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����@� VKRZHG� WKDW� DXWRPDWLF� LQGH[LQJ� ZDV� FRPSDUDEOH� WR

PDQXDO� LQGH[LQJ�� DQG� WKLV� DQG� WKH� DYDLODELOLW\� RI� FRPSXWHUV

FUHDWHG� D� PDMRU� LQWHUHVW� LQ� WKH� DXWRPDWLF� LQGH[LQJ� DQG

VHDUFKLQJ�RI�WH[WV�

� � � � � 7KH� &UDQILHOG� H[SHULPHQWV� DOVR� HPSKDVL]HG� WKH

LPSRUWDQFH� RI� FUHDWLQJ� WHVW� FROOHFWLRQV� DQG� XVLQJ� WKHVH� IRU

FRPSDUDWLYH�HYDOXDWLRQ�� � 7KH�&UDQILHOG�FROOHFWLRQ��FUHDWHG�LQ

WKH�ODWH�����
V��FRQWDLQHG������GRFXPHQWV��DEVWUDFWV��DQG����

TXHULHV�� � 7KH�QRZ�IDPLOLDU�UHFDOO�DQG�SUHFLVLRQ�PHWULFV�ZHUH

XVHG� LQ� WKLV� VWXG\� DQG�PDQ\� RI� WKH� SULQFLSOHV� RQ� ZKLFK� ZH

EDVH�RXU�HYDOXDWLRQ�WRGD\�ZHUH�HVWDEOLVKHG�E\�WKLV�HDUO\�GDWH�

� � � � � $GGLWLRQDO� WHVW� FROOHFWLRQV� VXFK� DV� &$&0� DQG� 13/

ZHUH�VXEVHTXHQWO\�GHYHORSHG�LQ�WKH�����
V��EXW�QRQH�RI�WKHVH

FROOHFWLRQV� ZHUH� PXFK� ODUJHU� WKDQ� WKH� &UDQILHOG� FROOHFWLRQ�

DQG� DWWHPSWV� WR� JHW� IXQGLQJ� IRU� EXLOGLQJ� D� ODUJHU� FROOHFWLRQ

ZHUH�QRW�VXFFHVVIXO�� � %\�WKH�HDUO\�����
V��LW�ZDV�REYLRXV�WKDW

SURJUHVV�LQ�WKH�WH[W�UHWULHYDO�ILHOG�ZDV�EHLQJ�KDPSHUHG�E\�WKH

ODFN� RI� UHDOLVWLFDOO\� ODUJH� WHVW� FROOHFWLRQV�� � 7KH� '$53$

7,367(5� SURMHFW� >0HUFKDQW� ����@� SURYLGHG� WKH� PHDQV� IRU

EUHDNLQJ� WKLV� GHDGORFN� E\� FRPPLVVLRQLQJ� WKH� 1DWLRQDO

,QVWLWXWH�RI�6WDQGDUGV�DQG�7HFKQRORJ\��1,67��WR�EXLOG�D�QHZ

WHVW� FROOHFWLRQ� ZLWK� �� JLJDE\WHV� RI� IXOO� WH[W� GRFXPHQWV�

LQFOXGLQJ� QHZVSDSHU� DQG� QHZVZLUH� WH[W�� � 1,67� LQ� WXUQ

UHTXHVWHG�WKDW�WKLV�QHZ�WHVW�FROOHFWLRQ�EH�PDGH�DYDLODEOH�WR�WKH

EURDGHU� LQIRUPDWLRQ� UHWULHYDO� UHVHDUFK� FRPPXQLW\� YLD� WKH

HVWDEOLVKPHQW�RI�WKH�7H[W�5(WULHYDO�&RQIHUHQFH��75(&��

� � � � � ,Q� HDUO\� ����� WKH� WZHQW\�ILYH� DGYHQWXURXV� UHVHDUFK

JURXSV�LQ�75(&���XQGHUWRRN�WR�VFDOH�WKHLU�SURWRW\SH�UHWULHYDO

V\VWHPV� IURP� VHDUFKLQJ� �� PHJDE\WHV� RI� WH[W� WR� VHDUFKLQJ� �

JLJDE\WHV� RI� WH[W�� � /DUJH� GLVN� GULYHV� ZHUH� VFDUFH� LQ� �����

W\SLFDO�UHVHDUFK�FRPSXWHUV�ZHUH�PXFK�VORZHU�WKHQ��DQG�PRVW

JURXSV� PDGH� KHUFXOHDQ� HIIRUWV� WR� ILQLVK� WKH� WDVN�� � 7KH

FRQIHUHQFH� LWVHOI� ZDV� HQOLYHQHG� E\� SHRSOH� WHOOLQJ� DOO� WKH

VWRULHV�WKDW�KDSSHQHG�DORQJ�WKH�ZD\�� � %XW�D�WUXO\�PRPHQWRXV

HYHQW� KDG� RFFXUUHG�� LW� KDG� EHHQ� VKRZQ� WKDW� WKH� VWDWLVWLFDO

PHWKRGV� XVHG� E\� WKHVH� YDULRXV� JURXSV� ZHUH� FDSDEOH� RI

KDQGOLQJ� RSHUDWLRQDO� DPRXQWV� RI� WH[W�� DQG� WKDW� UHVHDUFK� RQ

WKHVH� ODUJH� WHVW�FROOHFWLRQV�FRXOG� OHDG� WR�QHZ�LQVLJKWV� LQ� WH[W

UHWULHYDO�

� � � � � 6LQFH�WKHQ�WKHUH�KDYH�EHHQ�VL[�PRUH�75(&�FRQIHUHQFHV�

FR�VSRQVRUHG� E\� 1,67� DQG� '$53$�� ZLWK� WKH� ODWHVW� RQH

�75(&���� WDNLQJ� SODFH� LQ� 1RYHPEHU� RI� ����� >9RRUKHHV� 	

+DUPDQ� ����@�� � 7KH� QXPEHU� RI� SDUWLFLSDWLQJ� V\VWHPV� KDV

JURZQ� IURP� ��� LQ� 75(&��� WR� ��� LQ� 75(&���� LQFOXGLQJ

SDUWLFLSDQWV� IURP� ��� GLIIHUHQW� FRXQWULHV�� RYHU� ��� FRPSDQLHV

DQG�PRVW� RI� WKH� XQLYHUVLWLHV� GRLQJ� UHVHDUFK� LQ� WH[W� UHWULHYDO�

7KH� GLYHUVLW\� RI� WKH� SDUWLFLSDWLQJ� JURXSV� KDV� HQVXUHG� WKDW

75(&�UHSUHVHQWV�PDQ\�GLIIHUHQW�DSSURDFKHV� WR� WH[W� UHWULHYDO�

ZKLOH� WKH�HPSKDVLV�RQ� LQGLYLGXDO�H[SHULPHQWV�HYDOXDWHG� LQ�D

FRPPRQ�VHWWLQJ�KDV�SURYHQ�WR�EH�D�PDMRU�VWUHQJWK�RI�75(&�

� � � � � $OO� WKH� 75(&� FRQIHUHQFHV� KDYH� FHQWHUHG� DURXQG� WZR

PDLQ� WDVNV� EDVHG� RQ� WUDGLWLRQDO� LQIRUPDWLRQ� UHWULHYDO�PRGHV�

D� �URXWLQJ�� WDVN� DQG� DQ� �DG� KRF�� WDVN�� � ,Q� WKH� URXWLQJ� WDVN

�QRW�UXQ�LQ�75(&����LW�LV�DVVXPHG�WKDW�WKH�VDPH�TXHVWLRQV�DUH

DOZD\V� EHLQJ� DVNHG�� EXW� WKDW� QHZ� GDWD� LV� EHLQJ� VHDUFKHG�

7KLV�WDVN�LV�VLPLODU�WR�WKDW�GRQH�E\�QHZV�FOLSSLQJ�VHUYLFHV�RU

E\� OLEUDU\� SURILOLQJ� V\VWHPV�� � ,Q� WKH� DG� KRF� WDVN�� LW� LV

DVVXPHG� WKDW� QHZ� TXHVWLRQV� DUH� EHLQJ� DVNHG� DJDLQVW� D� VWDWLF

VHW� RI� GDWD�� � 7KLV� WDVN� LV� VLPLODU� WR� KRZ� D� UHVHDUFKHU�PLJKW

XVH�D�OLEUDU\��ZKHUH�WKH�FROOHFWLRQ�LV�NQRZQ�EXW�WKH�TXHVWLRQV

OLNHO\�WR�EH�DVNHG�DUH�XQNQRZQ�

� � � � � ,Q� 75(&� WKH� URXWLQJ� WDVN� LV� DFFRPSOLVKHG� E\� XVLQJ

NQRZQ� WRSLFV� ZLWK� NQRZQ� �ULJKW� DQVZHUV�� �UHOHYDQW

GRFXPHQWV�� IRU� WKRVH� WRSLFV�� EXW� WKHQ� XVLQJ� QHZ� GDWD� IRU

WHVWLQJ��7KH�WRSLFV�FRQVLVW�RI�QDWXUDO�ODQJXDJH�WH[W�GHVFULELQJ

D�XVHU
V� LQIRUPDWLRQ�QHHG� �VHH� VHFWLRQ��� IRU� D� VDPSOH� WRSLF��

7KH�SDUWLFLSDQWV�XVH�WKH�WUDLQLQJ�GDWD�WR�SURGXFH�WKH��EHVW��VHW

RI�TXHULHV��WKH�DFWXDO�LQSXW�WR�WKH�UHWULHYDO�V\VWHP���DQG�WKHVH

TXHULHV�DUH�WKHQ�WHVWHG�XVLQJ�QHZ�GDWD�

� � � � � 7KH� DG� KRF� WDVN� LV� UHSUHVHQWHG� E\� XVLQJ� NQRZQ

GRFXPHQWV�� EXW� WKHQ� FUHDWLQJ� QHZ� WRSLFV� IRU� WHVWLQJ�� � )RU

ERWK�WKH�DG�KRF�DQG�URXWLQJ�WDVNV�WKH�SDUWLFLSDWLQJ�JURXSV�UXQ

��� WHVW� WRSLFV� DJDLQVW� WKH� WHVW� GRFXPHQWV� DQG� WXUQ� LQ� WKH� WRS

UDQNHG� ����� GRFXPHQWV� IRU� HDFK� WRSLF�� � 7KHVH� UHVXOWV� DUH

WKHQ� HYDOXDWHG� DW� 1,67�� ZLWK� DSSURSULDWH� SHUIRUPDQFH

PHDVXUHV� �PDLQO\� UHFDOO� DQG� SUHFLVLRQ�� EHLQJ� XVHG� IRU

FRPSDULVRQ�RI�V\VWHP�UHVXOWV�



��� � 7KH�7HVW�&ROOHFWLRQV

7KH� FUHDWLRQ� RI� D� VHW� RI� ODUJH�� XQELDVHG� WHVW� FROOHFWLRQV� KDV

EHHQ�FULWLFDO� WR� WKH� VXFFHVV�RI�75(&�� � /LNH�PRVW� WUDGLWLRQDO

UHWULHYDO� FROOHFWLRQV�� WKHUH� DUH� WKUHH� GLVWLQFW� SDUWV� WR� WKHVH

