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®¯F�XZPDdkFHe�IYXZ�kV�IYF©IY�@F�G@SULN @iZF T°L�M�a�ilVNeUe�XbMRfmXbP@��XZPJ±
[JXZdmXZ[@_\V�ile" \VNeYFH[²LNP³FHe�IYXZTWV�IYF{[³[JFHP\eYXjIgf´MR_\P\aµ±
IUXbLkP\e¶MRLkS·F{VNa¡�¸XZP\[JXZdmXZ[@_\V�izKº¹©XZdNFHP¸ilV� �F iZibF{[
�@Xle�IYLN�kSUVNT�e»a¡�\VNSUVkaµIUF SUXbvHXbP@�+SYF{[� @iZLmLJ[¼a F iZiZe
½�¾ ��]heU¿BMRLkS=[JXbÀ�FHSYFHPkI^XbP\[@XbdmXl[J_\V�ileHn�IY�\F�ibF{V�SUP@XbP\�
G@SULN \ibFHTrXle�IYLy @_@XZiZ[�V�a�ilVNeUeYXjÁ\FHS}Â��@Xla¡��aHV�P$a iZVkeg±
eYXjMRf·P@F Â�_@P@ilV� �F iZiZFH[§�@XlegIULN�kSUVNTWe(XZPDIYL�P@LkSYT�V�i
VNP\[�XbSULNP´[JF Á7a�XZF PDI�a�ilVNeUeYFHeHK²�/�m_\e nhIU�@F-G@SULN J±
iZF T»XZe�eYXbTWXZiZVNS�IYL	a�LkPmdNF PDIUXbLkP\V�iJa�ilVNeUeYXjÁ7aHV�IUXbLkP$XZP
IU�\V�I¤IU�@F SUF=Xle¤ilV� �F iZibF{[ÃIYS¡V�XZP@XZP@��[@V�IUV@nx @_@I�[JXbÀ�FHS�±
FHPkI�XZP�IU�\V�I/IU�@FÃ_@P\[JFHSYiZfmXbP@�(TWFHVke�_@SUF TWFHPkI¡e/V�SUF
P@LNI=MRFHV�IY_@SUF�dNF{aµIULNS¡e� @_JI��@Xle�IYLN�kSUVNT�e�LNS=[JFHP\e�XbIgf
F{egIUXbT�V�IUFHeHKy®¯FW[JFHeUa�SUXb �F�V��NFHP@F S¡V�i}MRSUVNT(FHÂ^LkSYÄ
 \Vke�F{[�LkP�G@SULN 7V� @XZibXle�IYXla��@XZF S¡V�S¡a¡�@Xla VNikTWLJ[JF ileBMRLNS
TWLJ[JF iZiZXbP@�¶eY_\a¡�§[@V�I¡VÅV�P\[·XbiZiZ_\egIUSUV�IYF
�@L�ÂÆIY�@F
TWLJ[JF i�ibFHP\[@e	XbIUeYF ibM/IYL-a�ilVNeUeYXjÁ7aHV�IUXbLkP¤KW®�F�a LNPJ±
IUSUVkegI(IY�@Xle�V�G\G@SYLDVNa¡�¶Â�XbIY�·IgÂhL�LNIY�@FHSWVNijIUF SUP\V�±
IUXbdkFHeHÇ ½�È ¿©[JXZSYF{aµIYiZf;[JF Á\P@XZP@�"[JXZe�IUVNP\a�FW �F�IgÂhF FHP
[JFHP\eYXjIUXbF{e�_\eYXZP@��V�a�SULkeUeg±ÉF PDIYSULNGmf([JXZe�IUVNP\a�FyTWFHV�±
eY_@SUFNn�V�P7[ ½ sN¿�_\eYXbP@�ÊG\V�S¡V�TWF�IUF S¡e�L�MÃIU�@F;F{egIUXj±
T�V�IUFH[Ë[JF P\eYXbIYXZFHe/VNe�MRFHV�IY_@SUF�dkFHaµIULNS¡e�MRLkShV(egI¡V�PJ±
[@VNSU[Ì[JXleYa SYXZTWXbP7V�IYXZdNFÃa�ilVNeUeYXjÁ7aHV�IUXbLkP�MRS¡V�TWF ÂhLNSUÄoK
®¯F=F d�VNib_\V�IYF�VNibiNIY�@SUF F�T(F IY�@LJ[@e}LNP�V/SUFHVNij±ÉÂ^LkSYil[
[@V�IUV"eYF�I$a�LkP\eYXZe�IYXZP@�"L�M ÈHÍkÎ eY_@ J¢gF{aµI¡e K��/�@F��\Xj±
FHSUVNSUa¡�@Xla VNi7TWLJ[JFHibXZP@��V�P\[Ë[JF P7e�XbIgfD±É[JXle�IUV�P7a�F	V�GJ±
G@SULkVka¡�@FHe�V�SUF-TWLke�IÌVNaHa�_@S¡V�IUFNn�fmXZF il[JXbP\�·a�SULkeUe�±
d�V�iZXl[@V�IUFH[�FHSYSULNShS¡V�IYF{e�XZP�IU�@FÃSUVNP@�NFyL�M È IYL�skÏ�K
®¯F�a�LNP7a�iZ_\[JFh Df�[JXZeUa�_7eYeYXbP\��IU�@F/SYFHiZV�IYXZdNF�TWFHSYXbIUe
LNM7FHVka¡�(VNG@G@SULkVka¡�¤n�XbP7a�iZ_\[JXZP@�©IY�@F�XZPDIYF SUG@SUF�I¡V� @XZij±
XbIgfÅL�M�FHVka¡�¶TWLJ[JF i^MRSYLkTÐV;a�iZXZP@XZaHV�i/[JXlV��NP\Lke�IYXla
dmXZF Â�G�LNXZPkI{K
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p�P\F TWXZV\n�V
SUFH[J_7aµIYXZLNPÊXbPÊIY�@F"a�XZSUa _@ilV�IYXZP@�-SUFH[Êa�F iZi/T�VNeUe
IY�7V�I=T�Vxf�[JXZTWXbP\XZeY�(IY�@F�LxÞJfm�NFHPJ±Qa V�SUSUfDXZP@��aHV�G\Vka�XbIgf�L�M�IY�\F
 @iZLmLm[¤n¤XZe©LkP@F�LNM=IY�\F(TWLDegI�a�LkTWT(LkP-TWFH[JXla VNi�G@SULN @iZF T�eHK
ß@LkSË[JXlV��kP@Lke�IYXla"F d�VNib_\V�IYXZLNP´LNM	VNP@F TWXlV¶V�P7[§T(LkP@XbIYLNSUXZP@�
IY�\F�SUFHeYG7LkP\eYF�IYLËIY�\F S¡V�GmfNno @iZLmLm[�eYVNTWG@ibF{e�MRSULNTàG\V�IYXZF PDIUe
V�SUF�SULN_@IYXZP@F iZf�V�P\VNibfmv F{[WIYLW[JF IYF SUTWXbP\F�IU�@FydkLNiZ_@TWFyLNM¤IY�\F
SUFH[� \ibLmLJ[�a F iZiZe ½�¾ ��]heU¿BV�P7[	IY�\F/VNTWLN_@PDI�L�M7�\F TWLN�kibLk @XbP}n
IY�\F¯LxÞJfm�NFHPJ±zIYS¡V�P\eYG7LkS�IUXbP\��G@SYLNIYFHXbPrL�M�IU�@FÅSYF{[³a F iZi�K°OQP
IY�\XZe�a�LNPDIUF�ÞmI�XjI�Â^Lk_@iZ[� �F��@XZ�N�@iZf�a Lke�I�±ÉF�ÀoFHaµIUXbdkFWIYL
�\VxdkF
IY�\F¶V� @XZibXbIgf&IUL´G7FHS�MRLkSYT#V�_JIULNT�V�IUFH[ribL�Â/±Qa�LDegI
VNaHa�_@S¡V�IUF
[JXlV��kP@Lke�IYXla"eYa SYFHF P@XZP@�ÅL�M	 @iZLmLm[J±zSUF ilV�IUFH[�[JXZeYLNS¡[JFHSUe(_\eYXbP\�
¾ ��]áT(F{VNeY_@SUF TWF PDIUeHKá�-VNPDfrV�P@FHTWXZV�±zSUF ilV�IUFH[²[@XZeYFHVke�F{e
T�V�P@XbMRFHe�I�IU�@F T�eYF iZdNFHeWdmXlV¯MR_@P\[@VNTWF PDIUVNi�a¡�\V�P\�NFHeWXZP§IY�\F
_@P@XZd�V�SUXZV�IYFÃdNLkib_\T(F ½�â ¿�[JXle�IYSUXb @_@IYXZLNP"V�P\[ËIY�\F	_@P@XZdxVNSYXlV�IUF
�@FHT(Lk�NiZLN @XZP"a�LNP7a�F PDIUSUV�IYXZLNP ½�ã ]/¿hLNM ¾ ��]heHK
p�_@IYLNT�V�IYFH[·IUFHa¡�@P@Xl£D_@FHeW�7VxdNFÌ 7FHF P§SYF{a�FHPkIUibf·[JF dkF iZLNG�FH[
Â��@Xla¡��aHV�P§e�XZT$_\ijI¡V�P@FHLN_\eYibf�TWF{VNeY_@SYFÌ �L�IY�§dkLNiZ_@TWFÌVNP\[
�@FHT(Lk�NiZLN @XZP&a�LkP\a�FHPDIYS¡V�IYXZLNP´LNM ¾ ��]he�MRSULNTäVÊG\V�IUXbFHPkI{å e
 @iZLmLm[³eYVNTWG@ibFkKæßBiZL�Âáa�fDIYLkTWF�IYSUXla- @iZLmLm[²a�F iZi	a�Lk_@PDIYXZP@�
XZP\egIUSY_\T(FHPDIUe ½ ��FHa¡�@P\XZa LNP ãÃçmÈ n ã©ç s@n ã©ç�è\é �hVxfkF S�]^LNSUG7LN±
S¡V�IYXZLNP}n�®´�@XjIUF�ê=ilV�XZP\e n�ë�ìÃ¿�T�V�ÄkF�TWFHVke�_@SUF TWFHPkI¡eB_\e�XZP@�©V
ilVNeYF SBibXZ�N�DI�eYaHV�I�IUF SUXbP\�yeYfme�IYFHTrIYL©G@SYL�dmXl[JF=IU�@F/SYF{[�a�FHibimdkLNib±
_@TWF�[JXle�IYSUXb @_@IYXZLNP¤nD�@F TWLk�NiZLN @XZP(a LNP\a F PDIYS¡V�IUXbLkP¤nNVNP\[©¢gLNXZPDI
SUFH[Åa�FHibi=dkLNiZ_@TWF�V�P\[¯�@FHT(Lk�NiZLN @XZPÅa�LNP7a�F PDIUSUV�IYXZLNPÅ[JXZe�IYSUXb±
 @_JIUXbLkP\eHK��/�@F([\V�IUVËÂhF�Â�XZibi�[JF{eYa SYXZ �F�XZP-IU�@XZe©G\VNG7FHSÃÂhVke
�NFHP@F S¡V�IUFH[� mf·eY_\a¡�´V�T�VNa¡�@XZP@FkK³�^fDG\XZaHV�iZibf·XjI�I¡V�ÄkFHe�XZP
V� �LN_@I©í Î n ÎNÎNÎ  @ibLmLJ[-a F iZiZeÃV�P7[-G@SULJ[J_\a�F{eyVËG@iZL�IÃL�M� �L�IU�
IY�\F^_@P\Xbd�V�SUXlV�IYF^�@XlegIULN�NS¡V�TrL�M\IY�@F â [@XZe�IYSUXb \_JIYXZLNP(V�P\[	_\P@Xj±
d�V�SUXZV�IYF ã ]&[JXle�IYSUXb @_@IYXZLNP¤KhOQP-VN[@[@XjIUXbLkP¤n@XbI�G@SUL�dDXl[JF{e�VW @Xj±
d�V�SUXZV�IYFÃ�@XlegIULN�kSUVNT ½ LkP"V(�kSYXl[ÌL�M�V� �LN_JI È{ÎNÎ(î�È{ÎNÎ a�FHibile¡¿
L�M�IY�@F/¢gLkXbPDI â ± ã ]´[JXlegIUSYXZ @_JIUXbLkP¤K=ßBXb�k_@SUF È eY�@L�Â�e/V�IgÂ^LN±
[JXZTWF P\eYXbLkP\V�i©�@XlegIULN�kSUVNT¼LNM	IY�@F ¾ ��]�a�Lk_@PDIUeËXbP â ± ã ]
eYG\VNa F^MRLkS=V©�@FHVNijIU�Df�XbP7[JXbdmXl[J_\VNi ½ a LNPDIYSULNiï¿BV�P\[$MRLNS=VNP(XZSULNP
[JF Á7a�XZF PDI�G\V�IUXbFHPDIHK���ÞJXZe�IYXZP@�Ã[JXlV��NP\Lke�IYXla=IUFHa¡�@P@Xl£D_@FHe� 7VNeYFH[



LNP�eY_\a¡�WTWFHVNeY_@SUF TWF PDI¡e�V�SUFhilV�SU�NFHibf	iZXZT(XbIYF{[(IYL�eYXbTWG@iZF�dmXj±
eY_\V�i�F�Þ@VNT(XZP\V�IYXZLNP;LNM^eY_\a¡�;G@iZL�I¡eÃV�P\[¯V�G@G\SYLxÞJXZTWV�IYF�F{egIUXj±
T�V�IUFHe�LNM�V� @P@LkSYT�VNibXbIgf- \Vke�F{[ÅLNP¯IY�@FÌe�ÄkF Â�P@F{eYeÃLkS$eY�@XjMïI
L�MÃIU�@F-�@XlegIULN�kSUVNTðXZP´dxVNSYXZLN_7e�[JXZSYF{aµIYXZLNP7e�XbP§IU�@F; \Xbd�V�SUXb±
V�IUFÌeYG\Vka�FNKÊ®´�@XbiZFÌIY�@XleW�NFHP@F S¡V�i/V�G\G@SYLDVNa¡�¶Â�XZiZi�a V�G@IY_@SUF
IY�\LkeYF©G7V�IYXZF PDI¡e�Â��@LkeYF	[JXlegIUSYXZ @_JIUXbLkP\e�V�SUFÃdNF SUf�a�iZFHVNSYiZf�M�VNS
SUF TWL�dNF{[;MRSULNT+IY�\F�P@LNSUT�V�i^G\V�IYIYF SUP¤nBXjI(XZe$SYFHiZV�IYXZdNFHibf�XbPJ±
eYF P\eYXjIUXbdkFWIYL
TWLNSUF�e�_\ JIYiZF�a¡�\VNP@�NF{e	V�P\[¯Xle�V�ile�L"iZXbÄkF iZf-IUL
 �F^SUF ilV�IUXbdkF iZf©XZP\eYF P\eYXbIYXZdNF=IUL©[@XjÀoF SUF PDIYXlV�iJ[JXlV��kP@LkeYXle}V�TWLkP@�
[JXbÀ�FHSYFHPDI�[JXZeYFHVke�F{e K
OQPËIY�@Xle/G\V�G�F S�ÂhF©Â�XbiZioMRLJa�_\e/LkP�IU�@FÃG@SYLk @iZF TñL�MBibF{V�SUP@XZP@�
V�a iZVkeYeYXbÁ7a V�IYXZLNP�TWLJ[JF iDMRSULNTrIY�\Fh[@V�IUV�MRLNS�IY�@FhG@_@SUG�LkeYFHe�L�M
V�_@IYLNT�V�IYFH[�[@XZVN�NP@LDegIUXZa�eUa�SUF FHP@XbP\�
XbP¶V-a ibXZP@Xla VNi�F PmdmXZSYLkPJ±
TWF PDIHK�`mF{aµIYXZLNP�syÂ�XbiZi@[JXleYa _\eUe}IU�@F�iZFHV�SUP@XZP@�yVke�G�FHa�IUe�LNM\IY�\F
G@SULN @iZF TrXZP��NFHP@F S¡V�i�VNP\[	T�V�ÄkF=a�LNP\P@FHa�IYXZLNP\e}Â�XjIU��SYFHibFHd�V�PDI
G@SUXbLkS�ÂhLNSUÄ�KhOQP;`mF{aµIYXZLNP è Â^F�XZPDIYSULJ[J_\a�F�IY�@F�P@L�IUXbLkPÌLNM=V
G@SULN \VN @XZibXlegIUXZah�@XZF S¡V�S¡a¡�@Xla VNiDTWLJ[JFHiJMRLNS�IU�@Xle�G@SULN @iZF T"K��/�@XZe
Xle�VWG7L�ÂhF SYMR_@ioMRS¡V�TWF ÂhLNSUÄWMRLNS�TWLJ[JFHibXZP@��[@V�IUV�eYF�IUe�Â��@F SUF
IY�\F SUFÃVNSYF©T$_\ijIUXbG@iZF	iZF dNFHiZehLNM�d�V�SUXZV�IYXZLNPËXbPËIY�@F�[\V�IUV ½ �\F SUF
ÂhF;�\VxdkF-d�V�SUXZV�IYXZLNP&V�IËIY�@F¯XZP\[JXZdDXl[J_\VNi	e�_@ @¢gFHaµIÌibFHdNFHi©Vke
ÂhF iZi�Vke^V�I^IU�@F ¾ ��]·iZF dkF iï¿µK�®¯FyÂ�XZibi'eY�@L�Â§IY�7V�I/Â�XjIU��SUF ib±
V�IUXbdkF iZf$ilV�SU�NF�VNT(Lk_@PDIUe�L�M¤[@V�I¡V	V�I=IU�@F�iZL�ÂhFHe�I=ibFHdNF i7L�MoIY�\F
�@XZF S¡V�S¡a¡�mf ½ VNe/ÂhFy�7VxdNF©�@F SUFNnJÂ�XbIY�Ìí Î n ÎkÎNÎ$¾ ��]he/XZPËIgÂ^LN±
[JXZTWF P\eYXbLkP\e�G�F Sye�_@ @¢gFHaµIµ¿µn7IY�\V�I�IY�\F SUF�F�ÞJXlegI¡e�VWSUF ilV�IYXZdNFHibf
F�ò�a XbFHPkIBa�iZLkeYFH[yMRLNSUTrVNG@G@SULxÞJXbT�V�IUXbLkP�IUL/IY�@F�MR_@iZik�/VxfNF{e�XlV�P
eYLNiZ_JIYXZLNP¤K�OQP�`mFHa�IYXZLNP$íÃÂhF^Lk_JIYiZXZP@F/�@L�Â¶IU�@F���ÞJG7F{aµI¡V�IYXZLNP@±
�-V�ÞmXZTWXbv{V�IUXbLkP ½ ���;¿�V�iZ�NLkSYXbIY�@T¼XZe�_\eYFH[§IUL¶ibF{V�SUP´[JF PJ±
eYXjIUXbF{e�MRSULNT¼IY�@F� @XbP\P@FH[&VNP\[�IYSU_@P\aHV�IUFH[´[@V�IUV@Kó`JFHaµIUXbLkP
ô [@XZeUa�_\eUeYFHe�IgÂ^LÌV�ibIYF SUP\V�IYXZdNF�TWF�IU�@LJ[@eyMRLNSÃa�ilVNeUe�XbÁ7aHV�IYXZLNP}Ç
½gÈ ¿�V�[JXZe�IUVNP\a�F ±z 7VNeYFH[�V�G\G@SYLDVNa¡�¯IYL¯a�ilVNeUe�XbÁ7aHV�IYXZLNP� 7VNeYFH[
LNPWG\VNXbSUÂ�Xle�F�[JXZSUFHaµIUFH[W[JXZdNFHSY�kF P\a F� 7F IgÂ^FHF P(IgÂ^L�[@F P\eYXjIUXbF{e n
V�P7[ ½ sN¿©V
e�IUV�P7[@V�S¡[;[JXleUa�SUXbTWXZP\V�IUXbdkF�MRS¡V�TWFHÂ^LkSYÄ
_\eYXZP@�
V
a�ilVNeUeYXjÁ7aHV�IUXbLkP$IUSYFHFNKBOQP�`mFHa�IYXZLNP�tÃÂ^Fya�LNTWG\VNSYFhIU�@F�F TWG@XZSY±
Xla V�i'a iZVkeYeYXjÁ�a V�IUXbLkP�G7FHS�MRLkSYT�VNP\a�F ½ _\eYXbP\�(a SYLDeYe�±zd�VNibXl[@V�IUXbLkP7¿
L�M�IY�@FÃ�@XZF S¡V�S¡a¡�@Xla VNi�VNG@G@SULkVNa¡��Â�XjIU��IU�@F�V�MRLkSYF ±zTWF PDIUXbLkP@FH[
V�ibIYFHSYP7V�IYXZdNF{e Kõ`mFHa�IYXZLNPöu�a�LkPDIUV�XZP\eËVÊ[JXleYa _\eUe�XZLNP&LNM�IY�\F
TWF SUXjI¡eWL�MyIY�@F-[JXbÀoF SUF PDI�V�G@G\SYLDVNa¡�@F{e n�XZP\a�iZ_\[JXZP@�¶eY_@�N�kFHe�±
IYXZLNP7e=LNP��\L�Â·IU�@Xle�MRS¡V�TWF ÂhLNSUÄon�MRLJa�_\eYXbP\��XbP�G7V�SYIYXla�_@ilV�S=LkP
IY�\F	XbPDIYFHSYG\SYF IUV� \XbiZXjIgf�L�M}IU�@F	iZFHV�SUP@F{[�TWLJ[JF ileHK
OQP"IYFHSYT�e�L�M�SYFHiZV�IYF{["G@SYXZLNS�Â^LkSYÄ��;a{]hV�iZiZ_@T°F I©VNi ½gÈ qNq Í ¿
V�P7[ ã F{e�ÄkFHe ½gÈ qNq Í ¿'_\eYFH[$�@XZF S¡V�S¡a¡�@XZaHV�ikT(LJ[JFHiZe�IULyXZTWG@SYL�dkF
a�ilVNeUeYXjÁ7aHV�IUXbLkPÊV�P\[·SUF �NSUFHeUeYXbLkP�G7FHS�MRLkSYT�V�P7a�FNn� @_JI�XbP·IY�\F
TWLNSUF	egI¡V�P\[@VNSU[ËT�V�P@P\F S�L�MB_\eYXbP@�WMRF{V�IU_@SYFÃdkFHaµIULNS¡ehSUV�IY�@FHS
IY�7V�P³[@F P\eYXjIUXbF{e K ã XbFHSUVNSUa¡�\XZaHV�i�TWLJ[JFHiZe"V�SUF�VNiZeYLÊÂ�Xl[JFHibf
_\eYFH[·IY�\SYLk_@�N�@Lk_JI�V�G@G\ibXZFH[§e�IUV�IUXZe�IYXla e ½ FNK �\KZn/e�FHF;¹©F iZTWVNP
F�I©V�i ½�È qNq ô ¿�MRLNS�V��/VxfkFHeYXZVNPËG�F S¡e�G�FHa�IYXZdNFx¿µK ã L�Â^FHdNFHSHnmÂhF
V�SUF�P@LNI�VxÂ/V�SUF(LNM�V�Pmf¯G@_@ @iZXZeY�@F{[�Â^LkSYÄ�XbP¶IY�@FËTWVka¡�@XZP@F
iZFHV�SUP@XZP@�\nyG\V�IYIYFHSYP&SUFHa LN�kP@XjIUXbLkP¤n�LkSÌe�IUV�IYXlegIUXZaHeÌibXbIYFHSUV�IY_@SUF
LNP�_\eYXbP\�¯�\XbFHSUVNSUa¡�@Xla VNi^TWLJ[JFHiZe�eYG7F{a�XbÁ7a VNibiZf�MRLkS�a�ilVNeUe�XbMRfD±
XZP@�$[JFHP\e�XbIgf�MR_@P\aµIUXbLkP\e é XZP�IU�@XZe^a�LkPkIUF�ÞmIHnkIY�\Fya�LkPDIYSUXb @_@IYXZLNP
�@FHSYF©XZehP@L�dkF izK�OQPËIY�\FÃa LNPDIYF ÞmI^L�M�eYa SYFHF P@XZP@�$MRLNS/XbSULNPË[JF�Á@±

a�XZF P7a�f�_\eYXZP@� ¾ ��]he nN�;a ÷}VNSYFHP�VNP\[�a LNiZibF{V��k_@FHeBXZP(VÃeYF SUXbF{e
L�MBG\V�G�F S¡e ½ �-aH÷}VNSYFHP¤n@�hSYXbI�IUF P@�\VNT"n@ø ã VkeYeYF iZ @ilVN['n È q Í t é
�-aH÷}V�SUF P§F IËV�izKbn È qNq ÈNé �-aH÷}VNSYFHP¤n È qNqktk¿(�\VxdkF"[@F TWLNPJ±
e�IYS¡V�IYF{[ÅIY�7V�IWIY�@F"[JXlegIUSYXZ @_JIUXbLkPÊLNM ¾ ��]ædNLkib_\T(FÌa VNPÊ �F
VNaHa�_@S¡V�IUF iZf�TWLJ[JF iZFH[WVNe�VÃT(XbÞmIY_@SUF�L�MoiZLN��±ÉP@LkSYT�V�iJ[JFHP\eYXjIgf
MR_@P\a�IYXZLNP\eHK�OQPWIY�@Xle=G7V�G�F S�ÂhF�F�ÞmIUF P\[(IU�@XZe^ÂhLNSUÄ	IYL� \Xbd�V�SUXb±
V�IUF â ± ã ]ÆTWFHVke�_\SYFHT(FHPDIUeHnhF ÞJG@ibXla�XbIYiZf�T(LJ[JFHi�IU�@F�[@V�IUV�±
�NFHP@F S¡V�IUXbP\��G@SULJa�FHeUe�dDXlV©V��@XZF S¡V�S¡a¡�@Xla VNiNTWLJ[JF iznNV�P7[$FHdxVNib_@±
V�IUF=IU�@F^TWF IY�@LJ[JLkibLk�NfÃXbP$IYFHSYT�e�L�M7a iZVkeYeYXjÁ�a V�IUXbLkP�VNaHa�_@S¡VNa f
dmXZVWa SYLDeYe�±zd�VNibXl[@V�IUXbLkP¤K

ù ¥ûú�¥ Ù¯ü²ÒDÓ²ýÿþ$ý ¥ Õ§Ó³ÒkÓ�Ý
×´ý���Ù�Õ§Ò��¯Ô;Ò@ÖÊÓ Ö�� Ô�ü³ý�;Õ§Ö Û þ�ý ú

]^LNP7e�Xl[JF S�V´e�iZXb�k�DIYiZf³TWLNSUF��NFHP@F S¡V�i�[@FHeUa�SUXbGJIUXbLkPöL�MWIY�\F
G@SULN @iZF T°[JFHeUa�SUXb �FH[ÌV� �L�dNFkK�®¯F	�\VxdkF��+XbP7[JXbdmXl[J_\VNiZe�VNP\[
FHVka¡�öXbP7[JXbdmXl[J_\VNi� �F iZLNP@�De
IUL²LNP\FÊV�P\[�LNP@iZf³LkP@FÊLNM	�
�NSULN_\G\e n�

�
�����������������kKBß@LNSBFHVka¡�	XbP7[JXbdmXl[J_\VNi��¡n È�� � � ��n
XZP;IU_@SYP¯ÂhF(�7VxdNF(T(F{VNeY_@SUF TWF PDIUe©LkP�V"e�F I	L�M����! YibL�ÂhF SY±
iZF dNFHi@LN @¢gFHaµI¡e�"yMRSULNTóIY�\V�I�XbP7[JXbdmXl[J_\VNi ½ MRLkS�IY�@F ¾ ��]�G@SULN @±
iZF TÿIU�@FHeYFÅibL�ÂhF SY±ÉibFHdNF i©LN @¢gFHaµI¡e
V�SUF;IU�@F�XZP\[JXZdDXl[J_\VNi	SYF{[
 @iZLmLm[·a�FHibileU¿�K¶��Vka¡�¶L�M�IU�@FÌibL�ÂhF SY±ziZF dkF i=Lk J¢gFHa�IUe(Xle�XbIUeYF ibM
a¡�\VNSUVkaµIYFHSYXZv F{[� mfÌV(MRFHV�IU_@SUF�±ÉdNFHa�IYLkS ½ MRLNS�FHVNa¡�"G\V�IYXZF PDI�ÂhF
�\VxdkF�V-e�F I�LNMysx±Q[JXbTWFHP\e�XZLNP7V�i�a LN_@PDIUeHn�a�LkT(XZP@�"MRSULNT�IY�\F
IY�\F ¾ ��]he"V�P7V�iZfDvHFH[§ mf§IY�\F�T�VNa¡�\XbP@Fx¿µKñ�/�@XleËIgfDG�F¯L�M
T$_\ijIUXj±ÉibFHdNFHi=egIUSY_\a�IY_@SUFWXZeÃP\L�I�_@P@Xl£D_@F(IYL"IU�@F ¾ ��]ÚG@SULN @±
iZF T"nmIY�@FHSYF	VNSYF©Pm_@TWF SULN_\ehXZP\egI¡V�P\a FHehL�M�e�XZTWXbilV�S�eUa�FHP\V�SUXbLDe
Â��@Xla¡�³VNSYXle�F;XbP³TWVNPmf�G\SUVkaµIYXla VNi�iZFHVNSYP@XZP@��V�G@G@iZXla V�IUXbLkP\eHn
FNK �\KZnJXl[JF PDIYXbMRfmXbP\�(VNPËXZP\[JXZdmXZ[J_7V�i' \Vke�F{[�LNPËT$_@ibIYXZG@iZFÃM�VNa XZVNi
XZTWVN�NF{e é  \Vke�F{[yLkP	T$_@ibIYXZG@iZF�eYG7LkÄNF P	ÂhLNS¡[@e é  7VNeYFH[ÃLNPÃT�_@ij±
IYXZG@iZF�G\VkeYeUV��kFHeBL�M�IYF ÞDI^Â�SYXbI�IUF PW mf$IU�@F�XbP7[JXbdmXl[J_\VNi�nmV�P\[WeYL
MRLNSYIY�}K
�/�@XleyIgfDG�F(L�M^[@V�IUVËG@SUFHeYF PDIUe�IgÂ^LË�NFHP@F S¡V�iBG@SULN @iZF T�eyXbP¯V
iZFHV�SUP@XZP@�Wa�LNPDIUF�ÞmIHÇ

È K/®´�\V�IBXle�V�P(V�G@G@SULNG\SYXlV�IUF�a�ilVNeUe�XbÁ7aHV�IYXZLNP	G\SYLJa�F{[J_@SUF�LkS
TWLJ[JF iDMRLkS�VkeYeYXZ�NP@XZP@�yVyP@FHÂ¶XbP7[JXbdmXl[J_\VNi ½ [JFHeUa�SUXZ 7F{[$XZP
IUF SUTWeyL�M�IU�@F XZS ¾ ��]³TWF{VNeY_@SYFHTWF PDIUe¡¿hIYLËLNP@F$L�M�IY�\F�+a�ilVNeUe�F{e$#knNXzK FNKZnDÂ��7V�IheY�@Lk_@iZ[W �FyIY�@F©egIUSY_\a�IY_@SUF�LNM¤V
TWLJ[JF i^Â��@Xla¡��SYFHiZV�IYFHe©IU�@F�T�_@ijIUXbG\ibF ¾ ��]öTWFHVke�_\SYF ±
TWF PDI¡e/IYL(IY�\F�a�ilVNeUe/iZVN 7FHiZe%#

sJK ã VxdDXZP@�([JF�Á\P\FH[�IU�@F©�NF P\F S¡V�i7e�IYSU_\a�IY_@SUFNnD�@L�Â&a VNP�ÂhF
iZFHVNSYP"e�_7a¡�ÌV(TWLJ[JF i'MRSULNT°[@V�I¡V�#& P@F"e�XZTWG@iZFÌVNG@G@SULkVNa¡��Xle�IYL�SYF{[J_\a�FËIY�\FËT�_@ijIUXbG\ibF"TWFHV�±

eY_@SYFHTWF PDIUe�MRLNSÌFHVNa¡�´XZP\[JXZdmXZ[@_\V�iyIYL�V¶egI¡V�P\[\V�S¡[�MRFHV�IU_@SUF
dNF{aµIULNS�LNMBÁ\ÞmF{[
[JXZT(FHP\eYXbLkP\V�iZXjIgfkKhß\LNSyF�Þ@V�TWG@iZFNn7Â^F�a LN_@il[
IUVNÄNFÃIU�@F�TWFHVNP
L�MBIY�@F â V�P\[ ã ]&TWF{VNeY_@SYFHTWF PDIUe�Vka�SULkeUe
V�iZi	í Î n ÎkÎNÎ L�M�V�PrXbP\[@XbdmXl[J_\V�izå e ¾ ��]he ½ LkS
G7FHSY�\VNG\eÌIY�\F
d�V�SUXZVNP\a�Fkn\LkS� �L�IY�}n�LkSyeYLNTWF�LNIY�@FHSyeY_@TWTWVNSYf"e�IUV�IUXZe�IYXla e¡¿µK



Control #1
 Iron Deficient #1


ßBXb�k_@SUF È Ç��/ÂhL�±Q[JXZTWF P\eYXbLkP\V�i â ± ã ]r�@Xle�IYLN�kSUVNT�e�L�M�IU�@F�S¡VxÂö[@V�I¡V ¾ ��]ra LN_@PDIUe�MRLNSÃVÌ]^LkPDIYSULNi�eY_@ J¢gF{aµIÃV�P\[-VËe�_\ J¢gFHa�I
Â�XbIY�"OQSYLkPÌEyF�Á�a�XZF PDI�p�P@FHTWXZV\K

ã L�ÂhF dkF S{n�Â^F�[JLkP¤å I=ÄDP\L�ÂÊXZP(Vk[Jd�V�P\a FhÂ��\F�IY�\F S�IU�@FHeYF/MRFHV�±
IY_\SYF{e}Â�XZibiD �F^[JXleYa SYXZTWXbP7V�IYXZdNF�LNSBP@L�I�V�P\[	eYL�IU�@XZeBV�G\G@SYLDVNa¡�
�\Vke�e�LkT(FHÂ��\V�I�LNM�VNPÌVk[��@LJa�'7VxdkLNS^IYL�XbIHK
p·G7L�ÂhF SYMR_@iNXl[JF{V�XZP�IY�\XZeBa�LkPkIUF�ÞmI�Xle}IY�@FhP@L�IUXbLkP�L�M\V�(�)�*+)�,.-/103254 )768,�9�: / : 25;<2>=.032@?BA 9�C�) ; MRLkS�IY�@Fy[@V�I¡V@KBOÉI=XZe�G\V�SYIYXla�_@ilV�SUiZf
SUF iZF d�V�PDI�XbP�IY�\F�a�LNPDIUF�ÞmI�L�M�IY�@F ¾ ��]¶G@SYLk @iZF T"n�Â��@FHSYFhIY�\F
P\V�IY_@S¡V�i�T(LJ[JF$L�M=G@SUFHeYF PDIYXZP@��IU�@F�[\V�IUV�IYL�V�G\�DfJeYXZa XZVNP
XZe
XZP�IU�@F(MRLNSUTáL�M�V�¢gLNXZPDI	[@XZe�IYSUXb \_JIYXZLNP¤KWOQPÅL�IU�@F S	ÂhLNS¡[@e©XbI
Xle�IU�@F�ilV�P\�N_\VN�NF�LNM'¢gLNXZPkIÃ[JXlegIUSYXZ @_JIUXbLkP\e©Â��@XZa¡�-MRLNSUTWe�IY�\F
F�ÞJXlegIUXbP\�� \Vke�Xle$MRLNS�a¡�\V�S¡VNa�IYFHSYXZvHV�IYXZLNP�V�P\[�[JF{eYa SYXZGJIYXZLNPÊL�M
 @iZLmLm[J±zSUF ilV�IUFH[Å[JXle�F{VNeYFHe��kXbdkF P¯IY�\F â VNP\[ ã ]óTWFHVke�_\SYF ±
TWF PDIUeHK
÷¤F I�D � SUF G@SUFHeYF PDI�IU�@F�[@V�I¡V�MRLNS©IU�@FE�zIU�;XZP\[JXZdDXl[J_\VNi ½ XzK FkKbnDF�	Xle�V�eYF�I�L�M�VNG@G@SULxÞmXZT�V�IUF iZf¶í Î n ÎkÎNÎ  @Xbd�VNSYXlV�IUF â ± ã ]
TWFHVke�_@SUF TWFHPkI¡ehTWVk[JFÃLNPÌG\V�IUXbFHPDIG�¡å e/ @iZLDLJ[Ìa�FHibileU¿�K=�/�m_\e n
ÂhF�a VNP�IU�@XZP@ÄWL�MIH ½KJ ��LNMPO Q1��¿�VNe�IU�@F�G@SULN \VN @XZibXbIgf�[JFHP\eYXjIgf
MR_@P\a�IYXZLNPËMRLNShIY�\F�¢gLkXbPDI�d�V�SUXZV�IYXZLNP�LNM J VNP\[	L�MöÂ��@FHSYFRQ��
Xle�IY�\F$e�F I�L�M�G\VNSUVNT(F IYFHSUe/MRLkS�IY�\F�TWLm[@F iSHBKhOÉI�IU_@SYP7e�LN_@I
IY�7V�IHnm \Vke�F{[�LNPËG@SUXbLkS�ÄmP@L�Â�iZFH[J�kF�L�M'IU�@FyG\�DfJeYXZaHV�i�TWFHa¡�\V�±
P@Xle�T�e�LNM ¾ ��]¯�kF P@FHSUV�IYXZLNP�VNP\[�FHdNLkib_JIUXbLkP¤n�IU�@FhMR_@P\aµIUXbLkP\V�i
MRLNSUT L�MTH�a VNP; �FWÂ^FHibib±É[@F�IYFHSYTWXZP@FH[�VNe© �F XZP@�
V�TWXbÞDIU_@SUF
L�M�iZLN��±ÉP@LkSYT�V�i'[JFHP\eYXjIgf�MR_@P\aµIUXbLkP\e é Â^F	Â�XZiZi¤SYF IY_@SUPÌIYLWIU�@XZe
G�LNXZPkI(XbPÊ`JFHaµIUXbLkP¶í\K-�/�m_\eHn�VNeUe�_@TWXZP@�
IU�@F�MRLkSYT�L�MUH·XZe
ÄmP@L�Â�P¤n=XbIWSYFHTWVNXbP7e$IUL�F{egIUXbT�V�IYFËIY�@FÌG\V�S¡V�TWF IYF S¡eEQ � MRLkS
XZP\[JXZdDXl[J_\VNiV�¡Ky®�F(a V�P;_\e�F(egI¡V�P\[\V�S¡[
[JF P\eYXbIgfËF{egIUXbT�V�IUXbLkP
IYF{a¡�@P@Xl£D_@FHe ½ eY_\a¡�ÊVNe$����nBFNK �\KZn��-a ÷�VNa¡�@ilV�P�V�P7[XWÃSYXle��@±
P\VNP¤n È qkqDu�¿�MRLkS/IY�@Xle�[JF P7e�XbIgf�F{egIUXbT�V�IUXbLkPËG\SYLk @ibFHT"K
�/�m_\eHn�Â^Fha V�P�SYF{[J_\a F=IY�\F^G@SULN \ibFHTrLNM\iZFHV�SUP@XZP@��MRSULNTÚT�_@ij±

θ3

Observed data
on N individuals

Individual
parameters

Mixture model ("prior")
on the parameters

θ2θ1 θNθN-1θN-2

D2 D3 DN-2 DN-1 DN
D1

The discrete-valued
class variable

Membership
chosen with
probability pk

Parameters generated
from chosen
prior component

Data generated
according to
"parent"
parameter

ßBXb�k_@SUFWs@Ç�pæ�NS¡V�G@�@Xla VNi�TWLJ[JFHi ½ VNa fma ibXla([JXbSUFHa�IYF{[-�NS¡V�G\�7¿
MRLNS/IU�@F	�@XZF S¡V�S¡a¡�@Xla V�ioTWLJ[JF ioMRLkS ¾ ��]́ �kF P@FHSUV�IYXZLNP¤K

IYXZG@iZF	TWFHVNeY_@SUF TWF PDI¡e�IULWIY�\V�I�L�M�ibF{V�SUP@XbP\�$MRSULNTÆ[@F P\eYXjIUXbF{e n
eYXbP\a F�IY�\F�[JF P7e�XbIgf;MR_\P\aµIUXbLkP�XbP�G@SUXZP\a�XZG@iZF�VNaHa�_@S¡V�IUF iZf;[JF�±
eUa�SUXb �FHehV�iZioL�M¤IU�@FÃXbPJMRLkSYT�V�IYXZLNP�a LNPDIUVNXbP@F{[�XZP�IU�@FÃLNSUXb�kXbP\VNi
eUV�TWG@iZFFD � K�phI	IY�@Xle	G�LNXZPkI�XbI�XleÃP@L�I$a ibF{V�S	fNF I	Â��\V�I	ÂhF
�\VxdkFy�DV�XZP@FH['n@eYXZP\a�F	XbI�XZe�e�IYXZiZi¤P@L�I�Lk DdmXZLN_\e/�\L�Â&IYLWTWLJ[JF i
V�P7[;a�ilVNeUeYXjMRf
XZP\[JXZdmXZ[J_7V�ileÃ�NXZdNF P;IY�@FHXbS	[JFHP\eYXjIgf
MR_\P\aµIUXbLkP\e n
XzK FkKbnmÂhF©VNSYF©egIUXbiZioP@L�I/XbP�IY�@F©SUFHV�iZTõL�M}TWLkSYF�M�V�TWXbiZXlV�S/a�ilVNe�±
eYXjÁ7aHV�IUXbLkP$TWLJ[JF iZXbP\�\K}OQP�IY�\FhP\F�ÞmI�eYFHa�IYXZLNP�Â̂ FhLN_JIUibXZP@F/�@L�Â
IY�\Fy�@XZF S¡V�S¡a¡�@Xla VNi\TWLJ[JF iZXbP\��MRS¡V�TWF ÂhLNSUÄ�P7V�IY_\SUVNibiZf�V�P\[�FHij±
F �DV�PDIYiZf¶Â�XZibiyV�iZibL�Â°_\eWIYL�TWLJ[JFHi� 7LNIY�́ eYXbTWXZiZVNSYXbIYXZFHe�VNP\[
[JXbÀ�FHSYFHP\a�F{eWV�TWLNP@��XbP7[JXbdmXl[J_\VNiZe( \Vke�F{[¶LNPÊIY�@FHXbS�[JFHP\eYXjIgf
MR_@P\a�IYXZLNP\eHK
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]^LNP7e�Xl[JF S·IY�\F²MRLkibiZL�Â�XbP\�j ��kF P@FHSUV�IYXZdNF
"öTWLm[@F iÌMRLNS�SYF{[
 @iZLmLm[§a F iZi ½�¾ ��]/¿WG\SYLJ[J_\a�IYXZLNP�MRLNS�XbP\[@XbdmXl[J_\V�ile ½ VÅ�NF P@±
F S¡V�IUXbdkF�TWLm[@F ihXZe�V
TWLm[@F ihÂ��@XZa¡��XZPÊV-eYF P7e�F�aHV�Pk Y�NF P@±
F S¡V�IUF�"(LNS	 YeYXbT�_@iZV�IYF
"$IU�@F�Lk \e�FHSYdkFH[Ì[@V�I¡V@ÇhV�[JXZeUa�SUXZT(XZP\V�±
IYXZdNF	TWLJ[JFHi'MRLNS�F ÞJVNTWG@ibFÃXle�P@LNI�_\e�_7V�iZibf��kF P@FHSUV�IYXZdNFÃe�XZP\a F
XbIyT�Vxf�LkP@ibf"[JF{eYa SYXZ 7F�IY�@F$[@FHa�XleYXbLkP
 7Lk_@P\[@VNSYXZFHe� �F�IgÂhF FHP
a�ilVNeUeYFHe¡¿µK

È K�]^�@LmLDe�F�VNP�XbP7[JXbdmXl[J_\VNi^S¡V�P\[@LNTWibf;MRSYLkT IU�@F�L�dkF S¡V�iZi
G�LNG@_\iZV�IYXZLNP¤n\aHV�iZioIY�@Xle�XZP\[JXZdmXZ[J_7V�il�¡K

sJK�pyeYeYXb�kP�IU�@XZe/XZP\[JXZdmXZ[@_\V�il��IULWa iZVkeYeG��m�Â�XjIU�ËG\SYLk \V� @XZib±
XbIgfon+mDn È��qpc� � ½ MRLkShIY�@F ¾ ��]�G\SYLk @ibFHT¸ÂhFy�\VxdkF
IgÂhL�a�ilVNeUe�F{e nr�js&s@n�]^LNPDIUSYLkiZe/V�P7[�OQSULNP"E�F Á7a�XZF PDIµ¿µK

è K�]^�@LmLDe�F=G7V�S¡V�TWF�IUF S¡elQ1�JMRLNS�XbP7[JXbdmXl[J_\VNi���_\eYXbP@�yV�G@SUXbLkS
[JFHP\eYXjIgfËMR_@P\a�IYXZLNP]t8m ½ Q1�É¿�LNP
G7V�S¡V�TWF�IUF S¡e/MRLNS©a�ilVNeUe p
½ IY�m_\eHn�FHVNa¡�	a iZVkeYe}�\VNe�V�[JF P7e�XbIgf©MR_@P\aµIUXbLkPot m [JFHeUa�SUXb @±
XZP@�(IY�@F	d�VNSYXlV�IUXbLkPËXZPc6 / , /1A ) 0 )�, = MRLNS/IU�\V�I�a iZVkeYe¡¿µK

í\K�¹©FHP@F S¡V�IUF	LN \eYF SUd�V�IYXZLNP7e ½ [@V�IUVD¿TD � MRLNS�IY�@Xle�XZP\[JXZdmXZ[m±
_\VNi ½ P\V�TWFHibfknl� � T�_@ijIUXbd�VNSYXlV�IUF$TWFHVke�_@SUF TWFHPkI¡e noeY_\a¡�
Vke â ± ã ]àTWFHVke�_\SYFHT(FHPDIUeËLNP³IY�@FÅXZP\[JXZdDXl[J_\VNi�å eÌSYF{[
 @iZLmLJ[³a F iZiZe¡¿µn�a LNP\[JXbIYXZLNP\FH[³LNP³IY�@F�G\VNSUVNTWF�IYFHSUecQ � n
XzK FkKbn\Â^FÃ�\VxdkFÃVW[@V�IUV�±z�kF P@FHSUV�IYXZP@�$TWLJ[JF iun ½ D � O Q � ¿µK

ßBXb�k_@SUFÊs§e�_@TWT�V�SUXZv FHeÌIU�@F¶L�dkF S¡V�iZiyMRS¡V�TWFHÂ^LkSYÄ´�kSUVNG@�@Xb±
a VNibiZfNK�OQP�M�VNa�IHn=MRSULNT¼V�G\SYLk \V� @XZiZXZe�IYXlaÌdDXZF Â�G�LNXZPDIWIY�@XleWXZe
VWMRLkSYT�V�i}�NS¡V�G@�@Xla VNi'TWLm[@F i¤MRLkS�IY�\F$G@SULN @iZF T�V�P\["ÂhF�a VNP
SUFHVN[²L�ÀöIU�@FÅSYFHibFHdxVNPDI"a LNP\[JXbIYXZLNP7V�i	XZP\[JF G�F P7[JF P\a FÅSYFHiZV�±
IYXZLNP7e KBß@LNS�F�Þ@V�TWG@iZFNn{IU�@Fh[\V�IUV�e�F ISDF�JMRLkS�V�Pmf©XbP7[JXbdmXl[J_\VNi��
Xle�XZP\[JFHG7FHP\[JFHPkI�LNM\V�iZiDLNIY�@FHSB[\V�IUV©eYF�IUeBa�LkP\[JXbIYXZLNP@F{[�LkP�IY�\F
G\VNSUVNT(F IYFHSUelQ1�\Â��@XZa¡�$�NF P\F S¡V�IYF{[Ã[@V�I¡VUDF�gKB�/�@F��@XZF S¡V�S¡a¡�@Xb±
a VNi@TWLJ[JF i7XZe=£D_@XbIYF�G@iZVN_\eYXb @iZF�VNe�VÃ�NF P\F S¡V�IYXZdNF/TWFHa¡�7V�P@Xle�T
MRLNS�IY�@F ¾ ��]r[@V�I¡V@K ã LNTWLN�kF P@FHXjIgfËÂ�XjIU�@XZP;V�a iZVkeYe ½ ]^LNPJ±
IYSULNiDLNS�ë�LkSYT�VNil¿¤XZe�a VNGJIY_\SYF{[� mf©IY�@F/VNeUe�_\T(G@IYXZLNP�IU�\V�IBIY�\F6 / , /vA ) 0 )�, = L�M'IU�@FÃ[JF P\eYXbIgf�MR_\P\aµIUXbLkP\e=MRLkS^XZP\[JXZdmXZ[@_\V�ile� �F�±
iZLNP@�kXbP@�WIUL�IY�7V�Iya iZVkeYe ½ P\V�TWFHibfËIY�@F�Q � å eU¿�VNSYFÃIU�@F T�eYF iZdNF{e
G\VNSUVNT(F IYSUXbvHFH[" mf-VÌa�LNTWTWLNP�a�ilVNeUey[JFHP\eYXjIgfÌMR_@P\a�IYXZLNP¤K$OÉI
Xle	XbPÅIU�@Xle�G\VNSUVNT(F IYFHS�e�G\Vka�FWIU�\V�I$ÂhF�Â�XZibi^G7FHS�MRLkSYT�a�ilVNe�±
eYXjÁ7aHV�IUXbLkP¤Ç$XbM�IY�@FHSYF�XZe$SYFHiZV�IYXZdNF iZf;iZXbI�IYiZF�L�dkF SUiZVNG� �F�IgÂhF FHP
IY�\F�[JXbÀ�FHSYFHPkIWa�ilVNeUe�[JFHP\e�XbIYXZFHe$XbP�G7V�S¡V�TWF�IUF S$eYG\VNa FNn�IY�@FHP
VNaHa�_@S¡V�IUF©a iZVkeYeYXbÁ7a V�IYXZLNP"e��@Lk_@il[� �F	G7LDeYeYXZ @ibFkK
ßBXb�k_@SUF è XZibiZ_\e�IYS¡V�IUFHe
IU�@F��NF P\F S¡V�i$a LNP\a F GJI¯L�M��@L�Â ÂhF
TWLJ[JF i/d�V�SUXZVN @XZibXbIgf�XbP·G\V�S¡V�TWF IYF SWeYG\VNa FNK ã FHSYFÌÂhFË�\VxdkF
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ßBXb�k_@SUF è Ç=`Ja V�I�IYFHS�G@iZL�I�L�M�IY�@FÃFHe�IYXZT�V�IUFH[ÌTWFHV�PÌG\VNSUVNT(F ±
IYFHSUe¤MRLNSBXbP7[JXbdmXl[J_\VNiZe¤MRSYLkT³IU�@F�OQSULNP�EyF�Á�a�XZF PDI�VNP\[$]^LNPDIUSYLki
�NSULN_\G\e n�Â�XjIU�Ê¹ÃV�_\eUeYXZVNPw YG\V�S¡V�TWF IYF S	d�VNSYXlV�IUXbLkP¯TWLJ[JFHiZe$"
eY_@G7FHSYG�LkeYFH[¤K

Á@IYIYFH[§F{VNa¡��XbP7[JXbdmXl[J_\VNiyV�I�IU�@F ¾ ��]¸ibFHdNFHi�Â�XjIU�´V¯IgÂ^LN±
a�LkTWG7LkP@F PDI-TWXjÞmIU_@SYF¶[@F P\eYXjIgf²MR_@P\a�IYXZLNP ½ MR_@iZi�[@F�IUVNXbile
XZP
`mF{aµIYXZLNPÚím¿µK+ßBXZ�N_@SUF è XZe�V§eYaHV�I�IUF S-G\ibLNI-L�M(IY�@F¶iZLJa V�±
IYXZLNP²L�M�IU�@F;F{egIUXbT�V�IUFH[&IgÂ^LN±É[JXZTWF P\eYXZLNP\VNi â ± ã ]� \Xbd�V�SUXb±
V�IUF"T(F{V�P·MRLNS(IY�\FÌilV�SU�NFHS ½ XZP·G@SULN 7V� @XZibXbIgf�T�VNeUeU¿�LNM�IY�\F
IgÂhL$a�LkT(G�LNP\F PDIUe�XbP�IU�@F�Á\I�IYF{[�[JFHP\eYXjIgf�MR_@P\a�IYXZLNP�MRLkS�F{VNa¡�
XZP\[JXZdDXl[J_\VNi�K	�/�@F�]^LNPDIUSYLkiZeyV�P\["IU�@F(OQSYLkP;E�F Á7a�XZF PDIÃXbP7[JXj±
dmXZ[@_\V�ileÃV�SUF��kXbdkF P�[@XjÀoF SUF PDI�e�fmT� 7LkiZeHK�ß\_@S�IU�@F SUTWLNSUFNnoÂhF
�\VxdkF�Á\I�V-¹ÃV�_\eUeYXZVNP�TWLJ[JF i�IYL"IU�@F�G\VNSUVNT(F IYFHSUeÃLNMhF{VNa¡�
a�ilVNeUe ½ IY�\F(a L�dxVNSYXlV�P7a�F	F iZiZXbG\eYFHe©LNM�IY�@F{e�FWa�LkT(G�LNP\F PDIUe©V�SUF
eY�@L�Â�P7¿ é IY�@F{e�F�a LNSUSYF{e�G�LNP7[�IUL�IY�@FN �G@SUXbLkS$"([JFHP\e�XbIgfËMR_@P\aµ±
IYXZLNP7eGt+m ½ Qk¿hLNPËIY�\F	G\V�S¡V�TWF�IUF S¡e^MRLNS�a�ilVNeUeT��mmK^ :>x 4�ayd��RbË�Bb���d�`�d�4
gPazg|{}doe
�ñ�hgPiÌ�y�

�/�@XleWIgfmG7F"LNM©�@XZF S¡V�S¡a¡�@Xla VNihTWLJ[JFHi�e�F IY_@G§Xle�a�LkT(TWLkP·XZP
�/VxfNF{e�XlV�PÊe�IUV�IYXlegIUXZaHe K´OQP·IY�\F-�hVxfkFHeYXZVNP¶MRS¡V�TWF ÂhLNSUÄon�IY�\F
[JFHP\e�XbIYXZFHe~t+m ½ Qk¿/LkPÌG7V�S¡V�TWF�IUF S¡e�V�SUF ½ P\V�IU_@S¡V�iZibf@¿hSUF�MRF SUSUFH[
IYL�VNe�G@SYXZLNS¡eHKrOQP&M�VNaµIÌXbP³VÅMR_@iZi©�/VxfNF{e�XlV�P´VNP\V�iZfJe�Xle�ÂhF
ÂhLN_@il[¯G@_JI(VNP@L�IU�@F S	iZF dkF i^L�M/G@SYXZLNS¡e	XZPÅIY�@F�T(LJ[JFHi ½  ��mfD±
G�F SUG@SYXZLNS¡e$"k¿µn� @_JIWVNe�ÂhF�eY�\V�iZi^eYF F�IU�@Xle$Xle�P@LNI$P@F{a�FHeUeUV�SUf
MRLNS�Vka a _@SUV�IYFÃa�ilVNeUe�XbÁ7aHV�IYXZLNPÌL�M�IY�@F ¾ ��]²[@V�IUV@K
ß@LkS�LN_@S�G@SULN \ibFHTÌnke�XZP\a�F�ÂhF/�\VxdNFG�à[JXbÀ�FHSYFHPkI=a iZVkeYeYFHeHn�IY�\F �T�VNSY�kXbP\VNi7G\SYXZLNS%"�LkPËG\VNSUVNTWF�IYFHSUe^Xle�V$TWXbÞDIU_@SUF©TWLJ[JFHi'L�M
IY�\FÃMRLNSUTÌÇ t ½ Q�O �o¿�s ��m��V� n ½ � m ¿�t m ½ Q�O � m ¿ ½gÈ ¿

Â��@FHSYF�IU�@FIn ½ ��mN¿'V�SUF�IY�\F�G@SUXbLkS¤G@SULN \VN @XZibXbIYXZFHe'LkP	FHVka¡��a�ilVNeUe
½3� m n ½ ��m�¿�s È ¿µnJVNP\[(IY�@F�t+m ½ Q�O �8mN¿=VNSYF	 Ya�LkTWG7LkP@F PDI�G@SUXb±
LNS¡e$";LkPÊIU�@F"G\V�S¡V�TWF�IUF S¡e!Q¯XZP§V¯a iZVkeYe p V�P7[�Q¯�@F SUF"XZe



VËG\V�S¡V�TWF�IUF S 4 ) ?�0 91,µK�ß\LNSÃF�Þ@VNT(G\ibFkn¤XjMhÂ^F(�\VxdkF�_@P\Xbd�V�SUXb±
V�IUF	TWFHVNeY_@SUF TWF PDI¡e�V�I�IU�@F ¾ ��]²ibFHdNFHi¤Â��@Xla¡�ÌÂhF�Â�Xle��ÌIUL
TWLJ[JF iJ mf$V	¹ÃV�_7eYeYXZVNP([@F P\eYXjIgf�MR_@P\aµIUXbLkP(MRLNS�FHVka¡��XZP\[JXZdmXZ[m±
_\VNi�nkIY�@FHP�ÂhF�ÂhLN_@il[W�\VxdkF~Q�s�

�7���S�kKSt m Â^Lk_@il[(IY�@FHP� �F
V
 @XZd�V�SUXZV�IYF�[JFHP\eYXjIgf�MR_@P\a�IYXZLNP�LNPX�´VNP\[X�§SYFHG@SUFHeYF PDIYXZP@�
IY�\F$Â/Vxf	��V�P\[y�Åd�VNSYfËÂ�XjIU�@XbP�a�ilVNeUe p K�÷¤F I��;SYFHG@SUFHeYF PDI
IY�\F©L�dkF S¡V�iZi7eYF�I/G\V�S¡V�TWF IYF S¡e^Â��@XZa¡�Ì[JFHeUa�SUXZ 7FyIY�@F©G@SUXbLkS^LkPQ@nNVNP\[�ibF I��8my �F^IU�@F/G\V�S¡V�TWF IYF S¡e}MRLNS=a�LkTWG7LkP@F PDI p LNM\IY�\F
G@SUXbLkSHKB�/�@Xle�V�G@G�FHVNSUe}IYLÃ �F/£D_@XbIYF�V©SUFHVNeYLNP7V� @iZF^VNP\[�G\VNSUeYXb±
TWLNP@XZLN_7e�[JFHeUa�SUXbG@IYXZLNPWL�MoVÃ�NF P\F S¡V�IYXZdNFhTWFHa¡�\VNP@Xle�TöMRLkS�IY�\F
[@V�IUV@K	ß\LNS©F�Þ@V�TWG@iZFNnoXZP�ßBXb�k_@SUF è noÂhF�aHV�P�eYF F� 7LNIY�¯e�fJe�±
IYFHT�V�IYXlaËÂ�XjIU�@XbP@±$V�P\[Ê 7F IgÂ^FHF PJ±Qa�ilVNeUe�d�V�SUXlV� @XZibXbIgf¯MRLNS(IY�\F
TWFHVNP\e ½ IU�@FB��å e¡¿µK^ : ^ �^�R`cb	a
4�a � doe
�ñ�Bb�4
gPb

��`	bc`�����d���bÌ�q�k{Tb|g��û��`c���©����iiP`�d�`
¹©XZdNF P�V
eYF�I�LNM ¾ ��]óTWFHVke�_@SUF TWFHPkI¡e©MRSYLkT�� XZP\[JXZdDXl[J_J±
V�ileHn7[JFHP@L�IUFÃIY�@F$[\V�IUV� Df�DZs}

D|�
����������DF���kn@Â��\F SUF�DF�
Xle}IU�@F�e�F I�L�M\TWFHVke�_\SYFHT(FHPDIUeBLNP� @ibLmLJ[$a F iZiZeBMRLkSBIY�@FG�zIY��XbPJ±
[JXZdmXZ[J_7V�izn ÈE� � � ��K©]^LkP\[JXbIYXZLNP@F{["LNP"IY�\F$G\VNSUVNT(F IYFHSUeHn
V�P7[Å�NXZdNF PÅIU�@F��\XbFHSUVNSUa¡�@Xla VNi��NS¡V�G@�\XZaHV�i=TWLJ[JF i^L�M�ßBXZ�N_@SUF
sJnmIU�@F	iZXbÄkF iZXb�@LmLJ[ËL�MBIY�@F�[@V�IUVWa VNPË �F	Â�SUXjIYIYF P
Vke Ç

n ½ DNO Q��1����������Q1���%�o¿�s �����V� n ½ DF�$O Q1�É¿.� ½ sk¿

OÉM�ÂhF�[JLkP¤å IÌÄmP@L�ÂàIY�@F�G\V�S¡V�TWF IYF S¡ePQ � ½ VNeËÂ�XZibi© 7F�IY�\F
a Vke�F�XZP�G@S¡VNa�IYXla�F{¿�n�ÂhF��kF�I	IY�\F AP/ ,K( 2 * /v;�;<2�� ) ;�2�� 9
9�CÌVNe$V
MR_@P\a�IYXZLNP"L�MBIY�\F	G@SYXZLNS¡eT��Ç� ½ �o¿�sXn ½ DF��O �o¿�s�����n ½ D!�%O Q��z¿�t ½ Q��.O �o¿���Q�� ½�è ¿

¹©XZdNF PæIU�\V�I¶ÂhF´�\VxdNF�M�VNXbSUibfóiZVNSY�kF�Pm_@T� 7FHSUeÅLNMÌ \ibLmLJ[
a�FHibile(V�P\[¶VNSYF�Á@I�IUXbP@�¯V-SUF ilV�IUXbdkF iZf�G\VNSUeYXZT(LkP@XZLN_\e	 \Xbd�V�SUXb±
V�IUFyTWLJ[JFHi7IUL(IY�@FHXbS�[JXlegIUSYXZ @_JIUXbLkP¤nmXjI�eYF FHTWehSUFHVke�LkP\V� @iZF�IUL
VNeUeY_@TWF�IY�\V�I}IU�@F^XZPDIYFH�NS¡V�iNVN 7L�dkF=Â�XbiZiD 7F^G7F{V�ÄNF{[�V�SULN_\P\[��Q
Â��@FHSYFTQ	Xle�IY�\F�T�V�ÞJXbT�_@TõVÃG7LDegIUF SUXbLkSYX ½ �-p�êh¿�d�V�iZ_@F�SUF ib±
V�IUXbdkF�IUL�IU�@FWG@SYXZLNS�n ½ Q��%O ��¿�K ½ OÉMhÂ^F�MR_@SYIY�@FHS©VkeYeY_@TWF�IY�\V�I
IY�\XZe�G\SYXZLNSWXleWSYFHiZV�IYXZdNF iZf '7V�I�XbP�IY�\XZeWG\VNS�I�LNM©G\VNSUVNTWF�IYFHS
eYG\VNa FNnJIU�@F PÌIY�\F$�-p�ê´VNP\[ÌT�V�ÞJXbT�_@TÆiZXZÄNF iZXZ�@LmLm[Ëd�V�iZ_@FHe
Â�XZibi^ 7FËdNF SUf�a ibLDe�Fx¿µK"®¯F�Â�XbiZi^eYXZT(G\ibf�[JFHP@L�IUF�IY�@F�dxVNib_\F
V�SULN_\P\[�Â��\XZa¡�ËIY�@F	XZPDIYFH�NS¡V�ioXZe�G7F{V�ÄNF{[ËVkec�Q@K
ß@_\S�IU�@F SUTWLNSUFNn�VkeYeY_@TWFWIY�7V�I$Lk_@S�[@V�I¡V
V�SUF�iZVN 7FHibiZFH[¤n�XzK FkKbn
ÂhF�ÄDP\L�Â�Â��@Xla¡�	L�MmIU�@F��ña�ilVNeUeYFHe'F{VNa¡�ÃXbP7[JXbdmXl[J_\VNiN �F iZLNP@�De
IYL7K ½ �/�@F(�NFHP@F S¡V�iZXZvHV�IUXbLkP"IYLÌ_@P@ilV� �F iZibF{['n'LNS©G\VNS�IUXZVNibiZf"iZV�±
 �F iZFH[&[@V�IUVÅXle�e�IYS¡V�XZ�N�DI�MRLkSYÂ/V�S¡[�V�P\[§_\eYF�MR_\i�n� @_@IËXle�P@LNI
[JXleYa _\eUe�F{[-XZP;IU�@XZeÃG7V�G�F Sµ¿µK$�/�m_\eHn'Â^FWa VNP;MRLJa _\e©LNP;F{egIUXj±
T�V�IUXbP@�B�8mmn�IU�@F/G\V�S¡V�TWF�IUF S¡e�[@FHeUa�SUXb @XZP@�RQ©a LNP\[JXbIYXZLNP\FH[�LkP
TWF T� 7FHSUeY�@XZG�XZP�a iZVkeYe p K(ß@LNS	eYXbTWG@iZXla�XbIgf
L�M^P\L�IUV�IYXZLNP�ibF I

_\e�VkeYeY_@TWF ½ IUF TWG�LNS¡V�SUXbiZf@¿^IY�\V�I�Â^F	LkP@ibfË�\VxdNF�[\V�IUV�MRSULNT
a�ilVNeUe p n=V�P\[ÅIU�\V�IPDzsj
�D � ���������$D � �ËXle$IY�@F"[@V�I¡V
MRLkS
IY�\F p IY��a iZVkeYeÃLNMhXZP\[JXZdmXZ[J_7V�ile KÌ÷¤F�I �Q1�� �FWIY�\F�FHe�IYXZT�V�IYF{[
[JFHP\e�XbIgf�G\VNSUVNT(F IYFHSUe�MRLNShIY�\F��zIU��XZP\[JXZdDXl[J_\VNi'XbP�IY�@Xle�a�ilVNeUeHn
ÈB� � � �¶KB®¯F	�\VxdkFyIU�\V�I
V�SU��T�V�Þ¡1¢ n ½ � m O D�¿�s²V�SU��T�V�Þ¡1¢ n ½ D�O � m ¿£n ½ � m ¿s´VNSY��TWV�Þ¡1¢¥¤ �����V� n ½ D � O � m ¿�¦yn ½ � m ¿s´VNSY��TWV�Þ¡1¢¥¤ �����V� �r��§ n ½ D � O Q � ¿�t m ½ Q � O � m ¿���Q � ¦yn ½ � m ¿¨ VNSY��TWV�Þ¡ ¢ ¤ �����V� n ½ DF�%O �Q1�z¿�t+m ½ �Q1�%O �8m�¿ ¦ n ½ �8m�¿s´VNSY��TWV�Þ¡1¢¥¤ �����V� t+m ½ �Q��%O �+mk¿�¦yn ½ �8m�¿.� ½ ím¿

�/�@Xle�F{£k_7V�IYXZLNP�Xle(V-egI¡V�P\[\V�S¡[�iZXZÄNF iZXZ�@LmLm[ ½ _@P\[JFHS(V;a�LNP@±
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Xla V�i�XbPDIYFH�NS¡V�IUXbLkP·L�dkF S�FHVka¡�· \XbP&[J_\SYXZP@��FHVka¡�´��� egIUF G¤K
�/�@XleÃSYF{[J_\a FHeyIY�@F�Pm_@T� 7FHSÃL�M^XbIYFHSUV�IYXZLNP\e©LNM�IY�\FWMR_@ibi=�^�
V�iZ�NLkSYXbIY�\T°[JS¡VNe�IYXla VNibiZf�Â��@XZiZF�P@L�I©V�ÀoFHaµIUXbP\��IY�@F(VNaHa�_@S¡VNa f
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ßBXb�k_@SUF(í7Ç(]^LNPDIULN_@S	G@iZL�I¡eÃMRSULNTáF{egIUXbT�V�IUFH[Å[JFHP\e�XbIgf;F{egIUXj±
T�V�IUFHeBMRLNS�IU�@SUF FhIgfmG@XZaHV�i7]^LkPkIUSYLkimG\V�IUXbFHPkI¡e�V�P\[$IY�\SYFHF^IgfmGJ±
Xla V�i�OQSULNPÅEyF�Á7a XbFHPkI$p�P@F TWXlV"G\V�IUXbFHPDIUeHK��/�@FWibL�ÂhFHe�I ÈHÎ Ï
L�M�IY�@FÌG@SULN \VN @XbiZXbIgfÅa LNPDIYLk_@S¡e$V�SUF�G\ibLNI�IYF{[�IUL�FHT(G\�\VNeYXbvHF
IY�\F�e�fJe�IYF T�V�IYXla©[@XjÀoF SUF P\a F	 7F IgÂ^FHF PËIY�@FÃIgÂhLW�NSULN_@G7e K

L�M�IU�@FWe�Lkib_JIUXbLkP-VNe�IY�@F(a�LkPDdkF SU�NFHP\a�F�a SYXbIYFHSYXZLNP
Xley[@F�Á\P@F{[
 mf-IU�@F�MR_@iZi ½  @_JI�eYibL�Â�¿©VNib�kLNSUXjIU�@T"K�OÉI$Xle	�N_\VNSUVNPDIYF F{[
IUL
SUF�IY_\SYP
V(ibLJaHV�i'T�V�ÞJXZT$_@T°L�MBIY�@F	iZXbÄkF iZXb�\LDLJ[ËMR_@P\a�IYXZLNP"MRLkS
 @XZP@P@F{[¶V�P\[¯IUSY_\P\a V�IYFH[�[\V�IUV\K-�/�@F�G\SYLJa�F{eYe�XZe$SYFHG7F{V�IYF{[
ÈHÎ IYXZTWFHeWÂ�XbIY�´[JXbÀ�FHSYFHPDIWS¡V�P7[JLNTWiZf¶a¡�@LkeYF P�e�_@ 7eYVNT(G\ibF{e
IYL�VxdkLNXl[�G�LmLNS�iZLmaHV�i'T�V�ÞJXZT�V@K
ßBXb�k_@SUFyíWe��\L�Â�e�IU�@F	[JF P7e�XbIYXZFHehÂ��@Xla¡�ËÂhF SUFyÁ@I/IYL�IY�@FÃ�@Xleg±
IYLk�NS¡V�T [@V�I¡V; mf�V�G\G@ibfmXZP@�-IU�@Xle(�^�ÿTWXbÞDIU_@SUF�TWLJ[JF iZXbP\�
G@SULJa�FH[@_@SYF�IYL è XZP\[JXZdmXZ[@_\V�ile�MRSYLkT�F{VNa¡��a�ilVNeUe n�XZP¶IUF SUTWe
L�M�IY�@FÃiZL�Â^FHS ÈHÎ G7FHSUa F PDI�G@SYLk \V� \XbiZXjIgf�a LNPDIYLk_@S¡e�LNM}IY�\F	FHe�±
IYXZT�V�IUFH[�TWXjÞmIY_\SYF
[JFHP\e�XbIgf & P@F
aHV�P§e�FHFËIU�\V�I�IU�@F SUF
V�SUF
[JXbÀ�FHSYFHP\a�F{e� �F�IgÂhF F PÌIU�@F	IgÂhLWa iZVkeYeYFHeHn@VNe�Â^FHibi¤Vke�e�G�FHa XjÁ�a
Â�XbIY�@XZPJ±Qa�ilVNeUe/dxVNSYXlV�IUXbLkP¤KÀ ¥ þ^Ô�ý"Õ§Ó ¥ Ô�Òv·&ý

Ù¯þ ¥ �R�hÒ��WÒ@Ù ¥ Ô�ÒJÖÊÓ Ô�ý;ÙÅü³Ó³ÒrÁÊØ´ý��
®¯F�a�LkTWG\V�SUFH[ËIY�\SYFHF$£D_\V�iZXjI¡V�IUXbdkF iZfÌ[JXbÀoF SUF PDIyV�G\G@SYLDVNa¡�@F{e
IYL�a iZVkeYeYXjMRfmXZP@� ¾ ��]&[\V�IUV\ÇÂ �/�@F²�NF P\F S¡V�IYXZdNF��@XZF S¡V�S¡a¡�@Xla V�i�TWLJ[JFHibXZP@��V�G\G@SYLDVNa¡�

½ [JFHeUa�SUXb �FH[ÌF{V�SUibXZF Sµ¿µnÂ prP@LkPJ±zG7V�S¡V�TWF�IUSYXla�V�G\G@SYLDVNa¡�� \Vke�F{[�LkPË[JFHP\e�XbIgf�[JXleg±
I¡V�P\a F¯VNP\[&T�_@ijIUXZ[@XbTWF P7e�XZLNP\VNi	eYaHV�iZXbP@� ½ �;E©`@¿�n�[JF�±
eUa�SUXb �FH[ËXZP
`JFHaµIUXbLkP ô K È n@V�P7['nÂ EyXZeUa�SUXZT(XZP\V�IYXZdNF;a iZVkeYeYXjÁ�a V�IUXbLkP·_7e�XZP@��IU�@FÅ] ô K Î VNP\[
]hp ¾ � a�ilVNeUe�XbÁ7a V�IYXZLNPàIUSYFHF»V�iZ�NLkSYXbIY�\TWe ½ �y_@XZP@ilV�P¤n
È qNqDu é �^SUF XZT�V�PÌF�I�VNi ½gÈ q Í ím¿�¿�nm[@FHeUa�SUXb �FH[ÌXZP
`JFHaµIUXbLkP
ô K s@K

1−97 Controls, 98−180 Iron Deficient

1−
97

 C
on

tr
ol

s,
 9

8−
18

0 
Ir

on
 D

ef
ic

ie
nt

20 40 60 80 100 120 140 160 180

20

40

60

80

100

120

140

160

180

ßBXb�k_@SUF ô Ç}�-V�IUSYXbÞ�L�M8WÃ_@iZib \Vka¡ÄD±É÷}F XZ @ibFHSB[@XbdkF SU�NF P7a�F^eUa�LkSYF{e
MRLNS/IU�@FÃÁ@IYIYFH[ ¾ ��]²[JF P7e�XbIgf�TWLJ[JF ile KÃ :@_ iÌ��a;�¤4�doº¬iË4H�Id�`	a;<��f¸"�}4�a �¬Ä�Å �iÌ4µ9Ì�Rb � ��a;<$�f`cayi
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�VÇ
�/�@F�Xl[JF{VW�@F SUF	XZe�IYL�[JF Á\P@F�V�[@XZe�IUVNP\a�F	TWFHVke�_\SYF	[JXZSYF{aµIUibf
 �F�IgÂhF F PÊIY�@FÈC�)�* =%25032 ) = IY�\F T�e�FHibdkFHeHn�V�P7[�IYLÅa�LkTWG@ibF IYFHibf
VxdNLkXZ[³TWLJ[JF iZibXZP@�´G\VNSUVNTWF�IYFHSUe"XZPÚG\V�S¡V�TWF IYF SY±Qe�G\Vka�FkKáp
ÂhF iZij±ÉÄmP@L�Â�PË[JXle�IUV�P7a�F	TWFHVke�_@SUFÃ 7F IgÂ^FHF PËIgÂ^L�[JFHP\eYXjIUXbF{e�XZe
IY�\FÈWÃ_@ibiZ \Vka¡Äk±Q÷¤FHXb \ibFHS ½ W©±É÷B¿Ë[@XZe�IUVNP\a�FknÃ[@F�Á\P@F{[ÚVNeÌIY�\F
a�SULkeUe�±zFHPkIUSYLkGmf�É�n ½ Qk¿miZLN��Ê1Ë �$ÌÍ Ë �$Ì ��Q@K��/�@Xle�Xle�P@L�I�V-TWF�IUSYXla�n
 @_JIhXZehe�IYSUXZa�IYiZf�G�LkeYXjIUXbdkF�_@P\ibF{eYeIncsÏÎ©F dkF SUfmÂ��@F SUFNK�OÉIha VNP
 �F©T�Vk[JF©eYfmTWT(F IYSUXZa© mf�[JF Á\P@XZP@�(IY�@FBÐE-KÑqC 254 )�,3(�)�* ? )�Vke

E ½ nV��Î�¿�s È
s ° � n ½ Qk¿JibLk� n ½ Qk¿Î ½ QD¿ ��QRª � Î ½ QD¿mibLk� Î ½ Qk¿n ½ Qk¿ ��Q ²

½ tD¿
�/�@FFW©±É÷·[JXZdNF SU�NFHP\a�F�G@SUL�dDXl[JF{eyV�Â^FHibib±É[@F�Á\P@F{[-P@LNIYXZLNP�L�M
[JFHP\e�XbIgf�[JXlegI¡V�P\a FNK�ß@LkShV(e�_\ \e�F I^LNM¤IY�@F�]^LNPDIUSYLki7V�P7[�OQSULNP
EyF�Á7a XbFHPkI/XZP\[JXZdDXl[J_\VNiZe�MRLNS^Â��@LNTõÂhF��\VxdkF ¾ ��]�[@V�IUV@nDÂhF
Á@IYIYFH[Å[JFHP\eYXjIUXbF{eÃIYL"FHVka¡��Vke	[JFHeUa�SUXb �FH[�XZP�`JFHaµIUXbLkP�í
VNP\[
a VNiZa _@ilV�IYF{[�IY�@F�G\VNXbSUÂ�Xle�FPW©±Q÷´[JXbdkF SU�NFHP\a�FW �F�IgÂhF F PÅF{VNa¡�
G\VNXbS�L�M�XZP\[JXZdmXZ[J_7V�ile K¯�/�@F�SUFHeY_@ibIYXZP@��[JXle�IUV�P7a�F�T�V�IYSUXjÞÅXZe
eY�@L�Â�P$XZP(ßBXZ�N_@SUF ô KB�/�@F�e�FHG\V�S¡V�IUXbLkP�L�M7IY�@F/IgÂhLy�kSYLk_@G\e�XZe
dNFHSYf	a ibF{V�S�MRSYLkT³IU�@F/ @iZLma¡ÄD±Q[JXlV��NLkP\V�ikegIUSY_\a�IY_@SUF�LNM@IY�\FhT�V�±
IYSUXbÞ ½ [\V�SUÄNF S/G@XbÞJF ile�XZPËIU�@F�XZT�V��NF	a LNSUSYF{e�G�LNP\[�IYL�eYT�V�iZibFHSW©±Q÷¶d�V�iZ_@FHeHnoX�K FNKZnoIY�\F([JFHP\eYXjIUXbF{e©VNSYF�TWLNSUF�eYXbTWXZiZVNS¡¿�K©ß\_@S�±
IY�\F SUT(LkSYFkn@IU�@F SUF�VNG@G7F{V�S¡e/IYLË 7F(V�eYfme�IYFHT�V�IYXla�[JXbÀoF SUF P\a F
XZPËIU�@FÃIgÂhL(�kSYLk_@G\ehXZPËIU�\V�I/IU�@F�]^LNPDIYSULNile ½ IU�@F�_@G@G�F S�iZF�MïI
 @iZLJa¡ÄJ¿BXle�T�_\a¡�WT(LkSYF/�@LkTWLN�NFHP@F Lk_\e ½ XZP(IYFHSYT�e�LNMo[JFHP\eYXjIgf
[JXlegI¡V�P\a FHe¡¿yIY�\VNPÅIY�@F�OQSYLkPÅEyF�Á�a�XZF PDI$�NSULN_\G ½ ibL�ÂhF S�SUXZ�N�DI
 @iZLJa¡ÄJ¿©Â��\XZa¡�Å�\VkeÃ�NSUFHV�IUF SÃd�V�SUXZVN @XZibXbIgf-XZP�IUF SUT�e	L�M/G\V�XZSY±
Â�Xle�F	[JXlegI¡V�P\a FHe ½ X�K FNKZnJIU�@F SUFÃXZe��kSYF{V�IUF S/e�G@SUFHVk[ËVNTWLNP@�(IY�\F
[JFHP\e�XbIYXZFHe¡¿µK��/�@Xle�Xle�a LNP\eYXlegIUF PDI�Â�XjIU�;ßBXb�k_@SUF è Â��@F SUF	IY�\F
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ßBXb�k_@SUF$t@Ç�WÃ_@ibiZ \Vka¡Äk±Q÷¤FHXb \ibFHS�TWV�IYSUXjÞ"L�M�G\VNXbSUÂ�Xle�F�[JFHP\eYXjIgf
[JXlegI¡V�P\a F©eUa�LkSYF{e�FHT$ �FH[@[@FH[�XZP"V�IgÂhL�±Q[JXZT(FHP\eYXbLkP\V�i7dNFHa�IYLkS
eYG\VNa F�_\e�XZP@�"IU�@F��-EÃ`�IYF{a¡�@P@Xl£k_\F�Â�XjIU�ÅÁ@I�IUFH[¶¹ÃVN_\eYeYXlV�P
a�L�d�VNSYXlV�P\a FyFHibiZXZG\e�F{ehMRLNS�F{VNa¡�"a�ilVNeUe K

eYG@SYF{VN[�XbP ? 9 A 6�9v*+)�* 0�A ) / * = XZe/iZL�ÂhF S^MRLNSy]^LNPDIUSYLkiZe�IY�\VNP
MRLNS�OQSULNP"EyF�Á7a XbFHPkI�eY_@ J¢gF{aµI¡e K
�/�@F�W©±Q÷ÅT�V�IUSYXbÞËXle�_\eYF�MR_@i�MRLNS�F�ÞJG@iZLNS¡V�IYLkSYf�VNP\V�iZfJe�Xle/ @_JI
[JLmFHe/P\L�I�FHVke�XZiZf�ibFHP\[ÌXjI¡e�FHijMBIYL�a�ilVNeUeYXjÁ7aHV�IUXbLkP�XZPËIU�@F�e�IUV�P@±
[@VNSU[ËT�V�P@P@FHSHK���L�[JF�Á\P\FÃVWa iZVkeYeYXjÁ7F Sh_\e�XZP@�(IY�\XZe�[\V�IUV�ÂhF
_\eYF
T$_@ibIYXl[JXZTWF P\eYXbLkP\V�iyeYaHV�iZXbP@� ½ �-EÃ`@¿WIUL¶V�G@G@SULxÞJXbT�V�IYF
IY�\Fy[JXlegI¡V�P\a F�T�V�IUSYXbÞWXbP�V�dNFHa�IYLkS^eYG\VNa F ½ �hLNSU��V�P7[�¹©SYLmF ±
P@FHP¤n È qNqmu�¿�KB�-EÃ`�G@iZVka�F{e�F{VNa¡��XZP\[JXZdmXZ[J_7V�i ½ V$SYL�Â´LkSha LNib±
_@TWPÅMRSULNT IU�@F�T�V�IUSYXbÞ\¿©XbP�Vy�N±É[JXZTWF P\eYXZLNP\VNi=e�G\Vka�F�eY_\a¡�
IY�7V�I�IU�@F-G\VNXbSUÂ�Xle�F ½ T�V�IYSUXbÞ@¿�[JXZe�IUVNP\a�F{e� �F�IgÂhF FHP´G7LkXbPDIUe
V�SUF�G\SYF{e�FHSYdkFH[ÅVNe(a�iZLkeYF iZf�VNe�G7LDeYeYXb \ibFËXbPÊIY�@F"�=_\a ibXl[JF{V�P
dNF{aµIULNS�eYG\Vka�FNK¯�/VNeYFH[�LkPÊV�P\VNibfJeYXZe$L�M�IU�@F�Á@IWdNFHSUeY_\e�[JXj±
TWF P\eYXZLNP\VNibXbIgfNnoÂhF�[JF IYF SUTWXbP\FH[
IU�\V�I©IY�\F� �FHe�I	PD_\T$ �F S©L�M
[JXZTWF P\eYXbLkP\eyMRLNS	�-EÃ`
MRLkS©IY�@Xle	[@V�I¡V�Â/VNe	s@K$�/�@FWSYF{e�_\ijIY±
XZP@�y�-EÃ`D±Q[JF SUXZdNFH[�dNFHa�IYLkSBeYG\VNa FNn�eY�@L�Â�XbP\��IY�@FhXZP\[JXZdDXl[J_\VNiZe
G�LkeYXjIUXbLkP@FH[WIUL$SUF�'\F{aµI/VNeha�iZLkeYF iZf(Vke=G�LkeUe�XZ @iZF�IY�\F XZS�W	÷�[JXj±
dNFHSY�kF P\a FHeHnmXZe�eY�@L�Â�PÌXbP
ßBXb�k_@SUFÃt\K
®´XbIY�Ê�-EÃ`ÅVNe�VÌIYLmLNi�IYL-FHT$ �FH[ ¾ ��]»[JFHP\e�XbIYXZFHe$XbPDIUL-V
dNF{aµIULNS�e�G\Vka�F ½ Â�XbIY�WV�ÂhF iZim[@F�Á\P@F{[�P@LNIYXZLNP�L�M� U[JXZe�IUVNP\a�F
"k¿�n
ÂhF�IU�@F P�_\e�F/Vy¹ÃVN_\eUe�XlV�P�TWXbÞmIY_@SUF�±ÉTWLm[@F iJa�ilVNeUe�XbÁ\FHS�XZP�IU�@XZe
dNF{aµIULNSyeYG\Vka�F	IULËa�ilVNeUeYXjMRfËIY�@F� �G�LNXZPDIUe$" ½ SUF G@SUFHeYF PDIUXbP@��XbPJ±
[JXZdmXZ[J_7V�ileU¿hXZP�IU�@Xle�e�G7VNa�FkKÃ :>x iÌ4H�B<Eb�4���4�ay`�d$4µ9Ë�°<���`Ì�B�¤4�{�4{<�`�d�4
gPa
®¯F-V�ile�LÅa�LkP\e�Xl[JFHS�V¯e�IUVNP\[@VNSU[�[JXleYa SYXZTWXbP\V�IYXZdNF"a�ilVNeUe�XbÁ\FHS
IYL�a iZVkeYeYXbMRf	IY�@F/Á\ÞmF{[m±ÉibFHP@��IU�(G7V�S¡V�TWF�IUF S�dNF{aµIYLkSUeBLk JIUVNXbP@F{[
MRSULNTöIU�@F�[JF P7e�XbIgf�TWLJ[JF iZXbP\�©LNMo`mF{aµIUXbLkP�í7K�®¯F�a¡�@LkeYF/a�ilVNe�±
eYXjÁ7aHV�IUXbLkP
IYSUF F{eyVke�V�IgfmG@Xla VNi�TWF IY�@LJ[
MRLkS©[@XZeUa�SUXbTWXZP\V�IUXbdkF
a�ilVNeUeYXjÁ7aHV�IUXbLkP´_\e�XZP@�·IY�@F¶] ô K Î VNP\[³]hp ¾ � V�iZ�NLNSUXbIY�@T�eHK
�/�@F/[JFHa XZeYXZLNP	IUSYFHFhVNG@G@SULkVNa¡�	Xle}IY�@F/TWLke�IB[JXZSUFHaµI�V�G\G@SYLDVNa¡�

L�M}IY�@FyIY�@SUF F©TWF�IU�@LJ[@e^MRLNS�a�ilVNeUe�XbÁ7aHV�IYXZLNP�VNP\[��7VNe�IY�@F	VN[J±
d�V�PDIUVN�NF^L�M\ �F XZP@�©SYFHiZV�IYXZdNF iZfÃXbPDIUF SUG@SYF IUVN @ibF�MRSYLkT�V�a ibXZP@Xla V�i
dmXbFHÂ�G7LkXbPDI{K
®¯F(VNiZeYL�_\eYF�IU�@F�[JXleUa�SUXbTWXZP\V�IUXbdkF$V�G@G\SYLDVNa¡�"LNPÏ UVN[
�\Lma�"
MRFHV�IY_@SUFHe/F{egIUXbT�V�IYFH["[JXZSUFHaµIUibf�MRSYLkT¸IY�\F	�@XZe�IYLk�NS¡V�T"nJ�/�m_\e n
P@LWV�IYIYF TWGJI/Xle^T�Vk[JF�IUL�TWLJ[JFHi7IU�@FÃ[JF P\eYXbIgf�L�M¤IU�@F ¾ ��]he
 @_JIWXZP\egIUFHVk[¶V�P�XZP\[JXZdmXZ[J_7V�izå e��@XlegIULN�NS¡V�T�Xle�eY_@TWT�V�SUXbvHFH[
 mf�V©dNFHa�IYLkS�LNM7íÃe�XZTWG@ibFhMRF{V�IY_\SYF{e n�P\VNTWF iZfNn�IU�@F/_@P@XZdxVNSYXlV�IUF
TWFHVNPÅVNP\[�e�IUV�P7[@V�S¡[�[@F dmXZV�IYXZLNP¯MRLNS$FHVNa¡�ÅLNM â VNP\[ ã ]yn
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