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6\PEROV��SDWWHUQV��DQG�EHKDYLRU�
WRZDUGV�D�QHZ�XQGHUVWDQGLQJ�RI�LQWHOOLJHQFH

5ROI�3IHLIHU
$,�/DE���&RPSXWHU�6FLHQFH�'HSDUWPHQW

8QLYHUVLW\�RI�=XULFK��:LQWHUWKXUHUVWUDVVH����
&+�������=XULFK��6ZLW]HUODQG

SKRQH����������������������ID[�����������������
SIHLIHU#LIL�XQL]K�FK

$EVWUDFW
$UWLILFLDO� ,QWHOOLJHQFH� �$,�� KDV� WZR� PDLQ� JRDOV�
QDPHO\� WR� XQGHUVWDQG� LQWHOOLJHQFH� DQG� WR� GHYHORS
V\VWHPV� ZKLFK� EHKDYH� LQ� LQWHOOLJHQW� ZD\V�� 7KH
FODVVLFDO� DSSURDFK� YLHZV� DQ� LQWHOOLJHQW� DJHQW� DV� D
V\PERO� SURFHVVRU�� LW� UHFHLYHV� LQSXW� IURP� WKH
HQYLURQPHQW�� SURFHVVHV� WKH� LQIRUPDWLRQ�� L�H��PDQLS�
XODWHV�V\PEROV��DQG�SURGXFHV�VRPH�RXWSXW��7KLV�ZD\
RI� ORRNLQJ� DW� LQWHOOLJHQFH� KDV� DOVR� EHHQ� FDOOHG� WKH
LQIRUPDWLRQ� SURFHVVLQJ� DSSURDFK�� 5HFHQWO\� V\PERO
SURFHVVLQJ�PRGHOV�KDYH�EHHQ�FULWLFL]HG� LQ�D�QXPEHU
RI�ZD\V��,W�KDV�EHHQ�DUJXHG�WKDW�WKH\�ODFN�UREXVWQHVV�
WKDW�WKH\�FDQQRW�SHUIRUP�LQ�UHDO�WLPH��WKDW�OHDUQLQJ�LV
PRVWO\�DG�KRF�DQG�QRW�SHUIRUPHG�LQ�D�SULQFLSOHG�ZD\�
DQG� WKDW� GXH� WR� WKHLU� GLVFUHWH� DQG� VHTXHQWLDO� QDWXUH
WKH\�DUH�PRUH�OLNH�GLJLWDO�FRPSXWHUV�UDWKHU�WKDQ�OLNH
EUDLQV��0RUHRYHU��LW�KDV�EHHQ�SURSRVHG�WKDW�FODVVLFDO
$,� PRGHOV� VXIIHU� IURP� D� QXPEHU� RI� IXQGDPHQWDO
SUREOHPV�� ��V\PERO� JURXQGLQJ��� ´IUDPH� SUREOHPµ�
ODFN�RI�´VLWXDWHGQHVVµ���,Q�WKLV�SDSHU�WKHVH�SUREOHPV
ZLOO�EH�UHYLHZHG�DQG�LOOXVWUDWHG��,W�ZLOO�EH�GLVFXVVHG
WR� ZKDW� H[WHQW� FRQQHFWLRQLVW� PRGHOV� VROYH� WKH
SUREOHPV� RI� FODVVLFDO� $,�� ,W� ZLOO� EH� DUJXHG� WKDW�
DOWKRXJK� WKH\� GR� VROYH� VRPH� RI� WKHP�� WKH\� DUH� QRW
VXIILFLHQW� WR� DQVZHU� WKH� IXQGDPHQWDO� SUREOHPV�� ,Q
RUGHU� WR� DFKLHYH� WKH� ODWWHU�� LW� LV� QHFHVVDU\� WR� VWXG\
HPERGLHG�DXWRQRPRXV�DJHQWV�ZKLFK�LQWHUDFW�RQ�WKHLU
RZQ� ZLWK� WKHLU� HQYLURQPHQWV�� ,I� ZH� ZDQW� WR� EXLOG
LQWHUHVWLQJ� DJHQWV�ZH� KDYH� WR� REVHUYH� D� QXPEHU� RI
GHVLJQ�SULQFLSOHV��7KHVH�SULQFLSOHV�ZLOO�EH�RXWOLQHG�
7KH\� ZLOO� EH� XVHG� WR� FRQWUDVW� WKH� QHZ� YLHZ� RI
LQWHOOLJHQFH�ZLWK�WKH�WUDGLWLRQDO�RQH�

���,QWURGXFWLRQ
$UWLILFLDO�,QWHOOLJHQFH��$,��KDV�WZR�PDLQ�JRDOV��QDPHO\�WR
XQGHUVWDQG� LQWHOOLJHQFH� �RU� LQWHOOLJHQW� EHKDYLRU�� DQG� WR
GHYHORS�V\VWHPV�ZKLFK�EHKDYH�LQ�LQWHOOLJHQW�ZD\V��,Q�WKLV
SDSHU� WKH� IRFXV� LV�RQ�XQGHUVWDQGLQJ� LQWHOOLJHQFH�� L�H��ZH
DGRSW�D�FRJQLWLYH�VFLHQFH�SHUVSHFWLYH��+RZHYHU��ZH�GHDO
ZLWK�ERWK�LVVXHV��:KDW�PDNHV�WKH�PHWKRGRORJ\�RI�$,�VR
SURGXFWLYH�LV�WKH�V\QWKHWLF�FKDUDFWHU��LI�ZH�DUH�WR�GHVLJQ
LQWHOOLJHQW�V\VWHPV�ZH�KDYH� WR�XQGHUVWDQG�EHKDYLRU��DQG
DFWXDOO\�EXLOGLQJ�V\VWHPV�KHOSV�XV�XQGHUVWDQG�EHKDYLRU�LQ
QHZ�ZD\V��7KH�FRJQLWLYH�VFLHQFH�SHUVSHFWLYH�LPSOLHV�WKDW
RXU�PDLQ�JRDO�LV�WR�OHDUQ�DERXW�LQWHOOLJHQFH��7KLV�JRDO�DOVR
SURYLGHV�DQ�HYDOXDWLRQ�FULWHULRQ��7KXV��ZH�PLJKW�SUHIHU�D
SURJUDP�IRU�SOD\LQJ�FKHVV�RYHU�DQRWKHU�RQH��HYHQ�WKRXJK

LWV�SHUIRUPDQFH� LV�ZRUVH��7KH�SURJUDP� WKDW�SOD\V�ZRUVH
PLJKW� LQVWDQWLDWH� VRPH� SV\FKRORJLFDO� SULQFLSOHV� RI
SHUFHSWLRQ� DQG� KXPDQ� PHPRU\� WKDW� ZH� FRQVLGHU
LPSRUWDQW��ZKHUHDV�WKH�ZLQQLQJ�SURJUDP�PLJKW�VLPSO\�EH
EDVHG�RQ�VHDUFK�

%HIRUH�ZH�JR�RQ��ZH�KDYH� WR�VD\�ZKDW�ZH�PHDQ�E\
LQWHOOLJHQFH��,W�ZRXOG�EH�KRSHOHVV�WR�WU\�DQG�GHILQH�LW³ZH
DUH� QRW� YHU\� OLNHO\� WR� DFKLHYH� DJUHHPHQW�� ,W� LV� KLJKO\
VXEMHFWLYH�DQG�VWURQJO\�GHSHQGV�RQ�RXU�H[SHFWDWLRQV��,I�,�
DV� DQ� DGXOW�� SOD\� FKHVV�� QRERG\� LV� YHU\� LPSUHVVHG�
+RZHYHU�� LI� D� WZR�\HDU� ROG� SOD\HG� H[DFWO\� OLNH�PH��ZH
ZRXOG�EH�YHU\�LPSUHVVHG��HYHQ�WKRXJK�,�DP�RQO\�D�YHU\
DYHUDJH� SOD\HU��5DWKHU� WKDQ� SXUVXLQJ� WKH� TXHVWLRQ�ZKDW
LQWHOOLJHQFH�LV��ZH� SURSRVH� WR� UHSODFH� WKH� TXHVWLRQ� E\� D
GLIIHUHQW��PRUH�SURGXFWLYH�RQH��*LYHQ�VRPH�EHKDYLRU�WKDW
ZH�ILQG�LQWHUHVWLQJ��KRZ�GRHV�LW�FRPH�DERXW"�:KDW�DUH�WKH
XQGHUO\LQJ�PHFKDQLVPV"� ,I� ZH� SXUVXH� WKLV� OLQH�� ZH� QR
ORQJHU�KDYH� WR�DUJXH�ZKHWKHU�DQWV�DUH� LQWHOOLJHQW�RU�QRW�
:H� HLWKHU� ILQG� WKHLU� EHKDYLRU� LQWHUHVWLQJ� DQG� WKHQ� LW� LV
ZRUWKZKLOH� WU\LQJ� WR� ZRUN� RXW� WKH� PHFKDQLVPV�� RU� ZH
GRQ·W³DQG� WKHQ� ZH� PLJKW� QRW� EH� LQWHUHVWHG� LQ� WKH
PHFKDQLVPV�HLWKHU�

5RXJKO\� WKH� ILHOG� RI� $,� FDQ� EH� GLYLGHG� LQWR� WKUHH
PDLQ� DSSURDFKHV� RU� SDUDGLJPV�� V\PERO� SURFHVVLQJ� $,�
FRQQHFWLRQLVP�� DQG� ´1HZ�$,µ��7KLV� FDWHJRUL]DWLRQ� DOVR
FRUUHVSRQGV� WR� D� KLVWRULFDO� GHYHORSPHQW�ZLWK� SDUDGLJP
VKLIWV�LQ�EHWZHHQ��6\PERO�SURFHVVLQJ�$,�LV�EDVHG�RQ�WKH
LGHD�WKDW�LQWHOOLJHQFH�FDQ�EH�YLHZHG�DV�WKH�PDQLSXODWLRQ�RI
DEVWUDFW� V\PEROV�� &RQQHFWLRQLVP�� DOVR� FDOOHG� ´QHXUDO
QHWZRUNVµ��RU�´SDUDOOHO�GLVWULEXWHG�SURFHVVLQJµ��UHIHUV�WR�D
SDUWLFXODU� W\SH� RI� PRGHOLQJ� DSSURDFK� WKDW� LV� YDJXHO\
LQVSLUHG�E\�EUDLQ�OLNH�V\VWHPV��´1HZ�$,µ³RU�EHKDYLRU�
EDVHG�$,³VWXGLHV�V\VWHPV�ZKLFK�DUH�SK\VLFDOO\�HPERGLHG
DQG� ZKLFK� KDYH� WR� LQWHUDFW� RQ� WKHLU� RZQ� ZLWK� WKH� UHDO
ZRUOG�

,Q� WKH� HDUO\� GD\V� RI� $,³GXULQJ� WKH� V\PERO
SURFHVVLQJ� SHULRG³WKH� PDLQ� LQWHUHVW� ZDV� LQ� WKLQNLQJ�
UHDVRQLQJ��SUREOHP�VROYLQJ��ODQJXDJH��L�H��LQ��KLJK�OHYHO�
KXPDQ� FDSDELOLWLHV�� 2YHU� WLPH�� WKH� LQWHUHVW� KDV� VKLIWHG
WRZDUGV�PRUH�VLPSOH�RU�´ORZ�OHYHOµ�NLQGV�RI�EHKDYLRU�WKDW
UHODWH�PRUH� WR� VHQVRU\�PRWRU� FDSDFLWLHV� OLNH� SHUFHSWLRQ
DQG�REMHFW�PDQLSXODWLRQ��&RQQHFWLRQLVP�KDV�EHHQ�VWURQJO\
IRFXVLQJ�RQ� WKLV� DUHD��0RUH� UHFHQWO\� WKHUH�KDV�EHHQ�\HW
DQRWKHU�VKLIW�RI�LQWHUHVW��QDPHO\�IURP�V\VWHPV�WKDW�H[FHO�DW
RQH�SDUWLFXODU�WDVN�WR�V\VWHPV�FDSDEOH�RI�SHUIRUPLQJ�PDQ\
GLIIHUHQW�WDVNV�OLNH�QDYLJDWLQJ�LQ�DQ�XQSUHGLFWDEOH�ZRUOG�
OHDUQLQJ� FDWHJRUL]DWLRQV� LQ� D� UHDO�ZRUOG� HQYLURQPHQW�
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FROOHFWLQJ� DQG�PDQLSXODWLQJ� REMHFWV�� ZKLOH� PDLQWDLQLQJ
EDWWHU\� OHYHO� DQG� SK\VLFDO� LQWHJULW\�� HWF�� )URP� WKHVH
GHYHORSPHQWV� D� QHZ� XQGHUVWDQGLQJ� RI� LQWHOOLJHQFH� KDV
HPHUJHG�

8OWLPDWHO\��ZH�DUH�LQWHUHVWHG�LQ�GHYHORSLQJ�D�´WKHRU\
RI� LQWHOOLJHQFHµ��*LYHQ� WKH� VWDWH�RI�WKH�DUW� LW� LV� HQWLUHO\
RSHQ�ZKDW�WKLV�WKHRU\�ZLOO�ORRN�OLNH��,Q�FODVVLFDO�$,�LW�ZDV
VXJJHVWHG�WKDW�WKH�WKHRU\�EH�EDVHG�RQ�WKH�LGHD�RI�V\PERO
SURFHVVLQJ� �H�J�� 1HZHOO�� ������� &RQQHFWLRQLVWV� EHOLHYH
WKDW�LW�ZLOO�EH�EDVHG�RQ�SDUDOOHO�GLVWULEXWHG�SURFHVVLQJ�RI
SDWWHUQV� RI� DFWLYDWLRQ� �H�J�� 5XPHOKDUW� DQG�0F&OHOODQG�
������� 5HFHQWO\�� LW� KDV� EHHQ� VXJJHVWHG� WKDW� WKH
PDWKHPDWLFDO� WKHRU\� RI� QRQ�OLQHDU� G\QDPLFV� PLJKW
SURYLGH� WKH� ULJKW� IUDPHZRUN� EHFDXVH� LW� LV� FDSDEOH� RI
FDSWXULQJ�QRW�RQO\�DVSHFWV�RI�WKH�FRQWURO�DUFKLWHFWXUH��EXW
RI�WKH�FRPSOHWH�V\VWHP��LQFOXGLQJ�LWV�SK\VLFV��H�J��%HHU��LQ
SUHVV��6WHLQKDJH�DQG�6FKRHQHU�� LQ�SUHVV���$QRWKHU�JURXS
RI� UHVHDUFKHUV� LV� FDSLWDOL]LQJ� RQ� HYROXWLRQDU\
FRQVLGHUDWLRQV� �VHH�� H�J�� +DUYH\� HW� DO��� LQ� SUHVV�� IRU� D
UHYLHZ��� 3ULQFLSOHV� RI�PLFUR�HFRQRPLFV� KDYH� DOVR� EHHQ
VXJJHVWHG� DV� D� IUDPHZRUN� WR� XQGHUVWDQG� LQWHOOLJHQW
EHKDYLRU��H�J��0F)DUODQG�DQG�%RHVVHU���������7KH�ILHOG�LV
VWLOO�FKDQJLQJ�UDSLGO\�DQG�QR�FOHDU�ZLQQHU�FDQ�EH�IRUHVHHQ�
7KHUHIRUH��ZH�KDYH�FKRVHQ�WR�FDSWXUH�VRPH�RI�WKH�LQVLJKWV
JDLQHG� LQ� UHFHQW� \HDUV� LQ� WKH� IRUP� RI� D� VHW� RI� FRPSDFW
GHVLJQ�SULQFLSOHV��UDWKHU�WKDQ�LQ�WKH�IUDPHZRUN�RI�D�ULJLG
IRUPDO�WKHRU\�

:H�ZLOO�SURFHHG�DV�IROORZV��)LUVW�ZH�ZLOO�RXWOLQH�WKH
FODVVLFDO�DSSURDFK��7KLV�ZLOO�EH�YHU\�EULHI��DVVXPLQJ�WKDW
HYHU\RQH�LV�IDPLOLDU�ZLWK�LW��7KHQ�ZH�ZLOO�SRLQW�RXW�VRPH
RI�WKH�SUREOHPV�WKDW�HYHQWXDOO\�OHDG�WR�D�SDUDGLJP�VKLIW�
:H�WKHQ�GLVFXVV�LQ�ZKDW�ZD\V�FRQQHFWLRQLVP�FRQWULEXWHV
WR� WKH� UHVROXWLRQ� RI� WKHVH� SUREOHPV�� XVLQJ� D� QXPEHU� RI
H[DPSOHV��:H�WKHQ�SUHVHQW�VRPH�RI�WKH�GHVLJQ�SULQFLSOHV
IRU�LQWHOOLJHQW�V\VWHPV�DQG�GLVFXVV�WR�ZKDW�H[WHQW�WKLV�QHZ
YLHZ�UHVROYHV�VRPH�RI�WKH�EDVLF�LVVXHV�

%XW� EHIRUH� VWDUWLQJ� ZH� QHHG� WR� PDNH� D� VKRUW
GLJUHVVLRQ��:H�KDYH�IRXQG�WKDW�LQ�WKH�OLWHUDWXUH�RQ�$,�DQG
FRJQLWLYH�VFLHQFH�WKHUH�LV�D�ORW�RI�FRQIXVLRQ�DERXW�WKH�VR�
FDOOHG��IUDPH�RI�UHIHUHQFH��SUREOHP��:H�ZLOO�JLYH�D�VKRUW
RXWOLQH�XVLQJ�WKH�IDPRXV�H[DPSOH�RI�6LPRQ·V�DQW�RQ�WKH
EHDFK�

���7KH�´IUDPH�RI�UHIHUHQFHµ��6LPRQ·V�DQW�RQ
WKH�EHDFK
)LJXUH���VKRZV�DQ�DQW�ZDONLQJ�RQ�WKH�EHDFK��7KH�H[DPSOH
KDV� EHHQ� WDNHQ� IURP� +HUEHUW� 6LPRQ·V� VHPLQDO� ERRN
HQWLWOHG�´7KH�6FLHQFHV�RI� WKH�$UWLILFLDOµ� �6LPRQ��������
/HW�XV�DVVXPH�WKDW�WKH�DQW�LV�FRPLQJ�IURP�WKH�XSSHU�ULJKW
FRUQHU�RI� WKH�SLFWXUH�DQG�ZDONLQJ�WRZDUGV� WKH� ORZHU� OHIW
RQH��ZKHUH�LWV�QHVW�LV�ORFDWHG��7KH�SDWK�RI�WKH�DQW�KDV�EHHQ
PDUNHG�E\�D� OLQH�� LWV� WUDMHFWRU\��7KH� WUDMHFWRU\� LV�KLJKO\
FRPSOLFDWHG�EHFDXVH� WKH�EHDFK� LV� IXOO�RI�SHEEOHV�� URFNV�
DQG� RWKHU� REVWDFOHV��+RZHYHU�� WKLV� FRPSOH[LW\� LV� LQ� WKH
H\H�RI�WKH�REVHUYHU��UDWKHU�WKDQ�LQ�WKH�DQW�LWVHOI��6XUHO\��WKH
WUDMHFWRU\� LV� QRW� VWRUHG� LQ� WKH� DQW·V� KHDG� DQG� VR� LWV
EHKDYLRU�FDQQRW�EH�EDVHG�RQ�LW��,Q�RWKHU�ZRUGV��WKHUH�LV�QR
WUDMHFWRU\� IXQFWLRQLQJ�� VD\�� OLNH� D� SODQ�� 5DWKHU�� WKH
PHFKDQLVPV� WKDW� DUH� GULYLQJ� WKH� DQW·V� EHKDYLRU�PD\� EH

YHU\� VLPSOH�� 7KH\�PLJKW� EH� GHVFULEHG� DV� UXOHV� OLNH� ´LI
REVWDFOH�VHQVRU�RQ�OHIW� LV�DFWLYDWHG�� WXUQ�ULJKWµ��DQG�YLFH
YHUVD���7KHVH�´UXOHVµ�DUH�LPSOHPHQWHG�LQ�WHUPV�RI�QHXUDO
VWUXFWXUHV� ZLWKLQ� WKH� DQW�� 7KH� QHXUDO� VWUXFWXUHV� DUH
HPEHGGHG� LQ� WKH�ERG\�RI� WKH�DQW��7KH� LQWHUDFWLRQ�RI� WKH
QHXUDO�VXEVWUDWH�ZLWK�WKH�HQYLURQPHQW�LV�PHGLDWHG�WKURXJK
WKH� ERG\�� ,Q� WKLV� LQWHUDFWLRQ� ZLWK� WKH� HQYLURQPHQW� WKH
DSSDUHQW� FRPSOH[LW\� RI� WKH� WUDMHFWRU\� HPHUJHV��:H� VD\
DSSDUHQW�FRPSOH[LW\��EHFDXVH�WKH�FRPSOH[LW\�LV�LQ�WKH�H\H
RI�WKH�REVHUYHU��UDWKHU�WKDQ�EHLQJ�D�SURSHUW\�RI�WKH�DJHQW
LWVHOI�

)LJXUH����6LPRQ
V�DQW�RQ�WKH�EHDFK�

7KH� WUDMHFWRU\� ZH� REVHUYH�� UHIHUV� WR� EHKDYLRU�
%HKDYLRU� LV� DOZD\V� DQ� LQWHUDFWLRQ� RI� DQ� DJHQW� ZLWK� LWV
HQYLURQPHQW��,W�LV�QHLWKHU�D�SURSHUW\�RI�WKH�DJHQW�LWVHOI��QRU
D�SURSHUW\�RI�WKH�HQYLURQPHQW�DORQH��7KH�EHKDYLRU�LV�WR�EH
FOHDUO\�GLVWLQJXLVKHG�IURP�WKH�LQWHUQDO��QHXUDO��PHFKDQLVP
WKDW�LV�UHVSRQVLEOH�IRU�LW��,Q�RWKHU�ZRUGV��EHKDYLRU�FDQQRW
EH� UHGXFHG� WR� LQWHUQDO� PHFKDQLVP�� 'RLQJ� VR� ZRXOG
FRQVWLWXWH�D�FDWHJRU\�HUURU�

7KLV� VHHPV� DOPRVW� WULYLDOO\� REYLRXV��%XW� LI� LW� LV� VR
HYLGHQW�� LW� LV� HYHQ� PRUH� VXUSULVLQJ� WKDW� WKHUH� LV� DQ
HQRUPRXV� FRQIXVLRQ� DERXW� WKLV� SUREOHP� LQ� WKH� HQWLUH
OLWHUDWXUH�� 7KURXJKRXW� WKLV� SDSHU� ZH� ZLOO� UHIHU� WR� WKH
�IUDPH�RI�UHIHUHQFH��SUREOHP��IRU�D�GHWDLOHG�GLVFXVVLRQ�
VHH�&ODQFH\��������

���6\PEROV��7KH�WUDGLWLRQDO�$,�DSSURDFK

�����&KDUDFWHUL]LQJ�V\PERO�SURFHVVLQJ
$VVXPLQJ� WKDW� HYHU\RQH� LV� IDPLOLDU� ZLWK� V\PERO
SURFHVVLQJ� $,� �VRPHWLPHV� FDOOHG� ´FODVVLFDO� $,µ� RU
´WUDGLWLRQDO� $,µ��� RXU� LQWURGXFWLRQ� ZLOO� EH� YHU\� VKRUW�
6\PERO� SURFHVVLQJ� $,� LV� EDVHG� RQ� WKH� LGHD� WKDW
LQWHOOLJHQFH�FDQ�EH�YLHZHG�DV�WKH�PDQLSXODWLRQ�RI�DEVWUDFW
V\PEROV��1HZHOO�DQG�6LPRQ��������SURSRVHG�WKH�VR�FDOOHG
´3K\VLFDO�6\PERO�6\VWHPV�+\SRWKHVLVµ�ZKLFK��LQ�HVVHQFH�
VWDWHV�WKDW�D�QHFHVVDU\�DQG�VXIILFLHQW�FRQGLWLRQ�IRU�JHQHUDO
LQWHOOLJHQW�DFWLRQ� LV� WKDW� LW�EH�D�SK\VLFDO�V\PERO�V\VWHP�
7KH�WHUP�´SK\VLFDOµ�UHIHUV�WR�WKH�LGHD�WKDW�V\PERO�V\VWHPV
PXVW� EH� UHDOL]HG� LQ� VRPH� SK\VLFDO� PHGLXP� �SDSHU�
FRPSXWHU��EUDLQ��EXW�LW�LV�LUUHOHYDQW�KRZ�WKH\�DUH�UHDOL]HG�
7\SLFDO�H[DPSOHV�RI�DUWLILFLDO�SK\VLFDO�V\PERO�V\VWHPV�DUH
SURGXFWLRQ� V\VWHPV� �RU� UXOH�EDVHG� V\VWHPV�� RU� JHQHUDO
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SXUSRVH�SURJUDPPLQJ�ODQJXDJHV�OLNH�/LVS�RU�&��1HFHVVDU\
PHDQV� WKDW� DQ\� V\VWHP� ODFNLQJ� WKLV� SURSHUW\� FDQQRW� EH
LQWHOOLJHQW�� VXIILFLHQW� LPSOLHV� WKDW� D� V\VWHP� KDYLQJ� WKLV
SURSHUW\� KDV� WKH� SRWHQWLDO� IRU� LQWHOOLJHQW� DFWLRQ�� $
�V\PEROLF��UHSUHVHQWDWLRQ��ILJXUH����LQ�WKH�VHQVH�RI�1HZHOO
UHIHUV� WR� D� VLWXDWLRQ� LQ� WKH� RXWVLGH�ZRUOG� DQG�REH\V� WKH
´ODZ�RI�UHSUHVHQWDWLRQµ��QDPHO\�

GHFRGH>HQFRGH�7��HQFRGH�;��@� �7�;��

ZKHUH� ;� LV� WKH� RULJLQDO� H[WHUQDO� VLWXDWLRQ� DQG�7� LV� WKH
H[WHUQDO�WUDQVIRUPDWLRQ��1HZHOO��������S�������7KHUH�LV�DQ
HQFRGLQJ�DV�ZHOO�DV�D�GHFRGLQJ�IXQFWLRQ�IRU�HVWDEOLVKLQJ�D
PDSSLQJ� EHWZHHQ� WKH� RXWVLGH� ZRUOG� DQG� WKH� LQWHUQDO
UHSUHVHQWDWLRQ�

$

%

HQFRGH

$ %

;

7

7D

�EORFN�$��EORFN�%�
�WDEOH�7D�
�RQ�%�$��RQ�$�7D��

HQFRGH GHFRGH

�EORFN�$��EORFN�%�
�WDEOH�7D�
�RQ�$�7D��RQ�%�7D�

�KDQG�

�PRYH�
RSHUDWRU�

7D

)LJXUH����7KH��ODZ�RI� UHSUHVHQWDWLRQ�� �IROORZLQJ�1HZHOO�
������

7KH�V\PERO�SURFHVVLQJ�DSSURDFK�YLHZV�DQ�LQWHOOLJHQW
DJHQW� DV� DQ� LQIRUPDWLRQ� SURFHVVRU�ZKLFK� UHFHLYHV� LQSXW
IURP� WKH� HQYLURQPHQW�� SURFHVVHV� WKH� LQIRUPDWLRQ�� L�H�
PDQLSXODWHV� V\PEROV�� DQG� SURGXFHV� VRPH� RXWSXW�
7KHUHIRUH� LW� KDV� DOVR� EHHQ� FDOOHG� WKH� LQIRUPDWLRQ
SURFHVVLQJ�DSSURDFK��2YHU�WKH�\HDUV��LW�EHFDPH�FOHDU�WKDW
WKLV� DSSURDFK� LV� VXIIHULQJ� IURP� D� QXPEHU� RI� SUREOHPV�
ZKLFK�LQ�WXUQ�OHDG�WR�D�SDUDGLJP�VKLIW��/HW�XV�ORRN�DW�VRPH
RI�WKHP�

�����3UREOHPV�RI�WUDGLWLRQDO�V\PERO�SURFHVVLQJ
PRGHOV
,W� KDV� EHHQ� DUJXHG� WKDW� V\PERO� SURFHVVLQJ�PRGHOV� ODFN
UREXVWQHVV� �L�H�� IDXOW� DQG�QRLVH� WROHUDQFH�� DV�ZHOO� DV� WKH
FDSDFLW\� WR�JHQHUDOL]H��� WKDW� WKH\�FDQQRW�SHUIRUP� LQ� UHDO
WLPH��WKDW�OHDUQLQJ�LV�PRVWO\�DG�KRF�DQG�QRW�SHUIRUPHG�LQ�D
SULQFLSOHG� ZD\�� DQG� WKDW� GXH� WR� WKHLU� GLVFUHWH� DQG
VHTXHQWLDO� QDWXUH� WKH\� DUH� PRUH� OLNH� GLJLWDO� FRPSXWHUV
UDWKHU�WKDQ�OLNH�EUDLQV��0RUHRYHU��LW�KDV�EHHQ�DUJXHG�WKDW
FODVVLFDO�$,�PRGHOV�VXIIHU�IURP�WKH�IXQGDPHQWDO�SUREOHP
RI��V\PERO�JURXQGLQJ��DQG�WKH��IUDPH�SUREOHP���DQG�WKDW
WKH\�ODFN�WKH�SURSHUW\�RI��VLWXDWHGQHVV���,Q�WKH�SDSHU�WKHVH
SUREOHPV�ZLOO�EH�UHYLHZHG�DQG�LOOXVWUDWHG�

7KH�ZHOO�NQRZQ�SUREOHPV
5REXVWQHVV�� 2QH� V\PSWRP� WUDGLWLRQDO� $,� V\PERO� SUR�
FHVVLQJ�V\VWHPV�VXIIHU� IURP�LV� ODFN�RI� UREXVWQHVV�ZKLFK
PHDQV� WKDW� WKH\� ODFN�QRLVH� DQG� IDXOW�WROHUDQFH�� DQG� WKDW
WKH\� FDQQRW� EHKDYH� DSSURSULDWHO\� LQ� QHZ� VLWXDWLRQV�

6WDQGDUG�V\PERO�SURFHVVLQJ�PRGHOV�DUH�QHLWKHU�QRLVH�QRU
IDXOW� WROHUDQW� XQOHVV� WKHUH� LV� H[SOLFLW�SURYLVLRQ� IRU�QRLVH
DQG�SDUWLFXODU� W\SHV�RI� IDXOWV��7KH�PRVW� LPSRUWDQW�SRLQW
FRQFHUQLQJ�UREXVWQHVV��KRZHYHU�LV�WKH�LQDELOLW\�WR�SHUIRUP
DSSURSULDWHO\� LQ� QRYHO� VLWXDWLRQV�� L�H�� WKH� ODFN� RI
JHQHUDOL]DWLRQ�FDSDFLW\��,I�D�VLWXDWLRQ�DULVHV�ZKLFK�KDV�QRW
EHHQ� SUHGHILQHG� D� WUDGLWLRQDO� V\PERO� SURFHVVLQJ�PRGHO
ZLOO�EUHDN�GRZQ��
3HUIRUPDQFH� LQ� UHDO� WLPH�� ,W� KDV� WXUQHG� RXW� WKDW�ZKHQ
V\VWHPV�ZKLFK�DUH�EDVHG�RQ�V\PERO�SURFHVVLQJ�PRGHOV�DUH
HPEHGGHG�LQ�UHDO� URERWV� WKH\�DUH� W\SLFDOO\� WRR�VORZ�� L�H�
WKH\� DUH� QRW� FDSDEOH� WR� PHHW� UHDO� WLPH� SURFHVVLQJ
GHPDQGV��7KH�UHDVRQV�IRU�WKLV�ZLOO�EH�GLVFXVVHG�LQ�GHWDLO
EHORZ�
,QWHJUDWHG� OHDUQLQJ�� 7UDGLWLRQDO�$,�PRGHOV� KDYH� RIWHQ
EHHQ�FULWLFL]HG�EHFDXVH�WKHLU�OHDUQLQJ�PHFKDQLVPV�DUH�DG
KRF� DQG� LPSRVHG� RQ� WRS� RI� QRQ�OHDUQLQJ� V\VWHPV�� ,Q
FRQWUDVW��WKH�EUDLQ�LV�D�V\VWHP�ZKLFK�FRQWLQXRXVO\�OHDUQV�
+XPDQV��IRU�H[DPSOH��OHDUQ�DOZD\V�ZKHWKHU�WKH\�OLNH�LW�RU
QRW�� ,I� \RX� �WKH� UHDGHU�� UHDG� WKLV� SDSHU� \RX� ZLOO� OHDUQ
VRPHWKLQJ�ZKHWKHU�\RX�OLNH�LW�RU�QRW��RU�ZKHWKHU�\RX�ILQG
LW� LV� XVHIXO� RU� QRW�� 7KHUH� DUH� H[FHSWLRQV� RI� FODVVLFDO
V\VWHPV� ZKHUH� OHDUQLQJ� LV� DQ� LQWHJUDO� SDUW� RI� WKH
DUFKLWHFWXUH� DQG� WDNHV� SODFH� FRQWLQXRXVO\� OLNH� 62$5
�/DLUG�HW�DO���������EXW�WKH\�DUH�QRW�UHSUHVHQWDWLYH�RI�WKH
PDMRULW\� RI� DSSURDFKHV�� 0RUHRYHU�� 62$5�� OLNH� RWKHU
FODVVLFDO�PRGHOV��VXIIHUV�IURP�WKH��IXQGDPHQWDO�SUREOHPV
RI�V\PERO�SURFHVVLQJ�V\VWHPV��VHH�EHORZ��
6HTXHQWLDO� QDWXUH� RI� SURJUDPV�� 2QH� PDLQ� SRLQW� RI
FULWLFLVP� KDV� EHHQ� WKDW� WKH� DUFKLWHFWXUH� RI� WRGD\·V� $,
SURJUDPV� LV� VHTXHQWLDO� DQG� WKH\�ZRUN�RQ� D� VWHS�E\�VWHS
EDVLV��%\�FRQWUDVW� WKH�KXPDQ�EUDLQ� LV�PDVVLYHO\�SDUDOOHO
ZLWK� DFWLYLW\� LQ� PDQ\� SDUWV� RI� WKH� EUDLQ� DW� DOO� WLPHV�
0RUHRYHU�� LW� LV� KDUG� WR� LPDJLQH� WKDW� VRPHWKLQJ� OLNH
V\PEROV�ZRXOG�EH�´IRXQGµ�LQ�WKH�EUDLQ��7KLV�SUREOHP�LV
LQGXFHG�E\� WKH� IDFW� WKDW�FXUUHQW�FRPSXWHU� WHFKQRORJ\� LV
ODUJHO\�EDVHG�RQ�DUFKLWHFWXUHV�RI� WKH�YRQ�1HXPDQQ�W\SH
ZKLFK�LV��DW�WKH�LQIRUPDWLRQ�SURFHVVLQJ�OHYHO��D�VHTXHQWLDO
PDFKLQH�� 7KH� QRWLRQ� RI� FRPSXWDWLRQ� DEVWUDFWV� IURP� WKH
SK\VLFDO� UHDOL]DWLRQ� DQG� RQO\� FRQVLGHUV� WKH� DOJRULWKPLF
OHYHO��,Q�FRJQLWLYH�VFLHQFH�WKH�FRJQLWLYLVWLF�SRVLWLRQ�PDNHV
D� VLPLODU� NLQG� RI� DEVWUDFWLRQ�� LQWHOOLJHQW� IXQFWLRQ� RU
FRJQLWLRQ� FDQ� EH� VWXGLHG� DW� WKH� OHYHO� RI� DOJRULWKPV�� WKH
SK\VLFDO� UHDOL]DWLRQ� RI� WKH� DOJRULWKP� GRHV� QRW� PDWWHU
�3XWQDP���������:H�ZLOO�DUJXH�ODWHU�RQ�WKDW�WKH�SK\VLFDO
UHDOL]DWLRQ�LQGHHG�GRHV�PDWWHU��%XW�ZH�KDYH�WR�H[WHQG�RXU
SHUVSHFWLYH�WR�WKH�DJHQW�DV�D�ZKROH�

7KH�FULWLFLVPV�RI�$,�PRGHOV�SUHVHQWHG�VR�IDU�DUH�ZHOO�
NQRZQ�� 6LQFH� WKH� PLG�HLJKWLHV� D� QXPEHU� RI� DGGLWLRQDO
RQHV�KDYH�EHHQ�UDLVHG��SHUWDLQLQJ�WR�IXQGDPHQWDO�LVVXHV��,W
KDV� EHHQ� DUJXHG� WKDW� WUDGLWLRQDO� V\PERO�SURFHVVLQJ� $,
PRGHOV�VXIIHU�IURP�WKH�´IUDPH�SUREOHPµ�DQG�WKH�SUREOHP
RI�´V\PERO�JURXQGLQJµ��DQG�WKDW�WKH\�ODFN�WKH�SURSHUW\�RI
´VLWXDWHGQHVVµ��7KHVH�SUREOHPV�ZLOO�QRZ�EH�UHYLHZHG�LQ
WXUQ�
������������������������������������������������
�7KHUH� DUH� VRPH� DSSURDFKHV� LQ� V\PERO� SURFHVVLQJ�$,� �LQ� WKH
ILHOG�RI�PDFKLQH�OHDUQLQJ��ZKLFK�LQ�IDFW�GR�JHQHUDOL]H�WR�VRPH
H[WHQW� EXW� WKH� ZD\V� LQ� ZKLFK� JHQHUDOL]DWLRQ� LV� DFKLHYHG� LV
W\SLFDOO\�DG�KRF��6HH�DOVR�EHORZ��´,QWHJUDWHG�OHDUQLQJµ�
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7KH�IXQGDPHQWDO�SUREOHPV
7UDGLWLRQDOO\�$,�PRGHOV� KDYH�EHHQ� FRQFHLYHG�SULPDULO\
IRU� DUWLILFLDO�� YLUWXDO� RU� IRUPDO� ZRUOGV�� ([DPSOHV� DUH
VHDUFK��IRUPDO�JDPHV�OLNH�FKHFNHUV�RU�FKHVV��DQG�WKHRUHP
SURYHUV��� :KHQHYHU� GHDOLQJ� ZLWK� WKH� UHDO� ZRUOG� WZR
LPSRUWDQW�DVSHFWV�PXVW�EH�WDNHQ�LQWR�DFFRXQW���L��PRGHOV
PXVW�VRPHKRZ�UHODWH�WR�WKH�RXWVLGH�ZRUOG��RWKHUZLVH�WKHUH
ZRXOG� EH� QR� SRLQW� LQ� EXLOGLQJ� WKHP��� DQG� �LL�� WKH� UHDO
ZRUG��LQ�FRQWUDVW�WR�D�YLUWXDO�RQH��LV�FRQVWDQWO\�FKDQJLQJ�
LQWULQVLFDOO\� XQSUHGLFWDEOH� DQG� RQO\� SDUWLDOO\� NQRZDEOH�
7KH� LPSRUW�RI� WKLV� UHDO�ZRUOG�SHUVSHFWLYH�FDQ�KDUGO\�EH
RYHUHVWLPDWHG�� ,W� LV� DW� WKH� KHDUW� RI� WKH� IXQGDPHQWDO
SUREOHPV�
7KH� V\PERO�JURXQGLQJ�SUREOHP��7KH�V\PERO�JURXQGLQJ
SUREOHP�UHODWHV� WR�DVSHFW� �L��� ,W� UHIHUV� WR� WKH�SUREOHP�RI
KRZ� V\PEROV� DFTXLUH� PHDQLQJ�� ,Q� $,� WKH� PHDQLQJ� RI
V\PEROV�LV�W\SLFDOO\�GHILQHG�LQ�D�SXUHO\�V\QWDFWLF�ZD\�E\
KRZ� WKH\� UHODWH� WR� RWKHU� V\PEROV� DQG� KRZ� WKH\� DUH
SURFHVVHG�E\�VRPH�LQWHUSUHWHU��1HZHOO�DQG�6LPRQ�������
4XLOOLDQ���������7KH�UHODWLRQ�RI�WKH�V\PEROV�WR�WKH�RXWVLGH
ZRUOG�LV�UDUHO\�GLVFXVVHG�H[SOLFLWO\��7KLV�SRVLWLRQ�QRW�RQO\
SHUWDLQV�WR�$,�EXW�WR�FRPSXWHU�VFLHQFH�LQ�JHQHUDO��([FHSW
LQ� UHDO�WLPH� DSSOLFDWLRQV� WKH� UHODWLRQ� RI� V\PEROV� WR� WKH
RXWVLGH� ZRUOG� LV� QHYHU� GLVFXVVHG�� 7KH³W\SLFDOO\
LPSOLFLW³DVVXPSWLRQ�PDGH�LV�WKDW�WKH�SRWHQWLDO�XVHUV�ZLOO
NQRZ�ZKDW�WKH�V\PEROV�PHDQ��H�J��WKH�SULFH�RI�D�SURGXFW
VWRUHG� LQ� D� GDWD� EDVH��� ,QWHUHVWLQJO\� HQRXJK� WKLV� LGHD� LV
DOVR�SUHGRPLQDQW�LQ�OLQJXLVWLFV��LW�LV�WDNHQ�IRU�JUDQWHG�WKDW
WKHUH� LV� VRPH� NLQG� RI� FRUUHVSRQGHQFH� EHWZHHQ� WKH
V\PEROV�RU�VHQWHQFHV�DQG�WKH�RXWVLGH�ZRUOG��7KH�VWXG\�RI
PHDQLQJ� WKHQ�UHODWHV� WR� WKH� WUDQVODWLRQ�RI�VHQWHQFHV� LQWR
VRPH�NLQG�RI�ORJLF�EDVHG�UHSUHVHQWDWLRQ�ZKRVH�VHPDQWLFV
LV� FOHDUO\� GHILQHG� �:LQRJUDG� DQG� )ORUHV�� ������ S�� ����
7KLV� SRVLWLRQ� LV� DFFHSWDEOH� DV� ORQJ� DV� WKHUH� LV� D� KXPDQ
LQWHUSUHWHU�DQG�LW�FDQ�EH�VDIHO\�H[SHFWHG�WKDW�KH�LV�FDSDEOH
RI�HVWDEOLVKLQJ� WKH�DSSURSULDWH�UHODWLRQV� WR�VRPH�RXWVLGH
ZRUOG�� WKH� PDSSLQJ� LV� ´JURXQGHGµ� LQ� WKH� KXPDQ·V
H[SHULHQFH�RI�KLV�RU�KHU�LQWHUDFWLRQ�ZLWK�WKH�UHDO�ZRUOG�

+RZHYHU�� RQFH� ZH� UHPRYH� WKH� KXPDQ� LQWHUSUHWHU
IURP� WKH� ORRS�� DV� LQ� WKH�FDVH�RI� DXWRQRPRXV�DJHQWV��ZH
KDYH�WR�WDNH�LQWR�DFFRXQW�WKDW�WKH�V\VWHP�QHHGV�WR�LQWHUDFW
ZLWK� WKH� HQYLURQPHQW� RQ� LWV� RZQ�� 7KXV�� LI� WKHUH� DUH
V\PEROV�LQ�WKH�V\VWHP��WKHLU�PHDQLQJ�PXVW�EH�JURXQGHG�LQ
WKH� V\VWHP·V�RZQ�H[SHULHQFH� LQ� WKH� LQWHUDFWLRQ�ZLWK� WKH
UHDO�ZRUOG��6\PERO�V\VWHPV�LQ�ZKLFK�V\PEROV�RQO\�UHIHU
WR�RWKHU�V\PEROV�DUH�QRW�JURXQGHG�EHFDXVH�WKH�FRQQHFWLRQ
WR� WKH�RXWVLGH�ZRUOG� LV�PLVVLQJ��7KH�V\PEROV�RQO\�KDYH
PHDQLQJ�WR�D�GHVLJQHU�RU�D�XVHU��QRW�WR�WKH�V\VWHP�LWVHOI��,W
LV� LQWHUHVWLQJ� WR� QRWH� WKDW� IRU� D� ORQJ� WLPH� WKH� V\PERO
JURXQGLQJ�SUREOHP�KDV�QRW�DWWUDFWHG�PXFK�DWWHQWLRQ�LQ�$,
RU� FRJQLWLYH� VFLHQFH³DQG� LW� KDV�QHYHU�EHHQ�DQ� LVVXH� LQ
FRPSXWHU� VFLHQFH� LQ� JHQHUDO�� 2QO\� ZLWK� WKH� UHQHZHG
LQWHUHVW�LQ�DXWRQRPRXV�URERWV�LW�KDV�FRPH�WR�WKH�IRUH��7KLV
SUREOHP�KDV�EHHQ�GLVFXVVHG�LQ�GHWDLO�E\�+DUQDG���������,W
ZLOO�EH�DUJXHG�ODWHU�WKDW�WKH�V\PERO�JURXQGLQJ�SUREOHP�LV
UHDOO\�DQ�DUWLIDFW�RI�V\PEROLF�V\VWHPV�DQG�´GLVDSSHDUVµ�LI
D�GLIIHUHQW�DSSURDFK�LV�XVHG�

������������������������������������������������
�7KH�ILHOG�RI�URERWLFV�LV�DQ�H[FHSWLRQ�

6LWXDWHGQHVV��7KH�FRQFHSW�RI�´VLWXDWHGQHVVµ��RU�´VLWXDWHG
FRJQLWLRQµ�� ´VLWXDWHG� DFWLRQµ�� ´VLWXDWHG� DJHQWVµ��� KDV
UHFHQWO\� DWWUDFWHG� D� ORW� RI� LQWHUHVW� DQG� OHDG� WR� KHDWHG
GHEDWHV�DERXW� WKH�QDWXUH�RI� LQWHOOLJHQFH�DQG�WKH�SODFH�RI
V\PERO�SURFHVVLQJ�V\VWHPV� LQ�VWXG\LQJ� LQWHOOLJHQFH��)RU
H[DPSOH��WKHUH�LV�D�FRPSOHWH�LVVXH�RI�WKH�MRXUQDO�&RJQLWLYH
6FLHQFH�GHGLFDWHG� WR� ´VLWXDWHGQHVVµ� �&RJQLWLYH�6FLHQFH�
�������´6LWXDWHGQHVVµ�URXJKO\�PHDQV�WKH�IROORZLQJ��)LUVW�
LW� LPSOLHV� WKDW� WKH� ZRUOG� LV� YLHZHG� HQWLUHO\� IURP� WKH
SHUVSHFWLYH� RI� WKH� DJHQW� �QR W� IURP� WKH� REVHUYHU·V
SHUVSHFWLYH���6HFRQG��D� VLWXDWHG�DJHQW�FDSLWDOL]HV�RQ� WKH
V\VWHP�HQYLURQPHQW� LQWHUDFWLRQ�� ,W·V� EHKDYLRU� LV� ODUJHO\
EDVHG�RQ�WKH�FXUUHQW�VLWXDWLRQ�UDWKHU�WKDQ�GHWDLOHG�SODQV��,W
RQO\�IRFXVHV�RQ�WKH�UHOHYDQW�DVSHFWV�RI�WKH�VLWXDWLRQ��$QG
WKLUG��D�VLWXDWHG�DJHQW�LV�QRW�PHUHO\�UHDFWLYH��EXW�EULQJV�LWV
RZQ�H[SHULHQFH�WR�EHDU�RQ�WKH�FXUUHQW�VLWXDWLRQ��,Q�RWKHU
ZRUGV�� WKH�EHKDYLRU�RI�D�VLWXDWHG�DJHQW�ZLOO�FKDQJH�RYHU
WLPH��%HFDXVH�RI�WKHVH�SURSHUWLHV��VLWXDWHG�DJHQWV�FDQ�DFW
LQ�UHDO�WLPH�

7KH�SHUVSHFWLYH�RI�´VLWXDWHGQHVVµ�FRQWUDVWV�ZLWK�FODV�
VLFDO�$,�ZKHUH� WKH� DSSURDFK� KDV� EHHQ³DQG� VWLOO� LV³WR
HTXLS�WKH�DJHQWV�ZLWK�PRGHOV�RI�WKHLU�HQYLURQPHQW��7KHVH
PRGHOV� IRUP� WKH� EDVLV� IRU� SODQQLQJ� SURFHVVHV�ZKLFK� LQ
WXUQ�DUH�XVHG�IRU�GHFLGLQJ�RQ�D�SDUWLFXODU�DFWLRQ�� ,Q� WKLV
YLHZ� WKH� DJHQW� SHUFHLYHV� D� VLWXDWLRQ� �´VHQVLQJµ��
UHFRJQL]HV�REMHFWV��GUDZV�D�QXPEHU�RI� LQIHUHQFHV� DERXW
WKH� FXUUHQW� VLWXDWLRQ� DQG� DERXW� WKH� SRWHQWLDO� HIIHFWV� RI
YDULRXV�DFWLRQV�� IRUPV�D�SODQ� �´WKLQNLQJµ���GHFLGHV�RQ�D
SDUWLFXODU�DFWLRQ�DQG�ILQDOO\�SHUIRUPV� WKH�DFWLRQ��´DFWµ��
7KLV�LV�FDOOHG�D�´VHQVH�WKLQN�DFWµ�F\FOH��7KLV�PD\�ZRUN�LQ
D�YLUWXDO�ZRUOG�ZLWK�FOHDUO\�GHILQHG�VLWXDWLRQV�DQG�JLYHQ
RSHUDWRUV��%XW�HYHQ�WKHUH��SODQ�EDVHG�DJHQWV�UXQ�TXLFNO\
LQWR� FRPELQDWRULDO� SUREOHPV� �H�J�� &KDSPDQ�� ������
0RUHRYHU�� VLQFH� WKH� HQYLURQPHQW� LV� RQO\� SDUWLDOO\
NQRZDEOH� D� FRPSOHWH�PRGHO� FDQQRW� EH� EXLOW� LQ� WKH� ILUVW
SODFH��(YHQ�LI�RQO\�SDUWLDO�PRGHOV�DUH�GHYHORSHG��NHHSLQJ
WKH� PRGHOV� XS� WR� GDWH� UHTXLUHV� D� ORW� RI� FRPSXWDWLRQDO
UHVRXUFHV�� ,QVSHFWLRQ�RI� WKH�SUREOHP�RI� WDNLQJ�DFWLRQ� LQ
WKH� UHDO� ZRUOG� VKRZV� WKDW� LW� LV� QHLWKHU� QHFHVVDU\� QRU
GHVLUDEOH� WR�GHYHORS�´FRPSOHWHµ�DQG�YHU\�GHWDLOHG�SODQV
DQG�PRGHOV� �H�J��:LQRJUDG�DQG�)ORUHV��������6XFKPDQ�
������� 7\SLFDOO\� RQO\� D� VPDOO� SDUW� RI� DQ� DJHQW·V
HQYLURQPHQW�LV�UHOHYDQW�IRU�LWV�DFWLRQ��,Q�DGGLWLRQ��LQVWHDG
RI�SHUIRUPLQJ�H[WHQVLYH� LQIHUHQFH�RSHUDWLRQV�RQ� LQWHUQDO
PRGHOV�RU�UHSUHVHQWDWLRQV�WKH�DJHQW�FDQ�LQWHUDFW�ZLWK�WKH
FXUUHQW�VLWXDWLRQ��WKH�UHDO�ZRUOG�LV��LQ�D�VHQVH��SDUW�RI�WKH
´NQRZOHGJHµ�WKH�DJHQW�QHHGV�LQ�RUGHU�WR�DFW��LW�FDQ�PHUHO\
´ORRN�DW�LWµ�WKURXJK�WKH�VHQVRUV�

7UDGLWLRQDO�$,�V\VWHPV��DQG�PRVW�FRPSXWHU�V\VWHPV
IRU�WKDW�PDWWHU��DUH�QRW�VLWXDWHG�DQG�WKHUH�LV�QR�UHDVRQ�ZK\
WKH\� VKRXOG� EH� EHFDXVH� WKHUH� LV� DOZD\V� D� KXPDQ
LQWHUSUHWHU� LQ� WKH� ORRS��+RZHYHU�� LI�ZH�DUH� LQWHUHVWHG� LQ
EXLOGLQJ�V\VWHPV�ZKLFK�DFW�GLUHFWO\�LQ�WKH�UHDO�ZRUOG�WKH\
ZLOO�KDYH�WR�EH�VLWXDWHG��2WKHUZLVH��JLYHQ�WKH�SURSHUWLHV�RI
WKH� UHDO� ZRUOG�� WKH� V\VWHP�ZLOO� QRW� EH� DEOH� WR� SHUIRUP
LQWHOOLJHQWO\�

7KH� ´VHQVH�WKLQN�DFWµ� YLHZ� DOVR� VXJJHVWV� DQ
LQIRUPDWLRQ�SURFHVVLQJ�SHUVSHFWLYH��WKH�LQSXW�LV�JLYHQ�E\
WKH�VHQVLQJ��WKH�VHQVRU\�LQIRUPDWLRQ�LV�SURFHVVHG��DQG�DQ
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RXWSXW� LV�GHOLYHUHG� LQ� WKH� IRUP�RI� DQ� DFWLRQ��7KLV�YLHZ�
ZKLOH� DSSURSULDWH� IRU� WUDGLWLRQDO� FRPSXWHU� DSSOLFDWLRQV�
WXUQV�RXW�WR�EH�KLJKO\�LQDSSURSULDWH�IRU�VLWXDWHG�DJHQWV�
7KH� ´IUDPH� SUREOHPµ�� 7KH� ´IUDPH� SUREOHPµ� ZDV
RULJLQDOO\�SRLQWHG�RXW�E\�0F&DUWK\�DQG�+D\HV���������,W
KDV� PRUH� UHFHQWO\� JHQHUDWHG� D� ORW� RI� LQWHUHVW� �H�J�
3\O\VK\Q���������,W�FRPHV�LQ�VHYHUDO�YDULDWLRQV�DQG�WKHUH
LV�QRW�RQH�VLQJOH�LQWHUSUHWDWLRQ��7KH�FHQWUDO�SRLQW�FRQFHUQV
KRZ�WR�PRGHO�FKDQJH��-DQOHUW���������JLYHQ�D�PRGHO�RI�D
FRQWLQXRXVO\�FKDQJLQJ�HQYLURQPHQW��KRZ�FDQ� WKH�PRGHO
EH�NHSW� LQ� WXQH�ZLWK� WKH� UHDO�ZRUOG"�$VVXPLQJ� WKDW� WKH
PRGHO� FRQVLVWV� RI� D� VHW� RI� ORJLFDO� SURSRVLWLRQV� �ZKLFK
HVVHQWLDOO\�KROGV�IRU�DQ\�UHSUHVHQWDWLRQ��DQ\�SURSRVLWLRQ
FDQ�FKDQJH�DW� DQ\�SRLQW� LQ� WLPH��+RZHYHU�� WKH�SK\VLFDO
ZRUOG� LV� LQKHUHQWO\� FRQVWUDLQHG� E\� WKH� ODZV� RI� SK\VLFV�
REMHFWV�GR�QRW�VLPSO\�GLVDSSHDU�� WKH\�GR�QRW�VWDUW� WR� IO\
ZLWKRXW� UHDVRQ�� HWF�� %XW� LFH� FXEHV� O\LQJ� LQ� WKH� VXQ� GR
GLVDSSHDU�� 6XFK� FRQVWUDLQWV� HLWKHU� KDYH� WR� EH� PRGHOHG
H[SOLFLWO\� RU� FHUWDLQ� KHXULVWLFV� KDYH� WR� EH� DSSOLHG��2QH
KHXULVWLF� LV� WKDW�ZH�DVVXPH� WKLQJV�GR�QRW�FKDQJH�XQOHVV
H[SOLFLWO\�PRGHOHG��%XW� LI� WKLV� ODWWHU�VWUDWHJ\� LV�DGRSWHG�
KRZ�DERXW�D�FXS�RQ�D�VDXFHU�ZKHQ�WKH�VDXFHU�LV�PRYHG"
7KH�FXS�ZLOO�DOVR�FKDQJH�LWV�SRVLWLRQ��7KH�SUREOHP�LV��WKDW
WKHUH� LV� SRWHQWLDOO\� D� YHU\� ODUJH� QXPEHU� RI� SRVVLEOH
LQIHUHQFHV�ZKLFK�FDQ�EH�GUDZQ��/HW�XV�H[SODLQ�WKLV�XVLQJ
DQ�H[DPSOH�E\�'HQQHWW��������

� �
EDWWHU\ ERPE

5��5�'��5�'�

)LJXUH� ��� ,OOXVWUDWLRQ� RI� WKH� �IUDPH� SUREOHP�� �IROORZLQJ
'HQQHWW��������

7KH� URERW� 5�� KDV� EHHQ� WROG� WKDW� LWV� EDWWHU\� LV� LQ� D
URRP�ZLWK�D�ERPE�DQG�WKDW�LW�PXVW�PRYH�WKH�EDWWHU\�RXW�RI
WKH� URRP�EHIRUH� WKH�ERPE�JRHV�RII� �ILJXUH�����%RWK� WKH
EDWWHU\�DQG�WKH�ERPE�DUH�RQ�D�ZDJRQ��5��NQRZV�WKDW�WKH
DFWLRQ�RI�SXOOLQJ�WKH�ZDJRQ�RXW�RI�WKH�URRP�ZLOO�UHPRYH
WKH�EDWWHU\�IURP�WKH�URRP��,W�GRHV�VR�DQG�DV�LW�LV�RXWVLGH�
WKH�ERPE�JRHV�RII��3RRU�5��KDG�QRW�UHDOL]HG�WKDW�SXOOLQJ
WKH� ZDJRQ� ZRXOG� EULQJ� WKH� ERPE� RXW� DORQJ� ZLWK� WKH
EDWWHU\�

7KH�GHVLJQHUV�UHDOL]HG�WKDW�WKH�URERW�ZRXOG�KDYH�WR�EH
PDGH�WR�UHFRJQL]H�QRW�MXVW�WKH�LQWHQGHG�LPSOLFDWLRQV�RI�LWV
DFWV�� EXW� DOVR� LWV� VLGH�HIIHFWV� E\� GHGXFLQJ� WKHVH
LPSOLFDWLRQV�IURP�WKH�GHVFULSWLRQV�LW�XVHV�LQ�IRUPXODWLQJ
LWV�SODQV��7KH\�FDOOHG�WKHLU�QH[W�PRGHO�WKH�URERW�GHGXFHU�
RU�VKRUW�5�'��DQG�GLG�WKH�VDPH�H[SHULPHQW��5�'��VWDUWHG
FRQVLGHULQJ�WKH�LPSOLFDWLRQV�RI�SXOOLQJ�WKH�ZDJRQ�RXW�RI
WKH� URRP�� ,W� KDG� MXVW� ILQLVKHG� GHGXFLQJ� WKDW� SXOOLQJ� WKH
ZDJRQ�RXW�RI�WKH�URRP�ZRXOG�QRW�FKDQJH�WKH�FRORU�RI�WKH
URRP·V�ZDOOV�ZKHQ�WKH�ERPE�ZHQW�RII�

7KH�SUREOHP�ZDV�REYLRXV��7KH�URERW�PXVW�EH�WDXJKW
WKH� GLIIHUHQFH� EHWZHHQ� UHOHYDQW� DQG� LUUHOHYDQW

LPSOLFDWLRQV��5�'���WKH�URERW�UHOHYDQW�GHGXFHU��ZDV�DJDLQ
WHVWHG��7KH�GHVLJQHUV�VDZ�5�'��VLWWLQJ�RXWVLGH�WKH�URRP
FRQWDLQLQJ�WKH�WLFNLQJ�ERPE��´'R�VRPHWKLQJ�µ�WKH\�\HOOHG
DW� LW�� ´,� DPµ�� LW� UHWRUWHG�� ´,� DP� EXVLO\� LJQRULQJ� VRPH
WKRXVDQGV� RI� LPSOLFDWLRQV� ,� KDYH� GHWHUPLQHG� WR� EH
LUUHOHYDQW��-XVW�DV�VRRQ�DV�,�ILQG�DQ�LUUHOHYDQW�LPSOLFDWLRQ�
,� SXW� LW� RQ� WKH� OLVW� RI� WKRVH� ,�PXVW� LJQRUH�� DQG�«µ� WKH
ERPE�ZHQW�RII���'HQQHWW��������SS�����������

:H�KDYH�QRZ�OLVWHG�WKH�PRVW�LPSRUWDQW�SUREOHPV�RI
WUDGLWLRQDO� $,� PRGHOV�� 2XU� FRQVLGHUDWLRQV� DUH� QRW
UHVWULFWHG�WR�$,�EXW�DSSO\�WR�FRPSXWHU�V\VWHPV�LQ�JHQHUDO�
:H� ZLOO� QRZ� GLVFXVV� WZR� VROXWLRQV� ZKLFK� KDYH� EHHQ
SURSRVHG�WR�UHVROYH�VRPH�RI�WKHVH�LVVXHV��QDPHO\�FRQQHF�
WLRQLVP�DQG�´1HZ�$,µ�

�� �3DWWHUQV��7KH�FRQWULEXWLRQ�RI�FRQQHFWLRQ�
LVP
%HFDXVH�WUDGLWLRQDO�$,�ZDV�QRW�SURJUHVVLQJ�VDWLVIDFWRULO\
DQ\�PRUH��FRQQHFWLRQLVP�ZDV�KLJKO\�ZHOFRPHG�E\�ODUJH
SDUWV�RI�WKH�UHVHDUFK�FRPPXQLW\�LQ�$,��7KH�KRSH�ZDV�WKDW
FRQQHFWLRQLVP�ZRXOG� UHVROYH�PDQ\� RI� WKH� SUREOHPV� RI
WUDGLWLRQDO� V\PERO�SURFHVVLQJ�$,�� ,QGHHG�FRQQHFWLRQLVP
GRHV�FRQWULEXWH�LQ�LQWHUHVWLQJ�ZD\V�

)RU�H[DPSOH��FRQQHFWLRQLVW�PRGHOV�DUH�IDXOW�WROHUDQW
DQG�QRLVH� WROHUDQW��%HFDXVH�RI� WKHLU�SDUDOOHO�QDWXUH� WKH\
SUHVHUYH�PRVW�RI�WKHLU�IXQFWLRQDOLW\�LI�WKHUH�LV�QRLVH�LQ�WKH
GDWD�RU� LI� FHUWDLQ�SDUWV� RI� WKH�QHWZRUN�PDOIXQFWLRQ��%XW
PRUH� LPSRUWDQW�� FRQQHFWLRQLVW� PRGHOV� KDYH� D� FHUWDLQ
DELOLW\� IRU�JHQHUDOL]DWLRQ��7KH\�DUH�FDSDEOH�RI�EHKDYLQJ
DSSURSULDWHO\� HYHQ� LQ� FLUFXPVWDQFHV� WKH�PRGHO� KDV� QRW
HQFRXQWHUHG� EHIRUH�� 7KHVH� DUH� WKH� HVVHQWLDO� IDFWRUV
FRQWULEXWLQJ�WR�WKH�UREXVWQHVV�RI�FRQQHFWLRQLVW�PRGHOV�

7KHUH� DUH� DGGLWLRQDO� FKDUDFWHULVWLFV� ZKLFK� KDYH
FRQWULEXWHG� WR� WKHLU�SRSXODULW\��/HDUQLQJ� LV� LQWULQVLF�DQG
WKH\� DUH� LQ� VRPH� VHQVH� PRUH� EUDLQ�OLNH�� &RQQHFWLRQLVW
PRGHOV� FRQVLVW� RI� ODUJH� QXPEHUV� RI� QRGHV� DQG
FRQQHFWLRQV��7\SLFDOO\�WKHUH�DUH�WRR�PDQ\�FRQQHFWLRQV�WR
DGMXVW�PDQXDOO\��VR�WKH\�KDYH�WR�EH�WXQHG�WKURXJK�OHDUQLQJ
PHFKDQLVPV��&RQQHFWLRQLVW�PRGHOV�KDYH�DWWUDFWHG�D�ORW�RI
DWWHQWLRQ� VLQFH� WKH\�GR�QRW�RQO\�SHUIRUP�ZKDW�KDV�EHHQ
SURJUDPPHG�LQWR�WKHP��EXW�DOVR�ZKDW�WKH\�KDYH�OHDUQHG�
,Q� WKLV� VHQVH� WKH\� VRPHWLPHV� VKRZ� XQH[SHFWHG� RU
�HPHUJHQW�� EHKDYLRU�� ,Q� FRQWUDVW� WR� V\PEROLF� PRGHOV
FRQQHFWLRQLVW� RQHV� LQWHJUDWH� OHDUQLQJ� LQ� QDWXUDO� ZD\V�
([DPSOHV�RI�QHXUDO�QHWZRUN�OHDUQLQJ�ZLOO�EH�JLYHQ�EHORZ�

$QRWKHU� DVSHFW� ZKLFK� KDV� FRQWULEXWHG� WR� WKH
SRSXODULW\� RI� FRQQHFWLRQVW� PRGHOV� LV� PRUH� RI� D
SV\FKRORJLFDO� QDWXUH�� &RQQHFWLRQLVW� PRGHOV� KDYH� EHHQ
SUDLVHG� IRU� EHLQJ�PRUH� EUDLQ�OLNH� WKDQ� WUDGLWLRQDO� RQHV
�H�J��5XPHOKDUW�DQG�0F&OHOODQG���������7KHUH�DUH�PDQ\
XQLWV�ZRUNLQJ�LQ�SDUDOOHO�DQG�WKH\�SURFHVV�SDWWHUQV�UDWKHU
WKDQ�V\PEROV��+RZHYHU��DOWKRXJK�WKH\�GR�GUDZ�LQVSLUDWLRQ
IURP� UHIOHFWLRQV� DERXW� WKH� EUDLQ�� WKH\� UHIOHFW� EUDLQ
SURSHUWLHV�RQO\�LQ�D�YHU\�UHPRWH�ZD\��LI�DW�DOO��,I�ZH�ZDQW
WR�PRGHO�UHDO�EUDLQ�IXQFWLRQ��RXU�PRGHOV�PXVW�ORRN�YHU\
GLIIHUHQW��H�J��5HHNH�DQG�(GHOPDQ���������:H�ZLOO�QRW�JR
LQWR�WKLV�DVSHFW�DQ\�IXUWKHU�VLQFH�LW�LV�KLJKO\�FRQWURYHUVLDO
DQG�LW�LV�VRPHZKDW�PDUJLQDO�IRU�WKH�DUJXPHQW�WR�EH�PDGH
LQ�WKLV�DUWLFOH�
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,Q� VXPPDU\�� FRQQHFWLRQLVW�PRGHOV� DUH�PRUH� UREXVW�
WKH\� LQWHJUDWH� OHDUQLQJ�� DQG� WKH\� DUH� VRPHZKDW� PRUH
´EUDLQ�OLNHµ� WKDQ� FODVVLFDO� PRGHOV�� %HFDXVH� RI� WKHLU
SDUDOOHO�QDWXUH�� WKH\�PD\�DOVR�FRSH�EHWWHU�ZLWK�UHDO�WLPH
GHPDQGV��EXW�WKLV�ODWWHU�SRLQW�LV�GHEDWDEOH��

/HW� XV� QRZ� GLVFXVV� WR� ZKDW� H[WHQW� FRQQHFWLRQLVP
FRQWULEXWHV� WR� UHVROYLQJ� WKH� IXQGDPHQWDO� LVVXHV�
&RQQHFWLRQLVW�PRGHOV�SURFHVV�SDWWHUQV�RI�DFWLYDWLRQ�UDWKHU
WKDQ�V\PEROV��7KLV�VHHPV�D�PRUH�UHDOLVWLF�YLHZ�RI�ZKDW�LV
JRLQJ�RQ� LQ� WKH�EUDLQ� WKDQ� WKH�RQH� HQGRUVHG�E\� V\PERO
PDQLSXODWLQJ� PRGHOV�� 0RUHRYHU�� VLQFH� FRQQHFWLRQLVW
PRGHOV� FDQ� OHDUQ� WKH\� FRXOG� SRWHQWLDOO\� OHDUQ� WR� PDNH
WKHLU�RZQ�FDWHJRUL]DWLRQ�RI� WKH�HQYLURQPHQW�� UDWKHU� WKDQ
KDYLQJ� LW� SURJUDPPHG� LQWR� WKH� V\VWHP� E\� WKH� GHVLJQHU�
2QH�PLJKW�WKLQN�WKDW�WKLV�ZRXOG�SURYLGH�D�VROXWLRQ�WR�WKH
V\PERO�JURXQGLQJ�SUREOHP��:H�ZLOO� VHH� WKDW� WKLV� LV�QRW
DXWRPDWLFDOO\�WKH�FDVH�

�����6XSHUYLVHG�OHDUQLQJ
/HW� XV� LOOXVWUDWH� RXU� DUJXPHQW� ZLWK� 1(77DON�� D� ZHOO�
NQRZQ� FODVVLFDO� FRQQHFWLRQLVW� PRGHO� �6HMQRZVNL� DQG
5RVHQEHUJ���������1(77DON� WUDQVODWHV�(QJOLVK� WH[W� LQWR
VSHHFK�XVLQJ�D�PXOWL�OD\HU�IHHG�IRUZDUG�EDFNSURSDJDWLRQ
QHWZRUN��7KH�DUFKLWHFWXUH�LV�LOOXVWUDWHG�LQ�ILJXUH����7KHUH
LV�DQ�LQSXW�OD\HU��D�KLGGHQ�OD\HU��DQG�DQ�RXWSXW�OD\HU��$W
WKH�LQSXW�OD\HU�WKH�WH[W�LV�SUHVHQWHG��7KHUH�LV�D�ZLQGRZ�RI
VHYHQ� VORWV�� 7KLV� ZLQGRZ� LV� QHHGHG� VLQFH� WKH
SURQXQFLDWLRQ�RI�D�OHWWHU�GHSHQGV�VWURQJO\�RQ�WKH�FRQWH[W
LQ�ZKLFK�LW�RFFXUV��,Q�HDFK�VORW�RQH�OHWWHU�LV�HQFRGHG��)RU
HDFK�OHWWHU�RI�WKH�DOSKDEHW�WKHUH�LV�RQH�QRGH�LQ�HDFK�VORW�
,QSXW�QRGHV�DUH�ELQDU\�RQ�RII�QRGHV��7KHUHIRUH��DQ�LQSXW
SDWWHUQ�FRQVLVWV�RI�VHYHQ�DFWLYH�QRGHV��DOO�RWKHUV�DUH�RII��
7KH�QRGHV�LQ�WKH�KLGGHQ�OD\HU�KDYH�FRQWLQXRXV�DFWLYDWLRQ
OHYHOV��7KH�RXWSXW�QRGHV�DUH� VLPLODU� WR� WKH�QRGHV� LQ� WKH
KLGGHQ� OD\HU��7KH\�HQFRGH� WKH�SKRQHPHV�E\�PHDQV�RI�D
VHW�RI�SKRQHPH�IHDWXUHV��7KLV�HQFRGLQJ�RI�WKH�SKRQHPHV
LQ� WHUPV� RI� SKRQHPH� IHDWXUHV� FDQ� EH� IHG� LQWR� D� VSHHFK
JHQHUDWRU��)RU� HDFK� OHWWHU� SUHVHQWHG� DW� WKH� FHQWHU� RI� WKH
LQSXW� ZLQGRZ³´Hµ� LQ� WKH� H[DPSOH� RI� ILJXUH� �³WKH
FRUUHFW� SKRQHPH� HQFRGLQJ� LV� NQRZQ�� %\� ´FRUUHFWµ� ZH
PHDQ� WKH� RQH� ZKLFK� KDV� EHHQ� HQFRGHG� E\� OLQJXLVWV
HDUOLHU��� 7KH� PRGHO� VWDUWV� ZLWK� UDQGRP� FRQQHFWLRQ
ZHLJKWV�� ,W� SURSDJDWHV� HDFK� LQSXW� SDWWHUQ� WR� WKH� RXWSXW
OD\HU�� FRPSDUHV� WKH�SDWWHUQ� LQ� WKH�RXWSXW� OD\HU�ZLWK� WKH
FRUUHFW�RQH�DQG�DGMXVWV�WKH�ZHLJKWV�DFFRUGLQJ�WR�D�OHDUQLQJ
DOJRULWKP��QDPHO\�EDFNSURSDJDWLRQ��$IWHU�SUHVHQWDWLRQ�RI
PDQ\��WHQV�RI� WKRXVDQGV��SDWWHUQV� WKH�ZHLJKWV�FRQYHUJH�
L�H��WKH�QHWZRUN�SLFNV�XS�WKH�FRUUHFW�SURQXQFLDWLRQ�

������������������������������������������������
�,Q�RQH�H[SHULPHQW�D�WDSH�UHFRUGLQJ�IURP�D�FKLOG�ZDV�WUDQVFULEHG
LQWR�(QJOLVK� WH[W�DQG� IRU�HDFK� OHWWHU� WKH�SKRQHPH�HQFRGLQJ�DV
SURQRXQFHG�E\�WKH�FKLOG�ZDV�ZRUNHG�RXW�E\� WKH� OLQJXLVWV�� ,Q�D
GLIIHUHQW� H[SHULPHQW� WKH� SUHVFULEHG� SURQXQFLDWLRQ� ZDV� WDNHQ
IURP�D�GLFWLRQDU\�

D

«

H

IURQW EDFN WHQVHG VWRS QDVDO KL�IUHT OR�IUHT

�L�

RXWSXW
OD\HU

KLGGHQ
OD\HU

LQSXW�
OD\HU

SKRQHPH�IHDWXUHV

SKRQHPH

« « « « « « «

WKH« Q ³ Z H ³ Z D «LWHG

ZLQGRZ����OHWWHUV�ZLGH�

IXOO�FRQQHFWLYLW\

IXOO�FRQQHFWLYLW\

)LJXUH����$UFKLWHFWXUH�RI�WKH�1(77DON�PRGHO��'HWDLOV��VHH
WH[W�

$V� GHPRQVWUDWHG� E\� WKH� DXWKRUV�� 1(77DON� GRHV
LQGHHG� VROYH� WKH� ZHOO�NQRZQ� SUREOHPV�� ´6KDNLQJµ� WKH
ZHLJKWV�� L�H�� VXSHULPSRVLQJ� UDQGRP� GLVWRUWLRQV� RQ� WKH
ZHLJKWV��UHPRYLQJ�FHUWDLQ�FRQQHFWLRQV�LQ�WKH�DUFKLWHFWXUH�
DQG�HUURUV�LQ�WKH�HQFRGLQJV�GR�QRW�VLJQLILFDQWO\�LQIOXHQFH
WKH� QHWZRUN·V� EHKDYLRU�� 0RUHRYHU�� LW� FDQ� KDQGOH³
SURQRXQFH� FRUUHFWO\³ZRUGV� LW� KDV� QRW� HQFRXQWHUHG
EHIRUH��L�H��LW�FDQ�JHQHUDOL]H��,Q�VKRUW��WKH�PRGHO�LV�UREXVW�
/HDUQLQJ�LV�DQ�LQWULQVLF�SURSHUW\�RI�WKH�PRGHO��0RUHRYHU�
DQG� WKDW� LV� RQH� RI� WKH� PRVW� H[FLWLQJ� SURSHUWLHV� RI� WKH
PRGHO�� DW� WKH� KLGGHQ� OD\HU� FHUWDLQ� QRGHV� VWDUW
GLVWLQJXLVKLQJ�EHWZHHQ�YRZHOV�DQG�FRQVRQDQWV�� ,Q�RWKHU
ZRUGV� WKH\� DUH� RQ�ZKHQ� WKHUH� LV� D� YRZHO� DW� WKH� LQSXW�
RWKHUZLVH�WKH\�DUH�RII��7KLV�FRQVRQDQW�YRZHO�GLVWLQFWLRQ
KDV�DOVR�EHHQ�FDOOHG�´HPHUJHQWµ�

/HW�XV�QRZ�H[DPLQH�WKH�IXQGDPHQWDO�SUREOHPV��(DFK
LQSXW�QRGH�FRUUHVSRQGV�WR�D�OHWWHU��/HWWHUV�DUH�V\PEROV��L�H�
WKH� HQFRGLQJ� DW� WKH� LQSXW� OD\HU� LV� LQ� WHUPV� RI� V\PEROLF
FDWHJRULHV�� 3KRQHPH� IHDWXUHV� DUH� GHVLJQHU� GHILQHG
FDWHJRULHV� DQG� WKXV� WKH� UHVSHFWLYH� VRXQG� HQFRGLQJV� DUH
DOVR�V\PEROLF��7KHUH�DUH�WZR�SRLQWV�WR�EH�PDGH��)LUVW��WKH
V\VWHP� LV� QRW� FRXSOHG� WR� WKH� HQYLURQPHQW�� 7KH
LQWHUSUHWDWLRQ�RI�LQSXW�DQG�RXWSXW�LV�HQWLUHO\�XS�WR�KXPDQV
ZKR� KDYH� WR� LQWHUSUHW� WKH� V\PEROV� DW� WKH� LQSXW� DQG� WKH
RXWSXW�� 7KH� IDFW� WKDW� WKH� RXWSXW� LV� IHG� LQWR� D� VSHHFK
JHQHUDWRU� LV� LUUHOHYDQW� VLQFH� WKLV� KDV� QR� HIIHFW� RQ� WKH
PRGHO�� 7KHUHIRUH�� 1(77DON�� MXVW� OLNH� DQ\� WUDGLWLRQDO
PRGHO�LQ�$,��VXIIHUV�IURP�WKH�V\PERO�JURXQGLQJ�SUREOHP�
,W� FDQ� WKHUHIRUH� EH� H[SHFWHG� WKDW� HYHQ� LI� 1(77DON� LV
LPSURYHG� LW�ZLOO� QHYHU� UHDFK� D� KXPDQ�OLNH�SHUIRUPDQFH
OHYHO�� ,W� VKRXOG� EH� PHQWLRQHG� WKDW� WKH� DXWKRUV� QHYHU
FODLPHG�WR�EH�VROYLQJ�WKH�V\PERO�JURXQGLQJ�SUREOHP�ZLWK
WKLV�PRGHO�
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6HFRQG��WKH�FRQVRQDQW�YRZHO�GLVWLQFWLRQ�LV�QRW�UHDOO\
HPHUJHQW�� EXW³LQ� D� VHQVH³SUHFRGHG�� ,W� FDQ� EH� VKRZQ
�9HUVFKXUH��������WKDW�RI�WKRVH�IHDWXUHV�ZKLFK�DUH�XVHG�WR
HQFRGH� YRZHOV�� RQO\� DERXW� ��� DUH� DOVR� XVHG� WR� HQFRGH
FRQVRQDQWV�DQG�YLFH�YHUVD��,Q�RWKHU�ZRUGV��WKH�GLVWLQFWLRQ
LV�QRW�UHDOO\�DFTXLUHG�E\�WKH�V\VWHP�EXW�UDWKHU��LQGLUHFWO\�
SUH�SURJUDPPHG�E\�WKH�ZD\�WKH�H[DPSOHV�DUH�HQFRGHG�LQ
D�V\PEROLF�ZD\��$JDLQ��WKLV�GLVWLQFWLRQ�LV�QRW�JURXQGHG�LQ
WKH� PRGHO·V� H[SHULHQFH� EXW� LPSOLFLWO\� JURXQGHG� LQ� WKH
H[SHULHQFH�RI�WKH�GHVLJQHU�RI�WKH�PRGHO��6LQFH�WKHUH�LV�QR
LQWHUDFWLRQ�ZLWK�WKH�UHDO�ZRUOG��RQO\�SDWWHUQV�DUH�SUHVHQWHG
WR� WKH� QHWZRUN� LQSXW� OD\HU�� WKH� IUDPH� SUREOHP� DQG
VLWXDWHGQHVV�DUH�QRW�DGGUHVVHG�

)URP� WKLV� GLVFXVVLRQ� LW� FDQ� EH� FRQFOXGHG� WKDW
VXSHUYLVHG�OHDUQLQJ�GRHV�VROYH�D�FHUWDLQ�FODVV�RI�SUREOHPV�
%XW�LW�VROYHV�WKH�SUREOHPV�DW�DQ�´LQIRUPDWLRQ�SURFHVVLQJµ
OHYHO�� UDWKHU� WKDQ� E\� LQWHUDFWLRQ� ZLWK� WKH� UHDO� ZRUOG�
6XSHUYLVHG�OHDUQLQJ�GRHV�QRW�UHVROYH�WKH�LVVXH�RI�V\PERO
JURXQGLQJ� DQG� ZLOO� QRW� OHDG� WR� VLWXDWHG� V\VWHPV�� 7KH
FDWHJRULHV�WKH�PRGHO�KDV�DW�LWV�GLVSRVDO�DUH�JLYHQ�DW�GHVLJQ
WLPH�RQFH�DQG�IRU�DOO��$OO� WKH�PRGHOV�FDQ�GR�LV�FRPELQH
WKH� EDVLF� FDWHJRULHV� LQ� YDULRXV� ZD\V�� %XW� WKH� EDVLF
FDWHJRULHV�WKDW�GHWHUPLQH�KRZ�WKH�PRGHO�FDQ�LQWHUDFW�ZLWK
LWV�HQYLURQPHQW��DUH�IL[HG�

:KLOH�PDQ\�ZRXOG� SUREDEO\� DJUHH� WKDW� VXSHUYLVHG
PRGHOV�DUH�EDVHG�RQ�GHVLJQHU�GHILQHG�FDWHJRULHV��WKHUH�LV
OLNHO\�WR�EH�GLVDJUHHPHQW�DERXW�XQVXSHUYLVHG�PRGHOV�

�����8QVXSHUYLVHG�VFKHPHV
$� SURPLQHQW� H[DPSOH� RI� DQ� XQVXSHUYLVHG� VFKHPH� LV
.RKRQHQ·V�WRSRORJLFDO�PDS��H�J��.RKRQHQ������D��ZKLFK
FRPHV� LQ�PDQ\�YDULDWLRQV��$JDLQ�� DVVXPLQJ� IDPLOLDULW\�
WKH� SUHVHQWDWLRQ� LV� YHU\� EULHI�� 7KH� EDVLF� DUFKLWHFWXUH� LV
VKRZQ�LQ�ILJXUH����7KH�LQSXW�OD\HU�LV�IXOO\�FRQQHFWHG�WR�WKH
PDS�OD\HU��,Q�WKH�PDS�OD\HU��WKHUH�DUH�ODWHUDO�FRQQHFWLRQV
ZKLFK� DUH� H[FLWDWRU\� IRU� FORVH� QHLJKERUV�� LQKLELWRU\� IRU
WKRVH� IXUWKHU� DZD\�� DQG�QHXWUDO� IRU� WKH� RQHV� \HW� IXUWKHU
RXW��3DWWHUQV�DUH�SUHVHQWHG�WR�WKH�PRGHO�DW�WKH�LQSXW�OD\HU
DQG�GHSHQGLQJ�RQ�WKH�SDUWLFXODU�DUFKLWHFWXUH�DQG�FKRLFH�RI
SDUDPHWHUV� LW� ZLOO� HYHQWXDOO\� OHDUQ� D� SDUWLFXODU
FDWHJRUL]DWLRQ� RI� WKH� LQSXW� VSDFH�� 7KH� GHWDLOV� RI� WKH
DOJRULWKP�GR� QRW�PDWWHU��:KDW� GRHV�PDWWHU� LV� WKH� EDVLF
SULQFLSOH�WKDW�WKHUH�LV�QR�QHHG�IRU�WKH�V\VWHP�WR�EH�JLYHQ�D
FODVVLILFDWLRQ�RI� LQSXW�SDWWHUQV�E\�WKH�GHVLJQHU��ZKLFK�LV
ZK\�WKLV�LV�FDOOHG�XQVXSHUYLVHG��

)RU� H[DPSOH�� LQ� WKH� ´QHXUDO� SKRQHWLF� W\SHZULWHUµ
�.RKRQHQ�� ����E�� WKH� LQSXWV� DUH� VSHFWUDO� SDWWHUQV
FRUUHVSRQGLQJ� WR� SUH�SURFHVVHG� VLJQDOV� DQG� WKH� FODVVHV
ZKLFK� DUH� IRUPHG� FDQ� EH� LQWHUSUHWHG� DV� ´SVHXGR
SKRQHPHVµ��3VHXGR�SKRQHPHV�DUH�OLNH�SKRQHPHV�EXW�WKH\
KDYH�D�VKRUWHU�GXUDWLRQ����PV�UDWKHU�WKDQ����WR����PV���,Q
FRQWUDVW� WR� VXSHUYLVHG� OHDUQLQJ�� WKH� GHVLJQHU� GRHV� QRW
SUHGHILQH� WKH�FODVVHV� LQWR�ZKLFK� WKH�SDWWHUQV�QHHG� WR�EH
VRUWHG�� %XW� GRHV� WKH� PRGHO� UHDOO\� DFTXLUH� LWV� RZQ
FDWHJRUL]DWLRQ� LQ� LWV� LQWHUDFWLRQ�ZLWK� WKH� UHDO�ZRUOG�� L�H�
GRHV� LW� UHDOO\�VROYH� WKH�V\PERO�JURXQGLQJ�SUREOHP"�7KH
DQVZHU�LV�´QRµ��:K\"

PDS�OD\HU

LQSXW�OD\HU

IXOO�FRQQHFWLYLW\

)LJXUH����%DVLF�DUFKLWHFWXUH�RI�D�.RKRQHQ�QHWZRUN��'HWDLOV�
VHH�WH[W�

7KH�SDWWHUQV�ZKLFK�DUH�SUHVHQWHG�WR�WKH�PRGHO�KDYH
EHHQ�FDUHIXOO\�SUHVHOHFWHG�E\�WKH�GHVLJQHU��7KLV�GRHV�QRW
LPSO\�WKDW�WKH�GHVLJQHU�GHWHUPLQHV�WKH�LQGLYLGXDO�SDWWHUQV
WR�EH�SUHVHQWHG��EXW�KH�GHWHUPLQHV� WKH� W\SHV�RI�SDWWHUQV
WKDW�WKH�V\VWHP�VKRXOG�EH�DEOH�WR�SURFHVV��,Q�RWKHU�ZRUGV�
WKH� GHVLJQHU�� MXVW� DV� LQ� WKH� FDVH� RI� D� VXSHUYLVHG�PRGHO�
PDNHV�D�SUHFODVVLILFDWLRQ�RI�WKH�ZRUOG�LQ�WHUPV�RI�ZKDW�LV
PHDQLQJIXO� WR� WKH� V\VWHP�� ,Q� WKH� FDVH� RI� WKH� ´SKRQHWLF
W\SHZULWHUµ� VSHHFK� VDPSOHV� ZHUH� VHOHFWHG� WR� FRYHU� WKH
VSDFH� RI� SRVVLEOH� SKRQHPHV�� DQG� WKHQ� WKH\� ZHUH
DSSURSULDWHO\� SUH�SURFHVVHG�� &OHDUO\�� QRQ�VXSHUYLVHG
OHDUQLQJ�LV�DQ�LPSRUWDQW�VWHS�LQ�WKH�ULJKW�GLUHFWLRQ�EHFDXVH�
ZLWKLQ�WKH�SUHVHOHFWHG�VHW�RI�SDWWHUQV��WKH�V\VWHP�ILQGV�LWV
RZQ�FDWHJRULHV�

�����$Q�DWWUDFWLYH�IRUPDOLVP
%HFDXVH�RI�WKHLU�GHVLUDEOH�SURSHUWLHV��UREXVWQHVV��OHDUQLQJ
DQG� JHQHUDOL]DWLRQ� FDSDFLW\��� FRQQHFWLRQLVW� PRGHOV� RU
QHXUDO�QHWZRUNV��DUH�H[FHOOHQW�FDQGLGDWHV�IRU�PRGHOLQJ�WKH
LQWHUDFWLRQ�RI� V\VWHPV�ZLWK� WKH� UHDO�ZRUOG�� ,Q� IDFW�� WKH\
KDYH� EHHQ� ZLGHO\� XVHG� IRU� VLJQDO� SURFHVVLQJ�� SDWWHUQ
UHFRJQLWLRQ��DQG�PRWRU�FRQWURO��7KH�SXUSRVH�RI�RXU�FULWLFDO
DQDO\VLV� ZDV� WR� GHPRQVWUDWH� WKDW� FRQQHFWLRQLVP� SHU� VR
GRHV�QRW�DXWRPDWLFDOO\�UHVROYH�WKH�IXQGDPHQWDO�SUREOHPV
XQGHUO\LQJ�WKH�GHVLJQ�RI�LQWHOOLJHQW�V\VWHPV��)RU�H[DPSOH�
LW�GRHV�QRW�H[SODLQ�ZK\�DQ�DJHQW�FDWHJRUL]HV�WKH�ZRUOG�LQ
WKH� ILUVW� SODFH�� KRZ� LW� IRFXVHV� RQ� FHUWDLQ� DVSHFWV� RI� WKH
VHQVRU\�VWLPXODWLRQ�DQG�QRW�RQ�RWKHUV��KRZ�LW�FKRRVHV�LWV
EHKDYLRUV�GHSHQGLQJ�RQ�WKH�VLWXDWLRQ��HWF��7R�DQVZHU�WKHVH
TXHVWLRQV�� PRUH� LV� UHTXLUHG�� $QG� WKLV� LV� ZKDW� WKH� QH[W
VHFWLRQ�LV�DERXW�

���8QGHUVWDQGLQJ�EHKDYLRU��GHVLJQ�SULQFLSOHV
RI�DXWRQRPRXV�DJHQWV

�����&RQFHSWXDOL]LQJ�LQWHOOLJHQW�DJHQWV
$V�SRLQWHG� RXW� LQLWLDOO\�� LQ� V\PERO� SURFHVVLQJ�$,� KLJK�
OHYHO� FDSDFLWLHV� OLNH� ORJLF�� DEVWUDFW� SUREOHP� VROYLQJ�
KXPDQ�QDWXUDO�ODQJXDJH��WKHRUHP�SURYLQJ��UHDVRQLQJ�DQG
IRUPDO� JDPHV� ZHUH� FRQVLGHUHG� WR� EH� WKH� KDOOPDUN� RI
LQWHOOLJHQFH��7KHUH�ZDV�DQ�LPSOLFLW�XQGHUO\LQJ�EHOLHI�WKDW
RQFH�ZH�XQGHUVWDQG� WKH�KLJK�OHYHO�SURFHVVHV�ZH�PHUHO\
DGG�VHQVRUV�DQG�HIIHFWRUV�DQG�ZH�KDYH�D�V\VWHP�FDSDEOH�RI
LQWHUDFWLQJ�ZLWK�WKH�UHDO�ZRUOG��8QIRUWXQDWHO\��WKLV�WXUQHG
RXW�QRW� WR�EH�WKH�FDVH��'RXEWV�KDYH�EHHQ�UDLVHG�ZKHWKHU
WKLV� DSSURDFK� RI� IRFXVLQJ� RQ� KLJK�OHYHO� SURFHVVHV� DQG
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DGGLQJ� VHQVRUV� DQG� HIIHFWRUV� ODWHU� RQ�� PLJKW� QRW� EH
IXQGDPHQWDOO\� IODZHG� �H�J�� %URRNV�� ������� %URRNV
VXJJHVWHG�WKDW�LI�ZH�DUH�WR�XQGHUVWDQG�EHKDYLRU�ZH�PXVW
VWXG\� SK\VLFDOO\� HPERGLHG� UHDO� ZRUOG� DJHQWV�� 7KLV
VXJJHVWLRQ� KDV� OHDG� WR� D� UHVHDUFK� DUHD�ZKLFK� LV� UDSLGO\
JURZLQJ��QDPHO\�´1HZ�$,µ�

5HVHDUFKHUV�LQ�$,�UHDOL]HG�WKDW�ZKDW�ZDV�FRQVLGHUHG
KDUG�LQLWLDOO\��WXUQHG�RXW�WR�EH�HDV\�DQG�WKRVH�WKLQJV�ZKLFK
ZHUH�YLHZHG�DV�EHLQJ�HDV\�DGG�RQV� ODWHU� OLNH�SHUFHSWXDO
DQG� PRWRU� FDSDELOLWLHV�� WXUQHG� RXW� WR� EH� KDUG�
&RQQHFWLRQLVP� LV� DQ� LQWHUHVWLQJ� GHYHORSPHQW� LQ� WKLV
UHVSHFW� VLQFH� LW� VWDUWHG� IRFXVLQJ� RQ� PRUH� ´ORZ�OHYHOµ
SURFHVVHV�VXFK�DV�SDWWHUQ�UHFRJQLWLRQ��%XW�WKH�LQWHUHVW�KDV
QRW� RQO\� VKLIWHG� WR� SHUFHSWXDO�PRWRU� VNLOOV�� EXW� WR
FRPSOHWH�DJHQWV��7KHUH�DUH�D�QXPEHU�RI�UHDVRQV�IRU�WKLV�

/HW�XV� ORRN�DW� D� V\VWHP�EHKDYLQJ� LQ� WKH� UHDO�ZRUOG�
H�J��D�PRELOH�URERW�ZKLFK�KDV�WKH�WDVN�WR�FROOHFW�XUDQLXP
RUH�LQ�DQ�XQNQRZQ�HQYLURQPHQW��,Q�RUGHU�WR�GR�VR�LW�KDV�
DPRQJ� PDQ\� RWKHU� WKLQJV�� WR� DYRLG� REVWDFOHV� DQG
UHFRJQL]H�XUDQLXP�RUH��$V�LW�LV�PRYLQJ�LWV�VHQVRUV�UHFHLYH
FRQWLQXRXVO\� FKDQJLQJ� SK\VLFDO� VWLPXODWLRQ� DQG� WKLV
VWLPXODWLRQ� LV� ODUJHO\� GHWHUPLQHG� E\� ZKDW� WKH� DJHQW
FXUUHQWO\�GRHV��$QG�ZKDW�WKH�DJHQW�FXUUHQWO\�GRHV�LQ�WXUQ
GHWHUPLQHV��WRJHWKHU�ZLWK�WKH�VHQVRU\�VWLPXODWLRQ�DQG�WKH
LQWHUQDO�VWDWH��ZKDW�LW�ZLOO�GR�QH[W��7KHUH�LV�QRERG\�WR�WHOO
WKH�DJHQW�ZKDW�WKH�UHOHYDQW�SDWWHUQV�RI�VHQVRU\�DFWLYDWLRQ
DUH�� 8QOLNH� VXSHUYLVHG� DQG� QRQ�VXSHUYLVHG� QHXUDO
QHWZRUNV�� WKHUH� LV� QR� QHDW� VHW� RI� WUDLQLQJ� SDWWHUQV�� WKH
DJHQW� KDV� WR� GHFLGH� IURP� LWV� YHU\� RZQ�� VLWXDWHG
SHUVSHFWLYH��7KLV� FRQVWLWXWHV� DQ� HQWLUHO\� GLIIHUHQW� VHW� RI
SUREOHPV�� 7KH� GHVLJQ� SULQFLSOHV� KDYH� EHHQ� GHYLVHG� LQ
RUGHU�WR�FRQFHSWXDOL]H�DJHQWV�EHKDYLQJ�LQ�D�UHDO��SK\VLFDO
ZRUOG�

�����'HVLJQ�SULQFLSOHV�RI�DXWRQRPRXV�DJHQWV

7\SHV�RI�H[SODQDWLRQV
5HPHPEHU� WKDW� RXU� XOWLPDWH� JRDO� LV� WR� XQGHUVWDQG
SULQFLSOHV� RI� LQWHOOLJHQFH�� 7KHUH� LV� D� NLQG� RI� ´PHWD
SULQFLSOHµ�WKDW�KDV�WR�EH�HQGRUVHG�LI�WKH�GHVLJQ�SULQFLSOHV
DUH� WR� PDNH� VHQVH�� ,W� VWDWHV� WKDW� DJHQWV� DOZD\V� EH
HYDOXDWHG� IURP� WKUHH� GLIIHUHQW� SHUVSHFWLYHV�� QDPHO\
IXQFWLRQDO�� OHDUQLQJ�DQG�GHYHORSPHQW�� DQG�HYROXWLRQDU\�
([SHULHQFH� KDV� VKRZQ� WKDW� WKHVH� WKUHH� SHUVSHFWLYHV
FRQWULEXWH�LQ�FRPSOHPHQWDU\�ZD\V�WR�RXU�XQGHUVWDQGLQJ�

7KH� IXQFWLRQDO�SHUVSHFWLYH��H[SODLQV�ZK\�D�SDUWLFXODU
EHKDYLRU� LV� GLVSOD\HG� E\� DQ� DJHQW� EDVHG� RQ� LWV� FXUUHQW
LQWHUQDO�DQG�VHQVRU\�VWDWH��2IWHQ��WKLV�NLQG�RI�H[SODQDWLRQ
LV�XVHG�LQ�HQJLQHHULQJ��%XW�DOVR�LQ�FRJQLWLYH�VFLHQFH�LW�LV
KLJKO\� SURGXFWLYH�� -XVW� UHPHPEHU� 6LPRQ·V� DQW� RQ� WKH
EHDFK�� ZKHUH� LW� LV� VXUSULVLQJ� KRZ� VHHPLQJO\� FRPSOH[
NLQGV� RI� EHKDYLRU� UHVXOW� IURP�YHU\� VLPSOH�PHFKDQLVPV�
7KH� OHDUQLQJ� DQG� GHYHORSPHQWDO� SHUVSHFWLYHV� QRW� RQO\
UHVRUW� WR� LQWHUQDO�VWDWH��EXW� WR�VRPH�HYHQWV� LQ� WKH�SDVW� LQ
RUGHU� WR� H[SODLQ� WKH� FXUUHQW� EHKDYLRU�� 7KH\� SURYLGH� DQ
H[SODQDWLRQ�RI�KRZ�WKH�DFWXDO�EHKDYLRU�FDPH�DERXW��7KH

������������������������������������������������
�7KH�WHUP�´IXQFWLRQDOµ�LV�XVHG�LQ�GLIIHUHQW�ZD\V��+HUH�WKH�WHUP
LV� XVHG� WR� GLVWLQJXLVK� RQH� OHYHO� RI� H[SODQDWLRQ� IURP� D
OHDUQLQJ�GHYHORSPHQWDO�DQG�DQ�HYROXWLRQDU\�RQH�

GLVWLQFWLRQ� EHWZHHQ� OHDUQLQJ� DQG� GHYHORSPHQW� LV� WKDW
GHYHORSPHQW� LQFOXGHV� PDWXUDWLRQ� RI� WKH� RUJDQLVP�
ZKHUHDV�OHDUQLQJ�LV�PRUH�JHQHUDO�DQG�GRHV�QRW�QHFHVVDULO\
LQFOXGH� FKDQJH� RI� WKH� RUJDQLVP�� (YR OX W L RQD U \
H[SODQDWLRQV�SURYLGH�UHDVRQV�ZK\�D�SDUWLFXODU�FDSDFLW\�RI
DQ�DJHQW� LV� WKHUH� LQ� WKH� ILUVW�SODFH�� H�J��ZK\� LW�PLJKW�EH
EHQHILFLDO� WR� KDYH� D� YLVLRQ� V\VWHP�� $OO� WKHVH� W\SHV� RI
H[SODQDWLRQV� FDQ� EH� DSSOLHG� WR� LQGLYLGXDOV�� EXW� DOVR� WR
JURXSV�RU�ZKROH�VRFLHWLHV�RI�LQGLYLGXDOV�

&ODVVLFDO� V\PERO� SURFHVVLQJ� PRGHOV� KDYH� PRVWO\
SURYLGHG�H[SODQDWLRQV�DW�WKH�IXQFWLRQDO�OHYHO��7KH�SUREOHP
ZLWK�FODVVLFDO�PRGHOV�ZDV��WKDW�RIWHQ�QR�FOHDU�GLVWLQFWLRQ
ZDV� PDGH� EHWZHHQ� LQWHUQDO� PHFKDQLVPV� DQG� EHKDYLRU�
EHFDXVH�WKHUH�VLPSO\�ZDV�QR�EHKDYLQJ�RUJDQLVP��0DFKLQH
OHDUQLQJ��LQ�SDUWLFXODU�FRQQHFWLRQLVW�PRGHOV��KDYH�DGRSWHG
D� OHDUQLQJ� SHUVSHFWLYH��%XW� WKH� H[SODQDWLRQV�ZHUH� RIWHQ
UHODWLYHO\�XQLQWHUHVWLQJ�EHFDXVH�WKH�WUDLQLQJ�SDWWHUQV�ZHUH
SUHSDUHG�E\�WKH�GHVLJQHU��7KH�HYROXWLRQDU\�SHUVSHFWLYH�LV
D�PRUH�UHFHQW�GHYHORSPHQW�LQ�$,�

&ODVVHV�RI�SULQFLSOHV
7KHUH�DUH�WKUHH�FODVVHV�RI�GHVLJQ�SULQFLSOHV��$Q�RYHUYLHZ
LV�JLYHQ�LQ�7DEOH����7KH�ILUVW�FODVV�FRQFHUQV�WKH�NLQGV�RI
DJHQWV�DQG�EHKDYLRUV�WKDW�DUH�RI�LQWHUHVW�IURP�D�FRJQLWLYH
VFLHQFH� SHUVSHFWLYH�� :H� VWUHVV� WKH� FRJQLWLYH� VFLHQFH
SHUVSHFWLYH�VLQFH�IURP�DQ�HQJLQHHULQJ�SHUVSHFWLYH��RWKHU
W\SHV�RI�DJHQWV�DUH�W\SLFDOO\�RI�JUHDWHU�LQWHUHVW��DW�OHDVW�DW
WKH�PRPHQW���7KH�VHFRQG�FODVV�FRQFHUQV�WKH�DJHQW�LWVHOI�
LWV� PRUSKRORJ\�� LWV� VHQVRUV� DQG� HIIHFWRUV�� LWV� FRQWURO
DUFKLWHFWXUH��DQG�LWV�LQWHUQDO�PHFKDQLVPV��7KH�WKLUG�FODVV
FRQWDLQV�SULQFLSOHV�WKDW�KDYH�WR�GR�ZLWK�ZD\V�RI�WKLQNLQJ
DQG�SURFHHGLQJ��ZLWK�VWDQFHV��DWWLWXGHV��DQG�VWUDWHJLHV� WR
EH� DGRSWHG� LQ� WKH� GHVLJQ� SURFHVV�� %HFDXVH� RI� VSDFH
OLPLWDWLRQV�ZH�ZLOO�RQO\�LOOXVWUDWH�VRPH�RI�WKHP�ZLWK�D�IHZ
FDVH�VWXGLHV��IRU�PRUH�GHWDLO��VHH�3IHLIHU������E��

7DEOH����6XPPDU\�RI�GHVLJQ�SULQFLSOHV

3ULQFLSOH 1DPH
7\SHV�RI�DJHQWV�RI�LQWHUHVW��HFRORJLFDO�QLFKH
DQG�WDVNV
� 7KH�´FRPSOHWH�DJHQWVµ�SULQFLSOH
� 7KH�´HFRORJLFDO�QLFKHµ�SULQFLSOH
0RUSKRORJ\��DUFKLWHFWXUH��PHFKDQLVP
� 7KH�SULQFLSOH�RI�SDUDOOHO��ORRVHO\

FRXSOHG�SURFHVVHV��WKH�´DQWL �
KRPXQFXOXVµ�SULQFLSOH�

� 7KH�´YDOXHµ�SULQFLSOH
� 7KH�SULQFLSOH�RI�VHQVRU\�PRWRU

FRRUGLQDWLRQ
� 7KH�SULQFLSOH�RI�´HFRORJLFDO�EDODQFHµ
� 7KH�SULQFLSOH�RI�´FKHDS�GHVLJQVµ
6WUDWHJLHV��KHXULVWLFV��VWDQFHV��PHWDSKRUV
� ´)UDQH�RI�UHIHUHQFHµ�SULQFLSOH
� ´&RQVWUDLQWVµ�SULQFLSOHV
�� &RPSOLDQFH�ZLWK�SULQFLSOHV

HWF�

Symbols, Patterns and Behavior
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7\SH�RI�DJHQWV��HFRORJLFDO�QLFKH��DQG�WDVNV
,QLWLDOO\�ZH�DUJXHG�WKDW�LW�PD\�QRW�EH�D�JRRG�LGHD�WR�GHILQH
ZKDW�ZH�PHDQ�E\�LQWHOOLJHQFH�DQG�WKDW�LW�LV�SHUKDSV�EHWWHU
WR�GHILQH� WKH�NLQGV�RI� DJHQWV� DQG�EHKDYLRUV� WKDW�ZH� DUH
LQWHUHVWHG�LQ�DQG�WKHQ�ORRN�IRU�WKH�PHFKDQLVPV��7KLV�FODVV
RI�SULQFLSOHV�WULHV�WR�FKDUDFWHUL]H�WKH�NLQGV�RI�DJHQWV�WKDW
DUH�PRVW�ZRUWKZKLOH�EHLQJ� LQYHVWLJDWHG��$V�SRLQWHG�RXW
EHIRUH��LQ�FODVVLFDO�$,�WKH�WDVNV�RI�LQWHUHVW�SHUWDLQ�WR�KLJK�
OHYHO� WKLQNLQJ�� ,Q� FRQQHFWLRQLVP� WKH\�ZHUH�PRUH� LQ� WKH
DUHDV� UHTXLULQJ� SDWWHUQ� SURFHVVLQJ�� L�H�� VHQVRU\�PRWRU
EDVHG��:H� VDZ� WKDW� WKH� VWXG\�RI� WKHVH� WDVNV� DORQH�� VWLOO
GRHV� QRW� VXIILFH� WR� XQGHUVWDQG� LQWHOOLJHQFH�� 7KXV�� WKLV
FODVV� RI� SULQFLSOHV� VWDWHV� WKDW� WKH� DJHQWV� RI� LQWHUHVW� DUH
DXWRQRPRXV� �L�H�� LQGHSHQGHQW� RI� H[WHUQDO� FRQWURO��� VHOI�
VXIILFLHQW� �L�H�� FDQ� VXVWDLQ� WKHPVHOYHV� RYHU� H[WHQGHG
SHULRGV� RI� WLPH��� HPERGLHG� �L�H�� WKH\� DUH� UHDOL]HG� DV� D
SK\VLFDO�V\VWHP���DQG�VLWXDWHG��L�H��WKH�LQWHUDFWLRQ�ZLWK�WKH
HQYLURQPHQW� PXVW� EH� FRQWUROOHG� E\� WKH� DJHQW� LWVHOI��
0RUHRYHU�� WKH� DJHQW� PXVW� EH� DEOH� WR� EULQJ� LQ� LWV� RZQ
H[SHULHQFH� LQ� GHDOLQJ� ZLWK� WKH� FXUUHQW� VLWXDWLRQ�� 7KLV
LOOXVWUDWHV�WKH�VKLIW�RI�LQWHUHVW�LQ�UHVHDUFK�WRSLFV�PHQWLRQHG
DW�WKH�EHJLQQLQJ��7KH�EDVLF�LGHD�RI�WKLV�VHW�RI�SULQFLSOHV�LV
WKDW�LI�ZH�DUH�WR�PDNH�SURJUHVV�LQ�WKH�VWXG\�RI�LQWHOOLJHQFH�
LW�LV�WKHVH�NLQGV�RI�V\VWHPV�WKDW�ZH�PXVW�VWXG\�

.HHS�LQ�PLQG�WKDW�WKHVH�GHVLJQ�SULQFLSOHV�RQO\�PDNH
VHQVH�LI�\RXU�SULPDU\�LQWHUHVW�LV�LQ�FRJQLWLYH�VFLHQFH��L�H�
LQ�XQGHUVWDQGLQJ�WKH�EDVLF�SULQFLSOHV�RI�LQWHOOLJHQFH��,I�WKH
PDLQ�JRDO� LV�HQJLQHHULQJ��GLIIHUHQW�SULQFLSOHV�KDYH�WR�EH
DSSOLHG�

����)XQFWLRQDO�H[SODQDWLRQV
7KH� H[DPSOH� WKDW� ZH�ZLOO� GLVFXVV� LOOXVWUDWHV� IXQFWLRQDO
H[SODQDWLRQV�DQG�D�SULQFLSOH�IURP�FODVV�WKUHH��QDPHO\�WKH
´IUDPH�RI�UHIHUHQFHµ�SULQFLSOH��(DUOLHU��ZH�GLVFXVVHG�WKH
´IUDPH�RI�UHIHUHQFHµ�SUREOHP�XVLQJ�6LPRQ·V� DQW� RQ� WKH
EHDFK��7KH�GHVLJQ�SULQFLSOH� VWDWHV� WKDW� LQ�GHVLJQLQJ�DQG
EXLOGLQJ�DJHQWV��ZH�KDYH�WR�WDNH�WKH�´IUDPH�RI�UHIHUHQFHµ
SULQFLSOH� LQWR� DFFRXQW� YHU\� FDUHIXOO\�� 7KH� FDVH� VWXG\
LQYROYHV�D�QXPEHU�RI�VLPSOH�VHOI�EXLOW�DXWRQRPRXV�URERWV�
WKH�'LGDERWV��0DULV�DQG�6FKDDG���������7KHUH�LV�DQ�DUHQD
ZLWK� D� QXPEHU� RI� VW\URSRU� FXEHV� DQG� VRPH� 'LGDERWV
�ILJXUH� ���� 7KH� 'LGDERWV� DUH� SURJUDPPHG� DV� VLPSOH
%UDLWHQEHUJ� YHKLFOHV� ZLWK� RQO\� RQH� W\SH� RI� VHQVRU� IRU
SUR[LPLW\��$OO�WKH\�FDQ�GR�LV�DYRLG�REVWDFOHV��1RZ�ORRN�DW
WKH�VHTXHQFH�RI�SLFWXUHV�VKRZQ�LQ�ILJXUH���

)LJXUH����$UHQD�ZLWK�'LGDERWV�DQG�VW\URSRU�FXEHV��2Q�WKH
ULJKW��D�SLFWXUH�RI�D�'LGDERW�LV�VKRZQ�

,QLWLDOO\� WKH� FXEHV� DUH� UDQGRPO\� GLVWULEXWHG�� 2YHU
WLPH�D�QXPEHU�RI�FOXVWHUV�DUH�IRUPLQJ��$W�WKH�HQG�WKHUH�DUH
RQO\�WZR�FOXVWHUV�DQG�D�QXPEHU�RI�FXEHV�DORQJ�WKH�ZDOOV
RI�WKH�DUHQD��:KDW�ZRXOG�\RX�VD\�WKH�URERWV�DUH�GRLQJ"

)LJXUH����6HTXHQFH�RI�VLWXDWLRQV�DIWHU�D�IHZ�PLQXWHV�HDFK�
7KH� ZKROH� SURFHVV� XQWLO� D� UHODWLYHO\� VWDEOH� VLWXDWLRQ� LV
DFKLHYHG�ODVWV�URXJKO\���P�

´7KH\�DUH�FOHDQLQJ�XSµ��´7KH\�DUH� WU\LQJ� WR�JHW� WKH
FXEHV�LQWR�FOXVWHUVµ��7KHVH�DUH�DQVZHUV�WKDW�ZH�RIWHQ�KHDU�
7KH\� DUH� ILQH� LI� ZH� DUH� DZDUH� RI� WKH� IDFW� WKDW� WKH\
UHSUHVHQW� DQ� REVHUYHU
V� SHUVSHFWLYH�� 7KH\� GHVFULEH� WKH
EHKDYLRU��7KH�VHFRQG�DQVZHU�LV�D�ELW�SUREOHPDWLF�VLQFH�LW
DWWULEXWHV� DQ� LQWHQWLRQ� E\� XVLQJ� WKH� ZRUG� ´WU\LQJµ�
%HFDXVH�ZH� DUH� WKH� GHVLJQHUV��ZH� FDQ� VD\� YHU\� FOHDUO\
ZKDW� WKH� URERWV� ZHUH� SURJUDPPHG� WR� GR�� WR� DYRLG
REVWDFOHV�

VW\URSRU
FXEHV

,5�VHQVRUV�XVHG�LQ
H[SHULPHQW

�

)LJXUH����([SODQDWLRQ�RI�WKH�´FOHDQLQJ�XSµ�EHKDYLRU�RI�WKH
'LGDERWV�

7KH� 'LGDERWV� RQO\� XVH� WKH� WZR� VHQVRUV� ZKLFK� DUH
PDUNHG� LQ� EODFN�� QDPHO\� IURQW� OHIW� DQG� IURQW� ULJKW�
1RUPDOO\�WKH\�PRYH�IRUZDUG��,I�WKH\�JHW�QHDU�DQ�REVWDFOH
ZLWKLQ� UHDFK� RI� RQH� RI� WKH� VHQVRUV� �DERXW� ��FP�� WKH\
VLPSO\�WXUQ�WRZDUG�WKH�RWKHU�VLGH��,I�WKH\�HQFRXQWHU�D�FXEH
KHDG�RQ��QHLWKHU�WKH�OHIW�QRU�WKH�ULJKW�VHQVRU�PHDVXUH�DQ\
UHIOHFWLRQ� DQG� WKH� 'LGDERW� VLPSO\� FRQWLQXHV� PRYLQJ
IRUZDUG�� $W� WKH� VDPH� WLPH� LW� SXVKHV� WKH� FXEH�� %XW� LW
SXVKHV�WKH�FXEH�EHFDXVH�LW�GRHVQ·W�´VHHµ�LW��QRW�EHFDXVH�LW
ZDV�SURJUDPPHG�WR�SXVK�LW�

)RU�KRZ�ORQJ�GRHV� LW�SXVK� WKH�FXEH"�8QWLO� WKH�FXEH
HLWKHU�PRYHV�WR�WKH�VLGH�DQG�WKH�'LGDERW�ORVHV�LW��RU�XQWLO�LW
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HQFRXQWHUV� DQRWKHU� FXEH� WR� WKH� OHIW� RU� WKH� ULJKW�� ,W� WKHQ
WXUQV�DZD\�� WKXV� OHDYLQJ�ERWK�FXEHV� WRJHWKHU� �ILJXUH����
1RZ�WKHUH�DUH�DOUHDG\�WZR�FXEHV�WRJHWKHU��DQG�WKH�FKDQFH
WKDW�DQRWKHU�FXEH�ZLOO�EH�GHSRVLWHG�QHDU�WKHP�LV�LQFUHDVHG�
7KXV��WKH�URERWV�KDYH�FKDQJHG�WKHLU�HQYLURQPHQW�ZKLFK�LQ
WXUQ�LQIOXHQFHV�WKHLU�EHKDYLRU�

:KLOH�LW� LV�QRW�SRVVLEOH�WR�SUHGLFW�H[DFWO\�ZKHUH�WKH
FOXVWHUV�ZLOO�EH�IRUPHG��ZH�FDQ�SUHGLFW�ZLWK�KLJK�FHUWDLQW\
WKDW�RQH�RU� WZR�FOXVWHUV�ZLOO�EH� IRUPHG� LQ�HQYLURQPHQWV
ZLWK� WKH�JHRPHWULFDO�SURSRUWLRQV�XVHG�LQ� WKH�H[SHULPHQW
�V\VWHPDWLF�H[SHULPHQWV�KDYH�EHHQ�UHSRUWHG�E\�0DULV�DQG
WH�%RHNKRUVW��VXEPLWWHG���7KXV��ZH�FDQ�PDNH�SUHGLFWLRQV�
EXW� WKH\� DUH� RI� D� GLIIHUHQW� QDWXUH� WKDQ� ZKDW� ZH� DUH
QRUPDOO\�XVHG�WR��VD\��LQ�SK\VLFV�

7KH�NLQG�RI� SKHQRPHQRQ� WKDW�ZH�KDYH� VHHQ� LQ� WKLV
H[SHULPHQW�LV�DOVR�FDOOHG�VHOI�RUJDQL]DWLRQ��7KH�EHKDYLRU
RI� WKH� LQGLYLGXDO� OHDGV� WR� D� JOREDO� FKDQJH�� QDPHO\� WKH
DUUDQJHPHQW� RI� WKH� FXEHV��ZKLFK� LQ� WXUQ� LQIOXHQFHV� WKH
EHKDYLRU� RI� WKH� LQGLYLGXDOV�� $V� LV� ZHOO�NQRZQ�� VHOI�
RUJDQL]DWLRQ� LV� D� XELTXLWRXV� SKHQRPHQRQ� LQ� WKH� ZRUOG
DURXQG� XV�� LQ� ELRORJLFDO�� VRFLDO�� HFRQRPLF�� HQJLQHHULQJ�
DQG�LQDQLPDWH�SK\VLFDO�V\VWHPV�

%HFDXVH� WKLV� SKHQRPHQRQ� RI� FOXVWHU� IRUPDWLRQ� LV
VWDEOH�DQG�FRQVLVWHQWO\�RFFXUV��JLYHQ�WKH�ULJKW�FRQGLWLRQV
DQG�SURSRUWLRQV��ZH�FDQ� LQ� IDFW� GHVLJQ� D� FOHDQLQJ� URERW
ZLWKRXW� SURJUDPPLQJ� H[SOLFLWO\� D� UHSUHVHQWDWLRQ� RI
FOHDQLQJ� LQWR� WKH� URERWV�� 7KH� WDVN� RI� FOHDQLQJ� LV� LQ� RXU
PLQGV�DV�GHVLJQHUV��LW�GRHV�QRW�KDYH�WR�EH�LQ�WKH�´PLQGVµ
RI� WKH�URERWV��7R�XVH�DQRWKHU�EX]]ZRUG�� WKH�EHKDYLRU�RI
VXFK� DQ� DJHQW� LV� VRPHWLPHV� FDOOHG� HPHUJHQW�� DQG� WKH
HQJLQHHULQJ�SULQFLSOH�´GHVLJQLQJ�IRU�HPHUJHQFHµ��6WHHOV�
������

����'HYHORSPHQWDO�H[SODQDWLRQV

/HDUQLQJ�DQG�GHYHORSPHQW³D�IUDPH�RI�UHIHUHQFH�LVVXH
'HYHORSPHQWDO� H[SODQDWLRQV� �H[SODQDWLRQV� LQ� WHUPV� RI
OHDUQLQJ�� UHIHU� QRW� RQO\� WR� WKH� FXUUHQW� VLWXDWLRQ�� EXW� WR
HYHQWV� LQ� WKH� SDVW��$JDLQ�� WKHUH� LV� D� IUDPH�RI�UHIHUHQFH
LVVXH��KHUH��7KLQN�DERXW�OHDUQLQJ��IRU�D�PRPHQW��:KDW�GR
ZH� PHDQ� E\� WKH� WHUP"� $VVXPH� WKDW� WKHUH� LV� DQ
HQYLURQPHQW�ZLWK�VPDOO�DQG�ODUJH�SHJV��,QLWLDOO\��WKH�URERW
ZLOO�WU\�WR�SLFN�XS�DOO�WKH�SHJV��$IWHU�VRPH�WLPH�WKH�URERW
RQO\�SLFNV�XS�WKH�VPDOO�RQHV�DQG�LJQRUHV�WKH�ODUJH�RQHV�
:H� FDOO� WKLV� WKH� FXUUHQW� EHKDYLRU��:H� WKHQ� VD\� WKDW� WKH
URERW� KDV� OHDUQHG� D�GLVWLQFWLRQ�EHWZHHQ� VPDOO� DQG� ODUJH
SHJV��:H�FDQ�H[SODLQ�WKH�FXUUHQW�EHKDYLRU��IRU�H[DPSOH�
E\�VD\LQJ�WKDW�WKH�URERW�KDV�HQFRXQWHUHG�VPDOO�DQG�ODUJH
SHJV�DORQJ�WKH�ZD\�DQG�IRXQG�WKDW�WKH�ODUJH�RQHV�DUH�WRR
KHDY\� WR� SLFN� XS�� :H� UHVRUW� WR� WKH� KLVWRU\� RI� WKH
LQWHUDFWLRQ� RI� WKH� DJHQW� ZLWK� LWV� HQYLURQPHQW�� LQ� RWKHU
ZRUGV�� WR� LWV� LQGLYLGXDO� ´H[SHULHQFHµ�� %XW� ZH� DUH� QRW
VD\LQJ�DQ\WKLQJ�DERXW�WKH�LQWHUQDO�PHFKDQLVP��7KLV�LV�QRW
QHFHVVDU\�WR�GHILQH�OHDUQLQJ�

:H�ZLOO� SURFHHG� E\� UHYLHZLQJ� D� QXPEHU� RI� GHVLJQ
SULQFLSOHV�� 7KH\� FDQ� EH� DSSOLHG� WR� DOO� WKUHH� W\SHV� RI
H[SODQDWLRQV��IXQFWLRQDO��GHYHORSPHQWDO��DQG�HYROXWLRQDU\�
:H� ZLOO� ILUVW� IRFXV� RQ� WKH� GHYHORSPHQWDO� DVSHFWV�� ,Q
VXEVHFWLRQ�����ZH�ZLOO�EULHIO\�LOOXVWUDWH�VRPH�HYROXWLRQDU\
FRQVLGHUDWLRQV�

7KH�´YDOXHµ�SULQFLSOH
7KLV�SULQFLSOH�VWDWHV�WKDW�WKH�DJHQW�KDV�WR�EH�HPEHGGHG�LQ
D� YDOXH� V\VWHP�� DQG� WKDW� LW� PXVW� EH� EDVHG� RQ� VHOI�
VXSHUYLVHG�OHDUQLQJ�PHFKDQLVPV�HPSOR\LQJ�SULQFLSOHV�RI
VHOI�RUJDQL]DWLRQ�� ,I� WKH� DJHQW� LV� WR� EH� DXWRQRPRXV� DQG
VLWXDWHG�LW�KDV�WR�KDYH�D�PHDQV�WR�MXGJH�ZKDW�LV�JRRG�IRU�LW
DQG� ZKDW� LVQ·W�� 7KLV� LV� DFKLHYHG� E\� D� YDOXH� V\VWHP�� D
IXQGDPHQWDO�DVSHFW�RI�HYHU\�DXWRQRPRXV�DJHQW�

7KHUH�LV�DQ�LPSOLFLW�DQG�DQ�H[SOLFLW�DVSHFW�RI�WKH�YDOXH
V\VWHP�� ,Q� D� VHQVH�� WKH� ZKROH� VHW�XS� RI� WKH� DJHQW
FRQVWLWXWHV�YDOXH��WKH�GHVLJQHU�GHFLGHV�WKDW�LW�LV�JRRG�IRU
WKH� DJHQW� WR� KDYH� D� FHUWDLQ� NLQG� RI� ORFRPRWLRQ� �H�J�
ZKHHOV���FHUWDLQ�VHQVRUV��H�J��,5�VHQVRUV���FHUWDLQ�UHIOH[HV
�H�J�� WXUQ� DZD\� IURP� REMHFWV��� FHUWDLQ� OHDUQLQJ
PHFKDQLVPV��H�J��VHOHFWLRQLVW�OHDUQLQJ���HWF��7KHVH�YDOXHV
DUH� LPSOLFLW�� 7KH\� DUH� QRW� UHSUHVHQWHG� H[SOLFLWO\� LQ� WKH
V\VWHP��7R�LOOXVWUDWH�WKH�SRLQW��OHW�XV�ORRN�DW�UHIOH[HV�IRU�D
PRPHQW��$VVXPH�WKDW�D�JDUEDJH�FROOHFWLQJ�URERW�KDV�WKH
WDVN� WR� FROOHFW� RQO\� VPDOO� SHJV� DQG� QRW� ODUJH� RQHV�
0RUHRYHU�� LW� VKRXOG� OHDUQ� WKLV� GLVWLQFWLRQ� IURP� LWV� RZQ
SHUVSHFWLYH�� 7KH� DJHQW� LV� HTXLSSHG� ZLWK� D� QXPEHU� RI
UHIOH[HV�� WXUQLQJ�DZD\� IURP�REMHFWV�� WXUQLQJ� WRZDUGV�DQ
REMHFW�� DQG� JUDVSLQJ� LI� WKHUH� KDV� EHHQ� ODWHUDO� VHQVRU\
VWLPXODWLRQ�RYHU�D�FHUWDLQ�SHULRG�RI�WLPH��7KH�YDOXH�RI�WKH
ILUVW�UHIOH[�LV�WKDW�WKH�DJHQW�VKRXOG�QRW�JHW�GDPDJHG��7KH
VHFRQG�DQG�WKH�WKLUG�UHIOH[�LQFUHDVH�WKH�SUREDELOLW\�RI�DQ
LQWHUHVWLQJ� LQWHUDFWLRQ�� 1RWH� WKDW� WKLV� LQWHUSUHWDWLRQ� LQ
WHUPV� RI� YDOXH� LV� RQO\� LQ� WKH� H\H� RI� WKH� GHVLJQHU³WKH
DJHQW�ZLOO�VLPSO\�H[HFXWH�WKH�UHIOH[HV�

7KHVH�UHIOH[HV�LQWURGXFH�D�ELDV��7KH�SXUSRVH�RI� WKLV
ELDV�LV�WR�VSHHG�XS�WKH�OHDUQLQJ�SURFHVV�EHFDXVH�OHDUQLQJ
RQO\�WDNHV�SODFH�LI�D�EHKDYLRU�LV�VXFFHVVIXO��,I�WKH�EHKDYLRU
LV�VXFFHVVIXO��L�H��LI�WKH�DJHQW�PDQDJHV�WR�SLFN�XS�D�SHJ��D
YDOXH� VLJQDO� LV�JHQHUDWHG�� ,Q� WKLV�FDVH�� DQ�H[SOLFLW� YDOXH
V\VWHP�LV�UHTXLUHG��,Q�WKLV�ZD\��WKH�LQWXLWLRQ�WKDW�JUDVSLQJ
LV�FRQVLGHUHG�UHZDUGLQJ�LQ�LWVHOI��FDQ�EH�PRGHOHG�

$FFRUGLQJ� WR� WKH� ´YDOXHµ� SULQFLSOH�� WKH� OHDUQLQJ
PHFKDQLVPV� KDYH� WR� EH� EDVHG� RQ� SULQFLSOHV� RI� VHOI�
RUJDQL]DWLRQ�� VLQFH� WKH� FDWHJRULHV� WR� EH� IRUPHG� DUH� QRW
NQRZQ�WR�WKH�DJHQW�EHIRUHKDQG��([DPSOHV�DUH�FRPSHWLWLYH
VFKHPHV� �H�J�� .RKRQHQ�� ����D�� 0DUWLQHW]�� ������� RU
VHOHFWLRQLVW��RQHV��(GHOPDQ��������

7KLV� YLHZ� RI� YDOXH� V\VWHPV� DQG� VHOI�RUJDQL]DWLRQ
FRQWUDVWV� ZLWK� FODVVLFDO� WKLQNLQJ�� 7KH� PHWDSKRU� RI� LQ�
IRUPDWLRQ� SURFHVVLQJ� WKDW� XQGHUOLHV� WUDGLWLRQDO� $,� DQG
FRJQLWLYH�VFLHQFH��FDQQRW�DFFRPPRGDWH�VHOI�RUJDQL]DWLRQ�
7KH� ´YDOXHµ� SULQFLSOH� LV� VXSSRUWHG� E\�PDQ\� UHIHUHQFHV
�H�J��(GHOPDQ��������3IHLIHU�DQG�9HUVFKXUH��������3IHLIHU
DQG� 6FKHLHU�� LQ� SUHVV�� 7KHOHQ� DQG� 6PLWK�� ������� ,W� LV
FORVHO\� UHODWHG� WR� WKH� SULQFLSOH� RI� VHQVRU\�PRWRU
FRRUGLQDWLRQ�DQG�HFRORJLFDO�EDODQFH�

7KH�SULQFLSOH�RI�VHQVRU\�PRWRU�FRRUGLQDWLRQ
7KLV� SULQFLSOH� VWDWHV� WKDW� WKH� LQWHUDFWLRQ�ZLWK� WKH� HQYL�
URQPHQW�LV�WR�EH�FRQFHLYHG�DV�D�VHQVRU\�PRWRU�FRRUGLQD�
WLRQ��6HQVRU\�PRWRU�FRRUGLQDWLRQ�LQYROYHV�WKH�VHQVRUV��WKH
FRQWURO� DUFKLWHFWXUH�� WKH� HIIHFWRUV�� DQG� WKH� DJHQW� DV� D
ZKROH�� $� FRQVHTXHQFH� RI� WKLV� SULQFLSOH� LV� WKDW� FODVVL�
ILFDWLRQ�� SHUFHSWLRQ�� DQG�PHPRU\� VKRXOG� EH� YLHZHG� DV
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VHQVRU\�PRWRU� FRRUGLQDWLRQV� UDWKHU� WKDQ� DV� LQGLYLGXDO
PRGXOHV� �H�J�� 'HZH\�� ������ 'RXJODV�� ������ (GHOPDQ�
������

2QH�RI�WKH�IXQGDPHQWDO�SUREOHPV�RI�YLVXDO�SHUFHSWLRQ
LV�REMHFW� LQYDULDQFH��2QH�DQG�WKH�VDPH�REMHFW³D�SHJ�LQ
WKH� FDVH� RI� RXU� URERW³OHDGV� WR� ODUJH� YDULDWLRQV� LQ
�SUR[LPDO��VHQVRU\�VWLPXODWLRQ��WKH�ODWWHU�VWURQJO\�GHSHQGV
RQ� GLVWDQFH�� RULHQWDWLRQ�� OLJKWLQJ� FRQGLWLRQV�� HWF�
1RUPDOO\��SHUFHSWLRQ�LV�YLHZHG�DV�D�SURFHVV�RI�PDSSLQJ�D
SUR[LPDO� �VHQVRU\�� VWLPXOXV� RQWR� VRPH�NLQG� RI� LQWHUQDO
UHSUHVHQWDWLRQ�� 7KH� HQRUPRXV� GLIILFXOWLHV� RI� FODVVLFDO
FRPSXWHU� YLVLRQ� WR� FRPH� WR� JULSV� ZLWK� WKH� SUREOHP� RI
LQYDULDQFHV�VXJJHVWV�WKDW�WKHUH�PD\�EH�VRPH�IXQGDPHQWDO
SUREOHPV�LQYROYHG��9LHZLQJ�SHUFHSWLRQ�DV�VHQVRU\�PRWRU
FRRUGLQDWLRQ�KDV�D�QXPEHU�RI�LPSRUWDQW�FRQVHTXHQFHV�

)URP� DQ� LQIRUPDWLRQ� WKHRUHWLF� YLHZ�� WKH� VHQVRU\�
PRWRU�FRRUGLQDWLRQ�OHDGV�WR�D�GLPHQVLRQDOLW\�UHGXFWLRQ�RI
WKH� KLJK�GLPHQVLRQDO� VHQVRU\�PRWRU� VSDFH� �3IHLIHU� DQG
6FKHLHU��LQ�SUHVV���7KLV�UHGXFWLRQ�DOORZV�OHDUQLQJ�WR�WDNH
SODFH�HYHQ�LI�WKH�DJHQW�PRYHV��,Q�IDFW��PRYHPHQW�LWVHOI�LV
EHQHILFLDO� VLQFH� WKURXJK� LWV� RZQ� PRYHPHQW�� WKH� DJHQW
JHQHUDWHV� FRUUHODWLRQV� LQ� WKH� LQWHUDFWLRQ� ZLWK� WKH
HQYLURQPHQW�� 7KH� VHFRQG� LPSRUWDQW� DVSHFW� RI� VHQVRU\�
PRWRU� FRRUGLQDWLRQ� LV� WKH� JHQHUDWLRQ� RI� FURVV�PRGDO
DVVRFLDWLRQV�� LQFOXGLQJ� SURSULRFHSWLYH� FXHV� RULJLQDWLQJ
IURP�WKH�PRWRU�V\VWHP��7KHOHQ�DQG�6PLWK��������6FKHLHU
DQG�/DPEULQRV��������

)LJXUH� ��� ,QIDQW� FDWHJRUL]LQJ� REMHFWV� DQG� EXLOGLQJ� XS
FRQFHSWV�ZKLOH�HQJDJHG�LQ�VHQVRU\�PRWRU�FRRUGLQDWLRQ�

$GGLWLRQDO�VXSSRUW�IRU�WKH�SULQFLSOH�RI�VHQVRU\�PRWRU
FRRUGLQDWLRQ�FRPHV�IURP�GHYHORSPHQWDO�VWXGLHV��7KHUH�LV
D�ORW�RI�HYLGHQFH�WKDW�FRQFHSW�IRUPDWLRQ�LQ�KXPDQ�LQIDQWV
LV�GLUHFWO\�EDVHG�RQ�VHQVRU\�PRWRU�FRRUGLQDWLRQ� �7KHOHQ
DQG�6PLWK��������6PLWK�DQG�7KHOHQ��������VHH�ILJXUH����
7KH� FRQFHSWV� RI� KXPDQV� DUH� WKXV� DXWRPDWLFDOO\
´JURXQGHGµ�� 6LPLODUO\�� LI� WKLV� SULQFLSOH� LV� DSSOLHG� WR
DUWLILFLDO�DJHQWV��WKH�ODWWHU�ZLOO�RQO\�IRUP�IXOO\�JURXQGHG
FDWHJRULHV��7KH�V\PERO�JURXQGLQJ�SUREOHP�LV�UHDOO\�QRW�DQ
LVVXH³DQ\WKLQJ� WKH� DJHQW� GRHV�ZLOO� EH� JURXQGHG� LQ� LWV
VHQVRU\�PRWRU� FRRUGLQDWLRQ�� 1RWH� WKDW� WKH� WHUPV
FDWHJRUL]DWLRQ�DQG�FRQFHSW�EXLOGLQJ�DUH�HQWLUHO\�REVHUYHU�
EDVHG��7KH\�UHODWH�RQO\�WR�WKH�EHKDYLRU�RI�WKH�LQIDQW��QRW
WR�DQ\�VRUW�RI�LQWHUQDO�PHFKDQLVP�

7KHUH�LV�DQRWKHU�NLQG�RI�DSSURDFK�WKDW�FORVHO\�UHODWHV
WR�WKLV�SULQFLSOH��QDPHO\�DFWLYH�YLVLRQ��H�J��%DOODUG��������
9LVLRQ�LV�QRW�VHHQ�DV�VRPHWKLQJ�WKDW�FRQFHUQV�RQO\�LQSXW�
EXW�PRYHPHQW�LV�FRQVLGHUHG�WR�EH�DQ�LQWHJUDO�DVSHFW�

$V� DOUHDG\� DOOXGHG� WR�� WKLV� YLHZ� FRQWUDVWV�ZLWK� WKH
WUDGLWLRQDO�YLHZ�RI�SHUFHSWLRQ�DV�D�SURFHVV�RI�PDSSLQJ�D
SUR[LPDO�VWLPXOXV�RQWR�DQ�LQWHUQDO�UHSUHVHQWDWLRQ��,Q�WKH
YLHZ� SURSRVHG� KHUH�� WKH� REMHFW� UHSUHVHQWDWLRQ� LV� LQ� WKH
VHQVRU\�PRWRU� FRRUGLQDWLRQ�� ´5HFRJQL]LQJµ� DQ� REMHFW
LPSOLHV� UH�HQDFWLQJ� D� VHQVRU\�PRWRU� FRRUGLQDWLRQ��0RVW
REMHFWLRQV� WR� WKLV�YLHZ�RI�SHUFHSWLRQ�KDYH� WKHLU�EDVLV� LQ
LQWURVSHFWLRQ��7KH�ODWWHU�KDV�ORQJ�DJR�EHHQ�GHPRQVWUDWHG
WR�EH�D�SRRU�JXLGH�WR�UHVHDUFK��1LVEHWW�DQG�:LOVRQ��������
7KLV� SULQFLSOH� LV� VXSSRUWHG� E\� QXPHURXV� UHVHDUFK
FRQWULEXWLRQV��H�J��%DOODUG��������'HZH\��������'RXJODV�
������(GHOPDQ��������7KHOHQ�DQG�6PLWK��������6PLWK�DQG
7KHOHQ��������6FKHLHU�DQG�/DPEULQRV��������3IHLIHU�DQG
6FKHLHU��LQ�SUHVV��6FKHLHU�DQG�3IHLIHU�������

7KH�SULQFLSOH�RI�´HFRORJLFDO�EDODQFHµ
7KH�SULQFLSOH�RI�´HFRORJLFDO�EDODQFHµ�VWDWHV�WKDW�WKHUH�KDV
WR�EH�D�PDWFK�EHWZHHQ�WKH�´FRPSOH[LW\µ� �RI� WKH�VHQVRUV�
WKH�DFWXDWRUV��DQG�WKH�QHXUDO�VXEVWUDWH��0RUHRYHU��LW�VWDWHV
WKDW�WKH�WDVNV�KDYH�WR�EH�´HFRORJLFDOO\µ�DGHTXDWH��7KH�ZD\
WKH� WHUP� ´FRPSOH[LW\µ� LV� XVHG� KHUH�� DSSHDOV� WR� RXU
HYHU\GD\�XQGHUVWDQGLQJ��D�KXPDQ�KDQG�LV�PRUH�FRPSOH[
WKDQ�D�IRUNOLIW��D�&&'�FDPHUD�PRUH�FRPSOH[�WKDQ�DQ�,5
VHQVRU�

)URP�WKLV�SULQFLSOH�ZH�FDQ�JHW�FRQVLGHUDEOH�OHYHUDJH�
/HW�XV�ORRN�DW�DQ�H[DPSOH�LOOXVWUDWLQJ�KRZ�QRW�WR�SURFHHG�
$VVXPH�WKDW�ZH�KDYH�D�URERW�ZLWK�WZR�PRWRUV�DQG�D�IHZ
,5�VHQVRUV��VD\�WKH�URERW�.KHSHUD™��,Q�VRPH�VHQVH��WKLV
GHVLJQ� LV� EDODQFHG� GXH� WR� WKH� LQWXLWLRQ� RI� WKH� HQJLQHHUV
WKDW�EXLOW�LW��H[FHSW�WKDW�LWV�SURFHVVRU�LV�WRR�SRZHUIXO�LI�LW�LV
IXOO\� H[SORLWHG��� $VVXPH� IXUWKHU� WKDW� VRPH� UHVHDUFKHUV
KDYH� EHFRPH� IUXVWUDWHG� EHFDXVH� ZLWK� WKH� ,5V� WKH\� FDQ
RQO\�GR�YHU\�VLPSOH�H[SHULPHQWV��7KH\�ZRXOG�OLNH�WR�GR
PRUH�LQWHUHVWLQJ�WKLQJV�OLNH�ODQGPDUN�QDYLJDWLRQ�

7KH� QH[W� ORJLFDO� VWHS� IRU� WKHP� LV� WR� DGG� D� &&'�
FDPHUD�� ,W� KDV�PDQ\�PRUH� GLPHQVLRQV� WKDQ� WKH� IHZ� ,5
VHQVRUV�� 7KH� ULFK� LQIRUPDWLRQ� IURP� WKH� FDPHUD� LV
WUDQVPLWWHG�WR�D�FHQWUDO�GHYLFH�ZKHUH�LW�LV�SURFHVVHG��7KLV
SURFHVVLQJ� FDQ�� IRU� H[DPSOH�� FRQVLVW� LQ� H[WUDFWLQJ
FDWHJRULHV�� %XW� WKH� FDWHJRULHV� DUH� IRUPHG� DV� D
FRQVHTXHQFH� RI� D� VHQVRU\�PRWRU� FRRUGLQDWLRQ�� %HFDXVH
WKH� PRWRU� V\VWHP� RI� WKH� DJHQW� LV� VWLOO� WKH� VDPH�� WKH
UHVXOWLQJ� FDWHJRULHV� ZLOO� QRW� EH� PXFK�PRUH� LQWHUHVWLQJ
WKDQ�EHIRUH� �DOWKRXJK� WKH\�PD\�EH�VRPHZKDW�GLIIHUHQW��
7U\LQJ� WR� EXLOG� FDWHJRULHV� XVLQJ� RQO\� WKH� YLVXDO
VWLPXODWLRQ� IURP� WKH� FDPHUD� �QRW� DV� D� VHQVRU\�PRWRU
FRRUGLQDWLRQ��ZRXOG�YLRODWH�WKH�SULQFLSOH�RI�VHQVRU\�PRWRU
FRRUGLQDWLRQ��&ODVVLFDO�FRPSXWHU�YLVLRQ�KDV�YLRODWHG�WKLV
SULQFLSOH³DQG�WKH�SUREOHPV�DUH�ZHOO�NQRZQ��,W�ZRXOG�EH
D� GLIIHUHQW� VWRU\� LI�� WRJHWKHU� ZLWK� WKH� &&'� FDPHUD�
DGGLWLRQDO�PRWRU� FDSDELOLWLHV�ZRXOG�KDYH�EHHQ� DGGHG� WR
WKH� URERW�� OLNH� D� JULSSHU� RU� DQ� DUP� RI� VRUWV�� )LJXUH� ��
VKRZV�D�EDODQFHG�GHVLJQ�RQ�WKH�OHIW��DQ�XQEDODQFHG�RQH�LQ
WKH�PLGGOH��DQG�DJDLQ�D�PRUH�EDODQFHG�RQH�RQ�WKH�ULJKW�
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)LJXUH�����%DODQFHG�GHVLJQ�RQ�WKH�OHIW��XQEDODQFHG�GHVLJQ
LQ�WKH�PLGGOH��DQG�DJDLQ�PRUH�EDODQFHG�GHVLJQ�RQ�WKH�ULJKW�

$Q�DSSURDFK� WKDW� LV� IXOO\� FRPSDWLEOH�ZLWK� WKH�SULQ�
FLSOH� RI� ´HFRORJLFDO� EDODQFHµ� LV� WKH� &RJ� SURMHFW� IRU
GHYHORSLQJ�D�KXPDQRLG�URERW��%URRNV��������%URRNV�DQG
6WHLQ���������0RUH�VRSKLVWLFDWLRQ�RQ�WKH�VHQVRU�VLGH��WZR
H\HV��HDFK�ZLWK�D�FDPHUD�IRU�SHULSKHUDO�DQG�IRYHDO�YLVLRQ��
LV�EDODQFHG�E\�PRUH�FRPSOH[LW\�RQ� WKH�PRWRU� VLGH��7KH
DUP�DQG� WKH�KDQG�DUH�TXLWH�VRSKLVWLFDWHG��0RUHRYHU�� WKH
KHDG�DQG�WKH�H\HV�FDQ�DOO�PRYH�ZKLFK�OHDGV�WR�D�V\VWHP�RI
D�YHU\�ODUJH�QXPEHU�RI�GHJUHHV�RI�IUHHGRP��$�ORW�RI�WKH
SURFHVVLQJ�LV�GRQH�SHULSKHUDOO\��DQG�WKH�FHQWUDO�SURFHVVLQJ
FDSDFLW\�LV�QRW�LQIODWHG�DUWLILFLDOO\��,W�LV�QRW�VXUSULVLQJ�WKDW
&RJ� IXOILOOV� WKLV� GHVLJQ� SULQFLSOH�� ,W� ZDV� %URRNV� ZKR
SRLQWHG�RXW�WKDW�WDVNV�QHHG�WR�EH�HFRORJLFDOO\�DSSURSULDWH
�%URRNV�� ������� ,Q� SDUWLFXODU� KH� DUJXHG� WKDW� ´HOHSKDQWV
GRQ·W�SOD\�FKHVV�µ�:H�FRXOGQ·W�DJUHH�PRUH�

,PSRUWDQW�HYLGHQFH�IRU�WKLV�SULQFLSOH�FRPHV�DOVR�IURP
VWXGLHV� LQ� LQIDQW� SV\FKRORJ\�E\�%XVKQHOO� DQG�%RXGUHDX
��������7KHLU�UHVXOWV�VXJJHVWV�WKDW�WKHUH�LV�LQ�IDFW�D�NLQG�RI
FR�HYROXWLRQ� LQ� WKH� VHQVRU\�PRWRU� GHYHORSPHQW� RI� WKH
LQIDQW�� 5RXJKO\� VSHDNLQJ�� DFXLW\� RI� YLVXDO� GLVWLQFWLRQV
KLJKO\�FRUUHODWHV�ZLWK�SUHFLVLRQ�RI�PRWRU�PRYHPHQW�

$JDLQ��WKLV�YLHZ�VKDUSO\�FRQWUDVWV�ZLWK�WUDGLWLRQDO�$,
DQG� FRJQLWLYH� VFLHQFH�� ZKHUH� LQWHOOLJHQFH� ZDV� VHHQ� DV
FHQWUDOL]HG�LQIRUPDWLRQ�SURFHVVLQJ��ZLWK�QR��RU�YHU\�OLWWOH
FRQVLGHUDWLRQ�JLYHQ�WR�WKH�SK\VLFDO�VHW�XS��$�FRQFHSW�OLNH
´HFRORJLFDO� EDODQFHµ� ZRXOG� QRW� PDNH� VHQVH� LQ� WKDW
IUDPHZRUN��5HIHUHQFHV�VXSSRUWLQJ� WKLV�SULQFLSOH� LQFOXGH
%URRNV�� ������ ������ 3IHLIHU�� ������ 6PLWK� DQG� 7KHOHQ�
������%XVKQHOO�DQG�%RXGUHDX�������

7KH�SULQFLSOH�RI�SDUDOOHO��ORRVHO\�FRXSOHG�SURFHVVHV
/HW� XV� MXVW� PHQWLRQ� YHU\� EULHIO\� WKLV� SULQFLSOH� ZLWKRXW
JRLQJ�LQWR�DQ\�GHWDLO��,Q�HVVHQFH��LW�VWDWHV�WKDW�LQWHOOLJHQFH
LV� HPHUJHQW� IURP� D� ODUJH� QXPEHU� RI� SDUDOOHO�� ORRVHO\
FRXSOHG�SURFHVVHV��7KHVH� SURFHVVHV� UXQ� DV\QFKURQRXVO\
DQG�DUH�ODUJHO\�SHULSKHUDO��UHTXLULQJ�OLWWOH�RU�QR�FHQWUDOL]HG
UHVRXUFHV�� ,W�FRXOG�DOVR�EH�FDOOHG� WKH�´DQWL�KRPXQFXOXVµ
SULQFLSOH��2QH� RI� WKH�PDLQ� FODLPV� KHUH� LV� WKDW� FRKHUHQW
EHKDYLRU� FDQ� EH� DFKLHYHG� ZLWKRXW� FHQWUDO� FRQWURO�� $
EHDXWLIXO� H[DPSOH� WKDW� IXOO\� HQGRUVHV� WKLV� SULQFLSOH� LV�
DJDLQ��WKH�&RJ�SURMHFW��%URRNV��������%URRNV�DQG�6WHLQ�
�������,Q�RXU�RZQ�ZRUN�ZH�KDYH�DSSOLHG�WKLV�SULQFLSOH�WR
DOO�RXU�DJHQWV��H�J��6FKHLHU�DQG�3IHLIHU��������3IHLIHU�DQG
6FKHLHU��LQ�SUHVV��

7KLV� SULQFLSOH� FRQWUDVWV� VKDUSO\� ZLWK� FODVVLFDO
WKLQNLQJ� ZKHUH� D� FHQWUDOL]HG� VHDW� RI� LQWHOOLJHQFH� LV
DVVXPHG�� &ODVVLFDO� WKLQNLQJ� GRHV� QRW� REMHFW� WR� SDUDOOHO
SURFHVVHV� �DV� ZH� KDYH� VHHQ� LQ� FRQQHFWLRQLVP��� 7KH
REMHFWLRQ� LV� WKDW� FRKHUHQFH� FDQQRW� EH� DFKLHYHG� XQOHVV
WKHUH� LV� FHQWUDO� LQWHJUDWLRQ�� 7KH� FODVVLFDO� YLHZ� WKDW

PDLQWDLQV� LQWHJUDWLRQ� LV� QHFHVVDU\� LV� HVSHFLDOO\
SUHGRPLQDQW� LQ� SV\FKRORJ\�� LQ� SDUWLFXODU� FRJQLWLYH
SV\FKRORJ\�

$�ORW�RI�UHVHDUFK�LQ�WKH�ILHOG�RI�FRJQLWLYH�VFLHQFH�DQG
´1HZ� $,µ� VXSSRUWV� WKH� SULQFLSOH� RI� SDUDOOHO�� ORRVHO\
FRXSOHG�SURFHVVHV��H�J��%UDLWHQEHUJ��������%URRNV�������
%URRNV� DQG� 6WHLQ�� ������ 0DHV�� ������ 6WHHOV�� �����
6FKHLHU�DQG�3IHLIHU��������3IHLIHU�DQG�6FKHLHU��LQ�SUHVV��

7KH�SULQFLSOH�RI�´FKHDS�GHVLJQVµ
7KH�ODVW�SULQFLSOH�WKDW�ZH�ZLOO�GLVFXVV�LV�WKH�RQH�RI�´FKHDS
GHVLJQµ��,W�VWDWHV�WKDW�JRRG�GHVLJQV�DUH�´FKHDSµ��´&KHDSµ�
DV�XVHG�KHUH��KDV�VHYHUDO�PHDQLQJV��)RU� WKH�SXUSRVHV�RI
WKLV� SDSHU�� LW� PHDQV� SDUVLPRQLRXV�� 0RUHRYHU�� WKLV
SDUVLPRQ\� LV� WR�EH�DFKLHYHG� WKURXJK�H[SORLWDWLRQ�RI� WKH
SK\VLFV�� $� QLFH� LOOXVWUDWLRQ� LV� LQVHFW� ZDONLQJ�� /HJ
FRRUGLQDWLRQ� LQ� LQVHFWV� GRHV� QRW� UHTXLUH� D� FHQWUDO
FRQWUROOHU��7KHUH� LV�QR� LQWHUQDO�SURFHVV�FRUUHVSRQGLQJ�WR
JOREDO� FRPPXQLFDWLRQ� EHWZHHQ� WKH� OHJV�� WKH\
FRPPXQLFDWH� RQO\� ORFDOO\� ZLWK� HDFK� RWKHU� �H�J�� &UXVH�
�������%XW�WKHUH�LV�JOREDO�FRPPXQLFDWLRQ�EHWZHHQ�DOO�WKH
OHJV��QDPHO\�WKURXJK�WKH�HQYLURQPHQW��,W�LV�PHGLDWHG�E\�D
SK\VLFDO� SURFHVV�� QRW� E\� DQ� LQIRUPDWLRQ� SURFHVV� �RU� D
SURFHVV�RI�VLJQDO� WUDQVIHU��ZLWKLQ�WKH�DJHQW��,I� WKH�LQVHFW
OLIWV� RQH� OHJ�� WKH� IRUFH� RQ� DOO� RWKHU� OHJV� LV� FKDQJHG
LQVWDQWDQHRXVO\�EHFDXVH�RI�WKH�ZHLJKW�RI�WKH�LQVHFW��7KLV
VDYHV�WKH�LQVHFW�D�ORW�RI³XQQHFHVVDU\³QHXUDO�VXEVWUDWH�
$QRWKHU� H[DPSOH� RI� D� FKHDS� GHVLJQ� DUH� WKH� 'LGDERWV
ZKLFK�DUH�FOHDQLQJ�XS�WKH�DUHQD�RI�VW\URSRU�FXEHV��7KHUH
LV�DPSOH�HYLGHQFH�VXSSRUWLQJ�WKLV�SULQFLSOH��H�J��H�%URRNV�
������&UXVH��������+RUVHZLOO��������)UDQFHVFKLQL�HW�DO��
������3IHLIHU��������������7KRUSH�DQG�,PEHUW�������

�����(YROXWLRQDU\�H[SODQDWLRQV
:H�GR�QRW�ZDQW�WR�RYHUVWUHVV�WKLV�SRLQW��EXW�VRPH�RI�WKH
GHVLJQ� SULQFLSOHV� KDYH� LQWHUHVWLQJ� HYROXWLRQDU\
LQWHUSUHWDWLRQV�� 7DNH�� IRU� H[DPSOH�� WKH� SULQFLSOH� RI
�HFRORJLFDO� EDODQFH��� 1DWXUDO� GHVLJQV� DUH� HFRORJLFDOO\
EDODQFHG��,W�VHHPV�WKDW�HYROXWLRQ�IDYRUV�EDODQFHG�GHVLJQV�
5HFHQW� GHYHORSPHQWV� LQ� HYROXWLRQDU\� URERWLFV� KDYH
VXJJHVWHG�VLPXODWHG�HYROXWLRQ�DV�D�GHVLJQ�SULQFLSOH��H�J�
+DUYH\� HW� DO��� LQ� SUHVV��� ,W� ZRXOG� EH� LQWHUHVWLQJ� WR� VHH
ZKHWKHU� HYHQWXDOO\� EDODQFHG� GHVLJQV� ZLOO� HPHUJH� IURP
WKHVH� HIIRUWV�� 2I� FRXUVH�� WKLV� ZRXOG� UHTXLUH� HYROYLQJ
FRPSOHWH� DJHQWV�� QRW� RQO\� FRQWURO� DUFKLWHFWXUHV� �DV� LV
FXUUHQWO\�GRQH��

,Q�RXU�UHVHDUFK�ZH�KDYH�PRVWO\�EHHQ�IRFXVLQJ�RQ�WKH
IXQFWLRQDO�DQG�WKH�OHDUQLQJ�GHYHORSPHQWDO�SHUVSHFWLYHV��,Q
WKH�IXWXUH�ZH�ZLOO�LQFOXGH�HYROXWLRQDU\�SULQFLSOHV�LQWR�RXU
FRQVLGHUDWLRQV�

���'LVFXVVLRQ
:H� KDYH� QRZ� FRPSOHWHG� RXU� DUJXPHQW�� :H� EHJDQ� E\
SRLQWLQJ� RXW� VRPH� IXQGDPHQWDO� SUREOHPV� RI� V\PERO
SURFHVVLQJ� PRGHOV� DQG� GHILQHG� WKH� ´LQIRUPDWLRQ
SURFHVVLQJ� YLHZµ�� :H� WKHQ� VKRZHG� WR� ZKDW� H[WHQW
FRQQHFWLRQLVW�PRGHOV�UHVROYH�VRPH�RI�WKHVH�LVVXHV��7KH\
UHSUHVHQW�DQ�LPSRUWDQW�GHYHORSPHQW�LQ�WKH�ULJKW�GLUHFWLRQ�
EHFDXVH� WKH\� SURFHVV� SDWWHUQV� RI� DFWLYDWLRQ� UDWKHU� WKDQ
V\PEROV��%XW�ZH�VDZ�WKDW�FRQQHFWLRQLVW�PRGHOV³IRU�WKH
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EHWWHU� SDUW³UHPDLQ� ZLWKLQ� WKH� LQIRUPDWLRQ� SURFHVVLQJ
SDUDGLJP��7KH\� W\SLFDOO\�DUH�EDVHG�RQ�EDVLF� �V\PEROLF�
FDWHJRULHV�WKDW�DUH�GHILQHG�E\�WKH�GHVLJQHU��7KLV�KROGV�IRU
VXSHUYLVHG�DV�ZHOO�DV�IRU�QRQ�VXSHUYLVHG�VFKHPHV��$�YHU\
GLIIHUHQW� NLQG� RI� WKLQNLQJ� LV� QHHGHG� LI� ZH� DUH� WR
XQGHUVWDQG�DQG�GHVLJQ�V\VWHPV�ZKLFK�KDYH�WR�LQWHUDFW�ZLWK
WKH� UHDO� ZRUOG�� $QG� LW� VHHPV�� WKDW� WKH� KLVWRU\� RI� $,�
FRJQLWLYH� VFLHQFH�� DQG� URERWLFV� KDV� WDXJKW� XV� WKDW
LQWHOOLJHQFH�DOZD\V�UHTXLUHV� WKH�LQWHUDFWLRQ�ZLWK�WKH�UHDO
SK\VLFDO�ZRUOG�

7KH�SDUDGLJP�RI�´1HZ�$,µ��RI�HPSOR\LQJ�HPERGLHG
SK\VLFDO� DJHQWV� �W\SLFDOO\� LQ� WKH� IRUP� RI� DXWRQRPRXV
URERWV�� DV� D� UHVHDUFK� WRRO�� KHOSV� XV� DVNLQJ� WKH� ULJKW�
TXHVWLRQV�� 7KH� TXHVWLRQV� WKDW�ZH� KDYH� WR� DVN�� UHODWH� WR
EHKDYLRU�RI�FRPSOHWH�DJHQWV��,W�LV�DPD]LQJ�KRZ�PXFK�RXU
YLHZ�RI�LQWHOOLJHQFH�FKDQJHV�ZLWK�WKLV�SHUVSHFWLYH��$OO�RI�D
VXGGHQ�� LW� VHHPV� SRVVLEOH� WR� RYHUFRPH� VRPH� RI� WKH
IXQGDPHQWDO�SUREOHPV�RI�WKH�WUDGLWLRQDO�DSSURDFK�

$Q�H[DPSOH�LV�WKH�V\PERO�JURXQGLQJ�SUREOHP��$V�ZH
KDYH�VHHQ��WKH�FDWHJRULHV�DQG�FRQFHSWV�DQ�DJHQW�DFTXLUHV�
ZLOO� EH� JURXQGHG� LI�ZH� IRFXV� RQ� VHQVRU\�PRWRU� FRRUGL�
QDWLRQ��:H� KDYH� QRW� ´UHVROYHGµ� WKH� V\PERO� JURXQGLQJ
SUREOHP�EHFDXVH�LW�GRHV�QRW�QHHG�WR�VROYHG��%XW�ZH�KDYH
VKRZQ�KRZ�ZH�FDQ�GHVLJQ�DJHQWV�ZLWKRXW�JHWWLQJ�WUDSSHG
LQ�LW��/LNHZLVH��LW�ZLOO�QRW�EH�SRVVLEOH�WR�HQWLUHO\�HOLPLQDWH
WKH�IUDPH�SUREOHP��+RZHYHU��WKH�SULQFLSOH�RI��HFRORJLFDO
EDODQFH�� WHOOV�XV� WKDW�ZH� VKRXOG�QRW� DUWLILFLDOO\� LQFUHDVH
WKH� FRPSOH[LW\�RI� WKH�QHXUDO� VXEVWUDWH� �ZKLFK�ZRXOG�EH
QHFHVVDU\�LI�WKH�DJHQW�ZHUH�WR�EXLOG�VRSKLVWLFDWHG�PRGHOV
RI�WKH�HQYLURQPHQW��LI�WKH�VHQVRU\�PRWRU�V\VWHP�UHPDLQV
WKH�VDPH��7KXV��LI�ZH�REVHUYH�WKLV�GHVLJQ�SULQFLSOH��ZH�DUH
PXFK� OHVV� LQ� GDQJHU� RI� EXLOGLQJ� PRGHOV� WKDW� DUH� WRR
FRPSOH[� IRU� WKH� VSHFLILF� DJHQW�HQYLURQPHQW� LQWHUDFWLRQ�
2U� UHFDOO� WKH� FRPSXWDWLRQDO� SUREOHPV� LQYROYHG� LQ
SHUFHSWLRQ��%\�YLHZLQJ�SHUFHSWLRQ�DV�VHQVRU\�PRWRU�FRRU�
GLQDWLRQ�� WKH� FRPSXWDWLRQDO� FRPSOH[LW\� FDQ� EH� GUDPDW�
LFDOO\�UHGXFHG��1RWH�WKDW�DV�D�VLGH�HIIHFW�RI�DSSO\LQJ�WKH
GHVLJQ� SULQFLSOHV�� UHDO�WLPH� SHUIRUPDQFH� LQFUHDVHV
EHFDXVH�OHVV�SURFHVVLQJ�LV�UHTXLUHG�

7KHUH� LV� DQRWKHU� SRLQW� RI� FRQFHUQ�� ,QLWLDOO\�� ZKHQ
GLVFXVVLQJ�WKH�FODVVLFDO�DSSURDFK�ZH�LQWURGXFHG�WKH�QRWLRQ
RI�UHSUHVHQWDWLRQ��7KHUH�DUH�WKHVH�PDSSLQJV�EHWZHHQ�WKH
RXWVLGH� ZRUOG� DQG� WKH� DJHQW� �FDOOHG� ´HQFRGHµ� DQG
´GHFRGHµ��� &RQQHFWLRQVW� PRGHOV� W\SLFDOO\� GR� QRW� GHDO
DSSURSULDWHO\�ZLWK�WKHVH�PDSSLQJV��EHFDXVH�WKH\�DUH�JLYHQ
E\� WKH� LQSXW� DQG�RXWSXW� FDWHJRULHV�RI� WKH�PRGHO� �OHWWHUV
DQG� SKRQHPH� IHDWXUHV��� 7KH\� DUH� SUHGHILQHG� E\� WKH
GHVLJQHU��QRW�DFTXLUHG�E\�WKH�PRGHO� LWVHOI�� ,Q�UHDO�ZRUOG
DJHQWV�� WKLV�PDSSLQJ� LV�PHGLDWHG� E\� WKH� SK\VLFV� RI� WKH
DJHQW�� ,W� WXUQV� RXW� WKDW� LI�ZH� DUH� WU\LQJ� WR� LQWHUSUHW� WKH
ZHLJKW� SDWWHUQV� DQG� DFWLYDWLRQ� SDWWHUQV� LQ� D� QHXUDO
QHWZRUN��WKLV�LV�RQO\�SRVVLEOH�LI�ZH�NQRZ�KRZ�WKH�VHQVRU\
DQG� PRWRU� V\VWHPV� IXQFWLRQ�� DQG� ZKHUH� WKH\� DUH
SK\VLFDOO\�SRVLWLRQHG�RQ�WKH�URERW��7U\LQJ�WR�ILQG�ZKHUH
FDWHJRULHV�DUH�UHSUHVHQWHG³UHPHPEHU�WKDW�WKH�FDWHJRULHV
DUH�REVHUYHU�EDVHG��IUDPH�RI�UHIHUHQFH�³LQ�D�QHWZRUN��LV
D�WDVN�WKDW�FDQ�RQO\�EH�DFKLHYHG�LI�LW�LV�H[DFWO\�NQRZQ�KRZ
WKLV� QHWZRUN� LV� HPEHGGHG� LQ� WKH� DJHQW�� 2WKHUZLVH�
DFWLYDWLRQ� OHYHOV� DQG� FRQQHFWLRQ� VWUHQJWKV� KDYH� Q R

PHDQ L QJ �� WKH\� FDQQRW� EH� DEVWUDFWHG� RXW�� 7KXV�
UHSUHVHQWDWLRQ�LV�QR�ORQJHU�D�SURSHUW\�RI�D�IRUPDOLVP��RU
RI�D�PDSSLQJ��EXW�D�SURSHUW\�RI�D�FRPSOHWH�DJHQW�

$V�D� ODVW�SRLQW�IRU�GLVFXVVLRQ�OHW�PH�DQWLFLSDWH�\RXU
TXHVWLRQV��QDPHO\�´ZLOO� WKLV�DSSURDFK�RI� ¶1HZ�$,·�HYHU
VFDOH�XS"�:LOO�ZH�HYHU�EH�DEOH�WR�VROYH�WKH�VDPH�NLQGV�RI
SUREOHPV� WKDW� ZH� KDYH� EHHQ� DEOH� WR� VROYH� XVLQJ� WKH
FODVVLFDO� DSSURDFK"�� 7KH� DQVZHU� GHSHQGV� RQ� ZKDW� ZH
PHDQ�E\� WKH� VHQWHQFH� ´WKDW�ZH�KDYH�EHHQ� DEOH� WR� VROYH
XVLQJ�WKH�FODVVLFDO�DSSURDFKµ��,W�FRXOG�PHDQ�WKDW�ZH�KDYH
EHHQ�DEOH� WR�EXLOG� V\VWHPV� WKDW� VXSSRUW�KXPDQV� LQ� WKHLU
ZRUN�� ,Q� WKLV� FDVH�� WKH� UHVHDUFK� JRDO� KDV� QRW� EHHQ� WR
GHYHORS�LQWHOOLJHQW�V\VWHPV�EXW�XVHIXO�FRPSXWHU�V\VWHPV�
,I� WKH� LQWHQGHG� PHDQLQJ� LV� WKDW� ZH� KDYH� EHHQ� DEOH� WR
PRGHO�KXPDQ�H[SHUWLVH��,�ZRXOG�DUJXH�WKDW³SHUKDSV�ZLWK
VRPH� H[FHSWLRQV³FODVVLFDO� PRGHOV� RQO\� FDSWXUH� YHU\
OLPLWHG�DVSHFWV�RI�KXPDQ�LQWHOOLJHQFH��RU�H[SHUWLVH���DQG
SHUKDSV�QRW�WKH�PRVW�LQWHUHVWLQJ�RQHV�
$QG�WKLV�EULQJV�PH�WR�WKH�FRQFOXGLQJ�UHPDUN��,W�KDV�RIWHQ
EHHQ� VXJJHVWHG� WKDW� IRU� WKH� ORZ�OHYHO� FRPSHWHQFHV�� WKH
VHQVRU\�PRWRU� DVSHFWV�� FRQQHFWLRQLVW� PRGHOV�� RU� ´1HZ
$,µ� VW\OH�PRGHOV�PLJKW� EH� DSSURSULDWH�� EXW� WKDW� IRU� WKH
KLJK�OHYHO� SDUW� ZH� PD\� QHHG� WR� UHVRUW� WR� V\PERO
SURFHVVLQJ� FRQFHSWV�� :KLOH� IURP� DQ� HQJLQHHULQJ
SHUVSHFWLYH�WKHUH�LV�OLWWOH�WR�EH�DUJXHG�LI�LW�ZRUNV��IURP�D
FRJQLWLYH�VFLHQFH�SHUVSHFWLYH��LW�FDQ�EH�SUHGLFWHG�WKDW�WKLV
DSSURDFK�ZLOO�QRW�OHDG�WR�LQWHUHVWLQJ�LQVLJKWV��7KH�UHDVRQ
LV�WKDW�WKLV�ZD\�RI�SURFHHGLQJ�FRQVWLWXWHV�D�FDWHJRU\�HUURU�
RQ� WKH�RQH�KDQG�WKH�FDWHJRULHV�DUH�EXLOW�XS�E\�WKH�DJHQW
LWVHOI��L�H��WKH\�DUH�DJHQW�EDVHG��ZKHUHDV�WKH�RQHV�XVHG�LQ
WKH� V\PEROLF� V\VWHP��DUH�GHVLJQHU�EDVHG³RQFH�DJDLQ�� D
�IUDPH�RI�UHIHUHQFH��LVVXH�

7KH�GHVLJQ�SULQFLSOHV�RXWOLQHG�DERYH�GR�QRW�FRYHU�DOO
WKH�LQVLJKWV�RI�WKH�YHU\�ULFK�ILHOG�RI��1HZ�$,���%XW�ZH�GR
EHOLHYH�WKDW�WKH\�FDSWXUH�D�ODUJH�SDUW�RI�WKH�PRVW�HVVHQWLDO
DVSHFWV�RI�ZKDW�KDV�HPHUJHG�IURP�SHUWLQHQW�UHVHDUFK��7KH
SULQFLSOHV� GHVFULEHG� PD\� VHHP� VRPHZKDW� YDJXH� DQG
RYHUO\� JHQHUDO�� EXW� WKH\� DUH� HQRUPRXVO\� SRZHUIXO� DV
KHXULVWLFV�� SURYLGLQJ� JXLGHOLQHV� DV� WR� ZKDW� VRUWV� RI
H[SHULPHQWV�WR�FRQGXFW�QH[W�DQG�ZKDW�DJHQWV�WR�GHVLJQ�IRU
IXWXUH� H[SHULPHQW�� ,Q� RUGHU� WR� DFKLHYH� VRPH� GHJUHH� RI
JHQHUDOLW\� ZH� KDYH� GHOLEHUDWHO\� OHIW� RXW� D� ORW� RI� GHWDLO�
7KHVH� SULQFLSOHV� QRW� RQO\� KHOS� XV� HYDOXDWH� H[LVWLQJ
GHVLJQV��EXW�WKH\�JHW�XV�WR�DVN�WKH�ULJKW�TXHVWLRQV�

,Q�WKH�IXWXUH�ZH�PLJKW�EH�ORRNLQJ�IRU�VRPHWKLQJ�PRUH
IRUPDO�� WKDQ� PHUHO\� D� VHW� RI� YHUEDOO\� VWDWHG� GHVLJQ
SULQFLSOHV�� (YHQWXDOO\�� WKLV�ZLOO� FHUWDLQO\� EH� QHFHVVDU\�
%XW�ZKDW�WKLV��WKHRU\��ZLOO�ORRN�OLNH��LV�HQWLUHO\�RSHQ�

:KDW�LV�QHHGHG�ULJKW�QRZ�LV�DQ�LQ�GHSWK�GLVFXVVLRQ�RI
WKHVH�GHVLJQ�SULQFLSOHV��7KH\�KDYH�WR�EH�UHYLVHG�DQG�WKH
OLVW�RI�SULQFLSOHV�KDV�WR�EH�DXJPHQWHG�

���&RQFOXVLRQV
,�KRSH�WKDW�LW�KDV�EHHQ�VKRZQ��WKDW�LI�ZH�DUH�WR�XQGHUVWDQG
LQWHOOLJHQFH�� ZH� QHHG� PRUH� WKDQ� WKH� FODVVLFDO� WRROV� RI
V\PERO�SURFHVVLQJ�$,��%XW�FRQQHFWLRQLVP�DORQH�ZLOO�QRW
VROYH� WKH� IXQGDPHQWDO�SUREOHPV�HLWKHU��:H�QHHG� WR� WDNH
WKH� SK\VLFV� RI� WKH� DJHQW� DQG� KRZ� LW� LQWHUDFWV� ZLWK� LWV
HQYLURQPHQW�LQWR�DFFRXQW��,Q�RWKHU�ZRUGV�ZH�QHHG�WR�JR
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EH\RQG� WKH� LQIRUPDWLRQ� SURFHVVLQJ�PHWDSKRU��:H� KDYH
RXWOLQHG�D�QXPEHU�RI�SULQFLSOHV� WKDW�ZLOO�KRSHIXOO\�IRUP
WKH�EDVLV�IRU�D�SURGXFWLYH�GLVFXVVLRQ�

$FNQRZOHGJPHQWV
7KLV�SDSHU� LQFOXGHV�PDWHULDOV� IURP�YDULRXV�VRXUFHV��7KH
´(QF\FORSHGLD�RI�0LFURFRPSXWHUV�� �3IHLIHU������D��� WKH
´3URFHHGLQJV�RI� WKH��WK�,QWHUQDWLRQDO�&RQIHUHQFH�RQ� WKH
6LPXODWLRQ� RI� %HKDYLRU�� )URP� $QLPDOV� WR� $QLPDWVµ
�3IHLIHU�� ����E��� DQG� WKH� ´-RXUQDO� RI� 5RERWLFV� DQG
$XWRQRPRXV� 6\VWHPV�� �3IHLIHU�� ������� ,W� DOVR� FRQWDLQV
PDWHULDO� IURP� D� SUHVHQWDWLRQ� JLYHQ� DW� (5·��� DW� WKH
&DQDGLDQ�(PEDVV\� LQ�7RN\R��$SULO� ������7KH� UHVHDUFK
UHSRUWHG�ZDV�SHUIRUPHG�ODUJHO\�XQGHU�WKH�DXVSLFHV�RI�WKH
6ZLVV�1DWLRQDO�6FLHQFH�)RXQGDWLRQ��JUDQWV��������������
DQG��������������,�DP�JUDWHIXO�WR�)XPLR�0L]RJXFKL�DQG
5\XLFKL�2ND�IRU�LQYLWLQJ�PH�WR�ZULWH�WKLV�SDSHU��,�ZRXOG
OLNH� WR� WKDQN�&KULVWLDQ�6FKHLHU��'LPLWUL�/DPEULQRV�� DQG
5DOI�6DORPRQ�IRU�WKHLU�LQVSLULQJ�GLVFXVVLRQV�DQG�YDOXDEOH
FRPPHQWV�RQ�WKH�PDQXVFULSW�

5HIHUHQFHV
%DOODUG�� '�+�� �������� $QLPDWH� YLVLRQ�� $UWL I LFLDO

,QWHOOLJHQFH������������

%HHU��5���LQ�SUHVV���7KH�G\QDPLFV�RI�DGDSWLYH�EHKDYLRU��D
UHVHDUFK� SURJUDP�� 7R� DSSHDU� LQ�� 5RERWLFV� DQG
$XWRQRPRXV�6\VWHPV��6SHFLDO�,VVXH�RQ�´3UDFWLFH�DQG
)XWXUH� RI� $XWRQRPRXV� $JHQWVµ�� 5�� 3IHLIHU�� DQG� 5�
%URRNV��HGV���

%UDLWHQEHUJ��9����������9HKLFOHV��H[SHULPHQWV�LQ�V\QWKHWLF
SV\FKRORJ\��&DPEULGJH��0DVV���0,7�3UHVV�

%URRNV��5�$����������(OHSKDQWV�GRQ·W�SOD\�FKHVV��5RERWLFV
DQG�$XWRQRPRXV�6\VWHPV����������

%URRNV��5�$����������,QWHOOLJHQFH�ZLWKRXW�UHSUHVHQWDWLRQ�
$UWLILFLDO�,QWHOOLJHQFH��������������

%URRNV�� 5�$�� �������� &RKHUHQW� EHKDYLRU� IURP� PDQ\
DGDSWLYH� SURFHVVHV�� ,Q��'�� &OLII�� 3��+XVEDQGV�� -��$�
0H\HU�� DQG� 6�:�� :LOVRQ� �HGV���� )URP� DQLPDOV� WR
DQLPDWV����3URF��6$%·�����������

%URRNV��5�$���DQG�6WHLQ��/�$����������%XLOGLQJ�EUDLQV�IRU
ERGLHV�� 0HPR� ������ 0,7� $UWLILFLDO� ,QWHOOLJHQFH
/DERUDWRU\��&DPEULGJH��0DVV�

%XVKQHOO�� (�0�� DQG� %RXGUHDX�� -�3�� �������� 0RWRU
GHYHORSPHQW�LQ�WKH�PLQG��7KH�SRWHQWLDO�UROH�RI�PRWRU
DELOLWLHV� DV� D� GHWHUPLQDQW� RI� DVSHFWV� RI� SHUFHSWXDO
GHYHORSPHQW��&KLOG�'HYHORSPHQW����������������

&KDSPDQ�� '�� �������� 3ODQQLQJ� IRU� FRQMXQFWLYH� JRDOV�
$UWLILFLDO�,QWHOOLJHQFH��������������

&ODQFH\��:�-����������7KH�IUDPH�RI�UHIHUHQFH�SUREOHP�LQ
WKH� GHVLJQ� RI� LQWHOOLJHQW� PDFKLQHV�� ,Q� .�� YDQ� /HKQ
�HG���� $UFKLWHFWXUHV� IRU� LQWHOOLJHQFH��+LOOVGDOH��1�-��
(UOEDXP�

&RJQLWLYH�6FLHQFH�������������1RUZRRG��1�-���$EOH[�3XEO�

&UXVH�� +�� �������� &RRUGLQDWLRQ� RI� OHJ� PRYHPHQW� LQ
ZDONLQJ� DQLPDOV�� ,Q�� -��$��0H\HU�� DQG�6�:��:LOVRQ
�HGV����)URP�DQLPDOV�WR�DQLPDW����3URF��6$%·��������
����

'HQQHWW��'����������&RJQLWLYH�ZKHHOV��,Q�=�:��3\O\VK\Q
�HG�����������7KH�URERW
V�GLOHPPD��7KH�IUDPH�SUREOHP

LQ�DUWLILFLDO� LQWHOOLJHQFH��1RUZRRG��1�-���$EOH[� ��QG
SULQWLQJ�������

'HZH\��-����������7KH�UHIOH[�DUF�FRQFHSW�LQ�SV\FKRORJ\�
3V\FKRO��5HY����� ������� ��������� 5HSULQWHG� LQ�� -�-�
0F'HUPRWW� �HG���7KH� 3KLORVRSK\� RI� -RKQ� 'HZH\�
&KLFDJR��,/��8QLYHUVLW\�RI�&KLFDJR�3UHVV����������

'RXJODV��5�-���0DUWLQ��.�$�&��� DQG�1HOVRQ�� -�&�� �������
7KH� QHXURELRORJ\� RI� SULPDWH� YLVLRQ�� %DLOOLHUH
V
&OLQLFDO�1HXURORJ\�����1R���������������

(GHOPDQ��*�(����������1HXUDO�'DUZLQLVP��7KH�WKHRU\�RI
QHXURQDO�JURXS�VHOHFWLRQ��1HZ�<RUN��%DVLF�%RRNV�

)UDQFHVFKLQL�� 1��� 3LFKRQ�� -�0��� DQG� %ODQHV�� &�� �������
)URP�LQVHFW�YLVLRQ�WR�URERW�YLVLRQ��3KLO��7UDQV��5��6RF�
/RQG��%���������������

+DUQDG�� 6�� �������� � 7KH� V\PERO� JURXQGLQJ� SUREOHP�
3K\VLFD�'�������������������

+DUYH\��,���+XVEDQGV��3���&OLII��'���7KRPSVRQ��$���-DNREL�
1�� �������� (YROXWLRQDU\� URERWLFV�� WKH� 6XVVH[
DSSURDFK���5RERWLFV�DQG�$XWRQRPRXV�6\VWHPV��6SHFLDO
,VVXH� RQ� ´3UDFWLFH� DQG� )XWXUH� RI� $XWRQRPRXV
$JHQWVµ��5��3IHLIHU��DQG�5��%URRNV��HGV���

+RUVHZLOO�� ,�� ��������$�VLPSOH��FKHDS��DQG� UREXVW�YLVXDO
QDYLJDWLRQ�V\VWHP��,Q��-��$��0H\HU��+�/��5RLWEODW��DQG
6�:��:LOVRQ��HGV����)URP�DQLPDOV�WR�DQLPDWV����3URF�
6$%·������������

-DQOHUW�� /�(�� �������� 0RGHOLQJ� FKDQJH³WKH� IUDPH
SUREOHP��,Q�=�:��3\O\VK\Q��HG����������� 7KH�URERW
V
GLOHPPD��7KH�IUDPH�SUREOHP�LQ�DUWLILFLDO�LQWHOOLJHQFH�
1RUZRRG��1�-���$EOH[���QG�SULQWLQJ�������

.RKRQHQ��7�� �����D���6HOI�RUJDQL]DWLRQ� DQG� DVVRFLDWLYH
PHPRU\��%HUOLQ��6SULQJHU�

.RKRQHQ��7�������E���7KH��1HXUDO��SKRQHWLF� W\SHZULWHU�
,(((�&RPSXWHU��������0DUFK��������

/DLUG�� -�(��� 1HZHOO�� $��� DQG� 5RVHQEORRP�� 3�6�� �������
62$5�� DQ� DUFKLWHFWXUH� IRU� JHQHUDO� LQWHOOLJHQFH�
$UWLILFLDO�,QWHOOLJHQFH�����������

0DHV�� 3�� ��������$� ERWWRP�XS�PHFKDQLVP� IRU� EHKDYLRU
VHOHFWLRQ�LQ�DQ�DUWLILFLDO�FUHDWXUH��,Q��-��$��0H\HU��DQG
6�:��:LOVRQ��HGV����)URP�DQLPDOV�WR�DQLPDWV����3URF�
6$%·������������

0DULV��0��� DQG�6FKDDG��5�� ��������7KH� GLGDFWLF� URERWV�
8QLYHUVLW\�RI�=XULFK��$,�/DE�7HFKHSRUW����������

0DULV��0��� DQG� WH�%RHNKRUVW��5�� �VXEPLWWHG���([SORLWLQJ
SK\VLFDO� FRQVWUDLQWV�� KHDS� IRUPDWLRQ� WKURXJK
EHKDYLRUDO� HUURU� LQ� D� JURXS� RI� URERWV� �VXEPLWWHG� WR
,526
����

0DUWLQHW]�� 7�� �������� 7RSRORJ\� UHSUHVHQWLQJ� QHWZRUNV�
1HXUDO�1HWZRUNV�������������

0F&DUWK\��-���DQG�+D\HV��3�-����������6RPH�SKLORVRSKLFDO
SUREOHPV�IURP�WKH�VWDQGSRLQW�RI�DUWLILFLDO�LQWHOOLJHQFH�
,Q�� %�� 0HOW]HU�� DQG� '�� 0LFKLH� �HGV���� 0DFKLQH
,QWHOOLJHQFH�������������

0F)DUODQG�� '��� DQG� %|VVHU�� 0�� �������� ,QWHOOLJHQW
EHKDYLRU�LQ�DQLPDOV�DQG�URERWV��0,7�3UHVV�

1LVEHWW�� DQG�:LOVRQ� �������� 7HOOLQJ�PRUH� WKDQ�ZH� FDQ
NQRZ�� YHUEDO� UHSRUWV� RI� PHQWDO� SURFHVVHV�
3V\FKRORJLFDO�5HYLHZ��������������
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1HZHOO�� $�� �������� 8QLILHG� WKHRULHV� RI� FRJQLWLRQ�
&DPEULGJH��0DVV���+DUYDUG�8QLYHUVLW\�3UHVV�

1HZHOO��$���DQG�6LPRQ��+�$����������&RPSXWHU�VFLHQFH�DV
HPSLULFDO�LQTXLU\��V\PEROV�DQG�VHDUFK��&RPP��RI�WKH
$&0��������������

3IHLIHU��5����������&KHDS�GHVLJQV��H[SORLWLQJ�WKH�G\QDPLFV
RI� WKH� V\VWHP�HQYLURQPHQW� LQWHUDFWLRQ�� 7KUHH� FDVH
VWXGLHV�RQ�QDYLJDWLRQ��,Q��&RQIHUHQFH�RQ�´3UHUDWLRQDO
,QWHOOLJHQFHµ��&HQWHU� IRU� ,QWHUGLVFLSOLQDU\�5HVHDUFK�
8QLYHUVLW\�RI�%LHOHIHOG��������

3IHLIHU�� 5�� �������� &RJQLWLRQ³SHUVSHFWLYHV� IURP
DXWRQRPRXV� DJHQWV�� 5RERWLFV� DQG� $XWRQRPRXV
6\VWHPV������������

3IHLIHU�� 5�� �����D��� 6\PEROV�� SDWWHUQV�� DQG� EHKDYLRU�
EH\RQG� WKH� LQIRUPDWLRQ�SURFHVVLQJ�PHWDSKRU�� ,Q� $�
.HQW� DQG� -�*�� :LOOLDPV� �HGV���� (QF\FORSHGLD� RI
0LFURFRPSXWHUV��9RO���������������1HZ�<RUN��0DUFHO
'HNNHU��,QF�

3IHLIHU�� 5�� �����E��� %XLOGLQJ� ´)XQJXV� (DWHUVµ�� 'HVLJQ
SULQFLSOHV�RI�DXWRQRPRXV�DJHQWV��3URF��6$%·���

3IHLIHU�� 5��� DQG� 6FKHLHU�� &�� �LQ� SUHVV��� 6HQVRU\�PRWRU
FRRUGLQDWLRQ��WKH�PHWDSKRU�DQG�EH\RQG��7R�DSSHDU�LQ�
5RERWLFV�DQG�$XWRQRPRXV�6\VWHPV�� 6SHFLDO� ,VVXH�RQ
´3UDFWLFH� DQG� )XWXUH� RI� $XWRQRPRXV� $JHQWVµ�� 5�
3IHLIHU��DQG�5��%URRNV��HGV���

3IHLIHU��5���DQG��9HUVFKXUH��3�)�0�-����������'LVWULEXWHG
DGDSWLYH� FRQWURO�� D� SDUDGLJP� IRU� GHVLJQLQJ
DXWRQRPRXV� DJHQWV�� LQ�)�-��9DUHOD�� DQG�3��%RXUJLQH
�HGV���3URF��(&$/�����������

3XWQDP��+����������3KLORVRSK\�DQG�RXU�PHQWDO�OLIH��,Q�+�
3XWQDP� �HG��� 0LQG�� ODQJXDJH� DQG� UHDOLW\�
SKLORVRSKLFDO�SDSHUV��YRO�����&DPEULGJH��&DPEULGJH
8QLYHUVLW\�3UHVV�

3\O\VK\Q��=�:�� �HG��� �������� 7KH� URERW
V� GLOHPPD��7KH
IUDPH� SUREOHP� LQ� DUWLILFLDO� LQWHOOLJHQFH�� 1RUZRRG�
1�-���$EOH[���QG�SULQWLQJ�������

4XLOOLDQ�� 5�� �������� 6HPDQWLF� PHPRU\�� ,Q� 0�� 0LQVN\
�HG���� 6HPDQWLF� LQIRUPDWLRQ� SURFHVVLQJ��&DPEULGJH�
0DVV���0,7�3UHVV�

5HHNH��*�1��-U���DQG�(GHOPDQ��*�0����������5HDO�EUDLQV
DQG�DUWLILFLDO�LQWHOOLJHQFH��'DHGDOXV������������������

5XPHOKDUW�� '��� DQG� 0F&OHOODQG� -�� �������� 3DUDOOHO
GLVWULEXWHG�SURFHVVLQJ��&DPEULGJH��0DVV���0,7�3UHVV�

6FKHLHU��&���DQG�/DPEULQRV��'����������&DWHJRUL]DWLRQ�LQ�D
UHDO�ZRUOG�DJHQW�XVLQJ�KDSWLF� H[SORUDWLRQ�DQG�DFWLYH
YLVLRQ��3URF��6$%·���

6FKHLHU�� &��� DQG� 3IHLIHU�� 5�� �������� &ODVVLILFDWLRQ� DV
VHQVRU\�PRWRU� FRRUGLQDWLRQ�� D� FDVH� VWXG\� RQ
DXWRQRPRXV�DJHQWV��3URF��(&$/�������������

6HMQRZVNL�� 7�-��� DQG� 5RVHQEHUJ�� &�5�� �������� 3DUDOOHO
QHWZRUNV� WKDW� OHDUQ� WR� SURQRXQFH� (QJOLVK� WH[W�
&RPSOH[�6\VWHPV�������������

6LPRQ�� +�$�� �������� 7KH� VFLHQFHV� RI� WKH� DUWLILFLDO�
&DPEULGJH��0DVV���0,7�3UHVV�

6PLWK�� /�%��� DQG� 7KHOHQ�� (�� �HGV��� ��������$� G\QDPLF
V\VWHPV� DSSURDFK� WR� GHYHORSPHQW�� $SSOLFDWLRQV�
&DPEULGJH��0DVV���0,7�3UHVV��%UDGIRUG�%RRNV�

6WHHOV�� /�� �������� 7RZDUGV� D� WKHRU\� RI� HPHUJHQW
IXQFWLRQDOLW\��,Q��-��$��0H\HU��DQG�6�:��:LOVRQ��HGV���
)URP�DQLPDOV�WR�DQLPDWV����3URF��6$%
������������

6WHHOV�� /�� ��������7KH�3'/� UHIHUHQFH�PDQXDO��98%�$,
/DE�PHPR������

6WHLQKDJH��$���DQG�6FK|QHU��*���LQ�SUHVV���6HOI�FDOLEUDWLRQ
EDVHG� RQ� LQYDULDQW� YLHZ� UHFRJQLWLRQ�� '\QDPLF
DSSURDFK� WR� QDYLJDWLRQ��7R� DSSHDU� LQ��5RERWLFV� DQG
$XWRQRPRXV�6\VWHPV��6SHFLDO�,VVXH�RQ�´3UDFWLFH�DQG
)XWXUH� RI� $XWRQRPRXV� $JHQWVµ�� 5�� 3IHLIHU�� DQG� 5�
%URRNV��HGV���

6XFKPDQ�� /�� �������� 3ODQV� DQG� VLWXDWHG� DFWLRQ�
&DPEULGJH�8QLYHUVLW\�3UHVV�

7KHOHQ�� (�� DQG� 6PLWK�� /�� �������� $� G\QDPLF� V\VWHPV
DSSURDFK�WR�WKH�GHYHORSPHQW�RI�FRJQLWLRQ�DQG�DFWLRQ�
&DPEULGJH��0DVV���0,7�3UHVV��%UDGIRUG�%RRNV�

7KRUSH��6�-���DQG�,PEHUW��0����������%LRORJLFDO�FRQVWUDLQWV
RQ�FRQQHFWLRQLVW�PRGHOOLQJ��,Q�5��3IHLIHU��=��6FKUHWHU�
)�� )RJHOPDQ�6RXOLp�� DQG� /�� 6WHHOV� �HGV���
&RQQHFWLRQLVP� LQ� 3HUVSHFWLYH�� $PVWHUGDP�� 1RUWK�
+ROODQG��������

9HUVFKXUH�� 3�)�0�-�� �������� 7DNLQJ� FRQQHFWLRQLVP
VHULRXVO\��WKH�YDJXH�SURPLVH�RI�VXEV\PEROLVP�DQG�DQ
DOWHUQDWLYH�� 3URFHHGLQJV� RI� 7KH� )RXUWHHQWK� $QQXDO
&RQIHUHQFH�RI�7KH�&RJQLWLYH�6FLHQFH�6RFLHW\�

:LQRJUDG�� 7�� DQG� )ORUHV�� )�� �������� 8QGHUVWDQGLQJ
FRPSXWHUV� DQG� FRJQLWLRQ��5HDGLQJ��0DVV���$GGLVRQ�
:HVOH\�
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