
{ºã�º�ºÓ°}�� |k| ½iwj~vl� ��� iÓË¹¯º¹Ë��
¯ºm°}�� �º��Ò ÓË ¯È­º�ÈË� ªãË}�¯º�Ó©® �Ë² äº��
Óº°�	
 �� �©°� � ÓÈ |k| ½v�ÈãË}ÈÓÈ�Ó©®� �­©m�
�Ò® |k| ½|�Ë°°}Ò® °�ÈãË¹¯º}È�Ó©® ÏÈmº��� Ò
�¯�

sË°äº�¯« ÓÈ ÁÒÓÈÓ°ºm©Ë �¯��Óº°�Ò Ò ÓË°�È�
­Òã	Ó�
 ¯ËÈãÒÏÈ�Ò
 ¹¯º��}�ÒÒ ¹¯Ë�¹¯Ò«�Ò« �ãË�
Ó© k°°º�ÒÈ�ÒÒ ��Ëã«
� ­ºã	�ºË mÓÒäÈÓÒË ¯Ë�
}ºÓ°�¯�}�ÒÒ Ò �Ë²ÓÒ�Ë°}ºä� ¹Ë¯Ëmºº¯�ÎËÓÒ

ªãË}�¯º�Ó©² �Ë²ºm� ÏÈäËÓË �°�È¯Ëm�Ë�º Ò äº¯È�
ã	Óº ÒÏÓº�ËÓÓº�º º­º¯��ºmÈÓÒ« ÓÈ ÓºmºË� w�º �È�
}ÒË ¹¯Ë�¹¯Ò«�Ò«� }È} ~k| ½w�~� ��� v���Ë�Ë¯�
­�¯��� ||| ½v©�Ëm°}Ò® ªãË}�¯º�Ó©® ÏÈmº���
��|~vl jwv Òä� p� |� �È�ºÓÈ sks �}¯ÈÒÓ©�
|k| ½lll~�� |k| ½lË²�º°äË�ÒÏ�l�ËÓ°}��
|k| ½bw~�� |k| ½k| ½v¹Ë�ªãË}�¯º��� ~k|
½k¯�ËääÈ� ½{Ò°�Ë}��~k| ½vw~ ½vjrwv��|k|
½|v� ½{Ëã}ºä� Ò �¯�� ¯ÈÏ¯È­º��Ò}Ò º­º¯��ºmÈ�

ÓÒ« ||| ½{ËãäÈ�� ~k| ½k¯}�º°�� |k| ½�«Î�
¹¯Ë°°äÈ��� ||| ½wãÒ}º°� Ò �¯�

|�ÓÒä ÒÏ mÈÎÓË®�Ò² ÓÈ¹¯ÈmãËÓÒ® �Ë«�Ëã	�
Óº°�Ò k°°º�ÒÈ�ÒÒ «mã«Ë�°« ¯Ë�ËÓÒË mº¹¯º°ºm�
°m«ÏÈÓÓ©² ° ¹ºÒ°}ºä Óºm©² äË°�º¯ºÎ�ËÓÒ® °©¯	«�
°º�Ë®°�mÒË m ¹º°�Èm}È² }È�Ë°�mËÓÓ©² °©¯	Ëm©²
}ºä¹ºÓËÓ�ºm ¹¯Ë�¹¯Ò«�Ò«ä�¹¯ºÒÏmº�Ò�Ëã«ä ªãË}�
�¯º�ºm Ò �¯�

��Ò�©mÈ« �ËÓºm�
 ¹ºãÒ�Ò}�� k°°º�ÒÈ�Ò« mÒ�
�Ò� m }È�Ë°�mË mÈÎÓË®�Ë�º ÓÈ¹¯ÈmãËÓÒ« ËË �Ë«�
�Ëã	Óº°�Ò ÓÈãÈÎÒmÈÓÒË ÏÈÒÓ�Ë¯Ë°ºmÈÓÓ©² mÏÈÒäº�
º�Óº�ËÓÒ® äËÎ�� ¹¯ºÒÏmº�Ò�Ëã«äÒ °mÈ¯º�Ó©² äÈ�
�Ë¯ÒÈãºm� Ò² ¹º�¯Ë­Ò�Ëã«äÒ Ò ¹º°�Èm�Ò}ÈäÒ °©�
¯	Ëm©² }ºä¹ºÓËÓ�ºm� w�º }È°ÈË�°« ¹¯ËÎ�Ë m°Ë�º
¹º°�Èmº} ÁË¯¯º�Ò�ÈÓÈ Ó�ÎÓº�º }È�Ë°�mÈ Ò ¹º�È�È
�ã« ¹¯ºÒÏmº�°�mÈ ÓÈ�¯ÒËmº�}ÈãÒËmº® Ò }ÈãÒËmº�
ÓÈ�¯ÒËmº® °ÒãÒ}È�Ó©² �ã©­�

0DLQ DUHDV RI DFWLYLW\ RI WKH $VVRFLDWLRQ �(OHFWURGH� LQ WKH &,6 FRXQWULHV GXULQJ WKH ODVW �� \HDUV DUH GHVFULEHG� 7KH UDWHV
RI GHYHORSPHQW RI SURGXFWLRQ RI ZHOGLQJ FRQVXPDEOHV DQG WUHQGV LQ LPSURYHPHQW RI TXDOLW\ DQG FRPSHWLWLYHQHVV DUH VKRZQ�
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k� p� lkc psz|� }ÈÓ�� �Ë²Ó� ÓÈ�} �jÓ�� ªãË}�¯º°mÈ¯}Ò Òä� p� |� �È�ºÓÈ sks �}¯ÈÒÓ©�

©¿ÖÄÐÑÁÍ Ç ÕÄÌ¿ x ÂÊ¿ÁÌÚÄ ÐÍÐÑ¿ÁÊÞÝØÇÄ ÏÚÌÍÖÌÍÈ ÉÍÌÉÒÏÄÌÑÍÐÎÍÐÍÀÌÍÐÑÇ ÜÊÄÉÑÏÍÃÌÍÈ ÎÏÍÃÒÉÕÇÇ� ±ÄÔÌÍ�
ÊÍÂÇÞ ÎÏÍÇÆÁÍÃÐÑÁ¿ ÐÁ¿ÏÍÖÌÚÔ ÜÊÄÉÑÏÍÃÍÁ x ÐÊÍÅÌÚÈ ËÌÍÂÍÍÎÄÏ¿ÕÇÍÌÌÚÈ ÎÏÍÕÄÐÐ� ÁÉÊÝÖ¿ÝØÇÈ ËÌÍÅÄÐÑÁÍ
ÎÍÑÄÌÕÇ¿ÊÛÌÚÔ ÇÐÑÍÖÌÇÉÍÁ ÁÍÆËÒØÄÌÇÈ� ÉÍÑÍÏÚÄ ÌÄÍÀÔÍÃÇËÍ ÎÍÃ¿ÁÇÑÛ ÃÊÞ ÃÍÐÑÇÅÄÌÇÞ ÌÒÅÌÍÂÍ É¿ÖÄÐÑÁ¿ ÎÏÍ�

ÃÒÉÕÇÇ ÎÏÇ ÃÍÐÑÒÎÌÍÈ ÄÄ ÕÄÌÄ� ®ÏÍ¿Ì¿ÊÇÆÇÏÍÁ¿ÌÚ ÑÏ¿ÃÇÕÇÍÌÌÚÄ ÇÌÅÄÌÄÏÌÍ�ÑÄÔÌÇÖÄÐÉÇÄ ÎÍÃÔÍÃÚ� ÉÍÑÍÏÚÄ
ÌÄÍÀÔÍÃÇËÍ ÎÏÇËÄÌÞÑÛ Á ÐÍÖÄÑ¿ÌÇÇ Ð ÎÏÇÄË¿ËÇ ÒÎÏ¿ÁÊÄÌÇÞ� ÇÐÎÍÊÛÆÒÄËÚËÇ Ì¿×ÇËÇ ÇÆÂÍÑÍÁÇÑÄÊÞËÇ ÜÊÄÉÑ�
ÏÍÃÍÁ Á ÐÁÍÄÈ ÎÏ¿ÉÑÇÉÄ Á ÐÍÍÑÁÄÑÐÑÁÇÇ Ð ÏÄÉÍËÄÌÃ¿ÕÇÞËÇ ËÄÅÃÒÌ¿ÏÍÃÌÚÔ ÐÑ¿ÌÃ¿ÏÑÍÁ §°­ ÐÄÏÇÇ ����������

zã
� Ë m © Ë ° ã º m È � °mÈ¯º�Ó©Ë ªãË}�¯º�©� �Ë²Óºãº�Ò« ÒÏ�
�º�ºmãËÓÒ«� }ºÓ}�¯ËÓ�º°¹º°º­Óº°�	 ¹¯º��}�ÒÒ� äËÓË�ÎäËÓ�
}È�Ë°�mÈ

{ ¹º°ãË�ÓÒË �º�© ÓÈäË�ÒãÒ°	 ÓË�È�ÒmÓ©Ë �ËÓ�
�ËÓ�ÒÒ m ¹¯ºÒÏmº�°�mË °mÈ¯º�Ó©² ªãË}�¯º�ºm m
°�¯ÈÓÈ² vs�� �È}� m ���…��� ¯ÈÏÈ °º}¯È�ÒãÒ°	
º­�Ëä© m©¹�°}È ªãË}�¯º�ºm� ÒÏ�ÏÈ �Ë�º �äËÓ	�Ò�
ãÈ°	 ¹¯ºÒÏmº�°�mËÓÓÈ« ÓÈ�¯�Ï}È ÓÈ �Ë®°�m�
�ÒË
�Ë²Óºãº�Ò�Ë°}ÒË ãÒÓÒÒ �¯È�Ò�ÒºÓÓ©² ¹¯ºÒÏmº�Ò�
�ËãË® ªãË}�¯º�ºm� lÓº�ÒË ãÒÓÒÒ m©mË�ËÓ© ÒÏ ª}�
°¹ã�È�È�ÒÒ� È º°�Èm�ÒË°« ª}°¹ã�È�Ò¯�
�°« m ÓË�
¯Ë��ã«¯Óºä ¯ËÎÒäË� �º«mÒãº°	 äÓºÎË°�mº äÈãº�
�ºÓÓÈÎÓ©² ¹¯ºÒÏmº�Ò�ËãË® ªãË}�¯º�ºm� �Ë¯¯Ò�º�
¯ÒÈã	Óº ¹¯Ò­ãÒÎËÓÓ©² } ¹º�¯Ë­Ò�Ëã«ä� ��º °º¹�
¯ºmºÎ�ÈË�°« �äËÓ	�ËÓÒËä }ºÓ�ËÓ�¯È�ÒÒ ¹¯ºÒÏ�
mº�°�mÈ Ò �²���ËÓÒËä °m«ÏÈÓÓ©² ° ª�Òä Ë�º
�Ë²ÓÒ}º�ª}ºÓºäÒ�Ë°}Ò² ¹º}ÈÏÈ�ËãË®� �º��Ò ¹ºã�
Óº°�	
 °mË¯Ó��© Ò°°ãË�ºmÈ�Ëã	°}ÒË ¯È­º�© m º­�
ãÈ°�Ò �Ë²Óºãº�ÒÒ ÒÏ�º�ºmãËÓÒ« ªãË}�¯º�ºm� È ¯Ë�
Ï�ã	�È�© Ò°°ãË�ºmÈÓÒ®� }º�º¯©Ë Ë�Ë ¹¯º�ºãÎÈ�


�°«� ÓË�º°��¹Ó© �Ò¯º}ºä� }¯��� ¹¯ºÒÏmº�°�
�mËÓÓÒ}ºm�

�mËãÒ�Òãº°	 }ºãÒ�Ë°�mº Ò°�º�ÓÒ}ºm Ò°²º�Óº�º
°©¯	«� ¹º°}ºã	}� äÓº�ÒË ¹¯Ë�¹¯Ò«�Ò«�ÒÏ�º�ºmÒ�Ë�
ãÒ ªãË}�¯º�ºm ¹Ë¯Ë�ãÒ ÓÈ °©¯	Ë ÒÏ ­ãÒÎÈ®�Ò²
¯Ë�ÒºÓºm�}º�º¯ºË �È�Ë m°Ë�º äÈãº ÒÏ��ËÓº� {°ãË��
°�mÒË ª�º�º �²���ÒãÒ°	 �Ë²Óºãº�Ò�Ë°}ÒË ²È¯È}�
�Ë¯Ò°�Ò}Ò Ò°¹ºã	Ï�Ëäº�º °©¯	«� È º­�Ëä© ¹º°�Èm�
ã«Ëä©² Ë�º ¹È¯�Ò® °��Ë°�mËÓÓº �äËÓ	�ÒãÒ°	�¹º°�
}ºã	}� ÓË� °ä©°ãÈ ÏÈäº¯ÈÎÒmÈ�	 °¯Ë�°�mÈ ÓÈ ÏÈ�
}�¹}� }¯�¹Ó©² ¹È¯�Ò® äÈ�Ë¯ÒÈãºm� }º�º¯©Ë �ºã�
�ºË m¯Ëä« ÓË ­���� mº°�¯Ë­ºmÈÓ©�

sÈ¯��ÒãÈ°	 �È}ÎË ¯Ò�äÒ�Óº°�	 ¹¯ºÒÏmº�°�mÈ�
��º °�Èãº Ë�Ë º�Óº® ¹¯Ò�ÒÓº® �²���ËÓÒ« }È�Ë°�mÈ
¹¯º��}�ÒÒ� � �Ë®°�m�
�Ò² ¹¯Ë�¹¯Ò«�Ò® °��Ë°�
�mËÓÓº mºÏ¯º°ãÈ ÓÈ�¯�Ï}È ÓÈ ÈÓÈãÒ�Ò�Ë°}ÒË °ã�Î�
­©� m �º m¯Ëä« }È} Ò² �Ë²ÓÒ�Ë°}È« º°ÓÈ�ËÓÓº°�	
m°Ë ­ºã	�Ë º�°�ÈË� º� �¯Ë­ºmÈÓÒ® m¯ËäËÓÒ� È mº
äÓº�Ò²� mÓºm	 °ºÏ�ÈÓÓ©²� mºº­�Ë ÓË ÒäËË�°« ÈÓÈ�
ãÒ�Ò�Ë°}Ò² °ã�Î­� |°�¯º º���ÈË�°« ÓË²mÈ�}È
}ºä¹Ë�ËÓ�Óº�º ¹Ë¯°ºÓÈãÈ�

p�ÒÓ°�mËÓÓ©ä ¹ºãºÎÒ�Ëã	Ó©ä äºäËÓ�ºä «mã«�
Ë�°« �äËÓ	�ËÓÒË °¯Ë�ÓËmÏmË�ËÓÓº�º �ÒÈäË�¯È ÒÏ�

� p� k� lÈ¯�ËÓ}º� ����
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�º�ºmã«Ëä©² ªãË}�¯º�ºm� ��º� ° º�Óº® °�º¯ºÓ©�
¯Ë�Òãº ¯«� �Ë²Óºãº�Ò�Ë°}Ò² mº¹¯º°ºm� }º�º¯©Ë
mºÏÓÒ}ÈãÒ ¹¯Ò }ºÓmË®Ë¯Óºä ¹¯ºÒÏmº�°�mË ªãË}��
¯º�ºm ­ºã	�º�º �ÒÈäË�¯È� È ° �¯��º®� °��Ë°�mËÓ�
Óº º­º°�¯Òãº ¹¯º­ãËä©� °m«ÏÈÓÓ©Ë ° �º�Óº°�	

ÒÏ�º�ºmãËÓÒ« ªãË}�¯º�ºm�

lºÎÓº ��mË¯Î�È�	���º °ãºÎÒm�È«°« °Ò��È�Ò«
�º­ÈmÒãÈ } ¹¯ËÎÓÒä �Ë²Óºãº�Ò�Ë°}Òä ¹¯º­ãËäÈä
äÓºÎË°�mº Óºm©²� }º�º¯©Ë äÈãº ÒÏ��ËÓ©� äÈãº
¹¯ºÈÓÈãÒÏÒ¯ºmÈÓ© Ò °ãºÎÓº ¯Ë�È
�°«�

�Ë²Óºãº�Ò« }È} °¹º°º­ ÒÏ�º�ºmãËÓÒ« ªãË}��
¯º�ºm� { ­�}mÈã	Óºä °ä©°ãË �Ë²Óºãº�Ò
 �º� �¯Ë��
WHFKQH

_
Û Ò°}�°°�mº� äÈ°�Ë¯°�mº� �äËÓÒË Ò ORJRV

Û ¹ºÓ«�ÒË� ��ËÓÒË� äºÎÓº º�ÓË°�Ò } ã
­º® �Ë�
«�Ëã	Óº°�Ò �ËãºmË}È� m ²º�Ë }º�º¯º® ºÓ °ºÏ�ÈË�
äÈ�Ë¯ÒÈã	Ó©Ë� º­�Ë°�mËÓÓº�Ò�Ëºãº�Ò�Ë°}ÒË ÒãÒ
��²ºmÓ©Ë �ËÓÓº°�Ò� r����Ò ¹¯º��}�ºä ÓÈ��Ó©²
Ò°°ãË�ºmÈÓÒ®� ºÓÈ �ÈË� m ¯�}Ò �ËãºmË}È äË�º�©
°ºÏ�ÈÓÒ« ª�Ò² �ËÓÓº°�Ë®�

~È�È�È �Ë²Óºãº�ÒÒ }È} ÓÈ�}Ò Û m©«mãËÓÒË
ÁÒÏÒ�Ë°}Ò²� ²ÒäÒ�Ë°}Ò²� äË²ÈÓÒ�Ë°}Ò² Ò �¯��Ò²
ÏÈ}ºÓºäË¯Óº°�Ë® ° �Ëã	
 °ºÏ�ÈÓÒ« Ò ¹¯È}�Ò�Ë°�
}º�º Ò°¹ºã	ÏºmÈÓÒ« ÓÈÒ­ºãËË ªÁÁË}�ÒmÓ©² Ò ª}º�
ÓºäÒ�Ó©² ¹¯ºÒÏmº�°�mËÓÓ©² ¹¯º�Ë°°ºm� �� Ë� °¹º�
°º­ºm mºÏ�Ë®°�mÒ« ÓÈ °©¯	Ë� äÈ�Ë¯ÒÈã© ÒãÒ ¹º�
ã�ÁÈ­¯Ò}È�© °ºº�mË�°�m�
�ÒäÒ º¯��Ò«äÒ ¹¯ºÒÏ�
mº�°�mÈ >�@�

{ äÈ�Ë¯ÒÈã	Óº® °ÁË¯Ë �Ë²Óºãº�Ò« «mã«Ë�°« º­�
ãÈ°�	
 ÏÓÈÓÒ®� m}ã
�È
�Ë® ÓÈ��Ó©Ë }ºÓ�Ë¹�ÒÒ�
äË�º�ºãº�Ò
� °¹º°º­© Ò ÓËº­²º�Òä©Ë °¯Ë�°�mÈ Ò²
¯ËÈãÒÏÈ�ÒÒ �ã« �º°�ÒÎËÓÒ« ¹¯È}�Ò�Ë°}º�º ¯Ë�
Ï�ã	�È�È�

{ °º�Òºãº�ÒÒ �Ë²Óºãº�Ò« Û ª�º ª}°¹ã�È�Ò¯��
ËäÈ« m ¹¯ºÒÏmº�°�mËÓÓ©² �°ãºmÒ«² °ºmº}�¹Óº°�	
¹¯º�Ë°°ºm ÒãÒ °¹º°º­ºm mºÏ�Ë®°�mÒ« ° ¹ºäº�	

�¯��È ÓÈ ¹¯Ë�äË�© �¯��È ¹¯Ò ÒÏ�º�ºmãËÓÒÒ ¹¯º�
ä©�ãËÓÓº® ¹¯º��}�ÒÒ�

�Ë²Óºãº�Ò« }È} °¹º°º­ ¯ËÈãÒÏÈ�ÒÒ ¹¯ºÒÏmº��
°�mËÓÓº�º ¹¯º�Ë°°È ¹¯Ë�°�Èmã«Ë� °º­º® °ºmº}�¹�
Óº°�	 äË�º�ºm º­¯È­º�}Ò� ÒÏ�º�ºmãËÓÒ«� ÒÏäËÓËÓÒ«
°º°�º«ÓÒ«� °mº®°�m Ò Áº¯ä© °©¯	«�äÈ�Ë¯ÒÈãÈ ÒãÒ
¹ºã�ÁÈ­¯Ò}È�È� º°��Ë°�mã«Ëä©² m ¹¯º�Ë°°Ë ÒÏ�º�
�ºmãËÓÒ« ¹¯º��}�ÒÒ >�@�

�º m©¯ÈÎËÓÒ
 j� k� tÒÓ�È >�@� �Ë²Óºãº�Ò«
Û ª�º ÓÈ�}È º­ Ò°¹ºã	ÏºmÈÓÒÒ �º°�ÒÎËÓÒ® Ë°�

�Ë°�mËÓÓ©² ÓÈ�} �ã« ¯ÈÏmÒ�Ò« äË�º�ºm ¹¯ºÒÏmº��
°�mÈ °©¯	Ëm©² äÈ�Ë¯ÒÈãºm Ò Ò² �Èã	ÓË®�Ë® ¹Ë�
¯Ë¯È­º�}Ò m °¯Ë�°�mÈ ¹¯ºÒÏmº�°�mÈ Ò ¹º�¯Ë­Ò�
�Ëã	°}ÒË �ºmÈ¯©� wãË}�¯º�© «mã«
�°« º�ÓÒä ÒÏ
mÒ�ºm ¹¯ºä©�ãËÓÓº�º °©¯	«� Ò°¹ºã	Ï�Ëäº�º m
¹¯ºÒÏmº�°�mË °mÈ¯Ó©² }ºÓ°�¯�}�Ò®� Ò ª�º º¹¯Ë�
�ËãËÓÒË } ÓÒä º�Óº°Ò�°« m ¹ºãÓº® äË¯Ë�

�Ë²Óºãº�Ò« ¹¯ºÒÏmº�°�mÈ ªãË}�¯º�ºm }È} º­ãÈ°�	
ÏÓÈÓÒ® Áº¯äÒ¯ºmÈãÈ°	 Ò ¯ÈÏmÒmÈãÈ°	 m tt m� °
Ò°¹ºã	ÏºmÈÓÒËä ÓÈ��Ó©² ¯ËÏ�ã	�È�ºm ÁÒÏÒ�Ë°}º®
�m �ºä �Ò°ãË }ºããºÒ�Óº®� Ò º¯�ÈÓÒ�Ë°}º® ²ÒäÒÒ�
¯Ëºãº�ÒÒ� È �È}ÎË ¹¯È}�Ò�Ë°}Ò² �º°�ÒÎËÓÒ® �Ë²�
Óºãº�ÒÒ �È}Ò² ¹È¯ÈããËã	Óº ¯ÈÏmÒmÈ
�Ò²°« äÓº�
�º�ºÓÓÈÎÓ©² ¹¯ºÒÏmº�°�m� }È} ²ÒäÒ�Ë°}ºË� äË�
�Èãã�¯�Ò�Ë°}ºË� °ÒãÒ}È�ÓºË� äË�ÒÏÓºË� ¹¯ºÒÏmº��
°�mº ¹ºãÒäË¯ºm� °�¯ºÒ�Ëã	Ó©² äÈ�Ë¯ÒÈãºm Ò ¹¯�
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4XDOLW\ DQG SULFH DUH WKH PDLQ FRPSRQHQWV RI PDUNHW FRPSHWLWLYHQHVV RI HOHFWURGH SURGXFWV� 7HFKQRORJ\ RI ZHOGLQJ HOHFWURGH
PDQXIDFWXULQJ LV D FRPSOH[ PXOWLRSHUDWLRQ SURFHVV� KDYLQJ D PXOWLWXGH RI SRWHQWLDO GLVWXUEDQFH VRXUFHV WKDW VKRXOG EH

VXSSUHVVHG WR DFKLHYH WKH UHTXLUHG TXDOLW\ RI SURGXFWV DW DQ DIIRUGDEOH SULFH� ,Q WKLV FRQQHFWLRQ WKH SDSHU DQDO\]HV WKH
WUDGLWLRQDO HQJLQHHULQJ�WHFKQLFDO DSSURDFKHV ZKLFK RXU HOHFWURGH PDQXIDFWXUHUV VWDUWHG DSSO\LQJ LQ SUDFWLFH LQ NHHSLQJ ZLWK
UHFRPPHQGDWLRQV RI ,62 LQWHUQDWLRQDO VWDQGDUGV RI ����������
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