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B(GT) ~0.01; 
Qν=1362

1857

713.6

612.8

497.3

0

B(GT) =0.17; 
Qνννν=114

115In (95.7 %) 
ττττ=6.4 × 1014 y

9/2+

7/2+

11/2-

7/2+

3/2+

1/2+
115Sn

(e/γ)2 115.6 (e/γ = 0.96)

γ3 497.3

ττττ = 16 ps

ττττ = 4.76 µse1

e

115In (p,n)
ττττ = 231 µs

100.8 (e/γ = 5,7)

βmax= 498.8
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e�^N_BF4LNABS]E#H#Z�Z#E,?pJQSlA(^NH#Z,S]W�JQA(KMV�dM? _US]KRH#_CKRZ,?*H#_U?*b�SNI,JB@,AB?C?a��H!�1�:�qZ,?*_C^*�!b�S]H,?0_C^NH�bQ?*dM?*_UJ�?C~N?*H�JBb�`&@,?CAB?
JB@,?/@#KML]@s?*H,?CABLN� �cJQA(KMLNLN?CA(b&^9J&dM?*^NbQJ{Jq`aS�_U?*dRdRbCh ¤{@,?me�^N_BF4LNABS]E#H#Z7Z#E,?�JQSnA(^NH#Z,S]W _US]KRH#_CKRZ,?*H#_U?*b�SNI
I
S]E,Ag��H!�qZ,?*_C^*�!btZ,?CJQ?CA(WnKRH#b�JB@,?aLNA(^NH4E#dR^9A(KMJq�mSNI�JB@,?0Z,?CJQ?*_UJQSNA*h ¤�SjS�~N?CA(_US]WX?{JB@#KRb�F!KRH#Z/SNI#e�^N_BF4LNABS]E#H#Z
JB@,?/H4E#W/e5?CA�SNIg_U?*dRdRb{@#^Nb�JQSne5?mKRHsJB@,?�A(^NH,LN?mSNI ��� , I
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Stainless Steel Water Tank
18m ∅

Stainless Steel
Sphere 13.7m ∅

2200 8" Thorn EMI PMTs
(1800 with light collectors

Water
Buffer

100 ton 
fiducial volume

Borexino Design

Pseudocumene
Buffer

Steel Shielding Plates
8m x 8m x 10cm and 4m x 4m x 4cm

Scintillator

Nylon Sphere
8.5m ∅

Holding Strings

200 outward-
pointing PMTs

Muon veto:

Nylon film
Rn barrier

   400 without light cones)
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SNV#JBKR_C^Nd�^9e�bQSNABV#JBKMS]H=KRH�JQABS!Z#E#_U?*Z7KRblZ#E,?mJQS�JB@,?�V#AB?*bQ?*H#_U?/SNI KMABS]H=_US]H�JB^NWnKRH#^9JBKMS]H#b&JB@#^9JjdM?*^NZ=JQS�JB@,?
I
SNA(Wn^9JBKMS]H�SNIgf,?���^N_C^N_�����h
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�l_U?CJq�!dR^N_U?CJQS]H#^9JQ?*bXSNI0?Nh L,h�KMABS]H:u�~9^NH#^NZ#KRE#W�u�_USNe�^NdMJ/^NH#ZP_(@,ABS]WnKRE#W ^9e�bQSNABe�KRHYJB@,?n~!KRbBKMe�dM?�AB?CL]KMS]H:h
��ABS]H7KRb0JB@,?/WXS]bQJ{_UA(KMJBKR_C^Nd�_US]H�JB^NWnKRH#^9JBKMS]H�SNIgJB@,?*bQ?m?*dM?*WX?*H�JBbChp¤{@,?CAB?CI
SNAB?Nu,JQS3^NZ#Z,AB?*bBb�JB@#KRb�KRbBbBE,?�^NH
KMABS]H=V#AB?U�1V�E,A(K�¨�_C^9JBKMS]H7bQJQ?CV%`0^NbjZ,?*bBKML]H,?*ZcE#bBKRH,L3^3V�k}_US]H�JQABS]dRdM?*Z=SNABL]^NH#KR_��1`0^9JQ?CAm?UT!JQA(^N_UJBKMS]H:hj¤{@,?
WX?CJB@,S!ZsKRb0e�^NbQ?*ZsE,V5S]HsZ#K�x5?CA(KRH,L/~9^NdRE,?*baSNI�V�k �;: � I
SNA{KMABS]H�^NH#Z�KRH#Z#KRE#W¦��dMS�`a?CA{I
SNA{KMABS]H�� KRH�`0^9JQ?CAQ�
SNABL]^NH#KR_3bQ�!bQJQ?*Wnb�_US]H�JB^NKRH#KRH,Lckl^N_C^N_9h%�pE,AB?�kl^N_C^N_Y� ! h �=>Y�mKRb/bB@#^9FN?*H�`&KMJB@�^NH�KRH#Z#KRE#W ^N£4E,?CS]E#b
bQS]dRE,JBKMS]H=�
�����$� �������43 ��� � � � ^9JpV�k 	 � 4 � ' V�k �;: � ����;�� 3 � 4 � � (1hp¤{@,?�SNABL]^NH#KR_�V�@#^NbQ?&_US]H�JB^NKRH#KRH,LmJB@,?
f,?���^N_C^N_�����KRb�bQ?CV�^9A(^9JQ?*Z�^NH#Z/JB@,?pV#ABS!_U?*Z#E,AB?pKRb�AB?CV5?*^9JQ?*Z/JB@,AB?C?aJBKRWX?*bCh�otT!V5?CA(KRWX?*H�JB^Nd�WX?*^NbBE,AB?*WX?*H�JBb
bB@,S�`�JB@#^9J�JB@,?cKMABS]H<KRH�JB@,?c^N£4E,?CS]E#b3V�@#^NbQ?cKRbnAB?*Z#E#_U?*Z<e4��^PI�^N_UJQSNAsSNI/E,V<JQS ������� E#bBKRH,LPJB@#KRb
V#ABS!_U?*Z#E,AB?Nh

¤p�4V�KR_C^Nd�bQJB^9ABJBKRH,L3Wn^9JQ?CA(KR^NdRb&SNI KRH#Z#KRE#W�_C^NHc@#^*~N?�KRWXV�E,A(KMJBKM?*b�KRH�JB@,?/A(^NH,LN?�SNI ^nI
?C`�JQS�JQ?*H#b&SNI
V#V�W¦SNIpKMABS]H:hjf,SNA�JB@,?�_C^NbQ?�SNIaH,S]H!�1AB?*^9LN?*H�Jj��H%bQJQA(KMV�b��
?Nh L,h�^NbjE#bQ?*Z%KRH=L]^NbQFN?CJBb��&JB@,?�KMABS]Hc_US]H�JQ?*H�J
`0^Nb�WX?*^NbBE,AB?*Z|^9J ��V#V�W JQS ��� V#V�W �<^NH#Z|KRH<JB@,?*bQ?Y_C^NbQ?*bsI�E#dRd&bQ�!H�JB@,?*bBKRb�SNImV�E,AB?c��H���^N_C^N_����
AB?*£4E#KMAB?*bmJB@,?�f,?sAB?*WXS�~9^Nd0bQJQ?CV�h%¤{@,?sKRH#Z#KRE#W JB@#^9J�`0^Nb�E#bQ?*Z�@#^Nb�^NH�KMABS]H�_US]H#_U?*H�JQA(^9JBKMS]H�SNI&dM?*bBb
JB@#^NH � h �3V#V�W �
��H#Z#KRE#W��aSNABV5SNA(^9JBKMS]H=SNIp�lWX?CA(KR_C^!u:�&JBKR_C^!u�O +�u5��r!� !�! h !�!�! `{JCh � ��H��0dR��KRH �3F4L
dMSNJBb��(h=f,SNAX^=_C^NbQ?sbBE#_(@�^Nb/JB@#KRbCu�JB@,?sKMABS]HYV�E,A(K�¨�_C^9JBKMS]HPbQJQ?CV�_C^NH�e5?n?*dRKRWnKRH#^9JQ?*Z:h�¤{@,?�WX?*^NbBE,AB?*Z
dM?C~N?*dRb�SNI&KMABS]H�KRWXV�E,A(KMJBKM?*bmKRH�JB@,?�SNJB@,?CA�AB?*^9LN?*H�JnWn^9JQ?CA(KR^NdRb�^9AB?sJq�4V�KR_C^NdRdM�PH,?CL]dRKML]KMe�dM?Nu�^NH#Z�Z,S%H,SNJ
_US]H�JQA(KMe�E,JQ?m_US]H�JB^NWnKRH#^9JBKMS]H#b{KRH�JB@,?�S�~N?CA(^NdRd�V#ABS!_U?*Z#E,AB?Nh
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SNA(W f,?���^N_C^N_�����`&@#KR_(@�@#^Nb�KMJBb�^9e�bQSNABV#JBKMS]H�V5?*^9F�^9ABS]E#H#Z ��� � H#W�h%¤{@,?
?UT!JBKRH#_UJBKMS]HY_US4?���_CKM?*H�J * SNIpJB@#KRbjWXS]dM?*_CE#dM?X^9J�JB@,?X^9e�bQSNABV#JBKMS]HcV5?*^9F=`0^NbmZ,?CJQ?CA(WnKRH,?*Z:hm¤�S7Z,S�bQS7^bQS]dRE,JBKMS]H�SNI ^9V#V#ABS*T,KRWn^9JQ?*dM� � � ^N_U?CJq�!dR^N_U?CJQS]H,?nKRH7`0^9JQ?CAl`0^NblZ,SNV5?*Z7`&KMJB@7KMABS]H:h0�0Jj^nV�k ^9ABS]E#H#Z
�,h �X^NdRd:JB@,?mKMABS]H7KRb0?*bBbQ?*H�JBKR^NdRdM��KRHsJB@,?mI
SNA(W SNIgf,?���^N_C^N_����4h ¤{@,?m^9e�bQSNABV#JBKMS]H�bQV5?*_UJQA(^n^9J{~9^9AB�!KRH,Lnf,?U�
_US]H#_U?*H�JQA(^9JBKMS]H#bp`a?CAB?&WX?*^NbBE,AB?*Z3KRHX^/£4E#^9ABJQD&_U?*dRd,`&KMJB@n^�V�^9JB@3dM?*H,LNJB@XSNI � _CW�^NH#ZnJB@,?&bQV5?*_UJQA(E#W SNI
^�f,?U�1I
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KRb{Z,?U¨�H,?*Z7^Nb&JB@,?/dMSNL]^9A(KMJB@#W SNIgJB@,?/A(^9JBKMSne5?CJq`a?C?*H=JB@,?/KRH#_CKRZ,?*H�J{dRKML]@�J&^NH#Z�JB@,?/JQA(^NH#bBWnKMJQJQ?*Z7dRKML]@�J �
I�E,ABJB@,?CA{Z,?CJB^NKRdRb{KRH�bQ?*_UJBKMS]H �,h � h � �(ha��H7fgKML,h �4h �nJB@,?/^9e�bQSNABe�^NH#_U?m^9J&JB@,?m^9e�bQSNABV#JBKMS]HsV5?*^9F�KRb0V�dMSNJQJQ?*Z
~N?CA(bBE#b�JB@,?0KMABS]H/_US]H#_U?*H�JQA(^9JBKMS]H:ht¤{@,?CAB?aKRb�^ldRKRH,?*^9A�AB?*dR^9JBKMS]H#bB@#KMVme5?CJq`a?C?*H�JB@,?0^9e�bQSNABe�^NH#_U?���^NH#Z/JB@,?
_US]H#_U?*H�JQA(^9JBKMS]H R SNI�JB@,?�^9e�bQSNABe�KRH,L�Wn^9JQ?CA(KR^Nd ���a?C?CAQ�q��^NW/e5?CABJ{��^*`j�(h ��I�JB@,?mZ#^9JB^�V5S]KRH�JBb�KRH�fgKML,h'�4h �
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^9AB?{¨�JQJQ?*ZnJQS�^mbQJQA(^NKML]@�JpdRKRH,?�JB@,?&WXS]dR^9Ap?UT!JBKRH#_UJBKMS]Hn_US4?���_CKM?*H�J * ��^9e�bQSNABe�^NH#_U?&V5?CApE#H#KMJtV�^9JB@3dM?*H,LNJB@^NH#Z7V5?CAlE#H#KMJ{WXS]dR^9Aj_US]H#_U?*H�JQA(^9JBKMS]H��{_C^NH=e5?/Z,?CJQ?CA(WnKRH,?*Z�I
ABS]W¦JB@,?�bBdMSNV5?Nh�¤{@,?m?*£4E#^9JBKMS]H=AB?*dR^9JBKRH,L
JB@,?*bQ?0V�@��!bBKR_C^Nd�~9^NdRE,?*bg`&KRdRd]e5?aL]KM~N?*H�KRH�bQ?*_UJBKMS]H �,h � h � h ¤{@,?0WXS]dR^9Ag?UT!JBKRH#_UJBKMS]H�_US4?���_CKM?*H�J KRb�I
S]E#H#Z/JQS
e5?�� � � ����4 ���]�{d �!��WXS]d � _CW��(h&�lbBKRH,L3JB@#KRb{~9^NdRE,?mS]H,?�_C^NH=JB@,?*Hc_C^NdR_CE#dR^9JQ?/JB@#^9JjKMABS]H=_US]H#_U?*H�JQA(^9JBKMS]H#b
KRH�JB@,?=bB_CKRH�JBKRdRdR^9JQSNAnWnK�T!JBE,AB?%' KMABS]H�KRH�JB@,?7I
SNA(W SNI�f,?���^N_C^N_����Z({SNI�WXSNAB?7JB@#^NH�� � V#V#e¥`&KRdRdae5?CL]KRH
JQS�AB?*bQJQA(KR_UJ�JB@,?n^9JQJQ?*H4E#^9JBKMS]H�dM?*H,LNJB@ ��^9J � � V#V#e%JB@,?n_C^NdR_CE#dR^9JQ?*ZP^9JQJQ?*H4E#^9JBKMS]HPdM?*H,LNJB@PKRb�	 �7W ^9J
��� � H#W�h

� JQ?*bQJXSNI&JB@,?�KMABS]H�V#AB?U�1V�E,A(K�¨�_C^9JBKMS]H�V#ABS!_U?*Z#E,AB?3`0^NbXWn^NZ,?se4��KRH�JQ?*H�JBKMS]H#^NdRdM�P^NZ#Z#KRH,L%KMABS]H�JQS
^�~N?CAB�¥V�E,AB?=KRH#Z#KRE#W bB^NWXV�dM?Nh�¤{@,?=KMABS]H�V�E,A(K�¨�_C^9JBKMS]H¥JQ?*bQJ�bB@,S�`a?*Z<JB@#^9JsKMABS]H<_C^NH<e5?=AB?*WXS�~N?*Z
?Ux5?*_UJBKM~N?*dM�Y`&KMJB@,S]E,J/bBKML]H#K�¨�_C^NH�JmdMS]bBbmSNI�JB@,?�KRH#Z#KRE#W Wn^9JQ?CA(KR^Nd�hs�lH�KRH#KMJBKR^NdtKMABS]HPKRWXV�E,A(KMJq�%dM?C~N?*d SNI
! h ��V#V�W���WX?*^NbBE,AB?*ZPe4�Y�l��r#�l`0^NbmAB?*Z#E#_U?*ZYe4�%^9J�dM?*^NbQJmS]H,?nSNA(Z,?CAmSNI�Wn^9L]H#KMJBE#Z,?XJQS=e5?*dMS�`}JB@,?
bQ?*H#bBKMJBKM~!KMJq�%dM?C~N?*d SNI{�l��r�u�`&@#KRdM?XJB@,?�KRH#Z#KRE#W dMS]bBbm`0^NbmS]H#dM� �4h � ��hs¤{@,?3KRH#Z#KRE#W WX?*^NbBE,AB?*WX?*H�JBb
^9AB?�^NdRbQS�_C^9ABA(KM?*Z�S]E,J0E#bBKRH,L��l��r�h#r!KRH#_U?lJB@,?jKRH#Z#KRE#W}Wn^9JQ?CA(KR^NdRb0@#^*~N?�KMABS]HsdM?C~N?*dRbpJB@#^9J�^9AB?jJq�4V�KR_C^NdRdM�
W�E#_(@�dM?*bBb/JB@#^NH ��� V#V�W�ugJB@,?�Wn^�T,KRW�E#W KRH#Z#KRE#W JQS%e5?3dMS]bQJ�e4�YJB@#KRb/WX?CJB@,S!Z�KRb/H,SNJ�bBKML]H#K�¨�_C^NH�J
?C~N?*H=KRH�^X`aSNA(bQJ&_C^NbQ?/bB_U?*H#^9A(KMS,h
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�lbl`&KMJB@=WXS]bQJjWX?CJB^Nd��1�:�qZ#KMFN?CJQS]H#^9JQ?*bCu�JB@,?�~9^9V5SNAlV#AB?*bBbBE,AB?/SNI JB@,?���H���^N_C^N_�����Wn^9JQ?CA(KR^Nd�KRb&AB?*dR^9JBKM~N?*dM�
@#KML]@%`&@,?*HP_US]WXV�^9AB?*ZYJQScWX?CJB^Nd KRH,SNABL]^NH#KR_X_US]WXV5S]E#H#Z#bn��^9V#V#ABS*T,KRWn^9JQ?*dM�%^�I
?C`�W/e�^9A*u � � � 5 �§JQS
� ���%5 �{�(h�¤{@#KRbaS9x5?CA(b{JB@,?�V5S]bBbBKMe�KRdRKMJq�XJQSnV�E,A(KMI
�nJB@,?/Wn^9JQ?CA(KR^Nd:e4�sbBE,e�dRKRWn^9JBKMS]H:h

��H�JB@,?/bBE,e�dRKRWn^9JBKMS]H3V#ABS!_U?*bBbCu�E#H#Z,?CA{^NH7^9V#V�dRKM?*Zs~9^N_CE#E#W�u,JB@,?/Wn^9JQ?CA(KR^Nd:e4�4V�^NbBbQ?*b{WX?*dMJBKRH,Ln^NH#Z
LNS4?*bnZ#KMAB?*_UJBdM��KRH�JQS%JB@,?sL]^NbXV�@#^NbQ?Nh�¤{@,?�bBE,e�dRKRWX?CA�E#H#KMJ���Z,?*bBKML]H,?*Z�e4��fah ��h kl^9ABJBWn^NH#H��/KRb�_US]H!�
bQJQA(E#_UJQ?*ZsJQS3@#^NH#Z#dM?lA(^9JQ?*b�SNIg^9V#V#ABS*T,KRWn^9JQ?*dM� � � LNA(^NWnb�V5?CA�Z#^*�Nh ��J{_US]H#bBKRbQJBb0SNIg^ � � _CW dMS]H,L�JBE,e5?
^NH#Z�KRb �c_CW KRH�Z#KR^NWX?CJQ?CA*h%¤{@,?�bB^NWXV�dM?Nu KRH ��� LNA(^NW ^NWXS]E#H�JBbCu KRb�KRH�JQABS!Z#E#_U?*Z�KRH�JQS=JB@,?�_U?*H�JQA(^Nd
AB?CL]KMS]H�SNI{JB@,?�L]dR^NbBb�JBE,e5?�E#bBKRH,L=^NH��ldpI
S]KRd�6 e5S]^9J 6Mh%¤{@,?�e5S]^9J�bBKMJBb/S]H�^NH��ldpI
S]KRd�6 _C^9ABV5?CJ 6gbQJQA(KMV�h



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

¤{@,?l_U?*H�JQA(^Nd�AB?CL]KMS]H�KRba@,?*^9JQ?*Z�JQS�^�_US]H�JQABS]dRdM?*Z�JQ?*WXV5?CA(^9JBE,AB?��
Jq�4V�KR_C^NdRdM� ��! � 5 �{�tE#bBKRH,L/^�_U�!dRKRH#Z,A(KR_C^Nd
@,?*^9JBKRH,LmWn^NH�JBdM?Nh �<~9^N_CE#E#W}KRbtZ,A(^*`&Hn^9J JB@,?{?UT,KMJtSNI5JB@,?&_U�!dRKRH#Z,A(KR_C^Nd�JBE,e5?0`&@#KRdM?�^�JQA(^N_U? )�S�`<SNI5O��
_C^9ABA(KM?CAgL]^Nb{� �4h �jWnd ��b���?*H�JQ?CA(bgI
ABS]W§JB@,?�E,V�bQJQAB?*^NW bBKRZ,?Nhg¤{@,?0_C^9ABA(KM?CAgL]^NbtbQ?CAB~N?*bgJQSmbQ`a?C?CVXJB@,?0~9^9V5SNA
I
ABS]W�JB@,?je5S]^9J0bQS�JB@#^9J�KMJ0_US]H#Z,?*H#bQ?*b0bBE,e�bQ?*£4E,?*H�JBdM�XS]H�JQS�JB@,?��ld5_C^9ABV5?CJ0KRWnWX?*Z#KR^9JQ?*dM�nZ,S�`&H#bQJQAB?*^NW
SNI�JB@,?��ld�e5S]^9JCht��J�KRb0KRWXV5SNABJB^NH�JaJQSX@#^*~N?m^�JBKML]@�J{bQ�!bQJQ?*W�JQSXSNe#JB^NKRH�SNV#JBKR_C^Nd�JQA(^NH#bQV�^9AB?*H�J�Wn^9JQ?CA(KR^Nd�h
¤{@,?nV#AB?*bBbBE,AB?nKRbmE#bBE#^NdRdM�=e5?*dMS�` � W/e�^9A*h��lKMA�dM?*^9F9^9LN?*b�KRHYJB@,?3bQ�!bQJQ?*W `&KRdRdtdM?*^NZPJQS=bQS]WX?3�N?*dRdMS�`
_US]dMSNA&KRH�JB@,?mbBE,e�dRKRWX?*Z3��H���^N_C^N_����]h

¤{@,? V#ABSNV5?CA�_US]H#Z#KMJBKMS]H#b�^9AB?a^N_(@#KM?C~N?*Zs��^Nb�Z,?CJQ?CA(WnKRH,?*Zm^NH#Z/^NZ��BE#bQJQ?*Zm?UT!V5?CA(KRWX?*H�JB^NdRdM�#��e4��bBdRKRZ#KRH,L
dMS4S]bQ?*dM�c¨�JQJQ?*Z�_U�!dRKRH#Z,A(KR_C^NdgL]dR^NbBb�KRH#bQ?CABJBb/@#^*~!KRH,L=_CdMS]bQ?*Z�I�^N_U?*b�KRH�JQS=JB@,?�JBE,e5?Nu�V#A(KMSNA/JQScJB@,?�Z,S�`&H!�
bQJQAB?*^NW ~9^N_CE#E#W¦_US]H#H,?*_UJBKMS]H:u�bBE#_(@7JB@#^9J{JB@,?/?UT,KMJ{bBKRZ,?�SNIgJB@,?�_U�!dRKRH#Z,?CA�KRb{dMS4S]bQ?*dM��V�dRE,LNLN?*Z:hp��H�JB@#KRb
Wn^NH#H,?CA*u#JB@,?/?UT,KMJBKRH,LnO���L]^NblbQJQAB?*^NW�Z,S4?*b&H,SNJl_C^9ABAB��E#H#_US]H#Z,?*H#bQ?*Z���H���^N_C^N_����/Z#KMAB?*_UJBdM�sS]E,J{SNItJB@,?
JBE,e5?Nu#bBE#_(@�JB@#^9J&^nWn^ �QSNA&V�^9ABJ�SNIgJB@,?mAB?*bBKRZ#E#^Nd5Wn^9JQ?CA(KR^Nd�_US]dRdM?*_UJBb{S]H�JB@,?/dM?*^NZ#KRH,L�?*Z,LN?mSNIgJB@,?�¨�A(bQJ
L]dR^NbBbj_U�!dRKRH#Z,A(KR_C^Nd�KRH#bQ?CABJCh �|KMJB@#KRH7JB@,?XbBE,e�dRKRWX?CA*u�_CdM?*^9Am_UAB�!bQJB^NdRblI
SNA(W KRH�`0^9A(Z=I
ABS]W�JB@,?XbBE,ABI�^N_U?�SNI
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JQ?CA{KRH�JQABS!Z#E#_CKRH,L�Jq`aS � _CW
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 BPO (100 g/l)
 PPO (200 g/l)
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 bis-MSB (100 mg/l)
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JB@,?3bB_CKRH�JBKRdRdR^9JQSNA*hn�lH4E#bBE#^NdRdM�c@#KML]@ )�E,SNA/_US]H#_U?*H�JQA(^9JBKMS]H#b/KRHYJB@,?n��H���^N_C^N_����U�qdMS]^NZ,?*ZPbB_CKRH�JBKRdRdR^9JQSNA/^9AB?
H,?C?*Z,?*ZyJQS¥LN?CJ7^�bBE	��_CKM?*H�JsdRKML]@�J�S]E,JQV�E,JCh�¤{@,?cAB?*^NbQS]H[KRbsZ#KRbB_CE#bBbQ?*ZydR^9JQ?CA7KRH<JB@,?%JB@,?*bBKRbCh}f,SNA
�p�0��^9J�^s_US]H#_U?*H�JQA(^9JBKMS]HYSNI � ��� L ��dt^NH#Z%^NHc��H!�qdMS]^NZ#KRH,L3SNI �3`{JCh � e5SNJB@%KRH,LNAB?*Z#KM?*H�JBbl_US]H�JQA(KMe�E,JQ?
^9V#V#ABS*T,KRWn^9JQ?*dM�mJB@,?0bB^NWX?�^NWXS]E#H�JgJQSjJB@,?�^9e�bQSNABe�^NH#_U?Nh���H�^lbQ�!bQJQ?*W E#bBKRH,Ll�0�0�<^9Jt^j_US]H#_U?*H�JQA(^9JBKMS]H
SNI ����� L ��d�JB@,?/^9JQJQ?*H4E#^9JBKMS]H=dM?*H,LNJB@#b{^9AB?�bB@,SNABJQ?CA&^9J&^nL]KM~N?*H�`0^*~N?*dM?*H,LNJB@=JB@#^NH7JB@,S]bQ?mI
SNA&JB@,?/�p�0�
bQ�!bQJQ?*W�ha¤{@,?m^9e�bQSNABV#JBKMS]H�bQV5?*_UJQA(E#W SNIt�0�0� KRb{bB@#KMI
JQ?*ZsJQS3dMS]H,LN?CA&`0^*~N?*dM?*H,LNJB@#b&_US]WXV�^9AB?*Z7JQSnJB@#^9J
I
SNA0�p�0��h!�0JaJB@,?*bQ?j�0�0��_US]H#_U?*H�JQA(^9JBKMS]H#bCu!JB@,?j^9e�bQSNABe�^NH#_U?lKRH3JB@,?&AB?CL]KMS]H�SNI�KRH�JQ?CAB?*bQJ0KRbaZ,S]WnKRH#^9JQ?*Z
e4�=JB@,? )�E,SNA*h/¤{@4E#bCu:JB@,?n^9JQJQ?*H4E#^9JBKMS]HPdM?*H,LNJB@Y_C^NH%e5?XKRWXV#ABS�~N?*Z%e4�c^�dMS�`a?CA*)�E,SNAm_US]H#_U?*H�JQA(^9JBKMS]H:h
k&S�`a?C~N?CA*u4JB@#KRbgKRWXV�dRKM?*b�^NdRbQS�^jAB?*Z#E#_UJBKMS]H�KRH�JB@,?{dRKML]@�J��!KM?*dRZ:h�¤{@,?�^9JQJQ?*H4E#^9JBKMS]HndM?*H,LNJB@�SNI�e�E,Jq�!d��q�p�0i
���ldRZ,A(KR_(@:u !�! �n��`0^Nbl^NdRbQS�WX?*^NbBE,AB?*Zc^9Jl^�_US]H#_U?*H�JQA(^9JBKMS]HcSNI � ��� L ��d�^NH#Z7I
S]E#H#Z7JQS�e5?m`aSNA(bQ?/JB@#^NH
I
SNA{JB@,?mSNJB@,?CA )�E,SNA(bCh �0J �� � H#W KMJ�`0^Nb{S]H#dM�sKRHsJB@,?�A(^NH,LN?mSNI � � _CW�h

fgKRH#^NdRdM��JB@,?me�KRb��q>Yr!�[_US]H�JQA(KMe�E,JBKMS]H7^9Jl^nW�E#_(@cbBWn^NdRdM?CA&_US]H#_U?*H�JQA(^9JBKMS]H=SNI ����� WXL ��d�KRb{bB@,S�`&H:h
�&e5S�~N? �� � H#W JB@,?7_US]H�JQA(KMe�E,JBKMS]H�KRbnH,?CL]dRKML]KMe�dM?Nute�E,J�e5?*dMS�` �� � H#W KMJnbQJB^9ABJBbXJQS�Z,S]WnKRH#^9JQ?�JB@,?
^9e�bQSNABe�^NH#_U?�KRH�JB@,?7bQ�!bQJQ?*W�h���J�`&KRdRdpe5?sbB@,S�`&H¥dR^9JQ?CAXJB@#^9JXJB@,?�dRKML]@�J�^9e�bQSNABe5?*Z�e4��JB@,?�e�KRb��q>Yr!�
^9J �� � H#W ^NH#Z�e5?*dMS�` KRb�AB?C?*WnKMJQJQ?*Z¥^9J3dMS]H,LN?CAX`0^*~N?*dM?*H,LNJB@#bCh�¤{@#KRb�dRKML]@�J�KRbXWn^NKRH#dM��dMS]bQJXKRH�JB@,?
bQV5?*_UJQABS]WX?CJQ?CAjWX?*^NbBE,AB?*WX?*H�JCu�e5?*_C^NE#bQ?mJB@,?mV#ABSNe�^9e�KRdRKMJq�3JB@#^9JlKMJ{KRb�?*WnKMJQJQ?*Z=KRH�JB@,?�Z#KMAB?*_UJBKMS]HsSNItJB@,?
dRKML]@�J�e5?*^NW ^NH#Z7@#KMJBb�JB@,?/�p>c¤�KRb�bBWn^NdRd�h ��H7^Xe�KMLNLN?CA&��opO�r��qdRKMFN?m_U?*dRd�bBE#_(@7dRKML]@�J{_C^NH7e5?�AB? )�?*_UJQ?*Z
^9J{JB@,?/_U?*dRd5`0^NdRdRb{^NH#Z�@#^Nb{W�E#_(@=@#KML]@,?CA�V#ABSNe�^9e�KRdRKMJq�nJQSne5?mZ,?CJQ?*_UJQ?*Z:h

��HX^NZ#Z#KMJBKMS]H�JQSmJB@,?{_US]H�JQA(KMe�E,JBKMS]H#bgSNI�JB@,?���H!�qWn^9JQ?CA(KR^Nd,^NH#Z�JB@,? )�E,SNA(bgJQSmJB@,?{^9JQJQ?*H4E#^9JBKMS]H3dM?*H,LNJB@
JB@,?CAB?lKRbp^NdRbQS�^/bBWn^NdRd#^9e�bQSNABe�^NH#_U?l^9ABS]E#H#Z �� � H#W�Z#E,?{JQS�KRWXV�E,A(KMJBKM?*bgKRHnJB@,?l^NH#KRbQS]dM?Nhg��JaKRbtV5S]bBbBKMe�dM?
JQSsAB?*WXS�~N?nbBE#_(@YKRWXV�E,A(KMJBKM?*b{KRH=JB@,?X^NH#KRbQS]dM?�e4�=^s_US]dRE#WnHcV�E,A(K�¨�_C^9JBKMS]H7V#ABS!_U?*Z#E,AB?�E#bBKRH,L�^�`a?*^9F!dM�
^N_CKRZ#KR_=�ld �*�j�7_US]dRE#WnH<V�^N_BF!KRH,L,h§¤{@,?c^9JQJQ?*H4E#^9JBKMS]H|dM?*H,LNJB@<SNImJB@,?%E#H,V�E,A(K�¨�?*Z¥^NH#KRbQS]dM?����ldRZ,A(KR_(@:u
!�! �n��`0^Nb/WX?*^NbBE,AB?*ZPJQSce5?ne5?CJq`a?C?*H �7W ^NH#Z ��� W ^9J �� � H#W Z,?CV5?*H#Z#KRH,LsS]HPJB@,?3V#ABS!Z#E#_UJBKMS]H
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 BPO 50 g/l + In 5 wt.%
 calculated spectrum
 BPO50
 In 5 wt.%
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„Back face geometry“ : „Front face geometry“ :
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wavelength [nm]

 100 g/l BPO
 100 mg/l bis-MSB, 100 g/l BPO
 1000 mg/l bis-MSB, 100 g/l BPO
 100 mg/l bis-MSB, PPO 200 g/l
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wavelength [nm]

 no bis-MSB
 100 mg/l
 250 mg/l
 1000 mg/l
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wavelength [nm]

 PPO (100 g/l)
 butyl-PBD (100 g/l)
 BPO (100 g/l)
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wavelength [nm]

 excitation 271 nm
 excitation 320 nm
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PPO-concentration [g/l]
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PPO-concentration [g/l]
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 In 2 wt.%, 50 g/l BPO, 50 mg/l bis-MSB
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h `@GJQjTXYPWL{ E G | s § }y¾H\JM C QSGF{Ff BDCFE GJQjTXYPWL{ E G@¾kWwv¬QSM,[.WnGJQjTXWLY Egc h `_¾kWwv([ E T E Y�M�IVT,T CFE QSGJK E T(ILG c IVTT CFE Wn\FTPK E TRf s QjTXYPWL{ E G h WLTXTPK E ^kILOPzVIV{ E M�WL�N�g��WLY��gÇ h WLTXTPK E M | E ILO C �V��KFlLWnKS\J[ E }�OeWnGJG E OeT Egc QSG�M E Y�Q E M
IVY E \JM Egc f~�ÈG¹T CFE h E {nQSGJGJQSGF{uT CFE h WLTXTPK E M.IVY E ^JY E MPMP\FY�Qj  Egc \F^¹TXW~�V�L� h IVY � MXW]T C IVT E ILO C h WLTXTPK E
OeWnGUTPILQSGJM&�R��[�¨,WL��{nILMDIVT(MXTPILG c IVY c OeWnG c QjTPQjWnGJMRfN�ÈG_MPIVTP\FY�IVTPQjWnG_T CFE Ta`b^kQSORILK$§X§X§R�(GmÉaILOeTPQjlmQjTa`¤QSG¤WnG E
h WLTXTPK E QSM�QSGuT CFE Y�ILGF{ E WL���mf ��[�x � £ xyª ¸ �F�e¦½f BDCFE Y E ��WLY E T CFE ILOeTPQjlmQjTa`iQSGuT CFE GJQjTXYPWL{ E Giv�Wn\JK c h E
IV^J^JYPW � QS[�IVT E Kj`
�V� ?$x � °�[ ¨ ��WLY&I_�Ê\JKSK h WLTXTPK E f BDC QSM�QSM�I h Wn\FTZÇ�WLY cFE Y�M�WL�y[�IV{nGJQjTP\ cFE h E KjWwv;T CFE
§X§X§R�(G@ILOeTPQjlmQjTa`_QSG¤T CFE \JG cFE YP{LYPWn\JG c KSI h ILG c KjWwv E GFWn\F{ C ��WLYDT CFE OR\FYPY E GUT"^k\FYP^7WnM E WL��T CFE&prp xyo�f
�ÈGio�Qj{Ff*�bf �dT CFE §X§X§R�(GmÉaILOeTPQjlmQjTa`uË;l E Y�MP\JM(TPQS[ E�Ì QSM(^kKjWLTXT Egc
c \FY�QSGF{.T CFE0s § ÉÍ¾H\JM C QSGF{�IVT�I�¾H\ �WL�N�V�L�dK�° C f ¥ \ E TXWdILQjY(K E IVzVIV{ E M(QSG¤T CFE M C Q E K c QSGF{ZT CFE ¾H\ � IVTDT CFE Wn\FTPK E TDvyILMDIV^J^JYPW � QS[�IVT E Kj` C ILKj�

WL�rT CFE QSGJK E T8¾H\ � f BDCFE [�ILQSG¤K E IVzmMyv E Y E ^JYPW h I h Kj`�IVT"T CFE � EREgc T C YPWn\F{ C M���WLY"T CFE�E K E OeTXYPWnGJQSO�ORI h K E M
WL�yT CFE�cFE T E OeTXWLY�v C QSO C v E Y E M E ILK Egc \JMPQSGF{_MPQSKSQSOeWnG
M E ILKSILGUTRf��,GFWLT CFE YZMXWn\FY�O E WL�"ILQjY&K E IVzmMZIVY E T CFE
Tav�W h Qj{.TXWL^_¾HILGF{ E M"WL��T CFE&prp xyo�f BDCFE K E IVzmMDIVY E GFWLT"T C IVT(OeY�QjTPQSORILK7��WLY"T CFE h ILOPzb{LYPWn\JG c*� h E ORIL\JM E
T CFE lLWnKS\J[ E QSMD¾H\JM CFEgc OeWnGUTPQSGb\FWn\JMPKj`Lf BDC QSM([ E ILGJM(T C IVT�T CFE Y E QSM,ILKjvyIg`mM�I�MPKSQj{ C T(Wwl E YP^JY E MPMP\FY E QSG
T CFE M C Q E K c QSGF{ZY Egc \JORQSGF{0T CFE Y�I c WnG c QÏÎ*\JMPQjWnG���YPWn[�T CFE Wn\FTPMPQ cFE TXW�T CFE QSGJMPQ cFE f
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BDCFE.c IVTPI@M C Wwv T C IVT�T CFE�s § ÉÍ¾H\JM C I cFEg� \JIVT E Kj`
KjWwv E Y�M�T CFE �(GmÉaILOeTPQjlmQjTa`Lf BDCFE.c IVTPI_^7WnQSGUTPM�QSGT CFE ^kKjWLT�WL�7o�Qj{Ffn�bf ��IVY E
	 TXT Egc h `�ILG Ee� ^7WnG E GUTPQSILK cFE ORIg`Lf BDCFE h E MXT 	 TNQSM�W h TPILQSG Egc h `�T CFEyEg� \JIVTPQjWnG
Ë | Ì }��¬�R�V�Z Ee� ^��� ÌÇ�� Ç��

oFYPWn[�T CFE�	 T�WnG E { E TPM.I�� cFE ORIg`�TPQS[ E ��WL� | Ç�� Ç��¬���S�w} C fi�,MPMP\J[�QSGF{@^ E YP� E OeT0[�Q � QSGF{@WnG E v�Wn\JK c
ILMPMP\J[ E T C IVT8T CFE ILOeTPQjlmQjTa` cFE OeY E ILM E M h `.IZ�ÊILOeTXWLY�;,IV��T E YyWnG E lLWnKS\J[ EDEe� O C ILGF{ E Qj�HWnG E G E {nK E OeTPM�T CFE
Y�I c QjWnILOeTPQjl E0cFE ORIg`uWL�5T CFE Y�I c WnG c \FY�QSGF{.T C IVT�TPQS[ E ^ E Y�QjW c f BDCFE QSGJG E Y(lLWnKS\J[ E QSM,IV^J^JYPW � QS[�IVT E Kj`
�.[�¨,v C QSO C [�IVTPO CFE M(v(QjT C T CFE TXWLTPILKrIL[.Wn\JGUT"WL� s § ¾H\JM CFEgc QSGUTXW.T CFE&prp xyo IV��T E Y�Çbf Ç C f�ÈGdT C QSM8[ E ILMP\FY E [ E GUT�T CFE ILOeTPQjlmQjTa`.vyILM cFE T E Y�[�QSG Egc QSG E l E YP`dT C Y ERE,C Wn\FY�M�\JMPQSGF{&I�OeWn[�[ E Y�ORQSILK
�(GmÉa[.WnGJQjTXWLYgf BDCFE�	 Y�MXT c IVTPI�^7WnQSGUT(vyILM�M E T�IVT.�Vf � C IV��T E Y�T CFE MXTPIVYPT�WL�5T CFE ¾H\JM C QSGF{�ILKjT C Wn\F{ C QjT
vyILM"W h TPILQSG Egc T C Y EREZC Wn\FY�MyIV��T E Y,MXTPIVYPTPQSGF{ � h E ORIL\JM E T CFE [ E ILMP\FY Egc ILOeTPQjlmQjTa`¤QSM"QSGUT E {LY�IVT Egc Wwl E Y(T CFE
KSILMXTDT C Y ERE�C Wn\FY�MRf B W�QS[.^JYPWwl E T CFE M E GJMPQjTPQjlmQjTa`�WL��T CFE �(GmÉa[.WnGJQjTXWLY(T CFE TPQS[ E ^ E Y�QjW c ��WLY(WnG E Oe`mORK E
vyILM�QSGJOeY E ILM Egc f&�ÈGiT C IVT�[.W cFE T CFE�	 GJILK�ILOeTPQjlmQjTa`iMXTPIg` Egc h E KjWwv��0x � °�[�¨�v C QSO C QSM,T CFE [�I � QS[�ILK
M E GJMPQjTPQjlmQjTa`dWL��T CFE QSGJMXTXY�\J[ E GUTRf
¿�ÀaÁ*À�� �¤Ã����� "!nÅ$#8Æ8Ä&%('JÃ�)�#�!�'*%('kÆ$+,#-)�.aÆ� �Ã0/1'32RÄ�'4+5'*��+LÅ"!
BDCFE h ILOPzb{LYPWn\JG c QSGJMPQ cFE T CFEiprp xyo;M C Q E K c QSGF{
MX`mMXT E [<vyILM 	 Y�MXTd[ E ILMP\FY Egc v(QjT C I C Qj{ C ^k\FY�QjTa`
� E É cFE T E OeTXWLYgf�oFWLY"T C QSM�[ E ILMP\FY E [ E GUT�T CFE v C WnK E�cFE T E OeTXWLY"vyILM�^kKSILO Egc QSGJMPQ cFE T CFE M C Q E K c QSGF{ c \FY�QSGF{
T CFE [ E ILMP\FY E [ E GUTRf5� cFE vyIVYyOeWnGUTPILQSGJQSGF{�KSQ � \JQ c GJQjTXYPWL{ E G | prs § }���WLY�T CFE,cFE T E OeTXWLYDOeWbWnKSQSGF{&vyILM�ILKSMXW^kKSILO Egc QSGJMPQ cFE T CFE M C Q E K c QSGF{Ff B W�Y Egc \JO E T CFE h ILOPzb{LYPWn\JG c MPQj{nGJILKmOeY E IVT Egc h `ZT CFEDcFE vyIVY � I�M C Q E K c QSGF{
vyILM�[.Wn\JGUT Egc h E Tav ERE G0T CFEycFE T E OeTXWLY8ILG c T CFEycFE vyIVYgf s(Ee� T�TXW,T CFE"cFE T E OeTXWLY5I0�g�(OR[¬T C QSOPz�vyILKSKbvyILM
OeWnGJMXTXY�\JOeT Egc Wn\FT,WL�8Y�I c QjWL^k\FY E OeWL^J^ E Y h Y�QSOPzmMRf BDCFE OeWL^J^ E Y�vyILM�MXTXWLY Egc \JG cFE YP{LYPWn\JG c ��WLY�M E l E Y�ILK
` E IVY�MRf BDCFE Y E ��WLY E T CFE h ILOPzb{LYPWn\JG cdc \ E TXWZOeWnMP[.WL{ E GJQSO(ILOeTPQjlVIVTPQjWnGdQSMNKjWwv&fN�,G�I cJc QjTPQjWnGJILKFM C Q E K c QSGF{
WL�"�R��OR[?K E I c | ILKSMXWd[�IVT E Y�QSILK*WL��KjWwv Y�I c QjWnILOeTPQjlmQjTa`J}�vyILM([.Wn\JGUT Egc WnG_T CFEZcFE vyIVY(MPQ cFE f
BDCFEZprs § C I c TXW h E Y E6	 KSK Egc IVT,K E ILMXT(WnGJO E ^ E Y(v ERE zHf BDC QSM"^JYPWmO Egc \FY E OeWn\JK c h EZc WnG EZc \FY�QSGF{T CFE [ E ILMP\FY E [ E GUT,v(QjT C Wn\FTDWL^ E GJQSGF{�T CFE M C Q E K c QSGF{Ff BDCFE Y E vyILM�IdOeWnGJG E OeTPQjWnGi��YPWn[?T CFE0cFE vyIVY,TXW

T CFE Wn\FTPMPQ cFE WL�$T CFE M C Q E K c QSGF{Ffr�ÈGJMPQ cFE T CFE,prp xyo�I�MPQSKSQSOeWnG.TP\ h E vyILM�\JM Egc ILG c Wn\FTPMPQ cFE I�MXT ERE KH^kQj^ E
OeWn\JK c h E OeWnGJG E OeT Egc TXW@ILG Ee� T E Y�GJILK prs § cFE vyIVYgf BDCFE GJQjTXYPWL{ E GivyILM�Y E6	 KSK Egc \JMPQSGF{�Wwl E YP^JY E MPMP\FY EQSG�T CFE [.W h QSK E Wn\FTPMPQ cFE(cFE vyIVYgf BDCFE T E [.^ E Y�IVTP\FY E h E KjWwv�T CFE TXWL^¤ORIV^¤WL�*T CFE,cFE vyIVY�vyILMy[.WnGJQjTXWLY Egc
\JMPQSGF{¤I ¢8B �R�L�mf�7 CFE G
T CFE.cFE vyIVY&vyILM 	 KSK Egc \F^ � T CFE.¢8B �R�L�¤vyILM�QSG
OeWnGUTPILOeTZv(QjT C
prs § � MXW_T CFET E [.^ E Y�IVTP\FY E vyILM,IVT(É��gÐn�98 ¸ fH�yT�IdKjWwv E Y�GJQjTXYPWL{ E GiK E l E KrT CFE M E GJMXWLY,[ E ILMP\FY Egc T CFE T E [.^ E Y�IVTP\FY E
WL�&T CFE {nILM¤^ C ILM E I h Wwl E T CFE KSQ � \JQ c*� v C QSO C vyILM_IV^J^JYPW � QS[�IVT E Kj` �R�:8 ¸ I h Wwl E KSQ � \JQ c GJQjTXYPWL{ E G
T E [.^ E Y�IVTP\FY E f
BDCFE QSGJG E Y.lLWnKS\J[ E WL��T CFEuprp xyo;M C Q E K c QSGF{uvyILMdOeWnGUTPQSGb\FWn\JMPKj`�¾H\JM CFEgc v(QjT C s § É½{nILM c \FY�QSGF{T CFE [ E ILMP\FY E [ E GUTRf B W¤IglLWnQ c Wwl E YP^JY E MPMP\FY E WL�5[.WLY E T C ILG
�V�L��[ h IVY�OeWLYPY E MX^7WnG c QSGF{.TXW¤I���WLY�O E WL�

�R�L�L�L� s WnG�T CFE TXWL^�¾HILGF{ E M � T CFE ^JY E MPMP\FY E QSGJMPQ cFE T CFE M C Q E K c QSGF{yvyILM�[.WnGJQjTXWLY Egc v(QjT C I,[�ILGFWn[ E T E Ygf
t [�ILKSKH¾HILGF{ E M"v E Y E ^JY E ^kIVY Egc v(QjT C MP\JQjTPI h K E � EREgc T C YPWn\F{ C My��WLY(ILKSK*ORI h K E M(ILG c OeWnGJG E OeTPQjWnGJMRf
�ÈG_o�Qj{Ffk�bf �0T CFE � E ÉaMX^ E OeTXY�\J[?[ E ILMP\FY Egc QSGJMPQ cFE T CFE M C Q E K c QSGF{�QSM"M C Wwv(G¤TXWL{ E T CFE Y(v(QjT C I.[ E I�É

MP\FY E [ E GUTdTPIVz E G�Wn\FTPMPQ cFE T CFE M C Q E K c QSGF{Ff BDCFE MX^ E OeTXY�\J[<[ E ILMP\FY Egc v(QjT C Wn\FTdM C Q E K c QSGF{ C ILMdT CFE
� E IVTP\FY E M�WL�ZI�Ta`b^kQSILK�� E ÉaMX^ E OeTXY�\J[�v(QjT C T CFE Wn\FTPMXTPILG c QSGF{ ¸ Wn[.^JTXWnG Egc { E M_ILG c KSQSG E M�WL�Z§ ´ © B K
| �bf Çm�g� ¡uE<; }�ILG c]³P´Rµ | �Vf �UÇm� ¡uE<; }�f BDCFE�cFE T E OeTXWLY0[ E ILMP\FY Egc Wn\FTPMPQ cFE ��WLY��L� C ILG c QSGJMPQ cFE T CFE
prp xyo~T CFE Y E v E Y E �m�Vf � c Ig`mM"WL�
� {LWbW c � c IVTPI0TPIVzmQSGF{Ff BDCFE=	 Y�MXTyWnG E WLYDTav�W c Ig`mMDIV��T E Y(T CFE ORKjWnMPQSGF{
WL��T CFE M C Q E K c QSGF{�ILG c IV��T E Y(T CFE&Ee� O C ILGF{ E WL��T CFE GJQjTXYPWL{ E G h WLTXTPK E M"v E Y E GFWLT(\JM Egc QSG¤T CFE ILGJILKj`mMPQSM �
h E ORIL\JM E QSGiT CFE M E ^ E Y�QjW c MDT CFE h ILOPzb{LYPWn\JG c vyILM c Wn[�QSGJIVT Egc h `@T CFE.c IL\F{ C T E Y�M�QSGuT CFE §X§X§R�(G
ILG c
§X§ ´ �(G@O C ILQSGJMRf
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oFYPWn[<T CFE [ E ILMP\FY E [ E GUTPM�I�Y Egc \JOeTPQjWnG»�ÊILOeTXWLY¤WL�&IVT�K E ILMXTi�R� ³ QSM���Wn\JG c ��WLY�T CFE OeWnGUTPQSGb\J\J[
ILG c WL�&[.WLY E T C ILG��R���_��WLYdT CFE KSQSG E MRf»�ÈG T CFE@E G E YP{L`¹Y�ILGF{ E h E Tav ERE G»�n�L��z E<; ILG c �LÇV�L��z E<;
T CFE h ILOPzb{LYPWn\JG c MPQj{nGJILK$vyILM,�¤OeWn\JGUTPM ° | zb{_`_z E<; }�f BDC QSM(QSM,G E IVY�Kj`_Id�ÊILOeTXWLY�Tav�W h E KjWwv T CFE lVILKS\ E
{nQjl E G~��WLY0T CFE QSGUTXY�QSGJMPQSO h ILOPzb{LYPWn\JG c WL�DT CFE_cFE T E OeTXWLYu£ ¼ ¡�� �n�V¦ cFE [.WnGJMXTXY�IVTPQSGF{iT C IVT0QjT�vyILM0T CFE
h E MXTDM C Q E K c QSGF{ZT CFE&cFE T E OeTXWLY C ILM E l E Y C I c fN�ÈG¤T CFE Y�ILGF{ E �V�L�L��z E<; TXW��V�n�V��z E<; MPQ � OeWn\JGUTPM"v E Y E
cFE T E OeT Egc QSG~T CFE �m� c Ig`mM.OeWLYPY E MX^7WnG c QSGF{uTXW�ILG¹ILOeTPQjlmQjTa`~WL����� �����3� Ç
OeWn\JGUTPM ° | zb{�`�z E<; }�f BDC QSM
Gb\J[ h E Y(ORILG h E OeWn[.^kIVY Egc TXW�I h ILOPzb{LYPWn\JG c WL�N�3�S�gÐ=�¹�3� �F��OeWn\JGUTPM ° | zb{d`¤z E<; }&£ ¼ ¡�� �F�R¦�QSG_T CFE
¼ E Q cFE K h E YP{�� ¡ WnMPOeWwv�{ E Y�[�ILGJQS\J[
	�	*É Ee� ^ E Y�QS[ E GUTDQSG¤T CFE MPIL[ E&E G E YP{L`�v(QSG c Wwv&f
�ÈG B I h K E �bfS�.T CFE0E l E GUT&Y�IVT E M���WLY&MXWn[ E O C IVY�ILOeT E Y�QSMXTPQSO.KSQSG E M,IVY E MP\J[�[�IVY�Qj  Egc f BDCFE ILMPMP\J[ Egc

QSGUT E Y�GJILK h ILOPzb{LYPWn\JG c WL�5T CFE0cFE T E OeTXWLY&QSM,ILKSMXW�{nQjl E G
QSG@T C IVT B I h K E f,�,KSK�Gb\J[ h E Y�M(I h Wwl E �n�L��z E<;
IVY E v(QjT C QSG�T CFE,E YPYPWLY�MyOeWnGJMPQSMXT E GUT�WLY h E KjWwv�T CFE lVILKS\ E M���WLY�T CFE h ILOPzb{LYPWn\JG c*�bEe� O E ^JTy��WLY ³P´Rµ v C QSO C
QSMy��
I h Wwl E f BDCFE Y E IVY E M E l E Y�ILK7^7WnMPMPQ h QSKSQjTPQ E M���WLYyT CFE QSGJOeY E ILM Egc OeWn\JGUTyY�IVT E ��WLY ³P´eµ v C QSO C�c W.GFWLT
QSGUlLWnKjl E T CFE,prp xyo�M C Q E K c QSGF{�[�IVT E Y�QSILKkQjTPM E Kj��f���T�OeWn\JK c h E(c \ E TXW�T CFE I cJc QjTPQjWnGJILKJM C Q E K c QSGF{�IV{nILQSGJMXT
T CFE�cFE vyIVY � WLY c \ E TXWdT CFE TXY�ILGJMX^7WLYPT(MX`mMXT E [?WL�NT CFE ¾kWbWLY(v C QSO C vyILM,QSGJMPQ cFE T CFE M C Q E K c QSGF{ c \FY�QSGF{
T CFE [ E ILMP\FY E [ E GUTRf BDCFE OeWn\JGUTPM5QSG�T CFE § ´ © BDC KSQSG E OeWn\JK c h E"c \ E TXW�Y E MPQ c \JILKb§ ¯a§ ¢ h | B ¯��È§ �¬�R�3� Ç C }��YPWn[�T CFE §X§ ´ �(G cFE ORIg`@O C ILQSG*f

¿�ÀaÁ*À�� �¤Ã����� "!nÅ$#8Æ8Ä&%('JÃ�)�#�!�'*%('kÆ$+,#-)�.aÆ� �Ã�� .���#-.aÄ )��4.aÆ$+�.����½Ã +LÅ"!
� (��)$��
�ÈG_I�G Ee� T"^ C ILM E T CFE h ILOPzb{LYPWn\JG c WL��ILG_�ÈGmÉ½��Y ERE KSQ � \JQ c MPORQSGUTPQSKSKSIVTXWLYDQSGJMPQ cFE T CFE M C Q E K c QSGF{ZvyILMD[ E I�É
MP\FY Egc f
oFWLY0T C QSM�[ E ILMP\FY E [ E GUT0T CFE¤� \JIVYPTX  | ¼ E Y�ILMPQSK,�R�n�n}�O E KSKSMZv C QSO C v E Y E ��WLY E M ERE G¹��WLY0ILG~�ÈGmÉ
KjWnI cFEgc ^JYPWLTXWLTa`b^ E�cFE T E OeTXWLY�v E Y E \JM Egc f BDCFEd� \JIVYPTX dO E KSKSM C Igl E h ERE G cFE MPQj{nG Egc QSG]OeWnKSKSI h WLY�IVTPQjWnG
v(QjT C ¼ E Y�I E \JM | ¼,ILGJIL\H}"ILG c ¼ E KSKS[�I | ¡��\JKSK CFE QS[�}�f s(E \FTXYPWnG@ILOeTPQjlVIVTPQjWnGuILGJILKj`mMPQSMDM C Wwv Egc T C IVTDT CFE
Y�I c QjWL^k\FY�QjTa`dWL��T CFEZ� \JIVYPTX ZQSM C Qj{ C �8ª «��"U�R�b®*¯a§�{b°w{ �7BDC �8�LÇ�n�R�b®*¯a§&{b°w{�ILG c@µ �J�U��U�R�b®k·�{b°w{
£ ¼ q �È�n��¦½f BDCFE Y�I c QjWL^k\FY�QjTa`¤vyILM,WnG E WL�5T CFE Y E ILMXWnGJM,v C ` � \JIVYPTX �vyILM�\JM Egc ILM�O E KSK�[�IVT E Y�QSILKÍf,�,GmÉ
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WLT CFE Y5Y E ILMXWnG.vyILMNT CFE QSG E YPTPG E MPM�WL� � \JIVYPTX "v(QjT C T CFE lVIVY�QjWn\JMNMXWnKjl E GUTPM5\JG cFE Y5MXTP\ c `Lf BDCFE ^JYPWLTXWLTa`b^ E
O E KSKSM C Igl E I.M � \JIVY Egc OeYPWnMPMDM E OeTPQjWnG | �.D@�n}yOR[�§ | Wn\FTPMPQ cFE }�ILG c IVY E ��[?KjWnGF{Ff BDCFE `�ORILG h E�	 KSK Egc
\F^@v(QjT C IV^J^JYPW � QS[�IVT E Kj`_�.K*WL��KSQ � \JQ c f BDCFE=	 KSKSQSGF{�ORILG h E&c WnG E T C YPWn\F{ C Tav�W C WnK E M"WnG_T CFE TXWL^uWL�
E ILO C MPQ cFE WL��T CFE O E KSK$v C QSO C IVY E M E ILK Egc h `_Tav�W¤OeWnGJQSO&T E ¾kWnGu^kKS\F{nMRf BDCFE T E ¾kWnGu^kKS\F{nM C Igl E MPOeY E v
T C Y E I c M"��WLYDY E [.WwlVILKÍf
oFWLY(I h E TXT E YDKSQj{ C T"OeWnKSK E OeTPQjWnG�T CFE O E KSKSMyIVY E vDY�IV^J^ Egc v(QjT C I0��WnQSK C IglmQSGF{0l E YP` C Qj{ C Y E ¾ E OeTPQjlmQjTa`

| ;�¡ �V�L�L����YPWn[�� ¡ }�f t WdQSGuORILM E T CFE ILGF{nK E WL�NT CFE KSQj{ C T(QSMDTXWbW¤KSIVYP{ E ��WLY,TXWLTPILK�QSGUT E Y�GJILK*Y E ¾ E OeTPQjWnG
IVT�T CFE vyILKSKSMDWL�5T CFE0� \JIVYPTX 0O E KSK � T CFE Y E QSM,MXTPQSKSK C Qj{ C ^JYPW h I h QSKSQjTa`¤T C IVT,T CFE Y E QSM,MX^ E OR\JKSIVY(Y E ¾ E OeTPQjWnG
IVT.T CFE ��WnQSKÍf q ILO C O E KSK"QSM Eg� \JQj^J^ Egc v(QjT C ª ; TXY�ILGJMX^kIVY E GUT0Y E OeTPILGF{n\JKSIVYdILOeYP`mKSQSO¤KSQj{ C T0{n\JQ cFE M0IVT
h WLT C_E G c M"v(QjT C I�K E GF{LT C WL�N�mf ��[_f BDCFE `_IVY E \JM Egc ILM(I�M C Q E K c QSGF{0IV{nILQSGJMXTDY�I c QSIVTPQjWnG E [�QjTXT Egc h `
QS[.^k\FY�QjTPQ E M�QSG�T CFE ^ C WLTXWn[�\JKjTPQj^kKSQ E Y�M | ¢8¡iB M }�f BDCFE M E KSQj{ C T&{n\JQ cFE M � v C QSO C�C Igl E T CFE MPIL[ E OeYPWnMPM
M E OeTPQjWnG�ILM�T CFE O E KSKSM � IVY E ILKSMXW¤vDY�IV^J^ Egc v(QjT C T CFE�;�¡ �V�L�L�@��WnQSKÍf BDCFE.¢8¡iB M&IVY E.Eg� \JQj^J^ Egc v(QjT C
KjWwv"É h ILOPzb{LYPWn\JG c {nKSILMPM8��WLY8�Ê\FYPT CFE Y8Y Egc \JOeTPQjWnG�WL�*T CFE Y�I c QjWnILOeTPQjl E h ILOPzb{LYPWn\JG c f��ÈGdI cJc QjTPQjWnG�MX^ E ORQSILK
KjWwv"É h ILOPzb{LYPWn\JG c lLWnKjTPIV{ E�c QjlmQ cFE Y�M(v E Y E \JM Egc f BDCFE�¢8¡iB M&ILG c T CFE lLWnKjTPIV{ E�c QjlmQ cFE Y�M(v E Y E h WLT C
cFE KSQjl E Y Egc h ` q8BDp f BDCFE ` C Igl E I&Tav�W.QSGJO Cdc QSIL[ E T E YyILG c T CFE QjY�ORQjY�OR\JKSIVY8^kKSILGJIVY�MP\FYP�ÊILO E QSM8OeWn\F^kK Egc
TXW.T CFE ILOeYP`mKSQSO h \mÎ E Y"\JMPQSGF{ZWL^JTPQSORILKH{LY E ILM E f t Wn[ E KSQj{ C TyQSMyKjWnMXT c \ E TXW0T CFE�c QÏÎ E Y�QSGF{Z{ E Wn[ E TXY�Q E M"WL�
T CFE OeYPWnMPM8M E OeTPQjWnGJM5WL�7T CFE h \mÎ E Y5ILG c T CFE(¢8¡iB f BDCFE ;�¡iq h ILM Egc�¥ �� E K E OeTXYPWnGJQSORM8QSM�Y E I c Wn\FT h `
I ¡ WLTXWLYPWnKSI0^7Wwv E Y ¢y¸ WL^ E Y�IVTPQSGF{0\JG cFE Y p � s ª���f BDCFE ILGJILKj`mMPQSM8WL�rT CFE�c IVTPI0QSM8^ E YP��WLY�[ Egc \JG cFE YyI
� � ��B ° ¸���� ^kKSIVTX��WLY�[ £ ¡���B �V�L¦½f
s QSG E Q cFE GUTPQSORILKrO E KSKSMDv E Y E [.Wn\JGUT Egc QSGuILGiIVYPY�Ig`uMXTXY�\JOeTP\FY E WL�8�
Di�dO E KSKSMRfD�ÈGuI�M E OeWnG c ^ C ILM E

T CFE MPORQSGUTPQSKSKSIVTXWLY&WL�"MXWn[ E O E KSKSM&vyILMZY E ^kKSILO Egc h `
�ÈGmÉaKjWnI cFEgc MPORQSGUTPQSKSKSIVTXWLY�M&ILM cFE MPOeY�Q h Egc KSIVT E Ygf_oFWLY
ORILKSQ h Y�IVTPQjWnG]^k\FYP^7WnM E M���Wn\FYZT E ¾kWnG�TP\ h E MZIVY E QSGJM E YPT Egc ILKjWnGF{@T CFE O E KSKSM&IVTZT CFE QSGJG E Y Egc { E MZWL�"T CFE
Wn\FT E Y,O E KSKSMRf t W E ILO C T E ¾kWnGuTP\ h E QSMDMP\FYPYPWn\JG cFEgc h `¤��Wn\FY,O E KSKSMRf BDCFE Wn\FT E Y c QSIL[ E T E Y(WL��T CFE TP\ h E M
QSM"�d[�[ � T CFE QSGJG E Y c QSIL[ E T E Y(QSM(�.[�[���WLYDTav�WdWL��T CFE [?ILG c �.[�[?��WLYDT CFE WLT CFE Y(Tav�WFf BDCFE `_IVY E
M E ILK Egc IVTyT CFE,E G c QSGJMPQ cFE T CFE�prp xyo h `dMPQSKSQSOeWnG E M E ILKSILGUTRf8� T C QSGdv(QjY E v(QjT C I�¯a¨�� ¸ MyMXWn\FY�O E IVTyWnG E
E G c ORILG h E QSGJM E YPT Egc QSGUTXW�T CFE ORILKSQ h Y�IVTPQjWnGdTP\ h E M8��YPWn[ T CFE Wn\FTPMPQ cFE f 7�QjT C T C IVT"MX`mMXT E [ T CFE MXWn\FY�O E
ORILG h E ^kKSILO Egc ILKjWnGF{iT CFE O E KSKSM�IVT E l E YP` c QSMXTPILGJO E ��YPWn[�T CFE_¢8¡iB MRf B v�W]OeWL^J^ E Y�¾HILGF{ E M�v E Y E
^JY E ^kIVY Egc v(QjT C � EREgc T C YPWn\F{ C M���WLY"T CFE T E ¾kWnG¤TP\ h E M � T CFE GJQjTXYPWL{ E G¤OeWnGJG E OeTPQjWnGJM"ILG c T CFE�E K E OeTXYPWnGJQSO
ORI h K E MRf � GJKj`0WnG E ORI h K E ^ E Y ¢8¡iB vyILMy\JM Egc ��WLY C Qj{ C lLWnKjTPIV{ E ILG c ��WLY�T CFE MPQj{nGJILKJTXW.[�QSGJQS[�Qj  E T CFE
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Gb\J[ h E Y"WL�NORI h K E M"TXW h E � Egc QSGUTXW.T CFE M C Q E K c QSGF{Ff

� ( 	 	 ��&)( � �1& � �)!����
x E ��WLY EdE ILO C O E KSKNvyILM 	 KSK Egc v(QjT C KSQ � \JQ c MPORQSGUTPQSKSKSIVTXWLYZIuMX^ E ORQSILK5ORK E ILGJQSGF{_^JYPWmO Egc \FY E vyILM�IV^J^kKSQ Egc f
�ÈG]I 	 Y�MXT�MXT E ^]T CFE GJQSG E O E KSKSM�v E Y E Y�QSGJM Egc v(QjT C IV^J^JYPW � QS[�IVT E Kj`
�V�@[�K�WL�"�wÉ½^JYPWL^kILGFWnK�TXW_Y E [.Wwl E
WLYP{nILGJQSO�OeWnGUTPIL[�QSGJIVTPQjWnGJMRf BDCFE G¤T CFE `dv E Y E Y�QSGJM Egc Tav(QSO E v(QjT C �V�.[�KHWL� c QSMXTPQSKSK Egc vyIVT E YDTXW0Y E [.Wwl E
T CFE ^JYPWL^kILGFWnKÍf��ÈG
T CFE G Ee� T�MXT E ^]T CFE O E KSKSM,v E Y E vyILM CFEgc v(QjT C I]�R����GJQjTXY�QSO�ILORQ c MXWnKS\FTPQjWnG*f BDCFE
[�ILQSG]^k\FYP^7WnM E WL�yT C QSM�^k\FY�Q 	 ORIVTPQjWnG]MXT E ^~QSM�T CFE Y E [.WwlVILK5WL�yY�I c WnG c IL\F{ C T E Y�M&v C QSO C ILOROR\J[�\JKSIVT E
v(QjT C TPQS[ E WnG¹T CFE MP\FYP�ÊILO E WL�(T CFE_� \JIVYPTX _O E KSKSMRf BDCFE O E KSKSM�v E Y E T CFE G¹IV{nILQSG¹Y�QSGJM Egc v(QjT C vyIVT E Y
TXW�Y E [.Wwl E T CFE ILORQ c ILG c 	 KSK Egc \F^ v(QjT C vyIVT E Y���WLYdMXTXWLY�IV{ E f�x E ��WLY E T CFE 	 KSKSQSGF{iWL��T CFE WLYP{nILGJQSO
MPORQSGUTPQSKSKSIVTXWLY&T CFE Y E MPQ c \JILK�vyIVT E Y.QSG]T CFE O E KSKSM&vyILMZY E [.Wwl Egc \JMPQSGF{u�wÉ½^JYPWL^kILGFWnKÍf BDCFE�	 GJILK5Y�QSGJMPQSGF{
vyILM c WnG E v(QjT C T CFE MPORQSGUTPQSKSKSIVTXWLY"QjTPM E Kj��f
x E ��WLY E T CFE 	 KSK Egc O E KSKSM�v E Y E [.Wn\JGUT Egc QSG�T CFEDprp xyouW � `b{ E G � Y�I c WnG.ILG c WLT CFE Y c QSMXTP\FY h QSGF{D{nILM E M

QSG]T CFE MPORQSGUTPQSKSKSIVTXWLY&v E Y E Y E [.Wwl Egc h `]MX^kIVYP{nQSGF{@T CFE KSQ � \JQ c ��WLY�WnG E�C Wn\FY&v(QjT C GJQjTXYPWL{ E G*f_� T C QSG
T E ¾kWnG�TP\ h E OeWnGJG E OeT Egc TXW@T CFEds § ÉaMP\F^J^kKj`@vyILM�QSGUTXYPW c \JO Egc QSGUTXW@T CFE O E KSK5IVT&WnG E�E G c ILG c ^kKSILO EgcIVT�lVIVY�QjWn\JM�^7WnMPQjTPQjWnGJMRf ¥ \FY�QSGF{
T CFE [ E ILMP\FY E [ E GUT.T CFE O E KSKSM.IVY E z E ^JTd\JG cFE Y s § ÉaIVTP[.WnMX^ CFE Y E h `¾H\JM C QSGF{�T CFE QSGJG E Y"lLWnKS\J[ E WL��T CFE&prp xyo OeWnGUTPQSGFWn\JMPKj`dv(QjT C T CFE {nILMRf

���'( 	|!�	J$�!�
����!�� �)! 	 	 � ���\&
� ¢ � q h ILM Egc [�Q � TP\FY EL� v(QjT C ^FÉ B ^uILMD^JY�QS[�IVYP`�ILG c h QSMÈÉ ¡]t x�ILM(M E OeWnG c IVYP`_MXWnKS\FT EL� vyILM,\JM Egc ILM
T CFE 	 Y�MXT�MPORQSGUTPQSKSKSIVTXWLY�T E MXT Egc f BDCFE.¢ � q vyILM�W h TPILQSG Egc ��YPWn[ µ WmO C~t ^ E ORQSILK ¸yCFE [�QSORILK ¸ Wn[.^kILGU` �
¸ WLYP^k\JM ¸yC Y�QSMXTPQ �JBrEe� ILM � ª t �Zf BDCFE MPORQSGUTPQSKSKSIVTXWLY C ILM h ERE Gi\JM Egc QSG@T CFE x�WLY Ee� QSGFW ¸yB o ^JYPWLTXWLTa`b^ E
cFE T E OeTXWLYNILMrv E KSKÍf BDCFE"¸yB o¤vyILM 	 Y�MXT�KjWnI cFEgc v(QjT CZ¢ � q QSG � OeTXW h E Yy�gÐLÐLÇbf���TrvyILM�^k\FY�Q 	kEgc h `&MPQSKSQSORI
{ E K*MXWnKSQ c OeWnKS\J[�Gd^k\FY�Q 	 ORIVTPQjWnG*f��ÈG�T C IVTDMXT E ^@QSGJQjTPQSILKJTXY�ILO E QS[.^k\FY�QjTPQ E M �UE f {FfJ§X¨X©Rª�IVT(��� �(V�R�b®*¯ ³ {b°w{
OeWn\JK c h E ^k\FY�Q 	kEgc TXWdK E l E KSM h E KjWwv��"n�R�b®*¯ ��{b°w{
£ ¢ � q �V�L¦½f BDCFE&¢ � q vyILMDY E KjWnI cFEgc QSGUTXW ¸yB o¹QSG
�V�L�L�.ILG c�E [.^JTPQ Egc ��YPWn[¶I0x�WLY Ee� QSGFW.KSQ � \JQ c�C ILG c KSQSGF{ZMX`mMXT E [�QSG¤o E h Y�\JIVYP`��V�L�F�Vf�oFYPWn[¶T C IVTyTPQS[ E
QjT(vyILM,MXTXWLY Egc QSGuORK E ILG h IVYPY E KSMD\JG cFE YP{LYPWn\JG c \JG cFE Y(I s § ÉaIVTP[.WnMX^ CFE Y E f t Wn[ E WL�5T C QSM(MPORQSGUTPQSKSKSIVTXWLYvyILMDT CFE G@KjWnI cFEgc QSGUTXW.T CFEZprp xyo¹QSG@�V�L�n�bf
BDCFE ^FÉ B ^iOeWnGJO E GUTXY�IVTPQjWnG]QSG@T CFE MPORQSGUTPQSKSKSIVTXWLY(QSM��bf ��{b°�K � T CFE h QSMÈÉ ¡]t x OeWnGJO E GUTXY�IVTPQjWnG
QSM,[�\JO C

KjWwv E Y�IVT��V�¤[.{b°�KÍf��(��T E Y�T CFE MPQSKSQSORI.{ E K�OeWnKS\J[�G@^k\FY�Q 	 ORIVTPQjWnGuQSG@WnG E WL�5T CFE x�WLY Ee� QSGFW¤MPORQSGUTPQSKSKSIVTXWLY
^k\FY�Q 	 ORIVTPQjWnG¤MX`mMXT E [�MDT CFE IVTXT E Gb\JIVTPQjWnGiK E GF{LT C WL��T CFE MPORQSGUTPQSKSKSIVTXWLYD[�Q � TP\FY E vyILM,�bf Ç�[?TXW��bf �d[?IVT
�U�V�.GJ[4£ ¢ � q �V�L¦½fN��T"vyILM"[ E ILMP\FY Egc v(QjT C I0^ C WLTXWnMX^ E OeTXYPWn[ E T E Y(QSG¤I¤�R�.OR[�OR\Fl E TXT E f��(��T E Y([.WLY E
T C ILG�Tav�W0` E IVY�M"MXTXWLY�IV{ E QSG h IVYPY E KSM8T CFE IVTXT E Gb\JIVTPQjWnG_K E GF{LT C WL�rI�MPIL[.^kK E vyILMyY E [ E ILMP\FY Egc IVT(�,Y�ILG
t ILMPMXW�ILG c I�OeWnGJMPQSMXT E GUTDY E MP\JKjT | �bf �.[?IVTD�U�V�dGJ[�}8vyILMD��Wn\JG c f BDC QSM"M C Wwv(M"T C IVTDT CFE IVTXT E Gb\JIVTPQjWnG
K E GF{LT C WL��T CFE MPORQSGUTPQSKSKSIVTXWLY c Q c GFWLT(O C ILGF{ E Wwl E Y,T CFE ` E IVY�MRf
x E ��WLY E T CFE 	 KSKSQSGF{
WL��T CFE �@[ � \JIVYPTX uO E KSKSMd\JM Egc QSG T CFEiprp xyo � T CFE MPORQSGUTPQSKSKSIVTXWLY�vyILMd^k\FY�QÏÉ	kEgc IV{nILQSG~\JMPQSGF{uIuv E IVzmKj`�ILORQ c QSOd�,K § � ¨ OeWnKS\J[�G*f BDC QSM&^JYPWwlmQ cFE M&T CFE�	 Y�MXT c IVTPIuWnG�T CFE �,K § � ¨^k\FY�Q 	 ORIVTPQjWnG WL�&I ¢ � q OeWn[.^7Wn\JG c f BDCFE MX`mMXT E [<vyILM 	 Y�MXT�^JY E É Eg� \JQSKSQ h Y�Qj  Egc QSG�I h E IVz E Y_IVT¤I

MPORQSGUTPQSKSKSIVTXWLYg� �,K § � ¨ Y�IVTPQjW�WL�y�b�S�VfZ�V�L�¤{�WL���,K § � ¨ vyILM�\JM Egc ��WLY&Ç�KrTXWu�dK�WL�8MPORQSGUTPQSKSKSIVTXWLYgf��yT�T C QSMY�IVTPQjW
GFW h Y E IVzbT C YPWn\F{ C WL�,QS[.^k\FY�QjTPQ E M�vyILM0��Wn\JG c f BDCFE IVTXT E Gb\JIVTPQjWnG K E GF{LT C QS[.^JYPWwl Egc TXW][.WLY E
T C ILG~�R��[²IVT�I�vyIgl E K E GF{LT C WL�N�U�V�¤GJ[_f BDCFE IVTXT E Gb\JIVTPQjWnG
K E GF{LT C WL�5T CFE MPORQSGUTPQSKSKSIVTXWLY h E ��WLY E ILG c
IV��T E Y(T CFE ^k\FY�Q 	 ORIVTPQjWnG¤v(QjT C T CFE ILKS\J[�QSGJI0OeWnKS\J[�G_QSMy^kKjWLTXT Egc QSG_o�Qj{FfH�bf �Ff
B W.T E MXTDQj�$T CFE OeWnKS\J[�G�Y E [.Wwl Egc ^kIVYPTyWL�rT CFE ¾H\FWLYyv C QSO C QSMyGFWLT Ee� ^ E OeT Egc ��WLY"T CFE ^k\FY E�C ` c YPWVÉ

ORIVY h WnGJM(£ o ��¼,�n�V¦ � T CFE KSQj{ C TN`mQ E K c WL�7T CFE MPORQSGUTPQSKSKSIVTXWLYNvyILM8[ E ILMP\FY Egc h E ��WLY E ILG c IV��T E Y8T CFE OeWnKS\J[�G*f
BDCFE KSQj{ C T�`mQ E K c vyILM cFE T E Y�[�QSG Egc h `�Tav�W c QÏÎ E Y E GUT0[ E T C W c MRf]�ÈG�WnG E [ E T C W c T CFE MXWnKjl E GUT.vyILM
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Ee� ORQjT Egc h `u^ C WLTXWnGJM&\JMPQSGF{¤I�¾H\FWLY�QS[ E T E Y�ILG c QSGiT CFE WLT CFE YZ[ E T C W c T CFE MXWnKjl E GUT�vyILM Ee� ORQjT Egc h `
� É½Y�Ig`mMZWL�"I]¯a¨�� ¸ MÈÉaMXWn\FY�O E f��ÈG]T CFE [ E ILMP\FY E [ E GUTZv(QjT C T CFE � ÉaMXWn\FY�O E I@KSQj{ C T&`mQ E K c WL�D�L� ��v(QjT CY E MX^ E OeT.TXW�I]x ¸ �V�n�]MXTPILG c IVY c vyILM.��Wn\JG c ��WLY.T CFE MPIL[.^kK E v(QjT C Wn\FT.OeWnKS\J[�G~^k\FY�Q 	 ORIVTPQjWnG*f BDCFE
lVILKS\ E W h TPILQSG Egc IV��T E Y�^k\FY�Q 	 ORIVTPQjWnG
vyILM0��� C Qj{ CFE Y&v C QSO C QSM&v(QjT C QSGiT CFEdE YPYPWLY�MZOeWnGJMPQSMXT E GUT&v(QjT C
T CFE Gb\J[ h E Y cFE T E Y�[�QSG Egc h E ��WLY E f BDC QSM�QSG c QSORIVT E M�T C IVTZWnGJKj`]I@[�QSGFWLY&��Y�ILOeTPQjWnG�WL�yT CFE ¾H\FWLY�M&vyILM
KjWnMXT�QSGiT CFE OeWnKS\J[�G]QSGuT C QSM�{ E Wn[ E TXY�QSO cFE MPQj{nG � h E ORIL\JM E T CFE OeWnGJO E GUTXY�IVTPQjWnGJM�v E Y E ILKjY E I c `iIVT�T CFE
KjWwv E Y5KSQS[�QjTrTXW�{ E TNT CFE WL^JTPQS[�\J[¬KSQj{ C T�`mQ E K c f BDC QSMrvyILMNOeWnG 	 Y�[ Egc QSGZ¾H\FWLY�QS[ E T E Y�[ E ILMP\FY E [ E GUTPMNQSG
v C QSO C WnGJKj`0MP[�ILKSK cFE lmQSIVTPQjWnGJMNWL�*K E MPMNT C ILGu�R� � ��WLY8T CFEDE [�QSMPMPQjWnG0^ E IVz.[�I � QS[�I�WL�7T CFE MPORQSGUTPQSKSKSIVTXWLY
h E ��WLY E ILG c IV��T E Y(T CFE OeWnKS\J[�G¤v E Y E W h M E YPl Egc f
� ( �T$ 	 ���
�ÈG_o�Qj{Ffk�bf �0T CFE MX^ E OeTXY�\J[�[ E ILMP\FY Egc QSGJMPQ cFE T CFE&prp xyo¹QSM"M C Wwv(G¤v(QjT C WnG E WL��T CFE O E KSKSM 	 KSK Egc v(QjT C
KSQ � \JQ c MPORQSGUTPQSKSKSIVTXWLYgf BDCFE Wwl E Y�ILKSKyTXY�Qj{L{ E Y�Y�IVT E vyILMd���S�&k�R�b®k¨_OeWn\JGUTPM ° | M.zb{b}�I h Wwl E I
T C Y E M C WnK c
WL� | �V��� �R�U}(z E<; f*�ÈGiT CFE x�WLY Ee� QSGFW ¸yB o��dT�WL�8T CFE MPIL[ E KSQ � \JQ c MPORQSGUTPQSKSKSIVTXWLY�v E Y E \JM Egc f&�(I c QjW
ORIVY h WnGiK E l E KSMDWL�"¯ ³w¸ °n¯a§ ¸ ���L��� �w��� �3� �n�&b�R�b®*¯a© C Igl E h ERE Gu[ E ILMP\FY Egc £ p � 7��n��¦½f BDCFE 	*É cFE ORIg`
WL��¯ ³w¸�C ILMDILG E G c ^7WnQSGUT E G E YP{L`¤WL�"�g�LÇ0z E<; ILG c T CFE QSMXWLTXWL^ E&C ILMDI C ILKj��KSQj� E WL�5�n�V�V��` E IVY�MRf
BDCFE \JGJQ � \ E ^7WLT E GUTPQSILKJWL�*T CFE,prp xyo�ILM�I cFE T E OeTXWLYy��WLYyKjWwv�Y�I c QjWnILOeTPQjlmQjTa`0^ C `mMPQSORM8QSM8QSKSKS\JMXTXY�IVT Egc

h `dT CFE ¯ ³�¸ Y E MP\JKjTRfN�ÈG
��zb{.^k\FY E�¢ � q T CFE Y E IVY E | �4� �VÇ,��
	�}�[.WnK E OR\JK E Myv CFE Y E �
	�QSMy�(lLWL{nI c YPW4� M
Gb\J[ h E Ygf q ILO C~¢ � q [.WnK E OR\JK E�C ILMd�gÇ@ORIVY h WnG�IVTXWn[�MRf BDCFE TXWLTPILK�Gb\J[ h E Y&WL�,¯ ³�¸ [.WnK E OR\JK E M&QSG
T CFE&¢ � q Ee� ^ E OeT Egc ��YPWn[¶T CFE�¸yB o�Y E MP\JKjTyQSMyT CFE Y E ��WLY E ��� �n�(L�R�L©�OeWLYPY E MX^7WnG c QSGF{ZTXW�ILG@ILOeTPQjlmQjTa`�WL�
�Ff �¤[�x � °wzb{Ff0�,KjT C Wn\F{ C I¤MPQj{nGJQ 	 ORILGUT,^kIVYPT�WL��T CFE MX^ E OeTXY�\J[�QSM h E KjWwv¬T CFE T C Y E M C WnK c WL�y�V�¤z E<;��
T C QSMyGb\J[ h E Y"M C Wwv(MyT C IVT"T CFE [�ILQSG¤^kIVYPTyWL�rT CFE MPQSGF{nK E,C QjTPM | ���S��V�R�b®k¨�OeWn\JGUTPM ° | M"zb{b}X}�QSG�T CFE O E KSKSM
ORILG h EZEe� ^kKSILQSG Egc h `]¯ ³�¸ QSGuT CFE0¢ � q f BDCFE M C IV^ E WL�5T CFE MX^ E OeTXY�\J[�QSM,ILKSMXW¤OeWnGJMPQSMXT E GUT,v(QjT C T CFE
Ee� ^ E OeTPIVTPQjWnGJMD��YPWn[�T CFE ¯ ³�¸�cFE ORIg`Lf
� h ILOPzb{LYPWn\JG c MXWn\FY�O E QSG@T CFE MPORQSGUTPQSKSKSIVTXWLY,IVY E T CFE {nIL[�[�ILM E [�QjTXT Egc h `_T CFE�c IL\F{ C T E Y�M(WL�5T CFE
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Y E ��Y�ILOeTPQjWnG@ORILG h E ORILKSOR\JKSIVT Egc \JMPQSGF{ t G E KSK � M p Igv
� 	@wMPQSG |�� 	�}�� ��� wMPQSG |�� � }

v CFE Y E � 	~ILG c ��� IVY E T CFE QSG c QSO E MyWL��Y E ��Y�ILOeTPQjWnG@WL��T CFE [�IVT E Y�QSILKSMRf-7 CFE G_T CFE ILGF{nK E WL�NQSGJORQ cFE GJO EQSMy{LY E IVT E Y,T C ILG@I.OeY�QjTPQSORILK*ILGF{nK E �
	 T CFE KSQj{ C TDQSM"OeWn[.^kK E T E Kj`�Y E ¾ E OeT Egc f BDCFE OeY�QjTPQSORILK*ILGF{nK E �
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BDCFE [ E O C ILGJQSMP[�WL� B �È��QSG¹I � \JIVYPTX _O E KSKyQSM�QSG~^JY�QSGJORQj^kK E �R�L� � E�� ORQ E GUT � h \FT0QSG~^JY�ILOeTPQSO E T CFE
E�� ORQ E GJOe`¤QSMDI�KSQjTXTPK E h QjT"KjWwv E Y c \ E TXWdKSQj{ C T"I h MXWLYP^JTPQjWnG_QSG_T CFE vyILKSKSM"ILG c MP\FYP�ÊILO E QS[.^ E YP� E OeTPQjWnGJMRf
�,G@ILKjT E Y�GJIVTPQjl E TXW B �È��QSMDI�O E KSK cFE MPQj{nG h ILM Egc WnG t � v C QSO C QSMDG E IVY�Kj` Eg� \JILKSKj` E�� ORQ E GUT,IVT(ILKSK

ILGF{nK E MRf
¼(Wwv E l E Y � I h Wwl E T CFE OeY�QjTPQSORILK�ILGF{nK E T CFE�E�� ORQ E GJOe`���WLY0Y E ¾ E OeTPQjWnG~QSM�KjWwv E Y.OeWn[.^kIVY Egc TXW
B �È�&f BDCFE O CFE [�QSORILKyOeWn[.^kIVTPQ h QSKSQjTa`
WL�(M E l E Y�ILKyMXWnKjl E GUTPM0v(QjT C T CFE_C Qj{ C Y E ¾ E OeTPQjlmQjTa`���WnQSK ;�¡ �V�L�L�
vyILM5QSGUl E MXTPQj{nIVT Egc QSG0ILORO E K E Y�IVT Egc IV{nQSGF{�T E MXTPM8IVT E K E lVIVT Egc T E [.^ E Y�IVTP\FY E MRf t IL[.^kK E M�WL�HT CFE ��WnQSKSM�v E Y E
QS[�[ E Y�M Egc QSGdT CFE MXWnKjl E GUTPM ¢y¸,�m¢ � q ILG c ILGJQSMXWnK E IVT"�L� 8g¸ f ¥,E MXTXY�\JOeTPQjWnG�WL�$T CFE Y E ¾ E OeTPQSGF{0MP\FYP�ÊILO E
vyILM�W h M E YPl Egc ILKjY E I c `iIV��T E Y.� c Ig`mM&MXTPIVYPTPQSGF{¤��YPWn[ºT CFE.Egc { E M&QSG]ILKSK�T E MXT Egc WLYP{nILGJQSO.KSQ � \JQ c MRf&oFWLY
¢ � q T CFE0cFE MXTXY�\JOeTPQjWnGivyILM�[�\JO C K E MPM�QSGUT E GJMPQjl E T C ILGi��WLY ¢y¸ f BDCFE [.WnMXT�IV{L{LY E MPMPQjl E MXWnKjl E GUT�vyILM
T CFE ILGJQSMXWnK E v C QSO C TXWLTPILKSKj` cFE OeWn[.^7WnM Egc T CFE ��WnQSKHQSG�QjTPM�lVIVY�QjWn\JM�KSIg` E Y�M"IV��T E YDI�� E v c Ig`mMRf BDCFE Y E ��WLY E
T CFE=;�¡ �V�L�L����WnQSKHORILG@GFWLT h E \JM Egc QSG�OeWnGUTPILOeT(v(QjT C T CFE MPORQSGUTPQSKSKSIVTXWLYgf s(E l E YPT CFE K E MPM"QjT"ORILG h E \JM Egc
TXW0vDY�IV^�T CFE�� \JIVYPTX �O E KSKSM8��YPWn[ T CFE Wn\FTPMPQ cFE f��ÈGdT C QSM�ORILM E KSQj{ C T8v C QSO C QSM�GFWLT�Y E ¾ E OeT Egc_c \ E TXW B �È�
ORILGuMXTPQSKSK h E Y E ¾ E OeT Egc IVTDT CFE ��WnQSKÍf
BDCFE TXY�ILGJMX^7WLYPT,WL��KSQj{ C T,QSG
KjWnGF{¤O E KSKSM C ILM h ERE G
MXTP\ c Q Egc \JMPQSGF{�I prq8¥ | KSQj{ C TÈÉ E [�QjTXTPQSGF{ c QjW cFE }

IVTDT CFE vyIgl E K E GF{LT C M(WL�N�L�V�dGJ[�ILG c �U�L�.GJ[ �FE QjT CFE YDWnG � \JIVYPTX �TP\ h E M h ILM Egc WnG B �È� ILG c QSG_KSQj{ C T
{n\JQ cFE M h \JQSKjT5Wn\FT"WL��I ;�¡ �V�L�L�.��WnQSKN£ ¡���B �V�V¦½f BDCFE�B �È� E�� ORQ E GJOe`dvyILM"��Wn\JG c TXW h E QSG�T CFE Y�ILGF{ E
WL�rÐLÐbf � ��fNoFWLY t ��T CFE Y E ¾ E OeTPILGJO E vyILM8��Wn\JG c TXW h E IV^J^JYPW � QS[�IVT E Kj`�ÐL�bf � ��f BDCFE Y E MP\JKjTPM5WL�7T CFE M E
[ E ILMP\FY E [ E GUTPM5v E Y E \JM Egc TXW&^JY Egc QSOeTNT CFE KSQj{ C T�TXY�ILGJMX^7WLYPT h EgC IglmQjWn\FY8QSG0^JYPWLTXWLTa`b^ E O E KSKSM 	 KSK Egc v(QjT C
MPORQSGUTPQSKSKSIVTXWLYgf
¿�À���À��  'JÃ�)�#�!�'*%('kÆ$+�)�.aÆ�Ã Á �4%���.aÄ�'~Ã*Æ8Ä�Á % �½ÅrÆ� (�3' ���
�ÈG�T CFE [ E ILMP\FY E [ E GUTPM�^JY E M E GUT Egc \F^�TXW
GFWwv�QSGUlLWnKjlmQSGF{@�ÈGmÉaKjWnI cFEgc MPORQSGUTPQSKSKSIVTXWLY�M&T CFE {LWnILK�vyILM�TXW
WL^JTPQS[�Qj  E T CFE KSQj{ C TD`mQ E K c QSGuIdM C WLYPT,O E KSK$WL�D�ZOR[�v CFE Y E KSQj{ C TD^JYPWL^kIV{nIVTPQjWnGiQSM(\JGJQS[.^7WLYPTPILGUTRf BDCFE
MPQjTP\JIVTPQjWnG O C ILGF{ E M.{LWnQSGF{]TXW�KjWnGF{ E YdO E KSKSMRf BDCFE_� \JIVYPTX @O E KSKyT C IVT�vyILM�\JM Egc ��WLYdI 	 Y�MXT.M E Y�Q E M0WL�
[ E ILMP\FY E [ E GUTPMDQSG¤I.KjWnGF{.O E KSK C I c ILG¤Wn\FT E Y(OeYPWnMPM"M E OeTPQjWnG_WL�y��� ���
��� �.OR[�§,v(QjT C I0vyILKSKHT C QSOPzmG E MPM
WL�8�d[�[�ILG c IdK E GF{LT C WL�D�Vf �n��[_f BDCFE QSGJG E YDlLWnKS\J[ E vyILM�IV^J^JYPW � QS[�IVT E Kj`]�g�V�¤[�KÍf BDCFE OeWLY�G E Y�M
WL�NT CFE O E KSK$v E Y E YPWn\JG cFEgc v C QSO C QSM(I�[�I��XWLY�MXWn\FY�O E WL�NKSQj{ C T(KjWnMPMRf BDCFE MPORQSGUTPQSKSKSIVTPQjWnG_KSQj{ C T(OeY E IVT Egc
QSGdT CFE O E KSKH\JG cFE Y�QjYPY�I c QSIVTPQjWnG�v(QjT C I prq8¥ | �n���.GJ[�}�WLY"I � ÉaMXWn\FY�O E vyILM cFE T E OeT Egc v(QjT C I ¢8¡iB IVTT CFE�E G c WL�rT CFE O E KSKÍfNoFWLY"T CFE M E [ E ILMP\FY E [ E GUTPM"GFW ;�¡ �V�L�L�.��WnQSKkvyILMy\JM Egc f BDCFE Y E ��WLY E T CFE IL[.Wn\JGUT
WL� cFE T E OeT Egc KSQj{ C T"vyILM � \JQjT E MP[�ILKSKÍf BDCFE [�ILQSG_^k\FYP^7WnM E WL��T CFE [ E ILMP\FY E [ E GUTPM(QSG_T C QSMDO E KSK$vyILMDTXW	 G c T CFE h E MXTDOeWn[.^7WnMPQjTPQjWnG_WL��T CFE MPORQSGUTPQSKSKSIVTXWLY"��WLYDT CFEZprq8s�t ^JYPWLTXWLTa`b^ E f8�ÈG_^kIVYPTPQSOR\JKSIVY"T CFE&E Î E OeT
WL� h QSMÈÉ ¡]t x�WnG@T CFE IVTXT E Gb\JIVTPQjWnGuK E GF{LT C vyILM(QSGUl E MXTPQj{nIVT Egc f�oJ\FYPT CFE Y�[.WLY E T CFEZ¡]¸ MPQS[�\JKSIVTPQjWnGJM�WnG
KSQj{ C T�^JYPWL^kIV{nIVTPQjWnG_QSG � \JIVYPTX &O E KSKSM�^ E YP��WLY�[ Egc h ` ¥ IVY�QjW ¡ WLTXTPIu£ ¡���B �V�L¦*v E Y E T E MXT Egc ILG c TP\JG Egc f
B W�MXTP\ c `�T CFEyE Î E OeTNWL� c QÏÎ E Y E GUT h QSMÈÉ ¡]t x�OeWnGJO E GUTXY�IVTPQjWnGJMNWnG�T CFE MPORQSGUTPQSKSKSIVTXWLY�^ E YP��WLY�[�ILGJO E QSG�I

KjWnGF{�O E KSK �VEe� ^ E Y�QS[ E GUTPM�v E Y E [�I cFE QSGZv C QSO C T CFE M E OeWnG c IVYP`ZvyIgl E K E GF{LT C M C Qj��T E Y � h QSMÈÉ ¡]t x � vyILM�T CFE
WnGJKj`¤OeWn[.^7WnG E GUT"T C IVTDvyILMDlVIVY�Q Egc f5�,M(MPORQSGUTPQSKSKSIVTXWLYDMXWnKjl E GUT(ILGJQSMXWnK E vyILM(\JM Egc*� T CFE �ÈGmÉaKjWnI c QSGF{0vyILM
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IVT(�ZvDTRf � ILG c T CFE x ¢ � OeWnGJO E GUTXY�IVTPQjWnG_vyILMyz E ^JT"OeWnGJMXTPILGUTDIVT(�V�0{b°�KÍf5�,OROeWLY c QSGF{�TXW�MPQS[�\JKSIVTPQjWnGJM
T CFE h E MXT"^ E YP��WLY�[�ILGJO E QSM Ee� ^ E OeT Egc IVT(T C QSM"x ¢ � OeWnGJO E GUTXY�IVTPQjWnG*f��yT C Qj{ CFE Y(x ¢ � OeWnGJO E GUTXY�IVTPQjWnGJM
T CFE KSQj{ C Td`mQ E K c MXTPQSKSK(QSGJOeY E ILM E M�QSG�I~MP[�ILKSK��iOR[ OR\Fl E TXT E f�¼(Wwv E l E Y � QSG�T CFE �i[ O E KSK,\JM Egc QSG
T CFE M E [ E ILMP\FY E [ E GUT&T CFE Y E QSM&MPQj{nGJQ 	 ORILGUT�M E Kj� ÉaI h MXWLYP^JTPQjWnG
WL��T CFE x ¢ � QSG
T CFE vyIgl E K E GF{LT C Y E {nQjWnG
WL�*T CFE MPORQSGUTPQSKSKSIVTXWLY E [�QSMPMPQjWnG*f BDCFE Y E ��WLY EL� I C Qj{ CFE Y�x ¢ � OeWnGJO E GUTXY�IVTPQjWnG¤OeWn\JK c h E,c QSMPI c lVILGUTPIV{ E Wn\JM
OeWnGJO E Y�GJQSGF{_KSQj{ C T�`mQ E K c QSGiT CFE KjWnGF{@O E KSKÍf��ÈG
T CFE MP[�ILKSK"�.OR[4O E KSK�T CFE KSQj{ C T�`mQ E K c QSM�MPQS[�QSKSIVY,v(QjT C
ILG c v(QjT C Wn\FT h QSMÈÉ ¡]t x»v CFE G¤x ¢ � QSMy\JM Egc ILMy¾H\FWLY"MPQSGJO E T CFE GFWnGmÉ½Y�I c QSIVTPQjl E,E G E YP{L`�TXY�ILGJMX� E YyY�IVT E
��YPWn[¶x ¢ � TXW h QSMÈÉ ¡]t x�QSM�MP[�ILKSKÍfN¼(Wwv E l E Y � ILM"M ERE G¤QSGdT CFE ^JY E lmQjWn\JM�O C IV^JT E Y � T CFE h QSMÈÉ ¡]t x»M C Qj��TPM
T CFE�E [�QSMPMPQjWnG@MX^ E OeTXY�\J[?TXW¤I�[.WLY E TXY�ILGJMX^kIVY E GUT(Y E {nQjWnG*f ¡ WnMXT�WL�NT CFE KSQj{ C T(I h MXWLY h Egc h `@T CFE h QSMÈÉ
¡]t x�QjTPM E Kj�rQSM�Y ERE [�QjTXT Egc f BDC QSM8Y ERE [�QjTXT Egc KSQj{ C TyQSM cFE T E OeT Egc QSGdT CFE�¢8¡iB M"\JGJK E MPM8T CFE ^ C WLTXWnGJM"IVY E
Y ERE [�QjTXT Egc IVT(ILGuILGF{nK E h E KjWwv T CFE OeY�QjTPQSORILK$ILGF{nK E ��WLY B �È�&f

x ¢ � £ {b°�KÏ¦ h QSMÈÉ ¡]t x;£ [.{b°�KÏ¦��ÈG�£ vDTRf �Z¦ � 	���� � £ [0¦ � ³ ¨ ´����	�
 � 	� £ [0¦�� ³ � ´����	�
 � 	� £ [0¦
� � � ��� ���~�3�S� �L�VfS� �gÇbf �
�V� � � ��� �L���~�3� �nÇ �bf � �bf �
�V� � � �3� �n� �~�3� �nÇ �mf ÇV� �mf �LÇ
�V� �R�L� � �3� �m� �~�3� �V� �mf �UÐ �mf ���
�V� �L�V� � �3� �V���~�3� �V� � �
�V� �V�L� � �3� Ðm� �~�3� �n� �mf �V� �mf �VÐ
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B I h K E �bf ��MP\J[�[�IVY�Qj  E MyT CFE Y E MP\JKjTPMyW h TPILQSG Egc ��WLYDT CFE�E Î E OeTPQjl E IVTXT E Gb\JIVTPQjWnGiK E GF{LT C QSG¤T CFE �&[
O E KSK7TXWL{ E T CFE Y,v(QjT C T CFE Y E MP\JKjTPMyWL��T CFE [ E ILMP\FY E [ E GUTPMDv(QjT C T CFE ^ C WLTXWnMX^ E OeTXYPWn[ E T E Ygf�oFWLY,OeWn[.^kIVYXÉ
QSMXWnG
T CFE IVTXT E Gb\JIVTPQjWnG�K E GF{LT C M�WL��Tav�Wu\JGJKjWnI cFEgc MPORQSGUTPQSKSKSIVTXWLY�l E Y�MPQjWnGJM�IVT&x ¢ � OeWnGJO E GUTXY�IVTPQjWnGJM&WL�
��{b°�KJILG c �V��{b°�KkIVY E {nQjl E G h E MPQ cFE M�T CFE lVILKS\ E M�W h TPILQSG Egc ��WLY5T CFE �ÈGmÉaKjWnI cFEgc MPORQSGUTPQSKSKSIVTXWLY�M�IVT5lVIVYP`mQSGF{
h QSMÈÉ ¡]t x�OeWnGJO E GUTXY�IVTPQjWnGJMRfZ��T�M C Wn\JK c h E GFWLT Egc T C IVT�T CFE �ÈG | ILORILOw} ¨ \JM Egc QSGuT CFE M E [ E ILMP\FY E [ E GUTPMC I c IiM C WLYPT E Y.IVTXT E Gb\JIVTPQjWnG K E GF{LT C OeWn[.^kIVY Egc TXW
MPIL[.^kK E MZ^JYPW c \JO Egc [.WLY E Y E O E GUTPKj`Lf BDCFE [�ILQSG
Y E ILMXWnGJM0��WLY0T C QSMZvyILM.I C Qj{ CFE Y�^JY E MPMP\FY E�c \FY�QSGF{uMP\ h KSQS[�IVTPQjWnG � ILG c T CFE �ÊILOeT0T C IVT0T CFE �ÈG | ILORILOw} ¨[�IVT E Y�QSILK�vyILMZGFWLT&MPQ E l Egc IVT�T CFE TPQS[ E WL��T CFE [ E ILMP\FY E [ E GUTRf BDCFE Y E ��WLY EL� T CFE �ÈG | ILORILOw} ¨ [�IVT E Y�QSILKc Wn[�QSGJIVT E M"T CFE I h MXWLY h ILGJO E I h Wwl E �U�V�dGJ[?QSG¤T CFE M E T E MXTPMRf
��OeWn[.^kIVY�QSMXWnG�WL�rT CFE IVTXT E Gb\JIVTPQjWnG@K E GF{LT C M cFE T E Y�[�QSG Egc QSG�T CFE ^ C WLTXWnMX^ E OeTXYPWn[ E T E YDIVT"�U�V�.GJ[

ILG c T CFE0E Î E OeTPQjl E IVTXT E Gb\JIVTPQjWnG�K E GF{LT C M�QSGiT CFE �0[ºO E KSKNM C Wwv(M�T C IVT�T CFE lVILKS\ E M�[ E ILMP\FY Egc QSGiT CFE
^ C WLTXWnMX^ E OeTXYPWn[ E T E Y8IVY E"C Qj{ CFE Y���WLYNT CFE �ÈGmÉ½��Y ERE MPORQSGUTPQSKSKSIVTXWLY�l E Y�MPQjWnGJMRf t \JO C I h EgC IglmQjWLY�QSM Ee� ^ E OeT Egc*�
h E ORIL\JM E QSG¤T CFE MX^ E OeTXYPWn[ E T E YDT CFE KSQj{ C Ty^JYPWL^kIV{nIVT E MDMXTXY�ILQj{ C T"T C YPWn\F{ C T CFE MPIL[.^kK E v CFE Y E ILMDQSG�T CFE
KjWnGF{�O E KSKD[.WnMXT�WL�,T CFE MPORQSGUTPQSKSKSIVTPQjWnG¹KSQj{ C T.QSM.Y E ¾ E OeT Egc M E l E Y�ILKDTPQS[ E M�IVT�T CFE vyILKSKSM�ILG c T CFE Y E ILK
^kIVT C K E GF{LT C QSMyKjWnGF{ E YyT C ILG�T CFE�c QSMXTPILGJO E h E Tav ERE G¤T CFE WLY�Qj{nQSGdWL�rT CFE KSQj{ C TyILG c T CFE�E G c WL�rT CFE O E KSKÍf
¼(Wwv E l E Y � QSGdT CFE �ÈGmÉaKjWnI cFEgc MPORQSGUTPQSKSKSIVTXWLY�M8OeWnGUTPILQSGJQSGF{ h QSMÈÉ ¡]t x T CFE(E Î E OeTPQjl E IVTXT E Gb\JIVTPQjWnG¤K E GF{LT C QSG
T CFE O E KSK�QSM,KjWnGF{ E Y�T C ILGuT CFE IVTXT E Gb\JIVTPQjWnG cFE T E Y�[�QSG Egc QSGuT CFE MX^ E OeTXYPWn[ E T E Y�IVT�T CFE�E [�QSMPMPQjWnG@^ E IVz
WL�yIV^J^JYPW � QS[�IVT E Kj`u�U�V�uGJ[_f BDC QSM E Î E OeT�QSM�^kIVYPTPKj` c \ E TXW@T CFE �ÊILOeT&T C IVT�T CFE KSQj{ C T�QSM�Y E ¾ E OeT Egc IVT
T CFE h WLY cFE Y h E Tav ERE G
T CFE.� \JIVYPTX .ILG c T CFE ILQjY�ILG c T CFE Y E ��WLY E ^JYPWL^kIV{nIVT E M�WnG
I¤[�I��XWLY�^kIVYPT,WL�8T CFE
vyIg`�TXW.T CFE�¢8¡iB T C YPWn\F{ C T CFE�� \JIVYPTX �v CFE Y E TXY�ILGJMP[�QSMPMPQjWnG�QSM C Qj{ C OeWn[.^kIVY Egc TXW.T CFE MPORQSGUTPQSKSKSIVTXWLYgf
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oJ\FYPT CFE Y�[.WLY E v(QjT C h QSMÈÉ ¡]t x¬ILM&ILG�I cJc QjTPQjl E I@KjWLT�WL�yKSQj{ C T&I h MXWLY h Egc h ` h QSMÈÉ ¡]t x¬IVT&�U�V�@GJ[4QSM
Y ERE [�QjTXT Egc QSG�Iu[.WLY E TXY�ILGJMX^kIVY E GUT�Y E {nQjWnG�I h Wwl E �U�V�
GJ[ ��E MX^ E ORQSILKSKj`
IVT C Qj{ C OeWnGJO E GUTXY�IVTPQjWnGJM�WL�
T CFE M E OeWnG c IVYP`dvyIgl E K E GF{LT C M C Qj��T E Ygf BDCFE ^JYPW h I h QSKSQjTa`.TXW cFE T E OeTDT CFE M E Y ERE [�QjTXT Egc ^ C WLTXWnGJM"QSMy[�\JO C
C Qj{ CFE YDQSG¤T CFE KjWnGF{�O E KSK*OeWn[.^kIVY Egc TXW�T CFE MX^ E OeTXYPWn[ E T E Y,[ E ILMP\FY E [ E GUTRf
BDCFE h QSMÈÉ ¡]t x C ILM,GFW E Î E OeT,WnGuT CFE KSQj{ C TD`mQ E K c QSGuIdMP[�ILKSK | ��OR[�}"OR\Fl E TXT E v C QSO C vyILM�M C Wwv(G

QSG KSQj{ C T0`mQ E K c [ E ILMP\FY E [ E GUTPM�\JG cFE Y.QjYPY�I c QSIVTPQjWnG~v(QjT C I~¯a¨�� ¸ M�MXWn\FY�O E WL�,Tav�W�WL�,T CFE �ÈGmÉaKjWnI cFEgc
MPORQSGUTPQSKSKSIVTXWLY�MRf�oFWLY�T CFE �ÈGmÉaKjWnI cFEgc MPIL[.^kK E QSG B I h K E �bf �
OeWnGUTPILQSGJQSGF{
GFW h QSMÈÉ ¡]t x T CFE KSQj{ C T0`mQ E K c
vyILM | �LÐ�� � � ��� �U} � Y E KSIVTPQjl E TXW x ¸ �V�n�bf��yT@�V�L�¹[.{b°�K h QSMÈÉ ¡]t x?ILG c MPQS[�QSKSIVYdx ¢ � É�ILG c �ÈGmÉ
OeWnGJO E GUTXY�IVTPQjWnGJM�QjT.vyILM | �n�3� ���;��� �U} ��Y E KSIVTPQjl E TXW�x ¸ �V�n�bf BDCFE M E lVILKS\ E M�IVY E OeWnGJMPQSMXT E GUT�v(QjT C
WLT CFE Y0[ E ILMP\FY E [ E GUTPMZ\JMPQSGF{_�ÈG | ILORILOw} ¨ MPIL[.^kK E M&WL� c QÏÎ E Y E GUTZMX`mGUT CFE MPQSM&ILG c MP\ h KSQS[�IVTPQjWnG h IVTPO CFE MIVT.MPQS[�QSKSIVYZOeWnGJO E GUTXY�IVTPQjWnGJMRf BDCFE Y E ��WLY EL� T CFE M E Y E MP\JKjTPM�ILKSMXW cFE [.WnGJMXTXY�IVT E T C IVT�T CFE KSQj{ C T�`mQ E K c WL�
WL^JTPQSORILKSKj`�K E MPM"^k\FY E �ÈG | ILORILOw} ¨ QSM"MPQS[�QSKSIVYyTXW�^k\FY E YDMPIL[.^kK E Myv(QjT C_C Qj{ CFE Y"TXY�ILGJMX^kIVY E GJOe`Lf

� G E ORILGiK E IVY�G@��YPWn[?T CFE M E [ E ILMP\FY E [ E GUTPM,QSG@IdKjWnGF{dO E KSK$T C IVT,QjT,QSMDI c lVILGUTPIV{ E Wn\JM,TXW¤\JM E h QSMÈÉ
¡]t x¬QSG
ILG
�ÈGmÉaKjWnI cFEgc MPORQSGUTPQSKSKSIVTXWLY�v(QjT C x ¢ � ILM,¾H\FWLYgf0� h QSMÈÉ ¡]t x OeWnGJO E GUTXY�IVTPQjWnG�WL�,�R�L�@[.{b°�K
QSM�ILKjY E I c `»MP\ � ORQ E GUTRf �yT C Qj{ CFE Y�OeWnGJO E GUTXY�IVTPQjWnGJM¤T CFE Y E QSMdGFW¹MPQj{nGJQ 	 ORILGUT�QS[.^JYPWwl E [ E GUT�QSG�T CFE
IVTXT E Gb\JIVTPQjWnGuK E GF{LT C f BDC QSM�Y E MP\JKjT"QSMDILKSMXW.^JY Egc QSOeT Egc h `¤T CFE MPQS[�\JKSIVTPQjWnGJMRf

¿�À���À��  'JÃ�)�#�!�'*%('kÆ$+�)�.aÆ�Ã��������$2 � . �"' �3' ���
�ÈG@IdG Ee� T(MXT E ^ulVIVY�QjWn\JMDMPORQSGUTPQSKSKSIVTXWLYDOeWn[.^7WnMPQjTPQjWnGJM"v E Y E T E MXT Egc QSG_I�^JYPWLTXWLTa`b^ E O E KSK*WL�D�&[�K E GF{LT C
ILG c | ���@�n}�OR[�§�OeYPWnMPMDM E OeTPQjWnG*f B W�[�QSGJQS[�Qj  E KSQj{ C T"KjWnMPM E MyT CFE O E KSK7vyILM"vDY�IV^J^ Egc v(QjT C I ;�¡ �V�L�L�
��WnQSKÍf ¢8¡iB M�v(QjT C �iQSGJO C¹c QSIL[ E T E Y0v E Y E IVTXTPILO CFEgc TXW h WLT C~E G c MRf ¢ IVYPT.WL�(T CFE ^JYPW c \JO Egc KSQj{ C T
QSM�KjWnMXT c \ E TXW@QSGJOeWn[.^kK E T E OeWwl E Y�IV{ E WL�8T CFE M � \JIVY Egc O E KSK E G c M h `uT CFE YPWn\JG c
¢8¡iB MRf�x E ��WLY E T CFE
[ E ILMP\FY E [ E GUTPM&T CFE MPORQSGUTPQSKSKSIVTXWLY&QSG]T CFE O E KSKNvyILMZMX^kIVYP{ Egc v(QjT C�s § \JMPQSGF{_I_T E ¾kWnG�TP\ h E T C IVTZvyILMQSGJM E YPT Egc QSGUTXW�T CFE O E KSKÍf BDCFE �ÈG | ILORILOw} ¨ h ILM Egc MPORQSGUTPQSKSKSIVTXWLY�MX`mMXT E [¬vyILMNQSGUl E MXTPQj{nIVT Egc IVT�Tav�W c QÏÎ E Y E GUT�ÈGmÉaOeWnGJO E GUTXY�IVTPQjWnGJMRf5�ÈG_T CFE ��WnKSKjWwv(QSGF{ � T CFE Y E MP\JKjTPMyWL��T CFE M E [ E ILMP\FY E [ E GUTPM"v(QSKSK h E&cFE MPOeY�Q h Egc f
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o�QjY�MXT�ILG WL^JTPQSORILKDO C IVY�ILOeT E Y�Qj gIVTPQjWnG»WL��I��
vDTRf ���ÈGmÉaKjWnI cFEgc MPORQSGUTPQSKSKSIVTXWLY.vyILM�^ E YP��WLY�[ Egc f B W c W
MXW � MP\ h KSQS[ Egc �ÈG | ILORILOw} ¨ ILG c x ¢ � QSM�[�Q �mEgc v(QjT C ILGJQSMXWnK E ILG c:	 KjT E Y Egc \JMPQSGF{�I��mf ���$[ 	 KjT E Ygf
BDCFE x ¢ � ÉaOeWnGJO E GUTXY�IVTPQjWnG QSMdI c �P\JMXT Egc TXW �n�]{~^ E Y�KSQjT E Y�ILGJQSMXWnK E f��yT�T C IVT¤OeWnGJO E GUTXY�IVTPQjWnG h E MXT
^ E YP��WLY�[�ILGJO E QSM Ee� ^ E OeT Egc QSG T CFE �@[ KjWnGF{�O E KSK"v CFE G»M E Kj��I h MXWLYP^JTPQjWnG QSM�QSGJORKS\ cFEgc f BDCFE KSQj{ C T
`mQ E K c QSG@I@�&OR[�O E KSK$QSM | �L� ���w} �¶Y E KSIVTPQjl E TXWdx ¸ �V�n����WLYDT C QSMDOeWn[.^7WnMPQjTPQjWnG*f8�(��T E Y 	 KjT E Y�QSGF{ � h QSMÈÉ
¡]t x vyILM,I cJcFEgc IVT�I�OeWnGJO E GUTXY�IVTPQjWnGiWL�8�V�d[.{b°�KÍf BDCFE �ÈGmÉaOeWnGJO E GUTXY�IVTPQjWnGuWL�NT CFE MPORQSGUTPQSKSKSIVTXWLYDT C IVT
E GUT E Y Egc T CFE O E KSKrvyILM,O CFE OPz Egc h `@�,� t | IVTXWn[�QSO�I h MXWLYP^JTPQjWnGuMX^ E OeTXYPWnMPOeWL^b`J}(ILG c ILGu�ÈGmÉaKjWnI c QSGF{�WL�
| ��� �LÇ$�_�3� �n�n}NvDTRf �¬vyILM8[ E ILMP\FY Egc f BDCFEDcFE GJMPQjTa`�WL�7T C QSMNMPORQSGUTPQSKSKSIVTXWLY5OeWn[.^7WnMPQjTPQjWnG0vyILM cFE T E Y�[�QSG Egc
TXW h E | ��� �F�g���¹�3� �L�n�n}"{b°�OR[�¨Lf
BDCFE8Ee� ^ E OeT Egc IVTXT E Gb\JIVTPQjWnG.K E GF{LT C QSG&T CFE ^ C WLTXWnMX^ E OeTXYPWn[ E T E YNQSM�ORILKSOR\JKSIVT Egc \JG cFE Y$T CFE ILMPMP\J[.^FÉ

TPQjWnGiT C IVT�T CFE OeWnGUTXY�Q h \FTPQjWnGiWL�8T CFE MPQSGF{nK E OeWn[.^7WnG E GUTPM�TXW¤T CFE I h MXWLY h ILGJO E MP\J[_f BDCFE0Ee� TPQSGJOeTPQjWnG
OeW E�� ORQ E GUTPM8IVT5T CFE vyIgl E K E GF{LT C M8WL�7QSGUT E Y E MXT5v E Y E(cFE T E Y�[�QSG Egc ��WLY8ILKSKFOeWn[.^7WnG E GUTPM8M E ^kIVY�IVT E Kj`Lf BDCFE
\JM Egc ILGJQSMXWnK E vyILM�^k\FY�Q 	kEgc \JMPQSGF{¤I¤v E IVz
ILORQ c QSO0�,K § � ¨ OeWnKS\J[�G
ILG c]C I c ILG]IVTXT E Gb\JIVTPQjWnG�K E GF{LT CWL�DÐ_[4IVTZ�U�V�uGJ[ � T CFE vyIgl E K E GF{LT C Y E {nQjWnG]WL�yT CFE MPORQSGUTPQSKSKSIVTXWLY E [�QSMPMPQjWnG
^ E IVzHf B IVzmQSGF{@QSGUTXWuILO É
OeWn\JGUTZT CFE OeWnGUTXY�Q h \FTPQjWnG]WL�"T CFE WLT CFE Y0OeWn[.^7WnG E GUTPM�ILG c ILMPMP\J[�QSGF{@ILG�Igl E Y�IV{ E [.WnKSIVY Ee� TPQSGJOeTPQjWnG
OeW E�� ORQ E GUT�WL���mf �L�n�_K�° | [.WnKÍ OR[�},IVT��U�V�@GJ[²��WLY�T CFE �ÈG | ILORILOw} ¨ [�IVT E Y�QSILK � T CFE IVTXT E Gb\JIVTPQjWnG�K E GF{LT CWL��T CFE 	 GJILK*MPORQSGUTPQSKSKSIVTXWLY"[�Q � TP\FY E ORILG h E ORILKSOR\JKSIVT Egc f5��TDQSM&�Vf ÇL�.[?IVTD�U�V�dGJ[¶v C QSO C QSMDOeWnGJMPQSMXT E GUT
v(QjT C T CFE [ E ILMP\FY Egc lVILKS\ E WL�y�Vf �U��[_f5�yTDT CFE M E OeWnGJO E GUTXY�IVTPQjWnGJMDT CFE I h MXWLY h ILGJO E I h Wwl E �U�V�dGJ[�QSM
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ORK E IVY�Kj` c Wn[�QSGJIVT Egc h `�T CFE x ¢ � f
BDCFE IVTXT E Gb\JIVTPQjWnG~K E GF{LT C QSG]T CFE ��[ O E KSKNvyILM cFE T E Y�[�QSG Egc h `]Iu[ E T C W c MPQS[�QSKSIVY�TXW@T CFE WnG E

IV^J^kKSQ Egc QSG�£ t ª��*ÐV�V¦½f
��¯a¨�� ¸ M�MXWn\FY�O E vyILM0\JM Egc ILG c T CFE h ILOPzmMPORIVTXT E Y Egc�¸ Wn[.^JTXWnG E K E OeTXYPWnGJM�WL�
�b�L�,z E<; v E Y E [ E ILMP\FY Egc f BDCFE MXWn\FY�O E vyILM5[.Wwl Egc ILKjWnGF{�T CFE O E KSKmQSG¤�R�&OR[;MXT E ^kMRf����kT CFE IL[.Wn\JGUTNWL�
OeWnKSK E OeT Egc KSQj{ C TNQSM�^kKjWLTXT Egc l E Y�MP\JMNT CFE(c QSMXTPILGJO E h E Tav ERE G�T CFE MXWn\FY�O E ILG c T CFED¢8¡iB T CFE IVTXT E Gb\JIVTPQjWnG
K E GF{LT C ORILG h EdcFE T E Y�[�QSG Egc h ` 	 TXTPQSGF{@T CFE�c IVTPIu^7WnQSGUTPM&v(QjT C I c Wn\ h K E.Ee� ^7WnG E GUTPQSILKÍf BDCFE lVILKS\ E
W h TPILQSG Egc ��WLY�T CFE KjWnGF{0OeWn[.^7WnG E GUTyQSM(�Vf ����[_f BDC QSM8ORILG h E OeWn[.^kIVY Egc TXW0ILG E Î E OeTPQjl E IVTXT E Gb\JIVTPQjWnG
K E GF{LT C WL�"IV^J^JYPW � QS[�IVT E Kj`
�u[ [ E ILMP\FY Egc ��WLY�ILG��ÈGmÉ½��Y EREd¢ � q h ILM Egc MPORQSGUTPQSKSKSIVTXWLY cFE T E Y�[�QSG Egc QSG
T CFE MPIL[ E O E KSKÍf BDCFE M E Gb\J[ h E Y�M"IVY E QSG¤{LWbW c IV{LY ERE [ E GUT,v(QjT C T CFE MPQS[�\JKSIVTPQjWnGJMRf
t ORQSGUTPQSKSKSIVTXWLY(^JYPWL^ E YPTPQ E M(WL�8QS[.^7WLYPTPILGJO E ��WLY�ILG E Î E OeTPQjl E h ILOPzb{LYPWn\JG c Y Egc \JOeTPQjWnGiQSGiI�G E \FTXY�QSGFW

cFE T E OeTXWLY � ILM�T CFE Gb\J[ h E Y�WL�D^ C WLTXW E K E OeTXYPWnGJM | ^ E }�^ E Y ¡uE<;�� T CFE MX^kIVTPQSILK8Y E MXWnKS\FTPQjWnG�WL�(ILG E K E O É
TXYPWn[�IV{nG E TPQSO@QSGUT E Y�ILOeTPQjWnG»ILG c T CFE_E G E YP{L`¹Y E MXWnKS\FTPQjWnG~v E Y E ILKSMXW�MXTP\ c Q Egc f~���,T CFE Gb\J[ h E Y.WL��^ E
IVY E MP\J[�[ Egc QSG h WLT C ¢8¡iB M¤v(QjT C T CFE MXWn\FY�O E ^kKSILO Egc IVT_T CFE O E GUT E YuWL�ZT CFE O E KSK�WnG E W h TPILQSGJM
�L�V��^ E ° ¡uE<; f BDCFE MX^kIVTPQSILK7Y E MXWnKS\FTPQjWnG¤WL��T CFE MXWn\FY�O E ^7WnMPQjTPQjWnG¤vyILM cFE T E Y�[�QSG Egc h `_[ E ILMP\FY�QSGF{0T CFE
TPQS[ EZc QÏÎ E Y E GJO E h E Tav ERE GuT CFE Tav�W ¢8¡iB MPQj{nGJILKSMDILG c ��Wn\JG c TXW h E Ç�OR[ | � �r}"��WLY(T C QSM(MPORQSGUTPQSKSKSIVTXWLY
OeWn[.^7WnMPQjTPQjWnG*f BDCFE@E G E YP{L`»Y E MXWnKS\FTPQjWnG vyILM�ILKSMXW~[ E ILMP\FY Egc v(QjT C T CFE]¸ Wn[.^JTXWnG h ILOPzmMPORIVTXT E Y�QSGF{
[ E T C W c \JMPQSGF{dIu¯a¨�� ¸ M,MXWn\FY�O E f��yT��b�L��z E<; T CFEZE G E YP{L`uY E MXWnKS\FTPQjWnG@vyILM�[ E ILMP\FY Egc TXW h E �R�mf � �
| � �r}�f8�(��T E YDIZ� E v c Ig`mM�T CFE Y E MP\JKjTPM h E ORIL[ E v�WLY�M EL� h E ORIL\JM E T CFE KSQ � \JQ c QSGdT CFE O E KSKHvyILMyQSG�OeWnGUTPILOeT
v(QjT C T CFE T E ¾kWnG¹^kKS\F{nM0ILG c ILGJQSMXWnK E OeWn\JK c~Ee� QjT.T CFE O E KSK c \ E TXW�ORIV^kQSKSKSIVYP`]��WLY�O E MRf �,M cFE MPOeY�Q h Egc
I h Wwl E T CFE ILGJQSMXWnK E�cFE MXTXYPWw`mMZT CFE ;�¡ �V�L�L�u��WnQSKÍf BDCFE Y E ��WLY E T CFE O E KSKSMZM C Wn\JK c GFWLT h E�	 KSK Egc TXWuT CFE
TXWL^$f BDCFE MPORQSGUTPQSKSKSIVTXWLY(^JYPWL^ E YPTPQ E M(v E Y E ILKSMXW¤[ E ILMP\FY Egc ��WLY�Id�FfS�g��vDTRf ���ÈGmÉaMPORQSGUTPQSKSKSIVTXWLY,\JMPQSGF{dT CFE
MPIL[ E M E TP\F^uILG c IVY EZc QSMPOR\JMPM Egc G Ee� TRf
� �J,/.Z* 	 �;,������� 	�� � 
�( 
 ���!�� �)! 	 	 � ���\&
B Wu[�QSGJQS[�Qj  E T CFE MPQj  E WL�yT CFE G E \FTXY�QSGFW cFE T E OeTXWLY0I C Qj{ CFE Y��ÈGmÉaKjWnI c QSGF{¤T C ILG��¤vDTRf ��QSM cFE MPQjY�I h K E f
BDCFE �uvDTRf � �ÈGmÉaKjWnI cFEgc MPORQSGUTPQSKSKSIVTXWLY0\JM Egc ��WLY.T CFE [ E ILMP\FY E [ E GUTPM cFE MPOeY�Q h Egc I h Wwl E vyILM.\JM Egc ILM
I h ILMPQSM���WLY_T CFE G Ee� T_MPORQSGUTPQSKSKSIVTXWLY¤[�Q � TP\FY E M�v(QjT C�C Qj{ CFE Y��ÈG OeWnGJO E GUTXY�IVTPQjWnGJMRf o�QjY�MXT � T CFE x ¢ �
OeWnGJO E GUTXY�IVTPQjWnG¤vyILMyQSGJOeY E ILM Egc TXW0�b��{b°�K7ILG c T CFE �ÈGmÉaOeWnGJO E GUTXY�IVTPQjWnG¤TXW��FfS�g�ZvDTRf ��fN�ÈGdT C QSM�ORILM E T CFE
�ÈGmÉaKjWnI c QSGF{.vyILM,ILKSMXW�OeWnG 	 Y�[ Egc h `@�,� t TXW h E | �4�S� � �3�S�w}"vDTRf ��f BDCFE KSQj{ C TD`mQ E K c QSG@Iu�ZOR[²O E KSK
QSM | �U���»�n} � Y E KSIVTPQjl E TXW�x ¸ �V�n�.��WLY(T C QSMDMPORQSGUTPQSKSKSIVTXWLY(OeWn[.^7WnMPQjTPQjWnG*f BDCFEZcFE GJMPQjTa`�WL�NT CFE [�Q � TP\FY E
QSM | ��� �V�UÇ����3� �L�V�b},{b°�OR[�¨Lf BDCFE h QSMÈÉ ¡]t x�OeWnGJO E GUTXY�IVTPQjWnG]vyILM�z E ^JT&IVTZ�V�_[.{b°�KNILG c QSG
I_M E OeWnG c
MXT E ^]QSGJOeY E ILM Egc TXW
�R�L�¤[.{b°�KÍf BDCFE OeWn[.^7WnMPQjTPQjWnG@WL�5T C QSM,MPORQSGUTPQSKSKSIVTXWLY,QSM(MPQS[�QSKSIVYDTXW¤T CFE WnG E T C IVT�QSM
T E MXT Egc QSG¤T CFEZprq8s�t ^JYPWLTXWLTa`b^ EZcFE T E OeTXWLYgf

OeWn[.^7WnG E GUT ILGJQSMXWnK E QSG c QS\J[ x ¢ � h QSMÈÉ ¡]t x � 	�� � 		 	�� � � �
��� 
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OeWnGJO E GUTXY�IVTPQjWnG �0vDTRf � �n��{b°�K �V��[.{b°�K
�;£ [0¦ Ð �Uf Ç �bf � �g� �Vf ÇL� �Vf �U�
OeWnGJO E GUTXY�IVTPQjWnG �FfS��vDTRf � �b��{b°�K �R�L�d[.{b°�K
�;£ [0¦ Ð �bf � �Vf Ð �Uf � �Vf �L� �mf ÐLÇ
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�ÈG B I h K E �bf �.T CFE OeWnGUTXY�Q h \FTPQjWnGJMyWL��T CFE MPQSGF{nK E OeWn[.^7WnG E GUTPMDTXW�T CFE IVTXT E Gb\JIVTPQjWnGuK E GF{LT C M"WL��T CFE
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	 GJILK�MPORQSGUTPQSKSKSIVTXWLY�[�Q � TP\FY E M�IVT��@vDTRf �4�ÈG¹ILG c �FfS��vDTRf � �ÈG~IVY E MP\J[�[�IVY�Qj  Egc f BDCFE MP\J[ WL�(T CFE
Y E ORQj^JYPWmORILKSM8WL�$T CFE IVTXT E Gb\JIVTPQjWnG_K E GF{LT C M�{nQjl E T CFE QSGUl E Y�M E WL�$T CFE Wwl E Y�ILKSK7IVTXT E Gb\JIVTPQjWnG@K E GF{LT C WL�rT CFE
MPORQSGUTPQSKSKSIVTXWLYyMX`mMXT E [_f BDCFE ORILKSOR\JKSIVT Egc lVILKS\ E WL���mf ÐLÇ0[¶QSM�QSG¤IV{LY ERE [ E GUT"v(QjT C T CFE ��[¶[ E ILMP\FY Egc QSG
T CFE ^ C WLTXWnMX^ E OeTXYPWn[ E T E Y,\JMPQSGF{0T CFE MXTPILG c IVY c [ E T C W c QSG_I_�&OR[�O E KSKÍf

MPORQSGUTPQSKSKSIVTXWLY �ÈGmÉaOeWnGJOVf�£ vDTRf �Z¦�� ����� £ [0¦ q G*fmY E MRf | � �r} t ^$fmY E MRf | � �r} ^ C f E KÍf ° ¡uE<;
¢ � q � ^ BD¢ � �Ff �V� �bf � �0OR[ �V�V�
ILGJQSMXWnK E � x ¢ � �bf � �Vf �L� �R�mf � Ç0OR[ �L�V�
ILGJQSMXWnK E � x ¢ � �FfS�g� �Vf �L� �L�Vf Ç ��OR[ �V�L�
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�ÈG B I h K E �bf �uMXWn[ E Y E K E lVILGUT&^JYPWL^ E YPTPQ E M�WL��T CFE MX`mMXT E [4IVY E KSQSMXT Egc f�oFWLY�OeWn[.^kIVY�QSMXWnG]ILKSMXW@T CFE
OeWLYPY E MX^7WnG c QSGF{
lVILKS\ E M���WLY�T CFE �]vDTRf � �ÈGmÉaMX`mMXT E [ � ILG c ��WLY�ILG��ÈGmÉ½��Y EREu¢ � q h ILM Egc MPORQSGUTPQSKSKSIVTXWLY
IVY E {nQjl E G*f BDCFE \JGJKjWnI cFEgc MPORQSGUTPQSKSKSIVTXWLY�QSM&T CFE WnG E \JM Egc QSG�T CFE x�WLY Ee� QSGFWi^JYPWLTXWLTa`b^ E@¸yB o�f BDC QSM
MPORQSGUTPQSKSKSIVTXWLY,OeWnGUTPILQSGJM,^FÉ B ^ | �bf �d{b°�K�}DILG c h QSMÈÉ ¡]t x | �V�¤[.{b°�K�}DILM(¾H\FWLY�M(ILG ciC ILM,ILG
IVTXT E Gb\JIVTPQjWnG
K E GF{LT C WL�rIV^J^JYPW � QS[�IVT E Kj`_�R��[ QSG�T CFE ^ C WLTXWnMX^ E OeTXYPWn[ E T E Ygf BDCFE KSQj{ C T5`mQ E K c QSM | �L� �
�n} �;Y E KSIVTPQjl E
TXW�x ¸ �V�n��QSG»I�M C WLYPT�O E KSKÍf�oFWLY�T CFE �FfS�g�]vDTRf ���ÈGmÉaKjWnI cFEgc GFW�MPQj{nGJQ 	 ORILGUT c QÏÎ E Y E GJO E QSG ILKSK"T CFE
^JYPWL^ E YPTPQ E MdvyILM¤W h M E YPl Egc v CFE G�T CFE h QSMÈÉ ¡]t x�OeWnGJO E GUTXY�IVTPQjWnG�vyILM_QSGJOeY E ILM Egc ��YPWn[ �V�¹[.{b°�K,TXW
�R�L�][.{b°�KÍf BDCFE M E MPORQSGUTPQSKSKSIVTXWLY�^JYPWL^ E YPTPQ E M0[ ERE T0T CFE_cFE [�ILG c M���WLY�I
KjWwv E G E YP{L`~MXWnKSIVY.G E \FTXY�QSGFW
Ee� ^ E Y�QS[ E GUT � IVTDK E ILMXTD��WLY � x E G E \FTXY�QSGFWnMRfN��^J^FÉaG E \FTXY�QSGFW cFE T E OeTXWLY,v�Wn\JK c Y Eg� \JQjY E MXWn[ E TP\JGJQSGF{0WL�
T CFE �ÈGmÉaOeWnGJO E GUTXY�IVTPQjWnGuQSG¤T CFE MPORQSGUTPQSKSKSIVTXWLYgf
o�Qj{Ff*�bf ÇdM C Wwv(M(T CFE�c IVTPId^7WnQSGUTPM(ILG c T CFE MX^ E OeTXY�I�T C IVT,v E Y E \JM Egc TXW cFE T E Y�[�QSG E T CFEZE Î E OeTPQjl E

IVTXT E Gb\JIVTPQjWnG¤K E GF{LT C*� T CFE(E G E YP{L`dILG c T CFE MX^kIVTPQSILKJY E MXWnKS\FTPQjWnGdQSG�T CFE O E KSKÍf ¥,E TPILQSKSM�I h Wn\FT8T CFE(Ee� ^ E YXÉ
QS[ E GUTPILK*[ E T C W c M"ILG c T CFE&c IVTPI.ILGJILKj`mMPQSM"IVY E ��Wn\JG c QSG]£ ¡���B �V�L¦½f BDCFE KSQj{ C Ty`mQ E K c ��WLY E ILO Cu¢8¡iB
vyILM,[ E ILMP\FY Egc ILM,Id�Ê\JGJOeTPQjWnG@WL�NT CFE�c QSMXTPILGJO E h E Tav ERE GiT CFE MXWn\FY�O E ILG c T CFEZE G c WL�NT CFE O E KSKÍf BDCFE
lVILKS\ E IVTZT CFE ^7WnMPQjTPQjWnG��V�@OR[ ��YPWn[ºT CFE�E G c*� T CFE O E KSK5O E GUT E Y � vyILMZGFWLY�[�ILKSQj  Egc TXWu\JGJQjTa`Lfd�ÈG�WnG E
M E T,WL�5[ E ILMP\FY E [ E GUTPM(T CFE lVIVY�QSIVTPQjWnGuWL�NT CFE KSQj{ C TD`mQ E K c vyILM cFE T E Y�[�QSG Egc MPQS[�\JKjTPILG E Wn\JMPKj`���WLY h WLT C
¢8¡iB MRf BDCFE Y E MP\JKjT"WL�NWnG E�¢8¡iB QSM"^kKjWLTXT Egc QSG_Y Egc | ORQjY�ORK E M } � T CFE Y E MP\JKjT"WL�NT CFE WLT CFE Y,WnG E QSG h KS\ E
| M � \JIVY E M }�f BDCFE {LY�IV^ C WnG
T CFE TXWL^]WL�yo�Qj{Ff$�bf Ç¤M C Wwv(M�T CFE O C IVY�ILOeT E Y�QSMXTPQSO0M C IV^ E WL��MP\JO C I¤OR\FYPl E f
BDCFE Y E QSM,I�MXT ERE ^ cFE OeY E ILM E QSGuKSQj{ C T,`mQ E K c ORKjWnM E TXW�T CFE0E G c WL�5T CFE O E KSK�ILG c I¤KjWnGF{�OeWn[.^7WnG E GUT�WL�
T CFE(c Wn\ h K E"Ee� ^7WnG E GUTPQSILKm�Ê\FYPT CFE Y8IgvyIg`���YPWn[;T CFE(¢8¡iB f BDCFE(cFE ORQSMPQjWnG.I h Wn\FT5T CFE OeWnGJO E GUTXY�IVTPQjWnGJM8WL�
T CFE MPORQSGUTPQSKSKSIVTXWLY,OeWn[.^7WnG E GUTPM,��WLY�T CFE ^JYPWLTXWLTa`b^ E [ E ILMP\FY E [ E GUT,vyILM�[�ILQSGJKj` h ILM Egc WnGuT CFE Y E MP\JKjTPM
WL��T CFE M E [ E ILMP\FY E [ E GUTPMRf
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B W�OeWn[.^kK E T E T CFE ��� ¥ ^ C ILM E WL��T CFE&prq8s�t ^JYPW � E OeTDI0^JYPWLTXWLTa`b^ E [ E ILMP\FY E [ E GUTDQSM"ORIVYPY�Q Egc Wn\FTDQSG
T CFE �,Y�ILG t ILMPMXWu\JG cFE YP{LYPWn\JG c KSI h WLY�IVTXWLYP`Lf BDCFE ^JYPWLTXWLTa`b^ E OeWnGJMPQSMXTPM�WL�DÐ � \JIVYPTX dO E KSKSM Eg� \JQj^J^ Egc
v(QjT C KSQj{ C T0{n\JQ cFE M�ILG c ¢8¡iB M�IVT h WLT C E G c MRf t Wn[ E WL�,T CFE O E KSKSM.IVY E �ÈGmÉaKjWnI cFEgc ILG c MXWn[ E IVY E
�ÈGmÉ½��Y ERE f BDC QSMd[ E ILMP\FY E [ E GUT¤{nQjl E M¤T CFE 	 GJILK,QSGF��WLY�[�IVTPQjWnG�I h Wn\FT�T CFE MPORQSGUTPQSKSKSIVTXWLY�^ E YP��WLY�[�ILGJO E
ILMZY�I c QjWnILOeTPQjl E h ILOPzb{LYPWn\JG c WL�yT CFE MPORQSGUTPQSKSKSIVTXWLYZOeWn[.^7WnMPQjTPQjWnG�ILG c KjWnGF{@T E Y�[ MXTPI h QSKSQjTa`
QSG�ILG~\JGmÉ
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�(��T E Y�T CFE vyIVT E Y Ee� TXY�ILOeTPQjWnG T CFE ILGJQSMXWnK E MXWnKS\FTPQjWnG~QSM.MPIVTP\FY�IVT Egc v(QjT C vyIVT E Ygf¹�,M.[ E GUTPQjWnG Egc
^JY E lmQjWn\JMPKj` � vyIVT E Y�ORILGuI�Î E OeT,T CFE MXTPI h QSKSQjTa`�WL��T CFE MPORQSGUTPQSKSKSIVTXWLYgf BDCFE Y E ��WLY E T CFE MXWnKS\FTPQjWnG_vyILM c Y�Q Egc
IV��T E Y(T CFE vyIVT E Y Ee� TXY�ILOeTPQjWnG h `�^kILMPMPQSGF{�QjT"T C YPWn\F{ C IdMPQSKSQSORIV{ E K*OeWnKS\J[�G_WL�5Ðbf Ð.{d\JM Egc ��WLY(IV^J^JYPW � QÏÉ
[�IVT E Kj`@�V�L�d[�K*WL�5MXWnKS\FTPQjWnG | v C QSO C vyILM c QjlmQ cFEgc QSG_��Wn\FY h IVTPO CFE M(��WLY(T CFE vyIVT E Y Ee� TXY�ILOeTPQjWnGH}�f BDCFE
x ¢ � ÉaOeWnGJO E GUTXY�IVTPQjWnG¤vyILM cFE T E Y�[�QSG Egc IV��T E YyT CFE 	 Y�MXT h IVTPO C | �V�L�.[�K�}�^kILMPM Egc T CFE OeWnKS\J[�G h `d[ E I�É
MP\FY�QSGF{�T CFE I h MXWLY h ILGJO E WL�NI.MP[�ILKSK*IL[.Wn\JGUT"WL��T CFE MXWnKS\FTPQjWnG h E ��WLY E ILG c IV��T E YD^k\FY�Q 	 ORIVTPQjWnG c QSKS\FT Egc
QSG�Oe`mORKjW CFEe� ILG E f BDCFE x ¢ � KjWnMPM8QSG0T CFE OeWnKS\J[�G�ILG c QSG.T CFE vyIVT E Y8vyILM5��Wn\JG c TXW h E K E MPMD�R� ��f BDCFE
I h MXWLY h ILGJO E vyILMN[ E ILMP\FY Egc ��WLY E ILO C h IVTPO C IV��T E YNT CFE ^k\FY�Q 	 ORIVTPQjWnGZILG c OeWn[.^kIVY Egc TXW�T CFE \JGF^k\FY�Q 	kEgc
MXWnKS\FTPQjWnG*f BDCFE I h MXWLY h ILGJO E WL�yWnG E WL��T CFE h IVTPO CFE MZIV��T E YZvyIVT E Y Ee� TXY�ILOeTPQjWnG�QSM�M C Wwv(G�QSG]o�Qj{Ff��bf �Uf
t QS[�QSKSIVY(MX^ E OeTXY�I�v E Y E [ E ILMP\FY Egc ��WLY,T CFE WLT CFE Y�T C Y ERE h IVTPO CFE MRf BDCFE Y E QSM(I�KSQjTXTPK E QS[.^JYPWwl E [ E GUT�QSG
T CFE TXY�ILGJMX^kIVY E GJOe`¤IV��T E YD^k\FY�Q 	 ORIVTPQjWnG_QSG¤T CFE vyIgl E K E GF{LT C Y E {nQjWnG@IVYPWn\JG c �U�V�dGJ[_f
BDCFE ^k\FY�Q 	kEgc x ¢ � [�ILMXT E YNMXWnKS\FTPQjWnG&vyILM�T CFE G0I cJcFEgc TXW,T CFE �ÈGmÉaMXWnKS\FTPQjWnGZQSGZI(vyIg`ZT C IVT�T CFE-	 GJILK

x ¢ � ÉaOeWnGJO E GUTXY�IVTPQjWnG�vyILMy�V�Z{Z^ E Y8KSQjT E Y�ILGJQSMXWnK E fN� cJc QjTPQjWnGJILKm�ÈG | ILORILOw} ¨ vyILM�I cJcFEgc TXW�OeWn[.^ E GJMPIVT E��WLYNT CFE"c QSKS\FTPQjWnG&WL�kT CFE �ÈGmÉaOeWnGJO E GUTXY�IVTPQjWnG*fNo�QSGJILKSKj`�T CFE �Ff �,vDTRf ���ÈGmÉaMXWnKS\FTPQjWnG�vyILM�^k\J[.^ Egc T C YPWn\F{ C
Ii�mf � �$[ 	 KjT E Y h E ��WLY E T CFE h QSMÈÉ ¡]t x;vyILM0I cJcFEgc fi� h QSMÈÉ ¡]t x OeWnGJO E GUTXY�IVTPQjWnG¹WL�&�R�L�
[.{b°�K�vyILM
O C WnM E G*f BDCFE GdT CFE IV^J^JYPW � QS[�IVT E Kj`d��KkWL�$�ÈGmÉaKjWnI cFEgc MPORQSGUTPQSKSKSIVTXWLY8v E Y E TXY�ILGJMX^7WLYPT Egc QSGd{nKSILMPM h WLTXTPK E M
TXW¤�,Y�ILG t ILMPMXW���WLY 	 KSKSQSGF{ZT CFE O E KSKÍf
¿�À���À�� �9' ��� �½Å$Ã*Ä-.aÆ� 
¡ WnMXT�WL�5T CFE MPORQSGUTPQSKSKSIVTXWLY,MX`mGUT CFE MPQSM(vyILM�ILKjY E I c ` c WnG E ��Wn\FY,TXW 	 l E [.WnGUT C M h E ��WLY E T CFE O E KSKSM(v E Y E
[.Wn\JGUT Egc \JG cFE YP{LYPWn\JG c f�oFWn\FY&WL��T CFE �.[4KjWnGF{ � \JIVYPTX �O E KSKSM 	 KSK Egc v(QjT C T CFE �ÈGmÉ½��Y ERE�¢ � q É h ILM Egc
MPORQSGUTPQSKSKSIVTXWLYNv C QSO C v E Y E \JM Egc ��WLY5T CFE h ILOPzb{LYPWn\JG c [ E ILMP\FY E [ E GUTPM5QSG0T CFE(prp xyoiv E Y EDE [.^JTPQ Egc ILG c
Y E6	 KSK Egc v(QjT C �ÈGmÉaKjWnI cFEgc MPORQSGUTPQSKSKSIVTXWLY�MRf BDCFE O E KSKSM�v E Y E Y�QSGJM Egc v(QjT C T CFE ^k\FY E MPORQSGUTPQSKSKSIVTXWLY&MXWnKjl E GUT
h E ��WLY E,	 KSKSQSGF{Ff � G E O E KSK�vyILM 	 KSK Egc v(QjT C T CFE �Ff �¹vDTRf � �ÈGmÉaKjWnI cFEgc �ÈG | ILORILOw} ¨ MPORQSGUTPQSKSKSIVTXWLY@ILG cTav�W�v E Y E 	 KSK Egc v(QjT C IdMPORQSGUTPQSKSKSIVTXWLY C IglmQSGF{�IdMPQS[�QSKSIVYD�ÈGmÉaKjWnI c QSGF{.^JYPW c \JO Egc h `@Id�(\JMPMPQSILGH°w��TPILKSQSILG
{LYPWn\F^$f5�ÈG_T CFE M E MPORQSGUTPQSKSKSIVTXWLY�M"ORIVY h W � `mKSQSO�ILORQ c M"v E Y E \JM Egc TXW c QSMPMXWnKjl E T CFE QSG c QS\J[ QSG_T CFE WLYP{nILGJQSO
KSQ � \JQ c f B v�W_MPKSQj{ C TPKj` c QÏÎ E Y E GUT,l E Y�MPQjWnGJM,v E Y E T E MXT Egc ��WLY�T C IVT�MX`mMXT E [_f&�ÈG
I cJc QjTPQjWnGuWnG E O E KSK�vyILM
^JY E ^kIVY Egc v(QjT C ILG~�ÈG | ILORILOw} ¨ MPORQSGUTPQSKSKSIVTXWLYZl E Y�MPQjWnG~IVT0�mfS�dvDTRf �º�ÈGmÉaKjWnI c QSGF{Ff BDCFE MXWnKjl E GUT0WL�"T C QSMMPORQSGUTPQSKSKSIVTXWLY"l E Y�MPQjWnG@QSM"ILGuILGJQSMXWnK E ° ¢ � q [�Q � TP\FY E v(QjT C I.�ÊILOeTXWLY��V��[.WLY EZ¢ � q T C ILG@ILGJQSMXWnK E f BDCFE
¾H\FWLY0OeWnGJO E GUTXY�IVTPQjWnGJM�IVY E IV^J^JYPW � QS[�IVT E Kj`��
{b°�Kyx ¢ ��� �u{b°�Ky^FÉ B ^¹ILG c �L�
[.{b°�K h QSMÈÉ ¡]t x,f BDCFE
c QÏÎ E Y E GUTDQSG c QS\J[�TXWdx ¢ � Y�IVTPQjWnMDQSG¤T CFE Tav�Wd�ÈG | ILORILOw} ¨ MPORQSGUTPQSKSKSIVTXWLY�M"ORILG h E \JM Egc TXW E MXTPQS[�IVT E T CFEOeWnGUTXY�Q h \FTPQjWnGJMyWL��T CFE ¾H\FWLYDILG c T CFE �ÈGmÉa[�IVT E Y�QSILK7TXW�T CFE h ILOPzb{LYPWn\JG c f
�,KSK5O E KSKSM&v E Y E 	 KSK Egc MXW@T C IVT0I h KSILGFz E T&WL�DI@� E v [�[4vyILM�K E ��TZI h Wwl E T CFE KSQ � \JQ c ��WLY0M E l E Y�ILK

Y E ILMXWnGJMRf�o�QjY�MXTdT CFE h KSILGFz E T�QSMdG EREgcFEgc TXW¹IglLWnQ c T C IVT�T CFE O E KSK h Y E IVzmMdv CFE G»T CFE Y E QSMdT CFE Y�[�ILK
Ee� ^kILGJMPQjWnG_WL��T CFE MPORQSGUTPQSKSKSIVTXWLYgf tbE OeWnG c QjT(QSM"^JY E � E Y�I h K E TXW C Igl E GFWdOeWnGUTPILOeT,v(QjT C T CFE O E KSK*vyILKSK*WnG
T CFE TXWL^ � h E ORIL\JM E KSQj{ C TDKjWnMPM E MDIVY E T CFE G@[�QSGJQS[�Qj  Egc MPQSGJO E&B �È� v(QSKSKHWmOROR\FY,IVTDT CFE ^ E YP� E OeTPKj`�^kKSILGJIVY
MP\FYP�ÊILO E WL�,T CFE KSQ � \JQ c f�o�QSGJILKSKj`�T CFE T E ¾kWnG ^kKS\F{nM0M C Wn\JK c GFWLT.TXWn\JO C T CFE KSQ � \JQ c*� WLT CFE YPv(QSM E ^kIVYPT
WL�8T CFE KSQ � \JQ c ORILG Ee� QjT�T CFE O E KSK c \ E TXW@ORIV^kQSKSKSIVYP`_��WLY�O E M h E Tav ERE G]T CFE T E ¾kWnG]ILG c T CFE.� \JIVYPTX �ILG c
cFE MXTXYPWw`¤T CFE�;�¡ �V�L�L����WnQSKÍf
x E ��WLY E T CFE�	 KSK Egc O E KSKSM,v E Y E TXY�ILGJMX^7WLYPT Egc \JG cFE YP{LYPWn\JG c T CFE `@v E Y E MX^kIVYP{ Egc v(QjT C GJQjTXYPWL{ E GiTXW

Y E [.Wwl E {nILM E M8v C QSO CdcFE OeY E ILM E T CFE ^ E YP��WLY�[�ILGJO E KSQjz E W � `b{ E G¤ILG c Y�I c WnG*f BDCFE O E KSKSMNv E Y E [.Wn\JGUT Egc
QSG
T CFE�prp xyo QSG
T CFE { E Wn[ E TXYP`�M C Wwv(G�QSG]o�Qj{Ffr�bf �bf BDCFE OeWnG 	 {n\FY�IVTPQjWnG]vyILMZO C WnM E G�TXW@WL^JTPQS[�Qj  E
T CFE Gb\J[ h E YyWL�r�ÈGmÉ½��Y ERE G E Qj{ C h WLY�M���WLY E ILO C �ÈGmÉaKjWnI cFEgc O E KSKÍf BDC Y ERE MPQ cFE M8WL��T CFE �ÈGmÉaKjWnI cFEgc O E KSKSM"IVY E
�ÊILO Egc v(QjT C �ÈGmÉ½��Y ERE O E KSKSMRf BDC QSMy{ E Wn[ E TXYP`_ILKSKjWwv(M"TXW cFE T E OeT(x�Y E [�MPMXTXY�I C KS\JGF{0^ C WLTXWnGJMDQSG¤T CFE&¢ � q
O E KSKSMDQSG_OeWnQSGJORQ cFE GJO E v(QjT C �ÈGmÉ 	*É cFE ORIg`mM,QSG¤T CFE �ÈGmÉaO E KSKSMRf BDCFE x�Y E [�MPMXTXY�I C KS\JGF{.MX^ E OeTXY�\J[�W h TPILQSG Egc
ORILG h E \JM Egc TXW E MXTPQS[�IVT E WnG E WL�NT CFE [�ILQSG h ILOPzb{LYPWn\JG c MXWn\FY�O E M,QSG@I prq8s�t É cFE T E OeTXWLYgf BDCFE MPIL[ E
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PXE

cell No.3

In(acac)3

47 g/l In

cell No.2

PXE

cell No.1

In-Carb.

54 g/l In

cell No.6

PXE

cell No.5

In(acac)3

1 g/l In

cell No.4

PXE

cell No.9

In-Carb.

51 g/l In

cell No.8

PXE

cell No.7
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4MD)N1AC@]Aj6/A+D)Q��9� N\{|QPKM3o3+����� �;8pA=3jF 4M3=O]O]AMi�d � N�_P8�4=8�4 b ¨ AM4L@]N%6/@]O]OP8Z6nDTK >T3LKLAC@#D)N1A 8pN-F d � N\{n4=8)K �7D=w�<1OP8Z6n3AM4L@]N%6/@]O]OP8Z6nDTKLAj

KSQj{ C Ty{n\JQ cFE MyILG c_¢8¡iB MyT C IVT"v E Y E \JM Egc ��WLY"T CFE h ILOPzb{LYPWn\JG c [ E ILMP\FY E [ E GUT"v E Y E ILKSMXW.\JM Egc_CFE Y E f
BDCFE QSGJG E YylLWnKS\J[ E WL��T CFEZprp xyo¹QSMy¾H\JM CFEgc v(QjT C GJQjTXYPWL{ E G c \FY�QSGF{�T CFE [ E ILMP\FY E [ E GUTRf
¿�À���À�� Â,'*)�# � +�)
BDCFE IVYPY�Ig` WL��MPORQSGUTPQSKSKSIVTXWLY�O E KSKSM�QSM�ORILKSQ h Y�IVT Egc Y E {n\JKSIVY�Kj`¹QSG¹WLY cFE YdTXW�O CFE OPz»T CFE MXTPI h QSKSQjTa`~WL��T CFE
MX`mMXT E [_f BDCFE ORILKSQ h Y�IVTPQjWnG�QSMZ^ E YP��WLY�[ Egc QSG�T CFE MPIL[ E vyIg`�ILM0QSG�T CFE h ILOPzb{LYPWn\JG c [ E ILMP\FY E [ E GUT
\JMPQSGF{.I¤¯a¨�� ¸ M(MXWn\FY�O E T C IVT,QSMDQSGUTXYPW c \JO Egc QSG¤T CFE QSGJG E Y"lLWnKS\J[ E T C YPWn\F{ C I�T E ¾kWnG_TP\ h E f BDCFE KSQj{ C T
`mQ E K c IVT�T CFE O E GUT E Y¤WL�&T CFE O E KSK(Y E KSIVTPQjl E TXW¹ILG��ÈGmÉ½��Y EREi¢ � q MPORQSGUTPQSKSKSIVTXWLYdILG c T CFE IVTXT E Gb\JIVTPQjWnG
K E GF{LT C M&IVY E�cFE T E Y�[�QSG Egc QSG E ILO C [ E ILMP\FY E [ E GUT h `]I@OeWn[.^kIVY�QSMXWnG]WL�yT CFE 	 TXT Egc¹¸ Wn[.^JTXWnG Egc { E M
QSG¤T CFE MX^ E OeTXY�Imf8oFWLY(T CFE&cFE T E Y�[�QSGJIVTPQjWnG¤WL��T CFE IVTXT E Gb\JIVTPQjWnGuK E GF{LT C ILG_WnG E�Ee� ^7WnG E GUTPQSILK 	 T"TXW�T CFE
c IVTPI0QSM�MP\ � ORQ E GUT � h E ORIL\JM E T CFE M C WLYPTyOeWn[.^7WnG E GUT | v C QSO C QSM8WL�rY E K E lVILGJO E v CFE G¤GFW h \mÎ E YyQSM�\JM Egc }
ORILG h E G E {nK E OeT Egc QSG¤T CFE ^JY E M E GJO E WL��T CFE �mf �.[?KjWnGF{�KSQj{ C T"{n\JQ cFE MRf
BDCFE MPORQSGUTPQSKSKSIVTXWLY_^JYPWL^ E YPTPQ E M_IVY E MP\J[�[�IVY�Qj  Egc QSG B I h K E �bf �bf BDCFE lVILKS\ E W h TPILQSG Egc ��WLY@T CFE

E Î E OeTPQjl E IVTXT E Gb\JIVTPQjWnG]K E GF{LT C ��WLY�T CFE0C Qj{ C Kj`¤�ÈGmÉaKjWnI cFEgc �ÈG | ILORILOw} ¨ MPORQSGUTPQSKSKSIVTXWLY�QSM | �3� ÐL� �»�3�S�g�n},[MPKSQj{ C TPKj` h E KjWwv]T CFE Gb\J[ h E Y cFE T E Y�[�QSG Egc QSG�¼ E Q cFE K h E YP{yv(QjT C IDMPQS[�QSKSIVY7OeWn[.^7WnMPQjTPQjWnG*f BDCFENc QÏÎ E Y E GJO E
OeWn\JK c h E(c \ E TXW0IZMX`mMXT E [�IVTPQSO E YPYPWLY8WL�$T CFE KSQj{ C T5`mQ E K c�cFE T E Y�[�QSGJIVTPQjWnGdQSG�T CFE,prp xyo�[ E ILMP\FY E [ E GUT
£ ¡���B �V�L¦½f 7 CFE G�T CFEdE G E YP{L`]Y E MXWnKS\FTPQjWnG�QSM&^7WbWLYZT CFE_¸ Wn[.^JTXWnG Egc { E IV^J^ E IVY�M&TXW h E M C Qj��T Egc TXW
KjWwv E YNlVILKS\ E MRf BDCFE Y E ��WLY E IVT5KSIVYP{ E Y c QSMXTPILGJO E M���YPWn[ T CFED¢8¡iB M�v CFE Y E T CFE IL[.Wn\JGUT�WL� cFE T E OeT Egc KSQj{ C T
QSM�K E MPM�T CFE M C Qj��T�QSM Ee� ^ E OeT Egc TXW h E KSIVYP{ E YZOeWn[.^kIVY Egc TXW c QSMXTPILGJO E M�ORKjWnM E Y&TXW_T CFE�¢8¡iB Y E MP\JKjTPQSGF{
QSG~ILG IV^J^kIVY E GUTPKj`�M C WLYPT E Y�IVTXT E Gb\JIVTPQjWnG K E GF{LT C f BDC QSM E Î E OeT.vyILM.GFW]QSMPMP\ E QSG~T CFE [ E ILMP\FY E [ E GUT
^ E YP��WLY�[ Egc QSG�¼ E Q cFE K h E YP{_MPQSGJO E T CFE Y E T CFE [.WLY E ^JY E ORQSM E�¸ Wn[.^JTXWnG h ILOPzmMPORIVTXT E Y�QSGF{
[ E T C W c vyILM
\JM Egc TXW cFE T E Y�[�QSG E T CFE IVTXT E Gb\JIVTPQjWnGuK E GF{LT C f
BDCFE KSQj{ C T&`mQ E K c v(QjT C T CFE MXWn\FY�O E IVT�T CFE O E GUT E Y0WL�yT CFE O E KSK�QSM | �V��� �L}��ºOeWn[.^kIVY Egc TXWiT CFE
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¸�E KSK s WFf �ÈG�£ {b°�KÏ¦ ¡ ILMPM�£ zb{V¦ ; WnKÍfr£ KÏ¦ cFE GJMPQjTa`]£ {b°�OR[�¨ ¦ p�� £ �Z¦ � ����� £ [0¦
� �U� �Vf �L� �Vf �V� �Vf �n� �V����� �3� ÐL���~�3�S�g�
� � � � �Vf � �������e����� ÇL���~�3� �L�
Ç ��� �Vf �n� �Vf Çn� �mf Ð�� �b�
� � ��� ÇL���~�3� �V�
� �m� �Vf �L� �Vf ÇL� �mf Ð�� ����� � ��� �n���~�3�S�R�
� � � � �Vf � �R�L� ��� �L���~�3� �U�

�����
	#( *-,P*-0 �1D)fy3ag-KMDMg�3LKT6/@#3=A�8pA � N\{|O#Dp8�FG@]NZY7i1O]@^Y�2%6'<1@#3=O|Fs_]R'��b�8pN-F 3LHJ3j4T6/@9>T3�8Z6 6n3=N-5;8Z6/@#D)N�O#3=NZY\6/2
@]N 6/2%3 4M3=O]O � ����� D)Q�8pO]O"� N\{|O#Dp8�F73jF 8pN-FBD)Q
D)N%3=� N\{|QPKM3o3�AM4L@]N%6/@]O]OP8Z6nDTK�8)KM3�O]@]Aj6n3jF%���2%3�O]@^Y�2%6�<1@#3=O|Fz:�8pA
F73)6n3LKLfl@]N%3jF�:�@96/2 6/2%3�¯a¨��;��A�A=DZ5pKo4M3�8Z6�6/2%3 4M3=N%6n3LK D)QV6/2%3 4M3=O]O�8pN-FS4MD)f gJ8)KM3jF 6nD 8B6^<�g @|4=8pO"� N\{|QPKM3o3
����� 4M3=O]O9

Igl E Y�IV{ E_¢ � q O E KSK5v C QSO C QSMZOeWnGJMPQSMXT E GUTZv(QjT C T CFE ¼ E Q cFE K h E YP{@[ E ILMP\FY E [ E GUTRf BDCFE KSQj{ C T&`mQ E K c WL�
T CFE MPORQSGUTPQSKSKSIVTXWLY�MN^JYPW c \JO Egc QSG��,Y�ILG t ILMPMXWZQSM5IV^J^JYPW � QS[�IVT E Kj`0I&�ÊILOeTXWLY�Tav�W C Qj{ CFE Y5T C ILG�T C IVT8WL�7T CFE
�ÈG | ILORILOw} ¨ l E Y�MPQjWnG~IVT0MPQS[�QSKSIVY&�ÈGmÉaOeWnGJO E GUTXY�IVTPQjWnG � h \FTZT CFE KSIVTXT E Y.QSM Ee� ^ E OeT Egc TXW h E [.WLY E MXTPI h K E fBDCFE [�ILQSG.Y E ILMXWnG�T C IVT5T CFE KSQj{ C TN`mQ E K c WL�7T CFE MPORQSGUTPQSKSKSIVTXWLY5KjWnI cFEgc v(QjT C �"{b°�KJ�ÈG�QSM5GFWLT8MPQj{nGJQ 	 ORILGUTPKj`
C Qj{ CFE Y�T C ILG�T C IVT¤WL�&T CFE
C Qj{ C Kj` KjWnI cFEgc ORIVY h W � `mKSIVT E MX`mMXT E [�M¤QSM�T CFE KjWwv E Y_KSQj{ C T�`mQ E K c WL�ZT CFE
\JGJKjWnI cFEgc@¢ � q WLY�ILGJQSMXWnK E MPORQSGUTPQSKSKSIVTXWLY(MX`mMXT E [�M,OeWn[.^kIVY Egc TXW¤I ¢y¸ h ILM Egc MX`mMXT E [_f(�(��T E Y�I�TPQS[ E
^ E Y�QjW c WL��Tav�Wu[.WnGUT C M&ILKSK�T CFE MPORQSGUTPQSKSKSIVTXWLY�M�IVY E ��Wn\JG c TXW h E MXTPI h K E v(QjT C QSGiT CFE \JGJO E YPTPILQSGUTPQ E M�WL�
T CFE [ E ILMP\FY E [ E GUTRf
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BDCFE T E O C GJQ � \ E TXW�^JYPW c \JO E ILGu�ÈGmÉaKjWnI cFEgc KSQ � \JQ c MPORQSGUTPQSKSKSIVTXWLY cFE MPOeY�Q h Egc QSG@T CFE ^JY E lmQjWn\JM(O C IV^JT E Y�M
ORILG�ILKSMXW h E IV^J^kKSQ Egc ��WLY@WLT CFE Yi[ E TPILK c WL^ Egc MPORQSGUTPQSKSKSIVTXWLY@MX`mMXT E [�MRf ¸ \FYPY E GUTPKj` � I {nI c WnKSQSGJQS\J[
KjWnI cFEgc MPORQSGUTPQSKSKSIVTXWLYy��WLY(I0�Ê\FTP\FY E Y E ILOeTXWLY,G E \FTXY�QSGFW Ee� ^ E Y�QS[ E GUT&£ xyª,�n� � ¼,�,�(�n�V¦$ILG c I s,c ÉaKjWnI cFEgc
MPORQSGUTPQSKSKSIVTXWLY5��WLY�I 	�	*É cFE ORIg` Ee� ^ E Y�QS[ E GUT8IVY E \JG cFE Y8QSGUl E MXTPQj{nIVTPQjWnG*f p Wwv E Yy[ E TPILKHKjWnI c QSGF{ZQSM5G EREgcFEgc
QSGZT CFE M EyEe� ^ E Y�QS[ E GUTPM�OeWn[.^kIVY Egc TXW�ILG0MXWnKSIVYNG E \FTXY�QSGFW(�ÈGmÉ cFE T E OeTXWLYgf5��� c ÉaKjWnI c QSGF{,WL�r��{b°�KmTXW&�({b°�K
v C QSO C QSM�G E IVY�Kj`&Tav�W�WLY cFE Y�M�WL�H[�IV{nGJQjTP\ cFE h E KjWwv¹T CFE �ÈG0KjWnI c QSGF{,^JY E M E GUT Egc h E ��WLY E QSM�MP\ � ORQ E GUTNQSG0I
Y E ILOeTXWLY,G E \FTXY�QSGFW Ee� ^ E Y�QS[ E GUTRfN�ÈG_I c Wn\ h K E h E TPI cFE ORIg` Ee� ^ E Y�QS[ E GUTD\JMPQSGF{0G E W c `mGJQS\J[ T CFE [ E TPILK
KjWnI c QSGF{ C ILM,TXW h E WL^JTPQS[�Qj  Egc*� h \FT�I_OeWnGJO E GUTXY�IVTPQjWnG]WL�y�d{b°�KNOeWn\JK c ILKjY E I c ` h E MP\ � ORQ E GUT,v(QjT C I
^JYPWL^ E Y cFE T E OeTXWLY cFE MPQj{nG*f ¥ \ E TXW
T CFE KjWwv E Y.[ E TPILKyKjWnI c QSGF{i[�\JO C¹C Qj{ CFE Y0KSQj{ C TZ`mQ E K c MZILG c KjWnGF{
IVTXT E Gb\JIVTPQjWnGuK E GF{LT C M"IVY E�Ee� ^ E OeT Egc f BDCFE [�ILQSG¤Y Eg� \JQjY E [ E GUTy��WLY([ E TPILK$KjWnI cFEgc KSQ � \JQ c MPORQSGUTPQSKSKSIVTXWLY�M
\JM Egc QSG
MP\JO C]Ee� ^ E Y�QS[ E GUTPM�QSM�T CFE KjWnGF{¤T E Y�[4MXTPI h QSKSQjTa`Lf��ÈG
T CFE ��WnKSKjWwv(QSGF{¤M E OeTPQjWnGJM�T CFE O CFE [�QSMXTXYP`
WL�rY�IVY E,E IVYPT C ILO E Ta`mKSILO E TXWnG E M(ILG c QSGJQjTPQSILKJY E MP\JKjTPM8WnG�T CFE Tav�W�[ E TPILK7KjWnI cFEgc MX`mMXT E [�M | � c ILG c¤s,c }
IVY EZcFE MPOeY�Q h Egc f

�&��� ��=! Z67:P!N� ���D-0/ !r=0381 :P!N� �#"0'*)$"�35'H9*:P356�)�� '*�"'*3º35�"'H9*= �"!N3�9% �P�"!N3 �
97),-0356

BDCFE O CFE [�QSMXTXYP`�WL�rY�IVY E,E IVYPT C M � MP\JO C ILM s,c ILG c � c QSM�Y�IVT CFE Y c QÏÎ E Y E GUT���YPWn[ T CFE O CFE [�QSMXTXYP`�WL��QSGmÉ
c QS\J[ v C QSO C0C ILM5GFW E K E OeTXYPWnGJM5QSG0T CFE �HM CFE KSKÍf���[�I��XWLY c QÏÎ E Y E GJO E h E Tav ERE G�T CFE TXY�QjlVILK E GUT�Y�IVY E"E IVYPT C
ILO E Ta`mKSILO E TXWnG E M5ILG c �ÈG | ILORILOw} ¨ QSM*T C IVT�T CFE Y�IVY E5E IVYPT C OeWn[.^kK Ee�mE Mr��WLY�[ C ` c Y�IVT E M | ¡ | ILORILOw} ¨  GJ¼ § � }�fBDCFE KSQjT E Y�IVTP\FY E QSG c QSORIVT E M$T C IVT h ILMPQSORILKSKj`,WnGJKj`�Tav�W C ` c Y�IVT E M�IVY E ��WLY�[ Egc �$T CFE [.WnGFW C ` c Y�IVT E ILG c T CFE
TXY�Q C ` c Y�IVT E £ ¢ ��¢ Çm� ¦½f BDCFE MX`mGUT CFE MPQSM,Ta`b^kQSORILKSKj`_Y E MP\JKjTPM,QSGuT CFE ^JY E ^kIVY�IVTPQjWnGiWL�5TXY�Q C ` c Y�IVT E MRf�oFYPWn[
T C IVT&[.WnK E OR\JK E WnG E ORILG
^JYPW c \JO E [.WnGFW C ` c Y�IVT E h ` c YP`mQSGF{¤QjT�QSG
I cFE MPQSORORIVTXWLY&I h Wwl E�E f {Ff$[�IV{nG E É
MPQS\J[�^ E Y�O C KjWLY�IVT E WLY h `iOeYP`mMXTPILKSKSQj gIVTPQjWnGi��YPWn[�I_MXWnKS\FTPQjWnGiWL�8T CFE TXY�Q C ` c Y�IVT E QSG E f {Ff E T C `mKNILKSOeW C WnK
WLY�ILO E TXWnG E f BDCFE@C ` c Y�IVT E M�WL��T CFE Y�IVY E@E IVYPT C»E K E [ E GUTPM�v(QjT C KjWwv E Y�IVTXWn[�QSO@Gb\J[ h E YdIVY E [.WLY E
MXTPI h K E f BDCFE KSIVYP{ E Y c QSIL[ E T E YZWL�"T CFE KSIVTXT E Y�^JYPW h I h Kj` E GJI h K E T CFE [4TXW
ILOROeWn[.W c IVT E [.WLY EdE ILMPQSKj`
T CFE I cJc QjTPQjWnGJILK�vyIVT E Y�[.WnK E OR\JK E MRf BDCFE MX`mGUT CFE MPQSM�WL�"ILG C ` c YPWn\JM�Y�IVY E.E IVYPT C TXY�QSMPILO E Ta`mKSILO E TXWnG E M0QSM
Y E ^7WLYPT Egc�E f {FfkQSGdT CFE Y E � E Y E GJO E MZ£ µ ��q Çn�w¦$ILG c £ ¢ � �$�b�e¦½fN�ÈG¤OeWnGUTXY�I c QSOeTPQjWnG¤TXW E IVY�KSQ E Yy^k\ h KSQSORIVTPQjWnGJM
| £ ¢ ��¢ Çm�e¦�£ �D� ¸ ÇL��¦Ê}�T CFE ^JY E ^kIVY�IVTPQjWnG¤WL�NILG C ` c YPWn\JMyY�IVY E&E IVYPT C ILO E Ta`mKSILO E TXWnG E M h `¤lVILOR\J\J[ c YP`mQSGF{
QSMyY E ^7WLYPT Egc QSG¤Y E � E Y E GJO E £ p � t �L�g¦½f
¢ \FY�Q 	 ORIVTPQjWnG_WL��T CFE [ E TPILKrO CFE KSIVT E M h `_MP\ h KSQS[�IVTPQjWnG_ILMD^ E YP��WLY�[ Egc ��WLY(T CFE �ÈG | ILORILOw} ¨ Y Eg� \JQjY E M

Ðn�
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MXTPI h QSKSQjTa`�IVT C Qj{ C T E [.^ E Y�IVTP\FY E M�ILG c I C Qj{ C lVIV^7WLYr^JY E MPMP\FY E f BDCFE [ E KjTPQSGF{D^7WnQSGUTPM$WL�kMXWn[ E [.WnGFW C `UÉ
c Y�IVT Egc Y�IVY E�E IVYPT C ILO E Ta`mKSILO E TXWnGJIVT E M,IVY E KSQSMXT Egc QSG B I h K E ÇbfS�Vf8�,KSKHWL�$T CFE [�IVY E I h Wn\FT"ÇV��8 ¸ h E KjWwv
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v(QjT C I@[�I � QS[�\J[4IVT0�n�w�iGJ[_f�oFWLY�T CFE ORILM E WL� s,c T CFE [ E TPILK8QjWnG�QjTPM E Kj� C ILMZI h MXWLYP^JTPQjWnG h ILG c M
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� c | ILORILOw} ¨  GJ¼ § � ��WLY�[�M�I_OeYP`mMXTPILKSKSQSG E ^JY E ORQj^kQjTPIVT E f BDCFE.cFE OeY E ILMPQSGF{i� c OeWnGUT E GUTZQSG
T CFE MXWnKS\FTPQjWnGvyILM([.WnGJQjTXWLY Egc h `�^ C WLTXWnMX^ E OeTXYPWn[ E TXYP` c \FY�QSGF{0T CFE MX`mGUT CFE MPQSMRf BDCFE Y E ILOeTPQjWnG@vyILMD��Wn\JG c TXW�WmOROR\FY
IVT�I�^k¼;WL��I h Wn\FT��bf BDCFE 	 GJILK�MXWnKS\FTPQjWnGuvyILM 	 KjT E Y Egc TXW Ee� TXY�ILOeT�T CFE � c OeWn[.^kK Ee� ILM�I�^7Wwv cFE Ygf
BDCFE `mQ E K c WL��T C IVTD^JYPWmO Egc \FY E vyILM(MPKSQj{ C TPKj`�I h Wwl E �n� ��f
BDCFE M E OeWnG c [ E T C W c ��WnKSKjWwv Egc I¤^JYPWmO Egc \FY E ^JYPWL^7WnM Egc h `��Ff ��f t TPQjT E M E T�ILKÍf5£ tmB ���U��¦½fZ�ÈGiT C QSM

ORILM EL� I s ¼ ¨ MXWnKS\FTPQjWnG�QSM�I cJcFEgc TXW@T CFE ILORQ c QSO.¼ ¸ KÏÉaMXWnKS\FTPQjWnG
OeWnGUTPILQSGJQSGF{@T CFE � c § � ¨ \JGUTPQSK�^k¼¶�bfBDCFE G�¼,ILORILO c QSMPMXWnKjl Egc QSG�ILG�IL[�[.WnGJQSI(MXWnKS\FTPQjWnG | IV^J^JYPW � QS[�IVT E Kj`&�mf � ¡ }$QSM�I cJcFEgc f BDCFE ^k¼»QSM$z E ^JT
IVYPWn\JG c Çbf �Z\JMPQSGF{ c QSKS\FT Egc ILORQ c QSO(ILG c IL[�[.WnGJQSIZMXWnKS\FTPQjWnGJMRf BDCFE [�Q � TP\FY E vyILMyMXTPQjYPY Egc Wwl E Y�GJQj{ C T�TXW
{nQjl E T CFE � c TPQS[ E TXW�Y E ILOeT h E ��WLY E=	 KjT E Y�QSGF{Ff BDCFE ^k¼ c YPWL^J^ Egc ��YPWn[�Çbf ��TXW�Çbf � c \FY�QSGF{0T C IVTDTPQS[ E
^ E Y�QjW c f BDC QSMN^JYPWmO Egc \FY E {nIgl E I&`mQ E K c WL�*WnGJKj`¤�g����f BDCFE `mQ E K c MN��Wn\JG c h ` t TPQjT E M E T�ILKÍf���WLY�M E l E Y�ILK
Y�IVY E,E IVYPT C M8v E Y E QSG�T CFE ÐV� � Y�ILGF{ E \JMPQSGF{ C ` c YPWmO C KjWLY�QSODILORQ c ILG c QSGdT CFE �V� �;Y�ILGF{ E \JMPQSGF{�GJQjTXY�QSO
ILORQ c QSGuT CFE MX`mGUT CFE MPQSMRf ¢ YPW h I h Kj`_T CFE O C WnM E G
^k¼;lVILKS\ E WL�yÇbf �dvyILM�GFWLT C Qj{ CuE GFWn\F{ C f BDCFE Y E ��WLY E
T CFE ^k¼»WL�kT CFE MXWnKS\FTPQjWnG0IV��T E Y 	 KjT E Y�QSGF{,vyILMN�Ê\FYPT CFE YNQSGJOeY E ILM Egc TXW&IV^J^JYPW � QS[�IVT E Kj`��bfN�(��T E Y5WnG E [.WLY E
c Ig`_I cJc QjTPQjWnGJILK$� c | ILORILOw} ¨  GJ¼ § � ��WLY�[ Egc TXWL{ E T CFE Y,v(QjT C MXWn[ EZC ` c YPWnKj`mMPQSM�^JYPW c \JOeTRf BDCFE `mQ E K c WL�T C QSM5M E OeWnG c MXT E ^dvyILM8I h Wn\FT��V����f BDCFE Y E IVY E ILKSMXW&QSG c QSORIVTPQjWnGJM�T C IVT5T CFE TPQS[ E G EREgcFEgc TXWZOeWn[.^kK E T E
T CFE Y E ILOeTPQjWnG]vyILMZGFWLTZMP\ � ORQ E GUT&ILKjT C Wn\F{ C T CFE ^k\ h KSQSM CFEgc ^JYPWmO Egc \FY E {nQjl E M&T CFE Y E ILOeTPQjWnG�WnGJKj`~�g�
C Wn\FY�M5TXW0TPIVz E ^kKSILO E f BDCFE 	 GJILKJ^JYPW c \JOeT8QSM�ILQjY c Y�Q Egc ��WLYyWnG E�c Ig`Lf5x�WLT C MX`mGUT CFE MPQSM8^JYPWmO Egc \FY E M8\JM E
I � \ E Wn\JMZMXWnKS\FTPQjWnGJM�QSG
T CFE MX`mGUT CFE MPQSMRf BDCFE Y E ��WLY E T CFE�	 GJILK�^JYPW c \JOeT�QSM E MPM E GUTPQSILKSKj`iT CFE TXY�Q C ` c Y�IVT E
� c | ILORILOw} ¨  �V¼ § � fBDCFE ^k\FY�Q 	 ORIVTPQjWnG.\JM Egc ��WLY�T CFE ¼,ILORILO�ILG c T CFE MX`mGUT CFE MPQj  Egc [�IVT E Y�QSILKHQSM cFE MPOeY�Q h Egc QSGi£ ¢ ��¢ Çm� ¦½f
BDCFE ¼,ILORILO
QSM�^JY E É½^k\FY�Q 	kEgc h ` Ee� TXY�ILOeTPQjWnG�v(QjT C ILG�� ¡ IL[�[.WnGJQSI�MXWnKS\FTPQjWnG*f��ÈG�I cJc QjTPQjWnG T CFE
¼,ILORILO]QSMdTav(QSO E vyIVT E Y Ee� TXY�ILOeT Egc f BDCFE vyIVT E Y_TXW ¼,ILORILO
Y�IVTPQjW~vyILM¤IV^J^JYPW � QS[�IVT E Kj`��V� �~QSG�T CFE
Ee� TXY�ILOeTPQjWnG*fioJ\FYPT CFE Y�[.WLY E T CFE ¼,ILORILO¤QSM c QSMXTPQSKSK Egc \JMPQSGF{uI@YPWLTPIVYP` E lVIV^7WLY�IVTXWLYgf BDCFE TXY�Q C ` c Y�IVT Egc
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T CFE 	 Y�MXT c Ig`Lf5¼(Wwv E l E Y � T CFE M E OeY�ILOPzmM5v E Y E ILKSMXW&W h M E YPl Egc v(QjT C QSG�T CFE MPIL[ E TPQS[ E ^ E Y�QjW c WnGdI�TP\ h E
h E QSGF{0QSG�GFW.KSQ � \JQ c \JG cFE YyT CFE MPIL[ E T E GJMPQjWnG*f t W0T CFE MXTXY E MPMyWnG¤T CFE TP\ h E MyvyILMy^JYPW h I h Kj`.TXWbW C Qj{ C f
� � GFWnGmÉaMXTXY E MPM<�UT E MXT�vyILMyILKSMXWZ^ E YP��WLY�[ Egc \JMPQSGF{�T CFE MPIL[ E TP\ h E M8QSG�T CFE MPIL[ E MXWnKjl E GUTPM8v(QjT C Wn\FT�ILGU`
I cJc QjTPQjWnGJILKJT E GJMPQjWnG*f BDCFE M E TP\ h E M�v E Y E \JGJO C ILGF{ Egc \JGUTPQSKkT CFE,E G c WL�rT CFE Tav�W�[.WnGUT C MyT E MXTy^ E Y�QjW c f
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�ÈGio�Qj{Ff*Çbf �dT CFE KSQj{ C T(`mQ E K c WL�8I ¢ � q h ILM Egc MPORQSGUTPQSKSKSIVTXWLY,QSM,M C Wwv(GiIVT�lVIVYP`mQSGF{ c W cFE ORILG E OeWnGJO E GmÉ
TXY�IVTPQjWnGJMRf BDCFE.¢8¢ � ÉaOeWnGJO E GUTXY�IVTPQjWnG�QSM,z E ^JT&OeWnGJMXTPILGUTZIVT�Ç�{b°�K���WLYZILKSK�T CFE MPIL[.^kK E MRf BDCFE Y E QSM�GFW
KSQj{ C T E [�QSMPMPQjWnG
WL� c W cFE ORILG E QSG
T CFE lmQSMPQ h K E WLYZQSG]T CFE ª ; É½Y E {nQjWnG�v CFE Y E T CFEd¢ � q ILG c T CFE ¾H\FWLY
I h MXWLY h f BDCFE Y E ��WLY E QSGJMPQj{nGJQ 	 ORILGUT E G E YP{L`]TXY�ILGJMX� E YZ��YPWn[4T CFEdc W cFE ORILG E TXWuT CFE�¢ � q WLYZT CFE ¾H\FWLY
ILG c IdKjWwv E Y�KSQj{ C TD`mQ E K c IVT,I C Qj{ CFE Y c W cFE ORILG E OeWnGJO E GUTXY�IVTPQjWnG
QSM Ee� ^ E OeT Egc f BDC QSM cFE OeY E ILM E QSG@T CFE
KSQj{ C T8QSGUT E GJMPQjTa`�QSM5W h M E YPl Egc*�mC Wwv E l E YyT CFE KSQj{ C T5`mQ E K c M5OeWn[.^kIVY Egc TXW�T CFE ^k\FY E(¢ � q l E Y�MPQjWnG�IVY E �ÊIVY
I h Wwl E T CFE IVYPWn[�IVTPQSO���Y�ILOeTPQjWnG]QSGiT CFE MPORQSGUTPQSKSKSIVTXWLYgfZ�yT&I ¢ � q ° c W cFE ORILG E Y�IVTPQjW¤WL�y�V�m� �V�_T CFE KSQj{ C T
`mQ E K c QSM5MXTPQSKSKJI h Wwl E ÐV� �¬Y E KSIVTPQjl E TXW�^k\FY ED¢ � q ILG c�E l E G�IVTyI c W cFE ORILG E OeWnGJO E GUTXY�IVTPQjWnGdWL�rÐV� � I
KSQj{ C TN`mQ E K c WL�*[.WLY E T C ILG���� � vyILM8��Wn\JG c f�oFYPWn[�T CFE M E [ E ILMP\FY E [ E GUTPM8I c W cFE ORILG E OeWnGJO E GUTXY�IVTPQjWnG
WL�5�V� � WLY([.WLY E ORILG h E �P\JMXTPQ 	kEgc f
�À���À��  /�Ä&�mÃ !��"Å���� �½Ã +5':)���) +5'*%
BDCFE ORIVY h W � `mKSIVT E MX`mMXT E [ QSM�I�^JYPWn[�QSMPQSGF{�ILKjT E Y�GJIVTPQjl E TXW¹T CFE ILORILO ÉaMX`mMXT E [2ILKSMXW~��WLYu� c ÉaKjWnI cFEgc
MPORQSGUTPQSKSKSIVTXWLY�MRf BDCFE O CFE [�QSMXTXYP`_WL�"� c QSM,OeWn[.^kIVY�I h K E TXW�T CFE O CFE [�QSMXTXYP`_WL�8T CFE Y�IVY E�E IVYPT CiE K E [ E GUT
� h f BDCFE Y E ��WLY E T CFE h EgC IglmQjWLYZWL�"T CFE � c ÉaORIVY h W � `mKSIVT E MX`mMXT E [�QSM Ee� ^ E OeT Egc TXW h E MPQS[�QSKSIVY�TXWiT CFE
^k¼DÉaOeWnGUTXYPWnKSK EgcuCFE IglmQSKj` � h ÉaKjWnI cFEgc MX`mMXT E [ cFE MPOeY�Q h Egc IVT,T CFEZE G c WL�NO C IV^JT E Y&�bf"�;[�ILQSGuQSMPMP\ E ��WLY
ORIVY h W � `mKSIVT E MPORQSGUTPQSKSKSIVTXWLY�M�QSM C ` c YPWnKj`mMPQSMRf BDCFE"C ` c YPWnKj`mMPQSM�OeWnGJMXTPILGUTPM5WL�HT CFE Y�IVY E"E IVYPT C M5IVY E IVT5[�\JO C
C Qj{ CFE YD^k¼DÉ½lVILKS\ E M(ILM,OeWn[.^kIVY Egc TXW¤QSG c QS\J[_f8¼ E GJO E T CFE � c ÉaORIVY h W � `mKSIVT E M,M C Wn\JK c h E [.WLY E MXTPI h K E
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QSG_OeWnGUTPILOeT,v(QjT C vyIVT E Y(T C ILG_T CFE �ÈGmÉaORIVY h W � `mKSIVT E MX`mMXT E [_f
¥ QÏÎ E Y E GUT�MXWnKjl E GUTPM�ILM ¢y¸ ILG cd¢ � q v E Y E \JM Egc TXWZ^JYPW c \JO E � c ÉaORIVY h W � `mKSIVT E MX`mMXT E [�MRfN� MXTXWmOPz

MXWnKS\FTPQjWnG.vyILM8^JY E ^kIVY Egc h `.o�f ��fm¼,IVYPTP[�ILGJGdQSGdI&^k¼DÉaMXTPI h QSKSQj  Egc MXWnKS\FTPQjWnG.WL�$ILG�WLYP{nILGJQSOD^ C ILM E v(QjT C
��vDTRf �;� c ÉaKjWnI c QSGF{�I h Wwl E ILG.I � \ E Wn\JM�^ C ILM E f��(��T E Y5M E ^kIVY�IVTPQjWnG0WL�kT CFE Tav�W�^ C ILM E M�T CFE � c ÉaKjWnI cFEgc
WLYP{nILGJQSO(MXWnKS\FTPQjWnGdORILG�T CFE G h E,c QSKS\FT Egc TXW�{ E T�T CFE Y Eg� \JQjY Egc � c ÉaOeWnGJO E GUTXY�IVTPQjWnG¤WL�$IVYPWn\JG c �mfS����f5�ÈG
T CFE MX`mGUT CFE MPQSM(T CFE ¼,��OeWnGJO E GUTXY�IVTPQjWnG | BD¡ ¼,� � ÐdORIVY h WnGJM }DQSG@T CFE WLYP{nILGJQSOZ^ C ILM E vyILM�O C WnM E GiTXW
h E �mf Ç ¡ f BDCFE ^k¼ ¯��È§ vyILM���Wn\JG c TXW h E IVYPWn\JG c �Ff �Zv C QSO C QSM�MPKSQj{ C TPKj`0I h Wwl E T CFE lVILKS\ E ��WLY � h ILG cv E KSK h E KjWwv T CFE Y E {nQjWnG_v CFE Y E&C ` c YPWnKj`mMPQSM�WmOROR\FY�MRf
BDCFE KSQj{ C T,`mQ E K c WL��I_�mfS�.vDTRf �º� c ÉaKjWnI cFEgc MPORQSGUTPQSKSKSIVTXWLY,v(QjT C I ¢y¸ ° c W cFE ORILG E [�Q � TP\FY E | Y�IVTPQjW

�V�m� �V� h `�lLWnKS\J[ E }NILMyMXWnKjl E GUT�vyILM�T E MXT Egc f BDCFE,¢8¢ � ÉaOeWnGJO E GUTXY�IVTPQjWnG�vyILM"Ç&{b°�K7ILG c T CFE KSQj{ C T8`mQ E K c
vyILMy��Wn\JG c TXW h E �n� ��Y E KSIVTPQjl E TXW.I ¢ � q ° c W cFE ORILG E [�Q � TP\FY E OeWnGUTPILQSGJQSGF{ ¢8¢ � ILG c¤c W cFE ORILG E IVT
T CFE MPIL[ E OeWnGJO E GUTXY�IVTPQjWnGJMRfD�ÈG@{ E G E Y�ILK ¢y¸ h ILM Egc MX`mMXT E [�M(T E G c TXW C Igl E0C Qj{ CFE Y(KSQj{ C TD`mQ E K c M"T C ILG
¢ � q h ILM Egc MX`mMXT E [�MRf BDCFE KSQj{ C Ty`mQ E K c Y E KSIVTPQjl E TXWdx ¸ �V�n�.��WLYDT CFE MPIL[ E � c ÉaKjWnI cFEgc MPORQSGUTPQSKSKSIVTXWLYDQSM
ÇLÇ ��f BDC QSMDGb\J[ h E Y(v(QSKSK$QSGJOeY E ILM E Qj��T CFE vyIgl E K E GF{LT C M C Qj��T E Y h QSMÈÉ ¡]t x QSM(I cJcFEgc TXW�T CFE MXWnKS\FTPQjWnG*f
BDCFE IVTXT E Gb\JIVTPQjWnG]K E GF{LT C WL�8T CFE � �?[ E TPILKNKjWnI cFEgc MXTXWmOPziMXWnKS\FTPQjWnGuvyILM cFE T E Y�[�QSG Egc TXW h E QSGuT CFE
�0[¶Y�ILGF{ E IVT"�U�V��GJ[_f BDC QSMyGb\J[ h E Y"QS[.^JYPWwl E M"\F^7WnG c QSKS\FTPQjWnGdv(QjT C T CFE MXWnKjl E GUTRf BDCFE�	 GJILKHlVILKS\ E
cFE ^ E G c M8WnG�T CFE ^k\FY�QjTa`.WL�rT CFE MXWnKjl E GUT"ILG c T CFE � c ÉaOeWnGJO E GUTXY�IVTPQjWnG*f BDCFE IVTXT E Gb\JIVTPQjWnG@K E GF{LT C MyILG c
KSQj{ C T"`mQ E K c M�WL��T CFE MX`mMXT E [�\JMPQSGF{d� c | ILORILOw} ¨ IVY E ^JY E M E GUT Egc G Ee� TRf

�À���À��  +�+5'kÆ�#5Ã +�.½ÅrÆ � 'kÆ� �+��-)
BDCFE IVTXT E Gb\JIVTPQjWnG~K E GF{LT C M�WL�"MXWnKS\FTPQjWnGJM�OeWnGUTPILQSGJQSGF{ C ` c Y�IVT Egc � c | ILORILOw} ¨ v E Y EdcFE T E Y�[�QSG Egc \JMPQSGF{T CFE ^ C WLTXWnMX^ E OeTXYPWn[ E T E Ygf��ÈG�o�Qj{FfLÇbf ÇDT CFE Y E MP\JKjTPMrIVY E ^kKjWLTXT Egc ��WLY�Tav�W�MPIL[.^kK E Mrv(QjT CZc QÏÎ E Y E GUTr^k\FY�QjTa`
K E l E KSMRf BDCFE TXY�ILGJMX^kIVY E GJOe`&QSGZT CFE vyIgl E K E GF{LT C Y E {nQjWnG�WL�kT CFE MPORQSGUTPQSKSKSIVTXWLY E [�QSMPMPQjWnGZQSM�I h Wwl E �R��[ ��WLY
T CFE ^k\FY�Q 	kEgc [�IVT E Y�QSILKHIVTyI0� c ÉaOeWnGJO E GUTXY�IVTPQjWnG�WL�5�({b°�Kkv C QSO C QSM8MP\ � ORQ E GUT8��WLY�T CFE Y Eg� \JQjY E [ E GUTPM5WL�
I�Y E ILOeTXWLY�ILGUTPQSG E \FTXY�QSGFW Ee� ^ E Y�QS[ E GUTDv CFE Y E ILMDT CFE IVTXT E Gb\JIVTPQjWnGiK E GF{LT C WL��T CFE \JGF^k\FY�Q 	kEgc [�IVT E Y�QSILK
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QSM"[�\JO C M C WLYPT E Y(IVT(I�MPQS[�QSKSIVY(� c ÉaKjWnI c QSGF{Ff
BDCFE OR\FYPl E�C IglmQSGF{uKjWwv E Y�TXY�ILGJMX^kIVY E GJOe`]IVT�I@{nQjl E G�vyIgl E K E GF{LT C vyILMZW h TPILQSG Egc h ` c QSMPMXWnKjlmQSGF{

� c | ILORILOw} ¨  GJ¼ § � | [�ILQSGJKj`i[.WnGFW C ` c Y�IVT E } h Wn\F{ C T&��YPWn[4�,K c Y�QSO C QSG ¢ � q IVTZIuOeWnGJO E GUTXY�IVTPQjWnG�WL��mfS� �;� c f BDCFE OeWnGUTXY�Q h \FTPQjWnG�WL�kT CFED¢ � q TXW�T CFE IVTXT E Gb\JIVTPQjWnG�K E GF{LT C WL�kT CFE MXWnKS\FTPQjWnGZvyILMNY E [.Wwl Egc
h `]MP\ h TXY�ILOeTPQSGF{@T CFE I h MXWLYP^JTPQjWnG�MX^ E OeTXY�\J[ºWL�yT CFE ^k\FY E MXWnKjl E GUT�[ E ILMP\FY Egc QSG�I��R�uOR[�O E KSKN��YPWn[
T CFE MX^ E OeTXY�\J[¶WL��T CFE � c ÉaKjWnI cFEgc MXWnKS\FTPQjWnG_[ E ILMP\FY Egc QSG¤T CFE Q cFE GUTPQSORILK*O E KSKÍf
oFWLY&T CFE.cFE T E Y�[�QSGJIVTPQjWnGuWL�8T CFE M E OeWnG c OR\FYPl E QSGio�Qj{Ff$Çbf Ç¤I c QÏÎ E Y E GUT,^JYPWmO Egc \FY E vyILM�IV^J^kKSQ Egc f

BDCFEDC ` c Y�IVT Egc � c | ILORILOw} ¨ vyILM8^JYPW c \JO Egc \JMPQSGF{�T CFE 	 Y�MXTNWL�7T CFE Tav�W�[ E T C W c M cFE MPOeY�Q h Egc QSG�M E OeTPQjWnGÇbf �bfS�VfN�(��T E YrT CFE MX`mGUT CFE MPQSM*T CFE [�IVT E Y�QSILKLvyILM$^k\FY�Q 	kEgc ILM cFE MPOeY�Q h Egc I h Wwl E ILG c&c Y�Q Egc QSG�I cFE MPQSORORIVTXWLY
TXWiOeWnGUl E YPT�T CFE [�IVT E Y�QSILK8QSGUTXWuT CFE [.WnGFW C ` c Y�IVT E f BDCFE G]T CFE [�IVT E Y�QSILK5vyILM c QSMPMXWnKjl Egc QSG E T C ILGFWnK
IVTu�R�]{b°�K,� c f BDCFE I h MXWLY h ILGJO E WL�,T CFE MXWnKS\FTPQjWnG~vyILMd[ E ILMP\FY Egc QSG¹T CFE ^ C WLTXWnMX^ E OeTXYPWn[ E T E Y�QSG
I»�_OR[<OR\Fl E TXT E Y E KSIVTPQjl E TXW�^k\FY E_E T C ILGFWnKDQSG¹T CFE Y E � E Y E GJO E h E IL[_f»oFWnKSKjWwv(QSGF{ p IL[ h E YPTÈÉax ERE Y � M
p Igv¬T CFE I h MXWLY h ILGJO E QSM(^JYPWL^7WLYPTPQjWnGJILK*TXW�T CFE OeWnGJO E GUTXY�IVTPQjWnG � T CFE Y E ��WLY E T CFE I h MXWLY h ILGJO E IVT�I_� c É
OeWnGJO E GUTXY�IVTPQjWnG@WL�"��{b°�K$QSM"W h TPILQSG Egc h ` c QjlmQ c QSGF{ZT CFE Y E MP\JKjTyWL��T CFE �R�.{b°�K$MXWnKS\FTPQjWnG h `
�R�mf
o�Qj{FfFÇbf Ç cFE [.WnGJMXTXY�IVT E MyI�MPQj{nGJQ 	 ORILGUT8QS[.^JYPWwl E [ E GUT�WL�*T CFE WL^JTPQSORILKHORKSIVY�QjTa`.WL�*T CFE M E Kj� É½^JYPW c \JO Egc

[�IVT E Y�QSILK�OeWn[.^kIVY Egc TXW¤T CFE OeWn[�[ E Y�ORQSILK�[�IVT E Y�QSILKÍf��;�Ê\FYPT CFE Y�QS[.^JYPWwl E [ E GUT�WL�5T CFE TXY�ILGJMX^kIVY E GJOe`
ORILG h E ILO C Q E l Egc h `Z^k\FY�Qj��`mQSGF{"T CFE ¼,ILORILO"\JM Egc QSGZT CFE MX`mGUT CFE MPQSMRf�oFWLYNT CFE MX`mGUT CFE MPQSMrWL�kT CFE [�IVT E Y�QSILK
\JM Egc@CFE Y E T CFE ¼,ILORILOZ^k\FY�Q 	 ORIVTPQjWnG¤MXT E ^@vyILM(GFWLTDIV^J^kKSQ Egc f
�À���À�¿ � .  ��$+ ��. ' �aÄ-)¤Å���/�Ä�2 �½Å$Ã*Ä�'kÄ )��4.aÆ$+�.����½Ã +LÅ"! )
BDCFE KSQj{ C T(`mQ E K c WL�8M E l E Y�ILK C ` c Y�IVT Egc � c | ILORILOw} ¨ ÉaKjWnI cFEgc MPORQSGUTPQSKSKSIVTXWLY�M(vyILM�[ E ILMP\FY Egc f��,M�MXWnKjl E GUT¢ � q WLY ¢ � q ° c W cFE ORILG E [�Q � TP\FY E Mrv E Y E \JM Egc f��ÈG�o�Qj{FfLÇbf �(T CFE KSQj{ C Tr`mQ E K c Y E KSIVTPQjl E TXW�T CFE \JGJKjWnI cFEgc
MPORQSGUTPQSKSKSIVTXWLY�l E Y�MPQjWnG QSM�^kKjWLTXT Egc ��WLY@QSGJOeY E ILMPQSGF{ ¢8¢ � ÉaOeWnGJO E GUTXY�IVTPQjWnGJMRf ¢ \FY E]¢ � q vyILM@\JM Egc ILM
MXWnKjl E GUT�QSG_T C QSM(ORILM E f BDCFE � c ÉaOeWnGJO E GUTXY�IVTPQjWnG
QSG@T C QSM(MPORILGiQSM(I h Wn\FT,�mf ��{b°�KÍf(�,M,M ERE GiQSG_T CFE ^kKjWLT
T CFE MPIVTP\FY�IVTPQjWnG�lVILKS\ E ��WLY8T CFE KSQj{ C T5`mQ E K c QSM8ILKjY E I c `0Y E ILO CFEgc IVT�IV^J^JYPW � QS[�IVT E Kj`�Ç&{b°�KJ��WLY�T CFE M E KjWwv
� c ÉaOeWnGJO E GUTXY�IVTPQjWnGJMRf¤�yT C Qj{ CFE Y�¾H\FWLY&OeWnGJO E GUTXY�IVTPQjWnGJM�M E Kj� É � \ E GJO C QSGF{¤WL�yT CFE ¾H\FWLY 	 Y�MXT&M ERE [�M&TXW
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      (triangular cell backface)
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OeWn[.^ E GJMPIVT E ILG c T CFE G_TXW c Wn[�QSGJIVT E T CFE�E Î E OeT(WL��ILG@QSGJOeY E ILM Egc ^JYPW h I h QSKSQjTa`.WL� E G E YP{L`�TXY�ILGJMX� E Y"TXW
T CFE ¾H\FWLYgf
B v�W c QÏÎ E Y E GUT&^JYPWmO Egc \FY E M�v E Y E \JM Egc TXW cFE T E Y�[�QSG E T CFE KSQj{ C T�`mQ E K c M�WL�yT CFE MPIL[.^kK E f��ÈG�WnG E

[ E T C W c T CFE MPORQSGUTPQSKSKSIVTXWLY(MPIL[.^kK E M"v E Y E ILOeTPQjlVIVT Egc v(QjT C I¤¯a¨�� ¸ M(MXWn\FY�O E ILG c QSG_T CFE WLT CFE Y,[ E T C W c
T CFE KSQj{ C T,`mQ E K c M,v E Y E�cFE T E Y�[�QSG Egc \JMPQSGF{�T CFE ¾H\FWLY�QS[ E T E YgfZ�ÈG
T CFE ¾H\FWLY�QS[ E T E Y&[ E ILMP\FY E [ E GUT�T CFE
MPIL[.^kK E M�v E Y E�Ee� ORQjT Egc QSG�I_TXY�QSILGF{n\JKSIVY&O E KSKN\JMPQSGF{¤T CFE h ILOPzb�ÊILO E { E Wn[ E TXYP`Lf BDCFE MPORQSGUTPQSKSKSIVTXWLY�vyILM
Ee� ORQjT Egc IVT$T CFE I h MXWLYP^JTPQjWnG&[�I � QS[�\J[�WL�FILGJQSMXWnK E IVT��n�b�8GJ[_f BDCFENE [�QSMPMPQjWnG�MX^ E OeTXY�I"v E Y E QSGUT E {LY�IVT Egc
ILG c T CFE lVILKS\ E M�W h TPILQSG Egc v E Y E OeWn[.^kIVY Egc TXWuT CFE \JGJKjWnI cFEgc l E Y�MPQjWnG�IVT�Ç¤{b°�K ¢8¢ � f BDCFE Y E MP\JKjTPM
WL� h WLT C [ E T C W c M"IVY E ^kKjWLTXT Egc QSG¤T CFE MPIL[ EZc QSIV{LY�IL[�QSG@o�Qj{FfHÇbf �Uf qN� O E ^JTD��WLYDT CFE 	 Y�MXT c IVTPI.^7WnQSGUT
IVT���{b°�K ¢8¢ � v C QSO C QSM&MPKSQj{ C TPKj` C Qj{ CFE YZQSG]T CFE ¾H\FWLY�QS[ E T E YZ[ E ILMP\FY E [ E GUT � ILKSKNT CFE Gb\J[ h E Y�M&IVY E
OeWnGJMPQSMXT E GUT�v(QjT C QSGiT CFE.E YPYPWLY�MRf.� C Qj{ CFE Y�KSQj{ C T�`mQ E K c ��WLY&Ii� c ÉaKjWnI cFEgc MPORQSGUTPQSKSKSIVTXWLY&IVTZÇ¤{b°�K ¢8¢ �
Y E KSIVTPQjl E TXWdT CFE \JGJKjWnI cFEgc l E Y�MPQjWnG_vyILMD��Wn\JG c v CFE G_[ E ILMP\FY Egc QSG¤T CFE ¾H\FWLY�QS[ E T E YD\JMPQSGF{0T CFE ��YPWnGUT
�ÊILO E { E Wn[ E TXYP`Lf BDCFE IVTXT E Gb\JIVTPQjWnG�K E GF{LT C WL�kT CFE � c | ILORILOw} ¨ IVTNT CFE \JM Egc OeWnGJO E GUTXY�IVTPQjWnG.QSM�QSG�T CFE OR[Y�ILGF{ E IVT,T CFE vyIgl E K E GF{ C TPM�WL�5T CFE0¢8¢ � É E [�QSMPMPQjWnG*f BDCFE Y E ��WLY E T CFE h E TXT E Y,Y E MP\JKjTPM(v CFE Gi[ E ILMP\FY Egc
QSG]��YPWnGUT��ÊILO E { E Wn[ E TXYP`�OeWn\JK c h Edc \ E TXWuKSQj{ C T&I h MXWLYP^JTPQjWnG�QSG]T CFE h ILOPzb�ÊILO E { E Wn[ E TXYP`�MPQSGJO E T CFE
KSQj{ C T C ILM"TXW�^JYPWL^kIV{nIVT E I.� E v�[�[�T C YPWn\F{ C T CFE TXY�QSILGF{n\JKSIVYDO E KSK$QSG¤T C QSM"ORILM E f
¥ \ E TXW¤T CFE QSGJOeWn[.^kIVTPQ h QSKSQjTa`¤WL�8^k\FY E�¢ � q v(QjT C ILOeYP`mKSQSO�QjT�QSM,^JY E � E Y�I h K E TXW C Igl E I ¢ � q ° c WVÉ

cFE ORILG E [�Q � TP\FY E WLYiMXWn[ E T C QSGF{»MPQS[�QSKSIVY_ILM@MXWnKjl E GUTuQSG I¹�Ê\FTP\FY E Y E ILOeTXWLY
G E \FTXY�QSGFW Ee� ^ E Y�QS[ E GUTRf
BDCFE KSQj{ C T0`mQ E K c \JG cFE Y�QjYPY�I c QSIVTPQjWnG~v(QjT C I¹¯a¨�� ¸ MÈÉaMXWn\FY�O E vyILMdILKSMXW�[ E ILMP\FY Egc IVT�lVIVYP`mQSGF{ ¢8¢ � É
OeWnGJO E GUTXY�IVTPQjWnG]��WLY&I_MPORQSGUTPQSKSKSIVTXWLY�[�Q � TP\FY E T C IVT&QSM�ORKjWnM E Y�TXW_T CFE�	 GJILK�OeWn[.^7WnMPQjTPQjWnGiv C QSO C v(QSKSK h E
\JM Egc QSG@I�Y E ILOeTXWLY�G E \FTXY�QSGFW Ee� ^ E Y�QS[ E GUTRf BDCFEZ¢ � q ° c W cFE ORILG E Y�IVTPQjW�vyILM(O C WnM E GuTXW h E �V�U°V�V� h `
lLWnKS\J[ EL� T CFE M E OeWnG c IVYP`�vyIgl E K E GF{LT C M C Qj��T E Y h QSMÈÉ ¡]t x vyILM"I cJcFEgc IVT"�V�0[.{b°�KHTXW.IglLWnQ c I h MXWLYP^JTPQjWnG
c \ E TXW�T CFE � c Éa[�IVT E Y�QSILKrILG c T CFE � c ÉaKjWnI c QSGF{�vyILM(z E ^JT,OeWnGJMXTPILGUT�IVT��mf Ð�{b°�KÍfD�,M,IdMXTPILG c IVY c*� ILG
\JGJKjWnI cFEgc MPORQSGUTPQSKSKSIVTXWLYyl E Y�MPQjWnG¤vyILM(\JM Egc IVTDT CFE MPIL[ E&¢ � q ° c W cFE ORILG E Y�IVTPQjW.v(QjT C Ç�{b°�K ¢8¢ � ILG c
ILKSMXW.�V�0[.{b°�K h QSMÈÉ ¡]t x,f BDC QSM8MXTPILG c IVY c QjTPM E Kj� C ILMyI0KSQj{ C T8`mQ E K c WL���V� � Y E KSIVTPQjl E TXW0T CFE ^k\FY E,¢ � q
l E Y�MPQjWnG IVT0T CFE MPIL[ E ¾H\FWLY.IL[.Wn\JGUTPMRf BDCFE Y E MP\JKjTPM���WLY.T CFE � c ÉaKjWnI cFEgc MPORQSGUTPQSKSKSIVTXWLY0MPIL[.^kK E M.IVY E
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PPO-concentration [g/l]
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T CFE MX^ E OeTXY�\J[ E f {FfHIVYPWn\JG c �b���dGJ[_f�7 CFE T CFE Y(T CFE `¤ORILG h E TXWnK E Y�IVT Egc WLY,GFWLTDQSM"WnG E WL��T CFE [�I��XWLY
� \ E MXTPQjWnGJMyT C IVT C Igl E TXW h E I cJc Y E MPM Egc f
t WnKS\ h QSKSQjTa`&T E MXTPM�QSG�MPQS[�QSKSIVYNMXWnKjl E GUTPM�ILM8QSGUl E MXTPQj{nIVT Egc ��WLY8T CFE � c ÉaMX`mMXT E [ v E Y E ^ E YP��WLY�[ Egc \JMPQSGF{

s,c | ILORILOw} ¨  GJ¼ § � ��YPWn[4�,K c Y�QSO C f BDCFE Y E MP\JKjTPM�v E Y E ILG]WLY cFE Y�WL�y[�IV{nGJQjTP\ cFE h E KjWwv;T CFE Gb\J[ h E Y�MW h TPILQSG Egc ��WLY�T CFE � c f � G E Y E ILMXWnGi��WLY,T CFE KjWwv E Y&MXWnKS\ h QSKSQjTa`¤OeWn\JK c h E T C IVT,T CFE0s,c | ILORILOw} ¨  GJ¼ § �vyILMD��Wn\JG c TXW h E [�ILQSGJKj`�I.TXY�Q C ` c Y�IVT E f8�,M"��WLY(T CFE&C ` c Y�IVT Egc � c | ILORILOw} ¨ QjTDQSM"^7WnMPMPQ h K E TXW�Y E [.Wwl E^kIVYPTNWL�HT CFE vyIVT E Y�[.WnK E \JK E h ` c YP`mQSGF{�QjT5QSG0I cFE MPQSORORIVTXWLYgf���� s,c MXWnKS\ h QSKSQjTPQ E MrQSG0T CFE �mf � ��Y�ILGF{ E ORILG
h E ILO C Q E l Egc*� ILG c T CFE TXY�ILGJMX^kIVY E GUT&v(QSG c Wwv�QSG]T CFE I h MXWLYP^JTPQjWnG�MX^ E OeTXY�\J[ºWL� s,c | ILORILOw} ¨ QSMZKSIVYP{ EE GFWn\F{ C*� I s,c | ILORILOw} ¨ ÉaKjWnI cFEgc KSQ � \JQ c MPORQSGUTPQSKSKSIVTXWLY"v�Wn\JK c WVÎ E Y(^JYPWn[�QSMPQSGF{�^JYPWnMX^ E OeTPM"��WLY(I cFE T E OeTXWLYTXWdM E IVY�O C ��WLY(G E \FTXY�QSGFWnK E MPM 	�	*É cFE ORIg` cFE T E OeTXWLYgf
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BDCFE GFW h K E {nILM@QSMXWLTXWL^ E §X§X§R�(G | B ¯��È§ ����� � c }dQSM¤� Egc h `�T CFE�� É cFE ORIg`�WL�0§X§X±R�(I~v C QSO C QjTPM E Kj�QSM0I][ E [ h E Y.WL�(T CFE §X¨X©RªDÉ cFE ORIg` O C ILQSG*f~�(I c WnG ORILG E GUT E YdQSGUTXW
T CFE MPORQSGUTPQSKSKSIVTXWLY h ` E [�ILGJIVTPQjWnG
WL� cFE T E OeTXWLYi[�IVT E Y�QSILKSMRf ¼,Qj{ C §X§X§R�(G OeWnGJO E GUTXY�IVTPQjWnGJMuQSG�T CFE MPORQSGUTPQSKSKSIVTXWLY_MXWnKjl E GUT_Y E MP\JKjT¤QSG�T CFE
ILOROR\J[�\JKSIVTPQjWnG.WL�7T CFE KjWnGF{VÉaKSQjl Egc QSMXWLTXWL^ E § ¯ ´R¢ h | B ¯��È§ � �L��� �ZIU}�f5�,KjT C Wn\F{ C T CFE 	*É cFE ORIg` E G E YP{L`0WL�T C IVT8QSMXWLTXWL^ E | �� ���3� �nÇ�� ¡uE<; }NQSM h E KjWwv»T CFE"E G E YP{L`0v(QSG c Wwv WL�HT CFE G E \FTXY�QSGFW�MPQj{nGJILKmT C QSMNQSMXWLTXWL^ E
QSM,WnG E WL�8T CFE [.WnMXT�OeY�QjTPQSORILK h ILOPzb{LYPWn\JG c MXWn\FY�O E M�QSGix�WLY Ee� QSGFW c \ E TXW_T CFE.C Qj{ CFE Y cFE ORIg` E G E YP{nQ E M
WL�,QjTPM�Y�I c QjWnILOeTPQjl E@c IL\F{ C T E Y�Gb\JORK E Q�§ ¯ ´ xyQ | ��:�����S�gÇL� ¡uE<; }�ILG c § ¯ ´R¢ W | �� �º��� �n�U� ¡uE<; }�f
BDCFE Y E ��WLY E ILKSK*[�IVT E Y�QSILKSMDQSG_OeWnGUTPILOeT(v(QjT C T CFE MPORQSGUTPQSKSKSIVTXWLYDILM"v E KSK*ILMDT CFE KSQ � \JQ c�C ILG c KSQSGF{0MX`mMXT E [�M
C Igl E TXW h E O CFE OPz Egc ��WLY(�(GmÉ E [�ILGJIVTPQjWnG*f
� ÀaÁ*ÀaÁ � �4.aÆ$+�.����½Ã +LÅ"!��
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tbE l E Y�ILK�Y E MP\JKjTPMZWnG¹T CFE §X§X§R�(G E [�ILGJIVTPQjWnG~WL� cFE T E OeTXWLYd[�IVT E Y�QSILKSM � KSQ � \JQ c�C ILG c KSQSGF{uMX`mMXT E [�M.ILG c
WLT CFE YDx�WLY Ee� QSGFW.MP\ h MX`mMXT E [�MyORILG h E ��Wn\JG c QSG�T CFE Y E � E Y E GJO E M&£ xyª ¸ �F� � o�� q �n� � �(�"ª�ÐLÐ � �(�"ª,�L� �
t � ¡ �L�V¦½f�7�QjT C QSG�T C QSM5T CFE MPQSM8T CFE §X§X§R�(G E [�ILGJIVTPQjWnG¤[ E ILMP\FY E [ E GUTPM8WL�$T CFE MPORQSGUTPQSKSKSIVTXWLY8^k\FY�Q 	 ORIVTPQjWnG
MX`mMXT E [�M@QSG�x�WLY Ee� QSGFW¹v E Y E OeWn[.^kK E T Egc f BDCFE Y E IVY E Tav�W»MP\JO C MX`mMXT E [�M_\JM Egc QSG�T CFE x�WLY Ee� QSGFW
Ee� ^ E Y�QS[ E GUTRf BDCFE � ¡ W c \JK � E YPW4�N£ ¼,�,�,Ðn��¦�vyILM�ILKjY E I c `@\JM Egc ��WLY,T CFE0C ILG c KSQSGF{ � ^k\FY�Q 	 ORIVTPQjWnGuILG c	 KSKSQSGF{ZWL��T CFE MPORQSGUTPQSKSKSIVTXWLY"[ E ILMP\FY Egc QSG�T CFE�¸yB o~^JYPWLTXWLTa`b^ E&cFE T E OeTXWLYgf�oFWLY(T CFE KSQ � \JQ c�C ILG c KSQSGF{ZWL�
T CFE x�WLY Ee� QSGFWZMPORQSGUTPQSKSKSIVTXWLY5T C QSM5MX`mMXT E [ v(QSKSKmWL^ E Y�IVT E QSG.^kIVY�ILKSK E KFv(QjT C ILGFWLT CFE Y8^k\FY�Q 	 ORIVTPQjWnG�MX`mMXT E [ �
T CFE MXWVÉaORILKSK Egc � t zmQ c M<�jf tbE l E Y�ILKHT E O C GJQ � \ E MyORILG h E IV^J^kKSQ Egc TXW0^k\FY�Qj��`0T CFE MPORQSGUTPQSKSKSIVTXWLYyQSG�T CFEZt zmQ c MR�
�  �! 	 �T& � �)!�����08BrE ¾kWnG 	 KjT E Y�M�v(QSKSK h E \JM Egc TXW�Y E [.Wwl E ^kIVYPTPQSORK E M�v C QSO C IVY E KSIVYP{ E YNT C ILG.�mf �n� �$[QSG c QSIL[ E T E Ygf
� � !�� �)! 	 	 � �)!�����0D¥ QSMXTPQSKSKSIVTPQjWnG¤ORILG h E \JM Egc TXWdQS[.^JYPWwl E T CFE WL^JTPQSORILK*TXY�ILGJMX^kIVY E GJOe`�WL��T CFE MPORQSGmÉTPQSKSKSIVTXWLY�MXWnKjl E GUTRf5�,GFWLT CFE Y�TPILMXz.WL�*T CFE,c QSMXTPQSKSKSIVTPQjWnG��ÊILORQSKSQjTa`.QSM5T CFE Y E [.WwlVILKkWL�*T CFE OeWnMP[.WL{ E GJQÏÉ
ORILKSKj`¤^JYPW c \JO Egc Y�I c QjWnILOeTPQjl E QSMXWLTXWL^ E � x E ILG c WLT CFE Y,Y�I c QjWnILOeTPQjl E QSMXWLTXWL^ E MRf BDCFEZc QSMXTPQSKSKSIVTPQjWnG
OeWnKS\J[�G_QSM,�0[ C Qj{ C ILG c WL^ E Y�IVT E M(IVT(I.^JY E MPMP\FY E WL�5�V� B WLYPY(ILG c I.T E [.^ E Y�IVTP\FY E WL�y�R�L��8 ¸ f

��� � �T(G&?( � �T& � ��)!�����0DBDCFE IV^J^JYPW � QS[�IVT E Kj`_Ç�[ C Qj{ C vyIVT E Y Ee� TXY�ILOeTPQjWnGiOeWnKS\J[�G_QSMDIV^J^JYPW � QÏÉ
[�IVT E Kj`0�mf �L��[;QSG c QSIL[ E T E YNILG c�	 KSK Egc v(QjT C MXT ERE Km^kILOPzVIV{ E M5TXW&QSGJOeY E ILM E T CFEyE Î E OeTPQjl E MP\FYP�ÊILO E f

�R�nÐ
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BDCFE OeWn\JGUT E Y5¾kWwv»^JY�QSGJORQj^kK E QSMN\JM Egc TXW&Y E [.Wwl EDE MPM E GUTPQSILKSKj` ³P´eµ T C IVT8QSM c QSMPMXWnKjl Egc QSG�T CFE MPORQSGmÉ
TPQSKSKSIVTXWLYgf

��� § � � �T&p!�� ��!��'"J0yBDCFE�s § ÉaMXTXY�Qj^J^kQSGF{&QSM c WnG E QSG�I�MPQS[�QSKSIVY�OeWnKS\J[�GdT C ILG�T CFE vyIVT E Y Ee� TXY�ILOeTPQjWnGOeWnKS\J[�Gdv CFE Y E ILM8T C QSM�OeWnKS\J[�G C ILMyI�MP[�ILKSK E Y c QSIL[ E T E YgfN�ÈG�T C QSM�MXT E ^¤{nILM E MyILM�Y�I c WnG � IVYP{LWnG �
zbYP`b^JTXWnGuWLY ¸ � § v(QSKSK h E Y E [.Wwl Egc f�oJ\FYPT CFE Y�[.WLY EL� QjT(Y E [.Wwl E M,W � `b{ E G
T C IVT�QSGUT E YP� E Y E M(v(QjT CT CFE MPORQSGUTPQSKSKSIVTXWLY�^ E YP��WLY�[�ILGJO E f�¼,Qj{ C ^k\FY�QjTa`�GJQjTXYPWL{ E G~v(QjT C I
§X§X§R�(GmÉaILOeTPQjlmQjTa`�WL�(K E MPM�T C ILG
� �$x � °�[�¨ | OeWLYPY E MX^7WnG c QSGF{�TXW¹ILG�Igl E Y�IV{ E Gb\J[ h E YdWL�Z�mf ��Y�I c WnG�IVTXWn[�M °�[�¨�} C ILMdTXW h E
\JM Egc f

��TDQSM�^kKSILGJG Egc TXW.WL^ E Y�IVT E T CFE MX`mMXT E [�IVT(I�¾kWwv Y�IVT E WL�y��[�¨g° C f BDCFEZt zmQ c MyIVY E OeWnGJG E OeT Egc TXW�T CFE
WLT CFE Y,MPORQSGUTPQSKSKSIVTXWLYy^k\FY�Q 	 ORIVTPQjWnG_MX`mMXT E [ � T CFEZ¡ W c \JK � E YPWFf
BDCFE"¡ W c \JK � E YPW�QSM cFE MPQj{nG Egc TXW&MXTXWLY EL� [�Q � ILG c ^k\FY�Qj��`&KSQ � \JQ c MRf p Qjz E T CFE(t zmQ c M�QjTNQSM�OeWnGJG E OeT Egc

TXW�T CFE MX`mMXT E [�M"^JYPW c \JORQSGF{0\JKjTXY�IV^k\FY E vyIVT E Y,ILG c GJQjTXYPWL{ E G*f BDCFE&¡ W c \JK � E YPW E MPM E GUTPQSILKSKj`�OeWnGJMPQSMXTPM
WL�8^k\FY�Q 	 ORIVTPQjWnGuOeWnKS\J[�GJM � lVIVY�QjWn\JM(TPILGFzmM�ILG c ^k\J[.^kMRf t WnKSQ c OeWnKS\J[�G
O C YPWn[�IVTXWL{LY�IV^ C `iQSM�\JM Egc ILM
^k\FY�Q 	 ORIVTPQjWnGi[ E T C W c QSGiT C QSM�MX`mMXT E [_f BDCFE MP\FYP�ÊILO E M�WL��T CFE MPORQSGUTPQSKSKSIVTXWLY,^k\FY�Q 	 ORIVTPQjWnGiMX`mMXT E [�M&IVY E
WnG E WL�rT CFE KSILMXTD[�IVT E Y�QSILKSMyQSG¤OeWnGUTPILOeT(v(QjT C T CFE MPORQSGUTPQSKSKSIVTXWLY h E ��WLY E T CFE�cFE T E OeTXWLY 	 KSKSQSGF{Ff BDCFE Y E ��WLY E
MX^ E ORQSILK*ORIVY E vyILMDTPIVz E GuQSG¤T CFE M E K E OeTPQjWnG@ILG c TXY E IVTP[ E GUT(WL��T CFE M E [�IVT E Y�QSILKSMRf
� ÀaÁ*À��  'JÃ�)�#�!�'*%('kÆ$+�)uÃ*Æ8Ä !�'*)�# � +�)
� ( � �T$'&)(�� ( � � �T(  � ��!�	J$'(
BDCFE [ E T C W c IV^J^kKSQ Egc TXW cFE T E OeT�T CFE Y�I c WnG�IVTXWn[�M E [�ILGJIVT Egc h ` T CFE QSGUl E MXTPQj{nIVT Egc [�IVT E Y�QSILK,QSM
h ILM Egc WnG¤OeWnGJO E GUTXY�IVTPQjWnG � ^k\FY�Q 	 ORIVTPQjWnGdILG c KjWwv"É h ILOPzb{LYPWn\JG c OeWn\JGUTPQSGF{�WL�${nILM"MPIL[.^kK E MRf BDC QSM8T E O C É
GJQ � \ E ILKSKjWwv(M,T CFE [ E ILMP\FY E [ E GUT�WL�8� E v¬Y�I c WnG
IVTXWn[�M c QSMXTXY�Q h \FT Egc QSGiM E l E Y�ILKN[�¨ZWL�5{nILMRfZoFWLY&T CFE
�(GmÉ cFE T E OeTPQjWnG]MX^ E ORQSILK�KjWwv h ILOPzb{LYPWn\JG c [�QSGJQSIVTP\FY�Qj  Egc ^JYPWL^7WLYPTPQjWnGJILK�OeWn\JGUT E Y�Md£ 7�� s ÐL��¦5WLY�Qj{nQSGJILKSKj`
cFE l E KjWL^ Egc ��WLY�T CFE ��� prprq �(É Ee� ^ E Y�QS[ E GUT�IVY E \JM Egc f � GJKj`_T CFE � É cFE ORIg`mMZQSGuT CFE �(GmÉ cFE ORIg`iO C ILQSG
IVY E0cFE T E OeT Egc f BDCFE h ILOPzb{LYPWn\JG c WL�5T CFE M E OeWn\JGUT E Y�M�QSGuT CFE Y E K E lVILGUT E G E YP{L`uY E {nQjWnG | � �V��z E<; }(QSM
QSG¤T CFE Y�ILGF{ E WL��WnG E OeWn\JGUTD^ E Y c Ig`Lf
�ÈG]T CFE ��WnKSKjWwv(QSGF{¤T CFE Ta`b^kQSORILK5^JYPWmO Egc \FY E ��WLYZIu[ E ILMP\FY E [ E GUT&WL�yT CFE �(G E [�ILGJIVTPQjWnG�QSGJMPQ cFE I

ORKjWnM Egc lLWnKS\J[ E | I�TPILGFz¹WLY¤OeWnKS\J[�GH}�QSM cFE MPOeY�Q h Egc f�o�QjY�MXT � T CFE lLWnKS\J[ E \JG cFE Y�MXTP\ c ` C ILM�TXW h E
ORIVY E �Ê\JKSKj`i^JY E ^kIVY Egc MPQSGJO E T CFE §X§X§R�(GmÉaILOeTPQjlmQjTa`
Wn\FTPMPQ cFE T CFE lLWnKS\J[ E QSM&MXWn[ E TPQS[ E MZ[.WLY E T C ILG 	 l E
WLY cFE Y�M�WL�y[�IV{nGJQjTP\ cFE M C Qj{ CFE Y�T C ILG�QSGJMPQ cFE f B W@Y E [.Wwl E Y E MPQ c \JILK�Y�I c WnG
T CFE lLWnKS\J[ E QSM�T CFE Y E ��WLY E
¾H\JM CFEgc v(QjT C ^k\FY E GJQjTXYPWL{ E G | §X§X§R�(G�ILOeTPQjlmQjTa`@«��3� � �$x � °�[�¨w}�f ¥ \FY�QSGF{&T CFE�s § ÉÍ¾H\JM C QSGF{&ILKSMXW�WLT CFE Y{nILM E M(T C IVT,ORIL\JM E�c QSMXTP\FY h QSGF{ E Î E OeTPM,WnG@T CFE [ E ILMP\FY E [ E GUT,ILMDvyIVT E Y�lVIV^7WLYDWLY ¸ � § IVY E Y E [.Wwl Egc f�(��T E Y5T CFE ¾H\JM C QSGF{(T CFE lLWnKS\J[ E T C IVT5QSM5GFWwv 	 KSK Egc v(QjT C GJQjTXYPWL{ E G.QSMNORKjWnM Egc ILG c Y E [�ILQSGJMN\JGUTXWn\JO CFEgc
��WLY0IVT�K E ILMXTZWnG E §X§X§R�(GmÉ C ILKÏ¾HQj� E f��ÈG�T C QSM�TPQS[ E ^ E Y�QjW c T CFE §X§X§R�(G�QSMZILKSKjWwv Egc TXW E [�ILGJIVT E ILG c TXW
{LYPWwv²QSG¹T CFE@s § IVTP[.WnMX^ CFE Y E f BDCFE G¹T CFEus § É½{nILMdOeWnGUTPILQSGJQSGF{]T CFE §X§X§R�(G»QSM0^k\J[.^ Egc T C YPWn\F{ C IORIVY h WnG_TXY�IV^uOeWbWnK Egc v(QjT C KSQ � \JQ c GJQjTXYPWL{ E G | �Z�gÐLÇ58 ¸ }�f BDCFE §X§X§R�(GmÉaILOeTPQjlmQjTa`_QSG_MPIVTP\FY�IVTPQjWnG@QSM h E KjWwv
�R�L� �$x � ��WLYZT CFE M E TXY�IV^kMd£ xyª ¸ �F�R¦½f s(Ee� T � T CFE TXY�IV^~QSM�vyIVY�[ Egc \F^�TXWuIV^J^JYPW � QS[�IVT E Kj` �Z�R�L��8 ¸ f
�yT,T C IVT(T E [.^ E Y�IVTP\FY E T CFE Y�I c WnGuQjTPM E Kj��QSM(MXTPQSKSK*TXY�IV^J^ Egc v CFE Y E ILM(Y E MPQ c \JILK$GJQjTXYPWL{ E GuQSG_T CFE TXY�IV^
QSM
E�� ORQ E GUTPKj`�Y E [.Wwl Egc f
�ÈG]T CFE G Ee� TZMXT E ^�T CFE {nILMZMPIL[.^kK E�C ILM&TXW h E ^k\FY�Q 	kEgc ILG c,	 KSK Egc QSGUTXW@T CFE [�QSGJQSIVTP\FY�Qj  Egc ^JYPWVÉ

^7WLYPTPQjWnGJILK�OeWn\JGUT E YgfZoFWLY�T C QSM,^k\FYP^7WnM E T CFE ORIVY h WnGiTXY�IV^]ORILG h E OeWnGJG E OeT Egc TXW_I�lVILOR\J\J[�OeWn\JGUT E Y	 KSKSQSGF{dKSQSG E [�I cFE Wn\FT�WL�8{nKSILMPMRf&�ÈGiT C QSM,IV^J^kIVY�IVTP\JM�T CFE MPIL[.^kK E QSM,^k\FY�Q 	kEgc f�o�QSGJILKSKj`_T CFE Y�I c WnG
QSM
[�Q �mEgc v(QjT C IdOeWn\JGUTPQSGF{d{nILM�ILG c 	 KSK Egc QSGUTXWdT CFE OeWn\JGUT E Ygf 7�QjT C T C QSM([ E T C W c WnGJKj`@§X§X§R�(GuORILG h E
cFE T E OeT Egc MPQSGJO E T CFE WLT CFE Y�M C WLYPTÈÉaKSQjl Egc GJIVTP\FY�ILK��(GmÉaQSMXWLTXWL^ E M � § ¯a·R�(GuILG c §X§ ´ �(G �HcFE ORIg` c \FY�QSGF{.T CFE
OeWn\JGUT E Y 	 KSKSQSGF{�^JYPWmO E MPMRf
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�(��T E Y&T CFE 	 KSKSQSGF{�T CFE OeWn\JGUT E YZQSM�OeWnGJG E OeT Egc TXW@T CFE.E K E OeTXYPWnGJQSORM&ILG c ORILKSQ h Y�IVT Egc \JMPQSGF{¤I � �Ro E É
MXWn\FY�O E f � GJKj` E l E GUTPM cFE ^7WnMPQjTPQSGF{�[.WLY E T C ILG]�V�¤z E<; QSGiT CFE OeWn\JGUT E YZIVY E Y E OeWLY cFEgc f BDC QSM E G E YP{L`
OR\FT¤ILKSKjWwv(M¤ILG E�� ORQ E GUT h ILOPzb{LYPWn\JG c Y Egc \JOeTPQjWnG�IV{nILQSGJMXT 	;ILG c � É½Y�I c QSIVTPQjWnG�MPQSGJO E T C QSMdzmQSG c WL�Y�I c QSIVTPQjWnG ORILGJGFWLT cFE ^7WnMPQjT.[.WLY E T C ILG»�V�]z E<; QSG~T CFE MP[�ILKSKylLWnKS\J[ E WL�,T CFE OeWn\JGUT E Y |�� �_[�K�}�f
�(^J^JYPW � QS[�IVT E Kj`��V���<WL�ZT CFE T C Y ERE�� É cFE ORIg`mMiQSG�T CFE §X§X§R�(GmÉ cFE ORIg`�O C ILQSG IVY E�cFE T E OeT Egc QSG�T CFE
OeWn\JGUT E Y�MRf BDCFE [ E ILMP\FY Egc ILOeTPQjlmQjTa`@QSG¤T CFE OeWn\JGUT E Y�ILKSKjWwv(M"TXW�ORILKSOR\JKSIVT E T CFE MPIVTP\FY�IVTPQjWnGuILOeTPQjlmQjTa`_QSG
T CFE TPILGFz�WLY,OeWnKS\J[�G_\JG cFE YDQSGUl E MXTPQj{nIVTPQjWnG*f
��� !�
 �
o�QjY�MXT"Y E MP\JKjTPM"WnG@T CFE �(GmÉ E [�ILGJIVTPQjWnG@[ E ILMP\FY E [ E GUTPMDWL��T CFE0t zmQ c M"OeWn[.^7WnG E GUTPMDv E Y E ^JY E M E GUT Egc QSG
£ xyª ¸ �F�e¦½f5�,M�^kIVYPT8WL�$T C QSM5T CFE MPQSM8T CFE [ E ILMP\FY E [ E GUTPM�v E Y E OeWn[.^kK E T Egc f5� MP\J[�[�IVYP`0WL�*T CFE Y E MP\JKjTPM
W h TPILQSG Egc ORILG h E ��Wn\JG c QSG B I h K E �UfS�Vf p Wwv E [�ILGJIVTPQjWnG~Y�IVT E M�v E Y E ��Wn\JG c QSG�T CFE KSIVYP{ E MP\FYP�ÊILO E
OeWnKS\J[�GJM���WLYZT CFE vyIVT E Y Ee� TXY�ILOeTPQjWnG�ILG c T CFEds QjTXYPWL{ E G�MXTXY�Qj^J^kQSGF{Ff BDCFE M E OeWnKS\J[�G]IVY E 	 KSK Egc v(QjT C
MXT ERE KJ^kILOPzVIV{ E M8v(QjT C I�TXWLTPILKHMP\FYP�ÊILO E WL�*M E l E Y�ILK C \JG c Y Egc [�§�f BDCFE MX^ E ORQ 	 OyILOeTPQjlmQjTa`0vyILM8MPQS[�QSKSIVY���WLY
h WLT C OeWnKS\J[�GJM�ILG c
cFE T E Y�[�QSG Egc TXW h E IVYPWn\JG c � �$x � °�[�§Vf t \JO C MPORILKSQSGF{�WL�8T CFE MP\FYP�ÊILO E ILOeTPQjlmQjTa`
Ta`b^kQSORILKSKj` c W E MDGFWLT"v�WLYPzd��WLYDl E MPM E KSM"v(QjT C MP[�ILKSK7MP\FYP�ÊILO E M"MPQSGJO E QSG_MP\JO C ORILM E MDT CFE OeWnGUTXY�Q h \FTPQjWnG�WL�
T CFE {nILMXz E TPM0ILG c lVILKjl E M�ORILG�MXTPIVYPTZTXW c Wn[�QSGJIVT E ILMZORILG h E M ERE G�QSG]T CFE [ E ILMP\FY Egc lVILKS\ E ��WLYZT CFE
h \mÎ E Y5TPILGFzHf5oFWLY8T CFE,s § MXTXY�Qj^J^kQSGF{�ILG c T CFE ¼ § ��Ee� TXY�ILOeTPQjWnG�OeWnKS\J[�G h KSILGFz�Y�\JGJMNv E Y E ^ E YP��WLY�[ Egc fBDC QSMZ[ E ILGJMZT C IVT�T CFE OeWnKS\J[�GJM&v E Y E Y E6	 KSK Egc v(QjT C�s § ILG c T CFE v C WnK E ^JYPWmO Egc \FY E vyILM�Y E ^ E IVT EgcQS[�[ Egc QSIVT E Kj`�IV��T E Y�T CFE �(I c WnG Ee� TXY�ILOeTPQjWnG*f BDCFE ILOeTPQjlmQjTa`.��Wn\JG c vyILM h E KjWwv��mfS�([�x � M C Wwv(QSGF{�T C IVT
GFW�MPQj{nGJQ 	 ORILGUTDIL[.Wn\JGUT"WL��Y�I c WnG@QSM"QSGUTXYPW c \JO Egc QSG¤T CFE IV^J^kKSQ Egc ^JYPWmO Egc \FY E f

t IL[.^kK E t \FYP�ÊILO E £ [�§�¦��,OeTPQjlmQjTa`�£ [�x � ¦
xy\mÎ E Y(TPILGFz � �3� �w� �¹�3� �nÐ
s § MXTXY�Qj^J^kQSGF{0OeWnKS\J[�G �L�V� ��� �n� �¹�3�S�e�
¼ § � Ee� TXY�ILOeTPQjWnGuOeWnKS\J[�G ÇV�n� �4� Ð �¹�3� �
CFE IVT Ee� O C ILGF{ E Y q �V�F� �V�3� �=����� �
CFE IVT Ee� O C ILGF{ E Y q �V�n� �V�3� ������� �
CFE IVT Ee� O C ILGF{ E Y,Y E ILMPM E [ h K Egc �3� �V�=�¹�3� �U�
o�QSKjT E Y �3� �n� �¹�3� �n�
B Y E h WLYD^k\J[.^ �3� �LÐ��¹�3� �U�
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BDCFE lLWnKS\J[ E M�IV��T E Y�T CFE0s § ÉaMXTXY�Qj^J^kQSGF{�OeWnKS\J[�G@v E Y E MXTP\ c Q Egc QSGu[.WnMXT cFE TPILQSK�MPQSGJO E T CFE Y E QSM,GFWY�I c WnG&Y E [.WwlVILKbIV��T E Y�T CFE�s § ÉaMXTXY�Qj^J^kQSGF{Ff*�ÈG&T C IVT�^kIVYPT$T CFE OeWn[.^7WnG E GUTPM�OeWnGJMPQSMXT$WL�JI CFE IVT Ee� O C ILGF{ E Y �^kQj^kQSGF{ � lVILKjl E M � I&T E ¾kWnG 	 KjT E Y�ILG c I&^k\J[.^$f�� 	 Y�MXT�[ E ILMP\FY E [ E GUT8WL�$T CFE v C WnK E lLWnKS\J[ E QSGJORKS\ c QSGF{
T CFE(CFE IVT Ee� O C ILGF{ E YyILG c T CFE 	 KjT E Y8M C Wwv Egc ILGd\JG Ee� ^ E OeT Egc�C Qj{ C Y E MP\JKjTN��WLY5T CFE MPIVTP\FY�IVTPQjWnG�ILOeTPQjlmQjTa`
Ë 	 � � WL�([.WLY E T C ILG¹�V�
[�x � f BDCFE §X§X§R�(GmÉaILOeTPQjlmQjTa`�QSG�T CFE¤¢y¸ | Ë����N}���YPWn[ T C IVT0MXWn\FY�O E ORILG h EORILKSOR\JKSIVT Egc h `

Ë����1��Ë 	 � � b£Ï� � Ee� ^ | �	� Ì }½¦ | �UfS�w}
v(QjT C T CFE �(GmÉ cFE ORIg`_OeWnGJMXTPILGUT
�*f8�,MPMP\J[�QSGF{.I0¾kWwv Y�IVT E WL��T CFEZ¢y¸ WL�"��[�¨w° C T CFE §X§X§R�(GmÉaILOeTPQjlmQjTa`
QSG��Z[�¨�WL��T CFE KSQ � \JQ c IV��T E Y,IdOeWnGUTPILOeT,TPQS[ E WL�D� C ORILG h E ORILKSOR\JKSIVT Egc \JMPQSGF{.T CFE I h Wwl E�Eg� \JIVTPQjWnG*f
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Water In

Water out

PC out

Shell−side gasket
(spiral flexatalic)

(metal seal with outer o−ring)
Head gasket

Shell
Bonnet (or Head)

Partition welds

Tubesheet welds

Partition gasket

Partition baffles

Temperature probe well

Tubesheet

PC in

Flange studs

 �!#"%$'&)( �%,/.10 ��21@]A�AM4 2%3=f 8Z6/@|4yFG@P8TY;K=8pf AC2%DE:�A 6/2%3y4MD)f g�D)N%3=N%6/A 8pN-F 8pACA=3=f �EO < D)Q�8B2%3M8Z6�3Cw1{
4 2\8pNZYZ3LK+5EA=3jFy@]N 6/2%3��GWZ@|FGAj

�,MPMP\J[�QSGF{
GFWwv�T C IVT�ILKSK�T CFE § ¯ ´R¢ h ILOROR\J[�\JKSIVT Egc ��YPWn[�T CFE �(GmÉ cFE ORIg`~Y E [�ILQSGJM C Wn[.WL{ E G E Wn\JMPKj`
c QSMXTXY�Q h \FT Egc QSG�T CFE MPORQSGUTPQSKSKSIVTXWLY&T CFE § ¯ ´R¢ h ÉaILOeTPQjlmQjTa`�Ë ��� QSG�T CFE�	Hc \JORQSILKNlLWnKS\J[ E WL�"T CFE¤cFE T E OeTXWLY
ORILG h E�cFE Y�Qjl Egc h `

Ë ��� ��Ë�� �  � � �¯��È§
� ���¯��È§

| �Uf �n}

oFYPWn[<T CFE I h Wwl EiEg� \JIVTPQjWnG�T CFEuE MXTPQS[�IVT Egc § ¯ ´R¢ h ÉaILOeTPQjlmQjTa`»QSMdI h Wn\FTdWnG EicFE ORIg`»^ E Y c Ig`»QSG»T CFE	Hc \JORQSILK*lLWnKS\J[ E f BDC QSM(QSM(I h Wwl E T CFE KSQS[�QjT"WL�5T CFE TXWnK E Y�I h K E h ILOPzb{LYPWn\JG c OeWnGUTXY�Q h \FTPQjWnG@WL�5I�MPQSGF{nK E
MXWn\FY�O E f
BDCFE Y E ��WLY EL�7E ILO C OeWn[.^7WnG E GUT�WL�8T CFE QSGUl E MXTPQj{nIVT Egc lLWnKS\J[ E vyILM�[ E ILMP\FY Egc M E ^kIVY�IVT E Kj`iILG c T CFE

CFE IVT Ee� O C ILGF{ E YDvyILM"��Wn\JG c TXW h E T CFE [�ILQSG�WLY�Qj{nQSG�WL�rT CFE §X§X§R�(GmÉaILOeTPQjlmQjTa`Lf8� c QSIV{LY�IL[¶WL�rT CFE�CFE IVT
Ee� O C ILGF{ E YdQSM�M C Wwv(G¹QSG~o�Qj{Ff8�UfS�Vf BDCFE TP\ h E M CFERE T.ILG c T CFE h WnGJG E T0IVY E [�I cFE WL�,MXTPILQSGJK E MPM�MXT ERE K
ILG c ILKSK5T CFE TP\ h QSGF{@vyILM E K E OeTXYPWL^7WnKSQSM CFEgc f tbE l E Y�ILK E [�ILGJIVTPQjWnG�T E MXTPM�v E Y E ^ E YP��WLY�[ Egc TXWi�Ê\FYPT CFE Y
QSMXWnKSIVT E T CFE
E [�ILGJIVTPQjWnG�MXWn\FY�O E f t Wn[ E WL�ZT CFE {nILMXz E TPM | s `mKjWnGH}.v E Y E [ E ILMP\FY Egc ILG c ��Wn\JG c TXW
h E Y�I c QjWL^k\FY E f BDCFEZCFE I c ^kIVYPT�ILG c T CFE TP\ h QSGF{�^kIVYPT(WL�NT CFE0CFE IVT Ee� O C ILGF{ E Y�v E Y E ILKSMXW¤[ E ILMP\FY Egc
M E ^kIVY�IVT E Kj`���YPWn[�v C QSO C QjTrvyILMr��Wn\JG c T C IVT�T CFE WLY�Qj{nQSG&WL�FT CFE OeWnGUTPIL[�QSGJIVTPQjWnG�QSMrQSG&T CFE h WnGJG E TRf��(��T E Y
T CFE h WnGJG E T,vyILM�Y E ILMPM E [ h K Egc T CFE.E [�ILGJIVTPQjWnG
Y�IVT E WL��T CFE v C WnK E.CFE IVT Ee� O C ILGF{ E YZvyILM&[ E ILMP\FY Egc
TXW h E �3� �V� ���3� �U�0[�x � v C QSO C QSMyKjWwv E GFWn\F{ C ��WLY"T CFE Y Eg� \JQjY E [ E GUTPM�WL�rT CFE x�WLY Ee� QSGFW Ee� ^ E Y�QS[ E GUTRf
BDCFE §X§X§R�(G E [�ILGJIVTPQjWnG QSG~T CFE WLY�Qj{nQSGJILK CFE IVT Ee� O C ILGF{ E Y�vyILM.ORIL\JM Egc h `~OeWnGUTPIL[�QSGJIVT Egc v E K c QSGF{
YPW c M"\JM Egc ��WLYDT CFE v E K cFEgc �XWnQSGUTPMRf
BDCFE Y E IVY E Tav�Wi[.WLY E�CFE IVT Ee� O C ILGF{ E Y�MZWL�yT CFE MPIL[ E Ta`b^ E QSG
T CFE�t zmQ c MRf.�,G E [�ILGJIVTPQjWnG]T E MXT

WL�NWnG E WL�NT CFE [�M C Wwv Egc IdMPQS[�QSKSIVY"ILOeTPQjlmQjTa`@ILM(T CFE WLT CFE Y,WnG E h E ��WLY E T CFE Y E ILMPM E [ h KSQSGF{Ffy¼(Wwv E l E Y �
QjTyvyILM cFE ORQ cFEgc GFWLT"TXW.Y E ILMPM E [ h K E T CFE WLT CFE Y"Tav�W CFE IVT Ee� O C ILGF{ E Y�MDMPQSGJO E T CFE `¤IVY E KjWmORIVT Egc h E ��WLY E



�j dZ�§X§X§o	�� Ua� �����a	��+�����&� � R'�
��� �L�g�

T CFE�s § ÉaOeWnKS\J[�G*f BDCFE Y E ��WLY E T CFE QjY"OeWnGUTPIL[�QSGJIVTPQjWnG_QSM"K E MPMyOeY�QjTPQSORQSILKHMPQSGJO E [.WnMXTyWL�rT CFE Y�I c WnG�v(QSKSK h EY E [.Wwl Egcuc \FY�QSGF{�T CFEZs § ÉaMXTXY�Qj^J^kQSGF{Ff
� � 
�$ 	���(G& �
BDCFE O E GUTXY�ILK*OeWn[.^7WnG E GUTPMyQSG ¡ W c \JK � E YPW.IVY E T CFE Tav�W.^k\FY�Q 	 ORIVTPQjWnGdOeWnKS\J[�GJM 	 KSK Egc v(QjT C MPQSKSQSORI&{ E KÍf
BDCFE ILOeTPQjlmQjTa`iWL��T CFE KjWwv §X§X±R�(I@MPQSKSQSORId{ E KÊ¯ZQjTPM E Kj�8vyILM cFE T E Y�[�QSG Egc TXW h E «���� �_x � °wzb{~£ xyª ¸ �F�e¦½f
¥ \FY�QSGF{DWL^ E Y�IVTPQjWnG�IV^J^JYPW � QS[�IVT E Kj`Z�V�(zb{,WL�FT CFE MPQSKSQSORIy{ E Kbv(QSKSK h E \JM Egc QSG E ILO C OeWnKS\J[�G*f q [�ILGJIVTPQjWnG
T E MXTPM�WL�*WnG E(E [.^JTa`�OeWnKS\J[�G.Y E MP\JKjT Egc QSGdILGdILOeTPQjlmQjTa`�WL� | �3� �LÐ��u�3� �n�n}y[�x � f BDCFEDE [�ILGJIVTPQjWnGdWL�*T CFE
MPQSKSQSORI�{ E K 	 KSK Egc OeWnKS\J[�GJM5v E Y E ILKSMXW&T E MXT Egc ILG c T CFE ILOeTPQjlmQjTa`.vyILM cFE T E Y�[�QSG Egc TXW h E QSG.T CFE Y�ILGF{ E WL�
�"[�x � £ o�� q �n�V¦½f t \ h TXY�ILOeTPQSGF{"T CFE ILOeTPQjlmQjTa`�WL�mT CFE5E [.^JTa`�OeWnKS\J[�G�WnG E ORILGZORILKSOR\JKSIVT E I h E TXT E Y�\F^J^ E Y
KSQS[�QjT(��WLY�T CFE MPQSKSQSORId{ E KNILOeTPQjlmQjTa`uT C ILG
T C IVT�{nQjl E G]I h Wwl E WL�(« �3� �¤[�x � °wzb{Ff ¡ WLY E Y E MP\JKjTPM,I h Wn\FT
�(GmÉ E [�ILGJIVTPQjWnG][ E ILMP\FY E [ E GUTPM�WL� ¡ W c \JK � E YPW_OeWn[.^7WnG E GUTPM�ORILG h E ��Wn\JG c QSG £ o�� q �n� � xyª ¸ �F�e¦½f
�ÈG�OeWnGJORKS\JMPQjWnG � T CFE [ E ILMP\FY Egc �(GmÉ½^k\FY�QjTa`iK E l E KSM&WL�yT CFEd¡ W c \JK � E YPWuILG c T CFE¤t zmQ c M�OeWn[.^7WnG E GUTPM
IVY E MP\ � ORQ E GUT"��WLYDT CFE G EREgc M"WL�Nx�WLY Ee� QSGFWFf

� ��	 ����� -��0�"!$#&%('*),+.-0/ :�- >����	�
�(I c WnG QSM.I]OeY�QjTPQSORILKyQjT E [ QSG¹[.WnMXT�G E \FTXY�QSGFW Ee� ^ E Y�QS[ E GUTPM �5E MX^ E ORQSILKSKj`�v CFE G~T CFE_E G E YP{nQ E M0TXW h E
cFE T E OeT Egc IVY E h E KjWwv4� ¡uE<; f"�ÈG�ILG��ÈGmÉ cFE T E OeTXWLYuI h ILOPzb{LYPWn\JG c MXWn\FY�O E v�Wn\JK c h E T CFE]cFE KSIg` Egc
OeWnQSGJORQ cFE GJO E h E Tav ERE G»ILG QSG c QS\J[ 	*É cFE ORIg` ILG c I 	*É � ÉaORILMPORI cFE ��YPWn[ § ¯ ³g¢ h WL�(T CFE §X§X§R�(G cFE ORIg`O C ILQSG¤WmOROR\FYPY�QSGF{0QSG�T CFE MPIL[ E [�QSOeYPWmO E KSKÍf��,MPMP\J[�QSGF{�T CFE MPQj  E WL��T CFE [�QSOeYPWmO E KSKHQSM | � ��� �_�V�U}�OR[�¨
| �mf ��K�}�T CFE �ÈGmÉaILOeTPQjlmQjTa`_IVT,� �ZÉaKjWnI c QSGF{.v�Wn\JK c h E �gÇ�x � °�[�QSOeYPWmO E KSKÍf BDCFE ^J^FÉ�
 � E l E GUT,Y�IVT E v�Wn\JK c
h E IV^J^JYPW � QS[�IVT E Kj`��$È�R�b®*¯ ´ ^ E YNM E OVfNª,G cFE Y�T CFE OeWnGJM E YPlVIVTPQjl E ILMPMP\J[.^JTPQjWnGZT C IVT E l E YP`0§ ¯ ³g¢ h É cFE ORIg`
QSG.T CFE [�QSOeYPWmO E KSKFILG c QSG0T CFE TPQS[ E v(QSG c Wwv�.WL�N�R� �$M5IV��T E Y�ILG��ÈGmÉ cFE ORIg`�QSG0T CFE MPIL[ E O E KSKk[�QS[�QSORMNI

 � É E l E GUT"WnG E ORILG_ORILKSOR\JKSIVT E T CFE ILKSKjWwv Egc § ¯ ³g¢ h ÉaILOeTPQjlmQjTa`�QSG�I0[�QSOeYPWmO E KSKH��WLY"I0MPQj{nGJILKÏÉ½TXWVÉaGFWnQSM E Y�IVTPQjW
WL�"�R�m�S�V�

�R��wË�� � ��.gË ��� � ��n�R� ®*¯ ´�� � ����Ë ��� ���3�S�g�L� � � � | �Uf �n}
BDC QSM"OeWLYPY E MX^7WnG c MyTXWdI.§X§X§R�(GmÉaILOeTPQjlmQjTa`_QSG¤T CFE MPORQSGUTPQSKSKSIVTXWLYyWL�N�mfS�g���$x � °�KÍf
s(Ee� T(T CFE ��Y�ILOeTPQjWnG@WL�NOeY�QjTPQSORILK*§ ¯ ³g¢ h É cFE ORIg`mM | ¢ ��� }yQSM E MXTPQS[�IVT Egc f BDCFE Y E QSMDId�LÇ � ^JYPW h I h QSKSQjTa`

£ B � �XÐLÇw¦7��WLYyI 	 � � ÉaORILMPORI cFE v(QjT Cdq ��� Çn�b�,z E<; ILG c�q�� � �L�L�Zz E<; fm�,MPMP\J[�QSGF{&Y E ILKSQSMXTPQSO E G E YP{L`v(QSG c Wwv(M���WLY�T CFEdE K E OeTXYPWnGJM0ILG c {nIL[�[�ILM�WL�"T CFE�cFE KSIg` Egc ORILMPORI cFE | E ° � § ILG c � ¨ QSG�o�Qj{Ffy�Vf �b}&QSGT CFE G E \FTXY�QSGFW�MPQj{nGJIVTP\FY E ILKjWnGF{�v(QjT C IZY E ILMXWnGJI h K E,E G E YP{L`dY E MXWnKS\FTPQjWnGdT CFE Y E MP\JKjTPQSGF{&^JYPW h I h QSKSQjTa`0��WLY
Id�ÊIVz E0E l E GUT�QSM(�mf �L� �?QSG@T C QSM h Y�ILGJO C f,oJ\FYPT CFE Y�[.WLY EL� T CFE Y E QSMDT CFE ^7WnMPMPQ h QSKSQjTa`dWL�8I�§ ¯ ³g¢ h É cFE ORIg`
QSGUTXW~I C Qj{ CFE Y Ee� ORQjT Egc MXTPIVT E IVT_�L�L��z E<; f BDCFE h Y�ILGJO C QSGF{�Y�IVTPQjW�WL�&T C QSMd[.W cFE QSMdWnGJKj` �Vf �V� �
£ B � �XÐLÇw¦ � h \FT,T CFE MP\J[²WL�8T CFE0E [�QjTXT Egc {nIL[�[�ILM&QSM,QSGJMPQ cFE T CFE�E G E YP{L`uv(QSG c Wwv¬WL� � ¨ f&�,KSMXW_[.WLY EE K E OeTXYPWnGJMd��YPWn[ T CFE 	*É cFE ORIg` | q �� � � � �UÐV��z E<; }�IVY E QSG»T CFEuE G E YP{L` v(QSG c Wwv?WL� | E ° � § }�f BDC QSMY E MP\JKjTPM�QSG�I~�mf �L� � ^JYPW h I h QSKSQjTa`~��WLY_OeY�QjTPQSORILK h ILOPzb{LYPWn\JG c�E l E GUTPMRf BDCFE Y E ��WLY E WnG E W h TPILQSGJMd��WLY
¢ ��� �?�3� �L�n�L� � �3� �L�V�L� ���3� �L�nÇLÐbf ¸ WnGUTXY�Q h \FTPQjWnGJM c \ E TXW
WLT CFE Y h Y�ILGJO CFE M�IVY E G E {nK E OeT Egc f BDCFE
ORILKSOR\JKSIVT Egc ^JYPW h I h QSKSQjTa`0TXY�ILGJMPKSIVT E MyQSGdI�Y Eg� \JQjY Egc Y�I c QjWL^k\FY�QjTa`.QSGdT E Y�[�M�WL�r§X§X§R�(GdWL�r�3�S�g�����3� �L�nÇLÐ �
�V� �$x � °�KHWLY���� �8g�R�b®*¯a§,{b°w{.ªZf BDC QSM8OeWLYPY E MX^7WnG c M8TXW0I h Wn\FTy�mfS�,[�x � ^ E YyO E KSK | � �.� �d�V�L�LOR[�¨�}NWLY
I h Wn\FT��mf �¤[�x � °�[�§0�(GmÉ E [�ILGJIVTPQjWnG
WL��T CFE MP\FYP�ÊILO E [�IVT E Y�QSILKÍf BDCFE Y E IVY E�C \F{ E lVIVY�QSIVTPQjWnGJM�QSGiT CFE
E [�ILGJIVTPQjWnG�Y�IVT E MyWL� c QÏÎ E Y E GUT�[�IVT E Y�QSILKSMRfN��TyQSM8T CFE Y E ��WLY E [�ILG c IVTXWLYP`�TXW0T E MXTyT CFE �(GmÉ E [�ILGJIVTPQjWnG�WL�
T CFE \JM Egc O E KSK$[�IVT E Y�QSILKSM"QSG_WLY cFE Y"TXW 	 G c I�[�IVT E Y�QSILK*v(QjT C T CFE Y Eg� \JQjY Egc ^k\FY�QjTa`Lf
��� �"!$#&%"')( *�+ �"!$#-,".0/ 12!$#&34')57698�:$'<;=!$>?/2*A@=B





� � � � ����	

BDCFE OR\FYPY E GUT0QSGUT E Y E MXT.QSG~KjWwv E G E YP{L`~G E \FTXY�QSGFWu^ C `mMPQSORM�QSM0QSG�T CFE MXTP\ c `�WL�(T CFE [�ILMPM0^JYPWL^ E YPTPQ E M
WL�DT CFE G E \FTXY�QSGFWFf 7�QjT C GFWwl E Ky[ E TPILKyKjWnI cFEgc KSQ � \JQ c MPORQSGUTPQSKSKSIVTXWLY0MX`mMXT E [�MZ�Ê\FTP\FY E ^JYPW � E OeTPM0QSG�T CFE	kE K c M&WL�,MXWnKSIVY0G E \FTXY�QSGFWnM � Y E ILOeTXWLY�G E \FTXY�QSGFWnMZILG c 	�	*É cFE ORIg` h E OeWn[ E � E ILMPQ h K E fi�?KSQS[�QjTPQSGF{@QSMPMP\ E
QSG~^kILMXT.G E \FTXY�QSGFW Ee� ^ E Y�QS[ E GUTPM�vyILM.T CFE KjWnGF{
T E Y�[ MXTPI h QSKSQjTa`�WL�,T CFE [ E TPILKDKjWnI cFEgc MPORQSGUTPQSKSKSIVTXWLY�MRf
BDCFE h ILMPQSO�Y Eg� \JQjY E [ E GUTPMZWnG~T CFE MPORQSGUTPQSKSKSIVTXWLY�IVY E MPQS[�QSKSIVYZQSG�ILKSK8�Ê\FTP\FY E�Ee� ^ E Y�QS[ E GUTPMR��KjWnGF{uT E Y�[
MXTPI h QSKSQjTa` � Y�I c QjWL^k\FY�QjTa` �HC Qj{ C KSQj{ C T(`mQ E K c ILG c KjWnGF{�IVTXT E Gb\JIVTPQjWnG]K E GF{LT C M,QSG@T CFE vyIgl E K E GF{LT C Y E {nQjWnG
WL�5T CFE MPORQSGUTPQSKSKSIVTXWLY E [�QSMPMPQjWnG*f,� G E v¬[ E T C W c TXW�^JYPW c \JO E [ E TPILK�KjWnI cFEgc KSQ � \JQ c MPORQSGUTPQSKSKSIVTXWLY�MDT C IVT
[ ERE TDT CFE M E Y Eg� \JQjY E [ E GUTPM"QSM cFE MPOeY�Q h Egc QSG¤T C QSMyT CFE MPQSMRf
�¬�Ê\FTP\FY E MXWnKSIVY�G E \FTXY�QSGFW Ee� ^ E Y�QS[ E GUT([ E ILMP\FY�QSGF{.T CFE KjWwv E G E YP{L`uG E \FTXY�QSGFW�MX^ E OeTXY�\J[�QSG@Y E ILKÏÉ

TPQS[ E lmQSI�T CFE O C IVYP{ E OR\FYPY E GUT�QSGUT E Y�ILOeTPQjWnG]OeWn\JK c ILGJMXv E Y&KjWnGF{nMXTPILG c QSGF{ � \ E MXTPQjWnGJM�QSGi^kIVYPTPQSORK E ILG c
ILMXTXYPWL^ C `mMPQSORMRf tbE l E Y�ILKmTPIVYP{ E T8QSMXWLTXWL^ E M�v E Y E ^JYPWL^7WnM Egc QSG�T CFE KSILMXT cFE ORI cFE MN��WLYNMP\JO C ILG Ee� ^ E Y�QS[ E GUT
Wn\FT(WL��v C QSO C ¯ �È± � h ILG c ¯X¯��e�ÈG@TP\FY�G Egc Wn\FT(TXW h E T CFE [.WnMXT(^JYPWn[�QSMPQSGF{.ORILG c Q c IVT E MRf BDCFE QSGUT E Y�GJI�É
TPQjWnGJILK prq8s�td¸ WnKSKSI h WLY�IVTPQjWnG.MXTP\ c Q E M5T CFE � E ILMPQ h QSKSQjTa`�WL�*IZMXWnKSIVY�G E \FTXY�QSGFW Ee� ^ E Y�QS[ E GUT8\JMPQSGF{&QSG c QS\J[
c QSMPMXWnKjl Egc QSG�I�KSQ � \JQ c MPORQSGUTPQSKSKSIVTXWLYdILM�I�TPIVYP{ E TRf �ÈG�T C QSM.T CFE MPQSM�T CFE
cFE l E KjWL^k[ E GUT � ^k\FY�Q 	 ORIVTPQjWnG �
WL^JTPQSORILKyO C IVY�ILOeT E Y�Qj gIVTPQjWnG � WL^JTPQS[�Qj gIVTPQjWnG~ILG c T CFE WLY E TPQSORILK"[.W cFE KSQSGF{@WL�(IiGFWwl E K C Qj{ C Kj`
�ÈGmÉaKjWnI cFEgc
MPORQSGUTPQSKSKSIVTXWLY"\JMPQSGF{ 	*É c Qjz E TXWnG E O CFE [�QSMXTXYP` C ILM h ERE G¤QSGUl E MXTPQj{nIVT Egc f BDCFE [ E TPILK 	*É c Qjz E TXWnG E OeWn[.^kK Ee�
�ÈG | ILO E Ta`mKSILO E TXWnG E } ¨ | �ÈG | ILORILOw} ¨ }�ORILG h E@c QSMPMXWnKjl Egc QSG¹T CFE MPORQSGUTPQSKSKSIVTXWLY�MXWnKjl E GUTdILGJQSMXWnK E \F^»TXW�ILG�ÈGmÉaKjWnI c QSGF{0WL�5�Uf Ð.vDTRf ��f
¡uE TPILK�	*É c Qjz E TXWnG E [.WnK E OR\JK E M(KSQjz E �ÈG | ILORILOw} ¨ IVY E zmGFWwv(G@TXW h E l E YP`_MXTPI h K E&E l E GiIVT C Qj{ C T E [0É^ E Y�IVTP\FY E M_ILG c TXW C Igl E�C Qj{ C lVIV^7WLY_^JY E MPMP\FY E MRf BDC QSM¤ILKSKjWwv(M¤^k\FY�Q 	 ORIVTPQjWnG�WL��T CFE [�IVT E Y�QSILK h `

MP\ h KSQS[�IVTPQjWnG*f$7�QjT C T C QSM8^k\FY�Q 	 ORIVTPQjWnG.[ E T C W c ILG c IZMX^ E ORQSILKkMX`mGUT CFE MPQSM5^JYPWmO Egc \FY E ILQS[�QSGF{ZIVT�WL^JTPQÏÉ
ORILK*TXY�ILGJMX^kIVY E GJOe`�WL��T CFE=	 GJILK7^JYPW c \JOeT � l E YP`¤^k\FY E �ÈG | ILORILOw} ¨ OeWn\JK c h E ^JYPW c \JO Egc f BDCFE [ E ILMP\FY EgcIVTXT E Gb\JIVTPQjWnGdK E GF{LT C v CFE G c QSMPMXWnKjl Egc QSG0ILGJQSMXWnK E IVT��,vDTRf � �ÈGmÉaKjWnI c QSGF{�vyILM5QSG0T CFE ��[;TXW���[;Y�ILGF{ E
| v(QjT C Wn\FTy¾H\FWLY�M }�f
BDC QSM"MPORQSGUTPQSKSKSIVTXWLY(MX`mMXT E [�G EREgc M C Qj{ C ¾H\FWLY(IL[.Wn\JGUTPM(TXW�W h TPILQSGuI�MP\ � ORQ E GUT(KSQj{ C T"`mQ E K c f ¸ Wn[0É

^ E TPQSGF{ E G E YP{L`ZTXY�ILGJMX� E Y�^JYPWmO E MPM E M�WmOROR\FY � ��YPWn[ T CFE MXWnKjl E GUTN[.WnK E OR\JK E M | Ee� ORQjT Egc h ` E K E OeTXYPWn[�IV{nG E TPQSO
Y�I c QSIVTPQjWnGH}7TXW,T CFE ¾H\FWLY � WLYNILKjT E Y�GJIVTPQjl E Kj`�TXW�T CFE �ÈG | ILORILOw} ¨ [.WnK E OR\JK E Mrv C QSO C I h MXWLY h MXTXYPWnGF{nKj`&QSGZT CFEª ; É½Y E {nQjWnG�WL�7T CFE MXWnKjl E GUT E [�QSMPMPQjWnG*f q G E YP{L`�TXY�ILGJMX� E YPY Egc TXWZT CFE �ÈG | ILORILOw} ¨ QSMNT C \JM5KjWnMXT8QSG0T E Y�[�M5WL�E [�QSMPMPQjWnG¤WL�5MPORQSGUTPQSKSKSIVTPQjWnG_KSQj{ C T � MPQSGJO E T CFE �ÈG | ILORILOw} ¨ Éa[.WnK E OR\JK E QSMDGFWnGmÉÍ¾H\FWLY E MPO E GUTRf BDCFE Y E ��WLY EL� T CFEE G E YP{L`iTXY�ILGJMX� E Y&Y�IVT E TXW@T CFE ¾H\FWLY C ILM�TXW h E [�I � QS[�Qj  Egc v CFE Y E ILM�T CFE.E G E YP{L`u¾kWwv TXW@�ÈG | ILORILOw} ¨C ILMZTXW h E [�QSGJQS[�Qj  Egc f BDC QSM&{LWnILK C ILM h ERE G~ILO C Q E l Egc h `]WL^JTPQS[�Qj gIVTPQjWnG�WL�"T CFE ¾H\FWLY0O C WnQSO E ILG c
OeWnGJO E GUTXY�IVTPQjWnG*f BDC QSMNWL^JTPQS[�Qj gIVTPQjWnG.^JYPWmO E MPM5Y E MP\JKjT Egc QSG�T CFE \JM E WL�*T CFE ¾H\FWLY�x ¢ � QSG C Qj{ C OeWnGJO E GmÉ
TXY�IVTPQjWnGJM c Wn[�QSGJIVTPQSGF{�T CFE MPORQSGUTPQSKSKSIVTXWLY,I h MXWLY h ILGJO E QSG@T CFE vyIgl E K E GF{LT C Y E {nQjWnGuWL�5QSGUT E Y E MXT h E Tav ERE G
IV^J^JYPW � QS[�IVT E Kj`��U�V��GJ[�TXW��U�V�dGJ[_f
oFYPWn[ cFE TPILQSK Egc [ E ILMP\FY E [ E GUTPM�WL�kT CFE WL^JTPQSORILKm^JYPWL^ E YPTPQ E MrWL�kT CFE M E l E Y�ILKFOeWn[.^7WnG E GUTPM�WL^JTPQS[�Qj  Egc

MPORQSGUTPQSKSKSIVTXWLYDOeWn[.^7WnMPQjTPQjWnGJM C Igl E h ERE G cFE MPQj{nG Egc ��WLY,I prq8s�t ^JYPWLTXWLTa`b^ E O E KSKÍf BDCFE ^ E YP��WLY�[�ILGJO E WL�
Tav�W
MPORQSGUTPQSKSKSIVTXWLY�OeWn[.^7WnMPQjTPQjWnGJM�vyILMZT E MXT Egc QSG�Ii�@OR[ �¬�@OR[ ���R�L�
OR[ � \JIVYPTX �O E KSK8IVT0ILG��ÈGmÉ

�L�g�
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KjWnI c QSGF{]WL�&�]vDTRf � ILG c �FfS�@vDTRf � � Y E MX^ E OeTPQjl E Kj`Lf�oFWLY�T CFE �
vDTRf � | �FfS�uvDTRf ��}0MPORQSGUTPQSKSKSIVTXWLY�T CFE
�����������
	�� IVTXT E Gb\JIVTPQjWnG@K E GF{LT C | QSGJORKS\JMPQjl E ¾H\FWLY�M }8QSG�T CFE ��[?KjWnGF{.O E KSK7vyILMD[ E ILMP\FY Egc TXW h E �Vf �L�.[| �Vf �L�u[�} � T CFE�E G E YP{L`
Y E MXWnKS\FTPQjWnG�IVTZ�b�L�¤z E<; vyILM cFE T E Y�[�QSG Egc TXW h E �R�mf � � | �L�Vf Ç ��}�ILG c T CFE
MX^kIVTPQSILKHY E MXWnKS\FTPQjWnG�QSG�MP\JO C I0MPORQSGUTPQSKSKSIVTXWLYyQSM"Ç�OR[ | ��OR[�}�f5� | � ���n}�IVYPY�Ig`�OeWnGJMPQSMXTPQSGF{ZWL�rT CFE MPIL[ E
zmQSG c WL�5�,[ KjWnGF{ � \JIVYPTX �O E KSKSM 	 KSK Egc v(QjT C �ÈGmÉaKjWnI cFEgc ILG c \JGJKjWnI cFEgc MPORQSGUTPQSKSKSIVTXWLY�M5vyILM�OeWnGJMXTXY�\JOeT Egc*�
^k\FY�Q 	kEgc ILG c KjWnI cFEgc QSGUTXW@ILG�\JG cFE YP{LYPWn\JG c KjWwv Y�I c QjWnILOeTPQjlmQjTa`
M C Q E K c QSGF{ | prp xyo5}�IVT0�,Y�ILG t ILMPMXW
��WLY h ILOPzb{LYPWn\JG c MXTP\ c Q E MRf.�ÈG
T C QSM prq8s�t ^JYPWLTXWLTa`b^ E [ E ILMP\FY E [ E GUTZI@MPORQSGUTPQSKSKSIVTXWLY&OeWn[.^7WnMPQjTPQjWnG
WL�
�U�
{b°�K"�ÈG � �V�]{b°�KDx ¢ � ILG c �R�L��[.{b°�K h QSMÈÉ ¡]t x c QSMPMXWnKjl Egc QSG ILGJQSMXWnK E vyILMdO C WnM E G*f BDCFE KSQj{ C T
`mQ E K c WL�rT CFE �ÈGmÉaKjWnI cFEgc O E KSK7OeWLYPY E MX^7WnG c M�TXW�IV^J^JYPW � QS[�IVT E Kj`��V� ��Y E KSIVTPQjl E TXW.T CFE KSQj{ C T�`mQ E K c WL��ILG
�ÈGmÉ½��Y ERE(¢ � q h ILM Egc MPORQSGUTPQSKSKSIVTXWLYgf s W�TPQS[ E lVIVY�QSIVTPQjWnG.WL�*T CFE MPORQSGUTPQSKSKSIVTXWLYN^ E YP��WLY�[�ILGJO E vyILM8��Wn\JG c QSG
T CFE ��Wn\FY�[.WnGUT C M�MPQSGJO E T CFE MXTPIVYPT,WL�5T CFE [ E ILMP\FY E [ E GUT | � OeTXW h E Y&�V�L�n�n}�f&� � x E É�
 Ee� ^ E Y�QS[ E GUT,QSM
� E ILMPQ h K E v(QjT C MP\JO C I�MPORQSGUTPQSKSKSIVTXWLY(OeWn[.^7WnMPQjTPQjWnG@v CFE Y E ILM(��WLY�I�^J^FÉ�
 Ee� ^ E Y�QS[ E GUT(Id�Ê\FYPT CFE YDTP\JGJQSGF{
WL��T CFE �ÈGmÉaOeWnGJO E GUTXY�IVTPQjWnGuQSMDG EREgcFEgc TXW��Ê\FYPT CFE YDQSGJOeY E ILM E T CFE KSQj{ C Ty`mQ E K c f
oJ\FTP\FY E Y E ILOeTXWLY&G E \FTXY�QSGFW Ee� ^ E Y�QS[ E GUTPM �7E f {Ff ¥ Wn\ h K E�¸yC WbWL  � IVY E ^kKSILGJG Egc TXW_MXTP\ c `_T CFE [�IV{VÉ

GJQjTP\ cFE WL�NT CFE G E \FTXY�QSGFW.WnMPORQSKSKSIVTPQjWnGJM c Y�Qjl E G h `¤T CFE OeWn\F^kKSQSGF{.WL�NT CFEZE K E OeTXYPWnGiILGUTPQSG E \FTXY�QSGFW.TXW�T CFE
CFE IglmQ E MXT¤[�ILMPM E Qj{ E GJMXTPIVT E O C IVY�ILOeT E Y�Qj  Egc h `»T CFE [�Q � QSGF{�ILGF{nK E � ¯a¨ f B W¹QS[.^JYPWwl E T CFE OR\FYPY E GUTM E GJMPQjTPQjlmQjTa`.WnG¤T C IVTD[�Q � QSGF{�ILGF{nK E T CFE MX`mMXT E [�IVTPQSO�\JGJO E YPTPILQSGUTa`�QSGdT CFE�Ee� ^ E Y�QS[ E GUT C ILMyTXW h E [�QSGmÉ
QS[�Qj  Egc f BDCFE Y E ��WLY EL� QjT�QSMD^kKSILGJG Egc TXW�WL^ E Y�IVT E Q cFE GUTPQSORILK cFE T E OeTXWLY�M � WnG E IVT,�ÊIVY |�� �Zzm[�}DILG c WnG E
IVT&I c QSMXTPILGJO E ORKjWnM E TXW_T CFE Y E ILOeTXWLY�OeWLY EL� h WLT C 	 KSK Egc v(QjT C Iu� c ÉaKjWnI cFEgc MPORQSGUTPQSKSKSIVTXWLYgf BDCFE [ E TPILK
KjWnI c QSGF{iG EREgcFEgc QSG�T C QSMZzmQSG c WL� Ee� ^ E Y�QS[ E GUT�QSM�[.WLY E T C ILG~WnG E WLY cFE Y0WL�([�IV{nGJQjTP\ cFE h E KjWwv¶T CFE
c QSMPOR\JMPM Egc [ E TPILK7KjWnI c QSGF{ZQSGdMXWnKSIVY�G E \FTXY�QSGFW Ee� ^ E Y�QS[ E GUTPM � � c ÉaOeWnGJO E GUTXY�IVTPQjWnGJM�WL�8�D{b°�K7IVY E ILKjY E I c `
MP\ � ORQ E GUTRf
BDCFE MPIL[ E IV^J^JYPWnILO C ILM���WLYNT CFE �ÈGmÉaMX`mMXT E [ vyILMN\JM Egc TXW&KjWnI c T CFE MPORQSGUTPQSKSKSIVTXWLY�v(QjT C � c f BDCFE WL^FÉ

TPQSORILKF^JYPWL^ E YPTPQ E M�WL�$� c | ILORILOw} ¨ ILG c �ÈG | ILORILOw} ¨ IVY E MPQS[�QSKSIVY�v CFE Y E ILMNT CFE O CFE [�QSMXTXYP`ZWL�7T CFE [.WnK E OR\JK E MQSMNY�IVT CFE Y c QÏÎ E Y E GUTRfNoFWLY Ee� IL[.^kK EL� T CFE Y�IVY EDE IVYPT C ILO E Ta`mKSILO E TXWnG E My��WLY�[ C ` c Y�IVT E M5v C QSO C OeWn\JK c h E I
Y E ILMXWnG���WLY�T CFE [�\JO C KjWwv E Y"MXWnKS\ h QSKSQjTa`ZWL��� c ILMyOeWn[.^kIVY Egc TXW0QSG c QS\J[;QSGdMXWn[ E WL�$T CFE QSGUl E MXTPQj{nIVT Egc
WLYP{nILGJQSO�MXWnKjl E GUTPMRf��;� c ÉaKjWnI c QSGF{0WL�"��{b°�K$QSMy^7WnMPMPQ h K E QSG_I ¢ � q ° c W cFE ORILG E [�Q � TP\FY E v C QSO C v�Wn\JK c
h E I��ÊIglLWLY Egc MPORQSGUTPQSKSKSIVTXWLYDMXWnKjl E GUT,QSG_T CFEZ¥ Wn\ h K E0¸yC WbWL  Ee� ^ E Y�QS[ E GUTRf BDCFE ^JYPW c \JOeTPQjWnG_ILG c O C IVYXÉ
ILOeT E Y�Qj gIVTPQjWnG]WL��MP\JO C I¤MPORQSGUTPQSKSKSIVTXWLY�Y E MP\JKjT Egc QSG
KSQj{ C T,`mQ E K c M(WL�y�V���²OeWn[.^kIVY Egc TXW_T CFE \JGJKjWnI cFEgc
MPORQSGUTPQSKSKSIVTXWLYyl E Y�MPQjWnG@ILG c TXY�ILGJMP[�QSMPMPQjWnG�K E GF{LT C MDQSG�T CFE �.[¶Y�ILGF{ E QSG¤T CFE �Ê\JKSK7MPORQSGUTPQSKSKSIVTXWLY"[�Q � TP\FY E f
q l E G�KjWnGF{ E Y�IVTXT E Gb\JIVTPQjWnG�K E GF{LT C MdIVY E@Ee� ^ E OeT Egc IV��T E Y¤OeWnKS\J[�G ^k\FY�Q 	 ORIVTPQjWnG¹WL��T CFE MXWnKjl E GUTRf ��T
vyILM���Wn\JG c T C IVT�WLYP{nILGJQSO0MXWnKjl E GUTPM�ILM ¢ � q WLY&ILGJQSMXWnK E ORILG h E�E�� ORQ E GUTPKj`u^k\FY�Q 	kEgc \JMPQSGF{¤I¤�,K § � ¨OeWnKS\J[�G*f�o�QjY�MXT�T E MXTPM&WnG�T CFE KjWnGF{_T E Y�[4MXTPI h QSKSQjTa`iv C QSO C QSM�T CFE z E `]^7WnQSGUT�QSG]T CFE � c ÉaMPORQSGUTPQSKSKSIVTXWLY
cFE l E KjWL^k[ E GUT(M C Wwv Egc MXW��ÊIVY(GFW.TPQS[ E lVIVY�QSIVTPQjWnGJM"QSG¤T CFE WL^JTPQSORILK*^JYPWL^ E YPTPQ E MRf
� �Ê\FYPT CFE YyIV^J^kKSQSORIVTPQjWnG�WL��[ E TPILK 	*É c Qjz E TXWnG E OeWn[.^kK Ee�mE M c QSMPMXWnKjl Egc QSG�KSQ � \JQ c MPORQSGUTPQSKSKSIVTXWLY�M8OeWn\JK c

h E QSG]�Ê\FTP\FY E 	�	*É cFE ORIg` Ee� ^ E Y�QS[ E GUTPMRf BDCFE QSMXWLTXWL^ E ¯�� ´Rs,c~C ILM�I C Qj{ C (É½lVILKS\ E | �bf �n� ¡uE<; }���WLY
	�	*É cFE ORIg`�ILG c QSM�T CFE Y E ��WLY E I~^JYPWn[�QSMPQSGF{�ORILG c Q c IVT E QSG�T CFE M E IVY�O C ��WLY_G E \FTXY�QSGFWnK E MPM 	�	*É cFE ORIg`Lf
o�QjY�MXT�IVTXT E [.^JTPM�v E Y E [�I cFE TXW_^JYPW c \JO E I s,c | ILORILOw} ¨ ÉaKjWnI cFEgc MPORQSGUTPQSKSKSIVTXWLYgf BDCFE O C ILKSK E GF{ E QSGuT C QSMMX`mMXT E [ QSM�T CFE MXW@�ÊIVY&W h M E YPl Egc KjWwv�MXWnKS\ h QSKSQjTa`@WL�yT CFEds,c ÉaOeWn[.^kK Ee� QSG]T CFE MXTP\ c Q Egc MXWnKjl E GUTPM � ILG c
T CFE I h MXWLYP^JTPQjWnG h ILG c M�WL� s,c QSG�T CFE WL^JTPQSORILK5Y E {nQjWnG*f_¼(Wwv E l E Y � T CFE Y E QSMZI@TXY�ILGJMX^kIVY E GUT&v(QSG c Wwv
QSGiT CFE vyIgl E K E GF{LT C Y�ILGF{ E h E Tav ERE G]�n�L�_GJ[�ILG c �V�L�_GJ[²v C QSO C QSM,T CFE Y E {nQjWnGiWL�8T CFE MPORQSGUTPQSKSKSIVTXWLY
E [�QSMPMPQjWnG*f
�,KSK5KjWwv"É h ILOPzb{LYPWn\JG c G E \FTXY�QSGFW Ee� ^ E Y�QS[ E GUTPM&\JMPQSGF{@KSQ � \JQ c MPORQSGUTPQSKSKSIVTXWLY�M&G EREgc MX`mMXT E [�M&��WLY�T CFE

C ILG c KSQSGF{0ILG c ^k\FY�Q 	 ORIVTPQjWnG¤WL��T CFE KSQ � \JQ c MRf��¬OeWn[�[.WnG h ILOPzb{LYPWn\JG c MXWn\FY�O E QSG_T CFE M E&Ee� ^ E Y�QS[ E GUTPM
QSM�T CFE Wn[�GJQj^JY E M E GUT�GFW h K E {nILM�Y�I c WnG
v C QSO C QSM E [�ILGJIVT Egc ��YPWn[�T CFE�cFE T E OeTXWLY�[�IVT E Y�QSILKSM�QSGUTXW_T CFE
MPORQSGUTPQSKSKSIVTXWLYgf BDCFE §X§X§R�(G E [�ILGJIVTPQjWnG�Y�IVT E vyILM@[ E ILMP\FY Egc ��WLY_T CFE KSQ � \JQ c»C ILG c KSQSGF{~MX`mMXT E [�M_QSG
x�WLY Ee� QSGFW_ILG c ��Wn\JG c TXW h E MP\ � ORQ E GUT�KjWwv&f�oJ\FYPT CFE Y�[.WLY EL� ILG E MXTPQS[�IVTPQjWnG
WL��T CFE Y Eg� \JQjY Egc ^k\FY�QjTa`
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K E l E K*WL�N§X§X§R�(G_QSG¤T CFE MPORQSGUTPQSKSKSIVTXWLY"WL��I prq8s�t¤cFE T E OeTXWLY,vyILMD[�I cFE f
�ÈG�OeWnGJORKS\JMPQjWnG � T CFE G E v IV^J^JYPWnILO C TXW cFE l E KjWL^¹MXTPI h K E [ E TPILK�KjWnI cFEgc KSQ � \JQ c MPORQSGUTPQSKSKSIVTXWLY�M�^JY E É

M E GUT Egc QSG@T C QSMDT CFE MPQSM(^JYPWwlmQ cFE MDT CFE h ILMPQSM(��WLY�MP\JORO E MPMX�Ê\JK$�Ê\FTP\FY E&Ee� ^ E Y�QS[ E GUTPM cFE T E OeTPQSGF{¤G E \FTXY�QSGFWnM
��YPWn[ c QÏÎ E Y E GUTDMXWn\FY�O E MRf
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£ xy�,¼�Ðn�g¦ �Ff s f xyI C ORILKSK � ¡ f ¼Zf ¢ QSGJMXWnGJG E IL\JKjT � t f xyILMP\ � �Ff ¸yC Y�QSMXT E GJM E GmÉ ¥ ILKSMX{nILIVY c*�
¢8C `mMRfk� E lHf p$E TXTRf7�V� | �gÐLÐn�L}&�w�b� �H�w�w�Ff

£ xy�,¼,�F� ¦ �Ff s fJxyI C ORILKSK �k¡ f ¼Zf ¢ QSGJMXWnGJG E IL\JKjT �Jt fJxyILMP\ � �,MXTXYPWL^ C `mMRf �LWn\FY�G*fJ�L�L� | �V�L�F�w}DÐLÐV�mf
£ x q8p �n�w¦ q fmx E KSKjWLTXTPQk��WLYyT CFE � s �¬¸ WnKSKSI h WLY�IVTPQjWnG � � s � � t TPIVTP\JM8Y E ^7WLYPTyIVT B �"ª ¢ �V�L�n� �HtbE IVTXTPK EL�
� �mÐ tbE ^JT E [ h E Y,�V�L�n�bf

£ x q ���b� ¦�� f x,fJx E Y�KS[�ILG � ¼,ILG c h WbWLzdWL�r¾H\FWLY E MPO E GJO E MX^ E OeTXY�I�WL��IVYPWn[�IVTPQSO�[.WnK E OR\JK E M �ktbE OeWnG c_Egc QÏÉ
TPQjWnG � �,ORI cFE [�QSO ¢ Y E MPM �Js(E v � WLYPz � �gÐn�b�Vf

£ x�� p �n�w¦ t f ¡ fkxyQSK E GFzb` �F¥ f s QSOeWnKjW �7t f B f ¢�E TPOeWwl �7¢8C `mMRf p$E TXTRfHx �L�L� | �V�L�n�n},�L� �m�LÇbf
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