
������� �	��

������������
������ ��!"�����#��� $%�"&'&(��)�!*�,+.-�/*0 12 -3/*/*!4��576�8 9���8 :
-*;

<>=@?�A@B	CEDFBHGJILKNMPOE?�KRQ@K ?*CTS(UVBWKXBZY[S�?*C]\^D_QE`.=
BaGJIbUdc]Ae`�G
\JBZCfM_SgKXB_\JMZheMi`

j `�Bik.k�QE`�Bik

lnm7opm7qsrutuvVt�wyx�z7{}|*~�opm��Jm*��ru�p�p���(|��
���i�[�Z�����[�"���i����� �������*�����u��p ¢¡�£��}¤¥���#¦¨§u§3©7ª*©¢�i�[� ��«�¦�¬­�} ®¤s�[�p¯

°(±s²�³´²®µ £��*¶[��� ��·p¸¹�����#�������*���¥·[�´¡¨ �¯�� ���[� ��·�ºp }�#»'£3¯i¼ ±.µ ¦�½u½�¾ ¿u¿u¿¹�À·�� �#·pÁ(¦"¼´�3�}�y���
Â3ÃpÄ�Å¥Æ Ç�Ç�È[É
Ê[Ë¹Ì.È#Í#È#Å.Ä'È#Î.ÏuÐuÐuË
Ñ È[ÒÓÃ3Ä�Å¥Æ Ç�Ç�È�ÉÀÏuÔ¥ÕpÖ�×3Ã�ÎyØ	ÏuÐuÐuÙ

Ús:%Û'8#�*Ü*5�ÝÀ�pÞ�����Ü���&%8#5p�7�}9%8#5p����ß,àV$�/*/�á¹�,�_�i��Ü3�'Þ­6�5s��Ýi�_â�5[8#�3ãÓÞ®5[��&�5�8#�pÞy9�8#5¢ä�å�æ%ç�å�è_Ü38#��9"Ý�Û��}Þ®�uÞ}5Zé�ê	��ë¢�}� 1 8#�3ß�Þu�
ì������':"���îí��3Ý%Û"5[Ý����îïd�uÞyÞ®5[8
ëñð'ò��¹)p-3!óéÓ-�/�/*/�ô��¢���7á	��õ�8#�p
��P�3Ýó5[ÞÀ���Ó���¢ö'�3
��ó���':"���nì��­���ø÷�ù¨�¢ú���0óé})u!�ú�-*ô ô��
ûyß��P5[Þ®�*����� 1 �':%Û"8#��Ü*5[Ýü���_����ý�9���Û���ÞÓ�"5��P5[��Þ®��Ý%ÜÀþ¨ÿ���� ��é��FôF����Ý%5	�}�"��9���Û]&¨�*�7�#5p�#�P� �	���"���_9%�d�JÚs5[8#5	�.5�8#5[&¨�38 ÞP�3ÝEÞÓ�%5
5
�'&�5[87���P5�Ý"Þ®�*�,5[
�����9��pÞ®���3Ý]��ß�ÞÓ�"5Z�	5�� Þ}��Ý%Ü 1 9�8#
�5Z��ß��":%Û'8#�*Ü*5�Ýü��Ý Þy�"5_�P5�Ü��u6���8F&%8#5p�7�}9%8#5	8#�3Ý�Ü�5*�����"5Z�P5�� Þ®��Ý%Ü 1 9�8#
�5
��ß��':%Û"8#��Ü*5[ÝV�"�*�¢6�5�5[Ý �}�"����Ý Þ ��8#5u� 1 �]�i�P���%���_9%�
� ��ÞÓ�Vþ ÿ���� ��� )u/*;�/����*/��L�pÞ�� � )�/���á¹�,�J�3Ý%Û Þy�"5F�P5[��Þ®��Ý%Ü
Þ}5���&�5[8#�uÞ®9%8#5F��ß��':%Û"8#�*Ü�5[Ý Û'5 1 8#5u���75p�s�pÞ¢����Ü��"5[8 &%8#53�#�}9%8#53�¢� ��ÞÓ�%�uÞ þ¨ÿ���� � � �*��/�� ;�/�� �pÞ�� � )�$���á¹�,�"� ���"5ZÛ"�uÞ}�
�.5�8#5¥� 1 ý�9���8#53Û	� ��Þy�ÀÞÓ�%5¢�*��Ûi��ß(�	���*�#5[8��"5u�uÞ}��Ý�ÜFÞ®5 1 �%Ý���ý�9�5����"5[8#5¹Û"���3�i��Ý%Ûi��Ý"
'�������.5[8#5sÝ���Þ�Û"5[Þ®5[87���38#�uÞ}53Û�6":PÞy�"5 �%�3Þ
�':%Û"8#�*Ü�5[Ý(���s9�8.5��"&�5[87���	5[Ý'Þ}������6��#5[8#
3�uÞ}����Ý�����8#5¥��ÝJ�*Ü38#5�5[�	5[Ý'Þ�� ��ÞÓ�ÀÞy�"5 Þy�"5��38#5[Þ}� 1 ����&�8#53Û%� 1 Þ®���3ÝÀ��ß�9%Ý�9��}9��*��6�5��"�p
"����8
��ß(Þy�"5¥�	5�� Þ}53ÛJ�':%Û"8#��Ü*5[Ý�� ö¨�%õ.��Ý"5�
À5[Þ¢�*������ês�uÞ®9�8#5��¨÷�ð�� ���*!
éÓ-�/*/3$�ô"!��

�¨ë¢í�ö$#%��-�� ;�/"�'&�&��$��$"� ú3/"� Û)([�$��ú�� �*0"� í.Û¨�$��ú�� ��/"� *

+-,/.�021�35476�8�9:1<;�4=0>,@?BADCDEGFIHKJ�A�L$JNMIOPCQL R	STR�HUCVJNMIOTW�X$Y
Z[R	\:]
L ^ _$Y�\%O[R�M`J�AP\[]B]�XIMI_IE:SaR�M%CDE:HbJKM%CVR�Y
R5AVCcJNMed$L ^IA
JNW�APE:MI_eE[ADf
C�Y
\5d$L ^IA�JgW�A)hIE[AiL ^I_IY
\[O%R�MjJ�A�CQL RcA
JNSkdIHKR5ADC�R�HNR�SaR�M%CiE[MI_lCQL R
Sk\mADCBEGF$XIMI_IE[M[C�SaE�CnCVR�YbJKMoCQL RpJNM%CVR�Y<JN\[Y<A/\:]7ADCDE:Y<AbE[MI_kO[JgE:M%C
dIHgE:M R)C�A�qsrtR�W�R�M%CjCQL R�\[Y
R)CVJgW�E:HiW�E[HNW�X$HgE�CVJN\[M-ATADL \5uvXIM%XwADX-E[H
F-R)LIEGZ JN\[Y/\[]�CnL RxLm^I_IY
\[O%R�MoSaR�HyCVJKMIOPW�X$Y�Z%R:z�JKCBAVCDE[YDC
AbE�C�E[Sof
F$JNR�M%C/d$Y�R5A<A�X$Y�RiE�C�{�|/}oh[E�CnCDE[JKMwA~E@SoE5�IJNS�XISsE�C������[�[�>}
E�C`�����[�b�@�>E
�U{���hoE[MI_
J�A�R�� C�Y<E:d=\:HgE�CVRG_�� �G�aCD\s��}
E�Cl����|m�[���@�>EIhBuiL R�Y�R�L ^I_IY�\%O[R�M�J�Aod$Y
R5_IJgW�CVR5_�CD\�FwR
JNM�HKJg�mX$Jg_�O[Y
\[XIMI_eAVCDE�CVR�� �Ih
|:��E[A�E�STR�CDE:HNHNJgW�A�X$d-R�YD�-X-JN_e\%Y
ADX-d-R�Y<W)\%MI_%XIW)CVJKMIO�A�X$d-R�YD�-X-JN_�� �Ih��G���� �JNO-qy{5¡<q£¢�LmX-A�h�JKC¤J�A
dw\ A<A
JKFIHNR�CQLIE�C��wX$Jg_¥L ^ _$Y�\%O[R�M¥\IW�W)X$d$JNR5AjCnL R�F$X$HN¦�\:]cCQL R
d$Y
RGA<A�X$Y
R�§%CVR�Skd-R�Y
E�CVX$Y
R¨�"��©D�@¡`d-L E%A<R¥_IJgE:O[Y<E:S�houiL R�Y
R�E%A
CQLmR`_I\[SoE:JNM¥\[]TAD\[HKJg_ªL ^I_IY�\%O[R�M�J�AlHNJNSkJKCVRG_ªF ^�CQL R�SaR�HyCDf
JNMIOoW�X$Y
Z[Rk�� �JNO$qK{G¡�qb«>F=\5Z[R	CQL RPSTR�HUCVJNMIO�W�X$Y�Z%R:h-E�CtSaR�OmEGF-E:Y
d$Y
RGA<A�X$Y
RGAaL ^I_IY
\[O[R�M�FwR�W)\%STR5ATO[Y<E[_mX-E[HKHN^eW)\%M _mXIW�CVJNZ%RjE:MI_
CQLmR�M¥STR�CDE:HNHNJgWlF-R�W�E�X-A<R¬\[]@CQL R�_IJ�A<A�\IW)JgE�CVJN\[M�\[]PSk\:HNR�W)X-HKR5A
E:MI_¬MIE:Y
Y
\5uiJKMIOa\:]/CQL R�FwE:MI_¬O%E[d¤_mX$RcCD\�_ R�HN\IW�E[HKJN­�E�CVJK\%Mk\:]
R�HNR�W)C�Y
\[M-Ab�� �JNO$qK{[z�]�Y
\[SsrtR�]�A��U{��2��\5dwR�MT_$JNE[Sk\[MI_-¡�hm� ®5����A�\:HNJN_
A��mX-E[Y�RG¡<h>� �5�i��W)JNY<W)HNR5A
¡�h��°¯��i��\5dwR�M`A��mX-E[Y�RG¡<h�E:MI_±�U{G�5���"AVCDE[Y<¡�q
² R�RcE[HgAD\artR)]�A�q�� ³Ih�{��Ih�{[{���qB¢�L R�Y
R)]�\%Y�R[h-L ^I_IY�\%O[R�MjSkJNO[LmCiE:HKf
Y�RGE[_$^�\IW�W�X$YpJNM¬JKC�ApSTR�CDE:HNHNJNWxAVCDE�CVRaE�CxE[W�W)R5A<A
JKFIHNRPd$Y
R5A<ADX$Y
R5A
\:]/�µ´�{��%�b�@�>E�E[M _�CVR�Skd-R�Y<E�CVX$Y
R5Ab\[]�FwR�HN\5u¥��¶��[�[�[�>}
�� �JNO$qK{G¡�q

 �JNY<AVC�f�d-Y
JNM-W�JNdIHKR5A·Sk\:HNR�W�X$HgE:Y�_I^ MIE:SkJgW�A·A
JNS�X$HgE�CVJN\[MwA
^ JKR�Hg_�A
JNSkJKHgE[YpY
RGA�X$HyC�Ak�U{[h
®:�"¸/L \5u�R�Z[R�Y�h7CnL R�Y�RkR�� J�ADC�W)\%M[C
Y
E:f
_IJgW�CD\%Y�^¹R)�IdIHgE:MIE�CVJN\[MwA¬\:]lCQL R�SoE5�IJNS�XISºJNM»CQL R¼SaR�HyCVJNMIO
W)X$Y
Z[R[q½«pW�W�\[Y<_IJNMIOªCD\�rtR�]Qq¾� ®:�"hTE�ADLIE:Y
dsHNJN�mX$Jg_m§ HNJN�mX$Jg_

¿"À ÈQÁ�ÅsÖ�Æ ÂyÃ´È#ÎyÈ7Å¢È ÇÓÒQÄ�Å�Å"Í�ÆGÁ�ÅsÖ�Æ ×GÇ<È ÅBÅ5É�È É*È

0 100 200 300 400

500

1000

1500

2000

2500

T
(K

)

P (GPa)

Solid hydrogen

Nonmolecular
conductive
liquid

Molecular
liquid

�,��Ü%��)*�"�´�"�*�#5¥Û"����Ü�8#�3�b�3ß��':%Û"8#��Ü*5[Ý��7�s9�8­�	5�� Þ}��Ý�Ü¥&¨����Ý'Þ �­��8#5
�}�"����Ýe� ��ÞÓ� 6���� 1VÊ 6��38#���±Ë¹���	�*��Ýó�3ß 1 ��Ý%Û�9 1 Þ}��
�5cÌ�9���Ûe�':"ã
Û"8#��Ü*5[Ý ���	��Ý%Û%� 1 �uÞ}53Û]6':]Þy�"5i�}�"��Û'53Ûü��8#5u�"�@���%5i&%8#�3
'���7����Ý"���
���)��ã�Þ®5[��&�5[8#�uÞy9�8#5F6¨��9"Ý%Û"�38 :d��ß�ÞÓ�����s�38#5u�J���¢6��*�#53ÛV��Ý 1 �*� 1 9%ã
���pÞ®���3Ý��Fé��#5�5FÞ}5��"Þ�ß���8¥Û'5[Þ}�������7ô

C�Y<E:MwA�JKCVJN\[MeCDE[¦[R5AadIHgE[W)R�F-R�CVuBR�R�M�E�Sk\[HKR�W)X$HgE[Y�E:MI_ªE�_IJ�ADf
A�\ W�JgE�CVRG_ªd$LIE%A<R¤E�C��e{5�[�>�@�>EeE[M _¹{5�:�%�G§I�[�[�%��}Í�� �JNO$qK{[h
A�\:HNJN_�A
�mX-E:Y
R�¡�qÎ¢�LmR�C�Y<E:M-A
JKCVJN\[M�J�A�E[W�W)\%Skd-E:M$JNR5_ÏFm^�E
Z[\[HKXISaR	Y�R5_mXIW�CVJN\[M�\[]��¤® Ðkh=CQL%XwAtR)�IdIHgE:JNM$JNMIOTCQLmRTM R�O%E�CVJNZ%R
A�HK\5dwRl\:]pCnL R�STR�HUCVJNMIO¬W)X-Y�Z%R�E�CTL-JKO%L R�Y�d-Y�R5A<ADX-Y�R5A�qeÑiE%A<RG_
\[M�CVuB\[f�d-L E%A<RjA
JNS�X$HgE�CVJN\[M-Ao�U{���h�E`A<R�W�\[MI_�d$L ^IA
JNW�E:HB\[Y<JNO[JNM
\:]�CQLmRªSoE5�IJNS�XISÒJKMµCQLmRªSaR�HyC`W)X-Y�Z%R¼\[]�L ^I_IY�\%O[R�M»LIE[A
F-R�R�M�d$Y
\5dw\ A<R5_2z~CQL RPW)\%M[C
Y
E%AVCVJNMIO�Y<E�CVR5A�E�C�uiL$JgW<LjCnL R	AVCVR�R�d
JNM-W)Y
RGE[A<R`JKMsY
R�d$X-HNA
JNZ[R`JNM[CVR�Y
E%W�CVJN\[MwA�E�C�L$JNO[L
_ R�M-A
JKCV^�E[Y�R
A�\:]gCVR�M R5_
F ^
E�CnC�Y<E[W�CVJNZ%R�SaE[Mm^mfnFw\I_I^¨JNM[CVR�Y
E%W�CVJN\[M-A¤JKMsCQL R

{��[³ Ó~ÔmÕ�Ö�×~Ø	Ù@Ú�Û2Ü7Ý ÞGß�× �*! Ù�à/á �#0(+.$ -3/*/�!



q�������t����pt	����vV��	
��v���v
��� w���t	vVt��Ów����������"r���tP���������"rp���¨t��ü�%w�v t������"��r��,rut�x�x��'rut�x {G�[�

AD\[HKJg_cE[MI_�HNJg�mX$Jg_	d$LIE[A<R5A/E[A�Ex]�XIM-W�CVJN\%MT\[]wd$Y
R5A
A�X$Y
R:q�rtR�W�R�M%C
������� �®w��Ó� Sk\[HKR�W)X$HgE[YDfQ_I^ MIE:SkJNW�ApW�E:HgW)X-HNE�CVJN\%M-A	E:HgAD\¬JNMI_IJgW�E�CVR
E¨ADC�Y
\[MIO¹_ R�W�HKJNM R�JNM»CQL R¼SaR�HyCVJNMIO¥W)X$Y
Z[RªuiJKCnLµd$Y�R5A<A�X$Y�R[h
ADL \5uiJNMIO¼ADCDEGF$JNHNJKCV^�\:]TCQLmReHNJg�mX$Jg_¥d$LIE[A<ReE�C¤�[�[�/�@�>EªE:MI_
|%�%�~}v�U{G�G��q

¢�LmRPSaR�HyCVJNMIO�W)X-Y�Z%Rx\[]�L ^I_IY
\[O[R�MjLIE[A�FwR�R�M¬ADCVX-_IJNR5_jR�� f
d-R�Y
JNSaR�M%CDE:HNHN^�F ^¥SoE:M ^ªE�X CQL \[Y<A)h@AVCDE[YDCVJNMIO±uiJKCQL�CQL R"!wY
ADC
STRGE[A�X$Y
R�SaR�M%C�A�dwR�Y�]�\[Y
STR5_cE�C�CQL R$#~RGJN_ R�McHgEGFw\%Y
E�C�\[Y
^pJNMcCQL R
% R�CnL R�Y�HgE:MI_$A�h/M R�E[Y�HN^¼{��[��^[RGE:Y<ATE[O[\�]�\[Yad$Y�R5A<A�X$Y�R5AaX$d�CD\
�Iq'�[�B¦ F-E:YB�'{G�5��q�¢�L R/Sk\mADC�Y
R�W)R�M[C~STRGE[A�X$Y
R�SaR�M%C�A=L EGZ%R/F-R�R�M
d-R�YD]�\%Y�SaR5_¼E�CkX$d�CD\�¯ q'¯��@�>EeE:MI_��m¯:��} �U{�|[�"hx{G� q'�/�@�>E
E:MI_��:�[��} �'{5�G��h$|%�>�@�>EaE:MI_�³[�%�~} �'{G®5��hwE:MI_�³[�>�@�>EaE:MI_
{[{G�[��}��U{5¯���q ² \:HNJg_$ATE:MI_±\5dwR�M¼W�JNY
W�HKR5A�\[M� �JNO$qK{�JNMI_IJgW�E�CVR
R)�Id-R�Y<JKSaR�M%CDE:H7STR�HUCVJNMIOT_IE�CDEk]�Y�\%S rpR)]�Aa�'{G®5��E[MI_��'{:¯���qt?>� f
d-R�Y
JNSaR�M%CDE:H�_IE�CDE¤\%M�SaR�HyCVJKMIO¤E[Y�RjCV^ d$JgW�E:HNHN^�!$CnCVR5_�CD\�R�Sof
d$JNY<JNW�E:HtSaR�HyCVJNMIO�HgE:utAkCQLIE�C¬W�E:M�F-ReX-A<R5_�]�\[Y�CQL R`E[MIE:HN^mCDf
JgW�E:H	d$Y
R5A<R�M%CDE�CVJN\[M¨E[MI_�R��mC
Y
E[dw\[HNE�CVJN\%M�q ¢�L \ A<R�CQL R�Sk\mADC
uiJg_ R�HN^lR�SkdIHN\5^%RG_�E:Y
RPCQL R ² JNSk\[MI§I�@HgE�C�­�R�H/�'{G³5�B�� �JKO-qy{%h-CQL R
AD\[HKJg_`HNJNMmRG¡	E:MI_e}PY<E�X CD§m}@R�M$M R5_I^ª�'{G�5�@�� �JKO-qy{%h�CnL Rj_IE%ADL R5_
HNJKM RG¡	R)�Id$Y
R5A
A
JN\[MwA)h/uiL$JgW<L±O%R�M R�Y<E:HNHN^�_ R5A�W�Y<JKFwRjR�� dwR�Y<JNSTR�MIf
CDE:HxSTR�HUCVJNMIO�W�X$Y
Z[R5AluiJKCQL�O[Y
R�E�CjE%W�W)X-Y
E%W)^:qsÑ�\:CQL¥d$Y
R5_IJgW�C
E�W�\[M%CVJKMmX$\%X-AcY<J�A<RjJNM�CQL RjSaR�HyCVJNMIO�HKJNM R:q'&VM¼W�\[M%C�Y<E[ADC�h/CQL R
R�Skd$JNY<JgW�E[Hi}xR�W<L$JNM�STR�HUCVJNMIOeR��mX-E�CVJN\%M»� �5�k�� �JKO-qy{%htCQL R`_I\[C
HNJKM RG¡�^ JNR�Hg_$A�E:M�R��$W)R�HNHNR�M%C�!$C�CD\	R)�Id-R�Y
JNSaR�M%CDE:H _IE�CDEpF-X C>d$Y�R�f
_IJgW�C�A�EaCVX$Y<M$\5Z%R�Y�JNMjCQL RPSaR�HyCVJKMIOTW)X$Y
Z[RPE�C)(�{G�[�/�@�>EoE:MI_
�%�[�~} � �5�"h�W)HN\mA<RjCD\�CnL R�d-E:Y<E:SaR)CVR�Y
A�\:]xCnL R�SaE:�IJKSTXIS JNM
CQLmR�STR�HUCVJNMIO¬W)X-Y�Z%Rj\[F$CDE:JNM RG_±ZmJgE*!wY
ADCDfnd$Y<JNM-W)JNdIHNR5AcW�E[HNW�X$HgE5f
CVJN\[M-Ax�'{��/�� �JKO-qy{%h%CQL R	AD\:HNJg_aC�Y<JgE:MIO%HNRGA<¡<q�«tZ5E:JNHgEGFIHNR�Lm^I_IY
\[O%R�M
STR�HUCVJNMIO�_IE�CDE¹�'{5�7§t{5¯��PW)HNRGE:Y
HN^¼_ R�Sk\%M-ADC�Y<E�CVR�E¼_ R�Z JNE�CVJN\%M
]�Y
\[SÏCnL RpW�\[SkSk\%M ² JNSk\%M §I�@HgE�C�­�R�HmHgE:u	h%uiL-JKHNR�CQL R�^oW�E:MkFwR
A�E�CVJ�AD]"E%W�CD\%Y�^+!-C�CVR5_	C�\iCQLmRB}PY
E�X CD§m}@R�M$M R5_I^tR��%XwE�CVJK\%Mk��SaR�HyCDf
JNMIOiCVR�SkdwR�Y<E�CVX$Y�RbJ�A�d$Y
\5dw\%YDCVJN\%M E[H5CD\pCnL RBJ�AD\[CnL R�Y�SoE:H:Z%\:HNXISTR
W)\%Skd$Y�R5A<A
JN\[Mw¡��� �JNO-qy{5¡<q�¢�L R�L$JNO[L R5AVC�d$Y
R5A
A�X$Y
Rb\[]=³[�/�@�>Ex\:]
CQLmRxL ^ _$Y�\%O[R�MkSaR�HyCVJNMIOPW)X$Y
Z[RxL EGZ%RtY
R�W)R�M[CQHN^oF-R�R�M�E%W<L$JNR�Z%RG_
�'{:¯��/X-A
JNMIO�¯:�G§I�[�[�~M-A@HgE[A<R�Yxd$X$HgA<R5At]�\%Y	LmRGE�CVJNMIO$q-,p\5u�R�Z%R�Y�h
CQLmR�CVR�Skd-R�Y<E�CVX$Y
RbSaR�E%ADX-Y�R�STR�M[C�A~E:MI_a_ R)CVR�W)CVJN\[M�\[]-CQL R�STR�HUC
uBR�Y�R@M$\[C�CVR�Skdw\%Y
E[HNHK^�Y�R5A�\:HNZ[R5_lE:MI_�_ R)CVR�Y
SkJNM RG_lJKMI_IJNY
R�W)CnHN^
]�Y
\[S
CQL R�_IE�CDExJNM[CVR�O[Y<E�CVR5_P\5Z[R�Y7CQL R�HNE%A<R�Y~d$X$HgA<R5A)q�¢�LmR�SoE5� f
JNS�XISvJNM¤CQL RTSaR�HyCVJNMIOlW)X$Y
Z[Rau�E%A	E[A<A
JKO%M RG_�C�\�E�A�L E[Y�d�JNMIf
W)Y
R�E%A<R~\[] CnL R/SaR�HyCVJNMIO>CVR�SkdwR�Y<E�CVX$Y
R�E�C�\%MmR/d=\[JNM%C~E�C7®%�/�@�>E$q
. CQLmR�Y�R��Id-R�Y<JNSaR�M%CDE:H@dw\%JKM%C�A�JNM�CQL$J�A�ADCVX-_I^�A
E�CVJ�AV]"E%W�CD\%Y<JKHN^
E:O%Y�R�R�uiJKCQL	CQL R/}PY
E�X CDfn}@R�M$M R5_I^tR��%XwE�CVJK\%Ma�U{��:�"q�¢7\tA�XISkSoE5f
Y<JK­�R:h�CQLmRjd$Y�R5A<A�X$Y�RjY
E[MIO[Rk\:]tEGZ5E:JNHgEGFIHNR�R�� dwR�Y<JNSTR�M[CDE[Hb_IE�CDE
�'{5�7§t{5¯G��J�A@JNM-A�X
/lW)JNR�M%Cp]�\%YPE�Y
R�HNJgEGFIHNR	RGADCVJNSaE�CVRT\:]BE�SoE5� f
JNS�XIS E�CTCQL R�SaR�HyCVJNMIO¤W)X$Y
Z[R�L ^ _$Y�\%O[R�M¼E:MI_e]�\[YoR��mC
Y
E[dw\[f
HgE�CVJK\%M�CD\�L$JNO[L R�Y@d$Y
R5A
A�X$Y
R5A)qT¢�L R�Y�R�]�\[Y
RT\%M$HN^�R��Id-R�Y<JNSaR�M%C�A
W)\%M _mXIW�CVR5_cE�C�A
JKO%M$J0!wW�E[M[CQHN^tL$JNO%LmR�Y�hGSaR�O%EGFwE:Y�d$Y
R5A<ADX$Y
R5A7W�E:M
O[JNZ[R¬E[M�E:M-A�u�R�YlJK]PSTR�HUCVJNMIO�CVR�SkdwR�Y<E�CVX$Y�R¬_ R�W)Y
R�E%A<RGAluiJyCQL
d$Y
RGA<A�X$Y
R:h$J�q R[qbCQL RPSTR�HUCVJNMIO�W�X$Y
Z[RPLIE[AiEoSoE5�IJNS�XIS�q ² \o]"E[Y
R)�Id-R�Y<JKSaR�M%CDE:H�u�\[YD¦�\%Mª_ R�M-A<R�Lm^I_IY
\[O%R�M¼JKM�CQLmR�SaR�OmEGF-E:Y
Y
E[MIO[RPLIE[AtF-R�R�M¬HNJKSkJKCVR5_kC�\jADL \IW<¦mf�u�EGZ[R	R�� dwR�Y<JNSTR�M[C
AtW)\%MIf
_mX W)CVR5_�E�C/R�HNR�Z5E�CVR5_	CVR�Skd-R�Y<E�CVX$Y
R5Ab� �:�Ih<� {����� �JNO-qy{%h:\5d-R�M�C�Y<JKf

E:MIO%HNR@d=\[JNM%C<¡�qp¢�LmR�STR�HUCVJNMIOTW�X$Y
Z[Rcu�E[AiM-\:Cx_ R�CVR�Y
SkJKM R5_�JKM
CQL RGA<R�AVCVX-_$JKR5A�h>L \5uBR�Z[R�Y�h�JyCTu�E%A�_ R�Sk\%M-ADC�Y<E�CVRG_�CQLIE�C��-X-JN_
L ^I_IY�\%O[R�M¤J�A	W)\[MI_mXIW�CVJNZ[RTE�C	� � {5�:�b�@�>ElE[MI_¤L$JNO[L¤CVR�Sof
d-R�Y
E�CVX-Y�R5A�\:]>���[�[�%��}oq

¢�L Rtd$Y<JNSaE[Y�^PO%\%E[H$\:]2CQL Rid$Y�R5A<R�M[C�AVCDE�CVJgW�d$Y
RGA<A�X$Y
RiuB\%YD¦
u�E[A	CD\�_ R)CVR�Y
SkJNM RaZ5E[HKX-RGAc\:]�CQLmRjSTR�HUCVJNMIO�CVR�Skd-R�Y
E�CVX-Y�Ro\:]
L ^I_IY�\%O[R�MlE�CBd$Y
R5A
A�X$Y
RtY<E:MIO[RpX$dkCD\aEGFw\%X Cp{G�[�>�@�>EPuiJKCQL$JNM
uiL$JgW<L¤CQL Rod$Y
RG_$JNW)CVR5_�SoE5�IJNS�XISvE�C	CnL RoSaR�HyCVJKMIO�W)X$Y
Z[R��'{��
u�\[X$Hg_lFwRP\[F=A<R�Y
ZGEGFIHNR[q

1�,-243�576%3[;98"6 021�:
;Q,=<`R¬d-R�YD]�\%Y�SaR5_±MmXISTR�Y�\%X-ATHNE%A<R�Y
L R�E�CVJNMIO�Y
XIM-A�JNM@]�\[X$Y�_IJ0>=R�Y�R�M[C~_$JNE[Sk\[MI_@E:M Z JKH:W�R�HNHgA/��?p«�@�A<¡
HN\%E%_ RG_�W)Y
^[\[O%R�M$JgW�E:HNHN^auiJKCQL¤L ^I_IY
\[O[R�M�qc?>�IdwR�Y<JNSTR�M[C�ApuiJKCnL
L ^I_IY�\%O[R�M�XIM _ R�Y�L$JNO%LIf"CVR�Skd-R�Y
E�CVX$Y
RoL$JNO[LIfnd$Y
R5A
A�X$Y
RkW)\[MI_IJKf
CVJN\[M-Abdw\ A<RpEPMmXIScFwR�Yb\[]7A
JKO%M$J0!wW�E[M[Cb_$JA/lW�X$HUCVJNR5A�q~¢�L RpSk\ AVC
A<R�Z%R�Y
Rld$Y
\[FIHNR�S£J�APCQL RjJNM%CVR�Y<E[W)CVJK\%M�\[]tL ^ _$Y�\%O[R�M�uiJKCQL±_IJKf
E:Sk\%MI_`E[M ZmJNHgA�zPCnL RlL \[C�L ^ _$Y�\%O[R�MeRGE[A
JNHN^¬d-R�M R�C�Y<E�CVRGAT_IJgE5f
Sk\[MI_¤E[M ZmJNHgApW�E�X-A
JKMIOlCnL RGJNYxF-Y�RGE:¦IE:O%RPCD\�d$JNR�W�RGA�qT¢�L$J�AxJNMIf
R�Z JKCDEGFIHN^¤LIE:d d-R�M-AaE�C�R)�Id-R�Y<JKSaR�M%C�A�uiJyCQL�R��mCVR�Y<M E[HbL RGE�CVJKMIO

 

20000

10000

0 4000
Raman shift, cm

 

–1

 

Intensity, rel. units

2000

Pt
electrodes

Hydrogen
at 146 GPa
and 300 K

hBN
plate

20 

 

µ

 

m

hBN
plate

H

 

2

 

Laser
heating
beam

Electrical
leads

Raman and
thermal radiation

signals

cBN
gasket

 

Laser beam in
control experiment

 

Electrical
leads

(a)

(b)

�,��Ü%� -'��ë¢8 8#��Ý%Ü*5��P5[Ý'Þ¢��ß��ÀÛ"���3�i��Ý%ÛJ��Ý"
'��� 1 5�����ß���8¢Þy�"5F5
�'&�5�8 ã
���P5[Ý'Þ	��Ý Þy�"5À�':�Û'8#�*Ü�5[Ý �P5�� Þ®��Ý%Ü%� é���ôPö 1 �"5[�	�uÞ}� 1 Û"����Ü�8#�3�o#
�#��Û'5i��Ý%Û@Þ}�p&E
"��5
� ���@é�6¨ôF���"5�&��"��Þ}�*Ü�8#�3&�� �3ß�Þy�"5iÛ"���3�i��Ý%Û
��Ý"
'��� 1 5����'�3Ý�ÛZ�CB¢���	��Ý��}&�5 1 Þ 8 9"� ��ß��':%Û"8#��Ü*5[ÝP�uÞ�0�/*/��n��Ý%Û
)�$���á¹�,�i�}�"����Ýd6�5[�����

Ó7ÔmÕ�ÖG×7Ø	Ù	Ú�Û2Ü~Ý ÞGß�× ��! Ù�à/á �70,+�$ -�/�/*!



�:�%� lnm7opm7q¢rpt�v t*w®x�~¨opm7�Jm���ru�p�p���

0

40000

80000

1290 K 850 K

700 K

8.2

8.3

0

3

6

600

700
790

780

770

800

800

900

T (s)T (s)

T (s)

5 100 5 10 15 20 25 30 15 20
7.8

7.3

7.4

7.5

7.6

7.7

8.0

8.2

0

5

R
es

is
ta

n
ce

  
(O

h
m

)
R

es
is

ta
n
ce

  
(O

h
m

)

R
es

is
ta

n
ce

  
(O

h
m

)

L
as

er
 p

o
w

er
  
(a

rb
. 
u
n
it

s)

L
as

er
 p

o
w

er
  
(a

rb
. 
u
n
it

s)
T

(K
)

(b)

L
as

er
 p

o
w

er
  
(a

rb
. 
u
n
it

s)

T
(K

)

(a)
In

te
n
si

ty
  
(a

rb
. 
u
n
it

s)

(c)

0.70 0.77 0.84 0.91

Wavelength  (nm)

(d)

5 10 15 20 25

�,��Ü%� 0"�����*�#5[8��%5u�uÞ®��Ý%Ü¹��ß¨�':%Û"8#��Ü*5[Ýi�uÞs)�$G��á¹�,�_��ÝPÞy�"5 Û%��������Ý%Û���Ý"
'��� 1 5������}�"����ÝJ��Ýi�,��Ü"� -���ûyÝ�Þy:'&�� 1 �*�'8 9%Ý��sé���ô���é�6¨ô���Þy�"5 ���*�#5[8�&¨����5[8
���*�Z��Ý 1 8#5u�*�#53Û@9�&@Þ � àe)u/�� 9%Ý'Þ®���,ÞÓ�"5�
'���}9�����Û'5[Þ®5 1 Þ}����Ý@��ß��	5�� Þ}��Ý%Ü%�¨Þy�"5[ÝEÛ"5 1 8#5u�*�#53Û��TË¥9�87��Ý�Ü
5u� 1 �E8 9"Ý(��Þ}5[��&�5[8#�uÞ®9�8#5Vé 1 ��8 1 ��5p�7ô��
8#5p�#���}Þ®��Ý 1 5P��ß�ÞÓ�"5P�´Þ¥ß��*���.é�Þy��� 1VÊ � ������Ûd����Ý%5uô�����Ý%Û�B¢���	��Ý]�}&�5 1 Þ 8#�]é��,��Ü%� $�ô/�.5[8#5Z�P5u���}9�8#53Û��¹���%5_8#5p�#���}Þ}�3Ý 1 5	��ß�ÞÓ�%5	�´Þ¥ß������(�}�%��� �F�
�	��8 Ê 5�Û]Û"8#�u&]��ß���Þ �¥
3�*��9�5 1 �*��Ý 1 ��Û'5[Ý'Þ>� ��ÞÓ� Þy�"5_�":%Û'8#�*Ü*5�Ý]�	5�� Þ}��Ý%ÜVé�Þy����� �i���	5[Ý'ÞF���s��Ý%Û"� 1 �uÞ®5�ÛJ6":d
�5[8 Þ}� 1 ���,��8 8#��� �7ô��	���"5	��Ý 1 8#5u���#5
��ÝE8#5p�#���}Þ}�3Ý 1 5
��ß�Þ}5[8	Þy�"5i�P5[��Þ®��Ý%ÜEé�6�ô_�38�Û�9�87��Ý�Üd�"5u�uÞ}��Ý%ÜEé�Û�ôF���	Û�9�5iÞ �V�"5u�pÞ®��Ý%Üd�3ßsÞÓ�"5
Û"���3�i��Ý%Û"�Z�����o���"����5*�ü�(5[��&�5[8#�uÞ®9�8#5c�.���
Û'5[Þ}5�8 �i��Ý"53Ûiß�8#��� �}&�5 1 Þ 8#����ß,ÞÓ�"5[8 �	�*��8#�*Û%���uÞ}����ÝJ8#5 1 ��87Û'53Ûüé 1 ô�5�
*5[8 :d/'� ;	�#5 1 ��Ý%Û

uiL R�Y
RT_IJgE:Sk\%MI_$AiE:Y
R�JNM�W�\[M%CDE[W�C@uiJKCnL¬L \[C@L ^I_IY
\[O[R�M±�'{G®5��q
&VMs\[X$Y¤ADCVX-_I^¨uBR�_ R�Z%R�HN\5d-R5_¨E¼HgE%A<R�Y�L R�E�CVJNMIO±CVR�W<L$M$Jg�mX$R
uiL$JgW<L±E:HNHN\5uBR5_�]�\[Yad$Y
RGA<R�Y�Z JNMIO¤_IJgE:Sk\%MI_`E[M ZmJNHgA	]�Y
\[S£CQL R
_ R)CVR�Y
JN\%Y
E�CVJNMIO@JKM$�-X$R�MwW)R@\:]�CQL RxL \:C�L ^I_IY�\%O[R�M�q &VMjCnL-J�ABW�E[A<R
CQLmR>CVR�Skd-R�Y
E�CVX-Y�R�\:]$E[MmZ JNHgA=Y�R�SaE[JKMwA�E:HNSk\mADC2XIM-W<LIE:MIO[R5_o��A<R�R
 �JKOmA)q'� hD��E:MI_�CQL R�� ?@J�A�W�X-A<A�JN\%M ² R�W�CVJN\%M��%¡tuiL$JNHKR�Lm^I_IY
\[O%R�M
W�E[McF-RBLmRGE�CVR5_	CD\pCVR�Skd-R�Y
E�CVX-Y�R/X$d�CD\ (`�[�[�[�>}�JNMPCQL RbHgE:^%R�Y
W)\%M[CDE%W�CVJNMIOcEcL RGE�CVR�YbuiL-JNW<LoJ�ABJNMoCVX$Y<MlJNM-ADX-HNE�CVR5_auiJKCQLlL$Ñ %
]�Y
\[S CQL RcE:M Z JNHgA)q ² W<L R�SaE�CVJgWp_$JNE[O[Y<E:S�\[]�CQL RcE:Y
Y<E:MIO[R�STR�M[C
\:]pE`_IJgE:Sk\%M _eE[MmZ JNHBW�R�HNH>]�\%Y�CQL RjSaR�HyCVJNMIO�\:]pL ^I_IY
\[O[R�M�J�A

A�Lm\5uiM�JNM� �JKO-q°�[EIqB¢�L R�E[Y�RGEaJNHKHNXISkJNMIE�CVR5_ouiJyCQL�CQLmR�HNE%A<R�Y�J�A
JNMI_IJgW�E�CVR5_euiJKCnL¼CQL R�W�JKY<W)HNR�JKM�CQLmR¬W�R�M%CVR�YkuiL$JNHNRlCQL R¬W)JNY
W�HNR
\[M±CnL R�Y
JNO%L%CcJNMI_IJgW�E�CVR5A	d=\mA
JKCVJN\[Me\:]iCQL RjHgE%A<R�YcJNMeCQL R�W)\%MIf
C�Y
\:H�R)�Id-R�Y<JKSaR�M%C@_ R5A
W)Y<JNF-R5_¬JNM¬CQL RcCVR��mC�qc¢�LmRad$L \:C�\[O[Y<E:d-L
��Ñt¡@A�Lm\5utApCQL RT_IJgE:Sk\%MI_¬E:M Z JKH�W)R�HKH�XIMI_ R�Y	HNJNO[LmCtC�Y<E:MwADSkJKCDf
CVR5_TCnL-Y�\%X$O[LTCQLmRtW�Ñ % fnR�d=\G� ^�O%E[A�¦[R�C�h:uiL$JgW<LaJ�A�C�Y<E:M-A�d-E[Y�R�M[C
E�CPL$JNO[L`d$Y
RGA<A�X$Y
RGA�qk¢�LmRoL \:HNR���_IJgE:SaR)CVR�YP���:�	��Sj¡tJNM¤CQL R
W)R�M[CVR�Yl\:]xCQLmR¤_$JNE[Sk\[MI_±E[MmZ JNHiW)X$HNR�C�AoW)\[M%CDE:JNM-AoL ^I_IY
\[O%R�M�q
¢�L R�R5_IO%RT\[]/CnL RTLm\[HKR���uiL$JgW<L¤J�ApY�\%X$O[L¤JNM¤E[dmdwR�E[Y
E[M-W)RG¡�J�A
E±SkJK� CVX$Y
R¬\:]cd$JNR�W)R5Al\[]�W)Ñ % OmE[A�¦[R)C�E:MI_¥L ^I_IY�\%O[R�M�qÏ«

Ó~ÔmÕ�Ö�×~Ø	Ù@Ú�Û2Ü7Ý ÞGß�× �*! Ù�à/á �#0(+.$ -3/*/�!



q�������t����pt	����vV��	
��v���v
��� w���t	vVt��Ów����������"r���tP���������"rp���¨t��ü�%w�v t������"��r��,rut�x�x��'rut�x �[�I{

dIHgE�CVJKMmXISvR�HNR�W)C�Y
\I_ R��Q{�f ��Sof�CQL$JgW<¦�E[MI_e���Gf ��Sof�uiJg_mCQL�]�\[JNH�¡
d-E[A<A<R5A@CQL$Y
\[X$O%L�CQL RlL ^I_IY�\%O[R�M`A
E:SkdIHNR:qj¢�L RkR�HKR�W�C
Y�\I_ RoJ�A
CQLmR�Y�SoE:HNHN^aJKMwADX$HgE�CVR5_o]�Y
\[S CnL R	F-E%W<¦jE:M Z JNH=uiJKCQL�E (±{�f ��Sof
CQL$JgW<¦�C
Y
E[M-ADdwE:Y
R�M%C�d$JNR�W)R�\[]�L$Ñ % q ² d-E[W�JKMIO�F-R)CVu�R�R�M�CQL R
_IJgE:Sk\%M _-AT��CnL-JNW<¦ M R5A<Ap\[]bCQL RlW)Ñ % O%E[A�¦[R�C@J�A	R5ADCVJNSaE�CVR5_¤E%A
��§-¯ ��Sj¡�qp¢�L RcR�HNR�W)C�Y
\I_ R@u�E[AtLmRGE�CVR5_�uiJKCnL¤�G§w{G� < d=\5uBR�Y
{[q°�%�:| ��S Y<E[_IJgE�CVJN\[M¨\:]lE � #7 �fnHNE%A<R�Y�]�\IW)XwA<RG_»\[M»Es{5��§
�[� ��SÍA�dw\[C�hpE:MI_ªCQL R�Y
SaE[HtY<E[_IJgE�CVJN\[MªADdwR�W�C
Y
E±uBR�Y�R¤SaRGE5f
ADX-Y�R5_`R�Z%R�Y
^��Iq'��A<R�W�\[MI_$A@]�Y
\[S£E¬���/� ��S��oADd=\:C�A<R�HNR�W�CVR5_
F ^ªE !wR�Hg_¥_IJgE:d$L-Y
E[O[S·E�CjCnL R�A�X$Y�]"E[W�R¤\:]PCQL R¤L RGE�CVRG_��bC
]�\[JNH�q�¢�L RtY
R5A�J�ADCDE:MwW)R�\:]2CQL RtR�HNR�W)C�Y
\I_ Riu�E%A/STRGE[A�X$Y
R5_�X-A
JNMIO
CQLmRk�mX-E%A�JKf�]�\[X$Y�fnd$Y�\%F-R�A
W<L R�SaR���R�E%W<L�R�M _�\:]�CQL RaR�HNR�W�C
Y�\I_ R
CD\[XIW<L R5ATCVuB\e\:CQL R�Yo�bCoR�HNR�W�C
Y�\I_ R5ATR)� CVR�MI_IJNMIO`\[X C�A
Jg_ RlCQL R
W)R�HKH�¡�qi¢�L RTrpE:SoE:M¬A�d-R�W)C�Y
XISv\:]>L ^I_IY�\%O[R�M�J�AtY�R�d$Y�R5A<R�M[CVR5_
E�Cx�[�%��}�E:MI_`{�|m®��@�>EluiJyCQL¤EkZ JNF$Y
\[M�HNJNMmRPE�C@|%�[® ¯�W�S�� z q
¢�L R@A
JNO[MIE:H=E:Y
\[XIMI_�{5�:�[��W)S�� z J�AbrxE:SoE:MjA
W�E�CnCVR�Y<JNMIOP]�Y
\[S
CQLmRPADC�Y
R5A
A<R5_�_IJgE:Sk\%M _jE:M Z JKH=CVJNd�q

¢b^ d$JgW�E[HNHK^@JNMT\%X$Y/R)�IdwR�Y<JNSTR�M[C�A�CQL R�HgE[A<R�Y�R�� d=\ ADX$Y
R�CVJNSTR
u�E%AtEGF=\[X Cp�[�oA<R�W)\[MI_$A�q�¢�L-J�A�CVJNSTR@u�E%AtA�X
/lW)JNR�M%Ci]�\[YxY�R�HKJKf
EGFIHNR@_IE�CDEaE[W��%X-J�A�JKCVJN\[M�q &VM¬E�CV^ d$JgW�E:H=HNE%A<R�Y�L R�E�CVJNMIO�Y
XIM�h$u�R
A
JKSTX$HyCDE:M R�\%X-ADHN^PSaR�E%ADX-Y�R5_kCVR�Skd-R�Y
E�CVX$Y
R:h Y
RGA
J�ADCDE:M-W�Rx\[]7CQL R
�>C�]�\[JNH>�� �JNO-q �m¡<h-E:MI_�rpE:SoE:M�ADdwR�W)C�Y<E��� �JKO-q | ¡<q

3800 4000 4200

200

400

600

Raman shift  (cm )
–1

R
am

an
 i

n
te

n
si

ty
  
(a

rb
. 
u
n
it

s)

�,��Ü%� $%� B¢5[&�8#5p�#5[Ý'Þ}�uÞ}��
�54Bs�3�P�3ÝE�}&�5 1 Þ 8#�Eé�� 1�1 9%�_9����uÞ}����Ý]Þ}���P5
���¥/'� ;,�#5 1 ô ��ß�ÞÓ�%5F�':%Û"8#��Ü*5[ÝV� �3��&%��5i����� 1 �a�.���¥���*�#5[8s�%5u�uÞ®5�Û
�uÞ¢)�$G��á¹�,�%�­ûÓÝ�Þy����� 1 ���75¢Þy�"5��#��Ü�Ý"�*�m���*�­&�� 1DÊ 53Û	9%&�ß�8#�3�>�':'ã
Û'8#�*Ü*5�Ý���� 1 �uÞ}53Û	�3Ý�Þy�"57�.��:Z�3ß�Þy�"5.5�� 1 ��Þ®�pÞ®���3ÝZ�����75�8­6�5u��� �3Ý�Û
�"5u�uÞ}53Û
Þ �ÀÛ"�U*¨5�8#5[Ý'Þ�Þ}5[��&�5[8#�uÞ®9�8#5p� ß�8#���	� �*/*/��L�pÞ¢ÞÓ�%5¥�}9�8 ã
ß�� 1 5_��ß´ÞÓ�"5F��Þ ß��*���(Û"�)��Ý Þ �PÝ"5u��8#��:À���F6���5[Ý'Þ�Þ®5[��&�5[8#�uÞy9�8#5F�uÞ
ÞÓ�"5¢�}9%8 ß�� 1 5¹��ß¨ÞÓ�%5sÛ%��������Ý%Û���Ý"
'�����´���"5¢� ������Û�����Ý"5.8#5[&�8#5p�#5[Ý'Þ �
ÞÓ�"5��}Þ}�38 Þ}��Ý�Üd�}&�5 1 Þ 8 9"�d�(ÞÓ�"5iÛ"���}�"5�Û@����Ý"5Z+VÞÓ�"5��}&�5 1 Þ 8 9"�ñ�uÞ
ÞÓ�"5¢�	���"���Z9"�>��ß��%5u�uÞ®��Ý%Üi����� 1 � 1 �38 8#53�}&¨�3Ý%Û%��Þ �_ÞÓ�%5¢�P5[��Þ®��Ý%Ü
�3ß­�':%Û"8#��Ü*5[Ý Þy�"5ZÛ%�3ÞyÞ®5�Ûd����Ý%5¢+
ÞÓ�"5�
�Ý"�*�(�}&�5 1 Þ 8 9"� 1 ������5 1 Þ}53Û
�3ß�Þ}5�8¥ÞÓ�%5¹�"5u�uÞ}��Ý%ÜP8 9%Ý�� ês9"�P5�8#��9��¢��Ý"Þ®5[8 �	5�Û"���uÞ®5¹�}&�5 1 Þ 8#�i�38#5
Ý���Þ �}�"����Ý

«tM$\[CnL R�YtR)�Id-R�Y<JKSaR�M%CDE:H�_$JA/lW�X$HUCV^jJ�AiW�E�X-A<R5_�Fm^jCQLmRPM R�f
W)R5A<A
JyCV^�CD\�SaRGE[A�X$Y�RoY
R�HgE�CVJNZ[R�HK^�HN\5u�ZGE[HNX$R5Ac\:]�CQL RjSaR�HyCVJNMIO
CVR�SkdwR�Y<E�CVX$Y�Rl��R:q O$qKh7E[ApHK\5u
E%A	�`¯5�%�/}�¡iE�CxSaR�OmEGF-E:Yid-Y�R5ADf
ADX-Y�R5Ai�� �JNO$qK{G¡�q�¢�L$J�A�J�A/A
JNO[M$J0!wW�E:M%CQHK^@HN\5uBR�Y7CQLIE:MTCQL RBCV^ d$JgW�E:H

