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{ ÓÒ² �äËÓ	�ËÓº °º�Ë¯ÎÈÓÒË ��ãË¯º�È Ò ãË�Ò�
¯�
�Ò² ªãËäËÓ�ºm �º �¯ºmÓ«� º­Ë°¹Ë�ÒmÈ
�Ë�º
°}mºÏÓ�
 ¹¯º}ÈãÒmÈËäº°�	� �º°ãË �Ë¯äºº­¯È­º�}Ò
°�¯�}��¯È °�ÈãÒ ¹¯Ë�°�Èmã«Ë� °º­º® m©°º}º�Ò°�
¹Ë¯°Ó©® °º¯­Ò� ° �mË¯�º¯È°�mº¯Ó©ä �¹¯º�ÓËÓÒËä
ÁË¯¯Ò�Óº® äÈ�¯Ò�©� ÓÈãÒ�ÒË }º�º¯º�º º­Ë°¹Ë�Ò�
mÈË� m©°º}�
 ¹¯º�Óº°�	� ¹ãÈ°�Ò�Óº°�	 Ò ²º¯º��

°mÈ¯ÒmÈËäº°�	� sÈ ¯Ò°� � Ò � ¹¯Ë�°�ÈmãËÓ© �ÈÓÓ©Ë
º ¹¯º�¯Ë°°Ë m äË�Èãã�¯�ÒÒ Ò �Ë²Óºãº�ÒÒ °mÈ¯}Ò
{�s� °�ÈãË®� rãÈ�º�È¯« Ò°°ãË�ºmÈÓÒ«ä� m©¹ºã�
ÓËÓÓ©ä m �}¯ÈÒÓË� ­©ãº �º°�Ò�Ó��º ÏÓÈ�Ò�Ëã	ÓºË
°ÓÒÎËÓÒË }ºÓ�ËÓ�¯È�ÒÒ mº�º¯º�È� °Ë¯© Ò }Ò°ãº�
¯º�È m äË�ÈããË °mÈ¯Ó©² �mºm� ¹ºm©�ËÓÒË Ë�º äË�
²ÈÓÒ�Ë°}Ò² °mº®°�m� �ã���ËÓÒË °mÈ¯ÒmÈËäº°�Ò� È
�È}ÎË °ÓÒÎËÓÒË �Ëä¹Ë¯È��¯© ¹º�º�¯ËmÈ� iÈÓÓ©Ë
º °º�Ë¯ÎÈÓÒÒ ¹¯ÒäË°Ë® m °ºm¯ËäËÓÓ©² {�s� °�È�
ã«² ¹¯ÒmË�ËÓ© m �È­ã� ��

|°ÓºmÓ©Ë �ËÓ�ËÓ�ÒÒ ¯ÈÏmÒ�Ò« {�s� °�ÈãË®�
�¯Ò ¯ÈÏ¯È­º�}Ë °mÈ¯º�Ó©² äÈ�Ë¯ÒÈãºm Ò �Ë²Óº�
ãº�Ò® °mÈ¯}Ò ÓËº­²º�Òäº ��Ò�©mÈ�	 °ãË��
�ÒË
ÁÈ}�º¯©� �äËÓ	�ËÓÒË �ÒÈ¹ÈÏºÓÈ }ºÓ�ËÓ�¯È�Ò® ãË�

�Ò¯�
�Ò² ªãËäËÓ�ºm� �mËãÒ�ËÓÒË }ºä­ÒÓÈ�Ò® äÒ}�
¯ºãË�Ò¯�
�Ò² ªãËäËÓ�ºm� °ÓÒÎËÓÒË °º�Ë¯ÎÈÓÒ«
��ãË¯º�È� �äËÓ	�ËÓÒË äÈ°°ºmº® �ºãÒ º°�È�º�Ó©²
ªãËäËÓ�ºm� °Ë¯© Ò Áº°Áº¯È� °ÓÒÎËÓÒË }ºÓ�ËÓ��
¯È�ÒÒ mº�º¯º�È� ÈÏº�È� }Ò°ãº¯º�È� �mËãÒ�ËÓÒË º��
Óº¯º�Óº°�Ò Ò �¯ºmÓ« äË²ÈÓÒ�Ë°}Ò² °mº®°�m� �ã���
�ËÓÒË �ËÁº¯äÒ¯�Ëäº°�Ò� �ã���ËÓÒË °mÈ¯ÒmÈËäº°�
�Ò Ò m«Ï}º°�Ò °mÈ¯Ó©² �mºm Ò °ºË�ÒÓËÓÒ®�

{ÈÎÓË®�Ë® ¹¯º­ãËäº® ¹¯Ò °mÈ¯}Ë {�s� °�È�
ãË® «mã«Ë�°« ¹¯Ë��¹¯ËÎ�ËÓÒË ²¯�¹}º�º ¯ÈÏ¯��Ë�
ÓÒ« °mÈ¯Ó©² °ºË�ÒÓËÓÒ®� w�º «mãËÓÒË m©ÏmÈÓº
°�¯�}��¯Ó©äÒ ¹¯Ëm¯È�ËÓÒ«äÒ m °mÈ¯Óºä �mË Ò
ÏºÓË �Ë¯äÒ�Ë°}º�º mãÒ«ÓÒ« �~�{�� È �È}ÎË º²¯�¹�
�ÒmÈ
�Òä �Ë®°�mÒËä ¯È°�mº¯ËÓÓ©² m äË�ÈããË ¹¯Ò�
äË°Ë®� Ò ¹¯ËÎ�Ë m°Ë�º mº�º¯º�È� ¹¯º«mã«
�Ëä°«
m mºÏÓÒ}ÓºmËÓÒÒ ÒÓ���Ò¯ºmÈÓÓ©² mº�º¯º�ºä �¯Ë�
�ÒÓ Ò ÏÈäË�ãËÓÓºä ¯ÈÏ¯��ËÓÒÒ °mÈ¯Ó©² °ºË�Ò�
ÓËÓÒ®� iã« ¹¯Ë��¹¯ËÎ�ËÓÒ« ª�º�º °ºm¯ËäËÓÓ©Ë
�Ë²Óºãº�ÒÒ °mÈ¯}Ò °�ÈãË® �}ÈÏÈÓÓº�º �Ò¹È ¹¯Ë��
¹ºãÈ�È
� Ò°¹ºã	ÏºmÈÓÒË ¹¯Ë�mÈ¯Ò�Ëã	Óº�º Ò °º�
¹��°�m�
�Ë�º ¹º�º�¯ËmÈ ÒÏ�ËãÒ®� w�º ªÓË¯�º� Ò
�¯��ºËä}ÒË� È �È}ÎË �º¯º�º°�º«�ÒË º¹Ë¯È�ÒÒ
�¯Ò°� � Ò ���� m©¹ºãÓËÓÒË }º�º¯©² �¯Ë­�Ë� m©�
°º}º® �Ë²Óºãº�Ò�Ë°}º® }�ã	��¯© ¹¯ºÒÏmº�°�mÈ�
|�ÓÈ}º ºÓÒ �ÈãË}º ÓË m°Ë��È º­Ë°¹Ë�ÒmÈ
� º��

°��°�mÒË �¯Ë�ÒÓ m °mÈ¯Ó©² °ºË�ÒÓË�
ÓÒ«²� { °m«ÏÒ ° m©°º}º® �Ëä¹Ë¯È��¯º®
ÒÏ�ËãÒ®� m©ÏmÈÓÓº® ¹º�º�¯Ëmºä� ¯ËÏ}º
�²���È
�°« �°ãºmÒ« �¯��È °­º¯�Ò}ºm
Ò °mÈ¯�Ò}ºm�

jÏ�º�ºmãËÓÒË }ºÓ°�¯�}�Ò® ÒÏ
{�s� °�ÈãË® ­ËÏ ¹¯Ë�mÈ¯Ò�Ëã	Óº�º ¹º�

� È ­ ã Ò � È �� vº�Ë¯ÎÈÓÒË ¹¯ÒäË°Ë® �äÈ°� �� m {�s� °�Èã«²

zãÈ°° °�ÈãÒ ¹º �Ò°�º�Ë 6 3 1 2 +
1� 2 Ò +
�m °�ääË�

|­©�ÓÈ« ≤ ����� ≤ ����� ����� ����� ������ ≤ ������
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�ËãË°ºº­¯ÈÏÓÈ«�

≤ ����� ≤ ����� ����� ����� ������ ≤ ������
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cÒ°� �� sËº­²º�ÒäÈ« �Ëä¹Ë¯È��¯È ¹º�º�¯ËmÈ º°ÓºmÓº�º äË�ÈããÈ
�}ºÓ�ËÓ�¯È�Ò« �ÒÁÁ�ÏÒºÓÓº�º mº�º¯º�È m ÓÈ¹ãÈmãËÓÓºä äË�Èã�
ãË ÓË �ºãÎÓÈ ¹¯Ëm©�È�	 � °ä
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�º�¯ËmÈ Û º�ÓÈ ÒÏ º°ÓºmÓ©² ¹¯º­ãËä ���ºmº®
°mÈ¯}Ò m ÓÈ°�º«�ËË m¯Ëä«� cËÏ�ã	�È�© Ò°°ãË�º�
mÈÓÒ® ¹º ¹¯º­ãËäË ¹ºmË�ËÓÒ« mº�º¯º�È m °mÈ¯Ó©²
°ºË�ÒÓËÓÒ«² º­º­�ËÓ© m ¯È­º�È² >�Ü��@� w�È ¹¯º­�
ãËäÈ «mã«Ë�°« È}��Èã	Óº® �ã« m°Ë² °¹º°º­ºm ���
�ºmº® °mÈ¯}Ò ¹ãÈm«�Òä°« ªãË}�¯º�ºä Ò �ºãÎÓÈ
º­«ÏÈ�Ëã	Óº ¹¯ÒÓÒäÈ�	°« mº mÓÒäÈÓÒË ¹¯Ò ¯ÈÏ�
¯È­º�}Ë °mÈ¯º�Ó©² äÈ�Ë¯ÒÈãºm�

�Ëä¹Ë¯È��¯È ¹º�º�¯ËmÈ }ºÓ°�¯�}�Ò® ÏÈmÒ°Ò� º�
}ºÓ�ËÓ�¯È�ÒÒ �ÒÁÁ�ÏÒºÓÓº�º mº�º¯º�È m äË�ÈããË
�mºm� ª}mÒmÈãËÓ�È ��ãË¯º�È 3Fä Ò ¹º�ºÓÓº® ªÓË¯�ÒÒ
°mÈ¯}Ò T �¯Ò°� ����

{ °�Èã«² Ò °mÈ¯Ó©² °ºË�ÒÓËÓÒ«² ¹Ë¯ËÓº° mº�
�º¯º�È º¹¯Ë�Ëã«Ë�°« Ë�º �ÒÁÁ�ÏÒË® m ¹ºã«² �¯È�
�ÒËÓ�È }ºÓ�ËÓ�¯È�Ò® Ò ÓÈ¹¯«ÎËÓÒ®� �Ë¯äº�ÒÁ�
Á�ÏÒË®� ¹ºmË¯²Óº°�Óº® �ÒÁÁ�ÏÒË®� �ÒÁÁ�ÏÒË® ¹º
�ËÁË}�Èä °�¯�}��¯©� �¯ÈÓ°¹º¯�Ò¯ºm}º®� �Ò°ãº}È�
�Ò«äÒ� lº�ËãÒ¯ºmÈÓÒË ¯È°¹¯Ë�ËãËÓÒ« mº�º¯º�È m
°mÈ¯Óºä °ºË�ÒÓËÓÒÒ ¹¯Ò ÓÈãÒ�ÒÒ }ºÓ�ËÓ�¯È�º¯È
ÓÈ¹¯«ÎËÓÒ® m©¹ºãÓËÓº s� �¯Òº}º® �¯Ò°� ����
zÈ} mÒ�Óº ÒÏ ¯Ò°�Ó}È� mº�º¯º� m °mÈ¯Óºä °ºË�
�ÒÓËÓÒÒ ¯È°¹¯Ë�Ëã«Ë�°« ÓË¯ÈmÓºäË¯Óº Û ¹ºm©�
�ËÓÓÈ« }ºÓ�ËÓ�¯È�Ò« m ~�{ Ò ¹º ãÒÓÒÒ °¹ãÈm�
ãËÓÒ«� tÈ¯È}�Ë¯ Ë�º ¯È°¹¯Ë�ËãËÓÒ« ÏÈmÒ°Ò� º� °º�
º�Óº�ËÓÒ« �Ëä¹Ë¯È��¯ ÓÈ�ÈãÈ äÈ¯�ËÓ°Ò�Óº�º ¹¯Ëm�
¯È�ËÓÒ« m äË�ÈããË °mÈ¯Ó©² �mºm �0
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�ÒÁÁ�ÏÒºÓÓº�º mº�º¯º�È >+@

�ÒÁ m äË�ÈããË �mÈ� �Û °mÈ¯}È ¹º�
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°ºä �T  ��� }iÎ�ää� 3Fä  ������� �Û °mÈ¯}È ¹º}¯©�©äÒ
ªãË}�¯º�ÈäÒ �T  ��� }iÎ�ää� 3Fä  ������� � Û °mÈ¯}È ¹º}�
¯©�©äÒ ªãË}�¯º�ÈäÒ �T  ��� }iÎ�ää� 3Fä  ������
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mÈ >�@
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º­¯ÈÏ�Ë�°« ¯ÈÓ	�Ë� �Ëä m äË�ÈããË �mºm �¯Ò°� ���
­�� � ¹º°ãË�ÓÒ² }ºÓ�ËÓ�¯È�Ò« �ÒÁÁ�ÏÒºÓÓº�º mº�
�º¯º�È ­ºãËË m©°º}È� ¹ºª�ºä� ­ºã	�È« mË¯º«�Óº°�	
º­¯ÈÏºmÈÓÒ« �¯Ë�ÒÓ >��@�

iÒÁÁ�ÏÒ« mº�º¯º�È m äË�ÈããË �mºm ÏÈmÒ°Ò�
º� Ò² ²ÒäÒ�Ë°}º�º °º°�ÈmÈ� °�¯�}��¯©� È �È}ÎË
ÓÈãÒ�Ò« �ËÁË}�ºm m mÒ�Ë ¹º¯ Ò ÓËäË�ÈããÒ�Ë°}Ò²
m}ã
�ËÓÒ®� iÈÓÓ©Ë º äÈ°°º¹Ë¯ËÓº°Ë mº�º¯º�È m
äË�ÈããË �mºm ¹¯ÒmË�ËÓ© ÓÈ ¯Ò°� ���

v}º¯º°�	 äÈ°°º¹Ë¯ËÓº°È mº�º¯º�È m äË�ÈããË
�mºm� m©¹ºãÓËÓÓ©² ªãË}�¯º�ÈäÒ ° º°ÓºmÓ©ä ¹º}�
¯©�ÒËä m ÓË°}ºã	}º ¯ÈÏ m©�Ë� �Ëä m �mÈ²� °mÈ�
¯ËÓÓ©² ° Ò°¹ºã	ÏºmÈÓÒËä ªãË}�¯º�ºm ¯��Òãºmº�º
�Ò¹È� w�º °m«ÏÈÓº ° ÓÈãÒ�ÒËä ­ºã	�º�º }ºãÒ�Ë°�mÈ
½ãºm��Ë}� mº�º¯º�È Û ÓËäË�ÈããÒ�Ë°}Ò² m}ã
�
�ËÓÒ® Ò äËã}Ò² ¹º¯ m äË�ÈããË �mºm� ¹ºã��ËÓÓ©²
�}ÈÏÈÓÓ©ä °¹º°º­ºä� ½�ºm��}Ò� mº�º¯º�È äº���
�º¹ºãÓÒ�Ëã	Óº º­¯ÈÏºm©mÈ�	°« m äË�ÈããË �mÈ ¹¯Ò
Ë�º �ËÁº¯äÈ�ÒÒ� v �mËãÒ�ËÓÒËä }ºãÒ�Ë°�mÈ �Ë�
ÁË}�ºm m äË�ÈããË äÈ°°º¹Ë¯ËÓº° ÏÈäË�ã«Ë�°« >��@�
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¹¯ºÒ°²º�Ò� ¹Ë¯Ë¯È°¹¯Ë�ËãËÓÒË mº�º¯º�È m äË�ÈããË
�mºm Û °ÓÒÎÈË�°« }ºÓ�ËÓ�¯È�Ò« �ÒÁÁ�ÏÒºÓÓº�º
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äºÎË� ¹¯ºÒ°²º�Ò�	 ¹¯Ò ÁÈÏºm©² ¹¯Ëm¯È�ËÓÒ«²
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°�ÈãË®� °�ÈãË® �ã« }ºÓ°�¯�}�Ò®� ¯È­º�È
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HQJLQHHULQJ� VKLSEXLOGLQJ� FRQVWUXFWLRQ DQG RWKHU LQGXVWULHV ZLOO UHTXLUH UHGXFWLRQ RI WKH ZHLJKW RI ZHOGHG VWUXFWXUHV� LP�
SURYHPHQW RI WKHLU UHOLDELOLW\ DQG IDWLJXH OLIH� DQG ORZHULQJ RI SRZHU FRQVXPSWLRQ LQ ZHOGLQJ RSHUDWLRQV� 7KH DERYH SUREOHPV

FDQ EH VROYHG E\ XVLQJ KLJK�VWUHQJWK ORZ� DOOR\HG �+6/$� VWHHOV LQ FULWLFDO VWUXFWXUHV� 'DWD DUH JLYHQ RQ WKH VWDWXV RI PHWDOOXUJ\
DQG WHFKQRORJ\ RI ZHOGLQJ +6/$ VWHHOV LQ 5XVVLD DQG 8NUDLQH� 3UREOHPV RI ZHOGLQJ +6/$ VWHHOV DQG WHQGHQFLHV RI WKHLU
GHYHORSPHQW DUH DQDO\VHG� DQG DUHDV RI IXUWKHU UHVHDUFK DUH RXWOLQHG� /HYHO RI GHYHORSPHQW RI JHQHUDO�SXUSRVH FRQVXPDEOHV

LV FRQVLGHUHG DQG UHFRPPHQGDWLRQV RQ WKHLU LPSURYHPHQW DUH JLYHQ�
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