
1RXQV�*HQGHU�DQG�1XPEHU�$HVWKHWLF�3RWHQWLDO�LQ�WKH�
$VSHFW�RI�WKH�&RPLF�

:DQJ�;LDR[X���*XOVKDW�$��+D\UXWGLQRYD���	�=KDQJ�;LQ[LQ�

$EVWUDFW

7KH�DUWLFOH�LV�GHYRWHG�WR�WKH�XUJHQW�SUREOHP�IRU�JUDPPDWLFDO�VW\OLVWLFV�� WKH�VWXG\�RI�
WKH�DHVWKHWLF�UHVRXUFHV�RI�WKH�PRUSKRORJLFDO�FDWHJRULHV�RI�WKH�JHQGHU�DQG�QXPEHU�RI�
QRXQV�� 7KH� DLP� RI� WKH� ZRUN� LV� D� FRPSDUDWLYH� DQDO\VLV� RI� WKH� DHVWKHWLFV� RI� WKH�
FDWHJRULHV� RI� JHQGHU� DQG� WKH� QXPEHU� RI� 5XVVLDQ� VXEVWDQFHV� LQ� WKH� DVSHFW� RI� WKH�
UHIOHFWLRQ�RI�WKH�FRPLF��7KH�IROORZLQJ�PHWKRGV�ZHUH�XVHG�DV�WKH�PDLQ�RQHV�LQ�WKLV�
VFLHQWLILF�ZRUN��GHVFULSWLYH�DQDO\WLFDO��VHPDQWLF�VW\OLVWLF��GLVWULEXWLYH�DQG�WKH�PHWKRG�
RI� FRPSRQHQW� DQDO\VLV��7KH�PDWHULDO� IRU� WKH� VWXG\�ZDV� WKH� WH[WV� RI� OLWHUDU\�ZRUNV�
LQFOXGHG�LQ�WKH��QDWLRQDO�FRUSXV�RI�WKH�5XVVLDQ�ODQJXDJH���,Q�WKH�SURFHVV�RI�UHVHDUFK��
DQ�DQDO\VLV�ZDV�PDGH�RI�QRXQV�XVHG�LQ�D�OLWHUDU\�WH[W�ZLWK�WKH�DLP�RI�FUHDWLQJ�D�IXQQ\�
RQH��,W�KDV�EHHQ�HVWDEOLVKHG�WKDW�WKH�DHVWKHWLF�UHVRXUFHV�RI�FDWHJRULHV�RI�WKH�JHQGHU�
DQG�QXPEHU�RI�QRXQV��FRQVLGHUHG�LQ�WKH�LQGLFDWHG�DVSHFW��DUH�UHDOL]HG�WKDQNV�WR�WKH�
IROORZLQJ�PHWKRGV��FRQYHUJHQFH�RI�ZRUGV��ZRUG�IRUPV��WKDW�KDYH�VRXQG�VLPLODULWLHV��
WKH�XVH�RI�V\QRQ\PV��SRO\VHPDQWV��JUDPPDWLFDO�PHDQV�UHSUHVHQWLQJ�D�GHYLDWLRQ�IURP�
WKH�QRUP��SOD\LQJ�RXW�WKH VHPDQWLFV�RI�WKH�DQDO\]HG�FDWHJRULHV��YDULHWLHV�RI�ODQJXDJH�
XQLWV�� 7KH� PRVW� VLJQLILFDQW� QXPEHU� RI� PHWKRGV� LV� DVVRFLDWHG� ZLWK� XSGDWLQJ� WKH�
DHVWKHWLF�SRWHQWLDO�RI� WKH�JUDPPDWLFDO�JHQGHU��+RZHYHU�� DHVWKHWLF� UHVRXUFHV�RI� WKH�
JHQGHU�FDWHJRU\�DUH�QRW�UHDOL]HG�ZKHQ�SRO\VHPDQWV�DUH�XVHG��,Q�UHODWLRQ�WR�DQRWKHU�
FDWHJRU\�� WKH�QXPEHU�RI�QRXQV�� H[DPSOHV�RI�WKH�XVH�RI�V\QRQ\P\�ZHUH�QRW�IRXQG��
QRW�DOO�YDULHWLHV�RI�JUDPPDWLFDO�GHYLDWLRQ�ZHUH�SUHVHQWHG��DV�ZHOO�DV�RQH�RI�WKH�FDVHV�
RI�SOD\LQJ�KRPRSKRQ\��$�JHQHUDOL]DWLRQ�RI�WKH�UHVXOWV�RI�D�FRPSDUDWLYH�DQDO\VLV�RI�
WKH�DHVWKHWLF�SRWHQWLDO�RI�WKH�JHQGHU�DQG�WKH�QXPEHU�RI�VXEVWDQFHV�LQGLFDWHV�WKH�ZLGHU�
SRVVLELOLWLHV�RI�WKH�JUDPPDWLFDO�WKH�JHQGHU�LQ�UHIOHFWLQJ�FRPLF�SKHQRPHQD�

.H\ZRUGV� $HVWKHWLF� 5HVRXUFHV� RI� D� /DQJXDJH�� &DWHJRU\� RI� &RPLF�� *HQGHU� DQG�
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7KH�VWXG\�RI�WKH�DHVWKHWLF�UHVRXUFHV�RI�OLQJXLVWLF�XQLWV�LV�RQH�RI�WKH�XUJHQW�
WDVNV�RI�PRGHUQ�OLQJXLVWLF�VW\OLVWLFV��7KH�SUREOHP�RI�ODQJXDJH�DHVWKHWLFV�KDV�DWWUDFWHG�
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WKH� DWWHQWLRQ� RI� PDQ\� VFKRODUV�� EXW� EHFDXVH� RI� LWV� FRPSOH[LW\�� LW� LV� XQGHUVWRRG�
DPELJXRXVO\��2XU�UHVHDUFK�LQ�WKLV�GLUHFWLRQ�DOORZV�XV�WR�DUJXH�WKDW�LQ�WKH�VWXG\�RI�WKH�
DHVWKHWLFV�RI�OLQJXLVWLF�PHDQV��WKH�ZLGHVW�DSSURDFK��ZKLFK�SURYLGHV�RULHQWDWLRQ�WR�WKH�
PHWD� FDWHJRU\�RI� WKH� DHVWKHWLF�� LV�PRVW� DSSURSULDWH��$W� WKH� VDPH� WLPH�� WKH�KLJKHVW�
GHJUHH�RI�UHDOL]DWLRQ�RI�WKH�DHVWKHWLF�SURSHUWLHV�RI�OLQJXLVWLF�XQLWV�LV�W\SLFDO�IRU�WH[WV�
RI�OLWHUDU\�ZRUNV��DV�HYLGHQFHG�E\�WKH�PDWHULDOV�RI�PDQ\�VWXGLHV��VHH��IRU�H[DPSOH��
�*LEEV��������%RFKLQD�	�6WDURVWLQD��������6DGULHYD�	�(URIHHYD��������1XUXOOLQD�HW�
DO���������5DNKLPRYD������� 7DEDWDEDHL��HW�DO��������(VFDOHUD�&KiYH]�HW�DO���������
7KH�DQDO\VLV�RI� OLWHUDU\� WH[WV� VKRZV� WKDW� WKRVH� OLQJXLVWLF�XQLWV�SRVVHVVLQJ�DHVWKHWLF�
UHVRXUFHV� DUH� FDSDEOH�RI� H[HUWLQJ� DQ� DHVWKHWLF� HIIHFW� RQ� D� SHUVRQ� DV� D� UHFLSLHQW� RI�
VSHHFK��,Q�WKH�SURFHVV�RI�VXFK�DQ�LPSDFW��WKH�UHDGHU�H[SHULHQFHV�VSLULWXDO�SOHDVXUH��
WKH�EDVLV�RI�ZKLFK�LV�DHVWKHWLF�SOHDVXUH��

���0HWKRGV

$�VWXG\�RI�WKH�SUREOHP�RI�DHVWKHWLFV�RI�D�ODQJXDJH�FDQ�EH�FDUULHG�RXW�LQ�D�
QXPEHU� RI� GLUHFWLRQV�� RQH� RI� ZKLFK� LV� D� GHVFULSWLRQ� RI� OLQJXLVWLF� PHDQV� WKDW� FDQ�
SDUWLFLSDWH�LQ�WKH�UHIOHFWLRQ�RI�DHVWKHWLF�FDWHJRULHV��7KH�PDLQ�REMHFW�RI�RXU�DWWHQWLRQ�
LQ� WKLV� DUWLFOH� DUH� JUDPPDWLFDO� XQLWV�� ZKLFK� DUH� FXVWRPDU\� WR� GHVFULEH� ZLWKLQ� WKH�
IUDPHZRUN�RI�PRUSKRORJLFDO�FDWHJRULHV�RI�JHQGHU�DQG�QXPEHU�RI�QRXQV��7KH�ZRUN�RI�
D�QXPEHU�RI�VFLHQWLVWV��,RQRYD��������*LQ��������%RQGDUNR��������HWF���LV�GHYRWHG�WR�
WKH�DQDO\VLV RI�FDWHJRULHV�RI�JHQGHU�DQG�QXPEHU��DV�ZHOO�DV�WKHLU�DHVWKHWLF�FDSDELOLWLHV��
EXW�WKH\�GR�QRW�SRVH�WKH�WDVN�RI�D�FRPSDUDWLYH�DQDO\VLV�RI�WKHVH�JUDPPDWLFDO�REMHFWV��
7KHUHIRUH��WKH�UHVXOWV�RI�RXU�VWXG\�DUH�GHVLJQHG�WR�ILOO�WKRVH�JDSV�WKDW�VWLOO�UHPDLQ�LQ�
WKLV� VFLHQWLILF� ILHOG�� 7KH� SXUSRVH� RI� WKLV� VWXG\� LV� WR� DQDO\]H� WKH� DHVWKHWLFV� RI� WKH�
FDWHJRULHV� RI� WKH� JHQGHU� DQG� WKH� QXPEHU� RI� 5XVVLDQ� VXEVWDQFHV� FRQVLGHUHG� LQ� WKH�
DVSHFW�RI�WKH�UHIOHFWLRQ�RI�WKH�FRPLF��7KH�IROORZLQJ�PHWKRGV�ZHUH�XVHG�DV�WKH�PDLQ�
RQHV�LQ�WKLV�VFLHQWLILF�ZRUN��GHVFULSWLYH�DQDO\WLFDO��VHPDQWLF�VW\OLVWLF��GLVWULEXWLYH�DQG�
WKH�PHWKRG�RI�FRPSRQHQW�DQDO\VLV��7KH�PDWHULDO�IRU�WKH�VWXG\�ZDV�WKH�WH[WV�RI�OLWHUDU\�
ZRUNV�LQFOXGHG�LQ�WKH��1DWLRQDO�FRUSXV�RI�WKH�5XVVLDQ�ODQJXDJH���

���5HVXOWV�DQG�'LVFXVVLRQ

$FTXDLQWDQFH�ZLWK� VFLHQWLILF� ZRUNV� LQ� WKH� ILHOG� RI� DHVWKHWLFV� DQG� OLWHUDU\�
FULWLFLVP�LQGLFDWHV�WKDW�WZR�DSSURDFKHV�GRPLQDWH�LQ�WKH�GHVFULSWLRQ�RI�WKH�FRPLF��WKH�
HVVHQFH�RI� WKH�FRPLF� LV�HLWKHU�D�FRQWUDGLFWLRQ��LQFRQVLVWHQF\��RU�D�JDPH��5\XPLQ��
�������)URP�RXU�SRLQW�RI�YLHZ��WKH�DSSURDFKHV�XQGHU�FRQVLGHUDWLRQ�DUH�QRW�PXWXDOO\�
H[FOXVLYH��WKH\�DUH�DLPHG�DW�H[SORULQJ�GLIIHUHQW�DVSHFWV�RI�WKH�VDPH�SKHQRPHQRQ�

2XU�DQDO\VLV�VKRZHG�WKDW�WKH�ZD\V�WR�FUHDWH�D�FRPLF�HIIHFW�E\�XSGDWLQJ�WKH�
DHVWKHWLF�SRVVLELOLWLHV�RI WKH�JHQGHU�DQG�QXPEHU�RI�QRXQV�FDQ�EH�GLIIHUHQW��

���2QH�RI�WKH�FRPPRQO\�XVHG�PHWKRGV�LV�KRPRSKRQ\��L�H��FRLQFLGHQFH�LQ�WKH�
VRXQG� RI� JUDPPDWLFDO� XQLWV��:LWKLQ� WKH� IUDPHZRUN� RI� WKLV� PHWKRG�� WZR� W\SHV� RI�



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

KRPRSKRQ\�FDQ�EH�GLVWLQJXLVKHG��D��WKH�VLPLODULW\�LQ�WKH�VRXQG�RI�WKH�ZRUG�EDVH��RU�
WKH�URRW�PRUSKHPH��DQG�E��WKH�VRXQG�VLPLODULW\�RI�WKH�RIILFLDO�PRUSKHPH�� WKH�HQGLQJ��

�����7KH�VLPLODULW\�LQ�WKH�VRXQG�RI�WKH�URRW�PRUSKHPH�DV�D�ZD\�RI�IRUPLQJ�D�
IXQQ\�RQH�LV�UHYHDOHG�GXULQJ�WKH�LPSOHPHQWDWLRQ�RI�WKH�DHVWKHWLF�FDSDELOLWLHV�RI�ERWK�
FDWHJRULHV�RI�QRXQV��,I�\RX�NHHS�LQ�PLQG�WKH�FDWHJRU\�RI�WKH�JHQGHU��WKHQ�TXLWH�RIWHQ�
WKHUH�DUH�IDFWV�RI�SXQFWXDWLRQ�RI�WKH�QRXQV�RI�WKH�PDVFXOLQH�DQG�IHPLQLQH�JHQGHU�W\SH�
*UDQDW� *UDQDWD�� +HUH� LV� DQ� H[DPSOH� RI� SXQQLQJ� FRQQHFWLRQ� EHWZHHQ� WKH�
VXEVWDQWLYHV�'UDNH��VDPHF�XWNL��DQG�VSOHHQ�� D�KXPDQ�ERG\�RUJDQ�ZLFK�LV�ORFDWHG�LQ�
WKH�DEGRPLQDO�FDYLW\��2]KHJRY�	�6KYHGRYD��������LQ�WKH�VWUXFWXUH�RI�WKH�DUWLVWLF�WH[W�
)O\LQJ�'UDNH���WR WKH�IDU�VLGH���DFURVV�WKH�VHD���'UDNH�/RRNLQJ�IRU�D�VSOHHQ����

/HW�XV�WXUQ�WR�WKH�FRQVLGHUDWLRQ�RI�WKH�IRUPV�RI�QXPEHUV�WKDW�UHDOL]H�WKH�JRDO�
RI� FUHDWLQJ� D� FRPLF� HIIHFW�� 7KH� HPRWLRQDO� SHUFHSWLRQ� RI� WKH� WH[W� LQ� WKLV� DVSHFW� LV�
SRVVLEOH�ZLWK�WKH�LQWHQWLRQDO�FRQYHUJHQFH�RI�WZR�KRPRQ\PRXV�QRXQV�WKDW�KDYH�VRXQG�
VLPLODULWLHV�LQ�WHUPV�RI�WKH�EDVLV�RI�WKH�ZRUG��6R��LQ�WKH�SRHP�%� =DNKRGHUD
V�³$ERXW�
&DYLDU´� UHDGHU¶V�FRPLF�UHDFWLRQ� LV�SOD\LQJ�XS� WZR�KRPRQ\PRXV�QRXQV�� WKH�ZRUGV�
FDYLDU �ZKLFK�LPSOHPHQWV�WKH�OH[LFDO�PHDQLQJ�³WKH�PDVV�RI�ILVK�HJJV�SURFHVVHG�DV�D�
IRRG� SURGXFW´�� DQG� WKH� VXEVWDQWLYH� LNUD�� ZKLFK� H[SUHVVHV� WKH� PHDQLQJ� ³URXQGHG�
PXVFOH� RQ� D� PDQ¶V� ORZHU� OHJ´� �2]KHJRY�	� 6KYHGRYD�� ������� 7KH� ILUVW� ZRUG�� LQ�
DFFRUGDQFH� ZLWK� OLQJXLVWLF� QRUP�� KDV� WKH� IRUP� RI� D� VLQJXODU�� DQG� IRU� WKH� VHFRQG�
VXEVWDQWLYH��RSSRVLWLRQ�LQ�QXPEHU�LV�SRVVLEOH��LNUD�LNUL��7KH�DXWKRU
V�LQWHQWLRQ�UHODWHG�
WR�WKH�WUDQVPLVVLRQ�RI�WKH�HPRWLRQDO�WRQDOLW\�RI�WKH�WH[W�LV�HVSHFLDOO\�QRWLFHDEOH�LQ�WKH�
ODVW�WZR�OLQHV�RI�WKH�SRHP��LQ�ZKLFK�WKH�QDPHG�KRPRQ\PV�DUH�XVHG�LQ�WKH�IRUP�RI�5��
S��XQLW��,V�LW�QRW�VWUDQJH"���)LVK�KDYH�VWXUJHRQ���1R�DW�DOO LNU��� ��%XW�VWLOO�WKHUH�LV LNUD��
��%XW�KHUH����2K�QR�PDWWHU�KRZ�ZH�DUH�FXQQLQJ��� ��7KHUH�DUH�WZR LNUL � ��%XW�RIWHQ�
WKHUH�LV�QR LNUL��FDYLDU������

�����7KH�VRXUFH�RI�WKH�FRPLF�UHDFWLRQ�FDQ�DOVR�EH�WKH�VRXQG�VLPLODULW\�RI�WKH�
HQGLQJV�RI�QRXQV�EHORQJLQJ�WR�GLIIHUHQW�JHQGHU�JURXSV��,I�ZH�NHHS�LQ�PLQG�WKLV�OD\HU�
RI�YRFDEXODU\��WKHQ�WKH�LQIOHFWLRQ��D LQ�WKH�OLQJXLVWLF�FRQVFLRXVQHVV�RI�QDWLYH�VSHDNHUV�
RI� WKH�5XVVLDQ� ODQJXDJH� LV�DVVRFLDWHG�ZLWK� IHPLQLQH�QRXQV��VLVWHU�� ULYHU��NLQGQHVV��
HWF����,Q�WKH�FODVV�RI�PDVFXOLQH�VXEVWDQFHV��WKH�PRVW�IUHTXHQW�PHDQV�RI�H[SUHVVLQJ�WKH�
JUDPPDWLFDO�PHDQLQJ�RI�WKH�JHQXV�LV�]HUR�LQIOHFWLRQ��EURWKHU��KRPH��LQWHOOHFW���ZKLOH�
WKH HQGLQJ��D LV�W\SLFDO�IRU�D�VPDOO�JURXS�RI�SHUVRQDO�QRXQV�RI�WKH�VDPH�JHQGHU�OLNH�
JUDQGIDWKHU��7KH�FRLQFLGHQFH�RI�WKH�HQG�RI��D LQ�WKH�VXEVWDQWLYHV�RI�PDOH�DQG�IHPDOH�
FDQ�EH�SOD\HG�RXW�DV�D�UHVXOW�RI�WKH�FRQYHUJHQFH�RI�WKHVH�ZRUGV�LQ�WKH�FRPSRVLWLRQ�RI�
DORJLVP��,W�LV�DEVXUG��IRU�H[DPSOH��WR�FRPELQH�D�IHPLQLQH�QRXQ�DXQW ZLWK�D�PDVFXOLQH�
QDPH�%RU\D ZKHQ�GHVLJQDWLQJ�WKH�VDPH�SHUVRQ��DV�ZHOO�DV�D�PDVFXOLQH�QRXQ�XQFOH
ZLWK�D� IHPLQLQH�.DW\D��GHVSLWH�WKH�VLPLODULW\�RI�WKHLU�HQGLQJV��1HYHUWKHOHVV�� LQ� WKH�
WH[W� RI� WKH� SRHP� 2� *ULJRU\HY¶V� ³)LUHZRRG´�� VXFK� D� FRPELQDWLRQ� RI� QRXQV� LV�
DUWLVWLFDOO\�PRWLYDWHG��³(YHU\WKLQJ�ZHQW�DURXQG����´���%XW�,�JRW�D�FKXUEDN����:LOO�QRW�
VSOLW� LQ� DQ\�ZD\�� ��2QH�WZR�� RQH�WZR�� �� ,W
V� OLNH� FKRSSLQJ�ZRRG�ZLWK� \RXU� KHDG� ��
(YHU\WKLQJ�ZHQW�DURXQG� ��6N\����6WUHHW����*DWH����)LHOG����&KLFNHQ���$QG�WKH�KRXVH�������
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$XQW�%RU\D�ZLWK�XQFOH�.DW\D���2Q�WKH�SRUFK�WKH\�EDNH�D�SLH�� 8QFOH�.DW\D�NQHDGV�WKH�
GRXJK����$XQW�%RU\D�HDWV�FRWWDJH�FKHHVH�

$�VLPLODU�XVH�RI�JUDPPDWLFDO�XQLWV��GHVLJQHG�WR�FUHDWH�D�FRPLF�HIIHFW�GXH�WR�
SOD\LQJ�RXW�WKH�HQGLQJV�RI�WKH�VLQJXODU�DQG��RU��SOXUDO�RI�QRXQV��ZDV�QRW�UHFRUGHG�E\�
XV��

��� ,Q� UDWKHU� UDUH� FDVHV�� WKH� FRQVLGHUHG� W\SH� RI� DXWKRU
V� HPRWLRQDOLW\� LV�
HPERGLHG� WKURXJK� WKH� XVH� RI� V\QRQ\PV�� )RU� H[DPSOH�� LQ� WKH� SOD\IXO� VWRU\� E\� )��
.ULYLQ��³7KH�JHQGHU�RI�D�QRXQ�´�WKH�FRPLF�HIIHFW�LV�FUHDWHG�QRW�RQO\�E\�SXQFWXDWLRQ�
RI� VHYHUDO� SDLUV� RI�PDVFXOLQH� DQG� IHPLQLQH� QRXQV� �UXPED� � UXPED��RSRU� � RSRUD��
NDULHU�� NDULHUD���ZKLFK�UHYHDO�VRXQG�VLPLODULWLHV�URRW�PRUSKHPHV��EXW�DOVR�WKURXJK�
DQ�LQWHQWLRQDO�FRPELQDWLRQ�RI�WKH�VDPH�URRW�V\QRQ\PV�MDU 
]QRL
�DQG�MDUD�
KRW�ZHDWKHU
�
�2]KHJRY�	�6KYHGRYD���������<RX�FDQ¶W�FKDQJH�\RXU�JHQGHU��,W�VHHPV�WKDW�KH�KDV�
FKDQJHG�D� OLWWOH��HYHU\WKLQJ� LV� MXVW�D�NLQG�� � DQG�\RX� ORRN��KH�KLPVHOI�KDV�DOUHDG\�
FKDQJHG��<RX�KDYH�MXVW�SORZHG�WKH�VHDV��WU\LQJ�QRW�WR�JHW�RII�WKH�UXPED��DQG�QRZ�\RX�
DUH�GDQFLQJ�LQ�WKH�SRUW�UXPED��<RX�MXVW�URGH�DW�IXOO�� RSRU � DQG�QRZ�\RX�QHHG�WKH�
RSRUD��$QG�\RX�FKDQJHG�\RXU�HDV\�DQG�TXLFN�NDULHU WR�\RXU�HDV\�DQG�IDVW NDULHUX
���

:KHUH�LV�LW��WKH�IRUPHU�MDU��SUHMQL\�SLO"

-DUD��SLO ����,�ZRXOG�OLNH�WR�GULQN�NYDVNX�DQG�OLH�LQ�WKH�FKLOO����

,Q�WHUPV�RI�XSGDWLQJ�WKH�DHVWKHWLF�UHVRXUFHV�RI�WKH�FDWHJRU\�RI�WKH�QXPEHU�RI�
QRXQV��WKLV�WHFKQLTXH�ZDV�QRW�IRXQG�

��� $� FRPLF� RXWFRPH� PD\� KDYH� WKH� XVH� RI� WKH� VDPH� SRO\VHPRXV� ZRUG��
+RZHYHU�� SOD\LQJ�RXW� WKH� OH[LFDO� DQG� JUDPPDWLFDO�PHDQLQJV�RI� WKH�SRO\VHPDQW� LV�
UHYHDOHG�RQO\�ZKHQ�FRQVLGHULQJ�WKH�DHVWKHWLF�SRWHQWLDO�RI�WKH�FDWHJRU\�RI�QXPEHU��6R��
LQ�RQH�RI�%��=DNKRGHU¶V�SRHPV�WKH�IROORZLQJ�WZR�PHDQLQJV�RI�WKH�SRO\VHPRXV�ZRUG�
LQWHUHVDUH� SOD\HG� RXW�� ³VSHFLDO� DWWHQWLRQ� WR� VRPHWKLQJ´� DQG� ³QXMGL�� SRWUHEQRVWL´�
�2]KHJRY�	�6KYHGRYD�� ������� ,Q� LWV� ILUVW�PHDQLQJ�� WKLV� WRNHQ� LV� XVHG� RQO\� LQ� WKH�
VLQJXODU��$QG�LQ�DQRWKHU�VHQVH�LW�FDQ�EH�XVHG�RQO\�LQ�WKH�SOXUDO�IRUP��7KDQNV�WR�WKH�
KLJKOLJKWLQJ�RI�WKHVH�IHDWXUHV�RI�WKH�OH[LFDO�VHPDQWLF�YDULDQWV�RI�D�SRO\VHPRXV�QRXQ��
WKH�LURQLF�FRORULQJ�RI�WKH�IROORZLQJ�SRHP�DULVHV��%H�JLIWHG�DV�*RG����VPDUW�DV�D�GHPRQ��
� ��<RX ZLOO�QRW�JHW�JORU\� �� �7KDW� LV�� WKH�SUHVV��� ��1R�GHDU�� ��7R�DURXVH LQWHUHV � ��
SDWURQXW QXMQX�FKL�LWR LQWHUHVL���*ORU\�

���5DUHU�DUH�FDVHV�RI�SOD\LQJ�RXW�WKH�VHPDQWLFV�RI�D�JUDPPDWLFDO�XQLW��7KXV��
LW� LV� NQRZQ� WKDW�PDVFXOLQH� SHUVRQDO� QRXQV� H[SUHVV� D� JHQHUDO� FRQFHSW� RI� D� SHUVRQ�
UHJDUGOHVV�RI�JHQGHU��7KHUHIRUH��KDYLQJ�PHW�WKH�ZRUG�SHRSOHLQ�WKH�WH[W��WKH�UHDGHU�LV�
SV\FKRORJLFDOO\�WXQHG�WR�KLV�SHUFHSWLRQ�LQ�WKH�GLFWLRQDU\�PHDQLQJ��DFFRUGLQJ�WR�ZKLFK�
SHUVRQV�RI�ERWK�VH[HV�DUH�LQFOXGHG�LQ�WKH�FRQFHSW��+RZHYHU��WKH�IXUWKHU�GHYHORSPHQW�
RI�WKH�KXPRURXV�VWRU\�FRUUHFWV�UHDGHUV
�H[SHFWDWLRQV�UHJDUGLQJ�WKH�VHPDQWLF�YROXPH�
RI�WKLV�ZRUG��DFFRUGLQJ�WR�WKH�DXWKRU¶V�LQWHQWLRQ��RQO\�PDOHV�DUH�LQFOXGHG�LQ�LW��ZKLFK�
FDXVHV� D� FRPLF� HIIHFW�� 6SHDNHU� LQ� FRPSOHWH� GDUNQHVV�� � 7RYDULVKL�� ,� DP� D� VLPSOH�
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VHUYDQW��)DWKHU�LV�D�WXUQHU��PRWKHU�LV�DOVR�5XVVLDQ��,�FDQ¶W�WKLQN�ZLWKRXW�WHDUV�WRGD\�
WKDW�RXU�H[HPSODU\�WHDP�RI�WZR�KXQGUHG SHRSOH DQG�ILIW\�ZRPHQ�ZDV�DZDUGHG�D�UDUH�
DZDUG�WKLV�\HDU�IRU�WKHLU�VXFFHVVHV���� ��6RODU�HFOLSVH����

5HDOL]DWLRQ�RI�WKH�DHVWKHWLF�SRWHQWLDO�RI�WKH�JUDPPDWLFDO�QXPEHU�FDQ�DOVR�EH�
DVVRFLDWHG�ZLWK�SOD\LQJ�RXW�WKH�VHPDQWLFV�RI�WKLV�FDWHJRU\��+HUH�ZH�PHDQ�WKRVH�FDVHV�
ZKHQ�SOXUDO�IRUPV�DUH�XVHG�LQ�WKH�PHDQLQJ�RI�PXOWLSOH�K\SHUEROLF��,Q�SDUWLFXODU��WKH�
FRPLF� SHUFHSWLRQ� RI� WKH� SRHP� RI� <X� /HYLWDQVNRJR�� FRQWDLQLQJ� DQ� LQWHUWH[WXDO�
UHIHUHQFH�WR�WKH�IDPRXV�ZRUN�RI�1�9��*RJRO��LV�DVVRFLDWHG�ZLWK�WKH�XVH�RI�WKH�SOXUDO�
RI�WKH�QRXQ�QRVL LQ�WKH�LQGLFDWHG��QRQ�EDVLF��PHDQLQJ��7KLV�LV�WKH�VDPH�DV�RWKHU�QRVHV�
EORRPHG����WKLV�LV�QHFHVVDU\�DV�EORRPHG����7KH\�GLGQ¶W�VD\�JRRGE\H�WR�DQ\RQH��WKH\�
GLGQ¶W� DVN� DQ\RQH�� �� WKH\� VWDUWHG� KDQJLQJ� DURXQG� 3HWHU� ��&U\LQJ� DERXW� 0DMRU�
.RYDOHY���

���7KH�FRPLF� UHDFWLRQ�RI� WKH� UHFLSLHQW�PD\�EH�GXH� WR� WKH�SKHQRPHQRQ�RI�
YDULDWLRQ�RI�JUDPPDWLFDO�XQLWV��:LWKLQ�WKH�JHQGHU�FDWHJRU\��QRXQV�RI�WKH�W\SH�UHOV��
UHOVDFDQ�EH�DQDO\]HG��6R��WKH�QRXQ�RI�D�IHPDOH�NLQG�RI�D ERWLQND��KDYLQJ�FROORTXLDO�
VW\OLVWLF� FRORULQJ�� LV� XVHG� LQ� RQH� RI� 6DVKD� &KHUQL\
V� SRHPV�³+DYH� \RX� UHDG�
0HWHUOLQN"´����<HV��7KDQN�\RX��,�UHDG����´��$QG�WKH�ODQGODG\�ERWLQND ��,�ZDV�H[FLWHG��
DV�LI�LQ��ɲɤɜɚɥ�� �©2Q�D�YLVLW����$V�\RX�FDQ�VHH��WKLV�JHQHULF�YHUVLRQ�RI�WKH�ZRUG�LV�
XVHG�QRW�RQO\�WR�FUHDWH�HQG�FRQVRQDQFHV��EXW�DOVR�WR�IRUP�DQ�LURQLF�VXEWH[W��

7KH�FRPLF�HIIHFW�FDQ�DOVR�EH�DFKLHYHG�E\�XSGDWLQJ�WKH�DHVWKHWLF�SRWHQWLDO�RI�
WKH� QXPEHU� FDWHJRU\��7R� FRQILUP�RXU� FRQFOXVLRQ�� OHW� XV� WXUQ� WR�9��0D\DNRYVN\¶V�
SRHP�³*LYH�D�LVLDFKQX\X�MLVQ´��ZKLFK�ZDV�ZULWWHQ�LQ�FRQQHFWLRQ�ZLWK�WKH�FDPSDLJQ�
FRQGXFWHG� E\� WKH� .RPVRPRO� DJDLQVW� SKLOLVWLQH� LGHDV� DERXW� ³JUDFHIXO´� OLIH�� 7KH�
FROORTXLDO�IRUP�RI�WKH�SOXUDO�RI�YRORVD �LQVWHDG�RI�WKH�QRUPDWLYH�YRORVL��LV�XVHG�E\�WKH�
DXWKRU�QRW�RQO\�DV�D�PHDQV�RI�YHUVLRQLQJ��EXW�DOVR�IRU�WKH�SXUSRVH�RI�VDWLULFDO�GHSLFWLRQ�
RI�RQH�RI�WKH�LQKDELWDQWV������Y�NUDFKPDOL��WXORYLVKH��FRPSOHWHO\�VPHDUHG����2Q�WKH�KHDG�
��VOHHN�YRORVD����SRVUHGLQH��SUREULWD���OLVDLD�SRORVD�

��� $QRWKHU� ZD\� WR� FUHDWH� D� IXQQ\� LV� JUDPPDWLFDO� GHYLDWLRQ�� ,Q� WHUPV� RI�
FRQVLGHULQJ�WKH�FDWHJRU\�RI�JHQGHU��LW�VKRXOG�EH�QRWHG�WKH�FKDQJH�LQ�WKH�JHQGHU�RI�WKH�
ZRUG��)RU�H[DPSOH��WKH�WUDQVIRUPDWLRQ�RI�WKH�JUDPPDWLFDO�JHQGHU�RI�WKH�QRXQ�PHHWLQJ
ZDV�XVHG�E\�/��)LODWRY�ERWK�DV�D�ZD\� WR�FUHDWH�D�FRPLF�DQG�DV�D�PHDQV�RI�YHUEDO�
VW\OL]DWLRQ�� 9RLFH�� ,D� OIG\M� XM� WXW� VWR\X�8� NULOHFKND� QD� NUD\X�� �� -GX�� SRNDPHVW� WL�
VDNRQFKLVK� �� 6RYHVKDQL\X VYR\X� ��$ERXW� )HGRW� WKH� 6DJLWWDULXV�� D� GDULQJ� \RXQJ�
PDQ���

6LPLODU�H[DPSOHV�UHODWHG�WR�WKH�IXQFWLRQLQJ�RI�QXPEHU�IRUPV�DUH�DEVHQW�LQ�
RXU�FRUSXV�RI�H[DPSOHV�

7KH�UHDGHU¶V�FRPLF�UHDFWLRQ�LV�FDXVHG�E\�JUDPPDWLFDO�GHYLDWLRQV�DVVRFLDWHG�
ZLWK�D�YLRODWLRQ�RI�WKH�FRRUGLQDWLRQ�RI�GHSHQGHQW�ZRUGV�ZLWK�D�QRXQ��,Q�WHUPV�RI�WKH�
FDWHJRU\�RI�JHQGHU��ZH�QRWHG�FDVHV�RI�GHYLDWLRQ�IURP�DJUHHPHQW�ZLWK�WKH�QRXQ�RI�WKH�
YHUE� SUHGLFDWH��ZKLFK� LV� XVHG� QRW� RQO\� DV� D�PHDQV� RI� YHUEDO� FKDUDFWHUL]DWLRQ� RI� D�
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IRUHLJQ�FKDUDFWHU��EXW�DOVR�DV�D�PHWKRG�RI�FRPLF��IRU�H[DPSOH��$V�LW�ZLOO�EH�LQ�5XVVLDQ��
��DLQ�XQG�WVYDQWVLNK��� %LO�EL�VKHLD � HVW�KRPXW� <X��.LP�³7KH�9UDOPDQ�0RQRORJXH´��

/DFN�RI�JUDPPDWLFDO�FRRUGLQDWLRQ�E\�QXPEHU�LV�DOVR�SRVVLEOH��ZKLFK�LV�RQH�
RI�WKH�PHDQV�RI�IRUPLQJ�DQ�LURQLF�VXEWH[W��� &RPUDGH�,YDQ�9DQ\FK�OHIW ]DVHGDW�±±
��WKH�XQLRQ�RI�7KHR�DQG�*XNRQ�� �9��0D\DNRYVN\���3URVDVHGDYVKLHVLD���

2FFDVLRQDOLVPV�FDQ�DOVR�EH�XVHG�WR�HPERG\�WKH�W\SH�RI�DXWKRU
V�HPRWLRQDOLW\�
LQ�TXHVWLRQ��6R�� WKH� IHPLQLQH�JUDPPDWLFDO�PHDQLQJ� LV� H[SUHVVHG�E\� DQ�RFFDVLRQDO�
OH[HPH� FKL]KLNKD�� � :HOO�� \RX�� FKL]KLN�� GR� QRW� VLQJ�� �� +RZ� GLG� \RX� VLQJ�� ZKDW�
KDSSHQHG"���<RX�WDNH�WKH�XSSHU�QRWHV����<RX�VWLOO�KDYH�D�ORW�RI�VWUHQJWK���$QG�DV�EHIRUH��
\RX�GRQ¶W�VLQJ����7KHUH�LVQ¶W�WKDW�YRFDOV����$QG FKL]KLNKD YRQ�WYRLD���-DOXHWVLD�WRMH�
<X� .LP��&KL]KLN�����

$V�IRU�WKRVH�RFFDVLRQDO�JUDPPDWLFDO�XQLWV�WKDW�FRXOG�EH�FRQVLGHUHG�ZLWKLQ�
WKH�FDWHJRU\�RI�QXPEHUV��WKH\�DUH�XVHG�YHU\�UDUHO\��)RU�H[DPSOH��LQ�WKH�SRHP�E\�9��
0D\DNRYVN\� ³*RRG�´� WR� FUHDWH� LURQ\�� DQG� DOVR� IRU� WKH� SXUSRVH� RI� YHUVLRQLQJ�� WKH�
RFFDVLRQDO� SOXUDO� IRUP� WVLSOLHQNL �LQVWHDG�RI� WKH�QRUPDWLYH� IRUP� WVLSOLDWD�� LV� XVHG��
.KRSRQLOLV��RELYDWHOL���VD�NXKQL���VD�SHOHQNL����� 'R�QRW�WRXFK�XV�� ��ZH���WVLSOLHQNL����
0L�WRONR�PRVKNL�PL�MGHP�NRUPHMNL�

$Q�HPRWLRQDO�UHDFWLRQ�LV�FDXVHG�E\�WKH�XVH�RI�HOHPHQWV�RI�DQRWKHU�ODQJXDJH�
V\VWHP�DORQJ�ZLWK�WKH�OH[LFDO�XQLWV�RI�WKH�5XVVLDQ�ODQJXDJH��7KLV�WHFKQLTXH�ZDV�QRWHG�
E\�XV�LQ�WKH�KXPRURXV�VWRU\�RI�9��6ODYNLQ�³7KH�FU\�RI�WKH�VRXO´�� VRPH�QRXQV�RI�WKH�
WH[W� DUH� UHSODFHG�E\� OH[LFDO� XQLWV� RI� WKH�(QJOLVK� ODQJXDJH��'XH� WR� WKH�SUHVHQFH�RI�
GHILQLWLRQV��HDFK�RI�WKH�$QJOLFLVPV�LQ�WKH�FRPSRVLWLRQ�RI�PDFDURQLF�VSHHFK�DFTXLUHV�
DQ�XQXVXDO�JHQGHU�DWWULEXWH�LQ�DFFRUGDQFH�ZLWK�WKH�JUDPPDWLFDO�JHQGHU�WR�ZKLFK�LWV�
5XVVLDQ�HTXLYDOHQW�EHORQJV��FI����ODVWKHU WLPH � WLPH��Q�����ZKLFK�FUHDWHV�WKH�LOOXVLRQ�
RI� D� QHZ� OLQJXLVWLF� UHDOLW\�� )RU� H[DPSOH��5HFHQWO\� WLPH RXU� QHLJKERUV� FRPSOHWHO\�
ILQLVKHG�XV�RII�ZLWK�WKHLU�VRXQG�LQVXODWLRQ��$OWKRXJK�ZH�OHDUQHG�WR�VOHHS�XQGHU�WKH�
EXEEOLQJ�VRXQG�RI�WKHLU�WDSH�UHFRUGHU��EXW�RXU�OLIH LV�FUDFNHG��,Q�DGGLWLRQ��ZH�JRW�LQ�
RXU�IDPLO\ D�QDWXUDO�QHUYRXV�GLVHDVH�� ZH�WDON�QRQVHQVH������!�$QG�P\�FKLOG .ROLD�
QRZ�FDUULHV�DURXQG�RQO\�ILYHV�RI�(QJOLVK��ZKLFK�DOVR�LQGLFDWHV�KLV�VHULRXV�FRQGLWLRQ�

(OHPHQWV�RI�DQRWKHU�ODQJXDJH�V\VWHP�DUH�DOVR�XVHG�LQ�WKH�LPSOHPHQWDWLRQ�RI�
WKH� DHVWKHWLF� SRVVLELOLWLHV� RI� WKH� FDWHJRU\� RI� QXPEHUV�� )RU� H[DPSOH��0�� 6DOW\NRY�
6KFKHGULQ� RIWHQ� XVHG� HOHPHQWV� RI� WKH� /DWLQ�� )UHQFK�� DQG� *HUPDQ� ODQJXDJHV� WR�
VDWLULFDOO\�GHSLFW�UHDOLW\��$V�WKH�FHQWUDO�FKDUDFWHU�RI�RQH�RI�KLV�VDWLULFDO�WDOHV��WKH�(DJOH�
DFWV�� WKH� LPDJH� RI� ZKLFK� FOHDUO\� LQGLFDWHV� WKH� 5XVVLDQ� 7VDU�� 'HVFULELQJ� 2U\RO¶V�
DWWHPSW�XQGHU�SXEOLF�SUHVVXUH�WR�SURPRWH�WKH�GHYHORSPHQW�RI�VFLHQFH��HGXFDWLRQ�DQG�
DUW�� WKH� DXWKRU� XVHV� WKH�*HUPDQ�ZRUG�.XQVWVW�FN �
WULFN
�� LQ� WKH� SOXUDO� IRUP� ZLWK�
5XVVLDQ�LQIOHFWLRQ�DQG��ZKLFK�LV�RQH�RI�WKH�PHDQV�RI�FUHDWLQJ�D�FRPLF� 2Q�WKH�RWKHU�
GD\�IRU�WKH�HDJOH�LQ�WKH�FRXUW\DUG�EHJDQ�WKH��JROGHQ�DJH���6NYRUW]L�SDVXFKLYDOL�JLPQ�
³1DXNL�\XQRVKHL�SWD\XW´�����!�SRSXJDL�QRYLH NXQVKW\XNL YLGXPLYDOL�
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���6XPPDU\

$� JHQHUDOL]DWLRQ� RI� WKH� UHVXOWV� RI� WKH� DQDO\VLV� DOORZV� XV� WR� LGHQWLI\� WKH�
IROORZLQJ�RSWLPDO�OLVW�RI�ZD\V�WR�UHDOL]H�WKH�DHVWKHWLF�SRWHQWLDO�RI�WKHVH�FDWHJRULHV��
7KHVH� DUH� KRPRSKRQ\�� V\QRQ\P\�� SRO\VHP\�� DFWXDOL]DWLRQ� RI� WKH� JUDPPDWLFDO�
PHDQLQJ� RI� D� ZRUG� �ZRUG� IRUP��� WKH� SKHQRPHQRQ� RI� YDULDELOLW\�� JUDPPDWLFDO�
GHYLDWLRQV�� 7KH� YDVW� PDMRULW\� RI� WKH� LQGLFDWHG� PHWKRGV� DUH� DVVRFLDWHG� ZLWK� WKH�
DFWXDOL]DWLRQ�RI�WKH�DHVWKHWLFV�RI�WKH�JUDPPDWLFDO�JHQXV��+RZHYHU��DHVWKHWLF�UHVRXUFHV�
RI� WKH�JHQGHU� FDWHJRU\� DUH�QRW� UHDOL]HG�ZKHQ�SRO\VHPDQWV� DUH� XVHG�� ,Q� UHODWLRQ� WR�
DQRWKHU�FDWHJRU\�� WKH�QXPEHU�RI�QRXQV�� H[DPSOHV�RI�WKH�XVH�RI�V\QRQ\P\�ZHUH�QRW�
IRXQG��QRW�DOO�YDULHWLHV�RI�JUDPPDWLFDO�GHYLDWLRQ�ZHUH�SUHVHQWHG��DV�ZHOO�DV�RQH�RI�WKH�
FDVHV�RI�SOD\LQJ�KRPRSKRQ\��

���&RQFOXVLRQ

7KXV��WKH�PRUSKRORJLFDO�FDWHJRULHV�RI�WKH�JHQXV�DQG�WKH�QXPEHU�RI�QRXQV�
DUH�TXLWH�EURDG�LQ�WHUPV�RI�UHIOHFWLQJ�FRPLF�SKHQRPHQD��$�FRPSDUDWLYH�DQDO\VLV�RI�
WKH�WZR�FDWHJRULHV�FRQVLGHUHG�DOORZV�XV�WR�FRQFOXGH��WKH�DHVWKHWLF�SRVVLELOLWLHV�RI�WKH�
JHQXV�FDWHJRU\�LQ�WKH�DVSHFW�RI�FRPLF�UHIOHFWLRQ�KDYH�D�ZLGHU�UDQJH�FRPSDUHG�WR�WKH�
FDWHJRU\�RI�QXPEHU�

$FNQRZOHGJPHQWV

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

5HIHUHQFHV

%RFKLQD��7��*���	�6WDURVWLQD��2��9����������0HWDSKRU�RI�ZDWHU�LQ�WKH�VLOYHU�DJH�SRHWU\��
-RXUQDO�RI�/DQJXDJH�DQG�/LWHUDWXUH�����������������

%RQGDUNR��$��9����������2Q�WKH�SUREOHP�RI�LQWHQWLRQDOLW\�LQ�JUDPPDU��%DVHG�RQ�WKH�
PDWHULDO�RI�WKH�5XVVLDQ�ODQJXDJH�� 4XHVWLRQV�RI�OLQJXLVWLFV�����������

(VFDOHUD� &KiYH]�� 0�� (��� 0RUHQR� *DUFtD�� (��� 	� 5RMDV� .UDPHU�� &�� $�� ��������
&RQILUPDWRU\� PRGHO� WR� PHDVXUH� DWWLWXGH� WRZDUGV� PDWKHPDWLFV� LQ� KLJKHU�
HGXFDWLRQ�VWXGHQWV��6WXG\�FDVH�LQ�6/3�0H[LFR��,QWHUQDWLRQDO�(OHFWURQLF�-RXUQDO�
RI� 0DWKHPDWLFV� (GXFDWLRQ�� ������� ���������
KWWSV���GRL�RUJ����������LHMPH�����

*LEEV�� 5�� �������� (YDOXDWLQJ� FRQWHPSRUDU\� PRGHOV� RI� ILJXUDWLYH� ODQJXDJH�
XQGHUVWDQGLQJ��0HWDSKRU�DQG�6\PERO�������	��������±����

*LQ��<D��,����������3RHWLFV�RI�WKH�*UDPPDWLFDO�.LQG� 3HWUR]DYRGVN��.DUHOLDQ�VWDWH��
3HGDJRJLF�,QVWLWXWH�
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,RQRYD��,��$����������0RUSKRORJ\�RI�SRHWLF�VSHHFK��&KLVLQDX��6KWLLQWVD�

1XUXOOLQD��*��0���<XDQ��7���6DMDNKRYD��/��*���	�8VPDQRYD��/��$�� ��������:LQG
V�
HOHPHQW� LQ� WKH� DUWLVWLF� ZRUOG� RI� ,YDQ� %XQLQ�� 6HPDQWLF� VWUDWHJLHV� DQG�
GRPLQDQWV� -RXUQDO�RI�+LVWRU\�&XOWXUH�DQG�$UW�5HVHDUFK� ��������������

2]KHJRY��6��,���	�6KYHGRYD��1��<X����������([SODQDWRU\�GLFWLRQDU\�RI�WKH�5XVVLDQ�
ODQJXDJH��0RVFRZ��,7,�7HFKQRORJLHV�//&�

5DNKLPRYD��'���'DYODWRYD��0���	�.XYDOGLQD��(����������3HFXOLDULWLHV�RI�FRORUDWLYH�
YRFDEXODU\� XVH� LQ� WKH� FROOHFWLRQ� RI� WKH� VWRULHV�� 6KDGRZ� RI� WKH� ELUG�� E\� ,$�
%XQLQ� 'LOHPDV�&RQWHPSRUiQHRV��(GXFDFLyQ��3ROtWLFD�\�9DORUHV� ��

5\XPLQ��0��$����������6HFUHWV�RI�ODXJKWHU�RU�DHVWKHWLFV�RI�WKH�FRPLF��0RVFRZ��=QDN�

6DGULHYD��.��(���	�(URIHHYD��,��9����������5HSUHVHQWDWLRQ�RI�KXPDQ
V�LPDJH�E\�XVLQJ�
ZRUG�IRUPDWLRQ� UHVRXUFHV� LQ� WKH� ODQJXDJH� RI� 5XVVLDQ� FKURQLFOHV� �8VLQJ� WKH�
H[DPSOH�RI�QRXQV�ZLWK�VXIIL[HV�� �ɶɧ�LNɴ���-RXUQDO�RI�/DQJXDJH�DQG�/LWHUDWXUH��
����������������

7DEDWDEDHL��)���.DUDKURXGL��0��0���	�%DJKHUL��0����������0RQLWRULQJ�DQG�]RQLQJ�
VXOWU\� SKHQRPHQD� LQ� WKH� VRXWKHUQ� SURYLQFHV� RI� ,UDQ��8&7� -RXUQDO� RI� 6RFLDO�
6FLHQFHV�DQG�+XPDQLWLHV�5HVHDUFK������������


