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(YHU\RQH�NQRZV�WKDW�1HZWRQ�DQG�/HLEQL]�DUH�WKH�IRXQGHUV�RI�&DOFXOXV��
6RPH�PD\�WKLQN�LW�VXIILFHV�WR�NQRZ�MXVW�WKLV�RQH�IDFW��%XW�LW�LV�ZRUWKZKLOH��LQ��
GHHG��WR�JR�LQWR�PRUH�GHWDLOV�DQG�WR�VWXG\�WKH�KLVWRU\�RI�WKH�GHYHORSPHQW�RI�
&DOFXOXV��LQ�SDUWLFXODU��XS�WR�WKH�WLPH�RI�1HZWRQ�DQG�/HLEQL]��

,Q�RXU�FRXUVHV�RQ�&DOFXOXV�ZH�XVXDOO\�EHJLQ�ZLWK�GLIIHUHQWLDWLRQ�DQG�WKHQ�
FRPH�ODWHU�WR�LQWHJUDWLRQ��7KLV�LV�HQWLUHO\�MXVWLILHG��VLQFH�GLIIHUHQWLDWLRQ�LV�VLPSOHU�
DQG�HDVLHU�WKDQ�LQWHJUDWLRQ��2Q�WKH�RWKHU�KDQG��WKH�KLVWRULFDO�GHYHORSPHQW�
VWDUWV�ZLWK�LQWHJUDWLRQ��FRPSXWLQJ�DUHDV��YROXPHV��RU�OHQJWKV�RI�DUFV�ZHUH�WKH�
ILUVW�SUREOHPV�RFFXUULQJ�LQ�WKH�KLVWRU\�RI�&DOFXOXV��6XFK�SUREOHPV�ZHUH�GLV��
FXVVHG�E\�DQFLHQW�*UHHN�PDWKHPDWLFLDQV��HVSHFLDOO\�E\�$UFKLPHGHV��ZKRVH�RXW��
VWDQGLQJ�DQG�SHQHWUDWLQJ�DFKLHYHPHQWV�PDUN�WKH�SHDN�RI�DOO�DQFLHQW�PDWKH��
PDWLFV�DQG�DOVR�WKH�YHU\�EHJLQQLQJ�RI�WKH�WKHRU\�RI�LQWHJUDWLRQ��7KH�PHWKRG�DS��
SOLHG�E\�$UFKLPHGHV�IRU�KLV�SURRIV�ZDV�WKH�VR�FDOOHG�PHWKRG�RI�H[KDXVWLRQ��WKDW�
LV��LQ�WKH�FDVH�RI�SODQH�DUHDV��WKH�PHWKRG�RI�LQVFULEHG�DQG�FLUFXPVFULEHG�SRO\JRQV�
ZLWK�DQ�LQFUHDVLQJ�QXPEHU�RI�HGJHV��7KLV�PHWKRG�ZDV�ILUVW�ULJRURXVO\�DSSOLHG��LQ�
WKH�IRUP�RI�D�GRXEOH�UHGXFWLR�DG�DEVXUGXP��E\�WKH�JUHDW�*UHHN�PDWKHPDWLFLDQ�
(XGR[XV�DW�WKH�EHJLQQLQJ�RI�WKH�IRXUWK�FHQWXU\�%�&�� +H�ILUVW�SURYHG�WKH�IDFWV��
SUHYLRXVO\�VWDWHG�E\�'HPRFULWXV��WKDW�WKH�YROXPH�RI�D� S\UDPLG�HTXDOV� RQH�
WKLUG�RI�WKH�FRUUHVSRQGLQJ�SULVP�DQG�WKH�YROXPH�RI�D�FRQH�HTXDOV�RQH�WKLUG�RI�WKH�
FRUUHVSRQGLQJ�F\OLQGHU��7KH�VDPH�PHWKRG�ZDV�DOVR�XVHG�E\�(XFOLG�DQG�WKHQ�ZLWK�
WKH�JUHDWHVW�VXFFHVV�E\�$UFKLPHGHV��WKLUG�FHQWXU\�%�&���� ,W�LV�ZHOO�NQRZQ�WKDW�
$UFKLPHGHV�ZDV�WKH�ILUVW�WR�GHWHUPLQH�WKH�DUHD�DQG�WKH�OHQJWK�RI�WKH�FLUFOH��WKDW�
LV��WR�JLYH�VXLWDEOH�DSSUR[LPDWH�YDOXHV�RI��U��DQG�PRUHRYHU�WR�GHWHUPLQH�WKH�
YROXPH�DQG�WKH�DUHD�RI�WKH�VXUIDFH�RI�WKH�VSKHUH�DQG�RI�F\OLQGHUV�DQG�FRQHV��
%XW�KH�ZHQW�IDU�EH\RQG�WKLV�>�@�� KH�IRXQG�WKH�DUHDV�RI�HOOLSVHV��RI�SDUDEROLF�
VHJPHQWV��DQG�DOVR�RI�VHFWRUV�RI�D�VSLUDO��WKH�YROXPHV�RI�VHJPHQWV�RI�WKH�VROLGV�RI�
UHYROXWLRQ�RI�WKH�VHFRQG�GHJUHH��WKH�FHQWURLGV�RI�VHJPHQWV�RI�D�SDUDEROD��RI�D�
FRQH��RI�D�VHJPHQW�RI�WKH�VSKHUH��RI�ULJKW�VHJPHQWV�RI�D�SDUDERORLG�RI�UHYROXWLRQ�
DQG� RI�D� VSKHURLG��7KHVH� ZHUH�DPD]LQJ�DFKLHYHPHQWV��LQGHHG��$UFKLPHGHV�
SURYHG�KLV�UHVXOWV�LQ�WKH�FODVVLFDO�PDQQHU��E\�WKH�PHWKRG�RI�H[KDXVWLRQ��6RPH��
WLPHV�WKH�W\SH�RI�DSSUR[LPDWLRQ�LV�MXVW�WKH�VDPH�DV�ZH�ZRXOG�XVH��)RU�LQVWDQFH��
LQ�RUGHU�WR�REWDLQ�WKH�YROXPH�RI�D�VROLG�RI�UHYROXWLRQ�RI�WKH�VHFRQG�GHJUHH��
$UFKLPHGHV�DSSUR[LPDWHV�WKH�YROXPH�E\�D�VXP�RI�F\OLQGULFDO�VODEV��%XW�WKH�
GLUHFW�HYDOXDWLRQ�RI�WKH�OLPLW�RI�VXFK�VXPV�ZDV�FXPEHUVRPH��+HQFH�ZH�PD\�DVN��
ZKDW�Z,V�WKH�PHWKRG�XVHG�E\�$UFKLPHGHV�IRU�ILQGLQJ�KLV�UHVXOWV"�

7KHUH�LV�DQ�LQGLFDWLRQ�RI�KLV�PHWKRG�LQ�WKH�EHJLQQLQJ�RI�KLV�ERRN�RQ�WKH�
TXDGUDWXUH�RI�WKH�SDUDEROD��%XW�D�IXOO�H[SODQDWLRQ�RI�KLV�SURFHGXUH�ZDV�JLYHQ�
E\�KLP�LQ�D�ZRUN�UHGLVFRYHUHG�DV� ODWH�DV� ������,W� LV�KLV�0HWKRG�&RQFHUQLQJ�
0HFKDQLFDO�7KHRUHPV��GHGLFDWHG�WR�(UDWRVWKHQHV��NQRZQ�DV�$UFKLPHGHV
�0HWKRG�

�%DVHG�RQ�WZR�DGGUHVVHV�JLYHQ�DW�WKH�0DWKHPDWLFV�&OXE�RI�3XUGXH�8QLYHUVLW\��-XQH����������
DQG�DW�WKH�PHHWLQJ�RI�WKH�,QGLDQD�$FDGHP\�RI�6FLHQFH��&UDZIRUGVYLOOH��,QG���1RYHPEHU����������
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RU���R�RV�>�@��7KLV�PDQXVFULSW�ZDV�IRXQG�LQ�,VWDQEXO�DV�D�VR�FDOOHG�SDOLPSVHVW��
7KDW� LV�WR�VD\��LQ�WKH���WK�FHQWXU\�$�'�� WKH�PDQXVFULSW�RI�WKH�0HWKRG�ZDV�
ZULWWHQ�RQ�WKLV�SDUFKPHQW��ODWHU��LQ�WKH���WK�FHQWXU\��VLQFH�QRERG\�WKHUH�ZDV�
LQWHUHVWHG�LQ�LW�DQ\�ORQJHU�RU�FRXOG�HYHQ�XQGHUVWDQG�LW��WKH�0HWKRG�ZDV�ZDVKHG�
RII�DQG�D�UHOLJLRXV�WH[W�RI�WKH�RUWKRGR[�FKXUFK��D� VR�FDOOHG�HXFKRORJLRQ��ZDV�
ZULWWHQ�RQ�WKH�SDUFKPHQW��)RUWXQDWHO\�PRVW�RI�WKH�$UFKLPHGHDQ�WH[W�FRXOG�EH�
UHVWRUHG��

7KH�PHWKRG�RI�$UFKLPHGHV�PD\�EH�FDOOHG�D�PHFKDQLFDO�LQILQLWHVLPDO�PHWKRG��
:H�PXVW�UHPHPEHU�WKDW�$UFKLPHGHV�ZDV�DOVR�WKH�IRXQGHU�RI�VWDWLFV��DQG�RI�
K\GURVWDWLFV�WRR��1RZ�KLV�PHWKRG�RI�LQWHJUDWLRQ�FRQVLVWV�LQ�DQ�DSSOLFDWLRQ�RI�
WKH�SULQFLSOH�RI�WKH�OHYHU�WR�HOHPHQWDU\�SDUWV�RI�WKH�ILJXUH��$V�DQ�H[DPSOH��ZH�
VKDOO�VHH�KRZ�$UFKLPHGHV�GHWHUPLQHV�WKH�DUHD�RI�D�VHJPHQW�RI�D�SDUDEROD��WKLV�
LQGHHG�LV�WKH�ILUVW�H[DPSOH�JLYHQ�LQ�KLV��R�RV��

/HW�$P��EH�WKH�JLYHQ�VHJPHQW�RI�WKH�SDUDEROD��OHW�5�EH�WKH�PLGSRLQW�RI�WKH�
FKRUG�$%��DQG�GUDZ�WKH�GLDPHWHU�G��SDUDOOHO�WR�WKH�D[LV��WKURXJK�5��LQWHUVHFWLQJ�
WKH�DUF�$%� LQ�8��FI��)LJXUH�����:H�GUDZ�WKH�WDQJHQW�RI�WKH�SDUDEROD�DW�%�DQG�
WKH�SDUDOOHO�WR�G�WKURXJK�$��6R�ZH�REWDLQ�$$%&� DQG�ZLVK�WR�FRPSDUH�WKH�DUHD�
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RI�WKH�VHJPHQW�$%�ZLWK�WKH�DUHD�RI�WKLV�WULDQJOH��/HW�7�EH�WKH�LQWHUVHFWLRQ�RI�
WKH�WDQJHQW�%&�ZLWK�WKH�GLDPHWHU�G��)URP�DQ�HOHPHQWDU\�SURSHUW\�RI�WKH�SDUD��
EROD�ZH�REWDLQ��87 � 85��+HQFH�WKH�OLQH�%�8�LQWHUVHFWV�$�&�LQ�LWV�PLGSRLQW����
7KH�FHQWURLG�6�RI�WKH��$$%&�OLHV�RQ�2%�ZLWK�26 � /2%��0DNH�2' � 2%��1RZ�
WKURXJK�DQ\�SRLQW�3�RI�WKH�DUF�$�8%�GUDZ�D�SDUDOOHO�WR�WKH�GLDPHWHU��0134��
$UFKLPHGHV�SURYHV�DV� D� SURSHUW\�RI�WKH�SDUDEROD� WKDW�03�04 $0�$%��
KHQFH�03��04� �21��2%� �21��2'�� 7KHUHIRUH�03�;�2'� �04�;�21��7KDW�LV��
DFFRUGLQJ�WR�WKH�SULQFLSOH�RI�WKH�OHYHU��,I�'2%� LV�FRQVLGHUHG�WR�EH�WKH�EDU�RI�D�
EDODQFH�ZLWK�WKH�IXOFUXP�LQ��� �FI��)LJXUH�����WKHQ�WKH�OLQH�VHJPHQW�30� VXV��
SHQGHG�DW�'�LV�LQ�HTXLOLEULXP�ZLWK�WKH�OLQH�VHJPHQW�04�ZKLFK�UHPDLQV��ZLWKRXW�
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DQ\�FKDQJH��VXVSHQGHG�DW�1�� 6LQFH�WKLV�KROGV�IRU�HYHU\�OLQH�SDUDOOHO�WR�G��LW�
IROORZV�WKDW�WKH�WRWDO�VHJPHQW�$%�RI�WKH�SDUDEROD�VXVSHQGHG�DW�'�LV�LQ�HTXLOLE��
ULXP�ZLWK�WKH�$$%&UHPDLQLQJ�XQFKDQJHG�RU��ZKDW�DPRXQWV�WR�WKH�VDPH�WKLQJ��
WKH�VHJPHQW�$%� VXVSHQGHG�DW�'� LV�LQ�HTXLOLEULXP�ZLWK�WKH�$$%&� VXVSHQGHG�
DW�LWV�FHQWURLG�6��7KHUHIRUH��VLQFH�26 � ��'�� WKH�VHJPHQW�$%5 ��� $%&�� 0RUH��
RYHU��VLQFH�5�8 � �57 � $�&��ZH�KDYH� $$%& � ��$$�8%��DQG�KHQFH�DOVR�VHJ��
PHQW�$�8% 
� $?$�8%��
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%\�WKLV�LQJHQLRXV�PHWKRG�RI�VWDWLFV��$UFKLPHGHV�IRXQG�WKH�ILQDO�UHVXOW��%XW�
KH�GLG�QRW�UHJDUG�VXFK�UHDVRQLQJ�DV�D�SURRI��+DYLQJ�WKXV�REWDLQHG�WKH�UHVXOW��
KH�ZDV�WKHQ�DEOH�WR�JLYH�D�ULJRURXV�IRUPDO�SURRI�E\�WKH�PHWKRG�RI�H[KDXVWLRQ��

2QH�VKRXOG�H[SHFW�WKDW�WKH�ZRQGHUIXO�DFKLHYHPHQWV�RI�$UFKLPHGHV�ZRXOG�
KDYH�EHFRPH�D� JUHDW�VWLPXOXV�WR�WKH�IXUWKHU�GHYHORSPHQW�RI�*UHHN�PDWKH��
PDWLFV��VLPLODU�WR�WKH�JUHDW�LQIOXHQFH�RI�1HZWRQ�DQG�/HLEQL]�RQ�WKH�PDWKHPDWL��
FDO�SURGXFWLRQ�RI�VXFFHHGLQJ�JHQHUDWLRQV��%XW�LW�LV�VXUSULVLQJ�WKDW�$UFKLPHGHV�
IRXQG�DOPRVW�QR�VXFFHVVRUV�WR�FRQWLQXH�KLV�ZRUN��,Q�WKLV�FRQQHFWLRQ�RQO\�RQH�
RI�WKH�VXEVHTXHQW�PDWKHPDWLFLDQV�LV�WR�EH�PHQWLRQHG��QDPHO\��'LRQ\VRGRUXV�
ZKR�IRXQG�WKH�YROXPH�RI�WKH�WRUXV��2I�FRXUVH��RQH�KDV�WR�UHPHPEHU�WKDW�DW�WKH�
WLPH�RI�$UFKLPHGHV�WKHUH�OLYHG�DQRWKHU�RXWVWDQGLQJ�*UHHN�PDWKHPDWLFLDQ��
$SROORQLXV��DERXW����\HDUV�\RXQJHU�WKDQ�$UFKLPHGHV��$SROORQLXV��LQ�D�PDVWHUO\�
ZD\��FRPSOHWHG�WKH�*UHHN�WKHRU\�RI�FRQLF�VHFWLRQV��,W�LV�YHU\�VWUDQJH��DQG�,�GR�
QRW�XQGHUVWDQG�WKH�UHDVRQ�IRU�LW��WKDW�VRRQ�DIWHU�$UFKLPHGHV�DQG�$SROORQLXV�
*UHHN�PDWKHPDWLFV�GHFOLQHG�DQG�WKDW�WKH�ODWHU�GHYHORSPHQW�HVVHQWLDOO\�WRRN�D�
GLIIHUHQW�GLUHFWLRQ��8QGHU�WKH�LQIOXHQFH�RI�WKH�QHHGV�RI�DVWURQRP\��D�QHZ�EUDQFK�
RI�PDWKHPDWLFV��WKH�URRWV�RI�ZKLFK��KRZHYHU��JR�EDFN�DOVR�WR�$UFKLPHGHV���
QDPHO\�WULJRQRPHWU\��ZDV�HVWDEOLVKHG�DQG�IXUWKHUPRUH��PXFK�ODWHU��WKH�WKHRU\�
RI�QXPEHUV�ZDV�GHYHORSHG�E\�WKH�ZRUN�RI�'LRSKDQWXV��2ULJLQDO�FRQWULEXWLRQV�LQ�
WKH�GLUHFWLRQ�RI�$UFKLPHGHV
�ZRUN�ZHUH�ILQDOO\�PDGH�E\�RQH�RI�WKH�ODWHVW�*UHHN�
PDWKHPDWLFLDQV��3DSSXV� �HQG�RI�WKH�WKLUG�FHQWXU\�$�'��� ZKR�VWDWHG�WKH�LP��
SRUWDQW�JHQHUDO�WKHRUHPV�QDPHG�DIWHU�KLP��LQ�SDUWLFXODU��WKH�WKHRUHP�WKDW�WKH�
YROXPH�RI�D�ERG\�RI�UHYROXWLRQ�HTXDOV�WKH�DUHD�RI�WKH�UHYROYLQJ�SODQH�ILJXUH�WLPHV�
WKH�OHQJWK�RI�WKH�SDWK�RI�WKH�FHQWURLG�RI�WKLV�DUHD��

:KHQ�7HXWRQLF�WULEHV��VWLOO�EDUEDULDQ�DW�WKDW�WLPH��LQYDGHG�WKH�5RPDQ�
HPSLUH�DQG�FRQTXHUHG�LW��WKH�LQWHUHVW�LQ�PDWKHPDWLFV�DOPRVW�YDQLVKHG�WKHUH��
PDWKHPDWLFV�UHFHGHG�WR�WKH�2ULHQW��WR�%\]DQWLXP��ZKHUH�DW�OHDVW�YDOXDEOH�PDQX��

This content downloaded from 128.103.149.52 on Tue, 15 Jul 2014 07:32:09 AM
All use subject to JSTOR Terms and Conditions

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


��� 7+(� +,6725<� 2)�&$/&8/86� >)HEUXDU\��

VFULSWV�ZHUH�SUHVHUYHG��WR�3HUVLD��DQG�DIWHUZDUGV�WR�WKH�$UDELDQ�FRXQWULHV��
ZKHUH�RQ� WKH�EDVLV�RI�*UHHN�WUDGLWLRQ�PDWKHPDWLFV�IORXULVKHG�LQ�WKH�SHULRG�
DERXW����������$�'�� 2QH�RI�WKHVH�PDWKHPDWLFLDQV��WKH�0HVRSRWDPLDQ�,EQ�$O�
+DLWKDP��DERXW������$�'���� ZDV�DEOH�WR�FRPSXWH�WKH�YROXPH�RI�D�VROLG�WKDW�LV�
JHQHUDWHG�E\�URWDWLRQ�RI�D�VHJPHQW�RI�D�SDUDEROD�DERXW�D�OLQH�SHUSHQGLFXODU�WR�
LWV�D[LV��

8QGHU�WKH�LQIOXHQFH�RI�WKH�2ULHQW��LQWHUHVW�LQ�PDWKHPDWLFV�ZDV� VORZO\�
DZDNHQHG�LQ�(XURSH��LQ�SDUWLFXODU�LQ�WKH���WK�DQG���WK�FHQWXULHV��$V�HDUO\�DV�
WKH���WK�FHQWXU\�JUHDW�GLVFRYHULHV�LQ�DOJHEUD�ZHUH�PDGH�E\�,WDOLDQ�PDWKHPD��
WLFLDQV��QDPHO\�WKH�VROXWLRQ�RI�WKH�DOJHEUDLF�HTXDWLRQV�RI�WKH�WKLUG�DQG�IRXUWK�
GHJUHH��6LPXOWDQHRXVO\�$UFKLPHGHV
�ZRUNV�ZHUH�VWXGLHG�DQG�XQGHUVWRRG�DJDLQ��

7KHQ�DERXW�WKH�EHJLQQLQJ�RI�WKH���WK�FHQWXU\�WKH�IXUWKHU�GHYHORSPHQW�RI�
WKH�LGHDV�RI�$UFKLPHGHV�VWDUWV��7KLV�ZDV�WKH�VDPH�JUHDW�SHULRG�LQ�ZKLFK�PRGHUQ�
VFLHQFH�ZDV�ILUVW�HVWDEOLVKHG�E\�*DOLOHR��7KH�)OHPLVK�HQJLQHHU�6LPRQ�6WHYLQ��DV�
HDUO\�DV�������DQG�WKH�,WDOLDQ�PDWKHPDWLFLDQ�/XFD�9DOHULR��������ZHUH�WKH�ILUVW�
RQHV�ZKR��E\�GLUHFW�SDVVDJH�WR�WKH�OLPLW��WHQGHG�WR�DYRLG�WKH�GRXEOH�UHGXFWLR�DG�
DEVXUGXP�RI�WKH�PHWKRG�RI�H[KDXVWLRQ��9DOHULR�VKRZHG�GLUHFWO\�WKDW�WKH�DUHDV�
XQGHU�FHUWDLQ�FXUYHV�FDQ�EH�DSSUR[LPDWHG�E\�VXPV�RI�FLUFXPVFULEHG�DQG�LQ��
VFULEHG�UHFWDQJOHV��ZKRVH�GLIIHUHQFH�FDQ�EH�PDGH�DUELWUDULO\�VPDOO��

7KHQ��LQ�SDUWLFXODU��ZH�KDYH� WR�PHQWLRQ�WKH�JUHDW�*HUPDQ�DVWURQRPHU�
-RKDQQHV�.HSOHU�ZKR��LQ�������SXEOLVKHG�D� ERRN��1RYD�VWHUHRPHWULD�GROLRUXP�
YLQDULRUXP��RQ�GHWHUPLQLQJ�WKH�YROXPHV�RI�ZLQH�FDVNV��6RPHZKDW�HDUOLHU�WKHUH�
KDG�EHHQ�D�\HDU�RI�SOHQW\�DQG�WKHUH�ZDV�QHHG�RI�EDUUHOV�IRU�VWRULQJ�WKH�JUHDW�
VXSSO\�RI�ZLQH��PRUHRYHU��.HSOHU�ZDV�SX]]OHG�E\�WKH�UXOHV�ZKLFK�GHDOHUV�DSSOLHG�
WR�HVWLPDWH�WKH�DSSUR[LPDWH�FRQWHQWV�RI�D�EDUUHO��6R�KH�GLVFXVVHG�LQ�D�SRSXODU�
PDQQHU�WKH�YROXPHV�RI�YDULRXV�FDVNV�DQG��LQ�SDUWLFXODU��DVNHG�ZKLFK�FDVN�KDV�
WKH�PRVW�HFRQRPLF�VKDSH��+H�IRXQG�WKDW�WKH�$XVWULDQ�EDUUHO�ZDV�WKH�PRVW�HFR��
QRPLF�RQH��.HSOHU�XVHG�WKH�UHVXOWV�DQG�PHWKRGV�RI�$UFKLPHGHV��EXW�DOVR�GLV��
FXVVHG�TXLWH�D�IHZ�QHZ�FDVHV��%HFDXVH�RI�KLV�SRSXODU�SXUSRVH�KH�UHSODFHG�WKH�
ULJRURXV�SURRIV�RI�$UFKLPHGHV�E\�DQ�LQWXLWLYH�LQILQLWHVLPDO�UHDVRQLQJ��LQ�WKLV�
ZD\�VWUHVVLQJ�WKH�HVVHQWLDO�SRLQWV��

$QRWKHU�PDWKHPDWLFLDQ�RI�WKDW�WLPH�KDG�D�JUHDW�LQIOXHQFH�RQ�IXUWKHU�SURJ��
UHVV��WKLV�ZDV�WKH�,WDOLDQ�%RQDYHQWXUD�&DYDOLHUL�ZKR�SXEOLVKHG�LQ������DQ�LP��
SRUWDQW�ERRN�RQ�WKH�VR�FDOOHG�LQGLYLVLEOHV��HQWLWOHG�*HRPHWULD�LQGLYLVLELOLEXV�
FRQWLQXRUXP�QRYD�TXDGDP�UDWLRQH�SURPRWD��,QGLYLVLEOHV�PHDQ�HOHPHQWV�RI�D�JLYHQ�
GLPHQVLRQ�ZKLFK�E\�WKHLU�PRWLRQ�JHQHUDWH�ILJXUHV�RI�WKH�QH[W�KLJKHU�GLPHQVLRQ��
7KXV�D�PRYLQJ�SRLQW�JHQHUDWHV�D�OLQH��D�PRYLQJ�OLQH��SDUDOOHO�WR�D�IL[HG�OLQH��
JHQHUDWHV�D�SODQH�ILJXUH��D�PRYLQJ�SODQH�ILJXUH��SDUDOOHO�WR�D�IL[HG�SODQH��JHQHU��
DWHV�D�VROLG��&DYDOLHUL�VSHDNV��IRU�LQVWDQFH��DERXW��DOO�OLQHV�RI�D�SODQH�ILJXUH��
��RPQHV�OLQHDH�ILJXUDH����:HOO�NQRZQ�LV�&DYDOLHUL
V�SULQFLSOH��7ZR�VROLGV��O\LQJ�
EHWZHHQ�WZR�SDUDOOHO�SODQHV��KDYH�WKH�VDPH�YROXPH�LI�WKH\�LQWHUVHFW�HDFK�LQWHU��
PHGLDWH�SDUDOOHO�SODQH�LQ�WZR�HTXDO�DUHDV��&DYDOLHUL
V�YLHZV��LQIOXHQFHG�E\�ODWH�
PHGLHYDO�VSHFXODWLRQV��KDYH�VRPHZKDW�RI�WKH�VSLULW�RI�$UFKLPHGHV
�0HWKRG��
ZKLFK��KRZHYHU��ZDV�QRW�NQRZQ�DW�WKDW�WLPH��
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,Q�FRQQHFWLRQ�ZLWK�&DYDOLHUL�ZH�PXVW�PHQWLRQ�DOVR�WKH�6ZLVV�3DXO�*XOGLQ�
ZKR��EHVLGHV�FULWLFL]LQJ�&DYDOLHUL��UHGLVFRYHUHG�3DSSXV
� WKHRUHPV�RQ�ERGLHV�RI�
UHYROXWLRQ��WKH�)OHPLVK�PDWKHPDWLFLDQ�*UHJRULXV�D�6W��9LQFHQWLR�ZKR�ZDV�WKH�
ILUVW�WR�REVHUYH��������WKDW�WKH�DUHD�EHWZHHQ�D�K\SHUEROD�DQG�DQ�DV\PSWRWH�EH��
KDYHV� OLNH�D� ORJDULWKP��DQG� DOVR� WKH�,WDOLDQ� PDWKHPDWLFLDQ�DQG� SK\VLFLVW�
(YDQJHOLVWD�7RUULFHOOL�>��@�DQG�WKH�)UHQFK�PDWKHPDWLFLDQ�*LO�3HUVRQH�GH�5REHU��
YDO� >�@��7KH�LPSRUWDQW�DFKLHYHPHQWV�RI�WKHVH�ODVW�WZR�PHQ�ZLOO�EH�GLVFXVVHG�
SUHVHQWO\��

$ERXW�WKLV�WLPH�DQRWKHU�RXWVWDQGLQJ�HYHQW�RFFXUUHG�LQ�PDWKHPDWLFV��WKH�LQ��
YHQWLRQ�RI�$QDO\WLF�*HRPHWU\�E\�'HVFDUWHV��������DQG��VLPXOWDQHRXVO\�DQG�LQ��
GHSHQGHQWO\��E\�)HUPDW��WKLV�LQYHQWLRQ��RI�FRXUVH��KDG�JUHDW�LQIOXHQFH�RQ�WKH�
GHYHORSPHQW�RI�&DOFXOXV��%RWK�'HVFDUWHV�DQG��LQ�SDUWLFXODU��)HUPDW�DOVR�PDGH�
YDOXDEOH�GLUHFW�FRQWULEXWLRQV�WR�&DOFXOXV��

5HQH�'HVFDUWHV��LQ�KLV�*HRPHWULH��JDYH�D�PHWKRG�RI�ILQGLQJ�WKH�WDQJHQWV��RU�
UDWKHU�WKH�QRUPDOV��WR�DOJHEUDLF�FXUYHV��+H�GUDZV�D�FLUFOH�ZLWK�FHQWHU�RQ�WKH�
[�D[LV��ZKLFK�FXWV�WKH�JLYHQ�FXUYH�LQ�WZR�SRLQWV��,I�WKHVH�WZR�SRLQWV�FRLQFLGH��KH�
REWDLQV�WKH�QRUPDO��+HQFH�WKH�TXHVWLRQ�LV�UHGXFHG�WR�GHWHUPLQLQJ�GRXEOH�URRWV�
RI�DQ�DOJHEUDLF�HTXDWLRQ��6RPHZKDW�ODWHU��LQ�D�OHWWHU��'HVFDUWHV�UHPDUNHG�WKDW��
LQVWHDG�RI�FLUFOHV��LQWHUVHFWLQJ�VWUDLJKW�OLQHV�FRXOG�DOVR�EH�XVHG�IRU�WKH�VDPH�
SXUSRVH��

)HUPDW
V�DFKLHYHPHQWV�LQ�&DOFXOXV�ZHUH�HYHQ�PRUH�LPSRUWDQW��,Q�IDFW��KH�
ZDV�WKH�JUHDWHVW�PDWKHPDWLFLDQ�RI�WKH�ILUVW�SDUW�RI�WKH���WK�FHQWXU\��QRW�RQO\�
LQ�JHQHUDO�EXW�SDUWLFXODUO\�LQ�WKH�GRPDLQ�RI�&DOFXOXV�� 3LHUUH�)HUPDW�ZDV�D�
MXULVW��D�FRXQFLOORU�RI�WKH�SDUOLDPHQW�DW�7RXORXVH�LQ�VRXWKHUQ�)UDQFH��7KLV�SRVL��
WLRQ�OHIW�KLP�HQRXJK�WLPH�IRU�LQWHQVLYH�PDWKHPDWLFDO�DFWLYLW\��+LV�RXWVWDQGLQJ�
ZRUN�LQ�WKH�WKHRU\�RI�QXPEHUV�LV�ZHOO�NQRZQ��1RZ��ZKDW�ZDV�KLV�PHWKRG�RI�
ILQGLQJ�WDQJHQWV"�+LV�SURFHGXUH�ZDV�ILUVW�DSSOLHG�E\�KLP�WR�WKH�SDUWLFXODU�FDVH�
RI�GHWHUPLQLQJ�PD[LPD�DQG�PLQLPD�>��D�@�� +H�IRXQG�WKLV�PHWKRG�DV�HDUO\�DV�
LQ�������FRPPXQLFDWHG�LW�WR�'HVFDUWHV�LQ�������DQG�KDG�LW�SXEOLVKHG�LQ�������
,Q�RUGHU�WR�ILQG�WKH�PD[LPXP�RU�PLQLPXP�RI�DQ�H[SUHVVLRQ��RQH�UHSODFHV�WKH�
XQNQRZQ�$�E\�$��(�� DQG�ERWK�H[SUHVVLRQV�REWDLQHG�LQ�WKLV�PDQQHU�DUH�FRQ��
VLGHUHG�DSSUR[LPDWHO\�HTXDO��2QH�PXVW�FDQFHO�RQ�ERWK�VLGHV�DOO�WKDW�LV�SRVVLEOH�WR�
FDQFHO��,Q�WKLV�ZD\�RQO\�WHUPV�FRQWDLQLQJ�(�DUH�OHIW��1RZ�GLYLGH�E\�(�DQG�WKHQ�
GURS�DOO�WHUPV�VWLOO�FRQWDLQLQJ�(��7KHUH�UHPDLQV�DQ�HTXDWLRQ�JLYLQJ�WKDW�YDOXH�
RI�$�ZKLFK�\LHOGV�WKH�GHVLUHG�PD[LPXP�RU�PLQLPXP��7KDW�PHDQV��LI�ZH�ZULWH�
)�$�� IRU�WKH�JLYHQ�H[SUHVVLRQ��ZH�KDYH�WR�GHWHUPLQH�$�IURP�WKH�HTXDWLRQ�

>)�$� �� (�� �� )�$�@� ���
(� �( ��

7KLV�LV�MXVW�RXU�XVXDO�PHWKRG��2I�FRXUVH��WKH�FRQGLWLRQ�LV�RQO\�QHFHVVDU\��EXW�
QRW�VXIILFLHQW�IRU�WKH�H[WUHPH��DQG�WKH�VWDWHPHQW�RI�)HUPDW�\LHOGV�WKH�UHVXOW�
RQO\�IRU�SRO\QRPLDOV�)��

�)HUPDW�DOZD\V�XVHG�WKH�OHWWHU�$�IRU�WKH�YDULDEOH�DQG�WKH�OHWWHU�(�IRU�LWV�LQFUHPHQW��
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)HUPDW�>��D�@� JDYH� DW� WKH�VDPH�WLPH�D� JHQHUDO�PHWKRG�IRU�ILQGLQJ�WKH�
WDQJHQW��LQ�WKH�IRUP�RI�GHWHUPLQLQJ�WKH�VXEWDQJHQW��/HW�37� �ZLWK�7�O\LQJ�RQ�WKH�
WKH�[�D[LV��EH�WKH�WDQJHQW�OLQH�RI�WKH�JLYHQ�FXUYH�*�DW�WKH�SRLQW�3� �FI��)LJXUH�����
OHW�3L�EH�D�SRLQW�RI�]� LQ�WKH�QHLJKERUKRRG�RI�3��OHW�4�DQG�4L�EH�WKH�SURMHFWLRQV�

,� ,aa4�̂4�
$� (�

),*�� ��

RQ�WKH�[�D[LV�RI�3�DQG�3L��UHVSHFWLYHO\��DQG�OHW�7��EH�WKH�SRLQW�RQ�WKH�WDQJHQW�
OLQH�ZKRVH�SURMHFWLRQ�RQ�WKH�[�D[LV�LV�4O�� ,Q�RUGHU�WR� ILQG�WKH�VXEWDQJHQW�
$�� � 74���ZKRVH�LQFUHPHQW�44L�LV�DJDLQ�GHVLJQDWHG�E\�(��)HUPDW�XVHV�WKH�VLPL��
ODULW\�RI�WKH�WULDQJOHV�743� DQG�74�7��DQG�UHSODFHV�7��DSSUR[LPDWHO\�E\�3L��
7KHQ�KH�REWDLQV�DSSUR[LPDWHO\��$�43 (��4�3��43��� WKDW�LV��LQ�RXU�XVXDO�
QRWDWLRQ�LI�ZH�ZULWH�WKH�HTXDWLRQ�RI�WKH�FXUYH��� LQ�WKH�IRUP�\ �)�[���

$�)�[��  � (��)�[� �� (�� �)�[����

)�[��(�
KHQFH� $� �

)�[��� (�� �)�[��

1RZ�DJDLQ�RQH�GLYLGHV�WKH�GHQRPLQDWRU�E\�(�DQG�DIWHUZDUGV�VHWV�( � ���
,W�VKRXOG�EH�PHQWLRQHG�KHUH�WKDW�DW�WKLV�WLPH�DQ�HQWLUHO\�GLIIHUHQW�PHWKRG�

RI�FRQVWUXFWLQJ�WDQJHQWV�RI�FXUYHV��XVLQJ�WKH�SDUDOOHORJUDP�RI�YHORFLWLHV��ZDV�
LQYHQWHG�DOVR�E\�5REHUYDO�DQG�7RUULFHOOL��LQGHSHQGHQWO\�RI�HDFK�RWKHU��ERWK�RI�
WKHP�SXEOLVKHG�LW�LQ�������2Q�WKH�RWKHU�KDQG��VRPHZKDW�ODWHU��EHIRUH�������WZR�
1HWKHUODQGHUV�-RKDQQHV�+XGGH�� IRU�PDQ\�\HDUV�PD\RU�RI�$PVWHUGDP��DQG�
5HQH�)UDQ"RLV�GH�6OXVH�DGYDQFHG�DORQJ�WKH�URDG�RSHQHG�XS�E\�'HVFDUWHV�DQG�
)HUPDW��JLYLQJ�TXLWH�H[SOLFLW�IRUPDO�UXOHV�IRU�ILQGLQJ�H[WUHPHV�DQG�VXEWDQJHQWV�
RI�DOJHEUDLF�FXUYHV��

%XW�OHW�XV�UHWXUQ�WR�)HUPDW��+H�KDG�JUHDW�VXFFHVV�DOVR�LQ�WKH�WKHRU\�RI�LQWH��
JUDWLRQ��+H�ZDV�WKH�ILUVW�ZKR��E\������RU�HDUOLHU��KDG�IRXQG�DQG�SURYHG�WKH�
SRZHU�IRUPXOD�RI�LQWHJUDWLRQ�IRU�SRVLWLYH�LQWHJUDO�H[SRQHQWV�Q��L�H��D�JHRPHWULFDO�
VWDWHPHQW�HTXLYDOHQW�WR�WKH�IRUPXOD�ZKLFK�ZH�QRZ�ZULWH�DV�
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&D� DQ���
-[QG[�  � Q��
-�R� aQ��� ��

5REHUYDO�DOVR��DW�WKH�VXJJHVWLRQ�RI�)HUPDW��WKHQ�IRXQG�DQG�SURYHG�WKH�VDPH�
WKHRUHP��$IWHUZDUGV�&DYDOLHUL�GLVFRYHUHG�LW�LQGHSHQGHQWO\��DQG�KH�ZDV�WKH�
ILUVW�WR�SXEOLVK�LW���������������EXW�KH�SURYHG�LW�H[SOLFLWO\�RQO\�IRU�WKH�ILUVW�IHZ�
FDVHV��LQFOXGLQJ�Q ����ZKLOH��DV�KH�VWDWHG��WKH�JHQHUDO�SURRI�ZKLFK�KH�SXEOLVKHG�
ZDV�FRPPXQLFDWHG�WR�KLP�E\�D�)UHQFK�PDWKHPDWLFLDQ�%HDXJUDQG��ZKR�TXLWH�
SUREDEO\�KDG�REWDLQHG�LW�IURP�)HUPDW��$W�WKDW�WLPH�)HUPDW��DQG�WKHQ�DOVR�
7RUULFHOOL��KDG�DOUHDG\�JHQHUDOL]HG�WKLV�SRZHU�IRUPXOD�WR�UDWLRQDO�H[SRQHQWV�
Q��]������� )HUPDW�GHWHUPLQHG�DUHDV�XQGHU�FXUYHV�ZKLFK�KH�FDOOHG��JHQHUDO�SD��
UDERODV��DQG��JHQHUDO�K\SHUERODV���WKDW�LV��FXUYHV�

\P� � &;Q�ZKLFK��LQ�RXU�QRWDWLRQ��OHDGV�WR�F�I� Q*�[PG[��

DQG�
F� �[� G[�

\� � �� ZKLFK��LQ�RXU�QRWDWLRQ��OHDGV�WR�F� �P�!�����

,W�LV�UHPDUNDEOH�WKDW�)HUPDW�LQ�WKLV�ZRUN�GRHV�QRW�XVH�VXEGLYLVLRQV�LQWR�HTXDO�
SDUWV��EXW�VXEGLYLVLRQV�DFFRUGLQJ�WR�D�JHRPHWULF�SURJUHVVLRQ��2WKHU�DUHDV�ZHUH�
UHGXFHG�E\�KLP�WR�DUHDV�XQGHU�VXFK�JHQHUDO�SDUDERODV�DQG�K\SHUERODV��

)HUPDW�GLG�LQWHUHVWLQJ�ZRUN�DOVR�RQ�WKH�UHFWLILFDWLRQ�RI�FXUYHV��LQ�D�PHPRLU�
SXEOLVKHG������>��E��@��ZKHUH�KH�DSSUR[LPDWHG�WKH�DUF�E\�VHJPHQWV�RI�WDQJHQWV��
WKXV�XVLQJ�D� VDZ�OLNH�ILJXUH��$W�WKDW�WLPH�YDULRXV�PDWKHPDWLFLDQV�REWDLQHG�
UHFWLILFDWLRQV�RI�FXUYHV�ZKLFK�DUH�QRZ�FRQVLGHUHG�FODVVLFDO��,Q�������7RUULFHOOL�
KDG�UHFWLILHG�WKH�ORJDULWKPLF�VSLUDO��7KH�VHPLFXELFDO�SDUDEROD�ZDV�UHFWLILHG�LQGH��
SHQGHQWO\�E\�WKH�(QJOLVKPDQ�:LOOLDP�1HLO���������E\�WKH�+ROODQGHU�+HQGULN�
YDQ�+HXUDHW��DQG�E\�)HUPDW��7KH�UHFWLILFDWLRQ�RI�WKH�F\FORLG�ZDV�ILUVW�DFKLHYHG�
E\�WKH�(QJOLVK�PDWKHPDWLFLDQ�DQG�JUHDW�DUFKLWHFW�&KULVWRSKHU�:UHQ���������DQG�
WKHQ�E\�)HUPDW�DQG�5REHUYDO��DIWHU�WKH\�KDG�KHDUG�RI�KLV�UHVXOW��,W�LV�QRWH��
ZRUWK\�WKDW�)HUPDW��1HLO��YDQ�+HXUDHW��DQG�DOVR�:DOOLV�DQG�+X\JHQV��UHGXFHG�
UHFWLILFDWLRQV�RI�FXUYHV�WR�WKH�GHWHUPLQDWLRQ�RI�DUHDV�RI�RWKHU�FXUYHV��

5HYLHZLQJ�WKH�DFKLHYHPHQWV�RI�)HUPDW�ZH�VHH�WKDW�KH�ZDV�DZDUH�RI�WKH�UHOD��
WLRQ�DPRQJ�YDULRXV�SUREOHPV�LQ�GLIIHUHQWLDO�FDOFXOXV��DQG�VLPLODUO\�IRU�YDULRXV�
SUREOHPV�DERXW�GHILQLWH�LQWHJUDOV��%XW�KH�KDG�QRW�REVHUYHG�WKH�JHQHUDO�UHODWLRQ�
EHWZHHQ�GLIIHUHQWLDWLRQ�DQG�LQWHJUDWLRQ��

$QRWKHU�IDPRXV�)UHQFK�PDWKHPDWLFLDQ�RI�WKDW�WLPH�ZDV�%ODLVH�3DVFDO� �D�
\RXQJHU�IULHQG�RI�)HUPDW�DQG�5REHUYDO���ZKR�PD\�EH�FRQVLGHUHG�D�PDVWHU�RI�
LQWHJUDWLRQ��5REHUYDO�ZDV�WKH�ILUVW�WR�LQWHJUDWH�FHUWDLQ�WULJRQRPHWULF�IXQFWLRQV��
3DVFDO�ZDV�DEOH�WR�LQWHJUDWH�PRUH�VXFK�WULJRQRPHWULF�IXQFWLRQV�DV�ZHOO�DV�VRPH�
DOJHEUDLF�IXQFWLRQV��$V�DQ�LPSRUWDQW�PHDQV�IRU�VRPH�RI�KLV�UHVXOWV�3DVFDO�XVHG�

�0XFK�ODWHU��%ODLVH�3DVFDO� �������DQG�:DOOLV��������UHGLVFRYHUHG�LW�DOVR��
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UHODWLRQV�EHWZHHQ�LQWHJUDOV�REWDLQHG�E\�LQWHUFKDQJLQJ�WKH�RUGHU�RI�LQWHJUDWLRQ�LQ�
GRXEOH�LQWHJUDOV��2I�FRXUVH��KH�GLG�WKLV�LQ�D�JHRPHWULF�IRUP��7KDW� LV�WR�VD\��
FHUWDLQ�YROXPHV�ZHUH�IRXQG�E\�PHDQV�RI�LQWHUVHFWLRQV�SDUDOOHO�WR�RQH�SODQH�DQG�
DOVR�E\�LQWHUVHFWLRQV�SDUDOOHO�WR�DQRWKHU�SODQH��6LQFH�WKH�YROXPH�LV�DOZD\V�WKH�
VDPH��3DVFDO� WKXV�REWDLQHG�D�UHODWLRQ�EHWZHHQ�WZR�GLIIHUHQW�LQWHJUDOV��ZKLFK�
PD\�EH�FRQVLGHUHG�WR�EH�D�NLQG�RI�LQWHJUDWLRQ�E\�SDUWV��

$W�DERXW�WKH�VDPH�WLPH�LPSRUWDQW�FRQWULEXWLRQV�ZHUH�PDGH�E\�WKH�(QJOLVK�
PDWKHPDWLFLDQ�-RKQ�:DOOLV��ZKRVH�ERRN�$ULWKPHWLFD�LQILQLWRUXP�RI������ZDV�
ZULWWHQ�LQ�FRQWUDVW�WR�WKH�JHRPHWULF�ZRUN�RI�PRVW�RI�KLV�SUHGHFHVVRUV��+H�
VWUHVVHG�WKH�QRWLRQ�RI�WKH�OLPLW��2Q�WKH�RWKHU�KDQG��KH�ZDV�YHU\�DXGDFLRXV�ZLWK�
UHJDUG�WR�JHQHUDOL]DWLRQV�DQG�LQWHUSRODWLRQV��EXW�KLV�VWURQJ�SRZHU�RI�LQWXLWLRQ�
NHSW�KLP�RQ�WKH�ULJKW�WUDFN��)RU�LQVWDQFH��KH�VWDWHG�WKH�JHQHUDO�SRZHU�IRUPXOD�RI�
LQWHJUDWLRQ�IRU�DQ\�UHDO�H[SRQHQW�Q��� �� ����

7KH�QRWLRQ�RI�OLPLW�ZDV�FDUHIXOO\�FRQVLGHUHG�DW�WKDW�WLPH�E\�WKH�,WDOLDQ�
3LHWUR�0HQJROL�LQ�KLV�ERRN�*HRPHWULD�VSHFLRVD�������� >��D��@��,Q�SDUWLFXODU��E\�
PRGLI\LQJ�WKH�SURFHGXUH�RI�/XFD�9DOHULR��VHH�DERYH���KH�JDYH�LQ�D�SUHFLVH�ZD\�D�
UHSUHVHQWDWLRQ�RI�WKH�DUHD�XQGHU�FHUWDLQ�VSHFLDO�FXUYHV�DV� OLPLWV�RI�VXPV�RI�
UHFWDQJOHV�>��E�@�� /DWHU�WKH�VDPH�PHWKRG�ZDV�DOVR�HPSOR\HG�E\�1HZWRQ�>L���
ERRN����OHPPD��@��

2QH�VKRXOG�QRZ�PHQWLRQ�WZR�RWKHU�PDWKHPDWLFLDQV�ZKR��OLNH�:DOOLV�DQG�
0HQJROL��ZHUH�FRQWHPSRUDU\�ZLWK�1HZWRQ�DQG�/HLEQL]��EXW�EHJDQ�WKHLU�ZRUN�
HDUOLHU��VR�WKDW�WKH\�WRR�DUH�WR�EH�FRQVLGHUHG��DW�OHDVW�SDUWLDOO\��DV�SUHGHFHVVRUV�
RI�1HZWRQ�DQG�/HLEQL]��2QH�RI�WKHVH�PHQ�LV�WKH�JUHDW�'XWFK�SK\VLFLVW�DQG�
PDWKHPDWLFLDQ�&KULVWLDDQ�+X\JHQV�ZKR��DPRQJ�RWKHU�LPSRUWDQW�UHVXOWV��LQ��
WURGXFHG�WKH�QRWLRQ�RI�HYROXWHV�DQG�LQYROXWHV��,W�LV�UHPDUNDEOH�WKDW�+X\JHQV�
XVHG�WR�JUHDW�H[WHQW�WKH�FODVVLFDO�PHWKRGV�RI�$UFKLPHGHV��DQG�RQO\�IRU�GLIIHUHQWL��
DWLRQ�HPSOR\HG�)HUPDW
V�PHWKRG��

7KH�VHFRQG�RI�WKHVH�WZR�PDWKHPDWLFLDQV�LV�WKH�6FRWVPDQ�-DPHV�*UHJRU\��
ZKR�OLNH�7RUULFHOOL�DQG�3DVFDO�GLHG�LQ�WKH�SULPH�RI�OLIH��ZKHQ�RQO\����\HDUV�ROG��
DQG�ZKRVH�JHQLXV�KDV�IRXQG�LWV�IXOO�UHFRJQLWLRQ�RQO\�UHFHQWO\�>����@�� +H�GLG�
H[FHOOHQW�ZRUN�LQ�LQWHJUDWLRQ��IRU�LQVWDQFH��LQ������KH�SXEOLVKHG�VXFK�D�GLIILFXOW�
UHVXOW�DV�WKH�IROORZLQJ��ZULWWHQ�LQ�PRGHUQ�QRWDWLRQ���

7�D�

VHF�[G[� � �ORJ� �VHF�D� �� WDQ�D��

DQG�RWKHU�WULJRQRPHWULF�LQWHJUDOV��0RUHRYHU��IRU�H[DPSOH��KH�REWDLQHG�1HZWRQ
V�
LQWHUSRODWLRQ�IRUPXOD��LQGHSHQGHQWO\�RI�1HZWRQ��%XW�SHUKDSV�WKH�PRVW�LP��
SRUWDQW�DFKLHYHPHQWV�RI�*UHJRU\�EHORQJ�WR�WKH�WKHRU\�RI�VHULHV��

7KH�ILUVW�JUHDW�UHVXOW�LQ�WKH�WKHRU\�RI�VHULHV�LV�GXH�WR�WKH�*HUPDQ�PDWKHPD��
WLFLDQ�1LFRODXV�0HUFDWRU���������ZKR�IRXQG�WKH�ORJDULWKPLF�VHULHV��)RU�WKLV�
SXUSRVH��0HUFDWRU�XVHG�WHUP�E\�WHUP�LQWHJUDWLRQ�RI�D�JHRPHWULF�VHULHV��7KLV�
PHWKRG�ZDV�LQGHSHQGHQWO\�GLVFRYHUHG��EXW�QRW�SXEOLVKHG��E\�1HZWRQ��6XEVH��
TXHQW�FRQWULEXWLRQV�ZHUH�PDGH�E\�:LOOLDP�/RUG�%URXQFNHU��WKH�ILUVW�SUHVLGHQW�
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RI�WKH�5R\DO�6RFLHW\�LQ�/RQGRQ��7KHQ�WKH�PRVW�RXWVWDQGLQJ�UHVXOWV�FRQFHUQLQJ�
LQILQLWH�VHULHV�ZHUH�REWDLQHG�E\�1HZWRQ�DQG�*UHJRU\��ZKR�ZRUNHG�HVVHQWLDOO\�
LQGHSHQGHQW�RI�HDFK�RWKHU��WKRXJK�*UHJRU\�ZDV�LQIOXHQFHG�E\�WKH�NQRZOHGJH�RI�
VRPH�RI�1HZWRQ
V�VWDWHPHQWV��EXW�QRW�RI�KLV�PHWKRGV��%RWK�GLVFRYHUHG�WKH�EL��
QRPLDO�VHULHV�DQG�DOVR�PDQ\�VHULHV�IRU�WULJRQRPHWULF�DQG�LQYHUVH�WULJRQRPHWULF�
IXQFWLRQV��,Q�SDUWLFXODU��*UHJRU\�IRXQG�WKH�VHULHV�IRU�DUFWDQ�[��D�VSHFLDO�FDVH�RI�
LW�LV�WKH�VHULHV�[U�� ������ �� ��� �� ZKLFK�ZDV�ODWHU�IRXQG�LQGHSHQGHQWO\�
E\�/HLEQL]��*UHJRU\�REWDLQHG�VRPH�PRUH�FRPSOLFDWHG�VHULHV��H�J���IRU�WDQ�[��
VHF�[��ORJ�VHF�[��XVLQJ�SURFHVVHV�RI�GLIIHUHQWLDWLRQ�IRU�GHWHUPLQLQJ�WKH�FRHIILFLHQWV�
RI�WKHVH�VHULHV��WKXV�DQWLFLSDWLQJ�%URRN�7D\ORU�E\�PRUH�WKDQ�IRUW\�\HDUV��7KLV�
IDFW�KDV�UHFHQWO\�EHHQ�GHPRQVWUDWHG�E\�+��:��7XUQEXOO�ZKR�VWXGLHG�DQG�LQWHU��
SUHWHG�QRWHV�LQ�*UHJRU\
V�KDQGZULWLQJ��FI��>�@��SS���������������������,W�LV�RE��
YLRXV�WKDW�PDQ\�RI�WKH�FRQWULEXWLRQV�WR�WKH�WKHRU\�RI�VHULHV�ZHUH�FORVHO\�FRQ��
QHFWHG�ZLWK�WKH�JURZWK�RI�&DOFXOXV��

)URP�DOO�WKDW�KDV�EHHQ�GLVFXVVHG�VR�IDU�ZH�KDYH�VHHQ�WKDW�WKHUH�FHUWDLOQO\�ZDV�
DQ�H[WHQVLYH�GHYHORSPHQW�RI�WKH�WKHRU\�RI�LQWHJUDWLRQ�DQG�GLIIHUHQWLDWLRQ�LQ�WKH�
SHULRG�LPPHGLDWHO\�EHIRUH�1HZWRQ�DQG�/HLEQL]��DQG�WKDW�PDQ\�PDWKHPDWLFDQV�
RI�YDULRXV�QDWLRQV�PDGH�JUHDW�FRQWULEXWLRQV��6R�ZH�VKDOO�DVN��:KDW�WKHQ�ZDV�
PLVVLQJ�DW�WKDW�WLPH"�2QH�YHU\�LPSRUWDQW�SRLQW�VWLOO�PLVVLQJ�ZDV�WKH�JHQHUDO�
IDFW�WKDW�GLIIHUHQWLDWLRQ�DQG�LQWHJUDWLRQ�DUH�LQYHUVH�SURFHVVHV��WKDW�LV��WKH�VR��
FDOOHG�IXQGDPHQWDO�WKHRUHP�RI�LQWHJUDO�FDOFXOXV��,W�LV�WUXH�WKDW�D�IHZ�PDWKHPD��
WLFLDQV�KDG�DOUHDG\�FRPH�TXLWH�FORVH�WR�WKLV�NQRZOHGJH��)LUVW�LQ�WKLV�FRQQHFWLRQ�
ZH�PXVW�PHQWLRQ�7RUULFHOOL��,Q�PDQXVFULSWV�OHIW�DW�KLV�GHDWK��������DQG�SXE��
OLVKHG�DV�ODWH�DV������>FI���@��KH�KDG�REWDLQHG�WKH�GLVWDQFH�V�W��RI�D�PRYLQJ�SRLQW�
E\�PHDQV�RI�WKH�TXDGUDWXUH�RI�WKH�YHORFLW\�Y�W���ZKLOH�E\�WKH�FRQVWUXFWLRQ�RI�WKH�
WDQJHQW�RI�WKH�FXUYH�V�W��KH�FRXOG�UHFRYHU�Y�W���,W�LV�YHU\�GRXEWIXO��KRZHYHU��
ZKHWKHU�KH�UHDOO\�FRQFHLYHG�WKH�VLJQLILFDQFH�RI�WKLV�UHODWLRQ��6HFRQGO\��DV�ZH�
KDYH�DOUHDG\�VWDWHG��VRPH�RI�WKH�PDWKHPDWLFLDQV�RI�WKH�WLPH�NQHZ�WKDW�WKH�
UHFWLILFDWLRQ�RI�RQH�FXUYH��� FRXOG�EH�REWDLQHG�E\�PHDQV�RI�WKH�DUHD�XQGHU�
DQRWKHU�FXUYH�&��� )HUPDW�LQ�KLV�PHPRLU�>��E�@�� SXEOLVKHG�LQ�������IRXQG�WKH�
UHODWLRQ�EHWZHHQ�WKH�VORSHV�RI�WKHVH�WZR�FXUYHV��0RUHRYHU��-DPHV�*UHJRU\��LQ�
KLV�ERRN�*HRPHWULDH�SDUV�XQLYHUVDOLV���������VROYHG�WKH�IROORZLQJ�SUREOHP��ZKLFK�
LV�LQYHUVH�WR�WKH�UHFWLILFDWLRQ�RI��6��MXVW�PHQWLRQHG��*LYHQ�D�FHUWDLQ�FXUYH� ���
ILQG�DQRWKHU�FXUYH��6L�ZKRVH�OHQJWK�HTXDOV�WKH�DUHD�XQGHU�6��� ,Q�WKH�VROXWLRQ�RI�
WKLV�SUREOHP�*UHJRU\�XVHG�WKH�TXDGUDWXUH�RI�DQ�DX[LOLDU\�FXUYH��ZKLFK�LQGHHG�
FRUUHVSRQGV�WR�REWDLQLQJ�WKH�SULPLWLYH�IXQFWLRQ�RI�D�GHULYDWLYH�E\�PHDQV�RI�
LQWHJUDWLRQ�>�@��,Q�VSLWH�RI�WKLV��RQH�DJDLQ�PD\�GRXEW�ZKHWKHU��DW�WKDW�WLPH��KH�
SHUFHLYHG�LQ�JHQHUDO�WKDW�GLIIHUHQWLDWLRQ�DQG�LQWHJUDWLRQ�DUH�LQYHUVH�RSHUDWLRQV��
7KH�ILUVW�ZKR�PDGH�WKLV�LPSRUWDQW�GLVFRYHU\�LQ�IXOO�JHQHUDOLW\�ZDV�,VDDF�%DUURZ��
WKH�WHDFKHU�RI�1HZWRQ�DW�&DPEULGJH�8QLYHUVLW\��%DUURZ�ILUVW�ZDV�SURIHVVRU�RI�
*UHHN�ODQJXDJH�DW�&DPEULGJH��WKHQ�KH�ZDV�SURIHVVRU�RI�PDWKHPDWLFV�ILUVW�LQ�
/RQGRQ�DQG�WKHQ�DJDLQ�DW�&DPEULGJH��,Q������KH�UHVLJQHG�KLV�FKDLU�WR�KLV�SXSLO�
1HZWRQ��ZKRVH�VXSHULRU�JHQLXV�KH�KDG�UHFRJQL]HG��%DUURZ�WKHQ�GHYRWHG�WKH�UHVW�
RI�KLV�OLIH�WR�WKHRORJ\��+LV�SULQFLSDO�PDWKHPDWLFDO�ZRUN�ZDV�KLV�/HFWLRQHV�*HR��
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PHWULFDH��SXEOLVKHG�LQ�������WRJHWKHU�ZLWK�WKH�VHFRQG�HGLWLRQ�RI�KLV�/HFWLRQHV�
2SWLFDH��7KHVH�JHRPHWULFDO�OHFWXUHV�>��@�FRQWDLQHG�LPSRUWDQW�V\VWHPDWLF�FRQ��
WULEXWLRQV�WR�WKH�WKHRU\�RI�GLIIHUHQWLDWLRQ�DQG�LQWHJUDWLRQ��DOPRVW�DOO�LQ�SXUHO\�
JHRPHWULF�IRUP��+HUH��IRU�WKH�ILUVW�WLPH��WKH�LQYHUVH�FKDUDFWHU�RI�GLIIHUHQWLDWLRQ�
DQG�LQWHJUDWLRQ�ZDV�H[SOLFLWO\�VWDWHG�DQG�SURYHG��

$W�WKLV�UHPDUNDEOH�SRLQW�RI�WKH�GHYHORSPHQW�RI�WKH�WKHRU\�ZH�PXVW�DJDLQ�
DVN�WKH�VDPH�TXHVWLRQ�DV�DERYH��:KDW�PRUH�UHPDLQHG�WR�EH�GRQH"�7KH�DQVZHU�
LV��:KDW�KDG�WR�EH�FUHDWHG�ZDV�MXVW�WKH�&DOFXOXV��D�JHQHUDO�V\PEROLF�DQG�V\VWHP��
DWLF�PHWKRG�RI�DQDO\WLF�RSHUDWLRQV��WR�EH�SHUIRUPHG�E\�VWULFWO\�IRUPDO�UXOHV��
LQGHSHQGHQW�RI�WKH�JHRPHWULF�PHDQLQJ��1RZ�LW�LV�MXVW�WKLV�&DOFXOXV�ZKLFK�ZDV�
HVWDEOLVKHG�E\�1HZWRQ�DQG�/HLEQL]��LQGHSHQGHQW�RI�HDFK�RWKHU�DQG�XVLQJ�GLIIHU��
HQW�W\SHV�RI�V\PEROLVP��1HZWRQ
V�ILUVW�GLVFRYHULHV�ZHUH�PDGH�DERXW�WHQ�\HDUV�
EHIRUH�WKRVH�RI�/HLEQL]��RQ�WKH�RWKHU�KDQG��/HLEQL]
�SXEOLFDWLRQV�SUHFHGHG�WKRVH�
RI�1HZWRQ��DQG�ZKDW� LV�PRUH�LPSRUWDQW�/HLEQL]
� V\PEROLVP��WKH�VDPH�DV�
WKDW�XVHG�E\�DOO�PDWKHPDWLFLDQV�DW�SUHVHQW��LV�VXSHULRU�WR�WKDW�RI�1HZWRQ��

,VDDF� 1HZWRQ��LQIOXHQFHG�E\�KLV�WHDFKHU�%DUURZ�DQG�DOVR�E\�WKH�ZRUN�RI�
:DOOLV��VWDUWHG�KLV��PHWKRG�RI�IOX[LRQV��LQ�WKH�\HDUV������������KLV�PRVW�FUHD��
WLYH�SHULRG��DW�WKH�DJH�RI����\HDUV��6RPH�RI�KLV�HDUO\�PDQXVFULSWV�ZHUH�NQRZQ�WR�
IULHQGV�RI�KLV�DQG�LQGLFDWLRQV�RI�KLV�PHWKRG�ZHUH�FRQWDLQHG�LQ�VRPH�RI�KLV�OHWWHUV��
+H�ZURWH�KLV�0HWKRGXV�IOX[LRQXP�HW�VHULHUXP�LQILQLWDUXP�LQ������������EXW�LW�
ZDV�QRW�SXEOLVKHG�XQWLO�������QLQH�\HDUV�DIWHU�KLV�GHDWK��,Q�KLV�SURIRXQG�ZRUN�
3KLORVRSKLDH�QDWXUDOLV�SULQFLSLD�PDWKHPDWLFD��������1HZWRQ�DYRLGHG�KLV�PHWKRG�
RI�IOX[LRQV��H[FHSW�IRU�D�IHZ�LQGLFDWLRQV�>����ERRN����OHPPD��@��DQG�SUHVHQWHG�KLV�
JUHDW�GLVFRYHULHV�LQ�WKH�FODVVLFDO�JHRPHWULF�IRUP��WKRXJK�VLPSOLILHG�E\�XVLQJ�WKH�
QRWLRQ�RI�OLPLWV��7KH�ILUVW�SXEOLFDWLRQ�RI�ERWK�WKH�PHWKRG�DQG�WKH�QRWDWLRQ�RI�
1HZWRQ�LV�IRXQG�DV�ODWH�DV������LQ�:DOOLV
�ZRUNV��ZKHUH�:DOOLV�LQFOXGHG�WZR�RI�
1HZWRQ
V�OHWWHUV�WR�KLP��1HZWRQ�KLPVHOI�WKHQ�SXEOLVKHG�DQ�DFFRXQW�RI�KLV�
PHWKRG��HQWLWOHG�7UDFWDWXV�GH�TXDGUDWXUD�FXUYDUXP��DV� DQ� DSSHQGL[�WR�KLV�
2SWLFV�LQ�������

1HZWRQ��FRQVLGHULQJ�PRWLRQV��WRRN�WKH�WLPH�W�DV�WKH�LQGHSHQGHQW�YDULDEOH��
FDOOHG�WKH�GHSHQGHQW�YDULDEOH�[��IOXHQW��DQG�LWV�YHORFLW\��IOX[LRQ���DQG�ZURWH�[�
IRU�WKH�IOX[LRQ��L�H��IRU�WKH�GHULYDWLYH�ZLWK�UHVSHFW�WR�W��7KH�KLJKHU�GHULYDWLYHV�
ZHUH�WKHQ�GHVLJQDWHG�E\�[��[��HWF��)RU�WKH�LQFUHPHQW�RI�WKH�LQGHSHQGHQW�YDULDEOH�
W�1HZWRQ�XVHG��WKH�OHWWHU�R�DQG�FDOOHG�[R��L�H���WKH�GLIIHUHQWLDO�RI�[��WKH��PRPHQW��
RI�[��,Q�WKH�FDVH�RI�WKH�LQYHUVH�SURFHVV��WKDW�LV��LI�WKH�YDULDEOH�[�LV�JLYHQ�DV�D�
IOX[LRQ��KH�ILUVW�GHVLJQDWHG�WKH�IOXHQW��L�H���WKH�DQWLGHULYDWLYH�RI�[��E\�2� [�RU�
)[���ODWHU�E\�[��DQG�XVHG�WKHQ�IRU�LWHUDWHG�LQWHJUDWLRQ�[��
[��HWF��,W�KDV�WR�EH�
VWUHVVHG�WKDW�1HZWRQ�ZDV�WKH�ILUVW�WR�XVH�V\VWHPDWLFDOO\�WKH�UHVXOWV�RI�GLIIHUHQWL��
DWLRQ�LQ�RUGHU�WR�REWDLQ�DQWLGHULYDWLYHV��DQG�KHQFH�WR�HYDOXDWH�LQWHJUDOV��

2XU�QRWDWLRQV��QRZ�XVHG�JHQHUDOO\�LQ�&DOFXOXV��DUH�GXH�WR�*RWWIULHG�:LOKHOP�
/HLEQL]��+H�ZDV�D�XQLYHUVDO�VSLULW��H[WUHPHO\�YHUVDWLOH�DQG�LQWHUHVWHG�LQ�HYHU\�
NLQG�RI�NQRZOHGJH�DQG�VFKRODUVKLS��SHUKDSV�PRVW�IDPRXV�DV�D�SKLORVRSKHU��+H�

�0RVW�RI�LW�ZDV�DOUHDG\�ZULWWHQ�LQ�������

This content downloaded from 128.103.149.52 on Tue, 15 Jul 2014 07:32:09 AM
All use subject to JSTOR Terms and Conditions

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


����@� 7+(� +,6725<� 2)�&$/&8/86� ���

VWDUWHG�DV�D� MXULVW��ZDV�VRRQ�DFWLYH�LQ�GLSORPDF\��WKHQ�EHFDPH�OLEUDULDQ�DQG�
KLVWRULDQ�DW�+DQRYHU��DQG�ODWHU��������IRXQGHG�WKH�%HUOLQ�$FDGHP\�RI�6FLHQFHV��
,Q�PDWKHPDWLFV��KLV�ILUVW�SXEOLFDWLRQ��DV�D�JUDGXDWH�VWXGHQW��FRQFHUQHG�FRPELQD��
WLRQV�DQG�SHUPXWDWLRQV��WKHQ�KH�VRRQ�EHFDPH�LQWHUHVWHG�LQ�WKH�WKHRU\�RI�GLIIHU��
HQFHV�DQG�LQ�FRQVWUXFWLQJ�D�FRPSXWLQJ�PDFKLQH��$W�WKH�VXJJHVWLRQ�RI�+X\JHQV�
��������/HLEQL]�WKRURXJKO\�VWXGLHG�WKH�ZRUNV�RI�SUHYLRXV�PDWKHPDWLFLDQV�RQ�
LQWHJUDWLRQ�DQG�GLIIHUHQWLDWLRQ��,Q�SDUWLFXODU��KH�ZDV�PXFK�LQIOXHQFHG�E\�WKH�
ZRUN�RI�3DVFDO��7KH�VWRU\�RI�/HLEQL]
�RZQ�GLVFRYHULHV�FDQ�EH�WUDFHG�LQ�DOO�GHWDLOV��
VLQFH�KLV�PDQXVFULSWV�ZLWK�KLV�GDWHG�VNHWFKHV�ZHUH�IRXQG�DW�WKH�+DQRYHU�OLEUDU\�
�HGLWHG�DQG�SXEOLVKHG�E\�&�� ,�� *HUKDUGW�LQ�WKH�PLGGOH�RI�WKH���WK�FHQWXU\��
>��������������D@��/HLEQL]
�QHZ�QRWDWLRQ�ZDV�ILUVW�LQWURGXFHG�E\�KLP�RQ�2FWREHU�
���������>����SS����������@��2Q�WKLV�GD\��DV�RQ�SUHFHGLQJ�GD\V��/HLEQL]�GLVFXVVHG�
LQWHJUDWLRQV�XVLQJ�&DYDOLHUL
V��RPQHV�OLQHDH���+HUH�KH�DEEUHYLDWHG��RPQHV��RU�
�RPQLD��WR��RPQ���DQG�DSSOLHG�TXLWH�D�IHZ�IRUPDO�RSHUDWLRQV�WR�WKLV�V\PERO��
7KHQ�KH�UHPDUNHG���,W�ZLOO�EH�XVHIXO�WR�ZULWHI�IRURPQ���WKXVIO�IRURPQ�����WKDW�LV��WKH�
VXP�RI�WKRVH�,
V���+HQFH�I�LV�GHULYHG�IURP�WKH�ILUVW�OHWWHU�RI�WKH�ZRUG�VXPPD��
/DWHU�LQ�WKH�VDPH�PDQXVFULSW��KH�FDPH�WR�WKH��FRQWUDU\�FDOFXOXV��DQG�FRQ��
WLQXHG�WKXV���,I�IL+\D�� �+� LV�WKH�HTXDO� VLJQ�RI�/HLEQL]����WKHQ�OHW�XV�VHW�
,�\D�G�� &HUWDLQO\�DV�I�ZLOO�LQFUHDVH�WKH�GLPHQVLRQV��VR�G�ZLOO�GLPLQLVK�WKHP��I��
KRZHYHU��GHVLJQDWHV�D�VXP��G�D�GLIIHUHQFH���+HQFH�/HLEQL]�ILUVW�ZURWH�WKH�GLIIHU��
HQWLDO�VLJQ�G�LQWR�WKH�GHQRPLQDWRU�RI�WKH�YDULDEOH��%XW�WZR�RU�WKUHH�ZHHNV�ODWHU�
KH�ZULWHV�G[��G\��G[�G\��DQG�WKH�LQWHJUDOV�I\G\�RU�I\G[��6R�KH�DUULYHG�DW�WKH�
QRWDWLRQ��QRZ�FODVVLFDO��

,Q�������/HLEQL]�ILUVW�SXEOLVKHG�KLV�GLIIHUHQWLDO�FDOFXOXV�LQ�D�SDSHU��LVVXHG�LQ�
WKH�QHZO\�IRXQGHG�$FWD�(UXGLWRUXP��ZLWK�WKH�WLWOH�1RYD�PHWKRGXV�SUR�PD[LPLV��
LWHPTXH�WDQJHQWLEXV������ ���� +HUH�KH�GHDOV�ZLWK�GLIIHUHQWLDOV��DQG� LW� LV� QRWH��
ZRUWK\�WKDW�KH�LQWURGXFHV�G[�DV�DQ�DUELWUDU\�ILQLWH�LQWHUYDO�DQG�WKHQ�GHILQHV�G\�
E\�WKH�SURSRUWLRQ�G\�G[ RUGLQDWH�VXEWDQJHQW�� 7KHQ��LQ�������KH�SXEOLVKHG�
DOVR�D�SDSHU�FRQWDLQLQJ�KLV�QRWDWLRQ�RI�WKH�LQWHJUDO���7KH�ZRUG��LQWHJUDO��ZDV�
LQWURGXFHG�E\�-DNRE�%HUQRXOOL���������

/DWHU�/HLEQL]�ZDV�DFFXVHG�E\�IULHQGV�DQG�IROORZHUV�RI�1HZWRQ�RI�KDYLQJ�
SODJLDUL]HG�1HZWRQ
V� LGHDV�� 7KLV� XQIRUWXQDWH�DQG� XQGLJQLILHG�FRQWURYHUV\�
VWDUWHG�ILUVW�LQ������DQG�EHFDPH�FRQWLQXRXVO\�PRUH�DQG�PRUH�IXULRXV��VR�WKDW�
/HLEQL]
�ODVW�\HDUV�ZHUH�ILOOHG�ZLWK�ELWWHUQHVV��%XW�FRQVLGHULQJ�/HLEQL]
�PDQX��
VFULSWV��QRERG\�FDQ�GRXEW�DW�SUHVHQW�WKDW�1HZWRQ�DQG�/HLEQL]�IRXQGHG�WKHLU�
&DOFXOXV�LQGHSHQGHQWO\��

7KH�LQYHQWLRQ�RI�&DOFXOXV�VWLPXODWHG�DQ�LPPHQVH�DQG�HQHUJHWLF�IXUWKHU�GH��
YHORSPHQW��2Q�WKH�(QJOLVK�VLGH�7D\ORU�DQG�0DFODXULQ��RQ�WKH�FRQWLQHQW�WKH�
HPLQHQW�%DVHO�PDWKHPDWLFLDQV��ILUVW�WKH�EURWKHUV�%HUQRXOOL��WKHQ�WKH�SURGLJLRXV�
(XOHU��DQG�ODWHU�WKH�)UHQFKPDQ�'
$OHPEHUW�DQG�WKH�,WDOLDQ�/DJUDQJH�FRQ��
WULEXWHG�JUHDWO\�WR�WKLV�GHYHORSPHQW��0,RUHRYHU��RWKHU�FORVHO\�UHODWHG�SDUWV�RI�
PDWKHPDWLFV�VRRQ�RULJLQDWHG�LQ�FRQQHFWLRQ�ZLWK�WKH�&DOFXOXV��H�J���WKH�WKHRU\�RI�
GLIIHUHQWLDO�HTXDWLRQV��WKH�FDOFXOXV�RI�YDULDWLRQV��GLIIHUHQWLDO�JHRPHWU\��

:KLOH�1HZWRQ�DQG�/HLEQL]�KDG�UDWKHU�UHDVRQDEOH��DOWKRXJK�QRW�DOZD\V�FRQ��
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VLVWHQW��LGHDV�DERXW�WKH�IXQGDPHQWDOV�RI�WKH�QHZ�&DOFXOXV��WKH�H[WUHPHO\�UDSLG�
IXUWKHU�GHYHORSPHQW�FDXVHG�WKH�EDVLF�FRQFHSWV�WR�EH�QHJOHFWHG�RU�WR�EH�WUHDWHG�
LQ�D� YHU\�XQVDWLVIDFWRU\�PDQQHU��,Q�SDUWLFXODU��(XOHU�LV�DQ�H[DPSOH�RI�WKLV�
WHQGHQF\��$�IHZ�PDWKHPDWLFLDQV��DPRQJ�WKHP�'
$OHPEHUW��VWUHVVHG�WKH�QHFHV��
VLW\�RI�XVLQJ�WKH�QRWLRQ�RI�WKH�OLPLW�DV�IRXQGDWLRQ�RI�WKH�&DOFXOXV� >��@��%XW�LW�
ZDV�&DXFK\�LQ�WKH�EHJLQQLQJ�RI�WKH���WK�FHQWXU\�ZKR��LQ�VXFK�D�ZD\��GHYHORSHG�
WKH�&DOFXOXV�V\VWHPDWLFDOO\�DQG�FRQVLVWHQWO\��6R�DW�ODVW�&DXFK\�DQG�KLV�PDQ\�
VXFFHVVRUV�JDYH�D�VROLG�EDVLV�WR�WKH�&DOFXOXV��

5HIHUHQFHV�
���7��/��+HDWK��7KH�:RUNV�RI�$UFKLPHGHV��&DPEULGJH�������
���7KH�0HWKRG�RI�$UFKLPHGHV��HGLWHG�E\�7��/��+HDWK��&DPEULGJH�������
���(��%RUWRORWWL��,�SURJUHVVL�GHO�PHWRGR�LQILQLWHVLPDOH�QHOO
�2SHUD�JHRPHWULFD�GL�(YDQJHOLVWD�

7RUULFHOOL��3HULRGLFR�GL�0DWHPDWLFKH���������������SS���������
���(YHO\Q�:DONHU��$�6WXG\�RI�WKH�7UDLWH�GHV�,QGLYLVLEOHV�RI�*LOOHV�3HUVRQH�GH�5REHUYDO��

7HDFKHUV�&ROOHJH��&ROXPELD�8QLYHUVLW\��1HZ�<RUN�������
���&(XYUHV�GH�)HUPDW����YROXPHV�DQG�VXSSOHPHQWV��3DULV�������������D��0HWKRGXV�DG�GLV��

TXLUHQGDP�PD[LPDP�HW�PLQLPDP��&(XYUHV��YRO�����SS�����������VHH�DOVR�SS�����������)UHQFK�WUDQVOD��
WLRQ��YRO�����SS����������DQG������������E��'H�OLQHDUXP�FXUYDUXP�FXP�OLQHLV�UHFWLV�FRPSDUDWLRQH��
&(XYUHV��YRO�����SS�����������)UHQFK�WUDQVODWLRQ��YRO�����SS������������

���$��$JRVWLQL��3HULGLFR�GL�0DWHPDWLFKH����������������D��/D�WHRULD�GHL�OLPLWL�LQ�3LHWUR�0HQ��
JROL��SS����������E��,O�FRQFHWWR�G
LQWHJUDOH�GHILQLWR�LQ�3LHWUR�0HQJROL��SS�����������

���-DPHV�*UHJRU\��7HUFHQWHQDU\�0HPRULDO�9ROXPH��HGLWHG�E\�+��:��7XUQEXOO��/RQGRQ�������
���0��'HKQ�DQG�(��'��+HOOLQJHU��&HUWDLQ�PDWKHPDWLFDO�DFKLHYHPHQWV�RI�-DPHV�*UHJRU\��$P��

0DWK��0RQWKO\������������SS�����������
���$��3UDJ��2Q�-DPHV�*UHJRU\
V�*HRPHWULDH�SDUV�XQLYHUVDOLV��LQ�>�@��SS�����������
����-��0��&KLOG��7KH�*HRPHWULFDO�/HFWXUHV�RI�,VDDF�%DUURZ��&KLFDJR�DQG�/RQGRQ��������
����6LU�,VDDF�1HZWRQ
V�0DWKHPDWLFDO�3ULQFLSOHV�RI�1DWXUDO�3KLORVRSK\�DQG�+LV�6\VWHP�RI�WKH�

:RUOG��7UDQVODWHG�E\�$��0RWWH��UHYLVHG�E\�)��&DMRUL��8QLYHUVLW\�RI�&DOLIRUQLD�3UHVV��%HUNHOH\��
&DOLI���������

����&��,��*HUKDUGW��'LH�(QWGHFNXQJ�GHU�KRKHUHQ�$QDO\VLV��+DOOH�������
����-��0��&KLOG��7KH�(DUO\�0DWKHPDWLFDO�0DQXVFULSWV�RI�/HLEQL]��&KLFDJR�	�/RQGRQ�������
����'��0DKQNH��1HXH�(LQEOLFNH�LQ�GLH�(QWGHFNXQJVJHVFKLFKWH�GHU�KRKHUHQ�$QDO\VLV��$EKDQG��

OXQJHQ�GHU�3UHXVV��$NDG��GHU�:LVVHQVFKDIWHQ��3K\V��0DWK��.ODVVH��������1R�����
��D��-��(��+RIPDQQ��'LH�(QWZLFNOXQJVJHVFKLFKWH�GHU�/HLEQL]VFKHQ�0DWKHPDWLN�ZDKUHQG�

VHLQHV�$XIHQWKDOWV�LQ�3DULV��������������0XQLFK�������
����$V�IRU�WKH�ORQJ�ODVWLQJ�VWUXJJOH�IRU�D�ULJRURXV�IRXQGDWLRQ�RI�WKH�&DOFXOXV�VHH�&��%��%R\HU��

7KH�&RQFHSWV�RI�WKH�&DOFXOXV��1HZ�<RUN��������QG�SULQWLQJ�������

This content downloaded from 128.103.149.52 on Tue, 15 Jul 2014 07:32:09 AM
All use subject to JSTOR Terms and Conditions


	Article Contents
	p. 75
	p. 76
	p. 77
	p. 78
	p. 79
	p. 80
	p. 81
	p. 82
	p. 83
	p. 84
	p. 85
	p. 86

	Issue Table of Contents
	The American Mathematical Monthly, Vol. 58, No. 2 (Feb., 1951), pp. 75-150
	Front Matter [pp. ]
	The History of Calculus [pp. 75-86]
	Computation of the Inverse of a Matrix [pp. 87-92]
	Solution of Quadratic Equations and Triangles by Machine [pp. 92-98]
	Mathematical Notes
	On a Conjecture of Klee [pp. 98-101]
	Perfect Squares of Special Form [pp. 101-103]
	On a Generalization of Feuerbach's Theorem [pp. 103-104]
	A Correction A Topological Proof of the Fundamental Theorem of Algebra [pp. 104]
	A Correction Extension of a Topological Proof of the Fundamental Theorem of Algebra [pp. 104]

	Classroom Notes
	Integration by Long Division [pp. 104-105]
	Parametric Equations and Mechanical Manipulation of Mathematical Symbols [pp. 106-107]
	An Improvement on Dickson's "Best Method for Integral Roots" [pp. 107]

	Elementary Problems and Solutions
	Problems for Solution: E950-E955 [pp. 108]
	Solutions
	E915 [pp. 108-109]
	E918 [pp. 109-110]
	E919 [pp. 110]
	E920 [pp. 111]
	E921 [pp. 111-112]
	E922 [pp. 112]


	Advanced Problems and Solutions
	Problems for Solution: 4425-4427 [pp. 113]
	Solutions
	4325 [pp. 113-114]
	4337 [pp. 114-115]
	4344 [pp. 115-116]
	4353 [pp. 116-117]


	Recent Publications
	Review: untitled [pp. 118]
	Review: untitled [pp. 118-119]
	Review: untitled [pp. 119-120]
	News Books Received [pp. 120-122]

	Clubs and Allied Activities [pp. 123-127]
	News and Notices [pp. 128-133]
	The Mathematical Association of America: Official Reports and Communications
	New Members [pp. 134-136]
	February Meeting of the Louisiana-Mississippi Section [pp. 136-138]
	April Meeting of the Iowa Section [pp. 138-142]
	April Meeting of the Rocky Mountain Section [pp. 142-144]
	May Meeting of the Indiana Section [pp. 144-145]
	Annual Meeting of the Minnesota Section [pp. 146-148]
	The May Meeting of the Nebraska Section [pp. 148-150]
	Calendar of Future Meetings [pp. 150]

	Back Matter [pp. ]



