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5DSKDHO��7KH�6FKRRO�RI�$WKHQV

3ODWR�DQG�$ULVWRWOH�GHEDWLQJ�WKH�QDWXUH�RI�UHDOLW\�



3UHIDFH

,Q�������&KDUOHV�'DUZLQ�FOLPEHG�DERDUG�D� VKLS�QDPHG�7KH

%HDJOH�DQG�KHDGHG�WRZDUG�WKH�QHWKHUPRVW�SDUWV�RI�WKH�ZRUOG��$V�D

QDWXUDOLVW�� WKH�REVHUYDWLRQV�'DUZLQ�PDGH�RQ� WKDW� MRXUQH\�ZRXOG

KDYH�D�SURIRXQG�LPSDFW�RQ�KLV�OLIH�DQG�RQ�WKH�ZKROH�ZRUOG�

7RGD\�,�ZRXOG�OLNH�WR�LQYLWH�\RX�WR�WDNH�D�VLPLODU�MRXUQH\�ZLWK

PH��$�MRXUQH\�FOHDQ�RXW�RI�WKLV�ZRUOG��DQG�LQWR�WKH�ZRUOG�RI�ELWV

DQG�E\WHV� LQ�ZKLFK�D�FRPSXWHU�YLUXV�RSHUDWHV��7KLV� MRXUQH\�KDV

DOUHDG\�UHYROXWLRQL]HG�P\�XQGHUVWDQGLQJ�RI�OLIH�DQG�HYROXWLRQ��,Q

UHVHDUFKLQJ� WKH�PDWHULDO�SUHVHQWHG�KHUH�� ,©YH�KDG� WR� UHWKLQN�DQG

UHZULWH�WKLV�ERRN�VHYHUDO�WLPHV��&RPSXWHU�YLUXVHV�MXVW�GLG�QRW�ILW

LQWR�DQ\�RI�WKH�XVXDO�FDWHJRULHV�SHRSOH�KDG�IRU�WKHP�

1RZ�,�NQRZ�VRPH�SHRSOH�KDYH�DOUHDG\�GHFLGHG�,©P�FUD]\�IRU

ZULWLQJ�WKLV�ERRN��$W�OHDVW�RQH�KDV�HYHQ�VDLG�VR�LQ�SULQW��PRQWKV

EHIRUH�HYHQ�D�ZRUG�RI�LW�ZDV�PDGH�SXEOLF��$QG�FHUWDLQO\�WKH�SHRSOH

ZKR� ILJKW� FRPSXWHU�YLUXVHV�GD\� LQ�DQG�GD\�RXW�PD\�KDYH� VRPH

PLVJLYLQJV�DERXW�D�ERRN�WKDW�FRQWDLQV�YLUXVHV�DQG�GLVFXVVLRQV�WKDW

FRXOG� WHDFK�SHRSOH�KRZ� WR�PDNH� WKHP�� ,�XQGHUVWDQG� WKDW��<HW� LW

VHHPV�IRROLVK�WR�WU\�WR�KLGH�\RXU�KHDG�LQ�D�KROH�DQG�UHPDLQ�LJQRUDQW

RI�YLUXVHV��7KH\�DUH�KHUH��:H�PD\�DV�ZHOO�OHDUQ�WR�OLYH�ZLWK�WKHP�

EHFDXVH�ZH�JHW�WR��OLNH�LW�RU�QRW�

$V�IDU�DV�VFLHQFH�JRHV��FRPSXWHU�YLUXVHV�PD\�EH�D�VPDOO�SDUW

RI�WKH�ELJ�SLFWXUH�WKDW�WKH�EURDG�GLVFLSOLQH�RI�$UWLILFLDO�/LIH�JLYHV

XV��<HW�,�WKLQN�WKH\�DUH�LPSRUWDQW�EHFDXVH�WKH\�DUH�WKH�RQO\�DUWLILFLDO

OLIH�IRUP�WKDW�KDV�EHFRPH�D�SKHQRPHQRQ��UDWKHU�WKDQ�MXVW�D�ODERUD�

WRU\�WR\��$QG�WKRXJK�VRPH�SDUWLFXODU�SKHQRPHQRQ�PD\�EH�D�VPDOO

SDUW�RI�WKH�ELJ�SLFWXUH��WKH�VFLHQWLVW�FDQ�RIWHQ�PDNH�JUHDW�JDLQV�E\



VWDULQJ�KDUG�DW�LW��&HUWDLQO\�WKH�DQLPDOV�RI�WKH�*DODSDJRV�DUH�D�VPDOO

SDUW�RI� WKH�ELJ�SLFWXUH�RI� OLIH�RQ�HDUWK��6KRUW�RI�D�IHZ�WHOHYLVLRQ

GRFXPHQWDULHV�� PRVW� RI� XV� ZRXOG� QHYHU� NQRZ� LW� LI� WKH\� ZHUH

VZDOORZHG�XS�E\�WKH�RFHDQ��<HW�WKHVH�DQLPDOV�ZRUNHG�PLJKWLO\�IRU

'DUZLQ�

7KHUHIRUH�,�GR�QRW�DSRORJL]H�IRU�PDNLQJ�XVH�RI�YLUXVHV�KHUH�

,I¥DV�$OH[DQGHU�6RO]KHQLWV\Q�SXW�LW¥IUHHGRP�LV�¦ WR�ILOO�SHRSOH©V

PDLOER[HV�� HDUV� DQG� EUDLQV�ZLWK� FRPPHUFLDO� UXEELVK§ � DQG� ¦ IRU

DGROHVFHQWV� RI� ��� WR� ��� WR� LPPHUVH� WKHPVHOYHV� LQ� LGOHQHVV� DQG

SOHDVXUH�LQVWHDG�RI�LQWHQVLYH�VWXG\�DQG�VSLULWXDO�JURZWK§ �WKHQ�ZH©UH

DOO�GHDG��,�H[HUFLVH�P\�IUHHGRP�WR�ZULWH�WKLV�ERRN�ZLWK�DQ�H\H�RQO\

IRU�ZKDW�LV�WUXH�DQG�JRRG��%HOLHYH�PH��LW�ZRXOG�KDYH�EHHQ�HDV\�WR

SOD\�WKH�GHPDJRJXH�DQG�JLYH�WKH�SHRSOH�ZKDW�WKH\�ZDQWHG�WR�KHDU�

SXWWLQJ�ZKDW�LV�WUXH�LQ�WKH�EDFN�VHDW��,�FRXOG�KDYH�ILOOHG�P\�SRFNHWV

ZLWK�JROG� IRU� LW� WRR�� ,©P�QRW�PXFK�RI�D�SROLWLFLDQ� WKRXJK��DQG� ,

FRXOGQ©W�HYHU�KRSH�WR�OLYH�ZLWK�P\VHOI� LI�,�VDLG�¦5HDG�P\�OLSV§

ZKLOH�O\LQJ�WKURXJK�P\�WHHWK��6R�LQ�D�VHQVH��,�ZULWH�QRW�ZKDW�,�ZLVK�

EXW�ZKDW�,�PXVW�

,©P�RQO\�VRUU\�WR�VHH�WKDW�LW�LV�JHWWLQJ�GLIILFXOW�WR�VD\�ZKDW�,

KDYH�WR�VD\�LQ�PDQ\�RI�WKH�VR�FDOOHG�¦ IUHH§ �QDWLRQV�RI�WKLV�ZRUOG�

%XW� WKHQ�� LW� VKRXOG� EH� QR� FDXVH� IRU� ZRQGHU� LQ� D� ZRUOG� ZKLFK

LQFUHDVLQJO\� GHQLHV� WKH� SRVVLELOLW\� RI� VSLULWXDO� JURZWK� DQG� VHHV

HYHU\WKLQJ�LQ�WHUPV�RI�HFRQRPLFV��,Q�VXFK�D�ZRUOG��RXU�GHVWLQ\�LV

QRW�WR�OHDUQ�WR�FKHULVK�WUXWK��EXW�WR�OHDUQ�WR�HDW�IURP�WKDW�SLOH�RI

URWWLQJ�FRPPHUFLDO�UXEELVK�DQG�EH�VDWLVILHG�

��������������������������������� 0DUN�/XGZLJ

��������������������������������� 6HSWHPEHU������

� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ



,QWURGXFWLRQ

,Q� WKLV� YROXPH� ,�ZDQW� WR� GLVFXVV� WKH� UHOHYDQFH� RI� FRPSXWHU

YLUXVHV�WR�PRGHUQ�VFLHQFH��DQG�VSHFLILFDOO\�WR�OLIH�DQG�HYROXWLRQ�

7KHUH�KDV�EHHQ�D�GHEDWH�JRLQJ�RQ�DV�ORQJ�DV�FRPSXWHU�YLUXVHV

KDYH�EHHQ�DURXQG��DV�WR�ZKHWKHU�RU�QRW�WKH\�FDQ�HYHU�EH�EHQHILFLDO�

8VXDOO\�WKLV�GHEDWH�GHJUDGHV�WR�WKH�OHYHO�RI�¦ VKRZ�PH�RQH�§ �DQG

WKHQ�DQ�DUJXPHQW�DV�WR�ZKHWKHU�RU�QRW�VRPH�SDUWLFXODU�SURJUDPPLQJ

DSSOLFDWLRQ�LV�EHVW�DFFRPSOLVKHG�LQ�YLUDO�IRUP�RU�QRW�

+HUH�,�ZDQW�WR�VWHS�EDFN�IURP�WKDW�IUD\�D�ELW�DQG�ORRN�DW�WKH

ELJJHU�SLFWXUH��,�DP�QRW�KHUH�FRQFHUQHG�DERXW�WKH�HFRQRPLF�DGYDQ�

WDJHV�RU�PHQDFHV�RI�YLUXVHV��RU�WKH�SURV�DQG�FRQV�RI�D�SDUWLFXODU

YLUXV��EXW�ZKHWKHU��LQ�VWXG\LQJ�WKHP��ZH�PLJKW�OHDUQ�DQ\WKLQJ�RI

WKH�ZRUOG�ZH�OLYH�LQ�

,PDJLQH�ZLWK�PH�IRU�D�PRPHQW�WKH�VFHQH�RI�D�PRGHUQ�RIILFH�

ILOOHG�ZLWK�3&©V��,W�LV�WKH�ELUWKGD\�RI�VRPH�XQNQRZQ�SHUVRQ�KDOI�

ZD\�DURXQG�WKH�ZRUOG��3HRSOH�FRPH�LQWR�WKH�RIILFH�LQ�WKH�PRUQLQJ�

IOLSSLQJ�RQ�WKHLU�FRPSXWHUV��RQO\�WR�EH�VXUSULVHG�E\�WKH�RUGHU�WR

W\SH�LQ�¦+DSS\�%LUWKGD\��-RVKL�§ �7KH�RIILFH�LV�ILOOHG�ZLWK�FRPPR�

WLRQ��([SHUWV�DUH�FDOOHG�LQ��)RU�GD\V�DIWHUZDUG��SHRSOH�DUH�WDONLQJ

H[FLWHGO\�DERXW�WKH�LQFLGHQW�DQG�ZRQGHULQJ�ZKDW�ZLOO�KDSSHQ�ZKHQ

WKH\�WXUQ�WKHLU�FRPSXWHUV�RQ�WKH�QH[W�WLPH�

&HUWDLQO\�LI�\RX©YH�H[SHULHQFHG�WKLV��LW©V�QR�MRNH��%XW�VKRXOG

RXU�RQO\�UHVSRQVH�EH�DQJHU�DQG�IHDU"�:H�UHVSRQG�DOPRVW�DV�LI�LW

ZHUH�DQ�LQYDVLRQ�IURP�DQRWKHU�SODQHW¥WKH�WHUURU�RI�WKH�XQNQRZQ

PHQDFH¥DQG�RXU�DERULJLQDO�LQVWLQFW�LV�WR�NLOO�LW�EHIRUH�LW�NLOOV�XV�

$QG� FHUWDLQ� HOHPHQWV� RI� WKH�PHGLD¥XQGHU� WKH� LQIOXHQFH� RI� WKH



SXQGLWV�RI�DQWL�YLUDO�VRIWZDUH�GRP�KDYH�WULHG�WR�HQFRXUDJH�XV�WR

UHVSRQG�OLNH�WKDW�

%XW�VKRXOGQ©W�WKHUH�EH�DW�OHDVW�D�OLWWOH�ZRQGHU����������"

1R�VFLHQFH�ILFWLRQ�ZULWHU�ILIW\�\HDUV�DJR�HYHU�LPDJLQHG�VRPH�

WKLQJ�VR�EL]DUUH��,QYDGHUV�IURP�RWKHU�SODQHWV��VXUH��:DUULRU�URERWV�

VXUH��*HQLXV�PDFKLQHV�� VXUH��%XW�FRPSXWHU�SURJUDPV� WKDW�PRYH

DURXQG�DQG�UHSURGXFH�OLNH�OLYLQJ�RUJDQLVPV��DQG�DWWDFN�RWKHU�SUR�

JUDPV"�:H©UH�QRW�WDONLQJ�DERXW�VRPH�ZHLUG�ODERUDWRU\�H[SHULPHQW

HLWKHU��7KLV�LV�D�UHDO�ZRUOG�SKHQRPHQRQ�WKDW�WKH�DYHUDJH�SHUVRQ�LV

EHFRPLQJ�PRUH�DQG�PRUH�XVHG�WR�

6R�OHW©V�ZRQGHU�D�ELW�

7KHVH�WKLQJV�KDYH�SURSHUWLHV�VLPLODU�WR�OLYLQJ�RUJDQLVPV��$UH

WKH\�DOLYH�LQ�VRPH�VHQVH"�,I�VR��FDQ�WKH\�WHDFK�XV�DQ\WKLQJ�DERXW

FDUERQ�EDVHG�OLIH¥RU�FDQ�RXU�NQRZOHGJH�RI�FDUERQ�EDVHG�OLIH�WHDFK

XV�DQ\WKLQJ�DERXW�FRPSXWHU�YLUXVHV�DQG�ZKDW�ZH�PLJKW�GR�ZLWK

WKHP"�0DWWHUV�OLNH�HYROXWLRQ�DQG�WKH�EHJLQQLQJ�RI�OLIH�REYLRXVO\

FRPH�WR�PLQG��DV�ZHOO�DV�LGHDV�OLNH�FRQVFLRXVQHVV�DQG�LQWHOOLJHQFH�

3HUKDSV�ZH�FDQ�XVH�YLUXVHV�WR�EHWWHU�XQGHUVWDQG�ZKDW�OLIH�LV�LQ

D�PRUH�DEVWUDFW�VHQVH��$�ORW�RI�SHRSOH�DUH�LQWHUHVWHG�LQ�ILQGLQJ�OLIH

VRPHZKHUH�HOVH�LQ�WKH�XQLYHUVH��%XW�KRZ�ZRXOG�WKH\�HYHQ�NQRZ

WKH\�IRXQG�VRPHWKLQJ�OLYLQJ��XQOHVV�LW�ZDV�FDUERQ�EDVHG�OLNH�XV"�,W

PLJKW�EH�WKDW�\RX�FRXOG�VWDUH�D�OLIH�IRUP�LQ�WKH�IDFH�DQG�QHYHU�NQRZ

LW�ZLWKRXW�D�VXIILFLHQWO\�DEVWUDFW�FRQFHSW�RI�ZKDW�OLIH�LV��2U�SHUKDSV

\RX�FRXOG�EH�FRQTXHUHG�E\�LW��DQG�QHYHU�NQRZ�LW�XQWLO�WKH�FRQTXHVW

ZDV�ORQJ�FRPSOHWH��<RX�FDQ�ILQG�ORWV�RI�ERRNV�RQ�WKH�VXEMHFW�RI

([WUD�7HUUHVWULDO�,QWHOOLJHQFH��DQG�PRVW�EDUHO\�WRXFK�RQ�WKLV�TXHV�

WLRQ�

5HFHQWO\� ,� EURXJKW� XS� WKH� SRVVLELOLW\� WKDW� YLUXVHV�PLJKW� EH

ZRUWK�VWXG\LQJ�IRU�VFLHQWLILF�UHDVRQV�DPRQJ�D�URRP�IXOO�RI�DQWL�YL�

UXV�W\SHV��$�QXPEHU�RI�SHRSOH�LQ�WKH�DXGLHQFH�YLJRURXVO\�VKRRN

WKHLU�KHDGV�ZLWKRXW�D�VHFRQG©V�WKRXJKW��3RRU��FORVHG�PLQGHG�VRXOV

WKH\�DUH��,�VDLG�LW�LQ�WKH�ODVW�YROXPH��DQG�,©OO�VD\�LW�KHUH��EH�ZLOOLQJ

WR�OLVWHQ�WR�GLIIHUHQW�LGHDV�DW�WKH�ULVN�RI�RIIHQVH��,I�\RX�ILQG�\RXUVHOI

LUULWDWHG�E\�ZKDW� ,� VD\��DW� OHDVW�FRQVLGHU� WKH�SRVVLELOLW\� WKDW�\RX

PLJKW�EH�ZURQJ��,�SURPLVH�\RX��,�ZLOO�GR�WKH�VDPH��,I�,�GLGQ©W��,©G

QHYHU�JURZ��,©G�QHYHU�OHDUQ�DQ\WKLQJ�RU�H[SDQG�P\�KRUL]RQV��DQG�,

FHUWDLQO\�GRQ©W�ZDQW�WKDW��DQG�,�GRQ©W�WKLQN�\RX�GR�HLWKHU��%HOLHYH

� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ



PH��,©P�QRW�ZULWLQJ�WKLV�ERRN�EHFDXVH�,�KDYH�DOO�WKH�DQVZHUV��4XLWH

WR�WKH�FRQWUDU\��,�KDYH�ORWV�PRUH�TXHVWLRQV�WKDQ�DQVZHUV�

7KLV�ERRN�ZLOO�RIIHQG�SHRSOH�IRU�WZR�UHDVRQV��)LUVWO\��LW�GHIHQGV

WKH�LGHD�WKDW�YLUXVHV�FDQ�EH�JRRG�DQG�XVHIXO��,©G�OLNH�WR�WKLQN�WKDW�LW

ZRXOG�IRUHYHU�FORVH�WKH�GRRU�LQ�WKH�IDFHV�RI�WKRVH�ZKR�ZDQW�WR�PDNH

DOO�IUHH�DQG�RSHQ�GLVFXVVLRQ�RI�YLUXVHV�LOOHJDO��%XW�WKDW�ZRXOG�EH�D

OLWWOH�SURXG�RQ�P\�SDUW��DQG�D�OLWWOH�LJQRUDQW�RI�KXPDQ�QDWXUH��6RPH

SHRSOH�ZLOO�QHYHU�EH�FRQYLQFHG¥E\�DQ\�DPRXQW�RI�UHDVRQ¥WKDW

FRPSXWHU�YLUXVHV�DUH�DQ\WKLQJ�EXW�WRWDOO\�HYLO�

6HFRQGO\��SHRSOH�ZLOO�EH�RIIHQGHG�E\�WKLV�ERRN�EHFDXVH�RI�LWV

DSSURDFK�WR�VFLHQFH��+HUH�ZH�JHW�LQWR�VRPH�GHHS�WKLQJV�WKDW�KDYH

FDXVHG�PH�D�ORW�RI�WURXEOH�RYHU�WKH�SDVW�VHYHUDO�\HDUV��<HW�,�KDYH

HPEUDFHG�WKDW�WURXEOH�ZLOOLQJO\��NQRZLQJ�WKDW�LW�LV�D�PHDQV�WR�DQ

HQG�WKDW�RWKHUZLVH�FRXOG�QRW�EH�KDG�

/HW�PH�H[SODLQ��2QFH�,�ZDV�D�VFLHQWLVW�RI�VFLHQWLVWV��%RUQ�LQ�WKH

DJH�RI�6SXWQLN��DQG�UDLVHG�LQ�WKH�KRPH�RI�D�FKHPLVW��,�ZDV�HQWKUDOOHG

ZLWK�VFLHQFH�DV�D�FKLOG��,I�,�ZDVQ©W�GLVVROYLQJ�SHQQLHV�LQ�DFLG��,�ZDV

ZLQGLQJ�DQ�HOHFWURPDJQHW��RU�SOD\LQJ�ZLWK�D�SRZHU�WUDQVLVWRU��RU

GRLQJ� D� FU\RJHQLFV� H[SHULPHQW¥OLNH� IUHH]LQJ� DQWV¥ZLWK� OLTXLG

SURSDQH��:KHQ�,�ZHQW�WR�0,7�IRU�FROOHJH�,�ILQDOO\�JRW�P\�FKDQFH

WR�WRWDOO\�LPPHUVH�P\VHOI�LQ�P\�ILUVW�ORYH��,�GLG�UDWKHU�ZHOO�DW�LW�WRR�

ILQLVKLQJ�P\�XQGHUJUDGXDWH�ZRUN�LQ�WZR�\HDUV�DQG�JRLQJ�RQ�WR�VWXG\

HOHPHQWDU\�SDUWLFOH�SK\VLFV�XQGHU�1REHO�ODXUHDWHV�DW�&DOWHFK��<HW

E\�WKH�WLPH�,�JRW�P\�GRFWRUDWH��WKH�VSHOO�ZDV�IRUHYHU�EURNHQ��$V�D

\RXQJ�VWXGHQW�,�OHDUQHG�RI�WKH�JUHDW�PHQ�RI�VFLHQFH�DQG�WKHLU�QREOH

FRQWULEXWLRQV�WR�KXPDQLW\��+RZHYHU��DV�,�DGYDQFHG��,�VDZ�OHVV�DQG

OHVV�RI�WKH�QREOH�VFLHQWLVW��DQG�PRUH�DQG�PRUH�RI�WKH�VHOI�VDWLVILHG

H[SHUW��,�VDZ�OHVV�DQG�OHVV�RI�WKH�JUHDW�FRQWULEXWLRQ�WR�KXPDQLW\�

DQG�PRUH�DQG�PRUH�RI�WKH�LJQRUHG�H[SRVLWLRQ��,�EHJDQ�WR�XQGHUVWDQG

WKH�GLIIHUHQFH�EHWZHHQ�WKH�VFLHQFH�RI�WKH�WH[WERRNV¥ZKHUH�KXQ�

GUHGV�RI�\HDUV�DUH�FRPSUHVVHG�LQWR�D�IHZ�SDJHV�RI�WH[W�E\�DGPLUHUV

RI�WKH�GLVFLSOLQH¥DQG�UHDO�VFLHQFH�GRQH�E\�UHDO�PHQ�

2QH�RI�WKH�EHDXWLHV�RI�VFLHQFH�WKDW�DWWUDFWHG�PH�WR�LW�ZDV�WKDW

LW�VHHPHG�WR�KDYH�VRPHWKLQJ�WR�GR�ZLWK�DEVROXWH�7UXWK��6LWWLQJ�LQ�D

FODVVURRP�OHDUQLQJ�RI�WKH�JORULHV�RI�RXU�JRYHUQPHQW�LQ�WKH�HDUO\

VHYHQWLHV��LW� MXVW�ZDVQ©W�WRR�KDUG�WR�LPDJLQH�WKDW�6RYLHW�FKLOGUHQ

ZHUH�OHDUQLQJ¥MXVW�DV�FRQYLQFLQJO\¥RI�WKH�JORULHV�RI�WKHLU�JRY�

HUQPHQW�WRR��2U�LI�,�ZURWH�DQ�HVVD\�IRU�P\�(QJOLVK�/LWHUDWXUH�FODVV

,QWURGXFWLRQ �



DQG�P\�WHDFKHU�GLG�QRW�OLNH�LW��ZKDW�PDGH�KLV�RSLQLRQ�EHWWHU�WKDQ

PLQH"�7KLV�ZRUOG�VHHPHG�IXOO�RI�DPELJXLWLHV��%XW�VFLHQFH¥DKK�

VFLHQFH¥KHUH�ZDV�VRPHWKLQJ�,�FRXOG�OD\�P\�KDQGV�RQ��:KR�FRXOG

DUJXH�ZLWK� WKH�PRWLRQ�RI�D�IDOOLQJ�REMHFW"�7KDW�ZDV�SUHFLVH�DQG

PDWKHPDWLFDO��,W�GLG�QRW�GHSHQG�RQ�ZKDW�FRXQWU\�\RX�OLYHG�LQ��RU

ZKLFK�FHQWXU\��RU�RQ�WKH�RSLQLRQ�RI�VRPHRQH�ZKR�GLGQ©W�OLNH�WKH

ZD\�\RX�ORRN��6FLHQFH�ZDV�7UXH�

0\�ORYH�RI�VFLHQFH�ZDV�ERUQ�RXW�RI�D�ORYH�IRU�7UXWK��DQG�P\

VWXGLHV� QXUWXUHG� WKDW� ORYH��<HW� DV� D� JUDGXDWH� VWXGHQW� ,� FDPH� WR

UHDOL]H� WKDW�� SUDFWLFDOO\� VSHDNLQJ�� LW�ZDV� LPSRVVLEOH� WR�PDNH� DQ

LPSRUWDQW�FRQWULEXWLRQ�WR�VFLHQFH�ZLWKRXW�EHLQJ�D�PDVWHU�SROLWLFLDQ�

6FLHQWLVWV�DUH�QRW�GLIIHUHQW�IURP�RWKHU�SHRSOH��7KH\�KDYH�MREV�DQG

HJRV�WR�SURWHFW��7KH\�KDYH�OLNHV�DQG�GLVOLNHV��$QG�WKHUH�DUH�IDGV

DQG�IDVKLRQV�LQ�VFLHQFH�MXVW�DV�VXUHO\�DV�WKHUH�DUH�IDGV�DQG�IDVKLRQV

LQ�FORWKLQJ�RU�PXVLF��,Q�RUGHU�WR�GR�VRPHWKLQJ�UHDOO\�QHZ�LQ�VFLHQFH�

\RX�PXVW�EHFRPH�D�WUHQG�VHWWHU¥NLQG�RI�OLNH�D�IDVKLRQ�GHVLJQHU�

7KH�DOWHUQDWLYH�LV�WR�VLPSO\�SDQGHU�WR�H[LVWLQJ�WUHQGV��7UXWK�ZLWK�D

FDSLWDO�7¥IRU�DOO�SUDFWLFDO�SXUSRVHV¥WDNHV�D�EDFN�VHDW�

,�GR�QRW�VD\�WKHVH�WKLQJV�WR�JHW�GRZQ�RQ�VFLHQFH�RU�VFLHQWLVWV

SHU�VH��,�JUHDWO\�UHVSHFW�VRPH�VFLHQWLVWV�HYHQ�ZKHQ�,�GLVDJUHH�ZLWK

WKHP��$QG�,�VXVSHFW�D�ORW�RI�WKHP�KDWH�WKLV�SUHGLFDPHQW�DV�PXFK�DV

,�GR�� �� �� ��$QG�DOO�RI� LW� LV�YHU\�XQGHUVWDQGDEOH�� ,I�\RX� WU\� WR�VD\

VRPHWKLQJ� UHDOO\� QHZ� LQ� VFLHQFH�� LW©V� OLNH� VSHDNLQJ� D� GLIIHUHQW

ODQJXDJH��)RU�VRPHRQH�HOVH�WR�XQGHUVWDQG�\RX��WKH\�KDYH�WR�GR�D

ZKROH� ORW�RI�ZRUN��7KHQ��RI�FRXUVH�� LW� LV�D�TXHVWLRQ�RI�ZK\� WKH\

VKRXOG�VSHQG�VR�PXFK�HQHUJ\�WR�XQGHUVWDQG�\RX��:LOO�LW�EH�ZRUWK

WKH� WURXEOH� RQFH� WKH\� GR"�8QOHVV� \RX� DUH� IDPRXV¥WKH�)DVKLRQ

'HVLJQHU¥WKH\� SUREDEO\�ZRQ©W� WKLQN� VR�� ,I� \RX�ZHUH� KDQGHG� D

ERRN�ZULWWHQ� LQ� DQFLHQW� (J\SWLDQ� KLHURJO\SKLFV�� DQG� \RX� GLGQ©W

KDYH�D�FOXH�ZKDW� LW�ZDV�DERXW��\RX�SUREDEO\�ZRXOGQ©W�JR�WR�WKH

WURXEOH�WR�OHDUQ�WKH�ODQJXDJH�DQG�WUDQVODWH�LW��1RZ�LI�LW�ZDV�D�UHDOO\

JUHDW�ERRN��DQG�\RX�NQHZ�LW��\RX�PLJKW�JR�WR�WKH�WURXEOH��0LJKW�

7KDW©V�ZKDW� GRLQJ� VRPHWKLQJ� QHZ� LQ� VFLHQFH� LV� OLNH��$QG�PRVW

VFLHQWLVWV�DUH�VR�LQXQGDWHG�MXVW�WU\LQJ�WR�NHHS�XS�ZLWK�WKH�WUHQGV

�ZKLFK��DIWHU�DOO��SXW�IRRG�RQ�WKH�WDEOH��WKDW�WKH\�KDYH�OLWWOH�PRWLYD�

WLRQ�WR�ORRN�LQ�DQ\�RWKHU�GLUHFWLRQ��XQOHVV�WKDW�GLUHFWLRQ�SURPLVHV

WR�XQORFN�WKH�DQVZHU�WR�VRPH�EXUQLQJ�TXHVWLRQ��$QG�RI�FRXUVH��WKDW

EXUQLQJ�TXHVWLRQ�LV�XVXDOO\�GHILQHG�E\�WKH�FXUUHQW�WUHQGV�

� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ



$Q\KRZ��P\�TXHVW� IRU�7UXWK�ZDV� LQ� UXLQV��DW� OHDVW�DV� IDU�DV

VFLHQFH�FRXOG�WDNH�PH��,�KDG�VRXJKW�WKH�WUHDVXUH�DW�WKH�HQG�RI�WKLV

UDLQERZ��RQO\�WR�ILQG�WKDW�WR�EH�D�VFLHQWLVW��,�PXVW�EH�D�VODYH�WR�WKH

ZKLPV��SDVVLRQV�DQG�RSLQLRQV�RI�P\�SHHUV��$QG�,�NQHZ�,�ZDVQ©W

WKH�FKDULVPDWLF�SROLWLFLDQ�ZKR�FRXOG�VHL]H�WKH�GD\�DQG�EULQJ�DOO�WKH

ZRUOG�WR�P\�IHHW��7KHUHIRUH�,�KDG�QR�UHDO�FKDQFH�RI�GRLQJ�WKH�NLQG

RI�SLRQHHULQJ�VFLHQFH�,�ZDQWHG�WR��,�NQHZ�,©G�HQG�XS�ZKHHGOLQJ�RXW

WKH�GHWDLOV�RI�VRPH�UHPRWH�FRUQHU�RI�WKH�XQLYHUVH�WKDW�QRERG\�HYHQ

UHDOO\�FDUHG�DERXW��RU�,©G�HQG�XS�ZDVWLQJ�P\�ZKROH�OLIH�SDQGHULQJ

WR�VRPH�IDG�ZKLFK�ZDV�RQO\�JRLQJ�WR�SDVV�DZD\��,�FRXOG�QRW�KDYH

WKH�OLIH�RI�EODFN�DQG�ZKLWH�7UXWK�,�KDG�KRSHG�WR�ILQG�LQ�VFLHQFH�

7KDW�ZDV�WUHPHQGRXVO\�XQVHWWOLQJ��6R��E\�FKRLFH��,�WXUQHG�WRZDUG

D�PRUH�WHFKQRORJLFDO�OLIH��DQG�JRW�LQYROYHG�LQ�FRPSXWHUV��,�NQRZ�D

ORW�RI�RWKHU�SHRSOH�JRW�KRRNHG�RQ�FRPSXWHUV�WKH�ZD\�,�GLG��,W�ZDV

D�ZKROH�QHZ�ZRUOG��ULSH�IRU�H[SORUDWLRQ��:LWK�VR�PXFK�WR�GR��DQG

VR�IHZ�SHRSOH�WR�GR�LW��UHODWLYHO\�VSHDNLQJ���WKLV�QHZ�ZRUOG�ZDV�QRW

\HW�FKRNHG�WR�GHDWK�ZLWK�HQY\��DV�WKH�ROG�ZRUOG�RI�SXUH�VFLHQFH�KDG

EHHQ��2QH�ZDV�UHODWLYHO\�IUHH�WR�VWDNH�RXW�KLV�FODLP�DQG�GR�ZKDW�KH

FRXOG��7KDW�VXLWHG�PH�MXVW�ILQH�

<HW�� GHVSLWH� P\� QHZ� FDUHHU�� ,� QHYHU� ORVW� P\� H\H� IRU� SXUH

VFLHQFH��,�VSHQW�D�ORW�RI�WLPH�LQ�WKH�ZLOGHUQHVV¥LI�\RX�ZLOO¥IDU

DZD\�IURP�VFLHQWLILF�FLUFOHV��WU\LQJ�WR�XQGHUVWDQG�EHWWHU�ZKDW�,�KDG

VHHQ�DQG�OLYHG��:LWK�WKLV�ERRN�,�DP�PDNLQJ�D�VRUW�RI�D�UHWXUQ�WR�WKDW

SROLWH�VRFLHW\��%XW�,�DP�DW�KHDUW�D�1HZ�:RUOG�UXIILDQ�ZKR�GRHV�QRW

FRPH�EDFN�WR�SOHDVH�WKH�FRXUW��,�KDYH�QR�LQWHQWLRQ�RI�ZULWLQJ�D�ERRN

SRSXODUL]LQJ�VFLHQFH�RU�$UWLILFLDO�/LIH�RU�DQ\WKLQJ�RI�WKH�VRUW��$QG

,�KDYH�QR� LQWHQWLRQ�RI�SOD\LQJ�E\� WKH�UXOHV�RI� WKH�SROLWH�VRFLHW\�

EHFDXVH�,�KDYH�QR�QHHG�IRU�WKHP�RU�LW�

,QVWHDG�RI�VHHNLQJ�WR�SOHDVH�WKRVH�LQ�SRZHU��,�FRPH�WR�UHFRP�

PHQG�VRPH�FKDQJHV��6FLHQWLVWV�DUH�RIWHQ�SHRSOH�ZKR�DUH�YHU\�DGHSW

DW�XQGHUVWDQGLQJ�FRPSOH[�HTXDWLRQV��DQG�VRUWLQJ�WKURXJK�IDFWV��%XW

WKH\©UH�XVXDOO\�ZHDN�RQ�XQGHUVWDQGLQJ�WKH�VXEMHFWLYH�VLGH�RI�WKH

XQLYHUVH��7KH\�FRQVLGHU�LW�XQLPSRUWDQW��RU�HYHQ�XQUHDO��+RZHYHU�

WKDW� VXEMHFWLYH� VLGH� RIWHQ� GHHSO\� LQIOXHQFHV� VFLHQWLILF� UHVHDUFK�

2IWHQ�SXUH��EOLQG�IDLWK�LQ�VRPH�WRWDOO\�QRQ�VFLHQWLILF�LGHD�PRWLYDWHV

YDVW�QXPEHUV�RI�VFLHQWLVWV�RYHU�FHQWXULHV�RI�WLPH��0DQ\�RI�WKRVH

VFLHQWLVWV�FRPSOHWHO\�IDLO� WR�XQGHUVWDQG�WKHVH� LGHDV�DQG�FRQVLGHU

,QWURGXFWLRQ �



WKHLU�YDOLGLW\�DQG�WKHLU�YDOXH��7KH\�VLPSO\�DVVXPH�VXFK�LGHDV�WR�EH

JLYHQV�DQG�SUHVV�IRUZDUG�

$Q�H[DPSOH�RI�VXFK�DQ� LGHD� LV� WKH�¦XQLILHG�ILHOG� WKHRU\�§ �D

FRQFHSW�GHYHORSHG�E\�(LQVWHLQ��ZKLFK�KDV�EHHQ�WKH�0W��2O\PSXV

IRU� WKH�SDUWLFOH�SK\VLFLVW� WR�FOLPE�IRU� WKH�SDVW�KDOI�FHQWXU\�� ,W� LV

VLPSO\�WKH�VXJJHVWLRQ�WKDW�DOO�WKH�IRUFHV�RI�QDWXUH�FDQ�EH�GHVFULEHG

E\�D�VLQJOH�HTXDWLRQ�ZKLFK�LV��LQ�VRPH�VHQVH��VLPSOH��(LQVWHLQ�KDG

JRRG� UHDVRQ� WR� EHOLHYH� D� XQLILHG� ILHOG� WKHRU\� H[LVWHG�� +H� KDG

ZRQGHUIXOO\�DSSOLHG�WKH�EDVLF�FRQFHSWV�RI�HOHFWURPDJQHWLVP¥DO�

UHDG\�NQRZQ�LQ�KLV�GD\¥WR�JUDYLWDWLRQ��UHVXOWLQJ�LQ�WKH�WKHRU\�RI

*HQHUDO�5HODWLYLW\��,Q�VR�GRLQJ��KH�WRRN�D�ELJ�VWULGH�WRZDUG�XQLI\LQJ

WKHVH�WZR�IRUFHV��ZKLFK�ZHUH�WKH�RQO\�RQHV�NQRZQ�LQ�WKH�����©V�

<HW�WKHUH�LV�QR�VFLHQWLILF�UHDVRQ�WR�EHOLHYH�WKDW�DOO�WKH�IRUFHV�RI

QDWXUH�VKRXOG�EH�XQLILDEOH�LQWR�RQH�VLPSOH�PDVWHU�IRUFH��:K\�QRW

WKUHH"� RU� VL[WHHQ"� 6HFRQGO\�� RQH� PXVW� TXHVWLRQ� WKH� YDOXH� RI� D

XQLILHG�ILHOG�WKHRU\�DQG�LWV�UHODWLYH�LPSRUWDQFH�LQ�D�ODUJHU�VFKHPH

RI�WKLQJV��8QWROOHG�FDSLWDO�DQG�KXPDQ�HIIRUW�KDV�JRQH�LQWR�GLVFRY�

HULQJ�VXFK�D�WKHRU\��ZLWK�RQO\�YHU\�OLPLWHG�VXFFHVV��:KLOH�VFLHQWLVWV

WRGD\�DUH�FODPRULQJ�IRU�KXQGUHG�ELOOLRQ�GROODU�SDUWLFOH�DFFHOHUDWRUV

WR�IXUWKHU�GLYLQH�WKH�P\VWHULHV�RI�WKLV�HOXVLYH�LGHD��WKHUH�DUH�IDVFL�

QDWLQJ�P\VWHULHV�DERXW�HOHPHQWDU\�SDUWLFOHV�ULJKW�XQGHU�WKHLU�QRVHV

ZKLFK�PLJKW�\LHOG�DQ�XQGHUVWDQGLQJ�RI�QDWXUH�DV�UHYROXWLRQDU\�DV

DQ\WKLQJ� WKDW� KDV� EHHQ�� 6XFK� P\VWHULHV� DUH� LJQRUHG�� KRZHYHU�

EHFDXVH�WKH\�GR�QRW�SDUWLFXODUO\�ILW�LQ�WR�WKH�SKLORVRSKLFDO�IUDPH�

ZRUN��3HUKDSV�WKH�XQLILHG�ILHOG�WKHRU\�LV�QRWKLQJ�PRUH�WKDQ�D�GHFR\�

ZKLFK�ZLOO�EXU\�VHYHUDO�JHQHUDWLRQV�RI�VFLHQWLVWV� LQ� WKH�VDQGV�RI

WLPH�

7R� EH� D� JRRG� VFLHQWLVW�� RQH� PXVW� DOVR� EH� VRPHZKDW� RI� D

SKLORVRSKHU��$� IHZ�FHQWXULHV�DJR�� VFLHQWLVWV�ZHUH�FDOOHG�QDWXUDO

SKLORVRSKHUV��7KHUH�ZDV�ZLVGRP�LQ�WKDW��:KHQ�D�VFLHQWLVW�IDLOV�WR

EH�D�SKLORVRSKHU��KH�WHQGV�WR�EH�EOLQGHG�E\�SKLORVRSK\��7KHQ�KH

EHFRPHV�D�VODYH�WR�ZKDW�KH�EHOLHYHV��UDWKHU�WKDQ�LWV�PDVWHU��3UDFWL�

FDOO\��KH�WXUQV�LQWR�D�VRUW�RI�UHOLJLRXV�IDQDWLF�ZKRVH�JRDO�LV�WR�EHQG

DOO� WKH�ZRUOG� WR�ZKDW� KH� EHOLHYHV�� UDWKHU� WKDQ� WR� VHHN� WUXWK� DQG

KLPVHOI�JURZ�XS�

7KLV�NLQG�RI�EOLQGQHVV�LV�XQIRUWXQDWHO\�UDPSDQW�DPRQJ�VFLHQ�

WLVWV��)HZ�SHRSOH�XQGHUVWDQG�WKH�SKLORVRSKLFDO�SUHVXSSRVLWLRQV�WKH\

PDNH��DQG�IHZ�XQGHUVWDQG�WKH�SKLORVRSKLFDO�FRQVHTXHQFHV�RI�ZKDW

� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ



WKH\�GR��5LJKW�QRZ��WKH�ZKROH�VFLHQWLILF�¦ V\VWHP§ �VHHPV�WR�SUR�

PRWH� VXFK� EOLQGQHVV�� 0RVW� VFLHQWLILF� UHVHDUFK� DQG� LQVWLWXWLRQV

ZKLFK�FDUU\�RXW�VFLHQWLILF�UHVHDUFK�DUH�KHDYLO\�JRYHUQPHQW�IXQGHG�

7KDW�PHDQV�WKH\�DUH�JRYHUQPHQW�FRQWUROOHG��5HVHDUFK�PXVW�WKHQ

GHYHORS� WHFKQRORJ\�ZKLFK� WKH� JRYHUQPHQW�ZDQWV�� RU� SURPRWH� D

SKLORVRSKLFDO�ZRUOG�YLHZ�ZKLFK�SDQGHUV�WR�WKH�JRYHUQPHQW��7RR

RIWHQ� WKDW�PHDQV�D�SKLORVRSKLFDO�PDWHULDOLVP�ZKLFK�HOHYDWHV� WKH

JRYHUQPHQW� WR� WKH� VWDWXV� RI�*RG�� E\� GHIDXOW���7KH�ZKROH� ¦SHHU

UHYLHZ§ � V\VWHP� LV� LQKHUHQWO\� FRQVHUYDWLYH� LQ� D� ZD\� QRW� XQOLNH

UHOLJLRXV�FRQVHUYDWLVP��,W�WHQGV�WR�UHVLVW�EHQHILFLDO�FKDQJH�EHFDXVH

LW�H[FOXGHV�WKRVH�ZKRVH�SKLORVRSK\�GRHVQ©W�FRQIRUP�WR�WKH�VWDQG�

DUG��<HW�XQOLNH�WKH�UHOLJLRXV�FRQVHUYDWLYH��ZKR�RSHQO\�UHDVRQV�IURP

WKHRORJLFDO�GRFWULQHV��WKH�VFLHQWLVW©V�GRFWULQHV�DUH�RIWHQ�VXEOLPLQDO

DQG�XQVSRNHQ��7KDW�PDNHV�KLP�D�VODYH��7KH�VROXWLRQ�LV�WR�EHFRPH

SDUW� SKLORVRSKHU�� 7KHQ�� DW� OHDVW�� RQH� NQRZV� PRUH� DERXW� ZKDW

DVVXPSWLRQV�KH�LV�PDNLQJ��DQG�KH�FDQ�FRQVFLRXVO\�WKLQN�DERXW�WKH

YDOLGLW\�RI�WKRVH�DVVXPSWLRQV��7KHQ�KH�LV�PDVWHU��

7KH�ERWWRP�OLQH�RI�DOO�RI�WKLV�LV�WKDW�,�DP�LQWHQW�RQ�DYRLGLQJ

VXFK�EOLQG�VSRWV��7KH�ELRORJLFDO�VFLHQFHV�DUH�QRW�GLIIHUHQW�WKDQ�DQ\

RWKHU� NLQG� RI� VFLHQFH�� 6R� ,� KDYH� HYHU\� LQWHQWLRQ� RI� LQJHQLRXVO\

GLVFXVVLQJ�WKH�SKLORVRSKLFDO�LVVXHV�WKDW�XQGHUJLUG�WKHP��7KH�UHDVRQ

IRU�GRLQJ�WKDW�DUH�WKUHHIROG��)LUVWO\��,�GRQ©W�EHOLHYH�,�FRXOG�GR�MXVWLFH

WR�ZKDW�FRPSXWHU�YLUXVHV�KDYH�WR�RIIHU�WR�VFLHQFH�ZLWKRXW�GLVFXVV�

LQJ�SKLORVRSKLFDO�LVVXHV��2XU�XQGHUVWDQGLQJ�RI�OLIH�KDV�DOZD\V�KDG

GHHS� URRWV� LQ�SKLORVRSK\�DQG� UHOLJLRQ��6R� LI�ZH©UH�JRLQJ� WR� WDON

DERXW�YLUXVHV�DV�EHLQJ�VRPHKRZ�DOLYH��,�VLPSO\�PXVW�VSHDN�WR�WKHVH

QRQ�VFLHQWLILF�XQGHUVWDQGLQJV��6HFRQGO\��,�WKLQN�,�ZRXOG�EH�FKHDW�

LQJ�\RX��P\�UHDGHU��LI�,�GLG�QRW�GLVFXVV�SKLORVRSKLFDO�LVVXHV��7KH

EDUEDULDQV� ZKR� GR� QRW� XQGHUVWDQG� WKH� SKLORVRSK\� EHKLQG� ZKDW

WKH\©UH�GRLQJ�LQYDULDEO\�EHFRPH�IDOVH�SURSKHWV��:KHQ�IDFHG�ZLWK

,QWURGXFWLRQ �

� 0XFK�RI�PRGHUQ�KLVWRU\�DQG�SROLWLFV�FDQ�EH�XQGHUVWRRG�LQ�WKH�OLJKW�RI�+HJHOLDQ
SKLORVRSK\��LQ�ZKLFK�WKH�JRYHUQPHQW�LV�PDGH�LQWR�¦*RG�ZDONLQJ�RQ�HDUWK�§

� 3KLORVRSK\�FDQQRW�EH�SXW�RQ�WKH�WKURQH�HLWKHU��WKRXJK��(YHQ�LQ�WKH�SKLORVRSK\
RI�VFLHQFH��\RX�FDQ�ILQG�VRPH�SUHWW\�GXPE�LGHDV��$QG�VRPH�SKLORVRSKHUV�DUH
DFWLYH�� GHVFULELQJ� KRZ� VFLHQFH� VKRXOG� EH�� ZKLOH� RWKHUV� DUH� PRUH� SDVVLYH�
GHVFULELQJ�KRZ�LW�LV��HWF���HWF�



D� SRLQW� RI� FRQWHQWLRQ�� WKH\� QDWXUDOO\� GHIHQG� WKHLU� SKLORVRSKLFDO

DVVXPSWLRQV�DV�LI�WKH\�ZHUH�GLYLQHO\�UHYHDOHG�7UXWK��$QG�WKH�H[SHUW

ZKR��E\�YLUWXH�RI�KLV�LPSXWHG�H[SHUWLVH��JDLQV�LJQRUDQW�IROORZHUV�

FDQ�HDVLO\�VDFULILFH�KRQHVW\�DQG�GHSWK�WR�EHFRPH�D�GHPDJRJXH�DQG

D�VRSKLVW��,�FDQ©W�VWDQG�WKDW�DWWLWXGH�LQ�RWKHUV��VR�,�GRQ©W�ZDQW�WR�WDNH

LW�ZLWK�\RX��:KLOH�LW�LV�QRW�P\�LQWHQWLRQ�WR�RIIHQG�DQ\RQH��,�NQRZ

,�FDQQRW�DYRLG�LW�LI�,�GLVFXVV�WKH�VXEMHFW�DW�KDQG�KRQHVWO\�DQG�RSHQO\�

7KLUGO\�� ,� WKLQN� WKHUH� LV� D� UHDO� QHHG� IRU� VXFK� D� GLVFXVVLRQ� IRU

VFLHQFH©V� VDNH�� )URP� WKH� SRLQW� RI� YLHZ� RI� D� VWDOZDUW� SK\VLFDO

VFLHQWLVW�� WKHRUHWLFDO�ELRORJ\¥DQG�HVSHFLDOO\�HYROXWLRQ¥ORRNV�D

ORW�OLNH�YRR�GRR��,W�LV�YHU\�HIIHFWLYH�LI�\RX�EHOLHYH�LQ�LW��%XW�ZKHQ

\RX�GLJ�LQWR�LW��LW�ORRNV�PRUH�OLNH�PDJLF�WKDQ�KDUG�VFLHQFH��)UDQNO\

VSHDNLQJ��WKH�ELRORJLFDO�VFLHQFHV�DUH�EHLQJ�FKRNHG�E\�SKLORVRSKLFDO

GRJPDV��$UWLILFLDO�OLIH�LV�QHZ�HQRXJK�WKDW�LW�FRXOG�FKDOOHQJH�WKRVH

GRJPDV�DQG�EULQJ�DERXW� VRPH�QHHGHG�DQG� WUHPHQGRXVO\�ZRUWK�

ZKLOH�FKDQJH��8QIRUWXQDWHO\��LW�VHHPV�WKDW�WKH�JHQHUDO�WHQRU�RI�$/

ZRUN�LV�QRW�MXVW�WR�EX\�LQWR�WKH�VDPH�SKLORVRSK\�WKDW�KDV�PDUUHG

ELRORJ\�EXW�WR�WDNH�WKH�OHDG�LQ�LW��WR�EH�LWV�SURSKHW��DQG�WR�SXVK�LW�WR

LWV�ORJLFDO�FRQFOXVLRQ���7KDW�RQO\�FRQILUPV�DQG�IXUWKHUV�WKH�HUURUV�

,�WKLQN�WKDW�LV�D�VKDPH�LQ�YLHZ�RI�WKH�SRWHQWLDO�$/�KDV�WR�SXW�ELRORJ\

DQG�HYROXWLRQ�RQ�D�PRUH�VROLG�IRRWLQJ�

6R�ZLWK� WKDW� LQ�PLQG�� ,©G� OLNH� WR� DJDLQ� LQYLWH� \RX� WR� FRPH

H[SORULQJ�ZLWK�PH��,�GR�QRW�PDNH�P\VHOI�RXW�WR�EH�DQ�H[SHUW�JXLGH

LQ�WKHVH�ZDWHUV��EXW�RQO\�D�IHOORZ�H[SORUHU�DQG�DGYHQWXUHU��$V�IDU

DV�,�FDQ�WHOO��WKH\�KDYH�QHYHU�EHHQ�H[SORUHG�EHIRUH��6R�OHW�XV�JR�DQG

VHH� VRPH� ZRQGURXV� VLJKWV�� DQG� SOD\� WRJHWKHU� RQ� VDQG\� VXQ�

GUHQFKHG�EHDFKHV�ZKHUH�QR�PDQ�KDV�ZDONHG�EHIRUH��/HW�XV�VWDQG

LQ�DZH�RI�WKH�PLJKW�RI�WKH�GHHS��DQG�WKH�VLOHQFH�RI�WKH�VWDUV��DQG

KXPEO\�NQRZ�RXU�ZHDNQHVV��$QG�OHW�XV�QRW�IRUJHW�WR�ODXJK�KHDUWLO\

DW�WKH�IRROV�ZKR�NQHZ�ZH©G�IDOO�RII�WKH�HGJH�RI�WKH�ZRUOG�

�� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ

� ,�WKLQN�WKH�UHDVRQ�IRU�WKLV�DWWLWXGH�LV�WKDW�$/�UHVHDUFKHUV�WHQG�WR�EH�HDJHU�WR�JDLQ
WKH�DFFHSWDQFH�RI�PDLQOLQH�ELRORJLVWV�



$UH�9LUXVHV�$OLYH"

0RVW�RI�WKLV�ERRN�ZLOO�IRFXV�RQ�WKH�VLPLODULW\�EHWZHHQ�D�OLYLQJ

RUJDQLVP�DQG�D�FRPSXWHU�YLUXV��)URP�D�SXUHO\�QDwYH�SRLQW�RI�YLHZ�

FRPSXWHU�YLUXVHV�VHHP�WR�EH�DOLYH��7KH\�VHHP�WR�KDYH�D�ZLOO�RI�WKHLU

RZQ�� GRLQJ� WKLQJV� LQ� D� FRPSXWHU� TXLWH� LQGHSHQGHQW� RI�ZKDW� WKH

RSHUDWRU�ZDQWV��WKH\�UHSURGXFH��DQG�VRPH�KDYH�SURYHQ�TXLWH�DGHSW

DW�PRYLQJ�DURXQG�IURP�FRPSXWHU�WR�FRPSXWHU��7KH\�FRPH�LQ�PDQ\

YDULHWLHV�� VRPH� FRORUIXO�� VRPH� VHFUHWLYH�� VRPH�GDQJHURXV�� VRPH

LQQRFXRXV��VRPH�H[WUHPHO\�DFWLYH��VRPH�VOXJJLVK�

%XW�DUH�WKH\�UHDOO\�DOLYH"

2U�DUH�WKH\�MXVW�JRRG�LPLWDWLRQV��OLNH�D�OLWWOH�PHFKDQLFDO�EDUNLQJ

SXSS\�LQ�D�WR\�VWRUH¥PD\EH�D�ELW�PRUH�VRSKLVWLFDWHG��EXW�QRWKLQJ

PRUH�WKDQ�D�FXWH��RU�QRW�VR�FXWH��PDFKLQH�DIWHU�DOO"

3HUKDSV�D�EHWWHU�TXHVWLRQ�LV��LQ�ZKDW�VHQVH�DUH�YLUXVHV�DOLYH"

&HUWDLQO\� WKH\� DUH� QRW� FDUERQ�EDVHG� RUJDQLVPV� VXFK� DV�ZH� DUH�

+RZHYHU�LQ�WKLV�VFLHQWLILF�DJH�RI�RXUV��LW�VHHPV�D�OLWWOH�IRROLVK�DQG

QDUURZ�PLQGHG�WR�FDOO�RQO\�FDUERQ�EDVHG�RUJDQLVPV�OLIH��:KHQ�ZH

DUH�H[SORULQJ�WKH�OLPLWV�RI�RXU�XQLYHUVH�IRU�DOLHQ�IRUPV�RI�OLIH��ERWK

E\�GLUHFW�REVHUYDWLRQ�VXFK�DV�WKH�0DULQHU�H[SHGLWLRQ�WR�0DUV��DQG

E\�LQGLUHFW�DWWHPSWV�WR�UHFHLYH�LQWHOOLJLEOH�UDGLR�VLJQDOV��ZH�KDYH

WR�H[SDQG�RXU�KRUL]RQV��:H�KDYH�WR�GLJ�GHHSHU�DQG�DVN�WKH�TXHVWLRQ

¦:KDW�PDNHV�OLIH�OLIH"§ �2QO\�ZKHQ�ZH�NQRZ�ZKDW�OLIH�LV�FDQ�ZH

ZHLJK�VRPH�HQWLW\�LQ�RXU�XQGHUVWDQGLQJ�WR�GHWHUPLQH�ZKHWKHU�RU

QRW�LW�LV�DOLYH��DQG�WKHUHE\�SURSHUO\�UHFRJQL]H�LW�DV�OLIH�

7KH�ZKROH�SKHQRPHQRQ�RI�FRPSXWHU�YLUXVHV�EULQJV�WKLV�TXHV�

WLRQ�FORVH�WR�KRPH��7KH\�DUH�KHUH��QRZ��:H�FDQ�FRQWDLQ�WKHP�DQG

H[SHULPHQW�ZLWK�WKHP��$QG��OLNH�LW�RU�QRW��ZH�KDYH�WR�GHDO�ZLWK�WKHP



LQ�RXU�GD\�WR�GD\�OLYHV��$OLHQ�OLIH�IRUPV�DUH�QRW�VR�UHDGLO\�DFFHVVL�

EOH�

,��IRU�RQH��WKLQN�LW�LV�YHU\�LPSRUWDQW�WR�WDNH�DGYDQWDJH�RI�WKH

RSSRUWXQLW\�ZKLFK�YLUXVHV�RIIHU�XV�WR�EURDGHQ�RXU�XQGHUVWDQGLQJ�RI

ZKDW� OLIH� LV��)LUVWO\��,�EHOLHYH�ZH�FDQ�RQO\�VWDQG�WR�JDLQ�D�EHWWHU

XQGHUVWDQGLQJ�RI�OLIH�DV�LW�LV�E\�VWXG\LQJ�OLIH�DV�LW�FRXOG�EH��0RGHUQ

PDQ�LV�DQ�DUURJDQW�FUHDWXUH��ZKR�XVXDOO\�WKLQNV�KH�NQRZV�D�ORW�PRUH

DERXW�WKLV�XQLYHUVH�WKDQ�KH�UHDOO\�GRHV��7KLV�ERDVWIXO�SULGH�VHHPV

SDUWLFXODUO\�VWURQJ�LQ�UHODWLRQ�WR�H[WUHPHO\�FRPSOH[�V\VWHPV�OLNH

OLYLQJ�RUJDQLVPV��7KH�WUXWK�LV��ZH�NQRZ�YHU\�OLWWOH�DERXW�OLIH�WRGD\�

:H�NQRZ�ORWV�PRUH�WKDQ�ZH�GLG�D�FHQWXU\�DJR��EXW�ZH�VWLOO�VKRXOGQ©W

GHFHLYH�RXUVHOYHV�LQWR�WKLQNLQJ�ZH©YH�VRPHKRZ�DUULYHG�DW�WKH�ILQDO

ZRUG��)RU�H[DPSOH��WKH�GLIILFXOWLHV�ZH�IDFH�LQ�V\QWKHVL]LQJ�FDUERQ�

EDVHG�RUJDQLVPV�VHYHUHO\�OLPLW�RXU�DELOLW\�WR�SHUIRUP�H[SHULPHQWV

WR�EHWWHU�XQGHUVWDQG�KRZ�WKH�'1$�FRGLQJ��JHQRW\SH��DIIHFWV�WKH

SK\VLFDO� FKDUDFWHULVWLFV� �SKHQRW\SH��RI�DQ�RUJDQLVP��(YHQ� LI�ZH

FRXOG� V\QWKHVL]H� '1$� VWUDQGV� DW� ZLOO�� DQG� EXLOG� WKH� FRPSOH[

PDFKLQHU\�WKDW�JRHV�ZLWK�WKHP�WR�FUHDWH�OLYLQJ�RUJDQLVPV��ZH�PLJKW

QRW�ZDQW�WR�GR�VR��IRU�IHDU�RI�XQOHDVKLQJ�D�PRQVWHU�WKDW�ZRXOG�PDNH

WKH�%XERQLF�3ODJXH�ORRN�OLNH�&KLFNHQ�3R[���&RPSXWHU�VLPXODWHG

OLIH¥RU�DUWLILFLDO�OLIH¥PD\�RIIHU�D�UHDVRQDEOH�ZD\�WR�VDIHO\�VWXG\

WKLV�JHQRW\SH�SKHQRW\SH�FRQQHFWLRQ�

6HFRQGO\��LI�WKH�GD\�VKRXOG�HYHU�FRPH�WKDW�ZH�GR�GLVFRYHU�OLIH

RQ�DQ�H[WUD�WHUUHVWULDO�ERG\��VKRXOGQ©W�ZH�EH�UHDG\�WR�UHFRJQL]H�LW

DV�OLIH�DQG�DFW�DFFRUGLQJO\"�$W�SUHVHQW��LI�ZH�GLVFRYHUHG�D�OLIH�IRUP

WKDW�ZDV� QRW� FDUERQ�EDVHG�ZH� SUREDEO\�ZRXOG� QRW� UHFRJQL]H� LW�

7KHQ�ZKDW�GDPDJH�ZRXOG�ZH�GR"�:RXOG�ZH�FRPSOHWHO\�REOLWHUDWH

LW�DQG�QHYHU�NQRZ�LW"�2U�ZRXOG�ZH�VR�RIIHQG�LW�WKDW�LW�ZLOO�WDNH�XS

WKH�JRDO�RI�REOLWHUDWLQJ�XV�IURP�WKH�ERZHOV�RI�WKH�XQLYHUVH"�6RPH

SHRSOH�WKLQN�ZH�ZLOO�MXVW�QDWXUDOO\�UHFRJQL]H�DOLHQ�OLIH�IRUPV�DQG

�� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ

� 6RPH�UHVHDUFKHUV�EHOLHYH�$,'6�JRW�LWV�VWDUW�LQ�MXVW�WKLV�NLQG�RI�H[SHULPHQWDWLRQ�
6HH� WKH� YLGHR�� 7KH� 6WUHFNHU� 0HPRUDQGXP�� �7KH� 6WUHFNHU� *URXS�� ����
&RORUDGR�%OYG���(DJOH�5RFN��&$���������������'U��6WUHFNHU�GHPRQVWUDWHV�WKDW
D�YLUXV�OLNH�$,'6�ZDV�SUHGLFWHG�DV�HDUO\�DV�������LWV�GHYHORSPHQW�VXJJHVWHG
LQ�D������:RUOG�+HDOWK�2UJDQL]DWLRQ�EXOOHWLQ��DQG�LW�ZDV�VSUHDG�E\�KXPDQ
DJHQF\�LQ�VPDOOSR[�YDFFLQHV�XVHG�LQ�$IULFD�



UHVSHFW�WKHP��RU�JR�WR�ZDU�ZLWK�WKHP��ZKHQ�ZH�ILQG�WKHP��7KDW�LV

QDwYH�VFLHQFH�ILFWLRQ��-XVW�D�FHQWXU\�DQG�D�KDOI�DJR�RXU�DQFHVWRUV

KHOG� EODFN� VODYHV�� DQG� VRPHWLPHV� EHDW� WKHP� DQG� NLOOHG� WKHP�

WKLQNLQJ�WKH\�GLG�QR�ZURQJ�EHFDXVH�QHJURHV�ZHUHQ©W�KXPDQ��6RPH

SHRSOH� UHDOO\�EHOLHYHG� WKDW��:H�PD\� ORRN�EDFN� LQ�GLVEHOLHI��EXW

ZH©UH�QR�EHWWHU�RII��SUREDEO\�D�ZKROH�ORW�PRUH�LJQRUDQW��LQ�IDFW�

ZKHQ� LW� FRPHV� WR� H[SORULQJ� WKH� XQLYHUVH� IRU� OLIH��7KDW� QHHGV� WR

FKDQJH¥RU�HOVH�ZH©G�MXVW�EHWWHU�VWD\�KRPH�DQG�VKXW�XS�

$Q\�WLPH�ZH�KDYH�HYHU�JRQH�RXW�H[SORULQJ�RXU�ZRUOG��ZH�KDYH

KDG�WR�ZRUN�KDUG�WR�FRPH�WR�JULSV�ZLWK�LW��7KH�EHVW�DQG�EULJKWHVW�RI

PDQNLQG�KDYH�ODERUHG�DOO�WKHLU�OLYHV�WR�XQGHUVWDQG�D�OLWWOH�SLHFH�KHUH

DQG�WKHUH��<HW�HYHQ�WKH\�KDYH�IDOOHQ�VKRUW�RI�DOO�NQRZLQJ�FRPSUH�

KHQVLRQ��7KDW�OLWWOH�SLHFH�RI�XQGHUVWDQGLQJ�KDV�RIWHQ�FRPH�RQO\�ZLWK

JUHDW�WURXEOH��LQWHQVH�KRXUV�RI�ODERU��VHDUFKLQJ��WU\LQJ�DQG�IDLOLQJ

WR�VHH��JLYLQJ�XS�� UHWXUQLQJ� WR� WKH�FKDVH��DQG�RQO\� WKHQ�� LQVLJKW�

2IWHQ�UHMHFWLRQ�DQG�SHUVHFXWLRQ�IROORZ�IRU�GDULQJ�WR�VKDUH�WKDW�OLWWOH

ELW�RI�NQRZOHGJH�ZLWK�PDQNLQG�EHFDXVH�LW�IRUFHV�PHQ�WR�FKDQJH

WKHLU�SKLORVRSKLFDO�SUHVXPSWLRQV�DERXW�WKHPVHOYHV�DQG�WKHLU�UHOD�

WLRQVKLS�WR�WKH�ZRUOG�

6R�ZK\�VKRXOG�D�GHHSHU�XQGHUVWDQGLQJ�RI�OLIH�EH�DQ\�GLIIHUHQW"

&HUWDLQO\��ZKDW�ZH�NQRZ�RI�OLIH�RQ�RXU�SODQHW�KDV�RQO\�FRPH�ZLWK

JUHDW�GLIILFXOW\��,I�ZH�WU\�WR�XQGHUVWDQG�OLIH�LQ�D�PRUH�DEVWUDFW�ZD\�

ZH�ZLOO� DJDLQ� EH� VWUHWFKHG��:H�ZLOO� DJDLQ� KDYH� WR�ZUHVWOH�ZLWK

GLIILFXOW�LGHDV�DQG�VWXEERUQ�IDFWV��%XW�ZRXOGQ©W�LW�EH�UHVSRQVLEOH�WR

GR�WKDW�QRZ��UDWKHU�WKDQ�RQO\�DIWHU�ZH©YH�PDGH�D�VHULRXV�EOXQGHU�LQ

GHVWUR\LQJ�D�ZKROH�FLYLOL]DWLRQ�IRU�ZDQW�RI�HYHQ�NQRZLQJ�LW�ZDV

WKHUH"� RU� GHVWUR\LQJ� RXU� RZQ� FLYLOL]DWLRQ� E\� VWHSSLQJ�RQ� VRPH�

ERG\©V�WRHV"

$V�VRRQ�DV�ZH�EHJLQ�WR�DVN�WKH�TXHVWLRQ�¦:KDW�LV�OLIH"§ �ZH

FRPH�WR�WKH�GHHS�UHDOL]DWLRQ�WKDW�RXU�YHU\�FRQFHSW�RI�OLIH�LV�ZRHIXOO\

LQDGHTXDWH�IRU�DQ\�VFLHQWLILF�SXUSRVH��¦:KDW�LV�OLIH"§�LV�D�GLIILFXOW

TXHVWLRQ�IRU�ZKLFK�WKHUH�LV�QR�FULVS��FOHDQ�DQVZHU��,Q�D�VHQVH��OLIH

LV�D�PHWDSK\VLFDO�FRQFHSW��IDPLOLDU�WR�XV�LQ�H[SHULHQFH��EXW�GLIILFXOW

WR�FDVW�LQWR�D�VFLHQWLILF�PROG�

$W�SUHVHQW�LW�LV�IDVKLRQDEOH�LQ�VFLHQWLILF�FLUFOHV�WR�WU\�WR�MHWWLVRQ

DOO�PHWDSK\VLFDO�FRQVLGHUDWLRQV�ZKHQ�VWXG\LQJ�OLIH��7KH�DVVHUWLRQ

LV�PDGH�WKDW�D�OLYLQJ�RUJDQLVP�LV�VLPSO\�D�KLJKO\�FRPSOH[�PDFKLQH

EXLOW�RI�RUJDQLF�PROHFXOHV��DQG�WKDW�LW�LV�QRW�IXQGDPHQWDOO\�GLIIHUHQW

$UH�9LUXVHV�$OLYH" ��



IURP� DQ\� RWKHU� V\VWHP�RI�PROHFXOHV��2QFH� VXFK� DQ� DVVHUWLRQ� LV

DFFHSWHG��WKH�TXHVWLRQ�RI�ZKDW�OLIH�LV�EHFRPHV�PHUHO\�D�TXHVWLRQ�RI

IXQFWLRQ��'HVLJQ�D�PDFKLQH�ZLWK�WKH�SURSHU�IXQFWLRQV��DQG�LW�ZLOO

EH�DOLYH��7KLV�KDV�ODUJHO\�EHHQ�WKH�SKLORVRSK\�DQG�REMHFWLYH�RI�WKH

$/�FRPPXQLW\�

2I�FRXUVH��VXFK�DQ�DVVHUWLRQ��XQWLO�SURYHQ��LV�OLWWOH�PRUH�WKDQ�D

PHWDSK\VLFDO�FRQVLGHUDWLRQ�LQ�DQG�RI�LWVHOI��$QG�WR�WDNH�LW�DV�D�JLYHQ

LV�WR�DYRLG�WKH�TXHVWLRQ�RI�ZKDW�OLIH�LV��QRW�WR�FRQIURQW�LW��,QGHHG��LW

PD\�EH�WKHRUHWLFDOO\�LPSRVVLEOH�WR�SURYH�WKDW�D�OLYLQJ�RUJDQLVP�LV

D�KLJKO\�FRPSOH[�PDFKLQH�ZKLFK�FDQ�EH�XQGHUVWRRG�XVLQJ�RQO\�WKH

SUHVHQWO\�NQRZQ�ODZV�RI�SK\VLFV��7KH�RQO\�ZD\�VXFK�D�SURRI�FRXOG

EH�UHDVRQDEO\�DFFRPSOLVKHG�ZRXOG�EH�WR�¦ VROYH�WKH�HTXDWLRQ§ �RI�D

FRPSOH[� OLYLQJ� RUJDQLVP�� DQG� VXFFHVVIXOO\� SUHGLFW� LWV� EHKDYLRU�

7KHUH�DUH�D�QXPEHU�RI�IRUPLGDEOH�REVWDFOHV�WR�GRLQJ�WKDW�

���7KHUH�LV�HYHU\�UHDVRQ�WR�EHOLHYH�WKDW�WKH�PRVW�LQWUDFWDEOH�IRUP�RI

FDWDVWURSKH�WKHRU\��WKH�LGHD�RI�KRZ�D�EXWWHUIO\�IODSSLQJ�LWV�ZLQJV

LQ�-DSDQ�FRXOG�FDXVH�D�WRUQDGR�LQ�.DQVDV��PXVW�EH�LQYROYHG�LQ

GHWHUPLQLQJ�WKH�EHKDYLRU�RI�OLYLQJ�RUJDQLVPV���7KLQNLQJ�LQ�WHUPV

RI� EDVLF� SK\VLFV�� ZK\� GR� RQH� VHTXHQFH� RI� YLEUDWLRQV� LQ� WKH

HDUGUXP�RI�D�PDQ�UHVXOW�LQ�D�VPLOH�DQG�D�KDQGVKDNH��ZKLOH�DQRWKHU

VHTXHQFH��WKH�VDPH�ZRUGV�EHLQJ�VSRNHQ��MXVW�D�GLIIHUHQW�WRQH�RI

YRLFH��UHVXOWV�LQ�D�ILVW�ILJKW"�,I�VXFK�UHVXOWV�DUH�SXUHO\�GXH�WR�WKH

NQRZQ�ODZV�RI�SK\VLFV��D�VWDJJHULQJ�GHJUHH�RI�DFFXUDF\�ZLOO�EH

QHHGHG�LQ�DQ\�FDOFXODWLRQ�WKDW�FRXOG�SURGXFH�DFFXUDWH�HQG�UHVXOWV�

���,I�DQ\�UHVXOW�EHFRPHV�WRR�VHQVLWLYH�WR�WKH�LQLWLDO�FRQGLWLRQV�DQG

WKH�LQSXWV��UHODWLYLVWLF�TXDQWXP�ILHOG�WKHRU\�PXVW�FRPH�LQWR�SOD\�

7R�PDNH�VXIILFLHQWO\�DFFXUDWH�FDOFXODWLRQV��RQH�PXVW�WDNH�LW�LQWR

DFFRXQW��+RZHYHU��ZH�DUHQ©W�HYHQ�VXUH�ZKDW�WKH�ODZV�RI�SK\VLFV

DUH�DW�WKDW�OHYHO��$QG�LI�ZH�ZHUH��TXDQWXP�XQFHUWDLQWLHV�DORQH

FRXOG�EDU�WKH�ZD\�WR�REWDLQLQJ�D�GHFLVLYH�DQVZHU�

���7KH�VKHHU�PDJQLWXGH�RI�D�FDOFXODWLRQ��WR�D�JLYHQ�OHYHO�RI�DFFX�

UDF\��IRU�HYHQ�D�VLQJOH�FHOOHG�RUJDQLVP�SUHFOXGH�WKH�SRVVLELOLW\

RI�DQ\�FRPSXWHU�PRGHOLQJ�LW��7KHUH�LV�VLPSO\�WRR�PXFK�LQIRUPD�

�� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ

� ,Q�IDFW��FDWDVWURSKH�WKHRU\�LV�LGHDOO\�VXLWHG�WR�ELRORJ\��6HH�3�7��6DXQGHUV��$Q
,QWURGXFWLRQ� WR� &DWDVWURSKH� 7KHRU\�� �&DPEULGJH� 8QLYHUVLW\� 3UHVV�� 1HZ
<RUN��������SS��[����������



WLRQ�LQYROYHG��DQG�DQ\�UHDO�FRPSXWHU�KDV�D�ILQLWH�PHPRU\�FDSDF�

LW\�

7KXV� WKH� LGHD�WKDW�D� OLYLQJ�RUJDQLVP�LV�QR�PRUH�WKDQ�D�FRPSOH[

PDFKLQH�FRXOG�ZHOO�UHPDLQ�D�PHWDSK\VLFDO�FRQFHSW�ZKLFK�ZLOO�EH

DUJXHG¥SUR�DQG�FRQ¥XQWLO�WKH�HQG�RI�KXPDQ�KLVWRU\��&HUWDLQO\�

WKLV�LGHD�RI�OLIH�DV�D�PDFKLQH�LV�QRWKLQJ�QHZ��LW�KDV�EHHQ�DUJXHG�

DQG�ZD[HG�DQG�ZDQHG�LQ�IDYRU��VLQFH�WKH�GD\V�RI�DQFLHQW�*UHHFH�

0RUH�RQ�DOO�RI�WKLV�ODWHU�������

,Q�YLHZ�RI�WKHVH�FRPSOLFDWLRQV��,�GR�QRW�ZDQW�WR�WDNH�WKH�HDV\

ZD\�RXW�RI�GHDOLQJ�ZLWK�WKH�TXHVWLRQ�RI�ZKDW�OLIH�LV�E\�GHILQLQJ�D

OLYLQJ�RUJDQLVP�DV�D�OLWWOH�PDFKLQH��DQG�QRWKLQJ�PRUH��7R�GR�VR�LV

VLPSO\�QRW�LQWHOOHFWXDOO\�VRXQG��HYHQ�LI�LW�LV�D�YHU\�FRPPRQ�DQG

DFFHSWDEOH�WKLQJ�WR�GR�DW�SUHVHQW��2I�FRXUVH��QHLWKHU�GR�,�ZDQW�WR

DGRSW�D�SXUHO\�PHWDSK\VLFDO�GHILQLWLRQ�RI�OLIH��H�J��¦6RPHWKLQJ�LV

DOLYH�LI�LW�KDV�D�VSLULW§ ���DQG�VHWWOH�WKH�TXHVWLRQ�WKDW�ZD\��)XQFWLRQ

LV�FHUWDLQO\�LPSRUWDQW�LQ�DQ\�GLVFXVVLRQ�RI�OLIH��$Q\�FDQGLGDWH�IRU

WKH�ODEHO�¦ OLIH§ �PXVW�SHUIRUP�FHUWDLQ�IXQFWLRQV�ZKLFK�ZH�QRUPDOO\

DVVRFLDWH�ZLWK�D�OLYLQJ�RUJDQLVP��+RZHYHU�IXQFWLRQ�PXVW�EH�YLHZHG

DV�D�FRPSRQHQW�RI�WKH�ODUJHU�IUDPHZRUN�RI�RXU�PHWDSK\VLFDO�DQG

SKLORVRSKLFDO�XQGHUVWDQGLQJ�RI�OLIH��DQG�QRW�DV�WKH�ZKROH�IUDPH�

ZRUN�

+HUH�,�DP�FRQVFLRXVO\�PDNLQJ�D�EUHDN�ZLWK�WKH�$/�FRPPXQLW\�

,�WKLQN�$/©HUV�KDYH�JRQH�DW�WKH�TXHVWLRQ�RI�ZKDW�OLIH�LV�ZLWK�WKH

WUDGLWLRQDO�QDwHYLW\�RI�VFLHQWLVWV��7KH\�DVVHUW�WKDW�OLIH�LV�QRWKLQJ�EXW

DWRPV�DQG�SK\VLFV��GHILQH�OLIH�SXUHO\�LQ�WHUPV�RI�IXQFWLRQ��DQG�WKHQ

SURFHHG�WR�EXLOG�PRGHOV�ZLWK�WKH�SURSHU�IXQFWLRQV��7KHVH�PRGHOV

DUH�WKHQ�FDXWLRXVO\�VXJJHVWHG�WR�EH�DOLYH��7KH�GDQJHU�KHUH�LV�WKDW

\RX�ZLOO�H[DOW�\RXUVHOI�LQWR�D�¦FUHDWRU�JRG§ �DQG�WULYLDOL]H�OLIH�WR

PDWFK� \RXU� FUHDWLYH� SRZHUV�� 7KH� LGHD� WKDW� \RX� KDYH� VRPHKRZ

EHFRPH�D�FUHDWRU�RI�OLIH�LV�LQWR[LFDWLQJ¥EXW�ZKHQ�\RX�ILQG�\RXUVHOI

PDNLQJ�VWDWHPHQWV�OLNH�¦ZH�VHH�WKDW�D�FDQGOH�IODPH�LV�D�OLIH�IRUP�§�

\RX©G�GR�ZHOO� WR� VWDUW� FRQVLGHULQJ�\RXUVHOI� LQWR[LFDWHG��EHFDXVH

FHUWDLQO\�RWKHUV�ZLOO��1DwYH�SULGH�RIWHQ�ILQGV�LWV�HQG�LQ�IRROLVKQHVV�

$UH�9LUXVHV�$OLYH" ��

� (GZDUG�5LHWPDQ��&UHDWLQJ�$UWLILFLDO�/LIH��0F*UDZ�+LOO��1HZ�<RUN�������S�
[YL�



,Q� WKH� HQG�� ZH�ZLOO� ILQG� WZR� LPSRUWDQW� UHVXOWV�� )LUVWO\�� RXU

PHWDSK\VLFDO�XQGHUVWDQGLQJ�RI�OLIH�DOZD\V�KDV�D�GLUHFW�EHDULQJ�RQ

RXU� VFLHQWLILF� XQGHUVWDQGLQJ�RI� LW��7KH� WZR�FDQQRW�EH� VHSDUDWHG�

6HFRQGO\��FRPSXWHU�YLUXVHV�DUH�LPSRUWDQW�QRW�MXVW�EHFDXVH�RI�WKHLU

IXQFWLRQDO�DVSHFWV��EXW�IRU�SKLORVRSKLFDO�UHDVRQV�DV�ZHOO��7KH\�FDQ

IRUFH�XV�WR�FRQIURQW�PHWDSK\VLFDO�LVVXHV¥DQG�PD\EH�HYHQ�UHVROYH

WKHP¥LI� ZH� FKRRVH� WR� DGPLW� VXFK� LVVXHV� H[LVW� �DQG� WKH\� GR�

ZKHWKHU�RU�QRW�ZH�DGPLW�LW��

6R�,�ZRXOG�OLNH�WR�DVN�WKH�TXHVWLRQ�¦:KDW�LV�OLIH"§ �DQG�YLHZ�LW

ILUVW�IURP�WKH�SK\VLFDO��PHFKDQLFDO�DQJOH��DQG�WKHQ�IURP�WKH�SKLOR�

VRSKLFDO� DQJOH�� $W� WKH� VDPH� WLPH� ,� ZDQW� WR� DSSO\� VRPH� RI� WKH

DQVZHUV�ZH�JHW�WR�FRPSXWHU�YLUXVHV��DQG�VHH�LI�WKH\�DUH�DOLYH��7KHQ�

JLYHQ� DQ� XQGHUVWDQGLQJ� RI� ZKHUH� RXU� YLUXVHV� ILW� LQWR� WKH� JUDQG

VFKHPH� RI� WKLQJV�� ,©G� OLNH� WR� XVH� WKHP� WR� ORRN� DW� VRPH� RI� WKH

UHDO�ZRUOG�SUREOHPV�ZKLFK�OLIH�SUHVHQWV�WR�WKH�VFLHQWLVW�

�� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ



3DUW�,

7KH�0HFKDQLFV�RI�/LIH





0HFKDQLFDO�3URSHUWLHV�
RI�/LIH

,W�VHHPV�UHDVRQDEOH�WR�VXJJHVW�WKDW�WKHUH�PLJKW�EH�D�FHUWDLQ�VHW

RI� IXQFWLRQV�ZKLFK� DQ\� SK\VLFDO� V\VWHP� RXJKW� WR� EH� FDSDEOH� RI

SHUIRUPLQJ�LI�LW�LV�WR�EH�FODVVLILHG�DV�DOLYH��7KDW�LV��D�OLYLQJ�RUJDQLVP

RXJKW�WR�EH�DEOH�WR�GR�FHUWDLQ�WKLQJV�

8QIRUWXQDWHO\��GHILQLQJ�VXFK�D�OLVW�RI�IXQFWLRQV�SURYHV�WR�EH�DQ

DOPRVW�LQWUDFWDEOH�PHVV��HYHQ�ZKHQ�PHUHO\�GHDOLQJ�ZLWK�FDUERQ�

EDVHG�RUJDQLVPV��)RU�H[DPSOH��ZH�KDYH�D�JHQHUDO�LGHD�WKDW�OLYLQJ

RUJDQLVPV�RXJKW� WR�EH�DEOH� WR�UHSURGXFH��<HW�H[FHSWLRQV�FDQ�EH

IRXQG��0XOHV� DUH� QRW� FDSDEOH� RI� HVWDEOLVKLQJ� WKHPVHOYHV� DV� DQ

DXWRQRPRXV�UDFH��EXW�WKH\�DUH�VWLOO�YHU\�PXFK�DOLYH��2Q�WKH�RWKHU

KDQG��D�6RGLXP�&KORULGH�FU\VWDO�LQ�D�VDWXUDWHG�VROXWLRQ�RI�6RGLXP

&KORULGH�GRHV�JURZ¥WKH�VWUXFWXUH�RI�WKH�FU\VWDO�UHSURGXFHV��\HW

ZH�GR�QRW�FRPPRQO\�EHOLHYH�LW�LV�DOLYH��,Q�VKRUW��QR�PDWWHU�ZKDW

NLQG�RI�D�OLVW�RI�IXQFWLRQV�ZH�FDQ�FRPH�XS�ZLWK��RQH�FDQ�DOPRVW

DOZD\V�ILQG�DQ�H[FHSWLRQ¥HLWKHU�VRPHWKLQJ�ZKLFK�FRPPRQ�VHQVH

ZRXOG�VXJJHVW�LV�DOLYH��EXW�GRHVQ©W�SHUIRUP�D�UHTXLUHG�IXQFWLRQ��RU

VRPHWKLQJ�ZKLFK�SHUIRUPV�WKH�IXQFWLRQ�WKDW�ZH�ZRXOGQ©W�TXLFNO\

FDOO�DOLYH�

7KLV� SUREOHP� LV� SDUWLFXODUO\� DFXWH� ZKHQ� GHDOLQJ� ZLWK

PDFURVFRSLF� IXQFWLRQV�� ,I�RQH� IRFXVHV�GRZQ�RQ� WKH�PLFURVFRSLF

GHWDLOV�RI�KRZ�FDUERQ�EDVHG�RUJDQLVPV�ZRUN��RQH�FDQ�GUDZ�WKH�OLQH

EHWZHHQ�OLIH�DQG�QRQ�OLIH�PXFK�PRUH�FORVHO\��7KHQ�ZH�DUH�WXUQLQJ

DZD\�IURP�WKH�TXHVW�IRU�DQ�DEVWUDFW�XQGHUVWDQGLQJ�RI�OLIH��WKRXJK�

DQG�IRFXVLQJ�RQ�KRZ�OLIH�DV�ZH�NQRZ�LW�ZRUNV�



7R�GHILQH� OLIH� LQ� WKH� DEVWUDFW�� RQH�PXVW� VWD\�DZD\� IURP� WKH

PLFURVFRSLF�GHWDLOV�ZKLFK�FKDUDFWHUL]H�VSHFLILF�V\VWHPV�DQG�IRFXV

RQ�DEVWUDFW�SURSHUWLHV�

7KH� RQO\� UHDOLVWLF� ZD\� WR� DYRLG� EHLQJ� FDXJKW� LQ� D� ZHE� RI

SURSRVLWLRQV�DQG�FRXQWHU�H[DPSOHV�LV�WR�WDNH�D�VWHS�EDFNZDUGV�DQG

JLYH�XS�WKH�LGHD�RI�D�VHW�RI�IXQFWLRQV�ZKLFK�DFW�DV�D�GLYLGLQJ�OLQH

EHWZHHQ� OLIH� DQG� QRQ�OLIH�� :H� DGPLW� WKDW�� HYHQ� IXQFWLRQDOO\

VSHDNLQJ��ZH� UHDOO\� GRQ©W� NQRZ�ZKDW� OLIH� LV� DQG� KRZ� WR� GHILQH

LW¥EXW�ZH�GR�NQRZ�VRPHWKLQJ�DERXW�KRZ�OLYLQJ�RUJDQLVPV�EHKDYH�

$V�VXFK��ZH�FDQ�ORRN�DW�DQ\�V\VWHP�LQ�WKH�SK\VLFDO�ZRUOG��RU�LQ�WKH

PHPRU\�RI�D�FRPSXWHU��DQG�DVN�LI�LW�SHUIRUPV�IXQFWLRQV�VLPLODU�WR

WKRVH�RI�OLYLQJ�RUJDQLVPV��,I�VR��WKHQ�LW�KDV�D�FHUWDLQ�FODLP�WR�OLIH�

7KDW� FODLP� LV� VWURQJHU�RU�ZHDNHU��GHSHQGLQJ�RQ�KRZ�FORVHO\� LWV

IXQFWLRQV�FRPSDUH�WR�WKRVH�IXQFWLRQV�ZH�FRQVLGHU�HVVHQWLDO�WR�OLIH�

6XFK�LV�WKH�DSSURDFK�WKDW�UHVHDUFKHUV�LQWHUHVWHG�LQ�WKH�FRQFHSW�RI

$UWLILFLDO�/LIH�KDYH�WDNHQ��DQG�ZH�ZLOO�DGRSW�LW�KHUH��,Q�GRLQJ�WKDW�

,�GRQ©W�ZDQW�WR�ZKROO\�DEDQGRQ�WKH�LGHD�RI�D�VHW�RI�IXQFWLRQV�WKDW

ZRXOG�EH�QHFHVVDU\�IRU�D�V\VWHP�WR�EH�DOLYH��5DWKHU��ZH�WDNH�WKH

DWWLWXGH�WKDW��GXH�WR�WKH�QHZQHVV�RI�WKLV�ILHOG��DQG�RXU�LJQRUDQFH�RI

LW��ZH�FDQQRW�\HW�EHJLQ�WR�IRUPXODWH�VXFK�D�OLVW�RI�IXQFWLRQV��:LWK

WKDW� DWWLWXGH�� ZH� XQGHUVWDQG� WKDW� RWKHUV� PD\� DWWDFK� D� GLIIHUHQW

UHODWLYH�LPSRUWDQFH�WR�WKH�YDULRXV�IXQFWLRQV�WKDQ�ZH�GR��DQG�ZH

LQYLWH�IUHH�DQG�RSHQ�GLVFXVVLRQ�DQG�HYHQ�DUJXPHQW�

3HUKDSV� RQH� RI� WKH� VLPSOHVW� H[DPSOHV� RI� D� FRPSXWHUL]HG

VLPXODWLRQ�RI� OLIH�ZKLFK�H[KLELWV�D�IXQFWLRQ�XVXDOO\�DWWULEXWHG�WR

OLYLQJ�RUJDQLVPV�LV�-RKQ�&RQZD\©V�JDPH�RI�/LIH��ZKLFK�GDWHV�EDFN

WR���������$�FRS\�RI�WKLV�JDPH�LV�LQFOXGHG�RQ�WKH�3URJUDP�'LVN�IRU

WKLV�ERRN���7KLV�SURJUDP�VLPXODWHV�SRSXODWLRQ�G\QDPLFV�RI�OLYLQJ

RUJDQLVPV� LQ� D� UDWKHU� UXGLPHQWDU\�ZD\�� ,W� FRQVLVWV� RI� D� ORJLFDO

FHOOXODU�DUUD\��LQLWLDWHG�LQ�VRPH�DUELWUDU\�IDVKLRQ�VR�WKDW�HDFK�FHOO

LV� HLWKHU� RQ� �SRSXODWHG�� RU� RII� �XQSRSXODWHG��� 7KH� DUUD\� LV� WKHQ

WLPH�HYROYHG�DFFRUGLQJ�WR�WKH�IROORZLQJ�UXOHV�

�� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ

� 7KH�VWRU\�RI�WKH�GHYHORSPHQW�RI�WKLV�JDPH�LV�UHFRUGHG�LQ�6WHYHQ�/HY\��$UWLILFLDO
/LIH��7KH�4XHVW�IRU�D�1HZ�&UHDWLRQ��3DQWKHRQ��1HZ�<RUN�������SS��������



���,I���RI�WKH�QHLJKERULQJ���FHOOV�RI�DQ\�JLYHQ�FHOO�DUH�RQ��WKHQ�WKDW

FHOO�LV�WXUQHG�RQ�

���,I���RI�WKH�QHLJKERULQJ���FHOOV�RI�DQ\�JLYHQ�FHOO�DUH�RQ��WKHQ�WKDW

FHOO�LV�OHIW�LQ�LWV�FXUUHQW�VWDWH�

���,I������RU���WR���RI�WKH�QHLJKERULQJ���FHOOV�RI�DQ\�JLYHQ�FHOO�DUH

RQ��WKHQ�WKDW�FHOO�LV�WXUQHG�RII�

7KHVH�UXOHV�DOORZ�IRU�FRORQ\�JURZWK��DV�ZHOO�DV�GHDWK�GXH�WR

RYHU��RU�XQGHU�SRSXODWLRQ��7KRXJK�YHU\�VLPSOH��WKH�UXOHV�DOORZ�IRU

FRPSOH[�SRSXODWLRQ�G\QDPLFV�VLPLODU�WR�WKH�EHKDYLRU�RI�FRORQLHV

RI�OLYLQJ�RUJDQLVPV�

2I� FRXUVH�� QR� RQH� ZRXOG� VHULRXVO\� VXJJHVW� WKDW� &RQZD\©V

LQGLYLGXDO�FHOOV�DUH�UHDOO\�DOLYH���EXW�WKH\�GR�VLPXODWH�WKH�EHKDYLRU

)LJ�������7KH�UXOHV�RI�/LIH�

� � � &HOO� VWD\V

� � � � ! � ' H D G

� &HOO� FRPHV

7KH�0HFKDQLFDO�3URSHUWLHV�RI�/LIH ��

� $OWKRXJK� &RQZD\©V� UXOHV� VXSSRUW� XQLYHUVDO� FRPSXWDWLRQ�� DQG� WKHUHIRUH
SUHVXPDEO\�D�ORJLFDO�HTXLYDOHQW�RI�DQ\�DUWLILFLDO�RUJDQLVPV�ZH�PD\�GHYLVH��6HH
(OZ\Q� %HUOHNDPS�� -RKQ� &RQZD\�� 5LFKDUG� *X\��:LQQLQJ� :D\V� IRU� <RXU
0DWKHPDWLFDO�3OD\V��9RO�����$FDGHPLF�3UHVV��1HZ�<RUN�������SS����������



RI� D� SRSXODWLRQ�� DQG� RQH� RI� WKH� IXQFWLRQV� RI� D� FRORQ\� RI� OLYLQJ

RUJDQLVPV�LV�LWV�SRSXODWLRQ�G\QDPLFV��6R�VXFK�D�PRGHO�LV�RI�LQWHUHVW

LQ�DUWLILFLDO�OLIH�UHVHDUFK�

:KDW�ZH�DUH�UHDOO\�LQWHUHVWHG�LQ�KHUH�DUH�LQGLYLGXDO�RUJDQLVPV�

UDWKHU� WKDQ�SRSXODWLRQV��VR�ZH�ZLOO�FRQFHQWUDWH�RQ� WKRVH�� ,Q� WKLV

UHDOP��DUWLILFLDO�OLIH�UHVHDUFKHUV�VHHP�WR�SXW�D�JUHDW�GHDO�RI�HPSKDVLV

RQ�VHYHUDO�IXQFWLRQDO�DVSHFWV�RI�OLIH�

���7KH�DELOLW\�WR�UHSURGXFH�DQG�WKH�PHWKRG�RI�UHSURGXFWLRQ�

���7KH�FRQFHSW�RI�HPHUJHQW�EHKDYLRU�

���7KH�SRVVHVVLRQ�RI�D�PHWDEROLVP�

���7KH�DELOLW\�WR�IXQFWLRQ�XQGHU�SHUWXUEDWLRQV�RI�WKH�HQYLURQPHQW

DQG�LQWHUDFW�ZLWK�WKH�HQYLURQPHQW

���7KH�DELOLW\�WR�HYROYH�

,�ZRXOG�OLNH�WR�GLVFXVV�HDFK�RI�WKHVH�DVSHFWV�RI�OLIH�DQG�DUWLILFLDO

OLIH�LQ�VRPH�GHWDLO��VR�,�ZLOO�GHYRWH�D�FKDSWHU�WR�HDFK��+RZHYHU�,

DP� QRW� UHDG\� WR� EX\� LQWR� DOO� RI� WKHVH� LGHDV� FRPSOHWHO\� RU� HYHQ

VXJJHVW� WKDW� WKH\� FRQVWLWXWH� D� ¦ JRRG� LGHD§ � RI� ZKDW� OLIH� LV�

IXQFWLRQDOO\�� )RU� FHQWXULHV�PHQ� EHOLHYHG� WKDW� D� OLYLQJ� RUJDQLVP

FRXOG�EH�VHW�DSDUW�E\�LWV�DELOLW\�WR�PRYH��EH�LW�ORFRPRWLRQ��RU��LQ�WKH

FDVH� RI� SODQWV�� JURZWK� DQG� JHQHUDWLRQ�� 7KLV� FRQFHSW� OHG� FORFN

PDNHUV� RI� WKH� ��WK� DQG� ��WK� FHQWXU\� WR� WDNH� XS� WKH� JRDO� RI

UHSURGXFLQJ� OLIH� PHFKDQLFDOO\�� %\� WKH� PLG� ����©V� -DFTXHV� GH

9DXFDQVRQ�EXLOW�D�PHFKDQLFDO�GXFN�ZKLFK�FRXOG�VWDQG�XS��VLW�GRZQ�

IODS�LWV�ZLQJV��ORRN�DURXQG��HDW�DQG�UHOLHYH�LWVHOI���3HRSOH�VHHPHG

UHDG\�WR�FODLP�LW�ZDV�DOLYH��%\�WRGD\©V�VWDQGDUGV��WKRXJK��ZH�ZRXOG

QRW�FDOO�VXFK�D�FRQWUDSWLRQ�DOLYH�LQ�DQ\�VHQVH��+RZHYHU�LW�LV�XQFOHDU

ZKHWKHU� $/©V� VWDQGDUGV� DUH� UHDOO\� DQ\� EHWWHU�� 7KDW� LV�� WR� VRPH

H[WHQW��D�SKLORVRSKLFDO� LVVXH�ZKLFK�ZH©OO� OHDYH�IRU�ODWHU��<HW�ZH

VKRXOG� QRW� EH� WRR� TXLFN� WR� DVVXPH� WKDW� ZH� HYHQ� NQRZ� ZKDW©V

LPSRUWDQW�\HW��DQ\�PRUH� WKDQ� WKH�FORFNPDNHUV�� ,QGHHG��RXU�YHU\

VWXGLHV�PD\�EULQJ�LPSRUWDQW�QHZ�IXQFWLRQV�WR�OLJKW�

�� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ

� $��&KDSXLV�DQG�(��'UR]��$XWRPDWD��$�+LVWRULFDO�DQG�7HFKQRORJLFDO�6WXG\��%�7�
%DWVIRUG��/WG���/RQGRQ��������WUDQVODWHG�E\�$��5HLG�



6HOI�5HSURGXFWLRQ

/LYLQJ�RUJDQLVPV��LQ�JHQHUDO��DUH�DEOH�WR�UHSURGXFH��$OWKRXJK

VSHFLILF� LQGLYLGXDOV�PD\�QRW�EH�DEOH� WR��HLWKHU�GXH� WR�DFFLGHQWDO

FLUFXPVWDQFHV��WKHLU�VWDJH�LQ�WKH�OLIH�F\FOH��RU�DQ�XQXVXDO�JHQHWLF

FRPELQDWLRQ��PHPEHUV�RI�WKH�SRSXODWLRQ�DV�D�ZKROH�PXVW�KDYH�WKH

DELOLW\�WR�PDNH�FRSLHV�RU�QHDU�FRSLHV�RI�WKHPVHOYHV��%DUULQJ�WKDW�

WKH�SRSXODWLRQ�ZLOO�VLPSO\�QRW�EH�DURXQG�IRU�ORQJ�

7KH� DEVWUDFW� FRQFHSW� RI� VHOI�UHSURGXFWLRQ� KDV� EHHQ� VWXGLHG

DOPRVW� ZKROO\� ZLWKLQ� WKH� GRPDLQ� RI� FRPSXWHU� SURJUDPV�� 5HDO�

ZRUOG�VHOI�UHSURGXFLQJ�PDFKLQHV�KDYH�QHYHU�EHHQ�FRQVWUXFWHG¥

SULPDULO\�GXH�WR�WKHLU�FRPSOH[LW\¥DOWKRXJK�WKH\�KDYH�EHHQ�SUR�

SRVHG��� -RKQ� YRQ� 1HXPDQQ� LV� XVXDOO\� FDOOHG� WKH� IDWKHU� RI� WKH

VHOI�UHSURGXFLQJ� PDFKLQH�� +H� GHYHORSHG� DQ� DEVWUDFW� WKHRU\� RI

VHOI�UHSURGXFWLRQ�LQ�WKH�����©V�DQG�����©V��DQG�GHVFULEHG�D�YHU\

FRPSOH[�VHOI�UHSURGXFLQJ�DXWRPDWRQ��PDFKLQH��DV�DQ�H[DPSOH��+LV

ZRUN�ZDV�OHIW� LQFRPSOHWH�DW�KLV�GHDWK�LQ�������$�VWXGHQW�RI�KLV�

$UWKXU�%XUNV��RUJDQL]HG�DQG�ILQLVKHG�LW��DQG�SXEOLVKHG�LW�SRVWKX�

PRXVO\�LQ������DV�7KH�7KHRU\�RI�6HOI�5HSURGXFLQJ�$XWRPDWD��

2QH� RI� WKH� ILUVW� SUREOHPV� RQH�PXVW� IDFH� LQ� GLVFXVVLQJ� VHOI�

UHSURGXFWLRQ�LQ�WKH�DEVWUDFW�LV�WR�GLIIHUHQWLDWH�EHWZHHQ�UHSURGXFWLRQ

� 5REHUW� )UHLWDV�� -U�� 	�:LOOLDP� *LOEUHDWK�� $GYDQFHG� $XWRPDWLRQ� IRU� 6SDFH
0LVVLRQV�� �1DWLRQDO� 7HFKQLFDO� ,QIRUPDWLRQ� 6HUYLFH�� 6SULQJILHOG� 9$������
1$6$�&RQIHUHQFH�3XEOLFDWLRQ������FRQWDLQV�D�GLVFXVVLRQ�RI�VHOI�UHSURGXFLQJ
IDFWRULHV�LQ�WKH�FRQWH[W�RI�VSDFH�H[SORUDWLRQ�

� -RKQ�9RQ�1HXPDQQ�	�$UWKXU�%XUNV��7KHRU\�RI�6HOI�5HSURGXFLQJ�$XWRPDWD�
�8QLYHUVLW\�RI�,OOLQRLV�3UHVV��8UEDQD�������



ZKLFK�PLPLFV� OLYLQJ�RUJDQLVPV�� DQG� WULYLDO� UHSURGXFWLRQ��ZKLFK

PLJKW�EH�PRUH�OLNH�WKH�JURZWK�RI�D�FU\VWDO��7KH�ODWWHU�LV�GULYHQ�E\

¦REYLRXV§ �DQG�UHODWLYHO\�VLPSOH�SK\VLFV��ZKHUHDV�WKH�IRUPHU�LV�OHVV

WKDQ�REYLRXV��DQG�KDV�WR�GR�ZLWK�WKH�GHWDLOHG�VWUXFWXUH��H�J��LQIRU�

PDWLRQ�FRQWHQW��RI�WKH�V\VWHP��)RU�H[DPSOH��LQ�&RQZD\©V�JDPH�RI

/LIH��LI�WKH�FHOOV�ZHUH�FRQVLGHUHG�WR�EH�LQGLYLGXDOV��WKHQ�WKH�JDPH

ZRXOG� H[KLELW� WKH� WULYLDO� W\SH� RI� VHOI�UHSURGXFWLRQ�� ZKHUH� FHOOV

UHSURGXFH� REYLRXVO\� DV� D� UHVXOW� RI� WKH� UXOHV�ZH� GHILQHG� IRU� WKH

V\VWHP��0RVW� UDQGRP� FRQILJXUDWLRQV� RI� WKH� DUUD\� ZLOO� UHVXOW� LQ

UHSURGXFWLRQ�VRPHZKHUH�LQ�WKH�DUUD\�DV�LW�LV�WLPH�VWHSSHG�

9RQ�1HXPDQQ�DQG�%XUNV�ZHUH�SULPDULO\�LQWHUHVWHG�LQ�SURYLQJ

WKH� H[LVWHQFH� RI� D� QRQ�WULYLDO� VHOI�UHSURGXFLQJ� DXWRPDWRQ�� 7KH\

GHYHORSHG�WKHLU�LGHDV�IURP�ZLWKLQ�WKH�IUDPHZRUN�RI�WKH�LGHD�RI�D

7XULQJ� PDFKLQH�� 7KH� 7XULQJ� PDFKLQH� LV� VLPSO\� D� JHQHUDOL]HG

FRPSXWHU��,W�FRQVLVWV�RI�D�ILQLWH�QXPEHU�RI�LQWHUQDO�ORJLFDO�VWDWHV�RU

UXOHV��DQG�D�WDSH��ZKLFK�FRQWDLQV�D��SRVVLEO\�XQOLPLWHG��QXPEHU�RI

LQVWUXFWLRQV�WR�EH�H[HFXWHG��$�XQLYHUVDO�7XULQJ�PDFKLQH�LV�D�7XULQJ

PDFKLQH�FDSDEOH�RI�FDUU\LQJ�RXW�DQ\�ILQLWH�GHILQDEOH�FDOFXODWLRQDO

SURFHGXUH��DQ�DOJRULWKP��RU�SURJUDP���,Q�������$ODQ�7XULQJ�GHILQHG

VXFK�D�XQLYHUVDO�PDFKLQH���7RGD\�FORVH�DSSUR[LPDWLRQV�WR�WKHP�DUH

RQ� GHVNWRSV� LQ� WKH� IRUP� RI� JHQHUDO� SXUSRVH� FRPSXWHUV��� 9RQ

1HXPDQQ�WRRN�WKLV�FRQFHSW�RI�D�FDOFXODWLQJ�PDFKLQH�DQG�H[WHQGHG

LW�WR�WKH�FRQFHSW�RI�D�FRQVWUXFWLQJ�PDFKLQH��RU�&RQVWUXFWRU��9RQ

1HXPDQQ©V�&RQVWUXFWRU�ZDV�VLPLODU�WR�D�7XULQJ�PDFKLQH�LQ�WKDW�LW

KDG�DQ�LQSXW�WDSH�RI�SRVVLEO\�LQILQLWH�OHQJWK��DQG�D�ILQLWH�QXPEHU�RI

LQWHUQDO�VWDWHV��+RZHYHU��LQVWHDG�RI�XVLQJ�WKH�WDSH�WR�SHUIRUP�DQ

DOJRULWKPLF�FRPSXWDWLRQ��WKH�&RQVWUXFWRU�XVHG�WKH�LQIRUPDWLRQ�RQ

WKH�WDSH�WR�FRQVWUXFW�DQRWKHU�REMHFW��$�8QLYHUVDO�&RQVWUXFWRU¥LQ

DQDORJ\�WR�D�XQLYHUVDO�7XULQJ�PDFKLQH¥ZDV�D�&RQVWUXFWRU�ZKLFK

ZDV�FDSDEOH�RI�FRQVWUXFWLQJ�DQ\�REMHFW��ZKLFK�FDQ�EH�FRQVWUXFWHG

�� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ

� $�� 0�� 7XULQJ�� ¦2Q� &RPSXWDEOH� 1XPEHUV�� ZLWK� DQ� $SSOLFDWLRQ� WR� WKH
(QWVFKHLGXQJVSUREOHP§ �3URFHHGLQJV�RI�WKH�/RQGRQ�0DWKHPDWLFDO�6RFLHW\�����
����������SS�����������DQG�����������SS����������

� �7KH�¦DSSUR[LPDWLRQ§ �LV�VLPSO\�WKDW�D�UHDO�FRPSXWHU�GRHV�QRW�KDYH�DQ�LQILQLWH
DPRXQW�RI�VWRUDJH�



RXW�RI�D�JLYHQ��ILQLWH�VHW�RI�PDWHULDOV��ZKLFK�PLJKW�EH�VSHFLILHG�RQ

D�WDSH�

9RQ�1HXPDQQ�DQG�%XUNV�ZHUH�DEOH�WR�GHPRQVWUDWH�WKH�H[LVW�

HQFH�RI�D�8QLYHUVDO�&RQVWUXFWRU�ZLWKLQ�WKH�IUDPHZRUN�RI�FHOOXODU

DXWRPDWD�� �&HOOXODU� DXWRPDWD� DUH� D� YHU\� LPSRUWDQW� SDUW� RI� $/

UHVHDUFK��DQG�ZH�ZLOO�DVVXPH�WKURXJKRXW�WKDW�WKH�UHDGHU�LV�IDPLOLDU

ZLWK� WKH�FRQFHSW��)RU� WKRVH�ZKR�DUH�QRW�� D� VKRUW� LQWURGXFWLRQ� LV

SURYLGHG� LQ� $SSHQGL[� $��� ,Q� 7KH� 7KHRU\� RI� 6HOI�5HSURGXFLQJ

$XWRPDWD��WKH\�GHVFULEH�D�FHOOXODU�DXWRPDWRQ�LQ�D�V\VWHP�ZLWK���

SRVVLEOH�VWDWHV��DQG�SHUKDSV�D�KDOI�PLOOLRQ�FHOOV���6HH�)LJ�������6XFK

DQ�DXWRPDWRQ�PD\�QRW�EH�HYHQ�FORVH�WR�D�PLQLPDO�FRQILJXUDWLRQ�

EXW�WKH�LPSRUWDQW�SRLQW�LV�WKDW�LW�ZDV�D�8QLYHUVDO�&RQVWUXFWRU�LQ�WKH

FHOOXODU�V\VWHP�

2QFH�9RQ�1HXPDQQ�DQG�%XUNV�KDG�SURYHQ�WKH�H[LVWHQFH�RI�D

8QLYHUVDO� &RQVWUXFWRU�� WKH\� KDG� DOVR� SURYHQ� WKH� H[LVWHQFH� RI� D

VHOI�UHSURGXFLQJ� DXWRPDWRQ�� 2QH� QHHG� RQO\� IHHG� WKH� 8QLYHUVDO

&RQVWUXFWRU�D�WDSH�ZKLFK�FRQWDLQHG�WKH�LQVWUXFWLRQV�IRU�FRQVWUXFW�

LQJ�DQRWKHU�8QLYHUVDO�&RQVWUXFWRU��FRPSOHWH�ZLWK�D�QHZ�WDSH��DQG

WKH� FRQVWUXFWRU� ZRXOG� PDNH� D� FRS\� RI� LWVHOI�� +HQFH� LW� ZDV� D

VHOI�UHSURGXFLQJ�PDFKLQH�

9RQ�1HXPDQQ©V�VHOI�UHSURGXFLQJ�DXWRPDWRQ�GLG�QRW�ILW�LQWR�WKH

FDWHJRU\�RI�VLPSOH�SK\VLFV�GULYHQ�UHSURGXFWLRQ��,W�ZDV�PXFK�PRUH

OLNH� D� OLYLQJ� RUJDQLVP� LQ� WKDW� LW� UHOLHG� RQ� D� GHWDLOHG� SLHFH� RI

LQIRUPDWLRQ¥WKH�WDSH¥DQG�LWV�GHWDLOHG�GHVLJQ�WR�GULYH�WKH�UHSUR�

GXFWLRQ�SURFHVV��6XFK�VHOI�UHSURGXFWLRQ�ZDV�VWULNLQJO\�VLPLODU�WR

WKDW�DFKLHYHG�E\�OLYLQJ�RUJDQLVPV��7KH\��WRR��UHO\�RQ�LQIRUPDWLRQ¥

'1$¥FRXSOHG�ZLWK�D�PHFKDQLVP�WR�LQWHUSUHW�WKDW�LQIRUPDWLRQ�DQG

GR�VRPHWKLQJ�ZLWK�LW��+RZHYHU��9RQ�1HXPDQQ©V�PDFKLQH�ZDV�IDU

WRR�FRPSOLFDWHG�WR�GR�DQ\�VHULRXV�PRGHOLQJ�DQG�VWXG\�ZLWK�

<RX�PLJKW�QRWLFH�WKDW�9RQ�1HXPDQQ©V�DXWRPDWRQ�ZDV�DFWXDOO\

JUHDWO\�RYHU�VSHFLILHG�LI�DOO�\RX�DUH�LQWHUHVWHG�LQ�LV�VHOI�UHSURGXF�

WLRQ�DV�UHODWHV�WR�OLYLQJ�RUJDQLVPV��&OHDUO\��QR�OLYLQJ�RUJDQLVP�LV�D

8QLYHUVDO�&RQVWUXFWRU�LQ�DQ\�VHQVH��,W�LV�FDSDEOH�RI�FRQVWUXFWLQJ�D

FRS\�RI�LWVHOI��DQG�OLPLWHG�YDULDWLRQV�RI�LWVHOI¥EXW�WKDW�LV�DOO��2QH

FDQQRW�VLPSO\�KDQG�DQ�RUJDQLVP�DQ\�DUELWUDU\�VWUDQG�RI�'1$�DQG

ZDWFK�LW�FRQVWUXFW�WKH�EHDVW�ZKLFK�ZRXOG�UHVXOW�IURP�WKDW�VWUDQG�

9RQ� 1HXPDQQ� DQG� %XUNV� KDG� SURYHQ� WKH� SRVVLELOLW\� RI� VXFK� D

VHOI�UHSURGXFLQJ� DXWRPDWRQ�� EXW� QRZ¥JLYHQ� WKH� SRVVLELOLW\¥

6HOI�5HSURGXFWLRQ ��



ZRXOG�LW�EH�SRVVLEOH�WR�FRQVWUXFW�VRPHWKLQJ�PXFK�VLPSOHU�WKDQ�ZKDW

WKH\�KDG�SURSRVHG"

,Q������(��)��&RGG��ZDV�DEOH�WR�GHPRQVWUDWH�D�PXFK�VLPSOHU

8QLYHUVDO�&RQVWUXFWRU� XVLQJ� RQO\� HLJKW� VWDWHV�� EXW� LW�ZDV� VWLOO� D

8QLYHUVDO�&RQVWUXFWRU��DQG�LW�ZDV�VWLOO�WUHPHQGRXVO\�FRPSOH[��,W

ZDV�QRW�XQWLO������WKDW�&KULVWRSKHU�/DQJWRQ��MHWWLVRQHG�WKH�LGHD�RI

D�8QLYHUVDO� &RQVWUXFWRU� LQ� IDYRU� RI� D� VSHFLDOL]HG� RQH�� /DQJWRQ

DUJXHG�WKDW�DQ�DXWRPDWRQ�ZRXOG�EH�FDSDEOH�RI�OLIH�OLNH�VHOI�UHSUR�

GXFWLRQ�LI�LW�XVHG�LQIRUPDWLRQ�ERWK�DFWLYHO\¥DV�LQWHUSUHWHG�LQVWUXF�

)LJ�������9RQ�1HXPDQQ©V�VHOI�UHSURGXFLQJ
DXWRPDWRQ�

�� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ

� (��)��&RGG��&HOOXODU�$XWRPDWD���$FDGHPLF�3UHVV��1HZ�<RUN�������
� &KULVWRSKHU�/DQJWRQ��¦6HOI�5HSURGXFWLRQ�LQ�&HOOXODU�$XWRPDWD�§ �3K\VLFD�'

����SS����������



WLRQV� WR�H[HFXWH¥DQG�SDVVLYHO\¥DV�XQLQWHUSUHWHG�GDWD�ZKLFK� LV

PHUHO\� FRSLHG��6XFK� DQ� DXWRPDWRQ�ZRXOG� DYRLG� WULYLDO� SK\VLFV�

GULYHQ�UHSURGXFWLRQ�E\�IRUFLQJ�WKH�FRQVWUXFWLRQ�RI�WKH�FRS\�WR�EH

DFWLYHO\�GLUHFWHG�E\�WKH�DXWRPDWRQ�LWVHOI��UDWKHU�WKDQ�SDVVLYHO\��E\

WKH�WUDQVLWLRQ�UXOHV���$W�WKH�VDPH�WLPH��WKH�DXWRPDWRQ�FRXOG�WDNH

DGYDQWDJH� RI� WKH� WUDQVLWLRQ� UXOHV� WR� IDFLOLWDWH� LWV� MRE��� /DQJWRQ

VXJJHVWHG� WKDW� VXFK� UHVWULFWLRQV� ZHUH� VXIILFLHQW� WR� GLIIHUHQWLDWH

VHOI�UHSURGXFWLRQ�IURP�SK\VLFV�GULYHQ�UHSOLFDWLRQ�

8VLQJ�KLV�QHZ�UXOHV��/DQJWRQ�ZDV�DEOH�WR�GHPRQVWUDWH�D�YDVWO\

VLPSOHU�VHOI�UHSURGXFLQJ�DXWRPDWRQ��ZKLFK�FRQVLVWHG�RI����FHOOV�LQ

D����E\����DUUD\��ZLWK�HLJKW�VWDWHV�SHU�FHOO��6XFK�D�VWUXFWXUH�ZDV

DFWXDOO\�VLPSOH�HQRXJK�WR�PRGHO�RQ�D�3&�DQG�VWXG\�LWV�EHKDYLRU�

)LJXUH�����VKRZV�WKH�GHWDLOHG�VWUXFWXUH�RI�/DQJWRQ©V�DXWRPDWRQ�LQ

LWV� FHOOXODU� DUUD\�� )LJXUH� ���� VKRZV� LWV� WLPH�HYROXWLRQ� DQG� KRZ

UHSURGXFWLRQ�RFFXUV��7KH�3URJUDP�'LVN�IRU�WKLV�ERRN�DOVR�LQFOXGHV

D�SURJUDP��65$B/$%��ZKLFK�GHPRQVWUDWHV�WKH�/DQJWRQ�DXWRPD�

WRQ� RQ� D� 3&� DQG� DOORZV� WKH� XVHU� WR� H[SHULPHQW� ZLWK� GLIIHUHQW

FRQILJXUDWLRQV�DQG�WUDQVLWLRQ�UXOHV�

%\������-RKQ�%\O��KDG�GHPRQVWUDWHG�D�QXPEHU�RI�DXWRPDWD

PXFK� VLPSOHU� WKDQ� /DQJWRQ©V�ZKLFK�ZHUH� DOVR� FDSDEOH� RI� VHOI�

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 2 2 2 2 2 2 2 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 2 7 0 1 4 0 1 4 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 2 1 2 2 2 2 2 2 1 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 2 0 2 0 0 0 0 2 1 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 2 7 2 0 0 0 0 2 1 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 2 1 2 0 0 0 0 2 1 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 2 0 2 0 0 0 0 2 1 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 2 7 2 2 2 2 2 2 7 2 2 2 2 2 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 2 1 0 7 1 0 7 1 0 7 1 1 1 1 2 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 2 2 2 2 2 2 2 2 2 2 2 2 2 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

)LJ������/DQJWRQ©V�DXWRPDWRQ�

6HOI�5HSURGXFWLRQ ��

� -RKQ�%\O��¦6HOI�5HSURGXFWLRQ�LQ�6PDOO�&HOOXODU�$XWRPDWD�§ �3K\VLFD�'�����SS�
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)LJ�������7LPH�HYROXWLRQ�RI�/DQJWRQ©V�DXWRPDWRQ�

�� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ



UHSURGXFWLRQ��2QH��IRU�H[DPSOH��ZDV�DQ�DXWRPDWRQ�FRQVLVWLQJ�RI���

FHOOV� RI� VL[� GLIIHUHQW� SRVVLEOH� VWDWHV���:KDW� D� IDU� FU\� IURP�9RQ

1HXPDQQ©V�JLDQW���6HH�)LJXUH�����

7KH�SUREOHP�ZLWK�WDNLQJ�VHOI�UHSURGXFWLRQ�WR�WKH�OLPLWV�ZKLFK

%\O�GLG�LV�VLPSO\�WKDW�WKH�GLVWLQFWLRQ�EHWZHHQ�LQIRUPDWLRQ�GULYHQ

DQG� SXUHO\� SK\VLFV�GULYHQ� UHSURGXFWLRQ� EHJLQV� WR� JHW� VHULRXVO\

EOXUUHG��/HW©V�WDNH�D�ORRN�DW�WKLV��/DQJWRQ©V�DXWRPDWRQ�FRQWDLQV�D

¦ WDSH§ �RI�D�PLQLPXP�RI����FHOOV��,W�LV�WKLV�WDSH�ZKLFK�FRQWDLQV�WKH

LQIRUPDWLRQ�ZKLFK�WKH�DUWLILFLDO�RUJDQLVP�XVHV�WR�UHSURGXFH�LWVHOI�

'LVDOORZLQJ�WKH�VKHDWK�VWDWH������WKHVH�FHOOV�FDQ�KDYH�VHYHQ�SRVVLEOH

VWDWHV��VR�WKHUH�DUH�VRPH������ �����[������SRVVLEOH�WDSHV�ZKLFK�FRXOG
EH�LQVHUWHG�LQWR�WKH�DXWRPDWRQ��,Q�DOO� OLNHOLKRRG�RQO\�D�IHZ��LW©V

KDUG�WR�WHOO��ZLOO�HIIHFW�VHOI�UHSURGXFWLRQ�LQ�/DQJWRQ©V�DXWRPDWRQ�

,I�D�FRPSXWHU�FRXOG�FKHFN�D�WKRXVDQG�FRPELQDWLRQV�SHU�VHFRQG��LW

ZRXOG�WDNH����WULOOLRQ�\HDUV�WR�FKHFN�WKHP�DOO��7KDW©V�D�WKRXVDQG
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,QLWLDO�VWDWH

$IWHU�VHYHUDO�WLPH�VWHSV

)LJ�������%\O©V�DXWRPDWRQ�

6HOI�5HSURGXFWLRQ ��

��������
� 6HH�WKH�FRQILJXUDWLRQ�ILOHV�%</�IRU�65$B/$%�RQ�WKH�3URJUDP�'LVN�



WLPHV�WKH�DJH�RI�WKH�XQLYHUVH��7KH�UDULW\�RI�D�XVHIXO�WDSH�VXJJHVWV

WKDW�WKH�UHSURGXFWLRQ�RI�/DQJWRQ©V�DXWRPDWRQ�LV�D�KLJKO\�LQIRUPD�

WLRQ�GULYHQ� UHSURGXFWLRQ� VFKHPH�� ,W� LV� HQWLUHO\� XQUHDVRQDEOH� WR

VXJJHVW�WKDW�VLPSO\�WKURZLQJ�D�UDQGRP�WDSH�LQWR�/DQJWRQ©V�DXWRPD�

WRQ�ZLOO�UHVXOW�LQ�VHOI�UHSURGXFWLRQ��2Q�WKH�RWKHU�KDQG��XVLQJ�%\O©V

���FHOO����VWDWH�DXWRPDWRQ��WKH�¦ WDSH§ �LV�RQO\�ILYH�FHOOV�ORQJ��HDFK

ZLWK���SRVVLEOH�VWDWHV��7KXV��RQO\���� ������SRVVLEOH�WDSHV�PLJKW

EH�FRQVWUXFWHG��$OO�RI�WKHVH�FDQ�HDVLO\�EH�FKHFNHG�E\�FRPSXWHU��DQG

RQO\���RI�WKHP�UHVXOW�LQ�VHOI�UHSURGXFWLRQ���7KH�FKDQFHV�RI�D�UDQGRP

WDSH�\LHOGLQJ�VHOI�UHSURGXFWLRQ�LV�WKXV���LQ�������:KLOH�WKH�FKDQFHV

DUH�VPDOO��DUH�WKH\�VPDOO�HQRXJK"�:KDW�LI�WKH�FKDQFHV�ZHUH�RQH�LQ

���"�RQH�LQ���"�:KHUH�GRHV�RQH�VWDUW�VD\LQJ�WKDW�UHSURGXFWLRQ�LV

SK\VLFV�GULYHQ�DQG�QRW�LQIRUPDWLRQ�GULYHQ"

2QH�PXVW�EH�FDUHIXO�QRW�WR�EH�EHWUD\HG�E\�WKH�YLVXDO�DSSHDO�LQ

WKLV�JDPH��&HUWDLQO\�%\O©V�DXWRPDWRQ�KDV�WKH�¦ IHHO§ �RI�D�UHSURGXF�

LQJ�FHOO��,W�LV�D�URXQG�JORE�ZKLFK��RYHU�D�SHULRG�RI�WLPH��VXFFHHGV

LQ�SURGXFLQJ�D�VHFRQG�URXQG�JORE�ULJKW�QH[W�WR�LW��+RZHYHU�RQH�FDQ

HDVLO\�FRQVWUXFW�DQ�DXWRPDWRQ�ZLWK�H[DFWO\�WKH�VDPH�LQIRUPDWLRQ

FRQWHQW�GHSHQGHQFH�WKDW�HIIHFWV�¦ VHOI�UHSURGXFWLRQ§¥RQO\�LW�ORRNV

OLNH�FU\VWDO�JURZWK¥WKH�DXWRPDWRQ�JURZV�LQ�RQH�GLUHFWLRQ�ZLWK�D

FRPSOH[�EXW�UHSHDWLQJ�SDWWHUQ�ZKLFK�UHPLQGV�RQH�RI�WKH�JURZWK�RI

D�RQH�GLPHQVLRQDO�FU\VWDO�ODWWLFH��6XFK�DQ�DXWRPDWRQ�PD\�ORRN�YHU\

GLIIHUHQW�� EXW� WKH� LQIRUPDWLRQ� FRQWHQW� DQG� WKH� UHSURGXFWLRQ� DUH

LGHQWLFDO�����6HH�)LJ������

6R�GRHV�%\O©V�DXWRPDWRQ�PLPLF�D�OLYLQJ�RUJDQLVP�RU�D�FU\VWDO

RI�PRGHUDWH�FRPSOH[LW\"�7KLV�LV�D�YHU\�GLIILFXOW�TXHVWLRQ�WR�DQVZHU�

DQG�LW�EULQJV�XV�ULJKW�XS�DJDLQVW�VRPH�RI�WKH�SKLORVRSKLFDO�TXHVWLRQV

ZKLFK�ZH�QHHG�WR�ORRN�DW�KDUG�LQ�RUGHU�WR�XQGHUVWDQG�OLIH��$W�OHDVW

IRU�QRZ�ZH�KDYH�VRPH�LGHD�RI�ZKDW�VHOI�UHSURGXFWLRQ�HQWDLOV�DV

�� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ

� 7KH�SURJUDPV�&+(&.%��DQG�&+(&.%��RQ�WKH�3URJUDP�'LVN�DOORZ�\RX�WR
FKHFN� HYHU\� WDSH�� 7KH\� JLYH� WKH� IROORZLQJ� UHVXOWV�� �� GLIIHUHQW� WDSHV� JLYH
%\O�OLNH�DXWRPDWD��WDSH��������WKH�RULJLQDO��DQG�DOVR�������DQG���������,I�ZH
DOORZ�WKH�VKHDWK�VWDWH�����LQ�RXU�FDOFXODWLRQ��ZH�JHW�WZR�RWKHU�LQWHUHVWLQJ�WDSHV�
������DQG�������WKDW�UHVXOW�LQ�YHU\�GLIIHUHQW�UHSURGXFLQJ�DXWRPDWD�

�� 7KLV�DXWRPDWRQ�LV�DOVR�RQ�WKH�3URJUDP�'LVN��7KH�FRQILJXUDWLRQ�ILOHV�IRU�LW�DUH
FDOOHG�&5<67$/��DQG�VKRXOG�EH�XVHG�ZLWK�65$B/$%�



PRGHUQ�$/�UHVHDUFKHUV�VHH�LW¥DQG�ZH�FDQ�FLWH�VRPH�H[DPSOHV�RI

LW¥HYHQ�LI�ZH�DUH�QRW�FRPSOHWHO\�FOHDU�RQ�ZKHUH�WR�GUDZ�WKH�OLQH

EHWZHHQ�LQIRUPDWLRQ�GULYHQ�VHOI�UHSURGXFWLRQ�DQG�SK\VLFV�GULYHQ

UHSURGXFWLRQ�

9LUXVHV�DQG�6HOI�5HSURGXFWLRQ

'RHV�D�YLUXV�ERWK�XVH�LQIRUPDWLRQ�DV�LQVWUXFWLRQV�WR�H[HFXWH

DQG� DV� XQLQWHUSUHWHG� GDWD� WR� FRS\"�0RVW� FHUWDLQO\� LW� GRHV�� )RU

H[DPSOH��FRQVLGHU� WKH�,1758'(5�YLUXV�GLVFXVVHG� LQ�7KH�/LWWOH

%ODFN�%RRN�RI�&RPSXWHU�9LUXVHV��,W�REYLRXVO\�H[HFXWHV�WKH�FRGH�RI

ZKLFK�LW�FRQVLVWV��<HW�DW�WKH�VDPH�WLPH��LQ�WKH�,1)(&7�URXWLQH��LW

WDNHV�DOO�RI�WKDW�FRGH�DQG�DSSHQGV�LW�WR�WKH�(;(�ILOH�LW�LV�LQIHFWLQJ�

$W�WKDW�SRLQW�,1758'(5�LV�XVLQJ�LWV�FRGH�DV�XQLQWHUSUHWHG�GDWD�

7KLV� LV�D�YHU\�FRPPRQ�PHWKRG�RI�RSHUDWLRQ�IRU�YLUXVHV��7KXV�D

FRPSXWHU�YLUXV�GRHV�LQGHHG�HIIHFW�VHOI�UHSURGXFWLRQ�DFFRUGLQJ�WR

/DQJWRQ©V�GHILQLWLRQ�

,Q�IDFW��FRPSXWHU�YLUXVHV�DUH�FRPPRQO\�VHW�DSDUW�IURP�RUGLQDU\

SURJUDPV�EHFDXVH�WKH\�UHSURGXFH��1RUPDO�SURJUDPV�GR�QRW�UHSUR�

GXFH��EXW��E\�GHILQLWLRQ��YLUXVHV�GR��)URP�WKHLU�FRQVWUXFWLRQ��ZH�FDQ

VHH�WKDW�WKHLU�UHSURGXFWLRQ�LV�QRW�YHU\�GLIIHUHQW�IURP�RWKHU�VHOI�UH�

SURGXFLQJ�DXWRPDWD��
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,QLWLDO�VWDWH $IWHU�VHYHUDO�WLPH�VWHSV

)LJ������7KH�&5<67$/�DXWRPDWRQ�

6HOI�5HSURGXFWLRQ ��



(PHUJHQW�%HKDYLRU

,Q� D� ELRORJLFDO� RUJDQLVP�� WKH�'1$�GHWHUPLQHV� WKH� SK\VLFDO

FKDUDFWHULVWLFV�RI�DQ�RUJDQLVP��,W�LV�HVVHQWLDOO\�WKH�PHGLXP�LQ�ZKLFK

WKH�¦SURJUDP�RI�OLIH§ �LV�ZULWWHQ��+RZHYHU��WKH�UHODWLRQVKLS�EHWZHHQ

WKDW�SURJUDP�LQ�LWV�UDZ�IRUP¥WKH�'1$¥DQG�WKH�PDQLIHVW�H[SUHV�

VLRQ� RI� LW� LQ� D� OLYLQJ� RUJDQLVP� LV� H[WUHPHO\� REWXVH�� ,W� LV� WKH

REWXVHQHVV�RI�WKLV�UHODWLRQVKLS�WKDW�IRUPV�WKH�FRUH�RI�WKH�LGHD�RI

HPHUJHQW�EHKDYLRU��7R�XQGHUVWDQG�WKLV�FRQFHSW�EHWWHU��OHW©V�ORRN�DW

LW�ILUVW�ZLWKLQ�WKH�FRQWH[W�RI�ELRORJLFDO�RUJDQLVPV��DQG�WKHQ�ZH©OO

WDNH�D�ORRN�DW�KRZ�DUWLILFLDO�OLIH�ILWV�LQWR�WKH�SLFWXUH�

/HW©V�VWDUW�E\�ORRNLQJ�DW�KRZ�'1$�ZRUNV��7KH�'1$�PROHFXOH

FRXOG�SURSHUO\�EH�GHVFULEHG�DV�D�RQH�GLPHQVLRQDO�FU\VWDO��RU�ILEHU�

+RZHYHU�� XQOLNH� WKH� FU\VWDOV�ZH� QRUPDOO\� WKLQN� RI��'1$� LV� DQ

DSHULRGLF�FU\VWDO��5DWKHU�WKDQ�EHLQJ�FRPSRVHG�RI�D�VLQJOH�PROHFXOH

�FDOOHG�D�QXFOHRWLGH��UHSHDWHG�DG�LQILQLWXP��'1$�FRQVLVWV�RI�IRXU

GLIIHUHQW� QXFOHRWLGHV¥FDOOHG� EDVHV¥ZKLFK� DUH� DOO� IXQFWLRQDOO\

LGHQWLFDO�ZLWK�UHVSHFW�WR�WKH�VWUXFWXUH�RI�WKH�'1$�LWVHOI��7KHVH�EDVHV

PD\� EH� VXEVWLWXWHG� IRU� RQH� DQRWKHU� LQ� WKH� FU\VWDO� FHOOV� ZLWKRXW

DOWHULQJ�WKH�SK\VLFDO�VWUXFWXUH�RI�WKH�'1$�PROHFXOH��7KHUHIRUH��RQH

FRXOG�FRQFHLYDEO\�FRQVWUXFW�D�'1$�PROHFXOH�WR�HQFRGH�DQ\�NLQG

RI�LQIRUPDWLRQ�GHVLUHG��)RU�H[DPSOH��D�E\WH�FRXOG�EH�HQFRGHG�E\�D

VWULQJ�RI�IRXU�QXFOHRWLGHV��D�PHJDE\WH�RI�GDWD�FRXOG�EH�HQFRGHG�LQWR

D�'1$�PROHFXOH�IRXU�PLOOLRQ�QXFOHRWLGHV�ORQJ��ZKLFK�LV�DERXW�WKH

VL]H�RI� WKH�'1$�PROHFXOH� LQ�D�VLPSOH�RQH�FHOOHG�EDFWHULXP���$

SUHWW\�FRPSDFW�VWRUDJH�PHFKDQLVP��

,Q� IDFW�� WKH� '1$�PROHFXOH� VWRUHV� LQIRUPDWLRQ� QHFHVVDU\� WR

FRQVWUXFW� SURWHLQV�� 3URWHLQV� DUH� FRPSOH[� FKDLQV� RI� DPLQR� DFLGV



ZKLFK� SHUIRUP� DOO� WKH� IXQFWLRQV� RI� FHOO� PHWDEROLVP�� LQFOXGLQJ

UHSURGXFWLRQ��,Q�DOO�WKHUH�DUH����GLIIHUHQW�DPLQR�DFLGV�ZKLFK�OLYLQJ

RUJDQLVPV�XVH�WR�EXLOG�SURWHLQV�ZLWK��(DFK�DPLQR�DFLG�LV�HQFRGHG

LQ� WKH�'1$�E\� D� WKUHH�QXFOHRWLGH� FKDLQ��$�SURWHLQ��ZKLFK�PD\

FRQVLVW�RI�D�KXQGUHG�RU�VR�DPLQR�DFLGV��LV�UHSUHVHQWHG�LQ�WKH�'1$

E\�D�VHTXHQFH�RI�WKUHH�QXFOHRWLGH�FKDLQV�FDOOHG�D�JHQH��(DFK�VWUDQG

RI�'1$�LQ�D�FHOO��ZKLFK�FRQVLVWV�RI�PDQ\�KXQGUHGV�RI�JHQHV��LV

FDOOHG�D�FKURPRVRPH��6HH�$SSHQGL[�%�IRU�PRUH�LQIRUPDWLRQ�DERXW

WKH�FKHPLVWU\�RI�OLIH�

7KH�JHQHV�LQ�'1$�PLJKW�EH�WKRXJKW�RI�DV�FRPSOH[�¦ LQVWUXF�

WLRQV§ �ZKLFK�DUH�¦H[HFXWHG§ �E\�SURWHLQV�ZKLFK�SHUIRUP�HYHU\�NLQG

RI�FHOO�IXQFWLRQ��UDQJLQJ�IURP�GLJHVWLRQ�WR�PDNLQJ�KDLU�WR�UHSURGXF�

WLRQ��7KH�HQFRGHG�'1$�LQVWUXFWLRQV�IRU�DQ�RUJDQLVP��WDNHQ�DV�D

ZKROH��DUH�UHIHUUHG�WR�DV�LWV�JHQRW\SH��IURP�WKH�ZRUG�JHQH���,Q�WKH

FDVH� RI� D� OLYLQJ� RUJDQLVP�� WKH� ¦H[HFXWLRQ� RI� WKH� LQVWUXFWLRQV§

FRQVLVWV�RI�WKH�SURSHU�IXQFWLRQLQJ�RI�WKH�YDULRXV�SURWHLQV�LQ�D�FHOO

WR�SURGXFH�OLIH��,�VD\�¦SURSHU§ �EHFDXVH�DQ�LPEDODQFH�UHVXOWV�LQ�WKH

YDULRXV�SURWHLQV�DWWDFNLQJ�HDFK�RWKHU��DQG�WKH�'1$��UHVXOWLQJ�LQ

GHDWK�DQG�GHFRPSRVLWLRQ�LQVWHDG�RI�OLIH��7KLV�H[WUHPHO\�FRPSOH[

¦H[HFXWLRQ�RI�WKH�LQVWUXFWLRQV§ �LV�FDOOHG�WKH�SKHQRW\SH��IURP�WKH

ZRUG�SKHQRPHQRQ���7KH�SKHQRW\SH�LV�WKH�RXWZDUG�DSSHDUDQFH�RI

WKH�RUJDQLVP��LWV�OLIH�VSDQ��LWV�GLHWDU\�SUHIHUHQFHV��LWV�LQVWLQFWV��HWF�

2QH� RI� WKH� JUHDW� TXHVWLRQV� RI� ELRORJ\� LV� KRZ� WKH� JHQRW\SH

WUDQVODWHV�LQWR�D�SKHQRW\SH��7KDW�LV��KRZ�GRHV�D�SDUWLFXODU�JHQHWLF

FRGH�UHVXOW�LQ�D�JLYHQ�IHDWXUH"�8QWLO�IRUW\�\HDUV�DJR�WKLV�TXHVWLRQ

ZDV�SXUHO\�DFDGHPLF��EHFDXVH�RXU�XQGHUVWDQGLQJ�RI�ELRFKHPLVWU\

ZDV� VR� OLPLWHG��1RZ�ZH� KDYH� D� YDVW� DPRXQW� RI� GDWD� DERXW� WKH

GHWDLOHG�JHQHWLF�VWUXFWXUH�RI�D�ZLGH�YDULHW\�RI�RUJDQLVPV��$QG�WKH

TXHVWLRQ�LV�VWLOO�EDUHO\�WUDFWDEOH�GXH�WR�LWV�VKHHU�FRPSOH[LW\�

2QH�PLJKW�YLHZ�D�VLQJOH�FHOO�DV�D�SDFNDJH�RI�OLWWOH�PDFKLQHV

�SURWHLQV��HDFK�SHUIRUPLQJ�LWV�RZQ�VSHFLDOL]HG�IXQFWLRQ�ZLWKLQ�WKH

FHOO�� 7KH� '1$� VSHFLILHV� KRZ� HDFK� RI� WKRVH� PDFKLQHV� LV� WR� EH

EXLOW¥DQG�ZKDW�PDFKLQHV�DUH�WR�EH�EXLOW¥EXW�LW�LV�QRW�LQ�DQ\�VHQVH

WKH�GLUHFWRU�RI� WKHVH�PDFKLQHV�� ,W�GRHV�QRW�FRQWURO�RU�FRRUGLQDWH

WKHLU� DFWLYLWLHV� RQFH� WKH\� DUH� EXLOW�� 4XLWH� WR� WKH� FRQWUDU\�� WKH

PDFKLQHV� PDQDJH� DQG� PDLQWDLQ� WKH� '1$�� ,Q� IDFW�� DSDUW� IURP

LQYRNLQJ�VRPH�NLQG�RI�YLWDOLVP��WKHUH�DSSHDUV�WR�EH�QR�¦GLUHFWRU§

RI� WKHVH�PDFKLQHV¥QR� FHQWUDOL]HG� FRRUGLQDWRU� RI� KRZ� WKH�PD�

�� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ



FKLQHV�VKRXOG�ZRUN�WRJHWKHU��7KH�ELRORJLFDO�RUJDQLVP�LV�PRUH�OLNH

D�FRPSOH[�SDUDOOHO�H[HFXWLQJ�GLVWULEXWHG�SURFHVVLQJ�HQYLURQPHQW

WKDQ�D�VHULDO�FRPSXWHU�

7KH�FRQFHSW�RI�HPHUJHQW�EHKDYLRU�UHYROYHV�DURXQG�WKLV�TXHV�

WLRQ�RI�KRZ�WKH�JHQRW\SH¥WKH�GHVFULSWLRQ�RI�ZKDW�PDFKLQHV�DUH�WR

EH�EXLOW¥GHWHUPLQHV�WKH�SKHQRW\SH¥WKH�FRRUGLQDWHG�RSHUDWLRQ�RI

WKRVH�PDFKLQHV��,Q�VKRUW��¦ HPHUJHQW�EHKDYLRU§ �LV�VLPSO\�WKH�LGHD

WKDW�WKH�EHKDYLRU�RI�D�FRPSOH[�OLYLQJ�RUJDQLVP�LV�QRW�GLUHFWHG�E\�D

FHQWUDOL]HG�SURJUDP��5DWKHU��EHKDYLRU�HPHUJHV�IURP�WKH�FRPSOH[

LQWHUDFWLRQ�RI�WKH�LQGLYLGXDO�SDUWV��7KH�FRQFHSW�RI�HPHUJHQW�EHKDY�

LRU� DOVR� VXJJHVWV� WKDW� WKH� EHKDYLRU� RI� WKH� RUJDQLVP� DV� D�ZKROH

H[KLELWV�IHDWXUHV�ZKLFK�FRXOG�QRW�EH�GHGXFHG�IURP�WKH�EHKDYLRU�RI

WKH�LQGLYLGXDO�SDUWV�

,Q�HVVHQFH��HPHUJHQW�EHKDYLRU�LV�ZKDW�PDNHV�OLIH�LQWHUHVWLQJ�

:KHQ�LW�FRPHV�WR�FRQVWUXFWLQJ�DUWLILFLDO�RUJDQLVPV��WKH�LGHD�RI

HPHUJHQW�EHKDYLRU�FDQ�DOVR�EH�HPSOR\HG��E\�GHVLJQLQJ�D�PRGXODU

RUJDQLVP�ZLWK�ORFDOO\�LQWHUDFWLQJ�SDUWV��EXW�QR�FHQWUDOL]HG�FRQWURO�

OHU��7KH�EHKDYLRU�RI�WKH�SDUWV�DV�D�ZKROH�LV�QRW�VSHFLILHG��6LQFH�WKH

LQWHUDFWLRQ�RI�WKH�SDUWV�LV�QRUPDOO\�QRQ�OLQHDU��WKH�EHKDYLRU�RI�WKH

ZKROH�RUJDQLVP�ZLOO�QRW�QHFHVVDULO\�EH�DQ�REYLRXV� UHVXOW�RI� WKH

EHKDYLRU�RI�WKH�SDUWV��7KH�ZKROH�LV�WKXV��LQ�D�VHQVH��JUHDWHU�WKDQ�WKH

SDUWV�

,Q�WKLV�ZD\��FRPSXWHU�SURJUDPV�FDQ�PRGHO�WKH�JHQRW\SH�WR�

SKHQRW\SH�HPHUJHQFH�SKHQRPHQRQ�REVHUYHG�LQ�OLYLQJ�RUJDQLVPV�

7KH�¦JHQRW\SH§ �IRU�DQ�DUWLILFLDO�RUJDQLVP�LV�WKH�VSHFLILFDWLRQ�RI

WKH�LQGLYLGXDO�PDFKLQHV��7KH�¦SKHQRW\SH§ �LV�WKH�EHKDYLRU�RI�WKHVH

PDFKLQHV�ZRUNLQJ�WRJHWKHU�

7KH�HPSKDVLV�RI�HPHUJHQW�EHKDYLRU�LQ�$/�ZRUN�KDV�WHQGHG�WR

VWHHU� UHVHDUFKHUV� LQ� WKH�GLUHFWLRQ�RI�KLJKO\�SDUDOOHO�V\VWHPV��DQG

SDUWLFXODUO\�WRZDUG�PRGHOLQJ�DUWLILFLDO�OLIH�XVLQJ�FHOOXODU�DXWRPDWD�

7KH�VHULDO�FRPSXWLQJ�HQYLURQPHQW�GRHV�QRW�VHHP�WR�OHQG�LWVHOI�ZHOO

WR� WKH� LGHD� RI� HPHUJHQW� EHKDYLRU�� EHFDXVH� VHULDO� SURJUDPV� WHQG

WRZDUG�FHQWUDOL]HG�UDWKHU�WKDQ�GLVWULEXWHG�FRQWURO�

+RZHYHU�� RQH� FDQQRW� VLPSO\� GLVPLVV� VHULDO� SURJUDPV�� $Q\

FRPSXWDWLRQ� GRQH� RQ� DQ\� FRPSXWHU�� QR� PDWWHU� KRZ� PDVVLYHO\

SDUDOOHO��FDQ�DOVR�EH�FDUULHG�RXW�RQ�D�VLPSOH�VHULDO�XQLYHUVDO�7XULQJ

PDFKLQH��7KDW�LV�D�PDWKHPDWLFDOO\�SURYHQ�IDFW���$QG�FHUWDLQO\�RQH

ZRXOGQ©W�ZDQW�WR�VD\�RQH�LPSOHPHQWDWLRQ�RI�DQ�DOJRULWKP�H[KLELWV

(PHUJHQW�%HKDYLRU ��



HPHUJHQW� EHKDYLRU�� DQG� WKHUHIRUH�TXDOLILHV� DV� OLIH�ZKLOH� DQRWKHU

LPSOHPHQWDWLRQ�RI�WKH�H[DFW�VDPH�DOJRULWKP�GRHV�QRW��,Q�IDFW��PXFK

$/�ZRUN�XVLQJ�FHOOXODU�DXWRPDWD�LV�DFWXDOO\�PRGHOHG�RQ�D�VHULDO

FRPSXWHU��6R�DW�RQH�OHYHO�WKH�DXWRPDWRQ�ORRNV�SDUDOOHO��$W�DQRWKHU

OHYHO�� WKRXJK�� LW� LV� FRPSOHWHO\� VHULDO�� 6R� ZH� FDQ©W� MXPS� WR� WKH

FRQFOXVLRQ� WKDW� D� VHULDO� SURJUDP� LV� QHFHVVDULO\� GHIHFWLYH� LQ�$/

UHVHDUFK�� :H� PLJKW� ZRQGHU�� WKRXJK�� WR� ZKDW� GHJUHH� HPHUJHQW

EHKDYLRU�LV�UHSUHVHQWDWLRQ�GHSHQGHQW��PRUH�D�PDWWHU�RI�DSSHDUDQFH

WKDQ�RI�DQ\�TXDQWLILDEOH�SURSHUW\�RI�D�V\VWHP��

,Q�DGGLWLRQ��WKH�ZKROH�LGHD�RI�HPHUJHQW�EHKDYLRU�PLJKW�EH�MXVW

D�UHOLF�RI�WKH�NLQG�RI�VFLHQFH�SHRSOH�GLG�EHIRUH�WKH\�KDG�FRPSXWHUV�

7R�VXJJHVW�WKDW�SKHQRPHQD�ZLOO�DULVH�LQ�D�V\VWHP�WKDW�FRXOG�QRW�EH

GHGXFHG�IURP�WKH�EHKDYLRU�RI�WKH�SDUWV�VXJJHVW�VRPH�IRUPDO�PHWKRG

RI�GHGXFWLRQ��,I�WKDW�IRUPDO�PHWKRG�LV�DQDO\WLFDOO\�VROYLQJ�DQDO\WLF

HTXDWLRQV�� WKHQ� PD\EH� ZH� DUH� FDOOLQJ� VRPHWKLQJ� HPHUJHQW� WKDW

UHDOO\� LVQ©W¥EXW� ZH©UH� MXVW� QRW� VPDUW� HQRXJK� WR� ILQG� WKH� ULJKW

HTXDWLRQV�RU�WKHLU�VROXWLRQV��2Q�WKH�RWKHU�KDQG��SHUKDSV�ZH�VKRXOG

VFUDS�WKDW�JDPH�DOWRJHWKHU��DQG�FDOO�DQ\WKLQJ�ZH�FDQ�ZRUN�RXW�RQ

D�FRPSXWHU�D�YDOLG�GHGXFWLRQ��$IWHU�DOO��FRXOGQ©W�,�ZRUN�WKH�VDPH

WKLQJ�RXW�ZLWK�SHQFLO�DQG�SDSHU¥DW�OHDVW�LQ�WKHRU\"

,I�HPHUJHQW�EHKDYLRU�LV�UHSUHVHQWDWLRQ�GHSHQGHQW��DQG�GHSHQG�

HQW�RQ�VRPH�IRUPDO�FRQFHSW�RI�GHGXFWLRQ��WKHQ�ZH�KDYH�WR�ZRQGHU

ZKHWKHU�LW�LV�HYHQ�UHDO��2U�LV�LW�MXVW�WKH�SHUFHSWLRQ�RI�RXU�OLPLWHG

PLQGV��2QFH�DJDLQ��ZH�ILQG�RXUVHOYHV�JHWWLQJ�LQWR�VRPHZKDW�RI�D

SKLORVRSKLFDO�PXGGOH��7KLV�ZH©OO�WDNH�XS�PRUH�VHULRXVO\�LQ�D�IHZ

FKDSWHUV��)RU�QRZ�� OHW©V� MXVW�DFFHSW� WKH�XVXDO�$/�ZLVGRP�DERXW

HPHUJHQW�EHKDYLRU��DQG�DSSO\�LW�WR�YLUXVHV�

9LUXVHV�DQG�(PHUJHQW�%HKDYLRU

�� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ

� 5RJHU� 3HQURVH��7KH�(PSHURU©V�1HZ�0LQG�� �2[IRUG�8QLYHUVLW\�3UHVV��1HZ
<RUN��������SS��������

� ,W�VHHPV�DV�LI�WKH�$/�FRPPXQLW\�KDV�DW�OHDVW�D�VXEFRQVFLRXV�DSSUHFLDWLRQ�RI
WKLV�SUREOHP��DV�¦ HPHUJHQW�EHKDYLRU§ �LV�RIWHQ�XVHG�DV�D�FRQYHQLHQW�ODEHO�IRU
DQ\�XQH[SHFWHG��XQSUHGLFWHG�UHVXOWV��QRW�MXVW�WKRVH�DULVLQJ�IURP�WKH�FRPSOH[
G\QDPLFV� RI� GLVWULEXWHG� SURFHVVLQJ�� 7KXV�� RQH�PLJKW� ILQG� LW� EHLQJ� XVHG� WR
GHVFULEH� JHQHWLF� DOJRULWKPV�� HWF���ZKLFK� DUH� QRW� QHFHVVDULO\� SDUDOOHO� LQ� DQ\
VHQVH�



9LUXVHV�DSSDUHQWO\�IDOO�VKRUW�RI�WKH�LGHDO�RI�HPHUJHQW�EHKDYLRU�

7KH\� WHQG� WR� IROORZ� WKH� SDUDGLJP�RI� VHULDO�� FHQWUDOL]HG� FRQWURO�

UDWKHU�WKDQ�WKDW�RI�D�SDUDOOHO��GLVWULEXWHG�RUJDQL]DWLRQ�LQYROYLQJ�D

FRPSOH[�UHODWLRQVKLS�EHWZHHQ�PDQ\�VPDOO�SDUWV�ZKLFK�LQWHUDFW�WR

SURGXFH� WKH� SKHQRW\SH�� 9LUXVHV� ZHUH� RULJLQDOO\� GHYHORSHG� RQ

VHULDO��VLQJOH�XVHU�FRPSXWHU�V\VWHPV�E\�SURJUDPPHUV�XVHG�WR�GH�

VLJQLQJ�FHQWUDOL]HG�FRQWURO�VWUXFWXUHV��7KXV�LW�LV�KDUGO\�VXUSULVLQJ

WKDW�WKH\�DUH�ZKDW�WKH\�DUH��7KH\�ZHUH�QRW�RULJLQDOO\�DWWHPSWV�WR

PRGHO�OLYLQJ�RUJDQLVPV��6WLOO��LI�ZH�DUH�WR�VXJJHVW�WKDW�YLUXVHV�DUH

DOLYH� LQ� VRPH� VHQVH�� ZH� RXJKW� WR� GHDO� ZLWK� HPHUJHQW� EHKDYLRU

FDUHIXOO\�

7KHUH�DUH�WZR�SUREOHPV�ZH�IDFH��2QH�LV�SXUHO\�WHFKQRORJLFDO�

DQG�RQH�LV�GHHSO\�SKLORVRSKLFDO��7KH�ODWWHU¥�ZKLFK�LQYROYHV�WU\LQJ

WR�XQGHUVWDQG�WKH�WUXH�QDWXUH�RI�HPHUJHQW�EHKDYLRU¥ZH�KDYH�RQO\

KLQWHG�DW��DQG�ZH�ZLOO�WDNH�LW�XS�PRUH�IXOO\�ODWHU��7KH�WHFKQRORJLFDO

SUREOHP� ZLWK� YLUXVHV� LV� WKDW� WKH\� GRQ©W� HYHQ� DSSHDU� WR� H[KLELW

HPHUJHQW�EHKDYLRU��7KH�UHODWLRQVKLS�EHWZHHQ�JHQRW\SH�DQG�SKHQR�

W\SH�VHHPV�VRPHZKDW�WULYLDO�LQ�D�FHQWUDOL]HG��VHULDO�SURJUDP��7KH

SKHQRW\SH�LV�WKH�JHQRW\SH�H[HFXWHG�E\�WKH�SURFHVVRU��$QG�LI�\RX

KDYH�WKH�DVVHPEO\�ODQJXDJH�OLVWLQJ�RI�WKH�YLUXV��\RX�FDQ�VWXG\�LW

DQG�XQGHUVWDQG�WKH�SKHQRW\SH��2I�FRXUVH��LI�RQH�ZHUH�WR�ORRN�DW�D

ILOH� IXOO� RI� WKH� PLVFHOODQHRXV� E\WHV� FDOOHG� H[HFXWDEOH� PDFKLQH

ODQJXDJH�LQVWUXFWLRQV��RQH�ZRXOG�KDYH�D�KDUG�WLPH�LPDJLQLQJ�ZKDW

WKH�H[HFXWLRQ�RI�WKRVH�E\WHV�ZRXOG�UHDOO\�ORRN�OLNH��6R�ZH�FDQ©W�VD\

WKDW�WKH�UHODWLRQVKLS�EHWZHHQ�JHQRW\SH�DQG�SKHQRW\SH�LV�HQWLUHO\

WULYLDO�

9LUXVHV� DUH� QRUPDOO\�GHVLJQHG� IURP� WKH� WRS�GRZQ��$�JLYHQ

EHKDYLRU�LV�LPDJLQHG�E\�WKH�DXWKRU��DQG�D�SURJUDP�LV�GHVLJQHG�WR

SURGXFH�WKLV�EHKDYLRU��7KH�IHZHU�¦ VXUSULVHV§ �WKH�EHWWHU��<HW�HPHU�

JHQFH� VXJJHVWV� H[DFWO\� WKDW¥LQWHUHVWLQJ� ¦ VXUSULVHV�§ � 6R� VHULDO

YLUXV�SURJUDPV�GRQ©W�GR�YHU\�ZHOO�DW�HYHQ�JLYLQJ�WKH�DSSHDUDQFH�RI

HPHUJHQFH��,QVWHDG��WKH\�JLYH�WKH�DSSHDUDQFH�RI�FDUHIXO�FHQWUDOL]HG

FRQWURO�� 7KH� LGHD� RI� HPHUJHQW� EHKDYLRU� PRYHV� XV� DZD\� IURP

FHQWUDOL]HG�FRQWURO�WRZDUG�ORFDOL]HG��GLVWULEXWHG�FRQWURO�

2Q�D�VLQJOH�XVHU�RSHUDWLQJ�V\VWHP�OLNH�'26��RQH�LV�SUHWW\�PXFK

VWXFN�ZLWK�VHULDO�SURJUDPPLQJ��,Q�WKDW�HQYLURQPHQW��YLUXVHV�PD\

QHYHU�DSSHDU�WR�H[KLELW�DQ\WKLQJ�OLNH�HPHUJHQW�EHKDYLRU��+RZHYHU�

D�PXOWL�WKUHDGHG�SUHHPSWLYH�PXOWLWDVNLQJ�HQYLURQPHQW�OLNH�26��

(PHUJHQW�%HKDYLRU ��



SURYLGHV�VRPH�IDVFLQDWLQJ�SRVVLELOLWLHV��:H�FRXOG�GHVLJQ�D�YLUXV

ZKLFK�ORRNV�PXFK�PRUH�OLNH�D�OLYLQJ�RUJDQLVP��ZLWK�GLIIHUHQW�SDUWV

WKDW�SHUIRUP�GLIIHUHQW� IXQFWLRQV��ZRUNLQJ� LQGHSHQGHQWO\�DQG�\HW

ZRUNLQJ�WRJHWKHU��6XFK�D�YLUXV�FRXOG�H[KLELW�DW�OHDVW�WKH�DSSHDUDQFH

RI�HPHUJHQW�EHKDYLRU¥DV�PXFK�RI�DQ�DSSHDUDQFH�DV�DQ\WKLQJ�$/

UHVHDUFK�KDV�SURGXFHG�

1RZ��DV�,�VDLG�DW�WKH�VWDUW�RI�WKLV�VHFWLRQ��ZH�DUHQ©W�JRLQJ�WR�XVH

D�VHW�RI�KDUG�DQG�IDVW�UXOHV�WR�GHWHUPLQH�ZKDW�LV�DOLYH�DQG�ZKDW�LV

QRW��:H�MXVW�GRQ©W�XQGHUVWDQG�OLIH�ZHOO�HQRXJK�WR�GR�WKDW�\HW��-XVW

EHFDXVH�YLUXVHV�GRQ©W� ORRN�YHU\�¦HPHUJHQW§ �ZH�DUHQ©W�JRLQJ� WR

FRQFOXGH�WKH\©UH�QRW�DOLYH��$OO� WKH�PRUH�VR�VLQFH�ZH�KDYH�VRPH

XQDQVZHUHG�TXHVWLRQV�DERXW�HPHUJHQFH�LWVHOI��,Q�IDFW��WKH�DSSDUHQW

ODFN�RI�HPHUJHQW�EHKDYLRU�ZLOO�EH�YDOXDEOH�LQ�WKH�QH[W�SDUW�RI�WKLV

ERRN��ZKHQ�ZH�GLJ� LQWR�HYROXWLRQ��7KDW©V�EHFDXVH� WKH�UHODWLYHO\

WULYLDO�JHQRW\SH�WR�SKHQRW\SH�FRQQHFWLRQ�IDFLOLWDWHV�RXU�DQDO\VLV�RI

HYROXWLRQ��ZKLOH�HYROXWLRQ�LWVHOI�LV�QRW�SDUWLFXODUO\�GHSHQGHQW�RQ

HPHUJHQFH�WR�ZRUN�

�� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ



0HWDEROLVP�DQG
$GDSWDELOLW\

1RZ�,�ZDQW�WR�GLVFXVV�WZR�GLIIHUHQW�PHFKDQLFDO�DVSHFWV�RI�OLIH�

PHWDEROLVP� DQG� DGDSWDELOLW\�� $OWKRXJK� GLIIHUHQW� SKHQRPHQD�� ,

OXPS�WKHP�WRJHWKHU�EHFDXVH�LQ�RXU�ZRUOG�RI�ELWV�DQG�E\WHV��WKH\�DUH

TXLWH�XVHIXO�DW�KHOSLQJ�XV�WR�GLVWLQJXLVK�EHWZHHQ�VHOI�UHSURGXFWLRQ

DQG�SK\VLFV�GULYHQ�UHSOLFDWLRQ��%H\RQG�WKDW�� WKH\�EHFRPH�UDWKHU

QHEXORXV��DQG�RIWHQ�PLVOHDGLQJ�DV�WR�ZKDW�OLIH�LV�DQG�LV�QRW�

0HWDEROLVP

&RQFLVHO\�SXW��PRVW�OLYLQJ�RUJDQLVPV�XVH�HQHUJ\�WR�PDLQWDLQ

WKHPVHOYHV�LQ�D�VWDWH�RI�ORZ�HQWURS\�DQG�FDUU\�RXW�WKHLU�DFWLYLWLHV�

LQFOXGLQJ�VHOI�UHSURGXFWLRQ��%LRORJLFDO�RUJDQLVPV�HLWKHU�PDNH�XVH

RI� GLUHFW� HQHUJ\� IURP� WKH� VXQ� �SODQWV�SKRWRV\QWKHVLV��� RU� WKH\

FRQYHUW� HQHUJ\� VWRUHG� LQ� FRPSOH[�RUJDQLF�PROHFXOHV� LQWR� IRUPV

WKH\�FDQ�XVH��DQLPDOV�GLJHVWLRQ���7R�XQGHUVWDQG�WKLV�SURFHVV��OHW©V

WDNH�D�ORRN�DW�WKH�VHFRQG�ODZ�RI�WKHUPRG\QDPLFV�

7KH�VHFRQG�ODZ�LV�RQH�RI�WKH�PRVW�XQLYHUVDOO\�DSSOLFDEOH�ODZV

RI�SK\VLFV�NQRZQ��,W�DSSOLHV�WR�PLFURVFRSLF�GXVW�SDUWLFOHV�DV�ZHOO

DV�WR�JDOD[LHV�DQG�HYHQ�WKH�ZKROH�XQLYHUVH��6LPSO\�SXW��LW�VWDWHV�WKDW

LQ�DQ\�LVRODWHG�V\VWHP��HQWURS\�PXVW�VWD\�WKH�VDPH�RU�LQFUHDVH�ZLWK

WLPH��,W�FDQQRW�GHFUHDVH��(QWURS\�LV�D�PHDVXUH�RI�WKH�¦RUGHUOLQHVV§

RI�D�V\VWHP¥WKH�JUHDWHU�WKH�HQWURS\��WKH�OHVV�WKH�RUGHU����7KXV��WKH

VHFRQG� ODZ� VLPSO\� VWDWHV� WKDW� UHDO�ZRUOG� V\VWHPV�� OHIW� WR� WKHP�

VHOYHV��SURFHHG�IURP�VWDWHV�RI�JUHDWHU�RUGHU�WR�VWDWHV�RI�OHVV�RUGHU¥

WKH\�GHFD\�



7KLV�VHFRQG�ODZ�DSSOLHV�WR�HYHU\WKLQJ��LQFOXGLQJ�OLYLQJ�RUJDQ�

LVPV��,I�D�OLYLQJ�RUJDQLVP�LV�SODFHG�LQ�D�FORVHG�HQYLURQPHQW��LW�ZLOO

VRRQ�GLH�DQG�GHFD\��7KH�FRPSOH[�RUJDQLF�PROHFXOHV�LW�LV�PDGH�RI

ZLOO�DWWDFN�HDFK�RWKHU�DQG�EUHDN�GRZQ�LQWR�VLPSOHU�RQHV��/LYLQJ

RUJDQLVPV�FDQ�RQO\�DYRLG�WKH�LPPHGLDWH�FRQVHTXHQFHV�RI�VHFRQG

ODZ�GHFD\�EHFDXVH�WKH\�DUH�QRW�FORVHG�V\VWHPV��7KH\�FRQWLQXDOO\

XWLOL]H�PDWWHU�DQG�HQHUJ\��ZKLFK�IORZ�WKURXJK�WKHP��WR�NHHS�WKHLU

HQWURS\� ORZ�� 7KLV� IORZ� RI� HQHUJ\� PRYHV� WKHP� DZD\� IURP� WKH

KLJK�HQWURS\�HTXLOLEULXP�SRLQW�VR�WKH\�FDQ�VXVWDLQ�OLIH���6HH�)LJXUH

�����,I�IRU�DQ\�UHDVRQ�WKH�HQHUJ\�IORZ�VWRSV��WKH\�GLH�DQG�GHFD\�

7KLV�ZDV�LOOXVWUDWHG�E\�WKH�%LRVSKHUH�,,��D�SRS�HFRORJLFDO�SURMHFW

QHDU�ZKHUH�,�OLYH��LQ�ZKLFK�D�IHZ�SHRSOH�ZHUH�HQFORVHG�IRU���\HDUV

LQ� D� ¦FORVHG§ � HFRV\VWHP�� 2I� FRXUVH�� LW� ZDV� FORVHG� RQO\� WR� WKH

WUDQVIHU�RI�PDWWHU��2XU�JDV�FRPSDQ\�VHQW�IOLHUV�RXW�ERDVWLQJ�RI�KRZ

WKH\�ZHUH�VHOHFWHG�WR�SURYLGH�HQHUJ\�IRU�WKH�SURMHFW��ZKLFK�FRQ�

VXPHG�DV�PXFK�HQHUJ\�DV�VRPH������RUGLQDU\�KRPHV��:LWKRXW�WKDW

HQHUJ\� IORZ¥DQG� WKH� WUHPHQGRXV�HQHUJ\�IURP�WKH�VXQ¥WKH� LQ�

KDELWDQWV�ZRXOG�KDYH�EHHQ�GRRPHG�

7KH�SURFHVV�E\�ZKLFK�D�OLYLQJ�RUJDQLVP�XVHV�PDWWHU�DQG�HQHUJ\

LV�LWV�PHWDEROLVP��3UHVXPDEO\�DUWLILFLDO�RUJDQLVPV�VKRXOG�KDYH�D

PHWDEROLVP�LQ�VRPH�VHQVH¥DQ�DELOLW\�WR�FRQYHUW�PDWWHU�DQG�HQHUJ\

LQWR� YLWDO� SURFHVVHV� ZKLFK� WKH� RUJDQLVP� XVHV� WR� ORFDOO\� UHGXFH

HQWURS\��)RU�UHDO�ZRUOG�RUJDQLVPV��WKHVH�FRQFHSWV�FDQ�EH�PDWKH�

PDWLFDOO\� TXDQWLILHG��� 2I� FRXUVH�� GHILQLQJ� MXVW� ZKDW� WHUPV� OLNH

PDWWHU�DQG�HQHUJ\�PHDQ�LQ�WKH�UHDOP�RI�FHOOXODU�DXWRPDWD�LV�UDWKHU

GLIILFXOW�� XQOHVV� ZH� JR� EDFN� WR� WKH� SK\VLFDO� PDFKLQH� ZKLFK� LV

UXQQLQJ�WKH�DXWRPDWRQ�SURJUDP���(QWURS\�LV�D�GLIIHUHQW�VWRU\��VLQFH

LW�FDQ�EH�PDWKHPDWLFDOO\�GHILQHG���6XFK�FRQFHSWV�DUH�FORVHO\�ZHG�

GHG�WR�UHDO�ZRUOG�ODZV�RI�SK\VLFV��DQG�WKH\�WHQG�WR�ORVH�DOO�VLJQLIL�

FDQFH�ZKHQ�DSSOLHG�WR�D�FRPSOHWHO\�DEVWUDFW�V\VWHP�

7KH�UHTXLUHPHQW�IRU�D�PHWDEROLVP�FDQ�EHFRPH�IX]]\�HYHQ�LQ

UHDO�ZRUOG�ELRORJ\��WKRXJK��)RU�H[DPSOH��ELRORJLFDO�YLUXVHV�GR�QRW

�� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ

� 1RWH�WKDW�WKH�FRQFHSW�RI�RUGHU�FDQ�EH�PDWKHPDWLFDOO\�TXDQWLILHG��:H©OO�GLVFXVV
WKDW�PRUH�ODWHU�

� -DPHV�3��:HVOH\��(FRSK\VLFV��&KDUOHV�7KRPDV��6SULQJILHOG��,OOLQRLV�������SS�
���II�



KDYH�D�PHWDEROLVP�RI�WKHLU�RZQ��7KH\�FRQVLVW�RI�OLWWOH�PRUH�WKDQ�D

VWUDQG�RI�'1$�DQG�VRPH�SURWHFWLYH�PDWHULDO��7KLV�VWUXFWXUH�LV�LQHUW

XQWLO� LW� WDNHV�FRQWURO�RI�DQRWKHU�FHOO©V�PHWDEROLVP�DQG�XVHV� LW� WR

DFFRPSOLVK�WKH�YLUXV©�SODQ�LQVWHDG�RI�WKH�FHOO©V�

$GDSWDELOLW\

,QGLYLGXDO� OLYLQJ�RUJDQLVPV�FDQ�JHQHUDOO\�ERWK� LQWHUDFW�ZLWK

DQG�PRGLI\�WKHLU�HQYLURQPHQW��DV�ZHOO�DV�DGDSW�WR�VPDOO�FKDQJHV�LQ

WKDW�HQYLURQPHQW��7KLV�PDNHV�DQ�RUJDQLVP�IOH[LEOH��DQG�VWDEOH�LQ

WKH�IDFH�RI�FKDQJH��7KH\�FDQ�DGDSW�WR�KHDW�DQG�FROG��RU�D�ORZ�IRRG

VXSSO\��RU�HYHQ�WKH�SUHVHQFH�RI�RWKHU�RUJDQLVPV��

2I�FRXUVH��WKH�DELOLW\�RI�DQ�RUJDQLVP�WR�DGDSW�WR�LWV�HQYLURQPHQW

LV�OLPLWHG��:KHQ�IDFHG�ZLWK�DQ�H[WUHPH�FKDQJH��H�J���D�ILVK�RXW�RI

ZDWHU��WKH�RUJDQLVP�PD\�QRW�EH�FDSDEOH�RI�DGDSWLQJ��LQ�ZKLFK�FDVH

LW�GLHV�

$UWLILFLDO�RUJDQLVPV�VKRXOG�DOVR�EH�FDSDEOH�RI�LQWHUDFWLQJ�ZLWK

WKHLU�HQYLURQPHQW�DQG�DGDSWLQJ�WR�LW�LQ�D�OLPLWHG�ZD\��2I�FRXUVH�

RQH� VKRXOG� QRW� H[SHFW� DQ� DUWLILFLDO� RUJDQLVP� WR� EH� FDSDEOH� RI

DGDSWLQJ�WR�DQ\�DUELWUDU\�FKDQJH�LQ�LWV�HQYLURQPHQW��,W�FDQ�DGDSW�WR

)LJ�������0HWDEROLVP�XVHV�HQHUJ\�WR�ORZHU�HQWURS\�

&ORVHG�V\VWHP
1R�HQHUJ\�IORZ��HQWURS\
LQFUHDVHV��RUJDQLVP�GLHV

2SHQ�V\VWHP
(QHUJ\�IORZ�DOORZV

RUJDQLVP�WR�PDLQWDLQ�ORZ
HQWURS\�DQG�OLYH

0HWDEROLVP�DQG�$GDSWDELOLW\ ��



VRPH�FKDQJHV��ZKLOH�RWKHUV�PLJKW�FRPSOHWHO\�WKURZ�LW�RII�EDODQFH�

MXVW�DV�LQ�WKH�FDVH�RI�ELRORJLFDO�RUJDQLVPV��7KH�FKDQJH�WKDW�VKRUW�

FLUFXLWV�DQ�DUWLILFLDO�RUJDQLVP�GRHV�QRW�KDYH�WR�VRPHKRZ�VHHP�ELJ�

HLWKHU��0LQXWH�TXDQWLWLHV�RI�$UVHQLF�LQ�D�SRQG�DUH�MXVW�DV�FDSDEOH�RI

NLOOLQJ�WKH�ILVK�DV�GUDLQLQJ�WKH�SRQG�

6HOI�5HSURGXFWLRQ��0HWDEROLVP�DQG

$GDSWDELOLW\

7KH�UHDO�YDOXH�RI�PHWDEROLVP�DQG�DGDSWDELOLW\�OLH�LQ�WKHLU�DELOLW\

WR� KHOS� XV� GLVWLQJXLVK� EHWZHHQ� VHOI�UHSURGXFWLRQ� DQG� SK\VLFV�

GULYHQ� UHSURGXFWLRQ��7KLQN� IRU�D�PRPHQW�DERXW� WKH�JURZWK�RI�D

FU\VWDO� RI� 6RGLXP� &KORULGH� LQ� D� VDWXUDWHG� VDOW� VROXWLRQ�� $V� WKH

VDWXUDWLRQ� OHYHO� RI� 6RGLXP�&KORULGH� LQFUHDVHV� EH\RQG� D� FHUWDLQ

SRLQW��D�VHHG�FU\VWDO� LQWURGXFHG�LQWR�WKH�VROXWLRQ�ZLOO�JURZ��7KH

RUGHU�RI�WKH�FU\VWDO�ODWWLFH�LV�UHSOLFDWHG�E\�WKH�6RGLXP�DQG�&KORULQH

DWRPV� LQ� WKH� VROXWLRQ�� 7KLV� LV� D� FODVVLF� FDVH� RI� SK\VLFV�GULYHQ

UHSURGXFWLRQ��,Q�WKLV�VLWXDWLRQ��WKH�HQYLURQPHQW��WKH�VROXWLRQ��PXVW

EH�FDUHIXOO\�FRQWUROOHG�LQ�RUGHU�WR�PDNH�WKH�UHSURGXFWLRQ�ZRUN��$

VOLJKW� FKDQJH� LQ� WHPSHUDWXUH�� VDWXUDWLRQ�� RU� LPSXULWLHV�� DQG� WKH

SURFHVV� ZLOO� UHYHUVH� LWVHOI�� FDXVLQJ� WKH� VHHG� FU\VWDO� WR� GLVVROYH

HQWLUHO\��7KH�DGDSWDELOLW\�RI�VXFK�D�V\VWHP�LV�DOPRVW�QLO��/LNHZLVH�

WKHUH�LV�QR�UHDO�PHWDEROLVP�LQYROYHG�LQ�WKLV�H[DPSOH��7KHUH�LV�QR

PDFKLQH�ZRUNLQJ�WR�PDNH�HQHUJ\�IORZ�WKURXJK�LW�DQG�SXOO�LW�DZD\

IURP�HTXLOLEULXP¥MXVW�VLPSOH�SK\VLFV�GULYLQJ�WKH�ZKROH�V\VWHP

WRZDUG�HTXLOLEULXP�

9LUDO�0HWDEROLVP

$V�,�PHQWLRQHG�DERYH��LW�LV�UDWKHU�GLIILFXOW�WR�GHILQH�FRQFHSWV

OLNH�PDWWHU�DQG�HQHUJ\�HQWLUHO\�ZLWKLQ�DQ�DEVWUDFW�ZRUOG�RI�ELWV�DQG

E\WHV��VKRUW�RI�GHVLJQLQJ�D�V\VWHP�ZKLFK�VLPSO\�PLUURUV�RXU�ZRUOG�

7KH�DOWHUQDWLYH�LV�WR�ORRN�DW�UHDO�SURJUDPV�ZKLFK�UXQ�RQ�FRPSXWHUV

WKDW� H[LVW� LQ� WKH� UHDO� ZRUOG�� ,Q� WKDW� FRQWH[W�� FRPSXWHU� YLUXVHV

FHUWDLQO\�GR�XVH�PDWWHU�DQG�HQHUJ\�WR�PDQLSXODWH�HQWURS\��7KDW�LV�

WKH\�XVH�WKH�SK\VLFDO�FRPSRQHQWV�RI�WKH�FRPSXWHU�V\VWHP�DQG�WKH

HQHUJ\�ZKLFK� WKH�FRPSXWHU�FRQVXPHV� LQ�RUGHU� WR�PDLQWDLQ� WKHLU

H[LVWHQFH�DQG�UHSOLFDWH��5HSOLFDWLRQ�FRQVLVWV�RI�PDNLQJ�D�FRS\�RI�D

�� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ



FHUWDLQ�VHTXHQFH�RI�PDJQHWLF�GRPDLQV�RQ�D�GLVN�GULYH��$V�WKH�YLUXV

FRQWLQXHV�FRS\LQJ� LWVHOI�� WKLV� VHTXHQFH�RI�GRPDLQV� UHSHDWV� LWVHOI

DJDLQ�DQG�DJDLQ�RQ�WKH�GULYH��LQFUHDVLQJ�LWV�RUJDQL]DWLRQ��PDWKH�

PDWLFDOO\�VSHDNLQJ¥LI�\RX©UH�WKH�RQH�EHLQJ�LQIHFWHG��\RX�PD\�QRW

VHH�LW�WKDW�ZD\��DQG�ORZHULQJ�LWV�HQWURS\��$V�VXFK��D�FRPSXWHU�YLUXV

GRHV�KDYH�D�PHWDEROLVP�

2I�FRXUVH��RQH�PLJKW�VD\�WKDW�MXVW�DERXW�DQ\�FRPSXWHU�SURJUDP

FDQ�XVH�HQHUJ\�WR�LPSRVH�LWV�RUGHU�RQ�WKH�GLVN��0RUH�RIWHQ��WKRXJK�

SURJUDPV�DUH�FRQFHUQHG�ZLWK�DOORZLQJ�WKH�XVHU�WR�LPSRVH�KLV�RZQ

RUGHU�RQ�WKH�GLVN��7KH\�DUH�FRQGXLWV��UDWKHU�WKDQ�EHLQJ�VHOI�VXIIL�

FLHQW��<RXU�ZRUG�SURFHVVRU�DOORZV�\RX�WR�ZULWH�OHWWHUV��HWF��7KRVH

OHWWHUV� UHSUHVHQW� RUGHU� RQ� \RXU� FRPSXWHU©V� GLVN�� EXW� WKH� ZRUG

SURFHVVRU�GLG�QRW�FUHDWH�WKDW�RUGHU�LWVHOI��,W�QHHGHG�\RXU�LQWHOOLJHQW

LQSXW�WR�FUHDWH�LW�

9LUDO�$GDSWDELOLW\

&HUWDLQO\�PRVW�FRPSXWHU�YLUXVHV�DUH�FDSDEOH�RI�DGDSWLQJ�WR�WKH

HQYLURQPHQW�WKH\�ILQG�WKHPVHOYHV�LQ��)RU�H[DPSOH��WKH\�FDQ�GHWHFW

WKH�SUHVHQFH�RI�DQRWKHU�FRS\�RI�WKHPVHOYHV�DQG�DGMXVW�WKHLU�EHKDY�

LRU� WR� DYRLG� GRXEOH�LQIHFWLQJ� D� ILOH�� DQG� WR� VWRS� LQIHFWLQJ� ILOHV

DOWRJHWKHU�RQFH�D�GLVN�LV�IXOO\�LQIHFWHG��/LNHZLVH��WKH\�DUH�FDSDEOH

RI� DGDSWLQJ� WR�KRVWLOH� SURJUDPV�� VXFK� DV� DQWL�YLUXV�XWLOLWLHV�� DQG

UHPDLQLQJ�TXLHW�ZKLOH�VXFK�XWLOLWLHV�DUH�LQ�SODFH��RU�WDNLQJ�PHDVXUHV

WR� HVFDSH�GHWHFWLRQ��/LNHZLVH��YLUXVHV� DUH� FDSDEOH�RI�PRGLI\LQJ

WKHLU�HQYLURQPHQW�WR�SURPRWH�WKHLU�RZQ�ZHOIDUH��)RU�H[DPSOH��WKH

,1758'(5�YLUXV�LQ�7KH�/LWWOH�%ODFN�%RRN�RI�&RPSXWHU�9LUXVHV

FDQ�FKDQJH�DQ�(;(�ILOH©V�DWWULEXWH�IURP�UHDG�RQO\�WR�UHDG�ZULWH�VR

WKDW�LW�FDQ�LQIHFW�LW�

&RPSXWHU� YLUXVHV� KDYH� DOVR� VKRZQ� D� SKHQRPHQDO� DELOLW\� WR

DGDSW� WR�FKDQJHV� LQ�SURJUDPPLQJ� WHFKQLTXHV�DQG�HQYLURQPHQWV�

)RU�H[DPSOH��LW�LV�DPD]LQJ�WKDW�WKH�-HUXVDOHP�YLUXV�LV�VWLOO�FDSDEOH

RI�LQIHFWLQJ�D�ZLGH�YDULHW\�RI�H[HFXWDEOH�ILOHV�DQG�IXQFWLRQ�SURSHUO\

ILYH�\HDUV�DIWHU�LW�ZDV�UHOHDVHG��0RVW�RI�WKH�SURJUDPV�LW�LQIHFWV�WRGD\

ZHUH�QRW�HYHQ�ZULWWHQ�ZKHQ�LW�ZDV�ILUVW�UHOHDVHG��$OO�NLQGV�RI�QHZ

SURJUDPPLQJ� WHFKQLTXHV��FRPSLOHUV�DQG�RSHUDWLQJ�HQYLURQPHQWV

KDYH� EHHQ� LQIHFWHG¥\HW� -HUXVDOHP� VWLOO� ZRUNV� YHU\� HIIHFWLYHO\�

7KDW� LV� QRW� WR� VD\� LW� GRHV� QRW� KDYH� LWV� WURXEOHV�� )RU� H[DPSOH�

0HWDEROLVP�DQG�$GDSWDELOLW\ ��



-HUXVDOHP�XVHV�DQ�LQWHUUXSW�ZKLFK�FRQIOLFWV�ZLWK�D�1RYHO�QHWZRUN�

VR�LW�ZLOO�QRW�IXQFWLRQ�LQ�WKDW�HQYLURQPHQW�YHU\�ZHOO�

7KXV�YLUXVHV�FDQ�EH�PRUH�RU�OHVV�DGDSWDEOH�WR�WKHLU�HQYLURQ�

PHQW��7KH\�FDQ�LQWHUDFW�ZLWK�WKHLU�VXUURXQGLQJV��PRGLI\�WKHP�DV

QHFHVVDU\� WR�SURPRWH� WKHLU� VXUYLYDO�� DQG� WKH\�FDQ�DGDSW� WR� WKHLU

HQYLURQPHQW�

$JDLQ�ZH�FDQ�VD\�WKH�VDPH�WKLQJ�RI�RUGLQDU\�SURJUDPV��WKRXJK�

$Q\� FRPPRQ�ZRUG� SURFHVVRU� ZLOO� UXQ� LQ� D� YDULHW\� RI� HQYLURQ�

PHQWV¥WKH� PRUH� WKH� EHWWHU�� 6R� DGDSWDELOLW\� LV� QRW� VRPHWKLQJ

XQLTXH�WR�OLYLQJ�RUJDQLVPV�RU�FRPSXWHU�YLUXVHV��

�� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ



(YROXWLRQ

0RVW�ELRORJLFDO�RUJDQLVPV�VHHP�WR�KDYH�DW�OHDVW�VRPH�FDSDFLW\

IRU�'DUZLQLDQ�VW\OH�HYROXWLRQ��$Q\�YLDEOH�RUJDQLVP�KDV�D�SURJ�

HQ\¥LI�LW�GRHV�QRW��LW�ZLOO�VRRQ�EH�H[WLQFW��*HQHUDOO\��WKH�JHQHWLF

PDNHXS�RI�WKDW�SURJHQ\�LV�QRW�TXLWH�WKH�VDPH�DV�WKH�JHQHWLF�PDNHXS

RI�WKH�SDUHQWV��7KXV��WKH�JHQHWLF�FRPSRVLWLRQ�RI�D�SRSXODWLRQ�FDQ

FKDQJH�RYHU�WLPH��,Q�IDFW��WKH�JHQHWLF�FRPSRVLWLRQ�RI�D�SRSXODWLRQ

FDQ�EH�LQIOXHQFHG�E\�H[WHUQDO�IDFWRUV��DV�RQH�JHQH�SURYHV�WR�KDYH

PRUH�VXUYLYDO�YDOXH�WKDQ�DQRWKHU�

$V�IDU�DV�WKH�PHFKDQLFDO�SURSHUWLHV�RI�OLIH�JR��,�DP�JRLQJ�WR

WUHDW� HYROXWLRQ�DV�D�VHFRQG�RUGHU�SKHQRPHQRQ�� ,� DP�GRLQJ� WKDW

EHFDXVH�RI�WKH�DE\VPDO�VWDWH�RI�FXUUHQW�H[SHULPHQWDO�DQG�WKHRUHWLFDO

HYROXWLRQDU\�ELRORJ\��*LYHQ�DQ�LQGLYLGXDO��RU�D�SRSXODWLRQ��WKHUH�LV

QR�ZD\��DW�SUHVHQW��WR�GHWHUPLQH�ZKDW�LW�ZLOO�HYROYH�LQWR��RU�HYHQ

ZKHWKHU�LW�KDV�WKH�FDSDFLW\�WR�HYROYH�LQWR�VRPHWKLQJ�HOVH�DW�DOO��7KLV

VWDWHPHQW�PD\�VRXQG�VRPHZKDW�KHUHWLFDO�LQ�WKH�HDUV�RI�WKH�W\SLFDO

PRGHUQ�VFLHQWLVW¥DQG�LW�LV��LQWHQWLRQDOO\�VR�

&HUWDLQO\�� UHDGLQJ�PRVW� SRSXODU� OLWHUDWXUH�RQ� HYROXWLRQ�� RQH

JHWV�WKH�LPSUHVVLRQ�WKDW�HYROXWLRQDU\�SURFHVVHV�DUH�LQILQLWHO\�SRZ�

HUIXO¥WKDW�DQ\�RUJDQLVP�FDQ�PXWDWH�LQWR�DQ\�RWKHU�RUJDQLVP��JLYHQ

D�UHDVRQDEOH�DPRXQW�RI�WLPH�DQG�WKH�SURSHU�HQYLURQPHQWDO�SUHV�

VXUHV��7KH� IDFW� WKDW� QR�SUHGLFWLRQV� FDQ�EH�KDG� VWDQGV� LQ� VWUDQJH

FRXQWHUSRLQW�WR�VXFK�RPQLSRWHQFH�

2QH�PLJKW�VXVSHFW�WKDW�VRPH�JHQHWLF�FRGLQJV�UHVXOW�LQ�RUJDQ�

LVPV� WKDW� DUH�PXFK�PRUH�FDSDEOH�RI� �HYROYLQJ� WKDQ� �RWKHUV��)RU

H[DPSOH��LQ�WKH�H[WUHPH��LI�HYHU\�RQH�QXFOHRWLGH�VXEVWLWXWLRQ��RI�D

SDUWLFXODU�FRGLQJ�ZDV� LPPHGLDWHO\� OHWKDO��ZH��PLJKW�H[SHFW�WKDW



RUJDQLVP�WR�KDYH�D�KDUGHU�WLPH�HYROYLQJ�WKDQ�RQH�ZKLFK�KDG�����

QHXWUDO�RQH�QXFOHRWLGH�VXEVWLWXWLRQV�DQG����SRWHQWLDOO\�EHQHILFLDO

RQHV�

:KHQ�H[WHQGHG� WR�$/��RQH� �PLJKW�H[SHFW� WR� ILQG�D� � VLPLODU

YDULDELOLW\¥SHUKDSV�RQ�DQ�HYHQ�ZLGHU�VFDOH��6RPH�DUWLILFLDO�RUJDQ�

LVPV�PD\�QRW�EH�UHDOLVWLFDOO\�FDSDEOH�RI�DQ\�HYROXWLRQ��2WKHUV�PD\

EH�FDSDEOH�RI�IDU�PRUH�WKDQ�ZKDW�WKH�UHDO�ZRUOG�FDQ�VXSSRUW�

$JDLQVW�WKLV�EDFNGURS��,�WKLQN�WKH�DSSURDFK�RI�UHIXVLQJ�WR�FDOO

VRPHWKLQJ�DOLYH�XQOHVV� LW�FDQ�HYROYH� LV� UDWKHU�EOLQG�� WKRXJK� WKLV

VFKRRO�RI�WKRXJKW�KDV�VWURQJ��VXSSRUW�DPRQJ�WKH�$/�FRPPXQLW\��,W

FRXOG�H[FOXGH�D�ZLGH�YDULHW\�RI�SRWHQWLDOO\�LQWHUHVWLQJ�SKHQRPHQD�

LQFOXGLQJ�VRPH�OLIH�RQ�HDUWK�

5DWKHU��,�LPDJLQH�VRPH�VRUW�RI�HYROYDELOLW\�FRHIILFLHQW��ε��WKDW
FRXOG�EH�DVVLJQHG�WR�DQ\�VHOI�UHSURGXFLQJ�DXWRPDWRQ��ZKHUH�DQ�ε �
ZRXOG�PHDQ�HYROXWLRQ�FRXOG�QRW�RFFXU��DQG�D�ODUJH�ε �ZRXOG�PHDQ
ORWV�RI�HYROXWLRQ�FRXOG�RFFXU�YHU\�IDVW��$QG�,�ZRXOG�SUHIHU�QRW�WR

XVH�ε WR�GHWHUPLQH�ZKHWKHU�VRPHWKLQJ�LV�DOLYH�RU�QRW��EXW�WR�VWXG\
HYROXWLRQ�LWVHOI��$OWKRXJK�WKLV�ε�LV�REYLRXVO\�YHU\�QDwYH��LW�KHOSV�XV
WR� VHH� HYROXWLRQ� DV� D� VHFRQGDU\� SKHQRPHQRQ�� ,Q� WKH� DEVWUDFW�

HYROXWLRQ� LV� OLWWOH� PRUH� WKDQ� D� VWXG\� RI� JHQHWLF� FKDQJH�� 7KXV�

ZKHUHYHU�\RX�KDYH�VHOI�UHSURGXFLQJ�DXWRPDWD��\RX�KDYH�HYROXWLRQ�

2I�FRXUVH��ε �����LV�MXVW�DV�PXFK�HYROXWLRQ�DV�ε ����LV��LQ�WKLV�EURDG
VHQVH�RI�WKH�WHUP�

,I� RUGLQDU\� HYROXWLRQDU\� ELRORJ\� ZHUH� DGYDQFHG� HQRXJK� WR

TXDQWLI\�HYROXWLRQ��ZH�PLJKW�EH�DEOH�WR�GHWHUPLQH�VRPH�PLQLPDO

YDOXH� RI� ε� WR� TXDOLI\� DQ� DUWLILFLDO� RUJDQLVP� DV� ¦ OLYLQJ§ �� 6LQFH
HYROXWLRQDU\�ELRORJ\�LV�QRW�WKDW�DGYDQFHG��WKRXJK��LW�VHHPV�UDWKHU

DEVXUG�WR�XVH�DQ�XQTXDQWLILDEOH�SKHQRPHQRQ�DV�D�SULPDU\�GLYLGLQJ

OLQH�EHWZHHQ�OLIH�DQG�QRQ�OLIH��HVSHFLDOO\�ZKHQ�LW�FDQQRW�HYHQ�EH

REVHUYHG�LQ�GD\�WR�GD\�OLIH�H[FHSW�RQ�WKH�VFDOH�RI�¦PLFURHYROXWLRQ§ �

:LWK�DOO�RI�WKDW�VDLG��DQ�DUWLILFLDO�RUJDQLVP�PLJKW�EH�FDSDEOH�RI

DW� OHDVW� VRPH� OLPLWHG� HYROXWLRQ�� +RZHYHU� LW� QHHG� QRW� EH� VRPH

ZRQGHUIXO�VHHG�IURP�ZKLFK�P\ULDGV�DQG�P\ULDGV�RI�LQFUHDVLQJO\

FRPSOH[� DUWLILFLDO� RUJDQLVPV� FRXOG� VSULQJ� IRUWK�� 7R� LPSRVH� WKH

FRQGLWLRQ�RI�XQOLPLWHG�HYROYDELOLW\�RQ�DQ�DUWLILFLDO�RUJDQLVP�ZRXOG

EH�LQDSSURSULDWH���$OWKRXJK�,�GR�QRW�FRQVLGHU��HYROXWLRQ�D�QHFHVVDU\

�� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ



SUHUHTXLVLWH�IRU�VRPHWKLQJ�WR��EH�DOLYH�� � WKH�TXHVWLRQ�RI�ZKHWKHU

YLUXVHV�FRXOG�HYROYH�RU�QRW�LV�VWLOO�LQWHUHVWLQJ�

(YROXWLRQ�RI�&RPSXWHU�9LUXVHV

:KHQ�ZH�EHJLQ� WDONLQJ�DERXW� WKH�HYROXWLRQ�RI�FRPSXWHU�YL�

UXVHV��LW�LV�QHFHVVDU\�WR�FOHDU�XS�VRPH�FRQIXVLRQ��3RO\PRUSKLF��RU

VHOI�PXWDWLQJ�YLUXVHV�DUH�RIWHQ�FDOOHG�HYROXWLRQDU\��DOWKRXJK�WKDW�LV

QRW�WUXH�LQ�WKH�VHQVH�RI�'DUZLQLDQ�HYROXWLRQ�

$�SRO\PRUSKLF�YLUXV�LV�D�YLUXV�ZKLFK�HQFU\SWV�LWV�FRGH�GLIIHU�

HQWO\�HDFK�WLPH�LW�LQIHFWV�D�QHZ�SURJUDP��7KH�SULPDU\�SXUSRVH�RI

WKLV�HQFU\SWLRQ�LV�WR�GHIHDW�YLUXV�VFDQQHUV�ZKLFK�VHDUFK�IRU�D�VWULQJ

RI�FRGH�LQ�RUGHU�WR�ORFDWH�YLUXVHV��7KH�VHOI�PXWDWLQJ�YLUXV�VLPSO\

DYRLGV�JLYLQJ�WKH�VFDQQHU�D�IL[HG�VWULQJ�WR�VHDUFK�IRU�E\�HQFU\SWLQJ

LWV�FRGH�GLIIHUHQWO\�HDFK�WLPH�

7KLV�NLQG�RI�D�PXWDWLRQ�VFKHPH¥LQ�DQG�RI�LWVHOI¥GRHV�QRW�ILW

WKH�PRGHO�IRU�'DUZLQLDQ�HYROXWLRQ��,QVWHDG��LW�LV�VRPHZKDW�OLNH�D

FKDPHOHRQ� FDPRXIODJLQJ� LWVHOI�� 7KH� SRO\PRUSKLF� YLUXV� FKDQJHV

ZKDW�LW�ORRNV�OLNH�WR�WKH�RXWVLGH�ZRUOG�HYHU\�WLPH�LW�UHSURGXFHV��EXW

LW�GRHVQ©W�FKDQJH�LWV�HVVHQWLDO�IXQFWLRQ��XQOHVV�DGGLWLRQDO�IHDWXUHV

EHVLGHV�HQFU\SWLRQ�KDYH�EHHQ�DGGHG���1RQH�RI�WKH�PXWDWLRQV��LQ�DQG

RI� WKHPVHOYHV�� LPSURYH� WKH� DELOLW\� RI� WKH� YLUXV� WR� VXUYLYH��2QH

PXWDWLRQ�LV�QRW�QRUPDOO\�IDYRUHG�RYHU�DQRWKHU��

2EYLRXVO\�� D� EXJ� LQ� D� GHFU\SWLRQ� VFKHPH�� RU� D� IOXNH� LQ� DQ

RSHUDWLQJ�V\VWHP�RU�DQWL�YLUXV�SURJUDP�PLJKW�JLYH�RQH�HQFU\SWLRQ

D�EHWWHU��RU�ZRUVH��DELOLW\�WR�VXUYLYH�WKDQ�DQRWKHU��+RZHYHU�HYHU\

WLPH�WKH�YLUXV�UHSURGXFHV��LWV�FKLOGUHQ�ORRN�FRPSOHWHO\�GLIIHUHQW�

EXW�RSHUDWH� LQ�HVVHQWLDOO\� WKH�VDPH�PDQQHU��1R�¦ VXUYLYDO�RI� WKH

ILWWHVW�PHFKDQLVP§ �FDQ�ZRUN�LQ�VXFK�DQ�HQYLURQPHQW�EHFDXVH��WKH

SDUHQWV� GRQ©W� JHQHWLFDOO\�SDVV� DQ\� HQFU\SWLRQ� LQIRUPDWLRQ�RQ� WR

WKHLU�FKLOGUHQ��,Q�VKRUW��SRO\PRUSKLVP�VKRXOG�QRW�EH�FRQIXVHG�ZLWK

'DUZLQLDQ�HYROXWLRQ��

(YROXWLRQ ��

� 7KLV�GRHV�QRW��RI�FRXUVH��PHDQ�WKDW�D�SRO\PRUSKLF�HQJLQH�FRXOG�QRW�LQFRUSRUDWH
'DUZLQLDQ�HYROXWLRQ�LQWR�LWV�RSHUDWLRQ��,Q�IDFW��ZH�ZLOO�GLVFXVV�MXVW�VXFK�DQ
HQJLQH�ODWHU�LQ�WKLV�ERRN�



3UDFWLFDOO\� VSHDNLQJ�� 'DUZLQLDQ� HYROXWLRQ� FDQ� RQO\� RSHUDWH

DJDLQVW� D� EDFNJURXQG� RI� UHODWLYH� VWDELOLW\�� $Q� RUJDQLVP� ZKLFK

SDVVHV�RQ�PRVW�RI�LWV�FKDUDFWHULVWLFV�WR�LWV�SURJHQ\�LV�D�SUHUHTXLVLWH�

$�IHZ�FKDUDFWHULVWLFV�PD\�FKDQJH�IURP�WLPH�WR�WLPH��UHVXOWLQJ�LQ�D

QHZ�JHQRW\SH��7KDW�QHZ�RUJDQLVP�ZLOO�WKHQ�QRUPDOO\�SDVV�RQ�LWV

QHZ�FKDUDFWHULVWLFV� WR� LWV�SURJHQ\�� ,I� WKH�QHZ�RUJDQLVP� LV�PRUH

VXFFHVVIXO�WKDQ�WKH�ROG��L�H���RQ�WKH�DYHUDJH�WKH�QHZ�VXFFHHGV�LQ

UHSURGXFLQJ�PRUH�RIWHQ�WKDQ�WKH�ROG��WKHQ�WKH�UHODWLYH�SRSXODWLRQ

RI� QHZ� YHUVXV� ROG� FDQ� LQFUHDVH�� DQG� SRVVLEO\� UHSODFH� WKH� ROG

HQWLUHO\��3RVVLEO\�D�VWDEOH�SRSXODWLRQ�RI�ERWK�W\SHV�ZLOO�UHVXOW��,Q

WKLV�ZD\�D�SRSXODWLRQ�RI�RUJDQLVPV��RU�DUWLILFLDO�RUJDQLVPV��FDQ

HYROYH�IURP�ROG�WR�QHZ�

,W�VHHPV�UHDVRQDEOH�WR�VXJJHVW�WKDW�JHQHWLF�FKDQJH¥DQG�WKH

UHVXOWLQJ�HYROXWLRQ¥FDQ�EH�RI�WZR�W\SHV��DFFLGHQWDO�RU�SUH��SUR�

JUDPPHG��,Q�QDWXUH��DFFLGHQWDO�HYROXWLRQ�PLJKW�EH�WKH�UHVXOW�RI�D

VWUD\�FRVPLF�UD\�VWULNLQJ�VRPH�RUJDQLVP�DQG�DOWHULQJ�LWV�JHQHWLF

VWUXFWXUH��0RVW� VXFK� DOWHUDWLRQV�ZLOO� EH� LPPHGLDWHO\� OHWKDO�� EXW

VRPH�PLJKW�RQO\�EH�KDUPIXO��)HZHU�VWLOO�PLJKW�EH�QHXWUDO��DQG�UDUHO\

VXFK�DQ�DOWHUDWLRQ�PLJKW�EH�EHQHILFLDO��$�¦EHQHILFLDO§ �DOWHUDWLRQ�LV

HVVHQWLDOO\�GHILQHG�DV�RQH�ZKLFK�ZRXOG�KDYH�VRPH�VXUYLYDO�YDOXH

IRU�WKH�RUJDQLVP��,Q�VXFK�D�VLWXDWLRQ��WKH�PXWDWHG�RUJDQLVP�ZRXOG

UHSURGXFH�VXFFHVVIXOO\��DQG�SRVVLEO\�UHSODFH�WKH�RULJLQDO�LQ�D�ODUJH

QXPEHU�RI�JHQHUDWLRQV�

7KH�VHFRQG�W\SH�RI�JHQHWLF�FKDQJH¥SUH�SURJUDPPHG¥LQIHUV

WKDW� VRPH� WHFKQLTXH� RI� PRGLI\LQJ� WKH� JHQHWLF� VWUXFWXUH� RI� DQ

RUJDQLVP�IURP�JHQHUDWLRQ�WR�JHQHUDWLRQ�LV�EXLOW�LQ�WR�LWV�YHU\�FRGLQJ�

,Q�WKH�QDWXUDO�ZRUOG��VLPSOH�VH[XDO�UHSURGXFWLRQ�LV�D�JRRG�H[DPSOH�

,W�DIIRUGV�D�QXPEHU�RI�SUH�SURJUDPPHG�PHDQV�IRU�HIIHFWLQJ�JHQHWLF

FKDQJH��)RU�H[DPSOH��KXPDQ�JHQHWLF�LQIRUPDWLRQ�LV�EURNHQ�XS�LQWR

���VHSDUDWH�VWUDQGV�RI�'1$�NQRZQ�DV�FKURPRVRPHV��HDFK�RQH�RI

ZKLFK�KDV�DQ�HTXDO�FKDQFH�RI�FRPLQJ�IURP�WKH�IDWKHU�RU�PRWKHU�DW

FRQFHSWLRQ��,Q�WKLV�ZD\��SODQQHG�FKDQJH�WDNHV�SODFH�IURP�JHQHUD�

WLRQ� WR�JHQHUDWLRQ��7KH�FKLOG� LV�QRW�QRUPDOO\� WKH� VDPH�DV�HLWKHU

SDUHQW��EXW�KH�LV�VLPLODU�WR�ERWK��,Q�DGGLWLRQ��D�SKHQRPHQRQ�FDOOHG

FURVV�RYHU� RU� FKLDVPD� RFFDVLRQDOO\� RFFXUV��:KHQ� WZR� FKURPR�

VRPHV�FRPH�LQWR�FORVH�SUR[LPLW\��WKH\�FDQ�RFFDVLRQDOO\�EUHDN�DSDUW

DQG�FRPELQH�ZLWK�HDFK�RWKHU��VR�WKDW�WKH�FKLOG�LQKHULWV�D�FKURPR�

VRPH�ZKLFK�GLG�QRW�EHORQJ�WR�HLWKHU�IDWKHU�RU�PRWKHU��EXW�FRQWDLQV

�� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ



D�VHJPHQW�IURP�ERWK��&URVV�RYHU�SURYLGHV�DQ�DGGLWLRQDO�HOHPHQW�RI

JHQHWLF�IOH[LELOLW\�ZKLFK�LV�HYLGHQWO\�EXLOW�ULJKW�LQWR�WKH�UHSURGXF�

WLRQ�PHFKDQLVP�

7KHVH�SUH�SURJUDPPHG�PHDQV�RI�JHQHWLF�FKDQJH�JLYH�D�SRSX�

ODWLRQ�D�ZD\�WR�DGDSW�WR�HQYLURQPHQWDO�FKDQJHV�LQ�DQ�HYROXWLRQDU\

IDVKLRQ�ZLWKRXW�KDYLQJ�WR�UHO\�RQ�UDUH�DFFLGHQWDO�PXWDWLRQV��7KH

WKHRU\�RI�HYROXWLRQ�GRHVQ©W�SDUWLFXODUO\�VD\�DQ\WKLQJ�DERXW�KRZ�WKH

JHQHWLF�FKDQJH�WDNHV�SODFH¥RQO\�DERXW�ZKDW�KDSSHQV�RQFH�YDUL�

DWLRQV�H[LVW���

3RWHQWLDOO\��DQ\�FRPSXWHU�YLUXV�FRXOG�EH�VXEMHFW�WR�DFFLGHQWDO

PXWDWLRQ��$�SRZHU�JOLWFK�ZKLOH�WKH�YLUXV�LV�LQ�PHPRU\��RU�D�ZHDN

PDJQHWLF�GRPDLQ�FRXOG�FRQFHLYDEO\�FKDQJH�D�ELW��ZKLFK�ZRXOG�EH

SDVVHG�RQ�ZKHQ�UHSOLFDWLQJ��0RVW�VXFK�PXWDWLRQV�ZRXOG�EH�GLVDV�

WURXV�IRU�WKH�YLUXV��DQG�UHVXOW�LQ�D�QRQ�IXQFWLRQDO�RU�FULSSOHG�SLHFH

RI�FRGH��+RZHYHU��LI�VXFK�D�PXWDWLRQ�RFFXUUHG�LQ�D�SLHFH�RI�GHDG

FRGH�VSDFH��WKH�YLUXV�ZRXOG�VLPSO\�FDUU\�LW�DORQJ�IURP�JHQHUDWLRQ

WR�JHQHUDWLRQ��ZLWK�QR�LOO�VLGH�HIIHFWV��,W�LV�HYHQ�FRQFHLYDEOH�WKDW

RQFH�LQ�D�ZKLOH�VXFK�D�PXWDWLRQ�FRXOG�EH�EHQHILFLDO�

$FWXDOO\��WKH�SKHQRPHQRQ�RI�YLUXVHV�FDUU\LQJ�DURXQG�FKDQJHV

IURP�JHQHUDWLRQ�WR�JHQHUDWLRQ�LV�TXLWH�FRPPRQ��WKRXJK�WKH�FKDQJHV

DUH�QRW�XVXDOO\�FKDQFH�PXWDWLRQV���)RU�H[DPSOH��WKH�6WRQHG�YLUXV

FDUULHV�DURXQG�ZLWK�LW�WKH�SDUWLWLRQ�WDEOH�RI�WKH�ODVW�KDUG�GLVN�ZKLFK

LW�UHVLGHG�RQ�

$GGLWLRQDOO\��D�FRPSXWHU�YLUXV�FDQ�EH�GHVLJQHG�WR�FKDQJH�LWVHOI

LQ� VXFK� D� ZD\� WKDW� LW� ZLOO� XQGHUJR� VRPH� 'DUZLQLDQ� HYROXWLRQ�

&RQVLGHU�� IRU� H[DPSOH�� WKH� ,1758'(5� YLUXV� GLVFXVVHG� LQ� 7KH

/LWWOH� %ODFN� %RRN� RI� &RPSXWHU� 9LUXVHV�� ,W� ZDV� D� VLPSOH� YLUXV

GHVLJQHG�WR�LQIHFW�(;(�ILOHV��,W�FRQWDLQHG�D�URXWLQH�6+28/'581�

ZKLFK�FRQWUROOHG�WKH�UHSURGXFWLRQ�UDWH�RI�WKH�YLUXV��7KH�SURJUDP�

PHU�FRXOG�VHW�WKLV�URXWLQH�XS�WR�PDNH�WKH�YLUXV�UHSURGXFH�HYHU\�WLPH

LW�H[HFXWHG��RU�RQO\�YHU\�UDUHO\��7KHUH�LV�QR�UHDVRQ��KRZHYHU��WKDW

RQH�FRXOG�QRW�GHVLJQ�D�6+28/'581�URXWLQH�ZKLFK�ZRXOG�PRGLI\

LWV�RZQ�UHSURGXFWLRQ�UDWH��)RU�H[DPSOH��WKH�URXWLQH

(YROXWLRQ ��

� �,QGHHG��'DUZLQ�GLGQ©W�HYHQ�NQRZ�DERXW�JHQHWLFV�ZKHQ�KH�SURSRVHG�HYROXWLRQ�
7KDW�ZDV�GLVFRYHUHG�E\�*UHJRU�0HQGHO�LQ������DQG�LJQRUHG�E\�WKH�VFLHQWLILF
FRPPXQLW\��LQFOXGLQJ�'DUZLQ��IRU�\HDUV�



�7KLV�URXWLQH�UHWXUQV�=�LI�WKH�YLUXV�VKRXOG�UHSOLFDWH

581B)/*���������'%�������

6+28/'581�
��������SXVK����GV
��������[RU�����D[�D[
��������PRY�����GV�D[
��������PRY�����E[���&+������������������ORZ�ZRUG�RI�FXUUHQW�WLPH
��������PRY�����D[�>E[@������������������VLQFH�LW®V�D�IDLU�UDQGRP��
��������SRS�����GV
��������WHVW����DK�����������������������PXWDWH�RU�QRW"�������FKDQFH
��������MQ]�����12B087$7(����������������QR
��������WHVW����DK�����������������������LQFUHDVH������FKDQFH��RU
��������MQ]�����087B83�������������������GHFUHDVH������FKDQFH��UDWH"
087B'2:1�
��������VKU�����>581B)/*@����������������UHSURGXFWLRQ�PRUH�OLNHO\
��������MPS�����6+257�12B087$7(����������E\�D�IDFWRU�RI��
087B83�
��������VKO�����>581B)/*@����������������UHSURGXFWLRQ�OHVV�OLNHO\
��������RU������>581B)/*@����������������E\�D�IDFWRU�RI��
12B087$7(�
��������DQG�����DO�>581B)/*@�������������VHW�]�IODJ�SURSHUO\
��������UHW������������������������������DQG�H[LW

ZLOO�UHSURGXFH�DW�D�UDWH�FRQWUROOHG�E\�581B)/*��+RZHYHU��HYHU\

RWKHU�UHSOLFDWLRQ�DOVR�PRGLILHV�581B)/*�UDQGRPO\��HLWKHU�KDOY�

LQJ� LW�RU�GRXEOLQJ� LW�� ,Q� WKLV�ZD\��RYHU�D�QXPEHU�RI�JHQHUDWLRQV�

GLIIHUHQW� YHUVLRQV� RI� WKLV� YLUXV� ZLOO� FRPH� LQWR� EHLQJ�� ZLWK� DOO

GLIIHUHQW�UHSOLFDWLRQ�UDWHV��QR�PDWWHU�ZKDW�WKH�LQLWLDO�UDWH�ZDV�VHW�WR�

7KLV�YLUXV��ZKLFK�ZH�FDOO�,1758'(5�,,��LV�RQ�WKH�3URJUDP�'LVN�

,1758'(5�,,�YLUXV�ZLOO�H[KLELW�'DUZLQLDQ�HYROXWLRQ��&RQ�

VLGHU��IRU�H[DPSOH��DQ�LGHDO�ZRUOG�LQ�ZKLFK�QR�DQWL�YLUXV�VRIWZDUH

H[LVWV�DQG�HYHU\ERG\�VKDUHV�VRIWZDUH�ZLWK�WKHLU�QHLJKERUV��,Q�VXFK

D�ZRUOG��WKH�IDVWHU�WKH�YLUXV�UHSURGXFHV��WKH�PRUH�VXFFHVVIXO�LW�ZLOO

EH�� EHFDXVH� UHSURGXFLQJ� VORZHU� KDV� QR� LQKHUHQW� VXUYLYDO� YDOXH�

7KXV��WKH�ZRUOG�ZLGH�SRSXODWLRQ�RI�WKLV�YLUXV�ZLOO�EH�GRPLQDWHG�E\

WKH�IDVWHVW�UHSURGXFLQJ�YDULHWLHV��DQG�WKH�VORZHVW�UHSURGXFLQJ�YD�

ULHWLHV�ZLOO�EH�UDUH�WR�QRQ�H[LVWHQW���6HH�)LJXUH�����

1RZ��VXSSRVH�DQ�HQYLURQPHQWDO�FKDQJH�WRRN�SODFH��DQG�DERXW

KDOI�WKH�ZRUOG©V�3&©V�KDG�D�765�DQWL�YLUXV�SURJUDP�LQVWDOOHG�RQ

WKHP�ZKLFK�ZRXOG�FDWFK�WKLV�YLUXV�ZKHQ�LW�DFWLYDWHV��EXW�LW�FRXOG

QRW�VFDQ�IRU�LW�DQG�FDWFK�FRSLHV�ZKLFK�KDGQ©W�DFWLYDWHG��6XGGHQO\�

D�VORZO\�UHSURGXFLQJ�YHUVLRQ�RI�RXU�YLUXV�JDLQV�D�FHUWDLQ�DGYDQWDJH

RYHU�D�TXLFNO\�UHSURGXFLQJ�RQH��EHFDXVH�VRPHRQH�ZLWK�DQWL�YLUXV

VRIWZDUH�ZLOO�EH� OHVV� OLNHO\� WR�QRWLFH� LW� LV� WKHUH��7KXV�ZH�ZRXOG

H[SHFW�WKH�SRSXODWLRQ�WR�VKLIW�RYHU�D�SHULRG�RI�JHQHUDWLRQV�WRZDUG

WKH�PRUH� VORZO\� UHSURGXFLQJ� YDULHWLHV�� 6RPH� W\SLFDO� UHVXOWV� DUH

�� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ



)LJXUH������3RSXODWLRQ�RI�,1758'(5�,,�ZLWKRXW
DQWL�YLUXV�

)LJXUH������3RSXODWLRQ�RI�,1758'(5�,,�ZLWK
DQWL�YLUXV�

(YROXWLRQ ��



GHSLFWHG�LQ�)LJXUH������7KH�SURJUDP�ZKLFK�GRHV�WKHVH�FDOFXODWLRQV�

,17B6,0��LV�LQFOXGHG�RQ�WKH�3URJUDP�'LVN�WRR�

,Q�FRQFOXVLRQ��FRPSXWHU�YLUXVHV�FOHDUO\�FDQ�HYROYH��DQG�XVH

HYROXWLRQ�WR�RYHUFRPH�FKDOOHQJHV�WR�WKHLU�VXUYLYDO�

�� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ



&RQFOXVLRQV

7KHUH�DUH�PDQ\�PHFKDQLFDO�DVSHFWV�RI�OLIH�ZKLFK�FRQWULEXWH�WR

RXU�LGHD�RI�ZKDW�OLIH�LV��,�KDYH�QRW�GLVFXVVHG�DOO�RI�WKH�SURSHUWLHV

ZKLFK� KDYH� EHHQ� SURSRVHG� KHUH�� MXVW� WKRVH� ZKLFK� DSSHDU� PRVW

LPSRUWDQW�DQG�PRVW�FHUWDLQ��0DQ\�ELRORJLFDO�RUJDQLVPV�SRVVHV�DOO

RI� WKHVH�SURSHUWLHV��\HW�H[FHSWLRQV�FDQ�EH�IRXQG�WR�HYHU\�RQH�RI

WKHP��7KXV��QR�RQH�PHFKDQLFDO�SURSHUW\�FDQ�EH�XVHG�DV�D�OLWPXV

WHVW� WR� VD\�¦ WKLV� LV� DOLYH�DQG� WKDW� LV�QRW�§ �+RZHYHU��DOO�RI� WKHVH

SURSHUWLHV�VHHP�FORVHO\�WLHG�WR�OLIH�DQG�WKH\�JLYH�XV�D�EHWWHU�LGHD�RI

ZKDW�OLIH�LV��IURP�D�PHFKDQLFDO�SRLQW�RI�YLHZ�

7KHUH� LV� D� FDYHDW� WKRXJK�� ZKHQ� GLVFXVVLQJ� WKH� PHFKDQLFDO

SURSHUWLHV�RI�OLIH��ZH�FRXOG�QRW�DYRLG�SKLORVRSKLFDO�LVVXHV��7U\LQJ

WR� GUDZ� WKH� OLQH� EHWZHHQ� VHOI�UHSURGXFWLRQ� DQG� SK\VLFV�GULYHQ

UHSOLFDWLRQ�SURYHG�PRUH�GLIILFXOW�WKDQ�ZH�LPDJLQHG��/LNHZLVH��WKH

ZKROH�LGHD�RI�HPHUJHQW�EHKDYLRU�DSSHDUHG�VRPHZKDW�LOOXVRU\�LI�ZH

VWDUWHG� ORRNLQJ� DW� LW� WRR� KDUG�� :H� KDYH� WR� ZRQGHU�� FRXOG� WKH

¦HPHUJHQFH§ �LQVLGH�D�FRPSXWHU�EH�IXQGDPHQWDOO\�GLIIHUHQW�WKDQ

WKH�¦HPHUJHQFH§ �LQ�WKH�UHDO�ZRUOG"

+XPDQV�DUH�SURQH�WR�UHVRUW�WR�PHUH�DSSHDUDQFHV�WR�UHLQIRUFH

FODLPV��WR�HVWDEOLVK�GRFWULQHV��DQG�EXLOG�PRGHOV��<HW�LI�ZH�DUH�WR�EH

JRRG�VFLHQWLVWV��ZH�PXVW�UXWKOHVVO\�DWWDFN�DSSHDUDQFHV�WR�ILQG�RXW

ZKDW�VXEVWDQFH�WKH\�KDYH��7KLV�ZLOO�EH�RXU�IRFXV�LQ�WKH�VHFRQG�SDUW

RI�WKLV�ERRN�

)RU� QRZ�� ZH� FDQ� DW� OHDVW� VD\� WKDW� FRPSXWHU� YLUXVHV� ILW� RXU

PHFKDQLFDO�FRQGLWLRQV�IDLUO\�ZHOO��2QO\�LQ�WKH�FRQFHSW�RI�HPHUJHQW

EHKDYLRU�GR�WKH\�DSSHDU�WR�IDOO�VKRUW��7KDW�VHHPV�WR�EH�D�OLPLWDWLRQ

RI� VLQJOH�XVHU� RSHUDWLQJ� V\VWHPV�� 3HUKDSV� D�PXOWL�WDVNLQJ�26��



YLUXV� PLJKW� EX\� XV� VRPHWKLQJ� LQ� WHUPV� RI� HPHUJHQW� EHKDYLRU�

+RZHYHU��VLQFH�ZH�ZHUHQ©W�LQWHQW�RQ�D�OLWPXV�WHVW�LQ�WKH�ILUVW�SODFH�

ZH�GRQ©W�GLVTXDOLI\�D�YLUXV�ZKHQ�LW�GRHVQ©W�PHHW�DOO�RXU�FULWHULD

�HVSHFLDOO\� WKRVH�RI�D�TXHVWLRQDEOH�QDWXUH���QHLWKHU�GR�ZH�FDOO� LW

DOLYH�LI�LW�GRHV��:H�PHUHO\�VD\�LW�KDV�VWURQJHU�RU�ZHDNHU�FODLPV�WR

OLIH��$QG�IURP�D�PHFKDQLFDO�SHUVSHFWLYH��LW�VHHPV�VDIH�WR�VD\�WKDW

FRPSXWHU�YLUXVHV�KDYH�D�IDLUO\�VWURQJ�FODLP�WR�¦ OLIH§ �

�� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ



3DUW�,,

7KH�3KLORVRSK\�RI�/LIH





7KH�,PSRUWDQFH�RI�
3KLORVRSK\

,Q�EHJLQQLQJ�RXU�GLVFXVVLRQ�RI�WKH�SKLORVRSKLFDO�DVSHFWV�RI�OLIH�

,©G�OLNH�WR�JR�EDFN�LQ�WLPH�DQG�ORRN�DW�SUH�VFLHQWLILF�LGHDV�DERXW

ZKDW� OLIH� LV��$W� ILUVW� H[SRVXUH�� VXFK� LGHDV�PD\� VHHP�KRSHOHVVO\

DQWLTXDWHG�DQG�LUUHOHYDQW�WR�ZKDW�ZH�DUH�WU\LQJ�WR�GR��,Q�IDFW��WKH\

DUH�DQ\WKLQJ�EXW�LUUHOHYDQW��6RPH�PHPEHUV�RI�WKH�$UWLILFLDO�/LIH

FRPPXQLW\�EHOLHYH�WKDW�LI�ZH�FDQ�GHYHORS�VRPHWKLQJ�IXQFWLRQDOO\

HTXLYDOHQW� WR� D� OLYLQJ� RUJDQLVP�� LW� ZLOO� EHFRPH� DFWXDOO\� DOLYH�

&HUWDLQO\�,�DP�QRW�DYHUVH�WR�VXFK�DQ�LGHD��<HW�RXU�FRQFHSW�RI�ZKDW

¦DFWXDOO\�DOLYH§ �HYHQ�PHDQV�LV�URRWHG�LQ�QRQ�VFLHQWLILF�LGHDV�DERXW

ZKDW�OLIH�LV�

6FLHQFH�KDV�GRQH�D�JUHDW�GHDO�LQ�WHUPV�RI�DQDO\]LQJ�WKH�PHFKDQ�

LFV�RI�OLIH��EXW�LWV�HIIHFW�RQ�RXU�LGHDV�RI�ZKDW�LV�DFWXDOO\�DOLYH�KDV

EHHQ�PLQLPDO��7KH�YHU\�FRQFHSW�FDQQRW�EH�SXW�LQ�WHUPV�DFFHVVLEOH

WR� VFLHQFH��%LRORJLVWV� WRGD\�RIWHQ� DVVXPH� LQ� WKH� FRXUVH� RI� WKHLU

UHVHDUFK�WKDW�D�OLYLQJ�RUJDQLVP�LV�QRWKLQJ�PRUH�WKDQ�D�OLWWOH�PD�

FKLQH��$IWHU�RYHU�D�FHQWXU\�RI�ILJKWLQJ�DERXW�WKDW�LGHD��LW�VHHPV�WR

KDYH�EHFRPH�D�JLYHQ�DPRQJ�ELRORJLVWV�DOWKRXJK�ODUJHO\�D�SKLOR�

VRSKLFDO� LGHD�� $V� IDU� DV� ELRORJLFDO� UHVHDUFK� LV� FRQFHUQHG�� VXFK

TXHVWLRQV�DUHQ©W�YHU\�LPSRUWDQW��6FLHQFH�LV�QHFHVVDULO\�OLPLWHG�WR

VWXG\LQJ�WKH�PHFKDQLFV�RI�OLIH��7KXV��,�ZRXOG�JXHVV�WKDW�WKH�DYHUDJH

ELRORJLVW� MXVW�GRHVQ©W�ZRUU\�DERXW� LW� WRR�PXFK�LQ�KLV�GD\� WR�GD\

ZRUN��<HW�� LQ� IRFXVLQJ�RQ�PHFKDQLFV�� VFLHQFH�KDV�QRW� VRPHKRZ

UHGHILQHG�WKH�FRPPRQ�LGHD�RI�ZKDW�OLIH�LV��7KDW�XQGHUVWDQGLQJ�LV

VWLOO�SULPDULO\�SKLORVRSKLFDO�DQG�UHOLJLRXV�



7KH�WKRXJKW�WKDW�D�FDUERQ�EDVHG�RUJDQLVP��OLIH��LV�MXVW�D�OLWWOH

PDFKLQH�KDV�JDLQHG�D�FHUWDLQ�IRRWKROG�LQ�WKH�PLQGV�RI�PRGHUQ�PDQ�

7KLV�IRRWKROG�LV�WHQXRXV�WKRXJK��7KDW�EHFRPHV�DOWRJHWKHU�WRR�FOHDU

ZKHQ�ZH�WXUQ�WKH�TXHVWLRQ�DURXQG�DQG�DVN��¦ ,V�P\�OLWWOH�PDFKLQH

DOLYH"§ �,W�PD\�KDYH�DOO�WKH�IXQFWLRQDO�FKDUDFWHULVWLFV�RI�OLIH�������EXW

LV�LW�UHDOO\�DOLYH"�$W�WKLV�SRLQW�WKHUH�LV�D�GHHS�EUHDWK�RI�KHVLWDWLRQ�

1R�DQVZHU�LV�IRUWKFRPLQJ��6RPHKRZ�DQ�KRQHVW�PDQ��ZKR�LV�QRW

SXVKLQJ�VRPH�DJHQGD��GDUHV�QRW�JLYH�D�FHUWDLQ�ZRUG��:K\�GRHV�KH

KHVLWDWH"� 7KH� GHHSHU� SKLORVRSKLFDO� LVVXHV� VXGGHQO\� ORRP� YHU\

ODUJH��$QG�ZKDW�DUH�WKRVH�GHHSHU�SKLORVRSKLFDO�LVVXHV�EXW�WKH�YHU\

DQFLHQW� LGHDV� DERXW� OLIH�ZKLFK�KDYH�SHUVLVWHG� IRU�PLOOHQQLD�� DQG

ZKLFK�PRVW�RI�XV�JUHZ�XS�ZLWK"�6R�ZH�H[SORUH�WKHP�

7KH�ELJ�VXUSULVH�ZH�VKDOO�HQFRXQWHU�LV�WKDW�WKHVH�DQFLHQW�SKLOR�

VRSKLFDO�LGHDV�DUH�PXFK�PRUH�WKDQ�REVROHWH�EDJJDJH�WR�EH�ULG�RI�

7KH\�DUH�RI�SLYRWDO�LPSRUWDQFH�WR�ZKDW�ZH�DUH�GLVFXVVLQJ��DQG�WKH\

ZLOO�EULQJ�XV�ULJKW�EDFN�WR�WKH�SUREOHPV�ZH�KDG�ZKHQ�GLVFXVVLQJ

WKH�PHFKDQLFDO�DVSHFWV�RI�OLIH¥SUREOHPV�OLNH�GHILQLQJ�WKH�ERXQG�

DU\�ZKHUH�SK\VLFV�GULYHQ�UHSURGXFWLRQ�VWRSV�DQG�VHOI�UHSURGXFWLRQ

EHJLQV��RU�WKH�UHDOLW\�RI�HPHUJHQW�EHKDYLRU�

�� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ



$QFLHQW�3KLORVRSK\�DQG
0RGHUQ�6FLHQFH

,W�VHHPV�WKDW�DOO�PHQ�HYHU\ZKHUH�FRQVLGHU�OLIH�WR�EH�KRO\�LQ�WKH

VHQVH� RI� VRPHWKLQJ� GHVHUYLQJ� GHHS� UHVSHFW�� DZH� DQG� UHYHUHQFH�

0DQ\�SULPLWLYH�SHRSOHV�VLPSO\�ZRUVKLS�OLYLQJ�WKLQJV��RU�XVH�WKHP

WR�VDFULILFH�WR�WKHLU�JRGV��0RUH�VRSKLVWLFDWHG�SHRSOH�ZRUN�WR�SURWHFW

OLIH� DQG� SUHVHUYH� WKH� HQYLURQPHQW�� 6RPH� VFLHQWLVWV� VSHQG� WKHLU

ZKROH�OLYHV�VWXG\LQJ�OLIH�RU�WU\LQJ�WR�FUHDWH�LW�WKHPVHOYHV��DQG�PDQ\

UHOLJLRXV�JURXSV�WHDFK�WKDW�*RG�FUHDWHG�LW��:KHWKHU�ZRUVKLSLQJ�LW

RU�SURWHFWLQJ�LW��ZKHWKHU�YLHZLQJ�LWV�FUHDWLRQ�DV�D�JRDO�WR�EH�DWWDLQHG�

RU� DV� DQ� LQFRPSDUDEOH� GLYLQH� DFW��PHQ� UHYHUH� OLIH��7KLV� DWWLWXGH

VHHPV�WR�EH�DQ�DERULJLQDO�LQVWLQFW�ZKLFK�WUDQVFHQGV�VSDFH�DQG�WLPH�

ODQJXDJH�DQG�FXOWXUDO�EDUULHUV��7KRXJK�LW�PD\�EH�H[SUHVVHG�LQ�PDQ\

GLIIHUHQW��DQG�VRPHWLPHV�VXSHUILFLDOO\�FRQIOLFWLQJ�ZD\V��LW�LV�YHU\

UHDO�DQG�SHUYDVLYH�

,�ZRXOG�QRW�EH�VXUSULVHG�LI�HYHU\�FXOWXUH�WKDW�LV�RU�HYHU�ZDV

H[SUHVVHG�WKLV�UHVSHFW�LQ�RQH�IRUP�RU�DQRWKHU��DQG�WKXV�KDG�VRPH�

WKLQJ�WR�VD\�DERXW�ZKDW�OLIH�LV�DQG�KRZ�WR�WUHDW�LW��$OWKRXJK�SHUKDSV

PDQ\�FXOWXUHV�KDYH�VRPHWKLQJ�YDOXDEOH�WR�FRQWULEXWH�WR�RXU�XQGHU�

VWDQGLQJ�RI�ZKDW� OLIH� LV�� ,�ZLOO�FRQFHQWUDWH�SULPDULO\�RQ�ZHVWHUQ

FLYLOL]DWLRQ��0\�UHDVRQV�DUH�WZRIROG��)LUVWO\��WKLV�LV�WKH�DUHD�ZLWK

ZKLFK�,�DP�PRVW�IDPLOLDU��6HFRQGO\��ZHVWHUQ�LGHDV�DUH�LPSRUWDQW

EHFDXVH�VFLHQFH�ZDV�ERUQ�LQ�ZHVWHUQ�FXOWXUH��VR�WKURXJK�LW�ZHVWHUQ

LGHDV�DERXW�OLIH�KDYH�DWWDLQHG�D�JOREDO�LPSRUWDQFH��$QG�VLQFH�ZH

DUH�GLVFXVVLQJ�VFLHQFH��ZHVWHUQ�LGHDV�DUH�SDUWLFXODUO\�UHOHYDQW� WR

RXU�GLVFXVVLRQ�



7KH�LGHDV�ZKLFK�KDYH�LQIRUPHG�RFFLGHQWDO�PHQ�DERXW�OLIH�IURP

DQFLHQW�WLPHV�DUH�URRWHG�LQ�*UHHN�SKLORVRSK\�DQG�WKH�%LEOH��7KHVH

VWUDQGV�RI�WKRXJKW�FDQQRW�EH�YLHZHG�DV�VHSDUDWH�DQG�DQWDJRQLVWLF�

5DWKHU��WKH\�KDYH�EHHQ�FORVHO\�LQWHUWZLQHG�WKURXJKRXW�KLVWRU\��DQG

WKH\�KDYH�RIWHQ�LQIRUPHG�DQG�LQILOWUDWHG�RQH�DQRWKHU�

$SDUW�IURP�WKH�VWDWHPHQW�WKDW�*RG�FUHDWHG�DOO�OLIH��WKH�%LEOH�KDV

YHU\�OLWWOH�WR�VD\�DERXW�WKH�QDWXUH�RI�OLIH�LQ�JHQHUDO��,W�VD\V�D�ORW

DERXW�KXPDQLW\��EXW�YHU\�OLWWOH�DERXW�DQ\�RWKHU�RUJDQLVPV��2IWHQ

SHRSOH�LQIHU�WKDW�ZKDW�WKH�%LEOH�WHDFKHV�DERXW�PDQ�DSSOLHV�WR�VRPH

H[WHQW�WR�RWKHU�FUHDWXUHV�DV�ZHOO��EXW�WKHVH�LGHDV�DUH�QRW�GHYHORSHG

LQ�WKH�WH[W�LWVHOI��3HUKDSV�WKH�PRVW�WHOOLQJ�WKLQJ�ZH�FDQ�OHDUQ�IURP

WKH�WH[W�FRPHV�IURP�WKH�ZRUGV�XVHG�WR�GHVFULEH�OLIH��,Q�+HEUHZ��RQH

ZRUG�IRU�¦ OLIH§ �LV�QHIHVK���ZKLFK�OLWHUDOO\�PHDQV�EUHDWK��7KH�ZRUG

XVXDOO\�WUDQVODWHG�¦ VSLULW§ �LV�UXDFK¥OLWHUDOO\�ZLQG��7KH�%LEOH�VD\V

WKDW�OLIH��QHIHVK��LV�LQ�WKH�EORRG��DQG�WKDW�WR�VSLOO�WKH�EORRG�LV�WR�VSLOO

WKH�OLIH��,I�ZH�UHDG�VXFK�WHUPV�OLWHUDOO\��WKH\�DSSHDU�WR�EH�SXUHO\

IXQFWLRQDO�VWDWHPHQWV�DERXW�ZKDW�OLIH�LV��+RZHYHU��WKH\�FOHDUO\�KDYH

VRPH�PHWDSK\VLFDO� FRQWHQW� DV�ZHOO��7KLV� VXEWOH�PDUULDJH�RI� WKH

QDWXUDO�DQG� WKH�VXSHUQDWXUDO� LQ�GHVFULELQJ� OLIH� LV�QRW�XQFRPPRQ

DPRQJ� WKH� DQFLHQWV�� +RZHYHU�� OLWWOH� PRUH� WKDQ� WKLV� LV� VSRNHQ

JHQHUDOO\�DERXW�OLYLQJ�RUJDQLVPV�LQ�WKH�%LEOH�

7KH�%LEOH¥HVSHFLDOO\� WKH�1HZ�7HVWDPHQW� DQG� VRPH�RI� WKH

ODWHU��SURSKHWLF�ZULWLQJV¥SDLQWV�D�YLYLG�SLFWXUH�RI�D�VXSHUQDWXUDO

ZRUOG�ZLWK�OLIH�DIWHU�GHDWK��DQJHOV�DQG�GHPRQV��UHZDUGV�DQG�SXQ�

LVKPHQWV�� DQG� KHDYHQ� DQG� KHOO�� +RZHYHU� LW� DSSHDUV� WKLV� ZRUOG

EHORQJV�VROHO\�WR�*RG��PDQ��DQG�LWV�RWKHU�KHDYHQO\�LQKDELWDQWV��2Q

WKH�TXHVWLRQ�RI�ZKHUH�DOO�WKH�RWKHU�PDQ\�DQG�YDULHG�IRUPV�RI�OLIH�LQ

WKLV�ZRUOG�ILW�LQWR�WKDW�VFKHPH��ZH�GUDZ�D�EODQN�

%HFDXVH�WKH�%LEOH�LWVHOI�LV�UHODWLYHO\�VLOHQW�UHJDUGLQJ�WKH�SKLOR�

VRSKLFDO�QDWXUH�RI�OLIH�LQ�JHQHUDO��ZHVWHUQ�VRFLHW\¥HYHQ�GXULQJ�LWV

PRVW�RUWKRGR[�&KULVWLDQ�SHULRGV¥KDV�ODUJHO\�ORRNHG�WR�WKH�PRUH

VSHFXODWLYH�JUHHN�WUDGLWLRQ�IRU�DQ�XQGHUVWDQGLQJ�RI�ZKDW�OLIH�LV�

�� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ

� )RU�H[DPSOH��*HQHVLV�����
� /HYLWLFXV��������WKH�EORRG�FDUULHV�R[\JHQ¥EUHDWK"�



7KHUH�DUH�IRXU�PDMRU�VFKRROV�RI�WKRXJKW�DPRQJ�WKH�*UHHNV�WKDW

DUH�ZRUWK� WDNLQJ� DW� OHDVW� D� EULHI� ORRN� DW�� 7KHVH� FDQ� EH� EURDGO\

FDWHJRUL]HG�DV�P\VWLFLVP��DWRPLVP��WKH�VR�FDOOHG�KDUPRQ\�WKHR�

ULHV�� DQG� WKH� 3ODWRQLF�$ULVWRWHOLDQ� VFKRRO� RI� WKRXJKW�� (DFK� KDG

VRPHWKLQJ�WR�VD\�ZKLFK�KDV�IRUPHG�RXU�WKLQNLQJ�DERXW�OLIH�ULJKW

GRZQ�WR�WKH�SUHVHQW�GD\��%HIRUH�GHOYLQJ�LQ��KRZHYHU��ZH�QHHG�WR

EHWWHU�XQGHUVWDQG�WKH�ZRUGV�ZKLFK�WKH�*UHHNV�XVHG�WR�WDON�DERXW

OLIH�

8QOLNH�WKH�+HEUHZV��WKH�*UHHNV�KDG�TXLWH�D�YDULHW\�RI�ZRUGV

DW�WKHLU�GLVSRVDO��7KHUH�ZHUH�PDWWHU�RI�IDFW�WHUPV�OLNH�ELRV��ZKLFK

GHVFULEHV�D�VWDWH�RI�OLIH��RU�PDQQHU�RI�OLYLQJ��DQG�]RH��ZKLFK�LV�D

JHQHUDO�WHUP�IRU�WKH�SURSHUW\�RI�OLIH�LQ�DQ�DQLPDO��RU�OLIH�DV�RSSRVHG

WR�GHDWK��+RZHYHU�WKHUH�DUH�DOVR�WKH�PRUH�WKHRUHWLFDO�WHUPV�OLNH

SVXFKH�DQG�WKXPRV��ZKLFK�GHQRWH�WHUPV�FORVHU�WR�RXU�RZQ�WKHRORJL�

FDO�LGHDV�RI�VRXO�DQG�VSLULW��7KH�SVXFKH�ZDV�XQGHUVWRRG�DV�WKH�¦ VLJQ

RI�OLIH§ �RU�VRXO��ZKLFK�DOVR��SRVVLEO\��VXUYLYHG�DIWHU�SK\VLFDO�GHDWK�

EXW�LW��WRR��KDG�WKH�PHDQLQJ�RI�¦EUHDWK�§ �7KH�WKXPRV�ZDV�VHDWHG�LQ

WKH�SVXFKH��DQG�LW�KDG�WR�GR�ZLWK�WKH�VHDW�RI�IHHOLQJ��HPRWLRQ�DQG

WKRXJKW��7KXPRV�GHULYHV�IURP�WKXR��ZKLFK�VXJJHVWV�D�VWRUP��YLROHQW

PRWLRQ��UXVKLQJ�ZLQG��RU�VWURQJ�GHVLUH��$JDLQ�ZH�ILQG�WKH�WHUPV

ZLQG�DQG�EUHDWK�FORVHO\� WLHG� WR� OLIH��ZLWK�D�GHHSHU�PHWDSK\VLFDO

FRQQRWDWLRQ�EHLQJ�TXLWH�FOHDU�WKURXJKRXW�PDQ\�RI�WKH�ZULWLQJV�RI

WKH�DQFLHQW�*UHHNV��0RVW�RI�WKH�GLVFXVVLRQV�DERXW�OLIH�ZKLFK�WKH

JUHHN�SKLORVRSKHUV�FDUULHG�RQ� UHYROYHG�DURXQG� WKH�PHDQLQJ�DQG

QDWXUH�RI�WKH�ZRUG�SVXFKH�

,Q�WKH�PRVW�DQFLHQW�JUHHN�P\WKRORJ\��WKH�SVXFKH�ZDV�VRPH�

WKLQJ�RI�DQ�HQWUDSSHG�JRG��D�P\VWLFDO��VXSHUQDWXUDO�EHLQJ�LQ�D�ERG\�

$W�GHDWK��WKLV�EHLQJ�OHIW�WKH�ERG\�DQG�ZHQW�WR�+DGHV��DW�OHDVW�IRU�D

SHULRG�RI�WLPH��6RPH�EHOLHYHG�LQ�UHLQFDUQDWLRQ��ZKHUH�WKH�SVXFKH

ZRXOG�UHWXUQ�WR�LQKDELW�DQRWKHU�ERG\�DIWHU�D�SHULRG�RI�WLPH��SRVVLEO\

EHLQJ�UHZDUGHG�RU�SXQLVKHG�LQ�LWV�QHZ�OLIH�IRU�WKH�VLQV�RI�WKH�SDVW

OLIH��$OO� RI� WKLV� WKHRORJ\� IRFXVHG� RQ�PDQ�� RI� FRXUVH�� DQG� LW� KDV

SHUKDSV�OLWWOH�WR�GR�ZLWK�ZKDW�ZH�DUH�WDONLQJ�DERXW�KHUH�

$WRPLVWLF�WKLQNLQJ��ZKLFK�GDWHV�EDFN�WR�'HPRFULWXV��DERXW����

%&��DQG�KLV�GLVFLSOHV��/XFUHWLXV�DQG�(SLFXUXV��ZDV�D�UDGLFDO�EUHDN

IURP�JUHHN�P\WKRORJ\��7KH\�VRXJKW�WR�XQGHUVWDQG�WKH�XQLYHUVH�LQ

WHUPV� RI� VPDOO�� LQGLYLVLEOH� XQLWV�� FDOOHG� DWRPV��7KHUH�ZHUH� IRXU

GLIIHUHQW� NLQGV� RI� DWRPV�� HDUWK��ZDWHU�� DLU� DQG� ILUH�� ,Q� WU\LQJ� WR

$QFLHQW�3KLORVRSK\�DQG�0RGHUQ�6FLHQFH ��



H[SODLQ�HYHU\WKLQJ�LQ�WHUPV�RI�WKHVH�DWRPV��WKH\�RI�FRXUVH�VRXJKW

WR�GHVFULEH�OLIH¥�SVXFKH¥LQ�WHUPV�RI�WKHP�WRR��6LQFH�ILUH�ZDV�WKH

VPDOOHVW�DQG�PRVW�PRELOH�W\SH�RI�DWRP��DQG�VLQFH�LW�ZDV�FDSDEOH�RI

FDXVLQJ�PRWLRQ��H�J��ERLOLQJ�ZDWHU���WKH�OLIH�IRUFH�ZDV�WKRXJKW�WR

EH�D�W\SH�RI�ILUH��LQWHUVSHUVHG�WKURXJKRXW�WKH�ERG\��7KH�ERG\�ZRXOG

FRQWLQXDOO\�ORVH�WKHVH�VRXO�DWRPV��DQG�FRXOG�PDLQWDLQ�WKH�QHFHVVDU\

EDODQFH�IRU�OLIH�E\�LQKDODWLRQ��ZKLFK�EURXJKW�WKHP�EDFN�LQ��'LIIHU�

HQW�SKLORVRSKHUV�FDPH�XS�ZLWK�YDULDWLRQV�RQ�WKLV�WKHPH��)RU�H[DP�

SOH��WKH�(SLFXUHDQV�WKRXJKW�WKH�OLIH�IRUFH�FRQVLVWHG�RI�WZR�SDUWV�

RQH�ORFDWHG�LQ�D�VSHFLILF�DUHD�RI�WKH�ERG\��EH�LW�WKH�KHDG��WKH�KHDUW�

RU�VRPHZKHUH�HOVH���DQG�D�SDUW�ZKLFK�ZDV�GLVSHUVHG�WKURXJKRXW�WKH

ERG\�

:KDWHYHU�WKH�YDULDWLRQ��DWRPLVWV�WDXJKW�WKDW�WKH�SURSHUW\�RI�OLIH

ZDV�WKH�UHVXOW�RI�WKH�SUHVHQFH�RI�D�SK\VLFDO�VXEVWDQFH��RU�DWRPLF

VWUXFWXUH��7KHVH�LGHDV�DERXW�OLIH�DUH�FRPPRQO\�FODVVLILHG�DV�PDWH�

ULDOLVW�RU�VXEVWDQWLDOLVW�WKHRULHV�

7KH�VR�FDOOHG�KDUPRQ\�WKHRU\�RI�OLIH��XVXDOO\�DVVRFLDWHG�ZLWK

3KLORODXV�DQG�(PSHGRFOHV��LV�DOVR�PDWHULDOLVW�LQ�D�VHQVH��+RZHYHU

LWV� SURSRQHQWV�GLG�QRW�YLHZ�SVXFKH� DV� D�PDWHULDO� VXEVWDQFH��EXW

UDWKHU�DV�D�KDUPRQ\��RU�SURSHU�UDWLR�RI�PDWHULDO�VXEVWDQFHV�LQ�WKH

ERG\�� /LNH� D� PXVLFDO� LQVWUXPHQW� SURSHUO\� WXQHG�� RU� D� SURSHUO\

PL[HG�FKHPLFDO�UHDFWLRQ��WR�XVH�PRGHUQ�WHUPV���D�ERG\�FRXOG�OLYH

LI�LWV�VXEVWDQFH�ZDV�SURSHUO\�EDODQFHG�DQG�ZRUNLQJ�WRJHWKHU��,Q�WKLV

VFKRRO�RI�WKRXJKW��WKH�SVXFKH�LV�QRW�D�PDWHULDO�VXEVWDQFH��EXW�QHLWKHU

LV�LW�D�WUDQVFHQGHQW�VXSHUQDWXUDO�HQWLW\�

3ODWR�DQG�$ULVWRWOH�IRUPXODWHG�D�VRSKLVWLFDWHG�FKDOOHQJH�WR�WKH

PDWHULDOLVW�VXEVWDQWLDOLVW�WKHRU\�RI�OLIH��3ODWR�VHHPV�UDWKHU�FRQIXV�

LQJ� RQ� WKH� VXEMHFW� RI� OLIH��$V� D�PRUDO� SKLORVRSKHU�� KLV� SULPDU\

FRQFHUQ�ZDV�IRU�PDQ��DQG�PRVW�RI�KLV�GLVFXVVLRQV�UHYROYH�DURXQG

PDQ��,Q�7KH�/DVW�'D\V�RI�6RFUDWHV��KH�OD\V�RXW�HODERUDWH�SODQV�LQ

ZKLFK�WKH�SVXFKH�VXUYLYHV�GHDWK��JRHV�WR�+DGHV��HWF���HWF���REYLRXVO\

ERUURZLQJ�IURP�JUHHN�P\WKRORJ\��,Q�WKH�7LPDHXV��KH�HVSRXVHV�D

IRUP�RI�3\WKDJRUHDQ�QXPEHU�PDJLF�� LQ�ZKLFK� WKH�SVXFKH� LV�GH�

VFULEHG�LQ�WHUPV�RI�QXPEHUV�DQG�WKHLU�SURSHUWLHV�

3ODWR©V�LGHDV�PD\�QRW�EH�YHU\�FOHDU��RU�ZHOO�GHYHORSHG��\HW�KH

ODLG�D�JURXQGZRUN�ZKLFK�$ULVWRWOH�ZDV�DEOH�WR�EXLOG�RQ��3ODWR�ZDV

WKH� ILUVW� WR� GLYLGH� WKH� SVXFKH� LQWR� GLIIHUHQW� SDUWV�� +H� GLG� WKLV

GLIIHUHQWO\�DW�GLIIHUHQW�WLPHV��)RU�H[DPSOH��KH�GLYLGHG�LW�LQWR�UHDVRQ

�� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ



DQG�HPRWLRQ��RU�LQWR�D�KLJKHU��LPPRUWDO�SDUW��DQG�D�ORZHU��PRUWDO

SDUW��+H�DOVR�GHYHORSHG�WKH�WKHRU\�RI�IRUPV�ZKLFK�$ULVWRWOH�XVHG

H[WHQVLYHO\�LQ�WU\LQJ�WR�XQGHUVWDQG�WKH�ZRUOG���0RVW�LPSRUWDQWO\�

3ODWR�ZDV�FOHDUO\�VHDUFKLQJ�IRU�D�QRQ�PDWHULDOLVW�XQGHUVWDQGLQJ�RI

OLIH��+H�GLG�QRW�GLYLGH�WKH�SVXFKH�LQWR�DWRPV��RU�SK\VLFDO�SDUWV��EXW

VDZ�LW�PRUH�LQ�WHUPV�RI�SV\FKRORJLFDO�RU�PHQWDO�VWDWHV�

$ULVWRWOH�ZDV�SHUKDSV�WKH�PRVW�SUROLILF�ZULWHU�RQ�WKH�VXEMHFW�RI

OLIH��+H�ZURWH� D�QXPEHU�RI�ERRNV�RQ� WKH� VXEMHFW�� H[DPLQLQJ�DOO

GLIIHUHQW�NLQGV�RI�OLIH�IRUPV��GHVFULELQJ�WKHLU�SK\VLRJQRP\��WKHLU

KDELWV�� FODVVLI\LQJ� WKHP� DQG� SKLORVRSKL]LQJ� DERXW� ZKDW� OLIH� LV�

$ULVWRWOH�DSSURDFKHG�WKH�VXEMHFW�RI�OLIH�PXFK�OLNH�D�PRGHUQ�ELROR�

JLVW��VHHNLQJ�D�JHQHUDO�FRQFHSW�RI�ZKDW�OLIH�LV��+RZHYHU��DV�D�VWXGHQW

RI�3ODWR©V��KH�VRXJKW�D�QRQ�PDWHULDOLVW�XQGHUVWDQGLQJ�RI� OLIH��+H

XVHG�3ODWR©V�LGHDV�DERXW�IRUPV�DV�WKH�EDVLV�IRU�KLV�ZRUN��UDWKHU�WKDQ

LQGXOJLQJ� LQ� WKH� VDPH� NLQGV� RI� PHWDSK\VLFDO� DQG� P\WKRORJLFDO

VSHFXODWLRQV�WKDW�KLV�WHDFKHU�GLG�

$ULVWRWOH©V� FHQWUDO� ZRUN� RQ� WKH� VXEMHFW� RI� ZKDW� OLIH� LV�� LV

FRPPRQO\� NQRZQ� E\� LWV� /DWLQ� WLWOH�'H� $QLPD��� (�J��� ¦2Q� WKH

SVXFKH§ �� XVXDOO\� WUDQVODWHG� LQWR� (QJOLVK� DV� ¦2Q� WKH� 6RXO�§ � +H

GHVFULEHV�D�OLYLQJ��HQVRXOHG�EHLQJ�DV�VRPHWKLQJ�ZKLFK�FDQ�SURGXFH

PRYHPHQW�DQG�ZKLFK�PD\�KDYH�LQWHOOHFW�RU�SHUFHSWLRQ��+H�EUHDNV

PRYHPHQW�GRZQ�LQWR�VSDWLDO�PRYHPHQW��DQG�PRYHPHQW�FRQQHFWHG

ZLWK�QRXULVKPHQW��JURZWK��DQG�SHUFHSWLRQ��7KH�SVXFKH¥WKH�OLIH

SULQFLSOH¥LV� WKHQ� D� IRUP�ZLWK� WKHVH�SURSHUWLHV��:KHQ�PDWWHU� LV

HQGRZHG�ZLWK�WKLV�IRUP�LW�LV�DOLYH��$ULVWRWOH�VXJJHVWHG�WKDW�OLYLQJ

RUJDQLVPV� FRXOG� KDYH� GLIIHUHQW� NLQGV� RI�SVXFKHV�� )RU� H[DPSOH�

SODQWV�KDYH�D�SVXFKH�ZKLFK�DGPLWV�RI�QXWULWLYH�DQG�UHSURGXFWLYH

PRWLRQ��EXW�QRW�ORFRPRWLYH�PRWLRQ�RU�SHUFHSWLRQ�

$W�WKLV�SRLQW��\RX�PD\�EH�ZRQGHULQJ�ZKDW�D�IRUP�LV��*RRG��<RX

RXJKW�WR�EH��7KLQN�RI�WKH�ZRUG�¦ IRUP§ �LQ�WKH�VHQVH�RI�D�PROG�ZKLFK

GHILQHV�WKH�FKDUDFWHU��VKDSH�DQG�IXQFWLRQ�RI�DQ�REMHFW��%XW�DOVR�WKLQN

RI�LW�DV�DQ�DUFKHW\SDO�LGHD��)RU�H[DPSOH��D�FDUSHQWHU�KDV�DQ�LGHD�LQ

PLQG�ZKHQ�KH�PDNHV�D�FKDLU�RU�D�WDEOH��7KDW�LGHD�LV�OLNH�D�PROG�

ZKLFK�GHILQHV�WKH�VKDSH�RI�WKH�REMHFW�EHLQJ�FRQVWUXFWHG��1RUPDOO\�

$QFLHQW�3KLORVRSK\�DQG�0RGHUQ�6FLHQFH ��

� (�J��¦2Q�WKH�SVXFKH§ ��XVXDOO\�WUDQVODWHG�LQWR�(QJOLVK�DV�¦2Q�WKH�6RXO§ �



ZKHQ�ZH�WKLQN�RI�DQ�LGHD��WKRXJK��ZH�LPDJLQH�LW�DV�EHLQJ�VRPHRQH©V

LGHD��EH�LW�RXU�RZQ��RU�DQRWKHU�SHUVRQ©V��RU�HYHQ�*RG©V��7KH�LGHD�LV

D�SKHQRPHQRQ�RI�PLQG��,Q�FRQWUDVW��3ODWR�DQG�$ULVWRWOH�VHHPHG�WR

YLHZ�WKHVH�IRUPV�DV�IXQGDPHQWDO�UHDOLWLHV��7KH\�ZHUH�QRW�D�SKH�

QRPHQRQ�RI�WKLV�QDWXUDO�ZRUOG��RU�RI�VRPH�VXSHUQDWXUDO�ZRUOG��7KH\

ZHUH�QRW�VRPHRQH©V�LGHD��EXW�UDWKHU�,GHDV�ZKLFK�H[LVWHG�ZKHWKHU

DQ\RQH�WKRXJKW�RI�WKHP�RU�QRW�

<HW�RQH�FDQQRW�JR�VR�IDU�DV�WR�VD\�WKDW�WKHVH�IRUPV�ZHUH�WKH

RQO\�XOWLPDWH�UHDOLWLHV�LQ�WKH�WKLQNLQJ�RI�3ODWR�DQG�$ULVWRWOH��)RU

H[DPSOH��$ULVWRWOH�EHOLHYHG�LQ�D�*RG�ZKR�ZDV�WKH�SULPH�PRYHU�LQ

WKH�XQLYHUVH¥WKH�RULJLQ�DQG�VRXUFH�RI�DOO�WKLQJV�DQG�DOO�DFWLYLW\�

:KDW�XOWLPDWH�UHDOLW\�FRQVLVWHG�RI�IRU�WKHVH�SKLORVRSKHUV�LV�RIWHQ

XQFOHDU��EHFDXVH�WKH\�GRQ©W�OD\�GRZQ�D�SODQ�LQ�DQ\�DXWKRULWDWLYH

PDQQHU�DQG�VWLFN�WR�LW��6LQFH�WKH\�GLG�QRW�GHSHQG�RQ�WKH�DXWKRULW\

RI�VRPH�VFULSWXUDO�FDQQRQ��WKH\�VSRNH�RI�ZKDW�VHHPHG�UHDVRQDEOH

WR�WKHP��$QG�WKDW�FKDQJHG�IURP�WLPH�WR�WLPH�

3ODWR©V�P\VWLFLVP�PDNHV�KLV�LGHD�RI�OLIH�DSSHDU�UDWKHU�FOHDUO\

VXSHUQDWXUDO��$ULVWRWOH��E\�VWD\LQJ�DZD\�IURP�P\VWLFLVP��JLYHV�XV

D�SLFWXUH�RI�OLIH�ZKLFK�LV�QRW�SXUHO\�QDWXUDO��OLNH�WKH�DWRPLVWV��\HW�LW

LV�QRW�VXSHUQDWXUDO�LQ�WKH�VHQVH�ZH�QRUPDOO\�WKLQN�RI�VXSHUQDWXUDO�

)RU� $ULVWRWOH�� WKHUH� ZDV� D� IRUP¥DQ� LGHD¥EHKLQG� HDFK� OLYLQJ

RUJDQLVP��7KLV�IRUP�ZDV�QRW�D�SDUW�RI�WKH�PDWHULDO�ZRUOG��DQG�\HW

LW�GHILQHG�WKH�TXDOLWLHV�RI�DQ�REMHFW�LQ�WKH�PDWHULDO�ZRUOG��,W�LV�QRW

WKH�IDFW�WKDW�DQ�REMHFW�KDG�D�IRUP�DVVRFLDWHG�WR�LW�WKDW�PDGH�LW�DOLYH�

EXW� WKH�QDWXUH�RI� WKDW� IRUP��(YHU\WKLQJ�KDG� IRUPV�DVVRFLDWHG� WR

WKHP�LQ�3ODWR�DQG�$ULVWRWOH©V�V\VWHP��$�FKDLU�GLG��$�URFN�GLG��$

OL]DUG�GLG��+RZHYHU��RQO\�WKH�OL]DUG�KDG�D�IRUP�WKDW�LPSDUWHG�WR�LW

WKH�DELOLW\�WR�PRYH��JURZ��SURFUHDWH��DQG�SHUFHLYH�ZKDW�ZDV�KDS�

SHQLQJ�WR�LW��7KDW�IRUP�PDGH�LW�DOLYH�

1RZ�� DV� ,� VDLG� EHIRUH�� WKHVH� DQFLHQW� LGHDV�ZHUH� QRW� VLPSO\

LVRODWHG�VFKRROV�RI�WKRXJKW��3ODWRQLF�SKLORVRSK\�KDG�D�JUHDW�LQIOX�

HQFH�ERWK�ZLWKLQ�WKH�FKXUFK�DQG�LQ�-HZLVK�WKRXJKW�LQ�DQFLHQW�WLPHV�

7KH�&KULVWLDQ�ZRUOG�YLHZ�DVFHQGHG�WR�SUHGRPLQDQFH�DV�WKH�FODVVL�

FDO�ZRUOG�FROODSVHG��LQWHOOHFWXDOO\�DQG�SROLWLFDOO\��EHWZHHQ�WKH��WK

DQG��WK�FHQWXULHV�$'��$ULVWRWOH��ZKRVH�ZRUNV�KDG�EHHQ�ORVW�WR�WKH

ZHVW�IRU�FHQWXULHV��ZDV�UHGLVFRYHUHG�E\�ZD\�RI�,VODPLF�FXOWXUH�LQ

WKH���WK�DQG���WK�FHQWXULHV��DQG�KRWO\�GHEDWHG�E\�WKHRORJLDQV�OLNH

7KRPDV�$TXLQDV� DQG�$YHUURHV��7KHVH� WKLQNHUV� HIIHFWLYHO\� LQWH�

�� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ



JUDWHG� $ULVWRWHOLDQ� DQG� &KULVWLDQ� WKRXJKW�� :LWK� WKH� UHYLYDO� RI

FODVVLFDO�FXOWXUH�GXULQJ�WKH�UHQDLVVDQFH��RQH�ILQGV�VWURQJ�HOHPHQWV

RI� ERWK�P\VWLFLVP� DQG� DWRPLVP�PDNLQJ� WKHLU�ZD\� LQWR�ZHVWHUQ

WKRXJKW��6R�WKHVH�GLIIHUHQW�VFKRROV�RI�WKRXJKW�KDYH�LQIRUPHG�HDFK

RWKHU�DQG�DQWDJRQL]HG�HDFK�RWKHU�WKURXJKRXW�KLVWRU\�

,Q�VXPPDU\��WKHQ��WKH�DQFLHQW�JUHHNV�KDYH�KDQGHG�GRZQ�WKH

IROORZLQJ�FRQIOLFWLQJ�LGHDV�WR�XV�

��� 7KH� SURSHUW\� RI� OLIH� LV� D� QDWXUDO� SKHQRPHQRQ�� HLWKHU� �D�� D

VXEVWDQFH�SUHVHQW�LQ�WKH�ERG\��RU��E��D�SURSHU�RUJDQL]DWLRQ�RI�WKH

VXEVWDQFH�RI�WKH�ERG\�

���7KH�SURSHUW\�RI�OLIH�LV�QRW�D�QDWXUDO�SKHQRPHQRQ��LW�LV�HLWKHU��D�

D�P\VWLFDO��VSLULWXDO�SURSHUW\��RU��E��WKH�UHVXOW�RI�D�IRUP�RU�LGHD

LPSRVHG�XSRQ�WKH�PDWWHU�

:KLOH�WKH�%LEOH�LV�YDJXH�DERXW�OLIH�LQ�JHQHUDO��LWV�YLHZ�RI�PDQ

LV�RI�WKH�VSLULWXDO�DQG�P\VWLFDO�QDWXUH��<HW�LWV�YLHZ�RI�OLIH�DSDUW�IURP

PDQ�LV�SHUKDSV�QRW�WRR�GLIIHUHQW�IURP�$ULVWRWOH©V�OLQH�RI�WKLQNLQJ�

*HQHVLV� VD\V�*RG� FUHDWHG� WKH� GLIIHUHQW� DQLPDOV� DIWHU� WKHLU� NLQG

�+HEUHZ��PHHQ��VHYHUDO� WLPHV���2QH�LV� WHPSWHG� WR�VXEVWLWXWH� WKH

ZRUG�IRUP�KHUH��,W�VHHPV�WR�ILW��7KH�WH[W�REYLRXVO\�VXJJHVWV�WKHUH

ZDV�DQ�LGHD�RI�VRPH�W\SH�EHKLQG�WKH�PDNLQJ�RI�HDFK�RI�WKH�YDULRXV

FUHDWXUHV��2I�FRXUVH��RQH�FDQQRW�UHDOO\�YLHZ�WKH�ELEOLFDO�LGHD�RI�NLQG

LQ�WHUPV�RI�VRPH�VRUW�RI�VHOI�H[LVWHQW�,GHD��7KH�LGHD�LV�FOHDUO\�*RG©V

LGHD��1RQH� WKH� OHVV�� WKH� WKRXJKW� WKDW� WKHUH� LV�DQ� LGHD�EHKLQG� WKH

RUJDQLVP�VRXQGV�YHU\�$ULVWRWHOLDQ�

6R�QRZ�ZH�KDYH�DQ�LGHD�DERXW�ZKDW�WKH�DQFLHQWV�KDG�WR�VD\

DERXW�OLIH��2EYLRXVO\�ZH�FRXOG�GHOYH�LQWR�WKH�VXEMHFW�LQ�JUHDW�GHWDLO�

,QVWHDG��,�VLPSO\�UHIHU�WKH�UHDGHU�WR�+DQV�5HJQHOO©V�$QFLHQW�9LHZV

RQ�WKH�1DWXUH�RI�/LIH��

$QFLHQW�3KLORVRSK\�DQG�0RGHUQ�6FLHQFH ��

� 6HH�*HQHVLV���
� +DQV�5HJQpOO��$QFLHQW�9LHZV� RQ� WKH�1DWXUH� RI� /LIH� �&:.�*OHHUXS��/XQG�

6ZHGHQ�������



0RGHUQ�6FLHQFH

7KH� GHEDWH� RYHU� WKH� QDWXUH� RI� OLIH� ZKLFK� EHJDQ� LQ� DQFLHQW

*UHHFH�WKRXVDQGV�RI�\HDUV�DJR�KDV�FRQWLQXHG�ULJKW�XS�WR�WKH�SUHVHQW

GD\��$�VXSHUILFLDO�H[DPLQDWLRQ�RI�PRGHUQ�VFLHQFH��DQG�VFLHQWLVW©V

RSLQLRQV�PLJKW�OHDG�RQH�WR�FRQFOXGH�WKDW�WKH�DWRPLVWLF�VFKRRO�RI

WKRXJK�KDV�ZRQ�DQ�DVWRXQGLQJ�YLFWRU\�RYHU�3ODWR�DQG�$ULVWRWOH�DQG

RYHU�WKH�P\VWLFV��2XU�XQGHUVWDQGLQJ�RI�WKH�PLFURVFRSLF�GHWDLOV�RI

WKH�XQLYHUVH�KDYH�FKDQJHG�GUDPDWLFDOO\�VLQFH�DQFLHQW�WLPHV��$QG

PRVW� PRGHUQ� VFLHQWLVWV�� LI� TXHVWLRQHG� DERXW� LW�� ZRXOG� SUREDEO\

IDYRU�WKH�LGHD�WKDW�DOO�SKHQRPHQD�LQ�WKH�XQLYHUVH¥OLIH�LQFOXGHG¥

FRXOG�LQ�SULQFLSOH�EH�UHGXFHG�WR�EDVLF�SK\VLFV��7KLV�LV�WKH�HVVHQFH

RI�WKH�DWRPLVWLF�SKLORVRSK\�

+RZHYHU�WKLV�SHUYDVLYH�LGHD�WKDW�DWRPLVP�LV�XOWLPDWHO\�FRUUHFW

LV�D�PDWWHU�RI�EOLQG�IDLWK�WR�PRVW�VFLHQWLVWV��QRW�SURYHQ�IDFW��,W�LV

DOPRVW� D� VRUW� RI� WRXFKVWRQH� IRU� WKH� EURWKHUKRRG� RI� VFLHQWLVWV�� D

PHDVXULQJ�VWLFN�IRU�KRZ�¦VFLHQWLILF§ �VRPH�LGHD�LV��%XW�LQ�DFWXDO

SUDFWLFH��DWRPLVP�LV�RIWHQ�TXLFNO\�MHWWLVRQHG�DV�D�SUDFWLFDO�WRRO�IRU

XQGHUVWDQGLQJ� RXU� ZRUOG� LQ� IDYRU� RI� D�PXFK�PRUH� $ULVWRWHOLDQ

DSSURDFK��7KLV�LV�D�IXQGDPHQWDO�SDUDGR[�RI�PRGHUQ�VFLHQFH�

/HW�PH�LOOXVWUDWH�WKLV�SDUDGR[�ZLWK�DQ�H[DPSOH�IURP�SK\VLFV

WKDW�VWULNHV�WR�WKH�FRUH�RI�ZKDW�,©P�WDONLQJ�DERXW��8S�XQWLO�WKH�����©V

1HZWRQLDQ�PHFKDQLFV�ZDV�VXSSRVHG�WR�EH�WKH�FRUUHFW�GHVFULSWLRQ

RI�KRZ�DOO�WKLQJV�ZRUNHG��IURP�VXEDWRPLF�SDUWLFOHV�WR�JDOD[LHV��7KH

IXQGDPHQWDO�ODZ�RI�1HZWRQLDQ�PHFKDQLFV�LV

)� �PD������������������ ����

)RUFH�HTXDOV�PDVV�WLPHV�DFFHOHUDWLRQ��$SSO\�D�IRUFH�)�WR�DQ�REMHFW

ZLWK�PDVV�P�DQG� LW�ZLOO�DFFHOHUDWH�DFFRUGLQJ� WR� WKLV� ODZ�� ,Q� WKH

����©V�TXDQWXP�PHFKDQLFV�ZDV�IRUPXODWHG�WR�DFFRXQW�IRU�H[SHUL�

PHQWDO� GHYLDWLRQV� IURP�1HZWRQLDQ�PHFKDQLFV� LQ� WKH� VXEDWRPLF

UHDOP��7KH�IXQGDPHQWDO�ODZ�RI�TXDQWXP�PHFKDQLFV�LV�WKH�6FKU|GLQ�

JHU�HTXDWLRQ�

�� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ



LK∂Ψ�∂W �+Ψ              ����

7KLV�VD\V�WKDW�WKH�ZDYHIXQFWLRQ�Ψ¥ZKLFK�LV�D�VRUW�RI�SUREDELOLW\

GLVWULEXWLRQ¥HYROYHG� LQ� WLPH�SURSRUWLRQDOO\� WR� WKH�DFWLRQ�RI� WKH

+DPLOWRQLDQ�RSHUDWRU�RQ�LW��7KHVH�WZR�ODZV�DUH�UDGLFDOO\�GLIIHUHQW�

2QH� PLJKW� ZRQGHU�� FDQ� WKH� ODZ� ) PD� EH� GHULYHG� IURP� WKH

6FKU|GLQJHU�HTXDWLRQ"�6LQFH�HYHU\WKLQJ�LV�PDGH�XS�RI�VXEDWRPLF

SDUWLFOHV��RQH�ZRXOG�H[SHFW�WKH�6FKU|GLQJHU�HTXDWLRQ�WR�EH�VRPH�

KRZ�PRUH�IXQGDPHQWDO��7KXV��RQH�ZRXOG�H[SHFW�1HZWRQ©V�ODZV�WR

UHVXOW�IURP�D�SURSHU�UHGXFWLRQ�RI�WKH�6FKU|GLQJHU�HTXDWLRQ��6XFK�D

UHGXFWLRQ� KDV� EHHQ� DFFRPSOLVKHG� WR� D� FHUWDLQ� H[WHQW�� 2QH� FDQ

PDWKHPDWLFDOO\�VKRZ�WKDW�SURSHUO\�IRUPHG�ZDYH�SDFNHWV�GR�REH\

1HZWRQ©V�ODZ��ZLWKLQ�OLPLWV��<HW�WKH�SUREOHP�JRHV�PXFK�GHHSHU�

7KH�ZKROH�ZD\�RI�XQGHUVWDQGLQJ�KRZ�WKH�ZRUOG�ZRUNV�LQ�TXDQWXP

PHFKDQLFV� LV� UDGLFDOO\� GLIIHUHQW� WKDQ� LQ� 1HZWRQLDQ� PHFKDQLFV�

4XDQWXP�WKHRU\�LV�D�ZRUOG�RI�SUREDELOLWLHV��1HZWRQ©V�LV�D�ZRUOG�RI

GHWHUPLQLVWLF�FHUWDLQW\��+RZ�DUH�WKH�WZR�UHFRQFLOHG"�7KLV�LV�D�GHHS

TXHVWLRQ�ZKLFK�KDV�QRW�EHHQ�UHVROYHG�LQ�VHYHQW\�\HDUV��7R�GHDO�ZLWK

SUREDELOLWLHV��TXDQWXP�WKHRU\�LQWURGXFHV�WKH�LGHD�RI�WKH�REVHUYHU

DV�VHSDUDWH�IURP�D�SK\VLFDO�V\VWHP�XQGHU�REVHUYDWLRQ��7KH�REVHUYHU

DFFRPSOLVKHV�ZKDW�LV�FDOOHG�VWDWH�YHFWRU�UHGXFWLRQ�ZKHQ�KH�PDNHV

PHDVXUHPHQWV�RQ�WKH�V\VWHP�KH©V�REVHUYLQJ�WR�GHWHUPLQH�LWV�VWDWH�

7KLV�REVHUYHU�LV�IXQGDPHQWDO�WR�WKH�ZKROH�RI�TXDQWXP�WKHRU\��,I

\RX�WU\�WR�GR�DZD\�ZLWK�KLP��DQG�LQFRUSRUDWH�KLP�LQWR�WKH�ZDYH�

IXQFWLRQ��\RX�FRPH�XS�ZLWK�QRQVHQVH�

(UZLQ�6FKU|GLQJHU�WULHG�WR�FRQIURQW�WKLV�SUREOHP�E\�SURSRVLQJ

D�WKRXJKW�H[SHULPHQW�LQ�ZKLFK�D�FDW�LV�SXW�LQ�D�ER[��DORQJ�ZLWK�D

YLDO�RI�F\DQLGH�ZKLFK�ZRXOG�EH�EURNHQ�EDVHG�RQ�ZKHWKHU�D�VLQJOH

SKRWRQ�ZDV�UHIOHFWHG�IURP�D�����VLOYHUHG�PLUURU��,I�WKH�SKRWRQ�ZDV

UHIOHFWHG��WKH�YLDO�ZRXOG�EH�EURNHQ�DQG�WKH�FDW�ZRXOG�GLH��,I�WKH

SKRWRQ�ZDV�WUDQVPLWWHG��WKH�YLDO�ZRXOG�QRW�EH�EURNHQ��DQG�WKH�FDW

ZRXOG�OLYH��$FFRUGLQJ�WR�TXDQWXP�WKHRU\��WKH�SUREDELOLW\�WKDW�WKH

SKRWRQ�ZRXOG�EH�UHIOHFWHG�ZDV������6R��DUJXDEO\��LQVLGH�WKH�ER[�

\RX©G�KDYH�D�ZDYHIXQFWLRQ�LQ�ZKLFK�WKH�FDW�ZDV�����DOLYH�DQG����

GHDG��:LWK� QR� REVHUYHU�� \RX� KDG� QRW� DFFRPSOLVKHG� VWDWH� YHFWRU

UHGXFWLRQ��VR�WKLV�KDOI�DOLYH�DQG�KDOI�GHDG�VWDWH�VKRXOG�SHUVLVW�XQWLO

\RX�RSHQHG�WKH�ER[�DQG�ORRNHG�WR�VHH�ZKDW�KDSSHQHG��7KLV�REYL�

RXVO\�ERUGHUV�RQ�LQVDQLW\��EXW� WKDW� LV�H[DFWO\�ZKDW�TXDQWXP�PH�

$QFLHQW�3KLORVRSK\�DQG�0RGHUQ�6FLHQFH ��



FKDQLFV�ZRXOG�SUHGLFW��<RX�FRXOG�HYHQ�SXW�D�PDQ�LQ�D�VSDFH�VXLW�LQ

WKH� ER[�� DQG� KH� ZRXOG� EH� SDUW� RI� WKH� V\VWHP��:KDW� ZRXOG� KH

REVHUYH"�:RXOG�KH�KDYH�D�GRXEOH�H[LVWHQFH��LQ�ZKLFK�KDOI�VDZ�WKH

FDW�GHDG��DQG�KDOI�VDZ�LW�DOLYH"�7R�GDWH��QR�RQH�KDV�UHVROYHG�WKHVH

TXHVWLRQV�

6R�ZH�KDYH�VRPH�GHHS�DQG�IXQGDPHQWDO�TXHVWLRQV��+RZ�LV�LW

WKDW�D�PHFKDQLVWLF�WKHRU\�DERXW�VXEDWRPLF�SDUWLFOHV�UHTXLUHV�XV�WR

LQYRNH�WKH�LGHD�RI�DQ�LQWHOOLJHQW�REVHUYHU"�$QG�KRZ�LV�LW�WKDW�WKH

GHWHUPLQLVP� RI� 1HZWRQLDQ� PHFKDQLFV� LV� UHFRQFLOHG� ZLWK� SURE�

DELOLVWLF�TXDQWXP�PHFKDQLFV�RQO\�E\�LQYRNLQJ�VXFK�DQ�LQWHOOLJHQFH"

7KHVH�DUH�QRW�HDV\�TXHVWLRQV��$QG�WKH\�KDYHQ©W�EHHQ�IXOO\�DQVZHUHG

LQ�VHYHQW\�\HDUV��<HW�VFLHQWLVWV�GR�QRW�VK\�DZD\�IURP�XVLQJ�ERWK

1HZWRQLDQ�DQG�TXDQWXP�PHFKDQLFV��2QH�FDQQRW�SURSHUO\�VD\�WKDW

TXDQWXP�PHFKDQLFV�LV�FRPSOHWH�ZLWKRXW�WKH�LGHD�RI�DQ�REVHUYHU�

$QG�WKDW�LV�DERXW�DV�QRQ�DWRPLVWLF�DV�\RX�FDQ�JHW��/LNHZLVH��LI�\RX

FDQ©W�EXLOG�D�VROLG�FRQQHFWLRQ�EHWZHHQ�1HZWRQLDQ�DQG�TXDQWXP

PHFKDQLFV��\RX�FDQ�KDUGO\�GHQ\�WKDW�1HZWRQLDQ�PHFKDQLFV�OHDYHV

VRPHWKLQJ�WR�EH�GHVLUHG�LQ�DWRPLVWLF��UHGXFWLRQLVWLF�WHUPV��,WV�YHU\

GHWHUPLQLVP�FDQ©W�EH�URRWHG�LQ�DWRPLVWLF�UHDOLW\�

,�FKRVH�WKLV�H[DPSOH�EHFDXVH�LW�PD\�YHU\�ZHOO�EH�WKDW�WKHUH�LV

D�ULJRURXV�VROXWLRQ� WR� WKH�SUREOHP��)RU�H[DPSOH��5RJHU�3HQURVH

VXJJHVWV� WKDW� WKH� DQVZHU� PD\� OLH� LQ� D� SURSHU� XQGHUVWDQGLQJ� RI

TXDQWXP�JUDYLW\���&HUWDLQO\�KLV�LGHDV�KDYH�VRPH�PHULW��DOWKRXJK

WKH\�DUH�YHU\�VSHFXODWLYH�DW�WKLV�SRLQW�LQ�WLPH��7KH�SRLQW�LV��HYHQ

WKRXJK�LW�PD\�EH�SRVVLEOH�WR�UHPRYH�WKH�LGHD�RI�WKH�REVHUYHU�IURP

TXDQWXP�PHFKDQLFV��PRVW�VFLHQWLVWV�DUH�TXLWH�ZLOOLQJ�WR�OLYH�ZLWK

KDYLQJ�WKDW�LGHD�ERXQG�XS�LQ�WKHLU�WKHRU\��7KLV�LV�D�FODVVLF�H[DPSOH

RI�KRZ�UDGLFDO�DWRPLVP�LV�MHWWLVRQHG�LQ�JRRG�FRQVFLHQFH�E\�VFLHQ�

WLVWV�

1RZ��LI�ZH�DUH�WR�FRPH�WR�D�VXIILFLHQWO\�GHHS�XQGHUVWDQGLQJ�RI

OLIH�WR�IRUPXODWH�VRPH�EHOLHYDEOH�RSLQLRQV�RQ�RXU�JUHDW�TXHVWLRQ

¦ ,V� LW�UHDOO\�DOLYH"§ �ZH�KDYH� WR�XQGHUVWDQG� WKLV�FRQWURYHUV\�EH�

WZHHQ�DWRPLVP�DQG�$ULVWRWOH��,�WKLQN�WKH�ZKROH�FRQWURYHUV\�FRPHV

�� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ

� 5RJHU� 3HQURVH��7KH� (PSHURU©V� 1HZ�0LQG� �2[IRUG�8QLYHUVLW\� 3UHVV�� 1HZ
<RUN�������SS����������



WR�D�KHDG�ZKHQ�ZH�WDON�DERXW�OLIH��DQG�HVSHFLDOO\�DERXW�DUWLILFLDO

OLIH��%RWK�VLGHV�RI�WKH�GHEDWH�ILQG�OHJLWLPDWH�H[SUHVVLRQ�LQ�WKH�OLIH

VFLHQFHV��%LRFKHPLVWV�ZRUN�KDUG�WR�UHGXFH�ELRORJ\�WR�SK\VLFV�YLD

FKHPLVWU\��3V\FKRORJLVWV�VSHDN�RI�FRQFHSWV�OLNH�HJR��FRQVFLRXVQHVV

DQG�PLQG��ZKLFK�KDYH�QR�HVWDEOLVKHG�WKHRUHWLFDO�EDVLV�LQ�WKH�PDWH�

ULDO�ZRUOG�

,�EHOLHYH�WKH�GHEDWH�EHWZHHQ�DWRPLVP�DQG�$ULVWRWOH�LV�IXQGD�

PHQWDOO\�LUUHVROYDEOH��7KH�DWRPLVW�WULHV�WR�WHDU�WKH�ZRUOG�DSDUW�LQWR

IXQGDPHQWDO�XQLWV�DQG�WKHLU�LQWHUDFWLRQ��7KLV�WHDULQJ�GRZQ�KDV�D

ZD\� RI� PDNLQJ� $ULVWRWHOLDQ�VW\OH� LGHDV� ORRN� DZNZDUG�� RU� HYHQ

PHDQLQJOHVV��)RU�H[DPSOH��KRZ�GRHV�HJR�ILW� LQWR�D�FROOHFWLRQ�RI

DWRPV�ZKLFK�REH\�TXDQWXP�PHFKDQLFV"�7KH�LGHD�IDLOV�DW�WKDW�OHYHO�

<HW��ZKHQ�WKH�DWRPLVW�LV�GRQH�WHDULQJ�HYHU\WKLQJ�DSDUW��KH�KDV�D

KDUG� WLPH�EXLOGLQJ� LW�EDFN�XS� � DJDLQ��:KHQ�DVNHG� WR�GHVFULEH�D

EHKDYLRU�SDWWHUQ�WKDW�ZH�DOO�UHDGLO\�UHFRJQL]H�DV�D�¦ELJ�HJR§ ��KH

IDLOV�PLVHUDEO\�

,�GRQ©W�ZDQW� WR�VLPSO\�WDNH�VLGHV�LQ�WKLV�GHEDWH�EHKLQG�\RXU

EDFN�DQG�EHFRPH�PHUHO\�D�VRSKLVW�DUJXLQJ�GLVKRQHVWO\�IRU�P\�VLGH�

5DWKHU�,©G�OLNH�WR�ORRN�DW�ERWK�VLGHV¥,�KRSH�IDLUO\¥�SHUKDSV�RIIHU

VRPH�LGHDV�RI�P\�RZQ��DQG�OHDYH�WKH�ILQDO�GHFLVLRQ�XS�WR�\RX��0\

IHHOLQJ� LV� WKDW� DOWKRXJK�SK\VLFV�KDV�EHHQ�DEOH� WR� WHDFK�XV�PXFK

DERXW�OLIH��LW�LV�QRW�WKH�NH\�ZKLFK�XQORFNV�HYHU\�GRRU��DV�PDQ\�ZRXOG

KDYH�XV�EHOLHYH��7KHUH�VHHP�WR�EH�VRPH�VHULRXV�SUREOHPV�ZLWK�WKLV

DWRPLVWLF�ZRUOG�YLHZ��ZKLFK� ,©G� OLNH� WR� H[SORUH� LQ� WKH�QH[W� WZR

FKDSWHUV��7KHVH�DUH�QRW�PHUHO\�SKLORVRSKLFDO�REIXVFDWLRQV�HLWKHU�

7KH\�KDYH�D�GLUHFW�EHDULQJ�RQ�WZR�RI�WKH�PHFKDQLFDO�DVSHFWV�RI�OLIH

ZH�KDYH�DOUHDG\�GLVFXVVHG��HPHUJHQW�EHKDYLRU�DQG�VHOI�UHSURGXF�

WLRQ�

)UDQNO\��,�WKLQN�WKH�$/�FRPPXQLW\�KDV�HUUHG�LQ�EHLQJ�UDWKHU

WRR�TXLFN�WR�DGRSW�D�UDGLFDO�DWRPLVP��$Q\RQH�ZKR�LV�JRLQJ�WR�FUHDWH

VRPHWKLQJ�DQG�FDOO�LW�DFWXDOO\�DOLYH�KDV�WR�GHDO�ZLWK�WKHVH�LVVXHV��,W

PD\� EH� ILQH� IRU� VRPH� UHODWLYHO\� REVFXUH� JURXS� RI� DFDGHPLF� UH�

VHDUFKHUV�WR�KLGH�LQ�DWRPLVP��7KHLU�YHU\�REVFXULW\�ZLOO�VKLHOG�WKHP

IURP�FULWLFLVP��+RZHYHU��,�GRXEW�,�FRXOG�DIIRUG�WKDW�OX[XU\�LI�,�ZHUH

WR�FRPH�RXW�DQG�VD\�WKDW�WKH�YLUXV�LQ�\RXU�FRPSXWHU�LV�DOLYH��DQG

\RX�VKRXOG�UHVSHFW�LW�DQG�OHW�LW�EH�IUXLWIXO�DQG�PXOWLSO\�UDWKHU�WKDQ

NLOO�LW��%HVLGHV��RXU�ILQDO�XQGHUVWDQGLQJ�RI�YLUXVHV�ZLOO�EHFRPH�PRUH

LQWHUHVWLQJ�ZKHQ�ZH�WDNH�D�EURDGHU�YLHZ�RI�WKH�ODQGVFDSH�

$QFLHQW�3KLORVRSK\�DQG�0RGHUQ�6FLHQFH ��



�� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ



(PHUJHQW�%HKDYLRU�
5HYLVLWHG

1RZ�,©G�OLNH�WR�UHWXUQ�WR�WKH�LGHD�RI�HPHUJHQW�EHKDYLRU��$V�\RX

ZLOO�UHPHPEHU��ZH�OHIW�RXU�HDUOLHU�GLVFXVVLRQ�RI�HPHUJHQW�EHKDYLRU

ZLWK� D� VRPHZKDW� TXHDV\� IHHOLQJ��:H� ZHUHQ©W� TXLWH� VXUH� LI� WKH

SKHQRPHQRQ�ZDV�HYHQ�UHDO��RU�LI�LW�ZDV�MXVW�WKH�SHUFHSWLRQ�RI�RXU

OLPLWHG�PLQGV��&HUWDLQO\�LW�ZRXOG�EH�QLFH�WR�UHVROYH�WKLV�TXHVWLRQ�

,I�HPHUJHQW�EHKDYLRU�LV�QRW�UHDO��WKHQ�ZH�VKRXOGQ©W�ERWKHU�RXUVHOYHV

ZLWK� LW�� ,I� LW� LV� UHDO�� LW� FRXOG� EH� D� YHU\� LPSRUWDQW� LQJUHGLHQW� LQ

XQGHUVWDQGLQJ�RXU�ZRUOG�

0\�IHHOLQJ�LV�WKDW�HPHUJHQW�EHKDYLRU�LV�UHDO��DW�OHDVW�LQ�QDWXUH�

EXW� ,�PXVW� VD\� WKDW� WLPLGO\��7KH�FRQVHTXHQFHV�RI� UHDO� HPHUJHQW

EHKDYLRU�LQ�QDWXUH�FXW�WR�WKH�FRUH�RI�WKH�DWRPLVWLF�XQGHUVWDQGLQJ�RI

RXU�ZRUOG�ZKLFK�KDV�VR�SHUPHDWHG�VFLHQFH�IRU�WKH�SDVW�IHZ�FHQWX�

ULHV��6R�ILUVW��OHW�PH�JLYH�\RX�HQRXJK�EDFNJURXQG�WR�DSSUHFLDWH�KRZ

UDGLFDO�HPHUJHQW�EHKDYLRU�FRXOG�EH�

$WRPLVP��&DXVDOLW\�DQG�6LPSOLFLW\

,Q� HVVHQFH�� PRGHUQ� PDWHULDOLVWLF� DWRPLVP� LV� EDVHG� RQ� WZR

SKLORVRSKLFDO�DVVXPSWLRQV��7KH�ILUVW�LV�WKH�FDXVDOLW\�SULQFLSOH��7KLV

SULQFLSOH�PD\�EH�VWDWHG�DV�IROORZV��¦*LYHQ�WKH��FRUUHFW��ODZV�RI

SK\VLFV�DQG�DQ�H[DFW�VSHFLILFDWLRQ�RI�WKH�LQLWLDO�VWDWH�RI�D�FORVHG

V\VWHP��RQH�FRXOG�LQ�SULQFLSOH�FDOFXODWH�WKH�VWDWH�RI�WKDW�V\VWHP�IRU

DOO�WLPH�WR�FRPH�§ �,Q�RWKHU�ZRUGV��WKH�XQLYHUVH�LV�IXOO\�JRYHUQHG

E\�QDWXUDO�ODZ��VLQFH�WKH�FORVHG�V\VWHP�FRXOG�EH�WKH�XQLYHUVH�DV�D



ZKROH���7KH�VHFRQG�DVVXPSWLRQ� LV� WKDW� WKH� ODZV�RI�QDWXUH�DUH� LQ

VRPH�VHQVH�VLPSOH��GLVFRYHUDEOH��DQG�XQGHUVWDQGDEOH�

7KH�FDXVDOLW\�SULQFLSOH�LV�SKLORVRSKLFDO�DQG�QRW�VFLHQWLILF��,Q�D

VWULFW�VHQVH��IRU�D�VWDWHPHQW� WR�KDYH�VFLHQWLILF�FRQWHQW�LW�PXVW�EH

IDOVLILDEOH���7KDW�LV��LW�PXVW�EH�SRVVLEOH�WR�GR�DQ�H[SHULPHQW�ZKLFK

FRXOG� VKRZ� WKDW� D� VWDWHPHQW� LV� QRW� WUXH� �LI� LW� LV� LQFRUUHFW��� )RU

H[DPSOH�� RQH� FDQ� GR� H[SHULPHQWV� EDVHG� RQ�0D[ZHOO©V� ODZV� RI

HOHFWURG\QDPLFV�� ,I� WKRVH� ODZV� ZHUH� LQFRUUHFW�� WKH� H[SHULPHQWV

ZRXOG�LOOXPLQDWH�WKH�IDXOW��7KH�FDXVDOLW\�SULQFLSOH�FDQQRW�EH�IDOVL�

ILHG�LQ�WKLV�PDQQHU��2EYLRXVO\��DQ\�REVHUYDWLRQ�LQ�WKH�QDWXUDO�ZRUOG

FDQ� EH� DFFRXQWHG� IRU� HLWKHU� E\� XVLQJ� WKH� ODZV�ZH� NQRZ�� RU� E\

SRVWXODWLQJ�DQ�DV�\HW�XQNQRZQ�ODZ�WKDW�LV�DW�ZRUN��7KDW�DV��\HW�XQ�

NQRZQ�ODZ�LV�YLUWXDOO\�RPQLSRWHQW�DW�H[SODLQLQJ�WKH�XQH[SODLQHG�

:H�FDQ�LQYRNH�XQNQRZQ�ODZ�WR�H[SODLQ�HYHU\WKLQJ¥HYHQ�ZDONLQJ

RQ�ZDWHU�

7KH� VHFRQG� DVVXPSWLRQ¥WKDW� QDWXUDO� ODZ� LV� VRPHKRZ� VLP�

SOH¥LV�DOVR�SKLORVRSKLFDO�LQ�QDWXUH��,Q�IDFW��WKH�LGHD�LV�URRWHG�LQ

&KULVWLDQ�FXOWXUH�� DQG� WKH� LGHD� WKDW�*RG� LV�D� UDWLRQDO�EHLQJ�ZKR

FUHDWHG�D�UDWLRQDO�XQLYHUVH�WKDW�FRXOG�EH�XQGHUVWRRG�E\�UDWLRQDO�PHQ

FUHDWHG�LQ�+LV�LPDJH�

:LWKRXW� WKHVH� LGHDV� �SRVVLEO\� LQ� D� ZHDNHU� IRUP�� RQH� FDQ

LPDJLQH�WKDW�VFLHQWLILF�H[SORUDWLRQ�PLJKW�JULQG�WR�D�KDOW��,I�ZH�KDG

QR�UHDVRQ� WR�EHOLHYH� WKDW�D� ODZ�H[LVWHG� WKDW�JRYHUQHG�VRPH�QHZ

SKHQRPHQRQ�ZH�REVHUYHG��FKDQFHV�DUH�ZH�ZRXOGQ©W�WU\�WR�GLVFRYHU

ZKDW�ZH�NQHZ�GLGQ©W�H[LVW��/LNHZLVH��LI�ZH�EHOLHYHG�WKDW�VXFK�D�ODZ

ZRXOG�EH�VR�PHVV\�RU�FRPSOH[�WKDW�NQRZLQJ�LW�ZRXOG�LPSDUW�QR

EHWWHU�XQGHUVWDQGLQJ�WR�WKH�GLVFRYHUHU��DQG�QR�PRUH�DELOLW\�WR�VROYH

VLPLODU�SUREOHPV��ZH�SUREDEO\�ZRXOGQ©W�FDUH�HQRXJK�WR�ZDVWH�RXU

HIIRUWV�WU\LQJ�WR�GLVFRYHU�WKDW�ODZ�

�� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ

� 3KLOLSS�)UDQN��3KLORVRSK\�RI�6FLHQFH��3UHQWLFH�+DOO��(QJOHZRRG�&OLIIV��1HZ
-HUVH\�������SS����������

� .DUO� 3RSSHU�� &RQMHFWXUHV� DQG� 5HIXWDWLRQV�� �QG� (G�� �%DVLF� %RRNV�� 1HZ
<RUN������� SS�� ���II�� 3RSSHU� LV� D� SKLORVRSKLFDO� DFWLYLVW� LQ� WKDW� KH� VDZ
SKLORVRSK\� VKRXOG� SOD\� DQ� DFWLYH� SDUW� LQ� GHILQLQJ� KRZ� VFLHQFH�ZRUNV�� DQG
GUDZLQJ�WKH�OLHQ�EHWZHHQ�JRRG�DQG�EDG�VFLHQFH��)DOVLILDELOLW\�LV�RQH�WHVW�IRU
JRRG�VFLHQFH�



6R�ERWK�RI�WKHVH�LGHDV�DUH�LPSRUWDQW�WR�DWRPLVWLF�VFLHQFH��\HW

WKH\�DUH�QRW�VFLHQWLILF��7KH\�DUH�SKLORVRSKLFDO��MXVW�OLNH�DWRPLVP

LWVHOI�� DQG�ZH� KDYH� QR�D� SULRUL� UHDVRQ� WR� EHOLHYH� WKH\� DUH� WUXH�

+RZHYHU�� WKH� H[SHULHQFH�RI� WKH� ODVW� IRXU� FHQWXULHV�KDV�JLYHQ�XV

UHDVRQ�WR�EHOLHYH�WKDW�WKHVH�LGHDV�FRQWDLQ�VRPH�PHDVXUH�RI�WUXWK

WKDW�ZLOO�KHOS�XV�EHWWHU�XQGHUVWDQG�RXU�ZRUOG�

,Q������6LU�,VDDF�1HZWRQ�SXEOLVKHG�KLV�IDPHG�3KLORVRSKLDH

1DWXUDOLV�3ULQFLSLD�0DWKHPDWLFD��LQ�ZKLFK�KH�ODLG�RXW�KLV�JUDQG

SK\VLFDO�WKHRU\�RI�PRWLRQ��7KLV�ZRUN�ZDV�DQ�DVWRXQGLQJ�WULXPSK

IRU�VFLHQFH��7RGD\��LW�LV�GLIILFXOW�WR�GHVFULEH�WKH�IXOO�LPSDFW�RI�ZKDW

1HZWRQ�GLG��EHFDXVH�ZH�WDNH�LW�VR�IRU�JUDQWHG��6LQFH�DQFLHQW�WLPHV�

WKH�KHDYHQV�ZHUH�WKH�GRPLQLRQ�RI�WKH�JRGV��$VWURORJ\¥UHDGLQJ

WKH�KHDYHQV�IRU�VLJQV�DQG�SRUWHQWV�RI�WKLQJV�WR�FRPH¥ZDV�FRPPRQ

DQG� QDWXUDO�� ,W� ZDV� XQGHUVWRRG� WKDW� WKH� KHDYHQV� DW� OHDVW� SDUWO\

REH\HG�PDWKHPDWLFDO�ODZV��\HW�HYHQ�LQ�WKH���WK�FHQWXU\��WKHUH�ZDV

SOHQW\�RI�URRP�IRU�P\VWLFLVP��7KHQ�1HZWRQ�UHDFKHG�RXW��DQG�WRRN

WKH�KHDYHQV�LQ�KDQG��DQG�EURXJKW�WKHP�ZLWKLQ�WKH�UHDFK�RI�HYHU\

GD\�H[SHULHQFH��:LWK�KLV�ODZ�RI�JUDYLWDWLRQ��1HZWRQ�VXFFHHGHG�DW

GHVFULELQJ� SODQHWDU\�PRWLRQ� DQG�SXWWLQJ� LW� LQ� WKH� FRQWH[W� RI� WKH

ODUJHU�IUDPHZRUN�RI�D�JHQHUDO�XQGHUVWDQGLQJ�RI�PRWLRQ�DQG�IRUFH�

7KH�JRGV�ZHUH�FKDVHG�RXW�RI�WKH�KHDYHQV�IRUHYHU�

7KH�WUHPHQGRXV�VXFFHVV�RI�1HZWRQLDQ�PHFKDQLFV�GXULQJ�WKH

QH[W� IRXU� FHQWXULHV� FRQWLQXDOO\� HQFRXUDJHG� VFLHQWLVWV� WR�SXVK� LWV

OLPLWV� IXUWKHU�� 7KH� ODZV� RI� HOHFWURPDJQHWLVP� ZHUH� XQUDYHOOHG�

&KHPLVWU\� IORXULVKHG�� 1HZ� IURQWLHUV� EURXJKW� QHZ� WKHRULHV� DQG

PRGLILFDWLRQV�RI�1HZWRQ©V�RULJLQDO�LGHDV��OLNH�ILHOG�WKHRULHV��TXDQ�

WXP�PHFKDQLFV��DQG�VSHFLDO�DQG�JHQHUDO�UHODWLYLW\�

(YHQ�OLIH�ZDV�EURXJKW�XQGHU�WKH�XPEUHOOD�RI�WKH�QHZ�PHFKDQ�

LFV��$W�ILUVW��VLPSOH�ELRORJLFDO�DFWLYLWLHV�ZHUH�XQGHUVWRRG�ZLWKLQ�WKH

OLPLWV�ZKLFK�1HZWRQLDQ�PHFKDQLFV�SODFHG�RQ�WKHP��)RU�H[DPSOH�

RQH�FDQ�XQGHUVWDQG�ZK\�VRPHRQH�FDQ�EH�VHULRXVO\�LQMXUHG�MXPSLQJ

IURP�D�WKLUG�IORRU�ZLQGRZ��EXW�QRW�E\�MXPSLQJ�RII�D�FKDLU��IURP�D

VLPSOH�DQDO\VLV�RI�WKH�1HZWRQLDQ�G\QDPLFV�RI�WKH�IDOO��1H[W��VLPSOH

LQWHUQDO�IXQFWLRQV��VXFK�DV�PXVFXODU�DFWLRQ��ZHUH�XQGHUVWRRG�ZLWKLQ

WKH�FRQWH[W�RI�HOHFWURFKHPLFDO�SURFHVVHV��:LWK�WLPH��WKH�VFLHQFH�RI

OLIH�SURJUHVVHG�IURP�WKH�VLPSOH�WR�WKH�FRPSOH[�PLFURVFRSLF�SURS�

HUWLHV�RI�RUJDQLVPV��,Q�DOO�RI�WKHVH�LQYHVWLJDWLRQV��PRGHUQ�VFLHQFH

(PHUJHQW�%HKDYLRU�5HYLVLWHG ��



KDV�EHHQ�WUHPHQGRXVO\�VXFFHVVIXO�LQ�XQUDYHOOLQJ�WKH�P\VWHULHV�RI

OLIH�DQG�EULQJLQJ�WKHP�LQWR�WKH�OLJKW�RI�RXU�XQGHUVWDQGLQJ�

$W� VRPH� SRLQW� LQ� WKLV� KLVWRULFDO� H[SDQVLRQ� RI� WKH� DELOLW\� RI

GHWHUPLQLVWLF�PHFKDQLFV� WR� DFFRXQW� IRU� QDWXUDO� SKHQRPHQD�� WKDW

PHFKDQLFV�EHFDPH�PRUH�WKDQ�MXVW�D�XVHIXO�WRRO��,W�EHJDQ�WR�LQIRUP

SHRSOH�DERXW�WKH�QDWXUH�RI�XOWLPDWH�UHDOLW\�LWVHOI��,I�GHWHUPLQLVWLF

PHFKDQLFV�LV�VR�VXFFHVVIXO�DW�GHVFULELQJ�RXU�ZRUOG��FRXOG�LW�QRW�EH

WKH�XOWLPDWH�UDWLRQDO�UHDOLW\�RI�WKH�XQLYHUVH"�(YHQ�WKH�VFLHQWLVW�ZKR

EHOLHYHG�LQ�D�6XSUHPH�%HLQJ�VDZ�WKDW�EHLQJ�DV�ZRUNLQJ�WKURXJK

QDWXUDO�ODZ�LQ�WKH�GD\�WR�GD\�ZRUOG��,I�+H�GLG�PLUDFOHV��WKH\�ZHUH

QRW�WR�EH�UDWLRQDOO\�H[SODLQHG��5DWLRQDO�DQG�NQRZDEOH�UHDOLW\�WRRN

WKH�XOWLPDWH�IRUP�RI�DWRPLVWLF��GHWHUPLQLVWLF�PHFKDQLFV�

7KH�&UDFNV

'HVSLWH� LWV� DSSDUHQW� VXFFHVV�� WKHUH� DUH� VRPH� IXQGDPHQWDO

FUDFNV�LQ�WKH�ELJ�SLFWXUH�RI�WKH�ZRUOG�ZKLFK�DWRPLVP�SDLQWV�IRU�XV�

:KHQ�,�VD\�¦ IXQGDPHQWDO§ �,�ZLVK�WR�GLVWLQJXLVK�EHWZHHQ�FUDFNV

ZKLFK�SRLQW�WR�WKH�OLPLWDWLRQV�RI�DWRPLVP�DQG�WKRVH�ZKLFK�VLPSO\

SRLQW�WR�WKH�QHHG�IRU�D�QHZ�WKHRU\��RU�WKRVH�ZKLFK�UHTXLUH�PRUH�GDWD

WR�ILOO��$�FODVVLF�H[DPSOH�RI�D�FUDFN�ZKLFK�SRLQWV�WR�WKH�QHHG�IRU�D

QHZ� WKHRU\� LV� JUDYLWDWLRQ��:H� KDYH� D� JRRG� FODVVLFDO� WKHRU\� RI

JUDYLW\�LQ�JHQHUDO�UHODWLYLW\��:H�DOVR�KDYH�D�JRRG�LGHD�WKDW�TXDQWXP

PHFKDQLFV�FRUUHFWO\�GHVFULEHV�VXEDWRPLF�SKHQRPHQD��<HW�ZH�GR

QRW�\HW�KDYH�D�ZRUNDEOH�WKHRU\�ZKLFK�FRPELQHV�WKH�WZR��$�JRRG

WKHRU\� RI� TXDQWXP� JUDYLW\� ZRXOG� SUHVXPDEO\� KHOS� XV� DQVZHU

TXHVWLRQV�ERWK�LQ�SDUWLFOH�SK\VLFV�DQG�DVWURSK\VLFV��6XFK�D�FUDFN�LV

QRW�IXQGDPHQWDO�EHFDXVH��DOWKRXJK�TXDQWXP�JUDYLW\�LV�KDUG��WKHUH

LV�QR�UHDVRQ�WR�EHOLHYH�WKDW�DQ�DGHTXDWH�WKHRU\�FDQQRW�EH�IRUPX�

ODWHG��,W�MXVW�KDV�QRW�EHHQ�IRUPXODWHG�\HW�

$�IXQGDPHQWDO�FUDFN�LQ�WKH�DWRPLVWLF�ZRUOG�YLHZ�LV�VRPHZKDW

OLNH�D�EULFN�ZDOO�ZKLFK�QR�DPRXQW�RI�KXPDQ�HIIRUW�ZLOO�EH�DEOH�WR

EUHDN�WKURXJK��,W�LV�DQ�LPSHQHWUDEOH�EDUULHU�WR�DQ�DWRPLVWLF�XQGHU�

VWDQGLQJ�RI�WKH�XQLYHUVH��,W�LV�D�IDFW�RI�OLIH�ZKLFK�ZH�VKDOO�KDYH�WR

OLYH� ZLWK�� RXU� JUDQGFKLOGUHQ� ZLOO� KDYH� WR� OLYH� ZLWK�� DQG� WKHLU

JUDQGFKLOGUHQ�ZLOO�KDYH�WR�OLYH�ZLWK�

&UDFNV� OLNH� WKLV� WHOO� XV� WKDW� WKH� DWRPLVWLF� ZRUOG�YLHZ� LVQ©W

IRROSURRI��LW�LVQ©W�TXLWH�DGHTXDWH�WR�H[SODLQ�WKH�ZRUOG�DV�LW�LV��,Q�D

�� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ



VHQVH�� VXFK� FUDFNV� PXVW� EH� YLHZHG� DV� WHQWDWLYH�� 7KHUH� LV� WKH

SRVVLELOLW\� WKDW�VRPHGD\�D�QHZ�WKHRU\�RU�QHZ�SURFHGXUH�ZLOO�EH

LQYHQWHG�WKDW�FDQ�JR�DURXQG�WKH�FUDFN��DQG�H[SDQG�WKH�ERXQGDULHV

RI�GHWHUPLQLVP�

1RZ��,©G�OLNH�WR�GLVFXVV�RQH��FUDFN�ZKLFK�LV�SHUWLQHQW�WR�OLIH

DQG�HPHUJHQW�EHKDYLRU�KHUH��%HIRUH�ZH�GR�WKDW��WKRXJK��,©G�OLNH�WR

GLVFXVV�DQRWKHU�FUDFN�ZKLFK�LV�PXFK�PRUH�ZHOO�HVWDEOLVKHG��7KLV

ZLOO�FODULI\�WKH�QDWXUH�RI�D�IXQGDPHQWDO�FUDFN������

$V�ZH�KDYH�DOUHDG\�GLVFXVVHG��RQH�RI�WKH�WUXO\�UDGLFDO�LPSOLFD�

WLRQV�RI�TXDQWXP�WKHRU\� LV� WKDW� LW� WLHG�FRQVFLRXVQHVV� WR�SK\VLFDO

UHDOLW\��,Q�WKH�1HZWRQLDQ�V\VWHP�RI�WKLQJV�RQH�FRXOG��LQ�SULQFLSOH�

REVHUYH�D�SK\VLFDO�V\VWHP�ZLWKRXW�DIIHFWLQJ�LW��)RU�H[DPSOH��LI�RQH

XVHG�WKH�SURSHU�NLQGV�RI�PHDVXULQJ�LQVWUXPHQWV��RQH�FRXOG�PHDVXUH

WKH�SRVLWLRQ�DQG�YHORFLW\�RI�D�IDOOLQJ�EDOO�DV�D�IXQFWLRQ�RI�WLPH�WR

DQ\�GHVLUHG�GHJUHH�RI�DFFXUDF\��DQG�WKHUHE\�YHULI\�1HZWRQ©V�ODZ

RI�JUDYLWDWLRQ��,Q�TXDQWXP�WKHRU\��KRZHYHU��+HLVHQEHUJ©V�XQFHU�

WDLQW\�SULQFLSOH�IRUELGV�VXFK�LGHDOLVP��$Q\�PHDVXUHPHQW�PDGH�RQ

D�V\VWHP�DIIHFWV�WKDW�V\VWHP�DQG�FKDQJHV�LW��EHFDXVH�DOO�PHDVXUH�

PHQWV�PXVW�EH�PDGH�XVLQJ�UHDO�DSSDUDWXV��UHDO�SDUWLFOHV��HWF��)RU

H[DPSOH��LI�\RX�ZDQW�WR�ORFDWH�D�SDUWLFOH�SUHFLVHO\��\RX�PXVW�XVH

DQRWKHU�KLJK�HQHUJ\�SDUWLFOH�WR�GR�LW��%XW�WKDW�KLJK�HQHUJ\�SDUWLFOH

ZLOO�GLVUXSW�WKH�RQH�\RX�ZDQW�WR�REVHUYH�VR�WKDW�HYHQ�LI�\RX�NQRZ

ZKHUH�LW�ZDV��\RX©UH�YHU\�XQVXUH�DERXW�ZKHUH�LW�LV��QRZ�WKDW�\RX©YH

GLVUXSWHG�LW��,I�\RX�XVH�D�ORZ�HQHUJ\�SDUWLFOH�WR�ORFDWH�WKH�RQH�\RX©UH

LQWHUHVWHG�LQ��\RX�ZRQ©W�GLVUXSW�LW�YHU\�PXFK��EXW�\RX�FDQ©W�WHOO�YHU\

SUHFLVHO\�ZKHUH�LW�LV�

7KDW�OLPLWDWLRQ�LQWURGXFHV�D�GHJUHH�RI�XQFHUWDLQW\�LQWR�DOO�RI

TXDQWXP�PHFKDQLFV��:LWK�UHJDUG�WR�DQ\WKLQJ�WKDW�FDQ�EH�REVHUYHG�

TXDQWXP�WKHRU\�PDNHV�SUHGLFWLRQV�RQO\�LQ�WHUPV�RI�SUREDELOLWLHV�

1RZ��ZKROH�ERRNV�KDYH�EHHQ�ZULWWHQ�RQ�WKH�LPSOLFDWLRQV�RI�WKLV

XQFHUWDLQW\��DQG�LW�LV�QRW�P\�SXUSRVH�WR�GLJ�LQWR�WKH�VXEMHFW�LQ�JUHDW

GHWDLO��,Q�HVVHQFH��WKRXJK��LW�SXWV�D�OLPLW�RQ�RXU�DELOLW\�WR�NQRZ�RXU

XQLYHUVH��EHFDXVH�ZH�FDQQRW�PHDVXUH�LW�ZLWKRXW�FKDQJLQJ�LW��7KXV�

ZH�FDQ�DVN�DSSDUHQWO\�VHQVLEOH�TXHVWLRQV¥TXHVWLRQV�WKDW�ZH©G�OLNH

WKH�DQVZHU�WR��EXW�WKH�WKHRU\�VD\V�¦\RX�FDQQRW�DVN�WKDW�§ �,W�DOVR

OLQNV�RXU�FRQVFLRXVQHVV�WR�EDVLF�SK\VLFV��EHFDXVH�PHDVXUHPHQW�LV

D�FRQVFLRXV�DFWLYLW\��,Q�RWKHU�ZRUGV��\RX�FDQQRW�NQRZ�WKH�VWDWH�RI

D� V\VWHP�ZLWKRXW�PHDVXULQJ� LW�� +RZHYHU�� E\�PHDVXULQJ� LW�� \RX

(PHUJHQW�%HKDYLRU�5HYLVLWHG ��



FKDQJH�LWV�VWDWH�LQ�D�QRW�HQWLUHO\�GHWHUPLQHG�ZD\��7KH�HTXDWLRQV�RI

TXDQWXP�WKHRU\�UHIOHFW�WKLV�XQFHUWDLQW\�SULQFLSOH�EULOOLDQWO\��7KH\

HQIRUFH�LW��LQ�WKDW�WKH\�DUH�QRW�GHWHUPLQLVWLF�LQ�WKH�1HZWRQLDQ�VHQVH�

7KH\�ZRQ©W�DOORZ�\RX�WR�DVN�WKH�ZURQJ�TXHVWLRQV�

0DQ\�SK\VLFLVWV�LQ�WKH�ILUVW�KDOI�RI�WKH���WK�FHQWXU\�ZHUH�YHU\

XQFRPIRUWDEOH�ZLWK�TXDQWXP�WKHRU\�EHFDXVH�LW�GLG�QRW�DOORZ�DFFX�

UDWH�SUHGLFWLRQV��<HW�LW�VHHPHG�WR�DFFXUDWHO\�GHVFULEH�RXU�ZRUOG��VR

LW�FRXOG�QRW�EH�HDVLO\�GLVPLVVHG��,W�ZDV�LQ�GLVFXVVLQJ�WKLV�WURXEOLQJ

DVSHFW�RI�TXDQWXP�WKHRU\�WKDW�(LQVWHLQ�PDGH�KLV�IDPRXV�FRPPHQW

¦*RG�GRHV�QRW�SOD\�GLFH�§ �+H�EHOLHYHG�TXDQWXP�WKHRU\�ZDV�QRW�DQ

XOWLPDWH� DQVZHU¥WKDW� WKHUH�PXVW� EH� VRPH� XQGHUO\LQJ� ¦KLGGHQ�

YDULDEOH�WKHRU\§ �ZKLFK�ZRXOG�UHVROYH�WKH�XQFHUWDLQW\�SUREOHP���%\

QRZ�WKDW�JHQHUDWLRQ�RI�VFLHQWLVWV�KDV�GLHG�RII��DQG�WKH�VFLHQWLVWV�ZKR

JUHZ�XS�ZLWK�TXDQWXP�XQFHUWDLQWLHV�QR�ORQJHU�TXHVWLRQ�LW�EHFDXVH

RI�WKHVH�SHFXOLDULWLHV��)RU�WKH�PRVW�SDUW��WKH\�DUH�FRQWHQW�WR�OLYH�ZLWK

D�GRVH�RI�XQFHUWDLQW\�

<HW��LI�TXDQWXP�PHFKDQLFV�LV�D�FRUUHFW�WKHRU\�RI�XOWLPDWH�UHDOLW\

�DQG�LW�PDNHV�D�ORW�RI�VHQVH�WR�VXJJHVW�WKDW�LW�LV��VLQFH�LW�LV�ORJLFDOO\

FRQVLVWHQW� DQG� YHU\� SRZHUIXO� DQG� DFFXUDWH�� WKHQ� LW� UHSUHVHQWV� D

IXQGDPHQWDO�FUDFN�LQ�WKH�JUDQG�SODQ�RI�DWRPLVWLF�GHWHUPLQLVP��2XU

DELOLW\� WR� GHWHUPLQLVWLFDOO\� XQGHUVWDQG� WKH� ZRUOG� ZH� OLYH� LQ� LV

IXQGDPHQWDOO\�OLPLWHG�E\�RXU�ILQLWH�DELOLW\�WR�PDNH�PHDVXUHPHQWV

RQ�LW��DQG�WKH�EHVW�\RX�FDQ�GR�LV�VSHDN�VWDWLVWLFDOO\�

,QFDOFXODELOLW\

1RZ� ,©G� OLNH� WR� PRYH� RQ� WR� DQRWKHU� FUDFN� ZKLFK� LV� PRUH

SHUWLQHQW�WR�RXU�GLVFXVVLRQ�RI�OLIH��,W�LV�D�FUDFN�DW�WKH�RSSRVLWH�HQG

RI�WKH�VSHFWUXP�IURP�TXDQWXP�PHFKDQLFV��5DWKHU�WKDQ�D�OLPLW�DW�WKH

VPDOO�HQG�RI�WKLQJV��LW�LV�D�OLPLW�DW�WKH�ELJ�HQG��ZKHUH�WKH�PDJQLWXGH

DQG�FRPSOH[LW\�RI�D�SUREOHP�OLPLWV�XV��,�FDOO�WKLV�FUDFN�LQFDOFXOD�

ELOLW\��7KLV�LGHD�LV�URRWHG�LQ�WKH�GLIILFXOW\�DWRPLVP�KDV�LQ�EXLOGLQJ

WKH�ZRUOG�EDFN�XS�DIWHU�LW©V�EHHQ�WRUQ�GRZQ�WR�¦ IXQGDPHQWDOV�§

�� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ

� 'DYLG�%RKP��¦+LGGHQ�YDULDEOHV�LQ�WKH�4XDQWXP�7KHRU\�§ �'��5��%DWHV��(G��
4XDQWXP�7KHRU\��$FDGHPLF�3UHVV��1HZ�<RUN�������SS����������



)RU�FHQWXULHV�VFLHQWLVWV�KDYH�JHQHUDOO\�RSHUDWHG�RQ�WKH�SULQFL�

SOH�WKDW�QDWXUH�LV�ZHOO�EHKDYHG�LQ�WKH�VHQVH�WKDW�LI�,�FKDQJH�WKH�LQLWLDO

VWDWH�RI�D�V\VWHP�D�OLWWOH�ELW��WKH�ILQDO�UHVXOW�ZLOO�FKDQJH�RQO\�D�OLWWOH

ELW��)RU�H[DPSOH��LI�,�VKRRW�D�EDOO�DFURVV�D�URRP��,�FDQ�SUHGLFW�DERXW

ZKHUH�LW�ZLOO�ODQG�DV�ORQJ�DV�,�NQRZ�WKH�LQLWLDO�VSHHG�DQG�DQJOH�RI

ODXQFK��<HW�,�FDQ�RQO\�PHDVXUH�WKH�VSHHG�ZLWK�D�ILQLWH�GHJUHH�RI

DFFXUDF\��7\SLFDOO\��,�PLJKW�VD\�LW�ZDV�ODXQFKHG�DW�����PHWHUV�VHF�

RQG��%XW�ZKDW�LI�LW�ZDV�UHDOO\�ODXQFKHG�DW�����������PHWHUV�VHF�

RQG"� 1RUPDOO\�� WKDW©V� QR� ELJ� GHDO�� $� VPDOO� YDULDWLRQ� LQ� LQLWLDO

YHORFLW\�ZLOO�UHVXOW�LQ�D�VPDOO�YDULDWLRQ�LQ�WKH�SRLQW�RI�LPSDFW��,I�WKH

EDOO�ODQGV�����������PHWHUV�GRZQ�UDQJH�LQVWHDG�RI������PHWHUV��,

SUREDEO\�GRQ©W�FDUH��%XW�ZKDW�LI�WKH�VPDOO�FKDQJH�LQ�LQLWLDO�FRQGL�

WLRQV�FRXOG�FDXVH�D�GUDVWLFDOO\�GLIIHUHQW�UHVXOW�LQ�WKH�HQG"�,I�,�ZHUH

IOLSSLQJ�D�FRLQ�RII�WKH�HGJH�RI�WKH�*UDQG�&DQ\RQ��WKH�GLIIHUHQFH

EHWZHHQ� ����PHWHUV�VHFRQG� DQG� ����������PHWHUV�VHFRQG� FRXOG

PHDQ�WKH�GLIIHUHQFH�EHWZHHQ�KHDGV�DQG�WDLOV�DW�WKH�ERWWRP�

$JDLQ��VXSSRVH�WKDW�VRPH�SKHQRPHQRQ��OLNH�WKH�G\QDPLFV�RI

JDVVHV�LQ�RXU�DWPRVSKHUH��FRXOG�DPSOLI\�VPDOO�SHUWXUEDWLRQV��UDWKHU

WKDQ�GDPSLQJ�WKHP�RXW��7KHQ�SHUKDSV�D�EXWWHUIO\�IODSSLQJ�LWV�ZLQJV

LQ�-DSDQ�FRXOG�SHUWXUE�WKH�DWPRVSKHUH�HQRXJK�WR�FDXVH�D�WRUQDGR

LQ�.DQVDV� VRPH�ZHHNV� ODWHU�� DQG�D�GURXJKW� ODVWLQJ� WZR�\HDUV� LQ

6LEHULD�DIWHU�WKDW��,Q�IDFW��WKHUH�LV�VRPH�MXVWLILFDWLRQ�IRU�VD\LQJ�WKLV

LV� VR�� 7KDW� LV� ZK\� LW� LV� VR� GLIILFXOW� WR�PDNH� ORQJ�WHUP�ZHDWKHU

IRUHFDVWV��HYHQ�ZLWK�PRGHUQ�VXSHUFRPSXWHUV�

7KH�ELJ�SUREOHP�ZLWK�VXFK�DPSOLILFDWLRQ�SKHQRPHQD�LV� WKDW

WKH\� PDNH� LW� YLUWXDOO\� LPSRVVLEOH� WR� GHWHUPLQH� WKH� ODUJH� VFDOH�

LQWHUHVWLQJ�EHKDYLRU�RI�D�V\VWHP�IURP�LWV�LQLWLDO�VWDWH��7KHUH�DUH�WZR

OHYHOV�DW�ZKLFK�WKLV�GLIILFXOW\�VHWV�LQ��7KH�ILUVW�LV�HQWLUHO\�SUDFWLFDO�

,Q�IOLSSLQJ�D�FRLQ��LW�EHFRPHV�LPSUDFWLFDO�WR�VHW�XS�HTXLSPHQW�WKDW

ZLOO�PHDVXUH�WKH�LQLWLDO�LPSXOVH��HWF���DFFXUDWHO\�HQRXJK�WR�PDNH�D

WKHRUHWLFDO�GHWHUPLQDWLRQ�RI�KRZ�LW�ZLOO�ODQG��/LNHZLVH��LI�ZH�ZDQW

WR�SUHGLFW�WKH�ZHDWKHU�IRU�D�FHUWDLQ�SHULRG�RI�WLPH��ZH�PD\�QRW�EH

DEOH�WR�ILQG�D�FRPSXWHU�ODUJH�HQRXJK�DQG�IDVW�HQRXJK�WR�GR�LW��:H

PD\� QRW� EH� DEOH� WR� ILQG� HQRXJK� UHVHDUFKHUV� WR�PHDVXUH� DOO� WKH

UHTXLUHG�LQLWLDO�SDUDPHWHUV��DQG�HYHQ�LI�ZH�FRXOG��WKHLU�YHU\�EUHDWK�

LQJ�ZRXOG�FKDQJH�WKH�UHVXOWV��7KHVH�DUH�SUDFWLFDO�OLPLWDWLRQV�EH�

FDXVH� ZH� ILQG� RXUVHOYHV� VD\LQJ� ¦ ,� QHHG� PRUH� DFFXUDWH

(PHUJHQW�%HKDYLRU�5HYLVLWHG ��



PHDVXUHPHQWV§ �RU�¦ ,�QHHG�D�ELJJHU�FRPSXWHU§¥DOO�SUDFWLFDO�FRQ�

VLGHUDWLRQV�

+RZHYHU��WKHUH�LV�DQRWKHU�OHYHO�RI�LPSRVVLELOLW\�ZKLFK�FRXOG

FRQFHLYDEO\�VHW�LQ¥WKHRUHWLFDO�LPSRVVLELOLW\��$W�VRPH�SRLQW��ZH

FDQ�LPDJLQH�WKDW�HYHQ�LI�ZH�WRRN�HYHU\�DWRP�LQ�WKH�XQLYHUVH�DQG

SXW� LW� WR� ZRUN� LQ� WKH� PHPRU\� RI� D� FRPSXWHU� RI� YDVWO\� JUHDWHU

FDSDELOLWLHV�WKDQ�DQ\WKLQJ�ZH�KDG�WRGD\¥�SHUKDSV�RQH�WKDW�FRXOG

VWRUH�PDQ\�E\WHV�RI�GDWD�LQ�DQ�LQGLYLGXDO�DWRP¥LW�ZRXOG�VWLOO�IDOO

VKRUW�RI�KDYLQJ�HQRXJK�PHPRU\�FDSDFLW\�WR�VROYH�WKH�SUREOHP��2U

LPDJLQH�D�FRPSXWHU�PXFK�IDVWHU�WKDQ�DQ\WKLQJ�ZH�KDYH�WRGD\¥VD\

RQH� EXLOW� RI� PDQ\� SDUDOOHO� XQLWV� WKDW� FRXOG� GR� D� IORDWLQJ� SRLQW

RSHUDWLRQ�LQ�WKH�WLPH�LW�WDNHV�D�SKRWRQ�WR�WUDYHUVH�WKH�GLDPHWHU�RI

DQ�DWRP��DERXW�������VHFRQGV���<HW�D�FDOFXODWLRQ�FRXOG�EHFRPH�VR

FRPSOH[�WKDW�VXFK�D�FRPSXWHU�FRXOG�QRW�FRPSOHWH�WKH�FDOFXODWLRQ

LQ� WKH� OLIHWLPH� RI� WKH� XQLYHUVH� �DVVXPLQJ� D� FORVHG�� FROODSVLQJ

XQLYHUVH����7KHVH�ZRXOG�EH�LQVWDQFHV�RI�WKHRUHWLFDO�LPSRVVLELOLW\�

LQ�WKDW�QR�DPRXQW�RI�KXPDQ�HIIRUW�FRXOG�VROYH�WKH�SUREOHP��7KH

UHDOLWLHV�RI�RXU�SK\VLFDO�ZRUOG�ZRXOG�LPSRVH�UHDO�OLPLWV�RQ�ZKDW�ZH

FDQ�NQRZ��:KHQ�ZH�DVN�TXHVWLRQV�WKDW�JR�EH\RQG�WKHVH�OLPLWV��ZH

HQWHU�WKH�UHDOP�RI�LQFDOFXODELOLW\�

2EYLRXVO\�VXFK�DQ�LGHD�DV�LQFDOFXODELOLW\�PXVW�EH�YLHZHG�DV

WHQWDWLYH��\HW�HQWLUHO\�SRVVLEOH��*LYHQ�DQ\�DPD]LQJ�SK\VLFDO�SKH�

QRPHQRQ�ZKLFK�ZH�FDQQRW�FDOFXODWH�RXW��ZH�GR�QRW�NQRZ�ZKHWKHU

VRPH�PDUYHORXV�QHZ�WKHRU\�ZLOO�PDNH�WKH�FDOFXODWLRQ�RI�ZKDW�ZH

ZDQW� WR�NQRZ�IDLUO\�HDV\��/LNHZLVH��ZH�GR�QRW�NQRZ� WKDW� VRPH

PDUYHORXV�QHZ�LQYHQWLRQ��OLNH�D�TXDQWXP�FRPSXWHU��PLJKW�EH�DEOH

WR�RXWGR�HYHQ�RXU�ZLOGHVW� LGHDV�RI�¦ELJJHVW§ �DQG�¦ IDVWHVW�§ �:H

FHUWDLQO\�GR�QRW�ZDQW�WR�ORRN�OLNH�WKH�SRRU�EXUHDXFUDW�ZKR�GHFLGHG

LW�ZRXOG�EH�JRRG�WR�FORVH�WKH�SDWHQW�RIILFH�VLQFH�HYHU\WKLQJ�WKDW

FRXOG�EH�LQYHQWHG�DOUHDG\�KDG�EHHQ���$W�WKH�VDPH�WLPH��ZH�VKRXOG

UHDOL]H�WKDW�WKH�WHQWDWLYH�QDWXUH�RI�LQFDOFXODELOLW\�LV�QRW�GLIIHUHQW

WKDQ� WKH� WHQWDWLYH� QDWXUH� RI� TXDQWXP�PHFKDQLFV��7KH� GD\� FRXOG

�� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ

� 7KRXJK�\RX�GRQ©W�QHHG�D�FORVHG��FROODSVLQJ�XQLYHUVH¥WKH�DUJXPHQW�MXVW�JHWV
D�OLWWOH�PRUH�FRPSOH[�

� 7KLV�DFWXDOO\�GLG�KDSSHQ�LQ�WKH�JRRG�ROG�86$�



FRPH�ZKHQ�VRPHRQH�GLVFRYHUV�D�ZRUNDEOH�KLGGHQ�YDULDEOH�WKHRU\

WKDW�UHPRYHV�WKH�XQFHUWDLQW\�IURP�WKH�ZRUOG�

'HVSLWH�LWV�WHQWDWLYH�QDWXUH��ZKHQ�RQH�EHJLQV�WR�WDNH�D�ORRN�DW

QXPEHUV��WKHUH�FHUWDLQO\�VHHPV�WR�EH�VRPH�JURXQG�IRU�WKH�LGHD�WKDW

VRPH�VFLHQWLILF�SUREOHPV�FRXOG�QRW�EH�VROYHG�LQ�WKHRU\��7KH�QXP�

EHUV�SURYH�WR�EH�D�ELJ�SUREOHP��QRW�D�OLWWOH�SUREOHP��,Q�IDFW��WKH\

DUH�D�ELJJHU�SUREOHP�WKDQ�WKH�KXPDQ�PLQG�FDQ�UHDOO\�FRPSUHKHQG�

DQG�WR�LQYRNH�KXPDQ�LQJHQXLW\�DV�D�FXUH�DOO�VHHPV�PRUH�WKDQ�D�OLWWOH

QDwYH��7R�VHH�WKLV��OHW©V�WDNH�D�ORRN�DW�ZKDW�LW�ZRXOG�WDNH�WR�PRGHO

D�VLQJOH�FHOOHG�DPRHED�XVLQJ�VWDQGDUG�TXDQWXP�PHFKDQLFV��7KHUH

DUH�URXJKO\������DWRPV�LQ�WKH�XQLYHUVH��6XSSRVH�HDFK�DWRP�FRXOG

KROG�QRW� MXVW�RQH�E\WH��EXW������E\WHV��PRUH�WKDQ�DOO� WKH�VWRUDJH

PHGLD� LQ� WKH�ZRUOG� WRGD\�� FRPELQHG���7KDW� JLYHV� URXJKO\� �����

E\WHV�RI�VWRUDJH�DYDLODEOH�LQ�RXU�VXSHUFRPSXWHU��

+RZHYHU��WR�TXDQWXP�PHFKDQLFDOO\�GHVFULEH�D�V\VWHP�ZLWK�1

SDUWLFOHV�LQ�LW��RQH�PXVW�NQRZ�LWV�ZDYHIXQFWLRQ��7KLV�ZDYHIXQFWLRQ

LV�EDVLFDOO\�D�FRPSOH[�IXQFWLRQ�LQ�D�VSDFH�RI��1�GLPHQVLRQV��7R

PRGHO�VXFK�D�IXQFWLRQ�RQ�D�FRPSXWHU��RQH�W\SLFDOO\�VSHFLILHV�LWV

YDOXH�DW�D�QXPEHU�RI�GLVFUHWH�SRLQWV�IRU�HDFK�GLPHQVLRQ��7KH�PRUH

GLVFUHWH� SRLQWV� \RX� XVH�� WKH� PRUH� DFFXUDWH� \RXU� FDOFXODWLRQ�� $

FDOFXODWLRQ�XVLQJ�����SRLQWV�SHU�GLPHQVLRQ�ZLOO�EH�PRUH�DFFXUDWH

WKDQ� RQH� XVLQJ� ���� DQG� OHVV� DFFXUDWH� WKDQ� RQH�ZLWK� ������/HW©V

DVVXPH�IRU�WKH�VDNH�RI�DUJXPHQW�WKDW�ZH�ZDQWHG�WR�PRGHO�WKH�H[DFW

ZDYHIXQFWLRQ�RI�D�K\SRWKHWLFDO�RQH�FHOOHG�FUHDWXUH�RQ�D�FRPSXWHU�

WR� GHWHUPLQH� ZKHWKHU� LW� LV� LQGHHG� DOLYH�� 6XSSRVH� ZH� FRXOG� JHW

HQRXJK�DFFXUDF\�WR�GR�WKH�MRE�E\�VSHFLI\LQJ�WKH�ZDYHIXQFWLRQ©V

YDOXH�DW����VHSDUDWH�SRLQWV�LQ�HDFK�GLPHQVLRQ��6L[WHHQ�LV�SUREDEO\

PXFK�WRR�VPDOO�D�QXPEHU�IRU�DQ�DFFXUDWH�FDOFXODWLRQ��EXW�ZH�XVH�LW

IRU�WKH�VDNH�RI�DUJXPHQW��7KHQ��WR�VSHFLI\�WKH�ZDYHIXQFWLRQ��ZH

ZLOO�UHTXLUH����1�IORDWLQJ�SRLQW�QXPEHUV��7KLV�ILJXUH�JHWV�KXJH�YHU\

UDSLGO\��)RU�D�VLQJOH�SDUWLFOH�ZH�UHTXLUH������FRPSOH[�QXPEHUV�

IRU� WZR� SDUWLFOHV�ZH� UHTXLUH� ���PLOOLRQ��$� RQH�FHOOHG� RUJDQLVP

FRQVLVWV�RI�VRPH��[�����DWRPV��VR�ZH�DUH�WDONLQJ�DERXW

���[��
��

� �������[��
��

FRPSOH[�QXPEHUV�������[��
��

�LV�DQ�XQIDWKRPDEO\�ODUJH�QXPEHU��,W�LV

D���IROORZHG�E\����������������]HURV��:LWKRXW�VFLHQWLILF�QRWDWLRQ�

(PHUJHQW�%HKDYLRU�5HYLVLWHG ��



\RX�FRXOGQ©W�HYHQ�ZULWH�WKDW�QXPEHU�GRZQ�LQ�\RXU�OLIHWLPH�LI�\RX

FRXOG�SXW�WHQ�]HURV�SHU�VHFRQG�GRZQ�RQ�D�SDJH���7KH�QXPEHU�RI

DWRPV�LQ�WKH�XQLYHUVH�LV�SXQ\�FRPSDUHG�WR�WKLV��<RX�FDQ�ZULWH�����

GRZQ� LQ� DERXW� D� PLQXWH�� $OWKRXJK� ������[��
��

� LV� D� UDWKHU� JURVV

HVWLPDWH�RI�ZKDW�ZRXOG�EH�UHTXLUHG¥ZH©YH�LJQRUHG�VRPH�V\PPH�

WULHV�ZKLFK�ZRXOG�UHGXFH�WKH�QXPEHU��DQG�VRPH�FRPSOH[LWLHV�ZKLFK

ZRXOG�HQODUJH�LW¥LW�PDNHV�WKH�SRLQW��D�FDUHIXO�TXDQWXP�FDOFXODWLRQ

RI�D�V\VWHP©V�EHKDYLRU�FDQ�FRQFHLYDEO\�PRYH�LQWR�D�UHDOP�ZKHUH

ZH�FDQQRW�HYHQ�EHJLQ�DQ�H[DFW�FDOFXODWLRQ��7KH�QXPEHUV�UHTXLUHG

WR�GR� WKH�FDOFXODWLRQ�DUH� VR�XQIDWKRPDEO\�KXJH� WKDW�ZH�KDYH� WR

TXHVWLRQ� WKHLU� SRVVLELOLW\� HYHQ� LQ� WKH� OLJKW� RI� WKH� SRWHQWLDO� IRU

DPD]LQJ�DGYDQFHV�LQ�FRPSXWHU�WHFKQRORJ\�

2I�FRXUVH��RQH�PD\�REMHFW�DW�WKLV�SRLQW�WKDW�ZH�FDQ�DFFXUDWHO\

PRGHO�D�GURS�RI�ZDWHU��RU�D�FU\VWDO�RI�VDOW¥ERWK�RI�ZKLFK�PD\�KDYH

D�ORW�PRUH�WKDQ������DWRPV�LQ�WKHP��:KDW�LV�WKH�GLIIHUHQFH"

,Q�WKH�FDVH�RI�D�GURS�RI�ZDWHU�RU�D�FU\VWDO��ZH�DUH�RQO\�QRUPDOO\

FRQFHUQHG�ZLWK�JURVV�EHKDYLRU��7KH�G\QDPLFV�RI�D�ZDWHU�GURS�ZKHQ

LW�KLWV�D�KDUG�VXUIDFH�LV�LQWHUHVWLQJ��EXW�JHQHUDOO\�ZHOO�EHKDYHG��$

VPDOO�FKDQJH�LQ�LQLWLDO�FRQGLWLRQV�ZRQ©W�DIIHFW�WKH�ILQDO�UHVXOW�WRR

PXFK�� $QG� ZH� GRQ©W� FDUH� VR� PXFK� KRZ� WKH� LQGLYLGXDO� DWRPV

EHKDYH¥RQO\�WKH�DJJUHJDWH��/LNHZLVH��LQ�WKH�VDOW�FU\VWDO��ZH�XVH

V\PPHWU\�WR�VWXG\�LWV�EHKDYLRU��$VVXPLQJ�WKDW�DOO�WKH�DWRPV�DUH�WKH

VDPH�DQG�WKH�VWUXFWXUH�RI�WKH�FU\VWDO�LV�SHULRGLF�JUHDWO\�VLPSOLILHV

SUHGLFWLQJ�LWV�EHKDYLRU��7KLV�VLPSOLILFDWLRQ�LV�SRVVLEOH�EHFDXVH�D

VPDOO�DPRXQW�RI�LPSXULWLHV�LQ�WKH�FU\VWDO�ZLOO�RQO\�FKDQJH�LW�D�OLWWOH�

7KH��DSSUR[LPDWH��WKHRULHV�ZH�XVH�WR�GHVFULEH�VXFK�V\VWHPV�VXF�

FHHG�LQ�JLYLQJ�XV�WKH�LQIRUPDWLRQ�ZH�ZDQW�WR�NQRZ�ZKLOH�LJQRULQJ

GHWDLOV�ZH�DUH�QRW�LQWHUHVWHG�LQ��$V�VXFK��WKH\�JUHDWO\�UHGXFH�WKH

FRPSOH[LW\�RI�GRLQJ�FDOFXODWLRQV�RYHU�DQ\�H[DFW�IRUPXODWLRQ��<HW

WKH�YHU\�IDFW�WKDW�WKH\�FDQ�LJQRUH�VRPH�RI�WKH�GHWDLOV�LV�EDVHG�RQ

WKH�LGHD�WKDW�WKRVH�GHWDLOV�GRQ©W�FKDQJH�WKH�RXWFRPH�YHU\�PXFK�

+RZHYHU�� WKLV� JURVV� VLPSOLILFDWLRQ� LV� QRW� SRVVLEOH� IRU� HYHU\

V\VWHP�� ,I� VOLJKW� YDULDWLRQV� LQ� WKH� LQLWLDO� VWDWH� FDQ� FDXVH� ODUJH

�� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ

� ,W�ZRXOG�WDNH�����\HDUV��ZRUNLQJ����KRXUV�D�GD\������GD\V�D�\HDU��MXVW�WR�ZULWH
WKLV�QXPEHU�GRZQ�ZLWKRXW�VFLHQWLILF�QRWDWLRQ�



FKDQJHV�LQ�WKH�ODWHU�EHKDYLRU�RI�D�V\VWHP��ZH�PXVW�VSHFLI\�WKH�LQLWLDO

VWDWH� YHU\� FDUHIXOO\�� /LNHZLVH��ZH�PXVW�PRGHO� WKH� V\VWHP� YHU\

FDUHIXOO\��$�VOLJKW�IDXOW�LQ�RXU�HTXDWLRQV�RI�PRWLRQ�ZLOO�UHVXOW�LQ�D

GHYDVWDWLQJ�PLVFDOFXODWLRQ��%H�LW�D�GURS�RI�ZDWHU��WKH�DWPRVSKHUH�

RU�DQ�DPRHED��LI�WKH�LQLWLDO�VWDWH�PXVW�EH�WRR�FORVHO\�VSHFLILHG��RU

WKH�FDOFXODWLRQ�PXVW�EH�WRR�DFFXUDWH��VLPSOH�DSSUR[LPDWH�WKHRULHV

ZLOO�QRW�GR��DQG�ZH�PXVW�VSHFLI\�HYHU\WKLQJ�LQ�WHUPV�RI�TXDQWXP

PHFKDQLFV�RU��ZRUVH�\HW��TXDQWXP�ILHOG� WKHRU\�� ,Q�VKRUW��ZH�JHW

GULYHQ� EDFN� WR� WKH� PRVW� IXQGDPHQWDO� IRUPV� RI� SK\VLFV� WR� JHW

UHDVRQDEOH�DQVZHUV��$QG�H[DFW�WKHRULHV�DOZD\V�VSDZQ�FRPSOLFDWHG

FDOFXODWLRQV��EHFDXVH�H[DFW�WKHRULHV�DUH�PLFURVFRSLF��DQG�GHSHQG

RQ�PDQ\�PLFURVFRSLF�TXDQWLWLHV�

&HUWDLQO\�OLYLQJ�RUJDQLVPV��LI�DQ\WKLQJ��ORRN�OLNH�RQH�RI�WKHVH

SKHQRPHQD�ZKHUH�VPDOO�FKDQJHV�LQ�LQLWLDO�FRQGLWLRQV�FDQ�JURVVO\

DIIHFW�WKH�ILQDO�UHVXOWV�RI�D�FDOFXODWLRQ��%XW�GR�WKH\�IDOO�LQWR�WKH�FODVV

RI�SKHQRPHQD�ZKLFK�DUH�WUXO\�LQFDOFXODEOH"�)URP�WKH�QXPEHUV�ZH

KDYH�ORRNHG�DW�DERYH��LW�LV�FHUWDLQO\�SRVVLEOH��2QO\�LI�D�VLPSOLI\LQJ

WKHRU\�RI�FHOOXODU�G\QDPLFV�FRXOG�EH�FRQVWUXFWHG�ZRXOG�ZH�KDYH�D

UHDVRQDEOH� FKDQFH�RI� EULQJLQJ� D� VLQJOH�FHOOHG�RUJDQLVP� LQWR� WKH

UHDOP�RI�WKH�SUHGLFWDEOH��%UXWH�IRUFH�TXDQWXP�WKHRU\�ZRQ©W�GR�WKH

MRE��ZKHQ�LW�VWDUWV�JLYLQJ�XV�QXPEHUV�OLNH�������[��
��

��,V�WKHUH�D�KRSH

IRU�VXFK�D�VLPSOLI\LQJ�WKHRU\"�&HUWDLQO\�ZH�FDQ�ORRN�LQWR�D�FHOO�DQG

XQGHUVWDQG�KRZ�YDULRXV�SDUWV�RI�LW�ZRUN�DQG�JHW�DQ�LGHD�RI�KRZ�WKH

ZKROH�ZRUNV��7KDW�LV�D�ORQJ�ZD\�IURP�D�FRPSOHWH��DWRPLVWLF�WKHRU\

RI�EHKDYLRU�ZKLFK� LV�SURSHUO\�JURXQGHG�RQ�EDVLF�SK\VLFV��5LJKW

QRZ�� VXFK� D� WKHRU\� DSSHDUV� WR� EH� QRWKLQJ� EXW� D� GUHDP��/HW�PH

H[SODLQ��������

7\SLFDOO\��ELRORJLVWV��DQG�DOO�VFLHQWLVWV��VWLFN�WR�TXHVWLRQV�WKH\

FDQ�UHDVRQDEO\�KRSH�WR�DQVZHU�XVLQJ�WKH�WKHRULHV�DW�WKHLU�GLVSRVDO�

7KH\�VWD\�DZD\�IURP�WKH�TXHVWLRQV�WKHLU�VFLHQFH�KDV�QR�KRSH�RI

WDFNOLQJ��/HW©V�GHOYH�LQWR�WKLV�IRUELGGHQ�UHDOP�ZLWK�D�OLWWOH�WKRXJKW�

H[SHULPHQW�

*LYHQ�DQ�DPRHED�LQ�D�VKDOORZ�SRQG��GUDZ�D�RQH�PHWHU�FLUFOH

DERXW� ZKHUH� LW� LV� ORFDWHG�� 1RZ�� XVLQJ� DQ\� SK\VLFDO� WKHRU\� \RX

FKRRVH��SUHGLFW�ZKHUH�LW��RU�LWV�FKLOG��ZLOO�FURVV�WKDW�FLUFOH��ZLWKLQ

RQH�GHJUHH�RI�DFFXUDF\��DQG�ZKHQ��ZLWKLQ�RQH�VHFRQG�

2VWHQVLEO\��WKLV�LV�DQ�LQWHUHVWLQJ�TXHVWLRQ�WKDW�ZH�ZRXOG�OLNH�WR

NQRZ� WKH� DQVZHU� WR�� $QG� LI� OLIH� FDQ� EH� UHVROYHG� WR� DWRPV� DQG

(PHUJHQW�%HKDYLRU�5HYLVLWHG ��



SK\VLFV��WKDQ�D�SURSHU�WKHRU\�RI�FHOOXODU�G\QDPLFV�VKRXOG�EH�DEOH

WR�DQVZHU�LW��DW�OHDVW�LQ�SULQFLSOH�

:H©YH�MXVW�WRXFKHG�RQ�ZKDW�LW�ZRXOG�WDNH�WR�PRGHO�WKH�DPRHED

ZLWK�TXDQWXP�PHFKDQLFV��DQG�WKDW�LV�RXW�RI�WKH�TXHVWLRQ��6R�QRZ

ZH� KDYH� WR� DVN� ZKHWKHU� VXFK� D� TXHVWLRQ� UHTXLUHV� D� IXOO�EORZQ

TXDQWXP� VROXWLRQ�� RU� ZKHWKHU� D� K\SRWKHWLFDO� WKHRU\� RI� FHOOXODU

G\QDPLFV�PLJKW�SURYLGH�DQ�DQVZHU��,�VXVSHFW�WKDW�QR�VXFK�WKHRU\

ZRXOG�KDYH�D�SUD\HU��7KH�DPRHED�KDV�DOO�WKH�FKDUDFWHULVWLFV�RI�D

V\VWHP�LQ�ZKLFK�D�YHU\�VPDOO�SHUWXUEDWLRQ�RI�WKH�LQLWLDO�VWDWH�FDQ

JURVVO\� DIIHFW� WKH� DQVZHU� WR� RXU� TXHVWLRQ�� )RU� H[DPSOH�� D� IHZ

PROHFXOHV�RI�VXJDU�PLJKW�FOXH�WKH�DPRHED�LQ�RQ�ZKHUH�WR�ILQG�IRRG

DQG�UDGLFDOO\�DOWHU�WKH�GLUHFWLRQ�LW�PRYHV��7KLV�EHKDYLRU�GULYHV�XV

WR�PRGHO�WKH�DPRHED�DV�H[DFWO\�DV�SRVVLEOH�LI�ZH�ZDQW�WR�DFFXUDWHO\

GHWHUPLQH�LWV�ORQJ�UDQJH�EHKDYLRU��+RZHYHU��LI�WKDW�FDQQRW�EH�GRQH�

WKH�DWRPLVW�LV�LQ�D�IL[��KH�FDQQRW�MXVWLI\�WKH�SRVLWLRQ�WKDW�OLIH�LV�MXVW

DQ�DWRPLF�PDFKLQH�UXOHG�E\�EDVLF�SK\VLFV�DQG�QRWKLQJ�PRUH�

6XSSRVH� WKDW�ZLWK�PXFK� HIIRUW��ZH�ZHUH� DEOH� WR� VXFFHHG� LQ

PRGHOLQJ�WKH�DPRHED��VR�WKDW�ZH�FRXOG�SUHGLFW�KH�ZRXOG�FURVV�RXU

FLUFOH�DW����GHJUHHV�HDVW�RI�QRUWK��DW�RQH�KRXU��ILIWHHQ�PLQXWHV��DQG

HLJKW�VHFRQGV�DIWHU�WKH�H[SHULPHQW�ZDV�VWDUWHG��7KHQ�ZH�SHUIRUPHG

WKH�H[SHULPHQW��DQG�KH�DFWXDOO\�FURVVHG�DW����GHJUHHV�HDVW�RI�QRUWK�

DW� ���PLQXWHV� ��� VHFRQGV� DIWHU� WKH� VWDUW� RI� WKH� H[SHULPHQW��2XU

DQVZHU�ZDV�IDLU��:H�GLG�2.��EXW�ZH�GLGQ©W�PHHW�WKH�GHVLUHG�OHYHO

RI�DFFXUDF\��:K\�QRW"�7KHUH�DUH�D�QXPEHU�RI�SRVVLELOLWLHV�

���2XU�FDOFXODWLRQV�ZHUH�LQDFFXUDWH�

���2XU�LQLWLDO�FRQGLWLRQV�ZHUH�LQDFFXUDWH�

���:H�GR�QRW�NQRZ�WKH�EDVLF�ODZV�RI�SK\VLFV��:H�DUH�PLVVLQJ�HQRXJK

WR�WKURZ�RXU�FDOFXODWLRQ�RII�

���7KH�EDVLF�ODZV�GR�QRW�DSSO\��(LWKHU�WKHUH�LV�DQRWKHU�ODZ��ZKLFK

DSSOLHV�RQO\�WR�DJJUHJDWHV�RI�����SDUWLFOHV�RU�PRUH��RU�FDXVDO�ODZV

GR�QRW�DSSO\�WR�VXFK�RUJDQLVPV�

,I�ZH�FRXOG�UHDVRQDEO\�GR�VXFK�D�FDOFXODWLRQ��ZH�PLJKW�KDYH�VRPH

KRSH�IRU�GHWHUPLQLQJ�ZK\�RXU�DQVZHU�ZDV�RII��%XW�ZKHQ�ZH�FDQQRW

HYHQ�DSSURDFK� WKH�FDOFXODWLRQ��ZH�KDYH�QR�KRSH�RI�GHWHUPLQLQJ

ZKHWKHU�RXU�WKHRULHV�PLJKW�KDYH�VRPH�SUREOHPV�

7KH�ELRORJLVW�PLJKW�FRPSODLQ�WKDW�ZH�GR�QRW�QHHG�DQVZHUV�WR

VXFK�FRPSOH[�TXHVWLRQV�LQ�RUGHU�WR�MXVWLI\�DQ�DWRPLVWLF�ZRUOG�YLHZ�

�� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ



+RZHYHU�,�GR�QRW�EHOLHYH�WKH�TXHVWLRQ�,©YH�DVNHG�LV�YHU\�FRPSOH[

DV�IDU�DV�OLYLQJ�RUJDQLVPV�JR��/HW©V�WU\�DQRWKHU�TXHVWLRQ�

*LYHQ�D�VWXGHQW�KDQGHG�D�FDOFXOXV�WHVW��GHWHUPLQH�ZKHWKHU�KH

ZLOO�SDVV�LW�LQ�WKH�DOORWWHG�RQH�KRXU�WLPH�OLPLW�

$JDLQ��ULGLFXORXV��,I�P\�ODVW�TXHVWLRQ�LV�QRW�WKHRUHWLFDOO\�LQFDO�

FXODEOH��WKHQ�VXUHO\�WKLV�RQH�LV��:H©UH�WDONLQJ�DERXW�����
��

�QXPEHUV

WR�PRGHO�LW�QRZ��$QG�WKH�DQVZHU�WR�VXFK�D�TXHVWLRQ�LV�LPSRUWDQW�

HVSHFLDOO\�LI�\RX©UH�WKH�VWXGHQW�WDNLQJ�WKH�WHVW�

2I�FRXUVH��VFLHQWLVWV�GHDO�ZLWK�WKLV�NLQG�RI�TXHVWLRQ�HYHU\�GD\�

$OWKRXJK�LW�VHHPV�WR�EH�LQFRPSUHKHQVLEO\�GLIILFXOW�WR�VROYH�IURP

EDVLF�SK\VLFV��WKH�WHDFKHU�JLYLQJ�WKDW�WHVW�SUREDEO\�KDV�D�SUHWW\�JRRG

LGHD�RI�KRZ�WKH�VWXGHQW�ZLOO�GR��+H�ZRXOG�WHOO�\RX�WKH�VWXGHQW�LV

LQWHOOLJHQW�DQG�GLOLJHQW�LQ�KLV�DWWHQGDQFH�DQG�SUHSDUDWLRQ��VR�KH©OO

SUREDEO\�GR�YHU\�ZHOO��DQG�KH�ZLOO�FHUWDLQO\�SDVV�

*RRG�VFLHQWLVWV�WDON�DERXW�DEVWUDFW�FRQFHSWV�OLNH�LQWHOOLJHQFH�

FRQVFLRXVQHVV�DQG�XQFRQVFLRXVQHVV��PLQG��HJR��SHUFHSWLRQ��DQG�RQ

DQG�RQ��0DQ\�ILHOGV�RI�VFLHQFH�DUH�IXOO�RI�VXFK�LGHDV��<HW�WKH\�KDYH

RQO\� YHU\� ZHDN� WLHV�� RU� QR� WLHV� DW� DOO�� WR� DQ\� NLQG� RI� GHWDLOHG

XQGHUVWDQGLQJ�URRWHG�LQ�DWRPLVWLF�PDWHULDOLVP��,QVWHDG��VXFK�LGHDV

IDOO� LQ� OLQH� ZLWK� WKH� WUDGLWLRQ� RI� 3ODWR� DQG� $ULVWRWOH�� 7KH\� DUH

SURSRVHG�DV�D� IUDPHZRUN�ZLWKLQ�ZKLFK�RQH�PD\�XQGHUVWDQG� WKH

SKHQRPHQD�RI�OLIH�RU�DQ\�YDULHW\�RI�RWKHU�SKHQRPHQD��,Q�D�VHQVH

WKH\� DUH� QRW� PHUHO\� LGHDV� EXW� ,GHDV� RU� IRUPV�� ,I� DQ� LGHD� OLNH

LQWHOOLJHQFH� FRUUHFWO\�GHVFULEHV� DQG� H[SODLQV�REVHUYHG� UHDOLW\�� LW

EHFRPHV�UHDOLW\�LQ�D�VHQVH��DQG�ZLWKRXW�WKH�LGHD�ZH�KDYH�D�KDUG

WLPH�GHVFULELQJ�WKH�REVHUYHG�IDFWV�

1RZ�PRVW�VFLHQWLVWV�WRGD\�ZRQ©W�VXJJHVW�WKDW�WKHVH�LGHDV�DUH

VRPH� IRUP� RI� XOWLPDWH� UHDOLW\�� 5DWKHU�� WKH\� DUH� XQGHUVWRRG� DV

ZRUNLQJ�K\SRWKHVHV��ZKHUHDV�XOWLPDWH�UHDOLW\�LV�DWRPLVWLF�LQ�QDWXUH�

7KHUHIRUH�� \RX� GRQ©W� VHH� D�ZDU� JRLQJ� RQ� EHWZHHQ� DWRPLVWV� DQG

SODWRQLVWV��+RZHYHU��WKH�FRQVHQVXV�DPRQJ�VFLHQWLVWV�RQ�WKLV�XOWL�

PDWH�UHDOLW\�LV�D�PDWWHU�RI�EOLQG�IDLWK�LQ�D�SKLORVRSKLFDO�LGHD��UDWKHU

WKDQ�D�PDWWHU�RI�HVWDEOLVKHG�IDFW��,Q�PDQ\�FDVHV��WKDW�FRQQHFWLRQ

FHUWDLQO\�FDQQRW�EH�HVWDEOLVKHG�LQ�SUDFWLFH�WRGD\��,Q�DOO�OLNHOLKRRG�

PDQ\� VXFK� LGHDV� FDQQRW� EH� DWRPLVWLFDOO\� H[SODLQHG� LQ� SULQFLSOH

EHFDXVH�WKH\�DUH�URRWHG�LQ�LQFDOFXODEOH�SKHQRPHQD��7KDW�VXJJHVWV

WKDW�WKHUH�LV�D�SODFH�LQ�KXPDQ�XQGHUVWDQGLQJ�IRU�LGHDV�DV�,GHDV�DQG

(PHUJHQW�%HKDYLRU�5HYLVLWHG ��



DV�DQ�XOWLPDWH�NQRZDEOH�UHDOLW\�LQ�WKHPVHOYHV��,Q�RWKHU�ZRUGV��WKH\

PXVW�VWDQG�RQ�WKHLU�RZQ�ZLWKRXW�EHLQJ�UHGXFHG�WR�EDVLF�SK\VLFV�

,Q�WKH�UHDOP�RI�WKH�LQFDOFXODEOH��WKH�IRXQGDWLRQV�RI�PDWHULDOLVWLF

DWRPLVP�� FDXVDOLW\� DQG� VLPSOLFLW\�� EHJLQ� WR� FUXPEOH�� 7KH� RQO\

VLPSOH�ODZ�LV�RQH�WKDW�FDQ�EH�XVHG�WR�SUHGLFW��$�ODZ�FDQQRW�EH�FDOOHG

¦VLPSOH§ �LI�XVLQJ�LW�LV�VR�FRPSOH[�WKDW�LW�DFWXDOO\�EHFRPHV�WKHRUHWL�

FDOO\� LPSRVVLEOH�� $QG� WKHQ� RXU� VWDWHPHQW� RI� FDXVDOLW\� IDLOV� RQ

SUDFWLFDO�JURXQGV�WRR��(YHQ�LI�EDVLF�SK\VLFV�GRHV�JRYHUQ�WKH�XQL�

YHUVH�� ZH� FDQ©W� XVH� LW� WR� FDOFXODWH� DQ\WKLQJ� ZH� OLNH�� HYHQ� LQ

SULQFLSOH��2Q�WKH�OHYHO�RI�LQFDOFXODEOH�SKHQRPHQD��FDXVDOLW\�VLPSO\

IDLOV�WR�LQIRUP�XV��,W�GRHV�QRW�VXFFHHG�LQ�PDNLQJ�WKH�FRQQHFWLRQ

EHWZHHQ�SK\VLFDO� ODZ�DQG�NQRZDEOH� UHDOLW\��7KHUHIRUH¥RQ� WKDW

OHYHO¥FDXVDOLW\�EHFRPHV�YDFXRXV�DQG�XVHOHVV��DQG�DWRPLVP�IDLOV

WR�EH�WKH�XOWLPDWH�NQRZDEOH�UHDOLW\�

6R�LW�VHHPV�$ULVWRWOH�KDV�D�SODFH�LQ�VFLHQFH��DQG�D�SODFH�LQ�WKH

VFLHQFH�RI�OLIH��7KDW�PD\�EH�D�ELWWHU�SLOO�IRU�D�FRPPLWWHG�DWRPLVW�WR

VZDOORZ�� EXW� LW� LV� QR� QHZ� UHYHODWLRQ�� ,Q� ������ 7KRPDV� .XKQ

SXEOLVKHG�D�OLWWOH�ERRN��7KH�6WUXFWXUH�RI�6FLHQWLILF�5HYROXWLRQV���,Q

LW��KH�GHVFULEHG�VFLHQWLILF�ZRUN� LQ� WHUPV�RI�SDUDGLJPV��RU�JUDQG

LGHDV�XVHG� WR� FRQGXFW� UHVHDUFK�DQG�XQGHUVWDQG� WKH�ZRUOG��.XKQ

GHVFULEHG� WZR�SKDVHV�RI�VFLHQFH��VR�FDOOHG�¦QRUPDO�VFLHQFH�§ � LQ

ZKLFK�D�SDUDGLJP�UXOHG�PRUH�RU�OHVV�XQFKDOOHQJHG��DQG�D�¦ VFLHQWLILF

UHYROXWLRQ�§ �LQ�ZKLFK�D�FKDQJH�LQ�SDUDGLJPV�WDNHV�SODFH��,Q�WKLV

ZD\��.XKQ�DUJXHG�WKDW�WKH�XQGHUO\LQJ�SKLORVRSKLFDO�LGHDV�DUH��LQ�D

VHQVH��PRUH�UHDO�DQG�PRUH�LPSRUWDQW�WKDQ�WKH�QXPEHUV�DQG�H[SHUL�

PHQWV�WKHPVHOYHV��)RU�H[DPSOH��WKH�LGHDV�RI�EDVLF�SK\VLFV�ZRUN

XVHIXOO\�LQ�D�OLPLWHG�UHDOP��4XDQWXP�PHFKDQLFV�LV�JUHDW�IRU�FDOFX�

ODWLQJ�WKH�HQHUJ\�OHYHOV�RI�D�K\GURJHQ�DWRP��<HW�LW�GRHV�QRW�SURYLGH

ZRUNDEOH� VROXWLRQV� HYHQ� LQ� DOO� UHDOPV� RI� SK\VLFV�� <RX� FDQQRW

VXFFHVVIXOO\�PRGHO�D�IDOOLQJ�SLQJ�SRQJ�EDOO�ZLWK�LW��2WKHU�LGHDV�DUH

QHFHVVDU\�WKHUH��ZKLFK�VLPSOLI\�WKH�SUREOHP�DQG�PDNH�LW�WUDFWDEOH�

3UDFWLFDOO\� VSHDNLQJ�� WKH� DWRPLVP� ZKLFK� KDV� VR� GRPLQDWHG

VFLHQFH�LQ�WKH�SDVW�FHQWXU\�SURYHV�LWVHOI�WR�EH�SKLORVRSK\��,Q�WHUPV

�� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ

� 7KRPDV� .XKQ�� 7KH� 6WUXFWXUH� RI� 6FLHQWLILF� 5HYROXWLRQV�� �8QLY�� RI� &KLFDJR
3UHVV��&KLFDJR������



RI�VFLHQWLILF�YDOXH��WKLV�SKLORVRSK\�LV�UDWKHU�ODPH��,GHDV�OLNH�VWURQJ�

ZHDN�DQG�HOHFWURPDJQHWLF�IRUFHV��TXDQWD��TXDUNV��HOHFWURQV��HWF��

DUH� HOHYDWHG� WR� WKH� SRLQW� ZKHUH� WKH\� EHFRPH� HYHU\WKLQJ�� 7KH

DWRPLVP�FRPHV�LQ�ZKHQ�ZH�VD\�WKDW�WKHVH�EDVLF�LGHDV�DUH�FDSDEOH

RI�H[SODLQLQJ�HYHU\WKLQJ��7KDW�MXVW�LVQ©W�WUXH��1HZ�LGHDV�DUH�YHU\

KHOSIXO�LQ�H[SODLQLQJ�PRUH�FRPSOH[�SKHQRPHQD��EHFDXVH�WKH�EDVLF

SK\VLFV�JHWV� VR� FRPSOLFDWHG��$QG�ZKHQ� WKH� OHYHO�RI�FRPSOH[LW\

UHDFKHV� D� FHUWDLQ� SRLQW�� QHZ� LGHDV� DUHQ©W� MXVW� KHOSIXO�� WKH\� DUH

HVVHQWLDO�EHFDXVH�WKH�DWRPLVWLF�DJHQGD�IDLOV�FRPSOHWHO\�

6WURQJ�(PHUJHQW�%HKDYLRU

6XSSRVH�VRPH�SKHQRPHQD�DUH�WUXO\�LQFDOFXODEOH�LQ�WKH�VHQVH

,©YH�RXWOLQHG�DERYH��7KDW�LPSOLHV�WKHUH�LV�D�IXQGDPHQWDO�FUDFN�LQ

DWRPLVP�� WKH� XQLYHUVH� FDQ©W� EH� GHVFULEHG� E\� PHUH� DWRPV� DQG

SK\VLFV��$QG�WKDW�VXJJHVWV�VRPHWKLQJ�FRXOG�¦ OLYH§ �LQ�WKH�FUDFN��,Q

RWKHU�ZRUGV��SKHQRPHQD�FRXOG�H[LVW�LQ�WKH�UHDOP�RI�WKH�LQFDOFXODEOH

WKDW�DFWXDOO\�JRYHUQ�WKH�UHDO�EHKDYLRU�RI�UHDO�ZRUOG�REMHFWV��,Q�WKLV

FDVH�LQFDOFXODELOLW\�ZRXOG�EH�PRUH�WKDQ�MXVW�D�EDUULHU�WR�UHDOL]LQJ

WKH�DWRPLVWLF�PLOOHQLXP��,W�ZRXOG�KDYH�DQ�HIIHFW�RQ�WKH�YHU\�QDWXUH

RI�UHDOLW\�

$V� EL]DUUH� DV� WKLV� LGHD� PLJKW� VRXQG�� LW� KDV� D� SUHFHGHQW� LQ

TXDQWXP�WKHRU\��7KH�IDFW�WKDW�,�FDQQRW�PDNH�DQ�H[DFW�PHDVXUHPHQW

DOORZV�SKHQRPHQD�WKDW�DUH�UDWLRQDOO\�XQH[SODLQDEOH�WR�OLYH�LQ�WKH

FUDFNV�RI�ZKDW�,�FDQQRW�PHDVXUH�

)RU�H[DPSOH��D�SKRWRQ��ZKLFK�LV�D�SDUWLFOH�RI�OLJKW��FDQ�SDVV

WKURXJK�WZR�VOLWV�DW�WKH�VDPH�WLPH��<RX�FDQ�REVHUYH�WKLV�SKHQRPH�

QRQ�LI�\RX�SODFH�D�SLHFH�RI�ILOP�EHKLQG�WKH�VOLWV��EHFDXVH�\RX�JHW�DQ

LQWHUIHUHQFH� SDWWHUQ�� HYHQ� ZKHQ� VKRRWLQJ� RQH� SKRWRQ� DW� D� WLPH

WKURXJK�WKHP��,I�\RX�WU\�WR�ZDWFK�ZKDW�LV�KDSSHQLQJ��DQG�GHWHUPLQH

ZKLFK�VOLW�HDFK�SKRWRQ�JRHV�WKURXJK��WKH�LQWHUIHUHQFH�SDWWHUQ�GLV�

DSSHDUV��,Q�WKH�DFW�RI�WU\LQJ�WR�ORRN��\RX©YH�IRXOHG�WKH�H[SHULPHQW

XS��$V�VXFK��WKH�SKRWRQV�EHKDYH�GLIIHUHQWO\�¦ LQ�WKH�GDUN§ �WKDQ�WKH\

GR�ZKHQ�\RX�DUH�ORRNLQJ�

$V� DQRWKHU� H[DPSOH�� UDGLRDFWLYH� DWRPV�� OLNH� 8UDQLXP�����

GHFD\��TXDQWXP�PHFKDQLFDOO\�DFFRUGLQJ�WR�WKH�HTXDWLRQ
1� �1R�

�W�WR ����

(PHUJHQW�%HKDYLRU�5HYLVLWHG ��



ZKHUH�1�LV�WKH�QXPEHU�RI�DWRPV�WKDW�KDYH�QRW�GHFD\HG�E\�WLPH�W�

1R�WKH�RULJLQDO�QXPEHU�RI�DWRPV��W�WKH�WLPH��DQG�WR�LV�WKH�KDOI�OLIH�

<HW�WKLV�ODZ�FDQQRW�WHOO�\RX�ZKHQ�DQ\�LQGLYLGXDO�DWRP�ZLOO�GHFD\�

,I�,�JLYH�\RX�RQH�DWRP��\RX�FDQQRW��LQ�SULQFLSOH��WHOO�PH�ZKHQ�LW�ZLOO

GHFD\��<RX�FDQ�JLYH�PH�D�SUREDELOLW\�WKDW�LW�ZLOO�GHFD\�GXULQJ�VRPH

WLPH�LQWHUYDO��EXW�WKDW�LV�LW��4XDQWXP�WKHRU\�EDUV�\RX�IURP�WHOOLQJ

PH�DQ\�PRUH��<HW�LI�\RX�ZDWFK�WKDW�DWRP��LW�ZLOO�GHFD\�DOO�DW�RQFH�

DW�VRPH�SDUWLFXODU�WLPH��,W�LV�D�UDQGRP�HYHQW�WKDW�FDQQRW�EH�DQDO\]HG

DQ\�IXUWKHU�

1RZ��FRPLQJ�EDFN�WR�LQFDOFXODELOLW\��LI�VRPHWKLQJ�FRXOG�OLYH

LQ�WKH�FUDFN�WKDW�LW�LPSOLHV��ZH�PLJKW�FDOO�WKLV�VRPHWKLQJ�HPHUJHQW

EHKDYLRU��$IWHU�DOO��HPHUJHQW�EHKDYLRU�LV�WKH�LGHD�WKDW�D�V\VWHP�FDQ

EH�PRUH�WKDQ�WKH�VXP�RI�LWV�SDUWV��ZKLFK�LV�H[DFWO\�ZKDW�LQFDOFXOD�

ELOLW\�SOXV�¦ VRPHWKLQJ�LQ�WKH�FUDFNV§ �LPSOLHV��,�ZDQW�WR�GLIIHUHQWLDWH

WKLV�NLQG�RI�HPHUJHQW�EHKDYLRU�LQ�WKH�UHDO�ZRUOG�IURP�WKH�HPHUJHQW

EHKDYLRU�ZH©YH�GLVFXVVHG�LQ�WKH�ZRUOG�RI�$/��WKRXJK��7KHUHIRUH

,©OO�FDOO�LW�VWURQJ�HPHUJHQW�EHKDYLRU��6LPSO\�SXW��D�V\VWHP�H[KLELWV

VWURQJ�HPHUJHQW�EHKDYLRU�ZKHQ�RQH�RU�PRUH�DVSHFWV�RI�LWV�EHKDYLRU

LV�WKHRUHWLFDOO\�LQFDOFXODEOH��,I�UHDO�ZRUOG�OLIH�LV�VWURQJO\�HPHUJHQW

WKHQ� WKHUH� LV� WUXO\� QR� ZD\� WR� GHWHUPLQH� KRZ� JHQRW\SH� FDXVHV

SKHQRW\SH�DW�D�PLFURVFRSLF�OHYHO��2QH�VLPSO\�FDQQRW�GR�WKH�FDOFX�

ODWLRQ�ZKLFK�LV�QHFHVVDU\�

,Q� FRQWUDVW�� ZH� PLJKW� GHILQH�ZHDN� HPHUJHQW� EHKDYLRU� DV� D

VLPLODU�SKHQRPHQRQ��RQO\�ZKHUH�QRWKLQJ�LV�LQFDOFXODEOH�

7R�VXJJHVW�WKDW�VWURQJ�HPHUJHQW�EHKDYLRU�LV�UHDO�LV�SHUKDSV�QRW

WKDW�ELJ�D�GHSDUWXUH�IURP�WKH�SUHVHQW�GD\�SKLORVRSK\�RI�VFLHQFH�

4XDQWXP�WKHRU\�KDV�DOUHDG\�VKRZQ�XV�WKDW�DQ\�SURSHU�WKHRU\�RI�RXU

ZRUOG�RXJKW�WR�SURSHUO\�UHIOHFW�RXU�OLPLWV�RI�NQRZLQJ��7KLV�SURJUDP

LV�UHDOL]HG�LQ�TXDQWXP�WKHRU\�LQ�WKDW�LW�ZLOO�QRW�JLYH�XV�PRUH�WKDQ

UHDO�ZRUOG� OLPLWDWLRQV� RQ� PDNLQJ� PHDVXUHPHQWV� DOORZ�� 6WURQJ

HPHUJHQW�EHKDYLRU�VLPSO\�VXJJHVWV�WKDW�WKH�VDPH�OLPLWDWLRQV�WKDW

DSSO\�WR�ZKDW�ZH�FDQQRW�PHDVXUH�PD\�DSSO\�WR�ZKDW�ZH�FDQQRW

FDOFXODWH�

&RXOG�LW�EH�WKDW�DQ\�XOWLPDWH�WKHRU\�RI�UHDOLW\�PXVW�UHIOHFW�WKLV

OLPLWDWLRQ� DQG� WXUQ� DZD\� IURP� VWULFW� DWRPLVP"� ,Q� WKH� OLJKW� RI

TXDQWXP�WKHRU\��VXFK�DQ�LGHD�VHHPV�DW�OHDVW�SODXVLEOH�

(PHUJHQW�%HKDYLRU�DQG�$UWLILFLDO�/LIH

�� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ



7KH�SUREOHP�ZH�UXQ�LQWR�ZKHQ�WU\LQJ�WR�GR�$/�ZRUN�LV�WKDW

DQ\WKLQJ�ZH�PRGHO�RQ�D�FRPSXWHU�QHFHVVDULO\�RQO\�LQYROYHV�ZHDN

HPHUJHQW� EHKDYLRU�� $IWHU� DOO�� WKH� PRGHO� ZH� FUHDWH� LV� DOVR� WKH

VROXWLRQ�WR�WKH�SUREOHP��%\�YHU\�GHILQLWLRQ��LI�ZH�FDQ�PRGHO�LW�RQ

D�FRPSXWHU��LW�LV�QRW�LQFDOFXODEOH��6WURQJ�HPHUJHQW�EHKDYLRU�LQ�D

FRPSXWHU�PRGHO�LV�D�FRQWUDGLFWLRQ�RI�WHUPV��$�ELRORJLFDO�RUJDQLVP

GLIIHUV�LQ�WKDW�LW�FRXOG�LQYROYH�LQFDOFXODEOH�HOHPHQWV��VR�LW�FRXOG

H[KLELW�VWURQJ�HPHUJHQW�EHKDYLRU��$V�VXFK��WKHUH�FRXOG�EH�D�IXQGD�

PHQWDO�GLIIHUHQFH�EHWZHHQ�D�ELRORJLFDO�RUJDQLVP�DQG�DQ\WKLQJ�D

FRPSXWHU�PRGHO�FDQ�RIIHU��7KH�FRPSXWHU�EDVHG�PRGHO�FDQ�DOZD\V

EH�UHGXFHG�WR�D�ELWV�DQG�E\WHV�HTXLYDOHQW�RI�DWRPLVP��,W�LV�DOZD\V

GHWHUPLQLVWLF��7KH�VDPH�FDQQRW�EH�VDLG�RI�D�OLYLQJ�RUJDQLVP�LI�LW

YHQWXUHV�LQWR�WKH�UHDOP�RI�LQFDOFXODELOLW\�

:LWK�WKDW�PXFK�VDLG��ZH�KDYH�WR�ZRQGHU��FDQ�FRPSXWHU�EDVHG

$/�HYHU�SURYLGH�DQ�DFFXUDWH�SLFWXUH�RI�OLIH"�2U�LV�LW�UHDOO\�QR�EHWWHU

RII� WKDQ� WKH�FORFNPDNHUV�RI� WKH���WK�FHQWXU\"�-XGJLQJ�IURP�WKH

DERYH�FRPPHQWV��RQH�FRXOG�HDVLO\�EHOLHYH�WKDW�$/�LV�D�FRPSOHWH

IDLOXUH�� ,I�RQH�RI� WKH�HVVHQWLDO�DVSHFWV�RI� OLIH� LV�VWURQJ�HPHUJHQW

EHKDYLRU��WKHQ�D�FRPSXWHU�VLPXODWLRQ�MXVW�ZRQ©W�FXW�LW�

(YHQ�ZRUVH�� ,� WKLQN�ZH�KDYH� WR�ZRQGHU�ZKHWKHU� WKH� LGHD�RI

ZHDN�HPHUJHQW�EHKDYLRU�KDV�DQ\�FRQWHQW��RU�ZKHWKHU�LV�DW�KHDUW�D

YDFXRXV�FRQFHSW��$SSDUHQWO\��LW�FRQYH\V�QR�UHDO�NQRZOHGJH�DERXW

KRZ�VRPHWKLQJ�ZRUNV��$QG�LW�LV�EDVHG�RQ�DSSHDUDQFHV�UDWKHU�WKDQ

UHDOLW\�

7KH�LGHD�WKDW�LQGLYLGXDO�SDUWV�RI�D�FRPSXWHU�SURJUDP�RU�FHOOXODU

DXWRPDWRQ�FDQ�LQWHUDFW�WR�SURGXFH�D�ZKROH�WKDW�LV�JUHDWHU�WKDQ�WKH

VXP�RI�LWV�SDUWV�LV�OLWWOH�PRUH�WKDQ�DQ�DGPLVVLRQ�RI�LJQRUDQFH��:KHQ

D�UHVHDUFKHU�GRHVQ©W�NQRZ�ZKDW�WKH�SDUWV�ZLOO�GR�WRJHWKHU��WKH\�ZLOO

GR�VRPHWKLQJ�XQH[SHFWHG��E\�GHILQLWLRQ��,I�KH�NQRZV�ZKDW�WKH\�ZLOO

GR��WKHQ�WKH\�ZLOO�GR�MXVW�ZKDW�KH�H[SHFWV��$V�,�VDLG�VHYHUDO�FKDSWHUV

EDFN��LQ�RUGHU�WR�JLYH�VRPH�FRQWHQW�WR�WKLV�LGHD��\RX�KDYH�WR�KDYH

VRPH�IRUPDO�PHWKRG�IRU�GHGXFLQJ�ZKDW�NLQG�RI�EHKDYLRU�LV�WR�EH

H[SHFWHG��7KHQ��LI�WKDW�PHWKRG�EUHDNV�GRZQ��DQG�FDQQRW�JLYH�\RX

WKH�ULJKW�DQVZHU��WKH�LGHD�RI�HPHUJHQW�EHKDYLRU�PLJKW�KDYH�VRPH

FRQWHQW��:LWK� VWURQJ�HPHUJHQW�EHKDYLRU�� WKH�PHWKRG�GRHV�EUHDN

GRZQ��:LWK�ZHDN�HPHUJHQW�EHKDYLRU��LW�VHHPV�RQO\�VDQH�WR�VXJJHVW

WKDW�DQ\�EHKDYLRU�ZH�FDQ�FDOFXODWH�ZLWK�D�FRPSXWHUL]HG�PRGHO�LV

GHGXFHG�EHKDYLRU��7KDW�LV��DIWHU�DOO��IDVW�EHFRPLQJ�WKH�VWDQGDUG�LQ

(PHUJHQW�%HKDYLRU�5HYLVLWHG ��



HYHU\�DUHD�RI�VFLHQFH��<HW�WKDW�OHDYHV�WKH�LGHD�RI�ZHDN�HPHUJHQW

EHKDYLRU�LQ�WKH�UHDOP�RI�$UWLILFLDO�/LIH�ZLWKRXW�FRQWHQW��7KH�VLPX�

ODWHG�DXWRPDWRQ�WKDW�\RX�EXLOG�LV��DIWHU�DOO��LWV�RZQ�FRPSXWHUL]HG

PRGHO��$V�VXFK��LW�ZRXOG�VHHP��QR�FRPSXWHU�JHQHUDWHG�EHKDYLRU

FRXOG� EH�ZHDNO\� HPHUJHQW�� ,Q� WKH� UHDO�ZRUOG��ZHDNO\� HPHUJHQW

EHKDYLRU�ZRXOG�EH�PHUHO\�DQ�LQGLFDWRU�WKDW�VRPH�SK\VLFDO�WKHRU\¥

ZKLFK�ZDV�EHLQJ�XVHG�WR�FUHDWH�D�FRPSXWHUL]HG�PRGHO¥ZDV�LQDGH�

TXDWH��DQG�WKDW�\RX©G�EHWWHU�VWDUW�ORRNLQJ�IRU�D�QHZ�ODZ�WR�H[SODLQ

WKDW�UHDO�ZRUOG�SKHQRPHQRQ��:LWK�D�QHZ�ODZ�LQ�SODFH��WKH�ZHDN

HPHUJHQW�EHKDYLRU�FRXOG�EH�UHVROYHG��7KXV��DW�EHVW��ZHDN�HPHUJHQW

EHKDYLRU�LV�DQ�DGPLVVLRQ�RI�WKH�ODFN�RI�XQGHUVWDQGLQJ��DQG�QRW�D

SRVLWLYH�SULQFLSOH�

,�KDYH�DOVR�DOUHDG\�WRXFKHG�RQ�WKH�LGHD�WKDW�PDQ\�SDUWV�ZRUNLQJ

WRJHWKHU�WR�SURGXFH�D�ZKROH�LV�UDWKHU�D�PDWWHU�RI�DSSHDUDQFH�WKDQ

UHDOLW\��$Q\�FRPSXWHU��QR�PDWWHU�KRZ�PDVVLYHO\�SDUDOOHO��FDQ�GR

QRWKLQJ�ZKLFK�D�VLPSOH�VHULDO�FRPSXWHU�FDQQRW�GR��JLYHQ�HQRXJK

PHPRU\�DQG�HQRXJK�WLPH��$OO�DUH�7XULQJ�PDFKLQHV�7KH�SDUDOOHO

FRPSXWHU�FDQ�GR�WKLQJV�IDVWHU��EXW�LW�FDQQRW�GR�PRUH��7KDW�PHDQV

WKDW�DQ\�SDUDOOHO�FHOOXODU�DXWRPDWRQ�FDQ�EH��DQG�RIWHQ�LV��LPSOH�

PHQWHG�DV�D�VHULDO�SURJUDP�RQ�D�VHULDO�FRPSXWHU��,W�LV�LQFUHGLEO\

QDwYH� WR� VD\� WKDW�RQH� LPSOHPHQWDWLRQ� LV� IXQGDPHQWDOO\�GLIIHUHQW

IURP�DQRWKHU�VLPSO\�EHFDXVH�LW�ORRNV�GLIIHUHQW��2IWHQ�WKH�SDVVLYH

H[DPLQDWLRQ�RI�WKH�FRGH�LQ�D�VHULDO�SURJUDP�JLYHV�XV�DV�PXFK�LQVLJKW

LQWR� LWV�EHKDYLRU�DV� ORRNLQJ�DW� WKH�SDUWV�RI�D�FHOOXODU�DXWRPDWRQ�

7KHUHIRUH� WKH� LGHD� RI� ZHDN� HPHUJHQW� EHKDYLRU� LV� D� PDWWHU� RI

DSSHDUDQFHV�� 2QH� LPSOHPHQWDWLRQ� ORRNV� OLNH� PDQ\� VPDOO� SDUWV

LQWHUDFWLQJ�WR�PDNH�D�ZKROH��DQG�DQRWKHU�LPSOHPHQWDWLRQ�ORRNV�OLNH

D�FHQWUDOO\�FRQWUROOHG�VHULDO�SURJUDP�

,Q�YLHZ�RI� WKHVH� FRQVLGHUDWLRQV��ZHDN�HPHUJHQW�EHKDYLRU� LV

LOOXVRU\��$SSDUHQWO\��LW�EULQJV�QR�QHZ�XQGHUVWDQGLQJ�WR�D�SUREOHP�

,©G�OLNH�WR�VXJJHVW�WKDW�ZH©G�GR�ZHOO�WR�WKURZ�WKH�LGHD�RXW��:H©G�EH

EHWWHU�RII�LI�ZH©G�MXVW�WUHDW�MLEEHULVK�DV�MLEEHULVK�DQG�ORRN�IRU�UHDO

SKHQRPHQD�WKDW�FDQ�KHOS�XV�XQGHUVWDQG�OLIH�EHWWHU�LQVWHDG�

,Q�FRQWUDVW�� WKH�LGHD�RI�VWURQJ�HPHUJHQW�EHKDYLRU�SRLQWV�WR�D

UHDO� OLPLWDWLRQ� RQ� ZKDW� ZH� FDQ� GR� ZLWK� QDWXUDO� ODZ�� ,W� OHQGV� D

OHJLWLPDF\�WR�$ULVWRWHOLDQ�VW\OH�LGHDV��OLNH�HPRWLRQ��OLNH�IUHH�ZLOO�

WHOOLQJ�XV�WKDW�VXFK�LGHDV�FDQQRW�EH�H[SODLQHG�ZLWK�D�SXUHO\�DWRPLV�

�� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ



WLF�VFLHQFH��DQG�WKDW�WKH\�FDQ��DQG�PXVW�KDYH�D�SODFH�LQ�DQ\�XOWLPDWH

XQGHUVWDQGLQJ�RI�UHDOLW\�

6XPPDU\

:H�PLJKW�FRQFOXGH�WKDW�LI�VWURQJ�HPHUJHQW�EHKDYLRU�LV�UHDO��DQG

ZHDN�HPHUJHQW�EHKDYLRU�LV�YDFXRXV��WKHQ�VWURQJ�$/¥WKH�LGHD�WKDW

ZH� PLJKW� FUHDWH� VRPHWKLQJ� RQ� RXU� FRPSXWHUV� WKDW� LV� DFWXDOO\

DOLYH¥LV� D� GDPQHG� SXUVXLW�� ,I� \RX� DFFHSW� WKH� LGHD� WKDW� VWURQJ

HPHUJHQW�EHKDYLRU�LV�D�QHFHVVDU\�LQJUHGLHQW�IRU�OLIH��WKHQ�$/�FDQ

QHYHU�DFKLHYH�LW��-XVW�DV�RQH�FDQQRW�DFFXUDWHO\�PRGHO�WKH�G\QDPLFV

RI�HOHFWURQV��TXDQWXP��XVLQJ�ELOOLDUG�EDOOV��1HZWRQLDQ���EHFDXVH

WKH�UXOHV�DUH�GLIIHUHQW��RQH�FRXOG�QRW�DFFXUDWHO\�PRGHO�OLIH��VWURQJ

HPHUJHQW�EHKDYLRU��ZLWK�FRPSXWHUV��LOOXVRU\�HPHUJHQW�EHKDYLRU��

EHFDXVH�WKH�UXOHV�DUH�GLIIHUHQW��$QG�WKH�GLIIHUHQFHV�DUH�IXQGDPHQWDO

DQG�LUUHFRQFLODEOH��$OO�RI�WKDW�GHSHQGV��RI�FRXUVH��XSRQ�WKH�DFFHS�

WDQFH�RI�HPHUJHQW�EHKDYLRU�DV�D�FRQGLWLRQ�IRU�OLIH��<RX�FRXOG��RI

FRXUVH��VLPSO\�UHMHFW�WKDW�FRQGLWLRQ��2I�FRXUVH��LI�LW�LV�UHDO�DQG�\RX

WKURZ�LW�RXW��\RX©UH�MXVW�GHOXGLQJ�\RXUVHOI�

$V�RQH�ILQDO�ZRUG�RI�FDXWLRQ��PDQ\�RI�WKH�WKLQJV�,©YH�VDLG�LQ

WKLV�FKDSWHU�DUH�VSHFXODWLYH�� ,�PDNH�QR�FODLP�WR�EHLQJ�DQ�H[SHUW

JXLGH�LQ�WKHVH�ZDWHUV��RU�WR�KDYLQJ�D�IXOO�WKHRU\�WKDW�ZLOO�JLYH�\RX

DOO�WKH�DQVZHUV��,�DP�MXVW�DQ�H[SORUHU��$QG�,�PDNH�VRPH�RI�WKH�SRLQWV

,�GR�WR�VWLU�XS�D�GLVFXVVLRQ�ZKHUH�WKHUH�QHHGV�WR�EH�RQH��QRW�WR�EULQJ

LW�WR�D�FRQFOXVLRQ�

(PHUJHQW�%HKDYLRU�5HYLVLWHG ��



6HOI�5HSURGXFWLRQ�DQG�
,QIRUPDWLRQ

$�IHZ�FKDSWHUV�EDFN��ZH�GLVFXVVHG�WKH�LGHD�RI�VHOI�UHSURGXF�

WLRQ��DQG�ZH�UDQ�LQWR�D�SUREOHP��:KHUH�GR�ZH�GUDZ�WKH�OLQH�EHWZHHQ

VHOI�UHSURGXFWLRQ�DQG�SK\VLFV�GULYHQ�UHSOLFDWLRQ"�7KHUH�DUH�REYL�

RXV�VLWXDWLRQV�LQ�ZKLFK�RQH�FRQFHSW�RU�WKH�RWKHU�VHHPV�WR�ILW�VQXJO\�

7KHQ�WKHUH�DUH�JUD\�DUHDV��%\O©V�DXWRPDWRQ�PD\�ORRN�OLNH�D�UHSUR�

GXFLQJ�FHOO��EXW�LW�GLIIHUV�YHU\�OLWWOH�IURP�D�JURZLQJ�DXWRPDWRQ�FU\V�

WDO��PDWKHPDWLFDOO\�VSHDNLQJ�

2Q�WKH�VXUIDFH��LW�PD\�VHHP�DV�LI�ZH�FRXOG�GUDZ�D�OLQH�PRUH�RU

OHVV� DUELWUDULO\�� DQG� VD\� HYHU\WKLQJ� WR� WKH� ULJKW� RI� WKH� OLQH� LV

VHOI�UHSURGXFWLRQ��DQG�HYHU\WKLQJ�WR�WKH�OHIW�LV�PHUH�UHSOLFDWLRQ��,Q

IDFW��WU\LQJ�WR�GUDZ�WKDW�OLQH�SXOOV�XV�ULJKW�EDFN�LQWR�WKH�$ULVWRWOH�

DWRPLVW�GHEDWH�

+RZ�VR"

7KH� UDGLFDO�DWRPLVW�PDLQWDLQV� WKDW� OLIH� LV�QRWKLQJ�PRUH� WKDQ

DWRPV�REH\LQJ�WKH�ODZV�RI�SK\VLFV��+RZHYHU��PHUHO\�VWDWLQJ�VXFK

D�SKLORVRSKLFDO�LGHD�GUDZV�WKH�OLQH�ZH�ZDQW�WR�GUDZ��$QG�LW�GUDZV

WKDW� OLQH� LQ� D�SODFH�ZKHUH� LW� RQO\� VXFFHHGV� LQ�GHVWUR\LQJ�XQGHU�

VWDQGLQJ�UDWKHU�WKDQ�LPSDUWLQJ�LW��7R�IROORZ�DWRPLVP�WR�LWV�ORJLFDO

FRQFOXVLRQ�� RQH� PXVW� PDLQWDLQ� WKDW� DOO� UHSURGXFWLRQ� LV� PHUHO\

SK\VLFV�GULYHQ�UHSOLFDWLRQ��7KHUH�LV�QRWKLQJ�IXQGDPHQWDOO\�GLIIHU�

HQW�DERXW�WKH�RQH�FHOOHG�DPRHED©V�UHSURGXFLQJ�DQG�D�FU\VWDO�JURZ�

LQJ�� %RWK� DUH� SK\VLFV� GULYHQ�� 2QH� LV� MXVW� VRPHZKDW� PRUH

FRPSOLFDWHG�WKDQ�WKH�RWKHU�



/HW©V�JR�EDFN�WR�/DQJWRQ©V�LGHD�RI�VHOI�UHSURGXFWLRQ��DQG�WHDU

LW�DSDUW�ZLWK�RXU�DWRPLVWLF�JODVVHV�RQ��WR�VHH�ZKDW�LW� LV�PDGH�RI�

/DQJWRQ�VXJJHVWHG�WKDW�D�VHOI�UHSURGXFLQJ�PDFKLQH�PXVW�XVH�LQIRU�

PDWLRQ��$��DFWLYHO\��DV�LQVWUXFWLRQV�WR�EH�H[HFXWHG��DQG��%��SDV�

VLYHO\��DV�UDZ�GDWD�WR�EH�FRSLHG��7KLV�GHILQLWLRQ�LV�IXOO�RI�ZRUGV

ZKLFK�FU\�RXW�IRU�EHWWHU�GHILQLWLRQ��:KDW�LV�LQIRUPDWLRQ"�:KDW�DUH

DFWLYH�DQG�SDVVLYH"�:KDW�FRQVWLWXWHV�H[HFXWHG�LQVWUXFWLRQV"

:H�XQGHUVWDQG�WKHVH�FRQFHSWV�LQWXLWLYHO\��IURP�RXU�HYHU\GD\

H[SHULHQFH�ZLWK�FRPSXWHU�SURJUDPV��EXW�KRZ�FDQ�WKH\�EH�SUDFWL�

FDOO\�GHILQHG�LQ�DWRPLVWLF�WHUPV�DQG�DSSOLHG�WR�GHWHUPLQH�ZKHWKHU

VRPH�SKHQRPHQRQ��HLWKHU�LQ�WKH�UHDO�ZRUOG�RU�LQ�D�FHOOXODU�DXWRPD�

WRQ�ZRUOG��LV�LQ�IDFW�VHOI�UHSURGXFWLRQ"�:KDW�LV�LW�WKDW�PDNHV�RQH

FROOHFWLRQ�RI�DWRPV�¦DFWLYH§ �DQG�DQRWKHU�QRW"�:K\�LV�WKH�SURFHVV

RI�¦H[HFXWLQJ�LQVWUXFWLRQV§ �VRPHKRZ�DFWLYH��ZKLOH�¦FRS\LQJ�GDWD§

LV�QRW��ZKHQ�ERWK�DUH�MXVW�SK\VLFV�GULYHQ�SURFHVVHV"�$QG�ZKDW�GR

ZH�PHDQ�E\�¦ LQIRUPDWLRQ§"�$IWHU�DOO��WKH�YHU\�ZRUG�GHULYHV�IURP

WKH�YHUE�WR�LQIRUP��ZKLFK�LPSOLHV�WKDW�VRPH�LQWHOOLJHQW��FRQVFLRXV

EHLQJ�LV�LQIRUPLQJ�DQRWKHU�EHLQJ�RU�EHLQJ�LQIRUPHG�E\�DQRWKHU��<HW

ZH�GR�QRW�HYHQ�KDYH�D�FRQFHSW�RI�ZKDW�D�FRQVFLRXV�EHLQJ� LV� LQ

DWRPLVWLF�WHUPV�

,Q�VKRUW��/DQJWRQ©V�GHILQLWLRQ�VRXQGHG�XVHIXO�ZKHQ�ZH�ILUVW�PHW

XS�ZLWK�LW��EXW�QRZ�ZH�VHH�LW�LV�IXOO�RI�XQZLHOG\�LGHDV�

:KDW�VKDOO�ZH�GR"

)LUVW��,©G�OLNH�WR�WDNH�D�ORRN�DW�VRPH�DWRPLVWLF�DWWHPSWV�WR�GHILQH

WKH�LGHD�RI�LQIRUPDWLRQ�D�OLWWOH�EHWWHU��1RW�RQO\�ZLOO�WKHVH�LGHDV�EH

XVHIXO�WR�XV�LQ�PDNLQJ�VRPH�FDOFXODWLRQV�ODWHU�RQ��WKH\�ZLOO�LOOXVWUDWH

WKH�GLIILFXOWLHV�RI�PDNLQJ�VHQVH�RI�WKH�LGHD�RI�LQIRUPDWLRQ�IURP�DQ

DWRPLVWLF�SRLQW�RI�YLHZ��$GGLWLRQDOO\��RXU�GLVFXVVLRQ�ZLOO�KHOS�XV

XQGHUVWDQG�WKH�SKLORVRSK\�EHKLQG�/DQJWRQ©V�LGHDV�D�OLWWOH�EHWWHU�

:KDW�LV�,QIRUPDWLRQ"

,W� LV� ZHOO� VDLG� WKDW� ZH� DUH� OLYLQJ� LQ� WKH� LQIRUPDWLRQ� DJH�

&RPSXWHUV�KDYH�QRW�RQO\�UHYROXWLRQL]HG�RXU�ZD\�RI�OLIH��EXW�DOVR

RXU� ZD\� RI� WKLQNLQJ�� &RPSXWHUV� KDYH� JLYHQ� XV� D� ZKROH� QHZ

SHUVSHFWLYH�IURP�ZKLFK�WR�YLHZ�WKH�ZRUOG��)RU�H[DPSOH��ILIW\�\HDUV

DJR�LW�ZRXOG�KDYH�EHHQ�LPSRVVLEOH�WR�FRQVWUXFW�DQ\WKLQJ�EXW�WKH

PRVW�UXGLPHQWDU\�IUDFWDO��PXFK�OHVV�XVH�LW�IRU�DQ\WKLQJ�SUDFWLFDO�

�� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ



<HW�WRGD\�IUDFWDOV�DUH�URXWLQHO\�XVHG�WR�PRGHO�FRPSOH[�IHDWXUHV�RI

DOO�NLQGV�RI�WKLQJV��UDQJLQJ�IURP�FRDVW�OLQHV�WR�GXVW�SDUWLFOHV��:H

KDYH�FRPH�WR�VHH�IUDFWDOV�DV�DQ�LPSRUWDQW�WRRO�LQ�XQGHUVWDQGLQJ�RXU

ZRUOG��7KLV�KDV�RQO\�EHHQ�SRVVLEOH�EHFDXVH�RI�FRPSXWHUV��ZKLFK

DUH�LGHDOO\�VXLWHG�WR�PDQLSXODWLQJ�IUDFWDOV�

&RPSXWHUV� KDYH� JLYHQ� XV� D� SRZHU� WR� PDQLSXODWH� DQG� XVH

LQIRUPDWLRQ�WKDW�ZDV�XQLPDJLQDEOH�RQO\�D�IHZ�GHFDGHV�DJR��/RRN�

LQJ�EH\RQG�WKH�LPPHGLDWH�FRQVHTXHQFHV�RI�WKLV�QHZ�IRXQG�SRZHU�

WKRXJK��FRPSXWHUV�KDYH�PDGH�WKH�YHU\�LGHD�RI�LQIRUPDWLRQ�LPSRU�

WDQW�WR�XV��DQG�ZH�KDYH�UHFRJQL]HG�LW�HYHU\ZKHUH�LQ�QDWXUH�

¦ ,QIRUPDWLRQ� LV� WKH� FXUUHQF\� RI� QDWXUH�� $� EHH� FDUULHV� JHQHWLF

LQIRUPDWLRQ�FRQWDLQHG�LQ�SROOHQ�WR�D�IORZHU��ZKLFK�LQ�WXUQ�VXSSOLHV

WKH�EHH�ZLWK�RUGHUHG�HQHUJ\�LQ�WKH�IRUP�RI�VXJDU��D�WUDQVDFWLRQ�WKDW

UHGRXQGV�WR�WKHLU�PXWXDO�DGYDQWDJH��$W�D�VFDOH�WHQ�RUGHUV�RI�PDJQL�

WXGH�VPDOOHU��QXFOHDU�VSLQV�LQ�D�IHUURPDJQHW�H[FKDQJH�YLUWXDO�SKR�

WRQV�ZLWK�WKHLU�QHLJKERUV��DJUHHLQJ�RQ�D�FRPPRQ�RULHQWDWLRQ�DV�WKHLU

WHPSHUDWXUH�GURSV�EHORZ�WKH�&XULH�SRLQW��$W�D�VFDOH�WHQ�RUGHUV�RI

PDJQLWXGH� ODUJHU�� 1HSWXQH� LQGXFHV� SHUWXUEDWLRQV� LQ� WKH� RUELW� RI

8UDQXV��WKHUHE\�UHYHDOLQJ�LWV�SUHVHQFH�WR�$GDPV�DQG�/H�9HUULHU��$W

D�VFDOH�WZHQW\�RUGHUV�RI�PDJQLWXGH�ODUJHU�\HW��WKH�H[SDQVLRQ�RI�WKH

XQLYHUVH� FRQVWDQWO\� LQFUHDVHV� WKH� GLIIHUHQFH� EHWZHHQ� WKH� SUHVHQW

HQWURS\�RI�WKH�XQLYHUVH�DQG�LWV�PD[LPXP�SRVVLEOH�HQWURS\��DXJPHQW�

LQJ�WKH�LQIRUPDWLRQDO�UHVRXUFHV�DYDLODEOH�LQ�WKH�IRUP�RI�JUDYLWDWLRQDO

IUHH�HQHUJ\�§ �

<HW�WKH�FRQFHSW�RI�LQIRUPDWLRQ�KDV�SURYHQ�UDWKHU�GLIILFXOW�WR

OD\�RQH©V�KDQGV�RQ��:H�KDYH�DQ�LGHD�RI�ZKDW�LW�LV��:LWK�WKH�DGYHQW

RI�FRPSXWHUV��ZH�HYHQ�KDYH�DQ�LGHD�RI�ZKDW�LW�LV�LQ�WKH�DEVWUDFW��<HW

TXDQWLI\LQJ� LW� LQ� WHUPV� RI� PDWKHPDWLFV� DQG� SK\VLFV� LV� DQRWKHU

PDWWHU��,Q�WKH�LQWURGXFWLRQ�WR�&RPSOH[LW\��(QWURS\�DQG�WKH�3K\VLFV

RI� ,QIRUPDWLRQ��:RMFLHFK�=XUHN�SXWV� WKH�SUREOHP�EOXQWO\��¦7KH

VSHFWUH�RI�LQIRUPDWLRQ�LV�KDXQWLQJ�WKH�VFLHQFHV�§ �

6HOI�5HSURGXFWLRQ�DQG�,QIRUPDWLRQ ��

� 6HWK�/OR\G�� � ¦9DOXDEOH� ,QIRUPDWLRQ�§ � LQ�:RMFLHFK�=XUHN��(G��&RPSOH[LW\�
(QWURS\��DQG� WKH�3K\VLFV�RI� ,QIRUPDWLRQ�� �$GGLVRQ�:HVOH\��5HGZRRG�&LW\�
&$�������S������

� :RMFLHFK�=XUHN��(G���&RPSOH[LW\��(QWURS\�DQG� WKH�3K\VLFV�RI� ,QIRUPDWLRQ�



9HU\�WUXH�

+RZ�FDQ�ZH�SRVVLEO\�WDNH�D�VXEMHFWLYH�FRQFHSW�OLNH�LQIRUPD�

WLRQ��ZKLFK�VHHPV�VR�LQH[WULFDEO\�WLHG�WR�LQWHOOLJHQFH��DQG�XQGHU�

VWDQG�LW�LQ�WHUPV�RI�REMHFWLYH�SK\VLFDO�PHDVXUHPHQWV�DQG�WKHRULHV"

<HW�WKH�VFLHQWLILF�GLVFRYHULHV�RI�WKH�SDVW�ILIW\�\HDUV�YLUWXDOO\�GH�

PDQG�WKDW�ZH�XQGHUVWDQG�LQIRUPDWLRQ�REMHFWLYHO\��)RU�H[DPSOH��WKH

LQIRUPDWLRQ� FRQWHQW� RI� WKH�'1$� LQ� D� OLYLQJ� RUJDQLVP� VHHPV� VR

REYLRXV�WKDW�LW�FULHV�RXW�IRU�H[SODQDWLRQ��2QH�FRXOG�KDUGO\�FRPH�XS

ZLWK�D�EHWWHU�GHVLJQ�IRU�ERWK�HQFRGLQJ�DQG�XVLQJ�LQIRUPDWLRQ�DW�D

PROHFXODU�OHYHO�WKDQ�WKH�'1$�51$�SURWHLQ�VFKHPH�HPSOR\HG�E\

D� OLYLQJ� FHOO�� �6HH� $SSHQGL[� %� IRU� D� VKRUW� LQWURGXFWLRQ� WR� WKH

ELRFKHPLVWU\�\RX©OO�QHHG�WR�UHDG�WKLV�ERRN��

2QH�ZD\�WR�GHILQH�LQIRUPDWLRQ�LQ�DQ�DEVWUDFW�PDQQHU�LV�WR�VD\

WKDW�LQIRUPDWLRQ�FRQWHQW�LV�SURSRUWLRQDO�WR�WKH�VL]H�RI�WKH�PLQLPDO

FRPSXWHU� SURJUDP� FDSDEOH� RI� JHQHUDWLQJ� WKDW� LQIRUPDWLRQ�� 7KLV

GHILQHV� ZKDW� LV� NQRZQ� DV� DOJRULWKPLF� LQIRUPDWLRQ� FRQWHQW�� )RU

H[DPSOH��D�ELQDU\�VHTXHQFH�RI�WHQ�WKRXVDQG�QXPEHUV

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

KDV�YHU\�OLWWOH�DOJRULWKPLF�LQIRUPDWLRQ�FRQWHQW��EHFDXVH�LW�FDQ�EH

SURJUDPPHG�OLNH�WKLV�

IRU��M ��M������M����SULQWI��«�[�[¬������

D�VLPSOH��RQH�OLQH�VWDWHPHQW��2Q�WKH�RWKHU�KDQG��D�VHTXHQFH�OLNH

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

ZKLFK�KDV�QR�ORQJ�UDQJH�RUGHU�PXVW��IRU�DOO�SUDFWLFDO�SXUSRVHV��EH

VSHFLILHG�ELW�E\�ELW�

SULQWI�«�[¬����

SULQWI�«�[¬����

�� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ

�$GGLVRQ�:HVOH\��5HGZRRG�&LW\��&$�������S��YLL�



�

�

�

SULQWI�«�[¬����

D�PXFK�PRUH�FRPSOLFDWHG�SURFHVV��7KXV��WKH�SHULRGLF�VHTXHQFH�KDV

PXFK�OHVV�LQIRUPDWLRQ�FRQWHQW�WKDQ�WKH�DSHULRGLF�RQH�

2I�FRXUVH��ZH�IDFH�D�QXPEHU�RI�SUREOHPV�ZLWK�VXFK�D�GHILQLWLRQ

RI� LQIRUPDWLRQ�� 2EYLRXVO\�� DVVLJQLQJ� DQ� H[DFW� QXPEHU� WR� DOJR�

ULWKPLF�LQIRUPDWLRQ�FRQWHQW�LV�GLIILFXOW�IRU�WZR�UHDVRQV��2QH�ZRXOG

H[SHFW�WKH�VL]H�RI�WKH�DOJRULWKP�WR�YDU\�IURP�FRPSXWHU�WR�FRPSXWHU�

VLQFH�QRW�DOO�PDFKLQHV�KDYH�WKH�VDPH�LQVWUXFWLRQ�VHW�WR�LPSOHPHQW

DOJRULWKPV�ZLWK��6HFRQGO\��LW�LV�RIWHQ�GLIILFXOW�WR�GHWHUPLQH�ZKHWKHU

D�JLYHQ�DOJRULWKP�LV�DFWXDOO\�WKH�PLQLPXP��7KLV�SUREOHP�FDQ�FURS

XS�DW�WZR�OHYHOV��7KH�ILUVW�OHYHO�LV�LQ�WKH�DFWXDO�FRGLQJ��H�J���LV�DQ

DOJRULWKP�ZKLFK�XVHV

SULQWI�«�[�[¬������

VPDOOHU�DQG�VLPSOHU�WKDQ�RQH�ZKLFK�XVHV

SULQWI�«�[¬����

SULQWI�«�[¬����

RU�YLFH�YHUVD"�7KLV�FDQ�GHSHQG�RQ�ZKDW�FRPSLOHU�\RX�XVH��HWF��$W

D�GHHSHU� OHYHO��7KH�DERYH� VHTXHQFH�PD\�DSSHDU� UDQGRP�DW� ILUVW

ORRN�� EXW� XSRQ� FDUHIXO� DQDO\VLV�� LW� PD\� FRQWDLQ� WHQ� RU� WZHQW\

UHSHWLWLRQV�RI�WKH�VHTXHQFH

��������

ZKLFK�FRXOG�EH�FRGHG�LQWR�D�VXEURXWLQH�WR�VDYH�D�KXQGUHG�LQVWUXF�

WLRQV�RU�VR��$OWKRXJK�,�GR�QRW�ZDQW�WR�GHDO�ZLWK�WKHVH�TXHVWLRQV�LQ

DQ\�JUHDW�GHSWK�KHUH��WKH\�GR�OHDG�WR�D�ZKROH�QHZ�ILHOG��WKH�VWXG\

RI� WKH�FRPSOH[LW\�RI�DOJRULWKPV��ZKLFK� LV�YHU\�UHOHYDQW� WR�DOJR�

ULWKPLF�LQIRUPDWLRQ�FRQWHQW��'HVSLWH�WKHVH�GLIILFXOWLHV��DOJRULWKPLF

LQIRUPDWLRQ�FRQWHQW�JLYHV�XV�D�XVHIXO�PHDVXUH�RI�LQIRUPDWLRQ��HYHQ

LI�LW�LV�D�OLWWOH�ELW�IX]]\�

6HOI�5HSURGXFWLRQ�DQG�,QIRUPDWLRQ ��



2QH�ELJ�TXHVWLRQ�ZKLFK�ZH�PXVW�XQGHUVWDQG�LV�ZKHUH�UDQGRP

GDWD�ILWV�LQ�WR�WKLV�LGHD�RI�LQIRUPDWLRQ��$�UDQGRP�VHTXHQFH�RI��©V

DQG� �©V� FDQ� KDYH� D� KLJK� DOJRULWKPLF� LQIRUPDWLRQ� FRQWHQW� HYHQ

WKRXJK�LW�LV�HVVHQWLDOO\�PHDQLQJOHVV��7KH�VHTXHQFH�RI�OHWWHUV

7<�8%7<�+5713

DQG

,6�7+,6�$/,9(

KDYH�WKH�VDPH�DOJRULWKPLF�LQIRUPDWLRQ�FRQWHQW��KRZHYHU�RQH�KDV

PHDQLQJ�WR�DQ�(QJOLVK�VSHDNLQJ�UHDGHU�DQG�WKH�RWKHU�GRHV�QRW��:H

PLJKW�ORRN�DW�WKH�ILUVW�VHTXHQFH�RI�OHWWHUV�DQG�VD\�LW�LV�PHDQLQJOHVV

JDUEDJH��RU�ZH�PLJKW�VXVSHFW�D�FRGH�ZDV�XVHG�WR�FUHDWH�LW��DQG�WKDW

LW�ZRXOG�EH�PHDQLQJIXO�WR�DQ\�SHUVRQ�ZLWK�WKH�GHFRGLQJ�UXOHV���7KH

LGHD� RI� DOJRULWKPLF� LQIRUPDWLRQ� FRQWHQW� �RU� DQ\� RWKHU� DWRPLVWLF

GHILQLWLRQ�RI�LQIRUPDWLRQ��DYRLGV�VXFK�TXHVWLRQV�RI�PHDQLQJ�DOWR�

JHWKHU�

7KH�FORVHVW�ZH�FDQ�JHW�WR�GHILQLQJ�PHDQLQJ�XQGHU�WKH�XPEUHOOD

RI�DOJRULWKPLF�LQIRUPDWLRQ�FRQWHQW�LV�WR�VD\�WKDW�WKH�DFW�RI�VSHFLI\�

LQJ�D�VHTXHQFH�OHQGV�PHDQLQJ�WR�LW��:H�HTXDWH�PHDQLQJ�WR�VSHFL�

ILFLW\�

/HW©V�VHH�KRZ�WKLV�ZRUNV��6XSSRVH�,�VD\�,©G�OLNH�D�IDLUO\�UDQGRP

VHTXHQFH�RI�������������©V�DQG��©V�ZLWK����±���RI�WKH�GLJLWV��©V�
,W�LV�QRW�WRR�GLIILFXOW�WR�ZULWH�D�SVHXGR�UDQGRP�QXPEHU�JHQHUDWRU

WKDW� FDQ� SURGXFH� VXFK� D� VHTXHQFH�� ,W� ZLOO� EH� D� IDLUO\� FRPSDFW

DOJRULWKP��VR�VXFK�D�VHTXHQFH�ZRQ©W�KDYH�PXFK�LQIRUPDWLRQ�FRQ�

WHQW��<HW�LQ�GRLQJ�WKLV��,�KDYHQ©W�VSHFLILHG�WKH�VHTXHQFH�H[DFWO\�DW

DOO��,I�,�GR�VSHFLI\�D�SDUWLFXODU�VHTXHQFH�RI�������������©V�DQG��©V

ZLWK� ������� RI� WKH� GLJLWV� �©V�� FKDQFHV� DUH� P\� SVHXGR�UDQGRP

QXPEHU�JHQHUDWRU�ZLOO�QRW�EH�DEOH�WR�SURGXFH�WKLV�VHTXHQFH��7KHQ

,� DP� VWXFN� ZLWK� ZULWLQJ� D� PXFK� ODUJHU� SURJUDP� WR� GHWDLO� WKH

VHTXHQFH�ELW�E\�ELW�

�� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ

� ,Q�IDFW�LW�KDV�EHHQ�HQFRGHG��DQG�\RX�FDQ�HDVLO\�ILJXUH�RXW�WKH�UXOHV�



,Q�JHQHUDO��WKH�PRUH�FORVHO\�,�VSHFLI\�D�VHTXHQFH��WKH�ELJJHU

WKH� DOJRULWKP� ,� PXVW� XVH� WR� FUHDWH� LW�� 2I� FRXUVH�� LI� ,� VSHFLI\� D

VHTXHQFH�YHU\�H[DFWO\��,�KDYH�SUHVXPDEO\�SXW�D�ORW�RI�ZRUN�LQWR�LWV

VSHFLILFDWLRQ�� 6R� LQ� D� FUXGH� VHQVH�� WKDW� VHTXHQFH� KDV� D� ORW� RI

PHDQLQJ�WR�PH��7KH�PHDQLQJ�RI�WKLV�VHTXHQFH�LV�WKDW�,�ZRUNHG�KDUG

WR�VSHFLI\�LW�LQ�GHWDLO��7KDW©V�DERXW�LW��:LWKLQ�VXFK�D�FRQWH[W��ERWK

VHTXHQFHV�RI�OHWWHUV�DERYH�KDYH�D�VLPLODU�VSHFLILFLW\¥,�VSHFLILHG

ERWK�H[DFWO\¥DQG� VR�� LQ� D� VHQVH� WKH\�KDYH�D� VLPLODU�DPRXQW�RI

PHDQLQJ��LUUHVSHFWLYH�RI�ZKDW�ODQJXDJH�,�VSHDN�RU�ZKRVH�FRGH�ERRN

,�KDYH�

7KHUH�LV�RQH�SUREOHP�KHUH��WKRXJK��6XSSRVH�,�VSHFLILHG�DQ�H[DFW

VHTXHQFH�ZKLFK�MXVW�KDSSHQHG�WR�EH�LGHQWLFDO�WR�RQH�WKDW�D�VLPSOH

SVHXGR�UDQGRP�QXPEHU�JHQHUDWRU�SXW�RXW�ZLWK�D�JLYHQ�VHHG��7KHQ

,�ZRXOG�KDYH�OLWWOH�DOJRULWKPLF�LQIRUPDWLRQ�FRQWHQW�GHVSLWH�JUHDW

VSHFLILFLW\��)RUWXQDWHO\�VXFK�VLWXDWLRQV�DUH�H[WUHPHO\� UDUH��:LWK

����������� ������������SRVVLEOH�VHTXHQFHV��RQO\�UHODWLYHO\�IHZ�FDQ�EH

VSHFLILHG�E\�VLPSOH�DOJRULWKPV��7KH�VLPSOHVW�DOJRULWKPV�VSHFLI\

RQO\� D� VWUDLJKW� VHTXHQFH� RI� �©V� RU� �©V��$GG� D� OLWWOH�PRUH� WR� WKH

DOJRULWKP�DQG�LW�FDQ�GR��������������RU��������������GHSHQGLQJ�RQ

KRZ�LW�LV�VHHGHG��HWF���HWF��6R�WKH�WUHQG�FRQWLQXHV��$�SVHXGR�UDQGRP

QXPEHU�JHQHUDWRU�EDVHG�RQ����ELW�LQWHJHUV�FDQ�JHQHUDWH�DW�EHVW�RQO\

�������GLIIHUHQW�VHTXHQFHV¥VWLOO�D�IDU�FU\�IURP��������������7KH�YDVW

PDMRULW\� RI� VHTXHQFHV�ZLOO� UHTXLUH� ODUJH� DOJRULWKPV� WR� GHVFULEH

WKHP��6R�WKH�SUREDELOLW\�WKDW�RQH�ZRXOG�DFFLGHQWO\�KLW�RQ�D�VHTXHQFH

ZLWK�VPDOO�DOJRULWKPLF�LQIRUPDWLRQ�FRQWHQW�LV�YHU\�VPDOO��UHPHP�

EHU���������������LV�HVVHQWLDOO\�]HUR�LQ�WKLV�JDPH��

$� VHFRQG¥DQG� ROGHU¥ZD\� WR� GHILQH� LQIRUPDWLRQ� DWRPLVWL�

FDOO\�LV�XVLQJ�HQWURS\��VLQFH�HQWURS\�LV�D�PHDVXUH�RI�WKH�GLVRUGHU�RI

D�SK\VLFDO�V\VWHP��7R�XQGHUVWDQG�WKLV�SURSHUO\��OHW©V�ILUVW�VSHQG�D

OLWWOH� WLPH� GLJJLQJ� LQWR� HQWURS\�� WR� XQGHUVWDQG� LW� EHWWHU� IURP� D

VWDWLVWLFDO�SRLQW�RI�YLHZ��������

,PDJLQH�D�SK\VLFDO�V\VWHP�RI�VRPH�NLQG¥VD\�D�URRP�IXOO�RI

JDV�� ,I�ZH�ZDQW� WR� GHVFULEH� WKH� VWDWH� RI� WKLV� JDV��ZH� GR� LW�ZLWK

TXDQWLWLHV�OLNH�WHPSHUDWXUH��SUHVVXUH��YROXPH��DQG�WKH�UDWLRV�RI�LWV

FRQVWLWXHQWV��H�J������2[\JHQ������+HOLXP��DQG�����1LWURJHQ�

$OO� RI� WKHVH� DUH� PDFURVFRSLF� GHVFULSWLRQV� RI� ZKDW� WKH� JDV� LV�

*HQHUDOO\�ZH�GR�QRW�VSHFLI\�D� OLVW�RI�PLFURVFRSLF�SDUDPHWHUV� WR

6HOI�5HSURGXFWLRQ�DQG�,QIRUPDWLRQ ��



GHVFULEH� WKH�JDV��)RU� H[DPSOH�� �VSHDNLQJ�FODVVLFDOO\��ZH�GR�QRW

SURYLGH�D�OLVW�RI������DWRPLF�SRVLWLRQV�DQG�YHORFLWLHV�

���2���[ ����������������P������Y �������������������P�VHF ����

���+H��[ ����������������P������Y ��������������������P�VHF

�

�

�

7R� GR� VR� ZRXOG� EH� DEVXUGO\� GLIILFXOW�� DQG� LW� ZRXOG� EH� UDSLGO\

FKDQJLQJ�IURP�VHFRQG�WR�VHFRQG��7KH�PDFURVFRSLF�TXDQWLWLHV�WHOO

XV�MXVW�DERXW�HYHU\WKLQJ�ZH�UHDOO\�FDUH�WR�NQRZ�

,Q�D�ZD\��HQWURS\�EULGJHV�WKH�JDS�EHWZHHQ�WKH�PDFURVFRSLF�DQG

WKH�PLFURVFRSLF��0DWKHPDWLFDOO\��WKH�HQWURS\�6�RI�D�V\VWHP�FDQ�EH

GHILQHG�VWDWLVWLFDOO\�DV

6� �N%OQ�Ω� ����

ZKHUH

N%� ������[���
����HUJ��& ����

LV�%ROW]PDQQ©V�FRQVWDQW��OQ�LV�WKH�QDWXUDO�ORJDULWKP��DQG�Ω�LV�WKH
QXPEHU�RI�PLFURVFRSLF�VWDWHV�RI�D�V\VWHP�ZKLFK�ZLOO�SURGXFH�WKH

VSHFLILHG�PDFURVFRSLF�VWDWH��,Q�JHQHUDO��IRU�DQ\�PDFURVFRSLF�V\V�

WHP��VXFK�DV�RXU�URRP�IXOO�RI�JDV��Ω�LV�DQ�DEVROXWHO\�KXJH�QXPEHU�
7KH�ORJ�FXWV�LW�GRZQ�WR�D�ZRUNDEOH�VL]H�

:H�FDQ�DSSO\� WKLV�GHILQLWLRQ�RI�HQWURS\� WR�DQ\WKLQJ�ZH�FDQ

GHILQH� DQ�Ω� IRU�� DQG� LW©V� LQVWUXFWLYH� WR� GR� VR� LQ� RUGHU� WR� EHWWHU

XQGHUVWDQG�HQWURS\�DQG�WKH�VHFRQG�ODZ�RI�WKHUPRG\QDPLFV�

6XSSRVH�� IRU� H[DPSOH�� ZH� KDG� 0� FRLQV� DQG� ZH� ZLVKHG� WR

GHVFULEH�D�VWDWH�LQ�ZKLFK�1�ZHUH�KHDGV�DQG�0�1�ZHUH�WDLOV��:H�FDQ

ILJXUH�Ω�RXW�ZLWK�D�OLWWOH�ORJLF��'HILQH

Ω0�1� �1XPEHU�RI�VWDWHV�IRU�ZKLFK�1�RI�0�FRLQV�DUH�KHDGV ����

7KHQ�LW�LV�IDLUO\�HDV\�WR�VHH�WKDW

�� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ



Ω0�0� �Ω0��� �� ����

VLQFH�WKHUH�LV�RQO\�RQH�SRVVLEOH�FRQILJXUDWLRQ�ZKHQ�DOO�FRLQV�DUH

KHDGV�RU�WDLOV��:H�FDQ�DOVR�HVWDEOLVK�WKH�UHODWLRQVKLS

Ω0�1� �Ω0���1�����Ω0���1 ����

VLQFH�ZH�FDQ�VLQJOH�RXW�WKH�ILUVW�FRLQ��DQG�LI�LW©V�KHDGV��WKHQ�WKHUH

PXVW�EH�0���FRLQV�LQ�WKH�UHVW�RI�WKH�ORW�ZLWK�1���KHDGV��/LNHZLVH

LI�WKH�ILUVW�LV�WDLOV��WKHQ�WKHUH�DUH�0���FRLQV�ZLWK�1�KHDGV�LQ�WKH�UHVW

RI�WKH�ORW��:LWK�WKHVH�UHODWLRQVKLSV��RQH�FDQ�SURYH�WKDW

Ω0�1� �0��1��0�1��� ����

1RZ�VXSSRVH�WKDW�ZH�KDG�����FRLQV��)RU�D�VWDWH�RI�DOO�KHDGV�RU�DOO

WDLOV��ZH�KDYH

Ω�������� �����������Ω������ �� ����

)RU�D�VWDWH�ZLWK���KHDGV�DQG����WDLOV�

Ω������ ���� ����

DQG�IRU�D�VWDWH�ZLWK����KHDGV�DQG����WDLOV�

Ω������� ������������� ������[���
�� �����

7KH�HQWURS\�IRU�DOO�KHDGV�RU�WDLOV�LV�]HUR��7KH�HQWURS\�IRU�RQH�KHDG

RU�WDLOV�LV�JLYHQ�E\�

6������ �N%OQ������ �� �����

ZKHUHDV�IRU����ZH�JHW

6HOI�5HSURGXFWLRQ�DQG�,QIRUPDWLRQ ��

� +HUH��DQG�WKURXJKRXW�WKH�UHVW�RI�WKH�FKDSWHU��ZH�ZLOO�XVH�XQLWV�IRU�ZKLFK�N% �
WR�VLPSOLI\�FDOFXODWLRQV�



6������� �N%OQ�������������� ����� �����

1RZ�ZH�DOO�NQRZ�WKDW�LI� WKHVH�FRLQV�DUH�EHLQJ�WRVVHG�UDQGRPO\�

ZH©OO� XVXDOO\� VHH� URXJKO\� D� ������ VSOLW��$� ��� WR� �� VSOLW�ZLOO� EH

H[WUHPHO\�UDUH��(YHQ�LI�ZH�VWDUW�WKH�FRLQV�RXW�DOO�KHDGV��DQG�VKDNH

WKHP�XS��WKH\�ZLOO�TXLFNO\�JR�WR�DSSUR[LPDWHO\�D�������VSOLW�DQG

VWD\�WKHUH��([SUHVVHG�LQ�WHUPV�RI�WKH�VHFRQG�ODZ�RI�WKHUPRG\QDP�

LFV��WKH�V\VWHP�QHFHVVDULO\�WHQGV�WR�JR�WRZDUG�D�VWDWH�RI�LQFUHDVHG

HQWURS\�

7KH�VWDWLVWLFDO�IOXFWXDWLRQV�IURP�WKH�ELJJHVW�Ω�DUH�VLJQLILFDQW
ZKHQ�ZH©UH� WDONLQJ�DERXW�����FRLQV��)RU�H[DPSOH��D�������VSOLW

ZRXOG�QRW�EH�FRQVLGHUHG�XQXVXDO��7KH�UHDVRQ�LV�WKDW

Ω���������Ω������� ������ �����

LV� QRW� WRR� ELJ�� +RZHYHU�� DV� WKH� QXPEHU� RI� FRLQV� �RU� DWRPV�� RU

SDUWLFOHV��RU�ZKDW�KDYH�\RX��JHWV�ELJJHU�DQG�ELJJHU��WKH�IOXFWXDWLRQV

VKULQN��,Q�JHQHUDO��IRU�0�SDUWLFOHV��WKH�UHDVRQDEOH�GHYLDWLRQV�ZLOO

JR�DV�√0��√���� �����VR�DQ\WKLQJ�ZLWKLQ����RI�D�������VSOLW�LV�QRW
XQXVXDO��+RZHYHU��VXSSRVH�ZH�KDG������FRLQV��1RZ�� WKH�VTXDUH

URRW�LV������ZKLFK�LV�D�YHU\�VPDOO�QXPEHU�FRPSDUHG�WR�������1RZ

DQ\WKLQJ�ZLWKLQ������RI�D�������VSOLW�LV�QRW�XQXVXDO��+RZHYHU��D

���[�����WR����[������H�J��WKH�VDPH�UDWLR�DV�D�������VSOLW�ZLWK����
FRLQV��LV�DEVXUGO\�XQOLNHO\��7KDW�LV�EHFDXVH

Ω�����[�������Ω�������[���� �����

LV�DEVXUGO\�KXJH�

:KDW�DOO�WKLV�PHDQV�LV�WKDW�WKH�VHFRQG�ODZ�RI�WKHUPRG\QDPLFV

JRHV�IURP�EHLQJ�PHUHO\�D�VWDWLVWLFDO�JXLGHOLQH�ZKHQ�WDONLQJ�DERXW

QXPEHUV�OLNH�����WR�EHLQJ�D�KDUG�DQG�IDVW�UXOH�ZKHQ�WDONLQJ�DERXW

QXPEHUV�RQ� WKH�RUGHU�RI� WKH�QXPEHU�RI�DWRPV� LQ�D�PDFURVFRSLF

REMHFW�

6R�KRZ�DUH�HQWURS\�DQG�LQIRUPDWLRQ�UHODWHG"

6XSSRVH�,�XVHG�P\�����FRLQV�WR�FUHDWH�D�ELQDU\�VHTXHQFH�RI

QXPEHUV� E\� DVVLJQLQJ� �� WR� KHDGV� DQG� �� WR� WDLOV�� 7KHQ� XVLQJ� D

��� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ



�QRQ�$6&,,��UHSUHVHQWDWLRQ�RI�WKH�XSSHU�FDVH�OHWWHUV��,�PLJKW�DVN

KRZ�PDQ\�FRQILJXUDWLRQV�FRQWDLQ�P\�VHTXHQFH�RI�OHWWHUV�¦7+,6�,6

$/,9(§"�7KH�VWULQJ�FRQVLVWV�RI����FKDUDFWHUV��DQG�,�QHHG�ILYH�ELWV

SHU�FKDUDFWHU�WR�UHSUHVHQW�LW��7KXV����FRQWLJXRXV�ELWV�PXVW�EH�XVHG

WR�VSHFLI\�WKH�VWULQJ��,I�ZH�KDYH�����ELWV�WR�ZRUN�ZLWK��WKH�RWKHU���

ELWV�FDQ�EH�DQ\WKLQJ�\RX�OLNH��DQG�WKH\�FDQ�DSSHDU�EHIRUH�RU�DIWHU

P\�VWULQJ��$V�VXFK��WKHUH�DUH�DERXW���[����SRVVLEOH�FRPELQDWLRQV
ZKLFK�FRQWDLQ�WKLV�VHTXHQFH�RI�OHWWHUV��7KXV��ZH�FDQ�FRPSXWH�WKH

HQWURS\�RI�D�VWDWH�FRQWDLQLQJ�WKLV�VHTXHQFH�

6� �N%OQ���[�
���� ������ �����

,I�,�KDG�VSHFLILHG�D�VHTXHQFH����FKDUDFWHUV�ORQJ��,�ZRXOG�KDYH�WR

XVH� DOO� ���� ELWV�� 7KH� VWDWH� RI� WKH� FRLQV� ZRXOG� EH� FRPSOHWHO\

VSHFLILHG�DQG�ZH©G�KDYH�6� ���

1RWH� WKDW� ERWK� LQ� WKH� FDVH�ZKHUH� ,� VSHFLILHG� D� VHTXHQFH� RI

OHWWHUV�� DQG�ZKHUH� ,� VSHFLILHG� D� UDWLR� RI� KHDGV� DQG� WDLOV�� ,� KDYH

LPSRVHG� D� FRQGLWLRQ� RQ� WKH� VWDWH� RI� WKH� FRLQV�� ,� KDYH� VSHFLILHG

VRPHWKLQJ��ZKHWKHU� LW� EH� D� SDUWLFXODU� VHTXHQFH�� RU� D�ZHLJKWLQJ�

7KXV��WKH�HQWURS\�FDQ�EH�XQGHUVWRRG�DV�D�PHDVXUHPHQW�RI�WKH�ODFN

RI�VSHFLILFLW\�LQ�WKH�VWDWH�RI�WKH�FRLQV��RU�ZKDW�KDYH�\RX���7KH�ELJJHU

WKH�HQWURS\��WKH�OHVV�WKDW�LV�VSHFLILHG��7KXV��LI�,�VSHFLI\�WKH�VWDWH

FRPSOHWHO\��HLWKHU�ZLWK�D�FRPSOH[�VHTXHQFH�RI�����ELWV�RU�E\�MXVW

VD\LQJ�¦DOO��©V§ ��H�J��DOO�KHDGV���WKH�HQWURS\�LV�]HUR��2Q�WKH�RWKHU

KDQG��LI�,�VSHFLI\�RQO\�D�������PL[��,�KDYHQ©W�VSHFLILHG�WKH�VWDWH�RI

WKH�FRLQV�YHU\�FDUHIXOO\�VLQFH�WKHUH�DUH�PDQ\��PDQ\�FRPELQDWLRQV

ZKLFK�ZLOO�JLYH�D�������PL[��7KXV��WKH�HQWURS\�LV�D�ODUJH�SRVLWLYH

QXPEHU�

,Q�WKLV�ZD\�ZH�FDQ�XQGHUVWDQG�HQWURS\�DV�D�PHDVXUH�RI�LQIRU�

PDWLRQ�FRQWHQW��,I�ZH�KDYH�D�ORW�RI�LQIRUPDWLRQ�DERXW�D�SK\VLFDO

V\VWHP¥D�KLJK�GHJUHH�RI�VSHFLILFLW\¥WKHQ�LW�KDV�ORZ�HQWURS\��,I

ZH�KDYH� OLWWOH� LQIRUPDWLRQ�� LW�KDV�KLJK�HQWURS\��7KH�HQWURS\�LV�D

PHDVXUH� RI� WKH� WRWDO� DPRXQW� RI� PLVVLQJ� LQIRUPDWLRQ� DERXW� WKH

V\VWHP�

%XW�WKHQ�ZH�FDQ�WXUQ�WKH�WDEOHV�DQG�GHILQH�LQIRUPDWLRQ�FRQWHQW

LQ�WHUPV�RI�HQWURS\��$�KLJK�LQIRUPDWLRQ�FRQWHQW�FDQ�EH�GHILQHG�DV

D�VWDWH�ZLWK�ORZ�HQWURS\��6XFK�D�GHILQLWLRQ�RI�LQIRUPDWLRQ�LV�VLPLODU

WR�RXU�LGHD�RI�DOJRULWKPLF�LQIRUPDWLRQ�FRQWHQW��EXW�QRW�H[DFWO\�WKH

6HOI�5HSURGXFWLRQ�DQG�,QIRUPDWLRQ ���



VDPH��$�VWDWH�RI�ORZ�HQWURS\��KLJK�HQWURS\�LQIRUPDWLRQ�FRQWHQW�

PD\�KDYH�ORZ�DOJRULWKPLF�LQIRUPDWLRQ�FRQWHQW��)RU�H[DPSOH��JRLQJ

EDFN� WR� RXU� FRLQV�� D� VWDWH� ZLWK� DOO� KHDGV� KDV� ORZ� DOJRULWKPLF

LQIRUPDWLRQ�FRQWHQW�EHFDXVH�WKH�DOJRULWKP�WR�VSHFLI\�WKDW�VWDWH�LV

YHU\�FRPSDFW��+RZHYHU��WKDW�VWDWH�KDV�]HUR�HQWURS\��DQG�WKHUHIRUH

KLJK�HQWURS\�LQIRUPDWLRQ�FRQWHQW��2Q�WKH�RWKHU�KDQG��D�VWDWH�ZLWK

KLJK�DOJRULWKPLF�LQIRUPDWLRQ�FRQWHQW�LV�JHQHUDOO\�D�VWDWH�RI��UHOD�

WLYHO\�� ORZ� HQWURS\�� 7KXV�� WKH� LGHD� RI� DOJRULWKPLF� LQIRUPDWLRQ

FRQWHQW�DSSHDUV�WR�EH�VRPHZKDW�VWURQJHU�WKDQ�WKH�LGHD�RI�LQIRUPD�

WLRQ�DV�ODFN�RI�HQWURS\�

6R�IDU��VR�JRRG�

1RZ�OHW©V�WXUQ�WR�WKH�UHDO�ZRUOG�DQG�VHH�MXVW�ZKDW�D�SLFNOH�ZH

FDQ�JHW�LQWR�ZLWK�WKHVH�LGHDV�RI�LQIRUPDWLRQ��3LFN�XS�D�URFN�DQG

H[DPLQH�LW�������1RZ�PRGHO�LW�ZLWK�DQ�DOJRULWKP�������7KH�HVVHQWLDO

TXHVWLRQ�IRU�RXU�SRRU�SURJUDPPHU�LPPHGLDWHO\�EHFRPHV�¦'R�\RX

ZDQW�D�URFN�OLNH�WKLV��RU�GR�\RX�ZDQW�WKLV�URFN"§ �0DNLQJ�D�PRGHO

IRU�D�URFN�WKDW�ORRNV�VLPLODU��DQG�KDV�D�VLPLODU�FKHPLFDO�VWUXFWXUH

LV�QRW�WRR�GLIILFXOW��DQG�,�VXSSRVH�LW�FRXOG�EH�DFFRPSOLVKHG�ZLWK

�����OLQHV�RI�FRGH�LQ�D�KLJK�OHYHO�ODQJXDJH��+RZHYHU��WR�PRGHO�WKLV

SDUWLFXODU�URFN�H[DFWO\�LV�D�SUREOHP�RI�LPPHQVH�PDJQLWXGH��(YHU\

PLFURVFRSLF�LUUHJXODULW\�RQ�LWV�VXUIDFH�PXVW�EH�DFFRXQWHG�IRU��(YHU\

WUDFH� LPSXULW\� LQ� LWV� LQWHULRU� PXVW� EH� DFFXUDWHO\� PRGHOHG�� 7KH

DOJRULWKP�IRU�WKLV�PRGHO�LV�EH\RQG�SUDFWLFDO�UHDFK�

6R�GRHV�WKH�URFN�KDYH�D�WUHPHQGRXV�DOJRULWKPLF�LQIRUPDWLRQ

FRQWHQW�� RU� RQO\� D� OLWWOH"� 7KDW� EHFRPHV� D� GHHSO\� SKLORVRSKLFDO

TXHVWLRQ�ZKLFK�VFLHQFH�VLPSO\�FDQQRW�DQVZHU��DQG�RXU�GHILQLWLRQV

RI�LQIRUPDWLRQ�FDQQRW�DQVZHU�

,W�LV�YHU\�LPSRUWDQW�WR�XQGHUVWDQG�WKLV�SRLQW�

7KH�TXHVWLRQ�JRHV�ULJKW�EDFN�WR�WKH�ILUVW�FDXVHV�WKDW�$ULVWRWOH

DQG� WKH�DWRPLVWLF�PDWHULDOLVWV�DUJXHG�DW�JUHDW� OHQJWK��2QH�PLJKW

WDNH� WKH� DWRPLVWLF� YLHZ�RI� WKH�ZRUOG� DQG� WKLQN�RI� WKH� URFN�DV� D

UDQGRP�FKDQFH�HYHQW��DQG�KHQFH�DUJXH�WKDW�LW�LV�PHUHO\�D�URFN��ZLWK

OLWWOH�LQIRUPDWLRQ�FRQWHQW��<HW�RQH�FRXOG�DOVR�WDNH�WKH�YLHZ�WKDW�WKH

URFN�LV�DQ�LQGLYLGXDO��VSHFLDOO\�IDVKLRQHG�E\�DQ�LQWHOOLJHQW�IRUFH

ZKR�QXPEHUV�WKH�KDLUV�RQ�RXU�KHDGV�DQG�FRXQWV�WKH�JUDLQV�RI�VDQG

RQ�WKH�VHDVKRUH���7KH�TXHVWLRQ�RI�KRZ�WKH�URFN�ZDV�IRUPHG�PDWWHUV

OLWWOH�LI�WKLV�LV�WKH�FDVH��,W�PD\�EH��DQ�DFW�RI�VSHFLDO��LQVWDQWDQHRXV

FUHDWLRQ�RU�D�UHVXOW�RI�QDWXUDO�SURFHVVHV�LQ�D�ZRUOG�YLHZHG�DV�*RG©V

��� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ



ODERUDWRU\���,Q�WKLV�FDVH��WKH�VSHFLILF��PLFURVFRSLF��LQGLYLGXDO�IHD�

WXUHV�RI�WKH�URFN�DUH�LPSRUWDQW��DQG�LW�ZLOO�EH�YLHZHG�DV�KDYLQJ�D

KLJK� LQIRUPDWLRQ� FRQWHQW�� $JDLQ�� WKH� URFN� FRXOG� KDYH� EHHQ� SXW

WRJHWKHU�DV�D�GHWDLOHG�FRPPXQLFDWLRQ�IURP�DQRWKHU�EHLQJ�RQ�VRPH

RWKHU� SODQHW�� DQG� KXUOHG� WKURXJK� VSDFH� WR� XV¥D� YLWDO� SLHFH� RI

LQIRUPDWLRQ�IRU�XV�WR�GHFRGH��:LWKRXW�VRPH�XQGHUVWDQGLQJ�RI�WKH

RULJLQ�RI� WKH� URFN� �LQFOXGLQJ� WKH�PHWDSK\VLFV�RI� WKDW�RULJLQ��ZH

FDQQRW�UHDOO\�DWWDFN�WKH�TXHVWLRQ��&RPPRQO\�RQH�MXVW�PDNHV�VRPH

XQGHU�WKH�WDEOH�DVVXPSWLRQV�DERXW�WKH�URFN��DQG�SURFHHGV�RQ�WKDW

EDVLV��+RZHYHU��WKDW�LV�QRW�SKLORVRSKLFDOO\�VRXQG�

7KLV�PD\�VHHP�OLNH�D�SUHWW\�HVRWHULF�GLVFXVVLRQ�IRU�D�ERRN�DERXW

FRPSXWHU�YLUXVHV��EXW�LW�LV�QRW��5HPHPEHU�WKDW�WKH�ZRUOG�RI�ELWV�DQG

E\WHV�LQVLGH�RI�D�FRPSXWHU�LV�D�ERDWORDG�RI�LQIRUPDWLRQ�WR�XV��DQG

PDQ\�SHRSOH�ZLOO�FRPSODLQ�DERXW�KRZ�YLUXVHV�WUDPSOH�WKDW�LQIRU�

PDWLRQ�OHIW�DQG�ULJKW��+RZHYHU��IURP�WKLV�GLVFXVVLRQ��ZH�FDQ�VHH

WKDW�RQH�FRXOG�YLHZ�RXU�ZRUOG�LQ�WKH�YHU\�VDPH�ZD\¥D�ZRUOG�IXOO

RI�LQIRUPDWLRQ�WKDW�OLYLQJ�FUHDWXUHV�DUH�YHU\�DGHSW�DW�GHVWUR\LQJ��,Q

IDFW�WKH\�DUH�PDGH�WR�GHVWUR\�LW�VLQFH�D�OLYLQJ�RUJDQLVP©V�PHWDER�

OLVP� UDLVHV� WKH� HQWURS\� RI� LWV� VXUURXQGLQJV� WR�PDLQWDLQ� LWV� RZQ

ORZ�HQWURS\� VWDWH�� ,W� FRXOGQ©W� OLYH� RWKHUZLVH�� :H©YH� DOUHDG\

HTXDWHG�DQ�LQFUHDVH�LQ�HQWURS\�ZLWK�WKH�GHVWUXFWLRQ�RI�LQIRUPDWLRQ�

$QG�KRZ�ZRXOG�D�YLUXV�VHH�LWV�RZQ�ZRUOG��LI�LW�ZHUH�FRQVFLRXV"

:RXOG�LW�LPDJLQH�WKDW�(;(�ILOH�WR�EH�D�SLHFH�RI�LQWULFDWH�LQIRUPDWLRQ

QRW�WR�EH�WR\HG�ZLWK��RU�ZRXOG�LW�ORRN�OLNH�MXVW�DQRWKHU�JRRG�URFN

WR�JHW�VRPH�VXQVKLQH�RQ�WKH�WRS�RI"�(YHQ�WKLV�¦HVRWHULF§ �SKLORVRSK\

LV�UHOHYDQW�WR�YLUXVHV�

$Q\ZD\��LW�DSSHDUV�WKDW�RXU�LGHDV�DERXW�LQIRUPDWLRQ�DUH�KDUG

WR�DSSO\�WR�OLIH�DV�LV��([WUHPH�DWRPLVP�KDV�D�WHQGHQF\�WR�GULYH�WRR

PXFK� LQIRUPDWLRQ� RXW� RI� WKH� XQLYHUVH�� $WRPLVWLFDOO\�� RQH� FDQ

KDUGO\�GUDZ�WKH�OLQH�EHWZHHQ�D�SK\VLFDO�SURFHVV�WKDW�FRQVWLWXWHV�OLIH

DQG�RQH�WKDW�GRHV�QRW¥DOO�DUH�MXVW�DWRPV�DQG�SK\VLFV��1HLWKHU�FDQ

RQH�VD\�WKDW�WKHUH�LV�D�ORW�RI�LQIRUPDWLRQ�LQ�D�OLYLQJ�RUJDQLVP��DQG

QRW�LQ�DQ�LQDQLPDWH�URFN��7KH�OLYLQJ�RUJDQLVP�LV�D�FKDQFH�RFFXU�

UHQFH��RQH�RI�PDQ\�SRVVLELOLWLHV��$QG�ORZ�VSHFLILFLW\�PHDQV�ORZ

LQIRUPDWLRQ�FRQWHQW��2Q�WKH�RWKHU�KDQG��H[WUHPH�$ULVWRWHOLDQLVP�

RU�FUHDWLRQLVP��LI�\RX�ZLOO��WHQGV�WR�SXW�WRR�PXFK�LQIRUPDWLRQ�LQWR

WKH� XQLYHUVH�� 7KH� '1$� LQ� D� OLYLQJ� RUJDQLVP� EHFRPHV� KLJKO\

VSHFLILF��\HV��EXW�SHUKDSV�QR�PRUH�VR�WKDQ�D�URFN�RU�DQ\�P\ULDG�RI

6HOI�5HSURGXFWLRQ�DQG�,QIRUPDWLRQ ���



RWKHU�LQDQLPDWH�REMHFWV��7KHUHIRUH�\RX�HQG�XS�ZLWK�OLIH�FRQWDLQLQJ

D�VPDOO�SLHFH�RI�LQIRUPDWLRQ�LQ�D�ZRUOG�LQXQGDWHG�ZLWK�LW�

6R�LQIRUPDWLRQ�DSSHDUV�WR�EH�DW�KHDUW�D�VXEMHFWLYH�DQG�SKLOR�

VRSKLFDO�LGHD��:H�FDQQRW�VHHP�WR�JHW�DZD\�IURP�LW��HYHQ�ZKHQ�ZH

DWWHPSW�WR�GHILQH�LQIRUPDWLRQ�DWRPLVWLFDOO\��,Q�WKH�HQG��WKH�ZKROH

LGHD�RI�LQIRUPDWLRQ�UHPDLQV�SUDFWLFDOO\�QRQVHQVLFDO�DSDUW�IURP�WKH

TXHVWLRQ�RI�PHDQLQJ��,�ZLOO�QRW�WU\�WR�WDFNOH�DOO�RI�WKHVH�GHHS�LVVXHV

KHUH��7KH\�FRXOG�EH�WKH�VXEMHFW�RI�DQ�HQWLUH�ERRN��+RZHYHU��ZH

GHVSHUDWHO\�QHHG�VRPH�NLQG�RI�PLGGOH�JURXQG��ZKHUH�ZH�FDQ�GHILQH

LQIRUPDWLRQ�LQ�VXFK�D�ZD\�WKDW� LW�FDQ�KHOS�XV�WR�XQGHUVWDQG�OLIH�

:LWKRXW�WKDW��WKH�ZKROH�LGHD�RI�VHOI�UHSURGXFWLRQ�FDQ�HDVLO\�JHW�ORVW

LQ�WKH�SKLORVRSKLFDO�LVVXHV�

,QIRUPDWLRQ�DQG�&RPSXWHUV

,QIRUPDWLRQ�DV�ZH�QRUPDOO\�XQGHUVWDQG�LW�LQIRUPV�DQ�LQWHOOL�

JHQW��FRQVFLRXV�FUHDWXUH��2XU�LGHD�RI�LQIRUPDWLRQ�KDV�ODUJHO\�EHHQ

ERUQ�RI�WKH�FRPSXWHU�DJH�GXULQJ�ZKLFK�SHULRG�ZH�KDYH�LQYHQWHG

PDFKLQHV�ZKLFK�FDQ�LQWHUSUHW�DQG�SURFHVV�LQIRUPDWLRQ��7KXV��RXU

UHDO�LGHDV�DERXW�LQIRUPDWLRQ�DUH�VWLOO�FORVHO\�WLHG�WR�WKH�LGHD�WKDW

VRPHWKLQJ¥D�PDFKLQH�RU�DQ�LQWHOOLJHQW�EHLQJ¥LQWHUSUHWV�LW�

7KHVH�WKRXJKWV�PDNH�VHQVH�WR�XV�VXSHUILFLDOO\��+RZHYHU�WKH\

VWLOO�OHDYH�D�ELJ�TXHVWLRQ�RI�PHDQLQJ�WR�WDFNOH��,I�,�JDYH�\RX�D�ERRN

ZULWWHQ�LQ�WKH�ZURQJ�ODQJXDJH�LW�ZRXOG�EH�PHDQLQJOHVV�WR�\RX¥DQG

\RX�FRXOGQ©W�HYHQ�WHOO�LI�LW�ZRXOG�EH�PHDQLQJOHVV�WR�VRPHRQH�ZKR

NQHZ�WKDW�ODQJXDJH��:RUVH�\HW��LI�,�SXW�D�SURJUDP�LQWR�D�FRPSXWHU

DQG�UXQ�LW��ZKDW�PDNHV�LW�D�PHDQLQJIXO�RU�PHDQLQJOHVV�SURJUDP"�,

FDQ�H[HFXWH�DQ\�UDQGRP�VWULQJ�RI�E\WHV�RQ�PRVW�FRPSXWHUV�DQG�WKH\

ZLOO� GR� VRPHWKLQJ�� +RZ� GR� ,� GLIIHUHQWLDWH� EHWZHHQ� XVHIXO� DQG

XVHOHVV�SURJUDPV��PHDQLQJIXO�DQG�PHDQLQJOHVV�LQIRUPDWLRQ"

$W� ERWWRP��PHDQLQJ� FDQ� RQO\� EH� UHIHUHQFHG� WR� D� FRQVFLRXV

EHLQJ��,QIRUPDWLRQ�LV�PHDQLQJIXO�RQO\�ZLWK�UHVSHFW�WR�D�FRQVFLRXV

EHLQJ��7KH�SURJUDP�LV�PHDQLQJIXO�DQG�XVHIXO�RQO\�LI�LW�GRHV�VRPH�

WKLQJ�WKDW�LV�PHDQLQJIXO�WR�VRPHERG\��,I�ZH�GHFLGH�WR�DEVWUDFW�WKLV

LGHD�RI�PHDQLQJ�DQG�GHILQH�LW�LQ�VRPH�ULJRURXV�REMHFWLYH�ZD\��WKHQ

DOO�ZH�DUH�GRLQJ�LV�VD\LQJ�WKDW�WKDW�REMHFWLYH�GHILQLWLRQ�KDV�VRPH

PHDQLQJ�WR�XV��7KHUHIRUH�HYHQ�RXU�REMHFWLILFDWLRQ�LV�VXEMHFWLYH��2XU

VXSSRVHGO\�REMHFWLYH�GHILQLWLRQV�RI�LQIRUPDWLRQ�FRQWHQW�YLD�DOJR�

��� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ



ULWKPV� DQG� HQWURS\� DUH� XVHOHVV� ZLWKRXW� VRPH� VXEMHFWLYH�� SKLOR�

VRSKLFDO� LQSXW�� ,W� LV� WRWDOO\� LQ� WKH� WUDGLWLRQ�RI�$ULVWRWOH¥SODFLQJ

IXQGDPHQWDO�YDOXH�RQ�DQ�LGHD�UDWKHU�WKDQ�WU\LQJ�WR�UHGXFH�HYHU\�

WKLQJ�WR�DWRPV�DQG�SK\VLFV��,W�DSSHDUV�ZH�ZLOO�KDYH�WR�OLYH�ZLWK�WKDW

LI�ZH�ZDQW�DQ\�XVHIXO�LGHD�RI�LQIRUPDWLRQ�

:LWKLQ� WKH� UHDOP� RI� $UWLILFLDO� /LIH�� LW� VHHPV� UHDVRQDEOH� WR

GHILQH�PHDQLQJIXO�LQIRUPDWLRQ�LQ�WHUPV�RI�VHOI�UHSURGXFWLRQ��/HW

XV�WDNH�D�GHILQLWLRQ�OLNH�WKLV�DV�D�VWDUWLQJ�SRLQW�

*LYHQ� D� PDFKLQH� ZKLFK� FDQ� LQWHUSUHW� VRPH� LQVWUXFWLRQ� VHW�� D

VHTXHQFH�RI� LQVWUXFWLRQV� LV�PHDQLQJIXO� LI� LWV�H[HFXWLRQ�FDXVHV� WKH

LQWHUSUHWHU� WR�PDNH�DQ�H[DFW�FRS\�RI�ERWK�WKH�LQWHUSUHWHU�DQG�WKH

LQVWUXFWLRQV�LQ�VRPH�VRUW�RI�LQLWLDO�VWDWH�

2EYLRXVO\�WKLV�GHILQLWLRQ�LV�QRW�LQWHQGHG�WR�EH�WKH�ILQDO�ZRUG�RQ

PHDQLQJ��<RXU�VSUHDGVKHHW�SURJUDP�REYLRXVO\�H[HFXWHV�PHDQLQJ�

IXO�LQVWUXFWLRQV�HYHQ�WKRXJK�LW�GRHV�QRW�UHSURGXFH��2XU�GHILQLWLRQ

PHUHO\� VLQJOHV� RXW� D� FODVV� RI� DFWLRQV� ZKLFK� ZH� FRQVLGHU� WR� EH

PHDQLQJIXO�

,Q�ZULWLQJ�GRZQ�VXFK�D�GHILQLWLRQ��ZH�ZRXOG�OLNH�WR�EH�DEOH�WR

GUDZ�D�FOHDU�OLQH�EHWZHHQ�WKH�LQWHUSUHWLQJ�PDFKLQH�DQG�WKH�LQIRU�

PDWLRQ�EHLQJ�LQWHUSUHWHG��:H©G�OLNH�WR�SLFWXUH�LW�OLNH�D�FRPSXWHU

DQG�D�WDSH�ZLWK�D�SURJUDP�RQ�LW��7KHQ�ZH�FDQ�SXOO�WKH�SURJUDP�RXW

RI� LW� DQG� DQDO\]H� LWV� LQIRUPDWLRQ�FRQWHQW�XVLQJ�HQWURS\�RU� DOJR�

ULWKPV��RU�ZKDW�KDYH�\RX�

8QGHUVWDQG�WKDW�PHUH�HQWURSLF�RU�DOJRULWKPLF�LQIRUPDWLRQ�FRQ�

WHQW� RI� D� WDSH� LQ� WKH� DEVWUDFW� GRHV� QRW� QHFHVVDULO\� HTXDWH� ZLWK

LQIRUPDWLRQ�ZLWK�UHVSHFW�WR�UHSURGXFWLRQ��7KH�WDSH�FRXOG�FRQFHLY�

DEO\� EH� LUUHOHYDQW� WR� WKH� UHSURGXFWLRQ� SURFHVV�� ,I� WKH� PDFKLQH

UHSURGXFHV�QR�PDWWHU�ZKDW�WDSH�\RX�KDYH�LQVHUWHG�LQ�LW��\RX�KDYH�D

ODUJH�QXPEHU�RI�SRVVLEOH�WDSHV��Ω���DQG�VR�D�ODUJH�HQWURS\��DQG�OLWWOH
LQIRUPDWLRQ�FRQWHQW�

$QRWKHU� SODFH�ZKHUH�ZH�ZRXOG� OLNH� WR� GUDZ� D� FOHDU� OLQH� LV

EHWZHHQ�WKH�VHOI�UHSURGXFLQJ�DXWRPDWRQ�DQG�LWV�HQYLURQPHQW��7KH

YHU\� LGHD�RI�D�¦PDFKLQH� LQWHUSUHWLQJ� LQVWUXFWLRQV§ � VXJJHVWV� WKLV

GLVWLQFWLRQ��7KH�PDFKLQH�LV�QRW�WKH�HQYLURQPHQW�DV�D�ZKROH��:H�FDQ

LGHQWLI\�D�VXEVHW�RI�WKH�HQYLURQPHQW�DQG�VD\�¦ WKHUH�LV�WKH�PDFKLQH�§

<HW� WKH� PDFKLQH� LV� QRW� WRWDOO\� LQGHSHQGHQW� RI� LWV� HQYLURQPHQW�

6HOI�5HSURGXFWLRQ�DQG�,QIRUPDWLRQ ���



,QGHHG��LW�FDQQRW�EH��,I�LW�ZHUH��LW�ZRXOG�EH�DQ�LVRODWHG�V\VWHP��DQG

WKHUHIRUH�DQ�HQYLURQPHQW�XQWR�LWVHOI��:H�FDQ�GUDZ�D�OLQH�EHWZHHQ

PDFKLQH�DQG�HQYLURQPHQW�EHFDXVH�WKH�PDFKLQH�LV�QRUPDOO\�XQGHU�

VWRRG�DV�WKH�SDUW�ZKLFK�GRHV�WKH�GHWDLOHG�RUJDQL]LQJ�ZRUN�QHFHVVDU\

WR�HIIHFW�UHSURGXFWLRQ��7KH�HQYLURQPHQW�SURYLGHV�WKH�QHHGHG�UDZ

PDWHULDOV�DQG�D�SRRO�RI�QHJDWLYH�HQWURS\��LI�\RX�ZLOO��WR�IHHG�RQ��LQ

RUGHU�IRU�WKLV�RUJDQL]LQJ�ZRUN�WR�EH�DFFRPSOLVKHG�

7KH�PDFKLQH�LQWHUSUHWLQJ�WKH�LQVWUXFWLRQV�DOVR�VHUYHV�WR�LVRODWH

WKH�VHTXHQFH�RI�LQVWUXFWLRQV�ZKLFK�LW�LQWHUSUHWV�IURP�WKH�HQYLURQ�

PHQW��7KH�RXWVLGH�HQYLURQPHQW�GRHV�QRW�PDNH�XVH�RI�WKH�LQVWUXF�

WLRQV��$QG�LI�WKH�VHTXHQFH�RI�LQVWUXFWLRQV�LV�RI�ORZ�HQWURS\��WKHQ

WKH� HQWURS\�LQFUHDVLQJ� LQWHUDFWLRQ� RI� WKH� HQYLURQPHQW� ZLWK� WKH

LQVWUXFWLRQ�VHTXHQFH�RXJKW�WR�EH�NHSW�WR�D�PLQLPXP�

:KHQ�ZH�EHJDQ�WKLV�FKDSWHU��ZH�SXW�RXU�DWRPLVWLF�JODVVHV�RQ

DQG�VDZ�KRZ�/DQJWRQ©V�GHILQLWLRQ�RI�VHOI�UHSURGXFWLRQ�ZDV�VRUHO\

DPELJXRXV��7KHUH�DSSHDUHG�WR�EH�QR�ZD\�WR�GHILQH�WHUPV�OLNH�DFWLYH

DQG�SDVVLYH�DWRPLVWLFDOO\��:H�GXJ�LQWR�WKH�LGHD�RI�LQIRUPDWLRQ��DQG

IRXQG� RXUVHOYHV� DW� D� SKLORVRSKLFDO� LPSDVVH��:H� FRXOG� QRW� HYHQ

GHWHUPLQH�ZKHWKHU�DQ�HYHU\GD\�REMHFW�KDG�ORWV�RI�LQIRUPDWLRQ�LQ�LW

RU�OLWWOH�ZLWKRXW�NQRZLQJ�VRPHWKLQJ�RI�LWV�RULJLQ�RU�¦ ILUVW�FDXVH�§

,Q� WKH� HQG�ZH� ILQG� WKDW�ZH�PXVW� WKURZ� DZD\� RXU� DWRPLVWLF

JODVVHV��DQG�DFFHSW�/DQJWRQ©V�GHILQLWLRQ�DV�PRUH�WKDQ�MXVW�D�GHILQL�

WLRQ�RI�VHOI�UHSURGXFWLRQ��,W�EULQJV�WRJHWKHU�VHYHUDO�LPSRUWDQW�SKLOR�

VRSKLFDO�LGHDV�WKDW�DUH�HVVHQWLDO�WR�RXU�XQGHUVWDQGLQJ�RI�ZKDW�OLIH

LV��,W�LQWURGXFHV�WKH�FRQFHSW�RI�D�OLYLQJ�RUJDQLVP�DV�D�PDFKLQH�ZKLFK

H[HFXWHV�FRGHG�LQVWUXFWLRQV��,W�DOVR�LQWURGXFHV�WKH�FRQFHSW�RI�LQIRU�

PDWLRQ� GHILQHG� VROHO\� ZLWKLQ� WKH� FRQWH[W� RI� VHOI�UHSURGXFWLRQ�

7KHVH�LGHDV�DUH�REYLRXVO\�GUDZQ�IURP�RXU�XQGHUVWDQGLQJ�RI�FDUE�

RQ�EDVHG�OLIH�

7KXV�ZH�HQG�XS�ZLWK�D�IDLUO\�FOHDU�SLFWXUH�RI�VHOI�UHSURGXFWLRQ

LQ�WHUPV�RI�D�PDFKLQH��LQVWUXFWLRQV��DQG�WKH�HQYLURQPHQW��,Q�DGRSW�

LQJ�WKDW�SLFWXUH��ZH�UHDOL]H�WKDW�ZH�DUH�VWHSSLQJ�DZD\�IURP�VWULFW

DWRPLVP� VLQFH� ZH� DUH� VHSDUDWLQJ� PHDQLQJIXO� DQG� PHDQLQJOHVV

LQIRUPDWLRQ��DQG�LQWURGXFLQJ�WKH�ODQJXDJH�RI�PDFKLQHV��7KDW�LV�QRW

UHDOO\�WRR�GLIIHUHQW�IURP�ZKDW�$ULVWRWOH�GLG������\HDUV�DJR�

$V�DQ�DVLGH��QRWH�WKDW�MXVW�EHFDXVH�ZH�KDYH�LQWURGXFHG�WKH�LGHD

RI�D�PDFKLQH�GRHV�QRW�PHDQ�ZH�KDYH�WR�VD\�WKDW�D�OLYLQJ�RUJDQLVP

LV�D�PDFKLQH�� �:H�PD\� UHPHPEHU� WKH�FRQVLGHUDWLRQV�RI� WKH� ODVW

��� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ



FKDSWHU��� $OO� ZH� DUH� VD\LQJ� LV� WKDW� D� OLYLQJ� RUJDQLVP� LV� OLNH� D

PDFKLQH�ZLWK�UHVSHFW�WR�VHOI�UHSURGXFWLRQ��7KXV�ZH�PD\�XVH�VXFK

ODQJXDJH�ZKLOH�PDNLQJ�RQO\�D�PLQLPDO�SKLORVRSKLFDO�FRPPLWPHQW�

7KH�7DXWRORJ\

8QIRUWXQDWHO\�� LI�ZH�VWDUH� ORQJ�HQRXJK�DW�RXU�GHILQLWLRQV�RI

PHDQLQJIXO�LQIRUPDWLRQ�DQG�VHOI�UHSURGXFWLRQ��WKHUH�DSSHDUV�WR�EH

D�WDXWRORJ\�KHUH¥PHDQLQJIXO�LQIRUPDWLRQ�LV�GHILQHG�LQ�WHUPV�RI

WKH�DELOLW\�WR�UHSURGXFH��DQG�VHOI�UHSURGXFWLRQ�LV�GHILQHG�LQ�WHUPV

RI�PHDQLQJIXO�LQIRUPDWLRQ�

:H�VWLOO�KDYHQ©W�IRXQG�D�JRRG�ZD\�WR�GUDZ�WKH�OLQH�EHWZHHQ

VHOI�UHSURGXFWLRQ�DQG�SK\VLFV�GULYHQ� UHSOLFDWLRQ��:H�KDYH� WR�JR

EH\RQG�/DQJWRQ�DQG�DGG�VRPHWKLQJ�PRUH�WR�WKLV�GHILQLWLRQ�WR�GR

WKDW�

/HW�PH�LOOXVWUDWH��:H�KDYH�DOUHDG\�GLVFXVVHG�-RKQ�%\O©V�VLP�

SOLILFDWLRQV�RI�/DQJWRQ©V�DXWRPDWRQ��%\O�GLG�QRW�WDNH�KLV�DXWRPDWD

WR� WKHLU� ORJLFDO� OLPLWV�� WKRXJK�� ,I�ZH�GR��ZH�HQG�XS�ZLWK�D�YHU\

VLPSOH�DXWRPDWRQ��GHSLFWHG�LQ�)LJXUH������:LWK�PRGHUDWHO\�VLPSOH

UXOHV��WKLV�DXWRPDWRQ�FDQ�EH�PDGH�WR�UHSURGXFH��,Q�RQH�JHQHUDWLRQ

LW�SURGXFHV�D�VLQJOH�FKLOG��ZKLFK�LQ�WXUQ�SURGXFHV�DQRWKHU�FKLOG�

XQWLO� WKH\� UXQ� RII� WKH� FHOOXODU� DUUD\�� 7KLV� DXWRPDWRQ� PDLQWDLQV
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)LUVW�DXWRPDWRQ�UHDG\�WR
UHSURGXFH�DJDLQ

6HFRQG�DXWRPDWRQ
QRZ�FRPSOHWH

)LJXUH�������0LQLPDO�VHOI�UHSURGXFLQJ�DXWRPDWRQ�

6HOI�5HSURGXFWLRQ�DQG�,QIRUPDWLRQ ���



/DQJWRQ�DQG�%\O©V�VKHDWK�VWUXFWXUH��EXW�WKHUH�LV�RQO\�RQH�FHOO�RI

H[HFXWDEOH�FRGH�ZKLFK�PD\�WDNH�RQ�RQH�RI�VHYHQ�YDOXHV��

,Q�WKLV�VLWXDWLRQ�LW�VHHPV�UDWKHU�GLIILFXOW�WR�FDOO�WKH�REVHUYHG

UHSURGXFWLRQ�VHOI�UHSURGXFWLRQ��,WV�VLPSOLFLW\�LV�FOHDUO\�VLPLODU�WR

FU\VWDO� JURZWK��<HW� LW� GRHVQ©W� VHHP� WR� GLIIHU� FRQFHSWXDOO\� IURP

/DQJWRQ©V�RU�%\O©V�PRUH�FRPSOH[�DXWRPDWD��,W�KDV�D���FHOO�VKHDWK�

DQG�D���FHOO�SLHFH�RI�FRGH�

7KLV�PLQLPDO�DXWRPDWRQ�VHHPV�WR�VDWLVI\�RXU�FULWHULD�IRU�VHOI�

UHSURGXFWLRQ�� 7KH� LQIRUPDWLRQ� LQ� WKH� FHQWUDO� FHOO� LV� FULWLFDO� IRU

UHSURGXFWLRQ��VLQFH�DQ\�RWKHU�YDOXH�EXW���ZLOO�QRW�ZRUN��:H�VHHP

WR�KDYH�D�PDFKLQH� LQ� WKH�VKHDWK�� VLQFH� WKH�DFW�RI�FRQWDLQLQJ� WKH

DFWLYH�LQIRUPDWLRQ�VLWH�LV�DV�PXFK�DQ�H[HFXWLRQ�RI�LQVWUXFWLRQV�DV

LQ�PRUH�FRPSOH[�DXWRPDWD�RI�WKLV�W\SH��7KXV�LW�ZRXOG�DSSHDU�WKDW

RXU�DXWRPDWRQ�HIIHFWV�VHOI�UHSURGXFWLRQ��<HW�LW�LV�REYLRXVO\�QRWKLQJ

PRUH�WKDQ�D�JURZLQJ�FU\VWDO�

6R�KRZ�FDQ�ZH�GUDZ�WKH�OLQH""

6RPH�FULWHULD�RQ�WKH�TXDQWLW\�RI�LQIRUPDWLRQ�LQYROYHG�LQ�WKH

UHSURGXFWLRQ�SURFHVV�DUH�HVVHQWLDO�LQ�RUGHU�WR�GUDZ�D�OLQH�EHWZHHQ

VHOI�UHSURGXFWLRQ� DQG� SK\VLFV�GULYHQ� UHSOLFDWLRQ�� :LWKRXW� VXFK

FULWHULD��ZH�ZLOO�IRUHYHU�VWXPEOH�RYHU�WKHVH�JUD\�DUHDV��:H�PXVW

DVN�WKH�TXHVWLRQ��¦+RZ�PXFK�LQIRUPDWLRQ�LV�UHTXLUHG�IRU�VHOI�UH�

SURGXFWLRQ"§

8S� IURQW�� ,� ZDQW� WR� VD\� WKDW� ,� FDQQRW� DQVZHU� WKLV� TXHVWLRQ

SUHFLVHO\��7KHUH�DUH�GLIILFXOWLHV�LQYROYHG��EXW�\RX�KDYH�JRWWHQ�XVHG

WR�WKDW�E\�QRZ��,�KRSH���1RQH�WKH�OHVV��VRPH�XVHIXO�JXLGHOLQHV�VHHP

WR�EH�LQ�RUGHU��,�GR�QRW�ZDQW�WR�VXJJHVW�WKDW�WKHVH�JXLGHOLQHV�DUH�7KH

$QVZHU��WKRXJK�,�ZLOO�XVH�WKHP�WKURXJKRXW�WKH�UHVW�RI�WKLV�ERRN�

7R�XQGHUVWDQG�RXU�JXLGHOLQHV��OHW©V�GHILQH�WKUHH�TXDQWLWLHV�

ℑ�,167�� �7KH�LQIRUPDWLRQ�FRQWHQW�RI�WKH�LQVWUXFWLRQV�LQ�D�VHOI�
������������UHSURGXFLQJ�DXWRPDWRQ�

ℑ�0$&+�� �7KH�LQIRUPDWLRQ�FRQWHQW�RI�WKH�PDFKLQH�H[HFXWLQJ

��� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ

� 7KLV�DXWRPDWRQ�LV�WKH�0,1,0$/�FRQILJXUDWLRQ��IRU�XVH�ZLWK�65$B/$%�RQ
WKH�3URJUDP�'LVN�



������������WKH�LQVWUXFWLRQV�

ℑ�3+<6�� �7KH�LQIRUPDWLRQ�FRQWHQW�RI�WKH�SK\VLFDO�ODZV
������������JRYHUQLQJ�WKH�XQLYHUVH�LQ�ZKLFK�WKH�DXWRPDWRQ�H[LVWV�

,� XVH� WKH� QRWDWLRQ�ℑ� IRU� LQIRUPDWLRQ� FRQWHQW� EHFDXVH� ,� GR� QRW
SDUWLFXODUO\�ZDQW�WR�VSHFLI\�KRZ�WKH�LQIRUPDWLRQ�FRQWHQW�LV�PHDV�

XUHG�� ,� DP�RSHQ� WR� WKH� SRVVLELOLWLHV�� )RU� H[DPSOH�� LQ�PHDVXULQJ

ℑ�,167���LW�PLJKW�EH�UHDVRQDEOH�WR�GHWHUPLQH�KRZ�PDQ\�GLIIHUHQW
VHTXHQFHV�RI�LQVWUXFWLRQV�FRXOG�EH�SOXJJHG�LQWR�D�JLYHQ�PDFKLQH�WR

HIIHFW� UHSURGXFWLRQ�� 7KHQ� RQH� FRXOG� FDOFXODWH�ℑ� DQG� GHILQH� WKH
LQIRUPDWLRQ�FRQWHQW�XVLQJ�HQWURS\��2Q� WKH�RWKHU�KDQG�� VLQFH� WKH

PDFKLQH�LV�EHLQJ�FRQVWUXFWHG�E\�DQRWKHU�PDFKLQH¥ZKLFK�LV�H[H�

FXWLQJ� DQ� DOJRULWKP¥LW� PLJKW� EH� PRUH� FRQYHQLHQW� WR� GHILQH

ℑ�0$&+��DOJRULWKPLFDOO\�

2N��OHW©V�ORRN�DW�VRPH�UXOHV�������

5XOH�2QH

)RU�ERQD�ILGH�VHOI�UHSURGXFWLRQ�WR�RFFXU��ZH�PLJKW�H[SHFW�WZR

LQHTXDOLWLHV�WR�KROG��7KH�ILUVW�LV�VLPSO\

ℑ�,1675� ≥ ℑ�0$&+� �����

6LQFH�WKH�LQVWUXFWLRQV�EHLQJ�H[HFXWHG�VKRXOG�VSHFLI\�KRZ�WR�FRQ�

VWUXFW�WKH�PDFKLQH��WKH\�VKRXOG�RQO\�EH�DEOH�WR�FRQVWUXFW�D�PDFKLQH

DV�FRPSOH[�DV�WKH\�DUH�WKHPVHOYHV��7KXV�WKH�LQIRUPDWLRQ�FRQWHQW

RI�WKH�PDFKLQH�VKRXOG�EH�OHVV�WKDQ�RU�DSSUR[LPDWHO\�HTXDO�WR�WKH

LQIRUPDWLRQ� FRQWHQW� RI� WKH� LQVWUXFWLRQV� EHLQJ� H[HFXWHG�� ,� XVH� D

JUHDWHU� VLJQ� KHUH�� EHFDXVH� WKH� LQVWUXFWLRQV� FRXOG� VSHFLI\� PRUH

LQIRUPDWLRQ�WKDQ�QHHGHG�WR�FRQVWUXFW�WKH�PDFKLQH�ZLWKRXW�KDUP�

)RU�H[DPSOH��DOO�WKH�OLYLQJ�FHOOV�LQ�\RXU�ERG\�FRQWDLQ�WKH�JHQHWLF

LQIRUPDWLRQ�WR�SURGXFH�KDLU��WKRXJK�QRW�DOO�FHOOV�SURGXFH�KDLU��DQG

WKH�KDLU�VHHPV�WR�EH�DW�EHVW�YHU\�LQGLUHFWO\�UHODWHG�WR�WKH�FDSDFLW\

WR�UHSURGXFH��

,Q�VLWXDWLRQV�ZKHUH�ℑ�,1675��ℑ�0$&+���WKHUH�LV�D�SUREOHP�

(LWKHU�ZH�KDYH�QRW�FRUUHFWO\�GHWHUPLQHG�WKH�VFRSH�DQG�QDWXUH�RI�WKH

6HOI�5HSURGXFWLRQ�DQG�,QIRUPDWLRQ ���



LQVWUXFWLRQV�LQ�WKH�VHOI�UHSURGXFLQJ�DXWRPDWRQ��RU�ZH�DUH�QRW�WDON�

LQJ�DERXW�VHOI�UHSURGXFWLRQ�

)RU�H[DPSOH��VXSSRVH�ZH�KDG�D�PDFKLQH�ZKLFK�ZRXOG�UHSUR�

GXFH�DQ�H[DFW�FRS\�RI�LWVHOI�DQG�D�WDSH��������ELWV�ORQJ��QR�PDWWHU

ZKDW�WDSH�ZDV�LQVHUWHG�LQWR�LW��6LQFH�DQ\�WDSH�ZLOO�GR��WKH�HQWURS\

ZLOO�EH�DV�ODUJH�DV�LW�FDQ�JHW��DQG�WKHUH�LV�HVVHQWLDOO\�QR�LQIRUPDWLRQ

FRQWHQW� LQ� WKH� WDSH� DSDUW� IURP� LWV� H[DFWO\�VSHFLILHG� OHQJWK�� 7KH

PDFKLQH��RQ�WKH�RWKHU�KDQG��LV�YHU\�FRPSOH[�DQG�VSHFLILF¥LW�KDV�D

KLJK� LQIRUPDWLRQ�FRQWHQW��7KH� LQHTXDOLW\�GRHV�QRW�KROG��EXW� LW� LV

UDWKHU�REYLRXV�WKDW�WKH�PDFKLQH�LV�QRW�GHSHQGHQW�XSRQ�WKH�FRQWHQW

RI�WKH�WDSH�EHLQJ�LQVHUWHG�LQWR�LW�WR�DFFRPSOLVK�VHOI�UHSURGXFWLRQ�

8SRQ�IXUWKHU�LQYHVWLJDWLRQ�ZH�PLJKW�ILQG�WKDW

$��7KHUH�LV�VRPH�KLGGHQ�LQIRUPDWLRQ�VRPHZKHUH��ZKLFK�ZH�KDG�QRW

DFFRXQWHG�IRU���)RU�H[DPSOH��D�KLGGHQ�FLUFXODU�WDSH�WKDW�LV�UHDOO\

GLUHFWLQJ�WKH�UHSURGXFWLRQ�SURFHVV��

RU�

%��7KH�UHSURGXFWLRQ�LV�SK\VLFV�GULYHQ��DQG�WKH�SK\VLFV�LV�IRUFLQJ

WKH�UHSURGXFWLRQ�WR�RFFXU�

6LWXDWLRQ��$��LV�UHFRQFLODEOH�ZLWK�RXU�LGHD�RI�VHOI�UHSURGXFWLRQ�DV

ORQJ�DV�ZH�UHGHILQH�ZKDW�PDFKLQH�DQG�LQVWUXFWLRQV�DUH��&OHDUO\�WKH

WDSH�ZH©UH�SXWWLQJ�LQWR�WKH�PDFKLQH�GRHVQ©W�KDYH�DQ\WKLQJ�WR�GR

ZLWK�WKH�LQVWUXFWLRQV��6LWXDWLRQ��%��LV�ZKDW�ZH�ZDQW�WR�DYRLG�FDOOLQJ

VHOI�UHSURGXFWLRQ�

1RZ��ZH�PLJKW�ZDQW�WR�DVN�KRZ�ZHOO�5XOH�2QH�KROGV�IRU�OLYLQJ

RUJDQLVPV��DQG� IRU� VRPH�RI� WKH�FHOOXODU�DXWRPDWD�ZH�KDYH�EHHQ

GLVFXVVLQJ�

/LYLQJ� RUJDQLVPV� XVH�'1$� WR� HQFRGH� WKH� LQIRUPDWLRQ� WKH\

FRQWDLQ��7KH�'1$�VSHFLILHV�WKH�VWUXFWXUH�RI�DOO�WKH�SURWHLQV�ZKLFK

D�FHOO�XVHV�WR�DFFRPSOLVK�DOO�RI�LWV�IXQFWLRQV��LQFOXGLQJ�UHSURGXF�

WLRQ��7KH�'1$�PD\�VSHFLI\�WKH�VWUXFWXUH�RI�SURWHLQV�ZKLFK�QHYHU

JHW�XVHG�LQ�D�SDUWLFXODU�FHOO��HVSHFLDOO\�LQ�D�PXOWL�FHOOXODU�DQLPDO��

VR�LQ�WKLV�VHQVH��LW�PD\�KDYH�PRUH�LQIRUPDWLRQ�WKDQ�WKDW�FHOO�QHHGV�

2Q�WKH�RWKHU�KDQG��D�FHOO��DJDLQ��LQ�D�PXOWL�FHOOXODU�DQLPDO��PD\

FRQWDLQ�VRPH�LQIRUPDWLRQ�QRW�VSHFLILHG�GLUHFWO\�E\�WKH�'1$��)RU

��� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ



H[DPSOH��OLYHU�FHOOV�DQG�VNLQ�FHOOV�FRQWDLQ�WKH�VDPH�'1$�LQ�DQ\

JLYHQ�DQLPDO��EXW�WKH\�ORRN�UDGLFDOO\�GLIIHUHQW�DQG�SHUIRUP�UDGL�

FDOO\�GLIIHUHQW�IXQFWLRQV��:KHQ�WKH\�UHSURGXFH��WKH\�IRUP�OLYHU�DQG

VNLQ� FHOOV�� UHVSHFWLYHO\�� 7KHUH� LV� LQIRUPDWLRQ� FRQWHQW� LQ� WKHVH

GLIIHUHQFHV��ZKLFK� LV�FRQWDLQHG�LQ� WKH�UHODWLYH�UDWLRV�RI�SURWHLQV�

HWF��� LQ� WKH�FHOO�� UDWKHU� WKDQ� WKH�'1$�LWVHOI��+RZHYHU�� WKH�'1$

VSHFLILHV� DOO� RI� WKH� SURWHLQV� LQ� ERWK� FHOOV�� DQG� WKH� LQIRUPDWLRQ

FRQWHQW�LQ�WKH�GLIIHUHQW�VWUXFWXUHV�VKRXOG�EH�UHODWLYHO\�VPDOO��7KXV�

HYHQ�WKRXJK�ZH�FDQQRW�GR�D�GHWDLOHG�FDOFXODWLRQ�WR�SURYH�LW��5XOH

2QH�DSSHDUV�WR�EH�UHDVRQDEOH�IRU�D�OLYLQJ�FHOO�

/DQJWRQ©V�DXWRPDWRQ�LV�DQRWKHU�JRRG�H[DPSOH�WR�FKHFN�DJDLQVW

5XOH�2QH��,I�ZH�YLHZ�WKH�VKHDWK�DV�WKH�LQWHUSUHWLQJ�PDFKLQH��DQG

WKH� WKUHDG�RI�VWDWHV� LQVLGH� WKH�VKHDWK�DV� WKH�LQIRUPDWLRQ��ZH�FDQ

DQDO\]H�WKH�DXWRPDWRQ�LQ�GHWDLO��7KH�LQIRUPDWLRQ�ORRNV�OLNH�WKLV�

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

(DFK�¦�����VHTXHQFH�FDXVHV� WKH�VKHDWK� WR�EH�H[WHQGHG�RQH�XQLW

IURP�WKH�HQG��DQG�WKH�WZR�§�����VHTXHQFHV�PDNH�LW�WXUQ�D�FRUQHU�

6R� HVVHQWLDOO\� WKLV� LQIRUPDWLRQ� VSHFLILHV� ¦H[WHQG� WKH� VKHDWK� VL[
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�����������������������

)LJXUH�������7KH�VKHDWK�RI�/DQJWRQ©V�DXWRPDWRQ�

6HOI�5HSURGXFWLRQ�DQG�,QIRUPDWLRQ ���



XQLWV�DQG�WXUQ�OHIW�§ ��,Q�LWV�PLQLPDO�FRQILJXUDWLRQ��WKH�VKHDWK�LV�D

ER[�OLNH�VWUXFWXUH���6HH�)LJXUH�������7KH�LQVWUXFWLRQV��LQWHUSUHWHG

LQ�WKH�VDPH�PDQQHU��DUH�D�VLPSOH�DOJRULWKPLF�GHVFULSWLRQ�RI�D�ER[

ZKHQ�UHSHDWHG��:LWK�VXFK�D�VLPSOH�PLQGHG�DQDO\VLV��ZH�FDQ�VHH

WKDW� 5XOH� 2QH� PDNHV� VRPH� VHQVH� KHUH�� 7KH� HQFRGHG� VHTXHQFH

/DQJWRQ©V�DXWRPDWRQ�FRQWDLQV�DSSHDUV�WR�EH�D�FRPSDFW�DOJRULWKP

ZKLFK�GHVFULEHV�WKH�VKHDWK�PDFKLQH�ZKLFK�FRQWDLQV�LW�

:H�FDQ� WDNH� D�PRUH�TXDQWLWDWLYH� DSSURDFK�XVLQJ�HQWURS\� WR

GHILQH�LQIRUPDWLRQ�FRQWHQW��:H�JHW�

ℑ�,1675�� ��� �����D

ℑ�0$&+�� ��� �����E

VR�5XOH�2QH�KROGV��ℑ�,1675�!ℑ�0$&+�

1RZ�� LI� ZH� WXUQ� WR� RXU� PLQLPDO� DXWRPDWRQ�� DQG� DWWHPSW� D

VLPLODU�DQDO\VLV��ZH�UXQ�LQWR�WURXEOH��7KH�VLQJOH�FHOO�RI�LQIRUPDWLRQ

GRHV�QRW�SURYLGH�DQ�DOJRULWKP�WR�FRQVWUXFW�WKH�UDWKHU�PRUH�FRPSOL�

FDWHG�WKUHH�FHOO�VKHDWK¥DW�OHDVW�DV�IDU�DV�,�FDQ�VHH��7KHUH�DSSHDUV

WR� EH� WRR� OLWWOH� LQIRUPDWLRQ� FRQWHQW� LQ� WKH� ¦ LQIRUPDWLRQ�§ � $Q

HQWURS\�FDOFXODWLRQ�JLYHV�WKH�UHVXOWV�

ℑ�,1675�� ���� �����D

ℑ�0$&+�� ���� �����E

VR�5XOH�2QH�GRHV�QRW�KROG�

,Q� FRQFOXVLRQ��5XOH�2QH� DSSHDUV� WR�EH�XVHIXO� IRU� H[FOXGLQJ

VRPH�RI� WKH�WULYLDO�FDVHV�RI�UHSURGXFWLRQ�WKDW�ZH�GR�QRW�ZDQW�WR

FODVVLI\�DV�VHOI�UHSURGXFWLRQ�

��� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ

� ℑ�,1675� OQ������VLQFH� WKHUH�DUH���� LQVWUXFWLRQV� LQ� WKH�WDSH�ZKLFK�PD\�EH
DQ\WKLQJ�EXW�WKH�VKHDWK�VWDWH��ℑ�0$&+� OQ�������������EHFDXVH�ZH�ZDQW�D
VSHFLILF�DUUDQJHPHQW�RI����¨�©�VWDWHV�LQ����FHOOV�����FHOOV�LV�REWDLQHG�E\�XVLQJ
WKH����[����ER[�WKDW�WKH�VKHDWK�FDQ�EH�FRQWDLQHG�LQ��OHVV����VWDWHV�IRU�WKH�WDSH�

� ℑ�,1675� OQ���� VLQFH� WKHUH� LV� RQH� LQVWUXFWLRQ� LQ� WKH� WDSH�� ZKLFK� PD\� EH
DQ\WKLQJ�EXW�WKH�VKHDWK�VWDWH��ℑ�0$&+� OQ�����������FDOFXODWHG�WKH�VDPH�ZD\
DV� IRU� /DQJWRQ�� 2EYLRXVO\� WKHUH� FDQ� EH� VRPH� YDULDWLRQ� LQ� WKHVH� QXPEHUV�
GHSHQGLQJ�RQ�KRZ�\RX�GR�LW��EXW�WKH�VKLIW�LQ�LQIRUPDWLRQ�FRQWHQW�KHUH�LV�FOHDU�



5XOH�7ZR

7KH�VHFRQG�UXOH�ZH�ZRXOG�OLNH�WR�KROG�IRU�D�VHOI�UHSURGXFLQJ

HQWLW\�LV

ℑ�,1675��> ℑ�3+<6� �����

7KDW�LV��WKH�LQIRUPDWLRQ�FRQWHQW�RI�WKH�LQVWUXFWLRQV�LV�JUHDWHU�WKDQ

WKH�LQIRUPDWLRQ�FRQWHQW�RI�WKH�SK\VLFV�RI�WKH�V\VWHP��ZLWK�UHJDUG

WR�VHOI�UHSURGXFWLRQ�

,Q�KLV�RULJLQDO�SDSHU��&KULV�/DQJWRQ�VXJJHVWHG�WKDW�WKH�LGHD�RI

VHOI�UHSURGXFWLRQ�VKRXOG�¦ UHTXLUH�WKDW�UHVSRQVLELOLW\�UHVLGH�SULPDU�

LO\�ZLWK�WKH�SDUHQW�VWUXFWXUH�LWVHOI��EXW�QRW�WRWDOO\��7KLV�PHDQV�WKDW

WKH�VWUXFWXUH�PD\�WDNH�DGYDQWDJH�RI�FHUWDLQ�SURSHUWLHV�RI�WKH�WUDQ�

VLWLRQ�IXQFWLRQ�¨SK\VLFV©�������EXW�QRW�WR�WKH�H[WHQW�WKDW�WKH�VWUXFWXUH

LV�PHUHO\�SDVVLYHO\�FRSLHG�E\�PHFKDQLVPV�EXLOW�LQWR�WKH�WUDQVLWLRQ

IXQFWLRQ�§ �� 2XU� 5XOH� 7ZR� LV� VLPSO\� DQ� DWWHPSW� WR� TXDQWLI\

/DQJWRQ©V�¦SULPDULO\�§

/DQJWRQ�VHHPHG�WR�UHO\�SULPDULO\�RQ�DSSHDUDQFHV�LQ�KLV�SDSHU�

7KH�DXWRPDWRQ� ORRNHG� OLNH� LW�ZDV�VHOI�UHSURGXFLQJ��$V�ZH�KDYH

VHHQ��WKRXJK��%\O©V�DXWRPDWRQ�DOVR�ORRNV�OLNH�LW�ZDV�VHOI�UHSURGXF�

LQJ�OLNH�D�FHOO��EXW�ZH�FRXOG�GHILQH�VRPHWKLQJ�YHU\�VLPLODU�ZKLFK

ORRNHG�PRUH�OLNH�D�FU\VWDO��,W�VHHPV�KDUG�WR�GUDZ�WKH�OLQH�EHWZHHQ

WKHVH�WZR�DXWRPDWD�RQ�WKH�EDVLV�RI�DSSHDUDQFHV�DORQH��/LNHZLVH�

RXU�0,1,0$/�DXWRPDWRQ�DOVR�DSSHDUV� WR� VHOI�UHSURGXFH��PXFK

OLNH�%\O��6RPHKRZ�ZH�QHHG�WR�GUDZ�D�OLQH�

2QH�ZRXOG�VXVSHFW�WKDW�LI�WKH�SK\VLFV�RI�WKH�V\VWHP�LV�VRPHKRZ

GULYLQJ�WKH�UHSURGXFWLRQ��WKHQ�WKH�EDVLF�SK\VLFV�LV�LQIRUPLQJ�WKH

UHSURGXFWLRQ� SURFHVV�� UDWKHU� WKDQ� WKH� LQVWUXFWLRQV� ZLWKLQ� WKH

DXWRPDWRQ��5XOH�7ZR�LV�VLPSO\�D�TXDQWLWDWLYH�DWWHPSW�WR�VD\�WKDW

WKH�LQVWUXFWLRQV�PXVW�GULYH�WKH�UHSURGXFWLRQ�SURFHVV�PRUH�VWURQJO\

WKDQ�WKH�SK\VLFV�LWVHOI��LI�ZH�DUH�GHDOLQJ�ZLWK�ERQD�ILGH�VHOI�UHSUR�

GXFWLRQ�

6HOI�5HSURGXFWLRQ�DQG�,QIRUPDWLRQ ���

� &KULVWRSKHU�/DQJWRQ��¦6HOI�5HSURGXFWLRQ�LQ�&HOOXODU�$XWRPDWD�§ �3K\VLFD���'
�������S��������



7KH�SUREOHP�ZH�UXQ�LQWR�ZLWK�5XOH�7ZR�LV�WKDW�ZH�PXVW�VWDUW

PDNLQJ� DVVXPSWLRQV� LQ� RUGHU� WR� HYHQ� GHILQH� ℑ�3+<6��� 7KHVH
DVVXPSWLRQV�FDQ�VRPHWLPHV�EH�MXVWLILHG�DQG�VRPHWLPHV�WKH\�FDQ�

QRW��GHSHQGLQJ�RQ�KRZ�PXFK�ZH�NQRZ�DERXW�WKH�FUHDWLRQ�RI�WKH

SK\VLFDO�UXOHV�LQ�TXHVWLRQ�

,Q�WKH�FDVH�RI�/DQJWRQ©V�DXWRPDWRQ��ZH�FDQ�VD\�D�ORW�DERXW�WKH

FUHDWLRQ�RI�WKH�UXOHV��DQG�WKHUH�LV�D�IDLUO\�VWUDLJKW�IRUZDUG�ZD\�WR

GHILQH�ℑ�3+<6���6LQFH�WKH�WUDQVLWLRQ�UXOHV�IRU�D�FHOOXODU�DXWRPDWRQ
DUH�GLVFUHWH�DQG�ZHOO�XQGHUVWRRG��ZH�FDQ�FDOFXODWH�KRZ�PDQ\�VHWV

RI�WUDQVLWLRQ�UXOHV�DUH�SRVVLEOH��/LNHZLVH��ZH�FDQ�LPSRVH�D�FRQGL�

WLRQ� RQ� WKH� UXOHV� DQG� VHH� KRZ� WKDW� UHVWULFWV� WKH� SRVVLELOLWLHV�� ,Q

/DQJWRQ©V� V\VWHP�� WKHUH� DUH� HLJKW� SRVVLEOH� VWDWHV� SHU� FHOO�� 2QH

VSHFLILHV�D�UXOH�DV

F�WUEO →�F© �����

ZKHUH�F��W��U��E��DQG�O�VWDQG�IRU�FHQWHU��WRS��ULJKW��ERWWRP��DQG�OHIW�

UHVSHFWLYHO\��DQG�F©�LV�WKH�QHZ�FHQWHU�VWDWH��)RU�H[DPSOH��WKH�UXOH

������→�� �����

PHDQV�WKDW�D���VWDWH�ZLWK�D����D���DQG�WZR��©V�IRU�QHLJKERUV�ZLOO�WXUQ

LQWR�D����

)RU�HLJKW�VWDWHV�SHU�FHOO�LW�LV�IDLUO\�HDV\�WR�VHH�WKDW�WKHUH�DUH���

 ��������WUDQVLWLRQ�UXOHV�LQ�DOO�DQG�HLJKW�SRVVLELOLWLHV�IRU�HDFK�UXOH�

7KXV�WKHUH�DUH�D�WRWDO�RI���������SRVVLEOH�GLIIHUHQW�VHWV�RI�UXOHV��,I

ZH�WDNH�LW�DV�JLYHQ�WKDW�WKH�UXOHV�DUH�URWDWLRQDOO\�V\PPHWULF��VR�WKDW

F�WUEO�JLYHV�WKH�VDPH�UHVXOW�DV�F�OWUE��HWF���WKDW�UHGXFHV�WKH�QXPEHU

RI�SRVVLELOLWLHV�WR��������:KHQ�/DQJWRQ�GHVLJQHG�KLV�DXWRPDWRQ��KH

VSHFLILHG�����UXOHV��7R�GHILQH�ℑ�3+<6��LQ�WHUPV�RI�HQWURS\��ZH
ZULWH

ℑ�3+<6�� ���∆6/DQJWRQ�6SHFLILFDWLRQ �����

,Q�HVVHQFH�WKH�LQIRUPDWLRQ�FRQWHQW�RI�WKH�SK\VLFV�LV�HTXDO�WR��PLQXV�

WKH�FKDQJH�LQ�HQWURS\�DV�D�UHVXOW�RI�VSHFLI\LQJ�����UXOHV��7KDW�LV

HDV\�WR�FDOFXODWH��VLQFH��WDNLQJ�N% ��

��� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ



68QVSHFLILHG� �OQ��
����� �����

DQG

66SHFLILHG� �OQ��
��������� �����

7KXV�

ℑ�3+<6�� �����OQ���� ����� �����

7KLV�LV�D�KXJH�QXPEHU�FRPSDUHG�WR�ℑ�,1675� ����VR�5XOH�7ZR
GRHV�QRW�KROG�DW�DOO�IRU�/DQJWRQ©V�DXWRPDWRQ��,Q�IDFW�ZH�PLJKW�KDYH

VXVSHFWHG�WKDW��VLQFH�/DQJWRQ�VSHFLILFDOO\�GHVLJQHG�WKH�WUDQVLWLRQ

UXOHV�WR�PDNH�KLV�DXWRPDWRQ�ZRUN��+H�GLG�QRW�VWDUW�ZLWK�D�SXUHO\

DUELWUDU\�VHW�RI� UXOHV��DQG� WU\� WR�GHVLJQ�DQ�DXWRPDWRQ� WKDW�FRXOG

UHSURGXFH�ZLWKRXW�WRXFKLQJ�WKH�UXOHV��7KXV��ZH�VKRXOGQ©W�EH�WRR

VXUSULVHG�WR�ILQG�WKDW�/DQJWRQ©V�UXOHV�KDYH�D�FRQVLGHUDEOH�LQIRUPD�

WLRQ�FRQWHQW�

$� VLPLODU� DQDO\VLV� VKRZV� WKDW� ERWK�%\O©V� DXWRPDWD� DQG� RXU

PLQLPDO�DXWRPDWRQ�GLVPDOO\�IDLO�5XOH�7ZR��2QO\�ZKHQ�ZH�EDFN

XS� DQG� VWDUW� ORRNLQJ� DW� DXWRPDWD� DV� FRPSOH[� DV�&RGG©V� RU�9RQ

1HXPDQQ©V�XQLYHUVDO�FRQVWUXFWRUV�GR�ZH�ILQG�FRQILJXUDWLRQV�WKDW

PLJKW�EH�DEOH�WR�VWDQG�XS�WR�D�WHVW�OLNH�5XOH�7ZR�

<HW�WKH�UHDO�SUREOHP�ZH�KDYH�ZLWK�5XOH�7ZR�LV�QRW�WKDW�LW�SRLQWV

XS�SUREOHPV�ZLWK�WKH�DXWRPDWD�ZH©YH�EHHQ�GLVFXVVLQJ��5DWKHU��ZH

KDYH�VWHSSHG�DZD\�IURP�RXU�YHU\�QDUURZ�GHILQLWLRQ�RI�PHDQLQJIXO

LQIRUPDWLRQ� LQWR�SKLORVRSKLFDO� TXLFNVDQG��/HW�PH� LOOXVWUDWH��:H

MXVW�JRW�GRQH�DVVXPLQJ�WKDW� WKH�UXOHV�IRU� WKH�FHOOXODU�DUUD\�ZHUH

URWDWLRQDOO\�V\PPHWULF��7KDW�VHHPV�UHDVRQDEOH�LI�ZH�ZDQW�WKH�DUUD\

WR�PRGHO�WKH��URWDWLRQDOO\�V\PPHWULF��UHDO�ZRUOG��KRZHYHU�WKHUH�LV

QR�D�SULRUL�UHDVRQ�WR�DVVXPH�LW��,I�ZH�GR�QRW��WKHQ�/DQJWRQ�ZRXOG

KDYH� VSHFLILHG� DERXW� �[���� UXOHV� LQVWHDG� RI� MXVW� ����� DQG� WKH
LQIRUPDWLRQ�FRQWHQW�RI�WKH�SK\VLFV�ZRXOG�MXPS�WR��[�����$JDLQ�
WKHUH� LV�QR�D�SULRUL� UHDVRQ� WKDW�RQO\�QHDUHVW�QHLJKERUV�DIIHFW� WKH

WUDQVLWLRQ�UXOHV��,I�FRUQHUV�DOVR�KDYH�D�EHDULQJ�RQ�WKHP�ZH�PXVW

ORRN�DW�UXOHV�RI�WKH�IRUP

F�WUEO�T�T�T�T��→�F© �����

6HOI�5HSURGXFWLRQ�DQG�,QIRUPDWLRQ ���



DQG�WKHUH�DUH�QRZ��� ����PLOOLRQ�SRVVLEOH�UXOHV��/DQJWRQ©V�UXOHV

WKHQ� VLQJOH� RXW� WKH� FRUQHUV�GRQ©W�FRXQW� UXOHV� DV� ZHOO�� FDXVLQJ

DQRWKHU�ODUJH�MXPS�LQ�ℑ�3+<6���&RQWLQXLQJ�VXFK�DUJXPHQWV�WR�WDNH
LQ�PRUH�DQG�PRUH�SRVVLELOLWLHV��LW�DSSHDUV�ZH�FRXOG�SXVK�ℑ�3+<6�
MXVW�DERXW�DV�KLJK�DV�ZH©G�OLNH��$QG�ZLWKRXW�D�SUHFLVH�ZD\�WR�SXW�D

OLPLW�RQ�ℑ�3+<6���5XOH�7ZR�ZRXOG�DSSHDU�WR�EH�RI�TXHVWLRQDEOH
YDOXH�

<HW� LW� LV� QRW� PHDQLQJOHVV�� ,Q� /DQJWRQ©V� FDVH�� HYHQ� D� YHU\

V\PSDWKHWLF�DWWHPSW�WR�GHILQH�ℑ�3+<6��JDYH�XV�D�ELJ�QXPEHU�DQG
TXLWH� FRUUHFWO\� OHG� XV� WR� WKH� FRQFOXVLRQ� WKDW� /DQJWRQ� FKRVH� WKH

WUDQVLWLRQ�UXOHV�WR�PDNH�D�VPDOO�DXWRPDWRQ�ZRUN��7KXV��RXU�DQDO\VLV

VWURQJO\� VXJJHVWV� WKDW� HYHQ� WKRXJK� /DQJWRQ©V� DXWRPDWRQ� GRHV

PDQLSXODWH�LQIRUPDWLRQ��LW�GRHV�QRW�PDQLSXODWH�QHDUO\�HQRXJK�WR

EH�FRQVLGHUHG�DV�D�FDVH�RI�ERQD�ILGH�VHOI�UHSURGXFWLRQ��,Q�HYHQ�WKH

PRVW�V\PSDWKHWLF�OLJKW�RI�5XOH�7ZR��WKH�DXWRPDWRQ�DSSHDUV�WR�EH

VWURQJO\� SK\VLFV�GULYHQ�� DQG� LQIRUPDWLRQ� GULYHQ�RQO\� WR� D� �UHOD�

WLYHO\��VPDOO�H[WHQW�

,W�PLJKW�DSSHDU�WKDW�GHILQLQJ

ℑ�3+<6��  ∆66SHFLILFDWLRQ���68QVSHFLILHG �����

ZRXOG�PDNH�PRUH�VHQVH��7KDW�PDNHV�WKH�WUDQVLWLRQ�UXOH�LQIRUPDWLRQ

PRUH�RI�D�FRQVWDQW�TXDQWLW\�ZKHQ�GHDOLQJ�ZLWK�D�YDULDEOH�VWDUWLQJ

SRLQW��7KHQ�WKH�SUREOHP�EHFRPHV�RQH�RI�GHILQLQJ�ℑ�,1675��LQ�D
FRPSDWLEOH�ZD\��5XOH� WZR�ZLOO� QHYHU�ZRUN� LI�ZH©UH� FRPSDULQJ

DSSOHV�DQG�RUDQJHV�

7KH�SUREOHP�ZH�IDFH�KHUH�LV�WKH�VDPH�SUREOHP�ZH�KDG�ZKHQ

ZH�DVNHG�ZKHWKHU�VRPH�URFN�KDG�D�ORW�RI�LQIRUPDWLRQ�FRQWHQW�RU

QRW��:H�FRXOG�QRW�VD\�ZLWKRXW�PDNLQJ�VRPH�DVVXPSWLRQV�DERXW�WKH

URFN�DQG�WKH�QDWXUH�RI�WKH�XQLYHUVH��7KRVH�DVVXPSWLRQV�ZHUH�QRW

REMHFWLYH�DQG�YHU\�XQVFLHQWLILF��EXW�ZH�KDG�WR�PDNH�WKHP¥RQH�ZD\

RU� WKH� RWKHU¥LI�ZH�ZHUH� HYHQ� JRLQJ� WR� EHJLQ� DVNLQJ� VFLHQWLILF

TXHVWLRQV��,Q�WKH�VDPH�ZD\��ZH�FDQQRW�JHW�D�KDQGOH�RQ ℑ�3+<6�
ZLWKRXW�PDNLQJ�DVVXPSWLRQV�

,Q�/DQJWRQ©V�FDVH�RXU�FDOFXODWLRQ�VHHPV�MXVWLILHG�EHFDXVH�ZH

NQHZ�KH�GHVLJQHG�WKH�UXOHV�WR�PDNH�WKH�DXWRPDWRQ�ZRUN�DQG�ZH

NQHZ� KH� DVVXPHG� QHDUHVW� QHLJKERU� LQWHUDFWLRQV� ZLWK� URWDWLRQDO

��� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ



V\PPHWU\�� *HQHUDOO\� VSHDNLQJ�� ZH� FDQ� PDNH� VRPH� VHQVH� RI

ℑ�3+<6��LI�ZH�NQRZ�VRPHWKLQJ�RI�WKH�RULJLQ�RI�WKH�WUDQVLWLRQ�UXOHV�
,I� ZH� GR� QRW� NQRZ� WKH� RULJLQ� RI� WKH� UXOHV�� GHILQLQJ�ℑ�3+<6�
EHFRPHV�PXFK�PRUH�GLIILFXOW�

,Q�SDUWLFXODU��ZH�ZLOO�KDYH�D�KDUG�WLPH�GHWHUPLQLQJ�ZKHWKHU

ℑ�,1675�!ℑ�3+<6�� IRU� UHDO�ZRUOG� FDUERQ�EDVHG� RUJDQLVPV�
:LWKRXW� VRPH�NLQG�RI� VXSHU�PRGHO� IRU� WKH�SK\VLFDO� ODZV�RI�RXU

XQLYHUVH¥D�PRGHO�WKDW�WHOOV�XV�ZKDW�VHWV�RI�ODZV�DUH�HYHQ�SRVVL�

EOH¥LW©V� UDWKHU� GLIILFXOW� WR� GHILQH�ℑ�3+<6��� 'R� ZH� VWDUW� ZLWK
FDUERQ�FKHPLVWU\"�ZLWK�EDVLF�FKHPLVWU\"�ZLWK�HOHPHQWDU\�SDUWLFOH

SK\VLFV"� RU� ZLWK� TXDQWXP� JUDYLW\"� $QG� LI� ZH� FDQ©W� VKRZ

ℑ�,1675�!ℑ�3+<6��IRU�D�ELRORJLFDO�RUJDQLVP��LW�VHHPV�XQIDLU�WR
PDNH�VXFK�D�UHTXLUHPHQW�IRU�DUWLILFLDO�RUJDQLVPV�

$Q\�ZD\�ZH�WU\�WR�JHW�RXU�KDQGV�RQ�ℑ�3+<6��IRU�RXU�XQLYHUVH�
ZH�PXVW�PDNH�VRPH�SKLORVRSKLFDO�DVVXPSWLRQV���/HW©V�FRQVLGHU�RQH

VXFK�DVVXPSWLRQ��DQG�KRZ�LW�ZLOO�DIIHFW�RXU�SHUVSHFWLYH�RQ�5XOH

7ZR��:H�PLJKW�GHFLGH�WKDW�HLWKHU�WKH�ZRUOG�ZDV�GHVLJQHG�VSHFLIL�

FDOO\�WR�VXSSRUW� OLIH��RU� LW�ZDV�QRW��,I� WKH�ZRUOG�ZDV�GHVLJQHG�WR

VXSSRUW�OLIH��WKLV�PLJKW�KDYH�EHHQ�GRQH�LQ�D�QXPEHU�RI�ZD\V��)RU

H[DPSOH��*RG�PLJKW�KDYH�VHW�WKH�XQLYHUVH�XS�ZLWK�WKH�LQWHQWLRQ�RI

PDNLQJ�XV�IURP�WKH�EHJLQQLQJ��2U�WKH�VWURQJ�DQWKURSLF�SULQFLSOH

PLJKW�KDYH�EHHQ�DW�ZRUN��7KLV�¦SULQFLSOH§���VXJJHVWV�WKDW�WKHUH�DUH

PDQ\�XQLYHUVHV�EHLQJ�FUHDWHG�FRQWLQXRXVO\��ZLWK�DOO�GLIIHUHQW�ODZV�

:H�OLYH�LQ�RQH�ZLWK�WKH�ULJKW�ODZV�EHFDXVH�RQO\�VXFK�D�XQLYHUVH�FDQ

VXSSRUW�OLIH������RQH�WKDW�FRXOG�QRW�VXSSRUW�OLIH�FRQWDLQV�QR�FRQVFLRXV

OLIH� WR� REVHUYH� WKH� ODZV� LQ� LW�� 7KH� SUREOHP�ZLWK� WKLV� DQWKURSLF

SULQFLSOH�LV�WKDW�ZH�FDQ�QHYHU�REVHUYH�DOO�WKRVH�RWKHU�XQLYHUVHV��$V

VXFK��LW�LV�UHDVRQDEOH�WR�VXJJHVW�WKDW�WKH\�GR�QRW�HYHQ�UHDOO\�H[LVW�

DW�ZKLFK� SRLQW� WKH� VWURQJ� DQWKURSLF�SULQFLSOH�EHFRPHV� D� VRUW� RI

LQWHOOLJHQW�FUHDWLQJ�JRG�LQ�LWVHOI��(LWKHU�RI�WKHVH�DSSURDFKHV�WKHUH�

IRUH�DUJXH�IRU�D��SRVVLEO\�TXLWH�ODUJH��QRQ�]HUR�ℑ�3+<6��IRU�WKH
UHDO�ZRUOG�

6HOI�5HSURGXFWLRQ�DQG�,QIRUPDWLRQ ���

� � ,� XVH� TXRWHV� EHFDXVH� ¦D[LRP§ � RU� ¦ DVVXPSWLRQ§ �ZRXOG� EH� D� EHWWHU�ZRUG�
¦3ULQFLSOH§ �VXJJHVWV�SULRU�DVVHQW�WR�WKH�SKLORVRSK\�EHKLQG�WKH�D[LRP�



$Q�DOWHUQDWLYH�LV�WR�VXJJHVW�WKDW�WKHUH�LV�VRPH�ORJLFDO�QHFHVVLW\

IRU�WKH�SK\VLFDO�FRQVWDQWV��HWF���EHLQJ�ZKDW�WKH\�DUH��7KDW�LV��LI�ZH

KDG�D�ILQDO�DQG�H[DFW�SK\VLFDO�WKHRU\��LW�ZRXOG�H[SODLQ�PXFK�PRUH

DERXW� WKH� ODZV� RI� WKH� XQLYHUVH� WKDQ�ZH� NQRZ� WRGD\��$OO� RI� WKH

DSSDUHQW�DUELWUDULQHVV�ZRXOG�EH�WDNHQ�RXW�RI�WKH�V\VWHP��DQG�WKH

ODZV�RI�SK\VLFV�ZRXOG�EH�WKH�RQO\�WKLQJ�WKH\�FDQ�EH��7KLV�GLIIHUV

IURP�WKH�VWURQJ�DQWKURSLF�SULQFLSOH�LQ�WKDW�LW�GRHV�QRW�PDNH�UHIHU�

HQFH�WR�OLIH�DQG�FRQVFLRXVQHVV��7KH�ORJLF�RQO\�LQYROYHV�WKH�PLFUR�

VFRSLF�ODZV�RI�SK\VLFV��8QGHU�VXFK�DQ�DUUDQJHPHQW��,�VXSSRVH�RQH

FRXOG�DUJXH�IRU ℑ�3+<6� ���+RZHYHU��WKH�SK\VLFV�ZH�NQRZ�WRGD\
LV�D�ORQJ��ORQJ�ZD\�IURP�PDNLQJ�DQ\�VXFK�DUJXPHQW�

)LQDOO\��ZH�PLJKW�VXJJHVW�WKDW�WKH�ODZV�RI�SK\VLFV�DUH�HLWKHU

WKH�UHVXOW�RI�EOLQG�FKDQFH��RU�WKDW�*RG�FUHDWHG�WKRVH�ODZV�ZLWKRXW

WKH�VSHFLILF�LQWHQWLRQ�RI�FUHDWLQJ�OLIH��,Q�HLWKHU�RI�WKHVH�FDVHV��RQH

PLJKW�DUJXH�WKDW�5XOH�7ZR�FDQ©W�UHDOO\�EH�DSSOLHG��

6R� LQ� WKH� HQG�� ZH� GRQ©W� NQRZ� HQRXJK� WR� JHW� D� KDQGOH� RQ

ℑ�3+<6��IRU�WKH�UHDO�ZRUOG��RU�WR�GHFLGH�ZKHWKHU�ZH�VKRXOG�WU\�WR
DSSO\�5XOH�7ZR�RU�QRW��7KH�VLWXDWLRQ�LV�GLIIHUHQW�IRU�DQ\�DUWLILFLDO

OLIH�ZH�PLJKW�GHVLJQ�RQ�D�FRPSXWHU��VLPSO\�EHFDXVH�LW�PDNHV�VHQVH

WR�ORRN�EHKLQG�WKH�VFHQHV�WR�VHH�KRZ�WKH�¦SK\VLFV§ �ZDV�GHVLJQHG

DQG�H[DPLQH�WKH�DOWHUQDWLYHV��7KXV��5XOH�7ZR�PDNHV�VRPH�VHQVH

IRU�DUWLILFLDO�OLIH��HYHQ�WKRXJK�ZH�FDQ©W�WDFNOH�LW�IRU�RUJDQLF�OLIH��:H

ILQG�RXUVHOYHV�LQ�WKH�VWUDQJH�SRVLWLRQ�RI�PDNLQJ�UXOHV�IRU�DUWLILFLDO

RUJDQLVPV�WKDW�ZH�FDQQRW�HYHQ�EHJLQ�WR�WDFNOH�IRU�UHDO�OLYH�RQHV�

7ZR�FRPPHQWV�DUH�LQ�RUGHU�KHUH������:H�QHHG�QRW�YLHZ�WKLV�XQXVXDO

SUHGLFDPHQW�DV�EDG��$IWHU�DOO��LW�LV�RXU�JRDO�WR�EHWWHU�XQGHUVWDQG�UHDO

OLIH� E\� VWXG\LQJ� DUWLILFLDO� OLIH�� VR� SHUKDSV� WKH� DELOLW\� WR� DQDO\]H

DUWLILFLDO�ZRUOGV�PRUH�WKRURXJKO\�WKDQ�WKH�UHDO�ZRUOG�ZLOO�LQ�WKH�HQG

JLYH�XV�VRPH�ZLVGRP�DERXW� WKH�UHDO�ZRUOG������:H�VKRXOG�YLHZ

5XOH�7ZR�DV�WHQWDWLYH��&HUWDLQO\�WKDW�ZRXOG�EH�LQ�NHHSLQJ�ZLWK�WKH

VSLULW�RI�RXU�WHQWDWLYH�DSSURDFK�LQ�GLYLGLQJ�OLIH�IURP�QRQ�OLIH�LQ�WKH

ILUVW�SODFH��:H�DUH�VWLOO�YHU\�PXFK�WKH�FKLOG�RQ�WKH�VHDVKRUH��SLFNLQJ

XS�VWRQHV�KHUH�DQG�WKHUH��:H�KDYH�QR�LGHD�ZKDW�WUHDVXUHV�WKDW�RFHDQ

PD\�FRQWDLQ��EXW�ZH�PD\�SRQGHU�D�IHZ�WKDW�ZDVK�XS�KHUH�DQG�WKHUH�

,Q� WKH� UHDOP� RI�$/��ZH� KDYH� DOUHDG\� H[DPLQHG� WKH� FDVH� RI

LQWHQWLRQDO�GHVLJQ��ZKHUH�WKH�UXOHV�DUH�GHVLJQHG�ZLWK�WKH�LGHD�RI

JHWWLQJ�WKH�DXWRPDWRQ�WR�ZRUN��7KDW�LV�FOHDUO\�/DQJWRQ©V�DXWRPD�

WRQ��,W�LV�DOVR�WUXH�RI�PRVW�RI�WKH�VLPSOHU�DXWRPDWD��7KH�IDFW�WKDW

��� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ



ℑ�3+<6�!ℑ�,1675�� JLYHV� XV� VRPH� FOXHV� DV� WR� KRZ� WKH\�ZHUH
GHVLJQHG�� ,�GR�QRW�NQRZ�DOO� WKH�GHWDLOV� DERXW� VRPH�RI� WKH�RWKHU

DXWRPDWD��EXW�,�FDQ�VD\�WKDW�,�GHVLJQHG�0,1,0$/�E\�ILUVW�GUDZLQJ

WKH�DXWRPDWRQ��DQG�D�OLNHO\�VHTXHQFH�RI�VWHSV�WR�JHW�LW�WR�UHSURGXFH�

7KHQ�,�ZRUNHG�RXW�ZKDW�WUDQVLWLRQ�UXOHV�ZRXOG�EH�QHHGHG�WR�PDNH

WKDW�ZRUN��([DFWO\�KRZ�5XOH�7ZR�ZRXOG�VXJJHVW�LW�KDSSHQHG�

:H�FDQ�DOVR�FRQVLGHU�DXWRPDWD�ZKHUH�WKH�FRQQHFWLRQ�EHWZHHQ

WKH�GHVLJQ�RI�WKH�UXOHV�DQG�WKH�GHVLJQ�RI�WKH�DXWRPDWRQ�LV�VHYHUHG�

+HUH�,�DP�QRW�WDONLQJ�DERXW�SLFNLQJ�UXOHV�UDQGRPO\��EXW�DERXW�XVLQJ

UXOHV�WKDW�ZHUH�GHYHORSHG�TXLWH�DSDUW�IURP�DQ\�GHVLUH�WR�IDFLOLWDWH

DUWLILFLDO�OLIH��$UWLILFLDO�OLIH�LQ�VXFK�DQ�HQYLURQPHQW�LV�SHUKDSV�DW

OHDVW�RQH�VWHS�UHPRYHG�IURP�EHLQJ�D�SXUH�FRQWULYDQFH��LQ�WKDW�WKH

WUDQVLWLRQ�UXOHV�ZHUHQ©W�GHVLJQHG�WR�PDNH�LW�ZRUN��&RPSXWHU�YL�

UXVHV�DUH�DQ�H[FHOOHQW�H[DPSOH�RI�VXFK�D�VLWXDWLRQ��(DUO\�FRPSXWHU

RSHUDWLQJ�V\VWHPV��OLNH�06�'26��ZHUH�QRW�GHVLJQHG�WR�HLWKHU�KHOS

YLUXVHV�RU�KLQGHU�WKHP��1RERG\�ZULWLQJ�WKRVH�RSHUDWLQJ�V\VWHPV

KDG�\HW� WKRXJKW�RI�YLUXVHV�� VR� WKH\�GLGQ©W�SODQ� IRU� WKHP��<HW�� LW

WXUQHG�RXW�WKDW�YLUXVHV�FRXOG�WKULYH�LQ�VXFK�DQ�HQYLURQPHQW�

,Q�UHWURVSHFW��LI�ZH�ZHUH�WR�DSSO\�5XOH�7ZR�WR�YLUXVHV��PDQ\

RI�WKHP�ZRXOG�FRPH�XS�ODFNLQJ��)RU�H[DPSOH��PRVW�ILOH�LQIHFWLQJ

YLUXVHV�XVH�'26©V�6HDUFK�)LUVW���6HDUFK�1H[W�IXQFWLRQV�WR�ORFDWH

QHZ�ILOHV�WR�LQIHFW��6XFK�VHDUFK�FDOOV�W\SLFDOO\�WDNH�XS�D�GR]HQ�RU

VR� E\WHV� LQ� D� YLUXV� WKDW�PD\� RQO\� EH� ���� E\WHV� ORQJ��<HW� WKHVH

IXQFWLRQV�DFFHVV�WKH�GLVN�WKURXJK�,QWHUUXSW���+��DQG�PDNH�VHQVH�RI

WKH�VHFWRUV�E\�XVLQJ�'26©V�ORZ�OHYHO�ILOH�V\VWHP�IXQFWLRQV��7KH

'26�FRGH�DQG�WKH�,QWHUUXSW���+�FRGH�WR�GR�DOO�RI�WKLV�PLJKW�EH���

RU����NLORE\WHV��$OO�RI�LW�LV�WDNHQ�DV�EHLQJ�D�JLYHQ��SDUW�RI�WKH�SK\VLFV

RI�WKH�V\VWHP��,W�REYLRXVO\�FRQWDLQV�D�ORW�PRUH�LQIRUPDWLRQ�WKDQ�WKH

YLUXV�LWVHOI��,I�WKH�YLUXV�GLG�QRW�KDYH�WKHVH�FRQYHQLHQW�IXQFWLRQV�DW

LWV�GLVSRVDO��LW�ZRXOG�KDYH�WR�EH�D�PLQLPXP�RI����RU����NLORE\WHV

ORQJ��1RQH� WKH� OHVV��ZH�FDQ�RQO\�VD\� WKH�YLUXV�ZDV�FRQWULYHG� WR

H[SORLW�WKH�RSHUDWLQJ�V\VWHP��:H�FDQ©W�VD\�WKDW�WKH�RSHUDWLQJ�V\VWHP

ZDV�GHVLJQHG�WR�PDNH�WKH�YLUXV�ZRUN�

,Q�VKRUW��5XOH�7ZR�VHHPV�WR�WHOO�XV�VRPHWKLQJ�LPSRUWDQW�DERXW

VHOI�UHSURGXFLQJ�DXWRPDWD��\HW�LW�LV�OHVV�WKDQ�D�VDWLVI\LQJ�UXOH�IRU

WKH�VFLHQWLVW��,W�WHOOV�XV�WR�WUHDG�VRIWO\�LQ�VRPH�DUHDV��DQG�EHZDUH�RI

WKH� IDFW� WKDW� ZH� FDQ� LQMHFW� LQIRUPDWLRQ� LQWR� D� V\VWHP� YLD� WKH

WUDQVLWLRQ�UXOHV��,W�KHOSV�XV�QRW�WR�UHO\�RQ�DSSHDUDQFHV�ZKHQ�GHFLG�

6HOI�5HSURGXFWLRQ�DQG�,QIRUPDWLRQ ���



LQJ� ZKHWKHU� RU� QRW� VRPHWKLQJ� LV� ¦ VHOI�UHSURGXFLQJ§ �� $IWHU� DOO�

ORRNLQJ�DW�VRPH�DXWRPDWRQ�DQG�VD\LQJ�LW�LV�VHOI�UHSURGXFLQJ�PHUHO\

EHFDXVH�LW�ORRNV�OLNH�D�PXOWLSO\LQJ�FHOOXODU�EORE�LV�WRWDOO\�XQVFLHQ�

WLILF��:H�QHHG�VRPH�TXDQWLWDWLYH�ZD\�WR�XQGHUVWDQG�WKH�FRXSOLQJ

EHWZHHQ�WKH�SK\VLFV�RI�D�V\VWHP�DQG�DQ\�VHOI�UHSURGXFLQJ�DXWRPDWD

WKDW�PD\�OLYH�LQ�WKDW�V\VWHP��

<HW�ZH�ZRXOG� OLNH� D�PRUH� V\VWHPDWLF� DQG� LQYDULDQW�ZD\� WR

GHILQH�ℑ�3+<6���*LYHQ�WKDW��ZH�FRXOG�DVVLJQ�D�FRQFUHWH�QXPEHU
WR�D�VHW�RI�WUDQVLWLRQ�UXOHV�DQG�DSSO\�5XOH�7ZR�DFURVV�WKH�ERDUG��,

GRQ©W� WKLQN� WKLV� LV� RXWVLGH� WKH� UHDO� RI� SRVVLELOLW\�� DOWKRXJK� LW� LV

RXWVLGH�WKH�VFRSH�RI�WKLV�ERRN��,Q�RUGHU�WR�GR�LW��ZH�PLJKW�QHHG�DQ

LGHD� RI� LQIRUPDWLRQ� LQ� WKH� WUDQVLWLRQ� UXOHV� WKDW� JRHV�EH\RQG�RXU

VLPSOLVWLF�HQWURS\�DSSURDFK��

��� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ



$XWRQRP\

,W�KDUGO\�VHHPV�DSSURSULDWH�WR�GLVFXVV�WKH�SKLORVRSK\�RI�OLIH�LQ

WKH�FRQWH[W�RI�FRPSXWHU�YLUXVHV�DQG�IDLO�WR�PHQWLRQ�DXWRQRP\��$IWHU

DOO��FRPSXWHU�YLUXVHV�DUH�WKH�RQO\�IRUP�RI�$/�WKDW�KDV�VXFFHVVIXOO\

¦JRWWHQ�DZD\§ �IURP�WKHLU�FUHDWRUV�DQG�HVWDEOLVKHG�D�SRSXODWLRQ�LQ

WKH� ZLOG�� ,I� VXGGHQO\� DOO� NQRZOHGJH� RI� KRZ� WR� ZULWH� FRPSXWHU

YLUXVHV�ZHUH�VLPSO\�HUDVHG�IRUP�WKH�PLQGV�RI�DOO�ZKR�KDG�LW��ZH©G

VWLOO�KDYH�YLUXVHV�IRU�D�ORQJ�WLPH�WR�FRPH�

7KH�LGHD�RI�OLIH�KDV�DOZD\V�EHHQ�FORVHO\�UHODWHG�WR�DXWRQRP\�

DQG�\HW�RQH�FDQQRW�VD\�WKDW�OLYLQJ�RUJDQLVPV�DUH�VRPHKRZ�VHOI�VXI�

ILFLHQW�� LQ� JHQHUDO��$� OLYLQJ�RUJDQLVP� LV� QRUPDOO\�GHSHQGHQW� RQ

RWKHU�RUJDQLVPV� IRU� LWV� VXUYLYDO��)RU� H[DPSOH�� WKH� HQWLUH� DQLPDO

NLQJGRP�LV�GHSHQGHQW�RQ�WKH�SODQW�NLQJGRP�WR�FRQYHUW�VRODU�HQHUJ\

LQWR�XVHIXO�ELRFKHPLFDO�HQHUJ\��:LWKRXW�SODQWV��DQLPDOV�FRXOG�QRW

VXUYLYH��6R�DOO�DQLPDO�OLIH�LV�GHSHQGHQW�RQ�RWKHU�IRUPV�RI�OLIH�IRU

LWV�YHU\�H[LVWHQFH�

<HW�OLYLQJ�RUJDQLVPV�DUH�DSSDUHQWO\�DXWRQRPRXV�LQ�WKH�VHQVH

RI�EHLQJ�VHOI�JRYHUQLQJ��RU�RI�IXQFWLRQLQJ�LQGHSHQGHQWO\��ZLWKRXW

WKH�GLUHFW�FRQWURO�RI�RWKHUV��,�KDYH�DQ�LJXDQD�DV�D�SHW��7KRXJK�LW©V

GHSHQGHQW�RQ�PH�WR�IHHG�LW��HWF���LW�GHILQLWHO\�KDV�D�PLQG�RI�LWV�RZQ�

,W�LV�DQ�HVFDSH�DUWLVW�SDU�H[FHOOHQFH��,W�ZLOO�WU\�WR�ELWH�PH�ZKHQ�LW

IHHOV�OLNH�LW��,�ZRXOG�SUHIHU�VRPH�RI�WKHVH�KDELWV�WR�EH�GLIIHUHQW��$QG

FHUWDLQO\�D�FKDQJH�ZRXOG�EHQHILW�KLP��,I�KH�HYHU�GRHV�HVFDSH��KH

ZRQ©W�VXUYLYH�ZHOO�LQ�P\�FOLPDWH��%XW�KH�ZLOO�QRW�FKDQJH�

:H�PLJKW�YLHZ�YLUXVHV�LQ�D�VLPLODU� OLJKW��&HUWDLQO\�WKH\�DUH

GHSHQGHQW�RQ�XV�WR�WKH�H[WHQW�WKDW�ZH�WXUQ�RQ�RXU�FRPSXWHUV�DQG

H[HFXWH�SURJUDPV��<HW�WKH\�VHHP�WR�KDYH�PLQGV�RI�WKHLU�RZQ��DV



HYLGHQFHG�E\�WKH�IDFW�WKDW�WKH\�RIWHQ�GR�WKLQJV�ZH�ZRXOG�QRW�KDYH

WKHP�GR��2QH�PLJKW�DUJXH�WKDW�WKLV�DXWRQRP\�LV�RQO\�DQ�DSSHDUDQFH�

VLQFH�ZH�FDQ�GLVDVVHPEOH�WKHP�DQG�XQGHUVWDQG�H[DFWO\�ZKDW�WKH\

GR��ZKHQ��DQG�ZK\��+RZHYHU��ZH�VKRXOG�UHPHPEHU�WKDW�PD\EH�RQO\

�����RI�WKH�ZRUOG©V�SRSXODWLRQ�FDQ�GR�WKDW��7R�WKH�RWKHU��������WKH

EHKDYLRU�RI�D�YLUXV�LV�MXVW�DV�P\VWHULRXV�DV�WKH�EHKDYLRU�RI�DQ�LJXDQD�

,� ZRQ©W� EHODERU� WKH� SRLQW�� $XWRQRP\� KDV� OLWWOH� WR� GR� ZLWK

DQ\WKLQJ�ZH©OO�GLVFXVV�KHUHDIWHU��1RQH�WKH�OHVV��D�VHOI�UHSURGXFLQJ

DXWRPDWRQ�WKDW�PHUHO\�H[LVWV�LQ�DQ�H[SHULPHQWHU©V�FRPSXWHU�IRU�D

OLPLWHG�WLPH�DQG�WKHQ�YDQLVKHV�GRHVQ©W�FRPH�FORVH�WR�DQ\�LGHD�RI

DXWRQRP\��ZKHUHDV�D�YLUXV�GRHV�

��� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ



6R�$UH�9LUXVHV�$OLYH"

$IWHU�VXUYH\LQJ�VRPH�RI�WKH�SKLORVRSKLFDO�SUREOHPV�DVVRFLDWHG

ZLWK�FDOOLQJ�VRPHWKLQJ�¦DOLYH§ �ZH�FDQ�VHH�MXVW�KRZ�VKDOORZ�DQ\

DWWHPSWV�WR�GHILQH�OLIH�PHFKDQLFDOO\�DUH��+RZ�VLOO\�LW�LV�WR�VSHFLI\

D�KDOI�GR]HQ�RU�VR�IXQFWLRQDO�SURSHUWLHV��DQG�VD\�VRPHWKLQJ�LV�DOLYH

EHFDXVH�LW�KDV�WKRVH�SURSHUWLHV��$V�VRRQ�DV�ZH�EHJLQ�WR�WHDU�DW�VXFK

GHILQLWLRQV�ZLWK�WKH�SRLQWHG�NQLIH�RI�SKLORVRSK\��WKH\�FRPH�ULJKW

DSDUW��:H�VHH�WKH�SKLORVRSKLFDO�SUHVXPSWLRQV�WKDW�JR�LQWR�PDNLQJ

WKHVH� GHILQLWLRQV� DQG�ZH� VHH� WKH� SKLORVRSKLFDO� FRQVHTXHQFHV� RI

WU\LQJ� WR� GHILQH� OLIH� SUHFLVHO\�� $QG� PRVW� RI� WKLV� SKLORVRSK\� LV

XQIDWKRPDEOH�ZLWK�WKH�WRROV�RI�VFLHQFH�

6R�DIWHU�ORRNLQJ�DW�VRPH�RI�WKH�GHHS�SKLORVRSKLFDO�SUREOHPV

LQYROYHG�LQ�RXU�JUDQG�TXHVWLRQ��KRZ�GR�YLUXVHV�VWDQG"

(PHUJHQW�%HKDYLRU

:H�FDQ�GHVLJQ�D�YLUXV�ZLWK�DOO�WKH�PHFKDQLFDO�DVSHFWV�RI�OLIH�

DV�ODLG�RXW�LQ�3DUW�,��'RHV�WKDW�PDNH�LW�DFWXDOO\�DOLYH"�&HUWDLQO\��LI

VWURQJ�HPHUJHQW�EHKDYLRU�LV�QHFHVVDU\�IRU�OLIH��WKHQ�D�YLUXV�LV�QRW

DOLYH��DQG�QR�PDWWHU�KRZ�KDUG�ZH�ZRUN�DW�LW��LW�ZLOO�QHYHU�EH�DOLYH�

$IWHU�DOO�� D�YLUXV� LV�D�SURJUDP��DQG�RXU� LGHD�RI�VWURQJ�HPHUJHQW

EHKDYLRU� FHQWHUHG� DURXQG� WKH� SRVVLELOLW\� WKDW� VRPH� G\QDPLFDO

V\VWHPV�FRXOG�QRW�EH�PRGHOHG�E\�DQ\�UHDO�ZRUOG�FRPSXWHU�SURJUDP�

QRZ�RU�LQ�WKH�IXWXUH�

,Q�WHUPV�RI�UHDO�VFLHQFH��,�WKLQN�VWURQJ�HPHUJHQW�EHKDYLRU�LV�DQ

LPSRUWDQW�FRQVLGHUDWLRQ�� WKRXJK� LW�JRHV�DJDLQVW� WKH�QRZ�SRSXODU

FRQFHSWLRQ� RI� VFLHQFH� DV� D� JUDQG� SDUDGLJP� IRU� DOO� NQRZOHGJH�

,QVWHDG�LW�DFNQRZOHGJHV�WKH�OLPLWV�RQ�RXU�DELOLW\�WR�FDOFXODWH�DQG



NQRZ�RXU�ZRUOG��%XW�\RX�ZLOO�ILQG�D�VWURQJ�WUDGLWLRQ�RI�DFNQRZ�

OHGJLQJ�VXFK�OLPLWV�DPRQJ�VXFFHVVIXO�VFLHQWLVWV�RYHU�WKH�FHQWXULHV�

VR�,�GR�QRW�DSRORJL]H�IRU�SUHIHUULQJ�DQ�ROGHU�WUDGLWLRQ�RYHU�PRGHUQ

DUURJDQFH�

&DUERQ�EDVHG�OLIH�PDNHV�D�VHULRXV�FODLP�WR�VWURQJ�HPHUJHQW

EHKDYLRU��&RPSXWHU�EDVHG� VLPXODWLRQV��YLUXVHV� LQFOXGHG�� VLPSO\

FDQ©W�PHDVXUH�XS��7KH�GLIIHUHQFH�LV�IXQGDPHQWDO��6WURQJ�HPHUJHQW

EHKDYLRU�LV�DQ�LPSHQHWUDEOH�EDUULHU�WR�GRLQJ�H[DFWLQJ�FDOFXODWLRQV�

7KDW� EDUULHU� NHHSV� GHWHUPLQLVWLF� VFLHQFH� IURP� FRQTXHULQJ� OLIH�

&RQFHSWV�OLNH�IUHH�ZLOO�DUH�OHJLWLPDWH�EHFDXVH�RI�WKDW�EDUULHU��7KH

EHKDYLRU� RI� D� OLYLQJ�RUJDQLVP�FDQQRW� EH�GHWHUPLQHG� IURP�EDVLF

SK\VLFV��VR�IUHH�ZLOO�LV¥IRU�DOO�SUDFWLFDO�SXUSRVHV¥�UHDOL]HG�

$�FRPSXWHU�EDVHG�VLPXODWLRQ�LV�IXQGDPHQWDOO\�GHWHUPLQLVWLF¥

HYHQ�LI�LW�XVHV�D�SVHXGR�UDQGRP�QXPEHU�JHQHUDWRU��RU�VRPH�VXFK

DOJRULWKP�WR�DOWHU�LWV�EHKDYLRU�LQ�D�UHODWLYHO\�XQSUHGLFWDEOH�ZD\��,W

FDQ� QHYHU� H[KLELW� WKLV� HOXVLYH� TXDOLW\� ZH� FDOO� ¦ IUHH� ZLOO�§ � ,WV

EHKDYLRU�LV�SUHGLFWDEOH��DW�OHDVW�LQ�WKHRU\�

2I�FRXUVH��VWURQJ�HPHUJHQW�EHKDYLRU�LV�QRW�D�ZHOO�HVWDEOLVKHG

IDFW��5LJKW�QRZ�� LW� LV�VSHFXODWLYH�� ,V� LW� UHDO"�&RXOG� LW�EH�GHPRQ�

VWUDWHG��VRPHKRZ"�2U�LV�WKH�ZRUOG�PLFURVFRSLFDOO\�GHWHUPLQLVWLF

LQ�WKH�HQG��)URP�WRGD\©V�SHUVSHFWLYH��LW�ZRXOG�VHHP�WKDW�DQVZHULQJ

VXFK�TXHVWLRQV�LV�QRW�SRVVLEOH�XVLQJ�VFLHQFH�DORQH��$W�OHDVW�VRPH

SKLORVRSKLFDO�SUHVXSSRVLWLRQV�DUH�QHFHVVDU\��<HW�WKH�VDPH�FRXOG�EH

VDLG�RI�TXDQWXP�XQFHUWDLQWLHV�

6R��LQ�D�VHQVH��LI�\RX�FKRRVH�WR�EHOLHYH�WKDW�OLYLQJ�RUJDQLVPV

DUH�GHWHUPLQLVWLF�DQG�H[KLELW�RQO\�ZHDNO\�HPHUJHQW�EHKDYLRU�WKHQ

\RX� FDQ� DUJXH� WKDW� WKH� ULJKW� NLQG� RI� VHOI�UHSURGXFLQJ� DXWRPDWD�

LQFOXGLQJ� YLUXVHV�� DUH� DFWXDOO\� DOLYH�� 2Q� WKH� RWKHU� KDQG�� LI� \RX

FKRRVH�WR�EHOLHYH�WKDW�OLYLQJ�RUJDQLVPV�H[KLELW�VWURQJO\�HPHUJHQW

EHKDYLRU��DQG�DV�D�UHVXOW�PD\�H[KLELW�SKHQRPHQD�ZKLFK�WKH�PLFUR�

VFRSLF� ODZV� RI� SK\VLFV� FDQQRW� H[SODLQ�� WKHQ� \RX� FDQ� DUJXH� WKDW

YLUXVHV�FDQQRW�EH�DFWXDOO\�DOLYH��8QOHVV�VFLHQWLVWV�DUH�DJUHHG�RQ�WKH

XQGHUO\LQJ�DVVXPSWLRQV��WKRXJK��DJUHHPHQW�LV�QRW�OLNHO\�WR�EH�KDG�

3HUKDSV�WKLV�FRQFOXVLRQ�LV�VRPHZKDW�GLVDSSRLQWLQJ�WR�\RX��GHDU

UHDGHU��:H�VWDUWHG�RXW�ZLWK�WKH�GHVLUH�WR�GHWHUPLQH�ZKHWKHU�RU�QRW

YLUXVHV�DUH�DOLYH��,Q�WKH�HQG�ZH�ILQG�WKDW�FUXFLDO�HOHPHQWV�RI�WKH

DQVZHU�WR�WKDW�TXHVWLRQ�GHSHQG�VLPSO\�RQ�ZKDW�\RX�EHOLHYHG�WR�VWDUW

��� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ



RXW�ZLWK��$OO�WKH�VRSKLVWLFDWHG�DQDO\VLV�LQ�WKH�ZRUOG�UHDOO\�ZRQ©W

UHVROYH�LW�

,�UHDOL]H�P\�GLVFXVVLRQ�RI�WKH�ZKROH�TXHVWLRQ�¦ ,V�LW�DOLYH"§ �PD\

EH� VRPHZKDW� FUXGH�� ,©YH� IDLOHG� WR� ILQG� DQ\� VHQVLEOH� DQG� KRQHVW

GLVFXVVLRQ�RI�WKH�VRUW�LQ�ERRNV�DQG�MRXUQDOV��VR�,©YH�WULHG�WR�WDNH

ZKDW�OLWWOH�,�FRXOG�ILQG��UHDG�EHWZHHQ�WKH�OLQHV��DQG�XQGHUVWDQG�WKH

PDWWHU�ZLWK� DQ� H\H� WR� EHLQJ� WUXH� WR�7UXWK��$QG� WKRXJK� SHUKDSV

VRPHZKDW�URXJK��,�WKLQN�ZKDW�,©YH�VDLG�ZLOO�QRW�EH�VLJQLILFDQWO\

PRGLILHG� E\� D� PRUH� HUXGLWH� \HW� XQSUHMXGLFHG� GLVFXVVLRQ� RI� WKH

PDWWHU��7R�ZLW��,�GR�QRW�EHOLHYH�WKDW�PHUH�REVHUYDWLRQ�DQG�ORJLF¥

WKH�WRROV�RI�VFLHQFH¥ZLOO�HYHU�JHW�XV�SDVW�WKH�JODULQJ�SKLORVRSKLFDO

ZDOOV�ZH�IDFH�

7KHUHIRUH�DOO�ZH�FDQ�GR�LV�WR�DOORZ�RXU�GLVDSSRLQWPHQW�WR�JURZ

LQWR�KXPLOLW\�DQG�ZLVGRP��$V�,�VDLG�HDUOLHU��PDQ\�VFLHQWLVWV�IDOO�LQWR

WKH� WUDS�RI� SXUVXLQJ� D� ¦SKLORVRSKLFDOO\� FRUUHFW§ �SURJUDP�RI� UH�

VHDUFK� ZLWKRXW� HYHU� XQGHUVWDQGLQJ� WKH� SKLORVRSK\� EHKLQG� ZKDW

WKH\©UH�GRLQJ��7KHQ��ZKDW� LV� ¦FRUUHFW§ � FKDQJHV�� DQG� WKHLU�ZRUN

EHFRPHV� LUUHOHYDQW��:KDW� ZH� KDYH� KHUH� LV� FDVH� DQG� SRLQW�� 7KH

GHWHUPLQLVWLF� YLHZ� RI� OLIH� LV� SKLORVRSKLFDOO\� FRUUHFW� IRU� WRGD\©V

VFLHQWLVW�� %XW� WKDW� GHEDWH� KDV� UDJHG� IRU� WKRXVDQGV� RI� \HDUV� DQG

VKLIWHG� EDFN� DQG� IRUWK�� DQG� LW�ZLOO� FRQWLQXH� WR� GR� VR�� )URP� WKH

IRUHJRLQJ�GLVFXVVLRQ��,�WKLQN�\RX�FDQ�VHH�WKDW�WKH�GHEDWH�LV�IDU�IURP

EHLQJ�UHVROYHG��7KHUHIRUH�,�DP�FRQYLQFHG�WKDW�WR�GR�DQ\�PHDQLQJIXO

DQG�ODVWLQJ�ZRUN�LQ�WKLV�ILHOG��ZH�PXVW�EH�NHHQ�WR�WKH�SKLORVRSK\

DQG�SDLQIXOO\�DZDUH�RI�RXU�OLPLWDWLRQV��7KHUHLQ�OLHV�RXU�ZLVGRP�

$V�IDU�DV�YLUXVHV�JR��ZH�PXVW�DFNQRZOHGJH�WKDW�LQ�WKH�VWURQJHVW

OLJKW��WKH\�IDOO�VKRUW�RI�DFKLHYLQJ�OLIH��,Q�D�PRUH�V\PSDWKHWLF�OLJKW�

WKH\�PD\�JDLQ�VXFK�D�WLWOH��EXW�,��IRU�RQH��SUHIHU�WKH�KDUVKHVW�OLJKW�

7KHUH��DOO�RXU�ZHDNQHVVHV�DUH�H[SRVHG�������EXW�ZKDWHYHU�VWLOO�DSSHDUV

VWURQJ�ZLOO�DOZD\V�EH�VWURQJ��7KDW�LV�WKH�NH\�

,I�,�LQVLVW�WKDW�YLUXVHV�DUH�DOLYH��WKHQ�,�FDQ�RQO\�ILQG�DJUHHPHQW

ZLWK�WKRVH�ZKR�DFFHSW�P\�SKLORVRSKLFDO�DVVXPSWLRQV��2Q�WKH�RWKHU

KDQG��LI�ZH�VHW�DVLGH�WKH�ELJ�TXHVWLRQ�DV�XQDQVZHUDEOH�ZLWKRXW�SKL�

ORVRSK\��LW�GRHV�QRW�PHDQ�ZH�FDQQRW�OHDUQ�DQ\WKLQJ�DERXW�OLIH�IURP

YLUXVHV�� 7KH\� KDYH� PDQ\� RI� WKH� PHFKDQLFDO� SURSHUWLHV� RI� OLIH�

7KHUHIRUH�LW�ZRXOG�VHHP�HQWLUHO\�UHDVRQDEOH�WKDW�ZH�PLJKW�EH�DEOH

WR� FRPH� WR� D� EHWWHU� XQGHUVWDQGLQJ� RI� OLIH� DQG� KRZ� LW� ZRUNV� E\

VWXG\LQJ�WKHVH�PHFKDQLFDO�SURSHUWLHV¥UHJDUGOHVV�RI�SKLORVRSKLFDO

6R�$UH�9LUXVHV�$OLYH" ���



EHOLHIV��:H�PDNH�QR�FODLP�WKDW�$/�ZLOO�HYHU�JLYH�XV�D�FRPSOHWH�RU

WRWDO�XQGHUVWDQGLQJ�RI�OLIH¥EXW�LW�RXJKW�WR�EH�DW�OHDVW�D�SLHFH�RI�WKH

SX]]OH��,I�OLYLQJ�RUJDQLVPV�H[KLELW�VWURQJO\�HPHUJHQW�EHKDYLRU�WKHQ

WKH�PLFURVFRSLF�ODZV�RI�SK\VLFV�GR�QRW�JLYH�XV�VXIILFLHQW�LQIRUPD�

WLRQ� WR� FRPSOHWHO\� XQGHUVWDQG� OLIH�� %XW� WKDW� GRHV� QRW� PHDQ� ZH

FDQQRW�XVH�PLFURVFRSLF�ODZV�WR�XQGHUVWDQG�FHUWDLQ�DVSHFWV�RI�OLIH�

&HUWDLQO\�WKLV�DSSURDFK�KDV�DOUHDG\�JLYHQ�VFLHQWLVWV�D�WUHPHQGRXV

DPRXQW�RI�LQVLJKW�LQWR�WKH�SURFHVVHV�RI�OLIH��$QG�WR�WKH�H[WHQW�WKDW

VXFK�D�SURJUDP�LV�SRVVLEOH��$/�LV�HQWLUHO\�OHJLWLPDWH��DQG�YLUXVHV

DUH�ZRUWKZKLOH�PRGHOV�RI�OLYLQJ�RUJDQLVPV�

7KHUH�LV�D�ODUJH�FXOW��ERWK�LQ�WKH�$/�FRPPXQLW\�DQG�DPRQJ

ELRORJLVWV�SURSHU��ZKLFK�UHYROYHV�DURXQG�WKH�LGHD�RI�FUHDWLQJ�OLIH�

,Q�WKLV�FXOW��WKH�DFW�RI�FUHDWLRQ�VHHPV�WR�EH�WKH�JRDO��UDWKHU�WKDQ�PHUH

XQGHUVWDQGLQJ��7KLV�DFW�RI�FUHDWLRQ��LW�ZRXOG�VHHP��LV�D�VRUW�RI�ZLOO

WR�SRZHU��D�VXEOLPLQDO�DWWHPSW�WR�XVXUS�*RG�DQG�SXW�RQHVHOI�RQ�+LV

WKURQH�DV�&UHDWRU��:H�HVFKHZ�WKLV�DOFKHPLF�JRDO��DV�WRR�IUDXJKW

ZLWK�QRQ�VFLHQWLILF�GLIILFXOWLHV�WKDW�ZH�FDQQRW�RYHUFRPH��LW�LV�WRR

HDV\� WR� UH�GHILQH� OLIH� LQ�D� IDYRUDEOH�ZD\¥LJQRULQJ� WKH�GLIILFXO�

WLHV¥DQG�WKHQ�FUHDWH�ZKDW�\RX�GHILQH� �� �� ��DQG�WKHQ�VD\�¦ ,�KDYH

FUHDWHG�OLIH�§ �(YHQ�LI�D�ELRORJLVW�GRHV�VRPHGD\�VXFFHHG�LQ�FUHDWLQJ

D� FDUERQ�EDVHG� DPRHED� LQ� D� WHVW�WXEH�� WKDW� GRHV� QRW� PHDQ� KH

XQGHUVWDQGV�KLV�FUHDWLRQ�DQ\�PRUH�WKDQ�WKH�EXWWHUIO\�XQGHUVWDQGV

WKDW�E\�IODSSLQJ�LWV�ZLQJV�LW�ZLOO�NLOO�D�GR]HQ�SHRSOH�ZLWK�D�WRUQDGR�

,I�OLIH�LV�VWURQJO\�HPHUJHQW��KH�FDQQRW�XQGHUVWDQG�LW�IXOO\��7R�WKRVH

SRRU�EUDLQ�ZDVKHG�VRXOV�ZKR�SD\�DOOHJLDQFH�WR�WKLV�FXOW��WKH�XQGHU�

VWDQGLQJ�LV�VHFRQGDU\��WKH�DFW�RI�FUHDWLRQ�LWVHOI�LV�SULPDU\��)RU�D

UHDO�VFLHQWLVW�DQG�QDWXUDO�SKLORVRSKHU��WKRXJK��WKH�XQGHUVWDQGLQJ�LV

HYHU\WKLQJ��DQG�WKH�FXOWLF�JRDO�RI�FUHDWLRQ�LV�DW�EHVW�D�VHFRQGDU\

HIIHFW��DW�ZRUVW��DQ�LQWR[LFDQW�WKDW�ZLOO�GHOXGH�KLP�DQG�PLVGLUHFW�DOO

KLV�HIIRUWV�

$�&RQVHUYDWLYH�*RDO

,I�ZH�WDNH�XS�WKH�YHU\�FRQVHUYDWLYH�JRDO�RI�VLPSO\�WU\LQJ�WR�XVH

YLUXVHV�WR�EHWWHU�XQGHUVWDQG�OLIH��KRZ�FDQ�WKH\�EHVW�EH�SXW�WR�ZRUN"

7KH�PDWWHU�RI�WKH�JHQHVLV�DQG�HYROXWLRQ�RI�OLIH�LPPHGLDWHO\�SRSV

WR�PLQG��$OWKRXJK�YLUXVHV�DUH�ZHDN�RQ�HYHQ�ZHDN�HPHUJHQW�EHKDY�

LRU��WKDW�KDV�OLWWOH�WR�GR�ZLWK�HYROXWLRQ��(YROXWLRQ�UHTXLUHV�RQO\�DQ

��� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ



LQIRUPDWLRQ�EDVHG�JHQHWLF�VHOI�UHSURGXFLQJ�DXWRPDWRQ�WR�IXQFWLRQ�

:H©YH�DOUHDG\�VHHQ�WKDW�YLUXVHV�FDQ�HYROYH�LQ�VLPSOH�ZD\V�

/LNHZLVH��FRPSXWHU�YLUXVHV�PLJKW�SURYLGH�XV�ZLWK�VRPH�IDVFL�

QDWLQJ�LQVLJKWV�LQWR�WKH�RULJLQ�RI�OLIH��$OWKRXJK�RULJLQV�LV�QRUPDOO\

FRQVLGHUHG� SDUW� RI� HYROXWLRQ� E\� OD\PHQ�� LW� LV� DFWXDOO\� D� ZKROH

GLIIHUHQW�VXEMHFW��:H�ZLOO�WUHDW�LW�DV�VXFK��,Q�SDUWLFXODU��LW�LV�RIWHQ

VXJJHVWHG�WKDW�OLYLQJ�RUJDQLVPV�DV�ZH�NQRZ�WKHP�ZHUH�SUHFHGHG

E\�VLPSOHU�IRUPV�RI�OLIH�RQ�VHYHUDO�OHYHOV��:KDW�FRXOG�WKLV�OLIH�KDYH

EHHQ�OLNH"�+RZ�FRXOG�LW�KDYH�JRWWHQ�JRLQJ"

%HIRUH�ZH�JR�RQ�WR�GLVFXVV�WKHVH�PDWWHUV��WKRXJK��ZH�VKRXOG

UHYLHZ�ZKDW�ZH�FDOO�VHOI�UHSURGXFWLRQ�LQ�FRPSXWHU�YLUXVHV��,Q�WKH

ODVW�FKDSWHU�,�VXJJHVWHG�D�FRXSOH�RI�UXOHV�WR�DSSO\�LQ�GHWHUPLQLQJ

ZKHWKHU�D�SKHQRPHQRQ�UHDOO\�FRQVWLWXWHV�VHOI�UHSURGXFWLRQ�RU�QRW�

:H�KDYH�\HW�WR�GLVFXVV�KRZ�5XOH�2QH�DSSOLHV�WR�YLUXVHV��DQG�WKHUH

LV�PRUH�WR�EH�VDLG�DERXW�5XOH�7ZR�

5XOH�2QH

$V�\RX�ZLOO�UHFDOO��5XOH�2QH�VWDWHG�WKDW�WKH�LQIRUPDWLRQ�FRQWHQW

RI� WKH� LQVWUXFWLRQV� EH� JUHDWHU� WKDQ� RU� HTXDO� WR� WKH� LQIRUPDWLRQ

FRQWHQW�RI�WKH�PDFKLQH�ZKLFK�H[HFXWHV�WKHVH�LQVWUXFWLRQV�

ℑ�,1675��≥ ℑ�0$&+�

,Q�WKH�FDVH�RI�FRPSXWHU�YLUXVHV��WKH�PDFKLQH�VHHPV�WR�EH�PLVVLQJ

DW�ILUVW�JODQFH��$�YLUXV�DW�ZRUN�DSSHDUV�WR�EH�UDZ�LQVWUXFWLRQV�EHLQJ

H[HFXWHG�E\� WKH�FRPSXWHU� LWVHOI��7KH�FRPSXWHU¥DV�WKH�HQYLURQ�

PHQW¥FDQQRW�EH�WKH�PDFKLQH��VR�ZKHUH�LV�LW"

$FWXDOO\�WKH�¦PDFKLQH§ �LV�WULYLDO��7KH�E\WHV�WKDW�PDNH�XS�WKH

YLUXV�FDQ�EH�XQGHUVWRRG�DV�HLWKHU�LQVWUXFWLRQV�RU�DV�WKH�PDFKLQH�

<RX�PLJKW� LPDJLQH� WKDW� WKH�YLUXV�KDV� WKUHH� VHSDUDWH� H[LVWHQFHV�

)LUVW��LW�H[LVWV�RQ�GLVN��DWWDFKHG�WR�D�ILOH��6HFRQG��LW�H[LVWV�LQ�WKH�FRGH

VHJPHQW�� DV� LQVWUXFWLRQV� H[HFXWLQJ�� WKLUG�� LW� H[LVWV� LQ� WKH� GDWD

VHJPHQW��DV�GDWD�EHLQJ�FRSLHG���$OWKRXJK�FRGH�DQG�GDWD�VHJPHQWV

PD\�RIWHQ�EH�SK\VLFDOO\�WKH�VDPH��WKH\�DUH�ORJLFDOO\�GLIIHUHQW��

$V�VXFK��5XOH�2QH�LV�SUHWW\�PXFK�DQ�HTXDOLW\�IRU�YLUXVHV��DQG

WKDW�LV�ILQH�

6R�$UH�9LUXVHV�$OLYH" ���



5XOH�7ZR

8S� WR� WKLV� SRLQW�� ZH©YH� EDUHO\� WRXFKHG� RQ� ZK\� FRPSXWHU

YLUXVHV�SHU�VH�VKRXOG�EH�VR�LQWHUHVWLQJ��$IWHU�DOO��FHOOXODU�DXWRPDWD

VHHP�WR�EH�YHU\�YHUVDWLOH��DQG�VRPHZKDW�HDVLHU�WR�UHODWH�WR�OLYLQJ

RUJDQLVPV�GXH�WR�WKH�DSSDUHQW�SDUDOOHOLVP�RI�D�FHOOXODU�DUUD\��2Q

WKH�RWKHU�KDQG��FRPSXWHU�YLUXVHV�DUH�VHULDO�SURJUDPV�DQG�GRQ©W�ORRN

D� ZKROH� ORW� OLNH� FDUERQ�EDVHG� OLIH�� 2Q� WRS� RI� WKDW�� YLUXVHV� DUH

SRWHQWLDOO\�YHU\�GDQJHURXV�

6R�ZK\�VKRXOG�,�SUHIHU�WR�GLVFXVV�YLUXVHV��UDWKHU�WKDQ�$/�LQ

JHQHUDO��RU�FHOOXODU�DXWRPDWD"

$V�,©YH�PHQWLRQHG�KHUH�DQG�WKHUH��YLUXVHV�DUH�D�SKHQRPHQRQ

WKDW�JRHV�EH\RQG�VRPH�OLWWOH�ODERUDWRU\�H[SHULPHQW�RU�VRPH�FRP�

SXWHU�EDVHG�FRQVWUXFW��7KH�SHRSOH�ZKR�GHVLJQHG�'26��DQG�RWKHU

RSHUDWLQJ�V\VWHPV�GDWLQJ�EHIRUH�WKH�PLG�HLJKWLHV��KDG�QR�FRQFHSW

RI�YLUXVHV��(YHQ�ODWHU�RSHUDWLQJ�V\VWHPV�ZHUH�GHVLJQHG�E\�SHRSOH

ZKR�GLGQ©W�FDUH�WRR�PXFK�DERXW�YLUXVHV��7KH\�GLG�QRW�GHVLJQ�WKH

RSHUDWLQJ� V\VWHP�ZLWK�YLUXVHV� LQ�PLQG�DW�DOO�� HLWKHU�ZLWK�DQ�H\H

WRZDUG�VWRSSLQJ�WKHP�RU�DQ�H\H�WRZDUG�PDNLQJ�WKHP�SRVVLEOH��7KH

SHRSOH�ZKR�ZURWH�WKH�ILUVW�YLUXVHV�ZHUH�QRW�VFLHQWLVWV�WU\LQJ�WR�GR

VRPHWKLQJ�VFLHQWLILF��RU�HVWDEOLVK�VRPH�WKHRU\�DERXW�OLIH��,�VHULRXVO\

GRXEW� WKHVH� ILUVW� YLUXV�ZULWHUV� KDG� DQ\� LGHD� RI� WKH� VFRSH� RI� WKH

SKHQRPHQRQ�WKDW�YLUXVHV�ZRXOG�VRRQ�EHFRPH�

7KLV�FDQQRW�EH�VDLG�RI�$/�LQ�JHQHUDO��$/�VWDUWHG�RXW�DV�YHU\

GLUHFWHG�UHVHDUFK��1RZ��WKHUH�LV�QRWKLQJ�ZURQJ�ZLWK�WKDW��JHQHUDOO\

VSHDNLQJ��+RZHYHU�D�SUH�H[LVWLQJ�SKHQRPHQRQ�OHWV�XV�WHVW�RXU�LGHDV

LQ�D�ZD\�WKDW�DEVWUDFW�UHVHDUFK�DORQH�ZLOO�QRW��,W�LV�VRPHZKDW�OLNH

WKH�GLIIHUHQFH�EHWZHHQ�SXUH�PDWK�DQG�SK\VLFV��,Q�WKH�UHDOP�RI�SXUH

PDWK��DQ\WKLQJ�WKDW�LV�ORJLFDOO\�WUXH�LV�ULJKW���,W�PD\�QRW�EH�LQWHU�

HVWLQJ�WR�WKH�PDWKHPDWLFLDQ��RI�FRXUVH���2Q�WKH�RWKHU�KDQG��SK\VLFV

PXVW�DOVR�LQ�VRPH�VHQVH�FRQIRUP�WR�WKH�SK\VLFDO�ZRUOG��$�SK\VLFDO

WKHRU\�PD\�VHHP�SHUIHFWO\�ORJLFDO�DQG�\HW�EH�HQWLUHO\�XQWUXH��2Q

WKH�RWKHU�KDQG��D�SK\VLFDO�WKHRU\�PD\�EH�DW�WKH�YHU\�OLPLW�RI�ORJLFDO

FRPSUHKHQVDELOLW\�� DQG� \HW� EH� SHUIHFWO\� WUXH� �H�J��ZDYH�SDUWLFOH

GXDOLW\�LQ�TXDQWXP�PHFKDQLFV��

7KH� UHDO�SUREOHP�ZLWK�$/� LV� WKDW�\RX�DUH�XVLQJ�D�XQLYHUVDO

VLPXODWLQJ�PDFKLQH��D�FRPSXWHU��WR�WU\�WR�VLPXODWH�OLIH��$QG�\RX

��� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ



KDYH�RQO\�D�IX]]\�LGHD�RI�ZKDW�OLIH�LV�WR�EHJLQ�ZLWK��7KH�GDQJHU�LQ

VXFK�D�VLWXDWLRQ�LV�WKDW�\RX�PD\�HQG�XS�VLPXODWLQJ�H[DFWO\�ZKDW�\RX

ZDQW� WR� VLPXODWH�� UDWKHU� WKDQ� PRGHOOLQJ� OLIH� DV� LW� LV�� 7KHQ� WKH

FRPSXWHU�RQO\�EHFRPHV�D�WRRO�WR�FRQILUP�\RXU��SRVVLEO\�HUURQHRXV�

LGHDV�RI�ZKDW�OLIH�LV�DQG�GRHV��UDWKHU�WKDQ�D�WRRO�WR�UHILQH�WKRVH�LGHDV�

:H�KDYH�HQFRXQWHUHG�WKLV�SUREOHP�DOUHDG\��/DQJWRQ©V�VHOI�UH�

SURGXFLQJ�DXWRPDWRQ�KDG�D�JODULQJ�SUREOHP��7KH�SK\VLFV�RI� WKH

FHOOXODU�DUUD\�SOD\HG�D�PDMRU�SDUW�LQ�WKH�UHSURGXFWLRQ�SURFHVV��,W

ZDV�GHVLJQHG� WR��$QG�/DQJWRQ�FDQQRW�EH�VLQJOHG�RXW��7KH�VDPH

FRXSOLQJ�RI�SK\VLFV�DQG�DXWRPDWRQ�LV�FRPPRQSODFH�LQ�$/�ZRUN�

LQ�RQH�IRUP�RU�DQRWKHU��1RUPDOO\�ERWK�DUH�GHVLJQHG�DW�WKH�VDPH

WLPH��ZLWK�WKH�SK\VLFV�VHW�XS�WR�PDNH�WKH�DXWRPDWRQ�ZRUN�

,Q�OLJKW�RI�WKLV�DSSURDFK��ZH�GLVFXVVHG�5XOH�7ZR�DV�D�ZD\�WR

GLIIHUHQWLDWH�EHWZHHQ�SK\VLFV�GULYHQ�UHSURGXFWLRQ�DQG�VHOI�UHSUR�

GXFWLRQ��5XOH�7ZR�VLPSO\�VWDWHG�WKDW

ℑ�,167��≥ ℑ�3+<6�

DQG�ZH�IRXQG�WKDW�VRPH�RI�WKH�SRSXODU�$/�DXWRPDWD�GR�QRW�DW�DOO

DWWDLQ�WR�5XOH�7ZR�

'HVSLWH�WKH�IDFW�WKDW�PXFK�PRGHUQ�$/�ZRUN�SD\V�OLWWOH�KHHG�WR

WKH�FRQVLGHUDWLRQV�RI�5XOH�7ZR��,�WKLQN�VRPH�RI�LW�LV�IDVFLQDWLQJ�

DQG� ,� FHUWDLQO\� GRQ©W� ZDQW� WR� GLVFRXUDJH� $/� UHVHDUFKHUV� IURP

H[SORULQJ�WKH�SRVVLELOLWLHV��+RZHYHU�5XOH�7ZR�FDQ�DQG�VKRXOG�EH

DSSOLHG�WR�DQ\�V\VWHP�LQ�ZKLFK�ERWK�WKH�SK\VLFV�DQG�WKH�DXWRPDWRQ

DUH� GHVLJQHG� DW� WKH� VDPH� WLPH�� ,I� LW� LV� QRW�� WKHQ� WKH� DQDO\VLV� LV

LQFRPSOHWH�DQG�WKH�FRQFOXVLRQV�GUDZQ�IURP�WKDW�V\VWHP�VKRXOG�QRW

EH�WUXVWHG�

$SSO\LQJ� 5XOH� 7ZR� WR� D� V\VWHP� LQ� ZKLFK� WKH� SK\VLFV� ZDV

GHVLJQHG�ZLWKRXW�UHJDUG�WR�WKH�DXWRPDWD�LV�D�GLIIHUHQW�PDWWHU��2QFH

\RX� EUHDN� WKH� ORJLFDO� FRQQHFWLRQ� �DQG� \RX� PXVW� EUHDN� LW� ZHOO�

EHWZHHQ�WKH�WZR��LW�GRHV�QRW�PDNH�VHQVH�WR�VD\�WKDW�WKH�SK\VLFV�ZDV

GHVLJQHG�WR�PDNH�WKH�DXWRPDWRQ�ZRUN��7KH�SK\VLFV�WKHQ�EHFRPHV

D�JLYHQ��7KH�DXWRPDWRQ�FDQ�LQGHHG�WDNH�DGYDQWDJH�RI�WKH�SK\VLFV�

DV�/DQJWRQ�VXJJHVWHG�LW�VKRXOG�EH�SHUPLWWHG�WR�GR�LQ�KLV�SDSHU��6XFK

DFWLYLWLHV� DUH� OHJLWLPDWH� LQ� D� V\VWHP� ZKHUH� WKH� SK\VLFV� ZDVQ©W

GHVLJQHG�IRU�WKH�DXWRPDWRQ��7KH\�DUH�QRW�HQWLUHO\�OHJLWLPDWH�RWKHU�

ZLVH��EHFDXVH�\RX�FDQ�KLGH�FRPSOH[LW\�LQ�WKH�SK\VLFDO�ODZV��H�J�

6R�$UH�9LUXVHV�$OLYH" ���



WKH� WUDQVLWLRQ�UXOHV��DQG�XVH� WKHP�WR�IDFLOLWDWH�ZKDW�\RX�ZDQW� WR

DFFRPSOLVK�GLVLQJHQXRXVO\�

<HW�EUHDNLQJ�WKLV�FRQQHFWLRQ�EHWZHHQ�SK\VLFV�DQG�DXWRPDWD�LV

QRW�HDV\��)RU�H[DPSOH��LI�ZH�DGRSW�D�VHW�RI�UDQGRPO\�FKRVHQ�UXOHV

LQ�D�FHOOXODU�DUUD\�� WKH\�PD\�QRW�EH�YHU\� LQWHUHVWLQJ�� ,I�ZH� WKHQ

FKDQJH�RXU�PLQGV�DERXW�WKDW�VHW��DQG�WU\�DQRWKHU�UDQGRPO\�FKRVHQ

VHW��DQG�DQRWKHU��DQG�DQRWKHU��XQWLO�ZH�JHW�VRPHWKLQJ�XVHIXO��ZH©YH

GRQH�D�UDQGRP�VHDUFK��7KHUHE\��ZH©YH�SXW�LQWHOOLJHQFH�EDFN�LQ�WKH

JDPH��$QG�WKHUH�LV�WKH�ZKROH�TXHVWLRQ�RI�ZKRVH�VWDQGDUG�ZH�VKRXOG

DGRSW��,I�UHVHDUFKHU�$�DQG�UHVHDUFKHU�%�DUH�WR�WDON��WKH\�VKRXOG�XVH

D�FRPPRQ�VWDQGDUG��\HW�WKH�ZKROH�LGHD�RI�UDQGRPO\�FKRVHQ�UXOHV

ZRUNV�DJDLQVW�VHWWLQJ�RQH�VHW�RI�UXOHV�DSDUW�OLNH�WKLV�

&RPSXWHU� YLUXVHV�� KRZHYHU�� HYDGH� WKLV� GLIILFXOW\�� :H� FDQ

ULJKWO\�VD\�WKDW�HDUO\�RSHUDWLQJ�V\VWHPV�ZHUHQ©W�GHVLJQHG�ZLWK�WKHP

LQ�PLQG��EHFDXVH�WKH\�GLGQ©W�H[LVW�\HW��7KH�SHRSOH�GHVLJQLQJ�WKH

RSHUDWLQJ� V\VWHPV� GLG� QRW� WDNH� WKHP� LQWR� FRQVLGHUDWLRQ�� 6R� WKH

RSHUDWLQJ�V\VWHP�LV�D�JLYHQ�IRU�DQ\�YLUXV� WKDW�PLJKW� OLYH� LQ� WKDW

HQYLURQPHQW�

,�FDQQRW�VWUHVV�HQRXJK�KRZ�LPSRUWDQW�WKDW�LV�

:K\"

0RVW�PRGHUQ�VFLHQWLVWV�DVVXPH�WKDW�WKH�ODZV�RI�WKLV�XQLYHUVH

ZHUH�QRW�VSHFLILFDOO\�� LQWHOOLJHQWO\�GHVLJQHG� LQ�VXFK�D�ZD\�DV� WR

¦PDNH�OLIH�KDSSHQ§ �LI�\RX�ZLOO��RU�HYHQ�WR�PDNH�LW�SRVVLEOH�IRU�OLIH

WR�H[LVW��7R�VXJJHVW�WKDW�WKH\�ZHUH�VR�GHVLJQHG�REYLRXVO\�LPSOLHV

WKH�H[LVWHQFH�RI�DQ�LQWHOOLJHQW�&UHDWRU�RI�VRPH�NLQG���$QG�WR�VXJJHVW

WKDW�WKH\�ZHUHQ©W�LPSOLHV�QR�VXFK�&UHDWRU��RU�RQH�SHUKDSV�QRW�RYHUO\

FRQFHUQHG�ZLWK�OLIH�DW�WKH�WLPH�RI�FUHDWLRQ���7KLV�ZKROH�DVVXPSWLRQ

LV�YHU\�SKLORVRSKLFDO��,W�LVQ©W�VRPHWKLQJ�WKDW�ZH�FDQ�YHULI\�RU�IDOVLI\

VFLHQWLILFDOO\��DV�IDU�DV�WKLV�UHDO�ZRUOG�JRHV�

$OWKRXJK�,�KDYH�OLWWOH�ORYH�IRU�PLQJOLQJ�VXFK�DVVXPSWLRQV�ZLWK

VFLHQFH��,�VKRXOG�SRLQW�RXW�WKDW�PXFK�$/�ZRUN�VHHPV�WR�JR�DJDLQVW

WKH�JUDLQ�RI�WKLV�LGHD��5XOH�7ZR¥FRPELQHG�ZLWK�ORRNLQJ�EHKLQG

WKH�VFHQHV¥PDNHV�LW�FOHDU�ZKHQ�WKH�SK\VLFV�LV�GHVLJQHG�WR�PDNH

WKH�DXWRPDWRQ�ZRUN��)URP�WKLV�SHUVSHFWLYH��$/�VHHPV�WR�EH�KHDGHG

LQ� WKH�GLUHFWLRQ�RI�H[SORULQJ� WKH�SRVVLELOLWLHV�RI�VRPH�YDULHW\�RI

LQWHOOLJHQW�FUHDWLRQLVP�

1RZ�WR�VXJJHVW�WKDW�$/�UHVHDUFKHUV�DUH�VWXG\LQJ�FUHDWLRQLVP

PD\� VHHP� VRPHZKDW� SUHSRVWHURXV��&HUWDLQO\�PDQ\� RI� WKHP� DUH

��� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ



PDLQVWUHDP�VFLHQWLVWV�ZKR�KDYH�QR�ORYH�IRU�FUHDWLRQLVP��$QG�RIWHQ

WKHLU�ZRUN�LV�KLJKO\�IRFXVHG�RQ�TXHVWLRQV�RI�HYROXWLRQ�DQG�FKHPLFDO

HYROXWLRQ�ZKLFK�DUH¥DW�OHDVW�VXSHUILFLDOO\¥RSSRVHG�WR�FUHDWLRQ�

LVP��<HW�GHVLJQLQJ�WKH�SK\VLFV�WR�GR�ZKDW�\RX�ZDQW�LV�ZRQGHUIXOO\

FRQYHQLHQW��,Q�VXFK�D�V\VWHP��HYHQ�WKH�PRVW�EODWDQW�HYROXWLRQ�ZRXOG

EH�FUHDWLRQLVWLF�LQ�QDWXUH��EHFDXVH�LW�LV�LQWHOOLJHQWO\�GHVLJQHG�LQ��7KH

FUHDWLRQLVW� DVSHFW� RI� LW� ZRXOG� DSSHDU� WR� EH� DQ� XQLQWHQGHG� DQG

XQZDQWHG�E\SURGXFW��%XW�LW�LV�QR�OHVV�UHDO�WKDQ�LI�LW�ZHUH�D�WRWDOO\

LQWHQWLRQDO� DWWHPSW� E\� SKLORVRSKLFDOO\�FRPPLWWHG� FUHDWLRQLVWV� WR

ZRUN� WKHLU�PRGHOV�RXW�ZLWK�FRPSXWHUV�� -XVW�EHFDXVH� WKH�PRGHOV

PLJKW�LQYROYH�LGHDV�OLNH�HYROXWLRQ�PDNHV�WKHP�QR�OHVV�FUHDWLRQLVW

LQ�VSLULW��LI�WKH�SK\VLFV�LV�GHVLJQHG�WR�PDNH�WKH�PRGHOV�ZRUN�

6LQFH�WKH�ZKROH�TXHVWLRQ�RI�WKH�GHVLJQ�EHKLQG�WKH�SK\VLFDO�ODZV

RI� RXU� ZRUOG� LV� KLJKO\� SKLORVRSKLFDO�� D� JRRG� VFLHQWLVW� SUREDEO\

RXJKW�WR�WU\�WR�DYRLG�PDNLQJ�FRPPLWPHQWV�RQ�WKLV�PDWWHU��DW�OHDVW

DV�IDU�DV�KLV�VFLHQFH�JRHV��,�GRQ©W�WKLQN�D�QRUPDO�KXPDQ�EHLQJ�FDQ

DYRLG�EHOLHYLQJ�VRPHWKLQJ�DERXW� VXFK�PDWWHUV�� �� ��EXW�KH�FDQ�EH

DZDUH�RI�WKRVH�EHOLHIV�DQG�XQGHUVWDQG�KRZ�WKH\�FDQ�DIIHFW�KLV�ZRUN�

$V�VXFK�,�GRQ©W�ZDQW�WR�VLPSO\�ZULWH�RII�$/�EHFDXVH�RI�WKHVH

XQXVXDO�ZHDNQHVVHV��0XFK�RI�$/�LV�DGPLWWHGO\�YHU\�WHQWDWLYH��$QG

DW� OHDVW� VRPH� SHRSOH� LQ� WKH� ILHOG� DUH� SDLQIXOO\� DZDUH� RI� VXFK

ZHDNQHVVHV��,�DP�RQO\�DIUDLG�WKDW�WKH�FUHDWLRQLVW�WHQGHQFLHV�PDNH

LW�KLJKO\�TXHVWLRQDEOH�ZKHWKHU�$/�LV�JRLQJ�WR�EH�RI�PXFK�KHOS�WR

VFLHQWLVWV�ZKR�PXVW�EH�FRQVWUDLQHG�WR�ZRUNLQJ�ZLWK�D�JLYHQ��IL[HG

VHW�RI�SK\VLFDO�ODZV��2I�FRXUVH�$/�ZLOO�DSSHDU�YHU\�KHOSIXO�WR�WKH

PRUH�SKLORVRSKLFDOO\�EOLQG��EHFDXVH��ODFNLQJ�UHVWUDLQW��LW�FDQ�VXSHU�

ILFLDOO\�EH�PROGHG�WR�ZRUN�ZLWK�MXVW�DERXW�DQ\�SKLORVRSK\�\RX�OLNH�

7KXV�� $/� FRXOG� FRQFHLYDEO\� EHFRPH� PRUH� RI� D� SKLORVRSKLFDO

VRDS�ER[�WKDQ�D�YLDEOH�VFLHQWLILF�WRRO�

1DUURZLQJ�RXU� IRFXV� WR� FRPSXWHU�YLUXVHV� LPSRVHV� VRPH� UH�

VWUDLQW�WKDW�$/�LQ�JHQHUDO�DSSHDUV�WR�EH�ODFNLQJ��8VLQJ�WKHP��ZH

JDLQ�DQ�RSSRUWXQLW\�WR�H[DPLQH�WKH�SRVVLELOLWLHV�IRU�OLIH��LQ�D�ZRUOG

6R�$UH�9LUXVHV�$OLYH" ���

� 0RGXOR�RXU� OLPLWDWLRQV� LQ�D�FRPSXWHU��RI�FRXUVH��$V� IDU�DV�HYROXWLRQ�JRHV�
YLUXVHV�PD\�EH�LPDJLQHG�WR�EH�DOLYH��XQOHVV�HYROXWLRQ�LWVHOI�LV�GHSHQGHQW�RQ
VRPH�HIIHFW�RI�VWURQJ�HPHUJHQW�EHKDYLRU��DQG�WKDW�ZRXOG�SXVK�LW�RXWVLGH�WKH
UHDOP�RI�VFLHQFH��



IDU�GLIIHUHQW�IURP�RXU�RZQ¥D�ZRUOG�LQ�ZKLFK�ZH�NQRZ�OLIH�FDQ

H[LVW�EHFDXVH�LW�GRHV¥DQG�\HW�D�ZRUOG�ZKHUH�ZH�KDYH�QRW�VHULRXVO\

H[SORUHG�LWV�SRVVLELOLWLHV�

,Q� VR� UHVWUDLQLQJ� RXUVHOYHV��ZH� DUH� YHULO\� WUDQVIRUPHG� IURP

FUHDWLQJ�JRGV�LQWR�UHDO�VFLHQWLVWV��$Q�LQJORULRXV�WUDQVIRUPDWLRQ��WR

EH�VXUH��EXW�,�EHOLHYH�DQ�HVVHQWLDO�RQH��,W�LV�DQ�RSSRUWXQLW\�WR�UHDVVHVV

ZKDW�ZH�¦NQRZ§ �DERXW�RXU�RZQ�ZRUOG��UDWKHU�WKDQ�VLPSO\�WU\LQJ

WR�FRQILUP�LW�ZLWK�FRPSXWHU�PRGHOV��

��� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ



3DUW�,,,

7KH�*HQHVLV�DQG

(YROXWLRQ

RI

/LIH





,QWURGXFWLRQ

1RZ�,©G�OLNH�WR�FRQFHQWUDWH�RQ�WZR�UHODWHG�EXW�YHU\�GLIIHUHQW

VXEMHFWV��7KHVH�DUH�WKH�JHQHVLV�RI�OLIH¥KRZ�LW�RULJLQDOO\�FDPH�LQWR

EHLQJ¥DQG� WKH� HYROXWLRQ�RI� OLIH¥KRZ� LW� FKDQJHV� DQG�GHYHORSV

IURP�JHQHUDWLRQ� WR�JHQHUDWLRQ��2IWHQ� WKHVH� LGHDV�DUH� OXPSHG� WR�

JHWKHU�DV�¦HYROXWLRQ§ � LQ�SRSXODU�GLVFXVVLRQV�RI� WKH�VXEMHFW��)RU

FRQYHQLHQFH��,�ZLOO�VRPHWLPHV�OXPS�WKHP�WRJHWKHU�LQ�RXU�GLVFXV�

VLRQ��:KHQ�ZH�JHW�PRUH�WHFKQLFDO��WKRXJK��ZH�PXVW�GLVFXVV�WKHVH

WZR�DVSHFWV�RI�OLIH�VHSDUDWHO\��7R�OXPS�WKHP�LV�D�UHDO�GLVWRUWLRQ�RI

WZR�GLIIHUHQW�SKHQRPHQD���

8S� WR� WKLV� SRLQW�� ,� KDYH� UHJDUGHG� HYROXWLRQ� DV� D� VHFRQGDU\

SKHQRPHQRQ�IRU�WKH�SXUSRVHV�RI�RXU�GLVFXVVLRQ�DERXW�YLUXVHV��7KDW

LV�DQ�LQWHQWLRQDO�EUHDN�IURP�WKH�WKLQNLQJ�RI�PDQ\�$UWLILFLDO�/LIH

UHVHDUFKHUV��6RPH�ZRXOG�QRW�HYHQ�FDOO�DQ�DXWRPDWRQ�DOLYH�XQOHVV

LW�FRXOG�EH�VRPHKRZ�HYROYHG�IURP�D�QRQ�OLYLQJ�V\VWHP��DQG�XQOHVV

LW�FRXOG�HYROYH�LQWR�PRUH�FRPSOH[�HQWLWLHV��,�WKLQN�VXFK�DQ�DSSURDFK

LV�SXWWLQJ�WKH�FDUW�EHIRUH�WKH�KRUVH�

,� ZRXOG� SUHIHU� WR� ORRN� DW� HYROXWLRQ� DV� D� WKHRU\� DERXW� OLIH

WKDW¥MXVW� OLNH�HYHU\�RWKHU�VFLHQWLILF� WKHRU\¥QHHGV� WR�EH� WHVWHG�

7KDW�RQO\�VHHPV�SURSHU��/LIH�LV�D�IDFW�RI�RXU�ZRUOG��(YROXWLRQ�LV

RQO\�D�IDFW�LI�\RX�DUH�FRPPLWWHG�WR�FHUWDLQ�SKLORVRSKLHV�DERXW�KRZ

� (YROXWLRQ�SURSHU�UHTXLUHV�D�JHQHWLFDOO\�GLUHFWHG�VHOI�UHSURGXFLQJ�DXWRPDWRQ�
2QO\�WKHQ�FDQ�\RX�KDYH�D�JHQH�SRRO�WKDW�FKDQJHV�DV�D�IXQFWLRQ�RI�WLPH��7HUPV
OLNH� ¦ FKHPLFDO� HYROXWLRQ§ � DUH� D� UHDO�PLVXVH� RI� WKH�ZRUG�� DQG� GR� QRW� KDYH
DQ\WKLQJ�WR�GR�ZLWK�'DUZLQLDQ�HYROXWLRQ�



WKH�ZRUOG�ZRUNV��%XW�LI�HYROXWLRQ�LV�WR�EH�D�WKHRU\�DERXW�OLIH�DQG

QRW�D�GRJPD��WKHQ�LW�PXVW�EH�GLYRULFHG�IURP�WKH�GHILQLWLRQ�RI�OLIH�

1RZ�,�DP�QRW�QDwYH�WR�WKH�IDFW�WKDW�LI�RQH�GDUHV�WR�VWLFN�KLV�KHDG

XS�DQG�FKDOOHQJH�WKH�LGHD�RI�HYROXWLRQ��KH©V�SUREDEO\�JRLQJ�WR�JHW

VKRW�DW��7KH�SKLORVRSKLFDO�UHOLJLRXV�TXHVWLRQV�WKDW�DUH�LQH[WULFDEO\

WLHG�WR�HYROXWLRQ�DUH�WRR�KRW�IRU�PDQ\�SHRSOH�WR�KDQGOH��4XHVWLRQ

WKH�GRJPDV�RI�WKH�GD\�DQG�\RX©OO�JHW�EUDQGHG�D�KHUHWLF�E\�VRPH�

DQG�EH�XVHG�DV�D�KHUR�E\�RWKHUV�

0\�SRVLWLRQ�LV�TXLWH�VLPSOH��,�DP�D�SK\VLFDO�VFLHQWLVW�ZKR�LV

XVHG�WR�VHHLQJ�HTXDWLRQV�WKDW�PDNH�SUHGLFWLRQV��DQG�H[SHULPHQWV

WKDW�FDQ�WHVW�WKH�YDOLGLW\�RI�WKRVH�HTXDWLRQV��)URP�WKLV�YDQWDJH�SRLQW�

HYROXWLRQDU\�ELRORJ\�WRGD\�DSSHDUV�WR�EH�XQXVXDOO\�YDFXRXV�����

\HDUV�RI�'DUZLQLVP�KDYH�SURGXFHG�YHU\�OLWWOH�LQ�WKH�ZD\�RI�WHVWDEOH

HTXDWLRQV�RU�LGHDV��,Q�IDFW�,�ZRXOG�EH�KDUG�SXW�WR�FDOO�¦ HYROXWLRQ§

DV�ZH�NQRZ�LW�D�VFLHQWLILF�WKHRU\�DW�DOO�

+RZHYHU��LW�ZRXOG�VHHP�WKDW�WKH�LQIRUPDWLRQ�UHYROXWLRQ�ZKLFK

KDV�FRPH�XSRQ�XV�PD\�PDNH�LW�SRVVLEOH�WR�EULQJ�HYROXWLRQ�LQWR�WKH

IROG� RI� UHDO� VFLHQFH�� ,� H[SHFW� WKDW� D� KXQGUHG� \HDUV� IURP� QRZ�

HYROXWLRQ�PLJKW�EH�FRQVLGHUHG�D�EUDQFK�RI�SXUH�PDWKHPDWLFV��7KDW

PDWKHPDWLFV� PLJKW� WKHQ� EH� DSSOLHG� WR� ELRORJLFDO� RUJDQLVPV� RU

DUWLILFLDO�RUJDQLVPV��PXFK�WKH�VDPH�ZD\�WKDW�FDOFXOXV�LV�DSSOLHG�WR

SUREOHPV�RI�1HZWRQLDQ�G\QDPLFV�

<HW�� LQWHOOHFWXDOO\� VSHDNLQJ�� ZH� DUH� D� YHU\� ORQJ� ZD\� IURP

PDNLQJ�HYROXWLRQ�LQWR�D�VFLHQFH��(YHQ�WKRVH�LQ�WKH�$/�FRPPXQLW\

ZKR�DUH�LQ�D�SRVLWLRQ�WR�GR�WKDW�VHHP�WR�SUHIHU�WR�SDQGHU�WR�ELRORJLVWV

ZKR�DUH�QRW�ZLOOLQJ�WR�OD\�WKHLU�VDFUHG�FRZ�RQ�WKH�DOWDU��7KH�UHDO

SUREOHP�LQ�PDNLQJ�D�VFLHQFH�RXW�RI�HYROXWLRQ�LV�WKDW�LW�PD\�QRW�EH

QHDUO\�VR�SRZHUIXO�DV�VRPH�SHRSOH�WKLQN�LW�LV��7KDW�ZRXOG�GLVFUHGLW

IDU�PRUH�WKDQ�D�IHZ�VFLHQWLVWV��<HW�LI�ZH�DUH�WR�PDNH�D�WKHRU\�RXW

RI�LW��ZH�PXVW�HQGDQJHU�LW��1R�GDQJHU��QR�WKHRU\��,I�WKHUH�LV�QR�ZD\

WR�IDOVLI\�LW��LW©V�QRW�D�VFLHQWLILF�WKHRU\�

,Q�WKH�QH[W�VHYHUDO�FKDSWHUV�,©G�OLNH�WR�GLVFXVV�ZK\�HYROXWLRQ

LV� ODFNLQJ� DV� VFLHQFH�� VRPH� LGHDV� DERXW� KRZ� WR� PDNH� LW� EHWWHU

VFLHQFH�� DQG�ZKDW� FRPSXWHU� YLUXVHV�KDYH� WR�GR�ZLWK� DOO� RI� WKDW�

6XUSULVLQJO\�� YLUXVHV� GR� KDYH� VRPHWKLQJ� WR� GR� ZLWK� DOO� RI� WKLV

KLJK�PLQGHG� VWXII�� ,� UHVHUYH� WKH� GLVFXVVLRQ� RI� ZK\� IRU� D� IHZ

FKDSWHUV�WKRXJK��,�ZDQW�WR�VWDUW�RXU�WRXU�RI�WKH�HYROXWLRQDU\�ELRORJ\

��� 7KH�/LWWOH�%ODFN�%RRN�RI�&RPSXWHU�9LUXVHV�,,



EXLOGLQJ�LQ�WKH�EDVHPHQW��ZLWK�D�GLVFXVVLRQ�RI�WKH�ELUWK�DQG�JURZWK

RI�WKH�ZKROH�LGHD�RI�HYROXWLRQ�LWVHOI��

7KH�*HQHVLV�DQG�(YROXWLRQ�RI�/LIH ���



7KH�&UHDWLRQLVW©V�)DOO

$W�SUHVHQW�WKH�LGHD�RI�HYROXWLRQ�KDV�EHFRPH�WKH�EDVLV�IRU�D�ZLGH

VSHFWUXP�RI�VFLHQWLILF�UHVHDUFK��(YROXWLRQ�KDV�JRQH�IDU�EH\RQG�MXVW

D�VFLHQWLILF�WKHRU\�DERXW�UHSURGXFWLYH�PHFKDQLFV��,W�KDV�EHFRPH�DQ

DOO�HQFRPSDVVLQJ� SDUDGLJP� WR� XQGHUVWDQG� RXU�ZRUOG�� 7KXV�� RQH

PD\�UHVSHFWDEO\�VSHDN�RI�¦PROHFXODU�HYROXWLRQ§ �RU�¦ VRFLDO�HYROX�

WLRQ�§ � 2QH� PD\� UHVSHFWDEO\� XVH� HYROXWLRQ� DV� D� IRXQGDWLRQ� IRU

DQ\WKLQJ�IURP�SV\FKRORJ\�WR�HFRQRPLFV�

<HW�RQO\�WZR�FHQWXULHV�DJR�VXFK�DQ�LGHD�ZDV�XQKHDUG�RI��7KH

IXQGDPHQWDO�SULQFLSOH�EHKLQG�HYHU\WKLQJ©V�H[LVWHQFH�ZDV� LQWHOOL�

JHQW�FUHDWLRQ��7R�VXJJHVW�DQ\WKLQJ�GLIIHUHQW�YHUJHG�RQ�LQVDQLW\�

7KH�YHU\�VZLIW�FKDQJH�IURP�FUHDWLRQ�WR�HYROXWLRQ�LV�DV�UDGLFDO

DQG�IDU�UHDFKLQJ�DV�SHUKDSV�DQ\�HYHQW�LQ�KLVWRU\��)RU�DOO�LQWHQWV�DQG

SXUSRVHV� WKH� LGHD�RI�FUHDWLRQ�FROODSVHG�ZLWKLQ�WZHQW\�ILYH�\HDUV

DIWHU�'DUZLQ�SXEOLVKHG�7KH�2ULJLQ�RI�WKH�6SHFLHV�����7KDW�LV��LW�ORVW

DOO�UHVSHFWDELOLW\�DPRQJ�WKH�VFLHQWLILF�HVWDEOLVKPHQW��7KH�KROG�RXWV

FDPH�WR�EH�VHHQ�DV�OLWWOH�PRUH�WKDQ�\DKRRV�E\�UHVSHFWDEOH�VFLHQ�

WLVWV¥IXQGDPHQWDOLVWV�ZKR�UHDOO\�FDUHG�QRWKLQJ�IRU�VFLHQFH�

,W� LV� LPSRUWDQW� WR� XQGHUVWDQG� WKH� URRWV� RI� WKH� FROODSVH� RI

FUHDWLRQLVP��,Q�WKLV�KLVWRU\�ZH�FDQ�VHH�KRZ�SKLORVRSK\�SOD\HG�D

� &KDUOHV�'DUZLQ��2Q�WKH�2ULJLQ�RI�WKH�6SHFLHV�E\�0HDQV�RI�1DWXUDO�6HOHFWLRQ�
RU� WKH� 3UHVHUYDWLRQ� RI� )DYRXUHG� 5DFHV� LQ� WKH� 6WUXJJOH� IRU� /LIH� �0XUUD\�
/RQGRQ��������1RWH�WKDW�WKH�VHFRQG�KDOI�RI�'DUZLQ©V�WLWOH�ZDV�TXLHWO\�GURSSHG
E\�DERXW������GXH�WR�LWV�UDFLVW�RYHUWRQHV�

� 0LFKDHO� 5XVH�� 7KH� 'DUZLQLDQ� 5HYROXWLRQ� �8QLYHUVLW\� RI� &KLFDJR� 3UHVV�
&KLFDJR��������SS������II�



FUXFLDO�UROH��$QG�LQ�H[DPLQLQJ�WKH�IDOO�RI�FUHDWLRQ��ZH�ZLOO�EH�EHWWHU

SUHSDUHG�WR�ORRN�DW�HYROXWLRQ�OLNH�VFLHQWLVWV��DQG�OHVV�OLNH�UHOLJLRXV

GHYRWHHV�

%HIRUH�GLVFXVVLQJ�WKH�KLVWRU\�RI�FUHDWLRQLVP��,�ZDQW�WR�GUDZ�D

OLQH�EHWZHHQ�PRGHUQ�FUHDWLRQLVWV�DQG�ROG�FUHDWLRQLVWV��2QFH�'DU�

ZLQLVP� EHFDPH� HVWDEOLVKHG� DQG� DFFHSWHG�� WKRVH�ZKR� UHIXVHG� WR

DFFHSW�LW��PRVWO\�RQ�UHOLJLRXV�JURXQGV��EHFDPH�UDWKHU�GHVSHUDWH��,Q

�����6W��*HRUJH�0LYDUW�DQFKRUHG�DQ�DWWDFN�RQ�'DUZLQ��7KH�*HQHVLV

RI� WKH�6SHFLHV���7KLV�ZDV�SHUKDSV� WKH� ODVW� DWWDFN� WKDW�ZDV� WDNHQ

VHULRXVO\�DW�DOO��&HUWDLQO\�E\�������ZKHQ�*HRUJH�0F&UHDG\�3ULFH

ZURWH�7KH�)XQGDPHQWDOV�RI�*HRORJ\�¥ZKLFK�PLJKW�EH�FDOOHG�WKH

ILUVW�PRGHUQ�FUHDWLRQLVW�ZRUN¥VXFK�D�ERRN�FRXOG�UHFHLYH�OLWWOH�EXW

VFRUQ�IURP�WKH�VFLHQWLILF�FRPPXQLW\��6RPHZKHUH�LQ�WKHUH�D�WUDQVL�

WLRQ� WRRN�SODFH��7KH�ROG�FUHDWLRQLVWV�ZHUH� LQQRFHQW��7KH\� UHDOO\

EHOLHYHG�LQ�FUHDWLRQ�DQG�IRXQG�LW�KDUG�WR�LPDJLQH�WKDW�DQ\WKLQJ�HOVH

FRXOG�EH�WUXH��0RGHUQ�FUHDWLRQLVWV�GRQ©W�ILW�WKDW�PROG��0RVW�KDYH�

OLNH�LW�RU�QRW��EHHQ�UDLVHG�LQ�D�ZRUOG�VWHHSHG�LQ�HYROXWLRQ��7KH\�DUH

UHEHOV�� DQG� WKHLU� FUHDWLRQLVP¥IRU� EHWWHU� RU� ZRUVH¥LV� D� UHYROW

DJDLQVW�PDLQ�VWUHDP�VFLHQFH��,�ZDQW�WR�WDON�DERXW�WKH�ROG�FUHDWLRQ�

LVWV�KHUH�

/HW©V�JR�EDFN�DQG�ORRN�DW�ZK\�WKH�¦ WKHRU\�RI�FUHDWLRQ§ �FRO�

ODSVHG��,�XVH�TXRWHV�KHUH�EHFDXVH�WKH�LGHD�RI�FUHDWLRQ�ZDV�QHYHU

IRUPXODWHG�DV�D�SURSHU�VFLHQWLILF�WKHRU\��\HW�LQ�GLVFXVVLQJ�LW�LQ�WHUPV

RI�VFLHQFH��ZH�ZDQW�WR�ORRN�DW�LW�DV�LI�LW�ZHUH�RQH��,Q�UHWURVSHFW��WKH

FRQIOLFW�VHHPHG�YLUWXDOO\�LQHYLWDEOH��2YHU�D�WKRXVDQG�\HDU�SHULRG

RI�WLPH��ZHVWHUQ�FXOWXUH�KDG�HPEUDFHG�&KULVWLDQLW\��DQG�&KULVWLDQ�

LW\�XQGHUJLUGHG�ZHVWHUQ�PDQ©V�VFLHQWLILF�XQGHUVWDQGLQJ�RI�KLV�XQL�

YHUVH��� 1RZ� WKDW� GRHVQ©W� PHDQ� FDUHIXOO\� UHDVRQHG� &KULVWLDQ

WKHRORJ\�ZDV�WKH�EDVLV�IRU�KLV�WKLQNLQJ��,Q�PDQ\�DUHDV�LW�RQO\�PHDQW

WKDW� WUDGLWLRQV�DQG�P\WKV�ZKLFK�KDG�SHUKDSV�QRWKLQJ� WR�GR�ZLWK

&KULVWLDQLW\�SHU�VH�KDG�EHHQ�ZRYHQ�LQWR�WKH�IDEULF�RI�UHOLJLRQ�DQG

��� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ

� 6W��*HRUJH�0LYDUW��7KH�*HQHVLV�RI�WKH�6SHFLHV��0DF0LOODQ��/RQGRQ�������
� *HRUJH� 0F&UHDG\� 3ULFH�� 7KH� )XQGDPHQWDOV� RI� *HRORJ\� �3DFLILF� 3UHVV

3XEOLVKLQJ�$VVQ���0RXQWDLQ�9LHZ��&$�������
� 6HH��IRU�H[DPSOH��$OIUHG�1RUWK�:KLWHKHDG��6FLHQFH�DQG�WKH�0RGHUQ�:RUOG�

/RZHOO�/HFWXUHV��������0DF0LOODQ��1HZ�<RUN�������S�����



PDGH� SDUW� RI� D� FRVPLF� ZRUOG� YLHZ�� *HRFHQWULFLW\� LV� D� FODVVLF

H[DPSOH��7KH�LGHD�ZDV�UHDOO\�PDGH�KRO\�E\�$ULVWRWOH��EXW�LW�KDG

EHHQ� LQFRUSRUDWHG� LQWR� WKH�&KULVWLDQ� FRVPLF�ZRUOG�YLHZ� VR� WKDW

ZKHQ�*DOLOHR�FKDOOHQJHG�LW��KH�ZDV�DUUHVWHG�DV�D�KHUHWLF�ZKR�ZDV

WHDFKLQJ�DJDLQVW�VFULSWXUH�

&UHDWLRQ�LV�D�GLIIHUHQW�PDWWHU�WKRXJK��,W�LV�WKH�ILUVW�WKLQJ�LQ�WKH

%LEOH��DQG�UHDOO\�IRXQGDWLRQDO�WR�RUWKRGR[�&KULVWLDQ�WKHRORJ\��2I

FRXUVH��WKRVH�ILUVW�FKDSWHUV�RI�WKH�%LEOH�DUH�RSHQ�WR�LQWHUSUHWDWLRQ�

7KH�XQLIRUPO\�DFFHSWHG�LQWHUSUHWDWLRQ�D�FRXSOH�FHQWXULHV�DJR�LQ�

YROYHG�D�FXULRXV�DQG�YHU\�QDwYH�PL[WXUH�RI�JUHHN�SKLORVRSK\�DQG

VSHFLDO�IL[HV��7KH�XQLYHUVH�ZDV�FRPPRQO\�YLHZHG�DV�(XFOLGHDQ��,W

ZDV� IODW�� LQILQLWH� LQ� H[WHQW�� DQG� HVVHQWLDOO\� XQFKDQJLQJ�� $Q� XQ�

FKDQJLQJ�XQLYHUVH��RI�FRXUVH��DSSHDUHG�WR�EH�ZLWKRXW�EHJLQQLQJ�RU

HQG��7R�ILW�WKLV�XQLYHUVH�LQWR�WKH�IDLWK��LW�ZDV�VXSSRVHG�WKDW�*RG

HLWKHU�SRSSHG�LW¥RU�WKH�PDWWHU�LQ�LW¥LQWR�H[LVWHQFH�DW�VRPH�SRLQW

LQ�WKH�SDVW��7KH�DFFHSWHG�WLPH�IUDPH�RI�WKLV�PLUDFOH�ZDV�VRPH�����

\HDUV�DJR��DV�GHWHUPLQHG�E\�WKH�JHQHDORJLHV�LQ�WKH�%LEOH�

,Q�WKH���WK�FHQWXU\��ZKHQ�1HZWRQLDQ�PHFKDQLFV�ZDV�IRUPX�

ODWHG� DQG� SXW� WR� ZRUN�� VFLHQFH� EHJDQ� WR� VXFFHHG� DW� GHVFULELQJ

SKHQRPHQD�LQ�RXU�ZRUOG�VR�ZHOO�WKDW�WKH�LGHD�RI�D�*RG�ZRUNLQJ

SHUVRQDOO\�DQG�PLUDFXORXVO\�LQ�WKH�ZRUOG�EHJDQ�WR�JLYH�ZD\�WR�D

*RG�ZKR�ZRUNHG�SULPDULO\� WKURXJK�QDWXUDO� ODZ��%\�DQG�E\�� WKH

PLUDFXORXV�ZDV�HGJHG�RXW� IXUWKHU�DQG�IXUWKHU�IURP�WKH�UHDOP�RI

GD\�WR�GD\�H[SHULHQFH��1HZWRQ�LQYRNHG�*RG�WR�H[SODLQ�SODQHWDU\

RUELWV� WKDW�YDULHG� IURP�KLV�H[SHFWDWLRQV��� DQG�KH�KDG�QR�TXDOPV

DERXW�VXJJHVWLQJ�OLYLQJ�RUJDQLVPV�PD\�QRW�IDOO�HQWLUHO\�XQGHU�KLV

ODZV�RI�PHFKDQLFV���<HW��E\�WKH���WK�FHQWXU\��/DSODFH�FRXOG�FODLP

KH�KDG�¦QR�QHHG�RI�WKDW�K\SRWKHVLV§ ���DQG�ELRORJ\�KDG�EHFRPH�D

WKULYLQJ� VFLHQFH� WKDW� ZDV� LQWHJUDWHG� ZLWK� RWKHU� VFLHQWLILF� GLVFL�

7KH�&UHDWLRQLVW©V�)DOO ���

� 'DYLG�.XEULQ��¦1HZWRQ�DQG�WKH�&\FOLFDO�&RVPRV§ ��-RXUQDO�RI�WKH�+LVWRU\�RI
,GHDV������������SS����������

� :LOOLDP�6WXFNHOH\��0HPRLUV�RI�6LU�,VDDF�1HZWRQ©V�/LIH��7D\ORU�DQG�)UDQFHV�
/RQGRQ�������S�����

� 5RJHU� +DKQ�� ¦/DSODFH� DQG� WKH� 9DQLVKLQJ� 5ROH� RI� *RG� LQ� WKH� 3K\VLFDO
8QLYHUVH§ ��7KH�$QDO\WLF�6SLULW���&RUQHOO�8QLYHUVLW\�3UHVV��,WKDFD��1<�������
SS���������



SOLQHV�� &HUWDLQO\�� E\� WKH� PLG� ��WK� FHQWXU\�� PRVW� VFLHQWLILFDOO\�

PLQGHG�SHRSOH�VDZ�WKH�ZRUOG�DV�JRYHUQHG�E\�QDWXUDO�ODZ��0LUDFOHV

ZHUH�DW�EHVW�DQ�RFFDVLRQDO�GHYLDWLRQ�IURP�WKDW�EDFNJURXQG�RI�ODZ

DQG�RUGHU��$W�ZRUVW��WKH\�KDG�EHFRPH�P\WKV¥WKH�EDJJDJH�RI�WKH

SDVW�

$OO�WKH�VHHGV�IRU�D�FRQIOLFW�KDG�EHHQ�SODQWHG�EHIRUH�WKH�ILUVW

VDOYRV�ZHUH�ILUHG��7KH�SUHVHQW�ZRUOG�ZDV�XQGHUVWRRG�LQ�WHUPV�RI

QDWXUDO�ODZ��DQG�QRW�WKH�GLUHFW�DFWLRQ�RI�*RG��7KH�SDVW�ZDV�XQGHU�

VWRRG�LQ�WHUPV�RI�DQ�HWHUQDO��VWDWLF�XQLYHUVH��H[FHSW�IRU�D�EOLQGLQJ

PLUDFOH�WKDW�FXW�VWUDLJKW�DFURVV�DOO�WKLQNLQJ�LQ�WHUPV�RI�QDWXUDO�ODZ�

,Q�UHWURVSHFW��WKDW�PLUDFOH�VHHPHG�FXULRXVO\�RXW�RI�SODFH�VHW�DJDLQVW

GD\�WR�GD\�H[SHULHQFH��DV�ZHOO�DV�WKH�JHQHUDO�XQGHUVWDQGLQJ�RI�WKH

YHU\�QDWXUH�RI�WKH�XQLYHUVH�LWVHOI��7KH�ZKROH�¦ WKHRU\�RI�FUHDWLRQ§

KDG�EHHQ�SXW�LQWR�D�YHU\�VPDOO�ER[��MXVW�DERXW�WKH�ULJKW�VL]H�IRU�DQ

LQWHOOLJHQW�PDQ�WR�VWHS�RQ�

$V�VXFK��FUHDWLRQ©V�IDWH�ZDV�VHDOHG�RQ�SKLORVRSKLFDO�JURXQGV�

7KHUH� ZDV� VRPHWKLQJ� IXQGDPHQWDOO\� LQFRQVLVWHQW� LQ� WKH� ZKROH

SLFWXUH��&UHDWLRQ� LQYRNHG� WKH� VXSHUQDWXUDO��EXW� LW�ZDV�QRW� UHDOO\

HYHQ�SKLORVRSKLFDOO\�FRQVLVWHQW�ZLWK�D�VXSHUQDWXUDOLVW�ZRUOG�YLHZ

EHFDXVH�WKDW�PLUDFOH�ZDV�VHHQ�DV�D�XQLTXH�H[FHSWLRQ�LQ�D�ZRUOG�RI

ODZ��,QWHOOHFWXDOO\�VSHDNLQJ��WKH�VWHS�IURP�D�XQLYHUVH�DV�LPDJLQHG

E\� WKH�ROG�FUHDWLRQLVWV�� WR�D�SXUHO\�QDWXUDO�XQLYHUVH�ZLWKRXW� WKDW

FXULRXV�PLUDFOH�ZDV�D�VPDOO�VWHS��2I�FRXUVH�LW�ZDV�DQ�HDUWKTXDNH�D

WKRXVDQG�\HDUV�LQ�WKH�PDNLQJ��WKHRORJLFDOO\�VSHDNLQJ�

7KH� EDWWOH� LWVHOI� ZDV� D� FODVVLF� ILJKW� RYHU� WZR� SDUDGLJPV� DV

GHVFULEHG�E\�7KRPDV�.XKQ���2QH�JURXS�IRXJKW�WR�SUHVHUYH�WKH�ROG

SDUDGLJP��DQG�WKH�RWKHU�VWURYH�WR�HVWDEOLVK�WKH�QHZ�SDUDGLJP��7KH

ROG�SDUDGLJP�FRQWDLQHG�VRPH�SKLORVRSKLFDO�LQFRQVLVWHQFLHV��DQG�LW

VHHPHG�WR�EH�DW�YDULDQFH�ZLWK�WKH�IRVVLO�UHFRUG��7KH�QHZ�SDUDGLJP

ZDV�PDGH�WR�RUGHU��,W�ILW�WKH�IRVVLO�UHFRUG��DQG�LW�ZDV�SKLORVRSKLFDOO\

FRQVLVWHQW�

7KH�ILUVW�UHDO�VDOYR�ZDV�ILUHG�ZKHQ�&KDUOHV�/\HOO�SURSRVHG�WKH

LGHD� RI� XQLIRUPLWDULDQ� JHRORJ\� LQ� KLV� ERRN�� 7KH� 3ULQFLSOHV� RI

��� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ

� 7KRPDV�.XKQ��7KH�6WUXFWXUH�RI�6FLHQWLILF�5HYROXWLRQV���QG�HGLWLRQ��8QLYHUVLW\
RI�&KLFDJR�3UHVV��&KLFDJR�������



*HRORJ\���� ILUVW� SXEOLVKHG� LQ� ������ 8S� WR� WKDW� WLPH�� JHRORJLFDO

IRUPDWLRQV�ZHUH�ODUJHO\�LQWHUSUHWHG�LQ�WHUPV�RI�FDWDVWURSKHV��WKH

1RDKLF�IORRG�EHLQJ�WKH�PRVW�LPSRUWDQW��/\HOO©V�LGHDV�IRUPHG�WKH

EDVLV�IRU�D�QHZ�SDUDGLJP�ZKLFK�EURXJKW�JHRORJ\�LQWR�WKH�UHDOP�RI

GD\�WR�GD\�QDWXUDO�FDXVH�DQG�HIIHFW��7KLV�SUHFLSLWDWHG�D�ORQJ�EDWWOH�

DQG� JHRORJLVWV� ZHUH� GLYLGHG� LQWR� XQLIRUPLWDULDQV� DQG� FDWDVWUR�

SKLVWV�

/\HOO©V�LGHDV�ILW�ZHOO�ZLWKLQ�WKH�JHQHUDO�IUDPHZRUN�RI�D�QDWX�

UDOLVWLF�XQGHUVWDQGLQJ�RI�WKH�XQLYHUVH��$QG�WKRXJK�WKH\�WRXFK�RQ

OLIH�YLD�WKH�IRVVLO�UHFRUG��WKH\�VWLOO�OHIW�D�ELJ�TXHVWLRQ��+RZ�GLG�OLIH

JHW�KHUH"�6SRQWDQHRXV�JHQHUDWLRQ�ZDV��RII�DQG�RQ��DFFHSWHG�DV�DQ

DQVZHU� IRU� WKH� PRUH� SULPLWLYH� IRUPV� RI� OLIH� XS� XQWLO� WKH� PLG�

����©V����<HW�ZKDW�PLJKW�KDYH�SURGXFHG�PLFUREHV�DQG�PDJJRWV

FRXOG� QRW� H[SODLQ� WKH� LQFUHGLEOH� YDULHW\� RI� OLIH� RQ� HDUWK�� 2QO\

FUHDWLRQ�ZDV�UHDVRQDEOH��7KHQ�'DUZLQ�SURSRVHG�D�SRVVLEOH�DQVZHU

ZKLFK�UHTXLUHG�RQO\�QDWXUDO��VHQVLEOH� ODZV�� LQVWHDG�RI�D�PLUDFOH�

7KH�DFFHSWDQFH�RI�KLV�ZRUN�ZDV�LPPHGLDWH��,W�SURYLGHG�WKH�PLVVLQJ

OLQN�IRU�WKH�QHZ�SDUDGLJP�

<HW� WKLV� QHZ� SDUDGLJP� ZDV� OLWWOH� PRUH� WKDQ� D� VSHFXODWLYH

K\SRWKHVLV�LQ�WKH�PLG���WK�FHQWXU\��3HUKDSV�LWV�VWURQJHVW�VXSSRUW

ZDV�LQ�WKH�SURJUHVVLYH�QDWXUH�RI�WKH�IRVVLO�UHFRUG��,I�/\HOO©V�JHRORJ\

ZDV�FRUUHFW��WKHQ�WKH�IRVVLOV�ZHUH�QRW�D�UHFRUG�RI�D�JUHDW�IORRG��EXW

RI�D�YHU\�ORQJ�KLVWRU\�RI�OLIH�RQ�HDUWK��$QG�ZKHQ�LQWHUSUHWHG�LQ�WKDW

OLJKW�� RQH� IRXQG� D� JHQHUDO� SURJUHVVLRQ� IURP� VLPSOH� WR� FRPSOH[

OLIH�IRUPV��(YROXWLRQ�PDGH�VHQVH�LQ�WKDW�OLJKW��<HW�WKHUH�ZDV�PRUH

WR�'DUZLQ� WKDQ� WKH�IRVVLO�UHFRUG��6RPH����\HDUV�EHIRUH�'DUZLQ�

5REHUW� &KDPEHUV� DQRQ\PRXVO\� SXEOLVKHG� D� SRSXODU� OLWWOH� ERRN

HQWLWOHG�9HVWLJHV�RI�WKH�1DWXUDO�+LVWRU\�RI�&UHDWLRQ����7KLV�ERRN

ZDV�ILOOHG�ZLWK�ZLOG�VSHFXODWLRQ�DERXW�WKH�HYROXWLRQ�RI�OLIH��$QG�LW

ZDV�XQLYHUVDOO\�FRQGHPQHG�E\�HYHU\ERG\��ELRORJLVWV��JHRORJLVWV�

DQG�WKHRORJLDQV�DOLNH��:KDW�PDGH�'DUZLQ�GLIIHUHQW"

7KH�&UHDWLRQLVW©V�)DOO ���

�� &KDUOHV�/\HOO��7KH�3ULQFLSOHV�RI�*HRORJ\��-RKQ�0XUUD\��/RQGRQ�������
�� -RKQ� )DUOH\�� 7KH� 6SRQWDQHRXV� *HQHUDWLRQ� &RQWURYHUV\� IURP� 'HVFDUWHV� WR

2SDULQ��-RKQV�+RSNLQV�8QLYHUVLW\�3UHVV��%DOWLPRUH�������
�� 5REHUW� &KDPEHUV��9HVWLJHV� RI� WKH� 1DWXUDO� +LVWRU\� RI� &UHDWLRQ� �&KXUFKLOO�

/RQGRQ��������



)RU�RQH� WKLQJ��'DUZLQ�UHDVRQHG�KLV� LGHDV�RXW�EULOOLDQWO\��+H

H[SODLQHG�HYROXWLRQ�LQ�WHUPV�RI�VHOHFWLRQ��VLPLODU�WR�WKH�VHOHFWLRQ

HPSOR\HG�LQ�DQLPDO�EUHHGLQJ��+H�ORRNHG�LQWR�WKH�IRVVLO�UHFRUG��+H

ORRNHG�LQWR�OLIH�DW�SUHVHQW��+RZHYHU��WKH�UHDO�HYLGHQFH�ZDV�LQFUHG�

LEO\�VFDQW��2XU�NQRZOHGJH�RI�WKH�PLFURVFRSLF�PHFKDQLFV�RI�OLIH�DQG

UHSURGXFWLRQ�ZDV�SUDFWLFDOO\�QRQ�H[LVWHQW�DW�WKH�WLPH��*HQHWLFV�ZDV

XQNQRZQ��2XU�NQRZOHGJH�RI�WKH�IRVVLO�UHFRUG�ZDV�TXLWH�OLPLWHG�

:H�GLGQ©W�HYHQ�NQRZ�DERXW�UDGLRDFWLYLW\��PXFK�OHVV�UDGLRPHWULF

GDWLQJ��6RPH�SHRSOH�VWLOO�EHOLHYHG�LQ�VSRQWDQHRXV�JHQHUDWLRQ�

,Q�D�ZD\�,�VHH�'DUZLQ©V�HYROXWLRQ�D�ORW�OLNH�JHQHUDO�UHODWLYLW\�

*HQHUDO�UHODWLYLW\�ZDV�(LQVWHLQ©V�V\QWKHVLV�RI�����0D[ZHOO©V�HTXD�

WLRQV�IRU�HOHFWURG\QDPLFV��ZKLFK�KDG�EHHQ�ILQDOL]HG�LQ�WKH�VHFRQG

KDOI�RI�WKH���WK�FHQWXU\��DQG�����RI�1HZWRQLDQ�JUDYLWDWLRQ��ZKLFK

ZDV�DQ�DUFKDLF�DQG�DQWLTXDWHG�WKHRU\�ZKLFK�QR�ORQJHU�ILW�LQ�ZLWK

WKH� ILHOG�WKHRUHWLF� YLHZ� RI� WKH� ZRUOG�� *HQHUDO� UHODWLYLW\� ZDV� D

WUHPHQGRXV� LQWHOOHFWXDO� V\QWKHVLV�� +RZHYHU�� RQFH� IRUPXODWHG�

WKHUH�ZDV�OLWWOH�HYLGHQFH�IRU�LW��DQG�LW�SURYHG�WR�EH�UDWKHU�GLIILFXOW

WR� WHVW��<HW� WR� WKH�SK\VLFLVW�� LW�ZDV�ORJLFDOO\�DQG�SKLORVRSKLFDOO\

VRXQG��,W�ZDV�HQWLUHO\�VHOI�FRQVLVWHQW��$QG�LW�PDGH�VRPH�WHVWDEOH

SUHGLFWLRQV�� 6R� GHVSLWH� LWV� UDWKHU� ZLOG� UDPLILFDWLRQV� DQG� IOLPV\

H[SHULPHQWDO�EDVLV��PRVW�VFLHQWLVWV�DFFHSWHG�LW�DQG�ZRUNHG�WR�WHVW

LW�DQG�ILJXUH�RXW�WKH�GHWDLOV��'DUZLQ©V�FRQFHSW�RI�HYROXWLRQ�ZDV��LQ

WKH�VDPH�ZD\��D�JUHDW� V\QWKHVLV�� ,W�ZDV� LQWHOOHFWXDOO\�VRXQG�DQG

SKLORVRSKLFDOO\�VHOI�FRQVLVWHQW��$QG�RQH�FRXOG�PDNH�VRPH�SUHGLF�

WLRQV� ZLWK� LW�� 6R� VFLHQWLVWV� DFFHSWHG� HYROXWLRQ� GHVSLWH� WKH� WUXO\

UDGLFDO�UDPLILFDWLRQV��DQG�WKH\�ZRUNHG�WR�WHVW�DQG�YHULI\�LW�

$QG�WKH�ROG�FUHDWLRQLVWV�GLHG�RXW�

��� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ



(YROXWLRQ��0\WK�DQG�
0DWKHPDWLFV

7KH� ROG� LGHD� RI� D� VXSHUQDWXUDO� FUHDWLRQ� KDV� ORVW� FUHGLELOLW\

DPRQJ�VFLHQWLVWV��+RZHYHU�,�GRQ©W�WKLQN�ZH�VKRXOG�EH�WRR�TXLFN�WR

SXW�HYROXWLRQ�DQG�DELRJHQHVLV��WKH�FKHPLFDO�EHJLQQLQJ�RI�OLIH��RQ

WKH�WKURQH�ZKLFK�FUHDWLRQ�RQFH�RFFXSLHG��HYHQ�LI�WKDW�LV�WKH�SRSXODU

WKLQJ�WR�GR�ULJKW�QRZ�

$�/LPLWHG�6FLHQFH

$V�ORQJ�DV�,�DP�ZHDULQJ�P\�VFLHQWLVW©V�KDW��,�PXVW�UHFRJQL]H

WKH�OLPLWV�RI�VFLHQFH¥DQG�LW�ZRXOG�DSSHDU�WKDW�HYROXWLRQ�LV�RQH�DUHD

ZKHUH�ZH�FDQ�HDVLO\�SXVK�WKH�OLPLWV�RI�VFLHQFH�XQDZDUH�WKDW�ZH�DUH

GRLQJ�VR��8OWLPDWHO\��TXHVWLRQV�DERXW�SDVW�HYHQWV¥OLNH�WKH�EHJLQ�

QLQJ�RI�OLIH�RQ�HDUWK¥DUH�QRW�SURSHU�VFLHQWLILF�TXHVWLRQV��6FLHQFH

FDQ�QHYHU�WHOO�XV�ZKHWKHU�OLIH�DFWXDOO\�EHJDQ�DV�WKH�UHVXOW�RI�D�QDWXUDO

FKHPLFDO�SURFHVV�RU�D�GLYLQH�PLUDFOH��,W�FDQ�QHYHU�WHOO�XV�WKDW�VSHFLHV

$�HYROYHG�IURP�VSHFLHV�%�

:KDW�VFLHQFH�VKRXOG�EH�DEOH�WR�WHOO�XV�LV�KRZ�OLNHO\�LW�LV�WKDW�WKH

QDWXUDO�ODZV�RI�WKLV�XQLYHUVH�FRXOG�KDYH�ZRUNHG�WR�SURGXFH�OLIH��RU

D�FHUWDLQ�VSHFLHV��$QG�RIWHQ��VFLHQFH�GRQH�SURSHUO\�FDQ�PLWLJDWH�QRW

WKH�IDFW�RI��EXW�WKH�QHHG�IRU�VXSHUQDWXUDO�LQWHUYHQWLRQ�

7KLV�SRLQW�PD\�VHHP�OLNH�D�VXEWOH�GHWDLO�KDUGO\�ZRUWK�PHQWLRQ�

LQJ��<HW� LW� FDQ� SURYH� WR� EH� D� VHULRXV� WUDS� IRU� WKH�ZHOO�PHDQLQJ

VFLHQWLVW� WR� IDOO� LQWR�� 3HRSOH� RQ� ERWK� VLGHV� RI� WKH�PRGHUQ� FUHD�

WLRQ�HYROXWLRQ� GHEDWH� KDYH� GRQH� MXVW� WKDW� YHU\� IUHTXHQWO\�� )RU

H[DPSOH��LI�\RX�UDGLRPHWULFDOO\�GDWH�D�URFN�DW�����PLOOLRQ�\HDUV



ROG�� D� FUHDWLRQLVW�ZKR�SUHIHUV� D������\HDU�ROG� HDUWK� FDQ�DOZD\V

TXHVWLRQ� \RXU� GDWH�� <RX� FRXOG� QRW� SRVVLEO\� NQRZ� WKH� RULJLQDO

FRQWHQWV�RI�WKH�URFN��DQG�DQ\�DVVXPSWLRQV�\RX�PDNH�DERXW�WKRVH

FRQWHQWV�DUH�MXVW�WKDW¥DVVXPSWLRQV��*XHVV�ZKDW��WKH�FUHDWLRQLVW�LV

ULJKW��/LNHZLVH��D�PDWHULDOLVW��ZKHQ�FRQIURQWHG�ZLWK�VRPH�RI�WKH

VWDWLVWLFDO�GLIILFXOWLHV�RI�DELRJHQHVLV�FDQ�DOZD\V�IDOO�EDFN�RQ�WKH

PRVW�XQOLNHO\�FKDQFH�HYHQW��$�SUREDELOLW\��QR�PDWWHU�KRZ�VPDOO��LV

QRW�]HUR��+H��WRR�LV�ULJKW��<HW�LQ�ERWK�WKHVH�LQVWDQFHV��WKHUH�LV�D�SRLQW

ZKHUH�VFLHQFH�VWRSV��DQG�SKLORVRSK\�WDNHV�XS��6RPHWLPHV�DQVZHUV

WR�TXHVWLRQV�OLNH�WKHVH�GHSHQG�PRUH�RQ�\RXU�SKLORVRSKLFDO�IRXQGD�

WLRQ�WKDQ�RQ�VFLHQFH��7KH�KRQHVW�VFLHQWLVW�PXVW�EHZDUH��DQG�WDNH�RII

KLV�VFLHQWLVW©V�KDW�ZKHQ�WUHDGLQJ�RQ�VXFK�VKDN\�JURXQG��8QIRUWX�

QDWHO\�PDQ\¥DQG�HVSHFLDOO\�WKH�PRVW�YRFDO¥GR�QRW�

$V�D�VFLHQWLVW�ORRNLQJ�DW�WKH�EHJLQQLQJ�DQG�GHYHORSPHQW�RI�OLIH

RQ�HDUWK��,�ZDQW�WR�WU\�WR�ILQG�RXW�KRZ�OLNHO\�LW�LV�WKDW�QDWXUDO�ODZ

FRXOG�FDXVH�ZKDW� LV�REVHUYHG�LQ�WKH�IRVVLO�UHFRUG�DQG�LQ�WRGD\©V

ZRUOG��7R�WKH�H[WHQW�WKDW�QDWXUDO�ODZ�LV�FDSDEOH�RI�H[SODLQLQJ�WKDW�

,�FDQ�VDIHO\�GLVSHQVH�ZLWK�PLUDFOHV��+RZHYHU��DW�WKH�SRLQWV�ZKHUH

HYHQWV�VHHP�XQOLNHO\��,�PXVW�ILQG�VRPH�QHZ�ODZ�WR�H[SODLQ�ZKDW�,

VHH¥LI�WKHUH�LV�VXFK�D�ODZ¥RU�,�PXVW�VD\�WKDW�IRU�QRZ�,�FDQ�GR�QR

PRUH��DQG�OHDYH�WKH�SKLORVRSKHUV�DQG�WKHRORJLDQV�WR�WKHLU�ZRUN�

7KLV�KXPEOH�DWWLWXGH�LV�UDUH�LQ�VFLHQFH�WRGD\��HVSHFLDOO\�LQ�WKH

PRUH�SRSXODU�H[SUHVVLRQV�RI�LW��6HOI�OLPLWDWLRQ�LV�YLHZHG�DV�ZHDN�

QHVV�E\�FRQILGHQW�H[SHUWV��DV�WKH\�EROGO\�DVVHUW�WKDW�VFLHQFH�LV�WKH

NH\�WR�DOO�NQRZOHGJH��)RU�H[DPSOH��&DUO�6DJDQ��LQ�KLV�ERRN�&RVPRV

VWDUWV�RXW�E\�PDNLQJ�WKH�EROG�VWDWHPHQW�¦7+(�&26026�,6�$//

7+$7� ,6�25� (9(5�:$6�25� (9(5�:,//�%(�§ �� �$XWKRU©V

FDSLWDOV���6DJDQ�VD\V�KH�KDV�DOZD\V�ZRQGHUHG�DERXW�OLIH�HOVHZKHUH

LQ�WKH�XQLYHUVH���6XFK�PXVLQJV�DQG�VHDUFKLQJV�DUH�QREOH��%XW�ZLWK

VXFK�D�VWURQJ�SKLORVRSKLFDO�VWDUW��\RX�FDQ�KDUGO\�H[SHFW�KLV�WUHDWLVH

WR�JLYH�\RX�D�VWUDLJKW� ORRN�DW�ZKDW�VFLHQFH�FDQ� WHOO�XV�DERXW� WKH

XQLYHUVH�RU�OLIH�LQ�LW�

��� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ

� &DUO�6DJDQ��&RVPRV��5DQGRP�+RXVH��1HZ�<RUN�������S����
� ,ELG���S�����



3URSHUO\�XQGHUVWRRG�� WKRXJK�� WKHUH� LV�QR�VKDPH� LQ�D� OLPLWHG

VFLHQFH��)RU�H[DPSOH��WKDW©V�ULJKW�ZKHUH�UHDO�VFLHQFH�VWDQGV�ZLWK

WKH�ELJ�EDQJ��<RX�FDQ©W�XVH�JHQHUDO�UHODWLYLW\�WR�FDOFXODWH�EDFN�SDVW

WKH�LQLWLDO�VLQJXODULW\��$QG�\RX�FDQ©W�H[SODLQ�FHUWDLQ�DVSHFWV�RI�WKH

ELJ�EDQJ��OLNH�ZK\�LW�KDG�VXFK�ORZ�HQWURS\¥D�VWDWH�WKDW�DSSHDUV

SKHQRPHQDOO\� XQOLNHO\��� 6RPH� VFLHQWLVWV� WKLQN� TXDQWXP� JUDYLW\

ZLOO�KHOS�DQVZHU�WKDW��0D\EH�LW�ZLOO��0D\EH�LW�ZRQ©W��%XW�LQ�WKH

PHDQWLPH��VSHFXODWLRQ�DERXW�ZKDW�FDXVHG�WKH�EDQJ�RU�KRZ�LW�JRW

VWDUWHG� LV� RXWVLGH� WKH� UHDOP� RI� VFLHQFH�� $QG� SHRSOH� DUH� IUHH� WR

VSHFXODWH��$�VWURQJ�DQWKURSLF�SULQFLSOH�DW�ZRUN"�*RG"�6FLHQFH�E\

LWVHOI�FDQQRW�DQVZHU� WKHVH�TXHVWLRQV��2I�FRXUVH��PHQ�OLNH�6DJDQ

GRQ©W�KHVLWDWH� WR�DQVZHU�WKHP��LQVLQXDWLQJ�LQILQLWH�KLHUDUFKLHV�RI

XQLYHUVHV� ZLWK� WXQQHOV� EHWZHHQ� WKHP�� HQWURS\� UHYHUVDO�� DQG� DOO

NLQGV�RI�RWKHU�ZHLUG�LGHDV�LQ�WKH�QDPH�RI�VFLHQFH��

,�XUJH�FDXWLRQ�EHFDXVH�LQ�WKH�SDVW�WKLUW\�\HDUV��ERWK�HYROXWLRQ

DQG�DELRJHQHVLV�KDYH�VXIIHUHG�VRPH�GHYDVWDWLQJ�FULWLFLVP��,©P�QRW

WDONLQJ�DERXW�FUHDWLRQLVWV�KHUH�HLWKHU��7KHVH�FULWLFLVPV�DUH�URRWHG

LQ� SXUH� PDWKHPDWLFV� DQG� DUH� ODUJHO\� D� FRQVHTXHQFH� RI� ELRORJ\

FRPLQJ�LQWR�WKH�LQIRUPDWLRQ�DJH��$OWKRXJK�PRVW�RI�WKLV�FULWLFLVP

KDVQ©W�EHHQ�ZHOO�UHFHLYHG�E\�PDLQVWUHDP�HYROXWLRQDU\�ELRORJLVWV¥

DQG�FHUWDLQO\�LW�ZRQ©W�EH�WDXJKW�LQ�WKH�VFKRROV¥,�WKLQN�LW�LV�YHU\

YDOLG�DQG�YHU\�UHOHYDQW�

$QDO\WLF�6FLHQFH�LQ�WKH�,QIRUPDWLRQ�$JH

<RX�KDYH� WR�XQGHUVWDQG� WKDW� DQDO\WLFDO� VFLHQFH¥ZKHUH�\RX

ZULWH�HTXDWLRQV�GRZQ�DQG�WU\�WR�VROYH�WKHP�H[DFWO\¥LV�UHDOO\�YHU\

OLPLWHG��,W�PD\�EH�DEOH�WR�SUHGLFW�WKH�PRWLRQ�RI�D�IDOOLQJ�EDOO�LQ�D

YDFXXP� IDLUO\� DFFXUDWHO\�� EXW� PRVW� UHDO�ZRUOG� SKHQRPHQD� DUH

FRPSOHWHO\�EH\RQG�LWV�JUDVS��)RU�H[DPSOH��LW�ZRXOG�EH�ULGLFXORXV

WR�PRGHO�D�WUHH�DQDO\WLFDOO\��PXFK�OHVV�WR�H[DFWO\�VROYH�LWV�HTXDWLRQV

RI�PRWLRQ�RQ�D�ZLQG\�GD\��1RZ��LQ�P\�OLIHWLPH�,©YH�QHYHU�NQRZQ

DQ\RQH�ZKR�GRXEWHG�WKDW�WKH�DQDO\WLF�HTXDWLRQV�RI�PRWLRQ�IRU�WKDW

(YROXWLRQ��0\WK�DQG�0DWKHPDWLFV ���

� 5RJHU� 3HQURVH�� 7KH� (PSHURU©V� 1HZ�0LQG� �2[IRUG�8QLYHUVLW\� 3UHVV�� 1HZ
<RUN�������S������

� 2S��&LW���6DJDQ��S����������������



WUHH�ZRXOG�JLYH�WKH�ULJKW�DQVZHU�LI�WKH\�FRXOG�EH�VROYHG�H[DFWO\�

&HUWDLQO\�,�GR�QRW�GRXEW�LW��<HW�,�PXVW�DGPLW�WKDW�WKRVH�HTXDWLRQV

DUH�SUHWW\�ZRUWKOHVV¥DV�IDU�DV�VROYLQJ�WKLV�SUREOHP�JRHV¥ZLWKRXW

D�FRPSXWHU�

&RPSXWHUV�KDYH�EHFRPH�LPSRUWDQW�WRROV�LQ�VROYLQJ�VFLHQWLILF

SUREOHPV�LQ�WKH�SDVW����\HDUV��$QG�WKH\�KDYH�KHOSHG�ERWK�WR�VKRZ

XS�IDXOWV�LQ�VRPH�DQDO\WLF�WKHRULHV�DQG�WR�IRUPXODWH�WKHRULHV�ZKHUH

QRQH�KDYH�H[LVWHG��<HW��PRUH�WKDQ�WKDW��FRPSXWHUV�KDYH�EHHQ�DEOH

WR�KHOS�XV�EHWWHU�XQGHUVWDQG�QDWXUH�LQ�UHDOPV�ZKHUH�LW�GRHVQ©W�HYHQ

PDNH�D�ORW�RI�VHQVH�WR�WU\�WR�ZULWH�GRZQ�DQ�DQDO\WLF�HTXDWLRQ�RI

PRWLRQ�

$V�ZH�GLVFXVVHG�HDUOLHU��WKH�LGHD�WKDW�WKH�ODZV�RI�QDWXUH�DUH�LQ

VRPH�VHQVH�VLPSOH�LV�HVVHQWLDO�WR�VFLHQFH��2QFH�WKH�ODZV�EHFRPH

VR�FRPSOH[�WKDW�WKH�KXPDQ�PLQG�FDQQRW�XQGHUVWDQG�WKHP��WKH\�DUH

HVVHQWLDOO\�ZRUWKOHVV��)RU�H[DPSOH��D�EULJKW�VWXGHQW�FDQ�VSHQG�D

VHPHVWHU� DQG� OHDUQ� WR� FRQFHSWXDOO\�XQGHUVWDQG�0D[ZHOO©V� HTXD�

WLRQV¥D� VHW� RI� ��� FRXSOHG� SDUWLDO� GLIIHUHQWLDO� HTXDWLRQV� ZKLFK

GHVFULEH� HOHFWURPDJQHWLVP�� %XW� ZKDW� KDSSHQV� ZKHQ� \RX� KDYH

������ FRXSOHG� HTXDWLRQV"� )HZ� SHRSOH� FRXOG� ZULWH� WKHP� GRZQ

FRUUHFWO\�LQ�RQH�WU\��DQG�QR�RQH�FDQ�VROYH�WKHP�DQDO\WLFDOO\��PXFK

OHVV� JDLQ� DQ\� VLJQLILFDQW� XQGHUVWDQGLQJ� IURP� WKHP�� +RZHYHU� LW

PLJKW�EH�SRVVLEOH�WR�IRUJHW�DERXW�WKH�HTXDWLRQV�DOWRJHWKHU�DQG�FRPH

XS� ZLWK� D� IHZ� VLPSOH� DOJRULWKPV� WR� GHVFULEH� WKH� V\VWHP� XQGHU

FRQVLGHUDWLRQ�� DQG� WKHQ� PRGHO� LW� RQ� D� FRPSXWHU�� ,Q� WKLV� ZD\�

FRPSXWHUV�DUH�FKDQJLQJ�RXU�YHU\�LGHD�RI�ZKDW�¦ VLPSOH§ �PHDQV�LQ

QDWXUH��DQG�RSHQLQJ�XS�ZKROH�QHZ�UHDOPV�RI�VWXG\�

0\WKRORJLFDO�(YROXWLRQ

1RZ� OHW©V� FRPH� EDFN� WR� HYROXWLRQ�� ,� PHQWLRQHG� LQ� WKH� ODVW

FKDSWHU� WKDW� ZKHQ� 'DUZLQ� DGYDQFHG� HYROXWLRQ�� KLV� LGHD� ZDV

IRXQGHG�RQ�SUHFLRXV�OLWWOH�HYLGHQFH��DQG�WKDW�LW�DSSHDUHG�WR�KDYH

ZRQ�RXW�RYHU�FUHDWLRQLVP�RQ�WKH�EDVLV�RI�LWV�SKLORVRSKLFDO�FRQVLV�

WHQF\��PRUH�WKDQ�DQ\WKLQJ��$W�WKH�ULVN�RI�VRXQGLQJ�UHGXQGDQW��,©OO

VD\�LW�DJDLQ��,Q�������VFLHQWLVWV�ZHUH�DOPRVW�FRPSOHWHO\�LJQRUDQW�RI

WKH�PLFURVFRSLF�ZRUNLQJV�RI�OLYLQJ�RUJDQLVPV�

5HDGLQJ�PRVW�SRSXODU�DFFRXQWV�RI�HYROXWLRQ��RQH�PLJKW�EHOLHYH

WKDW�WKH�KLVWRU\�RI�HYROXWLRQ�IURP������WR�WKH�SUHVHQW�KDV�EHHQ�RQH

��� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ



RI� YLFWRU\� DIWHU� YLFWRU\�� ZKHUH� XQGHUVWDQGLQJ� DGGHG� WR� XQGHU�

VWDQGLQJ�KDV�PDGH�HYROXWLRQ�RQH�RI�WKH�PRVW�H[WUDRUGLQDU\�YLFWRULHV

IRU�VFLHQFH�HYHU��8QIRUWXQDWHO\�VXFK�DFFRXQWV�DUH�XVXDOO\�D�JORVV�

7KRXJK�WKHUH�KDYH�EHHQ�VLJQLILFDQW�YLFWRULHV��WKH�SDWK�LV�QRW�DOO�VR

FXW�DQG�GULHG��$�UHFHQW�ERRN��'DUZLQ�RQ�7ULDO��E\�3KLOOLS�-RKQVRQ�

FRQWHQGV� WKDW� HYROXWLRQDU\� VFLHQFH� KDV� EHFRPH� ¦ WKH� VHDUFK� IRU

FRQILUPLQJ� HYLGHQFH�� DQG� WKH� H[SODLQLQJ� DZD\� RI� QHJDWLYH� HYL�

GHQFH§ �� UDWKHU� WKDQ� D� FULWLFDO� DWWHPSW� WR� FRQILUP� RU� IDOVLI\� D

VFLHQWLILF�WKHRU\��+H�IODWO\�FRQFOXGHV�WKDW�HYROXWLRQ�LV�SVHXGR�VFL�

HQFH�� DQG�¦QRW� MXVW� D� WKHRU\�RI�ELRORJ\��EXW� WKH�PRVW� LPSRUWDQW

HOHPHQW�LQ�D�UHOLJLRQ�RI�VFLHQWLILF�QDWXUDOLVP��ZLWK�LWV�RZQ�HWKLFDO

DJHQGD�DQG�SODQ�IRU�VDOYDWLRQ�WKURXJK�VRFLDO�DQG�JHQHWLF�HQJLQHHU�

LQJ�§ �

7KHVH�DUH�VHULRXV�FKDUJHV��1RZ�-RKQVRQ�LV�DQ�DGPLWWHG�&KULV�

WLDQ� ZLWK� SHUKDSV� VRPH� V\PSDWKLHV� WRZDUG� WKH� LGHD� RI� GLYLQH

FUHDWLRQ��7KDW�ZRXOG� WHQG� WR�DXWRPDWLFDOO\�GLVFUHGLW�KLP�DPRQJ

VFLHQWLVWV�� \HW�KLV� DUJXPHQWV� DUH�QRW� WR�EH�GLVPLVVHG� OLJKWO\��+H

VXUYH\V�DOO�RI� WKH�VXSSRUWLQJ�HYLGHQFH�� IURP�WKH�IRVVLO� UHFRUG� WR

PROHFXODU�ELRORJ\��DQG�HYROXWLRQ�FRPHV�XS�ZDQWLQJ��1RZ�,�GRQ©W

DJUHH�ZLWK�HYHU\WKLQJ�-RKQVRQ�VD\V��DQG�,�DP�QRW�JRLQJ�WR�GLJ�LQWR

WKLV�HYLGHQFH�LQ�PXFK�GHWDLO�KHUH��H[FHSW�DV�LW�SHUWDLQV�GLUHFWO\�WR

RXU�GLVFXVVLRQ�LQ�WKH�DSSURSULDWH�SODFHV��<RX�FDQ¥DQG�VKRXOG¥

JHW�-RKQVRQ©V�ERRN�DQG�UHDG�LW��DV�ZHOO�DV�KLV�FULWLFV���WR�XQGHUVWDQG

ZKDW�,�VD\�LQ�D�EURDGHU�FRQWH[W��:KDW�,�ZRXOG�OLNH�WR�GR�ULJKW�QRZ

LV�WU\�WR�JHW�DW�ZK\�HYROXWLRQ�LV�VHHQ�E\�VR�PDQ\�DV�DQ�DQVZHU�WR�D

PXOWLWXGH�RI�SKHQRPHQD��DQG�\HW�DV�SUDFWLFDOO\�YDFXRXV�E\�RWKHUV�

:K\�LV�LW�WKDW�-XOLDQ�+X[OH\�FDQ�VD\

(YROXWLRQ��0\WK�DQG�0DWKHPDWLFV ���

� 3KLOOLS�-RKQVRQ��'DUZLQ�RQ�7ULDO��5HJQHU\�*DWHZD\��:DVKLQJWRQ�'&������
S�����

� ,ELG���S������
� 6HH� 6WHYHQ� -D\� *RXOG�� ¦ ,PSHDFKLQJ� D� 6HOI�$SSRLQWHG� -XGJH§ � 6FLHQWLILF

$PHULFDQ�� -XO\�� ����� S�� ����� )RU� -RKQVRQ©V� UHSO\�� VHH� 3KLOOLS� -RKQVRQ�
¦5HVSRQVH�WR�*RXOG§ �2ULJLQV�5HVHDUFK��6SULQJ�������S������DYDLDEOH�IURP
$51��32�%R[��������&RORUDGR�6SULQJV��&2���������$OVR�\RX�PLJKW�ZDQW�WR
ORRN�WKURXJK�3HUVSHFWLYHV�RQ�6FLHQFH�DQG�WKH�&KULVWLDQ�)DLWK�������DQG������
DV�-RKQVRQ�JRW�VRPH�ILUH�WKHUH�



¦7KLV�LV�RQH�RI�WKH�ILUVW�SXEOLF�RFFDVLRQV�RQ�ZKLFK�LW�KDV�EHHQ

IUDQNO\�IDFHG�WKDW�DOO�DVSHFWV�RI�UHDOLW\�DUH�VXEMHFW�WR�HYROXWLRQ��IURP

DWRPV�DQG�VWDUV�WR�ILVK�DQG�IORZHUV��IURP�ILVK�DQG�IORZHUV�WR�KXPDQ

VRFLHWLHV�DQG�YDOXHV¥LQGHHG��DOO�UHDOLW\�LV�D�VLQJOH�SURFHVV�RI�HYR�

OXWLRQ�§�

:K\�FDQ�5LFKDUG�'DZNLQV�ZULWH

¦ ,W�LV�DEVROXWHO\�VDIH�WR�VD\�WKDW��LI�\RX�PHHW�VRPHERG\�ZKR�FODLPV

QRW�WR�EHOLHYH�LQ�HYROXWLRQ��WKDW�SHUVRQ�LV�LJQRUDQW��VWXSLG�RU�LQVDQH

�RU�ZLFNHG��EXW�,©G�UDWKHU�QRW�FRQVLGHU�WKDW��§�

$QG� \HW� &ROLQ� 3DWWHUVRQ�� D� VHQLRU� SDOHRQWRORJLVW� DW� WKH� %ULWLVK

1DWXUDO�+LVWRU\�0XVHXP�FDQ�VWDQG�XS�DQG�VD\

¦&DQ�\RX�WHOO�PH�DQ\WKLQJ�\RX�NQRZ�DERXW�HYROXWLRQ��DQ\�RQH

WKLQJ��������WKDW�LV�WUXH"�,�WULHG�WKDW�TXHVWLRQ�RQ�WKH�JHRORJ\�VWDII�DW�WKH

)LHOG�0XVHXP�RI�1DWXUDO�+LVWRU\�DQG� WKH�RQO\�DQVZHU� ,�JRW�ZDV

VLOHQFH��,�WULHG�LW�RQ�WKH�PHPEHUV�RI�WKH�(YROXWLRQDU\�0RUSKRORJ\

VHPLQDU� LQ� WKH�8QLYHUVLW\�RI�&KLFDJR��D�YHU\�SUHVWLJLRXV�ERG\�RI

HYROXWLRQLVWV�� DQG� DOO� ,� JRW� WKHUH�ZDV� VLOHQFH� IRU� D� ORQJ� WLPH�DQG

HYHQWXDOO\�RQH�SHUVRQ�VDLG�¨,�GR�NQRZ�RQH�WKLQJ¥LW�RXJKW�QRW�WR�EH

WDXJKW�LQ�KLJK�VFKRRO�©§"��

,V� VRPHERG\� LQVDQH�� RU� DUH� WKHUH� UHDVRQV� IRU� VXFK� VWURQJ� DQG

FRQWUDGLFWRU\�FRPPHQWV"

,�WKLQN�D�ELJ�SDUW�RI�WKH�SUREOHP�LV�WKDW�WUDGLWLRQDO�HYROXWLRQ�LV

HVVHQWLDOO\�EH\RQG�WKH�UHDFK�RI�DQDO\WLFDO�VFLHQFH��/HW©V�VXSSRVH

IRU�D�PRPHQW� WKDW�VRPHRQH�IURP�WKH�SK\VLFDO�VFLHQFHV�ZKR�KDG

QHYHU�EHIRUH�KHDUG�RI�HYROXWLRQ�ZDV�JLYHQ�WKH�WDVN�RI�VXJJHVWLQJ

VRPH�H[SHULPHQWV�WR�WHVW�HYROXWLRQ��+H�PLJKW�YHU\�ZHOO�DVN�ZKDW

HYROXWLRQ�FRXOG�SUHGLFW�FRQFHUQLQJ�WKH�WUDQVIRUPDWLRQ�RI�RQH�VSH�

��� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ

� 6LU�-XOLDQ�+X[OH\��¦7KH�(YROXWLRQDU\�9LVLRQ§ �LQ�6RO�7D[��(G���(YROXWLRQ�DIWHU
'DUZLQ���8QLYHUVLW\�RI�&KLFDJR�SUHVV��&KLFDJR�������9RO�����S������

� 2S��&LW���-RKQVRQ��S����
��2S��&LW���-RKQVRQ��S�����FLWHV�WKLV�SDVVDJH�DV�VRPHWKLQJ�WKDW�ZDV�QRW�SXEOLVKHG�

KRZHYHU�3DWWHUVRQ�VD\V�DERXW�WKH�VDPH�WKLQJ�LQ�7RP�%HWKHOO��¦'HGXFLQJ�IURP
0DWHULDOLVP�§ �1DWLRQDO�5HYLHZ��$XJXVW�����������SS���������



FLHV�LQWR�DQRWKHU��8QIRUWXQDWHO\�WKH�GDUN�VLGH�RI�WUDGLWLRQDO�HYROX�

WLRQ�LV�RQO\�WRR�DEOH�WR�¦SUHGLFW§ �MXVW�DERXW�DQ\WKLQJ�\RX�OLNH��1R

GRXEW�\RX©YH�VHHQ�¦ VXUYLYDO�RI�WKH�ILWWHVW§ �DUJXPHQWV�WR�H[SODLQ

KRZ�GLIIHUHQW�DQLPDOV�HYROYHG��EH�LW�ELUGV�IURP�UHSWLOHV��PDPPDOV

IURP�UHSWLOHV��DPSKLELDQV�IURP�ILVK��RU�ZKDW�KDYH�\RX��/HW©V�WU\�DQ

LPDJLQDU\�RQH�RQ�IRU�VL]H�

3URSRVLWLRQ�����6RPH�KDPVWHUV�HYROYHG�LQWR�PLFH�

([SODQDWLRQ��+DPVWHUV�DUH�VORZ�PRYLQJ�FUHDWXUHV�WKDW�DUH�HDVLO\�FDXJKW
E\�SUHGDWRUV��,Q�VRPH�DUHDV��ZKHUH�SUHGDWRUV�ZHUH�SOHQW\� �VPDOOHU��IDVWHU
KDPVWHUV�VXUYLYHG�EHWWHU�WKDQ�WKH�ODUJH��VORZ�RQHV��2I�WKH�IDVWHVW�RQHV�
ORQJ�WDLOV�SURYHG�WR�EH�KHOSIXO�IRU�EDODQFH�ZKHQ�UXQQLQJ�IDVW�WR�HYDGH�SUH\�

7KH�IDVW��VPDOO��ORQJ�WDLOHG�DQLPDOV�EHFDPH�ZKDW�ZH�NQRZ�DV�PLFH��

1RZ�OHW©V�WXUQ�LW�DURXQG�

3URSRVLWLRQ�����6RPH�PLFH�HYROYHG�LQWR�KDPVWHUV�

([SODQDWLRQ��,Q�DUHDV�ZKHUH�IRRG�ZDV�VFDUFH��D�ODUJHU�DQLPDO�ZLWK�D�VORZ
PHWDEROLVP��DQG�ZLWK�WKH�DELOLW\�WR�VWRUH�ORWV�RI�IRRG�LQ�LWV�PRXWK�TXLFNO\�
VXUYLYHG�EHWWHU�WKDQ�WKH�VPDOO�DQLPDOV�ZKLFK�FRXOG�HDW�RQO\�D�ELWH�DW�D�WLPH�
7KH�ODUJHU�RQHV�ZRXOG�JREEOH�XS�HQRXJK�IRRG�IRU�D�ZKROH�GD\�LQ�WKH�VDPH
WLPH� WKDW� VPDOOHU� RQHV� FRXOG� RQO\� JHW� D� FRXSOH� PRXWKIXOV�� $� VORZHU
PHWDEROLVP� SURYHG� KHOSIXO� WR� WKH� ODUJH� DQLPDOV� LQ� VXUYLYLQJ� WKURXJK
SHULRGV�ZKHQ� WKH\�FRXOG�QRW� ILQG� IRRG��)RU� VORZHU�PRYLQJ�DQLPDOV�� D
VKRUW�� VWXEE\� WDLO� SURYHG� EHQHILFLDO� EHFDXVH� LW� PDGH� WKHP� KDUGHU� IRU
SUHGDWRUV�WR�FDWFK��7KH�ODUJH�DQLPDO�EHFDPH�ZKDW�ZH�NQRZ�DV�D�KDPVWHU�

2EYLRXVO\�ZH�DUHQ©W�WDONLQJ�VFLHQFH�KHUH��7KLV�LGHD�RI�HYROXWLRQ�LV

QRW�IDOVLILDEOH�LQ�DQ\�VHQVH�RI�WKH�ZRUG��*LYH�PH�DQ\�WZR�VSHFLHV

DQG�,�FDQ�FRQVWUXFW�DQ�DUJXPHQW�WR�H[SODLQ�ZK\�RQH�HYROYHG�LQWR

WKH�RWKHU��RU�YLFH�YHUVD��

1R�GRXEW�RXU�YHU\�WUDGLWLRQDO�DQG�YHU\�FRQVHUYDWLYH�SK\VLFDO

VFLHQWLVW�ZRXOG�FRPH�DZD\�IURP�DOO�RI�WKLV�UKHWRULF�YHU\�XQKDSS\�

:KDW�KH�ZRXOG�SUREDEO\�OLNH�WR�VHH�LV�D�FRQFUHWH�VHW�RI�QXPEHUV�

)RU�H[DPSOH�

(YROXWLRQ��0\WK�DQG�0DWKHPDWLFV ���



3�0RXVH→+DPVWHU�� �����

3�+DPVWHU→0RXVH�� �����[�����

ZKHUH�3�$→%��LV�WKH�SUREDELOLW\�RI�$�HYROYLQJ�LQWR�%�IRU�D�JLYHQ

HQYLURQPHQW�� WLPH�SHULRG��HWF��7KH�HYROXWLRQDU\�ELRORJLVW�ZRXOG

SUREDEO\�FU\�¦ IRXO§ �LI�SUHVVHG�RQ�VXFK�D�TXHVWLRQ��DQG�H[SODLQ�ZK\

LW�LV�ULGLFXORXV�WR�WU\�WR�DQVZHU�LW�

$QG�LW�LV�ULGLFXORXV¥DW�OHDVW�IURP�WKH�SHUVSHFWLYH�RI�WUDGLWLRQDO

DWRPLVWLF��DQDO\WLFDO�VFLHQFH��(YHQ�WKH�VLPSOHVW�HYROXWLRQDU\�VFH�

QDULRV�LQYROYH�WKH�FRPSOH[�PROHFXODU�G\QDPLFV�RI�D�OLYLQJ�FHOO��VR

\RX�DUH�WDONLQJ�DERXW�D�KXJH�QXPEHU�RI�HTXDWLRQV�DV�VRRQ�DV�\RX

WKLQN� RI�ZULWLQJ� VRPH� GRZQ��:H�PLJKW� WDNH� D� QXPEHU� OLNH� ���

HTXDWLRQV� DV� DQ� DEVROXWH� PLQLPXP¥RQH� IRU� HYHU\� EDVH� LQ� WKH

RUJDQLVP©V�'1$���$QG�LW�ZRXOG�SUREDEO\�EH�PRUH�UHDVRQDEOH�WR

DUJXH�IRU�VRPHWKLQJ�OLNH������RU�VR���2EYLRXVO\��LI�ZH�FRXOG�HYHQ

ZULWH�WKHVH�HTXDWLRQV�GRZQ��ZH©G�EH�KDUG�SXW�WR�JDLQ�PXFK�XQGHU�

VWDQGLQJ� IURP� WKHP�� &HUWDLQO\� WKH� WKRXJKW� WKDW� ZH� FRXOG� OHDUQ

DQ\WKLQJ� DERXW� HYROXWLRQ� IURP� VXFK� DQ� DSSURDFK� VHHPV� LOO�FRQ�

FHLYHG�

%XW�WKDW�PHDQV�PRVW�RI�RXU�LGHDV�DERXW�HYROXWLRQ�DUH�EH\RQG

WKH�UHDFK�RI�DQDO\WLFDO�VFLHQFH�

,�WKLQN�WKLV�VLPSOH�IDFW�DORQH�FDQ�H[SODLQ�WKH�VWUDQJH�SDUDGR[

RI�HYROXWLRQ¥WKDW�LW�VHHPV�WR�H[SODLQ�HYHU\WKLQJ�DQG�\HW�LW�H[SODLQV

YHU\�OLWWOH��1R�RQH�UHDOO\�KRSHV�WR�PDNH�ERQD�ILGH�SUHGLFWLRQV�RQ

WKH�EDVLV�RI�PDWKHPDWLFDO�PRGHOV��,Q�'DUZLQ©V�GD\�WKH�WKRXJKW�RI

DQ�DWRPLVWLF�PDWKHPDWLFDO�PRGHO�ZDV�DEVXUG��VLQFH�QR�RQH�NQHZ

DQ\WKLQJ�DERXW�WKH�PLFURVFRSLF�ZRUNLQJ�RI�OLYLQJ�RUJDQLVPV��$QG

WKDW�ZDV�D�SUREOHP�IRU�D�KXQGUHG�\HDUV��7RGD\��WKH�PDWKHPDWLFDO

PRGHO�ORRNV�YHU\�LPSUDFWLFDO��DOWKRXJK�WKHUH�LV�HQRXJK�RI�D�WKHR�

UHWLFDO�EDVLV�WR�DW�OHDVW�FRQFHLYH�RI�LW��,�KDYH�WR�TXHVWLRQ�ZKHWKHU

WU\LQJ�WR�GR�UHDO�VFLHQFH�LQ�WKDW�NLQG�RI�DQ�HQYLURQPHQW�FDQ�OHDG�WR

DQ\WKLQJ�EXW�KDQG�ZDYLQJ�REIXVFDWLRQV�DQG�VWRU\�WHOOLQJ��(YROXWLRQ

DW�WKLV�OHYHO�LV�QRWKLQJ�PRUH�WKDQ�DQ�DFFHSWDEOH�P\WK��%HOLHYLQJ�LQ

LW�LV�VRPHZKDW�OLNH�EHOLHYLQJ�FODVVLFDO�PHFKDQLFV�ZLOO�ZRUN�IRU�D

WUHH�� H[FHSW� \RX� GRQ©W� HYHQ� UHDOO\� NQRZ�ZKDW� WKH� HTXDWLRQV� RI

PHFKDQLFV� DUH� OHW� DORQH� KRZ� WR� DSSO\� WKHP�� <RX� MXVW� KDYH� D

��� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ



PLVFHOODQHRXV�FROOHFWLRQ�RI�REVHUYDWLRQV¥OLNH�*DOLOHR©V�/HDQLQJ

7RZHU�RI�3LVD�H[SHULPHQW�

0DWKHPDWLFDO�(YROXWLRQ

1RZ��3KLOOLS�-RKQVRQ�DUJXHG�WKDW�WR�WU\�WR�VDYH�HYROXWLRQ�XQWLO

D�EHWWHU�WKHRU\�FRPHV�DORQJ�LV�OLNH�WHOOLQJ�VRPHRQH�DFFXVHG�RI�D

FULPH��ZKR�KDV�DQ�DOLEL��WKDW�KH�LV�JXLOW\�XQOHVV�KH�FDQ�FRPH�XS�ZLWK

D�EHWWHU�VXVSHFW����:KHWKHU�WKH\�ULQJ�WUXH�RU�QRW��VXFK�REMHFWLRQV

ZRQ©W�JHW�YHU\�IDU�ZLWK�VFLHQWLVWV��6FLHQWLILF�WKHRULHV�WHQG�WR�WDNH

RQ� FHUWDLQ� FKDUDFWHULVWLFV� RI� GRJPDV¥DQG� WKDW� LV� SDUW� RI� KRZ

VFLHQFH�ZRUNV��RU�VKRXOG�,�VD\��KRZ�SHRSOH�ZRUN"�¥VR�WKH\�FDQQRW

EH�HDVLO\�UHMHFWHG�OLNH�VXVSHFWV�LQ�D�FULPLQDO�FDVH��+RZHYHU�,�GR�QRW

EHOLHYH� LW� LV� XQUHDVRQDEOH� WR� DVN� IRU� D� UHDO� WKHRU\� RI� HYROXWLRQ

IRXQGHG�LQ�VFLHQFH�DQG�PDWKHPDWLFV��7RGD\��ZH�GRQ©W�HYHQ�KDYH�D

WKHRU\���

+RZHYHU��,�WKLQN�ZLWK�WKH�DGYHQW�RI�$/��DOO�WKH�HOHPHQWV�DUH�LQ

SODFH�WR�EHJLQ�IRUPXODWLQJ�D�WKHRU\�

)LUVW��ZH�PXVW�XQGHUVWDQG�WKH�GLVWLQFWLRQ�EHWZHHQ�WKH�IDFW�RI

HYROXWLRQ�DQG�WKH�WKHRU\�RI�HYROXWLRQ��7KH�IDFW�RI�HYROXWLRQ��VLPSO\

VWDWHG��LV�WKDW�LQ�D�VHOI�UHSOLFDWLQJ�V\VWHP�LQ�ZKLFK�PXWDWLRQV�FDQ

RFFXU�DQG�PXWDWLRQV�FDQ�EH�SDVVHG�RQ�IURP�SDUHQWV�WR�FKLOGUHQ��WKH

JHQHWLF� PDNHXS� RI� WKH� SRSXODWLRQ� FDQ� YDU\� IURP� JHQHUDWLRQ� WR

JHQHUDWLRQ�DQG�WKH�YDULDWLRQ�FDQ�EH�LQIOXHQFHG�E\�H[WHUQDO�IDFWRUV�

7KDW�LV�DQ�HDVLO\�REVHUYDEOH�VFLHQWLILF�IDFW����1RWH�WKDW�ZH©YH�OHIW

RXW�DQ\�PHQWLRQ�RI�VXUYLYDO�RI�WKH�ILWWHVW�EHFDXVH�ILWQHVV�LV�DOZD\V

GHILQHG�LQ�WHUPV�RI�VXUYLYDO��7KHUHIRUH�VXUYLYDO�RI�WKH�ILWWHVW�LV�D

WDXWRORJ\����:KDW�ZH�GR�NQRZ�LV�WKDW�WKH�SRSXODWLRQ�ZLOO�FKDQJH�

(YROXWLRQ��0\WK�DQG�0DWKHPDWLFV ���

��2S��&LW���-RKQVRQ��S����
��.DUO� 3RSSHU�� &RQMHFWXUHV� DQG� 5HIXWDWLRQV�� �QG� (G�� �%DVLF� %RRNV�� 1HZ

<RUN�������S������
�� 7KH�PRVW�ZHOO�NQRZQ�H[DPSOH�LV�WKH�OLJKW�DQG�GDUN�IRUPV�RI�WKH�SHSSHUHG�PRWK�

6HH�+�%�'��.HWWHUZHOO��¦'DUZLQ©V�0LVVLQJ�(YLGHQFH�§ �/HR�)��/DSRUWH��(G��
(YROXWLRQ� DQG� WKH� )RVVLO� 5HFRUG� �:�+�� )UHHPDQ�� 6DQ� )UDQVLVFR������� SS�
�������$OVR�VHH�WKH�GLVFXVVLRQ�ODWHU�LQ�WKLV�ERRN�

��2S��&LW���-RKQVRQ��SS������������������



DQG�WKDW�HQYLURQPHQWDO�IDFWRUV�FDQ�LQIOXHQFH�WKH�GLUHFWLRQ�RI�WKDW

FKDQJH�

7KH�EHVW�DQ\RQH�FDQ�GR�DW�D�WKHRU\�RI�HYROXWLRQ�ULJKW�QRZ�LV

'DUZLQ©V� K\SRWKHVLV¥L�H�� ¦ WKH� IDFW� RI� HYROXWLRQ� LV� FDSDEOH� RI

DFFRXQWLQJ�IRU�DOO�WKH�YDULHW\�RI�OLIH�RQ�HDUWK�§ �<HW�WKLV�LV�D�WKHRU\

RQO\�LQ�WKH�VHQVH�RI�D�PHUH�FRQMHFWXUH�RU�JXHVV��7KHUH�LV�VLPSO\�QR

WKHRU\�LQ�WKH�VHQVH�RI�D�V\VWHPDWLF��WHVWDEOH�H[SODQDWLRQ�RI�KRZ�WKH

IDFW�RI�HYROXWLRQ�ZRUNV�LQ�QDWXUH�WR�FDXVH�FKDQJH��2I�FRXUVH��WKH

WDFLW��XQVSRNHQ�DVVXPSWLRQ�EHKLQG�'DUZLQ©V�K\SRWKHVLV��DQG�PXFK

RI�PRGHUQ�HYROXWLRQDU\�ELRORJ\��LV�WKDW�HYROXWLRQ�LV�RPQLSRWHQW¥LW

FDQ� DFFRPSOLVK� DQ\WKLQJ� \RX� OLNH�� 7KHUHIRUH� QR� PDWKHPDWLFDO

TXDQWLILFDWLRQ�LV�QHFHVVDU\�RU�SRVVLEOH��

,Q�D�ZD\��,�ILQG�LW�VXUSULVLQJ�WKDW�ELRORJLVWV�KDYHQ©W�FODPRUHG

PRUH�IRU�D�WKHRU\��RU�HYHQ�D�WHVW�RI�'DUZLQ©V�K\SRWKHVLV��,W�KDV�EHHQ

DOPRVW�XQLIRUPO\�DFFHSWHG�HYHU�VLQFH�'DUZLQ�SURSRVHG�LW��<HW��,

DP�QRW� WRR� VXUSULVHG�� ,I�\RX�DUH� D�PDWHULDOLVW�� LW� LV�YHU\�HDV\� WR

HOHYDWH�WKH�IDFW�RI�HYROXWLRQ�WR�WKH�SRLQW�RI�EHLQJ�SURRI�HQRXJK�RI

'DUZLQ©V�K\SRWKHVLV��DQG�WKH�WKHRU\�PXVW�ORJLFDOO\�EH�¦HYROXWLRQ

LV�DEOH�WR�GR�DQ\WKLQJ§ ��7KDW�LV�EHFDXVH�WKH�IDFW�RI�HYROXWLRQ�LV�WKH

RQO\�QDWXUDO�PHFKDQLVP�DYDLODEOH��DV�LW�HQFRPSDVVHV�DQ\�DQG�HYHU\

SRVVLEOH�PHFKDQLVP�IRU�PXWDWLRQ�VKRUW�RI�GLYLQH�LQWHUYHQWLRQ��2QO\

RQFH�RQH�VWHSV�EH\RQG�WKH�LQQRFHQFH¥RU�QDwYHW\¥RI�EOLQG�GHYR�

WLRQ� WR� VXFK� SKLORVRSK\� GRHV� WKH� QHHG� IRU� D�PRUH� VWULQJHQW� WHVW

SUHVHQW�LWVHOI�

$QG�RQO\�LQ�WKH�SDVW����\HDUV�KDYH�ZH�HYHQ�KDG�D�FOXH�DV�WR

KRZ�WR�PDNH�D�WHVW�RI�ZKHWKHU�WKH�IDFW�RI�HYROXWLRQ�FDQ�UHDVRQDEO\

H[SODLQ�'DUZLQ©V�K\SRWKHVLV��:DWVRQ�DQG�&ULFN�GHFRGHG�'1$�LQ

������EULQJLQJ�HYROXWLRQDU\�ELRORJ\�LQWR�WKH�LQIRUPDWLRQ�DJH����:H

FDQ� RQO\� SXW� HYROXWLRQ� LQ� SHUVSHFWLYH� RQFH� ZH� XQGHUVWDQG� WKDW

JHQHWLFV�LQYROYHV�LQIRUPDWLRQ��DQG�ZH�KDYH�D�IHHO�IRU�KRZ�PXFK

LQIRUPDWLRQ�LV�LQYROYHG��DQG�KRZ�LW�LV�HQFRGHG�

7KH� HVVHQWLDO� TXHVWLRQV� RI� HYROXWLRQ� FDQ� EH� XQGHUVWRRG� E\

ORRNLQJ�DW�WKH�GLDJUDP�LQ�)LJXUH�������(DFK�TXHVWLRQ�WKDW�ZH�DUH

LQWHUHVWHG�LQ�LV�UHSUHVHQWHG�E\�DQ�DUURZ��)RU�H[DPSOH�

��� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ

�� -��'��:DWVRQ�DQG�)��+��&ULFN��1DWXUH�������������S������



���:KDW�DUH�WKH�PXWDWLRQ�PHFKDQLVPV�DQG�KRZ�GR�WKH\�DIIHFW�WKH

JHQRW\SH"�:H�ZRXOG�OLNH�WR�NQRZ�KRZ�FKDQJHV�WDNH�SODFH��DQG

ZKDW�WKH�UDWHV�RI�FKDQJH�DUH�

���+RZ�GRHV� WKH�JHQRW\SH�DIIHFW� WKH�SKHQRW\SH��DQG�YLFH�YHUVD"

2EYLRXVO\�WKH�JHQRW\SH�RI�DQ�LQGLYLGXDO�LV�IL[HG��EXW�WKH�JHQHWLF

PDNHXS�RI�D�SRSXODWLRQ�LV�DIIHFWHG�E\�WKH�SKHQRW\SHV�FRPSHWLQJ

ZLWK�RQH�DQRWKHU�

���+RZ�GRHV�WKH�SKHQRW\SH�LQWHUDFW�ZLWK� WKH�HQYLURQPHQW"�+RZ

GRHV�WKH�HQYLURQPHQW�DIIHFW�WKH�YLDELOLW\�RI�WKH�SKHQRW\SH"

,I�ZH�FRXOG�XQGHUVWDQG�DOO�RI�WKHVH�UHODWLRQVKLSV�ULJRURXVO\��WKHQ

ZH�PLJKW� EH� DEOH� WR� IRUPXODWH� D� WKHRU\� WKDW� FRXOG�PDNH� D� IDLU

MXGJHPHQW� DERXW�'DUZLQ©V� K\SRWKHVLV�� )RU� FDUERQ�EDVHG� RUJDQ�

LVPV��WKRXJK��ZH©YH�RQO\�VFUDWFKHG�WKH�VXUIDFH�RI�XQGHUVWDQGLQJ�

$Q\� NLQG� RI� UHDO� FDOFXODWLRQ� IRU� 3�$→%�� LV� FRPSOHWHO\� RXW� RI

UHDFK��,W�LV�IDU�WRR�FRPSOH[�IRU�DQ\WKLQJ�EXW�WKH�VLPSOHVW�UHDO�ZRUOG

VFHQDULR��6R�LW�ZRXOG�DSSHDU�WKDW¥HYHQ�WKRXJK�ZH�FDQ�LPDJLQH

VXFK�D�WHVW¥WKH�WKHRU\�RI�HYROXWLRQ�FDQQRW�EH�IRUPXODWHG�ZLWK�VXFK

H[DFWQHVV¥DW�OHDVW�QRW�IRU�QRZ��,I�OLYLQJ�RUJDQLVPV�DUH�VWURQJO\

HPHUJHQW��WKHQ�PD\EH�WKH\�FDQ�QHYHU�EH�VR�DQDO\]HG¥LQ�SULQFLSOH�

0XWDWLRQV

(QYLURQPHQW

*HQRW\SH

3KHQRW\SH

)LJ��������7KH�HVVHQWLDO�TXHVWLRQV�RI�HYROXWLRQ�

(YROXWLRQ��0\WK�DQG�0DWKHPDWLFV ���



6R�ZH�DUULYH�DW� D�GLOHPPD��:H�ZRXOG� OLNH� WR� WHVW� WKH� WKHRU\�RI

HYROXWLRQ�DFFRUGLQJ�WR�VRPH�ULJRURXV�VFLHQWLILF�VWDQGDUGV��EXW�WKH

KRUULEOH�FRPSOH[LW\�RI�WKH�SUREOHP�EDUV�WKH�ZD\�

7KDW�GRHV�QRW�PHDQ�RXU�XQGHUVWDQGLQJ�RI�HYROXWLRQ�PXVW�DO�

ZD\V�UHPDLQ�QHEXORXV��$UWLILFLDO�OLIH�LV�WKH�SHUIHFW�VROXWLRQ�WR�WKLV

GLOHPPD��7KDW�LV�EHFDXVH�WKH�IDFW�RI�HYROXWLRQ�ZLOO�RSHUDWH�LQ�DQ\

VHOI�UHSURGXFLQJ�V\VWHP��7KDW�LV�PHUHO\�WKH�UHVXOW�RI�WKH�GHILQLWLRQV

RI� WKH� IDFW�RI�HYROXWLRQ�DQG�VHOI�UHSURGXFWLRQ��$�V\VWHP�GRHVQ©W

QHHG�WR�EH�D�ELRORJLFDO�RUJDQLVP��DQG�LW�GRHVQ©W�QHHG�WR�EH�VWURQJO\

HPHUJHQW� IRU� HYROXWLRQ� WR� WDNH� SODFH�� $V� ORQJ� DV� WKH� V\VWHP� LV

VXIILFLHQWO\�FRPSOH[�WR�SHUPLW�PXWDWLRQV�WR�RFFXU��DQG�VR�ORQJ�DV

WKRVH�PXWDWLRQV�FDQ�EH�SDVVHG�RQ�IURP�SDUHQWV�WR�FKLOGUHQ��WKH�IDFW

RI�HYROXWLRQ�ZLOO�EH�SUHVHQW�WR�VRPH�GHJUHH��6LQFH�DUWLILFLDO�V\VWHPV

DUH�QRUPDOO\�PXFK�HDVLHU�WKDQ�QDWXUDO�V\VWHPV�WR�DQDO\]H��LW�PLJKW

MXVW�EH�SRVVLEOH�WR�EULGJH�WKH�JDS�EHWZHHQ�WKH�IDFW�RI�HYROXWLRQ�DQG

WKH�WKHRU\�RI�HYROXWLRQ�ZLWK�WKHP�

:LWK� DQ� DUWLILFLDO� RUJDQLVP� ZH� FRXOG� FRQFHLYDEO\� DQDO\]H

HYHU\�SRVVLEOH�PXWDWLRQ�IRU�YLDELOLW\��RQH�E\�RQH��7KHQ�ZH�FRXOG

QXPHULFDOO\�VROYH�VRPH�VHW�RI�SRSXODWLRQ�HTXDWLRQV��DQG�PDNH�D

UHDO��PDWKHPDWLFDO�GHWHUPLQDWLRQ�RI�3�$→%��IRU�VRPH�VFHQDULR�

(DVLHU�VWLOO��ZH�PD\�EH�DEOH�WR�VLPXODWH�ZKDW�ZRXOG�KDSSHQ�LQ�D

FRPSXWHU�DQG�ORRN�DW�WKH�UHVXOWV�ZLWKRXW�KDYLQJ�WR�GHDO�ZLWK�ORWV�RI

PHVV\�HTXDWLRQV�

,Q�SXUVXLQJ�WKLV�DSSURDFK�WR�HYROXWLRQ��ZH�DUH�GLVWLOOLQJ�RXW�LWV

GLIILFXOWLHV�DQG�EULQJLQJ�LW�LQWR�WKH�IROG�RI�SXUH�PDWKHPDWLFV�DQG

LQIRUPDWLRQ�WKHRU\��,Q�D�ZD\��\RX�FDQ�LPDJLQH�VXFK�D�SURJUDP�DV

WKH�PRGHUQ� HTXLYDOHQW� RI� EULQJLQJ� FODVVLFDO�PHFKDQLFV� LQWR� WKH

UHDOP�RI�PDWKHPDWLFV�YLD�FDOFXOXV�DQG�1HZWRQ©V�ODZV��7KDW�LV�D�ELJ

VWHS��%XW�LW�LV�DEVROXWHO\�HVVHQWLDO�LI�WKH�WKHRU\�RI�HYROXWLRQ�LV�WR�EH

DQ\WKLQJ�PRUH�FRQFUHWH�WKDQ�WKH�VFLHQWLILF�P\WK�RI�WKH���WK�FHQ�

WXU\¥VRPHWKLQJ�OLNH�WKH�EL]DUUH�DUWV�RI�DOFKHP\�RU�PHVPHULVP�RI

FHQWXULHV�SDVW�

,I�ZH� VXSSRVH� WKDW� LQ� WHQ� \HDUV� D� UHDO� DQG� XVHIXO� WKHRU\� RI

HYROXWLRQ�FRXOG�EH�IRUPXODWHG��WKHQ�LW�PLJKW�EH�SRVVLEOH�WR�DSSO\

WKRVH�LGHDV�WR�WKH�UHDO�ZRUOG�DQG�PDNH�D�VFLHQWLILF�MXGJHPHQW�DV�WR

ZKHWKHU�'DUZLQ©V�K\SRWKHVLV�LV�WUXH��&HUWDLQO\�LI�D�PDWKHPDWLFDO

WKHRU\�RI�HYROXWLRQ�WROG�XV�WKDW�WKH�'DUZLQ©V�K\SRWKHVLV�ZDV�KLJKO\

LPSUREDEOH��WKHQ�LW�ZRXOG��IRU�DOO�LQWHQWV�DQG�SXUSRVHV��EH�IDOVLILHG�

��� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ



7KH� FRPPLWWHG� HYROXWLRQLVW� FRXOG� DOZD\V� FRPH� EDFN� ZLWK� WKH

WKRXJKW� WKDW� QR�PDWWHU� KRZ� LPSUREDEOH�� LW� LV� VWLOO� SRVVLEOH��7KH

KRQHVW�VFLHQWLVW�ZRXOG�KDYH�WR�VWRS�DQG�VLPSO\�VD\�KH�GRHVQ©W�NQRZ

WKH�DQVZHU¥DW�OHDVW�DV�D�VFLHQWLVW¥EXW�WKDW�KH©OO�ZRUN�DW�LW��:LWKRXW

DW�OHDVW�WKLV�SRVVLELOLW\��ZH©UH�QRW�GHDOLQJ�ZLWK�VFLHQFH��6R�PDNLQJ

WKH�SRVVLELOLW\�SRVVLEOH�VKRXOG�EH�D�VWHS�LQ�WKH�ULJKW�GLUHFWLRQ�

)URP�P\� H[SHULHQFH� DV� D� VFLHQWLVW�� ,� ZRXOG� JXHVV� WKDW� WKLV

DSSURDFK�WR�HYROXWLRQ�LV�JRLQJ�WR�UDLVH�D�ORW�PRUH�TXHVWLRQV�WKDQ�LW

ZLOO�DQVZHU�DW�ILUVW��7KDW©V�EHFDXVH�ZH©UH�VWDUWLQJ�IURP�D�¦ WKHRU\§

WKDW� LV�QR� WKHRU\� LQ�D�ULJRURXV�VFLHQWLILF�VHQVH��7KLV�¦ WKHRU\§ � LV

SUDFWLFDOO\�RPQLSRWHQW�DW�PDNLQJ�H[SODQDWLRQV�IRU�KRZ�WKLQJV�DUH�

DQG�XWWHUO\�LQFDSDEOH�RI�WHOOLQJ�XV�KRZ�WKH\�ZLOO�EH��7KDW�ZRXOG�QRW

EH�WKH�FDVH�ZLWK�D�WKHRU\�WKDW�LV�URRWHG�LQ�VROLG�PDWKHPDWLFV�DQG

HVWDEOLVKHG�VFLHQWLILF�SULQFLSOHV��6XFK�D�WKHRU\�LV�ERXQG�WR�EULQJ�DQ

DFFRXQWDELOLW\�WR�WKH�ILHOG�WKDW�ZLOO�WHDU�GRZQ�D�ORW�RI�XQIRXQGHG

H[SODQDWLRQV�RI�YDULRXV�SKHQRPHQD�DQG�OHDYH�WKHP�XQH[SODLQHG�

7KLV�PD\�EH�GLVWXUELQJ�IRU�WKH�VFLHQWLVW�ZKR�WKRXJKW�VXFK�PDWWHUV

KDG�DOUHDG\�EHHQ�VHWWOHG��,W�PD\�HYHQ�RSHQ�WKH�GRRU�WR�UHOLJLRXV�DQG

SKLORVRSKLFDO�VSHFXODWLRQ�LQ�FHUWDLQ�DUHDV��<HW�WKDW�LV�ZKDW�ZH�RXJKW

WR�H[SHFW�IURP�D�OLPLWHG�VFLHQFH��6FLHQFH�KDV�OLPLWV�LQ�RWKHU�DUHDV�

OLNH�WKH�ELJ�EDQJ�RU�TXDQWXP�PHFKDQLFV��DQG�LW�LV�FOHDU�WKDW�LW�FDQ

SHDFHIXOO\� FRH[LVW� ZLWK� WKH� SKLORVRSKHUV� DQG� WKHRORJLDQV�� 7KH

WURXEOH�EHJLQV�ZKHUH�WKH�OLQH�EHWZHHQ�VFLHQFH�DQG�SKLORVRSK\�LV

LOO�GHILQHG��7KHQ�SKLORVRSKHUV�DQG�WKHRORJLDQV�ZLOO�FURVV�WKH�OLQH

LQ�RQH�GLUHFWLRQ��DQG�VFLHQWLVWV�ZLOO�JR�EH\RQG�WKHLU�OLPLWV�LQ�WKH

RWKHU�GLUHFWLRQ��7KH�JRRG�VFLHQWLVW�DQG�WKH�JRRG�WKHRORJLDQ�ZRXOG

ERWK�SUHIHU�WR�KDYH�WKDW�OLQH�EH�YHU\�FOHDU�DQG�REYLRXV��7KDW�ZD\

WKH\� DYRLG� PLVWDNHV� DQG� DYRLG� ZDVWLQJ� WKHLU� WLPH�� ,� H[SHFW� D

PDWKHPDWLFDO� PRGHO� RI� HYROXWLRQ� FRXOG� JR� D� ORQJ� ZD\� WRZDUG

PDNLQJ� WKH� OLQH� EHWZHHQ� HYROXWLRQDU\� VFLHQFH� DQG� HYROXWLRQDU\

SKLORVRSK\�FU\VWDO�FOHDU��MXVW�OLNH�1HZWRQ�FODULILHG�VRPH�RI�WKHVH

OLQHV�LQ�WKH�KHDYHQV�

,�GR�QRW�VWDQG�DORQH�LQ�ZKDW�,�VD\��,W�VHHPV�WR�PH�WKDW�WKH�VFLHQFH

RI�ELRORJ\�LV�KHDGLQJ�LQ�WKLV�GLUHFWLRQ��DQG�LW�KDV�EHHQ�IRU�WKH�SDVW

WKLUW\� \HDUV� RU� VR�� 4XHVWLRQLQJ� WKH� IRXQGDWLRQV� RI� HYROXWLRQDU\

WKRXJKW�LV�QR�ORQJHU�WRWDOO\�WDERR¥VR�ORQJ�DV�LW�LV�GRQH�SURSHUO\�

$/�ZRXOG�VHHP�OLNH�WKH�LGHDO�PHGLXP�WR�VWXG\�WKH�PDWKHPDWLFV�RI

HYROXWLRQ�LQ��8QIRUWXQDWHO\�LW�LV�KDSSHQLQJ�LQ�D�ORS�VLGHG�IDVKLRQ�

(YROXWLRQ��0\WK�DQG�0DWKHPDWLFV ���



0XFK�RI�$/©V�IRFXV�VHHPV�WR�EH�RQ�EXLOGLQJ�PRGHOV�ZKLFK�VXSSRUW

HYROXWLRQ� WR� WKH� ZLGHVW� SRVVLEOH� H[WHQW�� UDWKHU� WKDQ� DFFXUDWHO\

PRGHOLQJ�OLIH��RU�WU\LQJ�WR�EXLOG�D�EURDG�EDVHG�WKHRU\�RI�HYROXWLRQ�

DU\�PDWKHPDWLFV��6XFK�DQ�DSSURDFK�LV�D�ELJ�EOXQGHU�

��� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ



7KH�&UHDWRU�DQG�WKH
&UHDWHG

,Q�WKH�ODVW�FKDSWHU�,�VXJJHVWHG�WKDW�$/�FRXOG�KHOS�XV�IRUPXODWH

D�WUXH�WKHRU\�RI�HYROXWLRQ��6LQFH�WKLV�LV�D�ERRN�DERXW�YLUXVHV��WKRXJK�

\RX©UH� SUREDEO\�ZRQGHULQJ�ZK\�YLUXVHV� VKRXOG� EH� RI� SDUWLFXODU

LQWHUHVW�WR�VXFK�D�IRUPXODWLRQ�

$V�ZH�KDYH�VHHQ��FRPSXWHU�YLUXVHV�FRPH�YHU\�FORVH�WR�WKH�LGHDO

RI�DUWLILFLDO�OLIH�LQ�WKH�VWURQJ�VHQVH�RI�VRPHWKLQJ�WKDW�LV�¦DFWXDOO\

DOLYH�§ � )RU� DOO� LQWHQWV� DQG� SXUSRVHV�� WKH\� DUH� WKH� RQO\� DUWLILFLDO

RUJDQLVPV�WKDW�KDYH�JDLQHG�DQ�H[LVWHQFH�VHSDUDWH�IURP�WKHLU�FUHD�

WRUV�

<HW¥RQ�WKH�IDFH�RI�LW¥FRPSXWHU�YLUXVHV�GRQ©W�FRQIRUP�ZHOO

WR�DQ�HYROXWLRQDU\�PRGHO��:KHQ�\RX�JHW�D�YLUXV�LQ�\RXU�FRPSXWHU�

\RX�¦NQRZ§ �IXOO�ZHOO�WKDW�VRPHERG\�ZURWH�LW��,W�GLGQ©W�KDSSHQ�E\

FKDQFH� RU� DULVH� ¦QDWXUDOO\§ � VRPHKRZ�� 7KH� YLUXV� KDG� D� FUHDWRU�

)XUWKHUPRUH��HDFK�PDMRU�W\SH�RI�YLUXV�ZDV�¦REYLRXVO\§ �D�VHSDUDWH

DFW�RI�FUHDWLRQ��7KH\�GLG�QRW�DOO�HYROYH�IURP�RQH�EDVLF�YLUXV��:H©YH

EHHQ�WUDLQHG�WR�WKLQN�WKDW�ZD\�

7KHUH� LV� QR� UHDVRQ� WKH\� VKRXOGQ©W� HYROYH�� WKRXJK��7KH\�DUH

JHQHWLF�VHOI�UHSURGXFLQJ�DXWRPDWD��DQG�LW�ZRXOG�EH�DEVXUG�WR�VD\

WKDW�WKH�IDFW�RI�HYROXWLRQ�FRXOG�QRW�DSSO\�WR�WKHP��,Q�IDFW��YLUXVHV

FDQ�HYROYH��DQG�ZH©OO�VKRZ�WKDW�WKH\�ZLOO�GR�VR�TXLWH�QLFHO\�XQGHU

WKH�ULJKW�VHW�RI�FLUFXPVWDQFHV�

$QG��DV�ZH�KDYH�GLVFXVVHG�DOUHDG\��YLUXVHV�KHOS�XV�WR�HYDGH�WKH

PD]H�RI�PLUURUV�WKDW�TXHVWLRQV�DERXW�GHVLJQ�WHQG�WR�SXW�XV�LQ��



'HVLJQHU�/LIH

2QH� RI� WKH� JUHDW� SKLORVRSKLFDO� EDWWOHV� ZKLFK� KDV� UDJHG� IRU

PLOOHQQLD�LV�WKH�TXHVWLRQ�RI�GHVLJQ�LQ�RXU�XQLYHUVH��,V�RXU�XQLYHUVH

D�UHVXOW�RI�GHVLJQ�RU�VLPSO\�D�PDWWHU�RI�FKDQFH"�:DV�OLIH�GHVLJQHG"

2U�GLG�LW�HYROYH�DFFRUGLQJ�WR�GHWHUPLQLVWLF�QDWXUDO�ODZ"�'DUZLQ�SXW

KLPVHOI�ULJKW�LQ�WKH�PLGGOH�RI�WKDW�GHEDWH��<HW�KH�GLG�QRW�SXW�DQ�HQG

WR�LW��(YHQ�LI�HYROXWLRQ�ZHUH������VFLHQWLILFDOO\�HVWDEOLVKHG��RQH

FRXOG�VWLOO�DVN�WKH�TXHVWLRQ��¦'LG�*RG�GHVLJQ�WKH�XQLYHUVH�VR�WKDW

HYROXWLRQ�ZRXOG�DFWXDOO\�ZRUN"§ �'LG�WKH�0DVWHU�'HVLJQHU�GHVLJQ

RUJDQLVPV� WR� HYROYH�� RU� GLG� WKH\� MXVW� GR� VR�E\� FKDQFH"�'LG�+H

GHVLJQ� WKH� XQLYHUVH� WR� VSRQWDQHRXVO\� JHQHUDWH� OLIH"� 2U� LV� WKHUH

UHDOO\�QR�LQWHOOLJHQFH�EHKLQG�LW�ZKHQ�DOO�LV�VDLG�DQG�GRQH"

7KHVH�DUH�VRPH�RI�WKH�PRVW�IDVFLQDWLQJ�TXHVWLRQV�LQ�WKH�ZRUOG�

DQG� LI�ZH©UH�KRQHVW� DERXW� LW��ZH�DUH� DOO� GHHSO\� LQWHUHVWHG� LQ� WKH

DQVZHUV��$OO�VFLHQWLVWV�ZRUN�RQ�WKH�EDVLV�RI�WKH�LGHD�WKDW�WKHUH�LV

VRPH�NLQG�RI�ORJLF�WR�WKH�ZRUOG��DQG�VRPHWLPHV�WKH�EHVW�RI�WKHP

JHW�WR�SLFN�DZD\�DW�WKHVH�GHHSHU�TXHVWLRQV�D�OLWWOH�

,I�ZH�VWDUW�DVNLQJ�SKLORVRSKLFDO�TXHVWLRQV�OLNH�WKHVH�RI�$UWLIL�

FLDO�/LIH�LQ�JHQHUDO��WKH�DQVZHUV�DUH�GLVWXUELQJ��,I�,�GHVLJQ�D�V\VWHP

OLNH�/DQJWRQ©V�VHOI�UHSURGXFLQJ�DXWRPDWRQ��,©YH�REYLRXVO\�PRG�

HOHG�VRPH�VRUW�RI�VSHFLDO�FUHDWLRQ��DQG�QRW�HYROXWLRQ�ZLWKRXW�GH�

VLJQ�RU�DELRJHQHVLV��7KHUH�LV�QR�¦ UDQGRP§ �QDWXUDO�SURJUHVVLRQ�RI

VWDWHV� LQ�/DQJWRQ©V� XQLYHUVH� WKDW� OHDG� XS� WR� KLV� DXWRPDWRQ�� DQG

FUHDWLQJ� LW� E\� FKDQFH� DSSHDUV� SKHQRPHQDOO\� XQOLNHO\��� <HW� LI� ,

GHVLJQ�D�V\VWHP�RI�WUDQVLWLRQ�UXOHV�WKDW�FDXVHV�VRPH�VHOI�UHSURGXF�

LQJ�DXWRPDWRQ�WR�HYROYH�RXW�RI�D�UDQGRP�FRQILJXUDWLRQ��,�FDQ�VWLOO

EH�DFFXVHG�RI�SOD\LQJ�WKH�FUHDWRU��,©YH�MXVW�PRYHG�WKH�DSSOLFDWLRQ

RI� P\� LQWHOOLJHQFH� WR� D� GHHSHU� OHYHO�� ,� DP� VWLOO� QRW� PRGHOLQJ

HYROXWLRQ�ZLWKRXW�GHVLJQ�� EXW� WKHLVWLF� HYROXWLRQ¥D� YHU\� VSHFLDO

HYROXWLRQ�FDUHIXOO\�FRQWULYHG�E\�*RG�

,Q� WKH� ODVW� VHFWLRQ�� ZH� GLVFXVVHG� D� ¦5XOH� 7ZR§ � ZKLFK� ZH

ZDQWHG�WR�XVH�WR�GLVFXVV�WKH�GLIIHUHQFH�EHWZHHQ�VHOI�UHSURGXFWLRQ

��� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ

� 5REHUW�&��1HZPDQ��¦6HOI�5HSURGXFLQJ�$XWRPDWD�DQG� WKH�2ULJLQ�RI�/LIH§ �
3HUVSHFWLYHV�RQ�6FLHQFH�DQG�&KULVWLDQ�)DLWK��9RO������1R�����0DUFK�������S����



DQG�SK\VLFV�GULYHQ�UHSOLFDWLRQ��5XOH�7ZR�ZDV�DQ�DWWHPSW�WR�KHOS

XV�DYRLG�VLWXDWLRQV�ZKHUH�WKH�SK\VLFV�ZDV�GULYLQJ�WKH�UHSURGXFWLRQ

LQ� D� OHVV�WKDQ�REYLRXV� ZD\��:H� KDYH� WR� XQGHUVWDQG� WKDW�� LQ� DQ

DUWLILFLDO�XQLYHUVH�� WKH�SK\VLFV�ZH�GHVLJQ�FDQ�QRW�RQO\�GULYH� WKH

UHSOLFDWLRQ�� LW� FDQ�GULYH� WKH� LQLWLDO� IRUPDWLRQ�RI� OLIH�DQG� LWV� VXE�

VHTXHQW�HYROXWLRQ�DV�ZHOO�

<HW�LI�HYROXWLRQ�LV�WR�EH�D�UHDO�SULQFLSOH�RI�QDWXUH��ZH�VKRXOG

QRW�H[SHFW�LW�WR�EH�D�GLYLQH�WULFN��,I�WKH�ODZV�RI�QDWXUH�KDYH�VRPH

SKHQRPHQDOO\�XQOLNHO\��FRQWULYHG�IRUP�WKDW�PDNHV�HYROXWLRQ�ZRUN�

WKHQ�HYROXWLRQ�LV�QRWKLQJ�EXW�D�GLYLQH�WULFN��7KH�¦GLYLQH�WULFN§ �ZDV

ZKDW�JRW�FUHDWLRQLVP� LQ� WURXEOH��6FLHQWLILFDOO\��ZH�PLJKW�H[SHFW

HYROXWLRQ�WR�EH�D�SULQFLSOH�WKDW�FRXOG�EH�EURDGO\�DSSOLHG�LQ�PDQ\

VLWXDWLRQV��VRPH�PRUH�IDYRUDEOH�WR�LW��DQG�VRPH�OHVV�IDYRUDEOH��DQG

ZH©G�H[SHFW�RXU�ZRUOG�WR�IDOO�VRPHSODFH�DORQJ�WKLV��VSHFWUXP��RI

SRVVLELOLWLHV��:LWKRXW�XQGHUVWDQGLQJ�WKDW�VSHFWUXP��ZH�FDQQRW�HYHQ

IXOO\�XQGHUVWDQG�RXU�RZQ�ZRUOG�

,W�ZRXOG�VHHP� WKDW�$/�UHVHDUFK� LQ�JHQHUDO� LV� IXQGDPHQWDOO\

XQDEOH�WR�PRGHO�DQ�HYROXWLRQDU\��V\VWHP�ZLWK�QR�LQWHOOLJHQFH�EH�

KLQG� LW�� 7KH� UHVHDUFKHU� DOZD\V� LQVHUWV� KLV� LQWHOOLJHQFH� LQWR� WKH

HTXDWLRQ�IURP�WKH�YHU\�VWDUW��+H�GHVLJQV�WKH�HQYLURQPHQW�DQG�WKH

UXOHV�

5LFKDUG� 'DZNLQV©� SURJUDP��7KH� %OLQG�:DWFKPDNHU�� LV� WKH

HSLWRPH�RI�VXFK�SKLORVRSKLFDO�IRROLVKQHVV��+H�VHHPV�WR�DFWXDOO\

�

EHOLHYH�WKDW�KLV�SURJUDP�EOLQGO\�HYROYHV�WKLQJV�WKDW�ORRN�OLNH�SODQWV�

LQVHFWV�� DQG� WKH� OHWWHUV� RI� KLV� QDPH���<HW� HYHU\� VWHS�RI� WKH�ZD\

7KH�&UHDWRU�DQG�WKH�&UHDWHG ���

� 5LFKDUG� 'DZNLQV�� 7KH� %OLQG� :DWFKPDNHU�� �/RQJPDQ� *URXS�� (VVH[�
(QJODQG������� SS�� ������� )RU� QDPH� VSHOOLQJ�� VHH� 5LFKDUG� 'DZNLQV�� ¦7KH
(YROXWLRQ�RI�(YROYDELOLW\§ ��&KULVWRSKHU�/DQJWRQ��(G���$UWLILFLDO�/LIH��$GGLVRQ
:HVOH\��5HGZRRG�&LW\��&DOLIRUQLD�������SS����������

� 7KRVH�ZKR�GR�QRW�VWXG\�KLVWRU\�DUH�GRRPHG�WR�UHSHDW�LW��'DZNLQV©�¦ UHVHDUFK§
UHPLQGV�PH�RI�DQ�DPXVLQJ�SLHFH�RI�IRROLVKQHVV��'U��-RKDQQ�%��$��%HULQJHU�ZDV
DQ���WK�FHQWXU\�SK\VLFLDQ�DQG�SDOHRQWRORJLVW�ZKR�FROOHFWHG�IRVVLOV��6WXGHQWV
EHJDQ�WR�EULQJ�KLP�H[WUDRUGLQDU\�IRVVLOV�RI�LQVHFWV��IURJV��ELUGV��VQDLOV��HWF��:LWK
WLPH��KH�GLVFRYHUHG�IRVVLOV�HYHQ�PRUH�LQFUHGLEOH��¦ FOHDU�GHSLFWLRQV�RI�WKH�VXQ
DQG�PRRQ��RI�VWDUV����DQG�ODVWO\����PDJQLILFHQW�WDEOHWV�HQJUDYHG�LQ�/DWLQ��$UDELF
DQG�+HEUHZ�FKDUDFWHUV�ZLWK� WKH� LQHIIDEOH�QDPH�RI� -HKRYDK�§ �$OWKRXJK� WKH
KRD[WHUV�WULHG�WR�RSHQ�%HULQJHU©V�H\HV��WHOOLQJ�KLP�GLUHFWO\�WKDW�LW�ZDV�D�SUDQN�



'DZNLQV�LV�LQVHUWLQJ�KLV�RZQ�LQWHOOLJHQFH��7KH�UXOHV�DUH�KLV�LQWHO�

OLJHQFH��6R�KLV�SURJUDP�LV�DQ\WKLQJ�EXW�EOLQG��DQG�KH©V�PRGHOLQJ

KLV�RZQ�SHFXOLDU�IODYRU�RI�VSHFLDO�FUHDWLRQ��QRW�HYROXWLRQ�

,Q�DOO�IDLUQHVV��DYRLGLQJ�SXWWLQJ�LQWHOOLJHQFH�LQWR�WKH�HTXDWLRQ

LV� KDUGHU� WKDQ� DQ\RQH�PD\� UHDOL]H�� ,I� \RX�SOD\� DURXQG�ZLWK� WKH

65$B/$%�SURJUDP�RQ�WKH�3URJUDP�'LVN��\RX©OO�ILQG�WKDW�\RX�FDQ

VSHQG�DOO�GD\�FUHDWLQJ�UDQGRP�UXOHV�DQG�UDQGRP�FRQILJXUDWLRQV�

DQG�QHYHU�FRPH�XS�ZLWK�DQ\WKLQJ�LQWHUHVWLQJ��$QG�LI�\RX�GLG��DQG

\RX�VWDUWHG�SOD\LQJ�ZLWK�LW��\RX©G�EH�EULQJLQJ�LQWHOOLJHQFH�LQWR�WKH

HTXDWLRQ��E\�PDNLQJ�WKH�VHOHFWLRQ�RI�WKDW�RQH�HQYLURQPHQW�RYHU�DOO

WKH�RWKHUV�

$W�WKH�ILUVW�$/�ZRUNVKRS�LQ������+��+��3DWWHH�ZDUQHG�WKRVH

DWWHQGLQJ�WKH�FRQIHUHQFH�DERXW�WKH�SKLORVRSKLFDO�GDQJHUV�RI�WU\LQJ

WR�FUHDWH�OLIH�LQ�D�FRPSXWHU���7KH�FRPSXWHU�LV�D�XQLYHUVDO�FDOFXOD�

WRU¥RU�XQLYHUVDO�VLPXODWRU��7KHUHIRUH�RQH�FDQ�SRWHQWLDOO\�VLPXODWH

DQ\�TXDQWLILDEOH�SKHQRPHQRQ�LQ�LWV�ERZHOV��2QH�FDQ�VLPXODWH�OLIH�

RU�WKH�SURSHUWLHV�RI�OLIH��

2QH�FDQ�VLPXODWH�'DUZLQLDQ�HYROXWLRQ�

/LNHZLVH��RQH�FDQ�VLPXODWH�/DPDUNLDQ�HYROXWLRQ��

,Q�IDFW��VRPH�$/�UHVHDUFKHUV�KDYH�VLPXODWHG�/DPDUNLDQ�HYR�

OXWLRQ�DQG�VKRZQ�WKDW�LW�FDQ�EH�YHU\�HIIHFWLYHO\�XVHG�E\�DUWLILFLDO

RUJDQLVPV���/LNHZLVH�ZH�FDQ�ZULWH�D�YLUXV�WKDW�LQFRUSRUDWHV�/D�

��� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ

KH�ZDV�EOLQG�WR�LW��DQG�SXEOLVKHG�D�ERRN�DERXW�KLV�ILQGLQJV�LQ�������7KHQ�FDPH
WKH�GD\�ZKHQ�%HULQJHU�IRXQG�WKH�JUHDWHVW�IRVVLO�RI�DOO��RQH�ZLWK�KLV�RZQ�QDPH
RQ�LW��7KLV�VWRU\�LV�UHODWHG�LQ�:LOOLDQ�%URDG��1LFKRODV�:DGH��%HWUD\HUV�RI�WKH
7UXWK���6LPRQ�DQG�6FKXVWHU��1<��������S������

� +��+��3DWWHH�¦6LPXODWLRQV��5HDOL]DWLRQV�DQG�7KHRULHV�RI�/LIH§ ��(G��&KULVWRSKHU
/DQJWRQ��$UWLILFLDO�/LIH��$GGLVRQ�:HVOH\��5HGZRRG�&LW\��&DOLIRUQLD�������SS�
������

� /DPDUNLDQ�HYROXWLRQ�LV�WKH�LGHD�WKDW�LI�D�*LUDIIH�PXVW�VWUHWFK�LWV�QHFN�WR�JHW
OHDYHV�DW�WKH�WRS�RI�WUHHV��WKHQ�WKLV�VWUHWFKLQJ�ZLOO�EH�SDVVHG�GLUHFWO\�RQWR�LWV
FKLOGUHQ��DQG�WKH\��ZLOO�EH�ERUQ�ZLWK�ORQJHU�QHFNV��HWF��,Q�FRQWUDVW��'DUZLQLDQ
HYROXWLRQ�LV��LQGLUHFW���7KH�JLUDIIH�FDQQRW�SDVV�RQ�D�ORQJHU�QHFN��EXW�WKRVH�ZLWK
WKH�JHQHV�IRU�D�ORQJHU�QHFN�DUH�SUHVXPDEO\�PRUH�OLNHO\�WR�VXUYLYH�DQG�KDYH
FKLOGUHQ�

� 'DYLG� $FNOH\�� 0LFKDO� /LWWPDQ�� ¦ ,QWHUDFWLRQ� %HWZHHQ� /HDUQLQJ� DQG
(YROXWLRQ�§ �� &KULVWRSKHU� /DQJWRQ� HW�� DO��� (GV��� $UWLILFLDO� /LIH� ,,� �$GGLVRQ
:HVOH\��5HGZRRG�&LW\��&DOLIRUQLD�������SS����������



PDUNLDQ�HYROXWLRQ���6HH�WKH�/$0$5.�YLUXV�RQ�WKH�3URJUDP�'LVN��

7KDW�GRHV�QRW�PHDQ�WKDW�/DPDUN�KDV�EHHQ�YLQGLFDWHG��WKRXJK��7KHUH

LV�QR�SK\VLFDO�EDVLV�IRU�/DPDUNLDQ�HYROXWLRQ�LQ�WKH�UHDO�ZRUOG��VR

WKH�FRPSXWHU�VLPXODWLRQV�DUH�ZLWKRXW�SDUDOOHO�LQ�QDWXUH��$V�IDU�DV

UHDO�ZRUOG�DWRPV�DQG�SK\VLFV�JRHV��WKH�PRGHOV�DUH�LUUHOHYDQW�

<HW� RQH� KDV� WR� DVN�� LI� /DPDUNLDQ� HYROXWLRQ� FDQ� EH� PDGH

VXFFHVVIXO� LQ� DQ� DUWLILFLDO� ZRUOG�� FRXOG� 'DUZLQLDQ� HYROXWLRQ� EH

PDGH�PRUH�VXFFHVVIXO� LQ�DQ�DUWLILFLDO�ZRUOG� WKDQ� LW� LV� LQ� WKH�UHDO

ZRUOG"�%HFDXVH�RI�WKH�XQLYHUVDO�VLPXODWLQJ�QDWXUH�RI�D�FRPSXWHU�

WKH�DQVZHU�LV�REYLRXVO\�¦\HV§ �DV�ORQJ�DV�VRPH�NLQG�RI�VWURQJ�HPHU�

JHQW�SKHQRPHQRQ�GRHV�QRW�SDUWLFLSDWH�LQ�WKH�HYROXWLRQDU\�SURFHVV�

,Q�IDFW�LW�LV�QRW�WRR�KDUG�WR�GHYLVH�DUWLILFLDO�HYROXWLRQDU\�VFHQDU�

LRV�ZKLFK�KDYH�QR�QDWXUDO�DQDORJ��6RPH�RI�WKH�ILUVW�H[SHULPHQWV�LQ

RSHQ�HQGHG�HYROXWLRQ��DV�RSSRVHG�WR� WKH�GLUHFWHG�HYROXWLRQ�RI�D

JHQHWLF�DOJRULWKP��VKRZHG�WKDW�D�SDUDVLWH�TXLFNO\�HYROYHG�IURP�DQ

DUWLILFLDO�RUJDQLVP���<HW�LQ�QDWXUH�SDUDVLWHV�DUH�QRW�XVXDOO\�FORVHO\

UHODWHG�WR�WKHLU�KRVWV��,�NQRZ�RI�QR�LQVWDQFH�LQ�ZKLFK�D�SDUDVLWH�LV

EHOLHYHG�WR�EH�D�GLUHFW�GHVFHQGDQW�RI�WKH�KRVW��6R�WKLV�SKHQRPHQRQ�

WKRXJK� TXLWH� � UHDVRQDEOH� LQ� DQ� DUWLILFLDO� ZRUOG�� KDV� QR� QDWXUDO

DQDORJ�

1RZ�� LI� \RX� DUH� SKLORVRSKLFDOO\� FRPPLWWHG� WR� WKH� LGHD� RI

HYROXWLRQ�DV�DQ�RPQLSRWHQW�IRUFH�LQ�QDWXUH��WKHQ�XVLQJ�D�XQLYHUVDO

VLPXODWRU�WR�GHVLJQ�WKH�PRVW�SRWHQW�HYROXWLRQDU\�PHFKDQLVP�SRV�

VLEOH� LV� QR� FDXVH� IRU� ZRUU\�� %HFDXVH� WKH� XQVSRNHQ� WKHRU\� RI

HYROXWLRQ�LV�WKDW�RI�D�PDJLFDO�DQG�RPQLSRWHQW�IRUFH��DQ\�VLPXODWLRQ

LV�DW�EHVW�RQ�SDU�ZLWK�WKH�ZRUOG��7KH�WKRXJKW�WKDW�LW�PLJKW�HQG�XS

EHLQJ�EHWWHU�VHHPV�WR�KDYH�EHHQ�QHJOHFWHG�

:H�DUH�WU\LQJ�WR�PDNH�D�VFLHQFH�RXW�RI�HYROXWLRQ��WKRXJK��,Q�VR

GRLQJ��WKH�WKRXJKW�WKDW�RXU�VLPXODWLRQ�LV�GHVLJQHG�WR�EH�WRR�SRZHU�

IXO�LV�D�UHDO�FRQFHUQ��7R�LJQRUH�VXFK�TXHVWLRQV�DQG�VLPSO\�GHVLJQ

WKH� PRVW� SRZHUIXO� HYROXWLRQ�HQJLQH� ZH� KDYH� WKH� LQJHQXLW\� WR

DFKLHYH�PD\�EH�PLVVLQJ�WKH�PDUN�ZLGHO\��7KDW�LV�ZK\�SUHVHQW�GD\

$/©V�DSSURDFK�WR�HYROXWLRQ�LV�D�EOXQGHU�

7KH�&UHDWRU�DQG�WKH�&UHDWHG ���

� 7KRPDV�6�� �5D\��¦$Q�$SSURDFK�WR� WKH�6\QWKHVLV�RI�/LIH§ ��(G��&KULVWRSKHU
/DQJWRQ��$UWLILFLDO�/LIH�,,���$GGLVRQ�:HVOH\��5HGZRRG�&LW\��&DOLI�������SS�
��������



7KH�9LUXV�DV�D�3KHQRPHQRQ

8VLQJ� FRPSXWHU� YLUXVHV� WR� VWXG\� HYROXWLRQ� FDQ� KHOS� XV� WR

VLGHVWHS�WKHVH�SUREOHPV��7KH�FRPSXWHU�YLUXV�OLYHV�LQ�D�ZRUOG�WKDW

ZDV�QRW�GHVLJQHG�WR�DOORZ�DUWLILFLDO�OLIH�RU�YLUXVHV�WR�IRUP��H[LVW��RU

HYROYH��SHU� VH�� ,I�ZH�VWXG\�DUWLILFLDO� OLIH�ZLWKLQ� WKH�FRQWH[W�RI�D

SUH�H[LVWLQJ�RSHUDWLQJ�V\VWHP�ZH�FDQQRW�EH�DFFXVHG�RI�GHVLJQLQJ

WKDW�SDUW�WR�GR�ZKDW�ZH�ZDQW��RU�KLGLQJ�WKLQJ�LQ�WKH�SK\VLFV��:H�DUH

QRW�WU\LQJ�WR�FUHDWH�WKH�PRVW�SRWHQW�HYROXWLRQ�HQJLQH�WKDW�ZH�FDQ�

1R� ORQJHU� DUH� ZH� FUHDWRUV�� VWXG\LQJ� RXU� FUHDWLRQ�� :H� EHFRPH

VFLHQWLVWV��REVHUYLQJ�D�SKHQRPHQRQ��7KDW�GRHVQ©W�PHDQ�ZH�GRQ©W

KDYH�WR�EH�FDUHIXO�DERXW�LQVHUWLQJ�RXU�LQWHOOLJHQFH�LQWR�WKH�HTXDWLRQ�

RI�FRXUVH��EXW�LW�GRHV�PDNH�RXU�MRE�HDVLHU�

&RQVLGHU�WKH�SRVVLELOLW\�WKDW�ZH�KDYH�ULJKW�XQGHU�RXU�QRVHV�D

VRUW�RI�VHFRQG�FUHDWLRQ��:H�KDYH�ZLWQHVVHG�LQ�WKH�SDVW�WHQ�\HDUV

VRPHWKLQJ�WKDW�PDQNLQG�ZLOO�QHYHU�EH�DEOH�WR�ZLWQHVV�DJDLQ��1HYHU

DJDLQ�ZLOO�RSHUDWLQJ�V\VWHP�GHVLJQHUV�DQG�XVHUV�EH�VR�QDwYH�DV�WR

QHJOHFW�WKH�SRVVLELOLW\�RI�YLUXVHV��VR�ZH�ZLOO�QHYHU�DJDLQ�EH�DEOH�WR

VD\�WKDW�DQ�RSHUDWLQJ�V\VWHP©V�GHVLJQ�LV�GHFRXSOHG�IURP�WKH�LGHD�RI

D� VHOI�UHSURGXFLQJ� DXWRPDWRQ�� $Q\� GHWHUUHQWV� \RX� GHSOR\� ZLOO

LQIOXHQFH�WKH�GHVLJQ�IDFWRU��$Q\�IHDWXUH�WKDW�PLJKW�IDFLOLWDWH�YLUXVHV

FRXOG�KDYH�EHHQ�LQWURGXFHG�E\�D�PLVFKLHYRXV�SURJUDPPHU�

7KXV� LW�VHHPV�HPLQHQWO\�ZRUWKZKLOH� WR�SUREH�TXHVWLRQV� OLNH

HYROXWLRQ�DQG�DELRJHQHVLV�ZLWKLQ�WKLV�UHDOP�RI�SULPLWLYH�RSHUDWLQJ

V\VWHPV�DQG�YLUXVHV�

9LUXVHV�DSSHDU�WR�EH�DFWV�RI�VSHFLDO�FUHDWLRQ�E\�LQGHSHQGHQW

LQWHOOLJHQW�EHLQJV��+RZHYHU��WKDW�GRHV�QRW�SUHFOXGH�WKH�SRVVLELOLW\

WKDW� WKH\�FRXOG� IRUP�VSRQWDQHRXVO\�RU�DFFLGHQWDOO\��RU� WKDW� WKH\

FRXOG� HYROYH�� :H� VKRXOG� VWXG\� VXFK� TXHVWLRQV� IURP� D� SXUHO\

VFLHQWLILF�YLHZSRLQW��:KDW�ZRXOG�LW�WDNH�IRU�D�YLUXV�WR�DULVH�VSRQ�

WDQHRXVO\"�&RXOG�RQH�KDYH�GRQH�VR�DOUHDG\��DQG�ZH�MXVW�GRQ©W�NQRZ

LW"�&HUWDLQO\�ZH�GR�QRW�NQRZ�ZKR�ZURWH�HYHU\�NQRZQ�YLUXV��&RXOG

VRPH�PXWDWLRQV�RI�YLUXVHV�KDYH�EHHQ�FDXVHG�VSRQWDQHRXVO\"�&RXOG

WKH\�HYROYH�LQ�DQ�RSHQ�HQGHG�IDVKLRQ�QRZ�WKDW�WKH\�KDYH�D�VWDUW"

:H�ZLOO�SXUVXH�WKLV�VWXG\�WKURXJKRXW�WKH�UHVW�RI�WKLV�ERRN��,Q

GRLQJ�VR��,�WKLQN�\RX�ZLOO�JHW�D�EHWWHU�SLFWXUH�RI�WKLV�LGHD�RI�D�OLPLWHG�

EXW�VFLHQWLILF��HYROXWLRQ��,Q�WKH�ZRUOG�RI�YLUXVHV��ZH�ZLOO�ILQG�WKDW

��� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ



HYROXWLRQ�FDQ�EH�YHU\�HIIHFWLYH�DW�WLPHV��EXW�WKDW�LW�SRVVHVVHV�OHVV

WKDQ�D�PDJLFDO�RPQLSRWHQFH��7KDW�VKRXOG�QRW�EH�WRR�VXUSULVLQJ�LQ

D�ZRUOG�WKDW�ZDV�QRW�GHVLJQHG�WR�PDNH�HYROXWLRQ�SRZHUIXO�

,�DP�QRW�SURSRVLQJ�WKDW�YLUXVHV�FDQ�WHDFK�XV�HYHU\WKLQJ�ZH�QHHG

WR�NQRZ�DERXW�HYROXWLRQ��)DU�IURP�LW��,�WKLQN�WKHUH�LV�DQ�LPSRUWDQW

OHVVRQ� KHUH�� WKDW� ZH� QHHG� WR� VHH� DQG� XQGHUVWDQG�� 7KH�ZRUOG� RI

YLUXVHV� LV� IDU� GLIIHUHQW� IURP� RXU� ZRUOG� WKRXJK�� DQG� ZH� FDQQRW

QHJOHFW�WKDW�IDFW�LQ�WKH�SXUVXLW�RI�VFLHQFH��/LNHZLVH��PDQ\�DUWLILFLDO

ZRUOGV� DUH�SRVVLEOH��6RPH�PD\�DOORZ�D�JUHDW�GHDO�RI�HYROXWLRQ�

6RPH�REYLRXVO\�DOORZ�QRQH��7KDW�LV�LQWHUHVWLQJ�LQ�LWV�RZQ�ULJKW��DQG

LW�ZLOO�KDYH�WR�EH�EHWWHU�XQGHUVWRRG�LQ�RUGHU� WR�GHYHORS�WKH�IXOO�

EORZQ�WKHRU\�RI�HYROXWLRQ�,©G�OLNH�WR�VHH��+RZHYHU��ZLWKRXW�D�SURSHU

SHUVSHFWLYH� RQ� HYROXWLRQ�� ZH� DUH� KDUGO\� SUHSDUHG� WR� WDFNOH� WKH

ELJJHU�TXHVWLRQV�REMHFWLYHO\��7KDW�SHUVSHFWLYH��,�EHOLHYH��ZH�FDQ

ILQG�LQ�WKH�ZRUOG�RI�YLUXVHV��7KH\�DUH�D�VLQJOH��EXW�ZHOO�GHYHORSHG�

H[DPSOH�RI�$/��DQG�ZH�VWXG\�WKHP�LQ� WKDW�FRQWH[W��ZLWK�DQ�H\H

WRZDUG�WDFNOLQJ�HYROXWLRQ�IRU�$/�LQ�JHQHUDO�

7KH�&UHDWRU�DQG�WKH�&UHDWHG ���



7KH�)DFW�RI�(YROXWLRQ

,�ZRXOG� OLNH� WR� VWDUW� RXU� GLVFXVVLRQ�RI� QDWXUDO�SURFHVVHV� IRU

FUHDWLQJ�YLUXVHV�ZLWK�D�GLVFXVVLRQ�RI�HYROXWLRQ�UDWKHU�WKDQ�D�GLVFXV�

VLRQ�RI�EHJLQQLQJV��$OWKRXJK�LW�PLJKW�VHHP�PRUH�VHQVLEOH�WR�VWDUW

ZLWK�WKH�EHJLQQLQJ��ZH�UHDOO\�FDQ©W�GLVFXVV�WKDW�LQWHOOLJHQWO\�XQWLO

ZH�XQGHUVWDQG�VRPHWKLQJ�PRUH�RI�HYROXWLRQ��6LPSO\�SXW��ZH�KDYH

WR� KDYH� VRPH� LGHD� RI� KRZ� HYROXWLRQ� FRXOG� DIIHFW� VRPH� RI� WKH

VLPSOHVW� YLUXVHV� WR� NQRZ�ZKDW� UROH� LW�PLJKW� KDYH� SOD\HG� LQ� WKH

EHJLQQLQJ�RI��YLUDO��OLIH��7KH�WUDQVLWLRQ�EHWZHHQ�D�QRQ�UHSURGXFLQJ

V\VWHP�LQ�ZKLFK�HYROXWLRQ�LV�LUUHOHYDQW�WR�D�UHSURGXFLQJ�RQH�ZKHUH

LW�PD\�EH�UHOHYDQW�LV�IX]]\��7KHUHIRUH��D�EHWWHU�XQGHUVWDQGLQJ�RI

HYROXWLRQ�FRPHV�ILUVW�

7KH�$%&©V�RI�(YROXWLRQ

/HW�XV�VXSSRVH�ZH�DUH�JLYHQ�WZR�VLPLODU�DQG�YHU\�SUHYDOHQW

YLUXVHV�9��DQG�9���DQG�ZH�NQRZ�9��LV�WKH�ROGHU�RI�WKH�WZR��:H�DUH

DVNHG�WR�GHWHUPLQH�ZKHWKHU�9��FRXOG�KDYH�HYROYHG�IURP�9��ZLWKRXW

WKH�LQWHUYHQWLRQ�RI�DQ�RXWVLGH�LQWHOOLJHQFH��H�J��D�YLUXV�DXWKRU���+RZ

GR�ZH�JR�DERXW�GHWHUPLQLQJ�WKLV"

7KH�ILUVW�VWHS�LV�REYLRXVO\�WR�FRPSDUH�9��DQG�9��DQG�XQGHU�

VWDQG� WKHLU� VLPLODULWLHV� DQG� GLIIHUHQFHV�� ,I� 9�� DQG� 9�� DUH� YHU\

GLIIHUHQW��ZH�PLJKW�H[SHFW�HYROXWLRQ�WR�EH�XQOLNHO\�XQOHVV�ERWK�KDG

D� YHU\� ORQJ� KLVWRU\�� DQG� ZH� FRXOG� GRFXPHQW� VRPH� WUDQVLWLRQDO

IRUPV��2Q�WKH�RWKHU�KDQG��LI�WKH\�DUH�DOPRVW�LGHQWLFDO��WKHQ�HYROX�

WLRQ�PLJKW�PDNH�VHQVH�

$�YHU\� VLPSOH� FRPSDULVRQ�RI� WKH�YLUXVHV�PLJKW� EH�GRQH�E\

FRPSDULQJ�HDFK�E\WH��DQG�VHHLQJ�ZKLFK�E\WHV�GLIIHU��7KDW�PD\�ZRUN



LQ�VRPH�LQVWDQFHV��EXW�LW�FDQ�DOVR�OHDG�XV�IDU�DVWUD\��)RU�H[DPSOH�

WZR�JHQHUDWLRQV�RI�D�0XWDWLRQ�(QJLQH�EDVHG�YLUXV�PD\�ORRN�FRP�

SOHWHO\�GLIIHUHQW�LQ�D�E\WH�E\�E\WH�FRPSDULVRQ��DOWKRXJK�WKH\�DUH

UHDOO\�WKH�VDPH�YLUXV��7KXV��DQ\�FRPSDULVRQ�RI�WZR�YLUXVHV�PXVW

EH�DQ�LQWHOOLJHQW�FRPSDULVRQ�EDVHG�RQ��D��D�NQRZOHGJH�RI�KRZ�WKH

YLUXV�ZRUNV��DQG��E��D�NQRZOHGJH�RI�WKH�SRVVLEOH�PXWDWLRQ�PHFKD�

QLVPV�WKDW�PLJKW�KDYH�EHHQ�LQYROYHG�LQ�WUDQVIRUPLQJ�9��LQWR�9��

2I�FRXUVH�� WKDW�PHDQV�ZH�PXVW�XQGHUVWDQG�PXWDWLRQ�PHFKD�

QLVPV�DQG�PXWDWLRQ�UDWHV��,I�LQWHUPHGLDWH�IRUPV�DUH�FDOOHG�IRU��WKHQ

WKH�YLDELOLW\�RI�WKRVH�IRUPV�DOVR�HQWHUV�WKH�FDOFXODWLRQ�

:KDW� ,� ZDQW� WR� GR� LQ� WKLV� FKDSWHU� LV� TXDQWLI\� DOO� RI� WKHVH

HOHPHQWDU\�FRPSRQHQWV�RI�WKH�HYROXWLRQ�RI�D�YLUXV��DQG�LOOXVWUDWH

KRZ�WKH\�ILW�WRJHWKHU�LQ�D�PDWKHPDWLFDO�PRGHO�RI�HYROXWLRQ�IRU�D

YLUXV��7KLV�ZLOO�LOOXVWUDWH�ERWK�WKH�IDFW�RI�HYROXWLRQ�DV�D�PHDQV�IRU

FKDQJH��DQG�VRPH�RI� WKH�SUREOHPV� WKDW�DQ�DWWHPSW�DW�D�FRQFUHWH

WKHRU\�PXVW�IDFH�

$�6LPSOH�9DULDWLRQ

3HUKDSV�WKH�HDVLHVW�SUREOHP�RI�HYROXWLRQ�RQH�FDQ�DQDO\]H�LV�D

VLPSOH�RQH�ELW�VXEVWLWXWLRQ��/HW©V�GHVLJQ�D�FRQFUHWH�WKRXJKW�H[SHUL�

PHQW�DORQJ�WKHVH�OLQHV�VR�WKDW�ZH�FDQ�FRQVLGHU�WR�LOOXVWUDWH�HDFK

IDFWRU�LQ�WKH�HYROXWLRQ�RI�D�YLUXV��7KH�/LWWOH�%ODFN�%RRN�RI�&RPSXWHU

9LUXVHV�GLVFXVVHG�D�YLUXV¥7,0,'¥ZKLFK�ZDV�D�VPDOO������E\WH�

&20�ILOH� LQIHFWRU��3DUW� RI� LWV� FRGH� LV� D� URXWLQH�FILE_OK��ZKLFK

GHWHUPLQHV�ZKHWKHU�D�JLYHQ�ILOH�LV�VXLWDEOH�IRU�WKH�YLUXV�WR�LQIHFW�RU

QRW��,I�VXLWDEOH��WKH�URXWLQH�UHWXUQV�WR�WKH�FDOOHU�ZLWK�WKH�=�IODJ�VHW�

7KH�FRGH�IRU�FILE_OK�ORRNV�OLNH�WKLV�

),/(B2.�
��������PRY�����G[�2))6(7�)1$0(����������ILUVW�RSHQ�WKH�ILOH
��������PRY�����D[��'��+�����������������U�Z�RSHQ�ILOH
��������LQW�������+
��������MF������)2.B1=(1'����������������HUURU�RSHQLQJ�ILOH

��������PRY�����E[�D[��������������������SXW�ILOH�KDQGOH�LQ�E[
��������SXVK����E[�����������������������DQG�VDYH�LW�RQ�WKH�VWDFN
��������PRY�����F[�����������������������QH[W�UHDG���E\WHV�DW�VWDUW
��������PRY�����G[�2))6(7�67$57B,0$*(����DQG�VWRUH�WKHP�KHUH
��������PRY�����DK��)+�������������������'26�UHDG�IXQFWLRQ
��������LQW�������+
��������SRS�����E[�����������������������UHVWRUH�WKH�ILOH�KDQGOH
��������PRY�����DK��(+
��������LQW�������+����������������������DQG�FORVH�WKH�ILOH

��������PRY�����D[�:25'�375�>)6,=(@������JHW�KRVW�ILOH�VL]H

��� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ



��������DGG�����D[�2))6(7�(1'9,586���2))6(7�9,586��DGG�YLUXV�VL]H
��������MF������)2.B1=(1'����������������F�VHW�LI�D[�RYHUIORZV
��������FPS�����%<7(�375�>67$57B,0$*(@��(�+���LV�ILUVW�E\WH�MXPS"
��������MQ]�����)2.B=(1'�����������������QRSH
��������FPS�����:25'�375�>67$57B,0$*(��@�����+��RN��LV�®9,®�WKHUH"
��������MQ]�����)2.B=(1'�����������������QR��ILOH�FDQ�EH�LQIHFWHG
)2.B1=(1'�
��������PRY�����DO����������%������������GRQ©W�LQIHFW�WKLV�ILOH
��������RU������DO�DO����������&���������VR�UHWXUQ�ZLWK�]�UHVHW
��������UHW�����������������&�
)2.B=(1'�
��������[RU�����DO�DO��������������������RN�WR�LQIHFW
��������UHW

ZKHUH� WKH� QXPEHUV� WR� WKH� ULJKW� UHSUHVHQW� WKH�PDFKLQH� ODQJXDJH

LQVWUXFWLRQV�WKDW�FRUUHVSRQG�WR�WKH�DVVHPEO\�ODQJXDJH��/HW©V�FDOO

WKLV�YLUXV�9���$QG�OHW©V�FRQVLGHU�WZR�PXWDWLRQV�RI�9���9��DQG�9��

ZKLFK�GLIIHU�IURP�9��E\�MXVW�RQH�ELW��9��GLIIHUV�IURP�9��LQ�WKDW�LW

HPSOR\V�WKH�LQVWUXFWLRQ�mov al,17�DW�FOK_NZ_END�LQVWHDG�RI�mov

al,1�

)2.B1=(1'�

PRY DO��� %����

RU DO�DO ���&�

UHW &�

9��GLIIHUV�IURP�9��LQ�WKDW�LW�HPSOR\V�DQ�or ax,ax�UDWKHU�WKDQ�DQ�or

al,al�LQ�WKH�QH[W�LQVWUXFWLRQ�DIWHU�mov al,1�

)2.B1=(1'�

PRY DO�� %����

RU D[�D[ ���&�

UHW &�

2WKHU�PXWDWLRQV�RI�9��ZLOO�EH�ODEHOHG�9���9���9���RU�9M�LQ�JHQHUDO�

/HW�XV�VXSSRVH�WKDW�WKHUH�DUH�����PLOOLRQ�SHUVRQDO�FRPSXWHUV

LQ�WKH�ZRUOG��DQG����ELOOLRQ�LQIHFWDEOH�&20�ILOHV��:H�ZRUN�YHU\

KDUG� WR�JHW�D�VDPSOH�RI��������LQGLYLGXDOV�IURP�WKH�ZRUOG�ZLGH

SRSXODWLRQ�RI�9��DQG�DOO�H[LVWLQJ�PXWDWLRQV�WKDW�GLIIHU�E\�DW�PRVW��

E\WH��7KLV�VDPSOH�ZDV�WDNHQ����\HDUV�DIWHU�9��ZDV�ILUVW�UHOHDVHG��,Q

LW��ZH�ILQG������FRSLHV�RI�9������FRSLHV�RI�9���DQG���FRSLHV�RI�9��

)XUWKHU�VXSSRVH�ZH©YH�ZDWFKHG�WKH�SRSXODWLRQ�RI�9��PHWLFX�

ORXVO\��VR�ZH�FDQ�GHWHUPLQH�WKH�FRUUHFW�SDUDPHWHUV�IRU�DQ\�PDWKH�

7KH�)DFW�RI�(YROXWLRQ ���



PDWLFDO�PRGHO�ZH�PLJKW�GHYLVH�WR�GHVFULEH�WKH�SRSXODWLRQV�RI�WKLV

IDPLO\�RI�YLUXVHV�

1RZ�ZH�DVN��&RXOG�9��RU�9��KDYH�HYROYHG�IURP�9�"

2EYLRXVO\��WKLV�LV�D�YHU\�VLPSOH�VLWXDWLRQ�ZKHUH�WKH�HYROXWLRQ

RI�D�FRPSXWHU�YLUXV�PD\�EH�RFFXUULQJ��%XW�LV�LW"�&DQ�WKH�IDFW�RI

HYROXWLRQ�H[SODLQ�WKLV�VFHQDULR"�2U�LV�WKH�RQO\�UHDVRQDEOH�SRVVLELO�

LW\�WKDW�VRPHRQH�KDFNHG�WKH�YLUXV"�$QG�LI�HYROXWLRQ�LV�SRVVLEOH��FDQ

D�FRQFUHWH�WKHRU\�PDNH�DQ\�RWKHU�SUHGLFWLRQV�WKDW�ZH�PLJKW�XVH�WR

WHVW�WKH�WKHRU\��DQG�VD\�¦\HV§ �LW�LV�HYROXWLRQ�DIWHU�DOO"�&HUWDLQO\�

WKH�HDV\�DQVZHU�LV�WR�VD\�WKDW�VRPH�YLUXV�DXWKRU�KDFNHG�WKH�YLUXV�

$QG�WKH�VLWXDWLRQ�ORRNV�SUHWW\�EODFN�DQG�ZKLWH��WKUHH�YDULDQWV��RQH

ROG��WZR�QHZ��DQG�VRPH�VLPSOH�FKDQJH�IRU�ZKR�NQRZV�ZKDW�UHDVRQ�

&HUWDLQO\�WKH�NQHH�MHUN�UHDFWLRQ�LV�WR�EODPH�VRPHERG\�IRU�FKDQJLQJ

LW��%XW�FRXOG�VRPHWKLQJ�HOVH�EH�DW�ZRUN"

:H� DUH� JRLQJ� WR� QHHG� WKUHH� NH\� SLHFHV� RI� XQGHUVWDQGLQJ� WR

GHVFULEH�WKH�HYROXWLRQDU\�G\QDPLFV�RI�9��

���:H�QHHG�DQ�HTXDWLRQ�WR�GHVFULEH�WKH�SRSXODWLRQ�RI�9��DQG�DQ\

SRVVLEOH�YDULDQWV�

���:H�QHHG�DQ�XQGHUVWDQGLQJ�RI�ZKDW�FDQ�FDXVH�PXWDWLRQV�LQ�WKLV

V\VWHP��DQG�D�UHDVRQDEOH�HVWLPDWH�RI�PXWDWLRQ�UDWHV�

���:H�KDYH�WR�GR�VRPH�DQDO\VLV�RI�WKH�YLUXV�WR�GHWHUPLQH�ZKDW�WKH

HIIHFW�RI�YDULRXV�PXWDWLRQV�ZRXOG�EH�

:LWK� WKHVH� WKUHH� HOHPHQWV� RI� WKH� SLFWXUH��ZH� VKRXOG� EH� DEOH� WR

DQDO\]H�WKH�EHKDYLRXU�RI�9��LQ�GHWDLO��DQG�PDNH�D�SUHFLVH�GHWHUPL�

QDWLRQ�RI�ZKHWKHU�HYROXWLRQ�LV�DQ�RSWLRQ�

0XWDWLRQ�0HFKDQLVPV

/HW©V� ILUVW� GLVFXVV� PXWDWLRQ� PHFKDQLVPV�� 2QO\� DQ� XQGHU�

VWDQGLQJ�RI�WKH�PHFKDQLVPV�LQYROYHG�LQ�FDXVLQJ�PXWDWLRQV�ZLOO�JLYH

XV� WKH� QHFHVVDU\� XQGHUVWDQGLQJ� RI� ZKDW� NLQGV� RI� PXWDWLRQV� ZH

VKRXOG�FRQVLGHU�LQ�RXU�HTXDWLRQV�GHVFULELQJ�SRSXODWLRQV��HWF��7KH

PXWDWLRQ�PHFKDQLVP�ZLOO� DOVR� JLYH� XV� DQ� LGHD� RI�ZKDW� NLQG� RI

PXWDWLRQ�UDWH�WR�H[SHFW��$OWKRXJK�WKDW�PXWDWLRQ�UDWH�FDQ�DOVR�EH

GHWHUPLQHG�HPSLULFDOO\��WKH�FRQQHFWLRQ�ZLWK�VRPH�NLQG�RI�WKHRU\

IRU�PXWDWLRQV�ZLOO�EH�YDOXDEOH�

��� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ



7KH� PXWDWLRQ� PHFKDQLVP� LV� VLPSO\� VRPHWKLQJ� WKDW� FDXVHV

PXWDWLRQV¥FKDQJHV�LQ�WKH�FRGH�RI�D�SURJUDP��7ZR�SRVVLEOH�PXWD�

WLRQ�PHFKDQLVPV�TXLFNO\�FRPH�WR�PLQG�

���$�PHPRU\�HUURU��LQ�ZKLFK�D�JLYHQ�E\WH�ZDV�VWRUHG�LQ�D�PHPRU\

ORFDWLRQ��DQG�WKH�QH[W�WLPH�WKDW�ORFDWLRQ�ZDV�DFFHVVHG��WKH�E\WH

ZDV�GLIIHUHQW�

���$�GLVN�UHDG�RU�ZULWH�HUURU��LQ�ZKLFK�D�JLYHQ�E\WH�ZDV�VWRUHG�WR

GLVN��DQG�ZKHQ�QH[W�UHDG��WKH�E\WH�ZDV�FKDQJHG�

$W�WKH�ORZHVW�OHYHO��ERWK�RI�WKHVH�PHFKDQLVPV�FDXVH�VLQJOH�ELW

PXWDWLRQV�� %RWK� FRPSXWHU� PHPRU\� �H�J�� '\QDPLF� 5$0V�� DQG

PDJQHWLF�PHGLD�VWRUH�GDWD�RQH�ELW�DW�D�WLPH��QRW�RQH�E\WH�DW�D�WLPH�

$�W\SLFDO�FRPSXWHU�XVHV�'\QDPLF�5DQGRP�$FFHVV�0HPRU\�FKLSV

WKDW�DUH�FRQILJXUHG�DV���ELW�[����.LORE\WHV��RU���ELW�[���0HJDE\WH�

HWF��7KXV�WKH�LQGLYLGXDO�ELWV�RI�DQ\�JLYHQ�PHPRU\�E\WH�DUH�QRW�HYHQ

VWRUHG�RQ�WKH�VDPH�FKLS��(YHQ�LI�WKH\�ZHUH��HDFK�ELW�LV�VWLOO�VWRUHG

LQ�GLIIHUHQW�ORJLF�HOHPHQWV�RQ�WKH�FKLS��/LNHZLVH��GDWD�VWRUHG�RQ

GLVN�LV�VWRUHG�DV�D�OLQHDU�VHTXHQFH�RI�PDJQHWLF�GRPDLQV��RQH�DIWHU

WKH�RWKHU�

+RZHYHU��WKHUH�DUH�IDFWRUV�ZKLFK�FDQ�SUHYHQW�VLQJOH�ELW�HUURUV�

,Q�WKH�FDVH�RI�PHPRU\�HUURUV��PRVW�3&©V�PDQXIDFWXUHG�WRGD\�VWRUH

GDWD�LQ�PHPRU\�XVLQJ�QLQH�ELWV¥HLJKW�ELWV�RI�GDWD�DQG�D�SDULW\�ELW�

DOWKRXJK�VRPH�GR�RPLW�WKH�SDULW\�ELW��:KHQ�D�SDULW\�HUURU�RFFXUV�

WKH\�LVVXH�D�1RQ�PDVNDEOH�LQWHUUXSW��ZKLFK�LV�MXVW�DQ�,QWHUUXSW���

7KH�LQWHUUXSW�VHUYLFH�URXWLQH�IRU�INT 2 PD\�RU�PD\�QRW�GR�DQ\WKLQJ�

GHSHQGLQJ�RQ�KRZ�WKH�%,26�LV�ZULWWHQ���6HH�)LJXUH�������2IWHQ��LW

ZLOO�DOHUW�WKH�XVHU�WKDW�D�SDULW\�HUURU�RFFXUUHG�DQG�IRUFH�KLP�WR�VKXW

GRZQ�WKH�V\VWHP��+RZHYHU��LQ�WKHVH�GD\V�ZKHQ�FRVW�FXWWLQJ�LV�RQ

HYHU\�PDQXIDFWXUHU©V�PLQG��PDQ\�KDYH�FKRVHQ� WR�HOLPLQDWH� WKLV

XQQHFHVVDU\�FRQYHQLHQFH�

2Q�FRPSXWHUV�ZLWK�SDULW\�FKHFNLQJ�DFWLYH��D�WZR�ELW�HUURU�LV

UHTXLUHG�WR�DYRLG�EHLQJ�LPPHGLDWHO\�FDXJKW�E\�WKH�KDUGZDUH��7KDW

PD\�LQYROYH�WZR�GDWD�ELWV��RU�RQH�GDWD�ELW�DQG�RQH�SDULW\�ELW��6R�LQ

PDFKLQHV�OLNH�WKLV��WZR�ELW�HUURUV�DQG�RQH�ELW�HUURUV�ZLOO�RFFXU�LQ�D

UDWLR�RI�������7KH�WZR�ELW�HUURUV�ZLOO�EH�PRUH�OLNHO\��+RZHYHU��WKH

HUURUV�RQ�WKHVH�V\VWHPV�WKDW�VQHDN�E\�ZLOO�EH�PXFK�UDUHU�WKDQ�RQ

V\VWHPV�ZKLFK�GRQ©W�FKHFN�SDULW\��%DVLFDOO\��LI�WKH�SUREDELOLW\�RI�D

RQH�ELW�HUURU�LQ�DQ\�PHPRU\�WUDQVDFWLRQ�LV�3��WKHQ�D�WZR�ELW�HUURU

7KH�)DFW�RI�(YROXWLRQ ���



1RUPDO�PHPRU\�ZLWK�D�SDULW\�ELW��RGG�

3

� � � � � � � � �

� � � � � � � � �

3

2QH�ELW�HUURU��SDULW\�LV�ZURQJ

� � � � � � � � �

3

� � � � � � � � �

3

7ZR�ELW�HUURUV��SDULW\�LV�ULJKW

)LJXUH�������0HPRU\�SDULW\�HUURUV�

��� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ

� )LJXUH�RXW�ZK\�DV�DQ�H[HUFLVH�



ZLOO�RFFXU�ZLWK�SUREDELOLW\�3���1RZ�LI�3�����ZKLFK�LW�KDG�EHWWHU�EH

LI�WKH�FRPSXWHU�LV�JRLQJ�WR�ZRUN��WKH�WZR�ELW�HUURUV�DUH�UDUHU�WKDQ

RQH�ELW�HUURUV�E\�D�IDFWRU�3�

(UURUV�RFFXUULQJ�ZLWK�PDJQHWLF�PHGLD�FDQ�EH�HYHQ�PRUH�RE�

WXVH��7KDW�LV�EHFDXVH�HDFK�VHFWRU�ZULWWHQ�WR�GLVN�LV�DFFRPSDQLHG�E\

D�&5&�WR�KHOS�PDLQWDLQ�WKH�LQWHJULW\�RI�WKH�GDWD��,I�D�VLQJOH�ELW�LQ

WKH�GDWD�LV�PRGLILHG��WKH�&5&�ZLOO�FKDQJH��DQG�WKH�SURJUDP�ZKLFK

UHTXHVWHG�WKH�VHFWRU�ZLOO�EH�QRWLILHG�WKDW�WKH�GDWD�LV�EDG��7KXV��RQO\

HUURUV�ZKLFK�PDLQWDLQ� WKH�&5&�ZLOO� EH� YLDEOH�PXWDWLRQV��:KDW

WKRVH�PXWDWLRQV�DUH�FDQ�EHFRPH�D�YHU\�FRPSOLFDWHG� IXQFWLRQ�RI

ZKDW�GDWD�LV�RQ�WKH�GLVN�LQ�D�VHFWRU�

$OWKRXJK�IORSS\�GLVNV�DUH�TXLWH�XQUHOLDEOH�DV�IDU�DV�FRPSXWHU

FRPSRQHQWV�JR��DQG�WKH\�PLJKW�DFFRXQW�IRU�D�VLJQLILFDQW�SRUWLRQ�RI

DQ\� PXWDWLRQ� UDWH� IRU� YLUXVHV�� WKH� SDUWLFXODU� PXWDWLRQV� ZH� DUH

FRQVLGHULQJ�KHUH�DSSHDU�WR�EH�VLQJOH�ELW�HUURUV��)RU�H[DPSOH��WKH

GLIIHUHQFH�EHWZHHQ�mov al,1�DQG�mov al,17�LV�VHWWLQJ�ELW���LQ�WKH�E\WH

EHLQJ�PRYHG�WR�DO��$OWKRXJK�D�PDJQHWLF�PHGLD�HUURU�FRXOG�KDYH

FDXVHG� WKLV� FKDQJH�� HYHQ� WKRXJK� ZH� GRQ©W� VHH� WKH� HIIHFWV� RI� LW

HOVHZKHUH�LQ�WKH�YLUXV���LW�PDNHV�VHQVH�WR�K\SRWKHVL]H�D�PHPRU\

HUURU��7KHUHIRUH�ZH�DEDQGRQ�IXUWKHU�GLVFXVVLRQ�RI�GLVN�HUURUV�KHUH�

2I�RQH�ELW�PHPRU\�HUURUV��WKH�JURVV�PDMRULW\�SUREDEO\�RFFXU

RQ� V\VWHPV�ZKLFK� GRQ©W� KDYH� SDULW\� FKHFNLQJ�� ,I�ZH� VD\� WKDW� D

IUDFWLRQ�I1&�RI�DOO�FRPSXWHUV�GRQ©W�KDYH�SDULW\�FKHFNLQJ��WKHQ�ZLWK

DERXW�����PLOOLRQ�SHUVRQDO� FRPSXWHUV� LQ� WKH�ZRUOG�� WKH� UDWLR�RI

PXWDWLRQV�IURP�SDULW\�FKHFNLQJ�PDFKLQHV�WR�QRQ�SDULW\�FKHFNLQJ

PDFKLQHV�LV�DERXW����I1&�3
��I1&3��1RZ��LW©V�KDUG�WR�JXHVV�ZKDW�I1&

LV��EXW�,�ZRXOGQ©W�EH�WRR�VXUSULVHG�LI�LW�ZHUH�DV�KLJK�DV������H�J�

RQH�LQ�IRXU�PDFKLQHV�GR�QRW�DFWXDOO\�FKHFN�SDULW\�RU�GR�DQ\WKLQJ

DERXW�VXFK�HUURUV��/HW©V�FRQFHQWUDWH�RQ�WKHVH�PDFKLQHV�D�ELW�

7KHUH� DUH� WKUHH� GLIIHUHQW�ZD\V� WKDW� DQ� HUURU� FDQ� RFFXU� LQ� D

PHPRU\�ELW�

���:KHQ�WKH�GDWD�LV�ZULWWHQ�WR�WKDW�ELW��WKH�ORJLF�OHYHO�DSSOLHG�WR�WKH

GDWD�OLQHV�LV�PLVLQWHUSUHWHG�E\�WKH�PHPRU\�FKLS��DQG�WKH�ZURQJ

ELW�LV�ZULWWHQ�

7KH�)DFW�RI�(YROXWLRQ ���

� 7KH\�FRXOG�EH�VRPHZKHUH�LQ�WKH�VHFWRU�ZKHUH�WKH�YLUXV�GRHV�QRW�UHVLGH�



���:KHQ�GDWD�LV�UHDG�IRUP�WKH�PHPRU\�FKLS��WKH�ORJLF�OHYHO�JHQHU�

DWHG�E\�LW�LV�PLVLQWHUSUHWHG�E\�WKH�DVVRFLDWHG�FLUFXLWU\�

���'DWD�VWRUHG�LQ�WKH�PHPRU\�FKLS�LV�DOWHUHG�LQWHUQDOO\�

7KH�ILUVW�WZR�SRVVLELOLWLHV�FRXOG�EH�GXH�WR�VHYHUDO�IDFWRUV��H�J����D�

HOHFWULFDO�QRLVH�LQ�WKH�WUDFHV�RQ�WKH�PRWKHUERDUG���E��D�PDOIXQFWLRQ�

LQJ�SRZHU�VXSSO\�UHVXOWLQJ�LQ�D�PDUJLQDO�YROWDJH�LQ�WKH�FLUFXLW���F�

EHFDXVH�WKH�FLUFXLWU\�LV�EHLQJ�XVHG�EH\RQG�LWV�UDWHG�VSHHG��RU��G�

EHFDXVH�VRPH�RI�WKH�OHDGV�RQ�WKH�PHPRU\�FKLS�KDYH�R[LGL]HG�DQG

WKH\�DUH�QRW�PDNLQJ�SURSHU�FRQWDFW�ZLWK�WKH�VRFNHW��7KH�WKLUG�HUURU

PHFKDQLVP¥DQ� LQWHUQDO�DOWHUDWLRQ¥FRXOG�EH�GXH� WR�D�GHIHFWLYH

PHPRU\�FKLS�RU�FRQWUROOHU��RU�HYHQ�D�VWUD\�FRVPLF�UD\��1RUPDOO\

G\QDPLF�5$0V�VWRUH�GDWD�LQ�OLWWOH�VLOLFRQ�FDSDFLWRUV��ZKLFK�QHHG

WR�EH�SHULRGLFDOO\�UHIUHVKHG��,I�WKH�UHIUHVK�WLPH�LVQ©W�VKRUW�HQRXJK�

WKH�FKLSV�FDQ�ORVH�GDWD�WRR�

1RZ��LQ�DOO�RI�WKHVH�SRVVLEOH�PHFKDQLVPV��ZH�DUH�UHDOO\�LQWHU�

HVWHG� LQ� ERUGHUOLQH� FDVHV�� $� FRPSXWHU� WKDW� LV� KDYLQJ� WRR�PDQ\

PHPRU\�HUURUV�ZLOO�QRW�IXQFWLRQ��7KH�RSHUDWLQJ�V\VWHP�DQG�DSSOL�

FDWLRQV�SURJUDPV�ZLOO�EH�TXLFNO\�FRUUXSWHG�DQG�WKH�FRPSXWHU�ZLOO

EH�VKXW�GRZQ�IRU�UHSDLU�LPPHGLDWHO\��&HUWDLQO\�YLUXVHV�FDQ�PXWDWH

LQ� VXFK� D� V\VWHP� SURYLGHG� WKH\� HYHQ� JHW� D� FKDQFH� WR� JHW� LQWR

PHPRU\��EXW�LI�WKH�FRPSXWHU�LV�LQ�EDG�VKDSH��WKH\�ZRQ©W�JHW�WKDW

IDU�

/HW©V� DQDO\]H� MXVW� RQH� RI� WKH� IDLOXUH�PHFKDQLVPV� GLVFXVVHG

DERYH�WR�GHWHUPLQH�WKH�PXWDWLRQ�UDWH�UHVXOWLQJ�IURP�LW��,I�\RX©YH

EHHQ�DURXQG�3&V�D�ORW��\RX©YH�QR�GRXEW�H[SHULHQFHG�FRQWDFW�R[L�

GDWLRQ�IURP�WLPH�WR�WLPH��7\SLFDOO\��WKH�FRPSXWHU�VWDUWV�DFWLQJ�XS�

DQG�\RX�IL[�LW�E\�UHPRYLQJ�DOO�WKH�PHPRU\�FKLSV��RU�6,00V��IURP

WKHLU�VRFNHWV�DQG�UHSODFLQJ�WKHP��1RZ��IRU�WKH�VDNH�RI�DUJXPHQW�

OHW©V�VD\�WKDW�RQH�LQ�WKUHH�3&V�H[SHULHQFH�WKLV�SUREOHP�RQFH�HYHU\

ILYH� \HDUV�� /HW©V� DOVR� VD\� WKDW� WKH\� UXQ� LQ� WKLV� FRQGLWLRQ� IRU� DQ

DYHUDJH�RI�ILYH�GD\V�EHIRUH�WKH\�DUH�VKXW�GRZQ�IRU�UHSDLU��1RUPDOO\

WKH�SUREOHP�VWDUWV�RXW�XQQRWLFHDEOH��EXW�LW�JHWV�ZRUVH�DQG�ZRUVH�

XQWLO�WKH�PDFKLQH�FUDVKHV�YHU\�TXLFNO\�DQG�WKHUH�LV�QRWKLQJ�\RX�FDQ

GR�ZLWK�LW�EXW�UHSDLU�LW�

1RZ�W\SLFDOO\��DQ\�WLPH�\RX�DUH�UXQQLQJ�D�FRPSXWHU��VRPH�RI

WKH�PHPRU\�LV�IUHH��VRPH�FRQWDLQV�GDWD��RU�FRGH�WKDW�ZLOO�QRW�EH

H[HFXWHG�IRU�D�ZKLOH��DQG�VRPH�FRQWDLQV�FULWLFDO�FRGH�WKDW�LV�EHLQJ

��� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ



H[HFXWHG��$�PRGLILFDWLRQ�RI�WKLV�FULWLFDO�FRGH�ZLOO�JULQG�WKH�FRP�

SXWHU�WR�D�KDOW��1RZ��DJDLQ�IRU�WKH�VDNH�RI�DUJXPHQW��VXSSRVH�WKHUH

LV����NLORE\WHV�RI�FULWLFDO�FRGH�LQ�D�����NLORE\WH�3&��7KHQ���������

����� �����RI�WKH�WLPH��DQ�HUURU�FDXVHV�QR�LPPHGLDWH�KDUP�

,I�ZH�VXJJHVW�WKDW�RQ�D�JLYHQ�3&��WKH�IUHTXHQF\�RI�D�RQH�ELW

HUURU�VRPHZKHUH�LQ�V\VWHP�PHPRU\�LV�ρV\V��DQG�WKH�SUREDELOLW\�RI
D�V\VWHP�FUDVK�ZKHQ�D�UDQGRP�HUURU�RFFXUV�LV�&R��\RX�FDQ�HDVLO\

SURYH�WKH�SUREDELOLW\�RI�D�FUDVK�E\�WLPH�W�ZRUNV�OLNH�UDGLRDFWLYH

GHFD\�

&�W�� �����H[S��&RρV\VW� ����

6R�HVVHQWLDOO\��WKH�FRPSXWHU�KDV�D�KDOI�OLIH��W�����,I�WKH�KDOI�OLIH�LV

��� PLQXWHV�� WKH� FRPSXWHU� ZLOO� EH� VRPHZKDW� DQQR\LQJ�� EXW� QRW

XQXVHDEOH��6R�OHW©V�VXSSRVH�WKH�V\VWHP�VWD\V�LQ�WKLV�FRQGLWLRQ�IRU��

GD\V�ZLWK�D����PLQXWH�KDOI�OLIH��:H�FDQ�VROYH�HTXDWLRQ������TXLFNO\

WR�GHWHUPLQH�ρV\V��WKH�PHPRU\�HUURU�UDWH�

ρV\V� ��OQ����&RW���� ���[��������VHF ����

H�J���WKHUH�LV�DQ�HUURU�DERXW�RQFH�HYHU\�WKUHH�PLQXWHV��7KH�HUURU�UDWH

IRU�D�VSHFLILF�ELW�LV�WKHQ

ρELW� �ρV\V��������[������[���� ���[��������VHFRQG ����

6R�LI�9��LV�LQ�PHPRU\�IRU�DERXW�D�VHFRQG�ZKHQ�LW�H[HFXWHV��SUHWW\

W\SLFDO���WKH�FKDQFHV�RI�LW�PXWDWLQJ�LQWR�9��ZKHQ�LW�UHSURGXFHV�RQ

WKLV�V\VWHP�DUH�DERXW���LQ�D�ELOOLRQ��7KDW©V�QRW�WRR�OLNHO\��+RZHYHU�

WKLV�QXPEHU�LV�DERXW�DV�ELJ�DV�D�VSHFLILF�PXWDWLRQ�UDWH�IRU�D�OLYLQJ

FHOO��VR�ZH�VKRXOG�QRW�EH�WRR�YHU\�GLVFRXUDJHG�

6XSSRVH�9��UHSOLFDWHV�0�WLPHV�RQ�DQ\�JLYHQ�GD\��+RZ�PDQ\

PXWDWLRQV�FDQ�ZH�H[SHFW"�6LQFH�9��LV�����E\WHV�ORQJ��DQG�HDFK�E\WH

DGPLWV���RQH�ELW�PXWDWLRQV��ZH�DUH� LQWHUHVWHG� LQ�D� WRWDO�RI�����

SRVVLEOH� PXWDWLRQV� RI� 9��� RI� ZKLFK� 9�� LV� RQO\� RQH�� 2I� WKH�0

UHSOLFDWLRQV��0I1&�RFFXU�RQ�FRPSXWHUV�ZLWK�QR�SDULW\�FKHFNLQJ��2I

WKH�FRPSXWHUV�ZLWK�QR�SDULW\�FKHFNLQJ�����DUH�VXEMHFW�WR�FRQWDFW�

R[LGDWLRQ�IDLOXUH��7KHUHIRUH��DW�DQ\�JLYHQ�WLPH�

7KH�)DFW�RI�(YROXWLRQ ���



I1&�[�������[����GD\V�����\HDUV�� �����[���
�� ����

RI�DOO�WKH�SHUVRQDO�FRPSXWHUV��RU�DERXW��������FRPSXWHUV��ZLOO�EH

LQ�D�VWDWH�ZKHUH�WKH�PXWDWLRQ�UDWH�LV�KLJK��GXH�WR�FRQWDFW�R[LGDWLRQ

IDLOXUH��7KH�SRVVLELOLW\�RI�D�PXWDWLRQ�ZLOO�WKHQ�EH

0�[������[�������[��ρELW��[������ �0�[�����[������ ����

7KH�QH[W�VWHS�LV�WR�WDNH�D�PXWDWLRQ�UDWH�OLNH�WKLV��DQG�ZRUN�LW�LQWR

VRPH�HTXDWLRQV�WR�GHVFULEH�WKH�SRSXODWLRQV�RI�9��DQG�9��

7KH�3RSXODWLRQ�(TXDWLRQV

/HW©V� ILUVW�GHVFULEH� WKH�SRSXODWLRQ�RI�9��XVLQJ�D�GLIIHUHQWLDO

HTXDWLRQ�� 2QFH� ZH� KDYH� DQ� XQGHUVWDQGLQJ� RI� WKH� QRQ�PXWDWLQJ

YLUXV�� ZH� FDQ� DGG� PXWDWLRQV� LQ� DQG� VHH� ZKDW� KDSSHQV� WR� WKH

HTXDWLRQV��,Q�WKH�DEVHQFH�RI�DQWL�YLUDO�PHDVXUHV��ZH�PLJKW�ZULWH�D

YHU\�VLPSOH�SRSXODWLRQ�HTXDWLRQ�IRU�3���WKH�SRSXODWLRQ�RI�9���DV

IROORZV�

G3��GW� �.���α��1�3���1�3� ����

�,I�WKHVH�NLQGV�RI�HTXDWLRQV�DUH�P\VWLI\LQJ��SOHDVH�VHH�$SSHQGL[�'�

6ROYLQJ�'LIIHUHQWLDO�(TXDWLRQV�IRU�D�EHWWHU�XQGHUVWDQGLQJ�RI�WKHP��

7KH�GHULYDWLYH�RQ�WKH�OHIW�LV�WKH�UDWH�RI�FKDQJH�RI�3��ZLWK�UHVSHFW�WR

WLPH��7KH�FRQVWDQW�.�RQ�WKH�ULJKW�LV�WKH�FRQWULEXWLRQ�WR�3��GXH�WR

WKH� IDFW� WKDW� DERXW� .� QHZ� FRSLHV� RI� 9�� DUH� EHLQJ� FUHDWHG� DQG

GLVWULEXWHG�LQ�D�JLYHQ�SHULRG�RI�WLPH�E\�WKH�SXEOLVKHUV�RI�WKH�%ODFN

%RRN��DQG�RWKHU�OHJLWLPDWH�DQG�LOOHJLWLPDWH�RUJDQL]DWLRQV��7KH�WHUP

α��1�3���1�3� ����

LV�WKH�UHSURGXFWLYH�WHUP��ZKLFK�FDQ�EH�UHZULWWHQ�DV

α3�����α�1�3�� ����

��� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ



7KH�ILUVW�WHUP�LQ�WKH�H[SDQVLRQ�LV�GXH�WR�WKH�VLPSOH�UHSURGXFWLYH

PXOWLSOLFDWLRQ�RI�WKH�YLUXV��DQG�LW�FDXVHV�WKH�SRSXODWLRQ�WR�IROORZ

WKH�IDPLOLDU�H[SRQHQWLDO�¦SRSXODWLRQ�H[SORVLRQ§ �FXUYH��7KH�VHFRQG

SDUW� LV� D� SRSXODWLRQ� VDWXUDWLRQ� WHUP�� 1� LV� WKH� WRWDO� QXPEHU� RI

LQIHFWDEOH�SURJUDPV�LQ�WKH�YLUXV©�XQLYHUVH��$V�WKH�YLUXV�JHWV�WR�WKH

SRLQW�ZKHUH�LW�KDV�LQIHFWHG�MXVW�DERXW�HYHU\�SURJUDP�LW�FDQ��UHSUR�

GXFWLRQ�HYHQWXDOO\�VORZV�DQG�FHDVHV¥HDFK�H[HFXWLRQ�RI�WKH�YLUXV

LV�OHVV�DQG�OHVV�OLNHO\�WR�ILQG�DQ�LQIHFWDEOH�KRVW��0DWKHPDWLFDOO\�

WKLV�LV�PRGHOHG�E\�WKH�DERYH�WZR�WHUPV�FDQFHOOLQJ�HDFK�RWKHU�RXW

DV�3�→1��α� LV�D�¦ IHUWLOLW\�IDFWRU§ �IRU�WKH�YLUXV��ZKLFK�PHDVXUHV
KRZ�PDQ\�WLPHV�LW�FDQ�UHSURGXFH�LQ�D�JLYHQ�LQFUHPHQW�RI�WLPH�

6R�IDU��ZH�KDYH�LJQRUHG�DQ\�DQWL�YLUXVHV�ZKLFK�PLJKW�GHVWUR\

9���,Q�VXFK�D�VLWXDWLRQ��WKH�YLUXV�GRHV�QRW�¦GLH§ ��(YHU\�LQGLYLGXDO

HYHU�FUHDWHG�FRQWLQXHV�LQ�H[LVWHQFH�LQGHILQLWHO\��7KH�DQWL�YLUXV�DGGV

DQRWKHU�WHUP�WR�RXU�HTXDWLRQ�VR�WKDW�LW�EHFRPHV�

G3��GW� �.���α��1�3���1�3����β3� ����

ZKHUH�β�LV�D�PHDVXUH�RI�WKH�HIIHFWLYHQHVV�RI�WKH�DQWL�YLUXV��*HQHU�
DOO\�β�GHSHQGV�RQ�WKH�IUDFWLRQ�RI�V\VWHPV�RQ�ZKLFK�WKH�DQWL�YLUXV
LV�GHSOR\HG��DQG�WKH�IUHTXHQF\�ZLWK�ZKLFK�WKH�DQWL�YLUXV�LV�UXQ�WR

FOHDQ�XS�SRWHQWLDOO\�LQIHFWHG�V\VWHPV��$OWKRXJK�WKLV�HTXDWLRQ�IRU

3��LV�YHU\�PXFK�VLPSOLILHG��LW�LV�FDSDEOH�RI�GLVSOD\LQJ�PRVW�RI�WKH

FKDUDFWHULVWLF�EHKDYLRXU�RI�D�SRSXODWLRQ�WKDW�ZH�ZRXOG�H[SHFW�ZLWK

D�PRUH�DFFXUDWH�HTXDWLRQ��$W�WKH�YHU\�OHDVW��D�PRUH�DFFXUDWH�PRGHO

ZRXOG�KDYH�WR�QRWH�WKDW�.��1��α�DQG�β�FRXOG�EH�IXQFWLRQV�RI�WLPH�
DQG�3��DQG�DOO�RI�WKH�RWKHU�YDULDEOHV�VKRXOG�EH�IXQFWLRQV�RI�ORFDWLRQ

DV�ZHOO�DV�WLPH��)RU�H[DPSOH��WKHUH�ZLOO�EH�DUHDV�ZKHUH�WKH�SRSX�

ODWLRQ�RI�WKH�YLUXV�LV�VDWXUDWHG��ZKLOH�RWKHU�DUHDV�KDYH�\HW�WR�VHH�WKH

ILUVW�H[DPSOH��LQ�VRPH�SODFHV��WKH�DQWL�YLUXV�ZLOO�EH�YHU\�SRSXODU�

DQG�LQ�RWKHUV�LW�ZLOO�QRW��5HVHDUFKHUV�KDYH�QRW�FRPH�XS�ZLWK�DQ\

DFFXUDWH�PRGHOV� WR�GHVFULEH�WKH�VSUHDG�RI�FRPSXWHU�YLUXVHV��:H

QHHG�QRW�GZHOO�RQ�VXFK�GHWDLOV�KHUH��DV�WKH\�DUH�QRW�WUXO\�IXQGDPHQ�

WDO�WR�WKH�HYROXWLRQDU\�SURFHVVHV�ZH�DUH�LQWHUHVWHG�LQ��2XU�JRDO�ULJKW

QRZ�LV�WR�LOOXVWUDWH�KRZ�HYROXWLRQ�FDQ�EH�PDWKHPDWLFDOO\�GHVFULEHG�

$�W\SLFDO�H[DPSOH�RI�WKH�EHKDYLRU�RI�3��DV�D�IXQFWLRQ�RI�WLPH

LV�SORWWHG�LQ�)LJXUH�������1RWLFH�WKDW�MXVW�XVLQJ�WKLV�HTXDWLRQ��ZH

7KH�)DFW�RI�(YROXWLRQ ���



FDQ�XQGHUVWDQG�D�ORW�DERXW�WKH�LQIHFWLYLW\�RI�9���)RU�H[DPSOH��WKH

SRSXODWLRQ�RI�9��ZLOO�VDWXUDWH�RXW�WR�D�YDOXH�RI�URXJKO\

3��∞�� �1������β�α�� �����

,I�XVHUV�DUH�VXIILFLHQWO\�DIUDLG�RI�9���β�ZLOO�EH�ODUJH�HQRXJK�WKDW�3�
FRXOG�EHFRPH�H[WLQFW��3�≤����,I�WKH\�DUH�QRW�VR�FDXWLRXV��3��ZLOO
VDWXUDWH�WR�NHHS�D�FHUWDLQ�UDWLR�RI�DOO�SRVVLEOH�ILOHV�LQIHFWHG�DOO�WKH

WLPH��GHVSLWH�WKH�DQWL�YLUXV�

7KH�(IIHFW�RI�0XWDWLRQV

7KH�QH[W�VWHS�LQ�RXU�DQDO\VLV�RI�9�©V�HYROXWLRQ�LV�WR�XQGHUVWDQG

KRZ�PXWDWLRQV�ZLOO�DIIHFW�LW��6LQFH�9���DQG�9��DUH�RQO\�D�RQH�ELW

PRGLILFDWLRQV�RI�9���ZH�ZLOO�RQO\�FRQFHUQ�RXUVHOYHV�ZLWK�RQH�ELW

PRGLILFDWLRQV�RI�9���RI�ZKLFK�WKHUH�DUH������SRVVLELOLWLHV��DV�ZH

KDYH� DOUHDG\� GLVFXVVHG�� HDFK� RI� ZKLFK� KDV� DQ� HTXDO� FKDQFH� RI

RFFXUUHQFH�

)LJXUH�������3��DV�D�IXQFWLRQ�RI�WLPH�

��� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ



,W�LV�HQWLUHO\�SRVVLEOH�WR�JR�WKURXJK�WKH�YLUXV�E\WH�E\�E\WH�DQG

GHWHUPLQH�WKH�HIIHFW�RI�HYHU\�FRQFHLYDEOH�PXWDWLRQ��/HW�PH�JLYH

\RX�DQ�H[DPSOH��7KH�VWDUWXS�FRGH�IRU�WKH�YLUXV�WDNHV�WKH�IRUP�

VIRUS_START:

        call    GET_START 

GET_START:

        sub     [VIR_START],OFFSET GET_START - OFFSET VIRUS

7KH�FDOO�LV�HQFRGHG�DV�(���������:KDW�ZRXOG�KDSSHQ�LI�RQH�RI�WKHVH

WKUHH�E\WHV�ZHUH�PRGLILHG�LQ�DQ\�ZD\"

$� OLWWOH� LQYHVWLJDWLRQ� UHYHDOV� WKDW� WKLV� LV�D�FULWLFDO� VHFWLRQ�RI

FRGH��%DVLFDOO\��WKUHH�WKLQJV�KDYH�WR�KDSSHQ�KHUH�IRU�WKH�YLUXV�WR

ZRUN�SURSHUO\�

���7KH�FDOO�KDV�WR�SXW�WKH�DEVROXWH�RIIVHW�RI�GET_START�RQ�WKH�VWDFN�

ZKLFK�HQGV�XS�ODQGLQJ�LQ�VIR_START�

���7KH�VWDFN�SRLQWHU�PXVW�HQG�XS�MXVW�EHORZ�VIR_START��DQG

���7KH�sub�DW�GET_START�PXVW�DGMXVW�VIR_START�WR�SURSHUO\�ORFDWH

WKH�VWDUW�RI�WKH�YLUXV�LQ�PHPRU\�

,I�DQ\�RI�WKHVH�WKUHH�WKLQJV�IDLOV�WR�RFFXU��WKH�YLUXV�ZLOO�EH�LQFDSDEOH

RI�UHSURGXFLQJ��7KH�ILUVW�SODFH�ZKHUH�DOO�RI�WKHVH�IDFWRUV�PXVW�FRPH

WRJHWKHU�LV�ZKHQ�WKH�VXEURXWLQH�FIND_FILE�LV�ILUVW�FDOOHG��,I�LW�GRHV

QRW�SURSHUO\�JLYH�WKH�'26�VHDUFK�IXQFWLRQ�D�SRLQWHU�WR�WKH�VWULQJ

¦ *.COM§ �LQ�WKH�YLUXV��'26�ZLOO�QRW�EH�DEOH�WR�ILQG�DQ\�ILOHV�WR�LQIHFW�

7KXV��WKH�PXWDWLRQ�ZLOO�EH�VWHULOH��DQG�WKDW�ZLOO�EH�WKH�HQG�RI�LW�

1RZ��ZLWK�WKLV�LQ�PLQG��OHW�XV�ORRN�DW�ZKDW�PRGLI\LQJ�WKH�(�

������ZLOO�GR��,I�ZH�FKDQJH�WKH�(��WR�DQ\WKLQJ�EHVLGHV�(���LW�LV�QR

ORQJHU� D� QHDU� FDOO��$V� VXFK�� WKH� VWDFN�ZLOO� QRW� EH� ULJKW�� DQG� WKH

DGGUHVV� LQ�VIR_START�ZLOO� EH�ZURQJ��7KXV��PRGLILFDWLRQ�RI�(�

OHDGV�RQO\�WR�VWHULOLW\��0RGLI\LQJ�WKH�WZR�]HURV�ZKLFK�IROORZ�(�

ZLOO�FDXVH�WKH�FDOO�WR�WUDQVIHU�FRQWURO�WR�D�GLIIHUHQW�ORFDWLRQ��,I�WKDW

ORFDWLRQ�LV�EH\RQG�WKH�HQG�RI�WKH�PDLQ�FRQWURO�URXWLQH�IRU�WKH�YLUXV�

WKHQ�WKH�EHVW�ZH�FDQ�KRSH�IRU�LV�WKDW�WKH�FDOOHG�FRGH�ZLOO�H[HFXWH�D

UHWXUQ�DQG�DOORZ�FRQWURO�WR�FRPH�EDFN�WR�GET_START��GET_START

ZLOO�SURSHUO\�PRGLI\�WKH�DGGUHVV�DW�VIR_START,�EXW�VIR_START�LV

QR�ORQJHU�RQ�WKH�VWDFN��6R�ZKHQ�FIND_FILE�LV�FDOOHG��VIR_START

JHWV�ZLSHG�RXW��DQG�FIND_FILE�FDQQRW�ILQG�D�ILOH�WR�LQIHFW��0RUH

7KH�)DFW�RI�(YROXWLRQ ���



OLNHO\��WKH�FDOOHG�FRGH�ZLOO�QRW�UHWXUQ�WR�GET_START��EXW�ZLOO�MXVW

FUDVK�WKH�PDFKLQH�LQVWHDG��,I�FRQWURO�LV�WUDQVIHUUHG�DQ\ZKHUH�LQ�WKH

PDLQ� FRQWURO� URXWLQH� RI� WKH� YLUXV� H[FHSW� WR� GET_START�� WKHQ

VIR_START�ZLOO�QRW�EH�SURSHUO\�DGMXVWHG��DQG�WKH�YLUXV�ZLOO�QRW�EH

DEOH�WR�ILQG�D�QHZ�KRVW��,Q�WKLV�ZD\��ZH�KDYH�MXVW�SURYHG�WKDW���

GLIIHUHQW�SRVVLEOH�PXWDWLRQV�ZLOO�DOO�EH�VWHULOH�

,Q�WKH�VDPH�ZD\��ZH�FRXOG�JR�WKURXJK�HYHU\�E\WH�RI�WKH�YLUXV�

DQG�GHWHUPLQH�ZKDW�WKH�HIIHFW�RI�D�PXWDWLRQ�LQ�WKDW�VLWH�ZRXOG�EH�

2EYLRXVO\�WKLV�LV�D�WHGLRXV�SURFHVV��EXW�LW�LV�PXFK�HDVLHU�WKDQ�ZLWK

D�OLYLQJ�RUJDQLVP��(PHUJHQW�EHKDYLRXU�GRHV�QRW�IUXVWUDWH�VXFK�DQ

DQDO\VLV�KHUH��:H�ZLOO�QRW�SXUVXH� WKLV�DQDO\VLV� LQ�DOO�RI� LWV�JRU\

GHWDLOV��7KDW�PLJKW�EH�ILWWLQJ�IRU�D�GLVVHUWDWLRQ�RU�VRPHWKLQJ��EXW�,

GR�QRW�ZDQW�WR�ERUH�\RX�ZLWK�D�KXQGUHG�PRUH�SDUDJUDSKV�OLNH�WKH

DERYH�

,Q� WKH� HQG��PRVW�PXWDWLRQV�RI� WKH�YLUXV�ZLOO� OHDYH� LW� VWHULOH�

6RPH�� KRZHYHU�� DUH� RI� QR� SDUWLFXODU� EHQHILW� RU� KDUP�� 9�� LV� DQ

H[DPSOH�RI�VXFK�D�PXWDWLRQ��DORQJ�ZLWK���RWKHUV�MXVW�OLNH�LW��WKDW

PRGLI\�GLIIHUHQW�ELWV��QRW�WKH���ELW��LQ�WKH�mov al,1�LQVWUXFWLRQ��7KHUH

DUH�RWKHU�VLWHV�ZKLFK�DOORZ�D�PRUH�OLPLWHG�FKDQJH�WKDW�UHVXOWV�LQ�D

QHXWUDO�PXWDWLRQ��)RU�H[DPSOH��PRGLI\LQJ

)2.B1=B(1'�

�������PRY�����DO��

�������RU������DO�DO�� ���&�

�������UHW

WR

)2.B1=B(1'�

�������PRY�����DO��

�������RU������D[�D[�� ���&�

�������UHW

ZLOO�ZRUN�MXVW�DV�ZHOO��7KLV�LV�RXU�9��YLUXV��)LQDOO\��VRPH�PXWDWLRQV

FRXOG�DFWXDOO\�EH�EHQHILFLDO�WR�WKH�YLUXV�LQ�WKH�VHQVH�WKDW�WKH\�ZLOO

HLWKHU� LQFUHDVH�α� RU� GHFUHDVH�β� LQ� WKH� SRSXODWLRQ� HTXDWLRQ�� )RU
H[DPSOH��FRQVLGHU�WKH�VWDUWXS�FRGH�

��� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ



*(7B67$57�

������������

������������

�������FDOO����),1'B),/(

�������MQ]�����(;,7B9,586

�������FDOO����,1)(&7

������������

������������

,I�WKH�jnz��+H[�����DIWHU�WKH�FDOO�WR�FIND_FILE�PXWDWHV�WR�VRPHWKLQJ

WKDW�ZLOO�QRW�MXPS��RU�ZLOO�QRW�MXPS�DV�RIWHQ��\HW�ZLOO�DOORZ�WKH�FDOO

WR�INFECT�WR�SURFHHG��WKH�PXWDWLRQ�FDQ�EH�EHQHILFLDO�IURP�D�QHR�

'DUZLQLDQ�VWDQGSRLQW�

$V�ORQJ�DV�FIND_FILE�VXFFHHGV�LQ�ILQGLQJ�DQ�DFFHSWDEOH�KRVW�

VXFK�D�SURSRVHG�PXWDQW�ZLOO�EHKDYH�MXVW�OLNH�9���+RZHYHU��LQ�WKH

DEVHQFH�RI�DQ�XQLQIHFWHG�KRVW��WKH�PXWDQW�ZLOO�UHLQIHFW�WKH�ODVW�&20

ILOH�LQ�WKH�GLUHFWRU\��7KDW�LVQ©W�WRR�SUHWW\¥DQG�LW�FDQ�EH�DQQR\LQJ�

EXW�ZKHQ�WKDW�ILOH�JHWV�PRYHG�LQWR�D�FOHDQ�V\VWHP��LW�ZLOO�WKHQ�LQIHFW

PXOWLSOH�ILOHV�HYHU\�WLPH�LW�LV�UXQ��7KH�UHVXOW�LV�WKDW�WKH�PXWDQW�FDQ

UHSOLFDWH� D� OLWWOH� IDVWHU� WKDQ� WKH� RULJLQDO� LQ� VRPH� VLWXDWLRQV��7KH

GRZQ�VLGH��RI�FRXUVH��LV�WKDW�WKH�PXOWLSO\�LQIHFWHG�ILOH�PD\�JURZ�VR

ODUJH�WKDW�LW�ZLOO�IDLO�WR�ORDG��7KHQ�WKH�XVHU�ZLOO�UHDOL]H�VRPHWKLQJ

LV�ZURQJ�� UXQ�KLV�DQWL�YLUXV��DQG�ZLSH�RXW�HYHU\� LQIHFWLRQ� LQ� WKH

FRPSXWHU�� )URP� DQ� HYROXWLRQDU\� SRLQW� RI� YLHZ�� WKLV� PD\� EH� D

EHQHILFLDO�PXWDWLRQ��DIWHU�WKH�SURV�DQG�FRQV�RI�LW�DUH�DGGHG�XS�

%XW�DUH�DQ\�VXFK�PXWDWLRQV�SRVVLEOH�ZLWK�RQO\�D�RQH�ELW�FKDQJH"

&HUWDLQO\�WKH\�DUH��)RU�H[DPSOH��WKH�PXWDWLRQ���→)��ZLOO�WXUQ�WKH

jnz EXIT_VIRUS� LQWR� D� cmc�dec si�� ZKLFK� FDXVHV� QR� KDUP�� DQG

VXFFHVVIXOO\� DYHUWV� WKH� MXPS��/LNHZLVH��PXWDWLRQV� WR� ��� DQG���

VKRXOG�IDUH�EHWWHU��ZKLOH�PXWDWLRQV�WR������'�����DQG����ZLOO�EH

KDUPIXO��DQG����ZLOO�EH�HLWKHU�QHXWUDO�RU�KDUPIXO��GHSHQGLQJ�RQ

ZKHWKHU�\RX©UH�UXQQLQJ�RQ�D�����RU�QRW��

7KH�)DFW�RI�(YROXWLRQ ���

� ��� M]���� MD���� MQR���' MJH���� SXVK�ES���� [RU�D[�::��)� FPF���� ���
JV�VHJPHQW�RYHUULGH�



$QRWKHU�EHQHILFLDO�PXWDWLRQ�FRXOG�RFFXU�LQ�WKH�HYHQW�WKDW�WKH

DQWL�YLUXV�DWWDFNV�9��XVLQJ�VFDQQLQJ��DPRQJ�RWKHU�WHFKQLTXHV��7KHQ

D�PRGLILFDWLRQ�WKDW�GLVUXSWHG�WKH�VFDQ�VWULQJ�ZRXOG�GHFUHDVH�β�VLQFH
VFDQQLQJ�ZRXOG�QR�ORQJHU�EH�YLDEOH��7KLV�ZRXOG�DOORZ�WKH�LQGLYLG�

XDO�9��WR�OLYH�ORQJHU�RQ�WKH�DYHUDJH��DQG�PDNH�PRUH�FRSLHV�RI�LWVHOI�

0RGLI\LQJ�WKH�3RSXODWLRQ�(TXDWLRQV

2N��VR�IDU�ZH©YH�ZULWWHQ�GRZQ�VRPH�SRSXODWLRQ�HTXDWLRQV�IRU

9���DQG�ZH©YH�H[DPLQHG�PXWDWLRQ�PHFKDQLVPV��DQG�ORRNHG�DW�ZKDW

VLPSOH�PXWDWLRQV�PLJKW� GR�� 7KH� QH[W� VWHS� LV� WR� LQFRUSRUDWH� RXU

XQGHUVWDQGLQJ� RI� PXWDWLRQV� LQWR� D� PDWKHPDWLFDO� IUDPHZRUN� WR

GHVFULEH�WKH�SRSXODWLRQ�RI�9��DQG�LWV�PXWDWLRQV�

7R� GR� WKDW�� OHW� XV� LQYHQW� D� QXPEHU� ε�� �≤ε≤��� WR� GHQRWH� WKH
PXWDWLRQ�UDWH��:KDW�WKLV�QXPEHU�PHDQV�LV�WKDW�LQ�RQH�JHQHUDWLRQ�RI

WKH�YLUXV��D�VLQJOH�E\WH�LQ�WKDW�YLUXV�KDV�DQ�ε�FKDQFH�RI�EHLQJ�PXWDWHG
LQWR�DQRWKHU�VSHFLILF�YDOXH�

1RZ��LQ�RQH�JHQHUDWLRQ�RI�D�YLUXV��DQ\�E\WH�KDV�DQ���[�ε�FKDQFH
RI�PXWDWLQJ�LQWR�VRPH�RWKHU�YDOXH�E\�ZD\�RI�D�VLQJOH�ELW�PXWDWLRQ�

,I�WKH�YLUXV�LV�6�E\WHV�ORQJ��WKHQ�WKHUH�LV�DQ�6�[��ε��IRU�VPDOO�ε�
FKDQFH�WKDW�LW�ZLOO�VXIIHU�VRPH�PXWDWLRQ�GXULQJ�D�VLQJOH�UHSOLFDWLRQ�

7KDW�FKDQJHV�HTXDWLRQ������WR

G3��GW� �.���α��1�Σ3M��1�����6ε�3����β3� �����D

,Q�HVVHQFH��WKLV�MXVW�VD\V�WKDW�D�OLWWOH�RI�3��LV�GUDLQHG�RII�EHFDXVH�RI

PXWDWLRQV��7KH�PXWDWLRQ�WHUP�����6ε��LV�SDUW�RI�WKH�UHSURGXFWLRQ
WHUP�EHFDXVH�PXWDWLRQV�RFFXU�ZKHQ�WKH�YLUXV�UHSURGXFHV��H�J��ZKHQ

LW�LV�LQ�PHPRU\���7KH�1�3��LQ�HTXDWLRQ������KDV�DOVR�EHHQ�UHSODFHG

E\�1�Σ3M�VLQFH�LI�D�ILOH�LV�LQIHFWHG�E\�9M��9��ZLOO�VWD\�DZD\�IURP

LW��XQOHVV�RQH�RI�WKH�,'�E\WHV�ZKLFK�9��XVHV�WR�UHFRJQL]H�LWVHOI�LV

PRGLILHG��$V�ORQJ�DV�WKH�3M©V�DUH�VPDOO��WKH�RQO\�VLJQLILFDQW�WHUP�LQ

WKH�VXPPDWLRQ�LV�3��DQ\KRZ�

2QH�ZRXOG�H[SHFW�WKDW�WKHUH�RXJKW�WR�EH�D�SRSXODWLRQ�HTXDWLRQ

IRU�HDFK�RI�WKH��6�SRVVLEOH�PXWDWLRQV��DQG�D�QXPEHU�3M�WR�WHOO�XV

ZKDW� WKH�SRSXODWLRQ�RI�9M� LV�DW�DQ\�JLYHQ�LQVWDQW�RI� WLPH��7KHVH

HTXDWLRQV�ZLOO�EH�RI�WKH�IRUP

��� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ



G3M�GW αM��1�Σ3M��1�3M���βM3M�� εα��1�Σ3M��1�3� �����E

ZKHUH��JHQHUDOO\��αM�DQG�βM�DUH�GLIIHUHQW�IURP�α�DQG�β�
:H� GR� QRW� WDNH� LQWR� DFFRXQW� WKH� FRQWULEXWLRQ� IURP� UHYHUVH

PXWDWLRQV�� RU� WKH� FRQWULEXWLRQ� IURP� VHFRQGDU\�PXWDWLRQV�� ,I�9�

PXWDWHV�LQWR�9M��DQG�WKH�SRSXODWLRQ�RI�9M�LQFUHDVHV�VLJQLILFDQWO\�

ZH�VKRXOG�QRW�EH� WRR�VXUSULVHG�LI�9M�PXWDWHV�EDFN�LQWR�9���$W�D

PLFURVFRSLF�OHYHO��DOO�PXWDWLRQV�VKRXOG�EH�UHYHUVLEOH��0RUH�OLNHO\�

WKRXJK�� 9M� ZLOO� PXWDWH� LQWR� VRPHWKLQJ� HQWLUHO\� QHZ�� %XLOGLQJ

PXWDWLRQV�LQWR�ODUJH�FKDQJH�ZLOO�EH�WKH�VXEMHFW�RI�WKH�QH[W�FKDSWHU�

%HIRUH�XVLQJ�RXU�SRSXODWLRQ�HTXDWLRQV��D�ZRUG�RI�FDXWLRQ�LV�LQ

RUGHU�� 6LQFH� ε� LV� D� VPDOO� QXPEHU�� WKH� SRSXODWLRQ� LV� JRLQJ� WR� EH
VXEMHFW�WR�D�KLJK�GHJUHH�RI�VWDWLVWLFDO�XQFHUWDLQW\��,Q�DQ\�JLYHQ�WLPH

LQFUHPHQW��WKHUH�ZLOO�EH�VRPH�SUREDELOLW\�WKDW�D�PXWDWLRQ�9�→9M

ZLOO� RFFXU�� ,I� D� VXFFHVVIXO� PXWDWLRQ� RFFXUV�� WKH� QHZ� YLUXV� ZLOO

UHSURGXFH� DQG� GULYH� WKH� SRSXODWLRQ� VN\� KLJK�� +RZHYHU�� LI� WKH

PXWDWLRQ�GRHV�QRW�RFFXU��WKH�SRSXODWLRQ�ZLOO�EH�]HUR��(TXDWLRQV�OLNH

�����E�JLYH�DQ�DFFXUDWH�SLFWXUH�RI�WKH�DYHUDJH�SRSXODWLRQ��EXW�WKH\

WHOO�XV�QRWKLQJ�DERXW�WKH�XQFHUWDLQWLHV�LQYROYHG��$V�VXFK��ZH�KDYH

WR�LQWURGXFH�D�VWRFKDVWLF�PRGHO�ZKLFK�DVVLJQV�D�SUREDELOLW\�WR�HDFK

SRVVLEOH� SRSXODWLRQ� RI� 9M� DW� DQ\� JLYHQ� WLPH�� 7KLV� DSSURDFK� LV

GLVFXVVHG� LQ�$SSHQGL[� (�� DQG� XVHG� WR� SURYH� WKDW� RXU� HTXDWLRQV

�����E� DUH� LQGHHG� YDOLG� IRU� DYHUDJH� SRSXODWLRQV�� +HUH� ZH� ZLOO

VDWLVI\�RXUVHOYHV�RQO\�ZLWK�ORRNLQJ�DW�VRPH�RI�WKH�UHVXOWV�REWDLQHG

IURP�WKLV�VWRFKDVWLF�PRGHO�

:H�DUH�LQWHUHVWHG�LQ�WZR�W\SHV�RI�PXWDWLRQV��VWHULOH��ZLWK�αM ��

DQG�OLYH��ZLWK�αM!���)RU�VWHULOH�PXWDWLRQV�LW�FDQ�EH�VKRZQ�WKDW�XQGHU

VWHDG\�VWDWH�FRQGLWLRQV�ZKHUH�WKH�SRSXODWLRQ�RI�9��DQG�WKH�VWHULOH

PXWDWLRQV� KDV� VWDELOL]HG�� WKH� SRSXODWLRQ� RI� 9M� LV� D� YHU\� VPDOO

FRQVWDQW�YDOXH�

3M� �εα3��1�3���1β  ± εα3��1�3���1β �����

*HQHUDOO\�WKLV�LV�D�YHU\�VPDOO�QXPEHU�VLQFH�ε�LV�VPDOO��EXW�LW�KDV�D
ODUJH�YDULDWLRQ�WRR��$�SRSXODWLRQ�RI���LV�WKXV�YHU\�OLNHO\�

7KH�)DFW�RI�(YROXWLRQ ���



7KH�FDVH�ZKHUH�9M�FDQ�UHSURGXFH��αM!���LV�PRUH�LQWHUHVWLQJ��$W

ILUVW��ZH�PLJKW�ZDQW�WR�DVN��WR�ZKDW�H[WHQW������E�LV�YDOLG��-XVW�KRZ

ODUJH�DUH�WKH�XQFHUWDLQWLHV"�7R�LOOXVWUDWH�WKLV��VRPH�W\SLFDO�SORWV�RI

WKH�SUREDELOLW\�IRU�ILQGLQJ�D�FHUWDLQ�QXPEHU�RI�9M©V�DW�JLYHQ�WLPHV

DUH�SORWWHG�LQ�)LJXUH�������1RWLFH�KRZ��IRU�H[DPSOH��DW�W �����GD\V

WKH�KLJKHVW�SUREDELOLW\�LV�IRU�D�SRSXODWLRQ�RI����EXW�WKHUH�LV�D�YHU\

ORQJ�WDLO�RQ�WKH�GLVWULEXWLRQ��VR�HYHQ�D�SRSXODWLRQ�RI����LQGLYLGXDOV

LV�QRW�KRUHQGRXVO\�XQOLNHO\��DERXW������WK�WKH�SUREDELOLW\�IRU����

:KHQ�WKH�SRSXODWLRQ�LV�VPDOO��HTXDWLRQ������E�FDQ©W�WHOO�XV�D�ZKROH

ORW�DERXW�WKH�SUREDELOLW\�RI�ILQGLQJ���YHUVXV����FRSLHV�RI�9M�LQ�WKH

SRSXODWLRQ��,W�MXVW�JLYHV�XV�DQ�DYHUDJH��+RZHYHU��RQFH�WKH�SRSXOD�

WLRQ�VWDUWV�WR�JURZ��HTXDWLRQ������E�EHFRPHV�PRUH�DQG�PRUH�XVHIXO�

3XWWLQJ�LW�$OO�7RJHWKHU

1RZ�ZH�KDYH�DOO�WKH�WRROV�ZH�QHHG�WR�GLVFXVV�WKH�TXHVWLRQ�SRVHG

DW�WKH�EHJLQQLQJ�RI�WKH�FKDSWHU��,V�LW�UHDVRQDEOH�WR�VXJJHVW�WKDW�9�

RU�9��FRXOG�KDYH�HYROYHG�IURP�9�"

)LJXUH�������3RSXODWLRQ�RI�YLUXV�PXWDWLRQV�

7 ����

7 ����
7 ����

��� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ



)LUVW��ZH�PXVW�GHILQH�RXU� WKRXJKW�H[SHULPHQW�D� OLWWOH�EHWWHU�

/HW©V�PDNH�VRPH�ILQDO�VLPSOLI\LQJ�DVVXPSWLRQV�

���:H©YH�VWXGLHG�WKH�YDULRXV�PXWDWLRQV�RI�9��DQG�IRXQG�HOHYHQ�WKDW

ZLOO�EH�QHXWUDO�RU�EHQHILFLDO��/HW©V�VXSSRVH�WKHUH�ZLOO�EH�D�WRWDO

RI����SRVVLEOH�PXWDWLRQV�WKDW�ZLOO�EH�QHXWUDO�RU�EHQHILFLDO��DQG

WKH�UHVW��������ZLOO�UHVXOW�LQ�VWHULOLW\�

���/HW�XV�DVVXPH�WKDW�DOO�RI�WKH�PXWDWLRQV�ZLOO�KDYH�αM� �α��VR�QRQH
LV�PRUH� VXFFHVVIXO� WKDQ�DQRWKHU� DW� LQFUHDVLQJ� LWV� UHSURGXFWLRQ

UDWH��+RZHYHU��OHW�XV�DVVXPH�WKDW�9��MXVW�KDSSHQV�WR�GLVUXSW�WKH

VFDQ�VWULQJ�IRU�WKH�DQWL�YLUXV��$QG�VLQFH�WKH�YLUXV�LV�GHWHFWHG�E\

VFDQQLQJ���RXW�RI����WLPHV��ZH�ZLOO�KDYH�β�� �β����
���/HW�XV�DVVXPH�WKDW�9��KDV�EHHQ�DURXQG�IRU�DERXW����\HDUV��DQG

ZH�KDYH�GHWHUPLQHG�LWV�SDUDPHWHUV�IRU�HTXDWLRQ������D�WR�EH

.� �����GD\

α� ������ �����

β� ������

��� :H� XVH� WKH� PXWDWLRQ� UDWH� ε�  � ���� [� ������� DV� GHULYHG� IURP
PHPRU\�FKLS�R[LGDWLRQ�DERYH�

���$V�VWDWHG�HDUOLHU��WKHUH�DUH�DERXW�1� ������LQIHFWDEOH�SURJUDPV�LQ

WKH�YLUXV©�XQLYHUVH�

*LYHQ� WKHVH� DVVXPSWLRQV��ZH�KDYH� HQRXJK� LQIRUPDWLRQ� WR� VROYH

HTXDWLRQV�������DQG�WHVW�RXU�HYROXWLRQDU\�K\SRWKHVLV��7KH�VROXWLRQ

RI� VXFK� HTXDWLRQV� LV� DFFRPSOLVKHG�YHU\� QDWXUDOO\�ZLWK� D� VLPSOH

FRPSXWHU�SURJUDP��7KH�SURJUDP�(92B9��RQ�WKH�3URJUDP�'LVN�LV

GHVLJQHG�MXVW�IRU�WKLV�WDVN��3OXJJLQJ�LQ�WKH�SURSHU�SDUDPHWHUV�DQG

UXQQLQJ�LW��D�QXPHULFDO�FRSURFHVVRU�LV�KHOSIXO��JLYHV�WKH�SRSXOD�

WLRQV�RI�9���9��DQG�9��ZKLFK�DUH�GHSLFWHG�LQ�)LJXUH�������$W�WZHQW\

\HDUV��ZH�ILQG

3�� ���[���
�

3�� �����[���
�� �����

3�� ������[���
�

7KH�)DFW�RI�(YROXWLRQ ���



)LJXUH�������3��DQG�3��YHUVXV�WLPH�

��� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ



1RWLFH� WKDW� WKH�SRSXODWLRQ�RI�9��VHHPV�WR�VDWXUDWH�DIWHU�DERXW��

\HDUV��$W�WZHQW\�\HDUV��LW� LV�VDWXUDWHG��DQG�GRHVQ©W�FKDQJH�PXFK

IURP�GD\�WR�GD\�

7KH�(YROXWLRQ�RI�9�

$V�\RX�FDQ�VHH�LQ�)LJ��������WKH�DYHUDJH�SRSXODWLRQ�RI�3��QHYHU

HYHQ�JHWV�FORVH� WR�RQH��6R�� HYHQ� WKRXJK�9�� UHSUHVHQWV�D�QHXWUDO

PXWDWLRQ��LW�GRHVQ©W�EHFRPH�DQ�HTXDO�SDUWQHU�ZLWK�9���7KH�UHDVRQ

IRU�WKLV�LV�IDLUO\�VLPSOH��7KH�WHUP

αM��1�Σ3M��Q�3M �����

LQ�HTXDWLRQ������E�GHWHUPLQHV�WKH�PXOWLSOLFDWLRQ�UDWH�IRU�9���,W�FDQ©W

JHW�ELJ�XQWLO�3��JHWV�ELJ��$�VPDOO�PXWDWLRQ�UDWH�JXDUDQWHHV�XV�WKDW

3��ZLOO�QRW�JHW�ELJ�XQWLO�3��JHWV�ELJ��+RZHYHU��DV�3��JHWV�ELJ��WKH

WHUP�������JHWV�VPDOO��7KH�SRSXODWLRQ�RI�9��VWDELOL]HV�DW�VRPHWKLQJ

OHVV�WKDQ�1 �����VLPSO\�EHFDXVH�WKH�FRUUHVSRQGLQJ�WHUP

α��1�Σ3M��1�����6ε�3� �����

LQ� HT�� �����D� JRHV� WR� ]HUR� EHIRUH� 3�� JHWV� WKDW� ELJ�� 7KLV� LV� WKH

VDWXUDWLRQ�SRLQW�IRU�9���JLYHQ�DSSUR[LPDWHO\�E\�HT��������

(VVHQWLDOO\��ZKDW�LV�KDSSHQLQJ�KHUH�LV�WKDW�\RX�KDYH�WZR�HIIHFWV�

UHSURGXFWLRQ��ZKLFK�EXLOGV�WKH�SRSXODWLRQ��DQG�GHVWUXFWLRQ��ZKLFK

GHFUHDVHV�WKH�SRSXODWLRQ��,I�D�9��PXWDWLRQ�KDSSHQV�WR�RFFXU��LW�KDV

WR�KDYH�D�JRRG�FKDQFH�RI�ILQGLQJ�ILOHV�WR�LQIHFW��7KHQ�WKH�SRSXODWLRQ

ZLOO�JURZ��,I�LW�FDQQRW�ILQG�WKHP�IDVWHU�WKDQ�LW�LV�JHWWLQJ�GHVWUR\HG�

WKHQ�WKH�FKDQFHV�DUH�LW�ZLOO�EH�GHVWUR\HG�E\�WKH�DQWL�YLUXV�EHIRUH�LW

HYHU�WDNHV�KROG�

7KXV��LQ�WKLV�FDVH��ZH�VHH�WKDW�WKH�QHXWUDO�PXWDWLRQ�9��ZLOO�WHQG

WR�JHW�GHVWUR\HG�E\�WKH�DQWL�YLUXV�EHFDXVH�LW�LV�D�ODWH�FRPHU�LQ�WKH

JDPH�RI�OLIH��7KDW�D�VDPSOH�RI��������FRSLHV�RI�WKH�IDPLO\�9M�ZRXOG

VKRZ�XS����FRSLHV�RI�9��VXJJHVWV�WKDW�VRPHWKLQJ�HOVH�LV�JRLQJ�RQ

KHUH��7KHUH�DUH�D�QXPEHU�RI�RSWLRQV�

7KH�)DFW�RI�(YROXWLRQ ���



���)RU�VRPH�UHDVRQ��HLWKHU�α��LV�ODUJHU�RU�β��LV�VPDOOHU�WKDQ�α�DQG
β�� UHVSHFWLYHO\��7KLV�FRQGLWLRQ�ZRXOG�DOORZ�9�� WR� LQFUHDVH� LQ

SRSXODWLRQ�

���7KH�PXWDWLRQ�UDWH�ε�LV�KLJKHU�WKDQ�ZH�WKRXJKW��VR�WKDW�9��FDQ�JDLQ

D�IRRWKROG�EHIRUH�WKH�SRSXODWLRQ�RI�9��VDWXUDWHV�

���9��JRW�D�¦ERRVW§ �H�J���LW�ZDV�QRW�WKH�UHVXOW�RI�UDQGRP�PXWDWLRQV�

EXW�RI�DQ�LQWHOOLJHQW�PRGLILFDWLRQ�

,I�ZH�FDQ�UXOH�RXW�RSWLRQV�����DQG������WKHQ�ZH�FDQ�UXOH�HYROXWLRQ

RXW�DV�D�YLDEOH�PHDQV�IRU�EULQJLQJ�9��LQWR�WKH�ZRUOG��,�VWUHVV�WKH

ZRUG�YLDEOH��2QH�FRXOG�DOZD\V�UHVRUW�WR�WKH�FKDQFH�WKDW�WKLV�GLG

KDSSHQ��QR�PDWWHU�WKDW�LW�LV�XQOLNHO\��$V�,�VDLG�HDUOLHU��3M�LV�RQO\�DQ

DYHUDJH��DQG�ZH�UHDOO\�KDYH�WR�ORRN�DW�WKH�SUREDELOLW\�WKDW�WKHUH�ZLOO

EH�D�WRWDO�RI�N�LQGLYLGXDOV�RI�9M�IRU�HYHU\�SRVVLEOH�N��)URP�$SSHQGL[

(��WKHVH�SUREDELOLWLHV�DUH�JLYHQ�E\

πN�� �β�N������^>αε3��1�3���1�α�N�1�3���1@πN

�>�αε3��1�3���1�α��N����1�3���1@πN��` ������

IRU�D�VWDEOH��UHSURGXFLQJ�SRSXODWLRQ���7KLV�LV�D�PRVW�IDYRUDEOH�FDVH

VFHQDULR�� VLQFH� WKH� SRSXODWLRQ� LVQ©W� VWDEOH�� EXW� JURZLQJ�� DQG� LW

ZRXOG�WDNH�D�ORQJ�WLPH�WR�UHDFK�VWDELOLW\���)RU�D�VWDEOH�SRSXODWLRQ�

WKH�DYHUDJH�SRSXODWLRQ�RI�9��LV�DURXQG���������1RZ�����H[DPSOHV

RI�9��LQ�RXU�VDPSOH�RI��������VXJJHVW�D�WRWDO�SRSXODWLRQ�RI�9��RI

3�� �����[���
��±���[���� �����

7KH� XQFHUWDLQW\� KHUH� LV� GXH� WR� WKH� VWDWLVWLFDO� XQFHUWDLQW\� LQ� RXU

VDPSOH��(TXDWLRQ��������KRZHYHU��SUHGLFWV�D�YHU\�ODUJH�XQFHUWDLQW\

LQ�WKH�SRSXODWLRQ�RI�9��EHFDXVH�WKH�πN�GLVWULEXWLRQ�KDV�D�YHU\�ORQJ
WDLO��7KH�SUREDELOLW\�WKDW�3��ZRXOG�IDOO�LQ�WKLV�UDQJH�LV�JLYHQ�E\

�

ΣπN� �����[����� ������

��� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ

� 7KH�SURJUDP�3,B.�RQ�WKH�3URJUDP�'LVN�GRHV�WKLV�FDOFXODWLRQ�



7KLV� LV� D� IDLUO\� VPDOO� QXPEHU¥VPDOO� HQRXJK� WKDW�� WKRXJK� QRW

LPSRVVLEOH��LW�LV�SHUKDSV�XQUHDVRQDEOH�WR�VXJJHVW�WKDW�LW�KDSSHQHG�

ZKHQ�RSWLRQ���FDQ�H[SODLQ�WKH�REVHUYHG�SRSXODWLRQ�VR�UHDGLO\�

,W� LV� HQWLUHO\� VHQVLEOH� WR� VXJJHVW� WKDW� RQH� \HDU� DIWHU�9��ZDV

UHOHDVHG��VRPHERG\�LQWHOOLJHQWO\�PRGLILHG�9��DQG�SODQWHG����FRSLHV

RI�LW�DURXQG�KLV�QHLJKERUKRRG��7KDW�DORQH�ZRXOG�DFFRXQW�IRU�D�WRWDO

SRSXODWLRQ�RI�DERXW�����[�����FRSLHV�RI�9���DQG�LW�ZRXOG�H[SODLQ�WKH

9��FRQVWLWXHQW�RI�RXU�YLUXV�VDPSOH�
�

7KH�(YROXWLRQ�RI�9�

7KH�YLUXV�9��KDV�DQ�DGYDQWDJH�RYHU�9��EHFDXVH�β�� LV�PXFK
VPDOOHU�WKDQ�β��7KXV��HYHQ�ZKHQ�WKH�SRSXODWLRQ�RI�9��KDV�VDWXUDWHG�

9��GRHV�QRW�UXQ�LQWR�D�EULFN�ZDOO�ZKHQ�WU\LQJ�WR�UHSURGXFH�IDVWHU

WKDQ�WKH�DQWL�YLUXV�FDQ�FDWFK�LW��7KXV��WKH�SRSXODWLRQ�RI�9��LV�����

PLOOLRQ�DIWHU����\HDUV��:H�ZRXOG�WKXV�H[SHFW�RXU�VDPSOH�RI�������

9�

9�

)LJXUH�������3RSXODWLRQ�RI�9��DQG�9��

7KH�)DFW�RI�(YROXWLRQ ���

� 7R�VHH�WKLV��VHW�WKH�%2267�YDULDEOH�WR�758(�LQ�WKH�SURJUDP�(92B9��



YLUXVHV�WR�FRQWDLQ�DERXW��������[�3���3��3��3��� �����FRSLHV�RI�9��

:H� IRXQG� ��� 7KH� VDPSOLQJ� HUURU� LV� ±��� WKRXJK�� VR� RXU� GDWD� LV
FHUWDLQO\�FRQVLVWHQW�ZLWK�D�SRSXODWLRQ�RI������PLOOLRQ�DQG�WKH�ZKROH

LGHD�WKDW�9��GLG�HYROYH�IURP�9��ZLWKRXW�LQWHOOLJHQW�LQWHUYHQWLRQ�

2QFH�D�SRSXODWLRQ�RI�9��KDV�EHHQ�HVWDEOLVKHG��¦ VXUYLYDO�RI�WKH

ILWWHVW§ �WDNHV�RYHU��DQG�WKHUH�LV�D�EUXWH�FRPSHWLWLRQ�EHWZHHQ�WKH�WZR

YDULDWLRQV��2XU�SURJUDP�(92B9��GLVSOD\V�WKLV�FRPSHWLWLRQ�YHU\

FOHDUO\��)LJ�������VKRZV�WKH�SRSXODWLRQV�RI�9��DQG�9��DV�D�IXQFWLRQ

RI�WLPH��$V�\RX�FDQ�VHH��DIWHU����\HDUV��9��YLUWXDOO\�ZLSHV�9��RXW�

ZLWK�SRSXODWLRQV

3�� ����� �����

3�� �����[���
�

UHVSHFWLYHO\��7KXV��HYROXWLRQ�RI�FRPSXWHU�YLUXVHV��ZKHUH�RQH�YDUL�

HW\�DOPRVW�FRPSOHWHO\�UHSODFHV�DQRWKHU��LV�SRVVLEOH�

7KH�(YROXWLRQ�RI�6WHULOH�0XWDWLRQV

:H�KDYH�RQH�PRUH�EDVH�\HW�WR�FRYHU��:H�VKRXOG�DVN�ZKDW�WKH

OLNOLKRRG�RI�ILQGLQJ�D�VWHULOH�PXWDWLRQ�LQ�RXU�SRSXODWLRQ�RXJKW�WR

EH��7KRXJK�WKH�SUREDELOLW\�RI�ILQGLQJ�DQ\�RQH�SDUWLFXODU�PXWDWLRQ

RXJKW�WR�EH�SUHWW\�VPDOO��WKHUH�DUH������VWHULOH�PXWDWLRQV��:KDW�LV

WKH�OLNHOLKRRG�WKDW�RQH�ZLOO�VKRZ�XS�LQ�RXU�VDPSOH�IURP�WLPH�WR

WLPH"�)URP�(92B9���ZH�ILQG�WKDW�WKH�DYHUDJH�SRSXODWLRQ�RI�DQ\

JLYHQ�VWHULOH�PXWDWLRQ�DIWHU����\HDUV�RXJKW�WR�EH

3M� �����[���
�� �����

7KH�SRSXODWLRQ�RI������GLIIHUHQW�RQHV��DOO�SXW�WRJHWKHU��RXJKW�WR�EH

3VWHULOH� ������[�3M� ����� �����

7KXV��DIWHU����\HDUV��RQ�WKH�DYHUDJH��WKHUH�ZLOO�EH�IRXU�H[DPSOHV�RI

D�VWHULOH�PXWDWLRQ�LQ�WKH�HQWLUH�SRSXODWLRQ��7KH�FKDQFHV�RI�RQH�RI

WKRVH�PXWDWLRQV�ODQGLQJ�LQ�RXU�VDPSOH�RI��������LV�WKXV�DERXW���LQ

���������6R�ZH�VKRXOGQ©W�EH�VXUSULVHG�DW�DOO�WKDW�ZH�IRXQG�QRQH�

��� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ



&RQFOXVLRQ

,Q�FRQFOXVLRQ��ZH�ILQG�WKDW�UDQGRP�JHQHWLF�PXWDWLRQV��LQ�FRP�

ELQDWLRQ�ZLWK�¦ VXUYLYDO�RI�WKH�ILWWHVW§ �VW\OH�SRSXODWLRQ�SUHVVXUHV

FDQ�ZRUN�WR�FDXVH�HYROXWLRQ�LQ�WKH�ZRUOG�RI�FRPSXWHU�YLUXVHV�

,Q�HVVHQFH��ZH�KDYH�FRQILUPHG�WKH�IDFW�RI�HYROXWLRQ��DV�DSSOLHV

WR�FRPSXWHU�YLUXVHV��7KDW�VKRXOG�EH�QR�ELJ�VXUSULVH��:H�H[SHFWHG

LW� WR�RFFXU� LQ�DQ\�LQIRUPDWLRQ�GULYHQ�VHOI�UHSURGXFLQJ�V\VWHP�LQ

ZKLFK�PXWDWLRQV�DUH�SRVVLEOH�

6HFRQGO\��ZH�KDYH�DOVR�EHHQ�DEOH�WR�DQDO\]H�D�EDVLF�HYROXWLRQ�

DU\�SUREOHP�TXDQWLWDWLYHO\��DQG�SUHGLFW�SRSXODWLRQV��HWF���DQG�WKHQ

H[DPLQH� H[SHULPHQWDO� UHVXOWV� WR� FRQILUP�RU� IDOVLI\�RXU� WKHRULHV�

6RPHWLPHV�WKRVH�WKHRULHV�ZHUH�VXIILFLHQW�WR�H[SODLQ�WKH�UHVXOWV��DQG

VRPHWLPHV�WKH\�ZHUH�QRW��

:KLOH� OLPLWHG�TXDQWLWDWLYH�DQDO\VLV� LV�VRPHWLPHV�SRVVLEOH� LQ

WKH�UHDO�ZRUOG��WKHUH�DUH�D�QXPEHU�RI�REVWDFOHV�WKDW�ZH�DYRLG�E\

XVLQJ�YLUXVHV��)LUVWO\��VLQFH�WKH�JHQRW\SH�WR�SKHQRW\SH�FRQQHFWLRQ

LQ�D�YLUXV�LV�WULYLDO�HQRXJK�WKDW�ZH�FDQ�UHDVRQ�RXW�ZKDW�WKH�HIIHFW

RI�D�PXWDWLRQ�ZLOO�EH��ZH�FDQ�GHYHORS�D�FRPSOHWH�PDWKHPDWLFDO

PRGHO�DQG�ILJXUH�RXW�DOO�RI�WKH�UHTXLUHG�SDUDPHWHUV��:H�GRQ©W�KDYH

WR�ZRQGHU�ZKDW�QHYHU�EHIRUH�REVHUYHG�PXWDWLRQV�ZRXOG�GR��$QG

RXU�PRGHO� QHHG� QRW� HYHQ� EH� WKDW� FRPSOLFDWHG��:KHQ� HPHUJHQW

EHKDYLRU�EHFRPHV�D�IDFWRU��LW�LV�LPSUDFWLFDO�WR�VLPSO\�ORRN�DW�DOO

SRVVLEOH�PXWDWLRQV�RI� WKH�JHQRW\SH�DQG�GHWHUPLQH�KRZ�ZHOO� WKH

7KH�)DFW�RI�(YROXWLRQ ���

� 1RZ� REYLRXVO\� RQH� FRXOG� FULWLFL]H� WKH� SDUWLFXODU� HTXDWLRQV� XVHG� KHUH�� WKH
SDUDPHWHUV�� HWF��� DQG� VD\� WKH\�ZHUHQ©W� UHDOLVWLF��$IWHU� DOO�� WKH\�ZHUHQ©W� WRR
UHDOLVWLF�IRU�WKH�7LPLG�YLUXV��,�GRQ©W�H[SHFW�7LPLG�ZLOO�HYHU�VXFFHHG�LQ�LQIHFWLQJ
����RI�DOO�WKH�&20�ILOHV�LQ�WKH�ZRUOG��QR�PDWWHU�KRZ�KDUG�7KH�/LWWOH�%ODFN
%RRN�JHWV�SURPRWHG��7KDW�LV�QRW�WKH�SRLQW��WKRXJK��:KDWHYHU�PRGHO�ZH�XVH�
PXWDWLRQV� DUH� SRVVLEOH�� DQG� WKH\� ZLOO� RFFXU� DW� D� UDWH� SURSRUWLRQDO� WR� WKH
SRSXODWLRQ�RI�WKH�RULJLQDO�YLUXV��7KHUHIRUH�HYROXWLRQ�LV�SRVVLEOH��$QG�,�WKLQN�LW
LV�SRWHQWLDOO\�SRVVLEOH�IRU�D�YLUXV�WR�LQIHFW���ELOOLRQ�ILOHV��WKRXJK�SHUKDSV�QRW
ULJKW�QRZ��7HFKQRORJ\�LV�DGYDQFLQJ�YHU\�TXLFNO\��+RZ�ORQJ�ZLOO�LW�WDNH�EHIRUH
��ELOOLRQ�ZRXOG�UHSUHVHQW�RQO\��������RI�DOO�WKH�DYDLODEOH�ILOHV"�,�GRQ©W�NQRZ�
EXW�,�GR�NQRZ�WKDW����\HDUV�DJR�,�ZRXOG�KDYH�EHHQ�WKULOOHG�WR�KDYH�D�520
ZKHUH�,�FRXOG�VWRUH�D�VLQJOH�����E\WH�SURJUDP�VR�,�ZRXOGQ©W�KDYH�WR�NH\�LW�LQ
ELW�E\�ELW�HYHU\�WLPH�,�VWDUWHG�XS�P\�FRPSXWHU�



SKHQRW\SH�ZLOO�SHUIRUP��7KH�HDVLHVW�ZD\�WR�DQVZHU�VXFK�TXHVWLRQV

WKHQ�EHFRPHV�VLPSO\�WR�FUHDWH�RQH�DQG�OHW�LW�JR�WR�VHH�ZKDW�KDSSHQV�

6HFRQGO\�� D� TXDQWLWDWLYH� DQDO\VLV� LV� PXFK� OHVV� WKUHDWHQLQJ�

VLQFH�LW�LV�QR�ELJ�GHDO�LI�RXU�HYROXWLRQDU\�PRGHO�IDLOV�WR�JLYH�XV�WKH

ULJKW�DQVZHU��3RVWXODWLQJ�DQ�LQWHOOLJHQW�FUHDWRU�IRU�D�QHZ�YDULHW\�RI

YLUXV�LV�QRW�JRLQJ�WR�VHQG�WKH�SKLORVRSKLFDO�IRXQGDWLRQV�RI�HYROX�

WLRQDU\�ELRORJ\�WXPEOLQJ��/LNHZLVH��SURYLQJ�HYROXWLRQ�LV�WKH�DXWKRU

ZRQ©W�RIIHQG�DQ\RQH�ZLWK�UHOLJLRXV�FRQYLFWLRQV��6RPHWLPHV��DV�LQ

WKH�FDVH�RI�9���WKDW�LQWHOOLJHQW�FUHDWRU�LV�VLPSO\�QRW�QHFHVVDU\��DQG

ZH�FDQ�GLVSHQVH�ZLWK� LQWHOOLJHQW� LQWHUYHQWLRQ��$W�RWKHU� WLPHV��DV

ZLWK�9���ZH�PD\�QRW�EH�DEOH�WR�UHDVRQDEO\�DYRLG�FRQVLGHUDWLRQ�RI

D�FUHDWRU�

7KLV� LV� QRW�PHUHO\� D�PDWWHU� RI� FRPIRUW� HLWKHU��&RQVLGHU� WKH

GLIIHUHQW�EHKDYLRU�WKDW�ZLOO�UHVXOW�ZKHQ�,�VXJJHVW�WKDW�DQ�HYROXWLRQ�

DU\�PRGHO�FDQQRW�DFFRXQW�IRU�WKH�REVHUYHG�UHVXOWV�

$V�IDU�DV�YLUXVHV�JR��LQYRNLQJ�D�FUHDWRU�ZLOO�QRW�JHW�\RX�ODEHOHG

DV� FUD]\��7KHUHIRUH�� RQH� FDQ� UHDOLVWLFDOO\�ZHLJK� WKH� IRUP�RI� WKH

HTXDWLRQV�XVHG�WR�PRGHO�HYROXWLRQDU\�EHKDYLRU��DQG�WKH�SDUDPHWHUV

LQ�WKRVH�HTXDWLRQV��,I�,�DP�IDLUO\�FHUWDLQ�WKH\�DUH�ULJKW��WKHQ�,�DP

IDLUO\�FHUWDLQ�WKDW�WKH�SRSXODWLRQV�WKH\�SUHGLFW�DUH�ZKDW�HYROXWLRQ

FDQ�DFFRXQW�IRU��,Q�WKLV�ZD\�,�FDQ�XVH�UHDVRQ�WR�ZHLJK�WKH�UHVXOWV

DQG�WKH�HTXDWLRQV�LQ�WKH�EDODQFH��,I�,�NQRZ�WKH�HTXDWLRQV�DUH�D�JRRG

TXDQWLWDWLYH� VWDWHPHQW� RI� WKH� WKHRU\�� DQG� WKH� H[SHULPHQWDO� IDFWV

GRQ©W�VWDFN�XS��WKHQ�,�FDQ�UHDVRQDEO\�VD\�WKDW�WKH�WKHRU\�EHKLQG�P\

HTXDWLRQV�LV�XQDEOH�WR�DFFRXQW�IRU�ZKDW�,�KDYH�REVHUYHG�

,Q� WKH� UHDO�ZRUOG��HYROXWLRQ� LV� WKH�RQO\�VFLHQWLILF¥H�J��RQO\

QDWXUDOLVWLF¥H[SODQDWLRQ�IRU�KRZ�WZR�YDULHWLHV�RI�RUJDQLVPV�FRXOG

FRPH�LQWR�H[LVWHQFH��7KHUHIRUH��LI�,�ZULWH�GRZQ�VRPH�HTXDWLRQV�DQG

ILQG�WKDW�WKH\�IDLO�WR�H[SODLQ�P\�REVHUYDWLRQV��,�PXVW�DVVXPH�WKDW

WKHVH�HTXDWLRQV�GR�QRW�SURYLGH�D�JRRG�TXDQWLWDWLYH�VWDWHPHQW�RI�WKH

WKHRU\��:KDW�,�FDQ�QHYHU�GR�LV�XVH�WKH�UHVXOWV�WR�ZHLJK�WKH�XQGHU�

O\LQJ�LGHD¥RQO\�WKH�SDUWLFXODU�TXDQWLWDWLYH�VWDWHPHQW�RI�WKDW�LGHD�

(YHQ�LI�WKH�EHVW�DSSURDFK�,�FDQ�FRPH�XS�ZLWK�ZLOO�RQO\�JLYH�PH

ULGLFXORXVO\�VPDOO�SUREDELOLWLHV��,�FDQQRW�FKDOOHQJH�WKH�XQGHUO\LQJ

LGHD�RI�HYROXWLRQ���6XFK�SKLORVRSKLFDO�IXQGDPHQWDOLVP�LV�SRVVLEOH

RQO\�EHFDXVH��D��HYROXWLRQ�LV�JURXQGHG�LQ�KLVWRU\��QRW�ODERUDWRU\

H[SHULPHQW��DQG��E��EHFDXVH�HPHUJHQW�EHKDYLRU�EDUV�WKH�ZD\�IRU�D

FRPSUHKHQVLYH��DQDO\WLFDO�WHVW�

��� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ



6R�E\�VWXG\LQJ�WKH�HYROXWLRQ�RI�YLUXVHV��ZH�KDYH�HQWHUHG�D�VRUW

RI�QHXWUDO�]RQH��:H�FDQ�VLPSO\�MHWWLVRQ�WKH�SKLORVRSK\�WKDW�EDUV�WKH

GRRU� WR� TXHVWLRQLQJ� HYROXWLRQ�� 3HUVRQDOO\�� ,� FRXOGQ©W� FDUH� OHVV

ZKHWKHU�FRPSXWHU�YLUXVHV�FDQ�HYROYH�RU�QRW��$QG�,�FRXOGQ©W�FDUH

OHVV�ZKHWKHU�HYROXWLRQ� LV� VXIILFLHQW� WR�FUHDWH�D�ZKROH�ZRQGHUIXO

ZRUOG�RI�FRPSXWHUL]HG�¦ OLIH�IRUPV§ �LQ�D�PLOOLRQ�\HDUV�RU�ZKHWKHU

LW�LV�FRPSOHWHO\�LPSRWHQW��,�ZRQ©W�EH�DURXQG�WR�VHH�LW�DQ\KRZ��$QG

LI� ,� DP� QRW� SKLORVRSKLFDOO\� LQYROYHG�� WKHQ�PD\EH� ,� FDQ� ORRN� DW

HYROXWLRQ�PRUH�REMHFWLYHO\�LQ�WKLV�UHDOP��DQG�VLPSO\�WDNH�ZKDWHYHU

UHVXOWV�,�FRPH�XS�ZLWK�DW�IDFH�YDOXH��$QG�WKHQ��PD\EH�,�FDQ�XVH

WKRVH�UHVXOWV�WR�EHWWHU�XQGHUVWDQG�ZKHWKHU�HYROXWLRQ�LQ�DQG�RI�LWVHOI

LV�VFLHQWLILFDOO\�FDSDEOH�RI�H[SODLQLQJ�OLIH�LQ�VRPH�DUWLILFLDO�ZRUOG�

RU�OLIH�DV�ZH�NQRZ�LW��7KDW�EULQJV�XV�WR�WKH�WKHRU\�RI�HYROXWLRQ�

7KH�)DFW�RI�(YROXWLRQ ���



7KH�7KHRU\�RI�(YROXWLRQ

$�IHZ�FKDSWHUV�EDFN�,�VHSDUDWHG�WKH�IDFW�RI�HYROXWLRQ�IURP�WKH

WKHRU\�RI�HYROXWLRQ��,Q�WKH�ODVW�FKDSWHU�ZH�GHPRQVWUDWHG�WKDW�WKH

IDFW�RI�HYROXWLRQ�GRHV�DSSO\�WR�FRPSXWHU�YLUXVHV��7KDW�VKRXOG�QRW

EH� D� ELJ� VXUSULVH�� $Q\� VHOI�UHSURGXFLQJ� DXWRPDWRQ� RXJKW� WR� EH

VXEMHFW� WR� WKH� IDFW� RI� HYROXWLRQ�� 7KH� UHDO� LQWHUHVWLQJ� TXHVWLRQ�

WKRXJK��LV�WKH�WKHRU\�RI�HYROXWLRQ�

:KDW�LV�WKH�7KHRU\�RI�(YROXWLRQ"

-XVW�ZKDW�LV�¦ WKH�WKHRU\�RI�HYROXWLRQ§ �IRU�FRPSXWHU�YLUXVHV�

WKRXJK"�6KRXOG�ZH�QDwYHO\�WUDQVSRUW�'DUZLQ©V�K\SRWKHVLV�RYHU�WR

WKH�ZRUOG�RI�YLUXVHV�DQG�VD\

¦7KH�IDFW�RI�HYROXWLRQ�RI�YLUXVHV�LV�FDSDEOH�RI�DFFRXQWLQJ�IRU�DOO

WKH�YDULHW\�LQ�FRPSXWHU�YLUXVHV�IRXQG�LQ�FRPSXWHUV�WRGD\�§

7KH�NQHH�MHUN�UHDFWLRQ�LV�WR�VD\�WKDW�ZH�NQRZ�WKLV�VWDWHPHQW�LV

IDOVH��:H�NQRZ�YLUXVHV�GLG�QRW�HYROYH¥WKH\�ZHUH�ZULWWHQ��0DQ\

SHRSOH� HYHQ� FODLP� WR�ZULWH� WKHP�DQG�ZLOO� GR� VR� LQ� IXOO� YLHZ�RI

DQ\RQH�ZKR�FDUHV�WR�VHH�LW�GRQH��<HW�WKLV�NQHH�MHUN�UHDFWLRQ�JRHV

EH\RQG�VFLHQWLILF�PHWKRG�IRU�SURRI��,W�UHOLHV�RQ�DXWKRULW\��7KDW�GRHV

QRW�PHDQ�VXFK�DQ�DSSURDFK�LV�QHYHU�YDOLG��LW�LV�MXVW�QRW�VFLHQWLILF��,I

VRPHERG\�\RX�NQRZ�DQG� WUXVW� WHOOV�\RX�YLUXVHV�ZHUH�ZULWWHQ�E\

SHRSOH��DQG�GLG�QRW�HYROYH��\RX�PLJKW�EH�GRLQJ�YHU\�ZHOO�WR�EHOLHYH

KLP��7KDW�LV�ILQH�IRU�\RX��%XW�VXSSRVH�\RX�ZHUH�OLYLQJ�VRPH�WLPH

DIWHU�WKH�VL[WK�QXFOHDU�ZRUOG�ZDU��3UDFWLFDOO\�QRERG\�NQRZV�DQ\�

WKLQJ�DERXW�FRPSXWHUV�DQ\PRUH��OHW�DORQH�YLUXVHV��<RX©YH�ZRUNHG



KDUG�DQG�JRWWHQ�DQ�ROG�3&�XS�DQG�UXQQLQJ��DQG�DVVHPEOHG�D�PRGHVW

FROOHFWLRQ�RI� VRIWZDUH�� LQFOXGLQJ�VRPH�YLUXVHV��<RX�DOVR�KDYH�D

PDQXDO�IRU�DQ�DQWL�YLUXV�SURJUDP�WKDW�FODLPV�SHRSOH�FUHDWHG�WKHVH

YLUXVHV��<HW�WKLV�LV�IRUHLJQ�WR�\RX��<RX�NQRZ�\RXU�IRUHIDWKHUV�ZHUH

JUHDW�GHFHLYHUV¥DQG�WKH�SHRSOH�ZKR�ZURWH�WKHVH�W\SHV�RI�SURJUDPV

ZHUH�VRPH�RI�WKH�ZRUVW¥VR�\RX©UH�DQ\WKLQJ�EXW�VXUH�\RX�FDQ�WUXVW

LW�� ,Q� WKLV� VLWXDWLRQ�� WKH� VFLHQWLILF� DSSURDFK� EHJLQV� WR� VKLQH�� $

VFLHQWLILF� GHWHUPLQDWLRQ� DERXW� ZKHUH� YLUXVHV� FDPH� IURP� KDV� D

XQLYHUVDOLW\�WKDW�DXWKRULW\�GRHV�QRW�

6XFK�DQ�DQDO\VLV�LV�QRW�WKDW�GLIILFXOW��LQ�SULQFLSOH��,Q�WKH�ODVW

FKDSWHU�ZH�VDZ�WKDW�LW�WRRN�DERXW����\HDUV�IRU�D�YHU\�PLQRU�PXWDWLRQ

WR�WDNH�KROG�HYHQ�XQGHU�IDYRUDEOH�FRQGLWLRQV��6R�VXSSRVH�\RX�KDG

VHYHUDO�PDMRU�YDULDWLRQV�RI�YLUXVHV��ZKLFK�ZRXOG�KDYH�WDNHQ�PDQ\

WKRXVDQGV�RI�PXWDWLRQV�WR�HYROYH�IURP�RQH�DQRWKHU��,I�\RX�NQHZ�DOO

RI�WKHP�GDWHG�EHWZHHQ������DQG�������DQG�\RX�KDG�VRPH�GDWD�RQ

WKH�QXPEHU�RI�FRPSXWHUV��VWRUDJH�FDSDFLW\��HWF���DYDLODEOH�LQ�WKDW

WLPH�SHULRG��\RX�VKRXOG�EH�DEOH�WR�FRQFOXGH�WKDW�WKH�YLUXVHV�GLG�QRW

DOO�HYROYH�IURP�D�FRPPRQ�DQFHVWRU��7KH�SUREDELOLW\�IRU�LW�ZRXOG

EH�ULGLFXORXVO\�VPDOO��DQG�WKDW�ZRXOG�SXW�DQ�HQG�WR�IXUWKHU�VSHFX�

ODWLRQ���

+HUH�LQ�������ZH�FDQ�VHH�WKDW�YLUXVHV�DUHQ©W�HYROYLQJ�QHDUO\

IDVW�HQRXJK�WR�PDNH�RXU�'DUZLQ©V�+\SRWKHVLV�IRU�9LUXVHV�YLDEOH�

<HW��FRXOG�WKHUH�EH�VRPH�SRLQW�LQ�WKH�IXWXUH�ZKHUH�HYROXWLRQ�ZLOO

WDNH�RYHU�DQG�PDNH�VRPHWKLQJ�OLNH�LW�ZRUN"��0RGXOR�WKH�QHHG�IRU

PXOWLSOH� ¦ VWDUWV§ � RI� YLUDO� OLIH�� EDVHG� RQ�ZKDW�ZH�NQRZ�RI� WKHLU

RULJLQV� WRGD\���$IWHU� DOO�� WKH�ELJJHU� WKH�YLUXV�� WKH�PRUH� OLNHO\� D

PXWDWLRQ�ZLOO�EH��$QG�WKH�PRUH�RI�WKHP��WKH�PRUH�OLNHO\�PXWDWLRQV

ZLOO� EH��%RWK� DUH� SRVVLELOLWLHV�� DV� VWRUDJH� FDSDFLWLHV� FRQWLQXH� WR

JURZ��2Q�WKH�RWKHU�KDQG��PRUH�UHOLDEOH�FRPSXWHUV�FRXOG�GHFUHDVH

��� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ

� 1RWH�WKDW�LQ�DOO�ZH©YH�VDLG�VR�IDU��ZH�KDYHQ©W�DVNHG�WKH�TXHVWLRQ�ZKHUH�WKH�ILUVW
YLUXV� FDPH� IURP�� :H� WDNH� WKDW� ILUVW� YLUXV� DV� D� JLYHQ�� ,Q� HYROXWLRQ� ZH©UH
FRQFHUQHG�ZLWK�ZKDW�KDSSHQV�DIWHU�WKDW�ILUVW�JLYHQ��:H©OO�H[DPLQH�EHJLQQLQJV
LQ�D�FRXSOH�FKDSWHUV�



�WKH�EDVLF�PXWDWLRQ�UDWH�VLJQLILFDQWO\��DQG�EHWWHU�VHFXULW\�PHDVXUHV

FRXOG�UHGXFH�WKH�YLUXV�SRSXODWLRQ�

$V� ,� KDYH� VDLG� DOUHDG\�� 'DUZLQ©V� K\SRWKHVLV� LVQ©W� UHDOO\� D

WKHRU\�RI�HYROXWLRQ��,W�LV�D�PHUH�VSHFXODWLRQ¥RU�D�SKLORVRSKLFDO

WUXLVP��2QFH�ZH�VWDUW�ORRNLQJ�DW�WKH�ZRUOG�RI�YLUXVHV��ZH�EHJLQ�WR

VHH�WKH�QHHG�IRU�D�UHDO�WKHRU\��'DUZLQ©V�K\SRWKHVLV�GRHVQ©W�PDNH

VHQVH�WKHUH¥DW�OHDVW�QRW�ULJKW�QRZ¥\HW�ZH©G�OLNH�WR�EH�DEOH�WR�VD\

VRPHWKLQJ� DERXW� ZKDW� HYROXWLRQ� FDQ� DQG� ZLOO� GR� LQ� WKLV� ZRUOG

EH\RQG�WKH�VLPSOH�IDFW�WKDW�LW�FDQ�RFFXU�

6LQFH�WKHUH�UHDOO\�LV�QR�WKHRU\�RI�HYROXWLRQ�LQ�WKH�UHDO�ZRUOG¥

QR�ZD\�IRU�PH��DV�D�VFLHQWLVW��WR�SUHGLFW�ZKDW�VRPH�ELRORJLFDO�V\VWHP

ZLOO�RU�ZLOO�QRW�GR¥ZH�FDQQRW�VLPSO\�SXOO�RQH�RYHU�IURP�WKHUH��:H

DUH�JRLQJ�WR�KDYH�WR�IRUPXODWH�D�WKHRU\�LI�ZH�ZDQW�RQH��:H�FDQQRW

VLPSO\�UHO\�RQ�WKH�SKLORVRSKLFDO�WUXLVP�RI�'DUZLQ©V�K\SRWKHVLV�DQG

DVVXPH�WKDW�HYROXWLRQ�LV�RPQLSRWHQW��$OUHDG\��ZH�FDQ�VHH�WKDW�LW�LV

QRW�RPQLSRWHQW��LW�LV�QRW�DEOH�WR�H[SODLQ�HYHU\�REVHUYDWLRQ�DERXW�WKH

GLIIHUHQW�¦ VSHFLHV§ �RI�FRPSXWHU�YLUXVHV�

,Q�IRUPXODWLQJ�D�WKHRU\�RI�HYROXWLRQ��LW�ZRXOG�VHHP�UHDVRQDEOH

WR�WXUQ�DZD\�IURP�WKH�UHDO�ZRUOG�DOWRJHWKHU�DQG�IRUPXODWH�LW�RQO\

ZLWK�UHIHUHQFH�WR�DUWLILFLDO�OLIH��:H�ZDQW�WR�EURDGHQ�RXU�KRUL]RQV

WR�EHJLQ�ZLWK��DQG�LW�ZRXOG�VHHP�WKDW�WKH�UHDO�ZRUOG�WKHRU\�DV�LW

VWDQGV� WRGD\�GRHVQ©W� KDYH� D�ZKROH� ORW� WR� RIIHU� XV�� ,Q� WXUQLQJ� WR

DUWLILFLDO�OLIH��ZH�JHW�D�ZKROH�ORW�RI�GLIIHUHQW�VFHQDULRV�WR�H[DPLQH¥

VRPH�ZKHUH� HYROXWLRQ� FDQ�SUHVXPDEO\�GR� VRPHWKLQJ�� DQG� VRPH

ZKHUH� LW� FDQQRW��7KLV� UHRULHQWDWLRQ� DOVR� WHDUV� XV� DZD\� IURP� WKH

SKLORVRSKLFDO� G\QDPLWH� WKDW� DQ\� DWWHPSW� DW� D� UHDO�ZRUOG� WKHRU\

ZRXOG�LQYDULDEO\�LJQLWH��:H�GR�QRW�VHW�RXW�WR�ILQG�WKH�ZRUOG�ZKHUH

HYROXWLRQ�LV�PRVW�SRZHUIXO¥DFWLQJ�OLNH�VRPH�FUHDWLQJ�JRG¥EXW

UDWKHU�WR�ORRN�DW�WKH�EURDG�VSHFWUXP��DQG�OHDUQ�ZKDW�HYROXWLRQ�FDQ

DQG�FDQQRW�GR��:H�QHHG�QRW¥LQGHHG�FDQQRW�DIIRUG�WR¥EH�ERXQG

E\�WKH�LGHD�RI�HYROXWLRQ�DV�P\VWLFDO�DQG�RPQLSRWHQW��)RUWXQDWHO\�

DUWLILFLDO�OLIH�FDQ�EH�DQDO\]HG�LQ�D�ZD\�WKDW�WKH�UHDO�ZRUOG�FDQQRW

EH¥DW�OHDVW�QRW�DW�SUHVHQW��7KDW�OHWV�XV�SUREH�HYROXWLRQ�D�ORW�PRUH

GHHSO\��PRUH�VFLHQWLILFDOO\��WKDQ�ZH�FDQ�LQ�WKH�UHDO�ZRUOG��6R�ZH

KDYH�VRPH�KRSH�IRU�IRUPXODWLQJ�D�UHDO�WKHRU\��D�WKHRU\�ZKLFK�WDNHV

DOO� WKH� SRVVLELOLWLHV� LQWR� DFFRXQW� DQG� SHUKDSV� ORRNV� PRUH� OLNH

PDWKHPDWLFV�WKDQ�DQ\WKLQJ�HOVH��*LYHQ�VXFK�D�WKHRU\��ZH�PLJKW�WKHQ

JR�EDFN�WR�WKH�UHDO�ZRUOG��DQG�VHH�ZKDW�RXU�WKHRU\�PLJKW�WHDFK�XV�

7KH�7KHRU\�RI�(YROXWLRQ ���



)RUPXODWLQJ�D�UHDO�WKHRU\�RI�HYROXWLRQ�ULJRURXVO\��ZLWK�ORWV�RI

HTXDWLRQV�DQG�GRJPD�LV�FOHDUO\�SUHPDWXUH�ULJKW�QRZ��7R�VWDUW�RXW�

ZH�QHHG�VRPH�EDVLF�LGHDV�DURXQG�ZKLFK�D�WKHRU\�PLJKW�EH�IRUPX�

ODWHG¥VRPH�NH\V�ZKLFK�ZLOO�DOORZ�XV�WR�XQGHUVWDQG�ZKDW�HYROXWLRQ

LV�DQG�ZKDW�LW�FDQ�GR��7KH�UHVW�RI�WKLV�FKDSWHU�ZLOO�IRFXV�RQ�WU\LQJ

WR�GHILQH�VRPH�RI�WKHVH�LGHDV�

6HOHFWLRQ�3URFHVVHV

$W�WKH�KHDUW�RI�HYROXWLRQ�LV�WKH�LGHD�RI�WKH�VHOHFWLRQ�SURFHVV�

:KHQ�\RX�KDYH�D�SRSXODWLRQ�RI�OLYLQJ�RUJDQLVPV��DQG�,�XVH�WKH�WHUP

EURDGO\�� WR� LQFOXGH� $/��� D� VHOHFWLRQ� SURFHVV� FDQ� SUHIHUHQWLDOO\

FKRRVH�VRPH�RI�WKHVH�RUJDQLVPV�DV�PRUH�RU�OHVV�ILW�WKDQ�RWKHUV��7KH

PRUH�ILW�LQGLYLGXDOV�VXUYLYH��DQG�WKH�OHVV�ILW�GR�QRW��DW�OHDVW�VWDWLV�

WLFDOO\�� 7KH� PRVW� ILW� LQGLYLGXDOV� WKHQ� JHQHWLFDOO\� SDVV� RQ� WKHLU

ILWQHVV�WR�WKHLU�SURJHQ\�

$� VHOHFWLRQ�SURFHVV� LV�PHUHO\� �$�� D� ILWQHVV� FULWHULRQ�� H�J��� D

GHILQLWLRQ�RI�ZKDW�¦ ILWQHVV§ �PHDQV��DQG��%��D�PHWKRG�RI�FRXSOLQJ

WKLV�ILWQHVV�FULWHULRQ�LQWR�D�V\VWHP�

,W� ZRXOG� DSSHDU� WKDW� PXFK� RI� WKH� VFLHQFH� LQ� HYROXWLRQ� LV

ZUDSSHG�XS�LQ�VHOHFWLRQ�SURFHVVHV��7KH�V\VWHP©V�EHKDYLRU�XQGHU

WKH�LQIOXHQFH�RI�VHOHFWLRQ�SURFHVVHV�VHHPV�PRUH�D�PDWWHU�RI�PDWKH�

PDWLFV�WKDQ�VFLHQFH��(VVHQWLDOO\��ZLWKLQ�WKH�OLPLWV�RI�WKH�PDWKHPDW�

LFV��WKH�VHOHFWLRQ�SURFHVVHV�ZLOO�GHWHUPLQH�KRZ�SRZHUIXO�HYROXWLRQ

LV�LQ�D�JLYHQ�VLWXDWLRQ�

1RZ�� LQ� WHUPV� RI� XQGHUVWDQGLQJ� WKH� UHDO�ZRUOG��'DUZLQLVP

WHQGV�WR�WXUQ�WKH�VHOHFWLRQ�SURFHVV�LQWR�D�WDXWRORJ\��¦6XUYLYDO�RI�WKH

ILWWHVW§ �GHILQHV�ILWQHVV�LQ�WHUPV�RI�VXUYLYDO�VR�\RX�JHW�DQ�HQGOHVV

FLUFOH��7KH�ILWWHVW�LV�ZKDW�VXUYLYHV��:KDW�VXUYLYHV�LV�WKH�ILWWHVW��,W©V

KDUG�WR�GR�PXFK�ZLWK�WKDW��7KH�QHR�GDUZLQLDQ�GHILQLWLRQ�RI�ILWQHVV

DV�ZKDWHYHU�KDV�WKH�PRVW�SURJHQ\�GRHV�QR�EHWWHU�

7KLQJV� DUH� GLIIHUHQW� ZKHQ� ZH� WXUQ� WR� FRQWUROOHG� ODERUDWRU\

H[SHULPHQWV�LQ�$/�WKRXJK��:H�FDQ�SRVLWLYHO\�GHILQH�VRPH�FRQFHSW

RI� ILWQHVV�� DQG� DSSO\� LW� WR� D� SRSXODWLRQ� RI� DXWRPDWD�� *LYHQ� D

VXIILFLHQW�XQGHUVWDQGLQJ�RI�WKH�¦ ILWQHVV�IXQFWLRQ�§ �WKRXJK��WKH�LGHD

RI�VXUYLYDO�RI�WKH�ILWWHVW�VHHPV�UDWKHU�WULYLDO��2I�FRXUVH�VRPHWKLQJ

ZLOO�VXUYLYH�LI�ZH�GHVLJQ�D�V\VWHP�WR�PDNH�LW�VXUYLYH��1RQH�WKH�OHVV�

ZH�FDQ�GHILQH�ILWQHVV�ZLWKRXW�PDNLQJ�D�WDXWRORJ\�RXW�RI�LW�

��� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ



,Q�RXU�LPDJLQDWLRQV��VHOHFWLRQ�SURFHVVHV�FDQ�EH�DOPRVW�RPQLSR�

WHQW�RU�SRZHUOHVV��GHSHQGLQJ�RQ�KRZ�ZH�FRQFHLYH�RI�WKHP��,�WKLQN

WKHUHLQ�OLHV�WKH�P\VWLFDO�QDWXUH�RI�HYROXWLRQ�DV�ZH�KDYH�LW�WRGD\�

(YROXWLRQ�FRXOG�FRQFHLYDEO\�GR�DQ\WKLQJ�ZLWK�WKH�ULJKW�VHOHFWLRQ

SURFHVVHV��$QG�LW�FDQ�GR�QRWKLQJ�ZLWKRXW�WKHP��7KXV�RQH�VFLHQWLVW

FDQ� HDVLO\� LPDJLQH� KRZ�DOO� RI� OLIH� HYROYHG� IRUP�RQH� DUFKHW\SH�

ZKLOH�DQRWKHU�FDQ©W�LPDJLQH�KRZ�D�FRPSOH[�VWUXFWXUH�OLNH�WKH�H\H

FRXOG�KDYH�HYROYHG�

,Q�RUGHU�WR�XQGHUVWDQG�VHOHFWLRQ�SURFHVVHV�EHWWHU��ZH�FDQ�GL�

YRUFH�WKH�LGHD�IURP�OLIH�DQG�HYROXWLRQ��,PDJLQH�IRU�D�PRPHQW�WKDW

,�KDG�DQ�LQWHJHU�LQ�PLQG�DQG�,�ZDQWHG�\RX�WR�JXHVV�ZKDW�LW�ZDV��$OO

\RX�NQRZ�LV�WKDW�WKLV�LQWHJHU�LV����E\WHV�ORQJ��(DFK�WLPH�\RX�JXHVV�

,�ZLOO� VD\� ¦\HV§ � RU� ¦QR§ � WR� WHOO� \RX�ZKHWKHU� \RX� JRW� WKH� ULJKW

DQVZHU��5DQGRPO\�JXHVVLQJ�OLNH�WKLV��\RX�KDYH�RQO\�D�������� ���[

������ SUREDELOLW\� RI� JHWWLQJ� WKH� ULJKW� DQVZHU� LQ� DQ\� RQH� JXHVV�

0DNLQJ�D�PLOOLRQ�JXHVVHV�SHU�VHFRQG��\RX�ZRXOG�QRW�HYHQ�KDYH�D

���FKDQFH�RI�KLWWLQJ�RQ�WKH�ULJKW�DQVZHU�LQ�WKH�DJH�RI�WKH�XQLYHUVH�

,Q� RWKHU�ZRUGV�� \RX� FRXOGQ©W� GR� LW�� 7KH� UHDVRQ� LV� WKDW� WKH� RQO\

VHOHFWLRQ�FULWHULRQ�\RX�KDYH�JLYHV�\RX�QR�LQIRUPDWLRQ�DERXW�KRZ

JRRG�RU�EDG�\RXU�JXHVV�ZDV�XQOHVV�\RX�JHW�LW�H[DFWO\�FRUUHFW��:H

PLJKW�WKLQN�RI�LW�DV�LI�HDFK�JXHVV��Q��LV�EHLQJ�DVVLJQHG�D�QXPEHU�I�Q�

E\�D�ILWQHVV�IXQFWLRQ�I��7KH�IXQFWLRQ�I�LV�WKH�RQO\�PHDQV�ZH�KDYH�IRU

GHWHUPLQLQJ�ZKHWKHU�RU�QRW�ZH�KDYH�IRXQG�WKH�ULJKW�DQVZHU��,Q�WKH

FDVH�ZH�MXVW�GLVFXVVHG��I�JLYHV�XV�YHU\�OLWWOH�KHOS�LQ�ILQGLQJ�WKH�ULJKW

DQVZHU�EHFDXVH�LW�KDV�WKH�VDPH�YDOXH�����HYHU\ZKHUH�H[FHSW�DW�WKH

ULJKW�DQVZHU��ZKHUH�LW�LV����,W�ORRNV�VRPHWKLQJ�OLNH�)LJXUH������

$�ILWQHVV�IXQFWLRQ�VXFK�DV�GHSLFWHG�LQ�)LJXUH������LV�PXFK�PRUH

KHOSIXO��8VLQJ�LW��ZH�FDQ�GHYLVH�D�YHU\�VLPSOH�VFKHPH�WR�ILQG�WKH

ULJKW�DQVZHU¥QR�PDWWHU�ZKDW�LW�LV¥LQ�DERXW�����VWHSV��+HUH©V�WKH

VFKHPH�

��� 6WDUW� ZLWK� WZR� QXPEHUV�� Q� ��� DQG� Q� )))))))))))))))

)))))))))))))))))+��WKH�ODUJHVW����E\WH�QXPEHU��

���,I�I�Q���I�Q���WKHQ�VHW�Q� �Q��Q������RWKHUZLVH�VHW�Q� �Q��Q�����

���5HSHDW�VWHS���XQWLO�I�Q�� ��

7KH�7KHRU\�RI�(YROXWLRQ ���



)LJXUH�������$�SRRU�ILWQHVV�IXQFWLRQ�

)LJXUH�������$�KHOSIXO�ILWQHVV�IXQFWLRQ

��� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ



7KXV��D�JRRG�ILWQHVV�IXQFWLRQ�FDQ�FKDQJH�RXU�VHDUFK�IRU�WKH�ULJKW

QXPEHU� IURP�DQ�H[HUFLVH� LQ� IXWLOLW\� LQWR�DQ�HDVLO\�DFFRPSOLVKHG

WDVN�

1RZ��RI�FRXUVH��WKH�ILWQHVV�IXQFWLRQ�LV�D�GHILQLWLRQ�RI�ZKDW�ZH

PHDQ�E\�¦ ILWQHVV§ �LQ�WKLV�SDUWLFXODU�VLWXDWLRQ��2XU�VHOHFWLRQ�SURFHVV

FRQVLVWV�QRW�RQO\�RI�WKH�ILWQHVV�IXQFWLRQ��EXW�WKH���VWHS�SURJUDP�ZH

GHILQHG� WR� PDNH� XVH� RI� WKH� ILWQHVV� IXQFWLRQ�� 7KDW� LV� KRZ� WKH

LQIRUPDWLRQ�ZKLFK�WKH�ILWQHVV�IXQFWLRQ�JLYHV�XV�LV�FRXSOHG�LQ�WR�RXU

JXHVVLQJ��:H�FRXOG�GHYLVH�EHWWHU�RU�ZRUVH�ZD\V�WR�FRXSOH�LW�LQ��)RU

H[DPSOH��ZH�FRXOG�GHYLVH�D� VLQJOH�VWHS�SURFHVV�ZKLFK� WDNHV� WKH

GHULYDWLYH�RI�I�DW�VRPH�SRLQW��DQG�WKHQ�JXHVVHV�WKH�ULJKW�DQVZHU�YHU\

TXLFNO\���$W�WKH�RWKHU�HQG�RI�WKH�VSHFWUXP��ZH�FRXOG�PDNH�YHU\

SRRU�XVH�RI�I��)RU�H[DPSOH�ZH�FRXOG�VD\

���3LFN�Q�DW�UDQGRP�

���,I�I�Q�≠��WKHQ�UHSHDW�VWHS�RQH�

7KLV�DSSURDFK�GRHV�QR�EHWWHU�WKDQ�ZKHQ�I�SURYLGHG�QR�LQIRUPDWLRQ

DW�DOO�EHFDXVH�LW�GRHVQ©W�PDNH�XVH�RI�WKH�LQIRUPDWLRQ�I�JLYHV�XV�

7KXV��LQ�JHQHUDO��D�VHOHFWLRQ�SURFHVV�LQYROYHV�D�ILWQHVV�FULWHULRQ

DQG�D�PHDQV�RI�FRXSOLQJ�LW�LQWR�D�V\VWHP�

5HWXUQLQJ�WR�JHQHWLF�VHOI�UHSURGXFLQJ�V\VWHPV��ZH�PD\�HPSOR\

WKHVH� LGHDV� DERXW� VHOHFWLRQ� SURFHVVHV��(VVHQWLDOO\��ZH� FDQ� WKLQN

DERXW� D� ILWQHVV� IXQFWLRQ� ZKLFK� GHILQHV� ILWQHVV� DV� D� IXQFWLRQ� RI

JHQRW\SH��7KXV��WKH�;�D[LV�LQ�D�SORW�OLNH�)LJXUH������ZRXOG�QRW�EH

D�UDQJH�RI�QXPEHUV��EXW�D�UDQJH�RI�JHQHV��JHQRW\SH�VSDFH���7\SL�

FDOO\�LW�ZRXOG�EH�EHVW�UHSUHVHQWHG�LQ�D�PXOWL�GLPHQVLRQDO�IDVKLRQ�

H�J��RQH�GLPHQVLRQ�IRU�HDFK�EDVH�ZKLFK�GHILQHV�WKH�JHQHV��:H�FDQ

SLFWXUH�LW�DV�RQH��RU�WZR�GLPHQVLRQDO��WKRXJK��IRU�PRVW�SXUSRVHV�

6HOI�UHSURGXFWLRQ�ZLWK�FKDQJH� LV� WKH� FRXSOLQJ� PHFKDQLVP

ZKLFK�DOORZV�WKH�ILWQHVV�IXQFWLRQ�WR�PRGLI\�WKH�JHQHV�LQ�WKH�V\VWHP�

:H� PLJKW� YLHZ� WKH� ILWQHVV� IXQFWLRQ� DV� WKH� DYHUDJH� QXPEHU� RI

RIIVSULQJ�D�SDUWLFXODU�JHQRW\SH�PLJKW�KDYH���(DFK�DXWRPDWRQ�UH�

7KH�7KHRU\�RI�(YROXWLRQ ���

� 1HZWRQ©V�PHWKRG�
� $OWKRXJK�WKLV�SLFWXUH�LV�D�ELW�VLPSOLVWLF��LW�ZLOO�GR�IRU�QRZ��7KH�VLPSOLILFDWLRQ

LV�VLPSO\�WKDW�ZH�FDQ©W�UHDOO\�YLHZ�HYHU\�LQGLYLGXDO�DV�DQ�LQGHSHQGHQW�HQWLW\�



SURGXFHV��DQG�WKH�FKLOGUHQ�DUH�D�OLWWOH�GLIIHUHQW�IURP�WKH�SDUHQWV�

GXH�WR�PXWDWLRQV�DQG�VH[XDO�UHFRPELQDWLRQ��7KXV��LI�ZH�VWDUWHG�D

V\VWHP�ZLWK�D�VLQJOH�JHQH��ZKLFK�H[LVWV�DW�D�SRLQW�LQ�D�JHQRW\SH

VSDFH��PXWDWLRQV�ZRXOG�FDXVH�WKDW�SRLQW�WR�VSUHDG�RXW�LQWR�D�IX]]\

EDOO��,I�WKH�ILWQHVV�IXQFWLRQ�ZDV�QRW�IODW�LQ�WKH�QHLJKERUKRRG�RI�WKLV

IX]]\�EDOO��SDUWV�RI�WKH�EDOO�ZRXOG�EH�PRUH�ILW�WKDQ�RWKHUV��7KH�EDOO

ZRXOG�WKXV�JURZ�LQ�WKDW�GLUHFWLRQ��EHFDXVH�WKH�LQGLYLGXDOV�LQ�WKDW

UHJLRQ�ZRXOG�KDYH�PRUH�FKLOGUHQ��VWDWLVWLFDOO\��HDFK�ZLWK�IXUWKHU

PXWDWLRQV�LQ�WKHLU�RZQ�QHLJKERUKRRG��7KH�IX]]\�EDOO�ZRXOG�WKXV

DSSHDU�WR�PRYH�WRZDUG�KLJKHU�YDOXHV�RI�I�DQG�VWD\�WKHUH�

7KLV�FRQFHSW�LV�JUDSKLFDOO\�LOOXVWUDWHG�E\�WKH�SURJUDP�6(/(&7

RQ� WKH� 3URJUDP� 'LVN�� 6(/(&7� HVVHQWLDOO\� LPSOHPHQWV� D� WZR

GLPHQVLRQDO�YHUVLRQ�RI�RXU�¦ ILQG�WKH�QXPEHU§ �JDPH�DERYH��RU�D

V\VWHP�ZLWK�WZR�JHQHV��(DFK�SRLQW�RQ�WKH�GLVSOD\�LV�D�VHOI�UHSUR�

GXFLQJ�DXWRPDWRQ�ZKLFK�ZLOO�UHSURGXFH�E\�HLWKHU�PDNLQJ�DQ�H[DFW

FRS\�RI�LWVHOI��VDPH�JHQRW\SH��VDPH�SRVLWLRQ�RQ�WKH�VFUHHQ��RU�E\

PDNLQJ�D�QHDU�FRS\�RI�LWVHOI��RFFXS\LQJ�D�QHLJKERULQJ�SRLQW�RQ�WKH

VFUHHQ���7KH�SRSXODWLRQ�RI�WKLV�V\VWHP�LV�NHSW�DW�D�IL[HG�QXPEHU�E\

NLOOLQJ�RII�DXWRPDWD�UDQGRPO\��LQ�SURSRUWLRQ�WR�WKH�VTXDUH�RI�WKHLU

GLVWDQFH�IURP�WKH�FHQWHU�SRLQW�RQ�WKH�VFUHHQ��,Q�RWKHU�ZRUGV��ZH

VHOHFW�DXWRPDWD�DW�UDQGRP�DQG�WKHQ�PHDVXUH�WKHLU�GLVWDQFH�IURP�WKH

FHQWHU�SRLQW��,I�WKDW�GLVWDQFH�LV�WKH�PD[LPXP�GLVWDQFH��ZH�NLOO�WKH

DXWRPDWRQ������RI�WKH�WLPH��,I�LW©V�KDOI�WKH�PD[LPXP��ZH�NLOO�WKH

DXWRPDWRQ� ���� RI� WKH� WLPH�� HWF�� 7KLV� LPSOHPHQWV� D� VPRRWKO\

YDU\LQJ� ILWQHVV� IXQFWLRQ� WKDW� JXLGHV� WKH� SRSXODWLRQ� RI� DXWRPDWD

ULJKW�WR�WKH�FHQWHU�SRLQW�

)LJXUH������GHSLFWV�WKH�EHKDYLRU�RI�D�SRSXODWLRQ�RI�DXWRPDWD

LQ�WKLV�DUUDQJHPHQW��7KH\�LQYDULDEO\�HYROYH�WRZDUG�WKH�FHQWHU�SRLQW

LQ�WKH�V\VWHP��<RX�FDQ�VHH�WKLV�E\�UXQQLQJ�WKH�6(/(&7�SURJUDP

D�IHZ�WLPHV��,W©V�UHDOO\�SUHWW\�IRROSURRI�

$V�VXFK��ZH�FDQ�VHH�WKDW�VHOI�UHSURGXFWLRQ�ZLWK�JHQHWLF�YDUL�

DWLRQ�FDQ�ZRUN�WR�VROYH�FHUWDLQ�SUREOHPV�SXW�WR�WKHP��

��� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ

+RZ�PDQ\�RIIVSULQJ�DQ�LQGLYLGXDO�KDV�ZLOO�GHSHQG�RQ�DOO�WKH�RWKHU�LQGLYLGXDOV
WRR��7KLV�DOORZV�XV�WR�XQGHUVWDQG�SKHQRPHQD�OLNH�RYHUFURZGLQJ��7R�PRGHO�LW
ULJKW��ZH�ZRXOG�OLNH�WR�KDYH�D�VRUW�RI�JHQH�SKDVH�VSDFH��ZKHUH�DOO�RI�WKH�JHQHWLF
PDWHULDO�IRU�D�ZKROH�SRSXODWLRQ�LV�UHSUHVHQWHG�E\�D�SRLQW�



*HQHWLF�&KDQJH�DQG�/LPLWV�RQ�6HOHFWLRQ

1RZ��WKHUH�DUH�OLPLWV�RQ�HYROXWLRQ©V�DELOLW\�WR�QHJRWLDWH�WKH�LQV

DQG�RXWV�RI�D�ILWQHVV�IXQFWLRQ��7KHVH�OLPLWV�DUH�GHULYHG�IURP�WKH

PHFKDQLVPV�ZKLFK�FDXVH�JHQHWLF�FKDQJHV�LQ�D�SRSXODWLRQ��7KH�WZR

)LJXUH�������(YROXWLRQ�ZLWK�D�VPRRWK�ILWQHVV
IXQFWLRQ

2SWLPXP
SRLQW

7KH�7KHRU\�RI�(YROXWLRQ ���

� 3UREOHPV�ZKLFK�KDYH�D�QLFH�ILWQHVV�IXQFWLRQ�



PHFKDQLVPV� ZKLFK� FDXVH� JHQHWLF� FKDQJH� LQ� WKH� UHDO� ZRUOG� DUH

PXWDWLRQV�DQG�VH[XDO�UHSURGXFWLRQ��/HW©V�GLVFXVV�HDFK�RI�WKHP�LQ

WXUQ��DQG�VHH�MXVW�KRZ�WKH\�ZRUN�LQ�HYROXWLRQ�

:KHQ� ,� VD\� ¦PXWDWLRQV§ � ,� DOZD\V� PHDQ� WLQ\� PLFUR�PXWD�

WLRQV¥D�VLQJOH�JHQH�DW�D�WLPH¥WKH�NLQG�ZH�GLVFXVVHG�LQ�WKH�ODVW

FKDSWHU��7KH�UHDVRQ�PLFUR�PXWDWLRQV�IRUP�WKH�EDVLV�IRU�HYROXWLRQ�

DU\�FKDQJH��UDWKHU�WKDQ�ODUJH�¦PDFUR�PXWDWLRQV§ �LV�WKDW�PDFUR�PX�

WDWLRQV�DUH�HVVHQWLDOO\�D�VKRW�LQ�WKH�GDUN��7KH\�DUH�ZLOG��UDQGRP

JXHVVHV�DW�WKH�VROXWLRQ�RI�D�VHOHFWLRQ�SUREOHP��1RZ��LQ�DQG�RI�LWVHOI�

WKHUH� LV� QR� UHDVRQ� WR� EHOLHYH� WKDW� VXFK� JXHVVLQJ� FRXOG� QRW� EH

HIIHFWLYH�� ,Q�IDFW�� LW� LV�HIIHFWLYH�ZLWK�VRPHWKLQJ�DV�VLPSOH�DV� WKH

6(/(&7�SURJUDP��,I�\RX�LQFUHDVH�WKH�GLVWDQFH�WKDW�D�PXWDWLRQ�FDQ

MXPS��6(/(&7�ZLOO�VROYH�LWV�SUREOHP�D�ORW�IDVWHU��7KDW�HIIHFWLYH�

QHVV�JHQHUDOO\�GHFUHDVHV�KRUULEO\�DV�WKH�LQIRUPDWLRQ�FRQWHQW�RI�D

VHOI�UHSURGXFLQJ�DXWRPDWRQ©V�JHQHWLF�PDWHULDO�LQFUHDVHV��)RU�H[�

DPSOH�� LI�ZH�KDG� D� WZR�NLORE\WH� YLUXV�� DQG�ZH� WRRN� D� ����E\WH

VXEURXWLQH� DQG� UHSODFHG� LW�ZLWK� D� UDQGRP�FKXQN�RI� FRGH��\RX©G

H[SHFW�WKDW�FRGH�WR�GR�MXVW�DERXW�DQ\WKLQJ�EXW�PDNH�WKH�YLUXV�PRUH

HIIHFWLYH��7KDW�LV�EHFDXVH�WKHUH�DUH��������SRVVLEOH�VXEVWLWXWLRQV�

DQG�RQO\�D�YHU\��YHU\�VPDOO�QXPEHU�RI�WKRVH�ZLOO�KDYH�DQ\WKLQJ�WR

GR�ZLWK�EHLQJ�D�XVHIXO�VXEURXWLQH��PXFK�OHVV�VRPHWKLQJ�KHOSIXO�WR

WKH�YLUXV��8QOHVV�WKH�FKRLFH�RI�VXFK�D�VXEVWLWXWLRQ�LV�LQWHOOLJHQWO\

PDGH��LW�KDV�QR�KRSH�RI�KLWWLQJ�RQ�D�JRRG�DQVZHU��7\SLFDOO\��D�EOLQG

VHDUFK�ZRUNV�RQO\�ZKHQ�WKHUH�DUH�D�YHU\�OLPLWHG�QXPEHU�RI�SRVVL�

ELOLWLHV�WR�H[DPLQH��2QFH�\RX�VWDUW�WDONLQJ�QXPEHUV�OLNH���������LW©V

XVHOHVV��,W©V�OLNH�DOORZLQJ�\RXUVHOI�WR�EH�WUDQVSRUWHG�WR�VRPH�UDQ�

GRP�SODFH�LQ�WKH�XQLYHUVH�LQ�DQ�LQVWDQW�DQG�MXVW�KRSLQJ�LW©OO�EH�D

SODFH�\RX�FDQ�OLYH��:H©OO�WDON�PRUH�DERXW�WKLV�ODWHU�

0LFUR�PXWDWLRQV�GLIIHU�LQ�WKDW�WKH\�DUH�YDULDWLRQV�RQ�D�NQRZQ�

HVWDEOLVKHG�WKHPH��7KH\�PDNH�D�VLPSOH�FKDQJH�DQG�WKHQ�WKH�ILWQHVV

IXQFWLRQ�DQVZHUV�WKH�TXHVWLRQ�¦EHWWHU�RU�ZRUVH"§

1RZ��PLFUR�PXWDWLRQV�KDYH�VRPH�VHULRXV�OLPLWDWLRQV�EHFDXVH

WKH\�FDQ�RQO\�H[SORUH�WKH�ORFDO�EHKDYLRU�RI�WKH�ILWQHVV�IXQFWLRQ��,I

\RX� KDG� D� ILWQHVV� IXQFWLRQ� WKDW� ORRNHG� OLNH� )LJXUH� ������ DQG� D

SRSXODWLRQ�DW�SRLQW�$��PLFUR�PXWDWLRQV�ZRXOG�GXWLIXOO\�OHDG�LW�WR

WKH�ORFDO�SHDN�DW�SRLQW�%��DQG�NHHS�LW�WKHUH�IRUHYHU��7KH�SRSXODWLRQ

FRXOG�SUREDEO\�QRW�QHJRWLDWH�WKH�PLQLPXP�DW�SRLQW�&�WR�ILQG�LWV�ZD\

WR�SRLQW�'��7KDW�SODFHV�D�UHDO�OLPLW�RQ�HYROXWLRQ��:H�FRXOG�FRQFOX�

��� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ



VLYHO\�VD\�WKDW�WKH�SRSXODWLRQ�DW�SRLQW�$�FRXOG�QHYHU�HYROYH�LQWR�D

SRSXODWLRQ�DW�'�LQ�WKLV�V\VWHP��7KDW�GRHV�QRW��RI�FRXUVH��PHDQ�ZH

FRXOGQ©W�PRGLI\�RXU�V\VWHP�WR�PDNH�LW�SRVVLEOH� WR�JHW�WR�'��)RU

H[DPSOH��ZH�PLJKW�LQWURGXFH�D�SUHGDWRU��7KDW�DGGV�PRUH�GLPHQ�

VLRQV�WR�WKH�JHQRW\SH�VSDFH��VR�WKDW�\RX�PLJKW�HQG�XS�ZLWK�D�EULGJH

IURP�%� WR�'�� DV� LQ�)LJXUH������� ,Q�GRLQJ� WKLV�� KRZHYHU��\RX©YH

PRGLILHG� WKH� V\VWHP�� 7KH� VDPH� FRQFOXVLRQ� VWLOO� DSSOLHV� WR� WKH

RULJLQDO�V\VWHP�

7KLV�SUREOHP�RI�ILQGLQJ�ORFDO�PD[LPD�LV�DOVR�PRGHOHG�E\�WKH

SURJUDP�6(/(&7��7KLV�SURJUDP�DOORZV�\RX�WR�SXW�LQ�D�ZDOO�DURXQG

WKH�FHQWHU�SRLQW��LQ�ZKLFK�WKH�DXWRPDWD�DUH�OHVV�OLNHO\�WR�VXUYLYH�

:KHQ�\RX�UXQ�WKH�SURJUDP��LI�WKH�LQLWLDO�SRSXODWLRQ�LV�RXWVLGH�WKH

ZDOO��LW�ZLOO�VWD\�RXWVLGH�IRUHYHU���SURYLGHG�\RX�PDNH�WKH�ZDOO�WKLFN

HQRXJK�DQG�KLJK�HQRXJK��HYHQ�WKRXJK�WKH�LQVLGH�RI�WKH�ZDOO�KDV�D

ORZHU�ILWQHVV�IXQFWLRQ�WKDQ�DQ\�SRLQW�RXWVLGH�RI�LW�

7KH�VHFRQG�OLPLWDWLRQ�RI�PLFUR�PXWDWLRQV�LV�WKDW�WKH\�FDQ�EH

LQHIIHFWLYH�LQ�UHJLRQV�ZKHUH�WKH�ILWQHVV�IXQFWLRQ�LV�IODW�RU�QHDUO\

IODW��7\SLFDOO\��PLFUR�PXWDWLRQV�VHOHFWLYHO\�FRXSOH�LQWR�WKH�VORSH

RI�WKH�ILWQHVV�IXQFWLRQ��:KHUH�WKH�IXQFWLRQ�LV�VWHHS��OLNH�WKH�VLGH�RI

D�PRXQWDLQ��VPDOO�PXWDWLRQV�DUH�YHU\�HIIHFWLYH�LQ�ILJXULQJ�RXW�ZKLFK

$

%

&

'

)LJXUH�������$�ILWQHVV�IXQFWLRQ�ZLWK�D�ORFDO
PD[LPXP�

7KH�7KHRU\�RI�(YROXWLRQ ���



ZD\� WR� JR�� +RZHYHU�� LI� WKH� IXQFWLRQ� LV� IODW�� OLNH� D� SODWHDX�� WKH

PXWDWLRQ�SURFHVV�EHFRPHV�D�EOLQG�VHDUFK�IRU�ILWWHU�JHQHV��,I�WKH�DUHD

WR�EH�VHDUFKHG�LV�WRR�ODUJH��WKDW�EOLQG�VHDUFK�LV�SUDFWLFDOO\�JXDUDQ�

WHHG�WR�EH�IUXLWOHVV��<RX�FDQ�PDWKHPDWLFDOO\�GHWHUPLQH�KRZ�JRRG

WKH�VHDUFK�ZLOO�EH�EDVHG�RQ�WKH�SRSXODWLRQ�VL]H��WKH�UHSURGXFWLRQ

UDWH��WKH�PXWDWLRQ�UDWH��WKH�DOORWWHG�DPRXQW�RI�WLPH��DQG�WKH�YROXPH

RI�WKH�JHQH�VSDFH�WR�EH�VHDUFKHG�

)RU�H[DPSOH��VXSSRVH�,�KDYH�D�YLUXV�WKDW�FRXOG�WDNH�D�PDMRU

OHDS�LQ�ILWQHVV�E\�PRGLI\LQJ����E\WHV�RI�FRGH������ELWV���<HW�QR

LPSURYHPHQW�LQ�ILWQHVV�FRXOG�EH�KDG�XQWLO�DOO�����ELWV�ZHUH�LQ�SODFH�

MXVW�DV�QHHGHG��H�J��WKH�ILWQHVV�IXQFWLRQ�LV�IODW�LQ�WKLV�UHJLRQ���7KXV�

D�SRSXODWLRQ�RI�YLUXVHV�ZRXOG�KDYH�WR�VHDUFK�D�VSDFH�RI������ �����

[������GLIIHUHQW�YDULDWLRQV�WR�KLW�RQ�WKH�RQH�WKDW�ZDV�DQ�LPSURYH�
PHQW��1RZ��ZKHQ�WKH�SRSXODWLRQ�RI�YLUXVHV�FRPHV�QHDU�WKLV�SODWHDX�

LW�ZLOO�EHJLQ�WR�GLIIXVH�DFURVV�LW�E\�PXWDWLQJ���6HH�)LJXUH�������$IWHU

D�ORQJ��ORQJ�WLPH��WKH�YLUXV�ZLOO�SUHVXPDEO\�ILOO�WKLV�VSDFH�IDLUO\

HYHQO\��+RZHYHU��DW�WKDW�WLPH�LW�ZLOO�EH�VSUHDG�VR�WKLQO\��WKDW�HYHQ

LI�WKHUH�DUH�D�KXJH�QXPEHU�RI�YLUXVHV��WKH�FKDQFHV�WKDW�DQ\�RQH�RI

WKHP�ZLOO�ILQG�WKH�LPSURYHPHQW�ZLOO�EH�PLQXVFXOH��)RU�H[DPSOH�

)LJXUH�������3RVVLEOH�ILWQHVV�IXQFWLRQ�ZLWK�D
SUHGDWRU�

��� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ



VXSSRVH�WKH�WRWDO�YLUXV�SRSXODWLRQ�37�ZDV���
����D�KXJH�QXPEHU���,I

HYHQO\�VSUHDG�RXW��WKH�DYHUDJH�SRSXODWLRQ�RI�DQ\�JLYHQ�YDULDWLRQ�LV

RQO\

3L� �37��
���� ���[������ ����

7KDW�LV�WKH�EHVW�FDVH�VFHQDULR��0RVW�RI�WKH�WLPH��WKH�SRSXODWLRQ�LQ

WKH�UHJLRQ�RI�WKH�LPSURYHG�YLUXV�ZLOO�EH�PXFK�ORZHU��EHFDXVH�WKH

GLIIXVLRQ�ZLOO�WDNH�D�ORQJ�WLPH�WR�JHW�WR�WKDW�QHLJKERUKRRG��2QO\

WKHQ�ZLOO�WKH�SRSXODWLRQ�LQ�WKLV�QHLJKERUKRRG�UHDFK�WKH�YDOXH�DERYH�

:LWK�RQO\�D���LQ������FKDQFH�RI�ILQGLQJ�WKH�ULJKW�PXWDWLRQ��PLFUR�

PXWDWLRQV�FDQQRW�DFFRPSOLVK�LW�LQ�D�UHDVRQDEOH�WLPH�IUDPH�

7KH�DELOLW\�RI�D�SRSXODWLRQ�WR�WUDYHUVH�D�SODWHDX�RI�D�JLYHQ�VL]H

LV�HYHU\WKLQJ�LQ�WKLV�JDPH��7KHUH�VHHP�WR�EH�DOPRVW�DEVROXWH�OLPLWV

IRU�ODUJH�HQRXJK�SODWHDXV��DV�WKH�DERYH�GLVFXVVLRQ�ZRXOG�LQGLFDWH�

,Q�VXFK�D�VLWXDWLRQ��LW�GRHVQ©W�PDWWHU�KRZ�ELJ�WKH�SRSXODWLRQ�RU�KRZ

KLJK�WKH�PXWDWLRQ�UDWH��$Q\�UHDVRQDEOH�QXPEHUV�VWLOO�GRQ©W�PHHW�WKH

FKDOOHQJH��7KDW�LV�EHFDXVH�D�UDQGRP�VHDUFK�LV�LQFUHGLEO\�LQHIILFLHQW

)LJXUH�������0LJUDWLRQ�DFURVV�D�SODWHDX�LQ�JHQH
VSDFH�

7KH�7KHRU\�RI�(YROXWLRQ ���



LI�LW�KDV�WR�ORRN�YHU\�IDU��2Q�WKH�RWKHU�KDQG��PXFK�VPDOOHU�SODWHDXV

FRXOG�VWLOO�EH�XQQHJRWLDEOH�EHFDXVH�WKH�QXPEHUV�RI�PXWDWLRQV�LQ�D

SRSXODWLRQ�DUH�MXVW�WRR�VPDOO�WR�GLIIXVH�WKH�SRSXODWLRQ�DFURVV�WKH

SODWHDX�

7KH�6(/(&7�SURJUDP�ZLOO�DOORZ�\RX�WR�SXW�D�VPDOO�SODWHDX

LQWR�WKH�ILWQHVV�IXQFWLRQ�LQVWHDG�RI�D�ZDOO��,I�\RX�PDNH�WKH�WKLFNQHVV

RI�WKH�ZDOO�DERXW����XQLWV��WKH�SODWHDX�LV�MXVW�ELJ�HQRXJK�WR�VORZ�WKH

IX]]\�EDOO�UHSUHVHQWLQJ�WKH�SRSXODWLRQ�GRZQ��,I�\RX�PDNH�LW�PXFK

ELJJHU��WKDW�EDOO�FDQQRW�ILQG�LWV�ZD\�DFURVV�WKH�SODWHDX��7R�XQGHU�

VWDQG�WKH�IXWLOLW\�RI�D�ODUJH�UDQGRP�VHDUFK��SOD\�DURXQG�ZLWK�WKLV

SURJUDP�IRU�D�ELW�DQG�WKHQ�LPDJLQH�PDNLQJ�WKH�RXWHU�HGJH�RI�WKH

SODWHDX�WKH�VL]H�RI�WKH�HDUWK©V�RUELW�DURXQG�WKH�VXQ�

/HW©V�JR�RQ�WR�GLVFXVV�WKH�RWKHU�PHDQV�RI�FKDQJH�ZKLFK�HYROX�

WLRQ�KDV�DW�LWV�GLVSRVDO��VH[XDO�UHSURGXFWLRQ�DQG�UHFRPELQDWLRQ��,Q

UHDO�ZRUOG�RUJDQLVPV�� WKH�JHQHWLF� LQIRUPDWLRQ� VWRUHG� LQ�'1$�LV

EURNHQ�XS�LQWR�RQH�RU�PRUH�FKURPRVRPHV��(DFK�FKURPRVRPH�LV�D

VLQJOH�VWUDQG�RI�'1$�FRQWDLQLQJ�D� ODUJH�QXPEHU� �SHUKDSV� WKRX�

VDQGV��RI�JHQHV��,Q�VH[XDO�UHSURGXFWLRQ��WKH�FKLOG�UHFHLYHV�ZKROH

FKURPRVRPHV�IURP�WKH�SDUHQWV��ZLWK�HYHQ�RGGV�RI�JHWWLQJ�DQ\�JLYHQ

FKURPRVRPH�IURP�IDWKHU�RU�PRWKHU��7KXV��LI�WKH�IDWKHU©V�FKURPR�

VRPHV�DUH�ODEHOOHG�)���)�������)���DQG�WKH�PRWKHUV�0���0�������0���

WKHQ�WKH�FKLOG�PD\�HQG�XS�ZLWK�FKURPRVRPHV�0��0��)��0��)�

)�� 0�� )�� 0�� )���� *HQHUDOO\� VSHDNLQJ�� HDFK� FKURPRVRPH� LV

LGHQWLFDO�WR�HLWKHU�WKH�PRWKHU©V�RU�WKH�IDWKHU©V��WKRXJK�WKH�FKLOG�ZLOO

UDUHO\�JHW�DOO�RI�LWV�FKURPRVRPHV�IURP�RQH�PDWH���,Q�RXU�H[DPSOH�

ZLWK����FKURPRVRPHV��WKH�SUREDELOLW\�LV�RQO\��������7KXV��VH[XDO

UHSURGXFWLRQ�DOORZV�IRU�D�FKLOG�ZKLFK�LV�VXEVWDQWLDOO\�GLIIHUHQW�IURP

HLWKHU�SDUHQW��EXW�VWLOO�VLPLODU�WR�ERWK�

,Q�DGGLWLRQ�WR�JHQHWLF�PL[LQJ�RQ�D�FKURPRVRPDO�OHYHO��D�SURFHVV

FDOOHG�FKLDVPD�VRPHWLPHV�RFFXUV�LQ�ZKLFK�WKH�SDUHQW©V�FKURPR�

VRPHV� FURVV� �VHH� )LJXUH� ������� DQG� FRPELQH� LQWR� QHZ� FKURPR�

VRPHV�� QRW� SUHVHQW� LQ� HLWKHU� SDUHQW�� 7KXV� WKH� FKLOG� JHWV� D� QHZ

FKURPRVRPH��ZKLFK�KDV�JHQHV�IURP�ERWK�SDUHQWV��7KH�FURVVRYHU

FDQ�RFFXU�DQ\ZKHUH�DORQJ�WKH�OHQJWK�RI�WKH�FKURPRVRPH�DQG�FDQ

UHVXOW�LQ�D�QHZ��DQG�SRVVLEO\�GHIHFWLYH��JHQH��&KLDVPD�LV�D�UHOD�

WLYHO\�UDUH�SURFHVV�WKRXJK��DQG�UDUHU�WKH�KLJKHU�\RX�JR�RQ�WKH�FKDLQ

RI�OLIH��

��� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ



,Q� DUWLILFLDO� OLIH�� VH[XDO� UHSURGXFWLRQ� FDQ� EH� D� PXFK� PRUH

HIILFLHQW�ZD\�WR�VHDUFK�IRU�ILWQHVV�VROXWLRQV�WKDQ�PXWDWLRQV�DORQH�

GHSHQGLQJ� RQ� VWDUWLQJ� SDUDPHWHUV� IRU� D� V\VWHP�� DQG� KRZ� \RX

LPSOHPHQW� WKH� UHSURGXFWLRQ� SURFHVV�� 7KH� JHQHWLF� DOJRULWKP� LV

SHUKDSV�WKH�PRVW�ZHOO�NQRZQ�H[DPSOH�RI�DQ�DUWLILFLDO�OLIH�LPSOH�

PHQWDWLRQ�RI�VH[XDO�UHSURGXFWLRQ�DW�WKLV�WLPH��,W�GLIIHUV�LPSRUWDQWO\

IURP� UHDO� ZRUOG� VH[XDO� UHSURGXFWLRQ� LQ� WKDW� W\SLFDOO\� RQO\� RQH

FKURPRVRPH�LV�LPSOHPHQWHG��EXW�FKLDVPD�LV�JUHDWO\�PDJQLILHG��VR

WKDW� WKH� FKURPRVRPH� LV� RIWHQ� EURNHQ� DQG� FURVVHG� RYHU� DW� VRPH

UDQGRPO\�VHOHFWHG�SRLQW�DORQJ�LWV�OHQJWK�

6XFK�DOJRULWKPV�KDYH�SURYHQ�YHU\�HIILFLHQW�DW�VROYLQJ�VLPSOH

SUREOHPV��SURYLGHG� WKDW�D� IDLUO\�XQLIRUP�ILWQHVV� IXQFWLRQ�FDQ�EH

LQYHQWHG�WR�KRQH�WKHP�ZLWK��,I�\RX�FRQVLGHU�D�PXWDWLQJ�V\VWHP�ZLWK

D�EXQFK�RI�UDQGRP�VWDUWLQJ�SRLQWV��WKHQ�WKH�QH[W�JHQHUDWLRQ�FDQ�DW

EHVW�H[SORUH�D�VPDOO�QHLJKERUKRRG�DURXQG�HDFK�SRLQW��DV�GHSLFWHG

LQ�)LJXUH�������2Q�WKH�RWKHU�KDQG��D�VH[XDOO\�UHSURGXFLQJ�V\VWHP

FDQ� H[SORUH� WKH� OLQH� EHWZHHQ� DQ\� WZR� LQGLYLGXDOV�� 6R� LQ� HIIHFW�

VH[XDO� UHSURGXFWLRQ� DOORZV� D� SRSXODWLRQ� WR� FRYHU� PRUH� JURXQG

$&7**$&&7*$$

*&&$*&&7$$*$

$&7**$&7$$*$

)DWKHU

0RWKHU

&KLOG

)LJXUH�������&KLDVPD

7KH�7KHRU\�RI�(YROXWLRQ ���

� %HQMDPLQ� /HZLQ�� *HQHV�� 6HFRQG� (GLWLRQ� �-RKQ� :LOH\� DQG� 6RQV�� 1HZ
<RUN�������S�����



)LJXUH�������0XWDWLRQ�YHUVXV�VH[XDO�UHSURGXFWLRQ�

6H[XDO�5HSURGXFWLRQ

0XWDWLRQ

��� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ



IDVWHU��7KHUH�DUH��RI�FRXUVH��OLPLWDWLRQV��,I�UDWKHU�WKDQ�VWDUWLQJ�ZLWK

D� UDQGRPL]HG� SRSXODWLRQ�� ZH� VWDUWHG� ZLWK� D� YHU\� ZHOO� GHILQHG

SRSXODWLRQ��ZH�ZRXOG�QRW�EH�DEOH�WR�LQWURGXFH�QHZ�YDULDWLRQ�LQWR

WKH�V\VWHP��)RU�H[DPSOH��FURVVLQJ�WZR�ELQDU\�FKURPRVRPHV�WKDW

GLIIHU�E\�RQO\�RQH�ELW

&KURPRVRPH�$������������������������������

&KURPRVRPH�%������������������������������

ZLOO�DOZD\V�JLYH�\RX�RQO\�RQH�RU�WKH�RWKHU�RI�WKH�RULJLQDOV��&UHDWLQJ

DQ\WKLQJ�QHZ�LV�LPSRVVLEOH��2Q�WKH�RWKHU�KDQG��D�PXWDWLQJ�V\VWHP

JLYHV�\RX�QHZ�FRPELQDWLRQV�WR�WU\��QR�PDWWHU�KRZ�IHZ�FKURPR�

VRPHV�\RX�VWDUW�RXW�ZLWK��7KXV�VH[XDO�UHSURGXFWLRQ�DSSHDUV�WR�EH�D

XVHIXO�VHDUFK�PHFKDQLVP�LQ�VRPH�VLWXDWLRQV��DQG�QRW�LQ�RWKHUV�

7KHUH�LV�DQ�LPSRUWDQW�WUDGHRII�ZH�PXVW�XQGHUVWDQG�ZKHQ�GLV�

FXVVLQJ�VH[XDO�UHSURGXFWLRQ��7KH�PXOWLSOH�FKURPRVRPHV�RI�WKH�UHDO

ZRUOG�DUH�VRPHZKDW�RI�DQ�HQFXPEUDQFH�ZKHQ�FRQVLGHULQJ�D�SXUHO\

ORJLFDO� JHQHWLF� V\VWHP�� $� V\VWHP� ZLWK� WKUHH� FKURPRVRPHV�� IRU

H[DPSOH��LV�LGHQWLFDO�WR�D�V\VWHP�ZLWK�RQH�FKURPRVRPH�LQ�ZKLFK

FKLDVPD�RFFXUV�ZLWK�D�����SUREDELOLW\�DW�WZR�¦KRW�VSRWV�§ ��6HH

)LJXUH�������7KXV��WKH�FURVVRYHU�PHFKDQLVP�FDQ�ORJLFDOO\�SHUIRUP

WKH�VDPH�IXQFWLRQ�DV�PXOWLSOH�FKURPRVRPHV��7KH�IDFW�WKDW�WKHUH�DUH

PXOWLSOH�FKURPRVRPHV�LQ�WKH�UHDO�ZRUOG�LV�D�IHDWXUH�RI�WKH�LPSOH�

PHQWDWLRQ�RI�WKH�JHQHWLF�ORJLF��UDWKHU�WKDQ�D�IXQGDPHQWDO�DVSHFW�RI

+RW
6SRW��

+RW
6SRW��
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)LJXUH�������&KURPRVRPHV�FDQ�EH�LPSOHPHQWHG
ZLWK�KRW�VSRWV�
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WKDW�ORJLF��7KXV��IURP�QRZ�RQ��ZH�QHHG�RQO\�FRQVLGHU�V\VWHPV�ZLWK

RQH�FKURPRVRPH�

,Q�GHVLJQLQJ�D�JHQHWLF�V\VWHP�ZH�KDYH�WR�GHFLGH�ZKHUH�FURVV�

RYHU�FDQ�RFFXU�DQG�KRZ�RIWHQ��7KDW�GHFLVLRQ�ZLOO�GHWHUPLQH�KRZ

ELJ� D� SRSXODWLRQ�ZLOO� EH� QHHGHG� WR� FRYHU� WKH�ZKROH� JHQH� VSDFH

HIIHFWLYHO\�XVLQJ�VH[XDO�UHSURGXFWLRQ��/HW�PH�H[SODLQ��VXSSRVH�ZH

DOORZ� FURVVRYHU� ZLWK� HTXDO� IUHTXHQFLHV� EHWZHHQ� HYHU\� ELW� LQ� D

FKURPRVRPH��7KHQ�ZH�VWDUW�RXU�SRSXODWLRQ�RXW�ZLWK�D�VHW�RI�UDQGRP

FKURPRVRPHV��:H�FDQ�HDVLO\�GHFLGH�KRZ�PDQ\�FKURPRVRPHV�ZLOO

EH�QHFHVVDU\�WR�FRYHU�WKH�ZKROH�JHQH�VSDFH��(VVHQWLDOO\��ZH�ZDQW

WR� EH� DEOH� WR� PDNH� DQ\� FKURPRVRPH� IURP� RXU� VHW� RI� UDQGRP

FKURPRVRPHV�E\�UHSHDWHGO\�FURVVLQJ�WKHP��*HQHUDOO\��JLYHQ�WZR

UDQGRP�FKURPRVRPHV������RI�WKH�ELWV�ZLOO�PDWFK��DQG�����ZRQ©W�

$�WKLUG�ZLOO�PDWFK�����ZLWK�HDFK�RI�WKH�ILUVW�WZR��DQG�����ZLOO

PDWFK�ZLWK�ERWK��,Q�JHQHUDO��D�IUDFWLRQ���1�RI� WKH�WRWDO�ELWV� LQ�1

UDQGRP�FKURPRVRPHV�ZLOO�DOO�PDWFK��6R��IRU�H[DPSOH��ZLWK�D�WZR

E\WH� ����ELW��FKURPRVRPH��ZH©G�QHHG�DERXW���1���⁄���IRU�D����
SUREDELOLW\�RI�KDYLQJ�QR�ELWV�ZKLFK�PDWFK�LQ�DOO�1�FKURPRVRPHV�

VR�1 ���(VVHQWLDOO\��ILYH�FKURPRVRPHV�ZRXOG�SUREDEO\�FRYHU�WKH

ZKROH�VSDFH��:LWK�WKHVH�ILYH�FKURPRVRPHV��,�FRXOG�EXLOG�DQ\�RWKHU

WZR�E\WH�VHTXHQFH�E\�FURVVLQJ�WKHP��2Q�WKH�RWKHU�KDQG��LI�,�RQO\

DOORZ�FURVVRYHU� WR�WDNH�SODFH�RQ�E\WH�ERXQGDULHV��,©OO�QHHG�D�ORW

PRUH�FKURPRVRPHV�WR�VWDUW�RXW�ZLWK��2QO\�DERXW��⁄����E\WHV�ZLOO
PDWFK�EHWZHHQ�DQ\�SDLU�RI�FKURPRVRPHV�����⁄����ZLOO�QRW�PDWFK�
<RX�FDQ�GHWHUPLQH�WKDW�\RX©OO�QHHG�VRPH������UDQGRP�FKURPR�

VRPHV�WR�GR�DV�ZHOO�DV�ELW�ZLVH�FURVVRYHU�GLG�ZLWK�ILYH�

)URP�RXU�GLVFXVVLRQ�LW�ZRXOG�VHHP�WKDW�ELW�ZLVH�FURVVRYHU�LV

PXFK�PRUH�HIILFLHQW�DW�H[SORULQJ�WKH�JHQH�VSDFH¥DQG�LW�LV��+RZ�

HYHU�LW�GRHV�QRW�DOZD\V�IROORZ�WKDW�ZH�VKRXOG�XVH�LW��7KH�SUREOHP

ZLWK�ELW�ZLVH�FURVVRYHU�LV�WKDW�LW�GHVWUR\V�DOO�ORQJ�UDQJH�RUGHU�LQ

WKH�JHQH��)RU�H[DPSOH��LI�D�FHUWDLQ�FRPELQDWLRQ�RI�ELWV�LQ�WKH�JHQH

JLYHV�PXFK�LPSURYHG�VXUYLYDO�FKDUDFWHULVWLFV�WR�LQGLYLGXDOV�ZKLFK

SRVVHV�LW��WKHQ�\RX�ZDQW�\RXU�V\VWHP�WR�SUHVHUYH�WKDW�FRPELQDWLRQ�

,I��KRZHYHU��WKLV�FRPELQDWLRQ�FRQVLVWV�RI�WZR�FRQWLJXRXV�E\WHV��LW

KDV�D�SUREDELOLW\�RI����S����RI�EHLQJ�SUHVHUYHG�IURP�WKH�SDUHQW�WR

FKLOG�ZKHUH�S�LV�WKH�SUREDELOLW\�RI�D�VLQJOH�ELW�ZLVH�FURVVRYHU��7KH

RQO\�ZD\�WR�SUHVHUYH�WKLV�SDWWHUQ��WKHQ��LV�WR�PDNH�S�YHU\�VPDOO��,I

\RX� GR� WKDW�� WKRXJK�� \RX�PDNH� FURVVRYHU� DQ� LQHIIHFWLYH�ZD\� WR

��� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ



H[SORUH�WKH�JHQH�VSDFH��8VLQJ�D�ODUJHU�JUDQXODULW\�LQ�WKH�FURVVRYHU

SHUPLWV� WKH�SUHVHUYDWLRQ�RI� ORQJ�UDQJH�RUGHU��ZKLOH� DOORZLQJ�DQ

DFFHSWDEOH��WKRXJK�UHGXFHG��DPRXQW�RI�JHQH�VSDFH�H[SORUDWLRQ�E\

NHHSLQJ�S�ODUJH�

7KHVH�DUH�WKH�WUDGHRIIV�RI�VH[XDO�UHSURGXFWLRQ��2EYLRXVO\�WKHUH

FRXOG�EH�PDQ\�YDULDWLRQV�RQ�WKLV�EDVLF�DSSURDFK��7KH�UHDO�ZRUOG

DFWXDOO\� PDNHV� D� VHQVLEOH� FRPSURPLVH�� 0XOWLSOH� FKURPRVRPHV

DOORZ�IUHTXHQW�JHQH�PL[LQJ�ZLWK�JRRG�SUHVHUYDWLRQ�RI�ORQJ�UDQJH

RUGHU��7KH�PRUH�LQIUHTXHQW�LQWUD�FKURPRVRPDO�FURVVRYHU�DOORZV�D

ORZHU�OHYHO�RI�PL[LQJ��ZKLFK�UHVXOWV�LQ�QHZ�FKURPRVRPHV�

7KH�GLVWLQFWLRQ�EHWZHHQ�PXWDWLRQ�DQG�FURVVRYHU�LV�UDWKHU�YDJXH

ZKHQ�FURVVRYHU�RFFXUV�DW�WKH�OHYHO�RI�WKH�VPDOOHVW�EXLOGLQJ�EORFNV

LQ� D� V\VWHP�� DQG�ZKHQ� WKHUH� LV� VXIILFLHQW� YDULHW\� LQ� WKH�RULJLQDO

SRSXODWLRQ��)RU�H[DPSOH��WKHUH�LV�QR�GLIIHUHQFH�EHWZHHQ�PXWDWLQJ

WKH�E\WH��$�+H[�LQWR��$�+H[�DQG�REWDLQLQJ�WKH��$�KH[�IURP�D�FURVV

EHWZHHQ��$�DQG����+H[��7KH�HQG�UHVXOW�LV�DQ��$�QR�PDWWHU�ZKDW�

2I�FRXUVH��LI�QRQH�RI�WKH�LQLWLDO�SRSXODWLRQ�KDG�D�JHQH�ZLWK�WKH��WK

ELW�VHW�LQ�WKLV�E\WH��WKHQ�QR�DPRXQW�RI�FURVVLQJ�FRXOG�SURGXFH�DQ

�$�+H[�

7\SLFDOO\�D�VSHFLHV�LQ�WKH�UHDO�ZRUOG�LV�UHFRJQL]HG�E\�D�OLPLWHG

JHQHWLF�YDULDWLRQ�LQ�LWV�SRSXODWLRQV���)RU�H[DPSOH��WZR�JHQHV�FRGH

IRU� WZR� GLIIHUHQW� W\SHV� RI� KXPDQ� KHPRJORELQ� �α� DQG�β���7KHVH
JHQHV�DUH�����DQG�����XQLWV�LQ�OHQJWK��UHVSHFWLYHO\��DQG�DJUHH�LQ���

SODFHV��KDYH���JDSV��DQG�GLIIHU�LQ����SODFHV��:LWK�RQO\�WZR�JHQHV

WR�FRGH�IRU�����DPLQR�DFLGV��\RX�KDYH�D�YHU\�OLPLWHG�DPRXQW�RI

FKDQJH�DYDLODEOH�IURP�WKH�H[LVWLQJ�KXPDQ�SRSXODWLRQ�YLD�D�VWUDLJKW

FURVV�RYHU�PHFKDQLVP���

7KH�%LJ�4XHVWLRQ

7KH�7KHRU\�RI�(YROXWLRQ ���

� ,Q�IDFW��PDQ\�ZRXOG�GHILQH�D�VSHFLHV�DV�DQ�LVRODWHG��VSHFLILF�SRSXODWLRQ�
� <RX�FDQ�SXW� WRJHWKHU�RQO\�DERXW�����SRVVLEOH�JHQHV��PRVW�RI�ZKLFK�ZLOO�EH

OHWKDO���DV�FRPSDUHG�WR�������SRVVLELOLWLHV��$QG���������� �������LV�D�VPDOO�SDUW
RI�WKH�WRWDO�VSDFH��7R�JLYH�\RX�DQ�LGHD�RI�KRZ�VPDOO�LW�LV��LW�LV�VPDOOHU�WKDQ�WKH
UDWLR�RI�WKH�YROXPH�RI�D�SURWRQ�WR�WKH�WRWDO�YROXPH�RI�WKH�XQLYHUVH�



8S�WR�WKLV�SRLQW��ZH©YH�VHHQ�WKDW�WKHUH�DUH�ORWV�RI�SUDFWLFDO�OLPLWV

RQ�HYROXWLRQ�WKDW�DUH�LQWHUHVWLQJ�WR�H[SORUH�XVLQJ�$/��)RU�H[DPSOH�

LQ�WKH�ODVW�FKDSWHU�ZH�VDZ�KRZ�PXWDWLRQ�UDWHV�DIIHFW�WKH�WLPH�IUDPH

RI�HYROXWLRQ��(YHQ�D�VPDOO�PXWDWLRQ�FDQQRW�EHFRPH�HVWDEOLVKHG�LI

LW� LV� QRW� JLYHQ� HQRXJK� WLPH�� :H� DOVR� VDZ� KRZ� WKH� SRSXODWLRQ

HTXDWLRQV�FRXOG�VXSSUHVV�HYROXWLRQ��,Q�WKLV�FKDSWHU��ZH©YH�VHHQ�KRZ

WKH�DELOLW\�RI�PXWDWLRQV�WR�QHJRWLDWH�D�ILWQHVV�IXQFWLRQ�FDQ�EH�IRLOHG�

ZH©YH�VHHQ�KRZ�WUDGHRIIV�KDYH�WR�EH�PDGH�LQ�VH[XDO�UHSURGXFWLRQ�

DQG�KRZ�WKH�YHU\�DFW�RI�GHILQLQJ�D�¦ VSHFLHV§ �OLPLWV�ZKDW�VH[XDO

UHSURGXFWLRQ�FDQ�GR��$OO�RI�WKHVH�P\ULDG�IDFWRUV�PXVW�HYHQWXDOO\

JR�LQWR�DQ\�DQDO\VLV�RI�HYROXWLRQ�LQ�WKH�UHDO�ZRUOG��7KH�SUREOHP

ZLWK�DSSO\LQJ�WKHP�WR�WKH�UHDO�ZRUOG�LV�WKDW�WKH�UHDO�ZRUOG�LV�WRR

FRPSOH[��:KDW�LV�WKH�ILWQHVV�IXQFWLRQ�RI�RXU�HFRV\VWHP"�,Q�D�VSDFH

RI�VRPH����������������JHQHWLF�SRVVLELOLWLHV��MXVW�KRZ�ZHOO�GHILQHG�LV

WKH�KXPDQ�VSHFLHV"�:KDW�DUH�WKH�PXWDWLRQ�PHFKDQLVPV��PXWDWLRQ

UDWHV�DQG�FURVVRYHU�UDWHV��VLWH�E\�VLWH��RI�VRPH�FKURPRVRPH"�7KHVH

TXHVWLRQV�DUH�PLQG�ERJJOLQJ��$W�KHDUW��WKLV�LV�ZK\�HYROXWLRQ�FDQ©W

DQVZHU�WRR�PDQ\�TXHVWLRQV�IRU�WKH�LQVLVWHQW�VFLHQWLVW�

,I�ZH�ZDQW�D�UHDO�VFLHQWLILF�DVVHVVPHQW�RI�'DUZLQ©V�K\SRWKHVLV�

ZH�PLJKW�EH�IDFHG�ZLWK�ZHLJKLQJ�DOO�RI�WKHVH�IDFWRUV�IRU�WKH�UHDO

ZRUOG��$Q\�RQH�RI�WKHVH�REVWDFOHV�FRXOG�HDVLO\�SURYH�LQVXUPRXQW�

DEOH��)RU�H[DPSOH��ZH�KDYH�QR�UHDVRQ�WR�EHOLHYH�WKDW�WKH�ILWQHVV

IXQFWLRQ�RI�RXU�ZRUOG�GRHV�QRW�ORRN�OLNH�D�EXQFK�RI�LVODQGV�LQ�WKH

VHD��ZLWK�SRSXODWLRQV�FHQWHUHG�DURXQG�HDFK�LVODQG��)LJXUH��������

7KDW�ZRXOG�DSSHDU� WR�PDNH�'DUZLQ©V�K\SRWKHVLV� LPSRVVLEOH��2I

FRXUVH��DW�WKH�VDPH�WLPH��QRQH�RI�WKHVH�REVWDFOHV�FDQ�EH�SURYHQ�WR

EH�LQVXUPRXQWDEOH��:H�KDYH�QR�UHDVRQ�WR�EHOLHYH�WKH�ILWQHVV�IXQF�

WLRQ�GRHV�QRW�ORRN�OLNH�D�ULVLQJ�PRXQWDLQ�UDQJH��ZLWK�VRPH�SRSXOD�

WLRQV� DW� WKH� SHDNV�� DQG� VRPH� RQ� WKH� VORSHV�� 3HUKDSV� VRPHGD\

ELRFKHPLVWU\�E\�LWVHOI�FRXOG�DQVZHU�D�PDMRU�SDUW�RI�WKLV�TXHVWLRQ�

7KHQ�DJDLQ��PD\EH�QRW��:H�MXVW�GRQ©W�NQRZ�ULJKW�QRZ��5LJKW�QRZ�

LWV�KDUG�WR�VD\�ZKDW�ZH�FDQ�OHDUQ�DERXW�WKH�OLPLWDWLRQV�RI�UHDO�ZRUOG

HYROXWLRQ�IURP�WKHVH�LGHDV��&HUWDLQO\�,©YH�VHHQ�WKHP�XVHG�WR�DUJXH

ERWK�WKH�SURV�DQG�FRQV�RI�YDULRXV�HYROXWLRQDU\�VFHQDULRV�

+RZHYHU�� ,� KDYH� WR� ORRN� EH\RQG� DOO� RI� WKHVH� VSHFLILFV� DQG

ZRQGHU�LI�WKHUH�LV�QRW�OXUNLQJ�LQ�WKH�VKDGRZV�VRPH�JUDQG�SULQFLSOH

ZKLFK¥DOWKRXJK� LW� FDQQRW� EH� FOHDUO\� VHHQ� DV� \HW¥SODFHV� VRPH

WUXO\�IXQGDPHQWDO�OLPLWDWLRQV�RQ�HYROXWLRQ��$Q\�WKHRU\�RI�HYROX�

��� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ



WLRQ��LQ�WKH�WUXH�VHQVH�RI�WKH�ZRUG��DOPRVW�KDV�WR�HPERG\�VRPH�VXFK

JHQHUDO�SULQFLSOH��:LWKRXW�DQ\�OLPLWLQJ�SULQFLSOHV��HYROXWLRQ�MXVW

LVQ©W� D� VFLHQWLILF� WKHRU\¥LW� LVQ©W� DQ\WKLQJ� EXW� WDON�� :H� PLJKW

GHYHORS�D�WKHRU\�DERXW�ILWQHVV��RU�D�WKHRU\�DERXW�PXWDWLRQV��EXW�WKDW

GRHVQ©W�PHDQ�ZH�KDYH�D�WKHRU\�RI�HYROXWLRQ�DW�DOO��7KH�YHU\�LGHD�RI

D�WKHRU\�RI�HYROXWLRQ�VXJJHVWV�WKDW�WKHUH�LV�VRPH�SULQFLSOH�EHKLQG

LW�

:KDW�FRXOG�WKDW�SULQFLSOH�EH��WKRXJK"

$IWHU� GRLQJ� D� ORW� RI� H[SHULPHQWLQJ�ZLWK�YLUXVHV� WKDW� HYROYH

�ZKLFK�ZH©OO�GLVFXVV�LQ�D�PRPHQW���P\�JHQHUDO�IHHOLQJ�LV�WKDW�WKHUH

DUH�IXQGDPHQWDO�OLPLWV�RQ�HYROXWLRQ��7KHVH�OLPLWV�VHHP�WR�UHYROYH

DURXQG� RQH� TXHVWLRQ� ZKLFK� PXVW� QHFHVVDULO\� EH� FHQWUDO� WR� DQ\

WKHRU\�RI�HYROXWLRQ�

,V�HYROXWLRQ�D�FUHDWLYH�IRUFH�RU�D�UHDFWLYH�IRUFH"

7KH�FRPPRQ�SHUFHSWLRQ�LV�WKDW�HYROXWLRQ�PXVW�EH�D�FUHDWLYH

IRUFH��,I�QRW��WKHQ�KRZ�FRXOG�DOO�WKH�YDULHW\�RI�OLIH�RQ�HDUWK�KDYH

)LJXUH��������$�ILWQHVV�IXQFWLRQ�XQIUHLQGO\�WR
HYROXWLRQ�

7KH�7KHRU\�RI�(YROXWLRQ ���



HYROYHG"�<HW�LI�ZH�SUHWHQG�WKDW�WKHUH�LV�QR�UHDO�ZRUOG��DQG�$/�LV

DOO�ZH�KDYH� WR�VWXG\�HYROXWLRQ�ZLWK�� WKDW�SRSXODU�SHUFHSWLRQ�EH�

FRPHV�KLJKO\�VXVSHFW��7KDW©V�EHFDXVH�$/�LV�IXQGDPHQWDOO\�GLIIHU�

HQW�IURP�WKH�UHDO�ZRUOG��,Q�WKH�UHDO�ZRUOG��DQDO\]LQJ�LQIRUPDWLRQ

IORZ�LV�SUDFWLFDOO\¥LI�QRW�SKLORVRSKLFDOO\¥LPSRVVLEOH��:LWK�DUWL�

ILFLDO�ZRUOGV�LQVLGH�RXU�FRPSXWHU��LW�LV�SRVVLEOH�

:H©YH�DOUHDG\�GLVFXVVHG�WKH�LGHD�WKDW�WKH�SK\VLFDO�ODZV�RI�D

V\VWHP�FRQWDLQ�LQIRUPDWLRQ�ZLWKLQ�WKH�FRQWH[W�RI�WU\LQJ�WR�EHWWHU

GHILQH� VHOI�UHSURGXFWLRQ�� (VVHQWLDOO\��ZH�ZDQWHG� WR� WU\� WR� DYRLG

WULYLDO�UHSURGXFWLRQ�ZKLFK�ZDV�GLFWDWHG�E\�WKH�SK\VLFDO�ODZV�RI�WKH

V\VWHP��$�SURSRVHG�VROXWLRQ�ZDV�VLPSO\�WR�VXJJHVW�WKDW�WKH�LQIRU�

PDWLRQ� FRQWHQW� RI� WKH� JHQHWLF� PDWHULDO� LQ� D� VHOI�UHSURGXFLQJ

DXWRPDWRQ�RXJKW�WR�EH�JUHDWHU�WKDQ�WKH�LQIRUPDWLRQ�FRQWHQW�RI�WKH

SK\VLFV�RI�WKH�V\VWHP�LQ�ZKLFK�LW�H[LVWHG�

:KHQ�,�VSHDN�RI�HYROXWLRQ�DV�D�FUHDWLYH�IRUFH��,�DP�SULPDULO\

LQWHUHVWHG� LQ� LQIRUPDWLRQ��7KDW� LV�� HYROXWLRQ�RXJKW� WR�EH� DEOH� WR

FUHDWH�LQIRUPDWLRQ��2WKHUZLVH��LI�LW�LV�PHUHO\�UHDFWLYH��WKHQ�LW�FDQ

RQO\�FRXSOH�SUH�H[LVWLQJ�HQYLURQPHQWDO�LQIRUPDWLRQ�LQWR�WKH�VHOI�

UHSURGXFLQJ�SRSXODWLRQ©V�JHQHV��EXW�LW�FDQQRW�JHQHUDWH�QHZ�LQIRU�

PDWLRQ�RQ�LWV�RZQ�

7R�WKH�PRGHUQ�VFLHQWLVW��WKH�¦PLUDFOH§ �RI�OLIH�LV�WKH�LQIRUPD�

WLRQ¥WKH�VSHFLILFLW\�RI�WKH�JHQHV�UHTXLUHG�E\�OLYLQJ�RUJDQLVPV��7KH

JHQH�VSDFH�LV�KXJH��H�J���VRPHWKLQJ�OLNH������������������$OO�WKH�OLIH

WKDW�KDV�HYHU�OLYHG�H[SORUHV�RQO\�DQ�LQILQLWHVLPDO��LQILQLWHVLPDO�ELW

RI� WKLV� VSDFH�� ,QVLGH� WKDW� LQILQLWHVLPDO� ELW�� WKH� YDULRXV� VSHFLHV

RFFXS\�HYHQ�PRUH�LQILQLWHVLPDO�ELWV�RI�VSDFH��7KH�QXPEHUV�DUH�VR

LQFUHGLEOH�WKDW�ZRUGV�FDQ©W�JLYH�XV�DQ\�SHUVSHFWLYH�RQ�WKHP��7KHVH

LQILQLWHVLPDO� ELWV� WHOO� XV� WKDW� WKHUH� LV� D� WUHPHQGRXV� DPRXQW� RI

LQIRUPDWLRQ¥RU�VSHFLILFLW\¥DVVRFLDWHG�ZLWK�OLIH��)LIW\�\HDUV�DJR�

QRERG\�UHDOO\�NQHZ�WKDW��:H�NQHZ�WKDW�WKHUH�ZDV�LQIRUPDWLRQ�WKHUH�

EXW�KRZ�PXFK�ZDV�XQFOHDU�

:H�PLJKW�VXSSRVH�WKDW�WKH�UHDVRQ�ZH�HQGHG�XS�LQ�WKH�UHJLRQ�RI

JHQH�VSDFH�ZH�GLG��DQG�WKH�UHDVRQ�ZH�VSUHDG�RXW�WKH�ZD\�ZH�GLG

ZDV�MXVW�DQ�DFFLGHQW��$IWHU�DOO��LW�KDG�WR�VWDUW�VRPHZKHUH��%H\RQG

WKDW��WKRXJK��ZH�KDYH�WR�ZRQGHU�ZK\�WKH�JHQH�VSDFH�LV�SRSXODWHG

WKH�ZD\�LW�LV��5DWKHU�WKDQ�ORRNLQJ�OLNH�D�GLIIXVH�JDV��LW�DSSHDUV�PRUH

OLNH� WKH� YLVLEOH�PDWWHU� LQ� RXU� XQLYHUVH�� ZLWK� VPDOO� FOXPSV�� DQG

V\VWHPV�RI�FOXPSV��DQG�JDOD[LHV�RI�V\VWHPV��DQG�FOXVWHUV�RI�JDOD[�

��� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ



LHV��(DFK�FOXPS�LV�IXQFWLRQDO�WKRXJK¥D�KLJKO\�RUJDQL]HG�SURJUDP

RI�VRUWV��:KHQ�ZH�UXQ�LQWR�WKLV�NLQG�RI�IXQFWLRQDO�LQIRUPDWLRQDO�LQ

WKH�DEVWUDFW��ZH�QRUPDOO\�DVVRFLDWH�LW�ZLWK�LQWHOOLJHQW�GHVLJQ��7KH

FODVVLF�H[DPSOH�LV�GXH�WR�:,OOLDP�3DOH\��ZKR�FRPSDUHG�D�QDWXUDOO\

GHULYHG� OLYLQJ� RUJDQLVP� WR� DQ� LQWULFDWH� ZDWFK� DVVHPEOHG� E\

FKDQFH���6RPHKRZ��ZH©G�OLNH�HYROXWLRQ�WR�H[SODLQ�KRZ�OLIH�JRW�WR

EH�WKH�ZD\�LW�GLG��LQIRUPDWLRQDOO\�VSHDNLQJ��LI�LQGHHG�HYROXWLRQ�LV

UHVSRQVLEOH�IRU�OLIH�DV�LW�LV�

:LWKLQ�WKH�GRPDLQ�RI�$/�LW�VHHPV�KDUG�WR�VHH�KRZ�HYROXWLRQ

FRXOG�EH�DQ\WKLQJ�RWKHU�WKDQ�SXUHO\�UHDFWLYH��:H©YH�DOUHDG\�VHHQ

WKDW� UDQGRP� VHDUFKHV� RI� D� JHQH� VSDFH� DUH� HVVHQWLDOO\� XVHOHVV�

ZKHQHYHU�D�FKURPRVRPH�FRQVLVWV�RI�PRUH�WKDQ�DERXW�ILIW\�E\WHV�RI

LQIRUPDWLRQ��,Q�HVVHQFH��UDQGRP�PXWDWLRQV�GHVWUR\�LQIRUPDWLRQ�LQ

D� VHOI�UHSURGXFLQJ� V\VWHP�� WKH\� GRQ©W� FUHDWH� LW�� ,W� LV� WKH� ILWQHVV

IXQFWLRQ�WKDW�UHILQHV�LQIRUPDWLRQ�FRQWHQW�LQ�D�SRSXODWLRQ��<HW�WKH

ILWQHVV�IXQFWLRQ�LWVHOI�LV�OLWWOH�PRUH�WKDQ�D�PDWKHPDWLFDO�VWDWHPHQW

DERXW�WKH�HQYLURQPHQW��,W�LV�ZKDW�FRXSOHV�HQYLURQPHQWDO�LQIRUPD�

WLRQ�LQWR�WKH�SRSXODWLRQ�RI�DXWRPDWD�

7KH�EHVW�ZD\�WR�VHH�KRZ�DOO�RI�WKLV�ZRUNV�LV�WR�LOOXVWUDWH�LW�XVLQJ

DQ�H[DPSOH�IURP�RXU�ZRUOG�RI�YLUXVHV�

7KH�'DUZLQLDQ�*HQHWLF�0XWDWLRQ�(QJLQH

&HUWDLQO\�D�YLUXV�FDQ�EH�GHVLJQHG�WR�IDFLOLWDWH�HYROXWLRQ��$O�

WKRXJK�WKH�PXWDWLRQ�UDWHV�RQ�WKH�DYHUDJH�FRPSXWHU�DUH�YHU\�ORZ¥

E\�GHVLJQ¥ZH�FRXOG�LQWURGXFH�IDLUO\�UDQGRP�PXWDWLRQV�LQWR�D�YLUXV

RQ�SXUSRVH�WR�KHOS�HYROXWLRQ�DORQJ��:H�FRXOG�DOVR�LQWURGXFH�VH[XDO

UHSURGXFWLRQ��,Q�JHQHUDO��LI�\RX�FDQ�TXDQWLI\�D�SURFHGXUH��VXFK�DV

PXWDWLRQ��RU�VH[XDO�UHSURGXFWLRQ��LW�FDQ�EH�FRGHG�

%HWWHU�WKDQ�PHUHO\�GHVLJQLQJ�D�YLUXV�WKDW�FDQ�HYROYH��ZH�FDQ

GHVLJQ�D�PRGXOH�WKDW�FRXOG�EH�LQFOXGHG�LQ�DQ\�YLUXV��7KLV�PRGXOH

FRXOG�EH�GHVLJQHG�WR�PDQLSXODWH�D�SLHFH�RI�JHQHWLF�PDWHULDO¥ZKLFK

LV� MXVW� D� VWULQJ� RI� E\WHV¥DQG� SDVV� WKLV� FKURPRVRPH� RQ� IURP

7KH�7KHRU\�RI�(YROXWLRQ ���

� :LOOLDP� 3DOH\�� $� 9LHZ� RI� WKH� (YLGHQFHV� RI� &KULVWLDQLW\� �5�� )DXOGHU�
/RQGRQ�������� 6HH� WKH� GLVFXVVLRQ� LQ� )UHG� +R\OH� DQG� &KDQGUD
:LFNUDPDVLQJKH��(YROXWLRQ�IURP�6SDFH��-��0��'HQW��/RQGRQ�������S�����



JHQHUDWLRQ�WR�JHQHUDWLRQ��$Q\�YLUXV�FDQ�XVH�WKH�JHQHWLF�PDWHULDO�WR

PDNH�GHFLVLRQV�DERXW�KRZ�LW�RSHUDWHV��)RU�H[DPSOH��RQH�ELW�LQ�WKH

JHQHWLF� PDWHULDO� PLJKW� WHOO� WKH� YLUXV� WR� LQIHFW� &20� ILOHV�� DQG

DQRWKHU� ELW� PLJKW� WHOO� LW� WR� LQIHFW� (;(� ILOHV�� ,Q� WKH� EHJLQQLQJ�

SHUKDSV�RQO\�WKH�&20�ILOH�ELW�LV�VHW��VR�WKH�YLUXV�ZLOO�QRW�LQIHFW

(;(V��7KHQ��DW�VRPH�ODWHU�WLPH��WKH�YLUXV�PXWDWHV�DQG�VHWV�WKH�ELW

WR�LQIHFW�(;(�ILOHV��6XGGHQO\�WKH�SKHQRW\SH¥KRZ�WKH�YLUXV�EH�

KDYHV¥FKDQJHV�GUDVWLFDOO\��1RQH�RI�WKLV�LV�KDUG�WR�SURJUDP�LQ�

,Q�IDFW��,�GHYHORSHG�MXVW�VXFK�D�PRGXOH�WR�IDFLOLWDWH�HYROXWLRQ

IRU� D� YLUXV�� ,� FDOO� LW� WKH� 'DUZLQLDQ� *HQHWLF� 0XWDWLRQ� (QJLQH

�'*0(���DQG�LW�LV�GHWDLOHG�LQ�$SSHQGL[�)�

6XFK�D�JHQHWLF�HQJLQH�FRXOG�DFWXDOO\�EH�YHU\�XVHIXO�LQ�WKH�ZRUOG

RI�YLUXVHV�� LQ�SOD\LQJ�WKH�XVXDO�FDW�DQG�PRXVH�JDPHV�RI�ZULWLQJ

YLUXVHV�WKDW�FDQQRW�EH�VFDQQHG��7\SLFDOO\��D�YLUXV�ZULWHU�ZULWHV�D

YLUXV�WKDW�FDQQRW�EH�VFDQQHG�IRU��DQG�LW�LV�JRRG�IRU�D�OLWWOH�ZKLOH��EXW

WKHQ� WKH� VFDQQHU�PDQXIDFWXUHV� JHW� D� KROG� RI� LW� DQG�XSGDWH� WKHLU

SURGXFWV�WR�FDWFK�LW��7KHUH�LV�QR�UHDVRQ��WKRXJK��WKDW�D�YLUXV�FRXOG

QRW�HYROYH�WR�HYDGH�VFDQQHUV�

$W�SUHVHQW��PXWDWLRQ�HQJLQHV�DUH�D�SRSXODU�ZD\�WR�DYRLG�GHWHF�

WLRQ�E\�DQWL�YLUXV�VRIWZDUH�ZKLFK�VFDQV�IRU�NQRZQ�YLUXVHV��%DVL�

FDOO\��D�PXWDWLRQ�HQJLQH�HQFU\SWV�WKH�ERG\�RI�D�YLUXV�XVLQJ�D�VLPSOH

HQFU\SWLRQ� DOJRULWKP� VR� LW� QHYHU� ORRNV� TXLWH� WKH� VDPH� LQ� WZR

LWHUDWLRQV��7KHQ��WKH�HQJLQH�JHQHUDWHV�D�YDULDEOH�GHFU\SWLRQ�URXWLQH

WR� GHFU\SW� WKH� ERG\� RI� WKH� YLUXV� ZKHQ� LW� JHWV� H[HFXWHG�� 7KLV

GHFU\SWLRQ�URXWLQH�LV�YDULDEOH��VR�HVVHQWLDOO\��WKH�YLUXV�QHYHU�ORRNV

WKH�VDPH�WZLFH��6FDQQHUV�WKDW�VHDUFK�IRU�PXWDWLRQ�HQJLQH�JHQHUDWHG

YLUXVHV�W\SLFDOO\�XVH�DQ�DOJRULWKP�WR�GHWHFW�WKHP��7KH�SUREOHP�LV�

VXFK� DOJRULWKPV� DUH� QRW� DOZD\V� ����� HIILFLHQW�� 7\SLFDOO\� WKH\

PLJKW�FDWFK��������RU��������RI�DOO�PXWDWLRQV��$W�SUHVHQW��VXFK

OHYHOV�RI�SHUIRUPDQFH�DUH�JHQHUDOO\�DFFHSWDEOH��,I�\RX�KDYH�VXFK�D

YLUXV�LQ�\RXU�FRPSXWHU��WKH�VFDQQHU�ZLOO�SUREDEO\�FDWFK�LW�

0RVW�PXWDWLRQ�HQJLQHV�DYDLODEOH�WRGD\�UHO\�RQ�UDQGRP�QXPEHU

JHQHUDWRUV� WR�HQFU\SW�FRGH�DQG�JHQHUDWH�GHFU\SWRUV��7KLV�FDXVHV

WZR�SUREOHPV������7KH�QXPEHU�RI�SRVVLEOH�VWDWHV�RI�WKH�YLUXV�DUH

RQO\�DV�PDQ\�DV�WKHUH�DUH�SRVVLEOH�VHHGV�IRU�LW��)RU�H[DPSOH��LI�WKH

UDQGRP�QXPEHU� JHQHUDWRU� LV� VHHGHG� E\� D� ���ELW�':25'�� WKHQ

WKHUH�DUH�DERXW���ELOOLRQ�SRVVLELOLWLHV��:RUVH�\HW������QR�LQIRUPDWLRQ

LV�SDVVHG�IURP�JHQHUDWLRQ�WR�JHQHUDWLRQ�DERXW�WKH�HIIHFWLYHQHVV�RI

��� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ



WKH� SDUHQW©V� FRQILJXUDWLRQ�� 7KXV�� LI� D� SDUHQW� IDOOV� LQ� WKH� QDUURZ

������UDQJH�ZKLFK�D�VFDQQHU�FDQQRW�FDWFK��WKH�FKLOG�ZLOO�VWLOO�KDYH

D��������FKDQFH�RI�EHLQJ�FDXJKW�

8VLQJ�JHQHWLF�LQIRUPDWLRQ�LQVWHDG�RI�D�UDQGRP�QXPEHU�JHQHU�

DWRU�VROYHV�ERWK�RI�WKHVH�SUREOHPV��7\SLFDOO\��LI�\RX�DGG�XS�DOO�WKH

GHFLVLRQV�DQG�YDULDEOHV�LQ�D�PXWDWLRQ�HQJLQH��\RX�FRXOG�KDYH�ORWV

PRUH�WKDQ���ELOOLRQ��2QH�FRXOG�HDVLO\�GHVLJQ�DQ�HQJLQH�ZLWK������

RU�VR�SRVVLELOLWLHV���%HLQJ�DEOH�WR�H[SORUH�WKLV�PXFK�ODUJHU�VSDFH�RI

SRVVLELOLWLHV�VKRXOG�PDNH�WKH�HQJLQH�PXFK�PRUH�HIIHFWLYH�DW�ILQGLQJ

KROHV� LQ� WKH� DOJRULWKP� XVHG� WR� GHWHFW� LW�� 6HFRQGO\�� WKH� JHQHWLF

LQIRUPDWLRQ�ZLOO� DOORZ� WKH�YLUXV� WR�SUHVHUYH� D� NQRZOHGJH� DERXW

ZKDW� W\SHV�RI�PXWDWLRQV�KDYH�ZRUNHG�LQ�WKH�SDVW��,W�PDNHV�OLWWOH

VHQVH�IRU�D�YLUXV�WKDW�KDV�IRXQG�WKH�������KROH�QRW�WR�H[SORLW�LW�

8VLQJ�D�JHQHWLF�DSSURDFK�DOORZV�WKH�FKLOGUHQ�WR�PDLQWDLQ�PRVW�RI

WKH�SDUHQWV©�TXDOLWLHV�

,�WHVWHG�WKHVH�LGHDV�RXW�XVLQJ�WKH�7ULGHQW�3RO\PRUSKLF�(QJLQH

�73(��DQG�D�VLPSOH�&20�ILOH�LQIHFWLQJ�YLUXV�ZKLFK�,©OO�FDOO�6&$1�

6OLS��7KH�73(��ZKLFK�LV�VXSSOLHG�DV�DQ�REMHFW�ILOH��QRUPDOO\�UHOLHV

RQ�D�UDQGRP�QXPEHU�JHQHUDWRU�ZKLFK�LV�LQWHJUDO�WR�WKH�73(��6R�,

GLVDVVHPEOHG�WKH�73(�DQG�UHZURWH�LW�D�ELW�VR�WKDW�LW�FDOOV�WKH�'*0(

LQVWHDG�RI�WKH�UDQGRP�QXPEHU�JHQHUDWRU���%RWK�WKH�'*0(�DQG�WKH

73(�DUH�LQFOXGHG�RQ�WKH�3URJUDP�'LVN���7KLV�SURYLGHG�D�JUDSKLF

LOOXVWUDWLRQ� RI� MXVW� KRZ� HIIHFWLYH� HYROXWLRQ� FDQ� EH� ZKHQ� SLWWHG

DJDLQVW�D�VFDQQHU�WKDW�LV�QRW������HIIHFWLYH�

,� FRQGXFWHG� DQ� H[SHULPHQW� DV� IROORZV�� 7R� EHJLQ�� ,� SXW� WKH

'*0(�LQ�¦ UDQGRP§ �PRGH�DQG�FUHDWHG������YLUXVHV�ZLWK�UDQGRP

FKURPRVRPHV������E\WHV�ORQJ��7KHQ�,�UDQ�0F$IHH�$VVRFLDWHV©�6FDQ

�9HUVLRQ������9�����DJDLQVW�WKH�LQLWLDO�SRSXODWLRQ�RI�WKH�YLUXVHV�

(YHU\�LQVWDQFH�RI�WKH�YLUXV�WKDW�JRW�FDXJKW�ZDV�GHVWUR\HG��7KH�QHZ

SRSXODWLRQ�ZDV�XVHG�WR�FUHDWH������QHZ�YLUXVHV�LQ�¦JHQHWLF§ �PRGH�

ZKLFK�PXWDWHV�WKH�H[LVWLQJ�FKURPRVRPHV��7KH�SRSXODWLRQ�RI�QHZ

YLUXVHV�ZHUH�VFDQQHG�DQG�DOO� LQVWDQFHV� WKDW�JRW�FDXJKW�ZHUH�GH�

VWUR\HG��7KLV�SURFHVV�ZDV�UHSHDWHG�DJDLQ�DQG�DJDLQ��ZLWK�WKH�UHVXOWV

7KH�7KHRU\�RI�(YROXWLRQ ���

� 0DUN� /XGZLJ�� ¦'HVLJQLQJ� D� 0XWDWLRQ� (QJLQH§ �� &RPSXWHU� 9LUXV
'HYHORSPHQWV�4XDUWHUO\��9RO�����1R������6SULQJ��������SS�������



GHSLFWHG�LQ�)LJXUH��������$V�\RX�FDQ�VHH��DIWHU�DERXW�����JHQHUD�

WLRQV��WKH�YLUXV�ZDV�EHWWHU�WKDQ�����HIILFLHQW�DW�HYDGLQJ�WKH�VDPH

6&$1�SURJUDP�WKDW�RULJLQDOO\�FDXJKW�������RI�WKHP��$QG�LI�\RX

WKHQ� WXUQ� WKH�PXWDWLRQ� UDWH� GRZQ��\RX� FDQ� LPSURYH� WKH� HYDVLRQ

HIILFLHQF\�WR�����RU�VR�

7KXV�LW�ZRXOG�VHHP�WKDW�DQ�HYROYLQJ�YLUXV�ZRXOG�UHSUHVHQW�D

VLJQLILFDQW�DGYDQFH�LQ�DQWL�DQWL�YLUXV�WHFKQRORJ\��,W�ZRXOG�DSSHDU�

)LJXUH��������([DPSOHV�RI�6&$1�6OLS�FDXJKW�E\
6FDQ�YV��WLPH�

��� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ



WR�EH�HVSHFLDOO\�HIIHFWLYH�DJDLQVW�WKH�VR�FDOOHG�KHXULVWLF���VFDQQHUV

ZKLFK� DWWHPSW� WR� ORFDWH�YLUXVHV�JHQHULFDOO\�� DQG�DUH�XVXDOO\�QRW

HYHQ�FORVH�WR������HIIHFWLYH��$QG�WKH�SRVVLELOLWLHV�DUH�HQGOHVV��)RU

H[DPSOH��RQH�FRXOG�HYROYH�D�0F$IHH�HYDGLQJ�YLUXV�DQG�D�&HQWUDO

3RLQW�HYDGLQJ�YLUXV��DQG�WKHQ�FURVV�WKHP�WR�JHW�D�YLUXV�WKDW�HYDGHV

ERWK�� HWF��� HWF�� 7KH� RQO\� VXUH�ILUH� FXUH�ZRXOG� EH� WR� GHYHORS� DQ

DOJRULWKP�WKDW�LV������HIILFLHQW�

'HYHORSLQJ�EHWWHU�YLUXV�WHFKQRORJ\�LV�RQO\�D�E\SURGXFW�RI�RXU

ZRUN�KHUH����7KHUH�LV�QR�GRXEW�WKDW�HYROXWLRQ�ZRUNHG�EHDXWLIXOO\�

%XW�ZH©G�OLNH�WR�XQGHUVWDQG�ZKDW�KDV�KDSSHQHG�LQ�WKH�H[SHULPHQW�

HYROXWLRQ�ZLVH�DQG�LQIRUPDWLRQ�ZLVH�

$QDO\VLV�RI�WKH�([SHULPHQW

%HIRUH�ZH� WXUQ� RQ� WKH� VFDQQHU�� RXU� YLUXV�ZLOO� UHSOLFDWH� DQG

PXWDWH�DW�UDQGRP��7KHUH�DUH�HVVHQWLDOO\�QR�VHOHFWLRQ�SUHVVXUHV�RQ

LW�� VR�QR�RQH�FKURPRVRPH� LV� IDYRUHG�RYHU�DQ\�RWKHU��7KH� LQLWLDO

SRSXODWLRQ�PLJKW�ORRN�VRPHWKLQJ�OLNH�)LJXUH�������LQ�JHQH�VSDFH�

:LWK�WKH�SDVVDJH�RI�WLPH��WKH�GRWV�ZLOO�VLPSO\�ZDQGHU�DLPOHVVO\

WKURXJKRXW�WKH�VSDFH��,I�WKH\�ZHUH�QRW�GLVWULEXWHG�HYHQO\�WR�EHJLQ

ZLWK��WKH\�ZLOO�GLIIXVH��DQG�EHFRPH�PRUH�DQG�PRUH�HYHQ��7KH�VSHHG

RI� WKDW� GLIIXVLRQ� SURFHVV� LV� SURSRUWLRQDO� WR� WKH� PXWDWLRQ� UDWH�

$FWXDOO\�WKHUH�LV�VRPH�VHOHFWLYH�SUHVVXUH�EHFDXVH�WKH�73(�KDV�D

EXJ�LQ�LW�ZKLFK�PDNHV�VRPH�GHFU\SWLRQ�URXWLQHV�IDLO��7KXV��WKHUH

DUH�VRPH�UDUH�OHWKDO�PXWDWLRQV��FRPSULVLQJ�SHUKDSV�������RI�DOO

SRVVLEOH� YDULDWLRQV��:H�QHJOHFW� WKHVH�EXJV� LQ�RXU� DQDO\VLV��2QH

YLUXV�LV�SUHWW\�PXFK�DV�JRRG�DV�WKH�QH[W�

,I�ZH�GHILQH�LQIRUPDWLRQ�FRQWHQW�DV�VSHFLILFLW\�LQ�JHQH�VSDFH�

L�H���QHJDWLYH�HQWURS\��WKHQ�LW�VKRXOG�EH�FOHDU�WKDW�PXWDWLRQV�WHQG�WR

7KH�7KHRU\�RI�(YROXWLRQ ���

��$�IDQF\�QDPH�IRU�¦ HGXFDWHG�JXHVV�§
��$QG�GRQ©W�JHW�DOO�EHQW�RXW�RI�VKDSH��\RX�DQWL�YLUXV�GHYHORSHUV��7KLV�LV�WKH�EHVW

ZD\�WR�WHVW�\RXU�DOJRULWKPV�WR�VHH�KRZ�JRRG�WKH\�DUH�DQG�ILQG�RXW�ZK\�KROHV
DUH�ZKHUH�WKH\�DUH�



)LJXUH��������9LUXV�SRSXODWLRQ�ZLWKRXW�D�VFDQQHU�

)LJXUH��������$�VFDQQHU�FRQILQHV�WKH�YLUXV
SRSXODWLRQ�

��� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ



GHVWUR\�LQIRUPDWLRQ��,I�,�VWDUW�ZLWK�D�SRSXODWLRQ�RI�1�YLUXVHV

WKDW�LV�ZHOO�GHILQHG�LQ�JHQH�VSDFH��WKDW�SRSXODWLRQ�KDV�D�UHODWLYHO\

ORZ�HQWURS\��)RU�H[DPSOH��LI�,�VWDUWHG�ZLWK�D�SRSXODWLRQ�RI�YLUXVHV

ZKHUH�DOO�WKH�E\WHV�LQ�WKH�FKURPRVRPH�DUH�VHW�WR�HLWKHU���RU����FKRVHQ

DW�UDQGRP��WKHQ�WKH�HQWURS\�LV

6� �OQ������� ���� ����

SHU�YLUXV��2YHU�WLPH��PXWDWLRQV�ZLOO�FDXVH�WKH�FKURPRVRPHV�WR�WDNH

RQ�DOO�SRVVLEOH�YDOXHV��VR�WKDW�DW�HTXLOLEULXP�

6� �OQ��������� ����� ����

SHU�YLUXV��7KXV��PXWDWLRQV�DORQH��ZLWKRXW�WKH�DFWLRQ�RI�D�VHOHFWLRQ

SURFHVV�� LQFUHDVH� WKH� HQWURS\� WRZDUGV� LWV� PD[LPXP� YDOXH� DQG

GHFUHDVH�WKH�LQIRUPDWLRQ�FRQWHQW��VSHFLILFLW\��LQ�WKH�JHQHWLF�LQIRU�

PDWLRQ�RI�WKH�SRSXODWLRQ��(VVHQWLDOO\��\RX�FDQ�WKLQN�RI�WKLV�SKH�

QRPHQRQ�VRPHZKDW�OLNH�RSHQLQJ�D�VPDOO�FRQWDLQHU�RI�JDV�LQ�D�ODUJH

URRP��7KH�JDV�ILOOV�WKH�URRP��WKH�HQWURS\�LQFUHDVHG��DQG�PRVW�RI

WKH�JDV�ZLOO�QHYHU�JR�EDFN�WR�WKH�VPDOO�FRQWDLQHU�RQ�LWV�RZQ�

:KHQ�ZH�WXUQ�WKH�VFDQQHU�RQ��LW�LPSRVHV�D�ILWQHVV�IXQFWLRQ�RQ

WKH� V\VWHP�� 7KH� ZD\� ,� GHVLJQHG� WKH� H[SHULPHQW�� WKH� VHOHFWLRQ

SURFHVV�LV�DQ�DOO�RU�QRWKLQJ�DIIDLU��*LYHQ�WKH�ULJKW�FKURPRVRPH��WKH

VFDQQHU�ZLOO�QRW�FDWFK�LW��VR�LW�ZLOO�DOZD\V�VXUYLYH�DQG�UHSURGXFH�

7KH�ZURQJ�FKURPRVRPH�LV�NLOOHG�LPPHGLDWHO\��DQG�QHYHU�KDV�DQ\

FKLOGUHQ��7KLV�ILWQHVV�IXQFWLRQ�ZRUNV�WR�FRQILQH�WKH�SRSXODWLRQ�RI

RXU�YLUXV�WR�D�VXE�UHJLRQ�RI�WKH�WRWDO�JHQH�VSDFH��6HH�)LJXUH��������

7KDW�GHFUHDVHV�WKH�HQWURS\�DQG�LQFUHDVHV�WKH�LQIRUPDWLRQ�FRQWHQW�

,I�WKH�ILWQHVV�IXQFWLRQ�LQ�WKLV�SDUWLFXODU�FDVH�IDYRUV�D�YROXPH�URXJKO\

������WK�RI�WKH�WRWDO�YROXPH�RI�RXU�JHQH�VSDFH��WKHQ�LW�HVVHQWLDOO\

LQMHFWV�LQIRUPDWLRQ�FRUUHVSRQGLQJ�WR�DSSUR[LPDWHO\

ℑ  ��∆6� �OQ�����������OQ�������������� �OQ������� ���� ����

SHU�YLUXV��LQWR�WKH�V\VWHP�

6R�LQ�HVVHQFH�WKH�VHOHFWLRQ�SURFHVV�LV�LQMHFWLQJ�LQIRUPDWLRQ�LQWR

WKH�V\VWHP�E\�UHILQLQJ�WKH�SRSXODWLRQ©V�JHQHWLF�LQIRUPDWLRQ�FRQ�

WHQW��7KLV�LV�D�SXUHO\�UHDFWLYH�SURFHVV��,QIRUPDWLRQ�LV�EHLQJ�LQMHFWHG

7KH�7KHRU\�RI�(YROXWLRQ ���



LQWR�WKH�VHOI�UHSURGXFLQJ�SRSXODWLRQ�IURP�RXWVLGH�WKDW�SRSXODWLRQ�

7KH�VHOHFWLRQ�IXQFWLRQ�LWVHOI�FRQWDLQV�WKH�VDPH�LQIRUPDWLRQ�WKDW�LW

VXFFHHGV� LQ� LQMHFWLQJ� LQWR� WKH�SRSXODWLRQ��7KH�SRSXODWLRQ� LV� MXVW

FRQIRUPLQJ�WR�WKDW�IXQFWLRQ�

7KLV�LV�D�W\SLFDO�FDVH�RI�ZKDW�,�ZRXOG�FDOO�UHDFWLYH�HYROXWLRQ�

$�VHOI�UHSURGXFLQJ�V\VWHP�LV�PHUHO\�UHDFWLQJ�WR�D�ILWQHVV�IXQFWLRQ�

-XVW�EHFDXVH�WKDW�V\VWHP�GRHV�H[DFWO\�ZKDW�\RX�GRQ©W�ZDQW�LW�WR�GR

ZKHQ�\RX�VWDUW�XVLQJ�D�VFDQQHU� WR�FDWFK�D�YLUXV�GRHVQ©W�PDNH� LW

FUHDWLYH�� ,WV� LQIRUPDWLRQ� FRQWHQW� LV� V\VWHPDWLFDOO\� LQFUHDVHG� E\

PXWDWLRQ��RU�VH[XDO�UHSURGXFWLRQ¥LW�GRHVQ©W�PDWWHU��DQG�UHILQHG

E\�WKH�ILWQHVV�IXQFWLRQ��7KH�ZKROH�VHOHFWLRQ�SURFHVV�LV�QRWKLQJ�EXW

D�ZRUNDEOH�EDODQFH�EHWZHHQ�WKHVH�WZR�IDFWRUV�

7KH� UHDO� TXHVWLRQ� WR� PH� LV� ZKHWKHU� DQ\� HYROXWLRQ� FDQ� EH

DQ\WKLQJ�PRUH�WKDQ�WKLV��6XSHUILFLDOO\�WKH�DQVZHU�ZRXOG�VHHP�WR

EH�QR��,I�ZH�SRNH�RXU�KHDGV�XS�DQG�ORRN�DURXQG��LW�ZRXOG�DSSHDU

WKDW�DOO�FRPSXWHU�SURJUDPV�ZKLFK�PDNH�XVH�RI�HYROXWLRQ�PDNH�XVH

RI�UHDFWLYH�HYROXWLRQ��1RUPDO�JHQHWLF�DOJRULWKPV�DUH�SXUHO\�UHDF�

WLYH��7KH\�XVH�LQGXFHG�PXWDWLRQV�DQG�D�ZHOO�EHKDYHG�ILWQHVV�IXQF�

WLRQ�WR�VROYH�D�SUREOHP����$�SURJUDP�OLNH�5LFKDUG�'DZNLQV©�%OLQG

:DWFKPDNHU���LV�SXUHO\�UHDFWLYH��GHSHQGLQJ�RQ�RSHUDWRU�LQSXW�DW

HYHU\�VWHS�WR�EXLOG�LQIRUPDWLRQ��,Q�V\VWHPV�OLNH�WKLV��WKH�LQIRUPDWLRQ

LQ�WKH�VHOI�UHSURGXFLQJ�SRSXODWLRQ�LV�QR�PRUH�RU�OHVV�WKDQ�ZKDW©V

EHHQ�LQMHFWHG�LQWR�WKHP�

:KHUH�WKH�UHDFWLYH�QDWXUH�RI�HYROXWLRQ�PLJKW�FRPH�LQWR�TXHV�

WLRQ�LV�LQ�V\VWHPV�ZKLFK�FRQVLVW�RI�PRUH�WKDQ�RQH�VHOI�UHSURGXFLQJ

DXWRPDWRQ��H�J���SUH\�SUHGDWRU�V\VWHPV��(YROXWLRQDU\�DUPV�UDFHV

DUH�RIWHQ�GLVFXVVHG�LQ�SRSXODU�OLWHUDWXUH����7KH�FODVVLF�H[DPSOH�LV

WKH�LGHD�WKDW�JLUDIIHV�ZLWK�ORQJHU�QHFNV�FDQ�UHDFK�PRUH�OHDYHV�RQ

WDOO�WUHHV��VR�WKH\�VXUYLYH�EHWWHU��DQG�JLUDIIHV�WHQG�WR�JHW�WDOOHU��$W

WKH� VDPH� WLPH�� WDOOHU� WUHHV� ZLOO� VXUYLYH� EHWWHU� ZKHUH� WKHUH� DUH

JLUDIIHV��EHFDXVH�WKH\�GRQ©W�JHW�VR�EDGO\�VWULSSHG��6R��WKH�LGHD�LV�

��� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ

�� )RU�D�UHDGDEOH�LQWURGXFWLRQ�WR�JHQHWLF�DOJRULWKPV��VHH�6WHYHQ�/HY\��$UWLILFLDO
/LIH��3DQWKHRQ�%RRNV��1HZ�<RUN�������SS�����������DQG�KLV�UHIHUHQFHV�

�� 5LFKDUG� 'DZNLQV�� 7KH� %OLQG� :DWFKPDNHU�� �/RQJPDQ� *URXS�� (VVH[�
(QJODQG�������SS��������

�� ,ELG���SS����������



ERWK�WUHHV�DQG�JLUDIIHV�HYROYH�DQG�JHW�WDOOHU��6XFK�V\VWHPV�FDQ�EH

PRGHOHG�ZLWK�$/�WRR�

$UH�WKHVH�SUH\�SUHGDWRU�V\VWHPV�FUHDWLYH��WKRXJK"�:H�PLJKW

ZHOO�DUJXH�WKDW�WKH\�DUH�QRW��$IWHU�DOO��PRVW�DQ\�SRSXODWLRQ�ZLOO�KDYH

FRPSHWLWLRQ�EHWZHHQ�LWV�RZQ�PHPEHUV�JRLQJ�RQ��:LWK�WZR�GLVWLQFW

VSHFLHV��WKH�ILWQHVV�IXQFWLRQ�VKRXOG�VSDQ�WKH�JHQH�VSDFH�RI�ERWK�RI

WKHP��5DWKHU�WKDQ�VSHFLI\LQJ�D�SRLQW�LQ�WKLV�VSDFH�ZLWK�RQH�JHQH�

\RX�QRZ�QHHG�WZR����7KLV�LV�VRPHZKDW�OLNH�WKH�GLIIHUHQFH�EHWZHHQ

D�FRRUGLQDWH�VSDFH�DQG�D�SKDVH�VSDFH�GHVFULSWLRQ�RI�D�JDV��7KDW

DOORZV�XV�WR�PRGHO�WKH�GHSHQGHQFH�RI�WKH�WZR�DXWRPDWD�RQ�HDFK

RWKHU��7KH�VDPH�FRQVLGHUDWLRQV�ZRXOG�VHHP�WR�DSSO\�WR�WKLV�QHZ

V\VWHP�DV�WKH\�GLG�LQ�WKH�VLQJOH�VSHFLHV�V\VWHP��WKRXJK��,Q�RWKHU

ZRUGV��WKH��H[WHUQDOO\�GHWHUPLQHG��ILWQHVV�IXQFWLRQ�ZRXOG�PHUHO\

LQMHFW�LQIRUPDWLRQ�LQWR�WKH�V\VWHP�

/LNHZLVH��ZH�PLJKW�ZRQGHU� DERXW� RSHQ�HQGHG� V\VWHPV� OLNH

7KRPDV�5D\©V�7LHUUD����$SSDUHQWO\�KH�ZDV�DEOH�WR�HYROYH�D�YDULHW\

RI�DUWLILFLDO�RUJDQLVPV�IURP�D�VLQJOH�EDVLF�VHOI�UHSURGXFLQJ�DXWRPD�

WRQ��+HUH�ZH�FHUWDLQO\�KDYH�WKH�DSSHDUDQFH�RI�FUHDWLYH�HYROXWLRQ�

<HW�DQ�H[DPLQDWLRQ�RI�KRZ�WKH�V\VWHP�ZRUNV�UHYHDOV�WKDW�D�ORW�RI

LQIRUPDWLRQ�JRHV�LQWR�WKH�SK\VLFV�DQG�LQWR�WKH�VHOHFWLRQ�IXQFWLRQ�

ZKLFK�LV�LPSOHPHQWHG�E\�5D\©V�¦ UHDSHU�§ �1HLWKHU�GR�WKH�DXWRPDWD

VLPSO\�HYROYH�WR�OHYHOV�RI�DUELWUDU\��XQERXQGHG�FRPSOH[LW\��6R�LW©V

QRW�KDUG�WR�LPDJLQH�WKDW�VXFK�D�V\VWHP�LV�VWLOO�UHDFWLYH�

5LJKW� QRZ�� LW©V� KDUG� WR� GHFLVLYHO\� DQVZHU� WKH� TXHVWLRQ� RI

FUHDWLYH�YHUVXV�UHDFWLYH�HYROXWLRQ��7KH�VLPSOHVW�HYROYLQJ�V\VWHPV

DOO�VHHP�WR�EH�SXUHO\�UHDFWLYH��,Q�PRUH�FRPSOH[�V\VWHPV��ZH�FDQ©W

WHOO�YHU\�HDVLO\��$W�WKH�VDPH�WLPH��D�FDUHIXOO\�GHVLJQHG�DQG�DQDO\]HG

$/�H[SHULPHQW�RXJKW�WR�EH�DEOH�WR�VKRZ�XS�VRPH�VRUW�RI�DQ�DQVZHU�

7KDW�ZRXOG�EH�DOO�EXW�LPSRVVLEOH�LI�ZH�FRQILQHG�RXU�YLHZ�WR�WKH�UHDO

ZRUOG��VLQFH�HYHQ�WKH�VLPSOHVW�UHDO�ZRUOG�VFHQDULR�VHHPV�IDU�PRUH

FRPSOH[�WKDQ�DQ�$/�H[SHULPHQW�

7KH�7KHRU\�RI�(YROXWLRQ ���

��$QG�DJDLQ��WKLV�LV�D�VLPSOLILFDWLRQ��$�EHWWHU�DQDO\VLV�ZRXOG�UHTXLUH�XV�WR�VSHFLI\
HYHU\�VLQJOH�JHQH�LQ�HYHU\�LQGLYLGXDO�

�� 7KRPDV�6��5D\��¦$Q�$SSURDFK�WR� WKH�6\QWKHVLV�RI�/LIH§ ��$UWLILFLDO�/LIH�,,�
&KULVWRSKHU�/DQJWRQ��HW��DO���HGV���$GGLVRQ�:HVOH\�5HGZRRG�&LW\��&$������
SS����������



3UREOHPV�ZLWK�,QIRUPDWLRQ

7KHUH�DUH�D�QXPEHU�RI�SUREOHPV�ZH©OO�KDYH�WR�IDFH�LQ�RUGHU�WR

FRPH�XS�ZLWK�D�JRRG�DQVZHU�WR�RXU�ELJ�TXHVWLRQ��1RW�WKH�OHDVW�LV

KRZ�WR�GHILQH�DOO�WKH�LQIRUPDWLRQ�ZH©YH�EHHQ�WDONLQJ�DERXW�PRUH

SUHFLVHO\��,Q�GHILQLQJ�QXPEHUV��,�XVHG�HQWURS\�IRU�VLPSOLFLW\©V�VDNH�

+RZHYHU��RXU�LGHD�RI�HQWURS\�DV�LQIRUPDWLRQ�UXQV�LQWR�VRPH�WURXEOH

ZKHQ� GHDOLQJ� ZLWK� VHOI�UHSURGXFLQJ� DXWRPDWD�� ,I� ,� KDYH� RQH

DXWRPDWRQ��ZLWK�D�JHQH�RI�1�E\WHV�� ,�FDQ�GHILQH� LWV� LQIRUPDWLRQ

FRQWHQW�DV

ℑ�� ��∆66SHF�� �OQ����1�� �1�[�OQ����� ����

2QFH�LW�UHSURGXFHV��,�KDYH�WZR�JHQHV�RI�OHQJWK�1��VR�P\�HQWURS\�

EDVHG�LQIRUPDWLRQ�FRQWHQW�GRXEOHV�

ℑ�� ��∆66SHF�� �OQ�����1�� ��ℑ� ����

7KXV� LW�ZRXOG� DSSHDU� WKDW� WKH� DFW� RI� VHOI�UHSURGXFWLRQ� LWVHOI� LQ�

FUHDVHV� WKH� LQIRUPDWLRQ� FRQWHQW�� &RQWLQXHG� UHSURGXFWLRQ� ZRXOG

LQFUHDVH�LW�WR�DUELWUDULO\�KLJK�OHYHOV�

&OHDUO\� WKLV�SLFWXUH�LV�IDXOW\��,W�GRHV�QRWKLQJ�WR�GLIIHUHQWLDWH

EHWZHHQ� D� FRS\�RI� H[LVWLQJ� LQIRUPDWLRQ� DQG� IXQGDPHQWDOO\�QHZ

LQIRUPDWLRQ��0DNLQJ�D�FRS\�RI�DQ\�LQIRUPDWLRQ��EH�LW�D�FKURPRVRPH

RU�WKLV�ERRN��LV�PXFK�HDVLHU�WKDQ�EXLOGLQJ�DQ�HQWLUHO\�QHZ�LQIRUPD�

WLRQ�VWUXFWXUH��6R� LW�ZRXOG�VHHP�ZH©UH� UHDOO\�PRUH� LQWHUHVWHG� LQ

VRPHWKLQJ�OLNH�DOJRULWKPLF�LQIRUPDWLRQ�FRQWHQW�KHUH��7KHQ��LI�,�KDG

D��SUHVXPDEO\�ODUJH��DOJRULWKP�$�WR�GHILQH�WKH�FKURPRVRPH�RI�D

VHOI�UHSURGXFLQJ�DXWRPDWRQ��WKHQ�D�SDLU�ZRXOG�EH�GHVFULEHG�E\�DQ

RQO\�VOLJKWO\�PRUH�FRPSOH[�DOJRULWKP��H�J�����[�$��HWF���\HW�WR�GHILQH

DQRWKHU�LQGHSHQGHQW�DXWRPDWRQ��,©G�QHHG�D�ZKROH�QHZ�DOJRULWKP

%�

7KLV�SRLQW�VHHPV�RIWHQ�FRQIXVHG�LQ�HYROXWLRQDU\�OLWHUDWXUH��DQG

LW�KDV�EHHQ�IRU�D�ORQJ��ORQJ�WLPH��)RU�H[DPSOH��,�RIWHQ�VHH�VRPHRQH

DUJXLQJ�WKDW�ZH�VKRXOG�QRW�GRXEW�HYROXWLRQ�EHFDXVH��DIWHU�DOO��WKH

GHYHORSPHQW�RI�D�VLQJOH�FHOOHG�FUHDWXUH�LQWR�VRPHWKLQJ�DV�FRPSOH[

DV�D�PDQ�LV�D�FRPPRQ�RFFXUUHQFH¥LW�KDSSHQV�HYHU\�WLPH�VRPHRQH

��� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ



KDV�D�EDE\��6XFK�DUJXPHQWV�DUH�DOO�DSSHDUDQFHV��,Q�IDFW��WKH�DOJR�

ULWKPLF� LQIRUPDWLRQ� FRQWHQW� FKDQJHV� OLWWOH�� LI� DW� DOO�� GXULQJ� WKLV

GHYHORSPHQW�� $OO� LV� SURJUDPPHG� LQWR� WKH� RULJLQDO� FHOO�� 7KDW©V

ZRUOGV� GLIIHUHQW� WKDQ� WU\LQJ� WR� FKDQJH� DQ�(��&ROL� LQWR� D� KXPDQ

EHFDXVH�RI�WKH�LQIRUPDWLRQ������QXFOHRWLGHV�YHUVXV�����QXFOHRWLGHV�

/LNHZLVH��WKLV�SRLQW�LV�FRQIXVHG�E\�$/�UHVHDUFKHUV�WRR�ZKHQ�WKH\

FRQIXVH�FRPSOH[LW\�RU�D�V\VWHP©V�DELOLW\�WR�KDQGOH�LQIRUPDWLRQ�ZLWK

PHDQLQJIXO�LQIRUPDWLRQ�LWVHOI���

,Q�GLVFXVVLQJ�RXU�6&$1�HYDGLQJ�YLUXV��WKH�ILWQHVV�IXQFWLRQ©V

¦ LQIRUPDWLRQ�FRQWHQW§ �FRXOG�EH�DQDO\]HG�SUHWW\�ZHOO�ZLWK�HQWURS\

EHFDXVH�LW�UHVWULFWHG�WKH�VSDFH�RI�DOORZDEOH�JHQHV�LQ�D�YHU\�ZHOO�GH�

ILQHG�ZD\��<HW�LW�LV�E\�QR�PHDQV�FOHDU�WKDW�WKLV�VKRXOG�DOZD\V�EH

WKH�FDVH��3HUKDSV�D�EHWWHU�GHILQLWLRQ�LV�QHHGHG�KHUH��WRR��$QG�WKHQ�

ZH©G�OLNH�WR�UHODWH�WKH�IXQFWLRQDO�LQIRUPDWLRQ�FRQWHQW�RI�WKH�ILWQHVV

IXQFWLRQ�WR�WKH�DOJRULWKPLF�LQIRUPDWLRQ�FRQWHQW�RI�RXU�SRSXODWLRQ

RI� VHOI�UHSURGXFLQJ� DXWRPDWD�� 7KLV� LV� QRW� QHFHVVDULO\� D� WULYLDO

SUREOHP��3UHVXPDEO\��WKH�ILWQHVV�IXQFWLRQ�PXVW�XOWLPDWHO\�EH�GH�

ILQHG�E\�WKH�SK\VLFV�RI�D�V\VWHP��DQG�LWV�LQLWLDO�FRQILJXUDWLRQ��7KXV�

ZH�PXVW�KDYH�D�PHDQLQJIXO�ZD\�WR�FRQQHFW�WKH�LQIRUPDWLRQ�FRQWHQW

RI�ERWK�SK\VLFV�DQG�FRQILJXUDWLRQ�LQWR�RXU�SLFWXUH�DV�ZHOO��,Q�VKRUW�

ZH�QHHG�EHWWHU�GHILQLWLRQV�RI�ZKDW�ZH�PHDQ�E\�LQIRUPDWLRQ�LQ�RUGHU

WR�TXDQWLWDWLYHO\�DQDO\]H�DQ\WKLQJ�EXW�WKH�VLPSOHVW�FDVHV�RI�HYROX�

WLRQ�

,Q�WKH�HQG�ZH©G�OLNH�WR�IRUPXODWH�WKH�LGHD�RI�D�UHDFWLYH�HYROXWLRQ

PDWKHPDWLFDOO\��VRPHWKLQJ�OLNH�WKLV�

ℑ�HYROYHG�VHOI�UHSURGXFLQJ�V\VWHP� �����

����������≤ ℑ�LQLWLDO�VHOI�UHSURGXFLQJ�V\VWHP��
�����������������ℑ�FRQWULEXWLRQ�IURP�SK\VLFV��
�����������������ℑ�FRQWULEXWLRQ�IURP�HQYLURQPHQW�

7KH�7KHRU\�RI�(YROXWLRQ ���

�� 6HH��IRU�H[DPSOH��&KULVWRSKHU�/DQJWRQ��¦/LIH�DW�WKH�(GJH�RI�&KDRV�§ �$UWLILFLDO
/LIH�,,��$GGLVRQ�:HVOH\��5HGZRRG�&LW\��&DOLIRUQLD�������SS���������



&RQFOXVLRQV

,W� ZRXOG� DSSHDU� WKDW� WKH� TXHVWLRQ� RI� ZKHWKHU� HYROXWLRQ� LV

FUHDWLYH� RU� UHDFWLYH� LV� RI� IXQGDPHQWDO� LPSRUWDQFH� LQ� OD\LQJ� WKH

IRXQGDWLRQ�IRU�DQ\�WKHRU\�RI�HYROXWLRQ�IRU�DUWLILFLDO�OLIH��)RU�H[DP�

SOH�� LI� LW� LV� FUHDWLYH�� WKHQ�ZH�ZRXOG� H[SHFW� HYROXWLRQ� WR� EH� XQ�

ERXQGHG�LQ�VRPH�V\VWHPV��7KDW�LV��DQ�HYROYLQJ�V\VWHP�RI�DXWRPDWD

FRXOG��E\�WKHPVHOYHV��SURGXFH�D�FKDLQ�RI�HYHU�LQFUHDVLQJO\�FRPSOH[

IRUPV�RI�OLIH��RU�DUWLILFLDO�OLIH��2Q�WKH�RWKHU�KDQG��LI�HYROXWLRQ�LV

UHDFWLYH��XQERXQGHG�HYROXWLRQ�ZRXOG�DSSHDU�WR�EH�LPSRVVLEOH����$

V\VWHP�ZRXOG�DW�EHVW�HYROYH�RXW�ZKDWHYHU�FRPSOH[LW\�ZDV�SXW�LQWR

LW�DQG�WKHQ�VWRS�

7KH�DQVZHU�WR�RXU�ELJ�TXHVWLRQ�ZRXOG�DOVR�JXLGH�XV�LQWR�ZKDW

TXHVWLRQV�WR�DVN�QH[W��,I�FUHDWLYH��FRXOG�ZH�TXDQWLI\�WKH�FUHDWLYLW\"

&RXOG�ZH�HQKDQFH�LW"�,I�LW�LV�UHDFWLYH��WKHQ�ZH©UH�PRUH�LQWHUHVWHG

LQ�XQGHUVWDQGLQJ�WKH�HQYLURQPHQW�HYROXWLRQ�LV�UHDFWLQJ�WR��DQG�KRZ

LQIRUPDWLRQ� FRXSOHV� LQWR� WKH� VHOI�UHSURGXFLQJ� V\VWHP�� 8QGHU�

VWDQGLQJ�WKHVH�NLQGV�RI�TXHVWLRQV�ZRXOG�SURYLGH�D�IUDPHZRUN�WR

XQGHUVWDQG� ZKDW� HYROXWLRQ� LV� DQG�ZKDW� LWV� SODFH� LV� LQ� RXU� WRWDO

XQGHUVWDQGLQJ�RI�WKH�ZRUOG�

<HW� D� WKHRU\� RI� HYROXWLRQ� VKRXOG� DOVR� DOORZ� XV� WR� DQVZHU

VSHFLILF�TXHVWLRQV��GUDZLQJ�DOO�WKH�SUDFWLFDO�OLPLWV�LQWR�WKH�SLFWXUH�

&RXOG�$�HYROYH�LQWR�%"�'LG�$�HYROYH�LQWR�%"�7KLV�WKHRU\�RXJKW�WR

ZRUN�IRU�DQ\�ZRUOG��IRU�DQ\�SK\VLFDO�UXOHV��IRU�DQ\�W\SH�RI�DXWRPDWD�

$OUHDG\�ZH�FDQ�DQVZHU�VRPH�RI�WKH�VSHFLILF�TXHVWLRQV�LQ�WKH

DUWLILFLDO�ZRUOGV�ZH©YH�FUHDWHG��DQG�,�WKLQN�ZH�KDYH�D�VKRW�DW�WKH

ELJ�TXHVWLRQV��$OO�RI�WKLV�WHOOV�PH�WKDW�HYROXWLRQ�LQ�WKH�ZRUOG�RI�$/

SURPLVHV�WR�EH�TXLWH�GLIIHUHQW�WKDQ�HYROXWLRQDU\�WKRXJKW�LQ�WKH�UHDO

ZRUOG�KDV�EHHQ��,Q�WKH�UHDOP�RI�$/��HYROXWLRQ�LV�VXEMHFW�WR�D�GHHSHU

OHYHO�RI�DQDO\VLV�WKDQ�LW�LV�LQ�WKH�UHDO�ZRUOG�EHFDXVH�HYHU\WKLQJ�LV

XQGHU�FRQWURO��7KDW�PHDQV�ZH�FDQ�GR�VRPHWKLQJ�WKDW�ORRNV�D�ORW

PRUH�OLNH�D�ERQD�ILGH�H[SHULPHQW�WKDQ�WHOOLQJ�D�WDOO�WDOH��$QG�WKDW

PHDQV�ZH�FDQ�GR�PDQ\�H[SHULPHQWV��ZKHUHDV�ZH�FDQ�GR�YHU\�IHZ

��� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ

��$SDUW�IURP�IDFWRULQJ�LQ�VRPH�RI�WKH�DPELJXLWLHV�RI�PLQG�DQG�LQWHOOLJHQFH��RI
FRXUVH�



LQ�WKH�UHDO�ZRUOG��)XUWKHUPRUH��LI�ZH�GHVLJQ�D�ZRUOG�ZKHUH�HYROX�

WLRQ�LV�YHU\�HIILFLHQW��RU�D�ZRUOG�ZKHUH�LW�LV�QRW��ZH�ZRQ©W�WUDPSOH

DOO�RYHU�WKH�UHOLJLRXV�RU�SKLORVRSKLFDO�VHQVLELOLWLHV�RI�RWKHUV��$QG

WKDW� VXJJHVWV� WR� PH� WKDW� $/� PLJKW� KHOS� XV� IRUPXODWH� D� PRUH

SKLORVRSKLFDOO\�QHXWUDO�WKHRU\�RI�HYROXWLRQ�WKDW�FRXOG�EH�DUJXHG�IRU

RU�DJDLQVW�ZLWK�QXPEHUV�DQG�FRPSXWHUV��DQG�QRW�ZLWK�DSSHDOV�WR

SKLORVRSK\�RU�WKHRORJLFDO�H[HJHVLV�

7KH�7KHRU\�RI�(YROXWLRQ ���



7KH�5HDO�:RUOG��(YROXWLRQ

,W�VHHPV�RQO\�VHQVLEOH�WR�WDNH�ZKDW�ZH�OHDUQ�DERXW�HYROXWLRQ

IURP�$UWLILFLDO�/LIH�DQG�DSSO\� LW� WR� WKH�UHDO�ZRUOG�� ,Q�SDUWLFXODU�

ZH©G�OLNH�WR�VHH�WKH�UHDO�ZRUOG�DV�RQH�H[DPSOH�RI�D�PXFK�ELJJHU

SLFWXUH��7R�GR� WKDW�� WKRXJK��ZH�QHHG� WR� EH� DZDUH�RI� MXVW�ZKHUH

HYROXWLRQ�VWDQGV�LQ�WKH�UHDO�ZRUOG�

,©YH� DOUHDG\�PHQWLRQHG� 3KLOOLS� -RKQVRQ©V� ERRN��'DUZLQ� RQ

7ULDO��,�W©V�D�JRRG�ERRN�EHFDXVH�LW�H[SRVHV�VRPH�RI�WKH�URW�WKDW�OLHV

MXVW�EHQHDWK�WKH�VXUIDFH�RI�PRGHUQ�'DUZLQLVP��,©G�OLNH�WR�WDNH�D

IHZ�SDJHV�WR�UHYLHZ�VRPH�RI�-RKQVRQ©V��DQG�RWKHUV©�FULWLFLVPV�RI

PRGHUQ�HYROXWLRQ��7KLV�LV�D�JRRG�ZD\�WR�ILQG�RXW�KRZ�PXFK�ZH

UHDOO\�NQRZ��VXEMHFW�\RXU�LGHDV�WR�WKH�KDUVKHVW�FULWLFLVP�DQG�VHH

ZKDW©V�OHIW�

7KH�)RVVLO�5HFRUG

6RPH�RI�WKH�FULWLFLVPV�ZH©OO�UHYLHZ�DUH�UDWKHU�ROG��7KLQJV�WKDW

GDWH�EDFN�WR�'DUZLQ©V�RULJLQDO�ZRUN��$W�WKH�VDPH�WLPH��WKH\�DUH

FULWLFLVPV� WKDW� UHDOO\�KDYH�QRW�EHHQ�VDWLVIDFWRULO\�DQVZHUHG��7KH

IRVVLO�UHFRUG�LV�RQH�H[DPSOH�RI�WKLV��'DUZLQLDQ�JUDGXDOLVP�ZRXOG

VXJJHVW�WKDW�WKH�IRVVLO�UHFRUG�VKRXOG�EH�D�JUDQG�SLFWXUH�RI�JUDGXDO

FKDQJH��$FFRUGLQJ�WR�'DUZLQ��ZH�KDYH�WKH�LGHD�RI�IL[HG�VSHFLHV

WRGD\�RQO\�EHFDXVH�ZH�VHH�WKH�ZRUOG�DW�DQ�LQVWDQW�LQ�JHRORJLFDO�WLPH�

7KH�VSHFLHV�RXJKW�WR�EH�PHUHO\�D�VQDSVKRW�RI�D�ELJJHU�SLFWXUH�RI

FRQWLQXRXV�DQG�JUDGXDO�FKDQJH��:KDW�ZH�FDOO�VSHFLHV�WRGD\�ZHUH

QRW�WKH�VDPH�WKRXVDQGV�RU�PLOOLRQV�RI�\HDUV�DJR��/LIH�RQ�HDUWK�WRGD\

LV�VRPHZKDW�OLNH�WDNLQJ�DQ�HYROXWLRQDU\�OLQHDJH�DQG�FXWWLQJ�LW�DW



VRPH� WLPH��DV� LQ�)LJXUH�������7KH�IRVVLO� UHFRUG�RXJKW� WR�EH� OLNH

ORRNLQJ�GRZQ�RQ�WKDW�VDPH�WUHH�IURP�DERYH��DV�LQ�)LJXUH������

,Q�'DUZLQ©V�GD\�� WKRXJK�� WKH� IRVVLO� UHFRUG�GLG�QRW� ORRN� OLNH

WKDW¥LW� ORRNHG�PRUH� OLNH�)LJXUH�������'DUZLQ�DVVXPHG�WKDW�RXU

NQRZOHGJH�RI�LW�ZDV�LQFRPSOHWH��DQG�WKDW�IXWXUH�GLVFRYHULHV�ZRXOG

ILOO� LQ�WKH�JDSV��<HW�WKH�VLWXDWLRQ�KDVQ©W�VXEVWDQWLDOO\�FKDQJHG�LQ

����\HDUV��0RVW�RI�WKH�IRVVLO�UHFRUG�LV�FKDUDFWHUL]HG�E\�WKH�VXGGHQ

DSSHDUDQFH�RI�QHZ�VSHFLHV��WKHQ�QR�FKDQJH��VWDVLV��LQ�WKHLU�IRUP�IRU

ORQJ��ORQJ�SHULRGV�RI�WLPH��DQG�WKHQ�H[WLQFWLRQ���0XFK�RI�WKH�IRVVLO

UHFRUG�WKHUHIRUH�GRFXPHQWV�VWDVLV�DQG�VXGGHQ�FKDQJH��QRW�JUDGXDO

FKDQJH��7UDQVLWLRQDO�IRUPV�DUH�UDUH��7KRVH�WKDW�GR�H[LVW�DUH�ZHOO

NQRZQ�EHFDXVH�WKH\©UH�UDUH��7KH\©UH�DOVR�FRQWURYHUVLDO��)RU�H[DP�

SOH��$UFKDHRSWU\[�KDV�EHHQ�SURSRVHG�DV�DQ�LQWHUPHGLDWH�EHWZHHQ

UHSWLOH�DQG�ELUG��$SSDUHQWO\�LW�KDG�IHDWKHUV��VFDOHV�DQG�WHHWK��PDNLQJ

LW�D�JRRG�FURVV�EHWZHHQ�D�ELUG�DQG�D�VPDOO�GLQRVDXU��$W�WKH�VDPH

WLPH�� LW©V�ZLQJ� LV� DPD]LQJO\� VLPLODU� WR�D�PRGHUQ�SLJHRQ©V���DQG

FUDQLDO�FDVWV�LQGLFDWH�WKDW�LWV�EUDLQ�LV�GLVWLQFWO\�DYLDQ��PRUSKRORJL�

FDOO\�VSHDNLQJ���3UHVXPDEO\�WKHUH�ZRXOG�KDYH�WR�EH�PDQ\�WUDQVL�

WLRQDO�IRUPV�RQ�WKLV�OLQHDJH��QRQH�RI�ZKLFK�KDYH�EHHQ�IRXQG�

1RZ�HYROXWLRQDU\�ELRORJLVWV�GRQ©W�WDNH�WKLV�VLWXDWLRQ�WR�PHDQ

WKDW�HYROXWLRQ�LV�ZURQJ��,QVWHDG��PDQ\�VXJJHVW�WKDW�WKH�IRVVLO�UHFRUG

LV�VWLOO¥DQG�DOZD\V�ZLOO�EH¥LQFRPSOHWH���6WHSKHQ�-D\�*RXOG�KDV

SURSRVHG�D�FRQWURYHUVLDO�WKHRU\�FDOOHG�SXQFWXDWHG�HTXLOLEULXP��WR

GHDO�ZLWK�WKH�REVHUYHG�FKDUDFWHU�RI�WKH�IRVVLO�UHFRUG��+H�VXJJHVWV

WKDW� ODUJH� SRSXODWLRQV¥ZKLFK� FRQWULEXWH� PRVW� WR� WKH� IRVVLO� UH�

FRUG¥DUH� UHODWLYHO\� VWDEOH�� DQG� ODUJH�HYROXWLRQDU\�FKDQJHV�QRU�

PDOO\�RQO\�WDNH�SODFH�LQ�VPDOO�SRSXODWLRQV�ZKLFK�DUH�LVRODWHG�IURP

��� &RPSXWHU�9LUXVHV��/LIH�DQG�(YROXWLRQ

� 3KLOOLS�-RKQVRQ��'DUZLQ�RQ�7ULDO���5HJHQHU\�*DWHZD\��:DVKLQJWRQ�'&������
S�����

� 0LFKDHO�'HQWRQ��(YROXWLRQ��$�7KHRU\� LQ�&ULVLV��$GOHU�	�$GOHU��%HWKHVGD�
0DU\ODQG�������S������

� -HUULVRQ��¦%UDLQ�(YROXWLRQ�DQG�$UFKDHRSWHU\[§ ��1DWXUH������SS������������
� 'DYLG�5DXS�DQG�6WHYHQ�6WDQOH\��3ULQFLSOHV�RI�3DOHRQWRORJ\��:�+��)UHHPDQ�

6DQ�)UDQVLVFR�������SS�������
� 6WHSKHQ�-D\�*RXOG��7KH�3DQGD©V�7KXPE��:�:��1RUWRQ��1HZ�<RUN�������SS�

��������



)LJXUH�������/LIH�WRGD\�LQ�SHUVSHFWLYH�

)LJXUH�������7KH�IRVVLO�UHFRUG�LQ�SHUVSHFWLYH�

/RRNLQJ�GRZQ�IURP�DERYH

+RZ�WKH
WUHH�ORRNV

7KH�5HDO�:RUOG��(YROXWLRQ ���



WKH�PDLQ�SRSXODWLRQ��7KHQ�WKRVH�VPDOO�SRSXODWLRQV�VXFFHHG�DEXQ�

GDQWO\�DQG�TXLFNO\�JURZ�LQWR�ODUJH�SRSXODWLRQV�

,Q�D�VHQVH��WKHVH�¦H[SODQDWLRQV§ �FDQ�EHFRPH�PHUH�H[FXVHV�WR

H[SODLQ�DZD\�D�IRVVLO�UHFRUG�WKDW�LV�KRVWLOH�WR�'DUZLQ©V�K\SRWKHVLV�

&HUWDLQO\� VXFK� LGHDV� FDQ� H[SODLQ� VRPH� RI� ZKDW� ZH� VHH�� EXW� LI

JUDGXDOLVP�LV�WUXH��ZH�PXVW�ZRQGHU�KRZ�LW�KDV�HVFDSHG�GHWHFWLRQ

WLPH�DQG�WLPH�DQG�WLPH�DJDLQ��,I�WKH�IRVVLO�UHFRUG�ZHUH�DOORZHG�WR

EH�D�WHVW�RI�'DUZLQLDQ�JUDGXDOLVP��LW�ZRXOG�IDOVLI\�LW��,W�ZRXOG�WHQG

WR�VXJJHVW�WKDW�WKH�ILWQHVV�IXQFWLRQ�RI�VSHFLHV�PD\�ORRN�VRPHWKLQJ

OLNH� )LJXUH� ������� LVODQGV� RI� YLDELOLW\� VXUURXQGHG� E\� IRUELGGHQ

]RQHV��

0DMRU�2UJDQV

2QH�RI�WKH�ROGHVW�REMHFWLRQV�WR�JUDGXDO�HYROXWLRQ�KDV�EHHQ�WKDW

LW�DSSDUHQWO\�ODFNV�WKH�SRZHU�WR�H[SODLQ�KRZ�PDMRU�RUJDQV¥OLNH

WKH�H\H��RU�D�ELUG©V�ZLQJ¥FDPH�LQWR�EHLQJ��,Q�VXUYH\LQJ�WKH�DQLPDO

NLQJGRP��WKHUH�DUH�WKRXVDQGV�XSRQ�WKRXVDQGV�RI�VXFK�TXHVWLRQV�

/HW©V�IRFXV�RQ�WKH�PRVW�IDPRXV�RQH��WKH�H\H��DV�DQ�H[DPSOH�

7KH�DUJXPHQW�JRHV�¦:KDW�JRRG�LV�����RI�DQ�H\H"�$QG�LI����

RI�DQ�H\H�LV�RI�QR�XVH��WKHQ�QR�VHOHFWLRQ�PHFKDQLVP�FDQ�SRVVLEO\

VHOHFW�IRU�LW�§ �

7KH�DQVZHU�ZKLFK�'DUZLQ�JDYH�KDV�RIWHQ�EHHQ�UH�VWDWHG�ZLWK

OLWWOH�FKDQJH��DQG�\RX�FDQ�ILQG�LW�LQ�WH[WERRNV�HYHU\ZKHUH��7KDW�LV�

WKHUH�DUH�PDQ\�SULPLWLYH�H\H�GHVLJQV�DPRQJ�OLYLQJ�DQLPDOV��DQG

WKHVH�FDQ�IRUP�D�SODXVLEOH�VHULHV�RI�LQWHUPHGLDWH�IRUPV��

8QIRUWXQDWHO\��WKHVH�H\HV�GRQ©W�DSSHDU�WR�KDYH�HYROYHG�IURP

RQH�DQRWKHU�DW�DOO¥WKH\�DUH�WRR�GLIIHUHQW��5DWKHU��WKH�H\H�PD\�KDYH

KDG�WR�HYROYH�LQGHSHQGHQWO\�VRPH����GLIIHUHQW�WLPHV��

,I�ZH�SXUVXH�WKH�DUJXPHQW�LQ�WHUPV�RI�VHOHFWLRQ��WKHUH�DUH�WZR

DQVZHUV�� 2QH� LV� WKDW� ���� RI� DQ� H\H�PLJKW� KDYH� EHHQ� XVHG� IRU

��� &RPSXWHU�9LUXVHV��/LIH�DQG�(YROXWLRQ

� $QG�LW�GRHVQ©W�PDWWHU�WRR�PXFK�ZKHWKHU�WKH\©UH�LVODQGV�RQ�D�IODW�VXUIDFH�RU
LVRODWHG�SHDNV�RQ�DQ�LQFOLQH�

� 7KLV�GLVFXVVLRQ�LV�EDVHG�RQ�-RKQVRQ��SS��������
� 'DUZLQ� DOVR� DGPLWWHG� WKDW� WKH� LQWULFDFLHV� RI� WKH� KXPDQ� H\H� JDYH� KLP� FROG

VKXGGHUV�
� 2S��&LW���-RKQVRQ��S�����



VRPHWKLQJ�HOVH��7KH�RWKHU�LV�EDVHG�RQ�WKH�IDOODF\�WKDW�����RI�DQ

H\H�ZRXOG�FRQIHU�����YLVLRQ��DQG�WKDW�LV�EHWWHU�WKDQ�QRWKLQJ�DW�DOO���

$QRWKHU�OLWWOH�NQRZQ�ZRQGHU�LV�QRW�WKH�ELUG©V�ZLQJ�EXW�LWV�OXQJ

�)LJXUH��������ZKLFK�LV�FRPSOHWHO\�GLIIHUHQW�IURP�DQ\�RWKHU�YHUWH�

EUDWH�� ,W� VHHPV� FRPSOHWHO\� OHJLWLPDWH� WR� DVN� KRZ� �����D�� FRXOG

HYROYH�FRQWLQXDOO\�DQG�JUDGXDOO\�LQWR������E���7RSRORJ\�VHHPV�WR

IRUELG�LW��HVSHFLDOO\�VLQFH�WKH�OXQJ�LV�VR�FULWLFDO�WR�VXUYLYDO��DQG�D

PLV�IXQFWLRQ�ZRXOG�UHVXOW�LQ�D�YHU\�TXLFN�GHDWK�

$V�IDU�DV�,�FDQ�VHH��PDQ\�VXFK�REMHFWLRQV�KDYH�EHHQ�PDGH�RYHU

WKH�\HDUV��DQG�QRQH�KDYH�UHDOO\�EHHQ�SURSHUO\�DQDO\]HG�RU�DQVZHUHG�

)RU�H[DPSOH��LQ������JHQHWLFLVW�5LFKDUG�*ROGVFKPLGW�FKDOOHQJHG

WR�HYROXWLRQLVWV�WR�H[SODLQ�D�YDULHW\�RI�VXFK�VWUXFWXUHV����5DWKHU�WKDQ

UHFHLYLQJ�DQ�DQVZHU��KH�RQO\�JRW�ULGLFXOH����7KLV�DSSHDUV�WR�EH�TXLWH

W\SLFDO��7KLV�NLQG�RI�¦DQVZHU§ �UHDOO\�ERLOV�GRZQ�WR�SKLORVRSKLFDO

WUXLVP��7KHVH�VWUXFWXUHV�H[LVW��DQG�HYROXWLRQ�LV�WKH�RQO\�PHFKDQLVP

WKDW�FRXOG�KDYH�FUHDWHG�WKHP¥WKHUHIRUH�WKH\�REYLRXVO\�HYROYHG�

:KDW�PRUH�LV�QHHGHG"

6XFK�¦DQVZHUV§ �DUH�WUHPHQGRXVO\�XQVDWLVI\LQJ�WR�DQ\�VHULRXV

VFLHQWLVW� WKRXJK��7KH\�UHYHDO� WKH�KRVWLOLW\�RI�D�UHOLJLRXV�GHYRWHH

ZKHQ�KH©V�WROG�KLV�WDOHV�DUH�EXQN��DQG�QRW�WKH�KRQHVW�VFLHQWLVW�ZKR

FDQ�VLPSO\�DGPLW�KH�GRHVQ©W�NQRZ�WKH�DQVZHU�DQG�H[SODLQ�ZK\�

,Q�WKH�HQG��HYROXWLRQ�PD\�EH�DEOH�WR�H[SODLQ�WKH�FRQVWUXFWLRQ

RI�VXFK�PDMRU�RUJDQV��EXW�LW�ZLOO�QRW�EH�ZLWKRXW�WKH�XVH�RI�D�YHU\

FOHYHU�ILWQHVV�IXQFWLRQ��7KH�VXJJHVWLRQ�WKDW�����RI�DQ�H\H�PD\�KDYH

EHHQ� XVHIXO� DV� VRPHWKLQJ� RWKHU� WKDQ� DQ� H\H� UHDOO\� DPRXQWV� WR

DGPLWWLQJ�WKDW�WKH�H\H�ZDV�DQ�¦DFFLGHQW�§ �)URP�WKH�ODVW�FKDSWHU��ZH

OHDUQHG�WKDW�WKLV�NLQG�RI�DQ�DFFLGHQW�UHDOO\�DPRXQWV�WR�DQ�LQIRUPD�

WLRQ�ULFK�FRXSOLQJ�RI�WKH�HQYLURQPHQW�LQWR�D�VHOI�UHSURGXFLQJ�V\V�

WHP�YLD�D�VRSKLVWLFDWHG�ILWQHVV�IXQFWLRQ��2QH�PXVW�UHPHPEHU�WKDW

ZH�DUH�QRW�MXVW�EXLOGLQJ�D�EORE�RI�MHOO\��EXW�DQ�H[WUHPHO\�FRPSOH[

7KH�5HDO�:RUOG��(YROXWLRQ ���

�� 5LFKDUG� 'DZNLQV�� 7KH� %OLQG� :DWFKPDNHU� �/RQJPDQ� *URXS�� (VVH[�
(QJODQG�������S�����

�� 5LFKDUG�*ROGVFKPLGW��7KH�0DWHULDO�%DVLV�RI�(YROXWLRQ��<DOH�8QLYHUVLW\�3UHVV�
1HZ�+DYHQ��&RQQHFWLFXW��������6HH�DOVR�5LFKDUG�*ROGVFKPLGW��¦(YROXWLRQ�DV
9LHZHG�E\�2QH�*HQHWLFLVW§ ��$PHULFDQ�6FLHQWLVW�����������S�����

��2S��&LW���*RXOG��SS�����II�



VWUXFWXUH�ZKLFK�SUHVXPDEO\�KDV�D�ORW�RI�LQIRUPDWLRQ�EHKLQG�LW�LQ�WKH

JHQHV�

%UHHGLQJ�([SHULPHQWV

'DUZLQ�EDVHG�KLV�ZKROH� LGHD�RI�QDWXUDO� VHOHFWLRQ�RQ�DQLPDO

EUHHGLQJ�FRQGXFWHG�E\�IDUPHUV�DQG�EUHHGHUV��'DUZLQ�KLPVHOI�EUHG

SLJHRQV��<HW�EUHHGHUV�NQRZ�RQO\�WRR�ZHOO�WKDW�WKHUH�DUH�OLPLWDWLRQV

WR�WKH�VHOHFWLRQ�ZKLFK�WKH\�FDQ�FDUU\�RXW����<RX�FDQ�EUHHG�D�ODUJH

RU�D�VPDOO�GRJ��KRZHYHU��\RX�FDQ©W�EUHHG�D�GRJ�WR�EH�DV�ELJ�DV�D

KRUVH��RU�DV�VPDOO�DV�D�PRXVH��$QG�\RX�FDQ�IRUJHW�DERXW�D�IO\LQJ

GRJ��:KHQ�\RX�FDUU\�EUHHGLQJ�WRR�IDU�LQ�DQ\�GLUHFWLRQ��WKH�UHVXOW�LV

RIWHQ�VWHULOLW\��DIWHU�ZKLFK�WKH�EUHHGLQJ�H[SHULPHQW�LV�IRUFHG�WR�DQ

HQG�

)RU�H[DPSOH���WKHVH�HIIHFWV�KDYH�EHHQ�QRWLFHG�LQ�IDPRXV�H[�

SHULPHQWV�RQ�IUXLW�IOLHV����([SHULPHQWHUV�KDYH�WULHG�WR�LQFUHDVH�DQG

9HUWHEUDWH
OXQJ

%LUG�OXQJ

)LJXUH�������7KH�ELUG©V�OXQJ�

��� &RPSXWHU�9LUXVHV��/LIH�DQG�(YROXWLRQ

��1RUPDQ�0DFEHWK��'DUZLQ�5HWULHG��*DPELW��%RVWRQ�������SS��������



GHFUHDVH�WKH�QXPEHU�RI�EULVWOHV�RQ�WKH�IOLHV��:LOG�IOLHV�DYHUDJHG���

EULVWOHV��DQG�RQH�FDQ�UHGXFH�WKH�QXPEHU�WR�����RU�LQFUHDVH�LW�WR����

%XW�EH\RQG�WKDW��VWHULOLW\�SURKLELWV�IXUWKHU�FKDQJH��0D\U�FRQFOXGHG

¦7KH�PRVW�IUHTXHQW�¨FRUUHODWHG�UHVSRQVH©�RI�RQH�VLGHG�VHOHFWLRQ�LV

D� GURS� LQ� JHQHUDO� ILWQHVV�� 7KLV� SODJXHV� YLUWXDOO\� HYHU\� EUHHGLQJ

H[SHULPHQW�§ ���7KH�WHUP�JHQHWLF�KRPHRVWDVLV��RU�JHQHWLF�LQWHUWLD�LV

XVHG�WR�GHVFULEH�WKLV�UHVLVWDQFH�WR�FKDQJH�

$OO�RI�WKLV�ZRXOG�WHQG�WR�LQGLFDWH�WKDW�WKH�ILWQHVV�IXQFWLRQ�IRU

PRVW�VSHFLHV�ORRNV�OLNH�)LJ��������%\�DGGLQJ�D�VHOHFWLRQ�FULWHULRQ

RI�RXU�RZQ��ZH�PLJKW�DOWHU�WKH�VKDSHV�RI�WKH�LVODQGV�D�ELW��EXW�QRW

FKDQJH� WKH� IDFW� WKDW� WKH\�DUH� LVODQGV��7KDW� LV� MXVW�DERXW�KRZ�WKH

HYROXWLRQ� DUJXHV� WKLV� DSSDUHQW� URDGEORFN�� 1DWXUDO� VHOHFWLRQ� KDV

DOUHDG\� IRXQG� WKH� ILWQHVV�SHDNV� DQG� DUWLILFLDO� VHOHFWLRQ� FDQ�RQO\

UHGXFH�JHQHUDO�ILWQHVV�

2I� FRXUVH�� WKLV� JHQHUDO� REVHUYDWLRQ� GRHV� QRW� SXW� DQ� HQG� WR

ODUJH�VFDOH� HYROXWLRQ�� $Q\� EUHHGLQJ� H[SHULPHQW� QHFHVVDULO\� LQ�

YROYHV� D� YHU\� OLPLWHG� SRSXODWLRQ� DQG� D� YHU\� OLPLWHG� DPRXQW� RI

JHQHWLF�YDULDWLRQ��6R�WKHVH�H[SHULPHQWV�PD\�QRW�EH�UHSUHVHQWDWLYH

RI�ZKDW�D�ODUJH�SRSXODWLRQ�LQ�WKH�ZLOG�FDQ�GR����7KH�JHQH�VSDFH�RI

DQ\�UHDO�OLYLQJ�RUJDQLVP�LV�PXOWL�GLPHQVLRQDO�DQG�KLJKO\�FRPSOH[�

0XWDWLRQV�PLJKW�RFFXU�LQ�DQ\�RI�D�PXOWLWXGH�RI�GLUHFWLRQV��DQG�WKHUH

LV�QR�ZD\��IRU�UHDO�OLIH��WR�VKRZ�WKDW�QRQH�RI�WKRVH�GLUHFWLRQV�FDQ

SURYH�IUXLWIXO��,Q�RWKHU�ZRUGV��)LJXUH�������PLJKW�EH�DXJPHQWHG�E\

ILQH�EULGJHV�UXQQLQJ�EHWZHHQ�WKH�LVODQGV��:KDW�EUHHGLQJ�H[SHUL�

PHQWV�WHOO�XV�LV�WKDW��LI�WKHUH�DUH�EULGJHV�EHWZHHQ�WKH�LVODQGV��WKH\

DUH�SHUKDSV�QRW�WRR�HDV\�WR�ILQG��&HUWDLQO\�WKH�FUDVV�ILWQHVV�FULWHULD

ZH�LPDJLQH�DUH�OLWWOH�EHWWHU�WKDQ�D�FKLOG©V�IDQF\��<RX�FDQQRW�WKLQN

DERXW�WKH�JHQH�VSDFH�WKDW�DQ�RUJDQLVP�OLYHV�LQ�DV�IHZ�GLPHQVLRQDO

KHUH��,I�\RX�OLYHG�LQ�D�PLOOLRQ�GLPHQVLRQDO�VSDFH��WKHQ�MXVW�WHOOLQJ

VRPHRQH�KRZ�WR�VWDUW�RQ�D�WULS�LV�QR�VLPSOH�PDWWHU�RI�VD\LQJ�¦JR

QRUWKHDVW�§ �<RX�KDYH� WR�VSHFLI\�D�YHFWRU�ZLWK�D�PLOOLRQ�FRPSR�

QHQWV�� 7KDW�ZRXOG�PHDQ� WKDW� VXFFHVVIXO� ODUJH� VFDOH� FKDQJH� LV� D

7KH�5HDO�:RUOG��(YROXWLRQ ���

�� (UQVW� 0D\U�� $QLPDO� 6SHFLHV� DQG� (YROXWLRQ� �+DUYDUG� 8QLYHUVLW\� 3UHVV�
&DPEULGJH�������S����������

�� ,ELG���S������
��2I�FRXUVH��WKDW�JRHV�DJDLQVW�*RXOG©V�SXQFWXDWHG�HTXLOLEULXP�



KLJKO\� LQIRUPDWLRQ�GULYHQ� SURFHVV�� 7KH� FKDQFHV� RI� VHOHFWLQJ� D

GLUHFWLRQ�IRU�FKDQJH�WKDW�LV�IUXLWIXO�LQ�WKH�ORQJ�UXQ�E\�XVLQJ�D�JURVV

ILWQHVV�FULWHULRQ�OLNH�WKH�LQGLYLGXDO©V�VL]H�LV�SUDFWLFDOO\�QLO�

0ROHFXODU�(YLGHQFH

1RZ�OHW©V�FRPH�XS�WR�PRGHUQ�WLPHV��DQG�GLVFXVV�ZKDW�PROHFX�

ODU� VWXGLHV� WHOO� XV� DERXW� HYROXWLRQ��$IWHU� DOO��ZH©G� H[SHFW� VRPH

WHOO�WDOH�VLJQV�RI�HYROXWLRQ�KHUH�

2QH�LQWHUHVWLQJ�PDWWHU�WKDW�GHVHUYHV�RXU�DWWHQWLRQ�LV�WKH�VWXG\

RI�SURWHLQ�VHTXHQFHV�LQ�OLYLQJ�RUJDQLVPV����$�ZHOO�NQRZQ�VHTXHQFH

VWXG\�KDV�EHHQ�FDUULHG�RXW�RQ�F\WRFKURPH�&��D�SURWHLQ�FRQQHFWHG

ZLWK�HQHUJ\�SURGXFWLRQ����%HFDXVH�LW�LV�VR�EDVLF�WR�FHOOXODU�PHWD�

EROLVP�� F\WRFKURPH� &� RFFXUV� LQ� D� ZLGH� YDULHW\� RI� RUJDQLVPV�

UDQJLQJ�IURP�EDFWHULD�WR�PDQ��,W�LV�D�SURWHLQ�DERXW�����DPLQR�DFLGV

ORQJ�� VR� WKH� VHTXHQFH� RI� DPLQR� DFLGV� FDQ� EH� FRPSDUHG� IURP

RUJDQLVP�WR�RUJDQLVP�DQG�SHUFHQW�GLIIHUHQFHV�FDQ�EH�WDOOLHG�XS��,Q

WKLV�ZD\��\RX�FDQ�GHWHUPLQH�KRZ�GLIIHUHQW�RUJDQLVPV�DUH�UHODWHG�DW

D�PROHFXODU�OHYHO�

,I�JUDGXDO�HYROXWLRQ�ZHUH� WKH�UXOH��RQH�PLJKW�H[SHFW�D�ZLGH

YDULHW\� RI� GLIIHUHQFHV��ZKHUH� WKH�PRVW� VLPLODU� RUJDQLVPV�ZRXOG

KDYH� WKH� PRVW� VLPLODU� F\WRFKURPH� &�� HWF�� 7KLV� LV� LQGHHG� ZKDW

UHVHDUFKHUV�ILQG��KRZHYHU�WKH�GLVWULEXWLRQV�RI�WKH�GLIIHUHQFHV�DUH

PRVW� LQWULJXLQJ�� ,I� JUDGXDO� HYROXWLRQ� ZHUH� WKH� UXOH�� \RX� PLJKW

H[SHFW� H[LVWLQJ� RUJDQLVPV� WR� KDYH� D� IDPLO\� WUHH� VRPHWKLQJ� OLNH

)LJXUH� ������ 7KLV�ZRXOG� VXJJHVW� WKDW� RQH� FRXOG� ILQG� DQ� DOPRVW

FRQWLQXRXV�YDULDWLRQ� LQ�SURWHLQV�EHWZHHQ�GLIIHUHQW� VSHFLHV��1HZ

EUDQFKHV�ZRXOG�FRQWLQXDOO\�EH�IRUPLQJ�RQ�WKH�WUHH��,Q�IDFW��ZKDW

WKH�PROHFXODU�HYLGHQFH�VXJJHVWV�LV�D�WUHH�PRUH�OLNH�)LJXUH�������,Q

RWKHU�ZRUGV��PDMRU� W\SRORJLFDO� JURXSV� DUH� HTXLGLVWDQW� IURP�RQH

DQRWKHU��6SHFLHV�LQ�D�JLYHQ�JHQHUD�DUH�URXJKO\�HTXLGLVWDQW��'LIIHU�

HQW�JHQHUD�LQ�WKH�VDPH�SK\OXP�DUH�HTXLGLVWDQW��HWF��)RU�H[DPSOH�

WKH�SURNDU\RWHV��ZKLFK�DUH�DOO�VLPSOH�EDFWHULD�OLNH�(��&ROL��DQG�DUH

��� &RPSXWHU�9LUXVHV��/LIH�DQG�(YROXWLRQ

��2S��&LW���'HQWRQ��SS����������
��0��'��'D\KRII��$WODV�RI�3URWHLQ�6HTXHQFH�DQG�6WUXFWXUH��1DWLRQDO�%LRPHGLFDO

5HVHDUFK�)RXQGDWLRQ��6LOYHU�6SULQJ��0DU\ODQG�������9RO�����0DWUL[����S��'���



)LJXUH�������(YROXWLRQ�VXJJHVWV�D�FRQWLQXXP�RI
FKDQJH�

)LJXUH�������0ROHFXODU�HYLGHQFH�VXJJHVWV
HTXLGLVWDQW�JURXSV�

GLVWDQFH

GLVWDQFH

7KH�5HDO�:RUOG��(YROXWLRQ ���



FKDUDFWHUL]HG�E\�D�QRQ�QXFOHDU�FHOO��VHHP�WR�EH�HTXLGLVWDQW�IURP�DOO

HXNDU\RWHV��ZKLFK�LQFOXGH�DOO�OLIH�ZLWK�FHOOV�WKDW�KDYH�D�QXFOHXV�

UDQJLQJ� IRUP�VLPSOH�\HDVW� WR�DOO�PXOWL�FHOOXODU�RUJDQLVPV��7KHLU

F\WRFKURPH�&�DOO�GLIIHU�E\�URXJKO\����WR����SHUFHQW�

$OWKRXJK�WKH�HYROXWLRQDU\�ELRORJLVW�FDQ�FHUWDLQO\�H[SODLQ�WKLV

VLWXDWLRQ��LW�GRHV�QRW�DSSHDU�WR�EH�ZKDW�RQH�ZRXOG�H[SHFW��D�SULRUL�

,I�JUDGXDO�HYROXWLRQ�LV�WKH�PHDQV�IRU�FKDQJH��LW�ZRXOG�PDNH�PRUH

VHQVH�WR�VXJJHVW�WKDW�VRPH�SURNDU\RWH�VORZO\�HYROYHG�LQWR�D�HX�

NDU\RWH��DQG�LWV�F\WRFKURPH�&�FKDQJHG�VORZO\¥���������� �� �� �

����������$W�YDULRXV�SRLQWV�DORQJ�WKLV�HYROXWLRQDU\�SDWKZD\��ZH

PLJKW�H[SHFW�LW�EUDQFKHG�RXW�LQWR�RWKHU�SURNDU\RWHV�RU�HXNDU\RWHV�

%XW� WKHQ� ZH©G� H[SHFW� WR� VHH� D� UDWKHU� FRQWLQXRXV� YDULDWLRQ� LQ

F\WRFKURPH�&� GLIIHUHQFHV� EHWZHHQ� HXNDU\RWHV� DQG� SURNDU\RWHV�

(YLGHQWO\�HLWKHU��D��WKH�DUFKHW\SH�RI�WKH�HXNDU\RWHV�HYROYHG�IRU�D

ORQJ�WLPH�ZLWKRXW�EUDQFKLQJ��RU��E��LW�GLG��EXW�DOO�WKH�EUDQFKHV�DUH

QRW�H[WLQFW��$OWKRXJK�LW�LV�HDV\�HQRXJK�WR�SRVWXODWH��D��RU��E��LQ�RQH

FDVH��WKLV�LV�QRW�DQ�LVRODWHG�SUREOHP��0ROHFXODU�FRPSDULVRQV�OLNH

WKLV�VXJJHVW�JDSV�DUH�WKH�QRUP��$JDLQ��WKLV�WDNHV�XV�EDFN�WR�D�ILWQHVV

IXQFWLRQ�OLNH�)LJ��������

0DWKHPDWLFDO�4XHVWLRQV

,Q������WKHUH�ZDV�D�VHPLQDO�FRQIHUHQFH�DW�WKH�:LVWDU�,QVWLWXWH

LQ�ZKLFK�PDWKHPDWLFLDQV�IDFHG�RII�DJDLQVW�HYROXWLRQLVWV�WR�GLVFXVV

VRPH�RI�WKH�DSSDUHQW�PDWKHPDWLFDO�GLIILFXOWLHV�RI�HYROXWLRQ�

6RPH� RI� WKH� SUREOHPV� UDLVHG� E\�PDWKHPDWLFLDQV�ZHUH� YHU\

EDVLF��)RU�H[DPSOH��0XUUD\�(GHQ�SRLQWHG�RXW�WKDW�WKH�'1$�LQ�PDQ

FRQVLVWV�RI�VRPH�����QXFOHRWLGHV��RU�DERXW�RQH�QXFOHRWLGH�IRU�HYHU\

\HDU�WKDW�OLIH�KDV�H[LVWHG�RQ�HDUWK��6R�WKH�HYROXWLRQ�RI�PDQ�ZRXOG

DSSHDU�WR�UHTXLUH�DQ�LQFUHGLEOH�UDWH�RI�FKDQJH��HVSHFLDOO\�FRPSDUHG

WR�ZKDW�ZH�NQRZ�WR�EH�WDNLQJ�SODFH�QRZ���

2WKHU�SUREOHPV�ZHUH�VSHFLILF¥KRZ�FRXOG�KXPDQ�KHPRJORELQ�

α�DQG�β�FKDLQV�EH�GHULYHG�IURP�RQH�DQRWKHU�RU�IURP�D�FRPPRQ

��� &RPSXWHU�9LUXVHV��/LIH�DQG�(YROXWLRQ

��0XUUD\� (GHQ�� ¦ ,QDGHTXDFLHV� RI� 1HR�'DUZLQLDQ� (YROXWLRQ� DV� D� 6FLHQWLILF
7KHRU\�§ �0DWKHPDWLFDO�&KDOOHQJHV� WR� WKH�1HR�'DUZLQLDQ�,QWHUSUHWDWLRQ�RI
(YROXWLRQ���:LVWDU�,QVWLWXWH�3UHVV��3KLODGHOSKLD�������SS��������



DQFHVWRU"� 7\SLFDO� �WKRXJK� GHEDWDEOH�� FDOFXODWLRQV� VXJJHVW� ���

PXWDWLRQV�ZRXOG�EH�UHTXLUHG�IRU�WKLV�SURFHVV��(YHQ�ZLWK�WKH�VWURQJ�

HVW�SRVVLEOH�VHOHFWLRQ�SUHVVXUH��WKLV�ZRXOG�VXJJHVW�����������JHQ�

HUDWLRQV� ZRXOG� EH� QHHGHG� WR� WUDQVIRUP� RQH� LQWR� WKH� RWKHU�� <HW

VHOHFWLRQ� EHWZHHQ� WKH� WZR� VHHPV�PHDJHU� DW� EHVW�� DQG� HYHQ� ���

PLOOLRQ�JHQHUDWLRQV�LV�D�ELW�WRR�ORQJ�

6XPPDU\

6R�IDU�ZH©YH�GLVFXVVHG�VRPH�VHULRXV�SUREOHPV�ZLWK�DQG�FKDO�

OHQJHV�WR�WKH�XVXDO�SLFWXUH�RI�UHDO�ZRUOG�HYROXWLRQ�SDLQWHG�IRU�XV

E\�PRGHUQ�HYROXWLRQLVWV��%HIRUH�ZH�JR�RQ��,�ZLOO�DGPLW�WZR�WKLQJV�

)LUVW��PRVW�RI�ZKDW�,©YH�VDLG�LQ�WKH�SDVW�IHZ�SDJHV�FRXOG�EH�FODVVLILHG

DV�KLJKO\�FRQWURYHUVLDO¥HYHQ�KHUHWLFDO¥LQ�WKH�KDOORZHG�KDOOV�RI

VFLHQFH��6HFRQGO\��,�DGPLW�,�KDYHQ©W�JLYHQ�\RX�ORWV�RI�JRU\�GHWDLOV¥

MXVW�D�YHU\�EULHI�RYHUYLHZ��0\�SXUSRVH�LV�QRW�WR�GHEXQN�HYROXWLRQ

KHUH��RU�WR�DUJXH�DJDLQVW�LW��WKRXJK�,�GR�KRSH�\RX©OO�ORRN�XS�VRPH

RI�P\�UHIHUHQFHV�DQG�ORRN�LQWR�WKHVH�PDWWHUV�D�OLWWOH�RQ�\RXU�RZQ�

,�ZLOO�OHW�WKRVH�DXWKRUV�WU\�WR�GHEXQN�HYROXWLRQ�LQ�WKH�UHDO�ZRUOG��LI

WKDW�LV�ZKDW�WKH\�DUH�WU\LQJ�WR�GR�

7KH�UHDVRQ�,�EULQJ�XS�VXFK�REMHFWLRQV¥VRPH�FODVVLF�DQG�VRPH

QRYHO¥LV�WR�VKRZ�\RX�WKDW�WKH�HYROXWLRQLVP�\RX�ZHUH�IHG�RXW�RI�D

WH[WERRN�LV�D�P\WK��7KH�ILHOG�LV�DQ\WKLQJ�EXW�VHWWOHG��VROLG�VFLHQFH�

&RQWHQWLRQV�DQG�VSHFXODWLRQV�DERXQG��7KH�YHU\�IDFW�WKDW�ZH�FDQ

LQWHUSUHW� WKH� GDWD� LQ� D�PDQQHU� KRVWLOH� WR�'DUZLQ� LI�ZH�ZDQW� WR

VXJJHVWV�WKDW�VRPHWKLQJ�LV�ZURQJ�ZLWK�WKLV�VFLHQFH��$QG�IDU�IURP

VHHNLQJ� WR� VROYH�PDQ\�RI� WKHVH�SUREOHPV�ZLWK�D�FRPSUHKHQVLYH

WKHRU\��PDQ\�HYROXWLRQLVWV�VLPSO\�EHFRPH�KRVWLOH�ZKHQ�TXHVWLRQV

DUH�EURXJKW�XS�

,I�ZH�DUH�DIWHU�HYROXWLRQ�LQ�WKH�EURDG�SLFWXUH¥DQ�HYROXWLRQ�WKDW

DSSOLHV�WR�$UWLILFLDO�/LIH�DQG�UHDO�OLIH�HTXDOO\�DQG�ZLWKRXW�SUHMXGLFH�

WKHQ� WKH�REMHFWLRQV� ,©YH�GLVFXVVHG� VKRXOG�EH�HQOLJKWHQLQJ��7KH\

VXJJHVW�WKDW�WKH�VDPH�SUREOHPV�DQG�TXHVWLRQV�ZH�UDQ�LQWR�LQ�WKH

HYROXWLRQ�RI�YLUXVHV�DUH�TXHVWLRQV�IRU�WKH�UHDO�ZRUOG��7KH�ILWQHVV

IXQFWLRQV�FDQ�EH�GLIILFXOW�WR�QHJRWLDWH��DV�ZH�FDQ�VHH�IURP�EUHHGLQJ

H[SHULPHQWV��%RWK�PROHFXODU�HYLGHQFH�DQG�WKH�IRVVLO�UHFRUG�VHHP

WR�FRUURERUDWH�D�GLIILFXOW�DQG�YHU\�FRPSOH[�ILWQHVV�IXQFWLRQ��3URE�

OHPV�ZLWK�WKH�GHYHORSPHQW�RI�PDMRU�RUJDQV�VXJJHVW�UHDVRQV�ZK\

7KH�5HDO�:RUOG��(YROXWLRQ ���



ILWQHVV�IXQFWLRQV�FDQ�EH�VXFK�SUREOHPV��'U��(GHQ©V�GLVFXVVLRQ�RI

PXWDWLRQ�UDWHV�SRLQWV�XS�IDXOWV�LQ�WKH�LGHD�WKDW�WKH�UDWH�RI�HYROXWLRQ

LV�VXIILFLHQW�WR�H[SODLQ�WKH�ZD\�WKH�ZRUOG�LV�

7KH�'DUZLQLVW©V�*DPELW

:KDW�,�ILQG�PRVW�VXUSULVLQJ�LQ�DOO�RI�WKLV�FRQIXVLRQ�LV�WKDW�HYHQ

PDQ\�KDUG�FRUH�'DUZLQLVWV�IUHHO\�FRQIHVV�WKDW�HYROXWLRQ�LV�WHUULEO\

XQOLNHO\�� DQG� HYHQ� FRQVLGHU� WKDW� DQ� DVVHW�� )RU� H[DPSOH�� -XOLDQ

+X[OH\�ZULWHV�¦ ,PSUREDELOLW\�LV�WR�EH�H[SHFWHG�DV�D�UHVXOW�RI�QDWXUDO

VHOHFWLRQ��DQG�ZH�KDYH�KHUH�WKH�SDUDGR[�WKDW�DQ�H[FHHGLQJO\�KLJK

DSSDUHQW�LPSUREDELOLW\�LQ�LWV�SURGXFWV�FDQ�EH�WDNHQ�DV�HYLGHQFH�IRU

WKH�KLJK�GHJUHH�RI�LWV�HIILFDF\�§ ��

/HW�XV�WDNH�XS�ZLWK�RXU�IULHQG�5LFKDUG�'DZNLQV��EHFDXVH�KH�LV

WKH�PRVW�DUGHQW�DQG�LQJHQXRXV�DQDUFKLVW�,�FDQ�ILQG��+H�ZULWHV�¦7KH

WKHRU\� RI� HYROXWLRQ� E\� FXPXODWLYH� QDWXUDO� VHOHFWLRQ� LV� WKH� RQO\

WKHRU\�ZH�NQRZ�RI� WKDW�LV�LQ�SULQFLSOH�FDSDEOH�RI�H[SODLQLQJ�WKH

HYROXWLRQ�RI�RUJDQL]HG�FRPSOH[LW\��(YHQ�LI�WKH�HYLGHQFH�GLG�QRW

IDYRU�LW��LW�ZRXOG�VWLOO�EH�WKH�EHVW�WKHRU\�DYDLODEOH��������7KH�HVVHQFH

RI�OLIH�LV�VWDWLVWLFDO�LPSUREDELOLW\�RQ�D�FRORVVDO�VFDOH�§���+H�JRHV

RQ�WR�VD\�WKDW�HYROXWLRQ�WDPHV�FKDQFH�E\�EUHDNLQJ�LW�GRZQ�LQWR�VPDOO

VWHSV��7KXV�� HYHQ� LI� HYROXWLRQ�E\�QDWXUDO� VHOHFWLRQ�SURYHG� WR�EH

LQFUHGLEO\�UHPRWH��LW�FRXOG�QHYHU�EH�DV�UHPRWH�DV�VRPHWKLQJ�OLNH

VSRQWDQHRXV� FUHDWLRQ�� RU� PDFUR�PXWDWLRQ�� RWKHUZLVH� NQRZQ� DV

VDOWDWLRQ���

7KLV�LV�WKH�'DUZLQLVW©V�JDPELW��,W�ZRXOG�VHHP�WR�JLYH�HYROXWLRQ

WKH�DGYDQWDJH�QR�PDWWHU�ZKDW��,Q�VKRUW��LW�GRHV�QRW�PDWWHU�ZKHWKHU

WKH�REVWDFOH�WR�RYHUFRPH�LV�DQ�H\H��D�JDS�LQ�WKH�IRVVLO�UHFRUG��DQ

LPSRVVLEOH�PXWDWLRQ�UDWH��RU�ZKDW��(YROXWLRQ�LV�VWLOO�EHWWHU�RII�WKDQ

DQ\�YDULHW\�RI�FUHDWLRQ�RU�VDOWDWLRQ��VWDWLVWLFDOO\�VSHDNLQJ�

&HUWDLQO\� WKLV� JDPELW� KDV� SDLG� RII� LQ� WUDGLWLRQDO� VFLHQWLILF

FLUFOHV��7KH� VFLHQWLVW�� DIWHU� DOO��ZKHQ�ZHDULQJ�KLV� VFLHQWLVW©V�KDW�

��� &RPSXWHU�9LUXVHV��/LIH�DQG�(YROXWLRQ

�� -XOLDQ�+X[OH\��(YROXWLRQ�LQ�$FWLRQ��+DUSHU�DQG�%URWKHUV��1HZ�<RUN�������S�
���

��2S��&LW���'DZNLQV��S������
�� (�J���ZKHUH�D�FKLFNHQ�KDWFKHV�IURP�D�UDWWOHVQDNH�HJJ�



VKRXOG�WDNH�WKH�PRVW�OLNHO\�DSSURDFK��6R�PRVW�VFLHQWLVWV�GR�EHOLHYH

WKH�HYROXWLRQDU\�URXWH�LV�FRUUHFW��HYHQ�LI�WKH\�GRQ©W�H[SUHVV�WKHLU

IDLWK�DV�FOHDUO\�DV�'DZNLQV�

$Q�$OWHUQDWLYH"

7KH� HYROXWLRQLVW©V� JDPELW� RQO\�ZRUNV�ZKHQ�ZH�GRQ©W� NQRZ

HQRXJK�DERXW�D�V\VWHP�WR�UHDOO\�ORRN�KDUG�DW�WKH�VWDWLVWLFV�LQYROYHG�

,W©V�ZRUNHG�LQ�WKH�UHDO�ZRUOG�EHFDXVH�WKH�UHDO�ZRUOG�LV�VR�FRPSOH[

WKDW�LW�KDV�GHILHG�DQDO\VLV�

3ODLQO\��LQ�WKH�ZRUOG�RI�DUWLILFLDO�OLIH��ZH�FDQ�VHH�WKDW�PLFUR�

PXWDWLRQV�ZLWK� QDWXUDO� VHOHFWLRQ� DUH�QRW� DOZD\V� WKH�PRVW� OLNHO\

URXWH�WR�D�QHZ�JHQH��6RPHWLPHV�D�PDFUR�PXWDWLRQ�LV�D�ORW�FKHDSHU�

SUREDELOLW\�ZLVH��7R�VHH�WKLV��OHW©V�JR�EDFN�WR�RXU�6&$1�6OLS�YLUXV�

$V�\RX�ZLOO�UHFDOO��LW�KDG�D�FKURPRVRPH�WKDW�ZDV�����E\WHV�ORQJ�

1RZ�VXSSRVH�WKDW�WKH�ILWQHVV�IXQFWLRQ�LPSRVHG�E\�6&$1�KDG�WZR

VHSDUDWH�GLVFRQQHFWHG�UHJLRQV�ZKHUH�WKH�YLUXV�ZDV�IUHH�WR�OLYH���,I

6&$1�GRHVQ©W�ILW�WKLV�SUHVFULSWLRQ��,�JXDUDQWHH�\RX�,�FRXOG�ZULWH�D

)LJXUH�������6HSDUDWHG�UHJLRQV�RI�YLDELOLW\�LQ�JHQH
VSDFH�

$

%

7KH�5HDO�:RUOG��(YROXWLRQ ���



VFDQQHU�WKDW�GLG���6HH�)LJXUH�������$�SRSXODWLRQ�LQ�5HJLRQ�$�FRXOG

QRW�HDVLO\�PLJUDWH�WR�5HJLRQ�%�ZLWKRXW�D�PDFUR�PXWDWLRQ�EHFDXVH

DQ\�LQGLYLGXDOV�FDXJKW�LQ�EHWZHHQ�WKRVH�UHJLRQV�ZRXOG�EH�LQVWDQWO\

NLOOHG��7KXV��LI�ZH�KDG�D�SRSXODWLRQ�LQ�UHJLRQ�$�DW�WLPH�7��DQG�WKHQ

D�SRSXODWLRQ�LQ�ERWK�UHJLRQV�DW�WLPH�7��DQG�7���ZH�FRXOG�VD\�IRU

FHUWDLQ�WKDW�PLFUR�PXWDWLRQV�GLG�QRW�RULJLQDWH�WKH�%�SRSXODWLRQ�

7R�PRGHO�WKH�UHDO�ZRUOG�D�OLWWOH�PRUH�FORVHO\��ZH�FRXOG�PDNH

NLOOLQJ� LQGLYLGXDOV� D� VWDWLVWLFDO� SURFHVV�� UDWKHU� WKDQ� D� PDWWHU� RI

FHUWDLQW\��6XSSRVH�WKDW�HYHU\�YLUXV�ZKLFK�LV�QRW�LQ�WKH�VDIH�UHJLRQV

KDV�D�����FKDQFH�RI�EHLQJ�NLOOHG�EHIRUH�UHSURGXFLQJ�DJDLQ��$OVR

VXSSRVH�WKDW��DW�FORVHVW�DSSURDFK��UHJLRQ�$�DQG�%�DUH����PXWDWLRQV

DSDUW��DQG�ZH�KDYH�DQ�DYHUDJH�RI�RQH�PXWDWLRQ�SHU�FKURPRVRPH�SHU

UHSOLFDWLRQ��,I�HYHU\�PXWDWLRQ�LV�LQ�WKH�ULJKW�GLUHFWLRQ����WKHQ�LW�ZLOO

WDNH����VWHSV�WR�PXWDWH�IURP�5HJLRQ�$�WR�5HJLRQ�%��7KH�SUREDELOLW\

RI� D�YLUXV�GRLQJ� WKDW� DQG� VXUYLYLQJ� LV�3� �
����� ,Q�FRPSDULVRQ�� D

PDFUR�PXWDWLRQ�ZRXOG�KDYH�D�SUREDELOLW\�RI

3�� ��$UHD�RI�5HJLRQ�%���$UHD�RI�WRWDO�JHQH�VSDFH��������

IRU�IDOOLQJ�LQWR�5HJLRQ�%��,I�ERWK�UHJLRQ�$�DQG�%�RFFXS\�������WK

RI�WKH�WRWDO�JHQH�VSDFH��DQG�WKH\�DUH�RI�HTXDO�VL]H��WKHQ�3� �[��
��

DQG�3� �[��
�����6R�PDFUR�PXWDWLRQV�ZRXOG�EH�D�PRUH�HIILFLHQW�ZD\

WR�JHW�IURP�5HJLRQ�$�WR�5HJLRQ�%��7KH�UHDVRQ�LV�VLPSOH��WKH�ILWQHVV

IXQFWLRQ�KDV�KXPSV�DW�$�DQG�%��DQG�D�JUHDW�YDOOH\�LQ�EHWZHHQ�WKHP�

ZKLFK� LV�KDUG� WR�JHW�DFURVV��7KDW�GRHV�QRW��RI�FRXUVH��PHDQ�WKDW

PDFUR�PXWDWLRQV�ZLOO�EH�WKH�ZD\�D�YLUXV�QHJRWLDWHV�WKLV�SUREOHP�

,W�PXVW�KDYH�D�PHFKDQLVP�WR�PXWDWH�WKDW�ZD\�WR�EHJLQ�ZLWK��1RWH�

KRZHYHU��WKDW�RXU�'*0(�GLG�KDYH�WKDW�IDFLOLW\��:H�PLJKW�DOVR�QRWH

WKDW�ODUJH�PXWDWLRQV�DUH�QRW�XQNQRZQ�LQ�WKH�UHDO�ZRUOG��)RU�H[DP�

SOH��'RZQ©V�6\QGURPH�LV�WKH�UHVXOW�RI�D�ZKROH�H[WUD�FKURPRVRPH�

DQG�WKDW©V�D�KXJH�FKDQJH����$QG�LW©V�D�IDLUO\�FRPPRQ�RFFXUUHQFH

ZKHQ�DQ�ROGHU�ZRPDQ�KDV�D�FKLOG�

��� &RPSXWHU�9LUXVHV��/LIH�DQG�(YROXWLRQ

�� ,I�6FDQ�GRHVQ©W�ILW�WKLV�SUHVFULSWLRQ��,�JXDUDQWHH�\RX�,�FRXOG�ZULWH�D�VFDQQHU�WKDW
GLG�

�� ,Q�JHQHUDO�WKH\�ZRQ©W�EH��7\SLFDOO\��WR�JHW�D�PRUH�DFFXUDWH��DQG�OHVV�IDYRUDEOH�
DQVZHU��\RX�QHHG�VRPHWKLQJ�OLNH�D�)H\QPDQ�SDWK�LQWHJUDO�



6R�ZKDW�SDVVHV�IRU�VHQVLEOH�LQ�WKH�UHDO�ZRUOG�LV�VLPSO\�IDOVH�IRU

RXU�YLUXVHV��7KH�RQO\�UHDVRQ�WKH�HYROXWLRQLVW©V�JDPELW�FDQ�SDVV�IRU

VHQVLEOH� LV� EHFDXVH�� LQ� WKH� UHDO� ZRUOG�� WKH� ILWQHVV� IXQFWLRQV� DUH

FORXGHG�LQ�P\VWHU\��2I�FRXUVH�ZH�FDQ�LPDJLQH�VRPH�ILWQHVV�IXQF�

WLRQ�WR�GR�WKH�MRE�ZKHQ�ZH�KDYH�QR�NQRZOHGJH�RI�KRZ�DQ�HYROYLQJ

V\VWHP�UHDOO\�ZRUNV��%XW�ZKHQ�ZH�FDQ�GR�D�UHDO�H[SHULPHQW��ZKHUH

DOO�WKH�LQSXWV�DUH�NQRZQ��'DZNLQV©�ORJLF�GURSV�GHDG�

7KH�OLNHOLKRRG�WKDW�D�PDFUR�PXWDWLRQ�ZLOO�EH�VXFFHVVIXO�GURSV

RII�YHU\�IDVW�ZKHQ�WKHUH�LV�D�JUHDW�GHDO�RI�LQIRUPDWLRQ�LQYROYHG�LQ

EXLOGLQJ�D�VHOI�UHSURGXFLQJ�V\VWHP��DQG�WKH�ILWQHVV�IXQFWLRQ�FRQ�

VLVWV�RI�YHU\�VPDOO�UHJLRQV�RI�YLDELOLW\�DQG�ODUJH�UHJLRQV�RI�LPSRV�

VLELOLW\��7KHQ�WKH�SUREDELOLW\�RI�KLWWLQJ�D�YLDEOH�UHJLRQ�DW�UDQGRP

JRHV�WR�]HUR�YHU\�TXLFNO\��7KH�SUREOHP�ZLWK�WKDW�LV��WKH�VDPH�WKLQJ

FDQ�ZRUN�WR�SUHYHQW�PLFUR�PXWDWLRQV�IURP�EHLQJ�VXFFHVVIXO��,I�WKH

ILWQHVV�IXQFWLRQ�ORRNV�OLNH�)LJXUH������¥LVODQGV�RI�YLDELOLW\�LQ�DQ

RFHDQ�RI�LPSRVVLELOLW\¥WKHQ�PLFUR�PXWDWLRQV�EX\�XV�QRWKLQJ��2Q

WKH�RWKHU�KDQG��LI�LW�ORRNV�PRUH�OLNH�WKH�LPSULQW�RI�D�WUHH�LQ�DQ�RFHDQ

RI�LPSRVVLELOLW\��WKHQ�PLFUR�PXWDWLRQV�PDNH�VHQVH��2QO\�D�GHWDLOHG

DQDO\VLV�RI�D�V\VWHP�ZLOO�WHOO�\RX�ZKDW�ZLOO�ZRUN�EHWWHU��$QG�ULJKW

QRZ�WKDW�LV�LPSRVVLEOH�IRU�WKH�UHDO�ZRUOG��,W©V�MXVW�WRR�FRPSOLFDWHG�

&UHDWLYH�RU�5HDFWLYH"

6R�IDU��RXU�GLVFXVVLRQ�KDV�FHQWHUHG�RQ�GHWDLOV�OLNH�WKH�VKDSH�RI

WKH�ILWQHVV�IXQFWLRQ��RU�WKH�PXWDWLRQ�UDWH��+RZHYHU��ZH�KDYH�VHHQ

WKDW�HYROXWLRQ�LV�PHUHO\�UHDFWLYH�LQ�VRPH�VLWXDWLRQV��DQG�LW�PD\�EH

SXUHO\� UHDFWLYH�TXLWH�JHQHUDOO\�� ,Q�VXFK�VLWXDWLRQV�� LW�ZRXOG�DOVR

VHHP�WKDW�'DZNLQV©�JDPELW�IDOOV�DSDUW��,I�WKH�LQIRUPDWLRQ�FRQWHQW

LQ�DQ�HYROYHG�VHOI�UHSURGXFLQJ�DXWRPDWRQ�LV�QR�JUHDWHU�WKDQ�ZKDW

LW�VWDUWHG�ZLWK�SOXV�ZKDW�ZDV�LQMHFWHG�LQWR�LW��WKHQ�LW�ZRXOG�DSSHDU

WKDW�QRWKLQJ�FRXOG�EH�JDLQHG�ZLWK�HYROXWLRQ�

-XVW� DV� WKH� LQIRUPDWLRQ� 6&$1�6OLS� SLFNV� XS� LQ� OHDUQLQJ� WR

HYDGH�6&$1�DOUHDG\�H[LVWV�LQ�WKH�6&$1�SURJUDP�LQ�WKH�IRUP�RI

DQ�DOJRULWKP�GHVLJQHG�WR�FDWFK�WKH�73(��ZH�PLJKW�ZRQGHU�ZKHWKHU

DQ\�HYROXWLRQ�LQ�WKH�UHDO�ZRUOG�LV�WKH�UHVXOW�RI�LQIRUPDWLRQ�VXSSOLHG

7KH�5HDO�:RUOG��(YROXWLRQ ���

�� 6SHFLILFDOO\��WKH���VW�FKURPRVRPH��2S��&LW���*RXOG��SS����������



E\�HQYLURQPHQW�DQG�SK\VLFV��:KHQ�ZH�DQDO\]H�LQIRUPDWLRQ��LW©V

REYLRXV�WKHUH�LV�D�ORW�KLGGHQ�LQ�6&$1��:H�FDQQRW�VLPSO\�FORVH�RXU

H\HV�WR�WKDW�LQ�D�SURSHU�DQDO\VLV��$QG�ZH�VKRXOGQ©W�FORVH�RXU�H\HV

WR�LW�LQ�WKH�UHDO�ZRUOG�HLWKHU�

$V�ZH©YH�DOUHDG\�GLVFXVVHG�DERYH��WKLQJV�OLNH�EUHHGLQJ�H[SHUL�

PHQWV�PLJKW� VXJJHVW� WKDW� D� KLJK�GHJUHH�RI� LQIRUPDWLRQ�PXVW� EH

LQMHFWHG�LQWR�D�V\VWHP�WR�MXVW�JHW�LW�PRYLQJ�LQ�WKH�ULJKW�GLUHFWLRQ�

&HUWDLQO\�� VRPH� NQRZQ� UHDO�ZRUOG� HYROXWLRQDU\� VFHQDULRV�� OLNH

HYROXWLRQ�RI�SHSSHUHG�PRWKV�LQ�(QJODQG����FDQ�EH�VR�DQDO\]HG��$

VLPSOLILHG���DQDO\VLV�RI�WKH�VHOHFWLRQ�SURFHVV�LV�VWUDLJKWIRUZDUG¥

ZH�PD\�YLVXDOL]H�LW�DV�D�VLQJOH�ELW�RI�H[WHUQDO�LQIRUPDWLRQ�GHWHU�

PLQLQJ�ZKHWKHU�*HQH�$�RU�*HQH�%�SURVSHUV��%RWK�JHQHV�H[LVW�LQ

DQ�LQLWLDO�SRSXODWLRQ����DQG�RQH�FRGHV�IRU�OLJKW�FRORUHG�PRWKV��WKH

RWKHU�IRU�GDUN�PRWKV��:KHQ�OLJKW�WUHHV�DUH�FRORUHG�GDUN�E\�LQGXVWULDO

SROOXWLRQ��LW�LQMHFWV�LQIRUPDWLRQ�LQWR�WKH�VHOI�UHSURGXFLQJ�V\VWHP�

EHFDXVH�WKH�PRWKV�VLW�RQ�WKHVH�WUHHV��DQG�ELUGV�HDW�WKH�PRWKV�ZKHQ

WKH\�VHH�WKHP��6R�WKH�SRSXODWLRQ�IROORZV�WKH�LQMHFWHG�LQIRUPDWLRQ�

DQG�WKH\�JR�IURP�SUHGRPLQDQWO\�OLJKW�WR�SUHGRPLQDQWO\�GDUN��7KH

SROOXWLRQ� LV� FOHDQHG� XS�� DQG� \RXU� ELW� LV� IOLSSHG� DJDLQ�� VR� WKH

SRSXODWLRQ�JRHV�EDFN�WR�OLJKW�FRORUHG�PRWKV���6HH�)LJXUH�������

<HW��LI�HYROXWLRQ�LV�MXVW�UHDFWLYH��FDQ�LW�VWLOO�EH�WKH�¦EHVW�WKHRU\

DYDLODEOH§¥H�J��WKH�PRVW�SUREDEOH"�,W�ZRXOG�VHHP�QRW��7KH�¦PLU�

DFOH§ �RI�DQ\�VHOI�UHSURGXFLQJ�DXWRPDWRQ�LV�LWV�LQIRUPDWLRQ�FRQWHQW�

:KHQ�SHRSOH�ORRN�DW�OLIH�DQG�VD\�HYROXWLRQ�LV�LPSUREDEOH�EHFDXVH

RI�WKH�H\H��RU�ZKDW�QRW��WKH\�DUH¥DW�ERWWRP¥ORRNLQJ�DW�LQIRUPD�

WLRQ��,I�OLIH�ZHUH�DV�VLPSOH�DV�PL[LQJ�D�IHZ�FKHPLFDOV�WRJHWKHU�DQG

��� &RPSXWHU�9LUXVHV��/LIH�DQG�(YROXWLRQ

��+�� %�� '�� .HWWHUZHOO�� ¦'DUZLQ©V� 0LVVLQJ� (YLGHQFH§ � /�� )�� /DSRUWH�� (G��
(YROXWLRQ�DQG� WKH�)RVVLO�5HFRUG� �:��+��)UHHPDQ��6DQ�)UDQVLVFR�������SS�
�������2U�VHH�WKH�6FLHQWLILF�$PHULFDQ��0DUFK�������

�� 7KH�VLPSOLILFDWLRQ�LV�VLPSO\�WKDW�WKHUH�DUH�SUREDEO\�D�QXPEHU�RI�GLIIHUHQW�JHQHV
DQG�ILWQHVV�IDFWRUV�LQYROYHG�LQ�WKH�UHDO�ZRUOG��7KH�LQIRUPDWLRQ�EHLQJ�LQMHFWHG
LQWR�WKH�V\VWHP�FKDQJHV�WKH�FRPELQDWLRQ�RI�WKHVH�JHQHV�UDWKHU�WKDQ�MXVW�RQH�

��1RWH�WKDW� WKH�RULJLQ�RI� WKHVH�JHQHV�LV�DQ�HQWLUHO\�GLIIHUHQW�PDWWHU��$OWKRXJK
.HWWHUZHOO�VSHDNV�DV�LI�WKH�JHQHV�PXWDWHG�LQWR�H[LVWHQFH�LQ�SDUW�RI�KLV�DUWLFOH�
KH�DFNQRZOHGJH�WKDW�WKH\�KDG�DOUHDG\�H[LVWHG�IRU�WKRXVDQGV�RI�\HDUV�LQ�DQRWKHU
SDUW�� SHUKDSV� HYROYLQJ� DV� SDUW� RI� D�PXFK�PRUH� FRPSOH[� VHW� RI� FRQGLWLRQV�
&HUWDLQO\�� RQH� ZRXOG� H[SHFW� D� PXFK� JUHDWHU� LQIRUPDWLRQ� LQSXW� LQ� RUGHU� WR
DFWXDOO\�EULQJ�VXFK�JHQHV�LQWR�H[LVWHQFH�LI�HYROXWLRQ�LV�UHDFWLYH��



)LJXUH�������7KH�HYROXWLRQ�RI�SHSSHUHG�PRWKV�

7KH�5HDO�:RUOG��(YROXWLRQ ���



VKRRWLQJ� D� VSDUN� WKURXJK� WKHP�� WKHQ� WKHLU� LQIRUPDWLRQ� FRQWHQW

ZRXOG�QRW�EH�D�VLJQLILFDQW�IDFWRU��,I�WKH�H\H�ZDV�MXVW�D�EORE�RI�MHOO\

DQG�QRW�D�FRPSOH[�VWUXFWXUH��LQIRUPDWLRQ�ZRXOG�QRW�EH�D�SUREOHP�

,Q� UHDOLW\� LQIRUPDWLRQ� LV� D� YHU\� ELJ� SDUW� RI� OLIH�� &UHDWLQJ� WKDW

LQIRUPDWLRQ¥WKDW�KLJK�GHJUHH�RI�PHDQLQJIXO� VSHFLILFLW\¥LV� WKH

PLUDFOH��5DQGRP�JXHVVLQJ��H�J��VDOWDWLRQ��FDQQRW�ILQG�WKH�DQVZHU

IDVW�HQRXJK�IRU�XV�WR�VXSSRVH�WKDW�VXFK�SURFHVVHV�LQYROYH�DQ\WKLQJ

OHVV�WKDQ�GLYLQH�LQWHUYHQWLRQ�RU�ZRQGURXV�FKDQFH��,Q�WKLV��'DZNLQV

LV�TXLWH�FRUUHFW��+RZHYHU�� LI�HYROXWLRQ� LV� UHDFWLYH�� WKHQ� WKH�RQO\

WKLQJ�HYROXWLRQ�GRHV�LV�SXVK�RXU�LQIRUPDWLRQ�PLUDFOH�EDFN�LQWR�WKH

SK\VLFV� DQG� WKH� HQYLURQPHQW��(TXDWLRQ������ZRXOG� VXJJHVW� WKDW

HYROXWLRQ�EX\V�\RX�QRWKLQJ�LQ�H[SODLQLQJ�WKH�PLUDFOH��$OO�LW�GRHV�LV

KLGH�WKH�PLUDFOH�VR�\RX�GRQ©W�KDYH�WR�IDFH�LW�LPPHGLDWHO\��,Q�IDFW�

LW�ZRXOG�VHHP�WKDW�LQ�VXFK�D�FDVH��HYROXWLRQ�PD\�UHTXLUH�D�JUHDWHU

PLUDFOH��1RWLFH� WKH� LQHTXDOLW\� LQ�(TXDWLRQ� ������ ,Q� HVVHQFH�� WKH

SK\VLFV� DQG� HQYLURQPHQW� DOZD\V� FRXSOH� WR� WKH� VHOI�UHSURGXFLQJ

V\VWHP�LPSHUIHFWO\��VR�VRPH�LQIRUPDWLRQ�PD\�EH�ORVW�LQ�WKH�SURFHVV

RI�HYROXWLRQ�

<RX�PLJKW�WKLQN�DERXW�WKH�VLWXDWLRQ�OLNH�WKLV��*LYHQ�D�EULFN��LW

KDV�D�FHUWDLQ�SRWHQWLDO�HQHUJ\�GXH�WR�JUDYLW\��GHSHQGLQJ�RQ�LWV�KHLJKW

DERYH�WKH�HDUWK��7KDW�EULFN�ZLOO�KDYH�WKH�VDPH�DPRXQW�RI�SRWHQWLDO

HQHUJ\�DW�D�JLYHQ�KHLJKW�QR�PDWWHU�KRZ�\RX�JHW�LW�WR�WKDW�KHLJKW�

<RX�FRXOG�VLPSO\�OLIW�WKH�EULFN�RII�WKH�JURXQG��<RX�FRXOG�WDNH�VPDOO

FORWV�RI�FOD\�DQG�OLIW�WKHP�LQGLYLGXDOO\��DQG�WKHQ�EDNH�WKHP�WRJHWKHU

WR�IRUP�WKH�EULFN��<RX�FRXOG�GURS�LW�IURP�D�KLJKHU�VSRW��$Q\�ZD\

\RX�JR�DERXW�LW��WKH�HQG�UHVXOW�LV�WKH�VDPH��+RZHYHU��WKH�PRUH�GLUHFW

ZD\V�DUH�WKH�EHVW��LI�\RX�ZDQW�WR�DYRLG�H[SHQGLQJ�HQHUJ\�\RXUVHOI�

7R� OLIW� WKH� EULFN� KLJKHU� WKDQ� QHFHVVDU\� DQG� GURS� LW� LV� FHUWDLQO\

SRVVLEOH��EXW�LW�LV�ZDVWHIXO�EHFDXVH�\RX�WXUQ�PRUH�FKHPLFDO�HQHUJ\

LQ�\RXU�ERG\�WR�KHDW�

,Q�WKH�VDPH�ZD\��LI�WKH�LQIRUPDWLRQ�FRQWHQW�LQ�D�VHOI�UHSURGXF�

LQJ�DXWRPDWRQ�LV�VRPHKRZ�UHTXLUHG�WR�¦FRPH�IURP�VRPHZKHUH§

WKHQ�LW�ZRXOG�VHHP�WKH�PRVW�HIILFLHQW�PHWKRG�PD\�QRW�EH�PLFUR�

PXWDWLRQ�SOXV�VHOHFWLRQ�ZKHQ�HYHU\WKLQJ�LV�EURXJKW�LQWR�WKH�HTXD�

WLRQ�

2I�FRXUVH��ZH�FDQQRW�EULQJ�HYHU\WKLQJ�LQWR�WKH�HTXDWLRQ�LQ�WKH

UHDO�ZRUOG�ULJKW�QRZ��%XW�WKDW�GRHV�QRW�PHDQ�ZH�FDQQRW�DQDO\]H�WKH

UHDO�ZRUOG�ZLWK�WKLV�LGHD�LQ�PLQG��)RU�RQH��LW�ZRXOG�DSSHDU�'DUZLQ©V

��� &RPSXWHU�9LUXVHV��/LIH�DQG�(YROXWLRQ



K\SRWKHVLV�UHTXLUHV�HLWKHU��D��D�FUHDWLYH�HYROXWLRQ�RU��E��D�ZRUOG

FDUHIXOO\�FRQWULYHG�WR�LQMHFW�WKH�ULJKW�LQIRUPDWLRQ�LQWR�WKH�HFRV\V�

WHP�� 2WKHUZLVH�� LW� VHHPV� UDWKHU� GLIILFXOW� IRU� ���� QXFOHRWLGHV� RI

PHDQLQJIXO�LQIRUPDWLRQ�WR�EHFRPH������2I�FRXUVH��FKRLFH��E��JRHV

DJDLQVW�WKH�YHU\�VSLULW�RI�HYROXWLRQDU\�VFLHQFH��DQG�ZRXOG�SUREDEO\

UHTXLUH�D�JUHDWHU�PLUDFOH�WKDQ�RXWULJKW�FUHDWLRQ����7KXV��LW�ZRXOG

DSSHDU�WKDW�'DUZLQ©V�K\SRWKHVLV�ZRXOG�UHTXLUH�D�FUHDWLYH�HYROXWLRQ

WR�KDYH�DQ\�KRSH�DW�DOO��2I�FRXUVH��DSSHDUDQFHV�FDQ�EH�GHFHLYLQJ�

HVSHFLDOO\�ZKHQ�GLVFXVVLQJ�WKLV�WRSLF��VR�,�DP�QRW�UHDG\�WR�WLH�WKH

FRQQHFWLRQ�EHWZHHQ�FUHDWLYH�HYROXWLRQ�DQG�'DUZLQ�WRR�WLJKWO\�

:KDW�,�FDQ�VD\�LV�WKDW��H[DPLQHG�WKURXJK�WKH�H\HV�RI�D�VNHSWLF�

RQH�FRXOG�FRPH�WR�WKH�FRQFOXVLRQ�WKDW��EDVHG�RQ�WKH�HYLGHQFH�ZH

KDYH�WRGD\��HYHQ�UHDO�ZRUOG�HYROXWLRQ�DSSHDUV�WR�EH�RQO\�UHDFWLYH�

DQG�LW�IDLOV�WR�H[SODLQ�WKH�FRPSOH[LW\�DQG�GLYHUVLW\�RI�OLIH�DV�ZH

NQRZ�LW��$OO�RI�WKH�REMHFWLRQV�WR�HYROXWLRQ�FLWHG�DERYH��ZKHQ�SXW

WRJHWKHU�� UHDOO\� VHHP� WR� IDYRU�D� UHDFWLYH�HYROXWLRQ� WKDW�SDUDOOHOV

ZKDW�ZH�IRXQG�RSHUDWLQJ�DPRQJ�YLUXVHV��,Q�WKH�H\HV�RI�D�VNHSWLF�

:KDW�,�DP�DGGLQJ�WR�WKLV�GLVFXVVLRQ�LV�VLPSO\�WKLV��'HILQLQJ�MXVW

ZKDW�¦ UHDFWLYH§ �HYROXWLRQ�LV�XVLQJ�RQO\�WKH�UHDO�ZRUOG�KDV�QRW�EHHQ

SRVVLEOH��:KHQ�ZH�JR�WR�D�FRPSOHWHO\�GHILQDEOH�ZRUOG�VXFK�DV�ZH

FDQ�FRQVWUXFW�LQ�$/��WKRXJK��ZH�FDQ�EHJLQ�WR�ILJXUH�RXW�D�ZD\�WR

PDWKHPDWLFDOO\�IRUPXODWH�WKLV�LGHD��$QG�WKRXJK�D�UHDFWLYH�HYROX�

WLRQ�PD\�QRW�IDOVLI\�'DUZLQ©V�K\SRWKHVLV��LW�ZRXOG�VXUH�VHHP�WR�SXW

LW�RQ�SDU�ZLWK�RWKHU��PRUH�EODWDQWO\�WKHRORJLFDO�SURSRVLWLRQV�

7KH�0\VWHU\�RI�0\VWHULHV

,I� HYROXWLRQ� LV� UHDFWLYH�� DQG� 'DUZLQ©V� K\SRWKHVLV� LV� GHHSO\

LPEXHG�ZLWK�SKLORVRSK\�DQG�PLUDFOH�� WKHQ� WKH�JUHDW�P\VWHU\� LV�

ZKHUH�GLG�DOO�WKH�YDULHW\�RI�OLIH�RQ�HDUWK�FRPH�IURP"�7KHUH�ZRXOG

VHHP� WR� EH� QR� ¦ ORJLFDO§¥H�J�� VFLHQWLILFDOO\� SUREDEOH¥FKRLFH

DYDLODEOH��7KH�RQO\�ZD\�WR�GLVWLQJXLVK�EHWZHHQ��VD\��'DUZLQLVP

DQG�VRPH�IRUP�RI�FUHDWLRQLVP�RU�YLWDOLVP�ZRXOG�EH�RQ�WKH�EDVLV�RI

7KH�5HDO�:RUOG��(YROXWLRQ ���

��&HUWDLQO\�WKH�HQYLURQPHQW�ZLOO�FRXSOH�D�OLWWOH�ELW�RI�LQIRUPDWLRQ�LQWR�WKH�V\VWHP
E\�DFFLGHQW��EXW�QRW�QHDUO\�HQRXJK��,W�ZRXOG�EH�PRUH�OLNH�WKH���ELW�UHTXLUHG�E\
WKH�SHSSHUHG�PRWK��WKDQ�WKH�����RU�VR�QHHGHG�



RQH©V�SHUVRQDO�SUHIHUHQFHV�DERXW�ZKHUH�DQG�ZKHQ�WKH�LQIRUPDWLRQDO

PLUDFOH�RFFXUUHG��QRW�ZKHWKHU�LW�RFFXUUHG��$V�VXFK��VFLHQFH�DV�ZH

NQRZ�LW�ZRXOG�KDYH�WR�VWRS�VKRUW�RI�DQVZHULQJ�WKLV�TXHVWLRQ��:H

KDYH�WR�VWHS�LQWR�WKH�UHDOP�RI�SKLORVRSK\�DQG�WKHRORJ\�WKHQ��7KLV

PD\�EH�H[WUHPHO\�GLVFRQFHUWLQJ�WR�WKH�GLH�KDUG�VFLHQWLVW��EXW�WKHQ

,�QHYHU�SURPLVHG�DQ\�HDV\�DQVZHUV�ZLWK�WKLV�ERRN��,©OO�GLVFXVV�WKLV

PDWWHU�PRUH�LQ�D�OLWWOH�ZKLOH��EXW�ILUVW�ZH�QHHG�WR�JR�WDNH�D�ORRN�DW

DQRWKHU�SLHFH�RI�RXU�SX]]OH��WKH�EHJLQQLQJ�RI�OLIH�

��� &RPSXWHU�9LUXVHV��/LIH�DQG�(YROXWLRQ



,Q�WKH�%HJLQQLQJ������

1RZ�WKDW�ZH�KDYH�GLVFXVVHG�HYROXWLRQ�D�OLWWOH��OHW©V�UHWXUQ�WR

WKH�TXHVWLRQ�RI�WKH�EHJLQQLQJ�RI�OLIH�LQ�RXU�ZRUOG�RI�ELWV�DQG�E\WHV�

7KH�LGHD�RI�EHJLQQLQJV�FDQ�RQO\�EH�H[SORUHG�RQFH�ZH�KDYH�D�EDVLF

XQGHUVWDQGLQJ�RI�HYROXWLRQ�

,Q�RXU�ZRUOG��LW�LV�FRPPRQO\�LPDJLQHG�WKDW�OLIH�EHJDQ�DV�WKH

FXOPLQDWLRQ� RI� D� VHULHV� RI� LQFUHDVLQJO\� FRPSOH[� FKHPLFDO� UHDF�

WLRQV¥VR�FDOOHG�¦FKHPLFDO�HYROXWLRQ§¥ZKLFK�ILQDOO\�SURGXFHG�D

PROHFXOH�FDSDEOH�RI�VHOI�UHSURGXFWLRQ��)URP�WKHUH��WKLV�VHOI�UHSUR�

GXFLQJ�PROHFXOH�HYROYHG�LQWR�DOO�WKH�PDQ\�DQG�YDULHG�IRUPV�RI�OLIH

RQ�HDUWK�WRGD\��$IWHU�ORRNLQJ�DW�WKH�HYROXWLRQ�RI�YLUXVHV��WKRXJK�

WKLV�FRPPRQ�FRQFHSWLRQ�PD\�VHHP�D�ELW�VLPSOLVWLF�

:H©YH�VHHQ�WKDW�HYROXWLRQ¥DOWKRXJK�YHU\�UHDO�DQG�VRPHWLPHV

YHU\�HIIHFWLYH¥LV�QRW�D�PDJLFDO��RPQLSRWHQW�IRUFH��5DWKHU��LW�LV�D

SURFHVV�RI�OLPLWHG��SUHGLFWDEOH�FDSDELOLW\��:LWK�WKLV�OLPLWHG�FDSD�

ELOLW\� LQ�PLQG�� LW�VKRXOG�EH�FOHDU� WKDW�PHUHO\�ILJXULQJ�RXW�KRZ�D

VLPSOH�VHOI�UHSURGXFLQJ�DXWRPDWRQ�FRXOG�FRPH� LQWR�H[LVWHQFH� LV

QRW�HQRXJK�WR�VROYH�WKH�TXHVWLRQ�RI�EHJLQQLQJV��,I�WKDW�DXWRPDWRQ

FDQQRW� HYROYH� LQWR� LQFUHDVLQJO\� FRPSOH[� IRUPV�� WKHQ� LW�PD\� EH

¦DOLYH§ ��EXW�LW�LV�D�GHDG�HQG��,W�LV�D�XQLTXH�SKHQRPHQRQ��DQG�QRW

WKH�VHHG�RI�DOO�OLIH�LQ�LWV�ZRUOG��DQG�WKH�RULJLQV�UHVHDUFKHU�KDV�QRW

VROYHG�WKH�RULJLQV�TXHVWLRQ��7KXV��ZH�FDQQRW�DQVZHU�WKH�TXHVWLRQ

RI�EHJLQQLQJV�ZLWKRXW�XQGHUVWDQGLQJ�HYROXWLRQ�

/HW©V�FRQVLGHU�WZR�H[WUHPHV��VWURQJ�HYROXWLRQ�DQG�ZHDN�HYR�

OXWLRQ��,Q�D�ZRUOG�ZKHUH�HYROXWLRQ�LV�YHU\�VWURQJ�DQG�SRZHUIXO���D

VLPSOH� VHOI�UHSURGXFLQJ� DXWRPDWRQ�PLJKW� EH� FRQVWUXFWHG� ZKLFK

ZRXOG� HYROYH� LQWR� PDQ\� GLIIHUHQW� YDULHWLHV� RI� VHOI�UHSURGXFLQJ



DXWRPDWD�JLYHQ�HQRXJK�WLPH��,Q�WKLV�ZRUOG��WKH�TXHVWLRQ�RI�EHJLQ�

QLQJV� PLJKW� UHYROYH� DURXQG� WKH� FRQVWUXFWLRQ� RI� WKDW� RULJLQDO

DXWRPDWRQ�ZKLFK�JRW�WKLQJV�JRLQJ�

,Q�D�ZRUOG�ZKHUH�HYROXWLRQ�LV�ZHDN�DQG�LQHIILFLHQW�DW�FDXVLQJ

PDMRU�YDULDWLRQV��WKH�TXHVWLRQ�RI�EHJLQQLQJV�ORRNV�YHU\�GLIIHUHQW�

,I�\RX�KDYH�D�ZLGH�YDULHW\�RI�DXWRPDWD�WKDW�GRQ©W�DSSHDU�WR�KDYH

HYROYHG� IURP� RQH� DQRWKHU�� \RX� GR� QRW� KDYH� RQH� ¦EHJLQQLQJV§

TXHVWLRQ��EXW�PDQ\��:KHUH�GLG�WKLV�RQH�FRPH�IURP"�:KHUH�GLG�WKDW

RQH�FRPH�IURP"�:KLFK��LI�DQ\��HYROYHG�LQWR�GLIIHUHQW�IRUPV"

&OHDUO\��WKH�FRPSXWHU�YLUXV�SKHQRPHQRQ�DV�ZH�REVHUYH�LW�WRGD\

SRLQWV�WR�D�ZHDN�HYROXWLRQ�WKDW�FRXOG�QRW�SRVVLEO\�KDYH�JLYHQ�ULVH

WR�DOO�WKH�PDQ\�YDULHWLHV�ZH�NQRZ�DERXW��)XUWKHUPRUH��ZH�JHQHUDOO\

EHOLHYH�WKDW�PRVW�RI�WKHVH�YLUXVHV�ZHUH�ZULWWHQ�E\�SHRSOH��DQG�ZHUH

QRW�VRPHKRZ�VSRQWDQHRXVO\�JHQHUDWHG��<HW��DV�VFLHQWLVWV��ZH�FDQ�

QRW� EH� FRQWHQW� ZLWK� WKH� FRPPRQ� EHOLHI� WKDW� YLUXVHV� FDQQRW� EH

VSRQWDQHRXVO\�JHQHUDWHG��:H�RXJKW�WR�PDNH�VRPH�VRUW�RI�VFLHQWLILF

VWDWHPHQW�DERXW�WKH�VXEMHFW�

$ELRJHQHVLV�E\�5DQGRP�3URFHVVHV

*HQHUDOO\��VFLHQWLVWV�LPDJLQH�WKDW�WKH�VPDOOHU�DQG�VLPSOHU�DQ

RUJDQLVP�LV��WKH�EHWWHU�WKH�FKDQFHV�WKDW�LW�PLJKW�EH�VSRQWDQHRXVO\

JHQHUDWHG��,Q�DQFLHQW�WLPHV��LW�ZDV�VXSSRVHG�WKDW�PDQ\�IRUPV�RI�OLIH

FRXOG� EH� VSRQWDQHRXVO\� JHQHUDWHG� ZLWKRXW� D� ORW� RI� WURXEOH�� )RU

H[DPSOH��ZRUPV�PLJKW�EH�GHULYHG�IURP�D�SLHFH�RI�PHDW��%\�WKH

PLG�QLQHWHHQWK�FHQWXU\��WKH�TXHVWLRQ�KDG�EHHQ�SXVKHG�WR�WKH�PL�

FURELDO� OHYHO�� /DWHU� VWLOO�� LW� ZDV� SXVKHG� WR� WKH� VXE�FHOOXODU� DQG

FKHPLFDO�OHYHO�

,V� WKHUH� DQ\� VHQVH� LQ� VHHNLQJ� VSRQWDQHRXV�JHQHUDWLRQ� LQ� WKH

VLPSOHVW�SRVVLEOH�VHOI�UHSURGXFLQJ�FRQVWUXFW��RU�LV�WKLV�WUHQG�PHUHO\

WKH�UHVXOW�RI�H[SHULPHQW�JUDGXDOO\�FRQWDLQLQJ�WKH�LGHD�LQ�D�VPDOOHU

DQG�VPDOOHU�ER["�,� WKLQN�ERWK�VLGHV�FRXOG�EH�HIIHFWLYHO\�DUJXHG�

/HW©V�DQDO\]H�VRPH�VHOI�UHSURGXFLQJ�FRPSXWHU�FRGH�WR�VHH�ZK\�

��� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ

� :KHWKHU�DV�D�UHVXOW�RI�FUHDWLYH�HYROXWLRQ�RU�WKH�SURSHU�LQIRUPDWLRQ�FRQWHQW�LQ
WKH�SK\VLFV�



:H©OO�VWDUW�E\�ORRNLQJ�DW�IRXU�GLIIHUHQW�SLHFHV�RI�VHOI��UHSURGXF�

LQJ�FRGH��DQG�WU\�WR�JHW�DQ�LGHD�RI�ZKDW�LW�ZRXOG�WDNH�WR�FUHDWH�WKHP

E\�JHQHUDWLQJ�ILOHV�RI�WKH�DSSURSULDWH�VL]H�DW�UDQGRP��7KH�ILUVW�SLHFH

RI�FRGH�LV�WKH�7,0,'�YLUXV�IURP�7KH�/LWWOH�%ODFN�%RRN�RI�&RPSXWHU

9LUXVHV��,W�LV�D�VPDOO�EXW�HIIHFWLYH�YLUXV�WKDW�FDQ�LQIHFW�&20�ILOHV

LQ�D�JLYHQ�GLUHFWRU\��,W�FRQWDLQV�����E\WHV��RU������ELWV��RI�LQIRUPD�

WLRQ��7KH�VHFRQG�LV�D�YLUXV�FDOOHG�&203$1,21������ZKLFK�ZDV

GHYHORSHG�IRU�WKH�)LUVW�,QWHUQDWLRQDO�9LUXV�:ULWLQJ�&RQWHVW��$W����

E\WHV��&203$1,21�����PDNHV�D�IDLU�FODLP�WR�EHLQJ�WKH�VPDOOHVW

YLUXV� SRVVLEOH� ZLWK� WKH� OHYHO� RI� IXQFWLRQDOLW\� VSHFLILHG� E\� WKH

FRQWHVW�� �6HH�$SSHQGL[�&� IRU�PRUH�DERXW� WKLV�FRQWHVW��DQG�D�IXOO

OLVWLQJ�RI�WKH�YLUXV���7KH�WKLUG�SLHFH�RI�FRGH�LV�RQH�RI�WKH�VPDOOHVW

YLUXVHV�NQRZQ¥LI�\RX�ZDQW�WR�FDOO�LW�D�YLUXV¥FDOOHG�WKH�0,1,����

7KLV�LV�D�QDVW\����E\WH�SURJUDP�WKDW�RYHUZULWHV�DOO�WKH�&20�ILOHV

LQ�D�GLUHFWRU\��DQG�GHVWUR\V�WKHP���7KH�IRXUWK�DQG�ILQDO�SLHFH�RI

FRGH�LV�QRW�D�YLUXV��EXW�D�SURJUDP�WKDW�UHSOLFDWHV�LQ�PHPRU\��,W�LV

JLYHQ�E\�WKH�LQVWUXFWLRQV

PRY����VL����

PRY����GL����

PRYVE

DQG�LV�VHYHQ�E\WHV�ORQJ��,©OO�FDOO�LW�3,&2���

1RZ�VXSSRVH�ZH�ZHUH�WR�ZULWH�D�SURJUDP�5)*(1�WKDW�ZRXOG

GR�QRWKLQJ�EXW�VLW�DURXQG�DQG�JHQHUDWH��WUXO\��UDQGRP�ILOHV�WKDW�ZHUH

DQ\�VSHFLILHG�OHQJWK��:KDW�ZRXOG�LW�WDNH�IRU�WKLV�SURJUDP�WR�FUHDWH

HDFK�RI�WKH�IRXU�VHOI�UHSURGXFLQJ�DXWRPDWD�DERYH"�7KH�FDOFXODWLRQV

DUH�IDLUO\�VWUDLJKW�IRUZDUG��/HW©V�WDNH�WKH�&203$1,21������IRU

H[DPSOH��7KHUH�DUH�������� ������ �������GLIIHUHQW�SRVVLEOH�ILOHV�WKDW

DUH�H[DFWO\�����E\WHV�ORQJ��7KDW�PHDQV��LQ�JHQHUDO��WKHUH�LV�D���LQ

������FKDQFH�RI�5)*(1�FRPLQJ�XS�ZLWK�&203$1,21�����RQ

DQ\�JLYHQ�WU\�

1RZ��OHW©V�FRQVLGHU�WZR�GLIIHUHQW�VFHQDULRV�IRU�FUHDWLQJ�WKHVH

DXWRPDWD��ZKLFK�,©OO�ODEHO�6FHQDULR�$�DQG�6FHQDULR�%�

6FHQDULR�$�LV�VRPHWKLQJ�WKDW�FRXOG�EH�GRQH�LI�ZH�FRXOG�JHW�DOO

WKH�3&�XVHUV�LQ�WKH�ZRUOG�WR�GHGLFDWH�WKHLU�PDFKLQHV�WR�UHVHDUFK�

7KHUH�DUH�DERXW�����PLOOLRQ�3&©V�LQ�WKH�ZRUOG��6XSSRVH�ZH�FRXOG

VHW�WKHP�DOO�XS�ZLWK�5)*(1��DQG�WKDW�LW�FRXOG�FUDQN�RXW�DERXW�����

,Q�WKH�%HJLQQLQJ ���



ILOHV�SHU�VHFRQG��3&©V�KDYH�EHHQ�DURXQG�IRU�DERXW����\HDUV��VR�OHW©V

VD\�DOO�WKHVH�PDFKLQHV�ZHUH�VHW�WR�ZRUN�GRLQJ�WKLV�WHQ�\HDUV�DJR�

:KDW�ZRXOG�EH�WKH�OLNHOLKRRG�RI�FRPLQJ�XS�ZLWK�DQ\�RI�WKHVH�ILOHV"

+HUH�DUH�WKH�DQVZHUV�

6FHQDULR�$

$XWRPDWRQ�������� 5)*(1�&UHDWLRQ�3UREDELOLW\

����E\WH�YLUXV��RYHUZULWHV�DOO�WKH�&20�ILOHV�LQ�WKH�FXUUHQW
�GLUHFWRU\�ZLWK�LWVHOI�

�PRGHO��VPDOO

�FRGH

)1$0(���(48������(+����������������������VHDUFK�IXQFWLRQ�ILOH�QDPH�

��������25*��������+

67$57�
��������PRY�����DK��(+�������������������VHDUFK�IRU�ILUVW�
�&20�
��������PRY�����G[�2))6(7�&20B),/(
��������LQW�������+
6($5&+B/3�
��������PRY�����D[��'��+�����������������RSHQ�ILOH�ZH�IRXQG
��������PRY�����G[�)1$0(
��������LQW�������+

��������[FKJ����D[�E[��������������������ZULWH�YLUXV�WR�ILOH
��������PRY�����DK���+
��������PRY�����FO�����������������������VL]H�RI�WKLV�YLUXV
��������PRY�����G[����+������������������ORFDWLRQ�RI�WKLV�YLUXV
��������LQW�������+

��������PRY�����DK��(+
��������LQW�������+����������������������FORVH�ILOH

��������PRY�����DK��)+
��������LQW�������+����������������������VHDUFK�IRU�QH[W�ILOH
��������MQE�����6($5&+B/3
��������UHWQ�����������������������������H[LW�WR�'26

&20B),/(��������'%������®
�&20®����������VWULQJ�IRU�&20�ILOH�VHDUFK

��������(1'�����67$57

)LJXUH�������7KH�0,1,����9LUXV�/LVWLQJ

��� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ



7,0,'��������������� ��[�������

&203$1,21���� ��[�������

0,1,���������������� ��[������

3,&2���������������� �

&OHDUO\��WKH�RQO\�DXWRPDWRQ�ZLWK�D�VKUHG�RI�SRVVLELOLW\�LV�3,&2���

(YHQ�ZLWK� WKDW�� XVLQJ�D� ODUJH�QXPEHU�RI�PDFKLQHV� LV� DEVROXWHO\

PDQGDWRU\��,I�ZH�ZHUH�WR�VWDJH�WKH�VDPH�VFHQDULR�ZLWK�RQO\�RQH

PDFKLQH�� WKH� FKDQFHV� RI� JHQHUDWLQJ� HYHQ� 3,&2��� ZRXOG� EH� DQ

XQOLNHO\���[�������H�J����LQ�D�PLOOLRQ��

6RPH�RI�WKHVH�QXPEHUV�DUH�VR�KXJH�WKDW�WKH\©UH�UHDOO\�KDUG�WR

FRQWHPSODWH��-XVW�WR�JLYH�\RX�DQ�LGHD�RI�KRZ�ELJ�WKLV�SUREOHP�LV�

OHW©V� FRQVLGHU� 6FHQDULR� %�� LQ� ZKLFK� ZH� WDNH� HYHU\� HOHPHQWDU\

SDUWLFOH�LQ�WKH�XQLYHUVH��VD\������RI�WKHP�DV�D�UDWKHU�ODUJH�XSSHU

OLPLW�� DQG� WXUQ� LW� LQWR� D� FRPSXWHU�� 6XSSRVH�� IXUWKHU�� WKDW� WKHVH

FRPSXWHUV�DUH�VR�IDQWDVWLFDOO\�SRZHUIXO�WKDW�ZKHQ�5)*(1�LV�UXQ

RQ�WKHP��LW�FDQ�JHQHUDWH�D�UDQGRP�ILOH�RQFH�HYHU\�������VHFRQGV�

ZKLFK�LV�DERXW�KRZ�ORQJ�LW�WDNHV�OLJKW�WR�WUDYHO�D�GLVWDQFH�HTXDO�WR

WKH�GLDPHWHU�RI�D�SURWRQ��)LQDOO\��VXSSRVH�HDFK�RI�WKHVH�FRPSXWHUV

KDG�EHHQ�ZRUNLQJ�IURP�WKH�WLPH�RI�WKH�ELJ�EDQJ�XQWLO�QRZ��DERXW

�����VHFRQGV���+HUH�DUH�WKH�UHVXOWV�ZH�JHW�

6FHQDULR�%

$XWRPDWRQ�������� 5)*(1�&UHDWLRQ�3UREDELOLW\

7,0,'���������� ��[�������

&203$1,21���� ��[�������

0,1,���������������� �

3,&2������������������ �

$OWKRXJK�WKLV�GUHDP�ODQG�VFHQDULR�KDV�EURXJKW�0,1,����LQWR�WKH

UHDOP�RI�SRVVLELOLW\��WKH�RWKHUV�DUH�VWLOO�DEVXUGO\�XQOLNHO\��7R�EULQJ

7,0,'�LQWR�WKH�UHDOP�RI�SRVVLELOLW\��\RX©G�KDYH�WR�H[SDQG�HYHU\

HOHPHQWDU\� SDUWLFOH� LQ� WKH� XQLYHUVH� LQWR� D� QHZ� XQLYHUVH�� PDNH

FRPSXWHUV�RI�DOO�WKH�HOHPHQWDU\�SDUWLFOHV�LQ�HDFK�QHZ�XQLYHUVH��DQG

UHSHDW�WKDW�SURFHVV�WKUHH�PRUH�WLPHV��

7KH�ERWWRP�OLQH�RI�DOO�RI�WKLV�LV�WKDW�VL]H�LV�H[WUHPHO\�LPSRUWDQW

LQ�DQ\�DWWHPSW�WR�FUHDWH�D�VHOI�UHSURGXFLQJ�DXWRPDWRQ�E\�UDQGRP

,Q�WKH�%HJLQQLQJ ���



SURFHVVHV��+RZHYHU��VL]H�LV�QRW�WKH�RQO\�FRQVLGHUDWLRQ��-XVW�EHFDXVH

3,&2���PLJKW� EH�ZLWKLQ� UHDFK� GRHV� QRW�PHDQ� LW� LV� WKH� REYLRXV

DUFKHW\SDO� VHOI�UHSURGXFLQJ� DXWRPDWRQ� ZKLFK� PXVW� KDYH� VXE�

VHTXHQWO\� HYROYHG� LQWR� WKH� ILUVW� YLUXV�� DQG� WKHQ� LQWR� DOO� NQRZQ

YLUXVHV��:H�ZLOO�GLVFXVV�REMHFWLRQV�WR�WKLV�LQ�D�PRPHQW�

'LUHFWHG�$ELRJHQHVLV

$V�ZH�KDYH�DOUHDG\�GLVFXVVHG�LQ�WKH�UHDOP�RI�HYROXWLRQ��DQG

DJDLQ�KHUH��D�UDQGRP�VHDUFK�LV�DQ�LQHIILFLHQW�ZD\�WR�ILQG�WKH�DQVZHU

WR�DQ\�SUREOHP��,I�ZH�FDQ�GLUHFW� WKH�UDQGRP�SURFHVV��RI�FRXUVH�

HYHU\WKLQJ�FKDQJHV��7KLV�¦GLUHFWLRQ§ �FDQQRW�EH�E\�PHDQV�RI�'DU�

ZLQLDQ�VHOHFWLRQ�QRZ��WKRXJK��EHFDXVH�ZH©UH�WU\LQJ�WR�EXLOG�D�ILUVW

VHOI�UHSURGXFLQJ�DXWRPDWRQ��'DUZLQLDQ�VHOHFWLRQ�RQO\�ZRUNV�DIWHU

\RX�KDYH�VHOI�UHSURGXFWLRQ�ZRUNLQJ��<HW�LW� LV�QRW�KDUG�WR�GHVLJQ

�WKHUH©V�WKDW�EODVWHG�ZRUG�DJDLQ��D�VHOHFWLRQ�PHFKDQLVP�WR�GR�ZKDW

ZH�ZDQW�

7R�LOOXVWUDWH��,�ZURWH�D�SURJUDP�*(1),/(��RQ�WKH�3URJUDP

'LVN��ZKLFK�WDNHV�DQ\�YLUXV��RU�DQ\�ILOH�\RX�OLNH��DV�D�WHPSODWH�

7KHQ� LW� JHQHUDWHV� D� UDQGRP� DUUD\� RI� E\WHV� WKH� VDPH� OHQJWK�� ,W

FRPSDUHV�WKHVH�E\WHV�WR�WKH�WHPSODWH�DQG�NHHSV�WKRVH�WKDW�PDWFK�

7KH�E\WHV�WKDW�GRQ©W�PDWFK�DUH�UDQGRPL]HG�DJDLQ��DQG�WKH�PDWFK�

DQG�NHHS�SURFHVV�LV�UHSHDWHG�XQWLO�HYHU\�E\WH�LQ�WKH�DUUD\�PDWFKHV

WKH�WHPSODWH�H[DFWO\��7\SLFDOO\�WKLV�SURJUDP�FDQ�UH�FUHDWH�&20�

3$1,21�����LQ�DQ�DYHUDJH�RI������JHQHUDWLRQV��7KLV�SURFHVV�FDQ

W\SLFDOO\�EH�SHUIRUPHG�LQ�D�FRXSOH�VHFRQGV�RQ�D�3&��7KLV�LV�D�IDU

FU\� IURP� QXPEHUV� OLNH� ������ \HDUV� ZKLFK� QRQ�GLUHFWHG� UDQGRP

SURFHVVHV�UHTXLUHG�

2I�FRXUVH��WKLV�GLUHFWHG�SURFHVV�DVVXPHV�WKH�DQVZHU�LQ�DGYDQFH�

�$�VRUW�RI�YLWDOLVP���(YHQ�WKRXJK�LW�XVHV�D�UDQGRP�QXPEHU�JHQHU�

DWRU��LW�GRHV�OLWWOH�PRUH�WKDQ�DOORZ�\RX�WR�SLFN�ZKDW�E\WHV�\RX�ZDQW

��� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ

� 1RWH�WKDW�ZH�FDQ�LPSURYH�WKHVH�QXPEHUV�D�OLWWOH�ELW�E\�WDNLQJ�LQWR�DFFRXQW�DOO
SRVVLEOH�YDULDWLRQV�RI�WKHVH�YLUXVHV��)RU�H[DPSOH��&203$1,21�����FRXOG�EH
ZULWWHQ� LQ� D� YDULHW\� RI� ZD\V�� IRU� H[DPSOH� ZLWK� VRPH� SXVK�SRS� VHTXHQFHV
UHYHUVHG��7KDW�LV�QRW��KRZHYHU��OLNHO\�WR�JLYH�\RX�PRUH�WKDQ�D�IDFWRU�RI�����



ZKHUH�E\�DQVZHULQJ�\HV�QR�TXHVWLRQV��,Q�WKLV�ZD\��\RX�DUH�FDUHIXOO\

LQMHFWLQJ�LQWHOOLJHQFH�LQWR�WKH�V\VWHP�

*LYHQ�DQ�1�E\WH�YLUXV�ZKLFK� LV�JHQHUDWHG�E\WH�E\�E\WH�� WKH

UDQGRP�QXPEHU�JHQHUDWRU�KDV�D��⁄����FKDQFH�RI�VHOHFWLQJ�DQ\�JLYHQ
E\WH�FRUUHFWO\��7KH�FKDQFH�RI�JHWWLQJ�DW�OHDVW�RQH�RI�WKH�1�E\WHV

ULJKW�LV�WKXV

3� ���������⁄����1 ����

)RU�D�����E\WH�YLUXV��3 �����¥D�IDLUO\�OLNHO\�HYHQW�

7KH�ILQHU�D�VHOHFWLRQ�SURFHVV�,�LPSRVH�RQ�WKH�SURSRVHG�VROXWLRQ�

WKH�PRUH�TXLFNO\�LW�FRQYHUJHV�WR�WKH�GHVLUHG�UHVXOW��)RU�H[DPSOH��LI

,�UHTXLUH�ELW�ZLVH�PDWFKHV�LQVWHDG�RI�E\WH�ZLVH�PDWFKHV��WKHQ�WKH

UDQGRP�QXPEHU�JHQHUDWRU�ZLOO�JHW�����ULJKW�RQ�WKH�ILUVW�WU\��DQG

����PRUH�RQ�WKH�QH[W�WU\��,W�FDQ�WKHQ�FRQYHUJH�WR�D�VROXWLRQ�LQ�DERXW

���JHQHUDWLRQV�IRU�D�����E\WH�YLUXV�LQVWHDG�RI������JHQHUDWLRQV��2U

ZH� FRXOG� PDNH� WKH� VHOHFWLRQ� FRDUVHU� E\� UHTXLULQJ� ZRUG�ZLVH

PDWFKHV��WKHUHE\�SXVKLQJ�WKH�VHOHFWLRQ�SURFHVV�RXW�RYHU��������

JHQHUDWLRQV��5DQGRP�SURFHVVHV�DUH�ZHOO�DEOH�WR�EULGJH�JDSV�DW�WKH

ELW��E\WH�DQG�HYHQ�ZRUG�OHYHO�LQ�D�UHDVRQDEOH�DPRXQW�RI�WLPH��VR

P\�*(1),/(©V�VHOHFWLRQ�SURFHVV�ZRUNV��*RLQJ�XS�WR�':25'V

RU�4:25'V��WKRXJK��PDNHV�*(1),/(©V�WDVN�LPSRVVLEOH�RQ�D�UHDO

FRPSXWHU�

$V�ZH�KDYH�DOUHDG\�VHHQ�ZLWK�HYROXWLRQ��DOO�WKH�UHDO�VFLHQFH�OLHV

LQ�ILQGLQJ�D�UHDVRQDEOH�VHOHFWLRQ�SURFHVV��&HUWDLQO\�ZH�FDQ�LPSRVH

D�VHOHFWLRQ�SURFHVV��DQG�WKDW�SURFHVV�ZLOO�EH�VXFFHVVIXO�LI�LW�VXIIL�

FLHQWO\�UHIOHFWV�ZKDW�D�YLUXV�ORRNV�OLNH��<RX�MXVW�KDYH�WR�PDNH�VXUH

WKDW� WKH� JDSV� ZKLFK� PXVW� EH� MXPSHG� E\� UDQGRP� SURFHVVHV� DUH

MXPSDEOH��6XFK�DQ�LQWHOOLJHQW�SURFHVV�KDV�QRWKLQJ�WR�GR�ZLWK�WKH

VFLHQFH� RI� EHJLQQLQJV�� WKRXJK�� 'HVLJQLQJ� WKH� EHJLQQLQJ� LQWR� D

VHOHFWLRQ�SURFHVV�LV�REYLRXVO\�FKHDWLQJ��)RU�H[DPSOH��WKH�&20�

3$1,21����� YLUXV� KDV� WR� H[LVW� DOUHDG\� EHIRUH� *(1),/(� FDQ

FUHDWH�LW��+RZHYHU��\RX�GRQ©W�QHFHVVDULO\�KDYH�WR�ZULWH�WKH�YLUXV

EHIRUHKDQG��<RX�MXVW�KDYH�WR�NQRZ�HQRXJK�DERXW�ZKDW�D�YLUXV�ORRNV

OLNH�� )RU� H[DPSOH�� WKHUH� DUH� D� QXPEHU� RI� KHXULVWLFV�EDVHG� YLUXV

VFDQQHUV�RQ�WKH�PDUNHW�WRGD\��7KH\�GRQ©W�VFDQ�IRU�VSHFLILF�YLUXVHV�

7KH\�MXVW�H[DPLQH�ILOHV�DQG�GHFLGH�LI�WKH\�ORRN�OLNH�D�YLUXV�EDVHG

RQ�NQRZQ�SURSHUWLHV� RI� YLUXVHV��<RX� FRXOG� FRQFHLYDEO\�ZULWH� D

,Q�WKH�%HJLQQLQJ ���



YLUXV�FUHDWLRQ�ODE�ZKLFK�XVHG�WKHVH�KHXULVWLF�VFDQQHUV�WR�JHQHUDWH

YLUXVHV��-XVW�FUHDWH�D�EXQFK�RI�UDQGRP�ILOHV�DQG�OHW�WKH�VFDQQHUV

YRWH� RQ� WKHP�� 7DNH� WKH� EHVW� RI� WKH� EXQFK�� DQG� FUHDWH� UDQGRP

YDULDWLRQV�RI�WKRVH��DQG�DOORZ�DQRWKHU�YRWH��.HHS�JRLQJ�XQWLO�DOO�RI

\RXU�VFDQQHUV�DJUHH�WKDW�\RX�FHUWDLQO\�KDYH�D�YLUXV��3HUKDSV�\RX

UHDOO\�ZLOO�KDYH�RQH�WKHQ��<HW��HYHQ�LQ�WKLV�VLWXDWLRQ��WKH�KHXULVWLF

VFDQQHU�ZDV� GHVLJQHG� E\� VRPHRQH�ZKR� NQHZ� D� ORW� DERXW�ZKDW

YLUXVHV�ORRN�OLNH��

,� VD\� DOO� RI� WKLV� EHFDXVH� WKHUH� VHHPV� WR� EH� D� JUHDW� GHDO� RI

FRQIXVLRQ�DERXW�VXFK�VHOHFWLRQ�SURFHVVHV�LQ�WKH�SXEOLF�H\H��7KH�LGHD

RI�¦FKHPLFDO�HYROXWLRQ§ �LV�QRW�HYROXWLRQ�DW�DOO��EXW�D�QRQ�'DUZLQLDQ

¦VHOHFWLRQ§ �SURFHVV��7KDW�VHOHFWLRQ�SURFHVV�PXVW�XOWLPDWHO\�EH�SXUH

FKHPLVWU\��2EYLRXVO\�ZH�FDQ�V\QWKHVL]H�WKH�FKHPLFDOV�RI�OLIH�LQ�D

ODERUDWRU\��:H�FRXOG�JR�VWHS�E\�VWHS�WKURXJK�D�SURFHVV�WKDW�ILUVW

EXLOGV�PRQRPHUV��DQG�WKHQ�PRUH�DQG�PRUH�FRPSOH[�SRO\PHUV��DQG

WKHQ�SHUKDSV�SXWV�DOO�WKH�SRO\PHUV�WRJHWKHU�MXVW�ULJKW��,W�LV�D�UHDO

VWUHWFK�WR�FDOO�WKLV�SURFHVV�¦QDWXUDO�VHOHFWLRQ§ �RI�DQ\�VRUW��WKRXJK�

7KH�VHOHFWLRQ�SURFHVV�LQ�VXFK�D�FDVH�LV�FKHPLVWU\�SOXV�LQWHOOLJHQFH�

7KDW�KDV�QRWKLQJ�WR�GR�ZLWK�WKH�EHJLQQLQJ�RI�OLIH�RQ�HDUWK��WKRXJK�

EHFDXVH� WKH� VHOHFWLRQ� LV� LQWHOOLJHQWO\� FRQWUROOHG� DQG� GLUHFWHG��$

VFLHQWLVW�KDV�D�GHVLUHG�UHVXOW�LQ�PLQG�DQG�KH�ZRUNV�WR�REWDLQ�LW��MXVW

OLNH�WKH�*(1),/(�SURJUDP��7KH�UHDO�TXHVWLRQ�IRU�WKH�EHJLQQLQJ�RI

OLIH�LV�ZKHWKHU�FKHPLVWU\�DORQH¥ZLWKRXW�LQWHOOLJHQW�LQSXW¥FDQ�GR

WKH� MRE�� 7KH� UHDO� VFLHQFH� OLHV� LQ� ILQGLQJ� D� UHDVRQDEOH� VHOHFWLRQ

SURFHVV�

7KXV�� WKH� LPSRUWDQW� TXHVWLRQ� LQ� GLUHFWHG� DELRJHQHVLV� LV� QRW

ZKHWKHU�ZH�FDQ�LPSRVH�D�VHOHFWLRQ�SURFHVV��EXW�ZKHWKHU�WKHUH�PLJKW

EH�VRPH�UHDVRQDEOH�SURFHVV�DW�ZRUN�¦ LQ�WKH�ZLOG�§ �,I�ZH�LPSRVH�D

SURFHVV�� ZH©UH� MXVW� SOD\LQJ� WKH� FUHDWRU�� +RZHYHU�� LI� ZH� ILQG� D

SURFHVV�DW�ZRUN�TXLWH�DSDUW�IURP�RXU�LQWHQWLRQV��ZH�FDQ�FHUWDLQO\

FRQVLGHU�LW©V�SRWHQWLDO�IRU�KHOSLQJ�DELRJHQHVLV��7KDW�DSSOLHV�WR�WKH

UHDO�ZRUOG��DQG�LW�DSSOLHV�WR�FRPSXWHU�YLUXVHV�

��� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ

� $FWXDOO\�,�WKLQN�KHXULVWLF�VFDQQHUV�ZLOO�KDYH�WR�JHW�D�ORW�VPDUWHU�EHIRUH�WKLV
VFKHPH�ZLOO�ZRUN�



1RZ�REYLRXVO\��LQ�WKH�UHDO�ZRUOG�WKHUH�DUH�¦SUHIHUUHG§ �FRPEL�

QDWLRQV�RI�FKHPLFDO�HOHPHQWV��)RU�H[DPSOH��+\GURJHQ�DQG�2[\JHQ

SUHIHU� WR� FRPELQH� LQWR� ZDWHU�� +�2�� 7KLV� UHDFWLRQ� LV� GULYHQ� E\

HQHUJ\��:KHQ�WZR�+\GURJHQV�FRPELQH�ZLWK�RQH�2[\JHQ��D�ORW�RI

HQHUJ\�LV�UHOHDVHG��7R�JHW�WKHP�DSDUW��\RX�KDYH�WR�SXW�D�ORW�RI�HQHUJ\

EDFN�LQ��7KXV��LW�LV�QRW�VXUSULVLQJ�WKDW�PRVW�RI�WKH�+\GURJHQ�RQ�HDUWK

LV�IRXQG�LQ�FRPELQDWLRQ�ZLWK�2[\JHQ��,I�WKHUH�ZHUH�VRPH�VLPLODU

SKHQRPHQRQ�LQ�RXU�FRPSXWHU©V�PHPRU\�WKDW�ZRXOG�WHQG�WR�DUUDQJH

E\WHV�LQ�FHUWDLQ�RUGHUV�RU�WR�VHW�PHPRU\�ORFDWLRQV�WR�FHUWDLQ�YDOXHV�

LW�PLJKW�HLWKHU�ZRUN�WR�HQDEOH�DELRJHQHVLV�RU�LQKLELW�LW��GHSHQGLQJ

RQ�ZKDW�WKRVH�SUHIHUUHG�FRQILJXUDWLRQV�ZHUH��+RZHYHU��WKH�ZKROH

LGHD�EHKLQG�DQ�LQIRUPDWLRQ�VWRUDJH�PHGLXP�LV�WR�DYRLG�VXFK�SKH�

QRPHQD��:KHQ�ZH�GHVLJQ�FRPSXWHU�PHPRU\��ZH�ZDQW�WR�PDNH�LW

MXVW�DV�HDV\�WR�VWRUH�RQH�FRQILJXUDWLRQ�DV�WKH�QH[W��$V�VXFK��WKHUH

DUH� LGHDOO\�� QR� SXUHO\� ¦QDWXUDO§ � VHOHFWLRQ� SURFHVVHV� OLNH� WKLV� DW

ZRUN�WR�FDXVH�WKH�HTXLYDOHQW�RI�FRPSOH[�FKHPLFDOV�WR�IRUP����,I

WKHUH�ZHUH�DQ\�VXFK�SURFHVVHV�� WKH\�ZRXOG�LQKLELW�RXU�FRPSXWHU

IURP�EHLQJ�D�FRPSXWHU�LQ�WKH�ILUVW�SODFH��)RU�H[DPSOH��DQ\�SURFHVV

ZKLFK�PHDVXUDEO\�DOLJQHG�PDJQHWLF�GRPDLQV�RQ�D�KDUG�GLVN�LQ�D

ZD\�IDYRUDEOH�WR�DELRJHQHVLV�ZRXOG�DOVR�PHDVXUDEO\�GHVWUR\�RWKHU

GDWD�RQ�WKH�GLVN��7KHUHIRUH�¦GLUHFWHG§ �DELRJHQHVLV�GRHV�QRW�DSSHDU

WR�EH�D�UHDVRQDEOH�DOWHUQDWLYH¥DW�OHDVW�QRW� LI�GLUHFWHG�E\�SXUHO\

¦QDWXUDO§ �SURFHVVHV�

%RRWVWUDSSHG�$ELRJHQHVLV

+RZHYHU��ZH�FDQQRW�VD\�WKDW�MXVW�DQ\�FRPELQDWLRQ�RI�E\WHV�RQ

D�FRPSXWHU�GLVN�LV�DV�OLNHO\�DV�DQ\�RWKHU��0RVW�FRPSXWHUV�DUH�ILOOHG

ZLWK�SURJUDP�FRGH�WKDW�KDV�EHHQ�LQWHOOLJHQWO\�GHVLJQHG�IRU�D�YDULHW\

RI� SXUSRVHV��:H�KDYH� WR�ZRQGHU�� LI� VRPH�RI� WKLV� FRGH�ZDV� MXVW

,Q�WKH�%HJLQQLQJ ���

� $OWKRXJK�WKHUH�LV�D�VOLJKWO\�ORZHU�HQHUJ\�DVVRFLDWHG�WR�VSHFLILF�DUUDQJHPHQWV
RI�PDJQHWLF�GRPDLQV��ZKLFK�VWRUH�GDWD��RQ�D�KDUG�GLVN��WKDW�HQHUJ\�GLIIHUHQFH�
DQG� DQ\� SUHIHUHQFH� LW� ZRXOG� FDXVH�� LV� QHJOLJLEOH�� ,Q� IDFW�� LW� LV� VSHFLILFDOO\
GHVLJQHG�WR�EH�QHJOLJLEOH��VR�WKDW�WKH�KDUG�GLVN�ZLOO�EH�UHOLDEOH��(YHQ�VXFK�D
SUHIHUHQFH�GRHV�QRWKLQJ�IRU�DELRJHQHVLV��EHFDXVH�LW�LV�IDU�WRR�WULYLDO�

� 2EYLRXVO\� WKDW� FKDQJHV� ZKHQ� ZH� KDYH� VHOI�UHSURGXFLQJ� FRGH�� EHFDXVH
'DUZLQLDQ�VHOHFWLRQ�FDQ�WKHQ�NLFN�LQ�



VLPLODU�HQRXJK�WR�D�FRPSXWHU�YLUXV��FRXOG�D�VPDOO�PXWDWLRQ�WXUQ�DQ

RWKHUZLVH�RUGLQDU\�SURJUDP�LQWR�D�YLUXV"�RU�FDXVH�LW�WR�UHOHDVH�D

YLUXV"�&HUWDLQO\�RUGLQDU\�FRPSXWHU�SURJUDPV�SHUIRUP�DOO�WKH�VDPH

ORJLFDO�IXQFWLRQV�WKDW�YLUXVHV�GR¥WKH\�VHDUFK�IRU�ILOHV��RSHQ�DQG

FORVH�WKHP��DQG�ZULWH�WR�WKHP�

$�YLUXV�JHQHUDWHG�LQ�WKLV�PDQQHU�QHHG�QRW�QHFHVVDULO\�EH�VPDOO�

,W�FRXOG�EH�WKH�UHVXOW�RI�WKH�LQWHUDFWLRQ�RI�KXQGUHGV�RI�NLORE\WHV�RI

FRGH�ZKHQ�D�VLQJOH�VPDOO�PXWDWLRQ�RFFXUV�

/HW©V�ORRN�DW�WZR�GLIIHUHQW�SHUVSHFWLYHV������&RXOG�VRPH�RI�WKH

VPDOO� YLUXVHV� ZH©YH� EHHQ� GLVFXVVLQJ� EH� ERRWVWUDSSHG"� $QG� ���

FRXOG�VRPH�FRPPRQ�QRQ�YLUDO�SURJUDP�EH�ERRWVWUDSSHG�LQWR�EH�

FRPLQJ�YLUDO"

7R�WHVW�WKH�ILUVW�SRVVLELOLW\��,�ZURWH�D�SURJUDP�3$77(51�WKDW

FDQ�ORDG�XS�D�VPDOO�YLUXV�DQG�WKHQ�VFDQ�D�ZKROH�GLVN�IRU�DQ\�PDWFKHV

RI�YLUDO�FRGH� WKDW�DUH� WZR�RU�PRUH�E\WHV� LQ�OHQJWK��5XQQLQJ�WKLV

SURJUDP�RQ�DQ�RUGLQDU\�����PHJDE\WH�GLVN��ZKLFK�GLGQ©W�KDYH�DQ\

RWKHU�YLUXVHV�RQ�LW��JDYH�WKH�IROORZLQJ�UHVXOWV��ZKLFK�DUH�FRPSDUHG

ZLWK�WKH�QXPEHU�RI�PDWFKHV�H[SHFWHG�LI�WKDW�����PHJDE\WHV�ZDV

SXUHO\�UDQGRP�GDWD�

'LVN 5DQGRP

0DWFK�6L]H 0DWFKHV 0DWFKHV

��E\WHV ������� �������

� ������ ����

� ����� �

� ��� �

� ���

� ��

� �

� �

�� �

,Q�RWKHU�ZRUGV��HYHQ�WKRXJK�ZH�GR�PXFK�EHWWHU�WKDQ�UDQGRP�GDWD�

WKHUH�LV�JHQHUDOO\�YHU\�OLWWOH�ORQJ�UDQJH�RUGHU�LQ�SURJUDPV��DQG�LW©V

SUDFWLFDOO\� LPSRVVLEOH� WR� ILQG� WZR� FKXQNV� RI� FRGH� WKDW� DUH� YHU\

VLPLODU�RQ�WKH�RUGHU�RI����E\WHV�ORQJ��7KH�RQO\�ZD\�WR�PDNH�XS�WKH

GLIIHUHQFH�ZRXOG� EH� WR� DSSHQG� UDQGRP�FRGH�� RU� DVVHPEOH� WKHVH

FKXQNV�RI�PDWFKLQJ�FRGH�DOO�WRJHWKHU�LQ�RQH�SODFH��6LQFH�QRQH�RI

��� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ



WKH�PDWFKHV�DUH�YHU\�ODUJH��DSSHQGLQJ�UDQGRP�FRGH�VWLOO�JLYHV�XV

DOO�WKH�SUREOHPV�DVVRFLDWHG�ZLWK�UDQGRP�DELRJHQHVLV��$QG�WKHUH�LV

QR�PHFKDQLVP�WR�DVVHPEOH�WKH�PDWFKLQJ�FRGH�LQ�RQH�SODFH��7KHUH�

IRUH�WKLV�ERRWVWUDSSLQJ�WHFKQLTXH�VHHPV�WR�EH�D�GHDG�HQG�

3HUKDSV�D�PRUH�OLNHO\�VRXUFH�RI�VSRQWDQHRXVO\�JHQHUDWHG�YL�

UXVHV�ZRXOG�EH�SURJUDPV�ZULWWHQ�WR�SHUIRUP�IXQFWLRQV�VLPLODU�WR

YLUXVHV� ZKLFK� DUH� PRGLILHG� E\� D� UDQGRP� PXWDWLRQ� WR� DFWXDOO\

EHKDYH�OLNH�D�YLUXV�DQG�VWDUW�UHSURGXFLQJ��,W�LV�QRW�KDUG�WR�WXUQ�'26

LWVHOI�LQWR�D�VRUW�RI�D�YLUXV��6XSSRVH�\RX�KDYH�D�ERRW�GLVN�ZLWK�WKH

6<6�SURJUDP�RQ�LW��$OO�\RX�KDYH�WR�GR�WR�PDNH�D�UXGLPHQWDU\�YLUXV

LV�SXW�WKH�FRPPDQG�¦ V\V�F�§ �LQWR�WKH�$872(;(&�%$7�ILOH¥DQG

WKDW©V�RQO\���E\WHV��VPDOOHU�WKDQ�3,&2����1RZ�ZKHQ�\RX�ERRW�WKLV

GLVN��LW�ZLOO�FRS\�WKH�V\VWHP�ILOHV�WR�WKH�KDUG�GLVN��7KXV��LW�ORRNV

NLQG�RI�OLNH�DQ�RYHUZULWLQJ�ERRW�VHFWRU�YLUXV��SHUKDSV�QRW�VR�YHU\

GLIIHUHQW�IURP�WKH�.,/52<�YLUXV�GLVFXVVHG�LQ�9ROXPH�,�

2I�FRXUVH����E\WHV�LV�D�ORW�WR�EH�KDG�E\�DFFLGHQW��DV�ZH�DOUHDG\

NQRZ�� 7KH� FKDQFHV� RI� JHWWLQJ� WKHP� ULJKW� DUH� D� PHDVO\� �� LQ

���� ������7KXV��ZH�KDYH�WR�ORRN�IRU�D�PXFK�PRUH�OLNHO\�DFFLGHQW�

SHUKDSV�LQYROYLQJ�RQO\�RQH�RU�WZR�ELWV�

,�ZURWH�MXVW�VXFK�D�SURJUDP��WR�VHH�LI�LW�FRXOG�EH�GRQH��7KLV

SURJUDP� LV� FDOOHG�&23,(5�� ,W� LV� MXVW� D� VLPSOH� SURJUDP� WR� GR� D

ORZ�OHYHO�GLVN�FRS\�RI�D����.�GLVNHWWH�IURP�GLVN�GULYH�$�WR�GULYH

%�� DQG� LW� LV� ��� E\WHV� ORQJ�� &23,(5� LV� D� SHUIHFWO\� OHJLWLPDWH

SURJUDP��ZLWK�D�OHJLWLPDWH�SXUSRVH¥WR�FRS\�GLVNV��&KDQFHV�DUH

\RX�ZRQ©W�XVH� LW�EHFDXVH� LW�GRHVQ©W�KDYH�DOO� WKH� IDQF\�EHOOV�DQG

ZKLVWOHV�WKDW�VRPHWKLQJ�OLNH�',6.&23<�GRHV��EXW�\RX�FRXOG�XVH

LW��-XVW�SXW�D�VRXUFH�GLVNHWWH�LQ�GULYH�$��D�GHVWLQDWLRQ�GLVNHWWH�LQ

GULYH�%��DQG�UXQ�WKH�SURJUDP��

7KH�LQWHUHVWLQJ�WKLQJ�DERXW�&23,(5�LV�WKDW�D�VLPSOH�RQH�ELW

PXWDWLRQ�ZLOO�WXUQ�LW�LQWR�D�QDVW\�ERRW�VHFWRU�YLUXV��6XSSRVH�\RX�KDG

D�FRS\�RI�&23,(5�LQ�ZKLFK�WKH�VHFRQG�LQVWUXFWLRQ

DGG F[�����+ �����������&��������

KDG�EHHQ�PRGLILHG�WR�

,Q�WKH�%HJLQQLQJ ���



DGG F[����� ����&��������

6XGGHQO\��WKH�&23,(5�SURJUDP�FRSLHV�LWVHOI�WR�WKH�ILUVW�VHFWRU�RI

HYHU\�WUDFN�RQ�WKH�GHVWLQDWLRQ�GLVN��LQVWHDG�RI�WKH�ILUVW�VHFWRU�RI�WKH

VRXUFH�GLVN��$QG�VLQFH�&23,(5�ZLOO�SXW�D�FRS\�RI�LWVHOI�LQ�7UDFN

���+HDG����6HFWRU����LW�ZLOO�H[HFXWH�ZKHQ�\RX�ERRW�IURP�WKH�GLVN

\RX�MXVW�PDGH��:KHQ�LW�H[HFXWHV��ZKDW�ZLOO�LW�GR"�,W�ZLOO�FRS\�WKH

GLVN�LQ�GULYH�$�WR�GULYH�%��SXWWLQJ�LWVHOI�LQ�WKH�ERRW�VHFWRU�DJDLQ

�DQG�WKHQ�LW�ZLOO�KDQJ�WKH�V\VWHP���7KXV��LW�LV�UHSOLFDWLQJ��DQG�LW�LV

�7KH�&23,(5�GLVN�FRS\LQJ�SURJUDP��7KLV�SURJUDP�FRSLHV�D����.�IORSS\
�GLVN�LQ�GULYH�$�WR�GULYH�%��-XVW�LQVHUW�GLVNV�LQ�ERWK�GULYHV�DQG
�UXQ�LW�

�PRGHO��VPDOO

�FRGH

��������25*��������+

67$57�
��������FDOO����67$57�
67$57���SRS�����VL�����������������������JHW�VWDUWLQJ�DGGUHVV
��������VXE�����VL��
��������PRY�����F[�����������������������VHW�LQLWLDO�WUN�DQG�VHF
��������PRY�����GK�����������������������VHW�LQLWLDO�KHDG
&23<B/223�
��������PRY�����D[�����+�����������������SUHSDUH�WR�UHDG���VHFWRUV
��������PRY�����E[�VL
��������DGG�����E[����+������������������EXIIHU�IRU�UHDG
��������PRY�����GO�����������������������VHW�GULYH�$
��������LQW�������+����������������������UHDG�LW�LQWR�EXIIHU
��������MF������&23<B/223����������������UHWU\�RQ�HUURU
��������PRY�����D[�����+�����������������SUHSDUH�WR�ZULWH�VHFWRUV
��������PRY�����E[�VL��������������������EXIIHU�IRU�ZULWH
��������DGG�����E[����+
��������PRY�����GO�����������������������VHW�GULYH�%
��������LQW�������+����������������������ZULWH�WKH�GDWD

��������LQF�����GK�����������������������QH[W�KHDG�RQ�GLVN
��������FPS�����GK�����������������������ODVW�RQH"
��������MQH�����&23<B/223����������������QRSH��JR�FRS\�QH[W�KHDG
��������PRY�����GK�����������������������\HV��VHW�KHDG �
��������LQF�����FK�����������������������DQG�JR�WR�QH[W�WUDFN
��������FPS�����FK�����������������������ODVW�RQH"
��������MQH�����&23<B/223����������������QRSH��JR�FRS\�LW
�����������������������������������������HOVH�IDOO�WKURXJK
��������PRY�����D[��&��+�����������������WHUPLQDWH�WKH�SURJUDP
��������LQW�������+����������������������DQG�H[LW�WR�'26

��������(1'�����67$57

)LJXUH�������7KH�&23,(5�SURJUDP�

��� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ



WKHUHIRUH�D�YLUXV¥D�QDVW\�YLUXV�WKDW�UXLQV�HYHU\WKLQJ�LW�WRXFKHV�WR

EH�VXUH¥EXW�VWLOO�D�YLUXV��$QG�LW�PDGH�WKDW� WUDQVLWLRQ�VLPSO\�E\

FKDQJLQJ�RQH�ELW��WKH�E\WH����EHFDPH�D����LQ�WKH�DERYH�LQVWUXFWLRQ�

LQ� WKH� HQWLUH� SURJUDP�� ,W� LV� DOVR� D� IDLUO\� VPDOO� YLUXV� DV� IDU� DV

ERRW�VHFWRU�YLUXVHV�JR��EHLQJ�RQO\����E\WHV�ORQJ�

2EYLRXVO\�DQ\�YLUXVHV�JHQHUDWHG�LQ�WKLV�PDQQHU�RXJKW�WR�UHWDLQ

WKH� WUDLWV�RI� WKHLU�SDVW�¦ OLIH§ �DV�D�XVHIXO�FRPSXWHU�SURJUDP��:H

NQRZ�WKDW�HYROXWLRQ�KDVQ©W�KDG�HQRXJK�WLPH�WR�HUDVH�VXFK�WUDLWV�

&HUWDLQO\� ,� NQRZ� RI� QR� VXFK� YLUXVHV� LQ� WKH� ZLOG�� <HW� KDYLQJ

H[DPLQHG�D�FRQWULYHG�H[DPSOH��LW�LV�DW�OHDVW�FRQFHLYDEOH�WKDW�VXFK

D�SURJUDP�FRXOG�EH�ZULWWHQ�E\�DFFLGHQW�DQG�PXWDWHG�E\�DFFLGHQW

LQWR�D�YLUXV��1RWKLQJ�HOVH�ZH©YH�H[DPLQHG�VR�IDU�FRXOG�PDWFK�WKDW

FODLP��<HW��LI�WKLV�ZHUH�WR�KDSSHQ��ZH�VKRXOG�EH�DEOH�WR�VSRW�LW�ULJKW

DZD\�

)LQDOO\��VXFK�D�YLUXV�FRXOG�KDUGO\�EH�FDOOHG�D�SURGXFW�RI�QDWXUH

ZKHQ�PRVW�RI�LW�KDG�EHHQ�LQWHOOLJHQWO\�GHVLJQHG��,W�LV�PRVWO\�WKH

SURGXFW�RI�KXPDQ�LQWHOOLJHQFH��ZLWK�MXVW�D�WRXFK�RI�DFFLGHQW�WKURZQ

LQ�

'HDG�(QGV

:H�KDYH�VHHQ�WKDW�UDQGRP�SURFHVVHV�LQVLGH�D�UHDO�FRPSXWHU�DUH

LQVXIILFLHQW�WR�FUHDWH�HYHQ�D�YHU\�VPDOO�ZRUNDEOH�YLUXV��(YHQ�LI�ZH

KHOS�WKHP�DORQJ�FRQVLGHUDEO\�E\�UXQQLQJ�SURJUDPV�WKDW�JHQHUDWH

UDQGRP� ILOHV�� HWF���ZH� DUH� XVXDOO\� WDONLQJ� DERXW� D� YHU\� XQOLNHO\

HYHQW��7KH�RQO\� UHDO� FKDQFH�RI�JHWWLQJ�YLUXVHV�JRLQJ�DSDUW� IURP

LQWHOOLJHQW�GHVLJQ�LV�WKH�ERRWVWUDS�SURFHVV�,©YH�MXVW�GHVFULEHG��<HW

VXSSRVH� WKLV� SURFHVV� LV� FDSDEOH� RI� DELRJHQHVLV�� 6XSSRVH� LW� GRHV

FUHDWH�D�YLUXV��:KDW�WKHQ"�

:LOO� WKHVH�YLUXVHV�JR�RII� DQG� VWDUW� HYROYLQJ� LQWR�ELJJHU�DQG

EHWWHU�YLUXVHV"�0D\EH�QRW��,W�ZRXOG�VHHP�WKDW�PDQ\�RI�WKH�YLUXVHV

ZH©YH�EHHQ�ORRNLQJ�DW��LQ�WKLV�FKDSWHU�DUH�HYROXWLRQDU\�GHDG�HQGV�

)RU�H[DPSOH��3,&2���KDV�D�VOLP��VOLP�FKDQFH�RI�EHLQJ�SRSSHG�LQWR

EHLQJ�E\�UDQGRP�SURFHVVHV��,I�LW�ZHUH��WKRXJK��ZH�KDYH�WR�DVN��KRZ

FRXOG�LW�HYROYH�LQWR�VRPHWKLQJ�PRUH�UREXVW"�0XVW�LW�EH�WKH�DUFKH�

W\SH�RI�DOO�YLUXVHV��RU�LV�LW�VLPSO\�DQ�LVRODWHG�SHFXOLDULW\"

7KHUH�DUH�D�QXPEHU�RI�REMHFWLRQV�WR�FDOOLQJ�3,&2���WKH�DUFKH�

W\SH�RI�DOO�YLUXVHV�

,Q�WKH�%HJLQQLQJ ���



���7KH�SUREDELOLW\�WKDW�3,&2���ZRXOG�FRPH�LQWR�H[LVWHQFH�XVLQJ

DQ\�UHDVRQDEOH�PRGHO�RI�VSRQWDQHRXV�JHQHUDWLRQ�LV�YHU\�VPDOO�

(YHQ�RQ�D�PDFKLQH�WU\LQJ�WR�JHQHUDWH�LW��LW�ZRXOG�WDNH�����PLOOLRQ

\HDUV�� ,Q� D� UHDO� FRPSXWLQJ� HQYLURQPHQW�� LW� ZRXOG� WDNH� D� ORW

ORQJHU�

���6LQFH�WKH�SURJUDP�H[LVWV�RQO\�LQ�5$0��LW�LV�H[WUHPHO\�WUDQVLWRU\�

2QFH�WKH�FRPSXWHU�LV�WXUQHG�RII��LW©V�JRQH��6LQFH�WKH�SURJUDP

QHYHU� UHWXUQV� FRQWURO� WR� WKH� RSHUDWLQJ� V\VWHP�� LW� SUHWW\�PXFK

JXDUDQWHHV�LWV�RZQ�GHPLVH��6XFK�EHKDYLRU�DVVXUHV�D�TXLFN�VKXW�

GRZQ�RI�WKH�PDFKLQH��(YHQ�WKH�PRVW�LQWHUHVWHG�UHVHDUFKHU�ZLOO

JHW� ERUHG� DIWHU� RQH�PLQXWH�� $V� VXFK�� WKH� OHQJWK� RI� WLPH� WKDW

3,&2���LV�LQ�PHPRU\�ZLOO�EH�PLQLPDO��:LWK�D�VPDOO�PXWDWLRQ

UDWH��WKH�FKDQFHV�WKDW�3,&2���ZLOO�HYHU�KDYH�WKH�RSSRUWXQLW\�WR

PXWDWH�ZLOO�EH�PLQXVFXOH�

���6LQFH�3,&2���LV�D�PHPRU\�RQO\�SURJUDP��HYHQ�LI�LW�PXWDWHV��WKH

PXWDWLRQ�ZLOO�SUREDEO\�QRW�EH�DEOH�WR�VDYH�LWVHOI�DQ\ZKHUH�DQG

SURSDJDWH��7KXV��WKH�PXWDWLRQ�ZLOO�GHDG�HQG�LQ�WKH�PHPRU\�RI

WKH�PDFKLQH�RQ�ZKLFK�LW�ZDV�FUHDWHG��7KXV�WKHUH�LV�QR�RSSRUWXQLW\

IRU�HYROXWLRQ�WR�NLFN�LQ�

���7KHUH�DSSHDU�WR�EH�QR�UHDOLVWLF�HYROXWLRQDU\�SDWKZD\V�WR�PRUH

FRPSOH[�IRUPV�RI�WKH�DXWRPDWRQ�

:H�VHH�D� VLWXDWLRQ�ZKHUH�3,&2��� LV�XQOLNHO\� WR�JHW�D�FKDQFH� WR

PXWDWH�� DQG� HYHQ� LI� LW� GLG�� WKH� PXWDWLRQ� ZRXOG� DSSDUHQWO\� JR

QRZKHUH��7KH�QLFH�WKLQJ�DERXW�XVLQJ�D�YLUXV�KHUH�LV�WKDW�ZH�FDQ�ORRN

LQWR�WKHVH�VWDWHPHQWV�LQ�GHWDLO�DQG�SXW�QXPEHUV�RQ�WKHP�

7KH�RQO\�ZD\�IRU�WKH�SURJUDP�WR�PXWDWH�ZRXOG�EH�IRU�WKH�$�

+H[��ZKLFK�LV�WKH�PRYVE�LQVWUXFWLRQ��WR�EH�FKDQJHG�LQWR�VRPHWKLQJ

HOVH�ZKHQ�LW�FRSLHV�LWVHOI��7KHUH�DUH�RQO\�����SRVVLELOLWLHV�IRU�ZKDW

LW�PLJKW�EH�FKDQJHG�LQWR��VR�ZH�FDQ�JR�WKURXJK�HDFK�RQH�DQG�VHH

ZKDW�WKH�UHVXOW�RI�HDFK�PXWDWLRQ�ZRXOG�EH�

)LUVW��WKRXJK��ZH�VKRXOG�GHILQH�ZKDW�D�IDWDO�PXWDWLRQ�LV��:H

FDOO�D�PXWDWLRQ�IDWDO�LI�LW�GRHV�QRW�FKDQJH�WKH�UHSURGXFLQJ�LQVWUXFWLRQ

LQWR�D�QHZ�LQVWUXFWLRQ�ZKLFK�DOVR�UHSURGXFHV��$OWKRXJK�WKHUH�DUH

PDQ\�LQVWUXFWLRQV�WKDW�ZLOO�QRW�FUDVK�WKH�V\VWHP��H�J��QRS�����+H[��

WKH�RQO\�PXWDWLRQ�WKDW�ZLOO�HYHQ�SRVVLEO\�NHHS�WKH�UHSOLFDWLRQ�JRLQJ

LQ�WKH�QH[W�LQVWUXFWLRQ�LV�WKH�E\WH�$$�+H[��ZKLFK�FRUUHVSRQGV�WR

VWRVE��7KDW�ZLOO�UHSOLFDWH�RQO\�LI�DO�KDSSHQV�WR�EH�$$�+H[�DOVR��7KH

��� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ



RQO\�WKLQJ�WKLV�QHZ�YDULDWLRQ�FDQ�PXWDWH�HDVLO\�LQWR�LV�LWV�DQFHVWRU�

$��+H[��$W�WKLV�OHYHO��WKH�VLPSOHVW�UHSOLFDWRU�LV�D�GHDG�HQG�

2QH�PLJKW�VXJJHVW�WKDW�LI�WKH�VHJPHQW�WKH�UHSOLFDWRU�LV�H[HFXW�

LQJ� LQ� LV� ILOOHG�ZLWK� UDQGRP� E\WHV�� WKHQ� SRVVLEO\� D�PXWDWLRQ� LQ

FRPELQDWLRQ�ZLWK� VRPH� RI� WKHVH� UDQGRP�E\WHV� FRXOG� SURGXFH� D

PXOWL�E\WH�UHSOLFDWRU��+RZHYHU��D�GHWDLOHG�DQDO\VLV�RI�VXFK�VFHQDU�

LRV� FDQ� SURYH� WKH\� DUH� LUUHOHYDQW�� 7R� GR� WKDW�� OHW©V� FRQVLGHU� DQ

HLJKW�E\WH�UHSOLFDWRU�WKDW�FDQ�EH�VHW�XS�OLNH�WKLV�

PRY����VL����

PRY����GL����

PRYVZ

LQF����E[

&DOO�WKLV�3,&2����1RWH�WKDW�WKH�LQF�E[�LQVWUXFWLRQ�LV�QRW�SDUWLFXODUO\

UHOHYDQW��$Q\�LQVWUXFWLRQ�WKDW�GRHV�QRW�XSVHW�WKH�UHSOLFDWLRQ�ZLOO�GR�

1RZ��OHW�XV�DVN�KRZ�3,&2���FRXOG�PXWDWH�LQWR�3,&2����7KH

WUDQVLWLRQ�ZRXOG�KDYH�WR�ORRN�VRPHWKLQJ�OLNH�WKLV�LQ�PHPRU\�

�����

PRYVE������������$� �RULJLQDO

PRYVE������������$�

LQF����GL���������� �WUDQVLWLRQ

PRYVZ������������$� �QHZ�UHSOLFDWRU

LQF����E[����������

PRYVZ������������$�

LQF����E[����������

�����

6R�$��PXVW�PXWDWH�LQWR����DW�D�SODFH�ZKHUH�WKH�E\WHV�$�����IROORZ

WKH�����,I�WKH�E\WHV�LQ�WKH�VHJPHQW�DUH�UDQGRP��DQG�WKH�PXWDWLRQ�LV

UDQGRP��WKHQ�WKH�SRVVLELOLW\�RI�WKLV�KDSSHQLQJ�LV�RQ�WKH�RUGHU�RI

µ�������SHU�UHSOLFDWLRQ��ZKHUH�µ�LV�WKH�VLQJOH�ELW�PXWDWLRQ�UDWH�SHU
UHSOLFDWLRQ��

,Q�WKH�%HJLQQLQJ ���

� )LYH�ELWV�PXVW�EH�PXWDWHG��ZKLFK�JLYHV�XV�WKH�IDFWRU�µ���DQG�ZH�KDYH�D���LQ



1RZ�OHW©V�FRPH�XS�ZLWK�DQ�XSSHU�OLPLW�IRU�µ��:H©YH�DOUHDG\

GLVFXVVHG�PXWDWLRQV�LQ�FRQQHFWLRQ�ZLWK�WKH�IDFW�RI�HYROXWLRQ��DQG

ZH©YH�VHHQ�WKDW�WKH\�FDQ�DULVH�IURP�D�QXPEHU�RI�VRXUFHV��6XSSRVH�

KRZHYHU�� WKDW� ZH©UH� ZRUNLQJ RQ� D� FRPSXWHU� WKDW� FDQ� ORDG� DQG
H[HFXWH�D�����NLORE\WH�SURJUDP���RXW�RI����WLPHV�ZLWKRXW�DOORZLQJ

D�RQH�ELW�PXWDWLRQ��6XFK�D�PDFKLQH�VWDQGV�D�JRRG�FKDQFH�RI�EHLQJ

XVHG��,Q�RUGHU�IRU�WKLV�WR�EH�SRVVLEOH��RQH�PHPRU\�ZULWH��DW�OHDVW

RQH�PHPRU\�UHDG��DQG�PHPRU\�VWRUDJH�IRU�DW�OHDVW�D�IHZ�VHFRQGV

PXVW�EH�SRVVLEOH��)RU�VXFK�RSHUDWLRQV�WR�RFFXU�VXFFHVVIXOO\���RXW

RI����WLPHV��ZH�UHTXLUH�µ������
1RZ��RQFH�3,&2���LV�UXQQLQJ��LW�ZLOO�H[HFXWH��������WLPHV��DQG

WKHQ�WKH�ZKROH�VHJPHQW�LV�ILOOHG�ZLWK�$�©V��DQG�ZH�FDQQRW�XVH�WKH

SRVVLELOLW\�RI�UDQGRP�E\WHV�LQ�PHPRU\�WR�FUHDWH�3,&2���DQ\PRUH�

7KXV��ZH�KDYH� DERXW� ������� FKDQFHV�RI� FUHDWLQJ� D�PXWDWLRQ�� DV

3,&2���UHDGV�D�E\WH��DQG�ZULWHV�LW�HDFK�WLPH�LW�H[HFXWHV��:H�QHHG

D���ELW�PXWDWLRQ�WR�WUDQVIRUP�$��LQWR�����7KH�FKDQFH�RI�JHWWLQJ�WKLV

PXWDWLRQ�EHIRUH�3,&2���ILOOV�PHPRU\�ZLWK�$�©V�LV�WKXV

�������[�µ�� �����[������

7KDW�LV�DQRWKHU�ULGLFXORXVO\�VPDOO�QXPEHU��:KDW�LW�WHOOV�XV�LV�WKDW

HYROXWLRQ�LV�QRW�D�YLDEOH�JDWHZD\�EHWZHHQ�3,&2���DQG�3,&2����7R

VHH�WKLV��OHW©V�VXSSRVH�ZH�KDG�RQH�PDFKLQH�UXQQLQJ�5)*(1�WU\LQJ

WR� FUHDWH� 3,&2���� DQG� WKHQ� HYROYH� LW� LQWR� 3,&2��� E\� UXQQLQJ

3,&2��� ���� WLPHV� SHU� VHFRQG�� DQG� DQRWKHU� PDFKLQH� UXQQLQJ

5)*(1�WU\LQJ� WR�FUHDWH�3,&2���GLUHFWO\��+RZ�ORQJ�ZLOO� LW� WDNH

EHIRUH�WKHUH�LV�D�ILIW\�SHUFHQW�FKDQFH�RI�FUHDWLQJ�3,&2����E\�HLWKHU

JDWHZD\"

7KH�ILUVW�PDFKLQH�PXVW�FUHDWH�3,&2���ILUVW��7KDW�ZLOO�WDNH�DERXW

����PLOOLRQ�\HDUV�RQ�D�VLQJOH�PDFKLQH��1H[W��LW�PXVW�HYROYH�3,&2��

LQWR�3,&2����%HFDXVH�RI�WKH�VPDOO�SUREDELOLW\�RI�WKDW�KDSSHQLQJ��LW

ZLOO�WDNH�����[������\HDUV��7KDW�IDU�RXWZHLJKV�WKH�����PLOOLRQ�\HDUV

UHTXLUHG�WR�FUHDWH�3,&2���

��� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ

�����FKDQFH�RI�KDYLQJ�WKH�ULJKW�WZR�E\WHV�LQ�SODFH�DIWHU�WKH�PXWDWLRQ�



7KH�VHFRQG�PDFKLQH�PXVW�VLPSO\�FUHDWH�3,&2����$�FDOFXODWLRQ

VKRZV�WKDW�ZLOO�WDNH�DERXW�����PLOOLRQ�\HDUV�RQ�D�VLQJOH�PDFKLQH�

:KLOH�WKDW©V�D�ORW�ORQJHU�WKDQ�ZKDW©V�QHHGHG�WR�FUHDWH�3,&2����LW�LV

VWLOO�PXFK�OHVV�WKDQ�WKH������\HDUV�QHHGHG�WR�HYROYH�3,&2���IURP

3,&2����7KXV�ZH�FDQ�FRQFOXGH�WKDW�HYROXWLRQ�LV�QRW�D�YLDEOH�ZD\

WR� EULQJ� 3,&2��� LQWR� WKH�ZRUOG�� ,W� LV�PXFK�ZRUVH� WKDQ� UDQGRP

JXHVVLQJ��7KXV��LI�\RX�IRXQG�FRSLHV�RI�3,&2���DQG�3,&2���LQ�WKH

ZLOG��\RX�ZRXOG�EH�EHWWHU�RII�VD\LQJ�WKH\�DUH�VHSDUDWH�FUHDWLRQV�WKDQ

VD\LQJ�RQH�HYROYHG�IURP�WKH�RWKHU�

7KH�EDUULHU�WR�HYROXWLRQ�IURP�3,&2���WR�3,&2���LV�ODUJHO\�GXH

WR�WKH�VPDOO�DPRXQW�RI�WLPH�WKDW�3,&2���VSHQGV�LQ�PHPRU\��DQG

WKH�IDFW�WKDW�3,&2���OLYHV�RQO\�LQ�PHPRU\��7KXV��ZH�FDQQRW�JHW

HQRXJK� FRSLHV� RI� 3,&2��� UHSOLFDWLQJ� DW� RQFH�� HYHQ� LQ� RXU� YHU\

IDYRUDEOH�PRGHO��WR�PDNH�LW�UHDVRQDEOH�WR�PXOWLSO\�WKH�YHU\�VPDOO

IDFWRU�µ�������E\�D�QXPEHU�ELJ�HQRXJK�WR�PDNH�WKH�UHVXOW�ELJ���7KDW

LV� WKH� ILUVW�EDUULHU� WR�HYROXWLRQ��'DUZLQLDQ�HYROXWLRQ�GRHV�XV�QR

JRRG�XQOHVV�WKH�SRSXODWLRQ�LV�ODUJH�HQRXJK�WR�RYHUFRPH�WKH�VPDOO

PXWDWLRQ�UDWHV��6LQFH�3,&2���FDQ©W�UHDOLVWLFDOO\�GR�WKDW��LW�FRXOG�QRW

ORJLFDOO\� EH� DQ� DUFKHW\SDO� YLUXV�� ,W©V� HDVLHU� WR� MXVW� XVH� UDQGRP

SURFHVVHV�WR�PDNH�VRPHWKLQJ�D�OLWWOH�ELJJHU�WKDQ�LW��

3UREDEO\��&203$1,21�����LV�WKH�VPDOOHVW�YLUXV�WKDW�VWDQGV

D�UHDVRQDEOH�FKDQFH�RI�EXLOGLQJ�D�ODUJH�SRSXODWLRQ�LQ�HYHQ�WKH�PRVW

IDYRUDEOH�FLUFXPVWDQFHV��H�J���ZKHUH�HYHU\ERG\�LJQRUHG�LW���$OO�RI

WKH�VPDOOHU�YLUXVHV�DUH�UHDO�QXLVDQFHV��7KH\�GHVWUR\�SURJUDPV��RU

KDQJ�\RXU�FRPSXWHU��VR�SHRSOH�ZLOO�QRW�LJQRUH�WKHP��$W�EHVW�WKH\

ZLOO�WHVW�WKHP�RQFH�DQG�SXW�WKHP�DZD\��$W�ZRUVW��WKH\�ZLOO�REOLWHUDWH

WKHP��6R�WKHLU�SRSXODWLRQ�ZLOO�DOZD\V�EH�YHU\�VPDOO��

&203$1,21�����LV�DOVR�SUREDEO\�YHU\�QHDU�WKH�PLQLPXP

VL]H�IRU�D�YLUXV�ZLWK�LWV�IXQFWLRQDOLW\�WRR��7KDW�ZDV�WKH�ZKROH�SRLQW

RI�WKH�)LUVW�,QWHUQDWLRQDO�9LUXV�:ULWLQJ�&RQWHVW��1RZ��VRPH�JHQLXV

SURJUDPPHU�PLJKW�ILJXUH�RXW�KRZ�WR�PDNH�WKH�VDPH�WKLQJ�ZRUN�LQ

���E\WHV��EXW�QRERG\�ZLOO�HYHU�JHW�LW�WR�ZRUN�LQ����E\WHV��7KH�FRQWHVW

VKRZHG�WKDW�WKHUH�LV�D�PLQLPXP�OHYHO�RI�IXQFWLRQDOLW\�\RX�UXQ�XS

DJDLQVW��$IWHU�D�SRLQW��\RX�FDQ�RQO\�FXW�WKH�VL]H�DW�WKH�H[SHQVH�RI

IXQFWLRQDOLW\��

7KXV�ZH�DUH�SUHWW\�PXFK�ORRNLQJ�DW�WKH�SRVVLELOLW\�WKDW�HYROX�

WLRQ�FDQQRW�UHDOLVWLFDOO\�NLFN�LQ�IRU�FRPSXWHU�YLUXVHV�WKDW�DUH�OHVV

WKDQ�DERXW�����E\WHV�ORQJ��6LPSO\�SXW��WKH\�ZLOO�QHYHU�JHW�D�FKDQFH

,Q�WKH�%HJLQQLQJ ���



WR� UHSURGXFH�HQRXJK� WR�EXLOG� WKH� ODUJH�SRSXODWLRQ�QHFHVVDU\� IRU

HYROXWLRQ��

*HWWLQJ� HYROXWLRQ� WR�NLFN� LQ� UHTXLUHV�PRUH� WKDQ� MXVW� D� ODUJH

SRSXODWLRQ��WKRXJK��,W�DOVR�UHTXLUHV�D�IDYRUDEOH�ILWQHVV�IXQFWLRQ��,I

D�YLUXV�LV�WUDSSHG�LQ�D�UHJLRQ�RI�VSDFH�ZKHUH�DQ\�PXWDWLRQ�ZRXOG

EH�XQIDYRUDEOH��WKHQ�LW�ZLOO�QRW�HYROYH�ZLWKRXW�D�PDFUR�PXWDWLRQ

WR�JHW�LW�RXW�RI�LWV�WUDS��/LNHZLVH��LI�D�YLUXV�KDG�WR�SHUIRUP�D�UDQGRP

VHDUFK�RI�LWV�JHQH�VSDFH�EHFDXVH�WKH�ILWQHVV�IXQFWLRQ�ZDV�DW�EHVW�IODW

ZKHUH�LW�ZDV��HYROXWLRQ�FRXOG�EH�FRPSOHWHO\�LQHIIHFWLYH�DW�FDXVLQJ

DQ\�UHDO�FKDQJH��7KH�UDQGRP�VHDUFK©V�LQHIILFLHQF\�FDQ�HDVLO\�GZDUI

WKH�PXWDWLRQ�UDWH��HYHQ�LI�WKH�SRSXODWLRQ�LV�KXJH��<RX©OO�UHPHPEHU

WKDW�D�UDQGRP�VHDUFK�ZDV�XVHOHVV�IRU�����E\WHV�HYHQ�ZKHQ�DOO�WKH

SDUWLFOHV�LQ�WKH�XQLYHUVH�ZHUH�WU\LQJ�FRPELQDWLRQV�DV�IDVW�DV�LPDJ�

LQDEOH�

/HW©V� LOOXVWUDWH� WKHVH� WZR�SUREOHPV�LQ�RXU�ZRUOG�RI�'26�YL�

UXVHV��7R�GR�WKDW��,�FUHDWHG�D�OLWWOH�VLPSOLILFDWLRQ�RI�&203$1,21�

����ZKLFK�,�FDOO�67203(5������67203(5�����RYHUZULWHV�ILOHV

UDWKHU�WKDQ�RSHUDWLQJ�DV�D�FRPSDQLRQ�YLUXV��7KH�HIIHFWLYH�OHQJWK�RI

67230(5�����LV����E\WHV��EXW�LW�LV�SDGGHG�ZLWK�QRS©V�WR�PDWFK

&203$1,21����� DV�PXFK� DV� SRVVLEOH�� 6LQFH�67203(5����

RYHUZULWHV��LW�SUREDEO\�ZRQ©W�EXLOG�D�ELJ�SRSXODWLRQ��/HW©V�QHJOHFW

WKDW�IDFW�IRU�D�PRPHQW��,I�ZH�ZHUH�WR�LPDJLQH�KRZ�67203(5����

FRXOG�HYROYH�LQWR�&203$1,21������ZH�PLJKW�WU\�WR�FRQVWUXFW�D

YLDEOH�VHTXHQFH�RI�RQH�ELW�PXWDWLRQV�WR�JR�IURP�RQH�WR�WKH�RWKHU�

+RZHYHU�� VRPH� RI� WKH� VWUXFWXUHV� LQ�&203$1,21����� EDU� WKH

ZD\��)RU� H[DPSOH�� LW� LV� VRPHZKDW� RI� D�P\VWHU\�KRZ�RQH�PLJKW

JHQHUDWH�SXVK�SRS�VHTXHQFHV�ZLWK�VLPSOH�RQH�ELW�PXWDWLRQV��

QRS → SXVK�E[

����� �����

QRS → SRS�E[

2QFH�\RX�KDYH�RQH�SXVK�RU�SRS�LQ�SODFH��WKH�SURJUDP�ZLOO�FUDVK

ZLWKRXW�WKH�RWKHU��,WV�ILWQHVV�LV�PXFK�ORZHU�WKDQ�WKH�SDUHQW��,W�FDQQRW

UHSOLFDWH�DW�DOO��7KH�RQO\�ZD\�WR�JHW�DURXQG�WKLV�SUREOHP�DSSHDUV�WR

EH�D�PDFUR�PXWDWLRQ��ZKHUH�PXOWLSOH�ELWV�DUH�PXWDWHG�DW�WKH�VDPH

WLPH�LQ�GLIIHUHQW�SDUWV�RI�WKH�SURJUDP��$OO�VLQJOH�ELW�PXWDWLRQV�ZLOO

EH�HIIHFWLYHO\�VWRSSHG�

��� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ



2WKHU�PXWDWLRQV�SRVH�QR�XQXVXDO�SUREOHPV�LQ�WKDW�WKH\�GRQ©W

PHDVXUDEO\�GHWUDFW�IURP�67203(5©V�DELOLW\�WR�VXUYLYH��)RU�H[�

DPSOH��WKH�VHTXHQFH��VHH�&203$1,21�DQG�67203(5©V�OLVWLQJ�

QRS ����

QRS ����

PRY DO��� �%�����

PRY DK��� �%�����

PRY DK��� �%�����

�����

PRY DK��� �%�����

LV�YLDEOH��$OO�RI�WKH�YLUXVHV�LQ�WKH�VHTXHQFH�DUH�MXVW�DV�YLDEOH�DV

67203(5������+RZHYHU��LW�ZRXOG�DSSHDU�WKDW�QRQH�RI�WKHP�JLYH

WKH�PXWDWHG�FRGH�DQ�DGYDQWDJH�RYHU�WKH�RULJLQDO��7KXV��QR�VXUYLYDO

PHFKDQLVP�FDQ�NLFN�LQ�WR�GLUHFW�WKH�HYROXWLRQ�RI�67203(5����

LQWR�WKH�QHZ�IRUP��7KH�ILWQHVV�IXQFWLRQ�LV�IDLUO\�IODW��7KDW�PHDQV

\RX� PD\� JHW� PXWDWLRQV�� EXW� WKH� PXWDWLRQV� FDQ� RQO\� SHUIRUP� D

UDQGRP�VHDUFK��7KHUH�LV�QR�VHOHFWLRQ�SURFHVV�WR�JXLGH�WKHP�WRZDUG

&203$1,21������ 7KH� RQO\� UHDOO\� ELJ� MXPS� LQ� ILWQHVV� FRPHV

ZKHQ�\RX�JHW�WKH�IXOO�IXQFWLRQDOLW\�RI�&203$1,21������DQG�WKDW

ZRQ©W�KDSSHQ�XQWLO�\RX©UH�SUHWW\�QHDU� WR�KDYLQJ�DGGHG�VRPH���

E\WHV�RI�FRGH��7KDW�LV�MXVW�WRR�PXFK�WR�H[SHFW�D�UDQGRP�VHDUFK�WR

SHUIRUP�LQ�D�UHDOLVWLF�PRGHO��

6XPPDU\

:H�KDYH�VHHQ�KRZ�XQOLNHO\�LW�ZRXOG�EH�WR�FUHDWH�&203$1�

,21�����E\�UDQGRP�SURFHVVHV¥HYHQ�ZKHQ�ULGLFXORXVO\�DFFHOHU�

DWHG��¦8QOLNHO\§ �LVQ©W�HYHQ�D�JRRG�ZRUG��¦0LUDFOH§ �VHHPV�PRUH

DSSURSULDWH�� $V� VXFK�� ZH� FDQQRW� UHO\� RQ� UDQGRP� SURFHVVHV� RU

FKDQFH�WR�EULQJ�DQ\WKLQJ�OLNH�WKLV�YLUXV�LQWR�H[LVWHQFH�

,Q�WKH�%HJLQQLQJ ���



)XUWKHUPRUH��&203$1,21����� LV�DERXW� WKH�VPDOOHVW�YLUXV

ZKLFK�FRXOG�SUROLIHUDWH�ZHOO�HQRXJK�WR�KDYH�DQ\�FKDQFH�RI�JHWWLQJ

HYROXWLRQ�WR�NLFN�LQ��$Q\WKLQJ�VPDOOHU�PXVW�VDFULILFH�VRPH�IXQF�

WLRQDOLW\�� 7KHUHIRUH� LW� GRHV� QRW�PDNH� VHQVH� WR� ORRN� IRU� VPDOOHU

YLUXVHV�WKDW�PLJKW�KDYH�EHHQ�FUHDWHG�E\�FKDQFH��DQG�WKHQ�KRSH�WKH\

FRXOG�HYROYH� LQWR�&203$1,21������7KH�SURFHVV�RI�HYROXWLRQ

LWVHOI�ZRXOG�UHTXLUH�PRUH�OXFN�WKDQ�WKH�FUHDWLRQ�RI�D�IXOO\�ZRUNLQJ

&203$1,21�����WR�EHJLQ�ZLWK��7KDW�LV�EHFDXVH�VPDOO�PXWDWLRQ

UDWHV� DQG� VPDOO� SRSXODWLRQV� GRQ©W� ERGH�ZHOO� IRU� HYROXWLRQ�� 7KH

VWUXFWXUHV� UHTXLUHG� WR�HYROYH�VRPHWKLQJ�OLNH�&203$1,21����

SUHVHQW�VLJQLILFDQW�REVWDFOHV�WR�HYROXWLRQ���DQG�ZH�H[SHFW�WKHUH�ZLOO

EH�ODUJH�DUHDV�ZKHUH�HYROXWLRQ�LWVHOI�ZLOO�KDYH�WR�SHUIRUP�D�UDQGRP

VHDUFK�IRU�WKH�ULJKW�YLUXV��ZLWKRXW�WKH�DLG�RI�VLJQLILFDQW�VHOHFWLRQ

SURFHVVHV�

$V�VXFK��ZH�FDQ�ILQG�QR�YLDEOH�PHDQV�RI�H[SODLQLQJ�KRZ�SUHVHQW

GD\�YLUXVHV�JRW�KHUH��VKRUW�RI�VD\LQJ�WKDW�WKH\�ZHUH�LQWHOOLJHQWO\

GHVLJQHG�E\�SHRSOH��,Q�WKH�ZRUOG�RI�'26�YLUXVHV��DELRJHQHVLV�LV

RXW��SHULRG��7KDW�PD\�VHHP�DQWL�FOLPDFWLF��+RZHYHU��LW�LV�DQWL�FOL�

PDFWLF�RQO\�LI�WKLV�FRQFOXVLRQ�LV�LUUHOHYDQW�WR�$/�LQ�JHQHUDO�DQG�WR

RXU�ZRUOG�RI�FDUERQ�EDVHG�RUJDQLVPV�� ,Q� IDFW�� LW� LV�DQ\WKLQJ�EXW

LUUHOHYDQW������

��� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ



7KH�5HDO�:RUOG��
%HJLQQLQJV

,Q�WKH�ODVW�FKDSWHU�ZH�IDFHG�VRPH�UDWKHU�VHULRXV�REVWDFOHV�WR

JHWWLQJ�YLUXVHV�VWDUWHG�LQ�WKH�ZRUOG�RI�ELWV�DQG�E\WHV��:H�IRXQG�WKDW

LW�ZDV�DOPRVW�HVVHQWLDO�WR�LQMHFW�LQWHOOLJHQFH�LQWR�WKH�V\VWHP�LQ�VRPH

ZD\��7KH�OLNHOLKRRG�WKDW�YLUXVHV�FRXOG�JHW�JRLQJ�SXUHO\�E\�FKDQFH

DSSHDUHG�WR�EH�EH\RQG�RXU�ZLOGHVW�GUHDPV�RI�UHPRWH�

7KLV� SLFWXUH� LV� YHU\� GLIIHUHQW� IURP� WKH� SRSXODU� YLHZ� RI� WKH

RULJLQ�RI�OLIH�RQ�HDUWK��0RVW�SHRSOH�VHHP�WR�EHOLHYH�WKDW�OLIH�VWDUWHG

DV�D�UHVXOW�RI�QDWXUDO�FKHPLFDO�SURFHVVHV�RQ�WKH�VXUIDFH�RI�WKH�HDUWK

PDQ\�ELOOLRQV�RI�\HDUV�DJR��7KLV�SLFWXUH�RI�WKH�EHJLQQLQJ�LV�SDLQWHG

LQ�ERRN�DIWHU�ERRN��DQG�LQ�FODVVURRPV�DURXQG�WKH�ZRUOG��<RX�ZRXOG

WKLQN�LW�ZDV�D�ZHOO�HVWDEOLVKHG�VFLHQWLILF�IDFW��8QIRUWXQDWHO\��QRWK�

LQJ�FRXOG�EH�IXUWKHU�IURP�WKH�WUXWK��2QFH�\RX�VWDUW�GLJJLQJ�LQWR�WKH

VFLHQWLILF� MXVWLILFDWLRQ� IRU� VXFK� QRWLRQV�� \RX� ILQG� RXW� MXVW� KRZ

YDFXRXV�WKH\�DUH��7KH�VLWXDWLRQ�LV�PXFK�ZRUVH�WKDQ�WKH�SUREOHPV

ZH�HQFRXQWHUHG�ZLWK�HYROXWLRQ�

)UDQFLV�&ULFN��RQH�RI�WKH�PHQ�ZKR�XQUDYHOOHG�WKH�P\VWHULHV�RI

'1$�LQ�WKH�ILIWLHV��ZURWH�LQ������

¦$Q�KRQHVW�PDQ��DUPHG�ZLWK�DOO�WKH�NQRZOHGJH�DYDLODEOH�WR�XV

QRZ��FRXOG�RQO\�VWDWH�WKDW�LQ�VRPH�VHQVH��WKH�RULJLQ�RI�OLIH�DSSHDUV

DW�WKH�PRPHQW�WR�EH�DOPRVW�D�PLUDFOH��VR�PDQ\�DUH�WKH�FRQGLWLRQV

ZKLFK�ZRXOG�KDYH�KDG�WR�KDYH�EHHQ�VDWLVILHG�WR�JHW�LW�JRLQJ�§ �

7KRXJK�&ULFN�VDZ�QR� UHDVRQ� WR�EHOLHYH� WKDW� OLIH�FRXOG�QRW�KDYH

DULVHQ�E\�UHDVRQDEOH�FKHPLFDO�SURFHVVHV��KH�VHHPHG�GULYHQ�WR�VSHQG



RYHU�KDOI�RI�KLV�ERRN��/LIH� ,WVHOI��GHIHQGLQJ� WKH� LGHD�RI�GLUHFWHG

SDQVSHUPLD��'LUHFWHG�SDQVSHUPLD�LV�WKH�LGHD�WKDW�OLIH�SUREDEO\�GLG

QRW� RULJLQDWH� RQ� HDUWK�� EXW� VRPHZKHUH� HOVH� LQ� WKH�XQLYHUVH�� DQG

PLFURRUJDQLVPV�ZHUH�VXEVHTXHQWO\�VHQW�WR�HDUWK�WR�SRSXODWH�LW��7KH

SXUSRVH�RI�VXFK�D�ZLOG�LGHD�LV�WR�PLWLJDWH�WKH�GLIILFXOWLHV�RI�¦DOPRVW

D�PLUDFOH§ �WR�JHW�OLIH�JRLQJ�RQ�HDUWK�

:H�KDYH�WR�ZRQGHU��ZKDW�LV�LW�WKDW�GULYHV�D�1REHO�/DXUHDWH�WR

LQYRNH�VSDFHPHQ�WR�GHDO�ZLWK�WKH�RULJLQ�RI�OLIH�RQ�HDUWK"�1HLWKHU�LV

KH�DORQH��$��*��&DULQV�6PLWK��LQ�6HYHQ�&OXHV�WR�WKH�2ULJLQ�RI�/LIH

ZULWHV

¦%XW�\RX�VD\��ZLWK�DOO�WKH�WLPH�LQ�WKH�ZRUOG��DQG�VR�PXFK�ZRUOG�

WKH�ULJKW�FRPELQDWLRQV�RI�FLUFXPVWDQFHV�ZRXOG�KDSSHQ�VRPH�WLPH"

,V�WKDW�QRW�SODXVLEOH"

¦7KH�DQVZHU�LV�QR��WKHUH�ZDV�QRW�HQRXJK�WLPH��DQG�WKHUH�ZDV�QRW

HQRXJK�ZRUOG�§ �

+H�DUJXHV�WKDW�PRGHUQ�FDUERQ�EDVHG�OLIH�ZDV�WKH�E\SURGXFW�RI�D

JHQHWLF�WDNHRYHU�IURP�D�V\VWHP�RI�FOD\�EDVHG�FKHPLVWU\��7KD[WRQ�

%UDGOH\�DQG�2OVHQ��LQ�7KH�0\VWHU\�RI�/LIH©V�2ULJLQ��5HDVVHVVLQJ

&XUUHQW�7KHRULHV���DUH�GULYHQ�WR�FRQVLGHU�GLYLQH�FUHDWLRQ��5REHUW

6KDSLUR��LQ�2ULJLQV��$�6NHSWLF©V�*XLGH�WR�WKH�&UHDWLRQ�RI�/LIH�RQ

(DUWK��EHOLHYHV�D�VFLHQWLILF�DQVZHU�ZLOO�FRPH��EXW�DGPLWV�WKDW�PXFK

RI�WKH�PRGHUQ�DSSURDFK�¦GRHV�QRW�UHSUHVHQW�VFLHQFH��EXW�UDWKHU�D

VHDUFK�IRU�HYLGHQFH�LQ�VXSSRUW�RI�DQ�HVWDEOLVKHG�P\WKRORJ\�§���

��� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ

� )UDQFLV�&ULFN��/LIH�,WVHOI��6LPRQ�	�6FKXVWHU��1HZ�<RUN�������S����
� $��*��&DLUQV�6PLWK��6HYHQ�&OXHV�WR�WKH�2ULJLQ�RI�/LIH��&DPEULGJH�8QLYHUVLW\

3UHVV��&DPEULGJH�������S����
� &KDUOHV�7KD[WRQ��:DOWHU�%UDGOH\��5RJHU�2OVHQ��7KH�0\VWHU\�RI�/LIH©V�2ULJLQ�

5HDVVHVVLQJ�&XUUHQW�7KHRULHV��3KLORVRSKLFDO�/LEUDU\��1HZ�<RUN�������
� 5REHUW�6KDSLUR��2ULJLQV��$�6NHSWLF©V�*XLGH�WR�WKH�&UHDWLRQ�RI�/LIH�RQ�(DUWK

�6XPPLW�%RRNV��1HZ�<RUN�������S�����
� ,�ZRXOG�XUJH�\RX�WR�SLFN�XS�VRPH�RI�WKHVH�ERRNV�DQG�UHDG�WKHP��7KH\©OO�JLYH

\RX�D�SURSHU�SHUVSHFWLYH�RQ�WKH�PDJQLWXGH�RI�WKLV�SUREOHP��ZKHUH�,�FDQ�RQO\
WRXFK�RQ�LW�KHUH��DQG�UHIHU�\RX�WR�WKHVH�DXWKRUV�IRU�WKH�DUJXPHQWV�WR�EDFN�XS
ZKDW�,�VD\��2I�WKHVH�IRXU�ERRNV��0\VWHU\�LV�WKH�EHVW�EHFDXVH�LW�EHVW�GHDOV�ZLWK
WKH�LQIRUPDWLRQDO�FRQWHQW�RI�OLIH��DQG�WKDW�LV�ZKDW�FDXVHV�DOO�WKH�SUREOHPV�



,Q�IDFW��WKH�YRLFHV�RI�WKHVH�VNHSWLFV�VHHP�WR�HFKR�PDQ\�RI�WKH

SUREOHPV�ZH�IRXQG�ZLWK�WKH�LGHD�WKDW�YLUXVHV�PLJKW�KDYH�IRUPHG

VSRQWDQHRXVO\�LQ�VRPH�PDQQHU��7R�VHH�WKLV��OHW©V�ILUVW�JR�EDFN�DQG

ORRN�DW�WKH�SUREOHPV�ZH�UDQ�LQWR�LQ�WKH�ODVW�FKDSWHU��RQO\�QRZ�LQ�WKH

UHDO�ZRUOG��������

5DQGRP�3URFHVVHV

,Q� WKH� ODVW� FKDSWHU� ZH� IRXQG� WKDW� UDQGRP� SURFHVVHV� ZHUH

IULJKWIXOO\�LQDGHTXDWH�ZKHQ�LW�FDPH�WR�WKH�WDVN�RI�WU\LQJ�WR�DVVHPEOH

D� ILUVW� ¦ OLYLQJ� RUJDQLVP�§ �)RU� HYHQ� WKH� VLPSOHVW� YLDEOH� YLUXVHV�

SUREDELOLWLHV�RI�JHWWLQJ�WKH�ULJKW�DQVZHU�DW�UDQGRP�ZHUH�RQ�WKH�RUGHU

RI���LQ�������RU�ZRUVH��,Q�IDFW�� WKH�SUREDELOLWLHV�ZHUH�VR�VWDFNHG

DJDLQVW� XV� WKDW� KDG�ZH� VHHQ� D� YLUXV� SRS�RXW� RI� RXU� UDQGRP� ILOH

JHQHUDWRU��ZH©G�EH�MXVWLILHG�WR�FDOO�LW�D�PLUDFOH�

*HQHUDOO\��WKH�VDPH�NLQGV�RI�DQDO\VHV�JLYH�SUHSRVWHURXV�QXP�

EHUV�IRU�UHDO�ZRUOG�RUJDQLVPV�WRR��/HW©V�LQYHVWLJDWH�WKLV�E\�H[DP�

LQLQJ�VRPH�FRPPRQ�UHDO�ZRUOG�OLIH�DQG�VRPH�SURSRVHG�IRUPV�RI

SURWR�OLIH�

([DPSOH����7KH�%DFWHULXP�(��&ROL��

(��&ROL� LV�RQH�RI�WKH�VLPSOHVW�OLYLQJ�RUJDQLVPV��D�RQH�FHOOHG

EDFWHULXP��,W�ZRXOG�VHHP�IDLUO\�FHUWDLQ�WKDW�DQ�RUJDQLVP�RI�VLPLODU

FRPSOH[LW\�FRXOG�VXUYLYH�DQG�SURVSHU�RQ�WKH�HDUO\�HDUWK��2QH�PLJKW

UHDVRQDEO\�DUJXH�WKDW�LW�LV�WKH�PLQLPXP�YLDEOH�OLIH�IRUP��$V�IDU�DV

SUHVHQW�GD\�OLIH�JRHV��WKH�RQO\�WKLQJ�VLPSOHU�DUH�YLUXVHV��DQG�WKH\

UHTXLUH�D�YHU\�VSHFLDO�HQYLURQPHQW�WR�OLYH¥WKH�LQVLGH�RI�D�FHOO��$V

VXFK��RQH�FRXOG�FHUWDLQO\�DUJXH�WKDW�WRGD\©V�YLUXVHV�ZRXOG�QRW�EH

YLDEOH�XQWLO�WKH�PRUH�FRPSOH[�RQH�FHOOHG�RUJDQLVPV�KDG�ILUVW�FRPH

LQWR�EHLQJ�

(�� &ROL� KDV� D� '1$� PROHFXOH� ZKLFK� LV� URXJKO\� ���������

QXFOHRWLGHV�ORQJ���(DFK�RI�WKHVH�IRXU�PLOOLRQ�VLWHV�LV�RFFXSLHG�E\

7KH�5HDO�:RUOG��%HJLQQLQJV ���

� $Q�H[FHOOHQW�UHYLHZ�RI�DOO�WKH�ZRUNLQJV�RI�(��&ROL�LV�JLYHQ�E\�5REHUW�*ODVV�
*HQH� )XQFWLRQ�� (�� &ROL� DQG� LWV� +HULWDEOH� (OHPHQWV� �&URRP� +HOP�
/RQGRQ�������

� ,ELG���S�����



RQH�RI�IRXU�GLIIHUHQW�QXFOHRWLGHV��7KXV��WKH�SUREDELOLW\�RI�FUHDWLQJ

LW�DW�UDQGRP�IURP�WKH�ULJKW�EDVHV�LV���LQ������������ ���LQ�������������

7KLV�LV�DQ�DEVXUGO\�VPDOO�QXPEHU¥PXFK�VPDOOHU�WKDQ�DQ\WKLQJ�ZH

HQFRXQWHUHG�ZLWK�RXU�VLPSOH�YLUXVHV��(YHQ�SXWWLQJ�HYHU\�DWRP�LQ

WKH�XQLYHUVH�WR�ZRUN�V\QWKHVL]LQJ�PROHFXOHV�ZRXOGQ©W�PDNH�D�GHQW

LQ�WKLV�QXPEHU��2I�FRXUVH��ZH�GRQ©W�UHDOO\�NQRZ�KRZ�GHJHQHUDWH

WKH�LQVWUXFWLRQV�DUH��-XVW�DV�ZLWK�WKH�&203$1,21�����YLUXV��ZH

IRXQG�WKDW�ZH�FRXOG�UHDUUDQJH�VRPH�LQVWUXFWLRQV�DQG�JHW�HVVHQWLDOO\

WKH�VDPH�IXQFWLRQDOLW\��ZH�PLJKW�EH�DEOH�WR�PDNH�VRPH�FKDQJHV�LQ

VRPH�RI�WKHVH�����������QXFOHRWLGHV�DQG�VWLOO�JHW�DQ�RUJDQLVP�WKDW

FRXOG�GR�ZHOO�RQ�WKH�HDUO\�HDUWK��7KH�UHGXQGDQF\�RI� WKH�JHQHWLF

FRGH�KHOSV�XV�RXW�D�ORW�KHUH��(VVHQWLDOO\��LW�JHWV�RXU�QXPEHU�GRZQ

WR������������ �������������*RLQJ�EH\RQG�WKDW��WKRXJK��DW�WKH�SURWHLQ

OHYHO�� DUH� WKHUH� D� KXQGUHG�YLDEOH� FRPELQDWLRQV"�$� WKRXVDQG"�$

PLOOLRQ"�1R�RQH�NQRZV�IRU�VXUH��VR�LW©V�QRW�VXUH�KRZ�IDU�ZH�FRXOG

VKULQN�������������GRZQ��2Q�WKH�RWKHU�KDQG��ZH�KDYH�D�ORQJ��ORQJ

ZD\�WR�VKULQN�LW�EHIRUH�LW�FRPHV�ZLWKLQ�WKH�UHDOP�RI�SRVVLEOH��

([DPSOH����7KH��0'9���51$���4β�UHSOLFDVH�VHTXHQFH��

4β�LV�D�EDFWHULDO�YLUXV�PDGH�XS�RI�51$�WKDW�FDQ�EH�HYROYHG�LQ
WKH�SURSHU�PHGLXP�LQ�D�WHVW�WXEH��TXLWH�DSDUW�IURP�WKH�EDFWHULD�LW

QRUPDOO\� LQIHFWV�� 7KLV� PHGLXP� LQFOXGHV� DQ� HQ]\PH�� FDOOHG� 4β
UHSOLFDVH��WR�NHHS�WKH�VHOI�UHSURGXFWLRQ�JRLQJ��,Q�WKDW�VSHFLDO�HQYL�

URQPHQW�LW�FDQ�EH�HYROXWLRQDULO\�¦ WXQHG§ �WR�IDYRU�VKRUW�FKDLQV�RI

JHQHWLF�PDWHULDO�EHFDXVH�WKH�VKRUW�FKDLQV�UHSOLFDWH�IDVWHU��7KH�UHVXOW

LV�D�VWUDQG�RI�51$�����QXFOHRWLGHV�ORQJ�GXEEHG�0'9����,W�KDV

EHHQ�GHPRQVWUDWHG�WKDW�WKLV�0'9���51$�VHTXHQFH�FDQ�HYROYH�D

UHVLVWDQFH� WR� (WKLGLXP� %URPLGH� LQ� D� ODERUDWRU\� HQYLURQPHQW���

��� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ

� $QG�ZH�FDQ�PDNH�WKH�QXPEHU�D�ORW�ELJJHU�LI�ZH�ZDQW�WR��E\�FRQVLGHULQJ�GLIIHUHQW
W\SHV�RI�FKHPLFDO�ERQGV�DQG�LVRPHUV�RI�WKH�QXFOHLF�DFLGV��DOO�RI�ZKLFK�PXVW�EH
MXVW�ULJKW�LQ�RUGHU�IRU�WKH�PROHFXOHV�WR�ZRUN�DV�WKH\�DUH�VXSSRVHG�WR�

� .DFLDQ��0LOOV��.UDPHU�	�6SLHJHOPDQ�¦$�5HSOLFDWLQJ�51$�0ROHFXOH�6XLWDEOH
IRU� D� 'HWDLOHG� $QDO\VLV� RI� ([WUDFHOOXODU� (YROXWLRQ� DQG� 5HSOLFDWLRQ§ �
3URFHHGLQJV� RI� WKH� 1DWLRQDO� $FDGHP\� RI� 6FLHQFH�� 86$�� ���� ������� SS�
����������

��.UDPHU��0LOOV��&ROH��1LVKLKDUD�	�6SLHJHOPDQ��¦(YROXWLRQ�LQ�YLWUR��6HTXHQFH
DQG�3KHQRW\SH�RI�D�0XWDQW�51$�5HVLVWDQW�WR�(WKLGLXP�%URPLGH§ ��-RXUQDO�RI



6RPHWKLQJ�OLNH�WKLV�SHUKDSV�UHSUHVHQWV�D�PLQLPDO�VHOI�UHSOLFDWLQJ

DQG�HYROYLQJ�PROHFXOH� LQ� WKH� UHDO�ZRUOG��SHUKDSV�VRPHZKHUH� LQ

EHWZHHQ� 0,1,���� DQG� 3,&2���� IXQFWLRQDOO\�� ,QIRUPDWLRQ� ZLVH�

ZH©UH�WDONLQJ�DERXW�VRPH����E\WHV�RI�FRGH�

7KH�SUREDELOLW\�RI�FUHDWLQJ�WKLV�51$�VHTXHQFH�DW�UDQGRP�LV��

LQ������ ��������SHU�DWWHPSW��7KDW�LV�XQOLNHO\��EXW�QRW�QHDUO\�VR�EDG

DV�IRU�(��&ROL�

([DPSOH����/HVOLH�2UJHO©V�¦1DNHG�51$�JHQH§��

/HVOLH� 2UJHO� KDV� VKRZQ� WKDW� VRPH� VLQJOH� VWUDQGV� RI� 51$�

W\SLFDOO\�WHQ�QXFOHRWLGHV�ORQJ�FDQ�EH�FRQYHUWHG�WR�D�GRXEOH�VWUDQG

RI�51$� �LQ� WKH� IRUP�RI� D� GRXEOH�KHOL[��ZLWKRXW� DQ\� FDWDO\]LQJ

HQ]\PH�OLNH�4β�UHSOLFDVH��$V�VXFK��WKLV�VLQJOH�VWUDQG��IRUPLQJ�D
GRXEOH�KHOL[� LV�D�VLQJOH� UHSOLFDWLRQ��$W� WKDW�SRLQW� WKH� UHSOLFDWLRQ

VWRSV��6RPHWKLQJ�OLNH�WKLV�LV�QRW�TXLWH�UHSOLFDWLQJ��DQG�KDV�SHUKDSV

D�OLWWOH�OHVV�IXQFWLRQDOLW\�WKDQ�3,&2���

1RZ��WKH�QXPEHUV�LQ�([DPSOH���DQG���DUH�VR�ODUJH�WKDW��HYHQ

WKRXJK�WKH�UHDO�ZRUOG�LV�D�YDVWO\�GLIIHUHQW�SODFH�WKDQ�WKH�LQVLGH�RI

D�FRPSXWHU��ZH�VWLOO�IDFH�LQFUHGLEOH�LPSUREDELOLW\��)RU�H[DPSOH�LW

WDNHV�DQ�LQFUHGLEOH�DPRXQW�RI�HIIRUW�WR�EXLOG�����FRPSXWHUV��EXW�LW

LV� YHU\� HDV\� WR� VHW� XS� D� FKHPLFDO� UHDFWLRQ� LQYROYLQJ� ����� RU� VR

LQGLYLGXDO� UHDFWDQWV�� <HW� D� IDFWRU� RI� ����� LV� QRWKLQJ� DW� DOO� LQ

FRPSDULVRQ� WR�������� -XVW�DV� LQ� WKH� ODVW�FKDSWHU��ZH�PLJKW�PDNH

DUJXPHQWV�ZLWK� ULGLFXORXV� QXPEHUV�� )RU� H[DPSOH�� RQO\� LI� HYHU\

HOHPHQWDU\� SDUWLFOH� LQ� WKH� XQLYHUVH�ZHUH� D� VHTXHQFLQJ�PDFKLQH

WXUQLQJ�RXW�UDQGRP�SURWHLQV�DW�WKH�UDWH�RI������VHFRQG��IRU�WKH�OLIH

RI�WKH�XQLYHUVH��WKH�FKDQFHV�WKDW�([DPSOH���ZRXOG�HYHU�VKRZ�XS

ZRXOG�EH�RQO\���LQ������7R�DGG�WR�WKH�SUREOHP��IRU�WKLV�51$�VWUDQG

WR�EH�D�YLDEOH�DUFKHW\SH�RI�DOO�OLIH��\RX©G�KDYH�WR�V\QWKHVL]H�WKH�4β
UHSOLFDVH�DORQJ�ZLWK�WKH�51$�EHIRUH�UHSURGXFWLRQ�FRXOG�EHJLQ��7KH

UHSOLFDVH�LV�PRUH�FRPSOLFDWHG�WKDQ�WKH�51$�LWVHOI��DQG�VLQFH�WKH

51$� FDQ©W� V\QWKHVL]H� LW�� \RX©G� QHHG� DQ� DEXQGDQW� VXSSO\�� 7KDW

7KH�5HDO�:RUOG��%HJLQQLQJV ���

0ROHFXODU�%LRORJ\�������������SS����������
�� /HVOLH� 2UJHO� DQG� 7�� ,QRXH�� ¦$� 1RQHQ]\PDWLF� 51$� 3RO\PHUDVH� 0RGHO§ �

6FLHQFH��������������SS����������



SXVKHV�WKH�SUREDELOLW\�RI�VSRQWDQHRXVO\�JHQHUDWLQJ�VXFK�D�V\VWHP

HYHQ�IXUWKHU�LQWR�WKH�UHDOP�RI�PLUDFOHV�

1RZ�2UJHO©V�QDNHG�JHQH�FRXOG�JHW�FUHDWHG�UHODWLYHO\�HDVLO\�E\

RXU� VHTXHQFLQJ�PDFKLQH�� 7KDW� GRHV� QRW�� KRZHYHU�� PHDQ� WKDW� LW

UHSUHVHQWV�D�YLDEOH�ILUVW�OLIH�IRUP��-XVW�DV�ZLWK�WKH�3,&2���UHSOLFD�

WRU��WKHUH�DUH�PDQLIROG�REMHFWLRQV�WR�FDOOLQJ�LW�WKH�DUFKHW\SH�RI�OLIH�

ZKLFK� ZH©OO� H[DPLQH� LQ� D� PRPHQW�� -XVW� OLNH� WKH� 3,&2���� DQ\

UHDOLVWLF�PRGHO�RI�VWDUWLQJ�FRQGLWLRQV�VXJJHVW�WKDW�WKH�IRUPDWLRQ�RI

D�QDNHG�JHQH�OLNH�([DPSOH���ZRXOG�EH�D�UDUH�HYHQW����<HW�LW�DSSHDUV

VRPHWKLQJ�YHU\�VPDOO�OLNH�WKLV�LV�WKH�RQO\�KRSH�LI�UDQGRP�SURFHVVHV

DUH�DOO�ZH�KDYH�WR�ZRUN�IRU�XV�

'LUHFWHG�$ELRJHQHVLV

,I�SXUHO\�UDQGRP�SURFHVVHV�ZRXOG�KDYH�D�KDUG�WLPH�JHQHUDWLQJ

VRPHWKLQJ�DV�ODUJH�DV�0'9���51$�GLUHFWO\��ZH�KDYH�WR�ZRQGHU�LI

WKHUH�PLJKW�EH�VRPH�JXLGLQJ�SULQFLSOH¥SHUKDSV�LQ�WKH�FKHPLVWU\¥

WKDW�PLJKW�KHOS�DVVHPEOH�D�VPDOO�VHOI�UHSURGXFLQJ�V\VWHP�WKDW�FRXOG

QHYHU�EH�DVVHPEOHG�E\�UDQGRP�FKDQFH��,Q�WKH�ZRUOG�RI�YLUXVHV�ZH

KDG�WR�UHMHFW�WKLV�SRVVLELOLW\�GXH�WR�WKH�QDWXUH�RI�GDWD�VWRUDJH�PHGLD�

,Q� WKH� UHDO� ZRUOG�� WKRXJK�� FRXOG� WKHUH� EH� VRPHWKLQJ� DERXW� WKH

FKHPLVWU\�WKDW�ZRXOG�JHW�WKLQJV�JRLQJ"�$IWHU�DOO��0LOOHU�DQG�8UH\

KDYH�VXFFHHGHG�LQ�FUHDWLQJ�VRPH�XVHIXO�ELRORJLFDO�FKHPLFDOV�OLNH

DPLQR�DFLGV�IURP�D�VRXS�RI�SULPLWLYH�FKHPLFDOV�DQG�D�VSDUN���

1RZ��ZH�KDYH�WR�EH�FDUHIXO�LQ�GLVFXVVLQJ�GLUHFWHG�SURFHVVHV�

OHVW�ZH�VKRXOG�LQVHUW�RXU�RZQ�LQWHOOLJHQFH�LQWR�WKH�HTXDWLRQ��,W�LV

SRVVLEOH�IRU�PDQ�WR�VHTXHQFH�D�VLPSOH�SURWHLQ�RU�D�SLHFH�RI�'1$¥

DQG�WKHUHE\�V\QWKHVL]H�LW�LQ�WKH�ODERUDWRU\��7KDW�LV�VRPHZKDW�OLNH

ZULWLQJ�D�SURJUDP�LQ�D�FRPSXWHU��WKRXJK��(YHQ�LI�\RX�FRXOG��VD\�

V\QWKHVL]H�D�YLUXV��RU�IRUFH�LW�WR�HYROYH�LQ�WKH�ODERUDWRU\��WKDW�LV�QRW

SHUWLQHQW�WR�WKH�TXHVWLRQ�RI�RULJLQV��:H�PXVW�HLWKHU�VHHN�UHDVRQDEOH

QDWXUDO�SURFHVVHV�WR�FRQVWUXFW�SURWHLQV��HWF���RU�ZH�PXVW�FRQIHVV�WKDW

ZH�DUH�PRGHOLQJ�D�IRUP�RI�LQWHOOLJHQW�FUHDWLRQ�

��� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ

�� ,ELG���S������
�� 6WDQOH\�0LOOHU��¦$�3URGXFWLRQ�RI�$PLQR�$FLGV�XQGHU�3RVVLEOH�3ULPLWLYH�(DUWK

&RQGLWLRQV§ �6FLHQFH�������������S������



7KD[WRQ��HW��DO��� LQ� WKHLU�ERRN�7KH�0\VWHU\�RI�/LIH©V�2ULJLQ�

GLVFXVV�WKH�FKHPLVWU\�RI�OLIH�LQ�TXLWH�D�ELW�RI�GHWDLO��7KHLU�DQDO\VLV

LV�DQ\WKLQJ�EXW�HQFRXUDJLQJ��:KLOH�ELRPRQRPHUV�OLNH�8UH\�V\Q�

WKHVL]HG�DUH�WR�EH�H[SHFWHG��SRO\PHUV�OLNH�'1$��51$�DQG�SURWHLQV

DUH� SUREOHPDWLF�� 7KH� PRQRPHUV� DUH� HQHUJHWLFDOO\� IDYRUHG�� 7KH

SRO\PHUV�DUH�QRW��$OVR��WKH�SRO\PHUV�DUH�LGHDOO\�VXLWHG�IRU�LQIRU�

PDWLRQ�VWRUDJH��7KDW�PHDQV�SUHIHUUHG�DUUDQJHPHQWV�GR�QRW�H[LVW�

1RZ��7KD[WRQ�JRHV�LQWR�VRPH�XVHIXO�GHWDLO�RQ�WKLV�SRLQW�WKDW

RWKHU� DXWKRUV� VHHP� WR� PLVV�� ,Q� IRUPLQJ� ELRSRO\PHUV�� D� FUXFLDO

TXHVWLRQ�LV�KRZ�PXFK�ZRUN�PXVW�EH�GRQH�WR�IRUP�WKHP��<RX�PXVW

SXW�HQHUJ\�LQWR�WKHVH�SRO\PHUV�WR�PDNH�WKHP��7KH�IDFW�WKDW�SUH�

IHUUHG�DUUDQJHPHQWV�RI�ELRSRO\PHUV�GR�QRW�H[LVW�PHDQV�\RX�FDQ

EUHDN�WKLV�ZRUN�GRZQ�LQWR�WZR�FRPSRQHQWV��WKH�ZRUN�UHTXLUHG�WR

ERQG�WKH�PROHFXOHV�WRJHWKHU��DQG�WKH�ZRUN�UHTXLUHG�WR�FRQVWUXFW�WKH

VSHFLILF�DUUDQJHPHQW�IRU�D�JLYHQ�'1$�VHTXHQFH��SURWHLQ��RU�ZKDW

KDYH�\RX��7KHVH�WZR�FRPSRQHQWV�DUH�GHFRXSOHG��7\SLFDOO\��WKH�UHDO

ZRUOG�VFHQDULRV�ZKLFK�RULJLQV�UHVHDUFKHUV�VWXG\�FDQ�DW�EHVW�H[SODLQ

KRZ� WKH� WKHUPRG\QDPLF�ZRUN� LV�GRQH��(VVHQWLDOO\�� WKHUH� DUH�QR

DQVZHUV�UHJDUGLQJ�FRQILJXUDWLRQDO�ZRUN����7KDW�LV�OHIW�WR�UDQGRP

FKDQFH�SURFHVVHV���$QG�ZH�NQRZ�WKDW�ZRQ©W�ZRUN��

,Q� WKH� ODERUDWRU\� RQH� FDQ�� IRU� H[DPSOH�� VSHFLILFDOO\� GHVLJQ

FKHPLFDO�SURFHVVHV� WR�FRQVWUXFW�D�SURWHLQ��7KHVH�HODERUDWH�SURF�

HVVHV�GR�WKH�FRQILJXUDWLRQDO�ZRUN�QHFHVVDU\��MXVW�OLNH�SURJUDPPLQJ

D�FRPSXWHU��7KH\�VWRUH�LQIRUPDWLRQ�LQ�WKH�PROHFXOHV�EHLQJ�DVVHP�

EOHG��+RZHYHU��LW�ZRXOG�VHHP�WKDW�EDVLF�FKHPLVWU\�DORQH�VWRSV�VKRUW

RI�GHILQLQJ�SUHIHUUHG�FRQILJXUDWLRQV����

6R�WKH�LGHD�RI�GLUHFWHG�DELRJHQHVLV�LQ�WKH�UHDO�ZRUOG�KDV�VRPH

IRUPLGDEOH�SUREOHPV�

%RRWVWUDSSHG�$ELRJHQHVLV

7KH�5HDO�:RUOG��%HJLQQLQJV ���

��2S��&LW���7KD[WRQ��SS����������
��$QG�WR�VXJJHVW�WKDW�DQ�LQWHOOLJHQWO\�GHVLJQHG�SURFHVV�FRXOG�RFFXU�LQ�WKH�ZLOG

LV�VRPHWKLQJ�OLNH�VD\LQJ�WKDW�\RX�FRXOG�ORDG�XS�'(%8*�RQ�\RXU�FRPSXWHU�
DQG�ZDWFK�D�ODQGVOLGH�KLW�WKH�NH\ERDUG�DQG�FRUUHFWO\�W\SH�LQ�D�QHZ�YLUXV�



$��*��&DULQV�6PLWK©V�WKHRU\�WKDW�FDUERQ�EDVHG�OLIH�EHJDQ�DV�D

JHQHWLF�WDNHRYHU�IURP�FOD\�FKHPLVWU\�LV�QRW�WRR�GLIIHUHQW�IURP�WKH

LGHD�RI�D�YLUXV�ERRWVWUDSSLQJ�RII�RI�VRPH�SUH�H[LWLQJ�SLHFH�RI�FRGH�

7KLV�JHQHWLF�WDNHRYHU�DSSURDFK�LV�YHU\�SRSXODU�DPRQJ�DUWLILFLDO�OLIH

IDQV�� 0DQ\� HYHQ� XVH� LW� DV� D� PRGHO� IRU� WKHLU� ZRUN�� GHVLULQJ� WR

ERRWVWUDS�D�VLOLFRQ�EDVHG�OLIH�WKDW�PLJKW�RQH�GD\�SLFNXS�DQG�HYROYH

EH\RQG�ZKDW�FDUERQ�EDVHG�OLIH�KDV�EHHQ�DEOH�WR�DFKLHYH���

:KHUH�&DULQV�6PLWK©V� LGHDV� IDLO� LV� WKDW� HYHQ� LI� FOD\V� FRXOG

GHYHORS�LQWR�VRPH�NLQG�RI�VHOI�UHSURGXFLQJ�RUJDQLVPV��HYROXWLRQ

ZRXOG� RSWLPL]H� WKH� FOD\� FKHPLVWU\�� ,W� ZRXOG� QRW� RSWLPL]H� WKH

FDUERQ�EDVHG� FKHPLVWU\�� (YHQ� JLYHQ� D� FOD\� VWUXFWXUH� WKDW� FRXOG

FDWDO\]H�D�SURWHLQ�RU�DQ�51$�PROHFXOH�LQWR�H[LVWHQFH��WKRVH�PROH�

FXOHV�ZRXOG�EH�HVVHQWLDOO\�UDQGRP�DV�IDU�DV�DQ\�DELOLW\�WR�FUHDWH�RU

VXVWDLQ�FDUERQ�EDVHG�OLIH�JRHV��&KDQFHV�DUH�WKH\�ZRXOG�KDYH�QRWK�

LQJ�WR�GR�ZLWK�D�OLYLQJ�RUJDQLVP��MXVW�OLNH�D�UDQGRPO\�JHQHUDWHG

VHTXHQFH�RI�E\WHV�ZRXOG�KDYH�QRWKLQJ�WR�GR�ZLWK�D�YLUXV��7KDW�WKHUH

VKRXOG�EH�D�FRUUHODWLRQ�EHWZHHQ�WKH�FOD\�FKHPLVWU\�DQG�WKH�FDUERQ

FKHPLVWU\¥VR� WKDW� RSWLPL]LQJ� RQH� FRXOG� RSWLPL]H� WKH� RWKHU¥

ZRXOG�EH�D�PLUDFXORXV�FRLQFLGHQFH��VWDWLVWLFDOO\�VSHDNLQJ��,W�ZRXOG

EH� OLNH� SXOOLQJ� D� JRRG� YLUXV� RII� RI� D�0DFLQWRVK� FRPSXWHU� DQG

UXQQLQJ�LW�RQ�D�3&��DQG�ILQGLQJ�WKDW�WKH�VDPH�ELQDU\�FRGH�SURYHG

WR� EH� D� EHWWHU� YLUXV� RQ� D� 3&��7KDW� LV�PXFK� OHVV� OLNHO\� WKDQ� WKH

SRVVLELOLW\� WKDW� D� FKXQN�RI� SURJUDPPHG�FRGH�RQ� D�3&�FRXOG�EH

DOPRVW� D� YLUXV�� E\� DFFLGHQW�� $IWHU� DOO�� WKH� 3&� FRGH� LV� DW� OHDVW

SHUIRUPLQJ�VRPH�XVHIXO�IXQFWLRQ�RQ�WKH�3&��ZKHUHDV�WKH�0DF�FRGH

LV�MXVW�UDQGRP�WUDVK��DV�LW�LV�FRGHG�IRU�D�GLIIHUHQW�RSHUDWLQJ�V\VWHP

DQG�D�GLIIHUHQW�SURFHVVRU�

%RRWVWUDSSHG� DELRJHQHVLV� LQ� WKH�ZRUOG� RI�'26�YLUXVHV�ZDV

RQO\�HYHQ�UHPRWHO\�SRVVLEOH�EHFDXVH�FRPSXWHU�SURJUDPV��LQ�RQH

ZD\�RU�DQRWKHU��SHUIRUP�DOO�WKH�VDPH�IXQFWLRQV�WKDW�YLUXVHV�GR��7KH\

RSHQ�ILOHV��SXW�GDWD�LQ�WKHP��HWF���HWF��7KHVH�SURJUDPV�WKHPVHOYHV

ZHUH�LQWHOOLJHQWO\�GHVLJQHG�WR�GR�WKHVH�WKLQJV��6R�LQ�HVVHQFH��WKH

PLVFHOODQHRXV�FRGH�RQ�D�GLVN�ZDV�QRW�UDQGRP��DQG�WKH�SRVVLELOLW\

��� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ

��+DQV� 0RUDYHF�� ¦+XPDQ� &XOWXUH�� $� *HQHWLF� 7DNHRYHU� 8QGHUZD\§ �� 6�
/DQJWRQ�� (G��� $UWLILFLDO� /LIH� �$GGLVRQ� :HVOH\�� 5HGZRRG� &LW\�
&DOLIRUQLD�������SS����������



SUHVHQWHG�LWVHOI�WKDW�DQ�RUGLQDU\�SURJUDP�PLJKW�EH�VXIILFLHQWO\�OLNH

D�YLUXV�WKDW�LW�FRXOG�WXUQ�LQWR�RQH�ZLWK�D�OLWWOH�SURGGLQJ��7KHUH�LV�QR

DQDORJ\�WR�WKLV�LQ�WKH�UHDO�ZRUOG��XQOHVV�ZH�LPDJLQH�WKDW�&ULFN©V

VSDFHPHQ�XVHG�'1$�EDVHG�VWRUDJH�LQ�WKHLU�FRPSXWHUV��DQG�RQH�RI

WKHLU�VSDFHVKLSV�FUDVKHG�RQ�HDUWK��LQ�RWKHU�ZRUGV��ZH�ZRXOG�QHHG�D

SUH�H[LVWLQJ�'1$�51$�SURWHLQ�EDVHG�FKHPLVWU\�ZKLFK�ZDV�SHU�

IRUPLQJ�VLPLODU�IXQFWLRQV�WR�WKRVH�RI�OLYLQJ�RUJDQLVPV�WR�ERRWVWUDS

RII�RI��6RPHWKLQJ�OLNH�&DULQV�6PLWK©V�PRGHO�GRHVQ©W�RIIHU�XV�WKDW�

7KH�FKHPLVWU\�LV�VXIILFLHQWO\�GLIIHUHQW�WR�EH�LUUHOHYDQW�

$QG� VR� ERRWVWUDSSHG� DELRJHQHVLV� LQ� WKH� UHDO� ZRUOG� SURYHV

ODFNLQJ�WRR�

(YROXWLRQDU\�'HDG�(QGV

:HOO��VXSSRVH�VRPHWKLQJ�OLNH�D�VPDOO�QDNHG�JHQH�ZDV�VSRQWD�

QHRXVO\�JHQHUDWHG��RU�D�QDNHG�SURWHLQ�RI�VLPLODU�FRPSOH[LW\¥LW

GRHVQ©W�UHDOO\�PDWWHU�IRU�RXU�DUJXPHQW���&RXOG�LW�EH�WKH�DUFKHW\SH

RI�DOO�OLIH"�$V�ZLWK�YLUXVHV��WKHUH�DUH�D�QXPEHU�RI�REMHFWLRQV��QRW

WRR�GLIIHUHQW�WKDQ�ZKDW�ZH�HQFRXQWHUHG�ZLWK�3,&2���

���7KH�SUREDELOLW\�WKDW�WKLV�QDNHG�JHQH�FRXOG�FRPH�LQWR�H[LVWHQFH

LQ�D�UHDOLVWLF�PRGHO�RI�RXU�ZRUOG�LV�YHU\�WLQ\�

���7KH� UHSOLFDWLRQ� LV�YHU\� OLPLWHG�� VR� WKHUH� LV�QR�RSSRUWXQLW\� IRU

HYROXWLRQ�WR�NLFN�LQ�

���7KHUH�LV�QR�YLDEOH�VHTXHQFH�RI�VWHSV�WR�JR�IURP�WKLV�JHQH�WR�WKH

QH[W� VWHS� XS� RQ� WKH� ODGGHU�� ZKLFK� PLJKW� EH� VRPHWKLQJ� OLNH

6SLHJHOPDQ©V�51$�ZLWK�UHSOLFDVH�

2UJHO�KLPVHOI�LV�KHVLWDQW�WR�FDOO�KLV�51$�WKH�DUFKHW\SH�RI�OLIH��0XFK

UHVHDUFK�KDV�EHHQ�GRQH�WR�GHWHUPLQH�WKH�FRPSRVLWLRQ�RI�WKH�SUH�EL�

RWLF�HQYLURQPHQW��DQG�WKH�LGHD�RI�RFHDQV�ILOOHG�ZLWK�D�SUH�ELRWLF

VRXS�FRQVLVWLQJ�RI�DOO�WKH�ULJKW�FKHPLFDOV�IRU�OLIH�KDV�ODUJHO\�EHHQ

GLVPLVVHG�� ,I� WKHUH� HYHU� ZDV� DQ\� VRXS�� LW� H[LVWHG� LQ� RQO\� YHU\

ORFDOL]HG� DUHDV� IRU� EULHI� SHULRGV� RI� WLPH�� $QG� LW� DSSHDUV� TXLWH

SRVVLEOH�WKDW�QR�VRXS�HYHU�H[LVWHG�DQ\ZKHUH��6R�JHWWLQJ�WKH�QDNHG

JHQH�LQ�WKH�ILUVW�SODFH�LV�SUREOHPDWLF¥DQ�XQOLNHO\�HYHQW�

2QFH�\RX�KDG�D�QDNHG�JHQH��LI�\RX�FRXOG�JHW�LW�WR�UHSOLFDWH�PRUH

UHDGLO\��\RX�PLJKW�JHW�LW�WR�HYROYH��<HW�LW�ZRXOG�KDYH�WR�MXPS�VRPH

PDMRU�KXUGOHV�LQ�RUGHU�WR�HYROYH�WR�WKH�QH[W�OHYHO�RI�FRPSOH[LW\��,W

7KH�5HDO�:RUOG��%HJLQQLQJV ���



LV�KDUG�WR�LPDJLQH�KRZ�D�SXUH�51$�V\VWHP�FRXOG�HYROYH�FKDUDF�

WHULVWLFV�VXLWDEOH�WR�VSDZQ�DQ�51$�(Q]\PH�V\VWHP�ZLWK�VRPHWKLQJ

OLNH�4β�5HSOLFDVH��2QH�ZRXOG� H[SHFW� WKH� IDFWRUV� WKDW�ZHQW� LQWR
PDNLQJ�D�SXUH�51$�FKHPLVWU\�VXUYLYH�EHWWHU�ZRXOG�KDYH�OLWWOH�WR

GR�ZLWK�ZKDW�ZRXOG�PDNH�D�GLIIHUHQW�FKHPLVWU\�ZRUN�ZHOO��$QG

WKHQ�\RX�KDYH�WKH�TXHVWLRQ�RI�KRZ�WR�JHW�WKH�UHSOLFDVH�V\QWKHVL]HG

DQG�LQYROYHG�LQ�WKH�UHDFWLRQ��$W�EHVW��\RX�PLJKW�KDYH�WR�WUDYHUVH�D

ODUJH�JDS�YLD�UDQGRP�SURFHVVHV��$W�ZRUVW��\RX�PD\�ILQG�D�GHDG�HQG

ZKHQ�D�PXWDWLRQ�QHFHVVDU\�WR�JHW�WKH�51$�HQ]\PH�V\VWHP�JRLQJ

ZLOO�SURYH�IDWDO�WR�WKH�SXUH�51$�V\VWHP��VRPHZKDW�OLNH�WKH�SUREOHP

ZH�IDFHG�WU\LQJ�WR�HYROYH�SXVK�SRS�VHTXHQFHV�LQ�D�YLUXV�

7KHVH�NLQG�RI�HYROXWLRQDU\�SUREOHPV�VHHP�WR�DERXQG�LQ� WKH

EHJLQQLQJV�RI�OLIH�RQ�HDUWK��MXVW�DV�WKH\�GLG�ZLWK�YLUXVHV��2QFH�\RX

EXLOG�VRPH�51$�DQG�WKH�4β�UHSOLFDVH�WR�PDNH�LW�ZRUN��KRZ�GR�\RX
JHW� WKH�51$�WR�V\QWKHVL]H�LWV�RZQ�HQ]\PHV"�+RZ�GR�\RX�EXLOG

'1$�LQ"�&HOO�ZDOOV"�5LERVRPHV"�DQG�VR�RQ�

8QIRUWXQDWHO\��ZH�FDQ©W�DQDO\]H�WKH�SUREOHPV�LQ�WKH�UHDO�ZRUOG

DV�HDVLO\�DV�ZH�FRXOG�ZLWK�FRPSXWHU�YLUXVHV��:H�FDQ��KRZHYHU��VHH

HQRXJK�WR�UHDOL]H�WKDW�WKH�SUREOHPV�DQG�FKDOOHQJHV�PD\�EH�MXVW�DV

ELJ�� RU� HYHQ� ELJJHU�� LQ� WKH� UHDO� ZRUOG� WKDQ� WKH\�ZHUH� IRU� '26

YLUXVHV��&HUWDLQO\��LI�VRPHWKLQJ�OLNH�(��&ROL�LV�D�PLQLPDO�OLIH�IRUP�

WKHUH�ZRXOG�KDYH�WR�EH�DQ�LQFUHGLEOH�QXPEHU�RI�VWHSV�LQYROYHG�LQ

FUHDWLQJ� LW�� DV� LW� LV�PXFK� ODUJHU� WKDQ�RXU�PLQLPXP�YLDEOH�YLUXV�

&203$1,21�����

0RVW�VFLHQWLVWV�ZRXOG�DJUHH�WKDW�VRPHWKLQJ�DV�FRPSOH[�DV�(�

&ROL�ZRXOG�EH�YLDEOH� LQ� WKH�HDUO\�HDUWK�� ,I��KRZHYHU��ZH�ORRN�DW

VRPHWKLQJ�D�IDFWRU�RI� WHQ�VPDOOHU�� LW©V�QRW�FOHDU� WKDW� LW�ZRXOG�EH

YLDEOH� DW� DOO�� 7KH� VDPH� VL]H� YHUVXV� IXQFWLRQ� OLPLWV� ZKLFK� ZH

HQFRXQWHUHG�ZLWK�YLUXVHV�ZLOO�EH�LPSRUWDQW�LQ�WKH�UHDO�ZRUOG�WRR�

7R�KDYH�D�YLDEOH�WKHRU\�RI�DELRJHQHVLV��ZH�DW�OHDVW�QHHG�WR�ILQG�WKH

PLQLPDO�OLIH�IRUP�WKDW�FDQ�UHSURGXFH�HQRXJK�WR�KDYH�D�IDLU�VKRW�DW

HYROYLQJ��5LJKW�QRZ��DV�IDU�DV�ZH�FDQ�VHH��D�QDNHG�JHQH�GRHVQ©W

KDYH�PXFK�RI�D�FKDQFH�DW�WKDW��3UREDEO\�DQ�51$�HQ]\PH�V\VWHP

GRHVQ©W�KDYH�PXFK�RI�D�FKDQFH�LQ�WKH�UHDO�ZRUOG��HLWKHU�

6R�LW�ZRXOG�VHHP�WKDW�WKH�LGHD�RI�DELRJHQHVLV�LQ�WKH�UHDO�ZRUOG

LV�IUDXJKW�ZLWK�GLIILFXOWLHV��SHUKDSV�HYHQ�PRUH�VR�WKDQ�LW�ZDV�IRU

RXU�YLUXVHV��,Q�VKRUW��¦RQH�PXVW�FRQFOXGH�WKDW�QR�YDOLG�VFLHQWLILF

��� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ



H[SODQDWLRQ�RI�WKH�RULJLQ�RI�OLIH�H[LVWV�DW�SUHVHQW�§���&HUWDLQO\�LW

ZRXOG�DSSHDU�WKDW�WKHVH�GLIILFXOWLHV�ZLOO�QRW�JR�DZD\�DQ\WLPH�VRRQ�

*HQHUDOL]DWLRQV

,�UHDOL]H�WKDW�,©YH�MXVW�WKURZQ�D�ORW�RI�REMHFWLRQV�WR�WKH�LGHD�RI

DELRJHQHVLV�DW�\RX�WKDW�\RX©YH�SUREDEO\�QHYHU�KHDUG�EHIRUH��$QG�,

DGPLW�WKDW�,©P�QRW�PDNLQJ�PXFK�RI�DQ�HIIRUW�WR�DUJXH�WKHVH�SRLQWV

DQG�FRQYLQFH�\RX�WKDW�ELRORJLFDO�UHVHDUFK�VXSSRUWV�ZKDW�,©YH�VDLG�

7KH�ERRNV�,©YH�FLWHG�WDNH�RQ�WKDW�ZRUN��DQG�,©G�VXJJHVW�\RX�UHDG

WKHP�LI�\RX©UH�VNHSWLFDO��DQG�,�KRSH�\RX�DUH��

,Q�WKH�SDVW�WZR�FKDSWHUV��ZH©YH�H[DPLQHG�WZR�IDFWV�RI�FUHDWLRQ�

2QH��WKH�ZRUOG�RI�YLUXVHV��WZR��WKH�UHDO�ZRUOG��:H�FRXOG�DQDO\]H

WKH�ZRUOG� RI� YLUXVHV� FDUHIXOO\� DQG� VHH� UHDO�PDWKHPDWLFDO� REMHF�

WLRQV¥UHDVRQV�ZK\�YLUXVHV�PXVW�QRW�KDYH�SRSSHG�XS�RXW�RI�QR�

ZKHUH��$OWKRXJK�ZH�FDQQRW�DQDO\]H�WKH�UHDO�ZRUOG�VR�HDVLO\��ZH�GR

VHH�WKDW�WKH�H[SHULPHQWDO�ZRUN�RI�WKH�SDVW�IHZ�GHFDGHV�KDV�UDLVHG

PDQ\� VLPLODU� REMHFWLRQV� DV� WR� ZK\� FDUERQ�EDVHG� OLIH� FRXOG� QRW

VLPSO\�SRS�XS�RXW�RI�QRZKHUH��7KDW�LV�D�SURIRXQG�P\VWHU\�ZKLFK

VHHPV�WR�GULYH�HYHQ�1REHO�ODXUHDWHV�WR�ORRN�IRU�OLWWOH�JUHHQ�PHQ�

:H�VKRXOG�DFNQRZOHGJH�LW�IRU� WKH�P\VWHU\�LW� LV�DQG�QRW�EUXVK�LW

XQGHU�WKH�UXJ�

7KDW�WZR�ZRUOGV�ZKLFK�DUH�VR�YHU\�GLIIHUHQW�VKRXOG�ERWK�VKRZ

XS�VXFK�VLPLODU�SUREOHPV�LQ�WKH�TXHVWLRQ�RI�EHJLQQLQJV�LV�HQWLUHO\

VKRFNLQJ�� $W� WKH� YHU\� OHDVW�� RXU� ILQGLQJV� IRU� YLUXVHV� VHHP� WR

FRUURERUDWH�VRPH�RI�WKHVH�VNHSWLFDO�SRVLWLRQV�DERXW�WKH�RULJLQ�RI

OLIH� RQ� HDUWK��$QG�SHUKDSV� WKH� VLPLODULWLHV� VKRXOG� EH� WDNHQ� DV� D

VXJJHVWLRQ�WKDW�ZH�VHHN�VRPH�JHQHUDO�SULQFLSOHV�WKDW�PD\�EH�DW�ZRUN

KHUH¥SULQFLSOHV�ZKLFK�PLJKW�EH�DSSOLHG�WR�DQ\�ZRUOG�ZH�GHVLJQ

RU� ILQG�� ZKLFK� GHILQH� OLPLWV� RQ� WKH� DELRJHQHVLV� RI� OLIH� LQ� VXFK

ZRUOGV�

'HVSLWH�WKH�GLIIHUHQFHV�EHWZHHQ�WKH�ZRUOGV�ZH�ORRNHG�DW��WKH

SUREOHP�ZDV�H[DFWO\�WKH�VDPH��,Q�ERWK�ZRUOGV��ZH�FRXOG�ILQG�QR

PHFKDQLVP�VKRUW�RI�LQWHOOLJHQFH�WR�GR�WKH�FRGLQJ�ZKLFK�LV�HVVHQWLDO

7KH�5HDO�:RUOG��%HJLQQLQJV ���

��+XEHUW�<RFNH\��¦6HOI�2UJDQL]DWLRQ�2ULJLQ�RI�/LIH�6FHQDULRV�DQG�,QIRUPDWLRQ
7KHRU\§ ��-RXUQDO�RI�7KHRUHWLFDO�%LRORJ\�������������SS��������



WR�JHW� OLIH�RII� WKH�JURXQG��$�UHDOO\�YLDEOH�RUJDQLVP�DSSHDUHG� WR

UHTXLUH�HQRXJK�H[DFWLQJ�LQIRUPDWLRQ�FRQWHQW�WKDW�UDQGRP�FKDQFH

SURFHVVHV�ZHUH�XWWHUO\�LQFDSDEOH�RI�EULQJLQJ�LW�DERXW��1XPEHUV�OLNH

������� DUH� QRW� VPDOO� SUREDELOLWLHV¥WKH\� DUH� PLUDFOHV�� $QG� WKH

VFLHQWLVW� FDQQRW� GR� VFLHQFH� ZLWK� PLUDFOHV�� ,Q� ERWK� ZRUOGV�� WKH

LQIRUPDWLRQDO�FKDUDFWHU�RI�ZKDW�ZH�KDG�WR�EXLOG�VHHPHG�WR�SUHFOXGH

XVLQJ�WKH�SK\VLFV�RI�WKDW�ZRUOG�WR�GR�LW��$W�WKH�VDPH�WLPH��ZH�FRXOG

QRW�FDOO�RQ�HYROXWLRQ�WR�KHOS�XV�XQWLO�ZH�KDG�D�VXFFHVVIXO�VHOI�UH�

SURGXFLQJ� V\VWHP��<HW� WKDW� VXFFHVV� LV�EDVHG�RQ� IXQFWLRQ��ZKLFK

UHTXLUHV�VXIILFLHQW�LQIRUPDWLRQ�WR�HQFRGH�LW��,Q�ERWK�ZRUOGV��ZH�KDYH

WKLV�GLOHPPD��7KH�P\VWHU\�RI�OLIH©V�RULJLQ�LV�IXQGDPHQWDOO\�LQIRU�

PDWLRQDO�

/HW�XV�VXSSRVH�IRU�D�IHZ�PRPHQWV�WKDW�WKH�ZRUVW�RI�RXU�VNHSWLFV

DUH�DEVROXWHO\�ULJKW��/LIH�RQ�RXU�HDUWK�FDQQRW�EH�H[SODLQHG�E\�DQ\

UHDVRQDEOH�PRGHO�RI�DELRJHQHVLV��7KH�SKLORVRSKHU�FDQ�LQYRNH�WKH

LQILQLWHVLPDO�FKDQFH�HYHQW��7KH�WKHRORJLDQ�FDQ�LQYRNH�*RG��7KH

VFL�IL�ZULWHU�FDQ�LQYRNH�JUHHQ�PHQ��%XW�VFLHQFH�VWRSV��7KH�VFLHQWLVW

LV� DSSDUHQWO\� DW� D� GHDG� HQG� IRU� H[SODLQLQJ� ZKDW� KDSSHQHG�� +H

WKURZV�XS�KLV�KDQGV�LQ�GHVSDLU���������7KHQ�KH�VWHSV�EDFN�IURP�WKH

VLWXDWLRQ�WR�WU\�WR�JHW�D�JOLPSVH�RI�WKH�EURDGHU�SLFWXUH��:KDW�ZHQW

ZURQJ"�&DQ�DW�OHDVW�WKH�GLIILFXOWLHV�EH�PDGH�LQWR�VRPH�PRGHO�RI

KRZ�WKH�ZRUOG�ZRUNV"

6XSSRVH�ZH�ZHUH�WR�FRQVLGHU�DOO�WKH�SRVVLEOH�ZRUOGV�WKDW�PLJKW

VXSSRUW�DUWLILFLDO�OLIH��RU�UHDO�OLIH��:H�PLJKW�FODVVLI\�WKHP�LQWR�WKUHH

EURDG�FDWHJRULHV�

$��$OO�SRVVLEOH�ZRUOGV�

%��:RUOGV�WKDW�VXSSRUW�DUWLILFLDO�OLIH�

&��:RUOGV�WKDW�VXSSRUW�VSRQWDQHRXVO\�JHQHUDWHG�DUWLILFLDO�OLIH�

2EYLRXVO\�%�LV�D�VXEVHW�RI�$�DQG�&�LV�D�VXEVHW�RI�%��:H�PLJKW�WDNH

LQWHUHVW�LQ�ZKDW�WKH�UDWLR�RI�%�W\SH�ZRUOGV�WR�&�W\SH�ZRUOGV�LV��:H

PLJKW�LPDJLQH�D�SORW�OLNH�)LJXUH�������ZKHUH�ZH�JUDSK�¦JHUPLQDO�

LW\§ �YHUVXV�WKH�SDUDPHWHUV�WKDW�GHILQH�D�SDUWLFXODU�ZRUOG��3HUKDSV

WKHUH�DUH�VRPH�UHJLRQV�ZKHUH�HYHQ�D�%�W\SH�ZRUOG�LV�D�UDUH�FRP�

PRGLW\��7KHQ�WKHUH�DUH�RWKHU�UHJLRQV�ZKHUH�D�%�W\SH�ZRUOG�LV�IDLUO\

FRPPRQ��EXW�D�&�W\SH�ZRUOG� LV�YHU\�UDUH��)LQDOO\�� WKHUH�PD\�EH

UHJLRQV�ZKHUH�D�&�W\SH�ZRUOG�LV�SHUKDSV�QRW�VR�UDUH�

��� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ



7KH�&RVW�RI�D�&�W\SH�:RUOG

%RWK� WKH�ZRUOG�RI�'26�YLUXVHV�DQG�RXU�ZRUOG�DSSHDU� WR�EH

%�W\SH�ZRUOGV��7KH\�ERWK�VXSSRUW�LQIRUPDWLRQ�EDVHG�VHOI��UHSUR�

GXFLQJ�DXWRPDWD��<HW� WKH�GLIILFXOWLHV�RI� IRUPLQJ� WKRVH�DXWRPDWD

VHHP�WR�SUHFOXGH�DELRJHQHVLV��0DQ\�RWKHU�$/�FRQVWUXFWV�VHHP�WR

EH�%�W\SH�ZRUOGV�DV�ZHOO��)RU�H[DPSOH��/DQJWRQ©V�DXWRPDWRQ�DQG

%\O©V�ERWK�DUH�%�W\SH�ZRUOGV�

:H�PLJKW�ZRQGHU��KRZ�H[SHQVLYH�ZRXOG�LW�EH�WR�FRQYHUW�D�%�

W\SH�ZRUOG�LQWR�D�&�W\SH�ZRUOG"�,Q�PDNLQJ�VXFK�D�FRQYHUVLRQ��ZH

KDYH�WR�SXW�DGGLWLRQDO�LQIRUPDWLRQ�LQWR�WKH�SK\VLFV�RI�WKDW�ZRUOG�

7KLV�DGGLWLRQDO�LQIRUPDWLRQ�LV�WKH�¦FRVW§ �RI�FRQYHUVLRQ�

/HW©V�WU\�LW�ZLWK�%\O©V�DXWRPDWRQ��%\�DGGLQJ�WZR�QHZ�VWDWHV�

DQG����QHZ�WUDQVLWLRQ�UXOHV��ZH�FDQ�GHYLVH�D�ZRUOG�LQ�ZKLFK�WKH�%\O

DXWRPDWRQ� FDQ� EH� IRUPHG� IURP� D� VLPSOH� WZR�FHOO� FRQILJXUDWLRQ

)LJXUH�������3UREDELOLW\�RI�ILQGLQJ�%��DQG�&�W\SH
ZRUOGV�

$�7\SH

%�7\SH

&�7\SH

7KH�5HDO�:RUOG��%HJLQQLQJV ���



ZKLFK�FDQ�EH�IRUPHG�DW�UDQGRP�ZLWK�UHODWLYH�HDVH��7KLV�VSRQWDQH�

RXV�JHQHUDWLRQ�VFHQDULR�LV�GHSLFWHG�LQ�)LJXUH�������7KLV�ZRUOG�LV�VHW

XS�E\�WKH�*(1(6,6�ILOHV�LQ�WKH�65$B/$%�SURJUDP�RQ�WKH�3UR�

JUDP�'LVN�

,I�ZH�ORRN�RQO\�DW�WKH�DXWRPDWRQ��LW�ZRXOG�DSSHDU�ZH�JDLQ�D�ORW�

7KH� FKDQFHV� RI� FUHDWLQJ� WKH� RULJLQDO� ��� FHOO� %</� E\� UDQGRP

SURFHVVHV�LV�VRPHWKLQJ�OLNH���LQ������RU���LQ���ELOOLRQ��%\�FRPSDUL�

VRQ��WKH�FKDQFHV�RI�FUHDWLQJ�WKH�WZR�FHOO�SUH�%</�DUH�RQO\���LQ����

7KH�GLIIHUHQFH�LQ�LQIRUPDWLRQ�FRQWHQW�RI�WKH�WZR�VWDUWLQJ�SRLQWV�LV

∆66LPSOHU�VWDUWLQJ�SRLQW� �OQ�������OQ������ ������ ����

+RZHYHU��WKH�DGYDQFH�ZH�KDYH�PDGH�LV�RQO\�VXSHUILFLDO��2QFH�ZH

VWDUW�ORRNLQJ�DW�WKH�WUDQVLWLRQ�UXOHV��LW�EHFRPHV�DSSDUHQW�ZH�KDYH

WDNHQ�WZR�VWHSV�EDFNZDUG��UDWKHU�WKDQ�RQH�IRUZDUG��7KH�RULJLQDO

%</�DXWRPDWRQ�UHTXLUHG����UXOHV��,Q�JRLQJ�IURP�D���VWDWH�VSDFH�WR

DQ���VWDWH�VSDFH��ZH�KDYH�LQFUHDVHG�WKH�LQIRUPDWLRQ�FRQWHQW�RI�WKH

WUDQVLWLRQ�UXOHV�E\

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

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

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

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

��7� �����������������7� ������������������7� ��

��������������������������

����������������������������

����������������������������

��������������������������

���7� ����������������7� ��

)LJXUH�������6SRQWDQHRXVO\�JHQHUDWLQJ�WKH�%\O
DXWRPDWRQ�

��� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ



∆61HZ�6WDWHV� ����OQ������OQ����� ����� ����

DQG� LQ� DGGLQJ����QHZ� UXOHV��ZH�KDYH� LQFUHDVHG� WKH� LQIRUPDWLRQ

FRQWHQW�E\

∆61HZ�5XOHV� ���OQ���� ����� ����

IRU�D�WRWDO�LQIRUPDWLRQ�LQFUHDVH�RI

∆6� �������������������� ����� ����

,Q�RWKHU�ZRUGV��WKH�DFW�RI�VSHFLDO�FUHDWLRQ�ZDV�FKHDSHU��LQIRU�

PDWLRQ�ZLVH��WKDQ�ZRUNLQJ�VRPH�NLQG�RI�VSRQWDQHRXV�JHQHUDWLRQ

LQWR�WKH�V\VWHP��)XUWKHUPRUH��DOO����RI�WKH�UXOHV�ZH�SXW�LQ�VHHP�WR

EH�YHU\�QHFHVVDU\�LI�\RX�RQO\�DGG�WZR�QHZ�VWDWHV��$GGLQJ�RQO\�RQH

QHZ�VWDWH��LI�WKDW�LV�SRVVLEOH��ZLOO�QHFHVVLWDWH�PRUH�UXOHV��WKHUHE\

LQFUHDVLQJ�∆61HZ�5XOHV��$GGLQJ�PRUH�QHZ�VWDWHV�PD\�KHOS�FXW�GRZQ
RQ�WKH�UXOHV�QHHGHG��EXW�LW�ZLOO�LQFUHDVH�∆61HZ�6WDWHV��(VVHQWLDOO\��ZH
SUREDEO\�FDQ©W�GR�PXFK�EHWWHU�WKDQ�ZH�KDYH��QR�PDWWHU�KRZ�ZH�JR

DERXW�LW��7KDW�PHDQV�LI�\RX�ZHUH�WR�VWDUW�FUHDWLQJ�V\VWHPV�DW�UDQGRP�

ZLWK�ERWK�UDQGRP�UXOHV�DQG�UDQGRP�FRQILJXUDWLRQV��\RX©G�EH�PXFK

PRUH�OLNHO\�WR�FRPH�XS�ZLWK�D�%�W\SH�ZRUOG�WKDQ�D�&�W\SH�ZRUOG¥DW

OHDVW�LQ�WKH�UHJLRQ�ZKHUH�WKH�%\O�DXWRPDWRQ�H[LVWV��7R�JLYH�\RX�DQ

LGHD�RI�MXVW�KRZ�PXFK�HDVLHU�LW�ZRXOG�EH�WR�JHW�D�%�W\SH�ZRUOG��WKH

UDWLR�RI�&�W\SH�WR�%��W\SH�LV�H������ �����[��������7KDW�PHDQV�WKDW�LI

WKH�DUHD�RI�WKH�ZKROH�8QLWHG�6WDWHV�ZDV�PDGH�LQWR�D�SORW�OLNH�)LJXUH

������WKH�YDVW�H[SDQVH�RI�LW�ZRXOG�EH�%�W\SH�ZRUOGV��DQG�RXU�&�W\SH

PRGLILFDWLRQ�ZRXOG�EH�D�SODWHDX�DERXW�WKH�VL]H�RI�D�EDFWHULXP�RQ

WKLV�SORW��&�W\SH�ZRUOGV�DUH�WKXV�YHU\��YHU\�UDUH�

&RXOG�LW�EH�WKDW�&�W\SH�ZRUOGV�DUH�DOZD\V�PXFK�UDUHU�WKDQ�%�

W\SH�ZRUOGV"�2XU�UHVXOWV�FHUWDLQO\�VXJJHVW�WKH�WKRXJKW��7R�TXDQWLI\

WKLV�LGHD��ZH�PLJKW�VXJJHVW�D�UXOH�RI�WKH�IRUP

ℑ�&�W\SH����ℑ�%�W\SH��≥ ℑ�$XWRPDWRQ����ℑ�6HHG� ����

7KH�5HDO�:RUOG��%HJLQQLQJV ���



,Q�RWKHU�ZRUGV��JLYHQ�DQ\�VHOI�UHSURGXFLQJ�DXWRPDWRQ��WKH�LQIRU�

PDWLRQ�ZH�KDYH�WR�DGG�WR�JR�IURP�D�%�W\SH�ZRUOG�WKDW�ZLOO�VXSSRUW

WKH�DXWRPDWRQ�WR�D�&�W\SH�ZRUOG�WKDW�FDQ�JHQHUDWH�LW�IURP�VRPH

VHHG�LV�DOZD\V�JUHDWHU�WKDQ�RU�HTXDO�WR�WKH�GLIIHUHQFH�LQ�LQIRUPDWLRQ

FRQWHQW�EHWZHHQ�WKH�DXWRPDWRQ�DQG�WKH�VHHG��)RU�%\O��WKH�LQHTXDOLW\

DSSDUHQWO\�KROGV��:H�PLJKW�LPDJLQH�WKDW�LQ�VRPH�EHWWHU�FLUFXP�

VWDQFHV�WKH�HTXDOLW\�FRXOG�KROG�

(VVHQWLDOO\�ZKDW�WKLV�UXOH�VD\V�LV�WKDW�\RX�FDQQRW�EX\�DQ\WKLQJ

E\�JRLQJ�WR�D�&�W\SH�ZRUOG��7KH�&�W\SH�ZRUOG�FDQQRW�VSRQWDQHRXVO\

JHQHUDWH�DQ�DXWRPDWRQ�PRUH�FRPSOH[�WKDQ�ZKDW�LV�EXLOW�LQ�WR�LW��7KH

IDFW�WKDW�ZH�KDYH�DQ�LQHTXDOLW\�VLPSO\�VD\V�WKDW�WKH�UXOHV�ZKLFK�GR

WKH�EXLOGLQJ�DUH�VRPHWLPHV�OHVV�WKDQ�SHUIHFWO\�HIILFLHQW�DW�EXLOGLQJ

WKH�DXWRPDWRQ�

1RZ�� REYLRXVO\�� VLQFH� ZH©UH� WDONLQJ� DERXW� WKH� LQIRUPDWLRQ

FRQWHQW�RI�WKH�SK\VLFDO�ODZV��ZH�FDQ�DSSO\�WKLV�ODZ�ULJRURXVO\�WR

WKH�UHDOP�RI�DUWLILFLDO�OLIH��DQG�QRW�WR�VLWXDWLRQV�ZKHUH�WKHVH�ODZV

FDQQRW�EH�VR�DQDO\]HG��DV�ZLWK�WKH�UHDO�ZRUOG��+RZHYHU��WKDW�GRHV

QRW�PHDQ�WKLV�ODZ�KDV�QRWKLQJ�WR�VD\�DERXW�WKH�UHDO�ZRUOG��,I�ZH

EHOLHYH�WKDW�WKH�ODZV�RI�WKLV�ZRUOG�ZHUH�QRW�VSHFLILFDOO\�FUHDWHG�ZLWK

DQ�H\H�WRZDUG�VSRQWDQHRXVO\�JHQHUDWLQJ�OLIH��WKHQ�FKDQFHV�DUH�ZH

ZRXOG�OLYH�LQ�D�%�W\SH�ZRUOG��,Q�IDFW��RXU�ODZ�WHOOV�XV�WKDW�FKDQFHV

DUH� VR�ZHLJKWHG� LQ� IDYRU�RI�D�%�W\SH�ZRUOG� WKDW�D�&�W\SH�ZRUOG

ZRXOG�EH�D�JUHDWHU�PLUDFOH�WKDQ�D�%�W\SH�ZRUOG�ZLWK�D�PLUDFXORXVO\

FUHDWHG�OLYLQJ�RUJDQLVP�WR�JHW�OLIH�JRLQJ��7R�SXW�LW�DQRWKHU�ZD\��WKH

PDJLF�WKDW�ZRXOG�KDYH�WR�EH�EXLOW�LQWR�WKH�IRXQGDWLRQ�RI�WKH�XQLYHUVH

ZRXOG�EH�D�PRUH�XQOLNHO\�PLUDFOH�WKDQ�WKDW�QHHGHG�IRU�DQ�DFW�RI

VSHFLDO�FUHDWLRQ��7KXV��RXU�ODZ�ZRXOG�WHOO�XV�QRW�WR�EH�VXUSULVHG�LI

WKH�WZR�ZRUOGV�ZH�H[DPLQHG�WKDW�KDG�¦JLYHQ§ �SK\VLFDO�ODZV�WXUQHG

RXW� WR� EH� %�W\SH� ZRUOGV�� (YHQ� LQ� WKH� HYHQW� WKDW� ZH� FRXOG� QRW

VFLHQWLILFDOO\� H[SODLQ� KRZ� OLIH� JRW� LQWR� RQH� RI� WKRVH�ZRUOGV��ZH

VKRXOG�QRW�EH�VXUSULVHG�

2I�FRXUVH��WKLV�ODZ�LV�RQO\�K\SRWKHWLFDO�ULJKW�QRZ��<HW�LW�ZRXOG

VHHP� SRVVLEOH� WR� SURYH� RU� GLVSURYH� LW�ZLWK� IXUWKHU� DUWLILFLDO� OLIH

UHVHDUFK��,I�LW�LV�WUXH��LWV�LPSOLFDWLRQV�DUH�GHYDVWDWLQJ��)RU�PRUH�WKDQ

D�FHQWXU\��VFLHQWLVWV�KDYH�HPEUDFHG�DELRJHQHVLV�LQ�DQ�DWWHPSW�WR

WDNH�WKH�¦PLUDFOH§ �RXW�RI�WKH�EHJLQQLQJ�RI�OLIH��$V�ZH�KDYH�VHHQ�LQ

WKLV� FKDSWHU�� WKLV� UHVHDUFK� DSSHDUV� WR� EH� LQ� VRPH� UDWKHU� VHULRXV

��� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ



WURXEOH��2XU�ODZ�ZRXOG�VXJJHVW�WKDW�DOO�RI�LW�LV�RQO\¥LQ�WKH�HQG¥D

TXHVW�IRU�D�ELJJHU�PLUDFOH�

7KH�5HDO�:RUOG��%HJLQQLQJV ���



7KH�-XJJHUQDXW�RI�$/"

,I�\RX�KDYH�UHDG�6WHYHQ�/HY\©V�ERRN�$UWLILFLDO�/LIH��7KH�4XHVW
IRU� D� 1HZ� &UHDWLRQ��� WKHQ� \RX� NQRZ� WKH� ERRN� ZDV� D� YLUWXDO
FHOHEUDWLRQ�RI�WKLV�¦QHZ�FUHDWLRQ§ �ULJKW�XS�WR�WKH�ODVW�FKDSWHU��7KH
ODVW�FKDSWHU�LV�RPLQRXV�DQG�IRUHERGLQJ�WKRXJK��:KDW�KDSSHQV�LI
RXU�V\QWKHWLF�RUJDQLVPV�FDQ�HYROYH�LQ�D�IHZ�VHFRQGV�ZKDW�PLJKW
WDNH�D�ELOOLRQ�\HDUV�IRU�FDUERQ�EDVHG�OLIH"�:LOO�WKH\�EHFRPH�VPDUWHU
WKDQ�XV"�:LOO�WKH\�ZLSH�XV�RXW"�:LOO�WKH\�PDNH�SHWV�RI�XV"

,I�HYROXWLRQ�LV�DV�FUHDWLYH�DV�PDLQVWUHDP�ELRORJLVWV�WKLQN�LW�LV�
WKHQ�ZH�FRXOG�EH�LQ�ELJ�WURXEOH��$/�FRXOG�PDNH�QXFOHDU�SUROLIHUD�
WLRQ� ORRN� OLNH� D�NLGGLH�JDPH��2Q� WKH�RWKHU�KDQG�� LI� HYROXWLRQ� LV
UHDFWLYH��DV�,�WKLQN�LW�PLJKW�EH��WKHQ�PD\EH�ZH�DUH�QRW�LQ�DV�PXFK
WURXEOH�DV�VXSSRVHG�

/HY\�ZDV� ULJKW� WR�VRXQG�DQ�RPLQRXV�FKRUG��7KURXJKRXW�KLV
ERRN�KH�QHYHU�TXHVWLRQV� WKH�SRZHU�RI�HYROXWLRQ��1HLWKHU�GR�KLV
VWDUV��$QG�LI�HYROXWLRQ�LV�RPQLSRWHQW��WKHQ�DQ\�DUWLILFLDO�OLIH�IRUP
WKDW� FDQ�SDVV�JHQHWLF� LQIRUPDWLRQ�RQ� WR� LWV�RIIVSULQJ� LV� OLDEOH� WR
EHFRPH�D�WKUHDW�VRRQHU�RU�ODWHU��7KH�RQO\�ZD\�WR�FRQWDLQ�WKDW�WKUHDW
ZRXOG� EH� WR� OLPLW� RXU� DUWLILFLDO� FUHDWLRQV� WR� WKLQJV� WKDW� DUH�YHU\
GXPE��DQG�WKDW�FDQQRW�UHSOLFDWH�YHU\�IDVW��,I�RXU�FUHDWLRQV�UHSOLFDWH
IDVW��WKH\�FDQ�HYROYH�IDVW�DQG�EHFRPH�VPDUWHU�WKDQ�XV��,I�WKH\�DUH
WRR�VPDUW�WR�EHJLQ�ZLWK��WKH\�FDQ�ILJXUH�HYROXWLRQ�RXW�DQG�ILJXUH
RXW�KRZ�WR�UHSOLFDWH�IDVW��7KH�ORJLFDO�FRQFOXVLRQ�PLJKW�VHHP�WR�EH

� 6WHYHQ�/HY\��$UWLILFLDO�/LIH��7KH�4XHVW�IRU�D�1HZ�&UHDWLRQ���3DQWKHRQ�%RRNV�
1HZ�<RUN������



WR�RXWODZ�$/�UHVHDUFK��+RZHYHU�VXFK�DWWHPSWV�WR�SURVFULEH�WHFK�
QLFDO�GHYHORSPHQW�KDYH�KLVWRULFDOO\�EHHQ�VXLFLGDO��6RRQHU�RU�ODWHU
VRPHRQH� VRPHZKHUH� GHYHORSV� WKH� WHFKQRORJ\�� DQG� WKRVH� ZKR
FKRRVH�WR�UHPDLQ�EOLQG�WR�LW�DUH�EXULHG�E\�LW�

2Q�WKH�RWKHU�KDQG�� LI�HYROXWLRQ�LV�HIIHFWLYH�RQO\�LQ�FRXSOLQJ
H[WHUQDO�LQWHOOLJHQFH�LQWR�D�V\VWHP��EXW�QRW�YHU\�XVHIXO�LQ�FUHDWLQJ
VRPHWKLQJ�RXW�RI�WKLQ�DLU��WKHQ�WKH�SUREOHP�DW�KDQG�LV�YHU\�GLIIHUHQW�
:H�PLJKW�EH�DEOH�WR�FUHDWH�PDFKLQHV�WKDW�JHW�VPDUWHU�ZLWK�VXFFHV�
VLYH�JHQHUDWLRQV��EXW�WKH\�ZRXOG�KDYH�D�KDUG�WLPH�VXUSDVVLQJ�XV�
:H� FRXOG� DOVR� OLPLW� WKHLU� HYROXWLRQDU\� GHYHORSPHQW� E\� EHLQJ
FDUHIXO�DERXW�KRZ�ZH�FRXSOH�LQWHOOLJHQFH�LQWR�WKH�V\VWHP�

+RZHYHU��D�SXUHO\�UHDFWLYH�HYROXWLRQ�ZRXOG�QRW�PLWLJDWH�WKH
GDQJHU�LQ�FUHDWLQJ�DUWLILFLDO�OLIH��0DQNLQG�FRXOG�HDVLO\�EH�FRQTXHUHG
E\�VRPHWKLQJ�IDU�GXPEHU�WKDQ�KH�LV��0HQ�DUH�IDU�PRUH�LQWHOOLJHQW
WKDQ�D�OLWWOH�FKXQN�RI�51$��DQG�\HW�WKH�$,'6�YLUXV�LV�ZUHDNLQJ
KDYRF�RQ�KXPDQLW\��,W�LV�PXWDWLQJ�DQG�HYROYLQJ�WRR��,I�LW�KDSSHQHG
WR� HYROYH� LQWR� D� VWUDLQ� WKDW� FRXOG� WUDYHO� DQG� LQIHFW� YLD� DLUERUQH
SDUWLFOHV��DOO�RI�XV�FRXOG�EH�LQIHFWHG�LQ�D�PDWWHU�RI�PRQWKV¥EHIRUH
ZH�HYHQ�NQHZ�LW��)LIW\�\HDUV�KHQFH��D�ILIWHHQ�\HDU�ROG�ZRXOG�EH
FRQVLGHUHG�DQ�ROG�PDQ��KXPDQ�FLYLOL]DWLRQ�ZRXOG�EH�D�VKDGRZ�RI
ZKDW�LW�LV�WRGD\��DQG�QR�RQH�ZRXOG�HYHQ�GUHDP�WKDW�WKH�YLUXV�FRXOG
EH�HOLPLQDWHG��7KLV�LV�D�VLPSOH�UHVXOW�RI�WKH�IDFW�WKDW�LW�LV�PXFK�HDVLHU
WR�GHVWUR\�VRPHWKLQJ�WKDQ�WR�EXLOG�LW��$�GXPE�YLUXV�WKDW�LV�OLWWOH
PRUH�WKDQ�D�FRPSOH[�PROHFXOH�FDQ�GHVWUR\�\RXU�7��FHOOV��EXW�DOO�RI
KXPDQ�LQWHOOLJHQFH�FDQQRW�EXLOG�QHZ�RQHV��,Q�WKH�VDPH�ZD\��HYHQ
D�YHU\�VWXSLG�DUWLILFLDO�OLIH�IRUP�FRXOG�FRQFHLYDEO\�ZUHDN�DOO�NLQGV
RI�KDYRF�RQ�XV��,W�QHHGQ©W�HYHQ�EH�¦DOLYH§ �LQ�DQ\�VWURQJ�VHQVH��2XU
HQYLURQPHQW�LV�YHU\�IUDJLOH�LQ�ZD\V��DQG�LI�ZH�ZDQWHG�WR��ZH�FRXOG
ZUHFN�LW¥ZLWK�RU�ZLWKRXW�$/�

:KHQ�DSSOLHG�WR�$/��WKH�GLIIHUHQFH�EHWZHHQ�D�FUHDWLYH�DQG�D
UHDFWLYH�HYROXWLRQ�LV�WKH�GLIIHUHQFH�EHWZHHQ�DQ�XQOLPLWHG�WKUHDW�DQG
D�FRQWDLQDEOH�WHFKQRORJ\��$Q\�WHFKQRORJ\�LV�SRWHQWLDOO\�WKUHDWHQ�
LQJ�LI�DEXVHG��1XFOHDU�ILVVLRQ�FDQ�EH�D�WKUHDW��EXUQLQJ�IRVVLO�IXHOV
FDQ�EH�D�WKUHDW��FRPSXWHUL]HG�PRQH\�FDQ�EH�D�WKUHDW��WKH�WHFKQRORJ\
WR�PDNH�LURQ�FDQ�EH�D�WKUHDW��+RZHYHU��SURSHUO\�XVHG��PRVW�WHFK�
QRORJ\�FDQ�EH�EHQHILFLDO��(YHQ�QXFOHDU�ERPEV�PLJKW�VRPHGD\�EH
XVHG�WR�VDYH�KXPDQLW\¥�SHUKDSV�E\�GLYHUWLQJ�D�FRPHW�RQ�D�FROOLVLRQ
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FRXUVH�ZLWK�WKH�HDUWK��$�KRVWLOH��RU�MXVW�VHOILVK��LQWHOOLJHQFH�VXSHULRU
WR�RXU�RZQ��WKRXJK��LV�SRWHQWLDOO\�XQFRQWUROODEOH�

6RPH�$/�UHVHDUFKHUV�KDYH�D�FXULRXVO\�QLKLOLVWLF�DWWLWXGH�WRZDUG
WKHLU�ZRUN��7KH\�DFNQRZOHGJH�WKH\©UH�ZRUNLQJ�WR�FUHDWH�RXU�VXF�
FHVVRUV�DQG�VHHP�WR�FRQVLGHU�RXU�HYHQWXDO�GHPLVH�DQ�LQHYLWDEOH�IDFW
RI�HYROXWLRQ���6R�ZK\�QRW�EULQJ�LW�DERXW"�8QIRUWXQDWHO\�,�WKLQN�LW
LV�IDU�PRUH�OLNHO\�WKDW�D�VXFFHVVIXO�FRFNURDFK�ZLOO�GR�XV�LQ�WKDQ�DQ
LQWHOOLJHQW� VXSHUPDQ��5DWKHU� WKDQ� FUHDWLQJ� RXU� VXFFHVVRUV��ZH©OO
VLPSO\�EH�ILJXULQJ�RXW�RQH�PRUH�ZD\�WR�NLOO�RXUVHOYHV�

7KH�VXFFHVVIXO�FRFNURDFK�GRHV�QRW�UHTXLUH�XQERXQGHG�HYROX�
WLRQ¥PD\EH�MXVW�D�OLWWOH�HYROXWLRQ�WR�PDNH�LW�WRXJK��,�ILUPO\�EHOLHYH
WKDW�LI�ZH�GR�QRW�SURSHUO\�XQGHUVWDQG�$/�DQG�HYROXWLRQ�DQG�OHDUQ
KRZ�WR�FRQWDLQ�LW��ZH�DUH�SOD\LQJ�ZLWK�ILUH��/HW�PH�WDNH�\RX�ILIW\
\HDUV�LQWR�WKH�IXWXUH�WR�H[SODLQ������

$WRPLF� VWRUDJH� WHFKQRORJ\�ZDV� GHYHORSHG� DQG�SXW� WR�ZRUN� LQ
FRPSXWHUV�IRUW\�\HDUV�DJR��)LYH�\HDUV�ODWHU�WKH�ILUVW�QRWHERRN�FRP�
SXWHUV�ZLWK�����7HUDE\WHV�RI�SLFR�VHFRQG�DFFHVV��QRQ�YRODWLOH�VWRU�
DJH�EHFDPH�DYDLODEOH�IRU�XQGHU��������2I�FRXUVH��VRIWZDUH�ODJJHG
IDU�EHKLQG�KDUGZDUH��)RU�QHDUO\�WZHQW\�\HDUV��WKH�VRIWZDUH�JLDQWV
EDWWOHG�LW�RXW�GHYHORSLQJ�RSHUDWLQJ�V\VWHPV�WR�PDNH�HIIHFWLYH�XVH�RI
WKLV� VWRUDJH� WHFKQRORJ\�� ,Q� IDFW� RSHUDWLQJ� V\VWHPV� SUROLIHUDWHG� WR
VXFK�DQ�H[WHQW�WKDW�UHDO�SURJUHVV�LQ�SURJUDPPLQJ�JDYH�ZD\�WR�EUXWH
FRPSHWLWLRQ�EHWZHHQ�RSHUDWLQJ�V\VWHPV��%\�DQG�E\��,%0�FDPH�XS
ZLWK�WKH�VROXWLRQ��7KHLU�26���RSHUDWLQJ�V\VWHP�ZDV�DQ�LQFUHGLEOH
HQJLQHHULQJ� IHDW�� $ERXW� ���� WHUDE\WHV� RI� FRGH�� IXOO\� LQWHUDFWLYH
VSHHFK� UHFRJQLWLRQ�� WRXFK�� DQG� YLVLRQ� LQWHUIDFH�� DUWLILFLDO� UHDOLW\
IHHGEDFN�� %XW� WKH� FOLQFKHU� ZDV� WKH� DUWLILFLDO� LQWHOOLJHQFH� ZKLFK
DOORZHG�WKH�RSHUDWLQJ�V\VWHP�DQG�DSSOLFDWLRQV�WR�DGDSW�WR�ERWK�WKH
LQGLYLGXDO�XVHU�DQG�WKH�VRIWZDUH�GHYHORSHU��,W�ZDV�D�FLQFK�WR�ZULWH
YHU\�FRPSOH[�SURJUDPV�LQ�WKLV�HQYLURQPHQW�EHFDXVH�RI�WKH�DUWLILFLDO
LQWHOOLJHQFH�� GHVSLWH� WKH� IDFW� WKDW� WKHUH� ZHUH� QHDUO\� WZR� PLOOLRQ
SRVVLEOH�V\VWHP�FDOOV��6KDUHZDUH�SUROLIHUDWHG�IRU�LW��DQG�WKHQ�FRP�
PHUFLDO�SURJUDPV� WKDW�ZRXOG�ERJJOH� WKH�PLQG�RI�DQ\RQH� MXVW� WHQ
\HDUV�HDUOLHU�
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%\�������26���ZDV�WKH�GH�IDFWR�VWDQGDUG��7KHUH�ZHUHQ©W�HYHQ�DQ\
FORVH�FRPSHWLWRUV��1RERG\�HYHQ�KDG�DQ\�LQWHUHVW�LQ�QHZ�RSHUDWLQJ
V\VWHPV��EHFDXVH�WKLV�RQH�VHHPHG�WR�ILW�HYHU\RQH©V�QHHGV�VR�ZHOO��,W
VHHPHG�WR�EH�WKH�JROGHQ�DJH�RI�FRPSXWLQJ��H[FHSW�IRU�RQH�WKLQJ��26��
KDG�VRPH�DQWL�YLUXV�PHDVXUHV�EXLOW�LQWR�LW��7KH\�ZRUNHG�SUHWW\�ZHOO�
+RZHYHU�D�IDLUO\�VLPSOH�EXW�EHQLJQ�YLUXV�DSSHDUHG�LQ�WKLV�HQYLURQ�
PHQW�WKDW�WKRVH�DQWL�YLUXV�PHDVXUHV�FRXOGQ©W�FRSH�ZLWK��7KLV�YLUXV
ZDV�RQO\�DERXW���PHJDE\WHV�LQ�VL]H��DQG�VLQFH�LW�ZDV�EHQLJQ��QRERG\
FDUHG�WRR�PXFK�DERXW�LW��+RZHYHU��DW�WKH�WLPH�WKH�8QLWHG�6WDWHV�KDG
EHFRPH�D�W\UDQQ\�ZKRVH�HYLOV�IDU�HFOLSVHG�HYHQ�WKRVH�RI�6WDOLQ�DQG
+LWOHU��0RVW�LQWHOOLJHQW�SHRSOH�KDG�IOHG�WKH�FRXQWU\�ORQJ�DJR��7KDW
JRYHUQPHQW�ZHQW�RQ�D�FUXVDGH�WR�ILQG�WKH�DXWKRU�RI�WKH�YLUXV��7KH\
JRW�WKHLU�PDQ��DQG�VXEMHFWHG�KLP�WR�IXQFWLRQDO�UH�HQJLQHHULQJ�DW�WKH
KDQGV�RI�QDQR�URERWV��$�KRUULEOH�IDWH��7KLV�IRFXVHG�TXLWH�D�ELW�RI
DWWHQWLRQ�RQ� WKH�YLUXV�DQG� LWV�DOOHJHG�DXWKRU��7R�GHIHQG� WKLV�SRRU
VFDSHJRDW��D�WHDP�RI�VFLHQWLVWV�JRW�WRJHWKHU�DQG�SURYHG�WKDW�MXVW�VXFK
D�YLUXV�VKRXOG�HYROYH�LQWR�D�XVHIXO�V\VWHP�FOHDQ�XS�XWLOLW\�LI�MXVW�OHIW
DORQH�

$�FRXSOH�ZHHNV�ODWHU��,%0�UHOHDVHG�D�VXSSOHPHQWDU\�DQWL�YLUXV
XWLOLW\�WR�WDNH�FDUH�RI�WKH�SUREOHP��(YHQ�WKRXJK�WKH�VFLHQWLVWV�VDLG
QRW�WR�ZRUU\��D�ORW�RI�SHRSOH�ZDQWHG�WKH�YLUXV�RXW��DQG�,%0�VDZ�WKLV
DV�D�JRRG�ZD\�WR�PDNH�D�PRUDO�VWDWHPHQW�DERXW�YLUXV�ZULWLQJ�WKDW
ZRXOG�PDNH�D�QXPEHU�RI�JRYHUQPHQWV�KDSS\��7KLV�DQWL�YLUXV�XWLOLW\
ZDV�WKH�EHJLQQLQJ�RI�WKH�HQG��WKRXJK��$�W\SLFDO�FDVH�RI�WKH�TXLFN�IL[�
1RERG\�WRRN�WKH�WLPH�WR�GLVDVVHPEOH�WKH�YLUXV��1RERG\�OLVWHQHG�WR
WKH�WHDP�RI�VFLHQWLVWV�

8QWLO�WKDW�DQWL�YLUXV�XWLOLW\�ZDV�UHOHDVHG��WKHUH�ZDV�OLWWOH�HYROX�
WLRQDU\�SUHVVXUH�RQ�WKH�YLUXV��DQG�PRVW�RI�LW�FDXVHG�WKH�YLUXV�WR�HYROYH
LQ�EHQHILFLDO�ZD\V��7KH�XWLOLW\�ZDV�TXLWH�DGHSW�DW�SXWWLQJ�HYROXWLRQDU\
SUHVVXUH�RQ�WKH�YLUXV�WR�PDNH�LW�PDOHYROHQW�WKRXJK��$QG�WKH�YLUXV
PXWDWHG�ZLWK� LQFUHGLEOH�HDVH��,©YH�KHDUG�HVWLPDWHV�WKDW�LW�PXWDWHG
RYHU�WHQ�PLOOLRQ�WLPHV�RQ�WKH�ILUVW�GD\��,I�WKDW�ZHUH�QRW�HQRXJK��WKH
DUWLILFLDO�LQWHOOLJHQFH�RI�WKH�DQWL�YLUXV�RQO\�VXFFHHGHG�LQ�GULYLQJ�WKH
YLUXVHV��ZKLFK�DOVR�XVHG�V\VWHP�$,�UHVRXUFHV��WR�EHFRPH�VPDUWHU
DQG�PRUH�SUROLILF��7KH�DQWL�YLUXV�ZDV�PDGH�DYDLODEOH�RQ�D�0RQGD\�
IUHH�RI�FKDUJH�WR�WKH�JHQHUDO�SXEOLF��%\�:HGQHVGD\��WKH�ZKROH�ZRUOG
ZDV�LQ�FKDRV��(YHU\WKLQJ�ZDV�VKXW�GRZQ��)LQDQFLDO�PDUNHWV��&RP�
PXQLFDWLRQV��+RVSLWDOV��WKH�ZRUNV��3HRSOH�ZHUH�G\LQJ��1RERG\�ZHQW
WR�ZRUN��1RERG\�WXUQHG�WKHLU�FRPSXWHUV�RQ�

7KH�RQH�H[FHSWLRQ�ZDV�D�KRVW�RI�JRYHUQPHQW�WHFKQLFLDQV�ZKRVH
MRE�LW�ZDV�WR�PRQLWRU�DQG�FRQWURO�WKH�SRSXODWLRQ�LQ�WKH�86��7KHVH
JX\V�ZHUH�ZRUNLQJ�IXULRXVO\�WR�NLOO�WKH�YLUXV��EXW�WKH\�GLG�QRW�GDUH
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WR� WXUQ� WKH�FRPSXWHUV�RII��7KH�ZKROH�SRSXODWLRQ�ZDV�ZDLWLQJ� IRU
WKHP�WR��DQG�ZRXOG�NLOO�WKHP�WKH�PLQXWH�WKH\�GLG��%\�)ULGD\��WKH
YLUXVHV�KDG�EHFRPH�VRSKLVWLFDWHG�HQRXJK�WR�ILJXUH�RXW�WKDW�WKHUH�ZDV
DQ�LQWHOOLJHQFH�H[WHUQDO�WR�WKH�FRPSXWHU��DQG�WR�VXUYLYH��WKH\�KDG�WR
ILJKW� WKLV�H[WHUQDO� WKUHDW��7KH�YLUXVHV� WKHQ� WRRN�FRQWURO�RI�DOO� WKH
QDQR�URERWV�XVHG�WR�NHHS�WKH�FLWL]HQU\�LQ�FKHFN��1R�RQH�KHUH�LV�TXLWH
VXUH� RI� ZKDW� KDSSHQHG� DIWHU� WKDW�� 6RPH� QXFOHDU� ZHDSRQV� ZHUH
ODXQFKHG��7KHQ�SUDFWLFDOO\�WKH�ZKROH�ZRUOG�ZHQW�XS�LQ�VPRNH��,©YH
KHDUG�WKH�YLUXVHV�ZRQ��������

)DU�RXW"�3HUKDSV��,PSRVVLEOH"�0D\EH�QRW¥HYHQ�LI�FUHDWLYH�HYROX�

WLRQ�LV�KRFXV�SRFXV��7R�DYRLG�VXFK�QLJKWPDUHV��LW�ZRXOG�VHHP�ZLVH
WR�RYHUFRPH�WKH�GLIILFXOWLHV�RI�GHYHORSLQJ�D�UHDO�WKHRU\�RI�HYROX�
WLRQ��DQG� OHDUQ�KRZ�HYROXWLRQ�FUHDWHV��RU�DW� OHDVW�KRZ�LW�FRXSOHV
H[WHUQDO�LQWHOOLJHQFH�LQWR�D�VHOI�UHSURGXFLQJ�V\VWHP�LQ�D�YHU\�GH�
WDLOHG�ZD\�

,W� ZRXOG� VHHP� UHDVRQDEOH� WR� VXJJHVW� WKDW�� ZLWK� WKH� SURSHU
XQGHUVWDQGLQJ�� RQH� FRXOG� GHVLJQ� DQ� RSHUDWLQJ� V\VWHP� WKDW� NHSW
HYROXWLRQ�XQGHU�FRQWURO��RU�HYHQ�GLUHFWHG�LW�WR�DJUHHDEOH�HQGV��7KDW
E\� LWVHOI�FRXOG�JR�D� ORQJ�ZD\�WRZDUG�FRQWDLQLQJ� WKH�SUREOHP�RI
XQGHVLUHG�YLUXVHV�HYROYLQJ�LQWR�PRUH�VRSKLVWLFDWHG�DQG�GHVWUXFWLYH
IRUPV�

2QH�ZD\�WR�KHOS�VRPH�FDWDVWURSKH�OLNH�WKH�DERYH�VFHQDULR�FRPH
DERXW� LV� WR� GR� VRPHWKLQJ� VWXSLG� OLNH� SDVV� D� ODZ� DJDLQVW�ZULWLQJ
YLUXVHV�RU�FUHDWLQJ�$/��$�QXPEHU�RI�JRYHUQPHQWV�DURXQG�WKH�ZRUOG
VHHP�WR�EH�HDJHU�WR�SDVV�DQG�HQIRUFH�VXFK�ODZV��,Q�IDFW��WKH\�DUH
ILJKWLQJ�DJDLQVW�QDWXUH��6XFK�ODZV�DUH�DERXW�DV�LQWHOOLJHQW�DV�WU\LQJ
WR�OHJLVODWH�D����KRXU�GD\�LQ�RUGHU�WR�JHW�PRUH�ZRUN�RXW�RI�WKH�ZRUN
IRUFH��RU�WU\LQJ�WR�OHJLVODWH�WKH�HDUWK�LQWR�EHLQJ�DW�WKH�FHQWHU�RI�WKH
XQLYHUVH�� ,W� VKRXOG�EH�SODLQ�E\�QRZ� WKDW� YLUXVHV� FDQ� HYROYH�� GR
HYROYH�� DQG�ZLOO� HYROYH� LQ� WKH� IXWXUH�� ,I� HYROXWLRQ� LV� VRPHWLPHV
FUHDWLYH��WKHQ�QHZ�RSHUDWLQJ�V\VWHPV�DQG�KDUGZDUH�FRXOG�FRQFHLY�
DEO\� SXVK� WKLV� HYROXWLRQDU\� FDSDELOLW\� IDU� EH\RQG� ZKDW� \RX©YH
WDVWHG� LQ� WKLV� ERRN��:LWK�PRVW�RI� WKH�ZRUOG� VWLOO� FRQYLQFHG� WKDW
HYROXWLRQ� LV� D� SRZHUIXO� FUHDWLYH� IRUFH�� VXFK� OHJLVODWLRQ� VHHPV
SDUWLFXODUO\�DQDFKURQLVWLF��$QG��ZKHWKHU�HYROXWLRQ� LV�FUHDWLYH�RU
FRQVHUYDWLYH��¦QHZ§ �YLUXVHV�DUH�JRLQJ�WR�JURZ�XS�TXLWH�DSDUW�IURP
KXPDQ�DJHQF\��DQG�WKH\�FDQ©W�H[DFWO\�UHDG�D�ODZ�WKDW�WHOOV�WKHP�QRW
WR�
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:KDW©V�ZRUVH� LV� WKDW� D� ODZ�ZLOO� RQO\� VWRS� WKH� WLQNHUHUV� DQG
H[SHULPHQWHUV�ZKR� ILQG� YLUXVHV� LQWHUHVWLQJ�� DQG� WKH� UHVHDUFKHUV
ZKR� DUH� WU\LQJ� WR� XQGHUVWDQG� WKHP� EHWWHU�� 7KH� PDOLFLRXV�� WKH
FULPLQDOV��WKH�SROLWLFDO�GLVVLGHQWV��DQG�WKH�HYLO�JRYHUQPHQW�DJHQWV
ZLOO�EH�XQGDXQWHG�E\�D�ODZ��7KDW�KDV�SUDFWLFDO�FRQVHTXHQFHV��5LJKW
QRZ��,©G�JXHVV�WKDW�����RU�PRUH�RI�DOO�YLUXVHV�ZULWWHQ�DUH�HLWKHU
EHQLJQ�RU�H[WUHPHO\� ODPH��7KH\�DUHQ©W�ZULWWHQ�E\�SHRSOH�RXW� WR
GHVWUR\�WKH�ZRUOG��2XWODZ�WKHP��DQG�WKH�SRSXODWLRQ�RI�YLUXVHV�ZLOO
EHJLQ�WR�JHW�VHHGHG�E\�LQFUHDVLQJO\�PDOHYROHQW�YDULHWLHV��&RXSOH
WKDW�ZLWK�HYROXWLRQ�DQG�JUHDWHU�SXEOLF� LJQRUDQFH�FDXVHG�E\�VXS�
SUHVVLQJ�NQRZOHGJH��DQG�\RX�PD\�KDYH�GLVFRYHUHG�WKH�HTXDWLRQ�IRU
VRPH�ELJ�SUREOHPV�GRZQ�WKH�URDG�

$QRWKHU�ZD\�WR�LQGXFH�D�FDWDVWURSKH�LV�WR�DFTXLHVFH�WR�WKH�LGHD
RI� XQOLPLWHG�� RPQLSRWHQW� HYROXWLRQ¥WKH� LGHD� WKDW� LW� FDQ� FUHDWH
ZLWKRXW�ERXQGV��7KLV� WHQGV�WR�OHDG�RQH�WR�GHVSDLU�RI�DQVZHUV��,I
HYROXWLRQ�LV�WUXO\�RSHQ�HQGHG�LQ�DQ�RSHUDWLQJ�HQYLURQPHQW��WKHQ�LW
FDQ�ILQG�LWV�ZD\�DURXQG�DQ\�REVWDFOH�,�WKURZ�LQ�LWV�SDWK��6R�ZK\
ERWKHU"� ,Q� WKLV� UHVSHFW�� ,� WKLQN� 'DUZLQ©V� K\SRWKHVLV� LV� D� UHDO
KLQGHUDQFH�WR�JHWWLQJ�DW�D�SURSHU�WKHRU\�WKDW�ZLOO�EH�XVHIXO�LQ�WKH
HOHFWURQLF� ZRUOG� RI� $/�� &HUWDLQO\� LW� VHHPV� UHVSRQVLEOH� IRU� WKH
QLKLOLVWLF�DWWLWXGHV�RI�PDQ\�$/�UHVHDUFKHUV�

7KH�ERWWRP�OLQH�LV�VLPSOH��WKH�YHU\�SRVVLELOLW\�RI�$/�UXQQLQJ
DPRN�LQ�RXU�FRPSXWHU�V\VWHPV��ZKLFK�ZLOO�EH�ZDONLQJ�DQG�WDONLQJ
EHIRUH�ORQJ��LV�PRUH�WKDQ�D�OLWWOH�LQFHQWLYH�WR�FRQVLGHU�ZKDW�D�UHDO
WKHRU\�RI�HYROXWLRQ�VKRXOG�ORRN�OLNH��,I�HYROXWLRQ�LV�FUHDWLYH��ZH©G
EHWWHU�XQGHUVWDQG�WKDW�SRZHU�UHDO�TXLFN��:KHQ�GRHV�FUHDWLYLW\�NLFN
LQ"�$QG�LI�HYROXWLRQ�LV�RQO\�UHDFWLYH��ZH�QHHG�WR�XQGHUVWDQG�WKDW
WRR�� EHFDXVH�ZH©G� SUHIHU� QR� VXUSULVHV�� ,Q� VKRUW�� HLWKHU�ZH� JHW� D
KDQGOH�RQ�LW��RU�LW�PD\�JHW�D�KDQGOH�RQ�XV�
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7KH�1HZ�(YROXWLRQ"

$W�SUHVHQW�� LW�ZRXOG�DSSHDU� WKDW� WKH�IRUPXODWLRQ�RI�D�SURSHU
WKHRU\�RI�HYROXWLRQ�ZLOO�EH�WKH�SUL]H�QRW�RI�WUDGLWLRQDO�ELRORJLVWV�
EXW�RI�$UWLILFLDO�/LIH�UHVHDUFKHUV��5HDO�ZRUOG�ELRORJ\�LV�WRR�FRP�
SOLFDWHG��5HDO�ZRUOG�HYROXWLRQ�KDV�EHFRPH�VR�ERJJHG�GRZQ�LQ�WKH
GHWDLOV�DQG�P\VWHULHV�RI�OLIH�DQG�WKH�HFRV\VWHP�WKDW�LW�ZRXOG�VHHP
GUDZLQJ�JHQHUDO�FRQFOXVLRQV�IRUP�WKH�LQGLYLGXDO�GHWDLOV�LV�DOO�EXW
LPSRVVLEOH��7KDW�LV�ZK\�VRPHWKLQJ�OLNH�'DUZLQ©V�K\SRWKHVLV¥WKH
LGHD�WKDW�DOO�OLIH�HYROYHG�YLD�PLFUR�PXWDWLRQV�DQG�VHOHFWLRQ¥LV�VR
RIWHQ�FDOOHG�D�¦ WKHRU\�RI�HYROXWLRQ§ �WKRXJK�LW�KDV�WKH�FKDUDFWHU�RI
DQ�XQIDOVLILDEOH�SKLORVRSK\��LW�FDQ�H[SODLQ�DQ\WKLQJ�DQG�SUHGLFWV
SUDFWLFDOO\�QRWKLQJ��7KDW�LV�ZK\�RQH�HYROXWLRQLVW�FDQ�MXELODQWO\�WHOO
XV�LW�LV�WKH�JUDQG�SDUDGLJP�RI�H[LVWHQFH�DQG�DQRWKHU�FDQ�DUJXH�WKDW
LW� WHOOV� XV� QRWKLQJ�� 7KDW� LV� ZK\� D� VHQVLEOH� OD\PDQ� OLNH� 3KLOOLS
-RKQVRQ�FDQ�WDNH�DQ�KRQHVW�ORRN�DW�WKH�HYLGHQFH�DQG�FRQFOXGH�WKDW
HYROXWLRQ�LV�OLWWOH�PRUH�WKDQ�D�P\WK�

)XUWKHUPRUH�� WKH� SKLORVRSKLFDO� FRPPLWPHQWV� RI� 'DUZLQLVP
VHHP�WR�EH�SRLVRQLQJ�LW�IURP�ZLWKLQ��'DUZLQ©V�K\SRWKHVLV�LV�XQGH�
QLDEO\�OLQNHG�WR�WKH�LGHD�WKDW�DWRPLVWLF�PDWHULDOLVP�LV�DEVROXWH�WUXWK�
EHFDXVH� LW� SRVLWV� WKDW� PDWHULDOLVP� QRW� LQ� WKH� ODERUDWRU\�� EXW� LQ
KLVWRU\��7KHUHIRUH�'DUZLQLVP�GHPDQGV�D�GHJUHH�RI�SKLORVRSKLFDO
FRPPLWPHQW�ZKLFK�RUGLQDU\� VFLHQFH�GRHV�QRW��7KDW�PDNHV�'DU�
ZLQ©V�K\SRWKHVLV�SKLORVRSKLFDOO\�IUDJLOH��,W�UHTXLUHV�EHOLHI��'HVSLWH
WKH�IUDJLOLW\�RI�WKLV�LGHD��LW�KDV�EHFRPH�WKH�VFLHQWLVW©V�SDUDGLJP��DQG
KH� LV� UDUHO\� UHDG\� WR� DGPLW� WKDW� LW� LV� IUDJLOH� DQG� FKDUJHG� ZLWK
SKLORVRSK\�� 7KLV� GUDJV� VFLHQFH� RII� FRXUVH� EHFDXVH� WKH� VFLHQWLVW



WHQGV�WR�WDNH�ORWV�RI�OLWWOH�TXHVWLRQV�ZKLFK�PD\�RU�PD\�QRW�OLQH�XS
ZLWK�WKH�ELJ�WKHRU\�DQG�DUUDQJH�WKHP�DV�IROORZV�

���)DFWV�ZKLFK�FDQ�EH�PDGH�VHUYDQWV�WR�WKH�SDUDGLJP�
���)DFWV�ZKLFK�FDQ�EH�H[SODLQHG�DZD\�E\�VWRU\�WHOOLQJ�
���)DFWV�ZKLFK�DUH�LUUHFRQFLODEOH�DQG�PXVW�WKHUHIRUH�EH�LJQRUHG�

1RZ��WKDW©V�QRW�WRR�GLIIHUHQW�IURP�WKH�ZD\�VFLHQFH�LQ�JHQHUDO�ZRUNV�
+RZHYHU��ZKHQ�WKHUH�DUH�WRR�PDQ\���W\SH�IDFWV��WKH�SDUDGLJP�LWVHOI
JHWV�FDOOHG�LQWR�TXHVWLRQ��,Q�D�VLWXDWLRQ�ZKHUH�WKH�SDUDGLJP�LQYROYHV
QRW� DQ� RSHUDWLRQDO�� SUREOHP�VROYLQJ� VWDWHPHQW�� EXW� D� VWDWHPHQW
DERXW� WKH� SKLORVRSKLFDO� QDWXUH� RI� UHDOLW\� DQG� WKH� KLVWRU\� RI� WKDW
UHVXOWLQJ�UHDOLW\��WKHUH�ZRXOG�DSSHDU�WR�EH�QR�ZD\�WR�XVH���W\SH�IDFWV
WR�RYHUWXUQ�WKH�SDUDGLJP�LQ�WKH�H\HV�RI�WKH�SKLORVRSKLFDOO\�FRP�
PLWWHG��7KLV�ZDV�H[DFWO\�WKH�SUREOHP�QDWXUDO�VFLHQWLVWV�KDG�ZLWK
FUHDWLRQLVP�LQ�WKH�ODVW�FHQWXU\��$QG�WKH�SUREOHP�LQHYLWDEO\�FDXVHV
D�GLVFLSOLQH�WR�EH�SRLVRQHG�EHFDXVH�WKH�SDUDGLJP�QR�ORQJHU�IXQF�
WLRQV�DV�D�UDWLRQDO�PHDQV�IRU�XQGHUVWDQGLQJ�RXU�ZRUOG��,W�EHFRPHV
D�SKLORVRSKLFDO�VRDS�ER[��$QG�WKDW�PHDQV�LWV�WUXWK�GRHV�QRW�WUDQ�
VFHQG�VSDFH��WLPH�DQG�FXOWXUHV¥LW�LV�D�SDUDEOH�IRU�EHOLHYHUV�

$UWLILFLDO� OLIH�KROGV� WKH�SURPLVH�QRW�RQO\�RI�D�UHDO� WKHRU\�RI
HYROXWLRQ��EXW�D�SKLORVRSKLFDOO\�QHXWUDO�WKHRU\�DV�ZHOO��$OO�DUWLILFLDO
ZRUOGV�FRQIRUP�WR�WKH�DWRPLVWLF��PDWHULDOLVWLF�YLHZ�EHFDXVH�WKH\
DUH�DOJRULWKPLF��7KH\�GR�QRW�H[KLELW�VWURQJ�HPHUJHQW�EHKDYLRU��WKH\
OLYH�LQ�D�FRPSXWHU��$QG�\HW��DW�WKH�VDPH�WLPH��WKH\�FRQIRUP�WR�D
VXSHUQDWXUDOLVWLF�YLHZ�WRR��EHFDXVH�WKHLU�UXOHV�DUH�ZHOO�GHILQHG�DQG
WKH\�PXVW�EH�VWDUWHG�ZLWK�VRPH�LQLWLDO�FRQILJXUDWLRQ��HYHQ�LI�LW�LV
UDQGRP��� $Q\� WKHRU\� ZH� IRUPXODWH� RXJKW� WR� H[SODLQ� WKH�ZKROH
JDPXW�RI�ZRUOGV��UDQJLQJ�IURP�WKRVH�ZKLFK�FRXOGQ©W�HYROYH�DQ\�
WKLQJ�WR�WKRVH�ZKLFK�HYROYH�DV�PXFK�DV�SRVVLEOH��2Q�WRS�RI�WKLV��DOO
RI� RXU� ZRUN� FDQ� RFFXU� LQ� WKH� ODERUDWRU\� RI� D� FRPSXWHU�� ZKHUH
UHSHDWDEOH��YHULILDEOH�PDWKHPDWLFDO�H[SHULPHQWV�DUH�SHUIRUPHG�

7KH�NH\�WR�WKLV�SURPLVH��KRZHYHU��VHHPV�WR�EH�D�VXIILFLHQWO\
GHHS�OHYHO�RI�DQDO\VLV��:LWK�D�XQLYHUVDO�VLPXODWLQJ�PDFKLQH�ZH�FDQ
VLPXODWH�DQ\�SURFHVV�ZH�OLNH��UHJDUGOHVV�RI�ZKHWKHU�LW�LV�UHODWHG�WR
WKH�UHDO�ZRUOG�RU�QRW��3UHVHQW�GD\�$/�UHVHDUFKHUV�VHHP�WR�QHJOHFW
WKLV�VLPSOH�IDFW��7KH\�EXLOG�PRGHOV�WR�VXSSRUW�'DUZLQ©V�K\SRWKHVLV
DQG� WKH� LGHD�RI�XQOLPLWHG��FUHDWLYH�HYROXWLRQ�ZLWKRXW�DVNLQJ� WKH
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KDUG�TXHVWLRQ�RI�ZKDW�WKH\©YH�SXW�LQWR�WKH�PRGHO��7KLV�LV�VLPSO\
PDWKHPDWLFDO�VWRU\�WHOOLQJ�ZKLFK�LV�QR�GLIIHUHQW�IURP�WKH�¦ MXVW�VR§
VWRULHV� ZKLFK� HYROXWLRQLVWV� VHHP� VR� DGHSW� DW� PDNLQJ� XS�� 6XFK
SRLQWOHVV�H[HUFLVHV�DUH�LQ�GLUH�QHHG�RI�VRPH�VHULRXV�FULWLFDO�UHDV�
VHVVPHQW��:H� FDQQRW� SURSHUO\� XQGHUVWDQG�ZKDW� FRPHV� RXW� RI� D
PRGHO�XQOHVV�ZH�XQGHUVWDQG�ZKDW�ZH�SXW�LQWR�LW�

:KHQ�,�VD\�WKDW�VXFK�D�WKHRU\�RI�HYROXWLRQ�ZRXOG�EH�SKLORVRSKL�
FDOO\�QHXWUDO��,�GR�QRW�PHDQ�WKDW�RXU�UHVXOWV�ZLOO�QRW�KDYH�SKLOR�
VRSKLFDO�LPSOLFDWLRQV��$OO�JRRG�VFLHQFH�GRHV��:KDW�,�GR�PHDQ�LV
WKDW�WKH�EDVLV�RI�WKH�WKHRU\�ZLOO�EH�IRXQGHG�LQ�HPSLULFDO�IDFWV�DQG
QRW�LQ�D�GHVLUH�WR�PDNH�D�JUDQG�H[SODQDWLRQ�RI�ZK\�WKH�ZRUOG�LV�WKH
ZD\�LW�LV��&HUWDLQO\�VXFK�D�WKHRU\�FRXOG�KDYH�VHULRXV�SKLORVRSKLFDO
LPSOLFDWLRQV��)RU�RQH��,�WKLQN�LW�FRXOG�RYHUWKURZ�'DUZLQ©V�K\SRWKH�
VLV�ZLWKRXW�WRXFKLQJ�RQ�SKLORVRSK\��,I�HYROXWLRQ�LV�UHDFWLYH��UDWKHU
WKDQ� FUHDWLYH�� WKHQ� 'DUZLQ©V� K\SRWKHVLV� ZRXOG� DSSHDU� WR� EH� LQ
WURXEOH��3HUKDSV�WKH�RQO\�ZD\�LW�FRXOG�EH�VXSSRUWHG�ZRXOG�EH�WR
UHWUHDW� LQWR� SKLORVRSKLFDO� WUXLVP��7KHQ�'DUZLQ�ZRXOG� EH� LQ� WKH
VDPH�FXULRXV�SRVLWLRQ�WKDW�FUHDWLRQ�LQ�DQ�HWHUQDO��HXFOLGHDQ�XQLYHUVH
ZDV�LQ�WZR�FHQWXULHV�DJR�

$Q\�ODERUDWRU\�EDVHG�WKHRU\�RI�HYROXWLRQ�ZLOO�SUREDEO\�ORRN�D
ORW�GLIIHUHQW�IURP�WKH�HYROXWLRQ�ZH�NQRZ�WRGD\��DV�D�UHVXOW�RI�LWV
GLIIHUHQW� IRFXV� IURP� WKH� VWDUW�� 6XFK� D� WKHRU\� ZRXOG� EH� WRWDOO\
RULHQWHG�WRZDUG�SUHGLFWLQJ�WKH�EHKDYLRU�RI�FRQWUROOHG�H[SHULPHQWV�
+RSHIXOO\�WKH�WKHRU\�ZRXOG�EH�UHDO�JRRG�DW�WKDW��DQG�LI�LW�GLGQ©W�RIIHU
H[SODQDWLRQV� IRU� WKH� JUDQG�TXHVWLRQV�RI� OLIH�� LW�ZRXOG�EH�QR�ELJ
SUREOHP��DQ\�PRUH�WKDQ�LW�LV�D�SUREOHP�IRU�*HQHUDO�5HODWLYLW\�WKDW
LW�FDQ©W�WHOO�XV�ZKHUH�WKH�ELJ�EDQJ�FDPH�IURP�

,�H[SHFW�VXFK�D�WKHRU\�ZRXOG�KHDG�LQ�YHU\�GLIIHUHQW�GLUHFWLRQV�
GHSHQGLQJ� RQ� ZKHWKHU� HYROXWLRQ� LV� IRXQG� RXW� WR� EH� FUHDWLYH� RU
UHDFWLYH��:H�KDYH�DOUHDG\�VHHQ�WKDW�HYROXWLRQ�FDQ�EH�SXUHO\�UHDFWLYH
DW�WLPHV��)RU�H[DPSOH��RXU�6&$1�6OLS�YLUXV�UHVSRQGHG�UHDFWLYHO\
WR�D�VFDQQHU��DQG�WKH�SHSSHUHG�PRWKV�UHDFWHG�WR�WKH�FKDQJH�LQ�WKHLU
HQYLURQPHQW��6R�LI�HYROXWLRQ�LV�FUHDWLYH¥L�H��FDSDEOH�RI�FUHDWLQJ
LQIRUPDWLRQ��UDWKHU�WKDQ�PHUHO\�FRXSOLQJ�LW�LQWR�D�VHOI�UHSURGXFWLYH
V\VWHP¥WKHQ�RQH�ZRXOG�OLNH�WR�NQRZ�ZKHUH�WR�GUDZ�WKH�OLQH��:KHQ
GRHV�HYROXWLRQ�EHFRPH�FUHDWLYH"�+RZ�GRHV�WKDW�FUHDWLYLW\�ZRUN"
:H�ZRXOG�DOVR�OLNH�WR�NQRZ�KRZ�FUHDWLYH�LW�LV��+RZ�PXFK�LQIRU�
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PDWLRQ� FDQ� LW� FUHDWH"�+RZ� IDVW� FDQ� LW� JR"�+RZ�GR�FUHDWLYH� DQG
UHDFWLYH�HYROXWLRQ�LQWHUDFW"

2Q� WKH� RWKHU� KDQG�� LI� HYROXWLRQ� LV� SXUHO\� UHDFWLYH�� WKH� ELJ
TXHVWLRQV�FHQWHU�DURXQG�FRXSOLQJ�LQIRUPDWLRQ�LQWR�D�VHOI�UHSURGXF�
LQJ�V\VWHP��6XFK�TXHVWLRQV�VHHP�YHU\�LQWHUHVWLQJ�LQ�WKHLU�RZQ�ULJKW
EHFDXVH�WKDW�FRXSOLQJ�LV�UHDFWLYH��DQG�LW�ZRUNV�WR�UHVLVW�FKDQJH�LQ�D
ZD\�WKDW�JLYHV�RQH�WKH�LPSUHVVLRQ�RI�LQWHOOLJHQW�IRUFHV�DW�ZRUN��)RU
H[DPSOH�ZDWFKLQJ�VXFFHVVLYH�JHQHUDWLRQV�RI�YLUXVHV�LPSURYH�WKHLU
DELOLW\� WR� HYDGH� D� VFDQQHU�� \RX©G� VZHDU� WKH\©UH� OHDUQLQJ�� 7KH
LQWURGXFWLRQ�RI�WKH�VFDQQHU�LQWR�WKHLU�HQYLURQPHQW�FDXVHV�WKHP�WR
GR�H[DFWO\�WKH�RSSRVLWH�RI�ZKDW�WKH�SHUVRQ�ZKR�EURXJKW�WKH�VFDQQHU
LQ�UHDOO\�ZDQWV��7KXV��WKH�YLUXVHV�DSSHDU�WR�HYROYH�D�QHZ�LQWHOOL�
JHQFH�EHFDXVH�LW� LV�FRQWUDU\�WR�WKH�LQWHOOLJHQFH�RI�WKRVH�ZKR�DUH
WDNLQJ�DFWLYH�PHDVXUHV�WR�HOLPLQDWH�LW��,Q�IDFW��WKH�YLUXV�LV�PHUHO\
UHDFWLQJ� WR� WKH� LQWHOOLJHQWO\�GHVLJQHG� VFDQQHU� LQ� D� FRQVHUYDWLYH
IDVKLRQ�� WR�SUHVHUYH� LWVHOI� LQ� D� FKDQJLQJ�HQYLURQPHQW��7KXV�� WKH
FRXSOLQJ�PHFKDQLVP�VHHPV�VRPHZKDW�FRXQWHULQWXLWLYH�LQ�WKH�ZD\
WKDW�VRPHWKLQJ�OLNH�1HZWRQ©V�7KLUG�/DZ��RI�PHFKDQLFV�LV�FRXQWHU�
LQWXLWLYH�

,�ZRXOG�JXHVV�WKDW�LI�HYROXWLRQ�KDG�RULJLQDWHG�LQ�WKH�ZRUOG�RI
$/��RQH�PLJKW�H[SHFW�WKH�UHDFWLYH�WHQGHQF\�RI�HYROXWLRQ�WR�GRPL�
QDWH�WKH�WKLQNLQJ�RI�HYROXWLRQLVWV��UDWKHU�WKDQ�WKH�FUHDWLYH�LGHD�WKDW
GRPLQDWHV�WRGD\��7KH�FUHDWLYH�LGHD�LV�DOPRVW�ZKROO\�PRWLYDWHG�E\
WKH�FRQYLFWLRQ�WKDW�HYROXWLRQ�LV�WKH�PHFKDQLVP�EHKLQG�DOO�WKH�JUHDW
YDULHW\�RI�OLIH�RQ�HDUWK��7KXV��LW�KDV�WR�EH�FUHDWLYH��,I�HYROXWLRQ�ZDV
ZKROO\�D�SURGXFW�RI�$/�UHVHDUFK��WKDW�URRW�ZRXOG�EH�LUUHOHYDQW�

6HFRQGO\��,�WKLQN�LGHDV�OLNH�GHVLJQ��LQWHOOLJHQFH��DQG�LQIRUPD�
WLRQ�ZRXOG�EH�WUHDWHG�PXFK�PRUH�UDWLRQDOO\�E\�DQ�$/�EDVHG�WKHRU\
RI�HYROXWLRQ��5HDO�ZRUOG�HYROXWLRQLVWV�DUH�VR�FRPPLWWHG�WR�PDWHUL�
DOLVP�WKDW�WKH\�WHQG�WR�KDYH�VWUDQJH�DWWLWXGHV�WRZDUGV�VXFK�LVVXHV�

&HUWDLQO\�WKH�LGHD�RI�GHVLJQ�LV�QRW�IRUHLJQ�WR�VFLHQFH��-XVW�DERXW
HYHU\� VFLHQWLILF�H[SHULPHQW� LV�� DIWHU�DOO�� D�GHVLJQHG� WHVW�RI� VRPH
VFLHQWLILF� WKHRU\��2IWHQ�YHU\�XQXVXDO�VLWXDWLRQV�DUH�VHW�XS¥VLWX�
DWLRQV�WKDW�ZRXOG�QHYHU�RFFXU�¦ LQ�WKH�ZLOG§¥�LQ�RUGHU�WR�WHVW�D

��� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ
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WKHRU\��)RU�H[DPSOH��\RX�PLJKW�GR�D�ORW�RI�ZRUN�WR�FUHDWH�D�YDFXXP�
DQG�VHW�XS�VRPH�HOHFWULF�ILHOGV��DQG�WKHQ�GHVLJQ�DQ�HOHFWURQ�VRXUFH�
1H[W�\RX�VHW�XS�VRPH�PRUH�HOHFWULF�DQG�PDJQHWLF�ILHOGV��$OO�ZLWK
WKH�LGHD�RI�WHVWLQJ�WKH�HQHUJ\�PDVV�HTXDWLRQ�RI�UHODWLYLW\��( PF��
$�JUHDW�GHDO�RI�GHVLJQ�LV�LQYROYHG�LQ�HVWDEOLVKLQJ�WKH�LQLWLDO�FRQGL�
WLRQV��:LWK�D�ELW�RI�OXFN��FDUHIXO�PHDVXUHPHQWV�DUH�SHUIRUPHG��DQG
\RX�JHW�VRPH�QXPEHUV�RXW�WKDW�FRQILUP�WKH�WKHRU\��7KXV��DQ�HOHPHQW
RI�GHVLJQ�LV�HVVHQWLDO�WR�MXVW�DERXW�DQ\�H[SHULPHQWDO�VFLHQFH�

:KHQ�,�VD\�¦GHVLJQ�§ �,�DP�QRW�E\�WKDW�LQYRNLQJ�WKH�VXSHUQDWX�
UDO��$W�WKH�OHYHO�RI�DQ�H[SHULPHQW��LW�RQO\�PDNHV�VHQVH�WR�WDON�DERXW
GHVLJQHG�LQSXWV��)RU�H[DPSOH��LI�,�GR�DQ�H[SHULPHQW��ZKHWKHU�LW�EH
ZLWK�D�FRPSXWHU�YLUXV�RU�ZLWK�DQ�(��&ROL��,�FDQ�IXOO\�ZHOO�WKLQN�RI
LWV�JHQHV�DV�EHLQJ�¦GHVLJQHG§ �ZLWKRXW�SXOOLQJ�SKLORVRSK\�LQWR�WKH
HTXDWLRQ��)RU�WKH�SXUSRVHV�RI�WKH�H[SHULPHQW��WKH\�DUH�GHVLJQHG�
+RZHYHU��IRU�WKH�SXUSRVHV�RI�WKH�H[SHULPHQW��,�GRQ©W�SDUWLFXODUO\
FDUH�ZKHWKHU�WKH\�ZHUH�GHVLJQHG�E\�*RG��E\�D�VRIWZDUH�HQJLQHHU�
RU�E\�QDWXUDO�SURFHVVHV�

,�EULQJ�DOO�RI�WKLV�XS�EHFDXVH�LW�VHHPV�SRVVLEOH�WKDW�DQ�$/�EDVHG
HYROXWLRQ�PLJKW�DFWXDOO\�WXUQ�WKH�WDEOHV�RQ�WKH�GHVLJQ�LVVXH��:H©YH
DOUHDG\� VHHQ� KRZ� D� YLUXV� OLNH� 6&$1�6OLS�� GHVLJQHG� ZLWK� WKH
'*0(��KDG�D�JRRG�DELOLW\� WR�HYROYH�GHIHQVHV�DJDLQVW� VFDQQHUV�
ZKLOH� RQH� GHVLJQHG�ZLWKRXW� UHJDUG� WR� HYROXWLRQ� FRXOG� QRW�� 7KH
OLNHOLKRRG� WKDW� DQ\� UDQGRP�YLUXV� FRXOG� VROYH� WKH� YHU\� SUDFWLFDO
HYROXWLRQDU\� SUREOHP� RI� LPSURYLQJ� LWV� DELOLW\� WR� HYDGH� D� VPDUW
VFDQQHU�ZLWKRXW�KDYLQJ�LW�GHVLJQHG�LQ�VHHPV�UHPRWH�LQGHHG�

<HW��HYHQ�ZKHQ�FDUHIXOO\�GHVLJQHG�WR�HYROYH��RXU�YLUXV�GRHV
QRW�KDYH�DQ�XQOLPLWHG�SRZHU�WR�HYDGH�VFDQQHUV��,W�ZLOO�JHQHUDOO\
ILQG�D�QLFKH�ZKHUH�LW�FDQ�UHSURGXFH�ZLWK�D�IDLU�GHJUHH�RI�VXFFHVV�
:KHUH�WKDW�QLFKH�LV��DQG�KRZ�VXFFHVVIXO�WKH�YLUXV�LV�WKHUH�GHSHQGV
RQ�IDFWRUV�OLNH�SDUHQWDJH��WKH�PXWDWLRQ�UDWH��DQG�IXQFWLRQDO�FDSD�
ELOLWLHV��<RX�FDQQRW�H[SHFW�WKH�YLUXV�WR�HYDGH�WKH�VFDQQHU�SHUIHFWO\
LQ� D� IHZ� JHQHUDWLRQV��<RX� FDQQRW� H[SHFW� HYHU\� FKLOG� WR� DOZD\V
HYDGH�LW�IRU�DQ�XQOLPLWHG�QXPEHU�RI�JHQHUDWLRQV��XQOHVV�\RX�FDQ
WXUQ�PXWDWLRQV�RII�DQG�VLPSO\�WHOO�WKH�YLUXV�WR�VWRS�HYROYLQJ��$QG�
RI�FRXUVH��LI�\RX�SXUVXH�HYDGLQJ�RQH�VFDQQHU�EOLQGO\��\RX�FDQ�RSHQ
XS�WKH�SRVVLELOLW\�RI�LQFUHDVHG�YXOQHUDELOLW\�WR�RWKHUV��)RU�H[DPSOH�
WXUQLQJ�WKH�PXWDWLRQ�UDWH�IRU�6&$1�6OLS�GRZQ�LPSURYHV�WKH�UHVXOWV
ZLWK�0F$IHH©V�73(�DOJRULWKP��EXW�LW�PDNHV�WKH�YLUXV�YXOQHUDEOH�WR
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WRWDO� HUDGLFDWLRQ�E\�RQ�WKH�IO\� VFDQQHUV�ZKLFK�DOORZ� WKH�XVHU� WR
HQWHU�D�QHZ�VFDQ�VWULQJ�EHFDXVH�LW�GRHVQ©W�PXWDWH�IDVW�HQRXJK��7KH
NH\�LV�WKLV��WR�LPSURYH�WKH�UHVXOWV�ZLWK�0F$IHH�ZLWKRXW�LQFUHDVLQJ
WKH� YXOQHUDELOLW\� WR� RWKHUV�� \RX� QHHG� D� EHWWHU� GHVLJQ¥D� IDQFLHU
73(¥DQG�PD\EH�D�ORQJHU�FKURPRVRPH��RU�YDULDEOH�PXWDWLRQ�UDWHV
IRU�HDFK�JHQH��,Q�VKRUW��D�EURDG�HYROXWLRQDU\�FDSDELOLW\�PLJKW�EH
HTXDWHG�ZLWK�FDUHIXO�GHVLJQ�UDWKHU�WKDQ�EHLQJ�XVHG�WR�DUJXH�DJDLQVW

GHVLJQ�

$OO�RI�WKLV�JRHV�WR�VKRZ�WKDW�WKH�WKHRU\�RI�HYROXWLRQ�ZKLFK�,
EHOLHYH�ZLOO�FRPH�IURP�$/�KDV�WKH�SRWHQWLDO�WR�HQG�XS�ORRNLQJ�OLNH
D�YHU\�GLIIHUHQW�DQLPDO�WKDQ�HYROXWLRQ�GRHV�WRGD\�

6OD\LQJ�WKH�3KLORVRSKLFDO�'UDJRQ

,©P�FRQYLQFHG�WKDW�VFLHQWLVWV¥DV�VFLHQWLVWV¥QHHG�WR�OD\�DVLGH
'DUZLQ©V�K\SRWKHVLV��$V�,�VDLG��LW�LV�K\SHUFKDUJHG�ZLWK�SKLORVRSK\�
DQG�,�WKLQN�LW�LV�SRLVRQLQJ�ZKDW�FRXOG�EH�JRRG�VFLHQFH��+RZHYHU�
DV�KXPDQ�EHLQJV��LW�LV�DOPRVW�LPSRVVLEOH�WR�OD\�DVLGH�WKH�TXHVWLRQ
'DUZLQ©V�K\SRWKHVLV� WULHV� WR�DQVZHU�� ,I�'DUZLQ©V� LGHD�DERXW� WKH
RULJLQ�RI�OLIH�ZHUH�QRW�WUXH��ZKDW�WKHQ"�$QG�ZKHQ�\RX�OD\�DVLGH�WKLV
LGHD��DQG�DOO�RI�LWV�SURWRFRO��WKH�UHDO�VFLHQFH�RI�HYROXWLRQ�WKDW©V�OHIW
ORRNV�SUHWW\�PLVHUDEOH��7KDW�PDNHV�WKH�¦ZKDW�WKHQ"§ �ORRP�ODUJH�

7KH�VFLHQWLVW�ZDQWV�WR�H[SODLQ�WKH�ZRUOG�E\�ZD\�RI�QDWXUDO�ODZ
LQ�DV�PXFK�DV�KH�LV�DEOH�WR��<HW��ZKHUH�ODZ�FDQQRW�UHDFK��WKHUH�LV
VRPH�VHQVH�LQ�LQYRNLQJ�WKH�PLUDFXORXV��HYHQ�WKRXJK�WKDW�LV�DQDWK�
HPD�WR�WKH�FRPPLWWHG�PDWHULDOLVW�

$V�,�VDLG�VHYHUDO�FKDSWHUV�EDFN��WKH�EHVW�VFLHQFH�ZLOO�HYHU�EH
DEOH�WR�GR�DV�IDU�DV�RULJLQV�JRHV�LV�WR�GHWHUPLQH�ZKHWKHU�WKLV�RU�WKDW
HYHQW�LV�OLNHO\�RQ�WKH�EDVLV�RI�QDWXUDO�ODZ��:KHQ�DQ�HYHQW�DSSHDUV
YHU\�XQOLNHO\��ZH�KDYH�WKUHH�FKRLFHV�

���6HHN�D�QHZ�QDWXUDO�ODZ�WR�H[SODLQ�WKH�HYHQW�
���6XJJHVW�WKDW�D�QDWXUDO�SKHQRPHQRQ�WKDW�FDQQRW�EH�H[SODLQHG�LQ
WHUPV�RI�ODZ�LV�UHVSRQVLEOH��$Q�H[WUHPHO\�UDUH���LQ������������

FKDQFH�HYHQW�LV�DQ�H[DPSOH�RI�WKLV��/LNHZLVH��VWURQJ�HPHUJHQFH
PLJKW�EH�DQ�H[DPSOH�

���,QYRNH�WKH�VXSHUQDWXUDO�
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&KRLFH�����LV�D�QREOH�ZD\�WR�JR��EXW�LW�LV�UHDOO\�QRWKLQJ�PRUH�WKDQ
DQ�DGPLVVLRQ�WKDW�\RX�GRQ©W�NQRZ�WKH�DQVZHU��&KRLFHV�����DQG����
DUH�SKLORVRSKLFDOO\�DQWDJRQLVWLF�DQG�WHQWDWLYH��7KH\�DUH�WHQWDWLYH
EHFDXVH� VRPHRQH� FRXOG� DOZD\V� ILQG� WKDW� WKH� DQVZHU� LV�� LQ� IDFW�
QXPEHU�RQH�DW�D�ODWHU�GDWH������DQG�����DUH�DQWDJRQLVWLF�EHFDXVH�RQH
SRVLWV�PDWHULDOLVP��WKH�RWKHU�QRQ�PDWHULDOLVP��$W�WKH�VDPH�WLPH�
����DQG������GHSULYHG�RI�WKHLU�SKLORVRSKLFDO�SHUVSHFWLYHV��DUH�UHDOO\
DERXW�WKH�VDPH��$IWHU�DOO��LV�WKH���LQ�������������FKDQFH�HYHQW�DQ\�
WKLQJ�EXW�ZKDW�ZH�FDOO�D�PLUDFOH"�,V�VWURQJ�HPHUJHQFH�DQ\WKLQJ
PRUH�WKDQ�D�VWDWHPHQW�WKDW�DWRPLVWLF�QDWXUDO�ODZ�DV�ZH�NQRZ�LW�LV
LQFDSDEOH�RI�H[SODLQLQJ�HYHU\WKLQJ"�$QG�ZKDW�LV�WKH�VXSHUQDWXUDO
H[FHSW�WKDW�UHDOP�ZKLFK�FDQQRW�EH�WRXFKHG�E\�QDWXUDO�ODZ"�6R�WKH
TXHVWLRQ� RI� ���� YHUVXV� ���� UHVROYHV� LWVHOI� LQWR� ZKHWKHU� WKHUH� LV
DQ\WKLQJ� RXWVLGH� RI� RXU� PDWHULDO� XQLYHUVH� ZKLFK� FDQ� LQIOXHQFH
HYHQWV� LQVLGH� LW�� 6R� WKH� UHDO� FKRLFH� IRU� WKH� VFLHQWLVW�ZHDULQJ�KLV
VFLHQWLVW©V�KDW�LV�����RU�������

1RZ�WKH�SRVLWLYLVW�VFKRRO�RI�SKLORVRSK\�ZRXOG�KDYH�XV�EHOLHYH
WKDW�FKRLFH�������LV�QRW�UHVSHFWDEOH�EHFDXVH�LW� LV�WHQWDWLYH��,Q�WKH
SDVW��PDQ\�ZKR�KDYH�UHOLHG�RQ�WKH�VXSHUQDWXUDO�WR�KROG�WKH�KHDYHQV
WRJHWKHU�DQG�ZKDW�QRW�KDYH�EHHQ�SURYHQ�ZURQJ��(YHQ�JUHDW�PHQ
OLNH�1HZWRQ��:KDW�WKH\�WKRXJKW�UHTXLUHG�������LQ�IDFW�RQO\�UHTXLUHG
D� SURSHU� XQGHUVWDQGLQJ�RI� QDWXUDO� ODZ��$V� D� VFLHQWLVW�� \RX�PXVW
FKRRVH������DQG�RQO\�DGPLW�WKDW�\RX�GRQ©W�NQRZ�WKH�DQVZHU�\HW�

$W�WKH�VDPH�WLPH��WKHUH�LV�D�WUHPHQGRXV�IUDLOW\�LQ�WKLV�ORJLF�
:KHQ� VFLHQFH� GHDOV� ZLWK� ODERUDWRU\� H[SHULPHQWV� LW� LJQRUHV� WKH
PLUDFXORXV��7KDW� LV�SHUIHFWO\�UHDVRQDEOH��$Q�H[SHULPHQWDO�UHVXOW
VKRXOG�EH�UHSHDWDEOH��DQG�WKDW�ZRXOG�EH�GLIILFXOW�LI�LW�GHSHQGHG�RQ
D�RQH�WLPH�PLUDFOH��:KHQ�VFLHQFH�GHDOV�ZLWK�KLVWRU\��WKRXJK��DV
HYROXWLRQLVWV�KDYH�DWWHPSWHG�WR�GR�LQ�WKH�SDVW�FHQWXU\��RQH�PXVW
HVVHQWLDOO\�LQVLVW�WKDW�WKHUH�EH�QR�PLUDFOHV��2QH�VLQJH�PLUDFOH�UXLQV
WKH�ZKROH�DUJXPHQW��7R�VXJJHVW�WKDW�WKHUH�QHYHU�KDV�EHHQ�DQG�QHYHU
ZLOO�EH�D�PLUDFOH�LV�DQ�LQFUHGLEO\�VWURQJ�VWDWHPHQW�WR�PDNH¥HVSH�
FLDOO\�DERXW�VXFK�D�GRXEWIXO�VXEMHFW��7R�EXLOG�D�ZKROH�WKHRU\�RQ
WKDW�JDPEOH�VHHPV�LQVDQH�

1RZ�,�PXVW�WDNH�RII�P\�VFLHQWLVW©V�KDW�IRU�D�PRPHQW��,�XVHG�WR
EH�YHU\�PXFK�FRPPLWWHG�WR�QDWXUDOLVP��7R�PH��WKLV�ZRUOG�DQG�LWV
ODZV�ZHUH�DOO�WKHUH�ZDV��SHULRG��2FFDVLRQDOO\�VRPH�SRRU�-HKRYDK©V
:LWQHVVHV�ZRXOG�FRPH�NQRFNLQJ�RQ�P\�GRRU��DQG�,�ORYHG�QRWKLQJ

7KH�1HZ�(YROXWLRQ" ���



EHWWHU�WKDQ�WR�LQYLWH�WKHP�LQ�DQG�ODPEDVW�WKHP�IRU�WKHLU�IRROLVKQHVV�
¦$OO�RI�WKRVH�PLUDFOHV�DUH�MXVW�VWRULHV��7KH\©UH�OLHV�§ �,©G�VD\��¦+RZ
FDQ�\RX�EHOLHYH�WKDW"�,W�GRHVQ©W�KDSSHQ�WRGD\��6KRZ�PH�D�PLUDFOH
DQG� ,©OO� EHOLHYH¥,©P� RSHQ�PLQGHG�§ � 7KH\� FRXOG� QRW��<HW� WKH\
DVVXUHG�PH�WKH\�EHOLHYHG�HYHU\�ZRUG�RI�LW��,�MXVW�PDUYHOOHG�DW�WKHLU
LQVDQLW\�

/DWH�RQH�QLJKW�ZKLOH� LQ�JUDGXDWH�VFKRRO�,�ZDV�OLVWHQLQJ�WR�D
UDGLR�WDON�VKRZ��$�IHOORZ�IURP�D�JURXS�FDOOHG�6LOYD�0LQG�&RQWURO
ZDV�RQ��WHOOLQJ�KRZ�WKHLU���GD\�FRXUVH�ZRXOG�WHDFK�\RX�KRZ�WR�KDYH
D�SV\FKLF�H[SHULHQFH��7KH�FDWFKHU�ZDV��\RX�FRXOG�JHW�\RXU������IHH
EDFN�LI�\RX�ZHUHQ©W������VDWLVILHG��7KLV�JX\�DFWXDOO\�JXDUDQWHHG
D� SV\FKLF� H[SHULHQFH� RU� \RXU� PRQH\� EDFN�� ,� UHDOO\� ZDV� RSHQ
PLQGHG��VR�,�VDYHG�XS�P\�PRQH\�DQG�ZHQW��7KH�FRXUVH�GHOLYHUHG�
$W�WKH�HQG��HYHU\RQH�ZDV�DVNHG�WR�ZULWH�GRZQ�RQ�D�FDUG�GHWDLOHG
LQIRUPDWLRQ�DERXW�SHRSOH�WKH\�NQHZ�ZKR�KDG�D�PHGLFDO�SUREOHP�
7KH�FDUGV�ZHUH�PL[HG�XS�DQG�SDVVHG�RXW��7KHQ�RQH�SHUVRQ�ZRXOG
KROG�D�FDUG�\RX©YH�QHYHU�VHHQ�DERXW�D�SHUVRQ�QHLWKHU�RI�\RX�NQRZ�
+H�ZRXOG�WHOO�\RX�¦ �,�KDYH�D�PDQ�LQ�1HZ�<RUN§ �DQG�WKDW�ZDV�DOO�
<RX�ZRXOG�WKHQ�FORVH�\RXU�H\HV�DQG�JR�LQWR�D�VWDWH�RI�PHGLWDWLRQ
DQG�JLYH�DOO�WKH�GHWDLOV�RQ�WKLV�FDUG��ZKLFK�\RX©YH�QHYHU�VHHQ�

1RZ��LI�\RX�ZHUH�DQ�REVHUYHU�ZDWFKLQJ�WKLV�SURFHVV��LW�ZRXOG
EH�HDV\�WR�LPDJLQH�D�WKRXVDQG�ZD\V�WR�ULJ�LW�DQG�FKHDW��1R�GRXEW
WKH� ZKROH� VKRZ� ZRXOG� EH� YHU\� XQFRQYLQFLQJ�� +RZHYHU�� ZKHQ
\RX©UH�VLWWLQJ�WKHUH�ZLWK�\RXU�H\HV�VKXW�UDWWOLQJ�RII�WKH�GHWDLOV�RQ
WKHVH� FDUGV� ZLWK� ����� DFFXUDF\¥HYHQ� WKURZLQJ� LQ� WKLQJV� WKDW
DUHQ©W� RQ� WKH� FDUGV� EXW� ODWHU� JHW� FRQILUPHG¥\RX� JHW� D� ZKROH
GLIIHUHQW�SHUVSHFWLYH��<RX�IHHO�OLNH�\RX©UH�MXVW�PDNLQJ�LW�XS��WKHQ
\RX�RSHQ�\RXU�H\HV�DQG�ILQG�RXW�LW�ZDV�WRWDOO\�FRUUHFW�

:DV�,�WDNLQJ�DGYDQWDJH�RI�VRPH�FRPSOH[�DSSOLFDWLRQ�RI�NQRZQ
SK\VLFDO� ODZV"�:HUH� WKH� HOHFWURQV� LQ� P\� EUDLQ� FRPPXQLFDWLQJ
HOHFWURPDJQHWLFDOO\�ZLWK�RWKHUV�LQ�WKH�URRP"�2U�ZDV�LW�VRPH�QHZ�
XQNQRZQ� ODZ� RI� SK\VLFV� DW� ZRUN"� +DG� ,� MXVW� JRWWHQ� LQFUHGLEO\
OXFN\"�2U�KDG�,�MXVW�GHOYHG�LQWR�WKH�VXSHUQDWXUDO"�$V�D�VFLHQWLVW�,
FDQ©W�DQVZHU�WKDW��,�GRQ©W�NQRZ�HQRXJK�WR�DQVZHU�LW��3HUKDSV�LW�ZDV
MXVW�QDWXUDO�ODZ�DIWHU�DOO��,I�,�FRXOG�GHPRQVWUDWH�WKH�SKHQRPHQRQ�LQ
D�PDWKHPDWLFDO�PRGHO�XVLQJ�NQRZQ�ODZ��LW�ZRXOG�EH�DQRWKHU�VWRU\�
EXW�VRPHKRZ��,�WKLQN�WKDW©V�OLNHO\�WR�EH�IRUHYHU�EH\RQG�P\�JUDVS�

��� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ



6LQFH�WKLV�WXUQLQJ�SRLQW��,�KDYH�SXUVXHG�WKH�VXEMHFW�FDVXDOO\�
DQG�IRXQG�RXW�WKDW�¦PLUDFOHV§ �DUH�QRW�QHDUO\�VR�UDUH�DV�,�VXSSRVHG�
,©YH�GDEEOHG�ZLWK�WKH�RFFXOW�DQG�HDVWHUQ�P\VWLFLVP��,©YH�VWRRG�LQ
HYDQJHOLVWLF�PHHWLQJV�ZKHUH�D�&KULVWLDQ�SURSKHW�GLVSOD\HG�VRPH
XQGHQLDEOH�SRZHU��,©YH�UHDG�ERRNV�ILOOHG�ZLWK�WKH�PLUDFXORXV���DV
ZHOO�DV�VWXGLHV�E\�VFLHQWLVWV�DLPHG�DW�GHEXQNLQJ�SDUDSV\FKRORJ\
DQG�PLUDFOH�ZRUNHUV��

:KHQ�DOO�LV�VDLG�DQG�GRQH��,�KDYH�WR�DGPLW�WKH�VXSHUQDWXUDO�LQWR
P\�ZRUOG�YLHZ��,�VD\�WKLV�ZLWK�P\�VFLHQWLVW©V�KDW�RII��,�VD\�LW�E\�ZD\
RI�SHUVRQDO�H[SHULHQFH��QRW�UHSHDWDEOH�H[SHULPHQW��DOWKRXJK�WKHVH
WKLQJV� DUH� QRW� EHLQJ� GRQH� LQ� KLGLQJ�� ,� NQRZ� WKHVH� PDWWHUV� DUH
LQFUHGLEO\�GLIILFXOW�WR�WDFNOH�ZLWK�VFLHQWLILF�PHWKRG��DQG�,�DP�QRW
WKH� OHDVW� VXUSULVHG� WR� ILQG� WKDW� LW� LV� VR�� (YHQ� RUGLQDU\� KXPDQ
SV\FKRORJ\�� ZKLFK� DWWHPSWV� WR� GHDO� ZLWK� QDWXUDO� LQWHOOLJHQFHV�
DSSHDUV�WR�EH�D�EDQNUXSW�VFLHQFH��3V\FKRWKHUDS\��ZKLFK�LV��DIWHU
DOO�� WKH� SURRI� RI� WKH� SXGGLQJ�� LV� QRWRULRXVO\� XQDEOH� WR� SURGXFH
VWDWLVWLFDOO\� VLJQLILFDQW� UHVXOWV��� 6R� LI� XQQDWXUDO� �DQG� VRPHWLPHV
SHUKDSV�LPSLVK��LQWHOOLJHQFHV�DUH�LQYROYHG�LQ�VXSHUQDWXUDO�SKHQRP�
HQD��RQH�FRXOG�KDUGO\�KRSH�WR�GR�EHWWHU�WKDQ�RUGLQDU\�SV\FKRORJ\�

7KH� VFLHQWLVW�ZKR�EX\V� LQWR�PDWHULDOLVWLF�QDWXUDOLVP�KDV�GH�
FLGHG�WKDW�WKHUH�DUH�QR�VXSHUQDWXUDO�SKHQRPHQD��+H�KDV�FORVHG�D
GRRU� WKDW� VFLHQFH� E\� LWVHOI� FDQQRW� FORVH�� 7KHQ� KH� XVXDOO\� WXUQV
DURXQG�DQG�FDOOV�WKDW�GHFLVLRQ�¦ VFLHQWLILF§ �DV�LI�WR�JLYH�LW�UHVSHFW�
DELOLW\��7KLV�LV�WKH�KHLJKW�RI�DUURJDQFH�

�,I�,�GR�QRW�FORVH�WKLV�GRRU��WKHQ�HYHQ�DV�D�VFLHQWLVW�,�KDYH�WR
DGPLW�WKDW�QDWXUDO�ODZ�PD\�QRW�DFFRXQW�IRU�HYHU\WKLQJ��7KHUHIRUH�,
KDYH�WR�DGPLW�WKDW�'DUZLQ©V�K\SRWKHVLV�FRXOG�EH�IODW�RXW��HPSLUL�
FDOO\� ZURQJ�� 3HUKDSV� VFLHQFH� KDV� QRW� GLVFRYHUHG� KRZ� FRPSOH[
RUJDQLVPV�FDPH�LQWR�EHLQJ�,I�,�FDQ�H[SHULHQFH�HYHQ�RQH�VXSHUQDWX�

7KH�1HZ�(YROXWLRQ" ���

� 7�� /�� 2VERUQH�� +HDOLQJ� WKH� 6LFN�� ��WK� (G�� �+DUULVRQ� +RXVH�� 7XOVD�
2NODKRPD��������(LWKHU�WKLV�JX\©V�VHHQ�VRPH�UHDO�PLUDFOHV�RU�KH©V�WKH�ELJJHVW
OLDU�ZKR�HYHU�OLYHG�

� )RU�H[DPSOH��0DUWLQ�*DUGQHU��6FLHQFH��*RRG��%DG�DQG�%RJXV� �3URPHWKHXV
%RRNV��%XIIDOR��1HZ�<RUN�������

� 7KRPDV�6]DV]��7KH�0\WK�RI�3V\FKRWKHUDS\� �'RXEOHGD\��*DUGHQ�&LW\��1HZ
-HUVH\�������



UDO�HYHQW�LQ�P\�OLIH¥HYHQ�DW�WKH�OHYHO�RI�UHDUUDQJLQJ�D�IHZ�HOHFWURQV
LQ�P\�EUDLQ¥WKHQ� ,�KDYH� WR�DGPLW� WKDW� LW�FRXOG�KDYH�ZRUNHG� WR
FKDQJH�KLVWRU\�LQ�WKH�SDVW��2QFH�,�PDNH�WKDW�DGPLVVLRQ��WKH�WUXWK�RI
'DUZLQLVP�EHFRPHV�D�UHDO�TXHVWLRQ��DQG�QRW�MXVW�D�SKLORVRSKLFDO
QHFHVVLW\��DQG�WKH�SRVVLELOLW\�WKDW�LW�LV�ZURQJ�LV�QRW�D�FDWDVWURSKH�

$�PLUDFOH�FDQQRW�WRSSOH�D�UHDO�VFLHQWLILF�WKHRU\�WKDW�KDV�SUHGLF�
WLYH�YDOXH��,I�,�ZHUH�WR�VHH�VRPH�JXUX�LQ�,QGLD�OHYLWDWH�,�ZRXOG�QRW
GLVFDUG�1HZWRQ©V� ODZ� RI� JUDYLWDWLRQ� DQ\�PRUH� WKDQ� ,� GLVFDUG� LW
EHFDXVH�(LQVWHLQ�VD\V�LW�QHHGV�WR�EH�PRGLILHG��,W�VWLOO�KDV�WUHPHQ�
GRXV�YDOXH��2Q�WKH�RWKHU�KDQG��,�ZLOO�QRW�HOHYDWH�VXFK�D�ODZ�WR�WKH
VWDWXV� RI� VRPH�NLQG�RI�$EVROXWH�7UXWK�� DQG� UDWKHU� UHFRJQL]H� LWV
OLPLWDWLRQV�

)RU�WKLV�UHDVRQ��,�DP�IXUWKHU�FRQYLQFHG�WKDW�VFLHQWLVWV�VKRXOG
WDNH�JUHDW�SDLQV�WR�IRXQG�DQ\�WKHRU\�RI�HYROXWLRQ�LQ�D�SKLORVRSKL�
FDOO\�QHXWUDO�ZD\��,Q�VD\LQJ�WKDW��,�DP�QRW�VXJJHVWLQJ�WKDW�VFLHQWLVWV�
DV�SURIHVVLRQDO�VFLHQWLVWV��UHVRUW�WR�PLUDFOHV�RU�UHOLJLRQ�WR�H[SODLQ
QDWXUH��(YHQ�WKRXJK�VXFK�PDWWHUV�PD\�EH�TXLWH�UHDO��WKH\�DUH�QRW
VFLHQFH��:KDW�,�DP�VD\LQJ�LV�WKDW�LI�\RX�EDVH�D�WKHRU\�RQ�ODE�ZRUN�
WKHQ�\RX�FDQ�UHDVRQDEO\�PLWLJDWH�WKH�QHHG�IRU�WKH�VXSHUQDWXUDO�LQ
VLWXDWLRQV�ZKHUH�\RXU�WKHRU\�LV�XS�WR�WKH�FKDOOHQJH�RI�H[SODLQLQJ
�H�J��FRUUHWO\�SUHGLFWLQJ��KRZ�VRPH�REVHUYHG�SKHQRPHQRQ�ZRUNV�
,I�\RXU�WKHRU\�LV�QRW�XS�WR�WKH�FKDOOHQJH��\RX�MXVW�NHHS�\RXU�PRXWK
VKXW��2Q�WKH�RWKHU�KDQG��LI�\RX�EDVH�D�WKHRU\�RQ�D�SKLORVRSKLFDO
WUXLVP��\RX�RQO\�HQG�XS� LQ�D�SKLORVRSKLFDO�FRQXQGUXP��EHFDXVH
\RXU�WKHRU\�LV�DVFLHQWLILF�WR�EHJLQ�ZLWK��DQG�\RX©UH�IRUHYHU�GDPQHG
WR� EH� DUJXLQJ� SKLORVRSKLFDO� LVVXHV� ZKLOH� WU\LQJ� WR� PDLQWDLQ� D
QRQ�SKLORVRSKLF�� VFLHQWLILF� SRVWXUH�� 7KDW� LV� H[DFWO\� WKH� SUREOHP
ZKLFK�SUHVHQW�GD\�HYROXWLRQ�IDFHV��DQG�LW�LV�H[DFWO\�ZKDW�$/�FDQ
KHOS�XV�RXW�RI�

��� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ



/DVW�:RUGV

:KHQ�ZH� VWDUWHG�RQ�RXU� MRXUQH\� LQWR� D�QHZ�ZRUOG��ZH� ILUVW

VRXJKW�WR�OHDUQ�ZKHWKHU�DUWLILFLDO�OLIH�DQG�FRPSXWHU�YLUXVHV�FRXOG

EH�DOLYH��7R�GR�WKDW��ZH�KDG�WR�OHDUQ�ZKDW�ZDV�PHDQW�E\�OLIH��:H

IRXQG�WKDW�FRPSXWHU�YLUXVHV�IXOILOOHG�RXU�PHFKDQLFDO�LGHDV�RI�ZKDW

OLIH�LV�SUHWW\�ZHOO��<HW�ZH�DOVR�VDZ�WKDW�WR�WDON�DERXW�OLIH��ZH�KDG�WR

WDON�DERXW�PRUH�WKDQ�PHFKDQLFV��DQG�ZH�GHOYHG�LQWR�WKH�SKLORVRSKL�

FDO�UHDOP��WR�GLVFXVV�VRPH�RI�WKRVH�LVVXHV�D�ELW��,Q�ZD\V��FRPSXWHU

YLUXVHV� VHHPHG� WR� GR� EHWWHU� WKDQ�PDQ\� RWKHU� DUWLILFLDO� OLIH� FRQ�

VWUXFWV��SKLORVRSKLFDOO\�VSHDNLQJ��)RU�H[DPSOH��WKH\�KDYH�JDLQHG�D

GHJUHH� RI� DXWRQRP\�� )RU� H[DPSOH�� WKHLU� HQYLURQPHQW� ZDV� QRW

VSHFLILFDOO\� GHVLJQHG� IRU� WKHP�� VR� WKH\� FRXOG� EH� DQDO\]HG� DV� D

SKHQRPHQRQ��UDWKHU�WKDQ�D�SXUH�FRQVWUXFW��,Q�RWKHU�ZD\V��WKH\�IHOO

VKRUW��:H�FRXOG�QRW�FODLP�VWURQJ�HPHUJHQW�EHKDYLRU�IRU�RXU�YLUXVHV�

RU�IRU�DQ\�RWKHU�IRUP�RI�DUWLILFLDO�OLIH��,Q�WKH�HQG��ZH�GHFLGHG�WKDW

LQ�WKH�VWURQJHVW�OLJKW��YLUXVHV�DUH�QRW�DFWXDOO\�DOLYH��$W�WKH�VDPH

WLPH��ZH�VDZ�WKDW�WKH\�FRXOG�EH�XVHG�WR�VWXG\�WKH�SKHQRPHQD�RI

OLIH� ZLWKRXW� UHSURDFK�� ,Q� SDUWLFXODU�� HYROXWLRQ� DSSHDUHG� WR� EH� D

SDUWLFXODUO\�LQWHUHVWLQJ�SUREOHP�WR�DSSURDFK�

$UWLILFLDO� OLIH� VHHPV� WR� RIIHU� XV� WKH�PDFKLQHU\� WR� JR� DERXW

IRUPXODWLQJ�D� WKHRU\�RI�HYROXWLRQ� WKDW�GRHV�QRW�VWDUW�ZLWK�SKLOR�

VRSKLFDO�WUXLVPV��DQG�GRHV�QRW�DLP�WR�SURYLGH�DQ�DQVZHU�WR�HYHU\�

WKLQJ��,W�RIIHUV�XV�WKH�DELOLW\�WR�DQDO\]H�HYROXWLRQDU\�VFHQDULRV�PXFK

PRUH�FOHDUO\�DQG�GHHSO\�WKDQ�SRVVLEOH�LQ�WKH�UHDO�ZRUOG��:LWKRXW

WKH�SKLORVRSKLFDO�EDJJDJH��LW�PLJKW�MXVW�JLYH�XV�VRPH�QHZ�LQVLJKWV

LQWR�OLIH�WKDW�DUH�ZRUWK�NQRZLQJ��<HW�PRUH�ZRUN�KDV�WR�EH�GRQH�

7KRXJK� LW� VHHPV�FOHDU� WKDW� WKH� LGHD�RI� LQIRUPDWLRQ�FRQWHQW�DV� LW



UHODWHV�WR�DUWLILFLDO�OLIH�DQG�WKH�SK\VLFV�RI�D�V\VWHP�FDQ�EH�XQDPEL�

JXRXVO\�GHILQHG��PRUH�ZRUN�LV�QHHGHG�LQ�WKLV�DUHD��7KHQ��VRPH�RI

WKH�ELJ�TXHVWLRQV�OLNH�ZKHWKHU�HYROXWLRQ�LV�UHDOO\�RQO\�UHDFWLYH�RU

ZKHWKHU� LW� FRQWDLQV� D� FUHDWLYH� HOHPHQW� DV� ZHOO� FDQ� EH� SURSHUO\

DGGUHVVHG�

:HOO��WKLV�LV�WKH�HQG�RI�RXU�WRXU�RI�WKLV�DPD]LQJ�QHZ�ZRUOG��,Q

D�ZD\��,�IHHO�DV�LI�,�FRXOG�JR�RQ�DQG�RQ��H[SORULQJ�HYHU�IXUWKHU�DQG

GHHSHU��7KHUH�LV�DOZD\V�DQRWKHU�KLOO��DQG�ZKDW�OLHV�EH\RQG�LW�,�GRQ©W

NQRZ��<HW�DOO�WKLQJV�PXVW�FRPH�WR�DQ�HQG��,�GLG�QRW�SURPLVH�\RX�D

ODQG�DOO�EXLOW�XS�ZLWK�FLWLHV�DQG�FULVV�FURVVHG�ZLWK�KLJKZD\V��VR

GRQ©W�EH�GLVDSSRLQWHG�LI�\RX�KDYHQ©W�JRW�LW��,I�,©YH�VKRZQ�\RX�D�QHZ

ZRUOG¥DQ�XQWDPHG�ZRUOG¥WKDW�LV�SHUKDSV�PRUH�LQWHUHVWLQJ�DQG

PRUH�LPSRUWDQW�WKDQ�\RX�ILUVW�WKRXJKW��WKHQ�,�KDYH�VXFFHHGHG�LQ�P\

SODQV�IRU�WKLV�H[SORUDWRU\�MRXUQH\��DQG�,�KRSH�WR�PHHW�\RX�LQ�WKLV

FRXQWU\�DJDLQ�VRPHGD\�

��� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ



$SSHQGL[�$��
$Q�,QWURGXFWLRQ�WR�
&HOOXODU�$XWRPDWD

7KLV� FKDSWHU� LV� LQWHQGHG� WR� SURYLGH� WKH� UHDGHU� ZKR� LV� QRW

IDPLOLDU�ZLWK�WKH�FRQFHSW�RI�FHOOXODU�DXWRPDWD�ZLWK�D�EDVLF�NQRZO�

HGJH�RI�ZKDW�WKH\�DUH�DQG�KRZ�WR�ZULWH�D�SURJUDP�WKDW�LPSOHPHQWV

RQH�

7KH�%DVLFV

,PDJLQH�DQ�DUUD\�RI�FHOOV��7KLV�DUUD\�PD\�EH�RQH�GLPHQVLRQDO�

WZR�GLPHQVLRQDO�

RU�PXOWL�GLPHQVLRQDO��7KH�DUUD\�PD\�EH�ILQLWH�RU�LQILQLWH��DW�OHDVW

LQ�WKHRU\���1RZ�LPDJLQH�WKDW�HDFK�FHOO�LQ�WKH�DUUD\�FRQVLVWV�QRW�RI

DQ�HPSW\�ER[�EXW�D�OLWWOH�PDFKLQH¥RU�FRPSXWHU¥WKDW�FDQ�UHSRUW

D�QXPEHU�WR�\RX�UHSUHVHQWDWLYH�RI�LWV�LQWHUQDO�VWDWH��(DFK�PDFKLQH

PD\�KDYH�DV�PDQ\�LQWHUQDO�VWDWHV�DV�\RX�OLNH��(DFK�RI�WKHVH�OLWWOH



PDFKLQHV�LV�DOVR�FRQQHFWHG�WR�RWKHUV�LQ�WKH�DUUD\��QRUPDOO\�LQ�VRPH

V\VWHPDWLF�IDVKLRQ��)RU�H[DPSOH��HDFK�PDFKLQH�PLJKW�EH�FRQQHFWHG

WR�LWV�QHDUHVW�QHLJKERUV��DV�ZLWK�/DQJWRQ©V�DXWRPDWRQ��

QHDUHVW�QHLJKERUV�SOXV�FRUQHUV��DV�ZLWK�&RQZD\©V�JDPH�RI�OLIH��

RU�LQ�VRPH�PRUH�FRPSOLFDWHG�DUUDQJHPHQW�LQYROYLQJ�QRW�VR�QHDU�

QHLJKERUV��DV�LQ�WKLV�RQH�GLPHQVLRQDO�DUUD\�

1RZ��FRQQHFWHG�GRHV�QRW�PHDQ�DWWDFKHG�ZLWK�VWULQJV��RU�VRPH�

WKLQJ� RI� WKDW� QDWXUH�� 5DWKHU�� ZH� PHDQ� WKDW� WKH� PDFKLQHV� VKDUH

LQIRUPDWLRQ�DERXW�WKHLU�VWDWH��WKH�QXPEHU�ZKLFK�WKH\�UHSRUW�WR�XV�

ZLWK�HDFK�RWKHU��(DFK�FRQQHFWLRQ�LV�ERWK�DQ�LQSXW�DQG�DQ�RXWSXW�

/HW©V� FRQVLGHU� RQH� SDUWLFXODU�PDFKLQH��(DFK� LQSXW� FRQVLVWV� RI� D

QXPEHU¥D�UHSRUW�RI�WKH�VWDWH�ZKLFK�HYHU\�FRQQHFWHG�PDFKLQH�LV

LQ��(DFK�RXWSXW� LV� VLPSO\� WKH�QXPEHU�DVVRFLDWHG� WR� WKH�PDFKLQH

ZH©UH�ORRNLQJ�DW�

��� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ



1RZ��HYHU\�PDFKLQH�LQ�DQ�DUUD\�FDQ�XVH�LWV�FXUUHQW�VWDWH��DQG

DOO�LWV�LQSXWV�WR�GHWHUPLQH�D�QHZ�VWDWH�LQ�DQ�DOJRULWKPLF�IDVKLRQ�

/HW©V�FRQVLGHU�D�RQH�GLPHQVLRQDO�DUUD\�WR�PDNH�WKLV�D�ELW�PRUH�FOHDU�

6XSSRVH�HDFK�PDFKLQH�KDV�RQO\� WZR�VWDWHV��RQ�DQG�RII�� DQG�KDV

LQSXWV�RQO\�IURP�QHDUHVW�QHLJKERUV�

7KHQ�D�W\SLFDO�WUDQVLWLRQ�UXOH�WDNHV�WKH�IRUP�¦ ,I�PDFKLQH�VWDWH�LV�RQ

DQG�ERWK�QHLJKERUV�DUH�RQ��FKDQJH�PDFKLQH�VWDWH�WR�RII�§ �:H�FDQ

UHSUHVHQW�WKLV�UXOH�LQ�D�WUDQVLWLRQ�WDEOH

0DFKLQH /�1HLJKERU 5�1HLJKERU 5HVXOW

� � � �

1RZ��LI�\RX�VSHFLI\�HYHU\�SRVVLEOH�FRPELQDWLRQ����RI�WKHP�LQ�WKLV

FDVH��LQ�WKLV�WDEOH��\RX�KDYH�FRPSOHWHO\�VSHFLILHG�WKH�EHKDYLRU�RI

WKH�PDFKLQH�

$�FHOOXODU�DXWRPDWRQ�LV�VLPSO\�DQ�DUUD\�RI�LGHQWLFDO�PDFKLQHV�

FRQQHFWHG� WR� HDFK� RWKHU� LQ� VRPH�ZD\�� 7KDW� LV�� LI� WKHUH� DUH� WZR

PDFKLQHV��$�DQG�%�LQ�WKH�DUUD\��WKH\�FRXOG�EH�LQWHUFKDQJHG

ZLWKRXW�FKDQJLQJ�WKH�ORJLFDO�VWUXFWXUH�RI�WKH�DUUD\��7\SLFDOO\��RQH

DOVR�LPSRVHV�RWKHU�UHVWULFWLRQV�RQ�WKH�PDFKLQHV��)RU�H[DPSOH��RQH

PLJKW� UHTXLUH� WKH� PDFKLQHV� WR� EH� URWDWLRQDOO\� LQYDULDQW�� 7KDW

PHDQV��IRU�H[DPSOH��WKDW�WKH�FRQILJXUDWLRQ

��� ��� ���

$

% $

%

�

� � �

�

�

$Q�,QWURGXFWLRQ�WR�&HOOXODU�$XWRPDWD ���



PXVW�JLYH�WKH�VDPH�UHVXOW�DV�D�URWDWLRQ

7KLV�LGHD�FRPHV�IURP�WKH�UHDO�ZRUOG��VLQFH�WKH�SK\VLFDO�ODZV�LQ�RXU

ZRUOG�DUH�URWDWLRQDOO\�LQYDULDQW��2IWHQ��SHRSOH�GRLQJ�FHOOXODU�DXWR�

PDWD�ZRUN�DUH�RQO\�LQWHUHVWHG�LQ�UXOHV�WKDW�LQYROYH�QHDUHVW�QHLJK�

ERUV¥RU�QHDUHVW�QHLJKERUV�DQG�FRUQHUV¥�DV�ZHOO��7KLV�UHVWULFWLRQ�

WRR��LV�D�ERUURZLQJ�IURP�SK\VLFV�EHFDXVH�SK\VLFDO�ODZV�DUH�ORFDO�

3URJUDPPLQJ�D�&HOOXODU�$XWRPDWRQ

&HOOXODU�DXWRPDWD�FRXOG�EH�LPSOHPHQWHG�ZLWK�DQ�DFWXDO�DUUD\

RI�FRPSXWHUV��EXW��SURYLGHG�WKH�UXOHV�DUH�VLPSOH�HQRXJK��L�H���WKHUH

DUH�D� VPDOO�QXPEHU�RI�SRVVLEOH�VWDWHV�� WKH\�DUH�QRUPDOO\� LPSOH�

PHQWHG� LQ� D� VLQJOH� FRPSXWHU� DV� DQ� DUUD\�RI� QXPEHUV��7KHQ�� WKH

FRPSXWHU�RSHUDWHV�RQ�WKH�QXPEHUV�LQ�WKH�DUUD\�WR�PDNH�WKHP�EHKDYH

OLNH�WKH�PDFKLQHV�LQ�D�FHOOXODU�DXWRPDWRQ�ZLWK�WKH�JLYHQ�WUDQVLWLRQ

UXOHV��7\SLFDOO\��WKH�IDVWHVW�ZD\�WR�GR�WKLV�LV�WR�GHILQH�WZR�DUUD\V�

&��DQG�&���&��LV�WKH�FHOOXODU�DUUD\�DW�WLPH�W��,Q�&���WKH�SURJUDP

EXLOGV�WKH�DUUD\�DW�WLPH�W����)RU�H[DPSOH��JRLQJ�EDFN�WR�RXU�RQH

GLPHQVLRQDO�DXWRPDWRQ��WKH��URWDWLRQDOO\�LQYDULDQW��UXOH�WDEOH

0DFKLQH� /�1HLJKERU 5�1HLJKERU� 5HVXOW

�� �� �� �

�� �� �� �

�� �� �� �

�� �� �� �

�� �� �� �

�� �� �� �

�� �� �� �

�� �� �� �

FRXOG�EH�LPSOHPHQWHG�ZLWK�WKH�IROORZLQJ�ORJLF�

�

� � �

�

�

��� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ



IRU�1 ��WR�0�GR�^

��LI�&�>1@� ���WKHQ�^

����FDVH�&�>1��@���&�>1��@�RI

����������&�>1@� �

����������&�>1@� �

����������&�>1@� �

����`

��LI�&�>1@� ���WKHQ�^

����FDVH�&�>1��@���&�>1��@�RI

����������&�>1@� �

����������&�>1@� �

����������&�>1@� �

����`

��`

&�� &�

:KHUH�WKH�DUUD\©V�UDQJH�LV���WR�0�DQG�1�LV�DQ�LQGH[�YDULDEOH��6HWWLQJ

&� &��DW�WKH�HQG�VHWV�&��XS�SURSHUO\�WR�EHJLQ�WKH�FDOFXODWLRQ�IRU

WLPH�W���

2QH�ILQDO�ELW�RI�KRXVHNHHSLQJ�LV�QHHGHG�WR�LPSOHPHQW�D�FHOOXODU

DXWRPDWRQ��:KDW�WR�GR�ZLWK�WKH�HGJHV�RI�WKH�DUUD\"�2EYLRXVO\�RXU

FDOFXODWLRQ�ZRUNV�ILQH�H[FHSW�ZKHQ�1 ��RU�0��7KHQ�&�>1��@�RU

&�>1��@�GRHV�QRW�H[LVW��:H�FDQ�KDQGOH�HGJHV�WZR�ZD\V������:H

FDQ�LPSRVH�D�ERXQGDU\�FRQGLWLRQ��)RU�H[DPSOH��ZH�FDQ�MXVW�DOZD\V

DVVXPH�WKDW�&�>��@ &�>0��@ ���RU���������$OWHUQDWLYHO\��ZH�FDQ

LPSRVH� D� V\PPHWU\� RQ� WKH� DUUD\� WR� UHPRYH� WKH� ERXQGDU\�� )RU

H[DPSOH��ZH�FDQ�GHILQH�&�>��@ &�>0@�DQG�&�>0��@ &�>�@��7KLV

HVVHQWLDOO\�WUDQVIRUPV�RXU�OLQHDU�DUUD\�LQWR�WKH�VKDSH�RI�D�FLUFOH�

ZKLFK�KDV�QR�ERXQGDU\��7KLV�DUUDQJHPHQW�LV�FDOOHG�D�F\FOLF�ERXQG�

DU\�FRQGLWLRQ��,�OHDYH�WKH�FRGH�IRU�GRLQJ�WKLV�DV�DQ�H[HUFLVH�

7KH�SURJUDP�65$B/$%�RQ�WKH�3URJUDP�'LVN�LPSOHPHQWV�D

JHQHUDO�WZR�GLPHQVLRQDO�FHOOXODU�DXWRPDWRQ�ZLWK�IL[HG�ERXQGDU\

FRQGLWLRQV��<RX�FDQ�FKDQJH�WKH�WUDQVLWLRQ�UXOHV�E\�PRGLI\LQJ�WKH

FKHPLVWU\�ILOH�DQG�FKDQJH�WKH�LQLWLDO�FRQILJXUDWLRQ�DV�ZHOO��WKHQ�UXQ

WKH�DXWRPDWRQ�DQG�VHH�KRZ�LW�RSHUDWHV�

$Q�,QWURGXFWLRQ�WR�&HOOXODU�$XWRPDWD ���



$SSHQGL[�%��
6RPH�%DVLF�%LRFKHPLVWU\

7KLV�DSSHQGL[�LV�VLPSO\�D�TXLFN�DQG�GLUW\�LQWURGXFWLRQ�WR�VRPH

RI�WKH�EDVLF�FKHPLVWU\�RI�OLIH��VR�WKDW�ZKHQ�,�VWDUW�WKURZLQJ�WHUPV

OLNH�'1$�DURXQG�\RX©OO�KDYH�VRPH�LGHD�RI�ZKDW�,©P�WDONLQJ�DERXW�

7KHUH�DUH�WZR�LQWHUUHODWHG�VXEMHFWV�,©G�OLNH�WR�FRYHU��WKH�'1$�51$

V\VWHP��DQG�SURWHLQV�

7KH�'1$�51$�6\VWHP

'1$��'HR[\ULERQXFOHLF�$FLG��LV�WKH�PDWHULDO�LQ�ZKLFK�DOO�WKH

JHQHWLF�LQIRUPDWLRQ�RI�D�OLYLQJ�RUJDQLVP�LV�VWRUHG��,W�LV�D�UHODWLYHO\

LQHUW�PDWHULDO�LQVLGH�WKH�FHOO�ZKLFK�FDUULHV�RXW�D�SDVVLYH�IXQFWLRQ�

,W�GRHV�QRW�EXLOG�DQ\WKLQJ�LWVHOI¥LW�PHUHO\�VLWV�WKHUH�OLNH�D�ERRN

EHLQJ�UHDG�DQG�FRSLHG¥\HW�LW�FRQWDLQV�LQVWUXFWLRQV�WR�EXLOG�HYHU\�

WKLQJ�LQ�WKH�RUJDQLVP�

'1$�LV�EXLOW�IURP�IRXU�EDVLF�EXLOGLQJ�EORFNV�FDOOHG�QXFOHR�

WLGHV��(DFK�QXFOHRWLGH�FRQVLVWV�RI��D��D�VXJDU�UDGLFDO��ULERVH���E��D

SKRVSKDWH��DQG��F��D�QLWURJHQRXV�EDVH���6HH�)LJXUH�%����7KHUH�DUH

IRXU�GLIIHUHQW�QXFOHRWLGHV�XVHG�WR�EXLOG�D�'1$�PROHFXOH��ZKLFK

GLIIHU� RQO\� LQ� WKH� QLWURJHQRXV� EDVH�� 7KHVH� DUH� FDOOHG� $GHQLQH�

7K\PLQH��*XDQLQH� DQG�&\WRVLQH�� DQG� DEUHYLDWHG�$��7��*�DQG�&

UHVSHFWLYHO\¥WKH�OHWWHUV�RI�WKH�JHQHWLF�FRGH��7KH\�OLQN�WRJHWKHU�LQ

ZKDW�LV�FDOOHG�D��©��©�SKRVSKRGLHVWHU�ERQG�WR�EXLOG�D�ORQJ�FKDLQ�LQ

WKH�VKDSH�RI�D�KHOL[�

(DFK� QXFOHRWLGH� LQ� WKH� KHOL[� OLQNV� �K\GURJHQ� ERQGV��ZLWK� D

FRPSOHPHQWDU\� QXFOHRWLGH� WR� IRUP� D� FRLOHG� ODGGHU� VWUXFWXUH�� RU



GRXEOH�KHOL[��)LJXUH�%�����$GHQLQH�SDLUV�ZLWK�7K\PLQH�DQG�*XD�

QLQH�SDLUV�ZLWK�&\WRVLQH��7KLV�FRPSOHPHQWDU\�ODGGHU�VWUXFWXUH�LV

LPSRUWDQW� LQ� UHSURGXFWLRQ��EHFDXVH�FRS\LQJ� WKH�'1$� LV�DFFRP�

SOLVKHG� E\� VSOLWWLQJ� WKH� ODGGHU� GRZQ� WKH� PLGGOH�� %HFDXVH� HDFK

QXFOHRWLGH�SDLUV�RII�ZLWK�D�FRPSOHPHQW��D�QHZ�GRXEOH�KHOL[�FDQ�EH

EXLOW�IURP�HDFK�RI�WKH�WZR�VLGHV�ZKHQ�VSOLW�

5HSODFHG�ZLWK�2+�LQ�51$

)LJXUH�%����7KH�FKHPLFDO�VWUXFWXUH�RI�'1$�

��� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ



51$��5LERQXFOHLF�$FLG��LV�YHU\�VLPLODU�WR�'1$��,W�GLIIHUV�RQO\

LQ�WKDW�D�K\GURJHQ�LRQ�LQ�WKH�VXJDU��FLUFOHG�LQ�)LJXUH�%����LV�UHSODFHG

ZLWK�D�K\GUR[LGH��2+����DQG�WKH�EDVH�7K\PLQH�LQ�'1$�LV�UHSODFHG

ZLWK�8UDFLO��7KXV��LQ�51$��WKH�JHQHWLF�FRGH�LV�UHSUHVHQWHG�ZLWK�WKH

OHWWHUV�$��8��*�DQG�&�

51$�LV�QRW�QHDUO\�VR�VWDEOH�DV�'1$��7KDW�PHDQV�LW�LV�QRW�DV

XVHIXO�IRU�VWRULQJ�LQIRUPDWLRQ�IRU�ORQJ�SHULRGV�RI�WLPH��2Q�WKH�RWKHU

KDQG��D�PRUH� UHDFWLYH� LQIRUPDWLRQ�EHDULQJ�PROHFXOH� LV�XVHIXO� LQ

WXUQLQJ�WKDW�LQIRUPDWLRQ�LQWR�VRPHWKLQJ�XVHIXO�LQ�WKH�FHOO¥QDPHO\

D�SURWHLQ��(VVHQWLDOO\��51$�DFWV�DV�DQ�LQWHUPHGLDU\�LQ�WKH�SURFHVV¥

FDOOHG�WUDQVFULSWLRQ¥RI�XVLQJ�WKH�LQIRUPDWLRQ�LQ�WKH�'1$�WR�EXLOG

SURWHLQV��7KHUH�DUH� WKUHH�GLIIHUHQW� W\SHV�RI�51$�ZKLFK�SHUIRUP

GLIIHUHQW� IXQFWLRQV�� %DVLFDOO\� PHVVHQJHU� 51$� �P51$��� ZKLFK

FDUULHV�WKH�WUDQVFULSWLRQ�RI�WKH�'1$��FRPELQHV�ZLWK�WUDQVIHU�51$

�W51$��DQG�JRHV�WR�WKH�FHOO©V�ULERVRPH�WR�LQWHUDFW�ZLWK�ULERVRPDO

51$��U51$���7KH�ULERVRPHV�WUDQVODWH�WKH�LQIRUPDWLRQ�LQ�P51$

LQWR�SURWHLQV��ZKLFK�DUH�WKH�EXLOGLQJ�EORFNV�IRU�DOO�WKH�UHVW�RI�WKH

FHOO�

3URWHLQV

3URWHLQV� DUH� VWULQJV� RI� DPLQR� DFLGV�� 7KHVH� VWULQJV� DUH� EXLOW

�XVLQJ� WKH� JHQHWLF� FRGH� LQ� WKH� ULERVRPH�� IURP� WKH� LQVWUXFWLRQV

FRQWDLQHG�LQ�WKH�'1$��7KUHH�VHTXHQWLDO�QXFOHRWLGHV�LQ�WKH�'1$

FRGH�IRU�D�VLQJOH�DPLQR�DFLG��$�W\SLFDO�SURWHLQ�PLJKW�EH�RQ�WKH�RUGHU

$���&���*���7���$���*���$���$���*���&���&���7���$���7���$

7���*���&���$���7���&���7���7����&���*���*���$���7���$���7

)LJXUH�%����6FKHPDWLF�UHSUHVHQWDWLRQ�RI�D�'1$
GREXOH�KHOL[�

6RPH�%DVLF�%LRFKHPLVWU\ ���



RI�����DPLQR�DFLGV�ORQJ��FRUUHVSRQGLQJ�WR�����QXFOHRWLGHV��7KH

VWULQJ�RI�QXFOHRWLGHV�ZKLFK�FRGH�IRU�RQH�FRPSOHWH�SURWHLQ�LV�FDOOHG

D� JHQH�� $� FKURPRVRPH� LV� HVVHQWLDOO\� D� VWUDQG� RI� '1$�� DQG� LW

QRUPDOO\�FRQWDLQV�WKRXVDQGV�RI�JHQHV�

6LQFH�WKHUH�DUH�IRXU�QXFOHRWLGHV��\RX�FDQ�VHH�WKDW�WKUHH�OHWWHUV

LQ�WKH�JHQHWLF�FRGH�JLYH���� ����SRVVLELOLWLHV��<HW�WKHVH����SRVVLEOH

FRPELQDWLRQV� FRGH� IRU� RQO\� ��� SRVVLEOH� DPLQR� DFLGV�� 7KXV�� WKH

JHQHWLF�FRGH�LV�UHGXQGDQW��7ZR�GLIIHUHQW���OHWWHU�FRGHV�FDQ�FRGH

IRU�WKH�VDPH�DPLQR�DFLG��7KDW�PDNHV�WKH�VDPH�WZR�FRGHV�IXQFWLRQ�

DOO\�HTXLYDOHQW�LQ�WKH�FHOO��)LJXUH�%���GHWDLOV�WKH�JHQHWLF�FRGH�DQG

LWV�UHGXQGDQFLHV�

7\SLFDOO\��WKH�VWULQJV�RI�DPLQR�DFLGV�ZKLFK�PDNH�XS�D�SURWHLQ

ZLOO� QRW� UHPDLQ� OLQHDU�� ,QVWHDG� WKH\� FRLO� XS� LQWR� YHU\� FRPSOH[

VKDSHV�� 7KH� VKDSH�� LQ� FRPELQDWLRQ�ZLWK� WKH� FKHPLFDO� VWUXFWXUH�

PDNH�WKHVH�SURWHLQV�H[WUHPHO\�YHUVDWLOH��7KH\�SHUIRUP�DOO�RI�WKH

FKHPLFDO� DQG� VWUXFWXUDO� IXQFWLRQV�D� OLYLQJ�RUJDQLVP�UHTXLUHV� IRU

OLIH��7KH\�UHJXODWH�WKH�FHOO©V�PHWDEROLVP��WKH\�KHOS�WR�EXLOG�QHZ

51$�� DQG� VSOLW� WKH� '1$� DQG� FRS\� LW�� 7KH\� UHPRYH� XQZDQWHG

PDWHULDOV� IURP� WKH� FHOO� DQG� IXQFWLRQ�DV� HQ]\PHV� WR�EUHDN�GRZQ

IRRG��7KH\�EXLOG�WKH�FHOO�ZDOO��SURGXFH�KDLU��WKH\�FKHZ�XS�XQQHHGHG

SURWHLQV�DQG�WKH\�KHOS�WR�EXLOG�QHZ�RQHV�

��� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ



&RGH $PLQR�$FLG

8883KHQ\ODODQLQH

88&�

88$/HXFLQH

88*

&88

&8&

&8$

&8*

$88,VROHXFLQH

$8&

$8$

$8*0HWKLRQLQH�RU��VWDUW�

*889DOLQH

*8&

*8$9DOLQH�RU��VWDUW�

*8*

8&86HULQH

8&&

8&$

8&*

&&83UROLQH

&&&

&&$

&&*

$&87KUHRQLQH

$&&

$&$

)LJXUH�%����7KH�JHQHWLF�FRGH�

&RGH $PLQR�$FLG

8$87\URVLQH

8$&

8$$6WRS

8$*

&$8+LVWLGLQH

&$&

&$$*OXWDPLQH

&$*

$$8$VSDUDJLQH

$$&

$$$/\VLQH

$$*

*$8$VSDUWLF�DFLG

*$&

*$$*OXWDPLF�DFLG

*$*

8*8&\VWHLQH

8*&

8*$�6WRS�

8**7U\SWRSKDQ

&*8$UJLQLQH

&*&

&*$

&**

$*86HULQH
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$SSHQGL[�&��7KH�)LUVW�
,QWHUQDWLRQDO�9LUXV�
:ULWLQJ�&RQWHVW

7KH� IROORZLQJ� ILOH� ZDV� GLVWULEXWHG� LQ� )HEUXDU\�� ����� RQ� D

YDULHW\�RI�EXOOHWLQ�ERDUGV��WKURXJK�7KH�&U\SW�1HZVOHWWHU��DQG�WKH

&RPSXWHU�8QGHUJURXQG�'LJHVW��HWF���HWF�
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����������)LQDO�'DWH�)RU�6XEPLVVLRQV���$35,/��������

�����������������7KLV�&RQWHVW�LV�6SRQVRUHG�E\�

���������������$PHULFDQ�(DJOH�3XEOLFDWLRQV��,QF�

������������������������3��2��%R[������

����������������������7XFVRQ��$=�������86$



�������������3XEOLVKHU�RI�7KH�/LWWOH�%ODFN�%RRN�RI�&RPSXWHU�9LUXVHV
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��������2N��DOO�\RX�JHQLXV�KDFNHUV�RXW�WKHUH��+HUH�LV�D�FKDOOHQJH
IRU�\RX��3URYH�\RXU�VWXII�

��������7KLV�LV�DQ�,17(51$7,21$/�FRQWHVW��DQG�WKLV�ILOH�LV
EHLQJ�FLUFXODWHG�DOO�RYHU�WKH�ZRUOG��VR�LI�\RX�ZDQW�WR�FRPSHWH�
EH�IRUHZDUQHG��\RX®YH�JRW�ZRUOGZLGH�FRPSHWLWLRQ��2QO\�WKH�EHVW
KDYH�D�FKDQFH�LQ�WKLV�JDPH�

��������6WLOO�XS�WR�WKH�FKDOOHQJH"

��������2N��KHUH�LW�LV�

��������,�DP�ZULWLQJ�9ROXPH���RI�7KH�/LWWOH�%ODFN�%RRN�RI�&RPSWHU
9LUXVHV��7KLV�LV�D�VWXG\�RI�WKH�VFLHQWLILF�DSSOLFDWLRQV�RI
FRPSXWHU�YLUXVHV��DQG�WKHLU�XVH�LQ�DUWLILFLDO�OLIH�UHVHDUFK�
DQG�DOO�RI�WKDW�QHDW�VWXII��2QH�RI�WKH�WKLQJV�,�ZDQW�WR�GLVFXVV
LQ�WKH�ERRN�LV�WKH�OLPLW�RQ�WKH�VL]H�RI�D�YLUXV�IRU�D�JLYHQ
OHYHO�RI�IXQFWLRQDOLW\��6R�,�WRRN�WKH�7,0,'�YLUXV�IURP�9ROXPH��
DQG�WRUH�LW�GRZQ�WR�WKH�EDUH�PLQLPXP��1RW�JRRG�HQRXJK��,�ZURWH
D�YLUXV�WKDW�ZRUNHG�D�OLWWOH�GLIIHUHQWO\��,�WRUH�WKDW�RQH�GRZQ
WR�WKH�EDUH�PLQLPXP��*RRG�HQRXJK"�:HOO�PD\EH��%XW�PD\EH�QRW�
,�KDYH�VRPH�SUHWW\�FRPSDFW�FRGH��EXW�LV�LW�WKH�DEVROXWH�EHVW"
,®P�JXHVVLQJ�VRPHERG\�RXW�WKHUH�FDQ�WRS�LW�

+HUH�DUH�WKH�UXOHV�

�������7KH�REMHFW�RI�WKLV�JDPH�LV�WR�ZULWH�WKH�VPDOOHVW
�������YLUXV�\RX�FDQ�ZLWK�WKH�UHTXLUHG�OHYHO�RI�IXQFWLRQDOLW\�

�������7KH�YLUXV�PXVW�EH�FDSDEOH�RI�LQIHFWLQJ�DOO�&20�ILOHV
�������RQ�WKH�ORJJHG�GULYH�LQ�WKH�FXUUHQW�GLUHFWRU\�RI�D�3&�
�������QR�PDWWHU�KRZ�PDQ\�&20�ILOHV�DUH�WKHUH��,W�PD\�LQIHFW
�������WKHP�DV�TXLFNO\�RU�DV�VORZO\�DV�\RX�OLNH��VR�ORQJ�DV
�������LW�FDQ�EH�GHPRQVWUDWHG�WKDW�LW�ZLOO�GR�VR�LQ�DQ�KRXU�
�������ZKHQ�UXQQLQJ�WKH�SURJUDPV�LQ�WKDW�GLUHFWRU\�RQH�DIWHU
�������WKH�RWKHU�LQ�VHTXHQWLDO�RUGHU�

�������7KH�YLUXV�PXVW�UHFRJQL]H�LWVHOI�DQG�DYRLG�UH�LQIHFWLQJ
�������ILOHV�WKDW�KDYH�EHHQ�LQIHFWHG��$W�PRVW��RQO\�RQH�LQ
�������ILIW\�WKRXVDQG�ILOHV�VKRXOG�JHW�DFFLGHQWO\�UH�LQIHFWHG�
�������DVVXPLQJ�WKDW�WKH�GDWD�LQ�XQNQRZQ�&20�ILOHV�LV�UDQGRP�

�������7KH�YLUXV�PXVW�WHUPLQDWH�JUDFHIXOO\�LI�LW�FDQQRW�ILQG�D
�������ILOH�WR�LQIHFW�

�������7KH�YLUXV�PXVW�QRW�GHVWUR\�DQ\�RI�WKH�FRGH�LQ�DQ\�ILOH
�������ZKLFK�LW�LQIHFWV��,W�PXVW�DOORZ�WKDW�FRGH�WR�H[HFXWH
�������SURSHUO\��RU�UHIXVH�WR�LQIHFW�D�ILOH�

�������7KH�YLUXV�PXVW�EH�VHOI�FRQWDLQHG��,W�FDQQRW�KLGH
�������FRGH�LQ�VRPH�FRPPRQ�ORFDWLRQ�RQ�GLVN�

�������7KH�YLUXV�PXVW�IXQFWLRQ�SURSHUO\�XQGHU�06�'26�����ZLWK
�������QR�765®V�UHVLGHQW��DQG�QRWKLQJ�ORDGHG�KLJK�

�������7KH�VL]H�ZLOO�EH�GHWHUPLQHG�E\�WKH�ODUJHU�RI��$��WKH
�������QXPEHU�RI�E\WHV�WKH�YLUXV�FRGH�LWVHOI�WDNHV�XS�LQ
�������DQ�LQIHFWHG�ILOH��DQG��%��WKH�ODUJHVW�QXPEHU�RI�E\WHV
�������WKH�YLUXV�DGGV�WR�D�SURJUDP�ZKHQ�LW�LQIHFWV�LW�

��� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH��DQG�(YROXWLRQ



7KH�EHVW�FRGH�,�KDYH�IRU�D�YLUXV�WKDW�IROORZV�WKHVH�UXOHV�ULJKW
QRZ�LV�����E\WHV�ORQJ��%RWK�VRXUFH�DQG�H[HFXWDEOH�DUH�LQFOXGHG
LQ�WKH�=,3��QDPHG�/,77/(�$60�DQG�/,77/(�&20�

,Q�WKH�HYHQW�RI�D�WLH�IRU�VL]H��RULJLQDOLW\�DQG�LQJHQXLW\�RI
WKH�FRGH�ZLOO�EUHDN�WKH�WLH��$OO�MXGJHV�GHFLVLRQV�DUH�ILQDO�

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

7KH�ZLQQHU�ZLOO�UHFHLYH�WKH�IROORZLQJ�

��������$������&$6+�5(:$5'�

��������<RXU�FRGH�ZLOO�EH�SXEOLVKHG�LQ�7KH�/LWWOH�%ODFN�%RRN
��������RI�&RPSXWHU�9LUXVHV��9ROXPH���

��������,�ZLOO�JLYH�\RX�FUHGLW�IRU�WKH�FRGH�DQG�IRU�ZLQQLQJ
��������WKH�,QWHUQDWLRQDO�9LUXV�&RQWHVW�LQ�WKH�ERRN��XVLQJ
��������HLWKHU�\RXU�UHDO�QDPH�RU�DQ�DOLDV��\RXU�FKRLFH�
��������SXEOLVKHG�LQ�WKH�ERRN�

��������<RXU�QDPH�ZLOO�EH�SRVWHG�RQ�WKH�0,66�EXOOHWLQ�ERDUG
��������DV�WKH�FRQWHVW�ZLQQHU�

��������$�IUHH�FRS\�RI�7KH�/LWWOH�%ODFN�%RRN�RI�&RPSXWHU
��������9LUXVHV��9ROXPH����DQG�D�RQH�\HDU�VXEVFULSWLRQ�WR
��������&RPSXWHU�9LUXV�'HYHORSPHQWV�4XDUWHUO\������YDOXH��

7KUHH�KRQRUDEOH�PHQWLRQ�ZLQQHUV�ZLOO�UHFHLYH�D�IUHH�FRS\�RI
7KH�/LWWOH�%ODFN�%RRN�RI�&RPSXWHU�9LUXVHV��9ROXPH���

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

<RX�PD\�PDNH�DQ�HQWU\�LQ�WZR�ZD\V�

����0DLO�\RXU�HQWU\�RQ�D�3&�IRUPDW�IORSS\�GLVN�WR�$PHULFDQ�(DJOH
3XEOLFDWLRQV��,QF���32�%R[��������7XFVRQ��$=�������86$�

����8SORDG�\RXU�HQWU\�WR�WKH�0�,�6�6��EXOOHWLQ�ERDUG�DW
��������������LQ�WKH�86$��/RJ�RQ�DV�*8(67��SDVVZRUG�9,586�
ODVW���GLJLWV�RI�SKRQH�QXPEHU�������DQG�XSORDG�WR�WKH�&217(67
83/2$'6�GLUHFWRU\�

$�YDOLG�HQWU\�FRQVLVWV�RI�WKH�IROORZLQJ�LWHPV�

�$��&RPSOHWH�VRXUFH�FRGH�IRU�D�YLUXV��ZKLFK�FDQ�EH�DVVHPEOHG
XVLQJ�HLWKHU�7$60��0$60��RU�$����,I�\RX�XVH�DQRWKHU�DVVHPEOHU
DQG�GRQ®W�NQRZ�LI�RQH�RI�WKH�DERYH�ZLOO�ZRUN��WKHQ�VHQG�WKH
DVVHPEOHU�DORQJ�ZLWK�WKH�VXEPLVVLRQ��,I�\RX�GR�DQ\WKLQJ�WULFN\
WKDW�ZH�PD\�QRW�XQGHUVWDQG��\RX�PXVW�H[SODLQ�LW�LQ�FRPPHQWV�LQ
WKH�DVVHPEOHU�VRXUFH�

�%��$�VWDWHPHQW�RI�ZKR�\RX�DUH��DOLDVHV�DFFHSWHG��DQG�KRZ�WR
JHW�LQ�WRXFK�ZLWK�\RX�LQ�FDVH�\RX�ZLQ�WKH�FRQWHVW��7KLV
LQIRUPDWLRQ�ZLOO�EH�NHSW�VWULFWO\�FRQILGHQWLDO��DQG�HQFU\SWHG
DW�DOO�WLPHV�

%\�VXEPLWWLQJ�DQ�HQWU\�WR�WKH�FRQWHVW��\RX�DJUHH�WKDW�WKH
FRS\ULJKW�WR�\RXU�HQWU\�ZLOO�EH�FRQVLGHUHG�WKH�SURSHUW\�RI
$PHULFDQ�(DJOH�3XEOLFDWLRQV��7KH�FRS\ULJKW�WR�DQ\�ORVLQJ
HQWU\�ZLOO�EH�UHWXUQHG�WR�WKH�RZQHU�XSRQ�ZULWWHQ�UHTXHVW�
,Q�WKH�HYHQW�WKDW�\RX�ZLQ�RU�UHFHLYH�KRQRUDEOH�PHQWLRQ�LQ�WKH
FRQWHVW��WKH�FRS\ULJKW�WR�WKH�FRGH�ZLOO�UHPDLQ�WKH�SURSHUW\
RI�$PHULFDQ�(DJOH�3XEOLFDWLRQV��,QF�

7KH�)LUVW�,QWHUQDWLRQDO�9LUXV�:ULWLQJ�&RQWHVW ���



7KH� IROORZLQJ� YLUXV�� GXEEHG� /,77/(�� ZDV� LQFOXGHG� LQ� WKH

FRQWHVW�DV�DQ�H[DPSOH�RI�ZKDW�ZDV�ZDQWHG��,W�ZHLJKHG�LQ�DW����

E\WHV�

�$ VPDOO ���� E\WH� YLUXV ZLWK PLQLPDO UHTXLUHG IXQFWLRQDOLW\�

�7KLV 9LUXV IRU UHVHDUFK SXUSRVHV RQO\� 3OHDVH GR QRW UHOHDVH�
�3OHDVH H[HFXWH LW RQO\ RQ D FDUHIXOO\ FRQWUROOHG V\VWHP� DQG RQO\
�LI \RX NQRZ ZKDW \RX®UH GRLQJ�

�$Q H[DPSOH IRU

��������������������������������������������������������
�� 7+( ),567 ,17(51$7,21$/ 9,586 :5,7,1* &217(67 �
�� � � � � �
�� VSRQVRUHG E\ �
�� $PHULFDQ (DJOH 3XEOLFDWLRQV� ,QF� �
��������������������������������������������������������

�$VVHPEOH WKLV ILOH ZLWK 7$60 ��� RU KLJKHU� «7$60 /,77/(�¬
�/LQN DV «7/,1. �7 /,77/(�¬

�%DVLF H[SODQDWLRQ RI KRZ WKLV YLUXV ZRUNV�
�
�7KH YLUXV WDNHV FRQWURO ZKHQ WKH SURJUDP ILUVW VWDUWV XS� $OO RI LWV FRGH LV
�RULJLQDOO\ ORFDWHG DW WKH VWDUW RI D &20 ILOH WKDW KDV EHHQ LQIHFWHG� :KHQ
�WKH YLUXV VWDUWV� LW WDNHV RYHU D VHJPHQW ��. DERYH WKH RQH ZKHUH WKH SURJUDP
�ZDV ORDGHG E\ '26� ,W FRSLHV LWVHOI XS WKHUH� DQG WKHQ VHDUFKHV IRU DQ
�XQLQIHFWHG ILOH� 7R GHWHUPLQH LI D ILOH LV LQIHFWHG� LW FKHFNV WKH ILUVW WZR
�E\WHV WR VHH LI WKH\ DUH WKH VDPH DV LWV ILUVW WZR E\WHV� ,W UHDGV WKH ILOH
�LQWR PHPRU\ ULJKW DERYH ZKHUH LW LV VLWWLQJ �DW ���+ LQ WKH XSSHU VHJPHQW��
�,I QRW DOUHDG\ LQIHFWHG� LW MXVW ZULWHV LWVHOI SOXV WKH ILOH LW LQIHFWHG EDFN
�RXW WR GLVN XQGHU WKH VDPH ILOH QDPH� 7KHQ LW PRYHV WKH KRVW LQ WKH ORZHU
�VHJPHQW EDFN WR RIIVHW ���+ DQG H[HFXWHV LW�

�PRGHO WLQ\ �7LQ\ PRGHO WR FUHDWH D &20 ILOH

�FRGH

�'7$ GHILQLWLRQV
'7$ (48 ����+ �'LVN WUDQVIHU DUHD
)6,=( (48 '7$��$+ �ILOH VL]H ORFDWLRQ LQ ILOH VHDUFK
)1$0( (48 '7$��(+ �ILOH QDPH ORFDWLRQ LQ ILOH VHDUFK

25* ���+

�














































































�7KH YLUXV VWDUWV KHUH�

9,567$57�
PRY D[�GV
DGG D[�����+
PRY HV�D[ �XSSHU VHJPHQW LV WKLV RQH � ����+
PRY VL����+ �SXW YLUXV LQ WKH XSSHU VHJPHQW
PRY GL�VL �DW RIIVHW ���+

� PRY FO�%<7( �2))6(7 +267 $1' �))+��FDQ®W FRGH WKLV ZLWK 7$60
PRY FO��%+ �ZH FDQ DVVXPH FK �
UHS PRYVE
PRY GV�D[ �VHW GV WR KLJK VHJPHQW
SXVK GV
PRY D[�2))6(7 ),1'B),/(
SXVK D[
UHWI �MXPS WR KLJK PHPRU\ VHJPHQW

�1RZ LW®V WLPH WR ILQG D YLDEOH ILOH WR LQIHFW� :H ZLOO ORRN IRU DQ\ &20 ILOH
�DQG VHH LI WKH YLUXV LV WKHUH DOUHDG\�
),1'B),/(�

[RU G[�G[ �PRYH GWD WR KLJK VHJPHQW
PRY DK��$+ �GRQ®W WUDVK FPG OLQH
LQW ��+ �KRVW H[SHFWV LW�
PRY G[�2))6(7 &20),/(
PRY FK��)+ �VHDUFK IRU DQ\ ILOH
PRY DK��(+ �'26 VHDUFK ILUVW
LQW ��+

&+(&.B),/(� MF $//'21( �QR &20 ILOHV WR LQIHFW

PRY G[�)1$0( �ILUVW RSHQ WKH ILOH
PRY D[��'��+ �U�Z DFFHVV RSHQ ILOH
LQW ��+
MF 1(;7B),/( �HUURU RSHQLQJ ILOH
PRY E[�D[ �SXW ILOH KDQGOH LQ E[

PRY GL�)6,=(
PRY F[�>GL@ �JHW ILOH VL]H
PRY G[�VL �DQG UHDG ILOH LQ

��� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH��DQG�(YROXWLRQ



PRY DK��)+ �'26 UHDG IXQFWLRQ
LQW ��+
PRY D[�>VL@ �VL 2))6(7 +267 KHUH
MF 1(;7B),/( �VNLS ILOH LI HUURU

FPS D[�:25' 375 >9,567$57@ �VHH LI LQIHFWHG DOUHDG\
MQ] ,1)(&7B),/( �QRSH� JR GR LW

PRY DK��(+ �HOVH FORVH WKH ILOH
LQW ��+ �VHDUFK IRU DQRWKHU ILOH

1(;7B),/(� PRY DK��)+ �ORRN IRU DQRWKHU ILOH
LQW ��+
MPS 6+257 &+(&.B),/( �DQG JR FKHFN LW RXW

&20),/( '% ®
�&20®��

�:KHQ ZH JHW KHUH� ZH®YH RSHQHG D ILOH VXFFHVVIXOO\� DQG UHDG LW LQWR PHPRU\�
�,Q WKH KLJK VHJPHQW� WKH ILOH LV VHW XS H[DFWO\ DV LW ZLOO ORRN ZKHQ LQIHFWHG�
�7KXV� WR LQIHFW� ZH MXVW UHZULWH WKH ILOH IURP WKH VWDUW� XVLQJ WKH LPDJH
�LQ WKH KLJK VHJPHQW�
,1)(&7B),/(�

[RU F[�F[
PRY G[�F[ �UHVHW ILOH SRLQWHU
PRY D[�����+
LQW ��+

PRY DK���+
PRY G[����+
PRY F[�:25' 375 >GL@ �DGMXVW VL]H RI ILOH
DGG F[�2))6(7 +267 � ���+
LQW ��+ �ZULWH LQIHFWHG ILOH

PRY DK��(+ �FORVH WKH ILOH
LQW ��+

�7KH LQIHFWLRQ SURFHVV LV QRZ FRPSOHWH� 7KLV URXWLQH PRYHV WKH KRVW SURJUDP
�GRZQ VR WKDW LWV FRGH VWDUWV DW RIIVHW ���+� DQG WKHQ WUDQVIHUV FRQWURO WR LW�
$//'21(�

PRY D[�VV �VHW GV� HV WR ORZ VHJPHQW DJDLQ
PRY GV�D[
PRY HV�D[
SXVK D[ �SUHS IRU UHWI WR KRVW
VKU G[�� �UHVWRUH GWD WR RULJLQDO YDOXH
PRY DK��$+ �IRU FRPSDWLELOLW\
LQW ��+
PRY GL����+ �PRYLQJ KRVW EDFN WR RULJ ORF
SXVK GL

� PRY F[�VS �PRYH FRGH� GRQ®W WUDVK VWDFN
� VXE F[�VL

PRY F[��)(�)+ �KDQG FRGH�VDYH D E\WH
UHS PRYVE �PRYH FRGH
UHWI �DQG UHWXUQ WR KRVW

�














































































�7KH KRVW SURJUDP VWDUWV KHUH� 7KLV RQH LV D GXPP\ WKDW MXVW UHWXUQV FRQWURO
�WR '26�

+267�
PRY D[��&��+ �7HUPLQDWH� HUURU FRGH  �
LQW ��+

+267B(1'�

(1' 9,567$57

7KH� &203$1,21����� 9LUXV� ZDV� MXGJHG� WKH� *UDQG� 3UL]H

ZLQQHU��,W�IXILOOHG�DOO�RI�WKH�UHTXLUHPHQWV�IRU�WKH�FRQWHVW�LQ�D�PHUH

����E\WHV��,W�LV�D�PHPRU\�UHVLGHQW�FRPSDQLRQ�YLUXV�ZKLFK�UHQDPHV

WKH�ILOH�LW�LQIHFWV�WR�WKH�VDPH�QDPH��RQO\�ZLWK�D�¦9§ �DV�WKH�YHU\�ODVW

OHWWHU��7KH�DXWKRU��6WRUPEULQJHU��SUHIHUV�WR�UHPDLQ�DQRQ\PRXV�WR

WKLV�GD\��7KH�VRXUFH�OLVWLQJ�RI�WKLV�YLUXV�IROORZV��,W�PD\�EH�FRPSLOHG

ZLWK�7$60�RU�0$60�

� &RPSDQLRQ ���
�

7KH�)LUVW�,QWHUQDWLRQDO�9LUXV�:ULWLQJ�&RQWHVW ���



� 0HPRU\ 5HVLGHQW &RPSDQLRQ )LOH 9LUXV E\ 6WRUPEULQJHU
�
� 7KLV YLUXV LV D VLPSOH FRPSDQLRQ YLUXV WKDW ZRUNV E\ UHQDPLQJ DQ\ ILOH
�WKDW LV H[HFXWHG WR 
�""9 DQG FUHDWLQJ D KLGGHQ ILOH ZLWK WKH RULJLQDO QDPH�
�,I LW LV QRW LQ PHPRU\� WKHQ WKH ILUVW WLPH DQ LQIHFWHG SURJUDP LV UXQ LW
�ZLOO LQVWDOO LWVHOI LQ PHPRU\ DQG WHUPLQDWH� $IWHU WKDW� DQ\ DWWHPSW WR
�H[HFXWH DQ LQIHFWHG ILOH ZLOO H[HFXWH WKH UHQDPHG KRVW� DQG DQ\ RWKHU
�H[HFXWLRQ DWWHPSW ZLOO LQIHFW WKH ILOH H[HFXWHG� 7KH YLUXV LV ��� E\WHV
�LQ OHQJWK�
�

�PRGHO VPDOO
�UDGL[ ��
�FRGH

RUJ ���
VWDUW�

PRY D[�����
LQW ��
PRY ZRUG SWU >,3B��@�E[
PRY ZRUG SWU >&6B��@�HV �*HW ,QW �� DGGUHVV DQG VDYH

PRY G[�RIIVHW ,17B��
PRY DK��� �6HW ,QW �� KDQGOHU
LQW ��

PRY GO�RIIVHW (QGB0HPRU\������ �*R 765
LQW ��

,17B���
FPS DK��EK �,I LW®V QRW DQ H[HFXWH
MQH *RB,QWB�� �FRPPDQG� FRQWLQXH ZLWK

�,17 ���

([HFXWH� �'6�';  )LOHQDPH
SXVK VL E[ F[ GL HV D[ GV G[ �6DYH 5(*6

PRY GL�RIIVHW 1HZB)QDPH �6HWXS UHJV WR FRS\ ILOHQDPH
SXVK GL
PRY VL�G[

SXVK FV
SRS HV

/RDGB)LOHQDPH� �/RDG ILOHQDPH LQWR 1HZB)QDPH
ORGVE
VWRVE
RU DO�DO
MQ] /RDGB)LOHQDPH

PRY E\WH SWU HV�>GL��@�®9® �1HZ QDPH FKDUDFWHU

PRY DK���
SRS GL �5HQDPH ILOH WR 
�""9
LQW ��
MF $OUHDG\BWKHUH �,I LW GRHVQ®W ZRUN� WKHQ

�LW®V SUREDEO\ DOUHDG\
�LQIHFWHG� VR OHW®V UXQ WKH
�KRVW ILOH�

&UHDWHB1HZB)LOH�
PRY DK��F
SRS G[
SXVK G[
PRY FO�����E �&UHDWH ILOH ZLWK RULJLQDO
LQW �� �QDPH�

SXVK FV
SRS GV

[FKJ D[�E[

PRY DK���
PRY F[�RIIVHW HQGBSURJ���� �:ULWH YLUXV WR LW�
PRY G[����
LQW ��

PRY DK��H
LQW �� �&ORVH�
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VWUDLJKW�OLQH�LQ�WKH�LQWHUYDO�[�WR�[�∆[��)RU�PDQ\�VLPSOH�IXQFWLRQV�
WKH�GHULYDWLYH�'���FDQ�EH�FRPSXWHG�H[DFWO\��DQG�WKHVH�GHULYDWLYHV

DUH�RIWHQ�WDEXODWHG�LQ�ERRNV��)RU�H[DPSOH��ZH�FDQ�VROYH�'���ZKHQ

I�[��LV�WKH�IXQFWLRQ�IRU�D�VWUDLJKW�OLQH��,I

∆[→� ∆[→�

)LJXUH�'����7DNLQJ�WKH�GHULYDWLYH�DV�D�OLPLW�

7DQJHQW�OLQH

∆;�
∆;�

∆;�

6ROYLQJ�'LIIHUHQWLDO�(TXDWLRQV ���



I�[�� �P[���E� '��

WKHQ

GI�[��G[� �OLPLW��P�[�∆[��E�P[�E��∆[�� �P� '��

,Q�RWKHU�ZRUGV��WKH�VORSH�LV�P��MXVW�DV�ZH�ZRXOG�H[SHFW�

:KDW�ZH�DUH�LQWHUHVWHG�LQ�KHUH�DUH�GLIIHUHQWLDO�HTXDWLRQV��7KHVH

DUH�HTXDWLRQV�LQYROYLQJ�WKH�GHULYDWLYHV�RI�VRPH�IXQFWLRQ�ZH�ZDQW

WR�VROYH�IRU��)RU�H[DPSOH��ZH�PLJKW�KDYH�WKH�HTXDWLRQ

GI�[��G[� ��[� '��

DQG�ZH�ZDQW�WR�GHWHUPLQH�ZKDW�I�[��LV��7KHUH�DUH�YDULRXV�DQDO\WLF

WHFKQLTXHV� IRU� VROYLQJ� VLPSOHU� GLIIHUHQWLDO� HTXDWLRQV�� EXW� WKH\

XVXDOO\�EUHDN�GRZQ�DV�VRRQ�DV�WKH�HTXDWLRQV�EHFRPH�WRR�FRPSOH[

RU�QRQ�OLQHDU��7\SLFDOO\��ZH�PXVW�UHVRUW�WR�QXPHULFDO�WHFKQLTXHV�WR

VROYH�VXFK�HTXDWLRQV��7KDW�LV�QRW�QRUPDOO\�WRR�KDUG��EHFDXVH�ZH

FDQ�XVH�WKH�DSSUR[LPDWH�GHILQLWLRQ�RI�D�GHULYDWLYH��'����)RU�H[DP�

SOH��VXSSRVH�ZH�KDYH�D�SRSXODWLRQ�HTXDWLRQ�RI�WKH�IRUP

G3�W��GW� �N���α3�W�� '��

7KHQ��LI�ZH�NQRZ�WKH�SRSXODWLRQ�DW�W ��LV�3��� ���ZH�FDQ�FDOFXODWH

3�∆W��E\�FKDQJLQJ�'���LQWR�WKH�DSSUR[LPDWH�HTXDWLRQ

∆S�∆W� ��3�W�∆W��3�W���∆W� �N�α3�W�� '��

DQG�VROYLQJ�IRU�3�W�∆W��

3�W�∆W�� �3�W����∆W�N�α3�W��� '��

7KXV�

3�∆W�� �N∆W� '���

∆[→�

��� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ



$SSO\LQJ� HTXDWLRQ� '��� DJDLQ� DQG� DJDLQ�� ZH� FDQ� GHULYH� 3��∆W��
3��∆W���HWF��)RU�H[DPSOH�

3��∆W�� �3�∆W����∆W�N�α3�∆W��� '���D

������� ��N∆W���αN�∆W��� '���E

7KLV�NLQG�RI� DQ� DOJRULWKPLF� VXEVWLWXWLRQ�SURFHVV� LV�YHU\�HDV\� WR

SURJUDP��)RU�H[DPSOH��D�VLPSOH�ORRS�

3 ��

IRU��W ���W�WR��W� GW���3 3�GW
�N�DOSKD
3��

ZLOO�FDOFXODWH�3�WR���*HQHUDOO\��WKLV�DSSURDFK�LV�VXIILFLHQW�IRU�DQ\

RI�WKH�HTXDWLRQV�GLVFXVVHG�LQ�WKLV�ERRN��7KHUH�DUH�D�QXPEHU�RI�WKLQJV

WR�EH�DZDUH�RI�LQ�ZULWLQJ�VXFK�D�SURJUDP��WKRXJK��0RVW�LPSRUWDQW

LV� D� SURSHU� VHOHFWLRQ� RI� GW�� ,W�PXVW� EH� VPDOO� HQRXJK� VR� WKDW� WKH

IXQFWLRQ�3�W��LV�IDLUO\�ZHOO�DSSUR[LPDWHG�E\�OLQHV�LQ�DQ\�LQWHUYDO�W

WR�W�GW��2I�FRXUVH��VLQFH�\RX�GRQ©W�NQRZ�ZKDW�3�W��ORRNV�OLNH�XQWLO

\RX©YH� VROYHG� WKH� HTXDWLRQ� IRU� LW�� SLFNLQJ�D� VPDOO� HQRXJK�'W� LV

VRPHZKDW�RI�DQ�DUW��7\SLFDOO\��\RX�SLFN�D�YDOXH��DQG�ORRN�DW�WKH

UHVXOWLQJ�3�W��WR�GHFLGH�LI�\RXU�FKRLFH�ZDV�JRRG��<RX�DOVR�PLJKW

UHSHDW�WKH�FDOFXODWLRQ�XVLQJ�GW���MXVW�WR�VHH�KRZ�LW�FKDQJHV�WKH�UHVXOW�

:LWK� WKHVH� SUREOHPV� LQ�PLQG�� \RX�PLJKW� EH� WHPSWHG� WR�XVH� WKH

VPDOOHVW�GW�LPDJLQDEOH��2I�FRXUVH��WKDW�ZLOO�OHDG�WR�SUREOHPV�WRR�

)LUVWO\��WKH�VPDOOHU�\RXU�GW��WKH�ORQJHU�\RXU�ORRS�ZLOO�WDNH�WR�ILQLVK�

6HFRQGO\�� LI� GW� LV� WRR� VPDOO�� \RX� FDQ� UXQ� LQWR� URXQGLQJ� HUURUV

EHFDXVH� WKH� QXPEHUV� \RXU� FRPSXWHU� XVHV� KDYH� RQO\� VR� PDQ\

VLJQLILFDQW�GLJLWV��6R�ZKDW�\RX�UHDOO\�ZDQW�WR�GR�LV�SLFN�WKH�ODUJHVW

GW�WKDW�ZLOO�SURYLGH�DQ�DQVZHU�RI�DFFHSWDEOH�DFFXUDF\�

6ROYLQJ�'LIIHUHQWLDO�(TXDWLRQV ���



$SSHQGL[�(��6WRFKDVWLF
3RSXODWLRQ�(TXDWLRQV

7KLV�DSSHQGL[�H[SODLQV�VRPH�RI�WKH�QXPEHUV�GLVFXVVHG�LQ�WKH

FKDSWHU�7KH�)DFW�RI�(YROXWLRQ��7KH\�DUH�UHVHUYHG�IRU�WKLV�DSSHQGL[

EHFDXVH�P\�IHHOLQJ�ZDV�WKH\�ZHUH�SHUKDSV�D�ELW�WRR�FRPSOH[��DQG

WKH\�ERJJHG�WKH�JHQHUDO�WH[W�GRZQ�LQ�PDWKHPDWLFV�

%DVLFDOO\��WKH�HTXDWLRQV

G3R�GW� �.���α��1�Σ3M��1�����6ε�3R�� β3R�� (��D

DQG

G3M�GW� �αM��1�Σ3M��1�3M���β3M���εα��1�Σ3M��1�3R�� (��E

�ZKLFK�DUH�HTXDWLRQV�������LQ�WKH�WH[W��GHVFULEH�WKH�EHKDYLRU�RI�WKH

DYHUDJH� SRSXODWLRQ� RI� WKH� JLYHQ�PXWDWLRQV�9M� RI�9R� DFFXUDWHO\�

+RZHYHU� WKH\� GR� QRW� GHVFULEH� WKH� VWDWLVWLFDO� YDULDWLRQV� LQ� WKH

SRSXODWLRQ�DW�DOO��7KRVH�VWDWLVWLFDO�YDULDWLRQV�FDQ�EH�LPSRUWDQW�LQ

GHWHUPLQLQJ�WKH�OLNHOLKRRG�WKDW�RQH�YLUXV�HYROYHG�LQWR�DQRWKHU��)RU

H[DPSOH��ZH�QHHG�WKHP�WR�GHWHUPLQH�ZKHWKHU�9R�DFWXDOO\�HYROYHG

LQWR�9��LQ�WKH�GLVFXVVLRQ�LQ�WKH�WH[W�

7R� PRGHO� WKH� SRSXODWLRQ¥LQFOXGLQJ� WKH� VWDWLVWLFDO� YDUL�

DWLRQV¥SURSHUO\�� ZH� QHHG� D� VWRFKDVWLF�PRGHO�� 7R� EXLOG� VXFK� D

PRGHO��ZH�GHILQH�SUREDELOLWLHV

πMN�W�� �3UREDELOLW\�WKDW�WKHUH�DUH�N�LQGLYLGXDOV�RI�9M�DW�WLPH�W�� (��



7KH�πMN�W��REH\�WKH�HTXDWLRQ

ΣπMN�W�� ��� (��

VXPPLQJ�RYHU�N��ZKLFK�MXVW�VD\V�WKDW�WKHUH�PXVW�EH�VRPH�QXPEHU

RI�YLUXVHV��ZKDWHYHU�WKDW�QXPEHU�LV��7KH\�DOVR�DUH�UHODWHG�WR�WKH

SRSXODWLRQ�3M�W��RI�9M�LQ�HTXDWLRQ�(���E\

3M�W�� �ΣNπMN�W�� (��

1RZ��UDWKHU�WKDQ�XVLQJ�D�VLQJOH�HTXDWLRQ�IRU�3M��ZH�ZLOO�KDYH

WR�GHDO�ZLWK�DQ�LQILQLWH�VHULHV�RI�HTXDWLRQV¥RQH�IRU�HDFK�πMN�W���IRU
DOO�SRVVLEOH�YDOXHV�RI�N��2EYLRXVO\��WKDW�FRPSOLFDWHV�PDWWHUV�TXLWH

D�ELW��EXW�WKH�EHQHILWV�DUH�HVVHQWLDO�

7KH�HTXDWLRQ�IRU�πMN�ZLOO�WDNH�WKH�IRUP

GπMN�GW� �βM�N���πMN���
�������������������>αε��1�Σ3M��1�3R���αM��1�Σ3M��Q��N����@πMN���
�������������������>αε��1�Σ3M��1�3R���αM��1�Σ3M��1�N���βMN@πMN� (��

:H�UHWDLQ�(TXDWLRQ�(��D�IRU�3R��UDWKHU�WKDQ�LQWURGXFLQJ�D�VHULHV�RI

πRN©V�WR�DYRLG�RYHU�FRPSOLFDWLQJ�WKH�V\VWHP��*HQHUDOO\�3R�ZLOO�EH
ODUJH�DQG�WKH�VWDWLVWLFDO�GHYLDWLRQV�ZLOO�EH�LUUHOHYDQW�WR�RXU�TXHVWLRQV

DERXW�HYROXWLRQ�

:H�DUH�SULPDULO\�LQWHUHVWHG�LQ�DSSO\LQJ�HTXDWLRQ�(���WR�9��DQG

WR�WKH�VWHULOH�PXWDWLRQV�KHUH��)RU�WKHVH��OHW©V�DVVXPH�WKDW�βM βR��7KDW
PHDQV�WKH�DQWL�YLUXV�LV�MXVW�DV�HIIHFWLYH�DW�FDWFKLQJ�9M�DV�LW�ZDV�DW

FDWFKLQJ�9R�
��:H�DOVR�DVVXPH�Σ3M�≈�3R��L�H��WKH�PDLQ�FRPSRQHQW�RI

WKH�YLUXV�SRSXODWLRQ�LV�9R��DQG�9M�PDNHV�XS�RQO\�D�VPDOO�SDUW�RI�WKH

EDODQFH��7KDW�LV�XVXDOO\�WKH�FDVH�ZKHQHYHU�WKH�VWDWLVWLFDO�DVSHFW�RI

WKH�πMN©V� DUH�RI� DQ\� UHDO�XVH� WR�XV��:LWK� WKHVH� DVVXPSWLRQV��(��

UHGXFHV�WR

��� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ

� 1RWH�WKDW�WKLV�ZDV�QRW�WUXH�RI�9��



GπMN�GW� �β�N���πMN���
�������������������>αε��1�3R��1�3R���αM��1�3R��1��N����@πMN���
��������������������>αε��1�3R��1�3R���αM��1�3R��1�N���βN@πMN� (��

7KHUH�DUH� WZR�VROXWLRQV�RI� WKLV�HTXDWLRQ�ZH©UH� LQWHUHVWHG�LQ�

ZKHQ�αM ��DQG�ZKHQ�αM≠���:H�WDNH�XS�WKH�αM ��FDVH�ILUVW��αM �

PHDQV�WKH�YLUXV�LV�VWHULOH��,W�LV�FUHDWHG�DV�D�PXWDWLRQ��EXW�LW�FDQQRW

UHSURGXFH�DQ\�IXUWKHU��:H�ZRXOG�H[SHFW�D�IL[HG��FRQVWDQW�EDFN�

JURXQG� RI� VXFK� PXWDWLRQV� WR� H[LVW� RQFH� WKH� SRSXODWLRQ� RI� 9R

VWDELOL]HV��:H�FDQ�FDOFXODWH�WKLV�EDFNJURXQG�E\�VHWWLQJ�3R�W� 3R��D

FRQVWDQW���DQG�ORRNLQJ�IRU�D�FRQVWDQW�VROXWLRQ�ZKHUH

GπMN�GW� ����N� ������������������� (��

7KH�ILUVW�HTXDWLRQ�LQ�WKH�VHULHV�(���EHFRPHV

βπM����αε��1�3R��1�3RπM�� ��� (��

VR

πM�� ���1�3R��1�3R�αε�β�πM�� (��

7KH�N�WK�HTXDWLRQ�ZLOO�JLYH

πMN��� �>�αε3R�1�3R����1β�N�����N��N���@πMN�
�����������������>�αε3R�1��3R����1β�N����@πMN��� (���

'HILQLQJ

ρ� �α3R�1�3R��1β� (���

WKLV�VHTXHQFH�WDNHV�WKH�IRUP

πM�� �ερπM� �(���D

πMN��� ��ερ��N�����πMN�πMN�������N��N����πMN� (���E

6WRFKDVWLF�3RSXODWLRQ�(TXDWLRQV ���



ZKLFK�LV�VROYHG�E\

πMN� ��εNρN�N��πM�� (���

8VLQJ�WKH�QRUPDOL]DWLRQ�FRQGLWLRQ��(����ZH�JHW

πM�� �H�ερ� (���D

πMN� ��εNρN�N���H�ερ� (���E

:H�FDQ�WKHQ�XVH��(����WR�FDOFXODWH�WKH�DYHUDJH�QXPEHU�RI�9M�LQ�WKH

V\VWHP��ZLWK�WKH�UHVXOW

�3M!� �ερ� �εα3R�1�3R��1β� (���

/LNHZLVH��WKH�VWDQGDUG�GHYLDWLRQ�RI�3M�PD\�EH�FDOFXODWHG�XVLQJ

σM�� ��N�!���N!�� �ΣN�πMN�� ε�ρ�� (���

$JDLQ��WKLV�PD\�EH�VROYHG�WR�JLYH

σM� �ερ� �εα3R�1�3R��1β� (���

ZKLFK�WHOOV�XV�WKDW��3M!�LV�QRW�YHU\�VKDUSO\�GHILQHG��7KLV�LV�HTXDWLRQ

������

/HW� XV� QRZ�FRQVLGHU�αM≠���3UDFWLFDOO\� VSHDNLQJ�� DQ� DQDO\WLF
VROXWLRQ� RI� WKLV� V\VWHP� LV� QRW� SRVVLEOH�� 2QH� FDQ�� KRZHYHU�� XVH

HTXDWLRQ�(���WR�SURYH�WKDW�HTXDWLRQ�������LV�WUXH�XVLQJ��3M!¥WKH

DYHUDJH�SRSXODWLRQ¥LQVWHDG�RI�3M��DQ�H[DFW�SRSXODWLRQ��/LNHZLVH�

RQH�FDQ�GHWHUPLQH�WKH�πMN©V�XQGHU�VWHDG\�VWDWH�FRQGLWLRQV��ZKHQ�3R
DQG�πMN�DUH�DOO�FRQVWDQW��7R�GR�WKLV�ZH�VLPSO\�VHW�WKH�OHIW�KDQG�VLGH
RI�HTXDWLRQV�(��D�DQG�(���WR�]HUR��EHFDXVH��LQ�RUGHU�WR�EH�FRQVWDQW�

WKH�WLPH�GHULYDWLYH�PXVW�EH�]HUR���7KHQ�WKH�VHULHV�RI�HTXDWLRQV�LV

HDVLO\�VROYHG�WR�JLYH

πMN��� ��β�N������^>αε3R�1�3R��1�αMN�1�3R��1@πMN�

��� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ



������������������>�αε3R�1��3R��1�αM�N����1�3R��1@πMN��`� (���

ZKLFK�LV�ZKHUH�HTXDWLRQ�������FRPHV�IURP�

6WRFKDVWLF�3RSXODWLRQ�(TXDWLRQV ���



$SSHQGL[�)��7KH�
'DUZLQLDQ�*HQHWLF�
0XWDWLRQ�(QJLQH

,Q� WKLV� DSSHQGL[� DUH� DOO� WKH� WHFKQLFDO� GHWDLOV� FRQFHUQLQJ� WKH

'DUZLQLDQ�*HQHWLF�0XWDWLRQ�(QJLQH�DQG�KRZ�WR�XVH�LW��DV�ZHOO�DV

D�FRPSOHWH�OLVWLQJ�RI�WKH�HQJLQH�DQG�DQ�H[DPSOH�YLUXV�IRU�LW�

7KH�HQJLQH�LV�GHVLJQHG�DV�DQ�REMHFW�ILOH�ZKLFK�FDQ�EH�LQFOXGHG

LQ�DQ\�YLUXV��DQG�XVHG�IRU�DQ\�W\SH�RI�HYROXWLRQDU\�EHKDYLRU�\RX

OLNH��,Q�WKLV�WH[W��ZH�XVHG�WKH�'*0(�LQ�FRQMXQFWLRQ�ZLWK�D�PXWDWLRQ

HQJLQH��WKH�7ULGHQW�3RO\PRUSKLF�(QJLQH��KRZHYHU��\RX�FRXOG�MXVW

DV�ZHOO�XVH�LW�WR�FDXVH�WKH�YLUXV�WR�FKDQJH�LWV�PRGH�RI�LQIHFWLRQ�

ZKLFK�VWHDOWK�WHFKQLTXHV�WR�XVH��HWF���HWF��7KHUH�LV�YLUWXDOO\�QR�OLPLW

RQ�ZKDW� YDULDELOLW\� FRXOG�EH�EXLOW� LQWR� D� YLUXV�EDVHG�RQ�JHQHWLF

GHFLVLRQV�

2SHUDWLRQ�RI�WKH�'*0(

)LUVW��OHW©V�GLVFXVV�WKH�'*0(�LWVHOI��DQG�KRZ�WR�XVH�LW��,©OO�PDNH

D�FRXSOH�JHQHUDO�FRPPHQWV��2QH�LV�WKDW�WKLV�HQJLQH�PD\�ORRN�PRUH

FRPSOH[�WKDQ�LW�LV�DW�ILUVW�JODQFH��6RPH�RI�WKH�SXEOLFV�DUH�MXVW�IRU

WKH�73(��2WKHUV�DUH�VWULFWO\�IRU�WKH�PRUH�DGYDQFHG�SURJUDPPHU�

6HFRQGO\��WKH�UDQGRP�QXPEHU�JHQHUDWRU�LQFOXGHG�LQ�WKH�'*0(�LV

QRW� WKH�JUHDWHVW��,W�JHWV� WKH�MRE�GRQH��EXW�LI�\RX�ZDQW�VRPHWKLQJ

UHDOO\� IDQWDVWLFDOO\�XQSUHGLFWDEOH�� ,� VXJJHVW�\RX�EXLOG�RQH� � DIWHU

UHDGLQJ�XS�RQ�WKH�VXEMHFW���)LQDOO\�WKH�'*0(�LV�RIIVHW�UHORFDWDEOH�



7KH�HQJLQH�KDV�VHYHUDO�HQWU\�SRLQWV��DQG�VHYHUDO�SXEOLF�YDUL�

DEOHV��/HW©V�JR�RYHU�ZKDW�HDFK�RI�WKHVH�GRHV��RQH�E\�RQH�

'1$/2&��':25'�9DULDEOH

7KLV�YDULDEOH�PXVW�EH�VHW�WR�WKH�VHJPHQW�RIIVHW�DGGUHVV�RI�WKH

ELQDU\�'1$�VWUDQG�EHIRUH�DQ\�RI�WKH�'*0(�IXQFWLRQV�DUH�FDOOHG�

$OO�D�¦ELQDU\�'1$�VWUDQG§ �LV�LV�D�FRQWLQJXRXV�VWULQJ�RI�E\WHV��,W�LV

HVVHQWLDOO\�WKH�JHQHWLF�GDWD�ZKLFK�D�YLUXV�ZLOO�XVH�WR�PDNH�GHFL�

VLRQV�� DQG�ZKLFK� WKH�'*0(� ZLOO�PDQLSXODWH� E\�PXWDWLRQV� DQG

VH[XDO�PDWLQJ��7KLV�'1$�VWUDQG�QRUPDOO\�UHVLGHV�VRPHZKHUH�LQ

\RXU�YLUXV��DQG�LW�LV�VHSDUDWH�IURP�WKH�'*0(�

'1$/(1��:25'�9DULDEOH

7KLV�YDULDEOH�VSHFLILHV�WKH�OHQJWK�RI�WKH�ELQDU\�'1$�VWUDQG�

DQG�LW�PD\�WDNH�DQ\�YDOXH�IURP���WR��������,W�PXVW�EH�VHW�XS�SURSHUO\

EHIRUH�WKH�'*0(�LV�FDOOHG�

*(1(B375��':25'�9DULDEOH

7KLV�YDULDEOH�LV�XVHG�LQWHUQDOO\�E\�WKH�'*0(�ZKHQ�DFFHVVLQJ

GDWD�IURP�WKH�ELQDU\�'1$��1RUPDOO\�D�YLUXV�ZLOO�LQLWLDOL]H�LW�WR�WKH

VDPH� VHJPHQW�RIIVHW� YDOXH� DV� '1$/2&� DERYH�� 7KLV� YDULDEOH�

KRZHYHU�LV�LQFUHPHQWHG�E\���HYHU\�WLPH�*(1(B*(7�LV�FDOOHG��DQG

LW�LV�UHVHW�WR�'1$/2&�DIWHU�LW�KDV�EHHQ�LQFUHPHQWHG�WR�'1$/(1�

,W�LV�MXVW�D�SRLQWHU�LQWR�WKH�ELQDU\�'1$�IRU�*(1(B*(7©V�XVH��<RX

PXVW�VHW�LW�XS�EHIRUH�FDOOLQJ�*(1(B*(7�IRU�WKH�ILUVW�WLPH�

'(),1(B5$1'20B'1$���1($5�3URFHGXUH

7KLV�SURFHGXUH�LV�FDOOHG�WR�SLFN�D�UDQGRP�VHTXHQFH�RI�QXPEHUV

IRU�WKH�ELQDU\�'1$��,W�VLPSO\�ILOOV�WKH�PHPRU\�ORFDWLRQ�'1$/2&

ZLWK�UDQGRP�GDWD�IRU�'1$/(1�E\WHV��7KLV�URXWLQH�LV�XVHIXO�IRU

VWDUWLQJ�XS�D�SRSXODWLRQ�RI�YLUXVHV�ZKHQ�\RX�KDYH�QR�LGHD�DERXW

ZKDW�ELQDU\�'1$�ZRXOG�ZRUN�EHVW��7KH�6&$1�6OLS�YLUXV�XVHV�WKLV

URXWLQH�WR�JHW�VWDUWHG��$IWHU�LW�LV�DVVHPEOHG�DQG�UXQ�IRU�WKH�ILUVW�WLPH�

��� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ

� 6HH��IRU�H[DPSOH��'RQDOG�.QXWK��7KH�$UW�RI�&RPSXWHU�3URJUDPPLQJ��9ROXPH
��� 6HPL�QXPHULFDO�$OJRULWKPV��$GGLVRQ�:HVOH\��5HDGLQJ��0DVV��������SS�
�������



LW� FDOOV� WKLV� URXWLQH�� VR� WKDW� WKH� ILUVW� LQIHFWLRQ�ZLOO� KDYH� UDQGRP

'1$��$IWHU�WKDW��LW�VNLSV�WKLV�URXWLQH�DQG�FDOOV�0$7(B'1$�DQG

087$7(B'1$�LQVWHDG��<RX�FRXOG�DOVR�XVH�WKLV�URXWLQH�WR�SOD\

DURXQG�ZLWK�VDOWDWLRQ��)RU�H[DPSOH��\RX�FRXOG�WULJJHU�D�FDOO�WR�WKLV

IXQFWLRQ�LQ�\RXU�YLUXV�ZKHQ�D�FHUWDLQ�JHQHWLF�FRPELQDWLRQ��RU�VRPH

UDUH��UDQGRP�HYHQW�RFFXUUHG��7KHQ�WKH�QH[W�FKLOG�ZRXOG�HVVHQWLDOO\

EH�D�¦KRSHIXO�PRQVWHU§ �ZKLFK�PD\�KDYH�ZRQGHUIXO�QHZ�SURSHUWLHV�

RU�LW�PD\�JHW�FDXJKW�ULJKW�RII�WKH�EDW�

087$7(B'1$��1($5�3URFHGXUH

7KLV�SURFHGXUH�VLPSO\�PXWDWHV�WKH�ELQDU\�'1$�LQ�WKH�YLUXV�DW

UDQGRP��,W�DOORZV�IRU�PXOWLSOH�PXWDWLRQV�LQ�D�VLQJOH�FDOO��EXW�RQO\

RQH�ELW�FDQ�FKDQJH�SHU�E\WH�SHU�FDOO��7KH�PXWDWLRQ�UDWH�LV�FRQWUROOHG

E\�WKH�YDULDEOH�087B5$7(�

0$7(B'1$��1($5�3URFHGXUH

7KLV�URXWLQH�DOORZV�WKH�YLUXV�WR�VH[XDOO\�UHSURGXFH��:KHQ�\RX

FDOO�LW��\RX�PXVW�SXW�WKH�DGGUHVV�RI�DQRWKHU�ELQDU\�'1$�VWUDQG�LQ

(6�6,��DQG�WKH�'1$�RI�WKH�YLUXV�GRLQJ�WKH�PDWLQJ�LV�DVVXPHG�WR�EH

DW�'1$/2&���7KH�IUHTXHQF\�RI�FURVVRYHU�LQ�WKH�PDWLQJ�SURFHVV�LV

FRQWUROOHG�E\�WKH�YDULDEOH�&5266B)5(4���*HWWLQJ�DQRWKHU�YLUXV©

'1$�LQWR�PHPRU\�DW�HV�VL�LV�OHIW�HQWLUHO\�XS�WR�WKH�YLUXV�LWVHOI��7KLV

FDQ�EH�D�WULFN\�WDVN�ZLWK�D�PXWDWLRQ�HQJLQH�EDVHG�YLUXV�EHFDXVH�WKH

ZKROH� SRLQW� RI� XVLQJ� D� PXWDWLRQ� HQJLQH� LV� WR� PDNH� WKH� YLUXV

XQGHWHFWDEOH��VR�ILQGLQJ�DQRWKHU�RQH�WR�PDWH�ZLWK�LV�UDWKHU�GLIILFXOW�

7KH�6&$1�6OLS�YLUXV�GHWDLOHG�KHUH�VROYHV�WKLV�SUREOHP�E\�OHDYLQJ

LWV�ELQDU\�'1$�LQ�PHPRU\�ZKHQ�LW©V�GRQH�ZLWK�LWV�ZRUN��7KHQ�WKH

QH[W�H[DPSOH�WR�H[HFXWH�FDQ�FKHFN�WKDW�PHPRU\�WR�VHH�LI�WKHUH�LV�D

SLHFH�RI�'1$�WKHUH�WR�PDWH�ZLWK�

*(1(B*(7���1($5�3URFHGXUH

7KLV� URXWLQH� VLPSO\� JHWV� D�ZRUG� IURP� WKH� ELQDU\�'1$�DQG

UHSRUWV�LW�WR�WKH�FDOOHU�LQ�WKH�D[�UHJLVWHU��7KH�FDOOHU�FDQ�WKHQ�XVH�WKDW

JHQH�WR�PDNH�D�GHFLVLRQ��HWF��)RU�H[DPSOH��LQ�D�PXWDWLRQ�HQJLQH�

RQH�XVHV�D�FDOO�WR�*(1(B*(7�LQVWHDG�RI�WKH�XVXDO�FDOO�WR�D�UDQGRP

QXPEHU� JHQHUDWRU�� 7KLV� URXWLQH� ZRUNV� LQ� FRQMXQFWLRQ� ZLWK� WKH

*(1(B375��VR�WKDW�\RX�FDQ�FDOO�LW�DV�PDQ\�WLPHV�DV�\RX�OLNH�DQG

LW�ZLOO�JHW�GDWD�IURP�WKH�JHQH��<RX�VKRXOG�EHZDUH��KRZHYHU�WKDW�LW

7KH�'DUZLQLDQ�*HQHWLF�0XWDWLRQ�(QJLQH ���



GRHV�ORRS�DURXQG�DQG�ZLOO�UHSRUW�GDWD�IURP�WKH�VDPH�JHQH�WZLFH�LI

FDOOHG�RIWHQ�HQRXJK��<RX�PD\�RU�PD\�QRW�ZDQW�WKDW�WR�KDSSHQ��DQG

WKH�RQO\�ZD\�WR�WHOO�ZKDW�ZLOO�KDSSHQ�LV�WR�DQDO\]H�\RXU�FRGH�DQG

SLFN�WKH�VL]H�RI�\RXU�ELQDU\�'1$�SURSHUO\�

5$1'B6(('���1($5�3URFHGXUH

7KLV�URXWLQH�VHHGV�WKH�SVHXGR�UDQGRP�QXPEHU�JHQHUDWRU�ZLWK

D�UDQGRP�QXPEHU��,W� LV�FDOOHG�SULRU�WR�FDOOV�WR�*(7B5$1'20�

7KHVH�URXWLQHV�DUH�PDGH�SXEOLF�EHFDXVH�WKH�73(�QHHGV�WKHP��RQFH

ZH�KDYH�WDNHQ�LWV�UDQGRP�QXPEHU�JHQHUDWRU�RXW�RI�LW�

*(7B5$1'20��1($5�3URFHGXUH

7KLV�URXWLQH�JHWV�D�SVHXGR�UDQGRP�QXPEHU�IURP�WKH�UDQGRP

QXPEHU� JHQHUDWRU�� ,W� LV� UHSRUWHG� DV� D� ZRUG� LQ� WKH� $;� UHJLVWHU�

1RUPDOO\��\RX�VKRXOG�QRW�KDYH�WR�FDOO�LW�IURP�D�YLUXV��EXW�WKH�73(

QHHGV�LW�LQ�RQH�SODFH�

087B5$7(�:25'�9DULDEOH

7KLV�YDULDEOH�FRQWUROV�WKH�PXWDWLRQ�UDWH�IRU�WKH�IXQFWLRQ�08�

7$7(B'1$�� 7KH� PXWDWLRQ� UDWH� SHU� E\WH� LV� JLYHQ� E\

087B5$7(��))))+��7KXV��IRU�H[DPSOH��LI�087B5$7(� �)))�

WKHQ�WKH�PXWDWLRQ�UDWH�LV���LQ�����7KH�GHIDXOW�YDOXH�RI�087B5$7(

LV�)))��EXW�LW�LV�PDGH�SXEOLF�VR�\RX�FDQ�VHW�LW�WR�VRPHWKLQJ�HOVH�

&5266B)5(4��:25'�9DULDEOH

7KLV�YDULDEOH�FRQWUROV�WKH�IUHTXHQF\�RI�FURVVRYHU�ZKHQ�PDWLQJ�

7KH�FURVVRYHU�UDWH�LV�JLYHQ�E\�&5266B)5(4��))))+��VR�LW�ZRUNV

MXVW� OLNH� 087B5$7(�� 7KH� GHIDXOW� YDOXH� RI� &5266B)5(4� LV

))))��VR�WKDW�FURVVRYHU�DOZD\V�RFFXUV�GXULQJ�VH[XDO�UHSURGXFWLRQ�

7KLV� LV� DQ� DSSURSULDWH� FURVVRYHU� UDWH� IRU� D� VLQJOH� FKURPRVRPH

V\VWHP�� EHFDXVH� LQ� VXFK� D� V\VWHP�� VH[XDO� UHSURGXFLWRQ� ZLWKRXW

FURVVRYHU�LVQ©W�UHDOO\�VH[XDO�UHSURGXFWLRQ�DW�DOO�

7KH�'*0(�6RXUFH

��� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ



7KH�IROORZLQJ�LV�WKH�VRXUFH�OLVWLQJ�RI�WKH�'DUZLQLDQ�*HQHWLF

0XWDWLRQ�(QJLQH��,W�PD\�EH�FRPSLOHG�WR�DQ�REMHFW�ILOH�XVLQJ�7$60

RU�0$60��DQG�WKHQ�OLQNHG�ZLWK�PXWDWLRQ�HQJLQHV��YLUXVHV��HWF�

�'DUZLQLDQ *HQHWLF 0XWDWLRQ (QJLQH

SXEOLF '1$/2&�'1$/(1�'(),1(B5$1'20B'1$� 087$7(B'1$� 0$7(B'1$�
SXEOLF *(1(B*(7�*(1(B375
SXEOLF 5$1'B6(('�*(7B5$1'20�087B5$7(�&5266B)5(4

�PRGHO VPDOO

�FRGH

�7KH IROORZLQQJ YDOXHV 0867 EH VHW XS EHIRUH DQ\ RI WKH SXEOLF IXQFWLRQV
�LQ WKLV PRGXOH DUH FDOOHG��
'1$/2& '' " �ORFDWLRQ RI '1$ VWUDQG� VHJPHQW�RIIVHW
'1$/(1 ': " �OHQJWK RI '1$ VWUDQG� LQ E\WHV

087B5$7( ': �))))+ � �� �WKH GLYLVRU JLYHV WKH PXWDWLRQ UDWH 3(5 %<7(
&5266B)5(4 ': �))))+ �WKH GLYLVRU JLYHV WKH FURVVRYHU UDWH

�7KLV SURFHGXUH UHDGV D VLQJOH JHQH IURP WKH '1$ LQ VHTXHQFH� $ ®JHQH® KHUH LV
�VLPSO\ D VLQJOH ZRUG� 7KDW ZRUG LV UHWXUQHG LQ WKH D[ UHJLVWHU� DQG DOO RWKHU
�UHJLVWHUV DUH SUHVHUYHG� 7KLV URXWLQH PDLQWDLQV D SRLQWHU LQWR WKH FKURPRVRPH�
�*(1(B375� ZKLFK PXVW EH VHW  '1$/2& EHIRUH WKH ILUVW FDOO KHUH� 7KH SRLQWHU
�LV XSGDWHG DXWRPDWLFDOO\ E\ WKLV SURFHGXUH WR SRLQW WR WKH QH[W JHQH� ,W
�JRHV EDFN WR '1$/2& ZKHQ WKH SRLQWHU SDVVHV '1$/2&�'1$/(1� VR \RX KDYH WR PDNH
�VXUH \RXU FKURPRVRPH LV ORQJ HQRXJK IRU WKH QXPEHU RI FDOOV \RX®UH JRLQJ WR
�PDNH� RU \RX®OO KDYH RQH JHQH DQVZHULQJ WZR TXHVWLRQV� HWF� �7KDW LV QRW
�QHFHVVDULO\ EDG WKRXJK � LW KDSSHQV LQ WKH UHDO ZRUOG WRR��

*(1(B375 '' "

*(1(B*(7 352& 1($5
SXVK HV �VDYH UHJLVWHUV
SXVK GL
SXVK E[
SXVK F[
FDOO **� �RIIVHW UHORFDWLRQ

**�� SRS E[
VXE E[�2))6(7 **�
OHV GL�FV�>E[@>*(1(B375@ �JHW SRLQWHU WR JHQHV
PRY D[�HV�>GL@ �UHDG RQH ZRUG
DGG GL�� �XSGDWH *(1(B375
PRY F[�:25' 375 FV�>E[@>'1$/2&@
DGG F[�FV�>E[@>'1$/(1@
FPS GL�F[
MF 5*�
PRY GL�:25' 375 FV�>E[@>'1$/2&@

5*�� PRY :25' 375 FV�>E[@>*(1(B375@�GL
SRS F[ �UHVWRUH UHJLVWHUV
SRS E[
SRS GL
SRS HV
UHWQ

*(1(B*(7 (1'3

�7KLV URXWLQH GHILQHV D UDQGRP '1$ VWUDQG� ,W VKRXOG EH XVHG LQ WKH HDUO\
�VWDJHV RI WKH YLUXV� VLQFH ZH QHHG WR EXLOG XS D JRRG SRSXODWLRQ RI YLUXVHV
�ZLWK GLIIHUHQW JHQHV WR JHW WKLQJV JRLQJ ULJKW� (VVHQWLDOO\ ZKHQ WKLV LV XVHG
�WKH YLUXV UHVSRQGV OLNH D VWDQGDUG UDQGRP�QXPEHU EDVHG GHFLVLRQ PDNHU� H�J��
�OLNH D VWDQGDUG PXWDWLRQ HQJLQH� 7KLV URXWLQH FDQ DOVR EH XVHG WR JHQHUDWH
�D PDFUR�PXWDWLRQ� ZKLFK PD\ EH XVHIXO LQ VRPH FLUFXPVWDQFHV�

'(),1(B5$1'20B'1$ 352& 1($5
SXVK GV
SXVK HV
FDOO '5'�

'5'�� SRS E[
VXE E[�2))6(7 '5'�
FDOO 5$1'20B6((' �LQLWLDO]H UDQGRP QXPEHU JHQHUDWRU
PRY D[�FV
PRY GV�D[
PRY HV�D[
PRY F[�>E[@>'1$/(1@ �VHW XS OHQJWK 	 ORFDWLRQ
OHV GL�>E[@>'1$/2&@

'5*/3� FDOO *(7B5$1'20 �JHW D UDQGRP E\WH
VWRVE �VDYH LW
GHF F[
M] '5'�

7KH�'DUZLQLDQ�*HQHWLF�0XWDWLRQ�(QJLQH ���



PRY DO�DK
VWRVE
ORRS '5*/3 �DQG ORRS XQWLO GRQH

'5'�� SRS HV
SRS GV
UHWQ

'(),1(B5$1'20B'1$ (1'3

�7KLV URXWLQH LQWURGXFHV FRPSOHWHO\ UDQGRP PXWDWLRQV LQWR WKH YLUDO '1$ EDVHG
�RQ WKH PXWDWLRQ UDWH GHILQHG DERYH� �1RWH WKDW VLQFH WKH PXWDWLRQ UDWH LV
�SXEOLF� LW FRXOG EH G\QDPLFDOO\ FKDQJHG E\ WKH YLUXV LWVHOI�� $OVR� QRWH
�WKDW WKLV URXWLQH GRHV QRW LPSOHPHQW «KRW VSRWV¬�

087$7(B'1$ 352& 1($5
SXVK GV
SXVK HV �VDYH UHJLVWHUV
FDOO 0'�

0'�� SRS E[
VXE E[�2))6(7 0'�
SXVK FV
SRS GV
FDOO 5$1'20B6(('
PRY G[�:25' 375 >E[@>087B5$7(@ �PXWDWLRQ UDWH LQ G[
PRY F[�>E[@>'1$/(1@ �'1$ OHQJWK LQ F[

0'/3� FDOO *(7B5$1'20 �UDQGRP QXPEHU LQ D[
FPS D[�G[ �LV D[�G["
MQF 0'/� �QR� FDUU\ RQ ZLWKRXW PXWDWLQJ WKLV E\WH

0'/�� FDOO *(7B5$1'20 �RN� PXWDWH D ELW LQ WKLV E\WH QRZ
OHV VL�>E[@>'1$/2&@ �FDOFXODWH E\WH DGGUHVV
DGG VL�F[
GHF VL
SXVK F[
PRY FO�� �FUHDWH D QXPEHU � WR � IURP WKH ORZ SDUW
VKU DO�FO �RI RXU UDQGRP QXPEHU
PRY FO�DO
LQF FO
[RU DO�DO �XVH WKDW WR PDNH D ��ELW PDVN
VWF
UFO DO�FO
PRY DK�HV�>VL@ �JHW SURSHU E\WH IURP '1$
[RU DK�DO �WRJJOH WKH ELW ZH ZDQW WR PXWDWH
PRY HV�>VL@�DK �DQG SXW LW EDFN
SRS F[

0'/�� ORRS 0'/3 �ORRS XQWLO ZKROH '1$ VWUDQG GRQH
SRS HV
SRS GV
UHWQ

087$7(B'1$ (1'3

�7KLV URXWLQH GRHV WKH PDWLQJ RI WKH '1$ UHVLGHQW LQ WKLV SURJUDP DQG DQRWKHU
�VWUDQG� ORFDWHG DW (6�6, LQ PHPRU\� 7KH UHVXOW LV XVHG WR UHSODFH WKH VWUDQG
�RI '1$ FXUUHQWO\ LQ PHPRU\� 7KLV PDWLQJ URXWLQH DOORZV RQH FURVVRYHU WR RFFXU
�DW WKH UDWH GHWHUPLQHG E\ &5266B)5(4�
0$7(B'1$ 352& 1($5

SXVK GV
SXVK HV
SXVK FV
SRS GV
FDOO 0$7(�

0$7(�� SRS E[
FDOO *(7B5$1'20
FPS D[�>E[@>&5266B)5(4@ �VKRXOG ZH DOORZ FURVVRYHU"
MQF 0$7(B(; �MXPS LI QR
FDOO *(7B5$1'20
PRY F[�>E[@>'1$/(1@ �OHQJWK RI '1$
[RU G[�G[
GLY F[ �G[ UDQGRP ORFDWLRQ WR GR FURVVRYHU
OGV GL�>E[@>'1$/2&@
DGG GL�G[ �GL ORFDWLRQ WR FURVV
DGG VL�G[
SXVK GV
SXVK HV
SRS GV
SRS HV
PRY F[�>'1$/(1@ �FDOF OHQJWK RI JHQH LQ PHPRU\ WR PRYH
VXE F[�G[

0$7(/� PRY DK�HV�>GL@ �H[FKDQJH E\WHV LQ WKH WZR FKURPRVRPHV
PRYVE �WR GR WKH FURVVRYHU
PRY GV�>VL��@�DK
ORRS 0$7(/ �GR WUDQVIHU XQWLO DOO GRQH
UHS PRYVE �GR WKH WUDQVIHU

0$7(B(;�SRS HV
SRS GV
UHWQ

0$7(B'1$ (1'3

�/LQHDU &RQJUXHQWLDO 3VHXGR�5DQGRP 1XPEHU *HQHUDWRU�
�7KLV LV QRW WKH EHVW UDQGRP QXPEHU JHQHUDWRU� EXW LW GRHV WKH MRE�

�7KH JHQHUDWRU LV GHILQHG E\ WKH HTXDWLRQ
�

��� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ



� ;�1���  �$
;�1� � &� PRG 0
�
�ZKHUH WKH FRQVWDQWV DUH GHILQHG DV
�
0 (48 ����� �ODUJH SULPH
$ (48 0��
& (48 ����� �ODUJH SULPH
5$1'B6((' ': � �;�� LQLWLDOL]HG E\ 5$1'20B6(('

�6HW 5$1'B6((' XS ZLWK D UDQGRP QXPEHU WR VHHG WKH SVHXGR�UDQGRP QXPEHU
�JHQHUDWRU� 7KLV URXWLQH VKRXOG SUHVHUYH DOO UHJLVWHUV� LW PXVW EH WRWDOO\
�UHORFDWDEOH�
5$1'20B6((' 352& 1($5

SXVK VL
SXVK GV
SXVK G[
SXVK F[
SXVK E[
SXVK D[
FDOO 56�

56�� SRS E[
VXE E[�2))6(7 56�
[RU D[�D[
PRY GV�D[
PRY VL���&+
ORGVZ
PRY DK�DO
LQ DO���+
[RU G[�G[
PRY F[�0
GLY F[
PRY :25' 375 FV�>E[@>5$1'B6(('@�G[
SRS D[
SRS E[
SRS F[
SRS G[
SRS GV
SRS VL
UHWQ

5$1'20B6((' (1'3

�&UHDWH D SVHXGR�UDQGRP QXPEHU DQG SXW LW LQ D[� 7KLV URXWLQH PXVW SUHVHUYH
�DOO UHJLVWHUV H[FHSW D[�
*(7B5$1'20 352& 1($5

SXVK E[
SXVK F[
SXVK G[
FDOO *5�

*5�� SRS E[
VXE E[�2))6(7 *5�
PRY D[�:25' 375 FV�>E[@>5$1'B6(('@
PRY F[�$ �PXOWLSO\
PXO F[
DGG D[�& �DGG
DGF G[��
PRY F[�0
GLY F[ �GLYLGH
PRY D[�G[ �UHPDLQGHU LQ D[
PRY FV�:25' 375 >E[@>5$1'B6(('@�D[ �DQG VDYH IRU QH[W URXQG
SRS G[
SRS F[
SRS E[
UHWQ

*(7B5$1'20 (1'3

(1'

7KH�6&$1�6OLS�9LUXV

6&$1�6OLS�LV�D�VLPSOH�&20�ILOH�LQIHFWLQJ�YLUXV�WR�GHPRQVWUDWH

WKH�'*0(�ZLWK���,W�ZRUNV�LQ�FRQMXQFWLRQ�ZLWK�ERWK�WKH�'*0(�DQG

WKH�73(��DQG�LV�ZULWWHQ�OLNH�DQ�RUGLQDU\�PXWDWLQJ�YLUXV���,W�XVHV�D

���� E\WH� ELQDU\� '1$� VWULQJ� IRU� WKH� PXWDWLRQ� HQJLQH�� ZLWK� WKH

GHIDXOW�PXWDWLRQ�DQG�FURVVRYHU�UDWHV��6H[XDO�UHSURGXFWLRQ�FDQ�EH

WXUQHG�RQ�RU�RII�

7KH�'DUZLQLDQ�*HQHWLF�0XWDWLRQ�(QJLQH ���



:KHQ�6&$1�6OLS�LV�ORDGHG�LQWR�PHPRU\��LW�UHORFDWHV�LWVHOI�WR�D

VHJPHQW�GV�����+��ZKLFK�LV�DERYH�ZKHUH�WKH�&20�ILOH�LV�ORDGHG�

7KLV�UHORFDWLRQ�LV�KHOSIXO�LQ�FRGLQJ�WKH�YLUXV�EHFDXVH�PRVW�RI�LW�WKHQ

ZRUNV�IURP�IL[HG�RIIVHWV��,I�WKH�YLUXV�GLG�QRW�UHORFDWH��RIIVHWV�ZRXOG

KDYH�WR�EH�DGMXVWHG�WKURXJKRXW�WKH�FRGH��EHFDXVH�WKH�73(�JHQHUDWHV

YDULDEOH�OHQJWK� GHFU\SWLRQ� URXWLQHV�ZKLFK� VLW� DW� WKH� VWDUW� RI� WKH

YLUXV��6R�RQ�VWDUWXS��WKH�YLUXV�LV�GHFU\SWHG�E\�WKH�73(�JHQHUDWHG

GHFU\SWRU��DQG�WKHQ�LW�LPPHGLDWHO\�UHORFDWHV�

2QFH� UHORFDWHG�� WKH� YLUXV� VHDUFKHV� IRU� DQRWKHU� SURJUDP� WR

LQIHFW��,W�VHDUFKHV�RQO\�WKH�FXUUHQW�GLUHFWRU\�IRU�RWKHU�&20�ILOHV�

6LQFH�WKH�YLUXV�H[LVWV�RQ�GLVN�RQO\�LQ�DQ�HQFU\SWHG�VWDWH��LW�PXVW

KDYH�D�VQHDN\�ZD\�RI�ILQGLQJ�RWKHU�FRSLHV�RI�LWVHOI��VR�WKDW�LW�GRHV

QRW�UHLQIHFW�WKH�VDPH�ILOH�DJDLQ�DQG�DJDLQ��7KLV�LV�DFFRPSOLVKHG�E\

ORRNLQJ�DW�WKH�WLPH�VWDPS�RQ�WKH�ILOH��,I�7,0(�PRG���� ����WKHQ�WKH

ILOH�LV�DVVXPHG�WR�EH�DOUHDG\�LQIHFWHG��7KDW�PHDQV�RQH�RXW�RI���

ILOHV�ZLOO�QRW�JHW�LQIHFWHG��EXW���RXW�RI����ZLOO��DQG�WKHUH�ZRXOG�EH

QR�UHDVRQ�IRU�DQ�DQWL�YLUXV�SURJUDP�WR� WKLQN�VXFK�D�FRQGLWLRQ� LV

VRPHKRZ�VXVSLFLRXV��2QFH�WKH�YLUXV�LQIHFWV�D�ILOH��LW�PRGLILHV�7,0(

WR�IXOILOO�WKLV�FRQGLWLRQ�VR�WKDW�LW�LV�PHW�

2QFH�DQ�LQIHFWDEOH�ILOH�KDV�EHHQ�ORFDWHG��6&$1�6OLS�FDOOV�WKH

'*0(�� EHIRUH� LW� DFWXDOO\� LQIHFWV�� 6&$1�6OLS� NHHSV� DQ� LQWHUQDO

YDULDEOH�WR�GHWHUPLQH�LI�WKLV�LV�WKH�ILUVW�WLPH�LW�LV�EHLQJ�UXQ��,I�VR��LW

FUHDWHV�D�UDQGRP�ELQDU\�'1$�VHTXHQFH��2WKHUZLVH�LW�PXWDWHV�WKH

'1$�VHTXHQFH�LW�DOUHDG\�KDV��1H[W��LW�ORRNV�LQ�PHPRU\�DW�ORFDWLRQ

�)(�������WR�VHH�LI�WKHUH�LV�DQRWKHU�ELQDU\�'1$�VHTXHQFH�VLWWLQJ

WKHUH��,I�WKHUH�LV��LW�PDWHV�ZLWK�WKDW�VHTXHQFH��7KHQ��RI�FRXUVH��LW

SXWV�LWV�RZQ�'1$�LQ�WKDW�ORFDWLRQ��7KH�YLUXV�GHWHUPLQHV�ZKHWKHU

WKHUH�LV�D�'1$�VHTXHQFH�DW�WKDW�ORFDWLRQ�E\�SXWWLQJ�WZR�,'�E\WHV

LQ�IURQW�RI�LW������+���,I�WKDW�,'�LV�IRXQG�DW�ORFDWLRQ��)(�������

WKHQ�ZKDW�IROORZV�LV�DVVXPHG�WR�EH�D�'1$�VHTXHQFH��,I�QR�'1$�LV

IRXQG��WKHQ�WKH�YLUXV�VNLSV�WKH�PDWLQJ�SURFHVV�

$IWHU�PDQLSXODWLRQ� RI� WKH� '1$�� WKH�73(� LV� FDOOHG�� DQG� DQ

HQFU\SWHG�YHUVLRQ�RI�WKH�YLUXV��ZKLFK�KDV�WKH�QHZ�'1$��LV�FUHDWHG

��� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ

� )RU�PRUH�LQIRUPDWLRQ�RQ�WKH�LQV�DQG�RXWV�RI�KRZ�D�PXWDWLQJ�YLUXV�ZRUNV��VHH
&RPSXWHU�9LUXV�'HYHORSPHQWV�4XDUWHUO\��9RO�����1R������6SULQJ��������



LQ�PHPRU\��DQG�VDYHG�WR�GLVN��7KH�YLUXV�FRGH�DOZD\V�VLWV�DW�WKH

EHJLQQLQJ�RI�D�&20�ILOH��EHIRUH�WKH�KRVW©V�FRGH�

2QFH�WKH�YLUXV�KDV�LQIHFWHG�D�ILOH��LW�UHORFDWHV�WKH�KRVW�SURJUDP

LW�ZDV�DWWDFKHG�WR�WR�RIIVHW����+��DQG�DOORZV�LW�WR�H[HFXWH�

6RXUFH�IRU�6&$1�6OLS

7KH�IROORZLQJ�LV�WKH�VRXUFH�IRU�6&$1�6OLS��<RX�FDQ�DVVHPEOH

LW�WR�DQ�REMHFW�ILOH�XVLQJ�7$60��<RX©OO�QHHG�WR�PRGLI\�LW�D�ELW�LQ

RUGHU�WR�XVH�0$60��7R�EXLOG�6/,3�&20��VHH�WKH�ODVW�VHFWLRQ�RI

WKLV�DSSHQGL[��3XWWLQJ�LW�$OO�7RJHWKHU�
�7KH 6&$1�6OLS 9LUXV
�$ VPDOO PXWDWLRQ�HQJLQH EDVHG &20 LQIHFWRU ZKLFK HQFU\SWV ERWK WKH
�YLUXV DQG WKH &20 ILOH� $ UHDO EHDU IRU GLVLQIHFWRUV�

�7KLV YLUXV XVHV D PRGLILHG 7ULGHQW 3RO\PRUSKLF (QJLQH LQ FRPELQDWLRQ ZLWK WKH
�'DUZLQLDQ *HQHWLF 0XWDWLRQ (QJLQH� ,W ZLOO VQHDN DURXQG VFDQQHUV� 7KLV YHUVLRQ
�HPSOR\V ERWK PXWDWLRQ DQG VH[XDO UHSURGXFWLRQ ZLWK FURVVRYHU�

�7KLV 9LUXV IRU UHVHDUFK SXUSRVHV RQO\� 3OHDVH GR QRW UHOHDVH�
�3OHDVH H[HFXWH LW RQO\ RQ D FDUHIXOO\ FRQWUROOHG V\VWHP� DQG RQO\
�LI \RX NQRZ ZKDW \RX®UH GRLQJ�

�PRGHO VPDOO �7LQ\ PRGHO WR FUHDWH D &20 ILOH

�FRGH

H[WUQ FU\SW�QHDU �PXWDWLRQ HQJLQH IXQFWLRQ
H[WUQ KRVW�QHDU �KRVW SURJUDP
H[WUQ '(),1(B5$1'20B'1$�1($5�087$7(B'1$�1($5�0$7(B'1$�1($5
H[WUQ '1$/2&�':25'�'1$/(1�:25'
H[WUQ *(1(B*(7�1($5�*(1(B375�':25'

�'7$ GHILQLWLRQV
'7$ (48 ����+ �'LVN WUDQVIHU DUHD
)6,=( (48 '7$��$+ �ILOH VL]H ORFDWLRQ LQ ILOH VHDUFK
)1$0( (48 '7$��(+ �ILOH QDPH ORFDWLRQ LQ ILOH VHDUFK

25* ���+
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�7KH YLUXV VWDUWV KHUH�

9,567$57�
FDOO *(7/2&

*(7/2&� SRS VL
VXE VL�� �KHUHV ZKHUH YLUXV VWDUWV
SXVK VL
PRY D[�GV
DGG D[�����+
PRY HV�D[ �XSSHU VHJPHQW GV�����+
PRY GL����+ �PRYH YLUXV WKHUH
PRY F[�2))6(7 +267 � ���+
UHS PRYVE
PRY GV�D[ �VHW GV WR KLJK VHJPHQW
SXVK GV
PRY D[�2))6(7 ),1'B),/(
SXVK D[
UHWI �MXPS WR KLJK VHJPHQW

�1RZ LW®V WLPH WR ILQG D YLDEOH ILOH WR LQIHFW� :H ZLOO ORRN IRU DQ\ &20 ILOH
�DQG VHH LI WKH YLUXV LV WKHUH DOUHDG\�
),1'B),/(�

SRS VL
PRY >+2672)6@�VL �QHHG WKLV LQ KLJK PHPRU\
[RU G[�G[ �PRYH GWD KLJK
PRY DK��$+ �GRQW WUDVK SDUDPHWHUV
LQW ��+ �ZKLFK WKH KRVW H[SHFWV
PRY G[�2))6(7 &20),/(
PRY FK��)+ �VHDUFK IRU DQ\ ILOH
PRY DK��(+ �'26 VHDUFK ILUVW
LQW ��+

&+(&.B),/(� MQF 1;7�
MPS $//'21( �QR &20 ILOHV WR LQIHFW

1;7�� PRY G[�)1$0( �ILUVW RSHQ WKH ILOH
PRY D[��'��+ �U�Z DFFHVV RSHQ ILOH
LQW ��+

7KH�'DUZLQLDQ�*HQHWLF�0XWDWLRQ�(QJLQH ���



MF 1(;7B),/(
PRY E[�D[ �SXW ILOH KDQGOH LQ E[
PRY D[�����+ �JHW ILOH DWWULEXWH
LQW ��+
PRY D[�F[
[RU D[�G[

��GDWH [RU WLPH PRG ��  � IRU LQIHFWHG ILOH�
[RU G[�G[
PRY F[���
GLY F[
FPS G[��
MQ] ,1)(&7B),/( �QRW �� JR LQIHFW
PRY DK��(+ �FORVH ILOH LI LQIHFWHG
LQW ��+

1(;7B),/(� PRY DK��)+ �ORRN IRU DQRWKHU ILOH
LQW ��+
MPS 6+257 &+(&.B),/( �DQG JR FKHFN LW RXW

&20),/( '% ®
�&20®��
+2672)6 ': �

�:KHQ ZH JHW KHUH� ZH®YH RSHQHG D ILOH VXFFHVVIXOO\� DQG UHDG LW LQWR PHPRU\�
�,Q WKH KLJK VHJPHQW� WKH ILOH LV VHW XS H[DFWO\ DV LW ZLOO ORRN ZKHQ LQIHFWHG�
�7KXV� WR LQIHFW� ZH MXVW UHZULWH WKH ILOH IURP WKH VWDUW� XVLQJ WKH LPDJH
�LQ WKH KLJK VHJPHQW�
,1)(&7B),/(�

SXVK E[ �VDYH ILOH KDQGOH

PRY D[�2))6(7 '1$ �VHW XS DGGUHVV RI '1$
PRY :25' 375 >'1$/2&@�D[ �IRU '*0(
PRY :25' 375 >*(1(B375@�D[
PRY D[�FV
PRY :25' 375 >'1$/2&��@�D[
PRY :25' 375 >*(1(B375��@�D[
PRY D[�'1$B/(1*7+
PRY >'1$/(1@�D[
PRY DO�>),567@ �ILUVW LQIHFWLRQ"
RU DO�DO
M] 087$7( �QR� PXWDWH WKH JHQH
FDOO '(),1(B5$1'20B'1$ �\HV� GHILQH WKH '1$
MPS 6+257 '1$B02',),('

087$7(� FDOO 087$7(B'1$
SXVK HV
PRY D[���)(�+
PRY HV�D[
[RU VL�VL �HV�VL  $������ YLGHR
PRY D[�HV�>VL@
DGG VL��
FPS D[�*(1(B,' �FRGH WR WHOO D JHQH LV
MQH +,'(B*(1( �KLGLQJ KHUH LQ UDP
FDOO 0$7(B'1$ �LI VR� PDWH
MPS 6+257 '1$B02'B� �DQG JR RQ

+,'(B*(1(� [RU GL�GL �QR JHQH WKHUH� VR
PRY D[�*(1(B,'
VWRVZ
PRY VL�2))6(7 '1$
PRY F[�'1$B/(1*7+
UHS PRYVE

'1$B02'B�� SRS HV
'1$B02',),('� [RU DO�DO

PRY >),567@�DO
SRS E[
SXVK E[
PRY G[�2))6(7 +267 �HQG RI YLUXV
PRY GL�)6,=(
PRY F[�FV�>GL@ �JHW ILOH VL]H
SXVK F[
PRY DK��)+ �'26 UHDG IXQFWLRQ
LQW ��+ �UHDG KRVW LQ

SRS F[
DGG F[�2))6(7 +267 � ���+ �VL]H RI FRGH WR HQFU\SW
PRY G[����+ �GV�G[ FRGH WR HQFU\SW
PRY ES�G[ �ZKHUH H[HFXWLRQ EHJLQV
PRY GL��
PRY VL��
PRY D[�GV �VHW XS ZRUN VHJ IRU WSH
DGG D[�����+
PRY HV�D[
PRY EO�� �VPDOO PRGHO
PRY D[���+
FDOO FU\SW
SRS E[

SXVK G[
SXVK F[

[RU F[�F[
PRY G[�F[ �UHVHW ILOH SRLQWHU
PRY D[�����+
LQW ��+

��� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ



SRS F[
SRS G[

� PRY GL�)6,=(
� DGG F[�FV�>GL@ �DGG KRVW VL]H WR VL]H WR ZULWH

PRY DK���+
LQW ��+ �ZULWH YLUXV�KRVW WR ILOH

SXVK FV
SRS GV �GV FV

PRY D[�����+ �JHW GDWH 	 WLPH RQ ILOH
LQW ��+
SXVK G[
PRY D[�F[ �IL[ LW
[RU D[�G[
PRY F[���
[RU G[�G[
GLY F[
PXO F[
DGG D[��
SRS G[
[RU D[�G[
PRY F[�D[
PRY D[�����+ �DQG VDYH LW
LQW ��+

(;,7B(55�
PRY DK��(+ �FORVH WKH ILOH
LQW ��+

�7KH LQIHFWLRQ SURFHVV LV QRZ FRPSOHWH� 7KLV URXWLQH PRYHV WKH KRVW SURJUDP
�GRZQ VR WKDW LWV FRGH VWDUWV DW RIIVHW ���+� DQG WKHQ WUDQVIHUV FRQWURO WR LW�
$//'21(�

PRY E[�>+2672)6@ �UHODWLYH RIIVHW RI SURJUDP
VXE E[����+ �E[ VL]H RI GHFU\SW URXWLQH
PRY D[�VV �VHW GV� HV WR ORZ VHJPHQW DJDLQ
PRY GV�D[
PRY HV�D[
SXVK D[ �SUHS IRU UHWI WR KRVW
PRY G[���+ �UHVWRUH GWD WR RULJLQDO YDOXH
PRY DK��$+ �IRU FRPSDWLELOLW\
LQW ��+
PRY GL����+ �SUHS PRYH KRVW EDFN WR ORZ VHJ
PRY VL�2))6(7 +267
DGG VL�E[
SXVK GL
PRY F[�VS �PRYH FRGH� GRQ®W WUDVK VWDFN
VXE F[�VL
UHS PRYVE �PRYH FRGH
UHWI �DQG UHWXUQ WR KRVW

*(1(B,' (48 ����+ �DOORZ YLUXV WR VHH JHQH LQ UDP
),567 '% � �  � LI WKLV LV WKH �VW JHQ
'1$B/(1*7+ (48 ���+ �OHQJWK RI '1$ IRU WKLV YLUXV
'1$ '% '1$B/(1*7+ GXS ��� �'1$ IRU WKLV YLUXV

(1' 9,567$57

7KH�7ULGHQW�3RO\PRUSKLF�(QJLQH

7KH�7ULGHQW�3RO\PRUSKLF�(QJLQH� LV�QRUPDOO\�VXSSOLHG�DV�DQ

REMHFW�ILOH�ZKLFK�\RX�OLQN�LQWR�D�YLUXV��,W�KDV�WKH�IROORZLQJ�H[WHUQDOV

ZKLFK�PD\�EH�XVHG�LQ�D�YLUXV�

51'B,1,7��1($5�3URFHGXUH

7KH�'DUZLQLDQ�*HQHWLF�0XWDWLRQ�(QJLQH ���



7KLV�URXWLQH�LQLWLDOL]HV�WKH�73(©V�UDQGRP�QXPEHU�JHQHUDWRU�

6LQFH�WKH�JHQHUDWRU�KDV�EHHQ�UHPRYHG�IURP�73(�DQG�SXW�LQWR�WKH

'*0(��WKLV�URXWLQH�LV�QRW�DYDLODEOH�LQ�WKH�PRGLILHG�73(�2%-�

51'B*(7��1($5�3URFHGXUH

7KLV� URXWLQH� JHWV� D� UDQGRP� QXPEHU� LQ� D[� IURP� WKH� 73(©V

UDQGRP�QXPEHU�JHQHUDWRU��$JDLQ��LW�LV�QRW�DYDLODEOH�LQ�WKH�PRGLILHG

73(�

&5<37��1($5�3URFHGXUH

7KLV�LV�WKH�PDLQ�HQFU\SWLRQ�URXWLQH�IRU�WKH�HQJLQH��:KHQ�FDOOHG��LW

WDNHV� WKH� XQHQFU\SWHG� YLUXV�� HQFU\SWV� LW�� DQG� SODFHV� D� UDQGRPO\

JHQHUDWHG�GHFU\SWLRQ�URXWLQH�DW�WKH�VWDUW�RI�WKH�HQFU\SWHG�YLUXV��7KLV

LV�WKH�PRVW�FRPSOH[�URXWLQH�LQ�WKH�HQJLQH��DQG�LW�KDV�VHYHUDO�LQSXW

DQG�RXWSXW�SDUDPHWHUV��DV�IROORZV�

,13876�

HV� �7KH�ZRUN�VHJPHQW��ZKHUH�WKH�73(�ZLOO�VWRUH�LQWHUQDO�GDWD�DQG

WKH�HQFU\SWHG�YLUXV�DQG�LWV�GHFU\SWRU�

GV�G[� �$�SRLQWHU�WR�WKH�FRGH�WR�HQFU\SW�

F[� �7KH�QXPEHU�RI�E\WHV�WR�HQFU\SW���8VXDOO\�WKH�VL]H�RI�WKH�YLUXV

ZLWK�WKH�73(�DQG�'*0(��RU�YLUXV���KRVW��

ES� �7KH�RIIVHW�ZKHUH�WKH�GHFU\SW�URXWLQH�ZLOO�EH�H[HFXWHG��,Q�WKH

FDVH�RI�6&$1�6OLS��WKLV�ZLOO�EH����+�

VL� �7KH�GLVWDQFH�EHWZHHQ�WKH�HQFU\SWRU�DQG�WKH�HQFU\SWHG�FRGH�

1RUPDOO\���

D[�  � )ODJV��%LW� ��PXVW� EH� VHW� LI� GV≠FV�ZKHQ� WKH� GHFU\SWRU�ZLOO
H[HFXWH���7KDW�LV�QRUPDOO\�WKH�FDVH�IRU�(;(©V���,I�%LW���LV�VHW��WKH

73(�ZLOO�SXW�UDQGRP�QRQ�IXQFWLRQDO�LQVWUXFWLRQV�LQWR�WKH�GHFU\S�

WRU�� ,I� %LW� �� LV� VHW�� WKH� 73(� ZLOO� SXW� UDQGRP� QRQ�IXQFWLRQDO

LQVWUXFWLRQV�EHIRUH�WKH�GHFU\SWRU��,I�ELW���LV�VHW��WKH�GHFU\SWRU�ZLOO

SUHVHUYH�WKH�FRQWHQWV�RI�WKH�D[�UHJLVWHU�

2873876�

GV�G[� �$�SRLQWHU�WR�WKH�GHFU\SWRU�SOXV�WKH�HQFU\SWHG�FRGH��1RU�

PDOO\��WKLV�LV�ZKDW�\RX�DGG�WR�WKH�ILOH�EHLQJ�LQIHFWHG�

F[� �7KH�OHQJWK�RI�WKH�GHFU\SWRU�SOXV�WKH�HQFU\SWHG�FRGH�

GL� �7KH�OHQJWK�RI�WKH�GHFU\SWRU�E\�LWVHOI�

��� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ



D[� �7KH�OHQJWK�RI�WKH�HQFU\SWHG�FRGH�E\�LWVHOI�

73(B%27720��1($5�3URFHGXUH

7KLV�LV�VLPSO\�D�ODEHO�WKDW�LGHQWLILHV�WKH�ERWWRP�RI�WKH�7ULGHQW

HQJLQH�LQ�PHPRU\�

73(B723��1($5�3URFHGXUH

$QG�WKLV�LV�D�ODEHO�WR�LGHQWLI\�WKH�WRS�RI�WKH�HQJLQH�LQ�PHPRU\�

+(;�/LVWLQJ�RI�WKH�0RGLILHG�7ULGHQW�3RO\�

PRUSKLF�(QJLQH

7KH�IROORZLQJ�+(;�OLVWLQJ�FDQ�EH�WXUQHG�LQWR�D�ELQDU\�REMHFW

ILOH�73(�2%-�XVLQJ�WKH�/2$'�%$6�SURJUDP�ZKLFK�LPPHGLDWHO\

IROORZV�LW��1RWH�WKDW�DOO�RI�WKH�ELQDU\�ILOHV�IRU�WKH�SURJUDPV�LQ�WKLV

$SSHQGL[�DUH�LQFOXGHG�RQ�WKH�3URJUDP�'LVN�
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7KH�'DUZLQLDQ�*HQHWLF�0XWDWLRQ�(QJLQH ���
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�7KH�KRVW�SURJUDP�VWDUWV�KHUH��7KLV�RQH�LV�D�GXPP\�WKDW�MXVW
�UHWXUQV�FRQWURO�WR�'26�
����������������SXEOLF��+267

����������������GE����������GXS����
+267�
����������������PRY�����D[��&��+�����������������7HUPLQDWH
����������������LQW�������+
+267B(1'�

����������������(1'

7KLV� SURJUDP� LV� VLPSO\� WKH� KRVW� SURJUDP�ZKLFK� WKH� DVVHPEOHG

6&$1�6OLS�ZLOO�EH�DWWDFKHG�WR��,W�GRHV�QRWKLQJ�EXW�UHWXUQ�WR�'26�

7R�DVVHPEOH�DQG�OLQN�HYHU\WKLQJ�SURSHUO\��H[HFXWH�WKH�IROORZLQJ

VHTXHQFH�RI�FRPPDQGV�

WDVP�KRVW�

WDVP�VFDQVOLS�

WDVP�GJPH�

WOLQN��P��W�VFDQVOLS�GJPH�WSH�KRVW�

��� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ



2Q� WKH�3URJUDP�'LVN� WKDW�JRHV�ZLWK� WKLV�ERRN�� D�FRXSOH�RI

SURJUDPV��67$5783�DQG�6(48(1&(��DUH�LQFOXGHG�WR�DXWRPDW�

LFDOO\�F\FOH�WKH�YLUXV�WKURXJK�JHQHUDWLRQ�DIWHU�JHQHUDWLRQ�DQG�UXQ

LW�DJDLQVW�6&$1�WR�JHW�LW�WR�HYROYH�LQWR�D�EHWWHU�DQG�EHWWHU�6&$1�

6OLSSHU��<RX�FDQ�HDVLO\�PRGLI\�WKHVH�SURJUDPV�WR�ZRUN�ZLWK�DQ\

VFDQQHU�ZKLFK�ZLOO�JHQHUDWH�D�WH[W�ILOH�OLVWLQJ�RI�ZKDW�LW�ILQGV�

7KH�'DUZLQLDQ�*HQHWLF�0XWDWLRQ�(QJLQH ���



6HOHFWHG�5HIHUHQFHV

2ULJLQV

&KDUOHV�7KD[WRQ��:DOWHU�%UDGOH\�DQG�5RJHU�2OVHQ��7KH�0\V�

WHU\�RI�/LIH©V�2ULJLQ��5HDVVHVVLQJ�&XUUHQW�7KHRULHV��3KLORVRSKLFDO

/LEUDU\��1HZ�<RUN�������,6%1����������������7KLV�LV�D�FULWLFDO

ORRN� DW� WKH� RULJLQ� RI� OLIH� RQ� HDUWK�� ZLWK� D� JRRG� DQDO\VLV� RI� WKH

LQIRUPDWLRQDO� IDFWRUV� WKDW� DUH� VR� LPSRUWDQW� WR� D� SURSHU� XQGHU�

VWDQGLQJ�RI�OLIH��,W�LV�PRGHUDWHO\�WHFKQLFDO�EXW�YHU\�UHDGDEOH��DQG

YHU\�FDUHIXOO\�GRFXPHQWHG�

5REHUW�6KDSLUR��2ULJLQV��$�6NHSWLF©V�*XLGH�WR�WKH�2ULJLQ�RI�/LIH

RQ�(DUWK���6XPPLW�%RRNV��1HZ�<RUN�������,6%1���������������

$Q� H[FHOOHQW� LQWURGXFWLRQ� WR� VRPH� RI� WKH� FXUUHQW� UHVHDUFK� DQG

SUREOHPV�IDFLQJ�WKH�VWXG\�RI�WKH�RULJLQ�RI�OLIH�RQ�HDUWK��1RW�YHU\

WHFKQLFDO��\HW�ZHOO�ZULWWHQ�

$�� *�� &DLUQV�6PLWK�� 6HYHQ� &OXHV� WR� WKH� 2ULJLQ� RI� /LIH�� $

6FLHQWLILF� 'HWHFWLYH� 6WRU\� �&DPEULGJH� 8QLYHUVLW\� 3UHVV�� &DP�

EULGJH�������,6%1����������������'LVFXVVHV�WKH�SUREOHPV�ZLWK

SUHVHQW�RULJLQV�UHVHDUFK��&DLUQV�6PLWK�DGYRFDWHV�D�¦JHQHWLF�WDNH�

RYHU§ �IURP�FOD\�FRPSRXQGV��7KRXJK�,�TXHVWLRQ�WKH�YDOXH�RI�WKLV

VROXWLRQ�� WKH� GLVFXVVLRQ� RI� SUREOHPV� LQ� FODVVLFDO� H[SODQDWLRQV� LV

ZRUWK�UHDGLQJ��$�IDLU�ERRN��QRW�WRR�WHFKQLFDO�

)UDQFLV�&ULFN��/LIH�,WVHOI��,WV�2ULJLQ�DQG�1DWXUH��6LPRQ�DQG

6FKXVWHU��1HZ�<RUN�������,6%1����������������&ULFN�FRPHV�RXW



LQ�IDYRU�RI�DQ�H[WUD�WHUUHVWULDO�RULJLQ�RI� OLIH��1RWDEOH�EHFDXVH�LWV

DXWKRU�ZDV�LQVWUXPHQWDO�LQ�XQUDYHOOLQJ�WKH�P\VWHULHV�RI�'1$��PRUH

VR�WKDQ�IRU�WKH�DXWKRU©V�DQVZHUV�

)UHG� +R\OH� DQG� &KDQGUD� :LFNUDPDVLQJKH�� (YROXWLRQ� IURP

6SDFH��-�0��'HQW�	�6RQV��/RQGRQ�������,6%1����������������$

ORRN�DW�SUREOHPV�ZLWK�WKH�RULJLQ�RI�OLIH��DQG�D�SURSRVDO�WKDW�HDUWK

ZDV�SRSXODWHG� IURP�VSDFH��0RUH� UDGLFDO� WKDQ�&ULFN��$OWKRXJK� ,

GLVDJUHH�ZLWK�WKH�FRQFOXVLRQV�RI�WKLV�ERRN��LW�UDLVHG�D�PDMRU�URZ�LQ

WKH�ODVW�GHFDGH��,WV�YDOXH�LV�FKLHIO\�WR�VKRZ�\RX�KRZ�IDU�SHRSOH�ZLOO

JR�WR�WU\�WR�UHVROYH�WKH�SUREOHPV�RI�DELRJHQHVLV�

(YROXWLRQ

3KLOOLS�(��-RKQVRQ��'DUZLQ�RQ�7ULDO��5HJQHU\�*DWHZD\��:DVK�

LQJWRQ��'&�������,6%1����������������$�%HUNHOH\�ODZ\HU©V�ORRN

DW�HYROXWLRQ��ZHLJKLQJ�WKH�HYLGHQFH��DQG�FXWWLQJ�WKURXJK�WKH�VRSK�

LVWU\�RI�WKH�VXEMHFW�

0LFKDHO� 'HQWRQ��(YROXWLRQ�� $� 7KHRU\� LQ� &ULVLV� �$GOHU� DQG

$GOHU��%HWKHVGD��0DU\ODQG�������,6%1�����������������$�YHU\

EURDG��FULWLFDO�ORRN�DW�HYROXWLRQ��7KLV�ERRN�DURXVHG�D�ORW�RI�FRQWUR�

YHUV\� LQ� WKH� ��©V�� ,W� LV� PRUH� WHFKQLFDO� WKDQ� -RKQVRQ�� EXW� YHU\

UHDGDEOH�

6WHSKHQ�-D\�*RXOG��7KH�3DQGD©V�7KXPE��0RUH�5HIOHFWLRQV�LQ

1DWXUDO�+LVWRU\� �:��:��1RUWRQ��1HZ�<RUN������� ,6%1�������

���������*RXOG�KDV�ZULWWHQ�PDQ\�UHDGDEOH�DQG�SRSXODU�ERRNV�DERXW

HYROXWLRQ��DQG�WKLV�LV�MXVW�RQH�RI�WKHP��+H�VWHHUV�FOHDU�RI�FUHDWLRQ�

LVP��ZKLOH�KDUGO\�GHIHQGLQJ�WKH�IDLWK�RI�HYROXWLRQLVP¥D�KDUG�WKLQJ

WR�GR�LQ�WRGD\©V�FOLPDWH��$QG�\RX�FDQ�ILQG�KLV�ERRNV�LQ�PRVW�XVHG

ERRNVWRUHV�

5LFKDUG�'DZNLQV��7KH�%OLQG�:DWFKPDNHU��/RQJPDQ�*URXS�

(VVH[��(QJODQG��������,6%1����������������$�ERRN�DERXW�ZK\

ZH�VKRXOG�DFFHSW�HYROXWLRQ�QR�PDWWHU�ZKDW��$OWKRXJK�VRPHZKDW

QDwYH��'DZNLQV�DUJXHV�IRU�HYROXWLRQ�DV�RSSRVHG�WR�FUHDWLRQ��HWF��

��� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ



ZKLOH�QRW�XQDZDUH�RI� WKH�SKLORVRSKLFDO� LPSOLFDWLRQV�RI�ZKDW�KH

VD\V�

3DXO� 6�� 0RRUKHDG�� 0DUWLQ� 0�� .DSODQ�� (GV���0DWKHPDWLFDO

&KDOOHQJHV�WR�WKH�1HR�'DUZLQLDQ�,QWHUSUHWDWLRQ�RI�(YROXWLRQ��7KH

:LVWDU�,QVWLWXWH�6\PSRVLXP�0RQRJUDSK�1R�����7KH�:LVWDU�,QVWL�

WXWH�3UHVV��3KLODGHOSKLD�������7KLV�GRFXPHQWV�WKH�ILUVW�UHDO�FRQIOLFW

ZKLFK�'DUZLQLVP�IDFHG�ZLWK�WKH�LQIRUPDWLRQ�DJH�

1RUPDQ� 0DFEHWK�� 'DUZLQ� 5HWULHG�� $Q� $SSHDO� WR� 5HDVRQ

�*DPELW��%RVWRQ������� ,6%1����������������7KLV� LV�DQ�ROG�EXW

LQWHUHVWLQJ�ERRN�RQ�'DUZLQLVP��,W�LV�HVVHQWLDOO\�-RKQVRQ©V�SUHGH�

FHVVRU�

%LRFKHPLVWU\�DQG�%LRORJ\

5REHUW� (�� *ODVV��*HQH� )XQFWLRQ�� (�� &ROL� DQG� LWV�+HULWDEOH

(OHPHQWV� �&URRP�+HOP��/RQGRQ�������,6%1����������������$

JUDQG�WRXU�RI� WKH�(��&ROL��)DLUO\�WHFKQLFDO��EXW� LQYDOXDEOH�LI�\RX

ZDQW�WR�OHDUQ�MXVW�KRZ�FRPSOH[�HYHQ�D�VLPSOH�OLYLQJ�RUJDQLVP�LV�

%HQMDPLQ�/HZLQ��*HQHV��-RKQ�:LOH\��1HZ�<RUN�������,6%1

���������������$�W\SLFDO�WH[WERRN�RQ�JHQHWLFV��WHFKQLFDO�\HW�UHDG�

DEOH�

$UWLILFLDO�/LIH

&KULVWRSKHU�*��/DQJWRQ��(G���$UWLILFLDO�/LIH��7KH�3URFHHGLQJV

RI�DQ�,QWHUGLVFLSOLQDU\�:RUNVKRS�RQ�WKH�6\QWKHVLV�DQG�6LPXODWLRQ

RI�/LYLQJ� 6\VWHPV�+HOG�6HSWHPEHU�� ����� LQ�/RV�$ODPRV��1HZ

0H[LFR��9ROXPH�9,��6DWD�)H�,QVWLWXWH�6WXGLHV�LQ�WKH�6FLHQFHV�RI

&RPSOH[LW\� �$GGLVRQ�:HVOH\�� 5HGZRRG� &LW\�� &DOLIRUQLD������

,6%1����������������7KLV�ZDV�WKH�EHJLQQLQJ�RI�$UWLILFLDO�/LIH�DV

D� VFLHQWLILF� GLVFLSOLQH�� D� ���� SDJH� ERRN� FUDPPHG�ZLWK� RULJLQDO

UHVHDUFK�SDSHUV��6RPH�DUH�H[FHOOHQW��RWKHUV�DUH��ZHOO��������

&KULVWRSKHU�/DQJWRQ��&KDUOHV�7D\ORU��-�'��)DUPHU��6WHHQ�5DV�

PXVVHQ��(GV���$UWLILFLDO�/LIH�,,��3URFHHGLQJV�RI�WKH�:RUNVKRS�RQ

$UWLILFDO� /LIH� +HOG� )HEUXDU\�� ����� LQ� 6DQWD� )H�� 1HZ�0H[LFR�

6HOHFWHG�5HIHUHQFHV ���



9ROXPH�;��6DQWD�)H�,QVWLWXWH�6WXGLHV�LQ�WKH�6FLHQFHV�RI�&RPSOH[LW\

�$GGLVRQ�:HVOH\��5HGZRRG�&LW\��&DOLIRUQLD�������,6%1�������

���������$QRWKHU�����SDJHV�RI�RULJLQDO�UHVHDUFK�SDSHUV�

6WHYHQ�/HY\��$UWLILFLDO�/LIH��7KH�4XHVW� IRU�D�1HZ�&UHDWLRQ

�3DQWKHRQ�%RRNV��1HZ�<RUN�������,6%1�������������;��7KLV�LV

D�JUDQG�VXUYH\��DQG�D�SRSXODU�KLVWRU\�RI�WKH�ILHOG�IURP�FRQFHSWLRQ

WKURXJK�WKH�ILUVW�\HDUV�RI�WKH���©V��/HY\�LV�VRPHZKDW�RI�D�IDQDWLF

�LQ�WKH�HW\PRORJLFDO�VHQVH�RI�WKH�ZRUG���EXW�KH©V�YHU\�UHDGDEOH��DQG

PDNHV�KLV�FKDUDFWHUV�FRPH�DOLYH�

(OZ\Q�%HUOHNDPS��-RKQ�&RQZD\�DQG�5LFKDUG�*X\��:LQQLQJ

:D\V�IRU�<RXU�0DWKHPDWLFDO�3OD\V��9RO�����$FDGHPLF�3UHVV��1HZ

<RUN�������,6%1����������������,I�\RX�OLNH�&RQZD\©V�JDPH�RI

/LIH��WKHQ�WKLV�ZLOO�JLYH�\RX�ORDGV�RI�LQVLJKWV�LQWR�ZKDW�FDQ�EH�GRQH

ZLWK�LW��,W©V�HGXFDWLRQDO�IURP�WKH�VWDQGSRLQW�RI�VHHLQJ�MXVW�KRZ�PXFK

FDQ�EH�GRQH�ZLWK�VXFK�D�VLPSOH�V\VWHP�

+DQV�0RUDYHF��0LQG�&KLOGUHQ��7KH�)XWXUH�RI�5RERW�DQG�+X�

PDQ� ,QWHOOLJHQFH� �+DUYDUG� 8QLYHUVLW\� 3UHVV�� &DPEULGJH�

0DVV��������,6%1����������������$�FRQWURYHUVLDO�YLVLRQ�RI�ZKHUH

DUWLILFLDO�OLIH�PD\�OHDG�

3KLORVRSK\

.DUO� 3RSSHU�� &RQMHFWXUHV� DQG� 5HIXWDWLRQV�� 7KH� *URZWK� RI

6FLHQWLILF�.QRZOHGJH��%DVLF�%RRNV��1HZ�<RUN��������7KH�FODVVLF

3RSSHU�DQG�KLV�YLHZV�RI�WKH�SKLORVRSK\�RI�VFLHQFH��<RX�PD\�DOVR

ZDQW�WR�FKHFN�RXW�KLV�/RJLF�RI�6FLHQWLILF�'LVFRYHU\�

7KRPDV�.XKQ��7KH�6WUXFWXUH�RI�6FLHQWLILF�5HYROXWLRQV���8QL�

YHUVLW\�RI�&KLFDJR�3UHVV��&KLFDJR��������3RSSHU�DQG�.XKQ�DUH�WZR

JLDQWV�LQ�WKH�SKLORVRSK\�RI�6FLHQFH��%HWZHHQ�WKH�WZR��\RX©OO�JHW�D

JRRG�LQWURGXFWLRQ�WR�PRGHUQ�WKLQNLQJ�DERXW�ZKDW�VFLHQFH�FDQ�DQG

FDQQRW�GR�

+DQV� 5HJQHOO��$QFLHQW� 9LHZV� RQ� WKH� 1DWXUH� RI� /LIH� �&:.

*OHHUXS�� /XQG�� 6ZHGHQ�������� $� JRRG� LQWURGXFWLRQ� WR� DQFLHQW

��� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ



LGHDV�DERXW�OLIH��2I�FRXUVH��\RX�FDQ�DOZD\V�ORRN�XS�WKH�FODVVLFV�

OLNH�$ULVWRWOH©V�'H�$QLPD��WRR�

&RPSXWHU�9LUXVHV
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A-type world283
Abiogenesis287
by random processes252
directed256, 276
Adaptability39, 41, 43
AIDS12, 290
AL research, outlawing290
AL Researchers as creationists130
Alchemy126, 156
Algorithm, size of95
Algorithmic information94, 102
Alive, actually1
Amino acid34, 238
Amoeba, predicting behavior of81
Animal, multi-cellular110
Anthropic principle117
Anti-virus50, 196, 292
Aquinas, Thomas64
Archaeopteryx232
Archetype of life199, 276, 280
Aristotle62 - 64, 102
Arsenic42
Astrology73
Atomism61, 66, 296



cracks in74
failure of84
in AL69
Atoms, in greek philosophy61
AUTOEXEC.BAT261
Automaton, Minimal108, 113
Self-Reproducing27
Autonomy121, 159
Averroes64
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B-type world283
Baggage, philosophical305
Beginning of life167
Beringer, Dr. Johann B. A.162
Bible, and life60
Big bang157
Biochemistry277, 313
Biology, beginning of73
BIOS171
Biosphere40
Blind Watchmaker161, 224
Boltzmann’s constant98
Bootstrapped abiogenesis259
Boundary condition311
Brain232
Breeding236
Brick249
Bristles237
Bubonic Plague12
Bugs221
Burks, Arthur23
Byl automaton29, 30, 91, 107, 285
Byl, John29, 113
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C-type world283
cost of284
Cairns-Smith, A. G.272
Calculations, impossible78
Calculus156
Calculus test83
Candle flame15
Cat, Schrodinger’s67
Catastrophe theory14, 77
Causality principle71
Cellular automata35, 307
Chambers, Robert143
CHECKB130
CHECKB230
Chemical evolution251, 258
Chemistry of life313
Chiasma48, 208
Chicken Pox12
Chromosome34, 48, 316
Clay chemistry278
Clockmakers22, 87
Closed system40
Codd, E. F.26
Coefficient, evolvability46
Coin toss98
Companion-101253, 267, 274, 324
Computer viruses, as AL128
Computer, quantum78
Computerized money290
Configurational work278
Constructor, Universal24
Contest, virus writing319
Controversy241
Conway, John20
COPIER261 - 262
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Copying information226
Cosmos146
Cracks, in atomism74
CRC173
Creation, second, viruses as164
supernatural145
theory of140
Creationists, old versus new140
Creative evolution216, 297
Creator, AL researcher as126
Creator, intelligent130
invoking192
of virus159
Crick, Francis271, 279
Cross-over208
Crystal30, 42
Crystal growth19
Crystal, salt80
Cult126
Cyclical boundary condition311
Cytochrome C238
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Darwin139, 143
Darwin on Trial149, 231
Darwin’s hypothesis195, 214, 250,
294 - 295, 300
Darwin’s hypothesis for viruses196
Darwin, Charles1, 148
Darwinian Genetic Mutation Engine
see DGME
Darwinism136
Dawkins, Richard150, 161, 242
De Anima63
Dead end, evolutionary251, 263
Decryption218
Deduction, formal method of36
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Democritus61
Derivative334 - 335
Determinism, Newtonian76
DGME218, 245, 299, 343, 347
Differential equations333
Digestion39
Directed abiogenesis256
Directed panspermia272
DISKCOPY261
Distribution, population184
DNA12, 33, 48, 110, 152, 154,
 240, 271, 277, 313
of E. Coli274
as information storage94
DOS119, 279
as a virus261
Double helix275, 314
Down’s syndrome245
Dragon, philosophical300
DRAM171
Duck, mechanical22
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E. Coli239 - 240, 273, 280, 299
Eem DOS 5-Voorde327
Ego69
Einstein, Albert8, 76, 144, 304
Electrodynamics8, 144
Emergent behavior22, 33, 53, 123,
180
and viruses37
as vacuous concept87
representation dependence36
strong85, 296
weak86
Empedocles62
Encryption47, 218
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Entropy40, 43, 97, 223
and specificity101
at creation of universe147
definition98
Epicurus61
Equation, population176
Ethidium Bromide275
Euclidean universe141
Eukaryote240
EVO_V0185, 190
Evolution10, 22, 45, 126
as mathematics136
as omnipotent force164
fact of153, 167
in any self-reproducing system156
Lamarkian163
molecular139
of viruses170, 190
rate of241
second-order phenomenon45
social139
theory of135, 153, 195, 294
vacuous13
Eye234

)

Falsifiability136, 295
of evolution151
Fertility factor177
First International Virus Writing Contest319
Fish42
Fission, nuclear290
Fitness198
criterion201
function198, 206, 236
Forms, theory of63
Fossil record144, 231
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Fruit flies237
Fundamentalism, philosophical192
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Galileo141
Gaps240
Gas, specifying state of97
Gene316
Gene space201, 212, 217
General relativity8, 74, 144
GENESIS285
Genesis of the Species140
Genetic Algorithm163, 209, 224
Genetic change, accidental48
pre-programmed48
Genetic code313, 315
redundancy316
Genetic homeostasis237
GENFILE256
Genotype12, 34, 155, 191
Geocentricity141
Goldschmidt, Richard235
Good virus3, 5
Gould, Stephen Jay232
Gradualism231, 234
Gravitation8
Newton’s law75, 304
Newtonian144
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Hamiltonian operator67
Hamsters151
Hard disk259
Harmony theory62
Hegel9
Heisenberg, Uncertainty principle75
Helix313
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Hemoglobin241
Heuristic scanner221, 258
Hieroglyphics6
Huxley, Julian150, 242
Hydrogen259
Hydrogen bond313

,

IBM291
Iguana121
Implications, philosophical297
Improbability242
Incalculability76
Incompleteness of fossil record232
Inertia, genetic237
INFECT routine31
Information 
and Computers104
and self-reproduction105
content285
content, genetic223
in life216
inside computer103
storage medium259
algorithmic94, 226
definition92
Intelligent creator130
Interference pattern85
Intermediate forms234
Interrupt 2171
Intervention, intelligent192

-

Johnson, Phillip149, 153, 231, 295
Juggernaut289

.
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KILROY virus261
Kind, and form65
Kuhn, Thomas84

/

Laboratory297, 304
LAMARK virus163
Langton automaton29, 111, 129,
160, 308
Langton, Christopher26, 113
Law, anti-virus294
Levy, Steven289
Life 
after death60
animal121
as presence of substance62
Carbon-based124
chemistry of313
Game of20, 24, 308
Harmony theory62
holiness of59
what is it?13
Lineage231
LITTLE virus322
LOAD.BAS358
Long-range order212
Lucretius61
Lung235
Lyell, Charles142
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Machine14
self-reproducing110
Macintosh computer279
Macro-mutation204, 244
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Magnetic domains259
Magnetic media173
Mariner11
Mars11
MASM324
Maxwell’s equations144, 148
McAfee Associates220
MDV-1275
Mesmerism156
Messenger RNA315
Metabolism22, 39
Viral42
Metaphysical considerations13
Mice151
Micro-mutations204
limits205
Miller, Stanley277
MINI-42 virus253 - 254, 275
MINI-MEM virus330
MINIMAL automaton108
Miracle301
quest for287
Mivart, St. George140
Modification, intelligent189
Molecule, self-reproducing251
Moth, peppered153, 246
Mule19
Mutation engine168, 218
Mutation mechanisms170
Mutation rate175, 182, 221, 266
Mutation, 
beneficial46, 181 - 182
effect of178
lethal45
neutral46, 187
sterile190
unobserved191
Mysticism, platonic64
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Myth295
Mythology, greek61

1

Naked gene275
Natural law300
Natural philosopher8
Neo-darwinian evolution198
Netural, philosophically304
Newton301
Newton’s law of gravitation304
Newton’s laws156
Newton, Isaac73, 141, 157
Newtonian mechanics66, 75, 136
Nihilistic attitude291
Nuclear fission290
Nuclear proliferation289
Nucleotide241, 313
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Organism 
carbon-based58, 117
one-celled79
Orgel, Leslie275
Origin of life127
popular view271
Origin of the Species139
OS/253
Oxygen259
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Paradigm296
Parallel computer35
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Parasite163
Parity checking171
PATTERN260
Patterson, Colin150
PC279
Penrose, Roger68
Phase space225
Phenotype12, 34, 155, 191
Philolaus62
Philosophical 
dragon300
soap-box131
truism197
Philosophically neutral304
Philosophy, Platonic64
Photosynthesis39
Physical law, design behind131
Physics, hiding complexity in129
taking advantage of129
PI_K188
PICO-7253, 275
as dead end263
PICO-8266
Pigeon232
Plato62
Polymorphism47
Population 
dynamics20
equations176, 182
explosion177
Positivism301
Potential energy249
Prey-predator system225
Price, George McCready140
Principles of Geology142
Prokaryote239 - 240
Proteins34, 277, 315
Psuche62

��� &RPSXWHU�9LUXVHV��$UWLILFLDO�/LIH�DQG�(YROXWLRQ



Psychic experience302
Psychology69
Punctuated equilibrium232
Pythagorean number magic62
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Qβ Replicase275
Quantitative analysis192
Quantum 
computer78
field theory14, 81
gravity68, 74, 147
interference pattern85
mechanics66, 74, 81, 157
mechanics, and hidden variables76
mechanics, tentative nature of78
uncertainty124
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Radioactive decay85
Random 
guess199
mutations217
number generator96, 219, 257
search269
Ray, Thomas225
Reactive evolution216, 224, 246,
297 
Reality, knowable74
Redundancy of genetic code316
Relativity299
Replicase275
Reproduction 
rate49
physics-driven91
sexual208
Revolution 
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information136
scientific84
RFGEN253
Ribosomal RNA315
Ribosome315
RNA275, 277, 290, 315
Rock, information content of102
Rotationally invariant310
Rule One109, 127
Rule Two113, 119, 128, 161
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Sagan, Carl146
Saltation243, 248
SCAN program220
SCAN-Slip219, 244, 246,
297, 299, 350
Scanner, evading298
Schrodinger equation66
Schrodinger, Erwin67
Science fiction4
Science
analytic147
limited147
Scientific method195
SELECT program202, 204, 208
Selection process198
Selection, limitations on204, 236
Self-mutating virus47
Self-reproduction22
SEQUENCE360
Sexual reproduction208
implementation209
tradeoffs211
Shapiro, Robert273
Silva Mind Control302
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Simplicity of natural law72
Simulating machine, universal128
Slave13
Soap-box, philosophical131, 296
Solzhenitsyn, Alexander2
Spacemen279
Specificity96
Specificity and entropy101
Spontaneous generation of viruses165
SRA_LAB27, 162, 285, 311
SRA_LAB, CRYSTAL configuration30
Stasis232
Statistical 
fluctuations100
improbability242
Stochastic population equations339
STOMPER-101 virus268, 325
Stormbringer324
Supernaturalism296
Survival of the fittest47, 151
as tautology153, 198
Symmetry, rotational114
Synthesis of biochemicals258
SYS261
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T4 Cells290
TASM324
Tautology107, 198
Thaxton, Charles272, 277
Theory of evolution, principle 
behind216
Thermodynamic work277
Thermodynamics, Second Law39, 98
Tierra225
TIMID virus168, 191, 253
TPE219, 300, 343, 355

,QGH[ ���



Transfer RNA315
Transition rules
corners115
Langton116
Transitional fossils232
Trident Polymorphic Engine
see TPE
Truth6
Turing machine24, 36, 88
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Uncertainty, quantum14, 75
Unified field theory8
Universal simulating machine128
Universe, design or chance?160
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Vaucanson, Jacques22
Victory, of atomism66
Video-Shift virus328
Virus writing contest253, 267
Virus
bacterial275
benign292
COMPANION-101253, 267, 324
COPIER261 - 262
Eem DOS 5-Voorde327
evolved159
INTRUDER31, 43, 49
INTRUDER II50
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Polymorphic47
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biological41
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Rule Two119
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Dr. Ludwig is back in black!

ISBN 0-929408-33-0, 232 pages, $16.95

In this brand new book, Dr. Ludwig explores the fascinating world of email viruses in a way nobody
else dares! Here you will learn about how these viruses work and what they can and cannot do from a
veteran hacker and virus researcher. Why settle for the vague generalities of other books when you
can have page after page of carefully explained code and a fascinating variety of live viruses to
experiment with on your own computer or check your antivirus software with? In this book you'll
learn the basics of viruses that reproduce through email, and then go on to explore how antivirus
programs catch them and how wiley viruses evade the antivirus programs. You'll learn about
polymorphic and evolving viruses. You'll learn how viruse writers use exploits - bugs in programs
like Outlook Express - to get their code to execute without your consent. You'll learn about logic
bombs and the social engineering side of viruses - not the social engineering of old time hackers, but
the tried and true scientific method behind turning a replicating program into a virus that infects
millions of computers.Yet Dr. Ludwig doesn't stop here. He faces the sobering possibilities of email
viruses that lie just around the corner . . . viruses that could literally change the history of the human
race, for better or worse.Admittedly this would be a dangerous book in thewrong hands.Yet it would
be more dangerous if it didn't get into the right hands. The next major virus attack could see millions
of computers wiped clean in a matter of hours. With this book, you'll have a fighting chance to spot
the troublecoming and avoid it, while the multitudes that are dependent on a canned program to keep
them out of trouble will get taken out. In short, this is an utterly fascinating book.You'll never look at
computer viruses the same wayagain after reading it.

ISBN 0-929408-34-9, 464 pages $34.95

The world of hacking changes continuously. Yesterday's hacks are today's rusty locks that no
longer work. The security guys are constantly fixing holes, and the hackers are constantly
changing their tricks. This new fourth edition of the - just released in December,
2001 - will keepyouup todateon the world of hacking. It's classicMeinel at her best, leadingyou
through the tunnels and back doors of the internet that is accessible to the beginner, yet
entertaining and educational to the advanced hacker. With major new sections on exploring and
hacking websites, and hacker war, and updates to cover the latest Windows operating systems,
the is bigger andbetter thanever!

Happy Hacker

Happy Hacker

Order from www.ameaglepubs.com today!

http://www.ameaglepubs.com


In
, Dr. Ludwig, a physicist by trade,

explores the world of computer viruses, looking at
them as a form of artificial life. This is the starting
point for an original and thoughtful introduction to the
whole question of “What is life?” Ludwig realizes that no glib answer will
do if someone is going to come out and say that the virus in your computer is
alive, and you should respect it rather than kill it. So he surveys this very basic
question in great depth. He discusses the mechanical requirements for life. Yet he
also introduces the reader to the deeper philosophical questions about life, ranging
from Aristotle to modern quantum theory and information theory. This tour will
leave you with a deeper appreciation of both the certainties and the mysteries about
what life is.

Next, Ludwig digs into abiogenesis and evolution.Whyarevirusessoimportant
to these two fields? Because operating systems were not designed with viruses in
mind, Ludwig demonstrates that computer viruses can teach us important things
that other artifical life experiments do not.

While the author demonstrates that computer viruses can and do evolve, his over
all evaluation of evolution suggests that present day theories leave much to be
desired. Why shouldn’t a proper theory of evolution give useful predictions in any
worldwecaretoapplyitto?Virusesorwetbiology,itshouldworkforboth.Ludwig
is pessimistic about what wet biology has produced: “the philosophical
commitments of Darwinism seem to be poisoning it from within.” He further
suggests that “Artificial life holds the promise of . . . a real theory of evolution . . .
Any theory we formulate ought to explain the whole gamut of worlds, ranging from
those which couldn’t evolve anything to those which evolve as much as possible.
But will AL live up to this challenge, or will it become little more than
”mathematical storytelling?”

ComputerViruses, Artificial Life and
Evolution

Computer Viruses,

by Dr. Mark A. Ludwig

373 page book, $26.95
“If, as any other human being, you are interested in discovering who you are, where
you come from and where you are going to, you should seriously consider reading
this book. Dare yourself to put aside all those evolution fairy-tales you were told at
school, and decide to deeply investigate the truth about life. Come with Ludwig in
his journey. This exciting adventure will leave in you an ever-lasting impression.”

A.S.C.

Visit www.ameaglepubs.com for this great book today!

Artificial Life,
And Evolution

http://www.ameaglepubs.com


It is the only technical introduction to computer viruses
available anywhere at any price. Most books on computer
viruses teach you little more than how to buy an anti-virus program and, if you’re
lucky, how to use it. Not so with . It isn’t a book that talks down to you,
telling you why you shouldn’t be allowed to understand viruses for your own good. It isn’t a
book that spoon-feeds you like you were some idiot with an IQ of 60 when it comes to
computers.

Learn about replication techniques in the first part of the book, starting with simple
overwriting viruses and companion viruses. Then go on to discuss parasitic viruses for COM
and EXE files and memory resident viruses, including viruses which use advanced memory
control structure manipulation. Then you’ll tour boot sector viruses ranging from simple
varieties that are safe to play with up to some of the most successful viruses known, including
multi-partite viruses. Then you’ll learn how to program viruses for the 32-bit Windows
environment (and how to write assembly language programs forWindows). Next, you’ll study
viruses for Unix and Linux, as well as the infamous macro viruses and source code viruses.
Finally, a discussionof network-saavy viruses completes the picture.

The second part of the book will give you a solid introduction to the battle between viruses
and anti-virus programs. It will teach you how virus detectors work and what techniques they
use. You’ll get a detailed introduction to stealth techniques used by viruses, including
Windows-based techniques. Next, there is a tour of retaliating viruses which attack anti-virus
programs, and polymorphic viruses. Finally, you’ll get to experiment with the awesome power
of genetic viruses, including some of Ludwig’s latest, surprising results!.

The third part of the book deals with common payloads for viruses. It includes a thorough
discussion of destructive logic bombs (including hostile Java applets), as well as how to break
the security of Unix and set up an account with super user privileges. Then you’ll learn how to
build a virus that causes every program it touches to compromise Windows security! Also
covered is the

If you need first hand knowledge about viruses - and truly there is no substitute for first hand
knowledge - then this is the book for you. And if you want to experiment with live viruses,
perhaps to test out that new anti-virus package you just bought, gives
you the tools you need to do it!

This is a fully revised 1998 edition of Mark
Ludwig’s classic work on computer viruses, newly updated
to reflect the rapidly changing world of computers, with lots
of newand excitingmaterial!

This book fully explains every major type of virus and anti-
virusprogram, and includes complete source code for all of them!

The Giant Black Book

The Giant Black Book
Best of all, the companion disk is now included with the book at

no extra charge!

Nothing is held back.

beneficial virus named KOH that will secure your hard disk for you, so that
no one can access it without your secret password.

The Giant Black Book

by Dr. Mark A. Ludwig

Come to www.ameaglepubs.com to get this great book!
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Outlaws of the Wild West
CD-ROM

Outlaws of the Wild West
CD-ROMThe Collection

Here is the most incredible
collection of computer viruses, virus
tools, mutation engines, trojan horses,
and malicious software on the planet!
The software on this CD-ROM is
responsible for having caused literally

billions of dollars worth of damage in the
past ten years. People have lost their jobs

over it. People have gone to jail for writing
it. Governments and big corporations have

been confounded by it. Our advertising for this
CD has been banned in more magazines than you can

imagine - even the likes of !
If you need viruses or malicious software - or information about it - for any

sane reason, this CD is for you! With it you can test your anti-virus software or
perfect the software you’re developing. You can build test viruses that your
software has never seen before to see if it can handle them. You can read what
virus writers have written about how easy or hard your software is to defeat, or
find out what a particular virus does.You can trace the history of a virus, or look
up in-the-field comments about how an anti-virus program is working or choking
up. You can study the source code of a particular virus or assemble it. You can
look at samples of live viruses collected from all over the world. See how ten
samples differ, even though your scanner says they’re all the same thing. In short,
this CDputs you in charge!
On it, you get a fantastic virus collection, consisting of 804 major families, and

10,000 individual and different viruses for PC’s, Macs, Unix boxes, Amigas and
others. You get 2700 files containing new viruses that aren’t properly identified
by most scanners. You get 30 megabytes of source code and disassemblies of
viruses, mutation engines, virus creation kits like theVirus Creation Lab, trojans,
trojan generating programs and source listings. Then add electronic newsletters
about viruses, text files and databases on viruses, tools for handling viruses, and
anti-virus software. For icing on the cake, we threwin all ofAmerican Eagle’s old
publications which are now out of print, including

and the . What you end up with is an absolutely
fantastic collection of material about viruses - over 444 megabytes, now
available at a reduced price!

Soldier of Fortune

The Little Black Book of
Computer Viruses, Computer Virus Developments Quarterly, Underground
Technology Review Tech Notes

PC Compatible CD-ROM, $49.95

Visit www.ameaglepubs.com today to get this amazing CD!
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The
Hacker’s

Companion

Here is a fantastic source for of
underground technical information that’s hard to
come by. It doesn’t contain any viruses, but if you
want to know how to compromise a Unix machine
or a BBS, if you want to know how the phone
company gets ripped off, or learn how to build a
red box, this CD has it all. It contains all kinds of
computer, telephone and general hacking
information that will teach you how to use the
system in ways you never imagined possible.

This CD is a
contemporary classic and, again, an endangered
species!

all kinds

It
even includes a video of Dutch hackers breaking
into a classified US military computer under the
assumed name of Dan Quayle!

CD-ROM

PC Compatible CD-ROM, $29.95

Scanner modifications

Generate credit card #’s
Crack passwords

Steal passwords

War dialers!
Network hacking

Hacking various operating systems

Gold/Black/Red/Blue boxes!

Sending anonymous e-mail

Forged e-mailSocial security numbers Phone tapping

Caller ID

ATM fraud

PKZip hacking
Leech protocols for BBSes!

Cellular protocols

Satelite hacking
Hacking the internet!

How
to get

caught

Visit www.ameaglepubs.com for this great CD!Visit www.ameaglepubs.com for this great CD!
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