
: KDW�LV�0 LVVLQJ"� 7 KH�' \ QDPLFV��

) URP� WKH�DERYH�GHVFULSWLRQ��ZH�EHJLQ�WR�XQGHUVWDQG�WKDW�RUJDQLF�JDUGHQLQJ�
LV�UHDOO\� DOO�DERXW�WKH�ELRORJLFDO�HFR� V\ VWHP��) RU�JDUGHQLQJ�WR�ZRUN��ZH�QHHG�
WR�I HHG�DQG�GHYHORS�WKH�HQWLUH�VRLO�I RRG�ZHE��� �DQ�LQWULFDF\� RI� PXWXDOO\�
FRRSHUDWLQJ�PLFUR� RUJDQLVPV��7KLV�LV�D�UHODWLYHO\� QHZ�XQGHUVWDQGLQJ�I RU�
ELRORJLVWV��2 QO\� LQ�WKH�ODVW�I HZ�GHFDGHV��KDV�WKHLU�XQGHUVWDQGLQJ�RI� HFR�
V\ VWHPV�JURZQ��5XGROI� 6WHLQHU��ZKR�I RXQGHG�ELRG\ QDPLFV��DQWLFLSDWHG�WKLV�
I LQGLQJ�PDQ\�\ HDUV�EHI RUH�E\� SRLQWLQJ�RXW�WKH�LPSRUWDQFH�RI� VRLO�OLI H�
LQWHUDFWLRQV�DQG�WKH�I DUP� DV�D�FRPSOHWH�RUJDQLVP��6R�QRZ�WKDW�ELRORJ\� KDV�
FDXJKW�XS�WR�6WHLQHU��ZK\� GR�ZH�VWLOO�FRQWLQXH�ZLWK�D�GLVWLQFW�SUDFWLFH�RI�
ELRG\ QDPLFV"� %HFDXVH�6WHLQHU
 V�OHVVRQV�UHYHDOHG�PRUH�WKDQ�MXVW�WKH�
LPSRUWDQFH�RI� HFRORJ\ ��6WHLQHU�DOVR�SURSRVHG�D�SKLORVRSK\� WKDW�H[ SODLQV�ZKDW�
LV�OLI H�DQG�KRZ�OLYLQJ�EHLQJV�LQWHUUHODWH��

�
/ HW
 V�WKLQN�I RU�D�PRPHQW�DERXW�KRZ�Z H�DSSURDFK�DQG�VROYH�SUREOHPV��7KH�
PRGHUQ�VFLHQWLI LF�DSSURDFK�LV�WR�GLVVHFW�WKH�SUREOHP� LQWR�PDQDJHDEOH�SLHFHV�
DQG�WKHQ�VROYH�WKH�SLHFHV��7KH�SURFHVV�LV�RQH�RI� UHGXFWLRQLVP��%XW�GRHV�LW�
DOZD\ V�ZRUN"� : KDW�KDSSHQV�LI� WKH�VXP� RI� WKH�SDUWV�KDV�GLII HUHQW�TXDOLWLHV�
I URP� DOO�WKH�OLWWOH�SLHFHV"� , I� ZH�PDNH�WKDW�HUURU��ZH�DUH�RYHUORRNLQJ�WKH�
KROLVWLF�DSSURDFK��$ QG�VLQFH�ELRORJLFDO�V\ VWHPV�DUH�VR�FRPSOH[ ��ZH�UHDOO\�
QHHG�D�KROLVWLF�XQGHUVWDQGLQJ��

, I� ZH�ZDQW�WR�XQGHUVWDQG�OLYLQJ�V\ VWHPV��ZKDW�LV�LW�WKDW�ZH�QHHG�WR�VWXG\ "�
: KDW�LV�LW�WKDW�VHSDUDWHV�WKH�OLYLQJ�DQG�WKH�QRQ� OLYLQJ"� 7KLV�LV�E\� QR�PHDQV�D�
WULYLDO�TXHVWLRQ��EXW�KDV�UDJHG�EDFN�DQG�I RUWK�LQ�WKH�VFLHQWLI LF�FRPP XQLW\ ���

7KH�ZD\� ZH�WKLQN�DERXW�RXU�ZRUOG�LV�D�I XQFWLRQ�RI� KRZ�Z H�WKLQN�WKH�ZRUOG�
RXJKW�WR�EH�DVVHPEOHG��7KRPDV�. XKQ�I RUPHG�WKH�QRWLRQ�RI� D�VFLHQWLI LF�
� SDUDGLJP� ��D�� FRQVWHOODWLRQ�RI� FRQFHSWV��YDOXHV��WHFKQLTXHV��HWF��VKDUHG�E\�
WKH�VFLHQWLI LF�FRPP XQLW\ � ��7KHVH�VKDUHG�FRQFHSWV�DUH�XVHG�QRW�MXVW�E\�
VFLHQWLVWV��EXW�WKURXJKRXW�VRFLHW\� DV�D�ZD\� WR�WKLQN�DERXW�SUREOHPV�DQG�
VROXWLRQV��7KH�LQI OXHQFH�LV�VR�VXEWOH�WKDW�ZH�RI WHQ�GRQ
 W�UHDOL] H�KRZ�RXU�
H[ SHFWDWLRQV�DUH�FRORUHG�E\� WKH�SUHYDLOLQJ�FRQFHSWV��) RU�H[ DPSOH��WKH�
9LFWRULDQV�ZHUH�HQDPRUHG�RI� WKHLU�LQGXVWULDO�UHYROXWLRQ�DQG�VWUXFWXUHG�WKHLU�
WKLQNLQJ�DURXQG�WKH�PRGHO�RI� UDLOURDGV��PDVV�SURGXFWLRQ�DQG�KHDY\� LQGXVWU\ ��
, Q�RXU�WLPH��WKH�ULVH�RI� WKH�FRPSXWHU�KDV�EURXJKW�D�QHZ�SDUDGLJP� �� �VRPH�
ZRXOG�WHQG�WR�I RUPXODWH�DOO�SUREOHPV�DQG�REVHUYDWLRQV�DV�LQI RUPDWLRQ�WKHRU\ ���



$ QG�PRGHUQ�DJH�KDV�EURXJKW�D�QHZ�VHW�RI� SUREOHPV��: H�DUH�PRUH�DZDUH�QRZ�
RI� WKH�GDQJHU�SRVHG�E\� FOLPDWH�FKDQJH��VSHFLHV�H[ WLQFWLRQ�DQG�HFRORJLFDO�
GHVWUXFWLRQ��7KLV��LQ�WXUQ��KDV�WKH�EHJLQQLQJV�RI� D�QHZ�SDUDGLJP� �� �RQH�WKDW�
UHTXLUHV�D�UDGLFDO�VKLI W�LQ�WKLQNLQJ�DQG�YDOXHV��3DUW�RI� WKH�QHZ�SDUDGLJP� FRXOG�
EH�FDOOHG�D�KROLVWLF�ZRUOGYLHZ��WKH�ZRUOG�LV�DQ�LQWHJUDWHG�ZKROH�UDWKHU�WKDQ�D�
GLVVRFLDWHG�FROOHFWLRQ�RI� SDUWV��DQG�LW�DOVR�LQFOXGHV�ZKDW�) ULWMRI� &DSUD�
GHVFULEHV�DV�GHHS�HFRORJ\ ��� ' HHS�HFRORJLFDO�DZDUHQHVV�UHFRJQL] HV�WKH�
I XQGDPHQWDO�LQWHUGHSHQGHQFH�RI� DOO�SKHQRPHQD�DQG�WKH�I DFW�WKDW�ZH�DUH�DOO�
HPEHGGHG�LQ��DQG�XOWLPDWHO\� GHSHQGHQW�RQ�� WKH�F\ FOLFDO�SURFHVVHV�RI� QDWXUH��
' HHS�HFRORJ\� UHFRJQL] HV�WKH�LQWULQVLF�YDOXH�RI� DOO�OLYLQJ�EHLQJV�DQG�YLHZV�
KXPDQV�DV�MXVW�RQH�SDUWLFXODU�VWUDQG�LQ�WKH�ZHE�RI� OLI H��� �

2 QH�WKLQJ�ZH�FDQ�VD\� �� �OLYLQJ�WKLQJV�DUH�LQ�D�SURFHVV�
RI� FKDQJH��$ V�LQ�WKLV�SLFWXUH�RI� D�I ORZHU��WKH\� DUH�LQ�
D�FRQVWDQW�SURFHVV�RI� FKDQJH��� �JURZLQJ��PDWXULQJ�
DQG�GLQJ�RYHU�WLPH��6HHLQJ�OLI H�DV�G\ QDPLF�LV�FUXFLDO�
WR�UHFRJQL] LQJ�ZKDW�LW�LV��5HGXFWLRQLVW�VFLHQFH�LV�
I RFXVHG�RQ�WDNLQJ�D�VHTXHQFH�RI� VKRUW� WHUP�
VQDSVKRWV��WKHQ�DVVHPEOLQJ�WKHP� LQWR�D�VHTXHQFH��, V�

WKLV�DSSURDFK�DGHTXDWH"� 3HUKDSV�WKH�SLHFH� PHDO�PRGHO�VHUYHV�WKH�QDUURZ�
SXUSRVH�I RU�ZKLFK�WKH�VFLHQWLVW�KDV�GHYHORSHG�LW��%XW�LW�VKRXOG�EH�QR�VXUSULVH�
WR�UHDOL] H�WKDW�UHGXFWLRQLVP� LV�LQKHUHQWO\� XQVDWLVI \ LQJ��� �LW�I HHOV�OLNH�
VRPHWKLQJ�LV�PLVVLQJ�LI� ZH�DUHQ
 W�ORRNLQJ�DW�WKH�ZKROH�SLFWXUH��

�

+ HUH
 V�DQRWKHU�H[ DPSOH��� �ZKLFK�SLFWXUH�LV�WKH�DSSOH"� $ QVZHU��DOO�RI� WKHP��
7KH�DSSOH�WUHH�JRHV�WKURXJK�DOO�WKHVH�VWDJHV��RI� JURZLQJ��I ORZHULQJ��



SURGXFLQJ�I UXLW�DQG�VHHG�DQG�JRLQJ�GRUPDQW�I RU�ZLQWHU��, V�WKHUH�DQ\� RQH�
VWDJH�WKDW�UHSUHVHQWV�� DSSOHQHVV� "� 1 R��EHFDXVH�ZH�KDYH�WR�FDUU\� WKH�
WKRXJKW�RI� DOO�WKHVH�VWDJHV�RFFXUULQJ�DW�GLII HUHQW�SRLQWV�LQ�WLPH�ZKHQ�ZH�
WKLQN�DERXW�DQ�DSSOH�WUHH��6R�WKH�FRQFHSW�RI� WKH�� DSSOH� QDWXUH�� UHDOO\� FDQ�
RQO\� H[ LVW�LQ�RXU�LPDJLQDWLRQ��6WHLQHU�UHI HUV�WR�WKH�� DSSOH� QHVV�FRQFHSW�� DV�
DQ�� DUFKHW\ SH�� �� �WKH�I XQGDPHQWDO�LGHD�VWDQGLQJ�EHKLQG�DOO�WKRVH�SDUWLDO�
H[ DPSOHV�WKDW�ZH�FDQ�RQO\� VHH�RQH�DW�D�WLPH��: LWK�RXU�LPDJLQDWLRQ��ZH�VWDUW�
WR�JDLQ�DQ�XQGHUVWDQGLQJ�RI� WKH�KXPDQ
 V�UROH�LQ�JDUGHQLQJ��1 DWXUH�SURFHHGV�
RYHU�WLPH�WR�I RUP� OLYLQJ�V\ VWHPV��%XW�QDWXUH�LV�QRW�DEOH�WR�DQWLFLSDWH�DQG�SODQ�
DKHDG��6R�KXPDQ�LPDJLQDWLRQ�FDQ�DVVLVW�WKH�SURFHVV�E\� SURYLGLQJ�FRQVFLRXV�
SODQQLQJ�DQG�GLUHFWLRQ��

7 RZDUG�DQ�2 SHQ�3KLORVRSK\ �

2 XU�ZD\� RI� XQGHUVWDQGLQJ�RU�SKLORVRSK\� H[ HUWV�D�ODUJH�LQI OXHQFH��� �WKH�ZD\�
ZH�WKLQN�DERXW�RXU�ZRUOG�LV�D�I XQFWLRQ�RI� KRZ�Z H�WKLQN�WKH�ZRUOG�RXJKW�WR�EH�
DVVHPEOHG��7KRPDV�. XKQ�VWDWHG�WKH�QRWLRQ�RI� D�VFLHQWLI LF�� SDUDGLJP� ��D�
� FRQVWHOODWLRQ�RI� FRQFHSWV��YDOXHV��WHFKQLTXHV��HWF��VKDUHG�E\� WKH�VFLHQWLI LF�
FRPP XQLW\ � ��7KHVH�VKDUHG�FRQFHSWV�DUH�XVHG�QRW�MXVW�E\� VFLHQWLVWV��EXW�
WKURXJKRXW�VRFLHW\� DV�D�ZD\� WR�WKLQN�DERXW�SUREOHPV�DQG�VROXWLRQV��7KH�
LQI OXHQFH�LV�VR�VXEWOH�WKDW�ZH�RI WHQ�GRQ
 W�UHDOL] H�KRZ�RXU�H[ SHFWDWLRQV�DUH�
FRORUHG�E\� WKH�SUHYDLOLQJ�FRQFHSWV��) RU�H[ DPSOH��WKH�9LFWRULDQV�ZHUH�
HQDPRUHG�RI� WKHLU�LQGXVWULDO�UHYROXWLRQ�DQG�VWUXFWXUHG�WKHLU�WKLQNLQJ�DURXQG�
WKH�PRGHO�RI� UDLOURDGV��PDVV�SURGXFWLRQ�DQG�KHDY\� LQGXVWU\ ��, Q�RXU�WLPH��WKH�
ULVH�RI� WKH�FRPSXWHU�KDV�EURXJKW�D�QHZ�SDUDGLJP� �� �ZH�WHQG�WR�I RUPXODWH�DOO�
SUREOHPV�DQG�REVHUYDWLRQV�DV�LQI RUPDWLRQ�WKHRU\ ��$ OO�WKHVH�SDUDGLJPV�WUXH�
RU�I DOVH"� 1 R��WKH\� DUH�MXVW�ORRNLQJ�DW�WKH�VDPH�REVHUYDWLRQV�ZLWK�D�GLII HUHQW�
SHUVSHFWLYH���

: H�DUH�PRUH�DZDUH�QRZ�QHZ�SUREOHPV��GDQJHUV�SRVHG�E\� FOLPDWH�FKDQJH��
VSHFLHV�H[ WLQFWLRQ�DQG�HFRORJLFDO�GHVWUXFWLRQ��7KLV��LQ�WXUQ��KDV�WKH�
EHJLQQLQJV�RI� D�QHZ�SDUDGLJP� �� �RQH�WKDW�UHTXLUHV�D�UDGLFDO�VKLI W�LQ�WKLQNLQJ�
DQG�YDOXHV��3DUW�RI� WKH�QHZ�SDUDGLJP� FRXOG�EH�FDOOHG�D�KROLVWLF�ZRUOGYLHZ� �� �
WKDW�WKH�ZRUOG�LV�DQ�LQWHJUDWHG�ZKROH�UDWKHU�WKDQ�D�GLVVRFLDWHG�FROOHFWLRQ�RI�
SDUWV��� �ZKDW�) ULWMRI� &DSUD�GHVFULEHV�DV�GHHS�HFRORJ\ ��� ' HHS�HFRORJLFDO�
DZDUHQHVV�UHFRJQL] HV�WKH�I XQGDPHQWDO�LQWHUGHSHQGHQFH�RI� DOO�SKHQRPHQD�
DQG�WKH�I DFW�WKDW�ZH�DUH�DOO�HPEHGGHG�LQ��DQG�XOWLPDWHO\� GHSHQGHQW�RQ�� WKH�
F\ FOLFDO�SURFHVVHV�RI� QDWXUH��' HHS�HFRORJ\� UHFRJQL] HV�WKH�LQWULQVLF�YDOXH�RI�
DOO�OLYLQJ�EHLQJV�DQG�YLHZV�KXPDQV�DV�MXVW�RQH�SDUWLFXODU�VWUDQG�LQ�WKH�ZHE�RI�
OLI H�� �



$ V�DQ�H[ DPSOH��FRQVLGHU�KRZ�V\ VWHPV�H[ KLELW�FRPSOH[ LW\� LQ�ZD\ V�WKDW�ZRXOG�
QRW�KDYH�EHHQ�H[ SHFWHG��: H�FDQ�GHVFULEH�WKH�FKHPLFDO�FKDUDFWHULVWLFV�RI�
FDUERQ��K\ GURJHQ�DQG�R[ \ JHQ�DWRPV��%XW�ZRXOG�\ RX�NQRZ�WKDW�ZKHQ�
DVVHPEOHG�LQWR�VXJDU�PROHFXOHV��WKH�DJJUHJDWLRQ�WDVWHV�VZHHW"� 7KH�V\ VWHP�
KDV�D�QHZ�FKDUDFWHULVWLF�WKDW�ZDV�QRW�REYLRXV�LQ�WKH�SLHFHV��, W�KDV�EHHQ�
VXJJHVWHG�WKDW�VXFK�FKDUDFWHULVWLFV�DUH�� LQKHUHQW�� LQ�WKH�FRPSRQHQWV��7KDW�
LV��ZH�FRXOG�VD\� WKDW�WKH�� GHI LQLWLRQ�� RI� WKH�DWRPV�LQFOXGHV�WKH�SURSHUW\� WKDW�
WKH\� FRXOG�I RUP� VXJDU�PROHFXOHV��, W�LVQ
 W�WRR�KDUG�WR�VHH�WKH�SUREOHP� KHUH��
� �GRHV�WKDW�PHDQ�ZH�DOVR�KDYH�WR�H[ SDQG�WKH�� GHI LQLWLRQ�� WR�LQFOXGH�WKH�
SURSHUW\� RI�I RUPLQJ�SURWHLQV��I DWV�DQG�HYHU\� RWKHU�NLQG�RI� PROHFXOH"� , I� VR��
WKDW
 V�D�� GHI LQLWLRQ�� WKDW�ZRXOG�WDNH�I DU�PRUH�WKDQ�DQ�HQF\ FORSHGLD�WR�ZULWH��
6XFK�D�� GHI LQLWLRQ�� LV�VR�RYHUEORZQ�WKDW�LW�EHFRPHV�XVHOHVV�DQG�D�VRUW�RI�
FLUFXODU�DUJXPHQW��, URQLFDOO\ ��* RGHO
 V�7KHRUHP� XVHV�I RUPDO�ORJLF�WR�SURYH�
WKDW�RQH�FDQ�QHYHU�GHYHORS�D�FRPSOHWH�ORJLFDO�V\ VWHP��: KHQ�ORJLF�WULHV�WR�
H[ SODLQ�HYHU\ WKLQJ��LW�VWLOO�I DLOV�WR�EH�DEOH�WR�I XOO\� H[ SODLQ�LWVHOI ���

6R�WKH�UHGXFWLRQLVW�DSSURDFK�KDV�LQKHUHQW�OLPLWV�DQG�ZLOO��DW�VRPH�OHYHO��I DLO�
WR�SURYLGH�D�FRPSOHWH�DQG�DGHTXDWH�H[ SODQDWLRQ��: K\� WKHQ�LV�LW�VR�SRSXODU�
WKDW�LW�GRPLQDWHV�VFLHQWLI LF�WKLQNLQJ"� %HFDXVH��OLNH�PRVW�RI� RXU�WHFKQRORJ\ ��LW�
LV�YHU\� XVHI XO�PRVW�RI� WKH�WLPH��, I� RQH�WULHV�WR�VROYH�D�SUREOHP��LW�LV�RI WHQ�
KHOSI XO�WR�EUHDN�LW�GRZQ�LQWR�PDQDJHDEOH�SRUWLRQV��2 I� FRXUVH��D�GLII HUHQW�
SHUVRQ�FRXOG�YLHZ�WKH�SUREOHP� LQ�D�GLII HUHQW�ZD\ ��EUHDNLQJ�LW�LQWR�D�
GLII HUHQW�VHW�RI� FRPSRQHQWV��' RHV�WKDW�PHDQ�RQH�SHUVSHFWLYH�LV�ULJKW�DQG�
WKH�RWKHU�ZURQJ"� 1 RW�QHFHVVDULO\ ��� �ERWK�DSSURDFKHV�FDQ�KDYH�WKHLU�RZQ�
VWUHQJWKV�DQG�ZHDNQHVVHV��� �WKH\� DUH�PHUHO\� ORRNLQJ�DW�WKH�VDPH�VHW�RI�
I DFWV�XVLQJ�D�GLII HUHQW�I RFXV��* LYHQ�WKDW�UHDOLW\� LV�PRUH�WKDQ�FDQ�EH�KHOG�LQ�D�
VLQJOH�WKRXJKW��HYHU\� DWWHPSW�WR�WKLQN�LV�D�SDUWLDO�DEVWUDFWLRQ��7KDW�LV��LQ�
RUGHU�WR�WKLQN��ZH�GHYHORS�FRQFHSWXDO�PRGHOV�DERXW�WKLQJV��7KH�PRGHO�LV�QRW�
WKH�I XOO�UHDOLW\� �� �MXVW�DV�WKH�PDS�LV�QRW�WKH�WHUULWRU\ ��$ Q\� PRGHO�FDQ�EH�
XVHI XO�LQ�I RUPXODWLQJ�DQ�XQGHUVWDQGLQJ�RI� KRZ�WKLQJV�ZRUN��WKH�GLII HUHQFH�LQ�
SHUVSHFWLYH�MXVW�PHDQV�D�GLII HUHQFH�LQ�ZKLFK�FRPSRQHQWV�JHW�HPSKDVL] HG���

+ RZ�WKHQ�GRHV�RQH�NQRZ�Z KHWKHU�D�FRQFHSWXDO�PRGHO�LV�FRUUHFW"� 7KH�DQVZHU�
OLHV�LQ�SUDJPDWLF�H[ SHULHQFH��: KDW�GR�\ RX�ZDQW�WR�XVH�WKH�PRGHO�I RU"� ' RHV�LW�
ZRUN�LQ�WKDW�FRQWH[ W"� , I� VR��RND\ ��+ RZ�GR�ZH�GHFLGH�LI� D�PRGHO�LV�ZRUNLQJ�I RU�
XV"� 7KH�PRVW�SUDJPDWLF�ZD\� LV�SUDFWLFDO�DSSOLFDWLRQV��� �FDQ�ZH�XVH�WKH�PRGHO�
WR�GHYHORS�� WHVWDEOH�K\ SRWKHVHV� "� 7KDW�LV��FDQ�WKH�PRGHO�SUHGLFW�D�I DFW�WKDW�
ZH�FDQ�JR�RXW�DQG�WHVW"� , V�WKH�PRGHO�FRPSOHWH�DW�H[ SODLQLQJ�D�ZLGH�UDQJH�RI�
REVHUYDWLRQV"� : H�FDQ�DOVR�DVN�LI� WKH�PRGHO
 V�H[ SODQDWLRQV�DUH�FRQVLVWHQW�DQG�
GRQ
 W�LQYROYH�ORJLFDO�FRQWUDGLFWLRQV��: H�FDQ�DVN�LI� WKH�PRGHO�LV�DFFHSWHG�E\�



RWKHUV��� �EXW�ZH�ZDQW�WR�DYRLG�WKH�WUDS�RI�I DOOLQJ�LQWR�D�JURXS� WKLQN�GRJPD��
6R�LW�PD\� EH�PRUH�SURGXFWLYH�WR�DVN�RXUVHOYHV�LI� RXU�RZQ�LQWXLWLRQ�DFFHSWV�
KRZ�WKH�PRGHO�H[ SODLQV�WKLQJV��6WHLQHU�HPSKDVL] HG�WKDW�KLV�VWXGHQWV�VKRXOG�
DOZD\ V�WHVW�KLV�H[ SODQDWLRQV�DJDLQVW�WKHLU�RZQ�H[ SHULHQFH�DQG�E\� PHGLWDWLRQ�
ZLWKRXW�DFFHSWLQJ�HYHQ�KLV�RZQ�RSLQLRQV�DV�I DFW���

7KH�UHDVRQ�I RU�GLVFXVVLQJ�FRQFHSWXDO�PRGHOV�LV�WKDW�ELRG\ QDPLFV�LV�MXVW�VXFK�
D�PRGHO��� �RQH�WKDW�GHSDUWV�I URP� FRQYHQWLRQDO�XQGHUVWDQGLQJ�LQ�NH\� DVSHFWV��
1HYHUWKHOHVV��ELRG\ QDPLFV�KDV�SURYHG�D�XVHI XO�PRGHO�I RU�XQGHUVWDQGLQJ�
OLYLQJ�V\ VWHPV�I URP� D�SHUVSHFWLYH�WKDW�HPSKDVL] HV�WKH�G\ QDPLF�SURFHVV�RI�
OLI H��7KLV�HPSKDVLV�LV�QRW�D�QHZ�RQH��� �: HVWHUQ�VFLHQFH�KDV�KLVWRULFDOO\�
VWUXJJOHG�EHWZHHQ�WKH�UHGXFWLRQLVP� DQG�KROLVP��

7KH�FRQFHSWXDO�I UDPHZRUN�RI� WKH�ZRUOG�DV�D�PDFKLQH�ZDV�FRPSOHWHG�E\� , VDDF�
1HZWRQ��, Q�WKH�1HZWRQLDQ�ZRUOG��HYHU\� HYHQW�KDSSHQV�E\� QHFHVVLW\� �� �LW�KDV�
WR�KDSSHQ��WKH�XQLYHUVH�KDV�QR�FKRLFH��( YHU\ WKLQJ�LV�SUHGHWHUPLQHG�LI� ZH�
NQRZ�WKH�LQLWLDO�FRQGLWLRQV�DQG�WKH�SK\ VLFDO�ODZV��) RU�H[ DPSOH��LI� WKH�
PDUNVPDQ�NQRZV�SUHFLVHO\� WKH�DQJHO�DQG�YHORFLW\� RI� KLV�EXOOHW��KH�NQRZV�LW
 V�
WUDMHFWRU\� DQG�H[ DFWO\� ZKHUH�LW�ZLOO�KLW��$ V�VWDWHG�E\� / HRQ�/ HGHUPDQ��
GLUHFWRU�RI� WKH�) HUPL�/ DE��� : H�KRSH�WR�H[ SODLQ�WKH�HQWLUH�XQLYHUVH�LQ�D�
VLQJOH��VLPSOH�I RUPXOD�WKDW�\ RX�FRXOG�ZHDU�RQ�\ RXU�7 � VKLUW��� 1HZWRQLDQ�
PHFKDQLFV�ZRUNHG�ZHOO�DW�GHVFULELQJ�WKH�SK\ VLFDO�XQLYHUVH��2 WKHU�ERGLO\�
I XQFWLRQV��OLNH�GLJHVWLRQ�DQG�PHWDEROLVP��UHTXLUHG�WKH�GHYHORSPHQW�RI�
PRGHUQ�FKHPLVWU\ ��$ W�WKDW�SRLQW��LW�DSSHDUHG�WKDW�DQLPDOV�FRXOG�EH�
GHVFULEHG�DV�PDFKLQHV��DOEHLW�PRUH�FRPSOLFDWHG�WKDQ�PHUH�PHFKDQLFDO�
FORFNZRUN���

, I� FORFNZRUN�VWULNHV�\ RX�DV�DQ�LQFRPSOHWH�H[ SODQDWLRQ��\ RX�DUH�QRW�DORQH��7KH�
VDPH�WLPH�SHULRG�VDZ�WKH�ULVH�RI� WKH�5RPDQWLF�0 RYHPHQW�LQ�RSSRVLWLRQ�WR�
WKH�PHFKDQLFDO�SDUDGLJP��7KH�5RPDQWLFV�UHWXUQHG�I RFXV�RI� WKH�QDWXUH�RI�
OLYLQJ�SDWWHUQ�RU�RUJDQLF�I RUP��* RHWKH�FRLQHG�WKH�WHUP� � PRUSKRORJ\ �� I RU�WKH�
VWXG\� RI� ELRORJLFDO�I RUP� I URP� D�G\ QDPLF��GHYHORSPHQWDO�YLHZSRLQW��+ H�SRLQWHG�
RXW�QDWXUH
 V�� PRYLQJ�RUGHU�� DQG�GHYHORSHG�D�YHU\� PRGHUQ�FRQFHSW�RI�I RUP� DV�
D�SDWWHUQ�RI� UHODWLRQVKLSV�ZLWKLQ�DQ�RUJDQL] HG�ZKROH��� ( DFK�FUHDWXUH� ��ZURWH�
* RHWKH��� LV�EXW�D�SDWWHUQHG�JUDGXDWLRQ�RI� RQH�JUHDW�KDUPRQLRXV�VKRZ��� $ V�DQ�
DUWLVW��* RHWKH�I HOW�WKDW�YLVXDO�SHUFHSWLRQ�ZDV�WKH�GRRU�WR�XQGHUVWDQGLQJ�
RUJDQLF�I RUP��6WHLQHU�ZDV�YHU\� PXFK�LQI OXHQFHG�E\� * RHWKH
 V�SHUVSHFWLYH�DQG�
SKLORVRSKLFDO�DSSURDFK��

7KHQ�WKH�WLGH�WXUQHG��) XUWKHU�DGYDQFHV�LQ�VFLHQFH�HVWDEOLVKHG�WKH�
PHFKDQLVWLF�FRQFHSWLRQ�RI� OLI H�DPRQJ�ELRORJLVWV��<HW�WKHVH�DGYDQFHV�FDUULHG�



ZLWKLQ�WKHPVHOYHV�WKH�VHHGV�RI� WKH�QH[ W�ZDYH�RI� RSSRVLWLRQ��&HOO�ELRORJ\� ZDV�
XQDEOH�WR�I XOO\� H[ SODLQ�DOO�WKH�FRRUGLQDWLQJ�DFWLYLWLHV�QHFHVVDU\� I RU�WKH�FHOO�DV�
D�ZKROH�WR�SURSHUO\� I XQFWLRQ��7KH�* HUPDQ�HPEU\ RORJLVW�+ DQV�' ULHVFK�
LQLWLDWHG�WKH�RSSRVLWLRQ�WR�PHFKDQLVWLF�ELRORJ\� ZLWK�SLRQHHULQJ�H[ SHULPHQWV��
+ H�I RXQG�WKDW�LI� RQH�GLYLGHG�DQ�HPEU\ R�DW�D�YHU\� HDUO\� VWDJH��RQH�ZRXOG�JHW��
� �QRW�KDOI� DQ�HPEU\ R��� �EXW�D�FRPSOHWH�HPEU\ R�RI� KDOI� VL] H��6RPHKRZ��WKH�
FHOOV�PDLQWDLQHG�D�SDWWHUQ�DQG�GLG�WKHLU�EHVW�WR�GHYHORS�ZLWKLQ�WKDW�SDWWHUQ��
, W�LV�KDUG�WR�UHVLVW�WKH�LPSUHVVLRQ�WKDW�WKHUH�H[ LVWV�VRPHZKHUH�D�EOXHSULQW�

RU�SODQ�RI� DVVHPEO\ ��

, OOXVWUDWLRQ��$ ERYH�LV�D�QRUPDO�
HPEU\ R�RI� WKH�GUDJRQI O\�3 ODW\ FQHPLV�
SHQQLSHV��: KHQ�WKH�SRVWHULRU�RI� WKH�
HJJ�LV�OLJDWHG��LW�GHYHORSV�D�VPDOO�EXW�
FRPSOHWH�HPEU\ R��

7KHUH�LV�D�VWURQJ�VHQVH�RI� SXUSRVH��
, W�VHHPV�DV�LI� WKH�JURZLQJ�RUJDQLVP�
LV�EHLQJ�GLUHFWHG�WRZDUGV�LWV�I LQDO�
VWDWH�E\� VRPH�VRUW�RI� JOREDO�
VXSHUYLVLQJ�DJHQF\ ��7KLV�VHQVH�RI�
GHVWLQ\� KDV�OHG�ELRORJLVWV�WR�XVH�WKH�
WHUP� � I DWH�PDS�� WR�GHVFULEH�WKH�

VHHPLQJO\� SODQQHG�XQI ROGLQJ�RI� WKH�GHYHORSLQJ�HPEU\ R��' ULHVFK�SRVWXODWHG�D�
FDXVDO�I DFWRU�WKDW�KH�FDOOHG�HQWHOHFK\� �� �D�I RUFH�WKDW�DFWV�RQ�WKH�RUJDQLVP�
ZLWKRXW�EHLQJ�SDUW�RI� LW��LH��I URP� WKH�RXWVLGH��

( PEU\ RQLF�GHYHORSPHQW�H[ SRVHG�OLPLWDWLRQV�RI� WKH�UHGXFWLRQLVW�PRGHO��$ V�DQ�
RUJDQLVP� JURZV�I URP� DQ�LQLWLDO�FHOO��KRZ�FDQ�WKRVH�FHOOV�VSHFLDOL] H�LQ�
GLII HUHQW�ZD\ V��EHFRPLQJ�PXVFOH�FHOOV��EORRG��ERQH�FHOOV�DQG�VR�RQ"� + RZ�FDQ�
RQH�DFFRXQW�I RU�DOO�WKHVH�ELRORJLFDO�I RUPV�LQ�WHUPV�RI� UHGXFWLRQLVWLF�SK\ VLFV"�
7KH�VFLHQWLVW�FDQ�FOHDUO\� VHH�RUJDQL] LQJ�I DFWRUV�DW�ZRUN��EXW�KDV�OLWWOH�LGHD�
RI� KRZ�WKHVH�RUJDQL] LQJ�I DFWRUV�UHODWH�WR�NQRZQ�SK\ VLFV��7KH�GHYHORSPHQW�RI�
WKH�HPEU\ R�HPERGLHV�WKH�FHQWUDO�P\ VWHU\� RI� DOO�ELRORJ\� �� �KRZ�FDQ�WRWDOO\�
QHZ�VWUXFWXUH�HPHUJHV�LQ�WKH�SURJUHVVLRQ�I URP� LQDQLPDWH�WR�WKH�DQLPDWH"� , W�
VHHPV�WKDW�VRPH�FRQFHSW�RI� D�QRQSK\ VLFDO�HQWLW\� RU�OLI H� I RUFH�PXVW�EH�DGGHG�
WR�WKH�ODZV�RI� SK\ VLFV�DQG�FKHPLVWU\� WR�XQGHUVWDQG�OLI H�LWVHOI ���

�



, QYHVWLJDWLRQV�LQWR�V\ VWHPV�I RXQG�
DQRWKHU�SUREOHP� ZLWK�WKH�
GHWHUPLQLVWLF�YLHZSRLQW��8 QGHU�
1HZWRQ
 V�PHFKDQLFV��ZH�FDQ�SUHGLFW�D�
V\ VWHP
 V�SRVLWLRQ�DW�DQ\� WLPH�LI� ZH�
NQRZ�WKH�VWDUWLQJ�FRQGLWLRQV��) RU�
H[ DPSOH��LI� ZH�ORRN�DW�WKH�SDWK�WUDFHG�
E\� D�SHQGXOXP��LI� ZH�NQRZ�WKH�LQLWLDO�
VSHHG�DQG�PRYHPHQW�DQG�WKH�DPRXQW�
RI�I ULFWLRQ��ZH�GHYHORS�D�PDWKHPDWLFDO�
H[ SUHVVLRQ�WKDW�ZLOO�SHUI HFWO\� SUHGLFW�
WKH�SHQGXOXP
 V�SRVLWLRQ���

�%XW�VFLHQWLVWV�I RXQG�WKHUH�ZHUH�RWKHU�W\ SHV�RI� V\ VWHPV�WKDW�DOVR�FRXOG�EH�
GHVFULEHG�ZLWK�D�PDWKHPDWLFDO�H[ SUHVVLRQ�EXW�ZHUH�QRW�SUHGLFWDEOH��7KH�
I LJXUH�VKRZV�RQH�H[ DPSOH�RI� ZKDW�LV�FDOOHG�D�� VWUDQJH�DWWUDFWRU� ��7KH�
V\ VWHP� LV�QRW�WRWDOO\� UDQGRP� �� �LW�DOZD\ V�VWD\ V�ZLWKLQ�D�SDUWLFXODU�HQYHORSH��
%XW�ZLWKLQ�WKDW�HQYHORSH��LWV�EHKDYLRU�LV�QRW�NQRZQ��7KLV�LV�EHFDXVH�WKH�
PDWKHPDWLFDO�UHODWLRQV�DUH�FRPSOH[ ��( YHQ�YHU\� VPDOO�GLII HUHQFHV�LQ�WKH�
VWDUWLQJ�SRVLWLRQ�DUH�PDJQLI LHG�LQWR�XQFHUWDLQW\� LQ�I XWXUH�SRVLWLRQ��7KLV�
H[ DPSOH�ZDV�I RXQG�ZKHQ�VFLHQWLVWV�ZHUH�WU\ LQJ�WR�EXLOG�D�JOREDO�PRGHO�RI�
ZHDWKHU�V\ VWHPV��7KH�GLVFRYHU\� OHDG�WR�WKH�VWDWHPHQW�WKDW�� D�EXWWHUI O\�

I ODSSLQJ�LWV�ZLQJV�LQ�&KLQD�� FRXOG�
LQI OXHQFH�WKH�ZHDWKHU�DFURVV�WKH�
RFHDQ��7KLV�VWDWHPHQW�LV�QRW�UHDOO\� DQ�
H[ DJJHUDWLRQ�EHFDXVH�WKH�HYHQ�YHU\�
VPDOO�SHUWXUEDWLRQV�LQ�WKH�VWDUWLQJ�
FRQGLWLRQV�FDQ�OHDG�WR�H[ DFWO\� VXFK�
ODUJH�FKDQJHV�LQ�WKH�RYHUDOO�V\ VWHP���

: LWK�WKLV�LQ�PLQG��OHW
 V�JHQHUDOL] H�
DERXW�KRZ�QDWXUDO�V\ VWHPV�EHKDYH��
&RQVLGHU�WKH�EODFN�ER[� DV�UHSUHVHQWLQJ�
D�V\ VWHP��: LWKLQ�LV�XQGLII HUHQWLDWHG�
VWXII� �� �FKDRV��LQ�D�ZRUG��) URP� WKH�
RXWVLGH��HQHUJ\� FRPHV�KXUWOLQJ�WKURXJK�
WKH�V\ VWHP� DQG�RXW�DJDLQ���



  �

1 RZ�D�VWUDQJH�WKLQJ�KDSSHQV��$ V�WKH�HQHUJ\� SDVVHV�WKURXJK��VRPH�RI� LW�LV�
UHWDLQHG�DQG�WKH�VWXII� LQVLGH�WKH�V\ VWHP� EHJLQV�WR�I RUP� LQWR�VRPH�NLQG�RI�
RUGHU��7KLV�LV�D�VXUSULVH�EHFDXVH�XQGHU�WKH�QDWXUDO�ODZV�RI� SK\ VLFV��WKLQJV�
GRQ
 W�JHW�PRUH�RUJDQL] HG��� �WKH\� DUH�VXSSRVHG�WR�JHW�OHVV�RUJDQL] HG��
� ( QWURS\ ��WKH�DPRXQW�RI� GLVRUGHU��LV�VXSSRVHG�WR�LQFUHDVH��� %XW�WKHUH�LV�D�
ORRSKROH��7KLV�LV�DQ�� RSHQ�� V\ VWHP��PHDQLQJ�WKDW�HQHUJ\� LV�SDVVLQJ�WKURXJK�LW��
$ QG�VRPH�RI� WKDW�HQHUJ\� FDQ�EH�FDSWXUHG�WHPSRUDULO\� WR�DVVHPEOH�DQ�
RUGHUHG�VWUXFWXUH�LQVLGH�WKH�V\ VWHP� ERXQGDU\� HYHQ�WKRXJK�WKH�GLVRUGHU�ZLOO�
HYHQWXDOO\� EH�PDQLI HVW�RXWVLGH�WKH�V\ VWHP���

  �

( YHQWXDOO\ ��WKH�V\ VWHP� FDQ�EH�FRPH�RUJDQL] HG�LQ�ZD\ V�WKDW�DUH�TXLWH�FRPSOH[�
DQG�XQSUHGLFWDEOH��



  �

1 RWLFH�WZR�NH\� SDUWV�RI� WKLV�LOOXVWUDWLRQ�� �� � �� WKHUH�LV�D�VNLQ�RU�ERXQGDU\� I RU�
WKH�V\ VWHP� �� �WKHUH�KDV�WR�EH�DQ�� LQVLGH�� DQG�DQ�� RXWVLGH� ��7KH�RXWVLGH�
VHUYHV�DV�WKH�VRXUFH�I RU�WKH�LQFRPLQJ�HQHUJ\� DQG�DV�WKH�SODFH�ZKHUH�
� GLVRUGHU�� FDQ�EH�WKURZQ�DZD\ ��� � �� 7KH�LQVLGH�VWDUWV�DV�FKDRV��ODWHU�WKH�
GLVRUJDQL] HG�VWXII�I DOOV�LQWR�VRPH�VRUW�RI� SDWWHUQ��� � �� &KDQJH�KDSSHQV�RYHU�
WLPH��WKHUH�LV�KLVWRU\ ��7KH�SDWWHUQ�I RUPHG�WRGD\� FDQ�PDWXUH�LQWR�D�GLII HUHQW�
SDWWHUQ�WRPRUURZ��6R�WKH�SDWWHUQ�DW�DQ\� WLPH�LV�D�I XQFWLRQ�RI� KRZ�LW�JRW�
WKHUH���

+ HUH�LV�DQ�H[ DPSOH�RI� WKDW�VRUW�RI�
RUJDQL] DWLRQ��, PDJLQH�WKDW�\ RX�DUH�ORRNLQJ�
GRZQ�LQWR�D�SRW�RI� ZDWHU�ERLOLQJ�RQ�WKH�
VWRYH��6LQFH�ZDWHU�LV�WUDQVSDUHQW��ZH�FDQ
 W�
VHH�WKH�RUJDQL] DWLRQ�VHW�XS�DV�WKHUPDO�
HQHUJ\� SDVVHV�WKURXJK��%XW�RWKHU�OLTXLGV�
KDYH�YLVLEOH�FRORU�FKDQJHV��7KLV�SLFWXUH�
VKRZV�ZKDW�DUH�FDOOHG�%HQDUG�FHOOV��$ V�WKH�
OLTXLG�LV�KHDWHG��LW�I RUPV�FRORUHG�FRQYHFWLRQ�

FHOOV�WKDW�ZH�FDQ�VHH��7KHVH�FHOOV�DUUDQJH�WKHPVHOYHV�ORRNLQJ�OLNH�D�OLYLQJ�FHOO�
FXOWXUH���

2 SHQ�V\ VWHPV�RI� WKLV�VRUW�ZHUH�VWXGLHG�E\� , O\ D�3ULJRJLQH�DV�KH�I RUPHG�
WKHRULHV�RI� ZKDW�KH�FDOOHG�� GLVVLSDWLYH�VWUXFWXUHV� ��7KH�LQWHUHVWLQJ�WKLQJ�LV�
WKDW�XQGHU�WKHVH�RSHQ�DQG�FRQGLWLRQV��LW�LV�WKH�QDWXUDO�HYHQW�I RU�V\ VWHPV�WR�
VHOI � RUJDQL] H�DQG�WXUQ�WKHLU�XQGLII HUHQWLDWHG�FKDRV�LQWR�VRPH�VRUW�RI�
RUGHUHG�VWUXFWXUH��, W�LV�HYHQ�SRVVLEOH�I RU�WKDW�VWUXFWXUH�WR�UHI LQH�DQG�

 



HYROYH�DQG�GHYHORS�DQ�LQFUHDVLQJ�OHYHO�RI� FRPSOH[ LW\ ��6RPHWLPHV�WKH�V\ VWHPV�
HYROYH�LQ�ZD\ V�WKDW�DUH�FRPSOHWHO\� XQH[ SHFWHG��$ QG�FRPSOH[� V\ VWHPV�GR�QRW�
DOZD\ V�HYROYH�WKH�VDPH�ZD\� HDFK�WLPH��� �WKH�XQH[ SHFWHG�FKDQJHV�FDQ�WDNH�
WKH�V\ VWHP� GRZQ�DOWHUQDWLYH�SDWKV�RI� GHYHORSPHQW���

6R�WKHUH�FDQ�EH�WZR�DOWHUQDWLYH�SDWKV�DQG�QR�ZD\� WR�SUHGLFW�ZKLFK�ZLOO�EH�
FKRVHQ��, W�ORRNV�OLNH�QDWXUH�KDV�� I UHH�ZLOO� ��$ I WHU�D�VHULHV�RI� VXFK�FKRLFHV��
WKH�V\ VWHP� KDV�GHYHORSHG�D�KLVWRU\� WKDW�ZRXOG�EH�XQOLNHO\� WR�EH�UHSHDWHG�
XQGHU�VLPLODU�FLUFXPVWDQFHV�DQG�LV�QRW�SUH� GHWHUPLQHG�RU�SUHGLFWDEOH��
6 \ VWHPV�UHDFK�FULWLFDO�� FKRLFH�SRLQWV�� DW�ZKLFK�WKH\� PD\� OHDS�DEUXSWO\� LQWR�
QHZ�VWDWHV�RI� JUHDWHU�RUJDQL] DWLRQDO�FRPSOH[ LW\ ��6WDWLVWLFDO�DVVXPSWLRQV�I DLO�
EHFDXVH�D�VLQJOH�I OXFWXDWLRQ�FDQ�EHFRPH�DPSOLI LHG�DQG�VWDELOL] HG��DOWHULQJ�
WKH�V\ VWHP� GUDPDWLFDOO\� DQG�VXGGHQO\ ��6XGGHQO\ ��WKH�I XWXUH�LV�QRW�
SUHGLFWDEOH�DI WHU�DOO��

' LVFRYHU\� RI� WKHVH�V\ VWHPV�KDV�FUHDWHG�D�UHYROXWLRQ�LQ�VFLHQWLI LF�WKRXJKW��
7KHVH�V\ VWHPV�FDQQRW�EH�XQGHUVWRRG�E\� DQDO\ VLV�RI� WKH�OLWWOH�SDUWV��7KH�
SURSHUWLHV�RI� WKH�SDUWV�EXW�FDQ�EH�XQGHUVWRRG�RQO\� ZLWKLQ�WKH�FRQWH[ W�RI� WKH�
ZKROH��7KH�NH\� FKDUDFWHULVWLFV�RI� V\ VWHPV��� �VHQVLWLYLW\� WR�VPDOO�FKDQJHV�LQ�
HQYLURQPHQW��WKH�KLVWRU\� RI� FULWLFDO�SRLQWV�RI� FKRLFH��WKH�XQFHUWDLQW\� DQG�
XQSUHGLFWDELOLW\� RI� WKH�I XWXUH��� �DUH�UHYROXWLRQDU\� QHZ�FRQFHSWV��1 DWXUH�
WXUQV�RXW�WR�EH�PRUH�OLNH�KXPDQ�QDWXUH��� �XQSUHGLFWDEOH��VHQVLWLYH�WR�WKH�
VXUURXQGLQJ�ZRUOG��LQI OXHQFHG�E\� VPDOO�I OXFWXDWLRQV��, Q�WKH�GHWHUPLQLVWLF�
ZRUOG�RI� 1HZWRQ��WKHUH�LV�QR�KLVWRU\� DQG�QR�FUHDWLYLW\ ��, Q�WKH�ZRUOG�RI�
GLVVLSDWLYH�VWUXFWXUHV��KLVWRU\� SOD\ V�DQ�LPSRUWDQW�UROH��WKH�I XWXUH�LV�
XQFHUWDLQ�DQG�WKLV�XQFHUWDLQW\� LV�DW�WKH�KHDUW�RI� FUHDWLYLW\ ��

� 7KH�KRSH�WKDW�SK\ VLFV�FRXOG�EH�FRPSOHWH�ZLWK�DQ�LQFUHDVLQJO\� GHWDLOHG�
XQGHUVWDQGLQJ�RI�I XQGDPHQWDO�SK\ VLFDO�I RUFHV�DQG�FRQVWLWXHQWV�LV�XQI RXQGHG��
7KH�LQWHUDFWLRQ�RI� FRPSRQHQWV�RQ�RQH�VFDOH�FDQ�OHDG�WR�FRPSOH[� JOREDO�
EHKDYLRU�RQ�D�ODUJHU�VFDOH�WKDW�LQ�JHQHUDO�FDQQRW�EH�GHGXFHG�I URP� NQRZOHGJH�
RI� WKH�LQGLYLGXDO�FRPSRQHQWV�� �� - ��3��&UXWFKI LHOG��HW�DO���6FLHQWLI LF�$ PHULFDQ��
' HFHPEHU�� ��� ��S���� ��� �

' LVVLSDWLYH�VWUXFWXUHV�EULQJ�D�VHULHV�RI� LQWHUHVWLQJ�TXHVWLRQV��) URP� ZKHUH�
GRHV�WKH�V\ VWHP� JHW�LWV�SDWWHUQ"� , V�LW�LQKHUHQW�LQ�WKH�FRPSRQHQWV"� , I� VR��ZH�
KDYH�WKH�SUREOHP� RI� WU\ LQJ�WR�LQFOXGH�DOO�WKH�SRVVLEOH�FRPSOH[ LW\ ��HYHQ�
XQUHDOL] HG�SDWKZD\ V��LQWR�WKH�GHI LQLWLRQ��2 U�GRHV�WKH�RUJDQL] LQJ�SDWWHUQ�
FRPH�I URP� RXWVLGH"� , Q�WKDW�FDVH��ZKDW�LV�WKH�PHFKDQLVP"� $ QG�UHJDUGOHVV�RI�
ZKHUH�WKH�SDWWHUQ�FRPHV�I URP��KRZ�LV�LW�WUDQVPLWWHG�RU�FRPP XQLFDWHG�WR�
WKH�FRPSRQHQWV"� $ QG�QRWLFH�WKDW�WKH�DOO� LPSRUWDQW�SDWWHUQ�LV�SXUH�



LQI RUPDWLRQ��� �WKDW�LV��LW�LV�QRQ� PDWHULDO��: KR�ZRXOG�KDYH�WKRXJKW�WKDW�WKH�
QRQ� PDWHULDO�ZRUOG�ZRXOG�LQI OXHQFH�RXU�H[ LVWHQFH"� �

$ QG�I LQDOO\ ��KRZ�GRHV�RQH�H[ SODLQ�HYROXWLRQ"� : K\� GR�WKH�V\ VWHPV�GHYHORS�
LQFUHDVLQJO\� UHI LQHG�FRPSOH[ LW\� RYHU�WLPH�² �DQG�LQ�VXFK�D�ZD\� WKDW�WKH\�
FDQQRW�JR�EDFNZDUGV"� , V�WKHUH�DQ�RYHUDOO�JXLGLQJ�I RUFH�RU�SXUSRVH�WKDW�
GLUHFWV�WKH�HYROXWLRQ"� &DQ�WKH�QDWXUDO�ZRUOG�EH�VDLG�WR�KDYH�SXUSRVH"� �

6R�SHUYDVLYH�LV�WKH�PHFKDQLVWLF�SDUDGLJP� WKDW�DVFULELQJ�SXUSRVH�WR�QDWXUH�
ZRXOG�EH�DQ�HQRUPRXV�WDERR�I RU�DQ\� VFLHQWLVW��: KHQ�- DPHV�/ RYHORFN�
SURSRVHG�KLV�* DLD�WKHRU\ ��� �WKDW�OLI H�RQ�( DUWK�UHJXODWHV�WKH�ZKROH�SODQHW�DV�D�
JLDQW�RUJDQLVP� �� �ELRORJLVWV�DWWDFNHG�KLV�K\ SRWKHVLV�EHFDXVH�WKH\� FRXOG�QRW�
LPDJLQH�KRZ�OLI H�FRXOG�FUHDWH�DQG�UHJXODWH�WKHVH�FRQGLWLRQV�ZLWKRXW�EHLQJ�
FRQVFLRXV�DQG�SXUSRVHI XO��&RQYHQWLRQDO�VFLHQWLVWV�FRXOG�QRW�DFFHSW�WKH�LGHD�
WKDW�WKH�FDXVDO�DJHQW�LV�SXUSRVHI XO��� �WKDW�WKHUH�LV�D�SXUSRVH�DQG�GHVLJQ�LQ�
QDWXUH��

�

7KH�3$ 77 ( 51� LV�RXW�WKHUH��
<HDK��ZKDWHYHU���� �

. HHSLQJ�DQ�RSHQ�PLQG�WR�QHZ�
FRQFHSWV�LV�WKH�FKDOOHQJH��� �
RXU�HGXFDWLRQDO�LQVWLWXWLRQV�
WUDLQ�DJDLQVW�VXFK�
SRVVLELOLWLHV��3DXO�' DYLHV�
VD\ V��� 0 \ VWHULHV�VXFK�DV�WKH�
RULJLQ�RI� OLI H�DQG�WKH�
SURJUHVVLYH�QDWXUH�RI�
HYROXWLRQ�HQFRXUDJH�WKH�

I HHOLQJ�WKDW�WKHUH�DUH�DGGLWLRQDO�SULQFLSOHV�DW�ZRUN�ZKLFK�VRPHKRZ�PDNH�LW�
HDVLHU�I RU�V\ VWHPV�WR�GLVFRYHU�FRPSOH[� RUJDQL] HG�VWDWHV��%XW�WKH�
UHGXFWLRQLVW�PHWKRGRORJ\� RI� PRVW�VFLHQWLI LF�LQYHVWLJDWLRQV�PDNHV�LW�OLNHO\�
WKDW�VXFK�SULQFLSOHV��LI� WKH\� H[ LVW��DUH�EHLQJ�RYHUORRNHG�LQ�FXUUHQW�UHVHDUFK�� �

3KLORVRSKLFDO�) RXQGDWLRQV�

) LUVW��OHW·V�XQGHUVWDQG�VRPH�RI� 6WHLQHU·V�WKLQNLQJ�DERXW�KRZ�WKH�ZRUOG�ZRUNV��
) RU�WKRXVDQGV�RI� \ HDUV��SHRSOH��LQFOXGLQJ�VRPH�YHU\� VPDUW�RQHV�� KDYH�EHHQ�
WKLQNLQJ�DERXW�KRZ�WKLQJV�ZRUN��: LWKRXW�WKH�EHQHI LW�RI� RXU�GHWDLOHG�
WHFKQLFDO�NQRZOHGJH��WKH\� DVVHPEOHG�WKHLU�RZQ�FRQFHSWXDO�PRGHOV��$ QG�



EHFDXVH�WKHVH�ZHUH�HPSLULFDO�I RU�WKHLU�OHYHO�RI� WHFKQRORJ\ ��WKH\� DUH�VWLOO�
ORJLFDO�PRGHOV�I RU�DQ\ RQH�RXWVLGH�RI� D�VFLHQFH�ODE��7KDW�LV��WKHLU�REVHUYDWLRQV�
DQG�LQWHUSUHWDWLRQV�I RUP� D�FRQVLVWHQW��ORJLFDO�I UDPHZRUN�VWLOO�YDOLG�DW�WKH�
OHYHO�RI� D�I DUPHU�VWDQGLQJ�LQ�WKH�GLUW��

2 QH�VXFK�REVHUYDWLRQ�KDV�WR�GR�ZLWK�WKH�PDWHULDO�ZRUOG�DQG�WKH�LPP DWHULDO��
2 QH�REVHUYHV�WKH�HII HFWV�RI�I RUFHV�DQG�HQHUJ\� ² �WKH�SXOO�RI� JUDYLW\ ��WKH�
ZDUPWK�RI� VXQOLJKW��WKH�FKDQJH�RI� VXEVWDQFHV�GXH�WR�KHDW�RU�FROG��<HW�WKHVH�
DUH�LPP DWHULDO�I RUFHV��ZH�FDQ·W�VHH�ZKDWHYHU�LW�LV�WKDW�PDNHV�WKHP� KDSSHQ���

$ OVR�ZH�FDQ�REVHUYH�WKDW�PDWHULDO�REMHFWV�RFFXU�LQ�D�YDULHW\� RI�I RUPV��I URP�
WKH�KHDYLQHVV�RI� D�URFN�WR�WKH�OLJKW�WRXFK�RI� D�EUHH] H��6R�LW�VHHPV�ORJLFDO�WR�
VHH�WKH�́ VWXII µ�H[ LVWV�LQ�D�FRQWLQXXP� ² �UDQJLQJ�I URP� KHDY\ ��GHQVH�KDUG�
PDWWHU��VD\� D�URFN�� WR�PDWWHU�WKDW�FKDQJHV��VROLGV�PHOW�WR�OLTXLGV�� WR�OLJKW��
LQVXEVWDQWLDO�I RUPV��YDSRU�DQG�JDVHV�� WR�LPP DWHULDO�HQHUJ\� �OLJKW��ZDUPWK� ��
7KH�PDWHULDO�ZRUOG�DQG�WKH�LPP DWHULDO�ZRUOGV�LQWHUSHQHWUDWH�HDFK�RWKHU��$ W�
RQH�HQG�RI� WKH�FRQWLQXXP��ZH�KDYH�FROG��KHDY\� PDWHULDOV��VXEMHFW�WR�JUDYLW\ ��
$ W�WKH�RWKHU�HQG��ZH�KDYH�LQFUHDVLQJO\� OHVV�VXEVWDQWLDO�PDWWHU��OLNH�DLU���

�

1 RZ�LI� ZH�FDOO�WKH�LPP DWHULDO�ZRUOG�́ VSLULWµ��ZH�I LQG�RQH�SDUW�RI� 6WHLQHU·V�
I UDPHZRUN��´0 DWWHU�DOZD\ V�LQ�VSLULW��VSLULW�DOZD\ V�LQ�PDWWHU�µ��

7KH�RWKHU�SDUW�RI� 6WHLQHU·V�I UDPHZRUN�KDV�WR�GR�ZLWK�D�SLHFH�RI� WKH�
´LPP DWHULDOµ�ZRUOG��$ V�ZH�PHQWLRQHG�HDUOLHU��PRGHUQ�VFLHQFH�KDV�EHHQ�I RUFHG�
WR�WKH�XQGHUVWDQGLQJ�WKDW�WKH�SDWWHUQV�RI� RUJDQL] DWLRQ�DUH�FULWLFDO�WR�
XQGHUVWDQGLQJ�KRZ�WKH�ZRUOG�ZRUNV��$ QG�ZH�GRQ·W�I XOO\� XQGHUVWDQG�WKHVH�
SDWWHUQV�² �ZKHUH�WKH\� FRPH�I URP��KRZ�WKH\� JHW�WUDQVPLWWHG�WR�OLYLQJ�WKLQJV��
%XW�ZH�GR�VHH�WKDW�LPSRUWDQW�SDWWHUQV�DUH�UHSHDWHG�WLPH�DI WHU�WLPH�LQ�WKH�
ZRUOG��( DFK�SDWWHUQ�FDQ�EH�YLHZHG�DV�D�FRQVWHOODWLRQ�RI� UHFXUULQJ�WKHPHV��$�



WKHPH�WKDW�RUJDQL] HV�D�KHDOWK\� ERG\� I RU�XVH��RUJDQL] HV�D�UHFRJQL] DEOH�
SDWWHUQ�LQ�D�SODQW·V�ERG\� RU�LQ�WKH�JURZWK�RI� QDWXUDO�I RUPV��6R��I RU�H[ DPSOH��
LI� ZH�WDNH�WKH�SODQW�DV�D�PHGLFLQDO�KHUE��ZH�PD\� I LQG�WKDW�WKH�SDWWHUQ�
LQI RUPDWLRQ�FRPHV�WKURXJK�DV�LPSURYHPHQW�LQ�RXU�RZQ�KHDOWK��7KXV��WKH�LGHD�
RI� FRQJUXHQF\� ² �WKDW�SDWWHUQ�LQI RUPDWLRQ�FDQ�EH�UHFRJQL] HG�DQG�XVHG�WR�
JXLGH�WKH�LPP DWHULDO�I RUFHV�WKDW��LQ�WXUQ��VKDSH�WKH�PDWHULDO�ZRUOG���6WHLQHU�
XVHG�WKLV�FRQFHSW�WR�GHYHORS�VSHFLDO�KHUEDO�SUHSDUDWLRQV�GHVLJQHG�WR�JXLGH�
QDWXUDO�SURFHVVHV�RU�́ I RUPDWLYH�I RUFHVµ��7KHVH�I RUFHV��ZKLOH�LQYLVLEOH��DUH�
UHFRJQL] HG�E\� WKH�HII HFWV�WKH\� SURGXFH�LQ�OLYLQJ�EHLQJV�����

7 KH�' \ QDPLFV�RI� * URZWK�

6R�ZLWK�DQ�RSHQ�PLQG��OHW
 V�FRQVLGHU�KRZ�D�SKLORVRSK\� RI� SODQW�G\ QDPLFV�
ZRUNV��: H�VWDUW�ZLWK�REVHUYLQJ�KRZ�SODQWV�RSHUDWH��

  �

: KHQ�ZH�ORRN�DW�KRZ�D�SODQW�JURZV��ZH�VHH�WZR�GLII HUHQW�NLQGV�RI� JURZWK��
2 I� FRXUVH��WKHVH�GRQ
 W�KDSSHQ�DW�TXLWH�WKH�VDPH�WLPH��) LUVW��WKHUH�LV�DQ�
H[ SDQVLRQ�DV�WKH�SODQWV�EXUVW�I RUWK�LQ�WKH�VSULQJ��7KLV�JURZWK�LV�OXVK��
YHJHWDWLYH�DQG�I RUPV�WKH�EXON�RI� WKH�SODQW
 V�VXEVWDQFH��%XW�WKHQ�WKHUH�LV�D�
TXDOLWDWLYH�FKDQJH��� �ODWHU�JURZWK�LV�RI� D�GLII HUHQW�NLQG��8 QGHU�WKH�ZDUPWK�
DQG�OLJKW�RI� VXPP HU��WKH�SODQW�EHFRPHV�KDUGHU�DQG�GU\ HU��, W�GHYHORSV�DQ�
XSULJKW�JURZWK�I RUP��7KH�YHJHWDWLYH�OHDYHV�EHFRPH�VPDOOHU�DQG�I LQDOO\�
GLVDSSHDU�FRPSOHWHO\ ��7KH�SODQW�PRYHV�LQWR�SURGXFHV�I ORZHUV�DQG�I UXLW��, W
 V�
VXEVWDQFH�EHFRPHV�GLVVLSDWHG�LQWR�DLUERUQH�SROOHQ��I UDJUDQFH��FRORU�DQG�
WDVWH��, W�HII HFW�WKH�SODQW�KDV�PRYHG�I URP� FUHDWLQJ�PDWHULDO�VXEVWDQFH�RI�
WKH�HDUWK�DQG�ZDWHU�WR�FUHDWLQJ�PRUH�UHI LQHG�VXEVWDQFH��� �WKDW�RI� WKH�DLU�
DQG�OLJKW��%HKLQG�WKHVH�WZR�PDQLI HVWDWLRQV�RI� JURZWK��ZH�FDQ�YLVXDOL] H�WZR�



GLII HUHQFH�W\ SHV�RI� JURZWK�I RUFHV��RQH�RI� OXVK��ZDWHU\ ��YHJHWDWLYH�JURZWK�
DQG�RQH�RI� GU\ ��KDUG�PDWXULW\ ��

%XW�WKHVH�I RUPV�RI� JURZWK�DUH�MXVW�WKH�ZKDW�ZH�VHH�DV�YLVLEOH��: H�FDQ�DOVR�
LPDJLQH�SURFHVVHV�WKDW�ZH�FDQ
 W�GLUHFWO\� VHH��) RU�WKH�SODQW�JURZWK�WR�RFFXU��
WKH�SODQW�PXVW�EH�WDNLQJ�LQ�I RRG�RU�HQHUJ\� I URP� LW
 V�VXUURXQGLQJV��, Q�I DFW��
ZH�FDQ�VHH�WKDW�WKHUH�DUH�WZR�GLII HUHQW�VWUHDPV�RI� QXWULWLRQ�LQYROYHG��

  �

, QGHHG��WKH�SODQW�LV�SXOOLQJ�LQ�ZDWHU�DQG�QXWULHQWV�I RUP� WKH�VRLO�LQ�RUGHU�WR�
I RUP� LWV�YHJHWDWLYH�ERG\ ��$ QG�WKHQ�LW�SXOOV�LQ�OLJKW�DQG�ZDUPWK�I RU�WKH�
PDWXULQJ�SURFHVV��, W�LV�RQO\� ZLWK�WKH�OLJKW�DQG�ZDUPWK�RI� VXPP HU�WKDW�WKH�
SODQW�ULSHQV�I UXLW�DQG�VHWV�VHHG��+ HUH�LV�ZKHUH�WKH�LQI RUPDWLRQ�RI� WKH�
SODQW
 V�SDWWHUQ�EHFRPHV�LPSRUWDQW��7KH�VHHGOLQJ�VWDUWV�RXW�ZLWK�DQ�LQLWLDO�
SDWWHUQ��WKH�VHHG�HPEU\ R�� EXW�DGMXVWV�I RUP� DQG�I XQFWLRQ�WR�I LW�LWV�RZQ�
LQWHUQDO�LQI RUPDWLRQ��JHQHWLFV� ��WKH�QHDUE\� HQYLURQPHQW�DQG�VXEWOH�
LQI RUPDWLRQ�FRPLQJ�I URP� WKH�I DU� GLVWDQW�RXWVLGH��: H�FDOO�WKH�LGHDOL] HG�
SDWWHUQ�RI� WKH�SODQW�WKH�� DUFKHW\ SH� ��( DFK�SODQW�KDV�VRPH�LGHD�RI� WKDW�EDVLF�
SDWWHUQ�EXW�PRGLI LHG�DFFRUGLQJ�WR�WKH�VSHFLI LF�FLUFXPVWDQFHV��7KH�
DUFKHW\ SDO�SDWWHUQ�LQI RUPDWLRQ�LV�HVSHFLDOO\� LPSRUWDQW�DV�WKH�VHHG�VHWV�XS�
WKH�HPEU\ R�DQG�SDWWHUQ�I RU�WKH�QH[ W�JHQHUDWLRQ��$ QG�FHUWDLQ�SDWWHUQV�I URP�
SODQWV�DUH�XVHI XO�ZKHQ�RXU�RZQ�ERG\� JHWV�RXW�RI� NLOWHU��� �KHQFH�PHGLFLQDO�
KHUEV��, I� RQH�WKLQNV�RI� ZKDW�LV�EHLQJ�FRQYH\ HG�DV�WKH�SDWWHUQ�LQI RUPDWLRQ��
RQH�FDQ�XQGHUVWDQG�KRZ�HYHQ�D�VPDOO�DPRXQW�RI� D�VXEVWDQFH�FDQ�KDYH�D�JUHDW�
HII HFW��



�

  �

6R�ZH�FDQ�XQGHUVWDQG�WZR�GLII HUHQW�JHVWXUHV�LQ�KRZ�WKH�SODQW�I RUPV�LWVHOI ��
8 QGHUJURXQG��WKH�URRW�GHYHORSV�DV�DQ�H[ SDQGLQJ�VSKHUH��1HZ�URRWOHWV�JURZ�
UDGLDOO\� RXWZDUG��%XW�WKH�URRW�DOVR�EHFRPHV�D�KDUG��FRQFHQWUDWHG�VXEVWDQFH��
$ OO�WKH�URRWV�DUH�RUJDQL] HG�WR�HLWKHU�WR�EULQJ�LQ�ZDWHU�DQG�QXWULHQWV�I URP�
WKH�RXWVLGH�WR�WKH�FHQWHU�DQG�WR�VWRUH�FRQFHQWUDWHG�QXWULHQWV��7R�GR�WKDW��
WKH�URRW�TXLFNO\� EHFRPHV�KDUG�DQG�ZRRG\ ��7KH�YLWDO�DUHDV�RI� WKH�URRW�DUH�
VKRUW� OLYHG��� �RQO\� WKH�WLQ\� DQG�GHOLFDWH�URRW�KDLUV�LQ�WKH�RXWHU�SHULSKHU\� DUH�
JURZLQJ�DQG�UHQHZLQJ��7KHVH�KDUGHQ�UDSLGO\� LQWR�WKH�ZRRG\� URRWV��2 YHUDOO��
WKH�URRW�VSKHUH�LV�RUJDQL] HG�DV�SXOOLQJ�LQZDUG�WR�D�FHQWHU�I RFXV�SRLQW��

$ ERYH�JURXQG��ZH�VHH�D�GLII HUHQW�SLFWXUH��7KH�VWHP� JRHV�XSZDUG��UHDFKLQJ�
WR�WKH�VXQ��7KH�OHDYHV�H[ SDQG�RXWZDUG�LQ�WKH�KRUL] RQWDO�SODQH��� �VR�WKDW�WKH\�
FDQ�LQWHUFHSW�DV�PXFK�VXQOLJKW�DV�SRVVLEOH��7KHUH�LV�D�VSKHULFDO�VWUXFWXUH�WR�
WKH�QHZ�JURZWK��EXW�LW�LV�RSHQ�WR�WKH�KHDYHQV��7KH�RUJDQL] DWLRQ�LV�RQH�RI�
EHLQJ�RSHQ�WR�UHFHLYH�I URP� WKH�RXWHU�ZRUOG��7KHUH�LV�D�JHVWXUH�RI� UHDFKLQJ�
RXWZDUG��FXUYLQJ�DURXQG�D�I RFDO�SRLQW�DV�LI� WR�HPEUDFH�LW�I URP� WKH�RXWVLGH��



�

) URP� WKLV�REVHUYDWLRQ��ZH�FDQ�GHVFULEH�WZR�
RSSRVLWH�EXW�LQWHUDFWLQJ�SRODULWLHV�RI� JURZWK��OLNH�
WKH�\ LQ� \ DQJ�LQ�2 ULHQWDO�SKLORVRSK\ ��( [ DPSOHV�
RFFXU�LQ�DOO�VRUWV�RI� FRQWH[ WV��7KH�VROLG�VSKHUH�LV�
D�FDVH�RI�I RUFHV�SXOOLQJ�LQ��WKH�VDPH�ZD\� WKH�VXQ
 V�
JUDYLW\� SXOOV�LQ�WKH�SODQHWV�RI� WKH�VRODU�V\ VWHP��
+ HUH�ZH�KDYH�JUDYLW\� ZDYHV�FRPLQJ�RXW�I URP� WKH�
FHQWHU��DQG�PDWWHU�EHLQJ�DWWUDFWHG�DQG�I DOOLQJ�
LQZDUG��7KH�KROORZ�VSKHUH�UHSUHVHQWV�WKH�
GLII HUHQW�NLQG�RI�I RUFH��� �RQH�WKDW�UHDFKHV�RXW�DQG�DURXQG�UDWKHU�WKDQ�
WRZDUG�WKH�FHQWHU��2 QH�KDV�RQO\� WR�ORRN�DW�WKH�XSZDUG�WKUXVWLQJ�I RUP� RI� WKH�
SODQW�WR�REVHUYH�WKDW�OLI H� I RUFH�WULHV�WR�EH�WKH�RSSRVLWH�WR�JUDYLW\ ��7KLQN�
DERXW�KRZ�Z KHQ�ZH�� I HHO�KHDY\ �� ZH�DUH�GHSUHVVHG�DQG�ORZ� HQHUJ\� ZKLOH�ZKHQ�
ZH�� I HHO�OLJKW�� ZH�DUH�MR\ RXV�DQG�I XOO�RI� OLI H��� / HYLW\ �� LV�ZKDW�ZH�FDOO�WKLV�
WHQGHQF\� I RU�OLI H� I RUFH�WR�EH�RSSRVHG�WR�JUDYLW\ ��

* UDYLW\� LV�D�JRRG�H[ DPSOH�RI� WKH�FHQWHULQJ�W\ SH�RI�I RUFH��7KH�VXQ�H[ HUWV�D�
SXOOLQJ�I RUFH�WKDW�KROGV�WKH�SODQHWV�LQ�WKHLU�RUELWV��: H�NQRZ�WKDW�JUDYLW\� LV�
DQ�DWWUDFWLYH�I RUFH�SXOOLQJ�WRZDUG�D�PDVV��%XW�ZKHUH�LV�WKH�SRODU�RSSRVLWH"�
+ RZ�FDQ�WKHUH�EH�VXFK�D�WKLQJ�DV�DQWL� JUDYLW\ " �

2 QH�H[ SODQDWLRQ�FRPHV�I URP� ( LQVWHLQ
 V�H[ SODQDWLRQ�RI� JUDYLW\ ��+ H�SRLQWHG�
RXW�WKDW�JUDYLW\� FDXVHV�D�FXUYDWXUH�LQ�VSDFH��, PDJLQH�WKDW�ZH�VHW�XS�D�HODVWLF�
UXEEHU�VKHHW�DV�LQ�WKH�SLFWXUH��: H�FDQ�VHW�D�EDOO�EHDULQJ�RU�KHDY\� PDUEOH�LQ�
WKH�FHQWHU��6HH�KRZ�WKH�HODVWLF�VKHHW�GHI RUPV�GXH�WR�WKH�ZHLJKW�RI� WKH�
EDOO"� , Q�WKH�VDPH�ZD\ ��WKH�PDVV�RI� WKH�VXQ�GHI RUPV�VR�WKDW�DQ�RUELWLQJ�
SODQHW��DV�VKRZQ�E\� WKH�OLJKWHU�ZKLWH�EDOO��PXVW�NHHS�FLUFOLQJ�LQ�RUGHU�WR�



DYRLG�I DOOLQJ�LQWR�WKH�VXQ
 V�ZHOO��7KH�HODVWLF�VKHHW�DQDORJ\� LOOXVWUDWHV�VRPH�
RWKHU�SULQFLSOHV���
� � �� : KDW�KROGV�XS�WKH�KHDY\� PDUEOH�DW�WKH�FHQWHU"� 2 EYLRXVO\� WKH�HODVWLFLW\�
RI� WKH�UXEEHU�VKHHW��7KH�HODVWLF�I RUFH�PXVW�SURYLGH�HQRXJK�I RUFH�WR�FRXQWHU�

WKH�ZHLJKW�RI� WKH�PDUEOH��
RWKHUZLVH�WKH�PDUEOH�ZRXOG�MXVW�
GURS�DOO�WKH�ZD\� WKURXJK��: H�FDQ�
LPDJLQH�WKDW�HODVWLF�OLQHV�RI�I RUFH�
DUH�GLVWULEXWHG�WKURXJKRXW�WKH�
VKHHW�LQ�GLUHFW�RSSRVLWLRQ�WR�WKH�
JUDYLW\� I RUFHV�RI� WKH�KHDY\�
PDUEOH��7KHVH�I RUFHV�FDQ�EH�
FRQVLGHUHG�DV�OHYLW\ ��WKH�RSSRVLWH�
RI� JUDYLW\ ��, Q�WKH�FDVH�RI� WKH�VRODU�
V\ VWHP��WKH�VXQ
 V�FXUYDWXUH�RI�

VSDFH�LV�RSSRVHG�E\� VRPHWKLQJ��� �QDPHO\� WKH�UHVLVWDQFH�RI� WKH�I DEULF�RI�
VSDFH�LWVHOI ��
� � �� , Q�WKH�SLFWXUH��WKH�HODVWLF�VKHHW�LV�FRYHULQJ�RQO\ �D�VPDOO�FLUFOH��� �WKH�
HODVWLF�I RUFHV�SXOO�RXW�XQWLO�WKH\� UHDFK�WKH�RXWHU�FLUFXPI HUHQFH�ZKHUH�WKH\�
WUDQVI HU�WKH�PDUEOH
 V�ZHLJKW�WR�WKH�ULP��, PDJLQH�WKDW�LQ�WKH�FDVH�RI� WKH�
VRODU�V\ VWHP��WKH�VSDFH� WLPH�VKHHW�LV�LQI LQLWH�LQ�VL] H��� �WKHQ�WKH�VXQ
 V�ZHLJKW�
LV�WUDQVI HUUHG�WR�LQI LQLW\� RU�DW�OHDVW�WKH�HQWLUH�UHVW�RI� WKH�XQLYHUVH��
6LPLODUO\ ��WKH�OLQHV�RI� OHYLW\� DUH�LPDJLQHG�WR�VWUHWFK�WR�WKH�I DUWKHVW�UHDFKHV�
RI� WKH�FRVPRV���

6ROLG�&HQWHU� + ROORZ� &HQWHU�

&HQWULSHWDO��� �VHHNV�WKH�FHQWHU��
VROLG�LQ�WKH�PLGGOH�

&HQWULI XJDO��� �HPEUDFHV�DURXQG�WKH�
FHQWHU��KROORZ�LQ�WKH�PLGGOH�

) RUFHV�UDGLDWH�RXWZDUG�WR�WKH�
SHULSKHU\ �

) RUFHV�FRPH�LQZDUG�I URP� WKH�
SHULSKHU\ �

* UDYLW\� �� �6XEVWDQFH�I DOOV�LQ� / HYLW\� �� �6XEVWDQFH�JURZV�RXW�

<LQ��HDUWKO\ � <DQJ��FRVPLF�

&RQFHQWUDWLQJ�LQZDUG� ' LVSHUVLQJ�RXWZDUG�

�

    



3URMHFWLYH�* HRPHWU\� $ SSOLHG�7 R�3ODQW�) RUPV��

3HUVSHFWLYH�JHRPHWU\� LV�D�VWXG\� XVHI XO�
I RU�LOOXVWUDWLQJ�WKH�W\ SHV�RI�I RUFHV��) LUVW��
WKH�JHRPHWU\� GHVFULEHV�D�SRLQW�I RFXV��
ZKHUH�DOO�WKH�OLQHV�FRQYHUJH�LQWR�WKH�VROLG�
SRLQW��UDGLDWLQJ�OLNH�D�VXQ���

��

�

��

%XW�WKHUH�LV�DQRWKHU�ZD\� I RU�JHRPHWU\� WR�
FUHDWH�D�SRLQW�DV�ZHOO��, PDJLQH�D�VHULHV�RI� OLQHV�WKDW�VZHHS�LQ�DQG�I RUP� D�
VHULHV�RI� WDQJHQWV�WR�D�FLUFOH��$ V�WKH�FLUFOH�JHWV�VPDOOHU��LW�FRQYHUJHV�RQ�D�
SRLQW��%XW�WKLV�SRLQW�LV�GLII HUHQW��, W�
LV�D�KROORZ�SRLQW��RQH�I RUPHG�E\� WKH�
WDQJHQW�OLQHV�FRPLQJ�LQ�I URP� WKH�
GLVWDQW�SHULSKHU\ ��1 RZ�SHUKDSV�\ RX�
VHH�ZK\� WKLV�UHODWHV�WR�
ELRG\ QDPLFV��: H�KDYH�KHUH�WKH�
PRGHO�RI� WZR�NLQGV�RI�I RUFHV��� �
WKRVH�FRPLQJ�I URP� WKH�FHQWHU�SRLQW�
DQG�WKRVH�FRPLQJ�I URP� WKH�RXWVLGH��
FRQYHUJLQJ�RQ�WKH�FHQWHU�SRLQW��

��

: KDW�KDSSHQV�ZKHQ�ZH�SXW�WKH�WZR�SRLQWV�LQ�
SUR[ LPLW\ "� 7KH�G\ QDPLF�OLQHV�I RUP� D�OHPQLVFDWH�
VKDSH��OLNH�D�I LJXUH�HLJKW���7KHVH�ZRQGHUI XO�
SLFWXUHV�FRPH�I URP� 2 OLYH�: KLFKHU�DQG�* HRUJH�
$ GDPV��7KH�3ODQW�%HWZHHQ�6XQ�DQG�( DUWK��� �

��

��

��

��

��

  



: H�I LQG�WKLV�VDPH�VKDSH�LQ�QDWXUDO�I RUPV��: H�VHH�D�VROLG�FHQWHU�LQ�WKH�URRW��
+ HUH�WKH�SODQW�GUDZV�LQ�DQG�VWRUHV�VXEVWDQFH�DQG�I RUFHV��: H�VHH�WKH�SODQW�
VHHNLQJ��EXW�QHYHU�TXLWH�UHDFKLQJ��WKH�KROORZ�FHQWHU�ZKHUH�LW�VHQGV�WKH�
VWRUHG�I RUFHV���

  �

��



�) ORZHU�I RUPV�RII HU�I XUWKHU�H[ DPSOHV�RI� WKH�VROLG�DQG�KROORZ�SRLQWV���

��

��

��

��

��

��

��

��

��

�

�

&UHDWLRQ�RI� WKH�6WDUV�DQG�3ODQHWV��

$ QG�WKH�VDPH�VRUW�RI� SDWWHUQV�RFFXU�
RQ�WKH�ODUJHVW�VFDOH��7KLV�EHDXWLI XO�
SLFWXUH�WDNHQ�E\� WKH�+ XEEOH�6SDFH�
WHOHVFRSH�VKRZV�D�VSLUDO�JDOD[ \� FDOOHG�
0 � �� ��WKDW�LV�PXFK�OLNH�RXU�RZQ�0 LON\�
: D\� JDOD[ \ ��1 RWLFH�KRZ�WKH�PDWWHU�
DUUDQJHV�LWVHOI� LQ�VZLUOLQJ��URWDWLQJ�
DUPV��7KLV�LV�RQH�H[ DPSOH�RI� D�V\ VWHP�
VHOI � RUJDQL] LQJ��

  

 

 

  



6XSSRVH�ZH�VWDUW�ZLWK�D�VZLUOLQJ��GLVRUJDQL] HG�FORXG�RI� PDWWHU��2 YHU�WLPH��
VRPH�RI� WKH�PDWHU�ZLOO�FOXPS�WRJHWKHU��FUHDWLQJ�D�JUDYLWDWLRQDO�FHQWHU��
6ORZO\� PRYLQJ�PDWWHU�ZLOO�I DOO�LQWR�WKH�FHQWHU��ZKLOH�UDSLGO\� PRYLQJ�PDWWHU�
ZLOO�RUELW�DURXQG�WKH�FHQWHU��: KDW�LV�FXULRXV�DERXW�WKH�RUJDQL] DWLRQ�LV�WKDW��
RYHU�WLPH��LW�WHQGV�WR�I RUP� D�GLVN� VKDSHG�DJJUHJDWLRQ��0 DWWHU�DURXQG�WKH�
YHUWLFDO�SROHV�LV�PRYLQJ�VORZHU�I RUPV�DQ�LQ� I DOOLQJ�YRUWH[ ��0 DWWHU�DURXQG�WKH�
HTXDWRU�LV�PRYLQJ�I DVWHU�DQG�WHQGV�WR�VTXLUW�RXW�LQ�WKH�KRUL] RQWDO�SODQH��
7KXV��WKH�JDOD[ \� GHYHORSV�DUPV�WKDW�DUH�VSLQQLQJ�RXWZDUGV��

7KH�VSLQQLQJ�GLVN�H[ LVWV�LQ�D�XQLYHUVH�SHUYDGHG�E\� HQHUJ\� I LHOGV�LQFOXGLQJ�
JUDYLW\� DV�ZHOO�DV�OHYLW\ ��* OHQ�$ WNLQVRQ�GUDZV�
I URP� + LQGX�FUHDWLRQ�P\ WKRORJ\ ��� 1 RZ�LW�LV�ZLWK�
/ RUG�%UDKPD�WKDW�RXU�VWRU\� FDQ�VWDUW��$ OO�WKH�
XQLYHUVHV�EUHDWKHG�LQWR�FUHDWLRQ�E\� %UDKPD�
DUH�
 VZLPP LQJ�
� LQ�D�VHD�RI� FKL�RU�FRVPLF�HWKHU��
7KLV�I RUFH�LV�VDLG�WR�SHUPHDWH�DOO�RI� FUHDWLRQ�
DQG�ZKHQ�LW�FRPHV�LQWR�PDQLI HVWDWLRQ�DSSHDUV�
DV�D�JURZWK�SURFHVV��� $ V�WKH�GLVN�VSLQV�
WKURXJK�WKH�FRVPRV��LW�LQWHUVHFWV�ZLWK�FKL�RU�
WKH�OLI H� I RUFH�HQHUJ\ ��7KH�URWDWLQJ�HGJH�SLFNV�

XS�WKH�HQHUJ\ ��MXVW�DV�WKH�ZLQGVKLHOG�RI� D�PRYLQJ�FDU�SLFNV�XS�WKH�UDLQ��6R�
WKH�FKL�HQHUJ\� DSSHDUV�WR�EH�HQWHULQJ�I URP� WKH�GLUHFWLRQ�RI� URWDWLRQ�DQG�LQ�
WKH�SODQH�RI� WKH�GLVN��

  �

$� VLPLODU�SURFHVV�OHG�WR�WKH�I RUPDWLRQ�RI� WKH�VRODU�V\ VWHP��, Q�WKLV�FDVH��WKH�
GLVN�RI� PDWWHU�FRDOHVFHG�LQWR�SODQHWV��HDFK�FLUFOLQJ�WKH�VXQ��2 QFH�WKH�VXQ�
LJQLWHG�DV�D�VWDU��WKH�� VRODU�ZLQG� ��D�I ORZ�RI� FKDUJHG�SDUWLFOHV�DQG�OLJKW��
SXVKHG�DQ\� UHPDLQLQJ�GXVW�DQG�JDV�RXW�RI� WKH�VRODU�V\ VWHP��1 RWH�WKDW�WKH�
GLVWDQFHV�EHWZHHQ�WKH�SODQHWV�DUH�QRW�DUELWUDU\ ��7KH�SODQHWV�DUH�VHW�XS�DV�D�
VHULHV�RI� UHVRQDQFH�QRGHV�LQ�WKH�FORXG�RI� PDWWHU�DQG�EHFRPH�VHSDUDWHG�
DFFRUGLQJ�WR�D�GLVWULEXWLRQ�NQRZQ�DV�%RGHV
� / DZ��7KHVH�UHVRQDQFH�SDWWHUQV�
PHDQ�WKDW�WKH�RUELWV�RI� WKH�SODQHWV�DUH�UHODWHG�DV�LQWHJHU�UDWLRV��WR�EH�
GLVFXVVHG�ODWHU� ���



  �

&HQWHU� 3HULSKHU\� , QWHUFKDQJH�

7KH�LQWHUFKDQJH�EHWZHHQ�FHQWHU�DQG�SHULSKHU\� LV�D�UHFXUULQJ�WKHPH�LQ�
ELRG\ QDPLFV��7KH�VXQ�KDV�DQ�LQWHUFKDQJH�ZLWK�WKH�VXUURXQGLQJ�VRODU�V\ VWHP��
WKH�RUJDQV�RI� DQLPDOV�LQWHUFKDQJH�ZLWK�WKHLU�RXWVLGH�OD\ HU��HYHQ�WKH�FRPSRVW�
SLOH�KDV�D�UHODWLRQVKLS�ZLWK�LW
 V�VNLQ��7KLV�LV�DQ�LPSRUWDQW�SULQFLSOH�DQG�
VXUSULVLQJO\� FRQVLVWHQW�ZLWK�PRGHUQ�V\ VWHP� WKHRU\ ��5HPHPEHU�LQ�WKH�
JHQHUDOL] HG�V\ VWHP� ZH�GLVFXVVHG�HDUOLHU��WKH�V\ VWHP� QHHGV�WR�KDYH�D�
ERXQGDU\� DQG�DQ�� RXWVLGH� ��7KH�RXWVLGH�VHUYHV�DV�WKH�VRXUFH�RI� HQHUJ\�
�QHJHQWURS\ �� WKDW�WKH�V\ VWHP� XVHV�WR�FUHDWH�RUGHU�ZLWKLQ�LWV�RZQ�ERXQGDU\ ��
+ RZ�LV�LW�SRVVLEOH�WKDW�WKH�V\ VWHP� I LQGV�D�SDWWHUQ�I RU�VHOI � RUJDQL] DWLRQ"� , W�
GRHV�QRW�VHHP� HQWLUHO\� VDWLVI DFWRU\� WR�H[ SHFW�WKDW�WKH�HOHPHQWV�RI� WKH�
V\ VWHP� FRQWDLQ�DQ�LQKHUHQW�SDWWHUQ��%LRG\ QDPLFV�WHDFKHV�WKDW�WKH�SDWWHUQ�
FRPHV�I URP� RXWVLGH�WKH�V\ VWHP��+ HQFH��WKH�LPSRUWDQFH�RI� D�FHQWHU� WR�
SHULSKHU\ � DQG� EDFN�H[ FKDQJH��



, QWHUHVWLQJO\ ��VFLHQFH�KDV�FRPH�WR�
XQGHUVWDQG�WKDW�WKH�SHULSKHU\� LV�QRW�D�
XQLI RUP� REMHFW��7KLV�SLFWXUH�VKRZV�D�
VLPXODWLRQ�RI� ZKDW�WKH�XQLYHUVH�ORRNHG�OLNH�
VKRUWO\� DI WHU�LW�ZDV�I RUPHG�LQ�WKH�� ELJ�
EDQJ� ��: H�VHH�WKDW�WKH�SURPRUGLDO�PDWWHU�
KDV�EHJXQ�WR�DUUDQJH�LWVHOI� LQWR�FOXVWHUV�DQG�
I LODPHQWV��, W�LV�WKHVH�I RUPDWLYH�I RUFHV��
KRZHYHU�I DLQW��WKDW�DUH�FRQVLGHUHG�WR�VWLOO�EH�
FRPLQJ�DW�XV�I URP� WKH�I DU�SHULSKHU\ ��
�6RXUFH��7KLV�VLPXODWHG�LPDJH�ZDV�FRPSXWHG�
E\� 7RP� 7KHXQV�DW�WKH�0 D[ � 3ODQFN� , QVWLWXWH�

I RU�$ VWURSK\ VLFV��* DUFKLQJ��* HUPDQ\ �� �

6SDFH�LV�FXUYHG�QHDU�WKH�SODQHWV��GLYHUWLQJ�WKH�OLQHV�RI� JUDYLW\� DQG�OHYLW\�
WKDW�UHDFK�WR�WKH�VXQ��7KXV��WKH�SODQHWV�VHUYH�DV�QRGHV�LQ�WKH�SODQH�RI� WKH�
GLVN��I RFXVLQJ�WKH�LQFRPLQJ�OLQHV�RI� FKL�DV�WKH\� I DOO�WRZDUG�( DUWK�DQG�WKH�VXQ��
7KH�FKL�FRPHV�LQ�RSSRVLWH�WR�WKH�( DUWK
 V�URWDWLRQ��VR�LW�DFWV�DV�LI� FRPLQJ�
I URP� WKH�HDVWHUQ�KRUL] RQ��7RZDUG�VXQULVH�DQG�VXQVHW��WKH�OLQHV�DUH�VZHHSLQJ�
ULJKW�DFURVV�WKH�( DUWK
 V�VXUI DFH��KHDGHG�WRZDUG�WKH�VXQ��� �VR�DW�WKHVH�WLPHV�
FKL�LV�HVSHFLDOO\� DFWLYH��

6XPP DU\ �

5HFHQW�GLVFRYHULHV�RI� VHOI � RUJDQL] LQJ�V\ VWHPV�H[ SRVH�I DLOXUHV�RI� WKH�
PHFKDQLVWLF��GHWHUPLQLVWLF�DSSURDFK��6 \ VWHPV�VFLHQFH�I LQGV�WKDW�V\ VWHPV�FDQ�
VHOI � RUJDQL] H�EXW�KDV�QR�VDWLVI DFWRU\� H[ SODQDWLRQ�I RU�ZKHUH�WKH�RUJDQL] LQJ�
SDWWHUQ�FRPHV�I URP��$ V�ZH�KDYH�VHHQ��WKH�FRQYHQWLRQDO�ZD\� RI� WKLQNLQJ�LV�QRW�
DOZD\ V�WUXH��7KH�WHVW�RI� FRQFHSWXDO�PRGHOV�LV�WR�VHH�LI� WKH\� ZRUN��� �E\�
LPSURYLQJ�XQGHUVWDQGLQJ��VXJJHVWLQJ�H[ SODQDWLRQV�DQG�SUDFWLFDO��WHVWDEOH�
DFWLRQV��7KH�FRQFHSWXDO�PRGHO�SURSRVHG�E\� ELRG\ QDPLFV�FDQ�EH�ULFK�LQ�
SUDFWLFDO�DSSOLFDWLRQV�ZLWKRXW�EHLQJ�� WUXH�� LQ�WHUPV�RI� VFLHQFH��

%LRG\ QDPLFV�LV�QRW�DORQH�LQ�SXUVXLQJ�D�KROLVWLF��HFRORJLFDO�SHUVSHFWLYH��, W�
GLII HUV��KRZHYHU��LQ�HPSKDVL] LQJ�WKH�G\ QDPLF�SKHQRPHQD�RI� JURZWK�DQG�
GHYHORSPHQW��, Q�REVHUYLQJ�JURZWK�SDWWHUQV��ZH�FDQ�GLVFHUQ�WZR�SRODULWLHV�LQ�
KRZ�JURZWK�SDWWHUQV�PDQLI HVW��%LRG\ QDPLFV�DVVHUWV�WKDW�� SDWWHUQ�� FRPHV�
I URP� RXWVLGH��FDUULHG�E\� YLWDO�I RUPDWLYH�I RUFHV��7KH�SRODULWLHV�RI� FHQWHU�
VHHNLQJ�RU�SHULSKHU\ � VHHNLQJ�DUH�D�JHQHUDO�SULQFLSOH�WKDW�FDQ�EH�UHFRJQL] HG�
LQ�DW�PDQ\� OHYHOV�RI� QDWXUDO�V\ VWHPV��7RJHWKHU��WKH\� FKDUDFWHUL] H�WKH�
FHQWHU� SHULSKHU\� LQWHUDFWLRQ�WKDW�GHI LQHV�V\ VWHPV�DV�ZHOO�DV�HPSKDVL] LQJ�



WKH�ZDYH� OLNH�QDWXUH�RI� PDQ\� V\ VWHP� SKHQRPHQD��2 QH�VHHV�WKH�SK\ VLFDO�ERG\�
DV�I RFXVHG�RQ�D�VROLG�FHQWHU�ZKLOH�WKH�OLI H� ERG\� XQI ROGV�G\ QDPLFDOO\ ��
GHYHORSLQJ�RYHU�WLPH��DQG�UHFHLYLQJ�I URP� WKH�I DU� GLVWDQW�RXWVLGH�WKURXJK�WKH�
KROORZ�FHQWHU�RI� FRXQWHU� VSDFH��

�

5HI HUHQFHV�� �

2 OLYH�: KLFKHU�DQG�* HRUJH�$ GDPV��7KH�3ODQW�%HWZHHQ�6XQ�DQG�( DUWK��5XGROI�
6WHLQHU�3UHVV��� ��� ��, 6%1� � � ����� � ��� � � ���

) ULWMRI� &DSUD��7KH�: HE�RI� / LI H��$ QFKRU�%RRNV��� ��� ��, 61� � � ��� � ����� � � ��

3DXO�' DYLHV��7KH�&RVPLF�%OXHSULQW��6LPRQ�DQG�6FKXVWHU��� ��� ��, 6%1� � � �� � �
����� � � �

* HUEHUW�* URKPDQ��7KH�3ODQW��5XGROI� 6WHLQHU�3UHVV��� ���� , 6%1� � � ����� �
��� � � ���

* OHQ�$ WNLQVRQ�KWWS��� ULPX�RUFRQ�QHW�Q] � JDUXGD�ERRNV� LQGH[ �KWPO��


