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Ç ¾s} ¾O¾OÆM¾O¾
½1¾ ¾s} ¾O¾OÆM¾O¾
½$Ã ¾s} ¾O¾OÆM¾TÆ
ÆU¾ ¾S} ¾M¾O¾TÇ Þ Ù ¾s} ¾O¾OÆMÙO¾
ÆMÃ ¾S} ¾O¾TÆU¥ Þ ¾s} ¾O¾U¥O¥ Þ
ÈM¾ ¾S} ¾O¾OØTÆMÙ ¾s} ¾O¾MÙTÆMÙ
ÈOÃ ¾S} ¾S½ÄÆOÇ ¾S} ¾s½1¥\Ç
¥O¾ ¾S} ¾TÆs½ Þ ¾S} ¾OÆMÈ Þ
¥TÃ ¾S} ¾OÈOÈOÙ ¾S} ¾MÈTÃMÙ
ÃU¾ ¾S} ¾M¥ Þ Ù ¾S} ¾OÃs½$Ù
ÃMÃ ¾S} ¾TÇM¾TÇ ¾S} ¾OÇOÆOÇ
ØM¾ ¾S} ¾ Þ Ãs½ ¾S} ¾ Þ Çs½
ÇU¾ ¾S}¡½ÄÃOÆ ¾S}q½$ÃU¥
ÙM¾ ¾S} Æs½$È ¾S}ÕÆ{½ÄÃ
Þ ¾ ¾S} ÆOÇ Þ ¾S}ÕÆUÙS½
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Æ Þ È ½O} ØTÇMØ ½O} ØOÇMÙ
ÈM¾O¾ ½O} ÇOÆMÈ ½O}ÕÇMÆOÃ
ÈOÃM¾ Æs} ¾OØS½ Æs} ¾MØOÈ
¥O¾O¾ Æs}Ü¥T¾O¾ Æs} ¥O¾TÆ
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ØO��d ÍaÍ:Í:Ï�½$ÈOØ Þ ¾ ØO��d ÍaÍaÍtÏ,ÙOÙS½1¾ ØO��d ÍaÍaÍtÏ�ÇMÈOÙM¾
2 Ñ 2 Ñ 2 Ñ¾S} ¾O¾O¾ ½O}¡½$ÈS½$ÃOÃOÃ ¾S} ¾O¾O¾ ½O}ÕÇMÃ Þ ½ ¾S} ¾O¾O¾ Æs}¡½$¾S½$¾
½O}¡½$ÙOÈ ½O}q½1ÈTÆ ½O}¡½$ØO¾ ½O}ÕÇMÃ Þ Ø ½O}¡½ÄÇMÈ Æs}¡½$¾S½$¾
½O} ÆM¾S½ ½O}q½1ÈOÈ ½O}Ü¥TÈO¾ ½O}ÕÇMÃ Þ Ç ½O}¡½ Þ ¥ Æs}¡½$¾S½ÄÆ
½O} ÈTÇ Þ ½O}q½1ÈTÆ ½O} Þ ÇMÙ ½O}ÕÇUØO¾TÃ ½O}Ü¥T¾OØ Æs}¡½$¾S½$¾
½O} ÙO¾M¥ ½O}q½1ÈTÆ Æs} ÆM¾OÈ ½O}ÕÇUØS½O½ ½O} ØTÃMÈ Æs}¡½$¾S½$È
Æs} ¾OÙTÃ ½O}q½1ÈOÈ Æs} ÈO¾TÆ ½O}ÕÇUØS½$È ½O} Þ ÈOØ Æs}¡½$¾S½ÄÃ
Æs} ÈOÙS½ ½O}q½1ÈTÃ Æs} ÃMØS½ ½O}ÕÇUØTÆs½ Æs} ÆOÆM¾ Æs}¡½$¾TÆM¾
Æs} Ã Þ ¾ ½O}q½1ÈOÈ Æs} ÙOÈOÈ ½O}ÕÇUØOÈO¾ Æs}Ü¥\ÇM¾ Æs}¡½$¾TÆMÙ
Æs} Þ ÆOÆ ½O}q½1ÈOØ Æs} ÙOØOØ ½O}ÕÇUØOÈO¾ Æs} Ç Þ Ù Æs}¡½$¾TÆMØ
ÈS} ÈO¾O¾ ½O}q½1ÈTÇ ÈS} ¾OÙTÆ ½O}ÕÇUØOÈOÙ ÈS} ¾OÈM¥ Æs}¡½$¾OÈTÇ
ÈS} ØO¾OØ ½O}q½8¥T¾ ÈS} ÆOÇU¥ ½O}ÕÇUØM¥ Þ ÈS} ÈS½ÄÆ Æs}¡½$¾OØTÃ
¥I} ¾O¾TÇ ½O}q½8¥\Æ ÈS} ÃOÆM¾ ½O}ÕÇUØOØO¾ ÈS} ÇU¥TÙ Æs}¡½$¾OÙO¾
¥I} ÈOØS½ ½O}q½8¥\Ç ÈS} ÙS½$¾ ½O}ÕÇUØTÇMØ ¥I}¡½$¾TÃ Æs}¡½O½$¾OÈ
¥I} Ã Þ ½ ½O}q½8¥ Þ ¥I} ¾TÆMÙ ½O}ÕÇUØ Þ ¾ ¥I} Ãs½ÄÆ Æs}¡½O½1¥TÙ
¥I} ÙOØTÆ ½O}q½$Ãs½ ¥I} ÈTÃMÙ ½O}ÕÇMÇs½ Þ ¥I} Çs½$Ø Æs}¡½O½ÄÇs½
Ãs}¡½ÄÇM¾ ½O}q½$ÃMØ ¥I} ØO¾TÇ ½O}ÕÇMÇU¥TÈ Ãs} Æs½$¾ Æs}¡½ÄÆMÈTÆ
Ãs} ÃOÆM¾ ½O}q½1ØTÆ ¥I} ÙS½1¥ ½O}ÕÇMÇMØOÈ Ãs}Ü¥TÙO¾ Æs}¡½ÄÆOÇs½
Ãs} ÇOÃOÆ ½O}q½1ØTÇ Ãs}¡½$ÈOÈ ½O}ÕÇUÙO¾M¥ Ãs} ÇOÇMØ Æs}¡½$ÈS½ Þ
Ãs} Þ ¾ Þ ½O}q½$ÇM¾ Ãs} ÈTÃMØ ½O}ÕÇUÙOÈTÇ ØS} ¾OØ Þ Æs}¡½$ÈTÇs½
ØS}¡½ÄÃMÙ ½O}q½$ÇMØ Ãs} ÃMÙOÙ ½O}ÕÇUÙTÇMØ ØS} ÆMØTÃ Æs}¡½1¥T¾ Þ
ØS}Ü¥\Æ Þ ½O}q½1ÙM¥ Ãs} Ç Þ È ½O}ÕÇ Þ ½O½ ØS} ØS½1¥ Æs}¡½1¥TÙOÙ
ØS} ÇMÈTÇ ½O}q½ Þ È ØS} ¾S½1¥ ½O}ÕÇ Þ ÃOÃ ØS} Þ ÈO¾ Æs}¡½ÄÃOÆOÃ
ØS} Þ ÙM¥ ½O}q½ Þ Ù ØS} ÆOÇM¾ ½O} ÙM¾S½$¾ Çs} ÆOÇOÆ Æs}¡½$ØS½$¾
Çs} Æs½$Ù ½O}ÕÆU¾TÃ ØS}Ü¥TØTÇ ½O} ÙM¾TÃ Þ Çs} ØM¥\Ç Æs}¡½ÄÇOÃOÆ
Çs}Ü¥I½$Ù ½O}ÕÆ{½ÄÆ ØS} ÇOÆ Þ ½O} Ùs½ÄÆ Þ Çs} ÙOÈOÙ Æs}¡½$ÙTÆM¾
Çs} ØOØM¥ ½O}ÕÆMÆOÃ ØS} Þ ÙO¾ ½O} ÙOÆOÆM¾ ÙS} ¾ ÞOÞ Æs}¡½ Þ ÆMÈ
Çs} ÙTÇOÆ ½O}ÕÆUÈTÆ Çs} ÆMÙO¾ ½O} ÙMÈO¾TÃ ÙS} ÈTÆU¥ Æs} ÆM¾OÈTÃ
ÙS} ¾OÙTÇ ½O}ÕÆÌ¥TÈ Çs}Ü¥\Ãs½ ½O} ÙMÈOØTÃ ÙS}Ü¥ Þ Ø Æs} Æs½$ÈOÈ
ÙS} ÈS½1¥ ½O}ÕÆMÃU¥ Çs} ÇOÆMÙ ½O} ÙU¥\Çs½
ÙS} ÃM¾M¥ ½O}ÕÆUØS½ ÙS} ¾O¾OÈ ½O} ÙMØTÆMØ

ÙS} ÆOÃs½ ½O} ÙOÇU¥TÙ
ÙS}Ü¥\ÃOÇ ½O} ÙMÙM¥T¾
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Experimentell gemessener Spezifischer elektrischer Widerstand von Kupfer

Dugdale 1965
Matula1 1979 
Matula2 1979 

Moore at. all 1967
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Experimentell gemessener Spezifischer elektrischer Widerstand von Kupfer

Dugdale 1965, RRR=3400,ρ0=0.0005  
Moore at. all 1967, RRR=900,ρ0=0.0017

Matula1 1979 
Matula2 1979 RRR=771.5,ρ0=0.002
Laubitz 1967, RRR=900,ρ0=0.0017

Roeser at. all 1941,RRR und ρ0 sind unbekannt
Rumbo 1975,RRR=13690
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T(K) ----->

Spezifischer elektrischer Widerstand von Kupfer (Doppeltlogarithmische Ableitung)

Dugdale 1965
Matula1 1979 
Matula2 1979 

Moore at. all 1967
Laubitz 1967
Rumbo 1975
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Spezifischer elektrischer Widerstand von Kupfer (Doppeltlogarithmische Ableitung)

Dugdale 1965
Matula1 1979 
Matula2 1979 

Moore at. all 1967
Laubitz 1967

Roeser at. all 1941
Rumbo 1975
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Spezifischer el. Widerstand von hochreinem monokristallinem Kupfer nach Rumbo(1975)

Cu1,RRR=13690 
Cu3,RRR=8810
Cu4,RRR=7380 
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T(K) ----->

Doppeltlogarithmische Ableitung des spez. el. Widerstands von Kupfer nach Rumbo(1975)

Cu1,RRR=13690
Cu3,RRR=8810
Cu4,RRR=7380
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Spezifischer el. Widerstand von hochreinem monokristallinem Kupfer nach Rumbo(Cu1)

Cu3,RRR=13690
Fit-Kurve: ρFit=1.132. 10-4 + 9.584. 10 -9 T3.370
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Spezifischer el. Widerstand von hochreinem monokristallinem Kupfer nach Rumbo(Cu3)

Cu3,RRR=8810
Fit-Kurve: ρFit=1.76. 10-4 + 4.68. 10 -9 T3.690
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Spezifischer el. Widerstand von hochreinem monokristallinem Kupfer nach Rumbo(Cu4)

Cu4,RRR=7380
Fit-Kurve: ρFit=2.101. 10-4 + 7.592. 10 -9 T3.395
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Fit-Kurven-Analyse vom spez. el. Widerstand von Kupfer nach Rumbo(1975)

Cu1,RRR=13690 
Cu3,RRR=8810
Cu4,RRR=7380 
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ROHmr��[IN`RMH8NWl8d �vFIH8N"JMLONkPMnonqH8b poD�FIH8Nk�:PMnorInqH8p¡lQH8NWxIYL�{h`po|®PM[Ih��°�[IYIN`nqpoXZY�[IDTlQHmN`hW[IXZYTlv]_[IN¯�
FIHU}t~�pqHÛ�:[IhW]_pqN`|\[IDIR®FIH8hv� ��H8|Tl`hw[IDIFÐFSpoH*i��LOROnqpoXZYI|UH8pql8d�FIpoHmh`HmDÐr�HmpBFSH8D��VHmN`HmXZYs�
D\[IDIROHmD�FIH8N:Á�N`PMDIhWx�LON�lQHmpoROHmDIh`XZYfPÌ� lQH8D��m[�r�HmNU�[IXZ|\hWpoXZYTlQpqROH8Dedy]_[IN`FSH8D�poDuFIH8DwJ{pqH8N`�mpoROHmN8d
�°�[IDS���mpoROHmN"[IDIF h`H8XZYS�8poRMH8N �OPMYIN`HmD FSH8hknoHml`�ml`H8D �OPMYIN`Y\[IDSFIH8N�lQhvpqD�FIH8D �tN`ryH8p¡lQHmD�JMLOD
¤¦¥TØSdI¥\Ç{dI¥ Þ d�Ø{d�ÈOØSdfÙSd Þ d�½$¾sd Þ ÈSd Þ ¥IdIÙOÙSdyÆOÇ$§ÂPM[Ih`RMpoH8rSpoRK[IDTlQHmN`hW[IXZYTl1}
zsHmpql���DIFIH�FIHmN=J{poH8NW�8pqROH8N �OPUYIN`Hv]3H8NWFIH8D FIpoHvb^L{FIH8NWDIH8D �fHmhWlQ|��LONWx�HmN¯¬{Á�YSH8LONWpoH8D H8DTl��
]_poXZ|UH8n¡l1}�¹.LONGPMnqnoHmb(hWH8pqH8D YIpoHmNKFIpoH���DTlE]_poXZ|\no[SDIR�FSH8Nc£,pql`l`H8NWF �{DfPMbcpo|Û[IDIF �WH8DIH�FIHmN
JOHmN`hWXZYIpoHmFIH8DIHmDw¹.H8N��²PMYIN`HmDu�m[IN��VH8NWH8XZYID\[IDSR�FIHmN��VPMDIFIh�lQN`[S|\l`[INaROH8DfPUDIDTl1}
~�poH�£�p¡l`l`H8N`F �sDIPMb^pq|,H8NWbw�LORMnopoXZYTl�H8hmdOPMDIYIPMDIFGFIH8N>H��sx�HmN`pqb^HmD\l`H8nqnsÀ�ryH8h�lQpobcbªl`H8D�bcH8XZYfPÄ�
DIpqh`XZYIHmD�«,LOxIxInq[IDIROhW|MLODIh�lZPMDTl`H8D���]_poh`XZYSH8D�FIHmDÝ£,pql`l`H8NWrfPM[Ih�lQH8pqDIH8DÛFfPMhªzsXZYT]_poDSRO[IDIROh¯�
h`xyH8|Tl`N`[Ib [IDIF�FIpqHK��LOnoPMN`pqhQPUl`poLODShWJOHm|TlQLONWH8DwFIHmN,��YILODILMDIH8D��8[�ryH8h�lQpqb^bcH8De}yCEYINWHª¹.H8N¯�
|\D �[IxS��[SDIRKb^p¡l.FIH8D���nqH8|TlQNWLODIH8DS�8[Ih�l �PMDIFSH8D"� �[IYIN�lVryH8NWH8pql`hVpqD�FIHmN�� �PUYIH8NW[IDIR�FIHmhVYILMb^LU�
ROHmDIH8Dv�.nqH8|TlQNWLODIHmDIRTPMhWH8ht�m[INa�tDIpqh`LMl`N`LOxIpqH,FIH8N ��:ryH8NWRTPMDIRMhW]VPMYIN`hWXZYIH8pqDInopqXZYI|MHmpql`H8De}Å~�poH8h
YfPUl:H8pqDIH8DvhWlZPUN`|MHmD���poD��f[Sg=PM[S��FIpoH�Á�N`PMDIhWx�LON�lQHmpoROHmDIh`XZYfPÌ� lQH8D�FSH8N,ikHmlZPUnonoH�pob�RTPMDI�mH8D
[IDIF�FIpoH:FIH8h�«,[Ixs��H8N`h3pob xfPUNWlQpqH8nqnoH8DÅ}\~�H8N���pqD��f[Ig�]_[IN`FIHtpoD�FSH8D"�tNWr�Hmpql`H8D�JMLOD��VNWLOh`hmd
h`pqH8YIH^¤ÜÆOÇÌ§�[SDIF�¤ÜÆ Þ §¨d�PM[Ih��°�[IYINWnopoXZY�[IDTl`H8N`hW[IXZYTl1}
CEDÝFIH8DÝ�:N`ryH8pql`H8D�JMLOD���PMpon �{D�¤ ÇÄ§¡�°¤�½O½�§�]_[INWFIH"FIpoH�Á�N`PMDIh`xyLON�l`lQYSH8LONWpoH"PM[s��rfPM[IHmDIF PM[S�
FIHmb7iuL{FIHmnonÂFIH8h�YSLOb^LMROH8DIHmD���noHm|\l`N`LODSH8DIRTPUh`H8h,|ULODIhWH � [IH8DTlBFIpohW|\[SlQpqH8NWl8}��VPMpon �sDvPMDfPÌ�n��{hWpoH8N�lQH^poD×¤ ½O½�§V[e} PvFIpqH^�:[IhW]_pqN`|\[IDIRMH8D�JOLOD*�t[Ih�lZPM[IhWXZY{¬*[IDIF�«,LONWN`HmnÉPUl`poLODIhWH���H8|TlQHmD
PM[S��FIpqH_�.nqH8|TlQNWLOD{¬s��YILMDILOD{¬Sz\lQN`Hm[I[IDIRS}s~�pqH��t[ShWlZPU[Ih`XZYIHv�ÅHm|TlQH�hWpoDIFcDfPMXZYcFIH8Nj�:PMNWl`N`H8HZ¬�fLsXZ|M¬SikHmlQYSLsFIHUdOFIpqH�«,LON`NWH8nÉPÌlQpoLMDIh`Hv�ÅHm|\l`HVpqb
ÍaPMYIbcH8D�FSH8N�h`LMROH8DfPUDIDTlQH8D )�� �L�+3j$09\)5)v�
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� )v9�� � B � �.�+9 6=ryH8N`HmXZYIDIH�l1}���PMpqn��{D"hWl`H8nqnqlQH:��H8hWl8dIFfPMgKl`N`LMl`��RON$�LMgMlQHmNazsLON`RU�²PMnql[IDIF��VH8N �[IXZ|\h`poXZYTl`poRO[IDSRt�²PMhWl�PMnonqH8N�FIHmDI|\rfPMNWH8DG���ÅHm|TlQHMdUFIpoH ��:ryH8NWH8pqDIhWl`pobcb�[IDIRab^p¡l�FIH8b
�>�sx�HmN`pobcH8DTlaDIpqXZY\l:pobcbcH8N�ROHmROH8ryH8Dupoh�l1}fCEDkFIH8N�½ Þ ØO¾KHmN`h`XZYSpoH8DSH8DIHmD��tN`ryH8p¡lª¤ Þ §�pqhWlaFIHmN
h`xyH8�mpq�fhWXZYIHtHmnoHm|\l`N`pqh`XZYIH�¢�poFSH8N`h�lZPMDSFc� �[IN.FIpqH�b^LMDIL$JMPUnoH8DTl`H8DGh¯¬SikHmlZPUnonoH�ryH8NWH8XZYIDSHml1}s~�poH
��N`ROHmrIDIpqh`h`H�hWl`pobcb^HmD�RO[Slab^p¡l_FIH8b �>�sxyH8N`pqb^HmDTl:ryH8pÂ«�PMnqpo[Ib [IDIFv�tPUl`N`po[Sb �[IryH8N`HmpoDe}
~�H8N�NWH8noPUlQp¡JOH6�fH8YSnoH8N��Z�[SN�FIH8D"lQYSH8LONWHmlQpqh`XZYkr�HmN`HmXZYIDIHml`H8DwhWx�Hm�8p¡�fh`XZYIHmDvHmnoH8|Tl`N`pohWXZYIH8D�¢�p¡�
FIHmN`hWlQPMDIF�JMLODc��p¡lQYIpq[IbkdÄÍa[IrSpoFIpq[Ib­[IDIF 
 Hmh`po[Sb noPMRtXU} P�[Ib�H8pqDIH8D �yPU|\l`LON�ÆarIpoh�¥I}ÕÇa�8[
DIpqH8FINWpoRI}T��h.�8HmpoRMl`H8D^h`poXZYcFIpqHazsXZYT]B�PMXZYIH8D"FSH8hViuLsFSH8nonqh�FIH8hjYILObcLOROHmDIH8D^��noHm|\l`N`LODSH8DIRTPÄ�
h`Hmh�poD^r�Hm�8[IR�PM[S��FIpqH���noHm|TlQN`LMD{¬s��YILODILMD{¬\¢�H8XZYIhWH8nq]_pqN`|\[IDIRK[SDIF=FIpqH:ÁÂNQPMDSh`xyLONWl`xIY��PMDILÌ�
bcH8DIHU}
��poDIHmD�r�Hmh`h`HmN`HmDK©Å[IRTPUDIR��8[�FIHmD�HmnoHm|\l`N`LODSpoh`XZYSH8DB�.pqROH8DSh`XZYfPU� l`H8D�FIH8Nl�fHmhWlQ|��LONWx�HmN�H8NWbw�LORÌ�
nopqXZYIH8D�FSpoH=bcLsFSH8N`DSH8D�¹.H8N��²PMYIN`HmDÝ�8[IN��VHmN`HmXZYID\[IDIR*FSH8N���PMDSFIhWl`N`[I|TlQ[SN = }.zspoH�nopoH���H8NWD
h`L$]3LOYInÂ��poDTlQHmponqXZYIH8DT]3H8nonqH8DS��[SDI|TlQpoLMDIH8DuPMnohaPM[SXZYv��poDTl`H8ponqXZYIH8DSH8DIHmN`ROpqH8De}��:�[SNaFSpoH�Á�N`PMDIh¯�
xyLONWlWlQYIHmLON`pqH�poh�l,FIpoHªROH8DfPU[IHG«,H8DIDTlQDSpoh,FIHmN�£�HmLOb^H�lQNWpoH�FIHmh �fH8N`bcp�¬{«^�LMN`xyH8N`h:H8DTlQhWXZYIH8p��
FIHmDIFe}s~�poHa~,PMN`h�lQHmnono[SDIROH8DcFIHmN���noHm|\l`N`LODSH8D{¬s��pqD\l`H8pqnoXZYIHmDS��[IDI|TlQpqLODIHmD=h`L$]_poHaFIpqH��VHmN`HmXZYs�
D\[IDIR�FSH8N�iuPUlQNWp¡�sH8nqH8bcH8DTlQHVPM[Ih>FSpoH8hWH8D�hWpoDIFªPMnonqH8NWFIpoDIRMhÂ|ULObcxInopq�8poHmNWl8}$��h�ROporsl�FIPMYIH8N�D\[IN
]3H8DIpqROH_�tN`ryH8p¡lQHmDedTpoDGFIHmDIH8DcFIpoH_ÁÂNQPMDSh`xyLONWl`H8poRMH8DIhWXZYfPU� lQHmD�FIHmN3iuHmlQPMnonqH�PM[IhWROH8YIHmDIF^JMLOD
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�VHmN`H8XZYSD{[SDIROhWJMH8N��²PMYIN`HmDvFIHmN ��PMDSFIhWl`N`[I|TlQ[SN�r�HmYfPMDIFSH8nql3]VHmN`FIHmDe}f~�pqH8h`Ha¹.H8N��²PMYIN`HmD"h`pqDIF
�8[SNt©ÅHmpql�FSH8N_H8pqDI�8pqROH�©Å[IRTPUDIRIdI[IbÒFIpoH,�:DIpohWLMlQNWLOxIpqH�FIH8Na��noHm|TlQN`LMD{¬s��YILODILMD{¬Sz{l`N`H8[S[IDIR
xIN1�PM�8pqh`H.�8[Br�Hmh`XZYINWH8poryH8DÅ}UCED�FIpoHmh`Hmb�©Å[IhQPMbcbcH8DIYfPUDIR:pqhWl�FIpqH.�tN`ryH8p¡l�JOLOD!�VLON`XZYSpÅ¤ ½ Þ §\�8[
H8N�]B�PMYIDIHmDedfpoD�FIH8N�bcpqlV�:pqnq��HtFSH8N 9:)0�.&(9 � 9 6�� 	 � 	 ��6 � � � 7\��" ¬SiuHml`YIL{FIH ³�� ��¢ ¸t¤ Ãs½m§eFIpqH¢�poNW|\[IDIR,FIHmN�|MLObcxInqH��sH8Dcz{l`N`[I|Tl`[IN�FIHmN9��HmN`bcp�¬ � ryH8N �Â�PMXZYIH3PM[S�yFIHmDKh`xyH8�8p¡�fh`XZYSH8DcH8noHm|O�
lQNWpohWXZYIH8DG¢�poFIHmN`h�lZPMDIFGryH8pSl`poH���H8DGÁ�Hmb^xyH8N`PUlQ[SN`H8DG[IDTl`H8N`hW[IXZYTlV]_[INWFIHM}T�:DIYfPMDSF^HmpoDIHmh.PMr
poDSpqlQpqL���h`Hm[IFILOxyLMlQHmDTlQpÉPUnoh�JOLODª�tPMNWN`pohWLOD�[IDIF�iuLON`poPMNWlp�G¤ ÇOÃÄ§T]_[IN`FIHmDªFIpqH3ivPUlQNWp¡�sH8nqH8bcH8Ds�
lQH,FSH8N_��noHm|\l`N`LOD\¬s��YILODILOD\¬\¢*HmXZYIh`Hmnq]_pqN`|\[IDIRcr�HmN`HmXZYIDIHml8}y~�poH � ��¢®¬SiuH�lQYIL{FIH�nopqHm��HmNWlQH
FIpqHjz{lÄ�LONW[IDIR_FIHmNÂ�m[ID��PMXZYShWl>PMnoh�hWxIY��PMNWpoh`XZYªPMDIROHmDILObcb^HmDIH8D �fH8NWb^p ¬ �>n �PMXZYIHM}8©Å[IFIHmb ]_[IN¯�
FIH��m[IN �VH8NWH8XZYID\[IDIR:FIH8Nl�fNWH � [IH8DS�8H8DB[IDIF���LMnÉPMNWpohQPÌlQpoLMDIhWJMH8|TlQLONWH8D,JOLMDª��YILODSLODIH8D�h`L$]_pqH�8[SNa|ULON`NWH8|TlQHmD �VHmYfPMDIFInq[IDIRGFIHmNt�ab^|\nÉPUxIx{¬s��N`LM�8H8hWh`H�FIpqHª£,pqlWlQHmN`F �{DfPMbcpo|cYIHmNQPMDIRMH8�8LÌ�
ROHmDe}�~�H8N�noH�lQ��lQHGPM[S� ]3H8DSFIpoROHK¹.HmN`h`[SXZYed�FSpoHG��noHm|\l`N`LOD\¬s��YILODILOD\¬\¢*HmXZYIh`Hmnq]_pqN`|\[IDIRu[IDIF
FIpqHuÁÂNQPMDSh`xyLONWlWlQYIHmLON`pqHwPMDIYIPMDIF�NWH1PMnqpohWl`pohWXZYIH8N ��PMDIFShWlQNW[I|TlQ[INWr�HmN`HmXZYID\[IDIROHmD pqD®N`H8PMnoHmD
iuH�lZPMnqnoH8D��m[�ryH8hWXZYIN`HmporyH8Ded.hWpoDIFÝFIpqH"�tN`ryH8p¡lQHmD ¤¦¥Id�ÙU¥Id.ÃOÆsdV½$ØU§¨}�~�poH"�j�LOhW[IDIROhWb^H�lQYILÌ�
FIH�FSH8N �VLMnqlQ�mb�PUDID{¬S£,noHmpoXZY\[IDIR^b^p¡l��aponq��H�H8pqDIH8h:¹jPMN`poPUlQpqLODIh`xSN`poDS�8poxSha]_[INWFIHKpoD�¤Ú¥Id�ÙM¥M§
��LONWb�[InopqH8N�lV[IDSFkHmpoDIH��3�LMh`[IDIRKJMLOD �VH1PM[SnÉPMX,PUDIROH8RMH8ryH8D�¤�½1ØÌ§¨}f~�poH:DILMlE]3H8DIFIpqROH8Dk«,LOxIx{�
no[SDIROH8D�FIHmNa�.nqH8|TlQNWLOD{¬s��YILMDILOD{¬Sz\lQN`Hm[I[IDIR^hWlQPMb^bcH8D�FfPUr�Hmp�PM[Ih�FIHmNa�:N`ryH8p¡lB¤ ÃOÆÄ§Ë}
CED�FIHmDKROH8DIPMDIDTlQHmDG¹.HmN$�L���H8DTl`nopoXZY\[IDSROH8Dª]_[SN`FIHmDcFSpoH3«�«�ÍV¬\¢�H8nonqH8DS��[SDI|TlQpoLMDIH8D�JOH8N�]VHmDs�
FIH�l1dÌ[Ib FSpoHVivPUlQNWp¡�sH8nqH8bcH8DTlQH3[IDIFK��pqD\l`H8pqnoXZYIHmDIH8DIHmN`ROpqH8D��m[�H8NWb^p¡l`l`H8noDÅ}Ì�:rIh`XZYSpoN`bª[IDIROh¯�
H���H8|Tl`H�]_[INWFIH8DuFfPMryH8p�PMnqnoHmN`FIpqDIROhVDSpoXZYTlar�HmYfPMDIFIHmnql8}
CED"FIHmD=]VHmpqlQHmN`HmD �OPMYIN`HmD=]_[IN`FSH8D�FIpoH�ivPUl`N`p¡�sHmnoH8bcH8DTl`HtFIHmN���noH8|Tl`N`LOD{¬{�.YSLODILOD{¬T¢*HmXZYs�
h`Hmnq]_pqN`|\[IDIR��[IryH8N��VPMDIFIh�lQN`[S|\l`[INWJMH8N��²PMYIN`HmD®ryH8h�lQpobcbªl8}>~�pqH"ivPUl`N`p��SHmnoHmb^HmD\l`H=]_[IN`FSH8D
FfPMDSD �WH8FIL{XZY�DIpoXZYTl=� �[IN�FIpoHwÁÂNQPUDIh`xyLONWlWlQYIHmLON`pqHwROHmD{[slQ�ml8}_©Å[×H8N�] �PMYIDIHmD�pohWl=YIpoHmN�FIpqH
�tNWr�HmpqlGJOLMD×£,[SlQFIHm[SlQhWXZY ¤¦¥TÙÌ§¨d.poDÝFIH8NcFIpqHviuPUlQNWp¡�sH8nqH8bcH8DTlQH�FIHmN���noHm|TlQN`LMD{¬s��YILODILMD{¬
¢�H8XZYIhWH8nq]_pqN`|\[IDIR*poD �tno[Sb^pqDIpo[Ib�PM[IhWROH8YSH8DIF®JMLOD®FSH8b iu�t��¢®¬T¹.H8NW�²PUYIN`HmD�r�HmN`HmXZYs�
DIH�l�]_[IN`FIHmDe}{©Å[IFIHmb ]_[INWFIH_FIpoH�£�p¡l`lQHmN`F �{DfPUb^pq|�JMH8N�]VHmDIFIHml��sFSpoH��:[IhWlQPM[Ih`XZY\¬s«,LON`NWH8nÉPÄ�
lQpqLODIhWH���H8|TlQH,]_[INWFIH8DupoD�FIH8Na��~_�_¬s�ª�PMYIH8NW[IDIRcr�HmNU�[IXZ|\hWpoXZYTlQpqRMl1}
��poDGJÅ�LOnonqpoR�PMDIFSH8N`HmN�©Å[SRTPMDIR��8[Ib ¹.HmN`hWl$�PMDIFIDSpohjFIH8NjÁ�N`PMDIhWx�LON�lQxIY��PMDILObcH8bcH��fDIFIH�l�h`pqXZY
ryH8pf«,[IryLc¤ Ã Þ §����:DTlQHmN�¹.H8N`�mpoXZYTljPM[S�yFIpqH�YfPMnqrI|\nÉPMhWh`pohWXZYIH�ÁÂNQPMDSh`xyLONWlWlQYIHmLON`pqH�DfPMXZY �VLOn¡lQ���
b^PMDIDu]_pqN`FwFSpoHª�:DTlE]VLON�l,FIHmN���H8p¡lQ[IDIRMh`H8nqH8|TlQNWLODIHmD�PM[S�.FIpqH=�PM[SgOH8NWH8Dy�fH8nqFIH8N � [fPMDTlQHmDs�bcH8XZYfPMDSpoh`XZYuPMDIRMH8ROHmr�HmDe}
~�poH.]_poXZYTl`poROh�lQH8D��.NWROH8rSDIpohWh`H��°�[IN�«,[IxS��H8N>[IDIF�HmpoDIH�©Å[IhQPMbcbcH8DS�²PMhWh`[IDSR�FIH8N>�tDIDfPUYIb^HmD
h`pqDIF�poD�FIHmDvÁ�PMr�HmnonqH8DkÃs}Ü¥Ì¬SÃs} Ã��8[��fDIFIHmDe}
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�:[SlQLMN �OPUYIN ¢�poXZYTlQpqROH,�tDIDIPMYIbcH8D Á ³ «B¸ � ³ 	G¸��
�.nqH8|TlQNWLODIHmDIRTPMhmd�~�HmrL�OH°¬\Á�YIH8LONWpoH�FIH8N_HmnÉPMh�lQpohWXZYIH8D�¢�H8nonqH8Ded

½ Þ ÆMÙ lQYIHmN`bcpoh`XZYSH8ht£�nqH8poXZYSROHm]_pqXZY\l�JMLODkH8nÉPUhWlQpqh`XZYIHmDk¢�H8nqnoHmDed
�3noL{XZY ½ Þ Æ Þ �.DSH8N`RMpoH�FIH8ha��noHm|TlQN`LMDIH8DIROPMh`Hmhtpoh�l_D\[IN�JOLOD����	 �{PUrIY �PMDIRMpoRId �VHmnopoHmrIpoR hm} �:}�


|MH8pqDIH@�:bc|{noPMxIx{¬{�.NWLO�8Hmh`hWHM}���ha]_pqN`F�D\[IN_FIH8N_NWH8nÉPÌlQpqJMH
¢�poFIHmN`hWlQPMDIFkr�HmhWl`pobcbªl1}
�.DSH8N`RMpoH�FIH8ha��noHm|TlQN`LMDIH8DIROPMh`Hmhtpoh�l_D\[IN�JOLOD�� �	 � d ��:ryH8N¯�
RTPMDIROh�]�PUYIN`hWXZYIH8pqDInopqXZYI|MHmpqlQHmDvhWpoDIFkD\[IN�JOLOD�� �� �{PMrIY��PUDIROpoRSdFIpoH�¢ zI©�poh�l_FI[IN`XZYuFIpoH�«,[IRMH8n�FIHmhaRMnoH8pqXZYIH8D"¹.LOnq[IbcH8DIh
H8N`hWHml`�ml1d �fH8NWb^p ¬ �>n �PMXZYIHt]_pqN`FkPMnohaz{xIY��PMNWHBPUDIROH8DSLOb^bcH8DÅd
�:bc|{noPMxIx{¬{�.NWLO�8Hmh`hWHBhWpoDIF�FI[INWXZYvFIpqH ��:ryH8NWh`XZYINWH8pql`[IDIR

��PUN`FIHmH8D ½ Þ ÈTÇ FIH8htz{lQNWH8[T]_poDS|MH8nqhaJMLOb £,N`HmDI�m]3H8N�l,Æ�
�� ,���� C ³ Æ ¿ 	�� · ¸ �VHmnopoHmrIpoR ÆMÙ
� ÇMÙSÔ¡½��_FIHm�fDSpoH8N�l1d��VHmhWl`pobcb�[IDIRKFIHmN:ivPUlQNWp¡�sH8nqH8bcH8DTlQH
FI[IN`XZYuFfPMha�tPUNWlQNWH8HZ¬\¹.H8N��²PMYIN`HmDedfFIpqH�ÍaHmnÉPÌ�SPUl`poLODIhW�8Hmpql
]_poN`FuPMnqh�CEDTlQH8RMNQPMn�ryH8NWH8XZYIDIH�l1}�~�H8Naz{l`N`Hm[ � [IH8NWh`XZYIDIp¡l`lFIHm�fDSpoH8N�laFIpoH��VH�lQYIHZ¬SzsLObcbcH8NW��HmnoFIhWXZYIH
¢*HmXZYIh`Hmnq]_poNW|\[IDIROhW|MLODIh�lZPMDTl`H�[IDIFk�8[Ih`PMbcb^HmD
b^p¡l�FIH8NaÍ_H8noPÌ�SPUlQpqLODIh`�mH8p¡l�FIH8Dkh`xyH8�mpq�fhWXZYIH8D
H8noHm|TlQN`pqh`XZYIHmDu¢�pqFIH8NWhWlZPUDIFe}
�.DSH8N`RMpoH�FIH8ha��noHm|TlQN`LMDIH8DIROPMh`Hmhtpoh�l_D\[IN�JOLOD����	 � d ��:ryH8N¯�
RTPMDIROh�]�PUYIN`hWXZYIH8pqDInopqXZYI|MHmpqlQHmDvhWpoDIFkD\[IN�JOLOD�� �� �{PMrIY �PUDIROpoRSdFIpoH�¢ zI©�poh�l_FI[IN`XZYuFIpoH�«,[IRMH8n�FIHmhaRMnoH8pqXZYIH8D"¹.LOnq[IbcH8DIh
H8N`hWHml`�ml1d �fH8NWb^p ¬ �>n �PMXZYIHt]_pqN`FkPMnohaz{xIY��PMNWHBPUDIROH8DSLOb^bcH8DÅd
�:bc|{noPMxIx{¬{�.NWLO�8Hmh`hWHBhWpoDIF�FI[INWXZYvFIpqH ��:ryH8NWh`XZYINWH8pql`[IDIR
FIH8htz{lQNWH8[T]_poDS|MH8nqhaJMLOb £,N`HmDI�m]3H8N�l
Æ�
�� ,���� C ³ Æ\¿ 	�� · ¸ � ÇMÙSÔ¡½ � FIH��fDIpoHmNWl8}

©Åpqb�PMD ½ Þ ÃU¥ �t�[IN_FIpoH �ab^|\noPMxIx{¬s��NWLO�8Hmh`h`H,]_pqN`FkFIpoH�~�HmrZ�MH°¬s�ª�PMYIHmN`[IDIR �VHmnopoHmrIpoR ÆM¾
FIH8Na��YILODILMDIH8D{¬8��NWH � [IHmDI�8HmD�YIH8N`PMDIROHm�8LOROHmDe}«�HmpoDIH,¹.HmN$�PMDIFSH8N`[SDIR^FSH8Na��YILODILODSH8D{¬S©Å[ShWlZPUDIFIhW��[SDI|TlQpoLMDe}
�.h_]_poNWF�h`L$]VLMYIn�FIH8N���PMNWFIH8HmDIh`XZYSHKz{l`N`H8[ � [SH8N`hWXZYIDIp¡l`lPMnoh_PM[SXZYvH8pqD"JOH8NWH8pqDS�²PMXZYTlQHmN�z{l`N`Hm[ � [IH8NWh`XZYIDIp¡l`l:b^p¡lH8poDSH8bÊ�:rIh`XZYIDSH8poFSH8|\N`p¡lQH8NWpo[Ib �m[IN
�VH8NWH8XZYID\[IDIR�FIH8htz{lQLMgOpoDTlQHmRONQPUnohVJMH8NW]3H8DSFIHml8d
FIH8N_h`xyH8�mpq�fhWXZYIHªHmnoHm|\l`N`pqh`XZYIH,¢�poFSH8N`h�lZPMDSFupqhWl_pob�Í:PUYIb^HmD
FIH8h:«,LOYInoHmN`hWXZYIH8D�¹jPMN`poPUlQpqLODIhWxIN`pqDI�8pqxIh�bcpql�FSH8b �tDShQPUl`�
JOLODwzsLODIFIYSH8pobcH8N�RMH8nE�LMhWl1}
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�t[slQLON �OPMYIN ¢�poXZYTlQpqROH,�tDSDfPMYIbcH8D Á ³ «�¸ � ³ 	G¸
~�poHtJMH8N�]VHmDIFIHml`H8D�ÁÂH8pqn`�[IryH8NWRTPMDIROh�]�PUYIN`hWXZYIH8pqDInopqXZYI|MHmpqlQHmD
H8DTlQh�lZPMbcbcH8D�FIH8N���PUN`FIHmH8DIhWXZYIH8D�Á�YIHmLON`pqH,[IDIFkh`pqDIFuD\[IN
JOLOD�� �� �sPMrIY��PMDIROpqRI}I~�pqh`xyH8N`hWpoLODSh`N`HmnÉPUl`poLODSH8D=�°�[IN_��YILODSLODIH8D]VHmN`FIHmDwPMDSYfPMDIFkFIH8N:£,pqlWlQH8NWF �{DfPMbcpo|cb^p¡l�FIHmDuH°�SxyH8NWpobcH8DTlQHmnon
r�HmhWl`pobcbªlQHmD"b^HmXZYfPMDIpqh`XZYIHmDw«,LOxIxInq[IDIROhW|MLODShWlZPUD\l`H8Dur�HmN`H8XZYSDIHml8} ÆM¾S}Ü¥

�VNWLOh`h ½ Þ ÃMÙ ~,PMbcpqlV]_pqN`F�FIpqH,�tDIpqh`LMl`N`LOxIpqH,poD"FIpqH ��:ryH8N`Rf�PMDIROH,HmpoDIROH��°�[IYIN�l1} ÇOÇs}Ü¥ Æs½
~�poHtJMLOnonqhWl$�PMDIFIpqROH8D=¢*PMYINWh`XZYIHmpoDInqpoXZYI|UH8pql`H8DuY��PMDIROHmDkJMLOD ÆOÇMÈS}¡½ÄÃ
�	 [IDIF �	�� PMre}f~�pqH,H��sxInqpo�8p¡lQH,«,NWpohWlQPMnonqh��{bcb^H�lQN`pqH:pqhWl_ryH8NU�[IXZ|O�
h`pqXZY\l`poRMl8}f~�poH��3�LMh`[IDIRG]_poNWF�pobÊÍaPMYIbcH8D�FIHmht«,LOYSnoH8NWh`XZYIHmD
¹jPMN`poPUlQpqLODIh���H8YIN��²PMYIN`HmDIh�bcpql�FSH8b�zsLODSFIYIH8pqb^HmN¯¬Å�PUYIDInopqXZYIH8D
�tDIh`PUlQ��ROH�]VLMDIDIH8DÅ}
��h_]3H8NWFIH8Dv��h`H8[SFILOxyLMlQHmD\l`pÉPMnqH,JOLODviuLONWpÉPMN�lp�=�8[SN��3H8N`HmXZYID\[IDIR
JOLOD�¢�H8nonqH8DS��[SDI|TlQpoLMDIH8D�[IDIFvivPUl`N`p��SHmnoHmb^HmD\l`H8D�JOHmNW]3H8DIFIH�l1}�~�poH
Á�Hmponqb�PUl`N`p��SHmnoHmb^HmD\l`HthWpoDIFkPMDIpqh`LMl`N`LOxÅdIFe}ÜYe}��	 [SDIF �	�� PMrIY �PUDIROpoRS}
~�poH�DSpoXZYTlah`xIY��PUN`pohWXZYIHa��LMN`b�FSH8N �fH8N`bcp�¬ � ryH8N �Â�PMXZYIH�]_pqN`F�FI[INWXZY

�VLON`XZYSp ½ Þ ÇOÃ FIpoH � ��¢®¬s«,LONWN`H8|Tl`[IN`HmDvryH8NU�[SXZ|{hWpoXZYTlQpqRMl1}���h_]_poNWFkFSpoH�£,pql`l`H8N¯� ¾Ä�Z½ÄÃ h8}ÜR �
Hml:PMnË} F �{DfPMbcpo|^�8[IN��VHmN`H8XZYSD{[SDIR�FIHmNa�.YSLODILODIHmD{¬s�ÂLOnÉPMNWpoh`PUlQpqLOD

[IDIFkFIpoH�~�pqh`xyH8NWh`poLMDIh`NWH8nÉPÌlQpoLMD=h`L$]_poH�HmpoDkPM[Ih_FIHmb
¹jPMN`poPUlQpqLODIh�JOH8N��²PMYINWH8D�ROHm]3LODIDSH8DIHmNaJMH8NQPUnonoRMH8bcH8poDSH8NWl`H8N
�t[IhWFIN`[SXZ|=�°�[IN_FIH8Dkh`xyH8�mpq�fhWXZYIH8DwHmnoHm|\l`N`pqh`XZYIHmDu¢�poFSH8N`h�lZPMDSFed
FIpoH,hWLOROHmDfPMDIDTlQHB� � ¹��_¬s�ª�PMYIHmN`[IDIRGJOHmNW]3H8DIFSHml1}
~�poH�iuPUlQNWp¡�sH8nqH8bcH8DTlQH,]3H8N`FSH8D��[Sr�HmN:«�«�ÍV¬\¢*HmnonqH8DS��[IDS|\l`poLODSH8D
[IDIF=¬s��DIH8NWROpoHmD�r�HmhWlQpqb^bBl1}�£,pqlWlQH8NWF �{DfPMbcpo|K]_poNWFu�m[IN
�VH8NWH8XZYID\[IDSR�FIHmN:��YILMDILODIHmD{¬s��LMnÉPMNWpohQPÌlQpoLMD
[IDIFu~�pohWx�HmN`h`pqLODIhWN`H8noPUlQpqLOD�JMH8NW]3H8DSFIHml8}

�VH8PM[InoPMX ½ Þ ÙTÆ ��h_]_pqN`F�h`L$]3LOYIn�FIpqH�� � ¹>��¬s���PUYIH8NW[IDIR=PUnoh_PM[IXZYkH8pqD�H8XZYTlQHmh ¾Ì�¯ÆMÙTÆ h8} �t}
Hml:PMnË} ¹jPMN`poPUlQpqLODIh�JOH8N��²PMYINWH8D�b^p¡l�FIHmNa�3�LMh`[IDIRMh`bcHmlQYSLsFIH�JOLMDu�:nonoHmD

