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7KH�DUWLFOH�H[DPLQHV�ORFDO�YDULDWLRQV�RI�WKH�WKHRQ\P�.K\]\U�,O\DV�LQ�7DWDU�WUDGLWLRQV��
VWDEOH� FRPELQDWLRQV� ZLWK� WKLV� QDPH� DQG� DOVR� KLJKOLJKWV� SDUDOOHOV� LQ� RWKHU� 7XUNLF�
ODQJXDJHV�� ,Q�WKH�FRUSXV�RI�PDWHULDO�H[WUDFWHG� IURP�WKH� ILHOG�UHFRUGV�RI� WKH�DXWKRU�
FROOHFWHG�LQ�WKH�IRONORUH�DQG�GLDOHFWRORJLFDO�H[SHGLWLRQV�WKH�GLDOHFW�DQG�HWKQR�FXOWXUDO�
IHDWXUHV�RI�WKLV�WKHRQ\P�SUHYDLO��7KH�SXUSRVH�RI�WKLV�VWXG\�LV�WKH�UHFRQVWUXFWLRQ�RI�WKH�
GLYHUVLRQ�QHVW�ZLWK�WKH�YHUWH[�ZRUG�.K\]\U�,O\DV�LQ�WKH�WH[WV�RI�WKH�7DWDU�FRQVSLUDFLHV�
DQG� VSHOOV�� 0RWLYDWLRQDO� UHFRQVWUXFWLRQ� RI� OLQJXLVWLF� IDFW� LV� GHSLFWHG� LQ� D� FXOWXUDO�
FRQWH[W��,Q�WKH�DUWLFOH�WKH�SDWURQ�VSLULW�.K\]\U�,O\DV�LV�DPELYDOHQW�EXW�LI�\RX�YLRODWH�
WKH�UXOHV�RI�FRPPXQLFDWLRQ�ZLWK�KLP�LW�FDQ�SXQLVK�D�SHUVRQ��7KH�DXWKRU�GLVWLQJXLVKHV�
WZR� PRWLYDWLRQDO� OLQHV�� RQ� WKH� RQH� KDQG�� WKH� WKHRQ\P� .K\]\U�,O\DV� OLYHV� LQ� WKH�
ODQJXDJH�DV�D�SUHFHGHQW�QDPH��RQ�WKH�RWKHU�KDQG��LQ�WKH�WH[WV�RI�FXOWXUH�WKHRQ\P�LV�
GHVFULEHG�PRVW�FORVHO\�WR�WKH�ORFDO�YDULDQWV�RI�WKH�FXOWXUH�RI�WKH�7DWDUV�ZLWKLQ�WKHLU�
RZQ�HWKQRFXOWXUDO�VSDFH��,W�ZDV�DOVR�SURYHG�WKDW�GHSHQGLQJ�RQ�WKH�PRWLYDWLRQ�RI�D�
JLYHQ�WKHRQ\P�ZLWK�LWV�LQWHUQDO�IRUP�WKLV�QDPH�EHFRPHV�DQ�DSSHDO�

.H\ZRUGV� /RFDO� 9DULDQWV� RI� WKH� 7DWDU� &XOWXUH�� 7XUNLF� 3DUDOOHOV�� 6HPDQWLF�
0RWLYDWLRQDO�5HFRQVWUXFWLRQ��7KHRQ\P��.K\]\U�,O\DV�

���,QWURGXFWLRQ

,Q�UHFHQW�\HDUV�PDQ\�VWXGLHV�KDYH�HPHUJHG�LQ�WKH�QDWLRQDO�RQRPDVWLFLVP�WKDW�
DUH� DGGUHVVHG� WR� WKH� VHPDQWLF�PRWLYDWLRQDO� UHFRQVWUXFWLRQ� RI� WKH� WKHRQ\P�� ZKLFK�
SUHVHQW�WKH�SULQFLSOHV�RI� LWV�DQDO\VLV� �%HUH]RYLFK��������)HRNWLVWRYD���������7KHVH�
VWXGLHV�GR�QRW�RQO\�UHYHDO�WKH�FRQQRWDWLYH�IHDWXUHV�RI�WKHRQ\P�EXW�DOVR�FDUU\�RXW�LWV�

� 3OHDVH�FLWH�WKLV�SDSHU�DV�IROORZV�

'DYOHWEDHYD��'��1���.KD]LHYD�'HPLUEDVK��*��6��� ,YDQRYD��$��0���	�,EUDJLPRY��(����������
7KH� WKHRQ\P�.KL]\U�,O\DV� LQ� ORFDO� WUDGLWLRQV� RI� WKH� 7DWDUV� DQG� LWV� SDUDOOHOV� LQ� WKH� 7XUNLF�
ODQJXDJHV� -RXUQDO�RI�5HVHDUFK�LQ�$SSOLHG�/LQJXLVWLFV�����63�����������

� .D]DQ�)HGHUDO�8QLYHUVLW\��GLDQDGL#EN�UX
� 6WLWXWH� RI� /DQJXDJH�� /LWHUDWXUH� DQG� $UW� RI� WKH� $FDGHP\� RI� 6FLHQFHV� RI� WKH� 5HSXEOLF� RI�
7DWDUVWDQ

� &KXYDVK�6WDWH�8QLYHUVLW\
� ,QVWLWXWH�RI�/LQJXLVWLFV�RI�WKH�$FDGHP\�RI�6FLHQFHV�QDPHG�DIWHU�1DVLPL�RI�$]HUEDLMDQ
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5XVVLD��6XPPHU�DQG�$XWXPQ������

VHPDQWLF�PRWLYDWLRQDO� UHFRQVWUXFWLRQ�� EXLOG� D� PRGHO� IRU� GHVFULELQJ� RQRPDVWLF�
VHPDQWLFV��$V�7RSRURY��������HPSKDVL]HV�³SHUVRQDO�QDPHV�DUH�WKH�RQO\�VRXUFH�E\�
ZKLFK� RQH� FDQ� MXGJH� WKH� HQWLUH�P\WKRORJLFDO� V\VWHP� DQG�� LQ� SDUWLFXODU�� LQGLYLGXDO�
P\WKV� RU� WKHLU� PRWLYHV´� �,YDQRY� HW� DO��� ������� WKHUHIRUH� WKH� UHFRQVWUXFWLRQ� RI� D�
VHSDUDWH� WKHRQ\P� XVLQJ� PHWKRG� RI� VHPDQWLF�PRWLYDWLRQDO� DQDO\VLV� LV� WKH� PRVW�
UHOHYDQW� 7KH� PHWKRG� RI� VHPDQWLF�PRWLYDWLRQDO� DQDO\VLV� ZLOO� DOORZ�� ILUVWO\�� RQ� D�
FRQFUHWH� H[DPSOH� WR� VKRZ� WKH� LQWHUQDO� FRQQHFWLRQ� DQG� VHPDQWLF� SDUDOOHOV� RI� WKH�
WKHRQ\P�LQ�GLIIHUHQW�ORFDO�YDULDQWV��VHFRQGO\��WR�GHWHUPLQH�WKH�VHPDQWLF�SDUDOOHOV�RI�
WKH�P\WKRORJLFDO�V\VWHPV�RI�UHODWHG�7XUNLF�WUDGLWLRQV��WKLUGO\��WR�LGHQWLI\�WKH�PRWLYHV�
� IHDWXUHV�RI�WKH�ODQJXDJH�LPDJH�RI�WKH�FDUULHU�RI�WKH�QDPH��,Q�WKH�7DWDU�FXOWXUH�IRU�
WKH� VHPDQWLF�PRWLYDWLRQDO� DQDO\VLV��ZH� FKRVH� WKH� WKHRQ\P�.K\]\U� ,O\DV��ZKLFK� LV�
OHDGLQJ�LQ�WKH�DUHD�RI�SUHYDOHQFH��DFWLYLW\�LQ�WKH�7DWDU�ORFDO�FXOWXUH�YDULDQWV�DQG�LQ�WKH�
7XUNLF� FRQWH[W� LQ� WKH�PDWHULDOV� RI� FRQVSLUDFLHV�DQG� VSHOOV� 0DQ\� UHVHDUFKHUV�KDYH�
SRLQWHG� RXW� WKH� UROH� RI� GLVWULEXWLRQDO� IUHTXHQFLHV� LQ� GHWHUPLQLQJ� WKH� UHODWLYH�
DFFHVVLELOLW\� RU� HDVH� RI� SURFHVVLQJ� DVVRFLDWHG� ZLWK� D� SDUWLFXODU� OH[LFDO� LWHP� RU�
VHQWHQFH�� 7KHVH� DSSURDFKHV� DUH� NQRZQ� E\� D� QXPEHU� RI� QDPHV� FRQVWUDLQW� EDVHG��
FRPSHWLWLRQ��H[SHFWDWLRQ�GULYHQ�RU�SUREDELOLVWLF�PRGHOV�EXW�DOO�KDYH�LQ�FRPPRQ�WKH�
DVVXPSWLRQ�WKDW�ODQJXDJH�SURFHVVLQJ�LV�FORVHO\�WLHG�WR�D�XVHU¶V�H[SHULHQFH��DQG�WKDW�
GLVWULEXWLRQDO� IUHTXHQFLHV� RI� ZRUGV DQG� VWUXFWXUHV� SOD\� DQ� LPSRUWDQW� �WKRXJK� QRW�
H[FOXVLYH��UROH�LQ�FRPSUHKHQVLRQ��9DUODPRYD�HW�DO���������7DPEXQDQ���������

���0HWKRGV

7KH�PDLQ�HPSLULFDO�EDVH�RI�WKH�DUWLFOH�ZDV�WKH�ILHOG�UHFRUGV�RI�WKH�DXWKRU��
FROOHFWHG�LQ�IRONORUH�DQG�GLDOHFWRORJLFDO�H[SHGLWLRQV�LQ�WKH�5HSXEOLF�RI�7DWDUVWDQ�DQG�
LQ�WKH�WHUULWRU\�RI�WKH�5XVVLDQ�)HGHUDWLRQ�ZKHUH�7DWDUV�OLYH�DV�ZHOO�DV�PDWHULDOV�IURP�
WKH�7UHDVXU\�RI�6FLHQWLILF�([SHGLWLRQV�VHULHV�SXEOLVKHG�DW�WKH�,QVWLWXWH�RI�/DQJXDJH��
/LWHUDWXUH�DQG�$UW��,EUDJLPRYD�$6�57��010� �������)RONORUH�HWKQRJUDSKLF�WH[WV�RI�
FRQVSLUDFLHV�DQG�VSHOOV�ZHUH�FKRVHQ�DV�PDWHULDO�IRU�WKH�VWXG\�ZKLFK�KHOS�WR�GLVFRYHU�
WKH� PRWLYDWLRQV� RI� OLQJXLVWLF� XQLWV� DQG� VHUYH� DV� DUJXPHQWV� WKDW� IDOO� ZLWKLQ� WKH�
FRPSHWHQFH�RI�HWKQROLQJXLVWLFV�LQ�D�EURDG�VHQVH��$V�ZHOO�DV�LQ�FRQVSLUDFLHV�DQG�VSHOOV�
WKHUH�LV�DQ�LQH[WULFDEOH�OLQN�EHWZHHQ�WKH�ZRUG�DQG�WKH�DFWLRQ�ZKLFK�GHWHUPLQHV�WKH�
IXQFWLRQDO�RULHQWDWLRQ�RI�WKH�WH[W�FRQWHQW�

,Q� WKH� FRPPRQ� 7XUNLF� FRQWH[W�� WKH� ILUVW� H[SHULHQFH� RI� VWXG\LQJ� WKH�
P\WKRORJLFDO�DQG�ULWXDO�WUDGLWLRQ�RQ�WKH�PDWHULDOV�RI� WKHRQ\P\� LV� WUDFHG�LQ�$KPHG�
,EQ�)DG�ODQ
V�ZRUN�³-RXUQH\�WR�WKH�9ROJD´��7KHQ�WKHRQ\PV�DUH�IRXQG�LQ�WKH�KLVWRULFDO�
ZRUNV� RI� $EX� +DPLG� DO�*DUQDWL� �;� ± ;,� FHQWXULHV��� ³&RGH[� .XPDQLNXV´� �;,9�
FHQWXU\���³+LVWRU\�RI�.D]DQ´��;9,�FHQWXU\�� ,Q�WKH�ZRUN�RI�WKH�;9,,,�FHQWXU\��0LOOHU�
�'HVFULSWLRQ� RI� WKH� SDJDQ� SHRSOHV� OLYLQJ� LQ� .D]DQ� 3URYLQFH�� IRU� WKH� ILUVW� WLPH�
SUHVHQWHG�WKH�WHUPV�RI�D�P\WKRORJLFDO�QDWXUH�DQG�5XVVLDQ�WUDQVODWLRQV�RI�WKHRQ\PV�
�*RG�� 7HUH�*XGDL��'HYLO�� 6KDLWDQ��0RXQWDLQ�� $WD��%XJRU�� ,P�DWD�ԣ�E����$W�WKH�HQG�
RI�WKH�;,;�FHQWXU\��.DWDQRY�FRQGXFWV�WKH�OH[LFRJUDSK\�RI�WKH�SURSHU�QDPHV�RI�WKH�
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7XUNLF�IRONORUH��ZKLFK�ZHUH�ODWHU�UHIOHFWHG�LQ�WKH�ZRUN�³7KH�$OSKDEHWLFDO�,QGH[�RI�
WKH�3URSHU�1DPHV�)RXQG�LQ�WKH�)LUVW�9ROXPH�RI�)RON�$UW�6DPSOHV�RI�7XUNLF�7ULEHV�
&ROOHFWHG�E\�5DGORY´��6HOH]QHY�HW�DO����������,Q�KLV�,QGH[��DQ�HWKQROLQJXLVWLF�DQDO\VLV�
RI�WKH�WKHRQ\PV�LV�JLYHQ��DV�ZHOO�DV�WKH�IXQFWLRQLQJ�RI�WKH�FKDUDFWHUV�LQ�IRONORUH��DQG�
OLVWV�WUDGLWLRQDO�HSLWKHWV�FRQWDLQLQJ�DQ�DGGLWLRQDO�SDUW�RI� WKH�VHPDQWLFV�RI�D�SHUVRQDO�
QDPH��7KLV�ZRUN�LV�DQ�LPSRUWDQW�UHVHDUFK�LQ�WKH�ILHOG�RI�WKH�HWKQRFXOWXUDO�VSDFH�RI�WKH�
7XUNLF�SHRSOHV�DQG�GRHV�QRW�ORVH�LWV�VLJQLILFDQFH�HYHQ�QRZ��1RWHZRUWK\�LV�WKH�ZRUN�
RI�WKH�7DWDU�HQOLJKWHQHU�.��1DV\UL�LQ�ZKLFK�WKHRQ\PV�DUH�FROOHFWHG��V\VWHPDWL]HG�DQG�
VWXGLHG�LQ�FRPSDUDWLYH�WHUPV�ZLWK�RWKHU�7XUNLF�SHRSOHV�

$W� WKH� EHJLQQLQJ� RI� ;;� FHQWXU\� WKH� ZRUNV� RI� 6K�� 0DUGMDQL� DQG� 5��
)DNKUHWGLQ�ZHUH�WXUQHG�WR�WKH�WKHRQ\PV�RI�WKH�7DWDUV��$W�WKH�HQG�RI�;;�FHQWXU\��WKH�
DXWKRUV� �.K��<DUPL�� )�� ,��8UPDQFKHHY��0��.K��%DNLURY��.K��6K��0DNKPXWRY��*��
*L\OPDQRY��/��6K��=DPDOHWGLQRY��$��.K��6DGHNRYD��)��=��<DNKLQ��WRXFK�XSRQ� WKH�
IXQGDPHQWDOO\�LPSRUWDQW�TXHVWLRQV�RI�WKHRQ\P\�ZKLFK�FDQ�EH�DQ�DLG�WR�WKHLU�IXUWKHU�
VWXG\� LQ�WKH�RQRPDWRORJLFDO�DVSHFW��5HFHQW WUHQGV� LQ�PRGHUQ� OLQJXLVWLFV�DVVRFLDWHG�
ZLWK� LQWHUGLVFLSOLQDU\� UHVHDUFK� KDYH� FRQWULEXWHG� WR� WKH� DFWLYDWLRQ� RI� WKH� VWXG\� RI�
P\WKRORJLFDO�YRFDEXODU\�LQ�IRON�HWKQRJUDSKLF�WH[WV��,Q�7XUNLF�VWXGLHV�LQ�WKLV�UHVSHFW�
WKH�ZRUN�RI�.K�$��%DED\HYD�³7KH�LPDJH�RI�+Õ]ÕU 1DEL��,O\DV��LQ�$]HUEDLMDQL�IRONORUH�
�LQ�WKH�FRQWH[W�RI�7XUNLF�IRONORUH�´��ZKLFK�KLJKOLJKWV�WKH�IXQFWLRQDO�IHDWXUHV�RI�WKH�
LPDJH�RI�.Õ]ÕU�,O\DV� LQ�WKH�7XUNLF�GDVWDQV�³0DQDV´��³'HGH�.RUN\W´��³$OSDP\VK´��
7KH�DXWKRU�HPSKDVL]HV�WKDW�WKH�VWXG\�RI�WKLV�FXOW�SURYLGHV�DQ�RSSRUWXQLW\�IRU�D�GHHSHU�
NQRZOHGJH�RI�WKH�WKHRQ\PV�QRW�RQO\�LQ�WKH�FRQWH[W�RI�IRONORUH��EXW�DOVR�LQ�WKH�FRQWH[W�
RI�6XILVP��.D]DNK�IRONORULVW�6HULNERO�.RQG\ED\�KLJKOLJKWV�WKH�VLPLODULW\�RI�WKH�QDPH�
.\G\U�ZLWK�WKH�QDPH�.RGDU��UHSUHVHQWLQJ�D�PLQRU�FKDUDFWHU�LQ�WKH�JDOOHU\�RI�LPDJHV�
DQG�QDPHV�RI�.D]DNK�IRONORUH��$V�WKH�DXWKRU�QRWHV��WKH�PDLQ�IXQFWLRQ�RI�.\G\U�$WD�
LV�WKH�FRQQHFWLRQ�RI�WKLV�LPDJH�ZLWK�WKH�³GULQNHU�RI�WKH�SRHWLF�JLIW´��DQG�WKH�LPDJH�RI�
WKH� .D]DNK� FKDUDFWHU� .RGDU� LV� DOVR� FORVHO\� FRQQHFWHG� ZLWK� ZDWHU�� 7KHUHIRUH�� WKH�
DXWKRU�ZULWHV�DERXW�WKH�SURWR�7XUNLF�RULJLQ�RI�WKH�.KLGU���.KL]U�LPDJH��*RUGOHYVNL��
������ ,W� VKRXOG� EH� QRWHG� WKDW� WKH� QDPH� RI� 7HRQ\P�.\G\U�$WD� UHFRUGHG� LQ� ORFDO�
YDULDQWV�RI�FXOWXUH�FRUUHODWHV�ZLWK�WKH�.D]DNK�QDPHV�RI�6XIL�VDLQWV �VXFK�DV�%HNHW�
$WD���7DWDU� IRONORULVW� $�.K�� 6DGHNRYD� FRQQHFWV� WKH� LPDJH� RI�+L]LU�,O\DV�ZLWK� WKH�
ZDWHU�HOHPHQW��7DWDU�IRONORULVWV�EHOLHYH�WKDW��XQOLNH�8]EHNV�DQG�.D]DNKV��WKH�LPDJH�
RI�.K\]\U�,O\DV�LV�QRW�DVVRFLDWHG�ZLWK�WKH�SUH�,VODPLF�HUD��DQG�LQ�IRONORUH WH[WV�WKHUH�
LV� RIWHQ� D� FRQQHFWLRQ� ZLWK� WKH� V\PEROV� RI� WKH� .RUDQ�� ZLWK� WKH� HOHPHQW� RI� ZDWHU�
�.KLVDPXWGLQRYD�� ������� (W\PRORJ\� RI� WKHRQLP� .K\]\U� 5�*�� $NKPHW\DQRY�
DVVRFLDWHV�ZLWK�WKH�PHDQLQJ�LQ�WKH�6XPHULDQ�ODQJXDJH��JUHHQ��IRUHYHU�JUHHQ���<XGLQ��
�������,Q�WKH�FXOW�SUDFWLFH�RI�WKH�6LEHULDQ�7DWDUV��WKH�LPDJH�RI�+Õ]ÕU�,O\DV�LV�WKH�PRVW�
LPSRUWDQW�OLQN�EHWZHHQ�WKH�SRSXODU�,VODP�RI�6LEHULD�DQG�WKH�P\VWLFDO��6XIL�WUHQG�LQ�
,VODP��7KHVH�LGHDV�DUH�WKH�HVVHQFH�RI�WKH�6XIL�WUHQG��ZKLFK�SOD\HG�VXFK�DQ�RXWVWDQGLQJ�
UROH�LQ WKH�VSUHDG�RI�,VODP�LQ�WKH�6LEHULDQ�UHJLRQ��7KH�FXOW�RI�.\V\U�,O\DV�DQG�.\V\U�
1DEL�LQ�:HVWHUQ�6LEHULD�LV�WKH�VR�FDOOHG�³%XNKDULDQV´��L�H���LPPLJUDQWV�IURP�&HQWUDO�
$VLD�DQG�.D]DNKVWDQ�
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,Q� WKH� ³0\WKRORJLFDO� 'LFWLRQDU\� RI� WKH� %DVKNLU� /DQJXDJH´� WKH� WKHRQ\P�
.K\]\U�,O\DV�LV�SUHVHQWHG�DV�³WKH�QDPH�RI�D�SURSKHW�ZDQGHULQJ�RQ�WKH�HDUWK�LQ�WKH�
IRUP�RI�D�ZDQGHUHU�LQ�ZKLWH�RU�SRRU�DQG�FRPLQJ�WR�KHOS�DW�WKH�ULJKW�PRPHQW��WKH�VSLULW�
RI�WKH�URDG´��.KLVDPXWGLQRYD���������7KXV�GHVSLWH�WKH�UDWKHU�H[WHQVLYH�OLWHUDWXUH�DQG�
WKH�SUHVHQFH�RI�LQGLYLGXDO�VWXGLHV�LQ�7XUNLF�VWXGLHV�DOO�DVSHFWV�RI�WKH�VWXG\�RI�WKH�FXOW�
RI�.K\]\U�,O\DV�DUH�QRW�SUHVHQWHG�LQ�FRPSDULVRQ�ZLWK�RWKHU�ORFDO�YDULDQWV�RI�WKH�7DWDUV�
DQG�ZLWK�RWKHU�7XUNLF�ODQJXDJHV��7KHUHIRUH�� WKLV� VWXG\� LV�GHVLJQHG�WR� ILOO� WKLV�JDS�
:KHQ� FUHDWLQJ� WH[WERRNV�� WHVW� SDSHUV�� WHVWV� DQG� RWKHU� PHWKRGRORJLFDO� WRROV�� WKH�
DXWKRUV�DUH�LQWHUHVWHG�LQ�WKH�IXOOHVW�XQGHUVWDQGLQJ�RI�WKH�PDWHULDO�SUHVHQWHG��0RVW�RI�
WKH�LQIRUPDWLRQ�LV�FRQWDLQHG�LQ�WKH�WH[W��DQG�WKH�ZD\�WKLV�WH[W�LV�SHUFHLYHG�E\�UHDGHUV��
ODUJHO\�GHWHUPLQHV�WKH�TXDOLW\�RI�HGXFDWLRQDO�PDWHULDO��6RORY\HY�HW�DO���������

���5HVXOWV�DQG�'LVFXVVLRQ

,Q� WKH� 7DWDU� WUDGLWLRQDO� FXOWXUH�� WKH� FXOW� RI� +\]\U�,O\DV� LV� DQ� LQYLVLEOH��
P\VWHULRXV�WUDYHOHU�KHOSLQJ�WKRVH�LQ�GLIILFXOW\��$W�WKH�KHDUW�RI�WKH�.K\]\U�,O\DV�FXOW�
DUH�GHHS�IRON�SUH�,VODPLF�LGHDV�DERXW�WKH�VSLULW�SDWURQV�RI�QDWXUH�DQG�FXOWXUDO�REMHFWV��
,Q�WKH�SRSXODU�FRQFHSWLRQ��WKH�SDWURQ�VSLULW�VSLULW�.K\]\U�,O\DV�LV�DPELYDOHQW��EXW�LI�
KH�YLRODWHV�WKH�UXOHV� IRU�FRPPXQLFDWLQJ�ZLWK�KLP�KH�FDQ�DOVR�SXQLVK�� ,Q� WKH�7DWDU�
FXOWXUH�.K\]\U�,O\DV�LV�FDOOHG�WKH�VSLULW�RI�WKH�URDG��=KXO�,\DVH���&RPLQJ�RXW�RI�WKH�
KRXVH�ZLVKLQJ�D�KDSS\� MRXUQH\� WKH\� UHDG� WKH�SUD\HU�DGGUHVVHG� WR�+Õ]ÕU�,O\DV��³/HW�
+\]\U�,O\DV�EH�D�WUDYHOHU��RK�*RG�KHOS�PH�WR�JR�WKH�ZD\�ZLWKRXW�XQKDSSLQHVV��:KHQ�
\RX�JR�RXW�RQ�WKH�URDG�� OHW�WKHUH�EH�D�ZD\�IRU�\RX��ULFKHV�PRUH��OHW�\RX�EH�D�WUDYHOHU�
.K\]\U�(OLDV���:KHUHYHU�\RX�DUH��ZKHUHYHU�\RX�OLYH��OHW�.Õ]ÕU�,O\DV�EH�\RXU�WUDYHOHU´��
,Q�WKH�%DVKNLU�FXOWXUH��LQ�IRONORUH�WH[WV�KH�VWDQGV�RXW�DV�D�WUDYHOHU�SRLQWLQJ�WKH�ZD\��
³7KDQN�\RX��PD\�.K\]\U�,O\DV�EH�D�WUDYHOHU�LQ�\RXU�ZD\¶¶��6RPH�IRON�WH[WV�LQGLFDWH�
WKH�QHHG�WR�SURQRXQFH�WKH�QDPH�.K\]\U�,O\DV�LQ�RUGHU�WR�ZDUQ�\RXUVHOI�RI�WKH�GDQJHUV�

,Q�WKH�IRONORUH�DQG�HWKQRJUDSKLF�WH[WV�.K\]\U�,O\DV�DSSHDUV�DV�D�KHOSHU�IURP�
GLVHDVH� RU� GLVDVWHUV�� 7KH� VHPDQWLF� EORFN� ZKLFK� LQFOXGHV� ODQJXDJH� XQLWV� SRLQWV� WR�
VXEMHFW�V\PEROV�WKDW�YLVXDOL]H�WKH�FXOW�RI�+\]\U�,O\DV��,Q�WKH�IRON�WH[WV�RQO\�WKH�GHWDLOV�
RI WKH�GHVFULSWLRQV�DQG�OLQJXLVWLF�XQLWV�JDWKHUHG�WRJHWKHU�IURP�WKH�QXPHURXV�YHUVLRQV�
RI�WKH�WH[WV�DUH�DEOH�WR�IRUP�DQ�LGHD�RI�WKH�FKDUDFWHU¶V�DSSHDUDQFH��7KH�PRVW�LPSRUWDQW�
VXEMHFW�V\PEROV�WKDW�YLVXDOL]H�KLV�SRUWUDLW�RU�PRYHPHQW�DUH�KLV�FORWKHV�DQG�ZKLS� ,Q
WKH�IRON�HWKQRJUDSKLF�WH[WV�.K\]\U�,O\DV�LV�SUHVHQWHG�DV�DQ�ROG�PDQ� 7KH�REMHFW�WKDW�
VHUYHV� DV� DQ� LQVWUXPHQW� RU� REMHFW� RI� FHUWDLQ� DFWLRQV� LV� HQGRZHG� ZLWK� V\PEROLF�
PHDQLQJ�RI�WKH�DFWLRQ�SHUIRUPHG�E\�LW��RU�ZLWK�LWV�KHOS���PHWDSKRULFDOO\�FRUUHODWHG�
ZLWK�RWKHU�SHUIRUPHUV��REMHFWV�DQG�FLUFXPVWDQFHV��9LQRJUDGRYD���������7KH�&RUSXV�
LV�D�YDOXDEOH�LQVWUXPHQW�IRU�GLVFRXUVH�VWXGLHV�DV�LWV�GDWD�DQG�IOH[LEOH�VHDUFK�V\VWHP�
SURYLGH� D� VROLG� IRXQGDWLRQ� IRU� FRPSDUDWLYH� UHVHDUFK� RI�PRGHUQ�5XVVLDQ� WH[WV� DQG�
HQDEOHV� GHHS� LQVLJKWV� LQWR� SDWWHUQV� DQG� GHSHQGHQFLHV� RI� GLIIHUHQW� WH[W� IHDWXUHV�
�6ROQ\VKNLQD�HW�DO����������2ZLQJ�WR�WKH�H[LVWLQJ�ODFN�RI�DYDLODEOH�FRUSRUD�5XVVLDQ�
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GLVFRXUVH� VWXGLHV� DW� WKH� PRPHQW� DUH� YLHZHG� DV� XQGHUGHYHORSHG� �6HOH]QHY� HW� DO���
������

7KH� PHVVDJH� RI� WKH� 4RUDQ� WKDW� +Õ]ÕU� ,O\DV� XUJHG� KLV� FRPSDWULRWV� QRW� WR�
ZRUVKLS�%DDO�JRHV�EDFN�WR�WKH�ELEOLFDO�VWRU\�EXW�DFFRUGLQJ�WR�WKH�4RUDQLF�VFKHPH�LW�
LV�HPSKDVL]HG�WKDW�SHRSOH�GLG�QRW�KHHG�KLV�VHUPRQV��7KH�0XVOLP�WUDGLWLRQ�GHYHORSV�
SORWV�RI�WKH�ELEOLFDO�WUDGLWLRQ��LQ�ZKLFK�WKH�HPSKDVLV�LV�SODFHG�RQ�WKH�IDFW�WKDW�.K\]\U�
,O\DV�ZDV�PDGH�LPPRUWDO�E\�$OODK��010���������,O\DV�DQG�.KDGLU�DUH�FRQVLGHUHG�
SDWURQV�WUDYHOLQJ�RQ�ODQG�DQG�DW�VHD��$FFRUGLQJ�WR�0XVOLP�WUDGLWLRQ�WKH�PDLQ�TXDOLW\�
RI�.K\]\U�LV�LPPRUWDOLW\��VR�LW�LV�RIWHQ�LGHQWLILHG�ZLWK�,O\DV�.KL]LU���.KLGU�LQ�0XVOLP�
P\WKRORJ\�� WKH� FKDUDFWHU� ZKR� DEVRUEHG� WKH� IHDWXUHV� RI� GLIIHUHQW� P\WKRORJLFDO�
FKDUDFWHUV�RI�WKH�SUH�,VODPLF�0LGGOH�(DVW�

7KH�4RUDQ�LV�QRW�PHQWLRQHG�EXW�FRPPHQWDWRUV�DOPRVW�XQDQLPRXVO\�LGHQWLI\�
KLP�ZLWK�WKH��VODYH�RI $OODK��� WKH�SURWDJRQLVW�RI�WKH�4RUDQLF�VWRU\�DERXW�WKH�MRXUQH\�
RI�0XVD��7KH�4XUDQLF�OHJHQG�JRHV�EDFN�WR�DQFLHQW�HSLF�F\FOHV�DERXW�WKH�VHDUFK�IRU�
�OLYLQJ�ZDWHU��DQG�DERXW�WKH�WHVWLQJ�RI�IDLWK��7KH�FXOW�RI�;\]\U�EHFDPH�ZLGHVSUHDG�
ERWK�LQ�WKH�0XVOLP�ERRN�WUDGLWLRQ�DQG�LQ�IRON�EHOLHIV��0XVOLPV�FRQVLGHU�;\]\U�WKH�
SDWURQ� VDLQW� RI� WKRVH� WUDYHOLQJ� E\� VHD�� ,Q� &HQWUDO� $VLD�� ;�� �+D]UDWL� .KL]U�� ZDV�
SUHVHQWHG�LQ�WKH�JXLVH�RI�D�SLRXV�ROG�PDQ�HQGRZHG�ZLWK�DEXQGDQFH�DQG�KDSSLQHVV�RI�
WKRVH�ZKR�SHUVRQDOO\�VDZ�KLP��010��������

,Q�WKH�FRPPRQ�7XUNLF�FRQWH[W�LQ�WKH�ORFDO�WUDGLWLRQV�RI�WKH�7DWDUV�WKHUH�LV�
WKH�DQWURPRUSKLVP�RI�.Õ]ÕU��ZKLFK�LV�DOVR�DVVRFLDWHG�ZLWK�WKH�SUH�,VODPLF�P\WKLFDO�
LPDJH��$�WUDLW�WKDW�XQLWHV�DOO�WKH�IHDWXUHV�RI�D�FKDUDFWHU�DQG�LV�DOPRVW�XQLYHUVDO�IRU�
HYHU\RQH�LV�WKH�DELOLW\�WR�KHOS�SHRSOH�LQ�QHHG�RI�KHOS�

,Q�7XUNH\�D�KROLGD\�FORVHO\�DVVRFLDWHG�ZLWK�WKH�FXOW�RI�+\]\U�,O\DV�LV�FDOOHG�
+\GUHOOHV� DQG� LV� FHOHEUDWHG� DW� WKH� EHJLQQLQJ� RI� VSULQJ� WKH� YHUQDO� HTXLQR[� ZKHQ�
HYHU\WKLQJ�LV�LQ�EORRP��'RJXV� �������,Q�7XUNLF�FXOWXUH�D�ZKROH�GD\�LV�VSHQW�LQ�SUD\HU�
ZLWK�D�ZLVK�IRU�ZHOO�EHLQJ��KHDOWK�DQG�ZHDOWK��,WV�TXDOLW\�LV�UHIOHFWHG�LQ�WKH�7XUNLVK�
VD\LQJ�� ³DUULYH� LQ� WLPH� DV�+Õ]ÕU´�� L�H�� FRPH� WR� WKH� UHVFXH� DW� WKH� ULJKW� WLPH�� ,Q� WKH�
$]HUEDLMDQL�FXOWXUH�RQ�WKH�KROLGD\�RI�.K\GUUHOOHV��IORXU�RU�GDLU\�SURGXFWV�DUH�OHIW�DW�
WKH�GRRU�ZKLFK�DUH�FDOOHG��.KL]LU�SLHFHV´� ,Q�WKH�7XUNLF�ZRUOG�EHOLHIV�DERXW�+L]LU�DUH�
WKH�PRVW�FRPPRQ�SKHQRPHQRQ��,Q�IRON�OLWHUDWXUH�DQG�LQ�WKH�6XIL�GLUHFWLRQ�LW�DSSHDUV�
LQ�D�P\WKRORJLFDO�ZD\��V\PEROL]LQJ�LPPRUWDOLW\�ZKLFK�KHOSV�SHRSOH�ZKR�JLYH�ZHOO�
EHLQJ�LQ�HYHU\WKLQJ�

���6XPPDU\

7KH�FXOW�RI�.K\]\U�,O\DV�LV�ZLGHVSUHDG�LQ�WKH�SORWV�DQG�VSHOOV�RI�WKH�7DWDU�
SHRSOH��7KH�SHFXOLDULW\�RI�WKH�JHQUH�RI�FRQVSLUDFLHV�DQG�VSHOOV�LV�WKH�LQIOXHQFH�RQ�WKH�
ZRUOG� DURXQG�XV� WKH� FKDOOHQJH� RI� D� GHVLUDEOH� SKHQRPHQRQ�� WKH�DSSHDO� WR� UHOLJLRXV�
LPDJHV��7KHUHIRUH��WKH�VSHOO�IRUPXODV�DUH�EDVHG�RQ�LPDJHV�RI�$LVKD�)DWLPD��,VNDQGHU��
WKH�SURSKHW�6XOHLPDQ��DQG�+Õ]ÕU�,O\DV��,Q�WKH�ORFDO�WUDGLWLRQV�RI�WKH�7DWDUV��WKH�QDPH�
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5XVVLD��6XPPHU�DQG�$XWXPQ������

.K\]\U�,O\DV� LV� SUHVHQWHG� LQ� VHYHUDO� YHUVLRQV��+RZHYHU��DOO� WKHVH� SDUDOOHOV�KDYH� D�
GLIIHUHQW�RQRPDVLRORJLFDO�VWDWXV�DQG�GLIIHUHQW�SUDJPDWLF�IXQFWLRQV��7KHVH�SURSHUWLHV�
DQG� IHDWXUHV� GR� QRW� GHVWUR\� WKH� LQWHJULW\� RI� WKH� LPDJH�� EXW� UDWKHU� LQ� D� FHUWDLQ�
UHODWLRQVKLS�KHOS�WR�UHFRQVWUXFW�WKLV�LPDJH�LQ�WKH�IRON�WUDGLWLRQ��,Q�WKH�7XUNLF�SHRSOHV�
WKHUH�LV�DOVR�D�YDULDWLRQ�LQ�WKH�QDPHV�.K\]\U�,O\DV��$]HUE��+Õ]ÕU�1ԥEL��.Õ]ÕU�,O\DV��
.Õ]ÕU�=ԥQGL��.Õ]ÕU�ԥOOԥUԥ]��,Q�ORFDO�YHUVLRQV�WKH�ZRUGV�³DWD´�DQG�³EDED\´�DUH�DGGHG�
WR�WKH�QDPH�RI�.K\]\U�,O\DV�

7KH� ORFDWLYH� FKDUDFWHUL]DWLRQ� RI� P\WKRORJLFDO� FKDUDFWHUV� LV� WKH� PRVW�
LPSRUWDQW�LGHQWLI\LQJ�DWWULEXWH�WKDW�PRWLYDWHV�WKHLU�QDPHV�QDPHV��)L[LQJ�D�KDELWDW�IRU�
D�P\WKRORJLFDO�FKDUDFWHU�FDQ�IXOO\�UHDOL]H�LWV�PDJLFDO�SRZHU��7KH�WLPH�RI�DSSHDUDQFH�
RI� D� P\WKRORJLFDO� FKDUDFWHU� LV� W\SLFDO� RI� DOO� GHPRQRORJLFDO� FUHDWXUHV�� ,Q� IRON�
WUDGLWLRQV��WKH�IDFW�WKDW�+Õ]ÕU�,O\DV�WUDYHOV�RQ�)ULGD\�VWDQGV�RXW��7KHUHIRUH��RQ�)ULGD\�
SUD\�IRU�+L]LU�,O\DV�

,Q�WKH�7DWDU�ODQJXDJH�GHSHQGLQJ�RQ�WKH�PRWLYDWLRQ�RI�WKLV�WKHRQ\P�ZLWK�LWV�
LQQHU� IRUP� DQG� UROH� WKHUH� LV� D� WHQGHQF\� WR� VDFUDOL]DWLRQ� DQG� P\WKRORJL]LQJ� WKLV�
WKHRQ\P�WXUQV�LQWR�DQ�DSSHDO��6R�LQ�WKH�7DWDU�ODQJXDJH�WKH�VD\LQJ�.KR]\U�,O\DVO\N�LQ�
WKH�PHDQLQJ�RI��JRRG�GHHGV��LV�QRWHG�

���&RQFOXVLRQV

7KXV��LQ�7XUNLF�FRQWH[W�WKH�WKHRQ\P�.K\]\U�,O\DV�RFFXSLHV�D�VSHFLDO�
SODFH��,Q�WKH�IRONORUH�WUDGLWLRQV RI�WKH�7DWDUV�WKH�WKHRQ\P�.K\]\U�,O\DV�LV�FRPSRVHG�
RI�D�FRPELQDWLRQ�RI�0XVOLP�HOHPHQWV�ZKLFK�DUH�UHIOHFWHG�LQ�D�YDULHW\�RI�LWV�JHQUHV��
LQ� IDLU\� WDOHV�� SURYHUEV� DQG� VD\LQJV�� FRQVSLUDFLHV� DQG� VSHOOV�� ,Q� WKH� SRSXODU�
UHSUHVHQWDWLRQ� RI� WKH�7DWDUV� WKH� WKHRQ\P�.K\]\U�,O\DV� LV� SUHGRPLQDQWO\� D� FXOWXUDO�
KHUR�DVVRFLDWHG�ZLWK�WKH�VSLULW�RI�WKH�URDG�

(DFK�7XUNLF� FXOWXUH� HPERGLHV� LWV� RZQ� FRORU� DQG� GHVFULEHV� LQ� WKH� FXOWXUDO�
WH[WV� WKH� FORVHVW� W\SHV� WR� LWV� ORFDO� YDULDWLRQV� ZLWKLQ� LWV� RZQ� HWKQRFXOWXUDO� VSDFH��
WKHUHIRUH�� LQ WKH� 7XUNLF� FRQWH[W� LQ� WKLV� LPDJH� YDULRXV� W\SHV� DUH� UHFRQVWUXFWHG��
+RZHYHU�� WUDQVIRUPDWLRQV� KDYH� QRW� ORVW� WKHLU� RULJLQDO� P\WKRORJ\�� VDFUHGQHVV��
DUFKDLVP�RI�WKLV�LPDJH�ZKLFK�LQ�ORFDO�YDULDQWV�RI�FXOWXUH�LV�SHUFHLYHG�DV�WKH�VSLULW�RI�
WKH�URDG��%HOLHIV�DERXW�+Õ]ÕU�,O\DV�LQ�ORFDO�WUDGLWLRQV�IXOILOO�WKH�IXQFWLRQ�RI�XQLWLQJ�DQG�
HTXDWLQJ�EHWZHHQ�OLYLQJ�DQG�LQDQLPDWH�REMHFWV�

$FNQRZOHGJHPHQWV

7KH�ZRUN� LV�SHUIRUPHG�DFFRUGLQJ�WR� WKH�5XVVLDQ�*RYHUQPHQW�3URJUDP�RI�
&RPSHWLWLYH�*URZWK�RI�.D]DQ�)HGHUDO�8QLYHUVLW\�
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(QJOLVK� �%DVHG� RQ� H[SHULPHQWDO� GDWD��� ,17('����� 3URFHHGLQJV� 9DOHQFLD��
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