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¦�]WG�JUBT^§MUjnIF]WBTD5IF]WG<D(BTD1BED5IKM¨G*©ª�WSTMOH(G�JUNWX Q NlXWG<H(D(I`JLNWX�DFMO^�G«^�Jq¬(MOH1_�STBT^�JLIFG^�G<_`]iJLNWBTD(^�D
IK]WJLI�fG<H(G,HFG<D(�&MUNWDFBEwWSTG�j�MOH�JLIF^�MUDF�W]WG�HFBE_4JUNWX®Mª_�G¯JUNWBE_
_`]iJLNWVOG<DYX Q HFBENWV"IK]lG4°�±�\ ²��ª³O�´�O�O�
µ G<JUHFD@JUVOM[¶.·
u¸_<M Q �WSTG�X¹VUSTMOwiJLSsJLIF^�MUDF�W]WG�HFG,Mb_<G<JUNº^�MbXWG�SsMUj@BTN[IKG�HF^�G<XWBTJLIKG�_<MO^��WSEG.©ªBEI µ BTD Q DFG<X�IKM

D(I Q X µ IK]WG�BTNl» Q G<NW_�G4MUj�VUStJU_�BtJUS1w�M Q NlXiJUH µ _�MONWXWBoIKBTMUNWD�MUN®IK]WG�_<SEBT^�JLIKGYD µ DgIKG�^�X Q H(BTNWV�IK]WG
°�±�\ BTN8J�D µ D(IFG<^�JLIKBE_¯JUSh^�JUNWNWG�H<·>u¸fG<w�MLj¨JLIF^�MOD(�W]WG�HFBT_BEN¼IFG<HFJU_�IFBTMONWDYBED�XWBTD(G<N[I`JUNlVOSTG�X
fh]WBE_`]�BEN¼yUMOSEyUG<D½_`]iJUNWVUG<D½MUj&IF]WGh^�G�HFBEXWBTMONWJUSªIFG<^��&G�HKJLI Q HFGhVOHFJUXWBTG�N[I½JUNWX�JUN�JUDFD(Mª_�BtJLIFG<X�^�MbXªa
Q STJLIKBEMON
MUj¾IF]WG¨JLIF^�MUDF�W]WG�HFBE_0wiJUH(Mª_�STBENWBT_�BEI µ ·�¦�]WBTDsBTN
I Q HFN,XWH(BEyUG<D�JUNlMO^
JLSTM Q D¿IKHFJUNWD(BTG<N[I�G�XWX µ
^�MO^�G�N[I Q ^À» Q ©�fh]WBT_`]�j�G<G<XlwiJU_`ZMON[IKM�IK]WG P MONWJUS3^�G<JUN _�BTH(_ Q STJLIKBEMON�·\ MOH(G<MÁyOG�H<�&IF]WG�^�MbXªa
BEÂWG<XIKHKJLNWDFBEG<N[I@JU_�IFBEybBEI µ �lfsG<JUZUG�NWG<X¹²�D(IFHFG<NlVUIK]WG�NWG<Xi¶hBENIF]WG�c@MOHgIK]��5JU_�BEÂi_
²�u«IFStJUN[IFBT_Á¶*�WSTG<JUXWD
IKM0J0^�G<HFBEXWBTMUNiJUSOH(G.avMUHFV[JUNlB P JeIKBTMUN�MUjlIK]WGsJLIK^�MODF�l]WG<H(BT_½]WG¯JLIgaÃIFHKJUNWD(�&MUH(I¯�eIK]WG�HFG�w µ j�G<G�XWBTNWV@wiJU_`Z
IKMYIF]WG9^�G�HFBTXlBTMONiJLS&IKG�^���G<HFJLI Q HFG¨D(IFH Q _.I Q H(GU·
m Q H(IF]WG<H(^�MOH(GU��BEI9BED�JLHFV Q G�X�IF]iJLI�^�MbXWBoÂi_¯JLIFBTMONlDCMUjsIF]WG�StJUH(VOG.aÃDF_<JUSTG�JLIF^�MUDF�W]WG�HFBE_�_�BTH(_ Q a

StJeIKBTMUN�X Q H(BTNWVÄIK]lG °�±�\ ^
J µ ]WJÁyUG SEG<XºIKM�JÄDFSEMÁfhXWMÁfhN8MUj�IK]lG ��JU_<BoÂi_D Q wªIKHFMU�WBT_<JUS«V µ HFG
JUD9fsG�STS½JUD9IKM"JUN�BEN[IKG<NlDFBEÂW_¯JLIFBTMON�MUj«IF]WG
��JU_<BoÂi_�D Q wlIFHFMO�lBT_¯JLS½_�G<SESÅ·
¦�]lG<DFG
Mª_�G¯JUNWBE_�_<BTH(_ Q STJea
IKBEMON"_`]WJUNWVOG�D¨VOG<NWG�HKJLIFGYJUN#G<JUD(IFG<H(N�c@MOHgIK]Ä��JU_<BoÂi_�fsJUHF^�BTNWVl�&JLNÄJUDFD(Mª_�BtJLIFG<XÄ_�MªMOSEBTNWV�BEN"IK]WG
z¨Q HFMUDF]WBEM"JUH(G¯Jl��JUD9fG<STS½JUD�J_<MbMOSTBENWV,MUjIK]WG�IKH(MO�WBT_<JUS)Mb_<G¯JLNWD<��HFG�DF��G<_�IFBEyUG<S µ ·4¦�]WG�IKH(MO�WBT_<JUS
_<MbMOSEBTNWV9�iJLI(IKG�HFN
H(G<D(G<^�wWSEG<DsJ���G<HF^�JUNWG�N[I«°3J�c�B �NiJ¨D(IKJLIKG�fh]WBT_`]
BTN�I Q H(N�j�MOH(_<G<DsJLIK^�MOD(�W]WG<H(BT_
IKG�STG�_<MONWNlG<_�IFBTMONº�WJLIFIFG<HFNlD�IK]iJeIYSTG<JUX®IKM�JLNºG<NW]iJLNW_<G�^�G�N¼I�MLj�IF]WG4D Q wlIKH(MO�WBE_¯JUS½f«JUH(^�BENWV"w µ
HFG�X Q _�G<X>STJLIKG�N[I�JUNWX�DFG�NWDFBEwWSTG,_�MªMOSEBTNWV"MUj@IF]WGMª_�G¯JUNÆ·�ÇvN>JLXWXWBEIFBTMONÆ�1IK]WGHKJLXWBtJLIFBEyUG4_<MbMOSTBENWV
X Q GYIFM JeIK^�MODF�W]lG<HFBE_�r�ÈCÉ�JUNlX�fsJLIKG�H¨yUJL�&M Q H¨HFG<X Q _�IFBTMONWD9BE^���MODFG�D9J,_<MbMOSTBENWV4IKG�NWXWG<Nl_ µ BTN
IK]lG IKH(MO�WBE_<D�JUNWX�D Q wlIFHFMO�WBE_<D��sIK]WG�HFG�w µ BTN[IFG<NWD(BEj µ BTNWV�IK]lG"��G<HF^�JUNWG�N[I4°3J®c�B �NiJÄ_<MUNWXWBEIFBTMONlD<·
Ê@G�NW_<GL�¿J"XWG�STBT_<JLIKG�wiJLStJUNW_�G
w�G�IvfG<G�N¹Mb_<G<JUNWBE_�_�BTHF_ Q StJeIKBTMUN�_`]iJLNWVOG<D��)HFG�^�MUIFG<S µ BTNWX Q _<G<X�JLI(a
^�MODF�W]lG<HFBE_«» Q ©�JLNWMO^�JUSTBEG<D)JUD1fG<SESnJUD¿STMb_¯JUSªHKJUXlBtJLIFBEyOG�_�MªMUSTBTNlVCBTD)G�D(I`JLwWSTBEDF]WG�X�fh]WBE_`]�_�MON[IKH(MOSTD
IK]lG9IFHFMO�lBT_¯JLS¾JUNWX,IK]lG�c�MOH(IF]"��JU_<BoÂi_¨IKG�^���G<HFJLI Q H(G9JUNWMO^�JUSEBTG<DsX Q HFBENWVYIK]WG�°�±�\�·
¦�]WG�°�±�\ D(BT^ Q STJLIKBEMON®G*©ª]WBTwWBoIKDYJLNºBTN[IKG�NWDFBoÂiG<X�u«IKSTJUN[IKBE_4MÁyOG<HgI Q H(NWBTNlV�_�G<SESÅ�)JUD(DFMb_<BTJLIKG�X

fhBEIF]�JUN�G<NW]WJUNW_<G�X8j�MOH(^
JeIKBTMUN®MUj@c@MUH(IK]�u«IFStJUN[IKBE_,ACG<G��ºË�JLIFG<H�·�¦�]WBTDYG�NW]iJUNl_<G<^�G<N[I�_¯JLN
w�G�JeIFIKH(BTw Q IKG<X,IFM�IF]WG¨D(IFHFMONlV�D Q H(j�JU_�G9_<MbMOSTBENWV�BTN]WBEVO]StJLIFBEI Q XWG<D«JUNWX�wWHFBENWG¨HFG�STG¯JLDFG¨BTN�JUH(G¯JUD
MUj0DFG¯JLDFMONiJLSTS µ yLJUH µ BTNlV�D(G¯JeaÃBT_�G�G*©bIKG<N[I<·�ÇvN¹I Q HFNÆ�IK]lG BEN¼IFG<NWD(BEÂiG�X8^�G<H(BTXWBEMONiJUSMÁyOG<HgI Q H(NWBTNlV
_<BEHF_ Q StJLIFBTMON�STG<JUXWD5IFM9JUNYG<NW]WJUNW_<G�X���MOSEG�fsJUHFX�]lG¯JLI)IFHKJUNWD(�&MUH(I1IF]iJLI)BED5HFG�Ì Q BTH(G<XYIKM¨G�Ì Q BTSTBEwWHKJeIKG
IK]lG0D(IFHFMONlV�IKH(MO�WBT_<JUSoaÃG.©bIKHFJLIKH(MO�WBE_¯JUSlIFG<^��&G�HKJLI Q HFG@_<MON[IFHKJUDgI�X Q H(BTNWV�IK]WG0°�±�\�·b¦�]WGC^�MªXlG<STBENWV
HFG�D Q SoIKDh_<MU^��iJLHFGCfG<STS�fhBoIK]DFMU^�G9HFG�_<G�N¼I@�iJUSEG<MOH(G<_�MONWD(IFH Q _.IKBEMONWD<·
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ÇYfsM Q STX�SEBTZUGIKM®G.©ª�WHFG�DFD^ µ VOHFJLIKBoI Q XWGIKM�ACH<·Úuh©ªG<S0¦�BE^�^�G<H(^
JLNWN>JLNWXÛ�)HFMUjd·ÚACH<·
ÜÆpQ HFVUG<N�ËÛBESTSTG�wWHKJLNWX��qj�MOH5VOBoybBTNWV@^�G½IK]WG«MU�W�&MUH(I Q NWBEI µ IKM0_¯JUH(H µ M Q I5IF]WBTD�D(I Q X µ JeI5IK]lG�°¾G<BTwlNWB P
ÇvNWDgIKBEI Q IKG�MUj½\"JLHFBTNlG�ÝhG<DFG<JUHF_`]Æ·Cm Q H(IF]WG<H(^�MUHFGU��ÇhJU^ÞyUG<H µ VOHFJLIKG.j Q S�IFM4�)HFMLjd·0ACH�·@miH(BTG<XlHFBT_`]
� _`]WMLIFIhj�MOH�]WBED�MÁyUG<HKJLSTS�D Q �W��MOH(I<·
Ç1fhBTD(]
IKM�IK]iJUNlZ�JLSTSi^ µ _<MUSTSTG�V Q G�D½j�MOH½D(IFBT^ Q StJLIFBTNWV9JUNlX4�WSTG<JUDKJLN¼I«JLIK^�MOD(�W]WG<H(G0JeIsIK]lG0ÇvNªa

D(IFBEI Q IKG@MUj�\"JUH(BTNWG0Ý�G�DFG¯JLHF_`]�·½R)DF��G<_�BtJUSES µ �ªACHFD�·¿ÜOJUN,u@wWDF]iJLVOG<N��Wx�IKGC\ G<H(ZUG�SÅ�nÈCSTBoyOG�H¦�BE^�^��
c@MbG<S z G�G<NWS µ D(BTXWG�JUNlX xhI`J z HFG<wlDhj�MUH�D(IKBE^ Q STJLIKBENWV�XWBEDF_ Q DFDFBEMONWD��nIF]WG<BEH«yLJUS Q JLwWSTGCD Q VOVOG�D(IFBTMONWD
JUNWX�D(_<BTG�N[IKBEÂW_�JUXlybBT_�GU·�Ç�_¯JLN�NlMUI¨j�MOHFVUG�ICIFM4IK]iJUNlZ#^ µ fhBEj�GU��ß�àJUNWBTJl�Æj�MOHC]lG<H¨NWG.yOG<H�G<NlXWBTNWV
�iJLIFBTG�NW_<GL�iG<NW_�M Q HKJLVOG<^�G<N[I¯�nJLNWX D Q �W��MOH(IhIF]WHFM Q VO]WM Q I�JLSTSÆIF]WG9]WBTVO]lDhJUNWX�STMÁfhD<·
¦�]WBTD«fMOH(Z�fsJUD�D Q �l�&MOHgIKG�X w µ rsu0�¿R � ad�sHFJUDFBESTBtJª�W±¨HKJUN[Ih�OáUâU�[�[�Lã�JUNWXw µ IF]WG9ACG Q IKDF_`]lG

miMOHF_`] Q NlVODFVOG�^�G�BTNWD(_`]iJLjkI�²�A¨m�±�¶IK]WH(M Q VO],IF]WG9_<MOSEStJUw�MOHKJeIKBEyUGCHFG�DFG<JUHF_`] �WHFMe¬(G�_�I<·
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JLH µ ·�·�·�·�·9·�·�·�·�·�·�·�·�·�·�·9·�·�·�·�·�·�·�·�·�·�·9·�·�·�·�·�·�· #�#

0¼å�1½êqç&íKýÃì2�(î�êqç3�Lç&ë4�¨ìWè�ý�êªê�5 ï�ï�ï�ï�ï�ï�ï�ï�ï�ï�ï9ï�ï�ï�ï�ï�ï�ï�ï�ï�ï�ï9ï�ï�ï�ï�ï�ï�ï âl³
6[å7�¾î8�¯èê�9;:Cû
9ÅûKé.û`ç�í<û ï�ï�ï�ï9ï�ï�ï�ï�ï�ï�ï�ï�ï�ï�ï9ï�ï�ï�ï�ï�ï�ï�ï�ï�ï�ï9ï�ï�ï�ï�ï�ï�ï â�#
< å7�¾î8�¯èê�9=�9í`é.êÁç�>lü?� ï�ï�ï�ï9ï�ï�ï�ï�ï�ï�ï�ï�ï�ï�ï9ï�ï�ï�ï�ï�ï�ï�ï�ï�ï�ï9ï�ï�ï�ï�ï�ï�ï ³Á�[á
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³O·o³ E�F+GIH>HFG�_<MOH(X�D(]WMÁfhBTNWV�N Q ^�w�G<H(G<X�BTN[IKG�HFDgI`JUXWBTJUSTD1²�A¨JUNlDFV[JOJLHFXªadÈ¨G�DF_`]WVUG<H3G�yUG<N[IKDK¶.�
JUNWX�Ê@G�BTNWH(BT_`],G.yOG<N[IFDY²�Ê�³CIKM�Ê!�U¶.�iJUNlXIF]WG�J½M Q NlVOG<HhACH µ JUD�².J¨A9¶.·ª¦�]WG�JU�ªa
�WHFM¯©ªBT^�JLIFGhIFG<^��&G�HKJLI Q HFGhHFJUNWVOG�BTD¿VOBoyOG<N�MON�IF]WG�HFBTVU]¼I<·)A¨JLIKJ9j�H(MO^ ±9Ý�Çd��BE_<G
_<MOH(GLKNMPO2Q	R,S�O�O2TVUXW�YZO2[]\!^�_�`ba2ce·-·�·�·�·�·9·�·�·�·�·�·�·�·�·�·�·9·�·�·�·�·�·�· ã

³O·ñ� � _`]WG�^
JLIFBT_hXWBTJUVOHKJL^ DF]lMqfhBENWV9IK]WG��WHFMU�&MOD(G<X�IK]WG�MOH µ IFM�G*©l�lStJUBEN�IF]WG�MOHFBEVOBTNYMUj
IK]WG�JUwlH Q �lIh_�STBE^
JLIFG½¬ Q ^��WD<·)u�jkIKG�H0\ JUDFSEBTNG�I�JUS�·�²Å�U�U�l³q¶.·
·�·�·9·�·�·�·�·�·�· ô

�ª·o³ Ý@JLXWBtJLIFBTMON,D(_`]WG<^�G�MLj5IK]lG�JLIF^�MUDF�W]WG�HFBE_�^�MbXWG<S½²�Rr«�BTSEI`¶.·½¦�]WG�D Q wWD(_<HFBE�lIKD@S
JUNWX Q XWG�NWMUIFGCIK]WG Q �W�&G�HhJUNWX,SEMqfG<HsStJ µ G�H<�iJUNlX,D«IK]WGCD Q H(j�JL_<G¨StJ µ G<H<�lHFG<D(�&G�_.a
IKBoyOG<S µ ·edgf4h
JUNWXidgf�j5JUHFG�IK]WG�DF]lMOH(IvfsJ¯yOG�HKJUXWBTJLIKBEMON�·lkCm�BEDCIK]WGYBENW_<MU^�BENWV
DFMOSTJUH�HKJUXlBtJLIFBTMON��onbpBTD�IK]lG"�WSTJUNWG�IKJUH µ JUSEw&G�XWMW�oqrh�JUNlXsq(jhJLHFG IF]WG#JLwWDFMOH(�ªa
IKBEMON®_�MªG�t�_�BTG�N¼IFD<·�nbpe�;q�h"JLNWXuq(jJUH(G
VOBoyOG<N�JLDYJ j Q NW_.IKBEMON�MUjhSTJLIKBoI Q XWG
JUNWX
IKBE^�G�MUj@IF]WG µ G<JUH<·®¦�]WGD Q Hgj�JU_<G�JUSEw&G�XWM4n�v�BEDYXWG�IFG<H(^�BENWG<X�w µ IF]WGD Q Hgj�JU_<G
_`]iJUHFJU_�IFG<HFBED(IFBT_<D�· ·�·9·�·�·�·�·�·�·�·�·�·�·9·�·�·�·�·�·�·�·�·�·�·9·�·�·�·�·�·�· ³Áã

�ª·ñ� ±9SEMOwiJUS�^�G<JUN�JUNWN Q JUS½JUBEH0IKG�^���G<HFJLI Q HFG�JLI��L^ BENÄIK]WG�R½r«�sBTSoI(agrsSEBTM�_<MON[IKH(MOS
DFBE^ Q StJeIKBTMUN4wyx*r{zÅ·�·�·9·�·�·�·�·�·�·�·�·�·�·9·�·�·�·�·�·�·�·�·�·�·9·�·�·�·�·�·�· ³��

�ª·´ã u0NWN Q JLSTS µ avJÁyUG<HFJUVOG<X JUBEH"IKG�^���G<HFJLI Q HFG¹JLI��L^ w|x*r{z�·9J[¶"DFBE^ Q STJLIKG�XÙw µ IK]WG
R½r«�sBTSoI(agrsSEBTMW��wn¶�c0r«R½� Ý�G<JUNiJUS µ D(BTD�JUNWX�_Á¶�wWSTJU_`Z�STBTNlG ó�P MONiJLS�J¯yOG<HFJUVOG,MUj
IK]WG9R½r«�sBESEIgagrsSTBEMW�¼HFG�X�SEBTNWG P MONWJUS¾J¯yOG�HKJUVOG9MUj�c0r«R½�>Ý�G<JUNiJUS µ D(BTD�·)Xn¶.�WG¯¶«JUNWX
j`¶IF]WG9DKJU^�G9JUD�Jl�õw��õ_�w Q Ihj�MOH��WHFG�_<BE�WBEIKJLIKBEMON,JUNWX�VW�õ]��õB�j�MOH �W� ¦¨··�·�·�·�·�·�· ³Áô

�ª·õ� u0^��WSTBoI Q XlGÄMUj�IK]lG�ÂiH(D(I#]WJUHF^�MONWBE_�MLjYJUBEHIFG<^��&G�HKJLI Q HFG®JLI#�L^ ² x r�¶*·�²�J[¶
R½r«�sBTSoI(agrsSEBTM4²�wn¶�cCr«R¿��·@·�·�·�·�·�·�·�·�·9·�·�·�·�·�·�·�·�·�·�·9·�·�·�·�·�·�· ³qá

�ª·�� � BT^ Q StJLIFG<X P MONiJUSES µ J¯yOG<HFJUVOG�X P MONiJUSsfhBENWX}w ^�~LD�z�²�J[¶�R½r«�sBESEIgagrsSTBEM"JLNWX ²�wn¶
cCr«R¿��· ·�·�·�·�·�·9·�·�·�·�·�·�·�·�·�·�·9·�·�·�·�·�·�·�·�·�·�·9·�·�·�·�·�·�· ³Áâ

�ª·´ô ±9SEMOwiJUSnXWBED(IFHFBTw Q IKBEMON
MUj¾fhBENWX7w ^�~LD�z¾JLI��U�O�U]W�5J�BTN4A9ÜOm�j�MOH¨²�J[¶sR½r«�sBESEI(adrsSTBEM
²�_¯¶«cCr«R¿��XiJLIKJl��²�wn¶«JLNWX�²�Xn¶IK]lG�DFJU^�G�JLD�²�J[¶.�¾²�wn¶sw Q I�j�MUH�Ü[ÜUu�· ·�·�·�·�· �U�

�ª·ñá R)XWX µ VUG<MO��MUIKG�N[IKBtJLS�]WG�BTVO][I9JeIC�U�O�L]i�5J�w ^?z1rs¦hÝ BENÄA9ÜOmÙ²�JO¶@JUNWX�Ü[ÜUu�²�wn¶
JUNWX�cCr«R¿��BEN A9ÜOmþ²�_Á¶�JUNWX Ü[ÜUu ²�Xn¶ ·�·9·�·�·�·�·�·�·�·�·�·�·9·�·�·�·�·�·�· �ª³

�ª·/# u0SEw&G�XWM�JUNlMO^
JLSTBTG�D½°�±�\-a¿rs¦hÝ�w|��z1²�JO¶JUNWX4IFMO��MOVOHKJL�W] µ JLNWMO^�JUSTBEG<D½°�±�\
asrs¦hÝ�w ^�z½²�wn¶.·�·�·9·�·�·�·�·�·�·�·�·�·�·9·�·�·�·�·�·�·�·�·�·�·9·�·�·�·�·�·�· �Uã

ãl·o³ ±9SEMOwiJUSES µ JÁyUG<HFJUVOG<XJLNWN Q JUS�JLBTH¿IKG<^���G<HKJeI Q H(GCJLI��L^�w|x*r{z�·W°�±�\ ²�H(G<Xn¶*�irs¦hÝ
²�wWSTJU_`Zª¶.·7·�·�·�·�·�·9·�·�·�·�·�·�·�·�·�·�·9·�·�·�·�·�·�·�·�·�·�·9·�·�·�·�·�·�· �2#

