
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

QUT Digital Repository:  
http://eprints.qut.edu.au/ 

McCue, Scott W. and Johnpillai, I. Kenneth and Hill, James M. (2005) Symmetry 
analysis for uniaxial compression of a hypoplastic granular material. Zeitschrift fur 
angewandte Mathematik und Physik (ZAMP) 56(6):pp. 1061-1083. 

 
          © Copyright 2005 Springer 
The original publication is available at SpringerLink http://www.springerlink.com 



����� � ���	�
� �
���
�����
��� ����� �������������
� � �!� "��	���#�
�$�!�
���%� &!��"'�!"����(�)�*��� +��,�
�-�����(� � �.�#�/�0���(�

1�243657598;:=<>2@?BADC6EGFH:GIJCLKDKMC45ONQP63RNDKMSDTVUWUYX6T�X6KDZQPRX6[\CL]^<_:G`^TWUVU

aRbdc�efehgGejilknm@opc�qsr#m@optubHvBmjw$xzy|{${�g}t~qsxza6opm@optuv�optubHv
� w$t~�jqH��vptuo��*eji���ehguguehw��jehw��
��ehgug~ehw$�jehw��
��a6�%�j�j�j�
y|��v�o���mjgutum

� ���4�j�h���6���#��� X6�dTVC�5���36��[n3�ZDC4UVUVTWKD zX6SDSM�73�X62HNMCL]¡24AD�7�dCLK�5OU}�QCs¢MTW]d5LE£X6KMZ/2L3RK�57TVK$ADC*573¥¤=C*ZDC � CLUu¦
3RS=CLZlE§5O3>ZDCL]d2L�7TW¤�C¥X6KDZ(SM�7CLZMTV245
5ONMC¥ZDT � CL�d]7Cn¤�C4N�X � TW3RAD�d]*36�� 6�OX6K$ADUVX6�#[¥Xf57CL�dTYX6UW]L:�¨¡KDCn36�©57NDC
[\3R�7C9]736SDNDTV]�5OTW2@Xf57CLZz5ONDC43R�7TWCL]ªTV]«N���S�3RSMUYX6]�5OTV24TW5��6E$¬9NMTV2HN¥TW]ªX
]�5O�7C4]7]p¦��OX­5OC^57NDCL36�d�z36�£�OXf57TV3RK�XfUD2L3RK�¦
5OTWK$ADAD[®[\CL2HN�X6KMTV2L]«¬9T}5ON X#2L36KD]d57TW5OA�5OT � C9UYX@¬!Cs¢MSM�7CL]d]7C4Z�TWK\X	]7TWKD RUWC©5OCLKM]73R�dTYX6U�C4¯�ADXf5OTW3RKl:°F�K\5ONDTW]
S�X6S=CL�4E$X)S�X6��5OTW2LADUVX6� � CL�7]dTV3RK03f��N���S=3RSDUYXf]d5OTW2LT}5��RERZDAMC©5O3)8_A>±³²­´µERTW]°CL[\SDUV3j�6CLZ,5O3JZMCL]724�7TW¤�C9X)24UYX6]d]
36��36KDC�¦¶ZDTV[\CLKD]dTV3RKDX6U� R�OX6K$ADUVX6�
ZDC4�·3R�d[¥X­5OTV36KD]L:�¸|�.2L36[,¤DTVKMTVKD �5ONDCn2L3RKD]�5OT}5OAM57T � CnUYX@¬¹¬9T}5ONº57NDC
2L36KD]7C4� � Xf5OTW3RK�UYX@¬9]�36�°243RK�5OTWK�AMAD[»[\CL2HN�X6KMTV2L]4E=Xz]���]d5OC4[¼36���·36AD��KD3RKDUWTVKDCLX6��S�X6��5OTVX6U£ZDT}½£C4�7C4K$57TYX6U
CL¯$A�X­5OTV36KD]�TV]«ZDC4�7T � CLZ\�·3R�°5ONDC¾X­¢�TVX6U�X6KDZ\UYX­5OCL�7X6UD]�5O�7C4]7]4E�57NDC � CLUW3�24TW5��zXfKDZ\57NDC � 3RTWZz�OXf57TV3D:À¿^KDZDC4�
2LC4�d5OX6TVK>�7CL]�5O�dTV2457TV3RKM]LE�5OND�dCLC	36�°5ONMC	 R3 � CL�7KMTVKD nCL¯$A�Xf57TV3RKD]^[¥X@��¤=C	243R[,¤DTWKDCLZ�5O3\��TWCLUWZ>3R�dZDTVKDX6�d�
ZDT}½£C4�7CLK�57TYX6U§CL¯$A�Xf57TV3RKM]LEl¬9ND3R]dC0]73RUWAM5OTW3RKD]^2@X6K�¤=C02@X6UW2LADUVXf5OC4Z/C�¢MX62�5OU}�R:	1�C � CL�7X6U«KDC4¬�X6K�XfUW�$5OTW2@X6U
�7C4]7ADU}5O]^X6�7C
3R¤M5OX6TVKMCLZ�¬9NDTV2HNQX6�7C	X6SDSDUWTV2LX6¤DUVC¡573n3�CLZM3R[nC�5OC4�¾57CL]d57TVKD M:BF�KQ 6CLKDC4�OX6UÁ5ONDTW]¾X6SDSD�d3�X62HN
TV]#KD3f5*S=3R]7]dTV¤DUWC6E§X6KDZºX6K�X6U}�$5OTV20SM�73R R�dCL]d]*TV]#]d3RAD RN�5 � TVX>ÂÃTWC\]���[n[\C457�d�.X6K�XfUW��]7TW]L: � 2L36[nSDUWC457C
]7C�5©3R�*Äd3RS�5OTV[nX6U�]���]�5OC4[nÅ,3f�Ã R�736ADS�¦�TWK � Xf�7TYXfK$5ª]d3RUVAM57TV3RKM]ªTW]|TWZDCLK�57TWÆ�C4Z¥AD]dTVKD *57NDC)¨JU � C4�B[\C45ONM3�ZlE
¬9NDTW2HN TVK � 36U � C4]|57NDC¡X6ZhÇd3RTVK�5|�7CLSM�7CL]dCLK�5HX­5OTV36K 36�l57NDC)]���[\[\C45O���\ R�73RAMS¥3RKnTW5O]|ÂÃTVC^X6UV 6CL¤D�7XM:«È�X62HN
CLUWCL[\CLK�5^TVK�5ONDC	3RSM5OTW[¥XfUl]d��]d57CL[ÉTV]9 R3 � C4�7KDC4Z�¤$�>X\]d��]d57CL[Ê36�«KD3RKMUVTVKMC@X6�93R�dZDTVK�Xf�d��ZDT}½£C4�7C4K$57TYX6U
CL¯$A�X­5OTV36KD]¡¬9NDTV2HN.TVKË RC4KDCL�7X6U°[,AM]d5
¤�C0]d3RU � CLZ.K$AD[nC4�7TW2@X6UWUW�R:*1�3RUWAM5OTW3RKD]¡SM�7C � TW3RAD]7U}��2L36KD]7TWZDCL�dCLZ
TVK�57NDCzUVTW57CL�7Xf5OAD�dCzX6�7C0KM365OC4ZlEÀXfKDZ.57NDCLTW�J�7C4UYXf57TV3RK/573>3RAM�J3RSM5OTW[¥XfUÀ]d��]�5OCL[ÌTWZDCLK�5OT}Æ�CLZ£:\Í©¬|3QTWU}¦
UVAM]d5O�7Xf5OT � C,Cs¢MX6[nSMUVCL]#Xf�7C0C�¢MX6[\TVKMCLZ.X6KDZ�5ONMC � Xf�7TYX­5OTV36KQ36� � X6�7TW3RAD])�·ADKM245OTW3RKD]J3�2L24AD�7TWKD �TVK/57NDC
SDN���]7TW2@X6U � X6�dTYX6¤DUWCL]�TW]�]7ND3j¬9KQ 6�OX6SDNMTV2@XfUVUW�6:

Î>Ï�ÐlÑ*Ò �fÓ§�6��Ô �7X6K$ADUYX6�z[nXf5OC4�7TVX6UV]4Õ©N���S=3RSDUVX6]d57TV24TW5��=Õ9C�¢MX6245n]736UVAM57TV3RKD]4Õ9 R�73RAMS�¦�TWK � X6�dTYX6K�50]d3RUVA�¦
5OTW3RKD]4Õ�ÂÃTVCJ]d��[\[nC�5O�dTVCL]

Ö



� �������	��

�
���������

Í�NDC
2L3RKM]d5OT}5OAM57T � CJ[n3�ZDCLUWUVTWKD *36�À R�OXfK�AMUYX6�©[nXf57CL�7TVX6UV]|N�X6]9SD�d3 � CLK�5O3\¤�C
X02HN�X6UWUVCLKM RTVKD 0SM�73R¤DUWCL[
�·3R��CLKD RTWKDCLC4�7]«XfKDZ0X6SDSMUVTVC4Z*[nXf5ONMCL[nXf5OTW2LTYXfKD]L: � �dCLUVXf5OT � CLU}�#KDC4¬ S�Xf57N*�·3R�§5ONDTW]À�7C4]7CLX6�72HN0N�Xf]°SD�73­¦
ZDAD24CLZ>N$��S=3RSDUVX6]d57TV2LT}5��RE�Xz2L36K$57TVK$ADAD[»57NDCL36�d� �·3R�d[,ADUVXf5OC4Z>Xf]^XfKQX6U}5OC4�7K�Xf57T � C¡5O305ONDC#5O�7X6ZDT}5OTV36K�X6U
X6SDSM�73�X62HNMCL]036�9SDUVX6]d57TV24TW5��.X6KDZºCLUYXf]d5O36SDUYX6]�5OTW2LTW5��6E°X6KMZ
SDTV3RKMCLCL�dCLZ(¤��(I#36UW��[,¤�X6] ± Ö ´�X6KMZ([¥XfK$�
2L3­¦¶¬|3R���fCL�7]^3R�7TW RTVKDX6UVU}�n¤DX6]7C4Z�Xf595ONDC	¿^KMT � C4�7]dTW5���36�°I
Xf�7UV]d�7ADNMC6:BÍ�NMC*2HN�X6�7X62457CL�dTV]7TWKD z�·C@Xf57AD�7C
36�
X6UWUÀN���S�3RSMUYX6]�5OTV2	5ONDC43R�7TWCL]JTV]¡57N�Xf5J57NDC02L3RKM]d5OT}5OAM57T � C0UYX@¬�2LX6KË¤�C,¬9�dTW5d5OCLKËTWKËX�]dTVKD 6UVC,KD36KDUVTWKDC@X6�
5OC4KD]736�7TYXfU�C4¯$A�Xf5OTW3RK#�·3R�§57NDCB]�5O�dCL]7]p¦��7Xf5OCBX6]ÀX9�·ADKD2�5OTV36K	36�M5ONDCª]d57�7CL]d]«X6KDZ
5ONDC|�OXf57C�¦¶36�Y¦�ZDC��·3R�7[nXf57TV3RK
5OC4KD]736�LEM¬9T}5OND3RA�59�7C4�·C4�7C4KD2LCJ5O3zX*��TWCLUVZ�243RKDZDT}5OTW3RK 3R��X���3j¬ �7ADUWC6:°8�T}5ON�N���S�3RSMUYX6]�5OTV24TW5��\5ONDC4�7CJTW]
KD30KDC4CLZ�5O30ZMCL2L36[nS=3R]7C)ZDC4�·3R�d[¥X­5OTV36KD]BTWK$573,CLUVX6]d57TV2)X6KDZ�SDUVX6]d57TV2)�dCL RTW[nC4]�������� �!��� EM36�|5O30ZMTV]d57TVK�¦
 RADTW]7N�¤=C45�¬|CLCLK>UV3�XfZDTVKD zXfKDZ�ADKDUV3RX6ZDTVKM DEM]dTVKD24C	XfUVU�57NDCL]dC#KD365OTW3RKD]9X6�dC
X6AM5O36[¥Xf57TV2LX6UVU}�0¤DADTWUW5�TWK$573
5ONMC,5ONDC43R�d�6EÃX6KDZ.X6�dTV]7C*X6]#X 2L36KD]7C4¯�AMCLKD24C6: � �·AD��5ONDC4�¡SD�d3RS�C4�d5��Q36�ªN$��S=3RSDUVX6]d57TV2LT}5���TV])57N�Xf5¡57NDC
 R3 � C4�7KDTWKD z5OCLKM]73R�dTYX6UlC4¯$A�Xf5OTW3RK�TVK � 36U � C4]^36KDUW� Xz]d[¥XfUVU£K$AD[*¤�C4�¾3f�À[nXf5OC4�7TVX6U£S�Xf�OX6[\C457CL�7]4:
Í�NDCJ]7AM2L2LC4]7]�36�ÁN���S=3RSDUYXf]d5OTW2LT}5��¥XfKDZ 2L36KD]7C4¯�AMCLK�5¾S�3RSMADUYX6�dTW5��\X6[\3RKD 	�7C4]7C@Xf�72HNDC4�7]9X6KDZ�SM�OX62s¦

5OT}5OTW3RKDCL�d] 2@XfK ¤=C.Xf5757�7TW¤DAM5OC4Z 5O3 TW57] CLUWCL �X6KM2LC6E^�7C4UYXf57T � C�]dTV[\SDUVTW2LT}5��RE9X6KDZ 57N�Xf5�5ONMCË57NDCL36�d� TW]
ZDC4CLSDU}�/�73�3657CLZËTVK/Cs¢�S�C4�7TV[\CLK�5OX6UÀ��X62�5@:,`¾3j¬BC � CL�4E�T}5JTV])2LCL��5HX6TWKDUW�QX ]736SDNDTV]�5OTW2@Xf57CLZ�2L36KD]d57TW5OA�5OT � C
5ONMCL3R���REl¬9NDTW2HN_�dCL]7AMUW5O]JTWK�2L3R[\SDUWTV2@X­5OCLZQKD3RKDUWTVKDCLX6�)[nXf5ONMCL[nXf5OTW2@X6U§�7C4UYXf57TV3RKD]4:J8�NDCLK.2L3R[*¤DTVKDC4Z
¬9TW57N 5ONDC) R3 � CL�dKDTVKM 0CL¯$A�Xf57TV3RKD]�3f�Á2L3RK�5OTWK$ADAD[ [\CL2HNDX6KDTV24]LEM57NDCL�dCJTV]|UVTW5d5OUWC^ND36S�C¡3f��]d3RU � TWKD ,�7CLX6U}¦
UVT}�·C>¤=3RADKMZ�X6�d��¦ � XfUVADC�SD�736¤DUVC4[n]¥X6K�X6U}��57TV2LX6UVU}�RE|X6KDZ!SD�d3R R�dCL]7]¥TV]¥AM]7A�X6UWUW� [nX6ZDC � TVXºK$AD[\CL�7TW2@X6U
]72HNMCL[\CL]L: � ]9X,�dCL]dADUW5LEMTW5©TV]©36� 57CLK�ZDT#"\2LADU}5B5O30 6�OX6]dS�57NDC¡ADKMZDCL�dUVTVKMTVKD ,[nXf57NDCL[nXf5OTW2@X6UG]�5O�7AM245OAM�7C
36�°57NDC*C4¯$A�Xf5OTW3RKD]4:)`¾CL�7CfE�¬|C,]7NMCLZ�UVTW RN�5¾3RK>57NDTV])X6]7S=CL2�5)¬9TW57NQ5ONMC*AD]dC*36��ÂÃTWC	S=3RTVK�5^]d��[\[nC�5O�d�
[\C45ONM3�ZD]4:�Í�3nX0UVTV[\TW57CLZ Cs¢�5OCLK�5LEG57NDTV]¾X6SMSD�73�Xf2HN>N�Xf]¾¤=CLC4KQC4[nSDUW3j�RCLZ�¤���`^TWUVU°±%$ME'&ME�(h´§X6KDZ>`^TWUVU
X6KDZn8�TVUVUWTYX6[\]9±*)f´=�·3R�ª57NDC)SDX6�d57TV2LAMUYX6��N���S�3RSMUYX6]�5OTV2^[n3�ZDC4U E�3R�dTV RTWK�X6UVU}�,SD�d3RS=3R]7C4Z ¤��n8_AË± ²­´ :�+G36�
ADKDTVX­¢�TYX6UµE�X­¢�TYX6UWUW�0]���[\[\C45O�dTV2)X6KDZ �7X6ZDTYXfUVUW�,]d��[n[\C457�7TW2)ZDC��·3R�7[nXf5OTW3RKD]4E�24CL��5HX6TWK  R�736ADS�¦�TWK � Xf�7TYXfK$5
]736UVAM57TV3RKD]	5O3/5ONMC� R3 � CL�dKDTVKM �S�X6�d57TYX6U|ZDTW½�CL�dCLK�5OTVX6UªCL¯$A�Xf57TV3RKD],¬|CL�dC�TVZDC4K$57TWÆ�C4ZlE�TVKD24UVADZMTVKD /]d3R[\C
]7TW[nTWUYX6�dTW5��*]73RUWAM5OTW3RKD]LE$5O�7X � CLUWUVTWKD 	¬BX � CJ]736UVAM57TV3RKD]4EMXfKDZ�ND365�¦�]7S=365B]73RUWAM5OTW3RKD]-,�]736UVAM57TV3RKD]ª�·3R�|¬9NMTV2HN
5ONMC\]�5O�dCL]7]dCL],¤=CL243R[\C\TWKMÆ�KDT}5OC0TWK_X�Æ�KDT}5OC05OTW[nC/.�:0Í�NDC4]7Cn]73RUWAM5OTW3RKD]¡¬|CL�7C\AD]dCLZº573�[\3�ZDCLU«243R[z¦
S�X62�5OTW3RK
SD�736¤DUVC4[n]	TVK
3RKDC�ZMTV[\CLKD]dTV3RK
XfKDZ
]d��[\[nC�5O�7TW2@X6U|2@X � TW5��ºC�¢�S�X6KD]dTV3RK
SM�73R¤DUWCL[\],TVK(5�¬|3
X6KDZ�5ONM�7CLC#ZDTW[nC4KD]7TW3RKD]4:

²



F�K 5ONDC�SD�dCL]dCLK�5Q]�5OADZ��!¬BC�Cs¢�5OCLKMZ 57NDC�¬B3R� ��36�	`¾TVUVU^X6KDZ 8�TWUVUVTVX6[\]Q±*)f´µE¾¬9NM3 �dCL]�5O�7TW2457CLZ
5ONMC�X6K�X6U}��]7TV]n5O3
3RKDCs¦�ZDTW[nC4KD]7TW3RK�X6U9ZDC��·3R�7[nXf57TV3RKD]¥X6KDZ ADKMTYX­¢�TYXfU^243R[nSDX62457TV3RKl:�`^CL�dC6E¾�·3R�n57NDC
]OXf[nC^ZDC4�·3R�d[¥X­5OTV36KD]LE�¬|C¡AD]7C¡ÂÁTWC^]���[n[\C457�d�nX6K�X6U}��]7TV]ª5O3	2L3RKD]dTVZDC4�©X6UWUGS�3R]d]7TW¤DUVC¾ R�736ADS�¦�TWK � Xf�7TYXfK$5
]736UVAM57TV3RKD]
5O3Q57NDC  R3 � CL�7KMTVKD �C4¯�ADXf5OTW3RKD]LE�XfKDZ
2LUVX6]7]dTW� �Ë5ONDC4[ TWK$573/CL¯$ADT � X6UVC4KD2LC 24UYX6]d]7C4]L: � ]7C�5
2L36K$5OX6TVKMTVKD ^X)]7TWKD RUWCª[\CL[*¤�C4�§�·�d3R[;C@X62HN,3f�D5ONDC4]7C©24UYX6]d]7C4]°TV]�X^[\TVKDTW[¥XfUR]7C�5°3R�)Äd3RSM57TV[nX6U�]d��]�5OCL[\Å
36�ª R�d3RADS�¦¶TVK � X6�7TVX6K�5¡]736UVAM57TV3RKD]4:	8_C0]7ND3j¬�5ON�Xf5J57NDTV])3RSM5OTW[¥XfU�]���]�5OC4[ 2L3RK�5HXfTVKD]¡57NDC,��X6[\TVUVTWCL]¾36�
]736UVAM57TV3RKD]Á243RKD]7TWZDCL�dCLZ,¤��	`^TWUVU$X6KMZ	8�TVUWUVTVX6[n]°±%)­´ E6X6]�¬|CLUWU�Xf]�24CL�d5OX6TVK	KDC4¬
��Xf[nTWUVTVC4]lKD365�SD�dC � TV3RAM]7UW�
C�¢MX6[\TVKMCLZl:�+�3R�^C@X62HNË[\CL[,¤=CL�^36�«5ONMC,3RSM57TV[nX6UÁ]d��]d57CL[�E£¬BC0UWTV]�5^57NDC,2L36�7�7C4]7S=3RKDZDTWKD  ]���]�5OC4[ 36�
KD3RKMUVTVKMC@X6�¾3R�7ZMTVK�X6����ZDTW½�CL�dCLK�5OTVX6U�C4¯$A�Xf5OTW3RKD]4EÃX6KDZ/TWKQ5�¬|3�36��5ONDC,2LX6]7C4]¡¬BC*]73RU � C*57NDC,CL¯$A�X­5OTV36KD]
K$AD[\CL�7TW2@X6UWUW�\5O3zTVUWUVAD]�5O�7Xf5OC^S�X6�d57TV24ADUYX6�B¤�C4N�X � TW3RAD�4:
F�K
5ONDC �·3RUWUV3j¬9TVKM Q]7C42457TV3RK(¬|C� RT � C�X/¤D�7TWC4�¾3RAM57UVTWKDC¥36�957NDC 5ONDC43R�d�º36�9N���S�3RSMUYX6]�5OTV24TW5��6E�X6KDZ

SD�dCL]7C4K�5	57NDCnSDX6�d57TV2LAMUYX6� � CL�d]7TW3RKº36�ª5ONMCz57NDCL36�d��36�|8ºA�± ²h´«¬9NDTW2HN_TW]
AM]7CLZ.NDC4�7C6:\F�Kº1�CL2�5OTV36K $ME
¬|C UVTW]d5#5ONDC\ R3 � C4�7KDTWKD /C4¯�ADXf5OTW3RKD]	�·36�	ADKMTYX­¢�TYXfU«ZDC4�·3R�d[¥X­5OTV36KD]#36�9X> 6�OX6K$ADUVX6�#[¥Xf57CL�dTYX6UµEÁ¬9NMTV2HN
TVKM2LUVAMZDC 5ONDC�N���S�36SDUYX6]�5OTW2�2L3RKD]�5OT}5OAM57T � C�C4¯$A�Xf5OTW3RKD]zTVK
36KDC�]7S�Xf57TYX6UBZDTV[\CLKD]dTV3RK£E�X6]0¬BC4UVU�X6]057NDC
2L36KD]7C4� � Xf5OTW3RK\UYX@¬9]|3f�l2L36K$57TVK$ADAD[®[\CL2HNDX6KDTV24]L:«¿¾KDZDC4�B2LC4�d5OX6TVK\2L3RKMZDTW57TV3RKD]4ER¬BC¾[nXj�z[nX6KDTWSDADUVXf5OC
5ONM�7CLC�36�$57NDCL]dC|C4¯�ADXf5OTW3RKD]l5O39SD�d3�ZMAD2LC«3R�dZDTVKDX6�d�)ZDTW½�CL�dCLK�5OTVX6U6C4¯�ADXf5OTW3RKD]LEh¬9NDTW2HN
2LX6K#¤�C�TWK$57CL R�7Xf5OC4Z
X6K�XfUW�$5OTW2@X6UWUW�R:ÃÍ�NMCL]7C�2LX6UV24ADUYX­5OTV36KD]ÁUVC@XfZ*5O3¡Cs¢MX6245«�dCLUVXf5OTW3RKD]Á¤�C�5�¬BC4CLKz5ONDCBX­¢�TYX6U�]d57�7C4]7]LER57NDC©UVXf5OC4�OX6U
]d57�7C4]7]¡XfKDZ>57NDC � 3RTVZ>�OXf57TV3DEGXfKDZ>57NDC	�dCL]dADUW57])X6�dC	ZMTV]724AD]7]dCLZ/TWK�57NDC*243RK�5OCs¢�5)36�°3�CLZM3R[nC�5OC4�957CL]�5O]
TVK.1�CL2457TV3RK
&M:*Í�NDCz]d��[\[nC�5O����X6K�XfUW��]7TW])�·3R�)57NDC,�·ADUVU�]d��]d57CL[ 3f�BKD36KDUVTWKDC@X6�^S�X6��5OTYXfU�ZDT}½£C4�7C4K$57TYX6U
CL¯$A�X­5OTV36KD]9TV]9ZDC45OX6TVUWCLZ�TVKQ1�C4245OTW3RK (�ED¬9NDCL�dC
¬|C*ZMCL�7T � C#5ONDC#3RS�5OTV[nX6U�]d��]d57CL[Ê36�°ÂÃTWC
 6CLKDC4�OXf573R�7]4:
È�X62HN* 6CLKDC4�OXf573R�ÁTVKJ5ONDTW]Á3RSM5OTW[¥XfU6]d��]�5OCL[;243R�7�dCL]7S=3RKDZM]�5O3¾X���X6[\TVUW�^36�� R�736ADS�¦�TWK � Xf�7TYXfK$5l]73RUWAM5OTW3RKD]LE
¬9NDTW2HN�X6�7C^2L3RKD]dTVZDC4�7C4Z�TVK � X6����TWKD *ZMC45HXfTVU=TVK�1�C42457TV3RK�)�:À8ºC)2LUV36]7C)TWK�1�C4245OTW3RK � ¬9T}5ON ]d3R[\C^Æ�K�XfU
�7C4[¥Xf���$]L:

� � � ����� ��� �	���/�
� ���
����� ��������� �	��� � ���

Í�NDC
3R�7TW RTVKDX6U � CL�d]7TV36KD]936�ÀN���S=3RSDUYXf]d5OTW2LT}5�� TVK � 3RU � C	Xz2L36KD]d57TW5OA�5OT � CJCL¯$A�Xf57TV3RK�36�§5ONDCJ�·3R�d[

������ , � � Ó . � , Ö .

$



¬9NDC4�7C � TW]�X_5OC4KD]736�7TYXfU^�·ADKD2�5OTW3RKlE � TW]¥5ONDC�?©X6AD2HN�� ]d57�7C4]7]�5OC4KD]73R�4E)XfKDZ Ó TV]\5ONDC��7Xf5OCs¦�36�Y¦
ZDC��·3R�7[nXf5OTW3RK	57CLKD]d3R��,·365ONDC4�d¬9TW]7C �$KD3j¬9KnX6]À5ONMC©]d57�7C4572HNDTVKM ¡5OCLKM]73R�°36�À5ONDCB�OXf57C�¦�3f�Y¦�]d57�OX6TWK	57CLKD]d3R� .s:
Í�NDC#5OC4KD]73R� �� TW]©5ONDC#243f¦��d365HXf57TV3RKDX6U£3R�¾PRXfAD[¥XfKDK�]d5O�dCL]d]^�7Xf5OCfE�ZDC4Æ�KMCLZQ¤��

�� �
� ������ ���	�
� � �

¬9NDC4�7C � TV]ª5ONDC)]��6C�¬©¦�]���[\[\C45O�dTV2¡]dSDTVKn5OCLKM]73R�4E�X6KDZ¥57NDC¡KD3f5HXf57TV3RK ���
��� TW]|AD]dCLZ�5O3*ZDCLKD3f5OC)57NDC
[nXf5OC4�7TYXfU�5OTW[nC)ZDCL�dT � Xf5OT � C

�
��� � �

� � �
,����
� .�� , ² .

¸B3657N Ó X6KDZ � 2@XfK>¤=CJZDC4ÆDKDCLZ>TVK�5OC4�7[\]¾3f��57NDC � CLUW3�24TW5�� � CL2�5O3R���
Xf]
Ó ���� ± ,���� . � ,���� .��G´ ��� ���� ±#,���� . � ,���� .���´ �

¬9NDC4�7C#5ONDC#]7AMS�C4�7]724�7TWSM5� �ZDC4KD365OC4])X05O�7X6KD]dS�3R]dTW57TV3RKl:
Í�NDCL�dC�X6�dCQX.K�AM[,¤�C4�n3f�#X6ZDZDT}5OTW3RK�X6U©�dCL]�5O�7TW2457TV3RKD]z¬9NDTW2HN�N���S�3RSMUYX6]�5OTV24TW5�� TW[nS=3R]7C4]z3RK 57NDC

�·ADKD2�5OTW3RK � TWK , Ö .sE�X6KDZ(¬|C�¤D�7TWC �D�_UVTW]d5
5ONDC4[ NDC4�7Cf: +�TV�7]�5,T}5,TV],X6]7]dAD[nC4Z(5ON�X­5 � TV]*X/2L3RK�¦
5OTWK$AD3RAD]dUW�ËZDT}½£C4�7CLK�57TYX6¤DUWC,�·ADKD2�5OTV36Kº36� Ó E�C�¢�2LC4SM5zXf5 Ó �"! : Í�NDCn57NDCL36�d�.TV]J5O3>¤�CnX6SDSMUVTVC4Z.573
�OX­5OC�¦¶TVKDZMCLS=CLKDZDC4K�5	[nXf57CL�7TVX6UÀ¤=CLNDX � TW3RAD�LEÃ]d3�57N�Xf5 � [,AM]d5#¤=C\S=3R]dTW5OT � C4UW�>ND3R[\3R RCLKMCL3RAD]J3f�|57NDC
Æ��d]d5ª3R�7ZMCL��TVK Ó :°Í�NDCL�dC4�·3R�dC � , � �$# Ó . �	# � , � � Ó .sER¬9NDCL�dC # TV]ªXJS�3R]dTW57T � C�243RKD]�5HX6K�5@:«F¶5�TW]�X6UV]d3
X6]d]7AD[\CLZ�5ONDXf5 � TW]©ND3R[\3R RC4KDCL3RAM]©TVK � EM]d3z57N�Xf5©57NDCJ[nXf5OC4�7TYXfU=243RKM�·3R�d[n]|¬9TW5ON Ô 3RUWZD]72HNDC4TVZDC4�&% ]
SD�dTVKD24TVSDUWC ± � ´µ:JÈÀ¢MS=CL�dTV[\CLK�5O])]7AD R 6CL]d5J57N�Xf5^5ONDTW])ND3R[\3R RC4KDCLT}5���2@X6K�¤=C*5HX �6CLK/573 ¤=C,36�«5ONMC*Æ��7]�5
3R�dZDCL�4E|X­50UVCLX6]d5zXf]zX�ÆD�7]d5\XfSDSD�73@¢�TV[nXf57TV3RKlE�TV[\SDUW��TWKD  � , # � � Ó . �'# � , � � Ó .�: +ÀTWK�X6UVU}�RE�TW50TW]
�7C4¯$ADTV�dCLZ/5ONDXf5)57NDC,2L36KD]d57TW5OA�5OT � C,CL¯$A�X­5OTV36K , Ö .9¤�C	3R¤�ÇdC4245OT � CfEÁX¥2L3RKMZDTW57TV3RK�¬9NDTV2HN�TW])]OX­5OTV]�Æ�CLZ�T}�
� TW]|2HNM3R]7C4K>Xf2L2L36�7ZDTWKD *5O3	5ONDC^�7CLSM�7CL]dCLK�5HX­5OTV36K 5ONDC43R�7C4[ �·3R�|TV]d365O�d3RSDTV295OC4KD]736��¦ � X6UWADCLZ\�·ADKD2�5OTV36KD]
36�°5�¬|3�]d��[\[nC�5O�dTV2#5OCLKM]73R�d] ,·8ºX6KD Ë±)(f´ .�:98ºC*KD365OC
5ON�X­5JX\�·AMUVUÁZDCL]d2L�dTVSM57TV3RK/3f�°5ONDC*NDTV]�5O3R����X6KDZ
ZDC � CLUW3RSD[\CLK�5036�B5ONDC4]7C�TVZMC@X6]	2@X6K(¤=Cn�·36ADKDZ(TWK
IJ3RUW��[,¤�Xf]*X6KMZº8ºA ±+*f´µE«IJ3RU}��[*¤�X6]�± Ö-, ´ EÀ8_A
X6KDZ>IJ3RUW��[,¤DX6]#± ÖRÖ ´µEGX6KDZ�5ONDC#�dC4�·CL�dCLKD24CL]¾5ONDC4�7CLTWKl:
F¶5#TV]J243R[n[\3RKQ573�2L3RKD]dTVZDC4�#X�2LUYXf]7]J36���·ADKD2�5OTW3RKD] � ¬9NDTW2HN_2LX6KË¤�C,¬9�dTW5d5OCLK.X6]¡57NDC0]7AM[ 36�

5�¬|3\57CL�7[\]
� , � � Ó . �/. , � � Ó . �10 , � .3242 Ó 252 � , $ .

¬9NDC4�7C6252 Ó 242�ZDCLKM365OC4]^5ONMC,È«AD2LUWTVZDCLX6KQKM3R�7[�252 Ó 242 �"7 57� , Ó � .s:�Í�NDC,]7C42L3RKMZQ5OC4�7[¼TVK , $ .�TV]¾KD3RK�¦
UVTWKDC@Xf�ÀTVK Ó E$X6KDZz�dCLSD�dCL]7C4K�5O]ªTV�7�dC � CL�7]dTV¤DUWC©¤=CLN�X � TV3RAM�°36�G5ONDC9 R�7X6K$ADUYXf�À[nXf5OC4�7TYXfU :ÁÍ�NDC�3657NDCL�°57CL�7[

&



. , � � Ó .°5HX �6CLK 573	¤=C)UWTVKDCLX6��TVK Ó E�X6KDZ¥�7CLSM�7CL]dCLK�5O]B�7C � CL�d]7TV¤MUVC)¤=CLNDX � TW3RAD�L: ,�Í�NDTW]B�7C4SD�7C4]7C4K$5OXf5OTW3RK
[nXj�\¤=C)243RK�5O�OXf]d5OC4Z¥¬9TW57N N���S�3�CLUVX6]d57TV2LT}5��RE$SD�d3RS�36]7CLZ�¤��\Í§�7ADC4]7ZDC4UVU«± Ö ²­´µE$�·3R�ª¬9NMTV2HN 5ONMC^�·ADKD2�5OTW3RK
� TV]BUVTVKMC@X6�|TVK Ó : .,Í�NDCL�dC
X6�7C#X0K$AD[,¤=CL��36��]7S=CL24TWÆ�2 � CL�d]7TV36KD]936� , $ .�:«F�K�57NDC#SD�7C4]7CLK�5¾]d57ADZM� ¬|C
2HND3�3R]7CJ573nAD]dCJ5ONDCJ�·3R�d[

� ��� � 5O�/, � . Ó � � � 5O�/, � Ó .
5O� , � . � � , ��� � � � ��� ��� � . 242 Ó 2425O��, � . � , & .

SD�d3RS�36]7CLZ ¤�� 8ºA�± ²h´µ: `¾CL�dC � � ZMCLKD3657CL]�5ONMC.ZMC � TYXf573R�7TW2�]d57�7CL]d]�57CLKD]d3R�LE)ZDC4Æ�KMCLZ-¤�� � � �
�/� 57� , � .	� � $�E§¬9NDC4�7C
�zTW]
57NDC¥ADKMTW5
5OCLKM]73R�4:�Í�NMC¥�·3RAD�
2L3RKM]d5HXfK$57] � � ��� � ����� X6KMZ ��� E�¬9NMTV2HN
ZDC4S�C4KDZ�3RK!5ONDCQTVKDT}5HX6U � 36TVZ!�7Xf5OTW3DE9X6�7CQZDTV[\CLKD]dTV3RKMUVCL]d]¥[nXf5OC4�7TVX6U9S�X6�OXf[nC�5OCL�d]LE�¬9NDTW2HN 2@X6K ¤=C
ZDC�5OCL�d[nTWKDCLZË¬9TW57NºX�]7TWKD RUWC,5O�7TVX­¢�TYX6U�2L3R[\SD�dCL]7]dTV3RKË5OC4]d5L:¥Í�NDC��ºXf�7Cz�7C4UYXf57CLZË5O3�5ONDC0¬|CLUVUu¦ �$KD3j¬9K
S�X6�7X6[\C45OC4�7]036�¾TWKDTW57TYX6U°5OX6KD RC4K$57TYX6U|]d57TW½�KDCL]d]LEªTVKDT}5OTYXfU
�§3RTV]d]73RK �7Xf5OTW3DE«X6KD 6UVC 36�¾TWK$57CL�dK�X6U|�·�dTV2�5OTV36K
X6KDZËXfKD RUVC
36��ZDTWUYXf5OX6KD2��RE�X6]¡ZDC�5HX6TWUVCLZ>TVKQ8_AËX6KDZ/¸©X6ADC4�z± Ö $­´µ:JÍ�NDCL]dCzX6AM5ONM3R�7]JXfUV]73n]7ND3j¬�5ON�X­5
5ONMTV]°[\3�ZMCLU�2@X6SM57AD�7C4]°5ONDC�SM�73R[\TVKDC4K�5°¤=CLN�X � TV3RAM�°36�= R�OXfK�AMUYX6��[¥Xf57CL�dTYX6UW]LEfX6KDZzX6]°]dAD2HNlE�¬9TVUWU�]dCL� � C
5ONMC	SDAM�7S=3R]7C4]¡36�À57NDTV]¾]d57ADZM�6:¾Í���SDTV2LX6UÁK$AD[nC4�7TW2@X6U � X6UVAMCL]9�·3R��5ONDC	2L3RKD]�5HX6K�57] � � ��� � ����� X6KMZ ���
X6�dCn RT � C4K_TWK_Í�X6¤DUWC Ö :¥Í�NDCzÆ��7]�5*�d3j¬®36�©ZDXf5HX�TV]J5HX �6CLK_�·�73R[ 8_A����-�����©± Ö &f´µEÁ¬9NDTVUWCz57NDC\�7CL]�5
2L36[nC4]9�·�d3R[ 8_A>X6KDZ>¸©X6ADC4�
± Ö $­´ :

� � � � ��� ���
I#X6�7UW]7�7AMNDCJ[nC4ZDTVAM[ ]OXfKDZ � Ö , ) � ( � ( ,MÖ � ( � � * � � Ö Ö-, � � � �

I
Xf�7UV]d�7ADNMCJ[nC4ZDTVAD[ ]OX6KMZ ,·UV3�3R]7C/. � ) * �%& � ) � $ � Ö � ) ( ( � * ) * * � )
I#X6�7UW]7�dADNDCJ[\CLZDTWAD[ ]7X6KDZ ,�ZDC4KD]7C/. � Ö ,MÖ � ² � * )�² � Ö � ( � � � $ Ö ²R²
* � ²
¿^KDZD�7X6TVKMCLZ>?©X6]d57�73\]OX6KMZ ,·UV3�3R]7C/. � ² , � , � Ö * $ � ² � Ö * $ � ² Ö * , � ,
¿¾KDZD�OXfTVKDC4Z/?©X6]�5O�d3n]7X6KDZ ,�ZDC4KD]7C/. � $ $ � $ � ² � * � ² � ² � * � ² $ ( & � (
È«���$]OX ��[\CLZMTVAD[ ]OX6KDZ ,�ZMCLKD]dC . � ² , , � , � Ö ( � ² � ( � Ö ( � ² � ( ² (
( $ � $
ÂÁC4TV RN�573RKQ¸|A����LX6�7Z�]OX6KMZ ,·ZDCLKD]dC . � � $ � $ � ( &$² � ² � ( &$² � ² � Ö * � (

Í§3j�R3RAD�7Xn]7X6KDZ ,�UV3�3R]dC . � Ö ² $ � $ � ÖRÖ )�² � ( � ÖRÖ )R² � ( Ö & * & � ²
Í�3j�R36AD�OXz]OX6KMZ ,·ZDCLKD]dC . � Ö $ , � , � * ( & � * � * ( & � * Ö $ � & � *

Í�X6¤DUVC Ö�� Í���SDTV2LX6U � X6UWADCL]Ã�·3R�Á5ONMC|S�Xf�OX6[\C457CL�7] ��� E�� � Ö � �&� � � &DEfTWK
57NDCB243RKD]�5OTW57AM5OT � C�CL¯$A�X­5OTV36K�, & .

8ºC>KD3657C�57N�Xf5z¬9NDTVUWC , & .0N�X6]\SD�73 � CLK�573º¤=CQX6K C4½�CL2�5OT � CQ243RKD]d57TW57AM5OT � C�UYX@¬ �·3R�\ R�7X6K$ADUYX6�

(



[nXf5OC4�7TYXfUV]¥AMKDZDCL��[nX6K�� 2LTW�724AD[n]�5HX6KM2LCL]4E¡TW5 ZD3�C4]�N�X � C.N�X6]�]73R[\C�ZDC�Æ�2LTWCLKD24TVCL] ,�X6]�ZD3 365ONDC4�
[\3�ZDC4UV]�36��5ONDC#�·3R�d[ , Ö . .�E�]7AM2HN�X6]95ONDC#��X6245957N�Xf595ONDC#�·ADKD2�5OTW3RK � ZD3�CL]¾KD365^ZDC4S�C4KDZQCs¢MSMUVTV24TW57UW�
3RK05ONMC � 3RTVZz�7Xf5OTW3��RE�¤DAM5�5ONDC�243RKD]�5HX6K�5O] ��� ZD3D:ÀF�ZDC@X6UWUW� � ¬B36ADUVZzTVKM2L3R�dS�3R�7Xf5OC©X#ZMCLS=CLKDZDC4KD2LC^36��REGX6KDZ�X6K���SDX6�OX6[\C457CL�d]©¬B3RAMUVZ�¤�CJTWZDCLK�57TWÆ�C4Z��·3R�B3RKDC � 3RTWZ��OXf57TV3��
3RKDUW�6EDX6KMZ>�dCL[nX6TVK�243RKD]d5OX6K�5
¬9NDC4K�� � X6�7TWCL]L:ÀÍ�NDTV]ª R3�X6UGN�Xf]|[\365OT � Xf5OC4Z\57NDC^�dCL]dC@X6�d2HN�36�l8_A X6KDZ¥¸©X6ADC4�J± Ö (­´µE�8_A ���	�����l± Ö &f´µE
8_Aº± Ö )f´ÃX6KDZ�365ONMCL�7]4ED¬9ND3\TV[\SD�73 � C)3RK , & .B¤���[,AMUW5OTWSDUW��TWKD 	57NDCJKD3RKDUWTVKDCLX6�B57CL�7[\]�¤���X,ZDC4KD]7T}5��
TVKMZDC�¢�E�¬9NDTV2HNnZDCLS=CLKMZD]|Cs¢�SDUVTW2LTW57UW�	3RKz5ONDC � 36TVZ\�OXf57TV3D:°1�AD2HN XfKnXfSDSD�73RX62HN¥¤DAMTVUVZM]«TVK05ONDC9243RKD2LC4SM5
36�ÀX\24�7T}5OTV2LX6U£]�5HXf57C#TVK�5O305ONMC	243RKD]d57TW57AM5OT � CJCL¯$A�X­5OTV36Kl: � KD3657NDCL�¾C�¢MX6[\SDUWCJ36�°XfK>Cs¢�57CLKD]dTV3RK�5O3 , & .

N�X6]�¤�C4CLK0]dAD R RC4]d5OC4Z0¤��*¸BX6ADCL�ÀX6KDZ*8_A�± Ö � ´µEf¬9ND3¡X6UV]d3)TVKM2L3R�dS�3R�7Xf5OC�5ONMCBC4½�CL2�5O]°3f��2L3RNMCL]7TW3RK,TWK$573
5ONMCJ[n3�ZDCLUµ:°Í�NDC4]7C	X6ZDZDT}5OTV36K�X6UG[n3�ZDT}Æ�2@Xf57TV3RKM]|5O3057NDCJ3R�7TW RTVKDX6U�[\3�ZDCLU��7CLZMAD2LCJ5ONMCJS�3R]d]7TW¤DTVUWTW5��\36�
X6K�XfUW�$5OTW2©SD�736 R�7C4]7]�TVK0ZDC�5OC4�7[\TVKDTWKD J R�736ADS�¦�TWK � Xf�7TYXfK$5À]73RUWAM5OTW3RKD]4E�X6KDZ05ON$AD]|Xf5«SM�7CL]dCLK�5ª¬BC9�7C4]d57�7TV2�5
3RAD�d]7C4U � C4]¾57305ONDC#]7TW[nSMUVCL�B2L3RKD]�5OT}5OAM57T � C#UVXj¬ , & .�:

� � ������� �
�/��� �
	��
� �	������� � ��� �
�
����� ��� � 

��� ����
 � ���������

8_C,X6�dC	243RKD2LC4�7KDC4Z�NDCL�dC	¬9T}5ONQ 6�OX6K$ADUVX6�^ZMC4�·3R�d[¥Xf57TV3RKM]�TVKQ36KDC*]dS�Xf5OTVX6UÃZDTW�7CL2�5OTW3RKl: � ?©Xf�d5OC4]7TVX6K
2L3�3R�dZDTVK�X­5OC/]���]�5OC4[ ,�� ��� ��� .¥TV]�TWK�5O�73�ZDAD24CLZ�]73 5ONDXf5�5ONDC��D¦�X­¢�TV]�S=3RTVK�5O]�TWK 5ONDCËZDTW�7CL2�5OTW3RK 36�
 R�7X � T}5��RE�X6KMZ0TW5«TW]°X6]d]7AD[\CLZ\X6UWU�SDN���]7TW2@X6UM¯�ADX6K�5OTW57TVC4]«X6�7CBTVKDZDC4S�C4KDZDC4K$5�3f��5ONDC � X6KDZ � ZDTW�7CL2�5OTW3RKD]L:
Í�NDC
2L3R[\S=3RKDCLK�57]¾3f��57NDC	?©X6AD2HN���]d57�7CL]d]¾57CLKD]d3R� � X6�7C
X6]d]7AD[\CLZ�5O3z¤=C#36��57NDCJ�·3R�7[����� ����� ����� ���������� ����� ���������� ����� � �!�

"$###% �

�����
 , ,
, & ,
, , &

"$###% �

¬9NDC4�7C  �  ,'� � � .¡XfKDZ & � & ,'� � � .sE§X6KDZ�5ONDCz243R[nS=3RKDC4K�5	3f� � CLUW3�24TW5���TWK/5ONDC��D¦�ZMTV�7C42457TV3RK�TW]
ZDC4KD365OC4ZË¤$�)( � ( ,'� � � .s:
F¶5)�·3RUVUW3h¬9]¾5ON�X­5¡5ONDC0243RKD]�5OTW57AM5OT � C,C4¯$A�Xf5OTW3RK , & .^TVK/243R[\S�3RKMCLK�5d¦ �·3R�7[
¤=CL2L36[nC4]

�  
� � �

( �  
� � � * � � ,� � ² & . � � �  �

 � ² &,+ � (� ��� * ���  �
 � ² & � ���

&',� � & . �
*',  � ² & . +.---- �

(
� � ---- � , ( .� &

� � �
( � &
� � � � � &  

 � ² & � (
� ��� * ��� & �

 � ² & � ���
,� � & . �
*',  � ² & . +/---- �

(
� � ---- � , ) .

)



Í�NDC4]7C*5�¬|3¥C4¯�ADXf5OTW3RKD]^X6�7C#5O3\¤�C
]7AMSDSDUVC4[nC4K�5OCLZ>¬9TW5ON�5ONMC	AD]dA�X6U§2L3RKM]7CL� � Xf5OTW3RK>UVX@¬9]¾�·�d3R[ 2L3RK�¦
5OTWK$ADAD[»[\CL2HN�XfKDTV24]L:�F�K�3RKDC#ZDTV[\CLKM]7TV36KlEM5ONMCL]7C
X6�dC#[¥X6]d]92L3RKD]dCL� � X­5OTV36K

� �
� � �

( � �
� � � , Ö � � . � (

� � � , � .

X6KDZ�5ONMC
243RKD]dCL� � Xf57TV3RK�36��[\3R[nC4K�5OAD[

� (
� � �

( � (
� � � , Ö � � .

��� �  
� � ��� � , ( .

¬9NDC4�7C ��� TV]À57NDC©[nXf5OC4�7TYXfU�ZDCLKD]dTW5��*36��5ONDCB R�OX6TWKD]ÀTWK*5ONMC© R�OXfK�AMUYX6�§[¥X­5OCL�dTYX6UµE � TW]�57NDC9X62L24CLUWCL�OX­5OTV36K
ZDADC¾5O3
 R�OX � TW5��6EMXfKDZ � � � ,'� � � .ªTV]«57NDC � 3RTVZ\�OXf57TV3D:�Í�NDC)UVXf5757CL��¯$A�X6K�5OT}5��\TV]�ZDC4ÆDKDCLZ�Xf]|5ONMC^�7Xf5OTW3
36�J57NDC � 36TVZ � 3RUVAD[\C>573º5ONMC/]73RUWTVZ � 3RUWAD[nC�¬9TW57NDTVK 5ONDC/ 6�OX6K$ADUVX6�n[nXf57CL�7TVX6U EBX6KDZ TWK�ZDC4�7T � TWKD 
, � .�¦ , ( .|T}59N�X6]9¤�C4CLK�5HX624TW57UW�¥X6]7]dAD[nC4Z>57N�Xf5 �������	� ED¬9NMCL�7C �	� TW]�5ONDC#ZDC4KD]7T}5���36�§5ONDC � 36TVZD]4:
`^TWUVU¡XfKDZ 8�TVUVUWTYX6[\]Q±%)f´¡2L3RKD]dTVZDC4�7C4Z 57NDC.X6¤�3 � C.C4¯$A�Xf5OTW3RKD]�TVK!57NDCË2L3RK�57C�¢�5�36�*Z���KDX6[nTW2@X6U

ADKDTVX­¢�TYX6U£2L3R[\S�X62�5OTV36Kl: � ¤DUYX6]�5¾36�°XfTV��TV]9AD]dCLZ�5O3z2L3R[\SD�dCL]7]¾[\3RADUVZMTVKD 0]7X6KDZ>X6�73RAMKDZQXzS�Xf5d5OC4�7K
¬9TW57N�5ONDC#TVK�57CLK�5OTW3RK 5ON�X­5�5ONDC#2L36[nSD�dCL]d]7CLZ>]OX6KMZ>TW]©]7A "\24TVCLK�57UW��]�5O�736KD \573\X6UVUW3h¬�57NDCJS�Xf5d5OCL�dK�573
¤=C¡�7C4[n3 � C4Z�]73,57N�Xf5©[\3RU}5OCLKn[nC�5HX6U=2@XfK�¤�C¡S=3RAD�dCLZ�TWK$573	57NDC¡[\3RADUVZ£:°Í�NDCJX6TW�|SM�7CL]d]7AD�dC#TV[\S�X6245
SD�d3�ZDAM2LCL]¡X¥2L3R[\S�X62�5OTW3RKQ]dND3�2 ���·�73RK�5^5O�OX � CLUVUWTVKD nZD3j¬9K�¬©X6�dZD]J]7AM2HNË57N�Xf5)¤�C4NDTVKDZ>5ONDC*�·�d3RK�5)57NDC
]OXfKDZQZDC4KD]7T}5���X6KDZ�]d57�7CLKM 65ONQX6�7C#TVKM2L�7CLX6]7C4Zl:�8�NDCLK�5ONDC
]7ND3�2 � �·�736K$5¾�dC@X62HNDC4])C4TW5ONMCL��5ONDC#[\3RADUWZ
¤�X6]dC#3R�©5ONDCJSDXf5757CL�7K£EGXz]dCL243RKDZ�]7ND3�2 �¥�·�736K$59TW]� RCLKMCL�OX­5OCLZ�¬9NDTW2HN�57�OX � C4UV]9ADS�¬BX6�7ZD]^X6KDZ��·AD��5ONDC4�
2L36[nS�Xf245O]|5ONDC#X6KMZ�]d5O�dCLKD f5ONDC4KD]�5ONDC¡]7X6KDZl:«8_C¡ZDTW]72LAM]7]©5ONMCJ�7CLUWC � X6K�5� R�d3RADS�¦¶TVK � X6�7TVX6K�5B]d3RUVA�5OTV36K
5O3057NDTV]�SD�d3R¤DUWCL[»TWKQ1�AD¤D]7C42457TV3RK )M: ²�:


 ���.
 � � ��� ��� �	� ����� � �

��
�� ��������������� �"!$#�%'&)(�*,+.-/#102&�(�*3��4�5768#"9:&)(�*

Í�NDTW]¾]dAD¤D]dCL2457TV3RK�TV]�243RKD24CL�7KMCLZQ¬9T}5ON�5ONDC#]dS�C42LTYXfUl2@X6]dC
�·36�©¬9NDTV2HN �RE & X6KMZ  �X6�7C#36�§5ONDCJ�·3R�d[� ,�� � � . � Ö �<; ,>= . � & ,'� � � . �@? ,A= . �  �,�� � � . �<B ,>= . � , * .

�



¬9NDC4�7C = � = ,'� � � .\TV]n]73R[\C>�·AMKD2457TV3RK!3f�
� X6KDZ � :�F�K!57NDTV]n2@X6]dC/CL¯$A�Xf57TV3RKM] , ( .¶¦ , � .z2LX6K!¤=C
�7C�¬9�7T}575OC4KQXf]

�  
��� �

��,�� .
Ö � ²�� B ,>= . � (

� � � , Ö-, .
� &
��� � � ,�� .

Ö � ²�� B ,>= . � (
� � � , ÖRÖ .

� �
��� � ; ,>= . � (

� � � , Ö ² .

¬9NDC4�7C��ºZDC4KD365OC4]¾57NDC#�OXf57TV3 � � & ,'� � � . ,'� � � . � ? ,>= .
B ,>= . � , Ö $ .

X6KDZ ���
��� TV]#ZDC�Æ�KDCLZ(X6]	TWK ,µ² .�:nÍ�NDCn�·AMKD2457TV3RKD]�� X6KDZ � AD]7C4ZºTVK , Ö , .JX6KDZ , ÖRÖ .¡C@Xf2HNº5HX �fC
ZDT}½£C4�7CLK�5
�·3R�7[\]#ZDCLS=CLKMZDTVKD >3RK_¬9NMC45ONMCL�	57NDC¥ZMCL�7T � Xf5OT � C � ( � � � TW]
S=3R]dTW5OT � Cz3R�
KDCL RXf5OT � C6: +G36�
C�¢MX6[\SDUWC6E��/TV]� 6T � C4K>¤��

��,�� . �
�	�
 � � , Ö � ²�� . � � , � � � ��� . � � 
 ��� , Ö � � . � ��� �� ��� ,
� � , Ö � ²�� . � � , � � � ��� . � � 
 ��� , Ö � � . � � � �� ��� , �

¸|��243R[,¤DTWKDTVKM  , Ö-, .sE�, Ö6Ö .©X6KDZ , Ö $ .ª¬BC	X6�dT � C
Xf5
� �
��� � �

,�� . � ����,�� .
Ö � ²�� � (

� � � , Ö & .

¬9NDC4�7C

� ,�� . � ����,�� . �
�	 
 ��� � � , Ö � ²�� . � � ��� � , Ö � � . � �
 ��� , Ö � &�� . , Ö � � . � � � �� ��� ,��� � � , Ö � ²�� . � � ��� � , Ö � � . � �
 ��� , Ö � &�� . , Ö � � . � � � �� ��� , �� T � TWZDTVKD �, Ö-, .B¤�� 57NDTV]9C4¯�ADXf5OTW3RK�SD�73�ZDAD24CL]95ONDC#3R�dZDTVK�Xf�d� ZMTW½�CL�7C4K�5OTYXfU£CL¯$A�X­5OTV36K� B� � � ��,�� .

� ,�� . � ����,�� . B ,A= . � , Ö ( .

¬9NDTW2HN>2LX6K>�dC@X6ZMTVUW�n¤=C
]d3RU � CLZ�5O3\ RT � C

B ,A= . �  ��GC�¢�S�������! 
��,��#" .

� ,�� " . � � " � ,�� " . � � "%$ � , Ö ) .

¬9NDC4�7C�TVKMTW5OTVX6UVU}� B �  &�@E^X6KDZ'� � �#�j:�Í�NDC��7TW RN�5d¦¶N�X6KDZ!]dTVZDCQ36� , Ö ) .\[nXj� ¤=C/C � X6UWA�Xf5OC4Z
C�¢�SDUWTV24TW5OU}�n¬9T}5ON�5ONMC
AM]7C#36�°SDX6�d57TYX6U=�·�OX62�5OTV36KD]L:ª1�AMSDS�36]7CJ5ON�X­5¾57NDC#�73�365O]�3f�

� ,�� . � ����,�� . � , , Ö � .

(



X6�dC � � � �jE���� ����E�¬9NMCL�7C � �@E��_X6KMZ	�.X6�7C^�7C@XfU�, 5ONDTW]BTV]�5ONMC¡2@X6]dC^�·3R�|C@X62HN�]dC45B36�ÁS�X6�7X6[nC�5OC4�
� X6UVAMCL]�TVK\ÍÀXf¤DUVC Ö E$C�¢�24CLSM5|�·3R��UV3�3R]7C9ADKDZM�OX6TWKDCLZ¥?©X6]d57�73	]OX6KDZ£E�¬9NDC4�7C¾5ONDC95OND�dCLC¾�73�365O]ªX6�dC9�7C@XfU .�:
F¶595ON$AD]��·3RUWUV3j¬9]©5ON�X­5

 �  ���
 �#� � � �� � � �
��� 
 ,��#� � ��. � � � �,�� � ��. � � � � ��� Cs¢�S � ²��JX6�72�5HX6K�
 � ,�� � �#� .
,��#� � � .�,�� � � . � � � � $ �, Ö ( .

¬9NDC4�7C#�·3R� � ( � � � � , 5ONDC#�7CLX6UÃ2L36KD]d5OX6K�5O]���E��¥X6KDZ��¡X6�dC# RT � CLK�¤��� � � �� , $ ) � � � & ��� . � � � , $ ) � � � ( ��� . � * � � � * � � � * ��� � & ���
$ � �� , $ ) � � � & ��� . � ² � � , $ ) � � � * ��� � * ��� . � * � � � * ��� � ) ��� �

� � ��� � ,�� � ��� . � , $ ) � � � & ��� . � ,�� � ��� .�, $ ) � � � ( ��� . � * � � � * � � � * ��� � & ���
$',�� � ��� . � , $ ) � � � & ��� . � ² ,�� � ��� .�, $ ) � � � * ��� � * ��� . � * � � � * ��� � ) ���

�
Í�NDC4�7C	X6�7C#X6KDX6UV3R 63RAD]��7C4]7ADU}5O]��·3R�
��E��nX6KDZ��^�·3R� � ( � � � � , E�¤DA�5�¬BC
3R[\TW5©57NDC#ZDC45OX6TVUW]L:F�KQXz]7TW[nTWUYX6��¬BXj�6EGCL¯$A�Xf57TV3RKD] , Ö ² .©X6KMZ , Ö & .B2L36[,¤DTVKMC¡5O30��TVCLUWZ� ;� � � Ö � ²��

� ,�� . � ����,�� . ; ,>= . �

¬9NDTW2HN>2LX6K>¤=C#TVK�5OC4 R�OX­5OCLZ�573\ 6T � C
Ö � �
Ö � �!� � C�¢�S ��� ��  

Ö � ²�� "
� ,�� " . � � " ��,�� " . � � "%$

� 
 �#� � � �� � � � ��� 
 ,��#� � ��. � � � �,�� � ��. � � � � ��� C�¢�S � ² � X6�d245OX6K�
 � ,�� � � � .
,��#� � ��. ,�� � ��. � � � � $ � , Ö * .

¬9NDC4�7C#�·3R� � ( � � � � , 5ONDC#�7CLX6UÃ2L36KD]d5OX6K�5O]��ÀE��¡X6KMZ � X6�7C# RT � CLK�¤��� � *', Ö � ² � ��.$ � �� , $ ) � � � & ��� . � ² � �!, $ ) � � � * ��� � * ��� . � * � � � * ��� � ) ��� �

� � � � � * � Ö ( ,�� � ��� .
$',�� � ��� . � , $ ) � � � & ��� . � ² ,�� � ��� .�, $ ) � � � * ��� � * ��� . � * � � � * ��� � ) ��� �

X6KDZ � �JXfKDZ �!� ���
Xf�7C	57NDC
�73�365O]¾36� , Ö � .�,µX6 RX6TVKlE�]dTV[\TVUVX6�©�7C4]7ADU}5O]¾�·3R�"�ÀE#�
XfKDZ � ND36UVZ�¬9NDCLK
� ( � � � � , .s:

+ÀTV 6AD�7C Ö ]7ND3j¬9]9]73R[\C)57�OXhÇdC4245O36�7TVC4]©TVK
,� � & .|]dS�X62LC¡�·36�|5ONMCJ2@X6]dCJTVK¥¬9NDTW2HN , * .ªND3RUVZM]©ADKDZDC4�
5ONMC��·AM�d5ONMCL�zX6]d]7AD[\SM5OTW3RK
5ON�X­5 � ( � � � � , :(`^CL�dC�¬BC�N�X � C�AD]dCLZ 5ONDC � X6UVAMCL] � � � � Ö-, ) � (�E
� � � � ( ,�Ö � (�E ��� � � � * � � Ö X6KDZ ��� � Ö-, � � � � E�¬9NDTV2HN�Xf�7C#�·3R�)I#X6�dUV]d�7ADNDC
[\CLZDTWAD[ ]OX6KMZ ,�]dCLC
Í�X6¤DUVC Ö .�: +G�d3R[ 5O3RS(573/¤=3657573R[>E§5ONDC¥]73RUWTVZº24AD� � CL]zTVK.5ONDTW]	Æ� 6AD�7C�Xf�7C¥�·3R�
5ONDC¥TVKDT}5OTYXfU � XfUVADC4]

*



�#� � & � �  &� � ²�E Ö X6KDZ Ö � )M:*Í�NDCzZ�X6]7NMCLZº24AD� � CnTW]¡5ONDC0]�5O�7X6TV RN�5#UWTVKDC & � � �  
El¬9NDC4�7C � �
TV]^5ONDCz�7CLX6U°�d3�365¡36�-, Ö � .9¬9TW5ON � ( � � � � , :��^3657C,5ON�X­5¡5ONDC4]7Cz2LAM� � C4]	NDX � Cz¤�C4CLK.ZD�OX@¬9K.AD]7TWKD 
CL¯$A�X­5OTV36K , Ö ( .�E§X6KMZ_ZD3�KD365
243R[nC,�·�d3R[ TWK$57CL R�7Xf5OTWKD  , ( .�¦ , ) .)C�¢�SDUWTV24TW5OU}�>¬9T}5ON.�7C4]7S=CL245
5O3�5OTW[nC
� :°8_CJ]7ND3RAMUVZ�X6UW]730[\CLK�5OTW3RK¥5ONDXf5©5ONMCJ�7CL]dADUW57]�36�Ã5ONMTV]©]dAD¤D]7C42457TV3RK>X6�7C)TVKDZDC4S�C4KDZDC4K$593f� 2 � ( � � � 2 E¬9NDTW2HN>TW]9X0¬|CLUWU}¦ ��KM3h¬9K�2L36KD]7C4¯�AMCLKD24C,36���OXf57C�¦�TWKDZDC4S�C4KDZDCLKM2LC6:

0

0.5

1

1.5

2

2.5

1 2 3 4 5

S/T

T/T

0

0
+ÀTW RAD�7C Ö�� 1�57�7C4]7]ÀSDXf5OND]��7C4]7ADU}5OTVKM ¾�·�d3R[�X6K	3�C4ZD3R[\C45OC4�§57CL]�5@:ÀÍ�NMCB]736UVTVZ
2LAM� � C4]«X6�dCª�·3R�#�#� � Ö � )ME
Ö XfKDZË²�EG¬9NDTVUWCJ5ONDC	Z�X6]7NMCLZ�2LAM� � C*TV]9�·3R� �#� � � �@:9F�K�XfUVUÃ2@Xf]7CL] � � � � Ö-, ) � (�E � � � � ( ,MÖ � (�E
��� � � � * � � Ö XfKDZ ��� � Ö , � � � � :

��
�� �'� �����
	 ����
���
 � 5�
�� ��	�����	�� ��	��

� K TV[\S�36�d5HXfK$5\ADKMTYX­¢�TYXfU�ZDC4�·3R�d[¥X­5OTV36K 3�2L24AD�7]\¬9NDCLK� R�OX6K$ADUVX6�z[¥X­5OCL�dTYX6UW]zX6�7C�]7AM¤�ÇdCL2�5 5O3_3�Cs¦
ZD3R[\C457CL�©57CL]d57]L: � AD�dTVKD ,57NDCL]dC#57CL]�5O]LEG]d3R[nC�5OTW[nC4]©�7C��·CL�7�dCLZ�5O3\X6]�36KDC�¦¶ZDTV[\CLKD]dTV3RKDX6U£243R[nSM�7CL]d]7TW3RK
5OC4]d57]LE©X�]�5O�7C4]7]  »TW]zX6SDSDUWTVCLZ TWK X � CL�d57TV2LX6U�X­¢�TV]4E|¤MAM5\[n3 � C4[nC4K�5nTWK(5ONDC�UVXf5OC4�OX6U©ZMTV�7C42457TV3RK
TW]
SD�dC � C4K�5OCLZ£:.Í�NMC UYXf57CL�7X6U�]d5O�dCL]d] & XfKDZ(5ONDC¥X­¢�TYX6Uª]d57�OX6TWK��>X6�dC¥[\C@X6]dAD�7C4Z X6]*�·ADKD2�5OTW3RKD]*3f�� 	:
� �6C��
S=3RTVK�50TW],5ON�Xf5057NDC�ZDC��·3R�7[nXf5OTW3RK(TW]0X6]7]dAD[\CLZ 5O3Ë¤�C�NM3R[n36 RCLKDC43RAD]4Eª]d3�5ON�Xf5/� � � , � .sE

Ö-,



& � & , � .¡X6KMZ  �  �, � .�EÁX6KMZ/5ON$AD] , * .^X6KDZ/5ONMCzX6K�X6U}��]dTV]¡3f�©1�AD¤D]7C42457TV3RK &D: Ö ND3RUWZD]L:#8ºC02LX6K
5ONMCL�7C��·3R�7CJ57NDTVK �¥36��57NDC#2LAD� � C4]^TWK +�TV RAD�dC Ö X6]9ZDCL]d2L�7TW¤DTVKM \3�CLZM3R[nC�5OC4�©5OCL]�5O]¾ADKDZDC4�9UV3�X6ZMTVKD D:
F�K 3�CLZM3R[nC�5OC4�z57CL]�5O]LEBTW50TW]z�·36ADKDZ 5ON�Xf5LE|�dCL �Xf�7ZDUWCL]7]z36�¾5ONMC>TWKDTW57TYX6U � X6UVADC4]036�)57NDC�]d57�7CL]d]7C4]LE

5ONMC\24AD� � CL]	TVKË]d57�7CL]d]	]dS�X624C¥X6SMSD�73�Xf2HN.57NDCzUVTVKMC & � � �  ¹X6]d��[\SM5O3f5OTV2LX6UVU}�>�·36�JUYX6�d RC  
:\`^CL�dC
5ONMC�]7S=CL2LTVX6U©243RKD]d5OX6K�5 � �0�·3R� � ( � � � � , TW],�7C��·CL�7�dCLZ 5O3�¤��
C4KD RTVKMCLCL�d]zX6],5ONMC�2L3�C "\2LTWCLK�5z36�
UYX­5OCL�7X6UB]�5O�dCL]7]\Xf5,�7CL]�5@:(Í�NMC�S=3RTWK$5 � � � �\TV],XQÆM¢�CLZ S�3RTWK�5036� , Ö & .�E«¬9NDTV2HN [\C@X6KM],5ON�Xf5zT}�
5ONMC
�dCLUVXf5OTW3RKD]7NMTVS & �  � � �¾ND3RUWZD]9TVKDT}5OTYXfUVUW�6ER5ONDC4KQT}5�ND3RUWZD]�5OND�d3RAD RND36AM5�5ONDC#ZDC��·3R�7[nXf57TV3RKl:�+G36�
UYXf�7 RC  �  ��¾¬|C	[nX@� TWK � CL��5�, Ö ( .|573n RT � C¡57NDC
X6]d��[\SM5O3657TV2J¤=CLN�X � TV36AD�& �  �� � � �!,  �  ���. � # ,��#� � � ��.

,  �  �� .�� ��� � ��� � ��� 
 Ö
,  �  �� .�� � � � �	� � � Xf]� �  ���
 � � , ² , .

¬9NDC4�7C # TV]9Xz2L3RKM]d5HXfK$5¾ RT � C4K>¤��

#�� 
 ,�� � � � . � � � �, � � � ��. � � � � �

 � � C�¢�S � ²��� X6�72�5HX6K 
 � , � � � �#� .

,��#� � � .�, � � � ��. � � � � $ �
F¶5
TV]#2LUWC@X6�¡�·�d3R[ ,µ² , .)5ON�X­5@EÁSD�73 � TVZMCLZ , � � � Ö EÃ5ONDC\SD�7C4ZDTV2�5OC4Z_¤=CLN�X � TV36AD�
�·36�JUYX6�d RC  �  ��
�·�736[¼57NDC*N���S=3RSDUYXf]d5OTW2
57NDCL36�d�>TV]¾2L3RKD]dTV]�5OCLK�5¡¬9T}5ON/Cs¢�S�C4�7TV[\CLK�5OX6U�36¤D]7C4� � Xf5OTW3RKD]4:-+�3R�95ONDC	]7C�5J36�
[nXf5OC4�7TYXfUMS�X6�7X6[\C45OC4�7]«AD]dCLZz5O3#ZD�7Xj¬ +ÀTV 6AD�7C Ö E$57NDC�2L36[nSDA�5OCLZ � X6UVAMC�36� � TV] , � � � XfKDZ\57NDCL�dC4�·3R�dC
, Ö � � . � � � , � $ , :©F¶59�·3RUVUW3j¬9]957N�Xf595ONMC	]�5O�7C4]7]¡SDXf5OND]^X6SDSM�73�X62HN�5ONDC
UVTWKDC & � � �  �]dUV3j¬9UW��X6]
 �  &�¾TVKD24�7CLX6]7C4]LE�¬9NDTV2HN�TV]�C � TVZDC4K$59�·�d3R[ +ÀTW RAD�dC Ö :
Í�NDCQ24AD� � CQ�·3R� �#� � ².TVK +ÀTW RAD�7C Ö N�X6]n57NDC��·C@Xf57AD�7C�5ON�Xf5¥X6]z5ONDC>X­¢�TYXfU¾]�5O�dCL]7]� �  �� TW]

TVKM2L�7CLX6]7C4ZQ�·�736[ Ö E�5ONDC	[nCLX6]7AD�dCLZ>UYXf57CL�OXfUÃ]d5O�dCL]d] & �  ��¡ZDCL24�7CLX6]7C4]JXf5¾Æ��7]�5@E�X6KDZQ57NDCLK>TVKD24�7C@Xf]7CL]4E
X6SDSM�73�X62HNMTVKD z5ONDC
UVTWKDC & �  � � �¡X6]� �
 �-:|Í�NDTV]��·C@X­5OAD�dC	TW]¾TW]9C � TVZDC4K�5^�·3R�¾X6UWU � X6UVADC4]936� �#�
 R�dC@Xf57CL��5ON�XfK ���=ED¬9NDCL�dC ����TW]©5ONDC#S=3R]7T}5OT � CJ�73�365�36�

* � � � � * ��� � � � ��� , Ö � � . � � , �
¬9NDTW2HN\243R[\CL]À�·�d3R[��·36�72LTWKD  � & � �  � , :�+�3R�§5ONDC�]dC45«3f��[nXf57CL�7TVX6U$S�X6�7X6[nC�5OC4�7]°AD]dCLZzTVK +�TV RAD�dC Ö E
¬|C�NDX � C ��� � Ö � ,
, ( (�:.F¶50¬B36ADUVZ ¤=C TVK�5OC4�7C4]d5OTWKD �5O3�]dCLC�¬9NDC457NDCL�057NDTV],¤=CLNDX � TW3RAD�02L36ADUVZ
¤=C
3R¤D]dCL� � CLZQTVK�C�¢�S=CL�dTV[\CLK�5O]4:
� 2HN�X6�7X62457CL�7TW]d57TV2036�ªN���S�3RSMUYX6]�5OTV24TW5��>TV]¡T}5O]#X6¤MTVUVT}5���5O3�ZDC4]72L�dTV¤=C,5ONDCzXfKDCLUVX6]d57TV2,¤=CLN�X � TV36AD�J36�

 R�7X6K$ADUYX6�J[nXf57CL�7TVX6UV]4:0Í�NDTV]#TW]
S=3R]d]7TV¤MUVC0¤=CL2@XfAD]7Cn36�|57NDC\TVKD24UVAD]dTV3RK�36�|5ONDCzKD36KDUVTWKDC@X6�¡57CL�d[ 242 Ó 242
TVK , & .sE|¬9NDTW2HN!UVCLX6ZD]z5O3 2 � ( � � � 2�X6SDS=C@X6�dTVKD .TVK , ( .�¦ , ) .�: +�TV RAD�dC>².]7NM3h¬9] X_]d57�7C4]7] S�X­5ON �·36�

ÖRÖ



� ( � � � � , ¬9T}5ON �#� � & � �  �� � Ö :�Í�NMTV])TW]¾57NDC*¤=365d5O3R[ ]d3RUVTWZ>24AD� � C6ElXfKDZ/�7C4SD�7C4]7C4K$57]JUV3�XfZDTVKD 
TVK X6K 3�CLZD3R[\C457CL�05OC4]d5 ,·57NDTV]z24AD� � C>TW]nXfUV]73Ë RT � C4K TWK +�TV RAD�dC Ö .�:
8�NDC4K1 �  &� � Ö-, � & � Eª57NDC
[nXf5OC4�7TYXfU«TV]
ADKDUV3RX6ZDCLZ.¬9TW57N � ( � � � � , E°X6KDZ_5ONDTW]	¤=CLN�X � TV36AD�	TW]	ZMCL]724�7TW¤�C4Z(¤��_57NDCn573RSº]d3RUVTWZ
2LAM� � Cf:�Í�NDC¡5O�7XhÇdCL2�5O3R�dTVCL]|�·3R�BUW3�X6ZDTWKD  , � ( � � � � , .BX6KMZ ADKDUW3�X6ZDTWKD �, � ( � � � � , .BX6�dC)ZDT}½£C4�7CLK�5LETVUWUVAD]�5O�7Xf5OTWKD \57NDC\X6KDC4UYX6]�5OTV2	¤�C4N�X � TV3RAD�J3f�| 6�OX6K$ADUVX6�¡[nXf5OC4�7TYXfUV]L:#Í�NDCzZD3f575OC4ZË2LAD� � CzTVK +ÀTW RAD�dCz²
TV]©57NDC#]OX6[\C
X6]©5ONMC
ZM365757CLZ�2LAD� � C
TVK +ÀTV 6AD�7C Ö EDX6KDZ�TV]�TVKM2LUVAMZDCLZ��·3R���dC4�·CL�dCLKD24C6:

1

2

3

4

5

2 4 6 8 10

S/T

T/T

0

0
+ÀTW RAD�7C^² � 1�5O�dCL]d]BS�Xf57ND]��·3R��UV3�X6ZMTVKD �,·¤�365d5O3R[®]d3RUVTWZz2LAD� � C .ªX6KDZnADKDUV3RX6ZDTVKM  , 5O3RS\]736UVTVZz24AD� � C .ªTWK
X6K�3�CLZD36[nC�5OCL�¾5OC4]d5@E�¬9NDCL�dC0TVKDT}5OTYXfUVUW� & � �  �� � Ö :JÍ�NDC02L3RKM]d5HXfK$57] � � ��� � � ��� X6KDZ ��� 5OX �6C,57NDC
]OXf[nC � X6UWADCL]¾X6]9TVK�+�TV RAD�dC Ö :

F�K +ÀTW RAD�dC $J¬|C)SD�dCL]7C4K�5B5ONMC^�dCLUYX­5OTV36KD]7NDTWS0¤�C�5�¬BC4CLK 57NDC � 3RTVZ\�OX­5OTV3��¡XfKDZn57NDC¾X6SDSDUWTVCLZ\]d57�7C4]7]
 �  &�@E­¬9NDCL�dCª57NDCªTVKDT}5OTYXfU � 36TVZ
�OXf57TV39TV]Á RT � CLK	¤�� �!� � , � (�:�`^C4�7Cª5ONDC�5O3RS
2LAM� � C|TV]Ã�·3R�ÁUV3RX6ZDTVKM 9X6KDZ
5ONMC
¤=365d5O3R[»24AD� � C
�·36�¾AMKDUV3�XfZDTVKD M: �  �X6TWK�TW59TW]¾24UVCLX6�©5ON�X­5¾57NDCL]dC	24AD� � CL]^ZDTW½�CL�4E�ZDCL[\3RKD]�5O�OX­5OTVKM 
5ONMC	Xf¤DTVUWTW5��\36�À57NDTV]�243RKD]�5OTW57AM5OT � C¡57NDCL3R����5O3zSD�dCLZDTW2459SDUVX6]d57TV2J¤=CLN�X � TV3RAM�L:
8�NDTVUWC +ÀTW RAD�dCL] Ö ¦ $QN�X � C�¤�C4CLK ZDCL]d2L�dTV¤=CLZ TVKº57NDC 243RK�5OC�¢�5z36�93�CLZM3R[nC�5OC4�*5OC4]d5O]4E�TW5,]dND3RADUWZ

¤=C,ADKDZDC4�7]�5O3�3�Z�5ONDXf5¡5ONMC4��Xf�7C � X6UWTVZQSM�73 � TVZDC4Z , * .^ND36UVZD]4:*¨)57NDCL�)��Xf[nTWUVTVC4]936�ª]73RUWAM5OTW3RKD]^¬9NMTV2HN

Ö ²



0.488

0.49

0.492

0.494

0.496

0.498

0.5

2 4 6 8 10

e

T/T0
+ÀTW RAD�7C $ � Í�NDCQZMCLS=CLKDZDC4KD2LCQ36�)57NDC � 3RTVZ �OXf57TV3 �Q3RK 5ONDCQX­¢�TYX6U�]�5O�dCL]7]� �·3R�\X6K�3�CLZM3R[nC�5OC4�
5OC4]d5L:¾Í�NMC	5O36S/2LAD� � C	TV]9�·3R�^UW3�X6ZDTWKD \X6KDZ�5ONDC	¤�365d5O3R[ 24AD� � C,TV]��·3R�¾ADKDUW3�X6ZDTWKD D:©Í�NMC*2L36KD]d5OX6K�5O]
� � ��� � ����� X6KMZ ��� 5OX �6Cª5ONDCª]OXf[nC � X6UVADC4]ÀXf]�TWK +ÀTW RAD�dC Ö E6X6KMZ*TVKMTW5OTVX6UVU}� & � �  &� � Ö X6KDZ �!� � , � (�:
X6�dC,36��5ONDC,�·36�7[ , * .)Xf�7C,ZDC4]724�7TV¤=CLZËUVXf5OC4�)TVK/57NDC0S�X6S=CL�4: +G36�¡3�C4ZD3R[\C457CL�)57CL]d57]¡¬9TW57N � � � , � .sE& � & , � .*X6KDZ
 �  , � .
¬|C�[¥X@�_ R3Q�·AD��5ONDC4�L: +G�d3R[ , � .
3R��, Ö ² .
¬|C�]7CLC�57N�Xf5 � ( � � �!TW]0X�·ADKD2�5OTW3RK�36� � X6UV36KDC6EM¬9NMTV2HN�[nCLX6KD]©¬|C	[nX@� TVK�57CL R�7Xf5OC , Ö & .BZDTV�dCL2�5OUW�\5O3\ RT � C

� � ���
�  �

(
� � � � " � � ��  

Ö � ²�� "
� ,�� " . � � " ��,�� " . � � " � UW3R  
 Ö � �

Ö � �!� � �
¬9NDC4�7C �¡TV]«57NDC¾X­¢�TYX6UD]�5O�7X6TVKl:§8ºC9N�X � C¾57NDCL�dC4�·3R�dC¾ZMCL�7T � C4Z¥C�¢MX62�5B�dCLUVXf5OTW3RKD]7NMTVSD]°¤=C45�¬|CLC4K¥5ONMC95�¬|3
]d57�7C4]7]7C4] & X6KDZ  	E�5ONDC � 36TVZ��OXf57TV3 �
X6KDZ�5ONDC
X­¢�TYXfUl]d57�OX6TWK ��:
F¶59]7ND36ADUVZ�¤=C¡[\CLK�5OTW3RKDCLZ 57N�Xf5�SMUV3657]©]7TW[nTWUYX6�«5O3,57ND3R]dCJZD�OX@¬9K�TVK�+�TV RAD�dCL] Ö ¦ $,X6�dC¡SD�dCL]7C4K�5OCLZ

TVK
8ºAzXfKDZ0¸©X6AMCL��± Ö $f´MX6KDZ	8ºA ��� ���$± Ö &6´µE6¬9ND3)AD]7CB57NDC©]7X6[nC|N���S=3RSDUVX6]d57TV2ªCL¯$A�Xf57TV3RK�, & .s:ÀÍ�NDC4]7C
X6AM57ND3R�d]�XfUV]73�TWKD2LUWADZDC«Cs¢MS=CL�dTV[\CLK�5HXfU��7CL]dADUW57]ÁTVKJ5ONDC4TV�lÆ� 6AD�7C4]LEh¬9NDTV2HN	X6�7C�TWK
24UV3R]dC�X6 R�dCLCL[\CLK�5Á¬9TW57N
5ONMC0K�AM[nC4�7TV2LX6UÀSM�7CLZMTV2457TV3RKM]L:#8ºC,C4[nSMN�X6]7TW]7C,57N�Xf5#X6UWU�57NDC0Z�Xf5OX TVK
+ÀTW RAD�dCL] Ö ¦ $�X6�7C*2L3R[\SDAM57CLZ
� TYX*Cs¢MX62459�dCL]7AMUW5O]B]7AD2HN>X6]�, Ö ( .|XfKDZ , Ö * .�:«Í�NDC���X6�dC�� �����·3RAMKDZ�¤�� ]7C�5757TVKD ,57NDC¡UVC�� 5d¦¶N�X6KDZ ]dTVZDC4]
36� , ( .
XfKDZ , ) .¡5O3Q¤�C �  � � � X6KDZ � & � � � �dCL]7S=CL2�5OT � CLU}�RE�X6�d¤DTW57�OX6�dTVU}�/2HND3�3R]7TWKD /KDC4 �Xf57T � C � XfUVADC4]

Ö $



36� � ( � � ���·3R�zUV3RX6ZDTVKM ËX6KDZ�S=3R]dTW5OT � C � X6UVAMCL]0�·3R�\ADKDUV3RX6ZDTVKM DEªX6KDZ 57NDCLK 5O�dC@Xf57TVKD  , ( .0X6KMZ , ) .

