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RI� 6HUYLFH� �4R6�� UHTXLUHPHQWV� IRU�GLIIHUHQW� FODVVHV�RI� VHUYLFH�� 7KH� FRQYHQWLRQDO� WRNHQ

OHDN\�EXFNHW��ZKLFK�LV�GHVLJQHG�IRU�SROLFLQJ�VLQJOH�WUDIILF��FDQQRW�SHUIRUP�ZHOO�LQ�GHDOLQJ

ZLWK� GLIIHUHQW� WUDIILF� W\SHV� DQG� JXDUDQWHHLQJ� WKHLU� 4R6�� $V� D� UHVXOW�� WKH� SULRULW\� OHDN\

EXFNHW�KDV�EHHQ�SURSRVHG�WR�FRSH�ZLWK�WKLV�SUREOHP�E\�SURYLGLQJ�SULRULW\�OHYHO�IRU�HDFK

VHUYLFH� FODVV� DFFRUGLQJ� WR� LWV� UHTXLUHPHQW�� +RZHYHU�� WKH� VFKHPH� VWLOO� KDV� D� JUHDW

GLVDGYDQWDJH�WKDW�WKH�4R6�RI�ORZ�SULRULW\�FODVV�LV�GHJUDGHG�DV�D�WUDGHRII�IRU�EHWWHU�4R6

RI�KLJK�SULRULW\�FODVV��6R��WKLV�WKHVLV�SURSRVHV�WZR�QHZ�SULRULW\�OHDN\�EXFNHW�PHFKDQLVPV

LQ�RUGHU� WR� LPSURYH� WKH�4R6�RI�ERWK� WUDIILF� FODVVHV�� 7KH� ILUVW� QHZ�PHFKDQLVP�DGGV�DQ

H[WUD�WRNHQ�SRRO�ZLWK�WKH�FRQYHQWLRQDO�RQH�WKDW�FDQ�LPSURYH�4R6�RI�ERWK�SULRULW\�FODVVHV

DQG� UHVRXUFH� XWLOL]DWLRQ�� 7KH� VHFRQG� RQH� DSSOLHV� D� IX]]\� ORJLF� V\VWHP� ZLWK� WKH� ILUVW

PHFKDQLVP�WR�DGMXVW�WKH�WRNHQ�JHQHUDWLRQ�UDWH�G\QDPLFDOO\��DFFRUGLQJ�WR�WUDIILF�VRXUFH

FKDUDFWHULVWLFV��0RUHRYHU�� WKLV�WKHVLV�DOVR�VWXGLHV�WKH�VHOHFWLYLW\�DQG�UHVSRQVLYHQHVV�RI

WKH� SULRULW\� PHFKDQLVP� ZKHQ� WUDIILF� LV� RYHUORDGHG�� 7KHVH� LPSRUWDQW� SURSHUWLHV� RI� WKH

PHFKDQLVP� DV� D� SROLFHU� KDYH� QHYHU� EHHQ� LQYHVWLJDWHG� LQ� WKH� SDVW� SULRULW\� VFKHPH

OLWHUDWXUH�

7KH� VLPXODWLRQ� UHVXOWV� VKRZ� WKDW� ZKHQ� WKH� WUDIILF� VRXUFH� UHVSHFWV� WKH� VHUYLFH

FRQWUDFW��WKH�ILUVW�DQG�WKH�VHFRQG�SURSRVHG�PHFKDQLVPV�SURYLGH������DQG������EHWWHU

4R6� WKDQ� WKH� FRQYHQWLRQDO� RQH�� UHVSHFWLYHO\�� :KHQ� RQH� WUDIILF� FODVV� YLRODWHV� WKH

FRQWUDFW��WKH�SURSRVHG�IX]]\�ORJLF�PHFKDQLVP�VKRZV�WKDW�LW�FDQ�FRQWURO�WKH�HIIHFW�RI�WKH

H[FHVVLYH�FHOOV�DQG�VWLOO�PDLQWDLQ�WKH�4R6�RI�WKH�RWKHU�WUDIILF�FODVV�LQ�WKH�ILQHVW�OHYHO�ZKHQ

FRPSDUHG� WR� WKH�RWKHU�PHFKDQLVPV��7KH�SURSRVHG� IX]]\� ORJLF�PHFKDQLVP�DOVR� KDV� D

IDVW� UHVSRQVLYHQHVV�� WKDW� LV�� LW� ILUVWO\� GHWHFWV� FHOO� YLRODWLRQV� ���� IDVWHU� WKDQ� WKH� RWKHU

PHFKDQLVPV�

'HSDUWPHQW�(OHFWULFDO�(QJLQHHULQJ 6WXGHQWuV�VLJQDWXUH����������������������������������������������

)LHOG�RI�VWXG\�(OHFWULFDO�(QJLQHHULQJ $GYLVRUuV�VLJQDWXUH�������������������������������������������h
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�� �¦´��¦»��¨Å��́�¦´ÉªÂ��¨Î�µ�́��ªµ¤Î�µ�́��¸ÉÄ�o�n°Ã�Á�È�¡·Á«¬Ä®oµ¤µ¦��´�¦¦
�¦·¤µ��¦´¡¥µ�¦Ã�¦��nµ¥�¸ÉÁ®¤µ³¤Ä®o�´��¦·�µ¦Â�n¨³�¦³Á£�Å�o�µ¤°́�¦µ�µ¦n�
�o°¤¼¨�°��¦·�µ¦Ä���³�´Ê�Ç�Ã�¥�µ¦�Î�µ¢{��¸¨°�·�¤µ�ª��»¤
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ª·Á�¦µ³®r�¨�¸ÉÅ�o�nª����¸É����³¦»��¨Â¨³Á�°Â�³�¹��µ¦�¦´��¦»��µ�Ä�°�µ��

����ª´��»�¦³��r

Á¡ºÉ°Á�°ª·�¸�µ¦�¦´��¦»��¨Å��´�¦´ÉªÂ��¨Î�µ�́��ªµ¤Î�µ�´�Ä®o¤¸�¦³·��·£µ¡�¸¥·É��¹Ê�Ä��
�oµ��°��»�£µ¡�°��¦·�µ¦�Å�oÂ�n�°´�¦µnª��µ¦¼�®µ¥�°�Á�¨¨r�Â¨³��nµÁª¨µ�¦³ª·�Á�¨¸É¥

����Á�jµ®¤µ¥Â¨³�°�Á��ª·�¥µ�·¡��r

�� �Î�µ¨°�Â���µ¦�Î�µ�µ��°��¨Å��́�¦´ÉªÂ��¨Î�µ�´��ªµ¤Î�µ�´�Á�·¤Â¨³�¨Å��´�¦´ÉªÂ��
Î̈�µ�́��ªµ¤Î�µ�́��̧É�Î�µÁ�°Ã�¥�µ¦Á�̧¥�Ã�¦Â�¦¤�°¤¡·ªÁ�°¦r

�� �µ��¨�°��µ¦�Î�µ¨°�Â��Ã�¥Ã�¦Â�¦¤�°¤¡·ªÁ�°¦r� �³Á�¦¸¥�Á�¸¥�¤¦¦��³�°�
�¨Å��́�¦́ÉªÂ��¨Î�µ�́��ªµ¤Î�µ�́��̧É�Î�µÁ�°�́��¨Å��́�¦́ÉªÂ��¨Î�µ�́��ªµ¤Î�µ�́�
Á�·¤Ä��oµ��°´�¦µnª��µ¦¼�®µ¥�°�Á�¨¨r��nµÁª¨µ�¦³ª·�Á�¨¸É¥

�� «¹�¬µÂ¨³ª·Á�¦µ³®r�¨�°�¡µ¦µ¤·Á�°¦r�nµ�Ç� Ä��¨Å��´�¦´ÉªÂ��¨Î�µ�́��ªµ¤Î�µ�́��¸É
�Î�µÁ�°�Å�oÂ�n���µ��°��·ª�́¢Á¢°¦r���µ��°��n°Ã�Á�È�� �Â¨³°́�¦µ�µ¦¦oµ�Ã�Á�È��
�¹É�Á�}�¡µ¦µ¤·Á�°¦rÎ�µ�́��°��¨Å��¸É¤¸�¨�n°¤¦¦��³Á¡ºÉ°Ä�oÁ�}�Â�ª�µ�Ä��µ¦
�Î�µ®���nµ¡µ¦µ¤·Á�°¦rÁ®¨nµ�¸ÊÄ®oÁ®¤µ³¤� ¦ª¤�´Ê�«¹�¬µ�¨�°��µ¦Á�¨¸É¥�Â�¨�
¨´�¬�³¤�́�·�°�Â®¨n��Î�µÁ�·�� Å�oÂ�n� °´�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥� Â¨³°´�¦µ�µ¦n�Á�¨¨r
¼�»���¸É¤¸�n°¤¦¦��³�°��¨Å��¸É�Î�µÁ�°
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�����´Ê��°�Â¨³ª·�¸�Î�µÁ�·��µ¦
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�� °°�Â��ª·�¸�¦´��¦»��µ¦�Î�µ�µ��°��¨Å��´�¦´ÉªÂ��¨Î�µ�´��ªµ¤Î�µ�´�
�� «¹�¬µ®¨´��µ¦Á�¸¥�Ã�¦Â�¦¤�°¤¡·ªÁ�°¦rÁ¡ºÉ°�Î�µ¨°�Â��

�� ¦oµ�Â���Î�µ¨°��°��¨Å��́�¦´ÉªÂ��¨Î�µ�́��ªµ¤Î�µ�´��¸É�Î�µÁ�°�´��¨Å��´�¦´ÉªÂ��
Î̈�µ�́��ªµ¤Î�µ�́�Á�·¤

�� ��°�Â���Î�µ¨°��¸ÉÅ�o�Â¨³�¦ª�°��ªµ¤�¼��o°��´��µ�ª·�´¥�¸É�nµ�¤µ
�� Á�È��́��¹��o°¤¼¨�¸ÉÅ�o�µ��µ¦�Î�µ¨°�Â��� Á�¦¸¥�Á�¸¥�¤¦¦��³�°��´Ê�°�¦³���

Â¨³«¹�¬µ�¨�°�¡µ¦µ¤·Á�°¦r�¸É¤¸�¨�n°¤¦¦��³�°�¦³��
�� �¦³Á¤·��¨¦»��¨�µ��¸É�Î�µÁ�°
�� Á�¸¥�Â¨³¡·¤¡rª·�¥µ�·¡��r

�����¦³Ã¥��r�¸É�µ�ªnµ�³Å�o¦´�

�� Á�oµÄ�®¨´��µ¦�Î�µ�µ�Â¨³¡µ¦µ¤·Á�°¦r�¸É¤¸�¨�n°�¨Å��´�¦´ÉªÂ��¨Î�µ�´��ªµ¤Î�µ�´�

�� Å�o¦³���ª��»¤�µ¦n��¦·¤µ��¦µ¢¢d��¸É¤¸�µ¦Ä®o¨Î�µ�´��ªµ¤Î�µ�´��¸É¤¸�¦³·��·£µ¡
�¸�ªnµ¦³���ª��»¤¨´�¬�³Á�¸¥ª�´��¸É�nµ�¤µ

�� Á�}�¡ºÊ��µ�Â¨³Â�ª�µ�Ä��µ¦�¦´��¦»�¤¦¦��³�µ¦�Î�µ�µ�Ä��oµ�°ºÉ�Ç� �°�¦³��
�n°Å�

�� µ¤µ¦��Î�µ�¨Å��́�¦´ÉªÂ��¨Î�µ�́��ªµ¤Î�µ�́��¸É�Î�µÁ�°Å�Ä�oÄ�ª·��rÁ°�¸Á°È¤Á¡ºÉ°Ä�o
Ä��µ¦�ª��»¤�¦µ¢¢d�Ä�Ã�¦��nµ¥Á°�¸Á°È¤�¦·�Ç
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�����¨nµª�Î�µ
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�µ¦ n �� o°¤¼¨¼ �� Ã�¦�� nµ¥Á°�¸ Á°È¤Å¤ n�Î �µÁ� }�� o°��Î �µ®��� n°�´��µ��µ��µ¥£µ¡�������������
�3K\VLFDO�&KDQQHO����µ��µ¥�́ªÎ�µ®¦´��¦·�µ¦�°��¼oÄ�o� Â�n�³Ä�o®¨´��µ¦�°�ª·�¸Á¤º°�� �9LUWXDO�
3DWK�� Â¨³�n°�´��µ�Á¤º°�� �9LUWXDO� &KDQQHO�� Î�µ®¦´�n��o°¤¼¨� �Î�µÄ®oµ¤µ¦�Á�¨¸É¥�Â�¨�
Â���rª·��r�°�ª·�̧Á¤º°�Â¨³�n°�´��µ�Á¤º°�Å�o�nµ¥� �Î�µÄ®oÃ�¦��nµ¥Á°�¸Á°È¤¤¸�ªµ¤¥º�®¥»n��
�)OH[LEOH�� ¼�� �°��µ��¸Ê¥´�¤¸�µ¦�Î�µ¨´�¬�³�°��µ¦¤´¨�·Á¡¨��rÁ�·��·�·¤µÄ�o� Ã�¥Å¤nÅ�o�Î�µ®��
Â���rª·��r��µ��µ¥�´ªÄ®oÂ�n�¼oÄ�oÂ�n¨³��� Â�nÄ®o�¼oÄ�o®¨µ¥Ç� ��µ¤µ¦�Ä�o�n°�´��µ�¦nª¤�´�
Å�o°¥nµ�¤¸�¦³·��·£µ¡� �µ�®¨´��µ¦�µ��·�·�¸Éªnµ�¼oÄ�oÂ�n¨³��n��o°¤¼¨Å¤n¡¦o°¤�´�� �¹�°µ�Á�·�
�{�®µ�¹Ê�Ä��¦�¸�¸É�¼oÄ�on��o°¤¼¨Ä��¦·¤µ�¤µ�Á�·��ªnµ���·� �¹É�n��¨�¦³���n°�¼oÄ�o��°ºÉ�Ç� �¸ÉÄ�o
�n°�´��µ�¦nª¤�´�� �´��´Ê�Ä�Ã�¦��nµ¥Á°�¸Á°È¤�¹��o°�¤¸�µ¦�ª��»¤�¦·¤µ��o°¤¼¨®¦º°�¦µ¢¢d�Ä�
Ã�¦��nµ¥�¸É�¸�oª¥Á¡ºÉ°�j°��´��{�®µ�ªµ¤�´��´É��°�Ã�¦��nµ¥�¸É°µ�Á�·��¹Ê�Å�o� ¦ª¤�´Ê�¦´�¬µ�»�£µ¡
�°��¦·�µ¦Î�µ®¦´��¼oÄ�oÂ�n¨³��Â¨³Ä�o�¦´¡¥µ�¦�°�Ã�¦��nµ¥Ä®o¤¸�¦³·��·£µ¡

®¨´��µ¦Ä��µ¦�ª��»¤�¦µ¢¢d�Ä�Ã�¦��nµ¥Á°�¸Á°È¤�º°Á¤ºÉ°�¼oÄ�o�o°��µ¦n��o°¤¼¨�³�o°�
��¨��́�Ã�¦��nµ¥Ã�¥�°��»�¨´�¬�³�°��¦µ¢¢d��¸É�o°��µ¦n�¦ª¤�´Ê��»�£µ¡�°��¦·�µ¦�̧É
�o°��µ¦� Á¡ºÉ°Ä®oÃ�¦��nµ¥¦oµ��µ¦�n°� �&RQQHFWLRQ� 6HW�8S�� Î�µ®¦´�n��o°¤¼¨� �oµÃ�¦��nµ¥¡�ªnµ
Å¤nµ¤µ¦��´�¦¦�¦´¡¥µ�¦Ä®o°��¨´°��́��¸É�¼oÄ�o�o°��µ¦Å�o�È�³��·Á��µ¦�n°Î�µ®¦´��¼oÄ�o�´Ê�Å��
�°��µ��¸ÊÃ�¦��nµ¥¥́��o°��¦ª��¼�µ¦�n°�¸É¤¸°¥¼n�¨°��nª�Áª¨µºÉ°µ¦�°��µ¦�n°�´Ê�� Á¡ºÉ°¦´�¬µ
�ªµ¤�¼��o°�¦³®ªnµ��»�¨´�¬�³�°��¦µ¢¢d��¸É�¼ oÄ�o��¨�Åªo�́�Ã�¦��nµ¥Â¨³�»�¨´�¬�³�°��
�¦µ¢¢d��¦·�Ç�¸ÉÁ�oµ¼nÃ�¦��nµ¥� �oµÃ�¦��nµ¥¡�ªnµÁ�·��ªµ¤Å¤n�¼��o°��¹Ê�� �È�³¨�Ã�¬�¼oÄ�o¦µ¥�´Ê��
�¨Å��°�Ã�¦��nµ¥�¸ÉÄ�o�́�·�Ä�ªnµ�³¦´��µ¦�n°�¸ÉÁ�oµ¤µÄ®¤n®¦º°Å¤nÁ¦¸¥�ªnµ� &$&� �&RQQHFWLRQ�
$GPLVVLRQ� &RQWURO�� nª��¨Å��¸É¤¸®�oµ�¸É�¦ª��¼�ªµ¤�¼��o°��°��¼oÄ�oÂ¨³¨�Ã�¬Á¦¸¥�ªnµ� 83&�
�8VDJH�3DUDPHWHU�&RQWURO�



�

&RQQHFWLRQ�$GPLVVLRQ�&RQWURO��&$&�
&$&� � ¤¸®�oµ�̧É�́�·�Ä�ªnµ�³¥°¤¦´��µ¦�n°Î�µ®¦´��¼oÄ�o�¸ÉÁ�oµ¤µÄ®¤n®¦º°Å¤n� Ã�¥

¡·�µ¦�µ�µ��»�¨´�¬�³�°��¦µ¢¢d��¸É°¥¼nÄ�¦¼��°��´ª°�·�µ¥�¦µ¢¢d���7UDIILF�'HVFULSWRU�� Å�o
Â�n� °´�¦µ�µ¦n�Á�¨¨r¼�»�� �3HDN� &HOO� 5DWH��� °́�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥� �0HDQ� &HOO� 5DWH�� Â¨³�
��µ�Á�·¦�r¼�»�� �0D[LPXP� %XUVW� 6L]H�� �°��µ��¸Ê¥´��o°�¡·�µ¦�µ�»�£µ¡�°��¦·�µ¦�¸É
�o°��µ¦�Å�oÂ�n�°´�¦µnª��µ¦¼�®µ¥�°�Á�¨¨r��&HOO�/RVV�5DWLR��Â¨³Áª¨µ�¦³ª·���'HOD\�7LPH�
¦ª¤�´Ê�¡·�µ¦�µ�¦·¤µ�Ã®¨��¸É¤¸°¥¼nÂ¨³�¦´¡¥µ�¦�¸ÉÁ®¨º°°¥¼n�°�Ã�¦��nµ¥Ä���³�´Ê�� Ã�¥� &$&
�³¥°¤Ä®o¤¸�µ¦�n°Ä®¤nÁ¤ºÉ°¡�ªnµ¤¸�¦´¡¥µ�¦�°�Ã�¦��nµ¥Á®¨º°Á¡¸¥�¡°�¸É�³¦°�¦´��nµ�°��́ª
°�·�µ¥�¦µ¢¢d�Å�oÂ¨³µ¤µ¦�Ä®o�»�£µ¡�°��¦·�µ¦�¸É�o°��µ¦Î�µ®¦´��µ¦�n°Ä®¤n�oª¥� Â¨³Å¤n
�¦³���n°�»�£µ¡�°��¦·�µ¦Î�µ®¦´��µ¦�n°�¸É¤¸°¥¼nÁ�·¤

8VDJH�3DUDPHWHU�&RQWURO��83&�
&$&� � �³�́�·�Ä�¥°¤¦´��µ¦�n°�¸ÉÁ�oµ¤µÄ®¤nÃ�¥�µ¦¡·�µ¦�µ�µ��»�¨´�¬�³�°��

�¦µ¢¢d��¹É�°¥¼nÄ�¦¼��°��́ª°�·�µ¥�¦µ¢¢d�� Â�nÄ��µ���·�́�·Â¨oª�¼oÄ�oÅ¤nµ¤µ¦�¦³�»�»�¨´�¬�³
�°��¦µ¢¢d��̧ÉÂ�n�°�Å�o�n°��³n��o°¤¼¨�¦·�Ç� ®¦º°�¨�µ�Áª¨µ�¦³ª·�Ä��n°�´��µ�¦³®ªnµ����
�¼oÄ�o�́��µ�Á�oµ¼nÃ�¦��nµ¥� �Î�µÄ®o�»�¨´�¬�³�°��¦µ¢¢d��¦·��¸ÉÁ�oµ¼nÃ�¦��nµ¥°µ��·�Å��µ��¸É����
��¨�Åªo�́�Ã�¦��nµ¥� °µ�¤¸�¨�Î�µÄ®o�¦·¤µ��¦µ¢¢d��¸É�¼oÄ�on��¦·�¤µ�Á�·��ªnµ�¸É��¨�ÅªoÅ�o� Á¡¦µ³
ªnµÄ�Ã�¦��nµ¥Á°�¸Á°È¤Å¤n¤¸�µ¦�Î�µ®��Â���rª·��r�¸ÉÂ�n�°�Ä®oÂ�n�¼oÄ�oÂ�n¨³��� Â�n�³¤¸�µ¦Ä�o��
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�́Ê��̧É� �� �µ¤ Î̈�µ�́�� �̧ÉÅ�o�µ��µ¦�Î�µ¨°�Â��� �6LPXODWLRQ�� Á�¦¸¥�Á�̧¥��́��nµ�̧ÉÁ�°Ä�� >��@
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���¸É��

�¨�µ¦�Î�µ¨°�Â��Â¨³ª·Á�¦µ³®r�¨�µ¦�Î�µ¨°�Â��

����°�·�µ¥�Î�µ¥n°

• �¨Å�� 7/%� �º°� �¨Å��́�¦´ÉªÂ��Ã�Á�È��¦¦¤�µ�¸É�¦³�°��oª¥�¨Å��´�¦´ÉªÂ��Ã�Á�È�� �7RNHQ�
/HDN\�%XFNHW��0HFKDQLVP�����¨Å��¸É�Î�µ�µ�Á�}�°·¦³�n°�´�

• �¨Å�� 35/%� �º°� �¨Å��́�¦´ÉªÂ��¨Î�µ�́��ªµ¤Î�µ�́�Á�·¤� �3ULRULW\� /HDN\� %XFNHW�
0HFKDQLVP�

• �¨Å��35/%�(;��º°��¨Å��´�¦´ÉªÂ��¨Î�µ�´��ªµ¤Î�µ�´��¸É�Î�µÁ�°�¸É¤¸�n°Ã�Á�È�¡·Á«¬� �3ULRULW\�
/HDN\�%XFNHW�ZLWK�([WUD�7RNHQ�3RRO�0HFKDQLVP�

• �¨Å�� )X]]\� 35/%�(;� �º°� �¨Å��´�¦´ÉªÂ��¨Î�µ�´��ªµ¤Î�µ�´��¸É�Î�µÁ�°�¸ÉÄ�o�n°Ã�Á�È�¡·Á«¬
Â¨³�ª��»¤�oª¥¢{��¸¨°�·�� �3ULRULW\� /HDN\� %XFNHW� ZLWK� ([WUD� 7RNHQ� 3RRO� DQG� )X]]\�
/RJLF�&RQWURO�

• �·ª�´¢Á¢°¦r����4XHXH�%XIIHU�����º°��·ª�´¢Á¢°¦rÎ�µ®¦´��¦µ¢¢d��´Ê��¸É��

• �·ª�´¢Á¢°¦r����4XHXH�%XIIHU�����º°��·ª�´¢Á¢°¦rÎ�µ®¦´��¦µ¢¢d��´Ê��¸É��

• �n°Ã�Á�È�����7RNHQ�3RRO�����º°��n°Ã�Á�È�Î�µ®¦´��¦µ¢¢d��´Ê��¸É��

• �n°Ã�Á�È�����7RNHQ�3RRO�����º°��n°Ã�Á�È�Î�µ®¦´��¦µ¢¢d��´Ê��¸É��

• &/5��� � �&HOO� /RVV� 5DWLR���� �º°� �nµ°´�¦µnª��µ¦¼�®µ¥�°�Á�¨¨r�°��¦µ¢¢d��´Ê��¸É� ��
µ¤µ¦��Î�µ�ª�Å�o�´�¤�µ¦�¸É������

������������������&/5��� ��������������Î�µ�ª�Á�¨ r̈�°��¦µ¢¢d��́Ê��̧É����̧É¼�®µ¥����� ����������������
���Î�µ�ª�Á�¨¨r�°��¦µ¢¢d��´Ê��¸É����¸É¤µ�µ�Â®¨n��Î�µÁ�·�

• &/5��� � �&HOO� /RVV� 5DWLR���� �º°� �nµ°´�¦µnª��µ¦¼�®µ¥�°�Á�¨¨r�°��¦µ¢¢d��´Ê��¸É� �
µ¤µ¦��Î�µ�ª�Å�o�´�¤�µ¦�¸É������

������������������&/5��� ��������������Î�µ�ª�Á�¨ r̈�°��¦µ¢¢d��́Ê��̧É����̧É¼�®µ¥� ����������������������������
���Î�µ�ª�Á�¨¨r�°��¦µ¢¢d��´Ê��¸É����¸É¤µ�µ�Â®¨n��Î�µÁ�·�

• 'HOD\��� � �0HDQ� 'HOD\� 7LPH���� �º°� �nµÁª¨µ�¦³ª·�Á�¨¸É¥�°�Á�¨¨r�°��¦µ¢¢d��´Ê��¸É� �� Ä�
�·ª�́¢Á¢°¦r���µ¤µ¦��Î�µ�ª�Å�o�´�¤�µ¦�¸É������

'HOD\��� ��¨¦ª¤�°��nµÁª¨µ�¦³ª·��°�Á�¨ r̈�̧ÉÁ�oµ¤µÄ��·ª�́¢Á¢°¦r��������������������
�Î�µ�ª�Á�¨¨r�¸ÉÁ�oµ¤µÄ��·ª�´¢Á¢°¦r��
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• 'HOD\��� � �0HDQ� 'HOD\� 7LPH���� �º°� �nµÁª¨µ�¦³ª·�Á�¨¸É¥�°�Á�¨¨r�°��¦µ¢¢d��´Ê��¸É� �� Ä�
�·ª�́¢Á¢°¦r���µ¤µ¦��Î�µ�ª�Å�o�´�¤�µ¦�¸É������

�'HOD\��� ��¨¦ª¤�°��nµÁª¨µ�¦³ª·��°�Á�¨ r̈�̧ÉÁ�oµ¤µÄ��·ª�́¢Á¢°¦r�������������������
�Î�µ�ª�Á�¨¨r�¸ÉÁ�oµ¤µÄ��·ª�´¢Á¢°¦r��

• ,GHDO� ®¤µ¥�¹�� �nµ°́�¦µnª��µ¦¼�®µ¥�°�Á�¨¨r� �&/5�� Ä��µ�°»�¤��·�°��¨Å��́�¦´Éª�����
Ã�¥�nµ� &/5� Ä��µ�°»�¤��·�¸É°´�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥�nµ�nµ�Ç� µ¤µ¦��Î�µ�ª�Å�o�´�¤�µ¦�¸É�
�������������Â¨³������
������,GHDO���� ��������������¦·¤µ�Á�¨ r̈�̧Én��¦·��y��¦·¤µ�Á�¨ r̈�̧É��¨�Åªo��������������������������������

���������¦·¤µ�Á�¨¨r�¸Én��¦·�
��®¦º°���� ����°´�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥�¸Én��¦·��y�°´�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥�¸É��¨�Åªo�������������

���°´�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥�¸Én��¦·�
��®¦º°  ����°´�¦µ�µ¦n�Á�¨¨r¼�»��¸Én��¦·��y�°´�¦µ�µ¦n�Á�¨¨r¼�»��¸É��¨�Åªo���������

����������������������°´�¦µ�µ¦n�Á�¨¨r¼�»��¸Én��¦·�

�����¨�µ¦�Î�µ¨°�Â���¨Å��´�¦´ÉªÂ��¨Î�µ�´��ªµ¤Î�µ�´��¸ÉÄ�o�n°Ã�Á�È�¡·Á«¬
¡µ¦µ¤·Á�°¦r�̧ÉÄ�oÄ��µ¦�Î�µ¨°�Â���¦³�°��oª¥�nµ¡µ¦µ¤·Á�°¦r�°�Â®¨n��Î�µÁ�·��́�

Â��Ä��µ¦µ��¸É� ���� �¹É�Á�}�Â®¨n��Î�µÁ�·��¦³Á£�Â¡È�Á��Á¸¥�� �3DFNHW� 9RLFH�� >��@� Â®¨n�
�Î�µÁ�·��¦µ¢¢d��´Ê�� �� ��·��³Ä�o¡µ¦µ¤·Á�°¦r�»�Á�̧¥ª�́�� Á¡ºÉ°Á�¦¸¥�Á�¸¥�Ä®oÁ®È��¨�µ��µ¦Ä®o
¨Î�µ�´��ªµ¤Î�µ�´�� nª��nµ¡µ¦µ¤·Á�°¦r�°��¨Å��´�¦´ÉªÂ��Ä��µ¦µ��¸É� ���� �¹É�Á�}��nµ¡µ¦µ¤·Á�°¦r
�»�Á�¸¥ª�´��¸ÉÄ�oÄ��µ¦�Î�µ¨°�Â���°��¨Å��35/%�>��@

�µ¦µ��¸É������nµ¡µ¦µ¤·Á�°¦r�°�Â®¨n��Î�µÁ�·��>��@
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�µ¦µ��¸É������nµ¡µ¦µ¤·Á�°¦r�°��¨Å��´�¦´Éª�>��@

¡µ¦µ¤·Á�°¦r�°��¨Å��´�¦´Éª �nµ¡µ¦µ¤·Á�°¦r

��µ��°��·ª�´¢Á¢°¦r�� ���Á�¨¨r

��µ��°��·ª�´¢Á¢°¦r�� ���Á�¨¨r

��µ��°��n°Ã�Á�È��� ���Ã�Á�È�

��µ��°��n°Ã�Á�È��� ���Ã�Á�È�

��µ��°��n°Ã�Á�È�¡·Á«¬
�Á�¡µ³ª·�¸�35/%�(;��¸É�Î�µÁ�°�

���Ã�Á�È�

°́�¦µ�µ¦¦oµ�Ã�Á�È��°��n°Ã�Á�È����� λ
P

°́�¦µ�µ¦¦oµ�Ã�Á�È��°��n°Ã�Á�È����� λ
P

�������¨�°��µ¦Á�¨¸É¥�Â�¨�¡µ¦µ¤·Á�°¦r�nµ�Ç��°��¨Å��´�¦´Éª
Ä�®´ª�o°�n°Å��¸Ê�¼ oª·�´¥�³«¹�¬µ�¹��¨�°��µ¦�¦´�¡µ¦µ¤·Á�°¦r�nµ�Ç� �°��¨Å��́�¦´Éª��������

Å�oÂ�n� ��µ��°��·ª�́¢Á¢°¦r���� ��µ��°��·ª�́¢Á¢°¦r���� ��µ��°��n°Ã�Á�È����� ��µ��°��n°�����
Ã�Á�È����� °́�¦µ�µ¦¦oµ�Ã�Á�È��°��n°Ã�Á�È���� Â¨³°́�¦µ�µ¦¦oµ�Ã�Á�È��°��n°Ã�Á�È���� �¸É¤¸�n°
°´�¦µnª��µ¦¼�®µ¥�°�Á�¨¨rÂ¨³Áª¨µ�¦³ª·�Á�¨¸É¥�¹É�Á�}��»�£µ¡�°��¦·�µ¦� �4R6�� �¸ÉÎ�µ�´��
Á¡ºÉ°�¸É�³µ¤µ¦��¦´�¡µ¦µ¤·Á�°¦rÁ®¨nµ�¸ÊÄ®oÁ®¤µ³¤�Ä®oÅ�o�»�£µ¡�°��¦·�µ¦�¸É�o°��µ¦

�������� �µ¦Á�¨¸É¥�Â�¨��°�°´�¦µnª��µ¦¼�®µ¥�°�Á�¨¨rÂ¨³Áª¨µ�¦³ª·�Á�¨¸É¥Á�¸¥�
��́��µ��°��·ª�¢́Á¢°¦r��

�¼oª·�´¥Å�o�Î�µ¨°�Â��ª·�¸� 7/%�� 35/%� Â¨³� 35/%�(;� Ã�¥Á�¨¸É¥�Â�¨���µ��°����������
�·ª�́¢Á¢°¦r���Á¡¥̧�°¥nµ�Á�̧¥ª�́Ê�Â�n�������Á�¨ r̈�Ã�¥¡µ¦µ¤·Á�°¦r�°��¨Å��́�¦́Éª�́ª°ºÉ�Ç�¤̧�nµ���̧É
�´�Ä��µ¦µ��¸É�����Î�µ®¦´�Â®¨n��Î�µÁ�·��¸Én��¦µ¢¢d��oª¥¡µ¦µ¤·Á�°¦rÁ�¸¥ª�´�Ä��µ¦µ��¸É����
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�������� �µ¦ª·Á�¦µ³®r�µ¦Á�¨¸É¥�Â�¨��°�°´�¦µnª��µ¦¼�®µ¥�°�Á�¨¨rÂ¨³�����������
Áª¨µ�¦³ª·�Á�¨¸É¥Á�¸¥��´���µ��°��·ª�´¢Á¢°¦r��

¦¼��̧É�����Â���nµ�&/5����°�ª·�̧�7/%��35/%�Â¨³�35/%�(;��̧É��µ��°��·ª�́¢Á¢°¦r���
�nµ�nµ�Ç� �µ�¦¼��¸Ê¡�ªnµÄ��´Ê�� �� ª·�¸� �¨�¸ÉÅ�o¤¸Â�ªÃ�o¤¨´�¬�³Á�¸¥ª�´��º°� �nµ� &/5��� ¤¸�nµ¨�¨�
Á¤ºÉ°��µ��°��·ª�´¢Á¢°¦r��� Á¡·É¤�¹Ê�� Á¡¦µ³Á¤ºÉ°��µ��°��·ª�´¢Á¢°¦rÁ¡·É¤�¹Ê��³�Î�µÄ®oÁ�¨¨r�¸ÉÅ¤nÅ�o
¦´�Ã�Á�È�µ¤µ¦�Á�oµÅ�¦°Ä��·ª�´¢Á¢°¦rÅ�o¤µ��¹Ê�� �´��´Ê��³Á®È�ªnµÄ��¦�¸�¸É�·ª�´¢Á¢°¦r��� Á�nµ�´�
«¼�¥r�º°Å¤n¤¸�·ª�´¢Á¢°¦rÁ¨¥��nµ�&/5����³¤¸�nµ¼��¸É»�Á¡¦µ³Á�¨¨r�¸ÉÅ¤nÅ�o¦´�Ã�Á�È��³�¼��·Ê�Å��´��¸�
Ä�ª·�¸�7/%��nµ�&/5����³¤¸�nµ¼��¸É»��nª�ª·�¸�35/%��³¤¸�nµ�&/5����ÎÉ�µ�ªnµª·�¸�35/%�Á�ºÉ°��µ�¤¸
�µ¦Ä®o¨Î�µ�́��ªµ¤Î�µ�́�Â�nÁ�¨¨r�°��¦µ¢¢d��´Ê��¸É� �� �oª¥� Ã�¥Ä��¦�¸�¸ÉÃ�Á�È��°��¦µ¢¢d���������
�´Ê��¸É� �� ®¤�Â¨³�·ª�´¢Á¢°¦r��� Á�È¤Â¨oª� Á�¨¨r�°��¦µ¢¢d��´Ê��¸É� �� ¥´�¤¸Ã°�µÅ��´�Ã�Á�È��°��
�¦µ¢¢d��´Ê��¸É� �� ¤µÄ�o�n°�Å�o� �Î�µÄ®o�nµ� &/5��� ¤¸�nµ�¸É�¸�¹Ê�� �³Á®È�Å�oªnµ�¸É��µ��°��·ª�´¢Á¢°¦r���
�nµ�ÎÉ�µÇ��´Ê���nµ�&/5���Ä�ª·�¸�35/%��³�̧�ªnµª·�¸�7/%��n°��oµ�¤µ�Â�n�¸É��µ��°��·ª�´¢Á¢°¦r����nµ
¼�Ç� �¨�nµ�¦³®ªnµ��nµ� &/5��� �°�ª·�¸� 35/%� �́�� 7/%� �³¤¸�nµ¨�¨�� �¸ÉÁ�}�Á�n��¸ÊÁ�ºÉ°��µ�Ä����������
ª·�¸�35/%��³¤¸�µ¦Ä®o¨Î�µ�´��ªµ¤Î�µ�´�Á¤ºÉ°�·ª�´¢Á¢°¦r���Á�È¤��´��´Ê�Á¤ºÉ°��µ��·ª�´¢Á¢°¦r���¤¸�nµ
¼��¹Ê�� Ã°�µ�̧É�·ª�́¢Á¢°¦r�³Á�È¤�È�o°¥¨��Î�µÄ®o�¨�°��µ¦Ä�o¨Î�µ�́��ªµ¤Î�µ�́��¹�¨�¨�Å��jª¥�
nª�Ä�ª·�¸� 35/%�(;� �¸ÉÁ�°Ä®¤n�´Ê�� Ä��¦�¸�¸ÉÃ�Á�È��°��¦µ¢¢d��´Ê��¸É� �� ®¤�Â¨oªÁ�¨¨r�°�������
�¦µ¢¢d��´Ê��¸É� �� �³Å�Ä�oÃ�Á�È��µ��n°Ã�Á�È�¡·Á«¬Â���¹É��oµ®¤�°̧��¹��³¤¸�µ¦Ä®o¨Î�µ�́��ªµ¤
Î�µ�´�Á®¤º°��´�Ä�ª·�¸�35/%��Î�µÄ®oÁ�¨¨r�°��¦µ¢¢d��´Ê��¸É���¤¸Ã°�µ�¸É�³Å�o¦´�Ã�Á�È�¤µ��ªnµÄ��������
ª·�¸�7/%�Â¨³�35/%��´��´Ê��&/5����¹�¤¸�nµ�¸É�ÎÉ�µ�ªnµÄ�ª·�¸�7/%�Â¨³�35/%��³Á®È�ªnµ�¨�nµ�¦³®ªnµ�
�nµ� &/5��� �°�ª·�¸� 35/%�(;� �´�� 7/%� �³¤¸�nµ¨�¨�Á¤ºÉ°��µ��°��·ª�´¢Á¢°¦r��� Á¡·É¤�¹Ê�Á�n��´�
�oª¥Á®�»�¨Á�¸¥ª�´�ª·�¸�35/%

¦¼��̧É�����Â���nµ�&/5����°�ª·�̧�7/%��35/%�Â¨³�35/%�(;��̧É��µ��°��·ª�́¢Á¢°¦r���
�nµ�nµ�Ç� �µ�¦¼��¸Ê¡�ªnµÂ�ªÃ�o¤�°��nµ� &/5��� Ä�Â�n¨³ª·�¸�³Â���nµ��´�°°�Å�� �º°Ä�ª·�¸� 7/%
�nµ�&/5����³¤¸�nµ���¸É�Á�ºÉ°��µ�Ä�ª·�¸�¸Ê�¨Å��°��¦µ¢¢d��´Ê��¸É���Â¨³��´Ê��¸É����³�Î�µ�µ�Á�}�°·¦³
�n°�´�� �µ¦Á¡·É¤��µ��°��·ª�´¢Á¢°¦r��� �¹�Å¤n¤¸�¨�´��¦µ¢¢d��´Ê��¸É� �� nª�Ä�ª·�¸� 35/%� ¡�ªnµ�nµ�
&/5����³¤¸�nµ¼��ªnµª·�¸�7/%�Á�ºÉ°��µ�Ä�ª·�¸�35/%��¸Ê¤¸�µ¦Ä®o¨Î�µ�´��ªµ¤Î�µ�´��oª¥�´��¦µ¢¢d�
�́Ê��̧É����Î�µÄ®o�nµ�&/5���¤¸�nµ¨�¨�Â�n�È�o°�Â¨��́��nµ�&/5����̧É¼��¹Ê��oª¥��°��µ��̧Ê¥́�¡�ªnµ�nµ
&/5��� ¤¸�nµ¨�¨���¤¸�nµ���¸ÉÁ¤ºÉ°��µ��°��·ª�́¢Á¢°¦r��� Á¡·É¤�¹Ê��oª¥� Á�ºÉ°��µ��¸É��µ��°��
�·ª�́¢Á¢°¦r����nµ�ÎÉ�µÇ�Ã°�µ�¸ÉÁ�¨¨r�°��¦µ¢¢d��´Ê��¸É����³Å�Â¥n�Ä�oÃ�Á�È��°��¦µ¢¢d��´Ê��¸É���¤¸
�nµ¼�� �Î�µÄ®oÁ�¨¨r�°��¦µ¢¢d��´Ê��¸É� �� ¤¸Ã°�µÅ�o¦´�Ã�Á�È��o°¥¨�� �nµ� &/5��� �¹�¤¸�nµ¼��ªnµÄ�������
ª·�¸� 7/%� nª��¸É��µ��°��·ª�´¢Á¢°¦r��� �nµ¼�Ç� Ã°�µ�¸ÉÁ�¨¨r�°��¦µ¢¢d��´Ê��¸É� �� �¸ÉÅ�Â¥n�Ä�o�
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Ã�Á�È��È�³¨�¨�� �nµ� &/5��� �¹�¤¸�nµÄ�¨oÁ�¸¥��´�Ä�ª·�¸� 7/%� Î�µ®¦´�ª·�¸� 35/%�(;� Á¦µ�³¡�ªnµ
&/5��� ¤¸�nµÁ¡·É¤�¹Ê�Á¤ºÉ°��µ��°��·ª�´¢Á¢°¦r��� Á¡·É¤�¹Ê��oª¥� Á�ºÉ°��µ�Á¤ºÉ°��µ��°��·ª�´¢Á¢°¦r���
Á¡·É¤�¹Ê�� �³�Î�µÄ®oÃ°�µ�¸ÉÁ�¨¨r�°��¦µ¢¢d��´Ê��¸É� �� �³Å�Â¥n�Ä�oÃ�Á�È��µ��n°Ã�Á�È�¡·Á«¬�¹É�Ä�o
¦nª¤�́��́��¦µ¢¢d��́Ê��̧É� �� ¤̧¤µ��¹Ê�� �Î�µÄ®o�nµ� &/5��� ¤¸�nµÁ¡·É¤�¹Ê�� �¹�Â¤oªnµ�nµ� &/5��� Ä����������������
ª·�¸�35/%�(;��³¤¸�nµÁ¡·É¤�¹Ê��µ¤��µ��°��·ª�´¢Á¢°¦r���Â�n�È¥´�¤¸�nµ�&/5����¸É�ÎÉ�µ�ªnµÄ�ª·�¸�7/%
Â¨³�35/%

¦¼��̧É� ���� Â���nµ� 'HOD\��� �°�ª·�̧� 7/%�� 35/%� Â¨³� 35/%�(;� �̧É��µ��°����������������
�·ª�́¢Á¢°¦r��� �nµ�nµ�Ç� �µ�¦¼��¸Ê¡�ªnµ� �¨�¸ÉÅ�oÄ��´Ê�� �� ª·�¸¤¸Â�ªÃ�o¤Ä�¨´�¬�³Á�¸¥ª�´��º°�nµ
'HOD\��� ¤¸�nµÁ¡·É¤�¹Ê�Á¤ºÉ°��µ��°��·ª�´¢Á¢°¦r��� Á¡·É¤�¹Ê�� Ã�¥Ä�ª·�¸� 7/%� Â¨³� 35/%� �³¤¸�nµ
'HOD\��� �¸ÉÄ�¨oÁ�̧¥��´�¤µ�� Â��Ä®oÁ®È�ªnµ�µ¦Ä®o¨Î�µ�´��ªµ¤Î�µ�´�Ä�ª·�¸� 35/%� Å¤n�Î�µÄ®o�nµ
'HOD\��� ¤¸�nµ�¸É�¸�ªnµª·�¸� 7/%� Á�ºÉ°��µ�Ä�ª·�¸� 35/%� �´Ê�� Á�¨¨r�°��¦µ¢¢d��´Ê��¸É� �� �o°�¦°°¥¼nÄ�������
�·ª�́¢Á¢°¦r��� Á�}�Áª¨µ�µ��n°����ªnµ�·ª�´¢Á¢°¦r��� Á�È¤� Á�¨¨r�¸É®´ªÂ�ªÄ��·ª�¹��³¤¸·��·ÍÅ�Ä�o��
Ã�Á�È��µ��¦µ¢¢d��´Ê��¸É���Å�o��¹É��oµ¤¸Ã�Á�È��È�³n�Å�o�´��¸�nª�Ä�ª·�¸�7/%�Á¤ºÉ°¡·�µ¦�µ�¦�¸Á�¸¥ª
�´�Á¤ºÉ°�·ª�́¢Á¢°¦r���Á�È¤�Á�¨¨r�¸É®´ªÂ�ª�È�o°�¦°Ã�Á�È��°��¦µ¢¢d��´Ê��¸É���¦°��n°Å���¹É��nª�Áª¨µ
Ä��µ¦¦oµ�Ã�Á�È�Â�n¨³¦°�¤¸�nµÅ¤n¼��´�� �́��´Ê��nµ� 'HOD\��� Ä�ª·�¸� 35/%� �¹�Ä�¨oÁ�¸¥��´��´�������
ª·�¸�7/%�nª�Ä�ª·�¸�35/%�(;�Á�ºÉ°��µ�¤¸�µ¦Ä�o�n°Ã�Á�È�¡·Á«¬Á�oµ¤µÁ¡·É¤��Î�µÄ®oÁ�¨¨r�°��¦µ¢¢d�
�´Ê��¸É���µ¤µ¦�Ä�oÃ�Á�È��µ��n°Ã�Á�È�¡·Á«¬Å�oÁ¨¥�´��¸�oµÃ�Á�È��°��¦µ¢¢d��´Ê��¸É���®¤�Ã�¥Å¤n
�o°�¦°Ä®o�·ª�´¢Á¢°¦r���Á�È¤�n°���nµ�'HOD\����¹�¤¸�nµ�ÎÉ�µ�ªnµª·�¸�7/%�Â¨³�35/%

¦¼��̧É� ���� Â���nµ� 'HOD\��� �°�ª·�̧� 7/%�� 35/%� Â¨³� 35/%�(;� �̧É��µ��°���������������
�·ª�́¢Á¢°¦r��� �nµ�nµ�Ç� �µ�¦¼��¸Ê¡�ªnµ� Ä�ª·�¸� 7/%� �nµ� 'HOD\��� ¤¸�nµ���¸ÉÅ¤n�¹Ê��´���µ��°���������
�·ª�́¢Á¢°¦r���Á¡¦µ³�¨Å��Î�µ�µ�Á�}�°·¦³�n°�´��nª�Ä�ª·�¸�35/%��nµ�'HOD\����³¤¸�nµ¼��ªnµª·�¸
7/%� Á�ºÉ°��µ�Á�¨¨r�°��¦µ¢¢d��´Ê��¸É� ��¤µÂ¥n�Ä�oÃ�Á�È��°��¦µ¢¢d��´Ê��¸É� �� Å�o��Î�µÄ®oÃ�Á�È��°��
�¦µ¢¢d��´Ê��¸É� �� ¨�¨�� Á�¨¨r�°��¦µ¢¢d��´Ê��¸É� �� �¹��o°�¦°Ã�Á�È��µ��ªnµÄ�ª·�¸� 7/%� Ã�¥Á�¡µ³
Ä��¦�¸�¸É�·ª�́¢Á¢°¦r¤¸�nµ�ÎÉ�µ� nª��¸É��µ��°��·ª�́¢Á¢°¦r��� �nµ¼�Ç� �¨�°��µ¦Ä®o¨Î�µ�´��ªµ¤
Î�µ�´��³¨�¨���Î�µÄ®o�nµ'HOD\���¨�¨��oª¥Â¨³¤¸�nµ¼��ªnµª·�¸�7/%�Á¨È��o°¥�nª�Ä�ª·�¸�35/%�(;
¤¸�µ¦Ä�o�n°Ã�Á�È�¡·Á«¬�Î�µÄ®oÁ�¨¨r�°��¦µ¢¢d��´Ê��¸É� �� µ¤µ¦�Á�oµÄ�oÃ�Á�È��µ��n°Ã�Á�È�¡·Á«¬
Å�o�oª¥Ä��¦�¸�¸ÉÃ�Á�È��°��¦µ¢¢d��´Ê��¸É���®¤��Ã�¥¤¸·��·ÍÄ��µ¦Ä�oÁ�nµ�´��´��¦µ¢¢d��´Ê��¸É����Î�µ
Ä®oÅ¤n�o°�¦°Ã�Á�È��µ���Á�·�Å�� �nµ� 'HOD\��� �¹�¤¸�nµ�ÎÉ�µ�ªnµÄ�ª·�¸� 7/%� Â¨³� 35/%� Â�n�nµ�������
'HOD\����³¤¸�nµÁ¡·É¤�¹Ê��µ¤��µ��°��·ª�´¢Á¢°¦r����oª¥� Á�ºÉ°��µ�Á¤ºÉ°�·ª�´¢Á¢°¦r���¤¸��µ�Á¡·É¤
�¹Ê��³�Î�µÄ®oÁ�¨¨r�°��¦µ¢¢d��´Ê��¸É� �� ¤¸Ã°�µ¤µÂ¥n�Ä�oÃ�Á�È��µ��n°Ã�Á�È�¡·Á«¬¤µ��¹Ê�� �Î�µÄ®o
Á�¨¨r�°��¦µ¢¢d��´Ê��¸É����o°�¦°Ã�Á�È��µ��¹Ê���nµ�'HOD\����¹�¤¸�nµÁ¡·É¤�¹Ê�
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�µ��¨�µ¦��°�Â��Ä®oÁ®È�ªnµÁ¤ºÉ°Á¡·É¤��µ��°��·ª�´¢Á¢°¦r��� Á¡¸¥�°¥nµ�Á�¸¥ª� ª·�¸
35/%�Á�·¤�´Ê��Î�µÄ®o�nµ�&/5���Â¨³�'HOD\����̧�¹Ê��ªnµª·�¸�7/%�Â�n�o°�Â¨��´��nµ�&/5���Â¨³�nµ��
'HOD\��� �¸ÉÁ¡·É¤�¹Ê�Á�ºÉ°��µ��µ¦Ä®o¨Î�µ�´��ªµ¤Î�µ�´�� Â�nª·�¸� 35/%�(;� �¸É�Î�µÁ�°�´Ê��°��µ��³
�Î�µÄ®o�nµ�&/5���Â¨³�'HOD\�y���¸�ªnµª·�¸�7/%�Â¨³�35/%�Â¨oª�¥́��Î�µÄ®o�nµ�&/5���Â¨³�'HOD\��
¤¸�nµ�¸É�̧�¹Ê��ªnµª·�¸�7/%�°̧��oª¥��¹É�Á�}��¨¤µ�µ��µ¦Ä�o�n°Ã�Á�È�¡·Á«¬

�������� �µ¦Á�¨¸É¥�Â�¨��°�°´�¦µnª��µ¦¼�®µ¥�°�Á�¨¨rÂ¨³Áª¨µ�¦³ª·�Á�¨¸É¥Á�¸¥�
��́��µ��°��·ª�¢́Á¢°¦r��

�¼oª·�´¥Å�o�Î�µ¨°�Â��ª·�¸� 7/%�� 35/%� Â¨³� 35/%�(;� Ã�¥Á�¨¸É¥�Â�¨���µ��°��
�·ª�́¢Á¢°¦r���Á¡¥̧�°¥nµ�Á�̧¥ª�́Ê�Â�n�������Á�¨ r̈�Ã�¥¡µ¦µ¤·Á�°¦r�°��¨Å��́�¦́Éª�́ª°ºÉ�Ç�¤̧�nµ���̧É
�´�Ä��µ¦µ��¸É�����Î�µ®¦´�Â®¨n��Î�µÁ�·��¸Én��¦µ¢¢d��oª¥¡µ¦µ¤·Á�°¦rÁ�¸¥ª�´�Ä��µ¦µ��¸É����
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¦¼��¸É������¦µ¢Â���nµ�'HOD\���Á�¸¥��´���µ��°��·ª�´¢Á¢°¦r����°��¨Å��´�¦´ÉªÂ���7/%�
����35/%�Â¨³�35/%�(;

�������� �µ¦ª·Á�¦µ³®r�µ¦Á�¨¸É¥�Â�¨��°�°´�¦µnª��µ¦¼�®µ¥�°�Á�¨¨rÂ¨³�������������
Áª¨µ�¦³ª·�Á�¨¸É¥Á�¸¥��´���µ��°��·ª�´¢Á¢°¦r��

¦¼��̧É�����Â���nµ�&/5����°�ª·�̧�7/%��35/%�Â¨³�35/%�(;��̧É��µ��°��·ª�́¢Á¢°¦r���
�nµ�nµ�Ç� �µ�¦¼��¸Ê¡�ªnµ� Ä�ª·�¸� 7/%��nµ� &/5��� ¤¸�nµ���¸ÉÅ¤n�¹Ê��´���µ��°��·ª�´¢Á¢°¦r��� Á¡¦µ³
�¨Å��Î�µ�µ�Á�}�°·¦³�n°�́�� nª�Ä�ª·�¸� 35/%� ¡�ªnµ�nµ� &/5��� ¤¸�nµÁ¡·É¤�¹Ê�Á¤ºÉ°��µ��°��������������
�·ª�́¢Á¢°¦r��� Á¡·É¤�¹Ê�� Á�ºÉ°��µ�Á¤ºÉ°��µ��°��·ª�´¢Á¢°¦r��� Á¡·É¤�¹Ê��³�Î�µÄ®oÁ�¨¨r�°��¦µ¢¢d�������
�´Ê��¸É� �� ¤¸Ã°�µ�¸É�³¦°¦´�Ã�Á�È�Å�o¤µ��¹Ê�� �Î�µÄ®oÃ�Á�È��°��¦µ¢¢d��´Ê��¸É� �� ¤¸�o°¥¨�� �´��´Ê�
Ã°�µ�¸ÉÁ�¨¨r�°��¦µ¢¢d��´Ê��¸É����³Å�Â¥n�Ä�oÃ�Á�È��µ��¦µ¢¢d��´Ê��¸É����È�³�o°¥¨�Å��jª¥�nª�
Ä�ª·�¸�35/%�(;�¡�ªnµ�nµ�&/5����È¤¸�nµÁ¡·É¤�¹Ê�Á¤ºÉ°��µ��°��·ª�´¢Á¢°¦r���Á¡·É¤�¹Ê�Á�n��´��¨oµ¥Ç
�´�ª·�¸� 35/%� Ã�¥�nµ� &/5�� �� Ä�ª·�¸� 35/%�(;� �³¤¸�nµ�ÎÉ�µ�ªnµÄ�ª·�¸� 35/%� Á�ºÉ°��µ�¤¸�µ¦Ä�o�n°������
Ã�Á�È�¡·Á«¬�oª¥�Î�µÄ®oÁ�¨¨r�°��¦µ¢¢d��´Ê��¸É���¤¸Ã°�µÅ�o¦´�Ã�Á�È�¤µ��¹Ê�

¦¼��̧É�����Â���nµ�&/5����°�ª·�̧�7/%��35/%�Â¨³�35/%�(;��̧É��µ��°��·ª�́¢Á¢°¦r���
�nµ�nµ�Ç� �µ�¦¼��¸Ê¡�ªnµ� Ä�ª·�¸� 7/%� �nµ� &/5��� ¤¸�nµ¨�¨�Á¤ºÉ°��µ��°��·ª�´¢Á¢°¦r��� Á¡·É¤�¹Ê��
Á¡¦µ³Ã°�µ�¸ÉÁ�¨¨r�°��¦µ¢¢d��´Ê��¸É���µ¤µ¦�¦°¦´�Ã�Á�È�Ä��·ª�´¢Á¢°¦r����³¤¸¤µ��¹Ê��nª�Ä�
ª·�̧�35/%�¡�ªnµ�nµ�&/5���¤¸�nµ¨�¨�Á¤ºÉ°��µ��°��·ª�́¢Á¢°¦r���Á¡·É¤�¹Ê��oª¥Á®�»�¨Á�̧¥ª�́��Â�n
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�nµ� &/5��� Ä�ª·�¸� 35/%¤¸�nµ¼��ªnµª·�¸� 7/%� Á¨È��o°¥� Á�ºÉ°��µ��µ¦Ä®o¨Î�µ�´��ªµ¤Î�µ�´�Â�n�������
�¦µ¢¢d��´Ê��¸É� �� ¤µ��ªnµ� �Î�µÄ®oÃ°�µ�¸ÉÁ�¨¨r�°��¦µ¢¢d��´Ê��¸É� �� �³Å�o¦´�Ã�Á�È��o°¥¨�� nª�Ä�
ª·�¸�35/%�(;��ÈÅ�o�¨Ä�¨´�¬�³Á�¸¥ª�´��´�ª·�¸� 35/%�Â�n�nµ�&/5����³¤¸�nµ�ÎÉ�µ�ªnµª·�¸� 7/%�Â¨³�
35/%�Á¡¦µ³�µ¦Á¡·É¤�n°Ã�Á�È�¡·Á«¬��Î�µÄ®oÁ�¨¨r�°��¦µ¢¢d��´Ê��¸É���¤¸Ã°�µÅ�o¦´�Ã�Á�È�¤µ��¹Ê�

¦¼��̧É� ���� Â���nµ� 'HOD\��� �°�ª·�̧� 7/%�� 35/%� Â¨³� 35/%�(;� �̧É��µ��°���������������
�·ª�́¢Á¢°¦r��� �nµ�nµ�Ç� �µ�¦¼��¸Ê¡�ªnµ� Ä�ª·�¸� 7/%� �nµ� 'HOD\��� ¤¸�nµ���¸ÉÅ¤n�¹Ê��´���µ��°�����������
�·ª�́¢Á¢°¦r��� Á¡¦µ³�¨Å��Î�µ�µ�Á�}�°·¦³�n°�´�� nª�Ä�ª·�¸� 35/%� ¡�ªnµ�nµ� 'HOD\��� ¤¸�nµÄ�¨o
Á�̧¥��´�ª·�¸� 7/%� �º°¤¸�nµ���¸ÉÅ¤n�¹Ê��´���µ��°��·ª�´¢Á¢°¦r��� �¹É�Á®¤º°��´�Ä��¦�¸�°��µ¦Á¡·É¤
��µ��°��·ª�´¢Á¢°¦r��� nª�Ä�ª·�¸� 35/%�(;� �nµ� 'HOD\��� ¤¸�nµ�¸É�ÎÉ�µ�ªnµª·�¸� 7/%� Â¨³� 35/%�����������
Á�ºÉ°��µ��µ¦Ä�o�n°Ã�Á�È�¡·Á«¬�Î�µÄ®oÁ�¨¨r�°��¦µ¢¢d��´Ê��¸É� �� Å¤n�o°�¦°���·ª�´¢Á¢°¦r��� Á�È¤�È
µ¤µ¦�Ä�oÃ�Á�È��µ��n°Ã�Á�È�¡·Á«¬�n°�Å�o� Â�n�nµ� 'HOD\��� �³¤¸�nµÁ¡·É¤�¹Ê��µ¤��µ��°��·ª������
�´¢Á¢°¦r����oª¥�Á¡¦µ³Á¤ºÉ°�·ª�´¢Á¢°¦r���¤¸��µ�Á¡·É¤�¹Ê��³�Î�µÄ®oÁ�¨¨r�°��¦µ¢¢d��´Ê��¸É���¤µÂ¥n�
Ä�oÃ�Á�È��µ��n°Ã�Á�È�¡·Á«¬Å�o¤µ��¹Ê��Á�¨¨r�°��¦µ¢¢d��´Ê��¸É����¹��o°�¦°Ã�Á�È��µ��ªnµÁ�·¤

¦¼��̧É� ���� Â���nµ� 'HOD\��� �°�ª·�̧� 7/%�� 35/%� Â¨³� 35/%�(;� �̧É��µ��°�������������������
�·ª�́¢Á¢°¦r����nµ�nµ�Ç��µ�¦¼��¸Ê¡�ªnµ�Ä�ª·�¸�7/%�Â¨³�35/%�¤¸�nµ�'HOD\����¸ÉÄ�¨oÁ�¸¥��´�Â¨³¤¸
Â�ªÃ�o¤Á�̧¥ª�´��º°¤¸�nµÁ¡·É¤�¹Ê��µ¤��µ��°��·ª�´¢Á¢°¦r��� �µ¦�¸É�nµ�'HOD\��� Ä�ª·�¸� 35/%�¤¸�nµ
Ä�¨oÁ�̧¥��´�ª·�¸� 7/%� Á�ºÉ°��µ��µ¦�Î�µ®����µ��°��·ª�´¢Á¢°¦r��� ���¸ÉÁ�nµ�´�� ��� Á�¨¨r�¹É�¤¸�nµ
�n°��oµ�¼��Î�µÄ®oÃ°�µ�¸É�·ª�´¢Á¢°¦r����³Á�È¤¤¸�o°¥��Î�µÄ®oÁ�¨¨r�°��¦µ¢¢d��´Ê��¸É� �� Å¤nÅ�Â¥n�Ä�o
Ã�Á�È��µ��¦µ¢¢d��´Ê��¸É���¤µ���Á�·�Å���nµ�'HOD\���Ä�ª·�¸�35/%��¹�Å¤n¼��ªnµª·�¸�7/%�Î�µ®¦´�
Ä�ª·�¸� 35/%�(;� �nµ� 'HOD\��� ¤¸�nµÁ¡·É¤�¹Ê��µ¤��µ��°��·ª�´¢Á¢°¦r��� Á�n��´�� Â�n¤¸�nµ�ÎÉ�µ�ªnµª·�¸
7/%�Â¨³�35/%�Á�ºÉ°��µ��µ¦Ä�o�n°Ã�Á�È�¡·Á«¬�Î�µÄ®oÁ�¨¨rÅ�o¦´�Ã�Á�È�Á¦Èª�¹Ê�

�µ��µ¦��°�Á¡·É¤��µ��°��·ª�´¢Á¢°¦r��� Á¡¸¥�°¥nµ�Á�̧¥ª¦»�Å�oªnµ� ª·�¸� 35/%� Á�·¤
�Î�µÄ®o�nµ� &/5��� Â¨³� &/5��� ¤¸�nµ�¸É�¸�ªnµª·�¸� 7/%� Å�o� Â�nÅ¤nµ¤µ¦��Î�µÄ®o�nµ� 'HOD\��� Â¨³����
'HOD\���¤¸�nµ�¸É�¸�ªnµª·�¸� 7/%� Å�o� Ã�¥¤¸�nµÁª¨µ�¦³ª·��¸ÉÄ�¨oÁ�¸¥��´��nª�ª·�¸�35/%�(;��¸É�Î�µÁ�°
Ä®o�nµ�&/5����&/5����'HOD\���Â¨³�'HOD\����¸É�¸�ªnµª·�¸�7/%�Â¨³ª·�¸�35/%�Á�·¤

�������� �µ¦Á�¨¸É¥�Â�¨��°�°´�¦µnª��µ¦¼�®µ¥�°�Á�¨¨rÂ¨³Áª¨µ�¦³ª·�Á�¨¸É¥Á�¸¥�
�´���µ��°��n°Ã�Á�È���

�¼oª·�́¥Å�o�Î�µ¨°�Â��ª·�̧� 7/%�� 35/%� Â¨³� 35/%�(;� Ã�¥Á�¨¸É¥�Â�¨���µ��°��n°��������
Ã�Á�È���� Á¡¸¥�°¥nµ�Á�¸¥ª�´Ê�Â�n� ������ Ã�Á�È�� Ã�¥¡µ¦µ¤·Á�°¦r�°��¨Å��´�¦´Éª�´ª°ºÉ�Ç�¤¸�nµ���¸É�´�
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�������� �µ¦ª·Á�¦µ³®r�µ¦Á�¨¸É¥�Â�¨��°�°´�¦µnª��µ¦¼�®µ¥�°�Á�¨¨rÂ¨³�����������
Áª¨µ�¦³ª·�Á�¨¸É¥Á�¸¥��´���µ��°��n°Ã�Á�È���

¦¼��̧É�����Â���nµ�&/5����°�ª·�̧�7/%��35/%�Â¨³�35/%�(;��̧É��µ��°��n°Ã�Á�È����
�nµ�nµ�Ç��µ�¦¼��¸Ê¡�ªnµ��´Ê����ª·�¸�Á¤ºÉ°�Î�µ�µ¦Á¡·É¤��µ��°��n°Ã�Á�È����Â¨oª�³�Î�µÄ®o�nµ�&/5���¤¸
�nµ¨�¨�� Á�ºÉ°��µ�Á�¨¨r�°��¦µ¢¢d��´Ê��¸É� �� ¤¸Ã°�µÅ�o¦´�Ã�Á�È�Á¡·É¤�¹Ê�Á¡¦µ³�n°Ã�Á�È���� Á�È�
³¤Ã�Á�È�Á°µÅªoÅ�o¤µ��¹Ê��Ã�¥ª·�¸�7/%�¤¸�nµ�&/5���¼��¸É»��nª�ª·�¸�35/%�¤¸�nµ�&/5����ÎÉ�µ�ªnµ
ª·�¸�7/%�Á�ºÉ°��µ�¤¸�µ¦Ä®o¨Î�µ�´��ªµ¤Î�µ�´�Â�n�¦µ¢¢d��´Ê��¸É���Â¨³¥´�¡�ªnµÁ¤ºÉ°�nµ��µ��°��n°
Ã�Á�È����¤¸�nµÁ¡·É¤�¹Ê���¨�nµ��°��nµ�&/5���¦³®ªnµ�ª·�¸�35/%��́�ª·�¸�7/%��³¤¸�nµ�o°¥¨��Á�ºÉ°�¤µ
�µ�Á¤ºÉ°��µ��°��n°Ã�Á�È����Á¡·É¤�¹Ê��Ã°�µ�¸ÉÃ�Á�È��°��n°Ã�Á�È�����³®¤��È�³¤¸�o°¥¨���Î�µÄ®o
Á�¨¨r�°��¦µ¢¢d��´Ê��¸É� �� Å�Â¥n�Ä�oÃ�Á�È��°��¦µ¢¢d��´Ê��¸É� �� �o°¥¨�Å��jª¥� ª·�¸� 35/%� �¹�¤¸�nµ
Ä�¨oÁ�¸¥��´�ª·�¸� 7/%�nª�ª·�¸� 35/%�(;�¤¸�nµ� &/5��� �¸É�ÎÉ�µ�¸É»�Á¡¦µ³¤¸�µ¦Ä�o�n°Ã�Á�È�¡·Á«¬�oª¥�
�Î�µÄ®oÁ�¨¨r¤¸Ã°�µÅ�o¦´�Ã�Á�È�Å�o¤µ��ªnµª·�¸�7/%�Â¨³�35/%

¦¼��̧É������Â���nµ�&/5����°�ª·�̧�7/%��35/%�Â¨³�35/%�(;��̧É��µ��°��n°Ã�Á�È����
�nµ�nµ�Ç� �µ�¦¼��¸Ê¡�ªnµ� Ä�ª·�¸� 7/%� �nµ� &/5��� ¤¸�nµ���¸ÉÅ¤n�¹Ê��´���µ��°��n°Ã�Á�È���� Á¡¦µ³������
�¨Å��Î�µ�µ�Á�}�°·¦³�n°�´�� nª�Ä�ª·�¸� 35/%� ¤¸�nµ� &/5��� �¸É¼��ªnµª·�¸� 7/%� Á¨È��o°¥� Á�ºÉ°��µ�
�µ¦Ä®o¨Î�µ�́��ªµ¤Î�µ�´��´��¦µ¢¢d��´Ê��¸É����°��µ��¸ÊÁ¤ºÉ°Á¡·É¤��µ��°��n°Ã�Á�È�����³�Î�µÄ®o�nµ
&/5��� Ä�ª·�̧� 35/%� ¤¸�nµÄ� öÁ�̧¥��́�ª·�̧� 7/%� �¹É�Á®¤º°��́��¦�̧�°��nµ� &/5��� nª�Ä�ª·�̧��������
35/%�(;� ¡�ªnµ�nµ� &/5��� ¤¸�nµÁ¡·É¤�¹Ê��µ¤��µ��°��n°Ã�Á�È���� �oª¥� Á�ºÉ°��µ�Á¤ºÉ°Á¡·É¤��µ�
�°��n°Ã�Á�È���� Â¨oª� Ã°�µ�¸ÉÃ�Á�È��³¨o��µ��n°Ã�Á�È���� Å�Á�oµ�n°Ã�Á�È�¡·Á«¬�È�³�o°¥¨��oª¥
Â�n�nµ�&/5����̧ÉÅ�o¥́���¤̧�nµ�̧É�ÎÉ�µ�ªnµª·�̧�7/%�Â¨³�35/%

¦¼��̧É� ����� Â���nµ� 'HOD\��� �°�ª·�̧� 7/%�� 35/%� Â¨³� 35/%�(;� �̧É��µ��°�������������������
�n°Ã�Á�È�����nµ�nµ�Ç��µ�¦¼��¸Ê¡�ªnµ�Ä�ª·�¸�7/%�Â¨³�35/%��nµ�'HOD\���¤¸�nµÄ�¨oÁ�¸¥��´��Ã�¥¤¸
�nµ�¸É¨�¨�Á¤ºÉ°��µ��°��n°Ã�Á�È���� Á¡·É¤�¹Ê�� Á¡¦µ³µ¤µ¦�³¤Ã�Á�È�ÅªoÅ�o¤µ��¹Ê�� �Î�µÄ®oÁ�¨¨r
Å¤n�o°�¦°Ã�Á�È��µ��nª�ª·�¸� 35/%�(;��³Ä®o�nµ�'HOD\����¸É�ÎÉ�µ�ªnµª·�¸� 7/%�Â¨³�35/%� Á¡¦µ³¤¸
�µ¦Ä�o�n°Ã�Á�È�¡·Á«¬

¦¼��̧É� ����� Â���nµ� 'HOD\��� �°�ª·�̧� 7/%�� 35/%� Â¨³� 35/%�(;� �̧É��µ��°�������������������
�n°Ã�Á�È���� �nµ�nµ�Ç� �µ�¦¼��¸Ê¡�ªnµ� Ä�ª·�¸� 7/%� �nµ� 'HOD\��� ¤¸�nµ���¸ÉÅ¤n�¹Ê��´���µ��°��n°�
Ã�Á�È����Á¡¦µ³�¨Å��Î�µ�µ�Á�}�°·¦³�n°�´��nª�ª·�¸�35/%�¡�ªnµ��nµ�'HOD\���¤¸�nµ���¸ÉÅ¤n�¹Ê��´�
��µ��°��n°Ã�Á�È����Á�n��´��Â�n¤¸�nµ¼��ªnµª·�¸�7/%�nª�Ä�ª·�¸�35/%�(;�¡�ªnµ�nµ�'HOD\���¤¸�nµ
Á¡·É¤�¹Ê��µ¤��µ��°��n°Ã�Á�È���� �oª¥� Á¡¦µ³Á¤ºÉ°Á¡·É¤��µ��°��n°Ã�Á�È���� Â¨oª� Ã°�µ�¸ÉÃ�Á�È�
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¨��nµ�&/5��� Ä®o�ÎÉ�µ�ªnµª·�¸� 7/%� Å�o� Â�n�nµ�'HOD\�y���³Ä�¨oÁ�¸¥��´�� Ã�¥�o°�Â¨��´��nµ�&/5��
Â¨³� 'HOD\��� �¸ÉÁ¡·É¤�¹Ê�¤µ��ªnµª·�¸� 7/%� Â�nª·�¸� 35/%�(;� �¸É�Î�µÁ�°�´Ê�Ä®o�nµ� &/5���� &/5����
'HOD\���Â¨³�'HOD\����¸É�¸�ªnµª·�¸Á�·¤
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¦¼��̧É������Â���nµ�&/5����°�ª·�̧�7/%��35/%�Â¨³�35/%�(;��̧É��µ��°��n°Ã�Á�È����
�nµ�nµ�Ç� �µ�¦¼��¸Ê¡�ªnµ� Ä�ª·�¸� 7/%� �nµ� &/5�� �� ¤¸�nµ���¸ÉÅ¤n�¹Ê��´���µ��°��n°Ã�Á�È���� Á¡¦µ³�����
�¨Å��Î�µ�µ�Á�}�°·¦³�n°�́�� nª�Ä�ª·�¸� 35/%� ¡�ªnµ�¸É��µ��°��n°Ã�Á�È���� Á�nµ�́�«¼�¥r��������������
�nµ� &/5��� Ä�ª·�¸� 35/%� �³¤¸�nµÁ�nµ�´�ª·�¸� 7/%� Á¡¦µ³Á�¨¨r�°��¦µ¢¢d��´Ê��¸É� �� Å¤nµ¤µ¦�Ä�o����������
Ã�Á�È��°��¦µ¢¢d��´Ê��¸É� �� Å�o�´É��º°Å¤n¤¸�µ¦Ä®o¨Î�µ�´��ªµ¤Î�µ�´�� �n°¤µÁ¤ºÉ°Á¡·É¤��µ��°��n°��������
Ã�Á�È���� �³�Î�µÄ®o�nµ� &/5��� ¤¸�nµ¨�¨�Â¨³¤¸�nµ�¸É�o°¥�ªnµª·�¸� 7/%� Á�ºÉ°��µ�Á¤ºÉ°�n°Ã�Á�È����
µ¤µ¦�Á�È�Ã�Á�È�Å�o¤µ��¹Ê�� Á�¨¨r�°��¦µ¢¢d��´Ê��¸É� �� �È¤¸Ã°�µ�¸É�³Å�Ä�oÃ�Á�È��°��¦µ¢¢d���
�´Ê��¸É� �� Å�o¤µ��¹Ê��oª¥�µ��µ¦Ä®o¨Î�µ�´��ªµ¤Î�µ�´�� nª�Ä�ª·�¸� 35/%�(;� ¡�ªnµ�¸É��µ��°��n°������
Ã�Á�È���� Á�nµ�́�«¼�¥r�¹É�®¤µ¥�¹�Å¤n¤¸�µ¦Ä®o¨Î�µ�́��ªµ¤Î�µ�́��´Ê�� �³¤¸�¨�°��µ¦Ä�o�n°Ã�Á�È�
¡·Á«¬¤µ�nª¥�Î�µÄ®o�nµ� � &/5��� ¤¸�nµ�¸É�ÎÉ�µ�ªnµª·�¸� 7/%� Â¨³� 35/%� Å�o� �n°¤µÁ¤ºÉ°Á¡·É¤��µ��°��n°������
Ã�Á�È�����³�Î�µÄ®o�nµ�&/5���¤¸�nµ�¸É¨�¨��Ã�¥�³Á®È�ªnµ�¸É��µ��°��n°Ã�Á�È�����nµ¼�Ç��nµ�&/5��
�³¨�¨��oª¥°´�¦µ�¸ÉÅ¤n¤µ��´�Â¨³¤¸�nµ�¸ÉÄ�¨oÁ�¸¥��´�ª·�¸�35/%�¤µ��¹Ê��Á�ºÉ°��µ�Á¤ºÉ°��µ��°��n°
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&/5��� ¤¸¨�¨�Á¤ºÉ°°´�¦µ�µ¦¦oµ�Ã�Á�È��°��n°Ã�Á�È���� Á¡·É¤�¹Ê�Â¨³¤¸�nµ�¸É�ÎÉ�µ�ªnµª·�¸� 7/%� Á¡¦µ³
ªnµ�Î�µÄ®o�¦·¤µ�Ã�Á�È��°��¦µ¢¢d��´Ê��¸É� �� ¤¸Á¡·É¤�¹Ê�� �´��´Ê�Ã°�µ�¸ÉÁ�¨¨r�°��¦µ¢¢d��´Ê��¸É� �� ¤¸
Ã°�µ�¸É�³Å�o¦´�Ã�Á�È��µ��¦µ¢¢d��´Ê��¸É� �� Á�ºÉ°��µ��µ¦Ä®o¨Î�µ�´��ªµ¤Î�µ�´��È�³¤¸¤µ��¹Ê��oª¥�
Î�µ®¦´�ª·�¸� 35/%�(;� �nµ� &/5��� ¤¸�nµ¨�¨�Á¤ºÉ°Á¡·É¤°´�¦µ�µ¦¦oµ�Ã�Á�È��°��n°Ã�Á�È���� Á�n��´��
Â¨³¤¸�nµ�¸É�ÎÉ�µ�ªnµÄ�ª·�¸� 35/%� �oª¥� Á¡¦µ³�µ¦Á¡·É¤°´�¦µ�µ¦¦oµ�Ã�Á�È��°��n°Ã�Á�È���� �³�Î�µÄ®o
�¦·¤µ�Ã�Á�È��¸É¨o��µ��n°Ã�Á�È���� Á�oµ¼n�n°Ã�Á�È�¡·Á«¬¤¸Á¡·É¤�¹Ê��oª¥� �nµ� &/5��� �¹��ÎÉ�µ�ªnµª·�¸
35/%��¸É¤¸�µ¦Ä®o¨Î�µ�´��ªµ¤Î�µ�´�°¥nµ�Á�¸¥ª

¦¼��̧É������Â���nµ�&/5����°�ª·�̧�7/%��35/%�Â¨³�35/%�(;��̧É°́�¦µ�µ¦¦oµ�Ã�Á�È�
�°��n°Ã�Á�È���� �nµ�nµ�Ç� �µ�¦¼��¸Ê¡�ªnµ�¨�¸ÉÅ�oÄ��´Ê�� �� ª·�¸� ¤¸Â�ªÃ�o¤Ä�¨´�¬�³Á�¸¥ª�´��º°� �nµ
&/5��� ¤¸�nµ¨�¨�Á¤ºÉ°Á¡·É¤°´�¦µ�µ¦¦oµ�Ã�Á�È��°��n°Ã�Á�È���� Ã�¥Ä�ª·�¸� 7/%� Â¨³� 35/%� ¤¸�nµ
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&/5����¸ÉÄ�¨oÁ�̧¥��´��nª�Ä�ª·�¸�35/%�(;��³¤¸�nµ�&/5����¸É�ÎÉ�µ�ªnµ�´Ê����ª·�¸�Á�ºÉ°��µ��¨�°��µ¦
Ä�o�n°Ã�Á�È�¡·Á«¬��Î�µÄ®o¦°�¦´�Ã�Á�È�Å�o¤µ��¹Ê�

¦¼��̧É� ����� Â���nµ� 'HOD\��� �°�ª·�̧� 7/%�� 35/%� Â¨³� 35/%�(;� �̧É°́�¦µ�µ¦¦oµ�������
Ã�Á�È��°��n°Ã�Á�È�����nµ�nµ�Ç��µ�¦¼��̧Ê¡�ªnµª·�̧�7/%�¤¸�nµ�'HOD\������̧ÉÅ¤n�¹Ê��́�°́�¦µ�µ¦¦oµ�
Ã�Á�È��°��n°Ã�Á�È����Á¡¦µ³�Î�µ�µ�Á�}�°·¦³�n°�´��nª�ª·�¸�35/%��È¡�ªnµ�nµ�'HOD\���¤¸�nµ���¸É
Á�n��´�Â¨³¤¸�nµÄ�¨oÁ�¸¥��´�ª·�¸� 7/%� �oª¥� nª�ª·�¸� 35/%�(;� �nµ� 'HOD\��� ¤¸�nµ�¸É¨�¨�Á¤ºÉ°°´�¦µ
�µ¦¦oµ�Ã�Á�È�Á¡·É¤�¹Ê��Á¡¦µ³�Î�µÄ®o�¦·¤µ�Ã�Á�È��¸É¨o��µ��n°Ã�Á�È����Á�oµ¼n�n°Ã�Á�È�¡·Á«¬¤¸Á¡·É¤
�¹Ê��oª¥

¦¼��̧É� ����� Â���nµ� 'HOD\��� �°�ª·�̧� 7/%�� 35/%� Â¨³� 35/%�(;� �̧É°́�¦µ�µ¦¦oµ��������
Ã�Á�È��°��n°Ã�Á�È���� �nµ�nµ�Ç� �µ�¦¼��¸Ê¡�ªnµ� �¨�¸ÉÅ�oÄ��´Ê�� �� ª·�¸¤¸Â�ªÃ�o¤¨´�¬�³Á�¸¥ª�´��º°�
�nµ� 'HOD\��� ¤¸�nµ¨�¨�� Ã�¥�nµ� 'HOD\��� Ä�ª·�¸� 7/%� Â¨³� 35/%� �³¤¸�nµÄ�¨oÁ�¸¥��´�� nª�Ä�ª·�¸
35/%�(;��³¤¸�nµ�'HOD\����¸É�ÎÉ�µ�¸É»��Á¡¦µ³¤¸�µ¦Ä�o�n°Ã�Á�È�¡·Á«¬

�µ��¨�µ¦��°�Á¡·É¤°´�¦µ�µ¦¦oµ�Ã�Á�È��°��n°Ã�Á�È����Á¡¸¥�°¥nµ�Á�¸¥ª�¡�ªnµ�ª·�¸
35/%� Á�·¤� �Î�µÄ®o�nµ� &/5��� �̧�ªnµª·�¸� 7/%� Å�oÁ¡¸¥�°¥nµ�Á�¸¥ªÁ�n�Á�¸¥ª�´��¦�¸�µ¦Á¡·É¤°´�¦µ�µ¦
¦oµ�Ã�Á�È��n°Ã�Á�È���� nª�ª·�̧� 35/%�(;� �̧É�Î�µÁ�°¥́���Ä®o�nµ� &/5���� &/5���� 'HOD\��� Â¨³�
'HOD\����¸É�¸�¸É»�

���������¦»��¨�°��µ¦Á�¨¸É¥�Â�¨�¡µ¦µ¤·Á�°¦r�°��¨Å��´�¦´Éª

�µ¦µ��¸É������»�£µ¡�°��¦·�µ¦�¸ÉÅ�o�µ�ª·�¸�35/%�Â¨³�35/%�(;�Á�¸¥��́��»�£µ¡�°��¦·�µ¦
���°�ª·�¸�7/%��¸É�nµÃ®¨����·

35/% 35/%�(;
&/5�� &/5�� 'HOD\�� 'HOD\�� &/5�� &/5�� 'HOD\�� 'HOD\��

������� ����� �� ����� ������� ������ ������� �������

�µ��µ¦��°��¸É�nµ�¤µ� Á¦µ�Î�µ�µ¦«¹�¬µ�¹��¨�°��µ¦�¦´�Á�¨¸É¥�¡µ¦µ¤·Á�°¦r�°���
�¨Å��́�¦́ÉªÂ��� 7/%�� 35/%� Â¨³� 35/%�(;� Å�oÂ�n� ��µ��°��·ª�́¢Á¢°¦r���� ��µ��°������������������
�·ª�́¢Á¢°¦r���� ��µ��°��n°Ã�Á�È����� ��µ��°��n°Ã�Á�È����� °́�¦µ�µ¦¦oµ�Ã�Á�È��°��n°���������
Ã�Á�È���� Â¨³°́�¦µ�µ¦¦oµ�Ã�Á�È��°��n°Ã�Á�È���� ¡�ªnµÎ�µ®¦́�ª·�̧� 35/%� �µ¦�¦́�¡µ¦µ¤·Á�°¦r
�°��¨Å�µ¤µ¦��¸É�³�Î�µÄ®o�nµ�&/5���¤¸�nµ�¸É�¸�¹Ê��ªnµª·�¸�7/%�Å�o�Â�nÄ��oµ��°��&/5����´Ê��µ�
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�µ¦�¦´�¡µ¦µ¤·Á�°¦r�»��´ª¡�ªnµÅ¤nµ¤µ¦��Î�µÄ®o¤¸�nµ�¸É�¸�ªnµª·�¸�7/%�Å�o�Ã�¥Ä��µ��¦�¸¤¸�nµ�¸É¼�
�ªnµª·�̧� 7/%� �oª¥� Ä��oµ��°��'HOD\���¡�ªnµ¤�̧nµ�̧ÉÄ� öÁ�̧¥��́�ª·�̧� 7/%� Â�n�nµ� 'HOD\��� Ä��µ�
�¦�¸�³¤¸�nµ�¸É�o°¥�ªnµª·�¸� 7/%� Î�µ®¦´�ª·�¸� 35/%�(;� �¸É�Î�µÁ�°�´Ê�¡�ªnµµ¤µ¦��¸É�³Ä®o�nµ�
&/5����&/5����'HOD\���Â¨³�'HOD\���¤¸�nµ�¸�ªnµª·�¸�7/%�Â¨³�35/%�Å�oÃ�¥�µ¦�¦´�¡µ¦µ¤·Á�°¦r
�°��¨Å��¸ÉÁ®¤µ³¤�´�Â��Ä��µ¦µ��¸É����

�µ¦µ��¸É�����Â���µ¦Á�¦¸¥�Á�¸¥��nµ�»�£µ¡�°��¦·�µ¦�°�ª·�¸�35/%�Â¨³�35/%�(;
Á�¦¸¥�Á�¸¥��´�Ã�¥ª´�Á�¸¥��´�ª·�¸� 7/%� Ã�¥Ä�o¡µ¦µ¤·Á�°¦r�°�Â®¨n��Î�µÁ�·�Â¨³¡µ¦µ¤·Á�°¦r�°�
�¨Å����¸É�´��µ¦µ��¸É�����Â¨³������µ¤¨Î�µ�´���¨�¸ÉÅ�oÂ��Ä®oÁ®È�ªnµª·�¸�35/%�Á�·¤µ¤µ¦�Ä®o�»�
£µ¡�°��¦·�µ¦�°��¦µ¢¢d��´Ê��¸É� �� Å�oÂ�n� �nµ� &/5��� �¸É�¸�ªnµ� ���� ª·�¸� 7/%� ������ �� nª��nµ
'HOD\����´Ê�¤¸�nµÁ�nµÁ�·¤�Ã�¥�o°���Á�¥�´��µ¦�¸É�»�£µ¡�°��¦·�µ¦�°��¦µ¢¢d��´Ê��¸É���Å�oÂ�n�nµ
&/5���Â¨³�'HOD\����o°¥¨������������nª�ª·�¸�35/%�(;��¸É�Î�µÁ�°Ä®¤n�´Ê�µ¤µ¦�Ä®o�nµ�&/5��
�̧É�̧�ªnµª·�̧�7/%��¹����������Â¨³¥́�Ä®o�nµ�'HOD\����̧É�̧�ªnµ�oª¥�¹����������Ä���³�̧É�nµ�&/5��
Â¨³��nµ�'HOD\����È¤̧�nµ�̧É�̧�¹Ê���������Â¨³����������µ¤¨Î�µ�́���³Á®È�Å�oªnµª·�̧�35/%�(;��̧É�Î�µ
Á�°�¸Êµ¤µ¦�Ä®o�»�£µ¡�°��¦·�µ¦�¸É�¸�ªnµª·�¸� 7/%� Â¨³� 35/%� Á�·¤Å�o�¸É£µª³�¦µ¢¢d����·��
®´ª�o°�n°Å��³«¹�¬µ�¹��»�£µ¡�°��¦·�µ¦�°�Â�n¨³�¨Å��¸É£µª³�¦µ¢¢d��nµ�Ç

�������¨�°��µ¦Á�¨¸É¥�Â�¨�¡µ¦µ¤·Á�°¦r�nµ�Ç�°�Â®¨n��Î�µÁ�·��¦µ¢¢d�
Ä�®́ª�o°�n°Å��̧Ê�¼oª·�´¥�³�Î�µ�µ¦«¹�¬µ�¹��¨�°��µ¦�¦´�¡µ¦µ¤·Á�°¦r�nµ�Ç� �°�Â®¨n�

�Î�µÁ�·��¦µ¢¢d�Å�oÂ�n� °́�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥�°��¦µ¢¢d��´Ê��¸É� ��� °́�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥�°��
�¦µ¢¢d��´Ê��¸É� ��� °́�¦µ�µ¦n�Á�¨¨r¼�»��°��¦µ¢¢d��´Ê��¸É� �� Â¨³� °´�¦µ�µ¦n�Á�¨¨r¼�»��°��
�¦µ¢¢d��´Ê��¸É� �� �¸É¤¸�n°°́�¦µnª��µ¦¼�®µ¥�°�Á�¨¨rÂ¨³Áª¨µ�¦³ª·�Á�¨¸É¥� Á¡ºÉ°�Î�µ�µ¦ª́�
¤¦¦��³Ä��oµ��°�£µ¡Á¨º°�Á¢j�� �6HOHFWLYLW\�� �°��¨Å��´�¦´Éªªnµµ¤µ¦��´��µ¦�ª��»¤�nµ
4R6� Å�o°¥nµ�Å¦Ä�£µª³�¦µ¢¢d��nµ�Ç� Á¤ºÉ°Â®¨n��Î�µÁ�·��°��¦µ¢¢d�n��o°¤¼¨�oª¥°´�¦µ�µ¦n�
Á�¨¨rÁ�¨¸É¥Â¨³°́�¦µ�µ¦n�Á�¨¨r¼�»��¸É�ÎÉ�µ�ªnµÂ¨³¼��ªnµ�nµ�¸ÉÅ�o��¨�Åªo

�������� �µ¦Á�¨¸É¥�Â�¨��°�°´�¦µnª��µ¦¼�®µ¥�°�Á�¨¨rÂ¨³Áª¨µ�¦³ª·�Á�¨¸É¥Á�¸¥�
�´�°´�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥�°��¦µ¢¢d��´Ê��¸É����¸É¤¸�nµ�ÎÉ�µ�ªnµ�¸É��¨�Åªo

�¼oª·�´¥Å�o�Î�µ¨°�Â��ª·�¸�7/%��35/%�Â¨³�35/%�(;�Ã�¥Á�¨¸É¥�Â�¨�°´�¦µ�µ¦n�Á�¨¨r
Á�¨¸É¥�°��¦µ¢¢d��´Ê��̧É� �� �́Ê�Â�n� ������ Á�nµ�°�°́�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥���·�¸É��¨�Åªo�
�´�Ã�¦��nµ¥� �������ESV�� nª�¡µ¦µ¤·Á�°¦r�°�Â®¨n��Î�µÁ�·��nµ°ºÉ�Ç�¤¸�nµ�´��µ¦µ��¸É� ����Î�µ®¦´��
¡µ¦µ¤·Á�°¦r�°��¨Å��´�¦´ÉªÂ���nµ�Ç�¤¸�nµ�´��µ¦µ��¸É�����
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�µ¦µ��̧É������»�£µ¡�°��¦·�µ¦�̧ÉÅ�o�µ�ª·�̧�35/%�Â¨³�35/%�(;�Á�¸¥��́��»�£µ¡�°��¦·�µ¦
���°�ª·�¸�7/%�Á¤ºÉ°°´�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥�°��¦µ¢¢d��´Ê��¸É����ÎÉ�µ�ªnµ�¸É��¨�Åªo

35/% 35/%�(;

&/5�� &/5�� 'HOD\�� 'HOD\�� &/5�� &/5�� 'HOD\�� 'HOD\��

������ �� �� ����� ���� ������� ������� �������

�������� �µ¦ª·Á�¦µ³®r�µ¦Á�¨¸É¥�Â�¨��°�°´�¦µnª��µ¦¼�®µ¥�°�Á�¨¨rÂ¨³Áª¨µ
�¦³ª·�Á�¨¸É¥Á�¸¥��´�°´�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥�°��¦µ¢¢d��´Ê��¸É����¸É¤¸�nµ�ÎÉ�µ�ªnµ�¸É��¨�Åªo

¦¼��̧É� ����� Â���nµ� &/5��� �°�ª·�̧� 7/%�� 35/%� Â¨³� 35/%�(;� �̧É°́�¦µ�µ¦n�Á�¨ r̈
Á�¨¸É¥�°��¦µ¢¢d��´Ê��¸É����¹É�¤¸�nµ�¸É�ÎÉ�µ�ªnµ�¸É��¨�Åªo��µ�¦¼��¸Ê¡�ªnµ��¨�¸ÉÅ�o�µ��´Ê����ª·�¸¤¸Â�ªÃ�o¤
Ä�΅�¬�³Á�̧¥ª�́��º°� �̧É°́�¦µ�µ¦n�Á�¨ r̈Á�¨̧É¥�nµ�ÎÉ�µÇ�́Ê�� �nµ� &/5��� �³¤̧�nµ�o°¥¤µ�Ç� ��o°¥
�ªnµ� ������ ���nµ°́�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥¤¸�nµÁ�nµ�´�� ���� Á�nµ�°�°´�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥���·�¸É�������
��¨�Åªo�´�Ã�¦��nµ¥� ������� ESV�� �nµ� &/5��� �³¤¸�nµÁ¡·É¤�¹Ê�Á¤ºÉ°°´�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥Á¡·É¤�¹Ê��
Ã�¥ª·�¸� 7/%� �³¤¸�nµ� &/5��� ¼��¸É»�� ¦°�¨�¤µ�º°ª·�¸� 35/%� Á¡¦µ³¤¸�µ¦Ä®o¨Î�µ�´��ªµ¤Î�µ�´�Â�n�
�¦µ¢¢d��´Ê��¸É� �� �oª¥�Î�µÄ®o� &/5��� �o°¥¨�� nª�ª·�¸� 35/%�(;�¤¸�nµ� &/5��� �¸É�ÎÉ�µ�¸É»�Á�ºÉ°��µ�¤¸
�µ¦Ä®o¨Î�µ�́��ªµ¤Î�µ�´�Â¨³¤¸�µ¦Ä�o�n°Ã�Á�È�¡·Á«¬�oª¥� �³Á®È�ªnµ�´Ê�� �� ª·�¸�´Ê�Â���nµ��µ��nµ
�µ�°»�¤��·�°��¨Å��́�¦´Éª�¹É��·¥µ¤ÅªoªnµÁ¤ºÉ°Â®¨n��Î�µÁ�·�n��¦µ¢¢d��oª¥°´�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥�¸É
�ÎÉ�µ�ªnµ�¸É��¨�Åªo�³Å¤nÁ�·��µ¦¼�®µ¥�°�Á�¨¨rÁ¨¥�º°� �nµ� &/5��� �³¤¸�nµÁ�}�«¼�¥r� Â�nÄ��µ�
��·�́�·�nµ�&/5����³¤¸�nµÁ�}�«¼�¥rÅ�o���¹��nµ°́�¦µ�µ¦n�Á�¨ r̈Á�¨̧É¥Á�nµ�́������ Á�nµ�°�°́�¦µ�µ¦
n�Á�¨¨rÁ�¨¸É¥�¸É��¨�ÅªoÁ�nµ�´Ê�

¦¼��̧É� ����� Â���nµ� &/5��� �°�ª·�̧� 7/%�� 35/%� Â¨³� 35/%�(;� �̧É°́�¦µ�µ¦n�Á�¨ r̈
Á�¨¸É¥�°��¦µ¢¢d��´Ê��¸É� �� �¹É�¤¸�nµ�¸É�ÎÉ�µ�ªnµ�¸É��¨�Åªo� �µ�¦¼��¸Ê¡�ªnµ� ª·�¸� 7/%� ¤¸�nµ� &/5��� ���¸É�
Á¡¦µ³�¨Å��Î�µ�µ�Á�}�°·¦³�n°�´�� nª�ª·�¸� 35/%�(;� �È¤¸�nµ� &/5��� �¸É�n°��oµ����¸ÉÁ�n��´�Â¨³¤¸
�nµÄ�¨oÁ�¸¥��´�ª·�¸� 7/%� Ã�¥¤¸�nµ� &/5��� �¸É¼��ªnµª·�¸� 7/%� Á¨È��o°¥Á¤ºÉ°°´�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥¤¸
�nµ�¸ÉÁ�oµÄ�¨o°´�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥�¸É��¨�Åªo� ��� Á�nµ��µÁ®�»�¸É�nµ�&/5����°�ª·�¸�35/%�¤¸�nµÄ�¨o
Á�̧¥��́�ª·�¸� 7/%� Á�ºÉ°�¤µ�µ�Á¤ºÉ°�¦µ¢¢d��´Ê��¸É� �� ¤¸�¦·¤µ��o°¥�ÈÅ¤n�n°¥Å�Â¥n�Ä�oÃ�Á�È��µ��
�¦µ¢¢d��´Ê��¸É� �� Î�µ®¦´�ª·�¸� 35/%�(;�¡�ªnµÁ¤ºÉ°°´�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥�°��¦µ¢¢d��´Ê��¸É� �� ¤¸�nµ
�o°¥Ç� �nµ� &/5��� �³¤¸�nµ�¸É�ÎÉ�µ�ªnµª·�¸� 7/%� Â¨³� 35/%� Á�ºÉ°��µ��¦·¤µ�Ã�Á�È��¸É¨o�¤µ�µ��n°��������
Ã�Á�È���� �³¤µ��¹Ê�� �Î�µÄ®oÁ�¨¨r�°��¦µ¢¢d��´Ê��¸É� �� �³µ¤µ¦�Ä�oÃ�Á�È��µ��n°Ã�Á�È�¡·Á«¬Å�o
Á�È¤�¸É� Á�n��¸É°´�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥Á�nµ�´�� ���� Á�nµ�°�°´�¦µ�¸É��¨�Åªo�´Ê�� �nµ� &/5��� �°�ª·�¸
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35/%�(;��́Ê��³¤̧�nµ�̧É�ÎÉ�µ�ªnµª·�̧�7/%�Â¨³ª·�̧�35/%��¹����������³Á®È�Å�oªnµÄ��¦�̧�̧É�¦µ¢¢d�°̧�
�´Ê�®�¹É�¤¸�¦·¤µ��o°¥�ªnµÂ�nÁ¦µ�´�¦¦�¦´¡¥µ�¦�°�Ã�¦��nµ¥Ä®o���¸É�´Ê�� Ä�ª·�¸� 7/%� Â¨³� 35/%
�³Ä�o�¦´¡¥µ�¦nª��´Ê�Å�oÅ¤n�»o¤�nµ� Ä���³�¸Éª·�¸� 35/%�(;� �Î�µ�¦´¡¥µ�¦�´Ê�Å�Ä®o�¦µ¢¢d�°¸��´Ê�
®�¹É�Ä�oÄ®oÁ�·��¦³Ã¥��rÅ�o

¦¼��¸É� ����� Â���nµ�'HOD\��� �°�ª·�¸� 7/%�� 35/%� Â¨³� 35/%�(;��¸É°´�¦µ�µ¦n�Á�¨¨r
Á�¨¸É¥�°��¦µ¢¢d��´Ê��¸É� ���¹É�¤¸�nµ�¸É�ÎÉ�µ�ªnµ�¸É��¨�Åªo��µ�¦¼��¸Ê¡�ªnµ��nµ�'HOD\���Ä�ª·�¸�7/%�Â¨³
35/%� ¤¸�nµ�¸ÉÄ�¨oÁ�¸¥��´�Â¨³¤¸�nµÁ¡·É¤�¹Ê�Á¤ºÉ°°´�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥Á¡·É¤�¹Ê�� nª�ª·�¸� 35/%�(;� ¤¸
�nµ�'HOD\���Á¡·É¤�¹Ê�Á�n��́�Â�n¤̧�nµ�̧É�ÎÉ�µ�ªnµª·�̧�7/%�Â¨³�35/%

¦¼��¸É� ����� Â���nµ�'HOD\��� �°�ª·�¸� 7/%�� 35/%� Â¨³� 35/%�(;��¸É°´�¦µ�µ¦n�Á�¨¨r
Á�¨¸É¥�°��¦µ¢¢d��´Ê��¸É� �� �¹É�¤¸�nµ�¸É�ÎÉ�µ�ªnµ�¸É��¨�Åªo� �µ�¦¼��¸Ê¡�ªnµ� ª·�¸� 7/%� ¤¸�nµ� 'HOD\��� ���¸É
Á¡¦µ³�¨Å��Î�µ�µ�Á�}�°·¦³�n°�´��nª�ª·�¸�35/%�¤¸�nµ�'HOD\���Ä�¨oÁ�¸¥��´�ª·�¸�7/%��¸É°´�¦µ�µ¦
n�Á�¨¨rÁ�¨¸É¥�nµ�ÎÉ�µ�Â�nÁ¤ºÉ°°´�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥¤¸�nµÁ¡·É¤�¹Ê��nµ�'HOD\����³¤¸�nµ�¸É¼��ªnµª·�¸�7/%
Á¨È��o°¥Á¡¦µ³�¦µ¢¢d��´Ê��¸É� �� Á¦·É¤Å�Â¥n�Ä�oÃ�Á�È��µ��¦µ¢¢d��´Ê��¸É� ��Î�µ®¦´�ª·�¸� 35/%�(;�¡�
ªnµ�nµ� 'HOD\��� �³¤¸�nµ�¸É�ÎÉ�µ�ªnµÄ�ª·�¸� 7/%� Â¨³� 35/%� ¤µ��¸É°´�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥�nµ�ÎÉ�µÇÁ�ºÉ°�
�µ��µ¦Ä�o�n°Ã�Á�È�¡·Á«¬�Î�µÄ®o�¦µ¢¢d��´Ê��¸É� ��¤¸Ã°�µÅ�o¦´�Ã�Á�È�Á¦Èª�¹Ê�Á¤ºÉ°�¦µ¢¢d��´Ê��¸É� ��¤¸
�o°¥� Á¤ºÉ°°´�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥Á¡·É¤�¹Ê�� �È�³¤¸Ã°�µ�o°¥¨���Î�µÄ®o�nµ�'HOD\��� Á¡·É¤�¹Ê�Â�n¥´���¤¸
�nµ�¸É�ÎÉ�µ�ªnµª·�¸�7/%�Â¨³�35/%

�µ¦µ��¸É� ���� Â���µ¦Á�¦¸¥�Á�¸¥��nµÁ�¨¸É¥�°��»�£µ¡�°��¦·�µ¦¦³®ªnµ�ª·�¸� 35/%
Â¨³�35/%�(;�Á�¸¥��´�ª·�¸�7/%��¹É�Â��Ä®oÁ®È�ªnµª·�¸�35/%�(;��´Ê�Á®�º°�ªnµª·�¸�7/%�Â¨³�35/%�
°¥nµ�Á®È�Å�o�´��Ã�¥�°��µ��³Ä®o�nµ�&/5����¸É¼��ªnµª·�¸�7/%��¹�������Â¨oª�Ä���³�¸Éª·�¸�35/%
Ä®o�nµ�&/5����̧É¼��ªnµª·�̧�7/%�Á¡̧¥����������°��µ��̧Ê�nµ�'HOD\����°�ª·�̧�35/%�(;�¥́�¤̧�nµ�̧É�̧
�ªnµª·�¸�7/%�Â¨³�35/%��¹���������Â¨³¥́�¡�ªnµ�nµ�&/5���Â¨³�'HOD\����°�ª·�¸�35/%�(;�¤¸
�nµ�¸É�¸�¹Ê�¤µ�Á¤ºÉ°�¦µ¢¢d��´Ê��¸É� �� ¤¸�¦·¤µ��o°¥�ªnµ�¸É��¨�Åªo� Ã�¥¤¸�nµ�¸É�¸�ªnµª·�¸� 7/%� �¹�����
�������Â¨³����������µ¤ Î̈�µ�́�

�������� �µ¦Á�¨¸É¥�Â�¨��°�°´�¦µnª��µ¦¼�®µ¥�°�Á�¨¨rÂ¨³Áª¨µ�¦³ª·�Á�¨¸É¥Á�¸¥�
�´�°´�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥�°��¦µ¢¢d��´Ê��¸É����¸É¤¸�nµ¼��ªnµ�¸É��¨�Åªo

�¼oª·�´¥Å�o�Î�µ¨°�Â��ª·�¸�7/%��35/%�Â¨³�35/%�(;�Ã�¥Á�¨¸É¥�Â�¨�°´�¦µ�µ¦n�Á�¨¨r
Á�¨¸É¥�°��¦µ¢¢d��´Ê��¸É� �� �́Ê�Â�n� ���� Á�nµ�°�°́�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥���·�¸É��¨�Åªo�́��
Ã�¦��nµ¥� ������� ESV�� nª�¡µ¦µ¤·Á�°¦r�°�Â®¨n��Î�µÁ�·��nµ°ºÉ�Ç� ¤¸�nµ�´��µ¦µ��¸É� ���� Î�µ®¦´���������
¡µ¦µ¤·Á�°¦r�°��¨Å��´�¦´ÉªÂ���nµ�Ç�¤¸�nµ�´��µ¦µ��¸É�����
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�µ¦µ��̧É������nµ�¨µ�Á� º̈É°��µ��nµ°»�¤��·�°�ª·�̧�7/%��35/%�Â¨³�35/%�(;�Á¤ºÉ°°́�¦µ�µ¦n�
��Á�¨¨rÁ�¨¸É¥�°��¦µ¢¢d��´Ê��¸É���¼��ªnµ�¸É��¨�Åªo

7/% 35/% 35/%�(;

&/5��� �������� &/5��� ������� &/5��� �����

�µ¦µ��¸É������»�£µ¡�°��¦·�µ¦�¸ÉÅ�o�µ�ª·�¸�35/%�Â¨³�35/%�(;�Á�¸¥��́��»�£µ¡�°��¦·�µ¦
���°�ª·�¸�7/%�Á¤ºÉ°°´�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥�°��¦µ¢¢d��´Ê��¸É���¼��ªnµ�¸É��¨�Åªo

35/% 35/%�(;

&/5�� 'HOD\�� 'HOD\�� &/5�� 'HOD\�� 'HOD\��

��� �� ����� ������� ������� �����

�������� �µ¦ª·Á�¦µ³®r�µ¦Á�¨¸É¥�Â�¨��°�°´�¦µnª��µ¦¼�®µ¥�°�Á�¨¨rÂ¨³Áª¨µ
�¦³ª·�Á�¨¸É¥Á�¸¥��´�°´�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥�°��¦µ¢¢d��´Ê��¸É����¸É¤¸�nµ¼��ªnµ�¸É��¨�Åªo

¦¼��̧É������Â���nµ�&/5����°�ª·�̧�7/%��35/%�Â¨³�35/%�(;�¦ª¤�́Ê��nµ�µ�°»�¤��·
�,'($/�� �¸É°́�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥�°��¦µ¢¢d��´Ê��¸É� �� �¹É�¤¸�nµ¼��ªnµ�¸É��¨�Åªo� �µ�¦¼��¸Ê¡�ªnµ�
Î�µ®¦´��nµ� ,'($/� �´Ê�Á�}��µ¦�Î�µ�ª��µ�¤�µ¦�¸É� ������ �¹É�Á�}��nµ�µ�°»�¤��·�°��¨Å��´�¦´Éª
Â���¦¦¤�µ� �³Á®È�ªnµ�¸É°´�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥���·�¸É��¨�Åªo�´�Ã�¦��nµ¥� ��� Á�nµ�� �´Ê��³¤¸�nµ
&/5��� �°�� ,'($/� Á�}�«¼�¥r®¤µ¥�¹�Ä��µ�°»�¤��·�oµÂ®¨n��Î�µÁ�·�n�°´�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥Å¤n
Á�·��¸É��¨�Åªo�´�Ã�¦��nµ¥� Á�¨¨r�´Ê�®¤��°��¼oÄ�o�È�³µ¤µ¦��nµ��¨Å��´�¦´ÉªÅ�Å�oÃ�¥Å¤n¤¸�µ¦¼�
®µ¥Á¨¥� Â�n�oµÂ®¨n��Î�µÁ�·�n�Á�¨¨r�oª¥°´�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥Á�·��¸É��¨�Åªo�È�³�Î�µÄ®o�nµ� &/5��
¤¸�nµ¼��¹Ê�� Ã�¥Á�¨¨r�È�³�¼��·Ê�Å�Á�¡µ³�¦·¤µ�nª��¸ÉÁ�·��µ��¸É��¨�ÅªoÁ�nµ�´Ê�� Â�nÄ��µ���·�´�·
Â¨oªÁ¤ºÉ°Ä�oª·�¸�7/%��¹É��Î�µ�µ�Â���¨Å��´�¦´ÉªÃ�Á�È��¦¦¤�µ�´Ê��¡�ªnµ�¸É°´�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥���·
�º°Á�nµ�´�� �� Á�nµ�´Ê��nµ� &/5��� �È¤¸�nµ�¸É¼��ªnµ«¼�¥rÂ¨oª� Á¤ºÉ°°´�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥¤¸�nµÁ¡·É¤�¹Ê��È
¡�ªnµ�nµ� &/5��� �°�ª·�¸� 7/%� �³¤¸�nµ� &/5��� �¸ÉÁ¡·É¤�¹Ê�Â¨³¤¸�nµ�¸É¼��ªnµª·�¸� ,'($/� Î�µ®¦´�ª·�¸�
35/%�¡�ªnµ�nµ�&/5����¸É°´�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥Á�nµ�´����Á�nµ�³¤¸�nµ�¸É¼��ªnµ�,'($/�Á�n��´�Â�n¤¸
�nµ�ÎÉ�µ�ªnµª·�¸� 7/%� Á¤ºÉ°Á¡·É¤°´�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥¡�ªnµ�nµ� &/5��� �³¼��ªnµª·�¸� ,'($/� Â�nÁ¤ºÉ°
Á¡·É¤°́�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥�n°Å�Á¦ºÉ°¥�¡�ªnµ�nµ�&/5����³Á¦·É¤¤¸�nµ�¸É�ÎÉ�µ�ªnµ� ,'($/� Á�ºÉ°��µ��µ¦
Ä®o¨Î�µ�́��ªµ¤Î�µ�´�Â�n�¦µ¢¢d��´Ê��¸É� �� �Î�µÄ®o�¦µ¢¢d�nª�Á�·��¸É�ª¦�¼��·Ê�Å��¨´�Å�Â¥n�Ã�Á�È�
�µ��¦µ¢¢d��´Ê��¸É���¤µÂ���Î�µ®¦´�ª·�¸�35/%�(;�Ä®o�¨Ä�¨´�¬�³�¨oµ¥Ç��́��´�ª·�¸�35/%�Â�n¤¸
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�nµ� &/5��� �¸É�ÎÉ�µ�ªnµª·�¸� 35/%� °¸�Á�ºÉ°��µ��µ¦Ä�o�n°Ã�Á�È�¡·Á«¬�Î�µÄ®o�¦µ¢¢d�nª�Á�·�Á�oµ¼n�
Ã�¦��nµ¥Å�o¤µ��¹Ê�°¸�Á¨È��o°¥

�µ��µ¦µ��¸É� ���� �oµÁ�¦¸¥�Á�¸¥��ªµ¤µ¤µ¦�Ä��µ¦�´��µ¦�́��¦µ¢¢d�Á¤ºÉ°Â®¨n�
�Î�µÁ�·�n��¦µ¢¢d�Á�·��nµ�¸É��¨�Åªo�´��nµ� ,'($/� Á¦µ�³¡�ªnµª·�¸� 7/%� �³�´��µ¦�·�¡¨µ�¤µ��
�¸É»�Ã�¥¡�ªnµ¤¸�nµ�¹�� ������� �� �¹É�®¤µ¥�¹�ª·�¸� 7/%� �·Ê�Á�¨¨rnª�Á�·�¤µ��ªnµ� ,'($/� Å���
��������Î�µ®¦́�ª·�̧� 35/%�¡�ªnµ�¨µ�Á� º̈É°��µ�� ,'($/� Ã�¥Á�¨̧É¥��� �������®¤µ¥�¹�� ï°¥
Á�¨¨rnª�Á�·�Ä®o�nµ�Å�¤µ��ªnµ�,'($/��������Ä���³�¸Éª·�¸�35/%�(;��¨µ�Á�¨ºÉ°��µ��,'($/�
�������º°�¨i°¥Á�¨ r̈nª�Á�·�Ä®o�nµ�Å�¤µ��ªnµ�,'($/�����

�oµÁ¦µÄ�o�nµ� ,'($/� Á�}��µ¦Á�¦¸¥�Á�¸¥�Á¡¸¥�°¥nµ�Á�̧¥ª�³¡�ªnµª·�¸� 35/%� Â¨³�
35/%�(;� �´��µ¦�´��¦µ¢¢d�Á�·�Å�oÅ¤n�̧Á¡¦µ³�¨i°¥Ä®o�¦µ¢¢d�nª�Á�·��nµ�Á�oµÅ�Å�o¤µ��ªnµ
�¦�¸°»�¤��·� Â�n�oµ¡·�µ¦�µ�¼ªnµ�nµ� ,'($/� �´Ê�Á�}��nµ�µ�°»�¤��·�°��¨Å��́�¦´ÉªÂ��Ã�Á�È�
�¦¦¤�µ°¥nµ�Á�¸¥ª� �¹É�Á®¤µ³¤�´��µ¦Á�¦¸¥�Á�¸¥��´�ª·�¸� 7/%� Â�nÄ�ª·�¸� 35/%Â¨³� 35/%�(;� ¤¸
�µ¦Á¡·É¤�µ¦Ä®o¨Î�µ�´��ªµ¤Î�µ�´�� Â¨³�µ¦Ä�o�n°Ã�Á�È�¡·Á«¬�oª¥� �nµ�µ�°»�¤��·�°��¨Å�Á®¨nµ�¸Ê
�¹��ª¦¤¸�nµ�¸É�ÎÉ�µ�ªnµ�nµ� ,'($/� �°��¨Å��´�¦´ÉªÂ��Ã�Á�È��¦¦¤�µ� �¹É�Å¤nµ¤µ¦��Î�µ�ª�°°�¤µ
Á�}�¤�µ¦Á®¤º°�¤�µ¦�¸É� ������ Å�o� �´��´Ê�Â���¸É�³¡·�µ¦�µ�µ��nµ� ,'($/� Á¡¸¥�°¥nµ�Á�¸¥ª� �¹�
°µ��³ª´��ªµ¤µ¤µ¦��oµ�£µ¡Á¨º°�Á¢j���6HOHFWLYLW\���¸Ê�°�ª·�¸�35/%�Â¨³�35/%�(;�Å�o�µ�
�µ¦�¦ª�°��nµ�&/5��� Á¤ºÉ°°´�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥�°��¦µ¢¢d��´Ê��¸É� �� Á�·��ªnµ�¸É��¨�Åªo� Á¡ºÉ°�¼
ªnµ��¨Å��35/%�Â¨³�35/%�(;�µ¤µ¦��ª��»¤Å¤nÄ®o�¨�µ��µ¦�¸É�¦µ¢¢d��´Ê��¸É���Á�·�¤µ�¦³��
�n°�»�£µ¡�°��¦·�µ¦�°���¦µ¢¢d��´Ê��¸É���°¥nµ�Å¦��´�Â��Ä��µ¦µ��¸É����

�µ��µ¦µ��¸É� ���� �³Á®È�Å�oªnµ� Â¤oª·�¸� 35/%�(;� �³�¨i°¥Ä®oÁ�¨¨rnª�Á�·��°��¦µ¢¢d�
�´Ê��¸É� �� �nµ�Å�Å�o¤µ��ªnµª·�¸� 35/%� Â¨³� 7/%� Â�n¥́�µ¤µ¦�¦´�¬µ�»�£µ¡�°��¦·�µ¦�°�������
�¦µ¢¢d��´Ê��¸É����º°�&/5���Â¨³�'HOD\���Ä®o�̧�ªnµª·�¸�35/%�Â¨³�7/%�Å�o� Ã�¥¤¸�nµ�&/5���Â¨³
'HOD\����̧É�̧�ªnµª·�̧�7/%���������Â¨³��������µ¤ Î̈�µ�́��Ä���³�̧Éª·�̧�35/%�¤¸�nµ�&/5���Â¨³�
'HOD\����̧É�o°¥�ªnµª·�̧�7/%�����Â¨³��������µ¤ Î̈�µ�́�

¦¼��̧É� ����� Â���nµ� &/5��� �°�ª·�̧� 7/%�� 35/%� Â¨³� 35/%�(;� �̧É°́�¦µ�µ¦n�Á�¨ r̈
Á�¨¸É¥�°��¦µ¢¢d��´Ê��¸É����¹É�¤¸�nµ¼��ªnµ�¸É��¨�Åªo��µ�¦¼��¸Ê¡�ªnµÎ�µ®¦´�ª·�¸�7/%��nµ�&/5����³¤¸
�nµ���¸ÉÅ¤n�¹Ê��́�°́�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥�°��¦µ¢¢d��´Ê��¸É� �� Á¡¦µ³�¨Å��Î�µ�µ�Á�}�°·¦³�n°�́��
nª�Ä�ª·�¸� 35/%� ¡�ªnµ�nµ� &/5��� ¤¸�nµÁ¡·É¤�¹Ê�Â¨³¤¸�nµ�¸É¼��ªnµª·�¸� 7/%� �¹É�Â��Ä®oÁ®È�ªnµª·�¸�
35/%� �´��µ¦�´��¦µ¢¢d��´Ê��¸É� �� �¹É�n��¦µ¢¢d�Á�·�Å�Å�oÅ¤n�̧�´�� �Î�µÄ®o¤µÂ¥n�Ä�oÃ�Á�È��°��
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�´¢Á¢°¦r�¸ÉÄ�o� Á¤ºÉ°°´�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥¤¸�nµ¼��ªnµ� ���� �³�Î�µÄ®o�¦·¤µ�Á�¨¨r�¸ÉÁ�oµ¤µnª�Ä®�n
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Â¨³� 'HOD\��� �¸É�ÎÉ�µ�ªnµª·�¸� 7/%� Á�ºÉ°��µ��¦µ¢¢d��´Ê��¸É� �� ¤¸¨Î�µ�´��ªµ¤Î�µ�´��ÎÉ�µ� nª�ª·�¸�
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�¦³ª·�Á�¨¸É¥Á�¸¥��´�°´�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥�°��¦µ¢¢d��´Ê��¸É����¸É¤¸�nµ�ÎÉ�µ�ªnµ�¸É��¨�Åªo

¦¼��¸É� ����� Â���nµ� &/5��� �°�ª·�¸� )X]]\� 35/%�(;� Á¤ºÉ°°´�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥�°��
�¦µ¢¢d��´Ê��¸É� �� ¤¸�nµ�¸É�ÎÉ�µ�ªnµ�¸É��¨�Åªo� �µ�¦¼��¸Ê¡�ªnµ�nµ� &/5��� ¤¸�nµÁ¡·É¤�¹Ê�Á¤ºÉ°°´�¦µ�µ¦n�
Á�¨ r̈Á�¨̧É¥Á¡·É¤�¹Ê�� Ã�¥ª·�̧� )X]]\� 35/%�(;� µ¤µ¦�¦́�¬µ�nµ� &/5��� Ä®o¤̧�nµÄ� öÁ�̧¥��́�«¼�¥r���������������
��o°¥�ªnµ� ������ Å�o���¹��nµ°́�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥Á�nµ�´�� ���� Á�nµ�°�°´�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥�¸É�
��¨�Åªo�´�Ã�¦��nµ¥� Ä���³�¸Éª·�¸� 7/%��35/%�Â¨³�35/%�(;� ¦´�¬µ�nµ�&/5��� Ä®o¤¸�nµÄ�¨oÁ�¸¥�
�´�«¼�¥rÅ�o�¹�°´�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥Á�nµ�´������Á�nµ�°��nµ�¸É��¨�ÅªoÁ�nµ�´Ê���°��µ��´Ê��¸É�nµ°´�¦µ
�µ¦n�Á�¨¨rÁ�¨¸É¥�nµ°ºÉ�Ç�¹É�¤¸�nµ�ÎÉ�µ�ªnµ°´�¦µ�¸É��¨�Åªo�È¡�ªnµ�nµ�&/5����°�ª·�¸�)X]]\�35/%�(;�
¤¸�nµ�¸É�ÎÉ�µ�ªnµª·�¸� 7/%�� 35/%� Â¨³� 35/%�(;� �oª¥� Á¡¦µ³���°��´ª¢{��¸��� �¸É°°�Â��ÅªoÄ������������
�µ¦µ��¸É� ���� �´Ê��³Ä®o°´�¦µ�µ¦¦oµ�Ã�Á�È��°��n°Ã�Á�È���� ¤¸�nµ�¸É¼��ªnµ�nµ���·�oµÂ®¨n��Î�µÁ�·�
�°��¦µ¢¢d��´Ê��¸É� �� n��¦µ¢¢d��oª¥°´�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥�¸É¤¸�nµ�ÎÉ�µ�ªnµ�¸É��¨�Åªo� �´��´Ê�Á�¨¨r
�°��¦µ¢¢d��´Ê��¸É����¹�¤¸Ã°�µÅ�o¦´�Ã�Á�È�¤µ��¹Ê��Î�µÄ®o�nµ�&/5���¤¸�nµ�ÎÉ�µ�ªnµ

¦¼��¸É� ����� Â���nµ� &/5��� �°�ª·�¸� )X]]\� 35/%�(;� Á¤ºÉ°°´�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥�°��
�¦µ¢¢d��´Ê��¸É� �� ¤¸�nµ�¸É�ÎÉ�µ�ªnµ�¸É��¨�Åªo� �µ�¦¼��¸Ê¡�ªnµÄ���³�¸É°́�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥�°��
�¦µ¢¢d��´Ê��¸É� �� ¤¸�nµ���¸É�´Ê�� �nµ� &/5��� �³¤¸�nµÁ¡·É¤�¹Ê�Á¤ºÉ°°´�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥�°��¦µ¢¢d��
�´Ê��¸É� �� Á¡·É¤�¹Ê�� Ã�¥�nµ� &/5��� �°�ª·�¸� )X]]\� 35/%�(;� �³¤¸�nµ�¸É�ÎÉ�µ�ªnµª·�¸� 7/%�� 35/%� Â¨³
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35/%�(;� Á�ºÉ°��µ�¢{��¸¨°�·�Ä®o°´�¦µ�µ¦¦oµ�Ã�Á�È��°��¦µ¢¢d��´Ê��¸É� �� ¼��ªnµ���·� �Î�µÄ®o
Á�¨¨r�´Ê��¸É���¤µÂ¥n�Ä�oÃ�Á�È��µ��¦µ¢¢d��´Ê��¸É����o°¥¨��¦ª¤�´Ê��Î�µÄ®o�¦·¤µ�Ã�Á�È��°��¦µ¢¢d�
�´Ê��¸É� ���¸É¨o�Á�oµ¼n�n°Ã�Á�È�¡·Á«¬�È¤¸¤µ��¹Ê��oª¥��Î�µÄ®oÁ�¨¨r�°��¦µ¢¢d��´Ê��¸É� �� Å�o¦´�Ã�Á�È�¤µ�
�¹Ê���nµ�&/5����¹�¤¸�nµ¨�¨�

¦¼��¸É� �����Â���nµ�'HOD\����°�ª·�¸� )X]]\�35/%�(;� Á¤ºÉ°°´�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥�°��
�¦µ¢¢d��´Ê��¸É� ��¤¸�nµ�¸É�ÎÉ�µ�ªnµ�¸É��¨�Åªo��µ�¦¼��¸Ê¡�ªnµ� �nµ�'HOD\���¤¸�nµÁ¡·É¤�¹Ê�Á¤ºÉ°°´�¦µ�µ¦n�
Á�¨¨rÁ�¨¸É¥�°��¦µ¢¢d��´Ê��¸É� �� ¤¸�nµÁ¡·É¤�¹Ê�� Ã�¥�nµ� 'HOD\��� �°�ª·�¸� )X]]\� 35/%�(;� ¤¸�nµ�¸É�ÎÉ�µ
�ªnµª·�¸� 7/%�� 35/%� Â¨³� 35/%�(;� Á�ºÉ°��µ�¢{��¸¨°�·�Ä®o°´�¦µ�µ¦¦oµ�Ã�Á�È��°��¦µ¢¢d��
�´Ê��¸É���¼��ªnµ°´�¦µ���·��Î�µÄ®oÃ�Á�È��°��¦µ¢¢d��´Ê��¸É���¤µÁ¦Èª�¹Ê�

¦¼��¸É� ����� Â���nµ� 'HOD\��� �°�ª·�¸� )X]]\� 35/%�(;� �¸É°´�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥�°��
�¦µ¢¢d��´Ê��¸É����¹É�¤¸�nµ�¸É�ÎÉ�µ�ªnµ�¸É��¨�Åªo��µ�¦¼��¸Ê¡�ªnµ��nµ�'HOD\���¤¸�nµ�¸ÉÁ¡·É¤�¹Ê�Á¤ºÉ°°´�¦µ�µ¦
n�Á�¨¨rÁ�¨¸É¥�°��¦µ¢¢d��´Ê��¸É� �� Á¡·É¤�¹Ê�� Ã�¥�nµ�'HOD\����°�ª·�¸� )X]]\�35/%�(;�¥´���¤¸�nµ�¸É
�ÎÉ�µ�ªnµª·�¸� 7/%�� 35/%�Â¨³�35/%�(;� Á¡¦µ³°´�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥�°��¦µ¢¢d��´Ê��¸É� �� ¥´���¤¸
�nµ���·�¹É��µ����°�¢{��¸���Ä��µ¦µ��¸É� �����³Ä®o°´�¦µ�µ¦¦oµ�Ã�Á�È��°��¦µ¢¢d��´Ê��¸É� ��¤¸�nµ
¼��ªnµ���·��¹É��nª¥�Î�µÄ®o�nµ�'HOD\���¤¸�nµ�¸É�ÎÉ�µ�ªnµÄ�ª·�¸°ºÉ�Ç�Å�o

�µ¦µ��¸É������Â���»�£µ¡�°��¦·�µ¦�°�ª·�¸�35/%�(;�Â¨³�)X]]\�35/%�(;�Á�¸¥�
�´�ª·�¸� 7/%��¸ÉÃ®¨����·� �³Á®È�ªnµª·�¸� )X]]\� 35/%�(;� Ä®o�»�£µ¡�°��¦·�µ¦�°��¦µ¢¢d��´Ê�� ��
�¦³Á£��¸É¼��ªnµª·�¸�35/%�(;��µ¦µ��¸É� ������¹É�Á�}��¦�¸�¸ÉÃ®¨��°��¦µ¢¢d��´Ê��¸É� ���ÎÉ�µ�ªnµ���·�
¡�ªnµ� ª·�¸� )X]]\� 35/%�(;� Ä�o�¦³Ã¥��r�°�Ã�Á�È��¸ÉÁ®¨º°�°��¦µ¢¢d��´Ê��¸É� �� �Î�µÄ®o�nµ� &/5��
Â¨³�'HOD\����̧�¹Ê��µ���������Á�}���������Â¨³��������Á�}����������µ¤¨Î�µ�́���¹É��̧�ªnµ�nµ
&/5���Â¨³�'HOD\����°�ª·�̧�35/%�(;��¹É�¤¸�nµ�̧É�̧�¹Ê�Á�n��́�Å�oÁ¡̧¥����������Â¨³����������µ¤
Î̈�µ�́�

�������� �µ¦Á�¨¸É¥�Â�¨��°�°´�¦µnª��µ¦¼�®µ¥�°�Á�¨¨rÂ¨³Áª¨µ�¦³ª·�Á�¨¸É¥Á�¸¥�
�´�°´�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥�°��¦µ¢¢d��´Ê��¸É����¸É¤¸�nµ¼��ªnµ�¸É��¨�Åªo

�¼oª·�´¥Å�o�Î�µ¨°�Â��ª·�¸� )X]]\� 35/%�(;� Ã�¥Á�¨¸É¥�Â�¨�°´�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥�°��
�¦µ¢¢d��´Ê��¸É� �� �´Ê�Â�n� ���� Á�nµ�°�°´�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥�¸É��¨�Åªo�´�Ã�¦��nµ¥� ������� ESV�
nª�¡µ¦µ¤·Á�°¦r�°�Â®¨n��Î�µÁ�·��nµ°ºÉ�Ç� ¤¸�nµ�´��µ¦µ��¸É� ���� Î�µ®¦´�¡µ¦µ¤·Á�°¦r�°��¨Å��´�¦´Éª
Â���nµ�Ç�¤¸�nµ�́��µ¦µ��̧É�����Ã�¥�́ª�ª��»¤¢{��̧���Â¨³�́ª�ª��»¤¢{��̧���Ä�o�nª�Áª¨µÄ��µ¦»n¤
�6DPSOLQJ� 3HULRG� �� 63�� Á�nµ�́�Áª¨µ�¸ÉÄ�oÄ��µ¦n�Á�¨¨r� ��� Á�¨¨r�oª¥°´�¦µ�µ¦n�Á�¨¨r¼�»�
���·�������PV��>��@



���

1 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

Normalized Class-0 Mean Cell Rate

C
LR

-0

IDEAL        
TLB          
PRLB         
PRLB-EX      
Fuzzy PRLB-EX

¦¼��¸É�������¦µ¢Â���nµ�&/5���Á�¸¥��´�°´�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥�°��¦µ¢¢d��´Ê��¸É����¸É¼��ªnµ
���°´�¦µ�¸É��¨�Åªo�´�Ã�¦��nµ¥�°��¨Å��´�¦´ÉªÂ���)X]]\�35/%�(;

1 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2
0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

0.18

Normalized Class-0 Mean Cell Rate

C
LR

-1

TLB          
PRLB         
PRLB-EX      
Fuzzy PRLB-EX

¦¼��¸É�������¦µ¢Â���nµ�&/5���Á�¸¥��´�°´�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥�°��¦µ¢¢d��´Ê��¸É����¸É¼��ªnµ
���°´�¦µ�¸É��¨�Åªo�´�Ã�¦��nµ¥�°��¨Å��´�¦´ÉªÂ���)X]]\�35/%�(;



���

1 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2
0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

Normalized Class-0 Mean Cell Rate

D
el

ay
-0

 (
s
ec

on
d
s)

TLB          
PRLB         
PRLB-EX      
Fuzzy PRLB-EX

¦¼��¸É�������¦µ¢Â���nµ�'HOD\���Á�¸¥��´�°´�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥�°��¦µ¢¢d��´Ê��¸É����¸É¼��ªnµ
��°´�¦µ�¸É��¨�Åªo�´�Ã�¦��nµ¥�°��¨Å��´�¦´ÉªÂ���)X]]\�35/%�(;

1 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2
0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

Normalized Class-0 Mean Cell Rate

D
el

ay
-1

 (
s
ec

on
d
s) TLB          

PRLB         
PRLB-EX      
Fuzzy PRLB-EX

¦¼��¸É�������¦µ¢Â���nµ�'HOD\���Á�¸¥��´�°´�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥�°��¦µ¢¢d��´Ê��¸É����¸É¼��ªnµ
��°´�¦µ�¸É��¨�Åªo�´�Ã�¦��nµ¥�°��¨Å��´�¦´ÉªÂ���)X]]\�35/%�(;



���

�µ¦µ��¸É�������»�£µ¡�°��¦·�µ¦�¸ÉÅ�o�µ�ª·�¸�35/%�(;�Â¨³�)X]]\�35/%�(;�Á�¸¥��´��»�£µ¡
��°��¦·�µ¦�°�ª·�¸�7/%�Á¤ºÉ°°´�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥�°��¦µ¢¢d��´Ê��¸É���¼��ªnµ�¸É��¨�Åªo

35/%�(; )X]]\�35/%�(;

&/5��
�,'($/�

&/5�� 'HOD\�� 'HOD\�� &/5��
�,'($/�

&/5�� 'HOD\�� 'HOD\��

���� ������� ������� ����� ������ ������� ������ ������

�������� �µ¦ª·Á�¦µ³®r�µ¦Á�¨¸É¥�Â�¨��°�°´�¦µnª��µ¦¼�®µ¥�°�Á�¨¨rÂ¨³Áª¨µ
�¦³ª·�Á�¨¸É¥Á�¸¥��´�°´�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥�°��¦µ¢¢d��´Ê��¸É����¸É¤¸�nµ¼��ªnµ�¸É��¨�Åªo

¦¼��¸É� ����� Â���nµ� &/5��� �°�ª·�¸� )X]]\� 35/%�(;� Á¤ºÉ°°´�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥�°��
�¦µ¢¢d��´Ê��¸É� �� ¤¸�nµ¼��ªnµ�¸É��¨�Åªo� �µ�¦¼��¸Ê¡�ªnµ� Á¤ºÉ°Â®¨n��Î�µÁ�·�n�Á�¨¨r�oª¥°´�¦µ�µ¦n�
Á�¨¨rÁ�¨¸É¥Á�nµ�´�°́�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥�¸É��¨�Åªo� ��� Á�nµ�� �nµ� &/5��� �°�ª·�¸� )X]]\� 35/%�(;
�³¤¸�nµ�&/5����¦³¤µ�«¼�¥r�¹É�Ä�¨oÁ�¸¥��´��nµ�µ�°»�¤��·Â¨³¤¸�nµ�¸É�ÎÉ�µ�ªnµª·�¸�7/%��35/%�Â¨³��
35/%�(;� Á�ºÉ°��µ��¸É�nµ°́�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥Á�nµ�´�� �� Á�nµ�¹É�Á�}��nµ���·�¸É��¨�Åªo�´�Ã�¦��nµ¥��������
¢{��¸¨°�·��³Ä®o�nµ°´�¦µ�µ¦¦oµ�Ã�Á�È��°��n°Ã�Á�È���� ¼��ªnµ�nµ���·Á¨È��o°¥� �Î�µÄ®o�nµ� &/5��
¤¸�nµ�ÎÉ�µ�ªnµª·�¸°ºÉ�� Á¤ºÉ°°´�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥Á¡·É¤�¹Ê�¡�ªnµ�nµ�&/5��� ¤¸�nµÁ¡·É¤�¹Ê�Á�ºÉ°��µ�Ä��nª�
�¸Ê�nµ�0&55����³°¥¼nÄ�Á���+��+LJK��Â��Ä®oÁ®È�ªnµÂ®¨n��Î�µÁ�·�n��¦µ¢¢d�Á�·��nµ�¸É��¨�Åªo�´�
Ã�¦��nµ¥� �¹É�¢{��¸¨°�·��³¨�Ã�¬Â®¨n��Î�µÁ�·��´Ê�Ã�¥�¦´�Ä®o�nµ°´�¦µ�µ¦¦oµ�Ã�Á�È�¤¸�nµ�¸É�ÎÉ�µ�ªnµ
���·Á¨È��o°¥�Ã�¥�nµ�&/5���Ä��nª��¸Ê�³¤¸�nµ�ÎÉ�µ�ªnµ� ,'($/�Â¨³ª·�¸°ºÉ�Ç�Á¤ºÉ°�nµ°´�¦µ�µ¦n�Á�¨¨r
Á�¨¸É¥¤¸�nµÁ¡·É¤�¹Ê��´Ê�Â�n� ���� Á�nµ�°��nµ�¸É��¨�Åªo�´�Ã�¦��nµ¥�¹Ê�Å�� �¹É��nµ�°�� 0&55��� �³°¥¼nÄ�
Á���9+��9HU\�+LJK��¢{��¸¨°�·��³¨��nµ°´�¦µ�µ¦¦oµ�Ã�Á�È��µ�¢{��¸¨°�·���¤¸�nµ�¸É�ÎÉ�µ¨�°¥nµ�
¦ª�Á¦Èª�Î�µÄ®o�nµ�&/5���¤¸�nµÁ¡·É¤�¹Ê���¤¸�nµ�¸É¼��ªnµª·�¸�35/%�Â¨³�35/%�(;�Â¨³¤¸�nµ�¸ÉÄ�¨oÁ�¸¥�
�´�� ,'($/� �³Á®È�ªnµ�oµ¡·�µ¦�µÃ�¥Ä�o� ,'($/� Á�}�Á���r� Ä��nª�°´�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥Á�nµ�´�����
�������� Á�nµ�°��nµ�¸É��¨�Åªo� ª·�¸� )X]]\� 35/%�(;� �³¨�Ã�¬Â®¨n��Î�µÁ�·��o°¥�ªnµª·�¸°ºÉ�Ç� Á�ºÉ°�
�µ���Â¨³¢{��r�´�¤µ�·�°°�Â��ÅªoÁ¡ºÉ°Ä®oÁ�·��ªµ¤¥º�®¥»n�Å¤nÄ®o�nµ�&/5���¼�Á�·�Å�Ä��¦�¸�¸É
Â®¨n��Î�µÁ�·��¦µ¢¢d��´Ê��¸É� �� n�Á�¨¨r�oª¥°´�¦µ���·� �¹É�Ä��µ��nª�Áª¨µ°´�¦µ�¸Én�°µ�Â�ªn�Á�·�
�ªnµ�nµ���·Å�o�nª�Ä��nª��������Á�nµ��´Ê��ª·�¸�)X]]\�35/%�(;��³¨�°´�¦µ�µ¦¦oµ�Ã�Á�È�¨�¤µ�
�ªnµÁ�·¤�Á¡ºÉ°¨�Ã�¬Â®¨n��Î�µÁ�·�Å�oÁ�È¤�¸É��Î�µÄ®o�&/5���¤¸�nµ�¸ÉÄ�¨oÁ�¸¥��´��,'($/�¤µ��ªnµª·�¸°ºÉ�Ç

¦¼��¸É� ����� Â���nµ� &/5��� �°�ª·�¸� )X]]\� 35/%�(;� Á¤ºÉ°°´�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥�°��
�¦µ¢¢d��´Ê��¸É� �� ¤¸�nµ¼��ªnµ�¸É��¨�Åªo� �µ�¦¼��¸Ê¡�ªnµ�nµ� &/5��� Ä�ª·�¸� )X]]\� 35/%�(;� ¤¸�nµ�¸É
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Á¡·É¤�¹Ê��oª¥Á�ºÉ°��µ�Á¤ºÉ°°´�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥�°��¦µ¢¢d��´Ê��¸É� �� ¤¸�nµÁ¡·É¤�¹Ê�� °´�¦µ�µ¦¦oµ��
Ã�Á�È��°��¦µ¢¢d��´Ê��¸É� �� �¸É�Î�µ�ª��µ�¢{��¸¨°�·��È�³¤¸�nµ¨�¨�Á¡ºÉ°�j°��́�Å¤nÄ®o�¦µ¢¢d��
�´Ê��¸É� �� nª�Á�·��nµ�Á�oµÅ�Å�o¤µ�Á�·�Å�� Â�n�µ��µ¦Ä®o¨Î�µ�´��ªµ¤Î�µ�´�Â¨³�µ¦Ä�o�n°Ã�Á�È�
¡·Á«¬¦nª¤�́���Î�µÄ®o¥´���¤¸Á�¨¨r�°��¦µ¢¢d��´Ê��¸É� �� nª�Á�·��µ�nª��¸É¥´����nµ�Å�Å�o�µ��µ¦Å�
Â¥n�Ä�oÃ�Á�È��°���¦µ¢¢d��´Ê��¸É����nµ�&/5����¹�¤¸�nµÁ¡·É¤�¹Ê��Â�nÁ¦µµ¤µ¦���Á�¥�¨�¦��¸ÊÅ�o�µ�
�µ¦�¸ÉÁ¦µ�¦´�°́�¦µ�µ¦¦oµ�Ã�Á�È��°��¦µ¢¢d��´Ê��¸É� �� Ä®o¤¸�nµ¼��ªnµ���·Á¤ºÉ°°́�¦µ�µ¦n�Á�¨¨r
Á�¨¸É¥�°��¦µ¢¢d��´Ê��¸É� ��¤¸�nµ���·��Î�µÄ®o�nµ�&/5����¸ÉÅ�o�µ�ª·�¸� )X]]\�35/%�(;�¤¸�nµ�¸É�ÎÉ�µ�ªnµ
ª·�̧�7/%��35/%�Â¨³�35/%�(;

¦¼��¸É� �����Â���nµ�'HOD\����°�ª·�¸� )X]]\�35/%�(;� Á¤ºÉ°°´�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥�°��
�¦µ¢¢d��´Ê��¸É� �� ¤¸�nµ¼��ªnµ�¸É��¨�Åªo� �µ�¦¼��¸Ê¡�ªnµ�nµ� 'HOD\��� ¤¸�nµ�¸É�ÎÉ�µ�ªnµª·�¸� 7/%�� 35/%
Â¨³� 35/%�(;� �¸É°́�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥Á�nµ�´��nµ�¸��¨�Åªo� Á¤ºÉ°°́�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥¤¸�nµÁ¡·É¤
�¹Ê��Î�µÄ®o¢{��¸¨°�·��¦´�¨�°´�¦µ�µ¦¦oµ�Ã�Á�È�¨�� �Î�µÄ®oÁ�¨¨r�o°�¦°Ã�Á�È��µ��¹Ê�� �nµ� 'HOD\��
�¹�¤¸�nµÁ¡·É¤�¹Ê��Â¨³¤¸�nµÁ¡·É¤�¹Ê�°¥nµ�¦ª�Á¦Èª��¼��ªnµª·�¸°ºÉ�Ç� �¸É°´�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥Á�nµ�´�� ����
Á�nµ�°��nµ�¸É��¨�ÅªoÁ®¤º°�Ä��¦�¸�°��nµ�&/5���Ä�¦¼��¸É�������Î�µÄ®o�nµ�'HOD\���¤¸�nµ�¸É¼��ªnµª·�¸
7/%��35/%�Â¨³�35/%�(;�Á¨È��o°¥

¦¼��¸É� �����Â���nµ�'HOD\����°�ª·�¸� )X]]\�35/%�(;� Á¤ºÉ°°´�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥�°�����
�¦µ¢¢d��´Ê��¸É� �� ¤¸�nµ¼��ªnµ�¸É��¨�Åªo� �µ�¦¼��¸Ê¡�ªnµ� �nµ� 'HOD\��� ¤¸�nµÁ¡·É¤�¹Ê�Á¨È��o°¥Á�n�Á�¸¥ª
�´��nµ�&/5���Â�n�µ��µ¦Ä�o¢{��¸¨°�·�¤µ�¦´�°´�¦µ�µ¦¦oµ�Ã�Á�È��°��¦µ¢¢d��´Ê��¸É� ���oª¥�È�Î�µ
Ä®o�nµ�'HOD\����¸ÉÅ�o¤¸�nµ�¸É�ÎÉ�µ�ªnµª·�¸�7/%��35/%�Â¨³�35/%�(;

�µ¦µ��¸É� ����� Â��Ä®oÁ®È�ªnµÃ�¥Á�¨¸É¥Â¨oª�¹�ª·�¸� )X]]\� 35/%�(;� �³¤¸�ªµ¤�¨µ�
Á�¨ºÉ°�Å��µ��,'($/�¤µ��ªnµª·�¸�35/%�(;�Ã�¥�¨i°¥Ä®oÁ�¨¨r�°��¦µ¢¢d��´Ê��¸É����nµ�Å�Å�o¤µ�
�ªnµ�,'($/���������È�µ¤�Â�nÁ¤ºÉ°¡·�µ¦�µ�nµ�&/5���Â¨³�'HOD\����oª¥�¡�ªnµ¥´���¦´�¬µÄ®o¤¸
�nµ�¸É�ÎÉ�µ�ªnµª·�¸�35/%�(;�Å�o¤µ��oµÂ®¨n��Î�µÁ�·��¦µ¢¢d��´Ê��¸É���n�Á�¨¨r�µ¤�o°��¨���́ª�ª��»¤
¢{��¸��� �¹�Ä®o°´�¦µ�µ¦¦oµ�Ã�Á�È�Á¡·É¤Á�}��µ¦��Á�¥�´��¨�¦³���µ��¦µ¢¢d��´Ê��¸É� �� Ã�¥ª·�¸�����
)X]]\�35/%�(;�Ä®o�nµ�&/5���Â¨³�'HOD\����̧�ªnµª·�¸�7/%��¹����������Â¨³���������µ¤¨Î�µ�́��
Ä���³�̧Éª·�̧� 35/%�(;� Ä®o�nµ�&/5��� Â¨³�'HOD\y�� �̧�ªnµª·�̧� 7/%� Á¡̧¥�� �������� Â¨³� �����
�µ¤¨Î�µ�´�� �¨�µ¦��°�Â��Ä®oÁ®È�ªnµ�¹�ª·�¸� )X]]\� 35/%�(;� �³�¨i°¥Á�¨¨r�°��¦µ¢¢d��
�´Ê��¸É� �� �nµ�¤µ��ªnµª·�¸°ºÉ�Ç� Â�n¥́����ª��»¤Å¤nÄ®oÁ�·��¨�¦³���n°�»�£µ¡�°��¦·�µ¦�°��
�¦µ¢¢d��´Ê��¸É���Å�o
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�������� �µ¦ª·Á�¦µ³®r�µ¦Á�¨¸É¥�Â�¨��°�°´�¦µnª��µ¦¼�®µ¥�°�Á�¨¨rÂ¨³Áª¨µ
�¦³ª·�Á�¨¸É¥Á�¸¥��´�°´�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥�°��¦µ¢¢d��´Ê��¸É����¸É¤¸�nµ�ÎÉ�µ�ªnµ�¸É��¨�Åªo
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Á�¨¨rÁ�¨¸É¥�°��¦µ¢¢d��´Ê��¸É� �� Á¡·É¤�¹Ê�� Ã�¥�nµ�&/5����°�ª·�¸� )X]]\�35/%�(;��³¤¸�nµ�¸É�ÎÉ�µ�ªnµ
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�nµ�&/5����¹�¤¸�nµ�ÎÉ�µ�ªnµª·�̧°ºÉ�Ç

¦¼��¸É� ����� Â���nµ� &/5��� �°�ª·�¸� )X]]\� 35/%�(;� Á¤ºÉ°°´�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥�°��
�¦µ¢¢d��´Ê��¸É� �� ¤¸�nµ�¸É�ÎÉ�µ�ªnµ�¸É��¨�Åªo� �µ�¦¼��¸Ê¡�ªnµ� ª·�¸� )X]]\� 35/%�(;� µ¤µ¦�¦´�¬µ�nµ
&/5���Ä®o¤¸�nµ�̧ÉÄ�¨o�́�«¼�¥rÅ�o���¹��nµ°́�¦µ�µ¦n�Á�¨ r̈Á�¨̧É¥Á�nµ�́������Á�nµ�°��nµ�̧É��¨�Åªo�Ä�
��³�¸Éª·�¸�7/%��35/%�Â¨³�35/%�(;�¦´�¬µÅ�o�¹�°́�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥Á�nµ�´������Á�nµ�Â��Ä®o
Á®È�ªnµª·�¸� )X]]\�35/%�(;��Î�µ�µ�Ä�¨oÁ�¸¥��´�°»�¤��·¤µ��ªnµ��°��µ��¸Ê�¸É�nµ°´�¦µ�µ¦n�Á�¨¨r
Á�¨¸É¥�nµ°ºÉ�Ç��¹É�¤¸�nµ�ÎÉ�µ�ªnµ°´�¦µ�¸É��¨�Åªo�È¡�ªnµ�&/5����°�ª·�¸�)X]]\�35/%�(;�¤¸�nµ�¸É�ÎÉ�µ�ªnµ
ª·�¸� 7/%�� 35/%� Â¨³� 35/%�(;� �oª¥� Á�ºÉ°��µ�¢{��¸¨°�·��³Ä®o°´�¦µ�µ¦¦oµ�Ã�Á�È��°��n°�
Ã�Á�È����¤¸�nµ�¸É¼��ªnµ�nµ���·�oµ°´�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥�°��¦µ¢¢d��´Ê��¸É���¤¸�nµ�ÎÉ�µ�ªnµ�¸É��¨�Åªo��
�´��´Ê�Á�¨¨r�°��¦µ¢¢d��´Ê��¸É����¹�Å�o¦´�Ã�Á�È�¤µ��¹Ê��Î�µÄ®o��nµ�&/5����¹�¤¸�nµ�ÎÉ�µ�ªnµª·�¸°ºÉ�Ç

¦¼��¸É� �����Â���nµ�'HOD\����°�ª·�¸� )X]]\�35/%�(;� Á¤ºÉ°°´�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥�°��
�¦µ¢¢d��´Ê��¸É���¤¸�nµ�¸É�ÎÉ�µ�ªnµ�¸É��¨�Åªo��µ�¦¼��¸Ê¡�ªnµ��nµ�'HOD\���¤¸�nµ�¸ÉÁ¡·É¤�¹Ê�Á¤ºÉ°°´�¦µ�µ¦n�
Á�¨¨rÁ�¨¸É¥�°��¦µ¢¢d��´Ê��¸É� �� Á¡·É¤�¹Ê�� Ã�¥�nµ�'HOD\����°�ª·�¸� )X]]\�35/%�(;� ¥́���¤¸�nµ�¸É�ÎÉ�µ
�ªnµª·�¸�7/%��35/%�Â¨³�35/%�(;

¦¼��¸É� �����Â���nµ�'HOD\����°�ª·�¸� )X]]\�35/%�(;� Á¤ºÉ°°´�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥�°��
�¦µ¢¢d��´Ê��¸É� ��¤¸�nµ�¸É�ÎÉ�µ�ªnµ�¸É��¨�Åªo��µ�¦¼��¸Ê¡�ªnµ� �nµ�'HOD\���¤¸�nµÁ¡·É¤�¹Ê�Á¤ºÉ°°´�¦µ�µ¦n�
Á�¨¨rÁ�¨¸É¥�°��¦µ¢¢d��´Ê��¸É� �� ¤¸�nµÁ¡·É¤�¹Ê�� Ã�¥�nµ� 'HOD\��� �°�ª·�¸� )X]]\� 35/%�(;� ¤¸�nµ�¸É�ÎÉ�µ
�ªnµª·�¸�7/%��35/%�Â¨³�35/%�(;

�µ¦µ��¸É������Â��Ä®oÁ®È�ªnµÁ¤ºÉ°Â®¨n��Î�µÁ�·��¦µ¢¢d��´Ê��¸É���n��¦µ¢¢d��o°¥�ªnµ�nµ�¸É
��¨�Åªo�´Ê��ª·�¸�)X]]\�35/%�(;��³Ä®o�nµ�&/5���Â¨³�'HOD\����¸É�¸�¹Ê�Â¨³¤¸�nµ�¸É�¸�ªnµª·�¸�7/%��¹�
��������Â¨³� ���������µ¤ Î̈�µ�́�� Ä���³�̧Éª·�̧� 35/%�(;� Ä®o�nµ� &/5��� Â¨³�'HOD\��� �̧É�̧�¹Ê��
Á�n��́�Â�n�̧�ªnµª·�̧� 7/%� Á¡̧¥�� ����� �� Â¨³� ��� �� Á�nµ�́Ê�� �°��µ��̧ÊÎ�µ®¦́��nµ� &/5��� Â¨³
'HOD\����°�ª·�̧�)X]]\�35/%�(;��È¤¸�nµ�̧É�̧�ªnµª·�̧�35/%�(;��oª¥

�µ��µ¦��°��³Á®È�ªnµ�¨�°�ª·�¸� )X]]\� 35/%�(;� �µ��µ¦�¸ÉÂ®¨n��Î�µÁ�·�n������
�¦µ¢¢d��´Ê��¸É� �� �ÎÉ�µ�ªnµ°́�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥�¸É��¨�Åªo�³�¨oµ¥�́��¦�¸�¸ÉÂ®¨n��Î�µÁ�·�n��
�¦µ¢¢d��´Ê��¸É� �� �ÎÉ�µ�ªnµ°´�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥�º°�³�Î�µÄ®o�nµ� &/5���� &/5���� 'HOD\��� Â¨³�
'HOD\���¤¸�nµ�¸É�ÎÉ�µ�ªnµª·�¸�7/%��35/%�Â¨³�35/%�(;�Å�o�Â¨³ª·�¸�)X]]\�35/%�(;��Î�µ�µ�Å�oÄ�¨o
Á�̧¥��́�°»�¤��·¤µ��¹Ê��oª¥
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�µ¦µ��¸É�������»�£µ¡�°��¦·�µ¦�¸ÉÅ�o�µ�ª·�¸�35/%�(;�Â¨³�)X]]\�35/%�(;�Á�¸¥��´��»�£µ¡
��°��¦·�µ¦�°�ª·�¸�7/%�Á¤ºÉ°°´�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥�°��¦µ¢¢d��´Ê��¸É���¼��ªnµ�¸É��¨�Åªo

35/%�(; )X]]\�35/%�(;

&/5�� &/5��
�,'($/�

'HOD\�� 'HOD\�� &/5�� &/5��
�,'($/�

'HOD\�� 'HOD\��

���� ������ ����� ������ ������� ������ ������� �������

�������� �µ¦ª·Á�¦µ³®r�µ¦Á�¨¸É¥�Â�¨��°�°´�¦µnª��µ¦¼�®µ¥�°�Á�¨¨rÂ¨³Áª¨µ
�¦³ª·�Á�¨¸É¥Á�¸¥��´�°´�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥�°��¦µ¢¢d��´Ê��¸É����¸É¤¸�nµ¼��ªnµ�¸É��¨�Åªo

¦¼��¸É� ����� Â���nµ� &/5��� �°�ª·�¸� )X]]\� 35/%�(;� Á¤ºÉ°°´�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥�°��
�¦µ¢¢d��´Ê��¸É���¤¸�nµ¼��ªnµ�¸É��¨�Åªo��µ�¦¼��¸Ê¡�ªnµ�nµ�&/5���¤¸�nµÁ¡·É¤�¹Ê��Ã�¥�nµ�&/5����µ�
ª·�¸�)X]]\�35/%�(;�¥´���¤¸�nµ�¸É�ÎÉ�µ�ªnµª·�¸�7/%��35/%�Â¨³�35/%�(;

¦¼��¸É� ����� Â���nµ� &/5��� �°�ª·�¸� )X]]\� 35/%�(;� Á¤ºÉ°°´�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥�°��
�¦µ¢¢d��´Ê��¸É� �� ¤¸�nµ¼��ªnµ�¸É��¨�Åªo� �µ�¦¼��¸Ê¡�ªnµ� �¸É�nµ°´�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥Á�nµ�´��nµ�¸É�



���

��¨�Åªo� ��� Á�nµ���nµ�&/5����°�ª·�¸� )X]]\�35/%�(;��³¤¸�nµ�&/5����¦³¤µ�«¼�¥r�¹É�Ä�¨oÁ�̧¥�
�́��nµ� ,'($/�Â¨³¤̧�nµ�̧É�ÎÉ�µ�ªnµª·�̧� 7/%��35/%�Â¨³�35/%�(;� Á�ºÉ°��µ�¢{��̧¨°�·�Ä®o°́�¦µ�µ¦
¦oµ�Ã�Á�È��°��¦µ¢¢d��´Ê��¸É� �� �¸É¼��ªnµ�nµ���·� �Î�µÄ®o�nµ� &/5��� ¤¸�nµ�ÎÉ�µ� Á¤ºÉ°°´�¦µ�µ¦n�Á�¨¨r
Á�¨¸É¥Á¡·É¤�¹Ê�¡�ªnµ�nµ� &/5��� ¤¸�µ¦�¦´��´ª¼��¹Ê�Â�n�n°��oµ��oµÁ¤ºÉ°Á�¸¥��´��nµ� ,'($/� Â¨³ª·�¸
°ºÉ�Ç� ���nµ°́�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥¤¸�nµ�¦³¤µ�� ���� Á�nµ�°��nµ�¸É��¨�Åªo� �¹É�¢{��¸¨°�·��¦´�¨�
°´�¦µ�µ¦¦oµ�Ã�Á�È�¨��ÎÉ�µ¤µ��Î�µÄ®o�nµ� &/5��� ¤¸�nµÁ¡·É¤�¹Ê�°¥nµ�¦ª�Á¦Èª��¤¸�nµ�¸É¼��ªnµ� ,'($/
�oª¥�¹É�Â���nµ��´��35/%�(;��¸É¤¸�nµ�&/5����ÎÉ�µ�ªnµ� ,'($/��¸ÉÁ�}�Á�n��¸ÊÁ¡¦µ³�¦µ¢¢d��´Ê��¸É� ��¤¸
¨Î�µ�´��ªµ¤Î�µ�´��¸É�ÎÉ�µ�ªnµ�¦µ¢¢d��´Ê��¸É���nª��nµ� � ,'($/�Á�}��nµ�&/5��°��¦µ¢¢d��¸ÉÅ¤n¤¸�µ¦
Ä®o¨Î�µ�´��ªµ¤Î�µ�´�� �´��´Ê��nµ� &/5��� �°�ª·�¸� )X]]\� 35/%�(;� �¹É�¤¸�µ¦Ä®o¨Î�µ�´��ªµ¤Î�µ�´�
�oª¥�¹��ª¦¤¸�nµ�¸É¼��ªnµÄ��¦�¸� ,'($/� �¹É�ª·�¸� )X]]\� 35/%�(;� �ÈÄ®o�nµ� &/5��� Ä�¨´�¬�³�
�́�� n̈µª

¦¼��¸É� �����Â���nµ�'HOD\����°�ª·�¸� )X]]\�35/%�(;� Á¤ºÉ°°´�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥�°��
�¦µ¢¢d��´Ê��¸É� ��¤¸�nµ¼��ªnµ�¸É��¨�Åªo� �µ�¦¼��¸Ê¡�ªnµ�nµ�'HOD\���¤¸�nµÁ¡·É¤�¹Ê�Â�n¥´�¤¸�nµ�¸É�ÎÉ�µ�ªnµ
ª·�̧�7/%��35/%�Â¨³�35/%�(;

¦¼��¸É� �����Â���nµ�'HOD\����°�ª·�¸� )X]]\�35/%�(;� Á¤ºÉ°°´�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥�°��
�¦µ¢¢d��´Ê��¸É���¤¸�nµ¼��ªnµ�¸É��¨�Åªo��µ�¦¼��¸Ê¡�ªnµ�nµ�'HOD\���¤¸�nµ�¸ÉÁ¡·É¤�¹Ê�Â¨³¤¸�nµ¼��ªnµª·�¸
7/%��35/%�Â¨³ª·�¸�35/%�(;�Ã�¥¡�ªnµ�nµ�'HOD\����³Á¡·É¤�¹Ê���¼��ªnµª·�¸°ºÉ�Ç�Á¤ºÉ°°´�¦µ�µ¦n�
Á�¨¨rÁ�¨¸É¥Á¡·É¤�¹Ê�¤µ��ªnµ� ���� Á�nµ�¹Ê�Å�� �¹É��nµ� 0&55��� °¥¼nÄ�Á��� 9+� �9HU\� +LJK�� �¹É��́ª�
�ª��»¤¢{��¸�³¨�°´�¦µ�µ¦¦oµ�Ã�Á�È�¨�¤µ��Î�µÄ®oÁ�¨¨r�o°�¦°Ã�Á�È��µ��¹Ê�

�µ��µ¦µ��¸É� ����� Â��Ä®oÁ®È�ªnµªnµª·�¸� )X]]\� 35/%�(;� Ä®o�nµ�¸É�¨µ�Á�¨ºÉ°�Å��µ�
,'($/� Á�¨¸É¥Â¨oªÁ�nµ�´�� ������ �� ®¤µ¥�¹�ª·�¸� )X]]\� 35/%�(;� �·Ê�Á�¨¨r�°��¦µ¢¢d��´Ê��¸É� ���
¤µ��ªnµ� ,'($/� ����� �� �¹É�¤¸Â�ªÃ�o¤Á�¸¥ª�´��´�ª·�¸� 35/%�(;� �¸É�·Ê�Á�¨¨r�°��¦µ¢¢d��´Ê��¸É� ��
¤µ��ªnµ� ,'($/� Å�� ����� �� Á¤ºÉ°¡·�µ¦�µ�nµ� &/5��� Â¨³� 'HOD\��� �oª¥¡�ªnµª·�¸�
)X]]\�35/%�(;��³Ä®o�»�£µ¡�¸�ªnµª·�¸�7/%��¹����������Â¨³���������Ä���³�¸Éª·�¸�35/%�(;�
Ä®o�nµ� &/5��� Â¨³� 'HOD\y�� Á¡¸¥�� ���� Â¨³� ���� �� �µ¤¨Î�µ�´�� �³Á®È�ªnµ�¹�Â¤o�´Ê�� �� ª·�¸�³�
�¦ª�ª´��¦µ¢¢d��´Ê��¸É���nª�Á�·�Å�oÄ�¨oÁ�¸¥��´�Á¤ºÉ°Á�¸¥��´�� ,'($/�Â�nª·�¸�)X]]\�35/%�(;��³
Ä®o�»�£µ¡�°��¦·�µ¦�°��¦µ¢¢d��´Ê��¸É����¸É�¸�ªnµ�Á¤ºÉ°�¦µ¢¢d��´Ê��¸É���n��¦µ¢¢d��µ¤�o°��¨�
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�������� �µ¦Á�¨¸É¥�Â�¨��°�°´�¦µnª��µ¦¼�®µ¥�°�Á�¨¨rÂ¨³Áª¨µ�¦³ª·�Á�¨¸É¥Á�¸¥�
�´�°´�¦µ�µ¦n�Á�¨¨r¼�»��°��¦µ¢¢d��´Ê��¸É����¸É¤¸�nµ�ÎÉ�µ�ªnµ�¸É��¨�Åªo

�¼oª·�´¥Å�o�Î�µ¨°�Â��ª·�¸� )X]]\� 35/%�(;� Ã�¥Á�¨¸É¥�Â�¨�°´�¦µ�µ¦n�Á�¨¨r¼�»��°��
�¦µ¢¢d��´Ê��¸É � �� �́Ê�Â�n� ������ Á�nµ�°�°́�¦µ�µ¦n�Á�¨¨r¼�»��¸É��¨�Åªo�́�Ã�¦��nµ¥�
������� ESV�� nª�¡µ¦µ¤·Á�°¦r�°�Â®¨n��Î�µÁ�·��nµ°ºÉ�Ç� ¤¸�nµ�´��µ¦µ��¸É� ���� Î�µ®¦´�¡µ¦µ¤·Á�°¦r
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�¦¼��¸É�������¦µ¢Â���nµ�'HOD\���Á�¸¥��´�°´�¦µ�µ¦n�Á�¨¨r¼�»��°��¦µ¢¢d��´Ê��¸É����¸É�ÎÉ�µ�ªnµ
��°´�¦µ�¸É��¨�Åªo�´�Ã�¦��nµ¥�°��¨Å��´�¦´ÉªÂ���)X]]\�35/%�(;

��������� �µ¦ª·Á�¦µ³®r�µ¦Á�¨¸É¥�Â�¨��°�°´�¦µnª��µ¦¼�®µ¥�°�Á�¨¨rÂ¨³Áª¨µ
�¦³ª·�Á�¨¸É¥Á�¸¥��´�°´�¦µ�µ¦n�Á�¨¨r¼�»��°��¦µ¢¢d��´Ê��¸É����¸É¤¸�nµ�ÎÉ�µ�ªnµ�¸É��¨�Åªo

¦¼��¸É� ����� Â���nµ� &/5��� �°�ª·�¸� )X]]\� 35/%�(;� Á¤ºÉ°°´�¦µ�µ¦n�Á�¨¨r¼�»��°��
�¦µ¢¢d��´Ê��¸É� �� ¤¸�nµ�ÎÉ�µ�ªnµ�¸É��¨�Åªo� �µ�¦¼��¸Ê¡�ªnµ� �¨�¸ÉÅ�o�¨oµ¥Ç�´�Ä��¦�¸�°�°´�¦µ�µ¦n�
Á�¨¨rÁ�¨¸É¥��º°�ª·�¸�)X]]\�35/%�(;��³Ä®o�nµ�&/5����¸É¤¸�nµ�ÎÉ�µ�ªnµª·�¸�7/%��35/%�Â¨³�3/5%�(;�
¤µ�� Ã�¥Á�¡µ³�¸É�nµ°´�¦µ�µ¦n�Á�¨¨r¼�»��nµ�ÎÉ�µ� Á�ºÉ°��µ�¢{��¸¨°�·��³Ä®o°´�¦µ�µ¦¦oµ�Ã�Á�È��
�°��¦µ¢¢d��´Ê��¸É� �� ¼��ªnµ���·Á¤ºÉ°°´�¦µ�µ¦n�Á�¨¨r¼�»�¤¸�nµ�¸É�ÎÉ�µ�ªnµ�nµ�¸É��¨�ÅªoÂ¨³°´�¦µ
�µ¦n�Á�¨¨rÁ�¨¸É¥¤¸�nµÁ�nµ�´��nµ�¸É��¨�Åªo� Ã�¥�nµ� &/5��� �³¤¸�nµ¤µ��ªnµ«¼�¥r� Á¤ºÉ°°´�¦µ�µ¦n�
Á�¨¨r¼�»�Á�nµ�´�� ���� Á�nµ�°��nµ�¸É��¨�ÅªoÄ���³�¸Éª·�¸� 7/%�� 35/%� Â¨³� 35/%�(;� �³¤¸�nµ�
&/5��� ¤µ��ªnµ«¼�¥rÁ¤ºÉ°°́�¦µ�µ¦n�Á�¨¨r¼�»�¤¸�nµÁ¡¸¥�� ���� Á�nµ�°��nµ�¸É��¨�ÅªoÁ�nµ�´Ê�� Â��
Ä®oÁ®È�ªnµª·�¸�)X]]\�35/%�(;�Ä�¨oÁ�̧¥��´�°»�¤��·¤µ��ªnµª·�¸�7/%��35/%�Â¨³�35/%�(;

¦¼��¸É� ����� Â���nµ� &/5��� �°�ª·�¸� )X]]\� 35/%�(;� Á¤ºÉ°°´�¦µ�µ¦n�Á�¨¨r¼�»��°��
�¦µ¢¢d��´Ê��¸É� ��¤¸�nµ�ÎÉ�µ�ªnµ�¸É��¨�Åªo� �µ�¦¼��¸Ê¡�ªnµ��nµ�&/5����°�ª·�¸� )X]]\�35/%�(;��³¤¸
�nµ�¸É�ÎÉ�µ�ªnµª·�¸� 7/%�� 35/%� Â¨³� 35/%�(;� Á�ºÉ°��µ�¢{��¸¨°�·�Ä®o°´�¦µ�µ¦¦oµ�Ã�Á�È��°��
�¦µ¢¢d��´Ê��¸É���Â¨³�¦µ¢¢d��´Ê��¸É���¼��ªnµ���·�Î�µÄ®oÁ�¨¨r�´Ê��¸É���¤µÂ¥n�Ä�oÃ�Á�È��µ��¦µ¢¢d�



���

�´Ê��¸É����o°¥¨��¦ª¤�´Ê��Î�µÄ®o�¦·¤µ�Ã�Á�È��°��¦µ¢¢d��´Ê��¸É���Â¨³�¦µ¢¢d��´Ê��¸É����¸É¨o�Á�oµ¼n�n°
Ã�Á�È�¡·Á«¬�È¤¸¤µ��¹Ê��oª¥�Î�µÄ®oÁ�¨¨r�°��¦µ¢¢d��´Ê��¸É���¤¸Ã°�µÅ�o¦´�Ã�Á�È�¤µ��¹Ê���nµ�&/5��
�¹�¤¸�nµ�ÎÉ�µ¨�

¦¼��¸É� ����� Â���nµ� 'HOD\��� �°�ª·�¸� )X]]\� 35/%�(;� �¸É°´�¦µ�µ¦n�Á�¨¨r¼�»��°��
�¦µ¢¢d��´Ê��¸É����¹É�¤¸�nµ�ÎÉ�µ�ªnµ�¸É��¨�Åªo��µ�¦¼��¸Ê¡�ªnµ��nµ�'HOD\���¤¸�nµÁ¡·É¤�¹Ê�Ã�¥¥´�¤¸�nµ�¸É�ÎÉ�µ
�ªnµª·�¸�7/%��35/%�Â¨³�35/%�(;

¦¼��¸É� ����� Â���nµ� 'HOD\��� �°�ª·�¸� )X]]\� 35/%�(;� �¸É°´�¦µ�µ¦n�Á�¨¨r¼�»��°��
�¦µ¢¢d��´Ê��¸É� �� �¹É�¤¸�nµ�ÎÉ�µ�ªnµ�¸É��¨�Åªo� �µ�¦¼��¸Ê¡�ªnµ� �nµ� 'HOD\��� ¤¸�nµ�¸ÉÁ¡·É¤�¹Ê�Ã�¥¤¸�nµ�¸É�ÎÉ�µ
�ªnµª·�¸�7/%��35/%�Â¨³�35/%�(;

�µ��µ¦��°�� Á¤ºÉ°Â®¨n��Î�µÁ�·��¦µ¢¢d��´Ê��¸É� �� n�Á�¨¨r�oª¥°́�¦µÁ�¨¨r¼�»��ÎÉ�µ�ªnµ
�nµ�¸É��¨�Åªo�́�Ã�¦��nµ¥Â�n°́�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥¤¸�nµ�µ¤�¸É��¨�Åªo� ¡�ªnµ� �¨�¸ÉÅ�o¤¸Â�ªÃ�o¤
�¨oµ¥�¦�¸�°�°´�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥��º°� ª·�¸� )X]]\�35/%�(;��³Ä®oÁ�¦�·��´�Â®¨n��Î�µÁ�·�� Ã�¥
�µ¦Á¡·É¤°́�¦µ�µ¦¦oµ�Ã�Á�È�Ä®o�´��¦µ¢¢d��´Ê��¸É� �� n��¨Ä®o�nµ� &/5��� Â¨³� 'HOD\��� �̧�ªnµª·�¸
°ºÉ�Ç��°��µ��¸Ê¥´�¤¸�¨Å��¹��¦µ¢¢d��´Ê��¸É����oª¥Ã�¥�Î�µÄ®o�nµ�&/5���Â¨³�'HOD\���¤¸�nµ�¸É�ÎÉ�µ�ªnµ
ª·�¸°ºÉ�Ç�oª¥Á¡¦µ³�¦µ¢¢d��´Ê��¸É���n�Á�¨¨r�oª¥°´�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥Â¨³¼�»��µ¤�¸É��¨�Åªo��¹�
Å�o¦́�Á�¦�·��oª¥

��������� �µ¦Á�¨¸É¥�Â�¨��°�°´�¦µnª��µ¦¼�®µ¥�°�Á�¨¨rÂ¨³Áª¨µ�¦³ª·�Á�¨¸É¥Á�¸¥�
�´�°´�¦µ�µ¦n�Á�¨¨r¼�»��°��¦µ¢¢d��´Ê��¸É����¸É¤¸�nµ¼��ªnµ�¸É��¨�Åªo

�¼oª·�´¥Å�o�Î�µ¨°�Â��ª·�¸� )X]]\� 35/%�(;� Ã�¥Á�¨¸É¥�Â�¨�°́�¦µ�µ¦n�Á�¨¨r¼�»�
�°��¦µ¢¢d��´Ê��̧É� �� �́Ê�Â�n� ���� Á�nµ�°�°́�¦µ�µ¦n�Á�¨¨r¼�»��¸É��¨�Åªo�́�Ã�¦��nµ¥�
������� ESV�� nª�¡µ¦µ¤·Á�°¦r�°�Â®¨n��Î�µÁ�·��nµ°ºÉ�Ç� ¤¸�nµ�´��µ¦µ��¸É� ���� Î�µ®¦´�¡µ¦µ¤·Á�°¦r
�°��¨Å��́�¦́ÉªÂ���nµ�Ç�¤¸�nµ�́��µ¦µ��̧É�����Ã�¥�́ª�ª��»¤¢{��̧���Â¨³�́ª�ª��»¤¢{��̧���Ä�o�nª�
Áª¨µÄ��µ¦»n¤��6DPSOLQJ�3HULRG���63��Á�nµ�́�Áª¨µ�¸ÉÄ�oÄ��µ¦n�Á�¨¨r����Á�¨¨r�oª¥°´�¦µ�µ¦n�
Á�¨¨r¼�»����·�������PV��>��@
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��������� �µ¦ª·Á�¦µ³®r�µ¦Á�¨¸É¥�Â�¨��°�°´�¦µnª��µ¦¼�®µ¥�°�Á�¨¨rÂ¨³Áª¨µ
�¦³ª·�Á�¨¸É¥Á�¸¥��´�°´�¦µ�µ¦n�Á�¨¨r¼�»��°��¦µ¢¢d��´Ê��¸É����¸É¤¸�nµ¼��ªnµ�¸É��¨�Åªo

¦¼��¸É� ����� Â���nµ� &/5��� �°�ª·�¸� )X]]\� 35/%�(;� �¸É°´�¦µ�µ¦n�Á�¨¨r¼�»��°��
�¦µ¢¢d��´Ê��¸É� �� �¹É�¤¸�nµ¼��ªnµ�¸É��¨�Åªo� �µ�¦¼��¸Ê¡�ªnµ� �nµ� &/5��� �°�ª·�¸� )X]]\� 35/%�(;�¤¸
�nµ�¸ÉÄ�¨oÁ�̧¥��´��nµ�,'($/��ªnµª·�¸°ºÉ��Ç�Ä��nª�°́�¦µ�µ¦n�Á�¨¨r¼�»�Á�nµ�´��������Á�nµ�°�°́�¦µ
�µ¦n�Á�¨¨r¼�»��¸É��¨�Åªo� Á�ºÉ°��µ�Ä����°�¢{��¸��� �¸É°´�¦µ�µ¦n�Á�¨¨r¼�»��nµ�´��¨nµª�³Ä®o
°́�¦µ�µ¦¦oµ�Ã�Á�È��¸É¼��ªnµ���·Á¨È��o°¥� �nµ� &/5��� �¹�¤¸�nµ�ÎÉ�µ� Â�nÁ¤ºÉ°�nµ°́�¦µ�µ¦n�Á�¨¨r�
¼�»�¤µ��ªnµ� ���� Á�nµ�°��nµ�¸É��¨�Åªo� ¢{��¸¨°�·��³�¦´�¨��nµ°´�¦µ�µ¦¦oµ�Ã�Á�È�¨�¤µÄ�¨o
Á�̧¥��́��nµ���·��´��´Ê��nµ�&/5����°�ª·�¸�)X]]\�35/%�(;��¹�¤¸�nµ�¸ÉÄ�¨oÁ�¸¥��´�ª·�¸�35/%�(;

¦¼��¸É� ����� Â���nµ� &/5��� �°�ª·�¸� )X]]\� 35/%�(;� �¸É°´�¦µ�µ¦n�Á�¨¨r¼�»��°��
�¦µ¢¢d��´Ê��¸É����¹É�¤¸�nµ¼��ªnµ�¸É��¨�Åªo��µ�¦¼��¸Ê¡�ªnµ��nµ�&/5���¤¸�nµ�¸ÉÁ¡·É¤�¹Ê�Á¨È��o°¥�Â�n¥´�¤¸
�nµ�¸É�ÎÉ�µ�ªnµª·�¸� 7/%�� 35/%� Â¨³� 35/%�(;� �³Á®È�ªnµ�¹�Â¤oª·�¸� )X]]\� 35/%�(;� �³�´��µ¦�´�
°́�¦µ�µ¦n�Á�¨¨r¼�»��¸É¤¸�nµÁ�·��ªnµ�¸É��¨�ÅªoÅ�oÄ�¨oÁ�̧¥��́�ª·�¸� 35/%�(;� Â�n�È�¦³���n°�
�¦µ¢¢d��´Ê��¸É���Å¤n¤µ��´�Á¡¦µ³ªnµ¢{��¸¨°�·��³�¦´�°´�¦µ�µ¦¦oµ�Ã�Á�È��°��¦µ¢¢d��´Ê��¸É���Ä®o
¤¸�nµ¼��ªnµ���·°¥¼nÂ¨oª�oµ�¦µ¢¢d��´Ê��¸É���n��¦µ¢¢d��oª¥°´�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥Â¨³¼�»��µ¤�¸É
��¨�Åªo�´�Ã�¦��nµ¥

¦¼��¸É� ����� Â���nµ� 'HOD\��� �°�ª·�¸� )X]]\� 35/%�(;� �¸É°´�¦µ�µ¦n�Á�¨¨r¼�»��°��
�¦µ¢¢d��´Ê��¸É����¹É�¤¸�nµ¼��ªnµ�¸É��¨�Åªo��µ�¦¼��¸Ê¡�ªnµ��nµ�'HOD\���¤¸�nµÁ¡·É¤�¹Ê�°¥nµ�¦ª�Á¦ÈªÁ¤ºÉ°
°́�¦µ�µ¦n�Á�¨¨r¼�»�¤¸�nµÁ�·�°́�¦µ�¸É��¨�ÅªoÁ�ºÉ°��µ�¢{��¸¨°�·��¦´�¨�°́�¦µ�µ¦¦oµ�Ã�Á�È�
¨�� Ã�¥¡�ªnµ�nµ� 'HOD\��� �¸ÉÅ�o¤¸�nµ¼��ªnµª·�¸� 7/%�� 35/%� Â¨³� 35/%�(;� °¥¼nÁ¨È��o°¥Á�ºÉ°��µ�
°́�¦µ�µ¦¦oµ�Ã�Á�È��¸É¨�¨��Î�µÄ®oÁ�¨¨r�o°�¦°Ã�Á�È��µ��¹Ê�

¦¼��¸É� ����� Â���nµ� 'HOD\��� �°�ª·�¸� )X]]\� 35/%�(;� �¸É°´�¦µ�µ¦n�Á�¨¨r¼�»��°��
�¦µ¢¢d��´Ê��¸É����¹É�¤¸�nµ¼��ªnµ�¸É��¨�Åªo��µ�¦¼��¸Ê¡�ªnµ�nµ�'HOD\���¤¸�nµÁ¡·É¤�¹Ê�Á¨È��o°¥�Â�n¥´���
¤¸�nµ�¸É�ÎÉ�µ�ªnµª·�¸� 7/%�� 35/%� Â¨³� 35/%�(;� Á�ºÉ°��µ�¢{��¸¨°�·�Ä®o°´�¦µ�µ¦¦oµ�Ã�Á�È��°��
�¦µ¢¢d��´Ê��¸É� �� ¼��ªnµ���·�oµ�¦µ¢¢d��´Ê��¸É� �� n��¦µ¢¢d��oª¥°´�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥Â¨³¼�»�
�µ¤�¸É��¨�Åªo�´�Ã�¦��nµ¥��nµ�'HOD\����¹�¤¸�nµ�¸É�ÎÉ�µ�ªnµª·�¸°ºÉ�Ç

�µ��µ¦��°�Á¤ºÉ°Â®¨n��Î�µÁ�·��¦µ¢¢d��´Ê��¸É� �� n�Á�¨¨r�oª¥°́�¦µ�µ¦n�Á�¨¨r¼�»�
Á�·��ªnµ�nµ�¸É��¨�Åªo� ¡�ªnµ� ª·�¸� )X]]\� 35/%�(;� �³Á¦·É¤¨�Ã�¬�´�Â®¨n��Î�µÁ�·�Á¤ºÉ°°´�¦µ�µ¦n�
Á�¨¨r¼�»�¤¸�nµ�¦³¤µ������ Á�nµ�°��nµ�¸É��¨�Åªo��¹É��nµ�3&55���°¥¼nÄ�Á���9+� �́ª�ª��»¤¢{��¸
�³�¦´�¨�°´�¦µ�µ¦¦oµ�Ã�Á�È�¨�� n��¨Ä®o�nµ� &/5��� ¤¸�nµÁ¡·É¤�¹Ê�� Ã�¥¤¸�nµ�¸ÉÄ�¨oÁ�¸¥��´�ª·�¸
35/%� Â¨³ª·�¸� 35/%�(;� nª��nµ� 'HOD\��� �³¤¸�nµ�¸É¼��ªnµª·�¸°ºÉ�� Ç� Á�ºÉ°��µ�Á�¨¨r�o°�¦°Ã�Á�È�
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�µ��¹Ê�� Á¤ºÉ°¡·�µ¦�µÄ�Â�n�°��nµ� &/5��� Â¨³� 'HOD\��� ¡�ªnµ¥´�¤¸�nµ�ÎÉ�µ�ªnµª·�¸°ºÉ�Ç� Á�ºÉ°��µ�
Â®¨n��Î�µÁ�·�� �¦µ¢¢d��´Ê��¸É� �� n��¦µ¢¢d��µ¤�¸É��¨�Åªo� �¹�Å�o¦´�Á�¦�·�Á¡·É¤�µ��´ª�ª��»¤¢{��¸��
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Ã�Á�È��°��n°Ã�Á�È����Á¡·É¤�¹Ê��oª¥��Î�µÄ®o�nµ�&/5���¤¸�nµ�¸�ªnµª·�¸°ºÉ�Ç

¦¼��¸É� ����� Â���nµ� &/5��� �°�ª·�¸� )X]]\� 35/%�(;� Á¤ºÉ°°´�¦µ�µ¦n�Á�¨¨r¼�»��°��
�¦µ¢¢d��´Ê��¸É� �� ¤¸�nµ�ÎÉ�µ�ªnµ�¸É��¨�Åªo� �µ�¦¼��¸Ê¡�ªnµ� �nµ� &/5��� �¸ÉÅ�o�È¤¸�nµ�o°¥�ªnµª·�¸� 7/%��
35/%�Â¨³�35/%�(;�Á�n��́��Á�ºÉ°��µ��µ¦�¸É¢{��¸¨°�·�Ä®o°´�¦µ�µ¦¦oµ�Ã�Á�È��¸É¤¸�nµ¼��ªnµ���·�
Ã�¥¡�ªnµ�nµ� &/5��� �³¤̧�nµ¤µ��ªnµ� ����� Á¤ºÉ°°´�¦µ�µ¦n�Á�¨¨r¼�»�Á�nµ�´�� ���� Á�nµ�°��nµ�¸É�
��¨�ÅªoÄ���³�¸Éª·�¸� 7/%��35/%�Â¨³�35/%�(;��³¤¸�nµ�&/5���¤µ��ªnµ� ����� Á¤ºÉ°°́�¦µ�µ¦n�
Á�¨¨r¼�»�¤¸�nµÁ¡¸¥�� ���� Á�nµ� Â��ªnµª·�¸� )X]]\� 35/%�(;� �Î�µ�µ�Ä�¨oÁ�¸¥�°»�¤��·¤µ��ªnµª·�¸
7/%��35/%�Â¨³�35/%�(;
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�¦¼��¸É�������¦µ¢Â���nµ�'HOD\���Á�¸¥��´�°´�¦µ�µ¦n�Á�¨¨r¼�»��°��¦µ¢¢d��´Ê��¸É����¸É¼��ªnµ
���°��¨Å��´�¦´ÉªÂ���)X]]\�35/%�(;

��������� �µ¦ª·Á�¦µ³®r�µ¦Á�¨¸É¥�Â�¨��°�°´�¦µnª��µ¦¼�®µ¥�°�Á�¨¨rÂ¨³Áª¨µ
�¦³ª·�Á�¨¸É¥Á�¸¥��´�°´�¦µ�µ¦n�Á�¨¨r¼�»��°��¦µ¢¢d��´Ê��¸É����¸É¤¸�nµ¼��ªnµ�¸É��¨�Åªo

¦¼��¸É� ����� Â���nµ� &/5��� �°�ª·�¸� )X]]\� 35/%�(;� �¸É°´�¦µ�µ¦n�Á�¨¨r¼�»��°��
�¦µ¢¢d��´Ê��¸É����¹É�¤¸�nµ¼��ªnµ�¸É��¨�Åªo��µ�¦¼��¸Ê¡�ªnµ��nµ�&/5���¤¸�nµ�¸ÉÁ¡·É¤�¹Ê�Á¤ºÉ°°´�¦µ�µ¦n�
Á�¨¨r¼�»�Á¡·É¤�¹Ê�� Ã�¥¥´�¤¸�nµ�¸É�ÎÉ�µ�ªnµª·�¸� 7/%�� 35/%� Â¨³� 35/%�(;� Á¡¦µ³¢{��¸¨°�·�Ä®o°́�¦µ
�µ¦¦oµ�Ã�Á�È��°��¦µ¢¢d��´Ê��¸É���¼��ªnµ���·Á¤ºÉ°�¦µ¢¢d��´Ê��¸É���n��¦µ¢¢d��µ¤�¸É��¨�Åªo

¦¼��¸É� ����� Â���nµ� &/5��� �°�ª·�¸� )X]]\� 35/%�(;� �¸É°´�¦µ�µ¦n�Á�¨¨r¼�»��°��
�¦µ¢¢d��´Ê��¸É����¹É�¤¸�nµ¼��ªnµ�¸É��¨�Åªo��µ�¦¼��¸Ê¡�ªnµ��nµ�&/5����°�ª·�¸�)X]]\�35/%�(;�¤¸�nµ
Á¡·É¤�¹Ê�Á�ºÉ°��µ�¢{��¸¨°�·��¦´�¨�°´�¦µ�µ¦¦oµ�Ã�Á�È�¨�� Ã�¥�nµ� &/5��� ¤¸�nµ�¸É¼��ªnµ� ,'($/
�¨°��nª��°�°´�¦µ�µ¦n�Á�¨¨r¼�»���µ¦�¸É�nµ�&/5���¤¸�nµ¼��ªnµ�,'($/�Á¡¦µ³�¦µ¢¢d��´Ê��¸É���
¤¸¨Î�µ�´��ªµ¤Î�µ�´��¸É�ÎÉ�µ�ªnµ�´��´Ê��nµ°´�¦µnª��µ¦¼�®µ¥�°�Á�¨¨r�¹��ª¦¤¸�nµ�¸É¼��ªnµ�¦�¸�°�
,'($/��¹É�Á�}��nµ�µ�°»�¤��·Á¤ºÉ°Å¤n¤¸�µ¦Ä®o¨Î�µ�´��ªµ¤Î�µ�´���´��´Ê�ª·�¸� )X]]\�35/%�(;��nµ�³
Ä�¨oÁ�̧¥��µ�°»�¤��·Î�µ®¦´��¨Å��¸É¤¸�µ¦Ä®o¨Î�µ�´��ªµ¤Î�µ�´�¤µ��ªnµª·�¸� 35/%� Â¨³� 35/%�(;
Á¡¦µ³ª·�̧Á® n̈µ�́Ê�Ä®o�nµ�&/5����̧É�ÎÉ�µ�ªnµ�,'($/



���

¦¼��¸É� ����� Â���nµ� 'HOD\��� �°�ª·�¸� )X]]\� 35/%�(;� �¸É°´�¦µ�µ¦n�Á�¨¨r¼�»��°��
�¦µ¢¢d��´Ê��¸É����¹É�¤¸�nµ¼��ªnµ�¸É��¨�Åªo��µ�¦¼��¸Ê¡�ªnµ��nµ�'HOD\���Á¡·É¤�¹Ê�Â�n¥´�¤¸�nµ�¸É�ÎÉ�µ�ªnµª·�¸
7/%��35/%�Â¨³�35/%�(;�Á¡¦µ³¢{��¸¨°�·�Ä®o°´�¦µ�µ¦¦oµ�Ã�Á�È��°��¦µ¢¢d��´Ê��¸É���¼��ªnµ
���·��Î�µÄ®o�nµ�'HOD\���¥´���¤¸�nµ�¸É�ÎÉ�µ�ªnµª·�¸°ºÉ�

¦¼��¸É� ����� Â���nµ� 'HOD\��� �°�ª·�¸� )X]]\� 35/%�(;� �¸É°´�¦µ�µ¦n�Á�¨¨r¼�»��°��
�¦µ¢¢d��´Ê��¸É� �� �¹É�¤¸�nµ¼��ªnµ�¸É��¨�Åªo� �µ�¦¼��¸Ê¡�ªnµ� �nµ� 'HOD\��� ¤¸�nµÁ¡·É¤�¹Ê�Â¨³¤¸�nµ�¸É¼�
�ªnµª·�¸�7/%��35/%�Â¨³�35/%�(;�Á�ºÉ°��µ�¢{��¸¨°�·��¦´�¨�°´�¦µ�µ¦¦oµ�Ã�Á�È��°��¦µ¢¢d�
�´Ê��¸É���¨���Î�µÄ®oÁ�¨¨r�o°�¦°Ã�Á�È��µ��¹Ê�

�µ��µ¦��°�Ä®oÂ®¨n��Î�µÁ�·��¦µ¢¢d��´Ê��¸É���n�Á�¨¨r�oª¥°́�¦µ�µ¦n�Á�¨¨r¼�»�Á�·�
�ªnµ�¸É��¨�Åªo¡�ªnµ�Ä�ª·�¸�)X]]\�35/%�(;��³Ä®o�nµ�&/5����¸É¼��ªnµ�,'($/�Ä���³�¸Éª·�¸�35/%�
Â¨³� 35/%�(;� Ä®o�nµ� &/5��� �̧É�ÎÉ�µ�ªnµ� ,'($/� �́Ê�� �� ª·�̧�̧Ê¤̧�µ¦Ä®ö Î�µ�́��ªµ¤Î�µ�́��ÎÉ�µ�́������
�¦µ¢¢d��´Ê��¸É� �� �´��´Ê��nµ� &/5��� �¹��ª¦¤¸�nµ�¸É¼��ªnµ�nµ� ,'($/� �¹É�Á�}��nµ°»�¤��·Ä��¦�¸�¸ÉÅ¤n¤¸
�µ¦Ä®o¨Î�µ�´��ªµ¤Î�µ�´�� �¹��¨nµªÅ�oªnµª·�¸� )X]]\� 35/%�(;� �nµ�³�´��µ¦�´��¦·¤µ��¦µ¢¢d��
�´Ê��¸É� �� nª�Á�·�Å�o�¸�ªnµª·�¸� 35/%� Â¨³� 35/%�(;� Â�n�o°�¤¸�µ¦��Á�¥�´��nµ� 'HOD\��� �¸ÉÁ¡·É¤¼�
�ª nµÁ�ºÉ°��µ��o°�¦°Ã�Á�È��µ��¹Ê�� Á¤ºÉ°¡·�µ¦�µ�¨�¸É¤¸� n°�¦µ¢¢d��´Ê��¸É � �� ¡�ªnµª·�¸�
)X]]\� 35/%�(;� Ä®o�nµ� &/5��� Â¨³� 'HOD\��� �̧�ªnµª·�¸°ºÉ�Ç� Á¤ºÉ°�¦µ¢¢d��´Ê��¸É� �� ��·�´�·�µ¤�o°�
��¨��°�Ã�¦��nµ¥

�������¨�°��µ¦�°��°��n°�¦µ¢¢d�Á�·���5HVSRQVLYHQHVV�
Ä�®´ ª� o°�¸Ê �¼ o ª· �´ ¥�³«¹�¬µ�¹ ��¨�°��µ¦�°��°�� n°�¦µ¢¢ d� Á�·��°�ª· �¸�

)X]]\� 35/%�(;� ªnµµ¤µ¦��¦ª��´��¦µ¢¢d�nª�Á�·�Å�o¦ª�Á¦ÈªÂ�nÅ®�Á¤ºÉ°Â®¨n��Î�µÁ�·�n��
�¦µ¢¢d��oª¥°́�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥Á�·��nµ�¸É��¨�Åªo�´�Ã�¦��nµ¥� Ã�¥Â�n�Á�}�� �� �¦�¸�º°� �¦�¸�¸É
°´�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥�°��¦µ¢¢d��´Ê��¸É� �� ¤¸�nµÁ�·�°´�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥�¸É��¨�Åªo� Â¨³�¦�¸�¸É
°´�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥�°��¦µ¢¢d��´Ê��¸É���¤¸�nµÁ�·�°´�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥�¸É��¨�Åªo

���������¨�°��µ¦�°��°��°��¨Å��´�¦´ÉªÁ¤ºÉ°°´�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥�°�Â®¨n�
�Î�µÁ�·��¦µ¢¢d��´Ê��¸É���¤¸�nµ¼��ªnµ�¸É��¨�Åªo

�¼oª·�´¥Å�o�Î�µ¨°�Â��ª·�¸�7/%��35/%��35/%�(;�Â¨³�)X]]\�35/%�(;�Ã�¥Á�¨¸É¥�Â�¨�
°́�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥�°��¦µ¢¢d��´Ê��¸É� �� Ä®o¤¸�nµ� ���� Á�nµ�°�°́�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥�¸É�
��¨�Åªo�´�Ã�¦��nµ¥� ������� ESV�� nª�¡µ¦µ¤·Á�°¦r�°�Â®¨n��Î�µÁ�·��nµ°ºÉ�Ç� ¤¸�nµ�´��µ¦µ��¸É� ���
Î�µ®¦´�¡µ¦µ¤·Á�°¦r�°��¨Å��´�¦´ÉªÂ���nµ�Ç� ¤¸�nµ�´��µ¦µ��¸É� ���� Ã�¥�´ª�ª��»¤¢{��¸��� Â¨³�



���

�´ª�ª��»¤¢{��¸���Ä�o�nª�Áª¨µÄ��µ¦»n¤� �6DPSOLQJ�3HULRG� ��63�� Á�nµ�´�Áª¨µ�¸ÉÄ�oÄ��µ¦n�Á�¨¨r�
���Á�¨¨r�oª¥°́�¦µ�µ¦n�Á�¨¨r¼�»����·�������PV��>��@
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¦¼��¸É�������¦µ¢Â���nµ�&/5���Á�¸¥��´��Î�µ�ª�Á�¨¨r�¸É¤µ�µ�Â®¨n��Î�µÁ�·��¦µ¢¢d��´Ê��¸É��

�������� �µ¦ª·Á�¦µ³®r�¨�°��µ¦�°��°��n°�¦µ¢¢d�Á�·��°��¨Å��´�¦´ÉªÁ¤ºÉ°°´�¦µ�µ¦
n�Á�¨¨rÁ�¨¸É¥�°�Â®¨n��Î�µÁ�·��¦µ¢¢d��´Ê��¸É���¤¸�nµ¼��ªnµ�¸É��¨�Åªo

¦¼��¸É� ����� Â���nµ� &/5��� �°�ª·�¸� 7/%�� 35/%�� 35/%�(;� Â¨³� )X]]\� 35/%�(;
Á�¸¥��́��Î�µ�ª�Á�¨¨r�¸É¤µ�µ�Â®¨n��Î�µÁ�·��°��¦µ¢¢d��´Ê��¸É� �� �µ�¦¼��¸Ê¡�ªnµÁ¤ºÉ°Â®¨n��Î�µÁ�·�
�°��¦µ¢¢d��´Ê��¸É� �� n�Á�¨¨r�oª¥°´�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥Á�·��nµ�¸É��¨�Åªo� ª·�¸� 7/%�� 35/%� Â¨³�
35/%�(;��³Á¦·É¤�¦ª�¡�Á�¨¨rnª�Á�·�Å�o¡¦o°¤Ç�´�� Ã�¥Á¦·É¤Á�·��µ¦¼�®µ¥�°�Á�¨¨r�º°�&/5��
¤µ��ªnµ«¼�¥rÁ¤ºÉ°Á�¨¨r�µ�Â®¨n��Î�µÁ�·�Á�oµ¤µÅ�o����Á�¨¨r�µÁ®�»�¸É�´Ê����ª·�¸�Á¦·É¤�¦ª�¡�Á�¨¨rnª�
Á�·�Å�o¡¦o°¤Ç�´�� Á�ºÉ°��µ��´Ê�� �� ª·�¸�¸ÊÄ�o¡µ¦µ¤·Á�°¦r�°��¨Å��¸É¤¸�nµÁ�nµ�´�� Â���nµ��¦��µ¦Ä®o
¨Î�µ�́��ªµ¤Î�µ�́�Â¨³�µ¦Ä�o�n°Ã�Á�È�¡·Á«¬Á�nµ�´Ê�� �¹É��¨�°��µ¦Ä®o¨Î�µ�́��ªµ¤Î�µ�́�Â¨³�n°�
Ã�Á�È�¡·Á«¬¥´�Å¤nÂ��Ä®oÁ®È�Ä��nª�Á¦·É¤�o��°��µ¦�Î�µ�µ��°��¨Å�� �´Ê�� �� ª·�¸�¹��¦ª�Á�°Á�¨¨r
nª�Á�·�¡¦o°¤�´�Ç� �n°Á¤ºÉ°¤¸�Î�µ�ª�Á�¨¨rÁ�oµ¤µ¤µ��¹Ê��¹�Á¦·É¤Á®È��¨�µ��µ¦Ä®o¨Î�µ�´��ªµ¤Î�µ�´�
Â¨³�µ¦Ä�o�n°Ã�Á�È�¡·Á«¬��Î�µÄ®o�nµ�&/5���Ä��́Ê����ª·�̧�¤̧�nµ�̧ÉÂ���nµ��́��Ã�¥�ª·�̧�7/%�¤¸�nµ�&/5�
��¼��¸É»�¦°�¨�Å��º°ª·�¸�35/%�Â¨³�35/%�(;��µ¤¨Î�µ�´�



���

Î�µ®¦´�ª·�¸� )X]]\� 35/%�(;� ¡�ªnµµ¤µ¦��¦ª�¡��¦µ¢¢d�nª�Á�·�Å�o¦ª�Á¦Èª�ªnµ�
Ã�¥Á¦·É¤�¦ª�¡�Á¤ºÉ°�Î�µ�ª�Á�¨¨r�¸ÉÁ�oµ¤µÁ�nµ�´�� ��� Á�¨¨r� �¹É�Á¦Èª�ªnµª·�¸°ºÉ�Ç� ��� �� Á�ºÉ°��µ�
¢{��¸¨°�·��³�Î�µ�µ¦ª´�°·�¡»��¸ÉÁ�oµ¤µ�»�Ç��nª�Áª¨µ����Á�¨¨r�Â¨³�Î�µ¤µ�Î�µ�ª��¦´�Á¡·É¤¨�°´�¦µ
�µ¦¦oµ�Ã�Á�È�Ä®oÁ®¤µ³¤�´�£µ¡�°��¦µ¢¢d��¦·�� �¹É��nµ��´�ª·�¸� 7/%�� 35/%� Â¨³� 35/%�(;
�¸ÉÄ�o°´�¦µ�µ¦¦oµ�Ã�Á�È����¸É

�������� �¨�°��µ¦�°��°��n°�¦µ¢¢d�Á�·��°��¨Å��´�¦´ÉªÁ¤ºÉ°°´�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥
�°�Â®¨n��Î�µÁ�·��¦µ¢¢d��´Ê��¸É���¤¸�nµ¼��ªnµ�¸É��¨�Åªo

�¼oª·�´¥Å�o�Î�µ¨°�Â��ª·�¸�7/%��35/%��35/%�(;�Â¨³�)X]]\�35/%�(;�Ã�¥Á�¨¸É¥�Â�¨�
°́�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥�°��¦µ¢¢d��´Ê��¸É� �� Ä®o¤¸�nµ� ���� Á�nµ�°�°́�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥�¸É
��¨�Åªo�´�Ã�¦��nµ¥� ������� ESV�� nª�¡µ¦µ¤·Á�°¦r�°�Â®¨n��Î�µÁ�·��nµ°ºÉ�Ç¤¸�nµ�´��µ¦µ��¸É� ����
Î�µ®¦´�¡µ¦µ¤·Á�°¦r�°��¨Å��́�¦́ÉªÂ���nµ�Ç� ¤¸�nµ�́��µ¦µ��̧É� ���� Ã�¥�́ª�ª��»¤¢{��̧��� Â¨³�́ª
�ª��»¤¢{��¸���Ä�o�nª�Áª¨µÄ��µ¦»n¤��6DPSOLQJ�3HULRG���63��Á�nµ�´�Áª¨µ�¸ÉÄ�oÄ��µ¦n�Á�¨¨r����
Á�¨¨r�oª¥°́�¦µ�µ¦n�Á�¨¨r¼�»����·�������PV��>��@
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¦¼��¸É�������¦µ¢Â���nµ�&/5���Á�¸¥��´��Î�µ�ª�Á�¨¨r�¸É¤µ�µ�Â®¨n��Î�µÁ�·��¦µ¢¢d��´Ê��¸É��



���

�������� �µ¦ª·Á�¦µ³®r�¨�°��µ¦�°��°��n°�¦µ¢¢d�Á�·��°��¨Å��´�¦´ÉªÁ¤ºÉ°°´�¦µ�µ¦
n�Á�¨¨rÁ�¨¸É¥�°�Â®¨n��Î�µÁ�·��¦µ¢¢d��´Ê��¸É���¤¸�nµ¼��ªnµ�¸É��¨�Åªo

¦¼��¸É� ����� Â���nµ� &/5��� �°�ª·�¸� 7/%�� 35/%�� 35/%�(;� Â¨³� )X]]\� 35/%�(;
Á�¸¥��́��Î�µ�ª�Á�¨¨r�¸É¤µ�µ�Â®¨n��Î�µÁ�·��°��¦µ¢¢d��´Ê��¸É� �� �µ�¦¼��¸Ê¡�ªnµÁ¤ºÉ°Â®¨n��Î�µÁ�·�
�°��¦µ¢¢d��´Ê��¸É� �� n�Á�¨¨r�oª¥°´�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥Á�·��nµ�¸É��¨�Åªo� ª·�¸� 7/%�� 35/%� Â¨³�
35/%�(;� �³�¦ª�¡�Á�¨¨rnª�Á�·�Å�o¡¦o°¤Ç�́�� Á®¤º°�Ä��¦�¸�°��¦µ¢¢d��´Ê��¸É� �� �º°�¸É��
��� Á�¨¨r� �nµ��́��¦��¸É�nµ� &/5��� �°�ª·�¸� 35/%� ¤¸�nµ¤µ��¸É»�� ¦°�¨�Å��º°ª·�¸� 7/%� Â¨³� 35/%�
Î�µ®¦´�ª·�¸� )X]]\� 35/%�(;� �È�¦ª�¡�Á�¨¨rnª�Á�·�Á®¤º°�Ä��¦�¸�°��¦µ¢¢d��´Ê��¸É� �� �º°� ���
Á�¨¨rÁ�n��´���¹É�Á¦Èª�ªnµª·�¸°ºÉ������

������¦»��¨�µ¦�Î�µ¨°�Â���°�ª·�¸�)X]]\�35/%�(;
�µ�®´ª�o°�¸É� ������ Á¤ºÉ°Á¦µ�Î�µ¨°�Â���µ¦�Î�µ�µ��°�ª·�¸� )X]]\� 35/%�(;� Ã�¥

Á�¨¸É¥�Â�¨��nµ°´�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥� Â¨³� °́�¦µ�µ¦n�Á�¨¨r¼�»��°��¦µ¢¢d��´Ê��¸É� �� Â¨³
�´Ê��¸É� �� �¹É�Á�}��nµ°·�¡»��°��́ª�ª��»¤¢{��¸�¸É°°�Â��Åªo� Á¡ºÉ°��°�ªnµª·�¸� )X]]\� 35/%�(;
µ¤µ¦��´��µ¦�´��¦µ¢¢d�Ä�£µª³�nµ�ÇÅ�o°¥nµ�Å¦�µ¤µ¦�¦»��¨Ä�Â�n¨³�¦�¸Å�o�´��¸Ê

��� �¦�¸�¸ÉÂ®¨n��Î�µÁ�·��¦µ¢¢d��´Ê��¸É� �� n��¦µ¢¢d��o°¥�ªnµ�¸É��¨�ÅªoÃ�¥n�Á�¨¨r�oª¥
°́�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥®¦º°°́�¦µ�µ¦n�Á�¨¨r¼�»��¸É�ÎÉ�µ�ªnµ�¸É��¨�Åªo�´�Ã�¦��nµ¥� �¨�¸ÉÅ�o¡�ªnµ� �¸É
�nµ�¦µ¢¢d����·�ª·�¸�)X]]\�35/%�(;��³Ä®o�nµ�&/5����&/5����'HOD\���Â¨³�'HOD\����¸É�¸�ªnµª·�¸�
35/%�(;� Â¨³ª·�¸°ºÉ�Ç� ��µ¦µ��¸É� ������ Á¤ºÉ°�¦µ¢¢d��´Ê��¸É� �� ¤¸�nµ�o°¥�ªnµ���·� ¡�ªnµª·�¸�
)X]]\�35/%�(;��³Ä®o�nµ�&/5����'HOD\����&/5��� Â¨³�'HOD\��� ¤¸�nµ�¸�¹Ê�Â¨³¤¸�nµ�¸É�¸�ªnµª·�¸
°ºÉ�Ç� ��µ¦µ��¸É� ������ Á�ºÉ°��µ���¢{��¸�¸É°°�Â��Åªo�³Ä®oÁ�¦�·�Â�nÂ®¨n��Î�µÁ�·��¦µ¢¢d��´Ê��¸É� ��
Á¤ºÉ°n��¦µ¢¢d��o°¥�ªnµ�¸É��¨�Åªo� Â¨³Ä®oÁ�¦�·��´��¦µ¢¢d��´Ê��¸É� �� �¸Én��¦µ¢¢d��µ¤�o°��¨�
�oª¥�Â¨³�µ��µ¦Ä�o�n°Ã�Á�È�¡·Á«¬¦nª¤�´��Î�µÄ®o�¦µ¢¢d��´Ê��¸É���Å�o¦´�Ã�Á�È�Á¡·É¤�oª¥

��� �¦�¸�¸ÉÂ®¨n��Î�µÁ�·��¦µ¢¢d��´Ê��¸É� �� n��¦µ¢¢d�Á�·��ªnµ�¸É��¨�ÅªoÃ�¥n�Á�¨¨r�oª¥
°́�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥®¦º°°́�¦µ�µ¦n�Á�¨¨r¼�»��¸É¼��ªnµ�¸É��¨�Åªo�´�Ã�¦��nµ¥� �¨�¸ÉÅ�o¡�ªnµ�oµ
¡·�µ¦�µÁ�¸¥��µ��nµ�µ�°»�¤��·��,'($/��ª·�¸�)X]]\�35/%�(;��³�¨i°¥Ä®oÁ�¨¨rnª�Á�·��nµ�Å�
Å�o¤µ��ªnµª·�¸°ºÉ�� Ç� ��µ¦µ��¸É� ������ Â�nÁ¤ºÉ°¡·�µ¦�µ�¨�¦³���¸É¤¸�n°�¦µ¢¢d��´Ê��¸É� �� ¡�ªnµª·�¸
)X]]\�35/%�(;�¥́���Ä®o�»�£µ¡�°��¦·�µ¦�º°�&/5���Â¨³�'HOD\����̧É�̧�ªnµª·�̧°ºÉ�Ç�Å�o

��� �¦�¸�¸ÉÂ®¨n��Î�µÁ�·��¦µ¢¢d��´Ê��¸É� �� n��¦µ¢¢d��o°¥�ªnµ�¸É��¨�ÅªoÃ�¥n�Á�¨¨r�oª¥
°́�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥®¦º°°́�¦µ�µ¦n�Á�¨¨r¼�»��¸É�ÎÉ�µ�ªnµ�¸É��¨�Åªo�́�Ã�¦��nµ¥� ¡�ªnµª·�¸�
)X]]\� 35/%�(;� �³Ä®o�»�£µ¡�°��¦·�µ¦�°��¦µ¢¢d��º°�nµ� &/5���� &/5���� 'HOD\��� Â¨³
'HOD\��� �¸�ªnµª·�¸°ºÉ�� ��µ¦µ��¸É� ������ Á�ºÉ°��µ�¢{��¸¨°�·��³Ä®oÁ�¦�·��´�Â®¨n��Î�µÁ�·��¦µ¢¢d�



���

�´Ê��¸É� �� �¸Én��¦µ¢¢d��o°¥�ªnµ�¸É��¨�Åªo� Â¨³¥´�Ä®oÁ�¦�·�Â�nÂ®¨n��Î�µÁ�·��¦µ¢¢d��´Ê��¸É� �� �¸Én�
�¦µ¢¢d��µ¤�o°��¨��oª¥

��� �¦�¸�¸ÉÂ®¨n��Î�µÁ�·��¦µ¢¢d��´Ê��¸É� �� n��¦µ¢¢d�Á�·��ªnµ�¸É��¨�ÅªoÃ�¥n�Á�¨¨r�oª¥
°́�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥®¦º°°́�¦µ�µ¦n�Á�¨¨r¼�»��¸É¼��ªnµ�¸É��¨�Åªo�́�Ã�¦��nµ¥� ¡�ªnµÁ¤ºÉ°
Á�¦¸¥�Á�¸¥��´��µ�°»�¤��·� �,'($/�� ¡�ªnµ� �¹�Â¤oªnµª·�¸� )X]]\� 35/%�(;� �´��µ¦�´��¦µ¢¢d��
�´Ê��¸É� �� nª�Á�·�Å�oÄ�¨oÁ�̧¥��́�ª·�¸� 35/%�(;� Â�nµ¤µ¦�Ä®o�»�£µ¡�°��¦·�µ¦�°��¦µ¢¢d��
�́Ê��̧É����º°�&/5���Â¨³�'HOD\����̧É�̧�ªnµª·�̧�35/%�(;�Å�o

�µ��´Ê�� �� �¦�¸�³Á®È�ªnµÄ��¦�¸�¸ÉÂ®¨n��Î�µÁ�·�n��¦µ¢¢d�Á�·��¸É��¨�Åªo�´Ê�� Á¤ºÉ°Á�¸¥�
�´��µ�°»�¤��·� ª·�¸� )X]]\�35/%�(;�¥´��´��µ¦�´��¦µ¢¢d�nª�Á�·�Å�oÅ¤nÄ�¨oÁ�̧¥��´�� ,'($/��´�
Á¤ºÉ°Á�¸¥��´�ª·�¸°ºÉ�� Â�nÅ¤n°µ�¦»�Å�oªnµª·�¸� )X]]\� 35/%�(;� �´��µ¦�´��¦µ¢¢d�Á�·�Å�oÅ¤n�¸� Á�ºÉ°�
�µ��nµ� ,'($/� �¸ÊÁ�}��nµ�µ�°»�¤��·�¸É�Î�µ®��Ã�¥�µ¦Å¤nÄ®o¨Î�µ�́��ªµ¤Î�µ�́�� Â�nÄ�ª·��̧�������
)X]]\�35/%�(;��´Ê�¤¸�µ¦Ä®o¨Î�µ�́��ªµ¤Î�µ�́��oª¥��¹É�¥´�Å¤n¤¸�µ¦�Î�µ®���nµ�µ�°»�¤��·Åªo�Â�n�oµ
¡·�µ¦�µ�¨�¦³���°��¦µ¢¢d��´Ê�� �FODVV�� �¸Én�Á�·��¸É¤¸�n°�¦µ¢¢d�°¸��´Ê�®�¹É�Â���µ¦Á�¸¥��µ�
,'($/� �³¡�ªnµª·�¸� )X]]\� 35/%�(;� ¥´���Ä®o�»�£µ¡�°��¦·�µ¦�°��¦µ¢¢d�°¸��´Ê�®�¹É��º°�nµ
°´�¦µnª��µ¦¼�®µ¥�°�Á�¨¨rÂ¨³Áª¨µ�¦³ª·�Á�¨¸É¥�¸É�¸�ªnµª·�¸°ºÉ�Ç

�µ�®´ª�o°�¸É� ������ Á¤ºÉ°ª´��¨�°��µ¦�°��°��n°�¦µ¢¢d�Á�·��°�ª·�¸� 7/%�� 35/%��
35/%�(;� Â¨³� )X]]\� 35/%�(;� �È¡�ªnµ� ª·�¸� 35/%�(;� ¤¸�µ¦�°��°��n°�¦µ¢¢d�Á�·��¸ÉÄ�¨o
Á�̧¥��́��́�ª·�¸� 7/%� Â¨³� 35/%� �º°Á¦·É¤�¦ª�Á�°Á�¨¨rnª�Á�·�Å�o¡¦o°¤Ç�́�� Ä���³�¸Éª·�¸�
)X]]\� 35/%�(;� ¤¸�µ¦�°��°��n°�¦µ¢¢d�Á�·��¸É Á¦Èª�ª nµª·�¸°ºÉ�Ç� �¹�¦»�Å�oª nµª·�¸�
)X]]\� 35/%�(;� �°��µ��³Ä®o�»�£µ¡�°��¦·�µ¦�°��¦µ¢¢d�Å�o�¸�ªnµª·�¸°ºÉ�Ç� Ä�£µª³�°��
�¦µ¢¢d�Â���nµ�Ç� Â¨oª� ¥´�µ¤µ¦��¸É�³�¦ª�¡��µ¦¨³Á¤·��o°��¨��°�Â®¨n��Î�µÁ�·��¸É¤¸Åªo�´�
Ã�¦��nµ¥Å�o¦ª�Á¦Èª�ªnµª·�̧°ºÉ�Ç�°̧��oª¥



���¸É��

¦»��¨�µ¦�Î�µ¨°�Â��Â¨³�o°Á�°Â�³

����¦»��¨�µ¦�Î�µ¨°�Â��

ª·�¥µ�·¡��r�¸ÊÅ�o«¹�¬µ�¹��¨Å��́�¦´ÉªÂ��¨Î�µ�́��ªµ¤Î�µ�́��¹É�Á�}��¨Å��́�¦´Éª�¦³Á£�
®�¹É��¹É�Ä�oÎ�µ®¦´��µ¦�¦ª��¦µ¢¢d�Ä�Ã�¦��nµ¥Á°�¸Á°È¤� Â¨³�Î�µÁ�°�¨Å��́�¦´ÉªÂ��¨Î�µ�́�
�ªµ¤Î�µ�´�Ä®¤n� �� �¨Å�� �¨Å�Â¦��º°� �¨Å��´�¦´ÉªÂ��¨Î�µ�´��ªµ¤Î�µ�´��¸ÉÄ�o�n°Ã�Á�È�¡·Á«¬�
�35/%�(;�� nª��¨Å��¸É°��º°� �¨Å��́�¦´ÉªÂ��¨Î�µ�́��ªµ¤Î�µ�́��¸ÉÄ�o�n°Ã�Á�È�¡·Á«¬� Â¨³
�ª��»¤°́�¦µ�µ¦¦oµ�Ã�Á�È��oª¥¢{��¸¨°�·�� �)X]]\� 35/%�(;�� Ã�¥¤¸ª́��»�¦³��r�º°Á¡ºÉ°�¦´�
�¦»��¨Å��́�¦´ÉªÂ��¨Î�µ�́��ªµ¤Î�µ�́�Á�·¤Ä®o¤¸�¦³·��·£µ¡�̧¥·É��¹Ê�Ä�Â�n�°��»�£µ¡�°��¦·�µ¦
�¹É�Å�oÂ�n� °´�¦µnª��µ¦¼�®µ¥�°�Á�¨¨r� �&/5�� Â¨³Áª¨µ�¦³ª·�Á�¨¸É¥�°�Á�¨¨r� �'HOD\�� Â¨³
Á�¦¸¥�Á�̧¥�¤¦¦��³�°��¨Å��¸É�Î�µÁ�°�́��¨Å��¸É¤¸°¥¼nÁ�·¤�º°� �¨Å��́�¦´ÉªÂ��Ã�Á�È��¦¦¤�µ��
�7/%�� �́�� �¨Å��́�¦´ÉªÂ��¨Î�µ�́��ªµ¤Î�µ�́�Á�·¤� �35/%�� Ä��oµ��°�£µ¡Á¨º°�Á¢j�
�6HOHFLWLYLW\�� �¹É�Á�}��ªµ¤µ¤µ¦�Ä��µ¦�¦ª�ª´��¦µ¢¢d�Á¤ºÉ°Â®¨n��Î�µÁ�·�n��¦·¤µ��¦µ¢¢d�
Á�·�®¦º°�ÎÉ�µ�ªnµ�¦·¤µ��̧É��¨�Åªo�́�Ã�¦��nµ¥� Ã�¥�Î�µ�µ¦�Î�µ¨°�Â���oª¥�µ¦�¦´�Á�¨¸É¥��nµ
¡µ¦µ¤·Á�°¦r�°�Â®¨n��Î�µÁ�·��¦µ¢¢d�� ¦ª¤�´Ê��µ¦�°��°��n°�¦µ¢¢d�� �5HVSRQVLYHQHVV�� Á¤ºÉ°
Â®¨n��Î�µÁ�·�n��¦µ¢¢d�Á�·��¹É�Á�}��ªµ¤µ¤µ¦�ªnµ�¨Å�µ¤µ¦��¦ª�¡��µ¦n��¦µ¢¢d�Á�·��
�o°��¨��°�Ã�¦��nµ¥Å�o¦ª�Á¦ÈªÁ¡¸¥�Ä��oª¥

Î�µ®¦´�ª·�¸� 35/%�(;� �¸É�Î�µÁ�°�´Ê�� ¥´�Å�o¤¸�µ¦��°��µ¦�¦´�¡µ¦µ¤·Á�°¦r�°��¨Å�
�́�¦́Éª�nµ�Ç� Á¡·É¤Á�·¤�oª¥� Å�oÂ�n� ��µ��°��·ª�́¢Á¢°¦r���� ��µ��°��·ª�́¢Á¢°¦r���� ��µ��°��n°�������
Ã�Á�È����� ��µ��°��n°Ã�Á�È����� °́�¦µ�µ¦¦oµ�Ã�Á�È��°��n°Ã�Á�È���� Â¨³� °́�¦µ�µ¦¦oµ���������
Ã�Á�È��°��n°Ã�Á�È���� Á¡ºÉ°«¹�¬µ�¹��¨�°�¡µ¦µ¤·Á�°¦rÁ®¨nµ�¸Ê�¸É¤¸�n°°́�¦µnª��µ¦¼�®µ¥�°�
Á�¨¨r�°��¦µ¢¢d��´Ê��¸É� �� �&/5���� Â¨³� �´Ê��¸É� �� �&/5���� ¦ª¤�´Ê�Áª¨µ�¦³ª·�Á�¨¸É¥�°��¦µ¢¢d�
�´Ê��¸É����'HOD\����Â¨³�´Ê��¸É����'HOD\�����¨�¸ÉÅ�o¡�ªnµ�ª·�¸�35/%��¹É�Á�}�ª·�¸Á�·¤µ¤µ¦��¸É�³Ä®o�nµ�
&/5����¸É�¸�ªnµª·�¸�7/%�Å�oÁ�ºÉ°��µ�¤¸�µ¦Ä®o¨Î�µ�´��ªµ¤Î�µ�´�Â�n�¦µ¢¢d��´Ê��¸É���Â�nÅ¤nµ¤µ¦��¸É
�³�Î�µÄ®o�nµ� 'HOD\��� �̧�¹Ê�Å�oÁ�ºÉ°��µ��³¤¸�µ¦Ä®o¨Î�µ�́��ªµ¤Î�µ�́�Â�n�¦µ¢¢d��´Ê��¸É� �� Á¤ºÉ°
�·ª�́¢Á¢°¦r���Á�È¤Â¨oªÁ�nµ�´Ê���°��µ��¸Ê¥´��o°�Â¨���7UDGHRII���́��µ¦�¸É�nµ�&/5���Â¨³�'HOD\���
¤¸�nµ�¸É�o°¥�ªnµª·�¸� 7/%� �oª¥� Ä���³�¸Éª·�¸� 35/%�(;� �¸É�Î�µÁ�°Ä®¤nµ¤µ¦�Â�oÅ��{�®µ�¸É�nµ�°��
&/5��� Â¨³� 'HOD\��� ¤¸�nµÁ¡·É¤�¹Ê�� �°�Á®�º°�µ��µ¦Ä®o¨Î�µ�́��ªµ¤Î�µ�́�Â��Á�·¤Â¨oª�
ª·�¸� 35/%�(;� �¸Ê¤¸�µ¦�Î�µ�n°Ã�Á�È�¡·Á«¬¤µÄ�oÁ¡·É¤� �¹É�Á�}��µ¦�Î�µÃ�Á�È��¸ÉÁ®¨º°Ä�o¤µ�µ��¦µ¢¢d������



���

�´Ê��¸É� ��®¦º°�¦µ¢¢d��´Ê��¸É� ��¤µÁ�È�³¤ÅªoÄ��n°Ã�Á�È�¡·Á«¬Á¡ºÉ°Ä�oÂ��Ã�Á�È��¦¦¤�µÄ��¦�¸�¸É
Ã�Á�È�Ä��n°Ã�Á�È��¦¦¤�µ®¤���µ¦Ä�o�n°Ã�Á�È�¡·Á«¬�¸Ê�Î�µÄ®o�nµ�&/5���Â¨³�nµ�'HOD\���¤¸�nµ�¸É�¸
�ªnµª·�¸�7/%�Â¨³ª·�¸�35/%��°��µ��¸Êª·�¸�35/%�(;�¥´�µ¤µ¦��¸É�³Ä®o�nµ�&/5���Â¨³�'HOD\����¸É
�¸�¹Ê��ªnµª·�¸� 35/%� Á�·¤�oª¥� �¹É�Á�}��¨¤µ�µ��n°Ã�Á�È�¡·Á«¬Á�n��´�� �µ��µ¦«¹�¬µ�¸Ê¥´�¡�ªnµ�¨
�µ��µ¦�¦´�Á¡·É¤��µ��°��·ª�´¢Á¢°¦r�³�Î�µÄ®o�nµ�&/5�¨�¨��Ä���³�¸É�nµ�'HOD\��³¤¸�nµÁ¡·É¤�¹Ê��
nª��µ¦�¦´���µ��°��n°Ã�Á�È�Â¨³��µ��°�°´�¦µ�µ¦¦oµ�Ã�Á�È��³�Î�µÄ®o�nµ� &/5� Â¨³�'HOD\�
¤¸�nµ¨�¨��Â�n�µ¦Ä�o��µ��°��n°Ã�Á�È�¼�Á�·�Å��³�Î�µÄ®o��µ��°�Á�·¦�r�¸É°°��µ��¨Å�¤¸��µ�
Ä®�n� nª��µ¦Ä�o��µ��°�°́�¦µ�µ¦¦oµ�Ã�Á�È�¤µ�Á�·�Å��³�Î�µÄ®o·Ê�Á�¨º°��¦´¡¥µ�¦Ã�¦��nµ¥
Â ¨ ³ �Î �µ Ä ® o Â ® ¨ n � �Î �µ Á �· �  µ ¤ µ ¦ � n � � ¦ µ¢¢ d � Á �· � Å � o� n µ ¥� �́ � �´Ê � �¹ � � o ° � � ¦´ �
¡µ¦µ¤·Á�°¦rÁ®¨nµ�¸ÊÄ®oÁ®¤µ³¤�oª¥

�°��µ��µ¦«¹�¬µ¡µ¦µ¤·Á�°¦r�°��¨Å��́�¦´ÉªÂ��¨Î�µ�́��ªµ¤Î�µ�́�Â¨oª� �¼oª·�´¥¥́�Å�o
«¹�¬µ�¹��ªµ¤µ¤µ¦�Ä��oµ�£µ¡Á¨º°�Á¢j�Â¨³�µ¦�°��°��°��¨Å��́�¦´ÉªÂ��¨Î�µ�́�
�ªµ¤Î�µ�́�°̧��oª¥��»�¤�´�·�´Ê�����oµ��¸Ê¥´�Å¤nÅ�o¤¸�µ¦«¹�¬µÄ��oµ��́��¨nµª¤µ�n°�Ä����ªµ¤
°ºÉ��¸ÉÁ�̧É¥ª�́��¨Å��´�¦´ÉªÂ��¨Î�µ�́��ªµ¤Î�µ�́�� Á¦µµ¤µ¦�«¹�¬µ�¨�°��ªµ¤µ¤µ¦�Ä��oµ�
£µ¡Á¨º°�Á¢j��°��¨Å��´�¦´ÉªÅ�o�µ��µ¦�¦´�¡µ¦µ¤·Á�°¦r�°�Â®¨n��Î�µÁ�·��Ã�¥«¹�¬µÂ®¨n��Î�µÁ�·�
��Â���º°�Â��Â¦�Á�}�Â���¸ÉÂ®¨n��Î�µÁ�·��¦µ¢¢d��´Ê��¸É���Â¨³�´Ê��¸É���n��¦µ¢¢d��oª¥°´�¦µ�µ¦
n�Á�¨¨rÁ�¨¸É¥®¦º°°́�¦µ�µ¦n�Á�¨¨r¼�»��¸É�ÎÉ�µ�ªnµ�nµ�¸É��¨�Åªo�´�Ã�¦��nµ¥� Î�µ®¦´�Â���¸É°��º°�
Â���¸ÉÂ®¨n��Î�µÁ�·��¦µ¢¢d��´Ê��¸É� �� Â¨³�´Ê��¸É� �� n��¦µ¢¢d��oª¥°́�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥®¦º°°´�¦µ
�µ¦n�Á�¨¨r¼�»��¸É¼��ªnµ�nµ�¸É��¨�Åªo�́�Ã�¦��nµ¥�µ¤¨Î�µ�́�� �¨Å��́�¦´Éª�¸É�̧Ä��µ�°»�¤��·�´Ê�
�o°�µ¤µ¦�Á¨º°��´��µ¦�´��¦µ¢¢d��´Ê�� �� Â��Å�o°¥nµ��¼��o°�� �º°� Á¤ºÉ°Â®¨n��Î�µÁ�·�n�Á�¨¨r�oª¥
°́�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥®¦º°°́�¦µ�µ¦n�Á�¨¨r¼�»��¸É�ÎÉ�µ�ªnµ�nµ�¸É��¨�Åªo�´�Ã�¦��nµ¥�´Ê�� �¨Å��³
�o°�Å¤nÅ��Î�µ�µ¦Ä�Ç��´�Á�¨¨r�°�Â®¨n��Î�µÁ�·��´Ê���´��´Ê��nµ°´�¦µnª��µ¦¼�®µ¥�°�Á�¨¨r��&/5��
�ª¦¤¸�nµÁ�}�«¼�¥r� Â�nÁ¤ºÉ°Â®¨n��Î�µÁ�·�n�Á�¨¨r�oª¥°́�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥®¦º°°́�¦µ�µ¦n�Á�¨¨r�
¼�»�Á�·��nµ�¸É��¨�Åªo� �¨Å��́�¦´Éª�³�o°��´��µ¦�·Ê�Á�¡µ³Á�¨¨rnª��¸ÉÁ�·�Ä��¦·¤µ��¸ÉÁ®¤µ³¤
�oª¥� �¸É�nµ�¤µÅ�o¤¸�µ¦�Î�µÁ�°�nµ�µ�°»�¤��·� �,'($/�� �¹É��°��¦·¤µ�Á�¨¨r�¸É�¼��·Ê�°¥nµ�Á®¤µ³
¤Á¡ºÉ°Á�}�¤µ�¦�µ�Ä��µ¦ª´��µ¦Á¨º°�¦¦�°��¨Å��´�¦´Éª�¦¦¤�µ� Â�n¥´�Å¤nÁ�¥¤¸�µ¦�Î�µÁ�°�nµ
�µ�°»�¤��·Î�µ®¦´��¨Å��´�¦´ÉªÂ��¨Î�µ�´��ªµ¤Î�µ�´�¤µ�n°�� Á�ºÉ°��µ��¨Å�Â�n¨³°¥nµ��È¤¸�µ¦Ä®o
¨Î�µ�́��ªµ¤Î�µ�́��¸ÉÂ���nµ��́�Å�� Â¨³Á�}��µ¦¥µ��¸É�³�Î�µ®���nµ�µ�°»�¤��·�°��¨Å��́�¦´Éª
Â��¨Î�µ�´��ªµ¤Î�µ�´��¸É�¼��o°�

�¨�µ��µ¦�Î�µ¨°�Â��¡�ªnµ� Ä��µ¦�Î�µ¨°�Â���¸ÉÂ®¨n��Î�µÁ�·�n��¦µ¢¢d��ÎÉ�µ�ªnµ�nµ�¸É
Å�o��¨�Åªo�´Ê�� �µ¦�Î�µ¨°�Â��Ã�¥�µ¦�¦´��nµ°́�¦µ�µ¦n�Á�¨¨rÁ�¨¸É¥Â¨³°́�¦µ�µ¦n�Á�¨¨r¼�»�



���

�³Ä®o�¨�̧É� öµ¥�́��º°� ª·�̧� 35/%�(;� �³Ä®o�nµ�»�£µ¡�°��¦·�µ¦�°��¦µ¢¢d�� �º°� �nµ� &/5���
&/5����'HOD\���Â¨³�'HOD\����̧É�̧�ªnµª·�̧�7/%�Â¨³ª·�̧�35/%�Á�ºÉ°��µ�ª·�̧�35/%�(;�Ä�o�n°Ã�Á�È�
¡·Á«¬�¹É�µ¤µ¦�³¤Ã�Á�È��¸ÉÁ®¨º°�µ��¦µ¢¢d��´Ê�� �&ODVV�� �¸Én��oª¥�¦·¤µ��¸É�ÎÉ�µ�ªnµ�¸É��¨�Åªo�
�Î�µÄ®o�¦µ¢¢d�°̧��´Ê�®�¹É�Å�o¦´�Ã�Á�È�¤µ��¹Ê�� Á�}��µ¦�Î�µ�¦´¡¥µ�¦Ã�¦��nµ¥�¸ÉÁ®¨º°¤µÄ�oÄ®oÁ�·�
�¦³Ã¥��r� �´�Á�}��o°�̧�°�ª·�¸� 35/%�(;� �¸ÉÅ¤n¤¸Ä�ª·�¸� 7/%� Â¨³� 35/%� Á�·¤� Î�µ®¦´�ª·�¸��
)X]]\� 35/%�(;� �´Ê��°��µ��³Ä�o�n°Ã�Á�È�¡·Á«¬Á®¤º°�ª·�¸� 35/%�(;� Â¨oª� ¥́�¤¸�µ¦Ä�o�
¢{��¸¨°�·�¤µÁ¡·É¤Á�¦�·�Ä®o�´�Â®¨n��Î�µÁ�·��oµÂ®¨n��Î�µÁ�·�n��¦µ¢¢d��ÎÉ�µ�ªnµ�¸É��¨�Åªo�oª¥� Ã�¥
�µ¦Á¡·É¤°´�¦µ�µ¦¦oµ�Ã�Á�È���Î�µÄ®o�»�£µ¡�°��¦·�µ¦�º°�&/5����&/5����'HOD\���Â¨³�'HOD\�
�� ¤¸�nµ�¸É�¸�ªnµª·�¸°ºÉ�Ç� °¥nµ�Å¦�È�µ¤�´Ê�� �� ª·�¸�¸É�Î�µÁ�°¥´�Å¤nµ¤µ¦��Î�µ�µ�Å�o�µ¤°»�¤��·Á�ºÉ°�
�µ�¥́���¤¸�µ¦¼�®µ¥�°�Á�¨¨rÁ�·��¹Ê��¹�Â¤oªnµÂ®¨n��Î�µÁ�·��³n��¦µ¢¢d��oª¥°´�¦µ�¸É�ÎÉ�µ�ªnµ�¸ÉÅ�o
��¨�Åªo

Î�µ®¦´��¨�µ¦�Î�µ¨°�Â��Ä��¦�¸�¸ÉÂ®¨n��Î�µÁ�·�n��¸É�¦µ¢¢d�¼��ªnµ�nµ�¸ÉÅ�o��¨�Åªo�´Ê��
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Abstract

One of the most important tasks in Asynchronous Transfer
Mode (ATM) networks is to meet Quality of Service (QoS)
requirements for different classes of service. The priority
leaky bucket has been proposed to cope with this problem
by providing priority level for each service class according
to its requirement. However, this scheme has a disadvantage
of having to trade off QoS between high and low priority
classes, where the low one obtains degraded QoS. In this
paper, new priority leaky bucket mechanism with extra
token pool in order to improve quality for low priority class
is introduced. Fuzzy logic system is also applied with this
new scheme, thus token generation rate of the scheme can
be dynamically adjusted. The simulation results
demonstrate that fuzzy mechanism leads the traditional
leaky bucket in terms of cell loss ratio and cell mean delay
time, when performing as the traffic shaper and policer.

1. Introduction

Leaky bucket algorithm is well  recognized as a simple
and efficient UPC scheme and many leaky bucket schemes
have been proposed and studied [1-2].  However, most of
them are designed for policing single traffic type, so it
cannot perform well in dealing with different traffic types
and guaranteeing their QoS. As a result, the concept of
employing priority management with the buffered leaky
bucket is proposed and known as priority leaky bucket
mechanism [3], which classifies traffic into two priority
classes: high and low priority. The scheme consists of two
separated buffers and a common token pool and token
generator. Priority management is implemented in a form of
token usage and high priority cells will be served first. This
can improve QoS of high priority class while degrading the
low priority class as a trade off.

Several priority mechanisms have been presented  [4-5].
Most of them use one shared token pool. This makes an
advantage of resource utilization. However, they can police
only total traffic rate because token generation rate is based
on the total amount of both traffic classes. Thus, when high
priority source sends traffic exceeding its negotiated rate,
the excessive cells can easily pass the bucket without
detection and increase probability of network congestion.
Consequently, another priority leaky bucket has been

considered by using two token pools and two token
generators [6]. With this mechanism, the preceding problem
is relieved because each traffic class has its own token pool
and token generation rate is based on each traffic class
negotiated rate. The new scheme has disadvantage in
resource utilization because the token generation rate is
constant, so more token will be discarded than the former
priority scheme. Another disadvantage is that it still has to
trade off QoS between high and low priority classes.

In this paper, new priority leaky bucket scheme, priority
leaky bucket with extra token pool, that has two token pools
and two token generators with an extra token pool is
proposed. The extra pool is added to the priority leaky
bucket [6] to improve resource utilization and QoS of both
priority classes. The feature of this mechanism is described
in section 2. However, there still remains the problem of
using fixed value of token generation rate, which utilizes
resource inefficiently. There are many researches that
applied fuzzy logic with traditional leaky bucket [7-8] and
proved that it can defeat this problem. Thus, fuzzy control is
employed with the first proposed scheme so that it can vary
token generation rate corresponding to the characteristics of
traffic source. The principles of the proposed fuzzy system
and traffic source model are described in sections 3 and 4,
respectively. The performance of the proposed schemes in
terms of QoS: cell loss ratio and mean delay time are
investigated. Selectivity of the mechanism when traffic is
overloaded is also investigated. This important property of
the policer has never been realized in the past priority
scheme literature. The simulation results are demonstrated
and analyzed in section 5 and final conclusion is drawn in
section 6.

2. Priority leaky bucket description

Consider a priority leaky bucket with extra token pool
(PLB-EX) shown in Figure 1. Traffic cells are classified
into two priority classes: class-0, cells with high priority and
class-1, cells with low priority, which are from class-0
source and class-1 source, respectively. The mechanism
consists of two separated buffers: buffer-0 and buffer-1, and
two token pools: token pool-0 and token pool-1,

allocated for each traffic class, respectively. Extra token
pool is added in order to collect overflow tokens from token
pool-0 and token pool-1.
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Figure 1. PLB-EX Model

When cells arrive at PLB-EX, they are served with their
own class tokens and forwarded to network. When token
pool-0 and token pool-1 are empty, extra token pool is
exploited by allowing equally access from each cell class to
use extra tokens. If there are not any tokens left in all pools,
cells are buffered. Priority is assigned when new arriving
class-0 cell finds that the buffer-0 is full and no token is left
in token pool-0 and extra pool while tokens in token pool-1
still remains. Then class-0 cells at the head of buffer-0 can
steal token from token pool-1 and new cell is received in the
buffer, but the cell which steals the token will be marked as
class-1 instead.

3. Fuzzy logic based priority leaky
bucket principle

Fuzzy logic system is implemented in PLB-EX as FPLB-
EX to control the constant Token Rate (TR) in PLB-EX,
thus generation rate can be adjusted suitably according to
traffic source characteristics. If the source behaves well, it
will be rewarded, that is, TR will be high to improve QoS
and resource utilization. In contrast, if the source begins to
violate network contract, TR will be low to detect the
violation and punish it immediately. The proposed FPLB-
EX is shown in Figure 2.
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Figure 2. FPLB-EX Model

 Two fuzzy controllers, fuzzy-0 and fuzzy-1, are added
to produce reasonable rate for token pool-0 and token pool-
1, respectively. In every sampling period (SP), each
controller measures its source characteristics, as the input to
calculate desired TR. There are two inputs for each fuzzy
controller, which describes source behavior, MCRR (Mean
Cell Rate Ratio), and PCRR (Peak Cell Rate Ratio).

MCRR is defined as the ratio of the total number of
arriving cells until the current SP, and the negotiated mean

cell rate that indicates long-term behavior of the source.
MCRR-0 is the input from class-0 source whereas MCRR-1
is from class-1 source. Another fuzzy input: PCRR, is the
ratio of the number of arriving cells in the current SP, and
the negotiated peak cell rate that indicates short-term
behavior. PCRR-0 is the input from class-0 source while
PCRR-1 is the input from class-1 source. The output is TRR
(Token Rate Ratio) which is the ratio between new TR and
TR, where in this case, is equal to negotiated mean cell rate
because the policer is designed for mean cell rate policing.
TRR-0 is the output from fuzzy-0 and TRR-1 is the output
from fuzzy-1.

 After fuzzy controllers have measured source
characteristics as their crisp inputs, these inputs are then
fuzzified into linguistic value related to their membership
functions. The membership functions of inputs and output
are of triangular shape as shown in Figures 3-5. They are
fuzzified into five subsets: Very Low (VL), Low (L),
Medium (M), High (H) and Very High (VH). The identical
membership shapes are used for input and output of fuzzy-0
and fuzzy-1 controllers, because the simulation tests use the
same source parameters for class-0 and class-1 traffic to be
able to compare how different the QoS is when priority is
considered.
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Figure 3. Membership function of MCRR input variable
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Figure 4. Membership function of PCRR input variable
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Figure 5. Membership function of TRR output variable

Table 1 gives the fuzzy controller rules of the proposed
FPLB-EX. The same fuzzy rule is shared for both fuzzy
controllers. The target of the rules is to enforce the source
to respect the negotiated mean cell rate of the network. The
proposed mechanism allows the source to have some short-
term fluctuations as long as the long-term situation is
respected.

Table 1. Fuzzy controller rule base
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Rule MCRR PCRR TRR
1 VL VL VH
2 VL L VH
3 VL M H
4 VL H H
5 VL VH M
6 L VL VH
7 L L H
8 L M H
9 L H M
10 L VH M
11 M VL VH
12 M L H
13 M M H
14 M H M
15 M VH M
16 H VL M
17 H L L
18 H M L
19 H H VL
20 H VH VL
21 VH VL L
22 VH L VL
23 VH M VL
24 VH H VL
25 VH VH VL

For example, the case that the source sends actual traffic
near the negotiated mean cell rate that can be indicated as
MCRR is in M set, is considered. That source will be
rewarded by increasing the token generation rate beyond the
normal rate. PCRR is then necessary to be considered if the
short-term behavior of the source is very well, as PCRR is
in VL set, token generation can be more increased.
However, when PCRR is in H or VH set that indirectly
reflects that the source begins to violate the contract, no
more reward is allowed for that source.

When MCRR is in VL or L set, the source will gain
credit. On the other hand, if MCRR is in H or VH set, the
source will be punished. PCRR is also considered together
with the MCRR to detect the instant trend of the source,
thus the control will not be so rigid. Following these ideas,
the 25 fuzzy rules that can flexibly cope with the dynamic
characteristics of the source during the connection, are
established. According to fuzzy control rules, the
membership grade of the output is calculated by fuzzy
inference method. In this paper, the MAX-MIN method is
selected. Fuzzy output is then defuzzified into crisp value.
The centroid of area technique is adopted in the
defuzzication to yield desired token generation rate.

4. Traffic source model

The  traffic source which will be policed is described by
an ON/OFF model in Figure 6. Assume that ON and OFF
state durations have negative exponential distributions with
mean time durations; E[ON] and E[OFF], respectively.

The source parameters are shown in Table 2. The source
is packet voice service [7], which is encoded at the speed of
32 kbps. Both class-0 traffic and class-1 traffic are

modeled with the same source parameters to compare how
priority assignment affects the QoS of each traffic class.
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O F F
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(>21@ (>2))@

Figure 6. ON/OFF source model

Table 2. Packet voice source parameters
Peak Cell Rate 32000 bps

E[ON] 352 ms
E[OFF] 650 ms

Mean Cell Rate 11200 bps
Burstiness 2.85

5.  Performance evaluation and 
comparison

In this section, the performance of the proposed PLB-
EX and FPLB-EX are investigated in comparison with two
other leaky bucket mechanisms. The first one is the
mechanism that consists of two ordinary token leaky
buckets that police each traffic class independently referred
as TLB. The second one is priority leaky bucket without
extra token pool, which is proposed in [6] and referred as
PLB.

The selectivity of the proposed policer when the source
respects (underloaded) and violates (overloaded) negotiated
mean cell rate contract is determined. The performance is
measured in terms of Cell Loss Ratio (CLR) and mean
delay time, which are important QoS’s.

The test system is simulated in C++ language. The
following parameters of the mechanism are set for
performance comparison.

1. Buffer-0 size = Buffer-1 size = 50 cells in all
mechanisms

2. Token pool-0 size = Token pool-1 size = 15 tokens
in TLB and PLB, but Token pool-0 size = Token
pool-1 size = extra pool size = 10 tokens in PLB-
EX and FPLB-EX, thus the sum of pool size = 30
tokens

3. Sampling period in FPLB-EX= time that 10 cells
are transmitted at peak rate [8]

4. Simulation time = time that 106 cells are generated
Figure 7 shows the comparison of the cell loss ratio for

class-0 when class-0 traffic transmits cell under their
negotiated mean cell rate. The result indicates that priority
assignment can enhance quality of class-0. The PLB is
realized as the better method than the TLB. The proposed
PLB-EX is proved to be of greater ability. The exploit of
extra token pool, which utilizes resource more efficiently,
can improve the CLR-0. Another proposed scheme, FPLB-

EX performs the best, because it rewards class-0 traffic with
a higher reasonable token generation rate, thus the CLR-0
reaches the lowest value among other mechanisms.
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Figure 7. Class-0 cell loss ratio when class-0 is underloaded
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Figure 8. Class-1 cell loss ratio when class-0 is underloaded
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Figure 9. Class-0 mean delay time when class-0 is underloaded
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Figure 10. Class-1 mean delay time when class-0 is underloaded

The effect of underloaded class-0 traffic to the class-1
traffic is as shown in Figure 8. It is found that priority
given to the PLB cannot improve class-1 quality, but its
value is slightly (cannot be seen within the picture scale)
more than the TLB as the trade off. Extra pool in PLB-EX

can compensate this problem and the CLR-1 is much better,
especially when class-0 has a few loads. FPLB-EX is still
the best because the exploit of extra token pool, which can
receive more tokens from higher token generation of class-0
traffic.

Figures 9 and 10 display the mean delay time that
class-0 and class-1 cells have to wait in the buffer. It is
observed that the PLB scheme cannot improve the delay
time of class-0 cells, furthermore, the delay time of class-1
cells increases. In the different way, the PLB-EX and
FPLB-EX perform better in delay performance than the
traditional mechanisms. It can be concluded that the
situation when class-0 traffic respects the negotiated
contract that the new proposed mechanisms play the role as
shaper and policer, is better than the conventional
algorithms. The effect of underloaded class-1 traffic is in
the similar way, but the cell loss ratio and mean delay time
insignificantly degrade when compared to class-0 traffic due
to priority assignment.

Next, how the proposed policing can detect violation
when class-0 source exceeds negotiated rate, is discussed.
The ideal curve [1-2], which is corresponding to the
percentage of excessive cells beyond the proper limit, is
considered. Figure 11 displays the class-0 cell loss ratio
when class-0 traffic is overloaded. It is found that the TLB
technique has false detection by discarding more cells than
the ideal limit. The PLB and PLB-EX behave in the same
way that they discard more cells than ideal case when mean
cell rate is near the negotiated value. But when the rate goes
higher, the cell loss ratio of both mechanisms is below the
ideal line. This is reasonable because the ideal curve is
derived for conventional leaky bucket while the priority
mechanism assigns high priority for class-0 cells. Thus, the
cell loss ratio of class-0 traffic should be lower than that of
the ideal case. The application of fuzzy logic in the
FPLB-EX makes the mechanism reach near ideal case when
normalized mean cell rate is equal to 1. When class-0 mean
cell rate increases, fuzzy controller will punish the source
by decreasing token generation rate to discard overloaded
cells and it can police traffic better than the PLB and PLB-
EX when normalized class-0 mean cell rate is beyond 1.5.
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Figure 11. Class-0 cell loss ratio when class-0 is overloaded
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Figure 12. Class-1 cell loss ratio when class-0 is overloaded
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Figure 13. Class-0 mean delay time when class-0 is overloaded
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Figure 14. Class-1 mean delay time when class-0 is overloaded

Figure 12 shows the effect to class-1 traffic when class-0 
source is overloaded. The TLB is not affected by this 
situation because it polices each class independently. 
However, with the PLB scheme, class-1 cell loss ratio is 
degraded due to token taken from violating cells of class-0 
traffic. Although the PLB-EX performs similarly, the 
utilization of the extra pool keeps QoS of class-1 traffic as 
well as the TLB method. The same phenomenon occurs with 
the FPLB-EX, but class-1 traffic, which respects the contract 
is credited with higher token generation rate, thus the class-1 
cell loss ratio is improved.

Figure 13 exhibits the mean delay time of class-0 cells. It 
is found that the proposed PLB-EX still maintains delay 
below those of conventional methods while the FPLB-EX 
increases cell waiting time due to decreasing token generation 
rate.

Figure 14 shows the mean delay time of class-1 traffic. As 
same as the cell loss ratio case, the delay time of priority 
schemes is influenced by class-0 traffic and is more than that 

of TLB. However, with the implementation of fuzzy logic, 
this problem is eliminated as long as class-1 source respects 
the network contract. The result of overloaded class-1 traffic 
is not shown in the paper but it resembles the overloaded 
class-0 traffic case.

6. Conclusion

In this paper, two new priority leaky bucket mechanisms
are proposed with the implementation of extra token pool
and fuzzy logic system on the conventional scheme to meet
several service requirements, such as cell loss ratio and
mean delay time. The main target of new proposed methods
is to improve the quality of low priority traffic, which is
traded off with better service for the high priority class.
Moreover, the selectivity of priority schemes as the policing
mechanism, which has not been investigated before, is
explored. The simulation results show that the proposed
mechanisms perform better than former techniques when
they are utilized as a traffic shaper. Cell loss ratio and mean
delay time are determined and the FPLB-EX is shown to be
the best mechanism. This proposed scheme also acts well as
policing mechanism. It can detect the violation cells and
punish them by discarding more excessive cells than the
other priority algorithms. Furthermore, the scheme can
control the effect of overloaded class, thus the QoS of
another class still remains good. However, the fuzzy logic
gives disadvantage of the slightly increased delay time of
exceeding traffic cells. How to cope with this disadvantage
is left for the future study.
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