ãl·ñ� u0NWN Q JLS¾^�G<JUN�JUBTHsIFG<^��&G�HKJLI Q HFG9JeI@�L^�w x r{z�È¨Ý@�½adrs¦hÝ ²�JO¶suC°3�½agrs¦hÝ ²�wn¶
r�È9�qagrs¦hÝ ²�_¯¶½¦�È¨�½È0adrs¦hÝ ²�Xn¶°�±�\agrs¦hÝ ²�G¯¶.· � ]iJLXWG<XJUH(G¯JUDsJUHFG@D(IKJLIKBEDga
IKBE_¯JUSES µ DFBEVONWBoÂi_¯JUN[ICJLI9â����¸STG.yOG�S1wiJUD(G<X�MONÄ_¯JLST_ Q StJLIFBTMONWD�MUj½D(I Q XWG�N¼I<ò´D9I(aÅIKG�D(I
fhBEIF] ãU�O�YXWG<VOH(G<G�D@MUj�j�HFG�G<XWMU^ ·9·�·�·�·�·�·9·�·�·�·�·�·�·�·�·�·�·9·�·�·�·�·�·�· �Uâ
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ãl·´ã Ý@JLXWBtJLIFBEyUG�j�MOH(_<BENWVYJUNWMU^
JUSEBTG�D�w|f��"� É z�w�G�IvfG<G�N ¦�È¨�½È§JUNWX�rs¦hÝ ²�J[¶.�lJUNWX
IK]WG�HFG�DF��G<_.IKBEyUG
_�MON[IKHFBEw Q IFBTMON�MUjIK]WG�NWG�I�DF]lMOH(IvfsJ¯yOG,HKJLXWBtJLIFBTMON¹²�wn¶¨JUNWX�NWG�I
STMONlVUf«J¯yUG�HFJUXWBTJLIKBEMON�²�_¯¶.·,·�·�·�·�·�·�·�·�·9·�·�·�·�·�·�·�·�·�·�·9·�·�·�·�·�·�· ãl³

ãl·õ� u0BEHhIFG<^��&G�HKJLI Q HFG�JUNWMU^
JUSEBTG�D@JeI¨�L^�wyx`r{z�j�MOH@°�±�\adrs¦hÝ ²�J[¶hA9ÜOm ²�wi¶@Ü[ÜUu
JUNWX"²�_¯¶½JU^��WSEBEI Q XWG«MUj&IK]WGhÂiHFDgIs]WJUHF^�MONWBE_U· � ]iJUXWG�X4JUH(G¯JUD½BTN"²�J[¶)JUNlX#²�wn¶½JLHFG
D(IKJLIKBED(IKBE_¯JUSES µ DFBTVUNWBEÂi_<JUN[IYJLI�â���� STG.yOG�SwiJLDFG<X�MON®_¯JUSE_ Q STJLIKBEMONWD9MUjhD(I Q XWG�N¼I<ò´D
I(aÅIKG<DgI�fhBEIF]"ãO�U��XWG<VOH(G<G�D@MUj�j�HFG�G<XWMU^ · ·�·9·�·�·�·�·�·�·�·�·�·�·9·�·�·�·�·�·�· ã[�

ãl·�� �?�����PH w x r{z�²�°�±�\ a�rs¦hÝ@¶�JLI�D(G¯J�STG�yUG<S�j�HFMU^7mnJUHFH(G<HKJÄG.I¯·�JLS�²g³ÁâOâUâ[¶
XWMUIFD<· � BT^ Q StJLIFG<X,°�±�\agrs¦hÝ ²�_<MON[IFM Q H`¶*· ·�·�·�·�·�·�·�·�·�·�·9·�·�·�·�·�·�· ãOã

ãl·´ô ¦�BT^�G�JÁyUG<HFJUVOG<X#JUNWN Q JUS P MUNiJUS3^�G<JUN�DF��G<_<BoÂi_�] Q ^�BTXlBEI µ JUNlMO^
JLSTBTG�DsfhBEIF]"H(G.a
DF��G<_.I�IFM�rs¦hÝ§BEN4IK]WG9XWB]�ÆG�HFG�N¼I�D(G<NWD(BEIKBoybBEI µ G*©l��G<H(BT^�G<N[IKDPw V�~LZ¼V2z�· ·�·�·�·�·�· ã��

ãl·ñá A9ÜOm G�XWX µ VOG<MO��MUIFG<N[IKBTJUS¿]WG<BEVO][I�JLI��U�O�U]W�5J�w ^?z½BENºrs¦hÝ ²�J[¶�JUNWX®IF]WG
XWBojta
j�G<H(G<NW_�G<DYuC°3�½adrs¦hÝ ²�wn¶�r�È9�qagrs¦hÝ;²�_¯¶�È¨Ý@�½adrs¦hÝ;²�Xn¶�¦�È¨�½È@agrs¦hÝ ²�GÁ¶
°�±�\adrs¦hÝ ²kj`¶*· � ]iJUXWG�X¹JUHFG<JUDYJUH(G4D(IKJLIKBED(IKBE_¯JUSES µ D(BTVONlBEÂi_<JUN[I�JLIYâ���� SEG�yUG<S
wiJUD(G<X�MON _<JUST_ Q StJeIKBTMUNWDsMUj�D(I Q XWG�N¼I<ò´D�I(aÅIKG<DgIhfhBEIK]�ãO�U��XlG<VOH(G<G<D�MUj�j�HFG�G<XWMO^�· · ãOô

ãl·/# Ü[ÜUuÞG<XlX µ VOG�MO��MUIKG�N¼IFBtJUS]WG<BEVO][IYJLI��U�O�U]i��J w ^�z«BEN�rs¦hÝ ²�J[¶�JUNlX�IF]WG4XWBojta
j�G<H(G<NW_�G<DYuC°3�½adrs¦hÝ ²�wn¶�r�È9�qagrs¦hÝ;²�_¯¶�È¨Ý@�½adrs¦hÝ;²�Xn¶�¦�È¨�½È@agrs¦hÝ ²�GÁ¶
°�±�\adrs¦hÝ-²�jK¶.· � ]iJUXWG�X�JUH(G¯JUD�JUH(G�DgI`JLIFBTD(IFBT_<JUSTS µ D(BTVONWBoÂi_¯JLN¼I�JeI�â��2� STG.yOG<S�·
�«JUD(G<X�MON _<JUST_ Q StJeIKBTMUNWDsMUj�D(I Q XWG�N¼I<ò´D�I(aÅIKG<DgIhfhBEIK]�ãO�U��XlG<VOH(G<G<D�MUj�j�HFG�G<XWMO^�· · ã[á

ãl·´â ¡ÆMONiJUSES µ J¯yUG<HKJLVOG<XYIKMU�&MOVUHKJU�W] µ BTNYc�MOH(IF]�u0^�G<H(BT_<J@j�MOH5XlB¢�&G<HFG�N[I1IKMO��MOVOHFJU�W]WBE_
G.©ª��G<HFBE^�G�N[IKDPw ^�z�· ·9·�·�·�·�·�·�·�·�·�·�·9·�·�·�·�·�·�·�·�·�·�·9·�·�·�·�·�·�· ã�#

ãl·o³Á��¦�BT^�G)J¯yOG�HKJUVOG�X�JUNWN Q JUS[^�G¯JUN¨G�XWX µ VUG<MO��MUIKG�N[IKBtJLSU]WG�BTVO][I3JUNlMO^
JLSTBTG�D�JLI&�U�O�U]i��J
w&G.IvfsG�G<N�IK]WG¨IKMU�&MOVUHKJU�W]lBT_¨G.©ª��G<H(BT^�G<N[IKD�JUNWX�°�±�\ w ^?z�· � G�G9IFG.©bIhj�MOH�XWG.I`JUBESTD<·þãOâ

ãl·o³O³�Ý@JeIKGCMUj�_`]iJLNWVOG¨MUj¾IFG<^��&G�HKJLI Q HFG9JUXªyOG<_.IKBEMON4fhBEIF],HFG<D(�&G�_�IhIKMY]lG<BTVU]¼I<·)ACB¢�&G<Hda
G<NW_�G<DCw�G�IvfG<G�N�°�±�\�JUNlX�rs¦hÝ G*©l��G<H(BT^�G<N[IKD�w�³¯�£�£¤�¥ox*r§¦�� F z«²�JO¶�A9ÜOmÙ²�wn¶
Ü[ÜUu�·�·�·�·�·�·�·�·�·9·�·�·�·�·�·�·�·�·�·�·9·�·�·�·�·�·�·�·�·�·�·9·�·�·�·�·�·�· �[�

ãl·o³q�>¦�BT^�G
J¯yUG<HKJLVOG<X¹R¿JUX µ VOHFMÁf�IF]�HKJLIFG4BTN®A9ÜOm¨w XiJ µ � F zBTNºrs¦hÝ ²�JO¶�JUNWX�IK]WG
DFG�NWDFBoIKBEybBoI µ G*©ª�&G�HFBT^�G<N[IFD¨JUNWMO^�JUSEBTG<D�·@u0°3�½agrs¦hÝÀ²�wn¶Cr�È9�qadrs¦hÝÞ²�_Á¶0È¨Ý��½a
rs¦hÝ ²�Xn¶s¦�È¨�½È@agrs¦hÝ ²�G¯¶�°�±�\adrs¦hÝ ²�jK¶.·1·�·�·�·�·�·�·�·�·�·9·�·�·�·�·�·�· �¼�

ãl·o³Áã�¦�BT^�G4J¯yOG�HKJUVUG<X8R½JLX µ VOH(MÁf�IK]�HKJLIFG,BTN¹Ü[ÜUu�w XiJ µ � F©z«BTN¹rs¦hÝ ²�J[¶�JLNWXºIK]WG
DFG�NWDFBoIKBEybBoI µ G*©ª�&G�HFBT^�G<N[IFD¨JUNWMO^�JUSEBTG<D�·@u0°3�½agrs¦hÝÀ²�wn¶Cr�È9�qadrs¦hÝÞ²�_Á¶0È¨Ý��½a
rs¦hÝ ²�Xn¶s¦�È¨�½È@agrs¦hÝ ²�G¯¶�°�±�\adrs¦hÝ ²�jK¶.·1·�·�·�·�·�·�·�·�·�·9·�·�·�·�·�·�· �[ã

ãl·o³¯�Ûc@MOHgIK][fsJUHFX�G<XWX µ ]WG<JLI½» Q ©�BTN�A9ÜOmswyªB¥��L¦�� F znBEN4rs¦hÝ ²�JO¶¿JLNWX�IF]WG0D(G<NWD(Boa
IKBoyªBoI µ G.©ª��G<H(BT^�G<N[IKD0JUNWMO^�JUSTBEG<D�·«uC°3�½adrs¦hÝ ²�wn¶0r�È9�qadrs¦hÝ ²�_Á¶@È¨Ý@�½adrs¦hÝ
²�Xn¶s¦�È¨�½È@agrs¦hÝ ²�G¯¶«°�±�\adrs¦hÝ ²�jK¶.·�·�·9·�·�·�·�·�·�·�·�·�·�·9·�·�·�·�·�·�· �[ô

ãl·o³���c@MOHgIK][fsJUHFX4G�XWX µ ]WG¯JeIs» Q ©
BTN4Ü[ÜUu¨wyª«¥¬�L¦�� F zÆBEN,rs¦hÝ ²�J[¶¿JUNWX
IF]WGCD(G<NWD(Boa
IKBoyªBoI µ G.©ª��G<H(BT^�G<N[IKD0JUNWMO^�JUSTBEG<D�·«uC°3�½adrs¦hÝ ²�wn¶0r�È9�qadrs¦hÝ ²�_Á¶@È¨Ý@�½adrs¦hÝ
²�Xn¶s¦�È¨�½È@agrs¦hÝ ²�G¯¶«°�±�\adrs¦hÝ ²�jK¶.·�·�·9·�·�·�·�·�·�·�·�·�·�·9·�·�·�·�·�·�· �¼á

ãl·o³Áô¡ÆMONiJUSES µ J¯yUG<HKJLVOG<XÄNWMUH(IK][fsJUHFXÄG�XWX µ ]WG¯JeI0» Q ©"BTN#rs¦hÝ JLNWX"IK]lG�DFG�NWDFBoIKBEybBoI µ
G.©ª��G<HFBE^�G�N[IKDhBTN�A9ÜOmÛ²�JO¶hJLNWX Ü[ÜUuÀ²�wn¶Cw|ª�¥��L¦�� F z�· ·�·�·�·�·9·�·�·�·�·�·�· ��#

ãl·o³qá>¦�BT^�G�J¯yOG�HKJUVOG�X�IFHKJUNWD(BTG�N¼I½R z R®BEN�A9ÜOm®w¯� É ¦�� É ziBTN�rs¦hÝ§²�J[¶1JUNWX�IK]WGhD(G<NWD(Boa
IKBoyªBoI µ G.©ª��G<H(BT^�G<N[IKD0JUNWMO^�JUSTBEG<D�·«uC°3�½adrs¦hÝ ²�wn¶0r�È9�qadrs¦hÝ ²�_Á¶@È¨Ý@�½adrs¦hÝ
²�Xn¶s¦�È¨�½È@agrs¦hÝ ²�G¯¶«°�±�\adrs¦hÝ ²�jK¶.· ·9·�·�·�·�·�·�·�·�·�·�·9·�·�·�·�·�·�· �[â
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ãl·o³�#�¦�BT^�G�JÁyUG<HFJUVOG<X�IKHFJUNWDFBEG<N[IsR z R�BEN4Ü[ÜUu³wy� É ¦�� É z�BEN4rs¦hÝ ²�JO¶½JUNlX�IF]WG0D(G<NWD(Boa
IKBoyªBoI µ G.©ª��G<H(BT^�G<N[IKD0JUNWMO^�JUSTBEG<D�·«uC°3�½adrs¦hÝ ²�wn¶0r�È9�qadrs¦hÝ ²�_Á¶@È¨Ý@�½adrs¦hÝ
²�Xn¶s¦�È¨�½È@agrs¦hÝ ²�G¯¶«°�±�\adrs¦hÝ ²�jK¶.·�·�·9·�·�·�·�·�·�·�·�·�·�·9·�·�·�·�·�·�· �U�

ãl·o³Áâ¡ÆMONiJUSES µ J¯yOG�HKJUVUG<X�IKHKJLNWDFBEG<N[I¿R z R�BTN�rs¦hÝ>JUNWX�IK]lG�DFG<NlDFBEIFBEybBEI µ G.©ª��G<H(BT^�G<N[IKD
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ãl·ñ�U� A9ÜOm P MONiJUS�^�G¯JUNþMUj�IFHKJUNWD(BTG�N¼I"G<XWX µ ^�MO^�G<N[I Q ^ » Q ©�wy� É ¦�� É z�BENÙrs¦hÝ
²�J[¶YJUNlX¹IF]WG"JLNWMO^�JUSTBEG<D�w�G�IvfG<G�N ¦�È9�½È@agrs¦hÝ2²�wn¶.��°�±�\agrs¦hÝ ²�_Á¶*��JUNWX
IK]WGIKHFJUNWD(BTG<N[I�G<XWX µ ^�MO^�G<N[I Q ^ » Q ©8_<MON[yUG<HFVUG<NW_�G�²�NWG�V[JLIFBEyOG�XWBoyOG<H(VOG<Nl_<GÁ¶
w�³¯�£�£´µ¥L� É ¦�� É z�BTN�rs¦hÝ ²�Xn¶sJLNWX,IK]WG9JUNlMO^
JLSTBTG�Dw�G�IvfG<G�N ¦�È¨�½È@agrs¦hÝ ²�GÁ¶
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J¯yUG<HKJLVOG<X�]WBEVO]ªav�WJUDFD�G<XWX µ wiJUH(Mª_�STBTNlBT_��WHFMbX Q _.IKBEMON�HKJeIKG<D�JLI��U�U�"]i�5J
BTN�A9ÜOm¸wÏ³Á� ��¹ ^ É D �£º z�BTN,rs¦hÝ ²�JO¶.�ªJUNWX
IF]WGCJUNlMO^
JLSTBTG�D)w&G.IvfsG�G<N,u0°��¿agrs¦hÝ
²�wn¶*�W¦�È¨�½È0adrs¦hÝ ²�_Á¶«°�±�\agrs¦hÝ ²�Xn¶.· ·9·�·�·�·�·�·�·�·�·�·�·9·�·�·�·�·�·�· ���

ãl·ñ�Uã�¦�BT^�G
J¯yUG<HKJLVOG<Xº]WBEVO]ªaÃ�iJUDFD�G<XWX µ wiJUH(MUIKH(MO�WBE_�_�MON[yOG<H(DFBEMONºHKJLIFG<DYJeI��U�O��]i�5J
BTN�A9ÜOm¸wÏ³Á�£��¹`^ É D°�£ºZz�BTN,rs¦hÝ ²�JO¶.�ªJUNWX
IF]WGCJUNlMO^
JLSTBTG�D)w&G.IvfsG�G<N,u0°��¿agrs¦hÝ
²�wn¶*�W¦�È¨�½È0adrs¦hÝ ²�_Á¶«°�±�\agrs¦hÝ ²�Xn¶.· ·9·�·�·�·�·�·�·�·�·�·�·9·�·�·�·�·�·�· �Uô

ãl·ñ�L� � NWMÁf�j�JUSES¿JUNWX��WH(G<_�BT�WBoI`JLIFBTMON�JUNlMO^
JLSTBTG�D?w _�^�~ µ H�zÅ·�²�J[¶9JUNWX ²�wn¶¨uC°3�½agrs¦hÝ9�
²�_¯¶«JUNWX®²�Xn¶«¦�È¨�½È0adrs¦hÝ���²�GÁ¶�JUNWX®²�jK¶«°�±�\,agrs¦hÝ9·�·�·�·�·�·�·9·�·�·�·�·�·�· �Oá

ãl·ñ��� � BT^ Q StJLIFG<X,�WH(G<_�BT�WBoI`JLIFBTMONJUNlMO^
JLSTBTG�D«w�G�IvfG<G<N IK]WG�°�±�\ JUNWX"rs¦hÝ»w _�^�~ µ H�z
JUNWX�HFG�_<MONWDgIKH Q _�IFG<XJUH(G¯JUD¿MUjÆG<NW]iJLNW_<G�X,JUNWX�HFG<X Q _<G�X4�WHFG�_<BE�WBEIKJLIKBEMON�j�HFMO^ IK]WG
StJUZLG¨STG.yOG<S¾XWJLI`J�MUj z MU]lj�G<SEXJUNWX Ê0JUH(HFBTD(MON�²Å�U�U�O�[¶.·n·�·�·�·�·�·�·9·�·�·�·�·�·�· �2#

�W·o³ ¦�BT^�GhJ¯yOG<HFJUVOG�X,JUNWN Q JUSn^�G¯JUN�fhBTNlX
D(IFHFG�DFDj�MUHsrs¦hÝÛJUNlX
DFG�NWDFBoIKBoyªBoI µ G.©ª��G<H(Boa
^�G�N[IKD½JUNWMO^�JUSEBTG<D�fhBEIF]�H(G<D(�&G�_�I½IKM�rs¦hÝ¼w|½L�"� É z3·h²�JO¶)rs¦hÝ§²�wn¶5u0°��¿agrs¦hÝ
²�_¯¶�r�È��Áagrs¦hÝ ²�Xi¶�È¨Ý��½agrs¦hÝ ²�GÁ¶«¦�È¨�½È@agrs¦hÝ ²�jK¶�°�±�\adrs¦hÝ�· ·�·�·�·�· ôOã

�W·ñ� ¦�BT^�G�J¯yOG<HFJUVOG�XºJUNWN Q JUS¿^�G¯JUN � yUG<HFXlH Q �®IFHKJUNlDF��MOH(I�w � y�zBEN�IF]WG�c@MOHgIK]�u«I(a
StJUN[IFBT_«j�MOHsrs¦hÝ ²�J[¶*�ªJLNWX�IF]WG0D(G<NWD(BEIKBoybBEI µ G.©ª��G<H(BT^�G<N[I«JLNWMO^�JUSTBEG<D1u0°��¿agrs¦hÝ
²�wn¶hr�È9�qadrs¦hÝ ²�_Á¶hÈ¨Ý@�¿agrs¦hÝ ²�Xi¶h¦�È¨�½È@agrs¦hÝ ²�G¯¶h°�±�\agrs¦hÝ ²kj`¶*·s��MODga
BEIFBEyOG�JUNlX"NWG�V[JLIKBoyOG9yLJUS Q G�DhXWG<NWMLIKG�J�_<SEMª_`Z[fhBEDFG�JUNWX#JLN¼IFBoaÃ_<STMb_`Z[fhBTD(G�_�BTH(_ Q STJea
IKBEMON��lH(G<D(�&G�_�IKBoyOG�S µ ·�·9·�·�·�·�·�·�·�·�·�·�·9·�·�·�·�·�·�·�·�·�·�·9·�·�·�·�·�·�· ôU�

�W·´ã ¦�BT^�GJ¯yOG<HFJUVOG�X�JUNWN Q JLS�^�G¯JLN¹D Q H(j�JL_<G�_ Q H(HFG<N[IFD4w _<^�~LDVz�j�MOH�rs¦hÝ¸H Q N ²�J[¶
JUNWXDFG�NWDFBoIKBoyªBoI µ G*©ª�&G�HFBT^�G<N[IFD@JLNWMO^�JUSTBEG<D0²�wn¶su0°��¿agrs¦hÝ ²�_Á¶�r�È9�qagrs¦hÝ ²�Xn¶
È¨Ý@�½adrs¦hÝ ²�G¯¶«¦�È9�½È@agrs¦hÝ ²kj`¶«°�±�\agrs¦hÝ9·i·�·�·�·�·�·�·�·�·9·�·�·�·�·�·�· ô��

�W·õ� ¦�BT^�GYJ¯yOG�HKJUVOG�X�JUNlN Q JUS)^�G<JUN�DFG¯JD Q H(j�JU_�G�IFG<^��&G�HKJLI Q HFGYj�MOH�rs¦hÝ-²�J[¶¨JUNWX
DFG�NWDFBoIKBEybBoI µ G.©ª�&G�HFBE^�G�N¼IFD)JUNWMU^
JUSEBTG�DZw x r{z��i²�wn¶5È¨Ý��½agrs¦hÝþ²�_¯¶�u0°��¿agrs¦hÝ ²�Xn¶
r�È9�qagrs¦hÝ ²�G¯¶½¦�È¨�½È@agrs¦hÝ ²�jK¶½°�±�\agrs¦hÝ9· � G¯JeaÃBT_�G�^�JUH(VOBTN�BTN
rs¦hÝ ² µ G�Soa
STMÁf�STBENWGÁ¶3DFG<JeavBE_<Gs^�JUH(VOBTN�BTN�IF]WG«DFG�NWDFBoIKBoyªBoI µ G*©ª�&G�HFBT^�G<N[IFD�²�HFG�XYSTBENWGÁ¶*· � ]WJUXWG<X
JUHFG<JUD�JLHFG�D(I`JeIKBTDgIKBE_¯JUSES µ D(BTVONWBoÂi_¯JLN¼I�JLI�â���� STG.yOG�SwiJLDFG<XºMUN®_¯JLST_ Q StJLIFBTMONWD9MUj
D(I Q XWG<N[I<ò´DhI(aÅIKG<DgIhfhBEIK]�ãO�U��XlG<VOH(G<G<D�MUj�j�HFG�G<XWMO^�·�·�·�·�·�·�·�·�·9·�·�·�·�·�·�· ô[á
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�W·ñá ã��U�U]W�5J P MONiJLSTS µ J¯yOG<HFJUVOG�X#NWG<VOJLIKBoyOG¨yOG�H(IKBE_¯JUS¾yUG<STMb_<BoI µ BTNIK]lG���JU_<BoÂi_�È¨_�G¯JUN
²�MO^�G<VOJ[¶�w �5J�~eDVz�·Û²�J[¶�rs¦hÝÞJUNWX ²�wi¶�XWB¢�&G<H(G<NW_�G,w&G.IvfsG�G<N�°�±�\ JUNWX8rs¦hÝ
²�XiJLDF]WG�X�SEBTNWG¯¶1JUNWX�¦�È¨�È JLNWX�rs¦hÝ ²�DFMOSEBTXYSEBTNWG¯¶.·�c@G<VOJLIKBoyOG�yLJUS Q G�D¿BTNWXWBE_¯JLIFG
XWG<D(_<G�NWXWBTNlV�^�MUIKBEMON��ª�&MOD(BEIFBEyOGCyLJUS Q G<DhJLDF_<G�NWXWBENWV�^�MUIFBTMON�·>·�·�·9·�·�·�·�·�·�· áU�

�W·/# ¦�BT^�G½JÁyUG<HFJUVOG<X�JLNWN Q JUSb^�G<JUN � yUG<H(XWH Q ��IFHKJUNlDF��MOH(Iµw � y£zªBTN�IK]WGsc@MOHgIK]��5JU_�BEÂi_
j�MOH)rs¦hÝ ²�J[¶5JLNWXYDFG�NWDFBoIKBEybBoI µ G*©l��G<H(BT^�G<N[IKD1JUNWMO^�JUSTBEG<D��UuC°3�½adrs¦hÝ ²�wn¶1r�È9�qa
rs¦hÝ ²�_¯¶�È¨Ý��½agrs¦hÝ ²�Xn¶«¦�È¨�½È0adrs¦hÝ ²�G¯¶h°�±�\agrs¦hÝ ²�jK¶.· ·9·�·�·�·�·�·�· áª³

�W·´â ¦�BT^�G9J¯yOG<HFJUVOG�XÄJUNWN Q JUS3^�G¯JUN�D Q H(j�JU_�G�_ Q HFH(G<N[IKD0JUNWMO^�JUSTBEG<DsfhBoIK]�HFG�DF��G<_�I@IKM
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�W·o³Á�>ËÛBTNWXlD(IKH(G<D(D@j�MOH(_<BTNlV
JLI�³��2xFcÀ²�STG�jkI@�iJUNlG<Sk¶hJUNWX �W� ¦ÙH(G<DF��MONWD(G�J¯yOG�HKJUVUG<XÄw�G.a
IvfsG�G<N3�2xKc�a��2x � BTN
�5JU_�BEÂi_9ÈC_�G¯JUN�²�HFBTVU]¼I�iJUNlG<Sk¶*·1¦�]WGCSTJLIKBoI Q XlG<D½BTN
IF]WG0H(BTVO][I
�iJUNWG�S¾BTNWXlBT_¯JeIKGCfh]WG�HFG9IK]WG9j�MOHF_�BTNWV�fsJUD@JU�W�WSEBTG�X�B�·´GL·h³Á� x c��¾³�� x c����U� x c JUNWX
��� x c�·�·�·�·�·�·�·�·�·9·�·�·�·�·�·�·�·�·�·�·9·�·�·�·�·�·�·�·�·�·�·9·�·�·�·�·�·�· áUã

�W·o³O³º¦�BT^�GCDFG�HFBEG<D�MUj5D(G¯JeaÃBT_�G9JUHFG<J ²d³Á� ´ ¥�Æ � É ¶«JUNlX D(G¯JeaÃBT_<GCyUMOS Q ^�G�²d³Á� º ¥�Æ � º ¶
BTN�IK]WG�DFG�NWDFBoIKBoyªBoI µ G.©ª��G<HFBE^�G�N[IKD<·�²�J[¶)c0ÊþJUNWX#²�wn¶ � Ê�·&²�_Á¶¿JUNWXÄ²�Xn¶1IK]WG�DKJU^�G
JUD�²�JO¶hJLNWX�²�wn¶«w Q Ihj�MOH«IF]WG9DFG<JeavBE_<GCyOMUS Q ^�GU·«·�·�·�·�·�·�·�·�·�·9·�·�·�·�·�·�· áL�

�W·o³q�>¦�BT^�G�JÁyUG<HFJUVOG<X�JUNWN Q JUS¿^�G¯JUN�DFG<JeavBE_<G�IK]WBE_`ZbNlG<DFDXw ^�z¿BTN�IK]WG4rs¦hÝ�²�J[¶9JUNWX
²�wn¶*�lJLNWX4°�±�\�DFBE^ Q STJLIKBEMON ²�_Á¶¿JUNWXÄ²�Xn¶*·1¦�]WG0H(G<X4SEBTNWGhBED½IF]WG@D(G¯JeaÃBT_�G0^�JUHFVOBEN
BTN4IF]WG�rs¦hÝ H Q N�· ·9·�·�·�·�·�·�·�·�·�·�·9·�·�·�·�·�·�·�·�·�·�·9·�·�·�·�·�·�· á��

�W·o³Áã�¦�BT^�G,J¯yOG�HKJUVOG�X�JUNlN Q JUS«^�G¯JUN¹JUNWMU^
JUSEBTG�D�w�G�IvfG<G<N8IK]WG°�±�\ G*©ª�&G�HFBT^�G<N[I
JUNWX�rs¦hÝ>j�MOH �W�l� w �WD Q z1²�J[¶1JUNWXYj�H(G<DF][fsJLIKG�H!w _<^�~ µ HVz�²�wn¶.· � ]iJUXWG�X
JLHFG¯JLDJLHFG
D(IKJLIKBED(IKBE_¯JUSES µ DFBTVUNWBEÂi_<JUN[IYJLI�â���� STG.yOG�SwiJLDFG<X�MON®_¯JUSE_ Q STJLIKBEMONWD9MUjhD(I Q XWG�N¼I<ò´D
I(aÅIKG<DgI0fhBoIK]#ãU�O��XWG�VOHFG�G<DCMLj)j�HFG<G�XWMO^�·�c@G<VOJLIKBoyOG�yLJUS Q G<D@BTN�²�wn¶h^�G<JUN"G*©l_�G<D(D
MUj�G�yLJU��MOHKJLIFBTMON,MÁyUG<H��WHFG�_<BT�lBEI`JeIKBTMUN ·�·�·�·9·�·�·�·�·�·�·�·�·�·�·9·�·�·�·�·�·�· áUô

�W·o³¯�ÛACB¢�&G<H(G<NW_�G<D0w�G�IvfG<G�N#IKBE^�G�J¯yOG�HKJUVOG�XÄJUNWN Q JLS�^�G¯JUN"°�±�\2Rr«�BTSEIgagrsSEBTM�JUNWX
IK]WG¨±�°¾u¨\�uC�>J¯yUG<HKJLVOG¨w&G.IvfsG�G<N"mnG�wWH Q JUH µ JUNWX,u Q V Q D(I<·@²�J[¶*�¾²�wi¶ �W� ¦¨·3²�_Á¶
JUNWX�²�Xi¶ �l�W� ·5·�·�·�·9·�·�·�·�·�·�·�·�·�·�·9·�·�·�·�·�·�·�·�·�·�·9·�·�·�·�·�·�· á2#

�W·o³�� \"Je©ªBT^ Q ^ DFG¯JqavBT_�G4^�JUHFVOBEN®BEN�mnG�wWH Q JUH µ ²�J[¶�JUNWX�u Q V Q D(I²�wn¶*·��StJU_`Z�STBENWG
²�R½r«�sBESEI(adrsSTBEM®°�±�\#¶.�s�sS Q G"STBTNlGº²År«°¾Çg\ u0�½¶.�hÝhG<XÛSTBENWGº²�±�°¾u¨\�uC�½¶4JUNWX
±9H(G<G�N SEBTNWG�²�R½r«�sBTSoI(agrsSEBTM�rs¦hÝ0¶*· ·�·�·�·9·�·�·�·�·�·�·�·�·�·�·9·�·�·�·�·�·�· áUâ

�W·o³Áô � BT^ Q StJLIFG<X�IKBE^�G�^�G¯JUN�_�MON[yOG�_�IKBoyOG,STJ µ G<H�XWG<�lIF]þ²�D(]iJUXWG�Xn¶�w ^?zsJUNWX®D Q Hgj�JU_<G
XWG<NlDFBEI µ a,³¯�O�O��²�_<MON[IFM Q H`¶3w Z¼V�~e^¬º,z�·Ùc�MOH(IF]WG<H(N Ê@G�^�BEDF�W]WG�HFG�² Q �W��G<HK¶
JUNWX
� M Q IF]WG<H(N>Ê�G<^�BTD(�W]WG<H(G�²�STMÁfG<H`¶*�C²�J[¶�rs¦hÝ2²�wn¶�XWB]�ÆG�HFG<Nl_<G<D�w�G�IvfG<G<N>uC°3�½a
rs¦hÝ ²�_¯¶Är�È9�qagrs¦hÝ ²�Xn¶#È¨Ý��½agrs¦hÝ ²�GÁ¶"¦�È¨�½È@agrs¦hÝ ²kj`¶"°�±�\agrs¦hÝ9·
� ]iJUXlG<XþJUHFG<JUDJUH(GÄD(I`JeIKBTDgIKBE_¯JUSES µ DFBEVONWBoÂi_¯JUN[IJeI�â���� SEG�yOG�S¨wiJUD(G<XÛMONÛ_¯JUS�a
_ Q STJLIKBEMONWD«MLj5DgI Q XWG�N[I¯òõD@I(aÅIKG�D(IhfhBEIF] ãU�O�YXWG<VOH(G<G�D@MUj�j�HFG�G<XWMU^ · ·9·�·�·�·�·�·�· #O�

�W·o³qá>¦�BT^�GYJ¯yOG�HKJUVOG�X®JLNWN Q JUS)^�G¯JUN�^�Je©ªBT^ Q ^�^�G<HFBEXWBTMUNiJUS�MqyUG<HgI Q H(NWBTNWViw � y�z)j�MOH
IK]WG�¾Z¿{À2G.©ª��G<H(BT^�G<N[IKD�·#²�J[¶Cc@u0AhË ²�wn¶Cu0u0�Ë G*©ª�&MOHgIKG�X®NWMOHgIK][fsJUHFX�BTN
u«IKSTJUN[IKBT_CJLI0�U� x � · ·9·�·�·�·�·�·�·�·�·�·�·9·�·�·�·�·�·�·�·�·�·�·9·�·�·�·�·�·�· #Oã

�W·o³�#�¦�BT^�G�JÁyUG<HFJUVOG<X4JUNWN Q JUSnXWG�NWDFBoI µ » Q ©�BTN
rs¦hÝ³wÏ³Á� �£´ ¥?Æ£Ç£� � É ¦ � F�zÅ·h²�J[¶1IK]WG�Hga
^
JLS�_�MON[IKHFBEw Q IFBTMON��5²�wi¶@]iJUSEBTNWG�_<MON[IKH(BTw Q IKBTMUNÄJUNWX¹²�_Á¶�IF]WG<H(^
JUS�ÈC]iJUSTBENWGU·�²�Xn¶*�
²�G¯¶«JUNWX®²�jK¶IK]WG9DKJL^�G�JUDhJl�õw��õ_9w Q Ihj�MOH«IK]lG�XlB¢�&G<HFG�NW_<G�D0°�±�\agrs¦hÝ9·À·�·�·�· #��

�W·o³Áâ�¦�BT^�GCJ¯yOG�HKJUVUG<X�JUNWN Q JUSÆ]WG¯JLIsIKHKJLNWDF��MOH(ICwõ�1ËÉz�·3²�J[¶ � G<NlDFBEIFBEybBEI µ G.©ª��G<H(BT^�G<N[IKD
²�wn¶su@NWMO^�JUSTBEG<D«w�G�IvfG<G�N"IK]lG�D(G<NWD(BEIFBEybBEI µ G.©ª�&G�HFBE^�G�N¼IFD�JUNWX"rs¦hÝ�·¾·�·�·�·�·�· #Oô
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�W·ñ�U��¦�BT^�G,J¯yOG�HKJUVOG�X>JLNWN Q JUS«^�G¯JUN�NWG.IY» Q ©�MLj P MONiJUSES µ J¯yOG<HFJUVOG�X8HFJUXWBtJeIKBTMUNºJLI
IK]WG,IFMO�8MLj0IK]lG JeIK^�MODF�W]lG<HFGiw|f�� � É zÅ·>rs¦hÝ2²�J[¶�JUNlMO^
JLSTBTG�D�w�G�IvfG<G<N8IK]WG
DFG�NWDFBoIKBEybBoI µ G.©ª��G<H(BT^�G<N[IKD�JUNWX"rs¦hÝ ²�wi¶.·Y·9·�·�·�·�·�·�·�·�·�·�·9·�·�·�·�·�·�· #�#

�ª·o³ rsMON[IKH(MOS�^�G<_`]WJUNWBTD(^-MUj)IK]WG�NWMOHgIK]WG�HFNÄJUNlX#G<Ì Q JLIFMOHFBTJUS��5JU_�BEÂi_�D Q Hgj�JU_<G�IFG<^Ya
�&G�HKJLI Q HFGL·¿u@jkIKG�H�Ê&Ë.Ì�Ì�W�T°Ì?O2QÍQ7W�YZO2[]\�K�Î	Ï�Ï�a2ce·¸·�·�·�·�·�·�·�·9·�·�·�·�·�·�· âU�

�ª·ñ� R)XWX µ VOG<MO��MUIFG<N[IKBTJUSnHFG<D(�&MUNWDFG?w ^?z&JLI��U�O�U]W�5J�IFM�JUN,R)SÆc@B �NWM��iJLI(IKG�HFN
fhBoIK],J
c@B �NlM�ã�JU^��WSTBoI Q XlG9ãeav� x r0·5²�J[¶hRr«�BTSEI@JUNlXº²�wi¶�c0r«R½� _�MO^���MOD(BEIKG9w�G�IvfG<G�N
R)S3c@B �NWM�JUNWX °�J�c�B �NWMYG�yUG<N[IKD�·�·�·�·�·�·�·9·�·�·�·�·�·�·�·�·�·�·9·�·�·�·�·�·�· â��

�ª·´ã ¦�BT^�GJ¯yOG<HFJUVOG�X�JUNWN Q JLS�^�G¯JLN8G�XWX µ VOG�MO�&MLIKG<N[IFBtJUS«]lG<BTVU]¼I�JLI��U�U�U]i�5J�w ^?z�·
m5StJeIR¿JUH(IF] ²�J[¶.�Crs¦hÝ ²�wn¶*�CG<XlX µ VOG<MU�&MUIFG<N[IKBTJUSCJLNWMO^�JUSTBEG<D4w�G�IvfG<G�N m5STJLI
R¿JUH(IF]#JUNWX#rs¦hÝ ²�_Á¶hJUNWX�IK]WG�G<XlX µ VOG<MO��MUIFG<N[IKBTJUS¾]WG<BEVO][I0BEN"c0r«R¿�þÝhG¯JLNiJea
S µ DFBED�²�Xn¶*·�·�·�·�·�·�·9·�·�·�·�·�·�·�·�·�·�·9·�·�·�·�·�·�·�·�·�·�·9·�·�·�·�·�·�· âOô
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�ª·o³ rsM Q �WSEG<X�^�MªXWG�S1DFBE^ Q STJLIKBEMONWD0MLj«JUBEH0IKG�^���G<HFJLI Q HFG�JLI��L^;JUNWX�IK]WG�JUwWD(MOS Q IKG
G<H(HFMOH«j�H(MO^Þc0r«R½� ÝhG¯JLNiJUS µ D(BTD<·)u@XiJU�lIFG<X�j�HFMO^ Ð�W,O2Ñ2W�T�W�YZO2[]\eK�Î	Ï�Ï2^�c2\�·�·�· ³��

�ª·ñ� rsM Q �WSEG<XÄ^�MªXlG<S�DFBT^ Q StJLIFBTMONlD@MUj¿VUSTMOwiJLSTS µ avJÁyUG<HFJUVOG<X"�¿�¿¦ JUNWX#IF]WG�JUwWD(MOS Q IKG
G<H(HFMOH«j�H(MO^¸cCr«R¿��ÝhG¯JLNiJUS µ D(BTD<·¿u@XiJU�lIFG<Xj�HFMO^ Ð�W,O2Ñ2W�T�W�YZO2[]\�Î	Ï�Ï2^ÓÒÕÔlË.Y©Ö�×
W�YµO2[]\ØÎ	Ï�Ï2^ ·�·�·�·�·9·�·�·�·�·�·�·�·�·�·�·9·�·�·�·�·�·�·�·�·�·�·9·�·�·�·�·�·�· ³qá

�ª·´ã � BT^ Q StJLIFG<XJUNlX�MUwWDFG�H(yOG�X#DFG<JeavBE_<G9JUH(G¯J3w�³¯�2´Ø¥�Æ � É z�·W·�·�·�·�·�·9·�·�·�·�·�·�· ³Áâ
�ª·õ� � Q ^�^
JLH µ MUj�IF]WG9_<M Q �WSTG�X D(BT^ Q STJLIKBEMONWD�·®·9·�·�·�·�·�·�·�·�·�·�·9·�·�·�·�·�·�· �O�
�ª·�� °�±�\ JUNWX �)HFG�DFG<N[IgavXiJ µ MOH(wWBEIKJUS��iJUHFJU^�G�IKG�HFD�KNÙ!W�TNS£W�TIÒ{^�_ÛÚ�`rc2\�·9·�·�·�·�·�·�· �Uã
ãl·o³ Ý@JLXWBtJLIFBEyUGsj�MOHF_�BTNWV�JUH(G¯JeavJ¯yOG<HFJUVOG�X
JUNlMO^
JLSTBTG�D1BTNYIF]WGhHFG<D(�&G�_�IFBEyOG�G.©ª��G<H(BT^�G<N[IKD

fhBEIF] HFG<D(�&G�_�I,IFM¹rs¦hÝ�·�c Q ^�w�G<H(D,BTN�wWHFJU_`ZUG.IKD�BTNWXlBT_¯JeIKG IF]WG#IKG�^���G<HFJLI Q HFG
JUNWMO^�JUSEBTG<DsJLI@�L^ÞBEN,IK]WG9HFG�DF��G<_.IKBEyUG�H(G<VOBEMON�·�·�·�·�·�·�·�·�·�·�·9·�·�·�·�·�·�· �Oá

ãl·ñ� ±9STJU_<BTJUSoavJUVOG3_`]iJUNlVOG<D3BTN¨^�G¯JLNCIKG<^���G<HKJeI Q H(G)MUj¼IK]WG)_�MOSTXWG�D(I3^�MON[IK]�²+�¬����lH�¶
MÁyOG<H@R)Ì Q JLIKMUHFBtJLS � M Q IF] u@^�G�HFBE_¯J�²+ÜPÝ�ÞÞaZ�U�eagá2�2xgË§�o³Á��xKc�ag�2x � ¶.�nR)Ì Q JLIFMOHFBTJUS
R¿JUD(I�u@j�H(BT_<J�²ßÜ!ÜàÞÚa����qav���2xFR��o³Á��xKc�a`³Á��x � ¶.�qc�G�f¹± Q BTNlG¯J�²Ná�â ³¯ãO�ea`³��U��xFR��´�ea
³Á� x � ¶.� � Q wlIFHFMO�lBT_¯JLS � M Q IF]4u@j�H(BT_¯J�²ãÝÝ�Þ a³��qadã�� x R��o³��qadã�� x � ¶¿JUNWX � Q wlIFHFMO�WB�a
_¯JUS&R¿JUD(IFG<H(Nc@MOHgIK]4u@^�G�HFBT_<J
²�Ý�Ü!á"Þ a¿á��qa©#��2xgË§�´ãO�eavã��2xFc0¶.·b¦�]WGC^�BTNWBE^ Q ^
JUNWX ^
Je©ªBE^ Q ^ÞH(G<�WH(G<DFG�N[ICIK]WG�^�BENWBT^ Q ^ÀJLNWX#^�Je©ªBT^ Q ^ä�¬����lH fhBEIK]lBTN
IK]WGHFG�VOBTMONlD1JU^�MONWV�IK]WG«�lHFM¯© µ aÃXiJLIKJl·5¦�]WGsDFBT^ Q StJLIFG<Xe�¬����lHÚBEN�IK]lG�°�±�\
G.©ª��G<HFBE^�G�N[I0BED@D(]WMÁfhN"j�MOH�_<MO^��iJUH(BTDFMUN�·«¦�]WG�I`JUwWSEG�BED@XlG<HFBoyOG�X"j�HFMO^ � ]WBTN�G�I
JUSÅ·�²Å�U�O�Uã[¶.·�·�·�·�·�·9·�·�·�·�·�·�·�·�·�·�·9·�·�·�·�·�·�·�·�·�·�·9·�·�·�·�·�·�· ãU�

ãl·´ã u0H(BTXWBoI µ ÇvNWXlG.©®²N·eÅ2å�¶j�MOH�rs¦hÝÙJUNWXIK]WG�°�±�\ D(G<NWD(BEIFBEybBEI µ G*©ª�&G�HFBT^�G<N[IFD<· · �Uâ
�W·o³ ¦�BT^�G)J¯yOG�HKJUVOG�X�JUNlN Q JUS[^�G<JUN �W� ¦®JUNWMO^�JUSTBEG<D&w&G.IvfsG�G<N�IF]WG¿°�±�\ DFG�NWDFBoIKBEybBoI µ

G.©ª��G<HFBE^�G�N[IKD�JUNWX"rs¦hÝ�w x r{zÅ· ·�·�·�·�·�·9·�·�·�·�·�·�·�·�·�·�·9·�·�·�·�·�·�· ôOô
�W·ñ� � BT^ Q StJLIFG<Xc�uCA�Ë BEN�XlB¢�&G<HFG�N[I@^�MbXWG<SEDCw � y£z�· ·�·�·�·�·�·�·�·9·�·�·�·�·�·�· #[�
�W·´ã � BT^ Q StJLIFG<X�²�R½r«�sBTSoI(agrsSEBTM¼¶½JUNWXG<DgIKBE^
JLIFG<X�°¾MÁfsG�H0rsBEHF_ Q ^���MOSTJUH«ACG�G<�f«JLIFG<H

²�°�r«A�Ë ¶àw � y�z�·4·�·�·9·�·�·�·�·�·�·�·�·�·�·9·�·�·�·�·�·�·�·�·�·�·9·�·�·�·�·�·�· #Oã
�W·õ� c@MOHgIK][fsJUHFX Mb_<G<JUNWBT_ ]WG¯JeI,¦�HFJUNWD(�&MOHgI,JUNlMO^
JLSTBTG�D�JLIãO��x � BTN>IF]WG#u«IFStJUN[IKBE_

wõ�1ËÉz�·�� XWG<NlMUIKG�DsJUNlMO^
JLSTBTG�D1w�G�IvfG<G<N�IK]WGhDFG�NWDFBoIKBoyªBoI µ G.©ª��G<H(BT^�G<N[IKD½JUNWX
rs¦hÝ9·e#[á
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éPÖÓê¸Ì�ëÍì
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KßïIð!ñ�ñ�Î	Ï�Ï2^�c