[IDIF �VH1PU[InÉPMX,�m[IN��VH8h�lQpqb^b�[SDIRKFIH8hah`xyH8�mpq�fhWXZYIH8DvH8noHm|TlQN`pqh`XZYIHmD
¢�poFIHmN`h�lZPMDIFSH8haPMDIROH�]�PUDIFSl1}y~�pqH��tDIpqh`LMl`N`LOxSpoH,FIHmN��:ryH8NWRTPMDIROh�]�PUYIN`hWXZYIH8pqDInopqXZYI|MHmpqlQHmDvpqhWl��°�[IN�FIpqH�FfPMb^PMnopqROH�©ÅHmpql
h`LGxIN1�PM�8pqh`H,]_poH�bv�LOROnopqXZY=ryH8NU�[SXZ|{hWpoXZYTlQpqRMl1}
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Á ³ «�¸ Ñ ³ (+*-,/.k¸ Á ³ «�¸ Ñ ³ (+*-, .k¸ Á ³ «�¸ Ñ ³ (+*-,/.k¸ØS} ØMØ ¾S} ¾O¾O¾O¾M¾OÈTÆOÃM¾MÙTÆM¾ ½ ¾S}¡½$ÈTÆ : ½$¾ ¿87 ÆUØS} Þ ÆMÈS½ ¾S} ¾O¾OÈTÃ
ÈOÈS} È ¾S} ¾O¾ Þ ÃU¾S½ÄÃU¥ Þ ½$ÈTÃs½ Æ ¾S} ÙTÆs½ : ½$¾{¿�
 ÈM¾S}ÕÇUØ Þ Æ ¾S} ¾O¾TÇM¾
ØOØS} Ø ¾S}¡½$ÈS½$Ès½1¥O¥TÈOÈMÙM¥T¾TÃ È ¾S} ÙOÈTÇ : ½$¾{¿ < ÈU¥I} Øs½ÄÃU¥ ¾S} ¾S½O½$È
ÞOÞ } Þ ¾S} ÈTÃM¾O¾M¾OØ Þ Çs½1¾TÆU¥\Ã ¥ ¾S}Ü¥T¾OÙ : ½$¾ ¿ = ÈMÙS} ¥OØS½ÄÃ ¾S} ¾S½$ÙOÈ
½1ÈOÈS} Æ ¾S} ÃMÙOÙTÆÌ¥TÈOÙOÙOØOÇOÆOÃM¾ Ã ¾S}¡½$ÈM¥ : ½$¾{¿{À ¥TÆs} ÈM¾TÇOÇ ¾S} ¾TÆOÇs½
½1ØOØS} Ã ¾S} ÙTÆMÈOÙ Þ Æs½ÄÇM¾OÇs½ÄÇ Ø ¾S} ÈM¥O¥ : ½$¾{¿{À ¥OØS}q½$ÃMÈOÙ ¾S} ¾OÈOØ Þ
½ ÞOÞ } Ù ½O} ¾TÃMÈTÇMÆMÈOØM¥\ÆMÆMÙOØTÃ Ç ¾S} ÇU¥ Þ : ½$¾{¿{À ÃU¾S} ¾M¾O¾O¾ ¾S} ¾M¥ ÞOÞ
ÆUÈOÈS}¡½ ½O} ÆOÇMÙOÈMÙM¥ Þ ÇMØ Þ ½1¥T¾ Ù ¾S}¡½1¥O¥ : ½$¾ ¿�� ÃUÈS} ÙU¥TØTÆ ¾S} ¾OØM¥O¥
ÆUØOØS}Ü¥ ½O}Ü¥ ÞOÞ ¾s½$¾TÆ Þ ÆÌ¥I½$¾TÃ Þ ¾S} ÆOÃMØ : ½$¾{¿�� ÃMÇs} Ø Þ ÆMÈ ¾S} ¾OÙS½$Ø
ÆMÇMÈS} ¾OØ ½O} ÃU¥\ÆOÇÌ¥T¾OÈTÃMØs½ÄÆMÈTÇ ½$¾ ¾S}Ü¥\ÆMÈ : ½$¾{¿�� Øs½O}ÕÃUÈOÙTÃ ¾S}¡½$¾O¾OÈ
Æ ÞOÞ } Ç ½O} Çs½$ØTÃUØTÃs½ÄÆOÇÌ¥I½1¥ Þ ½O½ ¾S} ØOØTÆ : ½$¾ ¿�� ØOÃs} ÈMÙM¥TØ ¾S}¡½O½ Þ Ø
ÈMÈOÈS} ¾ ½O} Þ ÈS½ÄÇMÇOÇOÇ ÞOÞ ØS½ Þ ¥ ½ÄÆ ¾S} ÞOÞ ½ : ½$¾{¿�� Ø Þ }ÕÆUÈO¾OÙ ¾S}¡½1¥T¾TÇ
ÈMØOØS} È Æs}¡½1¥\Ãs½1ÙTÆMÙTÆM¾MØOÈO¾ ½$È ¾S}¡½1¥TÈ : ½$¾{¿ · ÇUÈS} ¾OÇMØ Þ ¾S}¡½$ØTÆ Þ
È ÞOÞ } Ø Æs} ÈTÃOÇs½$ÇOÆMØTÆU¥O¾S½$Ø Þ ½1¥ ¾S} ÆM¾O¾ : ½$¾{¿ · ÇUØS} Þ ÆMÈS½ ¾S}¡½$ÙM¥\Ã
¥OÈTÆs} Þ Æs} ÃMØOÙO¾MÈOÙTÆOÇOÇMÆ Þ ½$Ø ½ÄÃ ¾S} ÆOÇOÆ : ½$¾ ¿ · ÙM¾S}ÕÇUØ Þ Æ ¾S} ÆM¾OÙOØ
¥OØOØS} Æ Æs} ÇOÇOÇ ÞMÞ ÙOØO¾OØMØO¾M¥\Ç ÙU¥I} Øs½ÄÃU¥ ¾S} ÆMÈS½$Ù
¥ ÞOÞ } Ã Æs} Þ ÙTÇOÆMÆM¾M¥ ÞOÞ Æs½$ÙS½ ÙMÙS} ¥OØS½ÄÃ ¾S} ÆOÃOÃ Þ
ÃUÈTÆs} Ù ÈS}¡½ Þ ÃMÙMÈOÈO¾TÆOÇ Þ ¥\ÇMÙ Þ Æs} ÈM¾TÇOÇ ¾S} ÆMÙS½O½
ÃUØOØS}¡½ ÈS}Ü¥T¾OÈ Þ ÈTÇMÈTÃOÆMÇOÆs½ Þ Þ ØS}q½$ÃMÈOÙ ¾S} ÈO¾OØTÇ
Ã ÞOÞ }Ü¥ ÈS} ØS½O½$Øs½$ÈTÇU¥\ÆUÙTÃOÆOÃ ½$¾M¾S} ¾M¾O¾O¾ ¾S} ÈOÈOÈS½
ØMÈTÆs} Ç ÈS} ÙS½$Ù Þ ÆMØOØTÆOÆ Þ ¥ Þ ¥ ½$ÙU¥I} Øs½ÄÃU¥ ¾S} ÙOØO¾OÈ
ØMØOØS} ¾ ¥I} ¾TÆOÃ Þ ÆMÙTÆU¥\ÇUØS½$ÙOÈ ÆM¾OÇs} Ø Þ ÆMÈ ¾S} ÞOÞ ÆOÆ

ÆMÈM¾S}ÕÇUØ Þ Æ ½O}¡½ÄÆOÃMØ
ÆOÃUÈS} ÙU¥TØTÆ ½O} ÆOÃU¥TÈ
ÆOÇUØS} Þ ÆMÈS½ ½O} ÈOÙTÆ Þ
ÆMÙs½O}ÕÃUÈOÙTÃ ½O}Ü¥T¾OÙOØ
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Theoretische Berechnungen vom spezifischen el. Widerstand von Kupfer

Bloch-Grueneisen (justiert) 1928
Ziman 1954 
Bross 1958

Borchi et al 1975
Beaulac et al (Variationsverfahren) 1982

Beaulac et al (LOVA) 1982
Experimentell (Dugdale)
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T(K) ----->

Doppeltlogarithmische Ableitung vom spez. el. Widerstand von Kupfer (Theorie) 

Bloch-Grueneisen (justiert) 1928
Borchi et al 1975

Beaulac et al (Variationsverfahren) 1982
Beaulac et al (LOVA) 1982

Experimentell (Dugdale)
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T(K) ----->

Spezifischer el. Widerstand von Kupfer nach Borchi (1975)

Vollstaendig
Normal

Umklapp Longitudenal
Umklapp Transversal

Experimentell, Rumbo1 ohne Restwiferstand
Experimentell, Rumbo3 ohne Restwiferstand
Experimentell, Rumbo4 ohne Restwiferstand
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Spezifischer elektrischer Widerstand von Kupfer

Berechneter spez. Wid.(0-Ordnung)
Berechneter spez. Wid.(1-Ordnung)

spez. Wid. nach Bloch-Grueneisen mit 3 Parameter
Experimentell (Dugdale)
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Spezifischer elektrischer Widerstand von Kupfer (Doppeltlogarithmische Ableitung)

Berechneter spez. Wid.(0-Ordnung) 
Berechneter spez. Wid.(1-Ordnung) 

spez. Wid. nach Bloch-Grueneisen
Experimentell(Dugdale) 
Experimentell (Matula1) 
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T(K) ----->

Rel. Abweichung des berechneten spez. el. Widerstandes von Kupfer vom Experiment

Berechneter spez. Wid.(0-Ordnung,Dugdale als Referenz)
Berechneter spez. Wid.(1-Ordnung,Dugdale als Referenz)
Berechneter spez. Wid.(0-Ordnung,Matula1 als Referenz)
Berechneter spez. Wid.(1-Ordnung,Matula1 als Referenz)

spez. Wid. nach Bloch-Grueneisen (justiert)
spez. Wid. nach Beaulac,Dugdale als Referenz
spez. Wid. nach Beaulac,Matula1 als Referenz
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¢�H8hWH8DTlQnqpoXZY �°�[IN^FSpoH"]VHmpql`H8N`HmD ��:ryH8NWnoHmRO[IDIROHmD®pqhWlcFIpoH��:[IhW]_pqN`|\[IDIR�FSH8Nc�8[Ih1�PUlQ�mnopoXZYSH8D
�t[ShWlZPU[Ih`XZY{¬{«�LMN`N`HmnÉPUl`poLODSh¯¬{�:rIh`XZYIpqN`b�[SDIR�PU[Iha«�PUxIpql`H8neÈs}
~�poH�ÁÂNQPUDIh`xyLONWlWlQYIHmLON`pqH.|UPUDID�PMDShWlQHmnonqH�FIH8N�JOLOnqnoh�lÄ�PMDIFSpoROHmDªiuPUlQNWp¡�sH8nqH8bcH8DTlQH.bcpql�FIHmDKivPÄ�
lQNWp¡�sH8nqH8bcH8DTlQHmD=FI[INWXZYIROH��°�[IYINWl�]3H8NWFIH8DÅdIFIpoH:FIpoHmh`H��m[Ih$�PÌlQ�8nqpoXZYIH�� 
 ¬{�trIhWXZYIpoNWb�[IDIRGDIpqXZYTl
ryH8NU�[SXZ|{hWpoXZYTlQpqROH8DÅ}f~�poH:�trIrIpqnoFI[SDIRKÃs}¡½ Þ h�lQHmnonql3FIpqHtbcpql3�8[Ih1�PUlQ�mnopoXZYSH8N�� 
 ¬{�:rIh`XZYSpoN`bª[IDIR
h`L$]_pqH �WH8DIHKLOYSDIHKFIpoHmh`HG�trSh`XZYIpqN`b�[IDSRkHmN`bcpqlWlQH8n¡lQHmD�~,PUlQHmD�poD�HmpoDIHmb�FIpqXZY\l`H8D�ÁÂH8bcx�H°�
NQPÌlQ[IN�]VHmNWlQHmDIHml`�^FIPMN8}�©Å[SFIH8b7hWpoDIF�FIpqH �.¬Sz{xInopqDIH°¬{pqDTlQH8NWx�LMnopoHmNWl`H8Dw�>�sxyH8N`pqb^HmDTlZPMnqFfPUlQHmD
[IDIFÛFIpqHªlQYIHmLON`H�lQpqh`XZYIHmD���N`ROHmrIDIpqh`h`HKJMLOD �3H1PM[InoPMXKPMDSROH8ROHmr�HmDe}�~�H8N �aDTlQH8NWh`XZYIpqH8F��m]_p¡�
h`XZYSH8D­FIHmD ryH8N`HmXZYIDIH�lQH8DÐ¢�H8N�lQHmDÐFIH8hkh`xyH8�mpq�fhWXZYIH8D­HmnoHm|\l`N`pqh`XZYIHmD ¢�poFIHmN`h�lZPMDIFSH8hu�Z�[SN
*�Ï ¾B[SDIF *�Ï ½tpqhWl�hWH8YINV|{nqH8pqD�[IDIF"|ÌPM[Sb hWpoXZYTlQrIPMN8}s~�poHaLOryH8N`H�«�[SNWJOHtpoD��:rIrIpqnoFI[IDSR
Ãs}¡½ Þ RMporSl�FIpqH �.¬szsxInopqDIH°¬\poDTlQHmN`xyLOnopqH8NWl`H8D��>�sx�HmN`pqb^HmD\lQPMnoFIPUlQHmD�JOLMD�~�[IROFfPUnoHMd�FSpoHcFfPMN��
[IDTlQHmN�nopqH8ROHmDIFIH�«,[IN�JOH�FIpqH�~,PUlQHmDKLOYIDIH��m[Ih �PÌlQ�8nqpoXZYIH�� 
 ¬{�trIhWXZYIpoNWb�[IDIRBPMDe}M~�poH3�m]3H8pql`H
«,[INWJMH,JOLOD�[IDTlQHmDuh�lQHmnonql�FIpoH�~,PUl`H8D"bcpqlV�8[Ih1�PUlQ�mnopoXZYSH8N�� 
 ¬{�:rIh`XZYIpqN`b�[SDIR^[SDIFuFSpoH�[ID{�
lQHmN`h�lQHcFIpoHKlQYSH8LONWHmlQpqh`XZYIHmD���N`RMH8rIDIpqh`hWHcJMLOD �VH8PM[InoPMXGFfPMN8}��:nonqH�¢*HmNWlQHG�m[INB�:rIrIpqnoFI[IDSR
h`pqDIF�FIH8DuÁ>PUr�HmnonoHmD 
 }q½°¬ 
 }ÕÃGPM[Ih_�:DIYfPMDIR 
 �m[uHmDTlQDIHmYIb^HmDe}
CED��:rIrIponqFI[IDIR*Ãs} ÆM¾�pohWl^FIpqHuFILMxIx�Hmnql`noLORTPUN`pql`YIbcpoh`XZYSH=�trInqH8p¡lQ[IDIRÛFIHmN�LOrIpqROH8D®«,[INWJMH8D
�8[Ý�fDIFSH8De}.~�pqH�¢*HmNWl`HkFIPM�8[ h`pqDIFÝpoD�FIHmD�Á�PMryH8nonqH8D 
 } ØÄ¬ 
 }¡½$¾�PM[S��ROHmnopoh�lQH�l1}�~�pqH�¢�p¡�
FIHmN`hWlQPMDIFIHmh`|\[IN�JOH8DÅdTFIpoH.LOYIDSH3FIpqH3�m[Ih$�PÌlQ�8nqpoXZYIHj�t[ShWlZPU[Ih`XZY{¬{«�LMN`N`HmnÉPUl`poLODSh¯¬{�:rIh`XZYIpqN`b�[SDIR
ryH8N`HmXZYIDIH�lt]_[INWFIH8Ded�nqpoH8RMH8DkPMruÃM¾c«
PM[S� ]B�PUNWlQhaD��PMYSH8NaPMDkFIH8Du�>�SxyH8NWpobcH8DTlZPUnoFfPUl`H8DuPMnoh
�WH8DSHMd�r�Hmp�FIH8DSH8DwFIpqH8hWH��m[Ih$�PÌlQ�8nqpoXZYIH��trSh`XZYIpqN`b�[IDSR^ryH8NU�[IXZ|\h`poXZYTl`poRMla]_[IN`FSHM}�~�poH�¢�poFSH8N��
hWlQPMDIFIh�]VHmNWl`H^LOYSDIHK�8[Ih1�PUlQ�mnopqXZYIH�� 
 ¬{�trSh`XZYIpqN`b�[IDSRuhWpoDIF�[IDTl`H8N�¥TÙ"«Ö|{nqH8pqDIH8N,PUnoh �WHmDIH
bcpql��m[Ih$�PUl`�8nqpoXZYIHmN�� 
 ¬{�trIhWXZYIpoNWb�[IDIRS} ��:ryH8N:ÃM¾G« nqpoH8RMH8D�PMnqnoH�«,[IN�JOHmDvDfPMYSH�ryH8pqH8pqDfPMDs�
FIHmN8}��:DTl`H8N:ÃM¾c«�]3H8poXZYSH8DvhWpoH,h�lZPMNW|=JOLODIHmpoDfPUDIFIH8NaPMrÅ}
~�poHuFILOxIxyH8n¡lQnqLORTPMNWpqlQYSb^pqh`XZYIHmD��:rInoHmpqlQ[SDIROH8D®FIH8N=¢�pqFIH8NWhWlZPUDIFIh`|\[IN�JOHmD LOYSDIH �VH8N �[IXZ|O�
h`pqXZYTlQpoRM[IDIR�FSH8Nt�m[Ih �PÌlQ�8nqpoXZYIHmD�� 
 ¬{�:rIh`XZYIpqN`b�[SDIR"DIH8YSb^HmDwpobÊ¹.HmN`ROnqH8poXZYu�8[wFSH8Dv¢�H8N¯�
lQHmD�b^p¡l �VHmNM�[IXZ|\h`pqXZYTlQpoRM[IDIR�FIpoHmh`Hmh��:rIh`XZYSpoN`bª[IDIROhWH���H8|TlQh�FIH8[slQnopqXZY�Y��LOYIHmN`H�¢�H8N�lQHGPMDe}
~�poH �VPMh`pqh¯¬SzsxSnopoDSH°¬{xIN1�PMxfPMNWpoHmNWlQHmD�H��sx�HmN`pqb^HmD\l`H8nqnoH8DBÍ_Hm��H8NWH8DI�mFfPUl`H8Dª]3H8pqh`H8DªH8poDSH8Dª[SD\l`H8N¯�
h`XZYSpoH8FSnopoXZYSH8D�¹.H8N`noPM[S�>PM[S�¯}f��h_H8NWROporsl_h`poXZYkpoD�FIHmN:ivPUlQ[SnÉPÄ¬s«,[IN�JOH,HmpoDk«,DIpoXZ|=��]_pohWXZYIH8D
¥T¾:«�[SDIFGÃM¾:«G}U��h>��LOnqROH8D�[IDTlQHmN`h`XZYSpoH8FSnopoXZYSH�Á�Hmb^xyH8N`PUlQ[SN`b^PÌ�spob^PMnq]3H8N�lQHM}Ì©Å[SFIH8b�nopqH8RMl
FIHmN3b^PÌ�spob^PMnoH3¢*HmNWl3FIH8N3FILOxIxyH8n¡lQnoLMRTPMN`p¡lQYIbcpohWXZYIH8DK�:rInoHmpql`[IDIR�FIH8N3r�HmpoFIHmD�H°�SxyH8NWpobcH8Ds�
lQHmnonqH8D�Í_Hm��HmN`H8DS�8|\[INWJMH8D FIH8[slQnopqXZYÐ�[IryH8NªFSH8b�¢�H8N�l�JOLMD��°�[IDS�¯} �3H8p�~�[SROFfPMnqH^YfPÌlKb�PUD
H��sxInqpo�mpqljH8pqDIH8Dc¢*HmNWlVJMLOD�Ãs}Ü¥T¾�r�HmpeÆM¾B«Ð[IDIF=ryH8p�ivPÌlQ[InoPBH8pqDIH8Dc¢*HmNWl3JOLOD�Ã{} ÈO¾�r�Hmp�ÆU¥
«K}�©Å[Ih1�PUlQ�mnopoXZY�FfPU�8[�JOH8NWh`XZYIpqH8rSltFIH8NaÍ_H8h�lE]_poFIHmN`hWlQPMDIFuFIpoH�¢�H8N�lQH�DfPMXZYu[IDTlQH8DÅ}
CEDÛFIH8N��:PUlQ[IN�]_[SN`FIHcH8pqDIH�]VHmpql�RON1�LOgOHmN`HK�trT]3H8pqXZY{[SDIRvJOLMD�FIHmN��VnoL{XZY{¬\¢�pqFIH8NWhWlQPMDIFIh¯�
��[IDI|Tl`poLOD�pqb Á�poHm� l`H8bcx�HmNQPUl`[IN`ryH8NWH8pqXZY�r�Hmp�«�PMnqpo[Ib�ROHmb^Hmh`hWH8De}�~�HmN�b^PÌ�spob^PMnoH"¢�H8N�l
FIHmN=FILOxIxyH8n¡lQnqLORTPMNWpqlQYSb^pqh`XZYIHmD �:rInoHmpql`[IDIR*FSH8N�¢�pqFIH8NWhWlZPUDIFIh`|\[IN�JOHwJMLOD�«�PMnopq[Ib�nopqH8RMl
ryH8paDIH8[IDÅdVh`pqH8YIH�¤ÜÈOÇÌ§Ë}3~�poH"l`YIH8LONWHml`poh`XZY×HmN`bcpqlWlQH8n¡lQHmD®«,[IN�JOH8D×bcpqlc�m[Ih �PUl`�8nqpoXZYIHmN�� 
 ¬
�trSh`XZYIpqN`b�[IDSR�]3H8pohWH8D�HmpoD®ivPÌ�spobª[Ib�r�Hmp:ÆOÆÛ« PU[S�¯d.Fe} YÅ}jRMH8DfPM[�poD FIH8N�iup¡l`lQHkFIHmN
ryH8poFSH8DkH��sx�HmN`pqb^HmD\l`H8nqnoH8D�Í_Hm��HmN`HmDI�8|\[IN�JOH8DÅ}
CED��trSre}.Ãs} Æs½"poh�l�FIpqH=N`HmnÉPUl`pqJMH��trT]3H8pqXZY{[SDIR�FSH8N�¢�poFSH8N`h�lZPMDSFIh`|\[IN�JOH8DÅdjpqD�FIHmDIH8DÝFIpqH
�8[Sh$�PUl`�8nopqXZYIH�� 
 ¬{�:rIh`XZYIpqN`b�[SDIRuryH8NU�[IXZ|\h`pqXZY\l`poRMl�rS�m]�}eJOHmN`DfPUXZYInE�PMhWh`pqRMl,]_[IN`FSHMd�ROHm�8H8pqRMl1}
~�poH�� 
 ¬{�trSh`XZYIpqN`b�[IDSRchWxIpoHmnqlVFfPMbcpql3r�HmpeFIH8N3lQYIHmLON`H�lQpohWXZYIH8D �VHmh`XZYINWH8porS[IDIRGFIH8h�hWx�Hm�8p��
�fhWXZYIH8DwHmnoHm|\l`N`pqh`XZYIHmDk¢�pqFIH8NWhWlZPUDIFIH8hapobÒÁ�poH�� lQH8bcxyH8NQPÌlQ[INWr�HmN`H8pqXZY�H8poDSH�RMN`LOgOH�Í_LOnqnoHM}
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Spezifischer elektrischer Widerstand von Kupfer mit und ohne zus. XC-Abschirmung

Berechneter spez. Wid.(0-Ordnung,mit XC)
Berechneter spez. Wid.(1-Ordnung,mit XC)

Berechneter spez. Wid.(0-Ordnung,ohne XC)
Berechneter spez. Wid.(1-Ordnung,ohne XC)
Experimentell,B-Spline interpoliert (Dugdale)

Beaulac,B-Spline interpoliert
Bloch-Grueneisen (justiert) 1928
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T(K) ----->

Doppeltlog. Ableitung vom spez. el. Wid. von Cu mit und ohne zus. XC-Abschirmung 

Berechneter spez. Wid.(0-Ordnung,mit XC)
Berechneter spez. Wid.(1-Ordnung,mit XC)

Berechneter spez. Wid.(0-Ordnung,ohne XC)
Berechneter spez. Wid.(1-Ordnung,ohne XC)
Experimentell,B-Spline interpoliert (Dugdale)

Experimentell,B-Spline interpoliert (Matula)
spez. Wid. nach Bloch-Grueneisen
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Der relative Unterschied des spez. el. Wid. von Cu mit und ohne zus. XC-Abschirmung 

Berechneter relative Unterschied(0-Ordnung)
Berechneter relative Unterschied(1-Ordnung)
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CED*FSpoH8hWH8N��tNWr�Hmpql�h`pqDIF�FSpoH ��:ryH8NWRTPMDIROh�]�PUYIN`hWXZYIH8pqDInopqXZYI|MHmpqlQHmD�[IDTlQHmNªFIHmbº��poD��f[SgvFIHmN
��noHm|\l`N`LOD\¬s��YILODILOD\¬\¢*HmXZYIh`Hmnq]_pqN`|\[IDIR:PM[S��rfPU[IH8DIFBPM[S�{FIHmb iu�t��¢®¬T¹.H8NW�²PUYIN`HmDBryH8NWH8XZYs�
DIH�lK]VLONWFIH8DÅ}�CEb�£,H8ROHmDIhQPUl`�"�8[���NU�[SYIH8NWH8DÝlQYIHmLON`H�lQpohWXZYIH8D �tNWr�Hmpql`H8Ded�h`poHmYIH=JOLMNGPMnonqH8b
FIpqH,�tN`ryH8p¡l�JOLOD �VH1PU[InÉPMXc¤ ½$ØÄ§ËdfhWpoDIFk�8[Ih1�PUlQ�mnopqXZYuhWx�Hm�8pq�Ih`XZYIH��t[Ih�lZPM[Sh`XZY{¬s«,LONWN`HmnÉPUl`poLODIhE¬
�trSh`XZYIpqN`b�[IDSROh`Hv�ÅHm|\l`HªpqbÊÍaPMYIbcH8D�FIH8Na��~_�­r�HmNM�[IXZ|\h`pqXZYTlQpoRUl1}
�tDIPMnoLORG�m[vFIHmDv�8p¡lQpqH8NWl`H8Dk�tNWr�HmpqlQHmD�¤ ½ÄÆ{d Þ Æ\d�ÆOÇsdyÆ Þ §�[SDIF�¤ ½$ØU§ÂnopqHm��HmNWl_FIpqH��3H8N`HmXZYID\[IDIR
FIHmh,h`xyH8�8p¡�fh`XZYSH8DÛH8noHm|TlQN`pqh`XZYIHmDÛ¢�pqFIH8NWhWlQPMDIFIHmh�JOLODÛ«,[IxS��HmN�pob �VH8NWH8pqXZYwJOLOD�X1Ps}�ÃM¾=«
[IDIFuPM[S� ]B�PUNWlQh_HmpoDIHmDuH�lE]�PMha�8[kDIpqH8FINWpoROHmD�¢�H8N�l1}
~�poHBh��{hWl`H8b^PUlQpqh`XZYIHmD �fHmYInoHmN�FIH8N,Á�YSH8LONWpoH�NU�[IYIN`HmD�FfPMYIHmN8deFfPUg"FIpoHK��~_� PMnqh�iuHml`YIL{FIH
JOHmNW]3H8DIFSHmlt]_pqN`FedfFSpoH�¹�pqH8n¡lQH8pqnoXZYIHmDIH���H8|Tl`H,poD�FIH8N_nqLO|ÌPMnoHmD����PMYIHmN`[IDSR^ryH8NU�[IXZ|\h`poXZYTl`poRMl8}
CEDÝFIH8NKJMLON`nqpoH8RMH8DIFIHmDÝ�tN`ryH8p¡l�]_poNWFÝb^p¡l�FIHmNchWXZYfPMN���H8D ��HmN`bcp�¬s«�PMDTl`H=ROH1PUN`ryH8pql`Hml8}�~�poH
�t[s� ]VHmpoXZY\[IDIR FIH8Nx�fH8NWb^p ¬s«�PMDTlQHÛ]_poN`FÐJMH8NWDfPMXZYIn �PMh`hWpoRMl8}�~�poH�ÁÂH8bcx�HmNQPUl`[INQPUrIY��PMDIRMpoRU�
|MHmpql�FSH8h_h`xyH8�mpq�fhWXZYIH8DkH8nqH8|TlQNWpoh`XZYSH8D�¢�poFIHmN`hWlQPMDIFIHmh�H8DTlQh�lQHmY\laFI[SN`XZYkFIpoH �3LOh`HZ¬s��poDIh�lQH8pqD�f[IDI|TlQpqLODe}
~�poHV��N`ROHmrIDIpohWh`H�FIHmN�Á�N`PMDIhWx�LON�l`l`YIH8LONWpoHV� �[SN>FIHmDchWx�Hm�8p¡�fh`XZYIHmD^HmnoHm|\l`N`pqh`XZYIHmDc¢�pqFIH8NWhWlZPUDIF
bcpqla�8[Ih1�PUlQ�mnopqXZYIH8N�� 
 ¬{�trIhWXZYIpoNWb�[IDIR�FIH8Nt�.nqH8|TlQNWLODIHmDwh`pqDIFwbcpql��WH8DSH8D�LOYIDSHªH8pqDIH�FIH8N¯�
PMN�lQpoRMH=�trIhWXZYIpoNWb�[IDIR�JOHmN`ROnqpoXZYIHmDÝ[IDIF FIpoH �VHmFIH8[slQ[IDIRÛFIpqH8h`HmNc� ��H8|Tl`Hk�Z�[INKFSH8D Á�poHm�É�
lQHmb^xyH8N`PUlQ[SN`ryH8N`HmpoXZYkROH8�mH8pqRMl�]VLMN`FIHmDe}
~,PMh^FIH8NW�8H8p¡l=JOHmNW]3H8DIFSHmlQH��:H�lQ�vJMLOD 	 ¬\¹.Hm|\l`LON`HmD×poh�l=�8[×RMN`LOred3[Ib FfPMh=Á�pqHm� lQHmb^xyH��
NQPÌlQ[IN�JOH8NWYfPMn¡lQH8D×|ULON`NWH8|Tl"�m[×r�HmhWlQpqb^bcH8DÅ}V~�pqHuN`PMxIpoFSHw��DTlE]_poXZ|\no[IDSR�FIH8N 
 LMb^xI[slQH8NE¬
ÁÂH8XZYIDILMnoLOROpqH8DÛnE�PMgUl�PMnonqH8N`FSpoDIROhtYIL���H8Ded�FfPMgkH8hBpoD�FIHmNBDfPUYIH8D�©Å[I|\[IDS� lBbw�LORMnopoXZYw]_pqN`Fed
poFSH8DTlQpqh`XZYIH �3H8N`HmXZYID\[IDIROHmD�PMDÐH8pqDIH8b ]3H8hWH8DTlQnqpoXZY FIpoXZYTl`H8N`HmD �:H�lQ��JMLOD 	 ¬\¹.Hm|TlQLONWH8D
FI[INWXZYI�8[s�°�[IYIN`HmDe}3~,PMhKÁ�poH�� lQH8bcxyH8NQPÌlQ[IN�JOH8NWYfPMn¡lQH8DÝFIHmhc�.nqH8|TlQNWLOD{¬s��YILMDILOD{¬{�:DTlQH8pqnohKFIHmh
h`xyH8�mpq�fhWXZYIH8DvH8noHm|TlQN`pqh`XZYIHmDk¢�pqFIH8NWhWlQPMDIFIHmh:|��LODIDTl`HBhWL^ryH8hWh`H8N_JOHmN`h�lZPMDIFSH8Du]3H8NWFIH8DÅ}
~�poHtCED\l`H8NWx�LOnoPUlQpqLOD=FIHmN�r�HmN`HmpqlQh�ryH8h�lQpqb^bªl`H8D ��ar�HmN`RTPMDSROhW]VPMYINWh`XZYIHmpoDInqpoXZYI|UH8pql`H8DuPM[S�ÂH8pqD
FIpqXZY\l`H8NWH8h��:H�lQ�K|MLMb^bªl�PMnql`H8NWDfPUlQp¡Jk�8[�FIH8D�FIpqN`Hm|\l`H8D �VHmN`HmXZYID\[IDIROHmD*FIHmN ��:ryH8N`ROPMDIROh¯�
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PMDIFSH8N`HmD���PM|MH�l�FIpqH�±�[IHmnon¡lQH��{l`HKr�HmD��LMlQpqRMl,]3H8N`FSH8D�rI��]�}Â]3LkFIpoHc��N`ROHmrIDIpqh`h`Hc[IDTlQHmN`ROH°�
rIN`PMXZYTla]3H8NWFIH8DÅ}
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?%@BA CBA C!C!C/?%D EFDGA C/AH?F?!?�EFE ?!?�IGA CBA JFCB?%K!C ?�DLKBA CBANMLIB?OJGM ILC!E/A ?FA CFP�MFMQC IFDLPBA ?!A PLJGM�J�I
?%KBA CBA C!C!C�IG? E!EBA C/AH?F?�E�ML@ ?!?%PBA CBA JFC!@FE!P ?%E!CBA CBANMLI!@FI!E ILC�MGA ?FA C!J!J�P!E IFDQJ/A ?!A PFD!P!KFD
I!CBA CBA C!C!C�ILK E�M�A C/AH?�IG?�K�M ?!?�J/A CBA J/?%D!P�M ?%EB?!A CBANMQP�DLC�D ILC!@/A ?FA C�DG?%CB? IFD!DGA ?!A P!EFCLJ�M
IB?!A CBA C!C!C!J/? E!@BA C/AH?�IFMLIFD ?!?�DGA CBA J�I!IB?!? ?%EFIGA CBANM�J�?�@!J ILC!K/A ?FA C�DFMLE!E IFDLEBA ?!A P!EFE!K!K
IFIGA CBA C!C!C�D!D E!KBA C/AH?%PFI!D!K ?!?%EBA CBA J�IL@F@!E ?%E!PBA CBANM�J�@!E�I IG?�C/A ?FA CFELJ�PB? IFDFM�A ?!A P�MLPFDG?
I!PBA CBA C!C!C�M�J MQCBA C/AH?%P!@!CFC ?!?QM�A CBA JFPFD!EFI ?%ELJ/A CBANMLDFDQJ�? IG?!?FA ?FA C�MQCFKFD IFDL@BA ?!A P!@FC!CFI
ILJ/A CBA C!C!CFK!@ M�?!A C/AH?�JFPLJ�@ ?!?%@BA CBA J!J�I!P!K ?%EFDGA CBANMQE�IG?%K IG?%IBA ?FA C�M!M!DLK IFDLKBA ?!A P!@FEFDQJ
IFDGA CBA C!CB?�ILK MLIGA C/AH?�JFK!CFP ?!?%KBA CBA J!JFK/?�E ?%E!EBA CBANMQEF@!KFE IG?�P/A ?FA CF@LJ�ILP I!E!CBA ?!A P!KFP!CFD
I!EBA CBA C!CB?%E!E MQPBA C/AH?�DQJFEFP ?%I!CBA CBA J�D!D!K!P ?%E�M�A CBANM!M!DFMQJ IG?OJ�A ?FA CFK!CF@�M I!EB?!A ?!A P!KFKFDLE
I�M�A CBA C!CFIB?�C M�J/A C/AH?%E!C!PFC ?%IB?!A CBA JFEFI�MLI ?%E!@BA CBANMQ@�I!DB? IG?%DBA ?FA CFK�M!DLC I!EFIGA ?!A JFCFE!C!E
I!@BA CBA C!CFI!ELJ MLDGA C/AH?%E!E!C�I ?%IFIGA CBA JFE!K�DLC ?%E!KBA CBANMQ@FKFI!@ IG?�E/A ?FAH?%CLJ�?�P I!E!PBA ?!A J/?�I!DFM
I!KBA CBA C!C!P�IFM MQEBA C/AH?QM�?�MLK ?%I!PBA CBA J�MQE�ILK ?QMQCBA CBANMQKFE!C�D IG?�MGA ?FAH?F?�C�MLD I!ELJ/A ?!A J/?%K!C�M
PFCBA CBA C!CLJ�C!C M!M�A C/AH?QM!MQE�I ?%ILJ/A CBA JF@!PFC!K ?QM�?!A CBA @!C�IL@/? IG?�@/A ?FAH?F?�MLP!@ I!EFDGA ?!A J�IFD!DFM
P/?!A CBA C!CLJ�@LJ MQ@BA C/AH?%@!PFD!C ?%IFDGA CBA JF@!KF@!@ ?QMLIGA CBA @!CFKFD!@ IG?�K/A ?FAH?�IQJ�C!C I!E!EBA ?!A JFP�ILC!E
P�IGA CBA C!CFD!@!C MQKBA C/AH?%@!KLJ�P ?%I!EBA CBA JFK!EFE!@ ?QMQPBA CBA @B?%E!P!J I!ILC/A ?FAH?%P!CFEB? I!E�M�A ?!A JFPF@FDLE
PFPBA CBA C!C!EF@�M @!CBA C/AH?%KFDQJ�C ?%I�M�A CBARDLC!P!JFK ?QM�J/A CBA @FI!P!CFK I!IG?FA ?FAH?%P�M!ILP I!E!@BA ?!A J!J�DLCFD
P!J/A CBA C!C!@FC!@ @B?!A C/A I!CB?OJ�I ?%I!@BA CBARDG?�C�ILK ?QMLDGA CBA @FI!K!@!J I!I!IBA ?FAH?�JFPF@LJ I!E!KBA ?!A J�DB?%DQJ
P�DGA CBA C!C!K!J�I @FIGA C/A I!C�M�J�@ ?%I!KBA CBARDG?�MG?�C ?QMQEBA CBA @!PFE!EFC I!ILP/A ?FAH?�DLC!J�D I�MQCBA ?!A J�D!@!C!P
PFEBA CBA CB?�CF@!K @!PBA C/A IB?�PFD!@ ?�PFCBA CBARD!ILPFKB? ?QM!M�A CBA @LJ�P!P!J I!IQJ�A ?FAH?�DFMLCFD I�M�?!A ?!A JFE!J�DG?
P�M�A CBA CB?%IFDLC @LJ/A C/A IB?�K�M!I ?�P/?!A CBARDLP!C�MQP ?QMQ@BA CBA @FD!C!CFK I!I!DBA ?FAH?%E!PFE!E I�MLIGA ?!A J�MLC!K!K
PF@BA CBA CB?OJ�I!D @FDGA C/A IFI!DLKFC ?�P�IGA CBARDLP�M!DQJ ?QMQKBA CBA @FD!E!@FP I!ILE/A ?FAH?QMQC�ILE I�MQPBA ?!A J�MFM�J�M
PFKBA CBA CB?�E/?%D @!EBA C/A I!PFIG?F? ?�PFPBA CBARDQJ!J�P!E ?%@!CBA CBA @!EFPFD�M I!IFMGA ?FAH?QMQEF@FD I�M�J/A ?!A JF@FP!KFD
J�CBA CBA CB?�@/?�K @�M�A C/A I!P!@!PFE ?�P!J/A CBARD!DG?F?�M ?%@B?!A CBA @�MLC!PFC I!IL@/A ?FAH?%@!P!J�D I�MLDGA ?!A JFKFCLJFP
J�?!A CBA CFILCFP�M @!@BA C/A ILJ!JFEFP ?�P�DGA CBARD!DFMLK!K ?%@FIGA CBA @�MFMQC!J I!ILK/A ?FAH?%K!CFCLJ I�MQEBA ?!A JFKFE!K!C
J�IGA CBA CFI!I�MQC @!KBA C/A IFDLC!K!J ?�PFEBA CBARDLELJ�@B? ?%@!PBA CBA @!@FP�MFM ILP!C/A ?FAH?%K!EFE!P I�M!M�A ?!ARDLCFP!P!@
J�PBA CBA CFI!DB?�M K!CBA C/A IFDFMLI!@ ?�P�M�A CBARDFM�?%E!P ?%@LJ/A CBA @!KFCLJ�K ILPB?FA ?FA I!C!P�IG? I�MQ@BA ?!ARDLCFK!@FD
JFJ/A CBA CFIFMFMQK KB?!A C/A I!E!P!E�D ?�PF@BA CBARDFMQ@!J�D ?%@FDGA CBA @!K�MLIFI ILPFIBA ?FA I!C!KF@!C I�MQKBA ?!ARDG?%E!PB?
J�DGA CBA C!P!C�D!D KFIGA C/A I�MQC!C!J ?�PFKBA CBARDL@FDFIFM ?%@!EBA CBA K!CFP!K!J ILP!P/A ?FA IB?�EFP!@ I!@!CBA ?!ARD!IFIFMQ@
J�EBA CBA C!P!P!J!J K!PBA C/A I�MQELJ�E ?OJ�CBA CBARDLKFI!C!K ?%@�M�A CBA KB?%C!E�D ILPLJ�A ?FA IFI!I!KFD I!@B?!A ?!ARD!I!KFIQJ
JGM�A CBA C!P!E!JF@ KLJ/A C/A I!@FILKFC ?OJ�?!A CBARDLK!@FKB? ?%@!@BA CBA KB?QMQP�M ILPFDBA ?FA IFILK�DLP I!@FIGA ?!ARDLP�DFMQC
J�@BA CBA C!P!KFEFD KFDGA C/A I!@!K!PFE ?OJ�IGA CBA E!CFD�MLI ?%@!KBA CBA KFILJFCF@ ILP!E/A ?FA I!P!E/?�C I!@!PBA ?!ARDQJ�IG?�E
J�KBA CBA CLJ�I!K!E K!EBA C/A I!KFDL@�D ?OJ�PBA CBA EB?%IFDQJ ?%K!CBA CBA K!PFC�MLK ILP�MGA ?FA ILJ�I!E�M I!@LJ/A ?!ARDQJ�@!EFI
D!CBA CBA CLJFE!JFC K�M�A C/A PFCFILPFE ?OJFJ/A CBA EB?�KFP!E ?%KB?!A CBA K!P�M�J�K ILP!@/A ?FA ILJFK�IQJ I!@FDGA ?!ARD!DFDLC!@
DB?!A CBA CLJFKFK�M K!@BA C/A PFC!@!@FK ?OJ�DGA CBA EFILE/?�@ ?%KFIGA CBA KLJFJ�I!C ILP!K/A ?FA IFD!D!@!C I!@!EBA ?!ARDLE/?%DLP
DFIGA CBA CFDLPFE!E K!KBA C/A P/?%DQJFJ ?OJ�EBA CBA E!PFI!K!K ?%K!PBA CBA KFD!C!@FK IQJFC/A ?FA I!EFI!P!E I!@�M�A ?!ARDLE�MQK!@
D!PBA CBA CFDFMQJF@ ?%C!C/A C/A P�I!ILCFC ?OJGM�A CBA E!P!KF@B? ?%KLJ/A CBA KFD�MLD!K IQJ/?FA ?FA I!E!@FKFI I!@!@BA ?!ARDFMQJ!JFP
DLJ/A CBA C!EB?�J/? ?%CB?FA C/A P�IL@FD!K ?OJ�@BA CBA ELJFEFEFI ?%KFDGA CBA K!E!J�I!@ IQJ�IBA ?FA I�MLDLJF@ I!@!KBA ?!ARDL@FC!@!@
DFDGA CBA C!EFDLJFE ?%CFIBA C/A PFPFDG?%@ ?OJ�KBA CBA EFDLP!JFP ?%K!EBA CBA K�MLC!K�M IQJFP/A ?FA I!@FI!C!P I!K!CBA ?!ARDL@�MQPFI
D!EBA CBA C!E!KFE!P ?%C!P/A C/A P!J/?�@FC ?%D!CBA CBA E!E!C�I!D ?%K�M�A CBA K�MFMQEFE IQJ!J�A ?FA I!@!@�DL@ I!KB?!A ?!ARDLKFP�M!M
D�M�A CBA C�MQPFK!C ?%CLJ�A C/A P!JF@LJ�P ?%DB?!A CBA E!E�MLC!E ?%K!@BA CBA K!@!JFP!J IQJ�DBA ?FA I!KFDB?�P I!KFIGA ?!A E!CFCFIG?
D!@BA CBA C�MQ@�IL@ ?%CFDBA C/A P�D!DLC�M ?%DFIGA CBA E�MQPF@!E ?%K!KBA CBA K!K/?�C�I IQJFE/A ?FA PFCB?%E�M I!K!PBA ?!A E!CFE!EFD
D!KBA CBA C!@FI�M!M ?%C!E/A C/A PFEB?�MLP ?%D!PBA CBA E!@!CFE�M I!C!CBA CBA K!K�M!MLC IQJ�MGA ?FA PFC!@�I!I I!KLJ/A ?!A EB?%P!C!@
EFCBA CBA C!@�MLPFD ?%C�MGA C/A PFE!@LJ�C ?%DLJ/A CBA E!@�MQJ�M I!CB?!A ?!A C!C!JFPF@ IQJF@/A ?FA P/?OJGMQE I!KFDGA ?!A EB?%KFD!I
E/?!A CBA C!KFI!C!P ?%C!@/A C/A P�MLDLCF@ ?%DFDGA CBA E!KLJ�IL@ I!CFIGA ?!A CB?F?�C�D IQJFK/A ?FA P�IG?%P!C I!K!EBA ?!A EFIFDLKFD
E�IGA CBA C!K!EF@B? ?%C!K/A C/A PF@B?�MFM ?%D!EBA CBANMQCB?%C!@ I!C!PBA ?!A CB?QM!M!I I!DLC/A ?FA P�IFML@!P I!K�M�A ?!A E!P�ILP!@
EFPBA CBAS?�CB?%E�M ?F?�C/A C/A PF@!@LJGM ?%D�M�A CBANMQC�ML@!@ I!CLJ/A ?!A CFILJFPF@ I!DG?FA ?FA PFPLJ�P!E I!K!@BA ?!A E!PF@!@B?
E!J/A CBAS?�C!EFE!P ?F?!?FA C/A PFKFDG?%@ ?%D!@BA CBANM�?OJ�E�M I!CFDGA ?!A C!P/?�C!J I!D!IBA ?FA P!JFCF@!K I!K!KBA ?!A ELJ�D!IQJ
E�DGA CBAS?!?!?%E!E ?F?%IBA C/A J�CB?�KFC ?%D!KBA CBANMLIG?�J�M I!C!EBA ?!A C!P�M!MLC I!DLP/A ?FA P!J�MQJ�I PFC!CBA ?!A EFDB?�E�M
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K/A CBA C!C!C�I!I D�M�A CBA C�ML@!C!J ?�CFDBA C/A PF@B?�JFE ?%D!PBA CBANMLIB?�CFD I!CB?FA ?FA C�D!D!I!C IQJ�KBA ?!A P�ML@LJFE
?�C/A CBA C!C!C/?�@ D!@BA CBA C!@�IFM!I ?�C!E/A C/A PF@!@�DFM ?%DLJ/A CBANMLI!@!C!C I!CFIBA ?FA CFEB?�MLK I!D!CBA ?!A P!@�D!ILP
?!?FA CBA C!C!C/?%D D!KBA CBA C!@�M�J�K ?�C�MGA C/A PFKFD!E!@ ?%DFDGA CBANMQP!JFKLJ I!C!P/A ?FA CFE!@!P�M I!DB?!A ?!A P!K�ILC!C
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J�IGA CBA CFILE�IL@ @!@BA C/A I!EFDLEFC ?�P!J/A CBARDL@!P�MLD ?%@!CBA CBA K!CFEFD!K I!ILE/A ?FA IFIG?%@!P I�MLIGA ?!ARDLPFPFI!I
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JFJ/A CBA C!PB?F?%D K!CBA C/A I�MQK!CFC ?�PFEBA CBARDLK�MLKFI ?%@FIGA CBA KFI!CLJ�C I!IL@/A ?FA I!PFDLJF@ I�M�J/A ?!ARDQJ�E�MQE
J�DGA CBA C!P!PF@!C KB?!A C/A I!@FDLEFK ?�P�M�A CBA E!CFD!CB? ?%@!PBA CBA KFI�MLI!K I!ILK/A ?FA ILJ�I!PB? I�MLDGA ?!ARD!D!PFDLP
J�EBA CBA C!P!EFEFI KFIGA C/A I!KFILP�M ?�PF@BA CBA EB?%IB?�C ?%@LJ/A CBA K!P!J/?%@ ILP!C/A ?FA ILJFK/?�P I�MQEBA ?!ARDLEFC!PFI
JGM�A CBA C!P!KFEFI K!PBA C/A I!K!K!C�D ?�PFKBA CBA EB?�K/?�@ ?%@FDGA CBA KLJ�?�C�M ILPB?FA ?FA IFD!D!KFD I�M!M�A ?!ARDLE�M�?�C
J�@BA CBA CLJ�I!@B? KLJ/A C/A PFCFDFMLP ?OJ�CBA CBA EFILE�IFM ?%@!EBA CBA KLJGMQK�D ILPFIBA ?FA I!EFI�M!M I�MQ@BA ?!ARDFMLP!K!C
J�KBA CBA CLJFE�ILC KFDGA C/A P/?%IQJ�I ?OJ�?!A CBA E!P!PFPFD ?%@�M�A CBA KFDLJF@�I ILP!P/A ?FA I!E!K�DLK I�MQKBA ?!ARDL@FC!E!K
D!CBA CBA CLJFKF@!C K!EBA C/A P/?�KB?F? ?OJ�IGA CBA ELJFC!JFP ?%@!@BA CBA K!E/?�MLC ILPLJ�A ?FA I�MQE!J/? I!@!CBA ?!ARDL@�M�JFK
DB?!A CBA CFDLPFEFI K�M�A C/A P�I!DL@/? ?OJ�PBA CBA ELJ�M!DG? ?%@!KBA CBA K!EF@FD�M ILPFDBA ?FA I!@!P�I!I I!@B?!A ?!ARDLK!JFP!C
DFIGA CBA CFDFMLELJ K!@BA C/A PFPFI!DFI ?OJFJ/A CBA EFDQJ�DLK ?%K!CBA CBA K�M!DQJFJ ILP!E/A ?FA I!K!CFC!P I!@FIGA ?!A E!C/?!?�C
D!PBA CBA C!EB?%@LJ K!KBA C/A PFP!KFIFD ?OJ�DGA CBA E!EB?%E�M ?%KB?!A CBA K!@�ILPFC ILP�MGA ?FA I!K!EF@LJ I!@!PBA ?!A E!C�MQKB?
DLJ/A CBA C!E!E�ILC ?%C!C/A C/A P!JFE!CFC ?OJ�EBA CBA E!E!@�M�J ?%KFIGA CBA K!@FKB?QM ILP!@/A ?FA PFC!PFELJ I!@LJ/A ?!A EB?�J�MLI
DFDGA CBA C�MQC�MQC ?%CB?FA C/A P�D!IFMFM ?OJGM�A CBA E�MLD!@B? ?%K!PBA CBA K!KFE!CFP ILP!K/A ?FA P/?�C!J!J I!@FDGA ?!A EFIB?%DLP
D!EBA CBA C�MLD!PFI ?%CFIBA C/A P�DLKFD!E ?OJ�@BA CBA E!@FI!@!@ ?%KLJ/A ?!A C!C�IL@F@ IQJFC/A ?FA P/?�M!IQJ I!@!EBA ?!A EFI!@!PLJ
D�M�A CBA C!@!CFC�M ?%C!P/A C/A PFE!E!PF@ ?OJ�KBA CBA E!@!KFKLJ ?%KFDGA ?!A C!CFK�MQJ IQJ/?FA ?FA P�IQJ�C!P I!@�M�A ?!A E!P�DG?%D
D!@BA CBA C!@LJ�KFD ?%CLJ�A C/A P�MQPFIB? ?%D!CBA CBA E!K�MLC!C ?%K!EBA ?!A CB?%E!EFC IQJ�IBA ?FA PFP!CF@FI I!@!@BA ?!A ELJ�?�K!E
D!KBA CBA C!@!KFK!E ?%CFDBA C/A PF@!C!C�M ?%DB?!A CBANMQCLJ�C!E ?%K�M�A ?!A CFI!PLJ�D IQJFP/A ?FA PFP�MLEB? I!@!KBA ?!A ELJ�@�MQ@
EFCBA CBA C!KFDB?�C ?%C!E/A C/A PF@!E!K!J ?%DFIGA CBANM�?!?F?!? ?%K!@BA ?!A C!PFC!PFC IQJ!J�A ?FA P!J!J�P!K I!K!CBA ?!A EFDFD!DL@
E/?!A CBAS?�C!CFP!@ ?%C�MGA C/A PFK!P!@FP ?%D!PBA CBANM�?�@/?�E ?%K!KBA ?!A C!P�M�?�D IQJ�DBA ?FA P�DG?F?�M I!KB?!A ?!A E!E�ILP!K
E�IGA CBAS?�CFD�MQK ?%C!@/A C/A J�C!C�MQJ ?%DLJ/A CBANMLI!DFILC I!C!CBA ?!A CLJFJFCFC IQJFE/A ?FA P�DFMLKFD I!KFIGA ?!A E!EFKFILC
EFPBA CBAS?!?!?%P!C ?%C!K/A C/A J�C�MQEFE ?%DFDGA CBANMQPFIFIQJ I!CB?!A ?!A CFD!C!@�D IQJ�MGA ?FA PFELJGMLI I!K!PBA ?!A E�MLE!C!C
E!J/A CBAS?!?�EFKFI ?F?�C/A C/A J�?OJFEFC ?%D!EBA CBANMQP!K�IFM I!CFIGA ?!A CFD�M!MLC IQJF@/A ?FA P�M�?�JF@ I!KLJ/A ?!A E!@�IL@!C
E�DGA CBAS?%I!I!E!P ?F?!?FA C/A J�IG?%D!E ?%D�M�A CBANM�JFEFP!C I!C!PBA ?!A C!E!J�DFD IQJFK/A ?FA P�MQ@�IQJ I!KFDGA ?!A E!@FKFDLK
EFEBA CBAS?%IL@!J/? ?F?%IBA C/A J�IL@FDFI ?%D!@BA CBANMLDLPFP!P I!CLJ/A ?!A C�MG?�PFK I!DLC/A ?FA PF@FD!C!C I!K!EBA ?!A E!KFE!P!K
E�M�A CBAS?�PLJ�I!D ?F?�P/A C/A J�PFD!DB? ?%D!KBA CBANMQE!CFPFD I!CFDGA ?!A C�ML@FILJ I!DG?FA ?FA PFKB?QMLD I!K�M�A ?!ANMQCFPB?�M
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DGA C/ARMFMLD���� C!E DQJ�A CBA C!E�ML@!C ?%C!PBA CBA P�MG?�K�M ?%DFIGA C/ARM!IG?%K�M I!CB?!A ?!A C!E/?�KFC I!DLC/A ?FA PFK!C�MQK
EBA C/AH?%K!P���� CFD D!DBA CBA C�MLIB?�M ?%CLJ/A CBA P�MLK!CF@ ?%D!PBA C/ARM!ILKFCLJ I!CFIGA ?!A C!EF@�MG? I!DG?FA ?FA PFK�MQJ/?
M�A C/A J�?�M���� CFD DLE/A CBA C�MQEFE!@ ?%CFDGA CBA P!@FEFI!C ?%DLJ/A C/ARMLP!E/?�C I!C!PBA ?!A C�M!D!DFI I!D!IBA ?FA J�CLJ�C!P
@BA C/A @/?�P���� CFD DFMGA CBA C!@B?%PB? ?%C!EBA CBA P!KFP!PFP ?%DFDGA C/ARMQJFP/?%D I!CLJ/A ?!A C!@�ILP�I I!DLP/A ?FA J�?�CFEFD
KBA C/AH?�JFE���� CLJ DL@/A CBA C!@!EFC!E ?%C�M�A CBA JFCFCLJ�E ?%D!EBA C/ARM!DLC�ILC I!CFDGA ?!A C!@FKB?�I I!DQJ�A ?FA J�?�M!ILE
?�C/A C/A ILJF@���� CLJ DLK/A CBA C!K!CFKFI ?%C!@BA CBA JFC�MQEFC ?%D�M�A C/ARM!DFM!I!D I!C!EBA ?!A C!K�DLK/? I!D!DBA ?FA J�ILPF@�M
?!?FA C/A J�C!C���� CLJ E!C/A CBA C!KFD!K!C ?%C!KBA CBA J/?�J�M!D ?%D!@BA C/ARMLELJ�IL@ I!C�M�A ?!AS?�C�IFMLC I!DLE/A ?FA J�P!C!JF@
?%IBA C/A E/?�M���� CLJ EB?FA CBAS?�C!CFK!K ?F?�CBA CBA J�IB?�KFC ?%D!KBA C/ARMFM�?%PFI I!C!@BA ?!AS?�CFKLJ�@ I!DFMGA ?FA J�P�MLC!@
?�P/A C/A K�IG?���� CLJ EFIBA CBAS?�C!E/?�@ ?F?!?!A CBA J�I!K!CFE ?�EFCBA C/ARMFMQ@FPLJ I!C!KBA ?!AS?!?%EFI!E I!DL@/A ?FA JFJFPFE!@
?OJ�A C/AH?%P!P���� C!P E!P/A CBAS?!?!?�J�M ?F?%IGA CBA JFPFEFIFI ?�E/?!A C/ARML@FD!P�M IB?�CBA ?!AS?%I!P!CFP I!DLK/A ?FA J�DLC�IL@
?%DBA C/AH?%@!@���� C!P ELJ�A CBAS?!?�EF@!E ?F?�PBA CBA J!J�P!PFK ?�E�IGA C/ARMLKFI!P!@ IB?!?!A ?!AS?%I!K!@/? ILE!C/A ?FA J�DLEF@�M
?�E/A C/A I!E!C���� C!P EFDBA CBAS?%I!I!PFD ?F?OJ/A CBA J�D!CFD!E ?�EFPBA C/ARMLK!K!JFC IB?%IGA ?!AS?�PFEFD�M ILEB?FA ?FA J�E!P!JFE
?�MGA C/A P�D!I���� C!P E!E/A CBAS?%IFMLK!P ?F?%DGA CBA J�D�M!MLP ?�E!J/A C/A @FC!E!JFC IB?�PBA ?!AS?OJ�P!PFP ILEFIBA ?FA JGMQCFCFD
?�@/A C/A J�E!K���� C!P E�MGA CBAS?�P!P�DLK ?F?�EBA CBA JFE!JFKFC ?�E�DGA C/A @/?�P!JFC IB?OJ/A ?!AS?%D!C!CFK ILE!P/A ?FA JGMQEFELJ
?�K/A C/A E/?OJ���� C!P E!@/A CBAS?�P!KFPLJ ?F?�M�A CBA J�M!ILCF@ ?�EFEBA C/A @�ILC!JFC IB?%DGA ?!AS?%D!E!@!J ILELJ�A ?FA J�@!P�I!I
ILC/A C/ARMLK!P���� C!P E!K/A CBAS?OJ�DB?�E ?F?�@BA CBA J�MLKFIFD ?�E�M�A C/A @�IFMLP!K IB?�EBA ?!AS?�EFPFD!K ILEFDBA ?FA J�@!KF@!C
IG?FA C/AH?%CB?���� CFI MQC/A CBAS?%DG?%C�M ?F?�KBA CBA JF@FELJ�P ?�EF@BA C/A @FPLJ�P�M IB?�M�A ?!AS?�MLC!P!J ILE!E/A ?FA J�K!EFP!@
I!IBA C/AH?�IL@���� CFI M�?FA CBAS?%DFMLCFD ?�ILCBA CBA JFKFP!E/? ?�EFKBA C/A @!J/?%PFD IB?�@BA ?!AS?�MFMQCF@ ILE�MGA ?FA D!CFI!KFD
ILP/A C/AH?�DLK���� CFI MLIBA CBAS?�E!P/?�C ?�IG?!A CBARDLCFC�MLK ?�MLCBA C/A @!JF@FPFI IB?�KBA ?!AS?�@FP!@�I ILE!@/A ?FA D!C!K�DLP
IQJ�A C/AH?%K!E���� CFI MQP/A CBAS?�E!K�IG? ?�I!IGA CBARDLC�MQKFE ?�MG?!A C/A @�D!DFILK IFILCBA ?!AS?�KFCFDFD ILE!K/A ?FA DB?�E/?�C
I!DBA C/A ILJFC���� CFI M�J�A CBAS?�MLD!P!K ?�ILPBA CBARDG?�DG?�J ?�M!IGA C/A @FEFIFI!D IFIG?!A ?!AS?�K�MLI!@ IFMQC/A ?FA DFI!I!E!E
ILE/A C/A I!KB?���� CFI MLDBA CBAS?�@B?%E!P ?�IQJ/A CBARD!IFILP�I ?�MLPBA C/A @FE!K�IG? IFI!IGA ?!ARILC!JFCFC IFM�?FA ?FA DFILK�ILP
IFMGA C/A P�DLC���� CFI MQE/A CBAS?�@�MLK!P ?�I!DGA CBARD!I!KLJ�K ?�MQJ/A C/A @�MQE/?�E IFILPBA ?!ARIG?%C�M!I IFMLIBA ?FA D!PFD�MQK
IL@/A C/A J�?�@���� CFI M!MGA CBAS?�KLJ�ILK ?�ILEBA CBARDLPFE!E�M ?�M!DGA C/A @F@!P/?!? IFIQJ/A ?!ARIG?QM�JFJ IFMQP/A ?FA DLJ�I!PFD
ILK/A C/A J�KFD���� CFI MQ@/A CBARILC!CFE!K ?�IFM�A CBARDQJ�P!@!J ?�MLEBA C/A @FK!CFCFD IFI!DGA ?!ARI!ILJ/?�D IFM�J�A ?FA DLJF@FK!C
P!C/A C/A D!@FI���� CFI MQK/A CBARILC�MG?%D ?�IL@BA CBARD!DB?�C/? ?�MFM�A C/A @FK!EFK!@ IFILEBA ?!ARILPFC!@FE IFMLDBA ?FA DFD!DLJFE
PB?FA C/A EF@!C���� CFI @!C/A CBARIG?�PFE!E ?�ILKBA CBARD!D!@B?QM ?�ML@BA C/A KFC!PFKB? IFIFM�A ?!ARILP�MLD�M IFMQE/A ?FA D!EFI!CB?
PFIBA C/ARMLK!C���� CFI @B?FA CBARI!ILC�IG? ?%P!CBA CBARDLE�DLP!J ?�MLKBA C/A K/?�CF@LJ IFIL@BA ?!ARIQJFJ�I�M IFM!MGA ?FA D!E!@�DLE
P!P/A C/A K/?!?���� CFI @FIBA CBARI!ILEF@B? ?%PB?!A CBARDFM!I!D!C ?�@FCBA C/A K/?�MFMQE IFILKBA ?!ARI!D!C!KFE IFMQ@/A ?FA D�MLDB?�C
PLJ�A C/AH?%CFD���� CB? @!P/A CBARILP!P!J!J ?%PFIGA CBARDFMLK!EFE ?�@/?!A C/A K�IQJ�E�M I!P!CBA ?!ARI!D�MQEFE IFMQK/A ?FA D!@B?%EFD
PFDBA C/AH?F?�K���� CB? @LJ�A CBARIQJFC/?%I ?%P!PBA CBARDL@FE!@/? ?�@�IGA C/A KFPB?�DL@ I!PB?!A ?!ARILE!JFP�D IL@!C/A ?FA D!@!@/?�K
P!E/A C/AH?%PFD���� CB? @FDBA CBARIQJFEF@!P ?%PLJ/A CBARDLKFP!K�M ?�@FPBA C/A KFP!@!JFK I!PFIGA ?!ARIFMG?�CFP IL@B?FA ?FA D!KLJGMLI
P�MGA C/AH?�DLP���� CB? @!E/A CBARI!DLP�DFM ?%PFDGA CBA E!C/?!?F? ?�@!J/A C/A K!J�D!P!K I!P!PBA ?!ARIFMFM!M!I IL@FIBA ?FA EFCB?�ILE
P!@/A C/AH?QMLI���� CB? @�MGA CBARILE!CFPFD ?%P!EBA CBA E!CF@FI!E ?�@�DGA C/A K�D!IFIL@ I!PLJ/A ?!ARIL@!J!J�C IL@!P/A ?FA EFC�MFMQK
P!K/A C/AH?%KFI���� CB? @!@/A CBARILE�MG?�E ?%P�M�A CBA EB?�DQJ�C ?�@FEBA C/A K�DLK/?�M I!PFDGA ?!ARILK/?�C�M IL@LJ�A ?FA E/?OJ�P!P
JFC/A C/A IB?OJ���� CB? @!K/A CBARIFM�J�C!C ?%P!@BA CBA EFIFI!DLJ ?�@�M�A C/A KFE!EFCFD I!P!EBA ?!ARILK�M!MQJ IL@FDBA ?FA E�ILCF@FD
J/?FA C/A I!P�M���� CB? K!C/A CBARIL@!CF@�M ?%P!KBA CBA EFI!K!E�M ?�@F@BA C/A K�MLI!K!P I!P�M�A ?!A P!C!J!J�? IL@!E/A ?FA E�IFMLP!@
J�IBA C/A I!EFI���� CB? KB?FA CBARIL@�MFMQE ?�JFCBA CBA E!PFE!@FC ?�@FKBA C/A K�MQKF@!C I!P!@BA ?!A PB?F?�CF@ IL@�MGA ?FA EFP!PFK!C
JFP/A C/A I!@!K���� CB? KFIBA CBARILKLJ�E�M ?�J/?!A CBA ELJ�P!K�I ?�KFCBA C/A KF@!EFE�M I!P!KBA ?!A PB?QM!MQJ IL@!@/A ?FA E!JFC!JFP
J!J�A C/A P/?�M���� CB? K!P/A CBA P!CB?%EB? ?�J�IGA CBA EFDB?�C!J ?�K/?!A C/A KFK!P�DQJ ILJFCBA ?!A PFILJ!J�C IL@!K/A ?FA E!JFEFKFD
J�DBA C/A P!JFE���� CB? KLJ�A CBA P!C!@�DFM ?�JFPBA CBA EFD!@B?%E ?�K�IGA ?FA CFC!CFP!K ILJ/?!A ?!A P!P/?�C�D ILK!C/A ?FA E�DLP!JFE
JFE/A C/A P�M!M���� CB? KFDBA CBA PB?%DFD!D ?�J!J/A CBA E!E�D!I�M ?�KFPBA ?FA CFC�M!I!D ILJ�IGA ?!A P!P�M!MLC ILKB?FA ?FA E�DLKFK!@
J�MGA C/A J�?�C���� CB? K!E/A CBA PFI!IFD!D ?�J�DGA CBA E�M!ILP�M ?�K!J/A ?FA C/?OJ�?�C ILJFPBA ?!A PLJFJFP�D ILKFIBA ?FA EFE!E!JFK
JF@/A C/A JFJ!J���� CB? K�MGA CBA PFILK�DFM ?�JFEBA CBA E�MLKLJGM ?�K�DGA ?FA C�ILCFKLJ ILJ!J/A ?!A PFD!C!KFK ILK!P/A ?FA E�MQPFC!C
JFK/A C/A JGMQK���� CB? K!@/A CBA P!P!EFE!C ?�J�M�A CBA E!@FEFD�M ?�KFEBA ?FA C�IFMFMQ@ ILJ�DGA ?!A PFD�MQE!J ILKLJ�A ?FA E�MQK�DG?
DLC/A C/A DB?�E���� CB? K!K/A CBA PLJFPFEFD ?�JF@BA CBA E!KFP!EFE ?�K�M�A ?FA CFPLJ�EB? ILJFEBA ?!A P!E!J�I�M ILKFDBA ?FA EF@!EFCFI
DG?FA C/A DFD!D���� CB? ?�CFCBA CBA PFDLC�M�? ?�JFKBA CBANMQCFC�M!D ?�KF@BA ?FA C!J/?�J!J ILJ�M�A ?!A P�MLC!K/? ILK!E/A ?FA EFKFIFD!I
D!IBA C/A D!KLJ���� CB? ?�C/?!A CBA PFDFMFMQK ?�DLCBA CBANMQC�MQ@FP ?�KFKBA ?FA C!JF@�IFM ILJF@BA ?!A P�MFMLDLJ ILK�MGA ?FA EFK!KFCFI
DLP/A C/A EFPFD���� CB? ?�C�IGA CBA P!ELJ�@!@ ?�DG?!A CBANM�?�JFKFC ILCFCBA ?FA C�D!D!C!K ILJFKBA ?!A P!@!J/?QM ILK!@/A ?FARMLCFDFD!I
DQJ�A C/A E�MQ@���� CB? ?�CFPBA CBA P�M�?%K�M ?�D!IGA CBANMLIB?�K�M ILC/?!A ?FA CFEB?%K!C IFDLCBA ?!A P!KFC�MLK ILK!K/A ?FARMG?%I!CFI
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?%@BA CBA C!C!CFC�M EFDGA C/AH?F?%ILK�M ?!?�IGA CBA JFC!KF@LJ ?�DLKBA CBANMQP�MLI!E ILC!E/A ?FA CFEB?%P!E IFDLPBA ?!A P�ML@�MQ@
?%KBA CBA C!C!C/?!? E!EBA C/AH?F?�@B?%K ?!?%PBA CBA J/?�E�MQP ?%E!CBA CBANM�JFJ�IFI ILC�MGA ?FA CFE!@/?�@ IFDQJ/A ?!A P!@�DQJ�M
I!CBA CBA C!C!C/?�@ E�M�A C/AH?�ILPFD!C ?!?�J/A CBA J�ILPFE!P ?%EB?!A CBANMLDB?!?%@ ILC!@/A ?FA C�MLD!C!C IFD!DGA ?!A P!K�IG?�E
IB?!A CBA C!C!C�IFM E!@BA C/AH?�IL@!@�M ?!?�DGA CBA JFP!C�DQJ ?%EFIGA CBANMLD!@B?�J ILC!K/A ?FA CF@B?%@FI IFDLEBA ?!A P!KF@!@LJ
IFIGA CBA C!C!C!JFC E!KBA C/AH?%PLJFPFP ?!?%EBA CBA JFP�MQJ�D ?%E!PBA CBANMQE�DLCFK IG?�C/A ?FA CF@!@FE!P IFDFM�A ?!A JFC�D!D!I
I!PBA CBA C!C!C�DFM MQCBA C/AH?%P!K!@�D ?!?QM�A CBA J!J!J�P�M ?%ELJ/A CBANM!M!ILC!J IG?!?FA ?FA CFKFDLJ!J IFDL@BA ?!A J/?�I!ILC
ILJ/A CBA C!C!CF@!C M�?!A C/AH?�J�DQJ�D ?!?%@BA CBA J�DG?%P!C ?%EFDGA CBANM!ML@!KFK IG?%IBA ?FAH?%CFIFIQJ IFDLKBA ?!A J/?%@!@�M
IFDGA CBA C!CB?%C!@ MLIGA C/AH?�DG?!?F? ?!?%KBA CBA J�DL@�IQJ ?%E!EBA CBANMQ@�DLK!J IG?�P/A ?FAH?%C!KFCFD I!E!CBA ?!A J�IFD!DQJ
I!EBA CBA C!CB?�JFP MQPBA C/AH?�DLE!@!J ?%I!CBA CBA JFEFDB?�@ ?%E�M�A CBANMQK�IL@F@ IG?OJ�A ?FAH?F?%D!@FD I!EB?!A ?!A JFP�I!IG?
I�M�A CBA C!CB?%@�M M�J/A C/AH?%EFILE�I ?%IB?!A CBA J�MLIB?�P ?%E!@BA CBANMQKFK!@�I IG?%DBA ?FAH?�I!I!EFD I!EFIGA ?!A JFPF@!@!@
I!@BA CBA C!CFI!P!K MLDGA C/AH?%E!@LJGM ?%IFIGA CBA J�MQKFC!@ ?%E!KBA CBA @!CFE�MLE IG?�E/A ?FAH?�ILK!J!J I!E!PBA ?!A J!J�D!D!D
I!KBA CBA C!C!PFC!C MQEBA C/AH?QM�JFP�M ?%I!PBA CBA JF@!EFC!P ?QMQCBA CBA @B?%P!EFK IG?�MGA ?FAH?%P!E�ILP I!ELJ/A ?!A J�DFI!IG?
PFCBA CBA C!C!P�MLI M!M�A C/AH?%@!C!PFP ?%ILJ/A CBA JFK!PFC!C ?QM�?!A CBA @FI!C!EFP IG?�@/A ?FAH?�JFPFCFI I!EFDGA ?!A J�D!@!@�M
P/?!A CBA C!CLJ�D!D MQ@BA C/AH?%@!E!P!J ?%IFDGA CBA JFK!KFK!E ?QMLIGA CBA @FI�MLD!E IG?�K/A ?FAH?�JFKF@!C I!E!EBA ?!A JFE�D!DLP
P�IGA CBA C!CFDFDLC MQKBA C/AH?%KFIQJ�C ?%I!EBA CBARDLC!EFK!P ?QMQPBA CBA @!P!J!J�@ I!ILC/A ?FAH?�DLE�DL@ I!E�M�A ?!A J�M!IG?�@
PFPBA CBA C!C!E�DL@ @!CBA C/AH?%K!@FD!C ?%I�M�A CBARDG?�PFK!C ?QM�J/A CBA @LJ�?OJ�? I!IG?FA ?FAH?%E!PFP!E I!E!@BA ?!A J�ML@!@LJ
P!J/A CBA C!C�MFMQ@ @B?!A C/A I!CLJFEFE ?%I!@BA CBARD!ILCF@�M ?QMLDGA CBA @LJ�@!PFP I!I!IBA ?FAH?QMQC/?OJ I!E!KBA ?!A JF@�DQJFK
P�DGA CBA C!C!K/?%I @FIGA C/A IB?�C!@�D ?%I!KBA CBARD!IFML@FD ?QMQEBA CBA @FDFD!IFD I!ILP/A ?FAH?QMQEFKB? I�MQCBA ?!A JFK�IG?�P
PFEBA CBA CB?�CFE!C @!PBA C/A IB?�MQCFK ?�PFCBA CBARDLPLJ�@FI ?QM!M�A CBA @!E�IG?%E I!IQJ�A ?FAH?%@!PFE!@ I�M�?!A ?!A JFKF@�MQ@
P�M�A CBA CB?%IFIG? @LJ/A C/A IFILP!P�M ?�P/?!A CBARDQJ/?%@!C ?QMQ@BA CBA @!EFK!CF@ I!I!DBA ?FAH?%K!C!J�D I�MLIGA ?!ARDLC�DQJ�I
PF@BA CBA CB?�PFK!@ @FDGA C/A IFILK!EF@ ?�P�IGA CBARDQJF@�MQK ?QMQKBA CBA @�M!DLKF@ I!ILE/A ?FAH?%K�M!IG? I�MQPBA ?!ARDG?�ILC�M
PFKBA CBA CB?%D!@!K @!EBA C/A I!P!E!C!J ?�PFPBA CBARD!D!D�M!M ?%@!CBA CBA @!@�IL@FK I!IFMGA ?FA I!C!PFK!@ I�M�J/A ?!ARDG?%@�M�?
J�CBA CBA CB?�MLKLJ @�M�A C/A ILJ�IQJ�P ?�P!J/A CBARDLEFI�MLD ?%@B?!A CBA @!@FK�MLK I!IL@/A ?FA IB?�C�MQP I�MLDGA ?!ARD!IFDLPLJ
J�?!A CBA CFILC/?%D @!@BA C/A ILJF@!@�D ?�P�DGA CBARDLE!K�M�J ?%@FIGA CBA @!KFE!EFK I!ILK/A ?FA IB?�MQJFK I�MQEBA ?!ARDLP/?�K!@
J�IGA CBA CFI!IFDLC @!KBA C/A IFD!DLPFC ?�PFEBA CBARDFMQE�MLI ?%@!PBA CBA K!CFPFD!K ILP!C/A ?FA IFIQJ�IQJ I�M!M�A ?!ARDLPF@!EB?
J�PBA CBA CFI!D!C!C K!CBA C/A I!EB?�ML@ ?�P�M�A CBARDL@!P�M�? ?%@LJ/A CBA KB?%CLJ�K ILPB?FA ?FA I!P!CFK!K I�MQ@BA ?!ARDQJ�D!IQJ
JFJ/A CBA CFIFMLELJ KB?!A C/A I!E!@!PFC ?�PF@BA CBARDLK!C�MQC ?%@FDGA CBA KB?QMQPF@ ILPFIBA ?FA I!P�MFM�J I�MQKBA ?!ARD!DB?�@�M
J�DGA CBA C!P!C!J!J KFIGA C/A I�M�JF@!J ?�PFKBA CBARDLK�MLE!K ?%@!EBA CBA KFILJ�I!E ILP!P/A ?FA ILJ!JFJF@ I!@!CBA ?!ARD!D!@LJFK
J�EBA CBA C!P!PFP�M K!PBA C/A I!@B?OJ�? ?OJ�CBA CBA E!CLJ�E�M ?%@�M�A CBA K!P/?!?�D ILPLJ�A ?FA IFDG?�I!I I!@B?!A ?!ARDLE�DG?%I
JGM�A CBA C!P!E!J�D KLJ/A C/A I!@!@!CFC ?OJ�?!A CBA EB?!?%E!E ?%@!@BA CBA K!PF@!CFP ILPFDBA ?FA IFDFMLK!E I!@FIGA ?!ARDFMG?�M�J
J�@BA CBA C!P!KFE�M KFDGA C/A I!KLJFE�I ?OJ�IGA CBA EB?�@FEFD ?%@!KBA CBA KLJFJFK/? ILP!E/A ?FA I!ELJGMQC I!@!PBA ?!ARDFML@!P!E
J�KBA CBA CLJFPFC!P K!EBA C/A PFCB?%I!E ?OJ�PBA CBA EFI!D!ELJ ?%K!CBA CBA KFDB?�MLK ILP�MGA ?FA I�M�?�JFP I!@LJ/A ?!ARDL@!JFK!@
D!CBA CBA CLJFE�D!I K�M�A C/A PFC�MQK�I ?OJFJ/A CBA E!PFI!EFI ?%KB?!A CBA KFD!@!EFE ILP!@/A ?FA I�MQ@/?�E I!@FDGA ?!ARDLK/?%DLK
DB?!A CBA CFDLC/?OJ K!@BA C/A P/?OJFEFC ?OJ�DGA CBA E!P!KFEB? ?%KFIGA CBA K!E�D!D!P ILP!K/A ?FA I!@LJ�@!K I!@!EBA ?!ARDLKF@FIG?
DFIGA CBA CFDLPF@!K K!KBA C/A P�IG?�PFC ?OJ�EBA CBA ELJFE�DLK ?%K!PBA CBA K�M!ILPFK IQJFC/A ?FA I!KB?%EB? I!@�M�A ?!A E!C!JF@FI
D!PBA CBA CFDFMFM!M ?%C!C/A C/A P�IL@!C�I ?OJGM�A CBA EFDLP�DL@ ?%KLJ/A CBA K�MLKFIFD IQJ/?FA ?FA I!K!@FP!P I!@!@BA ?!A EB?F?OJFP
DLJ/A CBA C!EB?QMQ@ ?%CB?FA C/A PFPLJ�MLE ?OJ�@BA CBA E!E!C�DLE ?%KFDGA CBA K!@FEB?F? IQJ�IBA ?FA PFCFD!CFD I!@!KBA ?!A EB?%@!C!P
DFDGA CBA C!EFD!K!C ?%CFIBA C/A P!J/?%DFI ?OJ�KBA CBA E!E�M!DQJ ?%K!EBA CBA K!K�ILK�M IQJFP/A ?FA P/?!?QM!M I!K!CBA ?!A EFILJFELJ
D!EBA CBA C�MQC/?OJ ?%C!P/A C/A P!JF@FI!K ?%D!CBA CBA E�M�J�D!I ?%K�M�A CBA K!KFK!@�I IQJ!J�A ?FA P/?�@!JF@ I!KB?!A ?!A E!P/?%IQJ
D�M�A CBA C�M�JFJFK ?%CLJ�A C/A P�D!DLCF@ ?%DB?!A CBA E!@B?�DLC ?%K!@BA ?!A C!CFE!E�M IQJ�DBA ?FA P�I!DB?�K I!KFIGA ?!A E!P�MQ@LJ
D!@BA CBA C�MQ@FKFD ?%CFDBA C/A PFEB?�@F@ ?%DFIGA CBA E!@!@!J�M ?%K!KBA ?!A CB?%PFDFI IQJFE/A ?FA PFPB?%K!C I!K!PBA ?!A ELJFJ!J!J
D!KBA CBA C!@!P�D!I ?%C!E/A C/A PFE!@�MLC ?%D!PBA CBA E!KFDLJ�D I!C!CBA ?!A CFI!C!PFE IQJ�MGA ?FA PFP!@FEB? I!KLJ/A ?!A EFDB?�CLJ
EFCBA CBA C!@!@/?�K ?%C�MGA C/A P�MLD!DFI ?%DLJ/A CBANMQCFILJ�I I!CB?!A ?!A CFI�MLIB? IQJF@/A ?FA P!J�D!PB? I!KFDGA ?!A EFD�MQE!P
E/?!A CBA C!KFI!K!E ?%C!@/A C/A PF@FILPFE ?%DFDGA CBANMQC!KFP!K I!CFIGA ?!A C!P!JFC!J IQJFK/A ?FA P�D!I!CB? I!K!EBA ?!A E!E!J�I!I
E�IGA CBA C!K�ML@!P ?%C!K/A C/A PF@!KFIFI ?%D!EBA CBANM�?�EFP!E I!C!PBA ?!A CLJ�C!@F@ I!DLC/A ?FA P�DL@�M�? I!K�M�A ?!A E�MLC!@B?
EFPBA CBAS?�CFI�MQK ?F?�C/A C/A PFK!E!CF@ ?%D�M�A CBANMLILPFP!P I!CLJ/A ?!A CLJGM!MG? I!DG?FA ?FA PFEFDLJFC I!K!@BA ?!A E�MFM�JFC
E!J/A CBAS?�C�ML@LJ ?F?!?FA C/A J�CFILK�D ?%D!@BA CBANMQP!CFP!C I!CFDGA ?!A CFDLJ�DLJ I!D!IBA ?FA P�MLI!C!K I!K!KBA ?!A E!@FP!K!K
E�DGA CBAS?!?%I!K�M ?F?%IBA C/A J�C!K!@!J ?%D!KBA CBANMQP�M!ILE I!C!EBA ?!A C!E/?�PFE I!DLP/A ?FA P�MQ@�MQ@ PFC!CBA ?!A E!KFCFDL@
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?�@BARD E/A E�ILC!K ELJ�A D IGA K�MLE�M ?!?%CBARD ?FA @FKFIFM ?%DLE/A D ?!ARDG?�C!J ILC�IGARD ?!A P!P/?%I ILJF@/A D ?FA I!PFI!E
?�KBARD E/A EFC!E!E EFDBA D IGA K!P�DLC ?!?F?!ARD ?FA @F@!C!P ?%DFMGA D ?!ARDLCFD!C ILCFPBARD ?!A PFI!@LJ ILJFK/A D ?FA I!PB?%C
ILCBARD E/A EFP!@!@ E!E/A D IGA @!K!JFE ?!?�IGARD ?FA @FE!@!C ?%DL@/A D ?!A JFK!KF@ ILC!J/ARD ?!A PFIFDFM IFDLC/A D ?FA IFILK!J
IG?!ARD E/A EFEFI!I E�MGA D IGA @FDFD!D ?!?%PBARD ?FA @�DLEB? ?%DLK/A D ?!A JFKLJ�E ILC�DGARD ?!A PFI!P!C IFDG?FA D ?FA IFIFML@
I!IGARD E/A E�DLE!E E!@/A D IGA @B?QMLD ?!?�J/ARD ?FA @!J!J!J ?�E!C/A D ?!A JF@!K�D ILCFEBARD ?!A PFI!C!P IFD!IBA D ?FA IFILE�I
ILPBARD E/A E/?�M!M E!K/A D IGANMQ@FC!@ ?!?�DGARD ?FA @FPFILK ?�EB?FA D ?!A JF@LJ�D ILC�M�ARD ?!A PB?QM!M IFDLP/A D ?FA IFIQJGM
IQJ/ARD E/A DLJFK!C MQC/A D IGANM�J�D!I ?!?%EBARD ?FA @�IG?�M ?�EFIBA D ?!A J�MQKFE ILCF@BARD ?!A PB?�DG? IFDQJ�A D ?FA IFILP/?
I!DGARD E/A J�DLEFI M�?FA D IGANM�?%C!E ?!?QM�ARD ?FA @/?�C�M ?�E!P/A D ?!A J�M�JGM ILCFKBARD ?!A PB?�I!D IFD!DBA D ?FA IFIG?%E
ILEBARD E/A P!J�D!D MLIBA D IGA E�MFM�? ?!?%@BARD ?FARMLK!K!K ?�ELJ�A D ?!A JFE!KFK IG?%CBARD ?!A PB?%C!C IFDLE/A D ?FA IFILC/?
IFM�ARD E/A IFI!ILP MQP/A D IGA ELJFJFE ?!?%KBARD ?FARML@!KLJ ?�EFDBA D ?!A JFEFDFI IG?F?!ARD ?!A P!C�MLD IFDFMGA D ?FA IB?�@FE
IL@BARD E/A CFKB?!? M�J�A D IGA EB?%P!C ?%I!CBARD ?FARMFMQK!C ?�E!E/A D ?!A JFE!CFE IG?�IGARD ?!A P!C�DLC IFDL@/A D ?FA IB?�MG?
ILKBARD DBA K�D!D!D MLDBA D IGARDL@�IQJ ?%IB?!ARD ?FARMLE!@!K ?�E�MGA D ?!A J�DLEFC IG?%PBARD ?!A P!C�I!D IFDLK/A D ?FA IB?%D�M
P!CBARD DBA @/?�@FI MQE/A D IGARD!DFILE ?%IFIGARD ?FARM!DL@!K ?�E!@/A D ?!A J�DG?�D IG?�J/ARD ?!A P!CFCB? I!E!C/A D ?FA IB?OJ�I
PB?!ARD DBA EF@B?%I M!MGA D IGARD!I!P�M ?%I!PBARD ?FARMQJFKFI ?�E!K/A D ?!A J!J�MG? IG?�DGARD ?!ARILK�M!M I!EB?FA D ?FA IB?%I!@
PFIGARD DBA DLJ�DFM MQ@/A D IGA JFK�DLE ?%ILJ/ARD ?FARMLP!K!E ?�MQC/A D ?!A J!J�I�M IG?%EBARD ?!ARILK�DQJ I!EFIBA D ?FA IB?!?�J
P!PBARD DBA J�?�P!C MQK/A D IGA JFEF@!P ?%IFDGARD ?FARMLP!C!P ?�M�?FA D ?!A JFP!@!J IG?QM�ARD ?!ARILKFP!C I!E!P/A D ?FA IB?�CFC
PLJ/ARD DBA I!@!PFD @!C/A D IGA J!J�?�M ?%I!EBARD ?FARM!IG?!? ?�MLIBA D ?!A JFPLJ�I IG?%@BARD ?!ARILKFC�M I!ELJ�A D ?FA I!C!@FE
PFDGARD DBAH?�DFMQ@ @B?FA D IGA J/?�DL@ ?%I�M�ARD ?FARMG?%IG? ?�MQP/A D ?!A JFP!CFC IG?%KBARD ?!ARIL@F@FD I!EFDBA D ?FA I!C�M!I
P!EBARD DBA CFP!EFI @FIBA D IGA P!KFC�M ?%I!@BARD ?FARMLC!PFI ?�M�J�A D ?!A J�I!D!K I!I!CBARD ?!ARIL@FEFI I!E!E/A D ?FA I!CFD!@
P�M�ARD J�A K/?�@�M @!P/A D IGA P!EFEFI ?%I!KBARD ?FA EFKLJ�D ?�MLDBA D ?!A J�IG?%@ I!IB?!ARD ?!ARIL@!JFC I!E�MGA D ?FA I!CLJ�D
P!@BARD J�A @FCFDQJ @LJ�A D IGA PLJ�IQJ ?�PFCBARD ?FA EF@!E!C ?�MQE/A D ?!A J/?�ML@ I!IFIGARD ?!ARIL@/?�@ I!E!@/A D ?FA I!C!P/?
P!KBARD J�A EFK!E!P @FDBA D IGA PB?%KFI ?�P/?!ARD ?FA E�M!MQE ?�M!MGA D ?!A J/?�PFK I!I!PBARD ?!ARIFMLK!E I!E!K/A D ?FA I!CB?%@
JFCBARD J�A D!KB?�P @!E/A D IGARILKFE�M ?�P�IGARD ?FA EFE!KLJ ?�MQ@/A D ?!A J/?�CFC I!ILJ/ARD ?!ARIFMFMLD I�MQC/A D ?FA I!C!C�D
J/?!ARD J�A J�K!CLJ @�MGA D IGARIFMQJ�M ?�PFPBARD ?FA EFEB?OJ ?�MQK/A D ?!A JFC!E�I I!IFDGARD ?!ARIFM!DQJ I�M�?FA D ?FAH?%K!K�I
J�IGARD J�A PFK!P!P @!@/A D IGARI!D!PFI ?�P!J/ARD ?FA E�DLPFD ?�@!C/A D ?!A JFCFILJ I!I!EBARD ?!ARIFMLP!P I�MLIBA D ?FAH?%K�MLK
JFPBARD J�A PFC!C!C @!K/A D IGARILP�ILP ?�P�DGARD ?FA E!J�DFM ?�@B?FA D ?!A P!K!@�M I!I�M�ARD ?!ARIFMG?%I I�MQP/A D ?FAH?%K!E�M
J!J/ARD J�A IB?�CLJ K!C/A D IGARIG?�ILC ?�PFEBARD ?FA EFP!@B? ?�@FIBA D ?!A P!KFD!C I!I!@BARD ?!ARILEFKB? I�M�J�A D ?FAH?%KFDLJ
J�DGARD J�AH?�IQJ�I KB?FA D IGAS?�K�IG? ?�P�M�ARD ?FA EFP!C!E ?�@!P/A D ?!A P!KB?�J I!I!KBARD ?!ARILE�M�? I�MLDBA D ?FAH?%KLJ�?
JFEBARD J�A C!J/?OJ KFIBA D IGAS?�M!IL@ ?�PF@BARD ?FA E�ILPFI ?�@LJ�A D ?!A P!@�ML@ ILPFCBARD ?!ARILE�DG? I�MQE/A D ?FAH?%KFI!K
J�M�ARD P/A KFEB?�M K!P/A D IGAS?%D!P!K ?�PFKBARD ?FA E/?�E!C ?�@FDBA D ?!A P!@LJ�P ILP/?!ARD ?!ARILEFPB? I�M!MGA D ?FAH?%KB?QM
JF@BARD P/A @F@FDG? KLJ�A D IGAS?�P�D!D ?OJ�CBARD ?FA EFC!@!K ?�@!E/A D ?!A P!@!CF@ ILP�IGARD ?!ARILE/?%I I�MQ@/A D ?FAH?%K!C�D
JFKBARD P/A @/?!?OJ KFDBA D IGAS?!?QMLD ?OJ�?!ARD ?FA EFCB?�K ?�@�MGA D ?!A P�M!MQJ ILPFPBARD ?!ARI!D!KFI I�MQK/A D ?FAH?%@!KFP
DLCBARD P/ARMQJFCLJ K!E/A D IGAS?�CFC!C ?OJ�IGARD ?FA D!KFDG? ?�@!@/A D ?!A P�M�J�C ILP!J/ARD ?!ARI!D�MQP I!@!C/A D ?FAH?%@!@/?
DG?!ARD P/A E�MLI!I K�MGA D IGA C!@�IL@ ?OJ�PBARD ?FA D!@!@!P ?�@!K/A D ?!A P�MQC�M ILP�DGARD ?!ARI!DFDQJ I!@B?FA D ?FAH?%@!EFK
D!IGARD P/A EFC!ELJ K!@/A D IGA C!EFEB? ?OJFJ/ARD ?FA D!@B?�M ?�K!C/A D ?!A P!E�MQJ ILPFEBARD ?!ARI!D!P!E I!@FIBA D ?FAH?%@FD�M
DLPBARD P/A DLJFP!C K!K/A D IGA CLJ�K!@ ?OJ�DGARD ?FA D�MLD!I ?�KB?FA D ?!A P!ELJ�I ILP�M�ARD ?!ARI!DB?�M I!@!P/A D ?FAH?%@LJ�E
DQJ/ARD P/A J�@FILC ?�C!C/A D IGA C!PFP!@ ?OJ�EBARD ?FA D!E!@!@ ?�KFIBA D ?!A P!EB?%C ILPF@BARD ?!ARIQJ�K!K I!@LJ�A D ?FAH?%@!P!J
D!DGARD P/A J�ILPB? ?�CB?FA D IGA CB?%@FI ?OJGM�ARD ?FA D!EFI!D ?�K!P/A D ?!A PFDFML@ ILPFKBARD ?!ARIQJ�@B? I!@FDBA D ?FAH?%@FI!P
DLEBARD P/A PFE!E!P ?�CFIBA D IGA C!CFP!C ?OJ�@BARD ?FA DFDLE!P ?�KLJ�A D ?!A PFDQJGM IQJ�CBARD ?!ARIQJ�E!P I!@!E/A D ?FAH?%@B?�I
DFM�ARD P/A P/?!?%D ?�C!P/A D ?!A K!@F@B? ?OJ�KBARD ?FA DFDLC!P ?�KFDBA D ?!A PFDG?%E IQJ�?!ARD ?!ARIQJFJ�D I!@�MGA D ?FAH?%@!C/?
