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LGHDV�DQG�KDV�DWWUDFWHG�WKH�DWWHQWLRQ�RI�FRPSXWHU�VFLHQFH�

0DUFLD� $VFKHU�

7UDGLWLRQDOO\��

WKH�ZRPHQ� RI�7DPLO�

1DGX�� LQ�VRXWKHDVWHUQ� ,QGLD��VZHHS�
WKHLU�WKUHVKROGV�HYHU\�PRUQLQJ�� VSULQ�
NOH� WKHP�ZLWK� D� VROXWLRQ� RI�FRZ� GXQJ�
DQG�ZDWHU� DQG� FRYHU�WKH�DUHD�ZLWK� HODE�
RUDWH�� V\PPHWULFDO� ILJXUHV�XVLQJ� ULFH�

SRZGHU�� 7KH\� WULFNOH�WKH�ULFH�SRZGHU� LQ�
D� VWUHDP�EHWZHHQ� WKHLU�PLGGOH� DQG� LQ�
GH[� ILQJHUV��XVLQJ� WKHLU� WKXPEV� WR�

JXLGH� WKH�IORZ�RI�WKH�SRZGHU�� $FFRUG�

LQJ�WR�WUDGLWLRQ��WKH�FRZ� GXQJ� FOHDQV�
DQG�SXULILHV� WKH�JURXQG�� DQG�XVLQJ� WKH�
ULFH�SRZGHU� EHJLQV� WKH�GD\�ZLWK� DQ�DFW�
RI�NLQGQHVV� E\�SURYLGLQJ� IRRG�IRU�DQWV�
DQG�RWKHU�LQVHFWV��*LUOV� OHDUQ�WKLV�NRODP�
ULWXDO�IURP�WKHLU�IHPDOH� UHODWLYHV�� DQG�
NRODP� VNLOOV�DUH�YLHZHG� DV� D�PDUN� RI�

JUDFH� DQG� DV� D�GHPRQVWUDWLRQ� RI�GH[�

WHULW\��PHQWDO� GLVFLSOLQH� DQG� DELOLW\� WR�
FRQFHQWUDWH��7KH�NRODP�GHVLJQV� WKDW�DS�
SHDU� GDLO\� RQ� WKH�WKUHVKROGV�RI�KRXVHV�
LQ�7DPLO�1DGX� DWWUDFW�DWWHQWLRQ� IURP�

PXOWLSOH� SHUVSHFWLYHV�� %H\RQG� WKHLU�VLJ�
QLILFDQFH� LQ�WKH�7DPLO� FXOWXUH��WKH\�DUH�
DQ�XQXVXDO� H[DPSOH� RI�WKH�H[SUHVVLRQ�
RI�PDWKHPDWLFDO� LGHDV� LQ�D�FXOWXUDO� VHW�

WLQJ��$OVR�� LQ�UHFHQW�\HDUV�� NRODP� ILJ�
XUHV� KDYH� DWWUDFWHG� WKH�DWWHQWLRQ� RI�

FRPSXWHU� VFLHQWLVWV� LQWHUHVWHG� LQ�DQD�

O\]LQJ�DQG�GHVFULELQJ� LPDJHV�XVLQJ�SLF�
WXUH� ODQJXDJHV��

0DUFLD� $VFKHU� LV�(PHULWD�3URIHVVRU� RI�0DWKHPDWLFV�

DW�,WKDFD�&ROOHJH�� 6KH�ZDV� HGXFDWHG� LQ�PDWKHPDWLFV�

DW�4XHHQV�&ROOHJH��&LW\�8QLYHUVLW\�RI�1HZ�<RUN��
DQG� WKH�8QLYHUVLW\� RI�&DOLIRUQLD�� /RV�$QJHOHV��
:KLOH� DW�8&/$�� VKH�EHFDPH� LQWHUHVWHG�LQ�WKH�

DSSOLFDWLRQ� RI�PDWKHPDWLFV� DQG� FRPSXWHUV� WR�

DUFKHRORJ\��/DWHU��VKH�VWXGLHG� WKH�LQWHUSOD\�
EHWZHHQ� FXOWXUH�DQG�PDWKHPDWLFDO� LGHDV��6KH�KDV�

EHHQ�D�*HWW\� 6FKRODU� DW� WKH�*HWW\�&HQWHU�IRU� WKH�

+LVWRU\� RI�$UW� DQG� WKH�+XPDQLWLHV� DQG�ZDV� WZLFH�

QDPHG� D�'DQD� 5HVHDUFK� )HOORZ� DW�,WKDFD�&ROOHJH��
$GGUHVV�� ����+LJKODQG� 5RDG�� ,WKDFD��1<� �������

,QWHUQHW��DVFKDFD#FODULW\FRQQHFW�FRP�

0\� RZQ� UHVHDUFK�KDV� IRFXVHG�RQ�H[�

SORULQJ� WKH�GLYHUVH� H[SUHVVLRQV� DQG�
FXOWXUDO�VHWWLQJV�RI�PDWKHPDWLFDO� LGHDV��

&RPSOHPHQWLQJ� WKH�KLVWRULFDO�GHYHORS�
PHQW� RI�PRGHUQ� PDWKHPDWLFV�� WKHVH�
VWXGLHV� DUH� FRQFHUQHG�ZLWK� RUDO� WUDGL�
WLRQV�DQG� FXOWXUHV� WKDW�KDYH� QRW�EHHQ�
YLHZHG� DV� SDUW� RI� WKH�PDWKHPDWLFDO�
PDLQVWUHDP�� $V� D�JXLGLQJ� GHILQLWLRQ�� ,�
WDNH�PDWKHPDWLFDO� LGHDV� WR�EH� WKRVH�LQ�

YROYLQJ� QXPEHU�� ORJLF��VSDWLDO� FRQILJX�
UDWLRQ��DQG�PRUH� VLJQLILFDQW��WKH�RUJDQ�
L]DWLRQ�RI�VXFK� LGHDV� LQWR�V\VWHPV� DQG�
VWUXFWXUHV��2I� SDUWLFXODU� LQWHUHVW�DUH�
FDVHV� LQ�ZKLFK� WKH�SHRSOH� WKHPVHOYHV�
YLHZ� WKH� LGHDV� DV� LPSRUWDQW� NQRZO�

HGJH� WR�EH� FDUHIXOO\� OHDUQHG� DQG� FDUH�

IXOO\�SDVVHG� RQ��

8VLQJ� WKH�FULWHULRQ�RI�PXWXDOO\� H[�
FOXVLYH� VSHHFK� FRPPXQLWLHV�� DW� OHDVW�
������ GLIIHUHQW�FXOWXUHV� KDYH� H[LVWHG�

GXULQJ� WKH�SDVW� ���� \HDUV�� 6HHNLQJ�
PDWKHPDWLFDO� LGHDV� WKDW�ZHUH� SDUW� RI�
RUDO� WUDGLWLRQV�PRVW� RIWHQ� LQYROYHV� UH�

H[DPLQLQJ��ZLWK� D�PDWKHPDWLFDO� SHU�
VSHFWLYH��WKH�ZRUN� DQG�PDWHULDOV� RI�DQ�

WKURSRORJLVWV�� DUFKDHRORJLVWV�� OLQJXLVWV�
DQG� FXOWXUDO� KLVWRULDQV�� 6RPH� RI� WKH�

PDQ\� FXOWXUDO� FRQWH[WV�RI�PDWKHPDWL�
FDO� LGHDV� LQFOXGH�UHFRUG�NHHSLQJ�� FDOHQ�
GDU�PDNLQJ�� EXLOGLQJ��GHFRUDWLRQ��QDYL�

JDWLRQ��NLQVKLS�RUJDQL]DWLRQ��PDSSLQJ��
GLYLQDWLRQ� DQG� UHOLJLRQ�� ,Q� HVVHQFH�� FRQ�

FHSWV� RI� WLPH� DQG� VSDFH� DQG� RUGHU�

SODFHG� XSRQ� WKH�QDWXUDO�� VXSHUQDWXUDO�
DQG� VRFLDO� ZRUOGV� DOO�PD\� LQYROYH�
PDWKHPDWLFDO� LGHDV�� )RU� H[DPSOH�� WKH�
,QFDV�GHYHORSHG� D�PHWKRG� RI�UHFRUGLQJ�
LQYROYLQJ� D�QXPHULFDO�ORJLFDO� V\VWHP�
WKDW�XVHG� DUUD\V� RI� FRORUHG� NQRWWHG�
FRUGV�� LQ�WKH�QDYLJDWLRQ� WUDGLWLRQ�RI�WKH�

SHRSOH� RI� WKH�0DUVKDOO� ,VODQGV�� WZR�
GLPHQVLRQDO� FRQVWUXFWLRQV� PDGH� RI�

SDOP� ULEV� WLHG�ZLWK� FRFRQXW� ILEHUV�
VHUYHG� DV� SODQDU� UHSUHVHQWDWLRQV� RI�

WKHLU�FRQFHSWXDOL]DWLRQ� RI�WKH�LQWHUSOD\�
RI�ZDYH� VZHOOV� DQG� ODQG�PDVVHV�� DQG�
GLYLQDWLRQ� LQ�0DGDJDVFDU� UHOLHV�RQ�OD\�
LQJ�RXW� DUUD\V� RI�VHHGV� XVLQJ� D� FRP�

SOH[� DOJHEUDLF� DOJRULWKP� LQYROYLQJ� D�
WZR�YDOXHG� ORJLF�� �5REHUW�$VFKHU� DQG� ,�
FROODERUDWHG� LQ������RQ�D�ERRN� GHVFULE�

LQJ�WKH�,QFD�V\VWHP��,�KDYH� GLVFXVVHG� WKH�
ODWWHU�WZR�H[DPSOHV�� DV�ZHOO� DV�RWKHU�H[�

DPSOHV�� LQ�GHWDLO� VLQFH�WKHQ���
:KDW� VHWV�WKH�NRODP� WUDGLWLRQ�DSDUW�

IURP�RWKHU�FDVHV� ,�KDYH� VWXGLHG� LV�WKDW�LW�
KDV� FRQWULEXWHG�GLUHFWO\�WR�DQ�DFDGHPLF�
HQGHDYRU�� 7KH� LQWULFDWH�ILJXUHV�KDYH� HQ�
WHUHG� WKH�UHDOP� RI�FRPSXWHU� VFLHQFH��
7KH� ILJXUHV�KDYH� SURYLGHG�PDWHULDO� IRU�

LOOXVWUDWLQJ�NQRZQ� DSSURDFKHV� WR�WKH�

DQDO\VLV�DQG�GHVFULSWLRQ�RI�SLFWXUHV� DQG�
DOVR�KDYH� VWLPXODWHG�QHZ� DSSURDFKHV��
7KLV�PDNHV� WKH�NRODP� WUDGLWLRQ�D� UDUH�
DQG� HVSHFLDOO\� LQWHUHVWLQJ�FDVH��

7KH�.RODP� )LJXUHV�
7KH�NRODP� WUDGLWLRQ�RI�7DPLO�1DGX� KDV�

SHUVLVWHG� IRU�KXQGUHGV� RI�\HDUV� DQG� UH�
PDLQV� D� FRPPRQ� SUDFWLFH� DPRQJ�
ZRPHQ� LQ�FLWLHV�DV�ZHOO� DV� LQ�UXUDO�DU�
HDV�� DPRQJ� WKRVH�ZKR� DUH�XQLYHUVLW\�
HGXFDWHG� DV�ZHOO� DV�WKRVH�OHVV�VFKRROHG��
,Q�UHFHQW�\HDUV�� LQVWHDG�RI�ULFH��ZRPHQ�
KDYH� RIWHQ� VXEVWLWXWHG� FRPPHUFLDOO\�
DYDLODEOH� VWRQH�SRZGHU�� FKDON�RU�LQN�IRU�

FUHDWLQJ�WKH�GHVLJQV�� DQG�ZRPHQ� HPL�

JUDWLQJ�IURP�7DPLO�1DGX� RIWHQ�FRQWLQ�
XH� WKH�SUDFWLFH� LQ�WKHLU�QHZ�KRPHV��

7KH�GDLO\�SODFHPHQW� RI�ILJXUHV�RQ�WKH�
WKUHVKROG�LV�DQ� LPSRUWDQW�SDUW� RI�7DPLO�
FXOWXUH��7KH�GHFRUDWHG� WKUHVKROG�VHUYHV�
DV� D�ERXQGDU\� EHWZHHQ� WKH�LQQHU�DQG�
RXWHU�ZRUOGV�� DQG� WKH�ILJXUHV�FDQ�ERWK�

JXDUG� WKH�KRXVHKROG� DQG�ZHOFRPH� YLV�
LWRUV�WR�LW��:RPHQ� WHDFK�JLUOV�D�UDQJH�RI�

ILJXUHV�DQG� WKH�SURFHGXUHV� IRU�GUDZLQJ�
WKHP�DV�ZHOO� DV�ZKLFK� ILJXUHV�DUH�DS�
SURSULDWH� IRU�HYHU\GD\�XVH� DQG�ZKLFK�
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)LJXUH� ��� ,Q�7DPLO� 1DGX�� PRWKHUV� WHDFK� WKHLU�GDXJKWHUV� KRZ� WR�GUDZ� NRODP� ILJXUHV�� ZKLFK� GHFRUDWH� WKUHVKROGV�� /HDUQLQJ� WR�GUDZ� WKH� ILJXUHV�
LV�DQ� LPSRUWDQW� SDUW� RI� D�JLUO
V� XSEULQJLQJ� DQG� KDV� EHHQ� IRU�KXQGUHGV� RI�\HDUV�� ,Q� UHFHQW� GHFDGHV�� WKH� WUDGLWLRQ� KDV� DWWUDFWHG� WKH� DWWHQWLRQ� RI�

FRPSXWHU� VFLHQWLVWV� LQWHUHVWHG� LQ�DQDO\]LQJ� DQG� GHVFULELQJ� SLFWXUHV� XVLQJ� SLFWXUH� ODQJXDJHV�� 7KH� DXWKRU�� ZKR� KDV� ORQJ� VWXGLHG� WKH� H[SUHV�
VLRQ� RI�PDWKHPDWLFDO� LGHDV� DFURVV� FXOWXUHV�� GHVFULEHV� KRZ� WKH�NRODP� WUDGLWLRQ� KDV� FRQWULEXWHG� WR�PRGHUQ� FRPSXWHU� VFLHQFH�� �3KRWRJUDSK�
FRXUWHV\� RI�.�� /��.DPDW���

DUH� IRU�VSHFLDO� RFFDVLRQV� RU�SDUWLFXODU�
ULWXDOV�DQG� KROLGD\V�� /HDUQLQJ� WKH�NR�
ODP�WUDGLWLRQ�LV�DQ� LPSRUWDQW�SDUW�RI�D�

JLUO
V� XSEULQJLQJ�� $OWKRXJK� GUDZLQJ�
NRODP� ILJXUHV� LV� DQ� RUDO� WUDGLWLRQ�

SDVVHG� RQ� IURP�PRWKHU� WR�GDXJKWHU�� LW�
LV�DQ�RUDO� WUDGLWLRQ�ZLWKLQ� D� OLWHUDWH�FXO�
WXUH��,QGHHG�� WKH�7DPLO� KDYH� D�ZULWWHQ�

VFULSW�DQG� DQ� H[WHQVLYH� OLWHUDWXUH�WKDW�

JRHV� EDFN� DV� IDU�DV� WKH�WKLUG�RU� IRXUWK�

FHQWXU\�E�F��+RZHYHU�� WKH�7DPLO� OLWHUD�
WXUH�RQO\�UHIHUV�WR�WKH�NRODP� WUDGLWLRQ�LQ�

SDVVLQJ� DQG� LQFOXGHV� OLWWOH�GHWDLO�� 6WLOO��
WKH�OLWHUDWXUH�WHVWLILHV�WR�WKH� ORQJHYLW\�
DQG�XELTXLW\� RI�WKH�WUDGLWLRQ��)RU�H[DP�

SOH�� RQH� RI� WKH�HDUOLHVW� NQRZQ� UHIHU�
HQFHV��D���WK�FHQWXU\�ZULWLQJ�� WHOOV�DERXW�

D�SHDFHIXO� DQG� IORXULVKLQJ�NLQJGRP� LQ�
ZKLFK� �WKH� WLJHU�DQG� WKH�FRZ� GUDQN�
IURP�WKH�VDPH�ZDWHULQJ� SODFH�� %UDK�
PLQV� FKDQWHG� WKH�9HGD�� ZRPHQ� GHFR�
UDWHG�WKH�VWUHHWV�ZLWK� NRODPV��UDLQ�IHOO�RQ�

VFKHGXOH�� DQG� WKH�KXQJU\�ZHUH� IHG���
,Q�SDUWV�RI�,QGLD�RXWVLGH�7DPLO�1DGX��

WKHUH�DUH� VLPLODU� GUDZLQJ� WUDGLWLRQV��
DPRQJ� WKHP�RQHV� FDOOHG�PXJJX�� UDQ�

JROL� DQG� DOSDQD�� $OWKRXJK� WKH�WUDGL�
WLRQV�DUH� OLNHO\�WR�EH� UHODWHG�KLVWRULFDOO\��
WKH�ILJXUHV�GLIIHU��DV�GR� WKHLU�PHDQLQJV�
DQG� WKH�SURFHGXUHV� IRU�GUDZLQJ� WKHP��
,Q�UHFHQW�WLPHV��VRPH� RI�WKH�WUDGLWLRQV�
KDYH� H[SDQGHG� WR� LQFOXGH� DVSHFWV� RI�
WKH�RWKHUV�� DV� D� UHVXOW��VRPHWLPHV� WKH�
WHUPV�IRU�WKHP�DUH�XVHG� LQWHUFKDQJH�

DEO\�� ,Q�WKLV�DUWLFOH�� ,�ZLOO� FRQILQH�P\�
VHOI�WR�FRQVLGHULQJ�NRODP� GHVLJQV� RI�WKH�
WUDGLWLRQDO� IRUP��QDPHO\� ILJXUHV�PDGH�

XS� RQO\�RI�ZKLWH� OLQHV��RU�RI�ZKLWH� OLQHV�
DQG� GRWV��ZKLFK� DUH� VRPHWLPHV� VDLG� WR�
UHVHPEOH�QHWWLQJ�� ODE\ULQWKV�RU�ILOLJUHH��
%HFDXVH� WKH�SUDFWLFH�PRYHV� ZLWK�SHR�

SOH�ZKR� HPLJUDWH� IURP�7DPLO�1DGX�� WKH�
NRODP� WUDGLWLRQ� LV�IRXQG��IRU�H[DPSOH��
DPRQJ� WHD�HVWDWH�ZRUNHUV� LQ�6UL�/DQND��
ZKR� DUULYHG� IURP�7DPLO�1DGX� LQ�WKH�
ODWH���WK�FHQWXU\��DQG�DPRQJ� WKRVH�ZKR�

HPLJUDWHG� WR�WKH�8QLWHG� 6WDWHV��'HHSO\�
LQWHUWZLQHG�ZLWK� WKH�YDOXHV�� ULWXDOV�DQG�

SKLORVRSK\� RI� WKH�SHRSOH� RI�7DPLO�
1DGX�� WKH�WUDGLWLRQ�VHUYHV� DV� D�PDUNHU�
RI�7DPLO� FXOWXUH��7KLV�PD\� EH� VHHQ�� IRU�

����� -DQXDU\�)HEUXDU\� ���
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)LJXUH� ���.RODP� ILJXUHV� YDU\�ZLGHO\� LQ� VW\OH��$OO� WKHVH� H[DPSOHV� EHJDQ� ZLWK� D�JULG� RI�GRWV�� ILJXUHV� D��E� DQG� F�FRQQHFW� WKH�GRWV�� ZKHUHDV� WKH�

FXUYHV� LQ�G�� H� DQG� I�JR� DURXQG� WKH�GRWV��:RPHQ� GUDZ� ILJXUHV� F��H� DQG� I�ZLWK� FORVHG� FRQWLQXRXV� FXUYHV�� 2EVHUYHUV� KDYH� QRWLFHG� WKDW�G� LV�QRW�

GUDZQ� FRQWLQXRXVO\�� DOWKRXJK� LW�FRXOG� EH� GUDZQ� ZLWK� D� VLQJOH� FORVHG� FXUYH�� 1RWH� WKH�GLIIHUHQW� NLQGV� RI� V\PPHWU\� LQ� WKH� ILJXUHV"V\PPHWU\�
DURXQG� D�KRUL]RQWDO� FHQWHUOLQH�� DURXQG� D�YHUWLFDO� FHQWHUOLQH� DQG� URWDWLRQDO� V\PPHWU\� DURXQG� D� FHQWHU� SRLQW� RI� ��� GHJUHHV� �F��� ��� GHJUHHV� �G��
DQG� ���� GHJUHHV� �H;�

H[DPSOH�� E\� WKH�FKRLFH� RI�.RODP� DV� WKH�
WLWOH�RI�DQ� LQWHUQDWLRQDO�DFDGHPLF� MRXU�
QDO�GHYRWHG� WR�7DPLO� VWXGLHV��

0DQ\� EXW� QRW� DOO�NRODP� GUDZLQJV�
EHJLQ�ZLWK� SODFLQJ� D�JULG�RI�GRWV�� 7KH�
GRWV� FDQ�� DPRQJ� RWKHU� DUUDQJHPHQWV��
PDNH� UHFWDQJXODU�� WULDQJXODU�RU�KH[DJ�
RQDO� DUUD\V� RU� UDGLDWH� IURP�D� FHQWUDO�

SRLQW��7KH�ILJXUH� LV�WKHQ�GUDZQ� E\�FRQ�

QHFWLQJ� WKH�GRWV� RU�JRLQJ� DURXQG� WKH�
GRWV��ZLWK� WKH�GRWV� ERWK� JXLGLQJ� DQG�

FRQVWUDLQLQJ� WKH�GUDZLQJ�� )RU� VRPH� RI�
WKH�NRODP��ZKLFK� PD\� RU�PD\� QRW�EH�

JLQ�ZLWK� D�JULG�RI�GRWV�� LW�LV�LPSRUWDQW�
WR�GUDZ� HDFK� ILJXUH�ZLWK� D� VLQJOH� FRQ�
WLQXRXV� OLQH�WKDW�HQGV�ZKHUH� LW�EHJDQ��
7KHVH� FORVHG�� FRQWLQXRXV� ILJXUHV"DQG�
RWKHUV�PDGH� XS� RI�D� IHZ�VXFK� FORVHG�
OLQHV"DUH� DVVRFLDWHG� ZLWK� WKH�QHYHU�

HQGLQJ� F\FOH� RI�ELUWK�� IHUWLOLW\�DQG�

GHDWK�� DQG�ZLWK� FRQFHSWV� RI�FRQWLQXLW\��
WRWDOLW\�DQG� HWHUQLW\��
2EVHUYDWLRQ� VKRZV� WKDW�VRPH�ILJXUHV�

WKDW�FDQ�EH�GUDZQ� DV�FORVHG� FRQWLQXRXV�
FXUYHV� DUH�QRW� DFWXDOO\� GUDZQ� LQ�RQH�
FRQWLQXRXV� VZHHS�� )RU�H[DPSOH�� )LJXUH�
�� LOOXVWUDWHV�RQH� VXFK� FDVH�� WKH�NRODP� LV�
GUDZQ�XVLQJ� V\VWHPDWLF�WUDQVIRUPDWLRQ�
RI�D�EDVLF� XQLW��7KH� ILJXUH� UHSHDWV� WKH�

EDVLF�XQLW�IRXU�WLPHV��ZKHUH� HDFK�XQLW� LV�
URWDWHG����GHJUHHV� UHODWLYH� WR�WKH�RQH�
EHIRUH� LW��)LQDOO\�� DQRWKHU� FRQWLQXRXV�
FORVHG� FXUYH� VXUURXQGV� WKH�IRXU�XQLWV��

&ROOHFWLYHO\�� WKH�NRODP� ILJXUHV�GHPRQ�
VWUDWH�D�PDUNHG� FRQFHUQ� IRU�V\PPHWU\��
)LJXUHV� VKRZ� V\PPHWU\�DURXQG� D�KRUL�
]RQWDO� OLQH��D�YHUWLFDO� OLQH�RU�YDULRXV�
NLQGV�RI�URWDWLRQDO�V\PPHWU\��

6RPH� NRODP� ILJXUHV�FRQVWLWXWH� IDPL�
OLHV��WKDW�LV��WKHUH�DUH�JURXSV� RI�ILJXUHV�
WKDW�VKDUH� FRPPRQ� FKDUDFWHULVWLFV�� ,Q�
VRPH� FDVHV�� WKH�ODUJHU�ILJXUHV� LQ�D�IDP�

LO\�DUH�PDGH� XS� RI�VHYHUDO� MRLQHG�FRSLHV�
RI� VPDOOHU� ILJXUHV�� LQ�RWKHU� FDVHV�� WKH�

IDPLO\�PHPEHUV� DUH�GHULYHG� IURP�HDFK�
RWKHU� LQ�PRUH� VXEWOH�ZD\V�� 7KH� FRQFHS�
WLRQ�DQG� RUJDQL]DWLRQ� RI�IDPLOLHV�RI�NR�
ODP� ILJXUHV�VHHP� SDUWLFXODUO\� H[SUHV�
VLYH�RI�PDWKHPDWLFDO� LGHDV��

3LFWXUH� /DQJXDJHV�
7KH� NRODP� ILJXUHV�JURXSHG� LQWR�IDPL�
OLHV�SDUWLFXODUO\� DWWUDFWHG�WKH�LQWHUHVW�RI�
WKHRUHWLFDO� FRPSXWHU� VFLHQWLVWV� FRQ�
FHUQHG�ZLWK� WKH�DQDO\VLV� DQG� GHVFULS�
WLRQ�RI�SLFWXUHV� WKURXJK�WKH�XVH� RI�SLF�
WXUH�ODQJXDJHV��ZKLFK� XVH� VHWV�RI�EDVLF�
XQLWV� DQG� VSHFLILF�� IRUPDO� UXOHV� IRU�

FRPELQLQJ� WKH�XQLWV��7KH� VWXG\�RI�SLF�
WXUH� ODQJXDJHV� LV�DNLQ� WR�IRUPDO� ODQ�

JXDJH� WKHRU\��ZKLFK� EHJDQ� VRPH� ���

\HDUV� DJR� ZLWK� 1RDP� &KRPVN\
V�
VWXG\�RI�QDWXUDO� ODQJXDJHV�� ,Q�VXFFHHG�

LQJ�GHFDGHV�� FRPSXWHU� VFLHQWLVWV�KDYH�
XVHG� IRUPDO� ODQJXDJH� WKHRU\� LQ�WKH�

DQDO\VLV� DQG� VSHFLILFDWLRQ� RI�SURJUDP�
PLQJ� ODQJXDJHV��

*LIW�6LURPRQH\��RI�0DGUDV� &KULVWLDQ�

&ROOHJH� LQ�7DPLO�1DGX�� LQLWLDWHG�WKH�XVH�
RI�NRODP� GHVLJQV� LQ�WKH�VWXG\�RI�SLFWXUH�
ODQJXDJHV�� $� �����YROXPH� FRPPHPR�

UDWLQJ�KLV� OLIH�LQFOXGHV� D�ELEOLRJUDSK\�
WKDW�OLVWV�DERXW� ����RI�*LIW�6LURPRQH\
V�
SXEOLFDWLRQV�� D�ERG\�RI�ZRUN� WKDW�VKRZV�
WKH�PDQ\�ZD\V� LQ�ZKLFK� WKURXJKRXW�KLV�
OLIH�KH� FRPELQHG� KLV�DFDGHPLF� LQWHUHVWV�
ZLWK� D�GHHS� FRQFHUQ� IRU�WKH�HQYLURQ�
PHQW�� KLVWRU\� DQG� FXOWXUH� RI�7DPLO�
1DGX�� )RU�*LIW� 6LURPRQH\�� ZRUNLQJ�
ZLWK� KLV�ZLIH� 5DQL� 6LURPRQH\�� DQG� IRU�
RWKHU�FRPSXWHU� VFLHQWLVWV��LQ�SDUWLFXODU�
.DPDOD� .ULWKLYDVDQ� DQG�.�� *�� 6XEUD�
PDQLDQ�� WKH�NRODP� GHVLJQV� EHFDPH� D�
ULFK�VRXUFH�RI�ILJXUHV�WKDW�FRXOG�EH�XVHG�
DV� H[DPSOHV� RI�VRPH� H[LVWLQJ� W\SHV�RI�

SLFWXUH� ODQJXDJHV� DQG� DOVR� VHUYHG� DV� D�
VWLPXOXV� IRU�WKH�FUHDWLRQ�RI�QHZ� W\SHV�
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P�

)LJXUH� ���0DQ\� EXW� QRW� DOO� NRODP� GUDZLQJV� EHJLQ� ZLWK� WKH� FUHDWLRQ�

RI� D�JULG� RI�GRWV� WKDW� IRUHVKDGRZV� WKH� ILQDO� VL]H� DQG� VKDSH� RI� WKH� ILJ�
XUH� �D��� *LUOV� OHDUQ� SUHVFULEHG� PHWKRGV� IRU�GUDZLQJ� PDQ\� ILJXUHV��
7R� GUDZ� WKH� RQH� VKRZQ� LQ�)LJXUH� �G�� D� EDVLF� XQLW� LV� GUDZQ� IRXU�

WLPHV�� ZKHUH� HDFK� XQLW� LV� URWDWHG� ��� GHJUHHV� UHODWLYH� WR� WKH� RQH�

EHIRUH� LW��E�� F��G��� DQG� D� FRQWLQXRXV� FXUYH� ILQDOO\� HQFORVHV� WKH� IRXU�

XQLWV� LQVLGH� �H��� �3KRWRJUDSK� FRXUWHV\� RI�.�� /��.DPDW���

RI�ODQJXDJHV��2WKHU� FRPSXWHU� VFLHQWLVWV�
LQ�DGGLWLRQ� WR�WKH�0DGUDV� JURXS� KDYH�
XVHG� SLFWXUH� ODQJXDJHV� WR�GHVFULEH� NR�
ODP�IDPLOLHV��
+HUH� ,�ZLOO� GHVFULEH� SLFWXUH� ODQ�

JXDJHV� XVHG� WR�SURGXFH� MXVW�D� IHZ�NR�
ODP�IDPLOLHV��$V� D�SUHOXGH�� OHW
V�ORRN�DW�
DQ� H[DPSOH� RI�D� UXGLPHQWDU\� IRUPDO�

ODQJXDJH� WKDW�SURGXFHV� VWULQJV�RI�V\P�
EROV� DQG� WKHQ�VHH�KRZ� VXFK� VWULQJV�FDQ�
EH� WUDQVODWHG� LQWR�SLFWXUHV�� /HW�XV� VD\�
WKDW�WKH�V\PEROV� LQ�RXU� ODQJXDJH� DUH�
UHVWULFWHG� WR�$�� %��&� DQG� WKH�VWDUWLQJ�
VWULQJ�LV�$%$$�� 2XU� UXOHV� IRU�FUHDWLQJ�
D�QHZ� VWULQJ�RI�V\PEROV� IURP�D�SUHYL�
RXV� VWULQJ�ZLOO� EH��

%�!$&�� $�!%�� &�!&&��

:H� UHIHU�WR�WKH� VWULQJV� WKDW�UHVXOW�
IURP�DSSO\LQJ� WKHVH�UHZULWLQJ�UXOHV� WR�
WKH�SUHYLRXV� VWULQJ�DV�RXWFRPHV��$FFRUG�

LQJO\��LI�WKH�VWDUWLQJ�VWULQJ�LV�$%$$�� WKH�

ILUVW�RXWFRPH�ZLOO� EH� %$&%%�� WKH�VHF�
RQG� RXWFRPH� ZLOO� EH�$&%&&$&$&��
DQG� WKH�WKLUG�RXWFRPH�ZLOO� EH�%&&$&�
&&&&%&&%&&�� 7KH� UHZULWLQJ� UXOHV�
FDQ� FRQWLQXH� WR� JHQHUDWH� RXWFRPHV� LQ�

GHILQLWHO\��$W� HDFK� VWDJH��WKH�WKUHH�UXOHV�

DUH�DSSOLHG� VLPXOWDQHRXVO\"WKDW� LV��LQ�

SDUDOOHO"UDWKHU� WKDQ�VHTXHQWLDOO\�� VR��
IRU�H[DPSOH�� WKH�$� DQG�&� LQWURGXFHG� DW�
RQH� VWDJH�E\�DSSO\LQJ� WKH�UXOH�%"!$&�
UHPDLQ�XQPRGLILHG� XQWLO� D� ODWHU�VWDJH��
7KLV� LV�FKDUDFWHULVWLF�RI�D�/LQGHQPD\HU�

)LJXUH� ��� 6RPH� NRODP� ILJXUHV� FRQVWLWXWH�

IDPLOLHV� ZLWK� IDPLO\� PHPEHUV� WKDW� VKDUH�

FRPPRQ� FKDUDFWHULVWLFV� RU� GHULYH� IURP� HDFK�

RWKHU�� 7KHVH� WKUHH�NRODP� DUH�PHPEHUV� RI� WKH�

3DULMDWKD� &UHHSHU� IDPLO\�� 7KH� FUHDWLRQ� RI�

IDPLOLHV� LV�SDUWLFXODUO\� H[SUHVVLYH� RI�PDWKH�

PDWLFDO� LGHDV�� &RPSXWHU� VFLHQWLVWV� KDYH�

VRXJKW� WR�GHYHORS� SLFWXUH� ODQJXDJHV� FDSDEOH�
RI�GHVFULELQJ� NRODP� IDPLOLHV��

����� -DQXDU\�)HEUXDU\� ���

This content downloaded  on Sun, 6 Jan 2013 07:02:44 AM
All use subject to JSTOR Terms and Conditions

http://www.jstor.org/page/info/about/policies/terms.jsp


)LJXUH� ���$� SLFWXUH� ODQJXDJH� FDQ� FUHDWH� DQJXODU� YHUVLRQV� RI� D�NRODP� W\SH� FDOOHG� WKH� 6QDNH�� 7KH� VPDOOHVW� ILJXUH� VKRZV� D� VWDUWLQJ� VWULQJ� RI�
")"� ")�� ZKHUH� )�PHDQV� PRYH� DKHDG� E\� RQH� VWHS��

��PHDQV� PRYH� FORFNZLVH� E\� ��� GHJUHHV�� ��PHDQV� PRYH� FRXQWHUFORFNZLVH� E\� ���

GHJUHHV� DQG� PHDQV� )�)�)�� �)���)�)�)�� $SSO\LQJ� WKH� UHZULWLQJ� UXOH� %"!%�)�%")"%�)�%� SURGXFHV� PRUH� FRPSOH[� YHUVLRQV� RI� WKH�6QDNH�
NRODP�� 7KH� ILUVW�RXWFRPH� LV� �%�)�%�� �)�� �%�)�%��� �)�� ��%�)�%�� �)�� �%�)�%��� �)�� (DFK� DSSOLFDWLRQ� RI� WKH� UHZULWLQJ� UXOH� UHSODFHV� HDFK� DUP�
LQ� WKH� IRXU�DUPHG� FURVV�ZLWK� D�QHZ� IRXU�DUPHG� FURVV�� FDXVLQJ� WKH� ILJXUHV� WR�JURZ� H[SRQHQWLDOO\� IURP��� WR���� WR����DUPV�� DQG� VR� RQ��

ODQJXDJH�� RU�
/�ODQJXDJH"QDPHG� IRU�

$ULVWLG� /LQGHQPD\HU�� D�ELRORJLVW� LQWHU�
HVWHG� LQ�PRGHOLQJ� SODQW�JURZWK�� ,Q�RXU�

H[DPSOH�� WKH� ODQJXDJH� LV�D� FRQWH[W�
IUHH��GHWHUPLQLVWLF� /�ODQJXDJH�� ,W� LV�
FRQWH[W�IUHH�EHFDXVH� WKH�IDWH�RI�HDFK�

V\PERO� LV�GHDOW� ZLWK� LQGLYLGXDOO\��
ZLWKRXW� UHIHUHQFH� WR�WKH�QHLJKERULQJ�
V\PEROV�� DQG� GHWHUPLQLVWLF� EHFDXVH�
WKHUH� LV�RQO\� RQH� SRVVLEOH� UHZULWLQJ�
UXOH�IRU�HDFK� RI�WKH�V\PEROV��
1RZ� WKH�TXHVWLRQ� LV�KRZ� WR�FUHDWH�D�

SLFWXUH� IURP�D� V\PERO� VWULQJ��3U]HP�

V\ODZ� 3UXVLQNLHZLF]�� ZKR� LV�SDUWLFX�
ODUO\�QRWHG� IRU�FRPSXWHU�JUDSKLFV� DS�
SOLFDWLRQV� RI�/�V\VWHPV�� GHYHORSHG�
WHFKQLTXHV� XVLQJ� V\PEROV� LQWHUSUHWHG�
DV� �WXUWOH�FRPPDQGV��� 7XUWOH�JUDSKLFV�
ZHUH� WKH�LGHD�RI�6H\PRXU� 3DSHUW� LQ�WKH�
����V��KH� FRQFHLYHG� WKH�ODQJXDJH� SUL�
PDULO\� WR�IRVWHU�WKH�LPDJLQDWLRQ� RI�FKLO�
GUHQ� WKURXJK� WKH�XVH� RI� FRPSXWHUV��
7KH� LGHD� LV�WKDW�D� WXUWOH�FDQ�GUDZ� DQ�

LPDJH� E\�GUDJJLQJ� LWV�GLUW\� WDLO��2U� LW�
FDQ� OLIW�LWV�WDLO�WR�FUHDWH�D�GLVFRQWLQXRXV�

GUDZLQJ�� 7KH� WXUWOH�GRHV� QRW�KDYH� DQ�
RYHUDOO� SHUVSHFWLYH�� EXW� LW�FDQ� FUHDWH�

FRPSOH[� GUDZLQJV� E\�XQGHUVWDQGLQJ�

DQG� FDUU\LQJ�RXW� D� OLPLWHG�VHW�RI�FRP�
PDQGV� WKDW�DUH�FRQYH\HG� WR�LW�E\� D� VHW�
RI�V\PEROV��7KRVH� FRPPDQGV� LQFOXGH��

)��0RYH� IRUZDUG�E\� D� VWHS�ZKLOH�

GUDZLQJ� D� OLQH��
I��0RYH� IRUZDUG�E\�D� VWHS�ZLWK�

RXW�GUDZLQJ� D� OLQH��
���7XUQ� OHIW��FRXQWHUFORFNZLVH�� E\�

DQ�DQJOH� RI�G�GHJUHHV��
���7XUQ�ULJKW� �FORFNZLVH�� E\�DQ�DQ�

JOH�RI�G�GHJUHHV��

(DFK� GUDZLQJ�PXVW� EHJLQ�E\�VSHFLI\�
LQJ�WKH�WXUWOH
V�GLUHFWLRQ�DQG� WKH�DQJOH�G��
ZKLFK� UHPDLQV� IL[HG� WKURXJKRXW� WKH�

GUDZLQJ�� (DFK�PRYH� EHJLQV� LQ�WKH�SODFH�
DQG�GLUHFWLRQ� LQ�ZKLFK� WKH�ODVW�RQH�HQG�
HG�� $V� DQ� H[DPSOH�� D� FRQWH[W�IUHH�� GH�

WHUPLQLVWLF�/�ODQJXDJH� ZLWK� WXUWOH�LQWHU�

SUHWDWLRQ� FDQ� UHSURGXFH� WKH�6QDNH�

IDPLO\� RI�NRODP� ILJXUHV� �)LJXUH� ����
'UDZQ� FRQWLQXRXVO\� DQG�HQGLQJ�ZKHUH�
LW�EHJDQ�� D� 6QDNH� NRODP� GLIIHUV� IURP�

PDQ\� RWKHU�NRODP� LQ�WKDW�QR� GRWV�SUH�
FHGH� LWV�GUDZLQJ�� 7KH� WXUWOH�LQWHUSUHWD�
WLRQ�RI� LW�XVHV� VWUDLJKW� OLQHV� DQG� SUR�
GXFHV� DQ�DQJXODU� YHUVLRQ� RI�WKH�GHVLJQ��
WKRXJK� LQFRUSRUDWLQJ� D�PDWKHPDWLFDO�

GDWD�ILWWLQJ�WHFKQLTXH� FDQ�� LQVWHDG��JHQ�
HUDWH� D� VPRRWK� FXUYH�� ,Q� DQ\� FDVH�� D� ODQ�

JXDJH� WKDW�GHVFULEHV� WKH�DQJXODU� 6QDNH�

EHJLQV� E\�GHILQLQJ�G�DV����GHJUHHV�� DQG�
WDNHV� %�� �)�� �%�� �)� DV� D�

VWDUWLQJ� VWULQJ��
7KH� WXUWOH�DOZD\V� LQWHUSUHWV� WR�PHDQ�

)�)�)")")�)�)�� DQG� WKH�UHZULWLQJ�
UXOH�IRU�SURGXFLQJ�PRUH� FRPSOH[�6QDNH�

ILJXUHV� LV�%�!%�)�%�� �)�� �%�)�%�� )LJ�
XUH���VKRZV�SLFWRULDO� UHSUHVHQWDWLRQV�RI�
%��RI�WKH�VWDUWLQJ�VWULQJ�DQG� RI�WKH�ILUVW�
DQG� VHFRQG�RXWFRPHV�� 6XFFHVVLYH� DSSOL�
FDWLRQV� RI� WKH�UHZULWLQJ�UXOH�FDXVH� WKH�

GHVLJQ� WR�JURZ�H[SRQHQWLDOO\��7KH�PRVW�
LQWULFDWH� 6QDNH� NRODP� VKRZQ� LV� D�
VPRRWKHG�YHUVLRQ�RI�ZKDW�ZRXOG� EH� WKH�
WKLUG�RXWFRPH��:HUH� ZH� WR�UHGXFH� WKH�
VL]H� RI� WKH�WXUWOH
V� VWHSV� IRU�HDFK� RXW�
FRPH� VR� WKDW� VXFFHVVLYH� GUDZLQJV�
ZRXOG� ILW�LQWR�D�VTXDUH� RI�WKH�VDPH� VL]H��
DQG�ZHUH� ZH� WR�FRQWLQXH� LQGHILQLWHO\��
ZH� ZRXOG� KDYH� DV� D� VXUSULVH� UHVXOW�D�
YDULDQW� RI� WKH�VSDFH�ILOOLQJ�� VHOI�DYRLG�

LQJ� IUDFWDO�NQRZQ� DV� WKH�6LHUSLQVNL�
FXUYH�� QDPHG� IRU�WKH�PDWKHPDWLFLDQ�
ZKR� GHVFULEHG� LW�LQ�������

$� FRQWH[W�IUHH�� GHWHUPLQLVWLF� /�ODQ�

JXDJH� KDV� DOVR� EHHQ� XVHG� WR�GHVFULEH�
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DQRWKHU�NRODP� IDPLO\"WKH� $QNOHWV� RI�
.ULVKQD�� $V� LQ�WKH�6QDNH� IDPLO\��WKH�
PHPEHUV� RI� WKH�$QNOHWV� RI�.ULVKQD�

IDPLO\� DUH� GHULYHG� UHFXUVLYHO\� IURP�
HDFK� RWKHU� DQG� JURZ� H[SRQHQWLDOO\��
7KH�0DGUDV� JURXS� RI�FRPSXWHU� VFLHQ�
WLVWV�DYRLGHG� SURGXFLQJ� DQJXODU� YHU�
VLRQV� RI� WKH�NRODP� ILJXUHV�E\� XVLQJ�
ZKDW� WKH\�WHUPHG�NRODP�PRYHV� WR�GUDZ�
VPRRWK�FXUYHV�DQG� ORRSV� LQVWHDG�RI�XV�

LQJ� OLQHDU� WXUWOH�PRYHV�� 7KH�0DGUDV�

JURXS� GHILQHG� VHYHQ� NRODP� PRYHV�
EDVHG� RQ�7DPLO�ZRPHQ
V� GHVFULSWLRQV�
RI� WKHLU�DFWLRQV��'UDZLQJ� WKH�$QNOHWV�
RI�.ULVKQD� UHTXLUHV� RQO\� WKUHH�RI� WKH�
NRODP�PRYHV��

)��0RYH� IRUZDUG�ZKLOH� GUDZLQJ� D�
OLQH��

5D��0RYH� IRUZDUG�ZKLOH�PDNLQJ� D�
KDOI� WXUQ�WR�WKH�ULJKW��

5���0RYH� IRUZDUG�ZKLOH�PDNLQJ� D�
IXOO�ORRS� WR�WKH�ULJKW��

$� ODQJXDJH� WKDW�SURGXFHV� WKH�$Q�
NOHWV�RI�.ULVKQD� EHJLQV�ZLWK� WKH�VWDUWLQJ�
VWULQJ�5M)5A5A5A5M� DQG�KDV� WKH�IRO�

ORZLQJ� UHZULWLQJ� UXOHV��5��"5�)5�)5��
DQG� 5��!5�)5�)5�)5�)5�� �)LJXUH� ����
/LNH� WKH�6QDNH� NRODP��ZKHUH� HDFK� DS�
SOLFDWLRQ� RI�WKH�UHZULWLQJ�UXOH�UHSODFHV�
HDFK�DUP� LQ�WKH�IRXU�DUPHG�FURVV�ZLWK� D�
QHZ� IRXU�DUPHG� FURVV�� LQFUHDVLQJO\� LQ�

WULFDWH�$QNOHWV� RI�.ULVKQD� ILJXUHV� DUH�

SURGXFHG� E\�UHSODFLQJ�HDFK� OHDIOHW�ZLWK�
D�VHW�RI�IRXU�OHDIOHWV��6HYHUDO� NRODP� IDP�
LOLHV�JURZ� LQ�D�VLPLODU�ZD\��

$UUD\� /DQJXDJHV�
7KH�SLFWXUH� ODQJXDJHV� ,�KDYH� GHVFULEHG�
FDQ� H[SUHVV� VRPH� IDPLOLHV� RI� ILJXUHV��
EXW� WKH\� LJQRUH� WKH�GRW� DUUD\V�ZLWK�
ZKLFK� PRVW� NRODP� ILJXUHV�EHJLQ�� 7KH�
GRW� DUUD\V� WKDW� WKH�ZRPHQ� RI�7DPLO�
1DGX� OD\�RXW� EHIRUH� GUDZLQJ� NRODP�
IRUHVKDGRZ� WKH�ILQDO� VL]H� DQG� VKDSH� RI�
HDFK�ILJXUH��2U�� SXW� DQRWKHU�ZD\��ZLWK�
WKH�GRWV�� WKH�ZRPHQ� FUHDWH� WKH�WZR�GL�
PHQVLRQDO� VNHOHWDO� VWUXFWXUHV�RI�ILJXUHV�
EHIRUH� H[HFXWLQJ� WKH�GUDZLQJV�� 7KLV�
QRWDEOH� DVSHFW� RI� WKH�NRODP� WUDGLWLRQ�
PRWLYDWHG� WKH�0DGUDV� JURXS� WR�ZRUN�
RQ� DUUD\�JUDPPDUV��ZKLFK� GHDO� ZLWK�
WZR�GLPHQVLRQDO� DUUD\V�RI�V\PEROV� LQ�
VWHDG�RI�VWULQJV�RI�V\PEROV�� %HJLUYQLQJ�
ZLWK� DUUD\V� RI�V\PEROV�� WKH�UHZULWLQJ�
UXOHV�RI�DUUD\� ODQJXDJHV� UHSODFH� VXEDU�

UD\V�ZLWK� RWKHU� VXEDUUD\V�� %XW�RQH� UH�
FXUUHQW�SUREOHP� WKDW�WKH\�KDG� WR�UH�
VROYH� LV� WKDW� WKH�QHZO\� LQWURGXFHG�

VXEDUUD\V� FDQ� GLIIHU� LQ�VKDSH� RU� VL]H�
IURP�WKH�VXEDUUD\V� WKH\�UHSODFH�� FUHDW�

LQJ�VKDSH� GLVWRUWLRQV� LQ�WKH�QHZ� DUUD\��
,Q� WKH�DUUD\�JUDPPDUV� UHIHUUHG� WR�DV�

6LURPRQH\� PDWUL[� JUDPPDUV�� VLPSOH�
WUDQVIRUPDWLRQV�RI�ILJXUH�XQLWV� FDQ�EH�

H[SUHVVHG�� 7KLV� FRXOG� DSSO\�� IRU�H[DP�

SOH�� WR�WKH�JHQHUDWLRQ� RI�WKH�IDPLO\�RI�
WKH�NRODP� LQ�)LJXUH� �D��7KDW� ILJXUH�KDV�
WKH�VDPH� XQLW� UHSURGXFHG� WZR� WLPHV�

KRUL]RQWDOO\�� D� VLQJOH� WLPH�YHUWLFDOO\��
7KH�EDVLF�XQLW�PLJKW�� LQ�DQRWKHU�NRODP��
EH� UHIOHFWHG�ZKLOH� EHLQJ� UHSHDWHG��$Q�
RWKHU� W\SH�RI�JUDPPDU�� WKH��NRODP� DU�

UD\�JUDPPDUV��� GHDOV�ZLWK� WKH�JHQHUD�
WLRQ�RI� ILJXUHV�ZKHUH� WKH� OHQJWK�DQG�
ZLGWK� RI� WKH�ILJXUHV�KDYH� D�IL[HG� UHOD�

WLRQVKLS�� ,PSRUWDQW� WR�WKH�FRQWULEXWLRQ�
RI� WKH�0DGUDV� JURXS� LV�WKHLU�JHQHUDO�
L]DWLRQ�RI�VRPH�EDVLF� VWULQJ�RSHUDWLRQV�
LQ�RUGHU� WR�DSSO\� WKHP�WR�UHFWDQJXODU�
DUUD\V�DQG� DOVR� WR�KH[DJRQDO� DUUD\V�� ,Q�
D� ����� DUWLFOH�� 5DQL� 6LURPRQH\� SUR�
YLGHV� D�FRPSUHKHQVLYH� GLVFXVVLRQ� DQG�

ELEOLRJUDSK\� RI�WKH�0DGUDV� JURXS
V� H[�
WHQVLYH�ZRUN� RQ�DUUD\�JUDPPDUV�� LQ�LW��
VKH�GHVFULEHV� WKH�YDULRXV� IDFHWV�WKDW�WKH�

JURXS�SXUVXHG� DQG�KRZ� WKHLU�ZRUN� UH�
ODWHV� WR�WKRVH�RI�RWKHUV��0RVW� RI� WKHLU�
ZRUN� GHDOV�ZLWK� WKH�IRUPDO�SURSHUWLHV�

RI� WKH� W\SHV� RI� ODQJXDJHV� WKH\�SUR�
SRVHG��ZKLOH� VRPH�RI�WKHLU�ZULWLQJV� DS�
SO\� WKH�ODQJXDJHV� WR�NRODP� IDPLOLHV��

7KH�0DGUDV� JURXS�XVHG� WZR�GLVWLQFW�
PHWKRGV� IRU�SLFWRULDO� LQWHUSUHWDWLRQ�RI�
WKH�V\PEROLF� DUUD\V� WKDW�WKH�DUUD\� ODQ�

JXDJHV� JHQHUDWH�� 2QH� PHWKRG� LQWHU�

SUHWV� WKH�V\PEROV� LQ�UHFWDQJXODU�DUUD\V�
DV�FRQWLJXRXV� ILJXUH�XQLWV��7KH� VSHFLILF�
VHWV�RI�ILJXUH�XQLWV�YDU\� IURP�ODQJXDJH�
WR�ODQJXDJH�� VLQFH� WKH\�GHSHQG� RQ� WKH�
NRODP� IDPLO\�WKDW�WKH�DUUD\� ODQJXDJH�
GHVFULEHV�� 7R� FUHDWH�YDULRXV� PHPEHUV�
RI�D�NRODP� IDPLO\��WKH�UXOHV�IRU�JHQHUDW�
LQJ�VXFFHVVLYH� DUUD\V�KDYH� WR�FDSWXUH�
WKH�LQKHUHQW�RUJDQL]DWLRQ� RI�WKH�ILJXUH�
XQLWV� LQ�D� JLYHQ� IDPLO\��7KH� VHFRQG�
PHWKRG� IRU�SURGXFLQJ� SLFWXUHV� IURP�
WKH�V\PEROLF�DUUD\V�PRYHV� FORVHU�WR�WKH�

SURFHGXUHV� WKH�ZRPHQ� RI�7DPLO�1DGX�
XVH� WR�GUDZ�NRODP�� ,Q�LW��WKH�V\PEROV� LQ�
WKH�DUUD\V� FDQ�EH� WKRXJKW�RI�DV�GRWV��
EXW� GRWV� WKDW�FDUU\� LQVWUXFWLRQV�JXLG�
LQJ� WKH�GUDZLQJ� RI� WKH� ILJXUHV�� 7KH�

W\SHV�RI�GRWV� LQ�DQ� DUUD\�DQG� WKHLU�LQ�
VWUXFWLRQV�YDU\� IURP�ODQJXDJH� WR� ODQ�

UXOHV�

)LJXUH� ���$� SLFWXUH� ODQJXDJH� FUHDWHV� NRODP� ILJXUHV� LQ� WKH�$QNOHWV� RI�.ULVKQD� IDPLO\� XVLQJ�
WKH� VWDUWLQJ� VWULQJ�5M)5M)5M)5M)5M� DQG� WKH�ER[HG� UXOHV� WKDW�GLFWDWH� ZKDW� HDFK� V\PERO� PHDQV�

DQG� KRZ� WR�UHZULWH� WKH� V\PEROV� LQ� WKH� VWULQJ� WR� FUHDWH� LQFUHDVLQJO\� LQWULFDWH� RXWFRPHV�� (DFK�

DSSOLFDWLRQ� RI� WKH�UHZULWLQJ� UXOHV� UHSODFHV� HDFK� RI� WKH� OHDIOHWV� ZLWK� D� VHW�RI� IRXU� OHDIOHWV��
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)LJXUH� ���'LIIHUHQW� DUUD\� ODQJXDJHV� FDQ� FUHDWH� WKH�0RXQWDLQ� 7RS�

IDPLO\� RI� NRODP� ILJXUHV�� ZKLFK� JURZV� SRO\QRPLDOO\� UDWKHU� WKDQ�

H[SRQHQWLDOO\�� ,Q� RQH� ODQJXDJH�� WKH� V\PEROV� LQ� WKH� UHVXOWLQJ� UHF�

WDQJXODU� DUUD\V� DUH� LQWHUSUHWHG� DV� FRQWLJXRXV� ILJXUH� XQLWV�� $W� ULJKW��
WKH� ILJXUH� XQLWV� DUH� VXSHULPSRVHG� RQ� D� V\PEROLF� DUUD\��

DL� �*!� "� "� "� �� �� �2�
EODQN�

JXDJH�� DJDLQ�� WKH\�DUH� VSHFLILF� WR�WKH�
NRODP� IDPLO\�WKDW�WKH�DUUD\V�GHVFULEH��
7R� FUHDWH�NRODP� IDPLO\�PHPEHUV�� WKH�
UXOHV� IRU�JHQHUDWLQJ� VXFFHVVLYH� DUUD\V�
PXVW� FDSWXUH� WKH�SDWWHUQHG� RUJDQL]D�
WLRQ�RI� WKH� LQVWUXFWLRQ�FDUU\LQJ� GRWV��

)LJXUHV� �� �ULJKW��DQG� �� VKRZ� KRZ� WKH�
WZR�GLIIHUHQW�PHWKRGV� FDQ� JHQHUDWH�

0RXQWDLQ� 7RS�NRODP� ILJXUHV��

7KH� $OJRULWKPLF� 1DWXUH� RI�.RODP�
$V� FRPSXWHU�VFLHQWLVWV�KDYH� WULHG�WR�FDS�
WXUH�NRODP� ILJXUHV�ZLWK� SLFWXUH� ODQ�

JXDJHV�� WKH\�KDYH� KLJKOLJKWHG� WKH�ULFK�
QHVV� RI� WKH�NRODP� VWPFWXUHV� DQG� WKHLU�

DOJRULWKPLF�QDWXUH"LQ� RWKHU�ZRUGV�� WKH�

RUGHUO\��VWHS�E\�VWHS�ZD\� WKH\�DUH�EXLOW��
7KH� ODQJXDJHV� GR�QRW�QHFHVVDULO\� UHSOL�
FDWH�KRZ� WKH�ZRPHQ� RI�7DPLO� 1DGX�
FRQFHLYH�RI�DQG�GUDZ� WKH�NRODP� ILJXUHV��
1HYHUWKHOHVV�� WKH\�XQGHUVFRUH� WKH�IDFW�
WKDW�WKH�NRODP�� DQG�SDUWLFXODUO\� WKH�IDP�
LOLHV�RI�NRODP�� DUH�PRUH� WKDQ�MXVW�D�FRO�
OHFWLRQ�RI�LQGLYLGXDO�SLFWXUHV�� V\VWHPDWLF�
SURFHGXUHV� DQG� WHFKQLTXHV�XQLI\�WKHP��

7KH�NRODP� WUDGLWLRQ�KDV� DOVR�SURYLG�
HG� DQ� XQXVXDO� RSSRUWXQLW\� IRU�WKH�

FRPSXWHU� VFLHQWLVWV��7KHUH�PD\� EH� QR�
EHWWHU�ZD\� WR�H[DPLQH� DQ� DFDGHPLF�
FRQVWUXFW� WKDQ�WR�DSSO\� LW�WR�H[DPSOHV�
IURP�D� WUDGLWLRQ� DQG� FXOWXUH� RXWVLGH�
WKH�RQH� LQ�ZKLFK� WKH�FRQVWUXFW� DURVH��
%XW� LQ�DGGLWLRQ�� WKH�FRPSXWHU� VFLHQWLVWV�

VRXJKW� WR�OHDUQ�IURP�WKH�ILJXUH�PDNHUV�
DQG� LQWHJUDWHG�ZKDW� WKH\�OHDUQHG� LQWR�
WKH�WKHRU\�DQG� SUDFWLFH� RI� WKHLU�RZQ�
ILHOG��7KLV� UHFHQW�SKDVH� LQ�WKH�KLVWRU\�RI�
WKH�NRODP� WUDGLWLRQ� VKRZFDVHV� KRZ�
PDWKHPDWLFDO� LGHDV� FDQ�PRYH� EH\RQG�
WKHLU�WUDGLWLRQDO� ERXQGDULHV�� LQWHUDFW�
ZLWK� DQ�DFDGHPLF� HQGHDYRU�� DQG� LQ�IDFW�
FRQWULEXWH� WR�LW��

7KHUH� LV�QR� GRXEW� WKDW�PDWKHPDWL�
FDO� LGHDV� DUH� HPEHGGHG� LQ�WKH�NRODP�

WUDGLWLRQ��ZLWK� LWV�HPSKDVLV� RQ� ULFK�

V\PPHWU\��SDWWHUQHG� UHSHWLWLRQ��FORVHG�
FRQWLQXRXV� FXUYHV� DQG� IDPLOLHV� RI�
FXUYHV�� ,QGLYLGXDO� ZRPHQ� FRQFHLYH� RI�
DQG� H[HFXWH� WKH�WUDGLWLRQDO�NRODP� ILJ�
XUHV� DQG� LQWURGXFH� YDULDWLRQV� DPRQJ�
WKHP��EXW� WKH\�DUH��QRQHWKHOHVV�� SDUW�
RI�D� FRUSXV� RI� LGHDV� SDVVHG� RQ� IURP�

JHQHUDWLRQ� WR�JHQHUDWLRQ�� $QG� WKH�ILJ�
XUHV� DUH�DQ� LPSRUWDQW�SDUW� RI� WKH�FXO�
WXUDO� HQYLURQPHQW� LQ�7DPLO� 1DGX"�
VHHQ�� NQRZQ� DQG� DSSUHFLDWHG� E\�
HYHU\RQH� LQ�WKH�FXOWXUH�� 7KH� NRODP�
WUDGLWLRQ� LV�FHUWDLQO\�SDUW� RI�D�JOREDO�
DQG� RQJRLQJ� KLVWRU\� RI�PDWKHPDWLFDO�
LGHDV��\HW� LW�UHPDLQV�� DERYH� DOO��D� FHQ�
WUDO�SDUW�RI�WKH�FXOWXUH� DQG�GDLO\� ODQG�

VFDSH� RI�7DPLO�1DGX��

UXOHV�
���MRLQ�WZR�9� GRWV�E\�DQ�DUF�WKURXJK�D� GRW�DURXQG�D�$GRW�
��� MRLQ�WZR�QHDUHVW�7GRWV� E\�VWUDLJKW�OLQHV��WR�IRUP�GLDPRQGV�DURXQG�2� GRWV��
��� MRLQ� GRWV�DURXQG�D� GRW�E\�WZR�DUFV�
��� MRLQ�WZR�7GRWV� WKURXJK�D� GRW�E\�D�WKUHDG�

)LJXUH� ���$QRWKHU� DUUD\� ODQJXDJH� WKDW� JHQHUDWHV� PHPEHUV� RI� WKH�0RXQWDLQ� 7RS� IDPLO\� RI�

NRODP� ILJXUHV� LQWHUSUHWV� WKH� V\PEROV� LQ� WKH�DUUD\V� DV� GRWV� FDUU\LQJ� VSHFLILF� LQVWUXFWLRQV��

��� $PHULFDQ� 6FLHQWLVW�� 9ROXPH� ���
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$FNQRZOHGJPHQWV�
7KH� DXWKRU� WKDQNV�5DQL� 6LURPRQH\� RI�
0DGUDV� &KULVWLDQ� &ROOHJH� DQG�.DPDOD�
.ULWKLYDVDQ�RI�,QGLDQ�,QVWLWXWH�RI�7HFKQRO�

RJ\�IRU� WKHLU�NLQG�UHVSRQVHV�WR�LQTXLULHV��
VKH�WKDQNV�%RQQLH�0DF'RXJDOO� RI�&RUQHOO�

8QLYHUVLW\�IRU�VKDULQJ�LQIRUPDWLRQ�WKDW�WKH�
ODWH�6FRWW�0DF'RXJDOO�� DOVR� RI�&RUQHOO�

8QLYHUVLW\��FROOHFWHG�LQ�6UL�/DQND� LQ�������

%LEOLRJUDSK\�
$VFKHU�� 0�� ������ (WKQRPDWKHPDWLFV�� $�0XOWLFXO�

WXUDO�9LHZ� RI�0DWKHPDWLFDO� ,GHDV��1HZ� <RUN��

&KDSPDQ� 	�+DOO�&5&��

$VFKHU�� 0�� ,Q� SUHVV�� 0DWKHPDWLFV� (OVHZKHUH��

3ULQFHWRQ�� 1�-��� 3ULQFHWRQ� 8QLYHUVLW\� 3UHVV��

$VFKHU�� 0��� DQG�5��$VFKHU�� ������0DWKHPDWLFV� RI�
WKH� ,QFDV�� &RGH� RI� WKH�4XLSX�� 1HZ� <RUN��
'RYHU� 3XEOLFDWLRQV�� ,QF�� �5HSULQW� RI� �����
&RGH� RI�WKH�4XLSX�� $� 6WXG\� LQ�0HGLD�� 0DWKH�

PDWLFV�� DQG�&XOWXUH�� $QQ� $UERU�� 8QLYHUVLW\�
RI�0LFKLJDQ� 3UHVV���

'XUDL�� +�� *�� ������ 3UHOLPLQDU\� QRWH� RQ� JHR�
PHWULFDO� GLDJUDPV� �NRODP�� IURP�WKH�0DGUDV�

3UHVLGHQF\�� 0DQ� ���������

1DUDVLPKDQ�� 5�� ������ /LVW� RI� VHOHFWHG� SXEOLFD�
WLRQV� RI�'U�� *LIW� 6LURPRQH\�� ,Q�$� 3HUVSHFWLYH�
LQ�7KHRUHWLFDO� &RPSXWHU� 6FLHQFH�� &RPPHPRUD�
WLYH�9ROXPH� IRU�*LIW� 6LURPRQH\�� HG�� 5��1DUD�

VLPKDQ�� 6HULHV� LQ�&RPSXWHU� 6FLHQFH�� YRO�� ����
/RQGRQ�� :RUOG� 6FLHQWLILF�� SS�� [L�[YLLL��

1DUDVLPKDQ�� 5�� ������ 7KH� RUDO�OLWHUDWH� GLPHQ�
VLRQ� LQ�,QGLDQ� FXOWXUH�� ,Q� ,QGRORJLFDO� (VVD\V��
&RPPHPRUDWLYH� 9ROXPH� ���IRU�*LIW� 6LURPRQH\��
HG��0�� /RFNZRRG�� 'HSDUWPHQW� RI�6WDWLVWLFV��
0DGUDV� &KULVWLDQ� &ROOHJH�� SS�� �������

3UXVLQNLHZLF]�� 3���.�� .ULWKLYDVDQ� DQG�0�� *�� 9L�

MD\DQDUD\DQD�� ������ $SSOLFDWLRQ� RI�/�V\V�
WHPV� WR�DOJRULWKPLF� JHQHUDWLRQ� RI�6RXWK� ,Q�
GLD� IRON�DUW�SDWWHUQV� DQG� .DUQDWLF� PXVLF�� ,Q�

$� 3HUVSHFWLYH� LQ�&RPSXWHU� 6FLHQFH�� &RPPHPR�
UDWLYH� 9ROXPH� IRU� *LIW� 6LURPRQH\�� HG�� 5��

1DUDVLPKDQ�� &RPSXWHU� 6FLHQFH� 6HULHV�� YRO��
����/RQGRQ�� :RUOG� 6FLHQWLILF�� SS�� ���������

3UXVLQNLHZLF]�� 3��� DQG� $�� /LQGHQPD\HU�� ������
7KH�$OJRULWKPLF� %HDXW\� RI�3ODQWV�� 1HZ� <RUN��

6SULQJHU�9HUODJ��
3UXVLQNLHZLF]�� 3���$�� /LQGHQPD\HU� DQG� )��'��

)UDFFLD�� ������ 6\QWKHVLV� RI� VSDFH�ILOOLQJ�
FXUYHV� RQ� WKH� VTXDUH� JULG�� ,Q�)UDFWDOV� LQ�WKH�
)XQGDPHQWDO� DQG�$SSOLHG� 6FLHQFHV�� HGV��+��2��

3HLWJHQ�� -��0�� +HQULTXHV� DQG� /�� )��3HQHGR��
$PVWHUGDP�� 1RUWK�+ROODQG� 3UHVV�� SS��
���������

5RVHQIHOG�� $��� DQG� 5�� 6LURPRQH\�� ������ 3LFWXUH�

ODQJXDJHV"D� VXUYH\�� /DQJXDJH� RI�'HVLJQ�
�����������

6LURPRQH\�� *�� ������ 6RXWK� ,QGLDQ� NRODP� SDW�
WHUQV��.DODNVKHWUD� 4XDUWHUO\� ��������

6LURPRQH\�� *��� DQG� 5�� 6LURPRQH\�� ������
5RVHQIHOG
V� F\FOH� JUDPPDUV� DQG� NRODP�� ,Q�

*UDSK�*UDPPDUV� DQG� WKHLU�$SSOLFDWLRQ� WR�

&RPSXWHU� 6FLHQFH�� 7KLUG� ,QWHUQDWLRQDO�

:RUNVKRS� ������ HG�� ��
(KULJ��0�� 1DJO�� $��

5RVHQIHOG� DQG� *�� 5R]HQEHUJ�� /HFWXUH� 1RWHV�
LQ� &RPSXWHU� 6FLHQFH�� QR�� ����� %HUOLQ��

6SULQJHU�9HUODJ�� SS�� ���������

6LURPRQH\�� *��� 5�� 6LURPRQH\� DQG� .��
.ULWKLYDVDQ�� ������$UUD\� JUDPPDUV� DQG� NR�
ODP��&RPSXWHU� *UDSKLFV� DQG� ,PDJH�3URFHVVLQJ�
���������

6LURPRQH\�� 5�� ������$UUD\� ODQJXDJHV� DQG� /LQ�

GHQPD\HU� V\VWHPV�� ,Q�7KH� %RRN� RI/�� HGV��*��

5R]HQEHUJ� DQG� $�� 6DRPDD�� +HLGHOEHUJ��
6SULQJHU�9HUODJ�� SS�� ���A����

6WHLQPDQQ�� 5��0�� ������ .RODP�� )RUP�� WHFK�

QLTXH�� DQG� DSSOLFDWLRQ� RI�D� FKDQJLQJ� ULWXDO�
IRON�DUW�RI�7DPLO� 1DGX�� ,Q�6KDVWULF�7UDGLWLRQV�
LQ� ,QGLDQ� $UWV�� HG�� $�� /�� 'DOODSLFFROD��
6WXWWJDUW�� 6WHLQHU�� YRO�� ���SS�� ���A���� YRO�� ���

SS�� ��������� DQG� SODWHV� &�&,9��

/LQNV� WR�,QWHUQHW� UHVRXUFHV� IRU�IXUWKHU�

H[SORUDWLRQ� RI� �7KH� .RODP� 7UDGLWLRQ��

DUH� DYDLODEOH� RQ� WKH�$PHULFDQ� 6FLHQWLVW�

:HE� VLWH��

KWWS�� ����ZZZ�DPHULFDQVFLHQWLVW�RUJ��

DU0HV� ��4�DUWIFWH����IOJ"KHIUKWPO�

$3$7"(� %2"L(6`A�
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