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� NP[�[+*PJ^X`Fg[^S [^VGFWdP]gH��(�*J^[�� �Oa>FgNP[ ]g[i_��PQTF@HkjnekV eRJ^J^[^QZ[^]Me FI[�� [+*Kd*ekV _fXZH\V�Hkj FgNP[ UWVPX �Y\[^]M_I[ QZ[��hFgH;XTVGFg[^V*_IXTYR[ ]I[ _f[ ek]MJMN XZV FINP[:8 [^Q � Hkj�_B�Pd'[^]gVPH Y ek[@eR_me\_fFI]gH\dPNOaK_IXZJiekQK_faK_fFI[iS _ekV�� eR_mFgHGHRQZ_ j H\] J HG_fS H\QZH-/Ra-, � [ J^e-�*_f[WHkj�FIN*XZ_#.OH-�P] LGV*H � QT[��(/\[@H\j�FINP[ dPNOaK_fXoJ^e\Q*dP]gH\d �[^]IFIXZ[i_ Hkj*_��Pd [i]IV*H Y e\[nN*eR_�/R]I[ e FIQZa �K[^YR[^QZH\d'[�� �(�*]IXZV0/@FgNP[ QZeR_bF �K[iJie �K[�.kekQTFINPH��0/\N;S ekVOae\_Id [ JCFg_Wek]g[ _fFIXZQZQN�PV��K[i]We\J FIXZY\[;]g[i_I[ie\]gJMNN, � � �KXTFIXZH\V*e\QTQZa-.'e\_ FIN*[ ekS H-�*VRF@e\V���C�� ekQZX`FbaHkj'FINP[W_��Pd'[^]gVPH Y e �Pe FMe5XZV*J^]I[ e\_I[i_#. FINP[5_bF)���Ka H\j'd'HR_g_IX �PQZ[@_IaO_fFI[iS e FIXoJ [+F1[iJ Fg_ �'[iJ^H\S [i_ShHR]I[ e\V�� ShHR]I[ XZS d HR]fFMekVGF#, �WQZ_IH J ])�*J XoekQmXo_ FgNP[ XTVOYR[i_fFIX>/Re FgXTHRV�H\j H\FINP[i];dP]IHKJ^[i_g_f[ _FIN*e\V>e\JiJ [^QZ[^]Me FgXTHRV � NPXoJMN N*e Y\[ � [i[^V>_��0/�/\[i_fFI[�� FIH [+*KdPQoekXZV FIN*[5H �*_f[i]IYR[�� �KXZS VP[i_g_ Hkj
�KXZ_fFge\VGF _��Pd'[^]gVPH Y ek[�,

� N*XZ_ FgNP[i_IXo_ j HKJ+�*_I[i_ HRV>FgNP[�H �*_f[i]IY ekFIXZH\V*e\Q1eR_fd'[iJ Fg_ H\j _��Pd'[^]gVPH Y ek[-.KXZV�d*ek]IFIXoJ+�*QZe\]H\V FIN*[ CE�*ekVGFgX`FMe FIXZY\[@e\V*ekQZaK_fXo_mH\j'FgNP[^XZ] _fd'[iJ FI]Me0. � XTFIN FINP[ �0�*ekQ1ekXZS H\j7_fNP[�� �KXZV0/�QZX!/RNGFH\V�FgNP[ dPNOaK_fXoJ^_BHkj*FINP[ _f[ H �0Pb[iJCFM_ ekV���FI[i_fFIXZV0/ _fHRS [ H\j*FIN*[ d'HR_g_IX �PQZ[ _faK_fFI[^S ekFIXoJ [4F'[ JCFg_ekV�� dP]gH\d'HR_I[�� ekQTFI[^]gV*ekFIXZY\[i_ FgH eRJ^J^[^QZ[^]Me FIXZH\V�,
� N ekdKFg[^] p /\XZY\[ _ e �P]gXT[^jBXZVGFI]gH �0�*JCFgXTHRV H\j FgNP[�dP]gXTV J XZdPQT[ _ ekV�� S e FgNP[^S ekFIXoJ^ekQ7j H\] �S �PQoe FgXTHRV Hkj�FgNP[5_fFge\V��Pek] � S H��K[^Q1Hkj J^HR_IS H\QZH-/\a ekV�� FgNP[ � e aK_mXZV � NPXoJMN FgNP[Wd*e\]ge\S �[ FI[i]g_ Hkj FgNP[ ShH��K[iQ JiekV �'[ H �KFMekXZVP[�� , � N*ekdPFI[^] � j HKJ4�*_f[ _ HRV FIN*[ �*_I[ H\j FbaOd [ 
 e_B�Pd'[^]gVPH Y ek[ FgH _fHRQTYR[ j H\];FgNP[ J^HR_IS H\QZH-/\XoJ^e\Q d*ek]MekS [ Fg[^]M_4, � N*ekdPFI[^] r �K[i_gJ ]gX � [ _ FINP[H �*_I[^]gY e FIXZH\V ekQPe\_Id'[iJCFM_nekV��hFINP[W_Id'[iJCFg]IHG_IJ^H\dPXoJ��Pe FMe FI]g[iekFIS [^VGF XZV ]I[iQZekFIXZH\V � XTFIN QZH � �ekV�� NPX>/\N � ]g[��P_INPXTj F _��Pd'[^]gVPH Y ek[ �KXo_IJ^H Y\[i]I[�� XZV>JiekS d*ekX>/\V _mXTV � NPXZJMN 
 d ek]IFIXoJ XZd*e Fg[�� eR_e�Sh[iS �'[^]�H\j FgNP[�C�D*EH"4���?F�G�� I0F��LK F�'MF�5-7VN�SF1Q4"$%+� 8 �"� � ; , � N*ekdPFI[^] � d*]I[ _f[iVRFM_ FINP[d H � [^] Hkj _Id [ JCFg]IHG_IJ^H\dPXoJ �PekFge j HR] XZVOY\[ _bFgX!/Ge FIXZV0/ FgNP[ d*]IHRd [i]fFgXT[ _ H\jKFbaGd'[ 
 eW_��Pd [i]IV*H Y e\[ekV���FI[i_fFIXZV0/ d'HR_g_fX �PQZ[ _IaK_bFg[^S e FgXZJ [+F1[iJ Fg_ XZV�FgNP[^XZ]
�*_I[ eR_ �KXZ_fFge\V*J [ XZV��KXoJ^e FgH\]M_4, EOd'[iJ XoekQe FfFg[^VGFIXZH\V>XZ_�/\XZY\[iV FIH FINP[ ]I[ _B�*Q`FM_nHkj VP[ � QZa �K[+8*V*[��>_Id'[iJCFg]ge\Q*S [ieR_B�*]I[iSh[iVGFg_ 8 V*e\Sh[��

;��	� = ; ekdPd*QTXZ[�� FgH�FINP[ _fd'[iJ FI]Me�Hkj QTH � �We\V�� NPX>/\N�� ]g[��P_INPXTj F _B�*d [i]IVPH Y e\[hXZVGFI]gH��(�*J [��
� N*ekdKFg[^] r , �BXZV*ekQZQTa�. � N*e\dKFI[i] � d*]IH YOX �K[i_ e _B�PS S ek]ga H\j FIN*[ dP]IH �PQZ[^S _ e � �K]g[i_g_I[��ekV�� ]I[ _B�*Q`FM_ j H-�PV��N,
�*H-�P] d ekd'[^]M_ ek]g[5XZV*J Q>���K[�� XTV FIN*XZ_ FgNP[i_IXo_4.KQoe��'[^QZ[�� e\_ � � �
	 , 9 %'? " �A� dP]g[i_I[^VGFM_FINP[ �PekFge>FI]g[ie FgS [^VGF S [^FINPH�� �K[i_gJ ]gX �'[���XTV � N*e\dKFI[i] r , �@d ek]IF5j ]gH\S FgNP[ ]I[��(�*JCFgXTHRVHkjmFIN*[ _Id [ JCFI]Me0.'S a S ekXZV�J HRVGFI]gX �0�PFIXZH\V�FIH>FINPXo_ � HR]IL XZ_WXTV FINP[ �K[^YR[^QZH\dPS [iVRF5Hkj FINP[Sh[^FINPH��P_ FgH J^ek]g[ j��*QTQZa [i_fFIXZS e Fg[ �*V*J [i]fFMekXZVRFgXT[ _ ekV�� NPHG_bF � /GekQoe�*Ka&?H�(* J^H\VGFge\ShXZV*ekFIXZH\VQT[iY\[^Qo_#, 
 FIHOHRL-JMN*ek])/\[ H\j � ]gX`FgXTV0/ S HR_fF Hkj@FgNP[ FI[+*OF ekV�� J HOHR] �KXZV*ekFIXZV0/ FgNP[ � N*H\QZ[

� HR]IL , 9 %;? " �O�d� dP]g[i_I[^VGFg_ FgNP[ ekV*e\QTaK_IXZ_ H\j FgNP[ VP[ � QTa �K[+8*V*[�� �	��S [ie\_��P]g[^S [^VGFM_ekdPdPQZXZ[�� FgH e�Qoek])/\[ _f[^F H\jWVP[ ek] �Ga-_��Pd'[^]gVPH Y ek[�.ne\_ �K[i_gJ ]gX � [�� XZV � N*e\dKFI[i] � , � N*[Sh[ e\_��P]g[^S [^VGF �P[+8*VPXTFIXZH\V�.PekdPdPQZXoJ^e FgXTHRV e\V��>_�� �*_I[#CE�P[iVRF ekV ekQZaO_IXo_nXo_ S a J HRVRFg]IX �0�KFgXTHRVFIH FgNPXZ_5d*e\d [i]#.'e\_ � [^QZQ eR_ FIN*[ � ]gX`FgXTV0/>Hkj FINP[ FI[4*GFO, 9 %'? " � �d�d� _fN*H � _ FINP[ �K[ FMekXZQT[��_fd'[iJ FI]MekQ e\V*ekQZaK_fXo_ Hkj FIN*[�d [ J+�PQZXoek] FbaOd'[ 
 e _B�*d [i]IVPH Y e�
�����	�	�	��� .OH � _f[i]IYR[�� �Ga>FINP[
� � � , 
 FIHOHRL d ek]IF5XZV FIN*[ ]g[��(�*J FIXZH\V H\jnFIN*[h_Id [ JCFg]ge e\V�� XZV FgNP[ �PXZ_gJ+�*_g_IXTHRV*_WQZ[ie �KXZV0/FIH FIN*[�ekV*e\QTaK_IXZ_ d*]I[ _f[iVRFg[�� XTV FgNP[ d*e\d [i]#, 9 %'? " � �
	 dP]g[i_I[^VGFM_ FINP[ _fF����Ka H\j � rNPX!/RN�� C�� ekQZX`Fba _fd'[iJ FI]Me;j ]gH\S � p NPX!/RN�� ]I[��P_fN*X`j FnFbaOd'[ 
 e _B�Pd'[^]gVPH Y ek[WH �*_I[^]gY\[�� � X`FgN FINP[
	 "+��7 � ���65E" = "+'!"+�4%TFSEH"+, 
 d*e\]fFgXZJ^XTd*ekFI[��-XZV FgNP[�H �*_I[^]gY e FIXZH\V ekV�� ]I[��(�*JCFgXTHRV H\j@FINP[_fd'[iJ FI]Me0.1ekV���XZV FIN*[ ekV ekQZaO_IXo_@HkjmFgNP[ ]g[i_��PQTFg_#. XZV d*e\]fFgXZJ4�PQoek]O.PFIN*[ J HRS d*ek]gXZ_IH\V�H\j �	�Sh[ e\_��P]g[^S [^VGFg_ � XTFIN(FINPHG_f[hHkj V*[iek] �Oa _B�Pd'[^]gVPH Y ek[�.7ekV�� FINP[ � ]gX`FgXTV0/ Hkj FINP[ ]g[^Qoe Fg[��
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_I[iJ FIXZH\VN,
KWFIN*[^]�d*ekd'[^]M_ XTV � N*XZJMN 
 � eR_>XZVOY\HRQTYR[�� ek]g[ /RXTYR[^V eR_>]g[ j [i]I[iV*J [ 8 _I[^[ E   �" �

� " , %' " � 9 %'? " ��/*; , �PHR]5_IH\S [�H\jBFgNP[^S�. 
 J HRVGFI]gX �0�PFI[�� FgH FIN*[ �KXo_IJ4�*_g_fXZH\V*_@NP[^Q � �OaFgNP[ e��KFgNPH\]M_ �(�P]gXTVH/(FgNP[ dP]g[^d*e\]gekFIXZH\V dP]IHKJ^[i_g_ 8 9 %'? " ��/ 	�� � ekV�� �<; , 
 V HkFIN*[^]Jie\_I[i_#. 
 ekQo_fH>FIHOH\L�d*e\]fF XTV�FINP[ H �*_f[i]IY ekFIXZH\V*_5ekV�� �Pe FMe ]g[��(�*J FIXZH\V 8 9 %;? " �</ ��� # �
� e\V��  ; , 9 %'? " � � Xo_;e J H\VGFg]IX �0�KFgXTHRV FIH FIN*[ dP]gHKJ [i[��KXZV0/R_ H\jnFINP[ 3 H\]gLK_fNPHRd H\V
C?D*E0"4���?FHG ��" ��������D9��� NP[^Q � XZV lme\]IXo_#.7XTV � e a pkqRq �0. ekV�� J^e\V � [ J^H\V*_IX �P[^]g[�� e\_;edP]g[^QZXZShXZV*e\]Ia YR[^]M_fXZH\V Hkj 9 %'? " �V�*� ,
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� H��K[^]gV(J^HR_IShHRQTH�/\a XZ_ �*eR_f[�� H\V��nXZV*_fFI[^XZV�� _ /\[^V*[^]MekQ7FgNP[^HR]Ia H\j ]g[^Qoe FIXZYOX`Fba�, 
 V�H\] �K[i]FIH _IH\QZY\[ FgNP[@j��*V��PekS [iVRFMekQ'[#CE�*ekFIXZH\V*_mH\jN/\[iVP[^]MekQP]g[^Qoe FgXTYOXTFba 8 \� �0��� "+� ��� � "Tj�DH��� �^F��H� ; .KeShH��K[iQ1N*e\_ FIH �'[ /RXTYR[^V j HR] FgNP[ S e FfFg[^] �KXo_bFg]IX �0�KFgXTHRV>XZV FgNP[;U@VPXZY\[i]g_I[-, � NP[;_fXZS dPQZ[i_fFHkj;_B�*JMN S H��K[^Qo_ � e\_ XZVGFI]gH��(�*J [�� �Ga �P]gXT[��KS ekVPV e\V��  7[^S e�� �`Fg]I[ e\V�� XZ_ FgN*e F Hkj;eNPH\S H-/R[^VP[iH-�*_ ekV��>XZ_IHkFg]IHRdPXoJ ?H�*X � , � N*XZ_ S [ie\V*_ FIN*ekF#.OYOXT[ � [�� H\V _IJiekQZ[i_ QZe\]�/R[^] FIN*e\VFINP[ QZHKJ^e\Q J HRV*J [iVGFI]Me FIXZH\V _ Hkj S e FfFg[^]O. FgNP[ UWVPXZY\[^]M_I[ dP]I[ _f[iVGFg_�e\V [^Y\[iV �K[^V*_IXTFba e\V��QTHOH\LK_ FgNP[>_gekS [ XTV-e\QTQ �KXT]g[iJ FIXZH\V*_#,��@[iJ [iVGF�H �*_I[^]gY e FIXZH\V _ N*e Y\[ J HRV(8*]gS [��(FIN*ekF;FINP[QZe\]�/R[�� _IJiekQZ[ �KXo_bFg]IX �0�KFgXTHRV H\j S e FIFI[^] XZV FINP[�UWVPXTYR[^]M_f[ Xo_ NPX!/RNPQZa XZ_IHkFg]IHRdPXoJ�, @H � .KXTj � [
�*e\_I[5H��P]M_f[iQTYR[i_ H\V FgNP[ I+FSEH"+��� � %$���	E ��� ��%4� E�'!"4.PFgNP[ j e\J F FgNP[ � [ H �*_f[i]IYR[5e\V>Xo_fH\FI]gH\dPXoJU@VPXZY\[i]g_I[ _fN*H-�PQ � VPHkF �'[>e d'[iJ4�PQTXoek]gXTFba�Hkj H-�*]�H �*_I[^]gYOXTVH/ QZHKJ^ekFIXZH\V 8 FgNPXZ_ XZ_ �*_B� ekQZQTaJ^ekQZQZ[�� FIN*[ %TF �LK	F�'MF)5�� %$��'2E ��� ��%4� E�'!" ; , � NPXo_>XZS dPQZXT[ _ FgN*e F FINP[�UWVPXZY\[^]M_I[�_fN*H-�PQ � � [XZ_IHkFg]IHRdPXZJ e��'H-�PFme\VOa�d HRXTVGF � [ � H��PQ � JMNPHOHR_I[ FIH H �*_I[^]gY\[ j ]gH\S�, A H\S H-/R[^VP[iX`Fba�Xo_BFIN9�*_e5J^H\V*_I[#CE�P[iV*J [ HkjPFgNPXZ_B]g[ieR_fHRVPXTVH/ ��Xo_fH\FI]gH\dOa e � H��KF ShHR]I[ FIN*e\V HRVP[ d'H\XZVGFBXZS dPQZXT[ _BFIN*ekFFINP[ �K[iV*_IX`Fba>_INPH��PQ �	�'[;[^YR[^V XTV FIN*[;[^VGFIXZ]I[;UWVPXTYR[^]M_f[�,

� N*[ /\[iH\S [ Fg]Ia�H\j7ekV XZ_IHkFg]IHRdPXoJ e\V�� NPHRShH�/\[iVP[^H��*_ U@VPXZY\[i]g_I[ XZ_ /\]g[ie FgQTa _fXZS dPQTX!8*[��
�(�P[ FIH(FINP[ _IaOS Sh[^FI]gXT[ _hXTVGFI]gH��(�*J^[�� , 
 Fg_hS e FIN*[^S e FgXZJiekQ j H\]gS �*QZekFIXZH\V XZV-Fg[^]gS _ HkjJ H\S H YOXZV0/ _IdPNP[i]IXoJ^e\Q1J^HOH\] �KXTV e FI[ _��E.�� e\V�� � .*e\V�� J^HR_IS H\QZH-/\XoJ^e\QPFgXTS ["!nQZ[ie �P_ FIH FINP[j H\QZQTH � XZV0/hSh[^FI]gXZJ �

#%$'& 3 # ! & 5)( & 8 ! ;+* # � &
� 5-,%� &/. � &'# � & . � & _fXZV & � # � &10-2 8 p , � ;

� NP[^]g[ � [5_I[ F FgNP[5_Id'[^[�� Hkj7QZX!/RNRF43 3��We\V��5( 8 ! ; Xo_mFIN*[WFgXTS [����K[id [iV��K[^VGF _IJiekQZ[ j e\J FIHR]
� NPXZJMN J HRVGYR[^]IFg_ J HRShH YOXZV0/ �KXo_fFgekV J [i_ XZVGFIHhdPNOaO_IXoJ^ekQ �KXo_bFMekV*J^[i_#, � NP[ J^H\V*_fFge\VGF J4�P]IY e��F��P]g[5Xo_/\XZY\[iV �Oa FINP[ d*e\]ge\Sh[^FI[i]4, � NPXZJMN Fge\L\[ _nFgNP[ Y e\Q!�*[i_ . �-. q .KHR]�5 � �K[^d'[^V��KXTVH/

�
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HRV � N*[ FIN*[^] FgNP[�U@V*XTYR[^]M_f[�Xo_>J QZHR_I[��N.J? ekF#. H\]>H\d'[^VN. ]g[i_Id [ JCFIXZY\[iQTa�, � NPXo_ Xo_ J^e\QTQZ[��FgNP[ � FeB$"+���6��F��������' 2�"+� S [ Fg]IXoJ 8 H\] 	 ��S [ FI]gXoJ�.Bj H\]h_fNPHR]fF ; , � NP[>_IH\Q>�KFgXTHRV Hkj<�nXZV��_fFI[iXTV�� _ [#CE�*e FgXTHRV*_ j H\] eWd [i]fj [ JCFmJ HG_fS H\QZH-/RXZJiekQ�? �PX � �K[i_gJ ]gX � [�� �Oa5FgNP[&	 � S [ Fg]IXoJ /RXTYR[i_]gXZ_I[;FgH FIN*[AC��������-������� F#��"+'5Hkj J HG_fS HRQTH�/\a-.'ekQo_fH J^ekQZQZ[���FgNP[ �*]IXZ[��PS e\VPV �  7[^S e�� �`Fg]I[ �
� H � [i]fFM_fHRV � 3 ekQZL\[i] S H��K[iQ 8 ��� 	 � ; ,

�nXZV*_fFI[iXTV�� _ [#CE�*ekFIXZH\V*_ J^e\V �'[ YGXZ[ � [�� e\_ e ]I[idP]I[ _f[iVGFge FgXTHRV Hkj S ekFfFg[^]@ekV�� [^V*[^])/\aeR_ FINP[�_IH-�*]gJ^[i_ Hkjn_Id*e\J^[�� FIXZS [ J4�P]gY ekF��P]g[-, � a>XZVRFg]IH��(� J XZV0/ FINP[ 	 � S [ FI]gXoJ;ekV�� J^H\V��_IX �P[^]gXTV0/ FgNP[WU@V*XTYR[^]M_f[ FIH �'[We d'[^]Ij [iJCFO.RN*H\S H-/R[^VP[iH-�*_ ?H�PX � Hkj1[^V*[^])/\a �K[iV*_IX`Fba 0 .RH\VP[H �KFge\XTV*_ FINP[ [#CE�*e FgXTHRV*_ FgN*e F �K[ Fg[^]gShXZVP[;FgNP[ �PaGV ekS XZJi_ Hkj FgNP[ J^HR_IShXoJ1?H�*X � .'X , [�, FgNP[[iY\H\Q>�KFgXTHRV H\j FINP[h_IJiekQZ[;d*ek]MekS [ Fg[^] ( 8 ! ; , K5VP[;H\jBFgNP[i_I[ [OCE�*e FgXTHRV*_ Xo_ FIN*[`U ��� "$�HK ���H�
"Tj�DH��� �^F��H.

� & * *��( ( 0 & 3 �������
� 0 5 ,( & 2 8 p , p ;

� NP[i]I[�����XZ_ @[ � FIHRV�� _ J^H\V*_fFge\VRFBHkj0/R]ge YOXTFge FgXTHRVN,�3 [ N e Y\[ XZVGFI]gH��(�*J [�� FIN*[ �K[48*VPXTFIXZH\VH\j;FINP[ � DgB*B4'!" E0������K "+� "4��. � . � NPXoJMN /\H YR[^]gV*_ FgNP[([4*Kd*ekV*_IXZH\V�]Me Fg[�Hkj FINP[���� 	 �UWVPXTYR[^]M_f[�, � 8 ! ; Xo_ XTV F)�P]IV �K[^FI[i]IS XZVP[��	�Oa 0 8 ! ; ekV��>FgNP[;Y ekQ>�P[ HkjBFINP[�J4�P]gY ekF��P]g[", ,
� �"!$#&%"'('*)+!-,/.�0

 [ F
�*_nJ^H\V*_IX �P[^]BFINP[ QZHKJ^e\QPU@VPXZY\[i]g_I[-. � N*[^]g[4�J�*J QZX �K[ie\VI/R[^H\S [^FI]ga;XZ_ Y ekQZX � ,.3([ �K[48*VP[FgNP[�� DgB*B+'>"I%TF��H�������H� �Oa [^Y ekQ>�*ekFIXZV0/ � 8 ! ; ekF FgNP[;dP]g[i_I[^VGF@J HG_fS XoJWFgXTS ["!21��
� 1 * � 8 ! 1 ; � 8 p , � ;
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 V FIN*[;ShHG_bF /R[^VP[i]ge\Q1Jie\_I[-. #
� J^e\V	�P[^d'[^V��HRV�FgNP[ J HR_IS H\QZH-/RXZJiekQ FIXZSh[ !�, � [idP]IH��(� J XZV0/ FINP[ ekV ekQZaO_IXo_WFgN*e F�QZ[ie �P_5FIH �JCGVN, p , � � .
� [;J^ekV�_I[^[ FIN*ekF FINP[�J^H\V��PX`FgXTHRV j HR]@ekV�e\JiJ [^QZ[^]Me Fg[��>[+*Kd*ekV _fXZH\V XZ_ 8 e FWe\VGa FIXZSh["! ;

0 � . 0�� 8 � . ��#� ; � q � 8 p , � � ;

 V FIN*[�J^e\_I[ HkjmehUWVPXZY\[^]M_I[ � XTFIN*H-�KF@S e FIFI[i]#.OFgNPXZ_WJ H\V��KX`FgXTHRV ]g[��0�*J [ _ FIH

# � ��5 �� � 8 p , rRq ;
�PHR];ekVOa _fd'[iJ^XT[ _ � XTFIN [#CE�*ekFIXZH\V H\j _bFMe Fg[�, 3 # 0�.��nXZV*_fFI[^XZV�� _W[OCE�*e FgXTHRV*_WaOXZ[^Q ��e

/R[^VP[i]ge\Q �P[^d'[^V��K[iV*J [;H\j FgNP[ �K[iV*_fXTFba 0 HRV>FgNP[�_gJ^ekQZ[ j e\J FIH\] � N*XZJMN XZ_
0 � ( ��� � "���� � � 8 p , r � ;

U5_fXZV0/	�JCGVN, p , r � e\V��	�K[+8*V*XTV0/ FgNP[ �K[iV*_fXTFba d*e\]ge\S [ FI[i] j H\] �Pe\]IL [iVP[^])/\a eR_

� * * �������� � &1 0 0�� 8 ! 1 ; 2 8 p , rGp ;

FgNP[5Q>�PS XZVPHR_IX`Fba �PXZ_fFge\V*J [5j H\] FIN*[���� 	 �%UWVPXZY\[^]M_I[ JiekV �'[ ]I[ � ]IXTFfFg[^V j ]gH\S ��CRV�, p , � q .
�Oa S H��KXTj aGXZV0/ FgNP[;[+*KdP]g[i_g_fXZH\V Hkj � 8 � ; FIH

� 8 � ; 3 ��� 8 � ; 
� . 8 � . � ; ��
� 5 8 � . � ; & 8 
 1 5 � ; � � %� 2 8 p , r � ;
� NP[i]I[�
 1 3 
� . 
� XZ_@FINP[�FIHkFMekQ �K[^V*_IXTFba>d*e\]ge\Sh[^FI[i]We F@FgNP[�dP]g[i_I[^VGF FgXTS [-.1e\_WXTV��CRV�, p , � r .Ke\V�� � 8 � ; Xo_:/\XZY\[^V	�Oa

� 8 � ; 3�[+*Kd * � ���1 � . # � 8 ��� ;� . � � # � � 0 � 8 p , r\r ;
�W_g_��PS XTV0/5FIN e F�#� N*eR_ eW_IXTS dPQZ[ �P[^d'[^V��K[iV*J [ H\V �H. FgNP[ Q>�PS XZVPHR_IX`Fba �PXZ_fFge\V*J [ J^ekV

�'[ [+*KdP]g[i_g_f[�� XZV Fg[^]gS _ Hkj FgNP[ A ��� �PQZ[;d*ek]MekS [ Fg[^] � 1 .OFgNP[ �K[^V _fXTFba d*e\]ge\Sh[^FI[i]g_ 
�e\V�� 
�I.*e\V�� FgNP[ d*ek]MekS [^FI[^]M_��K[+8 VPXTVH/ #
� 8 � ; , 
 V�dP]Me\J FIXoJ [-.�#
�)Xo_:�*_��*ekQZQZa>J HRV*_fX � �[i]I[�� FIH � [ J^H\V*_fFge\VRFBH\] FIH N*e Y\[ eWQZXZVP[ie\] �K[id [iV��K[iV*J [ H\V �H, � NP[ ShH��KX!8*[���[+*KdP]g[i_g_IXTHRVH\j7FINP[ Q>�PS XTV*HR_IX`Fba �PXZ_fFge\V*J [ J^e\V �'[ XZVGFI]gH��(�*J [��>XZV FINP[ S e�/RVPX`F)���K[ � ]g[��P_INPXTj F ]g[^Qoe FgXTHRV
8 �JCGV p , � � ; .�ekV�� Y ekQ>�P[i_5HkjnFgNP[hd*ek]MekS [ Fg[^]M_WJiekV �'[h_IH\QZY\[�� j ]IHRS FINP[hS [ieR_B�P]g[^S [iVRF
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Hkj FgNP[ A ��� �PQZ[ �KXZe-/\]MekS�j HR]@_fHRSh[ _fFgekV��Pek] � JiekV��PQT[�, �BX>/-�P]g[ p , p _fNPH � _ FgNP[ FINP[iH\]g[ F �XZJiekQ A � � �PQZ[ �KXoe�/R]ge\S _ j H\] �KX!F1[^]g[^VGF�j H\]gS _;Hkj FIN*[ [#CE�*ekFIXZH\V�� Hkj � _bFMe Fg[hd ek]MekS [ Fg[^]�XZVFINP[ Jie\_I[hH\j eD?'e F U@V*XTYR[^]M_f[ � XTFIN 
� 3 q�� �(. J HRS d*ek]g[�� � X`FgN ekV [^S dKFba U@VPXZY\[i]g_I[
8 
� 2 #
� ; 3 8 q 2 q ; , 
 F JiekV �'[ _I[^[iV j ]IHRS%FgNP[ /R]ge\dPN�FIN e F _IH\QZYOXTVH/ j H\]�#� ]g[#CE�PXZ]I[ _NPX!/RNP[^] dP]I[ J Xo_fXZH\V XZV FINP[>Sh[ e\_��P]g[^S [^VGFg_#. [ _fd'[iJ^XZe\QTQZa�XTj FINP[>d HG_I_IX �*QT[ �P[^d'[^V��K[iV*J [>Hkj
#��H\V ��XZ_nFIH �'[W[ _bFMe��PQZXZ_INP[�� , EKH\QZYGXZV0/;j HR] #
� � H-�*Q � QZ[ie �hFIH e �'[ FIFI[i]��PV��K[^]M_bFMekV����XTV0/(Hkj@FgNP[ V*e F)�P]I[ Hkj �Pek]gL([iVP[^])/\a�, � NP[ S HG_bFh]I[ J [^VGF e FIFI[^S dKFM_ FIH�S [ e\_��P]I[+#
�I.e\_g_B�PS [���J HRV*_fFgekVGFO. �*_fXZV0/ FbaOd [ 
 e _B�*d [i]IVPH Y e\[ e\_ _fFge\V��Pek] ��JiekV��PQT[ _ e\]I[ �K[ _IJ^]IX � [��XTV � N*e\dKFI[i]��0,

� X>/-�*]I[ p , p � � NP[ FINP[iH\]g[ FIXoJ^e\Q A � � �*QT[ �KXoe�/R]ge\S j H\]me ? e FnUWVPXTYR[^]M_f[ � XTFIN 8 
� 2 
� ; 3
8 q � � 2 q � � ; ekV�� �KX F1[^]g[^VGF@Y ekQ>�P[ _ Hkj FIN*[�[#CE�*ekFIXZH\V�� Hkj � _bFMe Fg[ d ek]MekS [ Fg[^] #
� .'J HRShd ek]g[��FIHhFINP[;[iS dKFba UWVPXTYR[^]M_f[ S H��K[^Q 8 
� 2 
� ; 3 8 q 2 q ; ,
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� NP[�_I[iek]MJMN j H\] e _��PXTFge �PQT[(_bFMekV��Pe\] � JiekV��KQZ[ FgH �*_I[ XTV FgNP[ S [ieR_B�*]I[iSh[iVGF>Hkj FINP[[+*Kd*ekV _fXZH\V NPXo_bFgH\]ga HkjBFINP[�UWVPXTYR[^]M_f[ N*eR_ S HkFIXZY e Fg[���ehQZe\]�/R[ e\ShH��PVGF@HkjB[+F1H\]IF@XTV FINP[_IJ^XT[iVRFgX 8'J J HRShSI�PVPXTFba _fXZV*J [ FINP[ dPXTHRVP[^[i]IXZV0/ � H\]gL �Oa A � ���PQT[ 4 � � 5 � eR_;d0� �*QTXo_fN*[�� ,
� NP[WJMN*e\]geRJCFI[i]IXo_fFIXoJ^_m_IH-�0/RNRFmj HR]mFIN*[@X �P[iekQ'_bFMekV��*ek] �hJiekV��PQT[ FgH �'[ �*_I[�� XZV J HR_IS H\QZH-/Raek]g[5FgNP[ j H\QZQTH � XZV0/ �
�-, A HRS H-/\[iVP[^XTFba-, � H ekQZQZH � e;dP]g[iJ Xo_I[5J^e\QTX �P]Me FgXTHRV Hkj�FIN*[5Q>�PS XTV*HR_IX`Fba ekV�� FIN9�*_#.OHkjFIN*[ �KXZ_fFge\V*J [;S [ e\_��P]I[iS [^VGFg_#,
p , A X>/\N�Q>�PS XTV*HR_IX`Fba�, � H �'[;H �*_I[^]gY e��PQZ[5XZV FINP[ �PXZ_fFge\VRFWUWVPXZY\[^]M_I[-,
�0, U �*X>CE�PXTFba-, � H � [ �P[ FI[ JCFMe��PQZ[ � H\FIN�XZV FgNP[;QZHOJiekQ7e\V�� �PXZ_fFge\VRF@UWVPXTYR[^]M_f[�,

�@S H\V0/�FINP[ S ekVOa J Qoe\_g_f[ _;HkjWH �(Pb[iJ Fg_ dP]IHRd HG_f[�� e\_h_bFMekV��*ek] � J^ekV��KQT[ _4. HRVPQTa e j [ �
� [i]I[ dP]gH Y\[iV FIHhj��PQ!8*QZQ7FgNP[ FINP]g[^[ ]g[#CE�PXZ]I[iS [^VGFg_/\XZY\[iV e � H YR[-,

� N*[@8*]M_bF>ekFfFI[iS dKFg_ � _f[�� FgNP[ �P]gX>/\NGFI[ _bF H �0Pb[iJCFM_ LOVPH � V e F FIN*[ FIXZS [-. V*ekS [iQTa
�P]IX>/\NGF /GekQoe�*KXT[ _ 8 JiekQZQT[�� ;I[+*OFI]Me�/GekQoe\J FIXoJWVP[��0�PQoek[O= XTV�FgNP[�Y\HKJie��0�PQoek]ga Hkj FgNP[�[^d'HKJMN ; ,
� NP[ FI[iJMN*VPX>CE�P[ � e\_ ]g[+8*VP[�� � XTFIN FIN*[ � _f[ Hkj FINP[ �P]gX>/\NGFI[ _bF@J Q>�*_fFI[i]/GekQoe�*KXZ[i_ 8 �<� � ; .
� NPXZJMN J H��PQ � �'[hJiekQZX �P]Me Fg[�� FIH�_fNPH � e �KXo_Id [i]g_IXTHRV Hkj q , p � S e-/ XZV�Q>�PS XZVPHR_IX`Fba 4 � �95 ,
A H � [^Y\[i]#.'XTF � e\_5Qoe FI[i]5]g[ie\QTX>G^[�� FgN*e F FINP[ [iY\H\Q>�KFgXTHRV XTV�FINP[ dP]gH\d'[^]IFIXZ[i_5Hkj FINP[ _f[hH ���
Pb[iJCFM_5eR_5e j��PV*J FIXZH\V H\jn]I[��P_fN*X`j F d HG_f[�� _I[^]gXTH��*_ QZXTS XTFge FgXTHRV*_5FIH>FINP[iXT] �*_I[ e\_ �KXo_bFMekV*J^[XTV��PXZJie FIHR]g_ j HR]@J HR_IS H\QZH-/Ra 8 EO[i[-.P[�, / ,!.�4 � q 5 ; ,c �P]gXTVH/(FgNP[ QZeR_bF �K[iJie �K[ _4. _B�Pd'[^]gVPH Y ek[ 8 E�W[ ; N*e YR[ �'[^[^V _��*J^J^[i_g_bj��PQZQZa � _f[�� eR_[+*OFI]Me�/GekQoe\JCFgXZJ �KXo_fFgekV J [�XZV��KXoJ^ekFIHR]g_#, EO[^YR[^]MekQWe\dPdP]gHReRJMNP[i_ ekF FIN*[�S [ieR_B�P]g[^S [iVRF Hkj
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�KXo_fFgekV J [i_ � X`FgN E�W[WH\j �KX F1[^]g[^VGF FbaGd'[i_ N*e YR[ � [i[^V �P[^Y\[iQTHRd [�� 8 [�, / ,!.O_f[i[ 4 � � 5 ; , 
 V FgNP[j HRQTQZH � XTVH/H.'FINP[&�*_I[ H\jnFbaOd [ 
 e _B�Pd'[^]gVPH Y ek[ 8 E�W[ 
 e ; XZV d*ek]IFIXoJ+�PQoek] � XTQZQ �'[ Fg]I[ e FI[�� ,
� _INPH\]IF �K[i_gJ ]gXTdPFIXZH\V H\j5FgNP[ J Qoe\_g_fX!8 Jie FIXZH\V Hkj;E�@[ XZV �PX F1[^]g[^VGF FbaOd [ _ XZ_hFgNP[^]g[ j HR]I[VP[i[��K[�� ,
� ) . ' ' )�� 
 . , ) � � � *�� %�� !�� � �
	
. !
� NP[�J^QZeR_I_IX!8 J^ekFIXZH\V>H\jmE @[;N*eR_ [^YRH\QZY\[��>d*ek]MekQZQZ[^Q1FIH H��P] LOVPH � QZ[��(/R[ e � H��KF FINP[ _f[;H ���
Pb[ JCFg_#, � NP[ 8*]g_fF _fFge-/\[ _nXZV FIN*[ �K[iY\[^QZH\d*Sh[iVGF Hkj�FgNP[ J Qoe\_g_fX!8 J^ekFIXZH\V � [^]g[ �*eR_f[�� H\V H ���_I[^]gY e FIXZH\V ekQ1JMN*ek]Me\J FI[^]gXo_bFgXZJi_4, �@VD�PV��K[i]g_fFge\V��KXZV0/hHkj FgNP[ dPNOaK_fXoJ^e\Q'd*]IHKJ [ _I_I[i_ XZVGYRH\QZY\[��XZV E�%[^Y\[iVGFg_hJ^ekS [ SI�*JMN-Qoe Fg[^]O, �W_he�J^H\V*_I[#CE�P[iV*J [�. FgNP[ J^QZeR_I_IX!8 J^ekFIXZH\V-J+�*]I]g[^VGFIQZa
�*_I[�� _��(F'[i]g_ j ]gH\S e J [i]fFMekXZV �K[#/\]g[^[ Hkj XZV*J^H\S dPQZ[ FI[iVP[i_g_#.PekV�� .Oj ]gH\S ehdPNOaK_IXZJiekQ1d HRXTVGFH\j@YGXZ[ � . FgNP[ VPH\S [^V J Qoe F��*]I[ Xo_ J HRVKj��*_IXTV0/ , � NP[ �K[48*VPXTFIXZH\V-H\j E��FbaOd'[i_hXo_ S ekXZVPQZa
�*eR_f[�� H\V FINP[hdP]gH\d'[^]IFIXZ[i_@H\j H\dPFIXoJ^ekQ _Id [ JCFI]Me>ekF5[ ek]gQTa�_bFMe�/R[i_5XTV FgNP[h[^Y\HRQ!�PFIXZH\V�e\V�� .FgH _IH\S [ [+*OFg[^VGF#.PHRV QZX>/\NGFgJ4�P]IYR[;JMN*ek]Me\J FI[^]gXo_bFgXZJi_4,


 F � eR_ � XTV*L\H � _ILGXBXZV ��� r � 4 r�� 5 � NPH 8*]g_fF;X �P[^VGFIX!8*[���F � H	�KXo_fFIXZV*JCF E� j ekS XZQTXZ[i_#.
�*eR_f[�� HRVhFINP[ dP]g[i_I[^V J [ H\]ne �*_f[iV*J [ H\j NOa��K]IH�/\[iV�j [iekF��P]g[i_nXTVhFIN*[@_fd'[iJ FI]Me0, A [ �K[+8 VP[��E�W[ Hkj*FbaOd'[ 
 8 E� 
 ; eR_ FgNPHR_I[ � NPXoJMN _INPH � VPH A QTXZVP[ _4.\eR_BH\dPd'HR_I[���FIH�E�@[ H\jPFbaOd [ 
�

8 E� 
�
 ; . � NPXoJMNhJ^QT[ ek]gQTa�_INPH � A QZXTV*[i_ 8 XZV d*ek]IFIXoJ+�*QZe\]#. A�� ekV�� A� ek]g[ YR[^]ga;VPHkFgXZJ^[ie��*QT[XZV;H\dKFgXZJiekQ\_Id'[iJCFg]ge H\jKE @[ 
 
 ; , E�@[ 
 � [^]g[m]I[ J H-/RVPX>G^[��5XZV*_bFg[ie � �Oa e _bFg]IHRV0/ e��*_IH\]gdKFgXTHRVekF� � � �\q��� .PQZekFI[i] X �K[iVGFIX!8*[���e\_@EKX�� ��� � � � � .Ke FWehY\[iQTHKJ XTFba H\j� � qRq\qRq LOS � _#,