DL@BARD P/A IFDL@!E ?�CLJ�A D ?!A K�MLP!E ?%D!CBARD ?FA DLJ!JFP ?�K!E/A D ?!A PLJF@FE IQJ�IGARD ?!ARIQJ�IL@ I!@!@/A D ?FAH?QMQKFC
DLKBARD P/A I!C�MLD ?�CFDBA D ?!A KFD!K!P ?%DB?!ARD ?FA D!P!@LJ ?�K�MGA D ?!A PLJ�D!E IQJ�PBARD ?!ARIQJ�?�C I!@!K/A D ?FAH?QM!MLK
E!CBARD P/AH?�DL@FI ?�C!E/A D ?!A KLJ�DQJ ?%DFIGARD ?FA D!PFILE ?�K!@/A D ?!A PLJ�I!E IQJFJ/ARD ?!ARILPFK!P I!K!C/A D ?FAH?QMQEF@
EB?!ARD P/AH?F?�CFD ?�C�MGA D ?!A K!P/?�@ ?%D!PBARD ?FA DFILE!K ?�K!K/A D ?!A P!P!K�M IQJ�DGARD ?!ARILP�MQE I!KB?FA D ?FAH?QMLD�M
EFIGARD P/A CFELJ!J ?�C!@/A D ?!A KB?%@FD ?%DLJ/ARD ?FA DFIG?�P ILC!C/A D ?!A P!P!EF@ IQJ�EBARD ?!ARILP�DLK I!KFIBA D ?FAH?QM�J�E
E!PBARD P/A C/?�K!K ?�C!K/A D ?!A K!C�D!D ?%DFDGARD ?FA DB?%DL@ ILCB?FA D ?!A P!PLJ�C IQJGM�ARD ?!ARILP!JFP I!K!P/A D ?FAH?QMQPFE
ELJ/ARD IBA K�MQE�M ?!?�C/A D ?!A @!K�IFM ?%D!EBARD ?FA DB?�CLJ ILCFIBA D ?!A P!PB?�I IQJ�@BARD ?!ARILP�ILE I!KLJ�A D ?FAH?QMLIFD
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?OJ/ARD IBARMG?�C�I EB?FA D PBAS?%ILJ/? ?%C!@BARD ?FA @FK!PB? ?%D!DBA D ?!A JFE!C!J ILC�IGARD ?FA IFDG?!? ILJFK/A D ?!ARI!ILPFC
?%DGARD P/A @!JFP!J EFIBA D PBA C!@�IQJ ?%C!KBARD ?FA @�M�J�D ?%DLE/A D ?!A J�DQJ�@ ILCFPBARD ?FA ILJFK!C IFDLC/A D ?!ARI!ILCF@
?�EBARD J�A E!JFPFP E!P/A D PBA CLJ�DG? ?F?�CBARD ?FA @�D!DLE ?%DFMGA D ?!A J!JFK�M ILC!J/ARD ?FA ILJ�MQE IFDG?FA D ?!ARIG?�@FE
?�M�ARD DBAH?F?%IFD ELJ�A D PBA CB?F?�M ?F?!?!ARD ?FA @FP�M�J ?%DL@/A D ?!A J!J�DB? ILC�DGARD ?FA ILJFE!@ IFD!IBA D ?!ARIG?�E!J
?�@BARD DBA PFP!E/? EFDBA D IGA K!@/?�E ?F?%IGARD ?FA @�IG?�C ?%DLK/A D ?!A J!JFCFK ILCFEBARD ?FA ILJFE�M IFDLP/A D ?!ARIG?OJ�P
?�KBARD DBA J�CLJ�D E!E/A D IGA KFDLJ�D ?F?�PBARD ?FA @FC!ELJ ?�E!C/A D ?!A JFP�MG? ILC�M�ARD ?FA ILJ�MLI IFDQJ�A D ?!ARIG?%I!P
ILCBARD DBA PF@LJ�C E�MGA D IGA KFI�MQC ?F?OJ/ARD ?FARMLK!PFD ?�EB?FA D ?!A JFP!PF@ ILCF@BARD ?FA ILJF@!P IFD!DBA D ?!ARIG?�CFP
IG?!ARD DBA P/?�EFP E!@/A D IGA @!KFE�M ?F?%DGARD ?FARML@FI!I ?�EFIBA D ?!A JFP!CFK ILCFKBARD ?FA ILJFKLJ IFDLE/A D ?!ARILC!@!J
I!IGARD DBA IFI!D!K E!K/A D IGA @!EFP!K ?F?�EBARD ?FARMFMLI!D ?�E!P/A D ?!A J�IL@!J IG?%CBARD ?FA IFDLCLJ IFDFMGA D ?!ARILC!E�D
ILPBARD DBAH?�IL@�D MQC/A D IGA @FI!@!@ ?F?�M�ARD ?FARMLELJ�I ?�ELJ�A D ?!A J�ILEFP IG?F?!ARD ?FA IFDG?�P IFDL@/A D ?!ARILCLJ�E
IQJ/ARD DBA C!JFE/? M�?FA D IGANMQK�ILC ?F?�@BARD ?FARM!DLE!P ?�EFDBA D ?!A J�IQJ�E IG?�IGARD ?FA IFD!IG? IFDLK/A D ?!ARILCFI!K
I!DGARD J�A K�MQKFK MLIBA D IGANMLD!PLJ ?F?�KBARD ?FARMQJF@!P ?�E!E/A D ?!A J�ILPFP IG?%PBARD ?FA IFD!IL@ I!E!C/A D ?!ARILCB?F?
ILEBARD J�A K�I!IFD MQP/A D IGANM�?%PFD ?�ILCBARD ?FARMQJFCFI ?�E�MGA D ?!A J�I!ILJ IG?�J/ARD ?FA IFDLPFD I!EB?FA D ?!AS?�K!K!J
IFM�ARD J�A @�MQCFC M�J�A D IGA E�MLPFD ?�IG?!ARD ?FARMLPFIG? ?�E!@/A D ?!A J�IG?%@ IG?�DGARD ?FA IFDQJFC I!EFIBA D ?!AS?�K�ML@
IL@BARD J�A @�ILC!J MLDBA D IGA E!P�DLP ?�I!IGARD ?FARM!ILP!K ?�E!K/A D ?!A J�IG?QM IG?%EBARD ?FA IFDQJ�D I!E!P/A D ?!AS?�K!E�I
ILKBARD J�ARMFMLILJ MQE/A D IGARDLKF@!@ ?�ILPBARD ?FARMG?%DLE ?�MQC/A D ?!A J�IG?%@ IG?QM�ARD ?FA IFDQJF@ I!ELJ�A D ?!AS?�KLJGM
P!CBARD J�ARM!I!D!@ M!MGA D IGARDLEFP!K ?�IQJ/ARD ?FARMLC�MQP ?�M�?FA D ?!A J�I!ILJ IG?%@BARD ?FA IFD!DG? I!EFDBA D ?!AS?�K!P�I
PB?!ARD J�A E�MQKFC MQ@/A D IGARDLPFCLJ ?�I!DGARD ?FA EFK!@!K ?�MLIBA D ?!A J�ILPFP IG?%KBARD ?FA IFD!DLP I!E!E/A D ?!AS?�KB?QM
PFIGARD J�A E�IL@FP MQK/A D IGA JFKF@LJ ?�ILEBARD ?FA EFK!CFD ?�MQP/A D ?!A J�IQJ�D I!I!CBARD ?FA IFD!DQJ I!E�MGA D ?!AS?�K!CFP
P!PBARD J�A D�MLD!C @!C/A D IGA JFE�MLD ?�IFM�ARD ?FA EF@B?�K ?�M�J�A D ?!A J�ILE/? I!IB?!ARD ?FA IFD!DQJ I!E!@/A D ?!AS?�@!KFC
PLJ/ARD J�A DFIG?F? @B?FA D IGA JFP�MQ@ ?�IL@BARD ?FA E�MQPLJ ?�MLDBA D ?!A J�IL@FC I!IFIGARD ?FA IFD!DLP I!E!K/A D ?!AS?�@�MFM
PFDGARD J�A J�E�ML@ @FIBA D IGA JFCFKB? ?�ILKBARD ?FA EFELJ�M ?�MQE/A D ?!A J�ILK�D I!I!PBARD ?FA IFD!DG? I�MQC/A D ?!AS?�@!E!J
P!EBARD J�A J�?%D�M @!P/A D IGA P!@/?OJ ?%P!CBARD ?FA E�DLE!C ?�M!MGA D ?!A J�ILKF@ I!ILJ/ARD ?FA IFDQJFK I�M�?FA D ?!AS?�@FDFI
P�M�ARD J�A PFEFILJ @LJ�A D IGA PFDLJFE ?%PB?!ARD ?FA E!J�MLI ?�MQ@/A D ?!A J�IL@F@ I!IFDGARD ?FA IFDQJ�D I�MLIBA D ?!AS?�@LJ�?
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ILP/A D J/A KFDLJFC M!IGARD IBA EFE!@�M ?%IG?FA D ?!ANMLILK/? ?�MLCBARD ?!A P!K!J�M IB?�K/A D ?FA ILJ!J�@ ILEF@BARD ?!AS?�EFE!C
IQJ�A D J/A K!PFEB? MLPBARD IBA EFP!ELJ ?%I!IBA D ?!ANM�?�@�M ?�MG?!ARD ?!A P!KFCLJ IFILC/A D ?FA ILJ�I�M ILEFKBARD ?!AS?�E!JF@
I!DBA D J/A KB?�J/? MQJ/ARD IBA EFCLJF@ ?%ILP/A D ?!ANMQC!@�D ?�M!IGARD ?!A P!@FEFI IFIG?FA D ?FA ILJFCFE IFMLCBARD ?!AS?�EFP!E
ILE/A D J/A @!@F@!C M!DGARD IBA D�M�J/? ?%IQJ�A D ?!A E!K!@�D ?�MLPBARD ?!A P!@�IG? IFI!IBA D ?FA I!P!@�D IFMG?!ARD ?!AS?�E�IQJ
IFMGA D J/A @FD�M!M MLEBARD IBA DLJ!J/? ?%I!DBA D ?!A E!@!@F@ ?�MQJ/ARD ?!A P�ML@!C IFILP/A D ?FA I!P!E�D IFM!IGARD ?!AS?�E/?�P
IL@/A D J/A @FI!PLJ MFM�ARD IBA DB?OJF@ ?%ILE/A D ?!A E�MQK�I ?�M!DGARD ?!A P�MQJFC IFIQJ�A D ?FA I!PLJ�D IFMLPBARD ?!AS?�EFCB?
ILK/A D J/ANMQ@�D!I ML@BARD IBA J�@!E!P ?%IFMGA D ?!A E!E!KF@ ?�MLEBARD ?!A P�MLC!C IFI!DBA D ?FA I!PFIFD IFMQJ/ARD ?!AS?%D!K!C
P!C/A D J/ANM�J�PFD MLKBARD IBA J�DL@FD ?%IL@/A D ?!A E!E!CFE ?�MFM�ARD ?!A P!EFEB? IFILE/A D ?FA I!P!C�D IFM!DGARD ?!AS?%D�MQK
PB?FA D J/A E!KF@!P @FCBARD IBA J�PB?OJ ?%ILK/A D ?!A EFDG?%E ?�ML@BARD ?!A P!E�ILP IFIFMGA D ?FA IFIL@FE IFMLEBARD ?!AS?%D!E�M
PFIBA D J/A EFD!C!P @/?!ARD IBA J�CLJFK ?�P!C/A D ?!A ELJ�I!@ ?�MLKBARD ?!A PFD!@FD IFIL@/A D ?FA IFILEFE IFMFM�ARD ?!AS?%DFDFM
P!P/A D J/ARDLKFK!E @�IGARD IBA P�MQKB? ?�PB?FA D ?!A E!PLJ�? ?�@FCBARD ?!A PFDLJF@ IFILK/A D ?FA IFIQJ�@ IFML@BARD ?!AS?%DLJFE
PLJ�A D J/ARDQJ�E!E @FPBARD IBA P�DLP!K ?�PFIBA D ?!A EFI!D!E ?�@/?!ARD ?!A PFDB?!? I!P!C/A D ?FA IFI!I!K IFMLKBARD ?!AS?%D!PFD
PFDBA D J/A JFK/?�@ @!J/ARD IBA P�ILK!P ?�P!P/A D ?!A EB?�M!I ?�@�IGARD ?!A PLJGMLD I!PB?FA D ?FA IFIG?%C IL@FCBARD ?!AS?%DFIQJ
P!E/A D J/A JFP�DLP @�DGARD IBA PFCFDQJ ?�PLJ�A D ?!A E!C!KFC ?�@FPBARD ?!A PLJFJFC I!PFIBA D ?FA IB?�K�I IL@/?!ARD ?!AS?%DB?OJ
P�MGA D J/A P�MFM!M @FEBARD IBA I!@FILC ?�PFDBA D ?!A E!CB?%C ?�@!J/ARD ?!A PLJ�CFD I!P!P/A D ?FA IB?�MQJ IL@�IGARD ?!AS?%D!C!P
P!@/A D J/A PB?%KB? @�M�ARD IBA IFDLKFI ?�P!E/A D ?!ARDLK!P/? ?�@�DGARD ?!A P!P�MQC I!PLJ�A D ?FA IB?%D!E IL@FPBARD ?!AS?OJ�K!P
P!K/A D J/ARI!D!K!K @F@BARD IBA I!P!E!K ?�P�MGA D ?!ARDL@FDLJ ?�@FEBARD ?!A P!PFP!E I!PFDBA D ?FA IB?�PFK IL@!J/ARD ?!AS?OJ�@!P
JFC/A D J/ARILCFC!P @FKBARD IBA IB?%DG? ?�P!@/A D ?!ARDFM!ML@ ?�@�M�ARD ?!A P!PFC!P I!P!E/A D ?FA IB?%IB? IL@�DGARD ?!AS?OJGMQP
J/?FA D J/AS?OJ�CLJ KFCBARD IBAH?%K!P!K ?�P!K/A D ?!ARDFMQC!J ?�@F@BARD ?!A PFI�MQC I!P�MGA D ?FA IB?�C!J IL@FEBARD ?!AS?OJ�E!P
J�IBA D J/A C!@FC!E K/?!ARD IBAH?QMQPFI ?OJFC/A D ?!ARDLE!P/? ?�@FKBARD ?!A PFI!P!@ I!P!@/A D ?FA I!C!@�M IL@�M�ARD ?!AS?OJ�DLP
JFP/A D J/A CFIB?�C K�IGARD IBAH?�DLP!C ?OJ/?FA D ?!ARD!D!D!K ?�KFCBARD ?!A PFI!C!E I!P!K/A D ?FA I!C�MLC IL@F@BARD ?!AS?OJFJFP
J!J�A D PBA K!E/?�@ KFPBARD IBAH?%P!PFI ?OJ�IBA D ?!ARDQJF@FK ?�K/?!ARD ?!A PB?QM�J ILJFC/A D ?FA I!CFDLJ IL@FKBARD ?!AS?OJ�P!P
J�DBA D PBA K!CFP!C K!J/ARD IBAH?F?�P!K ?OJFP/A D ?!ARDQJ�I!C ?�K�IGARD ?!A PB?�JFP ILJ/?FA D ?FA I!C!P�M ILKFCBARD ?!AS?OJ�IQJ
JFE/A D PBA @LJFJF@ K�DGARD IBA CFKFDG? ?OJ!J�A D ?!ARDLPFDFI ?�KFPBARD ?!A PB?F?%I ILJ�IBA D ?FA I!CFIB? ILK/?!ARD ?!AS?OJ�?OJ
J�MGA D PBANMQ@�M�J KFEBARD IBA C�MQE�M ?OJ�DBA D ?!ARD!IL@�D ?�K!J/ARD ?!A P!CF@FI ILJFP/A D ?FA I!C!C�D ILK�IGARD ?!AS?OJ�CFD
JF@/A D PBANMQPFC�M K�M�ARD IBA C�DL@�M ?OJFE/A D ?!ARD!I!I!C ?�K�DGARD ?!A P!C�D!I ILJ!J�A D ?FAH?%K!@FK ILKFPBARD ?!AS?�PFKFD
JFK/A D PBA E�MQJFK KF@BARD IBA C!J/?%I ?OJ�MGA D ?!ARDG?%D!E ?�KFEBARD ?!A P!C�ILP ILJ�DBA D ?FAH?%K�MQJ ILK!J/ARD ?!AS?�PF@!E
DLC/A D PBA EB?%K!K KFKBARD IBA C�IQJFC ?OJF@/A D ?!ARDLC!KFP ?�K�M�ARD ?!ARILKFKLJ ILJFE/A D ?FAH?%KFD!@ ILK�DGARD ?!AS?�P�M!M
DG?FA D PBARDLEFE!C ?�CFCBARD IBA CFC�MQP ?OJFK/A D ?!ARDLC!P/? ?�KF@BARD ?!ARILKFEFD ILJ�MGA D ?FAH?%KLJ�P ILKFEBARD ?!AS?�PFE!@
D!IBA D PBARDG?%P!C ?�C/?!ARD ?FA KFK!C!K ?%DLC/A D ?!A JFK�MLC ?�KFKBARD ?!ARILKFP�M ILJF@/A D ?FAH?%KFI!@ ILK�M�ARD ?!AS?�P�DLK
DLP/A D PBA JFE/?�C ?�C�IGARD ?FA K�M�JFK ?%DG?FA D ?!A JFKB?%C ILCFCBARD ?!ARILKFC!K ILJFK/A D ?FAH?%KB?%P ILKF@BARD ?!AS?�P�DLC
DQJ�A D PBA J/?%CB? ?�CFPBARD ?FA K�DLKFI ?%D!IBA D ?!A JF@FDB? ILC/?!ARD ?!ARIL@F@FI IFDLC/A D ?FAH?%@!KF@ ILKFKBARD ?!AS?�P!J/?
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?�@BARD K/A E/?%IFI ELJ�A D PBA C!C/?�M ?F?�CBARD ?FA KFCB?�C ?%DLE/A D ?!ARDG?OJ�@ ILC�IGARD ?FA PFPLJFC ILJF@/A D ?!ARILPLJ�E
?�KBARD K/AH?%CLJ�C EFDBA D IGA KFD!K!C ?F?!?!ARD ?FA @F@!@LJ ?%DFMGA D ?!ARDLC!K!J ILCFPBARD ?FA PFPB?%I ILJFK/A D ?!ARILPFI!K
ILCBARD @/A EFK!KFC E!E/A D IGA KB?QMQ@ ?F?%IGARD ?FA @�MQEB? ?%DL@/A D ?!ARDLCLJ�? ILC!J/ARD ?FA P�IL@LJ IFDLC/A D ?!ARILPB?%P
IG?!ARD @/A P�D!IB? E�MGA D IGA @�MFMQK ?F?�PBARD ?FA @FELJFC ?%DLK/A D ?!A JFK!@FK ILC�DGARD ?FA P�I!DFM IFDG?FA D ?!ARI!ILK�M
I!IGARD @/A C!JFC!J E!@/A D IGA @!PFKFI ?F?OJ/ARD ?FA @�D!I!I ?�E!C/A D ?!A JFK!P�M ILCFEBARD ?FA P�ILP!C IFD!IBA D ?!ARI!IL@/?
ILPBARD MGARM!D!ILJ E!K/A D IGA @!C/?�@ ?F?%DGARD ?FA @!JFC!E ?�EB?FA D ?!A JF@!@�M ILC�M�ARD ?FA P�ILC!P IFDLP/A D ?!ARI!ILEFE
IQJ/ARD MGA J�@FI�M MQC/A D IGANMQE�D!D ?F?�EBARD ?FA @�ILKFI ?�EFIBA D ?!A JF@!P�M ILCF@BARD ?FA P/?�M!M IFDQJ�A D ?!ARI!I!D!C
I!DGARD MGA IFIL@!J M�?FA D IGANMQPFC!P ?F?�M�ARD ?FA @/?�@B? ?�E!P/A D ?!A J�MQ@F@ ILCFKBARD ?FA P/?%DG? IFD!DBA D ?!ARI!ILP�D
ILEBARD E/A KF@!@/? MLIBA D IGA E!KFEFI ?F?�@BARD ?FA @FC�MLI ?�ELJ�A D ?!A J�M�J�C IG?%CBARD ?FA P/?%ILE IFDLE/A D ?!ARI!IG?%K
IFM�ARD E/ARMLE!CF@ MQP/A D IGA E!EFPFI ?F?�KBARD ?FARMLK!E!E ?�EFDBA D ?!A JFE!K�I IG?F?!ARD ?FA P/?�C!C IFDFMGA D ?!ARI!ILC!J
IL@BARD E/A DLJ�D�M M�J�A D IGA E!P/?!? ?�ILCBARD ?FARML@!EB? ?�E!E/A D ?!A JFELJ�D IG?�IGARD ?FA PFC�MLD IFDL@/A D ?!ARIG?�@FK
ILKBARD E/A P!J�IB? MLDBA D IGARDLKFK!K ?�IG?!ARD ?FARMFMLDLK ?�E�MGA D ?!A J�DLKFK IG?%PBARD ?FA PFCFDG? IFDLK/A D ?!ARIG?�M!D
P!CBARD E/AH?�JFK!J MQE/A D IGARDLEFK!E ?�I!IGARD ?FARMLEFDL@ ?�E!@/A D ?!A J�D!DLJ IG?�J/ARD ?FA PFCFILE I!E!C/A D ?!ARIG?�EFC
PB?!ARD DBA KFE!EF@ M!MGA D IGARDQJ�C!P ?�ILPBARD ?FARM!DLE!C ?�E!K/A D ?!A J�DLCFK IG?�DGARD ?FA PFC!CFI I!EB?FA D ?!ARIG?OJ�E
PFIGARD DBARMLKLJ�C MQ@/A D IGARDG?F?�M ?�IQJ/ARD ?FARMQJFE!P ?�MQC/A D ?!A J!JFE�D IG?%EBARD ?FA I!K�MQ@ I!EFIBA D ?!ARIG?�P/?
P!PBARD DBA EFP!C/? MQK/A D IGA JF@!JFC ?�I!DGARD ?FARMLP!E!@ ?�M�?FA D ?!A J!J�IFI IG?QM�ARD ?FA I!KFD!D I!E!P/A D ?!ARIG?!?QM
PLJ/ARD DBA JGM�JGM @!C/A D IGA J�D�MQC ?�ILEBARD ?FARM!IFMQE ?�MLIBA D ?!A JFP�MLK IG?%@BARD ?FA I!K!PFI I!ELJ�A D ?!ARIG?�CFP
PFDGARD DBA P�IFM!I @B?FA D IGA JFPFC!@ ?�IFM�ARD ?FARMG?�@LJ ?�MQP/A D ?!A JFP!P�M IG?%KBARD ?FA I!K!C!K I!EFDBA D ?!ARILC!@FK
P!EBARD DBAH?%@�MLC @FIBA D IGA JFC�DLP ?�IL@BARD ?FARMLC!KFD ?�M�J�A D ?!A J�ILK�D I!I!CBARD ?FA I!@!@!E I!E!E/A D ?!ARILC�M!D
P�M�ARD DBA C�DLPFK @!P/A D IGA P!@FCFD ?�ILKBARD ?FARMLC!C�M ?�MLDBA D ?!A J�I!DLJ I!IB?!ARD ?FA I!@!ELJ I!E�MGA D ?!ARILC!E�I
P!@BARD J�A K�IFM!I @LJ�A D IGA PFD!E!P ?%P!CBARD ?FA EFKFIG? ?�MQE/A D ?!A J�IG?�J I!IFIGARD ?FA I!@LJ�I I!E!@/A D ?!ARILCLJ�@
P!KBARD J�A @FC!E�D @FDBA D IGA P!P�IL@ ?%PB?!ARD ?FA EF@!P�M ?�M!MGA D ?!A J/?�MQJ I!I!PBARD ?FA I!@FILC I!E!K/A D ?!ARILC!P�D
JFCBARD J�A EFKB?%E @!E/A D IGA P!CFK!K ?%PFIGARD ?FA E�MLDQJ ?�MQ@/A D ?!A J/?�P�D I!ILJ/ARD ?FA I�MQK!@ I�MQC/A D ?!ARILCFIFI
J/?!ARD J�A D!@FI!C @�MGA D IGARIL@�MQE ?%P!PBARD ?FA EFE�MQP ?�MQK/A D ?!A JFC!KFE I!IFDGARD ?FA I�M!M!M I�M�?FA D ?!ARILC!CFK
J�IGARD J�A JGM!MQJ @!@/A D IGARILE�DLK ?%PLJ/ARD ?FA E�DLK!P ?�@!C/A D ?!A JFCFD!@ I!I!EBARD ?FA I�MLD!D I�MLIBA D ?!AS?�K!KFE
JFPBARD J�A P�M!M!D @!K/A D IGARIQJFJ�M ?%PFDGARD ?FA E�DG?OJ ?�@B?FA D ?!A JFCFIB? I!I�M�ARD ?FA I�MQPFD I�MQP/A D ?!AS?�K!@FP
J!J/ARD J�A I!@FI!C K!C/A D IGARI!ILJ/? ?%P!EBARD ?FA E!JFP�M ?�@FIBA D ?!A P!K!@!J I!I!@BARD ?FA I�M�?OJ I�M�J�A D ?!AS?�K�MLC
J�DGARD J�AH?%K!CFE KB?FA D IGARILC!JFC ?%P�M�ARD ?FA EFP!EFI ?�@!P/A D ?!A P!KLJGM I!I!KBARD ?FA I!E!K!P I�MLDBA D ?!AS?�KFD!@
JFEBARD J�AH?%C!P�I KFIBA D IGAS?�@!J!J ?%P!@BARD ?FA E�IL@�M ?�@LJ�A D ?!A P!KB?F? ILPFCBARD ?FA I!E�MQP I�MQE/A D ?!AS?�KLJ�D
J�M�ARD J�A C/?�K!J K!P/A D IGAS?�E�DLP ?%P!KBARD ?FA E�IG?OJ ?�@FDBA D ?!A P!@�MLE ILP/?!ARD ?FA I!EFDLP I�M!MGA D ?!AS?�K!PFP
JF@BARD P/A KFP!K/? KLJ�A D IGAS?OJ�E!E ?�JFCBARD ?FA E/?OJFP ?�@!E/A D ?!A P!@LJ�? ILP�IGARD ?FA I!E!PLJ I�MQ@/A D ?!AS?�KFIB?
JFKBARD P/A @FEFIB? KFDBA D IGAS?%I!@LJ ?�J/?!ARD ?FA EFC�MLI ?�@�MGA D ?!A P!@!CFE ILPFPBARD ?FA I!EB?OJ I�MQK/A D ?!AS?�K!CF@
DLCBARD P/ARML@!@�I K!E/A D IGAS?!?%C�M ?�J�IGARD ?FA EFC!C!P ?�@!@/A D ?!A P�M!M!I ILP!J/ARD ?FA IFDLKFD I!@!C/A D ?!AS?�@!KFE
DG?!ARD P/ARMG?�M!I K�MGA D IGA C!KFP!P ?�JFPBARD ?FA D!K!PFD ?�@!K/A D ?!A P�MQPF@ ILP�DGARD ?FA IFDFMQE I!@B?FA D ?!AS?�@!@�D
D!IGARD P/A E!JFKFC K!@/A D IGA C�MLELJ ?�J!J/ARD ?FA D!@!E!@ ?�K!C/A D ?!A P�MQC�D ILPFEBARD ?FA IFD!DFM I!@FIBA D ?!AS?�@�MLP
DLPBARD P/A D!@!P!J K!K/A D IGA CFD!K!K ?�J�DGARD ?FA D!@!CFI ?�KB?FA D ?!A P!E�M!I ILP�M�ARD ?FA IFDLP!@ I!@!P/A D ?!AS?�@!E/?
DQJ/ARD P/A DFILCFP ?�CFCBARD IGA CLJ�P�M ?�JFEBARD ?FA D�MQP!@ ?�KFIBA D ?!A P!ELJ�C ILPF@BARD ?FA IFD!ILC I!@LJ�A D ?!AS?�@FD!C
D!DGARD P/A J�DLKFE ?�C/?!ARD IGA CFI!@!C ?�J�M�ARD ?FA D!E�M�J ?�K!P/A D ?!A P!E!CF@ ILPFKBARD ?FA IFDLCB? I!@FDBA D ?!AS?�@!PF@
DLEBARD P/A J�CB?F? ?�C�IGARD IGA CB?�ILE ?�JF@BARD ?FA D!EB?%I ?�KLJ�A D ?!A PFDFMFM IQJ�CBARD ?FA ILJF@!P I!@!E/A D ?!AS?�@FI�M
DFM�ARD P/A P!J!JGM ?�CFPBARD ?!A K!K�MLD ?�JFKBARD ?FA DFD!DLC ?�KFDBA D ?!A PFDQJ�E IQJ�?!ARD ?FA ILJFE!E I!@�MGA D ?!AS?�@B?%E
DL@BARD P/A I!K!CFP ?�C!J/ARD ?!A K!@�IL@ ?�DLCBARD ?FA DLJFK!C ?�K!E/A D ?!A PFDG?�D IQJ�IGARD ?FA ILJ!JF@ I!@!@/A D ?!AS?�@!C!J
DLKBARD P/A I!P�MLK ?�C�DGARD ?!A K!EF@LJ ?�DG?!ARD ?FA DLJFPB? ?�K�MGA D ?!A PLJF@�D IQJ�PBARD ?FA ILJFP!C I!@!K/A D ?!AS?�MQKFP
E!CBARD P/AH?%@�MLP ?�CFEBARD ?!A KFDLJFP ?�D!IGARD ?FA D!P�MLI ?�K!@/A D ?!A PLJ�DFD IQJFJ/ARD ?FA ILJ/?�P I!K!C/A D ?!AS?�MQ@�I
EB?!ARD P/AH?%P!@�D ?�C�M�ARD ?!A KLJ�C!E ?�DLPBARD ?FA D!PB?%D ?�K!K/A D ?!A PLJ�I!E IQJ�DGARD ?FA I!P!K!E I!KB?FA D ?!AS?�M!M!I
EFIGARD P/A CFKB?%P ?�CF@BARD ?!A KFI�M�? ?�DQJ/ARD ?FA DFI!DL@ ILC!C/A D ?!A P!P!K�M IQJ�EBARD ?FA I!P�MQK I!KFIBA D ?!AS?�MQE/?
E!PBARD P/A C!J�D�M ?�CFKBARD ?!A KB?%P!K ?�D!DGARD ?FA DFILC!P ILCB?FA D ?!A P!P!EF@ IQJGM�ARD ?FA I!P!EFI I!K!P/A D ?!AS?�MLD!C
ELJ/ARD P/A CFCB?QM ?!?%CBARD ?!A K!C/?�C ?�DLEBARD ?FA DB?OJF@ ILCFIBA D ?!A P!PLJ�C IQJ�@BARD ?FA I!PLJFE I!KLJ�A D ?!AS?�M�J�C
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? C/A CFC!CFC C/A CFC!CFC C/A CFC!CFC J�P C/A D!C!CFC C/A CFC!CFC C/A D!C!CFC
I C/A IFDLCFC C/A CFC!CFC C/A CFC!CFC JFJ � C/A D!C!C!C C/A D!C!CFC C/A CFC!CFC
P C/A CFC!CFC C/A CFC!CFC C/A IFDLCFC J�D C/A CFC!CFC C/A D!C!CFC C/A D!C!CFC
J C/A CFC!CFC C/A IFDLCFC C/A CFC!CFC J�E � C/A D!C!C!C C/A CFC!CFC C/A D!C!CFC
D C/A IFDLCFC C/A IFDLCFC C/A CFC!CFC JGM C/A CFC!CFC � C/A D!C!C!C C/A D!C!CFC
E C/A IFDLCFC C/A CFC!CFC C/A IFDLCFC J�@ C/A D!C!CFC C/A D!C!CFC C/A IFDLCFC
M � C/A IFDLC!C C/A IFDLCFC C/A CFC!CFC J�K C/A D!C!CFC C/A IFDLCFC C/A D!C!CFC
@ C/A CFC!CFC C/A IFDLCFC C/A IFDLCFC D!C C/A IFDLCFC C/A D!C!CFC C/A D!C!CFC
K � C/A IFDLC!C C/A CFC!CFC C/A IFDLCFC DB? � C/A D!C!C!C C/A D!C!CFC C/A IFDLCFC
?%C C/A CFC!CFC � C/A IFDLC!C C/A IFDLCFC DFI � C/A D!C!C!C � C/A D!C!C!C C/A IFDLCFC
?F? C/A IFDLCFC C/A IFDLCFC C/A IFDLCFC D!P C/A D!C!CFC � C/A D!C!C!C C/A IFDLCFC
?�I � C/A IFDLC!C C/A IFDLCFC C/A IFDLCFC DLJ � C/A IFDLC!C C/A D!C!CFC C/A D!C!CFC
?%P � C/A IFDLC!C � C/A IFDLC!C C/A IFDLCFC DFD � C/A D!C!C!C � C/A IFDLC!C C/A D!C!CFC
?�J C/A IFDLCFC � C/A IFDLC!C C/A IFDLCFC D!E C/A IFDLCFC � C/A D!C!C!C C/A D!C!CFC
?�D C/A D!C!CFC C/A CFC!CFC C/A CFC!CFC D�M � C/A D!C!C!C C/A IFDLCFC C/A D!C!CFC
?%E C/A CFC!CFC C/A CFC!CFC C/A D!C!CFC D!@ � C/A IFDLC!C � C/A D!C!C!C C/A D!C!CFC
?QM C/A CFC!CFC C/A D!C!CFC C/A CFC!CFC D!K C/A D!C!CFC � C/A IFDLC!C C/A D!C!CFC
?%@ C/A D!C!CFC C/A IFDLCFC C/A CFC!CFC EFC C/ARM!DLCFC C/A CFC!CFC C/A CFC!CFC
?%K C/A IFDLCFC C/A D!C!CFC C/A CFC!CFC E/? C/A CFC!CFC C/A CFC!CFC C/ARM!DLCFC
I!C C/A IFDLCFC C/A CFC!CFC C/A D!C!CFC E�I C/A CFC!CFC C/ARM!DLCFC C/A CFC!CFC
IB? C/A CFC!CFC C/A D!C!CFC C/A IFDLCFC EFP C/ARM!DLCFC C/A IFDLCFC C/A CFC!CFC
IFI � C/A IFDLC!C C/A D!C!CFC C/A CFC!CFC E!J C/A IFDLCFC C/ARM!DLCFC C/A CFC!CFC
I!P � C/A D!C!C!C C/A IFDLCFC C/A CFC!CFC E�D C/A IFDLCFC C/A CFC!CFC C/ARM!DLCFC
ILJ C/A CFC!CFC C/A IFDLCFC C/A D!C!CFC EFE C/A CFC!CFC C/ARM!DLCFC C/A IFDLCFC
IFD � C/A IFDLC!C C/A CFC!CFC C/A D!C!CFC E�M � C/A IFDLC!C C/ARM!DLCFC C/A CFC!CFC
I!E C/A CFC!CFC � C/A IFDLC!C C/A D!C!CFC EF@ � C/ARM!DLC!C C/A IFDLCFC C/A CFC!CFC
I�M � C/A D!C!C!C C/A CFC!CFC C/A IFDLCFC EFK C/A CFC!CFC C/A IFDLCFC C/ARM!DLCFC
I!@ C/A CFC!CFC � C/A D!C!C!C C/A IFDLCFC MLC � C/A IFDLC!C C/A CFC!CFC C/ARM!DLCFC
I!K C/A D!C!CFC C/A CFC!CFC C/A IFDLCFC MG? C/A CFC!CFC � C/A IFDLC!C C/ARM!DLCFC
PFC C/A D!C!CFC C/A IFDLCFC C/A IFDLCFC M!I � C/ARM!DLC!C C/A CFC!CFC C/A IFDLCFC
P/? C/A IFDLCFC C/A IFDLCFC C/A D!C!CFC MLP C/A CFC!CFC � C/ARM!DLC!C C/A IFDLCFC
P�I C/A IFDLCFC C/A D!C!CFC C/A IFDLCFC MQJ C/ARM!DLCFC C/A CFC!CFC C/A IFDLCFC
PFP � C/A IFDLC!C C/A D!C!CFC C/A IFDLCFC M!D C/ARM!DLCFC C/A IFDLCFC C/A IFDLCFC
P!J � C/A D!C!C!C � C/A IFDLC!C C/A IFDLCFC MLE C/A IFDLCFC C/A IFDLCFC C/ARM!DLCFC
P�D C/A IFDLCFC � C/A D!C!C!C C/A IFDLCFC MFM C/A IFDLCFC C/ARM!DLCFC C/A IFDLCFC
PFE � C/A IFDLC!C C/A IFDLCFC C/A D!C!CFC ML@ � C/A IFDLC!C C/ARM!DLCFC C/A IFDLCFC
P�M � C/A IFDLC!C � C/A IFDLC!C C/A D!C!CFC MLK � C/ARM!DLC!C � C/A IFDLC!C C/A IFDLCFC
PF@ C/A IFDLCFC � C/A IFDLC!C C/A D!C!CFC @FC C/A IFDLCFC � C/ARM!DLC!C C/A IFDLCFC
PFK � C/A D!C!C!C C/A IFDLCFC C/A IFDLCFC @/? � C/A IFDLC!C C/A IFDLCFC C/ARM!DLCFC
J�C � C/A IFDLC!C � C/A D!C!C!C C/A IFDLCFC @�I � C/A IFDLC!C � C/A IFDLC!C C/ARM!DLCFC
J�? C/A D!C!CFC � C/A IFDLC!C C/A IFDLCFC @FP C/A IFDLCFC � C/A IFDLC!C C/ARM!DLCFC
J�I C/A D!C!CFC C/A D!C!CFC C/A CFC!CFC @!J � C/ARM!DLC!C C/A IFDLCFC C/A IFDLCFC
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@�D � CBARI!D!C!C � CBANMLD!C!C C/A IFDLC!C ?%ILK CBA C!C!CFC ?FA CFC!CFC CBA C!C!CFC
@FE C/ARM!DLC!C � CBARI!D!C!C C/A IFDLC!C ?�P!C ?!A C!C!CFC C/A IFDLCFC CBA C!C!CFC
@�M C/A D!C!C!C CBARDLCFC!C C/A D!C!C!C ?�PB? CBARI!DLCFC ?FA CFC!CFC CBA C!C!CFC
@F@ � CBARDLCFC!C CBARDLCFC!C C/A D!C!C!C ?�PFI CBARI!DLCFC C/A CFC!CFC ?!A C!C!CFC
@FK � CBARDLCFC!C � CBARDLCFC!C C/A D!C!C!C ?�P!P CBA C!C!CFC ?FA CFC!CFC CBARI!DLCFC
KFC C/A D!C!C!C � CBARDLCFC!C C/A D!C!C!C ?�PLJ � C/A IFDLCFC ?FA CFC!CFC CBA C!C!CFC
K/? C/ARM!DLC!C CBARDLCFC!C C/A CFC!C!C ?�PFD � ?FA CFC!CFC C/A IFDLCFC CBA C!C!CFC
K�I C/A D!C!C!C CBANMLD!C!C C/A CFC!C!C ?�P!E CBA C!C!CFC C/A IFDLCFC ?!A C!C!CFC
KFP C/A D!C!C!C CBA C!CFC!C C/ARM!DLC!C ?�P�M � C/A IFDLCFC C/A CFC!CFC ?!A C!C!CFC
K!J C/A CFC!C!C CBANMLD!C!C C/A D!C!C!C ?�P!@ CBA C!C!CFC � C/A IFDLC!C ?!A C!C!CFC
K�D � CBARDLCFC!C CBANMLD!C!C C/A CFC!C!C ?�P!K � ?FA CFC!CFC C/A CFC!CFC CBARI!DLCFC
KFE � CBANMLD!C!C CBARDLCFC!C C/A CFC!C!C ?OJFC CBA C!C!CFC � ?FA CFC!C!C CBARI!DLCFC
K�M C/A CFC!C!C CBARDLCFC!C C/ARM!DLC!C ?OJ/? ?!A C!C!CFC C/A CFC!CFC CBARI!DLCFC
KF@ � CBARDLCFC!C CBA C!CFC!C C/ARM!DLC!C ?OJ�I CBANMLDLCFC C/ARM!DLCFC CBA C!C!CFC
KFK C/A CFC!C!C � CBARDLCFC!C C/ARM!DLC!C ?OJFP CBANMLDLCFC C/A CFC!CFC CBANMLDLCFC
?%C!C � CBANMLD!C!C CBA C!CFC!C C/A D!C!C!C ?OJ!J � C/ARM!DLCFC C/ARM!DLCFC CBA C!C!CFC
?%CB? C/A CFC!C!C � CBANMLD!C!C C/A D!C!C!C ?OJ�D CBA C!C!CFC C/ARM!DLCFC CBANMLDLCFC
?%CFI C/ARM!DLC!C CBA C!CFC!C C/A D!C!C!C ?OJFE � C/ARM!DLCFC C/A CFC!CFC CBANMLDLCFC
?%C!P C/ARM!DLC!C CBARDLCFC!C C/A IFDLC!C ?OJ�M CBA C!C!CFC � C/ARM!DLC!C CBANMLDLCFC
?%CLJ C/A D!C!C!C CBANMLD!C!C C/A IFDLC!C ?OJF@ ?!A C!C!CFC C/A IFDLCFC CBARI!DLCFC
?%CFD C/A D!C!C!C CBARI!D!C!C C/ARM!DLC!C ?OJFK CBARI!DLCFC C/A IFDLCFC ?!A C!C!CFC
?%C!E C/A IFDLC!C CBARDLCFC!C C/ARM!DLC!C ?%DLC CBARI!DLCFC ?FA CFC!CFC CBARI!DLCFC
?%C�M C/A IFDLC!C CBANMLD!C!C C/A D!C!C!C ?%DG? � C/A IFDLCFC ?FA CFC!CFC CBARI!DLCFC
?%C!@ C/ARM!DLC!C CBARI!D!C!C C/A D!C!C!C ?%D!I � ?FA CFC!CFC � C/A IFDLC!C CBARI!DLCFC
?%C!K � CBARDLCFC!C CBANMLD!C!C C/A IFDLC!C ?%DLP CBARI!DLCFC � ?FA CFC!C!C CBARI!DLCFC
?F?�C � CBANMLD!C!C � CBARDLCFC!C C/A IFDLC!C ?%DQJ � C/A IFDLCFC C/A IFDLCFC ?!A C!C!CFC
?F?!? C/A D!C!C!C � CBANMLD!C!C C/A IFDLC!C ?%D!D � C/A IFDLCFC � C/A IFDLC!C ?!A C!C!CFC
?F?%I � CBANMLD!C!C CBARDLCFC!C C/A IFDLC!C ?%DLE CBARI!DLCFC � C/A IFDLC!C ?!A C!C!CFC
?F?�P � CBARDLCFC!C � CBANMLD!C!C C/A IFDLC!C ?%DFM � ?FA CFC!CFC C/A IFDLCFC CBARI!DLCFC
?F?OJ C/ARM!DLC!C � CBARDLCFC!C C/A IFDLC!C ?%DL@ � C/A IFDLCFC � ?FA CFC!C!C CBARI!DLCFC
?F?%D � CBARI!D!C!C CBARDLCFC!C C/ARM!DLC!C ?%DLK ?!A C!C!CFC � C/A IFDLC!C CBARI!DLCFC
?F?�E � CBARDLCFC!C � CBARI!D!C!C C/ARM!DLC!C ?�E!C ?!A C!C!CFC C/A D!C!CFC CBA C!C!CFC
?F?�M C/A IFDLC!C � CBARDLCFC!C C/ARM!DLC!C ?�EB? CBARDLC!CFC ?FA CFC!CFC CBA C!C!CFC
?F?�@ � CBARDLCFC!C CBARI!D!C!C C/ARM!DLC!C ?�EFI CBARDLC!CFC C/A CFC!CFC ?!A C!C!CFC
?F?�K � CBARI!D!C!C � CBARDLCFC!C C/ARM!DLC!C ?�E!P CBA C!C!CFC ?FA CFC!CFC CBARDLC!CFC
?�ILC C/A D!C!C!C � CBARI!D!C!C C/ARM!DLC!C ?�ELJ � C/A D!C!CFC ?FA CFC!CFC CBA C!C!CFC
?�IG? � CBANMLD!C!C CBARI!D!C!C C/A D!C!C!C ?�EFD � ?FA CFC!CFC C/A D!C!CFC CBA C!C!CFC
?�I!I � CBARI!D!C!C � CBANMLD!C!C C/A D!C!C!C ?�E!E CBA C!C!CFC C/A D!C!CFC ?!A C!C!CFC
?�ILP C/ARM!DLC!C � CBARI!D!C!C C/A D!C!C!C ?�E�M � C/A D!C!CFC C/A CFC!CFC ?!A C!C!CFC
?�IQJ � CBARI!D!C!C CBANMLD!C!C C/A D!C!C!C ?�E!@ CBA C!C!CFC � C/A D!C!C!C ?!A C!C!CFC
?�I!D � CBANMLD!C!C � CBARI!D!C!C C/A D!C!C!C ?�E!K � ?FA CFC!CFC C/A CFC!CFC CBARDLC!CFC
?�ILE C/A IFDLC!C � CBANMLD!C!C C/A D!C!C!C ?�MQC CBA C!C!CFC � ?FA CFC!C!C CBARDLC!CFC
?�IFM ?FA CFC!C!C CBA C!CFC!C C/A CFC!C!C ?�M�? ?!A C!C!CFC C/A CFC!CFC CBARDLC!CFC
?�IL@ C/A CFC!C!C CBA C!CFC!C ?FA CFC!C!C
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