ò±ó�ò ô�õ÷öÉø�ù�ú�û ü�ý,þÿü��Õû2ú��������

¦�]lG«�iJUDgI�³Á�l�´�O�O� µ G¯JUH(D)]iJ¯yOG�w�G<G�N�JUNWMO^�JUSTM Q D�BEN�IK]lG«]WBTDgIKMOH µ MLjnM Q H1�WSTJUNWG.I¯·�¦�]WBTD1��G<H(BTMbX��
X Q H(BTNWV�fh]lBT_`]_<BoyªBESTBEDKJLIFBTMON�XWG�yUG<SEMO�&G�X��WfsJUDh^
JUH(ZUG�X�w µ HFG<X Q _<G�X"VOSEMOwiJUS�_<SEBT^�JLIKG�yUJLHFBtJLwWBTSEBEI µ �
Q NWSEBTZLGCX Q H(BTNWVYJLN µ DFBE^�BEStJUH)IKBE^�G@DF�iJLN�MLj¾IK]WG¨�iJLD(I9³Á�O��^�BESTSTG�NWNWBTJLKNÙ�T
Ö�W
ì
	�W�Tà^�_�_���O�ce·)Ê@BEVO]ªa
HFG�DFMOS Q IKBEMONÄHFG�_<MOH(XWDCj�HFMU^;BT_�G�JUNWXÄD(G<XWBE^�G�N¼IFD9_<MOH(G<D�JUNWX�MUIF]WG<HCD(M Q H(_<G<D�]iJ¯yOG�H(G�yOG<JUSTG�X�IF]iJLI
BTN�IK]WG��iJUD(ICHKJU�WBEX"_�STBT^�JLIFG�_`]WJUNWVOG�DCMª_�_ Q H(HFG�X�JLI0IF]WG�IKBE^�G*avD(_¯JUSEG�MLj¿] Q ^
JUN"STBEyUG<D�· � MO^�G�MLj
IK]lG¨^�MODgI��WH(MONWM Q Nl_<G<XH(G<VOBEMONiJUS&JUNWXStJLHFVOG*avDF_<JUSTG@_<SEBT^�JLIKG�_`]iJUNWVUG<D�²�BEN¼yUMOSEybBENWVW�¼j�MOH«G.©lJU^��WSEGU�
J4HFG�VOBTMUNiJUS3_`]iJUNWVUGYBTN#^�G¯JUN#JUNWN Q JUS5IFG<^��&G�HKJLI Q HFG�MUj¿DFG.yOG<HFJUS1XWG�VOHFG�G<D�rsG<SEDFB Q DCMOH@XWHKJU^�JLIFBT_
_`]iJUNlVOG<D�BTN�WH(G<_<BE�WBEIKJLIKBEMON,�iJLI(IKG�HFNWDK¶hMb_<_ Q HFH(G<X fhBoIK]WBENJ�j�G.fÙ_<G�N[I Q H(BTG<D���JUNWX�MUjkIKG�N�fhBoIK]WBEN J
j�G�f>XWG<_<JUXWG�D<�lMUH)G�yOG�N�¬ Q DgI½fhBoIK]WBEN�J¨j�G.f µ G<JUHFDPK��[.[8W��lÎ	Ï�Ï�Ï��ð�W�YãW�TIR�ÖÓQ"W�Y O2[]\ØÎ	Ï�Ï�Ï��&éàO2ë�S¬W�Y
O2[]\�^�_�_�`��µMlO2Q	R,S�O�O2T,U3W�Y�O2[]\�^�_�_��rce·¨u@DCXWMb_ Q ^�G<N[IKG�X�w µ HFG�_<MOH(XWDCj�HFMO^�G¯JLHFS µ _�BEybBTSEBTDKJeIKBTMUNWD
IK]lG<DFGhXWG�_¯JUXWJUSoaÅIKBT^�G.aÃDF_<JUSTG)IKHFJUNWD(BEIKBEMONWD1]WJUX�JCD(IFHFMONWV9BE^��iJL_�I1MUNY] Q ^
JUNYSEBEybBTNlVCJUNWX�D(Mª_�BTG�IFBTG�D<·
miMOHCBENWD(IKJUNW_<GL�¾IK]WGY_�MOSTSTJU�WDFG�MUjIF]WG�\"J µ JLN�_�BEybBTSEBTDKJeIKBTMUN fh]WBE_`]�Mb_<_ Q HFH(G<X�JUHFM Q NWX7#O�O� µ G¯JUH(D
w�G�j�MOH(G«�WHFG�DFG�N¼I@²��«�½¶5_¯JUNYw�G�JLI(IKH(BTw Q IFG<X�IFM¨XWG<_<JUXiJUS�avD(_¯JUSEGs_<SEBT^�JLIKG¿D(]WBEjkIFDàKNéCO2ë2S�W�Y=O2[]\�Î	Ï�Ï2^��
élÖ(U£W�[.[£^�_�_���ce·�ÇÃI3]iJLD�JLSTDFMhw�G<G�N�D Q VOVOG�D(IKG�X�IF]iJLI�JUSoIKG<H(NiJLIFBTNWV«fG�I5JUNWX9XWH µ �&G�HFBEMªXWD¾BENl» Q G�NW_<G�X
IK]lG�HFBTD(G�JUNWXYj�JUSESªMLj&_�M[JUDgI`JUSlJUNWX�]WBTVU]WStJUNlX�_ Q SoI Q H(G<D)MUj&R)_ Q JUXWMOH¿JUNlX���G<H Q K(Ê�×ÍÖÓÌ�íÍR�ÖÓQXW�Y;O2[]\
^�_�_���ce·1u@D�D Q VOVOG�D(IFG<X�w µ�� W�Ë+U£ÖÓÑ?W�Y{O2[]\�K�Î	Ï�Ï2^�ce�ªIF]WG<D(G�D Q XWXWG�N _�STBE^
JLIFG@IFHKJUNWD(BEIFBTMONWDsJUHFG9JLSTDFM
J�IK]WH(G¯JLI�D(_<G<NWJUHFBEM�j�MOH�M Q H�j Q I Q H(G9_<STBE^
JeIKGU�¼fh]WBE_`] BED�G*©ª�&G�_�IKG�X IFM�w�G9DFBTVUNWBEÂi_<JUN[IKS µ XWB]�ÆG�HFG�N¼I
IK]WJUNYIKMbXiJ µ òõD¿_<SEBT^�JLIKGX Q G�IKM�JUN[IK]lHFMO��MOVOG�NWBT_�G�^�BEDFDFBEMONWD1MLjÆVOH(G<G�NW]WM Q D(GhV[JUDFG�DlKßï
ð�ñ�ñ Î	Ï�Ï2^�ce·
r Q HFH(G<N[IKS µ �WIF]WG<H(G�BED�G�ybBTXlG<NW_�G�j�MOH«J�VUSTMOwiJLS&fsJUHF^�BTNWV�IFHFG�NWX�fh]lBT_`]�^
JUN µ DF_<BEG<N[IKBED(IFD�_�MONªa

DFBEXWG<H�IKM w&G�J fhBEIFNWG<D(D�MUj�JUN[IK]WH(MO�&MUVOG<NWBE_�_�STBE^
JLIFG�_`]iJUNWVOG�D<·"È0IK]WG�H�HFG�DFG<JUHF_`]WG�HFD��½]lMqfG�yUG<H��
JUH(V Q GCIK]WJLI�IK]WG9DFJU^�GCIFHFG�NWX BED�JYNiJLI Q HKJUS3JLXe¬ Q D(IF^�G�N[IhMUj�IF]WG9VOSTMUwiJUS�_<STBE^
JeIKGCD µ DgIKG�^¸HFG<_�MÁy¼a
G<H(BTNWVCj�H(MO^ IF]WG�°¾BEIFIFSTGÇv_<Ghu0VOGL�[IK]WG�STJUD(I¿^�Jq¬(MOH1_�STBE^
JLIFGsXWG.IKG�HFBTMUHKJLIFBTMON�IF]iJLI¿G�NWXWG<X ³Á�O� µ G¯JUH(D
JUVOM7K � W�Ë+U£ÖÓÑ�O2Q÷U�À�OÓR�[ÃË.Q�Î	Ï�Ï2^�ce·
u0SoIK]WM Q VO]ÄD(IKJLIKG*avMUjtaÅIK]WG*adJUHgIC_<M Q �WSTG�XÄVOG<NlG<HKJLS1_<BEHF_ Q StJLIFBTMON ^�MbXWG<SED�²År�±�r�\#¶CJUH(GYJUwWSEG�IKM

HFG<JUSTBED(IFBT_¯JLSTS µ D(BT^ Q STJLIKG"w&MUIF]þIF]WG��WHFG�DFG<N[I#JUNWN Q JUS¨^�G¯JUNþ_<SEBT^�JLIKG#JUNWX IF]WG�_<SEBT^�JLIKMOSEMOVOBE_¯JUS
DFG<JUDFMUNiJUSi_ µ _�STGU�ªJUN�JU_�_ Q HFJLIKG�DFBE^ Q StJeIKBTMUN�MUj&_ Q H(HFG�N¼I_<SEBT^�JLIKGsXWMªG�D¿NWMUI¿V Q JLHKJUN[IKG�G�IK]WG�JUwWBESTBoI µ
MUj½J
^�MbXWG<S¾IKM
DFBT^ Q StJLIFG��WJUD(I0MOH@j Q I Q HFG�_<SEBT^�JLIKG�_`]iJUNWVUG<DC�WH(MO��G<HFS µ ·CrsSTBT^�JLIFG�^�MbXWG<SED@]iJ¯yUG
w�G<G<NÛD Q _<_�G<DFDgj Q S�BTN�D(BT^ Q STJLIKBENWV®_�STBE^
JLIFG�IFHFG�NWXWDDFBENW_<Gº³�#��U��JUD(D Q ^�BTNWV�J�_�MO^�wWBENiJLIFBTMON�MLj
VOH(G<G<Nl]WM Q D(G�V[JLD<�iJUG�HFMOD(MOS¾JUNlX�D(MOStJLHsj�MOHF_�BTNWVl�lw Q IhIF]WG<D(G�_`]WJUNWVOG�D0JUH(GCj�JUBTH(S µ DF^�JUSESÆ_<MU^��iJLHFG<X
IKM�^
JLN µ �WH(Me¬(G<_.IKBEMONWD0MLj)_<SEBT^�JLIKG9_`]iJUNlVOG�MUj1IF]WGY�b³¯D(I0_<G<N[I Q H µ �¾JUDCJLXWXWHFG�DFD(G<XÄw µ IF]WG�ïIð�ñ�ñ



� ����� ' )��I%��	����)k�¢%('

K�Î	Ï�Ï2^�ce·1u@N,BT^��&MOHgI`JUN[I^�MLIKBEyLJLIFBTMON�IKMYD(BT^ Q StJLIFG�IF]WGC�iJUDgIh_<SEBT^�JLIKBE_�_�MONWXWBoIKBEMONWDsBEDIF]iJLI�D Q _`]
G.©ª��G<H(BT^�G<N[IKD�WHFMÁybBTXWG@MO�W��MOH(I Q NWBoIKBTG�D)j�MOHG.yLJUS Q JeIKBTNlV�]lMqfÛ^�MbXWG<SEDH(G<DF��MONWX�IKM�STJUHFVUG�_`]WJUNWVOG�D
BTN,j�MOH(_<BENWVW·1¦�]WBEDh^
J µ ]lG<ST�IKM�JUD(DFG�DFDhIK]WG¨yLJUSTBEXWBEI µ MUj�j Q I Q HFG9_<SEBT^�JLIKG�j�MOHFG�_¯JUDgIKD<·
� µ DFBT^ Q StJLIFBTNWV��iJUDgI«_�STBT^�JLIFG<D¿fsG¨_<JUN,JUSEDFM�BENW_<H(G¯JUD(GCM Q H Q NWXWG�HFD(IKJUNWXWBENWVYMUj3^�G<_`]iJLNWBTD(^�D

MUj¨_�STBE^
JLIFG4_`]iJUNlVOGU·þmiMOH�G.©lJU^��WSTGL�sIK]lG _�STBT^�JLIFG,MUjCIK]lG"°3JUDgI,±¨StJU_�BtJUS�\"Je©ªBT^ Q ^ ²ã¾Z¿{À¶
²�JLw&M Q I¨�ª³<Z µ H@JUVOM¼¶�BTD�JUN BTN[IKG�HFG�D(IKBENWV�IFG<DgIC_¯JLDFG�IFM
DgI Q X µ IF]WG�BE^���MOH(IKJUNW_�G¨MUj)_<SEBT^�JLIKGCj�G�G<Xªa
wiJU_`Z¼D�·A Q HFBTNlV�IF]WGC¾Z¿{À"�ªSTJUNWX�_`]iJUHKJL_�IKG�HFBED(IKBE_<D¿fsG�HFGCXlB¢�&G<HFG�N[Ij�H(MO^ IK]WMUDFG0MUwWDFG�H(yOG�X4IKMbXiJ µ ·
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HEINRICH EVENT                                           ANTARCTIC WARM EVENT

Greenland/
Iceland

Melting or 
Surging

Warmer
N. Atlantic Heat Transp.

N. Hemisphere
NADW
Increased Reduced AABW

  1,500 yr D−O cycle
Deep Water Oscillating System

Meltwater

Reduced NADW S.Hemisphere
Heat Transp.

Southern Ocean
Warms up

Sea Level Laurentide Ice
Cap Collapse Reduced NADW Heat Transp.

S. Hemisphere Warmer
Southern Ocean

Meltwater

Antarctica
Melting or
Surging

Collapse
ice cap
Internal

Internal
ice cap
Collapse

?

?
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A Q HFBTNlV�IK]lGP¾Z¿{À#�ªStJUNWX
_`]iJUHKJL_�IKG�HFBED(IKBE_<DsfG<H(G¨XWB¢�&G<H(G<N[I«j�H(MO^ IK]WMOD(G¨MOwWD(G<H(yUG<X�JLI��lHFG<D(G<N[I¯�
BTNÄIF]WG�D(G<NWD(G�IF]iJLI9GU·õVW·��iJUHgIKD�MUj«c�MOH(IF]�u@^�G�HFBE_¯JJUNWX�NWMOHgIK]WG�HFN�R Q H(MO��G�fG<H(G�_�MÁyOG<H(G<X�w µ
BT_�G
_<JU�WD�KNð�W�[ÃYNË W�T�^�_�_(a2ce·"ÇvN�JUXlXWBEIFBTMON���IK]WG
VOSTMOwWJUSD Q H(j�JL_<G,JUSEw&G�XWM#XWB]�ÆG�HFG�X®j�HFMO^ IKMbXiJ µ ò´D
X Q GÄIFM�IF]WG��WHFG�DFG�NW_<G�MUj�BT_<GÄ_<JU�WD JUNWXÛXWB]�ÆG�HFG<N[IyOG�VOG�IKJLIKBEMONÛ�iJLI(IKG<H(NWD®K
ñÕTIÖÓê�[8W���Ò�^�_�_���ce·
¦�]WGYJeIK^�MODF�W]lG<HFBE_�r�ÈCÉ¨_�MONW_<G�N[IKHKJeIKBTMUN"f«JLD9JUw&M Q I�³��U�U�W�W^-SEG<DFD@IK]iJUN IKMbXiJ µ ²_ëPW��°YãW�[ W�YØO2[]\
^�_�`�Î(ce��w Q ICMUNWS µ ^�BTNWMUH�_`]WJUNWVOG�DCBTN DFMOSTJUH@HFJUXWBTJLIKBEMON Mb_<_ Q HFH(G<XÄJLDFDFMb_<BTJLIKG�X"fhBEIF] IF]WG�MOH(wWBEIKJUS
�iJUHFJU^�G�IKG�HFD¬KNÙ!W�TNS£W�TIÒZ^�_ÛÚ�`rc2\s¦�]WG<D(G�^�MªXWBoÂiG<Xw�M Q NWXWJUH µ _�MONWXWBoIKBTMUNWD�JUHFG9G.©ª��G<_.IKG<X#IFM�SEG¯JUX
IKM�D(BTVONWBoÂi_¯JLN¼IhD(]WBEjkIFDhBTN4IK]lG�^�G¯JLN _�STBT^�JLIFGCJUDh_<MU^��iJLHFG<X,IFM��lHFG<D(G<N[I(aÃXiJ µ _<STBE^
JeIKGU·
u;�WBEMONWG�G<HFBENWV�HFG<_�MONWDgIKH Q _�IKBEMON�MUj@IK]WG�¾Z¿{À w�M Q NWXWJUH µ _<MUNWXWBEIFBTMONlD�fsJUD
JU_<_�MO^��lSTBTD(]WG<X

w µ Ê�×ÍW¬ñÕ[ÃË.Ì?O2Y©W�ì�¾&ÖÓQ£S &ãTVO2Q£S£W�ï�QÍÑ2W
R�Y+Ë]S�O2Y+Ë ÖÓQ	ÒÕÀ�O�í�í÷Ë.Q£SÓÒZO2Q÷U¬ð{TIW,U2Ë ì�YNË ÖÓQ K
ñ=¾�ïIÀw�ð�^�_�`�^�c
�WH(Me¬(G<_.I¯·¿¦�]WBTD�H(G<_�MONWD(IFH Q _.IKBEMONGr�&MOH(IhBENW_<S Q XWG<D�^�BT_�HFMO�WJUSTG�MON[IKMOSEMOV µ �¼_<JUHFw�MONiJLIFG¨�&G�HF_�G<N[I`JUVUG<D<�
F ¹ �>JLVOG<D3XiJLIFG<D��eD(G¯JhD Q Hgj�JU_<G1IFG<^��&G�HKJLI Q HFG)G�D(IFBT^�JLIKG�D<�eJUNWX9M¯© µ VUG<N�JUNWX9_¯JUH(w&MUN¨BTDFMLIKMO�WBE_1XiJLIKJl·
Ê@MÁfG�yUG<H<�nj Q HgIK]WG�H�BTN[yOG�D(IKBEV[JLIFBTMONWDs]iJ¯yOG�DF]WMÁfhN�BTNW_�MONWDFBED(IFG<NW_�BTG<DhMUj1r«°¾Çg\ uC�8G<D(IFBT^�JLIKBEMONWD«MLj
�W� ¦¨�LIK]WG�G*©ªIFG<N[I¿MUj�StJLNWX�~LD(G¯JCBT_�G�JUNWXY�WJUSTG�MUIKMO��MOVOHFJU�W] µ fhBEIK]�MUIK]WG�H)�iJUSEG<MbXiJLI`J�DFM Q HF_<G�DlKVW(\ÃS�\
ð�W�[ÃYNË W�TP^�_�_(a��ÕMeW�QÍY©ÖÓQ�O2Q÷U�é!ë2SÓ×ÍW
Re^�_�`�^�ce·
R)D(IKBE^
JeIKG<D�MUjhIK]WG
IFG<^��&G�HKJLI Q HFG
XWBTDgIKHFBEw Q IFBTMON�X Q HFBENWV"IF]WG"¾Z¿{À7_¯JLN¹w�G4wiJLDFG<X�MONºXlBEjta

j�G<H(G<N[I¨I µ �&G�D9MUj½�WHFM¯© µ XiJeI`J4GU·õVW·��WStJLNWZ[IKMONWBE_�j�MOHFJU^�BENWBEj�G�HKJ�BTNÄD(G<XWBE^�G�N¼IC_<MOH(G<D�²�^�BT_�HFMUj�MUDFDFBES
JUD(DFG<^�wWStJUVUG<D`¶�K
ñ=¾�ï
À;!ðä^�_�`�^�ce�D(I`JLwWSTG�BTD(MUIKMO��GBTN¹BT_�G�_�MOHFG�DuKNMPO2Q	R,S�O�O2TVUuW�Y�O2[]\ ^�_�_��rce�
JUSEZUG<NlMONWGY^�G¯JUD Q HFG�^�G�N¼IFD9BTNÄDFG�XWBT^�G<N[IFD¨_<MOH(G<DLKNéPW�TH��W�T°Y!W�YØO2[ÕÎ	Ï�Ï2^�ce·�m Q H(IK]lG<HF^�MOH(GU����MOSTSEG<N
VOHFJUBTNWD�]iJ¯yOG�w&G�G<N Q D(G<X#IFM
HFG�_<MONlD(IKH Q _�IFG<XÄ�iJLSTG<MeaÃyOG�VOG�IKJLIKBEMON��iJLIFIFG<H(NWD<��IK]WG�^�G<JUN IFG<^��&G�HKJea
I Q HFG¨MUj�IK]WG¨_�MOSTXlG<D(Ih^�MON[IK]�JUNlX�D(MOBTSÆ^�MOBED(I Q HFG�²_í&O2T°TIW�TVOXW�Y{O2[]\à^�_�_�_��;ð{TIW�QÍY+Ë ì
W�W�YµO2[]\�^�_�_2Î �
Ð"Ö�Ö(U2êoO2T,U�^�_�`ÍÚVce·
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\ BT_�HFMUj�MUDFDFBESsJLDFDFG�^�wWSTJUVOG<D�_¯JUNºw�G Q D(G<XºIKM"HFG<_�MONWDgIKH Q _�IKG�XºIKG<^���G<HKJeI Q H(G<DYJUD�HFG<_�MOVONWBEDFG�X
G¯JLHFS µ BEN IF]WG�]WBED(IKMUH µ MUj)Mb_<G<JUNWMOVUHKJU�W] µ ·¨ÜUMO]WNÄ\ Q HFHFJ µ �ÆNWJLI Q HFJUSTBED(I�MUj1IF]WG�r«Ê�uC°3°3R½c0±�R¿Ý
R5©ª�&G�XWBEIFBTMON ²g³b#[áO�qaK³�#[á��O¶¾XWBEDF_<MÁyUG<HFG�X�IF]iJLI¿�WSTJUNWZ[IKMONlBT_sj�MOHFJU^�BTNWBoj�G<HKJhj�M Q NWX�BTN�IF]WGhDFG�XWBT^�G<N[IKD
MON4IF]WG¨DFG<JY»WMªMOH��WJUNlX,BTN,�iJUHgIKBE_ Q STJUH½IF]WG<BEH«DF��G<_�BTG�D�_<MO^��&MUDFBEIFBTMONlD<�bD(IKMUHFG¨BTNªj�MOHF^�JLIKBEMON�MON4IK]WG
IKG�^���G<HFJLI Q HFG�MUj)IF]WG�fsJLIKG�H0fh]WBE_`]�IF]WG µ STBoyOG�X#BTNÉKNÀ"ë£T�TVO �3^�`�`ÍÚVce·C¦�]WGY^�G�IF]WMbXWD@IFM,XWG<H(BEyOG
D Q H(j�JU_�GIFG<^��&G�HKJLI Q HFG�D�j�HFMO^�^�BE_<H(MUj�MODFD(BTSJUDFD(G<^�wlStJUVOG�D�JUHFG4fG<SES«G<DgI`JUwlSTBTD(]WG<XÆ·®¦�]WG �W� ¦ BTD
XWBEHFG<_.IKS µ G<DgIKBE^
JLIFG<XYj�HFMU^ D(IKJLIKBED(IFBT_¯JLSlXWB]�ÆG�HFG<Nl_<G<D½MUj�j�MODFD(BTSiJLDFDFG�^�wWSTJUVOG<D)j�H(MO^ ^�MªXlG<HFN�JUD(DFG�^�a
wWSTJUVOG<D�·h¦�]WHFG�G�^�G�IK]lMªXWD�]iJ¯yOG�w&G�G<N Q D(G<X ó IF]WG�IFHKJUNlD(j�G<H�j Q NW_.IKBTMUN"G<Ì Q JeIKBTMUNWDY²�¦hm)¶�KNÙ�O2TH�?W�Y
O2[]\�^�_�`ÍÚVce�eIK]WG�^�MbXWG<H(NYJUNiJUSEMOV0IFG<_`]WNWBEÌ Q GU�bJUNWX�IF]WG�HFG.ybBTDFG�X�JUNiJUSEMOVC^�G�IK]lMªX²�Ý�uC\#¶!K�ÐLO£W�[²&
�(TIÖ�W
ì
	4W�Y!O2[]\�^�_�_�`rce·�u0SES1MUjsIF]WG<D(G
^�G�IF]WMªXlD�JLHFG�XWG<��G<NWXlG<N[I�MON�G.©bIFG<NWD(BEyOG
HFG�j�G�HFG�NW_<G�XiJLI`J
DFG.IKD�IK]WJLI�^ Q D(Ihw�G9_¯JUSEBTwWHFJLIKG�X4fhBEIF],�WHFG�DFG<N[IgavXiJ µ �W� ¦ ²�j�MOH«G*©lJU^��lSTGU�ir�È�uCA � ¶.·i¦�]WG�HFG�j�MUHFGU�
JUN BT^��WHFMÁyOG�^�G�N[ICMUj1IF]WG��WJUSTG�MUIKG�^���G<HFJLI Q H(G�XlG<��G<NWXWDCJUSTD(M�MON IK]WG�Ì Q JUSTBoI µ MUj1IK]lG�HFG.j�G<H(G<NW_�G
XiJLIKJYDFG�I<·
¦�]WG�wiJUD(BTD0j�MOH@IKG<^���G<HKJeI Q H(G�HFG�_<MONWDgIKH Q _�IFBTMONWD9BENÄDFG<XlBT^�G<N[I¨_<MUHFG<D9BED0IK]iJeI¨M¯© µ VOG�N�BENW_<MUHga