� NP]gH-�0/RN FINP[ a\[ ek]M_4. e /\]gH � XZV0/@ekS H-�*VRFBHkj
;fd'[iJ4�PQZXZe\])=WE @[ 
 . � NPXoJMN �KX �;VPH\FB_INPH �EOX � ��� � � � � . � e\_ �KXZ_gJ H YR[^]g[�� , 
 V�FINP[ S X � � ��� � q _5X`F � eR_ ]I[ ekQZX!Gi[���FgN*e F FIN*HR_I[ E�W[ 
j HR]IS [���e �KXo_bFgXTV JCF j ekS XTQZa-, � NP[iVN. ;fV*H\]gS e\Q>= E @[ 
 � [i]I[ ]I[iV*ekS [�� e\_WFbaGd'[ 
 e0.�ekV��FgNP[�;fd'[iJ+�*QTXoek]$= E�W[ 
 � [^]g[ �KXZYOX �P[�� XTVGFIH FbaOd [ 
 �N. � N*XZJMN�_fN*H � A [$��QZXTV*[i_#.PekV��>FbaOd [

 J-. � NPXoJMN Qoe\JML A [ � , � NP[ _f[ F � H _B���KFbaOd [ _ ek]g[ QZ[i_g_@J^QT[ ek]gQTa �KXo_fFIXZV0/-�PXo_IN*e��PQZ[�ekV�� e\]I[e\QZ_IH ]I[^j [^]g]I[�� FgH e\_@E�W[ 
 ��� J-, � F@FIN*[�_Ie\Sh[ FgXTS [�.*e dPNOaK_fXoJ^e\Q�XTVGFI[i]Id*]I[^Fge FgXTHRV H\j FgNP[
�KX!F1[^]g[^V*J^[i_ e\S H\V0/;FgNP[;E� FbaOd'[i_ � [#/RekV FgH e\dPd [ ek]O, � H\FIN E�W[ 
 ���kJWe\V�� E�@[ 
�
 e\]I[S e\_g_IXTYR[ _fFgek]M_WFIN*ekF �PV��K[^])/\H J H\]g[ J^H\QZQZe\d*_I[ 4 � � 5 8 j H\];E�@[ 
 ���kJ�.1FIN*XZ_ N*e\dPd [iV*_ e j Fg[^]FgNP[ A � ]gXoJMN>[^VOYR[^QZH\d'[i_ ek]g[WQZHR_fF ; . � N*[^]g[ie\_ E�W[ 
 ehek]g[@FgNP[ ]I[ _B�PQTF H\jBe�FINP[i]IS H\V9�*J^QT[ ek][4*Od*QTHG_fXZH\V H\j e � NPXTFI[ � � ek]Ij _bFMek] XZV e �PXZV*ek]ga _faK_fFI[iS 4 � q . r �9. � p . � r 5�, �BX>/-�P]g[ �H, �_INPH � _ FINP[�FbaOdPXoJ^e\Q@_fd'[iJ FI]Me Hkj E @[ Hkj FbaOd [ _ 
 e0. 
 �N. 
 J ekV�� 
�
 .nH �*_I[^]gY\[�� ek]gH-�PV��S e�*KXZS �PS#QTX>/\NGFO. FgNP]g[^[ � [^[^LK_ ekj FI[^]O. ekV�� HRVP[ a\[ ek] e j Fg[^]O, � NP[ S HG_bF dP]gH\S XZVP[^VGF_Id [ JCFg]ge\Q j [ie F)�P]g[i_�e\]I[hS ek]gL\[��N, � NP[ j H\QZQTH � XZV0/�Xo_�e �KXZe-/\]MekS H\j FgNP[ _Id [ JCFI]gHR_gJ HRdOa �
�*eR_f[�� J^QZeR_I_IX!8 J^ekFIXZH\V>H\j FgNP[ j H-�*] S e\XTV E� FbaOd'[i_ �
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� N*[ J^QZeR_I_IX 8'J^e FgXTHRV HkjhE @[ 
�
 � e\_ ekQo_fH ]I[48*VP[��N.5e\JiJ HR] �KXZV0/ FgH-FgNP[(QZX>/\NGFgJ4�P]IYR[dP]IHRd [i]fFgXT[ _4.�/\XZYOXTVH/ ]IXo_f[ FIH FbaOd'[ 
�
 l ekV�� FbaOd'[ 
�
  E�@[�, KWFINP[i] _Id [ JCFI]gHR_gJ HRdPXoJ^ekQZQZad [ J+�PQZXZe\]WE�@[ 
 
 � [^]g[;ekQo_fH&/\]gH-�*d [��>XZV FbaGd'[ 
�
 V e\V�� FbaOd'[ 
�
 �N,
� eR_f[�� H\V�_Id [ JCFI]MekQGJMN*ek]Me\J FI[i]IXo_bFgXZJi_4.^F � H@_�� �KFbaOd'[i_ HkjKd'[iJ+�*QTXoek] E�@[ 
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 e e F �PX F1[^]g[^VGF ]I[��P_INPX`j FM_4,
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 V FINP[(dP]I[iYOXTH��*_ _f[ JCFgXTHRV*_4. XTF � e\_ [4*KdPQZe\XTV*[�� NPH � E�@[ 
 e J^e\V � [(X �K[iVGFIX!8*[�� e\V��d*ek]MekS [ Fg[^]gX!Gi[�� FIH �'[iJ^H\S [ Y\[i]Ia dP]I[ J Xo_f[ �KXo_fFgekV J [ XZV��KXoJ^e FgH\]M_4, � NP[i]I[^j H\]g[-.\J^H\V*_IX �P[^]g[��e\_ _bFMekV��*ek] �KX!Gi[�� J^ekV��KQT[ _4.*E @[ 
 e j��PQ 8 QTQ7XTFI[iS _ � e\V�� p XZV>FgNP[ ]I[OCE�PXT]g[^S [iVRFM_ j H\] FINP[
� [ _bF �KXo_bFMekV*J^[ XZV��KXoJ^e FgH\]M_ � FgNP[^a e\]I[ [+*OFI]g[^S [^QZa�Q!�*ShXZVPH��*_4.7e\V�� YR[^]ga N*H\S H-/R[^VP[iH-�*_#.e j FI[i]�e J^H\]g]I[ JCFgXTHRV j ]IHRS FIN*[hQZX>/\NGFgJ4�P]IYR[h_IN*e\d [�, � NP[hFgNPXT] �(d HRXTVGF;XTV(FIN*[ QTXo_bF;VP[i[��P_FIH �'[�e � �P]I[ _I_I[�� � FINP[iXT] � �PX C��*X`Fba�, c [ Fg[^]gShXZVPXZV0/ FgNP[ Y ekQ>�P[i_ Hkj FINP[�J^HR_IS H\QZH-/\XoJ^e\Qd*ek]MekS [ Fg[^]M_�
�#ekV�� 
�� ]g[#CE�PXZ]I[ FINP[ Sh[ e\_��P]g[^S [^VGF H\j5E�@[ 
 e � H\FIN-XZV FgNP[>QZHKJ^ekQekV��>FINP[ �PXZ_fFge\VRFWUWVPXZY\[^]M_I[-, � NP[�CE�P[i_fFIXZH\V�Hkj �K[ Fg[iJ FIXZV0/>E�@[ 
 e FgNE� _@ek]gXZ_I[i_#,E @[ 
 e ek]g[��PVPdP]g[��PXZJ Fge��*QT[ [^Y\[iVGFg_#, �@Qo_fH .*FgNP[^a�ek]g[;FI]MekV _fXZ[^VGF � XTFWFge\L\[ _Wekd*dP]IH *KX �S ekFI[iQTa pkq �Pe aK_ FgH ]g[ie\JMN�S e�*KXZS �PS QZX!/RNRFO.'e\V�� FIN*[^a j e �K[ �Oa�e��'H-�KF p S e�/\V*X`F)���K[i_XTV(FINP[ _gekS [ XTVGFg[^]gY e\Q Hkj FgXTS [ ekj FI[^] S e�*KXZS �PS QTX>/\NGF#, � NPXo_ d HG_f[ _ e d*]IH �PQT[iS _fXZV*J^[FINP[�_fFge\V��Pek] �KX>GiekFIXZH\V H\j FgNP[ d [ ekL S e�/RVPXTF����K[ S [ieR_B�*]I[iSh[iVGF ]g[#CE�PXZ]g[i_ e /RHOH � J H YR[^] �e�/\[5Hkj7FgNP[ QTX>/\NGFgJ4�P]gY\[-.GXZV*J Q>���KXZV0/hSh[ e\_��P]g[^S [^VGFg_ �'[ j H\]g[WHR] e\]IH��PV�� S e�*OXZS �*S�QTX>/\NGF#,
�0�P]IFINP[i]IS HR]I[�.GE�W[ 
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3 XTFIN FgNP[ �*_I[ Hkj S H��K[^]gV � � c S HR_gekXoJ^_#. � NPXoJMN J H Y\[i] ]I[iQZekFIXZY\[^QZa-Qoek])/\[D8*[iQ �P_HkjWYOXZ[ � 8  � _)C�� ek]g[ �K[#/\]g[^[ ; .mFIN*[ dP]gH �*QT[iS�Hkj E� �K[^FI[ JCFIXZH\V J^e\V �'[ _IH\QZY\[�� , �PH\][+*PekS dPQZ[-.'H �*_I[^]gYOXTVH/ ��� � H\j e _)C�� ek]g[ �K[4/R]I[i[ � X`FgN�e r � S [ Fg[^] J Qoe\_g_ FI[iQT[ _IJ^H\d'[ �*_IXTVH/FINP[�� 8*QTFI[i]#. ekV [+*Kd HG_B�*]I[hHkj � q ShXZV9�KFI[ _ ]I[ e\JMNP[ _ p r FgN�S e�/RVPXTF����K[�.�FIN9�*_;e\QTQZH � XZV0/
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log(czCMB)
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Ho = 64.1 ± 2.8
σ = 0.14 mag
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−

M
)

Ho = 64.3 ± 3.2
σ = 0.18 mag
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Calan/Tololo "Low Extinction" Sample

Ho = 57.7 ± 3.5
σ = 0.24 mag

Corrected for:
  Galactic Reddening

Corrected for:
  Galactic Reddening
  ∆m15(B) vs. Mmax

Corrected for:
  Galactic Reddening
  Host Galaxy Reddening
  ∆m15(B) vs. Mmax

�BX>/-�P]g[ �H, r � � NP[ QTHKJ^e\Q A � � �*QT[ �KXoe�/R]ge\S�j H\]@E�@[ 
 e � [^j H\]g[ 8 D*EREH"4�,E0����"4' ; ekV�� e j Fg[^]
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 V FINP[ ��� � q _#. FgNP[ �"� � ekV*_ � [^]g[��hFIN e FCE�P[ _bFgXTHRV �Oa �P[^Y\[iQTHRdPXZV0/ e�_I[ie\]gJMN S [ FgNPH��
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�+"$����% > , 
 V FIN*XZ_ J^eR_f[�.RQoek])/\[ �PQTHKJMLK_nH\j7H �*_I[^]gYOXTVH/;FIXZS [ ekF e _IXZV0/\QZ[@Fg[^QZ[i_gJ H\d'[5e\]I[ �*_f[��FIH XTS e�/R[ FgNP[ _Ie\S [J8*[iQ �*_ ]I[id [ e FI[��KQZa;[^Y\[i]Ia j [ � �Pe aK_#.��*_fXZV0/ S �PQTFIXZdPQZ[8*Q`Fg[^]M_4.kj H\]m_f[iY��[^]MekQ S HRVRFgN*_#, 
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p � �����������
	 �� � � ������� �
	����-��� � ��	���� �����
	 � � 	���� �*���
� ��� 	 ���
�
	����������
�K[48*VP[�� d [ ekL S e�/RVPX`F)���K[ _4, 
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U@V��K[i] FINP[;e\_g_��PS dKFIXZH\V FgN*e F �� �� � ����� � � XZ_ e\dPdP]gH *OXZS e Fg[^QZahJ^H\V*_fFge\VRF H Y\[i]nFgNP[5XZVGFI[i]IY ekQ� � 5 � � � � � � � � . � � � . XTF J^ekV �'[ _fNPH � V(FIN e F(�JCGVN, �H, �>NPHRQ �*_ XTV FIN*[ J^e\_I[ � X`FgN�PV*J [i]fFMekXZVGFIXZ[i_ XZV � � ekV�� � � .KX`j � &� � XTV FgNP[ �K[^V*H\S XTV e FIHR] XZ_ ]g[^d*QZeRJ [�� �Oa
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�BX>/-�P]g[��0, � � ��" _$�cX > ��� �<E0����"4' � EKXTSI�PQZekFIXZH\V*_ Hkj1FIN*[5J HRV(8��K[iV*J [ �*ekV��*_nXZV FINP[ 
 � � 
 �dPQoekV*[ H �KFge\XTVP[�� � XTFIN E� S [ieR_B�P]g[^S [iVRFM_hHkj5d*]I[ J Xo_fXZH\V � � 3 q � qRp S e-/ ekF �KX F1[^] �[iVRFI80*K[�� ]g[��*_fNPXTj Fg_#. � [^F � [i[^V � 3 q � p ekV�� � 3 � � �0, @HkFg[ FgN*e F FINP[ _fQZH\d'[>H\j FgNP[
�*e\V��P_@JMN ekV0/R[i_ � X`FgN �H, � � 5 > �cX > ����� E0����"4' � � NP[ J^H\S �PXTV e FIXZH\V Hkj S [ieR_B�P]g[^S [iVRFM_ e F
�KX!F1[^]g[^VGF@]I[��P_INPX`j FM_ ]g[��(�*J^[i_ �P]ge\S ekFIXoJ^e\QTQZa FIN*[�_fX>G^[;H\jBFgNP[�J HRV(8��K[iV*J [;]g[4/RXTHRV*_ XZV FgNP[

� � 
��(dPQZe\VP[-,9� ]g[��PX`F
�"4 ���95 ,

� &� 3 � &��� . *�� �� � 0 ����
&
� � �
&
� � � 8 �0, � ;