X6]n2L3RADSMUVCLZ�3R�7ZDTWK�X6��� ZDTW½�CL�dCLK�5OTVX6U9CL¯$A�Xf57TV3RKD]\¬9TW57N 5ONMC/ZDCLS=CLKMZDCLK�5 � X6�dTYX6¤DUWC � E©¬9NDTV2HN TW]\57NDC
]d5OX6KDZ�Xf�7Z¥SM�OX62�5OTV24C6:°F�K\��X6245LE�243RKD]dCL� � Xf57TV3RK\36�£[n3R[\CLK�57AD[ , ( .°SD�dCLZDTW2457]ª57N�Xf5ª5ONDC � C4UV3�2LTW5��*Æ�CLUWZD]
�·3R��3�CLZD36[nC�5OCL�©57CL]�5O]^X6�7C#KD365¾Xf�7¤DT}5O�OXf�d�RE�¤DAM5^X6�dC
3f��57NDCJ�·3R�7[( ,'� � � . � Ö

� � � �
� � � �� � � � � � � � � � � � � ��� � , ² Ö .

¬9TW57N�5ONDC
X­¢�TYXfUl]d57�OX6TWK� 6T � C4K>¤��

� , � . � UV36  
 � � � �� � � � � � �
¬9NDC4�7C � � X6KMZ � � X6�dC\243RKD]�5HX6K�5O]4E�¤=3657N�36�|¬9NMTV2HN_X6SDS=C@X6�JKD3f5J5O3�N�X � C\¤�C4CLK.TVZDC4K�5OTWÆDCLZËTVK/57NDC
UVT}5OC4�OXf57AD�7Cf:

� � ��� � ���/� � � � 
 
 �-�	� � ���
� � ����� �

� 
�� �	� � � � 	��
� � ��� ��
 � � 
���� ����� ��� �
¨¡K
AD]7TWKD �5ONDC X6UV RC4¤D�OXfTV2¥SDX62 �­X6 RC � F�</1��#<_EÀ¬|C�Æ�KDZ
5ONDC�]���]d5OC4[%36�¾CL¯$A�X­5OTV36KD] , ( .¶¦ , ( .	X6Z�¦
[\TW5O]¾X )h¦�S�X6�7X6[\C45OC4�¾ÂÁTWC
57�OX6KM]d�·3R�d[¥Xf57TV3RK� R�d3RADS>¬9T}5ONQ57NDC�)nX6]7]d3�24TYXf57CLZ/UWTVKDCLX6�7U}� TWKDZDCLS=CLKMZDCLK�5
3RS=CL�7Xf5O3R�d]

� � � �
� � � � � � �

� �
� � � � � �

� � � �
� ( � � � �  �

�  � & �
� & � , Ö � � . �

� �
��� � � �

� � ���
� � �
� � � , ² � � � ( . �

� ( � ² , Ö � � . �
� � � ��� � � �

� � �
,'� � �� � � � . �� � ��� � �� ( � , ²R² .

+�3R�0X6K��ºUVTVKMC@X6�	2L3R[,¤MTVK�Xf57TV3RKº36�95ONDC4]7C�3RS=CL�OX­5O3R�d],¬BC�[nX@�(ZDC�5OCL�d[nTWKDC¥Æ � C�TVK � X6�7TVX6K�5O],36�957NDC
S�X6��5OTW2LADUVX6�°5O�7X6KD]d�·36�7[nXf5OTW3RK0 R�736ADS¥XfKDZ¥NDC4KD2LC^ZDCL�dT � C¾�·ADKM245OTW3RK�X6UD�·36�7[\]��·36�°5ONDC9�·3RAD�ªZDCLS=CLKMZDCLK�5
� X6�7TVX6¤DUWCL]  
E & E (*XfKDZ �R:�Í�NDCL�dC)Xf�7C�TVK�Æ�KDTW57CLU}�	[nX6K��,3f��57NDCL]dC¾UWTVKDCLX6�°243R[,¤DTWK�Xf5OTW3RKD]4E6]73#¬|C¾]dCLC �
5O3�24UYX6]d]7T}� ��57NDC,]dC45#36�|X6UWUÁ�·AMKD2457TV3RK�XfU��·3R�d[n]^TVK�5O3¥��Xf[nTWUVTVC4]�¬9ND3R]7C0[\CL[*¤�C4�7]JX6�dC0X6UWU�C4¯�AMT � X6UVC4K�5
5O3zCLX62HNQ3657NDCL�4:
Í�NDC¥36S�C4�OXf573R�7]
TVK , ²R² .)�·3R�d[ÌX>¤�Xf]7TV]#�·3R�J5ONMC ÂÃTVC\X6UW RCL¤D�7X�243R�7�dCL]dS�3RKMZDTVKD �5O3 , ( .¶¦ , ( .�:�¨)�

2L36AD�7]dC^5ONMTV]�¤�X6]dTV]�TV]ªKD365ªADKDTW¯$ADC6E�X6KDZn]73#¬9NDTVUWC^`¾TVUWU�X6KDZ\8�TVUVUWTYX6[\]�±*)­´=SD�dCL]dCLK�5�X
ZDTW½�CL�dCLK�5B¤DX6]7TW]
�·3R��5ONDC^ÂÃTVC^X6UV 6CL¤D�7X ,·TVKz��X6245ª5ONDC��\AD]7C¾5�¬B3,ZMTW½�CL�7C4K�5B¤�Xf]7CL]4EM3RKMC¾�·3R� ���� , E�X6KDZ¥36KDC^�·3R� � � , .�E
TW592LX6K�C@X6]dTVU}� ¤=C
]dND3j¬9K>57N�Xf59C@Xf2HNQ¤�X6]dTV]�]dS�X6KD]95ONDC#]7X6[nC#XfUV RC4¤D�OXM:

Ö &



� 
�� ��� 	�� � � � � � ��	�� � 
�� � � 4���� � 	�
�� �
8_CQZDC�Æ�KDCËXº�dCLUYX­5OTV36K ¤=C45�¬|CLC4K�5�¬|3
TVK � X6�dTYX6K�5\]73RUWAM5OTW3RKD]z5O3(NM3RUVZ 5O�7AMC/TW�¡57NDC>ÆD�7]d5 3RKDCQ2LX6K
¤=C,[¥XfSDS�C4ZQ5O3n5ONDC,3f5ONDC4�)¤��/XfSDSDUW��TWKD �Xn57�OX6KD]��·3R�7[nXf57TV3RK� R�736ADS/ RC4KDCL�7Xf5OC4Z�¤$�/X¥UVTWKDC@Xf�^243R[z¦
¤DTWK�Xf5OTW3RK 36�J5ONDCQ3RS�C4�OXf573R�7]\TVK , ²R² .s:�1�TVKD24CQ5ONDC4]7C/[nX6SDSMTVKD R]nX6�dCQ�7C ��C�¢�T � C6E¾]d��[\[nC�5O�dTV2>X6KDZ
5O�7X6KD]dTW5OT � CfEÀ5ONDC¥�7CLUVXf5OTW3RKºTW],X6K
C4¯$ADT � X6UWCLKD24C �7C4UYXf57TV3RKlE§¬9NDTV2HN
TWKDZDAD24CL]0X/KDXf5OAD�7X6UªS�X6�d57TW57TV3RK_3RK
5ONMC)]7C�5�36�ÁXfUVUG R�736ADS¥TWK � X6�dTYX6K�5|]73RUWAM5OTW3RKD]ªTVK�5O3	CL¯$ADT � XfUVCLKM2LC)24UYX6]d]7C4]L:°8_C¡KDCLC4Z 3RKDU}�\SD�7C4]7CLK�5�36KDC
]736UVAM57TV3RK/�·�d3R[ C@Xf2HN_C4¯�AMT � X6UVC4KD2LCz24UYX6]d]LE§X6]J5ONDCz�dCL]d5
[nX@��¤�C0�·3RAMKDZË¤$�.XfSDSDUW��TWKD �X6SDSD�d3RSD�dTYXf57C
 R�d3RADS�]d��[\[nC�5O�7TWCL]4ÕGXz243R[\SDUVC�5OCJ]7C�5¾36�À]dAD2HNQ]d3RUVA�5OTV36KD]�TV]��dC4�·CL�d�7C4Z�573nXf]^XfK�Ä�3RSM5OTW[¥XfU£]d��]�5OCL[\Å
36�� R�736ADS�TVK � X6�7TVX6K�59]73RUWAM5OTW3RKD]L:
Í�NDC*SM�73R¤DUWCL[ 36�ÀZDCL�dT � TVKM ¥X6K>3RSM57TV[nX6Ul]d��]�5OCL[Ê36�À R�73RAMSQTVK � X6�dTYX6K�59]736UVAM57TV3RKD]9TW]^C4¯�AMT � X6UVC4K�5

5O3\Æ�KDZDTWKD  XfKQ3RSM57TV[nX6UÃ]d��]�5OCL[Ê36�« 6CLKDC4�OXf573R�7]�,�3R�¾]7AD¤DX6UV RC4¤D�OXf])]7SDX6KDKDC4Z�¤$��57NDCL]dC,3RS=CL�OX­5O3R�d] .�:
Í�NDC¾[nC�5OND3�Z0AD]dCLZ¥NMCL�7C¾TV]°57N�Xf5� RT � C4Kn¤��\¨¡U � CL�^± Ö (­´µE�¬9NDTV2HN\¤�X6]dTV2@XfUVUW�	2L36KD]7TW]d5O]�36�=5HX ��TWKD #UVTWKDC@X6�
2L36[,¤DTVKDXf5OTW3RKD]#36��5ONMC¥ RC4KDCL�7Xf5O3R�d]*TWK , ²6² .�E«XfKDZ(�7C4ZDAD24TVKD �5ONDC4[ 573Q5ONDC4TV�
]7TW[nSDUWCL]�5*C4¯�AMT � X6UVC4K�5
�·3R�d[ ¤���X6SDSDU}��TVKD 02LX6�7C��·ADUVU}� 2HND3R]dCLKQX6Z­Çd3RTWK$5�57�OX6KM]d�·3R�d[¥Xf57TV3RKM]

� Z�,·C�¢�S ,�� � � .�. ��� � ��� � �j± � � � ��� ´ �
Ö
² � � ± � � � ± � � � �	� ´}´ � � � � �

`^C4�7Cn± � � � ��� ´lTV]©5ONMC
AM]7A�X6UÁ243R[n[*AM5HXf573R�LE� RT � CLK�¤��
± � � � ��� ´ � � � ��� � ��� � � Õ

5ONMC)UVTW]d5�36�ÃX6Z­Çd3RTWK$5ª3RS=CL�7Xf5O36�7]ªTV]ª]7ND3j¬9K�TVK\Í�X6¤DUVC)²�:	+�3R�ª¤D�dC � TW5��z¬|C)3R[\TW5«57NDC)ZDC�5HX6TWUV]4E�XfKDZ#ÇdAD]�5
]d5OXf5OCJ57NDC#�7CL]dADUW5957N�Xf5¾X6K�3RSM57TV[nX6U£]���]d5OC4[¼36�À 6CLKDC4�OXf573R�7]9TV]


 � � � � � � � � � � � ��� � � � � � � � � � � � � ��� � � � � � � � � ,�� �� , . � � � � � � � � � � �
��� � � � � � � � � � � � � � � � � � � � � � � � � ��� � , ² $ .

¬9NDC4�7C �
X6KDZ!�ºZDC4KD365OC
X6�d¤DTW57�OX6��� 243RKD]d5OX6K�5O]4:

 � �/
 �����-� � � �-� ��� ���	� ����� �/� � � � ����� � � ���/� �	� � ���

+�3R�9C@X62HNQ36�À57NDC	 6CLKDC4�OXf573R�7]^TVK , ² $ .©T}5^TW]9]d5O�7X6TV 6N$5d�·3R�d¬BX6�dZ�573¥ZDC4�7T � C
57NDC*243R�7�dCL]dS�3RKMZDTVKD z�·ADKD2s¦
5OTW3RK�X6U|�·3R�7[\]L: �  RX6TVKlE�5ONMC��dC@X6ZMCL�\TV]0�7C��·CL�d�7CLZ 5O3º¨¡U � C4�>± Ö (­´ Eª3R�\X6K�� ]d5OX6KDZ�X6�dZ 57C�¢�5n3RK�ÂÃTWC

Ö (



� � � � � � � � ��� � �
� � � � � � � � � � ��� ��� � � � �
� � � � � � � � � � � � � � ��� � � , � � � ² � � � .

� � � � � �
��� � � , � � � � � � .

� �� � � � � �� � � � � � � � � � � � � � ��� � � � � � �
� � � � � � � � � � ��� � �
��� � � ��� � � ��� , ��� � � � � . � � � � � � � � � ��� � �
��� ��� � � ��� � � � � , ��� � Ö . � � � � � � ��� � �

Í�X6¤DUVC\² � Í�X6¤DUWC036�BX6Z­Çd3RTWK$5#36S�C4�OXf573R�7]4:\Í�NMC , � ��� .p57NËCLK�5O���ËTV] � Z ,·C�¢�S ,�� � � .�. �	� EÃ¬9NDC4�7Cz5ONDC � �
X6�dC
 6T � C4K�¤$� ,µ²R² .s:

]d��[\[nC�5O���
[nC�5OND3�ZD]zX6SMSDUVTWCLZ
5O3ËZDT}½£C4�7CLK�57TYX6U©C4¯$A�Xf5OTW3RKD]4: 8_C�KD3657C�57N�Xf5 � � ZD3�C4]zKD365\2L3R�d�7Cs¦
]7S=3RKDZ/573�X6K��Q 6�73RADS�¦�TVK � X6�dTYX6K�5^]73RUWAM5OTW3RKlE=]73 5ONMCL�7C,X6�7C,]dC � CLKË��X6[nTWUVTWCL]936�«�·ADKD2�5OTW3RK�X6UÁ�·3R�7[\])TWK
3RAD��36SM5OTW[¥X6U�]d��]d57CL[�:
F�K�57NDTV]�]dCL2�5OTV36K�¬|C
2L3RKD]dTVZDC4��C@X62HN�36�§5ONDC#]dC � C4K>��X6[\TVUWTVC4]|36�§�·ADKD2�5OTW3RK�X6U£�·36�7[\]LEDXfKDZ>SM�7CL]dCLK�5

5ONMC^Xf]7]73�2LTVXf5OC4Zz]d��]d57CL[®36��3R�7ZMTVK�X6���,ZDT}½£C4�7C4K$57TYX6U�CL¯$A�Xf57TV3RKM]�¬9NMTV2HN\ R3 � CL�dK\57NDCLTW�«]73RUWAM5OTW3RKl: +GX6[z¦
TVUWTVC4] Ö X6KDZn²)TWKD2LUWADZDC©]d3RUVAM57TV3RKM]ÀC�¢MX6[\TVKMCLZzSD�7C � TV3RAD]dUW�	TVKz`¾TVUVU�X6KDZ,8�TWUVUWTYX6[\]|±%)f´�Xf5«UVCLX6]d5°TV[\SDUVTW2�¦
TW57UW�=Õh5ONDCª2L3RKMKDCL2�5OTV36K	¤=C45�¬|CLC4K,5ONDC4]7C���X6[nTWUVTWCL]lXfKDZ*C4UVCL[\CLK�57]§3f�D3RAD�Á3RS�5OTV[nX6UR]���]d5OC4[;TV]ÁC�¢�SDUVX6TVKDC4Z
¤=CLUV3j¬#:�Í�NDCB�dCL[nX6TVKDZMCL�§36��5ONDC|]73RUWAM5OTW3RK#��X6[nTWUVTWCL]Ã RT � CLK,X6�7CªKDC4¬#E$XfKDZ*5�¬|3¡TVUWUVAD]�5O�OX­5OT � C«C�¢MX6[\SDUVC4]
36��K$AD[nC4�7TW2@X6Ul]d3RUVA�5OTV36KD]9X6�7CJ 6T � C4Kl:

� 
�� ��� � � � �1����4�5 	 � ��� � � � �)4 �	����� � � 
 � � 	�� 
 4��

Í�NDC#�·ADKD2�5OTV36K�X6U��·36�7[\]�2L3R�d�7CL]dS�36KDZDTVKM \573z57NDC#3RS=CL�OX­5O3R� � � � � � � � � � � TVK , ² $ .©X6�7C� ,'� � � . � Ö � � ��
 � ; ,>= . � ( ,'� � � . � � � �
� ,>= . �& ,�� � � . � � 
 � ? ,>= . �  ,'� � � . � � 
 � B ,>= . � , ² & .

Ö )



¬9NDC4�7C ; � � � ? X6KDZ B Xf�7CJX6�d¤DTW57�OX6���z�·ADKD2457TV3RKM]©36��= � � � �� � � � :�¿^S=3RK�]7AD¤M]d5OT}5OAM57TV3RK�3f�Ã5ONDC4]7C
�·ADKD2�5OTW3RK�X6U£�·36�7[\]�TVK�5O3 , ( .�¦ , ( .�E�¬BC
3R¤M5OX6TVK 57NDC#]d��]d57CL[¼36��3R�7ZMTVK�X6��� ZDT}½£C4�7C4K$57TYX6U�CL¯$A�Xf57TV3RKM]

� ; " ��; � " � � ; � , ² ( .
� � � � " � ; B "

��� ��� � , ² ) .
, B � ² ? . ,�� B �
� B " . � � " 
 � � , B � ² ? . � � , � � � ��� . B � � , & ��� � * .�, B/��? . � � � , ² � .
, B � ² ? . ,�� ? �
� ? " . � � " 
 � � B.?/� ��� ? � � , ��� � * .�, B	��? . � � � , ²
( .

