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LWK� WKH� FRPSOHWLRQ� RI� +XPDQ� *HQRPLF� 3URMHFW��
SURWHLQ� PDSSLQJ� EHFRPHV� WKH� FXUUHQW� WDUJHW� RI�

ELRPHGLFDO� LQYHVWLJDWLRQ�� ZKLFK� LV� PDLQO\� GULYHQ� E\�
GLDJQRVH� DQG� GUXJ� GLVFRYHU\� SXUSRVH� >�@�� 7KH� PRVW�
SURPLVLQJ� DSSURDFK� WR� LGHQWLI\� SURWHLQ� LV� XVLQJ� PDVV�
VSHFWURPHWHU� IRU� SHSWLGH�PDVV� ILQJHUSULQWLQJ�� IROORZHG�E\�
GDWDEDVH� VHDUFK� � �.� �� 0DWUL[�DVVLVWHG� ODVHU�
GHVRUSWLRQ�LRQL]DWLRQ� WLPH�RI�IOLJKW� PDVV� VSHFWURPHWU\�
�0$/',�72)�06�� LV� RQH� RI� WKH� WHFKQLTXHV� IRU� SURWHLQ�
GHWHFWLRQ� ZLWK� H[FHOOHQW� VHQVLWLYLW\�� VLPSOLFLW\� DQG�
WKURXJKSXW� � �.� �"� ���
� �o�.�+�U�7�"��� ����� �����	� �U�����"�6���. Z¡+¢+¢�£�¤B¥ ¦§�7� � �¨� ©U�3���"� �gª��=«^©�� �.©Y¬Uª���7�+­�®(� � � ���B¬Uª��+�a�+�.�+���a¯ ª���� �.��� �"«Z¤ ° � ©�� �a«^ª�� ±(«^�	��� �+���+ª�� � ���*� �:�+�"� ��­�¬(� ©U�² � �U³��.�+ª��7��´ � � �Gµ^¶ ¶ � �.�U����¤!�§¤!·^¤ � ©U���U´ ¸��.� ±v� �>� ©U� µ ���8ª��	� �"� �:¸!� ª�¯ �	����ª��^� �� ©U���v���.©U�"��� ��� ¶G¹ ¸!�7ª����U�"� � ª��»º1�+³+� �U���.��� ��³+  � �.��¬U�.�U³ � ���.©+�Uª ¶ ª+³U� ��� ¶� ��� �+�.�7�8� � ¬! �¼U½+��¾+�U¿�  ² � �U³��.�Uª�� �>¥ ��©Uª��+�+À	¼UÁ�´ ¼+¾U��¢+´ ¼+¢+¼�£!Â+¯ �"Ã1À	¼UÁ�´ ¼+¾U��¢+´ £���¼���Â��´ ®B��� ¶ À�®D­U���.©U�.��Ä5��� ��¤ ������¤ �7³�°�¤² ¤ZÅ1¤ZÆ^ª�ª��6� �G��� ª�¯ �	���7ª��-«B� � ©Mº ¶ ���"� � ª���� � ¹ º ¶ ���.� ��� �Yº1�U³+� �U���"��� �U³+ � �8¬U�.��³ � ����©+�Uª ¶ ª+³U� ��� ¶�� ��� �+�.����� � ¬(¥ �	´ ®D��� ¶ À��	�7¯ ¬�ª�ª���Äv��� ��¤ ������¤ �7³�°�¤Ç ¤ � ©+�+�:� �1«B� � ©(� ©U���o�	�"©U�"��� ��� ¶ º1�U³+� �+���"��� �U³U ��o�	�8� ���"©������"� � � � ��� � � � ��� �^ª�¯� ���.©+�Uª ¶ ª+³�¬! 	� µ   � ² µ ¥ �	´ ®B��� ¶ À È8�.©+���UÄv®Z� � ¤ �����+°�¤É ¤jÊp�U�N� �^«(� � ©-Ë>�.�Uª�®B� � ��� � � � ��� �Rª�¯ ² � �U³����+ª�� �N¥ �.®B�	� ¶ Àj©+�U� ¶ � ��Äo³+� �"¤ ��´� � �.�"¤ ������¤ �7³+°�¤
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�+RZHYHU��LRQ�VXSSUHVVLRQ�XVXDOO\�RFFXUUHG�LQ�LRQL]DWLRQ�
SURFHVV�� UDLVHG� WKH�QHFHVVLW\� RI� WKH�FRXSOLQJ�RI� VHSDUDWLRQ�
WHFKQLTXHV� ZLWK� 06� � Ñ � � Ñ Ò.� �� D� YDULHW\� RI� VHSDUDWLRQ�
WHFKQLTXHV� � Ó"� Ô"� � ZDV� LPSOHPHQWHG� WR� LQWHUIDFH� WKH� PDWUL[�
DVVLVWHG� ODVHU� 'HVRUSWLRQ�,RQL]DWLRQ� PDVV� VSHFWURPHWU\�
�0$/',� 06�� IRU� SURWHLQ� LGHQWLILFDWLRQ�� 3DUWLFXODUO\��
1HZPDQ� HW� DO� KDV� GHPRQVWUDWHG� D� SVHXGR�FRYHU� PLFUR�
FKDQQHO� � Ñ �.� �WR�SHUIRUP�FDSLOODU\�LVRHOHFWULF�IRFXVLQJ��&,()��
SULRU� WR� 06� LGHQWLILFDWLRQ� RI� SURWHLQV�� &,()� VHSDUDWLRQ�
UHOLHV� RQ� WKH� DPSKRWHULF� SURSHUW\� RI� SURWHLQV� LQ� D� S+�
JUDGLHQW� XQGHU� HOHFWULF� ILHOG� DQG� LV� DEOH� WR� VHSDUDWH� DQG�
FRQFHQWUDWH� SURWHLQV� VLPXOWDQHRXVO\� � Ñ"Ñ �F� �8Õ.� ��ZKLFK� KDV� WKH�
PHULW� RI� KLJK�WKURXJKSXW�� VPDOO� DPRXQW� RI� FRQVXPHG�
DQDO\WH�DQG�KLJK�UHVROXWLRQ��XS�WR����� � ��Õ�� ���
7KH� FKLS� IDEULFDWHG� ZLWK� 300$� E\� KRW� HPERVVLQJ�

VXIIHUV� IURP� VHYHUDO� GUDZEDFNV�� VXFK� DV� FKDQQHO� QRQ�
XQLIRUPLW\��0RUHRYHU�� 300$� LV� QRW� D� JRRG�PDWHULDO� IRU�
0$/',�DQDO\VLV�EHFDXVH�WKH�VXUIDFHV�VXSSUHVV�WKH�SURWHLQ�
LRQL]DWLRQ��
89�(PERVVLQJ� LV�D�SODVWLF�UHSOLFDWLRQ�PHWKRG�EDVHG�RQ�

WKH�UHVLQ�SRO\PHUL]DWLRQ�XQGHU�89�LUUDGLDWLRQ��RIIHULQJ�WKH�
DGYDQWDJHV� RI� KLJK�WKURXJKSXW�� ORZ�FRVW� DQG� PLOG�
IDEULFDWLRQ� FRQGLWLRQ�� ZKLFK� DOO� IDFLOLWDWH� WKH� PDVV�
SURGXFWLRQ�� &KDQ�SDUN¶V� JURXS� KDV� GHPRQVWUDWHG�
IDEULFDWLRQ� RI� KLJK� DVSHFW� UDWLR� �XS� WR� ���� VWUXFWXUH� XVLQJ�
89�HPERVVLQJ�� � Ñ �"� �3DUWLFXODU�ZRUWK\�WR�QRWH�LV�YDULHWLHV�RI�
SRO\PHU�RSWLRQV�IRU�89�HPERVVLQJ��ZKLFK�XVXDOO\�LQFOXGH�
SRO\XUHWKDQH��SRO\HVWHU��HSR[\��SRO\HWK\OHQH�JO\FRO��3(*��
DQG�SRO\SURS\OHQH�JO\FRO��33*���DV�VKRZQ�LQ�WDEOH����WKHVH�
SRO\PHUV�KDYH�GLIIHUHQW�FKHPLFDO��PHFKDQLFDO�DQG�SK\VLFDO�
SURSHUWLHV� VR� WKDW� 89�HPERVVLQJ� FRXOG� WDLORU� WR� GLIIHUHQW�
DSSOLFDWLRQV���
7KH�SRO\PHU�DV�EXON�PDWHULDO�XVHG�LQ�&,()�FRXSOHG�ZLWK�

06� FRXOG� JHQHUDWH� VWURQJ� LRQ� VLJQDO�� DV� LW� KDV� EHHQ�
GHPRQVWUDWHG� WKDW� GLIIHUHQW� SRO\PHU� VXSSRUW� ZRXOG� JLYHV�
ULVH�WR�LRQ�VLJQDO�ZLWK�GLIIHUHQW�VWUHQJWK�DQG�UHVROXWLRQ�� � Ñ Õ.� �
,Q� WKLV� SDSHU�� ZH� LQYHVWLJDWHG� WKH� IHDVLELOLW\� RI� 89�

(PERVVLQJ� WR� IDEULFDWH� WKH� SODVWLF� FKLS� IRU� &,()�06�
SURWHLQ�LGHQWLILFDWLRQ��7KH�EHVW�PDWHULDO�IURP�ILYH�IDPLOLHV�
RI�SRO\PHU�KDV�EHHQ�FKRVH�WR�PHHW�WKH�UHTXLUHPHQW�RI�ERWK�
&,()� VHSDUDWLRQ� DQG� 06� GHWHFWLRQ�� 7KH� VLJQDO� IURP� WKH�
89�HPERVVHG� SRO\PHU� LV� ��� WLPHV� VWURQJHU� WKDQ� WKDW� RI�
300$�� )LQDOO\�� WKH� SURWHLQV� DUH� VHSDUDWHG� XVLQJ� &,()�
IURP� PL[WXUH� VROXWLRQ� DQG� GHWHFWHG� XVLQJ� PDVV�

89�(PERVVHG�3ODVWLF�&KLS�IRU�3URWHLQ�
6HSDUDWLRQ�DQG�,GHQWLILFDWLRQ�

;XQ�*XR Ö ��0DU\�%��&KDQ�3DUN Ö ��6RRQ�)DWW�<RRQ Ö ��-XQJ�+RRQ�&KXQ Ö ���
���������������/LQ�+XD × ��1HZPDQ��6]H × ������������������������������������������������

��� Ö �,QQRYDWLRQ�LQ�0DQXIDFWXULQJ�DQG�6\VWHP�7HFKQRORJ\��6LQJDSRUH�0,7�$OOLDQFH����������������������������������
× �*HQRPH�,QVWLWXWH�RI�6LQJDSRUH��
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VSHFWURPHWHU��

,,�� ( Í ¸!º �F� �oº �B�jµ É 6 º �q�j� �q� �
$�� 0DWHULDOV�DQG�&KHPLFDOV�
7KH� ERYLQH� VHUXP� DOEXPLQ� �%6$��� KRUVH� KHDUW�

P\RJORELQ�ZLWK�LVRHOHFWULF�SRLQW��S,��RI�����DQG������WU\SVLQ�
LQKLELWRU� �S, ������ 3KDUPDO\WH� �FDUULHU� DPSKRO\WH� WR�
JHQHUDWH� S+� JUDGLHQW� UDQJLQJ� IURP� �� WR� ����� ����
'LPHWKR[\���+\GUR[\FLQQDPLF� DFLG� �DOVR� NQRZQ� DV�
VLQDSLQLF�DFLG��6$���SRWDVVLXP�K\GUR[LGH��SKRVSKRULF�DFLG��
PHWK\OFHOOXORVH� ZHUH� DOO� SXUFKDVHG� IURP� 6LJPD�$OGULFK�
�6LQJDSRUH���7KH�PROHFXODU�PDVV�RI�%6$��P\RJORELQ� DQG�
WU\SVLQ�LQKLELWRU�ZDV������.�'D�������.�'D��DQG������.�'D��
UHVSHFWLYHO\�� 7KH� SODVWLF� PLFURSLSHWWH� WLSV� �����O�� ZHUH�
SXUFKDVH� IURP� $[\JHQ� 6FLHQWLILF� �6LQJDSRUH�� ZLWK� EUDQG�
QDPH� 0D[LPXP� 5HFRYHU\�� 7KH� PDWUL[� FRQVLVWHG� RI�
VDWXUDWHG�VLQDSLQLF�DFLG�GLVVROYHG�LQ�WKH�VROXWLRQ�FRQVLVWLQJ�
RI� ���� DFHWRQLWULOH�� ������ '�,�� ZDWHU� DQG� �����
WULIOXRURDFHWLF� DFLG��7KH�SURWHLQ�DPSKRO\WH� VROXWLRQ�ZDV� D�
PL[WXUH� RI� KRUVH� KHDUW� P\RJORELQ� ������ PJ�PO��� WU\SVLQ�
LQKLWLWRU� ������ PJ�PO�� DQG� ��� RI� 3KDUPDO\WH�� &DWKRO\WH�
DQG� DQRO\WH� XVHG� LQ� WKH� &,()� ZHUH� ���P0� SRWDVVLXP�
K\GUR[LGH� PL[HG� LQ� ����� PHWK\OFHOOXORVH� DQG� ��P0�
SKRVSKRULF�DFLG�LQ������PHWK\OFHOOXORVH�UHVSHFWLYHO\��7KH�
HOHFWURO\WH� WLSV� ZHUH� PDGH� IURP� SOXJJLQJ� WKH� WLSV� RI� WKH�
PLFURSLSHWWHV� ZLWK� VPDOO� DPRXQWV� RI� PHWK\OFHOOXORVH� JHO��
ZKLFK�ZDV�SUHSDUHG�E\�GLVVROYLQJ����PHWK\OFHOOXORVH�LQWR�
ZDWHU� DW� ��� GHJUHH�� 7KH� SODWLQXP� ZLUH� RI� ���PP� LQ�
GLDPHWHU� ZLWK� ���� SXULW\� ZDV� SXUFKDVHG� IURP� 4XRUXP�
7HFKQRORJLHV� �6LQJDSRUH��� 7KH� ����!�� 3� W\SH�� �� LQFKHV�
VLOLFRQ� ZDIHU� RI� a���� XP� WKLFNQHVV� ZDV� SXUFKDVHG� IURP�
ORFDO� YHQGRU� �-�� $�� $�� 6LQJDSRUH�� WR� IDEULFDWH� WKH� VLOLFRQ�
PROG��
7KH�PDVV� VSHFWURPHWHU� XVHG� LV�.UDWRV� $[LPD� &)5SOXV�

�6KLPDG]X�%LRWHFK��0DQFKHVWHU��8�.���LQ�OLQHDU�PRGH��7KH�
KRPH�PDGH�VWDLQOHVV�VWHHO�SODWH�ZDV�XVHG�WR�KROG�WKH�SODVWLF�
FKLS��7KH�89�ODPS�WR�LUUDGLDWH�SUHSRO\PHU�LV�SURYLGHG�E\�,�

	�-�)LVQDU� ,QF�ZLWK�DUHD�DYHUDJHG� LQWHQVLW\�RI���P:�FP � �
DW� ���� QP�� 6FDQQLQJ� (OHFWURQ�0LFURVFRS\� �6(0�� LV� -RHO�
6(0�������
7KH�PDVN�DOLJQHU�LQ�SKRWROLWKRJUDSK\�LV�.DUO�6XVV�0$��

ZLWK� ��P:�FP � � LQWHQVLW\� DW� ���QP�� 7KH� GHHS� 5,(�
PDFKLQH� LV� 0XOWLSOH[� ,&3� WRRO� IURP� 6XUIDFH� 7HFKQRORJ\�
6\VWHP��3KRWRUHVLVW�LV�$=������IURP�&ODULDQW��7KH�3'06�
LV�579�����PDQXIDFWXUHG�E\�*(�6LOLFRQHV��
7KH�ROLJHUPHULF�DFU\ODWHV�ZHUH�(%�����8&%�FKHPLFDOV���

(%� ���8&%� FKHPLFDOV��� 65� ����6DUWRPHU� &KHPLFDOV���
3(*'$�����$OGULFK�&KHPLFDOV��DQG�33*'$�����$OGULFK�
&KHPLFDOV���(%�����LV�DQ�DOLSKDWLF�XUHWKDQH�GLDFU\ODWH��(%�
��� LV� D� SRO\HVWHU� WHWUDFU\ODWH�� 65� ���� LV� HWKR[\ODWHG� ����
ELVSKHQRO�$�GLDFU\ODWH��3(*'$�����LV�SRO\HWK\OHQH�JO\FRO�
GLDFU\ODWH�ZLWK� DYHUDJH�PROHFXODU�ZHLJKW�RI� �����33*'$�
���� LV� SRO\�SURS\OHQH� JO\FRO� GLDFU\ODWH�� ZLWK� DYHUDJH�
PROHFXODU� ZHLJKW� RI� ����� 7ULSURS\OHQH� JO\FRO� GLDFU\ODWH�
WULDFU\ODWH� �73*7$�� LV� VXSSOLHG� E\� 6DUWRPHU� &KHPLFDOV�
ZLWK�SURGXFW�QDPH�65������ WULPHWK\OROSURSDQH� WULDFU\ODWH�
�7037$�� LV� RUGHUHG� IURP� $OGULFK�� (%� ���� LV� D� VLOLFRQH�
SRO\DFU\ODWH� IURP� 8&%� FKHPLFDOV�� SKRWRLQLWLDWRU� ����
'LPHWKR[\���� ��GLSKHQ\OHWKDQ���RQH� LV� VXSSOLHG� DV�
,UJDFXUH� ����E\�&LED�&KHPLFDOV��$OO� UHVLQV� DUH� VWLUUHG����
KRXUV�LQ�DPELHQW�\HOORZ�URRP�HQYLURQPHQW��
%�� )DEULFDWLRQ�RI�3RO\PHULF�&KDQQHOV�
7KH�IDEULFDWLRQ�RI�SRO\PHULF�FKDQQHO�FRQVLVWV�RI���VWHSV��

VLOLFRQ� PROG� IDEULFDWLRQ�� 3'06� VRIW� UXEEHU� PROG�
UHSOLFDWLRQ�� SRO\PHU� 89� LUUDGLDWLRQ� DQG� GHPROGLQJ�� DV�
LOOXVWUDWHG�LQ�)LJ�����
)RU� WKH� VLOLFRQ�PROG�� WKH� SKRWROLWKRJUDSK\� ZDV� FDUULHG�

RXW�WR�GHILQH�SDWWHUQV�LOOXVWUDWHG�LQ�)LJ�����ZKLFK�LV�WKH�WRS�
YLHZ� RI� WKH� FKDQQHO�� E\� $=� ����� �a�PP� LQ� WKLFNQHVV��
FRDWHG�RQ�VLOLFRQ�ZDIHU��IROORZHG�E\�GHHS�5,(�HWFKLQJ� � Ñ Ø"� �
UHVXOWLQJ� LQ� ���� PP� GHHS� FKDQQHO�� WKH� SKRWRUHVLVW� ZDV�
UHPRYHG� E\� DFHWRQH� DQG� WKHQ� WKH� VLOLFRQ� ZDIHU� ZDV�
SURFHVVHG� LQ� WKH�'HHS�5,(�PDFKLQH� DJDLQ� IRU� SDVVLYDWLRQ�

� �.­ ¶ �(�	¤ � ©U�F�+ª ¶ ¬�®B�.�7�1�.�U�p� ©U�	� �j�	ª�®^�Uª��U�.��� �j�����.�D¯ ª�� �pÙ ´ º�®D­Uª+����� �U³!¤¸�ª ¶ ¬!®B�.�
� ª�®B�+ª��U�.��� �
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¸�ª ¶ ¬!�"� ©�¬ ¶ �.�U�Ë ¶ ¬���ª ¶¥ ¸!º�Ë>°
¸�ª ¶ ¬U���7ª���¬ ¶ �.�Ë ¶ ¬��	ª ¶¥ ¸!¸�Ë>°
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² � ½�£�� ´ ´ ¼�¿ ´ ´¸!º�Ë �pµ¾+¢�¢ ´ ´ ´ ¿+¿ ´�^¶ � ³�ª�®B�.�
¸!¸�Ë �pµ��¢�¢ ´ ´ ´ ´ ¿+¿
² � Á�¢�¿ ¡U¢ ¡U¢ ¡U¢ ´ ´

� � ¶ �U�.��� � �o¸ ��µ �"¢ �"¢ �"¢ �"¢ �"¢
º1·�½UÁ�¢ ¡ ¡ ¡ ¡ ¡

µ �+�U� � � �U�	� � � ³��	�.��� �¼UÁ�� ¢!¤ ½ ¢!¤ ½ ¢!¤ ½ ¢!¤ ½ ¢!¤ ½
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SURFHVV� � Ñ �"� �� 7KH� VRIW� OLWKRJUDSK\� � Ñ Ó.� � ZDV� IROORZHG� WR�
UHSOLFDWH� VRIW� UXEEHU� �3'06�� PROG� � Ñ7Ü8� � IURP� WKH� VLOLFRQ�
PROG��DIWHU�FDVWLQJ� WKH�3'06�SUHSRO\PHU� �WKH�PL[WXUH�RI�
3'06� EDVH� DQG� FXULQJ� DJHQW�� RQ� VLOLFRQ� PROG� DQG�
GHJDVVLQJ� LQ� YDFXXP� IRU� ��� PLQV� � Ñ �.� �� WKH� 3'06�
SUHSRO\PHU�ZDV� FXUHG�ZLWK� WKH� VLOLFRQ�PROG� LQ� WKH� ��� Ý &�
RYHQ�IRU����KRXUV�DQG�WKHQ�SHHOHG�RII��7KH�UHVXOWDQW�3'06�
PROG�KDV�WKH�RSSRVLWH�UHOLHI�WR�WKDW�LQ�VLOLFRQ�PROG��

7KH�SODVWLF�FKLS�ZDV�JHQHUDWHG�E\�89� LUUDGLDWLRQ��DIWHU�
FDVWLQJ� WKH� SRO\PHU� UHVLQ� RQWR� WKH� 3'06� IROORZHG� E\�
GHJDVVLQJ����PLQV�LQ�YDFXXP��89�VKLQHG�RQWR�WKH�UHVLQ�LQ�
RUGHU� IRU� SRO\PHU� WR� SHUIRUP� WKH� SRO\PHUL]DWLRQ� � Ñ �"� ��
)LQDOO\��GHPROGLQJ�ZDV�FDUULHG�RXW�GLUHFWO\�E\�SHHOLQJ�RII�
WKH�VRIW�3'06�IURP�ULJLG�SODVWLF�FKLS����
&�� &,()�([SHULPHQW��
&DSLOODU\� LVRHOHFWULF� IRFXVLQJ� ZDV� FDUULHG� RXW� XVLQJ� WKH�

H[SHULPHQWDO� VHWXS� VKRZQ� LQ�)LJ����7KH� IODW�3'06�FRYHU�
ZDV�FODPSHG�ZLWK�WKH�FKLS�WR�RYHUOD\�WKH�FKDQQHO�� OHDYLQJ�
WZR�UHVHUYRLUV�RSHQ��$�GURS�RI�SURWHLQ�DPSKRO\WH�VROXWLRQ�
ZDV�SODFHG�LQWR�WKH� UHVHUYRLUV��GXH� WR�FDSLOODU\�DFWLRQ�� WKH�

VROXWLRQ�ILOOHG�XS�WKH�FKDQQHO��+HUH��WKH�3'06�ZDV�FKRVHQ�
GXH�WR�LWV�FRQIRUPLW\� � �.�"� �WR�WKH�FRQWDFWHG�PDWHULDO�LI�FHUWDLQ�
IRUFH�ZDV�DSSOLHG�SUHYHQWLQJ�WKH�VROXWLRQ�IURP�OHDNLQJ�RXW���
7ZR� HOHFWURO\WH� WLSV�� ZKLFK� ZHUH� ILOOHG� ZLWK� FDWKRO\WH�

DQG� DQRO\WH��ZHUH� IL[HG� GRZQZDUGV� LQWR� WKH� UHVHUYRLUV� LQ�
WKH� SODVWLF� FKLS�� %\� LQVHUWLQJ� WKH� ���PP� SODWLQXP� ZLUH�
FRQQHFWHG�WR�D�KLJK�SRZHU�VXSSO\�LQWR�WKH�HOHFWURO\WH�WLSV��
HOHFWULFDO� ILHOG� ZDV� LQWURGXFHG� DORQJ� WKH� FKDQQHO�� 7KH�
PXOWLPHWHU� ZDV� FRQQHFWHG� WR� PHDVXUH� WKH� FXUUHQW� LQ� WKH�

FKDQQHO����
'�� 0DVV�6SHFWURPHWU\�$QDO\VLV�
0$/',�72)�06� H[SHULPHQWV� ZHUH� SHUIRUPHG� ZLWK� D�

.UDWRV� $[LPD� &)5SOXV� �6KLPDG]X� %LRWHFK�� 0DQFKHVWHU��
8�.��� RSHUDWLQJ� LQ� SRVLWLYH� LRQ� PRGH��
'HVRUSWLRQ�LRQL]DWLRQ� ZDV� DFKLHYHG� ZLWK� D� ����QP�
QLWURJHQ� ODVHU� ZLWK� ��QV� SXOVH� ZLGWK��� $FFHOHUDWLQJ�
SRWHQWLDO�ZDV�VHW�WR����N9��$FTXLVLWLRQV�ZHUH�DFFXPXODWHG�
ZLWK���ODVHU�VKRWV�DW�HDFK�ORFDWLRQ��DQG�WKH�QXPEHU�RI�ODVHU�
VKRWV� XVHG� WR� REWDLQ� HDFK� VSHFWUXP� ZDV� ����� 7KH� PDVV�
FDOLEUDWLRQ�ZDV� SHUIRUPHG�ZLWK� DQ� H[WHUQDO� VWDQGDUG�� 7KH�
LQWHQVLW\� RI� ODVHU� VKRW� ZDV�PDLQWDLQHG� DW� ���-�SXOVH�� 7KH�
H[WHUQDO� FDOLEUDWLRQ�ZDV� SHUIRUPHG� XVLQJ� VWDQGDUG� VDPSOH�
SULRU�WR�H[SHULPHQW��
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$�� )DEULFDWLRQ�RI�3ODVWLF�&KLS�
)LYH� IDPLOLHV� RI� UHVLQ� DOO� FRQVLVWV� RI� ROLJRPHU�� GLOXHQW�

DQG� DGGLWLYHV��GXH� WR� WKH�SUHGRPLQDQW�ZHLJKW� RI� ROLJRPHU�
LQ� WKH� UHVLQ�� WKH� ILQDO� SRO\PHU¶V� SURSHUW\� LV� JHQHUDOO\�
GHWHUPLQHG�E\�WKH�ROLJRPHU��WKH�GLOXHQW�LV�DGGHG�LQ�RUGHU�WR�
WDLORU�WKH�PHFKDQLFDO�SURSHUW\�RI�WKH�UHVLQ�XVXDOO\�GHFUHDVH�
WKH� YLVFRVLW\� RI� WKH� UHVLQ� LQ� RUGHU� WR� GLVVROYH� WKH�
SKRWRLQLWLDWRU�HIILFLHQWO\��(%�����LV�XVHG�DV�WKH�GHPROGLQJ�
DJHQW�E\�GHFUHDVLQJ�WKH�VXUIDFH�HQHUJ\�RI�WKH�SRO\PHU���
7KH�SDVVLYDWLRQ�SURFHVV�DIWHU�VLOLFRQ�HWFKLQJ�LV�QHFHVVDU\�

WR�GHFUHDVH� WKH� VXUIDFH� WHQVLRQ� RI� WKH� VWUXFWXUH�� WKH�&�)��
SODVPD�GHSRVLWV�D�WKLQ�OD\HU�RI�±&)��&)���SRO\PHU��ZKLFK�
IXQFWLRQV�DV�UHOHDVH�OD\HU�RQ�WKH�VLOLFRQ�PROG��GXH�WR�±&)��
&)��� H[WUHPHO\� ORZ� VXUIDFH� HQHUJ\�� 2WKHUZLVH�� GXULQJ�
SHHO�RII� RI� FXUHG� 3'06� IURP� VLOLFRQ� PROG�� WKH� 3'06�
VWLFNV�WR�WKH�VLOLFRQ�PROG�DQG�GHODPLQDWH��7KH�SDVVLYDWLRQ�
SURFHVV� E\� & Õ ) Ü � SODVPD� LV� DOVR� VXSHULRU� WR� WKH� YDFXXP�
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GHSRVLWLRQ� RI� UHOHDVH� DJHQW�� VXFK� DV� �������WULGHFDIOXRUR�
��������WHWUDK\GURRFW\O����WULFKORURVLODQH� � �8Ó.� �� VLQFH� WKH�
SODVPD� JHQHUDWHG� UHOHDVH� OD\HU� LV� PRUH� XQLIRUP� DQG� ODVW�
ORQJHU� GXULQJ� UHSOLFDWLRQV�� 7KH� FURVVLQJ� VHFWLRQ� RI� WKH�
FKDQQHO�LV�LOOXVWUDWHG�LQ�)LJ����D���
7KH� VRIW�PROG� UHSOLFDWLRQ� LV� DQ� HVVHQWLDOO\� LQWHUPHGLDWH�

VWHS�IRU�WKH�SRO\PHULF�FKLS�IDEULFDWLRQ��RWKHUZLVH��WKH�ULJLG�
SRO\PHU� FKLS� LV� GLIILFXOW� WR� GHPROG� IURP� WKH� ULJLG� VLOLFRQ�
ZDIHU��7KH�VRIW�PROG�UHSOLFDWLRQ�VWHS�GRHV�QRW�UHVXOW�LQ�WKH�
FKDQJH�RI�WKH�GLPHQVLRQ�RI�WKH�ILQDO�SODVWLF�FKLS�FDXVHG�E\�
WKH�LQWHUPHGLDWH�VWHS��GXH�WR�WKH�KLJK�ILGHOLW\�RI�WKH�3'06�
UHSOLFDWLRQ� � Ñ Ó"� � �7KH�FURVV�VHFWLRQ�VWUXFWXUH�RI�WKH�3'06�LV�
LOOXVWUDWHG�LQ)LJ����E���
7KH�89�LUUDGLDWLRQ�WLPH�GHSHQGV�RQ�WKH�WKLFNQHVV�RI�WKH�

FKLS� DQG� WKH� SURSHUW\� RI� WKH� SRO\PHU�� XVXDOO\�� 7 Ñ7� � LV�PHDVXUHG� LQ� RUGHU� WR� HVWLPDWH� WKH� SRO\PHU¶V� FXULQJ� WLPH�
QHHGHG� � Ñ �"� �� 7KH� ILQDO� GHPROGLQJ� SURFHVV� LV� XVXDOO\�
SHUIRUPHG� E\� SHHO�RII� WKH� VRIW� UXEEHU� PROG� IURP� ULJLG�
SODVWLF�FKLS��$IWHU�89�FXULQJ��WKH�DFHWRQH��HWKDQRO�DQG�'�,��
ZDWHU�UHVSHFWLYHO\�ZDVK�WKH�SODVWLF�FKLS�ZLWK�XOWUDVRXQG�LQ�
RUGHU�WR�UHPRYH�WKH�XQFXUHG�SRO\PHU��7KH�ILQDO�IDEULFDWHG�
SRO\PHULF�FKDQQHO�LV�LOOXVWUDWHG�E\�)LJ����F��DQG��G���

�
%�� �,RQ�6LJQDO�IURP�'LIIHUHQW�3ODVWLF�6XSSRUW�
,W�KDV�SURYHG�WKDW�GLIIHUHQW�VDPSOH�VXSSRUWV�JHQHUDWH�WKH�

LRQ� VLJQDO� ZLWK� GLIIHUHQW� LQWHQVLW\�� VLJQDO�QRLVH� UDWLR� DQG�
UHSURGXFLELOLW\� GXULQJ� 06� DQDO\VLV� � �"Ô"� � �.Ò"� � ��Ñ � �� GXH� WR� WKH�
WRSRORJ\� RI� WKH� VXSSRUW�� FKHPLFDO� LQWHUDFWLRQ� EHWZHHQ�
PDWUL[�DQG�SRO\PHU�VXSSRUW� � �"�.� ��)URP�H[SHULPHQWV��ZH�ILQG�
RXW� WKDW� SRO\HVWHU� JHQHUDWHV� EHVW� VLJQDO� GXULQJ� LRQL]DWLRQ��
+HUHLQ�� WKH� VLJQDO� IURP� 89�HPERVVHG� SRO\HVWHU� LV�
FRPSDUHG�ZLWK�WKDW�IURP�300$�DQG�3(*��XVLQJ�GHWHFWLRQ�
RI�KLJK�PDVV�SURWHLQ��%6$��8VXDOO\�� LRQ�VWUHQJWK�IURP�WKH�
FHUWDLQ� ODVHU� LQWHQVLW\� LV� LPSOHPHQWHG� WR� HYDOXDWH� WKH�
VXLWDELOLW\�RI�VDPSOH�VXSSRUW� � �"Ò"� � ��Ñ � ��EHFDXVH�LRQ�VWUHQJWK�LV�
UHODWHG� WR� WKH� LRQL]DWLRQ� HIILFLHQF\�� 7KH� 6�1� UDWLR� LV�
DVVRFLDWHG� ZLWK� WKH� VHQVLWLYLW\� RI� WKH� PDVV� VSHFWURPHWU\��
EHFDXVH� WKH� PDWUL[� DOVR� FRXOG� JLYH� ULVH� WR� WKH� LRQ� VLJQDO�
ZKLFK�EHORQJV�WR�WKH�QRLVH�LQ�WKLV�FDVH��$V�VKRZQ�LQ�)LJ�����

WKH� VLJQDO� VWUHQJWK� PHDVXUHG� IURP� SRO\HVWHU� LV� ��� WLPHV�
VWURQJHU�WKDQ�WKDW�RI�300$�DQG�DOVR�����WLPHV�EHWWHU�WKDQ�
WKDW� RI� 3(*�� ,Q� WHUPV� RI� 6�1� UDWLR�� SRO\HVWHU� LV� �� WLPHV�
EHWWHU� WKDQ� 300$�� ZKLFK� LQGLFDWHV� WKDW� SRO\HVWHU� FRXOG�
LPSURYH�WKH�VHQVLWLYLW\�RI�KLJK�PDVV�SURWHLQ�LGHQWLILFDWLRQ���
%HVLGHV�� LQ�WHUPV�RI�WKH�UHODWLYH�VWDQGDUG�GHYLDWLRQ��VLJQDO�
IURP�SRO\HVWHU�LV�����ORZHU�WKDQ�WKDW�IURP�300$��ZKLFK�
PHDQV��WR�FHUWDLQ�H[WHQW��WKH�SRO\HVWHU�DOOHYLDWHV�WKH�³VZHHW�
VSRW´� SUREOHP� VLJQLILFDQWO\�� VLQFH� WKH� LRQL]DWLRQ� LV� PRUH�
XQLIRUP�XSRQ� WKH� VDPSOH�� ,Q� DGGLWLRQ�� GXH� WR� WKH� VXSHULRU�
LRQ� VWUHQJWK� DQG� 6�1� XVLQJ� SRO\HVWHU�� DW� FRQFHQWUDWLRQ� RI�
���SPRO�PO� RI� %6$�� WKH� VLJQDO� XVLQJ� SRO\HVWHU� LV� VWLOO�
VWULNLQJ�ZKLOH� WKHUH� LV� QR� VLJQDO� DW� DOO� IURP�300$�� DV� LQ�
)LJ����

�
&�� &DSLOODU\�,VRHOHFWULF�)RFXVLQJ�
7KH� S+� JUDGLHQW� ������� LQ� WKH� SURWHLQ� VROXWLRQ� LV�

JHQHUDWHG� E\� FDUULHU� DPSKRO\WH�� ZKLFK� FRQVLVWV� RI�
WKRXVDQGV� RI� VPDOO� PROHFXODU� EXIIHUHG� DPSKRO\WHV � �8Õ�� ��
8QGHU� HOHFWULF� ILHOG�� GXH� WR� WKHLU� VPDOO� PROHFXODU� ZHLJKW��
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WKHVH� DPSKRO\WHV� TXLFNO\�PRYH� WR� WKHLU� VSHFLILF� S,� SRLQWV�
UDQJLQJ� IURP� �a���� ZKHUH� WKH\� IXQFWLRQ� DV� S+� EXIIHU� WR�
PDLQWDLQ�WKH�UHODWLYHO\�FRQVWDQW�S+�YDOXH�LQ�WKHLU�QHLJKERU�
HQYLURQPHQW�� EHFDXVH� RI� WKH� KLJKO\� HOHFWULFDO� ILHOG�� WKHVH�
FRQFHQWUDWHG� DPSKRO\WHV� WHQG� WR� RYHUFRPH� WKH� GLIIXVLRQ�
HIIHFW�DQG�VWD\�VWLOO��WKXV�D�VWDEOH�S+�JUDGLHQW�LV�JHQHUDWHG��
7KH� FRQFHQWUDWLRQ� RI� FDUULHU� DPSKRO\WH� LQ� WKH� SURWHLQ�

VROXWLRQ�LV�FULWLFDO�RI�WZR�DVSHFWV��LW�LV�UHODWHG�WR�WKH�FXUUHQW�
GXULQJ�&,()�� DQG� LW� LV� DOVR� DVVRFLDWHG� WR� WKH� QRLVH� GXULQJ�
PDVV� VSHFWURPHWU\�� ,I� WKH� FRQFHQWUDWLRQ� LV� YHU\� KLJK�
�!������ODUJH�QRLVH�LV�JHQHUDWHG�IURP�06�E\�WKH�LRQL]DWLRQ�
RI�WKHVH�DPSKRO\WH��EHVLGHV�� WKH�KLJK�FRQFHQWUDWLRQ�FDXVHV�
WKH�KLJK�FXUUHQW��KHDW�DQG�EXEEOH�LQ�VROXWLRQ��DFFRUGLQJ� WR�
-RXOH¶V� ODZ�� WKXV� ZH� KRSH� ORZ� FRQFHQWUDWLRQ� RI� FDUULHU�

DPSKRO\WH��+RZHYHU��LI�WKH�FRQFHQWUDWLRQ�LV�WRR�ORZ��������
ZH� ILQG� WKDW� LW� WDNHV�DV� ORQJ� DV����PLQV�IRU� WKH�SURWHLQ� WR�
FRQFHQWUDWH�� GXH� WR� WKH� ZHHN� EXIIHU� HIIHFW� RI� WKH� FDUULHU�
DPSKRO\WH�� 7KHUHIRUH�� LQ� WKH� H[SHULPHQWV�� ZH� XVHG� ���
SKDUPDO\WH�LQ�WKH�SURWHLQ�VROXWLRQ� � Ñ ��� ��
7KH� YROWDJH� DSSOLHG� LV� QRW� FRQVWDQW� WKURXJKRXW� WKH�

H[SHULPHQW�� GXH� WR� WKH� JHQHUDWHG� FXUUHQW� LQ� WKH� FKDQQHO�
GXULQJ�&,()�� ,Q�WKH�LQLWLDO�SHULRG�RI�&,()��WKH�LQFUHDVH�RI�
YROWDJH�UHVXOWV�LQ�WKH�SURSRUWLRQDO�LQFUHDVH�RI�FXUUHQW��7KLV�
LV� EHFDXVH� WKH� FDUULHU� DPSKRO\WHV� GR� QRW� UHDFK� WKHLU�
HTXLOLEULXP� VR� WKDW� WKH\� VWLOO� FDUU\� FKDUJH�� ,I� WKH� YROWDJH�
IXUWKHU� LQFUHDVHV�� WKH� UHVXOWDQW� FXUUHQW� LV� VR� KLJK� WKDW� WKH�
-RXOH� KHDW� JHQHUDWHV� ORWV� RI� EXEEOHV� LQ� WKH� FKDQQHO�ZKLFK�
GLVWXUE� WKH� VWDELOLW\� RI� S+� JUDGLHQW� LQ� WKH� FKDQQHO��
7KHUHIRUH�� LQ� LQLWLDO�SHULRG�RI�RXU�H[SHULPHQWV��ZH�FRQWURO�

WKH�YROWDJH�UHODWLYHO\�ORZ������NY��DQG�WKH�HOHFWULF�ILHOG�LV�
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IRUFH�LV�QHFHVVDU\�WR�WUDQVIHU�WKH�VROXWLRQ�WR�WKH�REVHUYDWLRQ�
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FRUUHVSRQGLQJ�WR�P\RJORELQ�ZDV�DOVR�GHWHFWHG��DV�VKRZQ�LQ�
)LJ������

�
,9�� & �q�B� É � ² � �q� ² �

,Q� WKLV� UHSRUW�� ZH� GHPRQVWUDWH� WKH� 89�HPERVVLQJ� DV� D�
IDEULFDWLRQ�PHWKRG�WR�GHYHORS�SODVWLF�FKLS�IRU�WKH�SXUSRVH�

Å�� ³!¤�¾!¤ � ª��U���.��� � �"� �.�^��� ª	� �	� ���1��¯ � �.� �q� º1Åj¤

Å�� ³�¤>¿U¤q�o�	�8�N� �+���"� �7�oª�¯(� � ¬+�U��� �3� �+©�� ­U� � ª��*�.�+�G®>¬�ªU³ ¶ ª�­�� �G­	¬3®D�	�8�� �+�	�"� �7ª�®D��� � ¬�¤
�

�

�

Å�� ³M¼!¤:� µ É �^� ®(�	���3�7�+���"� � �kª�¯y¢!¤ �[�U� ��ª�®Bª ¶ � á � ¶ ­+ª���� ���J�7�"� �+®� ¶ ­��U®Z� �M¥ · ² µ  :ß!¼+¼!¤ £[± � �.°o���8� �U³k�U� ¯ ¯ �.� �.���o�7��®^� ¶ �=� �+�+�+ª�� � ¤ � ©U�®B�.� �7� Ã�«^�	�=�+�.�+ª+��� � �	������� ��³5���7� ���+´ ���7ª�� ¶ �.�§®B�.� ©Uª+�!¤R·Fª	� ©h�7�+���"� � ������"�+�+���o½�¢�¢v��� ª�¯ � ¶ �	�"¤�¥ µ ° � ©U�*���.®D� ¶ �N� �+���+ª�� �>� �D�+ª ¶ ¬��	� � �.�8¤�¥ ·q° � ©U����.®D� ¶ �(� �+���+ª�� �a� �F¸!�o� µ ¤ � ©U�Dª���� � ®Z� Ì ���*®D�	�8�F� �.�U³��(� �Z� ² � �>�7�.�1�"�¼UÁ�±>� ªp¾+¡+±!¤



�
�
RI�SURWHLQ�VHSDUDWLRQ�DQG�LGHQWLILFDWLRQ�&,()�DQG�0$/',�
06�� 7KH� SODVWLF� FKLS� LV� VXFFHVVIXOO\� UHSOLFDWHG� IURP� WKH�
VRIW� 3'06� UXEEHU� PROG� E\� 89� LUUDGLDWLRQ�� ,Q� RUGHU� WR�
HQKDQFH� WKH� SURWHLQ� LRQ� VLJQDO� IURP�06�� SRO\HVWHU� EDVHG�
SRO\PHU�KDV�EHHQ�FKRVH�IURP���W\SHV�RI�ZLGHO\�XVHG�UHVLQ��
GXH� WR� LWV� JHQHUDWHG� VXSHULRU� LQWHQVLW\� RI� LRQ� VLJQDO� DQG�
VLJQDO�QRLVH�UDWLR��)URP�RXU�H[SHULPHQWV��ZH�IRXQG�WKDW�WKH�
LRQ�VLJQDO�DQG�LRQ�QRLVH�UDWLR�IURP�SRO\PHU�VXSSRUW�DUH����
WLPHV�DQG��� WLPHV�VWURQJHU� WKDQ� WKDW� IURP�SUHYLRXVO\�XVHG�
300$��&,()�WR�VHSDUDWH�WKH�SURWHLQ�KDV�EHHQ�SHUIRUPHG��
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H[SHULPHQWV�DQG�SUHOLPLQDU\�LQYHVWLJDWLRQ��ZH�GHPRQVWUDWH�
WKDW� 89�(PERVVLQJ� SRO\PHULF� IDEULFDWLRQ� ZLWK� KLJK�
WKURXJKSXW� KDV� WKH� PHULW� WR� XVH� LQ� WKH� ELRORJLFDO�
DSSOLFDWLRQ�����
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