� NPXo_ ]g[^dPQoe\J^[^S [^VGF HkjBFINP[��*V*J [i]fFMekXZVRFgXT[ _ XZ_ FgNP[ �*eR_fXo_ Hkj FINP[ � �
��,
� NP[ XZShd'H\]IFge\V*J [ Hkj FINP[ VP[ � _IH-�P]MJ [ Hkj��PV*J [i]fFMekXZVGFIXZ[i_BXTVGFg]IH��(�*J^[�� �K[^d'[^V��*_ H\V�FgNP[]g[^Qoe FgXTYR[ � [^X>/\NGF Hkj FgNP[hF � H FI[i]IS _ HRV FIN*[ ]IX>/\NGF�� N*e\V�� _IX �K[ H\j,�JCGVN, �H, �H, �PHR]�/\XZY\[iV

� � � ekV�� � � � .�FgNPXZ_ �P[^d'[^V��P_�H\V FgNP[ Y ekQ>�P[ Hkj � � �� � � ��� � � . � N*XZJMN XZ_;e>j��PV*J FIXZH\V Hkj � � ,� NPXo_ j��PV JCFIXZH\V Xo_n_INPH � V XTV �BX!/��P]g[ �H, �Wj HR] F � H �KX!F1[^]g[^VGF J HG_fS H\QZH-/RXT[ _4, 
 F J^e\V �'[@_I[^[^VFgN*e F FgNP[;]I[iQZekFIXZY\[ [+F1[iJ F@Hkj ]I[��P_fN*X`j F �PV J [^]IFge\XTVGFgXT[ _ Xo_ [iVPN*ekV J [�� e F@QZH � ]g[��*_fNPXTj Fg_#,
� NP[i]I[;ek]g[5FINP]g[^[;S ekXZV � e aK_ FIH H �PFgekXZV FINP[;Y ekQ>�P[ Hkj �H. � XTFIN �KX!F1[^]gXTV0/ dP]g[iJ^XZ_IXZH\VN,

�BXZ]g_fF#.�FgNP[ d'HR_IX`FgXTHRV(H\j V*e\]I]gH � QZXTVP[ _ XTV FgNP[ NPHR_fF���/Re\QZe�*Oa _Id [ JCFg]��PS�. X`j FINP[ia�J^e\V �'[
�K[^FI[ JCFI[�� . aGXZ[^Q �P_ ]g[��P_INPXTj Fg_ � XTFIN dP]g[iJ^XZ_IXZH\V H\j � �  q�� qRq �-, EO[iJ^H\V��N. FgNP[ d HG_fXTFIXZH\VH\j E� j [ e F)�P]I[ _4. � N*XZJMN ek]g[ QZe\]�/R[^QZa �P]gHRe �K[^V*[�� �Oa FINP[ [+*Kd*e\V*_fXZH\V H\j;FINP[ [ Pb[ JCFMe0.
�K[^FI[i]IS XZVP[ � � XTFIN �PV J [^]IFge\XTVGFgXT[ _ � �  q�� q �-, � N*XT] � . � NP[^V VPH�_Id'[iJCFg]��*S Xo_ e Y ekXZQoe��PQZ[-.e d*NPHkFgH\S [ Fg]IXoJ;]g[��P_INPXTj F �*eR_f[�� H\V�FgNP[ J^H\QZH\]WH\jmFINP[ NPHR_fF /GekQoe�*Ka JiekV �'[ �*_I[��N. � XTFINFbaOdPXoJ^e\Q7dP]g[iJ Xo_IXTHRV H\j � �  q � �-, � NP[�Qoe FfFg[^]WJie\_I[;XZ_WVPHkF _B�PXTFge �PQZ[ j H\]WJ^HR_IShHRQTH�/\a�.��(�P[FgH FINP[ QZe\]�/R[ �PV*J^[^]IFgekXZVGFba(e\V�� � [ J^e-�*_f[ e _fd'[iJ FI]gHR_gJ HRdPXZJ H �*_I[^]gY ekFIXZH\V Xo_�VP[i[��K[�� FIH
�K[^FI[i]IS XZVP[ FINP[ E�)FbaGd'[-.PeR_ _f[i[^V e��'H Y\[�,

� XZY\[^V e Y e\Q!�*[hH\j XZVGFI]gXTV*_IXoJ �KXo_Id [i]g_IXTHRV(XZV � Hkj  q , ��.1j H\]1�PV*J^[^]IFgekXZVGFIXZ[i_ XZV � H\j
 q , q �-. FINP[�J HRVRFg]IX �0�KFgXTHRV-Hkj FgNP[ QZekFfFI[i] FgH FgNP[>FgHkFMekQ [^]g]IHR] � � H-�PQ � �'[ _IX!/RVPX!8 J^e\VRF
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e F���� q � p , � NPXo_ � H-�*Q �([^VPQoek])/\[hFgNP[>J HRV(8��K[iV*J [ J^H\VGFIH��P]M_ XTV FgNP[�
 � � 
 � dPQZe\VP[-,U@V*J^[^]IFgekXZVGFIXZ[i_ Hkj � �  q � q\q �Wek]g[WVPH\F [4*Kd [ JCFI[�� FgHh_IX>/\VPX!8 J^e\VGFIQZa e�F'[ JCF FINP[ dP]g[iJ^XZ_IXZH\VHkj 
 � ekV�� 
 � ,

� X>/-�*]I[ �H, � � � NP[ �K[i]IXZY e FIXZY\[ � � �� � � H\j FgNP[�S H��K[^Q7j H\] � � � �� 8 �JCGVN, �H, � ; � X`FgN ]I[ _fd'[iJ FFIH � , @HkFg[;FIN e F@j HR]WQZH � Y ekQ>�P[ _@Hkj � .PFgNP[ �PV*J^[^]IFge\XTVGFIXZ[i_WXTV � � H��PQ ��N e Y\[�e /R]I[ e FI[i]XTS d*eRJCF@H\V FIN*[;dP]I[ J Xo_fXZH\V Hkj J HG_fS H\QZH-/RXZJiekQ'd*ek]MekS [^FI[^]M_#,

� � ' � � ) � � ����) , '

 V�FINP[;j HRQTQZH � XZV0/H. � [;j HKJ+� _@H\V�FgNP[�Qoe Fg[i_fFW]I[ _B�*Q`FM_ �Oa>FgNP[ �"��� . dP]g[i_I[^VGFg[�� XTV 9 %'? " �	 , � NP[ d*ekd'[^] dP]g[i_I[^VGFM_ FgNP[ J HG_fS H\QZH-/Ra 8*F �PH\VP[�*_IXTV0/ �PekFgeWj ]IHRS � � V*[ � QZa ekV*e\QTa9Gi[��NPX!/RN�� ]I[��P_fN*X`j F�E�@[ 8 q � � � � � � q�� � � ; H �*_I[^]gY\[�� � X`FgN�FgNP[ � DgB*B+'>" CHEH�-%$" = "4'!"��4%TFSEH"
8 � � � ; .BXTV e ���KX`FgXTHRV FIH HkFgNP[^] p �>NPX>/\N�� ]I[��P_INPX`j F E @[ 8 q�� � � � � � q�� � � ; j ]IHRS l [^]gQ �S �KFIFI[^] [^FWekQ ,�4 � ��5�.*ekV�� p�� QZH � � ]g[��P_INPXTj FWE�@[ 8 q � q � � � � q � ��� ; j ]gH\S A ekSI�Pa>[^F e\Q6,
4 p � 5 .e� XT[ _I_B[^F ekQ ,�4 ��� 5�, 
 V FgNPXZ_ J^e\_I[-.kFINP[ _fFgekV��Pek] �KX>Gie FgXTHRV H\j*FIN*[ d [ ekL�S e�/RVPXTF����K[ _ XZ_
�*e\_I[�� H\V FINP[�_fFI]g[ FMJMN d ek]MekS [ Fg[^] $ , � N*[;ShXZQ �	�P[^d'[^V��K[iV*J [;H\j FgNP[;d [ ekL S e-/\VPXTF����P[H\V $ Xo_ ]I[idP]I[ _f[iVGFI[�� �Oa>e _fQZH\d'[;d*e\]ge\Sh[^FI[i]���.*_��*JMN FIN*ekF

� �  ��� 3�� 8 $ 5 � ; � 8 �H, � ;

 V _bFg[ie � H\jJ8PFIFIXZV0/�FINP[ Y ekQ>�P[ Hkj�� j ]gH\S FgNP[ S [ie\_��P]g[^S [^VGFM_5H\j E @[ XTV Fg[ A � ���

�PQT[ ?*H � . FIN*XZ_ d*ek]MekS [^FI[^] XZ_ XZV*J Q>���K[�� XTV FINP[ H Y\[i]ge\QTQ J^HR_IS H\QZH-/\a38PF#, 
 V _��PS�. FINP[[+*KdP]g[i_g_fXZH\V Hkj0�JCGVN, �0, � XZ_ ]g[ � ]gXTFfFI[iV eR_



� p �����������
	 �� � � ������� �
	����-��� � ��	���� �����
	 � � 	���� �*���
� ��� 	 ���
�
	����������
��� 3�� � . � QTH�/�� � 8 �-! 
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�� ; 5 � 8 $ 5 � ; � 8 �0, � q ;

A [^]g[-. ��� Xo_;FgNP[ � ekQoe\J FIXoJ [+*OFIXZV*J FIXZH\V ekV��  � J^H\]g]I[ JCFg[�� d'[ie\L�S e�/RVPXTF����K[>XTV ]g[i_fF��j ]MekS [ � � �*ekV��N, � NP[ J HR]I]g[iJ FIXZH\V;j HR] NPHR_fF���/Re\QZe�*Oa [+*OFgXTV*J FIXZH\VhXZ_ e � �K]g[i_g_f[���_f[id*ek]Me Fg[^QZa-.eR_ �P[i_gJ ]gX �'[�� � [iQTH � ,�� � * � 1 # � Xo_ FIN*[ ; A � ���PQT[ J^H\V*_fFge\VGF�� j ]I[i[#= Q>�PS XZVPHR_IX`Fba �KXZ_��FMekV*J^[-.\e\V���� � *  � 5 � QZH-/ � 1 . p � Xo_BFINP[ ; A � � �*QT[ J HRV*_fFgekVGF � j ]g[^[O= � � �*e\V�� d'[ie\Le �*_fHRQ!�PFI[ S e�/RVPX`F)���K[ H\j e E  
 e � X`FgN $ 3 � ekV��(FI])�P[ d'[ie\L(e �*_fHRQ!�PFI[ S e�/RVPX`F)���K[ � , � N*[ Sh[ e\_��P]g[^S [^VGFg_ H\j ��� . �;ekV�� $ j ]IHRS)FINP[ E� 
 e;_Ie\S dPQT[ S [^VGFgXTHRVP[�� e��'H Y\[e\]I[ � _f[�� FIH 8PF 
� ekV�� 
��
.RFgH-/R[ FIN*[^] � XTFIN FINP[WF � H VE�*XZ_gekV*J^[@d*e\]ge\Sh[^FI[i]g_�� � ekV��
��,

 ��/��� � % , %
	@3 ��	@J�����IJ�����2� A HG_bF � /GekQoe�*Ka [+*OFIXZV*JCFgXTHRV J^H\]g]I[ JCFIXZH\V _ ek]g[ �P[ FI[i]IS XZVP[��j ]gH\S J^H\QZH\] XTV��P[+*�S [ieR_B�P]g[^S [iVRFM_4, � %TF�'MF�� " �9%$"��$� Xo_	�P[+8*VP[���eR_ FgNP[ �KX!F'[i]I[iV*J [
�'[ F � [^[iV�e-S [ e\_��P]I[���J HRQTHR]>XZV��K[4* ekV���FINP[ XTVGFg]IXZV*_IXZJ J HRQTHR]>XZV��K[+*�H\j�FIN*[(H �(Pb[iJ F#,
�*H\] [4*PekS dPQZ[-.ne S [ e\_��P]I[�� 8�� 5 � ; J HRQTHR] H\jWekV-H �(Pb[iJ F � XTFIN-XZVGFI]gXTV*_IXoJ 8�� 5 � ; 1J^H\]g]I[ _fd'H\V��*_ FgH ehJ^H\QZH\] [+*PJ^[i_g_ Hkj

� 8�� 5 � ; * 8�� 5 � ; 5 8	� 5 � ; 1 � 8 �0, � � ;
� NP[�[+*OFIXZV*JCFgXTHRV � XZV e J [i]fFMekXZV � ekV�� Xo_ dP]gH\d'H\]IFIXZH\V ekQ FgH FINP[ J H\QZH\] [4*PJ [i_g_#, �*H\][4*Ke\S dPQT[�.

� � * � � � 8�� 5 � ; 2 8 �0, � p ;
� NPXoJMN XTVGFI]gH��(�*J^[i_ FIN*[ �K[+8 VPX`FgXTHRV�Hkj FgNP[ �1F�� ��'lX �1F�X��4"4'!"$%+� �]G " �eB���F��cE �6�^F�� %TFO"� %4� "+� ��XTVFgNP[ � � �*ekV�� . � � . 8 e FbaGd*XZJiekQ@Y ekQ>�P[ j H\] e E  _fd'[iJ FI])�PS0Xo_ � � 3 r � ��. j ]gH\S�FgNP[[4*GFgXTV JCFIXZH\V�Qoe � HkjJK � c HRVPVP[^QZQ 4 �kq 5 ; ,

K �KFMekXZVPXTVH/-J H\QZH\] [4*KJ^[i_g_f[ _hj H\] NPX>/\N � ]g[��P_INPXTj F E�@[ 
 e Xo_ e �KX�� J+�PQTF FgeR_fL � NPXZJMNXZVOY\H\QZY\[ _WQoek])/\[hS [ieR_B�P]g[^S [iVRF��PV J [^]IFge\XTVGFgXT[ _;ekV���FINP[ �PXZ_Id [i]g_IXZH\V XTV XTVGFg]IXZV*_IXZJ E� 
 eJ^H\QZH\]O. � NPXoJMN XZ_ �P[ FI[i]IS XZVP[�� j ]gH\S�FIN*[�S [ie\_��P]g[^S [^VGF@H\j V*[iek] �Oa E�W[-, � NP[ _f[��PV J [^] �FMekXZVRFgXT[ _ ek]g[5[iY\[iV /R]I[ e FI[i] � N*[^V 8 � 5 � ; J HRQTHR]g_ N*e Y\[5FIH �'[;J HRV*_fX �K[i]I[�� 8 FgNPXo_ XZ_ FgNP[
�'[i_fF@S e FgJMN ]g[i_fF�� j ]ge\Sh[;J^H\QZH\] j H\] H �*_f[i]IYR[�� 8 � 5 � ; e F q � � � � � � ; ,


 V 9 %'? " � 	 .KF � Hh_fFI]Me Fg[4/\XZ[i_ FIH J^H\d'[ � XTFIN FIN*[;dP]IH �PQZ[^S�HkjBNPHR_fF /Re\QZe�*Oa [4*GFgXTV J �FgXTHRVhe\]I[ Fge\L\[iVN, �BXZ]g_fF#.\j H\QZQTH � XZV0/ l [^]gQTSI�KFfFg[^]m[ Fne\Q6,�4 � � 5 . FgNP[ S HR_fFn]I[�� �K[iVP[�� E�@[@e\]I[]g[ Pb[ JCFI[�� j ]IHRS FgNP[ _gekS dPQZ[�ekV�� FgNP[�]g[i_fF5ek]g[;VPH\F5J HR]I]g[iJ FI[��N, EO[ J H\V�� .PFgNP[ S [ieR_B�*]I[��J^H\QZH\] [4*PJ [i_g_I[i_ ek]g[ �*_I[�� FIH J H\]g]g[iJCF j H\] [+*OFIXZV*J FIXZH\VN, 
 V � H\FIN Jie\_I[i_#.GFINP[ XTVGFg]IXZV*_IXZJ J HRQ �HR]g_mXZV ]g[i_fF�� j ]ge\S [ 8�� 5 � ; 1 . 8 � 5 � ; 1 ekV�� 8 � 5�� ; 1 � [^]g[@J HRS d0�KFI[�� e F [ieRJMN [^d'HOJMN
�*_IXZV0/ FIN*[�QTH � � � �PekFge0, � _IS HOHkFIN J4�P]gY\[ � e\_:8PFIFI[���FIH FgNP[ S [ e\_��P]I[���J H\QZH\]M_ Y\[i]g_��*_
�PekFI[ ]I[iQZekFIXZY\[>FIH S e�*KXTSI�PS�QTX>/\NGF#, � N*[ N*HR_fF���/RekQoe�*Ka([+*OFIXZV*JCFgXTHRV-j HR] FgNP[i_I[ VP[ie\] �OaE��J^H\QZH\];S [ieR_B�*]I[iSh[iVGFg_ � e\_ N*e\V��KQZ[�� �Oa(ekd*dPQTaOXZV0/ e �PQ>�P[�� _fX �K[��(]gX �(/\[iQTXZVP[&8PF#. �Oa
� NPXoJMN ekQZQKd HRXTVGFM_mQTaOXZV0/;S H\]g[ FIN*e\V	� � FgH FINP[ ]g[��hH\j FgNP[:8PF � [^]g[ J^H\V*_IX �K[^]g[��he\_ �'[^XZV0/[4*KeRJCFgQTa � � e � e a-,

� NP]gH-�0/RN FgNP[ 8 ]g_fF e\dPdP]gHReRJMNN.RH �(Pb[iJ Fg_ � XTFIN � 8�� 5 � ; � q � � e\V�� S HR]I[WFIN*e\V p �e � H YR[ G^[i]IH e\]I[ �KXo_IJiek] �K[��hj ]gH\S�FgNP[ _gekS dPQZ[-, � NP[ �KXo_bFg]IX �0�KFgXTHRV>Hkj J^H\QZH\] [+*PJ [ _I_I[i_nj H\]
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FINP[n]g[^S e\XTVPXZV0/WE�W[nXo_7J HRShd ek]g[�� � X`FgN FIN*ekF HkjOFgNP[nQZH � � � _gekS dPQZ[-.iFge\LGXZV0/ XZVGFIHWeRJ^J H��PVGFFINP[@S [ e\_��P]I[iS [^VGF �PV*J^[^]IFgekXZVGFIXZ[i_#, � NP[WH\VPQZa ]g[#CE�PXZ]I[iS [^VGFmj H\]nH �KFge\XTV*XTV0/�e\V �PV �PXZeR_f[��
8PF Xo_5FIN*ekF5FgNP[ �KXZ_fFI]gX �0�KFIXZH\V _5e\]I[h_bFMe FIXo_fFIXoJ^ekQZQZa X �K[iVRFgXZJiekQ � XTF;XZ_I�?F�� V*[iJ [ _I_gek]ga FIN*ekF
� H\FIN �KXo_bFg]IX �0�KFgXTHRV*_ e\]I[ J^H\V*_IXZ_fFI[iVGF � X`FgN G^[i]IH [+*OFgXTV*J FIXZH\VN, �BX>/-�P]g[��0, �;_fN*H � _ FIN*ekFmFINP[
�KXZ_fFI]gX �0�KFIXZH\V _We F5QTH � � e\V�� NPX>/\N�� ]I[��P_INPX`j FM_We\]I[�J^H\S d*e FgX �*QT[�, � NP[ �*_f[ HkjmS e�/\V*X`F)���K[i_
�PV*J HR]I]g[iJ FI[�� j HR] [4*OFIXZV*JCFgXTHRV ]I[OC��*XT]g[i_nFINP[ e � �KXTFIXZH\V H\j�FINP[5XTVGFg]IXZV*_IXZJ �KXZ_Id'[^]M_fXZH\V XZV FINP[S e-/\VPXTF����K[i_ 8 FgekLR[^V j ]IHRS FgNP[;QTH � � � _Ie\S dPQT[�.Pe\_ q , � �;S e�/ 4 p �95 ; ,

� N*[ A � � �PQZ[ �PXZe-/\]MekS �0�PXZQ`F FIN*]IH��0/\N FgNPXo_ e\dPdP]gHReRJMN Xo_�_fN*H � V�XTV �BX!/��P]I[ �0, �
� NP[^]g[-. j H\]>J^QZe\]IXTFba-. d'H\XZVRFM_>J^H\]g]I[ _fd'H\V��PXTV0/(FIH E @[ � XTFINPXZV � � � q � q � j ]IHRS0[ e\JMNHkFIN*[^] N*e Y\[ � [i[^V(J^H\S �PXTV*[��@�*_IXZV0/ e � [iX!/RNP[���e Y\[^]Me�/R[-, � N*[ 8PF ]g[i_��PQ`FgXTVH/ j ]gH\S FINP[Sh[ e\_��P]g[^S [^VGFg_ 8 �*_IXTVH/WXZV��KXZYGX �(�*e\Q\S [ieR_B�*]I[iSh[iVGFg_ e\V�� VPH\F FIN*[ e Y\[i]ge-/\[ _'_INPH � V;XZV FINP[dPQTH\F ; aOXZ[^Q �P_ 8 
 � 2 
 � ; 3 8 q � p � � 1�� 1 �� 1�� 1 � 2 q � � � � 1�� 1 �� 1�� 1 � ; .GeR_I_��PS XZV0/ e ? ekF U@VPXZY\[i]g_I[-, � NPXo_
8PFXZ_ _fN*H � V � X`FgN�e>_IH\QZX � J+�P]gY\[ XTV � X>/-�*]I[��H, �H, � NP[hQZH � [i]@d*ekV*[^Q _fNPH � _@FINP[h]g[i_IX �(� ekQo_j ]IHRS ekV [iS dKFba U@V*XTYR[^]M_f[ 8 e\_hdPQZHkFIFI[�� XZV �BX>/H, p , � ; FIH [^S dPN e\_IX!Gi[>FgNP[ �KX F1[^]g[^V J [i_ekS H\V0/ FgNP[nS H��K[^Qo_#, � NP[ J^H\V(8 �K[^V*J^[nJ HRVRFgH-�P]M_�H\jGFgNP[
8PFBek]g[n_fNPH � V XZV �BX!/��P]g[ �0, � q , �VPH\V���G^[i]IH J HG_fS HRQTH�/\XoJ^ekQ1J HRV*_fFgekVGF Xo_ ]I[OCE�PXT]g[�� � X`FgN ehdP]IH �*e��*XTQZX`Fba � � � M ,0� HR]I[iH Y\[^]O.j ]IHRS �JCGVN, p , � �9.1FgNP[ ]I[ _B�*Q`F�H �KFge\XTVP[���S [ ekV*_ FgN*e F;FgNP[ [+*Kd*e\V*_fXZH\V Hkj FIN*[ U@VPXZY\[i]g_I[XZ_5dP]g[i_I[^VGFIQZa �-%$%$"+'!"4������"$��, � NPXo_ ]I[ _B�*Q`F XZ_ ekQo_fH _B�Pd*d HR]fFg[�� � XTFIN e dP]gH � e��PXZQTXTFba � � � M
8 _I[^[ �BX!/ , �0, � q ; ,

� N*[ _I[iJ^H\V��-e\dPdP]gHReRJMN FIH J H\]g]g[iJCF j H\]hNPHR_fF���/Re\QZe�*Oa([+*OFIXZV*J FIXZH\V XZV 9 %'? " � 	 XZ_FIH �PXT]g[iJ FIQZaD� _f[ FINP[ Sh[ e\_��P]g[^S [^VGFg_WHkj � 8�� 5 � ; , � NP[ N*X!/RN�� d*]I[ J Xo_fXZH\V J^H\QZH\] � XZV��K[4*Sh[ e\_��P]g[^S [^VGFg_ e Y ekXZQZe �PQT[�j HR]>FgNP[ � � � � �)E�@[ 8 � � q � q � ; ekQZQTH � _ e �KXZ]I[ JCF [ _bFgX �S ekFIXZH\V(Hkj FgNP[ NPHR_fF���/Re\QZe�*Ka [4*GFgXTV JCFIXZH\V �*_IXTV0/��JCGVN, �H, � �-. � XTFINPH��KF FINP[ VP[i[�� H\j e\VGae\_g_B�PS dKFgXTHRV e��'H-�KF@FgNP[�XZVGFI]gXTV*_IXoJ;[+*OFIXZV*J FIXZH\V �KXo_bFg]IX �0�KFgXTHRV 8 _I[^[;FgNP[ � �� � �;ekd*dP]IHGe\JMN
� [iQTH � ; , � QZ[i_g_ _fFI]gXZV0/\[iVRF J+�KF H\V�FINP[ J HRQTHR]W[4*KJ^[i_g_WXo_ �*_I[�� 8 ]I[BPb[iJCFgXTVH/ H �(Pb[iJ Fg_ � X`FgN
� 8�� 5 � ; � q � p � ekV��(S H\]g[�FIN ekV � � e � H YR[ Gi[^]gH ; � [ J^e�� _f[hX`F;N*eR_ � [i[^V(j H-�PV���XZV_bF)���KXZ[i_ Hkj@QZH � � ]g[��P_INPXTj FhE�W[-. FIN e FhFINP[ _f[ Y\[^]ga�]g[����K[^VP[�� E�W[ e\dPd [ ek] FIH �'[>H YR[^] �J H\]g]g[iJCFg[�� j H\]5[+*OFIXZV*J FIXZH\V � NP[iV �*_IXTV0/ e _bFMekV��*ek] � ]g[����K[^VPXZV0/ Qoe � 4 �Gp 5�, � X>/-�*]I[��H, � �_fNPH � _ FIN*[ [4F'[ JCF Hkj@FgNPXo_ J H\]g]g[iJCFgXTHRV j H\]hFIN*[ � � � � ��E�W[ H\j 9 %;? " � 	 , � NP[D�PV��J [^]IFge\XTVGFgXT[ _WH\jJ/\]gH-�PV�� � � e\_I[�� J^H\QZH\]WS [ e\_��P]I[iS [^VGFg_Wj ]IHRS l [^]gQTSI�KFfFg[^] [ F�ekQ , 4 � � 5nek]g[QZe\]�/R[^] 8 J H\S d*e\]I[ FgNP[WQoe\_fF F � H�d*e\VP[^Qo_nXZV �BX>/-�P]g[��0, � ; . � N*XZJMN � H-�PQ � XZVRFg]IH��(� J [WQoek])/\[i]
�PV*J [i]fFMekXZVGFIXZ[i_ XTV FINP[ ]g[i_��PQ`FM_ Hkj7FgNP[ 8*F#, � NP[5FIHRd ekV�� �'HkFfFgH\S�d*e\VP[^Qo_ Hkj �BX>/-�P]g[!�H, � p_fNPH � _ FgNPXo_ �KX!F'[i]I[iV*J [�, � NP[18PFg_ FIH FIN*[;[+*OFIXZV*JCFgXTHRV�� J H\]g]g[iJCFg[��	�Pe FMe ek]g[ �PH\VP[;e ���KXTVH/ekV XTVGFI]gXZV*_fXoJI�PV*J [i]fFMekXZVGFba XTV � � H\j q , � � S e�/ 4 �Rp 5�, � NP[ ]I[ _B�PQTFg_ H\j FgNP[ J HR_IS H\QZH-/Ra
8PFg_ �*_fXZV0/ �PXT]g[iJ F�[+*OFIXZV*JCFgXTHRV-J HR]I]g[iJ FIXZH\V*_ HRV FINP[ � N*H\QZ[ �Pe FMe _f[^F Hkj 9 %'? " � 	 ek]g[
8 
 � 2 
 � ; 3 8 q � p � � 1�� "�"� 1�� " 1 2 q � � p � 1�� " 1� 1�� "�" ; .Oe\_g_B�PS XZV0/ e1?'e F UWVPXTYR[^]M_f[�, � N*[WJ^eR_f[@H\j 
 � � qXZ_ _fFIXZQTQ7j e Y\H\]g[�� � X`FgN�dP]IH �*e��*XTQZX`Fba � � � M ,
� �KX!F1[^]g[^VGFhe\dPdP]gHRe\JMN FgH�Fg]I[ e FhNPHR_fF���/Re\QZe�*Oa [+*OFgXTV*J FIXZH\V j ]gH\S�FgNP[ F � H �*_f[��-XZV9 %'? " � 	 XZ_;FIH e\_g_B�*Sh[ e\V eR_faOS S [ Fg]IXoJhdP]IXZH\];HRV FINP[ J^H\QZH\] [+*PJ [ _I_I[i_#. eR_ �KH\V*[ �OaFINP[ � �� � ��, � a-FINPXo_ e\_g_��PS dKFIXZH\VN. VP[4/Ge FgXTYR[ Y ekQ>�P[ _ H\j � 8�� 5 � ; ek]g[ /RXTYR[^V<Gi[^]gHdP]IH �*e��*XTQZX`Fba�.\ekV�� d'HR_g_IX`FgXTYR[ Y e\Q!�P[ _ � H-�PQ � N e Y\[ e;_fN ek]gd d'[ie\L e F � 8	� 5 � ;  q . � X`FgNekV [4*Kd HRVP[^VGFIXoekQ �P[iJ QZXZVP[-, 
 F _INPH��PQ � �'[ V*HkFI[��-FgN*e FO. XTj J^H\QZH\]M_ e\]I[ S [ieR_B�P]g[�� � X`FgN

