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�6KUH\D�'HVKSDQGH���3URI��*HHWD�.RGDEDJL

��6WXGHQW��5ROO�1R��$����7(��$��6HP�,��$<��������
���'HSDUWPHQW�RI�$UWLILFLDO�,QWHOOLJHQFH�	�'DWD�6FLHQFH�(QJLQHHULQJ

���$MHHQN\D�'<�3DWLO�6FKRRO�RI�(QJLQHHULQJ��3XQH��,QGLD

$EVWUDFW

$UWLILFLDO�,QWHOOLJHQFH��$,��KDV�EHFRPH�D�PDMRU�DVVHW�QRZ�LQ�YDULRXV�LQGXVWULHV��+RZHYHU��GHYHORSLQJ�
DQG� UXQQLQJ�KLJK�SHUIRUPDQFH�$,�PRGHOV� XVXDOO\� UHTXLUH�PDVVLYH� FRPSXWLQJ� SRZHU��ZKLFK� OHDGV� WR�
HQRUPRXV� SRZHU� DQG� HQHUJ\� XVDJH�� *UHHQ� $,� DLPV� DW� VLJQLILFDQWO\� UHGXFLQJ� WKHVH� GHPDQGV� DQG�
HQYLURQPHQWDO�GDPDJH�E\�ILQGLQJ�ZD\V�WR�PDNH�$,�PRGHOV�ERWK�KLJKO\�DFFXUDWH�DQG�HQYLURQPHQWDOO\�
IULHQGO\��7KLV�ZRUN�JLYHV�DQ�RYHUYLHZ�RI�*UHHQ�$,�NH\�FRQFHSWV�DQG�WKH�PRVW�UHFHQW�UHVHDUFKHV�GRQH�LQ�
WKLV�GLUHFWLRQ��,W�VWDUWV�E\�LQWURGXFLQJ�*UHHQ�$,�DORQJ�ZLWK�LWV�UROH�LQ�VXVWDLQDEOH�FRPSXWLQJ�DQG�SURFHHGV�
WR�H[SORUH�WKH�YDULRXV�ZD\V�WKDW�*UHHQ�$,�LV�EHLQJ�LPSOHPHQWHG�VXFK�DV�SUXQLQJ��TXDQWL]DWLRQ��PRGHO�
FRPSUHVVLRQ�� HIILFLHQW� QHWZRUN� GHVLJQ��7LQ\0/�� HGJH� GHSOR\PHQW�� DQG� KDUGZDUH�OHYHO� RSWLPL]DWLRQ��
$OVR��WKLV�SDSHU�HVWLPDWHV�WKH�HFRORJLFDO�FRVW�RI�$,�DQG�FRPSDUHV�WHQ�DUWLFOHV�WKDW�KDYH�EHHQ�SXEOLVKHG�
LQ�WKH�SHULRG������� ������7KH�ILQGLQJV KLJKOLJKW�VHYHUDO�SUREOHPV�\HW�WR�EH�VROYHG�IRU�LQVWDQFH�WKH�WUDGH�
RII�EHWZHHQ�PRGHO�DFFXUDF\�DQG�HQHUJ\�FRQVXPSWLRQ��QR�DJUHHPHQW�RQ�D�VWDQGDUG�PHWKRG�RI�GLVFORVLQJ�
HQHUJ\� DQG� FDUERQ� HPLVVLRQV�� WKH� FRPSXWDWLRQDO� EXUGHQ� RI� PDVVLYH� QHXUDO� QHWZRUNV�� WKH� OLPLWHG�
LPSOHPHQWDWLRQ� E\� WKH� LQGXVWU\�� DQG� WKH� QHFHVVLW\� RI� UHVHDUFK� RQ� HQYLURQPHQWDOO\� IULHQGO\� /DUJH�
/DQJXDJH�0RGHOV��//0V��DQG�JHQHUDWLYH�$,�

.H\ZRUGV��*UHHQ�$,��HQHUJ\�HIILFLHQW�$,��SUXQLQJ��TXDQWL]DWLRQ��PRGHO�FRPSUHVVLRQ��7LQ\0/��FDUERQ�
IRRWSULQW��VXVWDLQDEOH�FRPSXWLQJ�

,QWURGXFWLRQ

$UWLILFLDO� ,QWHOOLJHQFH�� RU�$,�� LV� D� WRRO� WKDW� LQGXVWULHV� KDYH� EHHQ� XVLQJ� H[WHQVLYHO\� WR� VROYH� LPDJH��
ODQJXDJH��RU�GHFLVLRQ�PDNLQJ�W\SH�SUREOHPV��+RZHYHU��WKHVH�$,�FDSDELOLWLHV�LQYROYH�D�FHUWDLQ�UHVRXUFH�
FRVW��7KH�HQHUJ\�DQG UHVRXUFH�FRQVXPSWLRQ�RI�UXQQLQJ�DQG�WUDLQLQJ�ODUJH�PRGHOV�IRU�ORWV�RI�XVHUV�LV�KLJK��
$V� D� UHVXOW� RI� LWV�ZLGHVSUHDG� GHSOR\PHQW�$,
V� GHPDQG� IRU� SRZHU� KDV� D� ILQDQFLDO� DQG� HQYLURQPHQWDO�
LPSDFW�

*UHHQ�$,�DLPV�WR�SURGXFH�WKH�PRVW�HFR�FRQVFLRXV�\HW�PRVW�IXQFWLRQDO�PRGHOV�SRVVLEOH�E\�UHGXFLQJ�WKH�
DPRXQW�RI� UHVRXUFHV� VSHQW��$ORQJ� WKH� OLQHV�RI�6FKZDUW]�HW� DO�
V� >�@�SDSHU�RQ�*UHHQ�$,�� WKH�VFLHQWLVWV�
VKRXOG�UHSRUW�WKHLU�PRGHOV�RQ�FRPSXWLQJ�HIILFLHQF\�WRJHWKHU�ZLWK�DFFXUDF\�UDWKHU�WKDQ�RQO\�RQ�WKH�OHYHO�
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RI�DFFXUDF\��$V D�UHVXOW��WKHUH�KDV�EHHQ�D�ULVH�LQ�VWXGLHV�RQ�HVWLPDWLQJ��UHGXFLQJ�DQG�GLVFORVLQJ�WKH�HQHUJ\�
XVH��DQG�FDUERQ�HPLVVLRQV�IURP�PDFKLQH�OHDUQLQJ�

:H�KDYH� GRQH� D� UHYLHZ� RI� WKH�ZRUN�RQ�*UHHQ�$,� IRU� WKH� WHFKQLFDO� VHPLQDU� DQG�KDYH� H[SODLQHG� WKH�
SUREOHP�VWDWHPHQW� GHILQHG�WKH�REMHFWLYHV�RI�WKH�UHVHDUFK��KDYH�VKRZQ�KRZ�WKLV�WRSLF�DOLJQV�ZLWK�SUHVHQW�
GD\�WHFK�WUHQGV��KDYH�FRPSDUHG�WHQ�VWXGLHV�FKRVHQ�E\�XV��DQG��ILQDOO\��KDYH�GHVFULEHG�WKH�DVSHFWV�ZKHUH�
WKHUH�LV�D�QHHG�IRU�IXUWKHU�LQYHVWLJDWLRQV�

3UREOHP�6WDWHPHQW

,Q�DFFRUGDQFH�ZLWK�WKH�QRWLRQ�RI�*UHHQ�$,��DQ�LQFUHDVLQJ�QXPEHU�RI�VFLHQWLVWV�KDYH�VHW�RXW�WR�LQYHVWLJDWH�
KRZ�HQHUJ\�FRQVXPSWLRQ�DQG�FDUERQ�HPLVVLRQV�UHODWHG�WR�PDFKLQH�OHDUQLQJ�FDQ�EH�PHDVXUHG��PLQLPL]HG�
DQG�FRPPXQLFDWHG�

2EMHFWLYHV

7KH�VWXG\�KDV�WKH�IROORZLQJ�REMHFWLYHV�

� 7R�VWXG\�UHFHQW�WUHQGV�DQG�IXWXUH�SURVSHFWV�RI�*UHHQ$,�

� 7R�HODERUDWH�ZK\�*UHHQ�$,�LV�D�VLJQLILFDQW�IDFWRU�LQ�VXVWDLQDEOH�FRPSXWLQJ�

� 7R�VXPPDUL]H�WKH�WHFKQLTXHV�ZKLFK�KHOS�UHGXFH�WKH�HQHUJ\�H[SHQGLWXUH�RI�$,�V\VWHPV�

� 7R� ORRN�DW�$,
V� HQYLURQPHQWDO�DVSHFWV�DQG� WKH�ZD\� LW�ZLOO�EH�*UHHQ�$,�ZKLFK�DOORZV� IRU� WKH�
FDUERQ�HPLVVLRQV�

� 7R�LGHQWLI\�DUHDV�ZKHUH�*UHHQ�$,�FDQ�EH�XVHG�DQG�ZKHUH�LW�PD\�RIIHU�VROXWLRQV�DW�D�IXWXUH�OHYHO�

� 8QGHU�VXSHUYLVLRQ�IURP�WKH�PHQWRU��WR�FRPSRVH�D�WHFKQLFDO�VHPLQDU�EDVHG�UHYLHZ�UHSRUW�

5HOHYDQFH�WR�&XUUHQW�7HFKQRORJ\�7UHQGV

,W�LV�REYLRXV�ZK\�*UHHQ�$,�LV�WKH�IRFXV�RI�VR�PDQ\�DV�EXVLQHVVHV�LQFUHDVLQJO\�DGRSW�PHDVXUHV�WR�PDNH�
FRPSXWDWLRQV� OHVV�GHPDQGLQJ�RQ� WKH�HQYLURQPHQW�� VXFK�DV� ORZHULQJ�SRZHU�FRQVXPSWLRQ�DQG�FDUERQ�
HPLVVLRQV��,QGXVWU\�DFWLYLWLHV�FXUUHQWO\�XQGHUZD\�DUH��IRU�H[DPSOH��*RRJOH
V�H[SORUDWLRQ�LQ�GDWD�FHQWHU�
FRROLQJ��0LFURVRIW�$]XUH¶V�JUHHQ�$,�LQLWLDWLYHV��2SHQ$,
V�ZRUN�WR�ERRVW�HIILFLHQF\�LQ�$,�WUDLQLQJ��DQG�
19,',$¶V�HIIRUWV�WR�HQJLQHHU�KDUGZDUH�WKDW�FDQ�VXSSRUW�HQHUJ\�HIILFLHQW�$,�RSHUDWLRQV�

(QHUJ\�(IILFLHQW�7HFKQLTXHV

7KH�UHVHDUFK�LQ�WKH�FXUUHQW�UHSRUW�SUHVHQWV�YDULRXV�PHWKRGV�LQ�OLQH�ZLWK�WKH�FRPPRQ�JRDO�RI�PDNLQJ�$,�
V\VWHPV�OHVV�HQYLURQPHQWDOO\�XQIULHQGO\�

3UXQLQJ

7KH�SUXQLQJ�LV�EDVLFDOO\�WKH�DFW�RI�WULPPLQJ�WKH�QHXUDO�QHWZRUN�LQ�D�ZD\�WKDW�ZH�NHHS�WKH�ZHLJKWV�RU�
FRQQHFWLRQV� ZKLFK� DUH� PRVW� UHVSRQVLEOH� IRU� WKH� RXWSXW� DQG� UHPRYH� RU� UHGXFH� WKRVH� ZHLJKWV� RU�
FRQQHFWLRQV�WKDW�DUH�QRW�FRQWULEXWLQJ�PXFK�WR�WKH�RXWSXW��3UXQLQJ�DOORZV�WKH�PRGHO�WR�JHW�HYHQ�EHWWHU�
ZKHQ�LW�KDV�EHHQ�WUDLQHG�RQ�IHZHU�VDPSOHV�RU�ZKHQ�ZH�JHW�D�QHZ�GDWDVHW�LQ�WKH�IXWXUH�>��@��%XW�LW�LV�QRW�
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D�RQH�VWHS�SURFHVV�LQ�PRVW�RI�WKH�WLPH��ZH�KDYH�WR�JLYH�WKH�PRGHO�D�VHFRQG�WUDLQLQJ�RU�PD\EH�VRPH�H[WUD�
WXQLQJ�DIWHU�SUXQLQJ�

4XDQWL]DWLRQ

4XDQWL]DWLRQ�UHSODFHV�H[DFW�FDOFXODWLRQV�ZLWK�OHVV�DFFXUDWH�RQHV�WR�VDYH�PHPRU\��,W�FDQ�UHGXFH�PHPRU\�
XVDJH�DQG�HQHUJ\�FRQVXPSWLRQ�>�@��+RZHYHU��WKH�DFFXUDF\�RI�VRPH�MREV�LV�DIIHFWHG�VOLJKWO\��=KRX�HW�DO��
>�@�VKRZHG�LQ�WKHLU�VWXG\�FRPSDULQJ�6PDOO�/DQJXDJH�0RGHOV�WKDW�ZLWK�HQHUJ\�HIILFLHQF\�LQ�FRQVLGHUDWLRQ�
TXDQWL]DWLRQ�ZDV�VXSHULRU�WR�SUXQLQJ�EXW�ERWK�GLG�QRW�DIIHFW�SHUIRUPDQFH�YHU\�PXFK�

0RGHO�&RPSUHVVLRQ�DQG�(IILFLHQW�$UFKLWHFWXUHV

7KH�PRGHO�LV�PDGH�FRQVLGHUDEO\�HDVLHU�RU�HYHQ�VPDOOHU�LI�VHYHUDO�PHWKRGV�OLNH�SUXQLQJ�DQG�TXDQWL]DWLRQ�
DUH�FRPELQHG�ZLWK�RWKHU�DSSURDFKHV� WR�DFKLHYH� WKLV�JRDO�RI� UHGXFLQJ� WKH�QXPEHU�RI�RSHUDWLRQV�>��@��
0RELOH1HW�DQG�(IILFLHQW1HW�EDVHG�DUFKLWHFWXUHV�� IRU� LQVWDQFH��FDQ�SURYLGH�YHU\�KLJK�SHUIRUPDQFH�E\�
XWLOL]LQJ�YHU\�OLPLWHG�SDUDPHWHUV�DQG�ORZ�SRZHU�FRQVXPSWLRQ��UHVSHFWLYHO\�>�@��7KHVH�NLQGV�RI�HIILFLHQW�
GHVLJQV� WKDW�FDQ�VDYH�SRZHU�DUH� HVSHFLDOO\� VXLWDEOH� IRU� HQYLURQPHQWV�ZLWK�FRQVWUDLQWV�GXH� WR� OLPLWHG�
UHVRXUFHV��RQ�WKH�RWKHU�KDQG��WKH\�PD\�QRW�ZRUN�DV�ZHOO�ZKHQ�DSSO\LQJ�WR�ODUJH�VFDOH�GDWD�GULYHQ�PRGHOV�

7LQ\0/�DQG�(GJH�$,

7LQ\0/�DORQJ�ZLWK�HGJH�$,�DOORZ�$,�DSSV�WR�UXQ�RQ�JDGJHWV�ZLWK�PLQLPXP�PHPRU\��SURFHVVRUV�DQG�
HQHUJ\��$PRQJ�WKH�REMHFW�GHWHFWLRQ�V\VWHPV�RSWLPL]HG�VSHFLILFDOO\�IRU�XVH�RQ� WKH�HGJH�ZH�VHH�VRPH�
H[DPSOHV�>�@��,Q�WKH GRPDLQ�RI�7LQ\0/�LW�LV�IRXQG�WKDW�D�FRPELQDWLRQ�RI�SUXQLQJ�ZLWK�TXDQWL]DWLRQ�FDQ�
VDYH�HQHUJ\�DQG�\HW�UHVXOW�LQ�D�UHODWLYHO\�WLQ\�DFFXUDF\�ORVV�>�@�

+DUGZDUH�2SWLPL]DWLRQ

7KH�PDLQ� REMHFWLYH� RI� KDUGZDUH� RSWLPL]DWLRQ� LV� WR� HQKDQFH� WKH� FRPSXWLQJ� V\VWHP
V� SHUIRUPDQFH� E\�
HIILFLHQWO\�SURFHVVLQJ�GHHS�OHDUQLQJ�WDVNV�>�@��,W�LV�DOVR�LQGLFDWHG�LQ�WKH�SDSHUV�WKDW�PHUJLQJ�KDUGZDUH�
RSWLPL]DWLRQ�JDLQV�ZLWK�FRPSUHVVLRQ�WHFKQLTXHV�PD\�EULQJ�DGGLWLRQDO�VDYLQJV�LQ�WKH�HQHUJ\�FRQVXPSWLRQ�
>�@�

0HDVXULQJ�(QHUJ\�DQG�&DUERQ�)RRWSULQW

:LWK�WKHLU�SXEOLFDWLRQ��+HQGHUVRQ�HW�DO��>�@��RXWOLQHG�WKH�ZD\V�WR�DVVHVV�DQG�UHSRUW�WKH�HQHUJ\�XVH�DQG�
JUHHQKRXVH�JDV�HPLVVLRQV�RI�PDFKLQH�OHDUQLQJ�DFWLYLW\��ZLWK�HPSKDVLV�RQ�WUDLQLQJ��+DYLQJ�WKH�GDWD�DW�
KDQG�LV�WKH�ILUVW�DQG�PRVW�LPSRUWDQW�WKLQJ��LW HQDEOHV�D�IDLU�FRPSDULVRQ�EHWZHHQ�PHWKRGV�DQG�DOORZV�WKH�
VFLHQWLVWV�WR�DVVHVV��LI�WKH�LQWURGXFHG�LGHD�LV�UHDOO\�KHOSLQJ�WKH�HQYLURQPHQW�

/LWHUDWXUH�6XUYH\

0HWKRGV��ILQGLQJV��DQG�OLPLWDWLRQV�RI�WKH�WHQ�VWXGLHV�WKDW�ZHUH�DQDO\]HG�LQ�WKH�UHYLHZ�DUH�FROODWHG�DQG�
GHVFULEHG�LQ�7DEOH����7KH�WDEOH�LV�RUGHUHG�LQ�D�ZD\�WKDW�QHZHVW�HQWULHV�FRPH�ILUVW�ZKLOH�ROGHVW�HQG�WKH�
OLVW�
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7DEOH����/LWHUDWXUH�6XUYH\�0DWUL[

$XWKRU�<HDU 0HWKRGRORJ\ .H\�)LQGLQJV /LPLWDWLRQV

=KRX�HW�DO��>�@�
������

&RPSDULVRQ�RI�WKH�
HIIHFWLYHQHVV�RI�SUXQLQJ�
DQG�TXDQWL]DWLRQ�PHWKRGV�
LQ�WKH�FDVH�RI�VPDOO�
ODQJXDJH�PRGHOV

4XDQWL]LQJ�WKH�OD\HUV�KHOSHG�
WR�FXW�GRZQ�WKH�HQHUJ\�
QHHGV�ZLWKRXW�D�VLJQLILFDQW�
GHWHULRUDWLRQ�RI�WKH�PRGHO
V�
FDSDFLW\

(YDOXDWHG�RQO\�RQ�
6PDOO�/DQJXDJH�
0RGHOV

%KXVKDQ�HW�DO��
>�@�������

7LQ\0/�EDVHG�HGJH�$, 5XQQLQJ�D�PDFKLQH�OHDUQLQJ�
EDVHG�REMHFW�UHFRJQLWLRQ�
DOJRULWKP�IURP�SRZHU�
VDYLQJ�SHUVSHFWLYH

5HOHYDQW�PDLQO\�WR�
7LQ\0/�DQG�HGJH�
VFHQDULRV

,VHQNXO�>�@�
������

:HLJKW�SUXQLQJ��DFWLYDWLRQ�
TXDQWL]DWLRQ�DQG�KDUGZDUH
XSJUDGHV

&XWWLQJ�WKH�SRZHU�GHPDQG�
ZLWKRXW�DIIHFWLQJ�WKH�PRGHO�
RXWSXW

0DLQO\�WHVWHG�RQ�
VSHFLILF�UHDO�WLPH�
DSSOLFDWLRQV

*UHJ�>�@������� 4XDQWL]DWLRQ�DQG�SUXQLQJ�
IRU�7LQ\0/

$�MRLQW�SUXQLQJ�TXDQWL]DWLRQ�
DSSURDFK�WKDW�FXWV�GRZQ�
HQHUJ\�XVH�ZLWK�YHU\�OLWWOH�
VDFULILFH�LQ�DFFXUDF\

5HYLHZ�EDVHG�ZRUN�
PRVWO\��IHZ�LQVWDQFHV�
RI�UHDO�OLIH�WHVWLQJ

6FKZDUW]�HW�DO��
>�@�������

*UHHQ�$,�LQWURGXFWLRQ�DQG�
FRPSXWDWLRQDO�FRVW�
HYDOXDWLRQ

(PSKDVL]LQJ�PHDVXULQJ�
HIILFLHQF\�DORQJVLGH�ZLWK�
DFFXUDF\

0DLQO\�D�WKHRUHWLFDO�
IUDPHZRUN

+HQGHUVRQ�HW�DO��
>�@�������

&2��HPLVVLRQ�
PHDVXUHPHQW�LQ�WKH�$,�
WUDLQLQJ�SURFHVV

'LIIHUHQW�DSSURDFKHV�KDYH�
EHHQ�SURSRVHG�WR�FDOFXODWH�
RU�HVWLPDWH�$,�FDUERQ�
IRRWSULQW�

7UDLQLQJ�KDV�JRW�WKH�
OLRQ
V�VKDUH

+RZDUG�HW�DO��>�@�
������

0RELOH1HW���(IILFLHQW1HW�
VW\OH�DUFKLWHFWXUHV

7KHVH�PHWKRGV�ZRUN�YHU\�
DFFXUDWHO\�DV�IHZHU�
SDUDPHWHUV�DQG�ZLWK�ORZHU�
SRZHU�DUH�UHTXLUHG�

%XW�LW�LV�QRW�VXLWDEOH�
IRU�H[WUHPHO\�
ODUJHVFDOH�PRGHOV�

-DFRE�HW�DO��>�@�
������

4XDQWL]DWLRQ 5HGXFHG�HQHUJ\�
FRQVXPSWLRQ�DQG�PHPRU\�
XWLOL]DWLRQ�YLD�FRPSXWDWLRQ�
ZLWK�ORZ�SUHFLVLRQ�

,Q�VRPH�WDVNV�WKHUH�LV�
D�PLQLPDO�ORVV�RI�
DFFXUDF\�

6]H�HW�DO��>�@�
������

(QHUJ\�HIILFLHQW�'11�
KDUGZDUH�GHVLJQ

(QHUJ\�VDYLQJ�PHWKRGV�
EDVHG�RQ�KDUGZDUH�
RSWLPL]DWLRQ

7KHVH�PHWKRGV�IRFXV�
RQ�KDUGZDUH�ZKLOH�
DOJRULWKPV�DUH�ODUJHO\�
LJQRUHG�
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$XWKRU�<HDU 0HWKRGRORJ\ .H\�)LQGLQJV /LPLWDWLRQV

+DQ�HW�DO��>��@�
������

7KH\�VXJJHVWHG�SUXQLQJ�
RI�WKH�QHXUDO�QHWZRUN�
�GHHS�SUXQLQJ�

7KH\�ZHUH�DEOH�WR�FXW�WKH�
PRGHO�VL]H�DQG�WKH�DPRXQW�
RI�FRPSXWDWLRQ�GRZQ�
ZLWKRXW�WKH�DFFXUDF\�EHLQJ�
DIIHFWHG�

5HTXLUHV�UHWUDLQLQJ�
DIWHU�SUXQLQJ

5HVHDUFK�*DS

7KH�VWXGLHV�UHYLHZHG�SRLQW�WR�VHYHUDO�DUHDV�ZKHUH�IXUWKHU�ZRUN�LV�QHHGHG�

� $OWKRXJK�PDQ\�ZD\V�DUH�WKHUH�WR�LQFUHDVH�HQHUJ\�HIILFLHQF\�DQG�DFFXUDF\�VLPXOWDQHRXVO\��\HW�
DFKLHYLQJ�WKH�ERWK�VLPXOWDQHRXVO\�LV�QRW�HDV\�

� ,Q�WKH�DUHD�RI�HQHUJ\�XVH�DQG�FDUERQ�HPLVVLRQV�RI�$,��PHDVXULQJ�DQG�UHSRUWLQJ�E\�VWDQGDUGV�LV�
FXUUHQWO\� D�PDMRU� REVWDFOH� WKDW� WKH� UHVHDUFK� FRPPXQLW\� LV� VWLOO� WU\LQJ� WR� DGGUHVV� WKURXJK� WKH�
GHYHORSPHQW�RI�D�XQLILHG�IUDPHZRUN�

� ,W�LV�VWLOO�WKH�FDVH�WKDW�GHYHORSLQJ�DQG�RSHUDWLQJ�ELJ�$,�PRGHOV�WDNH�D�FRQVLGHUDEOH�DPRXQW�RI�
FRPSXWLQJ�UHVRXUFHV�

� *UHHQ�$,�LV�VWLOO�QRW�ZLGHO\�XVHG�E\�LQGXVWULHV�

� (QHUJ\�XVH�RI�/DUJH�/DQJXDJH�0RGHOV��//0V��DQG�JHQHUDWLYH�$,�LV�WKH�DUHD�WKDW�QHHGV�WR�EH�
PRUH�UHVHDUFKHG�GXH�WR�WKH�FRQWLQXHG�LQFUHDVLQJ�XVH�

� )XWXUH�VROXWLRQV�PXVW�QRW�RQO\�ZRUN�IRU�DOO�GLIIHUHQW�VFDOHV��DQG�EH�FKHDS�WR�GHSOR\��EXW�DOVR�
HQYLURQPHQWDOO\�IULHQGO\�LQ�WKH�ORQJ�WHUP�

&RQFOXVLRQ

*UHHQ�$,�FDQ�VLJQLILFDQWO\�ORZHU�HQHUJ\�ELOOV�DQG�HOHFWULFLW\�XVH�E\�PHDQV�RI�WKH�FKDQJHV�LQ�FRPSXWLQJ�
KDUGZDUH�DQG�VRIWZDUH��3UXQLQJ��TXDQWL]DWLRQ��DQG�OLJKWZHLJKW�QHWZRUN�GHVLJQ�EHVLGHV�RWKHU�PHWKRGV�
DUH�XVHG�WR�LQFUHDVH�WKH�HIILFLHQF\�RI�$,�V\VWHPV��1HYHUWKHOHVV��WKH�VWXGLHV�WKDW�KDYH�EHHQ�GRQH�LQ�WKH�
ILHOG� UHYHDO� WKDW� PHDVXULQJ� FDUERQ� FRQVXPSWLRQ� DV� ZHOO� DV� HQHUJ\� XVH� UHOLDEO\� LV� VWLOO� RQH� RI� WKH�
FKDOOHQJHV�ZKLFK�WKH�UHVHDUFK�FRPPXQLW\�IDFH��$W�WKH�VDPH�WLPH�LW� LV�QRW�FOHDU�ZKHWKHU�PHWKRGV�IRU�
RSWLPL]DWLRQ�FDQ�EH�VFDOHG�HIIHFWLYHO\�WR�VXFK�ODUJH�PRGHOV�DQG�LQ�ZKDW�PHDVXUH�WKH�FKDQJHV�DUH�EHLQJ�
DGRSWHG�E\�WKH�LQGXVWU\�DW�ODUJH��2QO\�ZKHQ�WKHVH�LVVXHV�DUH�UHVROYHG�ZLOO�*UHHQ�$,�EHFRPH�D�UHDOLVWLF�
DSSURDFK� IRU� EULQJLQJ� KLJKO\� HIILFLHQW� $,� V\VWHPV� WR� OLIH� ZLWKRXW� VDFULILFLQJ� WKHLU� HQYLURQPHQWDO�
IULHQGOLQHVV�
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