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(QJLQHHULQJ�����,QWURGXFWLRQ�WR�0$7/$%�
/DERUDWRU\���5HDGLQJ�$VVLJQPHQW�

E\�-HII�$QGHUVRQ�
�
�
:KDW�LV�WKH�SXUSRVH�RI�WKLV�UHDGLQJ�DVVLJQPHQW"�
�
6RPH�RI�P\�PDLQ�JRDOV�DV�\RXU�WHDFKHU�LQFOXGH��KHOSLQJ�\RX�GHYHORS�D�QXDQFHG�XQGHUVWDQGLQJ�RI�VFLHQWLILF�

FRPSXWDWLRQ��LQVSLULQJ�\RX�WR�ILQG�UHDVRQV�ZK\�VFLHQWLILF�FRPSXWDWLRQ�PDWWHUV�LQ�\RXU�OLIH��DQG�
HQFRXUDJLQJ�\RX�WR�SODQ�IXWXUH�FRXUVHZRUN�DQG�SURIHVVLRQDO�GHYHORSPHQW�WR�EHFRPH�WKH�PRVW�FRPSHWHQW�
SURJUDPPHU�\RX�FDQ�EH��,Q�RUGHU�WR�DFFRPSOLVK�WKHVH�JRDOV��,�QHHG�WR�KHOS�\RX�JHW�D�VHQVH�RI�ZKDW�WKH�
ILHOG�RI�VFLHQWLILF�FRPSXWDWLRQ�LV�DQG�KRZ�WKLV�ILHOG�ILWV�LQWR�VFLHQFH��7KHVH�ILYH�DUWLFOHV�WKDW�\RX�UHDG�LQ�
/DE���DUH�GHVLJQHG�WR�EHJLQ�\RXU�LQWURGXFWLRQ��0RUH�VSHFLILFDOO\��E\�WKH�HQG�RI�WKHVH�ILYH�DUWLFOHV��,�KRSH�
\RX�FDQ�GR�HDFK�RI�WKH�IROORZLQJ��

�
�HILQH�WKH�WKUHH�SLOODUV�RI�VFLHQFH'���̵�܆�WKHRU\��H[SHULPHQWDWLRQ��DQG�FRPSXWDWLRQ��
�HVFULEH�WKH�VLPLODULWLHV�DQG�GLIIHUHQFHV�EHWZHHQ�WKH'���̵�܆ �WZR ��YHUVXV��WKUHH��SLOODUV�RI�VFLHQFH"�
����0DNH�ZHOO�UHDVRQHG�DUJXPHQW�RI�\RXU�RZQ�DERXW�WKH̵�܆ �WZR ��YHUVXV��WKUHH��SLOODUV�RI�VFLHQFH"�
�"HVFULEH�DW�OHDVW�WKUHH�UHDVRQV�ZK\�ZULWLQJ�JRRG�FRGH�LV�LPSRUWDQW�LQ�VFLHQFH'���̵�܆
�"LVW�DW�OHDVW�WKUHH�QHJDWLYH�FRQVHTXHQFHV�RI�ZULWLQJ�EDG�FRGH/���̵�܆
�"HVFULEH�DW�OHDVW�WKUHH�VHSDUDWH�VDIH�VRIWZDUH�SUDFWLFHV�\RX¶G�OLNH�WR�OHDUQ�PRUH�DERXW'���̵�܆
�
�
:KDW�WDVNV�GR�,�H[SHFW�\RX�WR�FRPSOHWH�LQ�WKLV�UHDGLQJ�DVVLJQPHQW"�
�
,Q�RUGHU�WR�FRPSOHWH�WKLV�UHDGLQJ�DVVLJQPHQW��,�DVN�\RX�WR��
�
��6SHQG�EHWZHHQ̵�܆��±�����PLQXWHV�UHDGLQJ�WKH�ILYH�DUWLFOHV�,�KDYH�DVVLJQHG�LQ�/DE���
�
���\5HDG�WKHVH�DUWLFOHV�VORZO\�DQG�GHHSO̵�܆
�
��±���LOO�RXW�TXHVWLRQV���±����RQ�SDJHV(̵�܆�RI�WKLV�ZRUNVKHHW���
�
�ULWH�\RXU�UHVSRQVHV�E\�KDQG�RU�W\SH�\RXU�UHVSRQVH�LQ�WKH�GRF[�GRFXPHQW�SRVHG�RQ�RXU�KRPHSDJH:̵�܆
�
�6XEPLW�\RXU�UHVSRQVHV�ZLWK�\RXU�/DE���UHSRUW̵�܆
�
3HUVRQDOO\��,�VSHQW�DERXW����KRXUV�UHVHDUFKLQJ��UHDGLQJ��DQG�WKLQNLQJ�DERXW�WKHVH�DUWLFOHV��,�GR�127�H[SHFW�\RX�

WR�VSHQG�WKLV�DPRXQW�RI�WLPH��+RZHYHU��SOHDVH�NQRZ�WKDW�,�KDYH�UHDG�HYHU\�ZRUG�RI�HDFK�RI�WKHVH�
GRFXPHQWV��,�DOVR�IRXQG��SGI�FRSLHV�RI�PDQ\�RI�WKH�UHIHUHQFHV�OLVWHG�LQ�HDFK�RI�WKHVH�GRFXPHQWV��)LQDOO\��
,�FUHDWHG�DQ�$PD]RQ�FRP�ZLVKOLVW�RI�DOO�WKH�ERRNV�,�SODQ�WR�EX\�WR�KHOS�PH�EH�D�EHWWHU�WHDFKHU�LQ�WKLV�
FODVV��,�VKDUH�D�FRS\�RI�D�VFUHHQVKRW�RI�WKLV�ZLVK�OLVW�RQOLQH���
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1DPH�� -RVK�+XEHUW &ODVV����������
�

:KDW�NLQG�RI�VFLHQFH�LV�&RPSXWDWLRQDO�6FLHQFH��
E\�5KHWW�$OODLQ�

�
�
�� 7KH�DXWKRU�RI�WKLV�DUWLFOH��5KHWW�$OODLQ��FODLPV�WKDW�SRSXODU�RSLQLRQ�GLFWDWHV�WKDW�WKHUH�DUH�WKUHH�SDUWV�RI�

VFLHQFH��:KDW��VSHFLILFDOO\��GRHV�$OODLQ�QDPH�HDFK�RI�WKHVH�WKUHH�SDUWV"�)RU�HDFK�SDUW�RI�VFLHQFH�WKDW�
$OODLQ�LGHQWLILHV��UHFDSLWXODWH�WKH�FRUUHVSRQGLQJ�GHILQLWLRQV�KH�SURYLGHV"��

�
Ɣ 7KHRUHWLFDO�6FLHQFH��:KHUH�DOO�QHZ�VFLHQFH�VWDUWV��,W¶V�JHQHUDOO\�WKRXJKW�WR�LQYROYH�GHYHORSLQJ�

K\SRWKHVHV�DQG�WHVWLQJ�WKHP�LQ�DQ�DEVWUDFW��DQDO\WLFDO�VHQVH��ZLWK�SHQFLO�DQG�SDSHU�FRPSXWDWLRQ��DQG�
XVLQJ�LGHDO�PRGHOV�IRUPXODV�WR�UHSUHVHQW�WKH�UHDO�WKLQJV��

Ɣ ([SHULPHQWDO�6FLHQFH��7KLV�LV�ZKHUH�WKHRUHWLFDO�VFLHQFH�LV�WHVWHG�E\�VHWWLQJ�XS�H[SHULPHQWV�LQ�WKH�UHDO�
ZRUOG��(PSLULFDO�UHVXOWV�DUH�FRPSDUHG�ZLWK�WKHRUHWLFDO�SUHGLFWLRQV��DQG�FRQFOXVLRQV�DUH�GUDZQ�WKDW�
LPSURYH�ERWK�WKH�WKHRU\�DQG�WKH�H[SHULPHQW��

Ɣ &RPSXWDWLRQDO�6FLHQFH��7KLV�LV�WKH�SDUW�WKDW�PDQ\�WUDGLWLRQDO�VFLHQWLVWV�ZLOO�VD\�LV�RXWVLGH�RI�WKHLU�
SXUYLHZ��7KHRUHWLFDO�PRGHOV�DUH�WHVWHG�XVLQJ�FRPSXWDWLRQDO�PRGHOV�RI�YDU\LQJ�VRSKLVWLFDWLRQ��PHDQW�WR�
DSSUR[LPDWH��EXW�QRW�UHSODFH��UHDO�ZRUOG�H[SHULPHQWV�DQG�FRQGLWLRQV��&RPSXWDWLRQDO�VFLHQFH�VHUYHV�DV�D�
UHODWLYHO\�UHVRXUFH�HIILFLHQW�ZD\�WR�UHILQH�DQ�H[SHULPHQW�ZLWK�LWHUDWLYH�FKDQJHV�WR�WKH�PRGHOV��SULRU�WR�
WKH�H[SHQVLYH�WDVN�RI��VHWWLQJ�XS�DQ�H[SHULPHQW�LQ�WKH�UHDO�ZRUOG��

�
�
�
�
�
�
�
�
�
�
�
�� :KDW�GR�\RX�WKLQN�LV�5KHWW�$OODLQ¶V�PDLQ�WKHVLV�LQ�WKLV�DUWLFOH"�:KDW�LV�KH�WU\LQJ�WR�VD\�LQ�WKLV�ZRUN"�
�
,�WKLQN�KLV�WKHVLV�LV�WKDW�WKH�DUWLILFLDO�VHSDUDWLRQ�EHWZHHQ�WKHRUHWLFDO�DQG�FRPSXWDWLRQDO�VFLHQFH�LV�DQ�RXWGDWHG�

IDOODF\��7KHUH�VKRXOG�RQO\�EH�WZR�PDLQ�DUHDV�RI�VFLHQFH��PRGHO�EXLOGLQJ�DQG�UHDO�ZRUOG�H[SHULPHQWDWLRQ��
%RWK�WKHRUHWLFDO�DQG�FRPSXWDWLRQDO�VFLHQFH�DQG�IDOO�XQGHU�PRGHO�EXLOGLQJ��:KHWKHU�\RX�DUH�XVLQJ�D�
SHQFLO�DQG�SDSHU�RU�D�FRPSXWHU�SURJUDP�WR�GHULYH�LGHDOL]HG�IRUPXODV�IRU�UHDO�ZRUOG�WKLQJV��WKH\�DUH�VWLOO�
MXVW�LGHDOL]HG��VLPSOLILHG�DZD\�IURP�WKH�FRPSOH[LW\�RI�WKH�SK\VLFDO�XQLYHUVH��&RPSXWDWLRQDO�QXPHULFDO�
VFLHQFH�LV�MXVW�D�VXSHUFKDUJHG�WRRO�RI�WKHRUHWLFDO�VFLHQFH��DOORZLQJ�D�FRPSXWHU�WR�GR�WKH�KHDY\�
PDWKHPDWLFDO�OLIWLQJ�IRU�FRPSXWDWLRQDOO\�LQWHQVLYH�WDVNV��ZKHQ�LW�PLJKW�WDNH�D�KXPDQ�PXFK�PXFK�ORQJHU��
7KH�JROG�VWDQGDUG�IRU�VFLHQFH�WKDW�DWWHPSWV�WR�H[SODLQ�WKH�UHDO�ZRUOG�ZLOO�DOZD\V�EH�H[SHULPHQWLQJ�DQG�
FROOHFWLQJ�GDWD�LQ�WKH�UHDO�ZRUOG��
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1DPH�� -RVK�+XEHUW &ODVV����������
�� /LVW�DW�OHDVW� �7:2��RI�\RXU�IDYRULWH�TXRWHV�IURP�WKLV�DUWLFOH��1H[W�WR�HDFK�TXRWH��H[SODLQ�ZKDW�\RX�OLNH�

DERXW�WKLV�TXRWH�DQG�KRZ�WKLV�TXRWH�UHODWHV�WR�\RXU�RZQ�XQGHUVWDQGLQJ�RI�VFLHQWLILF�FRPSXWDWLRQ���
�

(;$03/(��+HUH�LV�RQH�RI�P\��-HII¶V��IDYRULWH�TXRWHV�IURP�WKLV�DUWLFOH��
�

�4XRWH�IURP�SDJH����³$W�WKH�PRVW�EDVLF�OHYHO��VFLHQFH�LV�DERXW�EXLOGLQJ�PRGHOV��,I�\RX�MXVW�EXLOG�D�PRGHO�ZLWK�QR�FRQQHFWLRQ�WR�UHDO�
OLIH��WKDW�LVQ¶W�VFLHQFH�´�

�
5HDVRQLQJ��7KLV�TXRWH�FDSWXUHV�WKH�HVVHQFH�RI�WKH�VFLHQWLILF�PHWKRG�DSSOLHG�WR�UHDO�ZRUOG�SUREOHPV��:H�XVH�H[SHULPHQWDWLRQ�DQG�

REVHUYDWLRQ�WR�PDNH�FRQMHFWXUHV�DERXW�WKH�ZRUOG�DQG�GHYHORS�WKHRU\�WKDW��KRSHIXOO\��GHVFULEHV�DQG�H[SODLQV�WKH�SKHQRPHQD�
ZH�DUH�VWXG\LQJ��7KHQ��ZH�GR�IXUWKHU�H[SHULPHQWDWLRQ�WR�WHVW�RXU�WKHRULHV�DQG�UHILQH�RXU�FRQMHFWXUHV���

�
,�ORYH�WKDW�WKH�DXWKRU�LV�IRFXVHG�RQ�GHVFULELQJ�VFLHQFH�DV�D�WRRO�WKDW�LV�XVHIXO�LQ�WKH�UHDO�ZRUOG��7KLV�TXRWH�FDSWXUHV�P\�IHHOLQJ�DERXW�

WKH�DUJXPHQW�EHWZHHQ�SXUH�DQG�DSSOLHG�PDWKHPDWLFV��$V�D�\RXQJHU�PDQ��,�VWXGLHG�SXUH�PDWK�TXLWH�GHHSO\�EXW�HYHQWXDOO\�
FRQYHUWHG�WR�DSSOLHG�PDWK�EHFDXVH�,�IHOW�P\�ZRUN�VKRXOG�KDYH�GHHS�FRQQHFWLRQV�WR�UHDO�OLIH���

³,Q�D�GLIIHUHQWLDO�HTXDWLRQ��ZKDW�GRHV�WKH�WHUP�GY�GW�UHDOO\�PHDQ"�,W�PHDQV�WKDW�LQ�VRPH�LQILQLWHVLPDOO\�VPDOO�
WLPH�LQWHUYDO��GW���WKHUH�LV�DQ�FKDQJH�LQ�YHORFLW\��5HDOO\��WKLV�LV�WKH�VORSH�RI�WKH�Y�W�JUDSK��:KHQ�,�PRGHO�WKH�
PRWLRQ�RI�D�VSULQJ�ZLWK�FRPSXWHU�FRGH��,�XVH�ǻY�DQG�ǻW��7KHVH�DUH�QRW�LQILQLWHO\�VPDOO��+RZHYHU��,�FDQ�
PDNH�WKHP�VR�VPDOO�WKDW�\RX�FRXOGQ
W�HYHQ�WHOO�WKH�GLIIHUHQFH��

,Q�D�GHULYDWLYH��ZH�ORRN�DW�ǻW�LQ�WKH�OLPLW�WKDW�ǻW�JRHV�WR�]HUR��)RU�D�FRPSXWDWLRQDO�PRGHO��ZH�ORRN�DW�ǻW�LQ�WKH�
OLPLW�WKDW�ǻW�JHWV�VPDOO�HQRXJK�VR�WKDW�WKH�RXWSXW�RI�WKH�FRGH�DJUHHV�ZLWK�UHDO�OLIH��,Q�ERWK�FDVHV��WKH�PRGHO�
LV�RQO\�XVHIXO�LI�LW�DJUHHV�ZLWK�UHDO�GDWD��6R��LQ�WKDW�VHQVH��ERWK�DSSURDFKHV�DUH�MXVW�DV�YDOLG�DV�WKH�RWKHU�´�

�
5HDVRQLQJ��

,�OLNHG�WKDW�WKLV�SDVVDJH�PDGH�WKH�FRQQHFWLRQ�EHWZHHQ�D�IXQGDPHQWDO�WKHRUHWLFDO�DQDO\WLFDO�LGHD�LQ�FDOFXOXV��
WKH�GHULYDWLYH��DQG�FRQWUDVWHG�LW�ZLWK�LWV�FRPSXWDWLRQDO�DQDORJXH��,Q�DQDO\WLFDO�VFLHQFH��ZH�FDQ�WKLQN�RI�D�
GHULYDWLYH�DV�WKH�FKDQJH�LQ�RXWSXW�RYHU�FKDQJH�LQ�LQSXW�DV�WKH�FKDQJH�LQ�LQSXW�EHFRPHV�LQILQLWHVLPDOO\�
VPDOO��DQG�XVH�QRWDWLRQDO�FRQYHQWLRQV�WR�GHVFULEH�D�SUREOHP�ZLWKRXW�DFWXDOO\�KDYLQJ�WR�IXQGDPHQWDOO\�
UHSUHVHQW�LW��:KHQ�FRPSXWLQJ�QXPHULFDOO\��ZH�FDQ�QHYHU�UHDOO\�UHSUHVHQW���LQILQLW\��VR�LQVWHDG�ZH�PXVW�WXUQ�
WR�H[SHULPHQWDO�UHVXOWV�IURP�WKH�JHW�JR��DQG�DGMXVW�RXU�WLQ\�GLVFUHWH�FKDQJH�LQ�LQSXW�WR�EH�VPDOO�HQRXJK�WKDW�
LW�DJUHHV�ZLWK�WKH�UHDO�ZRUOG��7KLV�LV�DQ�LQWHUHVWLQJ�GLVWLQFWLRQ�ZKHQ�GHDOLQJ�ZLWK�LQILQLWHVLPDOV��DQG�
VXJJHVWV�WKDW�DQDO\WLFDO�LV�VOLJKWO\�PRUH�IXQGDPHQWDO�WKDQ�FRPSXWDWLRQDO�LQ�WKHVH�VLWXDWLRQV��DW�OHDVW�LQ�WKH�
HDUO\�VWDJHV�RI�GHYHORSLQJ�DQ�H[SHULPHQW���VLQFH�LW�FDQ�VWDUW�IURP�D�SODFH�WKDW�LV�QRW�QHFHVVDULO\�DOUHDG\�
SURYHQ�H[SHULPHQWDOO\��DV�ORQJ�DV�LW�IROORZV�DFFHSWHG�PDWK�FRQYHQWLRQV��&RPSXWDWLRQDO�VFLHQFH�LV�OHVV�
XVHIXO�XQWLO�\RX�DOUHDG\�KDYH�H[SHULPHQWDO�GDWD�WR�WXQH�LWV�QHFHVVDULO\�OLPLWHG�UHSUHVHQWDWLRQV�ZLWK��
�

³,I�\RX�WKLQN�RI�D�QXPHULFDO�PRGHO�DV�DQRWKHU�WRRO�LQ�\RXU�EHOW��IRU�WKHRUHWLFDO�PRGHOV���WKHQ�WKHUH�LVQ
W�D�JRRG�
UHDVRQ�WR�H[FOXGH�WKLV�PHWKRG��,W�VKRXOGQ
W�EH�D�VHSDUDWH�FRXUVH��LW�VKRXOG�MXVW�EH�LQFOXGHG�LQ�DOO�FRXUVHV�´�

�
5HDVRQLQJ���

7KLV�LV�MXVW�D�SDLQIXOO\�WUXH�VWDWHPHQW��:H�QHHG�WR�EH�OHDUQLQJ�PRUH�RI�WKH�VNLOOV�WKDW�DUH�LPSRUWDQW�IRU�
VFLHQFH�SURIHVVLRQDOV�LQ�WKH�PRGHUQ�ZRUOG��OHVV�IRFXVHG�RQ�DQDO\WLFDO�UHSUHVHQWDWLRQV�RI�SUREOHPV�DORQH��
$QDO\WLFDO�PRGHOV�DUH�LPSRUWDQW�IRU�WKH�HDUO\�VWDJHV�RI�OHDUQLQJ�LQ�D�ILHOG��DV�WKH\�KHOS�GLVWLOO�DQG�JHQHUDOL]H�
WKH�LGHDV�LQYROYHG�LQ�FRPSDFW�IRUP��EXW�WKH\�DUH�RI�OLPLWHG�XVH�DV�WKH�FRPSOH[LW\�RI�D�V\VWHP�LQFUHDVHV��:H�
QHHG�FRPSXWDWLRQDO�PHWKRGV�WR�EH�PRUH�WLJKWO\�LQWHJUDWHG�LQWR�VFLHQFH�HGXFDWLRQ�VWDUWLQJ�VRRQHU��
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1DPH�� -RVK�+XEHUW &ODVV����������
�

:KDW�NLQG�RI�VFLHQFH�LV�&RPSXWDWLRQDO�6FLHQFH"�$�5HEXWWDO��
E\�7DPDUD�.ROGD�

�
�� $V�GHVFULEHG�E\�WKH�DXWKRU��7DPDUD�.ROGD��LQ�WKLV�DUWLFOH��WKH������8�6��3UHVLGHQWLDO�&RPPLWWHH�RQ�

&RPSXWDWLRQDO�6FLHQFH�SURYLGHV�D�WKRURXJK�GHILQLWLRQ�RI� �FRPSXWDWLRQDO�VFLHQFH ���:KDW�LV�WKLV�GHILQLWLRQ"�
:KDW�DUH�WKH�WKUHH�GLVWLQFW�HOHPHQWV�RI�WKLV�GHILQLWLRQ"�:KDW�LV�WKH�IRFXV�RI�HDFK�RI�WKHVH�WKUHH�HOHPHQWV"�

�
'HILQLWLRQ��&RPSXWDWLRQDO�VFLHQFH�LV�D�ILHOG�VSDQQLQJ�DOO�GRPDLQV�RI�VFLHQFH��XVLQJ�FRPSXWHU�SURJUDPV�WR�VROYH��

DQG�GHULYH�XVHIXO�WKHRU\�JHQHUDOL]DWLRQV�DERXW��SUREOHPV�WKDW�DUH�PXFK�WRR�FRPSOLFDWHG�IRU�SXUHO\�
DQDO\WLFDO�VFLHQFH�WR�HYHQ�PDNH�D�GHQW�LQ���

�
7KUHH�'LVWLQFW�(OHPHQWV��

Ɣ $OJRULWKPV���7KHVH�DUH�WKH�DFWXDO�VHTXHQFHV�RI�FRPSXWDWLRQV��ZKDW�ZH�PD\�FDOO�WKH�SURJUDPV�
WKHPVHOYHV��WKDW�DUH�XVHIXO�IRU�REWDLQLQJ�QXPHULFDO�UHVXOWV�LQ�VSHFLILF�VFLHQWLILF�DSSOLFDWLRQV��7KH\�DUH�
XVHG�LQ�WKHRUHWLFDO�VFLHQFH�DV�ZHOO��EXW�FDQ�EH�PDGH�PXFK�PRUH�SRZHUIXO�ZLWK�WKH�DLG�RI�D�FRPSXWHU��

Ɣ &RPSXWHU�DQG�LQIRUPDWLRQ�VFLHQFH��7KLV�LV�WKH�VXEILHOG�RI�FRPSXWHU�VFLHQFH�WKDW�VSHFLILFDOO\�GHDOV�ZLWK�
GHYHORSLQJ�WKH�VRIWZDUH�V\VWHPV�IRU�XVHIXO�QXPHULFDO�VFLHQWLILF�FRPSXWDWLRQ��,W�RSWLPL]HV�WKH�VSHFLILF�
DOJRULWKPV�DQG�UHSUHVHQWDWLRQ�VWRUDJH�RI�GDWD�WR�PDNH�WKHP�XVDEOH�E\�VFLHQWLVWV�ZLWKRXW�VSHFLILF�
FRPSXWHU�VFLHQFH�WUDLQLQJ��,W�EHFRPHV�PRUH�LPSRUWDQW�DV�WKH�FRPSOH[LW\�RI�WKH�SUREOHP�DQG�LWV�
DVVRFLDWHG�DOJRULWKPV�LQFUHDVHV��DQG�LV�QHFHVVDU\�IRU�JHWWLQJ�WKH�PRVW�SUREOHP�VROYLQJ�SRZHU�RXW�RI�D�
JLYHQ�FRPSXWHU�V\VWHP���

Ɣ 7KH�FRPSXWLQJ�LQIUDVWUXFWXUH��7KLV�LV�WKH�IXQGDPHQWDO�KDUGZDUH�VRIWZDUH�WHFKQRORJ\�WKDW�IRUPV�D�JLYHQ�
FRPSXWHU�V\VWHP��,W�DOORZV�IRU�ERWK�RI�WKH�EXOOHW�SRLQWV�WR�H[LVW��E\�FRQVWUXFWLQJ�DQ�DGHTXDWH�VRIWZDUH�
RSHUDWLQJ�V\VWHP�RQ�WRS�RI�VSHFLDOO\�GHVLJQHG�KDUGZDUH��,Q�PDQ\�FDVHV��WKH�FRPSXWHU�LQIUDVWUXFWXUH�
LWVHOI�LV�FXVWRPL]HG�DQG�RSWLPL]HG�WR�GHDO�ZLWK�KLJKO\�VSHFLILF��FRPSOH[�VFLHQWLILF�SUREOHPV��

�
�
�� :KDW�GR�\RX�WKLQN�LV�7DPDUD�.ROGD¶V�PDLQ�WKHVLV�LQ�WKLV�DUWLFOH"�:KDW�LV�VKH�WU\LQJ�WR�VD\�LQ�WKLV�ZRUN"��
�
+HU�WKHVLV�LV�PHDQW�DV�D�GLUHFW�UHVSRQVH�WR�$OODLQ¶V�WKHVLV��6KH�GLVDJUHHV�ZLWK�KLP�RQ�KLV�SRLQW�WKDW�WKHRUHWLFDO�

DQG�FRPSXWDWLRQDO�VFLHQFH�DUH�WZR�VLGHV�RI�WKH�VDPH�PRGHO�EXLOGLQJ�FRLQ��DQG�VHSDUDWH�IURP�
H[SHULPHQWDWLRQ��6KH�HPSKDVL]HV�WKDW�FRPSXWDWLRQDO�QXPHULFDO�VFLHQFH�LV�DFWXDOO\�PXFK�PRUH�LPSRUWDQW�
WKDQ�WKHRUHWLFDO�DQDO\WLFDO�VFLHQFH�IRU�PRVW�RI�PRGHUQ�FRPSOH[�SUREOHPV�EHLQJ�DFWLYHO\�VWXGLHG��
$QDO\WLFDO�PHWKRGV�DUH�KRSHOHVVO\�VORZ�DQG�LQHIILFLHQW�IRU�PDNLQJ�D�GHQW�LQ�WKHVH�SUREOHPV��ZLWKRXW�
VLJQLILFDQW�XVH�RI�FRPSXWHU�DOJRULWKPV��DV�WKH\�LQYROYH�HLWKHU�XQIDWKRPDEO\�YDVW�GDWD�VHWV��RU�
PDWKHPDWLFDO�VWDWHPHQWV�WKDW�DUH�DQDO\WLFDOO\�XQVROYDEOH��OLNH�PRVW�GLIIHUHQWLDO�HTXDWLRQV���6KH�DOVR�
QRWHV�WKDW�LQ�PDQ\�FDVHV��UHDO�ZRUOG�H[SHULPHQWV�DUH�LPSRVVLEOH�WR�FDUU\�RXW�ZLWK�FXUUHQW�WHFKQRORJ\�DQG�
DYDLODEOH�UHVRXUFHV��DQG�VR��LQ�WKHVH�VLWXDWLRQV��PXFK�RI�WKH�³H[SHULPHQWDWLRQ´�FDQ�RQO\�EH�GRQH�XVLQJ�
FRPSXWDWLRQDO�PRGHOV�WKDW�UHDVRQDEO\�UHSUHVHQW�UHDOLW\��6R�VKH�EHOLHYHV�WKDW�FRPSXWDWLRQDO�VFLHQFH�LV�DQ�
RYHUDUFKLQJ�DQG�LQFUHDVLQJO\�YLWDO�GLVFLSOLQH�IRU�DOO�RI�PRGHUQ�VFLHQFH��
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1DPH�� -RVK�+XEHUW &ODVV����������
�
�� /LVW�DW�OHDVW� �7:2��RI�\RXU�IDYRULWH�TXRWHV�IURP�WKLV�DUWLFOH��1H[W�WR�HDFK�TXRWH��H[SODLQ�ZKDW�\RX�OLNH�

DERXW�WKLV�TXRWH�DQG�KRZ�WKLV�TXRWH�UHODWHV�WR�\RXU�RZQ�XQGHUVWDQGLQJ�RI�VFLHQWLILF�FRPSXWDWLRQ���
�

(;$03/(��+HUH�LV�RQH�RI�P\��-HII¶V��IDYRULWH�TXRWHV�IURP�WKLV�DUWLFOH��
�

�4XRWH�IURP�SDJH����³*RLQJ�IURP�DSSOLFDWLRQ�DUHD�WR�FRPSXWDWLRQDO�UHVXOWV�UHTXLUHV�GRPDLQ�H[SHUWLVH��PDWKHPDWLFDO�PRGHOLQJ��
QXPHULFDO�DQDO\VLV��DOJRULWKP�GHYHORSPHQW��VRIWZDUH�LPSOHPHQWDWLRQ��SURJUDP�H[HFXWLRQ��YDOLGDWLRQ�DQG�YLVXDOL]DWLRQ�RI�WKH�
UHVXOWV��&6(�LQYROYHV�DOO�RI�WKLV��&RPSXWHU�PRGHOV�DUH�XOWLPDWHO\�GLVFUHWH�DSSUR[LPDWLRQV�RI�FRQWLQXRXV�SKHQRPHQD�´�

�
5HDVRQLQJ��7KLV�TXRWH�UHPLQGV�PH�RI�/OR\G�7UHIHWKHQ¶V�GHILQLWLRQ�RI�1XPHULFDO�$QDO\VLV��,�DOVR�ORYH�WKDW�WKLV�TXRWH�FDSWXUHV�WKH�

HVVHQFH�RI�PXOWLGLVFLSOLQDU\�ZRUN��7KH�FKDOOHQJH�DQG�EHDXW\�RI�PRGHUQ�GD\�VFLHQWLILF�FRPSXWDWLRQ�LV�WKDW�VFLHQWLVWV�ZKR�ZDQW�
�RU�QHHG��WR�ZULWH�FRGH�ZLOO�GR�D�ORW�EHWWHU�LI�WKH\�PDVWHU�D�UHOHYDQW�VHW�RI�PDWKHPDWLFDO�DQG�FRPSXWDWLRQDO�WRROV��2QH�RI�WKH�
UHDVRQV�,�EHFDPH�D�WHDFKHU�LV�EHFDXVH�,�WKLQN�RXU�VFKRRO�V\VWHP��.����8QGHUJUDGXDWH��DQG�*UDGXDWH�OHYHO��GRHV�D�YHU\�SRRU�
MRE�RI�KHOSLQJ�VWXGHQWV�OHDUQ�WKHVH�UHDOO\�LPSRUWDQW�VNLOOV��,�ZDQW�RQH�RI�P\�SURIHVVLRQDO�FRQWULEXWLRQV�WR�EH�D�PHDQLQJIXO�
UH�GHVLJQ�RI�ORZHU�GLYLVLRQ�PDWKHPDWLFV�FXUULFXOXP�WR�LQWHJUDWH�IRXQGDWLRQDO�LGHDV�LQ�&6(�LQWR�RXU�FODVVHV�LQ�D�ZD\�WKDW�LV�
PHDQLQJIXO�IRU�HDFK�DQG�HYHU\�VWXGHQW���

�
³'HVLJQLQJ��DQDO\VLQJ�DQG�YDOLGDWLQJ�FRPSXWDWLRQDO�DSSURDFKHV�WKDW�KDQGOH�WKHVH�LVVXHV�LV�DQRWKHU�ILHOG�EH\RQG�

WKH�UHDOPV�RI�H[SHULPHQWDO�GDWD�DQG�WKHRUHWLFDO�PRGHOV��0RUH�JHQHUDOO\��WKH�WKUHH�HOHPHQWV�RI�
FRPSXWDWLRQDO�VFLHQFH�²�DOJRULWKPV��FRPSXWHU�DQG�LQIRUPDWLRQ�VFLHQFH�DQG�WKH�FRPSXWLQJ�LQIUDVWUXFWXUH�
²�FDOO�RQ�PDQ\�UHVHDUFK�FRQFHSWV�WKDW�DUH�GLVWLQFW�IURP�WKRVH�XVHG�LQ�WKH�JHQHUDWLRQ�RI�H[SHULPHQWDO�GDWD�
DQG�WKH�GHYHORSPHQW�RI�WKHRUHWLFDO�PRGHOV�´�

�
5HDVRQLQJ��6KH�PDNHV�WKH�JRRG�SRLQW�WKDW�LW�LV�LPSRUWDQW�WR�NHHS�FRPSXWDWLRQDO�VFLHQFH�DV�LWV�RZQ�ILHOG�ZLWK�LWV�

RZQ�GHGLFDWHG�H[SHUWV��EHFDXVH�LW�GRHV�UHTXLUH�D�YHU\�VSHFLDOL]HG�VNLOO�VHW�WKDW�ZH�FDQQRW�UHDVRQDEO\�H[SHFW�
DOO�RWKHU�VFLHQWLVWV�WR�EH�ZHOO�YHUVHG�LQ��RQ�WRS�RI�WKH�VNLOOV�UHTXLUHG�RI�WKHLU�VSHFLILF�ILHOG��7KLV�LV�LPSRUWDQW�
DV�D�UHDOLW\�FKHFN��VLQFH�DQ\�RQH�SHUVRQ�FDQ�RQO\�EHFRPH�DQ�H[SHUW�LQ�VR�PDQ\�WKLQJV�GXULQJ�WKHLU�OLIHWLPH��
6R�FRPSXWDWLRQDO�VFLHQFH�VKRXOG�EH�UHVSHFWHG�DV�D�KLJKO\�WHFKQLFDO�³PHWD�GLVFLSOLQH´�WKDW�NHHSV�WKH�ZKHHOV�
RI�DOO�PRGHUQ�VFLHQFH�WXUQLQJ���

�
�
³7KH������'2(�5HSRUW�RQ�$�6FLHQFH�EDVHG�&DVH�IRU�/DUJH�VFDOH�6LPXODWLRQ��6&D/H6��PDNHV�D�VLPLODU�FDVH��

DUJXLQJ�WKDW�EUHDNWKURXJKV�LQ�ERWK�WKHRU\�DQG�H[SHULPHQW�UHO\�RQ�DGYDQFHV�LQ�FRPSXWDWLRQDO�VFLHQFH��
&RQVLGHU�WKH�WKHRU\�RI�IOXLG�G\QDPLFV��UDGLDWLRQV�WUDQVSRUW��DQG�ZHDWKHU�SUHGLFWLRQ��ZKHUH�PRGHOV�DUH�
ODUJH�VFDOH�DQG�QRQOLQHDU��PDNLQJ�FRPSXWDWLRQ�WKH�³RQO\�WUXO\�V\VWHPDWLF�PHDQV�RI�PDNLQJ�SURJUHVV�´´�

�
5HDVRQLQJ��,�OLNH�WKDW�WKLV�VHFWLRQ�JLYHV�VRPH�VSHFLILF�H[DPSOHV�RI�PRGHUQ�VFLHQFH�ILHOGV�LQ�ZKLFK�WKHRUHWLFDO�

DQG�H[SHULPHQWDO�DGYDQFHV�KDYH�RQO\�EHHQ�PDGH�DV�D�UHVXOW�RI�WKH�DZHVRPH�QXPEHU�FUXQFKLQJ�SRZHU�RI�
FRPSXWDWLRQDO�VFLHQFH��,W�LV�QRW�XVHIXO�RU�SURGXFWLYH�IRU�DQ\RQH�WR�DSSURDFK�WKHVH�SUREOHPV�ZLWKRXW�KLJKO\�
RSWLPL]HG�FRPSXWHU�PRGHOV��ZKHQ�D�FDOFXODWLRQ�WKDW�ZRXOG�WDNH�D�WHDP�RI�VFLHQWLVWV�XVLQJ�SHQFLO�DQG�SDSHU�
PDQ\�OLIHWLPHV�FDQ�EH�DFFRPSOLVKHG�E\�D�VXSHU�FRPSXWHU�LQ�D�PDWWHU�RI�PLQXWHV��7KLV�LV�HVSHFLDOO\�WUXH�IRU�
DSSOLFDWLRQV�WKDW�GHPDQG�SURPSW�UHVXOWV�WR�EH�XVHIXO��VXFK�DV�ZHDWKHU�SUHGLFWLRQ��

� �

(QJU�����/DE���5HDGLQJ�3DJH���RI����



1DPH�� -RVK�+XEHUW &ODVV����������
6FLHQFH�KDV�RQO\�WZR�OHJV�

E\�0RVKH�<��9DUGL�
�
�� :KDW�GR�\RX�WKLQN�LV�0RVKH�9DUGL¶V�PDLQ�WKHVLV�LQ�WKLV�DUWLFOH"�+RZ�GRHV�9DUGL�WKLQN�FRPSXWDWLRQ�

UHODWHV�WR�WKHRU\�DQG�H[SHULPHQWDWLRQ"�
�
+LV�WKHVLV�LV�WKDW�LW�LV�PLVJXLGHG�WR�ODEHO�FRPSXWDWLRQDO�VFLHQFH�DV�VRPHWKLQJ�VHSDUDWH�IURP�³QRUPDO´�VFLHQFH��

+H�EHOLHYHV�WKDW�WKHUH�DUH�RQO\�WZR�IXQGDPHQWDO�SLOODUV�RI�VFLHQFH��WKHRU\�DQG�H[SHULPHQWDWLRQ��DQG�
PDWKHPDWLFDO�FRPSXWDWLRQ�KDV�DOZD\V�EHHQ�QHFHVVDU\�LQ�ERWK�SLOODUV��LQ�RUGHU�WR�JDLQ�DQ\�XVHIXO�UHVXOWV��
7KH�RQO\�GLIIHUHQFH�LV�WKDW�QRZ�FRPSXWHUV�DUH�UHTXLUHG�WR�LQ�WKLV�FRPSXWDWLRQ��DV�WKH�WKHRU\�DQG�
H[SHULPHQWDO�PRGHOV�EHFRPH�PRUH�DQG�PRUH�FRPSOH[��+H�GRHVQ¶W�WKLQN�WKLV�LV�DQ\WKLQJ�IXQGDPHQWDOO\�
QHZ��MXVW�D�PRGHUQ�H[WHQVLRQ�RI�WKH�VDPH��DQG�VR�VD\V�WKDW�FRPSXWDWLRQ�VKRXOG�EH�FRQVLGHUHG�DQ�
LQWHJUDWHG�SDUW�RI�ERWK�WKHRU\�DQG�H[SHULPHQWDWLRQ��

�
�
�
�
�
�
�
�
�
�
�
�� �7KLV�LV�WKH�WKLUG�DUWLFOH�\RX¶YH�UHDG�WKDW�GHVFULEHV�D�GHEDWH�EHWZHHQ�WKLQNLQJ�RI�VFLHQFH�DV�KDYLQJ�WZR�

SLOODUV��WKHRU\�DQG�SUDFWLFH��YHUVXV�RI�WKLQNLQJ�RI�VFLHQFH�DV�KDYLQJ�WKUHH�SLOODUV��WKHRU\��SUDFWLFH��DQG�
FRPSXWDWLRQ���:KDW�GR�\RX�WKLQN��GRHV�VFLHQFH�KDYH�WZR�SLOODUV�RU�WKUHH�SLOODUV"�([SODLQ�\RXU�UHDVRQLQJ��

�
,�DJUHH�ZLWK�9DUGL�WKDW�WKHUH�DUH�RQO\�UHDOO\�WZR�GLVWLQFW�SLOODUV�RI�VFLHQFH��WKHRU\�DQG�H[SHULPHQWDWLRQ��DQG�WKDW�

FRPSXWDWLRQDO�VFLHQFH�LV�MXVW�D�VXSHU�SRZHUIXO�H[WHQVLRQ�RI�WKH�E\�KDQG�FDOFXODWLRQV�WKDW�FODVVLFDO�
VFLHQFH�ZDV�FRPSRVHG�RI��,W�PDNHV�VHQVH�WR�NHHS�FRPSXWDWLRQDO�VFLHQFH�D�VHSDUDWH�SURIHVVLRQDO�ILHOG��IRU�
WKH�SXUSRVH�RI�WUDLQLQJ�H[SHUWV�LQ�DOO�WKH�VSHFLDOL]HG�NQRZOHGJH�LW�HQWDLOV��,�WKLQN�LW�LV�YHU\�DQDORJRXV�WR�
KRZ�PDWK�DQG�LWV�H[SHUWV�DUH�YLHZHG�LQ�UHODWLRQ�WR�WKH�VFLHQFHV��7KH\�SURYLGH�WKH�JHQHUDO�IUDPHZRUN�DQG�
WRROV�WKDW�DOORZ�DQ\WKLQJ�WR�JHW�GRQH�LQ�D�VSHFLILF�DSSOLFDWLRQ��WKHUH¶G�EH�QR�FKHPLVWU\�ZLWKRXW�DOJHEUD��
QR�SK\VLFV�ZLWKRXW�FDOFXOXV���7KH�RQO\�GLIIHUHQFH�LV�WKDW�FRPSXWDWLRQDO�VFLHQFH�KDV�WKH�DGGHG�
FRPSOH[LW\�DQG�LQWULFDF\�RI�XVLQJ�FRPSXWHUV�DV�WRROV�DQG�JHWWLQJ�WKH�PRVW�RXW�RI�WKHLU�ILQLWH�UHVRXUFHV��,Q�
PDQ\�FDVHV�LW�UHTXLUHV�GHVLJQLQJ�FRPSXWHU�V\VWHPV�IURP�WKH�JURXQG�XS�IRU�D�VSHFLILF�DSSOLFDWLRQ��DQG�
WKLV�GHPDQGV�HQJLQHHULQJ�DQG�FRPSXWHU�VFLHQFH�NQRZOHGJH�IDU�EH\RQG�WKH�VFRSH�H[SHFWHG�RI�WKH�
DYHUDJH�VFLHQWLVW��
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1DPH�� -RVK�+XEHUW &ODVV����������
�
�� /LVW�DW�OHDVW� �7:2��RI�\RXU�IDYRULWH�TXRWHV�IURP�WKLV�DUWLFOH��1H[W�WR�HDFK�TXRWH��H[SODLQ�ZKDW�\RX�OLNH�

DERXW�WKLV�TXRWH�DQG�KRZ�WKLV�TXRWH�UHODWHV�WR�\RXU�RZQ�XQGHUVWDQGLQJ�RI�VFLHQWLILF�FRPSXWDWLRQ���
�

(;$03/(��+HUH�LV�RQH�RI�P\��-HII¶V��IDYRULWH�TXRWHV�IURP�WKLV�DUWLFOH��
�

³$W�WKH�VDPH�WLPH�� �FRPSXWDWLRQDO�WKLQNLQJ �«�WKRURXJKO\ ���SHUYDGHV�ERWK�OHJV��&RPSXWDWLRQ�LV�WKH�XQLYHUVDO�
HQDEOHU�RI�VFLHQFH��VXSSRUWLQJ�ERWK�WKHRU\�DQG�H[SHULPHQWDWLRQ��7RGD\�WKH�WZR�OHJV�RI�VFLHQFH�DUH�
WKRURXJKO\�FRPSXWDWLRQDO�´�

�
5HDVRQLQJ��,�ORYH�WKLQNLQJ�RI�FRPSXWDWLRQ�DV�SDUW�RI�ERWK�WKHRU\�DQG�H[SHULPHQWDWLRQ��3HUVRQDOO\��,�GRQ¶W�OLNH�WR�WKLQN�RI�FRPSXWDWLRQ�

DV�D�WKLUG�OHJ�RI�VFLHQFH��,QVWHDG��,�SUHIHU�WR�WKLQN�RI�FRPSXWDWLRQ�DV�D�QHFHVVDU\�FRPSRQHQW�RI�HYHU\�JUHDW�VFLHQWLVWV�DUVHQDO�
RI�WRROV��,�WKLQN�RI�FRPSXWDWLRQ�OLNH�,�WKLQN�RI�ODE�HTXLSPHQW��RU�WKH�DELOLW\�WR�UHDG�DQG�ZULWH��7KLV�TXRWH�FDSWXUHV�P\�WKLQNLQJ�
RQ�WKLV�TXLWH�ZHOO��

�
2Q�WKH�RWKHU�KDQG��,�UHFRJQL]H�ZK\�ZH�DUH�KDYLQJ�WKH�GHEDWH��,I�ZH�WKLQN�RI�FRPSXWDWLRQ�DV�D�WKLUG�SLOODU��RXU�HGXFDWLRQ�V\VWHP�LV�

PXFK�PRUH�OLNHO\�WR�WDNH�WKLV�ILHOG�VHULRXVO\��ZKLFK�ZH�GR�QRW�GR�YHU\�ZHOO�DW�WKH�PRPHQW���&RXOG�\RX�LPDJLQH�JHWWLQJ�D�
GHJUHH�LQ�FROOHJH�GHJUHH�LQ�FKHPLVWU\�RU�SK\VLFV�ZLWKRXW�HYHU�GRLQJ�ZRUN�LQ�D�ODERUDWRU\��+RSHIXOO\��WKDW�LGHD�VHHPV�
OXGLFURXV��<HW��ZH�DOORZ�WHQV�RI�WKRXVDQGV�RI�VWXGHQWV�WR�JUDGXDWH�IURP�FROOHJH�ZLWK�VFLHQFH�GHJUHHV�ZLWKRXW�HYHU�KDYLQJ�
WDNHQ�FODVVHV�WKDW�VSHFLDOL]H�LQ�VFLHQWLILF�FRPSXWDWLRQ��0RUHRYHU��PRVW�LQWURGXFWRU\�FRPSXWHU�ODQJXDJH�FODVVHV�IRFXV�RQ�
V\QWD[�UDWKHU�WKDQ�PDMRU�WKHPHV�RI�VRIWZDUH�GHYHORSPHQW�DQG�FRPSXWDWLRQ��7KLV�DSSURDFK�KDV�WR�FKDQJH��,Q�P\�RSLQLRQ��ZH�
VKRXOG�EH�WHDFKLQJ�FRGLQJ�LQ�HYHU\�VLQJOH�ORZHU�GLYLVLRQ�VFLHQFH�FRXUVH�ZH�WHDFK�LQ�WKH�FROOHJH�V\VWHP��,�KRSH�WR�EH�SDUW�RI�D�
JHQHUDWLRQ�RI�HGXFDWRUV�WKDW�GHVLJQV�DQG�LPSOHPHQWV�VXFK�D�FKDQJH��0\�ILUVW�JRDO�LV�WR�JHW�WKLV�GRQH�DW�)RRWKLOO�FROOHJH���

�
³7KH�QDWXUH�RI�WKH�WKHRULHV�KDV�DOVR�FKDQJHG��0D[ZHOO
V�(TXDWLRQV�FRQVWLWXWH�DQ�HOHJDQWO\�VLPSOH�PRGHO�RI�

UHDOLW\��7KHUH�LV�QR�DQDORJXH��KRZHYHU��RI�0D[ZHOO
V�(TXDWLRQV�LQ�FOLPDWH�VFLHQFH��7KH�WKHRU\�LQ�FOLPDWH�
VFLHQFH�LV�D�KLJKO\�FRPSOH[�FRPSXWDWLRQDO�PRGHO��7KH�RQO\�ZD\�WR�DSSO\�WKH�WKHRU\�LV�YLD�FRPSXWDWLRQ��
:KLOH�SUHYLRXV�VFLHQWLILF�WKHRULHV�ZHUH�W\SLFDOO\�IUDPHG�DV�PDWKHPDWLFDO�PRGHOV��WRGD\
V�WKHRULHV�DUH�RIWHQ�
IUDPHG�DV�FRPSXWDWLRQDO�PRGHOV��³�

�
5HDVRQLQJ��,�WKRXJKW�WKLV�DQDORJ\�ZDV�LQWHUHVWLQJ��:H�DUH�VR�XVHG�WR�WKLQNLQJ�RI�VFLHQFH�EHLQJ�H[SUHVVHG�LQ�

WHUPV�RI�FORVHG�IRUP�JHQHUDOL]HG�PDWK�IRUPXODV��EXW�WKLV�LV�QR�ORQJHU�WKH�UHDOLW\��)RU�WKHVH�VLWXDWLRQV��VRPH�
NQRZOHGJH�RI�FRPSXWHU�VFLHQFH�DQG�VSHFLILF�DOJRULWKPV�LV�OLNHO\�QHFHVVDU\�WR�HYHQ�VWDUW�WR�JUDVS�WKH�JLVW�RI�D�
PRGHO��,W�LV�DQ�HPHUJLQJ�VFLHQWLILF�ODQJXDJH�WKDW�DOO�VFLHQWLVWV�VKRXOG�KDYH�DW�OHDVW�VRPH�WUDLQLQJ�LQ��WR�EH�
DEOH�WR�FRQWLQXH�FRQWULEXWLQJ�WR�WKH�FRQYHUVDWLRQ��

�
�
³([SHULPHQWDWLRQ�W\SLFDOO\�LPSOLHV�FDUU\LQJ�RXW�PHDVXUHPHQWV��DQG�WKH�DQDO\VLV�RI�WKHVH�PHDVXUHPHQWV�KDV�

DOZD\V�EHHQ�FRPSXWDWLRQDO��$JDLQ��ZKDW�KDV�FKDQJHG�LV�WKH�VFDOH��7KH�&RPSDFW�0XRQ�6ROHQRLG�H[SHULPHQW�
DW�&(51
V�/DUJH�+DGURQ�&ROOLGHU�JHQHUDWHV����WHUDE\WHV�RI�UDZ�GDWD�SHU�VHFRQG��D�YROXPH�RQH�FDQQRW�KRSH�
WR�VWRUH�DQG�SURFHVV�´�

�
5HDVRQLQJ��$�QLFH�FRQFUHWH�H[DPSOH�WKDW�PDNHV�WKH�OLPLWV�RI�VFLHQWLILF�FRPSXWDWLRQ�ZLWKRXW�FRPSXWHU�V\VWHPV�

YHU\�FOHDU��1R�RQH�FRXOG�HYHU�KRSH�WR�ZRUN�ZLWK�DOO�WKDW�GDWD�ZLWKRXW�D�VSHFLDOL]HG�FRPSXWHU�V\VWHP�WR�
VHSDUDWH�WKH�VLJQDO�RI�LQWHUHVW�IURP�WKH�QXPHULFDO�QRLVH��$OO�WKH�ELJ�LPSRUWDQW�SUREOHPV�RI�RXU�WLPH�DUH�OLNH�
WKLV��VR�ZH�QHHG�WUDLQLQJ�LQ�WKHVH�QHZ�PHWKRGV�WR�EH�DEOH�WR�FRQWULEXWH��

�
� �
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1DPH�� -RVK�+XEHUW &ODVV����������
(UURU��ZK\�VFLHQWLILF�SURJUDPPLQJ�GRHV�QRW�FRPSXWH�

E\�=HH\D�0HUDOL�
�
��� :KDW�SUREOHP�V��GRHV�=HH\D�0HUDOL�GHVFULEH�LQ�WKLV�DUWLFOH"��
�
6FLHQWLVWV�DUH�LQFUHDVLQJO\�UHTXLUHG�WR�SURGXFH�FRPSXWHU�SURJUDPV�WR�DVVLVW�WKHP�LQ�WKHLU�UHVHDUFK��EXW�DFFRUGLQJ�

WR�WKH�DUWLFOH��OHVV�WKDQ�KDOI�RI�VFLHQWLVWV�KDYH�IRUPDO�WUDLQLQJ�LQ�DQG�JRRG�XQGHUVWDQGLQJ�RI�EHVW�SUDFWLFHV�
LQ�FRPSXWHU�SURJUDPPLQJ��DQG�VR�PDQ\�RI�WKHP�DUH�FXUUHQWO\�SRRU�SURJUDPPHUV��7KLV�LV�D�PDMRU�
SUREOHP��VLQFH�VR�PXFK�RI�PRGHUQ�VFLHQFH�UHOLHV�RQ�FRGH�WR�SURGXFH�LWV�UHVXOWV��DQG�WKHVH�UHVXOWV�ILQG�XVH�
LQ�PDQ\�UHDO�ZRUOG�DSSOLFDWLRQV��6R��RQ�WRS�RI�LQYDOLGDWLQJ�VFLHQWLILF�UHVXOWV��EXJJ\�SURJUDPV�FDQ�OHDG�WR�
PDMRU�PDOIXQFWLRQV�LQ�WKH�UHDO�ZRUOG��ZDVWLQJ�UHVRXUFHV�DQG�SRWHQWLDOO\�FDXVLQJ�KDUP�WR�LQGLYLGXDOV�RU�
VRFLHWLHV��

6FLHQWLVWV�QHHG�WR�EHFRPH�EHWWHU�YHUVHG�LQ�EHVW�SUDFWLFH�FRPSXWLQJ�VWDQGDUGV��DQG�RU�UHFUXLW�FRPSXWHU�VFLHQFH�
H[SHUWV�WR�WKHLU�WHDPV�WR�KHOS�WKHP��:HOO�ZULWWHQ��WHVWHG�DQG�GRFXPHQWHG�VFLHQWLILF�FRGH�LV�LPSRUWDQW�IRU�
FKHFNLQJ�UHVXOWV�DQG�HQDEOLQJ�H[SHULPHQW�WUDQVSDUHQF\�DQG�UHSURGXFLELOLW\��PDNLQJ�VFLHQWLVWV�DQG�WKHLU�
ZRUN�DFFRXQWDEOH�WR�WKH�EURDGHU�VFLHQWLILF�FRPPXQLW\�DQG�WKH�SXEOLF��7KLV�LV�QHFHVVDU\�IRU�WKHVH�
VFLHQWLVWV�WR�PDLQWDLQ�FUHGLELOLW\�LQ�WKH�PRGHUQ�VFLHQFH�ODQGVFDSH���

�
�
�
�
�
��� +RZ�DUH�WKHVH�SUREOHPV�UHODWHG�WR�\RXU�OLIH�DV�D�VWXGHQW�DQG�IXWXUH�FRXUVH�ZRUN�\RX�SODQ�WR�FRPSOHWH"�

3UHWHQG�WKDW�\RX�ZHUH�VHULRXV�DERXW�WUDLQLQJ�\RXUVHOI�WR�XVH�VFLHQWLILF�FRPSXWDWLRQ�LQ�\RXU�IXWXUH�FDUHHU��
:KDW�DUH�VRPH�VXJJHVWLRQV�WKDW�0HUDOL�PHQWLRQV�WKDW�\RX�ZRXOG�OLNH�WR�OHDUQ�PRUH�DERXW��:K\�GR�\RX�
IHHO�\RX�PLJKW�YDOXH�WKHVH�VXJJHVWLRQV���

�
,�NQRZ�WKDW�FRGLQJ�ZLOO�EH�DQ�LPSRUWDQW�VNLOO�IRU�P\�((�GHJUHH��VLQFH�FRPSOH[�HOHFWURQLF�V\VWHPV�JHQHUDOO\�

LQYROYH�D�FRPSXWHU��RU�DW�OHDVW�D�SURFHVVRU��OLNH�$UGXLQR���LQ�VRPH�FDSDFLW\��IRU�PRQLWRULQJ�WKH�VWDWH�RI�
WKH�V\VWHP�DQG�RU�GDWD�FROOHFWLRQ��,�DP�FXUUHQWO\�WDNLQJ�P\�WKLUG�&���FODVV�DW�)RRWKLOO��&6��&��DQG�VR�
KDYH�KDG�WKH�SULYLOHJH�RI�VSHQGLQJ�D�GHFHQW�DPRXQW�RI�WLPH�LQ�D�VWUXFWXUHG�VHWWLQJ�OHDUQLQJ�DERXW�
FRPSXWHU�VFLHQFH�WKHRU\�DQG�EHVW�SUDFWLFHV��$V�WKH�DXWKRU�PHQWLRQV��EUHDNLQJ�D�ELJ�ZDOO�RI�FRGH�GRZQ�
LQWR�PDQ\�VPDOOHU�FKXQNV��D�N�D��IXQFWLRQV��WKDW�HDFK�GR�RQH�WKLQJ�LV�YHU\�LPSRUWDQW��DQG�VLJQLILFDQWO\�
UHGXFHV�KHDGDFKHV��(VSHFLDOO\�ZKHQ�\RX�KDYH�D�VSHFLILF�WDVN�WKDW�\RX�ZLOO�ZDQW�WR�UHSHDW�RYHU�DQG�RYHU��
ZULWLQJ�D�IXQFWLRQ�IRU�LW�KDV�PDQ\�EHQHILWV��D�ZHOO�QDPHG�IXQFWLRQ�LQ�SODFH�RI�PDQ\�OLQHV�RI�FRGH�
LPSURYHV�UHDGDELOLW\��H[WHQVLYH�IXQFWLRQ�WHVWLQJ�RYHU�PDQ\�GLIIHUHQW�XVH�FDVHV�WHDVHV�RXW�DOO�SRVVLEOH�
EXJV��DQG�PDNHV�WKH�VRXUFH�RI�WKRVH�EXJV�FOHDU��UHXVLQJ�ZHOO�WHVWHG�IXQFWLRQV�DQG�GUDZLQJ�IURP�WKH�
VDPH�VRXUFH�FRGH�UHSRVLWRU\�UHGXFHV�WKH�SRVVLELOLW\�RI�IXWXUH�EXJV�DQG�PLVWDNHV��

*LW�DQG�*LW+XE�DUH�YLWDO�WRROV�IRU�SURJUDP�YHUVLRQ�FRQWURO��SDUWLFXODUO\�IRU�DQ\�SURMHFW�ZKHUH�D�JURXS�RI�SHRSOH�
DUH�FRQWULEXWLQJ�RQ�VHSDUDWH�FRPSXWHUV��7KH\�DYRLG�WKH�QLJKWPDUH�RI�FRGH�QRW�V\QFLQJ�EHWZHHQ�
FRPSXWHUV��DQG�LWV�VHSDUDWH�SDUWV�EHFRPLQJ�DQ�LQFRPSDWLEOH�PHVV��,�KDYH�OHDUQHG�WKH�EDVLFV�RI�WKHVH��EXW�
NQRZ�WKDW�WKH\�DUH�GHHS�WRROV�WKDW�,�KDYH�D�ORW�PRUH�WR�OHDUQ�DERXW��

2QH�WKLQJ�PHQWLRQHG�WKDW�,�KDYH�QRW�KDG�PXFK�H[SHULHQFH�ZLWK�LV�JURXS�SURJUDPPLQJ�VWUDWHJLHV��0\�FRXUVHV�
KDYH�DOO�EHHQ�RQOLQH�ZLWK�VROR�SURMHFWV�RQO\��VR�,�KDYH�QRW�\HW�FRGHG�DORQJ�ZLWK�DQRWKHU�SHUVRQ��RU�
UHFHLYHG�WKH�LQ�SHUVRQ�WXWHODJH�RI�DQ�H[SHUW��,�ZRXOG�OLNH�WR�VHHN�RXW�VXFK�RSSRUWXQLWLHV���
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1DPH�� -RVK�+XEHUW &ODVV����������
�
��� /LVW�DW�OHDVW� �7:2��RI�\RXU�IDYRULWH�TXRWHV�IURP�WKLV�DUWLFOH��1H[W�WR�HDFK�TXRWH��H[SODLQ�ZKDW�\RX�OLNH�

DERXW�WKLV�TXRWH�DQG�KRZ�WKLV�TXRWH�UHODWHV�WR�\RXU�RZQ�XQGHUVWDQGLQJ�RI�VFLHQWLILF�FRPSXWDWLRQ���
�

(;$03/(��+HUH�LV�RQH�RI�P\��-HII¶V��IDYRULWH�TXRWHV�IURP�WKLV�DUWLFOH��
�

³7KH�OHYHO�RI�HIIRUW�DQG�VNLOOV�QHHG�WR�NHHS�XS�DUHQ¶W�LQ�WKH�ZKHHOKRXVH�RI�WKH�DYHUDJH�VFLHQWLVW��$V�D�JHQHUDO�UXOH��UHVHDUFKHUV�GR�QRW�
WHVW�RU�GRFXPHQW�SURJUDPV�ULJRURXVO\��DQG�WKH\�UDUHO\�UHOHDVH�WKHLU�FRGHV��PDNLQJ�LW�DOPRVW�LPSRVVLEOH�WR�UHSURGXFH�DQG�
YHULI\�SXEOLVKHG�UHVXOWV�JHQHUDOO\�E\�VFLHQWLILF�VRIWZDUH��VD\�FRPSXWHU�VFLHQWLVWV�´�

�
5HDVRQLQJ��:KHQ�,�UHDG�WKLV�TXRWH�EHWZHHQ�WKH�OLQHV��,�VHH�KXJH�SRWHQWLDO�IRU�P\�VWXGHQWV��5HVHDUFKHUV�DUH�VRPH�RI�WKH�PRVW�ZHOO�

WUDLQHG�SHRSOH�RQ�HDUWK��8VXDOO\�WKHVH�SHRSOH�KDYH�EHHQ�WKURXJK���\HDUV�RI�XQGHUJUDGXDWH�VWXGLHV�SOXV�DW�OHDVW���PRUH�\HDUV�RI�
D�PDVWHUV�DQG�3K'�SURJUDP��$QG�\HW��WKH�DELOLW\�WR�FRGH�ZHOO�LV�D�UDUH�DQG�YDOXDEOH�VNLOO��7KXV��LI�P\�VWXGHQWV�WUDLQ�
WKHPVHOYHV�WR�FRGH�HIIHFWLYHO\��WKH\�ZLOO�KDYH�DQ�XQFRPPRQ�VNLOO�FRPSDUHG�ZLWK�PRVW�RWKHU�UHVHDUFKHUV��$Q\�VWXGHQW�WKDW�
WDNHV�WKLV�SUDFWLFH�VHULRXVO\�FDQ�WKHQ�OHYHUDJH�WKLV�VNLOO�WR�VROYH�UHDO�ZRUOG�SUREOHPV�DQG�LPSURYH�WKH�SUDFWLFH�RI�VFLHQFH�DW�
WKH�LQVWLWXWLRQ�RI�WKHLU�FKRRVLQJ��7KLV�TXRWH�PDNHV�PH�ZDQW�WR�ZRUN�KDUGHU�DV�D�WHDFKHU�WR�HPSRZHU�P\�VWXGHQWV���

�
³6RPH�VRIWZDUH�GHYHORSHUV�KDYH�IRXQG�ZD\V�WR�FRPEDW�WKH�JURZWK�RI�PRQVWHU�FRGH��2QH�H[DPSOH�LV�WKH�

9LVXDOL]DWLRQ�7RRONLW��DQ�RSHQ�VRXUFH��IUHHO\�DYDLODEOH�VRIWZDUH�V\VWHP�IRU�WKUHH�GLPHQVLRQDO�FRPSXWHU�
JUDSKLFV��3HRSOH�FDQ�PRGLI\�WKH�VRIWZDUH�DV�WKH\�ZLVK��DQG�LW�LV�UHUXQ�HDFK�QLJKW�RQ�HYHU\�FRPSXWLQJ�
SODWIRUP�WKDW�VXSSRUWV�LW��ZLWK�WKH�UHVXOWV�SXEOLVKHG�RQ�WKH�ZHE��7KH�SURFHVV�HQVXUHV�WKDW�WKH�VRIWZDUH�ZLOO�
ZRUN�WKH�VDPH�ZD\�RQ�GLIIHUHQW�V\VWHPV�´�

�
5HDVRQLQJ��7KLV�H[DPSOH�LV�EDVLFDOO\�WKH�JROG�VWDQGDUG�IRU�WUDQVSDUHQW��KHDOWK\�FRGH��7KH�PRUH�V\VWHPV�FRGH�LV�

WHVWHG�RQ�DQG�WKH�PRUH�H\HV�WKDW�UHYLHZ�LW��WKH�PRUH�UHOLDEOH�LW�EHFRPHV��,W�LV�QHFHVVDU\�WR�NHHS�WKH�VRXUFH�
FRGH�FHQWUDOL]HG�DQG�WR�FDUHIXOO\�DFFRXQW�IRU�DQG�WHVW�DOO�FKDQJHV�WR�LW��VR�WKDW�QR�RQH�PLVWDNHQ�RU�PDOHYROHQW�
DFWRU�FDQ�UXLQ�LW��2QFH�D�JRRG�YHUVLRQ�FRQWURO�V\VWHP�LV�LQ�SODFH��KDYLQJ�WKH�ZKROH�LQWHUQHW�YHW�\RXU�FRGH�
FRQVWLWXWHV�DQ�LQFUHGLEOH�VHUYLFH��7KH�FRPSOH[LW\�RI�FRPSXWHU�SURJUDPV��DQG�WKHLU�LQWHUDFWLRQV�ZLWK�GLIIHUHQW�
KDUGZDUH�DQG�VRIWZDUH�V\VWHPV�OHDGV�WR�D�YDVW�QXPEHU�RI�ZD\V�WKDW�WKLQJV�FDQ�JR�ZURQJ��DQG�QR�RQH�SHUVRQ�
FDQ�HYHU�KRSH�WR�WHVW�DOO�SRVVLEOH�FRQILJXUDWLRQV�IRU�D�JLYHQ�SURJUDP��6R�WKHVH�V\VWHPV�RXWVRXUFH�WKDW�MRE�WR�
WKH�ZRUOG��WR�WKH�EHQHILW�RI�WKH�FRGHU�DQG�DOO�WKRVH�ZKR�PLJKW�XVH�WKH�FRGH�LQ�WKH�IXWXUH��

�
³6FLHQFH�DGPLQLVWUDWRUV�DOVR�QHHG�WR�YDOXH�SURJUDPPLQJ�VNLOOV�PRUH�KLJKO\��VD\V�'DYLG�*DYDJKDQ��D�

FRPSXWDWLRQDO�ELRORJLVW�DW�WKH�8QLYHUVLW\�RI�2[IRUG��8.���7KHUH�QHHGV�WR�EH�D�UHDO�VKLIW�LQ�PLQGVHW�DZD\�
IURP�ZRUU\LQJ�DERXW�KRZ�WR�JHW�SXEOLVKHG�LQ�1DWXUH�DQG�WRZDUGV�WKLQNLQJ�DERXW�KRZ�WR�UHZDUG�ZRUN�WKDW�
ZLOO�EH�XVHIXO�WR�WKH�ZLGHU�FRPPXQLW\��´�

�
5HDVRQLQJ��3URJUDPPLQJ�LV�DQ�LPSRUWDQW�JHQHUDO�VNLOO�IRU�DQ�LQIRUPHG�FLWL]HQ�RI�WKH���VW�FHQWXU\��MXVW�OLNH�

PDWK��7KLV�LV�HYHQ�PRUH�WUXH�LQ�WKH�VFLHQFHV��ZKHUH�VFLHQWLVWV�DUH�LQFUHDVLQJO\�H[SHFWHG�WR�SURGXFH�FRGH�LQ�
WKH�FRXUVH�RI�WKHLU�ZRUN��DQG�WKH�UHVXOWV�RI�WKDW�FRGH�FDQ�VKDSH�SXEOLF�SROLF\�DQG�FULWLFDO�V\VWHPV��6R�WKLV�
VNLOO�PXVW�EH�DFWLYHO\�GHYHORSHG�DQG�FKDPSLRQHG�E\�WKH�VFLHQWLILF�SRZHUV�WKDW�EH��7KRXJK�LQ�WKH�SDVW��
VLPSOHU�VFLHQFH�FRXOG�EH�FDUULHG�RXW�E\�LQGLYLGXDOV��PRVW�PRGHUQ�VFLHQFH�FDQQRW��LW�UHTXLUHV�FROODERUDWLYH�
HIIRUW��,I�D�FXOWXUH�RI�SULGHIXO�FRPSHWLWLRQ�RU�RQH�XS�PDQVKLS�SHUVLVWV��WKLV�ZLOO�KLQGHU�SURJUHVV��
2SHQ�VRXUFH��WUDQVSDUHQW��ZHOO�WHVWHG�VFLHQWLILF�FRGH�LV�D�PDMRU�NH\�WR�PDNLQJ�LGHDO�VFLHQWLILF�FROODERUDWLRQ�D�
UHDOLW\��
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1DPH�� -RVK�+XEHUW &ODVV����������
%HVW�3UDFWLFHV�IRU�6FLHQWLILF�&RPSXWLQJ�

E\�*UHJ�:LOVRQ�HW�DO��
�

%HVW�3UDFWLFHV�IRU�6FLHQWLILF�&RPSXWLQJ�&KHDW�6KHHW��
Ɣ ³6RIWZDUH�LV�MXVW�DQRWKHU�NLQG�RI�H[SHULPHQWDO�DSSDUDWXV�DQG�VKRXOG�EH�EXLOW��FKHFNHG��DQG�XVHG�DV�

FDUHIXOO\�DV�DQ\�SK\VLFDO�DSSDUDWXV�´�
�

�� :ULWH�SURJUDPV�IRU�SHRSOH��QRW�FRPSXWHUV��
D� $�SURJUDP�VKRXOG�QRW�UHTXLUH�LWV�UHDGHUV�WR�KROG�PRUH�WKDQ�D�KDQGIXO�RI�IDFWV�LQ�PHPRU\�DW�RQFH��
E� 0DNH�QDPHV�FRQVLVWHQW��GLVWLQFWLYH��DQG�PHDQLQJIXO��

L� SLFN�EHWZHHQ�&DPHO&DVH1DPLQJ�DQG�SRWKROHBFDVHBQDPLQJ��DQG�VWLFN�ZLWK�FKRLFH�
F� 0DNH�FRGH�VW\OH�DQG�IRUPDWWLQJ�FRQVLVWHQW��

�� /HW�WKH�FRPSXWHU�GR�WKH�ZRUN��WR�DYRLG�HUURUV�DVVRFLDWHG�ZLWK�PLQGOHVV�UHSHWLWLRQ�
D� 0DNH�WKH�FRPSXWHU�UHSHDW�WDVNV��
E� 6DYH�UHFHQW�FRPPDQGV�LQ�D�ILOH�IRU�UH�XVH��

L� 8VH�FRPPDQG�OLQH�LQWHUIDFH�ZLWK�³FRPPDQG�KLVWRU\´�IXQFWLRQ�
F� 8VH�D�EXLOG�WRRO�WR�DXWRPDWH�ZRUNIORZV��

L� 6LPLODU�WR�SURJUDPPLQJ�ODQJXDJH�FRPSLOHUV�DQG�OLQNHUV�
LL� 7U\�0DNH�VRIWZDUH�� �KWWS���ZZZ�JQX�RUJ�VRIWZDUH�PDNH ���
LLL� 0DNH�QRWH�RI��XQLTXH�LGHQWLILHUV�DQG�YHUVLRQ�QXPEHUV�IRU�UDZ�GDWD�UHFRUGV��XQLTXH�

LGHQWLILHUV�DQG�YHUVLRQ�QXPEHUV�IRU�SURJUDPV�DQG�OLEUDULHV��WKH�YDOXHV�RI�SDUDPHWHUV�XVHG�
WR�JHQHUDWH�DQ\�JLYHQ�RXWSXW��DQG�WKH�QDPHV�DQG�YHUVLRQ�QXPEHUV�RI�SURJUDPV��KRZHYHU�
VPDOO��XVHG�WR�JHQHUDWH�WKRVH�RXWSXWV��

�� 0DNH�LQFUHPHQWDO�FKDQJHV��
D� :RUN�LQ�VPDOO�VWHSV�ZLWK�IUHTXHQW�IHHGEDFN�DQG�FRXUVH�FRUUHFWLRQ��
E� 8VH�D�YHUVLRQ�FRQWURO�V\VWHP��*LW�LQ�FRPPDQG�OLQH��DQG�RU�*LW+XE�IRU�IULHQGO\�LQWHUIDFH��
F� 3XW�HYHU\WKLQJ�WKDW�KDV�EHHQ�FUHDWHG�PDQXDOO\�LQ�YHUVLRQ�FRQWURO��

L� XVH�VHSDUDWH�DUFKLYH�V\VWHP�IRU�ELQDU\�ILOHV��SKRWRV�DXGLR���DQG�QR�QHHG�WR�VDYH�
DXWRPDWLFDOO\�JHQHUDWHG�ILOHV�

�� 'RQ
W�UHSHDW�\RXUVHOI��RU�RWKHUV���
D� (YHU\�SLHFH�RI�GDWD�PXVW�KDYH�D�VLQJOH�DXWKRULWDWLYH�UHSUHVHQWDWLRQ�LQ�WKH�V\VWHP��

L� 0DWK�FRQVWDQWV�VKRXOG�EH�GHILQHG�H[DFWO\�RQFH��RQO\�RQH�PDVWHU�YHUVLRQ�RI�UDZ�GDWD�ILOHV�
VKRXOG�EH�XVHG��HYHU\�ORFDWLRQ�IURP�ZKLFK�GDWD�KDV�EHHQ�FROOHFWHG�VKRXOG�EH�JLYHQ�D�
XQLTXH�³DGGUHVV´�

E� 0RGXODUL]H�FRGH�UDWKHU�WKDQ�FRS\LQJ�DQG�SDVWLQJ��8VH�)XQFWLRQV�DQG�&ODVVHV��
F� 5H�XVH�FRGH�LQVWHDG�RI�UHZULWLQJ�LW��'RQ¶W�UHLQYHQW�WKH�ZKHHO��WKHUH¶V�QR�WLPH�IRU�PRQH\�LQ�WKDW��

�� 3ODQ�IRU�PLVWDNHV��
D� $GG�DVVHUWLRQV�WR�SURJUDPV�WR�FKHFN�WKHLU�RSHUDWLRQ��

L� $VVHUWLRQV�ZLOO�SULQW�VRPH�GHEXJ�RXWSXW�LII�WKH�FRQGLWLRQ�\RX�ZDQW�WR�EH�WUXH�LV�IDOVH��DW�
WKH�SRLQW�RI�WKH�HUURU��

E� 8VH�DQ�RII�WKH�VKHOI�XQLW�WHVWLQJ�OLEUDU\��/RRN�LQWR�XQLW�WHVWV�IRU�&���DQG�0$7/$%��
F� 7XUQ�EXJV�LQWR�WHVW�FDVHV��RU�WKH�LQSXWV�WKDW�WULJJHU�EXJV��RQFH�WKH\¶UH�FRUUHFWHG��
G� 8VH�D�V\PEROLF�GHEXJJHU��%UHDNSRLQWV�DUH�EHVW�IULHQGV��

�� 2SWLPL]H�VRIWZDUH�RQO\�DIWHU�LW�ZRUNV�FRUUHFWO\��
D� 8VH�D�SURILOHU�WR�LGHQWLI\�ERWWOHQHFNV��
E� :ULWH�FRGH�LQ�WKH�KLJKHVW�OHYHO�ODQJXDJH�SRVVLEOH��

L� ³0RVW�SURJUDPPHUV�ZULWH�URXJKO\�WKH�VDPH�QXPEHU�RI�OLQHV�RI�FRGH�SHU�XQLW�WLPH�
UHJDUGOHVV�RI�WKH�ODQJXDJH�WKH\�XVH´�
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1DPH�� -RVK�+XEHUW &ODVV����������
LL� VZLWFK�WR�ORZHU�OHYHO��IDVWHU�ODQJXDJH�OLNH�&�RQO\�ZKHQ�QHHGHG�
LLL� KLJK�OHYHO�ODQJXDJHV�DUH�JRRG�IRU�UDSLG�SURWRW\SLQJ��2QFH�WKH\�ZRUN��WKH\�FDQ�EH�XVHG�

IRU�VDQLW\�FKHFNLQJ�D�QHZHU�YHUVLRQ�LQ�PRUH�FRPSOH[��ORZHU�OHYHO�FRGH�
�� 'RFXPHQW�GHVLJQ�DQG�SXUSRVH��QRW�PHFKDQLFV��

D� 'RFXPHQW�LQWHUIDFHV�DQG�UHDVRQV��QRW�LPSOHPHQWDWLRQV��
E� 5HIDFWRU�FRGH�LQ�SUHIHUHQFH�WR�H[SODLQLQJ�KRZ�LW�ZRUNV��

L� ,I�LW�GRHVQ¶W�DEVROXWHO\�QHHG�WR�EH�FRPSOLFDWHG��PDNH�LW�VLPSOHU��7KDW�UHGXFHV�WKH�
OLNHOLKRRG�RI�EXJV��

F� (PEHG�WKH�GRFXPHQWDWLRQ�IRU�D�SLHFH�RI�VRIWZDUH�LQ�WKDW�VRIWZDUH��
�� &ROODERUDWH��

D� 8VH�SUH�PHUJH�FRGH�UHYLHZV��
L� +DYLQJ�D�SHHU�UHYLHZ�FRGH�EHIRUH�LW�KDV�EHHQ�FRPPLWWHG�WR�D�VKDUHG�YHUVLRQ�FRQWURO�

UHSRVLWRU\�PDNHV�VXUH�LW�JHWV�GRQH�
E� 8VH�SDLU�SURJUDPPLQJ�ZKHQ�EULQJLQJ�VRPHRQH�QHZ�XS�WR�VSHHG�DQG�ZKHQ�WDFNOLQJ�SDUWLFXODUO\�

WULFN\�SUREOHPV��
F� 8VH�DQ�LVVXH�WUDFNLQJ�WRRO��

L� OLNH�D�JURXS�WR�GR�OLVW�IRU�D�SURJUDP�
�

�
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