
,QWHOOLJHQW�'HFLVLRQ�0DNLQJ��5HLQIRUFHPHQW�/HDUQLQJ�$SSOLFDWLRQV�LQ�WKH�'HIHQVH
(QYLURQPHQW

�7HFKQLFDO�3DSHU�

$UWLILFLDO�,QWHOOLJHQFH�DQG�WKH�'HDWK�RI�+XPDQ�6XSHULRULW\

�676�3DSHU�

$�7KHVLV�3URVSHFWXV�6XEPLWWHG�WR�WKH

)DFXOW\�RI�WKH�6FKRRO�RI�(QJLQHHULQJ�DQG�$SSOLHG�6FLHQFH

8QLYHUVLW\�RI�9LUJLQLD���&KDUORWWHVYLOOH��9LUJLQLD

,Q�3DUWLDO�)XOILOOPHQW�RI�WKH�5HTXLUHPHQWV�RI�WKH�'HJUHH

%DFKHORU�RI�6FLHQFH��6FKRRO�RI�(QJLQHHULQJ

-RVHSK�%DQNV

6SULQJ������

2Q�P\�KRQRU�DV�D�8QLYHUVLW\�6WXGHQW��,�KDYH�QHLWKHU�JLYHQ�QRU�UHFHLYHG�XQDXWKRUL]HG�DLG�RQ�WKLV
DVVLJQPHQW�DV�GHILQHG�E\�WKH�+RQRU�*XLGHOLQHV�IRU�7KHVLV�5HODWHG�$VVLJQPHQWV

5LGHU�)ROH\��'HSDUWPHQW�RI�(QJLQHHULQJ�DQG�6RFLHW\

5RVDQQH�9UXJWPDQ��'HSDUWPHQW�RI�&RPSXWHU�6FLHQFH



3URVSHFWXV

,QWURGXFWLRQ

2YHU�WKH�ODVW�GHFDGH��D�SRVLWLYH�IHHGEDFN�ORRS�RI�LQFUHDVHG�FRPSXWLQJ�IHDVLELOLW\�DQG�WKH

GHYHORSPHQW�RI�QHZ�UHYROXWLRQDU\�PDFKLQH�OHDUQLQJ�PRGHOV�KDYH�OHG�WR�D�ERRP�LQ�DUWLILFLDO

LQWHOOLJHQFH��(FRQRPLF�DQG�SROLWLFDO�LQWHUHVWV�GULYH�GHPDQG�IRU�LQFUHDVHG�HIILFLHQF\�DQG

SURGXFWLYLW\��'LHSSH��������0DLHU���������0DFKLQH�OHDUQLQJ�KDV�EHFRPH�DQ�LQFUHDVLQJO\�SRSXODU

WRRO�WR�GULYH�SURGXFWLYLW\�JDLQV��ZLWK�FRUSRUDWH�LQYHVWPHQW�LQ�PDFKLQH�OHDUQLQJ�WULSOLQJ�LQ�����

DQG�D������ELOOLRQ�PDUNHW�E\�������:HOOHUV�HW�DO���������

7KH�XVH�RI�DUWLILFLDO�LQWHOOLJHQFH�WR�LPSURYH�RU�UHSODFH�KXPDQ�ODERU�UDLVHV�LQWHUHVWLQJ

VRFLDO�DQG�SROLWLFDO�TXHVWLRQV�VXFK�DV��ZLOO�KXPDQLW\�EHFRPH�GHSHQGHQW�RQ�WKHVH�WHFKQRORJLHV�

ZKDW�LQQDWH�SROLWLFV�GRHV�PDFKLQH�OHDUQLQJ�SRVVHVV��*DULEDOG�HW�DO���������6XVVHU��������:LQQHU�

�������7KLV�SDSHU�IRFXVHV�RQ�UHLQIRUFHPHQW�OHDUQLQJ��DQ�DUHD�RI�PDFKLQH�OHDUQLQJ�IRFXVHG�RQ

DJHQW�GHFLVLRQ�PDNLQJ�WR�PD[LPL]H�D�FXPXODWLYH�UHZDUG��5HLQIRUFHPHQW�OHDUQLQJ�LV�VSHFLILFDOO\

UHOHYDQW�WR�SURGXFWLYLW\�DQG�ODERU�UHSODFHPHQW�VLQFH�LW�IRFXVHV�RQ�LQWHOOLJHQW�GHFLVLRQ�PDNLQJ

VLPLODU�WR�KXPDQV��'D\DQ���������5HFHQW�DGYDQFHPHQW�LQ�UHLQIRUFHPHQW�OHDUQLQJ�KDV�OHG�WR

DJHQWV�VXUSDVVLQJ�KXPDQ�DELOLWLHV�DW�VWUDWHJLF�JDPHV�DQG�URXWLQH�ODERU��SURYLGLQJ�DQ�DYHQXH�IRU

LQFUHDVLQJ�WKH�HIILFLHQF\�DQG�SURGXFWLYLW\�RI�WKHVH�KXPDQ�RFFXSLHG�UROHV��([DPSOHV�RI�WKLV�DUH

'HHSPLQG
V�$OSKD*R�EHDWLQJ�D�WRS�*R�SOD\HU�DQG�UHLQIRUFHPHQW�OHDUQLQJ�DJHQWV��5/�DJHQWV�

GHIHDWLQJ�H[SHULHQFHG�ILJKWHU�SLORWV�LQ�VLPXODWHG�GRJILJKWV��'$53$��������&KDQ��������



7HFKQLFDO�3URMHFW

5HLQIRUFHPHQW�OHDUQLQJ�LV�RQH�RI�WKH�PRVW�GLIILFXOW�DUHDV�RI�PDFKLQH�OHDUQLQJ�IRU

FRPSXWHU�VFLHQWLVWV�WR�UHVHDUFK�RU�XVH�EHFDXVH�RI�WKH�GLIILFXOW\�RI�WUDQVIHUULQJ�LW�WR�WKH�UHDO�ZRUOG

�'XODF�$UQROG�HW�DO����������$QRWKHU�GLIILFXOW\�RI�UHLQIRUFHPHQW�OHDUQLQJ�LV�WKDW�WKH

