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· MQ?�cQN�FHMOC�PKº AKJTGTFd=TCEFHGBCEXV?�ºBc¶;TA G>F
	 l m�o ! �¦l � ��r fTl�� x�j[l RvXQN�a@AK^1A J 0OMQPK;�

MO=@PDFBc¶;TAKGTMQJT´ F GT;>N�AKJTcnC�aTF ´ X¶;>N�^�FBXQR�C�a>FBL@N�X��¸FH´ C 2�� FBc¶M10QFn?\F M�PKXQC XQR-R_N�FdFHG>X¶?
AKJ ´�a>X[X¶^�AKJTc�?�º ±�XQN�³ 2�� F
a>FHPDL�FHG�?BMQJ]º�M�C�AK?\F ±`aTFHJ�C�a>FI±�XQN�³ ±�MQ^VJ>XQC}?VX10�

AKJ>cIMQa>FHMQG 2�� F}±�MQ^»MICEN�;>F c¶;TAKG>F CEX ?VFVJ>XQC X¶JTPDº AKJ�CEFH´�aTJTA ´dMQP	=�;>C»MQPK^EXnL�FdNµ^EX¶JTMQP
?\MOCECEFdN�^ 2

·¦C�aTMQJT³¯C�aTF egm�� �Suvj  m���� & i7�St w�� j[hHj[fTl qOr��nlsm &���� %��nj � �Hp!�"���Hp$#}m ��%
�Yf]x R_XQN C�a>FHADN}^�;>LTL�XQN�C MQJ@G�FHJT´ X¶;TN�MOcQFH?VFHJWC 2 ¹|a>Fdº�L@N�X10<AKG>FHG�^EX¶?VFnN�FHMQPKPDº�;T^EFdRS;TP
´ X¶?\?VFHJWC�^ MQJTG C�a>F GTAK^�´d;T^�^�ADX¶JT^¯±`ADC�a C�a>FH?�±�FdN�F A JTG>FdFHG 0QFdN�º ;T^�FdRv;TP�MQJ@G�a>FHPDL�FHG
?VF¯AKJ\c¶MQAKJ@AKJ>cbM�=�FdCECEFdN�;TJ@G>FdN�^EC�MQJTG@AKJ>c»XQR¦C�a>F¯LTN�XQ=@PKFH? 2 · C ±�MQ^�M cQN�FHMOC�F :<L�FdN�ADFHJT´ F
±�XQN�³[A J>cV±`ADC�aIC�a>FH? 2

·�±�X¶;TPKG\MQPK^�XbPKAD³QF-CEX�C�aTMQJ>³}?bº\´dPKMQ^�^�?\MOCEFH^�& l �vhkr��('@j[hkr�%�fTl ��fTl)'<fTl ¼�* t	f@t��
+¦f@t	f,'<�vl f���f@t ¼ # f�u_hkl j[j R_XQN|C�aTFHADN 0OMQPK;TMO=@PDF»AKGTFHMQ^-MQJTG ^�;>cQcQFH^�C�ADX¶JT^ 2

- AKJTMQP PDºQ¼]·�±�X¶;TPKG PKAD³QF`CEX C�aTMQJ>³VC�aTF`FHJWC�ADN�F %��nj � �Hp RvMQ?BAKPDº}R_XQN�?\MO³<AKJ>cbAKC1^�;T´µa
MV±�X¶JTG>FdN�RS;TP�L@PKMQ´ FbCEX\±1XQN�³nMOC 2
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 C�A ?VF�CEN�MQJT^�?\A ^�^�ADX¶J�XQR��������
	
�
������	�� 2 · J}XQNµG>FdN�CEX
´ X¶JWCEN�X¶P J>FdC�±1XQN�³ ´ X¶J>cQFH^EC�ADX¶J¦¼�������	�������������������� 	�!"	���MQG���;T^EC-C�a>FbX¶;>CEL@;>C|NµMOCEFbXQR�C�a>F
0<AKG>FdX\^ECEN�FHMQ?"CEX\C�a>F»FH^EC�A ?\MOCEFHG�M10sMQAKP MO=@PDF =@MQJTG>±�AKG>C�aIAKJIC�a>F J>FdC�±1XQN�³ 2$# X¶^�^-=�MQ^EFHG
N�MOCEFn´ X¶J]CEN�X¶P�^�´µa>FH?VFH^ PKAD³QF&%�· ¾ > ¼Y¹ - ² =­FH?VL@PDX º�C�aTFBL@MQ´�³QFdC}PKX¶^�^»N�MOCEFnN�FdL�XQN�CEFHG
=[º\C�a>F¯N�FH´ FHA 0QFdN-MQ^�C�a>F�L@N�AKJT´dADL�MQP<R_FdFHG>=�MQ´�³BL�MON�MQ?VFdCEFdN�CEX�FH^�C�AK?\MOCEF C�a>F ^EC�MOCEF XQRªC�a>F
J>FdC�±1XQN�³ 2

·¸J�M a>FdCEFdN�XQcQFHJ>FdX¶;T^ J>FdC�±1XQN�³�¼�±`a>FdN�F\C�a>FB^ECEN�FHMQ?\AKJ>c�^�FdN 0QFdN A ^bPDX<´dMOCEFHG X¶J�C�a>F
±`ADN�FHG\J>FdC ±�XQN�³\MQJTG\C�a>F`´dPKADFHJWC(' N�FH´ FHA 0QFdN�AK^�PKX[´dMOCEFHG X¶J\C�a>F`±`ADN�FHPDFH^�^�J>FdC ±�XQN�³�¼[G@;>F-CEX
C�a>F-aTADc¶a"
 =@;>N�^EC�º FdN�N�XQN�N�MOCEFH^�XQRTC�a>F�±`AKN�FHPDFH^�^	´�aTMQJTJTFHPK^d¼QC�a>F�PDX¶^�^YN�MOCEF�N�FdL�XQN�CEFHG =[º C�a>F
N�FH´ FHA 0QFdN�?\MHºVJ>XQC =�F|M�´ XQN�N�FH´ C A JTGTAK´dMOCEXQN�XQR¦´ X¶J>cQFH^�C�ADX¶JBAKJ}C�aTF`J>FdC ±�XQN�³ 2 8 ^EL�FH´dAKMQP PDº
GT;>NµAKJ>c�=@MQG ±`ADN�FHPKFH^�^}´�aTMQJTJTFHP-´ X¶JTGTADC�ADX¶J@^d¼�±`a>FHJ C�aTF ´�aTMQJTJTFHP�FdN�N�XQN\N�MOCEF A ^VaTADc¶a¦¼
C�a>F»PDX¶^�^1N�MOCEF»N�FdL�XQN�CEFHG ±`AKP PT=�F¯a@ADc¶a 2 � FHJ@´ FQ¼<PKX¶^�^�=@MQ^EFHGnN�MOCEF»´ X¶J]CEN�X¶P¦^�´�a>FH?\FH^-?\MHº
AKJTMQ´d´d;TN�MOCEFHPDº�FH^�C�AK?\MOCEFVC�a>F\^EC�MOCEFBXQR1C�a>F\JTFdC ±�XQN�³�MQJ@G N�FH^EL�X¶JTG�=Wº�G>FH´ N�FHMQ^�A J>c
C�a>F
X¶;>CEL@;TC-N�MOCEF ±`aTA ´�aI±`AKP P�M*)�FH´ C`C�aTF ZW;TMQP ADC ºnXQR 0[AKGTFdX N�FH´ FHA 0QFHG =[º C�aTFb´dPKADFHJWC�^ 2

¹-±�X�^�´�a>FH?VFH^�aTM10QF =�FdFHJBLTN�XQL�X¶^EFHGBCEX MQPKPKF 0[AKMOCEF�C�a>F�MO=�X70QF�LTN�XQ=@PDFH? 2 · J,+-	/. �����
���0�213�(���546	7�7���8���9�:�*���;	7�B^�´µa>FH?VFQ¼YC�a>F\N�FH´ FHA 0QFdN�AK^»?\MQGTF\CEX N�FdL�XQN�C»X¶JTPKº RvN�MQ´ C�ADX¶J�XQR
C�a>F�L@MQ´�³QFdC�^ PKX¶^EC
GT;>F CEX4´ X¶J>cQFH^EC�AKX¶J 2 > ;>F�CEX C�aTAK^d¼¯C�a>F�FdN�N�XQN�^
AKJ(C�a>F�±`AKN�FHPDFH^�^
´�a@MQJTJ>FHP�´dMQJTJ>XQC M*)�FH´ C»C�a>FVN�MOCEFV´ X¶JWCEN�X¶P�MQJTG Z[;TMQPKADC�º XQR 0<AKG>FdX
MQ^ C�a>FH^EF}FdN�N�XQN�^»MON�F
J>XQC�N�FdL�XQN�CEFHG CEX C�aTF¯^EFHJ@G>FdN 2 · J<+-	/. �����=�(���(�
	��:�>���8���?��@A�B�����C�����D��	��:��1O¼<=�FH^�AKG>FH^�PDX¶^�^
N�MOCEFQ¼¦C�a>FV´ XQN�N�FHPKMOC�ADX¶J�XQR�C�a>F}L@MQ´�³QFdC PDX¶^�^¯MQJTG G>FHPKMHº GT;>N�AKJTc M R_FdFHG>=�MQ´�³ A J]CEFdN 0OMQP�AK^
N�FdL�XQN�CEFHG 2 ¹|aTAK^`L@MON�MQ?VFdCEFdN»AK^¯;T^EFHG =[º
C�a>F ^�FHJTG>FdN AKJ�MQGTG@ADC�ADX¶J CEXIC�a>F}PDX¶^�^�N�MOCEF CEX
N�FH^EL�X¶JTGICEXBX¶JTPDº ´ X¶JTcQFH^EC�ADX¶J 2
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� �Ht�iklsm9� & qQi �_m�t �
- 2 - :[CEN�FHMQ?BAKJ>c\AKJIC�a>Fb· JWCEFdN�J>FdC 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 -
- 2 Å :[CEN�FHMQ?BAKJ>c\AKJ��(ADN�FHPDFH^�^�8 J 0[ADN�X¶JT?VFHJWC�^ 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 Å
- 2 * � 0QFdN 0<ADFd± XQR�C�a>F 4 N�XQ=@PDFH? 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 *
- 2 À :[X¶PK;TC�ADX¶J�� ;>C�PKA J>F 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 *
- 2�� �¯N�c¶MQJ@A	�HMOC�ADX¶J
XQR�C�a>F ²`FdL�XQN�C 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 À


 ��iklsjWf����St w��vt4i r	j �Ht�i jWlOt jWi �
Å 2 - %�N�´�aTAKCEFH´ C�;>N�F RvXQN � AKG>FdX :[CEN�FHMQ?BAKJ>c 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 �

Å 2 - 2 - � ¹|¹ 4 =@MQ^EFHG :[CEN�FHMQ?\AKJ>c 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 Ã
Å 2 - 2 Å :[CEN�FHMQ?\AKJ>c :[FdN 0QFdN|=@MQ^EFHG :<CEN�FHMQ?\AKJ>c 2 2 2 2 2 2 2 2 2 2 2 2 2 Â

Å 2 Å %�LTL@PKAK´dMOC�AKX¶J�
 # MkºQFdN
�¯XW:�=�X¶JWCEN�X¶P3?1²`MOCEF =�X¶J]CEN�X¶P 2 2 2 2 2 2 2 2 2 2 +
Å 2 Å 2 - =�X¶JTcQFH^EC�ADX¶J'=�X¶J]CEN�X¶P 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 -dÁ
Å 2 Å 2 Å 8 N�N�XQN =�X¶JWCEN�X¶P 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 -HÅ

Å 2 * 4 N�XQCEX[´ X¶PK^`R_XQN � AKGTFdX :[CEN�FHMQ?\AKJTc 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 - *

� ��iklsjWf����St w��vt����_lsj<u_j[hHh � t����vlsm�t���j<t�ikh ���
* 2 - 8�N�N�XQN =�aTMONµMQ´ CEFdN�AK^EC�AK´d^|XQR��(ADN�FHPDFH^�^ =�aTMQJTJTFHPK^ 2 2 2 2 2 2 2 2 2 2 2 2 2 -kÂ
* 2 Å 8 )�FH´ C`XQR # X¶^�^`²`MOCEFbX¶J ²`MOCEF =�X¶J]CEN�X¶P 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 -��
* 2 * 4 N�XQ=@PDFH? > FdU@JTAKC�ADX¶J 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 - +
* 2 À ²|FHP MOCEFHG���XQN�³ 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 - +
* 2�� - X<´d;T^|XQR�C�a>F 4 N�X��EFH´ C 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ÅOÁ

� ��xªhdikj$� egm9�Yj[u�f@t(� ��m�u & i7�vm�t �¦qsr	j ��j��Eh�� 
�

À 2 - :[º<^ECEFH? ¾ X<G>FHP 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ÅQÅ
À 2 Å ¹|a>F�:<X¶PK;>C�ADX¶J�:<´µa>FH?VF ) ^ / 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 Å,*

À 2 Å 2 - ²`FdL�XQN�C�AKJ>c�� JTPKº =�X¶J>cQFH^EC�AKX¶J # X¶^�^EFH^ 2 2 2 2 2 2 2 2 2 2 2 2 2 Å,*
À 2 Å 2 Å ²`FdL�XQN�C�AKJ>c =�XQN�N�FHPKMOC�ADX¶JIXQR > FHP MHº MQJTG 4 MQ´�³QFdC # X¶^�^ 2 2 2 2 2 ÅQÃ

AKA



� �<� � &	uvf>i7�vm�t���� ��j[l � ��j[t�i h f�t�� � j[h1&Yu_ikh 
��
� 2 - ¹|a>F���FdC ±�XQN�³ :<A ?�;TP MOCEXQN ) � : / 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 Å,+
� 2 Å :<AK? ;TPKMOC�AKX¶J ¾ X<G>FHP 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 *OÁ
� 2 * ¾ X[GTAKU@´dMOC�ADX¶JT^-CEX�� : 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 *$-
� 2 À :<AK? ;TPKMOC�AKX¶J
²|FH^�;TPKC�^ 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 *QÅ

�  m�t qWu &	h1�vm�t ���
Ã 2 - - ;>C�;TN�F ��XQN�³ 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 *¶Â
�njWo�jWlsj<t q¶j[h ���

A AKA
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Å 2 - � ¹|¹ 4 =�MQ^EFHG :[CEN�FHMQ?BAKJ>c 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 Ã
Å 2 Å :[CEN�FHMQ?BAKJ>c :[FdN 0QFdN`=@MQ^EFHG :[CEN�FHMQ?\AKJ>c 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 �
Å 2 * %�N�´�aTAKCEFH´ C�;>N�F RvXQN¯:[X¶;>Nµ´ F 
 ½�MQ^�FHG�²`MOCEF =�X¶JWCEN�X¶P 2 2 2 2 2 2 2 2 2 2 2 2 -dÁ
Å 2 À 4 N�XQCEX[´ X¶P	^EC�MQ´�³<^`RvXQN ¾ FHGTAKMB:[CEN�FHMQ?\AKJ>c 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 - *

* 2 - %�LTL@PKAK´dMOC�AKX¶J # F 0QFHP � AKG>FdX 5 MOCEFd±�Mkº 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ÅOÁ
À 2 - :[º<^ECEFH? ¾ X<G>FHP 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 Å,*
À 2 Å > AK^�´ N�A ?\AKJTMOC�AKJTc =�X¶JTcQFH^EC�ADX¶J MQJTG��'ADN�FHPDFH^�^-PDX¶^�^�FH^|MOC`C�a>F ²`FH´ FHA 0QFdN 2 2 ÅsÀ
À 2 * ��FdC ±�XQN�³
L�FdN�R_XQNµ?\MQJT´ F MQ^`M}RS;TJT´ C�AKX¶JIXQR�PKX¶MQG 2 2 2 2 2 2 2 2 2 2 2 2 2 ÅQÃ
� 2 - :<AK? ;TPKMOC�AKX¶J ¾ X<G>FHP 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 *OÁ
� 2 Å ¹-±�X 
 ^EC�MOCEF ¾ MON�³QX70 ´�aTMQJ@J>FHPª?VX<G>FHP 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 *$-
� 2 * �¯N�AKc¶AKJTMQPª:<´�aTFH?VF �(ADC�a>X¶;>C ¾ X[G@ADU@´dMOC�ADX¶J 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 *,*
� 2 À �(ADC�a ² � = # ¾ X<GTADU@´dMOC�AKX¶J 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 *,*
� 2�� �(ADC�a ² = #�> ¾ X<GTADU@´dMOC�ADX¶J 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 *sÀ
� 2 Ã �¯N�AKc¶AKJTMQPª:<´�aTFH?VF �(ADC�a>X¶;>C ¾ X[G@ADU@´dMOC�ADX¶J 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 * �
� 2 Â �(ADC�a ² � = # ¾ X<GTADU@´dMOC�AKX¶J 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 * �
� 2 � �(ADC�a ² = #�> ¾ X<GTADU@´dMOC�ADX¶J 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 *QÃ

A 0
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� AKG>FdX :[CEN�FHMQ?\AKJTc N�FdRvFdN�^ CEX C�a>FnN�FHMQP 
 C�AK?VFICEN�MQJ@^�?\AK^�^�ADX¶J XQR�������� 	������8��	
� 2 ¹`a>FdN�F
MON�F\C�±1X�?VX<G>FH^»RvXQNbCEN�MQJT^�?\AK^�^�AKX¶J XQR-^ECEXQN�FHG 0<AKG>FdX
X10QFdN C�a>F\·¸JWCEFdN�J>FdCd¼�JTMQ?VFHPDº�C�a>F
����� � �B�;���<!"�;��	VMQJTG C�a>F"�7���
	
��!
� �54,!"�;��	 2 · J�C�a>FbG>X ±`JTPDX¶MQG ?VX<G>FQ¼@MB;@^EFdN`G>X ±`J�

PDX¶MQGT^`C�a>F FHJWC�ADN�F 0<AKG>FdXBU@PDFbMQJTG C�a>FHJ L@P MHº<^|=@MQ´�³
C�a>F 0<AKG>FdXVU@PKF 2 � Xk±�F 0QFdNH¼�Rv;@PKP�U@PDF
CEN�MQJT^�R_FdN AKJ C�aTF\G>Xk±`J@PDX¶MQG�?VX<G>F\;T^�;TMQP PDº�^�; )�FdN�^»PDX¶JTcIMQJ@G�L�FdN�aTMOL@^ ;TJTMQ´d´ FdL@C�MO=@PDF
CEN�MQJT^�R_FdN¯C�AK?VF}GT;>F�CEX C�a>F}PKMON�cQF}^�A	�dF�XQR�C�a>F 0[A G>FdXBU@PKFH^ 2 ·¸J ´ X¶JWCEN�MQ^ECd¼ªA J�^ECEN�FHMQ?BAKJ>c
?VX<G>FQ¼ C�aTF 0[AKGTFdX ´ X¶JWCEFHJWC J>FdFHG�JTXQCV=�F
G>X ±`JTPDX¶MQGTFHG AKJ Rv;TP P¿¼�=@;>CV±`A PKP =�FIL@PKMkºQFHG
AK?\?\FHGTAKMOCEFHPDº ±`aTAKPDF¯L@MON�C�^|XQRYC�aTF ´ X¶J]CEFHJWC�MON�Fb=�FHA J>c}N�FH´ FHA 0QFHG�MQJ@G G>FH´ X<G>FHG 2

� � � ¨»���¦���|� 
µ� � 
µ� ���}��¬T�¯�����ª�}���
> ;>F�CEX»C�a>F-N�FHMQP 
 C�A ?VF-JTMOC�;>N�FQ¼,0<AKG>FdX»^ECEN�FHMQ?BAKJ>c C º[L@AK´dMQPKPKºbaTMQ^�^ECEN�A J>cQFHJ]C�=@MQJ@G>±`AKG>C�aª¼
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MQJTG�LTN�FH^EFHJWC�^YC�a>FHADNYN�FH^�;TPKC�^ 2�- AKJTMQP PDºQ¼,=-aTMOLTCEFdN�Ã`´ X¶J@´dPK;TG>FH^	C�a>F�N�FdL�XQN�C ±`AKC�abL�X¶AKJWCEFdN�^
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RvN�X¶? C�a>F»·¸J]CEFdNµJ>FdC 2
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¹|aTA ^�MON�´µaTADCEFH´ C�;>N�FIA ^b=@MQ^�FHG X¶J ;@^�AKJ>c�^EC�MQJTGTMON�G ��Fd=�^EFdN 0QFdN�^}CEX�G>FHPKA 0QFdN FHJT´ X<G>FHG
?VFHGTA M ´ X¶J]CEFHJWC�� -dÁ�! 2 · J4C�aTAK^\´dMQ^EFQ¼-C�aTF 0<AKG>FdX U@PKF AK^BMQJ4XQN�GTAKJTMON�º�XQ=��EFH´ CnA J C�a>F
^EFdN 0QFdN � ^�U�PDFb^Eº<^ECEFH?
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G>X[FH^»J>XQC L�X¶AKJWC¯GTAKN�FH´ C�PDº CEX
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?\FdC�M U�PDF 2 ¹|a>F ?\FdC�M U�PDFn´ X¶JWC�MQAKJT^ C�a>FnC�a>F%$¯² # XQR|C�a>FIMQ´ C�;TMQP 0<AKG>FdX�U@PDF 2
¹`a>F � ¹`¹ 4 N�FH^�L�X¶J@^EFV?VFH^�^�MOcQF\C�a@MOC FHJT´dMOL@^�;@PKMOCEFH^ C�a>F\?\FdC�M
U@PDF\AKJ@´dPK;TG>FH^ M
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� ¹`a>F»´dPKADFHJWC1=TN�Xk±`^EFdN-F :>MQ?\AKJTFH^1C�aTF ´ X¶JWCEFHJWC 
 C º[L�F a>FHMQG>FdN-PKAKJTF�XQR	C�a>F N�FH^EL�X¶JT^EF
?\FH^�^�MOcQFQ¼�PKMQ;TJT´µa>FH^ C�a>F\MQ^�^EX<´dAKMOCEFHG ?\FHGTAKMIL@PKMkºQFdNH¼ MQJTG L�MQ^�^EFH^»C�a>F\?\FdC�M
U@PDF
CEXBC�a>Fb?VFHGTA M}L@PKMHºQFdN 2
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U�PDF AKJWCEXVC�a>Fb¹ = 4 ´ X¶JTJ>FH´ C�ADX¶J 2
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?\FH^�^�MOcQF`CEXbC�a>F|?VFHGTAKM L�PKMHºQFdN 2 ¹|aTF|?VFHGTAKM L@P MHºQFdN ^ECEN�FHMQ?\^�X¶;>C�C�aTF 0[A G>FdX»U@PDF 2

� Xk±�F 0QFdNH¼]=�FHAKJTc`XQN�ADc¶A JTMQPKPDº»G>FH^�AKc¶J>FHGbRvXQN�^EFdN 0<AKJ>c¯^EC�MOC�AK´�G>X<´d;T?VFHJWC�^d¼ � ¹`¹ 4 LTN�X 

CEX<´ X¶P@±�MQ^1JTXQC L@MON�C�A ´d;TPKMON�PDº ^�;TADCEFHG\R_XQN�N�FHMQP 
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Ã



XQR�´ X¶JWCEN�X¶P X70QFdN�C�aTFbN�MOCEF MOC�±`a@AK´�a
C�aTF ��Fd= ^EFdN 0QFdN¯L@;T^�a>FH^`GTMOC�M\C�a>N�X¶;>c¶a C�a>F�J>FdC 

±�XQN�³�¼�MQ^V±�FHPKP-MQ^VC�a>F
;T^EF
XQR�C�a>F
c¶;TMON�MQJWCEFdFHG�
 G>FHP A 0QFdN�º LTN�XQCEX<´ X¶P ) ¹ = 4 /µ¼�´dMQ;@^EFHG
^�;>=�^EC�MQJ]C�A MQP �@;T´ C�;TMOC�ADX¶J�AKJ C�a>F\G>FHPKA 0QFdN�º�C�AK?\FH^»R_XQNbC�a>FVR_NµMOc¶?VFHJ]C�^bXQR�C�a>FVFHJT´ X<G>FHG
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?VFHMQJWC CEXI´ X¶?\L�FHJ@^�MOCEF}R_XQN C�a>F =@;>N�^�C�AKJ>FH^�^`XQR ^�;T´µa�MIG>FHP A 0QFdN�º
LTN�X<´ FH^�^ 2 ½�;>Cd¼¦ADR�RvXQN
^EX¶?VF�N�FHMQ^EX¶J C�a>F GTFHPKA 0QFdN�º�XQR¯C�aTF J>F :[CVRvN�MOc¶?VFHJWC\XQR»GTMOC�M�±�MQ^\G>FHP MHºQFHG�=[º ?VXQN�F
C�aTMQJ�C�aTF\M 0OMQAKPKMO=@PDF .��
	�� ��� �=��� !&	 ¼ªC�a>FVL�PKMHºQFdNba@MQG CEX�^�;T^EL�FHJTG�N�FHJ@G>FdN�AKJ>cI;TJWC�AKPYC�a>F
=@; )�FdN ±�MQ^¯N�FdU�PKPDFHG 2 ¹|aTAK^¯^EX 
 ´dMQPKPKFHG � 	�� �����A	��7� �54 LTN�X<´ FH^�^¯±�MQ^»MnRvN�FHZ[;>FHJ]C»´dMQ;T^�F XQR
GTAK?BAKJTAK^�aTFHGB;T^EFdN`F :[L�FdN�ADFHJ@´ F 2