�KX F1[^]g[^VGF dP]I[ J Xo_fXZH\V e F QZH � �Be\V�� NPX>/\N � ]g[��P_INPXTj F#.K_��*JMN>e�d*]IXZH\] � H��PQ � XTVGFI]gH��(�*J^[We �PXoe\_H\V�FIN*[ ]g[i_��PQ`F5HkjmFIN*[�8PF#. �K[id [iV��KXZV0/>HRV�FINP[ [+*Pe\J F5_IN*ekd'[�HkjmFgNP[�dP]gXZH\] �PXZ_fFI]gX �H�KFIXZH\VN,



� r �����������
	 �� � � ������� �
	����-��� � ��	���� �����
	 � � 	���� �*���
� ��� 	 ���
�
	����������

0

4

8

12

0

1

2

3

0

4

8

12

16

0

2

4

6

−0.4 0 0.4

Perlmutter 1999
High−redshift

Riess 1999
Low−redshift

Hamuy 1996
Low−redshift

This paper
High−redshift

Knop             (2003)et. al.

N

N

N

N

E(B−V)

�BX>/-�P]g[��0, � � A Xo_bFgH-/R]ge\S _ Hkj�S [ieR_B�P]g[�� � 8�� 5 � ; j HR]nFIN*[@j H-�*] E��_Ie\S dPQT[ _ e\V*ekQZaK_f[��XZV 9 %'? " � 	 , � NP[ _IN*e �K[��;N*XZ_fFIH�/\]MekS _7]g[^dP]g[i_I[^VGF FINP[ E�@[�*_I[��;XZV�FgNP[�8*]g_fFmekdPdP]gHReRJMNFgH Fg]I[ e F NPHG_bF � /GekQoe�*Ka [+*OFIXZV*JCFgXTHRV 8 _f[i[ FI[+*OF ; , � NP[ HRd [iV	�'H *K[i_ ]g[^dP]g[i_I[^VGF@E�@[;XZV>FgNP[J^H\S dPQZ[ FI[ _gekS dPQZ[ _Ie\S dPQT[ � _f[��(XZV FINP[ _f[ J H\V��(e\dPdP]gHRe\JMN(Hkj [+*OFIXZV*J FIXZH\V J HR]I]g[iJ FIXZH\VN.e\V���FgNP[ �KHkFIFI[�� �'H *K[i_ J HR]I]g[i_Id'H\V���FIH ]I[BPb[iJ FI[�� E�W[ 8 _I[^[ 9 %'? " � 	 j HR] �K[ FMekXZQZ_ ; , � NP[_IH\QZX � QZXTV*[i_@XZV�FIN*[;F � H �'HkFIFIHRS�d*e\VP[^Qo_ ]g[^dP]g[i_I[^VGF FIN*[ �KXo_bFg]IX �0�KFgXTHRV HkjnJ HRQTHR] [+*PJ [ _I_I[i_H �*_f[i]IYR[�� e F QZH � ]g[��P_INPXTj Fg_#.RJ^H\V*_IX �P[^]gXTV0/ FgNP[ �KX!F'[i]I[iVGFnSh[ e\_��P]g[^S [^VGFndP]g[iJ^XZ_IXTHRV*_#, � NP[
�KXo_fFI]gX �0�PFIXZH\V j H\] NPX>/\N � � E�W[;XZ_ J^H\V*_IXZ_fFI[iVGF � X`FgN FgN*e F@H\j QZH � � � E�W[-,



����� �$� � ��� � ����� ��� � � � ��� �
	������ ��	�� ��� ���
	 � � � �

14

16

18

20

22

24

0.0 0.2 0.4 0.6 0.8 1.0
�1.0

�0.5

0.0

0.5

1.0

B
m

ef
fe

ct
iv

e 
m

ag
. r

es
id

ua
l

fr
om

 e
m

pt
y 

co
sm

ol
og

y

MΩ Ω�Λ,

SCP 2003

Knop et. al. (2003)

0.25,0.75
0.25,0.00
1.00,0.00

� X>/-�*]I[��0, � � ZgEREH"+�!EH����"4' � �WY\[i]ge-/\[�� A � � �*QT[��KXoe�/\]MekS�j ]gH\S 9 %;? " � 	 8 Fg]I[ e FgXTV0/WFINP[[+*OFIXoJ VGFIXZH\V J HR]I]g[iJ FIXZH\V*_WFINP]gH-�H/\N FgNP[&8*]g_fF;ekdPdP]gHReRJMNN.�_f[i[ Fg[+*OF ; , �*H\];J Qoek]gX`Fba�.1d HRXTVGFg_
� X`FgNPXTV � � � q � q � j ]gH\S [ieRJMN HkFgNP[^]5N*e Y\[ �'[^[iV�e Y\[i]ge-/\[�� , � NP[ �'[i_fF�� 8PF J HR_IS H\QZH-/Ra
8 
 � 2 
 � ; 3 8 q � p � 2 q�� � � ; Xo_W]g[^d*]I[ _f[iVRFg[�� �Oa e>_IH\QZX ��J+�*]IYR[-, �PH\] J HRS d*ek]gXZ_IH\V�.*HkFgNP[^]F � H J HG_fS HRQTH�/\XZ[i_ ek]g[ _INPH � V � 8 
 � 2 
 � ; 3 8 q � p � 2 q ; ekV�� 8 
 � 2 
 � ; 3 8 � 2 q ; , �!F�WJ"4�
E0����"4' �f� [ _fX �(�*e\Q A � � �PQZ[ �KXoe�/\]MekS _#.'J^H\S d*e\]I[���FIH FINP[ J^eR_f[ Hkj e\V�[iShdPFba U@VPXZY\[i]g_I[
8 
 � 2 
 � ; 3 8 q 2 q ; , � NP[ _IX!/RVPX!8 J^e\V*J [ Hkj FgNP[ �K[ Fg[iJCFgXTHRV(H\j �Pe\]IL�[^V*[^])/\a Xo_ _fFI]g[i_g_I[��XTV FIN*XZ_ d ekVP[iQ6,



� � �����������
	 �� � � ������� �
	����-��� � ��	���� �����
	 � � 	���� �*���
� ��� 	 ���
�
	����������

0 1 2 3
�1

0

1

2

3

Ω

ΩΛ

No Big Bang SCP 2003
Knop et. al. (2003)

Flat
Open

Closed

68%, 90%, 95%, 99%

M

R����� ������	�
��� E��� n����� �����
�����

a "!$# %�&('�)+*-,/.

021 /43�57698H,;:=<�>@?BA4C�DFEG6/CFHI6J5764/ 1 A(CLK 1 CNM7O�6QPSRUT�PWVYX�Z�[\C�69]^5_A(`badcGe"f�gNhji�M75_6=[�M 1 C0/
M7O�6k6+*lM 1 HIC�M 1 A(CmH/A4575_6=H+M 1 A4CFK"M7O�57A430/(OnM7O�6oDL5KpM�[\XLX�5_A�[4HON.GK_6/6qM_64*lMr�,



����� �$� � ��� � ����� ��� � � � ��� �
	������ ��	�� ��� ���
	 � � 8��

0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

22

23

24

25

0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

22

23

24

25

ef
fe

ct
iv

e 
m

B
ef

fe
ct

iv
e 

m
B

Ω M Ω Λ
0.28, 0.72
0.28, 0.00
1.00, 0.00

Knop             (2003)et. al.

z

z
0�1 /43L5_6k80,�:4:(>���3�����Z;69E 1 [-/45[\` A4]26
	 6=H+M 1�� 6 �"[\CFEmK�M_576IMHO HIA457576 H+M76 E � � � 6/5K�3FK��]^A45WM_O�6U:(:����d6qA��LK_6/5 � 6 E�� 1 M7OnM7O�6������ 1 C adcGeBf(gQh ,��@X 6/CmH 1 57H/Z;6=KB576/XL5_6=K�6 C(MBM_O�6
����6@5_6��p6 H+M76 E 1 C M7O�6@DL57K�MW[4X�X�57A([(HO9]^A(5"M75_6=[�M 1 C0/JO�A(K�M��/([4Z�[�*��96+*lM 1 CLHIM 1 A4CN, � O�6qHI57A(K7K
HIA457576 K_XFA(CLE�K�M_Ak[����!�SO 1 HO"�W[(K 5_6��p6 H+M76 EJ]^5_A(` [\Z�ZGD�MK ]^A45 � 6 1 C0/qM_AlAk576 E�E�6/C�6=E ,#� OL6
Z 1 C�6 KWHIA(5_576 K_X A4CLE M7A M_OL5_6 6@64*G[4`UX�Z;6qHIA�K�`UA4Z�A-/ 1 6=K 1 CLE 1 H/[�M76 E 1 CQM7O�6 /45[\X�ON,$� O�6qK�A(Z 1 E
Z 1 C�6 1 K-M7O�6%� 6 K�M� D�MWH/A(K_`UA4Z�A-/&�'�SO�6/C ]^3LZ;Z 6+*lM 1 CLHIM 1 A4CQHIA(5_576 HIM 1 A4CLK [45_6@[\X�X�Z 1 6 E ,)(�*�*0"
+
*�,.-�"4'I>���AmO�A(K�M��/([4Z�[�*�� H/A4575_6=H+M 1 A4C [\X�X�Z 1 6 E ,0/ C�C�6 5k6/575_A(5�1�L[\5KdK_O�A2� `U6=[4K_3�5_6 `U6/C�M
3�CLHI6 5�M[ 1 C�M 1 6 K#,��@3GM76/5q6/575_A(5�1�L[\5K 1 CLHIZ�3LEG6 <0,�:3� ` [�/ A\] 1 C�M_5 1 CLK 1 HJE 1 K�X 6/5K 1 A(CN,�46527J"
+
*�,.-�"4'I>68@E�E 1 M 1 A4CL[4Z�O�A(K�M��/([4Z�[�*�� HIA457576 H+M 1 A(C'� [4K [\XLX�Z 1 6 E 3LK 1 C0/qM_O�6S`U6 [(K�3L5_6=E � i � 5� r � [\Z�3�6 K#,9� OL6 1 C�C�6 5 6/575_A(5�1�L[457KQi `U6 [4K_3�576/`U6/C�M 3�CLH/6/5_M7[ 1 C�M 1 6 Kr9[\576 C�A2� Z�[45�/(6/5O,
�@3GM_6 5S6/575_A(5�1�L[\5K"[(E�E <0,�:4:qA\] 1 C�M_5 1 CLK 1 HkE 1 K�X 6/5K 1 A(CN,



8��������������
	 ���� � ������� �
	����-��� � ��	���� �����
	 � � 	���� �*���
� ����� ���
�
	����������

� O 1 Z�6JM7O�693FK�69A\]B[ K�OL[45_X 6 C�A43H/4ONX 6 [	� [\MqZ�A2� 6+*lM 1 CLHIM 1 A4CLK 1 C(M75_AGEG3FHI6 K@Z 1 M_M_Z�6)� 1 [4K#.
1 M7KS6
	 6=H+M 1 K M7AQ[\Z�` A�KpM�H/A4`UX�Z�6IM_6 Z�� 6/Z 1 ` 1 CL[�M76oM_O�69HIA4C�M75 1 ��3GM 1 A(C A4]26 5_57A45KWA4C � i ��
� r�M7A M_O�6QP R TGP V HIA(CGDFEG6 CLHI6 HIA(C�M_A43L57K#,)� O 1 K 1 KkK�OLA2�SC 1 C M7O�6 ` 1 ELEGZ;6 XF[\C�6 Z�KoA4]
021 /43�576B8H,;:�W]^A45 E 1 	 6 5_6 C(M���� K_[4`UX�Z;6=K4. 1 CLHIZ�3LE 1 C0/@M_O�6W576 K_3�Z MK�A4]�M_O�6�� ������� M_6=[\` 4 �4895�,
� O�6UHO�A 1 H/6JA\] [nK_OL[\57X�Z � XF6=[��(6 E X�5 1 A45 1 KoK 1 ` 1 Z�[45@M7A 576 �p6=H+M 1 C0/ M_OL69`UA(K�Mo6+*lM 1 CLH+M76 E
���d6 [4CLEN[(K_K_3�` 1 CH/nC�Am6+*lM 1 CLHIM 1 A4CN]^A(5dM7O�6 5_6=KpMUi�M_OL69DF57K�Mq[4X�X�57A([4HO 1 C a@cGe"f�gNh r+.
��3�M%� 1 M7O�A43GMSM76 K�M 1 C0/UM_O 1 K�[(K_K_3�`UXGM 1 A(CN,

0

1

2

3

0

1

2

3

0 1 2 3

0

1

2

3

0 1 2 0 1 2 3

ΩΛ

Without E(B−V)
correction, 
significantly

SNe omitted
reddened

With unbiased
E(B−V) correction

E(B−V) correction
using one−sided prior

depend on the prior
(Caution: contours

used; see text.)

