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5HFHLYHG�����-DQXDU\����� $FFHSWHG���� 2FWREHU ����

$EVWUDFW
%DFNJURXQG�� )HEULOH� QHXWURSHQLD� �)1�� LV� PRVW� RIWHQ� FDXVHG� GXH� WR� FKHPRWKHUDS\�� 6ROLG� RU� FHUWDLQ�
O\PSKRSUROLIHUDWLYH�PDOLJQDQFLHV�FDQ�LQFUHDVH�WKH�GXUDWLRQ�RI�KRVSLWDOL]DWLRQ�DQG�RWKHU�FRPSOLFDWLRQV�LQ�FDQFHU�
SDWLHQWV�� )LOJUDVWLP� LV� XVHG� LQ� FKLOGKRRG� )1� PDQDJHPHQW�� 7KLV� VWXG\ DLPHG� WR� FRPSDUH� WKH� HIIHFW� RI� WZR�
GLIIHUHQW� GRVHV� RI� )LOJUDVWLP� RQ� KHPDWRORJLFDO� DQG� SDUDFOLQLFDO� IDFWRUV� LQ� KRVSLWDOL]HG� IHEULOH� QHXWURSHQLF�
SDWLHQWV�ZLWK�FDQFHU�
0DWHULDOV�DQG�PHWKRGV��,Q�WKLV�UDQGRPL]HG�FOLQLFDO�WULDO�����IHEULOH�QHXWURSHQLF�SDWLHQWV�ZLWK�FDQFHU�FRPSO\LQJ�
ZLWK�WKH�LQFOXVLRQ�FULWHULD�ZHUH�DVVLJQHG�WR�ERWK�JURXSV�$�DQG�%��7KLUW\�SDWLHQWV�LQ�JURXS�$�UHFHLYHG�)LOJUDVWLP�
�ȝJ�NJ�GD\� ZKHUHDV� ��� RWKHUV� LQ� JURXS� %� UHFHLYHG� )LOJUDVWLP� ��ȝJ�NJ�GD\�� +HPDWRORJLFDO� IDFWRUV�� SK\VLFDO�
H[DPLQDWLRQ� ILQGLQJV��DQWLELRWLF�DGPLQLVWUDWLRQ�SHULRG��DQG� W\SH�RI�PDOLJQDQF\�ZHUH� WKHQ� UHFRUGHG��&RPSOHWH�
EORRG�FRXQW�ZLWK�GLIIHUHQWLDO��&%&�GLII��ZDV�DOVR�WHVWHG��/XQJ LQILOWUDWLRQ�ZDV�H[DPLQHG�E\�FKHVW�;�UD\��&;5���
DQG�WKH�VSOHHQ�DQG�DEGRPHQ�ZHUH�PRQLWRUHG�E\�XOWUDVRXQG��
5HVXOWV�� 7KH� PHDQ� DJH� RI� SDWLHQWV� ZDV� �� �� �� \HDUV� ROG�� 7KH� PRVW� SUHYDOHQW� PDOLJQDQFLHV� LQFOXGHG� DFXWH�
O\PSKREODVWLF� OHXNHPLD� �$//�� ��������� QHXUREODVWRPD� ��������� RVWHRVDUFRPD� ��������� DFXWH� P\HORLG�
OHXNHPLD� �$0/�� �������� DQG� 5KDEGRP\RVDUFRPD� �������� 7KH� IUHTXHQF\� GLVWULEXWLRQ� RI� PDOLJQDQFLHV�
VLJQLILFDQWO\�GLIIHUHG�EHWZHHQ�WKH�WZR�JURXSV��3 �������&KDQJHV�LQ�KHPDWRORJLFDO�IDFWRUV��LQFOXGLQJ�ZKLWH�EORRG
FHOOV� �:%&���PDWXUH� QHXWURSKLO� FHOOV�� DQG� DEVROXWH� QHXWURSKLO� FRXQW� �$1&�� LQ�JURXS�$�� DSSHDUHG� ORZHU� WKDQ�
WKRVH� LQ� WKH� RWKHU� JURXS�� +RZHYHU�� QRQH� RI� WKH� VWXGLHG� IDFWRUV�� LQFOXGLQJ� KHPDWRORJLFDO� IDFWRUV�� SK\VLFDO�
H[DPLQDWLRQ� ILQGLQJV��DQG�DQWLELRWLF�DGPLQLVWUDWLRQ�SHULRG��ZHUH� IRXQG� WR�GLIIHU�VLJQLILFDQWO\�EHWZHHQ� WKH� WZR�
JURXSV��3!�������
&RQFOXVLRQ��0XFK�DV�D�KLJKHU�GRVH�RI�)LOJUDVWLP�VHHPV�WR�EHDU�D�EHWWHU�HIIHFW�RQ�$1&��QR�VLJQLILFDQW�GLIIHUHQFH�
ZDV�LGHQWLILHG�EHWZHHQ�WKH�WZR�JURXSV��)XUWKHU�VWXGLHV�VKRXOG�EH�GHVLJQHG�ZLWK�D�ODUJHU�SRSXODWLRQ�WR�DGGUHVV�
WKH�LVVXH���
.H\ZRUGV��&DQFHU��)LOJUDVWLP��)HEULOH�QHXWURSHQLD��+HPDWRORJLFDO�IDFWRUV

,QWURGXFWLRQ
)HYHU� GXULQJ� QHXWURSHQLD� �NQRZQ� DV�
IHEULOH� QHXWURSHQLD� �)1��� UHVXOWV� LQ�
PRUWDOLW\�� LQFUHDVHG� GXUDWLRQ� RI�
KRVSLWDOL]DWLRQ��DQG�RWKHU�FRPSOLFDWLRQV�LQ�
FDQFHU�SDWLHQWV��)1�LV�D�FRQVHTXHQFH�RI�
QHXWURSHQLD
V� H[WHQGHG� GXUDWLRQ� DQG�
VHYHULW\������1HXWURSHQLD�LV�GHILQHG�DV�WKH�

ORZ� FRQFHQWUDWLRQ� RI� QHXWURSKLO�
JUDQXORF\WHV��ORZHU�WKDQ�������FHOOV�PP��
RU����������PP��ZLWK� D�SUHGLFWHG� IDOO� RI�
�� ���� FHOOV�PP��� ���� ���� $OVR�� WKH�
QHXWURSKLO�FRXQW��������PP��LV�D�FULWHULRQ�
IRU�QHXWURSHQLD� LQ�FKLOGUHQ�DQG�DGXOWV� �����
)1� SUHYDOHQFH� LQ� FKLOGUHQ� LV� DW� OHDVW� RQH�
)1� HSLVRGH� IRU� ���� RI� WKH� FKLOGUHQ�
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UHFHLYLQJ� FKHPRWKHUDS\� ����� )1� LV� RIWHQ�
LQGXFHG� GXH� WR� FKHPRWKHUDS\�� VROLG� RU�
FHUWDLQ�O\PSKRSUROLIHUDWLYH�PDOLJQDQFLHV�
)XUWKHUPRUH�� UDGLDWLRQ� LV� DQRWKHU� ULVN�
IDFWRU�IRU�)1�WKDW�LQIOXHQFHV�ERQH�PDUURZ�
SUROLIHUDWLRQ� LQ� VRPH� VLWHV�� 'XULQJ� )1��
LQIHFWLRQ��DQG�IHYHU�LQWHUYHQH�LQ�WKH�FDQFHU�
WUHDWPHQW� SURFHVV�� (YHQ� IHYHU� GHOD\V�
FKHPRWKHUDS\� DGPLQLVWUDWLRQ� LQ� SDWLHQWV�
ZLWKRXW� LQIHFWLRQ� ����� 7KH� XVH� RI�
DQWLELRWLFV� LV� DQ� DSSURDFK� WR� GHFUHDVLQJ�
PRUWDOLW\� GXH� WR� )1� ����� ,QIHFWLRQ� LV� D�
FULWLFDO� FKDOOHQJH� LQ� )1� PDQDJHPHQW� DV�
RQH� RI� WKH� FDXVHV� RI� GHDWK� LQ� FDQFHU�
SDWLHQWV� �����2WKHU� )1�PDQDJLQJ�PHWKRGV�
LQ� FDQFHU� SDWLHQWV� LQFOXGH� PRGLI\LQJ� WKH�
GRVH� RI� FKHPRWKHUDS\�� WKH� LQWHUYDO�
EHWZHHQ� WKH� GRVHV�� DQG� SURSK\OD[LV� ZLWK�
UHFRPELQDQW� JUDQXORF\WH� FRORQ\�
VWLPXODWLQJ� IDFWRUV� �*�&6)V�� �H�J���
)LOJUDVWLP��� 7KHVH� PHWKRGV� DUH� XVHG� IRU�
WKH� FRQGLWLRQ� RI� HDFK� SDWLHQW� DQG�
FKHPRWKHUDS\� UHJLPHQV� ����� *�&6)V�
LQGXFH� QHXWURSHQLD� SUROLIHUDWLRQ�� UHGXFH�
WKH� GXUDWLRQ� RI� KRVSLWDOL]DWLRQ� DQG�
QHXWURSHQLD�� DQG� DFFHOHUDWH� WKH�
LPSURYHPHQW� SURFHVV� RI� LQIHFWLRQ�� 7KH�
UHFRPPHQGHG� ULVN� RI� )1� IRU� SULPDU\�
SURSK\OD[LV� ZLWK� *�&6)V� LV� JUHDWHU� WKDQ�
���������7KH�ULVN�KDV�EHHQ�UHSRUWHG�WR�EH�
HYHQ�KLJKHU�������EHIRUH�������������
$FFRUGLQJ� WR� WKH� H[LVWLQJ� UHSRUWV��
)LOJUDVWLP� EHDUV� WKH� SRWHQWLDO� WR� GHFUHDVH�
WKH� GXUDWLRQ� RI� DQWLELRWLF� WKHUDS\� DQG�
KRVSLWDOL]DWLRQ�E\�WKH�VLJQLILFDQW�UHGXFWLRQ�
RI� LQIHFWLRQ�UHODWHG� PRUWDOLW\� LQ� FDQFHU�
SDWLHQWV�� 6XEVHTXHQWO\�� )LOJUDVWLP� FDQ�
LQIOXHQFH�WKH�IHEULOH�QHXWURSHQLD�UDWH�������
/LNH�RWKHU�*�&6)V��)LOJUDVWLP�LV�D�SURGXFW�
RI�KXPDQ�JHQH�H[SUHVVLRQ�E\�UHFRPELQDQW�
WHFKQRORJ\�� )LOJUDVWLP� LV� D� SURWHLQ�
FRQWDLQLQJ� ���� DPLQR� DFLGV� ZLWK� VRPH�
GLIIHUHQFHV� IURP� WKH� QDWXUDO� KXPDQ�
PROHFXOH�������7KLV�VWXG\�ZDV�GHVLJQHG�WR�
VXUYH\� DQ� RSWLPXP� GRVH� RI� )LOJUDVWLP� LQ�
WKH� WUHDWPHQW� RI� )1� LQ� ,UDQLDQ� SDWLHQWV�
ZLWK� FDQFHU� E\� HYDOXDWLQJ� KHPDWRORJLF�
IDFWRUV�� WKH� SURFHVV� RI� WKH� DQWLELRWLF�
DGPLQLVWUDWLRQ�SHULRG��SK\VLFDO� VWDWXV�� DQG�
PDOLJQDQF\�W\SH�

0DWHULDOV�DQG�0HWKRGV
6DPSOH�FROOHFWLRQ�DQG�SURFHVVLQJ�
,Q� WKLV� UDQGRPL]HG� FOLQLFDO� WULDO� �,5&7�
FRGH� QXPEHU�� ,5&7��������������1����
VL[W\� SDWLHQWV� ZLWK� FDQFHU� ZHUH�
KRVSLWDOL]HG� LQ� WKH� 2QFRORJ\� &HQWHU� DW�
7DOHJKDQL�+RVSLWDO�RI�*ROHVWDQ�8QLYHUVLW\�
RI�0HGLFDO�6FLHQFHV�*RUJDQ��D�FLW\�ORFDWHG�
LQ� WKH� QRUWK� RI� ,UDQ�� ZHUH� VWXGLHG� IURP�
0DUFK� ����� WR� 0DUFK� ������ ,QIRUPHG�
FRQVHQW� IRUPV�ZHUH�FRPSOHWHG�DQG�VLJQHG�
E\ WKH� SDUHQWV� RI� WKH� SDWLHQWV�� 7KH�
LQFOXVLRQ� FULWHULD� FRPSULVHG� DEVROXWH�
QHXWURSKLO� FRXQW� �$1&�� �� �����
FHOOV�PP��� GXUDWLRQ� RI� QHXWURSHQLD� !�����
GD\V�� ORZ� EORRG� SUHVVXUH�� SURIRXQG�
QHXWURSHQLD��VHSVLV��SQHXPRQLD��DQG�IXQJDO�
LQIHFWLRQV��7KH�H[FOXVLRQ�FULWHULD�FRQVLVWHG�
RI�$1&��������FHOOV�PP��LQ�SDWLHQWV�ZLWK�
DFWLYH� OHXNHPLD� RU� SDWLHQWV� ZLWKRXW�
OHXNHPLD� UHPLVVLRQ� DQG� SDWLHQWV
�
GLVVDWLVIDFWLRQ�� 3DWLHQWV� ZKR� KDG� PHW� WKH�
LQFOXVLRQ� FULWHULD� RI� WKH� VWXG\� �PHQWLRQHG�
DERYH��ZHUH�FDWHJRUL]HG�LQWR�JURXSV�$�DQG�
%�� 7KLUW\ SDWLHQWV� LQ� JURXS� $� UHFHLYHG�
)LOJUDVWLP� �ȝJ�NJ�GD\� �$ULD7LQDJHQH��
*RUJDQ�� ,UDQ���ZKHUHDV����RWKHUV� LQ�JURXS�
%�UHFHLYHG� WKDW�XS� WR���ȝJ�NJ�GD\�� ,Q� WKLV�
KRVSLWDO�� )LOJUDVWLP� LV� FRQVXPHG� DW� WKH�
GRVH� UDQJH� RI� ����� ȝJ�NJ�GD\�� $OVR��
$FFRUGLQJ� WR� WKH� GDWDVKHHW� RI� ILOJUDVWLP��
WKH� DGPLQLVWUDWLQJ� GRVH� RI� ILOJUDVWLP� KDV�
QRW� EHHQ� GHILQHG�� DQG� WKHUH� DUH� QR�
OLPLWDWLRQV�� 6R� ZH� IDFHG� QR� HWKLFDO�
UHVWULFWLRQV�WR�XVH�LW�DW�WKH�PHQWLRQHG�UDWHV��
$FFRUGLQJ� WR� D� VWXG\� E\� /XVWEHUJ� �����
����� ZH� XVHG� ,QWUDYHQRXV� LQMHFWLRQ� RI�
ILOJUDVWLP�� 7\SH� RI� PDOLJQDQF\��
KHPDWRORJLFDO� IDFWRUV� �$1&�� PDWXUH�
QHXWURSKLO� DQG�ZKLWH� EORRG� FHOOV� �:%&����
DQWLELRWLF� DGPLQLVWUDWLRQ� SHULRG� DQG�
SK\VLFDO�H[DPLQDWLRQ�ILQGLQJV��GXUDWLRQ�RI�
KRVSLWDOL]DWLRQ�� GXUDWLRQ� RI� UHFRYHU\� IURP�
QHXWURSHQLD��DQG�GXUDWLRQ�RI�IHYHU��LQ�ERWK�
JURXSV�ZHUH� HYDOXDWHG� LQLWLDOO\� DQG� DW� WKH�
HQG� RI� )1�� $FFRUGLQJ� WR� WKH� WUHDWPHQW�
SURWRFRO� IRU� )1�� DQWLELRWLF� WKHUDS\� ZLWK�
&HIWULD[RQH� DQG�$PLNDFLQ�ZDV� SHUIRUPHG�
DW� ILUVW�� 7KHQ� YDQFRP\FLQ� ZDV� DGGHG�
EHFDXVH� RI� D� ODFN� RI� UHVSRQVH� WR� WKLV�
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WUHDWPHQW� DIWHU� ��K�� ,Q� FDVH� WKHUH� ZDV� QR�
UHVSRQVH� WR� WUHDWPHQW�� &HIWD]LGLPH�
UHSODFHG� FHIWULD[RQH�� $FFRUGLQJ� WR�
PXOWLSOH� SHGLDWULF� LQIHFWLRQ� UHIHUHQFHV��
DQWLELRWLFV� ZHUH� VHOHFWHG� EDVHG� RQ� WKH�
LQIHFWLRQ�ZLWK� IHYHU� DQG� QHXWURSHQLD�� 7KH�
IHYHU� ZDV� VHW� RXW� RQ� D� IHYHU� FKDUW��
&RPSOHWH� EORRG� FRXQW� ZLWK� GLIIHUHQWLDO�
�&%&�GLII��ZDV�SHUIRUPHG�HYHU\���K��DQG�
GUXJV� DGPLQLVWUDWLRQ� ZDV� VWRSSHG� DIWHU�
$1&� URVH� KLJKHU� WKDQ� �����PP��� /XQJ�
LQILOWUDWLRQ� DQG� RWKHU� OXQJ� FRPSOLFDWLRQV�
ZHUH�DOVR�HYDOXDWHG�E\�FKHVW�;�UD\��&;5���
6SOHHQ� DQG� DEGRPHQ� ZHUH� PRQLWRUHG� E\�
XOWUDVRXQG�DV�ZHOO�

6WDWLVWLFDO�DQDO\VLV
'DWD�ZHUH�DQDO\]HG�E\�6366�YHUVLRQ������
DQG�UHSRUWHG�DV�PHDQ���VWDQGDUG�GHYLDWLRQ�
�6'��� 7KH� 6KDSLUR�:LON� WHVW� ZDV� XVHG� WR�
GHWHUPLQH� WKH� QRUPDOLW\� RI� WKH� GDWD��
%HWZHHQ�JURXS�FRPSDULVRQV�ZHUH FKHFNHG�
E\�6WXGHQW¶V� 7�WHVW� DQG� WKH�0DQ�:KLWQH\�
8� WHVW�� $� 3�YDOXH� ������ ZDV� FRQVLGHUHG�
VWDWLVWLFDOO\�VLJQLILFDQW�

(WKLFDO�FRQVLGHUDWLRQV
([SHULPHQWDO� VWHSV� DQG� VDPSOLQJ� ZHUH�
DSSURYHG� E\� WKH� *ROHVWDQ� 8QLYHUVLW\� RI�
0HGLFDO� 6FLHQFHV� 5HVHDUFK� DQG� (WKLFV�
&RPPLWWHH��,5�*2806�5(&�����������

5HVXOWV
6L[W\� IHEULOH� QHXWURSHQLF� SDWLHQWV� ZLWK�
FDQFHU� ���� SDWLHQWV� LQ� HDFK� JURXS�� ZHUH�
UDQGRPO\� VWXGLHG� �)LJXUH� ���� $OO� WKH�
SDWLHQWV� ZHUH� EHORZ� ��� \HDUV� ROG�� ZLWK� D�
PHDQ� DJH� RI� �� �� �� \HDUV�� 7RWDOO\�� ���
SDWLHQWV� �������� ZHUH PDOH� DQG� ���
�������� ZHUH� IHPDOH�� ,Q� JURXS� $�� WKH�
QXPEHU�RI�PDOHV�DQG�IHPDOHV�VKRZHG�WR�EH�
��� �������� DQG� ��� ��������� UHVSHFWLYHO\��
+RZHYHU�� LQ� JURXS� %�� WKHUH� ZHUH� ���
�������� DQG� ��� �������� PDOHV� DQG�
IHPDOHV�� UHVSHFWLYHO\�� 7KH� IUHTXHQF\�
GLVWULEXWLRQ�RI�WKH SDWLHQWV�EDVHG�RQ�JHQGHU�
GLG� QRW� GLIIHU� VLJQLILFDQWO\� EHWZHHQ� WKH�

JURXSV��3 ��������+RZHYHU�� WKH�IUHTXHQF\�
GLVWULEXWLRQ� RI� SDWLHQWV� EDVHG� RQ�
PDOLJQDQF\� W\SH� GLIIHUHG� VLJQLILFDQWO\�
EHWZHHQ� WKH� JURXSV� �3 � ������ �7DEOH� ,��
7KH� PHDQ� �� 6'� RI� KHPDWRORJLFDO� IDFWRUV�
ZDV� FRPSDUHG� DW� WKH� EHJLQQLQJ� DQG� DIWHU�
UHFRYHU\� IURP� QHXWURSHQLD� EHWZHHQ� WKH�
JURXSV��3UHGLFDWHG�RQ�WKH�UHVXOWV��ZLWK�WKH�
RQVHW�RI�QHXWURSHQLD��RQO\�:%&�VKRZHG�D�
VLJQLILFDQW� GLIIHUHQFH� EHWZHHQ� WKH� JURXSV��
$OWKRXJK� DIWHU� UHFRYHU\� IURP� QHXWURSHQLD�
FKDQJHV�RI�PDWXUH�QHXWURSKLO�FHOOV�IDLOHG�WR�
GLIIHU�VLJQLILFDQWO\�� WKH�3�YDOXH�ZDV�SDUWO\�
FORVH� WR� WKH� VLJQLILFDQW� OHYHO� �3 � �������
2WKHU� IDFWRUV� GLG� QRW� GLVFORVH� LPSRUWDQW�
VWDWLVWLFDO�GLIIHUHQFHV��7DEOH�,,�� 2WKHU�WKDQ�
UHFRYHU\� GXUDWLRQ� IURP� QHXWURSHQLD�� WKH�
PHDQ� RI� SDUDFOLQLFDO� SDUDPHWHUV� DSSHDUHG�
WR�EH�ORZHU�LQ�JURXS�$�WKDQ�LQ�%��'XUDWLRQ�
RI� UHFRYHU\� IURP� QHXWURSHQLD� ZDV� DOPRVW�
LGHQWLFDO� LQ� ERWK� JURXSV�� 3DUDFOLQLFDO�
SDUDPHWHUV� GLG� QRW� GLIIHU� VLJQLILFDQWO\�
EHWZHHQ�WKH�WZR�JURXSV��7DEOH�,,,��

)LJXUH��� 6WXG\�IORZ�DQG�GLVWULEXWLRQ�RI�SURFHGXUHV
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7DEOH�,���7KH�IUHTXHQF\�GLVWULEXWLRQ�RI�SDWLHQWV�EDVHG�RQ�PDOLJQDQF\�W\SH�LQ�WKH�WZR�JURXSV
0DOLJQDQF\ *URXS�$

)UHTXHQF\����
*URXS�%

)UHTXHQF\����

2VWHRVDUFRPD ������� ��������

$// ��������� ��������

$0/ �������� �������

%UDLQ�WXPRU ������� �������

:LOPV¶ WXPRU ������� �������

+RGJNLQ�/\PSKRPD �������� �������

1HXUREODVWRPD ������� ��������

/\PSKRPD ������� �������

5KDEGRP\RVDUFRPD ������� ��������

*HUP�FHOO�WXPRU ������� �������

(ZLQJ�VDUFRPDV � ����� �������

1RWH��$//��$FXWH�O\PSKRLG�OHXNHPLD��$0/��$FXWH�P\HORLG�OHXNHPLD�

7DEOH�,,��&RPSDULVRQ�RI�KHPDWRORJLFDO�IDFWRUV�EHIRUH�DQG�DIWHU�)LOJUDVWLP�WUHDWPHQW�EHWZHHQ�WKH�
JURXSV

+HPDWRORJLFDO�IDFWRUV��FHOOV�PP�� 0HDQ���6' 3
*URXS�$ *URXS�%

%HIRUH�)LOJUDVWLP�WUHDWPHQW

:%&��FHOOV�ȝO� ��������������� �������������� ����

0DWXUH�QHXWURSKLO�FHOOV���� ������������ ������������ ����

$1&��FHOOV�PP�� �������������� �������������� ����

$IWHU�)LOJUDVWLP�WUHDWPHQW

:%&��FHOOV�ȝO� ��������������� ��������������� ����

0DWXUH�QHXWURSKLO�FHOOV���� ����������� ����������� ����

$1&��FHOOV�PP�� ��������������� ��������������� ����

1RWH��:%&��ZKLWH�EORRG�FHOOV��$1&��$EVROXWH�QHXWURSKLO�FRXQW��6'��VWDQGDUG�GHYLDWLRQ�

7DEOH�,,,��&RPSDULVRQ�RI�SK\VLFDO�H[DPLQDWLRQ�ILQGLQJV�DQG�DQWLELRWLF DGPLQLVWUDWLRQ�SHULRG�EHWZHHQ�
WKH�JURXSV

3DUDPHWHUV 0HDQ���6' 3
*URXS�$ *URXS�%

'XUDWLRQ�RI�KRVSLWDOL]DWLRQ��GD\� ��������� ��������� ����

'XUDWLRQ�RI�IHYHU��GD\� ��������� ��������� ����

'XUDWLRQ�RI�UHFRYHU\�IURP�QHXWURSHQLD�
�GD\�

��������� ����� ��� ����

'XUDWLRQ�RI�DQWLELRWLF�DGPLQLVWUDWLQJ��GD\� ��������� ��������� ����
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'LVFXVVLRQ
)LOJUDVWLP� LV� D� VWLPXODWRU� RI� QHXWURSKLO�
SUROLIHUDWLRQ� DQG� LV� XVHG� DV� D� SURSK\OD[LV�
WR� SUHYHQW� )1� ������ 7R� DXJPHQW�
QHXWURSKLOV� LQ� SDWLHQWV� ZLWK� PDOLJQDQF\��
*�&6)V� DUH� GHSOR\HG� DV� LQWUDYHQRXV�
LQIXVLRQ� ���� GD\V� EHIRUH� FKHPRWKHUDS\�
������ $FFRUGLQJ� WR� VRPH� SUHYLRXV�
LQYHVWLJDWLRQV�� IRU� )1� WUHDWPHQW� LQ�
FKLOGUHQ�� WKH� RSWLPXP� GRVH� RI� *�&6)�
�)LOJUDVWLP�� LV� �ȝJ�NJ�GD\�� +LJKHU� GRVHV�
RI� )LOJUDVWLP� KDYH� IDLOHG� WR� GHPRQVWUDWH�
EHQHILFLDO� HIIHFWV� RQ� VRPH� SDUDPHWHUV��
LQFOXGLQJ� LQIHFWLRQ�� IHYHU� GXUDWLRQ��
KRVSLWDOL]DWLRQ� WLPHV�� DQG� VXUYLYDO� UDWH� RI�
SDWLHQWV�������
,Q� WKH� SUHVHQW� VWXG\�� WKH� PDOHV�
RXWQXPEHUHG�IHPDOHV��ZKLFK�DJUHHG�ZLWK�D�
VWXG\�E\�<DSLFL�HW�DO�� ������7KH\� UHSRUWHG�
PRUH�PDOHV��Q ����WKDQ�IHPDOHV��Q ����LQ�
IHEULOH� QHXWURSHQLF� SDWLHQWV� ZLWK� VROLG�
WXPRUV�
7KH� IUHTXHQF\� GLVWULEXWLRQ� RI� SDWLHQWV�
EDVHG� RQ� PDOLJQDQF\� W\SH� GLIIHUHG�
VLJQLILFDQWO\� EHWZHHQ� WKH� JURXSV� �3 �
������� 7KH� PRVW� FRPPRQ� PDOLJQDQF\� LQ�
JURXS� $� SURYHG� WR� EH� DFXWH� P\HORLG�
OHXNHPLD�� EXW� LQ� JURXS� %�� LW� ZDV�
QHXUREODVWRPD�� *HQHUDOO\�� $//� ZDV� WKH�
PRVW� FRPPRQ� PDOLJQDQF\� LQ� WKHVH�
SDWLHQWV��
1HXWURSKLOV� DUH� GDPDJHG� LQ� PDOLJQDQFLHV�
DQG� FDQQRW� ILJKW� DJDLQVW� LQIHFWLRQ��
HVSHFLDOO\� KHPDWRORJLFDO� PDOLJQDQFLHV��
$PRQJ� PDOLJQDQFLHV�� FKHPRWKHUDS\� IRU�
$0/� DQG� $//� UHVXOWV� LQ� )1� LQ� FKLOGUHQ�
������ ,Q� D� VWXG\�E\�*RUXN�HW� DO�� �����$//�
ZDV� RQH� RI� WKH� FRPPRQ� PDOLJQDQFLHV�
DPRQJ� SDWLHQWV� ZLWK� )1�� 2QH� RI� WKH�
FUXFLDO� ULVN� IDFWRUV� IRU� LQIHFWLRQ� LQ�
PDOLJQDQFLHV� LV� F\WRWR[LF� FKHPRWKHUDS\�
DJHQWV�� 7KLV� HYHQW� LV� WULJJHUHG� E\�
GDPDJLQJ�FHOOV�LQ�JXW�PXFRVD������
,QYHVWLJDWLRQV� KDYH� VKRZQ� WKDW� D�
FRPELQDWLRQ� RI� )LOJUDVWLP� DQG� DQWLELRWLFV�
FDQ�UHGXFH�WKH�GXUDWLRQ�RI�QHXWURSHQLD�DQG�
LQFUHDVH� QHXWURSKLOV�� WKXV� ORZHULQJ� WKH�
GXUDWLRQ� RI� KRVSLWDOL]DWLRQ�� DQWLELRWLF�
WKHUDS\� DQG� IHYHU�� )LOJUDVWLP� FDQ�
VWLPXODWH� QHXWURSKLO� UHJHQHUDWLRQ� DQG�

DFFHOHUDWH� WKH� PDWXUDWLRQ� SHULRG� RI�
QHXWURSKLOV�������
&OLQLFDO�JXLGHOLQHV�VXJJHVW� WKDW�)LOJUDVWLP�
DGPLQLVWUDWLRQ� VKRXOG� EH� FRQWLQXHG� XQWLO�
WKH�:%&�DQG�$1&�DFKLHYHV�QRUPDO�OHYHOV�
������ 7KH� SUHVHQWHG� UHVXOWV� LGHQWLILHG� QR�
VLJQLILFDQW� FKDQJHV� LQ� KHPDWRORJLFDO�
SDUDPHWHUV�� LQFOXGLQJ� :%&�� PDWXUH�
QHXWURSKLO�FHOOV��DQG�$1&��+RZHYHU��WKHUH�
ZHUH�VRPH�GLIIHUHQFHV�EHWZHHQ�WKH�JURXSV�
WKDW� FDQ� EH� LPSRUWDQW� LQ� FOLQLFDO� VHWWLQJV��
7KH� KLJKHU� GRVH� RI�)LOJUDVWLP� LQ� JURXS�%�
LPSDFWHG� FKDQJHV� LQ� $1&� DQG� PDWXUH�
QHXWURSKLO� FHOOV�� $OVR�� WKH� FKDQJH� RI�
PDWXUH� QHXWURSKLO� FHOOV� DW� WKH� HQG� RI�
QHXWURSHQLD� ZDV� FORVH� WR� WKH� VLJQLILFDQW�
OHYHO� �3 ��������7KH�SURGXFWLRQ�RI�PDWXUH�
QHXWURSKLO� FHOOV� GLPLQLVKHV� LQ� QHXWURSHQLD�
������ 6DUL� HW� DO�� ����� VWXGLHG� ��� IHEULOH�
QHXWURSHQLF�ZLWK�VROLG�PDOLJQDQFLHV�������
\HDUV� ROG�� LQ�7XUNH\� WKURXJK�ZKLFK� VRPH�
KHPDWRORJLFDO� SDUDPHWHUV� ZHUH� FRPSDUHG�
EHWZHHQ� WKH� WZR� JURXSV� UHFHLYLQJ�
)LOJUDVWLP� RU� OHQRJUDVWLP�� )LOJUDVWLP� ZDV�
DGPLQLVWHUHG� �ȝJ�NJ�GD\� 7KH� UHVXOWV�
UHYHDOHG�FKDQJHV�LQ�:%&�DQG�$1&�EHLQJ�
����FHOOV�ȝO�DQG�����PP��DIWHU� ILYH�GD\V��
$IWHU� VHYHQ� GD\V�� WKH� GLIIHUHQFHV� VKRZHG�
WR� EH� ����� FHOOV�ȝO� DQG� ����PP���
0HDQZKLOH�� WKH�FKDQJHV� LQ� WKH�SDUDPHWHUV�
SURYHG� WR�EH�KLJKHU� LQ� WKH� VWXGLHG� ,UDQLDQ�
SRSXODWLRQ�DIWHU�ILYH�GD\V�RI�GHSOR\LQJ�WKH�
VDPH� GRVH� RI� )LOJUDVWLP�� +RZHYHU�� WKH�
UHVSRQVH� WR� )LOJUDVWLP� ZDV� EHWWHU� LQ� WKLV�
SRSXODWLRQ����
%DVHG� RQ� WKH� UHVXOWV�� DOWKRXJK� SK\VLFDO�
H[DPLQDWLRQ� ILQGLQJV� DQG� DQWLELRWLF�
DGPLQLVWUDWLRQ� SHULRG� FKDQJHV� GLG� QRW�
GLIIHU� VLJQLILFDQWO\� EHWZHHQ� WKH� WZR�
JURXSV�� WKHVH� FKDQJHV� ZHUH� PRUH�
QRWLFHDEOH�LQ�JURXS�%�WKDQ�WKDW�LQ�JURXS�$��
,Q�RXU�VWXG\��WKH�KLJKHU�GRVH�RI�)LOJUDVWLP�
FRXOG� QRW� ORZHU� WKH� GXUDWLRQ� RI�
KRVSLWDOL]DWLRQ�� IHYHU�� UHFRYHU\� IURP�
QHXWURSHQLD� DQG� DQWLELRWLF� DGPLQLVWUDWLRQ��
'XUDWLRQ� RI� KRVSLWDOL]DWLRQ� EHDUV� D� GLUHFW�
UHODWLRQVKLS� ZLWK� WKH� QXPEHU� RI� HSLVRGHV�
RI� )1�� $QG� GHFUHDVLQJ� WKH� GXUDWLRQ� RI�
UHFRYHU\� IURP� )1� LQGXFHV� D� UHGXFWLRQ� LQ�
WKH� GXUDWLRQ� RI� KRVSLWDOL]DWLRQ� WKDW�



&RPSDULVRQ�RI�WKH�HIIHFWV�RI�WZR�GLIIHUHQW�GRVHV�RI�)LOJUDVWLP�LQ�IHEULOH�QHXWURSHQLD�PDQDJHPHQW�LQ�FKLOGKRRG�PDOLJQDQF\��
$�UDQGRPL]HG�FOLQLFDO�WULDO
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FRQVHTXHQWO\� DIIHFWV� WKH� TXDOLW\� RI� OLIH� RI�
WKH�SDWLHQWV� ������2N�HW� DO�� ����� FRPSDUHG�
GLIIHUHQW� GRVHV� RI� )LOJUDVWLP� ��� WR� ���
ȝJ�NJ�GD\�� WR� WUHDW� KLJK�ULVN� )1� LQ� ����
FKLOGUHQ� ZLWK� FDQFHU�� 7KH� GXUDWLRQ� RI�
UHFRYHU\� IURP� QHXWURSHQLD�� GXUDWLRQ� RI�
IHYHU�� WKH� WRWDO� OHQJWK� RI� KRVSLWDO� VWD\��
GXUDWLRQ� RI� )1� HSLVRGH DQG� *�&6)� XVH��
FRVWV�� EDFWHUHPLD� IUHTXHQF\�� DQG� RWKHU�
WUHDWPHQWV� GLG� QRW� GLIIHU� VLJQLILFDQWO\�
EHWZHHQ� WKHP�� +RZHYHU�� WKH� KLJKHU� GRVH�
RI� )LOJUDVWLP� LPSRVHG� PRUH� FRVWV� RQ�
SDWLHQWV�ZLWK�VROLG�WXPRUV�
,Q� WKLV� WULDO�� )LOJUDVWLP� ZDV� DGPLQLVWHUHG�
XQWLO� WKH� $1&� HVFDODWHG� WR� PRUH� WKDQ�
�����PP��� 7KH� UHFRYHU\� GXUDWLRQ� IURP�
QHXWURSHQLD� GHPRQVWUDWHG� WKH� SHULRG� RI�
)LOJUDVWLP� WKHUDS\� EHLQJ� D� OLWWOH� ORZHU� LQ�
JURXS�%� �a� �� GD\V� LQ� WRWDO��� )XUWKHU�� LQ� D�
VWXG\� RQ� ���� SDWLHQWV� ZLWK� EUHDVW� FDQFHU��
&OHPRQV� HW� DO�� ����� GHPRQVWUDWHG� WKDW�
)LOJUDVWLP� UHFHLYHG� SULPDU\� )1�
SURSK\OD[LV�IRU�ILYH�GD\V�SURYHV�WR�EH�QRQ�
LQIHULRU� XS� WR� ����� GD\V�� 6R�� D� PRUH�
H[WHQGHG� SHULRG� RI� )LOJUDVWLP� WKHUDS\�
VKRZHG� QR� FULWLFDO� LPSDFW� RQ� FOLQLFDO�
RXWFRPHV��+RZHYHU��LQ�)1��VKRUWHQLQJ�WKH�
GXUDWLRQ� RI� QHXWURSHQLD� LV� HVVHQWLDO� ������
'HVSLWH� WKH� SUREDEOH� HIIHFWV� RI�)LOJUDVWLP�
RQ� $1&� LQ� JURXS� %�� WKH� KLJKHU� GRVH� RI�
)LOJUDVWLP� LV� QRW� VXJJHVWHG� IRU� WKH�
WUHDWPHQW�RI�)1�GXH�WR�ODNH�RI�D�VWDWLVWLFDO�
GLIIHUHQFH� EHWZHHQ� WKH� JURXSV� LQ� WKLV�
VWXG\�� &\WRWR[LFLW\�� VLGH� HIIHFWV VXFK� DV�
ERQH�SDLQ��KHDGDFKH�� IHYHU��DQG�FRVWV�ZLOO�
LQFUHDVH�LQ�KLJKHU�GRVHV���������

&RQFOXVLRQ
$OWKRXJK�WKH�HIIHFW�RI�)LOJUDVWLP�RQ�$1&�
ZDV�KLJKHU�LQ�JURXS�%�LQ�WHUPV�RI�TXDQWLW\��
QR� VLJQLILFDQW� GLIIHUHQFHV� EHWZHHQ� WKH�
JURXSV� ZHUH� REVHUYHG�� 7KHVH UHVXOWV� FDQ�
EH� FOLQLFDO� RI� FUXFLDO� LPSRUWDQFH� IRU�
VLPLODU�,UDQLDQ�SRSXODWLRQV��7KHVH�ILQGLQJV�
FDQ�SDYH�WKH�ZD\�IRU�)1�PDQDJHPHQW�DQG�
FRQILUP� SUHYLRXV� ILQGLQJV� WKDW� KDYH�
GHPRQVWUDWHG� QR� VLJQLILFDQW� EHQHILFLDO�
HIIHFWV� IRU� KLJKHU� GRVHV� RI� )LOJUDVWLP��
)XUWKHU VWXGLHV�QHHG�WR�EH�FDUULHG�RXW�ZLWK�

D� ODUJHU� SRSXODWLRQ� DQG� KLJKHU� GRVHV� RI�
)LOJUDVWLP�WR�VHWWOH�WKH�FRQWURYHUVLHV���

$FNQRZOHGJPHQWV�
:H� DFNQRZOHGJH� 0UV�� $]DU� 7DOHVK� DQG�
0UV�� =DKUD� 3D\DE� �SHUVRQQHO� RI� WKH�
RQFRORJ\� GHSDUWPHQW�� 7OHJKDQL� +RVSLWDO��
*RUJDQ��,UDQ��IRU�WKHLU�FRRSHUDWLRQ�LQ�GDWD�
FROOHFWLRQ�� 1R� ILQDQFLDO� VXSSRUW� RU� JUDQW�
ZDV�DFFRUGHG�WR�WKLV�VWXG\�

&RQIOLFW�RI�LQWHUHVW
7KH�DXWKRUV�GHFODUH�QR�FRQIOLFW�RI�LQWHUHVW�

5HIHUHQFHV
�� /DNVKPDLDK� .&�� 0DODEDJL� $6��
6KHWW\� *5�� 6LQKD� 0�� -D\DVKUHH� 56��
)HEULOH� 1HXWURSHQLD� LQ� +HPDWRORJLFDO�
0DOLJQDQFLHV�� &OLQLFDO� DQG�
0LFURELRORJLFDO� 3URILOH� DQG� 2XWFRPH� LQ�
+LJK�5LVN�3DWLHQWV�� -/3������������������
����
�� 9LVFROL�&��9DUQLHU�2��0DFKHWWL�0��
,QIHFWLRQV� LQ� 3DWLHQWV� ZLWK� )HEULOH�
1HXWURSHQLD�� (SLGHPLRORJ\��
0LFURELRORJ\� DQG�5LVN�6WUDWLILFDWLRQ��&OLQ�
,QIHFW�'LV����������6���±6�����
�� *RUXN�0��'DO�06��'DO�7��.DUDNXV�
$��7HNLQ�5��2]FDQ�1��HW�DO��(YDOXDWLRQ�RI�
IHEULOH�QHXWURSHQLF�SDWLHQWV�KRVSLWDOL]HG�LQ�
D� KHPDWRORJ\� FOLQLF�� $VLDQ� 3DF� -� 7URS�
%LRPHG������������������±�������
�� 'DOH� '&�� +RZ� ,� PDQDJH� FKLOGUHQ�
ZLWK� QHXWURSHQLD�� %U� -� +DHPDWRO� ������
��������±����
�� =HUPDWWHQ�0*��.RHQLJ�&��$OOPHQ�
$9�� $J\HPDQ� 3�� $PPDQQ� 5$�� 'DWD�
'HVFULSWRU�� (SLVRGHV� RI� IHYHU� LQ�
QHXWURSHQLD� LQ� SHGLDWULF� SDWLHQWV� ZLWK�
FDQFHU� LQ� %HUQ�� 6ZLW]HUODQG�� ����±������
6FL�'DWD������������������������
�� /XVWEHUJ� 0%�� 0DQDJHPHQW� RI�
1HXWURSHQLD� LQ�&DQFHU� 3DWLHQWV��&OLQ�$GY�
+HPDWRO�2QFRO�������������������±�����
�� =DUHLIDU� 6�� 'DVKWL� $6��
0DVRRP]DGH� 7�� $QYDULQHMDG� 0�� =HNDYDW�
25�� %RUGEDU� 05�� HW� DO�� $VVHVVPHQW� RI�
SURFDOFLWRQLQ� DV� D� GLDJQRVWLF� PDUNHU� RI�
LQIHFWLRQ� LQ� SHGLDWULFV� ZLWK� FDQFHU�
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FRPSOLFDWHG�E\�IHYHU�DQG�QHXWURSHQLD��,UDQ�
-�3HG�+HPDWRO�2QFRO���������������������
�� :DQJ�<��&KHQ� /�� /LX� )�� =KDR�1��
;X�/��)X�%��HW�DO��(IILFDF\�DQG�WROHUDELOLW\�
RI� JUDQXORF\WH� FRORQ\�VWLPXODWLQJ� IDFWRUV�
LQ� FDQFHU� SDWLHQWV� DIWHU� FKHPRWKHUDS\�� $�
V\VWHPDWLF� UHYLHZ� DQG� %D\HVLDQ� QHWZRUN�
PHWDDQDO\VLV�� 6FL� 5HS� ������ ��� ������
�������
�� $DSUR�0��&UDZIRUG�-��.DPLRQH�'��
3URSK\OD[LV� RI� FKHPRWKHUDS\�LQGXFHG�
IHEULOH� QHXWURSHQLD� ZLWK� JUDQXORF\WH�
FRORQ\�VWLPXODWLQJ� IDFWRUV�� ZKHUH� DUH� ZH�
QRZ"��6XSSRUW�&DUH�&DQFHU�������������±
�����
��� 0LODQR�%DXVVHW� (�� *DXGDUW� -��
5RPH�$��&R]H�&��*HQWHW�-&���3DGRYDQL�/��
HW� DO�� 5HWURVSHFWLYH� FRPSDULVRQ� RI�
QHXWURSHQLD� LQ� FKLOGUHQ� ZLWK� (ZLQJ�
VDUFRPD� WUHDWHG� ZLWK� FKHPRWKHUDS\� DQG�
JUDQXORF\WH� FRORQ\�VWLPXODWLQJ� IDFWRU� �*�
&6)�� RU� SHJ\ODWHG� *�&6)�� � &OLQ� 7KHU�
������������������������
��� 6DUÕ� 1�� 'DOYD� .�� ,OKDQ� ,(��
&RPSDULVRQ� RI� )LOJUDVWLP� DQG�
/HQRJUDVWLP� LQ� 3HGLDWULF� 6ROLG� 7XPRUV��
3HGLDWU�+HPDWRO�2QFRO�������������±�����
��� :DQJ� ;-�� 7RQJ� :;�� &KDQ� $��
7KHUDSHXWLF� XVH� RI� )LOJUDVWLP� IRU�
HVWDEOLVKHG� IHEULOH� QHXWURSHQLD� LV� FRVW�
HIIHFWLYH�DPRQJ�SDWLHQWV�ZLWK�VROLG�WXPRUV�
DQG� O\PSKRPDV�� &OLQ� 7KHU� ������ ��� �����
�����������
��� 2UNLQ� 6+�� 1DWKDQ� '*�� *LQVEXUJ�
'�� /RRN� $7�� )LVKHU� '(�� /X[� 6�� 1DWKDQ�
DQG� RVNL
V� KHPDWRORJ\� RI� LQIDQF\� DQG�
FKLOGKRRG���WK�('��3KLODGHOSKLD��6DXQGHUV�
(OVHYLHU�������
��� /DQ]RNRZVN\� 3�� /LSWRQ� -0�� )LVK�
-'�� /DQ]NRZVNH\�� V� PDQXDO� RI� SHGLDWULFV�
KHPDWRORJ\� DQG� RQFRORJ\�� �WK� ('��
3KLODGHOSKLD��6DXQGHUV�(OVHYLHU�������
��� <DSLFL�2��*XQVHUHQ� )� ��<DSLFL�+��
0HUGLQ� $�� <D\ODLD\� 88�� 0HUGLQ� )$��
(YDOXDWLRQ�RI�IHEULOH�QHXWURSHQLF�HSLVRGHV�
LQ� DGXOW� SDWLHQWV� ZLWK� VROLG� WXPRUV�� 0RO�
&OLQ�2QFRO�������������������
��� 'DYLV� .�� :LOVRQ� 6�� )HEULOH�
QHXWURSHQLD� LQ� SDHGLDWULF� RQFRORJ\�� -�

3DHGLDWULF�&KLOG�+HDOWK� ������ ��� ����� ���
���
��� =LPPHU�$-�� )UHLIHOG�$*��2SWLPDO�
PDQDJHPHQW� RI� QHXWURSHQLF� IHYHU� LQ�
SDWLHQWV�ZLWK� FDQFHU�� -�2QFRO� 3UDFW� ������
����������
��� +HJJ�5��0DWWDU�$��'H�0DWRV�1HWR�
-1��3HGULQL� -/��$OHL[R�6%��5RFKD�52�� HW�
DO�� $� SKDVH� ,,,�� UDQGRPL]HG�� QRQ�
LQIHULRULW\� VWXG\� FRPSDULQJ� WKH� HIILFDF\�
DQG� VDIHW\� RI� ELRVLPLODU�)LOJUDVWLP�YHUVXV�
RULJLQDWRU� )LOJUDVWLP� IRU� FKHPRWKHUDS\�
LQGXFHG� QHXWURSHQLD� LQ� EUHDVW� FDQFHU�
SDWLHQWV��&OLQLFV�����������������������
��� %HQQHWW� &�� 'MXOEHJRYLF� %�� 1RUULV�
/$%�� $UPLWDJH� -2�� &RORQ\�6WLPXODWLQJ�
)DFWRUV� IRU� )HEULOH� 1HXWURSHQLD� GXULQJ�
&DQFHU� 7KHUDS\�� 1� (QJO� -� 0HG� ������
�������������±�����
��� +DVVDQ� %$5�� <XVRII� =%0��
2WKPDQ� 6%�� $� FORVH� ORRN� DW� QHXWURSHQLD�
DPRQJ� FDQFHU� SDWLHQWV�ULVN� IDFWRU� DQG�
PDQDJHPHQW��,Q�7HFK�2SHQ������
��� :LWWPDQ� %�� +RUDQ� -�� /\PDQ� *+��
3URSK\ODFWLF� FRORQ\�VWLPXODWLQJ� IDFWRUV� LQ�
FKLOGUHQ� UHFHLYLQJ� P\HORVXSSUHVVLYH�
FKHPRWKHUDS\�� $� PHWD�DQDO\VLV� RI�
UDQGRPL]HG�FRQWUROOHG�WULDOV��&DQFHU�7UHDW�
5HY��������������±�����
��� 2N� =2�� .XSHOL� 6�� 6H]JLQ� *��
%D\UDP� ,�� &RPSDULVRQ� RI� GLIIHUHQW� GRVHV�
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