��MOHKJLIFG<X�BEN[IKM�_<JUHFw�MONiJLIFG<D�²�D Q _`]þJUD�BTN>j�MUHKJU^�BTNWBoj�G<HFJ�^�BT_�HFMUj�MUDFDFBESTDK¶.�«BENW_<S Q XWG<D�w&MLIK]�^�Jq¬(MOH
BTD(MUIKMU�&G�D
² F+G H¸JUNWX F ´°H-¶.�3MUj½fh]WBE_`] F ´°HÞBEDCIK]WG�^�MOD(I�JUw Q NWXiJUN[I¯·�¦�]WG�HKJeIKBTM,MLjsIK]lG<DFG�IvfM
BTD(MUIKMU�&G�D@BEN�fsJLIKG�H0BEDhIFG<^��&G�HKJLI Q HFG�XWG��&G�NWXWG<N[I9JLNWX j�MOSESTMÁfhDh�WHFG�XWBT_.I`JUwlSTG9VOG<MUVOHKJU�l]WBT_¨IKH(G<NWXlD
BTN�IF]WGhMª_�G¯JUNlD<�¼JLIF^�MOD(�W]WG�HFGU�bJUNlX�VUStJU_�BTG<H(D<·�¦�]WGhHKJLIFBTMCBED¿JUSEIFG<H(G<X�fh]WG�NWG�yUG<HfsJLIFG<H Q NWXlG<HFVUMªG�D
J,�W]iJUD(G�_`]WJUNWVOGL·�ËÛ]lG<N�DFG¯J,fsJLIKG�H�G.yLJU�&MUHKJLIFG<D<�3j�MOH¨G*©WJL^��WSEGU��IF]WG�]WG¯J¯ybBTG�H�BEDFMUIFMO��G F+G HÞBTD
�WH(G�j�G<H(G<N[IKBTJUSTS µ SEG�jkI9w�G<]WBENWX�BTN�HFG�^
JUBENWBTNlV,DFG¯J,fsJLIKG�H<�3fh]WBTSEG�IK]WG�HFG�D Q SoIKBENWV,f«JLIFG<H¨yLJU��M Q H9BTD
XWG��WSTG.IKG<X�BTN F+G H ·4¦�]WG�MÁ© µ VOG�NªavBEDFMUIFMO�&G�_<MU^���MODFBoIKBEMON�MUj�J,f«JeIKG<H�DKJU^��WSEGYBTD�G.©ª�WHFG�DFD(G<XºBTN
E F+G HÞ²�R)Ìn·h³O·o³q¶ Q NWBoIKD���G<H«^�BTS5²g³¨��G<H(^�BESDô �l·o³���¶MUj�HFG�StJLIFBEyOG0_<MONW_�G<N[IKHFJLIKBEMONWD«fhBoIK],HFG�DF��G<_.I
IKMYIF]WG9HKJLIFBTMYMUj�D(IKJUNWXiJUH(X ^�G¯JLN�Mb_<G<JUNf«JLIFG<H�²ãR�Ì�ÖÓê�¶*·

E F+G Hõô ö�÷�øö�ù øûú
¦b�wüÄý

¦��wüÄý ¥®³Á�O�U� ²g³O·o³q¶

� µ XlG�ÂiNWBoIKBEMON��{E F+G H BED P G<H(M�j�MUH�DgI`JUNlXiJUHFX¹^�G¯JUN�Mb_<G¯JLN¹fsJLIKG�H<·¹u¸yUJLS Q GMUj�E F+G HþôÞa`³Á�
IK] Q D¨^�G¯JLNWD@IF]WG�DKJL^��WSEG�]iJLD¨JUNiF+G°He~�F ´ H HKJLIFBTM"³¯�
�&G�HF^�BTSs²�MOH�³���¶�SEG<DFD@IK]iJUNÄD(^�MÁf9·C¦�]lG
JU^�M Q N[I@MUj5fsJLIKG�H0MOH�BT_�G�H(G<Ì Q BEHFG<X�j�MOH@JUNiJUS µ D(BTDhBTD�DF^�JUSES½² �qaK³Á��V[¶.��JUNWX D(I`JLwWSTG�BTD(MUIKMO��G<D�_¯JLN
w�G�^�G¯JLD Q H(G<X�Ì Q BEIKG9JL_<_ Q HKJLIFG<S µ4Q DFBENWV�^
JUD(DhDF��G<_�IFHFMOVUHKJU�W]lBT_¨IKG�_`]WNWBTÌ Q G�D<·
x@NWXlG<H½�WHFG�DFG<N[I_<MONlXWBEIFBTMONWD��OIK]WG�yUMOS Q ^�GhMUj&StJUNWX�BE_<GhBTD)H(G<StJeIKBEyUG<S µ DF^�JUSESÅ�OJLNWX�IF]WBTD)BE_<Gh]iJUD

E�F+G°H§yLJUS Q G<DJUHFM Q NWX�avãO�l·)A Q H(BTNWV�VOSTJU_<BTJUSi�&G�HFBEMªXWD��ª]lMqfG�yUG<H��W^ Q _`],BEDFMUIFMO�WBT_<JUSTS µ SEBTVO][I¿f«JeIKG<H
fsJUD¿HFG<^�MÁyOG�X�j�HFMU^ Mb_<G¯JLNWD½JUNWX�D(IKMUHFG<X�BTN�VOSTJU_<BEG<H(D1MON�StJUNlX�·5¦�]WBED¿_¯J Q D(G<X�DFSTBEVO][I)G<NlHFBT_`]l^�G�N¼I
MUj F+G HÛBEN�D(G¯J@fsJLIFG<H3IKMCJLw&M Q I;E F+G HÿôÉÈ�³O·��b�efh]WBESTG¿VOSTJU_<BEG<H¾BT_�G]WJUX�G.yOG<N�STMÁfsG�H;E F+G H�yLJUS Q G�D�MLj
JUH(M Q NWX
aÃ�[�l·1¦�]WG9M¯© µ VOG<NªaÃBTD(MUIKMO��G0yLJUS Q G<D«X Q HFBENWVY�iJUDgIhVOStJU_�BtJLIFBTMONlDJLHFG¨�WH(G<DFG�H(yUG<X�BTN,VOSTJU_<BEG<H
BT_�G�JUNWXYBEN�j�MOD(DFBTSED5w Q HFBTG�XYMON�IF]WG�DFG<J0»iMªMUH<·5¦�]lG<DFG�BEDFMUIFMO�WBE_sHFG�_<MOH(XWD¿JUH(G«�WHFBE^
JLHFBTS µ JC^�G¯JUD Q HFG
MUj�_`]iJUNWVUBTNWVYyOMUS Q ^�G¨MUj�VOStJU_�BTG�H«BT_�GU·
È@© µ VOG�NªavBEDFMUIFMO��GÄHKJLIFBTMODJUH(G�JUSTD(M�J��&G<_�IFG<Xþw µ IKG�^���G<HFJLI Q H(GU��j�MOH,G.©lJU^��WSTGL��IF]WGÄf«JeIKG<H

IKG�^���G<HFJLI Q HFG"BEN8fh]WBE_`] GU·õVW·Új�MOH(^
JLNWBEj�G�HKJÄVOHFMÁf�MOH�IK]WG"JUBTH�IKG�^���G<HFJLI Q H(G"BEN>fh]WBT_`]>DFNWMÁf
_<H µ D(I`JLSTSTB P G�D<·
�«JUD(G<X,MON
IF]WG0IF]WG<MOH µ MUj3�&MUD(IKVUStJU_�BtJUSiH(G<StJeIKBEyUG@D(G¯J�SEG�yOG�SÆ_`]iJLNWVOG¨JUNlX
IK]WG@D(IKJLIKBE_0HFG�w&M Q NWX��

ð�W�[ÃYNË W�T¬K©^�_�_(a2c¨XlG<HFBoyOG�XÄJ��iJLSTG<MLIKMO��MOVOHFJU�W] µ IKM�IK]WG�°�±�\ ²�Çgr«R5av�¼±�¶sIK]iJeI0G*©l]lBTwWBoIKD@J�DFBE^�B�a
StJLH�G*©ªIFG<N[IYw Q IYJ"^ Q _`]�STMÁfG<H�G�STG.yUJeIKBTMUN���w µ JUD�^ Q _`]�JUD
³¯�O�O��IFM®³��L�O� ^�G�IFG<HFD�IK]iJLN®IK]WG
�WH(G�ybBTM Q D¬ñ=¾�ïIÀw�ð K©^�_�`�^�c@HFG<_�MONWDgIKH Q _�IKBEMON�·½ÝhG<_<G�N[IKS µ �nJYNWG�fÚVOSTMOwWJUSÆBE_<G¨DF]lG<G�I�H(G<_<MUNWD(IFH Q _*a
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IKBEMONÄ²�Çgr«R5a��O±�¶½w�G<_<JU^�G0J¯yUJLBTStJLwWSTG?KNð�W�[ÃYNË W�T�Î	Ï�Ï�a2ce·1¦�]WBED«XiJLIKJ�DFG.I�XWB]�ÆG�HFDsD(BTVONlBEÂi_<JUN[IKS µ j�H(MO^
IK]lG��lHFG�ybBEM Q D�Çgr«R1aÃ�¼± JLI@JUSES�c@MUH(IK]lG<HFN"Ê@G�^�BEDF�W]WG�HFG9STMb_¯JeIKBTMUNWDsIK]WJLIhfsG�HFG�VUStJU_�BtJLIFG<X,X Q H(BTNWV
IK]lG�°�±�\�·n¦�]WG<D(G�STMb_¯JeIKBTMUNWD�BTNW_�S Q XlG�JLSTS¾MUj5NWMOH(IF][fsG�D(IKG�HFN�R Q H(MO�&Gb~UR Q HKJLDFBtJ7KNð�W�[ÃYNË W�TlÎ	Ï�Ï�a2ce�
IK]lG
�sH(BEIFBTDF]�ÇvD(STG<D"KNð�W�[ÃYNË W�T�W�Y�O2[]\4Î	Ï�ÏÓÎ(ce�5±¨HFG<G�NWStJLNWX®JLNWX�IF]WG
c�MOH(IF]�u@^�G�HFBE_¯JUN�_<MON[IFBTNWG�N¼I
K(Ê�O2TVOÓR�ÖÓÑ�W�Y{O2[]\�Î	Ï�ÏÓÎ �;ð�W�[ÃY+Ë W�T!Î	Ï�ÏÓÎ(ce·)miMOHsBENWD(IKJUNW_�GU�lIF]WG9°3J Q HFG�N[IKBTXlGCBT_�GCDF]WG�G�IhBED«w µ JUw�M Q I
³Á�O�U��^ ]WBEVO]WG�H9fh]lG<HFG<JUD�IF]WG4±¨HFG�G<NWSTJUNWX�BT_<G�D(]WG<G.I�BTD�JUw�M Q Ie�U�O�^ STMÁfG<H�·m Q H(IK]lG<HF^�MOH(GU�
IK]lG�IKMU�&MOVUHKJU�W]lBT_¨j�G¯JLI Q HFG�JUDFD(Mª_�BtJLIFG<X�fhBEIK] IK]WG � BTw�G<H(BtJUN�BT_�G�D(]WG<G.I9JUD�_¯JU�lI Q HFG�XÄBTN Çgr«R1aÃ�¼±
BTDhJLwWDFG�N¼I@BTN,IF]WG9Çgr«R1a©�O± XiJeI`JYDFG.I¯·
ÇvN¹JUHFG<JUDYMUj��&G�HF^�JUNWG�N¼I�DFNWMÁf¸JL_<_ Q ^ Q StJeIKBTMUN�JUNWMLIK]WG�HYZbBENWXºMUj��iJUSEG<MOH(G<_�MONWD(IFH Q _.IKBEMONºBTD

_<MU^�^�MONWS µ�Q D(G<X��¼IK]lG�G�Ì Q BTSEBTwWH(B Q ^ STBENWGhJUSEIFBEI Q XWG9²�R½°¾uC¶.·¼¦�]WG�R¿°3uþ^�JUHFZ¼D1IK]lG@_�HFMOD(DgavD(G<_.IKBTMUN
fh]WG�HFG�IKMUIKJUS¿JU_<_ Q ^ Q STJLIKBEMON�G<Ì Q JUSED¨IKMUIKJUS¿JUwWSTJLIKBEMON�·Y¦�]WG�JU^�M Q N[I�MUjsBE_<G�G<N[IFG<HFBENWV"BEN[IKM,IK]WG
DFG�_�IFBTMON,G�Ì Q JUSTDsIF]WG9JU^�M Q N[I«MLj�BE_<G�»iMÁfhBTNWVYM Q I¯·½ÈCwWDFG�H(yLJLIFBTMONWDsMUj3^�MbXWG�HFN,VOSTJU_<BEG<HFD½BTNlXWBT_<JLIKG
IK]WJLIhIK]WG�R¿°3u JU�W�lHFM¯©ªBT^�JLIKG�DhIF]WG�]WG<BEVO][ICJLIhfh]WBE_`] IF]WG�JL_<_ Q ^ Q StJeIKBTMUN JLHFG¯J�MUj1IF]WG�VOStJU_�BTG�HFD
Mb_<_ Q �WBTG�D)áU���ÚMLjiBEIFD�IFMUI`JUSbJUH(G¯J¬KNÙ�TVO�U	[8W��C^�_�_�_�ce·1\ JU�W�WBENWV@IF]WGsXWB]�ÆG�HFG�NW_<G�D5w�G�IvfG<G<N�^�MªXlG<HFN
JUNWX�iJLSTG<MeadR¿°¾uÚ_¯JLN��lHFMÁybBTXWG Q D(G�j Q SÆBTNWD(BTVO][IKDsBTN[IKMY�iJLD(Ih_<SEBT^�JLIKBE_h_<MONWXlBEIKBEMONWD�·)miMOH«G.©lJU^��WSEGU�
BTNJ��lBTMONWG�G<H(BTNWVYDgI Q X µ f�Ë.Q÷U�O2Q÷U�ð�W�YãW
W�YØK©^�_�`%��c0_�MO^��iJUHFG�X�J�±�r�\ G.©ª��G<H(BT^�G<N[IhXWHFBoyOG�N�w µ
r«°¾Çg\ uC�ºw�M Q NWXWJUH µ _<MUNWXWBEIFBTMONlD¿IFM���MOSTSEG<NªaÃBTNlj�G�HFH(G<XYIKG�^���G<HFJLI Q H(G@XWJLI`J�JLISTMÁf StJeIKBEI Q XWGhJUNlX
JUSE�WBTNWG9R¿°¾u JUNiJUS µ D(G<D�·�¦�]WG µ DF]lMqfG<X#IF]iJLIhIK]lG�^�MªXlG<S¾XWMbG<D@NWMUI��WHFMbX Q _�G�JLD@^ Q _`]#_<MbMOSTBENWV
JLI�STMÁfÚStJLIFBEI Q XWG<DhJUD�BTDhBE^��WSEBTG�X4w µ IF]WG¨IKG�HFHFG�D(IFHFBtJLS�G.ybBTXWG�NW_<GL·«¦�]WBTDh]iJLD@HFJUBTD(G<XIK]WG�Ì Q G<DgIKBTMUN
JUw�M Q I�IF]WG�r«°3Çg\�uC�>fsJUHF^�BTNWVYBEN,IK]WG¨IKH(MO�WBE_<D<·
rsMO^��iJUHFG�X4IKM�IFMªXiJ µ �lIK]WG0^
JUBEN
_�MONW_<S Q DFBEMONWD«MLj�IF]WGèñ=¾�ï
À;!ð¼K©^�_�`�^�c�HFG<_�MONWDgIKH Q _�IKBEMONBTD

IK]WJLI �W� ¦�D1fsG�HFG�DFBE^�BEStJUH¾MUH5G�yUG<N�]WBEVO]WG<H�BTN�IFHFMO�lBT_¯JLSªH(G<VOBEMONWD�IF]iJUN�IFMªXWJ µ ·)\ MUHFG«H(G<_<G�N[IKS µ �OIK]WG
HFG�STBTJUwWBTSEBEI µ MUjWIF]WGPñ=¾�ïIÀw�ðK©^�_�`�^�c1HFG�_<MONWDgIKH Q _�IFBTMON�]WJUD�w�G<G�N�Ì Q G<DgIKBEMONWG<XÆ�OwiJUD(G<X�MUN�ÂiNWXlBTNWVOD
IK]WJLI�IF]WG4IKH(MO�WBT_�D,²�]WBTVO]bavStJeIKBEI Q XWG�D`¶CDF]WM Q STXº]iJ¯yUG,w&G�G<Nº_<MUSTXWG�H²�fsJUHF^�G<HK¶�X Q HFBTNlV"IK]WG"¾Z¿{À
IK]WJUNÄBTNlj�G�HFH(G<XÄj�HFMO^-IK]lG�r«°¾Çg\ uC�ÚH(G<_�MONWD(IFH Q _.IKBEMON�K � O2T�QÍY.×ÍW�Ë.Q�W�Y�O2[]\�Î	Ï�Ï���� � ì
×��Oµ�bW�T�&�ëlW�Y.×
O2Q÷U�ðµO2ë£[ÂÎ	Ï�Ï���� � YNë£Y©WPW�Y{O2[]\!^�_�_�����¿µë£Ë.[]U£W�TIR�ÖÓQ7W�Y{O2[]\�^�_�_(a��=Ù�TIÖ�W
ì
	�W�TàO2Q÷U�M�W�QÍY©ÖÓQ"^�_�`�_�ce·
í�O2T�TIW�TVOXW�YZO2[]\eK©^�_�_�_�c@D Q VOVOG<DgIKG�X�IF]iJLI�IKH(MO�WBE_¯JUS�IKG<^���G<HKJeI Q H(G<D«fG<HFG9MON�J¯yOG�HKJUVUG��b·���IFM�ã x r
STMÁfG<HsIF]iJUN
IFMªXWJ µ JLI�^�MbXWG<H(N4DFG<J�STG�yUG<S�·)Ê@MÁfG�yOG�H<�iIK]lGC^
JLVONWBEI Q XWG�MUj¾IK]lBTD«_�MªMOSEBTNWV9fsJUD�NWMUI
Q NWBoj�MOHF^�·1miMOH½BTNlD(I`JLNW_<GL�lJU_�_<MOH(XWBTNlV�IKM � YNë£Y©WPW�YgO2[]\eK©^�_�_���ce�ªrsG<N[IFHKJUS&u0^�G<HFBE_¯J�JUNWX4NlMOH(IF]WG<H(N
� M Q IK]�u@^�G�HFBT_<J�fG<H(Gè�qadô2x`r _<MOSEXWG<H�IK]iJLN®IKMbXiJ µ · ¦�]WBTD�ÂiNWXWBENWV"BED<�1]WMÁfG�yUG<H<�¿BENW_<MONlDFBTDgIKG�N¼I
fhBEIF]�JUSTZLG<NWMUNWG�G�ybBTXlG<NW_�GhIF]iJLI)BENlj�G<H(HFG�X�¾µ¿{À IKHFMU�WBT_<JUS �l� ¦�D)IKM¨w�G�MONWS µ DFSEBTVO][IFS µ _<MUSTXWG�H5IK]iJLN
IKMbXiJ µ KNÙ�O2TH��W�YZO2[]\!^�_�_ÛÚH� � Ë$	�W
RlO2Q÷U?Ô�W�Ë]S2ê Ë.Q4^�_�_(a��Õ¾��Ó[8W�W�Y�O2[]\!^�_�_2Î(ce·
ÇvN>JLXWXWBEIFBTMONÆ�½^�MbXWG<SEBTNWV#DgI Q XlBTG<D�MUj�IK]lG4¾Z¿{À ]iJ¯yOG��WH(MqybBEXWG<X¹_<MONª»iBT_.IKBTNlV�H(G<D Q SEIFD�_�MONªa

_<G�HFNWBENWV�IF]WG IFHFMO�lBT_¯JLS�_<MbMOSTBENWVW·�¦�]WG G<BEVO][I
u�±�r�\ Q D(G<X w µ �\�Çd� KNð{Ë.QÂÖÓY�W�Y�O2[]\§^�_�_�_���ÍÖÓë�R
R(O2QÂW�O2Q÷U�ÊÍO ��[8ÖÓT�^�_�_���cYD(]WMÁfÀJfsG<JUZ�_<MbMOSTBENWVMqyUG<H�Mb_<G<JUNºJUNlX®StJLNWX�JUNlX®IK]WG�DFBE^ Q a
StJeIKG<XºBENW_<H(G¯JUD(G,BTNº_�MON[IKBTNlG<N[I`JUSsJUHFBEXWBEI µ BTD�STG<D(D�IK]iJLNºDF]WMÁfhN¹w µ �iJUSEG<MLaÃG<N[ybBTHFMUNW^�G�N[I`JUSXiJLI`J
KNð{Ë.QÂÖÓY?W�Y�O2[]\¨^�_�_�_�ce·ÚÝ�G�_<G�N¼I<�@u«IF^�MUDF�W]WG�HFG*agÈC_<G<JUNªag±¨STMUwiJUS@rsSTBE^
JLIFG \ MªXlG<SY²�u�È9±�r�\#¶
DFBE^ Q STJLIKBEMONWDlK � ×£Ë.Q�W�YoO2[]\ØÎ	Ï�Ï����;ÔlË.ÌBW�YgO2[]\�Î	Ï�Ï����=ÔlË.Y©Ö�×LW�YgO2[]\�Î	Ï�Ï2^��Ù�ë�R
×èO2Q÷Ueðg×£Ë.[]O2Q÷U£W�T
^�_�_�_�c9D(]WMÁf JUSEDFM
J
XWBTDFJUVOH(G<G<^�G<N[I0BTN"D(BT^ Q StJLIFG<X IFHFMO�lBT_¯JLS5JUNlX"IK]WG�c@MOHgIK]Ä��JU_<BoÂi_�IFG<^��&G�HKJea
I Q HFG<D�·�ËÛ]WBTSEG¬ÔlË.YãÖ�×uW�Y�O2[]\7K�Î	Ï�Ï2^�c�DFBE^ Q STJLIKGYJ4fsJUHF^�BTNlV,MUj¿IK]WG�D Q wlIKH(MO�WBT_<JUS)��JU_<BoÂi_U�¾yOG�H µ
DFBE^�BEStJUHhIKM,IF]WG�r«°¾Çg\ uC� �l� ¦�D�JLNWMO^�JUSTBEG<D<� � ×£Ë.Q®W�Y�O2[]\�K�Î	Ï�Ï��rc�JLNWXuÙ�ë�R
×7O2Q÷UXðg×£Ë.[]O2Q÷U£W�T
K©^�_�_�_�c�DFBE^ Q StJeIKG4JÄ]WMU^�MOVUG<NWG�M Q D�c@MUH(IK]¹��JU_<BoÂi_,_<MbMOSTBENWVW·�x@D(BTNWV�JUN�u�±�r�\ _�M Q �WSEG<XºIKM
J�^�B�©lG�X8STJ µ G<H�Ù�TIÖ�ì
ì
ÖÓ[ÃË�K�Î	Ï�Ï�Ï
ce�½MOwlIKJUBTNlG<X�IKHFMU�WBT_<JUS �W� ¦�D�IK]iJeI�fG<H(GÄ�2xKr STMÁfG<HYIK]iJLN�JLI
IK]lG��WH(G<DFG�N[I¯�&fh]lG<HFG<JUDlÔlË.Ì W�Y�O2[]\?K�Î	Ï�Ï��rc¨D(BT^ Q STJLIKG�J�IKHFMU�WBT_<JUS¾_<MbMOSTBENWV�MUj)JLw&M Q I!#�xKr0·&ÇÃI@BTD
Q NW_�STG<JUH½fh]lBT_`],MUj Q NW_<G�H(I`JLBTN[IKBEG<DsBEDSTJUHFVUG<D(I ó G�HFHFMUHFDsBEN�IF]WG �W� ¦ HFG<_�MONWDgIKH Q _�IKBEMONWD��WSTBE^�BoI`JLIFBTMONWD



����� � $&%('-�,*���)�Rb'0�	�Û)��r� ��)©���,*µ%(�;)UT	*/aDT *,-d��- 

BTN#IF]WG�HFG��WHFG�DFG<N[IKJLIKBoyOG<NlG<DFD�MUj¿IK]WG�J¯yLJUBTSTJUwWSTG�IKG�HFHFG�D(IFHFBtJLS.~LMb_<G<JUNWBT_�XiJLIKJl�¾MOH¨�WH(MOwWSTG�^�D0BTNÄIK]WG
^�MªXWG�S��WH(Me¬(G<_.IKBTMUNWD�IK]WG�^�D(G<SEyUG<D�·

òÂó�� 6�ü0�¹å�û(ø�1�ùA�¹��]1¢*0æ9å�1�æA*�û4ü-,+1
õZû�>CõZû 5Ä��5
ACG�DF�WBoIKG�BTN[IKG�NWDFBoyOG�H(G<D(G¯JUH(_`] MUN JLIF^�MOD(�W]WG�HFBT_�_<BEHF_ Q StJLIFBTMONÛ_`]iJUNlVOG<DÄX Q HFBTNlV8IK]lG®VOSTJU_<BTJUS

