
&217$&7

4UBOEBSE�1FSGPSNBODF�&WBMVBUJPO�$PSQPSBUJPO�	41&$

�����)FSJUBHF�7JMMBHF�1MB[B�4VJUF����
(BJOFTWJMMF�7"�������64"

63(&�5HVHDUFK�*URXS
$IBJS��4BNVFM�,PVOFW�	LPVOFW!LJU�FEV

8FC��IUUQ���SFTFBSDI�TQFD�PSH

�

&217(176�2)�7+,6�,668(
�� 63(&�5HVHDUFK�*URXS�2IILFHUV
�� 63(&�5HVHDUFK�:RUNLQJ�*URXSV
�� :HOFRPH�WR�WKH�63(&�5HVHDUFK�*URXS�1HZVOHWWHU
�� 63(&�5HVHDUFK�*URXS�0LVVLRQ�6WDWHPHQW
�� 63(&�$QQRXQFHPHQWV
�� :LQQHU� RI� WKH� 63(&� 'LVWLQJXLVKHG� 'LVVHUWDWLRQ�

$ZDUG�����
�� &DOO�IRU�1RPLQDWLRQV�� 63(&� 'LVWLQJXLVKHG� 'LV�

VHUWDWLRQ�$ZDUG�����
�� ),1&R6��$�IUDPHZRUN�IRU�3HUIRUPDQFH�(YDOXDWLRQ�

RI�(YHQW�3URFHVVLQJ�6\VWHPV
�� 'L6/��$�'RPDLQ�6SHFLILF�/DQJXDJH�IRU�,QVWUXPHQ�

WDWLRQ�%DVHG� '\QDPLF� 3URJUDP�$QDO\VLV� RQ� WKH�
-DYD�3ODWIRUP

�� 5HSRUW� RI� WKH� 63(&� 5*� ,'6� %HQFKPDUNLQJ�
:RUNLQJ�*URXS

�� $QQXDO�5HSRUW�RI�WKH�&ORXG�:RUNLQJ�*URXS
�� 1HZ� 7HFKQLFDO� 5HSRUW� LQ� 5*� &ORXG� :RUNLQJ�

*URXS��&ORXG�8VDJH�3DWWHUQV
��� 5HSRUW� IURP�WKH�)RXUWK�$&0�63(&�,QWHUQDWLRQDO�

&RQIHUHQFH� RQ� 3HUIRUPDQFH� (QJLQHHULQJ� �,&3(�
������DQG�&ROORFDWHG�(YHQWV

��� ,&3(�������%HVW�3DSHU�$ZDUGV
��� 6KRUW�5HSRUWV�IURP�63(&�)DFH�WR�)DFH�0HHWLQJV
��� 63(&WDFXODU�$ZDUGV� IRU�2XWVWDQGLQJ�6HUYLFH� WR�

63(&�LQ�����
��� ,&3(�������$EVWUDFWV�RI�6HOHFWHG�3DSHUV
��� ,&3(�������&DOO�IRU�3DSHUV

&$//�)25�120,1$7,216�²�63(&�
',67,1*8,6+('�',66(57$7,21�$:$5'��
7KH�63(&�'LVWLQJXLVKHG�'LVVHUWDWLRQ�$ZDUG�DLPV�WR�

UHFRJQL]H�RXWVWDQGLQJ�GRFWRUDO�GLVVHUWDWLRQV�LQ�WKH�ILHOG�
RI� FRPSXWHU� EHQFKPDUNLQJ�� SHUIRUPDQFH� HYDOXDWLRQ��
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7KH� 63(&� 5HVHDUFK� *URXS� DQQRXQFHV� D� QHZ�
WHFKQLFDO�UHSRUW�RQ�D�WH[WXDO�DQG�JUDSKLFDO�IRUPDOLVP�IRU�
GHVFULELQJ�FRPPRQ�FORXG�XVDJH�VFHQDULRV��7KH�GRFX�
PHQW�LV�WDUJHWHG�DW�D�ZLGH�DXGLHQFH�ZLWK�SRVVLELOLWLHV�RI�
DSSOLFDWLRQ�LQ�YDULRXV�DUHDV�RI�&ORXG�FRPSXWLQJ�SURYLG�
LQJ�D�FRPPRQ�UHIHUHQFH�IRU�XVDJH�VFHQDULRV�

3FBE�NPSF�PO�QBHF��

7+(�¶%(67�3$3(5·�$:$5'6�)520�7+(�
,&3(������&21)(5(1&(

$W� WKH� ����� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ�
3HUIRUPDQFH� (QJLQHHULQJ� �,&3(� ������ LQ� 3UDJXH��
&]HFK� 5HSXEOLF�� ILYH� RXWVWDQGLQJ� SDSHUV� ZHUH� GLV�
WLQJXLVKHG� E\� WKH� 3URJUDP� DQG� $ZDUGV� &KDLUV�� 7KH�
DZDUGV�ZHUH�SUHVHQWHG�LQ�WZR�GLIIHUHQW�FDWHJRULHV��%HVW�
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7KH� 63(&� 5HVHDUFK� 5HSRVLWRU\� RI� SHHU�UHYLHZHG�
WRROV� IRU� TXDQWLWDWLYH� V\VWHP� HYDOXDWLRQ� DQG� DQDO\VLV�
LQFOXGHV�WZR�QHZ�WRROV��'L6/�DQG�),1&R6�

3FBE�NPSF�PO�QBHF��

�

63(&�5HVHDUFK60�*URXS�1HZVOHWWHU

�7PMVNF���*TTVF���
+VOF�����

℠
Research



41&$� UIF� 41&$� MPHP� BOE� UIF� OBNFT� 41&$KCC� 41&$K"QQ4FSWFS�
41&$QPXFS@TTK� 41&$WJSU@TD� 41&$XFC�4&35� BOE�41&$�15%BFNPO�
BSF� USBEFNBSLT� PG� UIF� 4UBOEBSE� 1FSGPSNBODF� &WBMVBUJPO� $PSQPSBUJPO��
5IF� 41&$�3FTFBSDI� -PHP� BOE� UIF� OBNF�41&$�3FTFBSDI� BSF� TFSWJDF�
NBSLT�PG�41&$��"EEJUJPOBM�DPNQBOZ�QSPEVDU�BOE�TFSWJDF�OBNFT�NFO�
UJPOFE�IFSFJO�NBZ�CF�UIF�USBEFNBSLT�PS�TFSWJDF�NBSLT�PG�UIFJS�SFTQFDUJWF�
PXOFST�� $PQZSJHIU� ª� ���������� 4UBOEBSE� 1FSGPSNBODF� &WBMVBUJPO�
$PSQPSBUJPO�	41&$
��3FQSJOUFE�XJUI�QFSNJTTJPO��"MM�SJHIUT�SFTFSWFE��

�

63(&�5(6($5&+�*5283�2)),&(56
&KDLU��
6DPXHO�.RXQHY��,BSMTSVIF�*OTUJUVUF�PG�5FDIOPMPHZ�
	,*5
�(FSNBOZ�LPVOFW!LJU�FEV
9LFH�FKDLU��
.DL�6DFKV�4"1�"(�(FSNBOZ
6HFUHWDU\��
.ODXV�'LHWHU�/DQJH�)1�64"
5HOHDVH�0DQDJHU��
4DLV�1RRUVKDPV�,*5�(FSNBOZ
6WHHULQJ�FRPPLWWHH��
-��1HOVRQ�$PDUDO�6OJWFSTJUZ�PG�"MCFSUB�$BOBEB
$OH[DQGUX�,RVXS�56�%FMGU�/FUIFSMBOET
/L]\�-RKQ�6OJWFSTJUZ�PG�5FYBT�BU�"VTUJO�64"
6DPXHO�.RXQHY�,*5�(FSNBOZ
.ODXV�'LHWHU�/DQJH�)1�64"
0DWWKLDV�0�OOHU�385)�"BDIFO�(FSNBOZ
0HLNHO�3RHVV�0SBDMF�$PSQPSBUJPO�64"
.DL�6DFKV�4"1�"(�(FSNBOZ
6HHWKDUDPL�5��6HHODP�*#.�5+�8BUTPO�3FTFBSDI�
$FOUFS�64"
3HWU�7śPD�$IBSMFT�6OJWFSTJUZ�PG�1SBHVF�$[FDI�
3FQVCMJD
1HZVOHWWHU�(GLWRU�
3LRWU�5\JLHOVNL�,*5�(FSNBOZ

63(&�5(6($5&+�:25.,1*�*52836

&ORXG�:RUNLQJ�*URXS
&KDLU��
$OH[DQGUX�,RVXS�56�%FMGU�/FUIFSMBOET
9LFH�&KDLU��
(ULFK�1DKXP�*#.�5+�8BUTPO�3FTFBSDI�$FOUFS�64"
6HFUHWDU\��
$OHNVDQGDU�0LOHQNRVNL�,*5�(FSNBOZ
5HOHDVH�0DQDJHU��
1LNRODV�+HUEVW�,*5�(FSNBOZ
IUUQ���SFTFBSDI�TQFD�PSH�XPSLJOH�HSPVQT�SH�DMPVE�XPSLJOH�HSPVQ�IUNM

,'6�%HQFKPDUNLQJ�:RUNLQJ�*URXS
&KDLU��
0DUFR�9LHLUD�6OJWFSTJUZ�PG�$PJNCSB�1PSUVHBM
9LFH�&KDLU��
$OEHUWR�$YULW]HU�4JFNFOT�$PSQPSBUF�3FTFBSDI�64"
6HFUHWDU\��
$OHNVDQGDU�0LOHQNRVNL�,*5�(FSNBOZ
5HOHDVH�0DQDJHU��
$OHNVDQGDU�0LOHQNRVNL�,*5�(FSNBOZ
IUUQ���SFTFBSDI�TQFD�PSH�XPSLJOH�HSPVQT�JET�CFODINBSLJOH�XPSLJOH�HSPVQ�IUNM�

:(/&20(�72�7+(�63(&�5(6($5&+�
*5283�1(:6/(77(5

:H� DUH� GHOLJKWHG� WR� SUHVHQW� WR� \RX� WKH� �QG� LV�
VXH� RI� WKH� 63(&� 5HVHDUFK� *URXS� 1HZVOHWWHU�� 7KLV�
UHJXODU� SXEOLFDWLRQ� SURYLGHV� LQIRUPDWLRQ� RQ� ODWHVW� GH�
YHORSPHQWV�� QHZV� DQG� DQQRXQFHPHQWV� UHOHYDQW� WR�
WKH� EHQFKPDUNLQJ� DQG� TXDQWLWDWLYH� V\VWHP� HYDOXD�
WLRQ� FRPPXQLWLHV�� 2XU� QHZVOHWWHU� LV� SDUW� RI� RXU� PLV�
VLRQ� WR� IRVWHU� WKH� H[FKDQJH� RI� NQRZOHGJH� DQG� H[�
SHULHQFHV� EHWZHHQ� LQGXVWU\� DQG� DFDGHPLD� LQ� WKH�
ILHOG� RI� TXDQWLWDWLYH� V\VWHP� HYDOXDWLRQ� DQG� DQDO\VLV�

7KH�SDVW�VL[�PRQWKV�KDYH�EHHQ�YHU\�LQWHQVH�DQG�H[�
FLWLQJ�IRU�WKH�63(&�5*��6RPH�RI�WKH�PDMRU�DFWLYLWLHV�DQG�
PLOHVWRQHV�UHDFKHG� LQFOXGH�� ODXQFKLQJ�RI�D�QHZ�ZRUN�
LQJ�JURXS�RQ�LQWUXVLRQ�GHWHFWLRQ�V\VWHPV��,'6���SXEOLVK�
LQJ�WKH�ILUVW�RIILFLDO�5*�WHFKQLFDO�UHSRUW�RQ�FORXG�XVDJH�
SDWWHUQV²D� WH[WXDO� DQG� YLVXDO� IRUPDOLVP� IRU� GHVFULELQJ�
FRPPRQ� FORXG� XVDJH� VFHQDULRV�� HVWDEOLVKLQJ� D� ORQJ�
WLPH� FRRSHUDWLRQ� EHWZHHQ�$&0� DQG� 63(&� IRU� IXWXUH�
,&3(�FRQIHUHQFHV��DQG�ILQDOL]LQJ�WKH�,&3(�FRQVWLWXWLRQ��
,Q�DGGLWLRQ��ZH�KDG�D�YHU\�VXFFHVVIXO�,&3(������FRQIHU�
HQFH� DQG�+RW7RSL&6� �����ZRUNVKRS��ZKLFK� DWWUDFWHG�
PRUH�WKDQ�����DWWHQGHHV�IURP�LQGXVWU\�DQG�DFDGHPLD��

7KH� 63(&� 'LVWLQJXLVKHG� 'LVVHUWDWLRQ� $ZDUG�
����� DWWUDFWHG� DJDLQ� PDQ\� KLJK�TXDOLW\� QRPLQDWLRQV�
PDNLQJ� WKH� VHOHFWLRQ� RI� WKH� ZLQQHU� YHU\� FKDOOHQJ�
LQJ�� 7KH� ZLQQHU� RI� WKLV� \HDUV·� DZDUG� LV� 'U�� 6KLFRQJ�
0HQJ� IURP� *HRUJLD� 7HFK� IRU� KLV� WKHVLV� ´0RQLWRULQJ�
DV�D�6HUYLFH� LQ� WKH� &ORXGµ� VXSHUYLVHG� E\� 3URI�� /LQJ�
/LX� IURP� WKH� *HRUJLD� ,QVWLWXWH� RI� 7HFKQRORJ\���

:H�ZRXOG�OLNH�WR�XVH�WKLV�RSSRUWXQLW\�WR�ZHOFRPH�RXU�
QHZ�PHPEHUV��0,7�/LQFROQ�/DEV��+DVVR�3ODWWQHU�,QVWLWXWH��
8QLYHUVLW\�RI�1RUWK�)ORULGD��DQG�8QLYHUVLW\�RI�6WXWWJDUW���

,Q� WKLV�QHZVOHWWHU�\RX�ZLOO� ILQG�PDQ\� LQWHUHVWLQJ�DU�
WLFOHV� WKDW� GHVFULEH� DFKLHYHPHQWV� DQG� PDMRU� HYHQWV�
IURP�WKH�ODVW�VHYHQ�PRQWKV�RI�63(&�5*·V�DFWLYLW\��:H�
ZDQW� WR� KLJKOLJKW� VHYHUDO� DUWLFOHV� WKDW�PD\� EH� RI� VSH�
FLDO�LQWHUHVW�WR�WKH�UHDGHU��:LWKLQ�WKH�63(&�$QQRXQFH�
PHQWV� \RX� FDQ� ILQG� WKH� FDOO� IRU� QHZ�PHPEHUV� RI� WKH�
&ORXG�:RUNLQJ� *URXS��:H� DOVR� LQYLWH� QRPLQDWLRQV� WR�
WKH�63(&�'LVWLQJXLVKHG�'LVVHUWDWLRQ�$ZDUG��:H�SUHV�
HQW� WZR� QHZ� WRROV� WKDW� ZHUH� DFFHSWHG� IRU� WKH� 3HHU�
UHYLHZHG� 7RROV� 5HSRVLWRU\�� 5HSRUWV� IURP� DFWLYLWLHV� RI�
RXU�ZRUNLQJ�JURXSV�ZLOO�JLYH�WKH�LQVLJKW� LQWR�RXU�DFWLYH�
FRPPLWPHQW� LQ� WKH�&ORXG�DQG� ,'6� UHVHDUFK�GRPDLQV��
2XU�ILUVW�WHFKQLFDO�UHSRUW�RQ�´&ORXG�8VDJH�3DWWHUQVµ�LV�
KLJKO\�UHOHYDQW�WR�WKH�&ORXG�&RPSXWLQJ�FRPPXQLW\��:H�
FORVH�WKH�LVVXH�ZLWK�UHSRUWV�IURP�,&3(�������WKH�DQQXDO�
63(&�PHHWLQJV�DQG�WKH�FDOO�IRU�SDSHUV�IRU�,&3(�����

:H� KRSH� WKDW� \RX� ZLOO� HQMR\� UHDGLQJ� WKLV� LV�
VXH� DQG� ZHOFRPH� DQG� HQFRXUDJH� \RXU� FRQWULEX�
WLRQV� IRU�DUWLFOHV�DQG�VXJJHVWLRQV� IRU� IXWXUH� FRYHUDJH�

4BNVFM�,PVOFW�	,*5
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7KH� 63(&� 5HVHDUFK� *URXS� �5*�� LV� RQH� RI� WKH�
IRXU� JURXSV� RI� WKH� 6WDQGDUG� 3HUIRUPDQFH� (YDOXD�
WLRQ� &RUSRUDWLRQ� �63(&��� ,WV� PLVVLRQ� LV� WR� SURPRWH�
LQQRYDWLYH� UHVHDUFK� LQ� WKH� DUHD� RI� TXDQWLWDWLYH� V\V�
WHP�HYDOXDWLRQ� DQG� DQDO\VLV� E\� VHUYLQJ� DV� D� SODWIRUP�
IRU� FROODERUDWLYH� UHVHDUFK� HIIRUWV� IRVWHULQJ� WKH� LQWHU�
DFWLRQ� EHWZHHQ� LQGXVWU\� DQG� DFDGHPLD� LQ� WKH� ILHOG�

7KH� VFRSH�RI� WKH� JURXS� LQFOXGHV� FRPSXWHU� EHQFK�
PDUNLQJ�� SHUIRUPDQFH� HYDOXDWLRQ�� DQG� H[SHULPHQWDO�
V\VWHP�DQDO\VLV�FRQVLGHULQJ�ERWK�FODVVLFDO�SHUIRUPDQFH�
PHWULFV�VXFK�DV� UHVSRQVH� WLPH�� WKURXJKSXW��VFDODELOLW\�
DQG�HIILFLHQF\��DV�ZHOO� DV�RWKHU�QRQ�IXQFWLRQDO� V\VWHP�
SURSHUWLHV� LQFOXGHG�XQGHU� WKH� WHUP�GHSHQGDELOLW\��H�J���
DYDLODELOLW\�� UHOLDELOLW\�� DQG� VHFXULW\�� 7KH� FRQGXFWHG� UH�
VHDUFK� HIIRUWV� VSDQ� WKH� GHVLJQ� RI� PHWULFV� IRU� V\VWHP�
HYDOXDWLRQ� DV�ZHOO� DV� WKH� GHYHORSPHQW� RI�PHWKRGROR�
JLHV��WHFKQLTXHV�DQG�WRROV�IRU�PHDVXUHPHQW��ORDG�WHVW�
LQJ�� SURILOLQJ�� ZRUNORDG� FKDUDFWHUL]DWLRQ�� GHSHQGDELO�
LW\� DQG� HIILFLHQF\� HYDOXDWLRQ� RI� FRPSXWLQJ� V\VWHPV��

4BNVFM�,PVOFW�	,*5
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63(&�5*�&ORXG�:*�LV�/RRNLQJ�IRU�1HZ�0HPEHUV
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,I�\RX�ZRUN�LQ�FORXG�FRPSXWLQJ�DQG�KDYH�DQ�LQWHUHVW�LQ�
SHUIRUPDQFH��\RX�DUH�ZHOFRPH�WR�MRLQ�WKH�&ORXG�:RUNLQJ�
*URXS�RI�WKH�63(&�5HVHDUFK�*URXS��:H�XQGHUVWDQG�SHU�
IRUPDQFH�LQ�D�EURDG�VHQVH��LQFOXGLQJ�FORXG�EHQFKPDUN�
LQJ��TXDQWLWDWLYH�HYDOXDWLRQ��DQG�H[SHULPHQWDO�DQDO\VLV��

%\� MRLQLQJ� WKH� &ORXG� :RUNLQJ� *URXS�� \RX� ZLOO� JHW�
DFFHVV� WR�D�GHGLFDWHG�JURXS�RI� LQGXVWU\�DQG�DFDGHP�
LF� H[SHUWV� ZLWK� ZKRP� \RX� FDQ� HQJDJH� LQ� PHDQLQJ�
IXO� GLVFXVVLRQV� DERXW� KRZ� WKH� SHUIRUPDQFH� RI� FORXG�
EDVHG� V\VWHPV�FDQ�EH�PHDVXUHG�� \RX�ZLOO� EH�DEOH� WR�
MRLQ� WKH� 63(&� VWDQGDUGL]DWLRQ� SURFHVVHV�� DQG� \RX�
ZLOO� ILQG� D� QHZ� JURXS� RI� SRWHQWLDO� HPSOR\HHV� RU� SR�
WHQWLDO�SODFHV� WR�VHQG�\RXU�VWXGHQWV� WR�GR� LQWHUQVKLSV��

:LWKLQ�WKH�&ORXG�:RUNLQJ�*URXS��ZH�DUH�FRPPLWWHG�WR�
UDSLGO\�LQWHJUDWLQJ�RXU�QHZ�PHPEHUV��LQ�HLWKHU�RQJRLQJ�RU�
HPHUJLQJ�DFWLYLWLHV��LQ�SDUWLFLSDWRU\�RU�OHDGHUVKLS�UROHV��
:H�DOVR�NHHS�WKH�RYHUKHDG�ORZ��XQGHU�����RI�WKH�VFKHG�
XOHG�PHHWLQJ�WLPH���VR�WKDW�D�YDVW�PDMRULW\�RI�\RXU�DQG�
RXU�HIIRUWV�FDQ�EH�SXW�LQWR�PHDQLQJIXO�ZRUN�DQG�FRQWHQW�
IUUQ���SFTFBSDI�TQFD�PSH�XPSLJOH�HSPVQT�SH�DMPVE�XPSLJOH�HSPVQ�IUNM

"MFYBOESV�*PTVQ�	56�%FMGU


63(&�UHOHDVHV�6HUYHU�(IILFLHQF\��
5DWLQJ�7RRO��6(57�

.BSDI��������

2Q� )HEUXDU\� ��WK�� ����� 63(&� UHOHDVHG� WKH� ILUVW�
YHUVLRQ� RI� WKH� 6HUYHU� (IILFLHQF\� 5DWLQJ� 7RRO� �6(57���
'HYHORSHG� DW� WKH� UHTXHVW� RI� WKH� 86� (QYLURQPHQWDO�
3URWHFWLRQ� $JHQF\� �(3$�� WKH� 6(57� ZLOO� EH� XVHG� WR�

JHQHUDWH� SRZHU� HIILFLHQF\� GDWD� DV� LQSXW� WR� WKH� QHZO\�
ODXQFKHG�(1(5*<�67$5�IRU�&RPSXWHU�6HUYHUV�9HUVLRQ�
�� SURJUDP�� 7KH� 6(57� ZDV� GHYHORSHG� E\� WKH� VDPH�
WHDP� WKDW� SUHYLRXVO\� FUHDWHG� 63(&SRZHUBVVM������
ZKLFK�KDV�EHFRPH�WKH�LQGXVWU\�VWDQGDUG�IRU�PHDVXULQJ�
WKH�SRZHU�HIILFLHQF\�RI�VHUYHUV�

7KH�6(57�RIIHUV�VLJQLILFDQWO\�HQKDQFHG�HDVH�RI�XVH��
ZLWK� DXWRPDWHG� VRSKLVWLFDWHG� KDUGZDUH� FRQILJXUDWLRQ�
GLVFRYHU\��SRZHU�DQDO\]HU� UDQJH�VHWWLQJ�DQG�D�JUDSKL�
FDO�XVHU� LQWHUIDFH� WDUJHWLQJ�ERWK�QDwYH�DQG�H[SHUW�XV�
HUV��7KH�H[SHUW�PRGH�WDUJHWV�UHVHDUFKHUV�DQG�SURYLGHV�
FRQILJXUDWLRQ� IOH[LELOLW\� WKDW�RIIHUV� IXOO�FRQWURO�RYHU�KRZ�
LQGLYLGXDO� ZRUNORDGV� DUH� LQYRNHG� RU� FRPELQHG�� � 7KH�
ZRUNORDGV� LQFOXGHG� LQ� WKH� ILUVW� UHOHDVH� WHVW� LQGLYLGXDO�
VXEV\VWHPV��&38��PHPRU\�� VWRUDJH�� DQG�D� FRPELQHG�
ZRUNORDG�

,QLWLDO� XVH� RI� WKH� 6(57� LQ� WKH� (1(5*<� 67$5� IRU�
VHUYHUV� 9�� SURJUDP� ZLOO� SURYLGH� SRZHU� FRQVXPSWLRQ�
GDWD� WR� WKH�(3$��7KHVH�GDWD�ZLOO�DOVR�EH�XVHG�E\� WKH�
63(&SRZHU�&RPPLWWHH� WR� IXUWKHU�HQKDQFH� WKH�6(57��
DQG� VSHFLILFDOO\� ZLOO� EH� XVHG� WR� DLG� LQ� WKH� FUHDWLRQ� RI�
SRZHU�HIILFLHQF\�PHWULFV�IRU�VXEVHTXHQW�UHOHDVHV��7KH�
6(57� KDV� EHHQ� GHVLJQHG� WR� EH� KLJKO\� IOH[LEOH� DQG�
H[WHQVLEOH�� DQG� LWV� XVH� E\� WKH�(3$� LV� EHLQJ� UHYLHZHG�
IRU� SRWHQWLDO� XVH�E\� LQWHUQDWLRQDO� RUJDQL]DWLRQV�DFURVV�
WKH�ZRUOG��:LGHVSUHDG�DGRSWLRQ�RI�6(57�ZLOO�OHDG�WR�D�
PRUH�FRQVLVWHQW�DSSURDFK�WR�SRZHU�HIILFLHQF\�PHDVXUH�
PHQW�DFURVV�PDQ\�FXUUHQW�DQG�JURZLQJ�PDUNHWV�LQ�WKH�
QH[W�IHZ�\HDUV�

IUUQ���XXX�TQFD�PSH�TFSU�

)BOTGSJFE�#MPDL�4&35�3FMFBTF�.BOBHFS

63(&MEE�����5HOHDVHG
/PWFNCFS��������

63(&� DQQRXQFHV� WKH� UHOHDVH� RI� 63(&MEE������
GHYHORSHG�IURP�WKH�JURXQG�XS�WR�PHDVXUH�SHUIRUPDQFH�
EDVHG� RQ� WKH� ODWHVW� -DYD� DSSOLFDWLRQ� IHDWXUHV�� ,W� LV�
H[SHFWHG� WR� EH� XVHG�ZLGHO\� E\� DOO� WKRVH� LQWHUHVWHG� LQ�
-DYD� VHUYHU� SHUIRUPDQFH�� LQFOXGLQJ� -90� YHQGRUV��
KDUGZDUH� GHYHORSHUV�� -DYD� DSSOLFDWLRQ� GHYHORSHUV��
UHVHDUFKHUV�DQG�PHPEHUV�RI�WKH�DFDGHPLF�FRPPXQLW\��
1HZ�IHDWXUHV�LQFOXGH�VXSSRUW�IRU�PXOWLSOH�UXQ�FRQILJXUD�
WLRQV��H[HUFLVH�RI�QHZ�-DYD���IHDWXUHV��DQG�VXSSRUW�IRU�
YLUWXDOL]DWLRQ�DQG�FORXG�HQYLURQPHQWV�

IUUQ���XXX�TQFD�PSH�KCC�����

XXX�TQFD�PSH

63(&�37'DHPRQ�������(QKDQFHPHQW
.BSDI��������

0DUFK������VDZ�WKH�UHOHDVH�RI�37'DHPRQ�9�������
ZKLFK� LQFOXGHV� VHYHUDO� VLJQLILFDQW� FKDQJHV�� &ULWLFDO�
HQKDQFHPHQWV� RIIHU� LPSURYHG� VXSSRUW� IRU� VHYHUDO� DF�
FHSWHG� SRZHU� DQDO\]HUV�� WRJHWKHU� ZLWK� DGGHG� RSWLRQV�
IRU� QRQ�VWDQGDUG� EDXG� UDWHV� DQG� EHWWHU� KDQGOLQJ� RI�
SRZHU�DQDO\]HU�DXWR�]HUR�IXQFWLRQV���7HVWLQJ�KDV�UDLVHG�
FRQFHUQV� ZLWK� WKH� XVH� RI� VHULDO� FDEOHV� WKDW� GR� QRW�
KDYH�DOO�SLQV�FRQQHFWHG�OHDGLQJ�WR�IDLOXUHV�DQG�PLVVHG�
UHDGLQJV��JXLGDQFH�KDV�EHHQ�DGGHG�WR�WKH�3RZHU�DQG�



�

7HPSHUDWXUH� 0HDVXUHPHQW� 6HWXS� *XLGH� WR� HQDEOH�
EHWWHU� UHVXOWV� WR� EH� DFKLHYHG� DFURVV� WKH� IXOO� UDQJH� RI�
DFFHSWHG�GHYLFHV�

6XSSRUW� IRU� WKH�<RNRJDZD�:7���� SRZHU� DQDO\]HU�
DQG�WKH�L%XWWRQ/LQN�7�6HQVH�5��DQG�7�3UREH�WHPSHUD�
WXUH�VHQVRUV��ZLWK� WKH�/LQN86%L���ZLUH�86%�LQWHUIDFH��
KDYH� DOVR� EHHQ� DGGHG��7KUHH�SKDVH� SRZHU�PHDVXUH�
PHQW� LV�QRZ�IXOO\�VXSSRUWHG��ZLWK�DSSURSULDWHO\�FRQILJ�
XUHG� DQG� FDSDEOH� SRZHU� DQDO\]HUV�� IRU� EHQFKPDUNV�
WKDW�VXSSRUW�WKUHH�SKDVH�PHDVXUHPHQWV�

7KLV� UHOHDVH� DOVR� LQFOXGHV� WKH� ILUVW� VHW� RI� FKDQJHV�
WR�SURYLGH�IXWXUH�'LUHFW�&XUUHQW�PHDVXUHPHQW�VXSSRUW��
7KHVH�FKDQJHV�DUH�VWLOO�D�ZRUN�LQ�SURJUHVV��7KHUHIRUH��
WKH�DSSURSULDWH�$3,V�KDYH�EHHQ�FKDQJHG��IRU�'&�RQO\��
WR� HQVXUH� WKDW� 37'DHPRQ� XVHUV� FDQQRW� LQDGYHUWHQWO\�
XVH�'&�IRU�EHQFKPDUN�UHVXOWV��

IUUQ���XXX�TQFD�PSH�QPXFS�EPDT�41&$QPXFS�%FWJDF@-JTU�IUNM

(SFH�%BSOFMM�41&$�15%BFNPO�3FMFBTF�.BOBHFS

63(&�5HPHPEHUV�$ODQ�$GDPVRQ
/PWFNCFS��������

7KH� FRPSXWHU�SHUIRUPDQFH� EHQFKPDUNLQJ� FRPPX�
QLW\�PRXUQV�WKH�ORVV�RI�$ODQ�$GDPVRQ��D�PHPEHU�RI�WKH�
6WDQGDUG�3HUIRUPDQFH�(YDOXDWLRQ�&RUSRUDWLRQ��63(&��
%RDUG�RI�'LUHFWRUV��$ODQ�GLHG� LQ�KLV�VOHHS� WKH�QLJKW�RI�
2FWREHU����������

$ODQ�$GDPVRQ�FDPH�WR�63(&�DV�DQ�,%0�UHSUHVHQ�
WDWLYH� VSHFLDOL]LQJ� LQ� FRPSLOHU� DQG� -DYD� SHUIRUPDQFH��
:LWKLQ�D�VKRUW�SHULRG�RI�WLPH��KH�EHFDPH�YLWDOO\�LQYROYHG�
LQ�DOPRVW�HYHU\�DVSHFW�RI�63(&�ZRUN��$IWHU�KLV� UHWLUH�
PHQW�IURP�,%0�LQ�������KH�FRQWLQXHG�WR�ZRUN�XQSDLG�IRU�
D�ZLGH�UDQJH�RI�63(&�DFWLYLWLHV�

$ODQ�VHUYHG�DV�FKDLU�RI�WKH�-DYD�DQG�26*�6WHHULQJ�
&RPPLWWHHV��+H�KHOSHG�HVWDEOLVK��DQG�GLG�PXFK�RI�WKH�
KDUG� ZRUN� WR� FUHDWH�� WKH� 63(&�5HVHDUFK�*URXS� DQG�
WKH�,&3(�VHULHV�RI�MRLQW�FRQIHUHQFHV�ZLWK�$&0�

$W� WKH� WLPH� RI� KLV� GHDWK�� KH� VHUYHG� DV� WKH� 63(&�
%RDUG·V� LQVSHFWRU� RI� HOHFWLRQV�� RUJDQL]LQJ� WKH� HOHF�
WLRQ� SURFHVV� IRU� WKH� ����� 63(&� DQQXDO� PHHWLQJ�� +H�
ZDV� DOVR� D� VXSSRUWLQJ� FRQWULEXWRU� WR� WKH�26*�3RZHU�
&RPPLWWHH�

$ODQ�ZDV� WKH� FORVHVW� WKLQJ� WR� 63(&·V� RIILFLDO� SKR�
WRJUDSKHU��DQG�D�ZLVH�DGYLVHU�IRU�WHFKQLFDO��SURFHGXUDO�
DQG�PRUDO� LVVXHV��63(&� UHSUHVHQWDWLYHV� IURP�DURXQG�
WKH�ZRUOG�ZLOO�PLVV�KLP�DV�D� IULHQG�DQG�FROOHDJXH��+H�
LV� VXUYLYHG� E\� KLV�ZLIH�0HOLWWD�� KLV�PRWKHU�� DQG�PDQ\�
VLEOLQJV��QHSKHZV��QLHFHV�DQG�FRXVLQV�

IUUQ���XXX�TQFD�PSH�TQFD�NFNPSJFT�BMBO�BMBOBEBNTPO�IUNM

XXX�TQFD�PSH

(OHFWLRQV�RI�5HVHDUFK�*URXS·V��
6WHHULQJ�&RPPLWWHH�DQG�2IILFHUV

"QSJM��������

,Q� $SULO� ������ WKH� PHPEHUV� RI� 63(&� 5HVHDUFK�
*URXS� YRWHG� WR� HOHFW� WKH�6WHHULQJ�&RPPLWWHH� DQG� RI�
ILFHUV� RI� 63(&� 5HVHDUFK�� 7KH� IROORZLQJ� LQGLYLGXDOV�
KDYH�EHHQ�HOHFWHG�WR�WKH�63(&�5HVHDUFK�*URXS�6WHHU�
LQJ� &RPPLWWHH� WR� VHUYH� XQWLO� ������ -�� 1HOVRQ�$PDUDO�

�8QLYHUVLW\� RI� $OEHUWD��� $OH[DQGUX� ,RVXS� �78� 'HOIW���
/L]\� -RKQ� �8QLYHUVLW\� RI� 7H[DV�� $XVWLQ��� .ODXV�'LHWHU�
/DQJH� �+3��� 0DWWKLDV� 0�OOHU� �5:7+�$DFKHQ� 8QLYHU�
VLW\���$GGLWLRQDOO\�� IRU� WZR�\HDU� FDGHQFH�� WKH� IROORZLQJ��
LQGLYLGXDOV� ZHUH� HOHFWHG� WR� VHUYH� XQWLO� ������ 6DPXHO�
.RXQHY��.,7���0HLNHO�3RHVV��2UDFOH���.DL�6DFKV��6$3�
$*��� 6HHWKDUDPL� 6HHODP� �,%0� 7-� :DWVRQ� 5HVHDUFK�
&HQWHU��� DQG� 3HWU� 7XPD� �&KDUOHV� 8QLYHUVLW\� 3UDJXH���

7KH� VWHHULQJ� FRPPLWWHH� HOHFWHG� WKH� IROORZLQJ�
5*� 2IILFHUV�� &KDLU�� 6DPXHO� .RXQHY� �.,7��� 9LFH�
&KDLU�� .DL� 6DFKV� �6$3�$*��� 6HFUHWDU\�� .ODXV� /DQJH�
�+3��� 5HOHDVH� 0DQDJHU�� 4DLV� 1RRUVKDPV� �.,7����

1JPUS�3ZHJFMTLJ�	,*5
�%BWJE�4DINJEU�	)1


63(&�5HOHDVHV�1HZ�6HUYHU��
9LUWXDOL]DWLRQ�%HQFKPDUN�

.BZ��������

7KH� 6WDQGDUG� 3HUIRUPDQFH� (YDOXDWLRQ� &RUS��
�63(&�� KDV� UHOHDVHG� D� QHZ� YHUVLRQ� RI� LWV� 63(&YLUW�
EHQFKPDUN�WKDW�UHIOHFWV�WKH�KHDY\�YROXPH�DQG�VXGGHQ�
SHDNV� RI� WUDIILF� IDFHG� E\� GDWDFHQWHU� VHUYHUV� XVHG� IRU�
YLUWXDOL]HG�VHUYHU�FRQVROLGDWLRQ�

7KH� QHZ� 63(&YLUWBVF����� XVHV� UHDO�ZRUOG�
ZRUNORDGV� DQG� 63(&·V� SURYHQ� SHUIRUPDQFH�� DQG�
SRZHU�PHDVXUHPHQW�PHWKRGRORJLHV�WR�HQDEOH�YHQGRUV��
XVHUV�DQG�UHVHDUFKHUV�WR�FRPSDUH�V\VWHP�SHUIRUPDQFH�
DFURVV�PXOWLSOH�KDUGZDUH��YLUWXDOL]DWLRQ�SODWIRUPV��DQG�
DSSOLFDWLRQV��,W�ZDV�GHYHORSHG�E\�WKH�63(&�YLUWXDOL]D�
WLRQ� VXEFRPPLWWHH�� ZKRVH� PHPEHUV� DQG� FRQWULEXWRUV�
LQFOXGH�+3��,%0��,QWHO��2UDFOH��5HG�+DW��DQG�90ZDUH�

´2UJDQL]DWLRQV� DURXQG� WKH� ZRUOG� DUH� YLUWXDOL]LQJ�
VHUYHUV� WR� KDQGOH� VLJQLILFDQWO\� KHDYLHU� DQG� PRUH�
G\QDPLF� WUDIILF�µ�VD\V�3DXOD�6PLWK��FKDLU�RI� WKH�63(&�
YLUWXDOL]DWLRQ� VXEFRPPLWWHH�� ´:H� DUH� UHVSRQGLQJ� ZLWK�
ZRUNORDGV�WKDW�PRGHO�VLPLODU�EHKDYLRU��UHTXLULQJ�YLUWXDO�
PDFKLQHV�ZLWK�PRUH�PHPRU\�DQG�YLUWXDO�&38V�WR�PHHW�
WKH�EHQFKPDUN·V�TXDOLW\�RI�VHUYLFH�UHTXLUHPHQWV�µ

63(&YLUWBVF����� SURYLGHV� IRXU� ZRUNORDGV� EDVHG�
RQ�UHDO�ZRUOG�WUDIILF�IDFHG�E\�D�ZHE�VHUYHU��D�-DYD�DS�
SOLFDWLRQ�VHUYHU��DQ�,0$3�VHUYHU�DQG�D�EDWFK�VHUYHU��$�
KDUQHVV�RQ� WKH�FOLHQW�VLGH�FRQWUROV� WKH�ZRUNORDGV�DQG�
LPSOHPHQWV�WKH�PHWKRGRORJLHV�IRU�SRZHU�PHDVXUHPHQW�
GHULYHG�IURP�WKH�63(&SRZHUBVVM�����EHQFKPDUN�

7KH�QHZ�63(&YLUW�EHQFKPDUN�EHWWHU�UHSOLFDWHV�WKH�
W\SH�RI�PXOWL�WLHUHG�DSSOLFDWLRQV�DQG�GDWDEDVH�HQYLURQ�
PHQWV� WKDW� UXQ�RQ�HQWHUSULVH�FODVV�YLUWXDOL]HG�VHUYHUV��
(DFK� YLUWXDOL]HG� GDWDEDVH� VHUYHU� LQ�63(&YLUWBVF�����
LV�VKDUHG�E\�DV�PDQ\�DV�IRXU�DSSOLFDWLRQ�VHUYHU�YLUWXDO�
PDFKLQHV�

63(&YLUWBVF����� VKDUHV� WKH� JHQHUDO� EHQFKPDUN�
DUFKLWHFWXUH� ZLWK� 63(&YLUWBVF������ LQFOXGLQJ� WKH�
EHQFKPDUN�KDUQHVV�DQG�PRVW�RI� WKH�DSSOLFDWLRQ�ZRUN�
ORDGV�DQG�90�W\SHV��+RZHYHU��VLQFH�63(&YLUWBVF�����
ZDV� GHYHORSHG�� PDQ\� FRPSDQLHV� DUH� YLUWXDOL]LQJ�
VLJQLILFDQWO\� KHDYLHU� ZRUNORDGV� WKDQ� WKRVH� LQ� WKH� ILUVW�
JHQHUDWLRQ� EHQFKPDUN�� ,Q� 63(&YLUWBVF������ ZH� DUH�
SURYLGLQJ� KHDYLHU� DQG�PRUH� EXUVW\�ZRUNORDGV� WKDW� UH�
TXLUH�YLUWXDO�PDFKLQHV�ZLWK�PRUH�PHPRU\�DQG�Y&38V�
DQG� IXUWKHU� VWUHVV� WKH� V\VWHP·V� DELOLW\� WR� PHHW� WKH�
EHQFKPDUN·V� TXDOLW\�RI�VHUYLFH� UHTXLUHPHQWV�� 7KH� OLVW�
EHORZ�VXPPDUL]HV�VRPH�RI�WKH�NH\�FKDQJHV�PDGH�IRU�
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63(&YLUWBVF�����
�� 7KH� -�((� $SSOLFDWLRQ� ZRUNORDG� EDVHG� RQ�

63(&M$SS6HUYHU����� KDV� EHHQ� PRGLILHG� WR�
IXUWKHU� LQFUHDVH� WKH�EXUVWLQHVV�RI� WKH�ZRUNORDG�
VR�WKDW�WKH�LQMHFWLRQ�UDWH�DYHUDJHV�����,5�YV����
,5�LQ�63(&YLUWBVF�����

�� 7KH�'DWDEDVH�6HUYHU�90�LV�QRZ�VKDUHG�E\�XS�
WR�IRXU�$SSVHUYHU�90V��IHZHU�LI�QXPEHU�RI�WLOHV�
LV�QRW�D�PXOWLSOH�RI�IRXU��WR�HQVXUH�WKDW�WKHUH�LV�D�
90�UHTXLULQJ�PXOWLSOH�Y&38V��603���

�� 7KH�:HE�6HUYHU�ZRUNORDG�EDVHG�RQ�WKH�6XSSRUW�
ZRUNORDG� LQ�63(&ZHE�����KDV�EHHQ�PRGLILHG�
WR� UHTXLUH� 66/� �+7736�� EHWZHHQ� WKH� FOLHQWV�
DQG� WKH� ZHE� VHUYHU�� DQG� WKH� ORDG� OHYHO� KDV�
EHHQ�LQFUHDVHG�WR������6LPXOWDQHRXV�6HVVLRQV��
�ZDV������

�� 7KH� 0DLO�6HUYHU� ZRUNORDG�� EDVHG� RQ�
63(&PDLO������KDV�EHHQ�PRGLILHG�WR�SUHVHQW�D�
EXUVW\�ZRUNORDG�E\� LQFUHDVLQJ� WKH� YDULDELOLW\� RI�
WKH�WKLQN�WLPHV�LQ�WKH�EHQFKPDUN�

�� 7KH� ,GOH�6HUYHU� LQ�63(&YLUWBVF�����KDV�EHHQ�
UHSODFHG� E\� WKH� %DWFK� 6HUYHU� WKDW� SHULRGL�
FDOO\�UXQV�D�VHW�RI�MREV�WKDW�XWLOL]H�WKH�����E]LS��
EHQFKPDUN�DQG�KDUQHVV�IURP�63(&�&38������
7KLV�UHSODFHPHQW�DOORZV�WKH�MREV�WR�EH�SDUDOOHO�
L]HG�EDVHG�RQ�WKH�QXPEHU�RI�Y&38V�LQ�WKH�EDWFK�
VHUYHU�90��/LNH�WKH�LGOH�VHUYHU��WKLV�ZRUNORDG�LV�
QRW� VFRUHG� EXW� PXVW� PHHW� 4R6� UHTXLUHPHQWV�
IRU�FRPSOHWLQJ�HDFK�VHW�RI�EDWFK�MREV�ZLWKLQ�VHW�
OLPLWV�DV�ZHOO�DV�IRU�EHLQJ�UHVSRQVLYH�WR�SHULRGLF�
FOLHQW�SROOLQJ�

0RUH� LQIRUPDWLRQ�DQG� LQLWLDO� EHQFKPDUN� UHVXOWV� DUH�
DYDLODEOH�RQOLQH��

IUUQ���XXX�TQFD�PSH�WJSU@TD�����

%BWJE�4DINJEU�	)1


2YHU�����$WWHQGHHV�DW�,&3(�����
.BZ��������

2YHU� ���� SDUWLFLSDQWV� IURP� LQGXVWU\� DQG� DFDGHPLD�
DWWHQGHG� WKH��WK�$&0�63(&�,QWHUQDWLRQDO�&RQIHUHQFH�
RQ� 3HUIRUPDQFH� (QJLQHHULQJ� �,&3(�� ����� LQ� 3UDJXH��
&]HFK�5HSXEOLF��7KH�WHFKQLFDO�SURJUDP�LQFOXGHG����IXOO�
UHVHDUFK�SDSHUV����VKRUW�SDSHUV����LQGXVWULDO�H[SHULHQFH�
SDSHUV�DQG����ZRUN�LQ�SURJUHVV�SDSHUV�VHOHFWHG� IURP�
RYHU� ��� VXEPLVVLRQV� RYHU� DOO� WUDFNV�� ,W� DOVR� IHDWXUHG�
�� NH\QRWH� VSHDNHUV� RI� LQWHUQDWLRQDO� UHSXWH�� �� SRVWHU�
GHPR�SUHVHQWDWLRQV����WXWRULDOV�DQG���LQYLWHG�WDON�

7KH� FRQIHUHQFH� FROORFDWHG� WZR� ZRUNVKRSV��
+RW7RSL&6� DQG� 0XOWL&ORXG�� +RW7RSLFV� DWWUDFWHG� ���
SDUWLFLSDQWV�ZLWK�LWV�IRFXV�RQ�QHZ�DQG�´KRWµ�WRSLFV�LQ�WKH�
ILHOG�RI�&ORXG�6HUYLFHV��0XOWL&ORXG�KDG����SDUWLFLSDQWV�
DQG� DLPHG� WR� LQYHVWLJDWH� FRQFHSWV��PRGHOV� DQG� WRROV�
IRU�UXQQLQJ�DSSOLFDWLRQV�RQ�PXOWLSOH�DQG�KHWHURJHQHRXV�
&ORXG�V\VWHPV�

7KH�QH[W�,&3(�FRQIHUHQFH�ZLOO� WDNH�SODFH�LQ�0DUFK�
�����LQ�'XEOLQ��,UHODQG�

IUUQ���JDQF�����JQE�LJU�FEV�

2BJT�/PPSTIBNT�	,*5


:,11(5�2)�7+(�63(&�',67,1*8,6+('�
',66(57$7,21�$:$5'�����

+BOVBSZ��������

7KH�5HVHDUFK�*URXS�RI� WKH�6WDQGDUG�3HUIRUPDQFH�
(YDOXDWLRQ� &RUS�� �63(&�� VHOHFWHG� WKH� UHVHDUFK� SUL]H�
WR�EH�DZDUGHG� WR�D�3K�'��VWXGHQW�ZKRVH� WKHVLV� LV� UH�
JDUGHG�WR�EH�DQ�H[FHSWLRQDO��LQQRYDWLYH�FRQWULEXWLRQ�LQ�
WKH�VFRSH�RI�WKH�63(&�5HVHDUFK�*URXS�IRU�WKH�VHFRQG�
WLPH�� 1LQH� QRPLQDWLRQV�ZHUH� VXEPLWWHG� DQG� UHYLHZHG�
E\� WKH� VHOHFWLRQ� FRPPLWWHH��7KH� FKDLU� RI� WKH� QRPLQD�
WLRQ� FRPPLWWHH�� 3URI�� 'U�� :LOKHOP� +DVVHOEULQJ� IURP�
.LHO�8QLYHUVLW\� LQ�*HUPDQ\��PHQWLRQV�WKDW� WKH�FRPPLW�
WHH� KDG� DJDLQ� D� GHPDQGLQJ� WDVN� WR� VHOHFW� WKH�ZLQQHU�
DPRQJ�WKH�QLQH�KLJK�TXDOLW\�QRPLQDWLRQV�DQG�WKDW� LW� LV�
JUHDW�WR�VHH�VR�PXFK�H[FHSWLRQDO�ZRUN�LQ�VFRSH�RI�WKH�
63(&�5HVHDUFK�*URXS�� 7KH� FULWHULD� IRU� WKH� VHOHFWLRQ�
DUH� WKH�RYHUDOO� FRQWULEXWLRQ� LQ� WHUPV�RI� VFLHQWLILF� RULJL�
QDOLW\�� SUDFWLFDO� UHOHYDQFH�� LPSDFW�� DQG� TXDOLW\� RI� WKH�
SUHVHQWDWLRQ�

$IWHU�DQ�LQ�GHSWK��PXOWL�SKDVH�VHOHFWLRQ�SURFHVV�WKH�
FRPPLWWHH�VHOHFWHG� WKH� IROORZLQJ�QRPLQDWLRQ��6KLFRQJ�
0HQJ�ZKR�ZDV�QRPLQDWHG�E\�3URIHVVRU�/LQJ�/LX� IURP�
WKH� *HRUJLD� ,QVWLWXWH� RI� 7HFKQRORJ\� ZLWK� WKH� WRSLF�
´0RQLWRULQJ�DV�D�6HUYLFH� LQ� WKH� &ORXGµ�� 7KH� ZLQQHU�
UHFHLYHG��������ZKLFK�ZDV�DZDUGHG�DW�WKH�,&3(������
,QWHUQDWLRQDO�&RQIHUHQFH�LQ�3UDJXH��&]HFK�5HSXEOLF�

2I� WKH� QLQH� QRPLQDWLRQV�� WKH� VHOHFWLRQ� FRPPLWWHH�
GHFLGHG�IRU�DQ�KRQRUDEOH�PHQWLRQ�RI�WKH�IROORZLQJ�WKUHH�
QRPLQDWLRQV��LQ�DOSKDEHWLFDO�RUGHU�
�� .DUWKLN� *DQHVDQ� ZKR� ZDV� QRPLQDWHG� E\�

3URIHVVRU� /L]\� .XULDQ� -RKQ� IURP� WKH� 8QLYHUVLW\�
RI� 7H[DV� DW� $XVWLQ� ZLWK� WKH� WRSLF� ´$XWRPDWLF�
*HQHUDWLRQ�RI�6\QWKHWLF�:RUNORDGV� IRU�0XOWLFRUH�
6\VWHPVµ��0HQWLRQHG� IRU� LWV� FRQWULEXWLRQV� WR� WKH�
VFRSH�RI�WKH�63(&�5HVHDUFK�*URXS��

�� 7LOPDQQ�5DEO�ZKR�ZDV�QRPLQDWHG�E\�.DUO�+XSSOHU�
IURP� WKH� 7UDQVDFWLRQ� 3URFHVVLQJ� 3HUIRUPDQFH�
&RXQFLO� ZLWK� WKH� WRSLF� ´(IILFLHQF\� LQ� &OXVWHU�
'DWDEDVH� 6\VWHPVµ�� 0HQWLRQHG� IRU� LWV� SRWHQWLDO�
SUDFWLFDO�UHOHYDQFH��

�� 'DQLHO�6DQFKH]�ZKR�ZDV�QRPLQDWHG�E\�&KULVWRV�
.R]\UDNLV�IURP�6WDQIRUG�8QLYHUVLW\�ZLWK�WKH�WRSLF�
´+DUGZDUH�DQG�6RIWZDUH�7HFKQLTXHV�IRU�6FDODEOH�
7KRXVDQG�&RUH�6\VWHPVµ��0HQWLRQHG� IRU� LWV� VFL�
HQWLILF�RULJLQDOLW\��

0HPEHUV� RI� WKH� VHOHFWLRQ� FRPPLWWHH� IRU� ����� LQ�
FOXGH��:LOKHOP� +DVVHOEULQJ�� .LHO� 8QLYHUVLW\�� *HUPDQ\�
�&KDLU���'DYLG�$��%DGHU��*HRUJLD�,QVWLWXWH�RI�7HFKQRORJ\��
86$��:DOWHU�%D\V��2UDFOH�&RUS���86$��:DOWHU�%LQGHU��
8QLYHUVLW\� RI� /XJDQR�� 6ZLW]HUODQG�� 5HPD� +DULKDUDQ��
$0'�� 86$�� 6DPXHO� .RXQHY�� .DUOVUXKH� ,QVWLWXWH� RI�
7HFKQRORJ\� �.,7��� *HUPDQ\�� 'LZDNDU� .ULVKQDPXUWK\��
8QLYHUVLW\�RI�&DOJDU\��&DQDGD��.ODXV�'LHWHU�/DQJH��+3��
86$��-RKQ�0XUSK\��8QLYHUVLW\�&ROOHJH�'XEOLQ��,UHODQG��
0DUFR�9LHLUD��8QLYHUVLW\�RI�&RLPEUD��3RUWXJDO�

7KH� 63(&� 'LVWLQJXLVKHG� 'LVVHUWDWLRQ� $ZDUG� ZDV�
HVWDEOLVKHG� LQ������WR�UHFRJQL]H�RXWVWDQGLQJ�GLVVHUWD�
WLRQV� ZLWKLQ� WKH� VFRSH� RI� WKH� 63(&� 5HVHDUFK� *URXS�
LQ� WHUPV� RI� VFLHQWLILF� RULJLQDOLW\�� VFLHQWLILF� VLJQLILFDQFH��
SUDFWLFDO�UHOHYDQFH��LPSDFW��DQG�TXDOLW\�RI�WKH�SUHVHQWD�
WLRQ�� 7KH� VFRSH� RI� 63(&·V� 5HVHDUFK� *URXS� LQFOXGHV�
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FRPSXWHU�EHQFKPDUNLQJ��SHUIRUPDQFH�HYDOXDWLRQ��DQG�
H[SHULPHQWDO� V\VWHP� DQDO\VLV� LQ� JHQHUDO�� FRQVLGHULQJ�
ERWK� FODVVLFDO� SHUIRUPDQFH�PHWULFV� VXFK� DV� UHVSRQVH�
WLPH�� WKURXJKSXW�� VFDODELOLW\� DQG� HIILFLHQF\�� DV�ZHOO� DV�
RWKHU�QRQ�IXQFWLRQDO�V\VWHP�SURSHUWLHV� LQFOXGHG�XQGHU�
WKH� WHUP�GHSHQGDELOLW\��H�J���DYDLODELOLW\�� UHOLDELOLW\��DQG�
VHFXULW\��

&RQWULEXWLRQV�RI�LQWHUHVW�VSDQ�WKH�GHVLJQ�RI�PHWULFV�
IRU� V\VWHP� HYDOXDWLRQ� DV� ZHOO� DV� WKH� GHYHORSPHQW� RI�
PHWKRGRORJLHV�� WHFKQLTXHV� DQG� WRROV� IRU� PHDVXUH�
PHQW��ORDG�WHVWLQJ��SURILOLQJ��ZRUNORDG�FKDUDFWHUL]DWLRQ��
GHSHQGDELOLW\� DQG� HIILFLHQF\� HYDOXDWLRQ� RI� FRPSXWLQJ�
V\VWHPV�

8JMIFMN�)BTTFMCSJOH�	,JFM�6OJWFSTJUZ
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7KH� 63(&� 'LVWLQJXLVKHG� 'LVVHUWDWLRQ�$ZDUG� DLPV�
WR� UHFRJQL]H� RXWVWDQGLQJ� GRFWRUDO� GLVVHUWDWLRQV� LQ� WKH�
ILHOG� RI� FRPSXWHU� EHQFKPDUNLQJ�� SHUIRUPDQFH� HYDOX�
DWLRQ�� DQG� H[SHULPHQWDO� V\VWHP� DQDO\VLV� LQ� JHQHUDO��
1RPLQDWHG� GLVVHUWDWLRQV�ZLOO� EH� HYDOXDWHG� LQ� WHUPV� RI�
VFLHQWLILF� RULJLQDOLW\�� VFLHQWLILF� VLJQLILFDQFH�� SUDFWLFDO�
UHOHYDQFH��LPSDFW��DQG�TXDOLW\�RI�WKH�SUHVHQWDWLRQ�

7KH� VFRSH�RI� WKH�63(&�5HVHDUFK�*URXS� LQFOXGHV�
WKH� DIRUHPHQWLRQHG� ILHOGV�� FRQVLGHULQJ� ERWK� FODVVLFDO�
SHUIRUPDQFH�PHWULFV�VXFK�DV� UHVSRQVH� WLPH�� WKURXJK�
SXW�� VFDODELOLW\� DQG� HIILFLHQF\�� DV� ZHOO� DV� RWKHU� QRQ�
IXQFWLRQDO� V\VWHP� SURSHUWLHV� LQFOXGHG� XQGHU� WKH� WHUP�
GHSHQGDELOLW\�� H�J��� DYDLODELOLW\�� UHOLDELOLW\�� DQG� VHFXULW\���
&RQWULEXWLRQV�RI�LQWHUHVW�VSDQ�WKH�GHVLJQ�RI�PHWULFV�IRU�
V\VWHP�HYDOXDWLRQ�DV�ZHOO�DV�WKH�GHYHORSPHQW�RI�PHWK�
RGRORJLHV�� WHFKQLTXHV� DQG� WRROV� IRU� PHDVXUHPHQWV��
ORDG� WHVWLQJ�� SURILOLQJ�� ZRUNORDG� FKDUDFWHUL]DWLRQ��
GHSHQGDELOLW\�� DQG� HIILFLHQF\� HYDOXDWLRQ� RI� FRPSXWLQJ�
V\VWHPV��7KH�ZLQQHU�ZLOO� UHFHLYH��������ZKLFK�ZLOO�EH�
DZDUGHG�DW�WKH�,&3(������

$�QRPLQDWLRQ�VKRXOG�LQFOXGH��
�� $� QRPLQDWLRQ� OHWWHU� �LQFOXGLQJ� WKH� QDPH� RI� WKH�

VWXGHQW��WKH�WLWOH�RI�WKH�GLVVHUWDWLRQ��WKH�LQVWLWXWLRQ�
ZKHUH� WKH� GLVVHUWDWLRQ� ZDV� GHIHQGHG�� DQG� WKH�
GDWH�RI�WKH�GHIHQVH���

�� $� RQH� SDJH� UHSRUW� WKDW� RXWOLQHV� WKH� RXWVWDQGLQJ�
FRQWULEXWLRQ�RI�WKH�GLVVHUWDWLRQ��

�� 7KH� GLVVHUWDWLRQ� LWVHOI� LQFOXGLQJ� D� RQH� SDJH� H[�
WHQGHG�DEVWUDFW�RI�WKH�GLVVHUWDWLRQ���,I�WKH�GLVVHU�
WDWLRQ�LV�ZULWWHQ�LQ�ODQJXDJH�RWKHU�WKDQ�(QJOLVK��LW�
PD\�EH�DFFRPSDQLHG�E\�SXEOLFDWLRQV� LQ�(QJOLVK��
GHVFULELQJ�WKH�VDPH�UHVHDUFK�DV�WKH�GLVVHUWDWLRQ��

7KH�63(&�'LVWLQJXLVKHG�'LVVHUWDWLRQ�$ZDUG�LV�RSHQ�
WR� GLVVHUWDWLRQV� WKDW� KDYH� EHHQ� GHIHQGHG� EHWZHHQ�
2FWREHU����������DQG�6HSWHPEHU�����������,I�WKHUH�DUH�
VHYHUDO� RXWVWDQGLQJ� VXEPLVVLRQV�� WKH� FRPPLWWHH� PD\�
VSOLW�WKH�DZDUG�EHWZHHQ�WKHP��7KH�VXEPLVVLRQ�GHDGOLQH�
LV�6HSWHPEHU�����������1RPLQDWLRQV�DUH�ZHOFRPH�DW�DQ\�
WLPH�EHIRUH�WKH�ILQDO�VXEPLVVLRQ�GHDGOLQH��1RPLQDWLRQV��
RU� TXHVWLRQV� DERXW� WKH� DSSOLFDWLRQ� SURFHVV�� VKRXOG�
EH� VHQW� E\� H�PDLO� WR�� �QRPLQDWLRQV#�VSHF��RUJ�� 6HOI�
QRPLQDWLRQV�DUH�QRW�DFFHSWHG�

6HOHFWLRQ� FRPPLWWHH� �PHPEHUV� WKDW� FRQILUPHG�
SDUWLFLSDWLRQ�DW�WKH�WLPH�RI�SXEOLVKLQJ���0DWWKLDV�0�OOHU��
5:7+�$DFKHQ� 8QLYHUVLW\�� *HUPDQ\�� �&KDLU��� 6DPXHO�
.RXQHY�� .DUOVUXKH� ,QVWLWXWH� RI� 7HFKQRORJ\�� *HUPDQ\��
:DOWHU�%LQGHU��8QLYHUVLW\�RI�/XJDQR��6ZLW]HUODQG��-RKQ�
0XUSK\�� 8QLYHUVLW\�� &ROOHJH� 'XEOLQ�� ,UHODQG�� 0DUFR�
9LHUD��8QLYHUVLW\�RI�&RLPEUD��3RUWXJDO��*HUKDUG�:HOOHLQ��
)ULHGULFK�$OH[DQGHU�8QLYHUVLW\�� (UODQJHQ�1�UQEHUJ��
(GJDU�*DEULHO��8QLYHUVLW\�+RXVWRQ��86$�

.BUUIJBT�.àMMFS�	385)�"BDIFO�6OJWFSTJUZ
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'\QDPLF�SURJUDP�DQDO\VLV��'3$��WHFKQLTXHV�HQDEOH�
HVVHQWLDO�VRIWZDUH�HQJLQHHULQJ�WRROV��VXFK�DV�SURILOHUV��
GHEXJJHUV�� DQG� WHVWLQJ� WRROV��'3$� WRROV� RIWHQ� UHO\� RQ�
FRGH� LQVWUXPHQWDWLRQ�� L�H��� WKH� LQVHUWLRQ� RI� DQDO\VLV�
FRGH�DW�VHOHFWHG�ORFDWLRQV�LQ�WKH�DQDO\]HG�SURJUDP��$V�
QRZDGD\V�PDQ\�SURJUDPPLQJ�ODQJXDJHV�DUH�FRPSLOHG�
WR�E\WHFRGH� IRU� WKH�-DYD�9LUWXDO�0DFKLQH� �-90���E\WH�
FRGH�LQVWUXPHQWDWLRQ�KDV�EHFRPH�D�FRPPRQ�WHFKQLTXH�
IRU�EXLOGLQJ�'3$�WRROV�IRU�WKH�-90��

-90� E\WHFRGH� LQVWUXPHQWDWLRQ� LV� VXSSRUWHG� E\�
D� YDULHW\� RI� E\WHFRGH� HQJLQHHULQJ� OLEUDULHV�� VXFK� DV�
$60��%&(/��-DYDVVLVW��RU�6KULNH%7�� WR�PHQWLRQ�VRPH�
RI� WKHP��*HQHUDOO\�� WKHVH�WRROV�RIIHU�D�UDWKHU� ORZ�OHYHO�
RI�DEVWUDFWLRQ��ZKLFK�UHVXOWV�LQ�KLJK�GHYHORSPHQW�HIIRUW�
IRU�EXLOGLQJ�'3$� WRROV�� WKH�VRXUFHV�RI�VXFK� WRROV� WHQG�
WR� EH� YHUERVH�DQG�GLIILFXOW� WR�PDLQWDLQ� DQG� WR� H[WHQG��
2Q�WKH�RWKHU�KDQG��E\WHFRGH�PDQLSXODWLRQ�OLEUDULHV�JLYH�
WKH�H[SHUW�GHYHORSHU�PDQ\�RSSRUWXQLWLHV�WR�RSWLPL]H�WKH�
LQVHUWHG�FRGH��HQDEOLQJ�HIILFLHQW�'3$�WRROV�

6RPH�UHVHDUFKHUV�KDYH�SURSRVHG�WKH�XVH�RI�DVSHFW�
RULHQWHG� SURJUDPPLQJ� �$23�� IRU� FUHDWLQJ� '3$� WRROV��
7KDQNV�WR�LWV�SRLQWFXW�DGYLFH�PHFKDQLVP��$23�RIIHUV�D�
KLJK� DEVWUDFWLRQ� OHYHO� WKDW� DOORZV� WR� FRQFLVHO\� VSHFLI\�
FHUWDLQ� NLQGV� RI� LQVWUXPHQWDWLRQV�� &RQVHTXHQWO\�� WKH�
XVH� RI� $23� SURPLVHV� WR� VLJQLILFDQWO\� UHGXFH� WKH� GH�
YHORSPHQW�HIIRUW� IRU� EXLOGLQJ�'3$� WRROV��8QIRUWXQDWHO\��
PDLQVWUHDP� $23� ODQJXDJHV� VXFK� DV� $VSHFW-� ODFN�
MRLQ�SRLQWV�DW�WKH�OHYHO�RI��H�J���EDVLF�EORFNV�RI�FRGH�RU�
LQGLYLGXDO�E\WHFRGHV� WKDW�ZRXOG�EH�QHHGHG� IRU�FHUWDLQ�
'3$�WRROV��,Q�DGGLWLRQ��DVSHFW�ZHDYHUV�RIWHQ�LQWURGXFH�
KLJK� RYHUKHDG� GXH� WR� FRPSOH[� FRGH� WUDQVIRUPDWLRQV�
LQYROYHG�� )RU� H[DPSOH�� LQ� $VSHFW-�� WKH� DFFHVV� WR�
G\QDPLF� UHIOHFWLYH� MRLQ� SRLQW� LQIRUPDWLRQ� PD\� LQYROYH�
REMHFW�DOORFDWLRQV�DQG�LWHUDWLRQV��H�J���WR�VWRUH�WKH�DUJX�
PHQWV�RI�D�PHWKRG�LQ�DQ�DUUD\��WKDW�DUH�QRW�YLVLEOH�LQ�WKH�
LQVWUXPHQWDWLRQ�FRGH�

'L6/� LV� D� QHZ� GRPDLQ�VSHFLILF� ODQJXDJH� IRU� -90�
E\WHFRGH� LQVWUXPHQWDWLRQ�WKDW�UHFRQFLOHV�WKH�VWUHQJWKV�
RI� ORZ�OHYHO� E\WHFRGH� PDQLSXODWLRQ� OLEUDULHV� �L�H��� H[�
SUHVVLYHQHVV�DQG�HIILFLHQF\��ZLWK� WKH�VWUHQJWK�RI�$23�
�L�H���KLJK�OHYHO�SURJUDPPLQJ�DEVWUDFWLRQV���'L6/�DOORZV�
SURJUDPPHUV� WR� UDSLGO\� VSHFLI\� FXVWRP� '3$� WRROV��
ZKLFK� WHQG� WR� EH� DV� FRQFLVH� DV� HTXLYDOHQW� WRROV�ZULW�
WHQ�LQ�D�PDLQVWUHDP�$23�ODQJXDJH��LI�WKLV�LV�SRVVLEOH���
+RZHYHU�� LQ� FRQWUDVW� WR� SUHYDLOLQJ� $23� ODQJXDJHV��
'L6/� IHDWXUHV� DQ� RSHQ� MRLQ� SRLQW� PRGHO� ZKHUH� DQ\�
UHJLRQ� RI� E\WHFRGHV� LQ� D� SURJUDP� FDQ� EHFRPH� D� MRLQ�
SRLQW�� 0RUHRYHU�� WKH� 'L6/� ZHDYHU� SURGXFHV� HIILFLHQW�
FRGH� WKDW� GRHV� QRW� LQFXU� DQ\� XQH[SHFWHG� FRVWV�� WKH�
ZHDYHU� LQWURGXFHV�QHLWKHU�REMHFW�DOORFDWLRQV�QRU� ORRSV�

),1&26��$�)5$0(:25.�)25�
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),1&R6� LV� D� VHW� RI� EHQFKPDUNLQJ� WRROV� IRU� ORDG�
JHQHUDWLRQ� DQG� SHUIRUPDQFH� PHDVXUHPHQW� RI� HYHQW�
SURFHVVLQJ� �(3�� V\VWHPV�� ,W� SURYLGHV� D� IOH[LEOH� DQG�
QHXWUDO� DSSURDFK� WKURXJK� ZKLFK� XVHUV�� UHVHDUFKHUV�
DQG� HQJLQHHUV� FDQ� TXLFNO\� UXQ� UHDOLVWLF� SHUIRUPDQFH�
WHVWV� RQ� RQH� RU�PRUH� (3� SODWIRUPV�ZLWKRXW� KDYLQJ� WR�
FRGH� WKHPVHOYHV� JHQHUDWLRQ�RI� WKH� ORDG��SHUIRUPDQFH�
PHDVXUHPHQWV�DQG�HYHQW�FRQYHUVLRQ�URXWLQHV�

7KH�IUDPHZRUN�FDQ�EH�XVHG�WR�HYDOXDWH�DQ\�HYHQW�
SURFHVVLQJ� SODWIRUP� FDSDEOH� RI� H[FKDQJLQJ� HYHQWV�
WKURXJK� WKH� VWDQGDUG� -06�$3,�� ,Q� DGGLWLRQ�� DQ� H[WHQ�
VLEOH� VHW� RI� FXVWRP�FRGH� DGDSWHUV� SHUPLWV� WR� VXEPLW�
ORDGV�GLUHFWO\� WR�(3�HQJLQHV�� XVLQJ� WKH� FOLHQW� OLEUDULHV�
SURYLGHG�E\�YHQGRUV�

),1&R6� LV� QRW� ERXQG� WR� DQ\� VSHFLILF� SURGXFW� RU�
ZRUNORDG��7KHUHIRUH��LW�FDQ�EH�XVHG�ERWK�E\�HQG�XVHUV�
ZLOOLQJ� WR�HYDOXDWH�FDQGLGDWH�(3�SODWIRUPV��DQG�E\� UH�
VHDUFKHUV� GHYHORSLQJ� QRYHO� EHQFKPDUNV� IRU� WKH� DUHD��
)RU� WKDW�� WKH� IUDPHZRUN� RIIHUV� JUHDW� IOH[LELOLW\� DQG� D�
ZLGH�UDQJH�RI�RSWLRQV� LQ� WKH�GHILQLWLRQ�RI�H[SHULPHQWDO�
HYDOXDWLRQV��8VHUV�RI�),1&R6�FDQ�FKRRVH�WR�FRQILJXUH�
V\QWKHWLF�ZRUNORDGV��ZLWK�HYHQWV�EHLQJ�JHQHUDWHG�E\�WKH�
IUDPHZRUN� LWVHOI�� RU�� LQVWHDG�� XVH�GDWD� ILOHV� FRQWDLQLQJ�
UHDO�ZRUOG� HYHQW� WUDFHV� DV� LQSXW�� 7KH� IUDPHZRUN� DOVR�
DOORZV� WKH� HYDOXDWLRQ� RI� WKH� UHVSRQVH� RI� (3� V\VWHPV�
WR�FKDQJHV��7KLV� LV�REWDLQHG�E\�EUHDNLQJ�SHUIRUPDQFH�
WHVWV�LQWR�RQH�RU�PRUH�SKDVHV��HDFK�ZLWK�LWV�RZQ�ZRUN�
ORDG�FKDUDFWHULVWLFV��L�H���HYHQW�W\SHV��LQSXW�UDWH��DUULYDO�
SURFHVV��HWF��

/RDG� JHQHUDWLRQ� DQG� UHVXOW� SURFHVVLQJ� LQ� ),1&R6�
FDQ�EH�GLVWULEXWHG�DFURVV�PXOWLSOH�QRGHV�DQG�FHQWUDOO\�
RUFKHVWUDWHG� XVLQJ� D� JUDSKLFDO� DSSOLFDWLRQ�� GHQRPL�
QDWHG� ),1&R6�&RQWUROOHU�� 7KH� UHVXOWV� RI� SHUIRUPDQFH�
UXQV� FDQ� WKHQ� EH� YLVXDOL]HG�� ERWK� LQ� UHDO�WLPH� DQG�
DIWHU� WHVW� FRPSOHWLRQ�� XVLQJ� WKH� ),1&R6�3HUIRUPDQFH�
0RQLWRU� FRPSRQHQW�� 7KH� WRRO� SUHVHQWV� SHUIRUPDQFH�
VWDWV� LQ�ERWK� WDEXODU�DQG�JUDSKLFDO� IRUPDWV²WKH�IRUPHU�
GLVSOD\V�D�VQDSVKRW�RI�WKURXJKSXW�DQG�ODWHQF\�IRU�HDFK�
FRQWLQXRXV�TXHU\�UXQQLQJ�DW�WKH�(3�V\VWHP�XQGHU�WHVW��
ZKLOH� WKH� ODWWHU� VKRZV� WKH� HYROXWLRQ� RI� WKHVH� PHWULFV�
RYHU�WLPH�

),1&R6�GHYHORSPHQW�VWDUWHG�LQ�������DV�SDUW�RI�WKH�
%L&(3�EHQFKPDUNLQJ�LQLWLDWLYH��DW�8QLYHUVLW\�RI�&RLPEUD�
�KWWS���ELFHS�GHL�XF�SW��� ,WV� ILUVW�YHUVLRQ�ZDV�UHOHDVHG� LQ�
�����DQG�VLQFH�WKHQ�LW�KDV�EHHQ�FRQVLGHUDEO\�H[WHQGHG�
DQG�LPSURYHG��5HFHQWO\��WKH�IUDPHZRUN�KDV�XQGHUJRQH�
D�WKRURXJK�UHYLHZ�SURFHVV��KDYLQJ�EHHQ�DFFHSWHG�WR�EH�
LQWHJUDWHG� LQ� WKH� 63(&� 5HVHDUFK� *URXS·V� UHSRVLWRU\�
RI� TXDQWLWDWLYH� HYDOXDWLRQ� DQG� DQDO\VLV� WRROV�� ),1&R6�
LV� DQ� RSHQ�VRXUFH� WRRO�� DQG� FDQ� EH� GRZQORDGHG� IUHH�
RI� FKDUJH��$�XVHU� JXLGH�DQG�D� WXWRULDO� H[SODLQLQJ�KRZ�
WR�XVH� WKH� IUDPHZRUN�DUH�DOVR�DYDLODEOH� LQ� WKH�SURMHFW��
ZHE�VLWH�

IUUQ���SFTFBSDI�TQFD�PSH�FO�UPPMT�IUNM
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WKDW�ZHUH�QRW�ZULWWHQ�E\� WKH�SURJUDPPHU��7KLV�PDNHV�
LW�HVSHFLDOO\�DWWUDFWLYH�LQ�SHUIRUPDQFH�HYDOXDWLRQ�WDVNV��
ZKHUH�KLGGHQ�RYHUKHDGV�DUH�SDUWLFXODUO\�GLVUXSWLYH�

'L6/�LV�DYDLODEOH�RSHQ�VRXUFH�XQGHU�WKH�$SDFKH�����
OLFHQVH�RQ�2:��

IUUQ���EJTM�P�X��PSH�

-VLBT�.BSFL�	$IBSMFT�6OJWFSTJUZ�$[FDI�3FQVCMJD
�:VEJ�;IFOH�
	6OJWFSJTUZ�PG�-VHBOP�4XJU[FSMBOE
�%BOJMP�"OBTBMPOJ�	6OJWFSJTUZ�

PG�-VHBOP�4XJU[FSMBOE
�"JCFL�4BSJNCFLPW�	6OJWFSJTUZ�PG�-VHBOP�
4XJU[FSMBOE
�-VCPNJS�#VMFK�	$IBSMFT�6OJWFSJTUZ�$[FDI�3FQVC�

MJD
�8BMUFS�#JOEFS�	6OJWFSJTUZ�PG�-VHBOP�4XJU[FSMBOE
�1FUS�5VNB�
	$IBSMFT�6OJWFSJTUZ�$[FDI�3FQVCMJD
�;IFOHXFJ�2J�	4IBOHIBJ�+JBP�

5POH�6OJWFSTJUZ�$IJOB
�

5(3257�2)�7+(�63(&�5*�,'6�
%(1&+0$5.,1*�:25.,1*�*5283

.BZ�������

7KH�63(&�5*� ,'6�%HQFKPDUNLQJ�:RUNLQJ�*URXS�
ZDV� FUHDWHG� LQ� -XO\� ����� ZLWK� WKH� JRDO� RI� FRQWULEXW�
LQJ� WRZDUGV� DGGUHVVLQJ� WKH� LQFUHDVLQJ� GHPDQG� IRU�
UHSUHVHQWDWLYH� DQG� ULJRURXV� EHQFKPDUNV� IRU� LQWUXVLRQ�
GHWHFWLRQ� V\VWHPV� �,'6HV�� LQ� FORXG� SODWIRUPV�� 7RSLFV�
RI�LQWHUHVW�LQFOXGH��EXW�DUH�QRW�OLPLWHG�WR��WKH�IROORZLQJ��
VHFXULW\�� DQG� SHUIRUPDQFH�UHODWHG� ,'6� EHQFKPDUNLQJ�
PHWULFV��ZRUNORDGV�EDVHG�RQ�YXOQHUDELOLW\�DQG�DWWDFN�LQ�
MHFWLRQ��,'6�EHQFKPDUNLQJ�PHWKRGRORJLHV��,'6�EHQFK�
PDUNLQJ�PHWKRGV�ZLWK�UHVSHFW� WR� IHDWXUHV�DQG�SURSHU�
WLHV�RI�FORXG�SODWIRUPV��DQG�DWWDFN�GHWHFWLRQ�EDVHG�RQ�
SHUIRUPDQFH� VLJQDWXUHV�� 7KH� HOHFWHG� RIILFHUV� RI� WKH�
:RUNLQJ� *URXS� DUH�� &KDLU� ²� 0DUFR� 9LHLUD� �8QLYHUVLW\�
RI� &RLPEUD�� 3RUWXJDO��� 9LFH�&KDLU� ²� $OEHUWR� $YULW]HU�
�6LHPHQV� &RUSRUDWH� 5HVHDUFK�� 86$��� DQG� 6HFUHWDU\�
5HOHDVH�0DQDJHU�²�$OHNVDQGDU�0LOHQNRVNL� �.DUOVUXKH�
,QVWLWXWH�RI�7HFKQRORJ\��*HUPDQ\��

6LQFH� LWV� LQFHSWLRQ�� WKH� JURXS� KDV� HVWDEOLVKHG� D�
UHVHDUFK� DJHQGD� DQG� KDV� SURGXFHG� RXWSXW� WKDW� LV�
SXEOLVKHG� RU� LV� FXUUHQWO\� XQGHU� FRQVLGHUDWLRQ� IRU� SXE�
OLVKLQJ��7KH�SODQQHG�UHVHDUFK�DFWLYLWLHV�RI�WKH�JURXS�DUH�
GHVFULEHG� LQ� D�ZRUN�LQ�SURJUHVV� SDSHU� WLWOHG� ´7RZDUGV�
EHQFKPDUNLQJ� LQWUXVLRQ� GHWHFWLRQ� V\VWHPV� IRU� YLUWXDO�
L]HG� FORXG� HQYLURQPHQWVµ� >�@�� ,Q� DGGLWLRQ�� WKH� JURXS�
ZURWH�D�7HFKQLFDO�5HSRUW� >�@�DQDO\]LQJ�VWDWH�RI�WKH�DUW�
LQWUXVLRQ�GHWHFWLRQ�WHFKQLTXHV�DSSOLHG�LQ�YLUWXDOL]HG�HQ�
YLURQPHQWV�DQG�DUFKLWHFWXUHV�RI�900��9LUWXDO�0DFKLQH�
0RQLWRU��EDVHG� ,'6HV�� 7KH� 7HFKQLFDO� 5HSRUW� DOVR�
GHVFULEHV� FKDOOHQJHV� WKDW� DSSO\� VSHFLILFDOO\� WR� EHQFK�
PDUNLQJ�900�EDVHG�,'6HV�IRFXVLQJ�RQ�ZRUNORDGV�DQG�
PHWULFV��0RUHRYHU��WKH�:RUNLQJ�*URXS�SURGXFHG�D�VXU�
YH\� SDSHU� V\VWHPDWL]LQJ� WKH� DFFXPXODWHG� NQRZOHGJH�
DQG�FXUUHQW�SUDFWLFHV�LQ�WKH�DUHD�RI�,'6�EHQFKPDUNLQJ�
E\�XVLQJ�DQ�,'6�EHQFKPDUNLQJ�GHVLJQ�VSDFH�VWUXFWXUHG�
LQWR� WKUHH�SDUWV��ZRUNORDG��PHWULFV�� DQG�PHDVXUHPHQW�
PHWKRGRORJ\��7KH�VXUYH\�SURYLGHV�DQ�RYHUYLHZ�RI� WKH�
FXUUHQW� SUDFWLFHV� LQ� ,'6� EHQFKPDUNLQJ� E\� DQDO\]LQJ�
DQG� FRPSDULQJ� EHQFKPDUNLQJ� DSSURDFKHV�� WRROV�� DQG�
PHWKRGV�UHODWHG�WR�HDFK�SDUW�RI�WKH�GHVLJQ�VSDFH�

&XUUHQWO\��WKH�63(&�5*�,'6�%HQFKPDUNLQJ�:RUNLQJ�
*URXS� LV� GHILQLQJ�PHWULFV� WKDW� WDNH� LQWR� FRQVLGHUDWLRQ�
RQ�GHPDQG�UHVRXUFH�SURYLVLRQLQJ�LQ�YLUWXDOL]HG�HQYLURQ�
PHQWV� �H�J��� &38� DQG� PHPRU\� KRWSOXJJLQJ�� PHPRU\�
EDOORRQLQJ��� )XUWKHU�� YXOQHUDELOLW\� LQMHFWLRQ� WHFKQLTXHV�

IRU� JHQHUDWLQJ� PDOLFLRXV� ZRUNORDGV� FRQVLVWLQJ� RI� DW�
WDFNV� DJDLQVW� K\SHUYLVRUV� DUH� EHLQJ� FRQVLGHUHG�� 7KH�
JURXS�LV�H[SDQGLQJ�LWV�PHPEHUVKLS�ZLWK�QHZ�LQGXVWULDO�
DQG�DFDGHPLF�RUJDQL]DWLRQV�

<�>� "MFLTBOEBS� .JMFOLPTLJ� BOE� 4BNVFM� ,PVOFW�� 5P�
XBSET� #FODINBSLJOH� *OUSVTJPO� %FUFDUJPO� 4ZTUFNT� GPS�
7JSUVBMJ[FE� $MPVE� &OWJSPONFOUT� 	&YUFOEFE� "CTUSBDU
�� *O�
1SPDFFEJOHT�PG�UIF��UI�*OUFSOBUJPOBM�$POGFSFODF�GPS�*OUFS�
OFU�5FDIOPMPHZ�BOE�4FDVSFE�5SBOTBDUJPOT�	*$*545�����
�
-POEPO�6OJUFE�,JOHEPN�%FDFNCFS������������QBHFT�
���������*OGPOPNJDT�4PDJFUZ�*&&&��%FDFNCFS������
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7KH�63(&�5*�&ORXG�:RUNLQJ�*URXS�LV�SOHDVHG�WR�
UHSRUW� WKDW� LQ������ZH�KDYH�UHQHZHG�RXU�FRPPLWPHQW�
WR�FORXG�EHQFKPDUNLQJ��TXDQWLWDWLYH�HYDOXDWLRQ��DQG�H[�
SHULPHQWDO�DQDO\VLV��ZLWK� UHOHYDQFH� IRU�ERWK�DFDGHPLD�
DQG�LQGXVWU\��,Q�MXVW�RYHU����RQOLQH�PHHWLQJV��ZH�KDYH�
JDWKHUHG�JXHVWV�IURP����RUJDQL]DWLRQV��KRVWHG���H[SHUW�
OHFWXUHV� RQ� UHOHYDQW� WRSLFV�� DQG� VWDUWHG� �� FRQWHQW�
UHODWHG�ZRUN�DFWLYLWLHV��)RU�WKH�VHFRQG�SDUW�RI�������ZH�
KDYH�PDLQWDLQHG�RYHUKHDG�RI�XQGHU�����RI�RXU�PHHWLQJ�
WLPH�� HIIHFWLYHO\� PD[LPL]LQJ� RXU� FRQWULEXWLRQ� WR� &ORXG�
:RUNLQJ� *URXS·V� FROOHFWLYH� PLVVLRQ� WR� IDFLOLWDWH� DQG�
IRVWHU�OHDGLQJ�UHVHDUFK�LQ�FORXG�FRPSXWLQJ�WKURXJK�H[�
SHULHQFH�VKDULQJ��FRQVWUXFWLYH�IHHGEDFN��DJUHHPHQW�RQ�
GHILQLWLRQV�� VSHFLILFDWLRQ�RI�PHWULFV��DQG�GLVVHPLQDWLRQ�
RI�QRYHO�PHWKRGV��WHFKQLTXHV�DQG�WRROV�IRU�TXDQWLWDWLYH�
HYDOXDWLRQ�DQG�DQDO\VLV�RI�FORXG�EDVHG�V\VWHPV��

([SHULHQFH�VKDULQJ�ZDV�D�NH\�DFWLYLW\�IRU�WKH�&ORXG�
:RUNLQJ�*URXS�LQ������DQG�ZLOO�FRQWLQXH�WR�EH�IRU�WKH�
XSFRPLQJ� \HDUV�� 7KURXJK� RQOLQH� DQG� IDFH�WR�IDFH�
PHHWLQJV�� ZH� KDYH� H[FKDQJHG� EHVW�SUDFWLFHV� UHODWHG�
WR� FORXG� EHQFKPDUNLQJ� PHWKRGRORJLHV�� SHUIRUPDQFH�
HYDOXDWLRQ�WRROV�DQG�EHQFKPDUNLQJ�VXLWHV��SHUIRUPDQFH�
PHWULFV�� DQG� SHUIRUPDQFH� HYDOXDWLRQ� UHVXOWV� IRU� FRP�
PHUFLDO� FORXG� VHUYLFHV� �H�J��� WKH� ,DD6� $PD]RQ� :HE�
6HUYLFHV�� WKH� 3DD6� *RRJOH� $SS� (QJLQH�� WKH� 6DD6�
'URSER[�� HWF��� $PRQJ� WKH� OHFWXUHUV�� ZH� KDYH� KRVWHG�
UHSUHVHQWDWLYHV� RI� WKH� (3)/� �&+��� .,7� �'(��� DQG� 78�
'HOIW��1/��XQLYHUVLWLHV��DQG�6$3��'(�DQG�8.��DQG�,%0�
�86��� 2XU� GHGLFDWHG� JURXS� RI� LQGXVWU\� DQG� DFDGHPLF�
H[SHUWV� LQFOXGHV�QRZ�VHYHUDO�RI� WKHVH�UHSUHVHQWDWLYHV�
DQG�PRUH��7KH�&ORXG�:RUNLQJ�*URXS�KDV�DOVR�IRVWHUHG�
FROODERUDWLRQ�EHWZHHQ�LWV�PHPEHUV��ZLWK�MRLQW�DFDGHPLF�
ZRUN��UHVHDUFK�YLVLWV��DQG�FRPSDQ\�LQWHUQVKLSV�

2YHU�WKH�FRXUVH�RI�������WKH�&ORXG�:RUNLQJ�*URXS�
KDV�EHHQ�HQJDJHG� LQ�PHDQLQJIXO� GLDORJXH�DERXW� KRZ�
WKH�SHUIRUPDQFH�RI�FORXG�EDVHG�V\VWHPV�FDQ�EH�PHD�
VXUHG�� 7KH� GLDORJXH� KDV� UHVXOWHG�� IRU� H[DPSOH�� LQ� DQ�
LQQRYDWLYH� IRUPDOLVP� IRU� FORXG� XVDJH� SDWWHUQV�� ZKLFK�



�

ZLOO�KHOS�DFDGHPLFV�DQG�SUDFWLWLRQHUV�VKDUH�LQIRUPDWLRQ�
DERXW� ,DD6�� 3DD6�� DQG�6DD6� XVDJH��2WKHU� WRSLFV� IRU�
ZKLFK�SUHOLPLQDU\�ZRUN�ZDV�VWDUWHG�LQ������LQFOXGH�VXU�
YH\LQJ�H[LVWLQJ�FORXG�EHQFKPDUNLQJ�PHWULFV�DQG�WRROV��
DQG� �GHSHQGLQJ� RQ� IXWXUH� SDUWLFLSDWLRQ�� IRUPXODWLQJ�
PHWKRGRORJLHV�IRU�EHQFKPDUNLQJ�YDULRXV�FORXG�DSSOLFD�
WLRQ� GRPDLQV� �H�J��� ,DD6� FORXG� VHUYLFHV�� ,DD6�3DD6�
6DD6�%LJ�'DWD�SURFHVVLQJ�VHUYLFHV��DQG�6DD6�RQOLQH�
JDPLQJ�VHUYLFHV��

,Q�������WKH�&ORXG�:RUNLQJ�*URXS�KDV�EHHQ�UHSUH�
VHQWHG�E\�LWV�PHPEHUV�DW�PDQ\�LQWHUQDWLRQDO�DFDGHPLF�
DQG�LQGXVWULDO�YHQXHV��LQFOXGLQJ�WKURXJK�DZDUG�ZLQQLQJ�
SXEOLFDWLRQV�� ,QWHUQDOO\� ZLWKLQ� 63(&�� RXU� JURXS� KDV�
PDLQWDLQHG� FRQWDFW� ZLWK� WKH� 26*·V� LPSOHPHQWDWLRQ�
HIIRUWV��DQG�FRQWULEXWHG� WR� WKH� UHYLHZ�DQG�VXEVHTXHQW�
SXEOLFDWLRQ�RI�VHYHUDO�EHQFKPDUNLQJ�WRROV�

7R� FRQFOXGH�� ����� ZDV� D� VXFFHVVIXO� \HDU� IRU� WKH�
&ORXG� :RUNLQJ� *URXS�� 2XU� SURPLVH� LV� WR� FRQWLQXH�
SXUVXLQJ�RXU�PLVVLRQ�DQG�VWUHQJWKHQ�RXU�FRQWULEXWLRQ�LQ�
�����DQG�WKH�\HDUV�WR�FRPH�
IUUQ���SFTFBSDI�TQFD�PSH�XPSLJOH�HSPVQT�SH�DMPVE�XPSLJOH�HSPVQ�IUNM
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7KH� 63(&� 5HVHDUFK� &ORXG� :RUNLQJ� *URXS� DQ�
QRXQFHV� WKH�SXEOLFDWLRQ�RI� WKH� WHFKQLFDO� UHSRUW� ´&ORXG�
8VDJH�3DWWHUQV��$�)RUPDOLVP�IRU�'HVFULSWLRQ�RI�&ORXG�
8VDJH�6FHQDULRVµ��ZKLFK� LV� WKH� UHVXOW� RI� FROODERUDWLRQ�
EHWZHHQ� UHSUHVHQWDWLYHV� RI� PXOWLSOH� UHVHDUFK� DQG� LQ�
GXVWULDO�63(&�5HVHDUFK�*URXS�PHPEHU�RUJDQL]DWLRQV��
VXFK� DV�.DUOVUXKH� ,QVWLWXWH� RI�7HFKQRORJ\� �*HUPDQ\���
78� 'HOIW� �1HWKHUODQGV��� 6$3� $*� �*HUPDQ\��� DQG�
6DOHVIRUFH�FRP��86$���&ORXG�FRPSXWLQJ�LV�EHFRPLQJ�DQ�
LQFUHDVLQJO\�OXFUDWLYH�EUDQFK�RI�WKH�H[LVWLQJ�LQIRUPDWLRQ�
DQG� FRPPXQLFDWLRQ� WHFKQRORJLHV�� (QDEOLQJ� D� GHEDWH�
DERXW�FORXG�XVDJH�VFHQDULRV�
FDQ� KHOS� ZLWK� DWWUDFWLQJ� QHZ�
FXVWRPHUV�� VKDULQJ� EHVW�
SUDFWLFHV��DQG�GHVLJQLQJ�QHZ�
FORXG� VHUYLFHV�� ,Q� FRQWUDVW�
WR� SUHYLRXV� DSSURDFKHV��
ZKLFK�KDYH�DWWHPSWHG�PDLQO\�
WR� IRUPDOL]H� WKH� FRPPRQ�
VHUYLFH�GHOLYHU\�PRGHOV� �L�H���
,QIUDVWUXFWXUH�DV�D�6HUYLFH��
3ODWIRUP�DV�D�6HUYLFH�� DQG�
6RIWZDUH�DV�D�6HUYLFH���
LQ� WKH� WHFKQLFDO� UHSRUW�� WKH�
DXWKRUV�SURSRVH�D� IRUPDOLVP�
IRU�GHVFULELQJ�FRPPRQ�FORXG�
XVDJH� VFHQDULRV� UHIHUUHG� WR�
DV�FORXG�XVDJH�SDWWHUQV��7KH�
SURSRVHG� IRUPDOLVP� WDNHV� D�
VWUXFWXUDOLVW� DSSURDFK� DOORZ�
LQJ�GHFRPSRVLWLRQ�RI�D�FORXG�
XVDJH� VFHQDULR� LQWR� HOH�
PHQWV� FRUUHVSRQGLQJ� WR� WKH�

9LUWXDOL]DWLRQ

,DD6

3DD6

6DD6

+DUGZDUH

QL�V�H�L�H� �QL����L���L�V�H�

��

���� ��

�QL����L���V�H�

7JTVBM�GPSN�PG�TFWFSBM�DMPVE�VTBHF�QBUUFSOT��

FRPPRQ� FORXG� VHUYLFH� GHOLYHU\� PRGHOV�� )XUWKHUPRUH��
WKH� IRUPDOLVP�FRQVLGHUV� VHYHUDO� FORXG�XVDJH�SDWWHUQV�
WKDW� KDYH� UHFHQWO\� HPHUJHG�� VXFK� DV� K\EULG� VHUYLFHV�
DQG�YDOXH�FKDLQV�LQ�ZKLFK�PHGLDWRUV�DUH�LQYROYHG��:H�
SURSRVH� D� VLPSOH� \HW� H[SUHVVLYH� WH[WXDO� DQG� YLVXDO�
ODQJXDJH� IRU� RXU� IRUPDOLVP�� DQG�ZH� VKRZ� KRZ� LW� FDQ�
EH� XVHG� LQ� SUDFWLFH� IRU� GHVFULELQJ� D� YDULHW\� RI� UHDO�
ZRUOG�FORXG�XVDJH�VFHQDULRV��7KH�VFHQDULRV� IRU�ZKLFK�
ZH� GHPRQVWUDWH� RXU� IRUPDOLVP� LQFOXGH� UHVRXUFH�
SURYLVLRQLQJ� RI� JOREDO� SURYLGHUV� RI� LQIUDVWUXFWXUH� DQG�
RU� SODWIRUP� UHVRXUFHV� �H�J��� $PD]RQ� :HE� 6HUYLFHV��
*RRJOH�$SS�(QJLQH���RQOLQH�VRFLDO�QHWZRUNLQJ�VHUYLFHV�
�H�J���)DFHERRN���XVHU�GDWD�SURFHVVLQJ�VHUYLFHV��RQOLQH�
FXVWRPHU� DQG� WLFNHWLQJ� VHUYLFHV�� RQOLQH� DVVHW� PDQ�
DJHPHQW� DQG� EDQNLQJ� DSSOLFDWLRQV�� &50� �&XVWRPHU�
5HODWLRQVKLS� 0DQDJHPHQW�� DSSOLFDWLRQV�� DQG� RQOLQH�
VRFLDO�JDPLQJ�DSSOLFDWLRQV��H�J���=\QJD·V�DSSOLFDWLRQV���
)RU�LQVWDQFH��WKH�XVH�RI�OHDVHG�LQIUDVWUXFWXUH�UHVRXUFHV�
E\�*R�$QLPDWH�IURP�WKH�LQIUDVWUXFWXUH�SURYLGHU�$PD]RQ�
:HE�6HUYLFHV� IRU� VHUYLFLQJ�XVHUV�SURFHVVLQJ�DPDWHXU�
YLGHRV�� FDQ� EH� IRUPDOO\� GHVFULEHG� ZLWK� WKH� VWULQJ�
´L��V�H�µ��ZKHUH�HDFK�OHWWHU�UHODWHV�WR�RQH�RI�WKH�NQRZQ�
FORXG�VHUYLFH�GHOLYHU\�PRGHOV��L�H���,QIUDVWUXFWXUH�DV�D�
6HUYLFH�DQG�6RIWZDUH�DV�D�6HUYLFH�LQ�WKH�JLYHQ�VWULQJ���
DQG�RU� D� VWDNHKROGHU� �L�H��� DQ� HQG�XVHU��� $OVR�� HDFK�
QXPEHU� UHODWHV� WR� D� YROXPH� RI� SURYLVLRQHG� UHVRXUFHV�
WKDW�PD\�EH�H[SUHVVHG�� IRU�H[DPSOH��DV�D� ORJDULWKPLF�
YDOXH��H�J����� IRU������ LQ� WKH�JLYHQ�VWULQJ���)RU� IXUWKHU�
GHWDLOV�RQ�WKH�FORXG�XVDJH�SDWWHUQV��ZH�UHIHU�WKH�UHDGHU�
WR�WKH�WHFKQLFDO�UHSRUW�

IUUQ���SFTFBSDI�TQFD�PSH�GJMFBENJO�VTFS@VQMPBE�EPDVNFOUT�
SH@DMPVE�FOEPSTFE@QVCMJDBUJPOT�41&$�3(���������@

$MPVE6TBHF1BUUFSOT�QEG�
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,QWURGXFWLRQ
2YHU� ���� SDUWLFLSDQWV� IURP� LQGXVWU\� DQG� DFDGHPLD��

FRPLQJ� IURP� ��� GLIIHUHQW� FRXQWULHV� DWWHQGHG� WKH� �WK�
$&0�63(&� ,QWHUQDWLRQDO�&RQIHUHQFH� RQ�3HUIRUPDQFH�
(QJLQHHULQJ� �,&3(�� ����� LQ� 3UDJXH��&]HFK�5HSXEOLF��
7KH� WHFKQLFDO� SURJUDP� LQFOXGHG� ��� IXOO� UHVHDUFK� SD�
SHUV�� �� VKRUW� SDSHUV�� �� LQGXVWULDO�H[SHULHQFH� SDSHUV�
DQG� ��� ZRUN�LQ�SURJUHVV� SDSHUV� VHOHFWHG� IURP� RYHU�
��� VXEPLVVLRQV� RYHU� DOO� WUDFNV�� ,W� DOVR� IHDWXUHG� WKUHH�
NH\QRWH� VSHDNHUV� RI� LQWHUQDWLRQDO� UHSXWH�� VL[� SRVWHU�
GHPR�SUHVHQWDWLRQV�� IRXU� WXWRULDOV�DQG�RQH� LQYLWHG� WDON�
RQ�63(&MEE������

7KH� FRQIHUHQFH� FROORFDWHG� WZR� ZRUNVKRSV��
+RW7RSL&6� DQG� 0XOWL&ORXG�� +RW7RSLFV� DWWUDFWHG� ���
SDUWLFLSDQWV�ZLWK�LWV�IRFXV�RQ�QHZ�DQG�´KRWµ�WRSLFV�LQ�WKH�
ILHOG�RI�&ORXG�6HUYLFHV��0XOWL&ORXG�KDG����SDUWLFLSDQWV�
DQG� DLPHG� WR� LQYHVWLJDWH� FRQFHSWV��PRGHOV� DQG� WRROV�
IRU�UXQQLQJ�DSSOLFDWLRQV�RQ�PXOWLSOH�DQG�KHWHURJHQHRXV�
&ORXG�V\VWHPV�

&ROORFDWHG�:RUNVKRSV
7KLV�\HDU·V� ,&3(�ZDV�DFFRPSDQLHG�ZLWK� WZR�FROOR�

FDWHG�ZRUNVKRSV��2Q�6DWXUGD\��$SULO�����WKH�+RW7RSL&6�
:RUNVKRS�VWDUWHG�ZLWK�WKH�NH\QRWH�JLYHQ�E\�$OH[DQGUX�
,RVXS� �78�'HOIW��� 7KH� WRSLF� RI� WKH� WDON� FRQFHUQHG� DS�
SURDFKHV��FKDOOHQJHV�DQG�H[SHULHQFHV�ZLWK�,DD6�&ORXG�
EHQFKPDUNLQJ��2Q�6XQGD\��6DPXHO�.RXQHY��.,7��JDYH�
WKH�LQYLWHG�WDON�HQWLWOHG�´5(/$7(��$�5HVHDUFK�7UDLQLQJ�
1HWZRUN� RQ� (QJLQHHULQJ� DQG� 3URYLVLRQLQJ� RI� 6HUYLFH�
%DVHG�&ORXG�$SSOLFDWLRQVµ��'XULQJ�WKH�ZRUNVKRS·V�VHV�
VLRQV��WKH�SDUWLFLSDQWV�KDG�DQ�XQLTXH�RFFDVLRQ�WR�IROORZ�
WHQ� SUHVHQWDWLRQV� DERXW� WKH� QHZHVW� WUHQGV� DQG� LGHDV�
LQ�WKH�&ORXG�&RPSXWLQJ�GRPDLQ��7KH�ZRUNVKRS�HQGHG�
ZLWK�D�MRLQW�OXQFK�RQ�6XQGD\�

2Q� 0RQGD\� PRUQLQJ�� WKH� VHFRQG� FROORFDWHG�
ZRUNVKRS� VWDUWHG�� ´0XOWL&ORXGµ�� 7KLV� RQH�GD\� HYHQW�
JDWKHUHG� UHVHDUFKHUV� DQG� FRPSDQLHV� LQWHUHVWHG� LQ�
LVVXHV�� SUREOHP� DQG� LGHDV� FRQFHUQLQJ� WKH� IROORZLQJ�
WRSLFV��0XOWL�&ORXG�EDFNJURXQG�DQG�JHQHUDO�LVVXHV��GH�
YHORSPHQW�RI�0XOWL�&ORXG�DSSOLFDWLRQV��PRQLWRULQJ�DQG�
H[HFXWLRQ�VXSSRUW��&ORXG�PLJUDWLRQ��7KH�ZRUNVKRS�ZDV�
FRQFOXGHG�ZLWK�WKH�GLVFXVVLRQ�SDQHO�DQG�D�MRLQW�FRIIHH�
DW�WKH�URRI�RI�WKH�'RULQW�+RWHO��

7KH�&RQIHUHQFH
7KH�PDLQ�FRQIHUHQFH���WK�$&0�63(&�,QWHUQDWLRQDO�

&RQIHUHQFH�RQ�3HUIRUPDQFH�(QJLQHHULQJ��,&3(��������
VWDUWHG�ZLWK�WKH�7XWRULDOV�WUDFN�RQ�6XQGD\��$SULO�����7KH�
PDLQ�WUDFNV�RI�WKH�FRQIHUHQFH�VWDUWHG�RQ�0RQGD\�PRUQ�
LQJ� ZLWK� WKH� NH\QRWH� VSHHFK� ´$XWRPDWHG�0RGHOLQJ� RI�
&RPSOH[�'DWD�&HQWHU�$SSOLFDWLRQVµ�JLYHQ�E\�3UDVKDQW�
6KHQR\� �8QLYHUVLW\� RI� 0DVVDFKXVHWWV��� $IWHU� WKH�
NH\QRWH�� DOO� SDUWLFLSDQWV� OLVWHQHG� WR� WKH� WDONV� JLYHQ�E\�
FDQGLGDWHV� WR� WKH�5HVHDUFK�7UDFN�%HVW�3DSHU�$ZDUG��
7KH� VHVVLRQV� WKDW� IROORZHG� ZHUH� D� SHUIHFW� RFFDVLRQ�

,&3(�������%(67�3$3(5�$:$5'6
.BZ��������

$W� WKH� ����� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ�
3HUIRUPDQFH� (QJLQHHULQJ� �,&3(� ������ LQ� 3UDJXH��
&]HFK� 5HSXEOLF�� WZR� RXWVWDQGLQJ� SDSHUV� ZHUH� GLVWLQ�
JXLVKHG�E\�WKH�3URJUDP�DQG�$ZDUGV�&KDLUV��

7KH� %HVW� 5HVHDUFK� 7UDFN� 3DSHU� $ZDUG� IURP� UH�
VHDUFK� WUDFN� ZDV� SUHVHQWHG� WR� %DODML� 6XEUDPDQLDP�
DQG� :X�&KXQ� )HQJ� IRU� WKH� SDSHU� ´7RZDUGV� (QHUJ\�
3URSRUWLRQDO� &RPSXWLQJ� IRU� (QWHUSULVH�&ODVV� 6HUYHU�
:RUNORDGVµ�

7KH� QRPLQHHV� WR� WKH�%HVW� 3DSHU�$ZDUG� LQ� WKH� UH�
VHDUFK�WUDFN�ZHUH�WKH�IROORZLQJ�WZR�SDSHUV��&KULVWRSK�
+HJHU��-HQV�+DSSH��5RR]EHK�)DUDKERG� IRU� WKH�SDSHU�
´$XWRPDWHG� 5RRW� &DXVH� ,VRODWLRQ� RI� 3HUIRUPDQFH�
5HJUHVVLRQV� 9DULDGXULQJ� 6RIWZDUH� 'HYHORSPHQWµ��
DQG� -HDQ�0LFKHO� )RXUQHDX�� .DWLQND� :ROWHU�� 3KLOLSS�

WR� VHH� WKH� KLJKHVW� UDQNHG� SDSHUV� RI� WKH� FRQIHUHQFH��
'XULQJ� WKH� FRIIHH� EUHDNV� EHWZHHQ� WKH� VHVVLRQV�� WKH�
SDUWLFLSDQWV�ZHUH�GLVFXVVLQJ�WKHLU�LGHDV�DQG�SUREOHPV��

7KH�VHFRQG�GD\�RI� WKH�FRQIHUHQFH�ZDV�RSHQHG�E\�
WKH� VHFRQG� NH\QRWH�� HQWLWOHG� ´6XSSRUWLQJ� 2SHUDWLRQV�
3HUVRQQHO� WKURXJK� 3HUIRUPDQFH� (QJLQHHULQJµ��
JLYHQ� E\� /HQ� %DVV� IURP� 1DWLRQDO� ,QIRUPDWLRQ� DQG�
&RPPXQLFDWLRQV� 7HFKQRORJ\� $XVWUDOLD� �1,&7$��� 7KH�
7XHVGD\·V�UHVHDUFK�WUDFN�VHVVLRQV�DWWUDFWHG�WKH�DWWHQ�
WLRQ�RI�OLVWHQHUV�XQWLO�ODWH�DIWHUQRRQ��ZKHQ�WKH�9LVLRQ�DQG�
:RUN�LQ�3URJUHVV�VHVVLRQ�VWDUWHG��'XULQJ�WKLV�VHVVLRQ��
UHVHDUFKHUV�SUHVHQWHG�WHQ� LQWHUHVWLQJ�WRSLFV� WKDW�ZHUH�
VHOHFWHG�IRU�SXEOLFDWLRQ��DOWKRXJK�WKH�UHVHDUFK�LV�VWLOO�LQ�
SURJUHVV��:H�KRSH�WKDW�WKH�LQWHUHVWLQJ�LGHDV�SUHVHQWHG�
GXULQJ�WKLV�VHVVLRQ�ZLOO�EH�D�JUHDW�PRWLYDWLRQ�WR�VXEPLW�
IROORZ�XS�UHVXOWV�WR�WKH�QH[W�,&3(�LQ�'XEOLQ�

7KH� PDLQ� FRQIHUHQFH� HQGHG� RQ�:HGQHVGD\��$SULO�
����ZKHQ�WKH�ODVW�NH\QRWH�WDON�ZDV�JLYHQ��7KH�WDON�ZDV�
HQWLWOHG� ´'DWD� &HQWULF� &RPSXWLQJ� IRU� ,QWHUQHW� 6FDOH�
(QWHUSULVHVµ� DQG� SUHVHQWHG� E\�<XTLQJ�*DR� IURP� ,%0�
7�-��:DWVRQ� 5HVHDUFK� &HQWHU�� %HIRUH� WKH� FRQIHUHQFH�
ZDV� FORVHG�� WKH� SDUWLFLSDQWV� OLVWHQHG� WR� WKH� SUHVHQWD�
WLRQV� RI� WKH� FDQGLGDWHV� WR� WKH� ,QGXVWU\� 7UDFN� %HVW��
3DSHU�$ZDUG��

63(&�)DFH�WR�)DFH�0HHWLQJV
(DFK� ,&3(� LV� D� SHUIHFW� RFFDVLRQ� IRU� IDFH�WR�IDFH�

PHHWLQJV� RI� UHVHDUFKHUV� DQG� LQGXVWU\� UHSUHVHQWDWLYHV�
WKDW� ZRUN� LQ� WKH� GRPDLQ� RI� SHUIRUPDQFH� HQJLQHHULQJ��
7KH� PHPEHUV� RI� 63(&� DOVR� XVH� WKLV� RSSRUWXQLW\� WR�
PHHW�LQ�SHUVRQ�DQG�GLVFXVV�WKH�WRSLFV�RI�WKHLU�LQWHUHVWV��
'XULQJ� WKLV� \HDU·V� ,&3(�� 63(&� RUJDQL]HG� ILYH� IDFH�
WR�IDFH�PHHWLQJV��63(&�26*�&38��63(&�26*�-DYD�
(QWHUSULVH�� 63(&� 26*� 3RZHU�� 63(&� 5HVHDUFK� DQG�
WKH�PHHWLQJV�RI� WKH�6WHHULQJ�&RPPLWWHHV��7KH�UHSRUWV�
IURP� WKH� IDFH�WR�IDFH�PHHWLQJ�ZLWKLQ� 63(&�5HVHDUFK�
DUH�LQFOXGHG�LQ�WKLV�LVVXH�RI�WKH�QHZVOHWWHU��UHDG�PRUH�
RQ�SDJH������:H�KRSH��WKH\�ZLOO�JLYH�WKH�UHDGHUV�DQ�LQ�
VLJKW�RI�VHOHFWHG�GLVFXVVLRQ�WRSLFV�DQG�EH�DQ�LQYLWDWLRQ�
WR�MRLQ�63(&�5HVHDUFK�RU�RQH�RI�LWV�ZRUNLQJ�JURXSV�

1JPUS�3ZHJFMTLJ�	,*5
�2BJT�/PPSTIBNT�	,*5
�1FUS�5VNB�	$IBSMFT�
6OJWFSTJUZ�PG�1SBHVF
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7KH�63(&�5HVHDUFK�$QQXDO�0HHWLQJ
7KH�PHPEHUV�RI�WKH�63(&�5HVHDUFK�*URXS�PHW�WR�

JHWKHU�RQ�0D\���WK��������7KH�PHHWLQJ�ZDV�FKDLUHG�E\�
6DPXHO�.RXQHY�ZKR�SUHVHQWHG�WKH�JURXS�DQG�LWV�ZRUN�
LQJ�JURXSV�KLJKOLJKWLQJ�PDQ\�VXFFHVVHV�DFKLHYHG�LQ�WKH�
SUHYLRXV�\HDU��$IWHU�WKLV�LQWURGXFWLRQ��WKH�DWWHQGHHV�LQ�
WURGXFHG�WKHPVHOYHV��SUHVHQWHG�WKHLU�VFLHQWLILF�LQWHUHVWV�
DQG�LQYROYHPHQW�LQ�WKH�JURXSV��'XULQJ�WKH�PHHWLQJ��WKH�
FKDLUPDQ�KLJKOLJKWHG�WKDW�WKH�63(&�5HVHDUFK�*URXS�LV�
RSHQ�IRU�HYHU\RQH��KDV�GLYHUVH�DUHDV�RI�UHVHDUFK�IRFXV�
DQG�LWV�PDLQ�DLP�LV�WR�IRVWHU�WKH�FROODERUDWLRQ�EHWZHHQ�
LQGXVWU\�DQG�DFDGHPLD��0RUHRYHU�� WKH�EHQHILWV�RI� MRLQ�
LQJ�WKH�JURXS�KDYH�EHHQ�SUHVHQWHG�

/DWHU�� WKH� FKDLU� RI� WKH� ,'6�:RUNLQJ�*URXS��0DUFR�
9LHLUD��VKDUHG�KLV�H[SHULHQFHV�DERXW�WKH�SURFHVV�RI�HV�
WDEOLVKLQJ�D�QHZ�ZRUNLQJ�JURXS�ZLWKLQ�63(&�5HVHDUFK��
7KH�PHHWLQJ�ZDV�FRQFOXGHG�E\�DQ� LQWURGXFWLRQ�RI� WKH�
WZR�ZRUNLQJ�JURXSV²&ORXG�DQG�,'6��$IWHU�D�VKRUW�EUHDN��
WKH�PHHWLQJ�RI�WKH�&ORXG�:RUNLQJ�*URXS�IROORZHG��

1JPUS�3ZHJFMTLJ�	,*5
�.FJLFM�1PFTT�	0SBDMF


7KH�&ORXG�:RUNLQJ�*URXS
7KH� 63(&� 5*� &ORXG� :RUNLQJ� *URXS� PHW� IDFH�

WR�IDFH� LQ� 3UDJXH� RQ� 0D\� ��WK�� ������ 7KH� PHHWLQJ�
RSHQHG� ZLWK� WKH� LQWURGXFWLRQ� RI� WKH� FKDLU� $OH[DQGUX�
,RVXS��+H�LQWURGXFHG�WRSLFV�RI�LQWHUHVW�RI�WKH�JURXS�DQG�
DQQRXQFHG� WR� WKH� DWWHQGHHV� WKDW� WKH� &ORXG� :RUNLQJ�
*URXS�ORRNV�IRU�QHZ�PHPEHUV��UHDG�PRUH�RQ�SDJH�����

$IWHU� WKH� LQWURGXFWRU\� SDUW�� $OHNVDQGDU� 0LOHQNRVNL�
SUHVHQWHG� WKH� ILUVW� 7HFKQLFDO� 5HSRUW� RI� WKH� &ORXG�
:RUNLQJ� *URXS� HQWLWOHG� ´&ORXG� 8VDJH� 3DWWHUQV�� $�
)RUPDOLVP� IRU�'HVFULSWLRQ�RI�&ORXG�8VDJH�6FHQDULRVµ�
�VHH�SDJH�����7KH�SUHVHQWDWLRQ�ZDV�FRQFOXGHG�E\�D�GLV�
FXVVLRQ�WKDW�VKRZHG�WKDW�WKH�GRFXPHQW�LV�LPSRUWDQW�IRU�
LQGXVWULDO�SDUWQHUV��0RUHRYHU��PDQ\�LGHDV�RI�H[WHQGLQJ�
WKH�IRUPDOLVP�ZHUH�SURSRVHG�

,Q� WKH� QH[W� SDUW� RI� WKH� PHHWLQJ�� 1LNRODV� +HUEVW�
SUHVHQWHG�PDWHULDO�DERXW�DQ�XSFRPLQJ�WHFKQLFDO�UHSRUW�
WKDW�IRFXVHV�RQ�FORXG�SHUIRUPDQFH�EHQFKPDUNLQJ��7KH�

SUHVHQWDWLRQ�JDYH� LQVLJKW� WR� WKH� LQLWLDO� SURJUHVV� LQ� WKH�
SUHSDUDWLRQ�RI�WKLV�GRFXPHQW��HVSHFLDOO\�RQ�WKH�HODVWLF�
LW\� EHQFKPDUNLQJ�� 7KH� SUHVHQWDWLRQ� LQWHUHVWHG� PDQ\�
DWWHQGHHV�DQG�WKH\�DFWLYHO\�GLVFXVVHG�RQ�WKH�SUHVHQWHG�
WRSLFV�� 7KH� PHHWLQJ� ZDV� FORVHG� E\� $OH[DQGUX� ,RVXS�
DQG� WKH� DWWHQGHHV� KHDGHG� WR� WKH�3UDJXH� FDVWOH� IRU� D�
MRLQW�GLQQHU�ZKHUH�GLVFXVVLRQV�ZHUH�FRQWLQXHG�

1JPUS�3ZHJFMTLJ	,*5


7KH�,'6�:RUNLQJ�*URXS
$� IDFH�WR�IDFH� PHHWLQJ� RI� WKH� 63(&� 5*� ,'6�

%HQFKPDUNLQJ�:RUNLQJ�*URXS�WRRN�SODFH�LQ�3UDJXH��RQ�
0D\���WK�� ������7KLV�ZDV� WKH� ILUVW� IDFH�WR�IDFH�PHHW�
LQJ� RI� WKH� JURXS�� ZKLFK� SHULRGLFDOO\� PHHWV� RQOLQH��$OO�
PHPEHUV�RI�WKH�ZRUNLQJ�JURXS�ZHUH�UHSUHVHQWHG�LQ�WKH�
PHHWLQJ��ZKLFK�ZDV�DOVR�DWWHQGHG�E\�UHSUHVHQWDWLYHV�RI�
RWKHU�63(*�5*�ZRUNLQJ�JURXSV�

'XULQJ�WKLV�PHHWLQJ��ZH�ILUVW�GLVFXVVHG�PDQDJHPHQW�
DVSHFWV�RI�WKH�JURXS�DQG�DSSURDFKHV�IRU�DWWUDFWLQJ�QHZ�
PHPEHUV�� $IWHUZDUGV�� ZH� IRFXVHG� RQ� WHFKQLFDO� DV�
SHFWV��GLVFXVVLQJ�UHTXLUHPHQWV�DQG�DSSURDFKHV�IRU�WKH�
JHQHUDWLRQ�RI�PDOLFLRXV�ZRUNORDGV��LQFOXGLQJ�WKH�XVH�RI�
YXOQHUDELOLW\�DQG�DWWDFN�LQMHFWLRQ�WHFKQLTXHV�

.BSDP�7JFJSB�	6OJWFSTJUZ�PG�$PJNCSB


5HLQHFNH��7LOPDQ�.UDXVV�IRU�WKH�SDSHU�´0XOWLSOH�&ODVV�
*�1HWZRUNV�ZLWK�5HVWDUWµ�

7KH� GLVWLQFWLRQ²%HVW� ,QGXVWU\� 7UDFN� 3DSHU�$ZDUG²
ZDV� SUHVHQWHG� WR� .ODXV�'LHWHU� /DQJH�� -HUHP\� $��
$UQROG��+DQVIULHG�%ORFN��1DWKDQ�7RWXUD��-RKQ�%HFNHWW��
0LNH�*��7ULFNHU� IRU� WKH�SDSHU� ´)XUWKHU� ,PSOHPHQWDWLRQ�
$VSHFWV�RI�WKH�6HUYHU�(IILFLHQF\�5DWLQJ�7RRO��6(57�µ�

7KH�RWKHU�QRPLQHH�WR�WKH�%HVW�3DSHU�$ZDUG� LQ� WKH�
,QGUXVWU\�([SHULQHFH�7UDFN�ZDV� WKH� SDSHU� E\�7LOPDQQ�
5DEO��0HLNHO�3RHVV��+DQV�$UQR�-DFREVHQ��3DW�2·1HLO���
%HWW\�2·1HLO�´9DULDWLRQV�RI�WKH�6WDU�6FKHPD�%HQFKPDUN�
WR�7HVW�'DWD�6NHZ�LQ�'DWDEDVH�0DQDJHPHQW�6\VWHPV´

&RQJUDWXODWLRQV� WR� WKH� DZDUG� ZLQQHUV� DQG� WKH� DX�
WKRUV�RI�GLVWLQJXLVKHG�SDSHUV�

1JPUS�3ZHJFMTLJ�	,*5
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'XULQJ� 63(&·V� ����� 4XDUWHUO\� 0HHWLQJ� LQ� 3UDJXH�
�&]HFK�5HSXEOLF��� 5*�2IILFHUV�$OH[DQGUX� ,RVXS��4DLV�
1RRUVKDPV� DQG� $OHNVDQGDU� 0LOHQNRVNL� ZHUH� UHFRJ�
QL]HG�E\�WKH�63(&�3UHVLGHQW�DQG�WKH�63(&�5*�&KDLU�
IRU�WKHLU�RXWVWDQGLQJ�VHUYLFH�WR�63(&�LQ������

$OH[DQGUX� ,RVXS� �78� 'HOIW�� UHFHLYHG� DQ� DZDUG�
IRU� KLV� RXWVWDQGLQJ� VHUYLFH� DV� HOHFWHG� &KDLU� GULYLQJ�
WKH� GHYHORSPHQW� DQG� HVWDEOLVKPHQW� RI� WKH�63(&�5*�
&ORXG�:RUNLQJ�*URXS��4DLV�1RRUVKDPV��.,7��UHFHLYHG�
DQ�DZDUG�IRU�KLV�RXWVWDQGLQJ�VHUYLFH�DV�HOHFWHG�63(&�
5*�5HOHDVH�0DQDJHU��$OHNVDQGDU�0LOHQNRVNL��.,7��UH�
FHLYHG�DQ�DZDUG�IRU�KLV�RXWVWDQGLQJ�VHUYLFH�DV�HOHFWHG�
6HFUHWDU\�RI�WKH�5*�&ORXG�DQG�5*�,'6�ZRUNLQJ�JURXSV��
DPRQJ�RWKHU�WKLQJV�OHDGLQJ�WKH�ZRUN�RQ�WKH�ILUVW�RIILFLDO�
WHFKQLFDO� UHSRUW� RI� 63(&� 5*�� ,Q� DGGLWLRQ�� 6DPXHO�
.RXQHY� �.,7��ZDV� UHFRJQL]HG� E\�63(&�3UHVLGHQW� IRU�
KLV�FRQWLQXHG�VHUYLFH�GULYLQJ�WKH�IXUWKHU�HVWDEOLVKPHQW�
DQG� GHYHORSPHQW� RI� WKH� 63(&� 5HVHDUFK� *URXS� DQG�
WKH�,&3(�FRQIHUHQFH�

&RQJUDWXODWLRQV�WR�DOO�DZDUG�UHFLSLHQWV�
1JPUS�3ZHJFMTLJ�	,*5
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%DODML�6XEUDPDQLDP��:X�FKXQ�)HQJ��7RZDUGV�
(QHUJ\�3URSRUWLRQDO�&RPSXWLQJ�IRU�(QWHUSULVH�

&ODVV�6HUYHU�:RUNORDGV��
�5HVHDUFK�7UDFN�%HVW�3DSHU�$ZDUG�

0DVVLYH�GDWD�FHQWHUV�KRXVLQJ�WKRXVDQGV�RI�FRPSXW�
LQJ� QRGHV� KDYH� EHFRPH� FRPPRQSODFH� LQ� HQWHUSULVH�
FRPSXWLQJ�� DQG� WKH� SRZHU� FRQVXPSWLRQ� RI� VXFK� GDWD�
FHQWHUV� LV� JURZLQJ� DW� DQ� XQSUHFHGHQWHG� UDWH��$GGLQJ�
WR� WKH�SUREOHP� LV� WKH� LQDELOLW\�RI� WKH�VHUYHUV� WR�H[KLELW�
HQHUJ\�SURSRUWLRQDOLW\�� L�H���SURYLGH�HQHUJ\�HIILFLHQW�H[�
HFXWLRQ�XQGHU�DOO� OHYHOV�RI�XWLOL]DWLRQ��ZKLFK�GLPLQLVKHV�
WKH� RYHUDOO� HQHUJ\� HIILFLHQF\� RI� WKH� GDWD� FHQWHU�� ,W� LV�
LPSHUDWLYH�WKDW�ZH�UHDOL]H�HIIHFWLYH�VWUDWHJLHV�WR�FRQWURO�
WKH�SRZHU�FRQVXPSWLRQ�RI� WKH�VHUYHU�DQG� LPSURYH�WKH�
HQHUJ\� HIILFLHQF\� RI� GDWD� FHQWHUV��:LWK� WKH� DGYHQW� RI�
,QWHO� 6DQG\�%ULGJH� SURFHVVRUV��ZH� KDYH� WKH� DELOLW\� WR�
VSHFLI\� D� OLPLW� RQ� SRZHU� FRQVXPSWLRQ� GXULQJ� UXQWLPH��
ZKLFK�FUHDWHV�RSSRUWXQLWLHV�WR�GHVLJQ�QHZ�SRZHU�PDQ�
DJHPHQW�WHFKQLTXHV�IRU�HQWHUSULVH�ZRUNORDGV�DQG�PDNH�
WKH�V\VWHPV�WKDW�WKH\�UXQ�RQ�PRUH�HQHUJ\�SURSRUWLRQDO�

,Q� WKLV� SDSHU��ZH� LQYHVWLJDWH�ZKHWKHU� LW� LV� SRVVLEOH�
WR� DFKLHYH� HQHUJ\� SURSRUWLRQDOLW\� IRU� DQ� HQWHUSULVH�
FODVV� VHUYHU� ZRUNORDG�� QDPHO\� 63(&SRZHU� VVM�����
EHQFKPDUN�� E\� XVLQJ� ,QWHO·V� 5XQQLQJ� $YHUDJH� 3RZHU�
/LPLW� �5$3/�� LQWHUIDFHV�� )LUVW�� ZH� DQDO\]H� WKH� SRZHU�
FRQVXPSWLRQ� DQG� FKDUDFWHUL]H� WKH� LQVWDQWDQHRXV�
SRZHU� SURILOH� RI� WKH� 63(&SRZHU� EHQFKPDUN� ZLWKLQ�
GLIIHUHQW�VXEV\VWHPV�XVLQJ� WKH�RQ�FKLS�HQHUJ\�PHWHUV�
H[SRVHG�YLD�WKH�5$3/�LQWHUIDFHV��:H�WKHQ�DQDO\]H�WKH�
LPSDFW� RI� 5$3/� SRZHU� OLPLWLQJ� RQ� WKH� SHUIRUPDQFH��
SHU�WUDQVDFWLRQ� UHVSRQVH� WLPH�� SRZHU� FRQVXPSWLRQ��
DQG�HQHUJ\�HIILFLHQF\�RI�WKH�EHQFKPDUN�XQGHU�GLIIHUHQW�
ORDG�OHYHOV��2XU�REVHUYDWLRQV�DQG�UHVXOWV�VKHG�OLJKW�RQ�
WKH� HIILFDF\� RI� WKH�5$3/� LQWHUIDFHV� DQG�SURYLGH� JXLG�
DQFH� IRU�GHVLJQLQJ�SRZHU�PDQDJHPHQW� WHFKQLTXHV� IRU�
HQWHUSULVH�FODVV�ZRUNORDGV�

&KULVWRSK�+HJHU��-HQV�+DSSH���
5RR]EHK�)DUDKERG���

$XWRPDWHG�5RRW�&DXVH�,VRODWLRQ�RI�3HUIRUPDQFH�
5HJUHVVLRQV�'XULQJ�6RIWZDUH�'HYHORSPHQW�
�5HVHDUFK�7UDFN�%HVW�3DSHU�1RPLQDWLRQ�

3HUIRUPDQFH�LV�FUXFLDO�IRU�WKH�VXFFHVV�RI�DQ�DSSOLFD�
WLRQ��7R�EXLOG�UHVSRQVLYH�DQG�FRVW�HIILFLHQW�DSSOLFDWLRQV��
VRIWZDUH�HQJLQHHUV�PXVW�EH�DEOH�WR�GHWHFW�DQG�IL[�SHU�
IRUPDQFH�SUREOHPV�HDUO\� LQ� WKH�GHYHORSPHQW�SURFHVV��

4BNVFM�,PVOFW�	MFGU
�SFDFJWFT�UIF�41&$UBDVMBS�"XBSE�GSPN�41&$�
1SFTJEFOU�8BMUFS�#BZT�

4BNVFM�,PVOFW�BOE�8BMUFS�#BZT�QSFTFOU�
�UIF�"XBSE�UP�"MFYBOESV�*PTVQ��

"MFLTBOEBS�.JMFOLPTLJ�SFDFJWFT�UIF�41&$UBDVMBS�"XBSE�GSPN�8BMUFS�
#BZT�BOE�4BNVFM�,PVOFW��

8BMUFS�#BZT�QSFTFOUT�UIF�"XBSE�UP�2BJT�/PPSTIBNT��
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([LVWLQJ�DSSURDFKHV�DUH�HLWKHU� UHO\LQJ�RQ�D�KLJK� OHYHO�
RI� DEVWUDFWLRQ� VXFK� WKDW� FULWLFDO� SUREOHPV� FDQQRW� EH�
GHWHFWHG�RU�UHTXLUH�KLJK�PDQXDO�HIIRUW��,Q�WKLV�SDSHU��ZH�
SUHVHQW�D�QRYHO�DSSURDFK� WKDW� LQWHJUDWHV�SHUIRUPDQFH�
UHJUHVVLRQ�URRW�FDXVH�DQDO\VLV� LQWR� WKH�H[LVWLQJ�GHYHO�
RSPHQW� LQIUDVWUXFWXUH� XVLQJ� SHUIRUPDQFH�DZDUH� XQLW�
WHVWV� DQG� WKH� UHYLVLRQ� KLVWRU\�� 2XU� DSSURDFK� LV� HDV\�
WR� XVH� DQG� SURYLGHV� VRIWZDUH� HQJLQHHUV� LPPHGLDWH�
LQVLJKWV�ZLWK�DXWRPDWHG�URRW�FDXVH�DQDO\VLV��,Q�D�UHDO�
LVWLF�FDVH�VWXG\�EDVHG�RQ�WKH�FKDQJH�KLVWRU\�RI�$SDFKH�
&RPPRQV� 0DWK�� ZH� GHPRQVWUDWH� WKDW� RXU� DSSURDFK�
FDQ�DXWRPDWLFDOO\�GHWHFW�DQG�LGHQWLI\�WKH�URRW�FDXVH�RI�D�
PDMRU�SHUIRUPDQFH�UHJUHVVLRQ�

-HDQ�0LFKHO�)RXUQHDX��.DWLQND�:ROWHU��3KLOLSS�
5HLQHFNH��7LOPDQ�.UDXVV��$OH[DQGUD�'DQLONLQD���

0XOWLSOH�&ODVV�*�1HWZRUNV�ZLWK�5HVWDUW��
�5HVHDUFK�7UDFN�%HVW�3DSHU�1RPLQDWLRQ�

5HVWDUW� LV� D� FRPPRQ� WHFKQLTXH� IRU� LPSURYLQJ� UH�
VSRQVH�WLPHV�LQ�FRPSOH[�V\VWHPV�ZKHUH�WKH�FDXVHV�RI�
GHOD\V�FDQ�HLWKHU�QRW�EH�GLVFHUQHG��RU�QRW�EH�DGGUHVVHG�
E\�WKH�XVHU��:LWK�UHVWDUW��WKH�XVHU�DERUWV�D�UXQQLQJ�MRE�
WKDW�H[FHHGV�D�GHDGOLQH��DQG�UHVXEPLWV�LW�WR�WKH�V\VWHP�
LPPHGLDWHO\��,Q�PDQ\�FRPPRQ�VFHQDULRV��WKLV�DSSURDFK�
FDQ� UHGXFH� WKH� UHVSRQVH�WLPHV� WKDW� WKH� XVHU� H[SHUL�
HQFHV�� 5HVWDUW� KDV� EHHQ� ZHOO�VWXGLHG� IRU� VFHQDULRV�
ZKHUH� RQO\� RQH� XVHU� DSSOLHV� UHVWDUW�� DQG� W\SLFDOO\� LQ�
FDVHV�ZKHUH�TXHXHLQJ�HIIHFWV�FDQ�EH�QHJOHFWHG��,Q�WKLV�
SDSHU�ZH�DSSURDFK�WKH�TXHVWLRQ�RI�UHVWDUW�LQ�D�VFHQDULR�
ZKHUH� UHVWDUW� LV� DSSOLHG� E\� PDQ\� XVHUV� LQ� D� V\VWHP�
WKDW� FDQ� EH�PRGHOOHG� DV� DQ� RSHQ� TXHXHLQJ� QHWZRUN��
:H� DSSO\� WKH� *�1HWZRUNV� IRUPDOLVP� WR� WKLV� SUREOHP��
:H�XVH�QHJDWLYH�FXVWRPHUV�WR�PRGHO�WKH�DERUWLRQ�DQG�
UHWU\� RI� D� UHTXHVW��7KH�RSHQ�*�QHWZRUN�XVHV�PXOWLSOH�
FODVVHV�ZLWK�SKDVH�W\SH�GLVWULEXWHG�VHUYLFH�WLPHV��7KLV�
DOORZV�WKH�DSSUR[LPDWLRQ�RI�D�SUHHPSWLYH�UHSHDW�GLIIHU�
HQW�EHKDYLRXU�DV� LW� LV�QDWXUDO� IRU�PXOWLSOH� UHVWDUWV�RI�D�
UHTXHVW��:H� FRPSXWH� WKH� UHVSRQVH� WLPH�RI� D� UHTXHVW�
DQG�VKRZ�WKDW�DQ�RSWLPDO�UHVWDUW�LQWHUYDO�FDQ�EH�IRXQG��
7KH�UHVXOWV�DUH�FRPSDUHG�ZLWK�VLPXODWLRQ�

.ODXV�'LHWHU�/DQJH��-HUHP\�$��$UQROG��+DQV�
IULHG�%ORFN��1DWKDQ�7RWXUD��-RKQ�%HFNHWW��0LNH�*��
7ULFNHU��)XUWKHU�,PSOHPHQWDWLRQ�$VSHFWV�RI�WKH�

6HUYHU�(IILFLHQF\�5DWLQJ�7RRO��6(57��
�,QGXVWU\�7UDFN�%HVW�3DSHU�$ZDUG�

7KH� 6HUYHU� (IILFLHQF\� 5DWLQJ� 7RRO� �6(57�� KDV�
EHHQ� GHYHORSHG� E\� WKH� 6WDQGDUG� 3HUIRUPDQFH�
(YDOXDWLRQ� &RUSRUDWLRQ� �63(&�� DW� WKH� UHTXHVW� RI� WKH�
86�(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��(3$���$OPRVW����
RI�DOO�HOHFWULFLW\�FRQVXPHG�ZLWKLQ� WKH�86�LQ������ZHQW�
WR� UXQQLQJ�GDWDFHQWHUV��:LWK� WKLV� LQ�PLQG�� WKH�(3$�UH�
OHDVHG�9HUVLRQ�����RI�WKH�(1(5*<�67$5�IRU�&RPSXWHU�
6HUYHUV�SURJUDP�LQ�HDUO\������WR�LQFOXGH�WKH�PDQGDWRU\�
XVH� RI� WKH� 6(57��2WKHU� JRYHUQPHQWV�ZRUOG�ZLGH� WKDW�
DUH�DOVR�FRQFHUQHG�ZLWK�JURZLQJ�SRZHU�FRQVXPSWLRQ�RI�
VHUYHUV�DQG�GDWDFHQWHUV�DUH� FRQVLGHULQJ� WKH�DGRSWLRQ�
RI�WKH�6(57�

7LOPDQQ�5DEO��0HLNHO�3RHVV��+DQV�$UQR�-DFRE�
VHQ��3DWULFN�2·1HLO��(OL]DEHWK�2·1HLO��9DULDWLRQV�RI�
WKH�6WDU�6FKHPD�%HQFKPDUN�WR�7HVW�WKH�(IIHFWV�RI�

'DWD�6NHZ�RQ�4XHU\�3HUIRUPDQFH�
�,QGXVWU\�7UDFN�%HVW�3DSHU�1RPLQDWLRQ�

7KH� 6WDU� 6FKHPD� %HQFKPDUN� �66%��� KDV� EHHQ�
ZLGHO\� XVHG� WR� HYDOXDWH� WKH�SHUIRUPDQFH�RI� GDWDEDVH�
PDQDJHPHQW� V\VWHPV� ZKHQ� H[HFXWLQJ� VWDU� VFKHPD�
TXHULHV��66%��EDVHG�RQ�WKH�ZHOO�NQRZQ� LQGXVWU\�VWDQ�
GDUG�EHQFKPDUN�73&�+��VKDUHV�VRPH�RI�LWV�GUDZEDFNV��
PRVW� QRWDEO\�� LWV� XQLIRUP� GDWD� GLVWULEXWLRQV�� 7RGD\·V�
V\VWHPV�UHO\�KHDYLO\�RQ�VRSKLVWLFDWHG�FRVW�EDVHG�TXHU\�
RSWLPL]HUV� WR� JHQHUDWH� WKH� PRVW� HIILFLHQW� TXHU\� H[�
HFXWLRQ�SODQV��$�EHQFKPDUN� WKDW�HYDOXDWHV�RSWLPL]HU·V�
FDSDELOLW\�WR�JHQHUDWH�RSWLPDO�H[HFXWLRQ�SODQV�XQGHU�DOO�
FLUFXPVWDQFHV�PXVW�SURYLGH�WKH�ULFK�GDWD�VHW�GHWDLOV�RQ�
ZKLFK� RSWLPL]HUV� UHO\� �XQLIRUP� DQG� QRQ�XQLIRUP� GLVWUL�
EXWLRQV��GDWD�VSDUVLW\��HWF����7KLV� LV�DOVR� WUXH� IRU�RWKHU�
GDWDEDVH�V\VWHP�SDUWV��VXFK�DV�LQGLFHV�DQG�RSHUDWRUV��
DQG� XOWLPDWHO\� KROGV� IRU� DQ� HQG�WR�HQG� EHQFKPDUN� DV�
ZHOO��66%·V�GDWD�JHQHUDWRU��EDVHG�RQ�73&�+·V�GEJHQ��
LV�QRW�HDV\�WR�DGDSW�WR�GLIIHUHQW�GDWD�GLVWULEXWLRQV�DV�LWV�
PHWD�GDWD�DQG�DFWXDO�GDWD�JHQHUDWLRQ�LPSOHPHQWDWLRQV�
DUH�QRW�VHSDUDWHG��,Q�WKLV�SDSHU��ZH�PRWLYDWH�WKH�QHHG�
IRU� D� QHZ� UHYLVLRQ� RI� 66%� WKDW� LQFOXGHV� QRQ�XQLIRUP�
GDWD� GLVWULEXWLRQV�� :H� OLVW� ZKDW� VSHFLILF� PRGLILFDWLRQV�
DUH� UHTXLUHG� WR� 66%� WR� LPSOHPHQW� QRQ�XQLIRUP� GDWD�
VHWV� DQG� ZH� GHPRQVWUDWH� KRZ� WR� LPSOHPHQW� WKHVH�
PRGLILFDWLRQV�LQ�WKH�3DUDOOHO�'DWD�*HQHUDWRU�)UDPHZRUN�
WR�JHQHUDWH�ERWK�WKH�GDWD�DQG�TXHU\�VHWV�
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