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$GYDQFHV� LQ� WHFKQRORJ\� FRQWLQXH� WR� DFFHOHUDWH�
+RZHYHU��WKHUH�LV�LQFUHDVLQJ�FRQFHUQ�DW�YDULRXV�OHYHOV
RI� VRFLHW\�� XS� WR� WKH�8QLWHG�1DWLRQV�� WKDW� GHYHORS�
PHQWV� LQ�$0$7��$XWRPDWLRQ�DQG�0DFKLQH�$VVLVWHG
7KLQNLQJ��DQG�,&7��,QIRUPDWLRQ�DQG�&RPPXQLFDWLRQV
7HFKQRORJ\��DUH�FUHDWLQJ�QHZ�VHWV�RI�SUREOHPV�IRU�RXU
JOREDO�VRFLHW\��7KLV�SDSHU�DUJXHV�WKDW�WKHVH�QHZ�SURE�
OHPV�OLH�DW�WKH�KHDUW�RI�HWKLFDO�DQDO\VLV�RI�$0$7�DQG

,&7�DQG�UDLVH�VHULRXV�TXHVWLRQV�UHJDUGLQJ�ERWK�FXUUHQW
DQG� SODQQHG� HQJLQHHULQJ� UHVHDUFK� DQG� GHYHORSPHQW�
6SHFLILFDOO\��WKLV�SDSHU�DGGUHVVHV�WZR�PDMRU�LVVXHV�
���'RZQZDUG�SUHVVXUH�RQ�ODERU�IRUFHV��LQ�ERWK�GH�

YHORSHG�DQG�GHYHORSLQJ�DUHDV��UHVXOWLQJ�IURP�$0$7�
7KLV�SUHVVXUH�LV�IHOW�LQ�DQ�LQFUHDVLQJ�QHHG�IRU�DGYDQFHG
WUDLQLQJ�LQ�DSSOLFDWLRQV�RI�WHFKQRORJ\��/DERU�PDUNHWV
FKDQJH�DV�VNLOOHG�SHUVRQV�DUH�UHSODFHG�E\�OHVV�VNLOOHG
SHUVRQV�XVLQJ�$0$7�WR�FUHDWH�D�PDQ�PDFKLQH�SDLULQJ
ZKLFK�HOHYDWHV�WKH�IXQFWLRQDO�VNLOO�OHYHO�RI�WKH�ZRUNHU�
3UHVVXUH�RQ�ODERU�IRUFHV�GLVSODFHV�SHRSOH�DW�VNLOO�OHYHO

7KLV�SDSHU�H[DPLQHV�GHYHORSPHQWV�LQ�HQJLQHHULQJ�DQG�WKHLU�LPSDFW�RQ�VRFLHW\�IURP�D�SRVW�VWUXF�
WXUDO�SHUVSHFWLYH��IRFXVLQJ�RQ�VRFLDO�LPSDFW��HVSHFLDOO\�RQ�ODERU��DQG�RQ�WKH�HQYLURQPHQWDO�LP�
SDFW�RI�WHFKQRORJ\��SDUWLFXODUO\�LQ�WHUPV�RI�JOREDO�LQFUHDVHV�LQ�FRQVXPSWLRQ��'LVSODFHPHQW�RI�OD�
ERU�LV�GLVFXVVHG�LQ�WHUPV�RI�JURZLQJ�XQGHUHPSOR\PHQW�DV�PDFKLQH�HQKDQFHG�SURGXFWLYLW\�HYROYHV
IURP�SURGXFWLRQ�RI�WDQJLEOH�JRRGV�WR�VNLOOHG�DQG�SURIHVVLRQDO�ZRUN��(WKLFDO�TXHVWLRQV�QHHG�WR�EH
UH�IUDPHG�WR�EH�UHOHYDQW�WR�UHIOHFW�WKH�HYROXWLRQ�RI�ZRUN�VWUXFWXUHV��&XUUHQW�GHYHORSPHQWV�FUHDWH
D�SRVLWLYH�IHHGEDFN�ORRS�ZLWK�DGYHUVH�FRQVHTXHQFHV�IRU�VRFLR�SROLWLFDO�DQG�HQYLURQPHQWDO�V\V�
WHPV��6RPH�DQDO\VWV�EHOLHYH�RXU�FXUUHQW�VRFLDO�V\VWHP�KDV�DOUHDG\�EHFRPH�KLJKO\�XQVWDEOH�
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ÙQµ�ZLWK�PDFKLQH�DVVLVWHG�SHRSOH�DW�VNLOO�OHYHO�ÙQ�Ü���
DQG�VR�RQ�WKURXJK�D�VSHFWUXP�RI�ODERU�H[SHUWLVHµ��7KH
ILQDO�FRQVHTXHQFH�RI�WKLV�GRZQZDUG�FDVFDGLQJ�RI�SUHV�
VXUH�RQ�ODERU�UHVXOWV�LQ�XQGHUHPSOR\PHQW�DPRQJ�PDQ\
LQ�ERWK�GHYHORSHG�DQG�GHYHORSLQJ�HFRQRPLHV�DQG�WRWDO
ORVV� RI� HPSOR\PHQW� RSSRUWXQLWLHV� DPRQJ� WKH� OHDVW
TXDOLILHG�LQ�GHYHORSLQJ�DUHDV��H[FHSW�VXEVLVWHQFH�IDUP�
HUV��ZKR�DUH�QRW�LQ�WKH�ODERU�PDUNHW�
���Ù0DUNHWVµ�DUH�HYROYLQJ�IURP�H[FKDQJHV�RI�SURG�

XFWV�DQG�JRRGV�WR�PDUNHWV�EDVHG�RQ�WKH�VDOH�DQG�SUR�
FXUHPHQW�RI�ÙVLJQVµ��ÙVLPXODFUDµ�LQ�WKH�LGLRP�VXJJHVW�
HG�E\�-��%DXGULOODUG���7KLV�HYROXWLRQ�RI�ÙPDUNHWVµ�GRHV
QRW�H[FOXGH�H[FKDQJH�RI�WDQJLEOH�SURGXFWV�DQG�JRRGV�
UDWKHU��WKLV�WUDQVIRUPDWLRQ�RI�PDUNHWV�VWHPV�IURP�KRZ
WDQJLEOHV�DQG�LQWDQJLEOHV�DUH�EOHQGHG�LQ�WKH�PLQGV�RI
ERWK�VHOOHUV�DQG�EX\HUV��,QFUHDVLQJO\��ÙPDUNHW�H[FKDQJ�
HVµ�DUH�PRYLQJ�IURP�SURGXFWV�DSDUW�IURP�DWWULEXWHG�LP�
DJHV� LQ� WKH� GLUHFWLRQ� RI� H[FKDQJLQJ� ÙVLJQVµ� WKURXJK
ZKLFK� ERWK� WDQJLEOHV� DQG� LQWDQJLEOHV� DUH� LGHQWLILHG�
7KXV��RQH�ÙSXUFKDVHVµ�VWDWXV�WKURXJK�SRVVHVVLRQ�RI�DQ
H[SHQVLYH�� FDUHIXOO\� PDUNHWHG� KLJK�HQG� DXWRPRELOH�
WKRXJK�WKLV�DXWRPRELOH�PD\�LQ�QR�ZD\�EH�VXSHULRU�WR
D�OHVV�KLJKO\�ÙLPDJHGµ�PDFKLQH�
$OWKRXJK��VXSHUILFLDOO\��WKHVH�WZR�LVVXHV�PD\�VHHP

XQUHODWHG��UHFHQW�DQDO\VHV�VKRZ�WKDW�WKLV�LV�QRW�WKH�FDVH�
+RZHYHU��WR�GDWH��WKH�OLWHUDWXUH�LQ�HQJLQHHULQJ�HWKLFV�
V\VWHPV� HQJLQHHULQJ� GHYHORSPHQW� DQG� UHODWHG� ZRUN�
KDYH�QRW�MX[WDSRVHG�WKHVH�WZR�LVVXHV�LQ�RQH�SDSHU��1HL�
WKHU�KDV�WKH�SRVW�VWUXFWXUDO�DQDO\VLV�SUHVHQWHG�KHUH�UH�
FHLYHG�YHU\�PXFK�DWWHQWLRQ��ZLWK�RQH�RU�WZR�QRWDEOH
H[FHSWLRQV��

���3$66,9,7<��6,08/$&5$��$1'�,'/(1(66

2QH�LQWHUSUHWDWLRQ�VHHV�VLPXODFUD�DQG�WKH�FRQVXPS�
WLRQ�RI�VLJQV�DV�D�PHDQV�E\�ZKLFK�VRFLDO�DFWLRQ�FDQ�EH
GHUDLOHG� VWUXFWXUDOO\�ZLWKLQ� WKH�SRVW�FDSLWDOLVW� V\VWHP
�H��J���>�@���7KXV��UDWKHU�WKDQ�EHFRPLQJ�DJHQW�SURYRFD�
WHXUV��D�KHDOWK\�RSSRVLWLRQ�WR�WKH�SURJUDP�RI�JOREDO�H[�
SDQVLRQ�RI�:HVWHUQ�FDSLWDOLVP��WKH�VRFLDOO\�PDUJLQDO�
L]HG�HOHPHQWV�RI�VRFLHW\�DUH�HIIHFWLYHO\�QHXWHUHG�DW�WKHLU
VRXUFH��,I�SHRSOH�IHHO�XQFRPIRUWDEOH�E\�WKH�LPDJH�RI�DQ
$IULFDQ�FKLOG�ZLWK�IOLHV�LQ�KHU�H\HV��WKH\�FDQ�FKDQJH�79
FKDQQHOV�WR�Ù)ULHQGVµ�RU�DQ�$XVWUDOLDQ�VRDS�RSHUD�
$OO�WKLV�PD\�LQ�IDFW�EH�H[DFHUEDWHG�E\�WHFKQRORJ\

DQG� V\VWHPV� HQJLQHHULQJ� UHVHDUFK�� ZKLFK� DVVXPHV
SURJUHVV�WKURXJK�WKH�FRQWLQXRXV�FUHDWLRQ�RI�HYHU�PRUH
DGYDQFHG�WHFKQRORJ\�SURGXFWV�>�@���7KLV�FDQ�EH�SUH�
VHQWHG�DV�D�SRVLWLYH�IHHGEDFN�ORRS��ZKLFK�VHOI�SHUSHW�
XDWHV�DQG�LQFUHDVHV�WKH�SUREOHP�VLJQLILFDQWO\��$�PDMRU
LPSOLFDWLRQ�RI�WKH�SRVLWLYH�IHHGEDFN�ORRS�LV�WKDW��DF�
FRUGLQJ�WR�FXUUHQW�WHFKQR�VFLHQFH�WKLQNHUV��WKH�PRGHO
RI�WHFKQRORJLFDO�ÙSURJUHVVµ�PD\�DOVR�FRQWDLQ�ZLWKLQ�LW

D�FULWLFDO�SRLQW�RI�RYHU�GHYHORSPHQW�DW�ZKLFK�WKH�V\V�
WHP�LWVHOI�UHDFKHV�DQ�HQG�SRLQW��DQG�HPHUJHV�DV�DQ�HQ�
WLUHO\�QHZ�SURFHVV�LQ�ZKLFK�WKH�SUHYLRXV�DVVXPSWLRQV�QR
ORQJHU�KROG��,Q�WKH�UHDGLQJ�RI�WKH�SRVW�VWUXFWXUDO�DQDO\VLV
SUHVHQWHG�LQ�WKLV�SDSHU��ÙHVFDSH�YHORFLW\µ��D�UHIHUHQFH�WR
D�UHODWLRQVKLS�EHWZHHQ�VRFLHWLHV�RI�KXPDQV�DQG�PD�
FKLQHV��LV�LQWHUSUHWHG�DV�D�IRUP�RI�UXQDZD\�V\VWHP�EH�
KDYLRU��LQ�FRQWURO�WKHRU\�WKH�UHVXOW�RI�DQ�DFFHOHUDWLQJ
SRVLWLYH�IHHGEDFN�ORRS��$FFRUGLQJ�WR�WKH�SRVW�VWUXFWXU�
DOLVW�DQDO\VLV��WKLV�ÙHVFDSH�YHORFLW\µ�PD\�DOUHDG\�KDYH
EHHQ�UHDFKHG�

���(19,5210(17

$0$7�LV�OHDGLQJ�WR�KLJK�OHYHOV�RI�JOREDO�HQYLURQ�
PHQWDO�VWUHVV��*OREDOL]DWLRQ�RI�WHFKQRORJ\�DSSHDUV�LQ�
HYLWDEOH��HYHQ�LI�SURWHVWHUV�DJDLQVW�JOREDOL]DWLRQ�VKRXOG
SHUVXDGH� GHFLVLRQ�PDNHUV� WKDW� UHJLRQDO� DQG� QDWLRQDO
PDUNHWV�DUH�SUHIHUDEOH�WR�D�VLQJOH�JOREDO�PDUNHW��%DU�
ULHUV�WR�GLVVHPLQDWLRQ�RI�QHZ�WHFKQRORJ\�UHPDLQ�LQHI�
IHFWLYH�

0XFK�RI�WKH�ULVH�LQ�HPSOR\PHQW�GXULQJ�WKH�����V
ZDV�GXH�WR�LQFUHDVHG�FRQVXPSWLRQ��,W�LV�FOHDU�WKDW�LQ�
FUHDVHG�FRQVXPSWLRQ�LV�GH�VWDELOL]LQJ�WKH�JOREDO�HQYL�
URQPHQW��$�FRQWLQXHG�LQFUHDVH�LQ�FRQVXPSWLRQ�ZLOO��DW
VRPH�SRLQW��WULJJHU�ZLGHVSUHDG�HQYLURQPHQWDO�FDWDVWUR�
SKHV��PLJUDWLRQV��HQVXLQJ�ZDUV��DQG�PDVVLYH�ORVV�RI�OLIH�
7KHVH�DVVXPSWLRQV�PD\�VHHP�DODUPLVW��+RZHYHU��QRWH
IRU�H[DPSOH�WKDW�WKH�HQWLUH�VQRZ�FRYHU�LQ�WKH�$OSV�RI
6ZLW]HUODQG��H[FHSWLQJ�VQRZ�WKDW�KDG�IDOOHQ�RQ�H[LVWLQJ
JODFLHUV��PHOWHG�LQ������IRU�WKH�ILUVW�WLPH�LQ�UHFRUGHG
KLVWRU\��0RUHRYHU��$OSLQH�JODFLHUV�DUH�UHFHGLQJ�DW�UDSLG
UDWHV��(YHQ�FRQVHUYDWLYH�HVWLPDWHV�VHH�WKH�JODFLHUV�IXOO\
PHOWHG�E\�������6RPH�REVHUYHUV�HVWLPDWH�WKDW��LQ�WHUPV
RI�SURYLGLQJ�VXPPHU�ZDWHUIORZ�IURP�JODFLDO�PHOW��QR
PHDQLQJIXO�$OSLQH�JODFLHUV�ZLOO�UHPDLQ�E\������

,Q�WKLV�YLHZ��QDWXUH�LV�EHFRPLQJ�LQVLJQLILFDQW�DQG�D
VRUW�RI�HQFXPEUDQFH�XSRQ�WHFKQRORJLFDO�DGYDQFH��:H
FRQWLQXH�WR�FUHDWH�PRUH�DQG�PRUH�FRQGHQVHG�WHFKQLFDO
V\VWHPV��IXQFWLRQV�DQG�PRGHOV�DQG�ZH�WUDQVIRUP�DOO�WKH
UHVW�LQWR�ZDVWH�Ü�UHVLGXHV��,Q�D�VHQVH�ZH�KDYH�OHIW�WKH
HDUWK��ZH�KDYH�UHDFKHG�DQ�HVFDSH�YHORFLW\�LQ�WKH�ZHVW
VR�WKDW�ZH�KDYH�HQWHUHG�D�QHZ�UHDOLW\��K\SHUUHDOLW\��7KLV
K\SHUUHDOLW\�WUDQVIRUPV�WKH�SODQHW�LWVHOI�LQWR�D�ÙPDU�
JLQDO�WHUULWRU\�µ�D�IRUP�RI�ZDVWH�SURGXFW��)RU�H[DPSOH�
EXLOGLQJ�D�IUHHZD\��RU�D�WROO�URDG��RU�D�VKRSSLQJ�FHQWHU
WUDQVIRUPV� WKH�QDWXUDO� ODQGVFDSH� DURXQG� LQWR�ZDVWH�
ODQG��(YHQ�KXPDQ�LQWHUDFWLRQ�LV�VXEMHFW�WR�WKLV�UXOH��%\
FUHDWLQJ�HYHU�IDVWHU�FRPPXQLFDWLRQV�QHWZRUNV��ZH�UH�
GXFH�KXPDQ�LQWHUDFWLRQV�WR�ÙW[W�PVJV�µ�7KLV�YLHZ�RI�VR�
FLHW\�DQG�HQYLURQPHQW�VHHV�D�KROLVWLF�V\VWHP�RI�HQYL�
URQPHQWDO�DQG�KXPDQ�ZDVWH���ERDW�SHRSOH��UHIXJHHV�

��6RPH�DXWKRUV�KDYH�DWWHPSWHG�WR�WDFNOH�WKHVH�LVVXHV�LQ�WKH�OLW�
HUDWXUH�EXW�GHHS�GHEDWH�UHPDLQV�HOXVLYH�

��,Q�WKLV�DQDO\VLV�QRWLRQV�OLNH�ÙHQGµ�DQG�ÙEHJLQQLQJµ�QR�ORQJHU
UHDOO\�DSSO\�>�@�
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KXPDQ�WUDIILFNLQJ��QXFOHDU�ZDVWH�DQG�VR�RQ��DOO�PRYLQJ
DURXQG�ZLWKLQ�WKLV�PHWD�V\VWHP��,Q�WKLV�DQDO\VLV��QDWXUH
DQG�KXPDQ�VRFLHW\��LI�WKDW�WHUP�VWLOO�KDV�PHDQLQJ��DUH
UHGXFHG�WR�UHVLGXHV�ZLWKLQ�D�K\SRWKHWLFDOO\�ÙPDQDJHGµ
V\VWHP��ZKLFK�LV��LQ�IDFW��D�QHZ�DQG�HYHQ�PRUH�XQPDQ�
DJHDEOH�HQWLW\��,Q�WKLV�SRVW�VWUXFWXUDO�DQDO\VLV�WKH�UHF\�
FOLQJ�RI�ZDVWH��WKH�FRQWURO�RI�HPLVVLRQV�DQG�VR�RQ�DUH
VLJQV� RI� WKH� K\SHUUHDOLW\� RI� WKH�:HVWHUQ� V\VWHP�� $V
%DXGULOODUG�VD\V�
ZKDW�LV�ZRUVW�LV�QRW�WKDW�ZH�DUH�VXEPHUJHG�E\�WKH

ZDVWH�SURGXFWV�RI�LQGXVWULDO�DQG�XUEDQ�FRQFHQWUDWLRQ�
EXW�WKDW�ZH�RXUVHOYHV�DUH�WUDQVIRUPHG�LQWR�UHVLGXHV�>��
S� ��@��LWDOLFV�LQ�WKH�RULJLQDO��
'LVFRQQHFWLYLW\�DQG�,OOXVLRQ�
7KH�DERYH�DUJXPHQW�UHVXOWV�LQ�D�IDWDO�VLWXDWLRQ�LQ

ZKLFK�WKH�:HVWHUQ�ZRUOG��WKH�ZRUOG��ZKLFK�FUHDWHV�VR
PDQ\�RI�WKH�HQYLURQPHQWDO�SUREOHPV��LV�GHHSO\�GLVFRQ�
QHFWHG�IURP�WKH�UHDO��WKH�PDWHULDO��:H�UHF\FOH�RXU�JODVV
ERWWOHV�EXW� VRFLDOO\�XQZDQWHG�SHRSOH�EHFRPH�ÙWKURZ
DZD\�SHRSOHµ�

���/$%25

$0$7�LV�OHDGLQJ�WR�LQFUHDVLQJ�XQHPSOR\PHQW��XQ�
GHUHPSOR\PHQW�DQG�VWUHVVRUV�LQ�IXOO�HPSOR\PHQW�SRVL�
WLRQV�

8QHPSOR\PHQW�DQG�8QGHUHPSOR\PHQW

)LUVWO\�WKLV�LV�D�JOREDO�VWUHVVRU�
7KH�XQHPSOR\HG�DUH�EHFRPLQJ�XQHPSOR\DEOH�GXH

WR�WHFKQRORJLFDO�DGYDQFHV��IRU�H[DPSOH��,&7�OLWHUDF\�LV
D�PDMRU�LVVXH�LQ�(XURSH�
8QGHUHPSOR\PHQW�RFFXUV�ZKHQ�SHRSOH�ZRUN�EHORZ

WKHLU�VNLOO�OHYHO�RU�ZLWK�ORZ�SD\�RU�OHVV�WKDQ�D�GHVLUDEOH
QXPEHU�RI�KRXUV�SHU�ZHHN��7KHVH�IDFWRUV�YDU\�E\�IXQGV
QHHGHG��MRE�VDWLVIDFWLRQ�FXOWXUDO�H[SHFWDWLRQV��GLIILFXOW\
RI�WUDYHO�WR�ZRUN��HWF�
8QGHUHPSOR\PHQW� LV� D� VRFLDO� EXUGHQ�RIWHQ�RYHU�

ORRNHG� LQ� VWXGLHV�RI� WRWDO�XQHPSOR\PHQW��0RUHRYHU�
XQGHUHPSOR\PHQW�PD\�EH�SDUW�RI�D�FRQWLQXXP�OHDGLQJ
WR�FRPSOHWH�XQHPSOR\PHQW�

3RVW�6WUXFWXUDOLVP�DQG�&DWDVWURSKH�7KHRU\

,W�VKRXOG�EH�QRWHG�WKDW�WKLV�SRVW�VWUXFWXUDOLVW�VFH�
QDULR��WKRXJK�SHUKDSV�VRFLHWDOO\�DFFXUDWH��DQG�DFFXUDWH
LQ�WKH�GHVFULSWLRQ�RI�PDUNHWV��DVVXPHV�WKDW�WKLV�EHKDY�
LRU��:HVWHUQ�%HKDYLRU��LI�WKH�UHDGHU�SUHIHUV���FDQ�FRQ�
WLQXH�XQFKDOOHQJHG�E\�HQYLURQPHQWDO�IRUFHV��$W�VRPH
SRLQW�GLVHDVH�� IDPLQH��RU�PDVV�PLJUDWLRQV�XQGHU� WKH
SUHVVXUH�RI�H[WUHPH�HQYLURQPHQWDO�FKDQJH��ZLOO�VWUHVV
ERWK� WKH� ÙGHYHORSHG� ZRUOGµ� �RU� ÙRYHU�GHYHORSHGµ
ZRUOG� LQ� WKH� VHQVH� RI� D� UXQDZD\� V\VWHP� ZKLFK� KDV
UHDFKHG�HVFDSH�YHORFLW\��DQG�WKH�ÙGHYHORSLQJ�ZRUOGµ�VR
SRZHUIXOO\�WKDW�VRFLDO�XSKHDYDO�LV�FDSDEOH�RI�FUHDWLQJ
VRFLDO�FKDRV��7KLV�FKDRV�FDQ�EH�YLHZHG�LQ�WHUPV�RI�FD�
WDVWURSKHV��ZKLFK�HQWLUHO\�UHDOLJQ��RU�HOLPLQDWH��XQGHU�

O\LQJ�DVVXPSWLRQV��&OHDUO\��WKH�DWWDFNV�RQ�1HZ�<RUN
DQG�:DVKLQJWRQ��'&�LQ�WKH�86$�RQ�6HSWHPEHU����
�����ZHUH�D�ZDUQLQJ�VLJQ�RI�PRUH�GUDPDWLF��DQDORJRXV
IXWXUH�HYHQWV��,QGHHG��WKH�HVFDODWLRQ�RI�VLPLODU��LI�OHVV
H[WHQVLYH�DWWDFNV��LQ�7XUNH\��6DXGL�$UDELD�DQG�VR�RQ
HPSKDVL]H�WKLV�IURP�WKH�SHUVSHFWLYH�RI�WKH�ÙGHYHORSHGµ
ZRUOG�� ,W� LV� LPSRUWDQW� WR� QRWH� WKDW� WKH� ÙGHYHORSLQJ
ZRUOGµ� H[LVWV� LQ� ODUJH� SRFNHWV� HYHQ� LQ� WKH�PRVW� DG�
YDQFHG�QDWLRQV�RI�WKH�:HVW��2QH�QHHG�PHUHO\�UHIHU�WR
SRYHUW\�DQG�XQHPSOR\DELOLW\�DPRQJ�SHRSOH�RI�6RXWK
&HQWUDO�/RV�$QJHOHV�RU�WKH�YDVW�ÙIDYHODVµ�VXUURXQGLQJ
WKH�JOLWWHULQJ�WRZHUV�RI�6DR�3DXOR�LQ�%UD]LO�

'LVSODFHPHQW�DQG�8QGHUHPSOR\PHQW

3HRSOH� XQHPSOR\HG� EHFDXVH� WKH� ZRUN� IRU� ZKLFK
WKH\�DUH�TXDOLILHG�KDV�EHHQ�GLVSODFHG�E\�$0$7�PD\
HOHFW�WR�DFFHSW�ZRUN�EHORZ�WKHLU�RSWLPDO�VNLOO�OHYHO��XQ�
GHUHPSOR\PHQW��� $IWHU� D� WLPH�� WKLV� OHDGV� WR� ORVV� RI
KDUG�ZRQ�VNLOOV�DQG�DOVR�WR�GLPLQLVKHG�VHOI�HVWHHP�
'DWD�UHJDUGLQJ�XQGHUHPSOR\PHQW�DUH�VFDQW\��,W�LV

FRPPRQ�NQRZOHGJH�WKDW�PDQ\�SHRSOH�DUH�HPSOR\HG
EHORZ�WKHLU�VNLOO�OHYHOV��VXJJHVWLQJ�WKDW�OLWWOH�VHULRXV�HI�
IRUW�KDV�EHHQ�PDGH�WR�TXDQWLI\�GDWD�UHIOHFWLQJ�WKH�VH�
ULRXVQHVV�RI�WKLV�LVVXH��'XULQJ�RXU�WUDYHO�WR�WKH�)RUPHU
5HSXEOLF�RI�<XJRVODYLD�LQ�0D\��������KLJKO\�HGXFDWHG
FLWL]HQV�RI�RQH�RI�LWV�VXFFHVVRU�VWDWHV�WROG�WKH�DXWKRUV
WKDW�����RI�ZRUNHUV�ZHUH�XQHPSOR\HG��6RPH�RI�WKH
����XQHPSOR\HG�ZHUH�SURIHVVLRQDO�SHRSOH�ZRUNLQJ�LQ
D�VKDGRZ�HFRQRP\��RIWHQ�EHORZ�D�VXLWDEOH�VNLOO�OHYHO�
:KHQ�D�SHUVRQ�GLVSODFHG�E\�$0$7�DFFHSWV�ZRUN

EHORZ�KLV�KHU�VNLOO�OHYHO��DQRWKHU��OHVV�VNLOOHG�SHUVRQ�LV
GLVSODFHG��7KH�GLVSODFHG�SHUVRQ�PD\�DFFHSW�D�SRVLWLRQ
EHQHDWK�KLV�KHU�VNLOO�OHYHO��,Q�WKLV�ZD\��XQGHUHPSOR\�
PHQW�FDVFDGHV�WKURXJK�D�FKDLQ�RI�VNLOO�OHYHOV�DW�ODUJH
FRVWV� WR�PDQ\�SHRSOH��HDFK�ZRUNLQJ�DW�D� ORZHU� OHYHO
WKDQ�SUHYLRXVO\�
$Q�HFRQRP\��ZLWK�KLJK�SURGXFWLYLW\�WKURXJK�XVH�RI

$0$7��FDQ�FUHDWH�XQGHUHPSOR\PHQW�DFURVV�PDQ\�VHF�
WRUV�RI�WKH�HFRQRP\��8QGHUXWLOL]HG�KXPDQ�FDSDFLW\�LQ�
FUHDVHV�IXUWKHU�DV�SRWHQWLDO�FXVWRPHUV�HDUQ�WRR�OLWWOH�WR
SXUFKDVH�SURGXFWV�RI�WKH�VHHPLQJO\�LPSURYHG�HFRQR�
P\��7KLV�LV�D�SRVLWLYH�IHHGEDFN�ORRS�ZLWK�QHJDWLYH�FRQ�
VHTXHQFHV�IRU�WKH�HFRQRP\�

(PSOR\PHQW

,Q�WKLV�FRQWH[W��HIIHFWV�RQ�WKH�ZRUNSODFH�DUH�SULPD�
ULO\�D�ÙGHYHORSHGµ�ZRUOG�VWUHVVRU��7KH�HPSOR\HG�DUH
XQGHU�LQFUHDVLQJ�VWUHVV�GXH�WR�WHFKQRORJLFDO�ÙDGYDQF�
HV�µ�)RU�H[DPSOH��ILJXUH�VKRZV�D�GHFOLQH�LQ�UHDO�ZDJHV
LQ� UHFHQW� \HDUV�� )XUWKHUPRUH�� HYLGHQFH� JDWKHUHG� LQ
PRGHUQ�RUJDQL]DWLRQV�LQGLFDWHV�WKDW�SHRSOH�DUH�VHHNLQJ
PHGLFDO�DWWHQWLRQ�IRU�WHFKQRORJ\�LQGXFHG�VWUHVV�UHODW�
HG�LOOQHVVHV�>�@��%\�FXUUHQW�VWDQGDUGV�PRUH�SHRSOH�LQ
GHYHORSHG�VRFLHWLHV�DUH�RYHUZRUNHG�WKDQ�DW�DQ\�WLPH
VLQFH�WKH�SRVW�:RUOG�:DU���UHFRYHU\�SHULRG�
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)RU�PDQ\�LQ�WKH�ÙGHYHORSHGµ�ZRUOG��WKH�QDWXUH�RI
ZRUN�KDV�FKDQJHG�ZLWK�WKH�LQFUHDVLQJ�SDFH�RI�WHFKQRO�
RJ\�FKDQJH��&RQVHTXHQFHV�LQFOXGH�LQYDVLRQ�RI�SHUVRQDO
VSDFH�E\�LQIRUPDWLRQ�DQG�FRPPXQLFDWLRQV�WHFKQROR�
JLHV� >�@�� LQFUHDVHG� VWUHVV� LQ� WKH�ZRUNSODFH� DV� SHRSOH
PXVW�DGDSW�PRUH�DQG�PRUH�WR�JOREDOO\�FRQVWLWXWHG�LQ�
WHJUDWHG� LQIRUPDWLRQ� DQG� DXWRPDWLRQ� V\VWHPV� >�@�
VZHDWVKRS�FDOO�FHQWHUV�DQG�VR�RQ�>�@�

���',6(1)5$1&+,6(0(17
$1'�'(67$%,/,=$7,21

7KH� WHFKQRORJ\� GHYHORSPHQW� SURJUDP�� XQGHU�
SLQQHG�DV�LW�LV�E\�WKH�SURILW�PRWLYH�DQG�WKH�G\QDPLFV
RI�D�SRVW�VWUXFWXUDOLVW�FRQVXPHU�ÙVRFLHW\µ��PD\�H[DFHU�
EDWH�WKH�V\VWHPLF�SUREOHPV�ZKLFK�OHDYH�VR�PDQ\�SHRSOH
GLVHQIUDQFKLVHG�IURP�JOREDO�ZHDOWK�FUHDWLRQ�V\VWHPV�

7KH�'LVORFDWLRQ�RI�WKH�'LVHQIUDQFKLVHG�x��

(QRUPRXV�PDVVHV�RI�UXUDO�SRRU�LQ�WKH�GHYHORSLQJ
ZRUOG�DUH�QHYHU�H[SRVHG�WR�WKH�SURGXFWV�ZKLFK�FRP�
SULVH� WKH�JOREDOL]DWLRQ�RI� WHFKQRORJ\��+RZHYHU�� WKH\
DUH�H[SRVHG�WKURXJK�PDVV�HQWHUWDLQPHQW�PHGLD�WR�WKH
VXSSRVHG� EHQHILWV� RI� QHZ� WHFKQRORJ\��0RVW� RI� WKHVH
VDPH�DUHDV�DUH�WKH�VRXUFH�RI�UDSLG�SRSXODWLRQ�JURZWK�
IXUWKHU�LQFUHDVLQJ�SUHVVXUH�IRU�LQFUHDVHG�FRQVXPSWLRQ
DQG�XQUHVW�IROORZLQJ�LQDELOLW\�WR�DWWDLQ�WKH�XQUHDOLVWLF
FRQVXPSWLRQ�JRDOV�VHW�IRUWK�LQ�WKH�PDVV�PHGLD�
)XUWKHUPRUH�� WKH� GLVMXQFWLRQ� EHWZHHQ� :HVWHUQ

JRDOV�DQG�PHWKRGV�RQ�WKH�RQH�KDQG�DQG�WKH�SURFHVVHV
DW�ZRUN�LQ�GHYHORSLQJ�VRFLHWLHV�DUH�H[DFHUEDWHG�E\�WHFK�
QRORJLFDO� GHYHORSPHQWV� DQG� V\VWHPV� HQJLQHHULQJ� UH�
VHDUFK�EDVHG�RQ�WKH�LGHD�RI�SURJUHVV�DV�WKH�FUHDWLRQ�RI
HYHU�PRUH�DGYDQFHG�WHFKQRORJLFDO�SURGXFWV��7KLV�DFWV
DV�D�SRVLWLYH�IHHGEDFN�ORRS��ZKLFK�SHUSHWXDWHV�DQG�H[�
DFHUEDWHV�WKH�VRFLDO�DQG�WHFKQLFDO�GLVVRQDQFH�EHWZHHQ
WKH�:HVW�DQG�PXFK�RI�WKH�GHYHORSLQJ�ZRUOG�

7KH�'LVDSSHDUDQFH�RI�WKH�'LVHQIUDQFKLVHG�x��

2QH�DQDO\VLV�VHHV�VLPXODFUD�DQG�WKH�FRQVXPSWLRQ�RI
VLJQV�DV�D�PHDQV�E\�ZKLFK�VRFLDO�DFWLRQ�FDQ�EH�GHUDLOHG
VWUXFWXUDOO\� ZLWKLQ� WKH� SRVW�FDSLWDOLVW� V\VWHP�� 7KXV�
UDWKHU�WKDQ�RSSRVLQJ�H[SDQVLRQ�RI�:HVWHUQ�LQGXVWULDO
JRDOV�DQG�PHWKRGV�LQWR�GHYHORSLQJ�VRFLHWLHV�LQFDSDEOH
RI�DGDSWLQJ�WR�WKHVH�JRDOV�DQG�PHWKRGV��WKH�1*2V�PD\
DFWXDOO\�IDFLOLWDWH�FKDQJH�ZLWKRXW�DQDO\VLV�RI�LWV�OLNHO\
HIIHFWV��6RFLDOO\��DV�ZHOO�DV�HFRQRPLFDOO\�DQG�HGXFD�
WLRQDOO\��PDUJLQDOL]HG�VHFWRUV�RI� VRFLHW\�DUH� WKXV�H[�
FOXGHG�IURP�FKDQJHV�RFFXUULQJ�LQ�WKHLU�RZQ�QDWLRQV�RU
UHJLRQV��$V�ZH�QRWHG�HDUOLHU��LI�SHRSOH�IHHO�XQFRPIRUW�
DEOH�E\�WKH�LPDJH�RI�DQ�$IULFDQ�FKLOG�ZLWK�IOLHV�LQ�KHU
H\HV��WKH\�VLPSO\�FKDQJH�79�FKDQQHOV�WR�D�EODQGO\�HQ�
WHUWDLQLQJ�SURJUDP�

5HYROXWLRQ�DQG�1HXWUDOL]DWLRQ�
7KH�DEVHQFH�RI�V\VWHPLF�FRUUHFWLYH�IHHGEDFN

7KHVH�VWUHVVRUV�ZRXOG�QRUPDOO\�OHDG�WR�UHYROXWLRQ�
DU\� DFWLYLW\� WKDW�ZRXOG�GHVWDELOL]H� HOLWH� SRZHU� VWUXF�
WXUHV��7KH�PDUFK�RI�KLVWRU\�VKRZV�XV�WKDW�WKHVH�LQWHU�
YHQWLRQV� HQVXUH� WKDW� VRFLHWLHV� UHPDLQ� VWDEOH��6R�� WKH
SHDVDQWV�� UHYROW� �DQ� HYHQW� OLQNHG� WR� HQYLURQPHQWDO
FKDQJH�DV�PXFK�DV�DQ\WKLQJ�HOVH��HQVXUHG�WKDW�WKH�IHX�
GDO�V\VWHP�LQFRUSRUDWHG�VRFLDO�LPSDFW�LPSHUDWLYHV��7KH
ORQJHU�WKH�VWUHVVRUV�DUH�DOORZHG�WR�DFFXPXODWH�SUHVVXUH�
WKH�JUHDWHU�WKH�XOWLPDWH�GHYDVWDWLRQ�RI�WKH�VRFLDO�HDUWK�
TXDNH�WKDW�UHVXOWV��ZLWQHVV�WKH�FROODSVH�RI�WKH�5RPDQ
(PSLUH��
0RGHUQ�PHGLD�DQG�FRQVXPSWLRQ�VWUXFWXUHV�ILOO�SHR�

SOH�V�OLYHV�WR�WKH�H[WHQW�WKDW�PDQ\�KDYH�QHLWKHU�WKH�WLPH
QRU�WKH�LQFOLQDWLRQ�WR�DJLWDWH��,QGHHG��ZKHUH�DJLWDWLRQ
DULVHV��LW�FDQ�EH�VXEVXPHG�LQWR�D�VZLUO�RI�PHGLD�IUDJ�
PHQWV��WH[W�PHVVDJHV��006�DQG�WKH�LQWHUQHW��DQG�WKXV
EH�QHXWUDOL]HG��&RQVHTXHQWO\��WKH�YRLFHV�RI�WKH�GLVHQ�
IUDQFKLVHG�DUH� UHGXFHG� WR�D� WLQ\�ZKLVSHU�� DQG� UDUHO\
HYHQ�PHULW�D�VRXQGELWH�RQ�&11��7KLV�LV�DQ�H[WUHPHO\
GDQJHURXV�VLWXDWLRQ��7R�LOOXVWUDWH��LQ�WKLV�DQDO\VLV��WKH
ÙVXUSULVHµ�RI�������DQ�HYHQW�SUHGLFWHG�E\�PDQ\�DQD�
O\VWV���DQG�WKH�FRQVHTXHQWLDO�UHYHUEHUDWLRQV�WKURXJK�VR�
FLDO��ILQDQFLDO�DQG�SROLWLFDO�V\VWHPV��ZDV�GXH�WR�D�VXG�
GHQ�VKRFN�RI�WKRVH�RXWVLGH�RXU�K\SHUUHDO�ZRUOG�VXG�
GHQO\�HQJDJLQJ�ZLWK�WKH�:HVW��UHPLQGLQJ�WKH�:HVW�WKDW
WKH�WHFWRQLFV�RI�JOREDOL]DWLRQ�DUH�SDUW�RI�D�SRVLWLYH�IHHG�
EDFN��UDWKHU�WKDQ�QHJDWLYH�IHHGEDFN��ORRS��WKH�UHDGHU�LV
UHPLQGHG�WKDW�D�ÙSRVLWLYHµ�IHHGEDFN�ORRS�LV�D�WHFKQLFDO
GHILQLWLRQ� RI� V\VWHP� VHOI�DPSOLILFDWLRQ��ZKLFK� ILQDOO\
FDXVHV��WKH�V\VWHP�WR�VHOI�GHVWUXFW��,Q�WKLV�VHQVH��SRV�
LWLYH�ORRS�EHKDYLRU�KDV�KLJKO\�QHJDWLYH�FRQVHTXHQFHV��
7KH�PRUH�VXEVXPHG�ZH�DUH�LQWR�RXU�K\SHUUHDOLW\�WKH
PRUH�GLVHQJDJHG�ZH�EHFRPH�ZLWK�WKH�UHDO��DQG�VR�RQ
XQWR�LQILQLW\�
*OREDOO\��WKLV�LV�D�KLJKO\�XQVWDEOH�VLWXDWLRQ��$�FRP�

SDULVRQ�ZLWK�����V�*HUPDQ\��ZKHQ�LQIODWLRQ�GHVWUR\HG
WKH�HFRQRP\��GHVWUR\HG�WKH�PLGGOH�FODVV��DQG�SDYHG
WKH�ZD\� IRU�1D]L�LVP�� LOOXVWUDWHV� WKH� LPSOLFDWLRQV�RI

7KH�$YHUDJH�ZHHNO\�HDUQLQJV�IHHO�FRQVLGHUDEO\�EHWZHHQ������
DQG�������7KH�ULVH�LQ�IDPLO\�LQFRPHV�LQ�WKH�����V�LV�DWWULEXWHG�
WR�WKH�ODUJH�LQFUHDVH�LQ�ZRPHQ�ZRUNHUV��(YLGHQFH�VXJJHVWV�

WKDW�WKLV�WUHQG�LV�FRQWLQXLQJ�LQWR�GHFDGH�>���S����@�
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PDVVLYH�GHUDLOPHQW�RI�PDMRU�GLVFRXUVH�ZLWK�GLVHQIUDQ�
FKLVHG�JURXSV�ZLWKLQ�VRFLHWLHV�
7R�D�JURZLQJ�H[WHQW�WHFKQRORJ\�GLVSODFHV�ERWK�PDQ�

XDO�ODERU�DQG�VNLOOHG�MREV��LQFOXGLQJ�VRPH�MREV�IRUPHUO\
WKRXJKW�WR�EH�ÙLQWHOOHFWXDO�ZRUN�µ�,QFUHDVHG�WUDLQLQJ�LV
QHHGHG�ZLWK�HDFK�QHZ�JHQHUDWLRQ�RI�WHFKQRORJ\��GLV�
ORFDWLQJ� PDQ\� IRUPHUO\� HPSOR\DEOH� SHRSOH��0DQXDO
ZRUN� FRQWLQXHV� WR� GLVDSSHDU�� ERWK� LQ� WKH� GHYHORSHG
ZRUOG�DQG�LQ�WKH�GHYHORSLQJ�ZRUOG��5XUDO�ZRUNHUV�IORFN
WR�PHJD�FLWLHV��ZKLFK�DUH�XQDEOH�WR�DEVRUE�QHZ�SHRSOH
DW�DQ�DSSURSULDWH�UDWH��$V�WKLV�SDSHU�LV�EHLQJ�ZULWWHQ�
WKH�SROLWLFDO�OHDGHUVKLS�VWUXFWXUH�RI�RQH�RI�WKH�SRRUHVW
QDWLRQV�LQ�/DWLQ�$PHULFD�LV�FROODSVLQJ��3ROLWLFDO�FKDRV
RI�WKLV�VRUW�LV�VR�ZLGHVSUHDG�WKDW�LW�FDQ�QR�ORQJHU�EH
WKRXJKW�RI�DV�D�VHULHV�RI�FROODSVHV��7KLV�FDVFDGH�RI�SR�
OLWLFDO�FROODSVH�LV�D�SKHQRPHQRQ�LQ�LWV�RZQ�ULJKW��'XU�
LQJ� WKH�����V�DQG�����V� VLPLODU�FROODSVHV� IRU� ODUJHO\
HFRQRPLF� UHDVRQV� FUHDWHG� WKH� FRQGLWLRQV� IRU� :RUOG
:DU����7KH�FKDRV�HPHUJLQJ�LQ�WKH�HDUO\�\HDUV�RI�WKH�QHZ
FHQWXU\�DUH�FORVH�WR�WULJJHULQJ�JOREDO�FKDRV��,QWHUQD�
WLRQDO�HYHQWV�IROORZLQJ�WKH�6HSWHPEHU�������DWWDFNV�RQ
WKH�8QLWHG�6WDWHV�VXJJHVW�WKDW�GHYHORSHG�QDWLRQV�ODFN
WKH�ZLOO�DQG�PDQSRZHU�WR�FRQWDLQ�VSUHDGLQJ�FKDRV�
7KH�OHVVRQV�RI�*HUPDQ\�LQ�WKH�WZHQWLHV�DQG�WKLUWLHV

OHDG�XV�WR�WKH�FRQFOXVLRQ�WKDW�RXU�K\SHUUHDOLWLHV�ZLOO�EH�
FRPH�GHUDLOHG��DQG�FRPH�FUDVKLQJ�EDFN�LQWR�WKH�FUXVK�
LQJ�PDWHULDOLW\�RI�WKH�SRRU�RU�WKH�HQYLURQPHQWDO�FKDRV
RI�JOREDO�FOLPDWLF�FKDQJH��ZKLFK�PD\�RSHUDWH�DFFRUG�
LQJ�WR�D�VWHS�IXQFWLRQ�>�@��,Q�WKLV�DQDO\VLV��WHFKQRORJ\
LV�D�PDMRU�GULYHU�EHKLQG�������WKH�WHUURULVW�DFWV�RI�WKH
GLVHQIUDQFKLVHG��RU�WKH�VWDWH�EHKDYLRU�RI�:HVWHUQ�SRZ�
HUV��ZKLFK�VRPH�KDYH�LQWHUSUHWHG�DV�VWDWH�WHUURULVP��
7KLV�UDLVHV�SRLQWHG�DQG�GLVWXUELQJ�HWKLFDO�TXHVWLRQV�IRU
FXUUHQW�WHFKQRORJ\�UHVHDUFK�WUDMHFWRULHV�

���5(&200(1'$7,216

7KH�V\VWHPV�GLVFXVVHG�LQ�WKLV�SDSHU�DUH�H[WUHPHO\
FRPSOH[�LQ�WHUPV�RI�VHYHUDO�NH\�GLPHQVLRQV�LQFOXGLQJ
SRZHU�UHODWLRQV��VRFLDO�LPSDFW��WHFKQRORJLFDO�SURJUDPV
RI�GHYHORSPHQW�DQG�VR�RQ��7KLV�SDSHU�FDOOV�IRU�FRUUHF�
WLYH� DQG�RU� DGDSWLYH� UHVSRQVHV� WR�$0$7�� ,&7�� DQG
RWKHU�WHFKQRORJLFDO�IRUFHV�IRU�VRFLHWDO�FKDQJH��7KH�SD�
SHU�LV�LQWHQGHG�PRUH�WR�VWLPXODWH�GHEDWH�IRU�HWKLFLVWV
DQG�VRFLDO�LPSDFW�UHVHDUFK��WKDQ�SURYLGH�FRQFOXVLYH�VR�
OXWLRQV��+LJKO\�FRPSOH[�V\VWHPV�UHVLVW�SUHVFULSWLYH�VR�
OXWLRQV��6XFK�V\VWHPV�DUH�EHWWHU�GHDOW�ZLWK�WKURXJK�QDY�
LJDWRU\�DLGV��DQG�WKH�LGHQWLILFDWLRQ�RI�SDWWHUQV�DQG�WUDF�
HV�>�����@�

$0$7�5HVSRQVHV�WR�(QYLURQPHQWDO
DQG�6RFLDO�,PSDFWV

:LWK� QR� FDSV� RQ� HQYLURQPHQWDO� ORDGLQJ�� FRQVH�
TXHQFHV�FDQQRW�EH�SUHGLFWHG��7KLV�LQVLJKW�DSSOLHV�WR�DOO
IRUPV� RI� ORDGLQJ�� QRW�PHUHO\� JUHHQKRXVH� JDVHV�� %XW
OLPLWLQJ�FRQVXPSWLRQ�LV�YHU\�SROLWLFDOO\�FKDUJHG��0DQ\

SHRSOH�LQ�GHYHORSHG�DUHDV�EHOLHYH�WKDW�WKH\�OLYH�LQ�D�JOR�
EDO�HFRQRP\�DQG�DUH� WKXV�HQWLWOHG� WR�FRQVXPH�ZKDW
WKH\� FDQ� DIIRUG�� $GGLWLRQDOO\�� VRPH� DUJXH� WKDW� LQ�
FUHDVHG�FRQVXPSWLRQ�LQFUHDVHV�HPSOR\PHQW��7KHVH�DU�
JXPHQWV� RYHUORRN� HQYLURQPHQWDO� ORDGLQJ�� ,I� ORDGLQJ
PXVW� EH� FDSSHG�� FRQVXPSWLRQ�PXVW� DOVR� EH� FDSSHG�
6RPH�ÙFRQVXPSWLRQµ�GRHV�QRW�LQFUHDVH�HQYLURQPHQWDO
ORDGLQJ��H[DPSOH��LI�D�79�VFUHHQ�LV�YLHZHG�E\�ILYH�SHR�
SOH�LQVWHDG�RI�E\�IRXU��HQYLURQPHQWDO�ORDGLQJ�LV�QRW�DI�
IHFWHG��Ù&RQVXPSWLRQµ�RI�WKLV�W\SH�LV�HQYLURQPHQWDOO\
QHJOLJLEOH��+RZHYHU��LW�LV�HVVHQWLDOO\�LPSRVVLEOH�WR�FDS
DJJUHJDWH�FRQVXPSWLRQ�XQOHVV�ERWK�SRSXODWLRQ�DQG�SHU
FDSLWD�FRQVXPSWLRQ�DUH�FDSSHG��,W�LV�LURQLF�WKDW�HQYL�
URQPHQWDO� OLPLWV�FDOO� IRU�FDSSHG�FRQVXPSWLRQ�DW� WKH
YHU\�WLPH�WKDW�SHRSOH�ZLOO�KDYH�PRUH�IUHH�WLPH�

,W�PD\�EH�WKDW�WKURXJK�$0$7�WKH�JUDGXDO�UHGXFWLRQ
RI� DJJUHJDWH� ZRUNHU� WLPH� QHHGHG� IRU� URXWLQH� WDVNV
ZRXOG�UHOHDVH�D�ODUJH�SRRO�RI�DYDLODEOH�ODERU�WR�GHDO�ZLWK
HPHUJLQJ� HQYLURQPHQWDO� LVVXHV�� 7ZR� DOWHUQDWLYH� VFH�
QDULRV�DUH�OHVV�SURPLVLQJ�

���,QFUHDVLQJ�PDFKLQH�EDVHG�HQWHUWDLQPHQW��IXUWKHU
GLVWUDFWLQJ�SHRSOH�IURP�ZKDW�KDYH�XQWLO�QRZ�EHHQ�FRQ�
VLGHUHG�FRUH�GLPHQVLRQV�RI�FRPPXQLW\� OLIH�� WKXV� LQ�
FUHDVLQJ� IRUPV�RI�DOLHQDWLRQ� IURP�KLVWRULFDOO\� VKDSHG
VRFLDO�QRUPV�

���,QFUHDVHG�FRQWURO�RI�ÙLQWHUQHW�DQG�UHODWHG�OHDUQ�
LQJµ�E\�SROLWLFDO�DQG�RU�UHOLJLRXV�PRYHPHQWV��UHVXOWLQJ
LQ�LQFUHDVLQJ�SRODUL]DWLRQ�RI�VRFLHW\�HLWKHU�WKURXJK�VR�
FLDO�VSOLQWHULQJ�RU�PDVV�PRYHPHQWV�UHVHPEOLQJ�JURXS
K\VWHULD��7KH�UHFHQW�SKHQRPHQRQ�RI�ÙIODVK�PREVµ��LQ�
VWDQW��DQG�YHU\�VKRUW�OLYHG��L�H���DV�OLWWOH�DV�RQH�PLQXWH�
JDWKHULQJV� RI� SHRSOH� FDOOHG� WRJHWKHU� E\� DQRQ\PRXV
HPDLO�PHVVDJHV��VXJJHVWV�WKDW�PREV�DUH�HDVLO\�FUHDWHG�
7KXV�IDU�WKHVH�IODVK�PREV�KDYH�EHHQ�FUHDWHG�SOD\IXOO\
E\�SHRSOH�ZLWK�DFFHVV�WR�ODUJH�QHWZRUNV�RI�SHRSOH�LQ
PDMRU�XUEDQ�FHQWHUV��Ù0REVµ�KDYH�JDWKHUHG�IRU�PLQRU
HYHQWV�VXFK�DV�WKH�RSHQLQJ�RI�D�QHZ�ZDWHU�IRXQWDLQ�
7KHVH� LQVWDQW� �DQG� KLJKO\� WUDQVLWRU\�� FURZGV� �RQH
ÙPREµ�GLVSHUVHG�DIWHU�D�SODQQHG����VHFRQG�GXUDWLRQ�
KDYH�WKXV�IDU�QRW�H[KLELWHG�FODVVLFDO�PRE�EHKDYLRU��EXW
D�PRYH�IURP�SOD\IXO�K\VWHULD�WR�IHDU�EDVHG�K\VWHULD�LV
QRW�LQFRQFHLYDEOH�

&UHDWLRQ�RI�QLJKWPDUH�VRFLHWDO�SKHQRPHQD�WKURXJK
QHZ�WHFKQRORJLHV�KDV�D�ORQJ�KLVWRULFDO�SHGLJUHH��&OHDU�
O\��HWKLFLVWV�DQG�VRFLDO�WKHRULVWV�DUH�FDOOHG�WR�GHYHORS
QHZ� DQG� DWWUDFWLYH� VRFLDO� WKHRULHV� PRYLQJ� DKHDG� RI
WHFKQRORJLFDO�GHYHORSPHQWV��$0$7�ZLOO�XQGRXEWHGO\
PLJUDWH�UDSLGO\�IURP�LWV�SUHVHQW�IRUP�WR�QHZ�IRUPV�DV
WHFKQRORJLHV�HYROYH�

7KLV�VXJJHVWV�WKDW�KXPDQ�EHKDYLRUV�DQG�PRWLYDWLRQV
PXVW�FKDQJH��0RWLYDWLRQV�FDQ�EH�FKDQJHG��0DQ\�RI�WR�
GD\�V�ÙZDQWVµ�ZRXOG�QRW�H[LVW� LI� DGYHUWLVLQJ� LQ�PDVV
PHGLD�KDG�QRW�ÙFUHDWHGµ� WKHP��%XW� LV�D�SURJUDP�RI
ÙFDSSLQJµ�JRLQJ�WR�GHDO�ZLWK�WKH�VRFLDO�GLVFRQQHFWLRQV
GHVFULEHG�KHUH"�&OHDUO\��ZH�DUH�QRW�LQ�D�SRVLWLRQ�WR�DQ�
VZHU�WKLV�TXHVWLRQ�
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7KLV� SDSHU� H[SORUHV� WKH� LPSOLFDWLRQV� RI� UHFHQW
SRVW�VWUXFWXUDOLVW�WKHRU\�IRU�HQJLQHHULQJ�DQG�WHFKQROR�
J\�SURJUDPV�RI�UHVHDUFK�DQG�GHYHORSPHQW��,W�PHUJHV
FHUWDLQ�DVSHFWV�RI�SRVW�VWUXFWXUDOLVP�ZLWK�WKH�FXUUHQW
GHEDWH�RQ�HWKLFV�ZLWKLQ�DXWRPDWLRQ�DQG�FRQWURO�HQJL�
QHHULQJ��LQGLFDWLQJ�WKDW�WKLV�GHEDWH�PXVW��UH�HYDOXDWH�DW
D�YHU\�GHHS�OHYHO�WKH�FRUH�DVVXPSWLRQV�ZKLFK�XQGHUOLH
WKH�FXUUHQW�UHVHDUFK�WUDMHFWRULHV��ERWK�LQ�WHUPV�RI�VRFLDO
DQG�HQYLURQPHQWDO�LPSDFW��,W�LV�VHOI�HYLGHQW�WKDW�DQ\
GLVFXVVLRQ�RI�HWKLFV�IRU�HQJLQHHUV�LQ�WKH���VW�FHQWXU\
JRHV�IDU�EH\RQG�D�ÙFRGHµ�DQG�JRHV�WR�WKH�KHDUW�RI�JOREDO
HQJLQHHULQJ�UHVHDUFK�DFWLYLW\�
7KH�DQDO\VLV�UHYHDOV�WKDW��DV�KDV�ORQJ�EHHQ�WKH�FDVH�

GHYHORSPHQW�RI�HWKLFV�WUDLOV�GHYHORSPHQW�RI�WHFKQROR�
J\��RIWHQ�DW�VWDJJHULQJ�FRVW�

5()(5(1&(6

�� &KRPVN\��1��.HHSLQJ�WKH�5DEEOH�LQ�/LQH��Û�$.�3UHVV�������
�� 'RXWKZDLWH��5��7KH�*URZWK�,OOXVLRQ��Û�/LOOLSXW�3UHVV�������

�� %DXGULOODUG��-��7KH�,OOXVLRQ�RI�WKH�(QG��Û�6WDQIRUG�8QLYHUVLW\
3UHVV�������

�� 6WDSOHWRQ��/��	�0XUSK\��&��5HYLVLWLQJ�WKH�1DWXUH�RI�,QIRUPD�
WLRQ�6\VWHPV��7KH�8UJHQW�1HHG�IRU�D�&ULVLV�LQ�,6�7KHRUHWLFDO
'LVFRXUVH����7UDQV��RI�,QWHUQDWLRQDO�,QIRUPDWLRQ�6\VWHPV��Û
������Û�9RO�����1R����

�� &DUHZ��3��	�6WDSOHWRQ��/��3ULYDF\�DQG�,QWUXVLYHQHVV��7KH�/HJD�
F\�RI�WKH�1HZ�:DYH�RI�,QIRUPDWLRQ�7HFKQRORJLHV����,QWHUQD�
WLRQDO�&RQIHUHQFH�RI�,QIRUPDWLRQ�6\VWHPV�'HYHORSPHQW������
LQ�SUHSDUDWLRQ�

�� 6WDSOHWRQ��/��,QIRUPDWLRQ�6\VWHPV�DQG�$XWRPDWLRQ�7HFKQRORJ\
DV�6RFLDO�6SDFHV����LQ�%UDQGW��HW��DO���+XPDQ�&HQWUHG�,VVXHV�LQ
$GYDQFHG�(QJLQHHULQJ��Û�(OVHYLHU��������IRUWKFRPLQJ�

�� .QLJKWV��'���1REOH��9XUGXEDNLV�	�:LOOPRWW��$OOHJRULHV�RI�&UHD�
WLYH�'HVWUXFWLRQ��9LUWXDO�3URJUHVV�LQ��SURJUHVVLQJ��WKH��YLUWXDO�
���3URF��RQ�WKH���WK�FRQIHUHQFH�RQ�2UJDQLVDWLRQDO�9LROHQFH
DQG�6\PEROLVP��6&26�;,;���'XEOLQ�������

�� &R[RQ��3�� �+HUH�'U��&R[RQ�XQFRYHUHG�HYLGHQFH� IURP�,ULVK�ERJ
H[WUDFWV�WKDW�FOLPDWLF�FKDQJH�LQ�WKH�TXDWHUQDU\�SHULRG�LV�JRYHUQHG
E\�VWHS�IXQFWLRQV�UDWKHU�WKDQ�VORZ��FRQWLQXRXV�FKDQJHV���������

�� +DOSLQ��/��	�6WDSOHWRQ��/��$�7KHRUHWLFDO�)UDPHZRUN�%DVHG�RQ
&RPSOH[LW\�7KHRU\�)RU�(YDOXDWLQJ�/DUJH�6FDOH�,QIRUPDWLRQ
6\VWHPV�'HYHORSPHQW��,6'��SURMHFWV����3URF��RI�WKH�(XURSHDQ
&RQIHUHQFH�RQ�,7�(YDOXDWLRQ��(&,7(���������IRUWKFRPLQJ�

��� 6XFKPDQ��/��3ODQV�DQG�6LWXDWHG�$FWLRQV��Û�0,7�3UHVV�������

(�PDLO� OVWDSOHWRQ#ZLW�LH
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¹¯Ò�º¹¯Ë�ËãËÓÓ©²�¹¯Ë�¹ºãºÎËÓÒ«²�º­�ª}Ïº�ËÓ�
Ó©²�¹Ë¯ËäËÓÓ©²�

z }ºÓ°�¯�}�ÒmÓº�º�°ÒÓ�ËÏÈ�¹È¯ÈäË�¯ºm�°Ò°�Ëä©�Ò
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Ó©²�°º�ÒÈã
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Ó©²�Ò�ÁË�Ë¯Èã
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¹º�äÓºÎË°�mÈ��{�º�Óºä�[�� ����mº�m�º¯ºä�[�� ���
|�ËÓ}È�¹Ë¯mº�º�¹º�äÓºÎË°�mÈ��cË	ËÓÒË�ÏÈ�È�Ò

º�¯ÈÓ�Ë�ÒäËË��mÒ��[�� �[�� �[�� �[�� ����[�� �[�� ���
n�� �����n� ���������� �����
|�ËÓ}È�m�º¯º�º�¹º�äÓºÎË°�mÈ�º°�ÈãÈ°
�¹¯ËÎ�

ÓË®��n� �����
{©­Ò¯ÈËä�m�º¯ºË�¹º�äÓºÎË°�mº�
��	È���cÈÏ­ÒmÈËä�m�º¯ºË�¹º�äÓºÎË°�mº�ÓÈ��mÈ

¹º�äÓºÎË°�mÈ��{�º�Óºä�[�� ����mº�m�º¯ºä�[�� ���
|�ËÓ}È�¹Ë¯mº�º�¹º�äÓºÎË°�mÈ��|¹�ÒäÈã
ÓºË�̄ Ë�

	ËÓÒË�ÏÈ�È�Ò�º�¯ÈÓ�Ë�¹¯Ò�[�� ����[�� ���ÒäËË��mÒ��
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~ÈäË�Òä��Ë¹Ë¯
����º�ª�º�̄ Ë	ËÓÒË�«mã«Ë�°«�º¹�Ò�
äÈã
Ó©ä�Ò��ã«�¹Ë¯mº®�ÏÈ�È�Ò��Ë°ãÒ�[�� ����[�� ���
°º�ÏÓÈ�ËÓÒËä��ËãËmº®�Á�Ó}�ÒÒ�n�� ������|�ËmÒ��
Óº����º�ºÓº�º¹�ÒäÈã
Óº��ã«�m�º¯º®�Ò��¯Ë�
Ë®�ÏÈ�
�È����ºª�ºä��ºÓº�«mã«Ë�°«�º¹�ÒäÈã
Ó©ä�¯Ë	ËÓÒ�
Ëä�Ò°²º�Óº®�ÏÈ�È�Ò�ÓÈ�¹º�äÓºÎË°�mË�[�� ����[�� ���
~ÓÈ�ËÓÒË��ËãËmº®�Á�Ó}�ÒÒ�v� ���������� �����

|�ËÓ}È� m�º¯º�º� ¹º�äÓºÎË°�mÈ�� ~ÈäË�Òä�� ��º
ÓË¯ÈmËÓ°�mº�����m�°ã��ÈË�[�� �[�� ���ÒäËË��Ë�ÒÓ°��
mËÓÓºË�̄ Ë	ËÓÒË��[�� �[�� �[�� �[�� �����¯Ò�ª�ºä�¹Ë¯�
m©Ë��¯Ò�ÓË¯ÈmËÓ°�mÈ��°ºº�mË�°�m���ÒË��¯Ëä�¹Ë¯�
m©ä�ÓÈ¹¯ÈmãËÓÒ«ä��m©¹ºãÓ«��°«���ºª�ºä�

n� � F
L
� �����
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ãËÓÒ®�¹¯ÒmË�ËÓº�ÓÈ�¯Ò°����
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 [�� ���«mã«Ë�°«�º¹�ÒäÈã
Ó©ä��¹º°}ºã
}��ÓÒÎÓÒË
º�ËÓ}Ò�m°Ë²�º°�Èã
Ó©²�¹º�äÓºÎË°�m�­ºã
	Ë�����

§ ª«¾·¥­¨¥

�¯Ë�ãºÎËÓÓ©®�¹º�²º��¹ºÏmºã«Ë��ªÁÁË}�ÒmÓº
¯Ë	È�
�ÏÈ�È�Ò�Áº¯äÒ¯ºmÈÓÒ«�ÓË��ºã
}º�¹¯º�¯Èää
°ÓÒÎËÓÒ«�¯Ò°}ºm��Óº�Ò�ã�­©²�¹¯º�¯Èää��º�ËÓÒ�
mÈËä©²�¹º�ÓË°}ºã
}Òä�}¯Ò�Ë¯Ò«ä��¹¯º�¯Èää©�¯Ë�
�ÒºÓÈã
Óº�º� ¯ÈÏmÒ�Ò«�� ¹¯º�¯Èää©� ¯ËÁº¯äÒ¯º�
mÈÓÒ«�¹¯Ë�¹¯Ò«�Ò®�Ò��¯����|¹Ò°ÈÓÓÈ«�äº�Ëã
�Ò
äË�º�� º¹�ÒäÒÏÈ�ÒÒ� ¹¯ÒäËÓËÓ©� ¹¯Ò� ¯ÈÏ¯È­º�}Ë
äË¯º¹¯Ò«�Ò®�¹º�º­Ë°¹Ë�ËÓÒ�� ­ËÏº¹È°Óº°�Ò� �Ò��
¯º�Ë²ÓÒ�Ë°}Ò²�°ºº¯�ÎËÓÒ®�Ò�¹¯Ò�°ºÏ�ÈÓÒÒ�°Ò°�Ë�
ä©�°ÓÒÎËÓÒ«�̄ Ò°}È�¹¯Ò��ÓÒ��ºÎËÓÒÒ�²ÒäÒ�Ë°}º�
�º�º¯�ÎÒ«��cÈ­º�©�mË���°«�m�¯Èä}È²�nË�Ë¯Èã
Óº®
¹¯º�¯Èää©�ÙrËÏº¹È°Óº°�
µ�

«¨²¥° ²³° 
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��Û
l���jÓ���¹¯º­ãËä��¹¯ÈmãËÓÒ«�Òä��{�k���¯È¹ËÏÓÒ}ºmÈ
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�� r�¯}ºm�{��s���r�¯}ºmÈ�j��{��~È�È�Ò��Ò²º�ºäÒ�Ë°}º®�º¹�Ò�
äÒÏÈ�ÒÒ��Û�lÈ�Ë¯��lËÎ��ÓÈ¯��}ºÓÁË¯ËÓ�ÒÒ�ÙvÒ°�ËäÓ©Ë
¹¯º­ãËä©�}È�Ë°�mÈ��äÈ�ËäÈ�Ò�Ë°}º�º�äº�ËãÒ¯ºmÈÓÒ«��ÒÓ�
Áº¯äÈ�ÒºÓÓ©²�Ò�ªãË}�¯ºÓÓ©²��Ë²Óºãº�Ò®µ��Û�l���cÈ�Òº
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����
£ÎÑÓÄÀÐÑÒÂÅÍÍÛÉ�ÍÀÓ×ÍÎ�ÈÑÑËÅÄÎÂÀÒÅËÜÑÊÈÉ�ÈÍÑÒÈÒÓÒ�ÎÐÃÀÍÈ×ÅÑÊÎÉ�ÕÈÌÈÈ�È�ÒÅÕÍÎËÎÃÈÈ� Ã��¬ÎÑÊÂÀ�

����
¨ÍÑÒÈÒÓÒ�ÏÐÎÁËÅÌ�ÓÏÐÀÂËÅÍÈß�ÈÌ��¢�� ��²ÐÀÏÅÇÍÈÊÎÂÀ� Ã��¬ÎÑÊÂÀ

¢¢¥¤¥­¨¥

cº°°Ò®°}È«� nË�Ë¯È�Ò«� m©¹ºãÓ«Ë�� mÏ«�©Ë� ÓÈ
°Ë­«�äËÎ��ÓÈ¯º�Ó©Ë�º­«ÏÈ�Ëã
°�mÈ�m�°ºº�mË�°�mÒÒ
°�zºÓmËÓ�ÒË®�º� ÏÈ¹¯Ë�ËÓÒÒ�¯ÈÏ¯È­º�}Ò��¹¯ºÒÏ�
mº�°�mÈ�� ÓÈ}º¹ãËÓÒ«�Ò�¹¯ÒäËÓËÓÒ«� ²ÒäÒ�Ë°}º�º
º¯�ÎÒ«�Ò�Ë�º��ÓÒ��ºÎËÓÒÒ��|­�Ë}�©��ÓÒ��ºÎËÓÒ«
²ÒäÒ�Ë°}º�º�º¯�ÎÒ«���t|��º�Óº°«�°«�}�m©°º}º�
�º}°Ò�Ó©ä��¹ºÎÈ¯º��Ò�mÏ¯©mºº¹È°Ó©ä��|°ÓºmÓ©Ë
º¹È°Óº°�Ò� ¹¯ºÒÏmº�°�mÈ�� º­�°ãºmãËÓÓ©Ë� º°º­ËÓ�
Óº°�«äÒ��Ë²Óºãº�Ò�Ë°}º�º�¹¯º�Ë°°È��¹¯ÒäËÓ«Ëäº�
�º� º­º¯��ºmÈÓÒ«�Ò� �°ãºmÒ«äÒ� Ë�º� ª}°¹ã�È�È�ÒÒ�
}¯º��°«�m�mºÏäºÎÓº°�«²�

z ¹º¯ÈÎËÓÒ«� ã��Ë®� m©°º}º�º}°Ò�Ó©äÒ� Ò� �º}�
°Ò�Ó©äÒ� mË�Ë°�mÈäÒ�� }º�º¯©Ë� º­¯È�È��°«� m
¹¯ºÒÏmº�°�mË�

z º­¯ÈÏºmÈÓÒ«�mÏ¯©mºº¹È°Ó©²�}ºÓ�ËÓ�¯È�Ò®�mË�
�Ë°�m��º­¯ÈÏ���Ò²°«�m�¹¯º�Ë°°Ë��Ë�º}°Ò}È�ÒÒ
²ÒäÒ�Ë°}º�º�º¯�ÎÒ«�

z ¹ºã��ËÓÒ«�²ÒäÒ�Ë°}Ò²�Ò��Ë¯äÒ�Ë°}Ò²�ºÎº�ºm�m
°m«ÏÒ�°�ÓÈãÒ�ÒËä�m�¹¯ºÒÏmº�°�mË�È�¯Ë°°ÒmÓ©²
ÎÒ�}º°�Ë®�Ò��Ë¹ãºÓº°Ò�ËãË®�°�m©°º}º®��Ëä¹Ë�
¯È��¯º®�

rËÏº¹È°Óº°�
��Ë²Óºãº�Ò�Ë°}º�º�¹¯º�Ë°°È�º­Ë°�
¹Ë�ÒmÈË�°«� ¯ËÈãÒÏÈ�ÒË®� ÓÈ� º­�Ë}�Ë� �t|� �È}Ò²
°Ò°�Ëä��}È}�kv�����¹¯º�ÒmºÈmÈ¯Ò®Óº®�ÏÈ�Ò�©�
­ãº}Ò¯ºmº}�Ò�°Ò�ÓÈãÒÏÈ�Ò®��°mË�ºmº®�Ò�Ïm�}ºmº®��

º­�Ëº­äËÓÓº®� Ò� ÈmÈ¯Ò®Óº®� mËÓ�Òã«�ÒÒ�� z¯ºäË
�º�º��ÓÈ�º­�Ë}�È²��t|�¹¯Ë��°äÈ�¯ÒmÈ��°«�äË¯º¹�
¯Ò«�Ò«�¹º�º­Ë°¹Ë�ËÓÒ��¹ºÎÈ¯º��Ò�mÏ¯©mº­ËÏº¹È°�
Óº°�Ò� mË�ËÓÒ«� �Ë²Óºãº�Ò�Ë°}º�º�¹¯º�Ë°°È� �º¯�È�
ÓÒÏÈ�Ò«�°Ò°�Ëä©�ÈÏº�Óº�º��©²ÈÓÒ«��ã«�°ÓÒÎËÓÒ«
mÏ¯©mºº¹È°Óº°�Ò�¹º�º}È�È­�ÈÏºm��ÏÈÏËäãËÓÒË��Ë²�
Óºãº�Ò�Ë°}º�º�º­º¯��ºmÈÓÒ«��ã«�¹¯Ë�º�m¯È�ËÓÒ«
ÓÈ}º¹ãËÓÒ«� °�È�Ò�Ë°}º�º� ªãË}�¯Ò�Ë°}º�º� ÏÈ¯«�È�
Èm�ºäÈ�Ò�Ë°}ºË���ãË}Ò°ãº�ÓºË�¹ºÎÈ¯º��	ËÓÒË�°ãº«
È}�ÒmÒ¯ºmÈÓÓº�º� ��ã«� È�°º¯­�ÒºÓÓ©²� }ºãºÓÓ� Ò
ÁÒã
�¯ºm� °Ò°�Ëä©� º�Ò°�}Ò� È­�ÈÏºm�� ¹¯ÒäËÓËÓÒË
È�¯Ë�È�ºm�m��Ë¯äË�Ò�Óºä��¹ºÎÈ¯º��Ò�mÏ¯©mº­ËÏº�
¹È°Óºä�Ò°¹ºãÓËÓÒÒ��
kmÈ¯Ò®Ó©Ë� °Ò��È�ÒÒ� ÓÈ� º­�Ë}�Ë� �t|� äº���

mºÏÓÒ}Ó��
� ¹¯Ò� ÓÈ¯�	ËÓÒ«²� ¯Ë�ãÈäËÓ�È� mË�ËÓÒ«
¹¯º�Ë°°ºm��¯ÈÓ°¹º¯�Ò¯ºm}Ò��ÒÏmãË�ËÓÒ«�ÒÏ��È¯©�Ò
�Ë�º}°Ò}È�ÒÒ�º�¯Èmã«��Ò²�mË�Ë°�m��È��È}ÎË�¹¯Ò
ÓÈ¯�	ËÓÒ«²��Ë¯äË�ÒÏÈ�ÒÒ�º­º¯��ºmÈÓÒ«�Ò�}ºää��
ÓÒ}È�Ò®�mº�m¯Ëä«�̄ ËäºÓ�Ó©²�Ò��Ë�ÈÏÈ�ÒºÓÓ©²�̄ È�
­º��� iã«� ¹¯Ë�º�m¯È�ËÓÒ«� ¹º°��¹ãËÓÒ«� m¯Ë�Ó©²
ÒÓ�¯Ë�ÒËÓ�ºm�m�È�äº°ÁË¯Ó©®�mºÏ��²�m�°ã��ÈË�ÈmÈ�
¯Ò®Ó©²�°Ò��È�Ò®�¹¯Ë��°äÈ�¯ÒmÈ��°«�äË¯©��º­Ë°�
¹Ë�ÒmÈ��ÒË�­ËÏº¹È°Óº°�
�mË�ËÓÒ«�¹¯º�Ë°°È��°ÓÒ�
ÎËÓÒË�m©�ËãËÓÒ«�m©­¯º°ºm�Ò�¹¯Ë�º�m¯È�ËÓÒË�ÏÈã�
¹ºm©²�m©­¯º°ºm�
�º�ËÓ�ÒÈã
ÓÈ«� º¹È°Óº°�
� �Ë²Óºãº�Ò�Ë°}º�º

º­�Ë}�È��°ãºÎÓº°�
�¹¯º�¯ÈääÓº�È¹¹È¯È�Óº�º�º­Ë°�
¹Ë�ËÓÒ«�°Ò°�Ëä��¹¯ÈmãËÓÒ«��Ë²Óºãº�Ò�Ë°}ÒäÒ�¹¯º�

cÈ°°äº�¯ËÓ©�¹¯ÒÓ�Ò¹©�¹º°�¯ºËÓÒ«�}ºä¹
��Ë¯Óº�º��¯ËÓÈÎ£¯Óº�º�}ºä¹ãË}°È��ã«�º­��
�ËÓÒ«�º¹Ë¯È�º¯ºm�º­�Ë}�È��ÓÒ��ºÎËÓÒ«�²ÒäÒ�Ë°}º�º�º¯�ÎÒ«�Ò�Á�Ó}�ÒºÓÈã
Ó©Ë�º°º­ËÓ�
Óº°�Ò�äº��ãË®�¹¯º�¯ÈääÓº�º�º­Ë°¹Ë�ËÓÒ«�
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�Ë°°ÈäÒ��t|�Ò�º�mË�°�mËÓÓº°�
�ÏÈ�¹¯ÒÓÒäÈËä©Ë
¯Ë	ËÓÒ«�°ºÏ�È���ÏÓÈ�Ò�Ëã
Ó©Ë��¯��Óº°�Ò�m�¯È�
­º�Ë��Ë²Óºãº�Ò�Ë°}º�º�Ò�º¹Ë¯È�ÒmÓº�º�¹Ë¯°ºÓÈãÈ
Ò�¹¯Ë��«mã«Ë��Ò°}ã��Ò�Ëã
Óº�m©°º}ÒË��¯Ë­ºmÈÓÒ«
}��¯ºmÓ��Ë�º�¹º��º�ºm}Ò�
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iã«�º­�Ë}�È��t|��̄ È°¹ºãºÎËÓÓº�º�m�̄ È®ºÓË�¹º°�
�º¯Ó©®�vÈ¯È�ºm°}º®�º­ãÈ°�Ò��°ºÏ�ÈÓ�}ºä¹
��Ë¯�
Ó©®� �¯ËÓÈÎ£¯Ó©®� }ºä¹ãË}°� �z�z��� ¹¯Ë�ÓÈÏÓÈ�
�ËÓÓ©®��ã«�º­Ë°¹Ë�ËÓÒ«�}ºä¹
��Ë¯Óº�º��¯ËÓÒÓ�È
º¹Ë¯È�ÒmÓº�º�¹Ë¯°ºÓÈãÈ��̄ È­º�È��Ë�º�°�º°ÓºmÓ©�
äÒ�¹º�°Ò°�ËäÈäÒ�kv����º­�Ë}�È��t|���ã«�m©¯È�
­º�}Ò���ÓË�º�ÓÈm©}ºm�­ËÏº¹È°Óº�º�Ò�ªÁÁË}�ÒmÓº�º
�¹¯ÈmãËÓÒ«��Ë²Óºãº�Ò�Ë°}ÒäÒ�¹¯º�Ë°°ÈäÒ�¹��£ä
mº°°ºÏ�ÈÓÒ«� Ò� ÈÓÈãÒÏÈ� °Ò��È�Ò®�� }º�º¯©Ë� äº���
mºÏÓÒ}Ó��
�}È}�m�	�È�Óºä�¯ËÎÒäË���È}�Ò�¹¯Ò�ÓË�
¹ºãÈ�}È²�Ò�ÈmÈ¯Ò®Ó©²�°Ò��È�Ò«²�
{�º°Óºm��z�z�¹ºãºÎËÓÈ�°¹Ë�ÒÈã
Óº�¯ÈÏ¯È­º�

�ÈÓÓÈ«�äË�º�ºãº�Ò«�º­��ËÓÒ«�º¹Ë¯È�ÒmÓº�º�¹Ë¯�
°ºÓÈãÈ��¹¯ÈmãËÓÒ«��Ë²Óºãº�Ò�Ë°}ÒäÒ�¹¯º�Ë°°ÈäÒ
�t|�°�¹ºäº�
��}ºä¹
��Ë¯Ó©²��¯ËÓÈÎ£¯ºm��{�Ë�º
°º°�Èm� m²º�«�� �ÒÓÈäÒ�Ë°}ÒË� äº�ËãÒ� ¹¯º�Ë°°ºm�
º­Ë°¹Ë�ÒmÈ��ÒË�È�Ë}mÈ�Ó���¯ËÈ}�Ò��äº�ËãÒ¯�Ë�
äº�º�º­�Ë}�È�ÓÈ�¹¯ºÒÏmºã
Ó©Ë�mäË	È�Ëã
°�mÈ���È�
°�ÓÒ}ºm��¯ËÓÒÓ�È�
{�z�z�¯ËÈãÒÏºmÈÓ©�

z ÒäÒ�È�Ò«�¯È­º�Ò²�äË°��º¹Ë¯È�ÒmÓº�º�¹Ë¯°ºÓÈãÈ
�ËÓ�¯Èã
Óº�º�¹�ã
�È��¹¯ÈmãËÓÒ«�º­�Ë}�È��t|�

z ¯ÈÏãÒ�Ó©Ë� ¯ËÎÒä©� Á�Ó}�ÒºÓÒ¯ºmÈÓÒ«� z�z
�¯ËÎÒä©�}ºÓ°�ã
�È�ÒÒ�º­��ÈËä©²��¹¯Òº­¯Ë�Ë�
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=DWXOLYHWHU�<X��6�

,Q�WKH�FRQGLWLRQV�RI�D�JOREDO�LQIRUPDWLRQ�VSDFH��WKH�VSHFLDO�IHD�
WXUHV�RI�WKH�IRUPDWLRQ�RI�D�VRFLDO�PHWDV\VWHP�DQG�LWV�FRQYHUVLRQ�LQWR
D�QHZ�VWDWH�DUH�H[DPLQHG��7KH�FRPSXWHU�SUREOHPV�RI�WKH�FRQWURO�SDU�
DGLJP�JOREDOL]DWLRQ�DUH�GLVFHUQHG�DQG�LQYHVWLJDWHG�IURP�WKH�JHQHULF
YLHZSRLQW��7KH�D[LRPDWLFV�RI� WKH�PDWKHPDWLFDOO\�XQLIRUP�ILHOG�RI
FRPSXWHU�LQIRUPDWLRQ�LQ�WKH�PRGHO�RI�WUHH�W\SH�VWUXFWXUHV�FDOFXOXV
LV�MXVWLILHG��$Q�DSSURDFK�WR�WKH�JOREDO�FRQWURO�SUREOHPV�VROXWLRQ�LQ
WKH�PDWKHPDWLFDOO\�XQLIRUP�ILHOG�RI�FRPSXWHU�LQIRUPDWLRQ�LV�IRUPHG�
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$Q�DSSURDFK�WR�WKH�SUREOHP�RI�VHPDQWLFDO�LQIRUPDWLRQ�WKHRU\�LV
FRQVLGHUHG��7KH�DSSURDFK�LV�EDVHG�RQ�WKH�DSSOLFDWLRQ�RI�DQ�DVVRFLDWLYH
LQGXFWLYH�LQIHUHQFH�V\VWHP�DV�DQ�LQIRUPDWLRQ�UHFHLYHU�DQG�HQDEOHV�WR
GLVFHUQ�WZR�LQIRUPDWLRQ�W\SHV��WKH�GDWDEDVH�IRUPLQJ�LQIRUPDWLRQ�DQG
WKH�FXUUHQW�WRSLFDO�LQIRUPDWLRQ��$�TXDQWLWDWLYH�PHDVXUH�LV�GHILQHG�IRU
WKHVH�WZR�W\SHV�RI�LQIRUPDWLRQ�
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7KH�GXDOLW\�RI�REVHUYDELOLW\�DQG�FRQWUROODELOLW\�SURSHUWLHV�IRU�QRQ�
OLQHDU�FRQWLQXRXV�DQG�GLVFUHWH�G\QDPLF�V\VWHPV�LV�HVWDEOLVKHG�
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7KH�GLJLWDO�G\QDPLF�GLVFUHWH�WLPH�V\VWHPV�DUH�FRQVLGHUHG�ZKHUH
DGPLVVLEOH�YDOXHV�RI�LQSXWV�DQG�RXWSXWV�DUH�FRQVWUDLQHG�E\�WKH�IL[HG
QXPEHU�RI�ELW��7KH�QXPEHU�RI�SRVVLEOH�VWUXFWXUHV�LV�HYDOXDWHG�DQG�WKH
FRPSXWHU� VLPXODWLRQ� UHVXOWV� DUH� SUHVHQWHG�� 7KH� SDSHU� VKRZV� WKDW
SURSHU�DV\PSWRWLF�UHVSRQVH�PD\�EH�EHORQJ�WR�RQH�WKUHH�W\SHV��]HUR�
FRQVWDQW��RU�SHULRGLF�
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7KH�FRQWURO�RI�FRPSOH[�G\QDPLF�REMHFWV�ZLWK�XQFHUWDLQWLHV�LV�GLV�
FXVVHG�� 1HZ� YDULDEOH�VWUXFWXUH� DGDSWLYH� FRQWURO� DOJRULWKPV� ZLWK
SDLUHG�DQG�QRQOLQHDU�GHIRUPDEOH�VXUIDFHV�DUH�RIIHUHG��%\�DQ�H[DPSOH
RI�VLPSOH�YDULDEOH�VWUXFWXUH�DGDSWLYH�V\VWHPV��WKH�SDSHU�VKRZV�WKDW
WKH� DSSURDFK�SURSRVHG� HQDEOHV� FRQVLGHUDEOH� LPSURYHPHQW�RI� V\V�
WHP�V�G\QDPLF�SHUIRUPDQFH�ZLWK�VLJQLILFDQW�UHGXFWLRQ�RI�HQHUJ\�FRQ�
VXPHG�IRU�]HUR�RYHUVKRRW�FRQWURO�
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7KH�SDSHU�RIIHUV�D�GLDORJ�V\VWHP�IRU�PXOWLFULWHULRQ�VHOHFWLRQ�DQG
DGMXVWPHQW�RI�SUHGLFWLYH�PRGHOV� IRU�HSLGHPLRORJLFDO�GDWD�DQDO\VLV�
7KH�HODERUDWHG�PXOWLFULWHULRQ�GHVFULSWLRQ� VHHNV� WR�REWDLQ�D�EHWWHU
TXDOLW\�RI�WLPH�VHULHV�IRUHFDVWLQJ��WKXV�DOORZLQJ�WR�IRUPXODWH�WKH�IRUH�
FDVWLQJ�SUREOHP�DV�DQ�RSWLPL]DWLRQ�RQH��7KH�DSSOLFDWLRQV�RI�WKH�DS�
SURDFK�WR�WKH�VHOHFWLRQ�DQG�DGMXVWPHQW�RI�SUHGLFWLYH�PRGHOV�IRU�GLI�
IHUHQW�GLVHDVHV�DUH�GHPRQVWUDWHG�
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7KH�SDSHU�H[DPLQHV�GHYHORSPHQWV�LQ�HQJLQHHULQJ�DQG�WKHLU�LPSDFW
RQ�VRFLHW\�IURP�D�SRVW�VWUXFWXUDO�SHUVSHFWLYH��IRFXVLQJ�RQ�VRFLDO�LPSDFW�
HVSHFLDOO\�RQ�ODERU��DQG�RQ�WKH�HQYLURQPHQWDO�LPSDFW�RI�WHFKQRORJ\�
SDUWLFXODUO\�LQ�WHUPV�RI�JOREDO�LQFUHDVHV�LQ�FRQVXPSWLRQ��'LVSODFHPHQW

RI�ODERU�LV�GLVFXVVHG�LQ�WHUPV�RI�JURZLQJ�XQGHUHPSOR\PHQW�DV�PDFKLQH
HQKDQFHG�SURGXFWLYLW\�HYROYHV�IURP�SURGXFWLRQ�RI�WDQJLEOH�JRRGV�WR
VNLOOHG�DQG�SURIHVVLRQDO�ZRUN��(WKLFDO�TXHVWLRQV�QHHG�WR�EH�UH�IUDPHG
WR�EH�UHOHYDQW�WR�UHIOHFW�WKH�HYROXWLRQ�RI�ZRUN�VWUXFWXUHV��&XUUHQW�GH�
YHORSPHQWV�FUHDWH�D�SRVLWLYH�IHHGEDFN�ORRS�ZLWK�DGYHUVH�FRQVHTXHQFHV
IRU�VRFLR�SROLWLFDO�DQG�HQYLURQPHQWDO�V\VWHPV��6RPH�DQDO\VWV�EHOLHYH
RXU�FXUUHQW�VRFLDO�V\VWHP�KDV�DOUHDG\�EHFRPH�KLJKO\�XQVWDEOH�
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7KH�SDSHU�RIIHUV�PRGHO��PHWKRGV��DQG�D�WHFKQRORJ\�IRU�LQYHVWLJDWLQJ
DQG�FRQWUROOLQJ�FRPSOH[�VRFLR�HFRQRPLF�V\VWHPV�DV�DSSOLHG�WR�VROYLQJ
VRPH�UHJLRQDO�DQG�IHGHUDO�SUREOHPV�RI�RYHUFRPLQJ�WKH�V\VWHP�FULVLV�DQG
VXEVHTXHQW�WUDQVLWLRQ�WR�VXVWDLQDEOH�GHYHORSPHQW�
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$�FRQFHSW�RI�F\EHUFRPPXQLWLHV�IRUPDWLRQ�DV�D�QDWXUDO�SKDVH�LQ
PDQNLQG�HYROXWLRQ�LV�GLVFXVVHG��'LVWLQFWLYH�IHDWXUHV�RI�WHOHFRPPXQL�
FDWLRQDO�HQYLURQPHQW�IRU�LQQRYDWLRQ�DFWLYLWLHV�VXSSRUW�UHODWHG�WR�WKLV
SURFHVV�DUH�DQDO\]HG��7KH�H[SHULHQFH�RI�WKH�DSSURDFK�DSSOLFDWLRQ�WR�WKH
VFLHQWLILF�\RXWK�F\EHUFRPPXQLW\�LV�H[SRXQGHG�
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$Q�DSSURDFK�WR�VHFXULW\�LQVXUDQFH�GHVLJQ�EDVHG�RQ�D�FRPSOH[�VH�
FXULW\�OHYHO�HVWLPDWLRQ�V\VWHP�LV�SURSRVHG��7KH�SUREOHP�RI�FRVW�PLQ�
LPL]DWLRQ�IRU�WKH�DFKLHYHPHQW�RI�WKH�UHTXLUHG�FRPSOH[�HVWLPDWH�LV
IRUPXODWHG�DQG�VROYHG�
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'HVLJQ�FRQFHSWV�RI�D�FRPSXWHU�DLGHG�WUDLQLQJ�V\VWHP�IRU�FRQWURO
URRP�RSHUDWRUV�RI� D� FKHPLFDO�ZHDSRQV�GHVWUXFWLRQ�SODQW� DQG� WKH
IXQFWLRQDOLW\�RI�LWV�VRIWZDUH�PRGXOHV�DUH�FRQVLGHUHG�
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7KH�SRVVLELOLW\�LV�VKRZQ�DQG�WKH�GHVFULSWLRQ�DQG�VROXWLRQ�PHWKRGV
RI�WKH�YROXPHWULF�SODQQLQJ�SUREOHP�EDVHG�RQ�WKH�HQWHUSULVH�ERRNNHHS�
LQJ�GDWD�DUH�GHYHORSHG��7KH�PHWKRGV�DOORZ�WR�VROYH�WKH�SODQQLQJ�SURE�
OHPV�GLUHFWO\�RQ�VSHFLILF�HQWHUSULVH�GDWD�DQG�WR�SUHVHQW�WKH�UHVXOWV�LQ
WHUPV�DQG�FRQFHSWV�DVVXPHG�LQ�ERRNNHHSLQJ�DFFRXQWLQJ��)RUPDOO\�
WKH�SODQQLQJ�SUREOHP�LV�UHGXFHG�WR�WKH�ZHOO�NQRZQ�FRQVWUDLQHG�RSWL�
PL]DWLRQ�SUREOHP�RI�D�PXOWLYDULDEOH�IXQFWLRQ�WKDW�FDQ�EH�VROYHG�XVLQJ
WKH�NQRZQ�WHFKQLTXHV��,Q�YLHZ�RI�WKH�SUREOHP�V�OLQHDULW\�WKH�/3�PHWK�
RGV�DUH�SUHIHUDEOH�
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%DVHG�RQ�DQDO\VLV�UHVXOWV��$�GLDJUDP�RI�UHDO�WLPH�H[SHUW�V\VWHP
LQWHJUDWLQJ�ZLWK�WKH�H[LVWLQJ�WHVWLQJ�FRPSOH[HV�LV�RIIHUHG��7KH�WDVNV
IRU�DQ�HPEHGGHG�H[SHUW� V\VWHP�DUH�GHWHUPLQHG�DQG� WKH�KDUGZDUH
QHFHVVDU\�IRU�WKHLU�LPSOHPHQWDWLRQ�LV�RXWOLQHG�
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