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GH IJKL MNOPMI IJN NQ KLIKHR STRPMKIJU L VPM IJN RNHNMWSIKPH PV SXQKTKSMY ZSIS [U K\MP] KHZP] L ^ \MPLLWLN\IKPHTPP_WXO IS`TNL ^ P \\XOSIKPH U SIMK\NLa VPM IJN PONMSWIKPHST OMP \NLLKHR PV b Gcde fg ZSIS SMN MNhKN]NZ ijLKHR IJN NQ KLIKHR U K\MP] KHZP] ZSIS`SLN ^ P \\XOSWIKPH U SIMK\NL SMN \PHLIMX\INZ VPM IJN _NY LON\KNL [k l ^mno ^ npq ^ nrqs ^ rpq ^ rqp ^ qs a VPM IJN HPU KHSTU PZN OTXL LKQ tLO N\KST U PZNL u PH IJN SLLXUOIKPH IJSIOMPv TNL SMN MNIMKNhNZ SI NS\J ISHRNHI OPKHI i wPM IJNHPU KHST UPZN IJKL NQINHZL IJN \XMMNHI STIKIXZN MSHRNPV IJN PONMSIKPHST MNIMKNhSTL i wPM IJN LO N\KST U PZNL ^KI SOONSML IJSI XLNVX T S\\XMS\Y \SH PHTY `N S\JKNhNZVPM UPZNL e x^ ey SHZ ez idZZKIKPHST LO N\KNL ]JK\J U SY `N MNIMKNhNZ `Y b GWcde SMN \PHLKZNMNZ SHZ IJN VPTTP] KHR SMN LXRRNLINZVPM KH\PMOPMSIKPH KHIP SH PONMSIKPHST MNIMKNhST [KH PMWZNM PV ZN\MNSLKHR S\\XMS\Ya { mwmW xg ^ mTqrqp ^ mwmWxx^ nmwmWgg ^ rns ^ mqwp SHZ ew| i}JN MNIMKNhST PV ~ VXMIJNM LO N\KNL ^ mq ^ rq SHZmqp ^ KL ZKL\XLLNZ ^ `XI IJNLN MN�XKMN UPZKv \SIKPHL IPIJN \XMMNHI PONMSIKPHST STRPMKIJU i
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eNhNMST PV IJN \XMMNHI RNHNMSIKPH PV NSMIJWP`LNMhKHRLSINTTKIN KH LIMXU NHIL SMN ZNLKRHNZ IP U S_N \PHIKHXWPXL U NSLXMNUNHIL PV SIUPLOJNMK\ G� LO N\IMS NKIJNMXLKHR RMSIKHR LON\IMPUNINML [dG�e �x�a PM KHINMVNMPU NWINML [Gb� �g� ^ b Gcde �~� ^ GdeG �y � ^ }�e �z�a i eX\J LON\WIMS IYO K\STTY OMPhKZN IJPXLSHZL PV MSZKSH\N U NSLXMNWU NHIL NhNMY LN\PHZ ^ IPP U SHY IP KH\PMOPMSIN KHIP SMNSTWIKU N MNIMKNhST L\JNU N RKhNH OMNLNHI \PUOXIKHRLONNZL i mPHLN�XNHITY^ SIINHIKPH JSL ` NNH VP\XLLNZPH UNIJPZL VPM ZNINMU KHKHR IJN POIKUXU LX`LNIL PVLX\J LON\IMS [tU K\MP] KHZP] L ua ]JK\J \PHISKH UPLI PVIJN OPINHIKST KHVPMUSIKPH i
qHN SOOMPS\J KL IP LKUXTSIN IJN OMPOSRSIKPH PVMSHZPU HPKLN IJMPXRJ IJN MNIMKNhST SHZ LNTN\I UNSWLXMNU NHIL ]JK\J USQKU K�N IJN KHVPMU SIKPH \PHINHIPM ZNRMNNL PV VMNNZPU PV IJN LKRHST ��� ^��� ^ PM ]JK\J`NLI LSIKLVY PIJNM \MKINMKS �©� i � JKTN IJ KL KL MNSLPHS`TNKV IJN MNIMKNhST NMMPML SMN OMNZPU KHSHITY ZXN IP MSHWZPU UNSLXMNU NHI NMMPML SHZ�PM NMMPML KH IJN � � ���

��� NLIKU SIN ^ KI ZPNL HPI STTP] VPM PIJNM [LYLINUSIK\aLPXM\NL PV NMMPM SLLP \KSINZ ] KIJ XHMNIMKNhNZ OSMSUWNINML i wPM NQSUOTN ^ KI ZPNL HPI STTP] VPM IJN XH\NMWISKHIKNL KH UPZNTKHR IJN \PH\NHIMSIKPHL PV IJN hSMKPXL\PHISU KHSHI LO N\KNL ]JK\J USY STLP S�N\I S OSMIK\XWTSM LON\IMST MNRKPH i
dH STINMHSIKhN SOOMPS\J �§� ^�x¨� SZZMNLLNL IJKL OMP`WTNU `Y LNTN\IKHR U K\MP] KHZP] L ]JK\J U KHKU K�N IJNIPIST NMMPM ^ KH \TXZKHR `PIJ MSHZPU SHZ LYLINU SIK\\PUOPHNHIL i nP]NhNM ^ IJKL KL PHTY S\JKNhNZ `Y SOWOMPQ KU SIKHR IJN OMPv TN MNIMKNhST SL S LNI PV KHZNONHWZNHI ^ LKHRTNWTSYNM MNIMKNhSTL i d L S MNLXTI ^ IJN N�N\IPV KHINMWTNhNT \PMMNTSIKPHL KH IJN S\IXST MNIMKNhST KL KRWHPMNZ i }JNMN KL STLP IJN OMS\IK\ST ZK� \XTIY PV \PHLPTWKZSIKHR IJN U K\MP] KHZP] L ZNMKhNZ KHZNO NHZNHITY VPMNS\J OMPv TN TNhNT KHIP LKHRTN U K\MP] KHZP] L SOOTK\S`TNPhNM IJN ]JPTN OMPv TN i
b K\MP] KHZP] L VPM IJN PONMSIKPHST b Gcde MNIMKNhST]NMN LNTN\INZ XLKHR S IJKMZ SOOMPS\J ]JK\J KH\TXZNLLKUXTSIKHR S VX TT OMPv TN MNIMKNhST KH\TXZKHR IJN OMPOWSRSIKPH PV LYLINU SIK\ NMMPM INMU L �xx� i d L LX\J ^ KI \SH`N \PHLKZNMNZ NKIJNM SL SH NQINHLKPH PV IJN vMLI [tMSHWZPU NMMPM ua UNIJPZ IP KH\TXZN LYLINU SIK\ NMMPML ^ PMSL S UXTIKWTSYNM hNMLKPH PV IJN LN\PHZ [tLKHRTNWTSYNM uaU NIJPZ i
dL ]NTT SL LNTN\IKHR U K\MP] KHZP] L ^ IJKL L\JNU N STLPSTTP] L NQ KLIKHR U K\MP] KHZP] L IP `N PMZNMNZ S\\PMZWKHR IP ZK�NMNHI \MKINMKS SHZ OMPhKZNL S \PUOTNIN NMMPMSHSTYLKL PV IJN MNLXTIKHR MNIMKNhST OMPZX\IL i
GH IJN VP TTP] KHR IJN b Gcde L\JNU N KL PXITKHNZ SHZZKL\XLLNZ KH IJN \PHINQI PV IJKL LIXZYi
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� qHTY U KHKU KLN ZKSRPHST NTNUNHIL MSIJNM IJSH VXTTU SIMKQ
� dZZKIKPHST ]NKRJI SRSKHLI LYLINU SIK\ NMMPML

�hSTXSIKHR IJN vRXMN PV U NMKI XLKHR PHTY IJN ZKSRPWHST NTNU NHIL PV IJN \PhSMKSH\N U SIMKQ KL \PHLKZNMNZ IP` N OMNVNMS` TN ^ NLON\KSTTY ]JNH \PHLKZNMKHR U K\MP] KHWZP] L VPM �PKHIWMNIMKNhSTL PV I]P PM UPMN LON\KNL ^ LKH\NIJN \PMMNTSIKPH KHVPMU SIKPH MNOMNLNHINZ `Y IJN P�WZKSRPHST NTNU NHIL KL PVINH PV HP OMS\IK\ST ` NHNvI IPXLNML PV IJN ZSIS i nP]NhNM ^ ]JNH \PHLKZNMKHR U KW\MP] KHZP] L VPM LON\KNL ] KIJ TP] e�r ^ IJN LN\PHZ VNSWIXMN []NKRJIKHR SRSKHLI LYLINU SIK\ NMMPMLa U SY `NZMPOONZ i
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GI KL _HP]H [N iR ^�x~�a IJSI U K\MP] KHZP] L LNTN\INZ VPMPHN OSMIK\XTSM LNI PV SIUPLOJNMK\ \PHZKIKPHL U SY ONMWVPMU OPPMTY KH PIJNM LKIXSIKPHL i wPM NQSUOTN ^ O PTSM] KHINM \PHZKIKPHL SMN \JSMS\INMKLNZ `Y TP] INUONMSWIXMNL SHZ TP] \PHISU KHSHI \PH\NHIMSIKPHL ^ LXRRNLIKHRIJSI U K\MP] KHZP] L ] KIJ RPPZ OMN\KLKPH [K iN i^ e�r a SMNMN�XKMNZ ^ ]JKTN VPM PIJNM TSIKIXZNL RPPZ S\\XMS\Y U SY`N S UPMN KUOPMISHI \MKINMKPH iqHN LPTXIKPH KL IP JShN S LNI PV U K\MP] KHZP] L LNWTN\INZ VPM ZK�NMNHI TSIKIXZNL�LNSLPHL ^ L] KI\JKHR `NWI]NNH IJNLN SMPXHZ IJN PM`KI i nP]NhNM ^ IJ KL KUOTKNLZKL\PHIKHXKIKNL KH IJN \JSMS\INMKLIK\L PV IJN MNIMKNhNZOMPv TNL ]JNHNhNM S L] KI\J P \\XML i wPM b Gcde IJNSOOMPS\J JSL `NNH IP POIKU KLN IJN U K\MP] KHZP] LNWTN\IKPH STTP] KHR VPM S ] KZN MSHRN PV SIUPLOJNMNL LKWUXTISHNPXLTYib SIJNU SIK\STTY^ IJKL KL O NMVPMU NZ `Y NQINHZKHR IJNZNvHKIKPH PV IJN wKRXMN PV b NMKI [�� i �a IP ` N IJNLXU PV vRXMNL PV UNMKI U; NhSTXSINZ VPM 	 ZK�NMNHISIUPLOJNMNL LKUXTISHNPXLTY
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]JNMN � ; SMN IJN ]NKRJIL SOOTKNZ IP NS\J SIUPLOJNMN iwPM b Gcde ^ z ZK�NMNHI SIUPLOJNMNL JShN `NNH XLNZIP MNOMNLNHI S tR TP`ST u POIKU KLSIKPH {
xi b KZWTSIKIXZN ZSYWIKU N [tZSY ua
g i b KZWTSIKIXZN HKRJIWIKU N [tHRI ua
~ i ��XSIPMKST ZSYWIKU N [tN�X ua
y i cPTSM LXUUNM [K iN i^ ZSYWIKU Na [tLXU ua
z i cPTSM ] KHINM [K iN i^ H KRJIWIKU Na [t] KH ua

SHZ IJN ]NKRJIL SMN x?� VPM IJN vMLI VPXM SIUPLOJNMNLSHZ x?~ VPM IJN OPTSM ] KHINM SIUPLOJNMN ^ MN
N\IKHR KILSZZKIKPHST L\KNHIKv\ KUOPMISH\N i
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b K\MP] KHZP] L SMN ZNvHNZ `Y `PXHZSMKNL KH IJN]ShNHXU`NM SHZ ISHRNHI STIKIXZN ZPU SKHL i }JN LNWTN\IKPH STRPMKIJU LISMIL ] KIJ S LKHRTN OPKHI KH IJN ZPWU SKH SHZ IJNH RMP] L U K\MP] KHZP] L `Y SZZKHR SZ� SW\NHI OPKHIL NKIJNM i i i
����� ��� ]JNMN NhNMY OPKHI ] KIJ KH IJN `PXHZSMKNLKL X LNZ KH IJN MNIMKNhST ^ MNLX TIKHR KH �N8*�(�����\ �8��� �( S���
� ����� ��� ]JNMN \NMISKH OPKHIL MNU SKH NQ\TXZNZ ^ MNWLXTIKHR KH \��� NS \ �8��� �(S��� i
}JN OMP\NLL \PHIKHXNL XHIKT STT SHY VXMIJNM SZZNZOPKHIL MNLXTI KH S ZMPO KH IJN wKRXMN PV b NMKI PMIJN U SQKUXU ]KZIJ [~\U 56 ^ xg x LO N\IMST OPKHILa KLMNS\JNZ i
� bSL_NZ U K\MP] KHZP] L INHZ IP `N TSMRNM SHZ `NIWINM POIKU KLNZ VPM S OSMIK\XTSM hKN] KHR RNPUNIMY
� �N\ISHRXTSM U K\MP] KHZP] L INHZ IP `N LU STTNM`XI UPMN RNHNMSTTY SOOTK\S`TN
� nY`MKZ POIKPH { U SKHISKH `PXHZSMKNL `XI MNSLLKRHUSL_L VPM ZK�NMNHI \KM\XU LISH\NL i

w KRXMN x{ e_NI\J KHZK\SIKHR I]P OPLLK`TN U NIJPZL PVRMP] KHR U K\MP] KHZP] L i d U K\MP] KHZP] ^ \XMMNHITY`PXHZNZ `Y IJN IJK\_ TKHN ^ \PHISKHL � U NSLXMNU NHIL[~ LON\IMST OPKHIL � g ISHRNHI STIKIXZNLa i � MP] KHRtNZRN] KLN u STT O PKHIL STPHR PHN `PXHZSMY SMN INLINZIPRNIJNM SHZ ^ KV IJKL KUOMPhNL IJN wKRXMN PV b NMKI ^ IJNU K\MP] KHZP] KL NQOSHZNZ KH IJSI ZKMN\IKPH i � MP] KHRtOPKHI] KLN u STT O PKHIL STPHR IJN `PXHZSMY SMN INLINZKHZKhKZXSTTY^ SHZ PHTY IJPLN OPKHIL ] KIJ OPLKIKhN KU WOS\I PH IJN wKRXMN PV b NMKI SMN KH\TXZNZ i }JKL \SHTNShN tU SL_NZ u OPKHIL ] KIJ KH IJN U K\MP] KHZP] ^ SL KHWZK\SINZ `Y LPTKZ L�XSMNL ^ \PMMNLOPHZKHR IP U NSLXMNWU NHIL ]JK\J SMN NQ\TXZNZ VMPU IJN MNIMKNhST i
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GH OMKH\KOTN ^ SHY HPHWMNIMKNhNZ OSMSU NINM ]JK\J \PHWIMK`XINL LKRH Kv\SHITY NKIJNM IP IJN VPM]SMZ UPZNT PMIJN KHLIMXU NHI UPZNT XH\NMISKHIYi}JPLN XLNZ VPM b Gcde ^ ] KIJ MNhKLKPHL `SLNZ PH NQWO NMKNH\N `SLNZ PH KHW
 KRJI ZSIS ^ SMN {
� ����� ¢XN IP IJN OMPOSRSIKPH PV KHLIMXU NHIHPKLN IJMPXRJ IJN MNIMKNhST i �SLNZ PH KHW
 KRJIhSTXNL PV r�e� VMPU PM`KI g¨© x^ STTP] KHR VPMSOPZKLSIKPH }JNLN MNOTS\N IJN OMNWTSXH\J hNMLKPH`SLNZ PH wTKRJI b PZNT INLI MNLXTIL ^ ]JK\J ]NMNVPM S t\PTZ u KHLIMXU NHI \SLN [g¨z � a SHZ MSIJNMLU STTNM i
�¤���� rPHWf}� NMMPM i ¢XN IP SLLXUOIKPH PV TPW\ST IJNMUPZYHSU K\ N�XKTK`MKXU ]JNH UPZNTTKHRNU KLLKPH KH IJN b Gcde VPM]SMZ UPZNT i �SLNZPH \ST\XTSIKPHL XLKHR hK`MSIKPHST INUONMSIXMNLLXOOTKNZ `Y b ifPON�WcXNMISL ^ Gdd ^ � MSHSZS ^ SLOSMI PV IJN db Gfg¢d OMP� N\I �xy�
�	�
�� [VPMU NMTY MNVNMMNZ IP SL nG}�dra eON\WIMPL\POK\ ZSIS`SLN NMMPML i ¢XN IP XH\NMISKHIKNLKH IJN LIMNHRIJ ^ OPLKIKPH SHZ ] KZIJ PV KHVMSMNZNU KLLKPH TKHNL i �SLNZ PH NLIKU SINL LXOOTKNZ VPMNS\J UPTN\XTN�`SHZ `Y 
 ib iwTSXZ ^ fcb ^ cSMKL i
,« �� �SZKPU NIMK\ �SKH jH\NMISKHIYi ¢XN UPLITYIP HPHWTKHNSMKIY \PMMN\IKPH KH `SHZL d ^ d� SHZ

� i d XHKVPMU hSTXN PV �g� JSL `NNH SLLXU NZVPM STT `SHZL [MNOTS\NL OMNWTSXH\J hSTXN PV x� a
�	��«� [MNO TS\NL OMNhKPXL Gfe NMMPMa jH\NMISKHIYKH ] KZIJ PV SOPZKLNZ KHLIMXU NHI TKHN LJSON[dGfea i d hSTXN PV g� JSL ` NNH SLLXU NZ `SLNZPH P`LNMhNZ gHZ ZNMKhSIKhN LKRHSIXMNL KH IJNMNLKZXST LON\IMS ZXMKHR IJN vMLI � UPHIJL PV POWNMSIKPH i
����� jH\NMISKHIY KH IJN LO N\IMST \STK`MSIKPH i }JNZNLKRH LON\Kv\SIKPH PV �¨ i¨¨ x\U 56 JSL ` NNHXLNZ ^ SHZ KL \PHLKLINHI ] KIJ IJN xLI ZNMKhSIKhNLLKRHSIXMNL KH IJN MNLKZXST LO N\IMS i