:[X¶?\FnXQC�aTFdNB´�aTMQP PDFHJ>cQFH^}XQR ;T^�AKJ>c ��Fd=4^EFdN 0QFdNµ^\MON�F ^ECEN�FHMQ?BAKJ>c�XQR¯PKA 0QF LTN�FH^EFHJ�
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MQJ@G J>X¶J�
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½�MQ^EFHG\X¶J}C�a>F�R_FdFHG>=�MQ´�³�¼¶C�a>F-^EFHJTG>FdN�´dMQJVMQG �E;T^�CYADC�^�CENµMQJT^�?\AK^�^�ADX¶J NµMOCEF 2 ²�¹ = 4
: > 8�: ) :[X¶;TN�´ F > FH^�´ N�ADL@C�ADX¶J�/¯L@MQ´�³QFdC�^�´ X¶JWC�MQAKJ�CEF :[C�;@MQP AKJ>RvXQN�?\MOC�AKX¶J�´dMQPKPDFHG
´dMQJTX¶JTAK´dMQPYJTMQ?VFH^¯MQ^�c¶PKXQ=@MQPKPDº
;TJTA ZW;>F A G>FHJ]C�AKUTFdN�^|XQR�C�aTF ^EFH^�^�ADX¶J L�MON�C�AK´dADL@MQJWC�^
±�aTAK´�aIL@N�X10<AKG>FH^|MVa[;T?\MQJ"
 R_N�AKFHJTGTPDºB?\FH´�aTMQJTA ^�?�R_XQN�^EX¶;>N�´ FbA G>FHJ]C�AKU@´dMOC�ADX¶J 2
¹	X»^�´dMQPDF�C�a>F�²�¹ = 4 ´ X¶JWCEN�X¶P<L@MQ´�³QFdC�CENµMQJT^�?\AK^�^�ADX¶J ±�ADC�abC�aTF�J[;T?�=�FdN	XQRTL�MON�C�AK´ 

AKL@MQJ]C�^H¼�MI´ X¶JWCEN�X¶P�?VFH´µaTMQJTAK^�?0aTMQ^¯=�FdFHJ G>FH^�ADc¶JTFHG 2 ¹|a>F}´ X¶J]CEN�X¶P�?VFH´�aTMQJ@AK^�?
³QFdFdL�^ C�a>F�CEXQC�MQP�´ X¶J]CEN�X¶P L@MQ´�³QFdC�^ CEX ��� XQR}C�a>F�CEXQC�MQP ^EFH^�^�ADX¶J©=@MQJ@G>±`AKG>C�a 2
%¯?VX¶J>cnC�a>F}´ X¶J]CEN�X¶P	L�MQ´�³QFdC�^d¼ Å ��� MON�F}MQPKPDX<´dMOCEFHG�CEXnC�a>F}^EFHJTG>FdN¯N�FdL�XQN�C�^¯MQJTG
Â ��� CEXnC�a>F N�FH´ FHA 0QFdN N�FdL�XQN�C�^ 2 ²�¹ = 4 ^EFHJTG>FdN¯N�FdL�XQN�C�^¯´ X¶J]C�MQA J�MQJ AKJ@GTAK´dMOC�ADX¶J
XQR�N�FHMQP 
 C�AK?VF\MQJTG�C�aTFB´ XQN�N�FH^EL�X¶JTG@AKJ>cI²Y¹ 4 C�AK?\FH^EC�MQ?VL ±`a@AK´�a�MQAKG@^ AKJ�AKJWCEFdN 

?\FHGTAKMV^Eº<JT´�aTN�X¶JTA	�HMOC�ADX¶J
MOC`C�a>F N�FH´ FHA 0QFdN 2

* 2 � 	7���7���>� ����� ��� ���0.��������;�����
²`FHMQP 
 ¹|AK?\F
:[CEN�FHMQ?\AKJ>c 4 N�XQCEX<´ X¶P ) ²Y¹¯: 4 /bAK^ M�^�FH^�^�ADX¶J ´ X¶J]CEN�X¶P1L@N�XQCEX[´ X¶P�RvXQN
^�CEN�FHMQ?\AKJ>c»?VFHG@AKM¯X10QFdN�C�a>F-·¸JWCEFdN�J>FdC � � ! 2 � J>F�XQR�C�a>F-?\MQAKJ Rv;@JT´ C�ADX¶JT^YXQR�²Y¹¯: 4
A ^VCEX�^�;TLTL�XQN�C � =�² 
 PKAK³QF�´ X¶J]CEN�X¶P`XQL�FdN�MOC�ADX¶J@^\^�;T´µa4MQ^B^�CEXQLª¼�L@MQ;T^EF�' N�FH^�;T?VFQ¼
RSMQ^EC
RvXQN�±�MON�G¦¼ MQJTG(RvMQ^�Cn=�MQ´�³[±�MON�G 2 � C�a>FdN ?\MQAKJ'RS;TJT´ C�ADX¶J(AK^nCEX�FH^EC�MO=�PKAK^�a
MQJ@G4´ X¶JWCEN�X¶P`^ECEN�FHMQ?\^BXQR»´ X¶JWC�AKJ[;>X¶;T^BMQ;@GTADX MQJTG�0[AKGTFdX ?VFHGTAKM�=�FdC�±1FdFHJ¥C�a>F
?\FHGTAKM ^EFdN 0QFdN�^ MQJTG C�a>F|´dPKADFHJWC�^ 2 ·�C�MQPK^�X¯L@N�X10<AKG>FH^�?VFHMQJT^�R_XQN�´µa>XWX¶^�AKJ>c»G>FHPKA 0QFdN�º
´µaTMQJTJ>FHP ^ ) F 2 c 2 ¼ $ > 4 ¼�¹ = 4 /µ¼�MQJTG G>FHPKA 0QFdN�º ?VFH´µaTMQJTAK^�?\^�=@MQ^EFHG
X¶J ²�¹ 4�2
·¸J�²�¹�: 4 ¼¦FHMQ´�a�LTN�FH^EFHJWC�MOC�ADX¶J MQJ@G ?VFHGTAKMI^ECEN�FHMQ?�AK^»AKG>FHJWC�ADUTFHG�=[º�MQJ�²Y¹¯: 4
;@JTA 0QFdN�^�MQP�N�FH^�X¶;>N�´ F»PDX<´dMOCEXQN ) $�² # / 2 ¹|a>F X70QFdN�MQPKP�LTN�FH^�FHJ]C�MOC�ADX¶J
MQJ@G C�aTF»LTN�XQL"

FdN�C�ADFH^�XQR�C�a>F-?VFHGTAKM MON�F`GTFdU@J>FHG}AKJ}M LTN�FH^EFHJWC�MOC�ADX¶J\GTFH^�´ N�ADLTCEXQN�U�PDFQ¼Q±`aTAK´µa}?\MHº
A JT´dPK;TG>FbFHJT´ X[G@AKJ>c>¼�PKMQJ>c¶;TMOcQFQ¼ª²�¹�: 4 $¯² # ^d¼¦G>FH^EC�AKJ@MOC�ADX¶J MQG@G>N�FH^�^d¼�L�XQN�Cd¼¦MQJTG
XQC�aTFdN L@MON�MQ?\FdCEFdN�^ 2 ¹|a>F-L@N�FH^EFHJWC�MOC�ADX¶J\G>FH^�´ NµADLTCEXQN�U@PKF�´dMQJB=�F-XQ=TC�MQAKJ>FHGV=[º}C�a>F
´dP ADFHJ]C|;@^�AKJ>c � ¹|¹ 4 ¼>FH?\MQAKP¦XQN`XQC�a>FdN�?VFHMQJ@^ 2

- �



¹|a@AK^�´�a@MOLTCEFdN�LTN�X10<AKG>FHGBMQJBX70QFdN 0[AKFd±¥XQR¦C�a>F 0OMON�ADX¶;T^�^�CEN�FHMQ?\AKJ>c MON�´�a@ADCEFH´ C�;>N�FH^�AKJ
C�a>F · JWCEFdN�J>FdC 2 ¹`a>F J>F :<C�´µaTMOLTCEFdN}F :<L@PKMQAKJT^ C�a>F ´µaTMQPKPDFHJ>cQFH^ AKJ 0QX¶P 0QFHG AKJ�G>FHP A 0QFdN�AKJ>c
^ECEN�FHMQ?BAKJ>c\^EFdN 0<AK´ F»CEX\±�ADN�FHPDFH^�^-JTFdC ±�XQN�³[^�MQJTG GTA ^�´d;T^�^EFH^�C�aTF»N�FHPKMOCEFHG
±�XQN�³
G>X¶J>F 2

-HÃ



� �������	��
 �

#%$'&( ")+* �-, . �-, ��&( 9/1 32¥2

5 ,86 ��&(!8, *  9, $(2

¹|a>Fn´�aTMQP PDFHJ>cQFnXQR|=�FHAKJ>c MO=�PDFBCEX�^�;>L@L�XQN�C ±`ADN�FHPKFH^�^b^ECEN�FHMQ?\AKJ>c AK^ ^�ADc¶JTADU�´dMQJ]C ^�AKJT´ F
0<AKG>FdX�AK^ cQFHJ>FdN�MQPKPDº�N�FH´ XQc¶JTA �dFHG�MQ^b=�FHA J>c
=@MQJTG>±�AKG>C�a aW;@J>cQN�ºQ¼YFdN�N�XQNb^EFHJ@^�ADC�A 0QFQ¼�MQJTG
^EX¶?VFdC�A ?VFH^ G>FHP MHº}AKJ]CEX¶PKFdN�MQJ]C � � J}C�a>F`XQC�a>FdN1aTMQJ@G¦¼Q±`ADN�FHPKFH^�^�´�aTMQJ@J>FHPK^�MON�F�´�aTMON�MQ´ CEFdN 

A	�dFHG}MQ^�aTM10[AKJTc P AK?\ADCEFHG�´dMOL@MQ´dADC ºVMQJTG}aTAKc¶ab=@AKC	FdN�N�XQN�N�MOCEFH^d¼]MQJTG =�FHAKJ>c�C�AK?VF 
60OMON�º<AKJ>c 2
%¯^|C�a>F ^ECEN�FHMQ?\AKJ>c\MOLTL�PKAK´dMOC�ADX¶JT^-MON�FbMQGTMOLTC�A 0QFQ¼@C�a>FbaTADc¶aI=�ADC-FdN�N�XQN|NµMOCEFH^`?\MkºI´dMQ;@^EF
^EFdN�AKX¶;T^�LTN�XQ=@PKFH?\^�CEX\N�MOCEFb´ X¶JWCEN�X¶P	^�´�a>FH?\FH^|±`aTA ´�aIFH?VL@PKXkºIPDX¶^�^-=@MQ^�FHG
R_FdFHGT=@MQ´�³ 2

¹|a@AK^-´�aTMOL@CEFdN`=TN�AKF	�Tº G>FH^�´ N�AD=�FH^�C�a>F FdN�N�XQN`´�aTMONµMQ´ CEFdN�AK^EC�AK´d^�XQRY±`ADN�FHPDFH^�^-´�aTMQJTJTFHPK^ 2
· C¯F :<L@PKMQA JT^¯C�a>FVF�)�FH´ C»XQR�C�a>F\PDX¶^�^�NµMOCEFVN�FdL�XQN�CEFHG =Wº C�a>FVN�FH´ FHA 0QFdNbX¶J N�MOCEF\´ X¶J]CEN�X¶P 2
· C�G>FdU@JTFH^ C�a>F LTN�XQ=@PDFH? MQJTG�GTFH^�´ N�AD=�FH^ ^EX¶?\F N�FHP MOCEFHG�±�XQN�³ G>X¶J>FBCEX�MQPKPKF 0[AKMOCEF C�a>F
LTN�XQ=�PDFH? 2 - AKJTMQPKPDºQ¼>ADC-F :<L@PKMQA JT^�C�a>F»RvX[´d;T^|XQRYC�aTF ´d;>N�N�FHJWC-LTN�X��EFH´ C 2

�»� � � �¦�¦�`� { �}�-�¦�-�Y�����ª
��T�¦
���� �`§ � 
��¦����� ��� { �}�|�V�}�����
�(ADN�FHPDFH^�^�´µaTMQJTJ>FHPK^�MON�F�a@ADc¶aTPDº ;TJTLTN�FHGTAK´ C�MO=�PDF 2 ¹|aTF�;TJTN�FHPKAKMO=@A PKADC º»´ X¶?VFH^�R_N�X¶?gFdN�N�XQN�^
C�aTMOC}MON�AK^EFIGT;>F CEX�G@AK^EC�AKJT´ C�LTN�XQL@MOc¶MOC�AKX¶J�L@aTFHJ>X¶?VFHJTM�^�;T´µa�MQ^}? ;TPDC�A 
 L@MOC�a�RSMQGTAKJ>c>¼
^�aTMQGTXk±`AKJTc>¼¶L@MOC�a\PDX¶^�^d¼]J>X¶AK^�FQ¼WMQJTG\A J]CEFdN�RvFdN�FHJT´ F-RvN�X¶?­XQC�aTFdN1;T^EFdNµ^d¼]MQPKP>XQR�±`aTA ´�a\aTM10QF
M\? ;TPDC�ADL�PKAK´dMOC�A 0QF¯F�)�FH´ C�X¶J
C�a>F CENµMQJT^�?\ADCECEFHG
^�ADc¶JTMQP¿¼T´dMQ;T^�AKJ>cVADC-CEX GTFdCEFdN�ADXQN�MOCEF 2

¾ ;TPDC�A 
 L�MOC�a�LTN�XQL@MOc¶MOC�AKX¶J¦¼Y´dMQ;@^EFHG =[º�^�;>L�FdN 
 L�X¶^�ADC�ADX¶J�XQR�N�MQGTADX�±�M10QFH^bN�F	�@FH´ CEFHG
RvN�X¶? ^�;>N�N�X¶;TJTGTAKJTc\XQ=��EFH´ C�^d¼ c¶A 0QFH^ N�AK^EF CEX RvN�FHZW;TFHJT´ º 
 ^�FHPDFH´ C�A 0QFVRSMQGTAKJ>c>¼¦N�FH^�;TPDC�AKJ>cnAKJ
N�MOL@A G �@;T´ C�;TMOC�AKX¶JT^|XQR�C�a>F�L@aTMQ^EF�MQJTG�MQ?VL�PKADC�;TG>F»XQR�C�aTFb^�ADc¶JTMQP 2 ¹`aTAK^|;T^�;TMQPKPDºnaTMOL"

L�FHJT^�±`a>FHJ C�a>F�N�FH´ FHA 0QFdN»?VX10QFH^ X70QFdNbM G@AK^EC�MQJT´ F X¶J�C�a>F�XQNµG>FdN�XQR1M ±�M 0QFHPKFHJ>cQC�a XQN
?VXQN�F 2 :<aTMQG>X ±`AKJ>c>¼ª´dMQ;@^EFHG =[º C�aTF\LTN�FH^EFHJ@´ F\XQR-PKMON�cQFVL@aWº[^�AK´dMQP�XQ=��EFH´ C�^ ) =@;TAKP GTAKJ>c¶^d¼
±�MQPKPK^d¼>FdC�´ 2 /B±`aTA ´�a
LTN�FH´dPK;TG>F»MBG@ADN�FH´ C|PKAKJTF»XQR�^�ADc¶a]C`=�FdC�±1FdFHJ�C�a>F N�MQG@ADXVCEN�MQJT^�?BADCECEFdN
MQJTG N�FH´ FHA 0QFdN»AK^�M ?VFHG@AK;T? 
 ^�´dMQPKF F�)�FH´ C»MQJTG N�FH^�;@PDC�^`AKJ ^ECEN�X¶J>cI^�ADc¶J@MQPªL�Xk±�FdN»MOCECEFHJ�
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;TMOC�ADX¶J 2 4 MOC�a�PKX¶^�^V´dMQ;T^EFH^BC�a>F
N�FH´ FHA 0QFHG L�X ±1FdN\CEX 0OMON�º cQN�MQGT;TMQP PDº�GT;>F
CEX ^�ADc¶JTMQP
MOCECEFHJ[;TMOC�ADX¶J�G>FdCEFdN�?\AKJTFHG
=WºIC�a>F�cQFdX¶?VFdCEN�º
XQR�C�a>FbL@MOC�a LTN�XQU@PDF AKJ AKC�^|FHJWC�ADN�FdC º 2 %¯PKP
C�aTAK^`AK^`AKJ�MQGTGTADC�ADX¶J CEX C�a>F�PDX[´dMQP LTN�XQL@MOc¶MOC�AKX¶J ?VFH´µaTMQJTAK^�?\^d¼T±`a@AK´�a MON�F�G>FdCEFdN�?BAKJ>FHG
=[º�CEFdN�N�MQAKJ RvFHMOC�;>N�FH^ AKJ�C�aTF AK?\?\FHGTAKMOCEF�0<AK´dAKJTAKC º�XQR�C�aTF MQJWCEFHJTJTMQ^ 2 ¹|aTFB´ X¶?b=�AKJ>FHG
F�)�FH´ CBXQR¯C�a>FH^EF L@aTFHJ>X¶?VFHJTM AK^}C�aTMOCBC�a>F N�FH´ FHA 0QFdN aTMQ^VCEX�G>FHMQP|±`ADC�a M =@ADC 
 ^�CEN�FHMQ?
C�aTMOC AK^»´ XQN�N�;>LTCEFHG =[º =�XQC�a N�MQJ@G>X¶?0=@ADC FdN�N�XQNµ^»MQJTG�=@;>Nµ^EC º FdN�N�XQN�^ 2 ¹|a>FVGT;TN�MOC�ADX¶J
XQR C�aTFH^EF»=@;>N�^�C�^�A JBC�a>F»±�ADN�FHPDFH^�^�´�a@MQJTJ>FHP�AK^-M Rv;@JT´ C�ADX¶JnXQR C�a>F N�FH´ FHA 0QFdN 0QFHPDX<´dADC ºIMQJTG
C�a>FbJ@MOC�;>N�F»XQRYC�a>F C�AK?VF 
60OMON�º<AKJ>c}FHJ 0[ADN�X¶JT?VFHJWC 2

�»��� ���n� �Y� ��§ � ����� �­�����3��� �­����� { �¯�¯���¦�
�
%¯^ G>FH^�´ N�AD=�FHG�AKJ¥:<FH´ C�ADX¶J'Å 2 Å 2 -O¼�^EX¶;>N�´ F 
 =@MQ^�FHG4N�MOCEF ´ X¶JWCEN�X¶P�?\FH´�aTMQJTA ^�?\^\FH?\L@PDXkº
RvFdFHG>=@MQ´�³ICEXnMQG��E;@^EC-C�a>F»X¶;>CEL@;TC-N�MOCEFbXQRYC�a>F 0<AKG>FdX\´ X<G>FdN`MQ´d´ XQN�G@AKJ>c\CEX\C�aTFb^EC�MOCEFbXQR
C�a>FnJ>FdC ±�XQN�³ 2 ¹|a>FB· JWCEFdN�J>FdC}AKJ>RvN�MQ^ECEN�;@´ C�;>N�FVC º[L@AK´dMQP PDº�G>XWFH^�J�� CbLTN�X10<AKG>FB^EX¶;TN�´ FH^bXQR
CEN�M �B´|±`ADC�a}F :<L@PKAK´dADCYRvFdFHG>=@MQ´�³VAKJTR_XQN�?BMOC�ADX¶J 2 ¹|a>F�X¶JTPDº FHMQ^�AKPDº M 0OMQAKPKMO=@PKF|AKJ>RvXQN�?\MOC�ADX¶J
AK^IAK?VL�PKAK´dADC\AKJTR_XQN�?BMOC�ADX¶J¥^�;T´�a(MQ^
?VFHMQ^�;TN�FH^nXQR�PDX¶^�^�FH^nMQJ@G�' XQN
N�X¶;TJTG"
 CEN�ADL¥GTFHPKMHº<^ 2
83:<L�FdN�AK?VFHJWC�^YMQJTG�^�AK?�;@PKMOC�ADX¶JT^	aTM 0QF|^�aTXk±`J�C�aTMOC�´ X¶J]CEN�X¶P[^�´�a>FH?VFH^�±�aTAK´�a ;T^EF�L@MQ´�³QFdC
G>FHPKMkº[^ MQ^ RvFdFHG>=@MQ´�³�AKJTR_XQN�?BMOC�ADX¶J ´dMQJ � C ´ X¶?\L�FdCEFV±�ADC�a ¹ = 4 PKAD³QF CEN�M �B´ ±`aTA ´�a�;T^EF
PDX¶^�^ 
 =@MQ^EFHG�R_FdFHG>=�MQ´�³ � � ! 2 � FHJT´ FQ¼¶?VX¶^�CYNµMOCEF�´ X¶JWCEN�X¶P<MQPDcQXQN�AKC�aT?\^ ) PKAD³QF %`· ¾ > ¼Q¹ - ² =
FdC�´ 2 ¼ /-´µa>X[X¶^EFbL@MQ´�³QFdC�PDX¶^�^EFH^|?VFHMQ^�;TN�FHG MOC|C�a>FbN�FH´ FHA 0QFdN�^|MQ^`R_FdFHGT=@MQ´�³
AKJ>RvXQN�?\MOC�AKX¶J 2

·¸J LTN�XQ=�F 
 =�MQ^EFHG N�MOCEFn´ X¶J]CEN�X¶P�^�´�a>FH?VFH^ PKAD³QF %`· ¾ > ¼�ADR�C�a>FBRvN�MQ´ C�ADX¶J�XQR-L@MQ´�³QFdC�^
GT;>NµAKJ>c»M RvFdFHG>=@MQ´�³BAKJWCEFdN 0sMQP �nAK^1MO=�X70QF¯^�X¶?VF ����� 	�� �����:	 � � !
� �S¼[C�a>F�?BM :<AK? ;T?­X¶;TCEL@;>C
N�MOCEFVXQR�C�a>F\´ X<G>FdN AK^»G>FH´ N�FHMQ^�FHG�=Wº M
´ X¶JT^EC�MQJWC RSMQ´ CEXQN���XQC�a>FdN�±`AK^EF}C�a>F\?\M :>AK? ;T?
X¶;>CEL@;TC N�MOCEF AK^�AKJT´ N�FHMQ^EFHG =[º\MQGTGTAKJ>c�M�´ X¶JT^�C�MQJ]C�� 2 ¹|aW;@^d¼]C�a>F ´ X¶JWCEN�X¶P�MQPKcQXQN�ADC�aT? AK^
MQ^|RvX¶PKPDX ±`^ ?

AKR ) � ���	��

��������

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

FHP ^EF
� ����������� � � �����������"!#� �

%¯^bG>FH^�´ N�AD=�FHG FHMON�PKADFdN�AKJ�:[FH´ C�ADX¶J Å 2 Å 2 -O¼�AKJ ?VX<G>FHP 
 =@MQ^�FHG�N�MOCEF ´ X¶JWCEN�X¶P1^�´�a>FH?\FH^
^�;T´µa MQ^�¹ - ² = � Â"! ¼WC�a>F¯?\M :>AK?�;@? X¶;>CEL@;TC N�MOCEF¯XQR¦C�a>F�´ X<G>FdN�AK^�MQG��E;@^ECEFHGBMQ´d´ XQN�G@AKJ>c
CEX 8 Z[;TMOC�ADX¶J¥Å 2 - 2 %¯^�^�;T?\A J>c�C�a>FdN�F AK^BJTX�´ X¶J>cQFH^EC�AKX¶J'A J�C�a>F�J>FdC ±�XQN�³�C�a>F�²�¹|¹
´dMQJ =�FBMQ^�^�;T?\FHG�CEX�=�F J>FHMON�PKº ´ X¶JT^EC�MQJWC 2 %¯^�^�C�MOCEFHG A J � Â ! ¼�· R-C�a>FBL�MQ´�³QFdC\^�A	�dFnAK^
MQPK^EX MQ^�^�;T?VFHG�CEX\=�Fb´ X¶JT^EC�MQJWC`C�aTFHJ C�a>F ?\M :<A ?�;T?�X¶;>CEL@;>C-N�MOCEF�XQR�C�a>Fb^EFHJ@G>FdN`ADR�ADC
;T^EFH^`¹ - ²�=©AK^-AKJ 0QFdN�^EFHPDºnLTN�XQL�XQN�C�ADX¶J@MQP�CEXBC�a>F ^�Z[;TMON�F»N�X[XQC|XQRYC�a>FbPDX¶^�^�F 0QFHJWC`NµMOCEF �
N�FdL�XQN�CEFHG
=[ºnC�a>F ´dPKADFHJWC(' N�FH´ FHA 0QFdN 2

�%$ -
� � ) * 2 -1/
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- N�X¶? C�a>FBMO=�X10QF GTAK^�´d;T^�^�ADX¶J ADC AK^»F 0<AKG>FHJWC»C�aTMOC C�aTFBPDX¶^�^»NµMOCEF\N�FdL�XQN�CEFHG�=[º C�aTF\N�F 