FROOHFWLRQV� ��� WKH� GRFXPHQWV�� WKH� WRSLFV�� DQG� WKH� UHOHYDQFH

MXGJPHQWV� RU� �ULJKW� DQVZHUV��� � 7KH� WHVW� FROOHFWLRQ

FRPSRQHQWV�DUH�GLVFXVVHG�EULHIO\�KHUH����IRU�D�PRUH�FRPSOHWH

GHVFULSWLRQ� RI� WKH� FROOHFWLRQ�� VHH� WKH� 75(&��� FRQIHUHQFH

SURFHHGLQJV�

� � � � � 7KH� GRFXPHQWV� LQ� WKH� FXUUHQW� WHVW� FROOHFWLRQV� ZHUH

VHOHFWHG�IURP����GLIIHUHQW�VRXUFHV��WKH�:DOO�6WUHHW�-RXUQDO��$3

1HZVZLUHV�� DUWLFOHV� IURP� &RPSXWHU� 6HOHFW� GLVNV� �=LII�'DYLV

3XEOLVKLQJ��� WKH� )HGHUDO� 5HJLVWHU�� VKRUW� DEVWUDFWV� IURP� '2(

SXEOLFDWLRQV�� WKH� 6DQ� -RVH�0HUFXU\� 1HZV�� 8�6�� 3DWHQWV�� WKH

)LQDQFLDO�7LPHV�� WKH�&RQJUHVVLRQDO�5HFRUG�� WKH�/RV�$QJHOHV

7LPHV�� DQG� WKH� )RUHLJQ� %URDGFDVW� ,QIRUPDWLRQ� 6HUYLFH�

7KHUH� DUH� FXUUHQWO\� ILYH� &'�520
V� ZLWK� DSSUR[LPDWHO\� �

JLJDE\WH�RI�WH[W�SHU�GLVN��ZLWK�RQO\�WZR�RI�WKHVH�XVHG�IRU�HDFK

75(&��L�H��RQO\���JLJDE\WHV�RI�GDWD�KDV�JHQHUDOO\�EHHQ�XVHG�LQ

WKH�WHVWLQJ�

� � � � � 7KH� WRSLFV� XVHG� LQ� 75(&� KDYH� FRQVLVWHQWO\� EHHQ� WKH

PRVW� GLIILFXOW� SDUW� RI� WKH� WHVW� FROOHFWLRQ� WR� FRQWURO�� � ,Q

GHVLJQLQJ� WKH� 75(&� WDVN�� WKHUH� ZDV� D� FRQVFLRXV� GHFLVLRQ

PDGH� WR� SURYLGH� �XVHU� QHHG�� VWDWHPHQWV� UDWKHU� WKDQ� PRUH

WUDGLWLRQDO� TXHULHV�� � 6WDUWLQJ� LQ� 75(&���� GLIIHUHQW� OHQJWKV

�DQG�FRPSRQHQW�SDUWV��RI� WRSLFV�KDYH�XVHG� LQ�HDFK�75(&� WR

H[SORUH� WKH�HIIHFWV�RI� WRSLF� OHQJWK�� � %\�75(&���� WKH� IRUPDW

KDG�VWDELOL]HG�WR�LQFOXGH�D�WLWOH��D�VHQWHQFH�OHQJWK�GHVFULSWLRQ

DQG� D� ORQJHU� QDUUDWLYH�� � 7KH� IROORZLQJ� LV� RQH� RI� WKH� WRSLFV

XVHG�LQ�75(&���

�QXP!�1XPEHU�� � ���

�WLWOH!�3ROLRP\HOLWLV�DQG�3RVW�3ROLR

�GHVF!�'HVFULSWLRQ�

,V� WKH�GLVHDVH�RI�3ROLRP\HOLWLV� �SROLR��XQGHU�FRQWURO� LQ

WKH�ZRUOG"

�QDUU!�1DUUDWLYH�

5HOHYDQW�GRFXPHQWV�VKRXOG�FRQWDLQ�GDWD�RU�RXWEUHDNV�RI

WKH� SROLR� GLVHDVH� �ODUJH� RU� VPDOO� VFDOH��� PHGLFDO

SURWHFWLRQ�DJDLQVW�WKH�GLVHDVH��UHSRUWV�RQ�ZKDW�KDV�EHHQ

ODEHOHG�DV��SRVW�SROLR��SUREOHPV�� � 2I�LQWHUHVW�ZRXOG�EH

ORFDWLRQ� RI� WKH� FDVHV�� KRZ� VHYHUH�� DV� ZHOO� DV� ZKDW� LV

EHLQJ�GRQH�LQ�WKH��SRVW�SROLR��DUHD�

� � � � � 7KH�UHOHYDQFH�MXGJPHQWV�DUH�DOVR�RI�FULWLFDO�LPSRUWDQFH

WR�D�WHVW�FROOHFWLRQ�� � )RU�HDFK�WRSLF�LW�LV�QHFHVVDU\�WR�FRPSLOH

D�OLVW�RI�UHOHYDQW�GRFXPHQWV��KRSHIXOO\�DV�FRPSUHKHQVLYH�D�OLVW

DV�SRVVLEOH��75(&�XVHV�D�VDPSOLQJ�PHWKRG�NQRZQ�DV�SRROLQJ

WKDW�WDNHV�WKH�WRS�����GRFXPHQWV�UHWULHYHG�E\�HDFK�V\VWHP�IRU

D� JLYHQ� WRSLF� DQG� PHUJHV� WKHP� LQWR� D� SRRO� IRU� UHOHYDQFH

DVVHVVPHQW�� � 7KLV� LV� D� YDOLG� VDPSOLQJ� PHWKRG� VLQFH� DOO� WKH

V\VWHPV�XVH� UDQNHG� UHWULHYDO�PHWKRGV��ZLWK� WKRVH�GRFXPHQWV

PRVW�OLNHO\� WR�EH�UHOHYDQW� UHWXUQHG�ILUVW�� � 7KH�PHUJHG� OLVW�RI

UHVXOWV�LV�WKHQ�VKRZQ�WR�WKH�KXPDQ�DVVHVVRUV��ZLWK�HDFK�WRSLF

MXGJHG�E\� D� VLQJOH� DVVHVVRU� WR� LQVXUH� WKH�EHVW� FRQVLVWHQF\�RI

MXGJPHQW�� � )RU� 75(&��� WKHUH� ZDV� DQ� DYHUDJH� RI� ����

GRFXPHQWV� MXGJHG� SHU� WRSLF�� ZLWK� DERXW� ��� RU� ��� RI� WKHVH

IRXQG�UHOHYDQW�

���75(&�7UDFNV

6WDUWLQJ�LQ�75(&����VHFRQGDU\�WDVNV��WUDFNV��KDYH�EHHQ�DGGHG

WR�75(&�� � 7KHVH� WDVNV�KDYH�EHHQ�HLWKHU� UHODWHG� WR� WKH�PDLQ

WDVNV�� RU� SURYLGH� D� PRUH� IRFXVVHG� LPSOHPHQWDWLRQ� RI� WKRVH

WDVNV�� � 6HYHQ�WUDFNV�ZHUH�UXQ�LQ�75(&���

&URVV�/DQJXDJH� ��� DQ� DG� KRF� WDVN� LQ� ZKLFK� WKH

GRFXPHQWV�FRXOG�EH� LQ�RQH�RI� IRXU�GLIIHUHQW� ODQJXDJHV

�(QJOLVK��*HUPDQ��)UHQFK�RU�,WDOLDQ��� � 7KH�WRSLFV�ZHUH

SURGXFHG� LQ� RQH� RI� WKHVH� ODQJXDJHV�� DQG� WUDQVODWHG� WR

WKH�RWKHU� ODQJXDJHV��7KH� IRFXV�RI� WKH� WUDFN�ZDV� WR�XVH

RQO\� D� VLQJOH� ODQJXDJH� YHUVLRQ� RI� WKH� WRSLFV�� EXW� WKHQ

UHWULHYH� GRFXPHQWV� WKDW� SHUWDLQ� WR� WKDW� WRSLF� LQ� DOO

ODQJXDJHV�

)LOWHULQJ����D�WDVN�VLPLODU�WR�WKH�URXWLQJ�WDVN�EXW�RQH�LQ

ZKLFK�WKH�V\VWHPV�PDGH�D�ELQDU\�GHFLVLRQ�DV�WR�ZKHWKHU

WKH�FXUUHQW�GRFXPHQW�VKRXOG�EH�UHWULHYHG��DV�RSSRVHG�WR

IRUPLQJ�D�UDQNHG�OLVW��

+LJK�3UHFLVLRQ�8VHU�7UDFN� ��� DQ� DG�KRF� WDVN� LQ�ZKLFK

SDUWLFLSDQWV� ZHUH� JLYHQ� ILYH� PLQXWHV� SHU� WRSLF� WR

SURGXFH� D� UHWULHYHG� VHW� XVLQJ� DQ\�PHDQV� GHVLUHG� �H�J��

WKURXJK�XVHU�LQWHUDFWLRQ��FRPSOHWHO\�DXWRPDWLFDOO\��

,QWHUDFWLYH����D�WDVN�XVHG� WR�VWXG\�XVHU�LQWHUDFWLRQ�ZLWK

WH[W�UHWULHYDO�V\VWHPV�� � ,Q�75(&���WKLV�WUDFN�H[DPLQHG

ZD\V�RI� VWDWLVWLFDOO\�FRPSDULQJ�V\VWHPV�UXQQLQJ��XVHU�

LQ�WKH�ORRS�� H[SHULPHQWV�� DQG� D� PRGLILFDWLRQ� RI� WKLV

PHWKRG�ZDV�XVHG�LQ�75(&���

4XHU\� ��� WKLV� WDVN�ZDV� GHVLJQHG� WR�KHOS� IDFWRU� RXW� WKH

YDULDWLRQ�LQ�V\VWHP�SHUIRUPDQFH�FDXVHG�E\�YDULDWLRQV�LQ

WKH� LQSXW� TXHU\�� � 6\VWHPV� ZHUH� UHTXHVWHG� WR� WXUQ� LQ

VSHFLILF� W\SHV� RI� TXHULHV� �YHU\� VKRUW�� VHQWHQFH�OHQJWK�

VWUXFWXUHG��HWF���DQG�DOO�SDUWLFLSDWLQJ�JURXSV� UDQ�DOO� WKH

GLIIHUHQW�VHWV�RI�LQSXW�TXHULHV�

6SRNHQ�'RFXPHQW�5HWULHYDO����DQ�DG�KRF�WDVN�LQ�ZKLFK

WKH�LQSXW�GDWD�FRQVLVWHG�RI�DSSUR[LPDWHO\�����KRXUV�RI

VSHHFK� IURP� EURDGFDVW� QHZV� �L�H�� VSRNHQ� GRFXPHQWV�

WKDW� KDG� EHHQ� DXWRPDWLFDOO\� WUDQVFULEHG� E\� VSHHFK

UHFRJQLWLRQ�V\VWHPV�

9HU\� /DUJH� &RUSXV� �9/&�� ��� DQ� DG� KRF� WDVN� WKDW



LQYHVWLJDWHG� WKH� DELOLW\� RI� UHWULHYDO� V\VWHPV� WR� KDQGOH

ODUJHU� DPRXQWV� RI� GDWD�� � )RU� 75(&��� WKH� FRUSXV� VL]H

ZDV�DSSUR[LPDWHO\�����JLJDE\WHV�

� � � � � *URXSV�FRXOG�SDUWLFLSDWH�LQ�VRPH�RU�DOO�RI�WKH�WUDFNV��LQ

DGGLWLRQ�WR�UXQQLQJ�WKH�WZR�PDLQ�WDVNV�� � $OPRVW�DOO�WKH�WUDFNV

KDG� DW� OHDVW� ��� SDUWLFLSDWLQJ� JURXSV�� ZLWK� QHZ� JURXSV

VSHFLILFDOO\�MRLQLQJ�75(&�WR�WDFNOH�VRPH�RI�WKH�WUDFNV�

���75(&�5HVXOWV

,W� LV� GLIILFXOW� WR� VXPPDUL]H� DOO� WKH�75(&� UHVXOWV� IURP� VHYHQ

\HDUV� RI� ZRUN�� FRPSULVLQJ� WKRXVDQGV� RI� PDMRU� H[SHULPHQWV

FRQGXFWHG� E\� DOO� WKH� SDUWLFLSDWLQJ� V\VWHPV�� � (DFK� RI� WKH

FRQIHUHQFHV� KDV� SURGXFHG� D� SURFHHGLQJV� FRQWDLQLQJ� SDSHUV

IURP� DOO� WKH� SDUWLFLSDWLQJ� JURXSV� JLYLQJ� WKH� GHWDLOV� RI� WKHVH

H[SHULPHQWV�� � 7KHVH� SURFHHGLQJV� DGGLWLRQDOO\� KDYH� DQ

RYHUYLHZ�RI�WKH�ZRUN��FRQWDLQLQJ�VRPH�KLJKOLJKWV�RI�ZKDW�ZDV

DFFRPSOLVKHG�

� � � � � 7KH� LPSDFW� RI� 75(&� RQ� WH[W� UHWULHYDO� FDQ� EH� VHHQ� LQ

WKUHH�VHSDUDWH�DUHDV��WKH�LPSDFW�RI�WKH�75(&�WHVW�FROOHFWLRQV�

WKH� LPSDFW� RI� WKH� FRPPRQ� HYDOXDWLRQ� IRUXP� DQG� WKH

FRQIHUHQFH�LWVHOI��DQG�WKH�LPSDFW�RI�H[WHQGLQJ�WUDGLWLRQDO�WH[W

UHWULHYDO�UHVHDUFK�WR�QHZ�DUHDV�DV�UHSUHVHQWHG�E\�WKH�WUDFNV�

� � � � � 7KH�WHVW�FROOHFWLRQV��FXUUHQWO\�ILYH�JLJDE\WHV�LQ�VL]H�DQG

FRQWDLQLQJ� ���� WRSLFV�ZLWK� UHOHYDQFH� MXGJPHQWV�� DUH� KHDYLO\

XVHG� WKURXJKRXW� WKH� WH[W� UHWULHYDO� FRPPXQLW\�� 7KH� V\VWHP

UHVXOWV�LQ�75(&�LWVHOI�VKRZ�ERWK�D�VWHDG\�SURJUHVVLRQ�WR�PRUH

FRPSOH[� UHWULHYDO� WHFKQLTXHV� DQG� WKH� UHVXOWLQJ� KLJKHU

SHUIRUPDQFH�� � ([LVWLQJ�UHVHDUFK�JURXSV��VXFK�DV� WKH�&RUQHOO

60$57� V\VWHP�� UHSRUW� D� GRXEOLQJ� LQ� SHUIRUPDQFH� RYHU� WKH

VHYHQ� \HDUV� RI� 75(&�� ZKHUHDV� V\VWHPV� QHZ� WR� 75(&

W\SLFDOO\� GRXEOH� WKHLU� SHUIRUPDQFH� LQ� WKH� ILUVW� \HDU� DV� WKH\

PRYH� WKHLU� WHFKQLTXHV� LQWR� FXUUHQW� VWDWH� RI� WKH� DUW�� � 7KH
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