¬9NDC4�7CQNMCL�7C � ( � � � � , EBX6KDZ�57NDC>SM�7TV[\CL]zZDC4KD3657CQZDT}½£C4�7CLK�57TYXf57TV3RK
¬9TW57N��dCL]7S=CL2�5¥573 =M: Í�NDC
2L36�7�7C4]7S=3RKDZDTWKD �]d��]d57CL[Ì�·3R� � ( � � � � , TW]#57NDC\]OX6[\C\X6] ,µ² ( .¶¦ , ² ( .�EÃCs¢M24CLSM5	5ON�X­5
57NDC\KDCL �X­5OT � C
]7TW RKD]9TVK �·�d3RK�5¾36��57NDC#2L3RKM]d5HXfK$57] ��� X6KDZ ��� ¬9TVUWU£¤=C
S=3R]dTW5OT � Cf:
Í�NDC©�·ADKD2�5OTW3RK�X6U$�·3R�7[\] , ² & .Á2@X6K0¤=CB57ND3RAD RN�5À36�G�7C4SD�7C4]7CLK�57TVKD 
X6242LCLUWCL�7Xf5OTWKD ^57�OX � C4UVUVTWKD ^¬BX � C4]LE

¬9TW57N�]7S=CLCLZ�� � : +�3R�
� � , ¬BC
N�X � C� ,'� � � . � Ö �<; ,A= . � ( ,�� � � . � � � � � ,>= . � & ,�� � � . �<? ,>= . �  ,'� � � . �@B ,A= . �

¬9NDC4�7C = � � � �� � � � EÃX6KDZ�]d3�5ONDC,Cs¢MX6245#]d3RUVAM57TV3RKM]¡36�|1�C4245OTW3RK
&�ND3RUWZlE£¬9NDTW2HN�[nCLX6KD])57N�Xf5¡¬|C
�$KD3j¬!ND3j¬ � ,'� � � .sE  �,�� � � .°X6KDZ & ,'� � � .ÀZDCLS=CLKDZ\3RK0CLX62HNn3f5ONDC4�L:«`¾3h¬|C � CL�4E�C � CLKnTVK,57NDTV]°2LX6]7C�57NDC
3RKDU}�,¬BXj�0573	ZMC45OC4�7[\TVKDC�57NDC^ZMCLS=CLKDZDC4KD2LC)36� ; E � E ? XfKDZ B 36K\57NDC^TWKDZDC4S�C4KDZDCLK�5 � Xf�7TYXf¤DUVC =
TW]
5O3	]73RU � C�, ² ( .¶¦ ,µ²
( .ÀK$AD[\CL�7TW2@X6UWUW�6E�]7TVKM2LC¡XfK�X6UW�$57TV29]73RUWAM5OTW3RKD]�36�l57NDC^�·AMUVU�]d��]�5OCL[ , ² ( .�¦ ,µ²
( .°X6�dC)KD3f5
S=3R]7]dTV¤DUWC6: +ÀTW RAD�7C &0]7ND3j¬9]95ONDCJZMCLS=CLKDZDC4KD2LC
36� ; � � � ? X6KDZ B 3RK 57NDCJTVK � X6�dTYX6K�5 =,�·36�B5ONDC¡5�¬|3
� X6UVAMCL] � � , ,�Z�X6]dNDCLZ0UWTVKDC4] .ÃX6KDZ � � � , � , , (f] � � ,�]d3RUVTWZ	UWTVKDC4] .l¬9TW57N � � Ö [ � ] � :�Í�NMTV]À]d3RUVA�5OTV36K
N�X6])¤�C4CLKË2L3R[\SDAM57CLZ/¬9T}5ON/5ONMC0TVKDT}5OTYXfUÃ2L3RKDZMTW5OTW3RKD] ; , , . � $ � ²�E B , , . � ? , , . � � Ö-,
, ��� � [ �
X6KDZ � , , . � Ö [ � ]¥AD]dTVKD _5ONDC�XfUV RC4¤D�OX6TW2>SDX62 �­X6 RCË< � ��Â§È�:©Í�NMC�[¥Xf57CL�dTYX6U�243RKD]d5OX6K�5O]�AD]dCLZ
X6�dC¥�·3R�0I#X6�dUV]7�dADNDC [\CLZMTVAD[Ì]OXfKDZlEªX6],¬9TW57N(5ONDC¥SD�7C � TW3RAD],Æ� 6AD�7C4]LE«¬9TW57N ����� , � (6  � 24[ � X6KDZ

� � Ö-, [ � ] � :¥Í�NDC\2LAM� � C4]*TWK +ÀTW RAD�dC &QX6�dCzTVKDT}5OTYXfUÀSD�d36Æ�UVC4]J�·3R��� � Ö E (GE & X6KDZ� 	: � ]#5OTW[nC
C � 3RU � CL]4ED5ONDC4]7CJSD�d36Æ�UVC4]�X6�dCJX6Z­ÇdAD]�5OC4Z � TVX*5ONDC¡Cs¢�S�3RKMCLK�5OTVX6U�57CL�7[\]©TWK , ² & .sEMXfKDZ�SD�73R RX6 �Xf57C^¬9TW57N
]7S=CLC4Z � � :
`^TWUVU�X6KDZ 8�TVUWUVTVX6[n]^±*)f´l243RKD]dTVZDC4�7CLZ�57�OX6ZDT}5OTW3RK�X6U�5O�7X � CLUWUVTWKD *¬BX � C#]73RUWAM5OTW3RKD]�, 5OND36]7C¡�·3R�B¬9NMTV2HN

5ONMCË¬BX � C_]7S=CLCLZ TV]�X 2L3RKM]d5HXfK$5 . 36��, ( .�¦�, ( .sE¾¬9NDTW2HN 243R�7�dCL]dS�3RKMZD]>573 57NDCË]d��[\[nC�5O�d�! R�73RAMSD]
 RC4KDCL�7Xf5OC4Z¥¤��05ONDC¾UVTWKDC@Xf�«2L3R[,¤MTVK�Xf57TV3RK � � � � � � 36�£]7S�Xf2LC¡XfKDZ\57TV[\C©5O�7X6KD]7UVXf5OTW3RK�X6UM]d��[n[\C457�7TWCL]LE

Ö �



1.3

1.35

1.4

1.45

1.5

1.55

1.6

0 10 20 30

ξ

E

–250

–200

–150

–100

–50

0 10 20 30

F

ξ,µX .�: ,�¤ .s:

–150

–140

–130

–120

–110

–100

0 10 20 30

G

ξ

0.997

0.998

0.999

1

1.001

–10 0 10 20 30

H

ξ,�2 .s: ,·Z .�:

+ÀTW RAD�7C & � Í�NDC^ZDCLS=CLKDZMCLKD24C¡36� ; E � E ? X6KDZ B �·3R�«��X6[nTWUW� Ö 36K\57NDC^TWKDZDC4S�C4KDZDCLK�5 � Xf�7TYXf¤DUVC =
TW]
]7NM3h¬9K,�·36� � � , ,·Z�X6]7NMCLZ0UVTWKDCL] .§XfKDZ � � � , � , , (­] � � ,·]73RUWTVZ
UVTVKMCL] .s:�F�K*C@X62HN02LX6]7C � � � � Ö-, ) � (�E
� � � � ( ,MÖ � (�E ��� � � � * � � Ö E ��� � Ö-, � � � � E � � Ö [ � ] � E ��� � , � (6  � 2L[ � XfKDZ � � Ö-, [ � ] � :
¬9NDC4�7C � TV]Ã57NDC|]dS�C4CLZ,3f�M5ONMCª¬BX � C6:°8_CªZDCLKD3f5OC�5ONDC4]7CB]d3RUVA�5OTV36KD]Ã¤�� � � Ö � �; ,�� � � .�E ( � �� ,'� � � .sE& � �? ,�� � � .�X6KDZ� � �B ,'� � � .�:��¾C��·CL�d�7TVKM ,5O3\ÍÀX6¤MUVC
²�EM¬|C#Æ�KDZ�5ON�Xf5

� Z ,�C�¢�S , � � � � . .�, � � � � � � . � � � �
]73
5ON�X­5ª57NDC95O�OX � CLUVUWTVKD J¬BX � C)]d3RUVA�5OTV36KD] �; E �� E �? X6KDZ �B 2@X6Kn¤�C¾�7C42L3 � C4�7CLZ �·�d3R[�57NDC^]�5HXf57TV3RKDX6�d�
]736UVAM57TV3RKD],� � Ö ��; ,'� . � & ��? ,'� . �  ��B ,'� .sE£XfKDZ�( � � ,'� .�E�¬9NDTW2HN�X6�dC*TVK � X6�dTYX6K�5¾ADKDZDC4�
5ONMC
 6�73RADS� RC4KDCL�7Xf5OC4ZQ¤�� � � ,�X6KDZQ243R�7�dCL]dS�3RKMZ�573 +GX6[\TVU}� Ö ¬9TW57N�� � � � , .�:�Í�NDC#5O�7X � CLUWUVTVKM 
¬BX � C	]d3RUVA�5OTV36KD]� ,'� � � . � �; ,'� � � . �@; ,�� � � � . � ( ,'� � � . � �� ,'� � � . � � ,'� � � � . � � �

Ö (



& ,'� � � . � �? ,'� � � . � ? ,�� � � � . � X6KDZ  �,�� � � . � �B ,'� � � . �@B ,�� � � � . �
X6�dC�57NDCL�dC4�·3R�dC>ZMCL�7T � C4Z � TYXËTVK � X6�7TVX6K�505O�OXfKD]d�·3R�d[¥X­5OTV36KD],36�^5ONDC�]d��[\[nC�5O�d� � � ¬9TW5ON 5ONMC�¬BX � C
]7S=CLC4Z � :

� 
�� ��� � � � � � ��4�57� � � � � � ���
	 � � 
 � � 	�� 
 4��

Í�NDC#�·ADKD2�5OTV36K�X6U��·36�7[\]©�·3R�©5ONDC#3RS=CL�7Xf5O36� � � � � � � � � � � TWK ,µ² $ .©X6�dC� ,'� � � . � Ö � � ���������
�
	�

��� ; ,>= . � ( ,'� � � . � � � � � � ��
�
� � ,>= . �& ,�� � � . � � �� �
� ? ,>= . �  ,'� � � . � � �� �
� B ,>= . � , ²
* .

¬9NDC4�7C ; � � � ? X6KMZ B X6�7C\X6�d¤DTW57�OX6���>�·ADKM245OTW3RKD]J36� = � � � �� ���
,�� � �� � � � .sE§SM�73 � TVZDC4Z � ��"� Ö :

¿^S=3RK
]dAD¤D]d57TW57AM5OTW3RK(36�95ONMCL]7C �·AMKD2457TV3RK�XfUª�·3R�d[n]	TVK�5O3 , ( .�¦�, ( .sEÀ¬|C�3R¤M5HXfTVK_�·36� � ( � � � � , 57NDC
]d��]�5OCL[¼36��3R�dZDTVK�Xf�d� ZMTW½�CL�7C4K�5OTYXfU£CL¯$A�X­5OTV36KD]

,�� � ²�� . ; � = ; " � ,�� � Ö . , � ; " � ; � " . �
, � � � = � " . � ,�� � Ö . , � � " ��; B " � ��� . �

,�� B/� = B " � , � � Ö . � B " .�, B � ² ? . � ,�� � Ö . � " 
 � � , B � ² ? . � � , � � � ��� . B �
� , & ��� � * .�, B/��? . � � �

,�� ?/� = ? " � ,�� � Ö . � ? " .�, B � ² ? . � ,�� � Ö . � " 
 � � B ?	� ��� ? � � , ��� � * . , B	� ? . � � �
¬9NDC4�7C�5ONDC�SD�dTV[\CL]lZDC4KD3657C|ZDT}½£C4�7C4K$57TYXf57TV3RK^¬9TW5ON#�dCL]7S=CL2�5�573 =D: �  �X6TWKlE@5ONMCª]���]d5OC4[��·3R� � ( � � � � ,TV]�3R¤�5HX6TWKDCLZ\¤��z�7CLSMUYX624TVKD #5ONDC¾KDC4 �Xf5OT � C9]7TW RKD]ªTVKz�·�73RK�5ª36��5ONDC¾2L3RKM]d5HXfK$57] ��� X6KDZ ��� ¤��zS�36]7TW57T � C
3RKDC4]L: +�3R�©5ONMC
2LX6]7C � � � Ö ED5ONDCJ�·ADKD2�5OTW3RK�X6U£�·36�7[\]�¤�C42L3R[\C� ,'� � � . � Ö � ,'� � �� � � � . � ��� � � � ; , � . � ( ,'� � � . � � � � ,�� � �� � � � . � , � . �& ,'� � � . � ,'� � �� � � � . � ? , � . �  ,'� � � . � ,'� � �� � � � . � B , � . � , $ , .
¬9NDC4�7C
KD3j¬ ; E � E ? X6KDZ B X6�dC# R3 � CL�dKDCLZ��·3R� � ( � � � � , ¤��

; " � ,�� � Ö . ; � � , $ Ö .
, � " � � � . ��� � � ; B � , $�² .

, B " � � B � .�, B � ² ? . � � 
 � � , B � ² ? . � � , � � � ��� . B � � , & ��� � * .�, B	� ? . � � � , $ $ .

, ? " � � ? � .�, B � ² ? . � � 
 � � B.?/� ��� ? � � , ��� � * .�, B � ? . � � � , $ & .

Ö *



Í�NDC 2LX6]7C � �'� Ö ¬©Xf]0ZDTV]d2LAD]d]7CLZ TWK(`^TWUVUªX6KDZ_8�TVUVUWTYX6[\]z±*)f´BX6KDZ(5ONMCn�·ADKD2�5OTW3RK�X6U��·3R�7[\]	X6KDZ
2L36�7�7C4]7S=3RKDZDTWKD º]���]d5OC4[ 36�¡3R�dZDTVKDX6�d�
ZMTW½�CL�7C4K�5OTYXfU�CL¯$A�Xf57TV3RKD]\[nXj� ¤=C�ZDCL�dT � CLZ��·�d3R[ , $ , .0X6KDZ
, $ Ö .�¦�, $ & .ªTW� � � $ � ²�E�X6KDZ � � , :
Í�NDC
]7TV[\TVUVX6�7T}5��z]73RUWAM5OTW3RKD]©3f�	+GX6[\TVUW�n²zX6�dCJTVK � X6�7TVX6K�5�ADKDZDC4�¾57NDCJ5O�7X6KD]d�·36�7[nXf5OTW3RKD]

�� � # � � , � � � � ² .�, #�� # � � 
 � � � . � Ö � �� �/# � � � � � 
 � , Ö � � . � �& �/# � & � � � # �  �
�( � ( # ��
 ��� � , # 
 � � � # ��
 . � �� �/# 
 � � � � , $ ( .

¬9NDC4�7C # TW]¡X¥]d[¥XfUVU§S�X6�OXf[nC�5OCL�4:¡F�K�2@XfK�¤�C,]dCLC4KË57N�Xf5J¤��Q]7C45d5OTWKD 	� � � Ö � ²�E�5ONMCL]7C,57�OX6KM]d�·3R�p¦
[nXf5OTW3RKD]^X6�7C
5ONDC,]7X6[\C,X6])57ND3R]dC, RT � CLK�¤��>CL¯$A�Xf57TV3RKD] , $M: Ö-, .¶¦ , $�: ÖRÖ .�TWK�`^TWUVUÁX6KMZ/8�TVUVUWTYX6[\]#±*)f´µ:
F¶5¾[,AD]�59¤�CJ5ONDXf5�� � Ö � ��ED¬9NDCL�dC �\TV]9XzS�X6�OXf[nC�5OCL��AM]7CLZ�TVK�`¾TVUVU£X6KDZ�8�TVUWUVTYXf[6% ]|SDX6S�C4�L:
`^TWUVUGX6KDZ\8�TVUWUVTYXf[n]9±*)f´=TVK � CL]d57TV �X­5OCLZn]7TW[nTWUYX6�dTW5��	]73RUWAM5OTW3RKD]�ADKDZDC4��, $ ( .À¬9TW5ON � � � Ö � ²�:�¨¡KDC

36�J57NDCL]dC ,·¬9TW57N � � � Ö � ² .0¬©X6]�A�5OTVUWT �4CLZ 573
C�¢MX6[\TVKDC�5ONDC/X6SDSDUWTV2@X­5OTV36K 5O3_5ONDC/SM�73R¤DUWCL[ 36�
2L36[nS�Xf245OTW3RK�¤���X6TV�BSD�7C4]7]7AM�7C*TW[nSDX6245L:°Í�NDC4��ZMCL�7T � C4Z�57NDCJ�·ADKD2457TV3RKDX6U£�·3R�d[n]� ,�� � � . � Ö � � � ��� � ��� , �= . � ( ,�� � � . � � � � ��� , �= . � & ,�� � � . � � ��� , �= . �  �,�� � � . � � �	� , �= . �
¬9TW57N �=(ZDC�Æ�KDC4Z ¤=CLUW3j¬#E9¬9NMTV2HN X6SDS=C@X6�n5O3(¤=C/ZDT}½£C4�7CLK�5 573(5ONDC>�·ADKD2457TV3RKDX6U¾�·36�7[\] , ²
* .z¬9TW57N� � � Ö � ²�EDK�X6[\CLU}�� ,'� � � . � Ö � � � � ��� � � ; ,A= . � ( ,'� � � . � � , � �
� ,>= .�. � & ,'� � � . � � � � ? ,A= . �  ,'� � � . � � � � B ,>= . �
¬9NDC4�7C = � � � � � � � � ²�:ªF¶5¾]7ND3RAMUVZ�¤�C
2LUWC@X6��5ONDXf595ONDC4]7C
ZDTW½�CL�dCLK�5)]dC457]^36���·ADKD2�5OTV36K�X6Ul�·3R�d[n]9X6�dC
CL¯$ADT � X6UVC4K$5�573nCLX62HN�365ONDC4�LEGX6KMZ>TWK ��X624595ONMC
�dCLUWC � X6K�5��·ADKD2�5OTV36KD]¾X6�7CJ�dCLUYX­5OCLZ�¤��

; ,A= . � �= ��� � � , �= . � � ,>= . � �= � � �
� , �= . � � � ? ,A= . � �= ��� , �= . � B , �= . � �= ��� , �= . � �= � = ��� � ² �
8_C�KM365OC 57N�Xf5z5ONDC4�7C�X6�dC�[¥X6K��(5���S=CL]\36�^]73RUWAM5OTW3RKD]*�·�d3R[ +GX6[\TVU}�(²�E|3657NDCL�,57N�X6K 5ON�X­505OND3R]dC
2L36KD]7TWZDCL�dCLZ!¤�� `^TWUVU�XfKDZ 8�TWUVUVTVX6[\]�±*)f´ EB¤DAM5\¬BC�ZD3ºKM365¥TWK � CL]�5OTW �Xf5OC�57NDCL]dCQ]736UVAM57TV3RKD]0�·AD��5ONDC4�
NDC4�7C6:

� 
�
 ��� � � � ��


Í�NDC
3RS=CL�OX­5O3R� ��� � ��� � � � � � � � � ,�� �� , .BTVK , ² $ .|��TVCLUWZD]©5ONMC#�·AMKD2457TV3RK�XfU£�·3R�7[\]� ,�� � � . � Ö � � � ��� � � � � � 
 ; ,>= . � ( ,'� � � . � � , � � � . � � � � 
 � ,>= . �
² ,



& ,�� � � . � � � � � 
 ? ,>= . �  ,'� � � . � � � � � 
 B ,>= . �
¬9NDC4�7C ; � � � ? X6KDZ B X6�7C*X6�7¤MTW5O�7X6�d���·ADKM245OTW3RKD]¡3f��= � ± � � �� � ,�, � � � . � � � � .p´ � � � � 
 ElKD3f5OTVKM 
5ONDXf5|57NDC)2LX6]7C�� �LCL�d3,TV]ªCL[*¤�3�ZDTVC4Z¥TWK\57NDC)SD�dC � TV36AD]BCs¢DXf[nSDUWC6:	+�3R� � ( � � � � , ¬|C)Æ�KMZ¥5ON�X­5 ; E
� E ? XfKDZ B ]OXf57TV]�� � 5ONDC#]���]�5OC4[Ê3f�À3R�dZDTVKDX6�d�¥ZDTW½�CL�dCLK�5OTVX6U£C4¯�ADXf5OTW3RKD]

,�� � ² . ; � = ; " � � , � ; " � ; � " . �
, Ö � � � " . � � = � " � � ; B "

��� �

� B � = B " � � � B " � � � "B � ² ?

 � � , B � ² ? . � � , � � � ��� . B � � , & ��� � * .�, B � ? . � � �

� ?/� = ? " � � � ? " � � � "
B � ² ?


 � � B ?	� ��� ? � � , ��� � * . , B	� ? . � � �
¬9NDC4�7CJ5ONDC)SD�7TW[nC4]©TVKDZMTV2@X­5OC)57NDC¡ZDT}½£C4�7CLK�57TYXf57TV3RK¥¬9T}5ON��dCL]7S=CL2�595O3 =D:�+G36� � ( � � � � , E�¬|C
X6�7�dT � CXf5�5ONDC©]7X6[\C©CL¯$A�Xf57TV3RKM]LE6¬9T}5ON*57NDC©KDC4 �Xf5OT � C©]dTV RKM]ÀTVK	�·�73RK�5°3f��5ONDC©243RKD]�5HX6K�5O] ��� XfKDZ ��� 2HN�X6KM RCLZ
5O3zS=3R]7T}5OT � C6:

� 
 � ��� � � � � �
Í�NDC
2L3R�d�7C4]7S=3RKDZDTWKD 0�·ADKD2457TV3RKDX6U£�·3R�d[n]©�·3R�©57NDC#3RS=CL�OX­5O3R� ��� � � � � � � � TVK , ² $ .©X6�7C� ,�� � � . � Ö � � � � ; ,>= . � ( ,'� � � . � � � � UW3R  � �
� ,>= . �& ,'� � � . � � � ? ,>= . �  ,'� � � . � � � B ,A= . � , $ ) .

¬9NDC4�7C ; � � � ? X6KDZ B X6�7C\X6�d¤DTW57�OX6���/�·ADKD2�5OTW3RKD]#36� = � � � � �
�
� ���� � :nÍ�NMC\�·3RUWUV3j¬9TVKM �]d��]d57CL[Ì36�

3R�dZDTVK�Xf�d��ZDTW½�CL�dCLK�5OTVX6UÁCL¯$A�Xf57TV3RKM]¡TV]^3R¤M5HXfTVKDC4Z/3RK/]dAD¤D]d57TW57AM5OTW3RK/36�«57NDCL]dC,�·ADKD2457TV3RKDX6U§�·36�7[\]^TWK$573
, ( .�¦ , ( .�E�ADKDZDC4�¾57NDC
X6]7]dAD[\SM5OTW3RK � ( � � � � , �� ; � = , � � Ö � UV3R  = . ; " � = ; � " �

Ö � , Ö � UW3R �= � � . = � " � � = ; B "��� �

,�� B � , Ö � UW3R �= � � . = B " .�, B � ² ? . � � = 
 � � , B � ² ? . � � , � � � ��� . B �

� , & ��� � * . , B � ? . � � �
,�� ? � , Ö � UW3R  = � � . = ? " .�, B � ² ? . � � = 
 � � B ? � ��� ? � � , ��� � * .�, B � ? . � � � , $ � .

² Ö



`^C4�7C#5ONDC
SD�dTV[\CL]9ZDCLKM365OC	ZDTW½�CL�dCLK�5OTVXf5OTW3RK ¬9TW57NQ�7C4]7S=CL2�5^573 =D: +�3R� � ( � � � � , 5ONDC
]7TW RKD]¾36�À57NDC
2L36KD]d5OX6K�5O] ��� X6KMZ ��� ]7NM3RADUVZ�¤=CJ2HN�X6KD RC4Zl:
1�ADSDS=3R]dC>X�SDTW]d573RK
TV],¤=CLTWKD /5ONM�7AD]�5OCLZ TVK�573ËXË]dCL[\T}¦¶TVKMÆ�KMTW5OC � C4�d57TV2@XfU�24��UVTWKDZDCL�*36�¾[¥Xf57CL�dTYX6U

¬9TW57N�2L3RKM]d5HXfK$5	X6SMSDUVTWCLZ/]�5O�7C4]7]  ��j:,1�AMSDS�36]7C\X6UV]d3¥5ONDXf5
Xf5¡57NDC0SDTV]�5O3RK�UWC � CLU E�¬9NDTV2HN�¬|C\ZMCLKD3657C
¤��)� ��� , � .�E�57NDC0UYX­5OCL�7X6UÁ]d57�7CL]d]#TV] & �#XfKDZ/5ONDC � 3RTVZQ�OXf57TV3 TW] �!�j:JÍ�NDC4KlEÃSD�73 � TVZMTVKD ¥57NDC,SDTW]d573RK
�·3RUWUV3j¬9]B5ONMC
SDXf5ON

� , � . � � UW3R  , � ��� . � �� � � �
�·3R�,]d3R[\C 2L3RKM]d5HXfK$5 � E«5ONMCLK
5ONDC¥]73RUWAM5OTW3RK(TV]*36�95ONDC �·3R�d[ , $ ) .J¬9TW5ON � � , :ËÍ�NDC �·ADKD2�5OTV36KD]
; � � � ? X6KMZ B X6�dC9ZDC457CL�7[\TVKMCLZ\¤$�057NDC¾]d��]d57CL[ , $ � . ,·¬9TW57N � � , .À¬9TW5ON057NDC^TWKDTW57TYX6U�2L36KDZDTW57TV3RKM]
; , � . � �!� � Ö E � , � . � Ö � UW3R  � E ? , � . � & �#X6KMZ B , � . �  ��@: +�AD��5ONDC4�7[\3R�7CfE£]7TWKD2LC � � , E
5ONMC#�·AMKD2457TV3RK�XfU£�·3R�7[\]�]OX­5OTV]�� � , * .�EGX6KMZ�]d3\57NDC#C�¢MX62�5^�dCL]dADUW57]¾3f��1�C4245OTW3RK�&D: Ö XfSDSDUW�6:

� 
 � ��� � � � � �
Í�NDC#�·ADKD2�5OTV36K�X6U��·36�7[\]©�·3R�©5ONDC#3RS=CL�7Xf5O36� � � � � � � � � � � TWK ,µ² $ .©X6�dC� ,'� � � . � Ö � � � ��� � � � ; ,>= . � ( ,'� � � . � � � � �

� �
,>= . �& ,'� � � . � � � ? ,>= . �  ,'� � � . � � � B ,A= . � , $ ( .

¬9NDC4�7C ; � � � ? X6KMZ B Xf�7CzX6�d¤DTW57�OX6���>�·ADKM245OTW3RKD]J36� = � � � �� � � � � �	UW3R  � :z¸|��]dAD¤D]d57TW57AM5OTWKD 
5ONMCL]7C#�·3R�d[n]�TWK , ( .¶¦ , ( .|¬BC#3R¤M5OX6TVK��·3R� � ( � � � � ,

,�� � ² . ; � � ; " � � ; " � ; � " �
, � � � . � " � � � ; B "

��� �
,�� B � , � � � . B " .�, B � ² ? . � � " 
 � � , B � ² ? . � � , � � � ��� . B �

� , & ��� � * .�, B	� ? . � � �
,�� ? � , � � � . ? " .�, B � ² ? . � � " 
 � � B.?/� ��� ? � � , ��� � * . , B � ? . � � �

¬9NDC4�7C#5ONDC#SD�dTV[\CL]�TVKMZDTV2LXf5OC¡ZMTW½�CL�7C4K�5OTYX­5OTV36K ¬9TW5ON��dCL]7S=CL2�5^573 =DEGX6KDZ��·3R� � ( � � � � , ¬|C	3R¤�5HX6TWK5ONMC)]OXf[nC¾CL¯$A�Xf57TV3RKM]|¬9TW57Nn57NDC)KDC4 �Xf57T � C¾]7TW RKD]ªTVK\�·�73RK�5|36� ��� X6KMZ ��� S=3R]7T}5OT � C6:ÀÍ�NDC^�·ADKM245OTW3RK�X6U
�·3R�d[n] , $ ( .¾�7C4SD�7C4]7C4K$5#]d3R[\C*]736�d5¡3f�°5O�7X � CLUWUVTVKM \¬BX � CL]J¬9T}5ONQ]dS�C4CLZ � � � � � � : +�3R��� � , 5ONDC4]7C
5O�7X � CLUWUVTWKD ,¬©X � CL]&%�X6242LCLUWCL�7Xf5OTW3RK�TV]�ZDAMC
573\ 6�OX � TW5��R:

²R²



� 
 � ��� � � � � �

Í�NDC#�·ADKD2�5OTV36K�X6U��·36�7[\]�2L3R�d�7CL]dS�36KDZDTVKM \573 � � � � � � X6�dC� ,'� � � . � Ö � � � � � � � ; , � . � ( ,�� � � . � �
� � �

, � . �& ,�� � � . � � � � � � ? , � . �  ,'� � � . � � � � � � B , � .�� , $ * .
+�3R�©5OTW[nC � � , ¬|C
NDX � C � ( � � � � , EGX6KDZ�NDCL�dC ; E � E ? XfKDZ B ]OXf57TV]d� �n5ONDC#243RADSDUWCLZ�]d��]d57CL[

� ; " � , Ö � � � . ; �
� , � " � � . � � �

� ; B
��� �

, � B " � � B � .�, B � ² ? . � 
 � � , B � ² ? . � � , � � � ��� . B � � , & ��� � * . , B/��? . � �
, � ? " � � ? � .�, B � ² ? . � 
 � � B ?/� ��� ? � � , ��� � * .�, B/��? . � � � , & , .

¬9NDC4�7C#5ONDC#SD�dTV[\CL]�ZDC4KD365OC#ZDT}½£C4�7C4K$57TYXf57TV3RK ¬9T}5ON��7C4]7S=CL2�5^573 � :
�^3j¬º�·36� � � , 5ONDC°�·AMKD2457TV3RK�XfUf�·3R�d[n] , $ * .lX6�dC«X6SDSM�73RSD�dTYXf57CÀ5O39ZDC4]724�7TV¤=C�ZDC4�·36�7[nXf5OTW3RKD]�¬9NMTV2HN

3�2L2LAM�)TVK�3�CLZD3R[\C457CL�95OC4]d5O]4ElX6]¾ZDC4]72L�dTV¤=CLZ/TWK�1�C42457TV3RK &D:�F�KQÆ� RAM�7C (0¬BC	]7ND3j¬�57NDC*ZDC4S�C4KDZDC4KD2LC
36� ; � � � ? X6KDZ B 3RK � �·36��� � , ,·Z�X6]dNDCLZ UVTVKMC .*X6KMZ � � Ö ]7[ � � ,·]73RUWTVZ
UVTWKDC .sEª�·36ADKDZ ¤$�
]736U � TVKD  , & , .ÀK$AD[\CL�7TW2@X6UWUW� ,·¬9T}5ON¥< � ��ÂÁÈ .°]7AD¤�ÇdC4245|5O3J5ONDC9TWKDTW57TYX6U�2L3RKMZDTW57TV3RKD] ; � $ � ²�E � � , E
? � B � � Ö-, , � � � [ � ¬9NDCLK � � � Ö ]@:QÍ�NDTW]	Æ� 6AD�7C ]dTV[,AMUYXf57CL]
UV3�X6ZMTVKD D:�8_C ]7C4C¥5ONDXf5*57NDC
2LAM� � C4]B�·3R��5ONDC^]d57�7CL]d]7C4] ? XfKDZ B X6�7C)X6UV[\3R]�5�TVZDC4K$57TV2LX6U��·3R�|CLX62HN � X6UWADC^3f� �|E�¤DAM5|5ONDC9�·ADKD2�5OTV36KD]
; XfKDZ � Xf�7C
]7CLKM]7TW57T � C*5O3\5ONDC	2HND3RTV24C*36� �|: �¾C42@X6UWUÁ57N�Xf5^�·�73R[ ,µ² Ö .©5ON�Xf5^5ONDC
�·ADKD2�5OTV36K � �·36�� � , TV]� 6T � C4K>Cs¢MX62457UW��¤��

� , � . �"�� � , � � Ö � � . �
5ONMC#�·36�7[ 3f��¬9NDTW2HNQTW]�ZDT "\2LAMUW5©573¥X6SMSD�7C42LTYX­5OC¡�·�736[ 5ONMC
]d2@X6UWC#TVK�5ONDCJÆ� 6AD�7Cf:

� 
�� ��� � � � ���

+ÀTWK�X6UVU}�RE$5ONDCJ�·ADKM245OTW3RK�X6U��·3R�7[\]©�·3R� � � � � � � TVK , ² $ .©X6�7C� ,�� � � . � Ö � � � � � ; , � . � ( ,'� � � . � � , � . � & ,'� � � . � � � � ? , � . �  ,'� � � . � � � � B , � .��

² $



1.44

1.45

1.46

1.47

1.48

1.49

1.5

–1 –0.998 –0.996 –0.994 –0.992 –0.99

E

t

–1600

–1400

–1200

–1000

–800

–600

–400

–200

–1 –0.998 –0.996 –0.994 –0.992 –0.99

F

t,µX .�: ,�¤ .s:

–700

–600

–500

–400

–300

–200

–100

–1 –0.998 –0.996 –0.994 –0.992 –0.99

G

t

0

2

4

6

8

10

–1 –0.998 –0.996 –0.994 –0.992 –0.99

H

t,�2 .s: ,·Z .�:

+ÀTW RAD�7C�( � Í�NDC0ZDCLS=CLKMZDCLKD24Cn3f� ; E � E ? X6KDZ B �·3R�)��X6[\TVU}��) 3RK/57TV[\C � TV]¡]dND3j¬9K��·3R��� � ,
,�ZDX6]7NDC4Z UVTVKMCL] .	X6KDZ � � Ö ]d[ � � ,·]73RUWTVZ(UWTVKDC4] .s:.F�K CLX62HN 2@X6]dC � � � � Ö-, ) � (�E � � � � ( ,MÖ � (�E
��� � � � * � � Ö E ��� � Ö-, � � � � E ��� � , � (6  � 2L[ � XfKDZ � � Ö-, [ � ] � :

`^C4�7C�5ONDC�57CL�7[ � ( � � � � X6KDTW]7NDC4]LE©XfKDZ�]d3.57NDC>SDX6�d57TYX6U©ZMTW½�CL�7C4K�5OTYXfU©CL¯$A�Xf57TV3RKM] , ( .�¦�, ( .*�dCLZDAM2LC
2L36KD]7TWZDCL�7X6¤DUW�n5O3

; " � � ; � � � " � � � � ; B��� � B " � � � B � � ? " � � � ? � �
F�K�5ONDTW]�TVKD]�5HX6KD24CJ¬BC	X6�7C#Xf¤DUVC¡573\]d3RU � CJ5ONDC#CL¯$A�X­5OTV36KD]¾X6K�X6U}��57TV2LX6UVU}�RE�X6KDZ�5ONDC#]736UVAM57TV3RKD]©X6�7C� ,'� � � . � Ö �<; � Cs¢MS 
 � � ,�� � �� � � � � � � � � . � � ( ,'� � � . � � � � �
� � �& ,�� � � . � ? � Cs¢�S 
 � ,'� � �� � � � � � � � � . � �  ,'� � � . � B � Cs¢�S 
 � ,'� � �� � � � � � � � � . � �

² &



¬9NDC4�7C ; � � B � � ? � � � � Xf�7C � � X6�dC>243RKD]�5HX6K�5O]\36�)TVK�5OC4 R�OXf57TV3RK£E�¬9T}5ON � �  RT � CLK ¤�� � � � ���
�
��� ; � B � :

� � � ��� ��� �������

`¾��S=3RSDUVX6]d57TV2LT}5��QTW]JX ]736SDNDTV]�5OTW2@Xf57CLZË2L3RK�57TVK$ADAD[ 57NDCL36�d�Q�·36�¡ R�OXfK�AMUYX6�¡[nXf57CL�7TVX6UV]9¬9ND3R]dCz2L3RKD]�5OTu¦
5OA�5OT � C¥UVXj¬¹2@X6K(¤=C\C�¢�SD�7C4]7]dCLZ TVKºX>]7TWKD RUWC\57CLKD]d3R�7TVX6U�CL¯$A�Xf57TV3RKl:�Í�NDC\5ONDC43R�d�.ZDT}½£C4�7]
�·�73R[ 57NDC
2LUVX6]7]dTV2LX6UBC4UYX6]�5O3RSDUVX6]d57TV24TW5���5ONMCL3R�dTVCL]*TVK(5ONDXf5,5ONMC�2L3RKD24CLSM5z3f�)XQ��TWCLUVZº2L3RKDZMTW5OTW3RK(TW],KD3650AM]7CLZ �

����� �!��� E$X6KDZz5ON�Xf5�57NDCL�dC¾TW]�KD3#KDCLC4Zn5O3
CLT}5ONDC4�«ZDCL243R[\S�3R]dC9ZDC4�·3R�d[¥X­5OTV36KD]«TVK�5O3#C4UYX6]�5OTV29XfKDZnSMUYX6]�5OTV2
S�X6��5O]4E«KD3R�*573�ZDTV]�5OTVKM RADTV]dN(C�¢�SDUWTV24TW5OU}��¬9NDC457NDCL�,57NDC [nXf5OC4�7TVX6U|TW]*Cs¢MS=CL�dTVC4KD2LTWKD �UV3�XfZDTVKD >3R�,ADK�¦
UV3RX6ZDTVKM D:ÀÍ�NDC4]7C#2HN�X6�7X62457CL�dTV]d57TV24]LED243RADSDUWCLZ�¬9TW57N 5ONDC¡��X62�5©5ONDXf5©5ONMC¡5OCLKM]73R�dTYX6U�CL¯$A�Xf57TV3RK�243RK�5HX6TWKD]
�·C4¬;[nXf57CL�7TVX6UlS�Xf�OX6[\C457CL�7]4E�[nX �fC	N���S�36SDUYX6]�5OTW2LTW5���X6K/Xf5d5O�7X62457T � C
SD�7X62457TV2@XfU§243RKD]�5OTW57AM5OT � C#5ONDC43R�d�
�·3R��C4KD RTVKMCLCL�d]L:
<QX6K�� � CL�d]7TW3RKD]036��N���S=3RSDUYXf]d5OTW2LT}5��_NDX � C ¤=CLCLK
ZMC � C4UV3RS=CLZ£E�X6KDZ
Xf5*C@X62HN
]�5HX6 6Cn5ONMCL]7C¥N�X � C

¤=CLCLK��7TW R3R�d3RAD]7U}�¥57CL]d57CLZ>X6 �X6TWKD]d59Cs¢�S�C4�7TV[\CLK�5OX6UÃZ�Xf5OXMEM¬9TW57N�2L3RKD]dTVZDC4�OX6¤MUVC#]7AD242LC4]7]L:|Í�NDC
C�¢�S�C4�7Tu¦
[\CLK�5O]¾AD]7C4Z�X6�dC
5���SDTW2@X6UWUW� TWK�57NDC#�·3R�7[ 36�ÀCLUWCL[\CLK�595OCL]�5O]4E�]dAD2HNËX6]�5O�dTYX­¢�TYXfUl3R�¾]7TV[\SDUWCJ]7NDCLX6�7TWKD 
5OC4]d57]L:0Í�NDCz�7CLX6]736K.TW]¡5ON�X­5¡5ONDCz]�5O�7C4]7]JÆ�C4UVZD]#�7C4]7ADU}5OTWKD  �·�73R[ÊCLUWCL[\CLK�5J5OC4]d57]	Xf�7C0ND3R[\3R RC4KDCL36AD]
,·�·AMKD2457TV3RKD]ª36��5OTV[\C93RKDU}� .sE�X6KDZ¥57NDC^[nXf57CL�7TVX6UM57TV[\C¾ZMCL�7T � Xf5OT � C936�l57NDC^]�5O�dCL]7]dCL]��dCLZDAD24CL]B573*X
KD3R�p¦
[nX6U°ZDC4�7T � Xf57T � C6:0Í�NDC\2L3RKM]d5OT}5OAM57T � C\C4¯$A�Xf5OTW3RKD]#2@XfK.57NDCLK.¤�CzTWK$57CL R�7Xf5OC4Z_K$AD[\CL�dTV2LX6UVU}�RE£¬9T}5OND3RA�5
�7C��·CL�dCLKD24C¡5O3,5ONMC¡[n36[nC4K$57AD['CL¯$A�Xf57TV3RK£:«Í�NDC¡S�X6��5OTW2LADUVX6�|N���S=3RSDUYXf]d5OTW2¡UYX@¬�AD]dCLZ�TVKn5ONDC¡SM�7CL]dCLK�5
]d57ADZM�QTV])ZMADC*5O3n8ºA ± ²­´µElX6KDZ�NDX6]¡¤=CLCLK/57CL]�5OCLZ.X6 RX6TVKD]�5¡Cs¢MS=CL�dTV[\CLK�5HXfU�Z�X­5HX¥TWKQ8ºA ��� �����«± Ö &­´
X6KDZ�8_A>XfKDZQ¸BX6ADCL�	± Ö $f´µ:
F�K� RCLKDC4�OX6UµE9]d5O�dCL]d]�ÆDCLUVZM] �·3R� ZDC��·3R�7[nXf5OTW3RKD]n36�
N$��S=3RSDUVX6]d57TV2/ R�7X6K$ADUYXf�¥[nXf5OC4�7TYXfUV]nX6�7C�KD3f5

ND3R[\3R RC4KDCL36AD]LE«XfKDZ X6�7CnZDCL]d2L�dTV¤=CLZ
¤��(X>KD3RKDUWTVKDCLX6�	]���]d5OC4[ 36�9SDX6�d57TYX6U�ZDT}½£C4�7CLK�57TYX6U�CL¯$A�X­5OTV36KD]
2L36KD]7TW]d5OTWKD )3f�M5ONMCBN���S�3RSMUYX6]�5OTV2ªCL¯$A�X­5OTV36KD]°X6KMZ	5ONMCB2L36KD]7C4� � Xf5OTW3RK*UVX@¬9]�36�D2L3RK�5OTWK$ADAD[;[nC42HN�X6KDTW2L]4:
Í�NDC4]7C9CL¯$A�Xf57TV3RKM]�X6�7C�[nXf5ONMCL[nXf5OTW2@X6UWUW�J243R[nSMUVTV2LXf5OC4ZlE6¬9T}5ONzX6K�XfUW�$5OTW2BSD�d3R R�7C4]7]�ADKDUWT �fCLUW�
�·3R�°[\3R]�5
�7CLX6UVTW]d57TV2*¤=3RADKMZ�X6�d��¦ � XfUVADC,SM�73R¤DUWCL[\]L:#8�TW57N/5ONDTW]¡TVK�[\TVKDZ£E£5ONDC0 63�X6UÀ3f�B`¾TVUWUÀX6KMZË8�TWUVUWTYX6[\]	±%)h´
¬BX6]J5O3�C�¢MX6[\TVKMC0 R�OX6K$ADUVX6�)ZMC4�·3R�d[¥Xf57TV3RKM]¡TVK�3RKMC0]7S�Xf57TYX6U�ZDC4�·36�7[nXf5OTW3RKlElXfKDZ�5O3�ZDC4�7T � Cz2LCL��5HX6TWK
 R�d3RADS�¦¶TVK � X6�7TVX6K�5#]73RUWAM5OTW3RKËAD]7TWKD QÂÃTWC\]���[n[\C457�d�Ë[\C45ONM3�ZD]4:¥8_CnN�X � C¥C�¢�57CLKDZDC4Z(5ONDTW]J¬B3R� �Ë¤$�
2L36KD]7TWZDCL�dTVKD �X6UWUÀ]7AM2HNº R�d3RADS�¦¶TVK � X6�7TVX6K�5J]73RUWAM5OTW3RKD]¡TWK.X�]���]d5OC4[¥X­5OTV2,¬BX@�RE�X6KDZ.2LUVX6]7]dTW� ��TVKD  57NDCL[

² (



TVK�573
C4¯$ADT � X6UWCLKD24C�2LUYXf]7]7C4]�AD]7TWKD J5ONDC9CL]�5HX6¤MUVTV]dNDCLZ\2L36KD2LC4SM5ª36�lXfKºÄ�3RSM5OTW[¥XfU�]���]�5OC4[nÅD:«F¶5�NDX6]�¤�C4CLK
�·3RADKMZ 5ON�Xf5|5ONDC4�7CJXf�7C)]dC � CLK�TVKDZDC4S�C4KDZDC4K$5���Xf[nTWUVTVC4]«36�Á R�d3RADS�¦¶TVK � X6�7TVX6K�5B]d3RUVAM57TV3RKM]LE$TVK CLX62HN�2@X6]dC
 R3 � C4�7KDC4ZQ¤���3R�dZDTVK�Xf�d� ZMTW½�CL�7C4K�5OTYXfU£CL¯$A�X­5OTV36KD]LED¬9NDTW2HN>2LX6K�¤�C#C@Xf]7TVU}� ]d3RU � CLZ�K�AM[nC4�7TV2LX6UVU}�R:

+�3R�)]d3R[nC	36�°57NDC,[\3R�7C
2L3R[\SDUWTV2@X­5OCLZ���X6[\TVUVTWCL]�243RKD]7TWZDCL�dCLZ�TWK�1�C4245OTW3RK
)ME�TW5^TV]^KD365¡TW[n[\CLZMT}¦
Xf57CLUW�Q2LUWC@X6�)573�¬9NDTV2HN.SDN���]7TV2LX6U«]7T}5OA�X­5OTV36K/5ONDC���2L3R�d�7C4]7S=3RKDZl: � K.Cs¢MX6[nSMUVC0TV]^��X6[nTWUW� $MEl¬9ND36]7C
]7TW[nTWUYX6�dTW5���¦¶5���S=C � Xf�7TYXf¤DUVCnTV] = � ± � �"�� � , , � � � . � � � � .p´ � � � � 
 :.`¾3h¬|C � CL�4E|¬|C�N�X � C�ZDCL�dT � CLZ
X � X6�dTVC�5�� 3f�¡5O�7X � CLUWUVTVKM .¬BX � C�]736UVAM57TV3RKD]4EB]dAD2HN�X6]n57ND3R]dC/36�¡��X6[\TVUWTVC4] Ö X6KDZ (�EB¬9NDTW2HN X6�7C>36�
TVK�57CL�7C4]d5L: � ]7AD¤M]7C45\36�957NDC�]7TV[\TVUVX6�7T}5���]736UVAM57TV3RKD]*36�9��X6[nTWUW�_²/N�X � C�X6UW�7CLX6ZM�(¤=CLC4K X6SDSDUWTVCLZ(573
X6K�X6TV�0243R[nSDX62457TV3RK SD�d3R¤DUVC4[ TVK `^TWUVU�X6KMZ 8�TWUVUVTVX6[\]�±*)f´ EBX6KDZ ]73RUWAM5OTW3RKD]z36�)��Xf[nTWUW� &_2LX6K�¤=C
X6SDSMUVTVC4Z�5O3�X�2L3R[\S�X62�5OTVKM �SMTV]d573RKËSD�736¤DUVC4[>: +�AD��5ONDC4�7[\3R�7CfEÃTVK.X�SM�OX62�5OTV2LX6U°243RK�5OC�¢�5LEÀ]736UVAM57TV3RKD]
TVK���X6[\TVU}� )�ZMCL]724�7TW¤�CzZDC��·3R�7[nXf5OTW3RKD])¬9NMTV2HN.3�242LAD�#TVK�3�CLZM3R[nC�5OC4�¡5OCL]�5O]4E§¬9NDTW2HN.¬|C\¤D�7TWC �D�QZDTV]p¦
2LAM]7])¤=CLUW3j¬#:BF�K/XfK$��C � CLK�5LE£TW59TW]¾X6UW¬BX@��]^X6Z � X6K�5OX6 RCL36AD]^573n3R¤�5HX6TWK>XfK$��]dTV[\SDUVT}Æ�CLZ�]d3RUVAM57TV3RKM]9573
KD3RKMUVTVKMC@X6�°]���]d5OC4[n]|36��S�X6�d57TYX6UMZDTW½�CL�dCLK�5OTVX6UDCL¯$A�X­5OTV36KD]LE�X6KDZnX6UWUM5ONDC9]d3RUVAM57TV3RK0��X6[\TVUWTVC4]À2L36KD]7TWZDCL�dCLZ
TVK/57NDTV]^S�X6S=CL�J243RADUVZ�¤=C,Cs¢MSMUV3RT}5OCLZ/573 5OC4]d5#K$AD[\CL�7TW2@X6U�]72HNDC4[nC4]J�·3R�^57NDC,�·ADUVU�]d��]d57CL[ 3f�|SDX6�d57TYX6U
ZDT}½£C4�7CLK�57TYX6UlC4¯$A�Xf5OTW3RKD]4:

+ÀTVKDX6UVU}�REÁ¬BC�[\CLK�5OTW3RK_57N�Xf5,�·36�	5ONMC 2LUVX6]7]	36�9]73RUWAM5OTW3RKD] , * .sEÀ¬BC�NDX � C ¤=CLCLK X6¤MUVCn573/ZDC4�7T � C
]7C � C4�OX6U=C�¢MX62�5B�dCL]7AMUW5O]4E�X6]�SD�7C4]7CLK�57CLZ TWK 1�C42457TV3RK &D:À8�T}5ONDTWK05ONDTW]ª24UYX6]d]ªX6�7C�5ONM3R]7C�¬9NDTW2HN¥ZDC4]72L�dTV¤=C
3�CLZD3R[\C457CL�¾5OCL]�5O]4El¬9NDTV2HNËX6�dC,AD]dCLZË¤��/CLKM RTVKDC4CL�d])5O3 57CL]d5)5ONDC43R�7TWCL])�·3R�^ R�OXfK�AMUYX6�^ZDC4�·3R�d[¥X­5OTV36KD]LE
TVKM2LUVAMZDTVKD QN$��S=3RSDUVX6]d57TV2LT}5��R:_F�K 57NDTV]*2L3RK�5OCs¢�5\57NDCL]dC>Cs¢MX6245z�dCL]7AMUW5O]\X6�dC TVK�57CL�7C4]d57TVKD DE�]dTVKD24C�57NDC4�
X6SDS=C@Xf�|5O3*N�X � CJ¤=CLCLK�3 � CL�7UW3�3 �6CLZ£:ªÍ�NMC¡AD]7ADX6U£SD�7X62457TV24C^¬9NDC4K�ZMC@X6UWTVKD 
¬9TW5ONn5ONDC4]7C¡C4¯�ADXf5OTW3RKD]©TW]
5O3¾X6]d]7TW RK
X6�7¤DT}5O�7X6�d� � X6UVADC4]Ã36� � ( � � �*�·3R�ÃUV3�XfZDTVKD ©X6KDZ#ADKDUW3�X6ZDTWKD DEhX6KDZJ57NDCLK
]73RU � C°57NDC��7CL[nX6TWKDTVKD 2L36ADSDUVC4Z 36�7ZDTWK�X6�d��ZDTW½�CL�dCLK�5OTVX6UJCL¯$A�X­5OTV36KD]�K�AM[nC4�7TV2LX6UVU}�R:'¨¡AD��Cs¢DXf245>�7CL]dADUW57]QXf�7CËCLK�5OTW�7C4UW�!TWK
X6242L3R�dZ�¬9T}5ON��7C4]7ADU}5O]93R¤M5OX6TVKDC4Z�TVK�5ONDTW]�[¥XfKDKDCL�4:

������� Ò�Ñ���Ï Ó�� Ï	�ºÏ ���j�
Í�NDCQX6AM5ONM3R�7]nX6�7C> R�OX­5OC4�·AMU©5O3_57NDC � AD]d57�OX6UWTYX6K �9CL]dC@X6�d2HN ?B3RADKD24TVU��·3R�\]7ADSDS=3R��5¥36�)5ONDTW]\¬|3R���
5ONM�73RAD 6NQX � TV]d2L3 � C4�d� �«�d3­ÇdCL2�5) R�7X6K�5@:

² )



� ��� � � � �
� � �

± Ö ´ � :DIJ3RU}��[*¤�X6]LE � KD3 � C4UÃ2L3RKD]�5OT}5OAM57T � CJUVX@¬ �·36�©]73RTWUV]4EMTVK ��� � ��������� � ���
	 ��� ��
 ��� ��� � ����� � �	� ���
����� � � ������� � ��� � ��� ����� � ��� � ��	�� � ��� � ������ �"!#	$�/�!�&% ��� � � ��� ��� ���('
��� � � � ���)	�E � C4]OX6T§?�1=E=C4Zl:}E
È«UV]7C � TVCL�4E � [\]d57CL�dZ�X6[�E Ö * ( � E'$ Ö *­¦ $�² )M:

± ²­´#8;:À8_AlEB`9��S�3RSMUYX6]�5OTV24TW5��ºX6]zX�[¥X­5ONDC4[¥Xf57TV2LX6U|[\3�ZDCLUª�·3R�,5ONDC�[\CL2HNDX6KDTV2LX6U©¤=CLN�X � TV36AD�036�
 R�OXfK�AMUYX6�J[nXf5OC4�7TVX6UV]4: � �+*�� �,����� � � �-� � ��� ��	���� ��
 �.� ��	�� � �/� �	�0�/�!�1� �!� � � ���32�����45' ����
 � �'�,��	
6 ���87"9�:J¿¾KDT � CL�7]dTW5���36�ÀI#X6�7UW]7�dADNDC6E Ô C4�7[nX6K�� Ö * *�²�:

±*$f´*PM:�<_:§`^TVUWU E§1�TW[nTWUYX6�dTW5��<;³ND365d¦¶]7S=365 %Á]d3RUVAM57TV3RKM]#�·36�	X�N���S=3RSDUVX6]d57TV2z R�7X6K$ADUYX6�#[nXf5OC4�7TVX6U : � � �
�
������� � ���
	 ��� ��
 ��2��
= ����� ��� � ����=1 � ��� � �?>A@�BDC ,µ² , , , .�E�² ) ( $­¦p² ) � Ö :

± &6´*PM:�<_:À`¾TVUWU E§1�3R[\C\]d��[n[\C457�7TW2@X6U«2LX � T}5��_SM�73R¤DUWCL[\]
�·36�	X�N���S=3RSDUVX6]d57TV2\ R�OXfK�AMUYX6�#[nXf5OC4�7TYXfU :
EF� � � � � � �G=IH'�
� � ����� ���J' ����
 � �'�,��	 � ����> � � � � ���I'
���K
 �ML���� �,��	NB�O , ² , ,
, .�E ÖRÖRÖ ¦ Ö $ (�:

±%(­´*PM:�<_:«`¾TVUWU E � ��K�Xf[nTW2@X6U|ADKDTYXh¢MTVX6U|X6KDZ �OX6ZMTYX6U ��3j¬ �·3R�0N���S=3RSDUYXf]d5OTW2  R�7X6K$ADUYX6�*[¥Xf57CL�dTYX6UW]LE
TVK �QP � ��� �R����� � � � � ���S �������� �T	���� � � �VUW
 � �!��= � �YX�� �
L ����
 � �'�,��	�E�<YZADNDUWN�X6AD])`	:=C45#X6Uµ:WEGC4ZD]L:}E
¸©X6U �6CL[nXMED² , ,MÖ E�² $ *­¦p² & (M:

±*)f´*PM:9<_:9`¾TVUVU^X6KDZ I0: � :|8�TVUVUWTYX6[\]LE � ��KDX6[nTW2@X6U^ADKDTVX­¢�TYX6U^2L3R[\S�X62�5OTV36K 36�,X
N���S�36SDUYX6]�5OTW2
 R�OXfK�AMUYX6�©[nXf57CL�7TVX6U :[' ����
 � �'�,��	����\'
���	� ��� ���)	QOD] , ² , ,
, .�E') � *­¦ )
* Ö :

± � ´*<_: Ô 3RUWZD]72HNDC4TVZDC4�LE Ô �7C4K��L¤=CLZMTVKD RAMKD  ADKDZ +ÀUWTVC_^6�7CL 6CLU � 3RK�1MX6KMZl:`' ����
 � �'�,��	a2 ��	 ��� �R��

� �
L1L1� �'�,����� � � ��	bO , Ö * � ) .sE & ) $h¦ & ) (�:

±)(f´*?):�?):§8ºX6KD DE � KDC�¬'�7C4SD�7C4]7CLK�5OXf5OTW3RKº5ONMCL3R�dCL[Ì�·3R�#TV]73f5O�736SDTV20�·ADKD2�5OTW3RKD]LEÀS�X6�d57]	F#XfKDZºFdFH:
H'�
� � ����� ���&2 ��� � � �����c' ����
 � �'�,��	 � ���.> �����G=d	 �T	NODC , Ö * � , .sE Ö ) )h¦�²R² $�:

±)*f´ � :©IJ3RU}��[*¤�X6]�X6KDZ�8;:B8_AlE¡F�K�5O�d3�ZMAD2457TV3RK 5O3 N���S�36SDUYX6]�5OTW2LTW5��6E)TWK �Y� � ��������� � ���
	 ��� ��
 �
' �_� � � �e> � ��� ������
 ��	 � � � �#�
	�� �,� � ��=­E#I#36UW��[,¤�X6] � :}E¡C4Zl:WE#È«UW]7C � TWCL�LE � [\]d5OC4�7Z�Xf[>E Ö * * $ME
² Ö $­¦p²R² $M:

± Ö-, ´ � :�IJ3RUW��[,¤DX6]LE+� � � � �_�"�[��� � � � � �1f\=��'� � �#�
	�� �,� � ��=f: � : � :�¸©XfU �6C4[¥X�E �¾3f575OC4�7Z�Xf[¼² , , , :

² �



± ÖRÖ ´#8;:D8ºA>X6KDZ � :GIJ3RUW��[,¤�Xf]LE�`9��S=3RSDUVX6]d57TV24TW5��RED57NDCLK>X6KDZ>KD3j¬#EGTVK � � � ��	�� � �/� � ������' �_� ��� � � ���
���(X � � �[� �#� �&'
���	� ��� ���)	�EGIJ3RU}��[*¤�X6] � :}E�CLZl:}E=1�SD�dTVKD 6CL����CL�dUYX6 MEG² , , , E'( � ¦ Ö-, (�:

± Ö ²­´*?):�Í��dADCL]dZDCLUWU E�`9��S�3f¦¶CLUVX6]d57TV2LT}5��R:�H'�
� � ����� ���&2 ��� � � ������' ����
 � �'�,��	 � ���.> �����G=�	 �T	F@ , Ö * ) ( .�E
( $­¦ Ö $ $M:

± Ö $f´#8;:j8ºA*X6KDZ0È�:­¸©X6ADC4�LE � ]7TW[nSMUVC�N���S=3RSDUVX6]d57TV2�2L36KD]d57TW5OA�5OT � CB[\3�ZMCLUR�·3R�§]OX6KMZl: � � �	� � ����� � � �����
H'�
� � ����� �/�!� 6 ��L � ���,����� � ����> �����G=�� �,������' ���K
'�_�
	 � � X�� �
L ����
 � �'�,��	���� , Ö * * & .�E ( $ $­¦�( )�²�:

± Ö &6´#8;:°8ºA£EBÈ�:ª¸©X6ADC4�\X6KDZ � :«IJ3RUW��[,¤�Xf]LE|`¾��S�36SDUYX6]�5OTW2�2L3RKD]�5OT}5OAM57T � C�[\3�ZMCLUB¬9T}5ON 2L�7T}5OTW2@X6U
]d5OXf5OCJ�·3R�� R�7X6K$ADUYXf�©[¥X­5OCL�dTYX6UW]L:[' ����
 � �'�,��	 ���&' ��� � ��� ���)	0]DO , Ö * * ) .sE & (h¦ ) *M:

± Ö (­´#8;:68_AnXfKDZzÈ�:$¸©X6ADC4�LE � N���S�3RSMUYX6]�5OTV2B[n3�ZDCLU��·3R�«¤�X6�d365O�d3RS��0X6KMZ0S$� �$KD3657�73RS��z36�� R�7X6K$ADUYX6�
]73RTWUV]4E¾TWK � � � ��������� � ���
	 ��� ��
 � ' �_� � � �e> � ��� ������
 ��	 � � � �#�
	�� �,� � �/=­E¡IJ3RU}��[*¤�X6] � :}E^C4Zl:}E
È«UV]7C � TVCL�4E � [\]d57CL�dZ�X6[�E Ö * * $�EG²R² (h¦p² & (

± Ö )f´#8;:­8_AlER¨JK,X)]7TW[nSDUWC�2L�7T}5OTW2@X6U$]d5OXf5OC|[n3�ZDC4U$�·36�À]OXfKDZlERTWK ��� � ��������� � ���
	�������
 � � � �	� � ����� � � �����
�D= L-�'��	 ����L � � 6 ��L � � �,������' ����
'�_�
	 � � X�� �
L ����
 � �'�,��	�ED¸©XfU �6C4[¥X � Ô �7X��6E Ö * * *MÕ & � ¦ (R²�:

± Ö � ´	È�:6¸©XfADCL�«XfKDZ*8;:f8_AlE � N���S=3RSDUVX6]d57TV2|2L3RKD]�5OT}5OAM57T � C|[n3�ZDC4U��·3R��2L3RNMCL]7T � C©S=3j¬9ZDCL�d]L: � �
! � � �
U ����
 � ��� ���"=��DB , Ö *
* ( .�E Ö ¦ *�:

± Ö (f´ ��:ÀPM:«¨¡U � CL�4E$> � � � �,����� � � ��	 ���( � � X � �
� �[	
� ����� 	 � � � � � � ����%�
_� ��� � � ��	�:À1�SD�dTVKD RC4��¦���CL�7UVX6 DE
�^C�¬ �ª3R� � Ö * ( )�:

²
(


