
ÒQJ �GÎ QJ �N¶�WKX¥W�F‚ Q�FK²QK�WKÄL�J LDQ�ˆ ÃQJ ��
Y• R�QK¥Q�G“ QJ �WÏ �WL̄ QJ �YL° W�ˆ † Q�Ö �

�
$ SSOLHG�' \ QDP LF�7,P H�: DUSLQJ �7HFKQLTXH��
WR�UHFRJ QL] H�YLHWQDP HVH�LVRODWHG�Z RUG6��

�
%™FK�+ • QJ�1 JX\ ŠQ��/ • ŒQJ�&KL�0 DL�

' HSDUWPHQW�RI�3DWWHUQ�5HFRJQLWLRQ�	 �. QRZOHGJH�( QJLQHHULQJ��,2 ,7�
QJX\ HQEK# QHWQDP�RUJ�YQ�

OFPDL# LRLW�QFVW�DF�YQ�
�

7ÃP �WžW��%ŽL�E‘ R�QŽ\ �JLÆL�WKL̄ X�Nµ�WKX¤W�&•Q�FK±QK�WKÃL�JLDQ�‡ÂQJ�� ' 7: �� ‘ S�GÍ QJ�
QK¤Q�G’ QJ�F‘ F�WÎ �‡…Q�O§�WL®QJ�9 L̄ W��+ ¯ �WKÁQJ�VÏ �GÍ QJ�/ LQHDU�3UHGLFWLRQ�&RHIILFLHQWV��/ 3&��‡¬�
WU¶FK�FK½Q�‡ŸF�WU†QJ��' 7: �‡†ÇF�GÈQJ�‡¬�‡R�NKR•QJ�F‘ FK�JLÐD�P¢X�F  Q�QK¤Q�G’ QJ�YŽ�P¢X�‡à�
K½F��/ X¤W�1 HDUHVW�1 HLJKERU��1 1 ��‡†ÇF�VÏ �GÍ QJ�‡¬�‡†D�UD�TX\ ®W�‡·QK�QK¤Q�G’ QJ��&KÌ QJ�W„ L�‡à�
WL®Q�KŽQK�WKÏ �QJKL̄ P�YŽ�‡‘ QK�JL‘ �KL̄ X�TX•�FÊD�Nµ�WKX¤W�QŽ\ �WUƒQ�F‘ F�P¢X�WL®QJ�Q¼L�UÃL�U’ F�FÊD�
F‘ F�FKÐ�VÁ�WÎ �� �‡®Q�� ��' ÒD�WUƒQ�F‘ F�N®W�TX•�WK¶�QJKL̄ P��‡Â�FK¶QK�[ ‘ F�‡’ W�‡†ÇF�OŽ��� � � ��&KÌ QJ�
W„ L�‡«�[ X£W�PÂW�VÁ�K†ÆQJ�Q‚ QJ�FDR�‡Â�FK¶QK�[ ‘ F�QK¤Q�G’ QJ�WURQJ�EŽL�WR‘ Q�QK¤Q�G’ QJ�WÎ �WL®QJ�
9 L̄ W�‡…Q�O§�YŽ�‘ S�GÍ QJ�N®W�TX•�QJKLƒQ�FÑX�YŽR�WKÒF�W®��
�

$ EVWUDFW��7KLV�SDSHU�GHPRQVWUDWHV�' \ QDPLF�7LPH�: DUSLQJ�WHFKQLTXH��' 7: ��DSSOLHG�
LQ�WKH�9 LHWQDPHVH�ODQJXDJH��,VRODWHG�GLJLWV�� �� �DQG�WKHLU�FRQFDWHQDWLRQ�SDWWHUQV�DUH�XVHG�IRU�
GDWD� VHW�� / LQHDU� 3UHGLFWLRQ� &RGLQJ� &RHIILFLHQWV� �/ 3&&V�� DUH� H[ WUDFWHG� DQG� IRUPHG� IHDWXUH�
YHFWRUV� UHSUHVHQWHG� HDFK� VSHHFK� VLJQDO�� ' 7: � LV� XVHG� WR� PHDVXUH� GLVWDQFHV� EHWZHHQ�
UHIHUHQFHG�DQG�HYDOXDWHG�YHFWRUV��7KHVH�GLVWDQFHV��LQGLFDWLQJ�QHDUHVW�RI�XQNQRZQ�YHFWRUV�WR�
UHIHUHQFHV��LQFRUSRUDWHG�ZLWK�1 HDUHVW�1 HLJKERU��1 1 ��GHFLVLRQ�WHFKQLTXH�DUH�XVHG�WR�GHFLGH�
ZKDW�QXPEHU�ZDV�VSRNHQ��%DVHG�RQ�� � � � �H[ SHULPHQW�UHVXOWV��RXU�DFFXUDF\ �UDWH�LV�� � � �� : H�
SURSRVH� VRPH� GLUHFWLRQV� WR� XSOLIW� WKH� DFFXUDF\ � RI� 9 LHWQDPHVH� LVRODWHG� ZRUGV� UHFRJQLWLRQ�
SUREOHP��DQG�DSSO\ �WKRVH�UHVXOWV�WR�WKH�UHDOLW\ ��
�

, ��* L³ L�WKL  X�
�
' R�VÒ�NK‘ F�QKDX�Y«�QJÐ�‡L̄ X��Y«�F‘ FK�SK‘ W�‚ P�FÊD�WÎ QJ�QJ†ÃL�Q¼L�QƒQ�G’ QJ�V¼QJ�FÊD�PÂW�WÎ �
WURQJ�F‘ F�O  Q�Q¼L�NK‘ F�QKDX�F¼�WK¬�F¼�U£W�QKL«X�VÒ�NK‘ F�EL̄ W��7K¤P�FK¶�NKL�PÂW�WÎ �‡†ÇF�Q¼L�
EÄL�PÂW�QJ†ÃL�WK°�VÒ�NK‘ F�QKDX�Y¢Q�W¾Q�W’ L�EÄL�WÁF�‡Â�Q¼L��Q¼L�WR�QKº ��W‚ P �O¶�NKL�Q¼L��0 ÂW�VÁ�
P¢X�F¼�WK¬�F¼�WKÃL�JLDQ�Q¼L�GŽL�K…Q�YŽ�Q¼L�WR�K…Q��PÂW�VÁ�NK‘ F�F¼�WK¬�Q¼L�QKº �K…Q�YŽ�QJ—Q�
K…Q��%ŽL�WR‘ Q�QK¤Q�G’ QJ�WÎ �‡…Q�O§�Ä�‡‚ \ �FK¶QK�OŽ�EŽL�WR‘ Q�VR�V‘ QK�KDL�W¶Q�KL̄ X�YŽ�NK¼�NK•Q�Ä�
FKÀ�‡Â�GŽL�F‘ F�W¶Q�KL̄ X�NK„ QJ�JLÁQJ�QKDX���
�
0 ¢X�W¶Q�KL̄ X�WL®QJ�VDX�NKL�WKX�YŽR�P‘ \ �W¶QK�OŽ�PÂW�Gà\ �W¶Q�KL̄ X�VÁ��&KÌ QJ�V̈ �‡†ÇF�FKLD�WKŽQK�
F‘ F� IUDPH�OLƒQ�WÍ F�JÁL�OƒQ�QKDX��* L•�VÏ �PÀL�IUDPH�‡†ÇF�FK½Q�YÆL�‡Â�GŽL�OŽ�W�  � � � �P¢X�W¶Q�
KL̄ X�YŽ�SK  Q�JÁL�OƒQ�QKDX�JLÐD�KDL�IUDPH�OLƒQ�WL®S�OŽ�W�  � � � �P¢X�W¶Q�KL̄ X��0 ÀL�IUDPH�QŽ\ �TXD�
SK©S�SK‚ Q�W¶FK�/ 3&�Ä�SKD�WU¶FK�FK½Q�‡ŸF�WU†QJ�V̈ �‡†ÇF�EL¬X�GL­Q�E”QJ�PÂW�Y©F�W…�S�FKL«X�YŽ�
WD�J½L�Y©F�W…�QŽ\ �OŽ�Y©F�W…�‡ŸF�WU†QJ��× �W†ÄQJ�F…�E•Q�FÊD�SK©S�SK‚ Q�W¶FK�/ 3&�‡†ÇF�‡«�F¤S�
WURQJ�>/ DZUHQFH� � @��0 Í F�WLƒX�FÊD�SK†…QJ�SK‘ S�SK‚ Q�W¶FK�/ 3&�OŽ�W°P�F‘ F�JL‘ �WU·�K̄ �VÁ�GÒ�E‘ R�
‡¬�FÒF�WL¬X�K¼D�E°QK�SK†…QJ�JL‘ �WU·�OÀL��

�
* L‘ �WU·�S�OŽ�PÂW�JL‘ �WU·�NK„ QJ�FÁ�‡·QK�WK†ÃQJ�‡†ÇF�OÒD�FK½Q�WKHR�NLQK�QJKL̄ P�YŽ�PÍ F�‡¶FK�
FÊD�YL̄ F�OÒD�FK½Q�S�OŽ�‡¬�FÁ�J—QJ�JL•P�WKL¬X�F‘ F�E†ÆF�W¶QK�WR‘ Q�WURQJ�SK©S�SK‚ Q�W¶FK�/ 3&��



€ L«X�‡¼�F¼�QJKµD�OŽ�WÎ �YL̄ F�O†X�JLÐ�PÂW�IUDPH�YÆL�W� �P¢X�WD�FK±�F  Q�O†X�PÂW�Y©F�W…�YÆL�S�FKL«X��
1 K†�Y¤\ �PÂW�P¢X�QK¤Q�G’ QJ�V̈ �OŽ�PÂW�FKXÀL�F‘ F�Y©F�W…�‡ŸF�WU†QJ��&KXÀL�Y©F�W…�‡ŸF�WU†QJ�QŽ\ �
V̈ �‡†ÇF�GÈQJ�‡¬�VR�NKÆS�YÆL�FKXÀL�Y©F�W…�‡ŸF�WU†QJ�FKX¡Q�‡à�‡†ÇF�O†X�WURQJ�FK†…QJ�WU°QK�‡¬�
W°P�NKR•QJ�F‘ FK��NKR•QJ�F‘ FK�QŽ\ �OŽ�F…�VÄ�‡¬�FKÌ QJ�WD�TX\ ®W�‡·QK�N®W�TX•�QK¤Q�G’ QJ��
�
* ½L�D� �^D� ��D� ���������D� `�YŽ�U� �^U� ���U� ���������U� `�O  Q�O†ÇW�OŽ�FKXÀL�Y©F�W…�‡ŸF�WU†QJ�FÊD�W¶Q�KL̄ X�� �
YŽ�W¶Q�KL̄ X�� ��Å�‡‚ \ � jr �YŽ�D� �OŽ�F‘ F�Y©F�W…�‡ŸF�WU†QJ��KD\ �F̧ Q�J½L�OŽ�F‘ F�IUDPH��S�FKL«X��YÆL�

L � �����,��M � �����- ��9 °�‡Â�GŽL�FÊD�KDL�FKXÀL�Y©F�W…�D�YŽ�U�NK‘ F�QKDX�QƒQ�,• -��6Ò�FKX¡Q�K¼D�Y«�
WKÃL�JLDQ�JLÐD�D�YŽ�U�OŽ�VÒ�PÄ�UÂQJ�PÂW�F‘ FK�WX\ ®Q�W¶QK�P¢X�W¶Q�KL̄ X�QJ—Q�K…Q�‡’ W�WÆL�‡Â�GŽL�
FÊD�P¢X�W¶Q�KL̄ X�GŽL�K…Q��* L•�VÏ �-� ,��. ¶�KL̄ X�' �U�D��OŽ�NKR•QJ�F‘ FK�JLÐD�KDL�P¢X�W¶Q�KL̄ X�U�YŽ�
D�YŽ�‡†ÇF�W¶QK�QK†�VDX���
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7X\ �Y¤\ �QK†ÇF�‡L¬P�FÊD�SK†…QJ�SK‘ S�QŽ\ �OŽ�FKR�U”QJ�WÁF�‡Â�SK‘ W�‚ P�SKÍ �WKXÂF�KRŽQ�WRŽQ�
YŽR�NKR•QJ�WKÃL�JLDQ�W¾Q�W’ L�FÊD�WÎ �YŽ�‡ÂF�O¤S�YÆL�‚ P�WKDQK�‡DQJ�‡†ÇF�Q¼L��
�

, , ��' \ QDP LF�7LP H�: DUSLQJ �
�

�

6Ò�VR�NKÆS�SKL�WX\ ®Q�JLÐD�F‘ F�P¢X�D�YŽ�U�QK†�‡à�
Q¼L�Ä�SK  Q�WU†ÆF�‡†ÇF�EL¬X�GL­Q�WUƒQ�O†ÆL�‡L¬P�K°QK�
� ��7UƒQ�O†ÆL�QŽ\ �W¶Q�KL̄ X�D�Q”P�G½F�WKHR�WUÍ F�L��W¶Q�
KL̄ X�U�Q”P�G½F�WKHR�WUÍ F�M��0 ÀL�JLDR�‡L¬P�WUƒQ�O†ÆL�
‡†ÇF�‡·QK�QJKµD�QK†�OŽ�PÂW�QÌ W��QÌ W��L�M��F¼�QJKµD�
OŽ�VR�NKÆS�IUDPH�L�FÊD�W¶Q�KL̄ X�D�YÆL�IUDPH�M�FÊD�W¶Q�
KL̄ X�U��1 Ì W��� �� � �‡†ÇF�J½L�OŽ�QÌ W�JÁF�Q…L�PŽ�W£W�F•�
F‘ F�‡†ÃQJ�‡«X�[ X£W�SK‘ W�WÎ �‡‚ \ ��G� �L�M��OŽ�NKR•QJ�
F‘ FK�JLÐD�YHF�W…�‡ŸF�WU†QJ�D� �YÆL� jr ��NKR•QJ�F‘ FK�

QŽ\ �F̧ Q�‡†ÇF�J½L�OŽ�NKR• QJ�F‘ FK�FÍ F�EÂ��7D�F¼�WK¬������������+ °QK�� ��/ †ÆL�PLQK�K½D�TX\ �KR’ FK�‡ÂQJ�

YL®W�‡  \ �‡Ê�G� �L�M��OŽ� ),( jif rad �YÆL�F‘ F�Y©F�W…�D	 YŽ�U
 �QK¤Q�‡†ÇF�TXD�SK©S�SK‚ Q�W¶FK�/ 3&�F¼�

G’ QJ�VDX��D� � �>� ���D� � ���D� � �����������D� � @
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7URQJ�E‘ R�F‘ R�QŽ\ �FKÌ QJ�W„ L�‘ S�GÍ QJ�PHWULF�W¿QJ�TX‘ W�0 LQNRZVNL�WURQJ�WU†ÃQJ�KÇS�V � �YŽ�
V � ��W†…QJ�ÑQJ�YÆL�&LW\ �EORFN�PHWULF�YŽ�( XFOLGLDQ�PHWULF�
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7D�‡·QK�QJKµD�JL‘ �W’ L�QÌ W��� �� � �OŽ���������G� � � �� � � �� ��������������������������������������������������������������������� � � �
�
0 ÂW�‡†ÃQJ�‡L�Ä�‡‚ \ �‡†ÇF�‡·QK�QJKµD�EÄL�F‘ F�FŸS�QÌ W��L��� � ��M��� � � � � ! � �L� ��M� � ��0 ÂW�‡†ÃQJ�‡L�[ X£W�
SK‘ W�WÎ �QÌ W��� �� � �‡®Q�QÌ W��L� ��M� � �F¼�PÂW�JL‘ �WRŽQ�FÍ F�OŽ�JL‘ �W¶FK�OË\ �WÎ �‡L¬P�E—W�‡  X�FÊD�‡†ÃQJ�
‡L�FKR�‡®Q�NKL�JŸS�QÌ W��L� ��M� � ��7D�J½L�JL‘ �QŽ\ �OŽ�' �L� ��M� � �YŽ�‡†ÇF�‡·QK�QJKµD����

�
),(),(),( 11 kkfkkkk jidjiDjiD � �� �� �������������������������������������� � � �



�
9 °�QÌ W��� �� � �OŽ�QÌ W�NKÄL�‡  X�FÊD�W£W�F•�F‘ F�‡†ÃQJ�‡L�QƒQ�WD�F¼�� 0)0,0(  D �������������������������� � � �

Å�EL¬X�WKÑF�WUX\ �K¾L��� � �NKL�FKR�N�FK’ \ �Y«�WÆL�N � �WD�F¼�
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5»�UŽQJ�OŽ�WUƒQ�O†ÆL�TX\ �KR’ FK�‡ÂQJ�F¼�QKL«X�‡†ÃQJ�‡L�[ X£W�SK‘ W�WÎ �QÌ W��� �� � �‡®Q�QÌ W��L� �M� � �
YÆL�F‘ F�JL‘ �WRŽQ�FÍ F�NK‘ F�QKDX��1 K†�Y¤\ �EŽL�WR‘ Q�F¼�WK¬�‡†ÇF�KL¬X�QK†�OŽ�YL̄ F�W°P�NL®P�PÂW�
‡†ÃQJ� ‡L� ‡  \ � ‡Ê� WÎ � QÌ W� �� �� � � WÆL� QÌ W� ‡¶FK� �,�-� � VDR� FKR� JL‘ � WRŽQ� FÍ F� OŽ� QKº � QK£W�� . ¶� KL̄ X�
' 
 �L� �M� � �OŽ�JL‘ �WRŽQ�FÍ F�QKº �QK£W��. KL�‡¼�WÎ ��� � �YŽ��� � �WD�F¼��
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WURQJ�EL¬X�WKÑF�QŽ\ ��L� ��M� � � �� ,�-� ��PLQ�O£\ �W’ L�P½L�‡†ÃQJ�‡L�F¼�WK¬�WÎ �QÌ W��� �� � �‡®Q�QÌ W��L� �M� � ��
€ ¬�WL̄ Q�FKR�YL̄ F�N¶�KL̄ X��VDX�QŽ\ �WD�V̈ �GÈQJ�N¶�KL̄ X�' �WKD\ �FKR�' 
 ��
�

, , , ��&ÖL�ˆ ‘ W�' 7 : �
�
7URQJ�>6WXDUW� � @�‡«�[ X£W�KDL�JL•L�WKX¤W�FKR� ' 7: �FKR�F‘ F�WÎ �‡…Q�O§�WL®QJ�$ QK�OŽ�JL•L�WKX¤W�
' 7: �‡ÁL�[ ÑQJ�YŽ�' 7: �SK•Q�‡ÁL�[ ÑQJ��7URQJ�EŽL�E‘ R�QŽ\ �FKÌ QJ�W„ L�FŽL�‡ŸW�F•�KDL�JL•L�WKX¤W�
QŽ\ �YŽ�‘ S�GÍ QJ�FKR�F‘ F�FKÐ�VÁ�‡…Q�O§�WL®QJ�9 L̄ W��
�
7KX«W�WR̃ Q�' 7 : �ŽÈL�[ ØQJ��6\ P P HWULF�' 7 : �� �6' 7 : ���
�

�

�

7URQJ� WKX¤W� WR‘ Q� QŽ\ � WD� F  Q� SK•L� WX‚ Q� WKÊ� F‘ F�
UŽQJ�EXÂF�VDX��

x &‘ F� ‡†ÃQJ� VR� NKÆS� NK„ QJ� WK¬� TXD\ �
QJ†ÇF� FKL«X� WKÃL� JLDQ� �QJKµD� OŽ� FK±� F¼�
WL®Q�OƒQ��

x 7£W� F•� F‘ F� IUDPH� SK•L� ‡†ÇF� VÏ � GÍ QJ�
WURQJ�‡†ÃQJ�VR�NKÆS��

x . KR•QJ� F‘ FK� WRŽQ� FÍ F� ‡†ÇF� W¶QK� E”QJ�
F‘ FK� FÂQJ� G¾Q� W£W� F•� F‘ F� NKR•QJ� F‘ FK�
FÍ F�EÂ��

7KX¤W�WR‘ Q�‡†ÇF�PLQK�K½D�E”QJ�Y¶�GÍ �Ä�K°QK�� ��
WD� VÏ � GÍ QJ� PÂW� PD� WU¤Q� WKÃL� JLDQ�WKÃL� JLDQ� ‡¬�
P„ �W•�WUÒF�TXDQ�F‘ FK�F•Q�FK±QK��7KHR�TX\ �†ÆF�
WK°� WUÍ F� WXQJ� V̈ � EL¬X� GL­Q� P¢X� FKX¡Q�
o63( ( &+p�� WUÍ F� KRŽQK� EL¬X� GL­Q� P¢X� QK¤Q�
G’ QJ� o6V3( ( K+ p�� 7URQJ� Y¶� GÍ � QŽ\ � P¢X� QK¤Q�
G’ QJ� o6V3( ( K+p� OŽ� P¢X� F¼� QKL­X�� Ö� W†ÄQJ� Ä�
‡‚ \ �OŽ�P¢X�QK¤Q�G’ QJ�V̈ �‡†ÇF�VR�YÆL�W£W�F•�F‘ F�
P¢X�FKX¡Q�WKXÂF�FÈQJ�PÂW�OÆS���

+ °QK�� ��0 LQK�K½D�Y«�F•Q�FK±QK�WKÃL�JLDQ�
‡ÂQJ�JLÐD�P¢X�FKX¡Q�o63( ( &+p�YŽ�P¢X�

QK¤Q�G’ QJ�F¼�QKL­X�o6V3( ( K+p�

0 ¢X�QK¤Q�G’ QJ�SKÈ�KÇS�QK£W�OŽ�P¢X�F¼�NKR•QJ�F‘ FK�‡†ÃQJ�F•Q�FK±QK�YÆL�P¢X�FKX¡Q�QJ—Q�
QK£W��0 ÂW�Ö�TXDQ�WU½QJ�Ä�WKX¤W�WR‘ Q�QŽ\ �OŽ�WD�FK±�F¼�WK¬�‡L�‡®Q�„ ��L�M��WÎ �F‘ F�„ ��L�� �M�� ����L�� �M���
�L�M�� ��WURQJ�‡¼�L�OŽ�FÂW��M�OŽ�KŽQJ��%L¬X�WKÑF�TX\ �KR’ FK�‡ÂQJ�FÊD��' 7: �‡ÁL�[ ÑQJ�OŽ���

�
����� ^ ` ),()1,(),,1(),1,1(min),( jidjiDjiDjiDjiD ����� ����� ������������ � � �



�
YÆL�G�L�M��OŽ�NKR•QJ�F‘ FK�FÍ F�EÂ�W’ L��L�M���' �L�M��OŽ�NKR•QJ�F‘ FK�WRŽQ�FÍ F�W’ L��L�M���

�

�
+ °QK�� ���&‘ F�K†ÆQJ�‡L�F¼�WK¬�FÊD�6' 7: �

7D�F¼�WK¬�QƒX�PÂW�F‘ FK�FŽL�‡ŸW�KL̄ X�TX•�Y«�
EÂ� QKÆ� YŽ� NK‘ � QKDQK� WURQJ� W¶QK� WR‘ Q� FÊD�
' 7: � ‡ÁL� [ ÑQJ�� &•L� WL®Q� Ä� ‡‚ \ � OŽ� WD� GÈQJ�
KDL� P•QJ� ‡¬� O†X� F‘ F� FÂW� OLƒQ� WL®S�� 7D� TX\ �
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