��G<HFBEMªXÆ��IF]WG�BTNWXWBoybBTX Q JLS0HFMUSTG<D,MLj�IF]WGu¾µ¿{À w�M Q NlXiJUH µ _<MONWXlBEIKBEMONWD4BEN j�MOHF_�BTNWV�IF]WG�JLIK^�MLa
DF�l]WG<H(BT_¨JUNlX4Mª_�G¯JUNlBT_0_�BTH(_ Q STJLIKBEMONWD¿]iJ¯yOG¨NWMLI«w�G<G<N,Ì Q JLN¼IFBEÂiG�X,D µ D(IFG<^�JLIKBE_¯JUSES µYQ DFBTNlV�_<M Q �WSTG�X
O2Y+Ì�Ö�RãíÍ×ÍW�T
W�&,Ö�ì
W,O2Q0& R�W,O &ãË ì
W�^�MbXWG<SED<·8\ MOH(G<MÁyOG�H<��BEI�BED�NWMUI�_<SEG¯JUHYfh]WG.IK]WG�H�IF]WG<D(G"w�M Q NWXiJLH µ
_<MUNWXWBEIFBTMONlD9IFG<NWX�IKM��WHFMbX Q _�G
D(BT^�BTStJLH0HFG�DF��MONWD(G<D�BEN�IF]WG�_�STBE^
JLIFGYD µ D(IFG<^��5MOH¨fh]WG.IK]WG�H�IF]WG µ
JUH(G�BEN,DFMO^�G9DFG�NWDFG9fsMUHFZ¼BTNWV�JUV[JLBTNWDgI�MONWG�JUNWMLIK]WG�H<·
¦�]WGY^�MOD(I0�iJUH(I0MUj¿�WH(G�ybBTM Q DP¾Z¿{À ^�MªXWG�STBENWV�G*©ª�&G�HFBT^�G<N[IFD¨]iJ¯yOG�w�G<G�N���G<Hgj�MOHF^�G<X fhBEIK]

u�±�r�\ Q D(BTNWVYG�BEIF]WG<H«Âl©ªG�X �W� ¦ MOH�^�Bo©ªG�X,StJ µ G�H�DFStJLw,Mª_�G¯JUN^�MªXWG�STD�KNÙ�T
Ö�ì
ì
ÖÓ[ÃË=Î	Ï�Ï�Ï��PÐ"W����
W�Y�O2[]\�^�_�_ÛÚH�?À�O2Q÷O���W�O2Q÷UiÙ�TIÖ�ì
ì
ÖÓ[ÃËP^�_�`%��ce· ¦�]WG<D(GÄ^�MbXWG�STD�NWG<VOSEG<_.I,Mª_�G¯JUNlBT_ Q �¼fG<SESTBENWVW�
]WMOH(B P MON[I`JUS�JLXlyOG�_�IKBEMON�JLNWX8X µ NWJU^�BE_¯JUSsMª_�G¯JUNªavJLIK^�MOD(�W]WG<H(GBTN[IKG�HKJU_.IKBTMUNWD�IK]iJeI�DgIKH(MONWVOS µ JLjta
j�G<_.I�IF]WG�_<STBE^
JeIKGU�¾BEN��WJUH(IFBT_ Q StJUHCIF]WG�G�Ì Q JLIKMUHFBtJLS.~L^�BTXªaÃStJLIFBEI Q XWBoNiJUS¾BTN[IFG<HF�lStJ µ ·
m Q H(IK]lG<HF^�MOH(GU�
IK]lG<DFG!¾Z¿{À DFBE^ Q STJLIKBEMONWD�NWG<VOSEG<_.IKG<X�IK]lG��&MUIFG<N[IKBTJUSlH(MOSTGsMUj�StJUNWXbavD Q H(j�JU_�GhJUSTw�G<XWM@j�G<G<XlwiJU_`Z¼DMUN
VOSTJU_<BTJUS�_�STBE^
JLIFG<D�·�R5©ª_<G<�ªI�j�MOHCIF]WG�BT_�GYDF]WG�G�I�JUSTw�G<XlMW�¾StJUNlXªavD Q H(j�JU_�GY_<MONlXWBEIFBTMONWD0BTN�w&MLIK]ÄIK]WG
�½\ Çd�ÙDFBE^ Q StJeIKBTMUNWD¨JUNWX�BTN�IK]WG�HFG�_<G�N¼I�u�È9±�r�\ ¾µ¿{À�D(BT^ Q STJLIKBEMONWDCSTJUNWXªaÃD Q Hgj�JU_<G��WH(G<DFG�N[I
_<MUNWXWBEIFBTMONlD«fsG�HFG Q DFG<XsK � ×£Ë.Q W�Y�O2[]\!Î	Ï�Ï���� ÔlË.Ì W�Y�O2[]\!Î	Ï�Ï���� ÔlË.YãÖ�×�W�YµO2[]\àÎ	Ï�Ï2^�� Ù�ë�R
×"O2Q÷U
ðg×£Ë.[]O2Q÷U£W�Tè^�_�_�_�ce·®¾&W�Ñ�Ë8R3W�YeO2[]\�K©^�_�_�_�c Q D(BTNWV�JÄX µ NiJU^�BT_�yOG<VUG�I`JeIKBTMUN¹^�MbXWG<S«_�M Q �WSEG<XºIKM
JUN®JLIK^�MODF�l]WG<H(G.av^�Bo©ªG�X�STJ µ G<H�Mª_�G¯JUN�^�MbXWG�SÅ��DF]WMÁfG<X�IK]WJLI9IK]WG�BT^��iJU_�I�MUjIK]WG�StJUNlXªadJUSEw&G�XWM
j�G<G�XWwiJU_`Z¼D@MON�¾µ¿{À _�STBT^�JLIFGU�bHFG<VUBTMONiJLSTS µ JUNlX VOSEMOwiJUSES µ ^�J µ �WStJ µ JLN�BE^���MOHgI`JUN[I�H(MOSTGL·

äOå � åoä �[v�á<û<íqè�î_|Áû
���Lç&ë��9ì¼û
�¯è�î�êqç	��èvê?vWû!�¼ëWë[é.û
�V�.û�ë
¦�]lGÄJUBT^ MUj9IF]WBTD�IK]WG�DFBTD,BED�IFM�BTN[yOG�D(IFBTV[JLIFG"IK]lG�JLIK^�MODF�l]WG<H(BT_#JLNWX Mª_�G¯JUNlBT_"_�BTH(_ Q STJLIKBEMONWD

X Q H(BTNWV�IK]WGè¾Z¿{À JUD9fsG�STSJUD�IF]WG
H(G<D(�&MONlDFBTwlSTG
X µ NWJU^�BE_¯JUS¿^�G<_`]iJLNWBTD(^�D�STG<JUXWBTNlV�IFM"VOSTJU_<BTJUS
_<SEBT^�JLIKG4JUNWMO^�JUSTBEG<D�·�¦�]WBTD�DgI Q X µ G�^��lSTM µ D�J�_<M Q �WSTG�X8Mb_<G<JUNªavJLIK^�MODF�l]WG<H(G.avD(G¯J�BT_�G�_�STBE^
JLIFG
^�MªXWG�S¿²�R½r«�sBESEIgagrsSTBEM¼¶1IKM�D(I Q X µ �iJUDgI�_<STBE^
JeIKGC_`]iJLNWVOG<D�·
¦�]WG�^
JLBTN4Ì Q G�D(IKBEMONWD@JUXWXWH(G<D(DFG<X ]WG<H(G�JLHFG ó� ËÛ]iJeI9BTDCIK]lG�BE^��WJU_�I0MUjIF]WG�VOStJL_<BtJLS�w�M Q NWXWJUH µ _�MONWXWBoIKBEMONWDCMONÄIF]WG�JLIK^�MODF�l]WG<H(BT_YJUNlX

Mb_<G<JUNWBT_¨_�BTH(_ Q STJLIKBEMONWD`ð� ËÛ]WBE_`]4^�G<_`]iJUNlBTDF^�D«JLHFG0H(G<D(�&MONlDFBTwlSTG@j�MUHVOSTJU_<BTJUS �W� ¦Û_`]iJLNWVOG<D�BEN�IF]WGC��JU_<BoÂi_9ÈC_<G<JUNnð� Ê�MqfÚXWMbG<D�IK]WG¨IF]WG<H(^�MO]WJUSTBENWGC_<BEHF_ Q StJLIFBTMON
HFG<D(�&MUNWX�IFM�VUStJU_�BtJUS�w&M Q NWXiJUH µ _<MUNWXWBEIFBTMONlD`ð
äOå � å´ø à è�é<ìbíqè(ìUé.û�ê�9è�ú&û�ù�ú&ûI�Fî8�

¦�]lG�^�MªXlG<S¾XWG�DF_<H(BT�lIFBTMON�JUNlX"��G<H(j�MUHF^�JUNW_<G�JUD�fG<SES�JLD�IF]WG9G.©ª�&G�HFBE^�G�N¼IKJUS3XWG<D(BTVON JUH(G��lHFG.a
DFG�N[IKG<X BTN rs]iJU�ªIKG<H@�ª·½rs]WJU�lIKG�H�ãYj�Mb_ Q DFG<D�MON,IK]lG�JeIK^�MODF�W]lG<HFBE_CHFG�DF��MONWD(G�IFM�IF]WG9BTNWXlBEybBTX Q JUS
¾Z¿{À w�M Q NWXiJLH µ _�MONWXWBoIKBEMONWD<·�¦�]WG�BTN[IFG<HKJL_�IKBEMONYw�G�IvfG<G<N�IK]lG«IKHKJLNWDFBEG<N[I¿G<XWXlBTG<D¿JLNWXYIK]WG�^�G¯JUN
_<BEHF_ Q StJLIFBTMON
BTD�JUSEDFMY]WBEVO]WSEBTVO][IKG�X�·)��JUH(IhMUj3IF]WBTD�_`]iJL�lIKG�H�]WJUD�w&G�G<N�D Q wl^�BoIFIKG�X,IKM�IK]lG��ÍÖÓë£T°Q÷O2[
Ö���ñÕ[ÃË.Ì?O2Y©W�K��£ë�R�Y+Ë.QÂÖLW�Y�O2[]\eÎ	Ï�Ï�a2ce·Crs]WJU�lIKG�H0�4XlG<DF_�HFBEw&G�D0IK]WG�_`]iJUNWVUG<DCMUj5IK]WG�fhBTNWXªaÃXWHFBoyOG�N



��� ����� '	)��,%��	� ��)k�¢%('

JUNWX�IK]WG�HF^�MO]iJUSEBTNWG�_�BTH(_ Q STJLIKBEMONWD<·�¦�]WG@ÂWHFD(I�iJUHgI�K(Ê&Ë.Ì�Ì�W�T°Ì?O2QÍQ"W�YÕO2[]\�Î	Ï�Ï�a2c�XWG�DF_�HFBTw�G<D½IK]WG
HFG�DF��MONWD(BTwWSEG�^�G<_`]WJUNWBTD(^ j�MOH)IK]lG�D(BT^ Q StJLIFG<X �W� ¦�_`]WJUNWVOG�DsBTN��iJLH(IKBE_ Q STJUH5IF]WG�fsJUH(^�BENWV9BTNYIK]WG
c@MUH(IK]���JU_<BoÂi_YJUNlXÄ_<MbMOSTBENWV�BEN"IK]lG�G<Ì Q JLIFMOHFBTJUS��5JU_�BEÂi_L·�\�MOHFG�MqyUG<H���IK]WG�_`]WJUNWVOG�D¨BTN#D(G¯J,BT_�GU�
D Q H(j�JU_�G¨DKJUSEBTNWBoI µ �¼MÁyOG<HgI Q H(NWBTNlVY_<BTH(_ Q STJLIKBEMON4JLNWX
IK]lGC]WG¯JeI«IKHFJUNWDF��MOHgIhJUHFG0G.©ª�WSTMUHFG<XÆ·¿m5BTNiJLSTS µ �[Ç
D Q ^�^�JUHFBEDFG0IF]WG9^
JLBTN4ÂiNWXlBTNWVODhMUj�IK]lBTD«IK]lG<DFBEDhBTN rs]iJU�lIFG<H��ª·



�ç £��"Õ Ø Ò#Ö#ÕYÔ
� ÖÓÌ�W�Y+Ë.Ì�W
RCË.YoË8RlQÂW
ì
W
R
R(O2TË�?YãÖ?Y O�	�WeO�R�Y©WãíÀ�
O£ì
	ÓêoO2TVUÓRCË.Q7ÖÓT,U£W�TCYãÖeS£Öq�bÖÓT°êoO2TVUÓR(\

�QÂÖÓQ0�ÓÌ�ÖÓë�R

'Õó�ò ��ü��Õû�ú��7û 5�å�*��8ø�1
��ü0�ÿý�.<6�)4�Nú¢1°ý�6lú���ü
¦�]lG D(BT^ Q STJLIKBEMONWDYJLHFG��&G�H(j�MOH(^�G�X¹fhBoIK]�IK]WG�BTN[IKG�HF^�G<XWBTJLIKGVOSEMOwiJUSs_<M Q �lSTG<X>JLIK^�MOD(�W]WG<H(G.a

Mb_<G¯JLNªavD(G¯JeaÃBT_<GÄ^�MbXWG<S0Rr«�BTSEIgagrsSEBTM�yUG<H(DFBTMUNÚ�b· ¦�]WG�JLIK^�MOD(�W]WG<H(BT_#_�MO^��&MONlG<N[IBTD,R½r«�sBESEI
K
I=íÍR�YãW
W SÓ×"W�YZO2[]\!^�_�_�`rc¨J�VUSTMOwiJLSÆDF��G<_.IKHFJUS¾Ì Q JUDFB�avVOG�MOD(IFHFMO�l]WBT_�²�ö9±�¶s^�MªXlG<S&fhBoIK],IK]lHFG<G¨yUG<Hga
IKBE_¯JUS�STG.yOG<SED�²Å�U�U�l��U�O�,JUNlXi#U�O�,]i�5J[¶CJLNWX�J]lMOHFB P MON[I`JLS5HFG�DFMOS Q IKBEMONÄMUjsJU�W�WH(M¯©lBE^
JeIKG<S µ �ª·ñô2x
²�¦��b³q¶LKNÀ4O2TIR
×	O2[.[oO2Q÷U3ÀiÖÓ[ÃYãW�QÍËØ^�_�_��rce·,u0D�JUN®G*©bIKG<NlDFBTMUN®IKM�IK]WG�Ì Q JUDFB�avVOG�MOD(IFHFMO�W]lBT_�G<Ì Q Jea
IKBEMONWD��[JUNYG<DgIKBE^
JLIFG«MUjiIF]WG�NWG<VUSTG<_.IKG�X�IFG<H(^�D1BEN�IK]lG«yOMOHgIKBT_�BEI µ JUNWX�IF]WG<H(^�MbX µ NiJU^�BT_G<Ì Q JLIFBTMONWD
BTD½BTNl_<MOH(�&MOHFJLIKG�X�·1¦�]WBED«JUVUG<MODgIKHFMU�W]WBT_hj�MOH(_<BTNlV�BTD½_<MU^�� Q IKG<X�j�HFMO^ IK]lG0XWBTJUVONWMODgIKBE_¯JUSES µ XlG<HFBoyOG�X
yOG�H(IFBT_¯JLSW^�MLIKBTMUNYJUNWXYj�HFMU^ IF]WG�HFMUIKJLIKBEMONiJUSb_<MU^���MONWG�N¼I¿MLj&IF]WG�]WMOH(B P MUN¼IKJUSªyUG<SEMª_�BEI µ ²�R)Ìn·½�ª·÷�U¶.·
¦�]WG0JUVOG<DgIKH(MO�W]WBE_hIFG<H(^�DJUHFGhBENW_<S Q XWG<X�BTN�MOH(XWG<H¿IKM�DFBT^ Q StJLIFG«IK]WG@Ê0JLXWSTG µ _<BEHF_ Q StJLIFBTMON��WH(MO�&G�Hga
S µ ·¦�]WBTD�]iJUD�BE^���MOHgI`JUN[I�_<MONlDFG<Ì Q G�NW_<G�DYj�MOH�IF]WG4DgIKHFG�NWVUIF]ºJUNWX���MOD(BEIKBEMON�MUj«IK]lG9¬(G�IgavDgIKHFG<JU^
JUNWXj�MOH«IF]WG¨IKHKJLNWDFBEG<N[IhG<XWX µ JU_�IFBEybBEI µ K
I=íÍR�Y©W
W SÓ×�W�YZO2[]\!^�_�_�`rce·

ølåoäOåEä �9è�üê�� �Æú&ûKéFî�í!��êbëWûKý��ë2>lç��Lü�î�íI�Ø�Lç&ë��Æú2>	�Fî�íI�
¦�]WG ~�����~l��~l�Á�! _<MUHFG�MUj�IK]WGhJeIK^�MODF�W]lG<HFBE_«^�MªXWG�SlBED)wiJUDFG�X�MUN�IK]WG�yOMUH(IKBE_<BoI µ G�Ì Q JLIKBEMON��Ofh]WBE_`]
HFG<JUXWD�� "$#"&% È('�)�*,+ ² # È.-�¶�È(-Óm�/§È�Æ102+ G # ô

ú
354 ²Å�ª·o³q¶

fh]WG�HFG
#
ô6+ É�7 BED«IK]WG9yOG�H(IFBT_¯JLS¾_<MO^��&MUNWG<N[I�MUj5IF]WG¨yOMOHgIKBE_<BEI µ yOG<_.IKMOH�� 7 BTD�IK]WG�D(IFHFG<JU^�j Q NW_.a

IKBEMON��8'�)¹BED�IK]WG�HFMUIKJLIKBEMONiJUS_<MO^���MONWG<N[I�MUj�IK]WG�]WMOH(B P MUN¼IKJUSsyUG<STMb_<BoI µ �sA BTD�IF]WG�XWBEyUG<HFVUG<NW_�G
MUj�IF]WG,]WMOH(B P MUN¼IKJUS¿fhBTNWX��9-¹BTD�IF]WG�rsMOH(BTMOSEBTD9�iJUHFJU^�G.IKG�H<�9-ÓmYBED:-�JLI����2x�NWMUH(IK]�JLNWXºDFM Q IK]��
Æ;02+ G # BED�J]WBEVO]WS µ DF_¯JLSTG�DFG<SEG<_.IKBEyUG
XWB]� Q DFBTMUN®JUNlX<3=4�_�MON[I`JUBENWD9IK]WG�JUVOG�MOD(IFHFMO�W]lBT_�IKG<H(^�D�BTN
IK]lG9yUMOH(IFBT_�BEI µ G�Ì Q JLIKBEMON�·>3540BTD�G*©ª�WHFG�DFDFG�X#BTN,IFG<HF^�DhMUjd�

3=4¹ô?'&@A*,+"² # È(-�¶�È # /¼È<B "$#" C ÈED�*,+:Bs¥
" '�)" C ²Å�ª·ñ�O¶

fh]WG�HFGU�9'&@ BTD9IK]WG�XWBEyUG<HFVUG<N[I�_�MO^���MONWG�N[I�MUj«IF]WG
]lMOHFB P MON[I`JLS¿fhBENWX��FB ôHGJIG�K BTD9IK]WG�yOG<HgIKBE_¯JUSyOG�STMb_<BoI µ BEN4BTD(MOwiJUH(BT_�_<MbMOHFXWBENiJLIFG<D<·¿R)DgIKBT^�JLIFG<DsMLjL354hJUHFG Q DFG�XIFMYHFG��WHFG�DFG<N[IhIK]lGCGr�&G<_.IhMUj¾IK]WG
JUVOG�MOD(IFHFMO�l]WBT_¨_�BTHF_ Q StJeIKBTMUN4MONIK]WG¨IKG�NWXWG�NW_ µ MUj�IK]WG9VOG�MOD(IFHFMO�l]WBT_CyUMOH(IFBT_<BoI µ ·
¦�]WG ����~W��~l�q�M _�MOHFG�MLj1IK]WG�^�MbXWG<S�BTD�wiJUD(G<X�MON ó IF]WG�IF]WG<H(^�MbX µ NiJU^�BT_�G<Ì Q JLIFBTMONÆ�&fh]WBE_`]

HFG<JUXWD��



�Ë� K�� aDT *]Ye%���*�W""&% " 7" C È('�)�* " 7" C ÈON-�m B4ÈsÆ;02+ G " 7" C È�ÆQP " 7" C ô
ú
Ràk-�m C ÄTS ú

3FU ²Å�ª·´ã[¶

fh]WG�HFG N ô
ú
V W G WGJI BTD)IK]WG�D(IKJLIKBE_@DgI`JUwlBTSTBoI µ �QXÄBTD½DF��G<_�BEÂi_hyOMUS Q ^�GU�ZY9BTD¿IK]WG��&MLIKG<N[IFBtJUSWIFG<^��&G�HKJeaI Q HFGU�£Æ1P4BED)J¨Ý@J µ STG�BTVO]YXWJU^��lBTNWVC_�MªG�t�_<BTG�N[I¯�ZR BTD1IK]lG�V[JUD)_<MUNWD(IKJUN[I¯� C BTD1�lHFG<D(D Q H(GU� Ä2SBED5IK]WG

DF��G<_�BEÂi_0]WG¯JLIj�MOH«J�_<MONWDgI`JUN[I��lHFG<D(D Q H(GU�Ík BTD¿IK]WG0XWBtJUwWJLIKBE_@]WG<JLIKBENWV�JLNWX[3FU BED½IF]WG¨JUXlyUG<_.IKBTMUN
MUj�IKG�^���G<HFJLI Q H(G9w µ IK]WG�JUVOG�MOD(IFHFMO�l]WBT_CfhBENWXWD<·

3\U�ô6'&@A*]+ " 7" C ²Å�ª·õ�¼¶

R)Ì Q JLIKBEMONWD�²Å�b·E³q¶*�3²Å�b·ñã[¶«JLNWX�IF]WG9_<MON[IFBTN Q BEI µ G<Ì Q JLIFBTMON_¯JLN w�G9_<MO^�wlBTNWG�X BEN¼IFM�MONWG9G<Ì Q JLIFBTMON
j�MOH«IF]WG9Ì Q JUDFB�avVOG�MOD(IFHFMO�W]lBT_¨��MUIKG�N¼IFBtJUS&yOMOHgIKBT_�BEI µ_^ w µ G<STBE^�BENiJLIFBTNWV`B JLNWX"A�·lÇÃI@SEG¯JUXlD«IKMW�" ^"�% È.'&):*,+ ^ È�Æ;02+ G "" C a - ÉmN

" 7" Ccb ô
ú
-�mTR
Ä I

"" C a kN C>b ú
3=4

ú

"" C a -ÓmT3\UN b ²Å�ª·��O¶

fh]WG�HFG�Ì4BTD�XWG.ÂiNWG�X#JUD ó ^ ô #
È.-�È(- Ém "" C a N � F " 7" CAb ²Å�ª·´ô[¶