HNJNSkJyCp��\:]~EGF=\[X C@{[{G�[�~}�¡>\[]�CVR�SkdwR�Y<E�CVX$Y
RtSTRGE[A�X$Y
R�SaR�M%C>F ^
Y
R�W)\%Y
_$JKMIOlCnL RaCQL R�Y
SaE[H~Y<E[_IJgE�CVJN\[M¬A�d-R�W�C�Y
XIS E[M _"!$CnCVJNMIO�JKC
CD\�CQL RT�BHNE[M-W<¦�Y
E%_IJgE�CVJN\[M�]�XIM-W�CVJN\%M¼� �[�G��qT¢�L$J�A@HNJNSkJKCpJ�A	_ R)f
CVR�Y
SkJNM RG_`Sk\ AVCQHN^¤F ^`CQLmR�ADSoE:HNHbE[Sk\[XIM%C�\:]iR�SkJ�A<A
JN\[MeW)\:HKf
HNR�W)CVRG_�]"Y�\%S CQL RcSkJgW)Y
\[SaR)CVR�YDfQA
JN­�RpA
E:SkdIHNR	JNM-A
JN_ R-?x«�@pq &VM
\[Y<_ R�Y�CD\�JNSkd$Y
\5Z[R¬CQL R`R�SkJ�A<A
JK\%M�A
JKO%MIE:H	uBReX-A<R5_¹E¼A�d-R�f
W)JgE[HKHN^t_ R5A
JNO[M R5_p\5dICVJgW�E:HKf�L-JKO%LIf�CnL-Y�\%X$O:L$d$X C=A<R)CVX$dPW)\%Skd$Y<J�A<R5_
\:]$EiA�d-R�W�C�Y
\[SaR)CVR�Y�R��mX$JNd d-R5_@uiJKCnLPEiHNJg�mX$Jg_ fnM$JKC�Y
\[O[R�MIfQW)\ \:HKRG_
W<LIE:Y
O[R�fnW�\[X$dIHNR5_¨_ R�Z JNW�R���@+@ ?P¡�_ R�CVR�W)CD\[Y¤LIEGZ JNMIO�E:M
R�MIf
LIE:M-W�R5_¥A<R�M-A
JKCVJNZmJKCV^�JNMªCQLmR�MmRGE:Y�fnJKM$]�Y
E[Y�R5_¼u�EGZ%R�HNR�MIO[CQL�Y
R)f
O[JN\%M�q ² dwR�W)C�Y<EPuBR�Y�RpSTRGE[A�X$Y
RG_TJNMoCQLmRiu�EGZ[R�HNR�MIO:CQLTY
E[MIO[Ri\:]
�Iq°®[³5§ �$q �m��M$S �� �JKO-q �%W�¡�q¼¢�L$J�ATR�MIEGFIHNRG_±Y�R�HKJgEGFIHNRkSaR�E%ADX$Y
R)f
SaR�M%C�A>\[]�CVR�Skd-R�Y
E�CVX-Y�R5A/X-A
JNMIO�EcW�E:HNJNF$Y<E�CVRG_�CVXIMIO%ADCVR�MkHgE[Skd
_I\5uiMaCD\a¯:�[��}¹]�Y
\[SÏE�ADd=\:C>\[]����/� ��SÏE[M _kE%W�W�XIS�X$HgE�CVJN\[M
CVJNSTRj\:]x�$q°��A<R�W5q±¢�L R�Y
R�HNJgEGF$JNHNJyCV^�\[]tCQLmR�HN\5u�f"CVR�Skd-R�Y<E�CVX$Y
R
SaR�E%ADX$Y
R�SaR�M%C�A�JKMµCQLmR¥_IJgE[Sk\[MI_
W)R�HKHou�E[AeW)\%M
!-Y
STR5_µJKM
R)�IdwR�Y<JNSTR�M[C�ATuiJKCQL�M$JKC�Y
\[O%R�M±E[M _¼E:Y
O[\%M�h/]�\[YouiL$JgW<L±SaR�HyCDf
JNMIO¬W)X$Y
Z[R5APE:Y
Ro¦ M$\5uiM�]"Y�\%S R)� CVR�Y
MIE[HKHN^�L R�E�CVR5_'?p«�@»R)� f
d-R�Y<JKSaR�M%C�A�q=<�R�X-A<R5_ªCQLmR�R)�Id-R�Y
JNSaR�M%CDE:HpE%A<A<R�ScFIHN^±A
JNSkJyf
HgE:YoCD\eCQLIE�Cl\:]	L ^I_IY�\%O[R�MªA�L \5uiMªJNM� �JNO$q'� q &VM�E[Y�O%\[M�u�R
]�\[XIMI_�
������ ��� ¯5�%���t¯:�:�>} E:MI_¥��³${�����³m�:�/}oh/E�Cld$Y
RGADf
A�X$Y�R5Ab\:]7� qU¯@E:MI_j¯mq'�/�@�>EIhmY�R5A�d-R�W�CVJNZ[R�HK^[h:uiL$JgW<LkE:O[Y
R�R5A�u�R�HNH
uiJKCQL�CnL R�Y�R�dw\%YDCVR5_�JNM�rtR�]Qq	�U{G�5�"¸PJNM¥M$JKC�Y
\[O%R�M�hiu�R¤]�\[XIMI_

 ����� � ¶�³%�[���t|%�>} E�Co{��>�@�>EIh�JNM`E[W�W�\[Y<_IE:M-W�R�uiJKCQL�_IE�CDE
Y
R�d=\[Y�CVRG_±JKM¼rtR)]Qqg� �:�5��q <`R�E[HNA�\�E[dmdIHN^`CQL$J�ATR)�Id-R�Y
JNSaR�M%CDE:H
A<R)CVX-d�CD\kSTRGE[A�X$Y
R@CnL RPSaR�HyCVJNMIO�CVR�Skd-R�Y<E�CVX$Y
R	\:]/E:HNXISkJNM%XIS
��
 ����� � ¶��[�%���'��}�¡>E�CpE[ScF$JNR�M%C�d-Y�R5A<ADX-Y�R[q

<`Rj_ R)CVR�Y�SkJNM R5_�d$Y
R5A<ADX$Y
RkF ^�SaRGE[A�X$Y<JKMIO�CQL Rkdw\ A
JyCVJN\%M
\:]bCnL RTSk\:HNR�W)X-HNE[Y�Lm^I_IY
\[O%R�M¬Z JNF$Y
\[M¬d-RGE:¦�JNM¬rpE[SaE[M¤A�W�E�CDf
CVR�Y<JNMIO�A�d-R�W�C
Y
E�E�CPY�\ \[S CVR�Skd-R�Y<E�CVX$Y
R:q�¢�L$J�A@d$Y
R5A<ADX$Y
Ro_ R)f
d-R�MI_ R�M%C�dw\ A
JKCVJK\%M�u�E[APW�E:HNJNF$Y<E�CVRG_�E:OmE:JNM-ADCxCQL RlY
X%F ^�A
W�E[HKR
� �5|:��q7<�RPE[HNA�\c]�\%XIMI_lCQL R	O[\ \I_jE:O%Y�R�R�SaR�M%CBFwR)CVu�R�R�M�Z5E:HNX$R5A
\:]	d$Y
R5A
A�X$Y
R�\[FICDE[JKM R5_�]�Y�\%S½CQL R¬Sk\:HNR�W�X$HgE:Y�L ^I_IY
\[O%R�M�Z JKf
F$Y
\[M¤d=\ A�JKCVJN\[M�E:MI_¬d-Y�R5A<ADX-Y�RcZ5E[HKX-RGAx_ R)CVR�Y�SkJNM R5_j]"Y�\%S CQL R
L$JNO[L$f"]�Y
R��mX$R�M-W)^xR5_IO[R>\[] CnL RbADC�Y
R5A<A<RG_	_IJgE[Sk\[MI_tCVJNdl� �[�5�:CDE:¦mf
JNMIO¤JNM[C�\`E%W�W)\%XIM[CTCQLmR�W)\%Y�Y
R�W)CVJK\%Med$Y�\5d=\ A<RG_eJNM±rpR)]Qq�� �:®5��q
¢�L$J�Aj]"E[W)C�J�A�JNSkdw\%YDCDE[M[CjE%AjJKC�A�L \5utAkCQLIE�C�_IJgE[Sk\[MI_¼W�E:M
F-RjX-A<R5_`E%AcE�Y
R)]�R�Y
R�MwW)Ro]�\[YPd-Y�R5A<ADX-Y�Rl_ R�CVR�Y
SkJKMIE�CVJN\[M¤_mX$Y�f
JNMIOTHgE%A<R�Y�LmRGE�CVJNMIOcR)�IdwR�Y<JNSTR�M[C�A�uiJKCQLjL ^I_IY
\[O[R�M�q�<�R@]�\[XIMI_
CQLIE�C7dw\ A
JKCVJK\%Mp\[]mCQL R>L$JNO%LIf"]"Y�R��%X-R�M-W�^pR5_IO[Rb\:] CQLmR/X-dmdwR�Y�_IJgE5f
Sk\[MI_kE[MmZ JNH$XIMI_ R�YBd$Y
RGA<A�X$Y
RtY�R�SaE[JNMmR5_aXIM-W<LIE:MIO%R5_¬��uiJKCQL$JNM
(����'�/W)S�� z ¡�O[JNZ JNMIO¼E�C�{�|%®>�@�>E�E�SaE:�IJKSTXISÍ_ R�Z JgE�CVJK\%M
\:]	EGFw\%X Co�$q°���@�>E$q¼¢�L%XwA�CQL R�CnL R�Y�SoE:H�d$Y
RGA<A�X$Y
RjJNMI_%XIW�RG_
F ^lCQL RcF$X$HN¦lL RGE�CVJNMIOT\[]�CQL RcA
E:SkdIHNRxu�E[AtMmR�O[HNJNO[JNFIHNR:hmuiL$JgW<L
A�Lm\%X$Hg_jFwRcR)�IdwR�W�CVR5_�JK]�\[M$HN^jEkA�SaE[HNHw]"Y
E%W�CVJN\[M�\:]/L ^I_IY�\%O[R�M
E:MI_��>Ci]�\%JKH2u�E[A�L RGE�CVRG_jCD\a� (s{G�[�[�>}oq

��,�243�5�6%3[; 8"6 021�:
;�3 6���8 ;g1 � :$0�6¥6~;!��9[8"�#��;�4w0b,C&VMjCQL R
]�\:HNHN\5uiJNMIO�A<R�W�CVJN\[McE[HN\[MIOtuiJKCQLcY
RGA�X$HyC�A~uBRBuiJKHNH E[_$_$Y�R5A<A7Sk\%Y�R
E�CnCVR�M%CVJNZ[R�HN^`W)Y
X W�JgE:H>J�A<A�X$R5Ac\:]iCQL$J�A�uB\%YD¦=zaCnL R�E[A<ADXISkd$CVJK\%M
CQLIE�CiCnL RPCVR�Skd-R�Y
E�CVX$Y
R	\:]/_IJgE:Sk\%M _�E:M Z JNHgABY
R�SoE:JNM-A�E[HKSk\ ADC
XIM-W<LIE:MIO%R5_a_mX$Y<JNMIO@CQLmRiHgE%A<R�Y�L R�E�CVJNMIO$h[E[MI_a_ R�CVR�W)CVJK\%MT\[]wCQL R
d$Y
\IW)R5A<A�\:]~L ^I_IY
\[O%R�MjSaR�HyCVJNMIO$q

Ó7ÔmÕ�ÖG×7Ø	Ù	Ú�Û2Ü~Ý ÞGß�× ��! Ù�à/á �70,+�$ -�/�/*!



�:�m� lnm7opm7q¢rpt�v t*w®x�~¨opm7�Jm���ru�p�p���

<�RcR5ADCVJNSaE�CVR5_kCVR�Skd-R�Y
E�CVX$Y
R@\:]/_IJgE:Sk\[MI_lE[M ZmJNHgABFm^�X-ADf
JNMIO�CVu�\�CVR�Skd-R�Y
E�CVX$Y
RpJNMI_IJgW�E�C�\[Y<AbW)\%M[CDE%W�CVR5_kCQL RPE:M Z JNHNA�z~�bC
]�\[JNH���u�R�STRGE[A�X$Y
RG_cJyC
A~Y
R5A
J�AVCDE[M-W)RG¡<h[E:MI_�CQLmR�L ^I_IY�\%O[R�MTA
E:Sof
dIHNRc��u�RtSTRGE[A�X$Y
R5_cCQL RiCVR�SkdwR�Y<E�CVX$Y
R�A�L$JK]gCb\[]=CQL RtSk\:HNR�W)X$HgE:Y
Z JKF-Y�\%Mw¡<q ² CDE[YDCVJNMIOluiJKCQL¬CQL RTZ JNF$Y
\[M�h2JKC�Apd=\ A�JKCVJN\[M¤_ R�d-R�M _-A
M$\:Cl\%M$HN^�\%M¼CVR�Skd-R�Y
E�CVX$Y
R�F$X C�E:HgA�\e\[M�d$Y
RGA<A�X$Y
R:q ,x\5u�f
R�Z%R�Y�h-d$Y
RGA<A�X$Y
R	_$JN_�M$\[CpW<LIE:MIO[RP_mX$Y<JNMIOaCnL RPL RGE�CVJKMIO-h$E[Aiu�R
LIEGZ[R	ADL \5uiM�EGFw\5Z%R:h CQLmR�Y�R�]�\[Y
RpCQL R@CVR�SkdwR�Y<E�CVX$Y�R	W�E[M�FwRc_IJKf
Y�R�W�CQHN^¤_ R5_%XIW�RG_eXwA�JNMIO�CQL RoCVR�Skd-R�Y
E�CVX-Y�RoW)\mR /lW)JNR�M[Cc\[]BCQL R
Z JKF-Y�\%Me]�Y�R��mX$R�M-W�^±_ R)CVR�Y�SkJNM R5_�E�Co_IJ0>2R�Y
R�M%Cad-Y�R5A<ADX-Y�R5ATX$d
CD\e{G�[�>�@�>Ee�'{G®5��q��pM$]�\[Y�CVXIM E�CVR�HN^:h~u�RlW)\%X$Hg_`M$\:CcSaR�E%ADX-Y�R
JNM`A�XIW<L`E�u�E:^�CQL RoCVR�Skd-R�Y
E�CVX-Y�RT\:]�CnL RoSaR�HyCVRG_¤Lm^I_IY
\[O%R�M
F-R�W�E�X-A<R/CQL R>Sk\:HyCVR�M@HgE:^[R�Y�u�E[A�C�\m\tCnL-JKM	C�\tF-R�ADd-E�CVJgE[HKHN^tA<R�dIf
E:Y<E�CVR5_l]�Y
\[S CQLmRPY
R5AVCx\:]/AD\:HNJg_lL ^I_IY
\[O%R�M�uiJyCQL�\[X-YirpE:SoE:M
A<R)CVX$d�L EGZ JNMIO@{�³%���/O%R�\%STR�C�Y
^:q�&VM-ADCVR�E%_2h:u�R>STRGE[A�X$Y
R5_	\5Z[R�Y�f
HgE:d d-R5_�rpE:SoE:M`A�JNO%M E[HgAt]�Y
\[S Y�R�O[JN\[MwApL RGE�CVRG_�CD\¤_IJ0>2R�Y
R�M%C
CVR�SkdwR�Y<E�CVX$Y�R�Z5E:HNX$R5A�q~¢�L RbE[A�^ SkSTR�C�Y<JgW�A�L E[d-R>\[] CnL R/Sk\:HNR�W�f
X$HgE:Y~Lm^I_IY
\[O%R�McZ JNF$Y
\[McY
R�W�\[Y<_ R5_k�� �JNO$q |m¡7d$Y�\5Z Jg_ R5A�R�Z Jg_ R�MwW)R
\:]/EoHgE:Y
O[R@CVR�SkdwR�Y<E�CVX$Y�R@O[Y<E[_$JKR�M[Ci\IW�W�X$Y
Y
JNMIOaJNM�CQL RPL ^I_IY�\[f
O[R�M¤A�E[SkdIHKRP_mX$Y<JNMIOoCQLmRPHgE%A<R�YtL RGE�CVJKMIO-q��¬\%Y�R�\5Z[R�Y�h$CQL RP\[F$f
A<R�Y
Z[R5_kA�L E[d-R@E[A�^mSkSaR)C
Y�^TW)HNR�E[Y�HN^cJNMI_IJgW�E�CVR5A�CQLIE�Cb\[M-HK^TCVJNM ^
dw\%YDCVJN\%M�\[]>L ^ _$Y�\%O[R�M¬u�E[ApL R�E�CVR5_�CD\jCnL RTL$JNO[L R5AVC�h=SaR�HyCVJNMIO
CVR�SkdwR�Y<E�CVX$Y�R5A�q@¢�L Rl���[�>W)S�� z ADL-Jy]gC@\:]>CQL R�rxE:SoE:M¬d-RGE:¦
E�CjCQL R�SoE5�IJNS�XIS½L RGE�CVJNMIO`JNMI_IJgW�E�CVR5AoCQLIE�CjL ^I_IY
\[O[R�M¥u�E%A
L R�E�CVR5_�JNM�EGZ[R�Y
E[O[R�CD\¼\[M$HN^��¤®%�/} E[Ak]�\[HKHN\5utAa]�Y
\[S CQL R
CVR�SkdwR�Y<E�CVX$Y�RiA�L$JK]gCb\:]�CQL RtZ JNF$Y
\[M����	��
��[�¨¶���� �m�/W)S � z�
 }�¡
_ R)CVR�Y�SkJNM R5_eJKM�rtR)]Qq¨�U{�®:�tE�Cad$Y
R5A<ADX$Y
R5A (�{G�[�b�@�>EIq�¢�L R
uiL \:HNRTL ^I_IY
\[O[R�M�A
E:SkdIHNR�Y
R�SoE:JNM R5_¬u�E:Y
S E�C��c��� {�®/}
� X-ADC�E5]gCVR�Y�CQL R/HgE[A<R�Y�L RGE�CVJNMIO�Y
XIMcE[A�]�\:HNHN\5utA-]"Y�\%S�CQL RbA�L$JK]gC7\:]
CQLmR�Z JNF$Y�\%M�dwR�E[¦cE�C�CQL R�HNE%AVC/A�d-R�W)C�Y
XIS�q�¢�L R�A�E[SkdIHKR�ADHN\5uiHN^
��SkJNMmX CVRGA<¡BW)\ \:HNR5_j_I\5uiM�CD\oCQL R	E[ScF$JNR�M%C�CVR�Skd-R�Y
E�CVX-Y�R[q

¢�LmRP�bCt]�\[JNH�W�E:M�F-RcE[HNA�\oX-A<R5_�E[AiEkW)\%SkSk\[M�dIHNE�CVJNMmXIS
CQLmR�Y�Sk\%STR�CVR�Ya]�\[Y�Sk\[M$JKCD\%Y<JKMIO�CVR�SkdwR�Y<E�CVX$Y�R¬\[]	CnL R�E[M ZmJNH�q
² JNM-W)Rl_$JNE[Sk\[MI_¤LIE%AcE:M�R��mC
Y�R�STR�HN^¬L$JNO[L�CnL R�Y�SoE:H>W�\[MI_mX W)f
CVJNZmJKCV^[h$\[M$HN^lHNJKCnCnHNR@O[Y<E[_IJNR�M[C�A�\[]�CVR�Skd-R�Y
E�CVX-Y�RPW�E[M�\ W�W)X$Yp\[M
CQLmRcA�X$Y�]"E[W�RPE[Aiu�R�HNH�E[A�JNM�CQL R@F-X$HN¦j\:]/_IJgE:Sk\%MI_o§lJNM�\[CQLmR�Y
uB\%Y
_-A)h>CVR�Skd-R�Y
E�CVX$Y
R�A�L \[X$Hg_�F-R�XIM$JK]�\[Y
S½E[W�Y�\ A<AcCQL R�_$JNE:f
Sk\[MI_¬A�X$YD]�E[W)RTW)\[M%CDE[W)CVJNMIOoCnL RTLm^I_IY
\[O%R�M¬A
E:SkdIHNR:hwCnL RcOmE[ADf
¦[R�CTE:MI_`CQL Rk�>C�]�\%JNH"q�¢�L Rl�>CcCQL R�Y
Sk\[SaR)CVR�YPADL \[X-HN_`u�\[Y�¦
E:HgA�\ªE�C¤L$JNO%L¨d$Y
R5A<ADX$Y
R5A�F-R�W�E�X-A<ReJKC�A�CQL R�Y
SaE[H	W�\%R /lW)JNR�M%C
��� �Í|��7{�������¡�Y
R�SoE:JNM-AjE[HNSk\mADCjXIM-W<LIE:MIO%R5_µ��_ R�Z JNE�CVJN\%M
(e{G�mÐa¡�E�Ci{5¯5|>�@�>Ea� �%¯G�"q &VMa]"E[W)C�hIExdwE:Y�C�\[]wCQL Ri�>C/]�\%JNHIL E%A
F-R�R�MTA<R�d-E:Y<E�CVR5_@]�Y
\[S
CQL RBE[MmZ JNHgA�E:MI_�X-A<R5_�E[A�ExLmRGE�CVR�Y�h:E:MI_
F-RGJNMIO±L R�E�CVR5_�JKC�A
JNO[M$J0!wW�E:M%CQHK^±W�\[M%C�Y<JNF$X CVR5_ªCD\±CQL R¤uiL \:HNR
Y�R5A
J�ADCDE:M-W�R:q¬¢�LmR�Y�R�]�\[Y
RkuBRjRGADCVJNSaE�CVR5_�CQL RjE:M Z JNH/CVR�SkdwR�Y<E5f
CVX$Y
R�F ^�JKY
Y<E[_IJgE�CVJNMIOT�bCp]�\%JKH�\[X C
A�Jg_ RPCQL R�L RGE�CVR�Ya��Y<JNO[LmC@W�JKY�f
W)HNRjE�Ca �JNO-q°�%¡	uiJKCnLeCQL RjA
E:SaRld=\5uBR�Y�\:]tHgE%A<R�Y�E%Acu�RjX-A<R5_
]�\[Y@L R�E�CVJNMIOl\[]bL ^ _$Y�\%O[R�M¬X-d¤CD\ (±{��[�%�/}oqw¢�L RaSTRGE[A�X$Y
RG_
CVR�SkdwR�Y<E�CVX$Y�RkJNM-W�Y�RGE[A<Ro\[]p_IJgE:Sk\[MI_`E:M Z JNHbu�E[AcM-\:C�L$JNO%LmR�Y
CQL E[M������s{G�/}oqI«i]gCVR�YtCnL R	HgE[A<R�YBJNY
Y
E%_IJgE�CVJK\%MoY�XIM�hICQL R	Y�R�f
A
J�AVCDE[M-W)Rl\[]t�>Co_ R�W)Y
RGE[A<R5_`Y
E[d$Jg_IHN^¤CD\�CnL R�HK\5u�Z5E:HNX$R[h�F-X C
ADHNJNO[LmCQHN^PL$JNO[L R�Y�h%JK]7W�\[Skd-E[Y�R5_aCD\�CnL RxJKM-JyCVJgE[HI\[M R:h JNM _$JNW�E�CVJNMIO

CQL RTCVR�Skd-R�Y
E�CVX$Y
RoW<L E[MIO[RT\:]�CnL Rk_IJgE:Sk\%MI_¤E:M Z JNH~\[] (�{7}oq
¢�L RkW)\[SkdIHNR�CVR�CQL R�Y
SaE[H~Y
R�HgE:�IE�CVJN\%M�CDE:¦[R5APA<R�Z[R�Y<E:H�SkJNM%X CVR5A
E[W�W)\%Y
_IJNMIOiC�\@Y
R5A
J�AVCDE[M-W)RB\:]w�bC�h[uiL-JNW<LT_ R�W)Y
RGE[A<R5_PO[Y<E[_mX-E[HNHK^
CD\TCQLmR@JNM$JKCVJgE:H$Z5E:HNX$R[q ² XISkSaE[Y
JN­�JKMIOxCQL R@EGF=\5Z[R[h%CQL RpL RGE�CVJKMIO
\:]�_IJgE:Sk\[MI_¬E[MmZ JNHgAiu�E[AxHK\5usR�M$\[X$O%L¤CD\�d$Y
R�Z%R�M%C	_IJgE[Sk\[MI_
E:M Z JNH[F$Y
RGE:¦IE:O%R�_mX$RBCD\xd-R�M R�C�Y<E�CVJK\%M	\:]ICQL R �<L \[C �tL ^I_IY
\[O%R�M�q

<`R�M$\5uÍ_IJ�A
W)X-A<A�\%M�CQL R�_ R)CVR�W�CVJN\[M�\:]¬CQL R�SaR�HyCVJNMIO
d$Y
\IW)R5A<AxE[HK\%MIOluiJKCQL¤SaE[JNM¬Y�R5A�X$HUC
Ap\[]>CQLmRau�\[YD¦=qc«tHyCQL \[X$O%L
JNY�Y
R�O%X$HgE:YaSk\:CVJN\[Mª\:]PCQL R¤Sk\:HyCVR�MªL ^I_IY�\%O[R�Mªu�E[AjZ J�ADX-E[HNHK^
_ R)CVR�W�CDEGFIHNRo\[X$YTd$Y<JNM-W)JNd-E[H/STR�CnL \I_`\:]iCQL RlL ^I_IY�\%O[R�M�SaR�HyCDf
JNMIO�_ R)CVR�W�CVJN\[M�u�E[A�F-E[A<R5_�\%M�CQL R�\%FwA<R�Y
Z5E�CVJN\[M`\:]xE�Y
E[d$Jg_
W<LIE:MIO%R�JNM¤CQL RoJKM%CVR�Y�]�R�Y
R�MwW)Rad-E�CnCVR�Y<M�\[]>CQL RaY
R)�wR�W�CVR5_�HKJNO%L%C
\:]�CQL RpL RGE�CVJNMIO � #7 �\%Y�E[Y�O%\[MoHgE[A<R�Yp� �%�G��q>¢�LmRxJNM[CVR�YD]�R�Y�R�M-W)R
J�A�W�E�XwA<RG_@F ^x_$JA>2R�Y
R�M%C7Y
R)]�Y<E[W)CVJNZ[R�JKMI_ R�� R5A2\[]IA�\:HNJg_pE[M _@SaR�HyC�q
¢�L$J�A�L$JNO%L�Sk\[F-JKHNJKCV^p\[]=L ^I_IY
\[O%R�MTW�E:MaF-RiR�� dwR�W)CVRG_TF-R�W�E�X-A<R
JKC@J�A	A�\:]gCPR�Z%R�M�JKM`AD\[HKJg_¬ADCDE�CVRc§¬L ^I_IY�\%O[R�M¤J�A	EjL$JNO%L$HN^�L ^mf
_IY
\mADCDE�CVJgW>SaR5_IJyXIS�E�C>STR�O%EGF-E[Y~d-Y�R5A<ADX-Y�R5A�q�¢�L R5A<RiSTR�CnL \I_$A
\:]>_ R�CVR�W�CVJN\%M`��ZmJ�A�X-E[H7E:MI_�JNM[CVR�YD]�R�Y�R�M-W)Rc\%FwA<R�Y�Z5E�CVJN\[M-A<¡buBR�Y�R
E:HgA�\eX-A<R5_¥JNM¼CQL R�W�\[M%C�Y
\:HpR�� dwR�Y<JNSTR�M[C
Ak\[M¥M$JKC
Y�\%O[R�M¥E[M _
E:Y
O[\%M�_ R5A
W)Y<JNF-R5_�EGF=\5Z[R[q

&VM�E%_$_IJKCVJN\[M�CD\lCQL RTEGF=\5Z[R�STR�M[CVJN\[M R5_�_ R)CVR�W�CVJN\[M¬SaR)CQLIf
\I_$A�h>uBRlSk\%M$JKCD\[Y
R5_¤CQL RjY
R5A
J�AVCDE[M-W)Rk\[]iCnL Rl�bC�]�\%JKH�_mX$Y<JKMIO
HgE[A<R�Y>L R�E�CVJNMIOPY
XIM-A/]�\%YbRGE[W<Lkd$Y
R5A
A�X$Y
R:q� -\%YbCQL Rtd$Y
R5A
A�X$Y
Rt\:]
�m¯ h>{��%®�E[MI_±{�|%�/�@�>E�uBRk_ R)CVR�W�CVR5_�X-ADXwE:H/F-R�L EGZ JN\[Yx\:]��>C
Y
RGA
J�ADCDE:M-W�RcE[AxEo]�XIM-W�CVJN\%M�\[]/CQLmR�HNE%A<R�Yid=\5uBR�YpE:MI_�CVR�Skd-R�Y�f
E�CVX$Y
R���A
JNSkJNHgE:Y@CD\¬CQLIE�CTd$Y
R5A<R�M%CVR5_eJKM� �JNO-q �%_-¡@JNM±W)\[M%C�Y<E[ADC
CD\�CQLmR�L$JNO[L R5ADCTd$Y
R5A
A�X$Y
RjY
XIM±\:]�{�|%®>�@�>E$zjJKC�ATY�R5A
J�AVCDE[M-W)R
ADC�Y
\[MIO[HN^¤_IY
\5d d-R5_`E�C@CQL RoSk\[SaR�M%C@\[]BCQL Ro\[F=A<R�Y
Z[R5_¤SaR�HyCDf
JNMIOTJNMI_IJgW�E�CVR5_oF ^lE:Y
Y
\5utABE�Ci �JNO%A�q �%EIhQF�qb¢�L$J�A�L R�HNd-R5_jX-A�CD\
XIMIE:ScF-JKO%X$\[XwADHN^P_ R)CVR�Y�SkJNM R�CnL RiSaR�HyCVJNMIOpCVR�Skd-R�Y<E�CVX$Y
R�STRGE5f
A�X$Y�R5_lE�CbCnL RtSk\%STR�M[C>\[]�CQLmRxADLIE:Y
dk_IY
\5dkJKMkY
R5A
J�AVCDE[M-W)R[q�«�C
{�|m®��@�>E�u�Rod-R�Y�]�\[Y
SaRG_¤CQLmRoSk\ AVCPR��mCVR�M-A
JNZ[RTA<R�Cc\:]�STRGE5f
A�X$Y�R�STR�M[C
A�uiJKCnLPEGF=\[X C/{G�[��L R�E�CVJNMIO�Y�XIMwA)q~«�C7CnL-J�A�d$Y
RGA<A�X$Y
R:h

������ �T¶ ³[³%�/} u�E[APY
R�dwR�E�CVR5_IHN^�\[FICDE[JKM R5_�uiJyCQL±E%W�W)X-Y
E%W)^
F-R�CnCVR�YTCnLIE[M �`�[�/}oq~«�C�\[CnL R�Ycd$Y
RGA<A�X$Y
RGA�uBR�_IJg_�M-\:CT\%FIf
A<R�Y
Z[R�CQLmRe_IJ�A
W)\%M[CVJNMmX$JKCV^�JNM�Y
R5A�J�ADCDE:MwW)R¤\[]�CQL R��bC�]�\%JKH	E�C
CQL RkSk\[SaR�M%C@\[]�SaR�HyCVJNMIO$¸�CQL R�Y
R)]�\[Y
RaCQLmRkSaR�HyCVJNMIOkCVR�SkdwR�Y<E5f
CVX$Y
R�u�E[Aa_ R)CVR�Y�SkJNM R5_`HKR5A<ATd$Y�R�W)J�A<R�HK^ª�� �JNO$qK{G¡�q . X-YTSaR�HyCDf
JNMIOcd=\[JNM[C
A�E[Y�RxADL \5uiMlJNMl �JNO$qK{puiJKCQLlF-E:Y<ABuiL$JgW<LkY�R�d$Y�R5A<R�M[C
R�Y
Y
\[Y@F-E:Y<A)qa«�A�\[X-Y
W�R�\:]BXIM-W)R�YDCDE[JKM%CV^¬\:]bCnL RTCVR�SkdwR�Y<E�CVX$Y�R
SaR�E%ADX$Y
R�SaR�M%C�A7J�A�E[M�JNM-A�X
/lW)JNR�M%C/E[W�W�XIS�X$HgE�CVJN\[MxCVJNSTRB\:]$CQL R
R�SkJ�A<A
JN\[MlA�d-R�W�C�Y<EaE:MI_jW�\[M-A<R��%X-R�M%C�A
W�E�CnCVR�Y<JNMIOc\[]7CQL R4!-C�CVR5_
CVR�SkdwR�Y<E�CVX$Y
RGA�qk«tHgAD\-h�CQLmR�Y�RoJ�A	E:M`XIM-W�R�Y�CDE:JNM[CV^�JKM`W)\%Y�Y
R�HgE5f
CVJN\[Mª\:]@CQLmR¬SaRGE[A�X$Y�R5_±CVR�Skd-R�Y
E�CVX-Y�R�E:MI_¼CQLmR¬Sk\%STR�M[Co\:]
CQL R¬\[FwA<R�Y�Z%R5_�SaR�HyCVJNMIO$q�¢�L$J�AoR�Y
Y
\[Yku�E[AkSkJNM$JNSoE:HBE�CkCQL R
{�|m®>�@�>E�Y�XIMeuiL R�Y
RaCnL RkSk\%STR�M[CP\:]�SaR�HyCVJKMIOju�E%APW)HNR�E[Y�HN^
E[A<A
JNO[M R5_`CD\eE�_IY<E[ADCVJgWlW<LIE:MIO%RjJNM�Y
R5A�J�ADCDE:MwW)Rl\[]pdIHgE�CVJKMmXIS
�� �JNO$q°�[E$hVFw¡<q

<`R�M-\5u W)\%SkSTR�M[CkE:MªJNM[C
Y<JKO%X$JNMIO�_IY
\5d�JNMªY�R5A
J�AVCDE[M-W)R
\:]7CnL RxdIHNE�CVJNMmXIS»]�\%JKH2E[A<A�\IW)JgE�CVR5_TuiJKCQLlSaR�HyCVJNMIO@\[]7L ^I_IY�\%O[R�M
\[F=A<R�Y
Z[R5_�E�CTL-JKO%L�d$Y
RGA<A�X$Y
RlJNMeCnL R�{�|%®/�@�>E¬Y
XIM��� �JNO-q �m¡<q
&QCxJ�AxE:d d-E[Y�R�M[CQHN^jY
R�HgE�CVR5_�CD\j_IY<E:SoE�CVJgWxW<LIE:MIO%R5AiJNM¬CQLmRTADX$Y�f

Ó~ÔmÕ�Ö�×~Ø	Ù@Ú�Û2Ü7Ý ÞGß�× �*! Ù�à/á �#0(+.$ -3/*/�!



q�������t����pt	����vV��	
��v���v
��� w���t	vVt��Ów����������"r���tP���������"rp���¨t��ü�%w�v t������"��r��,rut�x�x��'rut�x �[�[�

Y�\%XIMI_IJNMIO��wX$Jg_�Lm^I_IY
\[O%R�M�qµ«xAjA�\ \[M�E[AjL ^ _$Y�\%O[R�M�SaR�HyC�A
E�C>d$Y
RGA<A�X$Y
RGA/EGF=\5Z[R�(�{G�[�b�@�>EpSk\[HKR�W)X$HNR5A~Y
E[d$Jg_IHN^c_IJ�A<AD\IW)JKf
E�CVRpuiJKCQLoCVR�SkdwR�Y<E�CVX$Y�RtE%W�W�\[Y<_IJNMIO	CD\TW�E:HgW)X$HgE�CVJN\[MwA��°¯mh
�Ih�{%{���q
¢�L R�Y
R)]�\[Y
RcE�CD\%SkJNWxL ^I_IY�\%O[R�Me��d$Y
\:CD\%M-A
¡�W�E:M¬dwR�M R)C
Y
E�CVR	CQL R
Fw\%Y
_ R�Y<JKMIO¬�bC�]�\%JKH�W�E�X-A
JNMIO¤E�W<LIE[MIO[Rl\[]tY�R5A
J�AVCDE[M-W)R[¸bL \5u�f
R�Z%R�Y�h$MmR�O[HNJNO[JNFIHNRiL ^ _$Y�\%O[R�M�J�Ai_IJ�A<AD\[HKZ%R5_kJNM��bC���JNM�W�\[M%C�Y<E[ADC
CD\ª�B_-¡�h@R�Z[R�M¹E�C¤�>�@�>E�E:MI_¹�[�:��}º� �[³5��q Ñ�X C�h	Jy]TdIHNE�C�f
JNM%XIS Lm^I_IY<Jg_ Rj_I\mR5AP]�\%Y�S E�CTSaR�OmEGF-E:Y	d$Y
R5A
A�X$Y
R5A)h�CQLmR�Y�R�f
A
J�AVCDE[M-W)R�uB\%X$Hg_�JNM-W)Y
RGE[A<R¤uiJKCQL�JNM-W�Y�RGE[A
JNMIO±W)\%M-W)R�M[C
Y
E�CVJN\[M
\:]�_IJ�A<AD\:HNZ%RG_�d-Y�\[CD\[M-A�h�uiL$JgW<L�E[Y�RoE[_$_$JyCVJN\%M E[H�A
W�E�CnCVR�Y�R�Y
Ax\:]
R�HNR�W)C�Y
\[M-A�q±« _$Y�\5d±JNM¼Y�R5A
J�AVCDE[M-W)RjSkJKO%LmCTE:HgA�\�\IW�W�X$Y�h>F-X C
\[M$HN^TuiJyCQL$JNMkEPMIE:Y
Y
\5u±CVR�SkdwR�Y<E�CVX$Y
R�Y<E:MIO%RiJNMoCnL RpW�E[A<R�CQLIE�C
CQLmRBW)\[MwW)R�M%C�Y<E�CVJN\[M	\:]$d-Y�\[CD\[M-A7JNM-W)Y
R�E%A<R5A�ADXIW<L	CQLIE�C�ADCD\[JgW<L$JN\:f
STR�C�Y<JgWi�>C�,sJ�ABE�CnCDE:JNM R5_2q�&VM�A�XIW<L�EaW�E[A<R[h CnL R	A�W�E�CnCVR�Y<JNMIOc\:]
R�HNR�W)C�Y
\[M-A/_ R�W)Y
R�E%A<R5A>_mX$RiCD\PCQL Rt\%Y
_ R�Y
JNMIO	\:]�d$Y
\:C�\[M-AbJKMaCQL R
�>CiHgE�CnCVJNW�RT� �:�:�"q

«tHyCVR�Y<MIE�CVJKZ%R�R)�IdIHgE:MIE�CVJN\[Mµ\[]�CnL R�Y
R5A
J�AVCDE[M-W)R�_IY
\5d�E�C
d$Y
RGA<A�X$Y
RGA�E�C (�{G�[�b�@�>E�SoE:^µF-R�_mX$R�W)\%MI_%XIW)CVJKZ%RªA�X$Y�f
Y�\%XIMI_IJNMIOlL ^ _$Y�\%O[R�M¤CnLIE�CPADLmXIM%C�AxCnL RT]�\[JNH�q�«�STR�CDE:HNHNJNW)f�HKJK¦[R
AVCDE�CVR�SkJNO[LmCkE:d d-RGE:Yo_mX$R�CD\eMIE:Y
Y�\5uiJNMIO¬\:]@CQL R�FwE:MI_�OmE:d
uiJKCnLeJNM-W�Y�RGE[A
JNMIOjCVR�Skd-R�Y
E�CVX$Y
R¬� ¯ h
�$h){[{��"q @BX$Y
Y�R�M[CQHN^�EGZ5E[JKHKf
EGFIHNRlR)�Id-R�Y<JKSaR�M%CDE:H�_IE�CDE�E[Y�R�JKMwADX
/lW�JKR�M[CTCD\�R�MIEGFIHKRjX-ATCD\
_IJ�A
W)Y<JNSkJKMIE�CVRkE:Sk\%MIO¬CQL R�EGF=\5Z[RjA
W)R�MIE:Y<JN\mA�q'<`R¬_I\`M$\:CVR[h
L \5uBR�Z[R�Y�hGCQL E�C�CQL R�\[FwA<R�Y�Z%R5_c_IY
\5dTJNM�Y
R5A
J�AVCDE[M-W)R@�� �JNO$q°�[EIhVF=¡
W�E[M�F-R�R)�IdIHgE:JNM R5_	F ^	CnL R�ADLmXIM[CVJNMIOx\:]wE�{)§$�Gf ��Sof"CQL$JgW<¦iHgE:^%R�Y
\:]/CQL R�W)\%MI_%XIW)CVJKZ%R	Lm^I_IY
\[O%R�M¬E�CtCQL RTA�X$Y�]"E[W�Rc\:]�CQL RcL R�E�CVR5_
]�\[JNH�h�F-E[A<R5_`\[MeE¬W)\%MI_%XIW)CVJKZ JKCV^�\:]x{ �p� ��{G����� � z W)S�� z h�E%A
W�E[HNW�X$HgE�CVR5_kJNM�rtR�]�Ac�°¯mh){%{[h��%�5��q <�R	]�\%XIM _jCQLIE�C�CQL Rc_IY
\5d�JNM
Y�R5A
J�ADCDE:M-W�R�E�C�CQL Ridw\%JKM%C/\:]2L ^ _$Y�\%O[R�MTSTR�HUCVJNMIOtu�E[A�HNR5A<A�d$Y�\[f
M$\[XIMwW)R5_�E�Ca{�|m���@�>E$h�E:MI_�EGF=A<R�M%C@E�Ca{��[®/�@�>E�E:MI_¤HN\5u�R�Y
d$Y
RGA<A�X$Y
RGA�h5E[A�u�R�HNH[E%A�\%FwA<R�Y
Z[R5_@JNM@CnL R>SaR�HyCVJNMIOBR��Id-R�Y<JNSaR�M%C�A
_ R5A�W�Y
JNFwRG_ªEGF=\5Z[R�JKM Z%\:HNZmJNMIO¤E[Y�O%\[M¼E[MI_�M$JKC
Y�\%O[R�M�q�¢�L R5A<R
]"E[W)C�AkE:Y
R�E[HgAD\`W)\[MwA�J�ADCVR�M%CouiJyCQLªW�E:HgW�X$HgE�CVJK\%M-Ak� ®Ih�¯ h��5��CQLIE�C
d$Y
RG_$JNW)CtW)\[MI_mXIW�CVJNMIOaSk\:HUCVR�MjL ^I_IY
\[O[R�M�E�Ctd-Y�R5A<ADX-Y�R5AiEGF=\5Z[R
�e{G�[���p{5�:�>�@�>EIq ?xJNY
R�W�CaSTRGE[A�X$Y
R�SaR�M%C�Ac\[]xW)\%MI_%XIW)CVJKZ JKCV^
E:Y
RxY
R��mX$JNY
R5_kCD\lW�\[M
!-Y
S�CQL$J�A�R)�IdIHgE:MIE�CVJN\[M�q

��,��T4=0~9 ;�8 ��;�4=0"�:,'<�Ro]�\%XIM _`R�� dwR�Y<JNSTR�M[CDE[HNHK^¬E[M`XIM$f
X-A�X-E:HmF-R)LIEGZ JN\[Y�\[]ICQLmRBSTR�HUCVJNMIO�CVR�SkdwR�Y<E�CVX$Y
R>uiJKCnL�d$Y�R5A<A�X$Y�R[z
EGFw\5Z%RlE:d d$Y
\G�IJKSoE�CVR�HN^�{��%�>�@�>E�CnL R�STR�HUCVJNMIO�CVR�Skd-R�Y
E�CVX-Y�R
_ R�W�Y�RGE[A<R5APuiJKCQL�Y<J�A�JNMIO�d$Y
R5A
A�X$Y
R��� �JNO$qK{G¡�q�¢�L$J�A !-MI_IJNMIO¤J�A
JNMoE[O[Y
R�R�STR�M[C/uiJKCQLoCnL R�\[Y
R)CVJgW�E[HmW�E:HgW)X$HgE�CVJN\[MwA7\[]=CQL RtSaR�HyCVJNMIO
W)X$Y
Z[R	\[]~L ^I_IY�\%O[R�M��U{���q

<�R�E[Y�R CQL E[M$¦m]�X$H CD\ rPq
Ñ�\mR)L$HNR�Y�h � X�q
 wY�RGJNSaE[M�h
¢@q��>E[HNE%AD^ X$¦=h	E:MI_��cq ,pJNHNHKO%Y�R�M¥]�\[Y�ZGE[HNX-EGFIHNR`_IJ�A
W)XwA
A
JN\[MwA)h
&�q<�@\%M-W<LIE:Y
R�M$¦%\�E[M _	��q�«pM[CD\%M$\5Z�]�\[Y�W�\[M-A�X$HyCVJKMIO�uiJKCQL`XwA
\[M±d=\[JNM%C�Aa\:]pJNM%CVR�Y
R5AVC�hBE:MI_eCQL R ?@ �� O[Y<E:M%CT?brv�:�%� 
 �5f�{
]�\[YtEad-E[YDCVJgE:H�A�X$d dw\%YDC�q

)*�_ö��#ëZ�"õ.�3Ý"5�

5�Þ �*�����%ê¥�uÞy9�8#5i�¨÷�ð�� ���*!déÓ-�/�/�$�ô��
-'��
Z��
Z�m�s5 1 ����Ý��'ì��­��� ��5[ÞÓÞ}5�8#��
��¨��$�� éÓ-�/�/�$�ô��
0"�¹êZ�3ës�}� 1 8#��ß�Þu�*ì����´�':%����í��3Ý%Û"5[Ý����3ïd�uÞyÞ®5[8­ëîð'ò��%)u-�!ZéÓ-�/*/�/�ô��
$%�F���7á	�´õ�8#�3
��	��Ý����	�2�F�*Ü���Ý����3Ý�Ûeë_���¹�"�����*����ö'�3
��,���':"���

ì������n÷�ù���ú3�*0dé})�!�ú*-�ô��
;'�F���"õ.�u6���5�
���ë_�%ö'9�Û'6¨�%�'�3Ý�ÛJê	� � �%ës�}� 1 8#��ß�Þu�%ê¥�uÞy9�8#5���÷�ð��

�����déÓ-3/*/�$�ô��
�"�_ö���ö 1 �3Ý�Û"�����%����ê¹ë¹öVð�������0*/*;')ÀéÓ-3/*/*0*ô��
ú'�t�	�*�´ß���*¨5[Ý�â�5�����5�8��3Ý%Û@ËP��Ú¥�����Ó�*ì��*���':"���'#­í���Ý%Û'5[Ý����*ïd�uÞyÞ®5[8
�¨��)�)u/�-30dé})u!�!�ú*ô��

�"�Fë_��ës���p
'�Ó�­ïü�­�,�38 8���Ý"5������"����Ý%Û¬ËP���%8#5[Ý Ê 5�����ö 1 ��5[Ý 1 5dò������
)u-*;�- é})u!*!*;*ô��

!"�¹ì%��
­��8 6�5�8#Ü*5[8s5[Þ �*�������´�':"��� B¢5�
��"õ�
�ù���/�-3$�-�/�� éÓ-3/*/*ú*ô��
)�/"�_�¥�}ì�� ��5[Ý���� Ê :J5[Þ ���Ó�������':"��� B¢5�
��"õ ù�ù���BZ)�)_!*/*ú é})u!�!�ú*ô��
)�)*�Fõs��ì�� Ê ��6d5[Þ¢�*�������´�":"��� B¢5�
����	
�����/*0���$�/��VéÓ-�/*/*ú*ô��
)u-'�Zís�¹ë.ÞyÞ®� 1�1 ������Þ}5@��Ý%Û ö��Fö'��8#5������"�	���':"���$B¢5�
�� ��5[ÞÓÞu�	ð������

)�)�$�;�/")JéÓ-3/*/*�*ô��
)�0"� � �(
��,ás9���� Ê ��Ý%Û � �Q���2�s5�5p� ���d��í������_9"Ý(�´�´�':"�������p6��

�¢Ý���
�� ��5p��Û'5[Ý
õ ð���ò���)*)ié})�!�-3��ô��
)[$%��
Z�[Ë¹���uÞ � 1 �"5[Ý Ê �	5[Þ¢���Ó�������':"��� B¢5�
��"õ ÷�ò���0*�')Àé})u!*�*;*ô��
)u;'�_���%Ë¹�uÞ 1 �����%�,� ����9�6�5[:'8#5*�"�3Ý�Û BZ� ��5��(��9�����5 1 �%�´�":"�7B¢5�
���õ

�¨ð�� �*;�0*; éÓ-�/*/�/�ô��
)<�"�_���Jás8#5�Ü���8 :��3Ý�â 5[Þó���Ó��� �´�':"���-Bs5[
¨� ��5[ÞÓÞu�������e)pú*;�ú�/')

éÓ-3/*/�0�ô��
)uú'�Zö��bË¹5�5[�Z:���Û ��Ý%Û û7�#���¹ö"����
�5�8#�%�_�´�':%��� B¢5�
�� ��5[ÞÓÞu�	ð������

)u;*;�ú�/")JéÓ-3/*/*�*ô��
)��"�_���´ö"���i��Ýü��Ý%Û á	��á¥���uÞ#â�5����­�,�,ë Ý���8#Ü"�´ë¢����Ü%�,í��"5[�d��ð�
����

0�/*!dé})�!�-�!*ô��
)�!"�_���#ë_�~�¹8#��9"ÞÀ��Ý%Û á	�7ís�~�¥5[Ý%Ý%53Û':��.�´�':%��� B¢5�
�� ð"ù�ð��/���*�

é})�!�����ô��
-3/"�Zö��#�¥� �ü53��8u��ë_�#ís��ïd��Þ 1 �"5������"��Ý%Û � � ì%��ê¥5��������������':"����B¢5�
��

��5[ÞÓÞu��
��¨��)����*/dé})�!*!���ô��
-�)*� � � ì��%ê¥5���������� Bs5�&(����8#��Ü%���´�':"����������)[$�ú3! éÓ-3/*/���ô��
-�-'�+B_�­õ.��57����5[8u� ïü� Bs�*�7���.��Ý%Û�ËP�}õ¥�­õ.��5[8 1VÊ 5[8u�¢�´�':%��� B¢5�
��

��5[ÞÓÞu��
��¨��$�;��*!dé})�!*!*ú*ô��
-30"�Zö��7ís��ö 1 ���i��Û'Þ.5[Þ �*������ì���ë�&'&����"�´�":"����������-*ú3!*0Vé})u!�!")uô��
-p$%�_�,� ���39�6�5[:'8#5*�����I� 1�1 5������Ó�"��Ý%Û B_� ��5u�(�39�����5 1 ��ês�uÞ®9�8#5i��ð����

�')u0déÓ-3/*/�-�ô��
-�;'�_ïü�}û�����8#5[�	5[Þ ����ì���Bs�3�P�3Ý]ö'&�5 1 Þ 8#��� 1 �u&':V÷[�(��;�)p; éÓ-3/*/*0*ô��
-��"�Fõs� ì��3õ.�*5�8u��ïü�7����í��"��Ý%Ü%����Ý%Û � � ì��3��
��3Ý�����ì��3ë�&'&%�Ó�����':"���

ð��m�(��/*0�$�;�/3$]éÓ-3/*/���ô��
-�ú'�_ïü� û7���´8#5[�P5�Þ �À5[ÞJ�*�����¥ö 1 ��5�Ý 1 5 ö�9�&'&%�Ó�­ïd�uÞ}5�8u�¢÷�ð����F)u;�/��

éÓ-3/*/���ô��
-3�"��
Z� ���"ë¢Ý'Þ �3Ý��p
	5�Þ����Ó���'ûyÝ'Þ®5[8#Ý(��ì��'Ús:%Û"8#��Ü*5[ÝJ�´Ý"5[8#Ü�: ð�ð��"!*0

é})�!*����ô��
-3!"�_ë_�2Ë¥87��5p�7�#5[Ý 5�ÞP���Ó����ì��,���':"���'#Àí���Ý%Û'5[Ý����,ïd�uÞyÞ®5[8Àò��­!*ú�!*ú

é})�!*!�/�ô��
0�/"�+B_���	�.Ú¥���'Ûn��Ý%Ûîá	�sá¥�*�����Ó� ì��sí��"5[� � ���':"���¹ð"ò����F;��*!')

éÓ-3/*/3$�ô��

Ó7ÔmÕ�ÖG×7Ø	Ù	Ú�Û2Ü~Ý ÞGß�× ��! Ù�à/á �70,+�$ -�/�/*!


