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���,QWURGXFWLRQ��2QH�V\QGURPH�PXVW��IURP�WLPH�WR�WLPH��GLVWXUE�WKH�VOHHS�
RI�DOO�FRQFHUQHG�ZLWK�WKH�DSSOLFDWLRQV�RI�PDWKHPDWLFV��D� V\QGURPH�QHYHU�GLV��
FXVVHG�LQ�RSHQ�PHHWLQJ��SHUKDSV�EHFDXVH�RI�LWV�VHQVLWLYLW\��,W�VHHPV�WR�EH�JHQ��
HUDOO\�DJUHHG�WKDW��DSSOLHG�PDWKHPDWLFV��LV�PRUH�GLIILFXOW�WKDQ��SXUH�PDWKH��
PDWLFV��LQ�UHTXLULQJ�PRUH�PDWXULW\�DQG�PRUH�\HDUV�RI�VWXG\�EHIRUH�XVHIXO�UH��
VXOWV�DUH� DWWDLQHG��7RGD\
V� OHDGHUV�LQ� �DSSOLHG�PDWKHPDWLFV��ZHUH�PDLQO\�
WUDLQHG�LQ��SXUH�PDWKHPDWLFV���<HW�IURP�WKH�SRLQW�RI�YLHZ�RI�UHVHDUFK�SRWHQWLDO�
DQG�UHODWHG�LQWHOOHFWXDO�DELOLW\�WKH�VWXGHQWV�ZKR�VWXG\�LQ��DSSOLHG��ILHOGV�GR�QRW�
FRPSDUH�LQ�VWUHQJWK�ZLWK�WKRVH�ZKR�JR�LQWR��SXUH��PDWKHPDWLFV��,V�WKLV�QRW�D�
SDUDGR[LFDO�VLWXDWLRQ"�

2QH�FDQ�WU\�WR�PDNH�WKH�VLWXDWLRQ�DSSHDU�OHVV�SDUDGR[LFDO�E\�JRLQJ�IXUWKHU��
DQG�DVVHUWLQJ�WKDW���-XVW�DV� WRGD\
V�OHDGHUV�LQ�WKH�DSSOLHG�ILHOGV�KDYH�FRPH�
PDLQO\�E\�FRQYHUVLRQ�IURP�WKH�SXUH��VR�WRR�ZLOO�WRPRUURZ
V����$�VWDWHPHQW�
ZKLFK�LV�XQGRXEWHGO\�WUXH�IRU�WRPRUURZ���%XW�ZKDW�RI�WKH�GD\�DIWHU�WRPRUURZ"�
6KRXOG�FRQYHUVLRQ�EH�LQHYLWDEOH"�,I�LW�LV�QRW��DV� WKH�ZULWHU�EHOLHYHV��WKHQ�WKH�
DQVZHU�PXVW�OLH�LQ�WKH�HDUO\�WUDLQLQJ�RI�RXU�VWXGHQWV��

7ZR�FDXVHV�GHIOHFW�VWXGHQWV�IURP�WKH��DSSOLHG��WR�WKH��SXUH��WRGD\��
���� D�IHHOLQJ�DPRQJ�WHDFKHUV�WKDW�WKH��DSSOLHG��LV�EHQHDWK�WKH��SXUH���
���� D�IDLOXUH�WR�SUHVHQW�WKH��DSSOLHG��VR�WKDW�LW�LV�DV�LQWHOOHFWXDOO\�VWLPXODW��

LQJ�DV�WKH��SXUH���

*LYHQ�WKH�WHPSHUDPHQWV�DQG�LQWHOOHFWXDO�RULHQWDWLRQV�RI�FROOHJLDWH�WHDFKHUV�RI�
PDWKHPDWLFV��LW�LV�FOHDU�WKDW����� LV�DQ�LQHYLWDEOH�FRQVHTXHQFH�RI����� DQG�WKDW�
GLUHFW��RU�VODQWLQJ��DWWDFNV�RQ�����DUH�XVHOHVV��7R�LPSURYH�WKH�VLWXDWLRQ�ZH�PXVW�
GHDO�ZLWK������ZKHQ�����ZLOO��PRUH�RU�OHVV�VORZO\��WDNH�FDUH�RI�LWVHOI��

+RZ�WKHQ��PD\�ZH�PDNH��DSSOLHG��RU��FRQFUHWH��PDWKHPDWLFV�PRUH�VWLPX��
ODWLQJ"�0DQ\�LGHDV�PD\�EH�QHHGHG�LQ�WKH�ORQJ�UXQ��EXW�KHUH�DUH�VRPH�ZKLFK�
DSSHDO�VWURQJO\�WR�WKH�ZULWHU��

�D�� ZH�PD\�VWULYH�WR�GHYHORS�WKH�DUHDV�RI�IRUPXODWLRQ�DQG�DSSUR[LPDWLRQ��
ZKHUH�DSSOLHG�PDWKHPDWLFV�KDV�IDLOHG�WR�KHHG�WKH�DGPRQLWLRQ��SK\VLFLDQ��
KHDO�WK\VHOI���

6XFFHVV�KHUH�FRXOG�JLYH�XV�VRPHWKLQJ�RI�D�WUXO\�PDWKHPDWLFDO�QDWXUH�ZRUWK\�RI�
EHLQJ�WDXJKW�DV�DSSOLHG�PDWKHPDWLFV��$W�WKH�EHVW��WKLV�LV�D�ORQJ�UDQJH�SURJUDP�
�DQG�VRPH�PD\�WHUP�LW�YLVLRQDU\��LW� LV�GLVFXVVHG�EULHIO\�LQ�6HFWLRQ����

�E��ZH�PD\�LQWURGXFH�PRUH�JHQHUDOLW\�LQWR�HDFK�VWDJH�RI�WKH�WHDFKLQJ�RI�FRQ��
FUHWH�PDWKHPDWLFV�IRU�H[DPSOH��DIWHU�PHHWLQJ�RQH�RU�WZR�H[SDQVLRQV�
LQWR�HLJHQIXQFWLRQV��ZH�PD\�JLYH�D�QRQULJRURXV�LQWURGXFWLRQ�WR�HLJHQ��
IXQFWLRQ�H[SDQVLRQV�LQ�JHQHUDO��

7KLV�SURJUDP�FRXOG�EHJLQ�WRPRUURZ��RU�HYHQ�WRGD\��DQG�QHHGV�QR�GHWDLOHG�VSHOO��

��
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LQJ�RXW�KHUH��,W�ZLOO�RQO\�VXFFHHG��KRZHYHU��LI�LW�LV�IRFXVVHG�RQ�FRQFHSWV�UDWKHU�
WKDQ�ULJRU��8VXDOO\�WKH�SK\VLFLVW�RU�RWKHU�XVHU�ZLOO�QRW�RQO\�RPLW�DOO�ULJRU�LQ�KLV�
MXVWLILHG�KDVWH�WR�WUHDW�D�SDUWLFXODU�SRLQW��EXW�KH�ZLOO�RPLW�RU�JORVV�RYHU�PDQ\�
FRQFHSWV�RI�JHQHUDO�LQWHUHVW�DQG�KHOS��,W�LV�IRU�WKH�PDWKHPDWLFLDQ�WR�LQWURGXFH�
WKH�VWXGHQW�WR�WKH�PDMRULW\�RI�WKH�FRQFHSWV�ILUVW��OHWWLQJ�WKH�ULJRU�ZDLW�WLOO�LWV�
DSSURSULDWH�WLPH��1HZ�FRQFHSWV�VKRXOG�EH�LQMHFWHG�LQWR�WKH�VWXGHQW�DV�JHQWO\�
DV�SRVVLEOH��

�F�� ZH�PD\�HPSKDVL]H�WKH�VWXG\�RI�FRPSXWDWLRQDO�SURFHGXUHV�LQ�WKHLU�RZQ�
ULJKW�E\�GLVFXVVLQJ�WKHLU�JHQHUDO�SURSHUWLHV�WKH�PDWKHPDWLFV�RI�FRP��
SXWDWLRQ�UDWKHU�WKDQ�PHUHO\�JULQGLQJ�WKURXJK�WKHP��

$OO�RI�WKHVH�FKDQJHV�UHTXLUH�WHDFKLQJ�WLPH�DQG�VWXGHQW
V�WLPH��,I�ZH�DUH�UHDOLVWLF��
ZH�PXVW�ILQG�WLPH��RU�DW�DQ\�UDWH�PRVW�RI�LW��E\�VDYLQJ�LW�HOVHZKHUH��:KHUH�LV�WLPH�
QRZ�RFFXSLHG"�:LWK�WKH�PHFKDQLFV�RI�FRPSXWDWLRQ��QXPHULFDO�DQG�DOJHEUDLF��
+RZ� FDQ� LW�EH�IUHHG"�%\�UHRULHQWLQJ�RXU�DWWLWXGH�WRZDUG�FRPSXWDWLRQ�E\�
WU\LQJ�WR�PDNH�LW�OHVV�RI�D�URDG�EORFN��

7KH�NH\�WR�WKH�LPPHGLDWH�DWWDFN��WKHQ��OLHV�LQ�RXU�DWWLWXGH�DQG�SUDFWLFHV�
FRQFHUQLQJ�FRPSXWDWLRQ��WDNHQ�LQ�D�PRVW�JHQHUDO�VHQVH��DQG�LWV�WHFKQLTXHV��

$V�ZH�VXFFHHG�ZLWK�VXFK�D�SURJUDP��VKLIWLQJ�HPSKDVLV�IURP�DYRLGDEOH�ODERU�
RI�FRPSXWDWLRQ�WR�EURDGHU�FRQFHSWV�RQ�WKH�RQH�KDQG�DQG�WKH�PDWKHPDWLFV�RI�
FRPSXWDWLRQ�RQ�WKH�RWKHU��ZH�VKDOO�EH�WHDFKLQJ�EHWWHU���WK�FHQWXU\�PDWKH��
PDWLFV�EHWWHU�IRU�PDWKHPDWLFLDQV�WR�WHDFK�DQG� EHWWHU�IRU�VWXGHQWV�WR�OHDUQ��

���$WWLWXGHV�WRZDUG�FRPSXWDWLRQ��&RPSXWDWLRQ�PD\�EH�QXPHULFDO�RU��DOJH��
EUDLF��ZKHUH�WKH�ODWWHU�WHUP�VHHPV�LQ�SUDFWLFH�WR�FRYHU�DOO�IRUPV�RI�V\VWHPDWLF�
PDQLSXODWLRQ�ZKLFK�DUH�QRW�PHUHO\�QXPHULFDO�SRO\QRPLDOV��WULJRQRPHWULF�IXQF��
WLRQV���LQGHILQLWH�LQWHJUDWLRQ��VXPPDWLRQ��QRW�VXPPDELOLW\��RI�VHULHV��WHQVRUV�
DQG�ORJLF��WR�QDPH�D�IHZ��DOO�KDYH�DOJHEUDV�LQ�WKH�VHQVH�RI�RUGHUO\�SURFHGXUHV�RI�
FRPSXWDWLRQ��,Q�WKHLU�HVVHQWLDOV��WKH�SUDFWLFHV�RI�WKHVH�GLYHUVH�IRUPV�RI�FRP��
SXWDWLRQ�DUH�WKH�VDPH��*LYHQ�LQSXW�GDWD��RQH�SHUIRUPV�PRUH�RU�OHVV�RU�PXFK�OHVV�
URXWLQH�RSHUDWLRQV�ZLWK�WKH�LQWHQW�RI�UHDFKLQJ�RXWSXW�UHVXOWV�RI�D�SUHGHWHUPLQHG�
IRUP��,QWHUHVW�FHQWHUV�LQ�WKH�FHUWDLQW\��HIILFLHQF\��DQG�HDVH�RI�PDQLSXODWLRQ�RI�
WKH�RSHUDWLRQV��$�FHUWDLQ�DPRXQW�RI�SUDFWLFH�LV�XVHIXO��ERWK�WR�SURPRWH�XQGHU��
VWDQGLQJ��ZKLFK�LV�QRW�KHOSHG�DSSUHFLDEO\�E\�VWLOO�PRUH�H[WHQGHG�SUDFWLFH��DQG�
WR�SURYLGH�D�OLWWOH�IDFLOLW\�RI�PDQLSXODWLRQ��XVXDOO\�D�OLWWOH�VXIILFHV���

1XPHULFDO�FRPSXWDWLRQ��WKURXJK�WKH�FHQWXULHV��KDV�RIWHQ�IDFHG�XS�WR�UHDOLW\�
DQG�PDGH�WKLQJV�HDVLHU��7KH�XVH�RI�ORJDULWKPLF�WDEOHV��HYHQ�E\�WKRVH�ZKR�GR�
QRW�NQRZ�KRZ�WR�UHFRPSXWH�WKHP��DQG�RI�GHVN�FDOFXODWRUV�DQG��QRZ��HOHFWURQLF�
FDOFXODWRUV��HYHQ�E\�WKRVH�ZKR�FDQQRW�UHSDLU�WKHP��KDV�EHHQ�D�FRPPRQSODFH��
7RGD\� WKH��VRIWZDUH��FRPSULVLQJ�WKH�FDUHIXOO\�SODQQHG�LQWHUSUHWLYH�URXWLQHV��
FRPSLOHUV��DQG�RWKHU�DVSHFWV�RI�DXWRPDWLYH�SURJUDPPLQJ�DUH�DW�OHDVW�DV� LP��
SRUWDQW�WR�WKH�PRGHUQ�HOHFWURQLF�FDOFXODWRU�DV�LWV��KDUGZDUH��RI�WXEHV��WUDQVLV��
WRUV��ZLUHV��WDSHV�DQG�WKH�OLNH��:KHQ�D�VWXGHQW�RU�D�XVHU�EHJLQV�WR�XVH�DQ�HOHF��
WURQLF�FDOFXODWRU��ZH�GR�QRW�DVN�KLP�WR�OHDUQ�DOO�WKH�GHWDLOV�RI�WKH�DXWRPDWLF�
SURJUDPPLQJ�DQG�VXUHO\�QRW�WR�OHDUQ�ZK\�WKHVH�GHWDLOV�ZHUH�FKRVHQ�LQVWHDG�RI�
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RWKHUV��$�IHZ�VWXGHQWV�DQG�XVHUV�ZLOO�GHYHORS�VORZO\�LQWR�GHVLJQHUV�RU�SURJUDP��
PHUV��EXW�WKHLU�QXPEHU�ZLOO�EH�IHZ�DQG�WKHLU�WUHDWPHQW�VSHFLDO��/HW�XV�ORRN�WR�
WKH�DQDORJ\�LQ�DOO�IRUPV�RI�FRPSXWDWLRQ��

7KURXJKRXW�FRPSXWDWLRQ��VLQFH�WKH�XVXDO�VWXGHQW�ZLOO�QRW�FRPSXWH�VWHDGLO\��
EXW�UDWKHU�RFFDVLRQDOO\��HYHQ�LI�KH�FRQWLQXHV�WR�FRPSXWH�DOO�KLV�OLIH��HPSKDVLV�
LV�EHVW�ODLG�RQ�PHWKRGV�ZKLFK�DUH�HDV\�WR�UHPHPEHU�DQG��PRUH�LPSRUWDQWO\�
VWLOO��HDV\�WR�UHOHDUQ�ZKHQ�IRUJRWWHQ��:H�DUH�UHDOO\�FRQFHUQHG�ZLWK�WKH�FRQWLQX��
LQJ�FDSDELOLWLHV�RI�WKH�VWXGHQW��LQFOXGLQJ�WKRVH�ZKLFK�UHTXLUH�VXSSOHPHQWDWLRQ�
E\�VRPH�UH�VWXG\�ZKHQ�XVHG��UDWKHU�WKDQ�ZLWK�VWXGHQW�EHKDYLRU�LQ�D�ILQDO�H[DP��
LQDWLRQ��

7KHUH�DUH�VRPH�VWXGHQWV��EXW�KRZ�IHZ���ZKR�ZLOO�JR�RQ�WR�FRPSXWH�VWHDGLO\��
7KH\�UHTXLUH�VSHFLDO�WUDLQLQJ��EXW�WKHLU�QHHGV�VKRXOG�QRW�SUHMXGLFH�WKH�WUDLQLQJ�
RI�WKH�ODUJHU�VWXGHQW�ERG\��:H�GR�WKH�VSHFLDOLVWV�QR�LQMXVWLFH�WR�WHDFK�WKHP�WKH�
HDV\�WR�UHPHPEHU�ZD\�ILUVW��HYHQ�WKRXJK�LW�PD\�WDNH������RU������RU������
RU�HYHQ������ORQJHU�WKDQ�WKH�IDQFLHVW�PHWKRG�ZKHQ�LQ�VWHDG\�XVH��7KLV�ZLOO�QRW�
GXOO�WKHLU�LQWHUHVW�LQ��DQG�DSSUHFLDWLRQ�RI��WKH�IDVW��KDUG�WR�UHPHPEHU�PHWKRGV��
%XW�LI�ZH�WHDFK�WKH�KDUG�WR�UHPHPEHU�PHWKRG�ILUVW��WKH�RFFDVLRQDO�FRPSXWHU�
ZLOO�QHYHU�JHW�WR�WKH�HDV\�WR�UHPHPEHU�PHWKRG��QHYHU�KDYH�D�PHWKRG�KH�FDQ�
XVH�ZKHQ�KH�PHHWV�D�UHDO�SUREOHP��DQG�WKXV�QHYHU�VROYH�WKH�SUREOHP��

���$Q�H[DPSOH�IURP�QXPHULFDO�FRPSXWDWLRQ��%XW��VRPH�PD\�VD\��WHDFKLQJ�
HDV\�WR�UHPHPEHU�PHWKRGV�PHDQV�WHDFKLQJ�WHFKQLTXH��DQG�LGHDV�DQG�FRQFHSWV�
ZLOO�VXIIHU��7KLV�LV�QRW�VR��/HW�XV�WDNH�$LWNHQ
V�PHWKRG�RI�LQWHUSRODWLRQ��>�@��
>�@��DV�DQ�H[DPSOH��7KH�EDVLF�SUREOHP�LV�WR�SDVV�D�SRO\QRPLDO�WKURXJK�JLYHQ�
SRLQWV��;L��\2����;��� <���� �[���\V���DQG�VR�RQ��,I�3�[�� ZLWK�QXPHULFDO�VXEVFULSWV�
UHSUHVHQWV�D�SRO\QRPLDO�SDVVLQJ�WKURXJK�WKH�SRLQWV�LQGLFDWHG�E\�WKH�VXEVFULSWV�
�WKXV�3����[��SDVVHV�WKURXJK�SRLQWV������DQG�����DQG�LI����� VWDQGV�IRU�DQ\�FRO��
OHFWLRQ�RI�VXEVFULSWV�RWKHU�WKDQ�L�RU�M� WKHQ�

>�[���[�3��[�� �� �[M��� [�3��;�@��;M� �� [L��

SDVVHV�WKURXJK�DOO�WKH�SRLQWV�FRUUHVSRQGLQJ�WR����� DQG�WKURXJK�SRLQWV�L�DQG�M��
7KH�DUJXPHQW�ZKLFK�VKRZV�WKLV�LV�VLPSOH��GLUHFW��DQG�WUXO\�PDWKHPDWLFDO��+HQFH�
ZH�PD\�GHILQH�

�[M��� ;L�3BL�;�� �� �[��� ;�3B�;�� �� �[M� �� ;�3BL�[��

DQG�VWDUWLQJ�ZLWK�

3J�[��  � \J��

3JK�;��  � >�;� �� ;J�\K� �� �;K� �� ;�\J@��;K� �� ;J��

<K� <J� ;K<J��� ;J<K�
[� ��

;� �� ;$J� ;K� ;J�

REWDLQ�DOO�WKH�LQWHUSRODWLQJ�SRO\QRPLDOV�ZH�PD\�GHVLUH��

This content downloaded from 130.71.96.21 on Fri, 19 Jul 2013 12:42:40 PM
All use subject to JSTOR Terms and Conditions

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


�� 7+(� 7($&+,1*� 2)�&21&5(7(� 0$7+(0$7,&6� >-DQXDU\�

,I�DOO�ZH�ZLVK�LV�WKH�YDOXH�RI�WKH�LQWHUSRODWLQJ�SRO\QRPLDO�DW�D�JLYHQ�[��WKHQ�
WKH�SURFHVV�UHGXFHV�LWVHOI�WR�VXFFHVVLYH�OLQHDU�LQWHUSRODWLRQV��WKXV��IRU�[� ����
DQG�D�SDUWLFXODU�DUUD\�RI�[L�DQG�\L��ZH�KDYH��

L� [L� [L��[� \LM3� L� 3X�� 3��L� 3����L�

�� �� ���� �������
�� �� ����� ������� �������
�� �� ���� ������� ������� �������
�� �� ����� ������� ������� ������� �������
�� ��� ���� ������� ������� ������� ������� �������

(YHU\�FRPSXWDWLRQ�KHUH�LV�VWUDLJKWIRUZDUG�OLQHDU�LQWHUSRODWLRQ�RU�H[WUDSRODWLRQ��
7KXV�

������� � ���������������� ��������������
����

������� � ��������������� �� ���������������
����

DQG� VR� RQ��8QGRXEWHGO\�WKLV�LV�WKH�HDVLHVW�RI�DOO� SRO\QRPLDO�LQWHUSRODWLRQ�
VFKHPHV�WR�OHDUQ�RU�UHOHDUQ���(YHQ�WKRXJK��LQ�WKH�KDQGV�RI�WKH�SURIHVVLRQDO�FRP��
SXWHU��LW�PD\�EH�D�OLWWOH�VORZ�E\�FRPSDULVRQ�ZLWK�VRPH�RWKHU�VFKHPHV��LWV�QHDUO\��
LWHUDWLYH�DQG�FKHFNLQJ�IHDWXUHV�DUH�TXLWH�YDOXDEOH���

,W�LV�HDV\�WR�OHDUQ��\HW�LWV�WHDFKLQJ�LV�QRW�PDLQO\�WHDFKLQJ�WHFKQLTXH��:KDW�
KDV�WR�EH�WDXJKW��LQ�RUGHU�WKDW�LWV�IXQFWLRQLQJ�EH�XQGHUVWRRG�LV�QRW�WHFKQLTXH��
EXW�UDWKHU��L�� WKDW�WKHUH�ZLOO�EH�DQ�LQWHUSRODWLQJ�SRO\QRPLDO���LL�� WKDW�OLQHDU�
LQWHUSRODWLRQ�EHWZHHQ�WZR�HTXDO�YDOXHV�UHWXUQV�WKH�VDPH�YDOXH���LLL��WKDW�OLQHDU�
LQWHUSRODWLRQ�DW�DQ�HQGSRLQW�UHWXUQV�WKH�JLYHQ�YDOXH��7KH�DOJRULWKP�IRU�WKH�
LQWHUSRODWLQJ�SRO\QRPLDO�QRZ�IROORZV��DQG�IURP�LW�WKH�QXPHULFDO�DOJRULWKP��
$IWHU�OHDUQLQJ�D�IHZ�WKLQJV�RI�PDWKHPDWLFDO�FRQWHQW��KH�PD\�HYHQ�EH�OHG�WR�WU\�
RWKHU�RSHUDWLRQV�LQ�SODFH�RI�OLQHDU�LQWHUSRODWLRQ��WKH�VWXGHQW�LV�HTXLSSHG�WR�GR�
SRO\QRPLDO�LQWHUSRODWLRQ�RI�DQ\�RUGHU��GLUHFW�RU�LQYHUVH��IRU�QR�SURSHUWLHV�RI�
WKH�VSDFLQJ�RI�WKH�[L�ZHUH�XVHG���ZLWKRXW�WKH�QHHG�WR�UHFDOO�RU�ORRN�XS�DQ\�FR��
HIILFLHQWV��

7KH�PRUH�FRPSXWDWLRQ�WKDW�ZH�FDQ�WHDFK�LQ�VXFK�D�IRUP��WKH�EHWWHU�ERWK�
IRU�DSSOLHG�PDWKHPDWLFV�DQG�IRU�SXUH�PDWKHPDWLFV��

���$Q�H[DPSOH�IURP�DOJHEUDLF�FRPSXWDWLRQ��)RUPDO�LQWHJUDWLRQ�LV�DQRWKHU�
H[DPSOH�RI�FRPSXWDWLRQ��,W�SRLQWV�D�URDG�ZH�VKRXOG�WUDYHO��TXLWH�D�GLIIHUHQW�URDG�
IURP�WKDW�MXVW�LQGLFDWHG��6RPH�WHDFKHUV�RI�FDOFXOXV�VHHP�WR�IHDU�LQWHJUDO�WDEOHV��
DSSDUHQWO\�IHHOLQJ�WKDW�WKHLU�VWXGHQWV�VKRXOG�QRW�RQO\�EH�DEOH�WR�GHYHORS�DOO�WKH�
HOHPHQWDU\�IRUPXODV��EXW�VKRXOG�KDYH�KDG�WR�GR�HDFK�VHYHUDO�WLPHV��:KDW�LV�
WKLV�EXW�WHDFKLQJ�XQQHFHVVDU\�WHFKQLTXH"�,Q�1HZWRQ
V�GD\�WKHVH�IRUPXODV�ZHUH�
QHZ�DQG�LQWHUHVWHG�PDWKHPDWLFLDQV��7RGD\�WKH\�DUH�RI�XVH��UDWKHU�WKDQ�LQWHU��
HVW��6R�ZK\�VKRXOG�ZH�QRW�VWULYH�WR�PDNH�WKHP�XVHIXO"�7KLV�PHDQV�OHDUQLQJ�KRZ�
WR�XVH�LQWHJUDO�WDEOHV��UDWKHU�WKDQ�KRZ�WR�GHULYH�WKHP��
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6RPH�IHDU�WKH�GHYHORSPHQW�RI��KDQGERRN�HQJLQHHUV��SHUVRQV�ZKR�FDQQRW�
RSHUDWH�ZLWKRXW�KDQGERRNV��7KLV�IHDU�LV�FRPSOH[��L�H���LW�KDV�ERWK�UHDO�DQG�
LPDJLQDU\�SDUWV��7KH�H[�VWXGHQW�ZKR�FDQQRW�LQWHJUDWH�I[�G[�RU�IY?�� �� [�[G[�
ZLWK�UHODWLYH�HDVH�ZRXOG�EH�D�GLVFUHGLW�WR�WKH�PDWKHPDWLFV�GHSDUWPHQW��EXW�QHHG�
LQDELOLW\�WR�ILQG�I����[������G[�RU�IVLQ����FRV�� 0G2��ZLWKRXW�HLWKHU�D�KDQGERRN�RU�
FRQVLGHUDEOH�SDLQ��PDWWHU"�7KH�ZULWHU�FDQQRW�VHH�WKDW�LW�GRHV���+H�KLPVHOI�FDQ�
ZRUN�RXW�WKH�WUDQVIRUPDWLRQV��EXW�ZRXOG�UDWKHU�ZDON�DFURVV�WKH�KDOO�DQG�ERUURZ�
DQ�LQWHJUDO�WDEOH��'RHV� WKLV�PDNH�KLP�OHVV�RI�D�PDWKHPDWLFLDQ�RU�RQO\�OHVV�RI�
D�FRPSXWHU"��

,I�WKH�WLPH�WKDW�ZRXOG�RWKHUZLVH�EH�VSHQW�LQ�OHDUQLQJ�KRZ�WR�GHULYH�LQWHJUD��
WLRQ�IRUPXODV�ZHUH�GLYHUWHG��QRW�DZD\�IURP��PDWKHPDWLFV���EXW�WR�WKH�LQWURGXF��
WLRQ�RI�DGGLWLRQDO�PDWKHPDWLFDO�LGHDV��ZH�VKRXOG�PDNH�D�JUHDW�JDLQ�� ,Q�SDUW��
WKLV�FRXOG�EH�GRQH�ZLWKLQ�WKH�LQWHJUDO�WDEOHV�WKHPVHOYHV��&RQVLGHU�WKH�WUHDWPHQW�
RI�I[QI�[�G[�IRU�VRPH�UHODWLYHO\�VLPSOH�I�[�� IRU�ZKLFK�DOO� VXFK�LQWHJUDOV�DUH�
HOHPHQWDU\��7KH�PRVW�FODVVLFDO�LQWHJUDO�WDEOHV�JDYH�IRUPXODV�IRU�Q� ��� Q� ��DQG�
XVXDOO\�D�UHGXFWLRQ�IRUPXOD�IRU�ORZHULQJ�Q�E\�RQH�RU�WZR�XQLWV��7KHQ�FDPH�WDEOHV�
ZKLFK�JDYH�WKH�H[SOLFLW�UHVXOW�IRU�Q� ��� Q� ��� Q� ��� DQG�Q� �� EHIRUH�WKH�XVHU�
KDG�WR�UHVRUW�WR�WKH�UHGXFWLRQ�IRUPXOD��1H[W�SHUKDSV�WR�Q� ��� DQG�VR�RQ��7KH�
PRUH�H[WHQGHG�WDEOHV�DUH�PRUH�XVHIXO��EXW�VRPH�PDWKHPDWLFLDQV�ILQG�WKHP�RYHU��
HODERUDWH��

:K\�KDV�QR�RQH�WDNHQ�WKH�ORJLFDO�QH[W�VWHSV"�)LUVW��WKH�YDOXH�RI�I[�I�[�G[�
ZLOO�EH�D�ILQLWH�VHULHV��:H�GR�KDYH�QRWDWLRQ��LQFOXGLQJ�WKH�XVH�RI�VXPPDWLRQ�
VLJQV��ZLWK�ZKLFK�WR�UHSUHVHQW�ILQLWH�VHULHV��&DQ�ZH�QRW�JLYH�WKH�ZRUNHG�RXW�IRUP�
IRU�I[QI�[�G[�IRU�JHQHUDO�Q�LQ�QHDUO\�HYHU\�FDVH"�

:RXOG�WKLV�QRW�EH�PXFK�PRUH�XVHIXO�WKDQ�D�UHGXFWLRQ�IRUPXOD"�:K\�VKRXOG�
XVHU�DIWHU�XVHU�KDYH�WR�JR�WKURXJK�WKH�VDPH�RSHUDWLRQV�WR�GHGXFH�WKH�VDPH�ILQLWH�
VHULHV�IURP�WKH�UHGXFWLRQ�IRUPXOD"�1RW�RQO\�PLJKW�ZH�VDYH�ODERU�E\�JLYLQJ�WKH�
ILQLWH�VHULHV�RQFH�DQG�IRU�DOO��EXW�LW�LV�TXLWH�OLNHO\�WKDW�ZH�PLJKW�KLQW�VXFFHVVIXOO\��
WR�VWXGHQWV�DQG�WR�XVHUV��WKDW�JHQHUDOLW\�FDQ�PHDQ�OHVV�ZRUN��$V�PDWKHPDWLFLDQV�
ZH�VKRXOG�IDYRU�VXFK�KLQWV��

6HFRQG��WKHUH�LV�D�GHHSHU�RSSRUWXQLW\��2XU�LQWHJUDO�WDEOHV�JLYH�I[�I�[�G[��
DQG�LQ�VRPH�DSSOLFDWLRQV�ZH�PD\�JHW�VXFK�H[SUHVVLRQV��EXW�LQ�RWKHUV�WKH�XVHU�LV�
FRQFHUQHG�ZLWK�I3�[�I�[�G[� ZKHUH�3�[�� LV�D� SDUWLFXODU�SRO\QRPLDO��2QFH�ZH�
UHDOL]H�WKDW�I[QI�[�G[�FRUUHVSRQGV�WR�D�ILQLWH�VHULHV��LW�IROORZV�WKDW�I3�[�I�[�G[�
LV�DOVR�D�ILQLWH��GRXEOH��VHULHV��,I�ZH�LQYHUW�WKH�RUGHU�RI�VXPPDWLRQ��ZH�VKDOO�
XVXDOO\�ILQG�WKH�DQVZHU�WR�EH�D�ILQLWH�VHULHV��HDFK�RI�ZKRVH�FRHIILFLHQWV�LV�RI�WKH�
IRUP�EMRDR�� ������ELPDP��ZKHUH�3�[��  DR�DL[�� ��� ��D�P�[P��,Q�PRUH�DEVWUDFW�
WHUPV��WKH�YHFWRU�RI�ILQDO�FRHIILFLHQWV�LV�REWDLQHG�IURP�WKH�YHFWRU�XL�RI�SRO\QRPLDO�
FRHIILFLHQWV�E\�PXOWLSOLFDWLRQ�ZLWK�D�FRQVWDQW�PDWUL[�ELM�ZLWK�QXPHULFDO�HQWULHV��
:H�QHHG�QRW�XVH�WKRVH�IHDUVRPH�ZRUGV�EXW� ZH�FDQ�WDEXODWH�WKH�QXPHULFDO�
YDOXHV�RI�WKH�E�L�DQG�H[SODLQ�KRZ�WR�XVH�WKHP��7R�WKH�H[WHQW�WKDW�VWXGHQWV�DQG�
XVHUV�PDNH�XVH�RI�WDEOHV�RI�EML��WKH\�DUH�EHLQJ�LQWURGXFHG�WR�WKH�SUDFWLFH�RI�
PDWUL[�FRPSXWDWLRQ��DQG��LPSOLFLWO\��WR�WKH�LGHD�RI�D�OLQHDU�WUDQVIRUPDWLRQ��

:H�FRXOG�XVH�DQ�LQWHJUDO�WDEOH��ZHUH�LW�ULJKWO\�FRQVWUXFWHG��WR�LQWURGXFH�LWV�
XVHUV�WR�VXFK�LPSRUWDQW�PDWKHPDWLFDO�LGHDV�DQG�QRWDWLRQV�DV�PDWULFHV��VXPPD��
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WLRQ�VLJQ�WHFKQLTXH��DQG�OLQHDU�WUDQVIRUPDWLRQV��,I�WKHVH�WKLQJV�FRPH�LQ�DV�DQ�
DOWHUQDWLYH�PHWKRG�RQH� QRW�WDXJKW�LQ�FODVV��EXW�DFFHSWDEOH�LQ�KRPH�ZRUN�RU�
H[DPLQDWLRQ�DV� DQ�DOWHUQDWLYH�PHWKRG�ZKLFK�VDYHV�ZRUN��WKH\�ZLOO�KDYH�E\�IDU�
WKH�JUHDWHVW�FKDQFH�RI�SHQHWUDWLQJ�WKH�LQGLIIHUHQFH�RI�WKH�VWXGHQW�RU�XVHU�QRW�
\HW�DZDNHQHG�WR�PDWKHPDWLFV��

,I�D�JRRG�WDEOH�RI�LQGHILQLWH�LQWHJUDOV�RQ�WKLV�SDWWHUQ�WDNHV�����KDQGERRN��
VL]HG�SDJHV�ZLWK� D� WKXPE�LQGH[�DQG�NH\V�OLNH�D� ERRN�RQ�ELUGV�RU�ILVKHV��
VKRXOG�ZH�FRPSODLQ"�2U�HYHQ�IHHO�EDGO\"�7KH�ZULWHU�KDV�D� ZDLWLQJ��JDSLQJ�
YDFDQF\�RQ�KLV�GHVN�IRU�VXFK�D�YROXPH��ZKLFK�PLJKW�DSSURSULDWHO\�EH�FDOOHG�
�,QWHJUDO�7DEOHV�IRU�WKH�2FFDVLRQDO�,QWHJUDWRU��DV� GR�PDQ\�RI�KLV�FROOHDJXHV��
7KH�VWXGHQW�QHHG�QRW�KDYH�WR�KDYH�DOO�����SDJHV�ZH� FDQ�PDNH�XS�D�VWXGHQW
V�
���SDJH�YHUVLRQ��FRQWDLQLQJ�WKH�ILUVW����SDJHV��RQH�SDJH�LQ���IRU�WKH�QH[W�����
DQG�RQH�SDJH�LQ����WKHUHDIWHU��LW�ZRXOG�QRW�KDUP�WKH�VWXGHQW�RU�ZHDNHQ�WKH�
HIIHFW�LI�LWV�SDJLQJ�VKRZHG�WKH�JDSV���%XW�WKH�XVHU�ZRXOG�KDYH�D�SODFH�IRU�DOO�����
SDJHV��,I�WKH�WDEOH�ZHUH�ODLG�RXW�DQG�H[SODLQHG�SURSHUO\��D�VWXGHQW�ZKR�KDG�RQFH�
OHDUQHG�WR�XVH�LW�FRXOG�UHOHDUQ�UHDGLO\��DV�DQ�H[�VWXGHQW��MXVW�ZKDW�KH�QHHGHG�LQ�
D�VSHFLILF�VLWXDWLRQ��6XFK�D�SHUVRQ�ZRXOG�QRW�EH�ORRNHG�GRZQ�XSRQ�DV�D��KDQG��
ERRN�HQJLQHHU���EXW�UDWKHU�ORRNHG�XS�WR�DV�D�XVHU�RI�PDWKHPDWLFV�ZKR�ZDV�FRQ��
WUROOLQJ�KLV�FRPSXWDWLRQDO�SUREOHPV��DQG�QRW�OHWWLQJ�WKHP�FRQWURO�KLP��

��� 6RPH�QRQH[LVWHQW�H[DPSOHV��7KHUH�DUH�RWKHU�VRUWV�RI�FRPSXWDWLRQ�DQG�
PRVW�RI�WKHP�ODFN�HYHQ�WKH�EHJLQQLQJV�RI�WKH�WDEOHV�DQG�KDQGERRNV�ZKLFK�ZRXOG�
PDNH�WKHLU�XVH�HDVLHU��RU�HYHQ�HDV\��$�FRPSOHWH�FDWDORJ�ZRXOG�EH�OHQJWK\��EXW�
VRPH�H[DPSOHV�PD\�EH�LOOXPLQDWLQJ��

7KH�1DWLRQDO�%XUHDX�RI�6WDQGDUGV��ZLWK�VXSSRUW�IURP�WKH�1DWLRQDO�6FLHQFH�
)RXQGDWLRQ��KDV�XQGHUWDNHQ�WKH�SUHSDUDWLRQ�RI�D�WDEOH�RI�IXQFWLRQV��6RPH�WKLQN�
RI�WKLV�DV�D�UHYLVLRQ�RI�-DKQNH�DQG�(PGH
V�WDEOH�>�@��QRZ�QHDUO\����\HDUV�ROG��
EXW�RWKHUV�WKLQN�RI�LW�DV�PRUH�QHDUO\�WKH�ILUVW�DSSUR[LPDWLRQ�WR�D� �1XPHULFDO�
7DEOHV�IRU�WKH�2FFDVLRQDO�)LJXUHU���,W�PD\�ZHOO�VKRZ�D�VXEVWDQWLDO�DPRXQW�RI�
WKLV�ODVW�DVSHFW��DQG��WR�WKH�H[WHQW�LW�GRHV��LW�ZLOO�WHQG�WR�PDNH�QXPHULFDO�FRP��
SXWDWLRQ�OHVV�RI�D�EDU�WR�WKH�DSSOLFDWLRQV�RI�PDWKHPDWLFV��

&RQVLGHU�RUGLQDU\�GLIIHUHQWLDO�HTXDWLRQV��:KDW�LV��RUGLQDU\��DERXW�WKHP�
IURP�WKH�XVHU
V�VWDQGSRLQW"�7KH�ZULWHU�NQRZV�RI�EXW�RQH�WDEOH�RI�VROXWLRQV�>�@��
DQG�KDV�QR�UHDVRQ�WR�EH�WUHPHQGRXVO\�HQFRXUDJHG�DERXW�LWV�XVHIXOQHVV��<HW�WKHUH�
DUH�D�QXPEHU�RI�SRVVLELOLWLHV��2XU�ERRNV�RQ�LQWHUPHGLDWH�GLIIHUHQWLDO�HTXDWLRQV�
GLVFXVV�WKH�UHGXFWLRQ�RI�VHFRQG�RUGHU�OLQHDU�HTXDWLRQV�WR�VWDQGDUG�IRUP�\HW��
WKRXJK�D�QXPEHU�RI�VHFRQG�RUGHU�OLQHDU�HTXDWLRQV�KDYH�EHHQ�VROYHG��ZKR�KDV�
HYHU�VHHQ�D� WDEOH�RI�VROXWLRQV�IRU�VXFK�HTXDWLRQV�DIWHU�UHGXFWLRQ�WR�VWDQGDUG�
IRUP��:K\�VKRXOG�WKHUH�QRW�EH�VXFK�D�WDEOH"�

2XU�ERRNV�RQ�HOHPHQWDU\�GLIIHUHQWLDO�HTXDWLRQV�KDYH�IROORZHG�IRU����\HDUV�WKH�
PROG�RI�0XUUD\
V�ERRN��>�@�� ������D� ERRN�ZULWWHQ�EXW�WZR�\HDUV�DIWHU�&DQWRU�
LQWURGXFHG�WKH�XQLRQ�RI�WZR�VHWV�DV� D� IRUPDO�RSHUDWLRQ��6XFK�ERRNV�FRQWDLQ�
VRPH�UHODWLYHO\�ZLGHO\�XVHIXO�PHWKRGV�RI�VROXWLRQ��DQG�VRPH�VSHFLDO�PHWKRGV�
ZKLFK�DPXVHG���WK�FHQWXU\�PDWKHPDWLFLDQV��7RGD\� WKH\�WHQG�WR�VD\�D� OLWWOH�
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PRUH�DERXW�VROXWLRQV�LQ�VHULHV��DQG��HYHQ��QXPHULFDO�VROXWLRQV��,I�ZH�KDG�D�
�'LIIHUHQWLDO�(TXDWLRQ�7DEOH�IRU�WKH�2FFDVLRQDO�,QWHJUDWRU���ZH�FRXOG�FRQGHPQ�
WKH�PLQRU�WHFKQLTXHV�WR�WKH�OXPEHU�URRP��DQG�LQVWHDG�WHDFK�YDVWO\�PRUH�LP��
SRUWDQW��VXJJHVWLYH��DQG�VWLPXODWLQJ�WRSLFV�VXFK�DV�VROXWLRQ�LQ�VHULHV�DQG�QXPHU��
LFDO�VROXWLRQ��

0RGHUQ�PDWKHPDWLFV�GHYRWHV�D�JUHDW�SDUW�RI�LWV�DWWHQWLRQ�WR�OLQHDU�H[SDQ��
VLRQV�RI�RQH�VRUW�RU�DQRWKHU��$QG�PDQ\�OLQHDU�H[SDQVLRQV�DUH�RI�JUHDW�SUDFWLFDO�
LPSRUWDQFH��7KH�SURFHVV�RI�ILQGLQJ�FRHIILFLHQWV�FDQ�DOPRVW�DOZD\V�EH�UHJDUGHG�
DV�D�SURFHVV�RI�ELRUWKRJRQDO�H[SDQVLRQ�\HW�ZKR�KDV�VHHQ�HYHQ�D�OLWWOH�WDEOH�RI�
ELRUWKRJRQDO�H[SDQVLRQV��WR�VD\�QRWKLQJ�RI�WKH��%LRUWKRJRQDO�([SDQVLRQ�7DEOHV�
IRU�WKH�2FFDVLRQDO�([SDQGHU���

/HW�WKH�UHDGHU�FRQWLQXH�WKH�OLVW��

��� 6RXUFHV��:KHUH�DUH�WKH�EHWWHU�LQWHJUDO�WDEOHV��WKH�XVDEOH�GLIIHUHQWLDO�HTXD��
WLRQ�WDEOHV��WKH�ILUVW�ELRUWKRJRQDO�H[SDQVLRQ�WDEOHV��DQG�DOO�WKH�RWKHUV��WR�FRPH�
IURP"�7KH�ZULWHU�GRHV�QRW�NQRZ��EXW�WKHUH� DUH�PDQ\�PHPEHUV�RI�WKH�0DWKH��
PDWLFDO�$VVRFLDWLRQ�RI�$PHULFD�ZKR�DUH�FRPSHWHQW�PDWKHPDWLFLDQV��ILWWHG�WR�GR�
RULJLQDO�ZRUN��\HW�QRW�VWLPXODWHG�HQRXJK�E\�FXUUHQW�DEVWUDFW�PDWKHPDWLFV�WR�
EH�FDUU\LQJ�RQ�LPSRUWDQW�UHVHDUFK��,I�RQO\�D�VPDOO�SRUWLRQ�RI�WKHP�ZHUH�WR�FRQ��
VLGHU�WKH�LQWHUHVW�DQG�UHZDUG�DVVRFLDWHG�ZLWK�WU\LQJ�WR�PDNH�WKHVH�IRUPV�RI�
FRPSXWDWLRQ�VLPSOH��JHQHUDO��DQG�HDV\�WR�OHDUQ�RU�UHOHDUQ��WKHUH�ZRXOG�EH�KDQGV�
HQRXJK�WR�GR�PXFK���0DQ\�RI�WKHVH�WDVNV�FRXOG�ZHOO�EH�GRQH�FRRSHUDWLYHO\�E\�
VXEVWDQWLDO�JURXSV���

7KH�VXFFHVVIXO�FRPSOHWLRQ�RI�VXFK�WDVNV�ZRXOG�GR�PXFK�WR�DLG�WKH�KHDOWK\�
DQG�PXWXDOO\�VXSSRUWLQJ�JURZWK�RI�SXUH�DQG�DSSOLHG�PDWKHPDWLFV�LQ�$PHULFD��
OHW�XV�KRSH�WKDW�WKH\�ZLOO�EH�FRPSOHWHG��

���)RUPXODWLRQ�DQG�DSSUR[LPDWLRQ��)LQDOO\��D�ZRUG�DERXW�WZR�DUHDV�ZKHUH�
ZH�KDYH�QRW�H[SORUHG�IDU�HQRXJK�WR�VHH�ZKLFK�ZD\�ZH�VKRXOG�IROORZ�EXW�ZKLFK�
ZH�VKRXOG�FOHDUO\�DWWDFN�DQG�H[SORLW�IRUPXODWLRQ�DQG�DSSUR[LPDWLRQ��

,W�LV�DJUHHG�WKDW�IRUPXODWLRQ�RI�WKH�SUREOHP�LV�XVXDOO\�WKH�PRVW�LPSRUWDQW�
VWDJH�LQ��DSSOLHG�PDWKHPDWLFV���MXVW�DV�LQVLJKW�LQWR�ZKDW�WKHRUHP�LV�WUXH�DQG�
�SUREDEO\��SURYDEOH�LV�RIWHQ�WKH�PRVW�LPSRUWDQW�VWDJH�LQ� 
SXUH�PDWKHPDWLFV���
,Q�HDFK�FDVH�WKH�IRUPDWLRQ�RI�QHZ�FRQFHSWV�RU�WKH�UHILQHPHQWV�RI�ROG�FRQFHSWV�LV�
OLNHO\�WR�EH�DQ�HVVHQWLDO�VWHS��,QVRIDU�DV�D�FRQFHSW�IRUPHU�LV�D�SKLORVRSKHU��DOO�
PDWKHPDWLFLDQV�QHHG�WR�EH�SKLORVRSKHUV��RI�D�YHU\�VSHFLDO�VRUW���

7KH�IRUPXODWLRQ�RI�WKH�SUREOHP�LV�RI�WKH�HVVHQFH��\HW�ZKR�KDV�VWXGLHG�WKH�
SUREOHP�RI�IRUPXODWLRQ��ZKR�KDV�WULHG�WR�H[SODLQ�LW�WR�WKH�VWXGHQW"�3RO\D�ZURWH�
�+RZ�WR�6ROYH�,W���ZKR�ZLOO�QRZ�ZULWH��+RZ�WR�)RUPXODWH�,W�"�3UREDEO\�QR�
RQH�SHUVRQ�FDQ�GR�LW��PDQ\�PXVW�ZRUN�WRJHWKHU��DOPRVW�DOO�RI�ZKRP�PXVW�EH�
PDWKHPDWLFLDQV�WKRXJK�WKH\�ZLOO�XVXDOO\�KDYH�RWKHU�VNLOOV�DV�ZHOO��6WXG\LQJ�
WKH�SUREOHP�RI�IRUPXODWLRQ��IRUPXODWLQJ�EHWWHU�DQG�EHWWHU�DSSUR[LPDWLRQV�WR�
LW��ILQGLQJ�XVHIXO�FRQFHSWV�IRU�LWV�WUHDWPHQW�WKHVH�DUH�WDVNV�IRU��DSSOLHG�PDWKH��
PDWLFLDQV��VNLOOHG�LQ�IRUPXODWLRQ��

,W�LV�HDV\�WR�DUJXH�WKDW�D�ERRN�RQ��+RZ�WR�)RUPXODWH�,W��ZLOO�EH�HPSW\�
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RI�UHDO�LQWHOOHFWXDO�FRQLWHQW��,W�ZRXOG�KDYH�EHHQ�HDV\�WR�DUJXH����\HDUV�DJR�WKDW�
D�ERRN�RQ�WKH�WKHRU\�RI�JDPHV�ZRXOG�ODFN�LQWHOOHFWXDO�FRQWHQW��,Q�WKH�SDVW�
���\HDUV�PDQ\�UHOHYDQW�DQG�XVHIXO�FRQFHSWV�KDYH�EHHQ�IRUPXODWHG�LQ�JDPH�WKH��
RU\��,Q�WKH�QH[W����\HDUV�PDQ\�UHOHYDQW�DQG�XVHIXO�FRQFHSWV�FRXOG�EH�IRUPXODWHG�
LQ�IRUPXODWLRQ�WKHRU\��3HUKDSV�LW�LV�WLPH�WR�VWDUW��HYHQ�LI�WKH�WDVN�PD\�EH�
KDUGHU��

,I�ZH�WULHG�WR�ZULWH��+RZ�WR�)RUPXODWH�,W��WRGD\�ZH�ZRXOG�VWULNH�PDLQO\�
TXHVWLRQV��:KHUH�FDQ�ZH�ILQG�H[DPSOHV�WR�DGHTXDWHO\�VHW�IRUWK�WKH�SULQFLSOHV"�
�:KDW�DUH�WKH�SULQFLSOHV��DQ\ZD\"���:KDW�NLQG�RI�H[HUFLVHV�FDQ�EH�XVHG�DV�KRPH��
ZRUN"�$QG�VR�RQ��DQG�RQ��DQG�RQ��<HW��LI��DSSOLHG�PDWKHPDWLFV��LV�WR�JURZ�
SURSHUO\��LI�WKHUH�LV�WR�EH�VRPHWKLQJ�WHDFKDEOH�DQG�ZRUWK\�RI�WKH�QDPH��DSSOLHG�
PDWKHPDWLFV���VRPHRQH�PXVW�WDFNOH�WKLV�SUREOHP�DQG� HYHQWXDOO\�WKHUH�PXVW�
EH�GHYHORSHG�D�WHFKQLTXH�RI�ZLGH�XVHIXOQHVV�DQG�DFFHSWDELOLW\�IRU�WHDFKLQJ��7KLV�
ZLOO�QRW�EH�HDV\��EXW�LW�LV�EDGO\�QHHGHG��

:KDW�RI�DSSUR[LPDWLRQ"�:K\�LV�LW�SDLUHG�ZLWK�IRUPXODWLRQ"�,W��WRR��LV�D�
PDMRU�VWDJH�LQ��DSSOLHG�PDWKHPDWLFV���D�PDWWHU�RI�WDFWLFV�UDWKHU�WKDQ�VWUDWHJ\�
SHUKDSV��EXW�VXUHO\�D�PDMRU�VWDJH��:LWKRXW�JRRG�DSSUR[LPDWLRQV�ZH�VKRXOG�EH�
ORVW��\HW�ZKR�NQRZV�ZKDW�FRQFHSWV�DUH�LPSRUWDQW�LQ�DSSUR[LPDWLRQ"��)URP�D�
URXWLQH�PDWKHPDWLFV�FRXUVH�RQH�ZRXOG�IHHO�WKDW�WDNLQJ�WKH�ILUVW�WHUPV�RI�VRPH�
VHULHV��SRZHU�RU�)RXULHU�RU�SHUKDSV�VRPHWKLQJ�PRUH�FRPSOH[��ZDV�WKH�QDWXUDO�
DSSUR[LPDWLRQ�ZKHQ�RQO\�D�IHZ�WHUPV�ZHUH�SHUPLVVLEOH��\HW�WKLV�LV�RIWHQ�YHU\�
ZURQJ��+RZ�PDQ\�FRQQHFW�WKH��&�����VXPPDELOLW\�RI�PRVW�)RXULHU�VHULHV�ZLWK�
SUDFWLFDO�DSSUR[LPDWLRQV"��<HW�D�UHDVRQDEOH�QXPEHU�RI�FRQFHSWV�KDYH�DOUHDG\�
EHHQ�LVRODWHG��DQG�DUH�WR�EH�IRXQG�E\�ORRNLQJ�LQ�FRUQHUV��0DQ\�PRUH�FRQFHSWV�
DUH�XQGRXEWHGO\�QHDU�WKH�VXUIDFH��$�GLVFXVVLRQ�RI�DSSUR[LPDWLRQ�IURP�WKH�SRLQW�
RI�YLHZ�RI�FRQFHSWV�DQG�SULQFLSOHV�UDWKHU�WKDQ�ODERU�ZRXOG�XQGRXEWHGO\�EULQJ�
RXW�PXFK�WKDW�ZDV�ZRUWKZKLOH��+HUH�LV�DQRWKHU�DUHD�IRU�WKH�IRUPXODWRUV��

:KR�ZLOO�EHJLQ�WR�VWXG\�DSSUR[LPDWLRQ�WKHRU\��UDWKHU�WKDQ�WKH�WKHRU\�RI�
YDULRXV�VSHFLILF�DSSUR[LPDWLRQV"�:KR�ZLOO�WU\�WR�FROOHFW�WKH�LPSRUWDQW�FRQFHSWV�
LQ�DSSUR[LPDWLRQ��DQG�WU\�WR�DGG�WR�WKHP"�:KDW�ZLOO�EH�WKH�UHVXOWV"�

7KH� VXJJHVWLRQ�RI�WKLV�VHFWLRQ�LV�PHUHO\�WKLV��-XVW�DV� WKHUH�LV�DQ�DSSOLHG�
PDWKHPDWLFV�RI�JDPHV��JHQHWLFV��DQG�PHFKDQLFV��VR�WKHUH�VKRXOG�EH�DQ�DSSOLHG�
PDWKHPDWLFV��DW�OHDVW�LQ�WHUPV�RI�FRQFHSWV��SHUKDSV�ZLWK�WHFKQLTXHV�DQG�RSHUD��
WLRQV��RI�WKH�DSSOLFDWLRQV�RI�PDWKHPDWLFV��:KHQ�WKHUH�LV��PDWKHPDWLFLDQV�ZLOO�
EH�DEOH�WR�WHDFK��WKH�DSSOLFDWLRQV�RI�PDWKHPDWLFV���$W�SUHVHQW�RQO\�LQGLYLGXDO�
DSSOLFDWLRQV�FDQ�EH�WDXJKW��DQG�LW�LV�QRW�OLNHO\�WR�EH�WRR�JRRG�IRU�SXUH�PDWKH��
PDWLFLDQV�WR�WHDFK�DSSOLFDWLRQV���

���6XPPDU\��,Q�EULHI�ZH�KDYH�VDLG�DQG�DUJXHG�WKDW��
���� WKH�WHDFKLQJ�RI�DQ\�IRUP�RI�FRPSXWDWLRQ�VKRXOG�EH�GLUHFWHG��LQ�UHODWLYHO\�

HOHPHQWDU\�RU�JHQHUDO�FRXUVHV��WRZDUG�WKH�RFFDVLRQDO�FRPSXWHU�UDWKHU�
WKDQ�WKH�VWHDG\�FRPSXWHU��

���� WKLV�UHTXLUHV�HPSKDVLV�RQ�VLPSOH��HDV\�WR�OHDUQ�RU�UHOHDUQ�PHWKRGV��
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���� VXFK�HPSKDVLV�QHHG�QRW�PHDQ�HPSKDVLV�RQ�WHFKQLTXHV��EXW�UDWKHU�PD\��
DQG�VKRXOG��EULQJ�LQ�PRUH�PDWKHPDWLFDO�LGHDV�WKDQ�LWV�FRQYHUVH��DV�
H[HPSOLILHG�E\�$LWNHQ
V�LQWHUSRODWLRQ�SURFHGXUH��

���� WKH�XVH�RI�LQWHJUDO�WDEOHV�LQ�WHDFKLQJ�HOHPHQWDU\�FDOFXOXV�VKRXOG�EH�
JUHDWO\�EURDGHQHG��

���� LQWHJUDO�WDEOHV�FRXOG�EH�UHGHVLJQHG�WR�EULQLJ�LQ�WKH�EHJLQQLLQJV�RI�PDWULFHV��
ILQLWH�VXPPDWLRQ��HWF���DV�PHWKRGV�RI�VDYLQJ�ODERU��

���� PDQ\�RWKHU�IRUPV�RI�WDEOH��H�J���VROXWLRQV�RI�GLIIHUHQWLDO�HTXDWLRQV�LQ�
VWDQGDUG�IRUP��ELRUWKRJRQDO�H[SDQVLRQLV��DUH�EDGO\�QHHGHG��

���� WKHUH�DUH�PDWKHPDWLFLDQV�FRPSHWHQW�WR�GHYHORS�VXFK�WDEOHV�ZKR�WKH�
ZULWHU�IHHOV�ZRXOG�JDLQ�HQMR\PHQW�DQG�VDWLVIDFWLRQ�IURP�WKHLU�SUHSDUD��
WLRQ��

���� D�UHGXFWLRQ�LQ�WKH�ODERU�RI�FRPSXWDWLRQ�LV�WKH�RQO\�YLVLEOH�ZD\�RI�ILQGLQJ�
WKH�WLPH�DQG�HIIRUW�WR�PDNH�WKH�VWXG\�RI�FRPSXWDWLRQ�PRUH�UHZDUGLQJ��

���� WKHUH�LV�PXFK�WR�EH�GRQH�LQ�FRQQHFWLRQ�ZLWK�WKH�GHYHORSPHQW�RI�DSSOLHG�
PDWKHPDWLFV�RI�IRUPXODWLRQ�DQG�DSSUR[LPDWLRQ��

5HIHUHQFHV�
���(��-DKQNH�DQG�)��(PGH��)XQNWLRQHQWDIHOQ�PLW�)RUPHOQ�XQG�.XUYHQ���UG�HG���/HLS]LJ�DQG�

%HUOLQ���������WK�HG���1HZ�<RUN��������
���(�� .DPNH��'LIIHUHQWLDOJOHLFKXQJHQ��/�VXQJVPHWKRGHQ�XQG�/RVXQJHQ���QG�HG���/HLS]LJ��

������$QQ�$UERU����������UG�HG���/HLS]LJ��������1HZ�<RUN��������HVSHFLDOO\�SS�����������
���:��(��0LOQH��1XPHULFDO�&DOFXOXV��3ULQFHWRQ��������
���/��0��0LOQH�7KRPSVRQ��7KH�&DOFXOXV�RI�)LQLWH�'LIIHUHQFHV��/RQGRQ��������
���'��$��0XLUUD\��,QWURGXFWRU\�&RXUVH�LQ�'LIIHUHQWLDO�(TXDWLRQV��1HZ�<RUN��������

21�7+(� /,0,7,1*�(48,/,%5,80�2)�Q�0$66(6�
'��-��%(11(<�� &DQWHUEXU\�8QLYHUVLW\�&ROOHJH��1HZ�=HDODQG�

���7KH�JHQHUDO�SUREOHP��$�ULJLG�IUDPHZRUN�UHVWV�RQ�D�URXJK�KRUL]RQWDO�SODQH�
�FRHIILFLHQW�RI�IULFWLRQ�S���EHLQJ�LQ�FRQWDFW�ZLWK�WKH�SODQH�DW�WKH�Q�����SRLQWV�
$2�������� $��� /HW� WKH�QRUPDO�UHDFWLRQV�DW�WKHVH�SRLQWV�EH�:R������� :���UHVSHF��
WLYHO\��$�KRUL]RQWDO�IRUFH�3� LV�DSSOLHG�DW�$R�PDNLQJ�DQ�DQJOH���ZLWK�D�IL[HG�
GLUHFWLRQ��WKH�PDJQLWXGH�RI�3� EHLQJ�JUDGXDOO\�LQFUHDVHG�XQWLO�HTXLOLEULXP�LV�
DERXW�WR�EH�GLVWXUEHG��7KH�LQLWLDO�GLVSODFHPHQW�RI�WKH�IUDPHZRUN�FDQ�EH�UHSUH��
VHQWHG�DV�D�URWDWLRQ�DERXW�DQ�LQVWDQWDQHRXV�FHQWHU�,��2XU�SUREOHP�LV�WR�LQYHVWL��
JDWH�SRVVLEOH�SRVLWLRQV�IRU�,�� DQG��LQ�SDUWLFXODU��WR�FRQVLGHU�ZKHWKHU�,� PD\�
FRLQFLGH�ZLWK�DQ\�RI�WKH�SRLQWV�$���,I�,� FRLQFLGHV�ZLWK�$��WKHQ�IULFWLRQ�ZLOO�EH�
OLPLWLQJ�DW�HDFK�SRLQW�$���V]�U��ZKLOH�LI�,�LV�GLVWLQFW�IURP�$U�WKH�IULFWLRQ�ZLOO�EH�
OLPLWLQJ�DW�DOO�SRLQWV�$���
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