R½r«�sBESEI Q DFG�D,DFBE^��WSEBEÂiG�X8�WJUHKJU^�G�IFHFBEDKJLIFBTMONWDYj�MOH�IK]WG"XWBtJUwWJLIKBE_ ]WG<JLIKBENWV®X Q G"IKM®HKJUXWBTJLIKBoyOG
» Q ©ªG�D�²�R¿Ì¼D�·��ª·ñáª�n�ª·/#[¶*·½¦�]lG�XWBTJUwiJLIFBT_C]lG¯JLIFBTNWV�BTD�_�MO^�� Q IKG�X"JeI0ô��U��JUNWX ã��U�Y]i�5JYj�HFMU^ÀIK]WG
yLJUHFBEM Q D�XWBTJUwiJLIFBT_C�lHFMb_<G<D(D0JLD«j�MOSTSEMqfhD ó

k ºã¤ mqô
Ç

Ä I � C h ²Md{fÄÉ ú d{f F Èsdgf4hµÈ(d>e�hL¶ ²Å�ª·ñáO¶

k ´ã¤ m¹ô
Ç

Ä I � C j ² N � ¹ ú dof7v
ú
dofÄÉÕÈ�dgf�j�È(d>e�j�ÈsdfeÄ¶ ²Å�ª·/#[¶

� G<G�m5BTV Q HFG��ª·o³�j�MOH1IK]lG�D µ ^�w&MUSTD¿MUj�IK]WGhXWB]�ÆG�HFG<N[I¿IKG�HF^�D)BTNYIK]lG�SEMONWVUfsJ¯yOG�HKJUXlBtJLIFBTMON²�°UË ¶.·d>e�h9JUNWX_d9e�jiH(G�j�G<H¿IKM�IK]WG�HFG�STG<JUDFG�MUj�STJLIKG�N[Is]WG<JLIKBENWV�BTN�IK]WG Q �W��G<HsJUNWX
SEMÁfsG�HSTJ µ G<H½HFG�DF��G<_.a
IKBoyOG�S µ ·5Ê@G�HFGhIK]WGhStJeIKG<N[I¿]WG<JLI¿HFG�STG<JUDFGhBTD)X Q G�IKM�X µ NiJU^�BT_hJUNWX�_�MON[yOG<_.IKBoyOG0HFJUBTNÆ·5¦�]WGhDFG�NWDFBEwWSTG
]WG<JLI�dfe BTD«H(G<STG<JUDFG�X BEN4IK]WG¨SEMÁfsG�H�StJ µ G�H<·g� C h�JUNWXL� C j�JUH(GCIK]WG¨STJ µ G<H�XlG<�lIF]WDhMUj�IF]WG Q �W��G<H
²�ã��U�Y]i�5J[¶�JUNlX SEMqfG<H�²N�U�O�Y]i��J[¶«StJ µ G�H�H(G<D(�&G�_�IKBoyOG�S µ ·



K��²���hg %���*�W$i�*,-¢�©�g����)k�8%('4ïXPZ$ N �ZW+)�ï©$DW��¢% � e

LW

LW 2

LW 1

ra 

s

(1-

(1- a r )(1- τu

(1- a r )(1- τu

)τur

σ

a 

)τl Qo

Qo

)(1- τl )(1- rs)Qo

QoQo

= SW

= SW

= SW

s

u

l

350hPa

200hPa

650hPa

4
T

kml�nSo�ßXospCt :��¼ë¼î.�ªè�î�êÁç!�.ígú&ûKüû½ê�9&è�ú&û;�ªè�ü,ê����Æú�û`éFî�í�üêbëWûKýDx�jØ1lksîEýÃè�}Áåsù�ú&û=�¯ì0v��*í`é(î��1è+��ý£�eç&ë�ì
ëWûKç&êbèdûCè�ú�ûCì(�Û�)ûKéµ�eç&ë�ý�ê�u¿ûKé¿ý.��>WûKé��Û�Lç&ëe�0è�ú&û{�¯ìUéV9+�¼í<ûsý.��>lû`é��ªé*û
���1û<íÁè�î�|qû`ýÃ>bå dgf�h
�Lç&ë dgf�j �eé.û4è�ú&ûe�Fú&êÁé¯è_u;�%|Áû�é
�[ë¼î.�lè�î�êqç�å kCm î¢��è�ú&û�îTç&í�êqü�îEç	�è�.êÁý.�Lé9é
�[ë¼î.�lè�î�êqçC�
nbp î8��è�ú&û��Æý��Lç&ûqè �Lé©>��Lý_vWû�ëWê�� q�h �Lç&ë qrj �Lé*û�è�ú�ûP�-v��*êqé��1è�î�êqç�í<êbû�m4í`î�û`ç�èN�<å nbp � q�h
�Lç&ë qrj �Lé.û��Oî_|qûKç��Ó����9dìUç�íqè�î�êqç#ê�9�ý.�lè�îÃèFì¼ëWû��Lç&ë#è�îEüû0ê�9sè�ú&û�>Wû°�Lé¯å0ù�ú&û��¯ìUéV9+�¼í<û
�Lý_vWû�ëWê n�v î8�0ëlûqèdûKéFü�îTç&û�ë±v�>�è�ú&û��¯ìUéV9+�¼í<û�ígú��LéI�¼íqèvû`é(î8�¯è�î�íI�¯å

ølåoäOå´ø �ÄêªëWûKý9zCî8�*í`é.ûÁè�î¢�
�lè�î�êqç

ÇvN�XWG<H(BEybBTNWV�IK]WGsXWBTD(_<HFG.IKBEDFG<X�j�MUHF^§MUjWIF]WG«Ì Q JUD(BoavVUG<MODgIKHFMU�W]WBT_�&MLIKG<N[IFBtJUS[yOMUH(IKBE_<BoI µ ²�R)Ì�·)�ª·��U¶.�
R½r«�sBTSoI)D(IKJUH(IFD)j�HFMO^ G�Ì Q JLIKBEMON��ª·o³@JLNWX�G<Ì Q JLIFBTMON��ª·´ãl·1¦�]WG�yUMOH(IFBT_<BoI µ G�Ì Q JLIKBEMON4�b·E³hBTD¿JL�W�WSTBEG<X
JLI9IK]lG�IF]WHFG�G�yUG<HgIKBT_<JUS)STG.yOG�STD<�5�U�O�,]i��Jl�;�U�O�]i�5J�JUNWXi#O�O�]i�5J,fh]WG�HFG¯JLD�IK]lG�IFG<^��&G�HKJLI Q HFG
G<Ì Q JeIKBTMUN#�ª·´ãYBTD�JU�W�lSTBTG�X�JLI�IK]WG�BTN[IFG<HF^�G<XlBtJLIFG¨STG�yUG<SED@ô��U�Y]i�5J�JUNWX ã��U�Y]i�5Jª·u«I�IK]WG¨IFMO� MLj
IK]lG�JLIK^�MOD(�W]WG<H(G9² C ô9�@]i�5J[¶3IK]WG«H(BTVOBEX�SEBTXnBÀôÛ�0BED1JU�W�lSTBTG�X�·�¦�]WG�STMÁfG<H1w�M Q NWXWJUH µ _<MONlXWBEIFBTMON
j�MOH8B>BTD ó

B;v�ô
úpo v�Ç a ��q-,r # v ú '�4�v=*,+ts b ²Å�ª·´â[¶

fh]WG�HFG
#
v�JUNlX�'$4�v3JUH(GsIK]WG½yOMOHgIKBE_<BEI µ JUNlX�IK]WGsHFMUIKJLIKBEMONiJUSOyUG<STMb_<BoI µ JLI5IF]WGsIKMU��MUjWIF]WG«w�M Q NWXiJLH µ

StJ µ G<H0H(G<D(�&G�_�IKBoyOG�S µ �&j�MOH@fh]WBE_`]"IK]lG�yLJUS Q G�DCJLI�#O�O��]i�5J4JLHFG�_`]lMODFG�N��&��q>BTDhIK]lG�D Q Hgj�JU_<G�XWHKJUV
_<MbGrt�_�BTG<N[I<� o v�BTD�IF]WG,XWG�NWDFBoI µ JLI�IF]WG,D Q H(j�JU_�GJUNWXEs¹BED�IF]WG,MOHFMUVOHKJU�l] µ ]WG�BTVO][I¯·�¦�]WG�ö9±G<Ì Q JeIKBTMUN�BED)DFMOSoyOG�X Q DFBTNlV�JCj�M Q H(IK]bavMOH(XWG<H¿Ý Q NWXiJqa z¨Q IFIKJCDF_`]WG�^�GL·)¦�]WGh�W] µ DFBT_�DBED)BTN[IKG�VOHKJeIKG<X
Q D(BTNWV�JYj�MOH(fsJUHFXD(_`]WG<^�G�JLNWX BED�_<MO^�� Q IFG<X�MONVOHFBEXªav��MOBEN¼IFD�JLI�IF]WG9V[J Q D(DFBtJLN�VUHFBTXÆ·



� � K�� aDT *]Ye%���*�W

ølåoäOåÏÿ ù�ú&û�1½êbìb�&ý�û<ëX��êbëWû`ý
¦�]lG�D(G¯JeaÃBT_<G�Mb_<G<JUN _�MO^��&MONlG<N[I�BTD,IK]WG�rsSEBTM�^�MbXWG�S�²ÅrsM Q �WSTG�XÚ°3JUH(VOG.aÃDF_¯JLSTG�Çv_<G®ÈC_<G¯JLN

\ MbXWG<St¶.·@ÇÃI¨BTD�wiJUD(G<X�MON"IF]WG��WH(BT^�BEIKBoyOG9G<Ì Q JeIKBTMUNWDCJUNlXÄG<^��WSTM µ DCJ�j�H(G<G*avD Q H(j�JU_�G�Mª_�G¯JUNÄVUG<Nªa
G<HFJUS�_�BTHF_ Q StJeIKBTMUN4^�MbXWG�SÅ·1¦�]WG9]WMUHFB P MON[I`JUS&HFG�DFMOS Q IKBEMON,BTDhã�xs©�ã2x<�iJUNWX,IF]WG<H(G�JLHFG��U� Q NWG.yOG�NWS µ
DF�WJU_<G�X yOG�H(IFBT_¯JLS�STG.yOG<SEDhBTN4IK]lG�Mb_<G<JUN�·¿¦�]WG9Mb_<G¯JLN _�MO^���MONWG�N[IhBTNW_�S Q XWG�DhJYHFG<STJLIKBoyOG�S µ D(MO�W]WBEDga
IKBE_¯JLIFG<X��iJUHFJU^�G.IKH(BTDKJeIKBTMUN,MUj5yUG<H(IFBT_<JUS¾^�B�©ªBTNWV�JUNlX"w�MUIFIFMO^Þw�M Q NWXiJLH µ StJ µ G<Hh�WHFMb_<G�DFD(G<D<·�rsSEBTM
_<MUN¼IKJUBTNlD�J�ãeavSTJ µ G<H9X µ NiJL^�BE_.aÃIF]WG<H(^�MbX µ NiJU^�BT_�DFG¯JqavBT_�G�^�MbXWG<S1IF]iJLI�DFBE^ Q StJeIKG<D¨IF]WG�_`]WJUNWVOG�D
MUj5DFNWMÁf§JUNlX BE_<G¨IK]WBE_`Z¼NWG<D(D0BTN�HFG�DF��MONWD(G�IKM�D Q H(j�JU_�G�JLNWX"w�MUIFIFMO^Þ]WG<JLIh» Q ©ªG<D�·«¦�]WG�_<M Q �WSTG�X
^�MªXWG�S�]iJUDhH(G¯JUSEBTD(IFBT_0IFMO��MOVOHKJL�W] µ JUNWX�wiJLIF] µ ^�G�IFH µ ·½m Q HgIK]WG�HF^�MOHFGL�WIK]WG9Mb_<G¯JLN ^�MªXlG<S3r«°¾ÇgÈ
BTNl_<S Q XWG<D«^�Bo©ªBENWVYJUSEMONWV�BEDFMO� µ _<NiJLSTD�JUNlX�BoI�_¯JL�lI Q H(G<D«IF]WG¨Gr�&G<_.IhMUj5^�G<D(MLavD(_¯JUSEG0G�XWXWBTG�DhMON4IK]WG
IKHFJUNWD(�&MOHgI�K
¿�W�QÍYPO2Q÷U�À7ì	ÐXË.[.[ÃË+O2ÌeRL^�_�_£Ï
c�JUD�fG<SES«JUD�IF]WG,XWG<NlDFG,f«JeIKG<H�»WMqf XWMÁfhN�IKMO��MLa
VOHFJU�W]WBE_�j�G¯JeI Q H(G<D4K
ñgO2Ì�í÷Ë.Q�O2Q÷U�¿�Ö�Ö�R
R�Wè^�_�_�_�ce·"¦�]WG4BTNlXWBEybBTX Q JUS¿^�MbXWG�STD�JUHFG4_�M Q �WSEG<X�w µ
G.©ª_`]iJLNWVOBTNlV"^�MO^�G�N[I Q ^��¾j�HFG<D(][f«JLIFG<HYJLNWX�]lG¯JLI<·,¦�]WG
R½r«�sBESEIgagrsSTBEM,^�MbXWG�S)_<MON[I`JLBTNWD�Jj Q STS
] µ XWHFMOSEMOVOBE_¯JUS1_ µ _<STG�BENW_<S Q XWBTNlVJ�STJUNWX�w Q _`ZLG�I�^�MbXWG<S5j�MUH�D(MOBTS5^�MOBED(I Q HFGL·�¦�]lG�IFBT^�GYD(IFG<�®MLj
IK]lG�JLIF^�MOD(�W]WG�HFBT_�^�MªXWG�S3BTD0��]WM Q H(D<��fh]WG<H(G¯JUD0IF]WG�Mb_<G<JUN#^�MªXlG<S3]iJUD0J�IKBE^�G9D(IFG<�ÄMUj«³�XiJ µ �
BT^��WS µ BENWV�ô
JeIK^�MODF�W]lG<HFG�IKBE^�G¨DgIKG<�lD0j�MOH�MONWG�Mª_�G¯JUN�IKBT^�G9D(IFG<��·�A Q H(BTNWV�IK]WG�DFG�ô�IKBE^�G9DgIKG<�lD
IK]lGCMª_�G¯JUN
D Q Hgj�JU_<GCBEDsZLG<�lI�_�MONWDgI`JUN[I¯·)¦�]lG9JLIK^�MODF�l]WG<H(BT_�^�MbXWG<S�BTD¿IvfMYMOHFXWG�HFD«MLj3^
JUVUNWBEI Q XWG
j�JUDgIKG<H�IF]iJUND(IKJLIKG*avMUjtaÅIK]WG*adJUHgIhu�±�r�\�·
¦�]WG�^�JUBTN"JUXlyLJUN[I`JLVOG�MUj½R½r«�sBESEIgagrsSTBEM�_<MO^��iJUH(G<X"IFM4_<M Q �WSTG�X#u�±�r�\�DCBTD@BEIKD�_<MU^�� Q I`Jea

IKBEMONiJUS�Grt�_�BTG<Nl_ µ ²�J#³Á�O�O� µ G¯JUH(D�^�MbXWG<S�H Q NÄIKJUZUG�D�JL�W�WHFM¯©ªBT^�JLIFG<S µ á
XiJ µ D�r«�¿x IKBT^�G�MUN�J
rsMO^��iJUÌ u0ST�l]iJ
fsMUHFZ¼D(IKJLIKBEMON�u¨��³Á�O�O�O¶.�Æfh]WBESTG�BoICDgIKBTSES5�WH(MÁyªBEXWG<D9J,H(G¯JUSEBTD(IFBT_�HFG<�lHFG<D(G<N[I`JeIKBTMUN
MUj@IK]WG�StJUH(VOGDF_<JUSTG�X µ NiJU^�BT_�D<· Ê�G<NW_�GU��BEI�BED���MOD(DFBTwlSTG,IKM��&G�H(j�MOH(^7^�BESTSEG<NWNWBTJUSoaÃDF_<JUSTG�DFBE^ Q a
StJeIKBTMUNWD�IFM#D(I Q X µ IK]WG4w�G<]WJÁybBEM Q H�MUj�IF]WG4_�M Q �WSEG<X�JLIF^�MOD(�W]WG�HFG.aÃDFG<JeavBE_<G.aÃMª_�G¯JUN®D µ D(IFG<^ MON�J
^ Q SoIKB�av_<G�N[IKG<NlNWBtJUS¼IKBE^�G*avD(_¯JUSEGU�OJLD5fsG�STSiJLD1IKM¨G.©ª�WSEMOHFG«IF]WG�_<SEBT^�JLIKG½DFG�NWDFBoIKBoyªBoI µ JLDFDFMb_<BTJLIKG�XYfhBEIK]
_`]iJUNlVOG<D�BTNw�M Q NWXiJLH µ _�MONWXWBoIKBTMUNWD�JUNWXIK]lG��l] µ D(BT_¯JLS¾�WHFMb_<G�DFDFG�D<·
� MO^�GSEBT^�BEIKJLIKBEMONWDÆMLjnR½r«�sBTSoI(agrsSEBTM�MOH(BTVOBENiJLIFG¿j�H(MO^ IK]lGsDFG.I(a Q ��MUjªIK]WGsJLIK^�MODF�l]WG<H(BT_½^�MbXWG<S��

fh]WBE_`]þBED4wiJUD(G<XÛMON IK]lG#Ì Q JUDFB�avVOG�MOD(IFHFMO�l]WBT_ÄJL�W�WHFM¯©ªBT^�JLIFBTMON��«j�H(MO^ IK]WGÄG�^��WSEM µ ^�G<N[I,MLj�J
fG¯JUZ�j�H(G<DF][fsJLIKG�H½» Q ©�_<MUHFHFG�_�IFBTMON��¼JLNWXYj�HFMO^ Q DFBENWVs¬ Q D(I¿IK]lHFG<G�JLIF^�MUDF�W]WG�HFBE_�StJ µ G�HFD<·5u0NWMUIF]WG<H
XWBEDKJUXlyLJUN[IKJUVOG<D�MUj�Rr«�BTSEIgagrsSEBTMºBTD,IF]iJLI�X Q G�IKM�IK]WG�STMÁf H(G<D(MOS Q IFBTMONþMUj�IK]WG�JLIK^�MOD(�W]WG<H(BT_
_<MU^���MONWG�N¼I JUNlXþÌ Q JLDFBoaÃVOG<MUD(IKH(MO�W]WBE_�JU�W�WH(M¯©lBE^
JeIKBTMUN�IKHFMU�WBT_<JUS0X µ NiJL^�BE_<DBTD,NWMLI_¯JU�lI Q HFG�X
�WH(MO�&G�HFS µ ·

'ÕóÂ' ��ü��Õû2ú�v�û�*�,
ü-*Óþ}ù0�¹å£û
ÇvN�MOH(XWG<HCIFMJUNiJUS µ DFG�IK]lG�XlB¢�&G<HFG�NW_<GYw�G�IvfG<G�N�IF]WG�_<STBE^
JeIKG�X Q HFBENWV,IK]WG�¾Z¿{À�JUNlX�J4�lHFG.a

BTNlX Q D(IFHFBTJUS¿HFG�j�G�HFG�NW_<G,DgI`JLIFGU�¿J#DFG�HFBEG<D�MUjhD(G<NWD(BEIFBEybBEI µ G.©ª��G<H(BT^�G<N[IKD�BED���G<Hgj�MOHF^�G<X�·"u0DYJ"H(G�jta
G<H(G<NW_�G®G*©l��G<H(BT^�G<N[I¯�CIF]WG�^�MbXWG<S0BTDH Q Nþj�MOH�³Á�O�O�U� µ G¯JUH(Dº²�rs¦hÝ0¶ Q DFBENWV¹G¯JUH(S µ BENWX Q DgIKHFBTJUS
JLIF^�MOD(�W]WG�HFBT_4r�ÈCÉY_<MONW_�G<N[IKHFJLIKBEMONWD²��2#�#"�l�W^4¶9JUNWXº�lHFG<D(G<N[I(aÃXiJ µ JUSEw&G�XWMÄJUNlX®IKMO��MOVOHFJU�W] µ
w�M Q NWXiJLH µ _<MONlXWBEIFBTMONWD�·1u@jkIFG<HsJUw&M Q I0³¯�O�O� µ G¯JUH(D«MUj¾BEN[IKG<VUHKJLIFBTMON�IK]WG0^�MbXWG<SnH(G¯JU_`]WG�D�J�Ì Q JUD(Boa
G<Ì Q BESTBEwWHFB Q ^ D(IKJLIKGL�@BEN>VOSEMOwiJUShD Q H(j�JU_�G#IKG�^���G<HFJLI Q H(Gº²�m5BTVW·Ú�ª·ñ�O¶.·Ú¦�]WG#G�yLJUS Q JLIFBTMON8MUj¨IK]WG
R½r«�sBTSoI(adrsSTBTM�_�STBT^�JLIFMOSTMOV µ BED
XWMONlG"w µ _�MO^��iJUHFBENWV�BEI�IKMºc0r«R½�o~Uc0rsuCÝ Ý�G<JUNiJUS µ D(BTD�XiJLI`J
K8ë�ñ=woðgÒPÎ	Ï�ÏÓÎ(ce· ±9BoyOG�N>IK]WG DFBE^��WSEBT_�BEI µ MLj¨IK]WG"JLIK^�MODF�l]WG<H(BT_�^�MbXWG<S��sVOMbMbX�JUVOH(G<G�^�G�N¼I
BTD
j�M Q NlX�j�MOHJUNWN Q JUS�^�G¯JUN�IKG<^���G<HKJeI Q H(G@�iJeIFIKG�HFN,JeI��L^�²kI*�L^
¶h²�m5BEVW·)�b·ñãOJª�´wn¶TxlJLNWX4BTN��iJUHgIKBE_ Q a
StJLH�j�MOH�IK]WG P MONiJLSª^�G¯JUN,²�m5BEVW·��ª·ñãL_Á¶.·�ÇvN�JUXWXWBoIKBEMON��qIK]WG�JLNWN Q JUSb_ µ _<SEG«MUjnNWMOHgIK]WG�HFNY]WG�^�BEDF�W]lG<HFG
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kml�nSo�ßXo�ßDt ��ý�ê2v��eýÆü,û��Lç3�LçWç�ì��eý�LîTé9èvû`üP�)ûKé
�lè(ìUé.û��lè¿øeüÞîTç�è�ú�ûcjØ1lksîEýÃè8{I15ýTî�ê�í�êqç�è�é.êÁý��FîTüÏ{
ìUý��lè�î�êqç�~ x 1��Få
u@BTHsIFG<^��&G�HKJLI Q HFG¬w x r{z

c0ÊÙD Q ^�^�G<H c0Ê fhBTN[IKG�H R)HFH(MOH \ MbXWG<S
³��ª·´� ³q�b·ñâ a ÈCwWD(G<HgyUJeIKBTMUNWD
³¯�W·´â ³q�b·�# �l·E³¯� R½r«�sBTSoI(agrsSEBTM
³��ª·ñá ³q�b·ñã �l·ñô�� x�ybBT_
³��ª·�� ³q�b·ñô �l·´�O� r�È¨°¾u
³��ª·´ô ³Áãª·ñ� �l·ñã�� ±¨Ç �W�
³Áâl·´ô ³��b·�� ãl·ñôU� c0rsuCÝ�L�F�So�ßDo8pCt 1½êbì(�Æý�û�ë�ü,êbëWû`ýÛ�(îTü,ìLý.�lè�î�êqçÛ�¿ê�9±�LîTé«èdû`üP�1û`é
�ªèFìUé*ûZ�lè3øLü��Lç�ë4è�ú&ûµ�-v��*êqýÃìWèvû«û`é(é.êqé

9ké*êqü��e1ljG�É:Cû��eç��Lý�>	�(î8�¯åÕ�9ë �(�1èvû<ë�9ké.êqü Ð�W,O2Ñ2W�T�W�YZO2[]\�K�Î	Ï�Ï2^�c2\

IKG�^���G<HFJLI Q HFG�BTD�_¯JU�lI Q HFG�XºHFG<JUSTBED(IKBE_¯JUSES µ �¾JUD�_�MO^��iJUHFG�X�IFM"MUIF]WG<H�^�MbXWG<SED�²�¦�JUwWSTG
�ª·o³q¶.·,¦�]lG
VOSEMOwiJUS¼^�G¯JUNYJLNWN Q JUSl^�MbXWG<S[I*�e^Þ²d³Áãl·´ô�x`r�¶�XlB¢�&G<HFD�j�HFMO^ÙIK]lG«cCr«R¿��XiJLI`J�²g³Áãl·´â�x`r�¶�w µ �l·´ã�x`r0·
¦�]WG�HFG�JUHFGL�[]WMÁfsG.yOG�H<�lH(G<VOBEMONWD1BENYIK]WG�^�MªXlG<Sªfh]lG<HFG�IF]WGhXWB¢�&G<H(G<NW_�G<D½JUHFG�STJUHFVUG<Hh²�DFG<G�m5BEVW·5�ª·ñãO¶.·
miMOH)G.©lJU^��WSEGU�[DFBE^ Q STJLIKG�X�G<JUD(IFG<H(N
u0N[IKJUHF_.IKBT_<JCIKG<^���G<HKJeI Q H(G�BED¿STMÁfsG�H)IK]iJUN�BEN�IF]WG�Ý�G<JUNiJUS µ D(BTD
fh]WBESTG,IKG�^���G<HFJLI Q H(GBTN�fsG�D(IKG�HFN u@N¼IKJUHF_.IKBE_¯J�BTD�]WBTVU]WG<H�·ÛÈ0yOG<H�^�MOD(I��iJUHgIKD�MUj0IF]WG�]WBTVO]lG<D(I
^�M Q N[I`JUBENWD�²�GU·õVW·�¦�BEw&G.I`JUN��)StJLIFG¯J Q �3±9H(G<G�NWStJUNlX��3Ý�Mb_`Z µ \ M Q N¼IKJUBTNlD`¶CJUNWXÄMÁyUG<H¨IK]WG�u@HF_�IFBT_
IK]lG�DFBE^ Q STJLIKG�X IKG�^���G<HFJLI Q HFG�BED0SEMqfG<H�IK]iJLN#BTN�IK]WGYc0r«R¿� ÝhG¯JUNWJUS µ DFBED@XWJLI`Jl·@¦�]WBTD@Gr�&G<_.I¨BTD
^�MOHFG@�WHFMONlM Q NW_�G<XBTN,�iJLH(IKBTJUSTS µ DFNlMqf«a½MUHsBT_�GC_<MÁyUG<HFG�X H(G<VOBEMONWD�·)u0NWMUIF]WG<HsXWBTD(_<HFG��iJUNW_ µ BEDsIK]WG
DFBE^ Q STJLIKG�X"^�G<HFBEXWBTMUNiJUSÆIF]WG<H(^
JUS�VOHFJUXWBTG�N[ICJLI@IK]WG�G¯JUDgIC_�M[JUD(IFDCMUj¿c�MOH(IF]#u0^�G<H(BT_<J
JUNWX"u0DFBTJl·
¦�]WG�IK]WG�HF^�JUS1VOHFJUXWBEG<N[IKD9DFBE^ Q STJLIKG�X�w µ R½r«�sBESEIgagrsSTBEM,JUH(G�^ Q _`]�fG¯JLZUG<H�·4ÇvN�JUXWXWBoIKBTMUN���MÁyOG�H
IK]lG�G<JUD(IFG<HFN G<Ì Q JLIFMOHFBTJUS¾��JU_<BoÂi_�IF]WG9^�MbXWG�S¾XWMªG�DhNWMUI�HFG��WHFMbX Q _�G��WH(MO��G<HFS µ IK]lG�Mb_<G<JUNWBE_�_�MOSTX
IKMUNWV Q G�²�D(G<G�m5BTVUD<·½�ª·´ãOJl�õwn¶.·)ÇvN�IK]WG P MONiJUS¾^�G¯JUNÆ�W]WMÁfsG.yOG�H<�nIK]WG�R½r«�sBTSoI(agrsSEBTM�_<MO^��iJUH(G<D�fsG�STS
fhBEIF]�IF]WG�MOwWDFG�H(yUG<X4�iJeIFIKG�HFNWD�·)¦�]WG�StJUH(VOG<DgIXlB¢�&G<HFG�NW_<G�w�G�IvfG<G<N4IF]WGh^�MbXWG�SnJUNWX�IF]WGhMOwWD(G<H(yLJea
IKBEMONWD�BTD�STMb_¯JLIFG<XIKM�IK]WG�NWMOH(IF]#MUj¿ô�� x c ²�m5BEVW·��ª·´ãU_Á¶*·�u@NWMO^�JUSTM Q DhSTMÁf IKG�^���G<HFJLI Q HFG<D0JUHFG�BTN
StJLHFVOG@�iJUH(I�J�HFG<D Q SEI«MUj¾IK]WG¨MÁyUG<HFG�D(IFBT^�JLIKBEMON4MUj3BE_<G0IF]WBT_`Z¼NWG�DFD�IK]iJeI�BTNWD Q StJeIKG<DIK]WG¨JeIK^�MODF�W]lG<HFG
JUNWX"_ Q IFD0M2��IK]lG�XWBEHFG<_.I0D(G<NWD(BTwWSEG�]WG<JLI0» Q ©�j�HFMO^ÞIF]WG�fsJUHF^�G<H�Mb_<G¯JLN#w&G�STMÁf9·h¦�]WG�D(G¯JUD(MONiJUS
^�MªXWG�S¾yUJLHFBtJLwWBTSEBEI µ BEDCJUNWJUS µ DFG�X#w µ _�MO^�� Q IKBENWV�IF]WG�JL^��WSEBEI Q XWG9MUj)IK]lG�ÂiH(D(I¨]iJLHF^�MONWBT_9MUj½JLBTH



�ËÞ K�� aDT *]Ye%���*�W

kml�nSo�ßXo��Qt �0çlç&ì��LýTýÃ>0{ ��|qû`éI�Ó�lû�ë��LîTé�èdûKüe�1û`éI�lèFìLé.ûØ�ªè1øLü�~ x 1��Få	�Ä}��(îTü,ìLý.�lèvû<ë;vr>Äè�ú�ûpjØ1lksîTýÅè�{
15ýTî�ê���vÄ}��e1ljÕ��:¨û°�Lç��LýÃ>	�Fî8�l�eç&ë�í�}yvLý��¼í�5"ýEîTç&û����eêÁç��Lýg��|qûKé
�Ó�ªû�ê�9@è�ú&û�jØ1lksîTýÅè�{
15ýTî�ê��né*û<ë,ýEîTç&ûp�qêqç��Lý��|Áû`é
���lû�ê�9l��1ljÕ�É:Cû��LçÍ�Lý�>	�Fî¢�¯å«ë�}��¾ûµ}C�eç&ë�9Å}�è�ú&û��I�Lüû!���
�%�Uv%�oí+vªìWè 9Åêqég�Æé.û�í`î��ÆîÃè �lè�î�êqçL�Lç&ë?���ñúr�ñî�9Åêqé à-à ùå

IKG�^���G<HFJLI Q HFG4JeIY�L^ ²�m5BTVW· �ª·õ�¼¶*·"rsMU^��iJLHFG<X�IKM#c0r«R¿� ÝhG¯JUNiJLS µ DFBED�XiJeI`Jl�5Rr«�BTSEIgagrsSEBTMBTD
JUwWSEGIFMCHFG��WHFMbX Q _�G�w&MUIF]��LIF]WG«�iJeIFIKG�HFN�JUNlX�IK]WG�JL^��WSEBEI Q XWG¿MUj�JUNWN Q JLSªyLJUHFBTJUwWBESTBEI µ ·¾u0D)J@HFG<D Q SEI
MUj¿IK]lG�c�MOH(IF]WG<H(N�Ê@G<^�BTD(�W]WG�HFG�fhBTN[IFG<H¨wWBTJUD<��IF]WGY^�MbXWG�S)JUNWN Q JUS5_ µ _<SEG�BEDC^�MOHFG��lHFMONWM Q NW_<G�X
MÁyOG�H�G<JUD(IFG<H(N8u@DFBtJª·ºÈ0yOG�H�c�MOH(IF]�u0^�G<HFBE_¯Jl�½R Q H(MO�&GJLNWX�BTNºIK]WG4IFHFMO�lBT_<D��)IK]WG^�MªXWG�S«JUNlX
cCr«R¿��D(]WMÁf§JYD Q H(�WHFBEDFBTNlVOS µ VOMbMªX�JUVOH(G<G�^�G�N¼I<·
¦�]WG�DFBE^ Q STJLIKG�X��WH(G<_<BE�WBEIKJLIKBEMON,²��¿�¿¦�¶5�WJLIFIFG<HFNlD1G.©ª]WBEwWBEIFD5IK]WGs^�MODgI1D(BTVONWBoÂi_¯JLN¼I5_`]iJUHFJU_�IFG<Hga

BTDgIKBE_<D�G�ybBTXWG�N[I1BTN9IK]lG«cCr«R¿��XiJLIKJl·�¦�]lGsMOwWD(G<HgyOG<X�JLNWX�DFBE^ Q STJLIKG�X�yLJUS Q G<D�MÁyOG<H�IK]WGG<Ì Q JLIFMOHFBTJUS
HFG�VOBTMUNWDhJUDFD(Mª_�BtJLIFG<X,fhBEIF]�IF]WG9ÇvN[IKG<HdaÃIFHFMO�WBE_¯JUS¾rsMON[yOG<H(VOG<Nl_<G�¡ÆMUNWG�²�Çv¦�r�¡¾¶«G.©ª_�G<G<X®³O·���^ µ H°� F
²�m�BTVW·1�ª·ñãLX��´G¯¶.·1¦�]lG@^�MOD(I½NWMLI`JUwWSEGhXWBTD(_<HFG��iJUNW_�BTG�D_<JUN�w�G�DFG<G�N4MÁyOG�H½IF]WG�fG<DgIKG�HFN4D Q wlIKH(MO�WBE_¯JUS
�5JL_<BEÂW_�fh]WG�HFGhIK]WG@�¿�)¦ JUDFD(Mª_�BtJLIFG<X�fhBEIF]�_�MON[yOG<_.IKBEMON4BTNYIF]WG�fsJUH(^ �&MbMOSWBED Q NWXWG<H(G<DgIKBT^�JLIFG<X��
MÁyOG�HIK]lG@HFJUBTN�j�MOHFG�D(IBTN��sHKJ P BTS�JUNlX
BTN�_<G�N[IKHKJLS&u�j�HFBT_<J9fh]lG<HFG0�¿�¿¦ BED½JUw&M Q I«ã���� STMÁfG<H¿IK]iJLN
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DFBT^ Q StJLIFG<XÄBENÄw&MUIF]Ä]WG<^�BTD(�W]WG�HFG<D9JLHFM Q NlX
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JUXWXlBEIKBEMON��lIF]WG9DFBE^ Q StJeIKG<X z¨Q H(MODF]WBEM�JUNWX"± Q Soj � IKHFG<JU^��iDFG<�WJUHKJLIFG�j�H(MO^ IF]WG�u0^�G<HFBE_¯JUN_�M[JUD(I
NWG<JUHsc�G�fÛmiM Q NWXWStJLNWX��¼HKJLIF]WG<H¿IK]WJUN
JeI«r«JL�&G@Ê0JLI(IKG�HKJUD�·)¦�]WBTD¿I µ �WBT_<JUSiSTMÁf«avH(G<D(MOS Q IFBTMON�^�MªXlG<S
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JUH(G¯JUDMUj¾^�JUHFBENWGhD(IKHFJLI Q Dgav_ Q ^ Q S Q Dj�MUHF^�JLIKBEMON�BÅ·õGU·1MÁyOG�HIF]WG@fG<DgI�_<M[JLD(I«MLj¾u@j�H(BT_¯J�JUNWX � M Q IF]
u0^�G<H(BT_<Jl·#¦�]WG�DFG�JUHFG<JUD�I µ �WBE_¯JUSES µ G.©ª]WBEwWBEIFD�D(IFHFMONlV Q �[fsG�STSEBTNWVW��IK]iJLI�BTD Q NWXWG<H(G<DgIKBT^�JLIFG<XºBTN
IK]lG@^�MªXlG<SÅ·�ÇvN�IF]WG P MONWJUSn^�G<JUN#²�m5BTVl·1�ª·´ãUBt¶.�OIK]lG�^�MbXWG<SnJUNlX4r�ÈhuCA �
�l� ¦��iJLI(IKG�HFNWD½G.©ª]WBEwWBEI
JUSE^�MODgI@IF]WGYDKJL^�G�DF]iJU��G�JUNWXÄ^�JUVONlBEI Q XWGU·C¦�]lBTDCD Q VOVOG�D(IKD¨IF]iJLI¨XWG�DF�WBoIKG�IF]WG�SEMª_<JUS �l� ¦ XlBEjta
j�G<H(G<NW_�G<D�w&G.IvfsG�G<NºR½r«�sBESEI(adrsSTBEM4JUNWX�IK]lG�MUwWDFG�H(yLJLIKBEMONWD P MUNiJUSTS µ J¯yOG�HKJUVUG<X�IF]WG�JLIK^�MOD(�W]WG<H(BT_
X µ NiJU^�BT_�DSEBTNWZLG<X�IKM�IF]WG�^�G�HFBTXlBTMONiJLSlIK]WG�HF^�JUSnVOHKJLXWBTG�N¼I^�BTVO][I¿w�G0NWMUIsJ��&G<_.IKG<XÆ·½È¨NlG@D(]WM Q SEX
NWMUI�G.©ª��G<_�IYJUNºR½\ Çgr D µ D(IFG<^��)STBEZUG�Rr«�BTSEIgagrsSEBTMW�¾IKM"�WHFMO��G<H(S µ DFBE^ Q STJLIKGYIK]lG
Mb_<G¯JLNWBT_�j�G¯Jea
I Q HFG<DCJUDFD(Mª_�BtJLIFG<X#fhBEIF]#DF^�JUSESoavD(_¯JUSEG9_<M Q �lSTG<XÄ�lHFMb_<G<D(DFG�D�SEBTZLG Q �[fG<STSEBTNWVl�&BEN#�iJUHgIKBT_ Q StJLH0JUSEMONWV
IK]lG�fsG�D(IKG�HFN�_<M[JUDgI�MUj¿IK]WG�_<MUN¼IFBTNWG�N[IKD<·�ÇvN�VOG�NWG<HFJUSÅ�&IK]WG��WH(MOwWSTG�^�DCJUNWX�_¯J¯yOG<JLIKD�^�G<N[IKBEMONWG<X
JUw�MÁyOG�JUSTD(M�]WJÁyUG�w�G<G�N j�M Q NlX BEN MUIF]WG<H�JLIF^�MUDF�W]WG�HFG*avMb_<G¯JLNªavD(G¯JeaÃBT_<G¨^�MbXWG<SED<�nJUDhXWBEDF_ Q DFDFG�X#BTN
Kßï
ð�ñ�ñ=ÒgÎ	Ï�Ï2^�ce·
¦�]WG P MUNiJUSTS µ JÁyUG<HFJUVOG<X�yOG�H(IFBT_¯JLS5XWBED(IKH(BTw Q IKBTMUN"MUj¿IK]lG P MONiJLS�fhBTNlX�JUNWXÄBEIFDCMOwWD(G<HgyUJeIKBTMUNiJUS

_<M Q N[IKG<H(�iJUHgI
j�HFMU^7cCr«R¿� Ý�G<JUNiJUS µ DFBTD�JUH(G XlBTDF�lStJ µ G�X>BTN8m5BEV Q HFG �ª·��UJl�õw��HFG<D(�&G�_�IFBEyOG�S µ · ÇvN
VOG�NWG<HFJUSÅ��^�MbXWG�S¨JUNWXÛMOwWD(G<HgyUJeIKBTMUNWDG.©ª]WBTwlBEIJºStJLHFVOG#XlG<VOH(G<G�MUj�DFBT^�BTSTJUHFBoI µ · c@G.yOG�H(IK]lG<STG�DFD��
_<MU^��iJLHFG<X�IKM9IK]lG0c0r«R½�ºXiJeI`Jl�[IK]lG@D(BT^ Q STJLIKG�X0¬(G�I½D(IFHFG¯JL^ ^
Je©ªBE^ Q ^ BED1fsG<JUZUG�H�JUNWX�DF]WBojkIKG�X
��MOSTG.f«JUH(Xºw µ JU�W�lHFM¯©ªBT^�JLIKG�S µ ³Á��xKc�·5¦�]WBED�fG¯JUZLG<H0¬(G�IYBED�BTN®�iJUH(IYJ#_<MONWD(G<Ì Q G�NW_<G�MUj�DFBE^ Q a
StJeIKG<X#fG¯JLZUG<H�IKHFJUNWDFBEG<N[I�JUNWX�DgI`JLIFBTMONiJLH µ G�XWXWBEG<D<��JUDCfhBESTS�w&GYXWBEDF_ Q DFD(G<X®BEN�rs]iJU�lIFG<H9�W·�¦�]lG
fG¯JUZLG<NWBENWVYMUj�IF]WG P MONiJUSnfhBTNWX
BTDJUSTD(M�MOwWD(G<HgyOG<XBEN�IK]lG � M Q IK]WG�HFN,Ê�G<^�BTDF�l]WG<H(GY² � ÊC¶JLHFM Q NlX
���2x � ·Æ¦�]WG�DFBT^ Q StJLIFG<X VOSTMOwWJUS¾fhBTNWXÄJeIl�U�O�U]W�5J4JUNlX"IK]WG�cCr«R¿� MOwlDFG<HgyLJLIKBEMONWDCJLHFG�XWG��WBT_.IKG�X
BTN
m5BTV Q HFG@�ª·´ôl·)A Q H(BTNWV�ACG<_�G<^�w�G<H��WÜOJUN Q JLH µ �lmiG<wWH Q JUH µ ²�A9ÜOm)¶)IF]WG0D(BT^ Q StJLIFG<X�fhBTNWX�BTD½Ì Q BEIKG
DFBE^�BEStJUH)IFM�IK]WG¨MOwlDFG<HgyLJLIKBEMONWD«BEN4IKG<H(^�DsMUj�^
JUVUNWBEI Q XWG¨JUNlX,XWBTH(G<_�IFBTMONlD<·¿Ê@MÁfG�yUG<H<��JUD«J�HFG<D Q SEI
MUj3JLN
MÁyOG�HFG<DgIKBE^
JLIFBTMON�MUj¾u@STG Q IKBtJLN�SEMqf9�[IF]WG0^�MªXlG<SnDFBE^ Q StJeIKBTMUN�XlBTDKJLVOHFG�G<D¿fhBEIK]�IK]WG@MOwWD(G<H(yLJea
IKBEMONWD@MqyUG<H¨NWMUH(IK]lG¯JUDgI¨u0D(BtJl��DF]WMÁfhBENWVJ
NWMOHgIK][fG<D(IFG<H(S µ fhBENWX#_<MU^���MONWG�N¼I@fh]WBTSEG�IF]WGYcCr«R¿�
XiJLIKJYXWBTD(�WStJ µ J�D(M Q IF]WG<H(S µ »WMqf9·¿ÇvNIK]WG � ÊÚIK]WG�JUN[IKBE_ µ _<SEMONWBE_0fhBTNWXlDhJUDFD(Mª_�BtJLIFG<X,IKMYIK]lG¨]WBTVO]
�WH(G<DFD Q HFG�D µ D(IFG<^�D�JLHFGYfsG�STS)�WSTJU_<G�X�w µ IF]WG�^�MbXWG<S)JLNWX�]WJÁyUG
JLST^�MOD(ICIF]WG�DKJU^�G�^
JUVUNWBEI Q XWG
JUD«BEN4IK]WGCcCr«R¿��ÝhG¯JUNiJLS µ DFBED<·1ÇvN�R½r«�sBTSoI(adrsSTBTM9IK]lGCIKHKJLXWG0fhBTNlXWD�]iJ¯yOG9JUNJLH(IKBoÂi_<BTJUSTS µ D(IFHFMONlV
P MUNiJUS�_�MO^���MONWG�N[I¯�WJLDhJ�HFG<D Q SEI«MUj�X µ NiJU^�BT_¯JLSÆDFBE^��lSTBEÂW_¯JLIFBTMON�JUXWMO�ªIKG<X,BEN4IK]WG¨^�MbXWG<S�·5ÇvN,IK]WG
G.©bIFHKJeaÅIKHFMU�WBT_�D<�¾IK]WGY^�MbXWG<S1_<JUN�fsG�STS)HFG��WHFMbX Q _�GYIK]WG�DF]WJU�&G�JUNlX���MODFBoIKBEMONÄMUj½IK]WG�fG<DgIKG<H(STBEG<D<�
JUSoIK]WM Q VO]��IF]WG<BEH�DgIKH(G<NWVUIF]>BED�D(STBTVU]¼IFS µ fsG<JUZUG�H<· A Q HFBENWV�Ü Q NWGU��Ü Q S µ �«u Q V Q DgI�²�Ü[ÜUu¨¶�²�m5BEVW·
�ª·´ôUw��õXn¶�IF]WGYDFBE^�BEStJUH(BEIKBEG<D«w�G�IvfG<G�N®R½r«�sBESEIgagrsSTBEM
JLNWX�cCr«R¿� w�G<_�MO^�G�G�ybBTXWG�N[I9BTN#�iJLH(IKBE_ Q STJUH
BTN^�BTXªaÃStJLIFBEI Q XWG<D½w�G�IvfG<G<N#ôO� x Ë JUNWX ôO� x R�·
m5BTV Q HFG��ª·ñáUJYDF]WMÁfhD�IK]WG�DFBE^ Q StJeIKG<XDgI`JLIFBTMONiJLH µ fsJ¯yOG<D0JLI��U�O��]i�5J�X Q H(BTNWVYIK]lG�c�MOH(IF]WG<H(N

Ê@G�^�BEDF�W]lG<HFG ²�c0ÊC¶0fhBEN¼IFG<H�· � MO^�GYMUjIK]WG�XWBED(IKBENW_�I�MOwlDFG<HgyOG�X®j�G¯JLI Q HFG�MUjsD(IKJLIKBEMONiJUH µ fsJÁyUG<D��
BÅ·õGU· IF]WG#u@STG Q IKBtJLN>STMÁf9��IK]lG#STMÁf�MÁyOG<HÊ Q XWD(MONÛ�«J µ JUNlX�IK]WG#]lBTVO]�MÁyUG<H4IK]lG"fsG�D(I_�M[JUD(I
MUjc@MUH(IK]�u@^�G�HFBT_<J,JUNWX�R Q HFMU�&G�JUH(G�fsG�STS1H(G<�WH(MªX Q _<G<X�w µ R½r«�sBTSoI(adrsSTBTMl·9°�JLHFVOGYXWB]�ÆG�HFG�NW_<G�D
w�G�IvfG<G<N>^�MbXWG<S«JUNWX¹MOwWDFG�H(yLJLIFBTMONWD�_<JUN8w�GDFG�G<N�BEN¹�WJUH(IFBT_ Q StJUH�MÁyUG<H�c@MOHgIK]�u0^�G<H(BT_¯J�JUNlX
±¨HFG<G�NWStJLNWX�·1m Q HgIK]WG�HF^�MOHFGL�[IK]WGhDFBE^ Q STJLIKG�XYu0STG Q IKBTJUN�STMÁf8BTD)DF]lBEjkIKG�X�NlMOH(IF]¼fsJUH(X4JUD¿_<MU^��iJLHFG<X
IKM9IK]lG@MOwlDFG<HgyLJLIKBEMONWD@²�m5BEVW·)�b·÷áUJª�´_¯¶.·1u fG¯JUZLG<NWBENWV�MUj&IK]WG�D(IKJLIKBEMONiJUH µ fsJÁyUG¨JU^��WSTBoI Q XlG«BTN�IK]WG
c0Ê _¯JUN�STG<JUX"IFMJ4D Q wWDgI`JUN[IFBtJUS5fG¯JLZUG<NlBTNWVMUj¿IK]lGY�&MOSEG�fsJUHFXÄ]lG¯JLICIFHKJUNlDF��MOH(I<�¾JUD¨XWBEDF_ Q DFDFG�X
w µ �	O£ì
	�R�ÖÓQ³K©^�_�_�_�ce· °¾MÁf D Q H(j�JU_�G�IFG<^��&G�HKJLI Q HFG"wWBtJUD,D(BT^ Q StJLIFG<X JLI]lBTVO] STJLIKBoI Q XWG�D4_¯JLN
w�G��iJLH(IKBTJUSTS µ JeIFIKH(BTw Q IKG<X�IKMIK]WG Q NWXlG<HFG�D(IFBT^�JLIKBEMON�MLjsIK]lG
]WG<JLI�IFHKJUNlDF��MOH(I�w µ IK]WG�^�MbXWG�STG<X
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cCr«R¿��MOwlDFG<HgyLJLIKBEMON�JUNWX�DF]WBojkIKG<XD(M Q IK][fsJUHFXÆ·
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Temperature of the coldest month [c]
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(b) Southern Hemisphere
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# �*8�� � � &(,�� � $�5�*2 � 2W.E$98�� � �H$98 � & � �*��� �4��� � ½�µ7&�. � # ,�� �4�Hd�dS;'�
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8 �4� � �H)Y, �"� . � $�&Z$�&H.1� ��.x#%$�&(�*&�� � � �m½ � 2+$9��� � ��& ��@ ! �4� � � 8�2 � �Z)N��2W.?�	& � ,98�� �+�>�A@ & � $�5�& � ,�!�� 2+$9#
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