¤�� �� mqg TKHNWU KQ KHR i ¢XN IP HNRTN\IKHR TKHNWU KQKHR N�N\IL KH IJN MNIMKNhST VPM]SMZ UPZNT[PHTY S�N\IL LIMPHR mqg � `MSH\JNL KH IJN b GWcde d SHZ ¢ `SHZLa

����� jH\NMISKHIY KH RSLNPXL \PHIKHXS i d LWLXU NL SH XH\NMISKHIY PV �gz� KH IJN UPZNTTKHRPV \PHIKHXXU VNSIXMNL PV ngq [UPLITY a ^ mqg ^ qgSHZ rg i
,�« nPMK�PHIST RMSZKNHI N�N\IL i ¢XN IP MNIMKNhSTSLLXU KHR S JPMK�PHISTTY JPUPRNHNPXL SIUPWLOJNMN VPM NS\J OMPv TN i �MMPM KL \ST\XTSINZSLLXU KHR S � x� �x¨¨_U JPMK�PHIST INUONMSWIXMN RMSZKNHI i }JKL \PXTZ ` N MNUPhNZ VPM gWZKU NHLKPHST MNIMKNhSTL i

��«�� jH\NMISKHIY KH JKRJWSTIKIXZN \PTXUH i �NWIMKNhST SLLXU NL S vQNZWLJSON PV SIUPLOJNMK\ OMPWv TN S`PhN IJN IPO MNIMKNhST TNhNT i ��N\I KL \STW\XTSINZ SLLXU KHR tIMXN u OMPv TN \SH ZNhKSIN `Y\TKU SIPTPRK\ST hSMKS`KTKIYi }JKL JSL ` NNH SZZNZLKH\N TSXH\J i
��� }NUONMSIXMN OMPOSRSIKPH NMMPM i }NUONMSIXMNSHZ OMNLLXMN SMN MNIMKNhNZ vMLI ^ IJKL MNOMNLNHILIJN \PHIMK`XIKPH PV S HPU KHST x� INUONMSIXMNNMMPM KHIP IJN \PHLIKIXNHI MNIMKNhSTL i r� { dUPMN S\\XMSIN SLLNLLU NHI PV IJKL \PUOPHNHI KLKH\TXZNZ KH IJN fg OMPZX\I SHZ KL IYOK\STTY z¨�TSMRNM
	�� cMNLLXMN OMPOSRSIKPH NMMPM i d L ] KIJ INUONMWSIXMN ^ N�N\I PV S HPU KHST g� OMNLLXMN MNIMKNhSTXH\NMISKHIY r� { d UPMN S\\XMSIN SLLNLLUNHI PVIJKL \PUOPHNHI KL KH\TXZNZ KH IJN fg OMPZX\I SHZKL IYOK\STTY z¨� TSMRNM
�� ����� jH\NMISKHIKNL KH SLLXU NZ OMPv TNL PV \PHISU WKHSHI LON\KNL i wPM UPLI LO N\KNL IJKL KL IJN \TKWU SIPTPRK\ST xWLKRU S hSMKS`KTKIY [OMPv TNL LXOOTKNZ`Y 
 i�NU NZKPL ^ j ifNK\NLINMa i nP]NhNM ^ VPM \PHWISU KHSHI LON\KNL ]JK\J SMN STLP MNIMKNhNZ `Y b GWcde [K iN i mno ^ n pq ^ nrqs ^ rpq ^ rqp ^ qs a SLU STTNM XH\NMISKHIY [LSY x¨� a \PXTZ ` N XLNZ KV KIKL SLLXU NZ IJSI IJN MNIMKNhNZ OMPv TNL SMN XLXSTTYShSKTS` TN i
��� � "
�#�
Q � 

���� �� ���
wPM U K\MP] KHZP] LNTN\IKPH IJNMN SMN y POIKPHL
xi d LLXU N MNIMKNhST VPM]SMZ UPZNT JSL HP rf}�UPZNTTKHR i �MMPM LO N\IMS K& \PHISKH ZK�NMNH\N`NI]NNH rf}�Wf}� \ST\XTSIKPH [\XMMNHI `SLNWTKHNa
g i d LLXU N MNIMKNhST VPM]SMZ UPZNT \PHISKHL KHS\W\XMSIN rf}� UPZNTTKHR [N iR i^ \TKU SIPTPRK\ST hKW`MSIKPHST INUONMSIXMN OMPv TNLa i �MMPM LO N\IMSK& \PHISKHL ZK�NMNH\N `NI]NNH rf}� SHZ ONMWIXM`NZ rf}� \ST\XTSIKPH ^ O NMIXM`SIKPH MNOMNWLNHI xW� KHS\\XMS\Y UPZNTTKHR PV rf}� N�N\IL[N iR i^ \TKU SIPTPRK\ST hSMKS`KTKIY PV ¡} a
~ i dLLXU N MNIMKNhST VPM]SMZ UPZNT \PHISKHL O NMVN\Irf}� UPZNTTKHR [N iR i^ VMPU NQINMHST LPXM\Na irf}� N�N\IL ZP HPI S�N\I b� LNTN\IKPH
y i dLLXU N MNIMKNhST VPM]SMZ UPZNT MNIMKNhNL rf}�UPZNTTKHR OSMSUNINM [N iR i^ h K`MSIKPHST INUONMWSIXMNa i GH\TXZN KH LISIN hN\IPM % SHZ \ST\XTSIN

S\P` KSH LO N\IMS [N iR i^ \JSHRN KH MSZKSH\N ZXN IPx � \JSHRN KH hK`MSIKPHST INUONMSIXMNa

y
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}JN KHhNMLKPH PV KHVMSWMNZ LSINTTKIN U NSLXMNUNHIL IPP`ISKH OMPv TNL PV SIUPLOJNMK\ INUONMSIXMN SHZ \PU WOPLKIKPH RNHNMSTTY LISMIL ] KIJ SH SLLXU NZ OMPv TN i dtVPM]SMZ UPZNT u KL IJNH XLNZ IP \ST\XTSIN IJN NQON\INZU NSLXMNU NHIL VMPU LX\J S OMPv TN ^ IJNLN SMN \PUOSMNZ] KIJ IJN P`LNMhNZ U NSLXMNU NHIL SHZ IJN OMPv TN SZW
�XLINZ KINMSIKhNTY XHIKT \PHhNMRNH\N KL S\JKNhNZ i }JNVPM]SMZ UPZNT KL XLXSTTY IJN UPLI IKU N \PHLXU KHROSMI PV IJN MNIMKNhST OMP\NLL SHZ ^ ]JKTN IJN OMN\KLKPHPV IJN MNIMKNhNZ OMPZX\IL U SY `N ZNINMU KHNZ `Y IJNKHLIMXUNHI HPKLN ^ IJN S\\XMS\Y KL PVINH TKU KINZ `Y IJNSOOMPQ KU SIKPHL XLNZ KH IJN VPM]SMZ UPZNT i}P UPZNT S MSZKSH\N UNSLXMNU NHI � MN�XKMNL \STW\X TSIKPHL STPHR IJN VPTTP] KHR TKHNL [LX`L\MKOI � ZNWHPIKHR LO N\IMSTTY hSMYKHR �XSHIKIKNL SHZ LXONML\MKOII ZNHPIKHR UPTN\XTNWZNONHZNHI �XSHIKIKNLa {

� - � 	 
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 �� [x¨a
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 ��
�� �� [xxa
�
 - �; � ;
 [xga
� ;
 - NQO �V � � ;
 � ; ��� [x~a

]JNMN 	
 KL IJN UPHP\JMPU SIK\ MSZKSH\N SI]ShNHXU`NM � ^ �
 KL IJN \JSHHNT LO N\IMST MNLOPHLN ^

 KL IJN c TSH\_ VXH\IKPH [TP \ST IJNMUPZYHSU K\ N�X KWTK`MKXU SLLXU NZa ^ �
 IJN IMSHLU KIISH\N IP IJN LSINTWTKIN VMPU OPKHI � STPHR IJN MSY OSIJ ^ � ;
 IJN IMSHLU KIWISH\N PV LON\KNL I ]KIJ ZNHLKIY � ; SHZ � ;
 IJN S`LPMOWIKPH \PN� \KNHI []N ] KTT ZMPO IJN LXONML\MKOI I VMPUHP] VPM LKUOTK\KIY a i wPM TKU`WLPXHZNML ^ IJNMN KL XLXWSTTY SH SZZKIKPHST \PHhPTXIKPH KH IJN NTNhSIKPHWSHRTNZPUSKH IP MNOMNLNHI IJN vHKIN vNTZWPVWh KN] i}JN UPLI S\\XMSIN U NIJPZ PV NhSTXSIKHR IJN S`WLPMOIKPH \PN� \KNHI �
 KL S tTKHNW`YWTKHN u \ST\XTSIKPH�xz� �x�� �x�� �x©� { S LXUUSIKPH PV IJN \PHIMK`XIKPHLPV STT LON\IMPL\POK\ TKHNL KH IJN hK\KH KIY^ NS\J UPZNTNZXLKHR IJN SOOMPOMKSIN TP \ST OSIJ \PHZKIKPHL PV OMNLWLXMN ^ INUONMSIXMN ^ SHZ ^ P \\SLKPHSTTY^ S`LPM`NM ZNHWLKIYi nP]NhNM ^ LX\J \ST\X TSIKPHL SMN XLXSTTY IPP IKU NW\PHLXU KHR IP VPMU OSMI PV S HNSM MNSTWIKU N MNIMKNhST i}P UPZNT LSINTTKIN UNSLXMNU NHIL KH HNSM MNST IKU N ^IJN XLXST SOOMPS\J KL IP XLN S `SHZ UPZNT �x§� �g¨��gx� �gg� i wPM IJNLN ^ IJN PMZNM PV IJN LO N\IMST SHZ OSIJKHINRMSIKPHL KH ��L i x¨ SHZ xx KL MNhNMLNZ ^ LP IJSIIJN UPHP\JMPU SIK\ IMSHLU KIISH\N \SH `N MNOTS\NZ`Y S LO N\IMSTTY ShNMSRNZ hSTXN �� ^ NKIJNM \PUOXINZVPM IJN NHIKMN \JSHHNT MNLOPHLN PM LU STTNM KHINMhSTL i}JNLN `SHZWIMSHLU KIISH\NL SMN OMNW\PUOXINZ VPM ShSMKNIY PV OSIJ \PHZKIKPHL ^ TNShKHR �XLI IJN OSIJ KHINWRMSIKPH KH IJN VPM]SMZ UPZNT i � JKTN IJ KL KL NQIMNU NTY

VSLI ^ `SHZ IMSHLU KIISH\NL ZP HPI VP TTP] �NNM uL fS][�� i x~a LP VXMIJNM SLLXUOIKPHL JShN IP ` N U SZN]JNH P`ISKH KHR IJN IMSHLU KIISH\N KH\MNU NHIL � �� ?��SHZ JSHZTKHR UXTIKOTN S`LPM`NML [�� �- ^; �� ; a ^ SHZ IJKLVXHZSU NHISTTY TKU KIL IJN S\\XMS\Y PV IJKL SOOMPS\J i
� KhNH \XMMNHI \PUOXIKHR LO NNZL ^ S MNSLPHS`TN \PU WOMPU KLN U KRJI ` N IP XLN IJN UPHP\JMPU SIK\ MSZKSIKhNIMSHLVNM [��L i x¨� xga `XI ^ MSIJNM IJSH NhSTXSIN �
 XLWKHR S TKHNW`YWTKHN UPZNT ^ XLN TPP_WXO IS` TNL \PHISKHWKHR hSTXNL ]JK\J JShN `NNH OMNW\PUOXINZ VPM S MSHRNPV OSIJ \PHZKIKPHL [N iR i^ �g~�a i }JN U SKH ZMS]`S\_IP IJKL ZKMN\I IS`XTSIKPH SOOMPS\J KL IJSI ^ KH PMZNMHPI IP KHIMPZX\N LKRHKv\SHI KHINMOPTSIKPH NMMPML ^ IJNS`LPMOIKPH \PN� \KNHI IS`TNL INHZ IP ` N MSIJNM TSMRNSHZ KV IJNLN \SHHPI ` N \PHISKHNZ ] KIJKH IJN \PUOXINMU NUPMY LKRHKv\SHI IKU N \SH LONHI S\\NLLKHR IJN ZSISVMPU ZKL_ i ¡SMKPXL IN\JHK�XNL VPM \PUOMNLLKHR IJNTPP_WXO IS`TNL JShN `NNH LXRRNLINZ ^ LX\J SL OSMSU WNINMK� KHR IJN INUONMSIXMN ZNONHZNH\N `Y S OPTYHPWU KST ^ PM XLKHR LKHRXTSM hSTXN ZN\PUOPLKIKPH [e¡¢a�gy � i }JNLN MN�XKMN SZZKIKPHST mcj IKU N KH PMZNM IPMN\PHLIMX\I IJN S`LPMOIKPH \PN� \KNHIL ^ `XI IJKL U SY`N PXI]NKRJNZ `Y IJN ` NHNvIL PV MNZX\KHR IJN ZSISIP S LK�N ]JK\J \SH `N \PHISKHNZ ] KIJKH IJN \PUOXINMU NUPMYieP VSM ^ LX\J IN\JHK�XNL JSZ PHTY `NNH \PHLKZNMNZVPM HSZKMWhKN] KHR KHLIMXUNHIL ^ `XI ]NMN SZSOINZ VPMIJN PONMSIKPHST OMP\NLLKHR PV b Gcde i }JN b Gcdefg MNIMKNhST �gz� JSL S UPHP\JMPU SIK\ VPM]SMZ UPZNT]JK\J XLNL e¡¢W\PUOMNLLNZ TPP_WXO IS`TNL [tfj}L uaPV S`LPMOIKPH \PN� \KNHIL SHZ KL VXMIJNM POIKU K�NZ`Y XLKHR �XSZMSIXMN OPKHIL [tKMMNRX TSM RMKZL ua VPM IJNLO N\IMST KHINRMSIKPH i }JN RNHNMSIKPH PV IJNLN ZSISJSL ` NNH ZNL\MK` NZ KH �g�� i

� �� ��� �

��� �"��

�
bGcde S\�XKMNL LO N\IMS \PhNMKHR �©z� gy x¨ \U 56 SI¨ i¨gz \U 56 LOS\KHR NhNMY y i� L i d IYOK\ST TKU` L\SHLN�XNH\N VMPU �©�� _U \PUOMKLNL x� LX\J LO N\IMSSHZ VMPU IJNLN ZSIS OMPv TNL PV INUONMSIXMN SHZ LKQLO N\KNL SMN MNIMKNhNZ [STIJPXRJ HPI VPM STT ISHRNHISTIKIXZNLa i qHTY LU STT LX`LNIL [tU K\MP] KHZP] L ua PVIJN LO N\IMS ] KTT ` N XLNZ KH IJN MNIMKNhSTL �x¨� �xx� ^ IPWISTTKHR SMPXHZ x¨ \U 56 ONM LON\IMXU ONM MNIMKNhNZLO N\KNL i � KIJ y¨ U NSLXMNUNHIL�\U 56 ^ IJ KL U NSHLIJSI IJN HNSM MNST IKU N OMP \NLLKHR S`LPM`L �z¨¨ U NSWLXMNU NHIL NhNMY LN\PHZ i}JN LO N\IMST KHINRMSIKPH [�� i x¨a `NJShNLUPHP\JMPU SIK\STTY KV KI KL O NMVPMU NZ SI S LX� \KNHITYvHN LOS\KHR IP MNLPThN SIUPLOJNMK\ TKHNL i d MNLPTXWIKPH PV ¨ i¨¨¨z \U 56 KL XLXSTTY \PHLKZNMNZ SZN�XSIN[LKH\N ¢POOTNM `MPSZNHKHR TKU KIL TKHNL IP S U KHKUXUJSTVW] KZIJ PV SMPXHZ ¨ i¨¨ x \U 56 a ^ RKh KHR z¨ MSZKSH\N\ST\XTSIKPHL VPM NS\J b Gcde UNSLXMNU NHI PH S¨ i¨gz \U 56 RMKZ i �Y LKUXTISHNPXLTY UPZNTKHRUXTIKOTN ISHRNHI OSIJL VPM IJN NHIKMN TKU`WL\SH ^ S

z



JKRJ ZNRMNN PV MNOTK\SIKPH KL OPLLK`TN LP IJSI NS\J SZWZKIKPHST LON\IMXU ^ KH\TXZKHR wq¡ \PHhPTXIKPH ^ PHTYMN�XKMNL S`PXI x¨ SZZKIKPHST \ST\X TSIKPHL PV �
 VPMIJN ]JPTN SIUPLOJNMK\ OSIJ i eP IP \PUOXIN IMSHLWU KIISH\NL VPM PHN RSL VPM PHN b Gcde UNSLXMNU NHIMN�XKMNL S`PXI z¨ � x¨ - z¨¨ \PUOXISIKPHL PV �
 id TTP] KHR VPM x¨ S`LPM`KHR LON\KNL ONM U K\MP] KHZP]SHZ VPXM MNIMKNhST KINMSIKPHL IJKL RKhNL S vRXMN PV x¨��
 \PUOXISIKPHL NhNMY LN\PHZ i}P \PUOXIN IJN S`LPMOIKPH \PN� \KNHI ] KIJ S TKHNW`YWTKHN UPZNT XLKHR LPU N hNMLKPH PV IJN nXU T���\N_STRPMKIJU �g�� MN�XKMNL x¨� x¨¨ 
PSIKHRWOPKHI PO NMSWIKPHL [wfqcLa ONM TKHN LP ^ \PHLKZNMKHR x¨� x¨¨ TP\STTKHNL ^ IYOK\STTY x¨s wfqcL ONM S`LPMOIKPH \PN� \KNHI i}JXL ^ IP MNIMKNhN b Gcde ZSIS KH HNSM MNST IKU N XLKHRS TKHNW`YWTKHN VPM]SMZ UPZNT ]PXTZ MN�XKMN S x¨ � KRSWwfqc OMP \NLLPM i �Y XLKHR TPP_WXO IS`TNL ^ ]JNMNIJN S`LPMOIKPH \PN� \KNHIL \SH `N P`ISKHNZ KH � x¨¨PONMSIKPHL ^ IJ KL KL MNZX\NZ IP � x � KRSWwfqcL i GHOMS\IK\N ^ IJN MSZKSIKhN IMSHLVNM \ST\XTSIKPHL `N\PUNIJN TKU KIKHR INMU MSIJNM IJSH IJN �
 \PUOXISIKPH ^`XI `PIJ \SH `N VXMIJNM MNZX\NZ `Y S VS\IPM ~� x¨ KVIJN KHINRMSIKPH KL ONMVPMU NZ NQOTK\KI TY PH S LX`LNI PV�XSZMSIXMN OPKHIL VMPU IJN ¨ i¨¨¨z \U 56 RMKZ i
� �O � ����"�� ���� ��"
}JN MNOMNLNHISIKPH PV S`LPMOIKPH \PN� \KNHI `Y U NSHLPV TPP_WXO IS`TNL KL S IJMNNW]SY \PUOMPU KLN ` NI]NNHLIPMSRN LOS\N ^ mcj IKU N SHZ S\\XMS\Y^ LP LPU N S\W\XMS\Y MN�XKMNUNHI STLP JSL IP `N LON\KvNZ iGI KL LKUOTN IP NQOMNLL IJN S\\XMS\Y KH INMU L PV IJNZK�NMNH\N `NI]NNH IJN KHINMOPTSINZ S`LPMOIKPH \PN� W\KNHI SHZ S tIMXN u hSTXN \ST\XTSINZ ] KIJ S TKHNW`YWTKHNU NIJPZ i nP]NhNM ^ KI KL IJN S\\XMS\Y PV IJN VPM]SMZUPZNT \ST\XTSIKPH IJSI KL PV KHINMNLI ^ SHZ IJ KL \SH PHTY` N ZNINMU KHNZ `Y \PUOSMKHR MSZKSIKhN IMSHLVNM \ST\XWTSIKPHL XLKHR `PIJ S TKHNW`YWTKHN UPZNT SHZ TPP_WXOIS`TNL i wPM IJKL ]PM_ ^ IJN �wb �x© � ]SL XLNZ LKH\NIJ KL \PXTZ XLN `PIJ TKHNW`YWTKHN SHZ fj} \ST\XTSIKPHLPV S`LPMOIKPH \PN� \KNHIL ]JKTN _NNO KHR STT PIJNM SLWO N\IL PV IJN VPM]SMZ \ST\XTSIKPH IJN LSU N iwPM b Gcde ^ IJN MN�XKMNU NHI KL IJSI IJNLN VPM]SMZUPZNT \ST\XTSIKPHL LJPXTZ SRMNN IP `NIINM IJSH x¨� PVIJN rPKLN ��XKhSTNHI eON\IMST �SZKSH\N [r�e�a ^ K iN i^IJSI SHY NMMPML ZXN IP IJN S`LPMOIKPH \PN� \KNHI MNOWMNLNHISIKPH SMN SI TNSLI S VS\IPM x¨ LUSTTNM IJSH IJNNQON\INZ MSHZPU HPKLN PH NS\J U NSLXMNUNHI i � JNHhKN] KHR S g~¨ � `TS\_ `PZY^ b Gcde LKRHST�HPKLN hSTWXNL hSMY VMPU xz¨�z¨ KH IJN LON\IMST MSHRNL XLNZ VPMMNIMKNhSTL ^ LP IJN r�e��x¨ \MKINMKPH \PMMNLOPHZL IPSMPXHZ ¨ ix� S\\XMS\Y VPM SH POS�XN OSIJ i � JKTN IJNr�e��x¨ hSTXN U SY SOONSM \PHLNMhSIKhN ^ KI LJPXTZ` N HPINZ IJSI IJN HPKLN \PHIMK`XIKPH IP MNIMKNhST NMWMPM KL MSHZPU SHZ IJNMNVPMN MNZX\NZ `Y SZZKHR UPMNU NSLXMNU NHIL PM ShNMSRKHR OMPv TNL ^ `XI IJN VPM]SMZUPZNT NMMPML USY `N LYLINU SIK\ SHZ IJNKM \PHIMK`XW

IKPH MNU SKHL \PHLISHI i}JN VPM]SMZ UPZNT NMMPM TKU KI KL HPI HN\NLLSMKTYIJN `NLI \MKINMKPH IJSI \PX TZ `N XLNZ i d MNTSIKhNTYLIMSKRJIVPM]SMZ UPZKv\SIKPH ]PXTZ `N IP XLN S LKHRTNWTSYNM 
S\P`KSH SHSTYLKL �§� IP \PHhNMI IJ KL KHIP MNIMKNhSTNMMPM ^ ]JK\J ]PXTZ IJNH ]NKRJI IJN NMMPM PV NS\J U NSWLXMNU NHI S\\PMZKHR IP KIL KUOS\I PH IJN MNIMKNhST inP]NhNM ^ IJN LKUOTNM \MKINMKPH JSL \JPLNH U SKHTY PHIJN RMPXHZL IJSI KI ZPNL HPI ZKLIPMI IJN MNLKZXST LO N\WIMS VMPU IJN MNIMKNhSTL i
� �� � �
 � ��� 
GI KL SLLXU NZ IJSI �
 \SH `N IS`XTSINZ SL S VXH\IKPH PV]ShNHXU`NM � ^ OMNLLXMN k SHZ INUONMSIXMN l PHTY^KRHPMKHR SHY ZNONHZNH\N PH S`LPM` NM ZNHLKIYi eNTVW`MPSZNHKHR PV ]SINM hSOPM TKHNL \SH `N LKRHKv \SHI KHIJN TP]NM IMPOPLOJNMN ^ `XI \TPXZL XLXSTTY OMNhNHI KHWVMSMNZ TKU` LPXHZNML VMPU hKN] KHR IJNLN STIKIXZNL i}JN vMLI LINO KL IP XLN S TKHNW`YWTKHN UPZNT IP\MNSIN [TSMRNa TPP_WXO IS`TNL [fj}La NS\J MNOMNLNHIWKHR � [� �k � l a VPM PHN S`LPM` KHR LO N\KNL KH PHN U KW\MP] KHZP] i }JN ]ShNHXU`NM SQ KL JSL S LOS\KHR¨ i¨¨¨z \U 56 SHZ NQINHZL �¨ ix�z \U 56 `NYPHZ IJNHPU KHST U K\MP] KHZP] `PXHZSMKNL IP STTP] VPM \PHWhPTXIKPH ] KIJ IJN SOPZKLNZ KH LIMXU NHI TKHN LJSON[dGfea i }JN INUONMSIXMN SQ KL LOSHL x©¨�~ x¨ � ^ IJNNQIMNU N MSHRN PV SIUPLOJNMK\ INUONMSIXMNL NQON\INZ ^]JKTN IJN OMNLLXMN SQ KL ZNO NHZL PH IJN MSHRN PV ISHWRNHI STIKIXZNL VPM ]JK\J IJN U K\MP] KHZP] KL ZNvHNZ iwPM IJN U S�PM S`LPM` NML ] KIJ KH NS\J U K\MP] KHZP] ^ SIPIST PV gz¨¨ [k � l a OPKHIL SMN \ST\X TSINZ ^ ] KIJ IYOKW\STTY xg OPKHIL VPM NhNMY VS\IPM x¨ STPHR IJN OMNLLXMNSQ KL SHZ g � KH\MNUNHIL STPHR IJN INUONMSIXMN SQKL i}JN POIKU K�SIKPH \PHLKLIL PV IJMNN LISRNL {
x i eX`LSUOTN IJN k � l SQNL
g i mPUOMNLL IJN IS`TN XLKHR e¡¢
~ i eX`LSUOTN IJN ]ShNHXU`NM SQ KL
dI NS\J LISRN IJN \ST\XTSIKPHL SMN \PUOSMNZ ] KIJMNVNMNH\N TKHNW`YWTKHN \ST\X TSIKPHL VPM S IYOK\ST SIUPWLOJNMN SHZ `PIJ U SQKUXU SHZ U KHKUXU NQIMNU NOMPv TNL PV IJN ISMRNI LON\KNL iGH LISRN x IJN PMKR KHST JKRJWMNLPTXIKPH k � l SQNL SMNLX`LSUOTNZ ] KIJ KH\MNSLKHR KHINRNM KHINMhSTL [K iN i^ MNWZX\NZ `Y VS\IPM g ^ ~ ^ y ^ NI\a XHIKT S U SQKUXU ZKLW\MNOSH\Y PV r�e��~¨ KL MNS\JNZ iGH LISRN g IJN MNZX\NZ IS`TNL VMPU LISRN x SMN \PU WOMNLLNZ XLKHR LKHRX TSM hSTXN ZN\PUOPLKIKPH [LNN LN\WIKPH g iza IP S TSMRN HXU`NM [~¨a PV LKHRXTSM hSTXNL i}JN IS`TNL SMN IJNH MN\PHLIMX\INZ XLKHR OMPRMNLLKhNTYVN]NM LKHRXTSM hSTXNL XHIKT IJN USQKUXU ZKL\MNOSH\YMNS\JNL r�e��xz iGH LISRN ~ IJN e¡¢W\PUOMNLLNZ IS`TNL VMPU LISRN gSMN XLNZ IP \ST\XTSIN LO N\IMS SI ¨ i¨¨¨z \U 56 MNLPTXWIKPH SHZ \PHhPThNZ ] KIJ IJN dGfe i eON\IMST OPKHIL SMN

�



IJNH OMPRMNLLKhNTY MNUPhNZ VMPU IJKL tVX TT u vHNWRMKZSHZ MNOTS\NZ `Y KHINMOPTSINZ hSTXNL KH IJN \PHhPTXWIKPH IJN U SQKUXU ZKL\MNOSH\Y MNS\JNL r�e��x¨ i
� �� ��
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dHY USIMKQ / [� � � a \SH `N ZN\PUOPLNZ SL IJNOMPZX\I PV IJMNN PIJNM U SIMK\NL {

/ - ��� [xya
]JNMN � [� � � a SHZ � [� � � a SMN PMIJPHPMU STU SIMK\NL ^ SHZ � KL S ZKSRPHST U SIMKQ \PHISKHKHR �LKHRXTSM hSTXNL [ �g©� ^ VPM NQSUOTN ^ \PHISKHL VXMIJNMZNISKTLa i d LLXU KHR IJSI UPLI PV IJN KHVPMU SIKPH KL\PHISKHNZ KH IJN � [� � a TSMRNLI LKHRX TSM hSTXNL ^ IJNZN\PUOPLKIKPH U SIMK\NL \SH `N IMXH\SINZ KH IJN �ZKU NHLKPH IP RKhN {

/ � � 	� 	� 	 - � 	
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 	 [� �� aSMN UX\J LU STTNM U SIMK\NL IJSH IJN PMKR KHST U SIMKQ/ ^ R Kh KHR S \PUOMNLLKPH VS\IPM �?� [SLLXU KHR � �
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}JKL LN\IKPH ZNSTL ] KIJ IJN LNTN\IKPH PV U K\MP] KHZP]P\\XOSIKPH U SIMK\NL IP MNIMKNhN IJN _NY LO N\KNL [k l ^mno ^ npq ^ nrqs ^ rpq ^ rqp ^ qs a VPM IJN hSMKPXLteO N\KST q`LNMhSIKPH u U PZNL i wPM \PUOSMKLPH ^ U KW\MP] KHZP] L XLNZ KH IJN \XMMNHI PONMSIKPHST OMP \NLLWKHR VPM IJN HPU KHST U PZN P`LNMhSIKPHL SMN TKLINZ KH}S`TN xiwPM IJNLN LNTN\IKPHL PHTY U K\MP] KHZP] L KH IJN NQWKLIKHR ZSIS`SLN JShN `NNH XLNZ ^ KH\TXZKHR IJPLN RNHWNMSINZ OMNhKPXLTY VPM ¨ ix \U 56 MNLPTXIKPH [HXU`NMNZ
��¨� �§a i wPM NS\J LO N\KST U PZN ^ KI KL SLLXU NZ IJSISTT LON\IMS SMN 
SRRNZ SL thSTKZ u LP IJSI �XLI S LKHWRTN P \\XOSIKPH U SIMKQ JSL ` NNH RNHNMSINZ VPM NS\JLO N\KNL ieNTN\IKPH KL U PLITY KH
XNH\NZ `Y IJN LNI PV ISHRNHISTIKIXZNL VPM NS\J LO N\KST U PZN { JNMN KI KL SLLXU NZIJSI IJSI IJN MNIMKNhNZ OMPv TNL SMN PH IJN LSUN LNIPV ISHRNHI STIKIXZNL i }P S TNLLNM ZNRMNN ^ IJN LNTN\IKPHKL S�N\INZ `Y IJN SIUPLOJNMK\ L\NHSMKP [La \JPLNH VPMIJN POIKU KLSIKPH [LN\IKPH xiya i}JN U K\MP] KHZP] L LNTN\INZ VPM PO NMSIKPHST X LN KHIJN HPU KHST U PZN JShN `NNH LNTN\INZ SIINUOIKHR IPTKU KI mcj MN�XKMNU NHIL SL ]NTT SL U KHKU KLKHR IJNIPIST NMMPM i nP]NhNM ^ VPM IJN LO N\KST UPZNL ^ IJN PH TY\MKINMKPH XLNZ JNMN KL U KHKU KLKHR IJN IPIST NMMPM i}JN OTPIL LJP] IJN NQON\INZ S\\XMS\Y OMPv TNL VPMIJN MNIMKNhNZ LON\KNL KH ZK�NMNHI \PTPXML�LYU`PTL iePTKZ TKHNL�LYU`PTL MNOMNLNHI S\\XMS\Y^ ZPIINZ TKHNLSHZ PONH LYU`PTL OMN\KLKPH i }JN IPO SQ KL KL VPM INU WO NMSIXMN SHZ OMNLLXMN ^ IJN `PIIPU SQKL VPM hPTXU NU KQ KHR MSIKP i }JN JPMK�PHIST TKHNL MNOMNLNHI IJN ISHWRNHI STIKIXZNL VPM NS\J UPZN i }JN ZSLJNZ hNMIK\STTKHN SI ~� ^ ~� OMNLLXMN PM ~¨� ¡b� KL SH SM`KIMSMYZNvHKIKPH PV tXLNVX T u S\\XMS\Yi GH IJN _NY IP IJN OTPIL ^IJN vRXMN KH `MS\_NIL TKLIL IJN HXU`NM PV U K\MP] KHWZP] L XLNZ VPM NS\J LON\KNL ^ ZNISKTL PV ]JK\J SMN RKhNHKH IJN IS`TNL i

�



}S`TN x{ b K\MP] KHZP] L LNTN\INZ VPM IJN \XMMNHI HPU WKHST P \\XOSIKPH USIMKQ i
b� fS`NT �ShNHP i �SHRN dTI i rcIL
c} ¨¨¨ x �©� iy¨¨ �©§ iy¨¨ ~¨ �© x¨©§c} ¨¨¨y �g© i~¨¨ �g§ ixgz xz g� x�¨c} ¨¨~� �§y i©¨¨ �§z ix¨¨ g� ~� zgc} ¨¨~© �¨¨ iy �z �¨ xi¨¨¨ gx ~¨ ©©c} ¨¨~§ �©z i�¨¨ �©z i©gz ~~ y� ~¨c} ¨¨¨g �§ xi~�z �§g i©�z xg ~~ y©©c} ¨¨¨� �y xi§�z �yg igz¨ xz gy y©}PIST { x§�zmny ¨¨ xg xgg� ix�z xg~¨ ix�z xg �¨ x�§ymny ¨¨¨ x x~z¨ i©�z x~z~ i©�z xg �¨ x�§y}PIST { ~~©©ngq ¨¨¨ x x�z¨ i¨gz x�z~ i¨gz xz �¨ xz�~ngq ¨¨¨g ©¨� i©z¨ ©¨© iyz¨ xg x© �zngq ¨¨¨� x�yz izgz x�y� ig¨¨ g� �¨ gzg}PIST { x§¨¨nrq~¨¨¨� ©©z ix¨¨ ©©© ix¨¨ xg yg x~~ xnrq~¨¨¨ x ©�� i~�z ©�§ i~�z xg yg x~~ x}PIST { g��grgq ¨¨¨ x xg�g i¨z¨ xg�z i¨z¨ xg y� xyzgrgq ¨¨¨y xgz� i��z xgz� i§�z xg ~¨ ~�x}PIST { x©g~rqg ¨¨¨ x x�¨� ig�z x� x¨ ig�z gy y� §�©rqg ¨¨¨~ x� x~ i�gz x� x� i�¨¨ gy y� §g©rqg ¨¨ x~ x�gg izz¨ x�g~ iy�z gy ~¨ xxy}PIST { g¨ x¨q~ ¨¨gx ��~ i~�z ��� i~�z xg �¨ x�§yq~ ¨¨ x~ x¨~§ i~�z x¨y¨ i~gz zg �¨ �©q~ ¨¨¨ x xxgg i©¨¨ xxgz i©¨¨ xg �¨ x�§y}PIST { ~y��� MSHZ }PIST { x�g xy
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}JN HPU KHST UPZN \PHLKLIL PV x� L]NNOL SI ISHRNHIJNKRJIL �© ^ �¨ ^ zg ^ y� ^ yg i i i �_U KH ~_U LINOL i mXMWMNHITY IJN MNIMKNhSTL SMN TKU KINZ IP S TP]NM STIKIXZNPV xg _U SHZ SH XOONM STIKIXZN ZNINMU KHNZ `Y SHS\J KNhS`TN S\\XMS\Y PV gz� PM `NIINM i }JN U K\MP] KHWZP] L XLNZ SMN TKLINZ KH }S`TN xiGV IJN MNIMKNhST MSHRN KL NQINHZNZ ZP]H IP � _U [KHIJN S`LNH\N PV \TPXZLa SHZ NQOTPKIKHR JKRJNM STIKIXZNL]JNMN OPLLK`TN ]JKTN LIKTT MN�XKMKHR IJN mcj TKU KISWIKPH ^ HN] P\\XOSIKPH U SIMK\NL \SH `N \PHLIMX\INZ SLLJP]H KH }S`TN g i rPIN IJSI IJN U K\MP] KHZP] L SMNLX`LISHIKSTTY IJN LSUN ^ �XLI XLNZ PhNM SH NQINHZNZSTIKIXZN MSHRN i w KR i g LJP] L IJN NQON\INZ S\\XMS\YOMPv TNL VPM IJN _NY LO N\KNL VPM IJKL \SLN i

Nominal Mode Accuracy (Key Species)

10 100
VMR Error [%]

0

20

40

60

80

A
lti

tu
de

1 10
T [K] or p [%] Error

TEM(7)
PRE(7)
CH4(2)
N2O(2)
H2O(4)
HNO3(2)
NO2(3)
O3(3)

wKRXMN g { d \\XMS\Y OMPv TNL VPM IJN _NY LON\KNL MNWIMKNhNZ KH S U KZWTSIKIXZN ZSYWIKU N SIUPLOJNMN XLKHRIJN tNQINHZNZ MSHRN u HPU KHST U PZN P \\XOSIKPH U SWIMKQ i

}S`TN g { b K\MP] KHZP] L LNTN\INZ VPM IJN HPU KHST U PZNVPM NQINHZNZWMSHRN MNIMKNhSTL ���© _U i
b� fS`NT �ShNHP i �SHRN d TI i rcIL
c} ¨¨¨ x �©� iy¨¨ �©§ iy¨¨ ~¨ �© x¨©§c} ¨¨¨y �g© i~¨¨ �g§ ixgz xz g� x�¨c} ¨¨~� �§y i©¨¨ �§z ix¨¨ g� ~� zgc} ¨¨~© �¨¨ iy�z �¨ xi¨¨¨ gx ~¨ ©©c} ¨¨~§ �©z i�¨¨ �©z i©gz ~~ y� ~¨c} ¨¨¨g �§ xi~�z �§g i©�z � ~~ � x¨c} ¨¨¨� �y xi§�z �yg igz¨ xz gy y©}PIST { g¨©�mny ¨¨ xg xgg� ix�z xg~¨ ix�z � �¨ x§~�mny ¨¨¨ x x~z¨ i©�z x~z~ i©�z xg �© x© xz}PIST { ~�zxngq ¨¨¨ x x�z¨ i¨gz x�z~ i¨gz xz �© x�§yngq ¨¨gg §y� i�z¨ §y� i�¨¨ � x© g xzngq ¨¨¨g ©¨� i©z¨ ©¨© iyz¨ § x© x¨¨ngq ¨¨¨� x�yz izgz x�y� ig¨¨ g� �¨ gzg}PIST { gg� xnrq~¨¨¨� ©©z ix¨¨ ©©© ix¨¨ § yg xyzgnrq~¨¨¨ x ©�� i~�z ©�§ i~�z § yg xyzg}PIST { g§¨yrgq ¨¨¨ x xg�g i¨z¨ xg�z i¨z¨ xg �¨ x�§yrgq ¨¨xg xg~~ ig�z xg~� ig�z � g� §�©}PIST { g��grqg ¨¨¨ x x�¨� ig�z x� x¨ ig�z gy �© x~~ xrqg ¨¨¨~ x� x~ i�gz x� x� i�¨¨ gy �© xg��rqg ¨¨ x~ x�gg izz¨ x�g~ iy �z gy ~¨ xxy}PIST { g�gxq~ ¨¨g x ��~ i~�z ��� i~�z � �© g¨z�q~ ¨¨ x~ x¨~§ i~�z x¨y¨ i~gz zg �© xx�q~ ¨¨¨ x xxgg i©¨¨ xxgz i©¨¨ � �© g¨z�}PIST { yg~ x� MSHZ }PIST { g¨� x�
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eON\KST U PZN e x KL KHINHZNZ IP KHhNLIKRSIN OPTSM\JNU KLIMY SHZ ZYHSU K\L i GI XLNL xy L]NNOL SI STIKWIXZNL zz ^ yz ^ ~z ^ ~¨ ^ g� i i i x~_U KH g_U LINOL ^ x¨ ^�_U i nP]NhNM IJNMN KL S TSIKIXZNWZNO NHZNHI P�LNIhSMYKHR VMPU 3g_U SI IJN N�XSIPM IP Vg_U SI IJNOPTNL \NHIMNZ PH ©_U i eKH\N IJN U SKH OXMOPLN KL VPMOPTSM LIXZKNL ^ IJN P\\XOSIKPH U SIMKQ KL LNTN\INZ `YPOIKU KLKHR VPM S OPTSMW] KHINM SIUPLOJNMN PH IJN zzi i i �_U ISHRNHI STIKIXZNL i }JN S\\XMS\Y OMPv TNL VPMIJN _NY LO N\KNL SMN LJP]H KH wKR i ~ SHZ IJN LNTN\INZU K\MP] KHZP] L TKLINZ KH }S`TN ~ i

S1 (Polar) Mode - Accuracy
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wKRXMN ~ { d \\XMS\Y OMPv TNL VPM IJN _NY LON\KNL MNWIMKNhNZ KH S OPTSM ] KHINM SIUPLOJNMN XLKHR IJN e xLON\KST U PZN P \\XOSIKPH U SIMKQ i

}S`TN ~ { b K\MP] KHZP] L LNTN\INZ VPM IJN e x LO N\KSTU PZN P \\XOSIKPH U SIMKQ
b� fS`NT �ShNHP i �SHRN d TI i rcIL
c} ¨¨¨g �§ xi~�z �§g i©�z � ~¨ ��xc} ¨¨¨ x �©� iy¨¨ �©§ iy¨¨ ~¨ zz y©yc} ¨¨¨� �y xi§�z �yg igz¨ xz g~ �¨c} ¨¨~© �¨¨ iy�z �¨ xi¨¨¨ gx ~¨ xx¨c} ¨¨g x x§~g i©z¨ x§~y i~z¨ x~ zz �~gc} ¨¨x� �§� ig¨¨ �§© i~�z g� zz yy¨}PIST { gy§�mny ¨¨ xg xgg� ix�z xg~¨ ix�z � zz x�§ymny ¨¨¨ x x~z¨ i©�z x~z~ i©�z x~ zz xyzgmny ¨¨ x~ xgy� i��z xgy© i�z¨ � ~¨ ~§�}PIST { ~zygngq ¨¨¨ x x�z¨ i¨gz x�z~ i¨gz xz zz x~~ xngq ¨¨gg §y� i�z¨ §y� i�¨¨ � x� g xzngq ¨¨¨g ©¨� i©z¨ ©¨© iyz¨ x¨ x� x¨¨ngq ¨¨g x xyzy izgz xyz� izgz xz zz x~~ xngq ¨¨g� x~�y ixgz x~�z i¨�z x~ g~ g~y}PIST { ~gxxnrq~¨¨¨ x ©�� i~�z ©�§ i~�z � yz xz�~nrq~¨¨¨� ©©z ix¨¨ ©©© ix¨¨ � ~z xyzgnrq~¨¨g x x~ x§ i¨z¨ x~gg i¨z¨ x~ yz x~~ x}PIST { y~z�rgq ¨¨¨ x xg�g i¨z¨ xg�z i¨z¨ x~ yz x~~ xrgq ¨¨xg xg~~ ig�z xg~� ig�z � g� xgx¨rgq ¨¨¨y xgz� i��z xgz� i§�z x¨ ~¨ z~¨}PIST { ~¨�xrqg ¨¨¨~ x� x~ i�gz x� x� i�¨¨ gx yz © xgrqg ¨¨¨ x x�¨� ig�z x� x¨ ig�z gx yz ©y�}PIST { x�z§q~ ¨¨g x ��~ i~�z ��� i~�z � zz x�§yq~ ¨¨¨ x xxgg i©¨¨ xxgz i©¨¨ � zz x�§yq~ ¨¨ xg x¨�~ i©¨¨ x¨�� i©¨¨ x¨ zz xz�~}PIST { y§� x� MSHZ }PIST { g~g§�
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eON\KST U PZN eg KL KHINHZNZ IP KHhNLIKRSIN LIMSIPWLOJNMN�IMPOPLOJNMN NQ\JSHRN OMP\NLLNL SHZ IMPOPWLOJNMK\ \JNU KLIMYi GI XLNL xy L]NNOL SI STIKIXZNLy¨ ^ ~¨ ^ gz ^ g¨ i i i z_U KH xiz_U LINOL i }JN P \\XOSWIKPH U SIMKQ KL LNTN\INZ `Y POIKU KLKHR �PKHITY VPM U KZWTSIKIXZN SHZ N�XSIPMKST ZSYWIKU N SIUPLOJNMNL i }JNS\\XMS\Y OMPv TNL VPM IJN _NY LO N\KNL SMN LJP]H KHwKR i y SHZ IJN LNTN\INZ U K\MP] KHZP] L TKLINZ KH }SW`TN y i