ΩMΩMΩM

Riess et al. (1998)
as Published

ΩM

Knop             (2003)et. al.

HST SNe
(This Paper)

All current SCP SNe

21

Perlmutter et al. (1999) SNe

021 /43�576J80,�:���>d?BA4CGDFE�6/CLH/6 5_6#/ 1 A4CLK 1 CNM_O�6UPSR T�PWV X�Z�[4C�6 ]^A(5@E 1 	$6/576/C�MoEL[�M7[nK�3��FK�6/M7K
[4CLE `U6/M_O�AGE�KoM7A M_576 [\MoOLA(K�M��/([\Z�[�*�� 6+*lM 1 CLHIM 1 A4C 3LK_6 E 1 C a@cGe"f�g h3,�(�*�*0"
+�*�,2-�"4'�� >
021 57K�M [4X�X�57A([(HOQEG6 K7HI5 1 � 6 E 1 C M_OL6dM76+*lM#.GA(` 1 M�M 1 CH/UK 1 /4C 1 DFH/[4C�M_Z � 576 ELEG6/C�6=E ���d6-, �������
�9'>"�*�,2-�"4'�� > � O 1 5E [\XLX�5_A�[4HONEG6=K_H/5 1 � 6 E 1 CNM7O�6 M_64*�MO. 3LK 1 C0/ [QA(C�6  K 1 EG6=EN64*�M 1 CFH+M 1 A4C
X�5 1 A45O, (�*�*0"
+�*�,.-�"4'�� >��G6 HIA(CLE [\X�X�57A([(HONX�576 K_6/C�M_6=E 1 C M7O�6UM_64*lM#. �SO�6 5_6U64*�M 1 CFH+M 1 A4C
H/A4575_6=H+M 1 A4CFKS[\576 [\X�X�Z 1 6 E�� 1 M_O�A(3GM@[4C �mX�5 1 A(5#, ��A4M_6JM_OL[\M�M_O�6JD�M7K 1 CNM_O�6 ` 1 E�EGZ�6J57A2�
H [\C 6 1 M_OL6/5 � 1 6/Z�E 576 K_3�Z;M7KWK 1 ` 1 Z�[\5"M_A M7O�A(K_6 1 C M7O�6d3�XLXF6 5W57A2��.4A(5 � 1 [4K_6 EQ5_6=K�3�Z;M7K#,$8�Z�K�A
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[ /(6/C�6 57[4Z�6�<(3F[�M 1 A4C A\]WK�M7[\M_6AX8�ZYMJ�. 1 CFKpM76 [4E A\]B[mHIA(CLK�M7[\C�MoEG6/CLK 1 M �-. [(K@E 1 K7HI3LK7K�6=E
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A\]  KpM[�M_6kXF[\5[\`U6IM76/5 ]^A45�EL[\5 �n6/CL6/5)/&�-.VY . [(K_K_3�`U6 EnM_A�� 6 HIA(CLK�M7[\C�M%� 1 M_O � .GM_A�/46/M_O�6 5
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C�A � [\6-. �SO 1 HO [45_6 KpM[\CLE�[457E 1 ? 6 E H/[4CLEGZ�6 K#,�� O�69Z 1 /4O�M7H/3�5 � 6JE�[\M7[ 1 KqC�A\MoK�376 H 1 6 C�M@M7A
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M_57A(K7HIA4X 1 HUE�[\M7[ 1 K C�6 6 EG6=E M_ANK_6 HI3L5_6UM7O�6nHIZ�[4K7K 1 DFH [�M 1 A(CN, a@cGe"f�gYh 3LK_6 KkA(C�Z�� ���d6
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)c9 � 5;: � � ������� < � � < � � C	D K 5  ) � � � � � : � 7 +C	D K 5  ) � � � � � : � 7 �C	D K 5 B  ) � � � � � : �@? +C	D K 5 B  ) � � � � � : �@? �
)c9 � 5;: � � ������� < � 5 < � � �

��� � < F � F  ) � � � � : � � +
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��� � < F � F B E  ) � � � � : � � +

�
��� � < F � F B E  ) � � � � : � � �

)c9 � 5;: � � ������� < � K < � � �  7 � B  ) � � ? � � : � � +
�  7 � B  ) � � ? � � : � � �
�  7 �  ) � � ? � � : � K +
�  7 �  ) � � ? � � : � K �C 	 " ���*��� � � � F � G � � � : � � +C 	 " ���*��� � � � F � G � � � : � � �C 	 " ���*��� � � � F � G 5 � � : � 7 +C 	 " ���*��� � � � F � G 5 � � : � 7 �

)c9 � 5;: � � ������� < � K < � 7 �
��� � < F � F  ) � � � � : K � +

�
��� � < F � F  ) � � � � : K � �

�
��� � < F � F  ) � � � � � : K 7 +

�
��� � < F � F  ) � � � � � : K 7 �

�  7 �  ) � � � � � : � � +
�  7 �  ) � � � � � : � � �C 	 " ���*��� � � � F � G 5 � � : K � +C 	 " ���*��� � � � B F � G 5 � � : K � �C 	 " ���*��� � � � F � G � � � : K 7 +C 	 " ���*��� � � � F � G � � � : K 7 �

A !ZB � K � ������� < � 5 < � � �  7 �  ) � � � � � : � K +
�  7 �  ) � 5 � � � : � � +
�  7 �  ) � 5 � � � : � ? +F
!Z! � K � � � � � � � : � 7 +C 	 " ���*��� � � � F � G � � � � : �@? +C 	 " ���*��� � � � F � G � � � � : ��� +
F
!Z! � � K ? ) � � � � : � K +
�
� 5 ? < 5 �  A � � � � : 5 � +F
!Z! 7�5�7 � B ��� � � � � : � � +

A !ZB � K � ������� < � 5 < � 7 F
!Z! 5 ��� ?  ) � � � : � � +
F
!Z! 5 ��� ?  ) 5 � � � : � � +F
!Z! 5 ��� ?  ) � � � � : � � +
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!Z! K 5 � K A � 5 � � � : � � +
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!Z! � K � � � � � � � : � 5 +
F
!Z! � K � � � � � � � : � 5 +C 	 " ���*��� � � � F � G � � � � : �@? +C 	 " ���*��� � � � F � G � � � : �@? +A  < 5 � $ ��� � 7 B E ) � K � � : 5 ? +F  � 5�5 $ � � K � F � BHG � � � � : 5 � +F  � 5�5 $ � � K � F � BHG � � � � : 5�5 +F  � 5�5 $ � � K � F � BHG � � � � : 5 K +
D � � 7 K  ) � � � � : � K +D � � 7 K  ) � � � : � K +
�
� 5 ? < 5 �  A � � � � : 5 � +F
!Z! 7�5�7 � ��� � � � : � � +

A !ZB � K � ������� < � 5 < � K �  7 �  ) � 5 � � � : � 7 �
�  7 � B  ) � 5 � � � : � � +
F
!Z! � K � � � � � � � : � K +
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F
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A !ZB � K � � ��� � < � 5 < � � A  < 5 � $ � � � 7 ) � K � � : K � +A  < 5 � $ � � � 7 ) � K � � : K 7 +F  � 5�5�$ � � K � B F � BHG � � � � : K 5 �F  � 5�5�$ � � K � F � BHG � � � � : K � �F  � 5�5�$ � � K � B F � BHG 7 � � : K ? +F  � 5�5�$ � � K � F � BHG 7 � � : � � +
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F
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!C! 7�5�7 � ��� � � � : � � +
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!C! 7�5�7 � ��� � � � : � � +

D % � 5;: � � � ��� � < � 5 < � 5 F
!C! K ? � �  ) � � � � : ��? +F
!C! K ? � �  ) � � � � : ��? +D � � 7 K  ) 5 � � : � 5 +
D � � 7 K  ) 5 � � : � � +
F
!C! 7�5�7 � B ��� � � � : � � +
F
!C! 7�5�7 � ��� � � � : � � +

D % � 5;: � � � ��� � < � K < � � F
!C! 5 � � ? B  ) � � � : � � +
F
!C! 5 � � ?  ) � � � : � � �D � � 7 K  ) 5 � � : � � +
D � � 7 K�B  ) 5 � � : � � �F
!C! 7�5�7 � ��� � � � : � K +F
!C! 7�5�7 � ��� � � � : � K �
F f%P7 K � F  F K � � � � : ��� �F f%P7 K � F  F K � � � � : � K +
F f%P7 K � F  F K �@? � � : K 7 �F f%P7 K � F  F K � � � � : K � +

D % � 5;: � � � ��� � < � K < � � F
!C! 5 � � ?  ) � � � : � � +
F
!C! 5 � � ? B  ) � � � : � � �A  < 5 � $ � � � 7 ) � � � � : ��� +A  < 5 � $ � � � 7 ) � � � � : ��� �
F
!C! � � K ? ) K � � : � K +F
!C! � � K ? ) K � � : � � �D � � 7 K  ) � � � : � ? +
D � � 7 K  ) � � � : � � �
�
� 5 ? < 5 � B  A 5 � � � : 5�7 +

�
� 5 ? < 5 �  A 5 � � � : 5 ? �

� � A 7 ��� 5 G : C � � �@? � � : � � +
� � A 7 ��� 5 G : C � � 5 � � � : � ? �

D % � 5;: � � � ��� � < � K < �@? F
!C! 5 � � ? B  ) � � � : � � +
F
!C! K 5 � K A � � � � : 5 � +

D % � 5;: � � � ��� � < � K < ��� F
!C! 5 � � ?  ) � � � : � � �
F
!C! 5 � � ?  ) � � � : � � +F
!C! K ? � �  ) � � � � : � � +
F
!C! K ? � �  ) � � � � : � � �A  < 5 � $ � � � 7 ) � � � � : ? 5 +A  < 5 � $ � � � 7 B ) � � � � : ? K �
F
!C! � � K ? ) K � � : 5 � +
F
!C! � � K ? ) � � � : 5 � �
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D � � 7 K  ) � � � : � 5 +
D � � 7 K  ) 5 � � : � K +D � � 7 K  ) � � � : � K �
�
� 5 ? < 5 � B  A 5 � � � : K 5 +

�
� 5 ? < 5 �  A 5 � � � : K � �

� � A 7 ��� 5 G : C ��� � ? � � : K\K +
� � A 7 ��� 5 G : C ��� 5 � � � : K � �

E 9 � � K � ������� < � K < � � �  7 �  ) � � ? � � : � � +C 	 " ���*��� � � � B F � G � � � : � � +F  � 5�5 $ � � K � F � BHG � � � : � ? +F  � 5�5 $ � � K � E F � BHG � � � : � ? �
�
� 5 ? < 5 �  A 5 � � � : � � +F  � ��? $ K � � � � � � � � � : � � +F  � � � $ K ��� � � � � � : � 7 +

F 	 #&0�5 � ������� < � � < � 5 �  7 �  ) � � � � � : � ? +
�  7 �  ) � � � � � : � ? �

F 	 #&0�5 � ������� < � K < � 5 C 	 " ���*��� � � � F � G � � � � : K ? +C 	 " ���*��� � � � F � G � � � � : K ? �C 	 " ���*��� � � � F � G � � � � : � � +C 	 " ���*��� � � � F � G � � � � : � � �
�  � � ? B ��$ F 5 � � � : K\K +
�  � � ? ��$ F 5 � � � : K\K �F  � 5�5 $ � � K � F � BHG � � � � : � K +F  � 5�5 $ � � K � F � BHG � � � � : � K �
�
� 5 ? < 5 �  A � � � � : � � +

�
� 5 ? < 5 �  A � � � � : � � �

F 	 #&0�5 � ������� < � K < � K C 	 " ���*��� � � � F � G � � � � : � 7 +C 	 " ���*��� � � � F � G � � � � : � 7 �
�  � � ? ��$ F � � � � : K � +
�  � � ? ��$ F � � � � : K � �F  � 5�5 $ � � K � F � BHG � � � � : � 5 +F  � 5�5 $ � � K � F � BHG � � � � : � 5 �F  � ��? $ K � � � � � � � � � : K � +F  � ��? $ K � � � � � � � � � : K � �

H  H � : K � ������� < � 5 < � � �  7 � B  ) � 5 � � � : � � +C 	 " ���*��� � � � F � G � � � � : � � +
H  H � : K � ������� < � 5 < � � �

��� � < F � F B  ) � 5 � � � : � � +
�  7 �  ) � 5 � � � : � K +C 	 " ���*��� � � � F � G � � � � : � 7 +
�  � � 5  ) � 5 � � � : � � +

H  H � : K � ������� < � 5 < � K �  7 � E  ) � � � � � : � � +F  � 5�5 $ � � K � B F � BHG � � � � : � � +
� � ! ������� < � � < � 5 �  7 � B  ) � � � � : � � +

�  7 �  ) � � � � � : � � +
�  7 � B  ) � � � � � : � � �C	D K K ��$ � 5 � � : � � +C	D K K ��$ � � � � : � � +C	D K K ��$ � � � � : � � �

� � ! ������� < � � < � K C	D K K5B ��$ � 5 � � : � � +
� � ! ������� < � � < � � C h K\K � ? F � : � G � � : � � +C h K\K � ? F � : � G � � : � � +
� � ! ������� < � 5 < � � �  7 �  ) � � � � : � 7 +

�  7 � B  ) � � � � � : � 7 +
�  7 � B  ) � � � � � : � ? �C	D K 5  ) � � � � � : 5 � +C	D K 5  ) � � � � � : K 5 +C	D K 5  ) � � � � � : K � �C	D K 5  ) � � � � � : K � �

� � ! ������� < � 5 < � 5 �*��	 ���/5 K�B  � � � � � : � K +
�*��	 ���/5 K�B  � � � � � : � K �
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