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�¯Ò �Ò}ãÒ�Ë°}Ò² Ò°¹©�ÈÓÒ«² �°�Èãº°�ÓÈ« �¯Ë�
�ÒÓÈ m Ò°²º�Ó©² °mÈ¯Ó©² º¯ÈÏ�È² ÏÈ¯ºÎ�ÈãÈ°	
m ¹ºmË¯²Óº°�Óºä °ãºË äË�ÈããÈ ÓÈ �¯ÈÓÒ�Ë �mÈ Ò
¯È°¹¯º°�¯ÈÓ«ãÈ°	 ¹º� ��ãºä ��Å ¹º ÓÈ¹¯ÈmãËÓÒ
 }
¹¯Ò}ãÈ�©mÈËäº® ÓÈ�¯�Ï}Ë� �È}º® ÎË ²È¯È}�Ë¯ �°�
�Èãº°�Óº�º ¯ÈÏ¯��ËÓÒ« ÓÈã
�Èã°« Ò m º¯ÈÏ�È²�
ÒäË
�Ò² ¹¯º}ºmÈÓÓ�
 ¹ºmË¯²Óº°�	� �¯Ò�Ëä �°�È�
ãº°�ÓÈ« �¯Ë�ÒÓÈ m ÓÒ² ÏÈ¯ºÎ�ÈãÈ°	 ¹º� ÓÈ}ãË¹ÈÓ�
Ó©ä °ãºËä äË�ÈããÈ m ÏºÓË }ºÓ�ËÓ�¯È�ÒÒ ÓÈ¹¯«ÎËÓÒ®�

|�Óº°�º¯ºÓÓ«« m©°º}º�È°�º�ÓÈ« äË²ÈÓÒ�Ë°}È«
¹¯º}ºm}È ¹ºmË¯²Óº°�Ò äË�ÈããÈ ÓÈ �¯ÈÓÒ�È² �mºm
°��Ë°�mËÓÓº �mËãÒ�ÒãÈ ²È¯È}�Ë¯Ò°�Ò}Ò °º¹¯º�Òm�
ãËÓÒ« �°�Èãº°�Ò �Èm¯ºmº�º °ºË�ÒÓËÓÒ« °¹ãÈmÈ
kl�� �¯Ò°� �� È�� |¹¯Ë�ËãËÓº� ��º ªÁÁË}�ÒmÓº°�	
¹¯º}ºm}Ò }È} äË¯© ¹ºm©�ËÓÒ« °º¹¯º�ÒmãËÓÒ« �°�
�Èãº°�Ò °ºË�ÒÓËÓÒ® ÏÈmÒ°Ò� º� È°ÒääË�¯ÒÒ mÓË��
ÓË�º ÓÈ¹¯«ÎËÓÒ«� sÈÒºã	�ËË ¹ºm©�ËÓÒË °º¹¯º�

�ÒmãËÓÒ« �°�Èãº°�Ò �Èm¯ºm©² °ºË�ÒÓËÓÒ® σ
PD[

ÓÈ�
ã
�ÈË�°« ¹¯Ò º�Ó�ãËmºä �Ò}ãË ÓÈ¹¯«ÎËÓÒ® 5σ  
 �� �¯Ò ª�ºä �ºã�ºmË�Óº°�	 °ºË�ÒÓËÓÒ« m ¯Ë�
Ï�ã	�È�Ë ¹¯º}ºm}Ò �mËãÒ�ÒmÈË�°« ºãËË �Ëä m ��
¯ÈÏ� È ¹¯Ë�Ëã º�¯ÈÓÒ�ËÓÓº® m©Óº°ãÒmº°�Ò ¹¯Ò 1  
 �⋅��� �Ò}ãÈ² ÓÈ¹¯«ÎËÓÒ« mºÏ¯È°�ÈË� ÓÈ �� ��
�¯Ò }ºªÁÁÒ�ÒËÓ�Ë È°ÒääË�¯ÒÒ �Ò}ãÈ ÓÈ¹¯«ÎËÓÒ®

5σ  ��� ÓÈã
�ÈË�°« äËÓ	�ËË �¹º��Ò m ��� ¯ÈÏÈ�
�mËãÒ�ËÓÒË �ºã�ºmË�Óº°�Ò Ò ¹ºm©�ËÓÒË ¹¯Ë�ËãÈ º��
¯ÈÓÒ�ËÓÓº® m©Óº°ãÒmº°�Ò ¹¯ÒãÒÏÒ�Ëã	Óº ÓÈ � ��

�äËÓ	�ËÓÒË ¯ÈÏãÒ�Ò® äËÎ�� �ºã�ºmË�Óº°�	

°ºË�ÒÓËÓÒ® m Ò°²º�Óºä °º°�º«ÓÒÒ Ò ° ¹¯º}ºmÈÓ�
Ó©äÒ �¯ÈÓÒ�ÈäÒ �mºm ¹¯Ò 5σ  ��� °m«ÏÈÓº °
¹¯º«mãËÓÒËä ¹ãÈ°�Ò�Ë°}Ò² �ËÁº¯äÈ�Ò®� ¹º°}ºã	}�
�¯ºmËÓ	 �Ë®°�m�
�Ò² äÈ}°ÒäÈã	Ó©² ÓÈ¹¯«ÎËÓÒ®
m °ºË�ÒÓËÓÒ«² ¹¯Ëm©�Èã �°ãºmÓ©® ¹¯Ë�Ëã �Ë}��
�Ë°�Ò σ

PD[
! σ

���
� {Ë¯º«�Óº� ª�º m©Ï©mÈË� � ¹¯º�

}ºmÈÓÓ©² °ºË�ÒÓËÓÒ® ¯ËãÈ}°È�Ò
 ¯È°�«�ÒmÈ
�Ò²
ÓÈ¹¯«ÎËÓÒ®� �¯ÈmÓºmË�ÒmÈ
�Ò² °ÎÒäÈ
�ÒË º°�
�È�º�Ó©Ë ÓÈ¹¯«ÎËÓÒ« ¹ºmË¯²Óº°�Óº�º ÓÈ}ãË¹ÈÓ�
Óº�º °ãº« äË�ÈããÈ� {°ãË�°�mÒË ª�º�º ÏÓÈ�ËÓÒ« m©Ï�
mÈÓÓ©² ¹¯º}ºm}º® °ÎÒäÈ
�Ò² º°�È�º�Ó©² ÓÈ¹�
¯«ÎËÓÒ® �äËÓ	�ÒãÒ°	� ��º °�Èãº ¹¯Ò�ÒÓº® °ÓÒ�
ÎËÓÒ« �ºã�ºmË�Óº°�Ò º¯ÈÏ�ºm� { Ò°²º�Ó©² ÎË
°ºË�ÒÓËÓÒ«² ¹ãÈ°�Ò�Ë°}ºË �ËÁº¯äÒ¯ºmÈÓÒË ¹¯Ò�
mº�Òãº } �äËÓ	�ËÓÒ
 ��ãºmº® º°�È�º�Óº® �ËÁº¯�
äÈ�ÒÒ Ò °ÓÒÎËÓÒ
 }ºÓ�ËÓ�¯È�ÒÒ ÓÈ¹¯«ÎËÓÒ® ÓÈ
�¯ÈÓÒ�È² �mÈ� ��º °¹º°º°�mºmÈãº �mËãÒ�ËÓÒ
 �ºã�
�ºmË�Óº°�Ò º¯ÈÏ�ºm�

v¯ÈmÓËÓÒË }¯Òm©² �°�Èãº°�Ò� ¹¯Ë�°�ÈmãËÓÓ©²
Èä¹ãÒ���ÈäÒ ÓÈ¹¯«ÎËÓÒ® �¯Ò°� �� �� ¹º}ÈÏ©mÈË��
��º ¹¯Ò 5σ  ��� ÒäËË� äË°�º ºãËË m©°º}È« �º�
ã�ºmË�Óº°�	 Ò°²º�Ó©² º¯ÈÏ�ºm Ò ºãËË ÓÒÏ}È«
Û ¹¯º}ºmÈÓÓ©² º¯ÈÏ�ºm� �Ëä m °ã��ÈË 5σ  ��

�¯Ë�Ëã© º�¯ÈÓÒ�ËÓÓº® m©Óº°ãÒmº°�Ò σ
D
¹¯Ò 5σ  

 ��� °ÓÒÎÈ
�°« �º ÏÓÈ�ËÓÒ® σ
D
¹¯Ò 5σ  � �ºã	}º

m °ã��ÈË �mËãÒ�ËÓÒ« ÈÏºmº® �ºã�ºmË�Óº°�Ò� �¯º}º�
mÈÓÓ©Ë °ºË�ÒÓËÓÒ« ÒäË
� ºãËË ÓÒÏ}ÒË °º¹¯º�ÒmãËÓÒ«
�°�Èãº°�Ò ¹¯Ò 5σ  ���� �Ëä ¹¯Ò 5σ  �� �¯Ò �äËÓ	�
�ËÓÒÒ ÈÏºmº® �ºã�ºmË�Óº°�Ò ÏÓÈ�ËÓÒ« σ

D
¹¯Ò 5σ  

 ��� °�ÈÓºm«�°« °��Ë°�mËÓÓº ÓÒÎË� �Ëä ¹¯Ò 5σ  
 ��

�ºã��ËÓÓ©Ë ¯ËÏ�ã	�È�© °mÒ�Ë�Ëã	°�m�
� º �ºä�

��º ¹¯Ò ¹Ë¯Ë�¯�Ï}Ë �σPD[ ! σ���� º¯ÈÏ�ºm �Èm¯ºm©²
°mÈ¯Ó©² °ºË�ÒÓËÓÒ® ° º°�È�º�Óº® ��ãºmº® �ËÁº¯�
äÈ�ÒË® m �°ãºmÒ«² �Ò}ãÒ�Ë°}Ò² ÓÈ¹¯«ÎËÓÒ®� ¹¯Ë�
m©�È
�Ò² ¹¯Ë�Ëã �Ë}��Ë°�Ò äË�ÈããÈ� ºË°¹Ë�Ò�
mÈË�°« äËÓ	�ËË ¹ºm©�ËÓÒË �ºã�ºmË�Óº°�Ò º¯ÈÏ�È�
�Ëä m °ã��ÈË ¹¯ÒäËÓËÓÒ« º�Óº°�º¯ºÓÓË® m©°º}º�
�È°�º�Óº® ¹¯º}ºm}Ò m �È}Ò² ÎË �°ãºmÒ«² �Ò}ãÒ�
�Ë°}Ò² ÓÈ¹¯«ÎËÓÒ®�

{©mº�©

�� iã« �ã���ËÓÒ« Áº¯ä© ¹¯ºÁÒã« °ºË�ÒÓËÓÒ«
ÓÈ �¯ÈÓÒ�È² �mÈ Ò �°�¯ÈÓËÓÒ« º°�È�º�Óº® ��ãºmº®
�ËÁº¯äÈ�ÒÒ �Èm¯ºm©² °mÈ¯Ó©² °ºË�ÒÓËÓÒ® Èã
�
äÒÓÒËm©² °¹ãÈmºm º�Óº°�º¯ºÓÓ

 m©°º}º�È°�º��
Ó�
 ¹¯º}ºm}� �ËãË°ºº¯ÈÏÓº ¹¯ÒäËÓ«�	 ¹¯Ò �ºã�
�ÒÓË º°ÓºmÓº�º äË�ÈããÈ ���… ��� ää�

�� �°�ÈÓºmãËÓÓ©Ë ¯ËÎÒä© º�Óº°�º¯ºÓÓË® m©�
°º}º�È°�º�Óº® ¹¯º}ºm}Ò �Èm¯ºm©² °ºË�ÒÓËÓÒ®
°¹ãÈmÈ kl�� �ºã�ÒÓº® ���� ää� °mÈ¯ËÓÓ©² ¹ãÈ�
m«�Òä°« ªãË}�¯º�ºä m ÒÓË¯�Ó©² �ÈÏÈ²� ºË°¹Ë�
�ÒmÈ
� °ÓÒÎËÓÒË }ºªÁÁÒ�ÒËÓ�È }ºÓ�ËÓ�¯È�ÒÒ
ÓÈ¹¯«ÎËÓÒ® m ��� ¯ÈÏÈ Ò ¹ºm©�ËÓÒË ¹¯Ë�ËãÈ
º�¯ÈÓÒ�ËÓÓº® m©Óº°ãÒmº°�Ò ÓÈ �� � ¹¯Ò º�Ó�ãËmºä
�Ò}ãË ÓÈ¹¯«ÎËÓÒ®�

�� �ºãºÎÒ�Ëã	Ó©® ªÁÁË}� m©°º}º�È°�º�Óº®
¹¯º}ºm}Ò °ºË�ÒÓËÓÒ® °ÓÒÎÈË�°« ¹¯Ò mºÏ�Ë®°�mÒÒ
mÓË�ÓË® ÓÈ�¯�Ï}Ò� m �°ãºmÒ«² }º�º¯º® ÓºäÒÓÈã	�

cÒ°� �� cËÏ�ã	�È�© �°�Èãº°�Ó©² Ò°¹©�ÈÓÒ® º¯ÈÏ�ºm �Èm¯ºm©²
°ºË�ÒÓËÓÒ® °¹ãÈmÈ kl�� �ºã�ÒÓº® ���� ää� ¹ºã��ËÓÓ©Ë ¹¯Ò
ÓºäÒÓÈã	Óºä äÈ}°ÒäÈã	Óºä σ

PD[
�È� Ò Èä¹ãÒ���Óºä σ

D
�� ÓÈ¹�

¯«ÎËÓÒ«²� �� �Û ¹º°ãË °mÈ¯}Ò� �� � Û ¹º°ãË °mÈ¯}Ò Ò m©°º}º�
�È°�º�Óº® ¹¯º}ºm}Ò� �� � Û 5σ  �� �� � Û 5σ  ��� ��º�}Ò Û
ª}°¹Ë¯ÒäËÓ�Èã	Ó©Ë �ÈÓÓ©Ë� �º�}Ò °º °�¯Ëã}ÈäÒ Û ¯ÈÏ¯��ËÓÒ«
º¯ÈÏ�ºm ÓË ¹¯ºÒ°²º�Òãº�

�� ������



Ó©Ë äÈ}°ÒäÈã	Ó©Ë ÓÈ¹¯«ÎËÓÒ« m °mÈ¯Óºä °ºË�Ò�
ÓËÓÒÒ ¹¯Ëm©�È
� �°ãºmÓ©® ¹¯Ë�Ëã �Ë}��Ë°�Ò�

�� zÒ°ËãËm v� s� �ÈÏºªãË}�¯Ò�Ë°}È« °mÈ¯}È Èã
äÒÓÒËm©²
°¹ãÈmºm� Û l�� lÈ�ÒÓº°�¯ºËÓÒË� ����� Û ��� °�

�� �¯º��Ó j� �� {Ó��¯ËÓÓÒË �°ÒãÒ« Ò �ËÁº¯äÈ�ÒÒ ¹¯Ò °mÈ¯�
}Ë� Û l�� lÈ��ÒÏ� ����� Û ��� °�

�� z�Ï	äÒÓºm v� k� vmÈ¯º�Ó©Ë �ËÁº¯äÈ�ÒÒ °��ºm©² }º¯¹�°�
Ó©² }ºÓ°�¯�}�Ò®� Û ��� v��º°�¯ºËÓÒË� ����� Û ��� °�

�� lÈ²ÓËÓ}º {� j�� lº°ËÓ}Ò° c� �� cÈ°�Ë� }ºªÁÁÒ�ÒËÓ�ºm
}ºÓ�ËÓ�¯È�ÒÒ ÓÈ¹¯«ÎËÓÒ® m °mÈ¯Ó©² °ºË�ÒÓËÓÒ«² °º °�©�
}ºm©äÒ Ò ��ãºm©äÒ �mÈäÒ �� km�ºäÈ�� °mÈ¯}È� Û �����
Û ¢ �� Û v� �Ü���

�� v�Ë¹ÈÓºm {� ��� zãË°�ºm l� j� �ºmË¯²Óº°�ÓºË �¹¯º�ÓË�
ÓÒË }º¯¹�°Ó©² }ºÓ°�¯�}�Ò®� Û ��� v��º°�¯ºËÓÒË� �����
Û ��� °�

�� 6DQGHUV :� :�� 'D\ 5� +� )DWLJXH RI DOXPLQXP DOOR\ ZHO�
GPHQWV �� :5& %XOOHWLQ� Û ����� Û $XJXVW� Û 3� ���

�� vÈ�ÈãËmÒ� {� l� lË�º�© �°�¯ÈÓËÓÒ« °mÈ¯º�Ó©² �ËÁº¯äÈ�Ò®
Ò ÓÈ¹¯«ÎËÓÒ®� Û l�� lÈ�ÒÓº°�¯ºËÓÒË� ����� Û ��� °�

�� v�Ë¹Óºm l� s�� �ÒÈ�ÒÓ�ºm p� {� �°�Èãº°�	 ãË�}Ò² }ºÓ°�¯�}�
�ÒºÓÓ©² °¹ãÈmºm� Û l�� lÈ�ÒÓº°�¯ºËÓÒË� ����� Û ��� °�

�� +HUWHO +� (UPXGXQJVIHVWLJNHLW GHU .RQVWUXNWLRQ� Û %HUOLQ�
%HUOLQ 6SULQJHU 9HUO�� ����� Û ��� 6�

��� �¯ÒäËÓËÓÒË m©°º}º�È°�º�Óº® äË²ÈÓÒ�Ë°}º® ¹¯º}ºm}Ò �ã«
¹ºm©�ËÓÒ« °º¹¯º�ÒmãËÓÒ« �°�Èãº°�Ò °�©}ºm©² °ºË�ÒÓË�
ÓÒ® Èã
äÒÓÒËm©² °¹ãÈmºm � {� j� �¯�Á«}ºm� {� k� bº�
ÓÒÓ� {� v� lÈ�ÒÓ� i� v� cºäÈÓºm°}Ò® �� km�ºäÈ�� °mÈ¯�
}È� Û ����� Û ¢ �� Û v� �Ü���

,W LV VKRZQ WKDW VPRRWKLQJ RI ZHOG VXUIDFH RI WKLQ�VKHHW DOXPLQLXP 7�MRLQWV DQG HOLPLQDWLRQ RI DQJXODU GHIRUPDWLRQ E\
WKH KLJK�IUHTXHQF\ IRUJLQJ SURYLGHV ��� WLPHV GHFUHDVH LQ YDOXHV RI VWUHVV FRQFHQWUDWLRQ FRHIILFLHQW� )RUJLQJ RI MRLQWV LQFUHDVHV

WKH XOWLPDWH IDWLJXH VWUHQJWK E\ �� � DW IURP�]HUR DQG E\ �� � DW VLJQ�FRQVWDQW F\FOHV RI VWUHVVHV�
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� �«ÎËãºË äÈ�ÒÓº°�¯ºËÓÒË
� �º��ËäÓº��¯ÈÓ°¹º¯�Ó©Ë äÈ�ÒÓ© Ò äË²ÈÓÒÏä©
� �¯ÈÓ°¹º¯�ÓºË äÈ�ÒÓº°�¯ºËÓÒË Ò ºº¯��ºmÈÓÒË
� iº¯ºÎÓº�°�¯ºÒ�Ëã	Ó©Ë äÈ�ÒÓ©� °¹Ë�Èm�º�Ë²ÓÒ}È
� vmÈ¯º�ÓºË ºº¯��ºmÈÓÒË Ò äÈ�Ë¯ÒÈã©
� wãË}�¯º�Ë²ÓÒ�Ë°}ÒË äÈ�ÒÓ© Ò ºº¯��ºmÈÓÒË
� lË�Èããºº¯Èº�}È
� lË�Èããºº¯ÈÈ�©mÈ
�ËË ºº¯��ºmÈÓÒË
� jÓ°�¯�äËÓ� Ò º°ÓÈ°�}È �ã« ¯ËäºÓ�È äÈ�ÒÓ Ò äË²ÈÓÒÏäºm
� �Ë²ÓÒ�Ë°}Ò® äËÓË�ÎäËÓ� Ò äÈ�Ë¯ÒÈã	Óº��Ë²ÓÒ�Ë°}ºË °ÓÈÎËÓÒË
� �¯º�¯ÈääÓºË ºË°¹Ë�ËÓÒË m äÈ�ÒÓº°�¯ºËÓÒÒ
� �Ò�¯º¹ÓËmäÈ�Ò�Ë°}ÒË äÈ�ÒÓ©� ÓÈ°º°© Ò È¯äÈ��¯È
� väÈÏº�Ó©Ë äÈ�Ë¯ÒÈã© Ò �Ë²ÓÒ�Ë°}ÒË ÎÒ�}º°�Ò �ã« äÈ�ÒÓ
� kÓ�Ò}º¯¯ºÏÒºÓÓ©Ë �Ë²Óºãº�ÒÒ
� cºº�º�Ë²ÓÒ}È� ¹¯ºä©�ãËÓÓÈ« Èm�ºäÈ�Ò}È
� tºãº�Òã	Ó©Ë äÈ�ÒÓ©� }ºä¹¯Ë°°º¯©
� �º��Ò¹ÓÒ}Ò� �È¯ÓÒ¯© �ã« äÈ�ÒÓ Ò äË²ÈÓÒÏäºm

¯°�«¨¬¯°®¬£«¦£

� v�ÈÓ}Ò� ÒÓ°�¯�äËÓ�© Ò �Ë²Óºãº�ÒÒ �ã« º¯Èº�}Ò äË�ÈããÈ� �Ë¯ËmÈ� }ÈäÓ« Ò �¯� äÈ�Ë¯ÒÈãºm
� lÈ�ÒÓ© Ò °�ÈÓ}Ò �ã« �mË®Óº�º Ò �Ë}°�Òã	Óº�º ¹¯ºÒÏmº�°�mÈ
� vÒ°�Ëä©  ��
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