S2 (T/S Exchange) Mode - Accuracy

10 100
VMR Error [%]

0

10

20

30

40

50

A
lti

tu
de

1 10
T [K] or p [%] Error

TEM(3)
PRE(3)
CH4(2)
N2O(3)
H2O(4)
HNO3(2)
NO2(2)
O3(2)

wKRXMN y { d \\XMS\Y OMPv TNL VPM IJN _NY LON\KNL MNWIMKNhNZ KH S U KZWTSIKIXZN ZSYWIKU N SIUPLOJNMN XLKHRIJN eg LO N\KST U PZN P \\XOSIKPH U SIMKQ i

}S`TN y { b K\MP] KHZP] L LNTN\INZ VPM IJN eg LO N\KSTU PZN P \\XOSIKPH U SIMKQ
b� fS`NT �ShNHP i �SHRN d TI i rcIL
c} ¨¨~z §yy ig¨¨ §y� iz¨¨ � x� �yyc} ¨¨¨ x �©� iy¨¨ �©§ iy¨¨ ~¨ y¨ gygc} ¨¨gg x~z~ i~gz x~zy i©gz x~ y¨ zy§}PIST { xz~zmny ¨¨ xg xgg� ix�z xg~¨ ix�z � y¨ xz�~mny ¨¨g~ xx~© i©�z xxy¨ i¨�z � xy g§y}PIST { x©��ngq ¨¨gg §y� i�z¨ §y� i�¨¨ � x� ~yyngq ¨¨¨� x�yz izgz x�y� ig¨¨ ~¨ y¨ z�ngq ¨¨¨g ©¨� i©z¨ ©¨© iyz¨ x¨ x� xz¨ngq ¨¨¨ x x�z¨ i¨gz x�z~ i¨gz x� y¨ ©y�}PIST { x~§�nrq~¨¨¨� ©©z ix¨¨ ©©© ix¨¨ x¨ y¨ x~~ xnrq~¨¨¨ x ©�� i~�z ©�§ i~�z x¨ y¨ x~~ x}PIST { g��grgq ¨¨g x xx� xi�gz xx�y i�gz � y¨ xz�~rgq ¨¨xg xg~~ ig�z xg~� ig�z � gz x~~ xrgq ¨¨¨ x xg�g i¨z¨ xg�z i¨z¨ x~ y¨ x¨©§}PIST { ~§§~rqg ¨¨¨~ x� x~ i�gz x� x� i�¨¨ g¨ y¨ y�yrqg ¨¨¨ x x�¨� ig�z x� x¨ ig�z g¨ y¨ y©y}PIST { §y©q~ ¨¨¨ x xxgg i©¨¨ xxgz i©¨¨ � y¨ xz�~q~ ¨¨g x ��~ i~�z ��� i~�z � y¨ xz�~}PIST { ~ xy�� MSHZ }PIST { xzzy©
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eON\KST U PZN e~ KL KHINHZNZ IP KHhNLIKRSIN IJN KU WOS\I PV SKM\MSVI NU KLLKPHL i GI X LNL xx L]NNOL SI STWIKIXZNL y¨ ^ ~¨ ^ g~ ^ x© ^ xz i i i �_U KH xiz _U LINOL i}JN UPZN ] KTT OMP`S`TY XLN IJN LKZNWhKN] KHR POIKPH ^[STIJPXRJ IJKL ZPNL HPI S�N\I IJN P \\XOSIKPH U SIMKQLNTN\IKPH a ^ h KN] KHR HPMIJ PV gzZNR TSIKIXZN i }JN LNWTN\IKPH KL POIKU KLNZ VPM IJN U KZWTSIKIXZN ZSYWIKU N SIWU PLOJNMN i }JN S\\XMS\Y OMPv TNL VPM IJN _NY LON\KNLSMN LJP]H KH wKR i z SHZ IJN LNTN\INZ U K\MP] KHZP] LTKLINZ KH }S`TN z i

S3 (Aircraft Emissions) Mode - Accuracy
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wKRXMN z { d \\XMS\Y OMPv TNL VPM IJN _NY LON\KNL MNWIMKNhNZ KH S U KZWTSIKIXZN ZSYWIKU N SIUPLOJNMN XLKHRIJN e~ LO N\KST U PZN P \\XOSIKPH U SIMKQ i

}S`TN z { b K\MP] KHZP] L LNTN\INZ VPM IJN e~ LO N\KSTU PZN P \\XOSIKPH U SIMKQ
b� fS`NT �ShNHP i �SHRN d TI i rcIL
c} ¨¨¨g �§ xi~�z �§g i©�z � ~¨ � x¨c} ¨¨¨ x �©� iy¨¨ �©§ iy¨¨ ~¨ y¨ gygc} ¨¨~z §yy ig¨¨ §y� iz¨¨ � x© �yy}PIST { xz§�mny ¨¨ xg xgg� ix�z xg~¨ ix�z � y¨ x~~ xmny ¨¨¨ x x~z¨ i©�z x~z~ i©�z xg y¨ ©y�}PIST { g x�©ngq ¨¨g x xyzy izgz xyz� izgz xz y¨ �¨zngq ¨¨g© §z§ iy¨¨ §z§ i§¨¨ � xz xy�ngq ¨¨g� x~�y ixgz x~�z i¨�z xg g~ x§z}PIST { §y�nrq~¨¨¨ x ©�� i~�z ©�§ i~�z � y¨ x~~ xnrq~¨¨g~ x~ xxiygz x~ xg i~z¨ xg ~¨ gg©nrq~¨¨¨� ©©z ix¨¨ ©©© ix¨¨ � y¨ x~~ x}PIST { g©§¨rgq ¨¨¨ x xg�g i¨z¨ xg�z i¨z¨ xg y¨ ©y�rgq ¨¨xg xg~~ ig�z xg~� ig�z � g~ x¨©§}PIST { x§~�rqg ¨¨¨~ x� x~ i�gz x� x� i�¨¨ xz y¨ z©¨rqg ¨¨ x¨ x� x§ ixgz x�gg ixgz xz y¨ �¨z}PIST { xx©zq~ ¨¨¨ x xxgg i©¨¨ xxgz i©¨¨ � y¨ x~~ xq~ ¨¨g x ��~ i~�z ��� i~�z � y¨ x~~ x}PIST { g��g� MSHZ }PIST { x~~§y
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eON\KST U PZN ey KL KHINHZNZ IP KHhNLIKRSIN LIMSIPWLOJNMK\ ZYHSU K\L ^ IMSHLOPMI OMP \NLLNL [U NZKXU L\STNLIMX\IXMNL ^ P�PHN TSU KHSN i i i a i GI XLNL xz L]NNOL SISTIKIXZNL z~ ^ y� i i i ©_U KH ~_U LINOL ^ L\SHHKHR KH S�WKUXIJ IP OMPZX\N ~ OSMSTTNT OMPv TN IMS\_L [STIJPXRJIJ KL ZPNL HPI S�N\I IJN U K\MP] KHZP] LNTN\IKPH a i }JNLON\IMST MNLPTXIKPH KL MNZX\NZ `Y S VS\IPM y LP U KW\MP] KHZP] L SMN LNTN\INZ VMPU IJN ¨ ix \U 56 ZSIS`SLN i}JN LNTN\IKPH KL POIKU KLNZ VPM tR TP`ST u MNIMKNhSTL ^ K iN i^LKUXTISHNPXLTY VPM STT z SIUPLOJNMK\ L\NHSMKPL i

S4 (Dynamics) Mode - Accuracy
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wKRXMN � { d \\XMS\Y OMPv TNL VPM IJN _NY LON\KNL MNWIMKNhNZ KH S U KZWTSIKIXZN ZSYWIKU N SIUPLOJNMN XLKHRIJN ey LO N\KST U PZN P \\XOSIKPH U SIMKQ i

}S`TN � { b K\MP] KHZP] L LNTN\INZ VPM IJN ey LO N\KSTU PZN P \\XOSIKPH U SIMKQ
b� fS`NT �ShNHP i �SHRN d TI i rcIL
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S5 (Diurnal Changes) Mode - Accuracy
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S6 (UTLS) Mode - Accuracy
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Nominal Mode Accuracy - Additional Species
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