´ FHA 0QFdNb^�ADc¶JTADU@´dMQJWC�PDº M*)�FH´ C�^ C�a>FVNµMOCEF\´ X¶J]CEN�X¶P MQPDcQXQN�ADC�aT? 2 � FHJT´ FQ¼ ADC»AKJ ��;>FHJT´ FH^¯C�a>F
?\M :>AK? ;T?9X¶;>CEL@;>C»N�MOCEFVXQR�C�a>F 0<AKG>FdX
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MQPK^EXVC�aTF =�XQCEC�PDFHJ>FH´�³IRvXQN|C�a>Fb´ X¶J@J>FH´ C�ADX¶J 2
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¹|a>F ?\MQAKJ XQ=��EFH´ C�A 0QF�XQR¯NµMOCEF ´ X¶JWCEN�X¶P`MQ^BF :[L@P MQAKJ>FHG�AKJ4:<FH´ C�ADX¶J¥Å 2 Å�AK^\´ X¶J>cQFH^EC�AKX¶J
´ X¶JWCEN�X¶P 2 ·¸J XQNµG>FdN�CEXIG>X C�aTAK^d¼�M ´dPKMQ^�^`XQR�N�MOCEF}´ X¶JWCEN�X¶P�^�´�a>FH?\FH^�FH?\L@PDXkº
C�aTFbL@MQ´�³QFdC
PDX¶^�^|N�MOCEF N�FdL�XQN�CEFHG
=[ºIC�a>F»N�FH´ FHA 0QFdN¯MQ^`MQJ AKJTGTAK´dMOCEXQN-XQR�´ X¶J>cQFH^�C�ADX¶J�AKJIC�aTFbJ>FdC ±�XQN�³ 2
·¸J C�a>F1LTN�XQ=@PDFH? G>FdU@J>FHG�AKJ�:[FH´ C�ADX¶J * 2 *[¼QC�a>F1L@MQ´�³QFdC�PDX¶^�^ F :[L�FdN�AKFHJT´ FHG =[º C�a>F N�FH´ FHA 0QFdN
?\MkºB=�F�GT;TF�CEXV´ X¶J>cQFH^EC�AKX¶JnA JBC�a>F J>FdC�±1XQN�³nMQJTG�' XQN�=@MQGI´�a@MQJTJ>FHP�´ X¶JTGTADC�ADX¶J@^ 2 :<AKJT´ F
C�a>FVN�FH´ FHA 0QFdNb´dMQJTJ>XQCbG@AK^EC�AKJ>c¶;@AK^�a =�FdC�±1FdFHJ�C�a>FH?
¼ªC�a>F\PKX¶^�^ N�MOCEF\N�FdL�XQN�CEFHG�?BMHº�J>XQC
=�F MQJ
F :>MQ´ C�AKJTG@AK´dMOCEXQN-XQR�J>FdC ±�XQN�³
´ X¶J>cQFH^EC�ADX¶J 2 ¹|aTAK^-A ^�C�a>F LTN�A ?\MON�ºBN�FHMQ^EX¶J
±`aTA ´�a
PDFHMQGT^1CEX}C�a>F¯LTN�XQ=@PDFH? G>FdU@JTFHG AKJI:[FH´ C�ADX¶J * 2 * 2 ¹-±�X}^�´�a>FH?\FH^�±`aTAK´µaB±�FdN�F¯LTN�XQL�X¶^EFHG
GT;>NµAKJ>c C�aTAK^�LTN�X��EFH´ C|CEXBMQP PDF 0[A MOCEF»C�aTAK^|MON�FbF :[L@P MQAKJ>FHGIAKJIC�a>FbJTF :[C|^EFH´ C�AKX¶JT^ 2
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¹|a>F-´ FHJWCEN�MQPTAKGTFHM`XQR�C�a>F-RvX¶PKPDXk±�AKJ>c�^�´�a>FH?VF|A ^�CEX MQPKPDXk± C�aTF�N�FH´ FHA 0QFdN�CEX»N�FdL�XQN�C�L@MQ´�³QFdC
PDX¶^�^�FH^b±`a@AK´�a�MON�Fn´dMQ;@^EFHG X¶JTPDº GT;>F CEX�´ X¶JTcQFH^EC�ADX¶J MQJTG�CEX�ADc¶JTXQN�FBC�a>FnL@MQ´�³QFdC\PDX¶^�^
´dMQ;T^EFHG =[º C�a>F}±`AKN�FHPDFH^�^¯´�aTMQJ@J>FHP 2 %¯^ MIN�FH^�;TPDC�XQR C�aTA ^d¼�C�a>FVaTADc¶a�
 =@;TN�^EC º
FdN�N�XQN N�MOCEF
XQR�C�a>F ±�ADN�FHPDFH^�^`´�aTMQJTJTFHPª±`AKP P�JTXQC�M*)�FH´ C�C�a>F�N�MOCEF�´ X¶JWCEN�X¶PYMQJTG C�aTFbZW;@MQPKADC ºIXQR 0<AKG>FdX
MQ^�C�a>FH^EFBFdN�N�XQN�^ MON�F J>XQC�N�FdL�XQN�CEFHG CEX�C�a>Fn^ECEN�FHMQ?\AKJTc�^EFdN 0QFdN 2�� FHJT´ FQ¼�N�MOCEFn´ X¶J]CEN�X¶P
MQPDcQXQN�AKC�aT? MOC\C�a>F ^EFHJTG>FdN\±�AKPKP�J>Xk±9^EC�MON�C\N�FH^EL�X¶JTGTAKJ>c X¶JTPKº�CEX�´ X¶JTcQFH^EC�ADX¶J4A J C�a>F
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( From Nitin Vaidya et al, Discriminating Congestion Losses and Wireless Losses Using Inter−arrival times at the Receiver )

- ADc¶;TN�F»À 2 Å ? > AK^�´ NµAK?\AKJTMOC�A J>c =�X¶J>cQFH^EC�ADX¶J MQJ@G �'AKN�FHPDFH^�^-PDX¶^�^EFH^|MOC|C�a>F�²|FH´ FHA 0QFdN

J>FdC�±1XQN�³ ±`aTA ´�a AK^}G>FH^�ADNµMO=@PDF 2 ·¸J�C�a@AK^}^�´�a>FH?\FQ¼1C�a>FIN�FH´ FHA 0QFdNB^�AKG>FIMQPDcQXQN�AKC�aT? ;T^EFHG
RvXQN|G>FdCEFH´ C�AKJ>c}L@MQ´�³QFdC`PDX¶^�^EFH^-A ^�MQPKCEFdN�FHGICEX}FHJTMO=@PDF»ADC�CEX\GTAK^EC�A J>c¶;TAK^�a\C�a>F L@MQ´�³QFdC�^�PDX¶^EC
GT;>FICEX�´ X¶JTcQFH^EC�ADX¶J4MQJ@G ±`ADN�FHPDFH^�^}CEN�MQJT^�?\A ^�^�ADX¶J FdN�N�XQNµ^ 2 :<MQMQG�½�AKM�� MQJTG �¯ADC�AKJ ��2
� MQAKG>º¶MIaTM10QFVLTN�XQL�X¶^EFHG MIa>FH;>N�A ^EC�AK´bA J � Å"!�CEX
GTAK^�´ N�AK?\AKJ@MOCEF�´ X¶J>cQFH^EC�AKX¶J�PDX¶^�^EFH^¯RvN�X¶?
±`ADN�FHPDFH^�^`PKX¶^�^EFH^¯MOC�C�a>F N�FH´ FHA 0QFdN 2 ¹|a@AK^|a>FH;>NµAK^EC�AK´ A ^�;T^�FHG =[º C�a>F}´d;>N�N�FHJWC�^�´µa>FH?VF}MOC
C�a>F|N�FH´ FHA 0QFdN FHJTG\CEX�GTAK^�C�AKJ>c¶;TAK^�a�PDX¶^�^EFH^�GT;>F-CEX�´ X¶J>cQFH^EC�ADX¶JnMQJTGV±`AKN�FHPDFH^�^�FdN�N�XQN�^ 2 ¹|a>F
a>FH;>NµAK^EC�AK´ ;T^EFH^ C�a>FIAKJ]CEFdN 
 MON�N�A 0OMQP C�A ?VFH^ XQR`L@MQ´�³QFdC�^\MOCVC�a>FnN�FH´ FHA 0QFdNVCEX GTAK^�C�AKJ>c¶;TAK^�a
´ X¶J>cQFH^EC�AKX¶J�PDX¶^�^�FH^|MQJTG
±`AKN�FHPDFH^�^�´�a@MQJTJ>FHPªPDX¶^�^EFH^ 2

=�X¶J@^�AKG>FdNBM�^�´ FHJTMON�AKX�MQ^n^�a>Xk±�J4AKJ - ADc¶;TN�F À 2 Å�AKJ ±`aTA ´�a�L�MQ´�³QFdC�^ -O¼`Å MQJTG *
MON�F}CEN�MQJT^�?\ADCECEFHG�R_N�X¶? Mn^�X¶;>N�´ FVMQJTG�X¶JTPDº L�MQ´�³QFdC�^"-}MQJTG *nMON�N�A 0QF}MOC C�a>F}N�FH´ FHA 0QFdN
±`a>FdN�FHMQ^YÅ`AK^ PDX¶^�C	GT;>F1CEX`±`AKN�FHPDFH^�^	´�aTMQJTJTFHP¶FdN�N�XQNµ^ 2 ¹`a>F�N�FH´ FHA 0QFdN�´ X¶?VL�;>CEFH^ C�aTF1AKJWCEFdN 

MON�N�A 0sMQP@C�AK?VF¯=�FdC�±1FdFHJ -¯MQJTG *�MQJTG ´ X¶?\L@;>CEFH^�C�a>F»M 0QFdN�MOcQF A J]CEFdN 
 L�MQ´�³QFdC|^EFdL@MONµMOC�ADX¶J
RvXQN�FHMQ´�a\XQR�C�a>F-PDX¶^EC�L�MQ´�³QFdC�^ 2 · R@C�aTA ^�PKADFH^Y±`ADC�aTA JbC�a>F-NµMQJ>cQF-XQR � ��� � ����� � ����� � � ��������� �
Å � � � � �
	������ ����� � ��
 ��� � ����� � ����� � � ����������! Å�� � � � �
	 ����� ����� � � ! C�a>FHJIC�a>F N�FH´ FHA 0QFdN
MQ^�^�;@?VFH^-C�aTMOC¯MQPKP¦C�a>F L�MQ´�³QFdC�^�±1FdN�F PDX¶^EC|GT;TF»CEXB±`ADN�FHPDFH^�^-´�a@MQJTJ>FHP¦FdN�N�XQN�^-XQC�a>FdN�±�AK^EF
ADC-MQ^�^�;@?VFH^�C�aTMOC-C�a>F C�a>Fdº ±1FdN�F PKX¶^EC-GT;>F CEX\´ X¶J>cQFH^EC�ADX¶J 2 · JnC�aTA ^�´dMQ^�FQ¼@MQ^-C�a>F»AKJWCEFdN 

MON�N�A 0sMQP�C�AK?VF
=�FdC�±1FdFHJ -
MQJTG�* AK^\Å �b¼�±`a>FdN�F �3A ^}C�a>F M 0QFdN�MOcQF L@MQ´�³QFdCn^�A	�dFQ¼�C�a>F
N�FH´ FHA 0QFdN¯´ X¶JT´dPK;TGTFH^�C�aTMOC`ADC|AK^`PDX¶^EC|GT;>F»CEXB±`ADN�FHPDFH^�^�´µaTMQJTJ>FHPªFdN�N�XQN�^ 2
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- XQN�FHMQ´�a N�FH´ FHA 0QFHG L�MQ´�³QFdC . �*�
� a@ADc¶a>FH^EC ^EFHZ � LT³[C�� ^EFHZ[J>X �

N�FH´ 0 PKMQ^ECELT³[CEC�AK?VF � ´d;>N�N�FHJWC C�A ?VF ) / �
A J]CEFdN�MON�N�A 0OMQP C�AK?VF � N�FH´ 0 PKMQ^ECEL@³WCEC�AK?\F 
 LTN�F 0 PKMQ^�CELT³WCEC�A ?VF �
L@N�F 0 PKMQ^ECELT³[CEC�AK?VF � N�FH´ 0 PKMQ^ECEL@³WCEC�AK?\F �
PKX¶^�^ � aTAKc¶a>FH^EC ^�FHZ!
 F :<L�FH´ CEFHG��
AKR ) PDX¶^�^ � Á /
�

ADR ) AKJ]CEFdNµMON�N�A 0OMQP C�AK?VF�� M 0[c L�MQ´�³QFdC�^�A	�dF 
1Å ��?\FHMQJ GTF 0[AKMOC�AKX¶J����
AKJWCEFdN�MON�N�A 0OMQP C�A ?VF�� M 0[c L@MQ´�³QFdC�^�A	�dF !­Å ��?VFHMQJ G>F 0<AKMOC�ADX¶J /
�

L@MQ´�³QFdC PDX¶^�^�! � PDX¶^�^ �
	

	
F :<L�FH´ CEFHG � a@ADc¶a>FH^EC ^EFHZ ! -
�
A J]CEFdN 0OMQP N�FH´ FHA 0QFHG�!�! �

	

- XQN�FHMQ´�a R_FdFHG>=�MQ´�³
AKJWCEFdN 0sMQPªF :[L@AKN�F F 0QFHJ]C
� L@³WC�� RvN�MQ´ C�ADX¶J PDX¶^EC � 
���
���� � ���������� � ������� � ����
�� � ���� 

�
A J]CEFdN 0OMQP N�FH´ FHA 0QFHG � Á �
^�FHJTG ) . ��� / �

	

¹|aTF`N�FH´ FHA 0QFdN�;T^EFH^1C�a>F¯MO=�X70QF»a>FH;>N�AK^�C�AK´-MQJTGB´ X¶?\L@;>CEFH^1C�a>F�RvN�MQ´ C�ADX¶J XQR¦C�a>F�CEXQC�MQP
L@MQ´�³QFdC�^�PDX¶^EC	G@;>F CEX¯J>FdC ±�XQN�³b´ X¶J>cQFH^�C�ADX¶J}GT;>N�AKJTc-C�aTMOC	RvFdFHG>=@MQ´�³bAKJWCEFdN 0OMQP]MQJTG�N�FdL�XQN�C�^
ADC1CEX C�aTF¯^ECEN�FHMQ?\AKJ>c ^EFdN 0QFdN 2 ¹-±�X}?VFdCEN�AK´d^�MON�F ;T^EFHG CEX�F 0OMQPK;TMOCEF C�a>F GTAK^�´ NµAK?\AKJTMOC�A J>c
MO=@AKP ADC º�XQR�C�aTAK^}a>FH;>N�A ^EC�AK´�? %¯´d´d;>N�MQ´ º XQR�´ X¶J>cQFH^EC�AKX¶J PDX¶^�^VGTAK^�´ N�AK?\AKJ@MOC�ADX¶J"!$# MQJTG
%¯´d´d;>N�MQ´ ºIXQR�±`ADN�FHPDFH^�^�PKX¶^�^|GTAK^�´ N�AK?\AKJ@MOC�ADX¶J%! 
 2 ¹|a>FH^�FbMON�F G>FdU@JTFHG
MQ^|C�a>F NµMOC�ADXVXQR

!&# ? ��;@?b=�FdN-XQR�±`ADN�FHPKFH^�^�PDX¶^�^EFH^|GTFdCEFH´ CEFHG�CEX
C�a>F»CEXQC�MQPYJW;T?�=�FdN-XQR	±�ADN�FHPDFH^�^-PKX¶^�^EFH^

! 
 ? ��;@?b=�FdN-XQR�´ X¶J>cQFH^EC�ADX¶J PDX¶^�^EFH^`G>FdCEFH´ CEFHG CEX
C�a>F»CEXQC�MQPYJW;T?�=�FdN-XQRY´ X¶JTcQFH^EC�ADX¶J�PKX¶^�^EFH^

%¯^�^�;T?\A J>c�-dÁQÁ � MQ´d´d;>NµMQ´ º4XQR C�a>F�MO=�X10QF�a[;>FdN�AK^�C�AK´O¼-C�aTAK^I^�´µa>FH?VF�±`AKPKP�´dMQ;T^EF C�a>F
^EFHJTGTFdN CEX�MQGTMOLTCbCEX X¶JTPDº ´ X¶J>cQFH^EC�ADX¶J�AKJ�C�a>F J>FdC ±�XQN�³�´ X¶?VL@PDFdCEFHPKº�AKJ@G>FdL�FHJTG>FHJWC¯XQR
C�a>F}±`ADN�FHPDFH^�^¯´�aTMQJTJTFHP�PDX¶^�^EFH^ 2 � FHJT´ FQ¼	;TJTG>FdN ^�;T´µa�´ X¶JTGTADC�ADX¶J@^d¼�C�aTF L�FdN�RvXQN�?\MQJ@´ F XQR
C�aTAK^-^�´�a>FH?VF�´dMQJ�^EFdN 0QF�MQ^`MQJ ;>L@L�FdN 
 =�X¶;@JTGBRvXQN|F 0OMQPK;>C�AKJTc XQC�aTFdN�^�´µa>FH?VFH^ 2
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- ADc¶;TN�F À 2 * ? ��FdC ±�XQN�³
L�FdN�R_XQNµ?\MQJT´ F MQ^|MVRS;TJT´ C�AKX¶JIXQR�PKX¶MQG

�#� � � � � ��� � ������!#" ����� ��� � � ��� � ! ����� � � ��
 ��!�� 
 ��������� � � � �

¹|a>F MQA ? XQR�´d;>N�N�FHJWC|^�´�aTFH?VF�AK^�CEX LTN�X70[AKGTF MQJ>XQC�a>FdN|FHJTG"
 FHJTG ^EC�MOC�AK^�C�AK´dMQP¦L@MON�MQ?\FdCEFdN
CEXVC�a>F ^EFHJTG>FdN-^EXVC�a@MOC�AKC�G>X[FH^-J>XQC-^EX¶PDFHPKºBG>FdL�FHJTG X¶J C�aTF PKX¶^�^�N�MOCEF»N�FdL�XQN�CEFHGn=Wº C�a>F
N�FH´ FHA 0QFdN�R_XQN`N�MOCEFb´ X¶JWCEN�X¶P 2

- ADc¶;>N�F�À 2 * ^�a>X ±`^1C�a>F cQFHJ>FdN�MQP�L@MOCECEFdN�JT^�XQRªN�FH^EL�X¶JT^EF`C�A ?VF�MQJTGnC�a>N�X¶;>c¶a>L@;>C XQR	M
´ X¶?VL@;TCEFdN¯J>FdC�±1XQN�³ MQ^�M Rv;@JT´ C�ADX¶J
XQR�ADC�^�PDX¶MQG 2 %¯^`C�aTF�PDX¶MQG AKJT´ N�FHMQ^EFH^H¼@C�a>N�X¶;Tc¶a>L@;>C
AKJT´ N�FHMQ^EFH^»MQJTG�MORvCEFdNbADC»N�FHMQ´µa>FH^»C�a>F\J>FdC�±1XQN�³�´dMOL@MQ´dAKC ºQ¼�ADC»^ECEXQL@^ AKJ@´ N�FHMQ^�AKJ>c 2 ·�R1C�a>F
PDX¶MQGVAK^�AKJ@´ N�FHMQ^EFHG}MQJ]º RS;>N�C�a>FdNH¼OC�a>F-Z[;>FH;>FH^�MOC�C�a>F-AKJWCEFdN�?VFHG@AKMOCEF�N�X¶;>CEFdN�^�^EC�MON�C�=@;TAKPKG"

AKJ>c>¼�N�FH^�;TPKC�AKJ>c\AKJ
L�MQ´�³QFdC�^ =�FHAKJ>cBGTN�XQLTL�FHG 2 :<AK?\AKP MON�PDºQ¼<C�a>F N�FH^EL�X¶JT^EF C�A ?VFbAKJT´ N�FHMQ^EFH^
PKADCEC�PKFV±`ADC�a�C�a>F PDX¶MQG�MQJTG�X¶JT´ FBC�aTFBZW;TFH;>FH^b^EC�MON�C =@;TAKP GTAKJ>cI;>Lª¼	C�a>F\N�FH^EL�X¶JT^�FVC�AK?VF
AKJT´ N�FHMQ^EF`PKAKJTFHMON�PDº�;@J]C�AKPTU@JTMQPKPDºQ¼WMQ^ C�a>F¯ZW;TFH;>F`^EC�MON�C�^1X10QFdN �TXk±`A J>c>¼WC�aTF`N�FH^EL�X¶JT^�F-C�AK?VF
AKJT´ N�FHMQ^EFH^bG>NµMQ^EC�AK´dMQPKPDº 2 ¹|a>F\´d;>N�N�FHJ]Cb^�´�a>FH?VFnAK^»=@MQ^�FHG�X¶J C�a>FBXQ=@^EFdN 0OMOC�ADX¶J C�a@MOCbAKJ
C�a>F �dX¶J>F CEXVC�a>F¯N�ADc¶aWC�XQRªC�a>F»´dPKAB) A J - ADc¶;>N�F�À 2 *[¼@MQ^�C�a>F C�a>N�X¶;>c¶a>L@;>C�G>FH´ N�FHMQ^�FH^d¼>C�a>F
N�FH^EL�X¶JT^�F C�A ?VF\AKJT´ N�FHMQ^�FH^ 2 :[X>¼ GT;TN�AKJ>cI´ X¶J>cQFH^EC�ADX¶Jª¼ C�a>FdN�F\A ^ MIL�X¶^�ADC�A 0QFV´ XQN�N�FHP MOC�ADX¶J
=�FdC ±�FdFHJIC�a>F G>FHPKMHº ´d;>N 0QF»MQJTG C�a>F L@MQ´�³QFdC|PDX¶^�^1´d;>N 0QF � À�! 2 ¹|a>F�MO=�X70QF¯N�FH^�;TPDC�AK^�;T^EFHG
=[º C�a>F\^�FHJTG>FdN GT;>NµAKJ>cnN�MOCEF\´ X¶J]CEN�X¶P AKJ MQGTGTAKC�ADX¶J�CEX C�a>FVL@MQ´�³QFdC�PDX¶^�^ NµMOCEF\N�FdL�XQN�CEFHG
=[º C�a>FbN�FH´ FHA 0QFdN 2

�(a>FHJ>F 0QFdN�L@MQ´�³QFdC�^ MON�F\PDX¶^EC G@;>F}CEX ±`ADN�FHPKFH^�^ ´�aTMQJTJTFHP�FdN�N�XQN�^ MQJ@G C�a>F\J>FdC ±�XQN�³
AK^|JTXQC�´ X¶J>cQFH^ECEFHGª¼�C�a>X¶;Tc¶a C�a>F RvN�MQ´ C�ADX¶J�XQR�L@MQ´�³QFdC PDX¶^�^�AKJT´ N�FHMQ^EFH^H¼TC�a>FbL�MQ´�³QFdC G>FHPKMHº
±`AKP P	N�FH?\MQAKJ�J>FHMON�PKº�´ X¶JT^�C�MQJ]C 2 � FHJT´ FQ¼YC�a>F\´ XQN�N�FHPKMOC�ADX¶J�XQR�L@MQ´�³QFdC�PDX¶^�^bMQJTG�L@MQ´�³QFdC
G>FHPKMkºV±`AKPKP@J>XQC =�F`L�X¶^�AKC�A 0QF 2 ¹|aTAK^�L@N�F 0QFHJ]C�^�C�a>F¯^EFHJTG>FdN�RvN�X¶? GTFH´ N�FHMQ^�AKJ>c�C�a>F`X¶;TCEL@;>C

ÅQÃ



N�MOCEFbG@;>F»CEX\±`ADN�FHPDFH^�^-´�a@MQJTJ>FHP�FdN�N�XQNµ^-±`a>FHJ
C�aTF J>FdC ±�XQN�³
AK^|J>XQC|´ X¶JTcQFH^ECEFHG 2
�njWq¶j$����j[l �9� �Yj * uvw@m�l �_i r��
- XQN�FHMQ´�a N�FH´ FHA 0QFHG
L@MQ´�³QFdC-. �*�
� a@ADc¶a>FH^EC ^EFHZ � LT³WC�� ^EFHZWJTX �

N�FH´ 0 PKMQ^ECELT³[CEC�AK?VF � ´d;>N�N�FHJWC C�AK?\F ) / �
L�MQ´�³QFdC G>FHPKMkº � N�FH´ 0 PKMQ^ECEL@³WCEC�AK?\F 
 LT³[C�� C�AK?VFH^EC�MQ?\L ) / �
GTFHPKMHº MON�N�MHº�� ´ X¶;TJWC ! � L@MQ´�³QFdC G>FHPKMkº �
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·¸J»XQN�G>FdN¦CEX`A ?VL@PDFH?VFHJWC�C�a>F�C�±1X`^�X¶PK;>C�ADX¶J»^�´µa>FH?VFH^d¼OMQJ>XQC�a>FdN	C ±�X 0QFdN�^�AKX¶JT^¦XQR<²Y¹ 41¾�¾
%�cQFHJ]C�±1FdN�F�´ N�FHMOCEFHG 2

¹|aTF�?BMQAKJbU�PDFH^Y±`aTAK´µa�±�FdN�F-?VX<GTADUTFHG AKJ C�a>F � �-PKAK=TN�MON�º»MON�F�C�a>F-RvX¶PKPDX ±`AKJ>c �7� .�� ���H¼
��� .��:�BMQJ@G<�����/.�� ����±`aTA ´�aV´ X¶JWC�MQAKJBC�aTF`AK?VL@PKFH?VFHJ]C�MOC�AKX¶JVXQR¦²Y¹ 4 MQJTGB²Y¹ = 4 %�cQFHJWC�^ 2

� ��� ¨�
µ�3��������
��¯� �­�������¸���
¹|aTA ^-^EFH´ C�ADX¶J G>FH^�´ N�AD=�FH^�C�a>F ^�AK? ;TPKMOC�AKX¶J
?VFdC�a>X<G>X¶PDXQcQºIMQJTG
LTN�FH^�FHJ]C�^-C�aTF N�FH^�;TPKC�^ 2

·¸J�C�a>F�U@N�^EC¯F :[L�FdN�AK?\FHJ]Cd¼�C�a>F}J>FdC ±�XQN�³ A ^¯^�FdC A J MQJ ;TJT´ X¶JTcQFH^ECEFHG ^EC�MOCEF\^EXnC�aTMOC
C�a>F
X¶JTPKº�PDX¶^�^�FH^}±`aTAK´µa X[´d´d;>N MON�F GT;>FICEX�±`ADN�FHPDFH^�^V´�a@MQJTJ>FHP�FdN�N�XQNµ^ 2 %¯´d´ XQN�GTA J>c¶PDºQ¼
C�a>F =@MQJTG>±�AKG>C�a�MQJ@G�LTN�XQL@MOc¶MOC�ADX¶J G>FHPKMkº XQR C�a>F}PKAKJT³[^�aTM 0QF}=�FdFHJ AKJTADC�AKMQP A	�dFHG
CEXIC�a>F
RvX¶PKPDXk±�AKJ>c 0sMQP ;>FH^ 2
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 ��� � -dÁ � �

����� � ÃsÀ � � � � 
 ��� � - � �

- ADc¶;TN�F � 2 *n^�a>X ±`^�C�a>F�N�FH^�;TPDC�^`XQR�C�a>F}MO=�X70QF�F :<L�FdN�AK?VFHJWC`±�ADC�a�J>Xn?VX<GTADU@´dMOC�ADX¶J AKJ
FHADC�a>FdN¯C�a>F}^EFHJTG>FdN¯XQN¯C�a>F�N�FH´ FHA 0QFdN 2 ¹|a>FbcQNµMOL@a ^�a>Xk±`^�C�a>F F 0QX¶PK;>C�ADX¶J XQR ?\M :>AK? ;T?
X¶;>CEL@;TC`N�MOCEF}XQR�C�a>F}^EFHJTG>FdN¯CEXnC�a>F PKX¶^�^`NµMOCEF�N�FdL�XQN�CEFHG =[º C�a>F N�FH´ FHA 0QFdN 2 ¹|a>F UTc¶;>N�F
´dPDFHMON�PKº ^�a>Xk±�^�C�aTF�N�MOCEF �@;@´ C�;TMOC�ADX¶JT^¯´dMQ;T^EFHG�=[º
C�a>F�±�ADN�FHPDFH^�^¯´�a@MQJTJ>FHP	FdN�N�XQN�^ 2 - ADc 

;>N�F � 2 Àn^�a>X ±`^|C�a>F ´ X¶J@GTADC�ADX¶J MORvCEFdN`C�aTF LTN�XQL�X¶^EFHG + 	 . ������	 �0�21�� ���645	7�������>� � �*�(��	7�
	 + 	�� ��
»MQPKcQXQN�ADC�aT? ±�MQ^-AK?VL@PDFH?\FHJ]CEFHGnMOC�C�a>F N�FH´ FHA 0QFdN-FHJTG 2 ¹|aTF ^�FHJTG>FdN�AK^�^EFdFHJ
MQ^
MQGTMOLTC�A J>c X¶JTPDº CEX�´ X¶JTcQFH^EC�ADX¶JnPDX¶^�^EFH^ 2 ¹|aTF|a>FH;>N�AK^�C�AK´-G>FH^�´ N�AK=�FHGVA J :[FH´ C�ADX¶JBÀ 2 Å 2 -`±�MQ^
MO=@PDF»CEX GTAK^�´ N�A ?\AKJTMOCEF ´ X¶J>cQFH^EC�ADX¶J MQJTG
±`AKN�FHPDFH^�^�PDX¶^�^�FH^-±`ADC�aIC�a>FbR_X¶PKPKXk±`AKJTc}MQ´d´d;TN�MQ´ º

! # � + � 	 À]Å �
! 
 � �QÃ 	��OÁ �

- ADc¶;TN�F � 2�� ^�a>X ±`^ C�a>FnN�FH^�;@PDC�^»XQR|C�a>F F :[L�FdN�A ?VFHJ]Cb±`a>FHJ C�aTF +-	/. ����� � ���7� 	��B�>���8���
��	;� �=	�	�� � �*�(�
����� � 	��B�>1 	 + � � ��
 ^�´µa>FH?VF ±�MQ^¯AK?VL@PKFH?VFHJ]CEFHG�MOC`C�a>F�N�FH´ FHA 0QFdN»MQJTG
^EFHJTGTFdNbFHJTGT^ 2 ·�C ´dMQJ XQ=@^EFdN 0QFHG�C�aTMOC}GT;>N�AKJTc
=@MQG�´µaTMQJTJ>FHP�´ X¶JTGTAKC�ADX¶JT^d¼	C�a>Fn^�FHJTG>FdN
G>X[FH^»J>XQC»G>FH´ N�FHMQ^EFVADC � ^ NµMOCEFV=@;>C¯³QFdFdL@^ C�a>F}N�MOCEF\´ X¶JT^EC�MQJWC 2 ¹`aTAK^�LTN�F 0QFHJWC�^»C�a>FVG>F 

´ N�FHMQ^EF1AKJ C�a>F Z[;TMQPKADC�º�XQR 0<AKG>FdX|G>FHPKA 0QFdN�FHG CEX|C�a>F ;@^EFdNªGT;>N�A J>c�=@MQG»´�aTMQJ@J>FHP¶´ X¶JTGTAKC�ADX¶JT^ 2
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- ADc¶;>N�F � 2�� ? �'AKC�a
²�= #�> ¾ X[GTAKU@´dMOC�ADX¶J
·¸J C�a>F�^�FH´ X¶JTG F :<L�FdNµAK?VFHJWCd¼1C�a>F JTFdC ±�XQN�³�AK^V´ X¶J>cQFH^ECEFHG¥=[º A J]CEN�X<GT;T´dA J>c�´ N�X¶^�^

CEN�M �B´}RvN�X¶? MQJ>XQC�aTFdN � � �	� �	
 �
� . � ^�X¶;>N�´ FV±`aTA ´�a ^EFHJTGT^ =�;>N�^EC�^¯XQR1G@MOC�MIX¶JT´ F\AKJ�M
U.:<FHG A J]CEFdN 0OMQP 2 ¹|a>F � � �	� �	
 � � . ��^EX¶;>N�´ F}^EFHJTG@^�GTMOC�MnMOC¯C�a>F�NµMOCEF XQR *QÅ � � � � 2 ¹|a>F
^�AK? ;TPKMOC�AKX¶J L�MON�MQ?VFdCEFdN�^�MON�FbMQ^|RvX¶PKPDX ±`^

� � � � � � � � -HÅ � � � � � 
 � � � � � � Å � �

� � � � �OÁ � � � � 
 ��� � -dÁ � �
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- ADc¶;>N�F � 2 Ã ^�a>Xk±�^»C�a>FVN�FH^�;@PDC�^ XQR�C�a>F\MO=�X10QF\F :<L�FdN�AK?VFHJWC»±`ADC�a�J>X ?\X[GTAKU@´dMOC�ADX¶J AKJ
FHADC�a>FdN`C�a>F ^EFHJTG>FdN`XQN|C�a>F N�FH´ FHA 0QFdN 2

- ADc¶;>N�F � 2 Â»^�a>Xk±�^�C�a>F-L�FdN�R_XQNµ?\MQJT´ F-MOR_CEFdN C�a>F + 	�� �I?VX<GTADU@´dMOC�ADX¶J 2 ¹|a>F�N�FH^�;TPDC�^
´dPDFHMON�PKº�^�a>X ±�C�aTMOC�C�a>F�?VX[G@ADUTFHG ^�´�a>FH?\F|X¶JTPDº�N�FH^EL�X¶JTGT^YCEXb´ X¶J>cQFH^�C�ADX¶JV±`a>FdN�F|MQ^�C�a>F
XQN�ADc¶A JTMQP>^�´�aTFH?VF|CEN�ADFH^�CEX�N�FH^EL�X¶JTG CEXbMQPKPTC�a>F|PDX¶^�^EFH^ 2 > ;>F`CEX C�aTAK^d¼QC�aTF`^EFHJTG>FdN�X¶;TCEL@;>C
N�MOCEF»G>FH´ N�FHMQ^�FH^�GTN�MQ^EC�AK´dMQPKPKº 2 ¹`a>F�MQ´d´d;>NµMQ´ ºBXQRªC�a>F a>FH;>NµAK^EC�AK´|A JBC�aTA ^ F :<L�FdN�AK?VFHJWC ±�MQ^

!&# � Ã � 	�� ���
! 
 � + � 	 ÁOÀ �

¹|a>F GTFH´ N�FHMQ^EF�A JIC�a>FbMQ´d´d;>N�MQ´ º�!$#�±�MQ^¯GT;>F»CEX\C�a>F�G>FH´ N�FHMQ^EF AKJIC�a>F N�MOC�AKX\XQR�±`ADN�FHG
CEX ±`ADN�FHPDFH^�^�=@MQJTGT±`AKG>C�aVMOC�C�a>F¯=@MQ^EF 
 ^EC�MOC�ADX¶JIJ>X<G>F 2 ¹|aTA ^�N�FH^�;TPKC�^1AKJ PDFH^�^ =@; )�FdN�AKJ>c XQR
L@MQ´�³QFdC�^ MOC C�a>F�=�MQ^EF 
 ^EC�MOC�ADX¶J J>X<G>F ±`aTAK´µa ´dMQ;T^�FH^�C�aTF a>FH;TN�AK^EC�AK´ CEXnRSMQAKP 2
- ADc¶;>N�F � 2 �
^�a>X ±`^-C�a>FbL�FdN�R_XQN�?BMQJT´ F»MOR_CEFdN�C�a>F + � � ��AK?VL@PDFH?\FHJ]C�MOC�ADX¶J 2
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- ADc¶;>N�F � 2 � ? �'AKC�a
²�= #�> ¾ X[GTAKU@´dMOC�ADX¶J

¹|a@AK^}´�aTMOLTCEFdNBLTN�X10<AKG>FHG M�G>FdC�MQA PDFHG X10QFdN 0<ADFd±�XQR¯C�a>F ^�A ?�;TP MOC�ADX¶J�FHJ 0<ADN�X¶JT?VFHJWC
±`aTA ´�a ±�MQ^};T^EFHG�CEX�F 0OMQPK;TMOCEFnC�a>F C ±�X�L@N�XQL�X¶^EFHG�^�´µa>FH?VFH^ 2 · C�MQPK^EX LTN�FH^EFHJWCEFHG C�a>F
N�FH^�;@PDC�^�XQ=TC�MQAKJTFHG 2 ¹`a>F`J>F :<C ´�a@MOLTCEFdN�´ X¶J@´dPK;TG>FH^�C�aTF|N�FdL�XQN�C�±`AKC�a}L�X¶A J]CEFdN�^�CEXbRS;>C�;>N�F
±�XQN�³ 2
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¹|a>F-L@N�X¶PKADRvFdN�MOC�ADX¶J XQR�±`ADN�FHPKFH^�^�aTMQJTG�
 aTFHPKG}G>F 0[A ´ FH^�±`ADC�aV? ;TPDC�AK?\FHGTAKM ´dMOL@MO=@AKP ADC º AKJTGTA 

´dMOCEFH^-C�a>F CEN�FHJ@G CEX ±�MONµGT^|a>FdCEFdN�XQcQFHJTFHADC ºIAKJ C�a>F»J>FdC ±�XQN�³I´ X¶JTJ>FH´ C�AKJ>c C�a>F»^ECEN�FHMQ?BAKJ>c
^EFdN 0QFdN|MQJ@GIC�a>F»´dPKADFHJWC 2 ²|XQ=@;T^�C1N�MOCEF ´ X¶JWCEN�X¶P¦^�´µa>FH?VFH^-±�aTAK´�anC�MO³QF AKJWCEXVMQ´d´ X¶;TJWC|C�a>F
aTADc¶a�FdN�N�XQN»N�MOCEF\GT;>F}CEX
C�a>FVLTN�FH^EFHJT´ F}XQR1±�ADN�FHPDFH^�^ ´µaTMQJTJ>FHP�MON�FVN�FHZ[;TADN�FHG CEX GTFHPKA 0QFdN
cQX[X[G � XW:nCEX\C�a>Fb´dP ADFHJ]C�^ 2

·¸J C�aTA ^`´ X¶JWCEF :[Cd¼¦±�F�aTM10QF}LTN�XQL�X¶^EFHG
C�±1X
^�´µa>FH?VFH^�R_XQN MQGTMOLTC�AKJTcBC�a>F PDX¶^�^|=�MQ^EFHG
N�MOCEF-´ X¶JWCEN�X¶P<^�´�a>FH?\FH^	CEX»a>FdCEFdN�XQcQFHJ>FdX¶;T^�±`ADN�FHG�' ±`ADN�FHPKFH^�^¦FHJ 0[ADN�X¶JT?VFHJWC�^ 2 ¹`a>F N�FH^�;TPDC�^
^�a>X ±9M�^�ADc¶JTAKU@´dMQJ]CBL�FdN�R_XQN�?BMQJT´ F�AK?VL@N�X10QFH?VFHJWCB±�a>FHJ4´ X¶?VL�MON�FHG�CEX C�a>F�XQNµADc¶AKJTMQP
^�´µa>FH?VFH^ 2 �(aTAKPDFBC�a>FBXQN�AKc¶AKJTMQP�^�´µa>FH?VFI^�; )�FdN�^ ±`aTFHJ>F 0QFdNbC�a>Fn´�aTMQJ@J>FHP AK^�AKJ M =@MQG
^EC�MOCEFQ¼�C�a>FbMO=�X10QFb^�´�a>FH?VFH^`CEN�ºnCEX\N�FH^EL�X¶JTGIX¶JTPKº CEXB´ X¶JTcQFH^EC�ADX¶J 2

� � � �V�����}�¦� � ��� �
¾ X[G>FHP =@MQ^EFHG ^�´�a>FH?VFH^¯PKAD³QF�¹ - ²�= ;T^EF 81ZW;@MOC�ADX¶J�Å 2 - CEXnMQG���;T^EC|C�a>FHAKN|X¶;>CEL@;>C`N�MOCEF 2
·¸J�M\±�ADN�FHG�' ±`AKN�FHPDFH^�^�a>FdCEFdN�XQcQFHJTFdX¶;T^ J>FdC ±�XQN�³�¼�C�a>F PDX¶^�^-F 0QFHJWC¯N�MOCEF�� ?\MHº JTXQC`=�FbM
cQX[X[GnL@MON�MQ?\FdCEFdN-CEX\;T^EF¯R_XQN�C�a>F N�FHMQ^EX¶J@^�´dAKCEFHG
AKJI:<FH´ C�ADX¶J * 2 * 2 � FHJT´ FQ¼>X¶J>F¯L�X¶^�^�AD=@PDF
GTADN�FH´ C�ADX¶J�XQR1RS;>C�;>N�F ±�XQN�³�A ^�CEX AKJ 0QFH^�C�ADc¶MOCEF\MOLTLTN�XQL@N�AKMOCEF}Rv;@JT´ C�ADX¶JT^¯CEX
N�FdL@P MQ´ F\PDX¶^�^
F 0QFHJWC�N�MOCEF�� 2 ¹`a>FB^EFHJTGTFdNb?\MO³QFH^ AKJTG>FdL�FHJTG>FHJWC»MQGTMOLTC�MOC�ADX¶J�G>FH´dAK^�AKX¶JT^»MOC�GTA ^�´ N�FdCEF
AKJWCEFdN 0OMQPK^¯XQR1C�AK?\F 2 · C ±`AKPKP	=�F}aTFHPDLTRS;TP	G@;>N�AKJ>cnMQGTMOLTC�MOC�ADX¶J�AKR C�a>FV^EFHJTGTFdN ?\MQAKJWC�MQAKJT^
�7������	 2 · R�C�aTF J>FdC ±�XQN�³©±�MQ^ J>XQC�´ X¶J>cQFH^�CEFHG AKJ(C�a>F�LTN�F 0<ADX¶;T^IAKJWCEFdN 0sMQP ¼¯C�aTFHJ©C�a>F
´�a@MQJT´ FH^|RvXQN|C�a>FbPKX¶^�^�N�MOCEF CEX\=�FH´ X¶?VF 0QFdN�ºna@ADc¶a
AKJIC�a>FbA ?\?VFHGTAKMOCEF»AKJWCEFdN 0OMQP¦AK^�0QFdN�º
PDFH^�^ 2 :<;T´�aIAKJWCEFHPKPKAKcQFHJ]C�MQGTMOLTC�MOC�ADX¶J
GTFH´dAK^�ADX¶JT^�?\MkºB=�F L�X¶^�^�AD=@PKF�ADRª±�F»?\MQAKJWC�MQAKJ �7���>��	
MOC|C�a>F�^EFHJTG>FdN 2
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;@^�AKJ>c AKJWCEFdN 
 MON�N�A 0OMQP¯C�AK?VFH^
MOC
C�a>F�N�FH´ FHA 0QFdN 2�� � � � �01�! . �*�(� � ! � � � ��� � 	�	
�
+ �8���6�>���*������� ��� ��� � � ¼<- +,+,+ 2

� * ! Ä FHMQJ�
 =�a>N�º[^EX¶^�CEX¶?VF ½�X¶PDXQC MQJTG�¹|aTADFdN�N�ºn¹Y;>N�PKFdCEC�A 2 % N�MOCEFV´ X¶JWCEN�X¶P�?VFH´�aTMQJ@AK^�?
RvXQN�L@MQ´�³QFdC 0<AKG>FdX AKJ C�a>F�AKJ]CEFdNµJ>FdC 2 ·¸J � � � 	�� 	 � 	�� 
 ¼[L@MOcQFH^ -HÅ$-HÃ�� -HÅQÅ,*[¼(- +,+sÀ 2

� À�! > 2 =-aTAK; MQJTG ² 2�Ä MQAKJ 2 %¯JTMQPDº<^�AK^ XQR C�a>F AKJT´ N�FHMQ^EF MQJTG�G>FH´ N�FHMQ^EF�MQPDcQXQN�AKC�aT?\^
RvXQN�´ X¶J>cQFH^EC�ADX¶JnM 0QX¶AKG@MQJT´ F¯A JB´ X¶?VL@;TCEFdN1J>FdC�±1XQN�³<^ 2�� ��� �7����� ��@ � �>! . � ��	�� � 	;� �
� �>����� ����� � � � � �01*�7��	�! �µ¼ Ä ;TJ>FQ¼9- + �,+ 2

� � ! � 2(> MO=T=�X¶;T^ 2 %¯JTMQPDº<^�AK^ XQR|M�G>FHPKMkº 
 =�MQ^EFHG�´ X¶J>cQFH^�C�ADX¶J M 0QX¶AKGTMQJ@´ FnMQPDcQXQNµADC�aT? 2
� � � ���;� ���0� � � � � � � ���;@ � �����C�B4>� � 	�� @��>�(!"�����7	 � 	;� � ��� ��� �54Q¼�- +,+QÅ 2

� Ã !V: 2�- PDXkº<G MQJ@G ° 2�- MQPKP 2�4 N�X¶?\XQC�AKJ>c\C�a>F ;T^EF XQR�FHJ@G�
 FHJTG ´ X¶J>cQFH^�C�ADX¶J ´ X¶JWCEN�X¶PYAKJ
C�aTF�AKJWCEFdN�J>FdC 2�� � � � � � ��� �����;���8��� � ��@ � 	;� � �����*� �64Q¼ � X¶P 2 Â ? À � ���]ÀWÂOÅ[¼ %¯;>c - +,+,+ 2

� Â !V:>MQPKPDº - PDXkº<G¦¼ ¾ MON�³ � MQJTG@PDFdºQ¼ Ä AKCEFHJTG>N�M 4 MQG@a]ºQFQ¼[MQJTG Ä XQN�c �(AKGT?VFdN 2 81ZW;@MOC�ADX¶J�

=�MQ^EFHG¥´ X¶JTcQFH^EC�ADX¶J©´ X¶JWCEN�X¶P¯R_XQN
;TJTA ´dMQ^EC MOLTL�PKAK´dMOC�ADX¶JT^ 2 · J � �! � 	 � � �#"�"�"O¼
L�MOcQFH^|À *�� � Ã[¼ª:[CEX[´�³[aTX¶PK?
¼�:[±�FHG>FHJ¦¼0%¯;>c¶;>FH^EC`ÅOÁQÁQÁ 2

� � ! ² 2&# MQJTL@aTADFdN ��2 :<´�a[;TP	�dNµAKJTJ>FQ¼<% 2 ²`MOX 2 +-	
�>� � � � !&	 � ���
	
��!
� �54 � � �>���;�(���
	 + � � � 
 2 · JWCEFdN�J>FdC 8 J>c¶AKJTFdFdN�AKJ>c}¹	MQ^�³ - XQN�´ FQ¼�%�LTN - +,+ � 2

� + ! � 2�Ä MQ´ XQ=@^EX¶J ��2 :<´µaW;@P	�dN�AKJTJTFQ¼[² 2�- N�FHG>FdNµAK´�³ 2 + � � � � � � ��� ��. ����� � � �>���;�(���5@����
+ 	
��� � � � !&	 � .�.��2���(�>�����>� � 2 · JWCEFdN�J>FdC 81J>c¶AKJ>FdFdNµAKJ>c}¹	MQ^E³ - XQNµ´ FQ¼ Ä MQJ - +,+QÃ 2

� -dÁ"! ° FHADC�a � 2 ²`X¶^�^ Ä MQ?VFH^ - 2�° ;>N�X¶^�F 2 � �>! . � ��	�� � 	�� � ��� ��� �54 � � � �(. � � � � �
� .�.�� �;����� � 	��>� � �(� �54,� � 	 � � ��	��7� 	�� 2 %�GTG@AK^EX¶J���FH^�PDFdºQ¼�ÅOÁQÁQÁ 2

* �



� -,- ! ²`F �HM ²|F ��MQADFQ¼ ¾ MON�³ � MQJTGTPDFdºQ¼�MQJTG > Fd=�XQNµMQa 8 ^ECEN�A J 2 ² % 4 ? %�J FHJTG"
 CEX 
 FHJTG
NµMOCEF 
 =@MQ^EFHGI´ X¶J>cQFH^EC�ADX¶Jn´ X¶JWCEN�X¶P�?VFH´�aTMQJ@AK^�? RvXQN�N�FHMQPDC�AK?VF�^ECEN�FHMQ?\^�AKJ\C�aTF�AKJWCEFdN 

JTFdC 2 · J � � � 	�� 	 � 	 � 
 ¼@L�MOcQFH^ - *,*¶Â � - *sÀ � ¼3- +,+,+ 2

� -HÅ ! ¾ AKJ>c 
 ¹`AKJ>c :<;TJ :<;>L@M10sMQGTF&%`NµMQ? 0<ADC�a¦¼Y· 
 ¾ AKJ>c 4 MOX 2 % N�MOCEFn´ X¶JWCEN�X¶P�^�´�aTFH?VF
RvXQN�0<AKG>FdXVCEN�MQJT^�L�XQN�C�X70QFdN`±`AKN�FHPDFH^�^�´�a@MQJ>FdFHPK^ 2 � � � � � � ��� �����;���8��� ����� ��� � ��� ��� �
�>��� �01*�7��	�! � @���� ���8��	
� � 	
���5�����:�
4>1O¼ � X¶P 2 -,-O¼ ¾ MHº�ÅOÁQÁ.- 2

� - * ! $ = ½�FdN�³QFHPDFdºQ¼ # ½ # ¼ $»: =-' ·�:[· ¼�MQJTG � FdN�X : 4 %¯² = 2 � � � �>��	��
����� � �;��� !&	��	�
�����������@¼ - Fd= ÅOÁQÁQÁ 2

� - À�! > MOL�FHJ>c � ;¥MQJTG¥FdC MQP 2 :[CEN�FHMQ?\AKJTc 0[A G>FdX�X70QFdNnC�aTF AKJWCEFdN�J>FdC ? %�LTLTN�X¶MQ´µa>FH^
MQJ@G'G@ADN�FH´ C�ADX¶JT^ 2 � � � � � � ��� �����;���8��� � ��� ��� � ��� ��� � ��� � �01*����	�! � @���� � �8��	��
� 	
���������:�
4�1s¼ -,- ? Å �QÅ[¼¦ÅOÁQÁ.- 2

*,+