EHVW�SHUIRUPLQJ�PRGHOV�IURP�FXWWLQJ�HGJH�UHVHDUFK�UHTXLUH�SURKLELWLYH�FRPSXWH�FRVWV�DQG

IUDPHZRUNV�WR�PDQDJH�D�ODUJH�QXPEHU�RI�VLPXOWDQHRXV�HQYLURQPHQWV���)RU�H[DPSOH��WKH�5DLQ

PRGHO�UHTXLUHG��������*38�KRXUV�RU������GD\V��WKXV�PDNLQJ�LW�LQIHDVLEOH�IRU�VPDOOHU�UHVHDUFK

JURXSV��&DVWUR���������,QWHUHVW�LQ�UHLQIRUFHPHQW�OHDUQLQJ�KDV�JDLQHG�VWHDP�VLQFH�WKH�HPHUJHQFH

RI�GHHS�UHLQIRUFHPHQW�OHDUQLQJ��GHHS�OHDUQLQJ�LQ�UHLQIRUFHPHQW�OHDUQLQJ��DQG�GLVWULEXWHG�WUDLQLQJ�

7KHVH�LQWURGXFWLRQV�WR�WKH�ILHOG�KDYH�OHG�WR�QHZVZRUWK\�EUHDNWKURXJK�HYHQWV�VXFK�DV�DQ�5/

DJHQW��$OSKD*2��GHIHDWLQJ�D�SURIHVVLRQDO�*R�SOD\HU��&KDQ��������

,Q�IDOO�������,�ZRUNHG�DV�D�0DFKLQH�/HDUQLQJ�,QWHUQ�IRU�+HURQ�6\VWHPV��D�JRYHUQPHQW

FRQWUDFWRU�IRFXVHG�RQ�PDFKLQH�OHDUQLQJ��,�ZRUNHG�RQ�GHVLJQLQJ��LPSOHPHQWLQJ��DQG�WUDLQLQJ

UHLQIRUFHPHQW�OHDUQLQJ�PRGHOV�DQG�LPSURYLQJ�WKHLU�RSHQ�VRXUFH�UHLQIRUFHPHQW�OHDUQLQJ�OLEUDU\�

DGHSW5/��$GHSW���,Q�$GHSW��,�FKDQJHG�KRZ�WKH�WHQVRUV��Q�GLPHQVLRQDO�PDWULFHV��IURP

HQYLURQPHQWV�DUH�VHULDOL]HG�DQG�VHQW�WR�WKH�PRGHO�VR�WKDW�PRUH�RI�WKH�WLPH�LV�WUDLQLQJ�DQG�OHVV�LV

GDWD�WUDYHOLQJ��,�UHIDFWRUHG�WKH�ZD\�GDWD�SUHSURFHVVLQJ�ZRUNHG�LQ�WKH�OLEUDU\�E\�VSOLWWLQJ

SUHSURFHVVLQJ�RSHUDWLRQV�LQWR�&38�DQG�*38�RSHUDWLRQV��%HFDXVH�RI�WKHVH�FKDQJHV�DQG�WKH

UHLPSOHPHQWDWLRQ�RI�DOO�WKHLU�SUHSURFHVVLQJ�IXQFWLRQV��WUDLQLQJ�VSHHG�LQFUHDVHG�������,�DOVR

KHOSHG�UHIDFWRU�WKH�OHDJXH�IRU�VHOI�SOD\��6HOI�SOD\�LQ�UHLQIRUFHPHQW�OHDUQLQJ�LV�WKH�SURFHVV�RI

KDYLQJ�D�PRGHO�FRPSHWH�DJDLQVW�GLIIHUHQW�YHUVLRQV�RI�LWVHOI�VR�WKDW�LW�FDQ�WUDLQ�IRU�WKRXVDQGV�DQG

WKRXVDQGV�RI�KRXUV�ZLWKRXW�UHVHDUFKHUV�QHHGLQJ�WR�FROOHFW�GDWD��7KH�OHDJXH�LV�WKH�LGHD�RI�VDYLQJ



WKH�PRGHO�DW�GLIIHUHQW�VWDJHV�RI�WUDLQLQJ�DQG�WKHQ�VHOHFWLQJ�IURP�WKHVH�VDYHG�VWDWHV�RI�WKH�PRGHO

WR�FRPSHWH�DJDLQVW��7KH�OHDJXH�WUDFNV�WKH�SHUIRUPDQFH�RI�WKH�PRGHOV�DJDLQVW�HDFK�RWKHU�DQG�FDQ

VHOHFW�PRGHOV�RI�VLPLODU�VNLOO�WR�WUDLQ�DJDLQVW��7KH�OHDJXH�DOVR�SURYLGHV�IRU�DQ�REMHFWLYH�PHDVXUH

RI�WKH�VNLOO�OHYHO�RI�SDUWLFXODU�PRGHOV�DQG�UHZDUG�VFKHPHV�

+HURQ�6\VWHPV�JDLQHG�LQWHUQDWLRQDO�UHFRJQLWLRQ�ZKHQ�LW�ZRQ�WKH�'$53$�$OSKD'RJILJKW

WULDOV�LQ�$XJXVW������WKDW�IRFXVHG�RQ�EXLOGLQJ�GRJILJKWLQJ�DUWLILFLDO�LQWHOOLJHQFH��$,���/DZOHU�

�������7R�ILQLVK�WKH�FRPSHWLWLRQ�+HURQ�6\VWHP¶V�$,�GHIHDWHG�DQ�H[SHULHQFHG�KXPDQ�SLORW�ILJKWHU

SLORW�LQ�DOO�ILYH�GRJ�ILJKWV�LQ�WKH�VLPXODWRU��'$53$�566���������0\�ZRUN�RQ�LPSURYLQJ�+HURQ

6\VWHPV�UHLQIRUFHPHQW�OHDUQLQJ�LQIUDVWUXFWXUH�FRQWLQXHV�WR�KHOS�WKHLU�GHYHORSPHQW�RI�GRJILJKWLQJ

$,�IRU�WKH�86�PLOLWDU\�DQG�RWKHU�$,�DJHQW�DSSOLFDWLRQV��'RJILJKWLQJ�$,�LV�D�SHUIHFW�H[DPSOH�RI

WKH�UHSODFHPHQW�RI�VNLOOHG�KXPDQ�ODERU�WR�LQFUHDVH�HIILFLHQF\�DQG�SURGXFWLYLW\�

2QH�RI�WKH�LPSRUWDQW�IDFWRUV�LQ�+HURQ�6\VWHP¶V�$'7�YLFWRU\�ZDV�WKH�WLPH�VSHQW�WUDLQLQJ

LQ�VHOI�SOD\��0\�ZRUN�RQ�$GHSW�DQG�LPSURYLQJ�LWV�SUHSURFHVVLQJ�DQG�OHDJXH�FRQWULEXWH�WR

LQFUHDVLQJ�WKH�WLPH�PRGHOV�VSHQG�WUDLQLQJ��+HOSLQJ�OHDG�WR�VXSHULRU�DJHQWV�WKDW�DUH�PRUH�OLNHO\�WR

RXWVWULS�WKHLU�KXPDQ�FRXQWHUSDUWV�DQG�UHSODFH�WKHP�

+XPDQ�DQG�6RFLDO�'LPHQVLRQV�DQG�&RQQHFWLRQ�WR�7HFKQLFDO

7KH�LPSURYHPHQW�RI�UHLQIRUFHPHQW�OHDUQLQJ�KDV�PDQ\�IDU�UHDFKLQJ�KXPDQ�DQG�VRFLDO

LPSOLFDWLRQV��$FFRUGLQJ�WR�WKH�IUDPHZRUN�ODLG�RXW�E\�/DQJGRQ�:LQQHU�LQ��'R�$UWLIDFWV�+DYH

3ROLWLFV"����������WHFKQRORJ\�LV�LQKHUHQWO\�SROLWLFDO��:LQQHU�XVHV�WKH�GDQJHUV�SUHVHQWHG�E\

QXFOHDU�HQHUJ\�DV�HYLGHQFH�IRU�ZK\�VRFLHWLHV�KDYH�DQG�ZLOO�HUHFW�ODZV�DQG�UHJXODWLRQV�DURXQG�WKH

WHFKQRORJ\�WR�PLWLJDWH�SRWHQWLDO�GLVDVWHUV��6LPLODU�WR�WKDW�H[DPSOH��$,�ZLWK�WKH�FDSDELOLW\�RI



GRJILJKWLQJ�SUHVHQWV�PDQ\�ULVNV�WR�VRFLHW\��VXFK�DV�LQ�WKH�ZURQJ�KDQGV�SURYLGLQJ�WHFK�VDYY\�EDG

DFWRUV�PLOLWDU\�FDSDELOLW\�RXWVLGH�WKH�DELOLW\�RI�ORFDO�SROLFH�IRUFHV�WR�KDQGOH��*RYHUQPHQWV�FDQ

LQFUHDVH�UHJXODWLRQ�DQG�JRYHUQPHQWDO�FRQWURO�WR�DOOD\�WKH�HPHUJHQW�ULVNV��7KXV�WKURXJK�:LQQHU
V

WHFKQRSROLWLFDO�OHQV��$,�KDV�LQKHUHQWO\�DXWKRULWDULDQ�DWWULEXWHV�

$,
V�FXUUHQW�XVH�E\�DXWKRULWDULDQ�UHJLPHV�DQG�LWV�DELOLW\�WR�PDQLSXODWH�GHFLVLRQ�PDNLQJ

KLJKOLJKWV�LWV�LQKHUHQW�SROLWLFDOQHVV�DQG�OHDQ�WR�DXWKRULWDULDQLVP��7KH�&KLQHVH�JRYHUQPHQW

FXUUHQWO\�XVHV�IDFLDO�UHFRJQLWLRQ�WHFKQRORJ\�WR�SUHYHQW�IRUHLJQ�QDWLRQDOV�IURP�DSSHDULQJ�RQ�OLYH

VWUHDPV�EURDGFDVW�LQ�&KLQD��(YHULQJWRQ���������7KH\�DOVR�DUH�XVLQJ�LW�WR�QRWLI\�SROLFH�RI�WKH

SUHVHQFH�RI�8\JKXUV��D�7XUNLF�HWKQLF�JURXS�LQ�&KLQD��%KXL\DQ���������7KHVH�DUH�FOHDU�H[DPSOHV

RI�WKH�&KLQHVH�JRYHUQPHQW�XVLQJ�$,¶V�VXSHUKXPDQ�DELOLWLHV�WR�HQIRUFH�VWULFWHU�LQIRUPDWLRQ

FRQWURO�E\�SUHYHQWLQJ�IRUHLJQHUV�IURP�VWUHDPLQJ�WR�LWV�FLWL]HQV�DQG�PRUH�HIILFLHQW�ZLGHVSUHDG

SROLWLFDO�SHUVHFXWLRQ�RI�XQZDQWHG�PLQRULW\�SRSXODWLRQV�VXFK�DV�WKH�8\JKXUV��7KHUH�DOVR�H[LVW

LQYLVLEOH�ZD\V�WKDW�DXWKRULWDULDQ�UHJLPHV�FDQ�XWLOL]H�$,�WR�PDLQWDLQ�WKHLU�SRZHU��&KRLFH

DUFKLWHFWXUHV�DUH�GHFLVLRQ�PDNLQJ�FRQWH[WV��WKH�GHVLJQ�RI�KRZ�GHFLVLRQV�DUH�SUHVHQWHG�WR�XVHUV�

$Q�H[DPSOH�RI�FKRLFH�DUFKLWHFWXUH�LV�GRQRU�FDUG�RSW�LQ�YHUVXV�RSW�RXW��3HRSOH�DUH�PXFK�PRUH

OLNHO\�WR�EH�GRQRUV�LI�LW�LV�WKH�GHIDXOW�GHVSLWH�WKH�RSWLRQV�VWD\LQJ�WKH�VDPH��-RKQVRQ�	�*ROGVWHLQ�

�������&KDQJHV�LQ�WKH�FKRLFH�DUFKLWHFWXUH�FDQ�LQIOXHQFH�EHKDYLRU�LQ�GHVLUHG�GLUHFWLRQV��6XVVHU�

�������7KH�XVH�RI�$,�DOORZV�IRU�DGDSWLYH�FKRLFH�DUFKLWHFWXUHV��SHUVRQDOL]HG�FKRLFH�DUFKLWHFWXUHV

WDUJHWHG�DW�VSHFLILF�XVHUV�EDVHG�RQ�WKHLU�SUHIHUHQFHV��WKXV�PDNLQJ�PDQLSXODWLRQ�RI�XVHU�EHKDYLRU

HDVLHU�IRU�RXWVLGH�DFWRUV�VXFK�DV�FRPSDQLHV�DQG�JRYHUQPHQWV��$GDSWLYH�FKRLFH�DUFKLWHFWXUHV�FDQ

EH�GHVLJQHG�DQG�FUHDWHG�WR�VXSSUHVV�GLVVHQW�DQG�VZD\�XVHU�RSLQLRQV�WR�WKH�VWDWH
V�GHVLUHG�VWDQFH�



7KH�DFDGHPLF�DQG�FRUSRUDWH�XVH�RI�$,�IXUWKHU�KLJKOLJKWV�LWV�OHDQ�WR�DXWKRULWDULDQLVP�DQG

WHQGHQF\�WR�FHQWUDOL]H�SRZHU��(YLGHQFH�RI�WKHVH�WHQGHQFLHV�LQ�DFDGHPLD�LV�SURYLGHG�E\�D�SDSHU

WKDW�UHYLHZV�WKH�HQFRGHG�YDOXHV�LQ�PDFKLQH�OHDUQLQJ�SDSHUV��%LUKDQH�HW�DO����������7KH�DXWKRUV

FUHDWHG�DQ�DQQRWDWLRQ�VFKHPH��PDQXDOO\�UHYLHZHG�DQG�DQQRWDWHG�WKH�SXEOLFDWLRQV��DQG�FRQILUPHG

LQWHUFRGHU�FRQVHQVXV��7KH�UHVXOWV�VKRZHG�WKDW�WKH�YDOXHV�FXUUHQWO\�HQFRGHG�LQ�PDFKLQH�OHDUQLQJ

SDSHUV�FHQWUDOL]H�SRZHU�DQG�GLVSURSRUWLRQDWHO\�IDYRU�ODUJH�DQG�SRZHUIXO�RUJDQL]DWLRQV�DQG

FRUSRUDWLRQV���7KH�ULVH�RI�DXWRPDWLRQ��+RZ�URERWV�PD\�LPSDFW�WKH�8�6��ODERU�PDUNHWV��������

IURP�WKH�6W��/RXLV�)HG�SRVLWV�WKDW�WKH�ZRUOG�PD\�EH�RQ�WKH�YHUJH�RI�WKH�IRXUWK�LQGXVWULDO

UHYROXWLRQ�DV�ODUJH�VZDWKV�RI�WKH�ODERU�PDUNHW�FDQ�EH�DXWRPDWHG�ZLWK�LPSURYHPHQWV�LQ�$,��7KH

DUWLFOH�DOVR�UHYHDOV�WKDW�WKH�DXWRPDWLRQ�RI�MREV�LV�FXUUHQWO\�SRODUL]LQJ�WKH�ODERU�PDUNHWV�DV�MRE

ORVV�LV�WDNLQJ�SODFH�SULPDULO\�DPRQJ�URXWLQH�ODERU��5HFHQW�UHVHDUFK�RXW�RI�WKH�1DWLRQDO�%XUHDX�RI

(FRQRPLF�5HVHDUFK�VKRZV�WKDW�ODERU�DXWRPDWLRQ�LV�WKH�GULYHU�RI�LQFUHDVHV�LQ�LQFRPH�LQHTXDOLW\

RYHU�WKH�ODVW�IRXU�GHFDGHV�LQ�WKH�86��$FHPRJOX�	�5HVWUHSR���������7KHVH�DUH�FOHDU�HYLGHQFH�RI

$,
V�LQKHUHQW�WHQGHQF\�WR�FHQWUDOL]H�SRZHU�DQG�OHDQ�WR�DXWKRULWDULDQLVP�

5HVHDUFK�TXHVWLRQ�DQG�UHVHDUFK

2QH�RI�WKH�ORRPLQJ�TXHVWLRQV�RI�WKH�QH[W�FHQWXU\�LV��:KDW�ZLOO�WKH�JHRSROLWLFDO

FRQVHTXHQFHV��VSHFLILFDOO\�LQ�WKH�86�DQG�&KLQD��RI�ODUJH�VFDOH�UHSODFHPHQW�RI�KXPDQ�ODERU�ZLWK

$,�EH"�7KH�LPSRUWDQFH�RI�WKLV�TXHVWLRQ�OLHV�LQ�KRZ�ZLGHVSUHDG�WKH�DSSOLFDWLRQ�RI�$,�IRU�FXUUHQWO\

KXPDQ�ODERU�WDVNV�ZLOO�EH��7KH�MREV�DW�ULVN�RI�DXWRPDWLRQ�UDQJH�IURP�VLPSOH�WUXFN�GULYHUV�WR

PRUH�FRPSOH[�DQG�UHJXODWHG�UROHV�VXFK�DV�ILJKWHU�SLORWV�LQ�WKH�PLOLWDU\���$QDO\]LQJ�DQG



DWWHPSWLQJ�WR�SUHGLFW�WKH�HIIHFWV�ZLOO�KHOS�FUHDWH�PRUH�LQIRUPHG�UHJXODWLRQV�DQG�KHOS�PLWLJDWH

SRWHQWLDOO\�GDQJHURXV�VLWXDWLRQV�

0\�UHVHDUFK�ZLOO�XVH�:LQQHU
V�WHFKQRSROLWLFDO�IUDPHZRUN�WR�DQVZHU�WKH�TXHVWLRQ��7KLV

IUDPHZRUN�ZLOO�DOORZ�IRU�WKH�LQKHUHQW�SROLWLFDO�DWWULEXWHV�RI�$,�WR�EH�H[WUDFWHG�DQG�DQDO\]HG�

$QVZHULQJ�WKH�TXHVWLRQ�VDWLVIDFWRULO\��YDULRXV�W\SHV�RI�VRXUFHV�ZLOO�KDYH�WR�EH�H[DPLQHG�DQG

LQWHUSUHWHG��)RU�H[DPSOH��WKH�SDSHU�PHQWLRQHG�HDUOLHU�WKDW�H[WUDFWV�HQFRGHG�YDOXHV�LQ�PDFKLQH

OHDUQLQJ�SDSHUV�SURYLGHV�LQVLJKW�LQWR�WKH�YLHZV�DQG�YDOXHV�RI�WKH�FXUUHQW�LQGXVWU\��%LUKDQH�HW�DO��

�������7KHUH�DUH�DOVR�D�SOHWKRUD�RI�GDWD�SRLQWV�WR�WKH�SROLWLFDO�DWWULEXWHV�RI�$,��VXFK�DV�WKH

&KLQHVH�JRYHUQPHQW
V�XVH�RI�$,�WR�LGHQWLI\�8\JKXUV��%KXL\DQ��������DQG�HQIRUFH�UHSUHVVLYH

SROLFLHV�VXFK�DV�EDQQLQJ�IRUHLJQ�QDWLRQDOV�IURP�EURDGFDVWLQJ�ZLWKRXW�H[SOLFLW�SHUPLVVLRQ

�(YHULQJWRQ���������7KH�HYLGHQFH�RI�$,
V�XVH�ZLOO�EH�FRPSDUHG�DQG�FRQWUDVWHG�ZLWK�LWV�XVH�LQ

RWKHU�KLJKO\�LQIOXHQWLDO�FRXQWULHV�UHJLRQV�VXFK�DV�WKH�86�DQG�WKH�(XSHDURQ�8QLRQ��7KH�UHFHQW

FRPSDUDWLYH�VXFFHVV�RI�$,�UHVHDUFK�LQ�&KLQD�YHUVXV�WKH�86��/L�HW�DO���������ZLOO�EH�DQDO\]HG�LQ

WKH�FRQWH[W�RI�$,
V�LQKHUHQW�SROLWLFDO�DWWULEXWHV�DQG�WKHLU�DOLJQPHQW�ZLWK�WKH�WZR�JRYHUQPHQW

VWUXFWXUHV�DQG�WKHLU�H[SUHVVHG�YDOXHV�

)LQDOO\��OLWHUDWXUH�RQ�KRZ�DXWRPDWLRQ�DIIHFWV�RIIVKRUH�PDQXIDFWXULQJ�DQG�ODERU�FDQ

SURYLGH�GDWD�RQ�KRZ�$,�ZLOO�DIIHFW�WKH�86�DQG�&KLQHVH�UHODWLRQV�DV�&KLQD�LV�WKH�ZRUOG
V�ODUJHVW

PDQXIDFWXUHU��$QDO\]LQJ�WKLV�PD\�SURYLGH�LQVLJKW�LQWR�WKH�IDFWRUV�PRWLYDWLQJ�WKH�FRPSHWLWLRQ�IRU

$,�GRPLQDQFH�EHWZHHQ�WKH�86�DQG�&KLQD��7KHUH�H[LVWV�OLWHUDWXUH�RQ�WKH�RIIVKRULQJ�RI�ODERU�DQG

PDQXIDFWXULQJ�DQG�LWV�JHRSROLWLFDO�UDPLILFDWLRQV�



&RQFOXVLRQ

3ROLWLFDO�DQG�HFRQRPLF�LQWHUHVWV�KDYH�DQ�LQVDWLDEOH�KXQJHU�IRU�HIILFLHQF\�DQG�SURGXFWLYLW\�

7KH�ULVH�RI�VXSHUKXPDQ�PDFKLQH�OHDUQLQJ�SURYLGHV�DQ�DYHQXH�IRU�YDVW�JDLQV�LQ�HIILFLHQF\�DQG

SURGXFWLYLW\�DFURVV�WKH�HFRQRP\�DQG�WKH�JRYHUQPHQW��VLPLODU�WR�WKH�LQGXVWULDO�UHYROXWLRQ

�%KDUDGZDM���������7KH�FRQWULEXWLRQV�PDGH�GXULQJ�P\�LQWHUQVKLS�DUH�KHOSLQJ�RQH�RI�WKH

FRPSDQLHV�DW�WKH�IRUHIURQW�RI�KXPDQ�UHSODFHPHQW�ZLWK�$,��7KH�GHPDQG�IRU�WKHVH�WHFKQRORJLHV

DQG�WKHLU�ZLGHVSUHDG�SRWHQWLDO�LPSDFW�PDNH�WKHP�RI�WKH�XWPRVW�LPSRUWDQFH�WR�WKH�8QLWHG�6WDWHV
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