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�� &RXUVHV� 6HPLQDU� 'RFWRUDO 6FKRRO� 5HVHDUFK� 7XWRUVKLS
�� &KRRVH� < RU 1

���� 6WXG\ DQG WUDLQLQJ DFWLYLWLHV � FUHGLWV HDUQHG

&RXUVHV 6HPLQDUV 5HVHDUFK 7XWRUVKLS 7RWDO
%LPRQWK � � � � � �
%LPRQWK � � � ��� � ���
%LPRQWK � � ��� ��� � ���
%LPRQWK � � � � � �
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�� 5HVHDUFK DFWLYLW\�

0\ UHVHDUFK DFWLYLW\ LV DERXW 2UFKHVWUDWLRQ VWUDWHJLHV IRU GHSHQGDEOH PL[HG�FULWLFDOLW\ VRIWZDUH
FRQWDLQHUV LQ PLVVLRQ FULWLFDO HQYLURQPHQWV OLNH ,,R7� ,QGXVWU\ ���� DQG QH[W JHQHUDWLRQ ZLUHOHVV
QHWZRUNV ��* DQG EH\RQG��
0LVVLRQ FULWLFDO HQYLURQPHQWV OLNH WKH RQHV PHQWLRQHG UHTXLUH PRUH DQG PRUH IOH[LELOLW\ WR NHHS XS WKH
SDFH ZLWK PXWDWLQJ HQYLURQPHQWV DQG EXVLQHVV UHTXHVWV�
7KLV EULQJV WKH QHHG IRU FRQWLQXRXV DQG DXWRPDWLF UHFRQILJXUDWLRQ RI WKH QHWZRUNV� WKH FRPSXWLQJ
LQIUDVWUXFWXUH� DQG WKH GHYLFHV� ZKLOH UHVSHFWLQJ VWULFW QRQ�IXQFWLRQDO UHTXLUHPHQWV�
)RU H[DPSOH� LQ WKH ,QGXVWU\ ��� YLVLRQ IDFWRU\ IORRUV DQG SURGXFWLRQ OLQHV DUH DXWRPDWLFDOO\ DGDSWHG
DQG UH�SURJUDPPHG WR PHHW DQ\ QHZ EXVLQHVV JRDO ZLWKRXW WKH QHHG IRU PDQXDO LQWHUYHQWLRQ�
7KH FXUUHQW SUREOHP LV WKDW WKH UHTXLUHG OHYHO RI IOH[LELOLW\� SURJUDPPDELOLW\� DQG HODVWLFLW\ FDQQRW EH
VDWLVILHG E\ WKH FXUUHQW VWDWH RI SUDFWLFH LPSOHPHQWDWLRQ� 2QH SURPLVLQJ ZD\ LV WR WDNH DGYDQWDJH RI
UHFHQW FRPSXWLQJ SDUDGLJPV OLNH IRJ DQG HGJH FRPSXWLQJ� KHLUV RI WKH FORXG FRPSXWLQJ� ZKLFK OHYHUDJH
WKH VDPH LGHDV RI FRQWDLQHUL]DWLRQ� DQG WKHLU DXWRPDWLF RUFKHVWUDWLRQ� LQ RUGHU WR FRQVROLGDWH FRPSXWLQJ
UHVRXUFHV DQG DOORW WKHP LQ D IOH[LEOH DQG HODVWLF ZD\� 2UFKHVWUDWLRQ V\VWHPV DUH GLVWULEXWHG V\VWHPV LQ
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FKDUJH RI DXWRPDWLFDOO\ SODFLQJ� GHSOR\LQJ� PRQLWRULQJ� DQG PLJUDWLQJ WKH SDFNDJHG VRIWZDUH DFURVV
WKH FRPSXWLQJ LQIUDVWUXFWXUH�
'HVSLWH SURPLVHV� FRQWDLQHUL]DWLRQ RI LQGXVWULDO FRPSRQHQWV DQG WKHLU RUFKHVWUDWLRQ DUH QRW VXLWHG IRU
LQGXVWULDO HQYLURQPHQWV \HW� VLQFH WKH\ ZHUH GHVLJQHG IRU FORXG FRPSXWLQJ� 6HYHUDO FKDOOHQJHV DQG
OLPLWDWLRQV SUHYHQW WKHLU XVH LQ PLVVLRQ FULWLFDO HQYLURQPHQWV� IRU H[DPSOH WKH DZDUHQHVV RI FULWLFDOLW\�
ZKLFK FDQ EH GHILQHG DV GHVLJQDWLRQߨ RI WKH OHYHO RI DVVXUDQFH DJDLQV IDLOXUH QHHGHG IRU D V\VWHP
FRPSRQHQWߩ �$�%XUQV� 5� 'DYLV \0L[HG�&ULWLFDOLWߨ V\VWHPV� D UHYLHZߩ�� 0LVVLRQ�FULWLFDO HQYLURQPHQWV
DUH LQGHHG JHQHUDOO\ PL[HG�FULWLFDOLW\ V\VWHPV� L�H� V\VWHPV WKDW LQWHJUDWH IXQFWLRQDOLWLHV DW GLIIHUHQW
FULWLFDOLW\ OHYHOV LQWR FRPPRQ SODWIRUPV WR UHGXFH WKH VL]H� ZHLJKW� SRZHU� DQG FRVW RI KDUGZDUH�
'XULQJ WKH ILUVW \HDU RI P\ 3K'� , DQDO\]HG WKH VWDWH RI DUW DQG WKH SUDFWLFH UHJDUGLQJ RUFKHVWUDWLRQ
V\VWHPV IRU PL[HG�FULWLFDOLW\ HQYLURQPHQWV� +HQFH� , LGHQWLILHG IRXU OLPLWDWLRQV IURP D IXQFWLRQDO SRLQW RI
YLHZ LQ WKH DYDLODEOH RUFKHVWUDWLRQ V\VWHPV WKDW SUHYHQW WKHLU XVH LQ PLVVLRQ�FULWLFDO HQYLURQPHQWV� L�
WKH\ VXSSRUW 26�OHYHO YLUWXDOL]DWLRQ DQG W\SH � K\SHUYLVRU YLUWXDOL]DWLRQ� EXW GR QRW VXSSRUW
YLUWXDOL]DWLRQ WHFKQRORJLHV WKDW FDQ RIIHU SURSHU LVRODWLRQ� LL� WKH SODFHPHQW� PRQLWRULQJ� DQG IDLOXUH
UHFRYHU\ VWUDWHJLHV GR QRW WDNH LQWR DFFRXQW FULWLFDOLW\ DQG QRQ�IXQFWLRQDO UHTXLUHPHQWV RI WKH
DSSOLFDWLRQV� LLL� QHWZRUNLQJ DQG FRPSXWLQJ UHVRXUFHV DUH QRW MRLQWO\ PDQDJHG WR JXDUDQWHH WKH EHVW XVH
RI UHVRXUFHV�
+HQFH� , VNHWFKHG VRPH GHVLJQ DQG LPSOHPHQWDWLRQ SURWRW\SHV WR H[WHQG FXUUHQW IXQFWLRQDOLWLHV RI
FXUUHQWO\ XVHG RUFKHVWUDWLRQ V\VWHPV�
'XULQJ WKH VHFRQG \HDU RI P\ 3K'� , IRFXVHG LQVWHDG RQ QRQ�IXQFWLRQDO FKDUDFWHULVWLFV RI RUFKHVWUDWLRQ
V\VWHPV� PDLQO\ WDUJHWLQJ WZR DVSHFWV LQ SDUWLFXODU� L� WLPLQJ SUHGLFWDELOLW\� DQG LL� IDXOW�WROHUDQFH�
5HJDUGLQJ WLPLQJ SUHGLFWDELOLW\� , DQDO\]HG WKH WLPLQJ RI .XEHUQHWHV� WKH PRVW VSUHDG RXW RUFKHVWUDWLRQ
V\VWHP� XQGHU QRPLQDO DQG LQFUHDVLQJ ORDGV� , EURNH GRZQ WKH WLPLQJ LQWR WKH VLQJOH FRQWULEXWLRQV� WR
XQGHUVWDQG WKH FRQWULEXWLRQ ZLWK PRUH GHYLDWLRQ DQG WKH FLUFXPVWDQFHV XQGHU ZKLFK YDULHV� SRWHQWLDOO\
OHDGLQJ WR D WLPLQJ IDLOXUH �L�H�� QRW SHUIRUPLQJ WKH UHTXLUHG DFWLRQ LQ WLPH�� , IRXQG RXW WKDW WKH
DV\QFKURQRXV PDQDJHPHQW RI HYHQW FDQ FDXVH UHVRXUFH FRQWHQWLRQ� LQWHUIHUHQFH� DQG DFWLYLW\
UHRUGHULQJ� WKDW DUH GHWULPHQWDO WR SUHGLFWDELOLW\� 7KXV , GHVLJQHG DQG LPSOHPHQWHG VRPH PLWLJDWLRQV WR
UHGXFH WKH QRQ�GHWHUPLVWLF HIIHFWV RI WKH RUFKHVWUDWLRQ V\VWHP� WKDW FDQ EH DPSOLILHG RQ WKH GHYLFHV VLQFH
WKH\ DUH OHVV SRZHUIXO GHYLFHV DQG WKH PDMRULW\ RI WLPH LV VSHQW WKHUH WR DFWXDOO\ VWDUW WKH DSSOLFDWLRQ�
)RU ZKDW FRQFHUQV IDXOW�WROHUDQFH� , DQDO\]HG WKH .XEHUHQWHV EHKDYLRXU IRFXVLQJ RQ QRQ�QRPLQDO
FRQGLWLRQV� ,Q SDUWLFXODU� KLJK�ORDG FRQGLWLRQV DQG HUURU FRQGLWLRQV KDYH EHHQ H[DPLQHG WKURXJK ZHOO
NQRZQ WHFKQLTXHV OLNH IDXOW�LQMHFWLRQ� 7KH PDMRU ILQLQJ RI WKH UHVHDUFK LV WKDW� GHVSLWH D ORW RI OHVVRQV
OHDUQHG IURP WKH SUHYLRXV GHFDGH KHOSHG WR LPSURYH WKH GHVLJQ RI WKH DUFKLWHFWXUH WR VXSSRUW IDXOW�
WROHUDQFH� D IHZ ORFDOL]HG HUURUV FDQ SURSDJDWH DQG NLOO DQ HQWLUH FOXVWHU RI FRPSXWLQJ UHVRXUFHV�
FDXVLQJ FDWDVWURSKLF ORVVHV �PDLQO\ HFRQRPLF� IRU FRPSDQLHV� ,Q SDUWLFXODU� GHVSLWH WKH WROHUDQFH WR
ZHOO NQRZQ HUURUV OLNH FUDVKHV RI FRPSXWLQJ QRGHV DQG FRPSRQHQWV� PHVVDJH RPLVVLRQ� FRQQHFWLRQ
HUURUV� HWF�� WKH V\VWHP LV ZHDN ZLWK UHJDUGV WR FRQILJXUDWLRQ HUURUV� EXJV� DQG KXPDQ HUURUV� WKDW FDQ
HDVLO\ RYHUORDG WKH HQWLUH V\VWHP WR WKH FROODSVH� ZLWKRXW DQ\ HIIHFWLYH PLWLJDWLRQ VWUDWHJ\ LQ SODFH WR
JXDUDQWHH DW OHDVW WKH VXUYLYDO RI FULWLFDO VHUYLFHV�
, SURSRVHG WR LQWHJUDWH P\ IDXOW LQMHFWLRQ PHWKRG LQ WKH WHVWLQJ ORRS SKDVH RI WKH FRPSDQLHV� WR WHVW WKH
EXVLQHVV SURFHVV XVHG LQ FDVH RI UHVSRQVH WR IDLOXUHV DQG WUDLQ WKH FOXVWHU RSHUDWRUV LQ WKH WDVN�

�� 5HVHDUFK SURGXFWV�
ULWLFDOLW\�$ZDUH&ߨ 0RQLWRULQJ DQG 2UFKHVWUDWLRQ IRU &RQWDLQHUL]HG ,QGXVWU\ ��� (QYLURQPHQWVߩ
0� %DUOHWWD� 0� &LQTXH� /� 'H 6LPRQH� 5� 'HOOD &RUWH
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$&0 7UDQVDFWLRQV RQ (PEHGGHG &RPSXWLQJ 6\VWHPV
3XEOLVKHG

3DUWLWLRQHGߨ &RQWDLQHUV� 7RZDUGV 6DIH &ORXGV IRU ,QGXVWULDO $SSOLFDWLRQVߩ
0 %DUOHWWD� 0 &LQTXH� / 'H 6LPRQH� 5 'HOOD &RUWH� * )DULQD� ' 2WWDYLDQR
���� ��UG $QQXDO ,(((�,),3 ,QWHUQDWLRQDO &RQIHUHQFH RQ 'HSHQGDEOH 6\VWHPV ߟ 'LVUXSW 7UDFN
3XEOLVKHG

ULYHQ'�$/6ߨ 6RIWZDUH 2UFKHVWUDWLRQ LQ ,QGXVWU\ ߩ���
0� %DUOHWWD� 0� &LQTXH� &� 'L 0DUWLQR
,((( ,QWHUQHW RI 7KLQJV 0DJD]LQH �,((( ,R70�
3XEOLVKHG

3DWHQW $SSOLFDWLRQ �������:2�3&7
0� %DUOHWWD� &� 'L 0DUWLQR
$SSOLFDWLRQ XQGHU UHYLHZ

�� &RQIHUHQFHV DQG VHPLQDUV DWWHQGHG

7KH ��UG ,((( ,QWHUQDWLRQDO 6\PSRVLXP RQ 6RIWZDUH 5HOLDELOLW\ (QJLQHHULQJ �,665( ������ K\EULG
PRGH� &KDUORWWH� 86$� , DWWHQGHG WKH FRQIHUHQFH RQOLQH RQ ���������� DV SUHVHQWLQJ DXWKRU RI
�,+5XQ3ߨ (QDEOLQJ 0L[HG�FULWLFDOLW\ &RQWDLQHUV YLD 3DUWLWLRQLQJ +\SHUYLVRUV LQ ,QGXVWU\ �ߩ���

�� $FWLYLW\ DEURDG�

, DP FXUUHQWO\ LQ &KDPSDLJQ� ,/� 86$� WR VSHQG D UHVHDUFK SHULRG DEURDG IURP ���������� WR
���������� DW 8QLYHUVLW\ RI ,OOLQRLV DW 8UEDQD &KDPSDLJQ DV YLVLWLQJ VFKRODU� +HUH , KDYH EHHQ
VWXG\LQJ UHVLOLHQF\ RI FORXG V\VWHPV� SHUIRUPLQJ IDXOW�LQMHFWLRQ FDPSDLJQ WDUJHWLQJ VSUHDG RXW FORXG
WHFKQRORJLHV� VXSHUYLVHG E\ 3URI� 5DYLVKDQNDU .� ,\HU DQG 3URI� =ELJQLHZ .DOEDUF]\N� 7KH UHVHDUFK LV
FXUUHQWO\ LQ SURJHVV� DQG WKH PDLQ ILQGLQJV KDYH EHHQ VXPPDUL]HG LQ 6HFWLRQ �� LQ WKH IDXOW�WROHUDQW
VHFWLRQ�

�� 7XWRUVKLS

, HDUQHG � FUHGLW LQ WKH WXWRUVKLS IRU WKH EDFKHORU FRXUVH 2SHUDWLQJߨ 6\VWHPVߩ� SUHSDULQJ SURJUDPPLQJ
H[HUFLVHV DVVLJQHG WR WKH VWXGHQW WR H[SODLQ WKH FRUUHFW XVDJH RI 326,; $3,V� DQG H[SODLQLQJ WKHP WKH
VROXWLRQV�

�� 3ODQ IRU \HDU WKUHH

'XULQJ P\ WKLUG \HDU , ZLOO FRQWLQXH UHVHDUFKLQJ WKH LVVXHV WKDW SUHYHQW WKH XVH RI RUFKHVWUDWLRQ V\VWHPV
LQ PLVVLRQ�FULWLFDO GRPDLQV DQG , ZLOO GHVLJQ FRXQWHUPHDVXUHV DQG SRVVLEOH VROXWLRQV� ,Q GHWDLO� , ZLOO
IRFXV RQ KRZ VWXGLHG IDXOW�WROHUDQFH LVVXH FDQ LPSDFW WKH WLPHOLQHVV RI RUFKHVWUDWLRQ LQ RUGHU WR MRLQWO\
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PRGHO WKH WLPLQJ DQG UHVLOLHQF\ DVSHFWV� , ZLOO WU\ WR ILQG VROXWLRQV WR WKH PRVW VHYHUH DQG IUHTXHQW LVVXHV
�L�H�� IDLOXUHV WKDW FDQ OHDG WR FDWDVWURSKLF IDLOXUHV� DQG , ZLOO GHVLJQ WKH DUFKLWHFWXUH RI DQ
RUFKHVWUDWLRQ V\VWHP VXLWHG IRU PLVVLRQ�FULWLFDO HQYLURQPHQWV�
, ZLOO FRQWULEXWH WR WKH 5XQ3+, SURMHFW� ZKLFK LQYROYHV VHYHUDO PHPEHUV RI P\ UHVHDUFK JURXS�
UHJDUGLQJ SDUWLWLRQHG DQG PXOWL�FULWLFDOLW\ FRQWDLQHUV DQG YLUWXDOL]DWLRQ WR EH LQWHJUDWHG LQWR
RUFKHVWUDWLRQ V\VWHPV�
, ZLOO WU\ WR LPSOHPHQW DQG PHDVXUH P\ VROXWLRQV RQ UHDO WHVWEHGV ZLWK QHZ KDUGZDUH SURYLGHG E\ WKH
UHVHDUFK JURXS� DOVR LQ FROODERUDWLRQV ZLWK FRPSDQLHV LQYROYHG LQ WKH 6SRNH � � 3155 3( �� SURMHFW�
DQG 1RNLD %HOO /DEV�
&DVH VWXGLHV ZLOO PDLQO\ IRFXV RQ ,QGXVWU\ ��� ZLWK URERWLF DUPV DQG HPEHGGHG ERDUGV� EXW ZLOO
QRQHWKHOHVV UHJDUG �* DQG EH\RQG QHWZRUNLQJ LPSOHPHQWDWLRQV IRU HGJH FORXG VFHQDULRV� ZLWK
RUFKHVWUDWHG FRQWURO DQG YLUWXDO QHWZRUN IXQFWLRQV�
,Q GHWDLO� WKH DLP LV WR PHDVXUH WKH JDLQ DQG DEVROXWH PHWULFV LQ WHUPV RI WLPLQJ SUHGLFWDELOLW\� DQG
IDXOW�WROHUDQFH WR HUURUV WKURXJK ZHOO�NQRZQ GHSHQGDELOLW\ PHWULFV�

, DP ILQLVKLQJ P\ UHVHDUFK SHULRG UHJDUGLQJ IDXOW WROHUDQFH RI RUFKHVWUDWLRQ V\VWHPV DW 8,8& �,/�86$�
RQ 'HFHPEHU ����� DQG QR RWKHU UHVHDUFK SHULRG LV LQ SODQ \HW�
, ZLOO KDYH WXWRUVKLS GXWLHV IRU WKH EDFKHORU FRXUVH RI 2SHUDWLQJߨ 6\VWHPVߩ ZKHQ , ZLOO EH EDFN RQ VLWH�

7KH WKHVLV ZLOO GLVFXVV DERXW DGYDQWDJHV DQG QHZ LVVXHV LQWURGXFHG E\ RUFKHVWUDWLRQ V\VWHPV LQ PLVVLRQ
FULWLFDO HQYLURQPHQWV� 7KH WKHVLV ZLOO FRQWDLQ DQ RYHUYLHZ RI IXQFWLRQDO DQG QRQ�IXQFWLRQDO
FKDUDFWHULVWLFV RI WKH VWDWH RI WKH SUDFWLFH RUFKHVWUDWLRQ V\VWHPV� KLJKOLJKWLQJ WKH GUDZEDFNV IRU WKH
DSSOLFDWLRQ LQ PLVVLRQ�FULWLFDO HQYLURQPHQWV� /DWHU GHVLJQ VROXWLRQV ZLOO EH SURYLGHG� DQG PHDVXUHV
UHJDUGLQJ WKHLU LPSOHPHQWDWLRQ LQ WHUPV RI GHSHQGDELOLW\ PHWULFV�
%DVHG RQ WKH UHVXOWV� , ZLOO WU\ WR VWDWH LI RUFKHVWUDWLRQ V\VWHPV FDQ EH SUDFWLFDOO\ XVHG LQ FULWLFDO
HQYLURQPHQWV� LI WKHUH LV DQ\ VFRSH IRU LPSURYHPHQW� DQG SRVVLEOH IXWXUH GLUHFWLRQV LQ FDVH RI XQVROYHG
LVVXHV�


