
/H[LFDO�*UDPPDWLFDO�$QDO\VLV�RI�WKH�3KUDVHRORJLFDO�
8QLWV�ZLWK�$QWRQ\PRXV�&RPSRQHQWV�LQ�WKH�.D]DNK�
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1XUJXO�0��7XNHVKRYD���)DQX]D�+��7DUDVRYD�� 	 ,ULQD�1��/X]HQLQD�

$EVWUDFW

/DQJXDJH�LV�D�PXOWLIXQFWLRQDO�SKHQRPHQRQ��LW�LV�D�PHDQV�RI�FRPPXQLFDWLRQ�EHWZHHQ�
SHRSOH��$QG�SKUDVHRORJ\� DV�D�SDUW�RI�WKH�ODQJXDJH�V\VWHP� LV�D�ODQJXDJH�XQLW�ZLWK�D�
VWUXFWXUDO�VHPDQWLF� FKDUDFWHU�� &XUUHQWO\�� SKUDVHRORJ\� FROOHFWV� QHZ� GLUHFWLRQV� DQG
DLPV��$QG�LQ� WKLV�DUWLFOH�� WKH�SKUDVHRORJLFDO�XQLWV�ZLWK�DQWRQ\PRXV�FRPSRQHQWV� LQ�
WKH�.D]DNK�ODQJXDJH�DUH�FRQVLGHUHG��WKHLU�OH[LFDO�DQG�JUDPPDWLFDO DQDO\VLV�LV�FDUULHG�
RXW�� 7KH� SKUDVHRORJLFDO� XQLWV� ZLWK� DQWRQ\PRXV� FRPSRQHQWV� DUH� XQGHUVWRRG� WKH�
SKUDVHV� RU� VHQWHQFHV� IRUPHG� RQ� WKH� FRQWUDGLFWRU\� YDOXHV� RI� WKH� FRPSRQHQWV��
%DVLFDOO\��OH[LFDO�DQWRQ\PV�DGMHFWLYHV�DUH�IRXQG�YHU\�RIWHQ�LQ�WKH�.D]DNK�ODQJXDJH��
WKH�RWKHU�SDUWV�RI�VSHHFK�DUH�IRXQG UDUHO\��7KHUHIRUH��ZH�ZLOO�WU\�WR�LGHQWLI\�WKH�PRVW�
DQG�OHDVW�XVHG�SDUWV�RI�VSHHFK�DV�DQWRQ\PV�DV�D�SDUW�RI�WKH�SKUDVHRORJLFDO�XQLWV��DQG�
WKHLU� JUDPPDWLFDO� VWUXFWXUH RQ� WKH� EDVLV� RI� WKH� SKUDVHRORJLFDO� GLFWLRQDU\� RI�
.HQHVED\HY� ,�.��� WKH� ILUVW� RI� LWV� NLQG� GLFWLRQDU\� RI� WKH� SKUDVHRORJLFDO� XQLWV� RI� WKH�
.D]DNK�ODQJXDJH�

.H\ZRUGV� 3KUDVHRORJ\� 3KUDVHRORJLFDO�8QLWV� $QWRQ\P� /H[LV� $QDO\VLV�

���,QWURGXFWLRQ

3KUDVHRORJ\� LV� D� XQLTXH� ODQJXDJH� PDWHULDO� FRQWDLQLQJ� YHU\� FRQFHQWUDWHG�
LQIRUPDWLRQ�DERXW� D�QDWLRQ�DQG� LWV� FRQVLGHUDWLRQ� RI� D� SDUWLFXODU� FRQFHSW� RU� REMHFW��
7KHUHIRUH��WKH�PHDQLQJ�RI�WKH SKUDVHRORJLFDO�XQLW�LV�QRW�IRUPHG�DW�WKH�VDPH�WLPH��EXW�
LV�IRUPHG�WRJHWKHU�ZLWK�WKH�GHYHORSPHQW�RI�WKH�ODQJXDJH�DQG�LWV�KLVWRU\��6SLULQD 	�
6DNDHYD� �������7KH�VHPDQWLFV�RI�SKUDVHRORJLFDO�XQLWV� UHIOHFWV� WKH�ORQJ�SURFHVV�RI�
FXOWXUDO� GHYHORSPHQW� RI� WKH� QDWLRQ�� WKH\� IL[� DQG� WUDQVPLW� FXOWXUDO� DWWLWXGHV� DQG�
VWHUHRW\SHV� IURP� JHQHUDWLRQ� WR� JHQHUDWLRQ� �*LPDGHHYD 	� 1XUPLHYD�� �������

� 3OHDVH�FLWH�WKLV�SDSHU�DV�IROORZV�

7XNHVKRYD��1��0���7DUDVRYD��)��+���	�/X]HQLQD��,��1����������/H[LFDO�*UDPPDWLFDO�$QDO\VLV�
RI�WKH�3KUDVHRORJLFDO�8QLWV�ZLWK�$QWRQ\PRXV�&RPSRQHQWV�LQ�WKH�.D]DNK�/DQJXDJH� -RXUQDO�
RI�5HVHDUFK�LQ�$SSOLHG�/LQJXLVWLFV�����63�������������

� .D]DQ�)HGHUDO�8QLYHUVLW\��.D]DQ��5XVVLD��WXNHVKRYDBQXUJXO#PDLO�UX
� .D]DQ�)HGHUDO�8QLYHUVLW\��.D]DQ��5XVVLD�
� 6DUDWRY�6RFLR�(FRQRPLF�,QVWLWXWH�



/H[LFDO�*UDPPDWLFDO�$QDO\VLV�RI�WKH�3KUDVHRORJLFDO�8QLWV�«�_�����

3KUDVHRORJLFDO�XQLWV�EHLQJ�VSHFLILF�XQLWV�RI�WKH�ODQJXDJH�FRQWDLQ�FXOWXUDO LQIRUPDWLRQ�
DERXW�WKH�KLVWRU\��WUDGLWLRQV�DQG�HYHU\GD\�OLIH�RI�WKH�SHRSOH�VSHDNLQJ�WKH�ODQJXDJH�
�6DNKLEXOOLQD HW�DO���������

.D]DNK� ODQJXDJH�� OLNH� WKH� RWKHU� ODQJXDJHV�� LV� ULFK� LQ� SKUDVHRORJ\�� $V�
.HQHVED\HY �������QRWHG��SKUDVHRORJ\�LV�DQ�LQWHJUDO�SDUW�RI�RXU�ODQJXDJH��LW�KDV�LWV�
RZQ�LQGLYLGXDOLW\��LWV�PHDQLQJ��LWV�RZQ�VW\OLVWLF�FKDUDFWHU�DQG�IHDWXUHV�

$FFRUGLQJ� WR�(��.KX]LQD�� WKH�SKUDVHRORJLFDO�XQLW� LV�D�SHFXOLDU�XQLW�RI� WKH�
ODQJXDJH�� DV� FRPSOH[� DQG� FRQWUDGLFWRU\� DV� ODQJXDJH� DQG� FXOWXUH� �.KX]LQD 	�
0XNKWDURYD� �������$V�IRU�WKH�SKUDVHRORJ\�RI�WKH�.D]DNK�ODQJXDJH��LWV�W\SHV�DQG�WKH�
PDLQ� SUREOHPV� KDYH� QRW� EHHQ� IXOO\� VWXGLHG\HW�� DQG� WKHUH� DUH� PDQ\� DUHDV� RI� LWV�
UHVHDUFK��$QG�LQ�WKLV�UHVHDUFK�ZH�ZLOO�FRQVLGHU�SKUDVHRORJLFDO�XQLWV�ZLWK�DQWRQ\PRXV
FRPSRQHQWV�

$V� LQ RWKHU� VHPDQWLF� JURXSV�� DQWRQ\PV� DUH� RIWHQ� IRXQG� LQ� SKUDVHRORJ\��
$QWRQ\PV�DUH�ZRUGV�WKDW�DUH�RSSRVHG�WR�HDFK�RWKHU��)RU�H[DPSOH��ɬɚɫɬɚT�ԕɚɪɚԙԑɵ�±
ɲɚɣɞɚɣ�ɚɲɵԕ��GDUN�± EULJKW��FOHDU���ɚԕ�ɤԧԙɿɥ�± ԕɚɪɚ�ɠԛɪɟɤ��JRRG�QDWXUHG��NLQG�±
UXWKOHVV�� PHUFLOHVV��� ɟɬɿ� ɬɿɪɿ� ± ԧɥɿ� ɫԛɣɟɤ�HQWHUSULVLQJ�� DGYHQWXURXV� ± LQDFWLYH��
�$\WEDLXO\� �������,Q�SKUDVHRORJ\��DQWRQ\PV�FDQ�EH�FRPSDUHG�ZLWK�HDFK�RWKHU��WKDW�
LV��RQH�SKUDVHRORJLFDO�XQLW�LV�FRQWUDVWHG�ZLWK�DQRWKHU E\�LWV�PHDQLQJ��)RU�H[DPSOH��
ɫɚɛɵɪ�ɟɬɭ�± ɞɟɝɛɿɪɿ�ԕɚɥɦɚɞɵ �WR�EH�FDOP� � WR�ZRUU\���+HUH�� LI�ZH�FRQVLGHU� WKHVH�
SKUDVHRORJLFDO�XQLWV� VHSDUDWHO\�� WKH\�GR�QRW�KDYH�DQWRQ\PV� LQ�WKHLU SDUWV��EXW�RQO\�
RSSRVH� HDFK� RWKHU� E\� WKHLU�PHDQLQJV�� 1RW� DOO� FRPSRQHQWV� RI� SKUDVHRORJLFDO� XQLWV�
XQGHUJR� WKH� SURFHVV� RI� DEVWUDFWLRQ� IURP� WKHLU� OH[LFDO� PHDQLQJ�� WKHUHIRUH�� VRPH�
SKUDVHRORJLFDO�XQLWV�KDYH�D�YDOXH�WKDW�LV�GHULYHG�IURP�WKH�PHDQLQJ�RI�WKH�FRQVWLWXHQW�
SDUWV��$UVHQWHYD� ������0DUEiQ�	�0XOHQJD����������3KUDVHRORJLFDO�XQLWV�DV�D�ZKROH�
FDQ�HQWHU�LQWR�DQ�DQWRQ\PRXV UHODWLRQVKLS�ZLWK�HDFK�RWKHU��+RZHYHU��DOWKRXJK�WKH\�
UHIHU�WR�TXDOLWDWLYH�FRQFHSWV��WKH\�FDQQRW�FDSWXUH�DOO�WKH�FKDUDFWHULVWLFV�RI�WKH�RSSRVLWH�
ZRUG� �6DJ\QG\NXO\�� ������� 7KH� LQWHJULW\� RI� WKH� PHDQLQJ� RI� SKUDVHRORJLFDO� XQLWV�
GHWHUPLQHV�WKH�FUHDWLRQ�RI�WKH�V\VWHP�UHODWLRQV�VLPLODU�WR�WKH�OH[LFDO�XQLW��WKH�DQWRQ\P��
$QWRQ\PV�DV�D�SDUW�RI�SKUDVHRORJLFDO�XQLWV�KDYH�GLIIHUHQW�WKHPDWLF�JURXSV��$OVR�ZH�
FDQ�FODVVLI\�GLIIHUHQW�SKUDVHRORJLFDO�JURXSV�ZLWK�DQWRQ\PV�DERXW�VSDFH��GLPHQVLRQ��
SOHDVDQW�XQSOHDVDQW� TXDOLWLHV� RI� D� SHUVRQ�� DV� ZHOO� DV� VHQVXDO� DFWLRQV� �6PDJXORYD�
�������7KH\�DUH�FKDUDFWHULVHG�E\�VWDELOLW\��OH[LFDO���$UVHQWHYD 	�$UVHQWHYD� ������

7KH� UHVHDUFK� KDV� SUDFWLFDO� YDOXH�� DQG� FDQ� EH� XVHG� LQ� WKH� VWXG\� DQG�
LPSURYHPHQW�RI�WKH�.D]DNK�ODQJXDJH�DQG�.D]DNK�SKUDVHRORJ\�

���0HWKRGV

7KH�SKUDVHRORJLFDO�XQLWV�ZLWK�DQWRQ\PRXV�FRPSRQHQWV�DUH�FOHDUO\�GHILQHG��
TXLWH�SURGXFWLYH�DQG�XQLTXH�JURXS�QRW�RQO\�LQ�WKH�SKUDVHRORJ\�RI�WKH�ODQJXDJH XQGHU�
VWXG\��EXW�DOVR�LQ�WKH�SKUDVHRORJ\�RI�PDQ\�RWKHU�ODQJXDJHV��ZKLFK�LV�H[SODLQHG��ILUVW�
RI� DOO�� E\� WKH� SHQHWUDWLRQ� RI� WKH� FDWHJRU\� RI� RSSRVLWLRQ� LQWR� SKUDVHRORJ\� �3RONLQD�



���� _�3URFHHGLQJV�RI�WKH��WK�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�$SSOLHG�/LQJXLVWLFV�,VVXHV��6DLQW�3HWHUVEXUJ��
5XVVLD��6XPPHU�DQG�$XWXPQ������

������ $QDO\VLV�LV�RI�JUHDW�LPSRUWDQFH�LQ�ILQGLQJ�FXOWXUH�ERXQG�LWHPV�DQG�HYHQWV�LQ�
WKH�KLVWRU\��RI��WKH��ODQJXDJH��EHDUHUV��$UVHQWHYD�	�0HG������� 7RVKHYD��������

3URFHHGLQJ�IURP�WKLV��WKH�SXUSRVH�RI�WKLV�DUWLFOH�LV�WR�FRQGXFW�WKH OH[LFDO�DQG�
JUDPPDWLFDO� DQDO\VLV� RI� SKUDVHRORJLFDO� XQLWV� ZLWK� DQWRQ\PRXV� FRPSRQHQWV� LQ� WKH�
.D]DNK�ODQJXDJH�DQG�WR�LGHQWLI\�WKH�PRVW�FRPPRQ�SDUWV�RI�VSHHFK�LQ�WKH�DQWRQ\PRXV�
FRPSRQHQWV� LQ� WKH� SKUDVHRORJLFDO� XQLWV RI� WKH� .D]DNK� ODQJXDJH�� 7KH� PHWKRG� RI�
FRQWLQXRXV� VHOHFWLRQ�ZDV� XVHGIRU� FRQGXFWLQJ� WKH OH[LFDO�DQG� JUDPPDWLFDO�DQDO\VLV�
DQG� FROOHFWLQJ� LQIRUPDWLRQ� RQ� SKUDVHRORJLFDO� XQLWV� ZLWK� DQWRQ\PRXV� FRPSRQHQWV�
7KH�SKUDVHRORJLFDO�XQLWV�RI�WKH�.D]DNK�ODQJXDJH�ZLWK�WKH�DQWRQ\PRXV�FRPSRQHQWV�
ZHUH�WDNHQ�IURP�WKH�GLFWLRQDU\�RI�,�.��.HQHVED\HY��3KUDVHRORJLFDO�GLFWLRQDU\�RI�WKH�
.D]DNK�ODQJXDJH��E\�WKH�PHWKRG�RI�FRQWLQXRXV VHOHFWLRQ��.HQHVED\HY� �������)RU�
WKLV�SXUSRVH��ZH�VHW�WKH�IROORZLQJ�WDVNV�

WR�VWXG\�WKH�QRWLRQ�RI�WKH�SKUDVHRORJLFDO�XQLWV�DQG�DQWRQ\PV�
WR� FROOHFW� SKUDVHRORJLFDO� XQLWV� ZLWK� WKH� DQWRQ\PRXV� FRPSRQHQWV�
XVLQJ� WKH� ³3KUDVHRORJLFDO� GLFWLRQDU\� RI� WKH�.D]DNK� ODQJXDJH´� E\�
,�.� .HQHVEDHY�
WR�PDNH�DQ�DQDO\VLV�RI�WKH�JUDPPDWLFDO�VWUXFWXUH�RI�SKUDVHRORJLFDO�
XQLWV�ZLWK�WKH�DQWRQ\PRXV�FRPSRQHQWV�LQ�WKH�.D]DNK�ODQJXDJH�

���5HVXOWV�DQG�'LVFXVVLRQ

2QH�RI�WKH�PDLQ�LVVXHV�LV�WKH�FODVVLILFDWLRQ�RI�SKUDVHRORJLFDO�XQLWV�LQ�SDUWV�
RI�VSHHFK��+RZHYHU��LW�LV�LPSRVVLEOH�WR�FRQFOXGH�WKDW�WKHUH�DUH�ZHOO�IRUPHG�SDUWV�RI�
VSHHFK�LQ�SKUDVHRORJLFDO�XQLWV��$QG�DOVR�WKH�SKUDVHRORJLFDO�XQLWV�FORVH�WR�WKH�IXQFWLRQ�
RI�SDUWV�RI�VSHHFK H[LVW �.HQHVED\HY���������7KH�DWWLWXGH�RI�WKH�SKUDVHRORJLFDO�XQLWV�
WR�WKH�SDUWV�RI�VSHHFK�FDQ�EH�GHWHUPLQHG�E\�XVLQJ�WKHP�LQ�WKH�IRUP�RI�VWDEOH�VHQWHQFHV�
LQVWHDG�RI�WKH�LQGLYLGXDO�ZRUGV��DQG�KDYLQJ�FRQVLGHUHG�LWV�IXQFWLRQ�DV�D�FODXVH�HOHPHQW�
RI� WKH� VHQWHQFH� �.DOLHY 	� %ROJDQEDHY� ������� )RU� H[DPSOH�� LI� ZH� FRQVLGHU� WKH�
FRPSRVLWLRQ�RI�WKH�SKUDVHRORJLVP�³ɫɵɪɛɟɪɦɟɞɿ´��NHHS�LW�WRJHWKHU��VHSDUDWHO\��WKHQ�
WKH\�FDQQRW�EH�DWWULEXWHG�WR�RQH�SDUW�RI�VSHHFK��EXW�LQ�WKH�IRUP�RI�D�SKUDVHRORJLFDO�
XQLW�WKH\�UHIHU�WR�D�YHUE��6LQFH�DQWRQ\PV�DUH�D�FOHDU�FRQWUDVW��WKHLU�UHODWLRQVKLS�WR�HDFK�
SDUW�RI� VSHHFK� LV�QRW�H[DFWO\� WKH�VDPH��EXW�GLIIHUHQW��2QH�SDUW�RI� VSHHFK� LV�ULFK� LQ�
DQWRQ\PV��ZKLOH DW�WKH�VDPH�WLPH�WKHUH�PD\�EH�IHZ�RI�WKHP�LQ�RWKHU�SDUWV�RI�VSHHFK�

,Q� WKH� OH[LFDO� DQG� JUDPPDWLFDO� PHDQLQJ�� WKH� FROOHFWHG� DQG� DQDO\]HG�
SKUDVHRORJLFDO�XQLWV�RI� WKH�.D]DNK� ODQJXDJH�ZLWK�DQWRQ\PRXV FRPSRQHQWV�FDQ�EH�
GLYLGHG�LQWR�WKH�IROORZLQJ�

���SKUDVHRORJLFDO�XQLWV�ZLWK�WKH DQWRQ\PRXV�FRPSRQHQW�YHUE��7KLV�JURXS�
LQFOXGHV�WKH�SKUDVHRORJLFDO�XQLWV��LQ�ZKLFK�YHUEV�DUH�DQWRQ\PV��,Q�WKH�SKUDVHRORJLFDO�
XQLWV�ZH DQDO\]HG��YHUE�DQWRQ\PV�DUH�IRXQG�ERWK�LQ�WKH�VKDSH�RI�WKH�VWHP�DQG�LQ�WKH�
VKDSH�RI�WKH�GHULYHG�VWHP��)RU�H[DPSOH�



/H[LFDO�*UDPPDWLFDO�$QDO\VLV�RI�WKH�3KUDVHRORJLFDO�8QLWV�«�_�����

� ȱɲɿɧɟɧ�ɤɿɪɿɩ��ɫɵɪɬɵɧɚ�ɲɵԕɬɵ± WR�FKHHU�XS��WR�DGXODWH��WR�IODWWHU��WR�
SOHDVH��.HQHVED\HY� ������F�������

�ɀɟɪɞɟɧ�ɚɥɵɩ��ɠɟɪɝɟ�ɫɚɥɞɵ±WR�FXUVH��WR�VFROG��WR�VZHDU��.HQHVED\HY�
������S�������

� Ԛɣɪɟɤ� ԝɲɵɩ�� ԕɚɡ� ԕɨɧɞɵ± ODQG�ZLWK� WKH� DEXQGDQW� ZDWHU�� IUHH� OLIH�
�.HQHVED\HY� ������S�������

� Ⱥɩɵɤɿɪɿɩ�� ɤԛɩɿ� ɲɵԕɬɵ� ±WR� UXVK�� WR� KXUU\�� WR� EH� SX]]OHG��
�.HQHVED\HY� ������S������

� Ⱥɲɫɚ�ɚɥɚԕɚɧɵɧɞɚ��ɠԝɦɫɚ�ɠԝɞɵɪɵԑɵɧɞɚ�ԝɫɬɚɞɵ± WR�FRPPDQG��WR�
VXEMXJDWH��.HQHVED\HY� ������S������

$QWRQ\PV�DV�SDUW�RI�WKH�SKUDVHRORJLFDO�XQLWV�DUH��³ɤɿɪɿɩ�± ɲɵԕɬɵ��ɚɥɵɩ�±
ɫɚɥɞɵ��ԝɲɵɩ�± ԕɨɧɞɵ��ɚɲɫɚ�± ɠԝɦɫɚ´�,Q� WKHVH�DQWRQ\PV��³ɤɿɪɿɩ��ɚɥɵɩ��ԝɲɵɩ´�
�JRLQJ�LQ��WDNLQJ��IO\LQJ��DUH�D�SDUWLFLSOH��LQ�.D]DNK�³ɤԧɫɟɦɲɟ´���IRUPHG�IURP�DIIL[HV�
³�ɿɩ�� �ɵɩ´��DQG� ³ɲɵԕɬɵ�� ɫɚɥɞɵ�� ԕɨɧɞɵ´� �OHIW� �� ODLG� ODQGHG�� DUH� WKH� YHUEV� RI� WKH�
REYLRXV�SDVW�WHQVH��LQ�.D]DNK�³ɠɟɞɟɥ�ԧɬɤɟɧ�ɲɚԕ´���IRUPHG�E\�DGGLQJ�VXIIL[HV�WR�WKH�
VWHP�RI� WKH� YHUE� ³�ɬɵ�� �ɞɵ´��$QG� WKH� YHUEV�DQWRQ\PV� ³ɚɲɫɚ� � ɠԝɦɫɚ´� DUH� LQ� WKH�
FRQGLWLRQDO�PRRG�RI�WKH�YHUE �LQ�.D]DNK�³ɟɬɿɫɬɿɤɬɿԙ�ɲɚɪɬɬɵ�ɪɚɣɵ´���IRUPHG�IURP�
WKH�HQGLQJ�³�FD´�

,Q�WKH�FRQVLGHUHG�SKUDVHRORJLFDO�XQLWV�ZLWK�DQ�DQWRQ\PRXV FRPSRQHQW�YHUE�
RIWHQ�FRQWDLQV�WKH�IROORZLQJ��³ɤɿɪɭ�ɲɵԑɭ´��HQWHU�H[LW���³ԝɲɭ�± ԕɨɧɭ´��WR�IO\�WR�ODQG���
³ԧɥɭ�± ɬɿɪɿɥɭ´��WR�GLH�� WR�FRPH�WR�OLIH��

���SKUDVHRORJLFDO�XQLWV�ZLWK�WKH�DQWRQ\PRXV�FRPSRQHQW�QRXQ��7KLV�JURXS�
LQFOXGHV�SKUDVHRORJLFDO�XQLWV��LQ�ZKLFK�QRXQV�DUH�DQWRQ\PV��1RXQV�DUH�IRXQG�LQ�WKH�
IRUP�RI�QRQ�GHULYDWLYH�DQG�GHULYDWLYH VWHPV��)RU�H[DPSOH�

� Ⱥԑɚ�ԧɥɫɟ��ɿɧɿ�ɦԝɪɚ�� OHYLUDWH��.HQHVED\HY� ������S������

� Ⱦɨɫɵ ɫԛɣɿɧɿɩ�� ɞԝɲɩɚɧɵ� ɤԛɣɿɧɞɿ±WR� OLYH� LQWHUHVWLQJ� DQG� IXQ�
�.HQHVED\HY� ������S�������

� ɀɚɧɞɵ�ɦɟɧ�ɠɚɧɫɵɡԑɚ�ɚɪɵɡ�ɚɣɬɬɵ±WR�FRPSODLQ��.HQHVED\HY� ������
S�������

� Ⱥɹԑɵɦɟɧ� ɠɟɪ� ɬɿɪɟɩ�� ɦɚԙɞɚɣɵɦɟɧ� ɤԧɤ� ɬɿɪɟɩ± WR� GR� VRPHWKLQJ�
GLOLJHQWO\��.HQHVED\HY� ������S������

� Ȼɿɪɿ�ɤԛɧ��ɛɿɪɿ�ɚɣ� DQG�WZR�DUH�EHDXWLIXO��.HQHVED\HY� ������S�������

$QWRQ\PV�� ³ɚԑɚ�ɿɧɿ´ �ROGHU� EURWKHU� � \RXQJHU� EURWKHU��� ³ɞɨɫɵ� ±
ɞԝɲɩɚɧɵ´�IULHQG�� HQHP\���³ɠɚɧɞɵ�± ɠɚɧɫɵɡ´�DOLYH�� GHDG���³ɠɟɪ�ɤԧɤ´�WKH�HDUWK�
±WKH� VN\��� ³ɤԛɧ�ɚɣ´�WKH� VXQ� ±WKH� PRRQ��� +HUH�� ³ɚԑɚ� ± ɿɧɿ�� ɠɟɪ�ɤԧɤ�� ɤԛɧ�ɚɣ´DUH�
VLPSOH�FRPPRQ�QRXQV�� �ɞɨɫɵ�± ɞԝɲɩɚɧɵ��DUH�LQ� WKH�SRVVHVVLYH�FDVH�RI���SHUVRQ
VLQJXODU�� DQG� �ɠɚɧɞɵ� ± ɠɚɧɫɵɡ�� KDYH� XQGHUJRQH� SDUWLDO� VXEVWDQWLYL]DWLRQ� RI� WKH�
DGMHFWLYH�



���� _�3URFHHGLQJV�RI�WKH��WK�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�$SSOLHG�/LQJXLVWLFV�,VVXHV��6DLQW�3HWHUVEXUJ��
5XVVLD��6XPPHU�DQG�$XWXPQ������

,Q�WKH�FRQVLGHUHG�SKUDVHRORJLFDO�XQLWV�ZLWK� WKH�DQWRQ\P�FRPSRQHQW�QRXQ��
RIWHQ�IRXQG�VXFK�DQWRQ\PV�QRXQV DV ³ɞɨɫ�� ɞԝɲɩɚɧ´��IULHQG�� HQHP\���³ɤԛɧ�± ɚɣ´�
�WKH�VXQ�±WKH�PRRQ���³ԧԙ�± ɬԛɫ´��UHDOLW\�� VOHHS��

��� SKUDVHRORJLFDO� XQLWV� ZLWK� DQ� DQWRQ\PRXV� FRPSRQHQW�DGMHFWLYH�� 7KLV�
JURXS� LQFOXGHV�SKUDVHRORJLFDO XQLWV�� LQ�ZKLFK� DGMHFWLYHV� DUH� DQWRQ\PV��$GMHFWLYH�
DQWRQ\PV�DUH�IRXQG�DV�D VWHP��DQG�LQ�WKH�IRUP�RI�D�GHULYDWLYH VWHP��)RU�H[DPSOH�

� Ԝɡɵɧ�ɟɥɞɿԙ�ԛɣɿɪɿɧɟ��ԕɵɫԕɚ�ɟɥɞɿԙ�ԕɢɵɪɵɧɚ�ɤɟɬɬɿ± EHFDPH�SXEOLF��
EHFDPH�NQRZQ�WR�DOO��.HQHVED\HY� ������S�������

� ɉɚɪԕɵ�ɚɫɩɚɧ�ɦɟɧ�ɠɟɪɞɟɣ± WRR�ELJ�GLIIHUHQFH��.HQHVED\HY� ������S��
�����

� Ⱥԕ�ɬɟɪɿɧɿ�ԕɚɪɚ�ɬɟɪɿ�ԕɵɥɞɵ± DOZD\V�UHSODFH�VRPHWKLQJ��.HQHVED\HY�
������S������

� Ⱥԕ�ɫɚԕɚɥ��ԕɚɪɚ�ɫɚԕɚɥ± DGXOW�² \RXQJ��.HQHVED\HY� ������S������

� Ʉɟԙ�ɞԛɧɢɟ� ɬɚɪ� ɛɨɥɞɵ± ORVLQJ� WDVWH� IRU� OLIH� �.HQHVED\HY� ������ S��
�����

$QWRQ\PV��³ԝɡɵɧ�± ԕɵɫԕɚ´�ORQJ�� VKRUW���³ɚɫɩɚɧ�ɦɟɧ�ɠɟɪɞɟɣ´�OLNH�FKDON�
DQG�FKHHVH���³ɚԕ�± ԕɚɪɚ´�ZKLWH�� EODFN���³ɤɟԙ�± ɬɚɪ´�ZLGH�� QDUURZ���+HUH�³ԝɡɵɧ�±
ԕɵɫԕɚ��ɚԕ�± ԕɚɪɚ��ɤɟԙ�± ɬɚɪ´�DUH�WKH�TXDOLWDWLYH�DGMHFWLYHV��³ɚɫɩɚɧ�ɦɟɧ�ɠɟɪɞɟɣ´�LV�
DQ�DGMHFWLYH��GHULYHG�IURP�WKH�QRXQ�

,Q� WKH� FRQVLGHUHG� SKUDVHRORJLFDO� XQLWV� ZLWK� WKH� DQWRQ\PRXV� DGMHFWLYH�
FRPSRQHQW DUH�SUHYDOHQW� VXFK�DGMHFWLYHV�DV�³Dԕ�� ԕɚɪɚ´��ZKLWH�± EODFN���ZKLFK�DUH�
XVHG�WR�GHQRWH�FRUUHFWQHVV�DQG�LQFRUUHFWQHVV��JRRG�DQG�EDG���ɀɟɪɞɟɣ�± ɤԧɤɬɟɣ���OLNH�
FKDON� DQG� FKHHVH��� ZKLFK� DUH� XVHG� WR� GHQRWH� WKH� GLIIHUHQFH� EHWZHHQ� VXEMHFWV� RU�
REMHFWV�

���SKUDVHRORJLFDO�XQLWV�ZLWK�DQ�DQWRQ\PRXV�FRPSRQHQW�DGYHUE��7KLV�JURXS�
LQFOXGHV�WKH�SKUDVHRORJLFDO�XQLWV��LQ�ZKLFK�DGYHUEV�DUH�DQWRQ\PV��)RU�H[DPSOH�

� Ʉԛɧɞɿɡ� ɤԛɥɤɿ�� ɬԛɧɞɟ� ԝɣԕɵ� ɛԝɡɵɥɞɵ±QRQVWRS�� ZLWKRXW� UHVSLWH�
�.HQHVED\HY� ������S�������

� Ⱥɥɞɵɧɚ�ɤɟɥɝɟɧɿɧ�ɬɿɫɬɟɩ��ɚɪɬɵɧɚ�ɤɟɥɝɟɧɿɧ�ɬɟɩɬɿ± GR�QRW�OHW�DQ\RQH�
FORVH��.HQHVED\HY� ������S������

� ɋɵɪɬɵ� ɛԛɬɿɧ�� ɿɲɿ� ɬԛɬɿɧ� RXWZDUGO\� JRRG�� EXW� LQVLGH EDG
�.HQHVED\HY� ������S�������

� ȱɲɿ� ± ɚɥɬɵɧ�� ɫɵɪɬɵ� ± ɤԛɦɿɫ± D� SHUVRQ� ZLWK� D� JRRG� FKDUDFWHU�
�.HQHVED\HY� ������S�������

$QWRQ\PV�� ³ɤԛɧɞɿɡ� ± ɬԛɧɞɟ´� �E\� GD\� ± DW� QLJKW��� ³ɚɥɞɵɧɚ� ± ɚɪɬɵɧɚ´�
�IRUZDUG�� EDFNZDUG���³ɫɵɪɬɵ�± ɿɲɿ´�RXWVLGH�� LQVLGH���³Ʉԛɧɞɿɡ�� ɬԛɧɞɟ´�DUH�DGYHUEV�
RI�WLPH��³ɚɥɞɵɧɚ�± ɚɪɬɵɧɚ��ɫɵɪɬɵ�� ɿɲɿ´�DUH�DGYHUEV�RI�SODFH�



/H[LFDO�*UDPPDWLFDO�$QDO\VLV�RI�WKH�3KUDVHRORJLFDO�8QLWV�«�_�����

,Q�WKH�FRQVLGHUHG�SKUDVHRORJLFDO�XQLWV�ZLWK�DQ�DQWRQ\P�FRPSRQHQW�DGYHUE�
RIWHQ�IRXQG�DGYHUEV��VXFK�DV�³ɚɥɞɵ�ɚɪɬɵ´��IRUZDUG�� EDFNZDUG���³ԛɫɬɿ�± ɚɫɬɵ´��WRS�
� ERWWRP���³ɿɲɿ�± ɫɵɪɬɵ´��LQVLGH�� RXWVLGH��

���SKUDVHRORJLFDO�XQLWV�ZLWK�WKH�DQWRQ\PRXV�FRPSRQHQW�PRGDO�ZRUG��7KLV�
JURXS� LQFOXGHV� SKUDVHRORJLFDO� XQLWV�� LQ�ZKLFK� WKH�PRGDO�ZRUGV�DUH�DQWRQ\PV��)RU�
H[DPSOH�

� Ʉԛɪɤɿɪɟɭɿ� ɛɚɪ� ɞɚ�� ɠɚɭɚɪɵ� ɠɨԕ± D� EODWDQW�� UXGH�� LPSROLWH� SHUVRQ�
�.HQHVED\HY� ������S�������

� Ɍɿɥɝɟ�ɛɚɪ�ɞɚ��ɞɿɧɝɟ�ɠɨԕ±MXVW�LQ�ZRUGV��.HQHVED\HY� ������S�������

$QWRQ\PV�� ɛɚɪ� ± ɠɨԕ� �WKHUH� LV� ± WKHUH� LV� QRW��� ,Q� WKH� FRQVLGHUHG�
SKUDVHRORJLFDO�XQLWV����SKUDVHRORJLFDO�XQLWV�ZLWK�WKH�DQWRQ\PRXV�FRPSRQHQW�PRGDO�
YHUE�ZHUH�IRXQG��DQG�DOO�IRXU�DUH�³ɛɚɪ�± ɠɨԕ´��WKHUH�LV�± WKHUH�LV�QRW��

$V�.DOLHY�REVHUYHV��DQWRQ\PV�DUH�PRVWO\�DGMHFWLYHVLQ�WKH�.D]DNK�ODQJXDJH��
DQG�WKHQ�RQO\�OHVV�RIWHQ�IURP�YHUEV��QRXQV�DQG�DGYHUEV��$QG�IRUPHG�IURP�WKH�RWKHU�
SDUWV�RI�VSHHFK�DUH�YHU\�UDUH��DQG�PD\�QRW�EH�DW�DOO��.DOLHY 	�%ROJDQEDHY� ������S��
������ $OVR�� $NKDQRY� ������� FODLPV� WKDW�� DQWRQ\PV�QRXQV� DUH� UDUH� LQ� WKH�.D]DNK�
ODQJXDJH��S��������+RZHYHU��ZH�FDQ�VHH�E\�DQDO\]LQJ�WKH�SKUDVHRORJLFDO�GLFWLRQDU\�
WKDW�WKH�PRVW�IUHTXHQWO\�XVHG�DPRQJ�WKH�SDUWV�RI�VSHHFK�UHSUHVHQWHG�LQ�SKUDVHRORJLFDO�
XQLWV�ZLWK�WKH�DQWRQ\PRXV�FRPSRQHQWV�LV�WKH�QRXQ��DQG�WKH�OHDVW�FRPPRQ�DUH�PRGDO�
ZRUGV��



���� _�3URFHHGLQJV�RI�WKH��WK�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�$SSOLHG�/LQJXLVWLFV�,VVXHV��6DLQW�3HWHUVEXUJ��
5XVVLD��6XPPHU�DQG�$XWXPQ������

���6XPPDU\

,Q� WKLV� ZRUN�� ZH� FRQGXFWHG� D� OH[LFDO� DQG� JUDPPDWLFDO� DQDO\VLV� RI�
SKUDVHRORJLFDO� XQLWV� ZLWK� DQWRQ\PRXV� FRPSRQHQWV� LQ� WKH� .D]DNK� ODQJXDJH�� 7KH�
UHVXOWV� RI� WKH� DQDO\VLV� DOORZ� XV� WR� FRQFOXGH� WKDW� WKH� DQWRQ\PV� DV� D� SDUW� RI� WKH�
SKUDVHRORJLFDO�XQLWV�FDQ�EH�H[SUHVVHG�E\�GLIIHUHQW�SDUWV�RI�VSHHFK��7KH�DQDO\VLV�KDV�
VKRZQ�WKDW�LQ�WKH�VWXGLHG�SKUDVHRORJLFDO�XQLWV��WKH�DQWRQ\PV�H[SUHVVHG�E\�WKH QRXQ��
YHUE��DGYHUE��DGMHFWLYH�ZHUH�LGHQWLILHG��7R�FDUU\�RXW�WKLV�UHVHDUFK������SKUDVHRORJLFDO�
XQLWV� ZLWK� DQWRQ\PRXV� FRPSRQHQWV� IURP� WKH� �3KUDVHRORJLFDO� GLFWLRQDU\� RI� WKH�
.D]DNK�ODQJXDJH��RI�.HQHVED\HY�ZHUH�IRXQG�DQG�UHYLHZHG��RI�ZKLFK�����SDLUV�RI�
DQWRQ\PV�EHORQJLQJ�WR�GLIIHUHQW�SDUWV�RI�VSHHFK�ZHUH�IRXQG�����RI�WKH�DQWRQ\PV�DUH�
QRXQV�����DUH�DGMHFWLYHV�����DUH�DGYHUEV�����DUH�YHUEV��DQG���RI�WKHP�DUH�PRGDO�ZRUGV��
,Q�RXU�UHVXOWV��ZH�VHH�WKDW�SKUDVHRORJLFDO�XQLWV�ZLWK�WKH�DQWRQ\P�QRXQ�RFFXU�PXFK�
PRUH� WKDQ�RWKHUV�� IROORZHG�E\�DGMHFWLYHV�DQG�DGYHUEV� LQ�HTXDO�DPRXQWV�� WKHQ�RQO\�
YHUEV�DQG�PRGDO�ZRUGV�

���&RQFOXVLRQV

7KH� .D]DNK� ODQJXDJH� KDV� DQ� H[WHQVLYH� OLVW� RI� WKH� SKUDVHRORJLFDO� XQLWV��
LQFOXGLQJ� SKUDVHRORJLFDO� XQLWV� ZLWK� DQWRQ\PRXV� FRPSRQHQWV�� $OWKRXJK�
SKUDVHRORJLFDO�DQWRQ\PV�DUH�YHU\�RIWHQ�IRXQG�LQ�SKUDVHRORJ\�DV�D�ZKROH��ZH�KDYH�
FRQVLGHUHG� SKUDVHRORJLFDO� XQLWV� ZLWK� DQWRQ\PRXV� FRPSRQHQWV�� $QDO\]LQJ� WKH�
SKUDVHRORJLFDO�XQLWV�ZLWK�DQWRQ\PRXV�FRPSRQHQWV��ZH�KDYH�VHHQ�WKDW�WKH�DQWRQ\PV�
DV�D�SDUW�RI� WKH�SKUDVHRORJLFDO�XQLWV�DUH� IRXQG�YHU\�RIWHQ��DQG�WKH\�FDQ�EH� IRUPHG�
IURP�QRXQV��DGMHFWLYHV��DGYHUEV��YHUEV�DQG�PRGDO�ZRUGV��7KH\�DOVR�KDYH�GLIIHUHQW�
PHDQLQJV��LW�LV�DVVRFLDWHG�ZLWK�GLIIHUHQW�VW\OLVWLF�XVHV�LQ�WKH�ODQJXDJH�

:H�ZRXOG�DOVR�OLNH�WR�QRWH�WKDW�WKH�SKHQRPHQRQ�RI�DQWRQ\P\�LQ�WKH�ILHOG�RI�
SKUDVHRORJ\� LV�DQ�DFXWH�SUREOHP� WKDW�QHHGV� WR�EH� VWXGLHG� LQ�GHWDLO��DQG�LW�UHTXLUHV�
LGHQWLI\LQJ� LWV� IHDWXUHV�� 7KH� LQWHUHVW� RI� OLQJXLVWLFV�� VFLHQWLVWV� WR� WKH� VWXG\� RI� WKH�
SKUDVHRORJ\�RI�WKH�.D]DNK�ODQJXDJH��RU�RWKHU�ODQJXDJHV�ZLOO�QRW�GHFUHDVH�

$FNQRZOHGJHPHQWV

7KH�ZRUN�LV�SHUIRUPHG�DFFRUGLQJ� WR�WKH�5XVVLDQ�*RYHUQPHQW�3URJUDP�RI�
&RPSHWLWLYH�*URZWK�RI�.D]DQ�)HGHUDO�8QLYHUVLW\�

5HIHUHQFHV

$NKDQRY� .����������7LO�%LOLPLQLQ�1HJL]GHUL� $OPDW\��³0HNWHS´�

$UVHQWHYD� (� )��	�$UVHQWHYD� <X� 6� ������� ([WHQGHG�PHWDSKRU�DV�RQH�RI�WKH�W\SHV�
RI� RFFDVLRQDO� XVH� RI� SKUDVHRORJLFDO� HXSKHPLVPV�� $Q� H[SHULPHQWDO� VWXG\��
9HVWQLN�7RPVNRJR�*RVXGDUVWYHQQRJR�8QLYHUVLWHWD��)LORORJL\D�����������



/H[LFDO�*UDPPDWLFDO�$QDO\VLV�RI�WKH�3KUDVHRORJLFDO�8QLWV�«�_�����

$UVHQWHYD� (� )����������0RWLYDWHG�PHDQLQJ�RI�SKUDVHRORJLFDO XQLWV�ZLWK�FRORUDWLYH�
FRPSRQHQWV� LQ� (QJOLVK� DQG� 7XUNLVK� ,�� %\L\N�� $UVHQWHYD� (�)��� $\XSRYD� 5���
=HOHQLFND�(��7KH�7XUNLVK�2QOLQH�-RXUQDO�RI�'HVLJQ��$UW�DQG�&RPPXQLFDWLRQ�
72-'$&� ��������

$UVHQWHYD�� (�� )��� 	�0HG�� 1�� *�� �������� 1DWLYH� 3KUDVHRORJLFDO� 8QLWV� &RQWDLQLQJ�
&RORUDWLYH�&RPSRQHQW�LQ�(QJOLVK�DQG�7XUNLVK� 0RGHUQ�-RXUQDO�RI�/DQJXDJH�
7HDFKLQJ�0HWKR��0-/70���������� ������

$\WEDLXO\� $����������.D]DNK�7LOL�0RUSKRQRORJL\DV\�0HQ�/HNVLNRORJL\DV\��$OPDW\��
.D]DNK�XQLYHUVLWHWL�

*LPDGHHYD� $� $���	�1XUPLHYD� 5� 5����������/H[LFDO�VHPDQWLF�DVSHFW�RI�WKH�FRQFHSW�
³$FWLRQV��%HKDYLRU´� �RQ� WKH�PDWHULDO�RI� WKH�7DWDU�DQG�(QJOLVK�SKUDVHRORJLFDO�
XQLWV�ZLWK�WKH�FRPSRQHQW�]RRQ\P�� -RXUQDO�RI�6XVWDLQDEOH�'HYHORSPHQW� �����
��������

.DOLHY� *���	�%ROJDQEDHY� $�� ��������.D]LUJL�.D]DNKWLOLQLQ�/HNVLNRORJL\DV\�0HQ�
)UD]HRORJL\DV\� $OPDW\�

.HQHVED\HY� ,� .����������.D]DNK�7LOLQLQ�)UD]HRORJL\DO\N�6R]GLJL��$OPDW\��.D]DNK�
665�³*\O\P´�

.KX]LQD� (���	�0XNKWDURYD� 5����������7KH�OH[LFR�VHPDQWLF�DQDO\VLV�RI�WKH�FRPPRQ�
DQG� YDULRXV� LQ� ZRUOG� RI� JHQGHU� SLFWXUH� LQ� WKH� (QJOLVK� DQG� 7DWDU� OLQJXLVWLF�
FXOWXUHV� 7KH�-RXUQDO�RI�6RFLDO�6FLHQFHV�5HVHDUFK� ��������

0DUEiQ��-��0���	�0XOHQJD��(��0����������3UH�VHUYLFH�3ULPDU\�7HDFKHUV¶�7HDFKLQJ
6W\OHV� DQG� $WWLWXGHV� WRZDUGV� WKH� 8VH� RI� 7HFKQRORJ\� LQ� 0DWKHPDWLFV�
&ODVVURRPV��,QWHUQDWLRQDO�(OHFWURQLF�-RXUQDO�RI�0DWKHPDWLFV�(GXFDWLRQ���������
���������KWWSV���GRL�RUJ����������LHMPH�����

3RONLQD�� *�� 0�� �������� 6RSRVWDYLWHO¶Q\L� DQDOL]� IUD]HRORJLFKHVNLNK� HGLQLWV� F�
DQWRQRPLFKQ\PL� NRPSRQHQWDPL� Y� DQJOL\VNRP� ,� WDWDUVNRP� \D]\NDK�� DYWRUHI�
�8QSXEOLVKHG�GLVVHUWDWLRQ�������������&KHERNVDU\�

7RVKHYD�� '�� �������� 1DWLRQDO�FXOWXUDO� RXWORRN� RQWR� WKH� ]RRQ\P� FRPSRQHQW�
DSKRULVPV��8&7�-RXUQDO�RI�6RFLDO�6FLHQFHV�DQG�+XPDQLWLHV�5HVHDUFK����������
��

6DJ\QG\NXO\� %�� �������� .D]LUJL� .D]DNK� WLOL�� /HNVLNRORJL\D� $OPDW\�� .D]DNK�
XQLYHUVLWHWL�

6DNKLEXOOLQD� .� $���$QGUH\HYD� <� $���	�1D]PLHYD� (� ,����������&RPSRQHQW�SDUWV�
RI�3KUDVHRORJLFDO�DQG�SDUDPHRORJLFDO�XQLWV�ZLWK�RUQ\WRQ\P�FRPSRQHQW�LQ�WKH�
(QJOLVK��5XVVLDQ�DQG�7DWDU�ODQJXDJHV� 7KH�-RXUQDO�RI�6RFLDO�6FLHQFHV�5HVHDUFK�
��������

6PDJXORYD� *� 1����������)UDVHRORJLVPGHUGLQ�VHPDQWLNDO\N�NDWHJRUL\DODU\� $OPDW\��
.D]DNK�XQLYHUVLWHWL�



���� _�3URFHHGLQJV�RI�WKH��WK�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�$SSOLHG�/LQJXLVWLFV�,VVXHV��6DLQW�3HWHUVEXUJ��
5XVVLD��6XPPHU�DQG�$XWXPQ������

6SLULQD� 7� 6���	�6DNDHYD� /� 5�� ��������6WUXFWXUDO�PRGHOV�RI�SKUDVHRORJLFDO�XQLWV�
FKDUDFWHUL]LQJ�SRZHU�LQ�(QJOLVK��*HUPDQ�DQG�5XVVLDQ�/DQJXDJHV� $VLDQ�6RFLDO�
6FLHQFH� ���������������


