.

.

.
.

.
.

.

.

.

.

.

.

.

.
.

.

. .

.

. .

.

..
.

.
.

.

.

.
.

.

.

.

..

.

. .

.

..
.

.
.

. .

.

.

.

.

.

.

.

..

. .. ..

.

. .
.

.

.
.

.

.

.
.

. .

.

.

.

..
.

.
. .
. .

.

.

.

.

.

. .

.

.
.

.

.

.
..

.

.

.

.

.

.

..

.

.

. ..

. .
.

.

.
..

.

.

.

.
.

.
.

. .
.

.

.
. .
.

..

.

...

. .

.

.

.

.

.

.
.

.

.

.

.

.

.
.

.
.

. .

.
. .
.

.

. .

.
.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.
.

.

.

.

.

.

.

.

.

.

.
. .

.
.

.

.

.

.. .
. .

.
.

.

..

.

.
.

.

.

.

.
.

.. .

.

.

..
..

.
.

.
.

.
.

.

.

.

.

.

20 30 40 50 60

-5
0

5
10

15

�������j�Ws\¨����x�}�e�h�}�¤�c�}� !��_�1|[~���t�}�e�O�c�e�}� |C�}~7��� �¹�c�A���k�9�n�c�e�}���_�K���9�����A�A�A�M�`�7��t�*�W�t�_�c� �P�e�A�P�'�d���?�M���r�h�}³P�*�k�P�l�
�A�x�c�}�"!¬�_�7|[~���t�}�e�O�c�e�}���Z>I² B |C�}�X~5����� ��u� 
C�l�_�x³P���`��K�9� �t�W���`�9���ª|D�A���P�5�t���}~K�}�}�C����*�`�����}� � ��r~r�t�W�O���t�_�c~r�
�O�x�p�}� !��Z>I² B �P�7�O�u���_�1�}³O�I�t�W�����?�M�f�A�K� �9�����A�A�g�K�ª�½��r�*�R�r�_�p� �u�e�A�K���Z>I² B�� 	 ���K�x�c�}�"! �}�_����P�D��3�}�}�W�3��K�5|C�}�X~
��
C�}�*�W�f|[~M�n�D��t�e�D���_�3���·³P�?�l���_� �}�}�W�3��9�K�	��> � B �A�K�f|[~M�n�D��r�e���K���c�}�}� � + �E>c� B �A�K��|[~K�n�D��t�e���K� �p�}�}� � � �P� > 	 B
�A�K� �}�}�p~P�K�`|[~M�n�D��t�e�D�K��
d�����O���?�P�9� �d�P�n�c�e�}�/�9�_�A�d�����ª�� �d�W�A�c�e�}�¡�_�=<¡�e�'
C� ���P�`�P�n�g���}³P�}~K�n�I�t�X~u�
�K²	�����*	

§54¹­



Q_F w 9Zy�ocw84_y�«E9 NOijU_GMJKF wnw_y�« 9��PyW>AF H +S3 ��inUXGªLCUÀv}<?VgUÀQ_F¬�Ws�¨ 9-opwGn_yk­ 9 0d� 4_y 2 9¥�uyWF*Gª�Cy 619 @DijLWJ
>AF H5UWinUc0 NO>�<nHKHIVkT SF9FlHfopwjw_y[¨ 9 0�w86Xyk­A9¥�us

Yx>ginED<l>AF*YhF9U_G9yninU�inERH^F*JM£}FfLWUWF3<lLWvnYZF*U_Gu<?GMVAinUaQ_FlH�Gu<?LW°aQ_Ff@WJCSFlQ_VeNtGKVAijUh@DinLWJ`>gFlH�EC>AiXN*H`<*]X<?UXG5@C>ALc0
H^VgF*LWJuH½qc<?YZVA>A>gFlH�HXSFl�¹LCF*U_GMVAF*>g>AFlH1F*G5F*UaNOinUXGKJMF 0p@R<?JKGMVAFfLCUWF3Q_VgYhVAUXLWGKVginU�@DinLCJ`>AFlHd<?LWGMJKFlHts�X ijLWGKFOq�ijVeHtyWNOF*GMGKF
Q_VgYhVAUXLWGKVginU·FlH^G3qc<?VAEC>AF}s1¾p>d<?LWJu<?VAG#SF*GCSFZH^VgYh@W>gF�Qm;�<?LWvjYhF*UXGKF*J3<lJKGMVkT[NOVgF*>A>gF*YhFtU_Gx>AF H¸Gu<?LW°#Q_Fh@CJWSFlQ_V�NOGKVginU
Q_FlHxEW>AiXN*Hx>AFlH`@W>ALRH q�JCSFl�}LWF*UXGPH5F9UÀ>AFlHxH^LWEA0IQ_Vg£_V�HK<lU_GxF*UDNOijJKF�@W>gLDHOyj»KinLR<?UXG3<?VgUDH^V7HILWJf>c;¶FO¢[F*GxQ_F�>c;¶VgYh@DinJQ0
GP<lUDNOFxU_LCY�SF*JKV��¹LCF`Q_LhEC>AiXNns �À<?V�HOyX<?>ginJuH�>AF H½EC>AiXN*H7YhinVgUDH�q�JWSFl�}LWF*UXGPH�<lLWJP<lVAF*UXG5£XL�>AF*LWJ7Gu<?LW°�VAUDQXVA£XVeQ_LWF9>
QdSFlNtJKin±�gGKJMFªJu<?@WV�Q_F*YhF*UXG�F*UZQ_FlHMH^ijLDH`Q_FlHx§34 9Zy¹>gFfGP<lLW°�vn>AijED<?>ºQ_F*£}F*UR<?UXG�@R<?Jx<?Vg>A>gF*LWJPH�>�<?JKvjF*YhF*UXG7HILW@`SF 0
JKVgF*LWJ b<hNOF*>gLWV�inECGKF*UXLÀVeNOVcs�:[<¥TDvjLWJKF��Cs 6¥YhijU_GMJKF¬�}LWF¤>gF�UCinY�EWJKF Q_F�qc<lYhVA>g>AFlHdH_SFl�}LWF*UXGKVgF*>A>gFlH�ijEWGKF*UXLWFlH
FlHIG`JP<?V�H^ijUWUD<?EC>AF}s
�xinLDH7@�ijLW£}inURH5UWinGMF*J`�}LWF3NOFxUWF3HIinUXG5@D<jH5>AFlH7EW>AiXN9H5Q_FlHdH^GMJKLDNOGMLWJKF H�JCSF9@`SF*GKVgGKVg£}FlH�>AF H½YZVAF*LW°¬@WJCSF Q_VAGuHO�

>AF¬EW>AiXN¤@CJKinGCSF*Ve�}LWF � o B�SF9>AVeNtF +���<¥LWUÀGu<?LW°¡Q_F5n84Xy 2-9$F*Gx>AF�EC>AiXN¤@WJMinGCSF9Ve�}LWF���o q�F9LWVA>g>AF*G �7�`QXF�w?�Wy 2
9Zy_>AF /<D��nyWLWUWF3F*UXGKJCSF9FfF*Uhq�F*LWVg>A>AF9G �dyW<lGKGMF*VAUXG`>ALWV[LWU�Gu<?LW°aQ_F nnw_y�«E9Zs

'�(I' �h4 �<��4 
0��¥690
� �·0 ����
0��À6?2d476N���

��� ���#" � &�� � + ��� 
 & %& �=
 �
	 � �I& � 'f, &�� �I+ � -���
���������� 
 � ��� , � � & ,�& � + ��� � ��� &
,�& � 
 %& , ��� ' � + �

�x@WJ9bFlHd<*£}inVAJd@WJCSF Q_VAG�b<¤@D<lJKGKVgJ`Q_F3>�<¤HXSF �¹LWF9UDNOFx>AF�o�inLh>gFlHr��EW>AiXNf@WJMinGCSF9Ve�}LWF}opHP�1>AF}ocHr��@C>ALDH7@WJKijED<?EW>gF}opHP�
F*U�<?@C@W>AV��¹LD<lU_G�>gF�@WJKVgUDNOVA@DF�QXFlH�qc<?YhVg>A>gFlH3H_SFl�}LWF*UXGKVgF*>A>gFlH�oP� �7��t�*�W�t�W�O�M� �¥² ~r�p|D��� ���¥�t�_�¤���?�P�n���Ps��ªinLDH
<*£}inUDH3QdSF NOVeQdSF Qm;¶VgU_GMJKiXQ_LCVAJKF�LCU�NOijUDNOF*@CG��DinL ²¥�7��t�*�W�t�W�O� �3��~P�p|D��� ���¥�t�X� �a�¹LWV�@WJKF*URQ F*U¡NtinYh@WGMF�>AF
qc<?VgG3�}L�;¶LWUCF�HXSF �¹LWF9UDNOF¤@DF*LCG¥±F*GKJMF�<jHKH^iXNtV*SF*F·b<¥@C>ALDHIVAF*LWJuHªGI]_@DFlH�Q_F¤JMF*@W>AVgF*YhF*UXGPHtyWQ_ijUDN¤@W>gLDH^VgF*LWJPH`GI]_@DFlH
Q_F3EW>giXN*H @CJKinGCSF*Ve�}LWFlHtsWµ�U�ijEDH^F9JK£j<?UXGª>gFlH5JCSF H^LW>gGP<?GuH`Q_F3>e<�@WJCSF Q_VeNOGMVAijU�y_>gFfEW>AiXN3JCSF*F9>mFlHIGxH^inLC£}F*U_G`>gF3@W>ALDH
@WJMinED<lEW>AF}yXY�<?V�H�Vg>mFlHIG`H^LCJKGKijLWG5q�inJMGxH^ijLW£}F*UXG5@D<lJKYhV[>AFlH7@W>ALDH7@WJKijED<?EC>AFlHtsDµ½U·NOijUDHXSF �¹LWF9UDNOF}yt»*;\<lVmFlHMHK<*]dSF
Q_F�QdSFtTDUWVAJ¸Q_FlH3H^GMJP<?GCSF*vnVgFlHª@DinLCJ�HXSF9>AFlNOGMVAijUWUWF*Jx>AF�UWijY¥ECJKF¤ij@WGKVgY�<?>�Q_F�EW>giXN*H�~�b<h@WJMF*UDQ_JMF�F*U¡NOinYZ@WGKF
F*U·NPBD<n�}LWF¬H^VgGKFf@DinLCJf<*£}inVgJ`LWU�Gu<?LW°aQ_F3@WJCSFlQXVeNOGMVAinUaQ_inUWU�SF}s
®�<?UDH¥>�<ÀH^LWVgGKF·Q_F·NOF·NPBD<?@WVgGKJMF}y�Q_F9LW°�G^]X@DFlH�Q_F·H^GMJP<lGWSF*vjVAFlH�Q_VeHIGKVgUDNOGKF H�£}inUXG�±F*GMJKF�LWGKVg>AV�H_SF*FlHts�µ�>A>gFlH

H^F�ED<jH^F*UXG3GKinLCGKFlH¬H^LWJ¬Q_F*LC°À>p;¶F9U_GMJKin@CVAF�QXF��}BR<?UWUWijU�F*G3H^LCJ¤>AF¤qc<lVAG¬�}L�;¶LWUCF¥vjJP<?URQ_F¥BCinYhijv�SF*U�SF9VAGCSF�QXF
HKNtinJKF H : = F*U�LWU¿H^VgGKF¬Q_inUCU`SF¤£}F*LCGxQ_VAJMF��}LWF3>p;¶VgU_q�inJMY�<?GMVA£XVAGXSF�Q_F¤>�<¥HXSFl�¹LCF*UDNOF 6�8hQ_inVgG�±F9GKJKFfqc<lVAEW>gF}sm:[<
@WJCSFlQ_VeNtGKVAijU�<nHMH^iXNOV9SF*F�>giXN*<?>gF*YhF*UXG3FlH^G�<l>AijJPH�@�F9L T[<lEW>AF}s�¾pU_£}F*JuH^F*YZF*U_G9y�LCU�HKNtinJKF SF*>gF*£dSFh@DinLWJ�>AF�EW>giXN

§5486



@WJMinGCSF9Ve�}LWF3>AF¤@C>ALDH`@WJKijED<?EC>AF�Q_ijVAG�±F*GKJMF¤<jHKHIiXNOV9SF·b<¥LCU�EDinUÀGu<?LW°¿Q_F¤@WJCSFlQ_V�NOGKVginU�sD®f<lUDHª>gF�@CJKF*YhVgF*J`N9<nHOy
VA>�qc<?LRQ_JP<�NPBWinV�H^VAJxLWUÀUWijY¥ECJKF¡SF*>AF9£dSF¬Q_F�EW>giXN*HOyº<?>AijJPHf�}LWF�QW<lUDHª>gF�H^F NOinUDQ[ymVA>1F*U�qc<?LRQ_JP<¥YZinVAURHOs /�inLWJ
�}LD<?UXGKV�TDF*JxNOF*GMGKFfVgUDNOF*JMGKVgGKLDQ_F=y_LWUWF3F*UXGKJMin@WVgF�� <�SF*GCSF¬N*<l>eNOLC>*SF*F3HILWJ`>AF H`HKNOijJKFlH : = sm¼7FlHxHKNOijJKFlH`inUXG·SF*GCSF
QW<lUDH LCU�@WJMF*YhVAF9J�GKF*YZ@DH�JMF*UWinJMY�<?>gVeHXSFlH�F*U�@WJMinED<lEWVA>gVAGCSFlH=>A= F

� =9O m =
� � g��� g��

m �

<*£}FlN¬��Qm;�FlNOJKVg£j<?UXG5>p;�F*UDHIF*Y¥EC>AFxQ_FlH5EC>AiXN*H5@WJMinGCSF*Ve�}LWFlHtyD< £}F N
;	O §52hQW<?URH UWijGKJMF¤N9<nHOs
:1;�F*°X@WJKFlHMH^VginU·Q_F3>p;�F*U_GMJKij@WVAFxFlH^G�<?>ginJuH F

� O
	
�
g��� �
g��
� � >AU3o � � �

µ�UDHILWVAGMF}yW>p;�F*UXGKJKij@WVAF�� FlHIGªGMJP<?URH q�inJMY�SF*FfF9U/UCinY�EWJKF¿SF �¹LWVg£j<?>AF9U_GdQ_F3EW>giXN*H UCinGCSF ��
�� F

� 
�� O������º¦��h©

¼7F9GKGKFa�¹LD<lU_GMVAGCSFh£j<?JKVgF�F*U_GMJKF·§��¹LR<?UDQ�LWU�H^F*LW>dEW>AiXNhFlHIG¤@WJCSFlQ_VgG*y�F9G*y];-�}LD<lUDQ�>AFlHE; EW>AiXN*H�H^ijU_G
SFl�}LWVA@CJKinER<?EW>gFlHOs5:DFlH�H^VgGKFlH�<*]X<lU_G�LWU ��
���£n<lJKV�<?UXG¥F*UXGKJMF¡§/F*G�LCU ���
�� op��<?>g>e<lU_G�Q_F#§�b< 6¹�¬inUXG�SF*GCSF
F*°XGKJu<?VAGuH7Q_Fª>�<fED<nHIFfQ_F�Q_ijUWU`SF*FlH7F*G�>gFª@DinLCJPNOF*UXGP<lvnF�Q_FxE�ijUWUWFf@CJWSFlQ_V�NOGKVginU����5<¡SF*GCSFx<lVAUDHIV[N*<?>�NOLW>9SF`@DijLWJ
~¯Ju<?UWv=H3< £}F Nh~¯£j<lJKVe<lU_G�F*U_GMJKFZ§¤F*G 2Xym>AF¬EW>AiXN¤JCSF*F*>¬SF*GP<lU_GfGMJKijLW£dSF�@R<?JKYZV�>gFlH¤~�JP<lUWv}H3NOijUDH^F*JM£dSF HOs�:DFlH
EW>giXN*HªHIinUXG`GKijLWGfQ[;\<?EDijJPQ�Nt>e<nHMHXSFlH5@R<?JxinJPQXJKF¬Q_F¬HKNOijJKF Q5SFlNOJMinVeHMHK<lU_G9s
®xF3NOF*GMGKF3Q_V�H^GMJKVAECLWGKVginU�yX<nHMH^iXNOV9SF*F¬<*£}FlN LCU/VgU_GMF*JK£j<l>A>AFxQXF � 
��`Q_inUCU`SF}yWUWijLDH`Q5SF*GMF*JKYhVgUWinURH½>gFªUCinY�EWJKF

JP<lUWv�in@WGMVAY�<l>d~¯@DinLCJ3<nHMH^LWJMF*J3LWUÀGP<lLW°ÀQ_F¬@WJCSF Q_VeNOGMVAijU/TD°dSF}s�¼7F*GKGMF�SF*Gu<?@DF�<�SF*GCSF¬FO¢[FlNOGKL�SF*F3@�ijLWJ3GKijLDH
>AF H5JP<?UCv}H`@�i=HKHIVAEW>gFlHOyD<l>A>e<lU_GxQXF¥§Zb<�;`s
®xF*LW°�HIGKJP<lGCSF*vjVAFlH`QXVk¢�SF*JKF9U_GMFlH5inUXGx<?VgUDH^V¸SF*GCSF¬Q5SFOTDUWVgFlHfb<�@D<lJKGKVgJxQ_FlH`inEDHIF*JK£j<lGKVAijUDH`@WJCSFlN[SFlQ_F*UXGKFlH F
o V �¿�X�����O|}|[~M�l��
D�3�n���}³P�n�g���¹LCV`NOijUDH^V�H^GKF¿b<ÀQdSFOTRUWVAJ¬LWU�UWijY¥EWJMF�£j<?JKV�<?EW>gF�Q_FhEC>AiXN*HZb<ÀNOinUDHIF*JK£}F9J�F9U
NPBD<n�}LWFxHIVAGKF3�`@DinLCJ`<?GMGKF*VgUDQ_JMFªLWU�GP<lLW°�vn>ginED<l>[Q_Fª@CJWSFlQ_V�NOGKVginU�� � TR°dSF�<?L�@WJCSF <?>e<lEW>AF=s}®f<?URH5NOF*GMGKF
ij@WGKV��¹LWF3>gFfUWinY�EWJMF3Q_F3EW>AiXN9H @WJMinGCSF*Ve�}LWFlHdNOinUDHIF*JK£dSFlH5£j<?JMVAF3>AF3>ginUWv�Q_F3>�<�H_SFl�}LWF*UDNtF}s

o VgV �·�X���·�O|}|[~K�l��
D�����l�P�n�A�a�¹LWV`GMF*UDQ b<ÀGKJKijLW£}F*J¬>AFlH�HIVAGKF H¤@�F9JKYhF*GMGP<lU_G¬@�ijLWJ�LWU�UWinY�EWJKF�TD°dSF#~�QXF
EW>giXN*H5NtinUDHIF*JK£dSFlH5Q[;¶inECGKF*UWVgJ7LWUhGP<lLW°ZQ_Fª@CJWSFlQ_V�NOGKVginU � � y}>ALWV[<lLDHKHIVmTD°dSF�<?LZ@WJCSFl<l>e<lEW>AF}sX®f<lUDH`NOF*GMGKF
<l@W@WJKiXNPBWF}yW>�<¤@WJCSF Q_VeNOGMVAijU/F H^G`>AVgYhVAGCSF*F¬b<�NOF*JMGP<lVAUWFlH5JCSF*vnVginUDH`QXFlHªHXSFl�}LWF*UDNOF H�@WJMinGCSF9Ve�}LWFlHOs

§54n¨



�xinLDH5£}F*JMJKijUDH7Q_inUDN3QW<lUDH5LWUWF�@WJKF*YZVpbF*JMF`@D<?JMGKVAF=y¹>c;¶VgU �DLWF*URNOFxQ_FlH�qc<?YhVg>A>AF H�HXSFl�}LWF*UXGKVgF*>A>gFlH�HILWJ5>gF ��
��Oy
@WLWV�HªLWUÀF*°XF*Yh@C>AF¬Q_F¤@CJWSFlQ_V�NOGKVginU¡HILWJfLWU�q�Ju<?vnYZF*U_G�Q_F�@WJMinGCSF*VAUWF�@DijLWJ3£}inVAJx>p;MSF*£}in>gLWGKVginU·Q_L ��
��Oy[@WLWVeH
F*U_TRU�HILDN*NOF HKH^Vg£}F*YhF*UXG�>gFlH`Q_F*LW°aH^GKJu<?GCSF*vnVgFlHOs

��� ���! � �
	 
R& ��� &	, & -�� ��� � �;�I&.- - %& �=
�& � ' � &��;�Q&.-f-'
 
 �I& �����

2 4 6 8 10 12

0
20

40
60

80
10

0

Neq

po
pu

la
tio

n

2 4 6 8 10 12

0
20

40
60

80
10

0

�������}�CsA§34 � �#�*�n���}�c�e�}���}� ��
��¤�t�_�c~r�x��� �O|}|[~M�?�'
D� ;x���`��K�9� �t�W���x�9���ª|D�A�E>c�P�}�_~t³O�x�}��³P�?� B �u����� �}�p�A���k�9�n�c�e�}�
�_�K� �9�����A�A�g�K�¤�½��t�9�R�t�X�p� �P�g�A�P��>c�P�}�_~t³O�ª�9�*|���t~t� �t�X~r� B 	

/�<?J�<lVA>g>AF*LWJuHOym>c;¶LWGMVA>gVeHK<lGKVginU¡Q_FlHfqc<?YhVg>A>gFlHªHXSFl�}LWF*UXGKVAF9>A>AF H F*UXGKJu<?±�gUWF}y�Q_L¡qc<?VAG Q_F�>e<�HI@`SFlNOV�<?>gVeHK<lGKVginU#H_SF 0
�}LWF*UXGKVAF9>A>AFdQ_F H�EW>AiXN9HOy}LWUWFxQ_VgYhVAUXLWGMVAinU¬Q_L ��
���Yhil]}F*U¬NOijYhYhF7JKF*@DijJKGCSF9FxH^LWJ7>e<`TDvnLWJMFª�CsA§54��}LWVWYZF*G�F9U
@D<lJP<?>g>cbF*>gF`>p;MSF*£}in>gLWGKVginU�Q_L ��
���F*U�q�inUDNtGKVAijU�Q_L�UWinY�EWJMFxQm;¶ijEDH^F*JM£j<?GKVginU�QXFf>e<fED<jH^F3Q_F�Q_ijUWU`SF*FlHty_@DinLCJ5>e<
@WJCSFlQ_VeNtGKVAijU�@D<?Jd>p;�<?@W@WJMiXNrBCFªED<*]dSFlH^VgF*UWUWF�H^VgYh@W>gF5F*Gd<*£}FlN5>p;�LWGKVg>AV�HK<?GMVAijU�Q_FlH�qc<?YhVg>A>gFlH�HXSFl�}LWF*UXGKVAF9>A>AF HOsG/�inLWJ
>AF H EW>giXN*Hf<*]X<?UXGx@W>ALDHIVAF*LCJPH5qc<?YhVg>A>AF H`H_SFl�}LWF*UXGKVgF*>A>gFlHOyXH^F9LW>�>gF�HMNOinJMF�>AF¤@C>ALDH·SF9>AF*£dSFfFlHIG3NOinURH^F*JM£dSF}y[Q_ijUDN¤>AF
��
��¬Q_VAYhVgU_LCF}�DNOFlNOV½NrBD<lUWvnF�q�inJMGKF*YZF*U_Gx>p;�<?>g>ALWJMF�Q_F�>e<�NOijLWJKEDFhijEWGKF*UXLWF}s1:DF ��
��3Yhil]}F*U�F H^G3@D<nHMHXSF�QXF
­}y 2�b<¤�Cy\«Xs

��� ����� ��� & � � �I&	,�& � 
 %& , ��� ' � + �
/1inLWJ�YhVAF9LW°ÀF*°X@W>AV�NOVAGMF*J3>p;¶VgU_GCSF*Jl±F9G¤QXFlH�H^GMJP<?GCSF*vnVgFlHOy7>p;�F*°XF*Y¥@C>AF�H^LCVA£j<?UXG¥YZinUXGKJKFZLWU�F*°_F9Yh@W>AFZQ_F�>e<

@WJCSFlQ_VeNtGKVAijUhF*G`>gFfJn±ij>AF3Q_L ��
��Osm:DF3Gu<?EW>gFl<?L��Ws�«�Q_inUCUWF3>AFlH5@WJCSFlQ_V�NOGKVginUDHdQ_FlHf§36�@WJMF*YhVcbF9JKFlH�@Di=H^VAGMVAijUDHªQXF
>e<�@WJMinGCSF9VAUWF¬Q_F NOinUl»KLCv}<?V�H^ijU�b<¯>c;¶LWEWV��¹LCVAGKVgUWF�ocNrqMs_@D<lJP<lvnJP<l@WBWFZw_s�w_s\«Xs¶�X�PyD<*£}FlNf>e<¤q�F*U1±F*GMJKF¬Q_F�§Nn�JWSFlHIVeQ_LDH
NOijJKJKF H^@DinUDQC<?UXG�<?L n¿¼��ÀQXL	EW>giXN¯F9G¤<lLW°�n/JCSFlH^V�Q_LDHf@WJCSFlH^F*UXGPH3Q_F�@D<lJKG3F*G¬Qm;\<lLWGKJMFhQXFhNOF9GKGKF¤q�F9U�±F*GKJMF}s

§j§34



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

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

� �  ! " #$ %& ' ( � �) ( � �+* , � � - � � * � � . � -/ * � � . � - / * � � .

�  ! " 0 $ %& ' $ � �) (1 � �+* � � � - � ,* 2 � . � -/ * , � . " - / * � � .

 ! " 0 ( %& ' $ 3 �) (1 4 � �+* / � � - � �+* �5 . " - / * �5 . � - / * � 5 .

! " 0 () & ' $ 36 ) (1 4 4 � �+* � � � - � � * / 2 . � -/ * 2 � . 7 -/ * � � .

" 0 () 1 ' $ 36 % (1 4 4 � � �+* �5 � - � �+* � � . " - � * � 2 . � - / * �/ .

0 () 1 � $ 36 % $ 1 4 4 � " � �+* ,5 � - ,* , , . 7 - � * 8/ . � - / * 2 � .() 1 � ( 36 % $ & 4 4 � " " � �+* 8 � � - � �+* �5 . � - / * 8 � . � - / * � � .) 1 � ( � 6 % $ & 9 4 � " " 0 � �+* � 8 � - � �+* 85 . � - � * �/ . � -/ * , � .

1 � ( � � % $ & 9 9 � " " 0: � �+* � � � - � * 2 � . � -/ * 2 2 . � - / * �5 .

� ( � �) $ & 9 9 3 " " 0: ; � 5 * � � � - � * / � . � - � * / 5 . � - � * / � .

( � �) ( & 9 9 3< " 0: ; 0 � �* 5 � � - � * / � . � - � * � � . � - / * � � .

� �) (1 9 9 3< < 0: ; 0: � �+* 2 2 � - �* � � . � -/ * � 8 . � -/ * � � .

�) (1 4 9 3< < # : ; 0: 0 � �+* � / " - � � * � � . � - � * 5 , . 7 -/ * � � .) (1 4 4 3 < < #= ; 0: 0: � 2+* � 2 � - ,* � � . � - � * 8 � . # - � * �5 .

(1 4 4 � < < #= > 0: 0: ; 
 2+* � � � - � � * � 8 . 
 - �+* , � . � - � * � � .

1 4 4 � " < #= > # : 0: ;  � �* 8 , � - � � * � 8 . � - 2+* � 8 . � - � * �/ .

4 4 � " " #= > #= 0: ;  : � �* , 2 # - � 2 * 25 . � - �+* � � . � - �+* � � .4 � " " 0 = > #= # : ;  : 0 � �+* , 2 � - ,* � 2 . 
 - �* / � . � - �+* � � .

! ?@ � �� � 	 A� � � � �� �� �� �� �� � � ��� � �� �� �� � � � � �CB �� � � � �� �� �� �� �� � ���� � �� �� � � � D % #� �� � � &� �* % � ��$ % � � � ��' �E � � ���  + � � � ��� � � � � ��� �� � 
�� $ %�

� ��� $ % � � � � �� �� �� �� �E � � �� �� � � � � � � � �� � �� � � �� ��� � � �� � � �� � �� � � �� % � � %� � � � �� � � � �E � � � � �� �� � � �E � � ��� + � ���� � � %� �� �� � � � � �* � % �� �('
�� � �� �

� �� � �
'

�� F �� � � ��� �� � �� � �� �� ��� � � %� �� � �� � ��� � �� � � ���� �� � � � �� � ��� � � � �� � � � � 0 /� � �� � � � % �� # ��� �� � �� � �� � �
0

§j§n§



¼7F*GMGKF5@R<?JKGMVAF �R0pGMF*JKYZVAUD<l>AF1FlH^G�NOinYZ@�i=HXSF*F�Qm;¶LCUWF5B�SF9>AVeNtF +aq�ijJKY�SF*F�@D<?J`§54ªEW>giXN*H @CJKinGCSF*Ve�}LWFlH�� H^LWVg£_V}@D<lJ
LWUWF`EDijLDNO>AFxQXFª­xEW>AiXN9H��¹LCV_Y¿bF9UWF�b<¸LCU¤q�F*LWVA>g>AF*G �ds}¼7F*G�F9°_F*YZ@W>AF7FlHIG�ED<jHXSF�H^LWJ�>p;¶LCGKVA>gVeHM<?GKVginU¬Q_FlH�qc<?YhVg>A>AF H
HXSF �¹LWF9U_GMVAF*>g>AFlH7@WJCSFlN[SFlQ_F*YhY�F*U}G�Q5SFlNOJMVAGKF=sm¼7BD<n�}LWF¤>gVAvjUWF�NOijJKJMFlH^@DinURQ b<¥LCUWF�HXSFl�¹LCF*UDNOF}yW@R<?JfF*°XF*Yh@C>AF}y}>e<
NOVgUD�¹LCVpbF*YhFfq�F*U1±F*GKJMFhNOF9U_GMJWSF*F�HILWJ ���ª®�� � F H^G¬<nHMH^VAvjU`SF*F�<lL�EW>giXN¯@WJMinGCSF*Ve�}LWF �¤s½:DF H�GKJMinV�H¸@CJKF*YhVcbF*JKF H
H^ij>ALWGMVAijUDH�inUXG�SF9GWSF`inJuQ_inUCU`SF*FlH7H^LCVA£j<?UXG7>AF*LWJ½HKNOijJKFxQ_Fx@WJCSF Q_VeNOGMVAijU�m = yj@�ijLWJ7DT/ �¤y`DT/ �hF*GSDT/�³Oyn>gF*LWJPH
HKNtinJKF H5JKFlHI@�F NOGKV�qcHhSF*GP<lU_GxQ_F¬«j«_yA§9w_y1§ny�«[n�F*GC4_y��14_s
�xVAUDHIVpym>gF�@WJKF*YZVAF*J�HKNOijJKF�VAUDQXVe�}LWF��¹LCF¥>�<a@CJKinER<?EWVg>AVAGCSF�Q_L�EW>giXN � FlHIG¬«n«_yg§*whq�inVeHf@W>gLDHÀSF*>AF9£dSF*F �¹LCF

NOF*>g>AF3Q[;\<*£}inVgJfNOF3EW>giXN¤Q_F3qc<�7NOijUÀ@WLWJMF*YhF*UXG`<l>*SFl<lGKinVgJKF}s[µ�UÀNOF9GKGKF3@Di}HIVAGMVAinUºym>e<�@WJCSF Q_VeNOGMVAijU/F H^G�NOinJMJKFlNOGMF}s
:DFlH·HKNOijJKFlH�SF*>gF*£dSF HhQ_FlH�@WJKF*YZVpbF*JMFlH¯@Di=H^VAGMVAijUDH�HIinUXG�»KLDHIGKVkT SFlHh@D<?J·>e<�@WJCSF H^F*UDNtF�Q_F¡JCSF H^VeQXLDH�:DF*LDNOVgUWF}y
� SF*GMBWVAijUWVAUWF=y �ªJMvnVgUWVAUWF=y :D]CH^VgUWF}yT�fHI@D<?JMGP<lGKF¡F*G�:DF*LDNtVAUWFÀF*U @Di}HIVAGKVginU�o 0 w¹�uy�o?0I«}�Pyfo?0P§l�Py3oQ3�«}�Py3oQ3�w¹�
F*G¬oQ3x�_�usm®xF¤Y¡±F*YZF}y}>AF DT/ �¡FlH^G�NO>e<jHKHXSF¤F*U¿H^FlNOijUDQ_F¬@�i=H^VgGKVAijU¡Q_L/qc<lVAG3QXF¤>e<�@WJ=SH^F9UDNOF�QXF�>p; ��H^@D<lJKGP<lGKF
F*Uh@Di=H^VAGMVAijU�NtF*U_GMJP<l>AF�Q_Ff>e<�q�F9U�±F*GKJMF}s}µ�U�UWF3NOijUDH^F9JK£j<?UXGx�¹LCFf>AFlH�@WJMF*YhVgF*JPH�JP<lUWv}Hty�§34¤EW>giXN*H�@CJKinGCSF*Ve�}LWFlH
H^ijU_G�NOijJKJKF NOGKF*YZF*U_G�@WJCSFlQXVAGPH`HILWJ¬§36_s �}LWJ`>c;¶F*URH^F*Y�EW>AFxQXFlH @CJKinGCSF*VAUCFlHOyX>AF3GP<lLW°·Q_F3@WJCSFlQXVeNOGMVAinUB�¬oK§l�Il`FlH^G
Q_Fx�14Xy 6 9Zs��X<?URH�GKF9UWVAJ7NtinYh@WGMFxQ_FlH�qc<?YZVA>A>gFlH1H_SFl�}LWF*UXGKVgF*>A>gFlHOy*Vg>`SF*GP<lVAGdQ_F�w84Xy¶� 9ZyXH^ijVAG7LWU�v}<?VgU�Q_Fx@W>ALRH�QXF
§3419hs1¼7>e<nHMH^V��¹LWF9YhF*UXG*yW>AF HªGP<lLW°ÀQ_F�@WJCSFlQ_VeNtGKVAijU�UWF�HIinUXG¬N*<?>�NOLW>9SF Hª�}LWF�@DinLWJ3>gFlHfH^ij>ALWGMVAijUDHfin@WGMVAY�<l>AFlHts
�À<?V�HOyDF*UÀinERH^F*JM£n<lU_G9ym>AF HªHIin>ALCGKVAijUDH3Q_FlHªGMJKijVeHª@WJMF*YhVgF*JPH5Ju<?UWv=HOy�§l­hQXFlH¤§36hEW>giXN*Hª]¿H^inUXG*s�:[<h@Di}H^VgGKVginU
F*JMJKinU�SF*F�NOijJKJKF H^@DinUDQ b<�LWUWFhTDU�Qm;�B`SF*>AV�NOFlH + �}LWV5@Di=HKHtbF Q_F�LWUCF�NOinYZ@�i=H^VgGKVAijU�VAUWBD<lEWVAGMLWF*>g>AF�F*U�<nNtVeQ_FlH
<?YZVAU�SFlHty ���f:�� ��®�/</ � F9U�¦ 0p�C� 3x�n©cs
�xLDHKHIVpy7<?L�>AVgF*L�Q_F�UWF�@WJMF*UDQ_JMF�F*U�NOijYh@WGMF��}LWF�>AF H¤@WJKF*YZVAF*JuH�JP<lUWv}Hty�LCUWFÀ<l@W@WJKiXNPBWF·@�F9JKGKVgUWF*UXGKF

JKF9£_VgF*U_G½b< F9°W<lYhVAUWF9Jm>AF HmGP<?LC°¤QXF�@CJWSFlQ_V�NOGKVginU �¬o Jt�m@DinLCJ�LWU¬JP<lUWv3Q_ijUWU`SF3~Psn:DF ��
�� @DF*JMYhF*G�QXF`�}LD<?UXGKV�TDF*J
NOF*GMGKF3QXVeH^@DF*JuH^VginU�@R<?JKYZVm>AF H`HKNOijJKFlHts��ªVAUDHIV1QW<?URH >�<¯@WJMF*YhVcbF*JKF`@D<lJKGMVAF�QXF�>c;¶B�SF9>AVeNtF +7yW>AF ��
��`£j<?JKVgF3F*U_GMJKF
«_y 482¤F*GdwXyk­,6X�_Vg>�F H^G`<lVAUDHIV�NOijJKJCSF*>9SFx<*£}FlN`LWUWFfEDijUWUWFf@WJCSFlQ_V�NOGKVginU�sX¾pU_£}F9JPH^F9YhFOUXG*yXb<¤>�<ªTDU�Q_Ff>c;¶B�SF9>AVeNtF +7y_>e<
@WJMinED<lEWVA>gVAGCSF¸Q_F3GKJKijLW£}F*Jd>AF3EW>AiXNf@WJMinGCSF*Ve�}LWFfJCSF*F*>�QdSFlNOJKij±�AG�<?>AijJPHx�¹LCFf>AF � 
�� <lLWvnYhF9U_GMFf<lLc0IQXF*>Ib<�Q_F3�Wy 6n«_s
:DFlHfHIVAGMFlHfH^ijU_G¸Q_F�YhinVgUDH`F*UÀYhinVgUDH`VAU_q�ijJKY�<lGKVkqcHtsD®ªFlH ��
��¸VgU_GMF*JKY�SFlQ_Ve<lVAJMF*H`HIinUXGfinEDHIF*JK£dSFlHª@DijLWJ3>AFlHf­
Q_F*JMUWVAF9JPH5JCSF H^VeQXLDHOyX>AF3UWinY�EWJMFfQ_F¬JP<lUWvÀb<�NtinUDHIF*JK£}F*J`F H^Gx<?>ginJuHªQ_F¬«Xs
¼7F9GªF*°XF*Yh@C>AFfYhijU_GMJKFf>c;¶VgU_GCSF*Jl±F*G�Q_FlHfHIGKJu<?GCSF9vnVAF HªQ_F¬@WJCSF Q_VeNOGMVAijU�ED<jH_SF*FlHxH^LCJfLWU�UCinY�EWJKF3£j<?JMVe<?EC>AF�QXF

EW>giXN*HªHXSF*>AF NOGKVginUWU�SF H�@D<lJxH^VAGMF}s

§j§*«



��� ��� � � ' 
 � ' %&�� � &�� �I+ � � �I&
µ�U·LWGKVg>AVeHM<?UXG`>e<�ED<nHIF�Q_F¬Q_inUCU`SF*FlHty�UWijLDHf<*£}inURH�SF*Gu<?EW>gV�>e<�JKF*>�<?GMVAinU¿�¹LCV�F*°_V�H^GMF�F9U_GMJKF3>e<�@WJKijED<?ECVA>AVgGCSF

Q_FfGMJKijLW£}F*J5>gFfEW>giXN¸JCSF*F*>D@D<lJKYhVD>AF Hf~�EW>giXN*H5>AF H�@W>gLDH�@WJMinED<lEW>AF H5@�ijLWJxLWU ��
��`Q_ijUWU�SF}sm¼7F9GKGKF¸Q5SF*Y�<lJPNPBWF
@DF*JKYZF*G`Qm;�inEWGMF*UWVgJ`>e<�TDvjLWJKF¬�WsA§j§¤�}LWV�YhF9G5F*U�JKF9>e<?GMVAijU/>gF3GP<?LC°�QXF�@CJWSFlQ_V�NOGKVginU�F*Uhq�inURNOGKVginU·Q_L ��
�� F*G
Q_L�UWijY¥EWJMF3Q_F¬H^ij>ALWGMVAijUDHªNtinUDHIF*JK£dSF*FlHts�¼7F*G`F*°XF*Yh@C>AFxLWGKVg>AVeHIFf>AF H½qc<?YZVA>A>gFlH7HXSFl�}LWF*UXGKVgF*>A>gFlHOs

(r=1)

(r=2)

(r=3)

(r=4)

(r=5)

(r=6)

Neq/Fraction

ta
ux

 d
e 

pr
ed

ic
tio

n 
Q

(r
)

0 20 40 60 80 100

40
60

80
10

0

0 20 40 60 80 100

40
60

80
10

0

0 20 40 60 80 100

40
60

80
10

0

0 20 40 60 80 100

40
60

80
10

0

0 20 40 60 80 100

40
60

80
10

0

0 20 40 60 80 100

40
60

80
10

0

1 2 3 4 5 6 7 8

�������W�CsA§j§ � �W�}� !��_�`|[~���t�}�e�O�c�e�}� �Z>c~ B �?�P�9�l�*�_�� ��Z��
C�}�*�W�¤�c�}�"!Z�_� �¤�M�ª|C�}�X~f~ �*�}~t�e�}�_�`�t�_�c~r��²h�P��&�	

:[<�QXVeH^GMJKVgEWLWGKVginU·Q_LhGu<?LW°aQ_Ff@WJCSFlQ_VeNtGKVAijU�<nHMH^iXNOV9SFZb<�NrBD<j�¹LCF ��
��`<�SF*GCSF3N*<?>�NOLW>9SF*F}s`/�ijLWJxNPBD<n�}LWFfGu<?LW°
Q_F3@WJCSFlQ_VeNtGKVAijU � � yW>AF3UWijY¥ECJKF3Q_F¬JP<lUWv}Hty�o�Vps¶F=s_UWijY¥EWJMF3Q_F3EW>giXN*Hr�¸b<¥NtinUDHIF*JK£}F*J`@DijLWJ3<?GMGKF*VgUDQ_JMF � � F9U
q�inURNOGKVginU·Q_L ��
��`<#SF9GWSF3QdSF9GKF*JMYhVAU�SF=s`/�<?JdF*°XF*Yh@W>gF}yn@DinLWJ`LCU ��
��5VAU_q?SF*JMVAF*LCJfb< 2Xy\wj«_yWVA>Wqc<lLWGxHXSF*>gFlNOGMVAinUCUWF*J
>AF H`wE/]D`H`>AF H�@W>gLDH @CJKinER<?EW>gFlH5@DinLWJ�<*£}inVAJ`LCU�GP<lLW°�Q_F3EDinUCUWF¤@WJCSFlQ_V�NOGKVginU�Q_F�­ 4E9Zs
:[<hTDvnLCJKF��WsA§9«/YhijU_GMJKF¬>AF�JWSFlHILW>AGu<?G¬Q_F�NOF*GMGKF�HIGKJP<lGCSF*vjVAF�@DinLWJ¬>e<h@WJKijGCSF*VgUWF¡²j�}� '�ocNrqMsm@D<lJP<?vjJP<l@WBWFlH

w_s�w_s�«_s¶��F*G��Ws\«}�Ps�:DF�@WJMi?TD>dQ_FlH � 
�� oeTDvnLWJMF¥�CsA§9«n<¹�xYhijU_GMJKF¬>e<h£j<?JKV�<?GMVAinU#Q_F�NOF9GfVAUDQXVeNOF¬F*U_GMJKF�§jy 482hF*G
¨_y�­l¨Xs :[<¥TDvjLWJKF¬�WsA§9«?E¡Q_ijUWUWF�F*U·NPBD<n�}LWF H^VAGMF¤>gF�Ju<?UWvZ£dSF*JMVAGu<?EW>gF¤QXL�EW>giXN�QW<?UDHx>e<�@WJCSFlQXVeNOGMVAinUºsm­n­}y 6 9
Q_FlH�EW>giXN*H¯JCSF*F*>�H¤H^ijU_G�@D<lJKYhV`>gFlH�w	HIin>gLWGKVginUDH�>AFlH¤@C>ALDH�@WJKijED<?EC>AFlHts5¼7F*JKGu<?VAUCFlH W9inUWFlH�QXF�>e<�@CJKinGCSF*VAUCF
U�SFlNtFlHKHIVAGKF¸Q_F3NOijUDH^F*JM£}F*J5LCU/vjJP<lUDQ/UWijY¥ECJKF�/<D`HOyCNOinYZYhF`>AFlH`QXF*LW°�E�ijLDNO>gFlH5JKF*>gVe<lU_Gd>AFlHdQ_F*LW°¥q�F9LWVA>g>AF*GuH

§j§*w



2
4

6
8

10

(a)

2
4

6
8

12 (b)
1

2
3

4
5

(c)

•

••••••••

•

•

•

•••

•

•

•

•

•

•

•

•

•

•

•

•

••

•

•

••

•

•

•

•••

•

•

•

•

•

•

•

•

•

••

•

••••

•

•

•

••

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

••

•

•

•

•

•

•

•

•

•

•

•

•

•

•••

•

••

•

•

•

•

•

•

•••

•

•

•

•

•

•

•

•

•

•••••••

•

••••

•••

•

•

••

••••••••••

•

•••••••••

•

•

••

•

••••

•••••••

•••

••

••

••

•

••••••••••

•

•••••••

•

••

•

•••••••

•

•••••

•••

•••

•

•

••

••••••••••••••

•••

•••

•

•••••••••••••••••••••••

•

(d)

••••••••

•••

••

••

••

••

•

•

•

•••••••••••••••••

••

•••••••••••

•

•

••

•

•••

•••

••••

•••••••••••

••

••••••••

••

•••••

•••

••••••••••

••••

••

•

••

•••••••

•••

•••••

••••(e)

•••••••••

••

•••••••••

•

•

••

•

••••

••••••

••••

••

••

•

•••

•••••••••

•

••••••••••

•

•••

••

••

•

•••••

•••••••

••

••

•••••••••

•

•••

•••

•••••••

•

••••••••••••••••

•

•

••

�� ��� �� � � 	 � � � �� � � � ��� � ��� ) � �� � ���� # � �� &� �� �� � ��� � �� �� �� � �� � � &� �* % � ��$ % � � � �� �E � � �� ! ��E � � % � ��� � � % F �� �� �� � # �� �� � ��� $ %� � � �'

� � ! �� � � � ��� �

� % � �� � � �� � � �� �� ��� � � � % � ��� �� '

�� ! �� % � # �� �� � �� �� ��� �� � � ��� � ��
�

�� � + �
' �E � � �� �� � � � � &� � � �� � �E � � � �� �� '

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

�� � � � ��� �� � & % �� � �� � � �� � � �� � � % �� � � � � � � � � #'
��� �� � � �� � � %� � � �� � �� � �� � � � � ��� �� � � � ��� �� � & % �� � �� � � ��� � � �� � �� �� ��� � � � #� � � �� � �E ��� '

� � !

�� �� � � �� � �E ��� � �� %� �� � �� � ��� # � � �� � � �� �E � � % � �� %� �� �� ��� �� � � ��� � ��
�

�� � + �
' � � � � �� � �E � � � 	 	 . � � � #� ' � �'

�� ! � 
� �� � �� � ��� # � � �� %� ��
� 	 � -

� � � 	 	 . � � � #� 0

§j§O�



��o�@�i=H^VgGKVAijUDHx«n«·b<¤�12¹�uy�F9G`>e<¤>e<lJKvjF�EDijLDNO>AF�o�@�i=H^VgGKVAijUDHC6n«·b<¥¨A4¹��NOinUXGKF*UR<?UXG`LWUWF3@DF*GKVgGKF3B`SF*>gVeNOF +�s
:[<�TDvnLWJMF¤�CsA§*«jN�YhijU_GMJKF3>AF3UWijY¥ECJKF3Q_F¬EW>AiXN9H @WJMinGCSF*Ve�}LWFlHxQ_F*£j<?UXG�±F*GKJMF¤HXSF*>AF NOGKVginUWU�SF3@DinLCJf<*£}inVgJªLCU

GP<lLW°�vn>ginED<l>�Q_F¬@WJCSF Q_VeNOGMVAijU � � QXF¯­ n 9Zs :DF HªHXSF*JKVgFlH`Q_F¤@DijVAUXGPH`F*Uc0 Q_FlHKHIinLDH�Q5SFOTDUWV�HKHIF*U_G`>gFlH`H^VgGKFlH5i[bL¡>AF
EW>giXN¯JCSF*F*>�FlHIG3GKJKijLW£dSFh<lL	@WJMF*YhVgF*JªJu<?UWvCy�F*G3@D<?JMYhV�>AF HªJP<lUWv}H¬H_SF*>gFlNOGKVginUWU�SFlHOs�:DFhUWijY¥EWJMF¤Y�<l°_VgY�<?>1QXF
EW>giXN*H @CJKinGCSF*Ve�}LWFlH5F H^G�Q_F3�Ws�:DF¤GP<lLW°·Q_F3@WJCSF Q_VeNOGMVAijU�<lL�@WJMF*YhVgF*J7JP<?UCvhFlH^G�Q_F3�14Xyk­A9h�D@DinLWJ�� � O3­�n19hy
Q_F�§�b<h�hEC>AiXN*Hª@CJKinGCSF*Ve�}LWFlHx@D<?J3HIVAGMF�H^inUXG3HXSF*>AFlNtGKVAijUWU�SFlH3o 6Xy�§?­=y1w¹­�F*G¬­l«�H^VgGKFlHªJMFlH^@DFlNtGKVA£}F9YhFOUXGO�usW:DFlH
H^GMJKLDNtGKLWJMFlH�JCSF*@`SF*GMVAGKVg£}FlH�F*Gd>AFlH7EW>AiXN9H5@WJKiXNPBWFlH`Q_F¸NOFlH5QXF*JKUWVcbF*JKF H ocNrqMsnTDvnLCJKF¬w_sg§34¹�dHIinUXG`EWVAF9U�Q5SF*>gVAYhVgGXSF9FlHOs
¼7inYZYhF�<lGKGKF9UDQ_L�y�>AF HªEDinLDNO>gFlH¤HIinUXG3@W>ALDH3Q_V F�NtVA>AF9YhFOUXG`@WJCSFlQ_VeNtGKVAEC>AFlHtsmµ�U¡inEDHIF*JK£j<?UXG¤>gFlH3Q_F*LW°¡HXSF*JKVgFlH
Q_Fx@DinVAUXGPHty}VA>DFlH^G7UWF9G5�}LWFx>AFlH W*ijUWFlH�@Di}HMH_SFlQW<lU_GxQXFlH�EW>AiXN*H7EWVAF9U¥@WJCSFlQ_VgGPH�<lLh@WJKF9YhVAF*J1JP<lUWv�HIinUXG5>gFlH�@W>ALDH
<?V�HXSF*F H3b<¯@WJCSFlQ_VgJKF3<*£}FlNªLCU/UCinY�EWJKFfJMFlH^GMJKF*VgU_G�Q_F3EW>AiXN9HOs
¼7F9GKGKF�H^GMJP<lGWSF*vjVAF3<lYÀbF*UWF¬b<¤LWUZF*°WNjbFlH7Q_FªEC>AiXN*H7F*U�NPBD<n�}LWFx@�i=H^VgGKVAijU�s�¼7F9@�F9UDQW<?UXG*yXF*U�NOijU_GMJKF*@R<?JKGMVAFx>AF

GP<lLW°�Q_F3@WJCSFlQ_V�NOGKVginU�FlH^G`GMinLl»KijLWJPHx<nHMH^LWJCSF}s

��� ����� � ' 
 � ' %&�� � & �Q+ � � �I&
:[<·H^FlNtinUDQ_FZH^GMJP<lGWSF*vjVAF�Q_V�¢�bF9JKFZQ_F�>e<h@WJCSFlNmSFlQ_F9U_GMF��}LWV7@WJKF*UR<?VAG�LWU	UCinY�EWJKF�£j<?JMVe<lEW>AF�Q_F�EW>giXN*Hf@WJKi�0

GCSF9Ve�}LWFlHxH^LWJx>p;�F*UDH^F9Y¥EW>gFfQXF�>e<�@WJKijGWSF*VgUWF}yDF*U�LWGMVA>gVeHK<lU_GxLWUÀUWijY¥ECJKF¬NOinURH^GP<lU_G¸Q_F¤EW>giXN*HfHILWJfLWUWF¬@D<?JMGKVgF
Q_F¬>e<�@WJKijGWSF*VgUWF}s��ªVgUDH^VcyWLWU�Gu<?LW°¿Q_F3@WJCSFlQXVeNOGMVAinU � � FlH^Gfv=<?Ju<?UXGKV1@�ijLWJ�~¤EW>giXN*HfNPBWinV�H^VeHtsm:[<¯TDvjLWJKF¬�WsA§j§
YhijU_GMJKF3NPBD<n�}LWF3£j<?>gF*LWJxQ_F ��
��`F*G`@DinLWJ�LWU�UWinY�EWJKF¯~ £j<lJKVe<lU_GxQXFh§Zb<En_s /�inLWJ�N*<l>eNOLW>gF*J`NtFlH`NOinLCJKEDFlHOy
>AF H�H^VAGMFlH�NOijYh@WJKV�H�F*UXGKJMFÀ§hF*G�NPBD<n�}LWF�£j<?>gF*LWJ�Q_F ��
���inUXG�SF*GCSF·NOijUDH^F9JK£dSFlH¤F*G�>AFZGP<?LC° QXF/@CJWSFlQ_V�NOGKVginU
<nHMH^iXNOV9SF¬N*<?>�NOLW>9SF=sR¼7F9GhSF*GMLDQ_F3<#SF*GCSFfJCSF9@`SF*GCSF9FfQ_F9@WLWVeH3~[O¬§¤o�»KLDH^GMF�>gFf@WJMF*YhVAF9J�JP<lUWvWyW>gFf@W>ALRH�@WJMinED<lEW>AF¬Q_FlH
EW>giXN*Hr�º»KLDHK�}L�;�<?L?2¯@CJKF*YhVgF*JPH�Ju<?UWv=H VgUDNO>ALRHOs
/1inLWJdQ_ijUWUWF*J7LWU�F*°XF*Yh@W>gF}ylH^VW>c;¶ijUhQdSF H^VAJMFx<*£}inVAJd­,4 9�Q_FlH7H^VgGKFlH1>AF ��
��dQ_inVgGª±F*GKJMF`VAU_q?SF9JKVAF9LWJxb<f�Wy 6_sXµ�U

HXSF9>AFlNOGMVAijUWUD<?UXG7§focQ_F5Y¡±F9YhF�«XynwxF*G��X�mJu<?UWvCopHP�Pyn>gF5GP<lLW°¬Q_F5@CJWSFlQ_V�NOGKVginU¬<nHMH^iXNOV9SF`FlH^G�Q_Fd�12_y 6 9�opQ_FdY	±F*YhF
2nwXy¶� 9�­lwXyA§=9 F*G7­l¨Xy 2 9¥�usn®xF5>e<xY	±F*YhF1Y�<?UCVpbF*JMF�@DijLWJ�LWU�Gu<?LW° Q_F5@WJCSFlQ_V�NOGKVginU�QXinUWU�SFxQXF 684 9Zy*>AF � 
��
FlHIGfQ_FZ§ny�«86¥F*G n_y nE9 Q_F HªHIVAGKF HªHIF*JKijU_G�HXSF*>gFlNOGMVAinUCU`SFlH`<*£}FlNfLWUÀHIF*LW>1JP<lUWvW�mVg>eH5@D<jHKHIF*U_G�JKFlHI@�F NOGKVg£}F*Y¥F9U_G
b<�§jy 2¥F*G §n§ny n-9 @DijLWJ3>AFlHxQ_F*LW°·@WJKF9YhVAF*JuH�Ju<?UWv=HOy1«_y 2¥F*G3«A2_y\¨ 9$@DinLWJ�>AFlHªGMJKijVeHª@WJMF*YhVgF*JPHty_F*G9y��Cy 2¥F*G
282Xy¶� 9 @DinLWJx>AF H`�¹LD<lGKJMFlH5@WJKF9YhVAF*JuHOs
:[<ÀTDvnLWJMF��WsA§9«nQ FlHIG�LWU F9°_F*YZ@W>AFZQ_F·NOF*GMGKF·H^GMJP<?GCSF*vnVgF·<?@W@W>gVe�}L`SF*F#b<À>e<�@WJMinGCSF9VAUWF�²j�}� 'ly7>AFlH W9inUWFlH

@WJMVeH^F H5F*U·NOinYh@CGKFxJKF*@WJCSFlH^F9U_GMF*U_GdLWU�GP<lLW°·Q_F3@WJCSFlQXVeNOGMVAinU � � Q_F�­�n19hyWF*U·NOijUDH^F9JK£j<?UXGfw¤Ju<?UWv=HOs�:DF ��
��
NOijJKJKF H^@DinUDQC<?UXG`FlH^Gx<l>AinJuH�VgU_qjSF*JKVgF*LWJ�b<En_yg§n§js 2n«¤ijU_GaSF9GWSF�H_SF*>gFlNOGKVginUWU�SFlHOy}>AF H�@DinVgU_GuH�F*U·Q_FlHMH^ijLDH5YhinUXGKJMF*UXG

§j§Nn



>AF H��}¨3@�i=H^VgGKVAijUDH�i[bLh>gF`EW>AiXN`JCSF9F*>DH^FxGKJMinLW£}F`@R<?JKYZV_>gFlH�EW>AiXN*H7HXSF*>AFlNtGKVAijUWU�SFlHts¹:DFxGP<lLW°¤TDUD<l>[Q_Fª@CJWSFlQ_V�NOGKVginU
FlHIG�Q_F`­ ¨ 9 @�ijLWJ1�12_y�w 9 Q_F H�HIVAGKF H�Q_Fd>e<5@WJMinGCSF*VAUWFd@WJKV�HmF*U�NtinYh@WGMF}s*µ�U NOinYh@R<?JP<lU_G1<*£}FlN�>�< @WJCSFlN[SFlQXF*U_GMF
<?@C@WJKiXNPBWF}y1VA>7FlH^G¬NO>�<?VgJ¤�}LWF�@WJKF9UDQ_JKFaw/EW>giXN*H¤Q_F�Y�<lUWVcbF*JMF¤TD°XF¥FlHIG¤LWU#F*°WNjbFlHOs�®xFh>e<hY¡±F*YZF¤Y�<lUWVcbF*JMF
<*£}FlN�~ O �¥F9G � � O�­�n�9hy�nj«E9!Q_FlH`JCSF H^VeQXLDH`Q_F3>e<¤@WJMinGCSF*VAUWF¬HIinUXGx<?>AijJPH`LWGKVg>AV�H_SFlHts
:[<�TRvnLWJMF��CsA§9«?F3YhinUXGKJMF`>e<¤Y¡±F9YhF`HIGKJP<lGCSF*vjVAFf@DijLWJ � � O3­,4 9�F*G3~ O w¤JP<lUWv}HtsDµ½UZLWGKVg>AVeHM<?UXG5LWU ��
��

Y�<l°_VgY�<?>[Q_FD2_y\wj«_y�§9«n«hHIVAGMFlHOy[H^ijVAG�¨_§ 9 Q_FlHxH^VgGKFlHxQ_F¬>e<¥@WJMinGCSF*VAUWF3ijU_G¿SF9GWSF¬HXSF*>gFlNOGMVAinUCU`SFlH5F*G�¨[nhQXF�NOFlH
H^VgGKFlH5@Di=HKHtbF Q_F*UXGª>gFfEW>AiXNfJCSF*F*>�@D<lJKYhVºNOF*LW°ZNrBCinVeHIVeH`HIinVAG`LCU/Gu<?LW°·Q_F3@WJCSFlQ_V�NOGKVginU�Q_F�­j­}y\¨�9Zs
�xVAUDHIVpy1NOF*GMGKFZH^GKJu<?GCSF*vnVgF¥@DF*JMYhF*G¬Q_F�>AiXN*<l>AVeHIF*J¤>gFlH3H^VgGKFlH3>AFlHf@W>gLDH�@WJCSFlQ_V�NOVAGMVAEW>gFlHOy[NOF*@DF*UDQC<?UXG¤LWUWFZJKF 0

NPBWF*JPNPBWF¬@WJCSFl<l>e<lEW>AF�Q_ijVAG�±F9GKJKF�YZF*U`SF*F �¹LD<lUDQ¡<?L¡UWinY�EWJKFa~¥Q_F�JP<lUWv}H3�}LWV7Q_ijVAGh±F*GMJKF�HXSF9>AFlNOGMVAijUWU`SF}s /�<?J
F*°XF*Yh@W>gF}yO@DijLWJ5LWU�Gu<?LW°�QXF`@WJCSFlQXVeNOGMVAinU�QXF � � O3­,4 9hyj>e<ª@WJMin@DinJMGKVginU�Q_F H�HIVAGMFlH�HXSF9>AFlNOGMVAijUWU`SFlH1<?LWvjYhF*UXGKF
q�inJMGKF*YZF*U_G½< £}F NªLWUh@D<jHKHM<?vnF Q_FZ~5O�«�b<�w3JP<?UCv}HOs1o LCUWF3<?LCvnYhF*UXGP<lGKVginU�Q_F��}¨ 9��Ps\/1inLWJxQ_Fxq�LWGKLWJMF3<?@A0
@W>gVeN*<lGKVAijU�QXFhNOF H�HIGKJu<?GCSF9vnVAF HOy1NOinYZYhF¬QW<?UDH¬Q_FlH3Y�SF*GKBCiXQ_FlH��}³��e�W�A�c�e�ny�>AFZNrBWijVA°¿Q_L�UWijY¥EWJMF�Q_FZEW>AiXN*H
HXSF9>AFlNOGMVAijUWU`SFlH7@D<?J�H^VgGKF3@Di}H^F�LCU�NtF*JKGu<?VAU�@WJMinEW>cbF*YhF F <?LCvnYhF*UXGKF9J5>AF3UWijY¥ECJKF3Q_F¬JP<lUWv}HxNOinURH^F*JM£dSFZ~¤@DF*JQ0
YhF*G�LWUWFf@WJMVeHIFªF*UZNOijYh@WGKF�Qm;�LWUWFx@W>ALDH7vnJu<?UDQ_F�@D<?JMGKVAF�Q_FlHdH^VgGKFlHty¹Ya<?VeH7<lLDHKHIVmVAURQ_LWVAG7LWUCF3NOinY�EWVgUD<?GMinVAJMF
@W>gLDH`NOinYZ@W>AF*°XFx@�ijLWJxJKFlNOijUDH^GMJKLWVgJKF3LWU�YhiXQ[bF9>AFfYhij>9SFlNtLW>e<lVAJKF=s

'�(�� �����À2�� ����6����

:[</TRvnLWJMFh�Wsg§*w�JCSF N*<?@WVgGKLW>gF�>p;�F*UDH^F9Y¥EW>gF¬Q_L�@WJKiXNOF HKH^LRH�ED<*]dSFlH^VgF*U	YZVeHfF*U¡@W>e<jNOF}s1®f<?URH¤LWU�@WJMF*YhVAF9J
GKF9Yh@DHOyD>AF HfHXSFl�}LWF*URNOFlH`inUXG¡SF9GWSF�QXVAJKF NOGKF*YZF*U_GdLWGKVg>AV�H_SF*FlH`F*U#Q_inUCUD<?UXG3LWU	Gu<?LW°¿Q_F�@WJCSFlQ_VeNtGKVAijUÀ@W>ALRHf�¹LCF
NOijU_£}F*UR<?EW>gF�Q_F�w?�Cy¶� 9 @DinLCJh§32 SF9GP<?GuH�@Di}HMH^VgEW>AFlHts�:[<·Q5SFOTDUWVgGKVginU�Q_F H�qc<lYhVA>g>AFlH�H_SFl�}LWF*UXGKVgF*>A>gFlH�ot²·³O���l�
´ � �7��M�*�W�t�W�O�K�j�Py`@DF*JKYhF9G·b<	>e<�q�inV�H¥LWU v=<?VgU�vn>AijED<?>¸Q_F�@WJCSFlQ_V�NOGKVginU F9G¥LWUCF�BWijYhinv�SF*U`SF*V�HK<?GMVAijU�Q_FlH
GP<lLW°¡Q_F�@WJCSFlQ_V�NOGKVginUÀQXFlHªEW>giXN*HfF*U¡NOinURH^F*JM£n<lU_G3LWUCF�BWinYhijv�SF*U�SF*VAGCSF�H^GMJKLDNtGKLWJu<?>AF�QXFlHªEW>giXN*Hf@WJKijGWSF*V��¹LWF HOs
:1;\<lLWvnYZF*U_Gu<?GMVAinU·Q_L�Gu<?LW°�QXF¤@WJCSFlQ_VeNtGKVAijUhFlHIGxH^VAvjUWVkT�N*<?GMVkq½< £}F NªLWU�@D<nHMHK<lvnF�Q_F¬w?�Cy¶�¿b<¤�14Xyk­ 9hs
:[<¬H^LDN9NOFlHKHIVAijUhQm;�LWUWF�NOF*JMGP<?VgUWFxHXSF9JKVAFxQ[;\<nNtVeQ_FlH�<?YhVgU`SFlH�U�;�inEW>gVAvjF*U_G�@D<nH7LWUhHIF*LW>DGI]_@DFxQ_FxJKF9@W>AVgF*YhF*UXGPH

¦k§5682n©cynY�<?V�H�UWinGMJKF�<?@W@WJMiXNrBCFf@DF*JKYhF9G7Q_Fx£}inVAJd�}LWF�NOF*GKGMFxH^LDN9NOFlHKHIVAijUhVAUDQXLWVAG�LCU�NOF*JMGP<?VgU¥GI]X@DFfQ_FxJKF9@W>AVgF 0
YhF*UXG1�}LWV_@DF*LCGª±F*GKJMF5@D<lJKGMVeNOLW>gVcbF*JMF*Y�F*U_GDEWVgF*U�N*<lJP<nNtGWSF*JMVeHXSF=sn:[<�QXVeH^@Di=H^VAGMVAijU�@WJCSFOq?SF9JKF*UXGKVgF*>A>gF�Q_F H�EW>AiXN9H�JCSF*F9>eH
@D<lJKYhV7>AF H¸EC>AiXN*H3>AFlHf@W>gLDH�@WJMinED<lEW>AF H�</@DF*JKYZVeHª>c;KSF*>�<?EDinJu<?GKVginU�QXL�NOinURNOF*@WG�oO²��7��M�*�W�t�W�O��´ ��³O���l�r�j�
<*£}FlNf>p;�LWGKVg>AVeHM<?GMVAinUaQm;¶LWU�VgUDQ_VeNtF¤QXF¤NtinU_T[<lUDNOF¬>AF ��
��x�¹LWV1@DF*JKYZF*G`Q_F3EWVgF*U�>giXN*<?>gVeHIF*J`>AFlH W9inUWFlH`>AF H5@W>ALDH
@WJMinED<lEW>AFlHts
¼7F H5JKFlNPBWF*JuNrBWF H½ijU_Gx@DF*JKYZVeH�>e<¤YhV�H^F3<lL�@�ijVAUXGxQ_F¬Q_F*LW°aH^GKJu<?GCSF*vnVgFlH`Q_VeHIGKVgUDNOGKF H�@DinLWJ�JKFlNPBWF*JuNrBWF9J�>AFlH

§j§32



�� ��� ��� � � 	 
�� 
��� �� � ��� � � � � � % �� � � " �� �� �� �� �� � � ��� � �� ���� � � � ��(' � �� ��� �� � �� � ��� � � ��� � ��� � �� �� �� � ���� ��$ % �� '
��� "� � # �� � �� �� � ��� ��$ %�� � � � � � � � � � � ���

&� �� %� � �� � � � � � � �� � � "� � �� � ��� � �� � �� � � � �� �� � � % � � ��� ��� � �� � �� �� �� �� � � ��� � 0

§j§?­



W*ijUWFlH�F9G �*ijL�>AF�UWijY¥EWJMFhQXF¥EW>giXN*Hhb<·NOinURH^F*JM£}F*J3@�ijLWJ�<?EDijLWGKVgJ·b</LWU�Gu<?LW°#Q_F�@WJCSF Q_VeNOGMVAijU�Q_ijUWU�SF}s7:[<
@WJMF*YhVcbF9JKF�H^GKJu<?GCSF*vnVgF¤QXinUWUWF¬LWU�UCinY�EWJKFx£j<?JKV�<?EW>gF�Q_F3EW>giXN*H`F*U·NrBD<j�¹LCF�JCSFlH^V�Q_L·H^LWVg£j<?UXG`>AF ��
��`>AiXN*<l>pyW>e<
H^F NOinUDQXF¤<*£}FlNxLWU�UWinY�EWJKFxTD°_F¬Q_F3EW>giXN*H`Q_ijUWUWF¤LCU/Gu<?LW°·Q_F3@WJCSFlQ_V�NOGKVginUhv=<?JP<lU_GMV�@DijLWJªLCU/UCinY�EWJKF3QXF
W*ijUWFlH�@CJWSFlQ_VgGKF�>gVAYhVgGWSF*F}sm¼7F H¤Q_F*LC°¡H^GKJu<?GCSF*vnVgFlH¤Q_ijUWUWF*UXG¤GMinLl»KijLWJPH3LWU�UWijY¥ECJKF�GKJMin@!SF9>AF*£dSF�Q_FhEW>giXN*H�b<
NOijUDH^F*JM£}F*J*yDVA>1qc<?LDQ_Ju<h]�JKF9Y�SFlQ_VgF*JxQW<?URH¸LCUÀ@WJKiXNPBWF�q�LWGKLWJ9s�:1;¶LCGKVA>gVeHM<?GKVginU¿Q_F¥Y�SF*GKBWiXQXF�NO>�<nHKHIVe�}LWF¤GI]X@DF
JCSF H^Fl<lL�Q_FfUWF9LWJKijUWF¬<?JKGMVkT[NtVAF*>WF9G �*ijL·<?>AVgvnUWF9YhF*UXGPH7Q_F3HXSFl�¹LCF*UDNOF�<?LWJu<?VgG`H^LCJKF*YhF9U_GdQ_ijUWU`SF3Q_F H5JWSFlHILW>AGu<?GPH
�}LD<?UXGKVgGP<?GMVA£}F*YZF*U}G¬H^LW@�SF9JKVAF9LWJPHts X�inLWGMFOq�inV�HOy7NOFlH¤Y�SF*GKBWiXQXFlH¤HIinUXGhQ_F H¤GKFlNPBWUWV��¹LWF H¤�}LWV5UWF�@DF*JMYhF*GKGMF*UXG
F*U¿<?LDNOLCUÀN*<jHªQ_F NOinYZ@WJKF*URQ_JKFf>gFlH`GKF*UD<lU_GxF*G`>gFlHª<lEDinLWGMVeHKHM<?UXG3Q_F¬Y�<?UWVcbF*JKF�vn>AijED<?>gF}sD®·SF*£}F9>Ain@C@D<?UXGªLCU
UWijLW£}F*>[<?>g@WBD<?EDF*Gd>e<lJKvnF9YhF*UXG�@W>ALRH�NtinYh@W>gF*°XF`�}LWFª>gFlH7H^GMJKLDNOGMLWJKF H5H^F NOinUDQC<?VAJMFlH7NO>e<jHKHIVe�}LWFlHOy}Vg>m<lLWJP<lVAGZSF*GCSF
JKF9vnJKF9GKGP<lEW>AF¬Q_F¬UWF¤@R<nHxNOinYh@CJKF*UDQXJKF3>AFlH`HI@`SFlNOV�T[NOVgGWSFlH`Q_F¬NPBD<nNtLWUÀQ_F H EW>giXN*H`F*GfQXF¤@D<jHKH^F9JfQ_VgJKFlNtGKF*YhF9U_G
b<�LWU�<?@C@WJKF*UXGKV�HKHM<?vnF�GI]X@�F �?EDinVgGKF�UWinVgJKF��Xs �À<?VgU_GMF*UD<?UXG��}LWF�NtF*GKGMF¥@WJMF*YhVcbF*JKF SF*Gu<?@DF·< SF*GCSFZFO¢[FlNOGKL�SF*F}y
<*£}FlN5>AF�/�J9s ��<LW*ijLWG*y}UWijLDH5QdSF9£}F*>Aij@W@DinUDH�LWUWF�<?@C@WJKiXNPBWF�Q_FªGI]X@DFªJCSFlH^Fl<lL¥UCF*LWJKijUD<?>[<lJKGKV�T[NOVgF*>DQ_ijU_G7UWijLDH
<?GMGKF*URQ_inUDH`EDFl<?LRNOinLW@ºs

§j§36


