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$EVWUDFW�
�

7KLV� WKHVLV� LQWURGXFHV� KDSWLF� LQWHUDFWLRQ� DV� D� SRWHQWLDO� VROXWLRQ� IRU� DOOHYLDWLQJ� KXPDQ�

IDFWRUV� SUREOHPV� DW� WKH� DLU� WUDIILF� FRQWUROOHU� ZRUNVWDWLRQ�� VSHFLILFDOO\� LQ� UHODWLRQ� WR� WKH�

SUHVHQWDWLRQ�RI�LQIRUPDWLRQ�RQ�WKH�YLVXDO�UDGDU�GLVSOD\�DQG�DVVRFLDWHG�FXUVRU�FRQWURO�LQSXW�

GHYLFH��

�

$� UHYLHZ� RI� KXPDQ� IDFWRUV� SULQFLSOHV� ZLWKLQ� WKH� DLU� WUDIILF� FRQWURO� �$7&�� GRPDLQ� LV�

SUHVHQWHG�� 7KH� FRQVWUXFW� RI� ZRUNORDG� LV� LQYHVWLJDWHG� LQ� WHUPV� RI� LWV� GHILQLWLRQ�� WKH�

SUREOHPV� DVVRFLDWHG�ZLWK� LW�� LWV�PHDVXUHPHQW�� DQG� WKH� SRWHQWLDO� WR� DOOHYLDWH�ZRUNORDG� E\�

WUDQVIHUULQJ� WKH�PRGDOLW\�RI� VRPH�RI� WKH� LQIRUPDWLRQ�SUHVHQWHG� WR� WKH� FRQWUROOHU��)XWXUH�

GLUHFWLRQV� LQ� $7&� VXFK� DV� )UHH� )OLJKW� DQG� GDWD� OLQN� FRPPXQLFDWLRQV� DUH� GLVFXVVHG� LQ�

UHODWLRQ�WR�WKH�FRQWUROOHUV·�FKDQJLQJ�UROH���

�

9LVLWV�WR�D�6FRWWLVK�$7&�IDFLOLW\�DUH�GHVFULEHG�DQG�GLVFXVVHG�ZLWK�HPSKDVLV�RQ�WKH�UHVXOWV�RI�

TXHVWLRQQDLUHV��GLUHFW�FRQWUROOHU�REVHUYDWLRQ��DQG�WKH�H[WHQW�WR�ZKLFK�WKH�ILQGLQJV�RI�WKHVH�

YLVLWV�VXSSRUW�SUHYLRXVO\�FRQGXFWHG�UHVHDUFK�LQ�WKH�$7&�KXPDQ�IDFWRUV�ILHOG��7KH�RXWFRPH�

RI� WKHVH� YLVLWV� LV� D� VHW� RI� UHTXLUHPHQWV� WKDW� FDQ� EH� LQYHVWLJDWHG� E\�ZD\� RI� VLPXODWLRQ� WR�

GHWHUPLQH�LI�KDSWLF�LQWHUDFWLRQ�KDV�WKH�SRWHQWLDO�WR�DOOHYLDWH�VRPH�RI�WKH�LGHQWLILHG�SUREOHPV�

LQ�UHODWLRQ�WR�WDUJHWLQJ�DQG�YLVXDO�ORDG�����

�

$�UHYLHZ�RI�SUHYLRXV�DQG�FXUUHQW�PXOWLPRGDO� UHVHDUFK� LV�SUHVHQWHG��FRQFHQWUDWLQJ�RQ�WKH�

XVH�RI�WKH�KDSWLF�VHQVH�DQG�LW·V�VLPXODWLRQ�WKURXJK�D�FRPSXWHU�LQWHUIDFH��&XUUHQW�UHVHDUFK�

LQ� UHODWLRQ� WR� WKH� DELOLW\� RI� KDSWLF� LQWHUDFWLRQ� WR� LPSURYH� WDUJHWLQJ� WDVN� SHUIRUPDQFH� LV�

UHYLHZHG�EHFDXVH�RI�LWV�DOLJQPHQW�ZLWK�WKH�W\SHV�RI�PXOWL�WDUJHW�DFTXLVLWLRQ�WDVNV�SHUIRUPHG�

E\�FRQWUROOHUV�ZKHQ�LQWHUDFWLQJ�ZLWK�WKH�UDGDU�GLVSOD\�XVLQJ�WKH�DVVRFLDWHG�LQSXW�GHYLFH���

�

7KH�SURJUHVV�PDGH�LQ�EXLOGLQJ�D�KDSWLFDOO\�HQKDQFHG�VLPXODWLRQ�LV�GHVFULEHG��DQG�D�QXPEHU�

RI� VXJJHVWLRQV� IRU�SURJUHVVLQJ� WKLV�ZRUN� DUH�SURYLGHG� LQ� WKH�KRSH� WKDW� UHVHDUFK� LQWR� WKH�

UHODWLRQVKLS� EHWZHHQ� $7&� KXPDQ� IDFWRUV� SUREOHPV�� DQG� WKH� VXLWDELOLW\� RI� PXOWLPRGDO�

HQKDQFHPHQW�RI�UDGDU�GLVSOD\�LQSXW�GHYLFH�LQWHUDFWLRQ�ZLOO�FRQWLQXH�WR�EH�SXUVXHG������
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7DEOH�RI�&RQWHQWV�
$EVWUDFW ����������������������������������������������������������������������������������������������������������������������������������������� � 

7DEOH�RI�&RQWHQWV�������������������������������������������������������������������������������������������������������������������������� � 

/LVW�RI�)LJXUHV ������������������������������������������������������������������������������������������������������������������������������� � 

/LVW�RI�7DEOHV �������������������������������������������������������������������������������������������������������������������������������� � 

$FNQRZOHGJHPHQWV ����������������������������������������������������������������������������������������������������������������������� � 

$FNQRZOHGJHPHQWV ����������������������������������������������������������������������������������������������������������������������� � 

&KDSWHU����,QWURGXFWLRQ����������������������������������������������������������������������������������������������������������������� � 

����5HVHDUFK�$LPV ��������������������������������������������������������������������������������������������������������������������� � 

������7KHVLV�4XHVWLRQ�������������������������������������������������������������������������������������������������������������������������������������� � 

����7KHVLV�6WUXFWXUH������������������������������������������������������������������������������������������������������������������ �� 

&KDSWHU����+XPDQ�)DFWRUV�LQ�$LU�7UDIILF�&RQWURO������������������������������������������������������������������������ �� 

����,QWURGXFWLRQ������������������������������������������������������������������������������������������������������������������������ �� 

����$LU�7UDIILF�&RQWURO��$Q�2YHUYLHZ ��������������������������������������������������������������������������������������� �� 

����+XPDQ�)DFWRUV�3UREOHPV�LQ�WKH�&XUUHQW�$7&�(QYLURQPHQW�������������������������������������������� �� 

������7KH�6+(//�0RGHO�IRU�+XPDQ�0DFKLQH�,QWHUDFWLRQ ��������������������������������������������������������������������� 

������+XPDQ�)DFWRUV�3UREOHPV�DWWULEXWDEOH�WR�WKH�/LYHZDUH�&RPSRQHQW�������������������������������������������� 

������+XPDQ�)DFWRUV�3UREOHPV�DWWULEXWDEOH�WR�WKH�/LYHZDUH�/LYHZDUH�,QWHUIDFH�������������������������������� 

������+XPDQ�)DFWRUV�3UREOHPV�DWWULEXWDEOH�WR�WKH�/LYHZDUH�6RIWZDUH�,QWHUIDFH�������������������������������� 

������+XPDQ�)DFWRUV�3UREOHPV�DWWULEXWDEOH�WR�WKH�/LYHZDUH�+DUGZDUH�,QWHUIDFH ������������������������������ 

������+XPDQ�)DFWRUV�3UREOHPV�DWWULEXWDEOH�WR�WKH�/LYHZDUH�(QYLURQPHQW�,QWHUIDFH������������������������ 

������:RUNORDG�LQ�$7&����������������������������������������������������������������������������������������������������������������������������������� 

������7KH�,PSRUWDQFH�RI�/RRNLQJ�DW�WKH�$7&�6\VWHP�DV�D�:KROH ��������������������������������������������������������� 

����$Q�DOWHUQDWLYH�WR�3DSHU�)OLJKW�6WULSV��'LJLVWULSV ������������������������������������������������������������������ 

����3LWIDOOV�RI�+XPDQ�)DFWRUV�5HVHDUFK�LQ�$7&������������������������������������������������������������������������ 

����)URP�$FWLYH�WR�3DVVLYH��7KH�)XWXUH�5ROH�RI�&RQWUROOHUV�DQG�5HODWHG�6DIHW\�&RQFHUQV������� 

����&RQFOXVLRQ���������������������������������������������������������������������������������������������������������������������������� 

&KDSWHU����9LVLWV�WR�$7&�)DFLOLWLHV����������������������������������������������������������������������������������������������� �� 

����)LUVW�9LVLW�WR�6FRWWLVK�DQG�2FHDQLF�&RQWURO�&HQWUH��62$&&��������������������������������������������� �� 

������2YHUYLHZ�RI�WKH�62$&&�)DFLOLW\�������������������������������������������������������������������������������������������������������� 

������,QWURGXFWRU\�3KDVH�2EVHUYDWLRQV ������������������������������������������������������������������������������������������������������� 

������6$&&�&RQWURO�5RRP�/D\RXW��������������������������������������������������������������������������������������������������������������� 

������4XHVWLRQQDLUH�5HVXOWV���������������������������������������������������������������������������������������������������������������������������� 

������)LUVW�9LVLW�'LVFXVVLRQ����������������������������������������������������������������������������������������������������������������������������� 

����6HFRQG�9LVLW�WR�6FRWWLVK�DQG�2FHDQLF�&RQWURO�&HQWUH��62$&&������������������������������������������� 
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������2YHUYLHZ�RI�8.�$LUVSDFH�DQG�$7&�)DFLOLWLHV���������������������������������������������������������������������������������� 

������2EVHUYDWLRQ�RI�D�&RQWUROOHU�RQ�$FWLYH�'XW\ ������������������������������������������������������������������������������������ 

������+RZ�WKH�7UDFNEDOO�LV�XVHG�ZLWK�WKH�5DGDU�'LVSOD\ �������������������������������������������������������������������������� 

������$LUFUDIW�7UDFH�0RYHPHQW�RQ�WKH�5DGDU�'LVSOD\ ������������������������������������������������������������������������������ 

������+RZ�WKH�$XGLR�0RGDOLW\�LV�XVHG��������������������������������������������������������������������������������������������������������� 

������0RRG�DQG�6WUHVV�/HYHO�RI�&RQWUROOHUV�RQ�$FWLYH�'XW\������������������������������������������������������������������� 

������)XUWKHU�2EVHUYDWLRQ�RI�$FWLYH�&RQWUROOHU����������������������������������������������������������������������������������������� 

������3ODQ�WR�2EVHUYH�&RQWUROOHUV�LQ�D�7UDLQLQJ�(QYLURQPHQW���������������������������������������������������������������� 

������6HPL�VWUXFWXUHG�,QWHUYLHZV�ZLWK�&RQWUROOHUV������������������������������������������������������������������������������������� 

�������'HPRQVWUDWLRQ�RI�,QDFWLYH�&RQWUROOHU�:RUNVWDWLRQ ���������������������������������������������������������������������� 

�������9LVLW�2EVHUYDWLRQV�LQ�5HODWLRQ�WR�3UHYLRXV�5HVHDUFK �������������������������������������������������������������������� 

�������5HTXLUHPHQWV�*DWKHUHG�IURP�WKLV�9LVLW ������������������������������������������������������������������������������������������� 

����&RQFOXVLRQ���������������������������������������������������������������������������������������������������������������������������� 

&KDSWHU����5HYLHZ�RI�+DSWLF�DQG�$XGLR�,QWHUDFWLRQ�5HVHDUFK������������������������������������������������������ 

����,QWURGXFWLRQ�������������������������������������������������������������������������������������������������������������������������� 

����7KH�'LIIHUHQW�0RGHV�RI�,QWHUDFWLRQ ������������������������������������������������������������������������������������� 

������9LVXDO�,QWHUIDFHV ������������������������������������������������������������������������������������������������������������������������������������� 

������$XGLWRU\�'LVSOD\ ������������������������������������������������������������������������������������������������������������������������������������ 

������$SSOLFDWLRQV�RI�$XGLR�,QWHUDFWLRQ�LQ�$HURVSDFH������������������������������������������������������������������������������ 

������+DSWLF�,QWHUIDFHV ������������������������������������������������������������������������������������������������������������������������������������ 

������5HYLHZ�RI�+DSWLF�7DUJHWLQJ�5HVHDUFK ������������������������������������������������������������������������������������������������ 

������$SSOLFDWLRQV�RI�+DSWLF�,QWHUDFWLRQ�LQ�$HURVSDFH����������������������������������������������������������������������������� 

������&RPELQLQJ�WKH�0RGDOLWLHV �������������������������������������������������������������������������������������������������������������������� 

����&RQFOXVLRQ���������������������������������������������������������������������������������������������������������������������������� 

&KDSWHU����'HYHORSPHQW�RI�$7&�6LPXODWLRQ ��������������������������������������������������������������������������������� 

����,QWURGXFWLRQ�������������������������������������������������������������������������������������������������������������������������� 

����)XQFWLRQDO�6SHFLILFDWLRQ������������������������������������������������������������������������������������������������������� 

������5DGDU�'LVSOD\�0RGXOH��������������������������������������������������������������������������������������������������������������������������� 

������6LPXODWHG�7UDIILF�0RGXOH ��������������������������������������������������������������������������������������������������������������������� 

������+DSWLF�7DUJHWLQJ�0RGXOH���������������������������������������������������������������������������������������������������������������������� 

������+DSWLF�3UHGLFW�7RRO�0RGXOH ���������������������������������������������������������������������������������������������������������������� 

������'DQJHU�$UHD�,GHQWLILFDWLRQ�0RGXOH���������������������������������������������������������������������������������������������������� 

������*URXQG�6SHHG�,QGLFDWLRQ�0RGXOH ������������������������������������������������������������������������������������������������������ 

������+DSWLF�6XSSOHPHQWDU\�,QIRUPDWLRQ�0RGXOH ������������������������������������������������������������������������������������� 

����6RIWZDUH�7RRO�,QYHVWLJDWLRQ ������������������������������������������������������������������������������������������������� 

������,QYHVWLJDWLRQ�RI�([LVWLQJ�$7&�6LPXODWLRQ�5HVRXUFHV ��������������������������������������������������������������������� 

������$7&�6LPXODWLRQ�7RRO�6HOHFWLRQ����������������������������������������������������������������������������������������������������������� 

����6LPXODWLRQ�'HVLJQ�3URFHVV������������������������������������������������������������������������������������������������� �� 

����+DSWLF�(IIHFW�'HVLJQ ����������������������������������������������������������������������������������������������������������� 
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����,PSOHPHQWDWLRQ�������������������������������������������������������������������������������������������������������������������� 

������7KH�=LQF�7RRONLW ������������������������������������������������������������������������������������������������������������������������������������ 

������7KH�9LVXDO�&���,PSOHPHQWDWLRQ�������������������������������������������������������������������������������������������������������� 

������,PPHUVLRQ�7RXFK:DUH�DQG�,PPHUVLRQ�6WXGLR�������������������������������������������������������������������������������� 

����7KH�([WHQW�RI�3URJUHVV�0DGH�7KXV�)DU��������������������������������������������������������������������������� ��� 

����&RQFOXVLRQ������������������������������������������������������������������������������������������������������������������������ ��� 

&KDSWHU����(YDOXDWLRQ����������������������������������������������������������������������������������������������������������������� ��� 

����,QWURGXFWLRQ���������������������������������������������������������������������������������������������������������������������� ��� 

����6SHFLILFDWLRQ�RI�3UHOLPLQDU\�/DERUDWRU\�7DVNV���������������������������������������������������������������� ��� 

������7DUJHWLQJ�7DVN�([SHULPHQW����������������������������������������������������������������������������������������������������������������� 

������+DSWLF�&RPPXQLFDWLRQ�([SHULPHQW ������������������������������������������������������������������������������������������������� 

����7KH�(YDOXDWLRQ�'HVLJQ�5DWLRQDOH������������������������������������������������������������������������������������ ��� 

����9DOLGLW\�RI�WKH�(YDOXDWLRQ�(QYLURQPHQW �������������������������������������������������������������������������� ��� 

����'LIILFXOWLHV�RI�,GHQWLI\LQJ�3RWHQWLDO�/LPLWDWLRQV�RI�WKH�$7&�6LPXODWLRQ����������������������������� 

����&RQFOXVLRQ���������������������������������������������������������������������������������������������������������������������������� 

&KDSWHU����&RQFOXVLRQV�DQG�)XWXUH�:RUN���������������������������������������������������������������������������������� ��� 

����6XPPDU\��������������������������������������������������������������������������������������������������������������������������� ��� 

����/LPLWDWLRQV�RI�WKLV�:RUN��������������������������������������������������������������������������������������������������� ��� 

����6XJJHVWLRQV�IRU�)XWXUH�:RUN�������������������������������������������������������������������������������������������� ��� 

������([SDQGLQJ�WKH�VFRSH�RI�WKLV�UHVHDUFK������������������������������������������������������������������������������������������������ 

����&RQFOXVLRQ������������������������������������������������������������������������������������������������������������������������ ��� 

5HIHUHQFHV���������������������������������������������������������������������������������������������������������������������������������� ��� 

$SSHQGL[�$��4XHVWLRQQDLUH�8VHG�'XULQJ�)LUVW�3UHVWZLFN�9LVLW ������������������������������������������������ ��� 

$SSHQGL[�%��$JHQGD�DQG�,QWHUYLHZ�4XHVWLRQV�8VHG�'XULQJ�6HFRQG�3UHVWZLFN�9LVLW �������������� ��� 

�



�

��

/LVW�RI�)LJXUHV�
�

)LJXUH������7KH�6+(//�0RGHO��UHSULQWHG�ZLWKRXW�SHUPLVVLRQ�IURP�,VDDF�>�@������������������������ 

)LJXUH������5HDVRQ·V�6\VWHPDWLF�)DLOXUH�0RGHO����������������������������������������������������������������������������� 

)LJXUH������$�7\SLFDO�3DSHU�)OLJKW�6WULS��UHSULQWHG�ZLWKRXW�SHUPLVVLRQ�IURP�0DFND\�>��@��

����������������������������������������������������������������������������������������������������������������������������������������������������� 

)LJXUH� ����� $� 7\SLFDO� 'LJL6WULS� DQG� ([DPSOH� RI� 0DQLSXODWLRQ� 8VLQJ� 7RXFK� 'LVSOD\�

�UHSULQWHG�ZLWKRXW�SHUPLVVLRQ�IURP�&(1$�>��@����������������������������������������������������������������� 

)LJXUH������$SSUR[LPDWH�/D\RXW�RI�WKH�6$&&�2SHUDWLRQV�5RRP� ������������������������������������������� 

)LJXUH������6$&&�&RQWURO�6XLWH�ZLWK�3ODQQLQJ�DQG�5DGDU�&RQWUROOHU�3RVLWLRQV��������������������� 

)LJXUH� ����� 5DGDU� 'LVSOD\� (OHPHQWV� DW� WKH� 6$&&� �UHSULQWHG� ZLWKRXW� SHUPLVVLRQ� IURP�

1$76�>��@�� ������������������������������������������������������������������������������������������������������������������������������� 

)LJXUH������.H\SDG�DVVRFLDWHG�ZLWK�WKH�7UDFNEDOO� ����������������������������������������������������������������������� 

)LJXUH������$LUSRUW�$GYDQFHG�5DGDU�'LVSOD\��UHSULQWHG�ZLWKRXW�SHUPLVVLRQ�IURP�>��@� ������� 

)LJXUH������.HQVLQJWRQ�2UELW��'�7UDFNEDOO��UHSULQWHG�ZLWKRXW�SHUPLVVLRQ�IURP�>��@� ��������� 

)LJXUH������7KH�$UWLOOHU\�DSSURDFK�WR�UDSLG�SURWRW\SLQJ�>��@� ���������������������������������������������������� 

)LJXUH������7KH�,PPHUVLRQ�6WXGLR�KDSWLF�HIIHFWV�GHYHORSPHQW�HQYLURQPHQW� ������������������������ 

)LJXUH������,QSXW�'HYLFHV�WKDW�XVH�,PPHUVLRQ�7RXFK6HQVH�7HFKQRORJ\��������������������������������� 

)LJXUH������$Q�HDUO\�LWHUDWLRQ�RI�WKH�$7&�6LPXODWLRQ�ZLWK�WDFWLOH�DLUFUDIW�WDUJHWV� ������������� ��� 

�



�

��

/LVW�RI�7DEOHV�
�

7DEOH������4XHVWLRQQDLUH�DQG�5HVSRQVHV�IURP�)LUVW�3UHVWZLFN�9LVLW� ��������������������������������������� 

7DEOH������4XHVWLRQV�DQG�5HVSRQVHV�UHODWLQJ�WR�7UDFNEDOO�8VH�LQ�WKH�6$&&� ������������������������� 

7DEOH������6XPPDU\�RI�5HTXLUHPHQWV� ������������������������������������������������������������������������������������������� 

7DEOH������+DSWLF�'HILQLWLRQV�>��@� ������������������������������������������������������������������������������������������������� 

7DEOH� ����� +DSWLF� 'HVLJQ� *XLGHOLQHV� >��@� DQG� &RQYHQWLRQV� IRU� 8VH� LQ� WKH� +DSWLFDOO\�

(QKDQFHG�$7&�6LPXODWLRQ� ���������������������������������������������������������������������������������������������������� 

7DEOH������3URSRVHG�+DSWLF�(IIHFW�'HVLJQ�LQ�5HODWLRQ�WR�5HTXLUHPHQWV� �������������������������������� 



�

��

$FNQRZOHGJHPHQWV�
�

,� ZRXOG� OLNH� WR� WKDQN� P\� VXSHUYLVRUV� 6WHSKHQ� %UHZVWHU� DQG� &KULV� -RKQVRQ� IRU� WKHLU�

LQYDOXDEOH� VXSSRUW� GXULQJ� P\� WLPH� ZRUNLQJ� RQ� WKLV� SRVWJUDGXDWH� VWXG\�� 7KHLU� YDOXDEOH�

DGYLFH�HQDEOHG�PH�WR�VHH�WKH�VHQVH�LQ�IRFXVLQJ�WKH�DUHD�RI�VWXG\�IURP�DQ�LQILQLWH�DQG�QHYHU�

HQGLQJ�RFHDQ�WR�D�PRUH�PDQDJHDEOH�WULFNOLQJ�VWUHDP����

�

7KDQNV�PXVW�DOVR�JR�WR�3DXOLQH�'��<HDUZRRG��LQ�WKH�$LU�7UDIILF�0DQDJHPHQW�DQG�$YLRQLFV�

GHSDUWPHQW� DW� *ODVJRZ�8QLYHUVLW\� IRU� DOORZLQJ�PH� WR� MRLQ� KHU� RQ� DQ� LQLWLDO� YLVLW� WR� WKH�

3UHVWZLFN� HQ�URXWH� IDFLOLW\�� DQG� WR� -RKQ� :UDJJ� LQ� $7&� 2SHUDWLRQV� IRU� VHWWLQJ� XS� DQG�

KRVWLQJ�P\�VHFRQG�YLVLW�WR�WKH�3UHVWZLFN�IDFLOLW\������

�

7KDQNV� WR� -DQ�:KLWDFUH��P\�PDQDJHU� IRU� DOORZLQJ�PH� WR�HVFDSH� WKH�KXVWOH�DQG�EXVWOH�RI�

UHDO� ZRUN� DQG� FRQFHQWUDWH� RQ� IXUWKHULQJ� P\� HGXFDWLRQ�� DQG� WR� P\� HPSOR\HUV� $JLOHQW�

7HFKQRORJLHV�IRU�IXQGLQJ�P\�SRVWJUDGXDWH�VWXGLHV��

�

)LQDOO\�� WKDQNV�PXVW� JR� WR�P\� SDUWQHU� -HDQHWWH� DQG� GDXJKWHU� /LO\� IRU�PRWLYDWLQJ�PH� WR�

ILQLVK�WKLV�SXUVXLW������

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
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��

&KDSWHU��� ,QWURGXFWLRQ�
�

7KLV�WKHVLV�VHWV�RXW�WKH�ZRUN�SHUIRUPHG�WR�LQYHVWLJDWH�ZKHWKHU�PXOWLPRGDO�HQKDQFHPHQWV��

VSHFLILFDOO\� KDSWLF� HQKDQFHPHQWV�� RI� WKH� DLU� WUDIILF� FRQWUROOHU·V� ZRUNVWDWLRQ� HQYLURQPHQW�

FRXOG�KDYH�SRWHQWLDO�EHQHILWV� LQ�DOOHYLDWLQJ�KXPDQ�IDFWRUV�SUREOHPV�ZLWKLQ�WKH�$LU�7UDIILF�

&RQWURO��$7&��GRPDLQ��,Q�SDUWLFXODU��WKH�VXLWDELOLW\�RI�KDSWLFV�IRU�LPSURYLQJ�SHUIRUPDQFH�

RI�PXOWLSOH�WDUJHW�DFTXLVLWLRQ�WDVNV��ZLWK�D�SRWHQWLDO�WR�UHGXFH�YLVXDO�ORDG��LV�H[SORUHG���

�

��� 5HVHDUFK�$LPV�
�

7KH�DLPV�RI�WKLV�UHVHDUFK�FDQ�EH�VWDWHG�DV�IROORZV��

• 7R�EHWWHU�XQGHUVWDQG�WKH�$7&�HQYLURQPHQW�DQG�FRQWUROOHU�WDVN��

• 7R�UHYLHZ�WKH�H[LVWLQJ�OLWHUDWXUH�LQ�UHODWLRQ�WR�WKH�UROH�RI�KXPDQ�IDFWRUV�UHVHDUFK�ZLWKLQ�

$7&��LGHQWLI\LQJ�ZKHUH�SUREOHPV�KDYH�EHHQ�IRXQG�WR�H[LVW�ZLWKLQ�WKLV�FRPSOH[�V\VWHP���

• 7R�VWXG\�WKH�UHVHDUFK�ILHOG�RI�FRPSXWHU�KDSWLFV��VSHFLILFDOO\�LWV�XVH�IRU�WDUJHWLQJ�WDVNV��

DQG�LQYHVWLJDWH�LQVWDQFHV�ZKHUH�KDSWLFV�KDYH�EHHQ�DSSOLHG�WR�WKH�DHURVSDFH�GRPDLQ�LQ�

JHQHUDO�DQG�WKH�$7&�GRPDLQ�LQ�SDUWLFXODU���

• 7R� JDWKHU� UHTXLUHPHQWV� IURP� UHDO� $7&� IDFLOLWLHV� DQG� GHILQH� WKH� GHYHORSPHQW� RI� D�

KDSWLFDOO\� HQKDQFHG� $7&� VLPXODWLRQ� LQWHQGHG� WR� HYDOXDWH� WKH� VXLWDELOLW\� RI� KDSWLF�

LQWHUDFWLRQ�LQ�PHHWLQJ�WKH�UHTXLUHPHQWV�JDWKHUHG�

• 7R�LGHQWLI\�ZKHWKHU�KDSWLFV�KDV�WKH�SRWHQWLDO�WR�JHQHUDOO\�LPSURYH�$7&�DQG�VSHFLILFDOO\�

FRQWUROOHU�LQWHUDFWLRQ�ZLWK�WKH�UDGDU�GLVSOD\�DQG�LQSXW�GHYLFH���

�

����� 7KHVLV�4XHVWLRQ�
�

:LWKLQ�WKH�$7&�GRPDLQ��DUH�WKHUH�KXPDQ�IDFWRUV�SUREOHPV�UHODWHG�WR�WKH�FRQWUROOHU�WDVN��

DQG�UDGDU�GLVSOD\�LQWHUDFWLRQ�WKDW�ZRXOG�EHQHILW�IURP�WKH�LQWHJUDWLRQ�RI�KDSWLFV"�

�



�

���

��� 7KHVLV�6WUXFWXUH�
�

&KDSWHU� �� SUHVHQWV� WKH� ILQGLQJV� RI� D� OLWHUDWXUH� UHYLHZ� UHODWLQJ� WR� WKH� KXPDQ� IDFWRUV� UROH�

ZLWKLQ� DHURVSDFH�� DQG� LQ� SDUWLFXODU� $7&�� $Q� H[LVWLQJ� PRGHO� IRU� FDWHJRULVLQJ� WKH�

FRPPXQLFDWLRQ�LQWHUIDFHV�DPRQJ�WKH�GLIIHUHQW�FRPSRQHQWV�RI�WKH�$7&�V\VWHP�LV�UHYLHZHG�

LQ� GHWDLO� DORQJ� ZLWK� WKH� KXPDQ� IDFWRUV� SUREOHPV� LGHQWLILHG� IRU� HDFK� LQWHUIDFH�� 3UHYLRXV�

UHVHDUFK�RQ�WKH�FRQVWUXFW�RI�ZRUNORDG�LV�UHYLHZHG�LQ�WHUPV�RI�KRZ�LW�UHODWHV�WR�$7&��7KH�

IXWXUH�GLUHFWLRQ�RI�WKH�QH[W�JHQHUDWLRQ�RI�$7&�V\VWHPV�LV�DOVR�GLVFXVVHG��

�

&KDSWHU���UHSRUWV�RQ�WKH�ILQGLQJV�RI�WZR�YLVLWV�WR�WKH�3UHVWZLFN�$7&�IDFLOLW\�LQ�$\UVKLUH�RQ�

WKH�:HVW�&RDVW�RI�6FRWODQG��7KH�ILUVW�YLVLW�ZDV�FRQGXFWHG�WR�JDLQ�LQYDOXDEOH�XQGHUVWDQGLQJ�

RI�WKH�$7&�GRPDLQ��WKH�VHFRQG�HQDEOHG�GLUHFW�REVHUYDWLRQ�RI�FRQWUROOHUV�DQG�LQWHUYLHZV�LQ�

RUGHU�WR�JDWKHU�VSHFLILF�UHTXLUHPHQWV��7KH�FKDSWHU�FRQFOXGHV�ZLWK�D�GLVFXVVLRQ�RI�KRZ�WKH�

ILHOG�REVHUYDWLRQV�UHODWH�WR�WKH�SUHYLRXV�$7&�UHVHDUFK�UHYLHZHG�LQ�FKDSWHU����DQG�D�VPDOO�

VHW�RI�UHTXLUHPHQWV�LV�JDWKHUHG�DQG�GRFXPHQWHG�WKDW�FDQ�EH�XVHG�WR�GULYH�WKH�GHYHORSPHQW�

RI�D�KDSWLFDOO\�HQKDQFHG�$7&�VLPXODWLRQ��

�

,Q�&KDSWHU���� D� UHYLHZ�RI� WKH�GLIIHUHQW� VHQVRU\�PRGHV�RI�KXPDQ�FRPSXWHU� LQWHUDFWLRQ� LV�

SURYLGHG�ZLWK�SDUWLFXODU� HPSKDVLV�RQ� WKH� ILHOG�RI�KDSWLFV�� UHODWLQJ� WR� WKH� VHQVH�RI� WRXFK��

2QH�SDUWLFXODU� DUHD� RI� KDSWLF� UHVHDUFK�� ORRNLQJ� DW� WKH� EHQHILWV� LW� FDQ� SURYLGH� WR� VXSSRUW�

WDUJHWLQJ�WDVNV�� LV�GLVFXVVHG�DV�WKLV� LV�VSHFLILFDOO\�RI� LQWHUHVW�ZLWK�UHVSHFW� WR� WKH�FRQWUROOHU�

WDVN�DQG�WKH�SRWHQWLDO�WR�UHGXFH�YLVXDO�ORDG��

�

&KDSWHU���SUHVHQWV�D� UHYLHZ�RI� WKH�FXUUHQWO\�DYDLODEOH�$7&�VLPXODWLRQ�HQYLURQPHQWV�DQG�

WKHLU� VXLWDELOLW\� IRU� LQWHJUDWLQJ� KDSWLF� LQWHUDFWLRQ�� 'HWDLOV� DUH� SURYLGHG� DERXW� WKH�

GHYHORSPHQW� RI� D� KDSWLFDOO\� HQKDQFHG� $7&� VLPXODWLRQ� LQWHQGHG� WR� LQYHVWLJDWH� WKH�

VXLWDELOLW\�RI�KDSWLFV�WR�PHHW�DQ\�RI�WKH�UHTXLUHPHQWV�JDWKHUHG�LQ�WKH�SUHYLRXV�FKDSWHU��$�

IXQFWLRQDO� VSHFLILFDWLRQ�� GHVLJQ� IRU� KDSWLF� HIIHFWV� DQG� GHWDLOV� RI� LPSOHPHQWDWLRQ� ZRUN�

SHUIRUPHG�WKXV�IDU�DUH�SURYLGHG��

�

&KDSWHU���VSHFLILHV�DUWLILFLDO�ODERUDWRU\�WDVNV�WKDW�FDQ�EH�XQGHUWDNHQ�DV�D�SUHOLPLQDU\�VWHS�LQ�

HYDOXDWLQJ� WKH� SRWHQWLDO� EHQHILWV� RI� KDSWLFV� EHIRUH� HQWHULQJ� LQWR� WKH� LWHUDWLYH�

LPSOHPHQWDWLRQ� DQG� HYDOXDWLRQ� RI� D� IXOO� VFDOH� KDSWLFDOO\� HQKDQFHG�$7&� VLPXODWLRQ�� 7KLV�



�

���

FKDSWHU�FORVHV�ZLWK�VXJJHVWLRQV�IRU�KRZ�YDULRXV�LWHUDWLRQV�RI�WKH�KDSWLFDOO\�HQKDQFHG�$7&�

VLPXODWLRQ�FRXOG�EH�HYDOXDWHG�LI�WKH�UHVHDUFK�ZDV�WDNHQ�WR�WKLV�QH[W�VWDJH��

�

)LQDOO\�� &KDSWHU� �� SUHVHQWV� D� VXPPDU\� RI� WKH� ZRUN� XQGHUWDNHQ� DQG� D� PXOWLWXGH� RI�

VXJJHVWLRQV�IRU�IXWXUH�ZRUN�LQ�WKH�KRSH�WKDW�RWKHU�UHVHDUFKHUV�ZLOO�IROORZ�RQ�IURP�WKH�LGHDV�

LQWURGXFHG�E\�WKLV�WKHVLV������

�

�

�



�

���

&KDSWHU��� +XPDQ�)DFWRUV�LQ�$LU�7UDIILF�&RQWURO�
�

��� ,QWURGXFWLRQ�
�

7KLV�FKDSWHU�LQYHVWLJDWHV�WKH�$7&�GRPDLQ�DQG�UHYLHZV�LWV�UHODWLRQVKLS�ZLWK�WKDW�RI�KXPDQ�

IDFWRUV�� ,W� LV� LPSRUWDQW� WR� XQGHUVWDQG� WKH� IDLOLQJV� WKDW� KXPDQ� IDFWRUV� UHVHDUFK� KDV�

KLJKOLJKWHG� LQ� WKH� GRPDLQ�� DQG� LV� DWWHPSWLQJ� WR� FRPEDW�� 7KLV� XQGHUVWDQGLQJ� LV� UHTXLUHG�

EHIRUH� DQ\� FRQVLGHUDWLRQ� FDQ� EH� JLYHQ� WR� WHVWLQJ� RXW� ZKHWKHU� QHZ� WHFKQLTXHV� RU�

WHFKQRORJLHV� FRXOG�EH�HPSOR\HG� WR� VXFFHVVIXOO\� DOOHYLDWH� DQ\�RI� WKH�SUREOHPV��7KHUHIRUH��

WKH�FKDSWHU�SURYLGHV�D�GHOLEHUDWHO\�EURDG�UHYLHZ�RI�WKH�OLQNV�EHWZHHQ�DHURVSDFH��$7&��DQG�

KXPDQ�IDFWRUV�LQ�RUGHU�WR�JDLQ�D�JRRG�XQGHUVWDQGLQJ���

�

7KH�FKDSWHU�VWDUWV�ZLWK�D�GLVFXVVLRQ�RI�WKH�KXPDQ�IDFWRUV�UROH�ZLWKLQ�DHURVSDFH�LQ�JHQHUDO��

DIWHU� ZKLFK� D� VXFFLQFW� LQWURGXFWLRQ� WR� WKH� $LU� 7UDIILF� &RQWURO� �$7&�� GRPDLQ� DQG� WKH�

SDUWLFXODU�UROH�RI�KXPDQ�IDFWRUV�LQ�$7&�LV�SUHVHQWHG��7KH�FKDSWHU�FRQWLQXHV�E\�SURYLGLQJ�D�

WKRURXJK� UHYLHZ� RI� WKH� 6+(//� PRGHO� SURSRVHG� E\� +DZNLQV� >�@� IRU� KXPDQ�PDFKLQH�

LQWHUDFWLRQ�WKDW�ORRNV�DW�SUREOHPV�DVVRFLDWHG�ZLWK�WKH�LQWHUIDFHV�EHWZHHQ�KXPDQV�DQG�RWKHU�

FRPSRQHQWV� RI� WKH� FXUUHQW� $7&� V\VWHP�� 1H[W�� WKH� PHQWDO� FRQVWUXFW� RI� ZRUNORDG� LV�

UHYLHZHG�LQ�WHUPV�RI�LWV�GHILQLWLRQ��SUREOHPV�DVVRFLDWHG�ZLWK�ORZ�DQG�KLJK�ZRUNORDG��KRZ�LW�

FDQ� EH� PHDVXUHG�� DQG� ZKHWKHU� RU� QRW� WKH� SUHVHQWDWLRQ� RI� LQIRUPDWLRQ� DFURVV� GLIIHUHQW�

PRGDOLWLHV�KDV�WKH�SRWHQWLDO�IRU�ZRUNORDG�UHGXFWLRQ��$�VSHFLILF�H[DPSOH�RI�DSSO\LQJ�KXPDQ�

IDFWRUV�SULQFLSOHV�WR�WKH�$7&�DSSOLFDWLRQ�DUHD�LV�GLVFXVVHG�DORQJ�ZLWK�WKH�IXWXUH�GLUHFWLRQ�

RI�$7&�V\VWHPV���

�

�

�



�

���

��� $LU�7UDIILF�&RQWURO��$Q�2YHUYLHZ�
�

7KH� IRUP� RI� WRGD\·V� ZRUOGZLGH� $7&� V\VWHP� ZDV� ILUVW� ERUQ� LQ� ������ ZKHQ� $PHULFDQ�

&RQJUHVV�IRUPHG�WKH�)HGHUDO�$YLDWLRQ�$GPLQLVWUDWLRQ��)$$��DQG�HPSOR\HG������QHZ�$LU�

7UDIILF�&RQWUROOHUV�ZKR�ZRXOG� XVH� VXUIDFH� EDVHG� UDGDU� WR� WUDFN� DQG� FRQWURO� WKH� IORZ� RI�

DLUFUDIW� DFURVV� $PHULFD·V� VNLHV�� 7KH� FUHDWLRQ� RI� WKH� )$$� LQ� ����� ZDV� D� UHDFWLRQ� WR� D�

FDWDVWURSKLF� PLG�DLU� FROOLVLRQ� RI� WZR� SDVVHQJHU� DLUFUDIW� RYHU� WKH� *UDQG� &DQ\RQ� LQ� -XQH�

������0XFK�RI� WKH�HTXLSPHQW�XVHG� LQ�PDQ\�DLU� WUDIILF�FRQWURO�FHQWUHV� WRGD\� LV� VWLOO�EDVHG�

DURXQG�V\VWHPV�SXW�LQ�SODFH�LQ�WKH�ODWH�����V�DQG�����V�>�@��

�

7RGD\·V�$7&�V\VWHP�LV�EDVHG�DURXQG�WKUHH�GLIIHUHQW�W\SHV�RI�IDFLOLW\�ZKLFK�KDQGOH�DLUFUDIW�

DW�GLIIHUHQW�VWDJHV�RI�IOLJKW��

� $LUSRUW� 7UDIILF�&RQWURO� 7RZHUV� �$7&7V��� 7KHVH� DUH� WKH�PRVW�ZHOO� NQRZQ� IDFLOLWLHV�

ZLWKLQ�WKH�$7&�V\VWHP��DQG�WKH�RQO\�RQHV�ZKLFK�DUH�QRW�UHOLDQW�RQ�WKH�XVH�RI�JURXQG�

EDVHG�UDGDU�WR�FRQWURO�DLUFUDIW��&RQWUROOHUV� LQ�$7&7V�KDQGOH�GHSDUWLQJ�DLUFUDIW�IURP�

WKH�WLPH�WKH\�OHDYH�WKH�GHSDUWXUH�JDWH��WKURXJK�WD[LLQJ��WDNHRII��XQWLO�DERXW�D�IHZ�PLOHV�

DIWHU�OHDYLQJ�WKH�DLUSRUW��)RU�DUULYDOV��$7&7�FRQWUROOHUV�WDNH�FRQWURO�RI�DLUFUDIW�D�IHZ�

PLOHV�RXW��WKURXJK�WKH�ODQGLQJ�SKDVH�XQWLO�WKH�DLUFUDIW�VWRSV�DW�LWV�DUULYDO�JDWH��

� 7HUPLQDO�5DGDU�&RQWURO�5RRPV��75$&21V���7KHVH�DUH�RIWHQ�VLWXDWHG�GLUHFWO\�EHORZ�

WKH�$7&7� VHUYLQJ� WKH� VDPH� DLUSRUW�� DQG� DUH� QRW� LQ� DQ\�ZD\� UHOLDQW� RQ� GLUHFW� YLVXDO�

FRQWDFW�ZLWK�GHSDUWLQJ�RU�DUULYLQJ�DLUFUDIW��75$&21V�RIWHQ�KDYH�VXEGXHG�OLJKWLQJ�WR�

HQVXUH� WKDW� WKH� JURXQG�EDVHG� UDGDU� GLVSOD\V� DUH� OHJLEOH�� DQG� DUH� KDQGHG� FRQWURO� RI�

DLUFUDIW� IURP� WKH�$7&7� VKRUWO\� DIWHU� GHSDUWXUH�� &RQYHUVHO\�� 75$&21V� KDQG� RYHU�

FRQWURO� RI� DUULYLQJ� DLUFUDIW� WR� $7&7V� D� IHZ�PLOHV� RXW� IURP� ODQGLQJ� 75$&21V� LQ�

DOPRVW�DOO�FDVHV�DUH�HQWLUHO\�UHOLDQW�RQ�IOLJKW�GDWD�VWULSV��7KHVH�VWULSV�VHUYH�DV�D�SK\VLFDO�

PHPRU\� DLG�ZKLFK� FRPSOHPHQWV� WKH� UDGDU� GLVSOD\�� DQG� VHUYH� DV� D� YLWDO� UHGXQGDQF\�

EDFNXS� LQ� WKH� HYHQW� RI� UDGDU� IDLOXUH�� 75$&21V� KDQGOH� VWDWLVWLFDOO\�� WKH� PRVW�

GDQJHURXV� SKDVHV� RI� IOLJKW�� DVFHQW� DQG� GHFHQW�� ZLWKLQ� WKH� FURZGHG� VNLHV� LQ� FORVH�

SUR[LPLW\� WR� DQ� DLUSRUW�� 7KH� SRWHQWLDO� IRU� PLG�DLU� FROOLVLRQ� LV� JUHDWHVW� LQ� WKLV�

HQYLURQPHQW��

� $LU� 5RXWH� 7UDIILF� &RQWURO� &HQWUHV� �$57&&V��� $ERXW� �� PLQXWHV� LQWR� D� IOLJKW�� D�

75$&21� FRQWUROOHU� ZLOO� KDQG� RYHU� DQ� DLUFUDIW� WR� DQ�$57&&� FRQWUROOHU��$57&&V�

FRQWURO� DLUFUDIW� GXULQJ� WKH� FUXLVH�SKDVH�RI� IOLJKW� DIWHU� LQLWLDO� DVFHQW� DQG�SULRU� WR� WKH�

VWDUW�RI� WKH�GHVFHQW�SKDVHV��7KH�ZRUNLQJ�HQYLURQPHQW� LQ�$57&&V�LV�YHU\�VLPLODU� WR�



�

���

WKDW�LQ�75$&21V�DOWKRXJK�WKH�IDFLOLWLHV�DUH�ODUJHU�LQ�PDQ\�FDVHV��$57&&�FRQWUROOHUV�

GHDO�ZLWK�WUDIILF�IORZ�FKDQJHV�GXH�WR�EDG�ZHDWKHU�RU�WUDIILF�YROXPH��

��� +XPDQ�)DFWRUV�3UREOHPV�LQ�WKH�&XUUHQW�$7&�
(QYLURQPHQW�

�

7RGD\·V�$7&�HQYLURQPHQW�LV�FRPSULVHG�RI�IRXU�YLWDO�FRPSRQHQWV�>�@��

• +XPDQV��IRU�H[DPSOH��FRQWUROOHUV��SLORWV��V\VWHPV�WHFKQLFLDQV��DQG�PDQDJHUV��

• +DUGZDUH� �IRU� H[DPSOH�� FRQWUROOHU� ZRUNVWDWLRQV�� DLUFUDIW� IOLJKW� GHFNV�� JURXQG� UDGDU�

VLWHV��

• 6RIWZDUH� �IRU� H[DPSOH�� FRPPXQLFDWLRQV� VRIWZDUH�� UDGDU� GLVSOD\� WRROV�� DLUFUDIW�

QDYLJDWLRQ�V\VWHPV��

• (QYLURQPHQW��IRU�H[DPSOH��WHPSHUDWXUH�DQG�ZHDWKHU��

,W�LV�WKH�LQWHUDFWLRQ�EHWZHHQ�PXOWLSOH�LQVWDQFHV�RI�WKH�KXPDQ�FRPSRQHQW��DQG�WKH�KXPDQ�

FRPSRQHQW·V� LQWHUDFWLRQ� ZLWK� WKH� RWKHU� WKUHH� FRPSRQHQWV� �KDUGZDUH�� VRIWZDUH�� DQG� WKH�

HQYLURQPHQW��WKDW�GHWHUPLQHV�WKH�RSHUDWLRQDO�SHUIRUPDQFH�RI�WKH�$7&�V\VWHP�DV�D�ZKROH��

7KH� LQWHUIDFH�EHWZHHQ�WKHVH�$7&�FRPSRQHQWV�ZDV�FDSWXUHG�ZHOO� LQ�WKH�6+(/�PRGHO�E\�

(GZDUGV� >�@� DQG� ODWHU� PRGLILHG� WR� WKH� 6+(//� PRGHO� E\� +DZNLQV� >�@� �WR� LQFOXGH� WKH�

LQWHUDFWLYH�QDWXUH�RI�WKH�SHUVRQ�WR�SHUVRQ��OLYHZDUH�WR�OLYHZDUH��UHODWLRQVKLS��7KH�6+(//�

PRGHO�LV�FRQFLVHO\�VXPPDUL]HG�LQ�WKH�QH[W�VHFWLRQ���

����� 7KH�6+(//�0RGHO�IRU�+XPDQ�0DFKLQH�,QWHUDFWLRQ�
�

�

)LJXUH������7KH�6+(//�0RGHO��UHSULQWHG�ZLWKRXW�SHUPLVVLRQ�IURP�,VDDF�>�@���

�



�

���

7KH�FRPSRQHQWV�RI�WKH�6+(//�PRGHO�DUH�GHILQHG�DV�IROORZV�>�@��

• 6RIWZDUH�� 7KH� UXOHV�� SURFHGXUHV�� VSRNHQ� ZRUGV�� DQG� VXFK� OLNH� ZKLFK� PDNH� XS�

VWDQGDUG� RSHUDWLQJ� SURFHGXUHV�� DV� ZHOO� DV� FRPSXWHU� EDVHG� FRPSXWHU� SURJUDPV�

ZKLFK�HQDEOH�DXWRPDWHG�V\VWHPV�LQ�$7&��

• +DUGZDUH��7KH�$7&�VXLWHV��WKHLU�FRQILJXUDWLRQ��FRQWUROV�DQG�VXUIDFHV��GLVSOD\V�DQG�

IXQFWLRQDO�V\VWHPV��

• (QYLURQPHQW��7KH�VRFLDO�DQG�HFRQRPLF�FOLPDWH�LQ�ZKLFK�WKH�FRQWUROOHU�RSHUDWHV�DV�

ZHOO�DV�WKH�QDWXUDO�HQYLURQPHQW��

• /LYHZDUH��7KH�KXPDQ�EHLQJV�²� WKH�FRQWUROOHU�ZLWK�RWKHU�FRQWUROOHUV�� IOLJKW� FUHZV��

PDLQWHQDQFH�SHUVRQQHO��PDQDJHPHQW�DQG�DGPLQLVWUDWLRQ�SHRSOH�ZLWKLQ�WKH�V\VWHP���

�

7KH� 6+(//� PRGHO� GLVFXVVHV� WKH� KXPDQ� IDFWRUV� LVVXHV� FRQFHUQHG� ZLWK� WKH� KXPDQ�

SDUWLFLSDQW�DORQH��WKH�FRQWUROOHU���DQG�WKH�DWWULEXWHV�WKDW�FDQ�DIIHFW�WKH�SHUIRUPDQFH�RI�WKLV�

FRPSRQHQW��

�

$GGLWLRQDOO\�� WKH� IROORZLQJ� LQWHUDFWLRQV� EHWZHHQ� FRPSRQHQWV� DUH� GHILQHG� LQ� WKH� 6+(//�

PRGHO�>�@��

• /LYHZDUH�/LYHZDUH��7KH�LQWHUIDFH�EHWZHHQ�WKH�FRQWUROOHU�DQG�RWKHU�KXPDQV�LQ�WKH�

LPPHGLDWH� HQYLURQPHQW� �SLORWV�� RWKHU� FRQWUROOHUV�� VXSHUYLVRUV�� PDQDJHUV� DQG�

HQJLQHHUV���

• /LYHZDUH�6RIWZDUH��7KH�LQWHUIDFH�EHWZHHQ�WKH�FRQWUROOHU�DQG�WKH�VWDQGDUG�RSHUDWLQJ�

SURFHGXUHV�DQG�DXWRPDWHG�$7&�VRIWZDUH�SURJUDPV���

• /LYHZDUH�+DUGZDUH��7KH�LQWHUIDFH�EHWZHHQ�WKH�FRQWUROOHU�DQG�WKH�SK\VLFDO�IHDWXUHV�

ZLWKLQ� WKH� FRQWUROOLQJ� HQYLURQPHQW�� HVSHFLDOO\� WKRVH� UHODWLQJ� WR� WKH� FRQWUROOHU�

ZRUNVWDWLRQV��

• /LYHZDUH�(QYLURQPHQW�� 7KH� LQWHUIDFH� EHWZHHQ� WKH� FRQWUROOHU� DQG� WKRVH� YDULDEOHV�

WKDW�PD\�EH�RXW�RI�WKH�GLUHFW�FRQWURO�RI�KXPDQV��QDPHO\�WKH�SK\VLFDO�HQYLURQPHQW�

LQ�ZKLFK�WKH�DLUFUDIW�RSHUDWHV��

�����

�



�

���

����� +XPDQ�)DFWRUV�3UREOHPV�DWWULEXWDEOH�WR�WKH�/LYHZDUH�&RPSRQHQW��
�

7KLV�VHFWLRQ�GLVFXVVHV� WKH� W\SHV�RI�KXPDQ�IDFWRUV�SUREOHPV� WKDW�FDQ�EH�DWWULEXWHG� WR� WKH�

FRQWUROOHU� DORQH�� 7KDW� LV�� ZLWKRXW� ORRNLQJ� DW� WKH� FRQWUROOHU·V� LQWHUDFWLRQ� ZLWK� DQ\RQH� RU�

DQ\WKLQJ�HOVH�� WKH�RSHUDWLRQDO�SHUIRUPDQFH�RI� LQGLYLGXDO�FRQWUROOHUV�FDQ�YDU\�GUDPDWLFDOO\��

DV� LV� WKH� FDVH� ZLWK� DOO� KXPDQV� �IRU� H[DPSOH�� LQ� WKHLU� SHUIRUPDQFH�� DWWLWXGHV�� DQG�

SHUVRQDOLWLHV� >�@�� 1RW� RQO\� WKDW�� EXW� DQ\� JLYHQ� KXPDQ� FRQWUROOHU� FDQ� H[KLELW� YDULDEOH�

SHUIRUPDQFH�GHSHQGLQJ�RQ�WKDW�LQGLYLGXDO·V�KHDOWK�RU�VWDWH�RI�PLQG��

�

7KH�VDIHW\�OLPLWDWLRQV�RI�KXPDQ�RSHUDWRUV�KDV�EHHQ�UHFRJQLVHG�IRU�PDQ\�\HDUV��=HOOHU�>�@��

VSHDNLQJ� DW� DQ� LQWHUQDWLRQDO� IOLJKW� VDIHW\� FRQIHUHQFH� LQ� ����� SURYLGHG� DQ� DSSURSULDWH�

VXPPDU\�RI�WKH�OLPLWDWLRQV�RI�WKH�KXPDQ��OLYHZDUH��HOHPHQW��

�

´2QH�EDVLF�WUXWK�ZKLFK�PXVW�DOZD\V�EH�UHPHPEHUHG�DQ\�WLPH�D�KXPDQ�RSHUDWRU�LV�XVHG�LV�WKDW�UHJDUGOHVV�RI�

KRZ�ZHOO�VHOHFWHG�� KRZ�ZHOO� WUDLQHG�� RU� KRZ� RSWLPDOO\� XVHG�� WKH� KXPDQ� LV� VXEMHFW� WR� OLPLWDWLRQV�� ,I� WKHVH�

OLPLWDWLRQV�DUH�H[FHHGHG�HYHQ�RQ�D�PRPHQWDU\�EDVLV��WKH�SRWHQWLDO�IRU�DQ�DFFLGHQW�KDV�EHHQ�FUHDWHG��,I�WKLV�

SRWHQWLDO�LV�UHSHDWHG�RIWHQ�HQRXJK��DQ�DFFLGHQW�ZLOO�UHVXOW�µ��

�

)RU�DQ\�JLYHQ� LQGLYLGXDO�FRQWUROOHU��VLQFH�WKH\�DUH�DIWHU�DOO�RQO\�KXPDQ�� LW� LV� LPSRUWDQW�WR�

UHFRJQL]H�WKDW�HUURUV�DUH�XQDYRLGDEOH��,W�LV�WKH�DELOLW\�IRU�WKHVH�HUURUV�WR�EH�UHFRJQL]HG��E\�

WKH� KXPDQ� LQ� TXHVWLRQ�� RWKHU� KXPDQV� RU� VRIWZDUH�� DQG� FRUUHFWLYH� DFWLRQ� WDNHQ� WKDW�

GHWHUPLQHV�WKH�VDIHW\�RI�DQ�RSHUDWLRQDO�$7&�HQYLURQPHQW���

�

7R� ZKDW� DVSHFWV� RI� KXPDQ� SHUIRUPDQFH� FDQ� WKH� PDMRULW\� RI� WKHVH� OLYHZDUH� HUURUV� EH�

DWWULEXWHG"� ,VDDF� >�@� VWDWHV� WKDW� WKH� DXGLWRU\� VHQVH� DFFRXQWV� IRU� WKH� PDMRULW\� RI� $7&�

LQFLGHQWV�� )RU� H[DPSOH�� LQ� PDQ\� DYLDWLRQ� LQFLGHQWV� DQG� DFFLGHQWV�� SUREOHPV� ZLWK�

LQIRUPDWLRQ� WUDQVIHU�EHWZHHQ�SLORW� DQG� FRQWUROOHU�ZKLOVW� XVLQJ� WKH� DXGLWRU\� FKDQQHO�KDYH�

EHHQ� FLWHG� DV� FRQWULEXWLQJ� IDFWRUV� >�@�� $VSHFWV� RI� KXPDQ� SHUIRUPDQFH� WKDW� KDYH� EHHQ�

LGHQWLILHG�LQ�UHODWLRQ�WR�$7&�KXPDQ�IDFWRUV�LVVXHV�DUH�>�@��

• ,QIRUPDWLRQ�3URFHVVLQJ�

• 7KH�6HQVHV�

• 6LWXDWLRQ�$ZDUHQHVV�

• 'HFLVLRQ�0DNLQJ�DQG�-XGJHPHQW�

• 6HOHFWLRQ�DQG�7UDLQLQJ������



�

���

����� +XPDQ�)DFWRUV�3UREOHPV�DWWULEXWDEOH�WR�WKH�/LYHZDUH�/LYHZDUH�
,QWHUIDFH�

�

7KLV� VHFWLRQ� GLVFXVVHV� WKH� RSHUDWLRQDO� DQG� VRFLDO� FRPPXQLFDWLRQ� EHWZHHQ� WKH� FRQWUROOHU�

DQG� RWKHU� KXPDQV� LQ� WKH� FRQWUROOHU·V� ZRUN� HQYLURQPHQW�� IRU� H[DPSOH�� ZLWK� RWKHU�

FRQWUROOHUV��SLORWV��PDQDJHUV�DQG�HQJLQHHULQJ�VXSSRUW�VWDII��

�

7KH� UHDOP�RI� FRPPXQLFDWLRQ�EHWZHHQ�KXPDQV� LV� FRPSOH[� DQG�GLYHUVH�� DQG� \HW� HIIHFWLYH�

DQG�HUURU�IUHH�RU�HUURU�WROHUDQW�FRPPXQLFDWLRQ�LV�YLWDO�ZLWKLQ�D�VDIHW\�FULWLFDO�HQYLURQPHQW�

VXFK�DV�$7&��&RPPXQLFDWLRQ�IDOOV�LQWR�WZR�GLVWLQFW�W\SHV��

• 9HUEDO��VSRNHQ�RU�ZULWWHQ�

• 1RQ�9HUEDO���

o 8VH� RI� ERG\� ODQJXDJH�� IRU� H[DPSOH�� JHVWXUHV�� KDQG� PRYHPHQWV�� IDFLDO�

H[SUHVVLRQV��

o ,FRQV�DQG�GLDJUDPV��IRU�H[DPSOH��UDGDU�GLVSOD\V��

o 1RQ�VSHHFK�DXGLR��IRU�H[DPSOH��DXGLWRU\�DODUPV��

o 2UGHULQJ�RI�LWHPV��IRU�H[DPSOH��IOLJKW�VWULS�RUGHU��

�

$� VLQJOH� LQWHUDFWLRQ� H[FKDQJH� RIWHQ� XVHV� D� FRPELQDWLRQ� RI� YHUEDO� DQG� QRQ�YHUEDO�

LQWHUDFWLRQ�PHWKRGV�� ,Q� VSHFLILF� VLWXDWLRQV�� RQH� RI� WKHVH�PHWKRGV�PD\� EH�PRUH� HIIHFWLYH�

WKDQ�WKH�RWKHU��IRU�H[DPSOH��RQH�PD\�EH�PRUH�VXVFHSWLEOH�WR�GLVWRUWLRQ�RU�LQWHUIHUHQFH��,Q�

WKHVH�VLWXDWLRQV��JUHDWHU�HPSKDVLV�PXVW�EH�SODFHG�RQ�WKH�PRUH�HIIHFWLYH�PHWKRG��RU�RQ�DQ�

DOWHUQDWLYH�PHWKRG��HQVXULQJ�WKDW�WKH�PHVVDJH�LV�WUDQVPLWWHG�RU�UHFHLYHG�ZLWKRXW�HUURU��$Q�

H[DPSOH�RI�WKLV� LV�ZKHUH�YLVXDO�GDWD� OLQN�FRPPXQLFDWLRQ� LV�DYDLODEOH�EHWZHHQ�D�FRQWUROOHU�

DQG�SLORW��DQG�LI�WKH�YHUEDO�FRPPXQLFDWLRQV�FKDQQHO�LV�VXEMHFW�WR�LQWHUIHUHQFH��WKH�GDWD�OLQN�

PHWKRG�PD\�EH�XVHG�WR�SURYLGH�D�FOHDUDQFH�WR�WKH�DLUFUDIW�UDWKHU�WKDQ�D�YHUEDO�LQWHUDFWLRQ�

H[FKDQJH�� ,Q� DGGLWLRQ� WR� YLVXDO� GDWD� OLQN� FRPPXQLFDWLRQV�� UHVHDUFK� ZRUN� LV� RQJRLQJ� WR�

HYDOXDWH� WKH�XVDELOLW\�RI�GDWD� OLQN� WKDW� LV�FRPPXQLFDWHG�XVLQJ� VSHHFK� V\QWKHVLV� DQG�YRLFH�

UHFRJQLWLRQ�>�@���

�

%RWK� YHUEDO� DQG� QRQ�YHUEDO� FRPPXQLFDWLRQ� W\SHV� KDYH� WKH� SRWHQWLDO� WR� EH� DIIHFWHG� E\�

GLVWRUWLRQ��RU�EDUULHUV���)RU�H[DPSOH��YHUEDO�FRPPXQLFDWLRQ�LV�VXVFHSWLEOH�WR�EDUULHUV�VXFK�

DV�SRRU�ZRUG�FKRLFH��KLJK�ZRUNORDG��DQG�LQWHUUXSWLRQ�GXULQJ�PHVVDJH�WUDQVIHU���

�



�

���

,Q� $7&�� D� ODUJH� QXPEHU� RI� LQFLGHQWV� DUH� DWWULEXWDEOH� WR� FRPPXQLFDWLRQ� HUURUV� LQ� WKH�

OLYHZDUH�OLYHZDUH� LQWHUIDFH� >�@�� 7KH� HVWDEOLVKHG� SURFHVV� IRU� SLORW�FRQWUROOHU� H[FKDQJHV�

UHTXHVWLQJ�FOHDUDQFHV�LV�IRU�WKH�FRQWUROOHU�WR�YHULI\�WKH�SLORW·V�UHVSRQVH�>�@��7KLV�SURFHGXUH�

LV� D� FRQILUPDWLRQ� WKDW� WKH�PHVVDJH� H[FKDQJH� KDV� KDSSHQHG�ZLWK� QR� HUURUV��+RZHYHU�� LQ�

KLJK�ZRUNORDG�VLWXDWLRQV�D�FRQWUROOHU�PD\�QRW� UHVSRQG� WR�D�SLORW·V� UDGLR� WHOHSKRQ\� �5�7��

UHTXHVW��7KH�SLORW�PD\� LQFRUUHFWO\� DVVXPH� WKDW�EHFDXVH� WKH� FRQWUROOHU�KDV�QRW� FKDOOHQJHG�

WKH� UHTXHVW�� LW� KDV� EHHQ� DOORZHG�� ,W� FDQ� EH� VHHQ� WKDW� QRW� FRPPXQLFDWLQJ�� ZKHQ�

FRPPXQLFDWLRQ�LV�H[SHFWHG��KDV�WKH�SRWHQWLDO�WR�DIIHFW�VDIHW\��&RXOG�WKH�XVH�RI�DGGLWLRQDO�

VHQVRU\�FKDQQHOV��RWKHU�WKDQ�WKH�DXGLWRU\�FKDQQHO�WKDW�LV�RIWHQ�RYHUORDGHG�LQ�KLJK�ZRUNORDG�

VLWXDWLRQV��EH�XVHG�WR�FRPPXQLFDWH�DFFHSWDQFH�RI�D�UHTXHVW"�7KLV�FRXOG�SRWHQWLDOO\�UHGXFH�

WKH�DXGLWRU\�ERWWOHQHFN�WKDW�LV�DSSDUHQW�LQ�WKH�FXUUHQW�IRUP�RI�WKH�$7&�WDVN�����

�

,Q� DGGLWLRQ� WR� SHUVRQ�SHUVRQ� FRPPXQLFDWLRQV�� WKH� FRPELQHG� SHUIRUPDQFH� RI� KXPDQV�

FRPPXQLFDWLQJ�ZLWKLQ�JURXSV�RU� WHDPV� LV�RI�NH\� LPSRUWDQFH� WR� WKH�$7&�V\VWHP��*URXS�

FRPPXQLFDWLRQ��LQWHUDFWLRQ��DQG�SHUIRUPDQFH�GHSHQG�RQ�PDQ\�IDFWRUV�LQFOXGLQJ�OHDGHUVKLS�

DQG� IROORZHUVKLS� VNLOOV�� 7R� HQVXUH� WKDW� D� WHDP� RI� FRQWUROOHUV� DUH�ZRUNLQJ� RSWLPDOO\�� LW� LV�

LPSRUWDQW� WKDW� WKH\�DUH� VNLOOHG� LQ�FRPPXQLFDWLRQ� WHFKQLTXHV� LQ� DGGLWLRQ� WR� WKH� VNLOOV� DQG�

H[SHULHQFH�WKH\�KDYH�LQ�WKH�$7&�GRPDLQ���

�

����� +XPDQ�)DFWRUV�3UREOHPV�DWWULEXWDEOH�WR�WKH�/LYHZDUH�6RIWZDUH�
,QWHUIDFH�

�

7KH� /LYHZDUH�6RIWZDUH� LQWHUIDFH� LV� FRQFHUQHG� ZLWK� WKH� LQWHUDFWLRQ� EHWZHHQ� WKH� KXPDQ�

�FRQWUROOHU�� SLORW�� DQG� WKH� VRIWZDUH� XVHU� LQWHUIDFHV�� SURFHGXUHV�� UXOHV�� JXLGHOLQHV� DQG�

GRFXPHQWDWLRQ�WKDW�VXSSRUW�$7&��,Q�D�VDIHW\�FULWLFDO�HQYLURQPHQW�OLNH�$7&��LW�LV�YLWDO�WKDW�

WKHVH� VRIWZDUH� DQG� SURFHGXUDO� V\VWHPV� DUH� ORJLFDOO\� FRUUHFW�� DFWXDOO\� IROORZHG� GXULQJ�

RSHUDWLRQ��DQG�WROHUDQW�RI�HUURUV�>�@��,Q�WKH�6+(//�PRGHO��WKH�LQWHUIDFH�EHWZHHQ�KXPDQV�

DQG�WKH�SK\VLFDO�HTXLSPHQW�LV�WUHDWHG�DV�D�VHSDUDWH�LQWHUIDFH��VHH�6HFWLRQ���������+RZHYHU��

KXPDQV� LQWHUDFW�ZLWK�VRIWZDUH�XVHU� LQWHUIDFHV�XVLQJ�KDUGZDUH�� VXFK�DV�YLVXDO�GLVSOD\V�DQG�

LQSXW� GHYLFHV��7KLV�PD\� LQGLFDWH� DQ� RYHU�VLPSOLILFDWLRQ� RI� WKH� UHODWLRQVKLS� EHWZHHQ�QRQ�

OLYHZDUH�LQWHUIDFHV�GHILQHG�LQ�WKH�6+(//�PRGHO���

���



�

���

������� 6RIWZDUH�8VHU�,QWHUIDFHV�
�

$YDLODEOH� IXQFWLRQV� RI� VRIWZDUH� DUH� GHWHUPLQHG� E\� LWV� IXQFWLRQDO� GHVLJQ�� +RZHYHU�� LWV�

XVHIXOQHVV� LV�GHSHQGHQW�RQ� WKH�TXDOLW\�RI� LWV�XVHU� LQWHUIDFH� >�@� LQ� WHUPV�RI� LWV� VXSSRUW� IRU�

SULPDU\�WDVNV��VHFRQGDU\�WDVNV�DQG�DVVRFLDWHG�DFWLRQV��2QH�RI�WKH�PRVW�LPSRUWDQW�DVSHFWV�

RI�WKH�VRIWZDUH�XVHU�LQWHUIDFH�LQ�$7&�LV�WKH�JUDSKLFDO�FKDUW�GLVSOD\�DQG�LWV�SUHVHQWDWLRQ�RI�

LQIRUPDWLRQ��,W�KDV�EHHQ�IRXQG�WKDW�ZKHQ�FRQWUROOHUV�DUH�VHDUFKLQJ�PDSV��WKH�WLPH�WDNHQ�WR�

ILQG�D�WDUJHW� LV� LQYHUVHO\�SURSRUWLRQDO� WR�WKH�SRVLWLRQ� LQ�WKH�SHULSKHU\�DW�ZKLFK�WKH�WDUJHW�

FDQ�EH� VHHQ� >�@��3HUKDSV� WKH�XVH�RI�RWKHU� VHQVRU\�PRGDOLWLHV�� VXFK�DV� VRXQG�RU� WRXFK�� LQ�

FRPELQDWLRQ�ZLWK�YLVLRQ�FRXOG�UHGXFH�WKLV�WLPH��7KH�XVH�RI�FRORXU�RQ�WKH�XVHU�LQWHUIDFH�LV�

DOVR� LPSRUWDQW� EHFDXVH� FHUWDLQ� FRORXUV� VWDQG� RXW�PRUH� WKDQ� RWKHUV�� ERWK� YLVXDOO\� DQG� LQ�

WHUPV�RI�SUHFRQFHLYHG�QRWLRQV�ZH�KDYH� WR�VRPH�RI� WKHP��IRU�H[DPSOH��JUHHQ�IRU�*2�RU�

UHG�IRU�6723��'DQJHU���5HVHDUFK�LV�DOVR�RQJRLQJ�WR�GLVFRYHU�LI�WKH�WUDGLWLRQDO�SDSHU�IOLJKW�

VWULSV��XVHG�E\�FRQWUROOHUV�DORQJ�ZLWK�WKH�UDGDU�GLVSOD\�WR�SURYLGH�D�YLHZ�RI�WKH�WUDIILF��FDQ�

EH�VXFFHVVIXOO\�UHSODFHG�E\�VRIWZDUH�EDVHG�HTXLYDOHQWV�VHH�6HFWLRQ�������

�

������� 3URFHGXUHV�DQG�&KHFNOLVWV�
�

7KH� VWDQGDUGLVDWLRQ� RI� SURFHGXUHV� LV� LQWHQGHG� WR� DOOHYLDWH� WKH� YDULDQFHV� RI� KXPDQ�

EHKDYLRXU�� ,W� KDV� EHHQ� UHVHDUFKHG� WKDW� WKH� IDLOXUH� RI� SLORWV� WR� IROORZ� VWDQGDUG� UXOHV� DQG�

SURFHGXUHV�LV�RQH�RI�WKH�PDLQ�SUREOHPV�LQ�DYLDWLRQ��DQG�LW�LV�WKRXJKW�WKDW�D�VLPLODU�SUREOHP�

PD\�EH�SUHVHQW� LQ�$7&�� ,Q� VRPH� FDVHV�� SURFHGXUHV�PD\�GLIIHU� IURP�FRXQWU\� WR� FRXQWU\��

2QH� UHFHQW� H[DPSOH� RI� WKLV� ZDV� WKH� GLIIHUHQFH� LQ� SULRULW\� RI� WKH� FRQWUROOHU·V� RUGHUV� LQ�

UHODWLRQ�WR�WKH�7UDIILF�&ROOLVLRQ�$YRLGDQFH�6\VWHP��7&$6��V\VWHP�LQ�WKH�PLG�DLU�FROOLVLRQ�

RI� D� 5XVVLDQ� FKDUWHU� DLUOLQHU� DQG� '+/� IUHLJKW�FDUU\LQJ� DLUOLQHU�� 7KH� GLIIHUHQFH� LQ�

SURFHGXUHV�EHWZHHQ�5XVVLDQ�DQG�(XURSHDQ�SLORWV�KDV�EHHQ�FLWHG�DV�D�FRQWULEXWLQJ�IDFWRU�LQ�

WKLV� DFFLGHQW�� ,Q� (XURSH�� 7&$6� WDNHV� SULRULW\� RYHU� $7&� RUGHUV�� EXW� 5XVVLDQ� SLORWV� DUH�

WUDLQHG�WR�WDNH�DFFRXQW�RI�ERWK��DQG�WKHQ�GHFLGH�WKHPVHOYHV�KRZ�WR�UHVROYH�WKH�FRQIOLFW�>�@��

����

����� +XPDQ�)DFWRUV�3UREOHPV�DWWULEXWDEOH�WR�WKH�/LYHZDUH�+DUGZDUH�
,QWHUIDFH�

�

,VDDF� >�@� VWDWHV� WKDW� HQJLQHHULQJ�SULQFLSOHV� UDWKHU� WKDQ�EHKDYLRXUDO� SULQFLSOHV� DUH� W\SLFDOO\�

XVHG�LQ�GHVLJQLQJ�PDFKLQHV�IRU�XVH�E\�KXPDQV���6KH�VWDWHV�WKDW�D�NH\�GHVLJQ�FULWHULRQ�LV�WKH�



�

���

DSSURSULDWH� DOORFDWLRQ�RI� WDVNV�HLWKHU� WR�PDFKLQH�RU�KXPDQ�DV�HDFK�KDV� LWV� VWUHQJWKV�DQG�

ZHDNQHVVHV�LQ�WHUPV�RI�DELOLWLHV��

�

+XPDQV� DUH�PRUH� DGHSW� DW� DFWLYLWLHV� VXFK� DV� VHQVH�� GHWHFWLRQ�� UHFRJQLWLRQ�� VHOHFWLRQ�� DQG�

UHDVRQLQJ��0DFKLQHV� DUH�PRUH� VXLWHG� WR�PRQLWRULQJ�� SURFHVVLQJ� TXDQWLWDWLYH� LQIRUPDWLRQ��

SHUIRUPLQJ�UHSHWLWLYH�WDVNV��DQG�PDLQWDLQLQJ�SHUIRUPDQFH�RYHU�H[WHQGHG�WLPH�SHULRGV��$Q�

RSWLPDO� V\VWHP� GHVLJQ� PXVW� WDNH� LQWR� DFFRXQW� WKH� DOORFDWLRQ� RI� WDVNV� WKDW� HQDEOHV� WKH�

KXPDQ�DQG�PDFKLQH�FRPSRQHQWV�WR�ZRUN�WRJHWKHU�V\QHUJLVWLFDOO\��

�

7KLV�VHFWLRQ�FRQFHQWUDWHV�RQ�WKH�GHVLJQ�RI�WKH�SK\VLFDO�KDUGZDUH�XVHG�E\�FRQWUROOHUV��PRUH�

WKDQ� WKH�VRIWZDUH�DSSOLFDWLRQV� WKDW� UXQ�RQ� WKDW�KDUGZDUH��DQG�DUH� LQWHJUDWHG�ZLWK� LW��2QH�

LPSRUWDQW�DVSHFW�UHODWHG�WR�SK\VLFDO�GHVLJQ�LV�WKDW�KXPDQV��LQ�WKLV�FDVH��WKRVH�HPSOR\HG�DV�

FRQWUROOHUV��DUH�DOO�GLIIHUHQW�LQ�WHUPV�RI�WKHLU�SK\VLFDO�FKDUDFWHULVWLFV�>�@��'LIIHUHQFHV�H[LVW�LQ�

VWDWXUH� EHWZHHQ� ZHVWHUQ� DQG� RULHQWDO� SRSXODWLRQV�� DQG� DOVR� SHRSOH� ZLWKLQ� WKH� VDPH�

SRSXODWLRQ� GLVSOD\�PRUH� VXEWOH� GLIIHUHQFHV�� )RU� H[DPSOH�� VHDWLQJ� GHVLJQHG� IRU� XVH� DW� WKH�

ZRUNVWDWLRQ� PXVW� EH� DGMXVWDEOH� WR� DFFRPPRGDWH� FRQWUROOHUV� ZLWK� GLIIHUHQW� OLPE�

SURSRUWLRQV���

�

:RUNVSDFH�GHVLJQ�LQ�IDFLOLWLHV�ZKHUH�QR�GLUHFW�REVHUYDWLRQ�RI�DLUFUDIW�LV�SHUIRUPHG�LV�KLJKO\�

YDULDEOH�IURP�RQH�$7&�IDFLOLW\�WR�WKH�RWKHU��7KLV�LV�JHQHUDOO\�D�FKDUDFWHULVWLF�RI�WKH�OD\RXW�

RI�ZRUNVWDWLRQV� FRYHULQJ�GLIIHUHQW� VHFWRUV�� ,Q� WRZHUV�� DUUDQJHPHQW�PD\�EH�RSWLPLVHG� IRU�

SDVVLQJ� IOLJKW� SURJUHVV� VWULSV�� 6RPHWLPHV�� FRQWUROOHUV� FRYHULQJ� GLIIHUHQW� DLUVSDFH� VHFWRUV�

VKDUH� WKH� VDPH� GLVSOD\�� 7KLV� KDV� DGYDQWDJHV� LQ� WKDW� LW� LPSURYHV� FR�RUGLQDWLRQ� DQG�

LQWHJUDWLRQ��+RZHYHU��WKH�WZR�FRQWUROOHUV�PD\�KDYH�GLIIHUHQW�QHHGV�LQ�WHUPV�RI�RSWLPLVLQJ�

WKH�GLVSOD\��ZKLFK�GLVSOD\�VKDULQJ�GRHV�QRW�DOORZ���

�

:KHUH� DQ� $7&7� DQG� 75$&21� DUH� ORFDWHG� LQ� WKH� VDPH� EXLOGLQJ�� D� GURS� WXEH� IHG� E\�

JUDYLW\� PD\� EH� XVHG� WR� KDQGRII� IOLJKW� VWULSV� IURP� WKH� ORFDO� FRQWUROOHU� WR� WKH� GHSDUWXUH�

FRQWUROOHU��,Q�VRPH�IDFLOLWLHV��WKLV�RSHUDWLRQ�LV�UHSODFHG�RU�VXSSOHPHQWHG�E\�D�&ORVHG�&LUFXLW�

7HOHYLVLRQ��&&79��V\VWHP�WKDW�GHSDUWXUH�FRQWUROOHUV�XVH�WR�ZDWFK�IDFLOLWLHV�LQ�WKH�WRZHU��

�

,Q�VRPH�FDVHV��LQGLYLGXDO�IDFLOLWLHV�KDYH�DGRSWHG�FXVWRP�VROXWLRQV�WKDW�KDYH�EHHQ�LQWHJUDWHG�

LQWR� WKHLU� H[LVWLQJ� V\VWHPV�� 7KHVH� WDLORUHG� VROXWLRQV� FRQWUDGLFW� WKH� GHVLUH� WR� VWDQGDUGLVH�

V\VWHPV� DFURVV� IDFLOLWLHV� EHFDXVH� LQ�PDQ\� VLWXDWLRQV�� WU\LQJ� WR� VDWLVI\� WKH� UHTXLUHPHQWV� RI�

GLIIHUHQW�IDFLOLWLHV�LV�LQ�FRQIOLFW��



�

���

�

7KH�$GYDQFHG�$XWRPDWLRQ�6\VWHP��$$6��SURJUDP��FRPPLVVLRQHG�E\� WKH�)$$�DQG� ODWHU�

FDQFHOOHG�LQ�������EHFDXVH�RI�FRQWLQXDOO\�FKDQJLQJ�GHVLJQ�UHFRPPHQGDWLRQV��VSHFLILHG�D�OLVW�

RI� FRPSRQHQWV� WR� EH� LQWHJUDWHG� LQWR� D� FRPPRQ� FRQWUROOHU� ZRUNVWDWLRQ� >�@�� 'HVSLWH� LWV�

FDQFHOODWLRQ�� WKH�$$6� SURJUDP� IROORZHG� D� SURFHVV� WKDW� LV� KLJKO\� UHOHYDQW� WR� FXUUHQW� DQG�

IXWXUH�FRQWUROOHU�ZRUNVWDWLRQ�GHYHORSPHQWV����

�

:LWK� UHVSHFW� WR� GDWD� HQWU\� RQ� WKH�$$6� FRPPRQ� FRQVROH�� WKH� NH\� LQSXW� GHYLFHV� DUH� WKH�

NH\ERDUG��WUDFNEDOO��DQG�WRXFK�VFUHHQ�HQWU\�SDQHOV��7KH�NH\ERDUG�DQG�WUDFNEDOO�XVH�VWDQGDUG�

LQWHUIDFHV���

�

7KH� WUDFNEDOO� ZDV� VHOHFWHG� DV� WKH� FXUVRU� SRVLWLRQLQJ� GHYLFH� LQ� WKH�$$6� SURJUDP� DIWHU� D�

VHULHV� RI� WUDGH�RII� DQDO\VLV� DQG� H[SHULPHQWDO� WULDOV�� SHUIRUPHG� RQ� WUDFNEDOOV� RI� VHYHUDO�

GLDPHWHUV� IURP� GLIIHUHQW� YHQGRUV�� PLFH�� IRUFH� VWLFNV�� DQG� GLUHFW� WRXFK� >�@�� $� RQH�LQFK�

GLDPHWHU�EDOO�ZDV�VHOHFWHG�IRU�WKH�FRPPRQ�FRQVROH�DQG�D�WZR�DQG�D�TXDUWHU�LQFK�EDOO�IRU�

$7&�WRZHU�DSSOLFDWLRQV��2ULJLQDOO\��WKH�ODUJHU�EDOO�ZDV�HPEHGGHG�LQ�WKH�WKLFNHU�VKHOI�IRU�DQ�

HDUO\� FRQVROH�PRFN�XS��'XULQJ� D� SURWRW\SH� GHPR�� WKH� UHYLHZ� WHDP� GHWHUPLQHG� WKDW� WKH�

VPDOOHU�EDOO�HQDEOHG�HTXDO�SHUIRUPDQFH�EXW�KDG�WKH�DGYDQWDJH�RI�EHLQJ�HDVLHU� WR�UHORFDWH��

7KH� SDOP� UHVW� ZDV� IRXQG� WR� EH� WRR� KLJK� DERYH� WKH� SRVLWLRQ� RI� WKH� QXPHULF� NH\SDG�� $�

FXVWRP�GHVLJQ�PDWFKHG�WKH�SURILOH�RI�WKH�NH\SDG�DQG�IOH[LEOH�SRVLWLRQLQJ�RI�LQSXW�GHYLFHV�

KDV�UHFHLYHG�JRRG�IHHGEDFN��

�

$OWHUQDWLYH�FXUVRU�SRVLWLRQLQJ�GHYLFHV�ZHUH�GLVPLVVHG��$�PRXVH�ZDV�FRQVLGHUHG�WRR�IUDJLOH�

DQG�KDG� WKH�GLVDGYDQWDJH�RI�KDYLQJ� WR�PDQDJH� WKH�FRUG�SRVLWLRQ� �DOWKRXJK�QRZ�FRUGOHVV�

GHVLJQV� DUH� DYDLODEOH��� ,W� ZDV� DOVR� GLIILFXOW� WR� SK\VLFDOO\� ORFDWH� ZLWKRXW� ORRNLQJ� GRZQ� WR�

GHWHUPLQH�LWV�H[DFW�SRVLWLRQ��

���

$OWKRXJK� D�PRXVH�ZDV�GLVFDUGHG� IRU� WKH� FRPPRQ�FRQVROH� LQ� WKH�86�� LW� LV� LQWHUHVWLQJ� WR�

QRWH� WKDW� WKH�PRVW� UHFHQWO\� FRPPLVVLRQHG�$7&� IDFLOLWLHV� LQ� WKH�8.� XVH� D�PRXVH� UDWKHU�

WKDQ�D�WUDFNEDOO�LQSXW�GHYLFH��7KLV�LV�D�GHSDUWXUH�IURP�SUHYLRXV�JHQHUDWLRQ�$7&�IDFLOLWLHV�LQ�

WKH� 8.� VXFK� DV� WKRVH� DW� 3UHVWZLFN� WKDW� XVH� LQWHJUDWHG� WUDFNEDOO� GHYLFHV�� ,W� LV� XQFOHDU�

ZKHWKHU�WKLV�GHFLVLRQ�ZDV�PDGH�WR�UHGXFH�FRVW��HDVH�UHSODFHPHQW�DQG�PDLQWHQDQFH��RU�DV�D�

UHVXOW�RI�XQUHSRUWHG�KXPDQ�IDFWRUV�ILQGLQJV�������

�



�

���

����� +XPDQ�)DFWRUV�3UREOHPV�DWWULEXWDEOH�WR�WKH�/LYHZDUH�
(QYLURQPHQW�,QWHUIDFH�

�

7KLV�VHFWLRQ�GLVFXVVHV�RWKHU�HQYLURQPHQWDO�YDULDEOHV�WKDW�DIIHFW�FRQWUROOHU�SHUIRUPDQFH��

������� 6WUHVV�DQG�3RVW�7UDXPDWLF�6WUHVV�'LVRUGHU�
�

6WUHVV�FDQ�EH�GHILQHG�DV�D�VWDWH�WKDW�LV�FDXVHG�RU�DVVRFLDWHG�ZLWK�DQ�HYHQW�RU�VLWXDWLRQ�WKDW�

UHGXFHV�ZRUN� HIIHFWLYHQHVV�� FKDQJHV� EHKDYLRXU� RU� FDXVHV� KHDOWK� SUREOHPV��7KH� H[WHQW� WR�

ZKLFK�VWUHVV�DIIHFWV�DQ�LQGLYLGXDO�GHSHQGV�RQ�WKH�W\SH�RI�VWUHVV�IDFWRU�RU�VWUHVVRU�DQG�WKH�

W\SH�RI�LQGLYLGXDO��

�

6WUHVVRUV� LQ� WKH�$7&� HQYLURQPHQW� LQFOXGH� ODFN� RI� WLPH�� ODFN� RI� NQRZOHGJH�� XQFHUWDLQW\��

FKDQJHV� LQ� SURFHGXUHV�� FRQVWDQW� FKHFNLQJ� RI� SURILFLHQF\�� FDUHHU� SURJUHVVLRQ�� VKLIW� ZRUN�

LVVXHV��DQG�ODERXU�LVVXHV�>�@��

�

3RVW�7UDXPDWLF�6WUHVV�'LVRUGHU��376'��RFFXUV�ZKHQ�D�SHUVRQ·V�IXQFWLRQLQJ�FRQWLQXHV�WR�

EH�GLVUXSWHG�DV�D�FRQVHTXHQFH�RI�WKH�WUDXPDWLF�H[SHULHQFH��7KLV�FRQGLWLRQ�FDQ�KDSSHQ�WR�

LQGLYLGXDOV� GLUHFWO\� LQYROYHG� LQ� DQ� HYHQW� RU� E\� WKRVH� ZRUNLQJ� ZLWKLQ� WKH� VDPH� ZRUN� RU�

VRFLDO�HQYLURQPHQW����

�

������� 6OHHS��)DWLJXH�DQG�6KLIWZRUN�
�

+XPDQV� UHTXLUH� D� VXIILFLHQW� DPRXQW�RI� VOHHS� WR� IXQFWLRQ�SURSHUO\��7KH� H[DFW� DPRXQW�RI�

VOHHS�UHTXLUHG�YDULHV�RQ�DQ�LQGLYLGXDO�EDVLV��'LVWXUEHG�VOHHS��RU�SURORQJHG�ZRUN��FDQ�FDXVH�

IDWLJXH�� 7KH� HIIHFWV� RI� IDWLJXH� FDQ� LQFOXGH� VXEMHFWLYH� WLUHGQHVV�� SRRU� YLJLODQFH�� JUHDWHU�

WUDFNLQJ�HUURUV��DQG�ORVV�RI�IOH[LELOLW\�DQG�DGDSWDELOLW\�>�@��

�

´7KH�WHUP�VKLIWZRUN�UHIHUV�WR�WKH�DOORFDWLRQ�RI�ZRUN�VFKHGXOHV�WR�DOORZ�MRE�GXWLHV�WR�VKLIW�

EHWZHHQ� JURXSV� RI�ZRUNHUV� RYHU� YDULRXV� WLPHV� RI� WKH� GD\�� 6KLIWZRUN� KDV� DULVHQ� EHFDXVH�

PDQ\� LQGXVWULHV� RU� ZRUNSODFHV� UHTXLUH� URXQG� WKH� FORFN� RSHUDWLRQV�� HLWKHU� IRU� HFRQRPLF�

UHDVRQV�RU��OLNH�$7&��EHFDXVH�RI�WKH�FRQWLQXRXV�VHUYLFHV�SURYLGHG�µ�>�@��

�

$� VLJQLILFDQW� DPRXQW�RI� UHVHDUFK�KDV�EHHQ�XQGHUWDNHQ� LQ� WKH� ODVW� GHFDGH� ORRNLQJ� DW�KRZ�

VKLIW�SDWWHUQV�DIIHFW�KXPDQ�ZHOO�EHLQJ�DQG�SHUIRUPDQFH��7KLV�LV�GXH�WR�WKH�IDFW�WKDW�PDQ\�



�

���

VHULRXV�DFFLGHQWV�KDYH�FLWHG� WLPH�RI�GD\�DQG� IDWLJXH�DV�FRQWULEXWLQJ� IDFWRUV��&KDQJLQJ�DQ�

LQGLYLGXDOV·� ZRUNLQJ� KRXUV� DIIHFWV� WKHLU� VOHHS� SDWWHUQV� DQG� UHDOLJQPHQW� RI� WKHLU� VOHHS�

SDWWHUQV�FDQ�LQ�VRPH�FDVHV�WDNH�XS�WR�D�ZHHN���

�

9HU\� OLWWOH� UHVHDUFK� KDV� EHHQ� SHUIRUPHG� WR� ORRN� DW� WKH� HIIHFW� RI� VKLIWZRUN� LQ� WKH� $7&�

HQYLURQPHQW�� DOWKRXJK� D� JUHDW� GHDO� KDV� EHHQ� SHUIRUPHG� RQ� WKH� IOLJKW� GHFN� DQG� RWKHU�

DYLDWLRQ� HQYLURQPHQWV�� +RZHYHU�� WKH� WDVNV� RI� SLORWV� DUH� TXLWH� GLIIHUHQW� IURP� WKRVH� RI�

FRQWUROOHUV�VR�WKH�EXON�RI�WKH�H[LVWLQJ�IOLJKW�GHFN�UHVHDUFK�ILQGLQJV�FDQQRW�EH�WUDQVSRVHG�WR�

WKH�$7&�GRPDLQ��3LORWV�DUH�VXEMHFWHG� WR�KLJK�ZRUNORDG�GXULQJ� WDNH�RII�DQG� ODQGLQJ�ZLWK�

UHODWLYHO\� ORZ� ZRUNORDG� LQ� EHWZHHQ�� ZKHUHDV� FRQWUROOHUV� FDQ� H[SHULHQFH� KLJK� ZRUNORDG�

VLWXDWLRQV�RYHU� ORQJHU�SHULRGV�RI�WLPH��/RZHU�ZRUNORDG�VLWXDWLRQV��OLNH�WKRVH�H[SHULHQFHG�

E\� SLORWV� GXULQJ� OHYHO� IOLJKW� DQG� FRQWUROOHUV� ZRUNLQJ� TXLHW� VHFWRUV� DW� QLJKW�� KDYH� WKH�

SRWHQWLDO�WR�EULQJ�RQ�WLUHGQHVV�DQG�D�ODFN�RI�DWWHQWLRQ��5HIHU�WR�6HFWLRQ�������IRU�D�UHYLHZ�RI�

WKH�OLWHUDWXUH�UHODWHG�WR�ZRUNORDG����������

��������

������� 6DIHW\�0DQDJHPHQW�
�

´0HDVXUHV� WKDW� DUH� GHVLJQHG� DW� UHPRYLQJ�� PLWLJDWLQJ� RU� SURWHFWLQJ� DJDLQVW� RSHUDWLRQDO�

KD]DUGV� QRZ� SOD\� D� ODUJH� SDUW� LQ� WKH� UHVRXUFH� DOORFDWLRQ� LQ� RUJDQLVDWLRQV� HQJDJHG� LQ�

SRWHQWLDOO\�GDQJHURXV�DFWLYLWLHV�µ�>�@�

�

5HDVRQ�LQ������>�@�SURSRVHG�D�PRGHO�LQ�ZKLFK�KH�VWDWHG�WKDW�LQ�HYHU\�LQFLGHQW��H[FOXGLQJ�

GHOLEHUDWH� DFWV� RI� VDERWDJH� RU� WHUURULVP�� WKHUH� DUH� ODWHQW� KXPDQ� IDLOXUHV� ZKLFK� UHPDLQ�

KLGGHQ�XQWLO�FLUFXPVWDQFHV�FDXVH�WKHP�WR�EH�DQ�DFWLYH�YDULDEOH�LQ�WKH�LQFLGHQW�VHTXHQFH��

$Q� LQFLGHQW� VHTXHQFH� LV� FRPSOH[� LQFOXGLQJ�PDQ\� YDULDEOHV�� 5HDVRQ� DUJXHG� WKDW� HDFK� RI�

WKHVH�YDULDEOHV�KDG�WKH�SRWHQWLDO�WR�¶SDVV�RQ·�ERWK�DFWLYH�DQG�ODWHQW�IDLOXUHV��+H�UHSUHVHQWHG�

WKHVH�IDLOXUHV�E\�KROHV��RSSRUWXQLWLHV��DW�HDFK�OD\HU��$�IDLOXUH�DW�DQ\�OHYHO�FRXOG�EH�NHSW�DW�

WKDW�OHYHO�LI�WKH�KROHV�GLG�QRW�GLUHFWO\�OLQH�XS��,I�HYHQWV�FDXVHG�DQ\�RI�WKH�KROHV�WR�OLQH�XS�

WKHQ� LW�ZDV�KLJKO\� OLNHO\� WKDW� WKH�HUURU�ZRXOG�EH�SDVVHG� WR� WKH�QH[W� OD\HU�� ,Q� WKH�XQOLNHO\�

HYHQW� WKDW� DOO� WKH� KROHV� OLQHG� XS� DW� D� JLYHQ� WLPH� WKHQ� WKHUH� ZDV� D� JRRG� FKDQFH� WKDW� DQ�

LQFLGHQW�RU�DFFLGHQW�ZRXOG�IROORZ�>�@��5HDVRQ·V�V\VWHPDWLF�IDLOXUH�PRGHO�LQ�UHODWLRQ�WR�$7&�

LV�VKRZQ�LQ�)LJXUH�����LQFOXGLQJ�DQ�H[DPSOH�RI�DQ�DFFLGHQW�WUDMHFWRU\�WKDW�SDVVHV�WKURXJK�D�

KROH�LQ�HDFK�OD\HU��

�
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)LJXUH������5HDVRQ·V�6\VWHPDWLF�)DLOXUH�0RGHO��

�

$Q\� QHZ� WHFKQRORJ\� RU� WHFKQLTXH� SURYHQ� WR� VROYH� SUREOHPV� LQ� D� GRPDLQ� VSDFH� KDV� WKH�

SRWHQWLDO�WR�FRQWDLQ�ODWHQW�IDLOXUHV�ZKHQ�LQWHJUDWHG�LQWR�DQ�H[LVWLQJ�VDIHW\�FULWLFDO�V\VWHP���
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����� :RUNORDG�LQ�$7&�
�

,W�KDV�EHHQ�VWDWHG�WKDW�WKHUH�LV�QR�JHQHUDOO\�DFFHSWHG�GHILQLWLRQ�RI�ZRUNORDG�>�@��+RZHYHU��

GHVSLWH� WKH� ODFN� RI� D� JHQHUDOO\� DFFHSWHG� GHILQLWLRQ�� WKH�ZRUNORDG�PHQWDO� FRQVWUXFW� LV� WKH�

WDUJHW�RI�PXFK�ZRUN�ZLWKLQ�WKH�GRPDLQ�RI�$7&�UHVHDUFK�DQG�RSHUDWLRQV��

,Q�������6WHLQ�DQG�5RVHQEHUJ�>�@�SURSRVHG�WKH�IROORZLQJ�GHILQLWLRQ�RI�ZRUNORDG��

�

´7KH�H[SHULHQFH�RI�ZRUNORDG�LV�EDVHG�RQ�WKH�DPRXQW�RI�HIIRUW��ERWK�SK\VLFDO�DQG�SV\FKRORJLFDO��H[SHQGHG�LQ�

UHVSRQVH� WR� V\VWHP� GHPDQGV� �WDVNORDG�� DQG� DOVR� LQ� DFFRUGDQFH� ZLWK� WKH� RSHUDWRU·V� LQWHUQDO� VWDQGDUG� RI�

SHUIRUPDQFH��

�

0RUH�FRQFLVHO\��LW�KDV�EHHQ�VWDWHG�DV�WKH�FRVW�RI�D�JLYHQ�WDVN�IRU�WKH�KXPDQ�RSHUDWRU�>�@�6R��

ZKHUHDV� WDVNORDG� LV� EDVHG� RQ� WKH� HQYLURQPHQWDO� FRQGLWLRQV�� ZRUNORDG� LV� WKH� KXPDQ�

UHVSRQVH�WR�WKHVH�FRQGLWLRQV��1HJDWLYH�DVSHFWV�RI�ZRUNORDG��DQG�DQ�LQFUHDVH�LQ�WKH�FKDQFH�

IRU�HUURU��FDQ�DULVH�ZKHQ�WKH�RSHUDWRU�LV�HLWKHU�FORVH�WR�SHUIRUPDQFH�OLPLWV��KLJK�ZRUNORDG���

RU�ZKHQ�WKH\�DUH�H[SHULHQFLQJ�D�ODFN�RI�DFWLYLW\�DQG�ERUHGRP��ORZ�ZRUNORDG��>�@��,Q�IDFW��

)$$�GDWDEDVHV�KDYH�LQGLFDWHG�WKDW�FRQWUROOHUV�PDNH�PRUH�HUURUV�GXULQJ�SHULRGV�RI�ORZ�WR�

PRGHUDWH� ZRUNORDG� >�@�� $GGLWLRQDOO\�� LQ� DLUFUHZ�ZRUNORDG� UHVHDUFK�� D� SUHFXUVRU� WR� $7&�

ZRUNORDG� UHVHDUFK�� ZRUN� KDV� EHHQ� XQGHUWDNHQ� WR� VWXG\� IDLOXUH� PRGH� ZRUNORDG�� WKH�

FRQGLWLRQ�RI�VXGGHQ�RU�XQH[SHFWHG�XVHU�ZRUNORDG�FDXVHG�E\�WKH�IDLOXUH�RI�VRPH�SDUW�RI�WKH�

DLUFUDIW�V\VWHP�GXULQJ�RSHUDWLRQ�>�@��3LORW�ZRUNORDG�GXULQJ�V\VWHP�IDLOXUHV�DQG�HPHUJHQFLHV�

FDQ�EH�HYHQ�KLJKHU�WKDQ�WKH�JHQHUDOO\�DFFHSWHG�KLJK�ZRUNORDG�IOLJKW�VWDJHV�RI�WDNHRII�DQG�

ILQDO�DSSURDFK����

�

������� 7KH�7ZR�:RUNORDG�([WUHPHV������ �
�

7KH�SUHYLRXV�VHFWLRQ�LQWURGXFHG�WKH�QRWLRQ�RI�KRZ�ORZ�ZRUNORDG�VLWXDWLRQV�FDQ�EH�HYHU\�

ELW�DV�XQGHVLUDEOH�IRU�WKH�KXPDQ�RSHUDWRU�DV�KLJK�ZRUNORDG�VLWXDWLRQV��:KHQ�FRXSOHG�ZLWK�

VKLIWZRUNLQJ�SDWWHUQV��WKH�SHUIRUPDQFH�HIIHFWV�RI�PLQLPXP�ZRUNORDG�LQ�FRQMXQFWLRQ�ZLWK�

VKLIW�ZRUNLQJ�FDQ�EH� VLJQLILFDQW��&RUUDGLQL� >�@� UHVHDUFKHG� WKHVH�FRPELQHG�HIIHFWV�� ILQGLQJ�

WKDW� ORZ� ZRUNORDG� GXULQJ� D� PRUQLQJ� VKLIW� SURGXFHG� WKH� PRVW� FRUUHFW� FRQWUROOHU�SLORW�

FRPPXQLFDWLRQV� SHUIRUPDQFH�� ZKHUHDV� QLJKWVKLIW� ZRUNLQJ� LQ� FRQMXQFWLRQ� ZLWK� ORZ�

ZRUNORDG�VHFWRUV�RI���WR���DLUFUDIW�SHU�KRXU�UHVXOWHG�LQ�LQFUHDVHG�PLVFRPPXQLFDWLRQV��VXFK�

DV� GHYLDWLRQV� IURP� VWDQGDUG� SKUDVHRORJ\� DQG� UHIHUHQWLDO� DPELJXLW\��� 7KH� IDFW� WKDW� ORZ�
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ZRUNORDG� FDQ� FDXVH� SUREOHPV� GXH� WR� WKH� FRQWUROOHU� EHLQJ� XQGHU�FKDOOHQJHG� E\� WKHLU�

HQYLURQPHQW�KDV�DIIHFWHG��DQG�ZLOO�FRQWLQXH�WR�DIIHFW�WKH�GHVLJQ�RI�$7&�V\VWHPV�DQG�KRZ�

IXQFWLRQV�DUH�DOORFDWHG��,I�LQFUHDVHG�DXWRPDWLRQ�UHSODFHV�WKH�KXPDQ·V�UROH�WR�WKH�H[WHQW�WKH�

FRQWUROOHU�RU�SLORW�H[SHULHQFHV�VLJQLILFDQW�UHGXFWLRQV�LQ�ZRUNORDG��WKLV�FDQ�QHJDWLYHO\�LPSDFW�

WKHLU�VLWXDWLRQDO�DZDUHQHVV�DQG�WKHUHIRUH�WKH�DELOLW\�WR�FRQWURO�>�@��+RZHYHU��:LFNHQV�>��@�

VWDWHV�WKDW�RSHUDWRUV��ZKHQ�JLYHQ�VRPH�IOH[LELOLW\��XVXDOO\�ZRUN�WR�DFKLHYH�DQ�RSWLPXP�OHYHO�

RI�ZRUNORDG�E\�VHHNLQJ�WDVNV�ZKHQ�ZRUNORDG�LV�ORZ��DQG�VKHGGLQJ�WKHP�ZKHQ�ZRUNORDG�LV�

H[FHVVLYH��7KLV�VXJJHVWV� WKDW�FRSLQJ�VWUDWHJLHV�PD\�SUHYHQW� ORZ�ZRUNORDG�VLWXDWLRQV� IURP�

UHDFKLQJ�SRWHQWLDOO\�GDQJHURXV�VWDWHV�����

�

,Q�DGGLWLRQ�WR�WKH�QHJDWLYH�HIIHFWV�RI�ORZ�ZRUNORDG�FRQGLWLRQV��KLJK�ZRUNORDG�VLWXDWLRQV�DUH�

PRUH� ZLGHO\� LGHQWLILHG� DV� D� FDXVH� IRU� FRQFHUQ�� ,W� KDV� EHHQ� IRXQG� WKDW� RSHUDWRUV� RQO\�

SHUIRUP�D�VHFRQGDU\�WDVN�ZHOO�LI�WKH\�DUH�QRW�IXOO\�ORDGHG�RQ�WKH�H[HFXWLRQ�RI�WKH�SULPDU\�

WDVN� >�@�� 7KH� SUHVHQFH� RI� D� VHFRQGDU\�� EDFNJURXQG� RU� LQWHUUXSWLRQ� WDVN� DOWKRXJK�

FRQWULEXWLQJ� WR�ZRUNORDG��FDQ�EH�KLJKO\� LPSRUWDQW�WR�PDLQWDLQ� WKH�FRQWUROOHU·V� VLWXDWLRQDO�

DZDUHQHVV��$�FDVH�LQ�SRLQW�LV�WKH�UHVHDUFK�RQJRLQJ�WR�GHWHUPLQH�WKH�HIIHFW�RI�GLJLWDO�GDWD�

OLQN� FRPPXQLFDWLRQV� RQ� WKH� IOLJKW� GHFN� DQG� ZKHWKHU� WKH� DEVHQFH� RI� SDUW\� OLQH�

UDGLRWHOHSKRQ\� �5�7�� UHGXFHV� RU� LQFUHDVHV� DLUFUHZ� ZRUNORDG�� WKXV� FRQWULEXWLQJ� WR� IOLJKW�

VDIHW\�>��@��)LQGLQJV�IURP�WKLV�VWXG\�LQGLFDWH�WKDW�EDFNJURXQG�SDUW\�OLQH�5�7�GRHV�LQFUHDVH�

SLORW�ZRUNORDG��EHLQJ�SDUWLFXODUO\�GLVUXSWLYH�GXULQJ�KLJK�ZRUNORDG�IOLJKW�SKDVHV��+RZHYHU��

SDUW\�OLQH�FRPPXQLFDWLRQV�DUH�KLJKO\�XVHIXO�WR�DLUFUHZV�GXULQJ�OHVV�EXV\�VWDJHV�RI�IOLJKW�WR�

PDLQWDLQ�DOHUWQHVV� DQG�EXLOG� VLWXDWLRQDO� DZDUHQHVV�RI� WKH�SLFWXUH�RXWVLGH� WKH�DLUFUDIW� >��@��

$GGLWLRQDO�UHVHDUFK�E\�3ULWFKHWW��0LGNLII��DQG�+DQVPDQ�LQ������>��@�VHWV�RXW�WR�LGHQWLI\�WKH�

ZD\�WKDW�SDUW\�OLQH�LQIRUPDWLRQ�LV�XVHG��DQG�LWV�LPSOLFDWLRQV�IRU�GDWD�OLQN�FRPPXQLFDWLRQV��

7KH�ZRUN�� E\�PHDQV� RI� D� VXUYH\� RI� H[SHULHQFHG� SLORWV�� LGHQWLILHV� HOHPHQWV� RI� SDUW\� OLQH�

FRPPXQLFDWLRQV� FRQVLGHUHG� FULWLFDO� RU� LPSRUWDQW�� 3DUW\� OLQH� LQIRUPDWLRQ� LQ� UHODWLRQ� WR�

WUDIILF�DQG�ZHDWKHU�VLWXDWLRQV�LV�VWDWHG�DV�FULWLFDO��KDYLQJ�D�GLUHFW�HIIHFW�RQ�IOLJKW�VDIHW\��7KH�

SDSHU� FRQFOXGHV� ZLWK� WKH� QRWLRQ� WKDW� LQIRUPDWLRQ� FXUUHQWO\� SURYLGHG� E\� SDUW\� OLQH� 5�7�

FRXOG� LQVWHDG� EH� WUDQVIHUUHG� WR� D� GDWD�OLQN� LPSOHPHQWDWLRQ�� 7KLV� WUDQVIHU� FRXOG� EH�PRUH�

UHOLDEOH��PRUH�DYDLODEOH��DQG�PRUH�LQWXLWLYH�ZKHQ�FRPSDUHG�WR�WKH�XQUHOLDELOLW\�RI�5�7�SDUW\�

OLQH�LQ�KLJK�ZRUNORDG�VLWXDWLRQV��7KH�ZRUN�GRHV�QRW�FRQVLGHU�KRZ�WKH�WUDQVIHU�RI�PRGDOLW\�

IURP�DXGLR��5�7��WR�YLVXDO��GDWD�OLQN��PD\�DIIHFW�WKH�HIIHFWLYHQHVV�RI�WKH�LQIRUPDWLRQ������������

�

0F&OXUH� LQ� ����� >�@� LGHQWLILHG� WKH� IROORZLQJ� DWWULEXWHV� DV� FRQWULEXWLQJ� WR� FRQWUROOHU�

ZRUNORDG��
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• 1XPEHU�RI�DLUFUDIW�KDQGOHG�

• 7\SH�DQG�YDULHW\�RI�DLUFUDIW�KDQGOHG�

• &RPSOH[LW\�RI�ZKDW�WKH�FRQWUROOHU�KDV�WR�GR��IRU�H[DPSOH��WXUQV��DOWLWXGH�FKDQJHV��

• $PRXQW�RI�WLPH�ZRUNLQJ�WUDIILF�DW�SRVLWLRQ��RIWHQ�UHIHUUHG�WR�DV�IDWLJXH��

�

&KULVWLHQ�� &KDERXG�� DQG� /RXELHUHV� LQ� ����� >��@� GHVFULEH� D� PHWKRG� IRU� DXWRPDWLQJ� WKH�

FODVVLILFDWLRQ� RI� VHFWRUV� DFFRUGLQJ� WR� WKHLU� FRPSOH[LW\� LQ� D� QRQ�VXEMHFWLYH� PDQQHU�� 7KH�

DXWKRUV�VWDWH�WKDW�WKHLU�PRGHO�FDQ�EH�XVHG�WR�LPSURYH�IXWXUH�FRQWUROOHU�ZRUNORDG�DQG�DUULYH�

DW�VHFWRU�FDSDFLW\�SUHGLFWLRQV��7KH�IROORZLQJ�IRXU�FOXVWHU�W\SHV�DUH�GHILQHG��

• &OLPELQJ�GHVFHQGLQJ�WUDIILF��ORZ�HQWURS\��,Q�JHQHUDO��WKHVH�VHFWRUV�FRQWDLQ�RQH�RU�

WZR�PDMRU�IORZV�QHDU�DSSURDFK�VHFWRUV��

• 0RVWO\�WUDIILF�DW�FUXLVH�OHYHO��VDPH�DLUFUDIW�W\SHV��IORZ�HQWURS\�PHGLXP��8SSHU�HQ�

URXWH�VHFWRUV��

• /LWWOH� FOLPELQJ�GHVFHQGLQJ� WUDIILF�� ELJ� IORZ� HQWURS\�� ORW� RI� FURVVLQJ� FRQIOLFWV��

8SSHU�VHFWRUV�ORFDWHG�LQ�FRUH�DUHD��

• +LJK�DLUFUDIW�SHUIRUPDQFH�PL[��ORW�RI�FOLPE�GHVFHQW�WUDIILF��KLJK�IORZ�HQWURS\�DQG�

PHGLXP�FRQIOLFWV��*HQHUDOO\��WKHVH�VHFWRUV�DUH�FORVH�WR�VHYHUDO�DLUSRUWV��

�

6PROHQVN\� DQG�+LWFKFRFN� LQ� ����� >�@� VWDWHG� WKDW� DQ� LQFUHDVH� LQ� HUURUV� FDQ� KDSSHQ�ZLWK�

FKDQJHV� LQ� ZRUNORDG�� SDUWLFXODUO\� IURP� KLJK� WR� ORZ� �IRU� H[DPSOH�� D� FRQWUROOHU� VZLWFKLQJ�

IURP� DQ� H[WUHPHO\� EXV\� VHFWRU� WR� D� TXLHW� VHFWRU� GXULQJ� KLV� VKLIW��� 7KH\� VXJJHVWHG� WKDW�

ZRUNORDG�VKRXOG�EH�PRQLWRUHG�FRQWLQXRXVO\�GXULQJ�WDVN�SHUIRUPDQFH���

�

������� 0HDVXUHPHQW�RI�WKH�:RUNORDG�&RQVWUXFW�
�

,Q�DGGLWLRQ�WR�WKH�ODUJH�ERG\�RI�ZRUN�FRQFHUQHG�ZLWK�LGHQWLI\LQJ�H[DFWO\�ZKDW�ZRUNORDG�LV��

LWV�PHDVXUHPHQW�KDV�DGGLWLRQDOO\�UHFHLYHG�VLJQLILFDQW�UHVHDUFK�LQWHUHVW��$W�D�KLJK�OHYHO��WZR�

W\SHV� RI� PHDVXUHPHQW� KDYH� W\SLFDOO\� EHHQ� XVHG� WR� DWWHPSW� WR� LQIHU� ZRUNORDG�� REMHFWLYH�

SK\VLRORJLFDO�PHDVXUHV� DQG� VXEMHFWLYH�ZRUNORDG�PHDVXUHV��$�GLVFXVVLRQ�RI�ZRUN� LQ� WKHVH�

WZR�DUHDV��WRJHWKHU�ZLWK�GHWDLOV�RI�WKH�XVH�RI�WUDIILF�FKDUDFWHULVWLFV�IRU�ZRUNORDG�SUHGLFWLRQ��

LV�UHYLHZHG�LQ�WKH�IROORZLQJ�VHFWLRQV��

�
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2EMHFWLYH�3K\VLRORJLFDO�0HDVXUHV�

�

3K\VLRORJLFDO� PHDVXUHV� XVH� WKH� SULQFLSDO� WKDW� WKH� OHYHO� RI� ZRUNORDG� H[SHULHQFH� ZLOO� EH�

UHIOHFWHG� E\� FKDQJHV� LQ� WKH� HOHFWULFDO� DFWLYLW\� DQG� ELRFKHPLVWU\� LQ� WKH� KXPDQ� ERG\� >�@��

0HDVXUHPHQWV�WR�UHFRJQLVH�WKHVH�FKDQJHV�W\SLFDOO\�PXVW�EH�YHU\�VHQVLWLYH�DQG�FDQ�UHTXLUH�

LQWUXVLYH� WHFKQLTXHV�� 6RPH� RI� WKH� PHDVXUHV� XVHG� KDYH� LQFOXGHG� H\H� EOLQN� UDWHV�� SXSLO�

GLDPHWHU��H\H�PRYHPHQWV��FULWLFDO�IOLFNHU�IUHTXHQF\��&))���EORRG�SUHVVXUH��UHVSLUDWLRQ�UDWHV�

RU�FRQWHQW��HOHFWURHQFHSKDORJUDPV��((*V���HOHFWURP\RJUDSK\��(0*���ERG\�IOXLG�DQDO\VLV��

DQG�JDOYDQLF�VNLQ�UHVSRQVH��*65��>�@���

�

2UODG\�>�@�VXPV�XS�WKH�SHUIRUPDQFH�RI�SK\VLRORJLFDO�PHDVXUHV�LQ�GHWHUPLQLQJ�ZRUNORDG�E\�

VWDWLQJ� WKDW� DOO� DWWHPSWV�KDYH� VR� IDU�SURYHG�XQUHOLDEOH�� GXH� WR� LQGLYLGXDO� YDULDELOLW\� DQG� D�

ODFN�RI�FRUUHODWLRQ�EHWZHHQ�WKH�SK\VLFDO�WUDLWV�EHLQJ�PHDVXUHG�DQG�ZRUNORDG��6WHLQ�LQ������

>�@� IRXQG� QR� UHODWLRQVKLS� EHWZHHQ� SXSLO� VL]H� RI� FRQWUROOHUV� DQG� HLWKHU� HQYLURQPHQWDO�

WDVNORDG�RU�VXEMHFWLYH�ZRUNORDG���

�

6XEMHFWLYH�:RUNORDG�0HDVXUHV�

�

)DU� PRUH� DFFHVVLEOH� DQG� FRQVLGHUHG� WR� EH� PRUH� VXFFHVVIXO�� DUH� VXEMHFWLYH� PHWKRGV� RI�

PHDVXULQJ�ZRUNORDG��6XEMHFWLYH�PHDVXUHV�KDYH�D�KLVWRU\�LQ�DYLDWLRQ�GDWLQJ�EDFN�WR������>�@��

7KH� UHOLDELOLW\� RI� VXEMHFWLYH� ZRUNORDG� PHDVXUHV� DUH� VDLG� WR� EH� OHVV� WDVN� GHSHQGDQW� WKDQ�

SK\VLRORJLFDO�PHDVXUHV>�@��7\SLFDOO\��WKLV�W\SH�RI�VXEMHFWLYH�DVVHVVPHQW�LV�HDVLHU�DQG�FKHDSHU�

WR�FRQGXFW�WKDQ�SK\VLRORJLFDO�PHDVXUHV�����

�

$�QXPEHU�RI�VXEMHFWLYH�ZRUNORDG�PHDVXUHPHQW�PHWKRGV�KDYH�EHHQ�GHYHORSHG�DQG�XVHG�WR�

GLIIHULQJ�GHJUHHV�>�@��7KH�IROORZLQJ�OLVW�VXPPDULVHV�VRPH�RI�WKHVH�PHWKRGV��

• 7DVN�7LPH� /LQH� $QDO\VLV� �7/$��� XVHG� WUDGLWLRQDOO\� LQ� IOLJKW� FUHZ� ZRUNORDG�

PHDVXUHV��FDOFXODWHV�WKH�UDWLR�RI�WLPH�UHTXLUHG�WR�WKH�HVWLPDWHG�WLPH�DYDLODEOH��IRU�

HDFK�RSHUDWLQJ�SURFHGXUH�DQG� IRU�HYHU\�DFWLRQ�RI� WKH� IOLJKW� FUHZ��7KH�5HSRUW�RI�

WKH�3UHVLGHQWV�7DVN�)RUFH� RQ�$LUFUDIW�&UHZ�&RPSOHPHQW� LQ� ����� VXJJHVWHG� WKH�

XVH�RI�WKLV�PHWKRG��%RHLQJ�UHILQHG�WKH�7/$�PHWKRG�WR�SURYLGH�PRUH�VXSSRUW�IRU�

PHDVXULQJ� PHQWDO� ZRUNORDG�� +RZHYHU�� 7/$� LV� FRQVLGHUHG� WR� KDYH� IDLOLQJV� LQ�

PHDVXULQJ� QRQ�REVHUYDEOH� ZRUNORDG� DQG� WKH� HIIHFWV� RI� PRQRWRQ\�� 7ZR�

H[SHULHQFHG� )$$� WHVW� SLORWV� FRQVLGHUHG� 7/$� WR� EH� D� JRRG� GHVLJQ� WRRO� EXW� OHVV�

XVHIXO�IRU�ZRUNORDG�FHUWLILFDWLRQ��
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• 7KH�&RRSHU�+DUSHU�6FDOH�ZDV�RULJLQDOO\�FUHDWHG� LQ������ VR� WKDW� WHVW�SLORWV� FRXOG�

HYDOXDWH�WKH�KDQGOLQJ�TXDOLWLHV�RI�DLUFUDIW��7KLV�VXEMHFWLYH�PHWKRG�XVHV�D�EUDQFKLQJ��

GHFLVLRQ� WUHH� WHFKQLTXH� WR� HYDOXDWH� DLUFUDIW� IOLJKW� SHUIRUPDQFH� >�@�� $� PRGLILHG�

YHUVLRQ� ZDV� GHYHORSHG� LQ� ����� WKDW� DGGHG� WKH� DELOLW\� WR� HYDOXDWH� FRJQLWLYH�

IXQFWLRQV�VXFK�DV�SHUFHSWLRQ��PRQLWRULQJ��FRPPXQLFDWLRQV��DQG�SUREOHP�VROYLQJ������

• 7KH� 6XEMHFWLYH�:RUNORDG�$VVHVVPHQW� 7HFKQLTXH� �6:$7��ZDV� GHYHORSHG� LQ� WKH�

HDUO\�����V�E\�5HLG��6KLQJOHGHFNHU��DQG�(JJHPHLU�>�@��6:$7�KDV�EHHQ�XVHG�E\�WKH�

86�$UP\�DQG�86�$LU�)RUFH��6:$7�XVHV�WKH�IROORZLQJ�GLPHQVLRQV��

o 7LPH� ORDG�²� WKH�QXPEHU�RI� LQWHUUXSWLRQV� VXEMHFWLYHO\� H[SHULHQFHG�E\� WKH�

RSHUDWRU��

o 0HQWDO�HIIRUW�²�WKH�DPRXQW�RI� WKLQNLQJ�WKH�RSHUDWRU�FRQVLGHUHG�WKH\�KDG�

WR�SHUIRUP��

o 3V\FKRORJLFDO�VWUHVV�²�WKH�SHUFHLYHG�ULVN��FRQIXVLRQ�DQG�DQ[LHW\��

6:$7�KDV�SURYLGHG�YDOLG� DQG� UHOLDEOH� UHVXOWV� LQ�PDQ\�XVH�FDVHV�EXW� WKHUH� LV� VWLOO�

FRQFHUQ�RYHU�WKH�QHHG�IRU�WKH�SUH�VFDOLQJ�DFWLYLW\�UHTXLUHG�E\�SDUWLFLSDQWV��ZKLFK�LV�

FRQVLGHUHG� ODERULRXV� DQG� GLVWUDFWLQJ� IURP� WKH� PDLQ� VXEMHFWLYH� HYDOXDWLRQ� EHLQJ�

GRQH�>�@��

• 7KH�1$6$�7DVN�/RDG�,QGH[��1$6$�7/;��ZDV�UHILQHG�IURP�WKH�WHQ�VFDOH�1$6$�

ELSRODU� VFDOHV� >�@��EDVHG�RQ� LQLWLDO�ZRUN�E\�+DUW� DQG�+DXVHU� LQ������ >�@��1$6$�

7/;�XVHV�WKH�IROORZLQJ�VL[�VXEMHFWLYH�ZRUNORDG�GLPHQVLRQV�>�@��

o 0HQWDO�GHPDQG��+RZ�PHQWDOO\�GHPDQGLQJ�ZDV�WKH�WDVN"��

o 3K\VLFDO�GHPDQG��+RZ�SK\VLFDOO\�GHPDQGLQJ�ZDV�WKH�WDVN"�

o 7HPSRUDO�GHPDQG��+RZ�KXUULHG�RU�UXVKHG�ZDV�WKH�SDFH�RI�WKH�WDVN"�

o 3HUIRUPDQFH��+RZ� VXFFHVVIXO�ZHUH� \RX� LQ� DFFRPSOLVKLQJ�ZKDW� \RX�ZHUH�

DVNHG�WR�GR"�

o (IIRUW�� +RZ� KDUG� GLG� \RX� KDYH� WR� ZRUN� WR� DFFRPSOLVK� \RXU� OHYHO� RI�

SHUIRUPDQFH"�

o )UXVWUDWLRQ��+RZ�LQVHFXUH��GLVFRXUDJHG��LUULWDWHG��DQG�DQQR\HG�ZHUH�\RX"����

�

$GGLWLRQDO�VXEMHFWLYH�KDYH�EHHQ�GHYHORSHG�DQG�XVHG�VXFK�DV�WKH�%HGIRUG�6FDOH��GHYHORSHG�

DW� WKH� 5R\DO� $LUFUDIW� (VWDEOLVKPHQW� LQ� %HGIRUG�� DQG� WKH� '\QDPLF� :RUNORDG� 6FDOH�

GHYHORSHG�E\�$LUEXV�,QGXVWULH�>�@��

�

'LIIHUHQW�WHFKQLTXHV�KDYH�EHHQ�XVHG�WR�JDWKHU�WKH�VXEMHFWLYH�UDWLQJV��,Q�DGGLWLRQ�WR�SRVW�

WDVN�VHVVLRQV��VWXGLHV�KDYH�EHHQ�FRQGXFWHG�WKDW�DVN�SDUWLFLSDQWV�WR�HYDOXDWH�WKHLU�ZRUNORDG�
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DW�D�KLJK�OHYHO�GXULQJ�WKH�WDVN�DW�VHW�WLPH�LQWHUYDOV��IRU�H[DPSOH��HYHU\�PLQXWH���7KLV�PHWKRG�

KDV� EHHQ� IRXQG� WR� EH� QRQ�LQWUXVLYH� DQG� KDV� WKH� DGYDQWDJH� RI� UHDO�WLPH� HYDOXDWLRQ� DW� D�

SDUWLFXODU�SRLQW�ZKLOH�FRPSOHWLQJ�WKH�WDVN�UDWKHU�WKDQ�KDYLQJ�WR�UHPHPEHU�H[SHULHQFHV�LQ�D�

SRVW�WDVN�TXHVWLRQQDLUH� >�@��$QRWKHU� WHFKQLTXH�XVHG� LQ� WKH�DFTXLVLWLRQ�RI�VXEMHFWLYH� LQSXW�

LQYROYHV� ZRUNORDG� UDWLQJ� E\� H[SHULHQFHG� FRQWUROOHUV� ORRNLQJ� RYHU� WKH� VKRXOGHU� RI� WKH�

SDUWLFLSDQWV��7KLV� REVHUYDWLRQ� WHFKQLTXH� LV� RQH� IDYRXUHG�E\� WKH�$7&� FRPPXQLW\� DQG� LQ�

VWXGLHV�KDV�EHHQ�IRXQG�WR�FRUUHODWH�ZHOO�ZLWK�SDUWLFLSDQWV�ZRUNORDG�UDWLQJV��+RZHYHU��WKH�

SRWHQWLDO�IRU�UDWLQJ�HUURUV�ZKHQ�XVLQJ�WKLV�WHFKQLTXH�DORQH�KDV�WR�EH�FRQVLGHUHG�>�@�������

�

:RUNORDG�3UHGLFWLRQ�XVLQJ�7UDIILF�&KDUDFWHULVWLFV�

�

,Q� DGGLWLRQ� WR� WKH� REMHFWLYH�PHDVXUHPHQW� RI�ZRUNORDG� GXULQJ� D� WDVN�� DQG� WKH� VXEMHFWLYH�

VFDOLQJ�RI�ZRUNORDG�DIWHU�WDVN�FRPSOHWLRQ��DSSURDFKHV�EDVHG�RQ�WUDIILF�FKDUDFWHULVWLFV�KDYH�

EHHQ� XVHG� WR� SUHGLFW� ZRUNORDG� LQ� DGYDQFH�� 3UHGLFWLYH� ZRUNORDG� DVVHVVPHQW� FDQ� EH� XVHG�

EHIRUH�SURGXFLQJ�D�V\VWHP��RU�ZKHQ�D�V\VWHP�LV�LQ�SODFH�WR�VFKHGXOH�ZRUN�UHVW�F\FOHV�DQG�

GHWHUPLQH� SD\� VFDOHV� >�@��2QH�QRYHO� DSSURDFK� LQ� WKLV� DUHD� KDV� EHHQ� WKH� XVH� RI� D� WUDLQHG�

QHXUDO� QHWZRUN� ZLWK� VWDWLVWLFDO� PHDVXUHV� GHULYHG� IURP� WKH� WUDIILF� XVHG� DV� LQSXW� IRU�

SUHGLFWLQJ� FRQWUROOHU� ZRUNORDG� >��@�� 7KH� QHWZRUN� XVHV� NLQHPDWLF� YDULDEOHV� EDVHG� RQ� WKH�

VSDWLDO�GLVWULEXWLRQ�RI�WKH�DLUFUDIW�ZLWKLQ�WKH�DLUVSDFH��)LQGLQJV�RI�WKLV�ZRUN�VXJJHVW�WKDW�WKH�

WUDLQHG�QHXUDO�QHWZRUN�LV�DEOH�WR�SUHGLFW�FRQWUROOHU�ZRUNORDG�ZLWK�D�KLJK�GHJUHH�RI�FHUWDLQW\�

WKDW�FRUUHODWHV�ZLWK�D�TXDOLWDWLYH�DVVHVVPHQW�RI�WKHLU�ZRUNORDG��

�

$YHUW\� HW� DO� LQ� ����� >�@�� FRQGXFWHG� D� FRPSDULVRQ� VWXG\� WR� GHWHUPLQH� WKH� FRUUHODWLRQ�

EHWZHHQ�SK\VLRORJLFDO��VXEMHFWLYH��DQG�D�WUDIILF�ORDG�LQGH[��7/,��EDVHG�RQ�WUDIILF�IOLJKW�GDWD��

,Q� WKLV� VWXG\�� WKH� SK\VLRORJLFDO� PHDVXUHPHQW� RI� KHDUW� UDWH� DQG� VNLQ� FRQGXFWDQFH� ZHUH�

IRXQG� WR�FRUUHODWH�EHVW�ZLWK� WKH�7/,�PHWKRG��ZKHUHDV� WKH� VXEMHFWLYH�ZRUNORDG�PHDVXUHV�

VKRZHG�WKH�ZRUVW�FRUUHODWLRQ��SDUWLFXODUO\�LQ�WKH�XVH�RI�1$6$�7/;��+RZHYHU��LW�LV�VWDWHG�

WKDW� D� PDLQ� ZHDNQHVV� RI� WKH� 7/,� PHWKRG� LV� FRPSXWDWLRQ� RI� YDOXHV� E\� D� VLQJOH� H[SHUW�

FRQWUROOHU��UDWKHU�WKDQ�WKH�PHDQ�LQSXWV�RI�D�WHDP�RI�FRQWUROOHUV��,W�FRXOG�EH�WKDW�WKH�1$6$�

7/;�UHVXOW��DOWKRXJK�SRRUO\�FRUUHODWLQJ�ZLWK�WKH�SK\VLRORJLFDO�DQG�7/,�PHWKRGV�LV�FORVHU�WR�

WKH�DFWXDO�ZRUNORDG�H[SHULHQFHG�E\�WKH�SDUWLFLSDQWV�RI�WKH�VWXG\������

�



�
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'LVFXVVLRQ�RI�:RUNORDG�0HDVXUHV�

�

$V� VWDWHG� SUHYLRXVO\�� VXEMHFWLYH�PHDVXUHV� OLNH�1$6$�7/;� DUH� W\SLFDOO\� FRQVLGHUHG� WR� EH�

PRUH�UHOLDEOH��HDVLHU�WR�IDFLOLWDWH��DQG�VXIIHU�IURP�OHVV�WDVN�YDULDELOLW\�LQ�WKH�PHDVXUHPHQW�RI�

ZRUNORDG� ZKHQ� FRPSDUHG� WR� SK\VLRORJLFDO� REMHFWLYH� PHDVXUHV�� 7KH� XVH� RI� WUDIILF�

FKDUDFWHULVWLFV� KDV� EHHQ� XVHG� WR� SUHGLFW� ZRUNORDG� LQ� WKH� GHVLJQ� DQG� HYDOXDWLRQ� RI� QHZ�

V\VWHPV��+RZHYHU��WKLV�W\SH�RI�SUHGLFWLRQ�LV�KHDYLO\�GHWHUPLQHG�E\�WDVNORDG�LQ�WKH�IRUP�RI�

V\VWHP�GHPDQGV��ZKLFK�IUHTXHQWO\�LJQRUH�WKH�LQGLYLGXDO�YDULDELOLW\�RI�LQGLYLGXDO�FRQWUROOHUV��

:KDW� LV� FOHDU� LV� WKDW�� OLNH� WKH� ODFN� RI� D� XQLIRUPO\� DFFHSWHG� GHILQLWLRQ� RI� ZKDW� ZRUNORDG�

FRQVWLWXWHV�� LWV� VXFFHVVIXO� PHDVXUHPHQW� LV� VWLOO� D� UHVHDUFK� FKDOOHQJH� WKDW� LV� VWLOO� RSHQ� WR�

LQQRYDWLRQ�� 7KH� PHDVXUHPHQW� RI� ZRUNORDG� LV� PRVW� GHILQLWHO\� KLJKO\� UHODWHG� WR� WKH� WDVN�

EHLQJ� XQGHUWDNHQ� DQG� WKH� HQYLURQPHQW�� $� PHWKRG� RI� WKDW� JLYHV� UHOLDEOH� UHVXOWV� LQ�

GHWHUPLQLQJ�ZRUNORDG�IRU�RQH�WDVN�PD\�QRW�EH�UHOLDEOH�IRU�DQRWKHU�WDVN��

�

������� &DQ�:RUNORDG�EH�5HGXFHG�8VLQJ�D�7UDQVIHU�RI�0RGDOLW\"�
�

5HVHDUFK�SHUIRUPHG�E\�6WHLQ�LQ������DQG������XVHG�DQ�DXWRPDWHG�WRRO�WR�SUHGLFW�ZRUNORDG�

EDVHG�RQ�FRQWUROOHU�DFWLYLW\�>�@��7KH�$7&�VLPXODWLRQ�UDQ�IRU�RQH�KRXU�DQG�GXULQJ�WKLV�WLPH�

SDUWLFLSDQWV� KDG� WR� UDWH� WKHLU� ZRUNORDG� HYHU\� PLQXWH�� REVHUYLQJ� FRQWUROOHUV� UDWHG�

SHUIRUPDQFH� HYHU\� ILIWHHQ� PLQXWHV�� DQG� SRVW�H[SHULPHQW� TXHVWLRQQDLUHV� ZHUH� FRPSOHWHG�

VSHFLI\LQJ�WKH�ZRUNORDG�FRQWULEXWLRQ�RI�FRPPRQ�WDVNV�WKDW�FRQWUROOHUV�SHUIRUPHG�GXULQJ�

WKH�VLPXODWLRQ��7KH�IROORZLQJ�DFWLYLWLHV�ZHUH�LGHQWLILHG�DV�JHQHUDWLQJ�WKH�PRVW�ZRUNORDG��

• 7KH�QXPEHU�RI�DLUFUDIW�KDQGOHG��

• 7KH�QXPEHU�RI�DOWLWXGH�FKDQJHV��

• +RXVHNHHSLQJ��WKDW�LV��PDLQWDLQLQJ�RUGHU�LQ�WKH�GLVSOD\���

• 8VLQJ�WKH�NH\ERDUG�WR�HQWHU�GDWD��

�

,W� LV� LQWHUHVWLQJ�WR�QRWH�WKDW�YLVXDO�GLVSOD\�KRXVHNHHSLQJ� LV�FLWHG�DV�D�VLJQLILFDQW�ZRUNORDG�

FRQWULEXWRU��9LVXDO� ORDG� UHODWHG� WR� WKH�$7&�GLVSOD\�HQYLURQPHQW�KDV�EHHQ� WKH� VXEMHFW�RI�

DGGLWLRQDO� UHVHDUFK� E\� 6PDOO�� +DPPHU�� DQG� 5RXVH� LQ� ����� >��@�� ([SHULPHQWV� ZHUH�

FRQGXFWHG� WR� FRPSDUH� FRQWUROOHU� SHUIRUPDQFH� XVLQJ� WKH� WUDGLWLRQDO� DQDORJ� UDGDU� GLVSOD\�

IRUPDW� DJDLQVW� WKH� XVH� RI� D� VLPSOLILHG� GLJLWDO� LFRQ� UDGDU� GLVSOD\� SUHVHQWDWLRQ�� 7KH� VWXG\�

FRQFOXGHG�WKDW�WKH�DOWHUQDWLYH�GLJLWDO�LFRQ�GLVSOD\�DOORZHG�WKH�IROORZLQJ�EHQHILWV��
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• 5HDFWLRQ�WLPH�ZDV�IRXQG�WR�EH�RQ�DYHUDJH�RYHU�WZR�VHFRQGV�IDVWHU�ZKHQ�VXEMHFWV�

XVHG�WKH�GLJLWDO�LFRQ�GLVSOD\��

• 7DUJHWV�RQ�WKH�GLVSOD\�ZHUH�ORFDWHG�PRUH�TXLFNO\��

• 7LPH�VSHQW�IRFXVHG�RQ�DUHDV�RI�WKH�GLVSOD\�ZLWKRXW�WDUJHWV�ZDV�OHVV��

• &RQWUROOHUV�SUHIHUUHG�WKH�VLPSOLFLW\�RI�WKH�LFRQ�GLVSOD\�DQG�GLVOLNHG�WKH�QRLVH�RI�WKH�

DQDORJ�GLVSOD\�������

�

)URP� WKLV� ZRUN�� LW� FDQ� EH� VHHQ� WKDW� WKHUH� LV� D� SRWHQWLDO� IRU� FRQWUROOHU� SHUIRUPDQFH� WR�

LPSURYH�ZLWK�WKH�XVH�RI�D�OHVV�FRPSOH[��DQG�OHVV�QRLV\�GLVSOD\�VSDFH��$OWKRXJK�WKLV�ZRUN�

GRHV� QRW� VSHFLILFDOO\� FRQVLGHU� YLVXDO� ORDG�� LW� PD\� EH� WKH� FDVH� WKDW� D� OHVV� FRPSOH[� UDGDU�

GLVSOD\� FDQ� UHGXFH�YLVXDO� ORDG� �IRU� H[DPSOH�� E\� LPSURYHPHQWV� LQ� WDUJHWLQJ�SHUIRUPDQFH���

SHUKDSV�IUHHLQJ�XS�PHQWDO�FDSDFLW\�IRU�RWKHU�DFWLYLWLHV�UHODWHG�WR�WKH�WDVN�DW�KDQG���

�

,I� D� UHGXFWLRQ� LQ�PHQWDO�ZRUNORDG� WKURXJK� UDGDU� GLVSOD\� RSWLPLVDWLRQ� LV� DFKLHYDEOH�� LV� LW�

SRVVLEOH�WKDW�WKH�GLVWULEXWLRQ�RI�WKH�UHTXLUHG�LQIRUPDWLRQ��DFURVV�GLIIHUHQW�PRGDOLWLHV�FRXOG�

LPSURYH� SHUIRUPDQFH� DQG� UHGXFH� ZRUNORDG� WKDW� ZRXOG� RWKHUZLVH� EH� LQFUHDVHG� LI� WKLV�

LQIRUPDWLRQ�ZHUH�SUHVHQWHG�YLVXDOO\"��

�

7KH�ZRUN�RI�&KLK�<XDQ��1LNROLF�� DQG�6DUWHU� LQ������ >��@� LQYROYHG�D� VWXG\� WR� LQYHVWLJDWH�

ZD\V�RI�VXSSRUWLQJ�WLPHVKDULQJ�DQG�LQWHUUXSWLRQ�PDQDJHPHQW�LQ�$7&�E\�GLVWULEXWLQJ�WDVNV�

DFURVV�GLIIHUHQW�PRGDOLWLHV��7KH�VWXG\�LQYROYHG�WKH�SDUWLFLSDWLRQ�RI����VWXGHQWV�SHUIRUPLQJ�

D� VLPXODWHG�$7&� WDVN� XQGHU� ORZ� DQG�KLJK�ZRUNORDG� FRQGLWLRQV� RQ� D� GHVNWRS� FRPSXWHU��

7KH� VWXG\� VKRZHG� WKDW� VXEMHFWV� GHOD\HG� VWDUWLQJ� YLVXDOO\� QRWLILHG� LQWHUUXSWLRQ� WDVNV�

VLJQLILFDQWO\�ORQJHU�WKDQ�DXGLWRU\�DQG�WDFWLOH�QRWLILHG�LQWHUUXSWLRQ�WDVNV��,QWHUUXSWLRQ�WDVNV�

WKDW�ZHUH�QRWLILHG�XVLQJ�DXGLWRU\�RU� WDFWLOH�PHWKRGV�ZHUH� IRXQG� WR� LQWHUIHUH� OHVV�ZLWK� WKH�

YLVXDO� IRFXVHG� $7&� SULPDU\� WDVN� SHUIRUPHG� GXULQJ� WKH� VWXG\�� :KHQ� SHUIRUPHG�

VLPXOWDQHRXVO\�ZLWK�WKH�YLVXDO�$7&�WDVN��WKH�YLVXDO�LQWHUUXSWLRQ�WDVN�JDYH�ULVH�WR�WKH�ODUJHVW�

QXPEHU�RI� HUURUV��7KH� VWXG\� FRQFOXGHG� WKDW� UHGXFHG� UHVRXUFH� FRPSHWLWLRQ� DQG� VFDQQLQJ�

FRVWV��ZDV�SRWHQWLDOO\�WKH�UHDVRQ�WKDW�WKH�XVH�RI�GLIIHUHQW�VHQVRU\�FKDQQHOV�IRU�SUHVHQWDWLRQ�

RI�FRQFXUUHQW�WDVNV�UHVXOWHG�LQ�LPSURYHG�WLPH�VKDULQJ�SHUIRUPDQFH����

�

,Q� WRGD\·V�$7&� V\VWHP� WKH� DXGLWRU\� FKDQQHO� LV� W\SLFDOO\� KHDYLO\� XVHG� IRU� FRQWUROOHU�SLORW�

DQG�FRQWUROOHU�FRQWUROOHU�FRPPXQLFDWLRQV��7KHUHIRUH�� LI� WKH� VWXG\�KDG� LQYROYHG�D�JUHDWHU�

GHJUHH�RI� FRPPXQLFDWLRQV� VLPXODWLRQ�� LW� LV�SRVVLEOH� WKDW� WKHUH�PD\�KDYH�EHHQ�FRPSHWLQJ�

UHVRXUFHV� WKDW� ZRXOG� DIIHFW� WKH� SDUWLFLSDQWV·� UHVSRQVHV� GXULQJ� WKRVH� LQWHUUXSWLRQ� WDVNV�
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SUHVHQWHG�XVLQJ�WKH�DXGLWRU\�PRGDOLW\��+RZHYHU��WKH�UHVXOW�RI�WKLV�VWXG\�ORRNV�SURPLVLQJ�LQ�

WHUPV� RI� WKH� SHUIRUPDQFH� LPSURYHPHQWV� DIIRUGHG� E\� WDFWLOH� SUHVHQWDWLRQ�� DQ� DV� \HW�

UHODWLYHO\�XQGHUXVHG�GLVSOD\�PHGLXP�LQ�WKH�$7&�GRPDLQ���

�

&KDQ��0DF/HDQ�� DQG�0F*UHQHUH� >��@� LQYHVWLJDWHG� WKH�XVH�RI� WDFWLOH� IHHGEDFN� WR� WUDQVPLW�

EDFNJURXQG�LQIRUPDWLRQ�ZKHQ�WKH�XVHU�LV�HQJURVVHG�LQ�D�FRJQLWLYHO\�LQWHQVLYH�SULPDU\�WDVN�

SUHVHQWHG�YLVXDOO\�RU� XVLQJ� WKH� DXGLWRU\�PRGDOLW\��3URPLVLQJ� UHVXOWV�ZHUH� DFKLHYHG�XQGHU�

KLJK�ZRUNORDG�FRQGLWLRQV����

�

����� 7KH�,PSRUWDQFH�RI�/RRNLQJ�DW�WKH�$7&�6\VWHP�DV�D�:KROH��
�

,Q�PDQ\�$7&�LQFLGHQWV�RU�DFFLGHQWV��DV�GLVFXVVHG�LQ�6HFWLRQ���������� LW� LV�RIWHQ�D�FKDLQ�RI�

LQWHUOLQNHG�HYHQWV�WKDW�FDXVHV�WKH�V\VWHP�WR�IDLO�����

�

:LWKLQ� WKH� FXUUHQW� $7&� V\VWHP�� ZRUNVWDWLRQ� LQWHUDFWLRQ� LV� DOPRVW� HQWLUHO\� UHOLDQW� RQ�

JUDSKLFDO�XVHU�LQWHUIDFHV��ZLWK�WKH�H[FHSWLRQ�RI�D�GHJUHH�RI�DXGLWRU\�LQWHUDFWLRQ�WKDW�LV�XVHG�

WR�LQGLFDWH�DODUP�FRQGLWLRQV�DQG�SLORW�FRQWUROOHU�FRQWUROOHU�FRQWUROOHU�UDGLR�WUDQVPLVVLRQV��

$GYDQFHV�LQ�$7&�WKXV�IDU�KDYH�WHQGHG�WR�IRFXV�RQ�DSSO\LQJ�QHZ�WHFKQRORJ\�DV�LW�EHFRPHV�

DYDLODEOH�UDWKHU�WKDQ�WKH� LQWURGXFWLRQ�RI�PRUH� LQWXLWLYH�DQG�HDVLO\�XQGHUVWDQGDEOH�ZD\V�WR�

SUHVHQW�GDWD�>�@����

�

$�NH\�FRQVLGHUDWLRQ�ZKHQ�DSSO\LQJ�QHZ�WHFKQRORJLHV�WR�SUREOHP�GRPDLQV�LV�WR�DFFXUDWHO\�

FDSWXUH� WKH� LVVXHV� DQG� SUREOHP� DUHDV� ZLWKLQ� WKH� SDUWLFXODU� GRPDLQ�� 0DQ\� LQIRUPDWLRQ�

V\VWHPV�KDYH�EHHQ�SURYHQ�QRW�WR�PHHW�WKH�QHHGV�RI�LQWHQGHG�XVHUV�RQ�WKHLU�FRPSOHWLRQ��IDU�

WRR� ODWH� DQG� FRVWO\� D� VWDJH� LQ� GHYHORSPHQW� IRU� WKLV� WR� EH� UHDOL]HG�� ,Q� VRPH� FDVHV�� QHZ�

V\VWHPV�DWWHPSW�WR�IL[�D�SUREOHP�WKDW�GRHV�QRW�DFWXDOO\�H[LVW��7DNH�IRU�H[DPSOH��WKH�PDQ\�

IDLOHG�DWWHPSWV� WR�DXWRPDWH� WKH�ZHOO�HVWDEOLVKHG�ZRUN�SUDFWLFH� LQYROYLQJ� WKH�XVH�RI�SDSHU�

IOLJKW�VWULSV��&RQWUROOHUV�XVH�WKHVH�WR�WUDFN�DQG�PRGLI\�LQIRUPDWLRQ�DERXW�DLUFUDIW�DQG�WKHLU�

IOLJKW�SODQV�DQG�DUH�H[WUHPHO\�VFHSWLFDO�RI�DQ\�DWWHPSWV�WR�WDNH�WKHVH�DUWHIDFWV�RXW�RI�WKHLU�

ZRUNLQJ� V\VWHP�EHFDXVH� WKH\� DUH� SURYHQ� WR�ZRUN� >��@� DQG�SURYLGH� D� YLWDO� EDFNXS� LQ� WKH�

HYHQW� WKDW� HOHFWURQLF� V\VWHPV� IDLO�� 2IWHQ�� WKH� LQWURGXFWLRQ� RI� QHZ� WHFKQRORJ\� WR� VROYH�

KXPDQ� IDFWRUV� SUREOHPV� KDV� JUHDWHU� FKDQFH� RI� DFFHSWDQFH� LI� LW� HQKDQFHV�� UDWKHU� WKDQ�

DWWHPSWV�WR�UHSODFH��H[LVWLQJ�V\VWHPV�>��@��������

�
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+XPDQ� IDFWRUV�SUREOHP�DUHDV� WKDW�KDYH�DOUHDG\�EHHQ� UHFRJQLVHG�ZLWKLQ� WKH�$7&� V\VWHP�

LQFOXGH�WKH�IROORZLQJ�>�@��

• ,QFRUUHFW�GHFLVLRQ�PDNLQJ�DV�D�UHVXOW�RI�ORVLQJ�VLWXDWLRQDO�DZDUHQHVV��)RU�H[DPSOH��D�

SLORW�ZURQJO\� DVVXPLQJ� WKDW�$7&�KDG� FOHDUHG�KLV� DLUFUDIW� WR� FRQWLQXH�GHVFHQGLQJ�

ZKHQ�LQ�IDFW��RQO\�D�SDUWLDO�GHVFHQW�ZDV�FOHDUHG�>��@��

• &RPPXQLFDWLRQ� SUREOHPV� VXFK� DV� SURFHGXUDO� GHYLDWLRQV�� LQDFFXUDFLHV�� DQG� QRQ�

URXWLQH� WUDQVDFWLRQV�� DQG� LQWHUDFWLRQ� EHWZHHQ� SLORWV�� FRQWUROOHUV�� DQG� QHZO\�

LQWURGXFHG�DXWRPDWHG�V\VWHPV��

• 7KH�LPSDFW�RI�LQFUHDVHG�DXWRPDWLRQ�LQ�$7&�V\VWHPV��)RU�H[DPSOH��WKH�LQWHJUDWLRQ�

RI� QHZ� WHFKQRORJLHV� ZKLFK� PD\� LQFUHDVH� XVDELOLW\� SUREOHPV� RU� GHFUHDVH� XVHU�

DFFHSWDQFH�EHFDXVH�WKH\�KDYH�QRW�EHHQ�DGHTXDWHO\�HYDOXDWHG�WR�HQVXUH�WKH\�SURYLGH�

WKH�EHVW�SRVVLEOH�VROXWLRQ�²�FRXOG�DQ�ROGHU�PRUH�SURYHQ�WHFKQRORJ\�KDYH�SURYLGHG�

D�EHWWHU�PRUH� LQWXLWLYH�VROXWLRQ"�� ,Q�DGGLWLRQ�� LI�KLJKO\� UHOLDEOH�DXWRPDWHG�V\VWHPV�

GR� IDLO�� DUH� WKH� WDVNV� WKDW� WKH� IDLOHG� V\VWHP� LV� QR� ORQJHU� SHUIRUPLQJ� HDVLO\�

WUDQVIHUDEOH�WR�EH�XQGHUWDNHQ�PDQXDOO\"����

• :LWK�WKH�LQWURGXFWLRQ�RI�)UHH�)OLJKW��GLVFXVVHG�LQ�6HFWLRQ������DQG�RWKHU�IXWXUH�DLU�

QDYLJDWLRQ�VWUDWHJLHV��ZLOO�WKH�FKDQJLQJ�UROH�RI�DLU�WUDIILF�FRQWUROOHUV��IURP�PDQDJHU�

WR� PRQLWRU�� QHJDWLYHO\� LPSDFW� WKHLU� SHUIRUPDQFH� OHYHO"� :LOO� FRQIOLFW� UHVROXWLRQ�

VWUDWHJLHV�SURYH�HIIHFWLYH"�

�
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��� $Q�DOWHUQDWLYH�WR�3DSHU�)OLJKW�6WULSV��'LJLVWULSV�
�

7KH�WUDGLWLRQDO�SDSHU�IOLJKW�VWULS�LV�D�YLWDO�DUWHIDFW�RI�WKH�$7&�WDVN��3DSHU�IOLJKW�VWULSV�DUH�

ZLGHO\�XVHG�LQ�$7&�IDFLOLWLHV�WKURXJKRXW�WKH�ZRUOG�DQG�KDYH�EHHQ�IRU�GHFDGHV��7KH�SDSHU�

IOLJKW�VWULS�SURYLGHV�RQH�RI�WZR�FRPSOHPHQWDU\�YLHZV�RI�WKH�DLU�WUDIILF�>��@��

• 7KH�UDGDU�VFUHHQ�DOORZV�WKH�FRQWUROOHU�WR�WUDFN�WKH�FXUUHQW�SRVLWLRQ�RI�WKH�DLU�WUDIILF�

PRYLQJ�DORQJ�D�SUHGHILQHG�URXWH�ZLWKLQ�D�SDUWLFXODU�VHFWRU��

• 7KH�FROOHFWLRQ�RI�SDSHU� IOLJKW�VWULSV�HQDEOHV� WKH�FRQWUROOHU� WR�RUJDQLVH� WKH� WUDIILF��

SODQ�VWUDWHJLHV��DQG�UHFRUG�NH\�GHFLVLRQV���

�

7KH�RUJDQLVDWLRQ�RI�D�W\SLFDO�SDSHU�IOLJKW�VWULS�LV�VKRZQ�LQ�)LJXUH������

�

�

�

�
�

�

�

)LJXUH������$�7\SLFDO�3DSHU�)OLJKW�6WULS��UHSULQWHG�ZLWKRXW�SHUPLVVLRQ�IURP�

0DFND\�>��@���

�� )OLJKW�QDPH�DQG�QXPEHU��
�� 5DGDU�,'�QXPEHU�
�� 5HTXHVWHG�IOLJKW�OHYHO�DSSURYHG�
�� %HDFRQ�QDPH�DQG�WKH�WLPH�WKDW�WKLV�DLUFUDIW�LV�VFKHGXOHG�WR�SDVV�RYHU�LW��
�� 6HFWRU�WKDW�WKLV�IOLJKW�VWULS�ZDV�SULQWHG�IRU��
�� 'DWH�SULQWHG�
�� $QQRWDWLRQ�LQGLFDWLQJ�WKDW�SLORW�LV�DXWKRUL]HG�WR�IO\�D�GLUHFW�URXWH�IURP�%$/$1�EHDFRQ�WR�(35�

EHDFRQ��
�� %HDFRQ�QDPH�DQG�VFKHGXOHG�OHDYLQJ�WLPH��
�� )OLJKW�OHYHO�FKDQJH�IURP�)/����GHVFHQGLQJ�WR�)/�����
��� ,QGLFDWLRQ�WKDW�WKH�FRQWUROOHU�KDV�DXWKRUL]HG�WKH�DSSURYHG�OHYHO�DQG�WKH�SLORW�KDV�DJUHHG��
��� $UULYDO�DLUSRUW�UHTXHVWHG�IOLJKW�OHYHO��
��� 'HSDUWXUH�DLUSRUW��
��� $LUFUDIW�W\SH�DQG�VSHHG���

�
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�

���

$�NH\�IXQFWLRQ�RI�D�IOLJKW�VWULS�LV�WKDW�LW�FDQ�EH�DQQRWDWHG��$V�WKHUH�DUH�YDULDWLRQV�LQ�WKH�ZD\�

SHRSOH� WDNH� QRWHV�� WKHQ� WKHUH� DUH� GLIIHUHQFHV� LQ� WKH�ZD\� FRQWUROOHUV� DQQRWDWH� RQ� D� IOLJKW�

VWULS��(YHQ�WKRXJK�WKHUH�DUH�JXLGHOLQHV�DV�WR�KRZ�DQQRWDWLRQV�VKRXOG�EH�PDGH��WKHUH�LV�VWLOO�

SRWHQWLDO� IRU�HUURU�FDXVHG�E\�RQH�FRQWUROOHU�PLVLQWHUSUHWLQJ�DQQRWDWLRQV�PDGH�E\�DQRWKHU�

FRQWUROOHU��

�

7KHUH� LV� VLJQLILFDQW� UHVHDUFK� EHLQJ� XQGHUWDNHQ� WR� ORRN� DW� KRZ� WKH� WUDGLWLRQDO� IOLJKW� VWULS�

PRGHO� FDQ� EH� HQKDQFHG�� WUDQVIRUPHG� WR� DQ� HOHFWURQLF� LPSOHPHQWDWLRQ�� RU� HYHQ� VFUDSSHG�

FRPSOHWHO\���

�

6R�� FDQ� WKH� WUDGLWLRQDO� SDSHU� IOLJKW� VWULS� EH� HQKDQFHG� VR� WKDW� LQKHUHQW� LVVXHV� VXFK� DV�

DQQRWDWLRQ�PLVLQWHUSUHWDWLRQ�FRXOG�EH�DOOHYLDWHG"�:RXOG�XVHUV�RI�SDSHU�ZDQW� VRPH�RWKHU�

WRRO�HQWLUHO\�ZKLFK�SHUIRUPV�WKH�VDPH�IXQFWLRQ��ZRXOG�WKH\�ZDQW�DQRWKHU�WRRO�ZKLFK�ORRNV�

DW�WKH�WDVNV�ZKLFK�SDSHU�IOLJKW�VWULSV�VXSSRUW�DQG�FRPH�XS�ZLWK�D�ODWHUDO�VROXWLRQ�WKDW�EHDUV�

QR�UHVHPEODQFH�WR�WKH�FXUUHQW�SDSHU�IOLJKW�VWULSV�XVDJH�PRGHO"�

�

$7&�5HVHDUFKHUV� DW� WKH�&HQWUH�'·HWXGHV�'H�/D�1DYLJDWLRQ�$HULHQQH� �&(1$�� LQ�)UDQFH�

KDYH�EHHQ�LQYHVWLJDWLQJ�WKH�XVH�RI�DQ�DOWHUQDWLYH�WR�SDSHU�IOLJKW�VWULSV�>��@��7KHVH�HOHFWURQLF�

YHUVLRQV�RI�SDSHU�IOLJKW�VWULSV�DUH�WHUPHG�'LJL6WULSV��7KH�PDLQ�IHDWXUHV�RI�'LJL6WULSV�DUH�DV�

IROORZV��

• 7KH� XVHU� FDQ� PRYH� JUDSKLF� REMHFWV� �HOHFWURQLF� VWULSV�� E\� XVLQJ� D� ´'UDJ� DQG� 'URSµ�

RSHUDWLRQ�GLUHFWO\�RQ�WKH�WRXFK�VFUHHQ��

• 8VLQJ� FRPELQDWLRQV� RI� JHVWXUH� UHFRJQLWLRQ� DQG� PHQXV�� WKH� XVHU� FDQ� HQWHU� LQSXW�

LQIRUPDWLRQ��

• 7ZR�LQVWDQFHV�RI�'LJL6WULSV�FDQ�EH�HPSOR\HG�DOORZLQJ�UDGDU�DQG�SODQQLQJ�FRQWUROOHUV�

WR�LQWHUDFW��

�

)LJXUH�����VKRZV�DQ�H[DPSOH�RI�D�'LJL6WULS�DQG�WKH�SODFHPHQW�RI�D�'LJL6WULS�E\�D�XVHU��$�

KDQGZULWWHQ�IRQW�LV�XVHG�IRU�DQQRWDWLRQV��$QLPDWLRQ�LV�XVHG�WR�LQGLFDWH�HYHQWV�VXFK�DV�WKH�

DUULYDO�RI�D�QHZ�VWULS�DQG�WKH�LQVHUWLRQ�RI�D�VWULS�DPRQJ�H[LVWLQJ�VWULSV�>��@���
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���
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�
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�
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�
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�
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�

�

)LJXUH������$�7\SLFDO�'LJL6WULS�DQG�([DPSOH�RI�0DQLSXODWLRQ�8VLQJ�7RXFK�'LVSOD\�

�UHSULQWHG�ZLWKRXW�SHUPLVVLRQ�IURP�&(1$�>��@���

�

'LJLVWULSV� KDYH� EHHQ� LQWHJUDWHG� LQWR� WKH� 7RFFDWD� FRQWUROOHU� ZRUNVWDWLRQ� UHVHDUFK� SURMHFW�

>��@�RI�ZKLFK� WKHUH� DUH� D�QXPEHU�RI�ZRUNLQJ�GHPRQVWUDWLRQV� LQ�)UDQFH��7KH� DLP�RI� WKH�

7RFFDWD�SURJUDP� LV� WR�JDWKHU� UHODWHG�UHVHDUFK�SURMHFWV� WR�XQGHUVWDQG� LQWHUDFWLRQ� LVVXHV� LQ�

FRQWUROOHU�ZRUNVWDWLRQ�GHVLJQ�>��@��7ZR�NH\�EHQHILWV�RYHU�SDSHU�IOLJKW�VWULSV�WKDW�'LJL6WULS�

UHVHDUFKHUV�KDYH�FLWHG�DUH�HQKDQFHG�LQIRUPDWLRQ�VKDULQJ�DQG�XVHU�IHHGEDFN���

�

,Q�DGGLWLRQ��'LJLVWULSV�DUH�VDLG�WR�DIIRUG�WKH�VDPH�EHQHILWV�DV� WUDGLWLRQDO�SDSHU�VWULSV��DQG�

HQDEOH�WKH�WUDQVLWLRQ�RI�H[LVWLQJ�VNLOOV�LQWR�WKH�QHZ�HQYLURQPHQW����

�

$� VLJQLILFDQW� DPRXQW�RI� UHVHDUFK�KDV�EHHQ�SHUIRUPHG� LQ� LQYHVWLJDWLQJ� WKH� DXWRPDWLRQ�RI�

SDSHU�IOLJKW�VWULSV��3DSHU�VWULSV�DUH�UHJDUGHG�DV�KLJKO\�LPSRUWDQW�WR�SUHVHUYH�WKH�FRQWUROOHUV�

VLWXDWLRQDO�DZDUHQHVV�>�@�DQG�LW� LV�WKRXJKW�WKDW�WKH�DFW�RI�SK\VLFDOO\�PDQLSXODWLQJ�WKH�VWULS�

�IRU�H[DPSOH��ZKLOH�DQQRWDWLQJ�LW��SRVLWLYHO\�LPSDFWV�VLWXDWLRQDO�DZDUHQHVV��7KLV�SK\VLFDO�DFW�

ZRXOG�EH�ORVW�LI�D�V\VWHP�VXFK�DV�'LJL6WULSV�UHSODFHG�SDSHU�YHUVLRQV��+RZHYHU��TXDOLWDWLYH�

IHHGEDFN�LQ�D�UHVHDUFK�VHWWLQJ�KDV�EHHQ�SRVLWLYH�>��@��:KHWKHU�RU�QRW�WKH�DFFHSWDQFH�ZRXOG�



�

���

EH�DV�SRVLWLYH�LI�WKH�V\VWHP�ZDV�H[WHQVLYHO\�HYDOXDWHG�LQ�DQ�RIILFLDO�$7&�V\VWHP�LV�XQFOHDU��

7KH�DSSURDFK�XVHG�E\�'LJL6WULSV�LV�WR�DWWHPSW�WR�UHSODFH�D�ZHOO�HVWDEOLVKHG�DUWHIDFW�WKDW�KDV�

SURYHQ� WR� EH� HIIHFWLYH�� 2WKHU� KXPDQ� IDFWRUV� UHVHDUFK� DSSURDFKHV�� UHODWHG� WR� WKH�

LQWURGXFWLRQ� RI� QHZ� WHFKQRORJLHV� ZLWKLQ� $7&�� LQFOXGH� WKH� HQKDQFHPHQW� UDWKHU� WKDQ�

UHSODFHPHQW� RI� H[LVWLQJ� LQWHUDFWLRQ� REMHFWV�� $QRWKHU� DOWHUQDWLYH� LV� WR� WDNH� D� WRS� GRZQ�

DSSURDFK�� ORRNLQJ� DW� WKH� $7&� GRPDLQ� DV� D� ZKROH� DQG� WR� FRPSOHWHO\� UHGHVLJQ� WKH� ZD\�

FRQWUROOHUV�SHUIRUP�WKH�$7&�WDVN��VR�WKDW�IRU�H[DPSOH��WKHUH�LV�QR�ORQJHU�D�QHHG�IRU�SDSHU�

RU�HOHFWURQLF�HTXLYDOHQWV�RI�IOLJKW�VWULSV��7KLV�VRXQGV�OLNH�DQ�DWWUDFWLYH�UHVHDUFK�SURSRVLWLRQ�

EXW�LV�IUDXJKW�ZLWK�GDQJHU�EHFDXVH�RI�WKH�GLIILFXOW\�LQ�IXOO\�XQGHUVWDQGLQJ�WKH�FRPSOH[�DQG�

G\QDPLFDOO\�FKDQJLQJ�$7&�GRPDLQ���

�

��� 3LWIDOOV�RI�+XPDQ�)DFWRUV�5HVHDUFK�LQ�$7&�
�

+XPDQ�)DFWRUV�UHVHDUFK�LQ�$7&�PXVW�EH�WDUJHWHG�WRZDUGV�DWWULEXWHV�RI�WKH�V\VWHP�ZKLFK�

QHHGV�WR�EH�LPSURYHG��,Q�VRPH�FDVHV�WKH�H[LVWLQJ�PHWKRG�XVHG�WR�SHUIRUP�D�WDVN�LV�DOUHDG\�

FORVH� WR� RSWLPDO�� XVLQJ� H[LVWLQJ� FRPSXWHU� V\VWHPV� RU�PDQXDO� SURFHGXUHV�� $SSO\LQJ� QHZ�

FRPSXWHU�DVVLVWHG�DSSURDFKHV�PD\�QRW�RIIHU�VLJQLILFDQW�SHUIRUPDQFH�LPSURYHPHQWV�DQG�LQ�

VRPH� FDVHV� PD\� FUHDWH� GLIIHUHQW�� DQG� RIWHQ� PRUH� GDQJHURXV� KXPDQ� IDFWRUV� LVVXHV�� $Q�

H[DPSOH� RI� WKLV� LV� LQFUHDVHG� DXWRPDWLRQ� WKDW� FDQ� LQ� VRPH� FDVHV� FDXVH� DQ� RSHUDWRU� WR�

PLVWUXVW� WKH� LQIRUPDWLRQ� WKDW� WKH� FRPSXWHU� LV� UHSRUWLQJ��7KLV� LV� D� SKHQRPHQRQ� WKDW� KDV�

EHHQ�FLWHG�DV�D�FRQWULEXWLQJ�IDFWRU�LQ�VRPH�DLUFUDIW� LQFLGHQWV�DQG�DFFLGHQWV��SDUWLFXODUO\�LQ�

PRGHUQ�JODVV�FRFNSLW�IOLJKW�GHFNV��,V�WKH�UHSRUWHG�IDLOXUH�D�FRPSXWHU�GHIHFW�RU�D�WUXH�DODUP�

FRQGLWLRQ"�,Q�VRPH�FDVHV��DXWRPDWLQJ�DQ�H[LVWLQJ�PDQXDO�SURFHVV�´MXVW�IRU�WKH�VDNH�RI�LWµ�

PD\�QRW�EH� WKH�RSWLPDO� VROXWLRQ��&RPSXWHU� DVVLVWDQFH�PD\�HQDEOH� VLJQLILFDQW�EHQHILWV�E\�

XVLQJ�D�FRPSOHWHO\�QHZ�DSSURDFK���

�

7R� HQVXUH� WKH� JUHDWHVW� FKDQFH� WKDW� LWV� LQWHQGHG� XVHUV� ZLOO� DFFHSW� DQ\� QHZ� WRRO� RU�

WHFKQRORJ\�� LW� LV� YLWDO� WKDW� XVHUV� DUH� LQYROYHG� WKURXJKRXW� WKH� UHTXLUHPHQWV�� GHVLJQ��

LPSOHPHQWDWLRQ�� DQG� HYDOXDWLRQ� SKDVHV�� 2IWHQ�� WKH� V\VWHP� GHVLJQHUV·� SLFWXUH� RI� WKH�

UHTXLUHPHQWV�WKDW�D�VROXWLRQ�PXVW�VDWLVI\�LV�YDVWO\�GLIIHUHQW�IURP�WKH�VROXWLRQ�WKDW�LV�DFWXDOO\�

UHTXLUHG���

�



�

���

��� )URP�$FWLYH�WR�3DVVLYH��7KH�)XWXUH�5ROH�RI�&RQWUROOHUV�DQG�
5HODWHG�6DIHW\�&RQFHUQV��

�

&KDOOHQJLQJ�WLPHV�DUH�DIRRW�IRU�WKH�$7&�V\VWHP��0DQ\�EHVSRNH�FRPSXWHU�V\VWHPV�H[LVW�LQ�

GLIIHUHQW�$7&�HVWDEOLVKPHQWV�WKURXJKRXW�WKH�ZRUOG��EXW�WKH�LQIUDVWUXFWXUH�KDV�WR�LQWHJUDWH�

DV�D�ZKROH�WR�PDLQWDLQ�VDIHW\�DQG�HIILFLHQF\��$�VLJQLILFDQW�ERG\�RI�ZRUN� LV� LQ�SURJUHVV�WR�

PRYH�WRZDUGV�D�QHZ�$7&�PRGHO� WHUPHG�DV�)UHH�)OLJKW� >��@��,Q�)UHH�)OLJKW�DLUVSDFH�� LW� LV�

HQYLVLRQHG�WKDW�IOLJKW�FUHZV�ZLOO�KDYH�WKH�DXWKRULW\�WR�PDNH�UHDO�WLPH�GHFLVLRQV�DERXW�URXWH�

DOWHUDWLRQV�� IRU� H[DPSOH� FKDQJLQJ� DOWLWXGH� WR� DYRLG� WXUEXOHQFH� >�@�� 7KH� FRQWUROOHU� LV�

H[SHFWHG� WR�DFW� LQ�PRUH�RI� D�PRQLWRULQJ� UROH��3RWHQWLDO� FRVW� VDYLQJV� DUH� VLJQLILFDQW� VLQFH�

DLUFUDIW� FDQ� WDNH� PRUH� GLUHFW� URXWHV� QHJDWLQJ� WKH� QHHG� IRU� SUH�GHILQHG� DLU� FRUULGRUV�� ,Q�

DGGLWLRQ�� IUHH� IOLJKW� VKRXOG� EH� DEOH� WR� DOORZ� IRU� VLJQLILFDQWO\� LQFUHDVHG� FDSDFLW\� RYHU� WKH�

IL[HG�DLU�FRUULGRU�PRGHO��+RZHYHU��WKH�WUDQVLWLRQ�WR�WKLV�PRGHO�PXVW�EH�DFKLHYHG�ZKLOH�VWLOO�

PDLQWDLQLQJ�WKH�VDPH�GHJUHH�RI�VDIHW\�LQLWLDOO\��DQG�ZLWK�LPSURYHG�VDIHW\�OHYHOV�ORQJ�WHUP�DV�

IOLJKW�FDSDFLW\�UHTXLUHPHQWV�LQFUHDVH��7KH�LVVXH�RI�KRZ�DLUFUDIW�PRYH�EHWZHHQ�)UHH�)OLJKW�

DLUVSDFH� DQG� WUDGLWLRQDOO\� PDQDJHG� DLUVSDFH� LV� UHFHLYLQJ� UHVHDUFK� DWWHQWLRQ� >��@��

5HVSRQVLELOLW\�UXOHV�IRU�SLORW�DQG�FRQWUROOHU�KDYH�WR�EH�SUHFLVHO\�GHILQHG�IRU�WKH�IUHH�IOLJKW�

PRGHO�WR�ZRUN�VHDPOHVVO\��

�

$QRWKHU�FRQFHUQ�LV�WKH�DIIHFW�WKDW�WKH�FKDQJLQJ�UROH�UHTXLUHG�E\�WKH�FRQWUROOHU�ZLOO�KDYH�RQ�

SHUIRUPDQFH�DQG�VLWXDWLRQDO�DZDUHQHVV��0DQ\�$7&�LQFLGHQWV�DQG�DFFLGHQWV�KDSSHQ�GXULQJ�

TXLHW� SHULRGV�� RU� ZLWKLQ� VHFWRUV� ZLWK� YHU\� OLWWOH� WUDIILF�� ,I� WKH� FRQWUROOHU� PRQLWRULQJ� IUHH�

IOLJKW�DLUVSDFH�LV�WDNLQJ�OHVV�RI�DQ�DFWLYH�UROH��WKLV�KDV�WKH�SRWHQWLDO�WR�LQFUHDVH�WKH�OHYHO�RI�

LQDFWLYLW\�H[SHULHQFHG�E\�WKH�FRQWUROOHU�>�@��

�

��� &RQFOXVLRQ�
�

7KLV�FKDSWHU�KDV�SURYLGHG�D�UHYLHZ�RI�WKH�$7&�GRPDLQ�DQG�WKH�UROH�RI�KXPDQ�IDFWRUV�LQ�

VWULYLQJ�WR�LGHQWLI\�DQG�SURSRVH�VROXWLRQV�IRU�UHFRJQLVHG�SUREOHPV��7KH�YDULRXV�LQWHUDFWLQJ�

FRPSRQHQWV�RI� WKH�$7&�V\VWHP�KDYH�EHHQ�UHYLHZHG� LQ�GHWDLO�GUDZLQJ�H[WHQVLYHO\�RQ� WKH�

ZRUN�IURP�,VDDF�>�@�UHJDUGLQJ�WKH�IDFWRUV�WKDW�DIIHFW�KXPDQ�SHUIRUPDQFH��DQG�VSHFLILFDOO\�

LQ� WKLV�FDVH��FRQWUROOHU�SHUIRUPDQFH��7KH�SUHYLRXV� UHVHDUFK�FRQFHUQHG�ZLWK�ZRUNORDG�KDV�

EHHQ� UHYLHZHG� LQ� GHWDLO�� LQFOXGLQJ� LWV� GHILQLWLRQ�� SUREOHPV� DVVRFLDWHG� ZLWK� LW�� DQG� LWV�

PHDVXUHPHQW�� ´'LVSOD\�KRXVHNHHSLQJµ�ZDV� LGHQWLILHG�DV� D� VLJQLILFDQW�JHQHUDWLQJ� IDFWRU�RI�



�

���

ZRUNORDG� IRU� FRQWUROOHUV�� DQG� LQ� UHVSRQVH� WR� WKLV�� WKH� TXHVWLRQ� LV� DVNHG� DV� WR� ZKHWKHU�

WUDQVIHUULQJ� VRPH�FRQWUROOHU� DFWLYLWLHV� DFURVV� WR�D�GLIIHUHQW� VHQVRU\�FKDQQHO��FRXOG� UHGXFH�

WKH� SUREOHPV� DVVRFLDWHG� ZLWK� FRPSHWLQJ� UHVRXUFHV� DQG� WKXV� LPSURYH� FRQWUROOHU�

SHUIRUPDQFH��7KH�DQVZHU�WR�WKLV�TXHVWLRQ�LV�VLJQLILFDQW�IRU�WKH�VXEMHFW�PDWWHU�SUHVHQWHG�LQ�

WKLV�WKHVLV��

�



�

���

&KDSWHU��� 9LVLWV�WR�$7&�)DFLOLWLHV�
�

�

7KLV� FKDSWHU� SURYLGHV� GHWDLOV� RI� WZR� YLVLWV� FRQGXFWHG� WR� WKH� (Q�URXWH� $7&� IDFLOLW\� DW�

3UHVWZLFN�LQ�$\UVKLUH��7KH�ILUVW�YLVLW�SURYLGHG�DQ�RSSRUWXQLW\�WR�EH�LPPHUVHG�LQ�WKH�$7&�

GRPDLQ� ZLWKLQ� DQ� HQ�URXWH� IDFLOLW\�� DQG� JDWKHU� UHVXOWV� IURP� DQ� LQLWLDO� TXHVWLRQQDLUH�� 7KH�

VHFRQG� YLVLW� ZDV� PRUH� KLJKO\� WDUJHWHG� DW� UDGDU� GLVSOD\� DQG� LQSXW� GHYLFH� XVH�� VR� DV� WR�

XQGHUVWDQG�WKH�LQWHUDFWLRQV�SHUIRUPHG�DQG�DSSUHFLDWH�WKH�FRQWUROOHU�WDVN��$�GLVFXVVLRQ�RI�

WKHVH�YLVLWV� LV� LQFOXGHG��GHVFULELQJ�DQ\� OLPLWDWLRQV�RI� WKH� ILHOG� VWXG\�GHVLJQ� DQG�GHWDLOV�RI�

KRZ�WKH�ILQGLQJV�UHODWH�WR�SUHYLRXV�UHVHDUFK��7KH�ILQDO�VHFWLRQ�LQ�WKLV�FKDSWHU�GLVFXVVHV�DQG�

GHILQHV� UHTXLUHPHQWV� JDWKHUHG� DV� D� UHVXOW� RI� WKHVH� YLVLWV�� LQ� UHODWLRQ� WR� KXPDQ� IDFWRUV�

SUREOHPV�DQG�VXJJHVWHG�HQKDQFHPHQWV�RI�WKH�V\VWHPV�DW�WKH�3UHVWZLFN�IDFLOLW\���

�

��� )LUVW�9LVLW�WR�6FRWWLVK�DQG�2FHDQLF�&RQWURO�&HQWUH�
�62$&&��

�

2Q�)ULGD\���WK�)HEUXDU\�������D�YLVLW�ZDV�FRQGXFWHG� WR� WKH�1DWLRQDO�$LU�7UDIILF�6HUYLFHV�

�1$76��6FRWWLVK� DQG�2FHDQLF�$UHD�&RQWURO�&HQWUH� �62$&&�� DW�3UHVWZLFN��$\UVKLUH��$Q�

$HURQDXWLFDO�(QJLQHHULQJ�VWXGHQW�VHW�XS� WKH�YLVLW�DQG�WKH�DXWKRU�ZDV� LQYLWHG�DORQJ��6LQFH�

WKH� RWKHU� VWXGHQW�ZDV� WKH�PDLQ� RUJDQLVHU� RI� WKH�YLVLW�� WKH� DXWKRU�ZDV� FRQVWUDLQHG� LQ� WKH�

DPRXQW�RI�WLPH�DYDLODEOH�WR�JDWKHU�VSHFLILF�LQIRUPDWLRQ��+HQFH��WKLV�ILUVW�YLVLW�ZDV�LQWHQGHG�

WR�SURYLGH�DQ� LQWURGXFWLRQ� WR�DQ�HQ�URXWH�$7&�IDFLOLW\� DQG�DQVZHU� VRPH�EDVLF�TXHVWLRQV�

DERXW�WKH�$7&�HQYLURQPHQW��7KH�YLVLW�KRVW�ZDV�LQYROYHG�LQ�$7&�2SHUDWLRQV�6XSSRUW�DQG�

ZDV�DOVR�DQ�DFWLYH�FRQWUROOHU����

�

7KH�UDWLRQDOH�IRU�WKH�YLVLW�ZDV�DV�IROORZV��

• 7R� SHUIRUP� DQ� LQLWLDO� YLVLW� WR� D� UHDO� $7&� HQYLURQPHQW� VR� DV� WR� JDLQ� D� EHWWHU�

XQGHUVWDQGLQJ�DQG�DSSUHFLDWLRQ�RI�WKH�FRQWUROOHU
V�ZRUNSODFH��

• 7R� JHW� DQ� RYHUYLHZ� RI� WKH� QXPHURXV� ,7� V\VWHPV� WKDW� DUH� XVHG� LQ� D� W\SLFDO� $7&�

HQYLURQPHQW��VSHFLILFDOO\�WKH�LQWHUIDFHV�DQG�WDVNV�SHUIRUPHG�XVLQJ�WKHVH�V\VWHPV��

• 7R�DVN�LQWHUYLHZHHV�WHQ�TXHVWLRQV�WKDW�FDSWXUH�LQLWLDO�GRPDLQ�NQRZOHGJH��

• 7R�GHWHUPLQH� WKH� SRVVLELOLW\� RI� KDYLQJ� DFFHVV� WR� UHDO� FRQWUROOHUV� IRU� WKH� SXUSRVHV� RI�

FRQGXFWLQJ�IXWXUH�HPSLULFDO�VWXGLHV�DV�SDUW�RI�WKLV�UHVHDUFK��
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�

����� 2YHUYLHZ�RI�WKH�62$&&�)DFLOLW\�
�

7KLV� VHFWLRQ� SURYLGHV� DQ� RYHUYLHZ� RI� WKH� WZR� FRQWURO� FHQWUHV� DW� 3UHVWZLFN�� WKH� 6FRWWLVK�

$UHD�&RQWURO�&HQWUH��6$&&��DQG�WKH�2FHDQLF�$UHD�&RQWURO�&HQWUH��2$&&����

�

������� 6FRWWLVK�$UHD�&RQWURO�&HQWUH�
��

7KH�6$&&�FRQWUROV�DLUFUDIW�LQ�WKH�6FRWWLVK�)OLJKW�,QIRUPDWLRQ�5HJLRQ��),5���7KH�6FRWWLVK�

),5�LV�(XURSH·V�ODUJHVW��VWUHWFKLQJ�WR�WKH�QRUWK�RI�D�OLQH�EHWZHHQ�&DUOLVOH�DQG�1HZFDVWOH��WR�

QHDU�WKH�)DURH�,VODQGV�LQFOXGLQJ�1RUWKHUQ�,UHODQG�DQG�WKH�VXUURXQGLQJ�VHDV���

�

(DFK�FRQWURO�VXLWH�DW�WKH�6$&&�FDQ�KRXVH�D�SODQQLQJ�FRQWUROOHU�DQG�DQ�H[HFXWLYH�RU�UDGDU�

FRQWUROOHU�� ZLWK� VXSSRUW� IURP� D� IOLJKW� SURJUHVV� ERDUG� DVVLVWDQW�� $� IOLJKW� SODQQLQJ� ERDUG�

GLVSOD\V�WKH�IOLJKW�SURJUHVV�VWULSV�DQG�WKHUH�LV�D�UDGDU�SRVLWLRQ�ZLWK�WZR�UDGDU�GLVSOD\V�>��@���

�

������� 2FHDQLF�$UHD�&RQWURO�&HQWUH�
�

7KH�2$&&�VXSSRUWV�DLUFUDIW�IO\LQJ�RYHU�WKH�(DVWHUQ�SDUW�RI� WKH�1RUWK�$WODQWLF�IURP�WKH�

6RXWK�RI�,FHODQG�WR�1RUWK�RI�WKH�$]RUHV��&RQWUROOHUV�FRPPXQLFDWH�ZLWK�SLORWV�DQG�RWKHU�

FRQWUROOHUV�XVLQJ�KLJK�IUHTXHQF\�UDGLR�WR�JDWKHU�SRVLWLRQ�UHSRUWV�DQG�SLORW�HVWLPDWHV��5DGDU�

FDQQRW�EH�XVHG�IRU�VDIH�DLUFUDIW�VHSDUDWLRQ�RYHU�WKH�(DVWHUQ�$WODQWLF�EHFDXVH�LW�RQO\�KDV�D�

PD[LPXP�UDQJH�RI�DERXW�����PLOHV��

�

7KH�1RUWK�$WODQWLF� DLU� WUDIILF� LV� EXVLHVW� DW� FHUWDLQ� WLPHV� GXH� WR� SDVVHQJHU� GHPDQGV�� DQG�

DLUSRUW�QRLVH� UHVWULFWLRQV��:HVWERXQG� WUDIILF� LV�EXVLHVW� LQ� WKH� ODWH�PRUQLQJ�DQG�DIWHUQRRQ��

ZKLOH� HDVWERXQG� WUDIILF� LV� EXVLHVW� GXULQJ� WKH� QLJKW� DQG� HDUO\�PRUQLQJ�� ,Q� DGGLWLRQ� WR� WKH�

DERYH� FRQVWUDLQWV�� WKH� VLWXDWLRQ� LV� FRPSRXQGHG� GXH� WR� WKH� IDFW� WKDW� MHW� DLUFUDIW� W\SLFDOO\�

QHHG� WR�FUXLVH�ZLWKLQ�D� VSHFLILF� IOLJKW� OHYHO� UDQJH� IRU�RSWLPXP�XVH�RI� IXHO��7KHVH� IDFWRUV�

HQVXUH� WKDW� WKH� DLUVSDFH� LV� FRQJHVWHG� GXULQJ� EXV\� SHULRGV��7KHUHIRUH�� DQ� RUJDQLVHG� WUDFN�

VWUXFWXUH� LV� FUHDWHG� HYHU\� ��� KRXUV�� DOORZLQJ� DLUFUDIW� WR� EH� KDQGOHG� LQ� DQ� H[SHGLWLRXV�

PDQQHU��$LUFUDIW� DUH� FRQVWUDLQHG� LQ� DLU� FRUULGRUV�ZLWKLQ� WKLV� WUDFN� V\VWHP��7KH�2$&&� LV�



�

���

UHVSRQVLEOH�IRU�WKH�GD\�WUDFN�V\VWHP�DQG�WKH�*DQGHU�&HQWUH�LQ�&DQDGD�SURYLGHV�WKH�QLJKW�

WUDFN�V\VWHP��

�

2QFH�DQ�DLUFUDIW�KDV�HQWHUHG�RFHDQLF�DLUVSDFH��WKH�SLORW�PDNHV�SRVLWLRQ�UHSRUWV�DW�HYHU\�WHQ�

GHJUHHV� RI� ORQJLWXGH�� 7KH� WUDIILF� LQIRUPDWLRQ� GLVSOD\V� XVHG� E\� WKH� FRQWUROOHUV� DUH�

DXWRPDWLFDOO\� XSGDWHG� E\� IOLJKW� GDWD� SURFHVVLQJ� V\VWHP� �)'36��� ZKLFK� UHFHLYHV� WKH� SLORW�

UHSRUWV�� 7KH� )'36� DOHUWV� WKH� FRQWUROOHU� LI� D� UHSRUW� LV� RYHUGXH�� RU� LI� WKH� VLWXDWLRQ� LV�

DEQRUPDO��DQG�FDOFXODWHV�WKH�QH[W�SRVLWLRQ�RI�WKH�DLUFUDIW�EDVHG�RQ�LWV�SUHYLRXVO\�UHSRUWHG�

SRVLWLRQ��,Q�DGGLWLRQ��WKH�FRQWUROOHU�UHFHLYHV�D�ZDUQLQJ�LI�WKH�PLQLPXP�VHSDUDWLRQ�EHWZHHQ�

DQ\�WZR�IOLJKWV�LV�DSSURDFKLQJ�>��@��

�

������� 0LOLWDU\�&RQWURO�
�

0LOLWDU\�FRQWUROOHUV�DUH�EDVHG�DW�WKH�62$&&�IDFLOLW\��SURYLGLQJ�VHUYLFHV�WR�FLYLO�DQG�PLOLWDU\�

DLUFUDIW� RSHUDWLQJ� RXWVLGH� FRQWUROOHG� DLUVSDFH� LQ� WKH� 6FRWWLVK� )OLJKW� ,QIRUPDWLRQ� 5HJLRQ�

�),5��� 7KH� PLOLWDU\� FRQWUROOHUV� ZRUN� FORVHO\� ZLWK� FLYLOLDQ� FRQWUROOHUV� WR� HQVXUH� WKH� VDIH�

PRYHPHQW�RI�WUDIILF��

�

����� ,QWURGXFWRU\�3KDVH�2EVHUYDWLRQV�
�

'XULQJ�WKH�LQWURGXFWRU\�SKDVH�RI�WKH�YLVLW��WKH�VWXGHQW�ZKR�KDG�RUJDQLVHG�WKH�YLVLW�DVNHG�

WKH�YLVLW�KRVW�D�QXPEHU�RI�TXHVWLRQV��6LQFH�D�QXPEHU�RI�WKH�TXHVWLRQV��DQG�WKH�VXEVHTXHQW�

UHVSRQVHV� ZHUH� DSSOLFDEOH� WR� WKH� UHVHDUFK� GHVFULEHG� LQ� WKLV� WKHVLV�� WKHVH� UHVSRQVHV� KDYH�

EHHQ�VXPPDULVHG�LQ�WKH�IROORZLQJ�OLVW��

• ,W�ZDV�VWDWHG�WKDW�IRU�FRQWUROOHUV� WR�KDYH�D�FRPIRUWDEOH�ZRUNORDG�� WKH\�KDQGOHG�D�

PD[LPXP�RI�DERXW�ILYH�WR�VL[�SODQHV�DW�DQ\�RQH�WLPH��$�KLJKHU�QXPEHU�WKDQ�WKLV�

ZRXOG�LQGLFDWH�H[FHVVLYH�ZRUNORDG��

• 5HJDUGLQJ�WKH�WUDQVLWLRQ�WR�WKH�)UHH�)OLJKW�PRGHO��WKH�UROHV�DQG�UHVSRQVLELOLWLHV�RI�

FRQWUROOHUV�DQG�SLORWV�KDG�WR�EH�YHU\�FOHDUO\�GHILQHG�WR�HQVXUH�WKDW�WKH�QHZ�PRGHO�

ZRXOG� ZRUN� FRUUHFWO\�� � 2QFH� WKH� UROHV� DQG� UHVSRQVLELOLWLHV� DUH� ZRUNHG� RXW�� WKH�

FRUUHFW� V\VWHP� WRROV� QHHG� WR� EH� SXW� LQ� SODFH� WR� VXSSRUW� WKH� XVHUV� �SLORWV� DQG�

FRQWUROOHUV���7KH�YLVLW�KRVW�FRQVLGHUHG�IOLJKW�GDWD�SURFHVVLQJ�WRROV�DV�D�NH\�IDFWRU��

VWDWLQJ�WKDW�PRVW�PRGHUQ�DLUOLQHUV�DOUHDG\�KDG�WKLV�FDSDELOLW\�RQ�ERDUG��7KH�PDMRU�

LQYHVWPHQW�ZRXOG�EH�UHTXLUHG�LQ�$7&�FHQWUHV�DQG�ROGHU��RU�VPDOOHU�DLUFUDIW��



�

���

• $�ODUJH�PDS�RI� WKH�DUHD� WKDW�ZDV�FRQWUROOHG�E\� WKH�6FRWWLVK�$UHD�&RQWURO�&HQWUH�

�6$&&��ZDV� KDQJLQJ� RQ� D�ZDOO� LQ� WKH� YLVLW� KRVW·V� RIILFH�� �7KH�PDS� VKRZHG�SUH�

GHILQHG� DLU� FRUULGRUV� XVHG� EHWZHHQ� WKH� GLIIHUHQW� 6FRWWLVK� DLUSRUWV�� 7KH� YLVLW� KRVW�

PHQWLRQHG� WZR�DUHDV�RI� WKH�FHQWUH·V�FRQWURO� MXULVGLFWLRQ�VSHFLILFDOO\��7KH�DLUVSDFH�

DERYH�WKH�1RUWK�6HD�LQ�WKH�(DVW�FRDVW�DGMDFHQW�WR�)LIH�LV�XVHG�KHDYLO\�IRU�PLOLWDU\�

WUDLQLQJ� SXUSRVHV�� ,W� LV� DOVR� DQ� DUHD� XVHG� E\� FRPPHUFLDO� DLUOLQHV� DV� ZHOO� VR� WKLV�

DLUVSDFH� UHTXLUHV� SDUWLFXODU� DWWHQWLRQ� WR� UHVROYH� SRWHQWLDO� VHSDUDWLRQ� FRQIOLFWV�

EHWZHHQ�FLYLO�DQG�PLOLWDU\�DLUFUDIW���

• 7KH�YLVLW�KRVW�DGGLWLRQDOO\�GLVFXVVHG�WKH�XSSHU�DLUVSDFH�RYHU�6FRWODQG�FRPPHQWLQJ�

WKDW� WKH� RSHUDWLRQV� WKHUH� ZHUH� HIIHFWLYHO\� HPSOR\LQJ� D� ´FRQWUROOHGµ� )UHH� )OLJKW�

PRGHO�� 7KH\� DUH� QRW� DFWLYHO\� FRQWUROOHG�� EXW� SDVVLYHO\� PRQLWRUHG�� 9HU\� OLWWOH�

LQWHUDFWLRQ�LV�UHTXLUHG�EHWZHHQ�SLORW�DQG�FRQWUROOHU�LQ�WKLV�HQ�URXWH�DLUVSDFH��

�

����� 6$&&�&RQWURO�5RRP�/D\RXW�
�

'XULQJ�WKH�ILUVW�YLVLW��D�WRXU�RI�WKH�WZR�RSHUDWLRQV�URRPV�ZDV�SURYLGHG��LQLWLDOO\�WKH�6$&&�

URRP���)LJXUH�����LOOXVWUDWHV�DQ�DSSUR[LPDWLRQ�RI�WKH�FRQWURO�URRP�OD\RXW��
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�

)LJXUH������$SSUR[LPDWH�/D\RXW�RI�WKH�6$&&�2SHUDWLRQV�5RRP��

�

7KH� ILUVW� DWWULEXWH� DERXW� WKH� HQYLURQPHQW� WKDW� ZDV� QRWLFHDEOH� ZDV� WKH� VXEGXHG� DUWLILFLDO�

OLJKWLQJ� LQ� WKH� URRP��7KLV� LV� WR�HQVXUH� WKDW� WKH� OLJKWLQJ� LV�RSWLPDO� IRU� WKH� UDGDU�GLVSOD\V��

PDNLQJ� WKHP�HDV\� WR� UHDG� DQG� UHGXFLQJ� WKH� H[WHQW�RI� UHIOHFWLRQV��$�QXPEHU�RI�GLIIHUHQW�

DLUVSDFH� VHFWRUV� ZHUH� GHPRQVWUDWHG�� KLJKOLJKWLQJ� WKH� GLIIHUHQFHV� EHWZHHQ� WKHP�� )RU�

H[DPSOH�� VRPH� LQYROYH� WKH� WDVN� RI� FRQWUROOLQJ� PRVWO\� QRQ�MHW� WUDIILF�� 2WKHU� VHFWRUV� DUH�

UHODWLYHO\�TXLHW��VRPH�VHFWRUV�DUH�EXV\�DW�FHUWDLQ�WLPHV�RI�GD\�RU�GXULQJ�GLIIHUHQW�VHDVRQV��

�

7KH�GLVSOD\�V\VWHPV�XVHG�DUH�VWDQGDUG�3&V�ZLWK�GLVSOD\�PRQLWRUV�EHKLQG�D�SODVWLF�VFUHHQ��

7KH�FXUYDWXUH�RI�WKH�&57�GLVSOD\�FRXOG�FOHDUO\�EH�VHHQ�EHKLQG�WKH�IODW�IURQW�VFUHHQ��(DFK�

RI�WKH�WDUJHWV�RQ�WKH�GLVSOD\� LV�VKRZQ�LQ�JUHHQ�XQWLO� WKH�FXUVRU� LV�PRYHG�ZLWK�D�WUDFNEDOO�

RYHU�RQH�RI� WKH� WDUJHWV� �DW�ZKLFK� WLPH� WKH� WDUJHW� LFRQ�FKDQJHV� WR�D�ZKLWH� FRORXU��� ,W�ZDV�

VWDWHG�WKDW�WKH�UHVROXWLRQ�RI�WKH�QHZ�GLVSOD\�LV�QRW�TXLWH�DV�KLJK�DV�WKDW�RI�WKH�OHJDF\�V\VWHP�

WKDW�ZDV�XVHG�SUHYLRXVO\�� ,W�ZDV�QRWLFHG� WKDW� D� VWDQGDUG�����NH\�NH\ERDUG�ZDV�QRW�XVHG��

,QVWHDG� WZR� VHSDUDWH� EDQNV� RI� FRORXU�FRGHG� NH\V� ZHUH� SRVLWLRQHG� YHUWLFDOO\� DQG�

KRUL]RQWDOO\�DGMDFHQW�WR�WKH�UDGDU�GLVSOD\�DQG�V\VWHP�LQIRUPDWLRQ�GLVSOD\��

Military control stations Training 
and 
Briefing 
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7KH�QH[W�URRP�YLVLWHG�ZDV�WKH�7UDLQLQJ�DQG�%ULHILQJ�URRP��&RQWUROOHUV�DUH�UHTXLUHG�WR�XVH�

WKH� IDFLOLWLHV� LQ� WKLV� URRP� DW� WKH� VWDUW� RI� HDFK� VKLIW�� ORJJLQJ� RQWR� WKLV� V\VWHP� WR� ILQG� RXW�

DERXW� DQ\�DGYLVRULHV�RU� FKDQJHV� WR�SURFHGXUH��7KHLU� WLPH� ORRNLQJ�DW� VXFK� LQIRUPDWLRQ� LV�

ORJJHG�DQG�UHFRUGHG�LQ�FDVH�RI�DQ\�LQFLGHQWV���

�

7KH� YLVLW� KRVW� DOVR� SURYLGHG� D� VKRUW� WRXU� RI� WKH� 2FHDQLF� &RQWURO� &HQWUH� �2&&��� 7KH�

HQYLURQPHQW� LQ� WKH� 2&&� XVHV� EULJKWHU� OLJKWLQJ� DQG� WKH� V\VWHPV� EHLQJ� XVHG� DUH� DURXQG�

WZHQW\� \HDUV� ROG�� 7KH� PDMRULW\� RI� WUDIILF� PRQLWRUHG� E\� WKLV� FHQWUH� RSHUDWHG� XVLQJ� SUH�

SODQQHG� IOLJKW� URXWHV�ZLWK�YHU\� OLWWOH� LQWHUDFWLRQ�EHWZHHQ�SLORW� DQG� FRQWUROOHU��7KH� URXWHV�

DUH�SODQQHG�DSSUR[LPDWHO\�WZHOYH�KRXUV�LQ�DGYDQFH��

�

7KH�YLVLW�ZDV�FRQVLGHUHG�WR�EH�H[WUHPHO\�EHQHILFLDO�LQ�SURYLGLQJ�D�KLJK�OHYHO�LQWURGXFWLRQ�WR�

D�W\SLFDO�$7&�HQYLURQPHQW���

����� 4XHVWLRQQDLUH�5HVXOWV�
 

3ULRU� WR� WKH� LQLWLDO�YLVLW� WR� WKH�3UHVWZLFN�$7&�IDFLOLW\��D� VHW�RI� WHQ�TXHVWLRQV�ZDV�GHILQHG��

7KH�DLP�RI�WKLV�TXHVWLRQQDLUH�ZDV�WR�JDWKHU�PRUH�LQIRUPDWLRQ�DERXW�WKH�$7&�RSHUDWLRQ�DW�

3UHVWZLFN��VSHFLILFDOO\�LQ�WKH�IROORZLQJ�DUHDV��

• +XPDQ�IDFWRUV�DFWLYLWLHV�

• 7KRXJKWV�RQ�IXWXUH�$7&�SURJUDPV�

• 7KH�XVH�RI�VHQVRU\�PRGHV�

�

7DEOH�����VKRZV�WKH�WHQ�TXHVWLRQV�DVNHG�DORQJ�ZLWK�WKH�UHVSRQVHV�SURYLGHG��'XH�WR�WLPH�

FRQVWUDLQWV�GXULQJ�WKH�YLVLW��RQO\�RQH�SDUWLFLSDQW�ZDV�LQYROYHG�LQ�WKLV�TXHVWLRQQDLUH��WKH�YLVLW�

KRVW���
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1R�� 4XHVWLRQ� 5HVSRQVH�

��� +RZ�PXFK�HPSKDVLV�LV�SODFHG�
LQ�KXPDQ�IDFWRUV�GXULQJ�WKH�
GHVLJQ�DQG�RQJRLQJ�
PDLQWHQDQFH�RI�RSHUDWLRQDO�
FRPSXWHU�V\VWHPV"�

$OO�QHZ�V\VWHPV�DUH�VXEMHFWHG�WR�VRPH�
+XPDQ�)DFWRUV�LQYHVWLJDWLRQ��7KLV�ZRUN�
LV�QRUPDOO\�XQGHUWDNHQ�E\�RXU�UHVHDUFK�
GHSDUWPHQW�LQ�%RXUQHPRXWK��9HU\�OLWWOH�
HPSKDVLV�LV�SODFHG�RQ�+XPDQ�)DFWRUV�LQ�
PDLQWHQDQFH��

��� 'R�\RX�VHH�WKHVH�V\VWHPV�
FKDQJLQJ�VLJQLILFDQWO\�DV�QHZ�
DLU�WUDIILF�PDQDJHPHQW�
WHFKQLTXHV�DUH�LQWURGXFHG"�

6\VWHPV�ZLOO�KDYH�WR�FKDQJH�WR�
DFFRPPRGDWH�QHZ�DLU�WUDIILF�
PDQDJHPHQW��$70��WHFKQRORJLHV��:H�
ZLOO�QHHG�EHWWHU�WRROV�WR�EH�DEOH�WR�
DFFRPPRGDWH�VXFK�FRQFHSWV�DV�)UHH�
)OLJKW��

��� $UH�FRQWUROOHUV�DFWLYHO\�
LQYROYHG�LQ�WKH�GHVLJQ�RI�QHZ�
V\VWHPV�RU�HQKDQFHPHQWV�WR�
FXUUHQW�V\VWHPV��VSHFLILFDOO\�LQ�
WKH�ZD\�WKDW�WKH\�LQWHUDFW�ZLWK�
WKHP"�

8VXDOO\�ZH�KDYH�DQ�HQJLQHHULQJ�OHG�
VROXWLRQ�WR�D�SUREOHP��&RQWUROOHUV�DUH�
FRQVXOWHG�DQG�XVHG�DV�JXLQHD�SLJV�WR�WHVW�
IXQFWLRQDOLW\�PDQ�PDFKLQH�LQWHUIDFH��
HWF��

��� +RZ�FORVHO\�LV�1DWLRQDO�$LU�
7UDIILF�6HUYLFHV��1$76��
DOLJQHG�ZLWK�WKH�)$$V�)UHH�
)OLJKW�SURJUDP"�:LOO�1$76�
GHYHORS�V\VWHPV�WR�VXSSRUW�
IUHH�IOLJKW�LQ�WKH�IXWXUH"�

3DVV��3UREDEO\�QRW�DV�ZH�WHQG�WR�IROORZ�
(XUR&RQWURO�SROLF\��
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7DEOH������4XHVWLRQQDLUH�DQG�5HVSRQVHV�IURP�)LUVW�3UHVWZLFN�9LVLW��

�

1R�� 4XHVWLRQ� 5HVSRQVH�

��� :KDW�GR�\RX�VHH�DV�SRVVLEOH�LVVXHV�
RU�SDUWLFXODU�FKDOOHQJHV�ZLWK�WKH�
LQWURGXFWLRQ�RI�IUHH�IOLJKW"��

:H�GR�QRW�KDYH�WKH�$7&�WRROV�RU�
DLUVSDFH�WR�DFFRPPRGDWH�)UHH�
)OLJKW��$�GLIILFXOW�GHFLVLRQ�ZLOO�
KDYH�WR�EH�PDGH�DV�WR�ZKR�LV�
UHVSRQVLEOH�IRU�WKH�VHSDUDWLRQ�RI�
DLUFUDIW�FRQGXFWLQJ�)UHH�)OLJKW���

��� $UH�WKH�FRPSXWHU�V\VWHPV�XVHG�E\�
FRQWUROOHUV�FRQWLQXRXVO\�HQKDQFHG�
GXULQJ�WKHLU�OLIHF\FOH�RU�DUH�WKH\�
SXUHO\�PDLQWDLQHG�RQFH�WKH\�HQWHU�
VHUYLFH"�

7KH\�DUH�HQKDQFHG�ZKHUH�
SRVVLEOH�SUDFWLFDEOH��

��� ,V�WKH�FRQWUROOHU·V�LQWHUDFWLRQ�ZLWK�
FRPSXWHU�V\VWHPV�HVVHQWLDOO\�
YLVXDO��XVLQJ�GLVSOD\�WHUPLQDOV"��

$W�62$&&�\HV��7KH�QHZ�V\VWHPV�
DW�6ZDQZLFN�DUH�PRUH�LQWHUDFWLYH��

��� :KDW�UROH�GRHV�WKH�FRQWUROOHU·V�
VHQVH�RI�KHDULQJ�WDNH"�,V�LW�XVHG�
IRU�FRPPXQLFDWLRQ�ZLWK�RWKHU�
FRQWUROOHUV�RQ�VLWH�DQG�IRU�
FRPPXQLFDWLRQ�XVLQJ�UDGLR�
WUDQVPLVVLRQV�RU�DUH�DXGLWRU\�
DODUPV�RI�VRPH�NLQG�XVHG�DV�
RSSRVHG�WR�SXUHO\�YLVXDO�DODUPV"��

9HU\�OLWWOH�LV�XVHG�RI�DXGLWRU\�
ZDUQLQJ�V\VWHPV��:H�UHO\�RQ�YLVXDO�
DODUPV�RQ�WKH�GLVSOD\V��

��� 7R�\RXU�NQRZOHGJH��KDV�KDSWLF�
LQWHUDFWLRQ��UHODWHG�WR�WRXFK��HYHU�
EHHQ�XVHG�LQ�FRPSXWHU�V\VWHPV�RQ�
WKLV�VLWH"�)RU�H[DPSOH��D�IRUFH�
IHHGEDFN�PRXVH�SURYLGLQJ�
YLEUDWLRQV�WR�LQGLFDWH�VRPH�
FRQGLWLRQ"�'R�\RX�WKLQN�KDSWLF�
LQWHUDFWLRQ�FRXOG�EH�XVHIXO�LQ�
LPSURYLQJ�WKH�XVHU�LQWHUIDFH�RI�
RQH�RU�PRUH�$70�FRPSXWHU�
V\VWHPV"�

1RW�XVHG��+DSWLF�LQWHUDFWLRQ�FRXOG�
EH�XVHIXO�IRU�IXWXUH�V\VWHPV��
3UHYHQWLQJ�LOOHJDO�LQSXWV��SURYLGLQJ�
ZDUQLQJV��

�

���� :KDW�W\SHV�RI�VWDWLVWLFDO�GDWD�LV�
UHFRUGHG�DW�WKLV�IDFLOLW\��DQG�ZKDW�
LV�LW�XVHG�IRU"�:KDW�DVSHFWV�RI�
VWDWLVWLFDO�GDWD�DUH�\RX�SDUWLFXODUO\�
LQWHUHVWHG�LQ"������

:H�UHFRUG�VWDWLVWLFV�IRU�
LQYHVWLJDWLRQ�RI�GHPDQG��VXSSO\�
DQG�LQFLGHQW�VDIHW\�LQYHVWLJDWLRQ��
'DWD�LV�PDLQO\��+RZ�PDQ\�DLUFUDIW"�
+RZ�ORQJ�GLG�ZH�FRQWURO�WKHP"�



�

���

����� )LUVW�9LVLW�'LVFXVVLRQ�
�

7KLV�VHFWLRQ�SURYLGHV�D�FULWLTXH�RI�WKH�GHVLJQ�RI�WKH�ILUVW�$7&�YLVLW��DQG�D�GLVFXVVLRQ�RI�WKH�

H[WHQW�WR�ZKLFK�REVHUYDWLRQV�PDGH�GXULQJ�WKLV�YLVLW�VXSSRUW�SUHYLRXV�UHVHDUFK��

�

������� 9LVLW�'HVLJQ�&ULWLTXH�
�

,W�LV�LPSRUWDQW�WR�DSSUHFLDWH�WKH�OLPLWDWLRQV�RI�WKLV�LQLWLDO�VWXG\��$OWKRXJK�DQ�LQWHUYLHZ�DQG�

TXHVWLRQQDLUH� ZDV� FRQGXFWHG�� LW� ZDV� DQ� XQVWUXFWXUHG�� SXUHO\� TXDOLWDWLYH� RQH� EDVHG� RQ� D�

VLQJOH� SDUWLFLSDQW·V� UHVSRQVHV�� ,W� LV� QRW� LQWHQGHG� WR� IRUP� WKH� EDVLV� RI� D� YDOLG� XVHU�

UHTXLUHPHQWV�VWXG\��EXW�UDWKHU�SURYLGH�D�ILUVW�WDVWH�RI�D�W\SLFDO�$7&�HQYLURQPHQW���

�

,Q�RUGHU�WR�SHUIRUP�D�YDOLG�FRQWH[WXDO�HYDOXDWLRQ��D�UREXVW�HYDOXDWLRQ�GHVLJQ�ZRXOG�KDYH�WR�

EH�FRQVWUXFWHG�XVLQJ�HWKQRJUDSKLF�SULQFLSOHV�DQG�WHFKQLTXHV��DQG�D�IDU�JUHDWHU�QXPEHU�RI�

FRQWUROOHUV�ZRXOG�KDYH�WR�EH�LQYROYHG��,Q�DGGLWLRQ��WKH�VWXG\�ZRXOG�KDYH�WR�EH�SHUIRUPHG�

DW�PRUH� WKDQ�RQH�$57&&�IDFLOLW\��DV�HDFK�IDFLOLW\�ZLOO�EH�VRPHZKDW�GLIIHUHQW� LQ� WHUPV�RI�

HQYLURQPHQW�� WHFKQRORJ\�� DQG� WUDIILF� UHTXLUHPHQWV�� ,Q� DGGLWLRQ�� WKH� VWXG\�ZRXOG� KDYH� WR�

XVH� DW� OHDVW� VRPH� OHYHO� RI� LQGLUHFW� SDUWLFLSDQW� REVHUYDWLRQ� WR� RYHUFRPH� WKH� +DZWKRUQH�

HIIHFW�ZKLFK�LV�DQ�XQGHVLUDEOH�RXWFRPH�RI�GLUHFW�REVHUYDWLRQ�WHFKQLTXHV�>��@��

�

'HVSLWH�LWV�OLPLWDWLRQV��WKLV�YLVLW�ZDV�H[WUHPHO\�ZRUWKZKLOH�LQ�JDLQLQJ�YDOXDEOH�LQLWLDO�LQVLJKW�

LQWR�D�W\SLFDO�HQ�URXWH�$7&�HQYLURQPHQW�DQG�DQ�LQWURGXFWLRQ�WR�WKH�W\SHV�RI�LQIRUPDWLRQ�

V\VWHPV� XVHG� E\� FRQWUROOHUV�� 7KH� KRVW� RI� WKH� YLVLW� ZDV� YHU\� KHOSIXO� DQG� VXSSRUWLYH� RI�

IXUWKHU�PRUH�IRFXVHG�YLVLWV���

�



�

���

������� 9LVLW�2EVHUYDWLRQV�LQ�5HODWLRQ�WR�3UHYLRXV�5HVHDUFK�
�

7KLV� VHFWLRQ�GLVFXVVHV� WKH�FRUUHODWLRQ�EHWZHHQ� WKH� ILQGLQJV�RI� WKLV� ILUVW�YLVLW� WR�3UHVWZLFN�

DQG�WKH�OLWHUDWXUH�UHYLHZ�SHUIRUPHG�LQ�&KDSWHU����

�

,Q�6HFWLRQ��������WKH�YLVLW�KRVW�VWDWHG�WKDW�FRQWUROOHUV�DW�3UHVWZLFN�ZHUH�FRQVLGHUHG�WR�KDYH�

´FRPIRUWDEOHµ� ZRUNORDG� ZKHQ� WKH\� KDQGOHG� D� PD[LPXP� RI� ILYH� WR� VL[� SODQHV�

VLPXOWDQHRXVO\��7KLV�VHHPV�RQ� WKH� VXUIDFH� WR�EH�D�VLPSOLVWLF� UHIHUHQFH� WR�ZRUNORDG�ZKHQ�

FRQVLGHUHG� DJDLQVW� WKH� PXOWLWXGH� RI� PHDVXUHPHQW� WHFKQLTXHV� DQG� ZRUNORDG� GLPHQVLRQV�

UHYLHZHG� SUHYLRXVO\� �VHH� 6HFWLRQ� ��������� +RZHYHU�� WKH� VWDWHG� ´FRPIRUWDEOHµ� ZRUNORDG�

PHDVXUH�LV�OLNHO\�WR�EH�EDVHG�RQ�D�ODUJH�DPRXQW�RI�SDVW�H[SHULHQFH�DQG�UHVHDUFK�LQ�UHODWLRQ�

WR� WKH� VSHFLILF� W\SHV� RI� VHFWRUV� DQG� WUDIILF� FKDUDFWHULVWLFV� DW� WKH� 3UHVWZLFN� IDFLOLW\�� ,Q�

DGGLWLRQ��WKHUH�DSSHDUV�WR�EH�D�KLJK�GHJUHH�RI�DSSUHKHQVLRQ�DERXW�WKH�LQWURGXFWLRQ�RI�WKH�

)UHH� )OLJKW�PRGHO� �VHH� 6HFWLRQ� ������ 7KLV� DSSUHKHQVLRQ� LV� SHUKDSV� UHODWHG� WR� FRQWUROOHUV�

KDYLQJ�WR�UHOLQTXLVK�DQ�DV�\HW�XQGHWHUPLQHG�GHJUHH�RI�FRQWURO��)OLJKW�GDWD�SURFHVVLQJ��GDWD�

OLQN�� LV� DOVR� VHHQ�DV� D�NH\� IDFWRU��7KH�SUHYLRXVO\� UHYLHZHG� UHVHDUFK�GLVFXVVHV� WKH�QHHG� WR�

HQVXUH� WKDW� WKH� UHTXLUHG� LQIRUPDWLRQ� FXUUHQWO\� FRPPXQLFDWHG� XVLQJ� RWKHU� PHDQV� �IRU�

H[DPSOH�5�7�� LV� SURYLGHG� LQ� WKH� WUDQVLWLRQ� WR� GDWD�OLQN�� )RU� H[DPSOH�� FHUWDLQ� DVSHFWV� RI�

SDUW\�OLQH�FRPPXQLFDWLRQV�QHHG�WR�EH�PDLQWDLQHG�IRU�IOLJKW�FUHZV��VHH�����������,Q�DGGLWLRQ��

WKH�GHOD\�WLPH�EHIRUH�D�FRQWUROOHU�DFWV�RQ�D�GDWD�OLQN�FRPPXQLFDWHG�LQWHUUXSWLRQ�WDVN�QHHGV�

WR�EH�LQYHVWLJDWHG��6LQFH�WKH�PRGDOLW\�RI�GDWD�OLQN�LV�HVVHQWLDOO\�YLVXDO�� LW�VHHPV�UHDVRQDEOH�

WR� VXVSHFW� WKDW� GDWD�OLQN� ZLOO� LQFUHDVH� YLVXDO� ORDG� ZKLOH� UHGXFLQJ� DXGLWRU\� ORDG�� D�

UHGLVWULEXWLRQ�RI�ZRUNORDG�DFURVV�WKH�FRQWUROOHU�SLORW�LQWHUIDFH��VHH�6HFWLRQ�����������

�

,Q� 6HFWLRQ� ������� LW� LV� VWDWHG� WKDW� VRPH� VHFWRUV� DW� 3UHVWZLFN� UHTXLUH� FRQWUROOHUV� WR� KDQGOH�

PL[HG� MHW�DQG� WXUERSURS�DLUFUDIW��ZLWK�GLIIHULQJ�SHUIRUPDQFH�FKDUDFWHULVWLFV��$V�GLVFXVVHG�

LQ� 6HFWLRQ� ��������� WKLV� LV� D� IDFWRU� WKDW� FRQWULEXWHV� WR� FRQWUROOHU� ZRUNORDG�� 'LIIHULQJ�

SHUIRUPDQFH�FKDUDFWHULVWLFV�QHHG� WR�EH�FRQVLGHUHG�GXULQJ� WKH�PDQDJHPHQW�RI� WUDIILF�� � ,Q�

DGGLWLRQ�WR�PDQ\�RWKHU�HQ�URXWH�IDFLOLWLHV��3UHVWZLFN�KDV�D�PL[WXUH�RI�OLJKW�DQG�KHDY\�WUDIILF�

VHFWRUV� DQG� WKLV� ZRXOG� LQGLFDWH� D� FRPELQDWLRQ� RI� ORZ� DQG� KLJK� ZRUNORDG� VLWXDWLRQV� IRU�

FRQWUROOHUV��3DUWLFXODU�YLJLODQFH�QHHGV�WR�EH�HPSOR\HG�LQ�ORZ�ZRUNORDG�VHFWRUV�GXULQJ�QLJKW�

VKLIWV��VHH�6HFWLRQ������������

�



�

���

,I�WKH�)UHH�)OLJKW�PRGHO�LV�LQWURGXFHG�DFURVV�WUDQVDWODQWLF�URXWHV��VHH�6HFWLRQ�������LW�ZLOO�EH�

LQWHUHVWLQJ� WR� VHH� KRZ� WKH� UROH� RI� WKH�2$&&� DW� 3UHVWZLFN� LV� DIIHFWHG�� 7KH� SUH�SODQQHG�

IOLJKW�URXWHV�PD\�QR�ORQJHU�EH�UHTXLUHG��SRWHQWLDOO\�UHTXLULQJ�GUDPDWLF�FKDQJHV�LQ�WKH�UROH�

RI�FRQWUROOHUV�LQ�WKLV�FHQWUH���

�

7KH�6$&&�DW�3UHVWZLFN�XVHV�D� WDLORUHG�FRQWUROOHU�ZRUNVWDWLRQ�VXLWH�GHVLJQ��7KLV�VXSSRUWV�

WKH� ILQGLQJ�GLVFXVVHG� LQ�6HFWLRQ������� WKDW�ZRUNVSDFH�GHVLJQ� LV�KLJKO\�YDULDEOH� LQ� IDFLOLWLHV�

ZKHUH�WKHUH�LV�QR�GLUHFW�REVHUYDWLRQ�RI�WUDIILF���

�

,Q� UHVSRQVH� WR� 4XHVWLRQ� �� �VHH� 6HFWLRQ� �������� WKH� SDUWLFLSDQW� VWDWHG� WKDW� ´D� GLIILFXOW�

GHFLVLRQ� ZLOO� KDYH� WR� EH� PDGH� DV� WR� ZKR� LV� UHVSRQVLEOH� IRU� WKH� VHSDUDWLRQ� RI� DLUFUDIW�

FRQGXFWLQJ�)UHH�)OLJKW�µ�7KLV�VXSSRUWV�WKH�FRPPHQWV�PDGH�LQ�6HFWLRQ�����LQ�WHUPV�RI�WKH�

FKDQJLQJ� UROH� RI� WKH� FRQWUROOHU� DQG� WKH� LQFUHDVHG� SRWHQWLDO� IRU� ORZ� ZRUNORDG� VLWXDWLRQV��

FRPSRXQGHG�E\�VKLIWZRUNLQJ�HIIHFWV� �IRU�H[DPSOH��IDWLJXH���,Q�UHVSRQVH�WR�4XHVWLRQ���� LW�

ZDV�VWDWHG�WKDW�WKH�QHZ�FRQWUROOHU�ZRUNVWDWLRQV�DW�6ZDQZLFN�XVH�D�PRUH�LQWHUDFWLYH�YLVXDO�

GLVSOD\�ZKHQ� FRPSDUHG�ZLWK� WKH� YLVXDO� GLVSOD\V� XVHG� DW� 3UHVWZLFN��7KLV�PD\� VXJJHVW� WKH�

SRWHQWLDO� IRU� LQFUHDVHG� YLVXDO� ORDG�� GXH� WR� WKH� ODUJHU� DPRXQW� RI� LQIRUPDWLRQ� GLVSOD\HG�

YLVXDOO\�RQ� WKH�V\VWHPV�DW�6ZDQZLFN��4XHVWLRQ����ZKLFK�DVNHG�JHQHUDOO\�DERXW� WKH�XVH�RI�

KDSWLF� LQWHUDFWLRQ�� UHFHLYHG� D� IDYRXUDEOH� UHVSRQVH�� ,W� LV� LQWHUHVWLQJ� WR� QRWH� WKDW� WKH� WZR�

H[DPSOHV�SURYLGHG�E\�WKH�SDUWLFLSDQW�DUH�LQWHUUXSWLRQ�FRQGLWLRQV��+DSWLFV�KDV�SURYHG�WR�EH�

XVHIXO� IRU� LQWHUUXSWLRQ� WDVNV� LQ� DQ� H[SHULPHQWDO� VWXG\� UHIHUUHG� WR� SUHYLRXVO\� �VHH� 6HFWLRQ�

��������������

����

�



�

���

��� 6HFRQG�9LVLW�WR�6FRWWLVK�DQG�2FHDQLF�&RQWURO�&HQWUH�
�62$&&��

�

2Q�:HGQHVGD\� ��WK� 'HFHPEHU� ������ D� IROORZ�XS� YLVLW� WR� WKH� 62$&&� DW� 3UHVWZLFN� ZDV�

FRQGXFWHG��7KH�2SHUDWLRQV�6XSSRUW�GHSDUWPHQW�DJDLQ�KRVWHG�WKH�YLVLW��

�

7KH�UDWLRQDOH�IRU�WKLV�VHFRQG�YLVLW�ZDV�DV�IROORZV���

• 7R�JDLQ�DQ�RYHUYLHZ�RI�8.�DLUVSDFH�DQG�WKH�GLIIHUHQW�$7&�IDFLOLWLHV�WKDW�DUH�SDUW�RI�

WKH�$7&�QHWZRUN��

• 7R�REVHUYH�FRQWUROOHUV�RQ�DFWLYH�GXW\�DQG�IRFXV�RQ�WKH�IROORZLQJ�DWWULEXWHV�RI�WKHLU�

ZRUN��

• 2YHUYLHZ�RI�FRQWUROOHU�ZRUNVWDWLRQ�OD\RXW��

• +RZ�WKH�WUDFNEDOO�LV�XVHG�ZLWK�WKH�UDGDU�GLVSOD\��

• 6SHHG�RI�DLUFUDIW�WUDFH�PRYHPHQW�RQ�WKH�UDGDU�GLVSOD\��

• +RZ�WKH�DXGLR�PRGDOLW\�LV�XVHG��

• 0RRG�DQG�VWUHVV�OHYHO�RI�FRQWUROOHUV�LQ�WKH�FRQWURO�URRP�DQG�RQ�DFWLYH�GXW\��

• 7R�REVHUYH�WUDLQHH�RU�IXOO\�WUDLQHG�FRQWUROOHUV�LQ�D�WUDLQLQJ�HQYLURQPHQW�ZLWK�D�YLHZ�WR�

OHDUQLQJ�WKH�IROORZLQJ���

• $VN�DERXW�WKH�WDVNV�WKH\�SHUIRUP�GXULQJ�WKHLU�ZRUN��7KLV�LQWHUDFWLYLW\�PD\�QRW�

EH�SRVVLEOH�ZKLOH�REVHUYLQJ�FRQWUROOHUV�LQ�DQ�RSHUDWLRQDO�HQYLURQPHQW��

• 8QGHUVWDQG�KRZ�WKH\�DUH�WUDLQHG��7KDW�LV��LQ�WHUPV�RI�SURFHGXUHV�DQG�WKH�$7&�

VLPXODWLRQV�XVHG��

• ,I�FLUFXPVWDQFHV�SHUPLW��DVN�ZK\�WDVNV�DUH�GRQH�LQ�D�VSHFLILF�ZD\��

• 7R� FRQGXFW� WZR�RU�PRUH� VHPL�VWUXFWXUHG� LQWHUYLHZV�ZLWK� FRQWUROOHUV� �DW� OHDVW� RQH� RI�

ZKLFK�ZDV�SUHYLRXVO\�REVHUYHG���

• 7R� LGHQWLI\� DQ\� KXPDQ� IDFWRUV� SUREOHPV� RU� HQKDQFHPHQWV� UHODWHG� WR� FRQWUROOHUV·�

LQWHUDFWLRQ� ZLWK� WKH� FRQWUROOHU� ZRUNVWDWLRQ�� VSHFLILFDOO\� WKRVH� SUREOHPV� DQG�

HQKDQFHPHQWV�DVVRFLDWHG�ZLWK�UDGDU�GLVSOD\�DQG�LQSXW�GHYLFH�XVH�LQ�WKH�6$&&�IDFLOLW\��

• ,I� DQ\� KXPDQ� IDFWRUV� LVVXHV� RU� HQKDQFHPHQWV� DUH� LGHQWLILHG�� GRFXPHQW� D� VHW� RI�

UHTXLUHPHQWV�WKDW�FDSWXUHV�WKHVH�LVVXHV�RU�HQKDQFHPHQWV��$�KDSWLF�HQKDQFHPHQW�RI�WKH�

UDGDU�GLVSOD\�DQG�DVVRFLDWHG�FXUVRU�FRQWURO�GHYLFH�ZLOO�EH�GHYHORSHG�WR�WHVW�ZKHWKHU�RU�

QRW�KDSWLF�LQWHUDFWLRQ�WHFKQLTXHV�FRXOG�SURYH�D�XVHIXO�VROXWLRQ�IRU�WKRVH�UHTXLUHPHQWV�

LGHQWLILHG��



�

���

• ,Q�DGGLWLRQ�� DOWKRXJK�QRW�SDUW�RI� WKH�RULJLQDO� UDWLRQDOH�� DQ�RSSRUWXQLW\� DURVH� WR�PHHW�

ZLWK�WKH�V\VWHPV�HQJLQHHULQJ�GHSDUWPHQW�DQG�UHFHLYH�D�GHPRQVWUDWLRQ�RI�XVLQJ�D�QRQ�

DFWLYH�FRQWUROOHU�ZRUNVWDWLRQ��

�

�

����� 2YHUYLHZ�RI�8.�$LUVSDFH�DQG�$7&�)DFLOLWLHV�
�

8QLWHG�.LQJGRP�DLUVSDFH�LV�GLYLGHG�LQWR�WZR�IOLJKW�LQIRUPDWLRQ�UHJLRQV��),5���/RQGRQ�DQG�

6FRWWLVK��:LWKLQ� WKHVH� UHJLRQV� WKHUH� LV� FRQWUROOHG� DQG� XQFRQWUROOHG� DLUVSDFH�� 7KH�8QLWHG�

.LQJGRP�LV�DOVR�UHVSRQVLEOH��E\�LQWHUQDWLRQDO�DJUHHPHQW��IRU�WKH�DLUVSDFH�RYHU�WKH�(DVWHUQ�

SDUW�RI�WKH�1RUWK�$WODQWLF�>��@��7KH�6FRWWLVK�),5�FRQWDLQV�XSSHU��DERYH�)OLJKW�/HYHO������

DQG�ORZHU�OHYHO��EHORZ�)OLJKW�/HYHO������VHFWRUV�VRPH�RI�ZKLFK�VKDUH�WKH�VDPH�QDPH���

• 7KH�XSSHU�OHYHO�VHFWRUV�DUH�+HEULGHV��0RUD\��&HQWUDO��)RUWK�+LJK��6RXWK�:HVW��DQG�

'HDQ�&URVV��

• 7KH�ORZHU�OHYHO�VHFWRUV�DUH�+HEULGHV��0RUD\��)RUWK�/RZ��:HVW�&RDVW��$QWULP��

7HUPLQDO�&RQWURO�$UHD��70$��2XW��DQG�70$�,Q��

�

����� 2EVHUYDWLRQ�RI�D�&RQWUROOHU�RQ�$FWLYH�'XW\��
�

$IWHU�DQ�HVFRUW� IURP�WKH�YLVLW�KRVW� WR� WKH�RSHUDWLRQV� URRP�� WKH�VKLIW�PDQDJHU�SURYLGHG�D�

KHDGVHW�WR�XVH��DQG�WKHQ�LQWURGXFHG�DQ�DFWLYH�FRQWUROOHU�RQ�GXW\��ZKR�ZDV�FRQWUROOLQJ�WKH�

XSSHU� OHYHO�+HEULGHV� VHFWRU��7KH� QRWHV� WDNHQ�ZKLOH� REVHUYLQJ� WKH� FRQWUROOHU� DW�ZRUN� DUH�

SURYLGHG�LQ�WKH�QH[W�VHFWLRQV��ZLWK�HPSKDVLV�RQ�WKH�VSHFLILF�DLPV�RI�WKH�REVHUYDWLRQ����



�

���

������� 2YHUYLHZ�RI�&RQWUROOHU�:RUNVWDWLRQ�/D\RXW�
�

)LJXUH������6$&&�&RQWURO�6XLWH�ZLWK�3ODQQLQJ�DQG�5DGDU�&RQWUROOHU�3RVLWLRQV��

�

)LJXUH� ���� VKRZV� RQH� RI� WKH� WZHOYH� FLYLO� FRQWURO� VXLWHV� DW� 3UHVWZLFN·V� 6$&&� IDFLOLW\��

7\SLFDOO\��D�3ODQQLQJ�&RQWUROOHU�DQG�([HFXWLYH�5DGDU�&RQWUROOHU�RFFXS\�WKH�WZR�SRVLWLRQV�

DW� HDFK� VXLWH��+RZHYHU�� LQ� VRPH�FDVHV� �IRU� H[DPSOH��ZKHQ� WKH� WUDIILF� DW� D�JLYHQ� VHFWRU� LV�

UHODWLYHO\� TXLHW�� D� VLQJOH� FRQWUROOHU� ZLOO� FRPELQH� WKH� UROH� RI� ERWK� SODQQLQJ� DQG� UDGDU�

FRQWUROOHU�����

�

2Q�WKH�UDGDU�GLVSOD\��WKH�FRORXUV�XVHG�DUH�JUHHQ�DQG�ZKLWH��ZLWK�D�EODFN�EDFNJURXQG��7KH�

FXUVRU�RQ�WKH�UDGDU�GLVSOD\�LV�ZKLWH�LQ�FRORXU��$OO�RWKHU�HOHPHQWV�RQ�WKH�GLVSOD\�DUH�YDULRXV�

LQWHQVLWLHV�RI�JUHHQ�WR�HPXODWH�WUDGLWLRQDO�UDGDU�GLVSOD\V��7KH�GLVSOD\V�FXUUHQWO\� LQ�XVH�DUH�

FDSDEOH�RI�VXSSRUWLQJ�FRORXU�SUHVHQWDWLRQ��EXW� WKH�GHFLVLRQ�ZDV� WDNHQ� WR� WU\� WR�PDNH� WKH�

UDGDU�GLVSOD\�DV�FORVH�WR�WKH�RULJLQDO�GLVSOD\V�DV�SRVVLEOH�VR�RQO\�JUHHQ�DQG�ZKLWH�KDV�EHHQ�

XVHG��)LJXUH�����VKRZV�WKH�YLVXDO�DQG�WH[WXDO�HOHPHQWV�RQ�WKH�UDGDU�GLVSOD\�DW�WKH�6$&&���

�



�

���

�

)LJXUH������5DGDU�'LVSOD\�(OHPHQWV�DW�WKH�6$&&��UHSULQWHG�ZLWKRXW�SHUPLVVLRQ�

IURP�1$76�>��@���

�

$�IOLJKW�VWULS�ERDUG�LV�SRVLWLRQHG�EHWZHHQ�WKH�WZR�FRQWUROOHU�ZRUNVWDWLRQV�WKDW�PDNH�XS�D�

VXLWH�� 7KH� IOLJKW� VWULSV� LQFRUSRUDWH� ERUGHUV� WKDW� LQGLFDWH� WKH� GLUHFWLRQ� RI� WUDYHO�� HLWKHU�

RUDQJH�IRU�(DVWERXQG�IOLJKWV��RU�EOXH�IRU�:HVWERXQG�IOLJKWV��

�

7KH�KHDGVHWV�XVHG�E\�FRQWUROOHUV�IRU�DXGLR�LQWHUDFWLRQ�DUH�FRQQHFWHG�WR�D�FRQQHFWRU�RQ�WKH�

IURQW�RI�WKH�FRQWURO�VXLWH��

�

����� +RZ�WKH�7UDFNEDOO�LV�XVHG�ZLWK�WKH�5DGDU�'LVSOD\�
�

3ULRU� WR� WKLV� VHFRQG� YLVLW� WR� WKH� 6$&&�� D� QXPEHU� RI� TXHVWLRQV� ZHUH� VXEPLWWHG� WR� DQ�

2SHUDWLRQV�6XSSRUW�SHUVRQ�ZLWK�UHJDUGV�WR�WUDFNEDOO�XVH��7KH�LQWHQW�ZDV�WR�XQGHUVWDQG�WKH�

WDVNV� WKDW� WKH� WUDFNEDOO� LV�XVHG� IRU�SULRU� WR� WKH�YLVLW� VR� WKDW�PRUH�FRXOG�EH� JDLQHG�ZKLOVW�

DFWXDOO\�REVHUYLQJ�FRQWUROOHUV�XVLQJ�WKH�WUDFNEDOO�GXULQJ�DFWLYH�FRQWUROOHU�GXW\���

�

7KHVH�TXHVWLRQV�DQG�DQVZHUV�DUH�VXPPDULVHG�LQ�7DEOH�������



�

���

�

4XHVWLRQ� 5HVSRQVH�

:KDW�NLQGV�RI�WDVNV�DUH�
WUDFNEDOOV�XVHG�IRU"�

• 5RWDWLQJ�WKH�ODEHO�WR�UHVROYH�ODEHO�RYHUODS���
/DEHO�RYHUODS�RFFXUV�RQ�WKH�UDGDU�GLVSOD\�ZKHQ�
PXOWLSOH�DLUFUDIW�WDUJHWV�DUH�LQ�FORVH�SUR[LPLW\�
JHRJUDSKLFDOO\���

• 7DEXODWLQJ�WKH�ODEHO�IRU�WKH�VDPH�UHDVRQ�XVXDOO\�
ZKHQ�KROGLQJ���
7DEXODWLQJ�WKH�ODEHO�FKDQJHV�WKH�IRUPDW�RI�WKH�
WH[WXDO�LQIRUPDWLRQ�VR�WKDW�VWDQGV�RXW�PRUH�RQ�
WKH�UDGDU�GLVSOD\�LQ�FRPSDULVRQ�WR�RWKHU�WDUJHWV��

• 4XLFN�ORRN�DW�WUDIILF�ZKLFK�LV�ILOWHUHG�RXW���
,Q�PDQ\�LQVWDQFHV�PRUH�WKDQ�RQH�VHFWRU�FDQ�
RFFXS\�WKH�VDPH�JHRJUDSKLFDO�VSDFH��EXW�WKH\�DUH�
GLVWLQJXLVKHG�E\�IOLJKW�OHYHO�UDQJHV���DQG�QDPHG�
DV�HLWKHU�ORZ�RU�KLJK���$�FRQWUROOHU�PDQDJLQJ�WKH�
KLJK�OHYHO�VHFWRU�ZRXOG�W\SLFDOO\�ILOWHU�RXW�WUDIILF�
EHORZ�WKH�PLQLPXP�IOLJKW�OHYHO�GHILQHG�IRU�WKH�
VHFWRU�EHLQJ�FRQWUROOHG��EHFDXVH�WKH�FRQWUROOHU�LV�
QRW�UHVSRQVLEOH�IRU�WKDW�WUDIILF�DQG�LW�MXVW�DGGV�
FOXWWHU�WR�WKH�FRQWUROOHUV�GLVSOD\���

• &DOFXODWLQJ�UDQJH�DQG�EHDULQJ��
�

+RZ�IUHTXHQWO\�LV�WKH�WUDFNEDOO�
XVHG�E\�FRQWUROOHUV�RQ�DFWLYH�
GXW\"�

&RQWUROOHUV�PLJKW�XVH�WKH�WUDFNEDOO�WZHQW\�WR�WKLUW\�WLPHV�
DQ�KRXU�GXULQJ�EXV\�SHULRGV��

+RZ�IUHTXHQWO\�GR�XVHUV�XVH�
WKH�WUDFNEDOO�WR�PRYH�WKH�FXUVRU�
WR�GLIIHUHQW�DLUFUDIW�WDUJHWV�RQ�
WKH�UDGDU�GLVSOD\��DQG�LV�WKLV�DQ�
LPSRUWDQW�WDVN�IRU�WKHP"�

7KH�FXUVRU�LV�XVHG�LQ�DOO�LQVWDQFHV�HLWKHU�WR�D�PDS�
SRVLWLRQ�RU�DQ�DLUFUDIW��RU�ERWK�LQ�WKH�FDVH�RI�UDQJH�DQG�
EHDULQJ��7KLV�LV�YHU\�LPSRUWDQW�IXQFWLRQDOLW\��

:KHQ�D�VSHFLILF�DLUFUDIW�LV�
VHOHFWHG�RQ�WKH�UDGDU�GLVSOD\�
XVLQJ�WKH�WUDFNEDOO��LV�IXUWKHU�
LQIRUPDWLRQ�DYDLODEOH�RQ�WKDW�
DLUFUDIW�ZKLFK�LV�QRW�LQFOXGHG�LQ�
WKH�DLUFUDIW·V�DVVRFLDWHG�GDWD�
ODEHO"��

1RW�RQ�WKH�V\VWHP�DW�6$&&�

'RHV�WKH�WUDFNEDOO�ZRUN�ZLWK�
RQO\�WKH�UDGDU�GLVSOD\�RU�GRHV�LW�
FRQWURO�FXUVRU�PRYHPHQW�RQ�
WKH�RWKHU�GLVSOD\V�DV�ZHOO��IRU�
H[DPSOH��WKRVH�WKDW�SURYLGH�
ZHDWKHU�UHSRUWV�"�

7KH�WUDFNEDOO�RQO\�ZRUNV�RQ�WKH�UDGDU�GLVSOD\��



�

���

�

7DEOH������4XHVWLRQV�DQG�5HVSRQVHV�UHODWLQJ�WR�7UDFNEDOO�8VH�LQ�WKH�6$&&��

�

7KH�WUDFNEDOO�LV�XVHG�LQ�FRQMXQFWLRQ�ZLWK�DQ�DGMDFHQW�NH\SDG��VHH�)LJXUH������WKDW�FKDQJHV�

LQGLYLGXDO�DLUFUDIW�GLVSOD\�IXQFWLRQV��
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�

��)LJXUH������.H\SDG�DVVRFLDWHG�ZLWK�WKH�7UDFNEDOO��

�

7KH�IXQFWLRQ�RI�HDFK�NH\�FDQ�EH�VXPPDULVHG�DV�IROORZV��

• 723�/,1(���0RYHV�DX[LOLDU\�LQIRUPDWLRQ�WR�WKH�WRS�DUHD�RI�WKH�GLVSOD\��

• %27�/,1(���0RYHV�DX[LOLDU\�LQIRUPDWLRQ�WR�WKH�ERWWRP�DUHD�RI�WKH�GLVSOD\��

• 5$1*(�%5*���(QDEOHV�WKH�UDQJH�EHDULQJ�SUHGLFW�PRGH��$�OLQH�LV�SURMHFWHG�IURP�

WKH� DLUFUDIW� WDUJHW� WR� WKH� FXUVRU� SRVLWLRQ� ZLWK� FRQWLQXDOO\� FKDQJLQJ� WH[WXDO�

LQIRUPDWLRQ�DERXW�WKH�UDQJH�DQG�EHDULQJ�EHWZHHQ�WKH�WZR�SRLQWV��

• 3261�7$%���6KRZV�WKH�SRVLWLRQ�WDEOH��

• (0(5�&$1&/�� &DQFHOV� DQ� HPHUJHQF\� DOHUW�� 7KLV� KDV� D� KLJKHU� SULRULW\� WKDW� WKH�

DGMDFHQW�&21)/�&$1&/�NH\��

• &21)/�&$1&/��&DQFHOV�D�FRQIOLFW�DOHUW��$�FRQIOLFW�DOHUW�LV�LQGLFDWHG�RQ�WKH�UDGDU�

GLVSOD\�E\�IODVKLQJ�WDUJHWV�WKDW�KDYH�D�KLJKHU�EULJKWQHVV�VHWWLQJ�WKDQ�RWKHU�SDUWV�RI�

WKH�GLVSOD\����

5$1*(�

%5*�

723�

/,1(�

3261�

7$%�

%27�

/,1(�

7$%�

/$%(/�

(0(5�

&$1&/�

/$%(/�

',67�

&21)�

&$1&/�

48,&.�

/22.�

527�

/$%(/�

,1'�

,17�

/($'�

/,1(�



�

���

• 7$%�/$%(/��&KDQJHV�WKH�DLUFUDIW�ODEHO�WR�D�WDEOH�IRUPDW��

• /$%(/�',67�� &KDQJHV� WKH� GLVWDQFH� EHWZHHQ� WKH� WDUJHW� DQG� WKH� DVVRFLDWHG� GDWD�

EORFN���

• 527�/$%(/��5RWDWHV�WKH�GDWD�ODEHO��EORFN��RI�WKH�VHOHFWHG�DLUFUDIW��WDUJHW���

• /($'�/,1(���7RJJOHV�WKH�OHDG�OLQH�WKDW�LV�GLVSOD\HG�LQ�IURQW�RI�WKH�WDUJHW�PDNLQJ�LW�

HDVLHU�WR�VHH�WKH�GLUHFWLRQ�RI�WUDYHO��

• 48,&.�/22.��7RJJOHV�WKH�GDWD�EORFN�IRU�D�ILOWHUHG�RXW��E\�DOWLWXGH��WDUJHW�VR�WKDW�

WKH� GHWDLOV� RI� DQ� DLUFUDIW� RXWVLGH� D� FRQWUROOHU·V� FRQWURO� SDUDPHWHUV� FDQ� EH� YLHZHG�

PRPHQWDULO\��

• ,1'�,17��)XQFWLRQ�RI�WKLV�NH\�LV�QRW�NQRZQ��

����� $LUFUDIW�7UDFH�0RYHPHQW�RQ�WKH�5DGDU�'LVSOD\�
�

7KH�VSHHG�RI�WUDFH�PRYHPHQW�DFURVV�WKH�UDGDU�GLVSOD\�LV�REYLRXVO\�PDSSHG�WR�WKH�DLUFUDIW·V�

VSHHG��7KHUHIRUH��WXUERSURS�DLUFUDIW�ZLOO�WHQG�WR�PRYH�PRUH�VORZO\�DFURVV�WKH�GLVSOD\�ZKLOH�

LQ� FUXLVH� ZKHQ� FRPSDUHG� WR� MHW� DLUFUDIW� LQ� WKH� VDPH� VWDJH� RI� IOLJKW�� +RZHYHU�� DV� DQ�

DSSUR[LPDWH�JXLGHOLQH��D�MHW�DLUFUDIW�IO\LQJ�DW�����NQRWV�LQ�DQ�KRXU������NQRWV�D�PLQXWH��ZLOO�

WUDYHO�����FP�RQ�WKH�UDGDU�GLVSOD\�LQ���PLQXWH���

����� +RZ�WKH�$XGLR�0RGDOLW\�LV�XVHG�
�

&RQWUROOHUV�ZHDU�VWHUHR�KHDGSKRQHV�ZKLOH�RQ�DFWLYH�GXW\��7KH�OHIW�DXGLR�FKDQQHO�LV�XVHG�IRU�

FRPPXQLFDWLRQ� EHWZHHQ� SLORWV� DQG� FRQWUROOHUV�� 7KLV� FRPPXQLFDWLRQ� XVHV� YHU\� KLJK�

IUHTXHQF\��9+)��DQG�XOWUD�KLJK�IUHTXHQF\��8+)��UDGLR�WHOHSKRQ\��5�7���7KH�ULJKW�DXGLR�

FKDQQHO�LV�XVHG�IRU�VWDQGDUG�WHOHSKRQH�FRQYHUVDWLRQV�ZLWK�FRQWUROOHUV�DW�WKH�VDPH�IDFLOLW\�RU�

RWKHU�IDFLOLWLHV��DQG�ZLWK�VXSSRUW�VWDII���

�

'XULQJ�REVHUYDWLRQ��LW�ZDV�QRWHG�WKDW�WKH�DXGLR�PRGDOLW\�ZDV�KHDYLO\�XVHG�GXULQJ�WKH�RQH�

KRXU� SHULRG�� 7KLV� XVH� PDLQO\� LQYROYHG� 5�7� FRPPXQLFDWLRQV� ZLWK� SLORWV� RI� WKH� DLUFUDIW�

EHLQJ�FRQWUROOHG��



�

���

����� 0RRG�DQG�6WUHVV�/HYHO�RI�&RQWUROOHUV�RQ�$FWLYH�'XW\�
�

7KHUH�ZDV�QR�REYLRXV�VLJQ�RI�KLJK�VWUHVV�OHYHOV�LQ�WKH�6$&&�URRP��+RZHYHU��LW�ZRXOG�EH�

QHFHVVDU\� WR�GHVLJQ� DQG� FRQGXFW� LQWHUYLHZV� DQG�RU� H[SHULPHQWV� WR� DVFHUWDLQ� VFLHQWLILFDOO\�

WKH� VWUHVV� OHYHO� RI� FRQWUROOHUV�RQ� DFWLYH�GXW\��&HUWDLQO\�� WKH� FRQWUROOHU�REVHUYHG� DSSHDUHG�

FDOP�DQG�FRPSRVHG�WKURXJKRXW�WKH�RQH�KRXU�REVHUYDWLRQ�SHULRG���

�

����� )XUWKHU�2EVHUYDWLRQ�RI�$FWLYH�&RQWUROOHU�
�

7KH�FRQWUROOHU�H[SODLQHG�WKDW� WKH�VHFWRU�KH�ZDV�FRQWUROOLQJ�ZDV�KLJK�OHYHO�DLUVSDFH�ZKHUH�

DLUFUDIW�WHQG�WR�IO\�IURP�1RUWK�:HVW�GRZQ�WR�WKH�6RXWK�(DVW�RI�6FRWODQG�DQG�LQ�WKH�UHYHUVH�

GLUHFWLRQ�RYHU�6FRWODQG�OHDYLQJ�WKH�VHFWRU���$LUFUDIW�IO\LQJ�WKURXJK�WKLV�VHFWRU�GR�QRW�ODQG�LQ�

6FRWODQG�EXW� LQVWHDG� IO\� WKURXJK� 6FRWWLVK� DLUVSDFH� DW� D� KLJK� OHYHO� RQ� WKHLU� URXWH� WRZDUGV�

DQRWKHU�GHVWLQDWLRQ��7KH�FRQWUROOHU�H[SODLQHG�WKDW�KH�ZDV�FRPELQLQJ�WKH�UROH�RI�WKH�DFWLYH�

FRQWUROOHU� DQG� WKH�SODQQLQJ� FRQWUROOHU�EHFDXVH�KH�ZDV�QRW� FRQWUROOLQJ� D�SDUWLFXODUO\�EXV\�

VHFWRU��

�

����� 3ODQ�WR�2EVHUYH�&RQWUROOHUV�LQ�D�7UDLQLQJ�(QYLURQPHQW�
�

8QIRUWXQDWHO\�� WKLV�REMHFWLYH�FRXOG�QRW�EH�PHW�EHFDXVH�QR�WUDLQLQJ�ZDV�VFKHGXOHG�IRU�WKH�

GD\�RI�WKH�YLVLW��+RZHYHU��DQ�2SHUDWLRQV�6XSSRUW�SHUVRQ�ZDV�DVNHG�WR�SURYLGH�GHWDLOV�RI�

WKH�WUDLQLQJ�WKDW�$7&�VWXGHQWV�UHFHLYH��,QLWLDO�WUDLQLQJ�ODVWV�����\HDUV�DQG�LQFOXGHV��

� $LU�ODZ�

� 1DYLJDWLRQ�

� 3UDFWLFDO�REVHUYDWLRQ�

� $LUILHOG�FRQWURO�VLPXODWLRQV�

� 5HDO�DLU�WUDIILF�FRQWURO�H[SHULHQFH�IRU����ZHHNV�

� $SSURDFK�DQG�DUHD�FRQWURO�

� $SSURDFK�FRQWURO��EDVLF�DQG�UDGDU�

� $UHD�UDGDU�DQG�SURFHGXUDO�

� &RQWLQXRXV�DVVHVVPHQW�WKURXJKRXW�FDUHHU�

�



�

���

����� 6HPL�VWUXFWXUHG�,QWHUYLHZV�ZLWK�&RQWUROOHUV�
�

7ZR�VHPL�VWUXFWXUHG�LQWHUYLHZV�ZLWK�FRQWUROOHUV�ZHUH�FRQGXFWHG�GXULQJ�WKH�YLVLW��7KH�UHDO�

QDPHV� RI� WKHVH� FRQWUROOHUV� KDYH� EHHQ� RPLWWHG� WR� SURWHFW� WKHLU� LGHQWLW\�� 7KH� SXUSRVH� RI�

WKHVH�LQWHUYLHZV�ZDV�WR�JDWKHU�LQIRUPDWLRQ�DERXW�HDFK�FRQWUROOHU·V�EDFNJURXQG��WKH�FRQWURO�

WDVNV�WKH\�SHUIRUP��KRZ�WKH\�LQWHUDFW�ZLWK�WKH�ZRUNVWDWLRQ��DQG�IXWXUH�FRPPXQLFDWLRQV��,W�

ZDV�KRSHG�WKDW�WKH�UHVSRQVHV�WR�PDQ\�RI�WKHVH�TXHVWLRQV�ZRXOG�KHOS�WR�LGHQWLI\�DQ\�KXPDQ�

IDFWRUV� LVVXHV�� 7KH� TXHVWLRQV� DQG� UHVSRQVHV� DUH� SUHVHQWHG� LQ� WKH� IROORZLQJ� VHFWLRQV� E\�

FDWHJRU\��

�

������� 4XHVWLRQV�UHODWLQJ�WR�XVHU�SURILOLQJ�
�

4XHVWLRQ����+RZ�PDQ\�\HDUV�H[SHULHQFH�GR�\RX�KDYH�DV�D�FRQWUROOHU"�

5HVSRQVH��&RQWUROOHU��� 5HVSRQVH��&RQWUROOHU���

���\HDUV� ���\HDUV�

�

�

4XHVWLRQ����:KDW�LV�\RXU�EDFNJURXQG�DQG�HGXFDWLRQ"�

5HVSRQVH��&RQWUROOHU��� 5HVSRQVH��&RQWUROOHU���

,�VWDUWHG�DV�DQ�DGPLQLVWUDWLYH�DVVLVWDQW�DQG�
WKHQ�WUDLQHG�IRU���\HDUV�DW�3UHVWZLFN��%HHQ�
KHUH�HYHU�VLQFH��

$V�IURP�HDUO\�WHHQV��KDG�DQ�LQWHUHVW�LQ�
DYLDWLRQ�DQG�QDYLJDWLRQ��

�

�

4XHVWLRQ����&DQ�\RX�FRPPHQW�RQ�DQ\�H[SHULHQFH�\RX�KDYH�KDG�LQ�RWKHU�$7&�
IDFLOLWLHV"�

5HVSRQVH��&RQWUROOHU��� 5HVSRQVH��&RQWUROOHU���

:RUNHG�LQ�6FRWWLVK�2FHDQLF�FHQWUH�
SUHYLRXVO\��SXUHO\�SURFHGXUDO�HQYLURQPHQW�
²�QR�UHDO�WLPH�UDGDU��

$LUILHOG�FRQWURO��:HVW�'UD\WRQ��YHU\�EXV\�
DSSURDFK�DUHD�FRQWURO���7LUHH��RZQ�ERVV���
6WRUQRZD\��$UULYHG�DW�3UHVWZLFN�LQ������
DQG�KDV�EHHQ�WKHUH�HYHU�VLQFH��

�

�



�

���

������� 4XHVWLRQV�UHODWLQJ�WR�FRQWUROOHU�WDVNV�
�

4XHVWLRQ�����3OHDVH�GHVFULEH�WKH�WDVNV�\RX�GR�LQ�D�W\SLFDO�ZRUNGD\"�

5HVSRQVH��&RQWUROOHU��� 5HVSRQVH��&RQWUROOHU���

7\SLFDOO\�VWD\�LQ�VDPH�VHFWRU�WKDW�\RX�DUH�
URVWHUHG�IRU��&RQWUROOHU���DOVR�ZRUNV�DV�D�
FRPSHWHQF\�FKHFNHU�IRU�RWKHU�FRQWUROOHUV�
²�KH�LV�DQ�RQ�WKH�MRE�WUDLQLQJ�LQVWUXFWRU��

7KH�SDUWLFLSDQW�ZDV�DVNHG�DERXW�PXOWL�
WDVNLQJ�DQG�&RQWUROOHU���VWDWHG�WKDW�KH�VHHV�
RYHUDOO�DLUFUDIW�VHSDUDWLRQ�DV�RQH�WDVN�DV�
RSSRVHG�WR�ORWV�RI�OLWWOH�WDVNV�²�WKDW�LV��KH�
VHHV�WKH�RYHUDOO�SLFWXUH��

����RI�WLPH���GD\V�D�PRQWK�,�ZRUN�DV�DQ�
DFWLYH�FRQWUROOHU��7KLV�LQYROYHV�JHWWLQJ�
DLUFUDIW�IURP�$�WR�%�KHOSLQJ�WKHP�WR�
DFKLHYH�WKHLU�GHVLUHG�IOLJKW�SURILOH��0\�
RWKHU�UROH�LV�2SHUDWLRQV�6XSSRUW�DQG�
FKDQJHV�WR�RSHUDWLQJ�PDQXDOV��

�

4XHVWLRQ�����:KDW�DVSHFWV�RI�\RXU�MRE�GR�\RX�FRQVLGHU�WR�EH�PRVW�GLIILFXOW"�

5HVSRQVH��&RQWUROOHU��� 5HVSRQVH��&RQWUROOHU���

7KH�GHJUHH�RI�GLIILFXOW\�GHSHQGV�RQ�WKH�
VHFWRU�LQ�ZKLFK�\RX�DUH�ZRUNLQJ���

• 7KH�UDGDU�FRQWUROOHU�ORRNV�DW�WKH�UDGDU�
WR�HQVXUH�WKDW�DLUFUDIW�GRQ·W�PHHW��

• 7KH�SODQQLQJ�FRQWUROOHU�HQVXUHV�WKDW�
WKH�IOLJKW�SURJUHVV�VWULSV�DUH�
DSSURSULDWHO\�VHTXHQFHG��

&RQWUROOHU���H[SODLQHG�WKDW�RQ�WKH�VKLIW�LQ�
ZKLFK�,�ZDV�REVHUYLQJ�KLP�DW�ZRUN��KH�
ZDV�SHUIRUPLQJ�WKH�UROH�RI�ERWK�UDGDU�DQG�
SODQQLQJ�FRQWUROOHU�DW�WKH�VDPH�WLPH��

.HHSLQJ�DQ�RYHUDOO�SLFWXUH�RI�ZKDW·V�
KDSSHQLQJ�DQG�VWD\LQJ�DKHDG�ZLWK�PRYHV��

5HPDLQLQJ�DOHUW��QHHG�WR�KDYH�VSDUH�
FDSDFLW\�EXW�KDYH�WR�EH�PRQLWRULQJ�
RQHVHOI��1HHG�WR�NQRZ�ZKHQ�WR�DVN�IRU�
KHOS��

�



�

���

�

4XHVWLRQ�����:KLFK�WDVNV�RU�DVSHFWV�RI�\RXU�MRE�GR�\RX�ILQG�PRVW�HQMR\DEOH"�

5HVSRQVH��&RQWUROOHU��� 5HVSRQVH��&RQWUROOHU���

&RQWUROOLQJ��GRLQJ�UDGDU��'RQ·W�ZDQW�WR�GR�
PDQDJHPHQW�DQG�&RQWUROOHU���FRPPHQWHG�
WKDW�QHDUO\�HYHU\�FRQWUROOHU�LQ�WKH�URRP�
KDG�WKH�VDPH�YLHZSRLQW��,W�ZDV�OLNH�D�ELJ�
YLGHRJDPH�EXW�RI�FRXUVH�WKH�VWDNHV�DUH�
PXFK�KLJKHU��+RZHYHU��KH�UDUHO\�WKLQNV�
DERXW�WKH�KXPDQ�DVSHFW�FRQVFLRXVO\��
KRZHYHU�LW�LV�DOZD\V�DW�WKH�EDFN�RI�KLV�
PLQG�DQG�RFFDVLRQDOO\�KH�GRHV�WKLQN�DERXW�
LW�GLUHFWO\�HVSHFLDOO\�LI�DQ�LQFLGHQW�RFFXUV��

&RQWUROOHU���FRQVLGHUV�WKH�VWDWHPHQW�´VDIH�
RUGHUO\�H[SHGLWLRXV�PRYHPHQW�RI�DLUFUDIWµ�
WR�EH�D�YHU\�YDOLG�GHILQLWLRQ�RI�WKH�$7&�
MRE��

)RUPXODWLQJ�D�SODQ�IRU�D�FRPSOH[�$7&�
VLWXDWLRQ��ZKLFK�ZRUNV�RXW�WKH�ZD\�\RX·G�
SODQQHG�LW��

�

������� 4XHVWLRQV�UHODWLQJ�WR�&RQWUROOHU�:RUNVWDWLRQ�,QWHUDFWLRQ�
�

4XHVWLRQ����&RPPHQW�RQ�WKH�ZD\�\RX�XVH�WKH�WUDFNEDOO�ZLWK�WKH�UDGDU�GLVSOD\"�

5HVSRQVH��&RQWUROOHU��� 5HVSRQVH��&RQWUROOHU���

• /DEHO�RYHUODS�²�URWDWLQJ�

• /DEHO�GLVWDQFLQJ�²�FKDQJLQJ�WKH�
GLVWDQFH�EHWZHHQ�WKH�WDUJHW�DQG�GDWD�
EORFN�

• 5DQJH�DQG�EHDULQJ�²�XVLQJ�SUHGLFW�
WRRO�OLQH�

1R�UHVSRQVH�SURYLGHG��

�



�

���

�

4XHVWLRQ����$UH�WKHUH�DQ\�WKLQJV�WKDW�IUXVWUDWH�\RX�ZKHQ�XVLQJ�WKH�WUDFNEDOO�WR�
LQWHUDFW�ZLWK�WKH�UDGDU�GLVSOD\"�

5HVSRQVH��&RQWUROOHU��� 5HVSRQVH��&RQWUROOHU���

'LIILFXOW�WR�SLFN�RXW�DLUFUDIW�ZKHQ�LQ�FORVH�
SUR[LPLW\�JHRJUDSKLFDOO\���

&DQ·W�DOZD\V�ILQG�WKH�FXUVRU�DV�PD\�EH�
KLGLQJ�RII�VFUHHQ��

&XUVRU�GRHVQ·W�DOZD\V�SLFN�XS�WDUJHWV�
LPPHGLDWHO\��

�

�

4XHVWLRQ����&DQ�\RX�WKLQN�RI�DQ\�DGGLWLRQDO�LQIRUPDWLRQ�WKDW�\RX�ZRXOG�OLNH�WR�
KDYH�ZKHQ�XVLQJ�WKH�UDGDU�GLVSOD\�DQG�WUDFNEDOO��ZKLFK�LV�QRW�FXUUHQWO\�DYDLODEOH�
ZLWK�WKH�SUHVHQW�V\VWHP"�

5HVSRQVH��&RQWUROOHU��� 5HVSRQVH��&RQWUROOHU���

PDS�FRORXUV�²�GDQJHU�DUHDV��QRW�DOO�DFWLYH�
DW�RQH�WLPH��'LIIHUHQW�FRORXUV��GLIIHUHQW�
OHYHOV��GDQJHU�DUHDV�ZKLFK�DUH�DFWLYH��

*URXQG�VSHHG��6ZDQZLFN�KDV�WKLV��WKLV�
ZRXOG�LQYROYH�D�WKLUG�OLQH�RQ�WKH�GDWD�
EORFN�ZKLFK�FRXOG�OHDG�WR�YLVXDO�RYHUORDG���

�

�

4XHVWLRQ�����:KDW�LV�\RXU�RSLQLRQ�RI�LQFUHDVHG�DXWRPDWLRQ�LQ�\RXU�ZRUNLQJ�
HQYLURQPHQW��IRU�H[DPSOH�HOHFWURQLF�DOWHUQDWLYHV�WR�SDSHU�IOLJKW�VWULSV"�

5HVSRQVH��&RQWUROOHU��� 5HVSRQVH��&RQWUROOHU���

1R�UHVSRQVH�SURYLGHG�� 1RW�DJDLQVW�LQFUHDVHG�DXWRPDWLRQ��EXW�
PXVW�EH�GHVLJQHG�ZLWK�WKH�XVHU�LQ�PLQG�²�
6ZDQZLFN�LV�D�FDVH�LQ�SRLQW�ZLWK�WKH�IRQW�
VL]H�SUREOHP��1R�DSSDUHQW�UHFRJQLWLRQ�RI�
XVHU�ZRUN��KXPDQ�IDFWRUV���7KHVH�
UHFRPPHQGDWLRQV�QHHG�WR�EH�JLYHQ�
VXIILFLHQW�ZHLJKW�DQG�WKLV�LV�QRW�DOZD\V�WKH�
FDVH�²�HUJRQRPLF�FRQVLGHUDWLRQV�DUH�
LPSRUWDQW��

�



�

���

������� 4XHVWLRQV�UHODWLQJ�WR�&RQWUROOHU�&RQWUROOHU�&RQWUROOHU�3LORW�
,QWHUDFWLRQ�DQG�&RPPXQLFDWLRQ�

�

4XHVWLRQ�����+RZ�GR�\RX�VHH�FRQWUROOHU�SLORW�LQWHUDFWLRQ�FKDQJLQJ�LQ�WKH�IXWXUH�
ZLWK�LQFUHDVHG�XVH�RI�GDWD�OLQN�FRPPXQLFDWLRQV�UDWKHU�WKDQ�VSHHFK"�

5HVSRQVH��&RQWUROOHU��� 5HVSRQVH��&RQWUROOHU���

1R�UHVSRQVH�SURYLGHG�� 'DWD�OLQN� GRHVQ·W� KDYH� WKH� FRQVWDQW�
IHHGEDFN� ²� DQ\WLPH� DZD\� IURP� WKH� UDGDU�
GLVSOD\�LV�QRW�D�EHQHILW�

)UHH� IOLJKW� ²� FRQVWUDLQW� RI� PLOLWDU\�� JRRG�
LGHD�EXW�LV�VWLOO�D�ORQJ�ZD\�RII���

�

������ 'HPRQVWUDWLRQ�RI�,QDFWLYH�&RQWUROOHU�:RUNVWDWLRQ��
�

7KH�2SHUDWLRQ·V�6XSSRUW�VWDII�DUUDQJHG�D�VKRUW�SHULRG�RI�WLPH�IRU�D�YLVLW�WR�WKH�(QJLQHHULQJ�

6HUYLFHV� *URXS� LQ� RUGHU� WR� XVH� D� QRQ�RSHUDWLRQDO� FRQWUROOHU� ZRUNVWDWLRQ�� ZLWK� LGHQWLFDO�

WUDFNEDOO��DVVRFLDWHG�NH\SDG�DQG�YLVXDO�GLVSOD\�KDUGZDUH�WR�WKRVH�XVHG�E\�FRQWUROOHUV��7KH�

UDGDU�GLVSOD\�ZDV�VKRZLQJ�UHDO�WLPH�DLUFUDIW�GDWD� LQ�RQH�RI� WKH�VDPH�6FRWWLVK�),5�VHFWRUV�

FRQWUROOHG�E\�DQ�DFWLYH�FRQWUROOHU��7KLV�SURYHG�WR�EH�D�YDOXDEOH�DFWLYLW\�DV�LW�ZDV�LQWHUHVWLQJ�

WR� WU\� RXW� ERWK� FXUVRU� PRYHPHQW� XVLQJ� WKH� WUDFNEDOO�� DQG� DSSUHFLDWH� WKH� LQWHUDFWLRQ�

EHWZHHQ�WKH�WUDFNEDOO�DQG�WKH�NH\SDG��VHH�)LJXUH�������,W�ZDV�XQIRUWXQDWH�WKDW�PRUH�WLPH�

ZDV�QRW�DYDLODEOH�GXULQJ�WKH�YLVLW�WR�XVH�WKH�QRQ�RSHUDWLRQDO�ZRUNVWDWLRQ����

�

������ 9LVLW�2EVHUYDWLRQV�LQ�5HODWLRQ�WR�3UHYLRXV�5HVHDUFK�
�

7KLV�VHFWLRQ�GLVFXVVHV�WKH�FRUUHODWLRQ�EHWZHHQ�WKH�ILQGLQJV�RI�WKLV�VHFRQG�YLVLW�WR�3UHVWZLFN�

DQG�WKH�OLWHUDWXUH�UHYLHZ�SHUIRUPHG�LQ�&KDSWHU����

�

,Q� 6HFWLRQ� ��������� LW� LV� VWDWHG� WKDW� ZKHQ� WUDIILF� LQ� D� VHFWRU� LV� UHODWLYHO\� TXLHW�� D� VLQJOH�

FRQWUROOHU�PD\�RFFXS\�ERWK�SRVLWLRQV�DW�D�FRQWUROOHU�ZRUNVWDWLRQ�VXLWH��7KLV�PD\� LQGLFDWH�

WKH�XVH�RI�D�VWDQGDUG�SURFHGXUH��D�GHFLVLRQ�E\�WKH�VKLIW�PDQDJHU��RU�VRPH�RWKHU�GHFLVLRQ�

PDNLQJ� SURFHVV� WR� DOOHYLDWH� D� SRWHQWLDO� ORZ� ZRUNORDG� VLWXDWLRQ�� E\� JLYLQJ� WKH� FRQWUROOHU�

PRUH�ZRUN�WR�GR��7KH�SUREOHPV�DVVRFLDWHG�ZLWK�ORZ�ZRUNORDG�VLWXDWLRQV�DUH�GLVFXVVHG�LQ�

6HFWLRQ���������



�

���

�

,Q�WKH�UHVSRQVHV�WR�WKH�SUH�YLVLW�TXHVWLRQQDLUH��LW�LV�HYLGHQW�WKDW�WKH�WUDFNEDOO�LV�XVHG�KHDYLO\�

�DORQJ�ZLWK� WKH� UHODWHG�NH\SDG�� IRU�FRQILJXULQJ� IXQFWLRQV� WKDW�DOOHYLDWH�YLVXDO� ORDG�RQ� WKH�

UDGDU� GLVSOD\�� )RU� H[DPSOH�� URWDWLQJ� RU� WDEXODWLQJ� WKH� WDUJHW� ODEHO� GXULQJ� D� ODEHO� RYHUODS�

FRQGLWLRQ��7KLV� VXSSRUWV�SUHYLRXV� UHVHDUFK��ZKLFK� LQGLFDWHV� WKDW�PDLQWDLQLQJ�RUGHU� LQ� WKH�

GLVSOD\�LV�D�FRQWUROOHU�DFWLYLW\�WKDW�JHQHUDWHV�D�VLJQLILFDQW�ZRUNORDG�FRQWULEXWLRQ��$�WUDQVIHU�

RI� PRGDOLW\� PD\� EH� KHOSIXO� LQ� UHGXFLQJ� ZRUNORDG� DVVRFLDWHG� ZLWK� YLVXDO� GLVSOD\�

FRQILJXUDWLRQ��VHH�6HFWLRQ�����������

�

,Q�6HFWLRQ��������LW�LV�VWDWHG�WKDW�ERWK�DXGLR�FKDQQHOV�DUH�XVHG�KHDYLO\��7KLV�ILQGLQJ�VXSSRUWV�

WKH�VWDWHPHQW�LQ�6HFWLRQ���������WKDW�D�WUDQVIHU�RI�PRGDOLW\�WR�WKH�DXGLWRU\�FKDQQHO�IRU�VRPH�

WDVNV� LQ� WRGD\·V� $7&� PRGHO� PD\� QRW� EH� XVHIXO� GXH� WR� FRPSHWLQJ� UHVRXUFHV� JHQHUDWLQJ�

KLJKHU�ZRUNORDG��2I�FRXUVH��WKH�HIIHFWLYHQHVV�RI�WKH�DXGLWRU\�FKDQQHO�PD\�QHHG�WR�EH�UH�

HYDOXDWHG�LI�WKH�FRQWLQXHG�LQWURGXFWLRQ�RI�GDWD�OLQN�FRPPXQLFDWLRQV�UHGXFHV�WKH�H[WHQW�RI�

5�7�FRPPXQLFDWLRQV������

�

,Q�6HFWLRQ����������WKH�UHVSRQVH�WR�4XHVWLRQ���IURP�&RQWUROOHU���LQGLFDWHG�WKDW�KH�RFFXSLHV�

DQ�DGGLWLRQDO� UROH� DV� D� FRPSHWHQF\�FKHFNHU� IRU�RWKHU�FRQWUROOHUV�� ,W� LV�XQNQRZQ�ZKHWKHU�

WKLV�DFWLYLW\� LQYROYHV�VRPH�GHJUHH�RI�´RYHU�WKH�VKRXOGHUµ�ZRUNORDG�UDWLQJ�DV�GLVFXVVHG� LQ�

6HFWLRQ� ���������� &RQWUROOHU� �� FLWHG� WKH� QHHG� WR� UHPDLQ� DOHUW�� DQG� EHLQJ� DEOH� WR�PDLQWDLQ�

VSDUH�PHQWDO�FDSDFLW\�DV�EHLQJ�DPRQJ�WKH�PRVW�GLIILFXOW�DVSHFWV�RI�WKH�FRQWUROOHU�UROH���7KH�

QHHG� IRU� VSDUH� PHQWDO� FDSDFLW\� KDV� EHHQ� KLJKOLJKWHG� LQ� SUHYLRXV� UHVHDUFK� �VHH� 6HFWLRQ�

��������� VXJJHVWLQJ� WKDW� RSHUDWRUV� RQO\� SHUIRUP� D� VHFRQGDU\� WDVN�� RU� LQWHUUXSWLRQ�� ZHOO� LI�

WKH\�DUH�QRW�IXOO\�ORDGHG�RQ�WKH�H[HFXWLRQ�RI�WKH�SULPDU\�WDVN���

�

7KH�UHVSRQVH�RI�ERWK�FRQWUROOHUV�WR�4XHVWLRQ����VHH�6HFWLRQ����������GHPRQVWUDWHV�WKH�OHYHO�

RI�VDWLVIDFWLRQ�WKDW�FRQWUROOHUV�KDYH�LQ�SHUIRUPLQJ�WKH�$7&�UROH�DV�LW� LV�FXUUHQWO\�GHILQHG��

7KLV�KLJKOLJKWV�WKH�FRQFHUQV�RI�PDQ\�WKDW�FRQWUROOHUV�PD\�IHHO�XQGHU�FKDOOHQJHG�LI�WKH�UROH�

WUDQVLWLRQV��ZLWK�WKH�LQWURGXFWLRQ�RI�FRQFHSWV�VXFK�DV�)UHH�)OLJKW��IURP�RQH�RI�FRQWURO�WR�

RQH�RI�PRQLWRULQJ��VHH�6HFWLRQ���������

�

,Q�6HFWLRQ����������&RQWUROOHU� �� LQGLFDWHG� WKDW� WUDFNEDOO� XVH� LV� DVVRFLDWHG�ZLWK� WKH�GLVSOD\�

KRXVHNHHSLQJ� DFWLYLW\�� DV� LGHQWLILHG� E\� DQRWKHU� FRQWUROOHU� GXULQJ� WKH� ILUVW� 3UHVWZLFN� YLVLW�

�VHH�6HFWLRQ�����������$V�VWDWHG�SUHYLRXVO\��IURP�UHVHDUFK�WKDW�KDV�EHHQ�FRQGXFWHG��GLVSOD\�

KRXVHNHHSLQJ� LV� D� VLJQLILFDQW� FRQWULEXWRU� WR� LQFUHDVHV� LQ� FRQWUROOHU� ZRUNORDG�� ,W� LV�



�

���

LQWHUHVWLQJ�WR�QRWH�WKDW�LQ�UHVSRQVH�WR�4XHVWLRQ����ERWK�FRQWUROOHUV�UHTXHVWHG�WKH�SURYLVLRQ�

RI� DGGLWLRQDO� LQIRUPDWLRQ�� ZKLFK� LI� LPSOHPHQWHG� YLVXDOO\� RQ� WKH� GLVSOD\� FRXOG� KDYH� WKH�

SRWHQWLDO� WR� LQFUHDVH�YLVXDO� ORDG��,I� WKLV�DGGLWLRQDO� LQIRUPDWLRQ�ZDV� LPSOHPHQWHG� LQ�D�ZD\�

ZKLFK�FRXOG�EH�WRJJOHG��WKLV�ZRXOG�LQGLFDWH�WKDW�FRQWUROOHUV�DUH�QRW�RSSRVHG�WR�WKH�DGGLWLRQ�

RI�\HW�PRUH�ZRUN�LQ�WHUPV�RI�GLVSOD\�KRXVHNHHSLQJ�DFWLYLW\���

�

������ 5HTXLUHPHQWV�*DWKHUHG�IURP�WKLV�9LVLW�
�

$V�VWDWHG�DW�WKH�VWDUW�RI�6HFWLRQ������WKH�ILQDO�REMHFWLYH�RI�WKLV�VHFRQG�YLVLW�WR�WKH�3UHVWZLFN�

6$&&� IDFLOLW\� ZDV� WR� DUULYH� DW� D� VHW� RI� UHTXLUHPHQWV�� DQG� LQYHVWLJDWH� ZKHWKHU� D� KDSWLF�

HQKDQFHPHQW�RI�WKH�UDGDU�GLVSOD\�DQG�DVVRFLDWHG�FXUVRU�FRQWURO�GHYLFH�FRXOG�SURYH�WR�EH�D�

VXLWDEOH� VROXWLRQ� IRU�PHHWLQJ� DQ\� RI� WKHVH� UHTXLUHPHQWV�� DQG� WKXV� DOOHYLDWH� DQ\� LGHQWLILHG�

KXPDQ�IDFWRUV�LVVXHV��

�

,W�VKRXOG�EH�QRWHG�WKDW�DQ\�UHTXLUHPHQWV�GUDZQ�IURP�WKLV�YLVLW�WR�3UHVWZLFN��RU�WKH�HDUOLHU�

YLVLW��DUH�RQO\�YDOLG�IRU�WKLV�$7&�IDFLOLW\��7KH�V\VWHPV�XVHG�E\�GLIIHUHQW�IDFLOLWLHV�DUH�GLYHUVH��

DV�DUH�WKH�W\SHV�RI�$7&�WDVNV�SHUIRUPHG�E\�FRQWUROOHUV��+RZHYHU��WKH�UHTXLUHPHQWV�OLVWHG�

EHORZ� PD\� FHUWDLQO\� EH� UHOHYDQW� WR� RWKHU� $7&� IDFLOLWLHV� LQ� WKH� 8QLWHG� .LQJGRP�� DQG�

SHUKDSV�ZRUOGZLGH��

�

�������� 'LVFXVVLRQ�RI�)LQGLQJV�
�

:KHUH� WKHUH� LV� WKH� SRWHQWLDO� IRU� LQFUHDVHG� YLVXDO� ORDG�� KDSWLFV� FDQ� EH� FRQVLGHUHG� DV� DQ�

DOWHUQDWLYH� LQWHUDFWLRQ�VW\OH� WR� UHGXFH� WKLV��)RU�H[DPSOH�� LQ� WKH� UHVSRQVHV�VKRZQ� LQ�7DEOH�

�����LW�ZDV�VWDWHG�WKDW�DLUFUDIW�YLVXDO�ODEHOV�DUH�URWDWHG�WR�UHVROYH�RYHUODSSLQJ��7KH�WUDQVIHU�

RI�PRGDOLW\�RI�WKLV�YLVXDO�WDVN�FRXOG�EH�LQYHVWLJDWHG�WR�LGHQWLI\�ZKHWKHU�RU�QRW�KDSWLFV�FRXOG�

KHOS�DOOHYLDWH�WKLV��

�

7KH� 3UHGLFW� �5DQJH� %HDULQJ�� WRRO� LV� IUHTXHQWO\� XVHG� E\� FRQWUROOHUV� DW� 3UHVWZLFN� IRU�

WUDMHFWRU\� SODQQLQJ� �VHH� 6HFWLRQ� �������� ,W� LV� ZRUWK� LQYHVWLJDWLQJ� ZKHWKHU� RU� QRW� KDSWLFV�

FRXOG� EH� XVHG� WR� HQKDQFH� WKH� DELOLWLHV� RI� WKLV� WRRO� EH\RQG� ZKDW� LV� FXUUHQWO\� DFKLHYHG�

YLVXDOO\�����

�
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4XHVWLRQ���DVNHG�FRQWUROOHUV�WR�LGHQWLI\�WKLQJV�WKDW�IUXVWUDWH�WKHP�ZKHQ�XVLQJ�WKH�WUDFNEDOO�

WR� LQWHUDFW� ZLWK� WKH� UDGDU� GLVSOD\�� 7ZR� NH\� UHVHUYDWLRQV� ZHUH� LGHQWLILHG� IURP� FRQWUROOHU�

UHVSRQVHV�WR�WKLV�TXHVWLRQ��:KHQ�DLUFUDIW�DUH�LQ�FORVH�VSDWLDO�SUR[LPLW\��LW�ZDV�VWDWHG�WKDW�LW�

FRXOG� EH� GLIILFXOW� WR� GLIIHUHQWLDWH� WKHP� YLVXDOO\�� DQG� WKXV� PDNH� LW� GLIILFXOW� WR� VHOHFW� WKH�

GHVLUHG�WDUJHW�XVLQJ�WKH�WUDFNEDOO��$Q�H[DPSOH�RI�ZKHQ�WKLV�LVVXH�FDQ�RFFXU�LV�ZKHQ�PXOWLSOH�

DLUFUDIW�DUH�LQ�D�ODQGLQJ�DSSURDFK�KROGLQJ�SDWWHUQ�VHSDUDWHG�YHUWLFDOO\�E\�GLVWDQFHV�RI������

IHHW�� 7KHVH� DLUFUDIW� FDQ� FRQWLQXDOO\� RYHUODS� ZKLOH� PDLQWDLQLQJ� WKH� KROGLQJ� SDWWHUQ� VR� D�

PHDQV�RWKHU�WKDQ�YLVXDO�LGHQWLILFDWLRQ�ZRXOG�EH�XVHIXO�LQ�GLVWLQJXLVKLQJ�WKHP���

�

$QRWKHU� UHVSRQVH� WR� TXHVWLRQ� �� IURP� WKH� RWKHU� LQWHUYLHZHH� VXJJHVWHG� WKDW� WDUJHWLQJ�

SUREOHPV� H[LVW� ZLWK� WKH� UDGDU� GLVSOD\� ZKHQ� XVLQJ� WKH� WUDFNEDOO�� $W� 3UHVWZLFN�� WKH� DFWLYH�

WUDFH� DQG� DVVRFLDWHG� GDWD� EORFN� FKDQJHV� FRORXU� WR� ZKLWH� IURP� JUHHQ�ZKHQ� WKH� FXUVRU� LV�

SRVLWLRQHG� RQ� LW�� ,W�ZDV� VWDWHG� WKDW� WKH� FXUVRU� GRHV� QRW� LGHQWLI\� D� ´KRYHU� RYHUµ� VWDWH� DV�

TXLFNO\�DV�GHVLUHG��,W� LV�QRW�NQRZQ�ZKHWKHU�WKLV� LV�D�WDUJHWLQJ�SUREOHP�RU�D�VRIWZDUH�IDXOW�

ZLWK�WKH�3UHVWZLFN�V\VWHP��+RZHYHU��LI�LW�LV�D�WDUJHWLQJ�SUREOHP��KDSWLF�HQKDQFHPHQW�PD\�

EH�DEOH�WR�KHOS��

�

4XHVWLRQ���DVNHG�UHVSRQGHQWV�WR�LGHQWLI\�DGGLWLRQDO�LQIRUPDWLRQ�WKDW�FRXOG�EH�SURYLGHG�E\�

WKH�V\VWHP��&RQWUROOHU���KLJKOLJKWHG�WKH�LVVXH�RI�GDQJHU�DUHDV��IRU�H[DPSOH�ZKHUH�PLOLWDU\�

WUDLQLQJ� LV� WDNLQJ�SODFH��&RQWUROOHUV�DUH�QRWLILHG�DERXW�ZKLFK�GDQJHU�DUHDV�DUH�DFWLYH�RQ�D�

SDUWLFXODU� GD\��+RZHYHU�� WKHUH� LV� QR� LQGLFDWLRQ� RQ� WKH� UDGDU� GLVSOD\� DV� WR� ZKLFK� GDQJHU�

DUHDV�ZLWKLQ�D� VHFWRU� DUH� FXUUHQWO\� DFWLYH��9LVXDOO\��GDQJHU� DUHDV�FRXOG�EH� LGHQWLILHG�XVLQJ�

GLIIHULQJ� FRORXUV�� +RZHYHU�� WKLV� FDXVHV� DOWHUQDWH� SUREOHPV� DV� WKH� FRORXUV� PD\� PDNH� LW�

KDUGHU� WR� VHH� DLUFUDIW� WUDFHV�� ,W� LV� ZRUWK� LQYHVWLJDWLQJ� ZKHWKHU� KDSWLFV� FRXOG� EH� XVHG� WR�

LQGLFDWH�WKHVH�DUHDV��

�

7KH� 6ZDQZLFN� V\VWHPV� KDYH� D� YLVXDO� GDWD� EORFN� WKDW� LQGLFDWHV� JURXQG� VSHHG� IRU� HDFK�

DLUFUDIW��+RZHYHU�� WKLV� UHTXLUHV� D� ODUJHU� GDWD� EORFN�� LQFUHDVLQJ� WKH� FRQWULEXWLRQ� WR� YLVXDO�

ORDG�LQ�EXV\�VHFWRUV��&RXOG�DQ�LQGLFDWLRQ�RI�JURXQG�VSHHG�EH�UHSUHVHQWHG�E\�KDSWLFV"������

�

,Q� TXHVWLRQ� ���� UHVHUYDWLRQV� ZHUH� UDLVHG� DERXW� WKH� LQFUHDVHG� XVH� RI� GDWD�OLQN�

FRPPXQLFDWLRQV� EHWZHHQ� GDWD�OLQN� HTXLSSHG� $7&� IDFLOLWLHV� DQG� DLUFUDIW�� 7KH� FRQVWDQW�

IHHGEDFN�EHWZHHQ�SLORWV�DQG�FRQWUROOHUV�LV�QRW�DV�DFWLYH�ZLWK�GDWD�OLQN�FRPPXQLFDWLRQV�DV�LW�

LV�ZLWK�5�7��,Q�DGGLWLRQ��HYHU\�WLPH�WKH�FRQWUROOHU�KDV�WR�ORRN�DZD\�IURP�WKH�UDGDU�GLVSOD\��

WKH�SRWHQWLDO�H[LVWV�IRU�VDIHW\�WR�EH�FRPSURPLVHG��,W�LV�ZRUWK�LQYHVWLJDWLQJ�ZKHWKHU�KDSWLF�



�

���

LQWHUDFWLRQ� ZRXOG� EH� VXLWDEOH� WR� QRWLI\� WKH� FRQWUROOHU� DERXW� WKH� DYDLODELOLW\� RI� QHZ�

VXSSOHPHQWDU\� LQIRUPDWLRQ� �IRU� H[DPSOH�� D�QHZ� LQFRPLQJ�GDWD�OLQN�PHVVDJH��ZLWKRXW� WKH�

QHHG�WR�LQWHUUXSW�WKH�FRQWUROOHU·V�YLVXDO�IRFXV��

�

7KH�UHTXLUHPHQWV�GLVFXVVHG�LQ�WKLV�VHFWLRQ�DUH�QRZ�VXPPDULVHG�LQ�7DEOH������

�

5HT��
1R��

5HTXLUHPHQW�

��� 5HGXFH�YLVXDO�ORDG�DVVRFLDWHG�ZLWK�DLUFUDIW�ODEHO�RYHUODS���

��� 3URYLGH�VXSSOHPHQWDU\�IHHGEDFN�DQG�RU�LQIRUPDWLRQ�ZKHQ�XVLQJ�WKH�3UHGLFW�
WRRO��

��� 6ROYH�RU�LPSURYH�WKH�LVVXH�RI�EHLQJ�DEOH�WR�GLIIHUHQWLDWH�WDUJHWLQJ�RI�DLUFUDIW�
WKDW�DUH�LQ�FORVH�JHRJUDSKLF��VSDWLDO��SUR[LPLW\���

��� ,PSURYH� FRQWUROOHU�SHUIRUPDQFH�ZKHQ� DWWHPSWLQJ� WR� ORFN�RQ� WR� D� VSHFLILF�
DLUFUDIW�WDUJHW�XVLQJ�WKH�FXUVRU��

��� ,PSURYH�WKH�LGHQWLILFDWLRQ�RI�GDQJHU�DUHDV�ZLWKLQ�D�VHFWRU��

��� 3URYLGH� JURXQG� VSHHG� LQGLFDWLRQ� ZLWKRXW� WKH� QHHG� IRU� D� WKLUG� OLQH� RI�
LQIRUPDWLRQ�LQ�WKH�DLUFUDIW·V�DVVRFLDWHG�YLVXDO�GDWD�EORFN��

��� 5HGXFH�WKH�DPRXQW�RI�WLPH�WKH�FRQWUROOHU� LV�UHTXLUHG�WR�PRYH�YLVXDO�IRFXV�
DZD\�IURP�WKH�UDGDU�GLVSOD\�WR�YLHZ�VXSSOHPHQWDU\�LQIRUPDWLRQ��

�

7DEOH������6XPPDU\�RI�5HTXLUHPHQWV��

�

���

�

��� &RQFOXVLRQ�
�

7KH�ZRUN�GRFXPHQWHG� LQ� WKLV�FKDSWHU�ZDV� LPSRUWDQW� LQ�RUGHU� WR�JDLQ� LQVLJKW� LQWR� WKH�DLU�

WUDIILF� FRQWURO� HQYLURQPHQW�� $Q� DUUD\� RI� LQYHVWLJDWLYH� UHTXLUHPHQWV� ZHUH� SHUIRUPHG� WR�

LQFUHDVH�XQGHUVWDQGLQJ�RI�WKH�GRPDLQ�VSDFH�DQG�WR�WU\�WR�LGHQWLI\�DQ\�LVVXHV�WKDW�FRQWUROOHUV�

DW� 3UHVWZLFN� UHODWHG� WR� WKH� XVHUV·� LQWHUDFWLRQ� ZLWK� WKH� UDGDU� GLVSOD\� DW� WKH� FRQWUROOHU�

ZRUNVWDWLRQ�� $OWKRXJK�� WKH� ILQGLQJV� RI� WKHVH� YLVLWV� DUH� YDOLG� RQO\� IRU� WKH� 6$&&� IDFLOLW\��

VRPH�RI�WKH� LQIRUPDWLRQ�JDWKHUHG�FDQ�EH�FRQVLGHUHG�WR�EH�UHOHYDQW�WR�WKH�$7&�WDVN�DV�D�

ZKROH��0DQ\� RI� WKH� REVHUYDWLRQV�PDGH� GXULQJ� WKHVH� YLVLWV� VXSSRUWHG� WKH� SUHYLRXV�$7&�



�

���

UHVHDUFK�UHYLHZHG�LQ�&KDSWHU����7KH�VHYHQ�UHTXLUHPHQWV�GLVFXVVHG�DQG�GHILQHG�LQ�6HFWLRQ�

������� DUH� QRZ�XVHG� WR� GULYH� WKH� GHYHORSPHQW� RI� D� KDSWLFDOO\� HQKDQFHG�$7&� VLPXODWLRQ�

WKDW�FDQ�EH�HYDOXDWHG�E\�FRQWUROOHUV�WR�GHWHUPLQH�ZKHWKHU�KDSWLF�LQWHUDFWLRQ�HIIHFWV�FRXOG�

SURYLGH�D�YLDEOH�VROXWLRQ����
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&KDSWHU��� 5HYLHZ�RI �+DSWLF�DQG�$XGLR�
,QWHUDFWLRQ�5HVHDUFK�

�

��� ,QWURGXFWLRQ�
�

7KLV� FKDSWHU� GHVFULEHV� WKH� UHVHDUFK� ILHOGV� RI� KDSWLF� DQG� DXGLR� LQWHUDFWLRQ�� UHYLHZLQJ� WKH�

ZRUN� RI� UHVHDUFKHUV� LQ� WKLV� ILHOG� WR� GDWH��:LWK� UHVSHFW� WR� DXGLR� LQWHUDFWLRQ�� VSHHFK� DQG�

QRQ�VSHHFK�VRXQGV�DUH�GLVFXVVHG�DORQJ�ZLWK�WKH�DSSOLFDWLRQ�LQ�ZKLFK�WKH\�KDYH�EHHQ�XVHG�

LQ�WKH�DHURVSDFH�GRPDLQ��3DUWLFXODU�DWWHQWLRQ�LV�GHYRWHG�WR�WKH�XVH�RI�KDSWLFV�WR�LPSURYH�

SHUIRUPDQFH�LQ�WDUJHWLQJ�WDVNV��7DUJHWLQJ�LV�D�YLWDO�DVSHFW�RI�FRQWUROOHU�LQWHUDFWLRQ�ZLWK�WKH�

UDGDU�GLVSOD\�ZKLOH�PDQDJLQJ�DLU�WUDIILF��,PSURYHPHQWV�LQ�WDUJHWLQJ�SHUIRUPDQFH�KDYH�WKH�

SRWHQWLDO� WR� UHGXFH� FRQWUROOHU� ZRUNORDG�� IRU� H[DPSOH�� ZKHQ� SHUIRUPLQJ� ´GLVSOD\�

KRXVHNHHSLQJµ�DFWLYLWLHV���

�

��� 7KH�'LIIHUHQW�0RGHV�RI�,QWHUDFWLRQ�
�

:KLOH�UHVHDUFK� LQWR�QRQ�YLVXDO� LQWHUDFWLRQ�ZLWK�FRPSXWHUV� LV�EHFRPLQJ�PRUH�ZLGHVSUHDG��

WKH�SULPDU\�LQWHUDFWLRQ�VW\OH�XVHG�WRGD\�VWLOO�HVVHQWLDOO\� LQYROYHV�YLVXDO� LQWHUDFWLRQ�WKURXJK�

FRPSXWHU�GLVSOD\�WHFKQRORJ\���7KLV�LV�WKH�FDVH��GHVSLWH�WKH�IDFW�WKDW�KDUGZDUH�DQG�VRIWZDUH�

WHFKQRORJ\� LV� LQFUHDVLQJO\� PRUH� FDSDEOH� RI� VXSSRUWLQJ� FRJQLWLRQ� WKURXJK� PXOWL�PRGDO�

LQWHUDFWLRQ� ZLWK� WKH� FRPSXWHU� XVLQJ� FRPSOHPHQWDU\� VHQVHV� ZRUNLQJ� LQ� V\QHUJ\�� )RU�

H[DPSOH��WR�DOOHYLDWH�WKH�SUREOHPV�RI�FRPSHWLQJ�UHVRXUFHV�ZLWK�LQFUHDVHV�LQ�YLVXDO�ORDG��WKH�

VHQVHV� RI� WRXFK� DQG� KHDULQJ� FDQ� EH� HPSOR\HG�� ZLWK� WKH� SRWHQWLDO� WR� LPSURYH� WKH� XVHUV·�

SHUIRUPDQFH��7KH�SUREOHP�LV�KRZ�WR�PRVW�HIIHFWLYHO\�LQWHJUDWH�WKH�VHQVRU\�KDUGZDUH�VR�DV�

WR�SURYLGH�DQ�HIIHFWLYH�PXOWLPRGDO� LQWHUDFWLRQ�HQYLURQPHQW�IRU�WKH�XVHU��,Q�DGGLWLRQ�� LW� LV�

LPSRUWDQW� WR� LGHQWLI\� WKH� WDVNV� WR�ZKLFK� QRQ�YLVXDO� UHSUHVHQWDWLRQV� DUH�PRVW� VXLWHG�� )RU�

VRPH�W\SHV�RI�WDVNV��JUDSKLFDO�VLJKW�EDVHG�UHSUHVHQWDWLRQV�DUH�WUHPHQGRXVO\�SRZHUIXO�DQG�

YHU\� OLWWOH�PD\�EH�JDLQHG�E\�PRGHOOLQJ� WKHVH� WDVNV�XVLQJ�D�GLIIHUHQW�PRGDOLW\��7KH�NH\� WR�

VXFFHVVIXOO\�HPSOR\LQJ�QRQ�YLVXDO�PRGDOLWLHV� LV� LQ�LGHQWLI\LQJ�WKH�DSSOLFDWLRQ�GRPDLQV�DQG�

VSHFLILF�GHVLJQ�YDULDEOHV�WR�ZKLFK�WKH\�DUH�PRVW�VXLWHG��

�



�
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����� 9LVXDO�,QWHUIDFHV�
�

7KH� YLVXDO� LQWHUIDFH� LV� WUDGLWLRQDOO\� WKH� SULPDU\� LQWHUIDFH� IRU� LQWHUDFWLQJ�ZLWK� FRPSXWHUV��

+RZHYHU�� LW� LV� LPSRUWDQW� WR� UHFRJQLVH� WKDW� WKH� IRUP� RI� WKH� YLVXDO� LQWHUIDFH� KDV� FKDQJHG�

GUDPDWLFDOO\�RYHU�WKH�ODVW�WZR�GHFDGHV��&RPPDQG�GULYHQ�XVHU�LQWHUIDFHV�KDYH�EHHQ�DOPRVW�

H[FOXVLYHO\�UHSODFHG�E\�JUDSKLFDO�XVHU�LQWHUIDFHV��7KH�SULPDU\�LQWHUDFWLRQ�VW\OH�XVHG�LQ�PDQ\�

JUDSKLFDO�XVHU�LQWHUIDFHV�LV�GLUHFW�PDQLSXODWLRQ�>��@��6KQHLGHUPDQ�>��@�SUHVHQWV�D�GHILQLWLRQ�

RI�GLUHFW�PDQLSXODWLRQ�LQWHUIDFHV��DORQJ�ZLWK�WKHLU�DVVRFLDWHG�EHQHILWV�DQG�GUDZEDFNV�ZKHQ�

FRPSDUHG�WR�FRPPDQG�GULYHQ�LQWHUIDFHV��VHH��

)LJXUH�������

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

)LJXUH������'HILQLWLRQ��%HQHILWV��DQG�'UDZEDFNV�RI�'LUHFW�0DQLSXODWLRQ��

�

:LWK� WKH� FKDQJLQJ� SK\VLFDO� DWWULEXWHV� RI� GLVSOD\� WHFKQRORJ\� GHSHQGLQJ� RQ� WKH� W\SH� RI�

FRPSXWHU�GHYLFH�EHLQJ�XVHG��VWDQGDUG�FRPSXWHU�PRQLWRU�� ODSWRS�GLVSOD\��3HUVRQDO�'LJLWDO�

$VVLVWDQW��3'$���PRELOH�SKRQH�GLVSOD\��RU�HPEHGGHG�GLVSOD\���WKH�SRWHQWLDO�IRU�LQFUHDVHV�LQ�

YLVXDO� ORDG� LV� DSSDUHQW�� ,QIRUPDWLRQ� QHHGV� EHFRPH� HYHU� PRUH� FRPSOH[� ZKLOH� FRPSXWHU�

SRUWDELOLW\�UHTXLUHPHQWV�EHFRPH�PRUH�YLWDO�DV�ZH�LQWHUDFW�´RQ�WKH�PRYHµ��7KH�SURGXFWV�RI�

LQIRUPDWLRQ�YLVXDOL]DWLRQ�UHVHDUFK�FDQ�EH�XVHG�WR�ILOWHU�RXW�GDWD�WKDW�LV�QRW�LPSRUWDQW�WR�WKH�

XVHU
V�WDVN��DOORZLQJ�WKH�LQIRUPDWLRQ�RI�LQWHUHVW�WR�EH�KLJKOLJKWHG�HYHQ�LQ�WKH�FRQILQHV�RI�D�

Definition of Direct Manipulation 

• Visual representation (metaphor) of the “world of action” 

o Objects and Actions are shown 

o Analogical reasoning is tapped 

• Rapid, incremental, and reversible actions 

• Replacement of typing with pointing and selecting 

• Immediate visibility of results and actions 

Advantages 

• Control-display compatibility 

• Less syntax reduces error rates 

• Errors are more preventable 

• Faster learning and higher retention 

• Encourages exploration 

Disadvantages 

• Increased system resources, possibly 

• Some actions may be cumbersome 
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OLPLWHG� GLVSOD\� VSDFH� >��@�� $QRWKHU� FRXUVH� RI� DFWLRQ� WR� UHGXFH� YLVXDO� ORDG� FDXVHG� E\�

GHSHQGHQF\� RQ� RQH� PRGDOLW\�� LV� WR� WUDQVIHU� VXLWDEOH� LQWHUDFWLRQV� FXUUHQWO\� SHUIRUPHG�

YLVXDOO\��RYHU�WR�DOWHUQDWLYH�DXGLWRU\�RU�WDFWLOH�PRGDOLWLHV���

�

����� $XGLWRU\�'LVSOD\�
�

7UDGLWLRQDOO\��VRXQG�LQ�FRPSXWHU�LQWHUIDFHV�KDV�EHHQ�XVHG�WR�FRQYH\�IHHGEDFN�WR�WKH�XVHU�

RU�DOHUW�WKHP�WR�D�V\VWHP�HYHQW�>��@��IRU�H[DPSOH��D�EHHS�WR�LQGLFDWH�DQ�DWWHPSW�E\�WKH�XVHU�

WR�SHUIRUP�DQ�LQYDOLG�RSHUDWLRQ��+RZHYHU��D�ODUJH�ERG\�RI�UHVHDUFK�LV�ORRNLQJ�DW�WKH�XVH�RI�

PRUH�FRPSOH[�VSHHFK�DQG�QRQ�VSHHFK�VRXQGV� WR�SURYLGH�ULFKHU�QRQ�YLVXDO� LQWHUDFWLRQ� WR�

WKH�XVHU����

�

������� 6SHHFK�6RXQGV�LQ�,QWHUIDFHV�
�

$XGLWRU\�KXPDQ�PDFKLQH�LQWHUIDFHV�WKDW�XVH�VSHHFK�DV�DQ�LQSXW�RU�RXWSXW�PHFKDQLVP�DUH�

PDNLQJ�XVH�RI� ODQJXDJH� V\QWD[�DQG� VHPDQWLFV� WKDW�KDYH�DOUHDG\�EHHQ� OHDUQHG�E\� WKH�XVHU�

>��@���

6SHHFK�LQSXW�V\VWHPV�LQFOXGH��

• 'LVFUHWH�ZRUG� UHFRJQLWLRQ� GHYLFHV�� ZKLFK� UHFRJQL]H� LQGLYLGXDO� ZRUGV� VSRNHQ� E\�

HLWKHU�D�VSHFLILF�SHUVRQ��VSHDNHU�GHSHQGDQW��RU�DQ\�SHUVRQ��VSHDNHU�LQGHSHQGHQW���

ZRUNLQJ�ZLWK��������UHOLDELOLW\�IRU��������ZRUG�YRFDEXODULHV�>��@���

• &RQWLQXRXV�VSHHFK� UHFRJQLWLRQ� GHYLFHV�� ZKLFK� DUH� OHVV� FRPPRQ�� VWULYH� WR�

UHFRJQL]H� VLQJOH�ZRUGV�ZLWKLQ� D� JURXS�RI�ZRUGV� FRQQHFWHG� WRJHWKHU�� UDWKHU� WKDQ�

UHFRJQL]LQJ� ZRUGV� LQGLYLGXDOO\�� 7KHVH� KDYH� WKH� SRWHQWLDO� WR� HQDEOH� PXFK� IDVWHU�

LQSXW�DQG�EH�PRUH�QDWXUDO�WR�XVH�>��@��7KH�GLIILFXOW\�ZLWK�WKH�GHYHORSPHQW�RI�WKHVH�

V\VWHPV� LV� LQ� WKH� XQGHUVWDQGLQJ� RI� OH[LFDO�� V\QWDFWLF�� DQG� VHPDQWLF� DPELJXLWLHV�

ZKLFK�DUH�LQKHUHQW�LQ�DOO�ODQJXDJHV�>��@���

• 6SHHFK� VWRUH� DQG� IRUZDUG� V\VWHPV�� ZKLFK� HQDEOH� WKH� VWRUDJH� DQG� IRUZDUGLQJ� RI�

VSRNHQ�PHVVDJHV��([DPSOHV�RI�WKHVH�V\VWHPV�LQFOXGH�VWRUHG�PHVVDJHV�IRU�ZHDWKHU�

DQG�ILQDQFLDO�LQIRUPDWLRQ��YRLFHPDLO�V\VWHPV��DQG�SRUWDEOH�YRLFH�UHFRUGLQJ�GHYLFHV���

�

6SHHFK� RXWSXW� �DOVR� NQRZ� DV� VSHHFK� JHQHUDWLRQ� RU� V\QWKHVLV�� KDV� EHHQ� XVHG� LQ� VXFK�

DSSOLFDWLRQV�DV�WHOHSKRQH�GLUHFWRU\�HQTXLUHV�� LQGXVWULDO�RU�DHURVSDFH�ZDUQLQJ�V\VWHPV��DQG�

YHQGLQJ�PDFKLQHV��7KHUH�DUH�WZR�EDVLF�PHWKRGV�IRU�VSHHFK�JHQHUDWLRQ��
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• &RQFDWHQDWLRQ��ZKHUH�GLJLWDO�UHFRUGLQJV�RI�UHDO�KXPDQ�VSHHFK�DUH�VWRUHG��DQG�

• 6\QWKHVLV�E\�UXOH��ZKHUH�UXOHV�WKDW�UHODWH�WR�ERWK�SKRQHPLFV�DQG�VHQWHQFH�SKUDVH�

VWUXFWXUH�DUH�XVHG�WR�V\QWKHVL]H�VSHHFK��

�

������� 1RQ�VSHHFK�6RXQGV�LQ�,QWHUIDFHV�
�

,Q�DGGLWLRQ�WR�UHVHDUFK�ORRNLQJ�DW�WKH�XVH�RI�VSHHFK�LQ�XVHU�LQWHUIDFHV��QRQ�VSHHFK�DXGLR�LV�

D�VLJQLILFDQW�DUHD�RI�VWXG\��7KH�UHVHDUFK�LQ�WKLV�ILHOG�PD\�EH�FDWHJRUL]HG�LQWR�WKUHH�SULPDU\�

DUHDV�>��@��

• 6RQLILFDWLRQ��

• $XGLILFDWLRQ��DQG�

• $XGLWRU\�,QWHUIDFHV��

�

6FDOOHWWL�GHILQHV�VRQLILFDWLRQ�DV��

�D�PDSSLQJ� RI� QXPHULFDOO\� UHSUHVHQWHG� UHODWLRQV� LQ� VRPH� GRPDLQ� XQGHU� VWXG\� WR� UHODWLRQV� LQ� DQ� DFRXVWLF�

GRPDLQ� IRU� WKH� SXUSRVHV� RI� LQWHUSUHWLQJ�� XQGHUVWDQGLQJ�� RU� FRPPXQLFDWLQJ� UHODWLRQV� LQ� WKH� GRPDLQ� XQGHU�

VWXG\���>��@�

�

.UDPHU�UHVRQDWHV�ZLWK�6FDOOHWWL
V�GHILQLWLRQ�RI�VRQLILFDWLRQ��ZLWK�WKH�FDYHDW�WKDW�KH�PDNHV�D�

GLVWLQFWLRQ� EHWZHHQ� �GDWD�FRQWUROOHG� VRXQG� �VRQLILFDWLRQ�� DQG� GDWD� VDPSOHV� SOD\HG� EDFN� GLUHFWO\� DV�

VRXQG��� >��@��ZKLFK�KH�UHIHUV� WR�DV�DXGLILFDWLRQ� �´$�GLUHFW� WUDQVODWLRQ� RI�D�GDWD�ZDYHIRUP� WR� WKH�

DXGLEOH�GRPDLQ�IRU�SXUSRVHV�RI�PRQLWRULQJ�DQG�FRPSUHKHQVLRQ�ZLOO�EH�UHIHUUHG�WR�DV�DXGLILFDWLRQ�µ�����

�

7KH� IROORZLQJ� OLVW� SURYLGHV� H[DPSOHV� RI� VRQLILFDWLRQ� DSSOLFDWLRQV�� 6RPH� RI� WKHVH� H[LVWHG�

EHIRUH�WKH�VRQLILFDWLRQ�WHUP�ZDV�GHYLVHG�>��@��

• *HLJHU�FRXQWHU�

• 6RQDU�

• $XGLWRU\�WKHUPRPHWHU�

• 0HGLFDO�DQG�FRFNSLW�DXGLWRU\�GLVSOD\V�

• 6RIWZDUH�WKDW�HQDEOHV�EOLQG�FKHPLVWV� WR�H[DPLQH�LQIUDUHG�VSHFWURJUDSKLF�GDWD�YLD�

DXGLWRU\�SUHVHQWDWLRQ�

• 7KH�PDSSLQJ�RI�GDWD�GHSHQGHQW�DXGLWRU\�VLJQDOV�WR�RQJRLQJ�SURFHVVHV�LQ�G\QDPLF�

PRQLWRULQJ�WDVNV�VXFK�DV�DQDHVWKHVLRORJ\�ZRUNVWDWLRQV�



�
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�

([DPSOHV�RI�DXGLILFDWLRQ�UHVHDUFK�SURMHFWV�LQFOXGH�>��@��

• 7RQDO�DFRXVWLF�VLPXODWLRQ�RI�URWRU�VWDWRU�LQWHUDFWLRQ�LQVLGH�D�MHW�WXUELQH�

• $XGLWRU\�PRQLWRULQJ�DQG�DQDO\VLV�RI�VHLVPLF�GDWD�

�

7KH�UHVHDUFK�DUHD�RI�DXGLWRU\�LQWHUIDFHV�LV�ORRNLQJ�DW�ERWK�WKH�DGGLWLRQ�RI�DXGLWRU\�FXHV�WR�

FRPSOHPHQW�H[LVWLQJ�YLVXDO� LQWHUIDFHV��DQG�WKH�GHYHORSPHQW�RI�DXGLWRU\�RQO\� LQWHUIDFHV�DV�

GHVFULEHG�E\�0\QDWW��ZKLFK� FDQ� EH� XVHG�� IRU� H[DPSOH�� WR� SURYLGH� DFFHVV� WR� D� WUDGLWLRQDO�

JUDSKLFDO�XVHU�LQWHUIDFH�IRU�SHRSOH�ZKR�DUH�EOLQG�>��@����

�

([DPSOHV�RI�VRPH�RI�WKH�UHVHDUFK�ZRUN�LQ�DXGLWRU\�LQWHUIDFHV�LV�SURYLGHG�LQ�WKH�IROORZLQJ�

OLVW��

� *DYHU·V�$XGLWRU\�,FRQV��ZKLFK�KH�GHVFULEHV�DV�EHLQJ�´«OLNH�VRXQG�HIIHFWV�IRU�FRPSXWHUVµ�

DUH� VHOI�ODEHOOLQJ� VRXQGV� ZKLFK� KDYH� D� GLUHFW� PDSSLQJ� WR� WKH� GDWD� WKDW� WKH\� DUH�

LQWHQGHG�WR�UHSUHVHQW�>��@��7KH\�FDQ�EH�XVHG�WR�SURYLGH�YDOXDEOH�LQIRUPDWLRQ�DERXW�

FRPSXWHU�V\VWHP�HYHQWV�ZLWKRXW�WKH�QHHG�WR�XVH�DQ\�RI�WKH�YLVXDO�GLVSOD\�VSDFH��

� 6SDWLDOL]HG� DXGLR� FDQ� EH� HPSOR\HG� WR� DOORZ� PRUH� DXGLWRU\� LQIRUPDWLRQ� WR� EH�

GLVSOD\HG�WR�WKH�XVHU�LQ�WKH�VDPH�SUHVHQWDWLRQ�VSDFH�DQG�VRXQGV�FDQ�EH�PDSSHG�WR�

GLIIHUHQW� SRVLWLRQV� DURXQG� WKH� XVHU
V� KHDG�� $� KHDG� WUDFNHU� DOORZV� WKH� UHIHUHQFH�

SRLQW� WR� EH� GHWHUPLQHG� VR� WKDW� WKH� UHODWLYH� SRVLWLRQ� IURP� ZKHUH� WKH� VRXQG� LV�

LQWHQGHG�WR�RULJLQDWH�FDQ�EH�SUHVHUYHG�������

� $ODUPV� DUH� XVHG� LQ� PDQ\� VDIHW\� FULWLFDO� HQYLURQPHQWV� VXFK� DV� KRVSLWDOV�� QXFOHDU�

SRZHU� VWDWLRQV� DQG� DLUFUDIW� >��@�� ZKHUH� DQ� DOUHDG\� ULFK� YLVXDO� LQWHUDFWLRQ�

HQYLURQPHQW�PD\�FDXVH�YLWDO�WLPH�FULWLFDO�LQIRUPDWLRQ�WR�EH�PLVVHG��

� (DUFRQV��ZKLFK�ZHUH�ILUVW�GHYLVHG�E\�%ODWQHU��6XPLNDZD��DQG�*UHHQEHUJ��DUH�WRQHV�

RU�VHTXHQFHV�RI�WRQHV��PRWLYHV��WKDW�FDQ�EH�XVHG�WR�SURYLGH�LQIRUPDWLRQ�WR�WKH�XVHU�

DERXW� D� FRPSXWHU�REMHFW��RSHUDWLRQ�RU� LQWHUDFWLRQ��8QOLNH�DXGLWRU\� LFRQV�� HDUFRQV�

DUH� QRW� VHOI�ODEHOOLQJ� VRXQGV� ZLWK� DQ� LQWXLWLYH� OLQN� WR� ZKDW� WKH\� DUH� LQWHQGHG� WR�

UHSUHVHQW��,QVWHDG��WKH�PDSSLQJ�KDV�WR�EH�OHDUQW�E\�WKH�XVHU�>��@���
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����� $SSOLFDWLRQV�RI�$XGLR�,QWHUDFWLRQ�LQ�$HURVSDFH�
�

7KH� IROORZLQJ� OLVW� SURYLGHV� VRPH� H[DPSOHV� RI� XVLQJ� VSHHFK� DQG� QRQ�VSHHFK� LQWHUDFWLRQ�

ZLWKLQ�WKH�DHURVSDFH�GRPDLQ��

• 7KH�XVH�RI�5�7�WR�IDFLOLWDWH�YRLFH�LQWHUDFWLRQV�EHWZHHQ�SLORWV�DQG�FRQWUROOHUV��SLORWV�

DQG�SLORWV��FRQWUROOHUV�DQG�ORFDO�FRQWUROOHUV�FRQWUROOHUV�LQ�RWKHU�IDFLOLWLHV��

• 9DULRXV�DXGLWRU\�ZDUQLQJ�V\VWHPV�RQ�DLUFUDIW�IOLJKW�GHFNV�>�@���

o *URXQG� 3UR[LPLW\� :DUQLQJ� 6\VWHPV� �*3:6�� DQG� (QKDQFHG� *URXQG�

3UR[LPLW\�:DUQLQJ� 6\VWHPV� �(*3:6�� XVH� DODUPV� DQG� DXWRPDWHG� VSHHFK�

�´3XOO� 8S�� 3XOO� 8Sµ�� WR� LQGLFDWH� WHUUDLQ� REVWUXFWLRQV� GLUHFWO\� EHORZ� WKH�

DLUFUDIW�DQG��LQ�WKH�FDVH�RI�(*3:6��ULVLQJ�WHUUDLQ�LQ�IURQW�RI�DQ�DLUFUDIW��

o 7UDIILF�$OHUW�DQG�&ROOLVLRQ�$YRLGDQFH�6\VWHPV��7&$6��SURYLGH�LQIRUPDWLRQ�

LQWHQGHG� WR� SUHYHQW� DLUFUDIW�PLG�DLU� FROOLVLRQV��7KHVH� V\VWHPV� XVH� D� YLVXDO�

GLVSOD\� LQ� FRQMXQFWLRQ� ZLWK� DXWRPDWHG� VSHHFK� DODUPV� �VXFK� DV� ´7UDIILF��

7UDIILFµ�DQG�´&OHDU�RI�&RQIOLFWµ��WR�LQGLFDWH�ZKHQ�DQRWKHU�DLUFUDIW�LV�ZLWKLQ�

YHUWLFDO�VHSDUDWLRQ�OLPLWV���

o :LQG� 6KHDU�$GYLVRU\� 6\VWHPV� �:6$6�� DOHUW� SLORWV�ZKHQ� WKH� DLUFUDIW� LV� LQ�

FORVH� SUR[LPLW\� WR� ZLQG� VKHDU�� 7KHVH� DUH� VHYHUH� DLU� GLVWXUEDQFHV� WKDW� DUH�

SDUWLFXODUO\�GDQJHURXV�WR�DLUFUDIW�GXULQJ�WDNHRII�DQG�ODQGLQJ�DSSURDFKHV��$Q�

DXGLWRU\� DODUP� VRXQGV� ZKHQ� WKH� LQLWLDO� VWDJHV� RI� D� ZLQG� VKHDU� WKUHDW� DUH�

GHWHFWHG���

�

&XUUHQWO\��WKH�EXON�RI�EDVLF�FRPPXQLFDWLRQV�WUDQVPLWWHG�DQG�UHFHLYHG�EHWZHHQ�KXPDQV�LQ�

WKH� $7&� V\VWHP� LV� XQGHUWDNHQ� XVLQJ� 5�7��+RZHYHU�� WKH� XVH� RI� 5�7� LV� QRW� ZLWKRXW� LWV�

SUREOHPV�DV�GLVFXVVHG�LQ�6HFWLRQ��������'DWD�OLQN�V\VWHPV�DUH�D�UHODWLYHO\�QHZ�PHGLXP�IRU�

SLORWV� DQG� FRQWUROOHUV� WR� FRPPXQLFDWH�� LQGLUHFWO\� YLD� FRPSXWHUV�� 'DWD� OLQN·V� SULPDU\�

SXUSRVH� LV� WR� HQVXUH� WKDW� FOHDUDQFHV�� DQG� FHUWDLQ� RWKHU� LQIRUPDWLRQ�� DUH� UHFHLYHG� DQG�

SURPSWO\� VHHQ� DQG� XQGHUVWRRG� >�@�� ,I� GDWD� OLQN� XVDJH� EHFRPHV� ZLGHVSUHDG�� WKHQ� WKH�

TXHVWLRQ�PXVW�EH�UDLVHG�DV�WR�ZKHWKHU�WKH�VSDUH�FDSDFLW\�RQ�WKH�5�7�FKDQQHO�FRXOG�EH�XVHG�

IRU�FRPPXQLFDWLQJ�RWKHU�XVHIXO�LQIRUPDWLRQ�WKDW�PD\�FXUUHQWO\�EH�WUDQVPLWWHG�DQG�UHFHLYHG�

YLVXDOO\���



�
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����� +DSWLF�,QWHUIDFHV�
�

7KH�WHUP�KDSWLF�UHODWHV�WR�WKH�VHQVH�RI�WRXFK���&RPSXWHU�KDSWLF�GHYLFHV�WDNH�DGYDQWDJH�RI�

WKH�XVHU
V�VHQVH�RI�WRXFK��RU�IRUFH�RQ�WKH�ERG\��WR�SURYLGH�IHHGEDFN�GXULQJ�LQWHUDFWLRQ�ZLWK�

D�FRPSXWHU�XVHU�LQWHUIDFH�>��@���

�

0F*HH� >��@�SHUIRUPHG�VLJQLILFDQW�ZRUN� WR�SURSRVH�D�GHILQLWLRQ�RI� WHUPV�FRQFHUQHG�ZLWK�

WRXFK�DV�SUHVHQWHG�LQ�7DEOH�������

�

7HUP� 'HILQLWLRQ�

+DSWLF� 5HODWLQJ�WR�WKH�VHQVH�RI�WRXFK��

3URSULRFHSWLYH� 5HODWLQJ�WR�VHQVRU\� LQIRUPDWLRQ�DERXW�WKH�VWDWH�
RI� WKH� ERG\� �LQFOXGLQJ� FXWDQHRXV�� NLQHVWKHWLF��
DQG�YHVWLEXODU�VHQVDWLRQV���

9HVWLEXODU� 3HUWDLQLQJ� WR� WKH� SHUFHSWLRQ� RI� KHDG� SRVLWLRQ��
DFFHOHUDWLRQ��DQG�GHFHOHUDWLRQ��

.LQHVWKHWLF� 0HDQLQJ� WKH� IHHOLQJ� RI� PRWLRQ�� 5HODWLQJ� WR�
VHQVDWLRQV� RULJLQDWLQJ� LQ� PXVFOHV�� WHQGRQV� DQG�
MRLQWV��

&XWDQHRXV� 3HUWDLQLQJ� WR� WKH� VNLQ� LWVHOI� RU� WKH� VNLQ� DV� D�
VHQVH� RUJDQ�� ,QFOXGHV� VHQVDWLRQ� RI� SUHVVXUH��
WHPSHUDWXUH��DQG�SDLQ��

7DFWLOH� 3HUWDLQLQJ� WR� WKH� FXWDQHRXV� VHQVH� EXW� PRUH�
VSHFLILFDOO\�WKH�VHQVDWLRQ�RI�SUHVVXUH�UDWKHU�WKDQ�
WHPSHUDWXUH�RU�SDLQ��

)RUFH�)HHGEDFN� 5HODWLQJ� WR� WKH� PHFKDQLFDO� SURGXFWLRQ� RI�
LQIRUPDWLRQ� VHQVHG� E\� WKH� KXPDQ� NLQHVWKHWLF�
V\VWHP��

�

7DEOH������+DSWLF�'HILQLWLRQV�>��@��

�

�



�

���

,PPHUVLRQ�>��@�GHILQH�WKH�FDWHJRULHV�RI�WZR�GLIIHUHQW�W\SHV�RI�GHYLFHV�WKDW�DUH�FDSDEOH�RI�

SURYLGLQJ�FRPSXWHU�KDSWLF�IHHGEDFN�DV�IROORZV��

• )XOO�)RUFH�)HHGEDFN�'HYLFHV�XVH�PRWRUV�WR�H[HUW�IRUFHV�RQ�SDUWV�RI�WKH�ERG\��IRU�

H[DPSOH�� WKH� KDQG��� 7KHVH� IRUFHV�PD\� LQKLELW� RU� H[DJJHUDWH�PRYHPHQW� RI� WKH� ERG\�

SDUW�LQ�D�VSHFLILF�GLUHFWLRQ������

• 7DFWLOH�)HHGEDFN�'HYLFHV�XVH�YLEUDWLRQ�WR�UHFUHDWH�KLJK�ILGHOLW\�WRXFK�VHQVDWLRQV�RI�

WH[WXUH��SHULRGLFLW\��HQFORVXUH��DQG�VXFK�OLNH��+RZHYHU��WKH\�JHQHUDOO\�GR�QRW�PRYH�RU�

LQKLELW�WKH�PRYHPHQW�RI�HLWKHU�WKH�GHYLFH�RU�WKH�KDQG�KROGLQJ�LW��LQ�WKH�VDPH�ZD\�WKDW�

IRUFH�IHHGEDFN�GHYLFHV�GR��

�

+DSWLF� LQWHUIDFHV� KDYH� WKXV� IDU� EHHQ� UHVHDUFKHG� LQ� D� QXPEHU� RI� DSSOLFDWLRQ� GRPDLQV�

LQFOXGLQJ� FRPSXWHU� XVHU� LQWHUIDFHV� IRU� YLVXDOO\� LPSDLUHG�SHRSOH� >��@�� FROODERUDWLYH� YLUWXDO�

HQYLURQPHQWV��DQG�KXPDQ�DQG�YHWHULQDU\�PHGLFLQH�WR�QDPH�EXW�D�IHZ�>��@��

�

7KH� IROORZLQJ� OLVW�SUHVHQWV� D� VXPPDU\�RI� WKH�DGYDQWDJHV�RI�KDSWLF� LQWHUIDFHV� LQ� WHUPV�RI�

DWWULEXWHV�DQG�DSSOLFDWLRQV�WR�ZKLFK�WKH\�DUH�SDUWLFXODUO\�VXLWHG��

� 1RQ�LQWUXVLYH�HQKDQFHPHQW�WR�YLVXDO�GLVSOD\�VSDFH��,Q�WKH�VDPH�ZD\�WKDW�DXGLWRU\�

GLVSOD\�FDQ�EH�FRQVLGHUHG�WR�DXJPHQW�YLVXDO�GLVSOD\V�ZLWKRXW�LQWHUIHULQJ�>.UDPHU�����@��

WKH�VDPH�FDQ�EH�VDLG�RI�KDSWLF�HIIHFWV��DOORZLQJ�LQWHUDFWLRQ�WR�EH�VSUHDG�DFURVV�GLIIHUHQW�

VHQVRU\�PRGHV� DQG� WKXV� UHGXFLQJ� WKH� SRWHQWLDO� IRU� LQIRUPDWLRQ� RYHUORDG� LQ� D� VLQJOH�

PRGDOLW\�>��@���

� 7DUJHW� DFTXLVLWLRQ� SHUIRUPDQFH� FDQ� EH� LPSURYHG�� � )RU� H[DPSOH�� D� VLJQLILFDQW�

DPRXQW� RI� UHVHDUFK� KDV� EHHQ� SHUIRUPHG� SURYLQJ� WKDW� WKRXJKWIXOO\� GHVLJQHG� KDSWLF�

HQKDQFHPHQWV� WR� WUDGLWLRQDO� *8,V� FDQ� VLJQLILFDQWO\� LPSURYH� SHUIRUPDQFH� LQ� FXUVRU�

SRLQWLQJ� WDVNV� >��@��2UJDQLVDWLRQV� VXFK� DV� ,PPHUVLRQ� DUH� DOUHDG\� SURGXFLQJ� VRIWZDUH�

�FDOOHG�,PPHUVLRQ�7RXFKZDUH��ZKLFK�SURYLGHV�D�KDSWLF�HQKDQFHPHQW�WR�WKH�:LQGRZV�

GHVNWRS���

� 5HSODFHPHQW� IRU� WKH� 9LVXDO� ,QWHUIDFH�� +DSWLFV� FDQ� EH� XVHG� LQGLYLGXDOO\�� RU� LQ�

FRQMXQFWLRQ� ZLWK� DXGLWRU\� GLVSOD\� WR� HQDEOH� YLVXDOO\� LPSDLUHG� XVHUV� WR� HQMR\� ULFK�

LQWHUDFWLRQ�ZLWK�FRPSXWHUV�>��@����

� (QKDQFHG� UHDOLVP� LQ� YLUWXDO� HQYLURQPHQWV�� )RU� H[DPSOH�� XVHUV� FDQ� IHHO� VKDSH�

RXWOLQHV�RU�WH[WXUHV��UDWKHU�WKDQ�SXUHO\�VHH�WKHP���

� ,QFUHDVH� LQ� SHUFHLYHG� TXDOLW\�H[FLWHPHQW� RI� XVHU� LQWHUIDFH�� $Q� HQKDQFHPHQW� WR�

WKH�YLVXDO�LQWHUIDFH�WKDW�WUDQVPLWV�D�FHUWDLQ�´ZRZ�IDFWRUµ�WR�WKH�XVHU���



�
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����� 5HYLHZ�RI�+DSWLF�7DUJHWLQJ�5HVHDUFK��
�

$� VLJQLILFDQW� DPRXQW� RI� UHVHDUFK� KDV� EHHQ� GHGLFDWHG� WR� LQYHVWLJDWLQJ� WKH� SRWHQWLDO� IRU�

KDSWLF�LQWHUDFWLRQ�WR�LPSURYH�WDUJHWLQJ�SHUIRUPDQFH��2QH�RI�WKH�NH\�RSHUDWLRQV�SHUIRUPHG�

E\�FRQWUROOHUV�XVLQJ�WKH�LQSXW�GHYLFH�WR�LQWHUDFW�ZLWK�WKH�UDGDU�GLVSOD\�LV�WDUJHWLQJ��ZKHUHE\�

WKH�FXUVRU�LV�PRYHG�WR�D�VSHFLILF�ORFDWLRQ�RQ�WKH�GLVSOD\��SULRU�WR�SHUIRUPLQJ�DFWLRQV�RQ�WKH�

VHOHFWHG� WDUJHW�� )RU� WKLV� UHDVRQ�� LW� LV� LPSRUWDQW� WKDW� WKH� FXUUHQW� WDUJHWLQJ� UHVHDUFK� LQ� WKH�

ILHOG� RI� KDSWLF� LQWHUDFWLRQ� LV� LQYHVWLJDWHG� WR� GHWHUPLQH� ZKDW� DVSHFWV� RI� WKLV� ZRUN� DUH�

UHOHYDQW� WR�$7&� WDUJHWLQJ� WDVNV�� 7KLV� VHFWLRQ� UHYLHZV� DQG� GLVFXVVHV� WKLV� KDSWLF� WDUJHWLQJ�

UHVHDUFK���

�

)LUVWO\��LW�LV�LPSRUWDQW�WR�PHQWLRQ�WKH�WDUJHWLQJ�ZRUN�SHUIRUPHG�LQ������E\�3DXO�)LWWV�>��@��

,Q� WKH� ILHOG� RI� HUJRQRPLFV�� )LWWV� SXEOLVKHG� D� SULQFLSOH� RI� KXPDQ�PRYHPHQW� WKDW� LV� YHU\�

PXFK� VWLOO� UHOHYDQW� WR� WKH� XVHU� LQWHUIDFHV� RI� WRGD\�� )LWWV� GLVFRYHUHG� D� IRUPDO� UHODWLRQVKLS�

WKDW�PRGHOV�VSHHG�DFFXUDF\�WUDGHRIIV�LQ�UDSLG��DLPHG�PRYHPHQW��QRW�GUDZLQJ�RU�ZULWLQJ���

7KLV�FDQ�EH�VWDWHG�DV�>��@���

�

7KH�WLPH�WR�DFTXLUH�D�WDUJHW�LV�D�IXQFWLRQ�RI�WKH�GLVWDQFH�WR�DQG�VL]H�RI�WKH�WDUJHW��

�

)LWWV
�/DZ�LQGLFDWHV�WKDW�WKH�PRVW�TXLFNO\�DFFHVVHG�WDUJHWV�RQ�DQ\�FRPSXWHU�GLVSOD\�DUH�WKH�

IRXU� FRUQHUV� RI� WKH� VFUHHQ�� EHFDXVH� RI� WKHLU� SLQQLQJ� DFWLRQ� >��@�� )LWWV·� /DZ� LV� XVHG�

H[WHQVLYHO\� LQ� KDSWLF� LQWHUDFWLRQ� UHVHDUFK� IRU� FDOFXODWLQJ� LQGH[� RI� SHUIRUPDQFH�PHDVXUHV�

>��@��

�

+DSWLF� IHHGEDFN�KDV�EHHQ� VKRZQ� WR� LPSURYH�XVHU�SHUIRUPDQFH�DQG� VDWLVIDFWLRQ� LQ� VLQJOH�

WDUJHW� RSHUDWLRQV� ZLWKLQ� JUDSKLFDO� XVHU� LQWHUIDFHV� >��@�� 7KLV� SHUIRUPDQFH� EHQHILW� FDQ� EH�

DFKLHYHG�E\�DSSO\LQJ�D� IRUFH� WKDW� DWWUDFWV� WKH�FXUVRU� WR� WKH� WDUJHW�� �+RZHYHU�� LQ�PXOWLSOH�

WDUJHW�VLWXDWLRQV� �IRU�H[DPSOH��RQ�D�GHVNWRS�PHQX�ZLWK�QXPHURXV�RSWLRQV���DWWUDFWLQJ�WKH�

FXUVRU� WR� HYHU\� WDUJHW� XVLQJ� WKH� VDPH� DWWUDFWLRQ� HIIHFW� KDV� WKH� SRWHQWLDO� WR� LUULWDWH� DQG�

GLVWUDFW�WKH�XVHU��2DNOH\�HW�DO��>��@�DUJXH�WKDW�WDUJHW�SUHGLFWLRQ�WHFKQLTXHV��OLNH�WKRVH�XVHG�LQ�

RWKHU�KDSWLF�WDUJHWLQJ�H[SHULPHQWV�>��@�FDQ�KDYH�LQKHUHQW�SUREOHPV��IRU�H[DPSOH��GLIILFXOW\�

RI�DFFXUDWH�SUHGLFWLRQ�IRU�VRPH�WDVNV��SURFHVVLQJ�FRVW���$Q�DOWHUQDWLYH�PHWKRG�ZDV�WHVWHG�

DQG�SURYHG�WR�EH�HIIHFWLYH�ZKLFK�LQYROYHG�GHILQLQJ�WKH�WDUJHWV�WR�ZKLFK�DWWUDFWLRQ�HIIHFWV�

ZHUH�DSSOLHG�E\�GHWHUPLQLQJ�WKH�XVHU·V�PRVW�OLNHO\�PHQX�LQWHUDFWLRQ���

�



�
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:LWK�UHVSHFW�WR�WKH�WZR�FDWHJRULHV�RI�KDSWLF�GHYLFHV��WDFWLOH�DQG�IRUFH�IHHGEDFN��$NDPDWVX�

>��@�FRQGXFWHG�UHVHDUFK�ZLWK�D�GHVNWRS�PRXVH�WR�FRPSDUH�SHUIRUPDQFH�LQ�WDUJHWLQJ�WDVNV�

ZKHQ�DSSO\LQJ�HLWKHU�QR�IHHGEDFN��WDFWLOH��IRUFH�IHHGEDFN��RU�FRPELQHG�IRUFH�IHHGEDFN�DQG�

WDFWLOH� HIIHFWV��7KH� WZR� IHHGEDFN� FRQGLWLRQV�XVLQJ� WDFWLOH� HIIHFWV� �WDFWLOH�� WDFWLOH� DQG� IRUFH�

IHHGEDFN�ZHUH�IRXQG�WR�RIIHU�EHWWHU�VSHHG�DQG�DFFXUDF\�SHUIRUPDQFH�WKDQ�QR�IHHGEDFN��RU�

IRUFH�IHHGEDFN�HIIHFWV�>��@���

�

,Q� RWKHU� ZRUN� E\� $NDPDWVX��0DF.HQ]LH�� DQG�+DVEURXF� >��@� D�PRXVH� HPSOR\LQJ� WDFWLOH�

IHHGEDFN�HIIHFWV�ZDV�IRXQG�WR�DOORZ�D�ZLGHU�DUHD�RI�WKH�WDUJHW�WR�EH�XVHG��DQG�HQDEOH�WDUJHWV�

WR� EH� VHOHFWHG� PRUH� TXLFNO\� ZKHQ� FRPSDUHG� WR� WKH� RWKHU� VHQVRU\� IHHGEDFN� FRQGLWLRQV�

QRUPDO�� DXGLWRU\�� XVH� RI� YLVXDO� FRORXU�� DQG� FRPELQHG�� $OWKRXJK� WKH� FRPELQHG� VHQVRU\�

IHHGEDFN�FRQGLWLRQ�ZDV�FORVH�LQ�WHUPV�RI�SHUIRUPDQFH�WR�WKH�WDFWLOH�FRQGLWLRQ��LW�LV�WKRXJKW�

WKDW�WKLV�LV�EHFDXVH�WKH�XVHU�KDV�D�WHQGHQF\�WR�XVH�WKH�PRVW�HIIHFWLYH�IHHGEDFN�DQG�ILOWHU�RXW�

RWKHUV���

�

2DNOH\�HW�DO��>��@�SURSRVH�JXLGHOLQHV�IRU�WKH�GHVLJQ�RI�KDSWLF�LQWHUDFWLRQ�ZLGJHWV�>��@��7KHVH�

JXLGHOLQHV� DUH�EDVHG�RQ� ILQGLQJV� IURP� WZR�VHSDUDWH� VWXGLHV�� LQ�FRQMXQFWLRQ�ZLWK�SUHYLRXV�

ZRUN�LQ�WKH�ILHOG��7KH�JXLGHOLQHV�SUHVHQWHG�FDQ�EH�VXPPDULVHG�DV�IROORZV��

• *XLGLQJ� 6WUDWHJ\�� +DSWLF� IHHGEDFN� VKRXOG� FRQFHQWUDWH� RQ� LPSURYLQJ� XVHU�

SHUIRUPDQFH� E\� UHGXFLQJ� WKH� QXPEHU� RI� HUURUV�PDGH�� UDWKHU� WKDQ� E\� DWWHPSWLQJ� WR�

GHFUHDVH�WDVN�FRPSOHWLRQ�WLPHV��

• &KRLFH�RI�KDSWLF�DXJPHQWDWLRQ��+DSWLF�HIIHFWV�ZLWK�ZDOOHG�DUHDV�RU�DWWUDFWLYH�EDVLQV�

W\SLFDOO\�SURYLGH�EHWWHU�SHUIRUPDQFH�LPSURYHPHQWV��+RZHYHU��WKH�VKDSH�RI�WKH�HIIHFW�

LV� LPSRUWDQW�� DV� GLDJRQDO� PRWLRQ� �IRU� H[DPSOH�� DW� WKH� FRUQHUV� RI� D� VTXDUH�� LV� PRUH�

GLIILFXOW�WKDQ�YHUWLFDO�RU�KRUL]RQWDO�PRWLRQ���

• 5HODWLRQVKLS� EHWZHHQ� IRUFH� VWUHQJWK� DQG� ZLGJHW� VL]H�� 7KH� PD[LPXP� VWUHQJWK�

XVHG�IRU�DQ\�ZLGJHW��RU�VHW�RI�ZLGJHWV��VKRXOG�EH�GHSHQGHQW�RQ�WKH�VL]H�RI�WKH�ZLGJHW�

DQG�WKH�GHQVLW\�RI�WKH�DUUDQJHPHQW�WKDW�LW�LV�SUHVHQWHG�LQ��

• 5DQJH�RI�XVHIXO� IRUFH�PDJQLWXGHV��7KLV� JXLGHOLQH� VWDWHV� D� IRUFH� UDQJH� WKDW�KDSWLF�

WDUJHWV� VKRXOG� EH� ZLWKLQ�� ����� 1� WR� ���� 1�� +RZHYHU�� LQ� PXOWL�WDUJHW� HQYLURQPHQWV�

WKHVH� VWUHQJWKV�PD\�QHHG� WR�EH�FRQWLQXDOO\�DGMXVWHG� WR�H[SORLW�ZLGJHW�EHKDYLRXU� DQG�

SUHVHQW�G\QDPLF�UHVSRQVHV�WR�VORZ�RU�UDSLG�PRYHPHQW��$�V\VWHP�IRU�XVH�RXWVLGH�RI�D�

UHVHDUFK� HQYLURQPHQW� VKRXOG� DOZD\V� DOORZ� WKH� XVHU� WR� DGMXVW� WKH� PD[LPXP� IRUFH�

VWUHQJWK���



�
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• ([SORLW� SDWWHUQV� RI� XVHU� EHKDYLRXU�� 7KH� KDSWLF� HIIHFW� RQ� DQ\� JLYHQ� WDUJHW� VKRXOG�

FDSLWDOLVH�RQ�SDWWHUQV�RI�PRWLRQ�DIIRUGHG�E\�WKDW�WDUJHW���

• ([SORLW�ZLGJHW�EHKDYLRXU��+DSWLF�IHHGEDFN�FDQ�EH�GHVLJQHG�WR�DLG�WKH�FRPSOHWLRQ�RI�

DQ�DFWLRQ�WKDW�KDV�VWDUWHG��7KLV�JXLGHOLQH�FRXOG�EH�DSSOLHG�WR�DQ\�KDSWLF�REMHFW�WKDW�KDV�

PRUH�WKDQ�RQH�H[SOLFLW�VWDWH��

• '\QDPLF�UHVSRQVH�WR�VORZ�PRYHPHQW��)RUFH�VKRXOG�YDU\�DFFRUGLQJ�WR�VSHHG�ZLWK�

VORZ�PRYHPHQW�UHTXLULQJ�ORZ�IRUFHV��7KLV�LV�SDUWLFXODUO\�LPSRUWDQW�LQ�VLWXDWLRQV�ZKHUH�

WKHUH�LV�D�KLJK�SRSXODWLRQ�RI�FORVHO\�VSDFHG�ZLGJHWV��

• '\QDPLF�UHVSRQVH�WR�UDSLG�PRYHPHQW��/RZ�IRUFHV�VKRXOG�EH�XVHG�RQ�WDUJHWV�WKDW�

DUH� QRW� WKH� XVHUV� ILQDO� GHVWLQDWLRQ�� /LNH� WKH� SUHYLRXV� JXLGHOLQH�� WKLV� LV� LPSRUWDQW� LQ�

VLWXDWLRQV�ZKHUH�WKHUH�LV�D�KLJK�SRSXODWLRQ�RI�FORVHO\�VSDFHG�ZLGJHWV����

�

)URP�H[LVWLQJ�UHVHDUFK�� LW�FDQ�EH�FRQFOXGHG�WKDW� WDFWLOH�IHHGEDFN� LV�D�SURPLVLQJ�DSSURDFK�

IRU� LPSURYLQJ� WDUJHWLQJ�SHUIRUPDQFH�ZKHQ�XVHG� WR� HQKDQFH�D� JUDSKLFDO� GLVSOD\� IHDWXULQJ�

PXOWLSOH� WDUJHWV�� $GGLWLRQDOO\�� LW� FDQ� EH� VHHQ� WKDW� WKH� GHVLJQ� RI� KDSWLF� REMHFWV� UHTXLUHV�

FDUHIXO�FRQVLGHUDWLRQ��HVSHFLDOO\�LQ�GHQVHO\�SDFNHG�PXOWLSOH�WDUJHW�HQYLURQPHQWV�OLNH�WKDW�RI�

D�EXV\�$7&�VHFWRU��

�

����� $SSOLFDWLRQV�RI�+DSWLF�,QWHUDFWLRQ�LQ�$HURVSDFH�
�

:LWKLQ� WKH� $HURVSDFH� GRPDLQ�� WKH� PRVW� ZLGHO\� UHFRJQLVHG� DSSOLFDWLRQ� RI� XVLQJ� DQ�

HOHFWURQLF� GHYLFH� WR� VXSSO\� IHHGEDFN� WR� WKH� XVHU� LV� LQ� WKH� IOLJKW� GHFN� VWLFN� VKDNHU�� 6WLFN�

VKDNHUV�DUH�XVHG�WR�QRWLI\�WKH�SLORW� LQ�DGYDQFH�RI�DQ�LPPLQHQW�VWDOO�FRQGLWLRQ�>��@��:KHQ�

VXFK� D� FRQGLWLRQ� RFFXUV�� WKH� VWLFN� VKDNHU� GHYLFH� XVHV� DQ� HOHFWULF� PRWRU� WR� YLEUDWH� WKH�

FRQWURO�FROXPQ��ZKHHO��RU�VWLFN��GHSHQGLQJ�RQ�WKH�DLUFUDIW�W\SH��WKDW�LW�LV�DWWDFKHG�WR��7KH�

SLORW�UHFHLYHV�D�FOHDU�VWDOO�LQGLFDWLRQ�WKDW�LV�XQOLNH�DQ\�RWKHU�DODUP�FRQGLWLRQ�LQ�WKH�FRFNSLW���

7KH� VKDNLQJ� DFWLRQ� LV� LQWHQGHG� WR� VLPXODWH� DLUFUDIW� SUH�VWDOO� EXIIHWLQJ�ZKLFK� LV� D� QDWXUDO�

HIIHFW�RI�WKH�DLUIUDPH�LQ�WKLV�VLWXDWLRQ��,Q�PDQ\�DLUFUDIW�GHVLJQV��WKH�LQWHQVLW\�RI�WKH�QDWXUDO�

SUH�VWDOO� EXIIHWLQJ� HIIHFW� LV� QRW�KLJK� HQRXJK� WR�PDNH� WKH� FRQGLWLRQ�REYLRXV� WR� WKH� IOLJKW�

FUHZ��7KH�VWLFN�VKDNHU�OHDYHV�WKH�IOLJKW�FUHZ�LQ�QR�GRXEW�WKDW�D�VWDOO�FRQGLWLRQ�LV�LPPLQHQW��

�

:KLOH�WKH�VWLFN�VKDNHU�LV�D�VXFFHVVIXO�DSSOLFDWLRQ�RI�KDSWLF�LQWHUDFWLRQ�ZLWKLQ�WKH�DHURVSDFH�

GRPDLQ��WKHUH�LV�DOVR�D�VLJQLILFDQW�DPRXQW�RI�DGGLWLRQDO�KDSWLF�UHVHDUFK�RQJRLQJ��6RPH�RI�

WKHVH�DFWLYLWLHV�DUH�VXPPDULVHG�LQ�WKH�IROORZLQJ�OLVW��



�
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• +DSWLF�6LPXODWRU�IRU�DHURQDXWLFV�PDLQWHQDQFH�RSHUDWLRQV�>��@��7KLV�ZRUN�SURSRVHV�

D�PHWKRG� WR�VLPXODWH� IRUFHV�DQG� WRUTXHV�ZLWK�D���'HJUHHV�RI�)UHHGRP����'2)��

KDSWLF� LQWHUIDFH� IRU� PDQLSXODWLQJ� YLUWXDO� REMHFWV�� 7KH� LQWHQWLRQ� LV� IRU� KDSWLF�

LQWHUIDFHV�WR�HQDEOH�D�VKRUWHU�GHYHORSPHQW�WLPH�RI�DHURQDXWLFDO�SURWRW\SH�SURGXFWV�

E\� WDNLQJ� LQWR� FRQVLGHUDWLRQ� DVVHPEO\� DQG� PDLQWHQDQFH� FRQVWUDLQWV�� )RUW\�

SDUWLFLSDQWV� IURP�$LUEXV� )UDQFH� TXDOLWDWLYHO\� HYDOXDWHG� SURWRW\SHV� DQG� IHHGEDFN�

ZDV�IDYRXUDEOH��7KH�ZRUN�VWDWHV�WKDW�D�TXDQWLWDWLYH�DQDO\VLV�LV�SODQQHG�XVLQJ�W\SLFDO�

PDLQWHQDQFH�VFHQDULRV�WR�HYDOXDWH�GLIIHUHQFHV�LQ�SHUIRUPDQFH�ZLWK�DQG�ZLWKRXW�WKH�

XVH�RI�KDSWLFV����

• �'�VWHUHRVFRSLF�YLVXDOL]DWLRQ� LQ�$7&�XVLQJ� WUDFNHG�DQG�KDSWLF�GHYLFHV� >��@��7KLV�

ZRUN� ORRNV� DW� DOWHUQDWH� GHYLFHV� WR� VXSSRUW� IOLJKW� WUDMHFWRU\� �'� YLVXDOL]DWLRQ� DQG�

LQWHUDFWLRQ�� 7KH� SDSHU� GLVFXVVHV� WKH� XVH� RI� WZR� WUDFNLQJ� GHYLFHV� �WUDFNHG�ZDQG��

WUDFNHG�JORYH�� IRU� LQWHUDFWLQJ�ZLWK�SK\VLFDO� REMHFWV� �IRU� H[DPSOH�� WHUUDLQ�� DLUFUDIW��

DLUSRUWV�� DQG� FRQFHSWXDO� REMHFWV� �DLUVSDFH�� VHFWRUV�� DQG� WUDMHFWRULHV�� LQ� D� YLUWXDO�

HQYLURQPHQW��,W�LV�VWDWHG�WKDW�WKH�QH[W�GHYLFH�WR�EH�HYDOXDWHG�LV�D�KDSWLF�GHYLFH�EXW�

WKH�RXWFRPH�RI�WKLV�UHVHDUFK��LI�FRQGXFWHG��LV�QRW�NQRZQ�DW�WKLV�VWDJH����

• 8VH�RI�WDFWLOH�WRUVR�GLVSOD\V�LQ�DLUFUDIW�FRFNSLWV�>��@��7DFWLOH�WRUVR�GLVSOD\V�FRQYH\�

LQIRUPDWLRQ� E\� DSSO\LQJ� YLEUDWLRQV� WR� YDULRXV� DUHDV� RI� WKH� WRUVR�� �'� VSDWLDO�

LQIRUPDWLRQ� LV� SUHVHQWHG� LQWXLWLYHO\� EHFDXVH� WKH� YLEUDWLRQ� SRLQWV� DUH� PDSSHG� WR�

ERG\�FRRUGLQDWHV��7KHVH�GLVSOD\V�KDYH�EHHQ�UHVHDUFKHG�WR�GHWHUPLQH�KRZ�ZHOO�WKH\�

VXSSRUW��DPRQJ�RWKHU�WKLQJV��

o 7DFWLOH�GLUHFWLRQDO�WKUHDW�GLVSOD\�

o 5HVLVWDQFH�WR�KLJK�*�ORDG�FRQGLWLRQV�RI� WDFWLOH�GLVSOD\V�RYHU�SXUHO\�YLVXDO�

GLVSOD\V�

o 'HWHFWLRQ� RI� SRVLWLRQ� GULIW� LQ� KHOLFRSWHU� KRYHU� RSHUDWLRQV� ZKHQ� QLJKW�

YLVLRQ�JRJJOHV�DUH�EHLQJ�XVHG�E\�WKH�SLORW�

o &RXQWHUPHDVXUH�IRU�SLORW�VSDWLDO�GLVRULHQWDWLRQ�����

• 7KH�XVH�RI�KDSWLFV�WR�SUHVHQW�LQIRUPDWLRQ�WR�FRQWUROOHUV�LQ�VXSSRUW�RI�PXOWLSOH�WDVN�

WLPHVKDULQJ��DQG�QRWLILFDWLRQ�RI�LQWHUUXSWLRQ�WDVN�HYHQWV��7KLV�ZRUN�ZDV�GLVFXVVHG�

SUHYLRXVO\�LQ�6HFWLRQ����������



�

���

����� &RPELQLQJ�WKH�0RGDOLWLHV�
�

7KH�VXFFHVVIXO�FRPELQDWLRQ�RI�LQWHUDFWLRQ�XVLQJ�WZR�RU�PRUH�RI�WKH�VHQVRU\�PRGDOLWLHV�KDV�

YDVW� SRWHQWLDO� WR� LPSURYH� WKH� LQWHUDFWLRQV� EHWZHHQ�KXPDQV� DQG� FRPSXWHUV�� ,W� LV� IRU� WKLV�

UHDVRQ� WKDW� D� VLJQLILFDQW� DPRXQW� RI� UHVHDUFK� LV� RQJRLQJ� LQ� WKH� ILHOG� RI� PXOWLPRGDO�

LQWHUDFWLRQ�� $� NH\� FRQVLGHUDWLRQ� LV� WR� FRPELQH� LQWHUDFWLRQ� WHFKQLTXHV� VR� WKDW� WKH\�

FRPSOHPHQW�DQG�ZRUN�V\QHUJLVWLFDOO\�ZLWK�RQH�DQRWKHU��HQDEOLQJ�WKH�XVHU
V�H[SHULHQFH�WR�EH�

PRUH�SOHDVXUDEOH�DQG�SURGXFWLYH��UDWKHU�WKDQ�IUXVWUDWLQJ�DQG� LQHIILFLHQW���$Q�DSSUHFLDWLRQ�

RI� WKH� VWUHQJWKV� DQG� ZHDNQHVVHV� RI� HDFK� PRGDOLW\
V� FDSDELOLWLHV� LV� DQ� LPSRUWDQW� GHVLJQ�

FULWHULRQ�GXULQJ�WKH�GHYHORSPHQW�RI�D�PXOWLPRGDO�XVHU�LQWHUIDFH���

�

,Q�WKLV�DJH�RI�XELTXLWRXV�FRPSXWLQJ��IRU�FRQWH[W�DZDUH�V\VWHPV��WKH�DELOLW\�WR�G\QDPLFDOO\�

FKDQJH�WKH�PXOWLPRGDO�FKDUDFWHULVWLFV�RI�D�XVHU� LQWHUIDFH� LQ�UHDO� WLPH�WR� LPSURYH�WKH�XVHU�

LQWHUDFWLRQ� H[SHULHQFH� LQ� DQ\� JLYHQ� FRPSXWLQJ� HQYLURQPHQW� �IRU� H[DPSOH�� GHVNWRS� 3&��

ODSWRS�� 3'�� HPEHGGHG� GHYLFH�� LV� DQ� LQWHUHVWLQJ� UHVHDUFK� SUREOHP� WKDW� LV� UHFHLYLQJ�

VLJQLILFDQW� DWWHQWLRQ� >��@�� )RU� H[DPSOH�� ZKHQ� LQWHUDFWLQJ� ZLWK� D� XVHU� LQWHUIDFH� ZKHUH� D�

VLJQLILFDQW�DPRXQW�RI�EDFNJURXQG�QRLVH�LV�HYLGHQW��WKH�PXOWLPRGDO�EDODQFH�RI�WKH�LQWHUIDFH�

FRXOG� OHDQ� WRZDUGV� YLVXDO� DQG� KDSWLF� IHHGEDFN�� 2Q� WKH� RWKHU� KDQG�� ZKHQ� WKH� XVHU� LV�

RSHUDWLQJ� LQ�D�TXLHW� VROLWDU\�HQYLURQPHQW�� D�JUHDWHU�GHJUHH�RI� DXGLWRU\� IHHGEDFN�FRXOG�EH�

HPSOR\HG�E\�WKH�XVHU�LQWHUIDFH���

�

:LWKLQ� WKH� GRPDLQ� RI� $7&�� WKH� VHQVRU\�PRGHV� RI� VLJKW� DQG� VRXQG� DUH� FRPELQHG�� 7KH�

VHQVH� RI� WRXFK� LV� RI� FRXUVH� XVHG�ZKHQ� LQWHUDFWLQJ�ZLWK� KDUGZDUH� RU�PDQLSXODWLQJ� SDSHU�

IOLJKW� SURJUHVV� VWULSV�� +RZHYHU�� FRPSXWHU� JHQHUDWHG� KDSWLFV� KDYH� QRW�� DV� \HW�� EHHQ�

LQWHJUDWHG�ZLWK�RWKHU�PRGDOLWLHV�LQ�RIILFLDO�$7&�V\VWHPV���

�



�

���

��� &RQFOXVLRQ�
�

7KLV� FKDSWHU� KDV� UHYLHZHG� WKH� UHVHDUFK� ILHOGV� RI� KDSWLF� DQG� DXGLR� LQWHUDFWLRQ�� +DSWLF�

LQWHUDFWLRQ� LQ� SDUWLFXODU� LV� RI� NH\� LPSRUWDQFH� IRU� WKH� ZRUN� SUHVHQWHG� LQ� WKLV� WKHVLV��

3URPLVLQJ�UHVHDUFK�VXJJHVWV�WKDW�WKH�XVH�RI�KDSWLF�HIIHFWV��ZKHQ�GHVLJQHG�DSSURSULDWHO\�KDV�

WKH�SRWHQWLDO�WR�LPSURYH�XVHU�SHUIRUPDQFH��VSHFLILFDOO\�LQ�HUURU�UHGXFWLRQ��ZKHQ�SHUIRUPLQJ�

WDUJHW�DFTXLVLWLRQ�WDVNV��HYHQ�LQ�DQ�HQYLURQPHQW�SRSXODWHG�E\�PDQ\�PXOWLSOH�WDUJHWV��&RXOG�

WKHVH�SHUIRUPDQFH�EHQHILWV�LQ�WHUPV�RI�PXOWL�WDUJHW�DFTXLVLWLRQ�EH�LPSRUWDQW�IRU�SURYLGLQJ�

D�VROXWLRQ�WR�KXPDQ�IDFWRUV�SUREOHPV�DVVRFLDWHG�ZLWK�FRQWUROOHUV·�XVH�RI�WKH�UDGDU�GLVSOD\�

DQG� DVVRFLDWHG� LQSXW� PHFKDQLVPV� DW� WKH� FRQWUROOHU� ZRUNVWDWLRQ"� 7KH� UHPDLQGHU� RI� WKLV�

WKHVLV� FRQGXFWV� D� UHTXLUHPHQWV� VWXG\�� DQG� GRFXPHQWV� WKH� GHVLJQ� DQG� HYDOXDWLRQ� RI� D�

KDSWLFDOO\� HQKDQFHG� VLPXODWLRQ� LQWHQGHG� WR� LQYHVWLJDWH� WKH� VXLWDELOLW\� RI� KDSWLFV� LQ� WKLV�

WDUJHW�ULFK�GRPDLQ�����

�



�

���

�

&KDSWHU��� 'HYHORSPHQW�RI �$7&�6LPXODWLRQ�
�

��� ,QWURGXFWLRQ�
�

7KLV�FKDSWHU�GHVFULEHV�WKH�GHYHORSPHQW�RI�D�KDSWLFDOO\�HQKDQFHG�$7&�VLPXODWLRQ��)LUVWO\��D�

IXQFWLRQDO�VSHFLILFDWLRQ�LV�SURYLGHG�WR�RXWOLQH�WKH�VWUXFWXUH�RI�WKH�IXQFWLRQDO�PRGXOHV�WKDW�

ZLOO�FROOHFWLYHO\�PDNH�XS�WKH�$7&�VLPXODWLRQ��)ROORZLQJ�WKLV��D�VRIWZDUH�WRRO�LQYHVWLJDWLRQ�

LV� GLVFXVVHG� DORQJ� ZLWK� GHWDLOV� RI� WKH� LWHUDWLYH� VLPXODWLRQ� GHVLJQ� SURFHVV�� )LQDOO\�� WKLV�

FKDSWHU�FORVHV�ZLWK�D�UHSRUW�RQ�WKH�SURJUHVV�WKDW�ZDV�PDGH�GXULQJ�WKH�LPSOHPHQWDWLRQ�RI�

WKH�VLPXODWLRQ��

��

7KH�SXUSRVH�RI�EXLOGLQJ�WKLV�VLPXODWLRQ�ZDV�WR�SURYLGH�D�PHFKDQLVP�IRU�WHVWLQJ�ZKHWKHU�RU�

QRW�KDSWLF�LQWHUDFWLRQ�ZRXOG�EH�D�VXLWDEOH�VROXWLRQ�IRU�HDFK�RI�WKH�UHTXLUHPHQWV�GLVFXVVHG�

LQ� WKH� SUHYLRXV� FKDSWHU�� DQG� VXPPDUL]HG� LQ� 7DEOH� ����� 7KH� LQWHQWLRQ� ZDV� WR� XVH� DQ�

HYROXWLRQDU\�SURWRW\SLQJ�DSSURDFK�WR�WKH�GHYHORSPHQW�RI�WKHVH�VLPXODWLRQV��2QO\�D�VPDOO�

SDUW�RI�WKLV�HYROXWLRQ�ZDV�UHDOL]HG�GXULQJ�WKH�WLPH�DYDLODEOH��+RZHYHU��6HFWLRQ�����GLVFXVVHV�

SURSRVDOV� IRU�KRZ� WKLV�ZRUN�FRXOG�EH� VLJQLILFDQWO\� H[WHQGHG� WR�PDNH�D�PRUH�ZRUWKZKLOH�

FRQWULEXWLRQ�WR�WKLV�ILHOG�RI�UHVHDUFK����

�

��� )XQFWLRQDO�6SHFLILFDWLRQ�
�

7KLV�VHFWLRQ�SURYLGHV�D�VXPPDU\�RI�HDFK�RI�WKH�GLVFUHWH�IXQFWLRQDO�PRGXOHV�WKDW�PDNH�XS�

WKH� KDSWLFDOO\� HQKDQFHG� $7&� VLPXODWLRQ�� 7KH� PRGXOHV� VSHFLILHG�� LI� IROORZHG� E\� DQ�

DSSURSULDWH� GHVLJQ� DQG� LPSOHPHQWDWLRQ�� ZRXOG� SURYLGH� D� ZD\� WR� WHVW� WKH� VXLWDELOLW\� RI�

KDSWLFV�IRU�VXSSRUWLQJ�WKH�UHTXLUHPHQWV�VWDWHG�LQ�7DEOH������:LWKLQ�WKH�IROORZLQJ�VHFWLRQV�

WKDW�GHVFULEH�HDFK�PRGXOH��D�UHIHUHQFH�LV�SURYLGHG�WR�WKH�UHTXLUHPHQW�V��WKDW�WKH�PRGXOH�LV�

LQWHQGHG�WR�VXSSRUW�����

�



�

���

����� 5DGDU�'LVSOD\�0RGXOH�
�

7KLV�PRGXOH�ZLOO�SURYLGH�WKH�VLPXODWHG�YLVXDO�UDGDU�GLVSOD\�XVHG�E\�DOO�RWKHU�PRGXOHV��7KLV�

PRGXOH�ZLOO�FRQVLVW�RI�WKH�IROORZLQJ�HOHPHQWV��

• 6HFWRU�ERXQGDULHV�

• $LUFUDIW�WDUJHWV�DQG�DVVRFLDWHG�GDWD�ODEHOV�

• $LUFUDIW�7UDFNV��LQGLFDWLQJ�GLUHFWLRQ�RI�WUDYHO��

• &XUVRU�SRVLWLRQ�LQGLFDWRUV�

• 6LPXODWHG�G\QDPLF�DLU�WUDIILF�

�

,Q� DGGLWLRQ� WR� WKH� UDGDU� GLVSOD\�� WKLV� PRGXOH� ZLOO� SURYLGH� D� VLPXODWLRQ� RI� WKH� WUDFNEDOO�

DVVRFLDWHG�NH\SDG�WKDW�LV�XVHG�E\�6$&&�FRQWUROOHUV�DW�3UHVWZLFN��VHH�)LJXUH�������

�

����� 6LPXODWHG�7UDIILF�0RGXOH�
�

7KLV�PRGXOH�ZLOO�SURYLGH� WKH� VLPXODWHG�G\QDPLF�DLU� WUDIILF�REMHFWV��6SHFLILF�SURSHUWLHV�RI�

HDFK�REMHFW��VXFK�DV�SRVLWLRQ��GLUHFWLRQ�RI�WUDYHO��DLU�VSHHG��IOLJKW�OHYHO��RULJLQ�DLUSRUW��DQG�

GHVWLQDWLRQ�DLUSRUW�ZLOO�EH�UHIOHFWHG�YLVXDOO\�LQ�WKH�5DGDU�'LVSOD\�0RGXOH��

����� +DSWLF�7DUJHWLQJ�0RGXOH��
�

7KLV� PRGXOH� ZLOO� SURGXFH� KDSWLF� HIIHFWV� IRU� XVH� ZLWK� WKH� 5DGDU� 'LVSOD\� 0RGXOH� WR�

GHWHUPLQH�ZKHWKHU�KDSWLFV�ZRXOG�DOOHYLDWH�SUREOHPV�DVVRFLDWHG�ZLWK��

• 'DWD�ODEHO�RYHUODS��5HTXLUHPHQW����

• ,GHQWLILFDWLRQ� RI� WDUJHWV� WKDW� DUH� LQ� FORVH� VSDWLDO� SUR[LPLW\�� RU� HYHQ� LQ� WKH� VDPH�

VSDWLDO�SRVLWLRQ��ZKLOH�DW�GLIIHUHQW�IOLJKW�OHYHOV���5HTXLUHPHQW����

• 6XFFHVVIXOO\� ORFNLQJ� WKH� FXUVRU� RQWR� DLUFUDIW� WDUJHWV� WR� HQDEOH� DFFHVV� WR�

VXSSOHPHQWDU\�LQIRUPDWLRQ���5HTXLUHPHQW�����

�



�

���

����� +DSWLF�3UHGLFW�7RRO�0RGXOH�
�

7KLV�PRGXOH�ZLOO�FRPELQH�ZLWK�WKH�5DGDU�'LVSOD\�0RGXOH�WR�SURYLGH�D�KDSWLF�YHUVLRQ�RI�

WKH� SUHGLFW� WRRO� XVHG� E\� FRQWUROOHUV� DW� 3UHVWZLFN� �5HTXLUHPHQW� ���� 7KLV� WRRO� DOORZV�

FRQWUROOHUV� WR�GHWHUPLQH�ZKHWKHU�RU�QRW�D�VXJJHVWHG�KHDGLQJ�DQG�IOLJKW� OHYHO�ZLOO� UHVXOW� LQ�

DQ\�FRQIOLFWV��,W�ZLOO�EH�SRVVLEOH�WR�VZLWFK�RII�WKH�KDSWLF�FRPSRQHQWV�RI�WKLV�PRGXOH�VR�WKDW�

SHUIRUPDQFH�ZLWK�DQG�ZLWKRXW�KDSWLFV�FDQ�EH�FRPSDUHG����

����� 'DQJHU�$UHD�,GHQWLILFDWLRQ�0RGXOH�
�

7KLV�PRGXOH� ZLOO� RYHUOD\� WKH� 5DGDU�'LVSOD\�0RGXOH� ZLWK� KDSWLF� LQIRUPDWLRQ� LGHQWLI\LQJ�

VSHFLILF� DUHDV� ZLWKLQ� VHFWRUV� WKDW� DUH� GHVLJQDWHG� DV� GDQJHU� DUHDV� GXH� WR� WKH� SUHVHQFH� RI�

PLOLWDU\�DLUFUDIW�RU�RWKHU�QRQ�FLYLOLDQ�WUDIILF�LQ�WKH�DUHD��5HTXLUHPHQW������

�

����� *URXQG�6SHHG�,QGLFDWLRQ�0RGXOH�
�

7KLV� PRGXOH� ZLOO� XVH� KDSWLFV� WR� SURYLGH� ORZ�UHVROXWLRQ� LQIRUPDWLRQ� WKDW� LQGLFDWHV� WKH�

JURXQG� VSHHG� RI� WKH� FXUUHQWO\� VHOHFWHG� DLUFUDIW� WDUJHW� �5HTXLUHPHQW� ���� ,Q� VRPH� $7&�

IDFLOLWLHV�� WKLV� LQIRUPDWLRQ� LV� SURYLGHG� DV� DQ� DGGLWLRQDO� URZ� LQ� WKH� DLUFUDIW·V� GDWD� ODEHO��

KRZHYHU�WKLV�LQIRUPDWLRQ�LV�QRW�DYDLODEOH�YLVXDOO\�RQ�WKH�UDGDU�GLVSOD\V�DW�3UHVWZLFN���

�

����� +DSWLF�6XSSOHPHQWDU\�,QIRUPDWLRQ�0RGXOH�
�

7KLV� PRGXOH� ZLOO� WHVW� ZD\V� LQ� ZKLFK� KDSWLFV� FDQ� EH� XVHG� WR� SURYLGH� QRQ�HVVHQWLDO�

VXSSOHPHQWDU\� LQIRUPDWLRQ�� WKXV� UHGXFLQJ� WKH� QHHG� IRU� FRQWUROOHUV� WR� PRYH� WKHLU� YLVXDO�

IRFXV�DZD\�IURP�WKH�UDGDU�GLVSOD\��5HTXLUHPHQW�����

�



�

���

��� 6RIWZDUH�7RRO�,QYHVWLJDWLRQ��
�

$Q�LQYHVWLJDWLRQ�ZDV�XQGHUWDNHQ�WR�LGHQWLI\�WKH�DYDLODEOH�VRIWZDUH�WRROV�FDSDEOH�RI�EXLOGLQJ�

$7&� VLPXODWLRQV� DQG� DGGLWLRQDOO\� WRROV� WKDW� VXSSRUW�KDSWLF� LQWHUDFWLRQ�ZLWK�SURYLVLRQ�RI�

DSSURSULDWH�IRUFH�IHHGEDFN�GHYLFHV���

�

����� ,QYHVWLJDWLRQ�RI�([LVWLQJ�$7&�6LPXODWLRQ�5HVRXUFHV�
�

,Q� RUGHU� WR� UHGXFH� WKH� VLJQLILFDQW� GHYHORSPHQW� LQYHVWPHQW� UHTXLUHG� WR� JHQHUDWH� D� YLVXDO�

$7&� VLPXODWLRQ� IURP� VFUDWFK�� LW� LV� GHVLUDEOH� WR� PDNH� XVH� RI� DQ� H[LVWLQJ� VLPXODWLRQ�

HQYLURQPHQW��$�YLWDO�FRQVLGHUDWLRQ�IRU�WKH�SXUSRVHV�RI�WKLV�UHVHDUFK�LV�WKDW�WKH�VLPXODWLRQ�

HQYLURQPHQW�PXVW�VXSSRUW�WKH�HDV\�LQWHJUDWLRQ�RI�KDSWLF�HIIHFWV��7KLV�VHFWLRQ�GLVFXVVHV�WKH�

VHDUFK�WR�ILQG�D�VXLWDEOH��DQG�IUHHO\�DYDLODEOH�RSHQ�VRXUFH�$7&�VLPXODWLRQ�WRRO����

�

/DUJH�$7&�UHVHDUFK�IDFLOLWLHV�DQG�FRPPHUFLDO�RUJDQLVDWLRQV� VXFK�DV�1$6$�DQG� WKH�)$$�

KDYH�DFFHVV�WR�H[WUHPHO\�SRZHUIXO�DLU� WUDIILF�FRQWURO�VLPXODWLRQ�HQYLURQPHQWV�WKDW�HQDEOH�

WKH� HYDOXDWLRQ� RI� QHZ� SURFHGXUHV� DQG� UHVHDUFK� LQQRYDWLRQV�ZLWK� XOWUD� UHDOLVWLF� VLPXODWHG�

WUDIILF�DQG�VHFWRUV�>�@��,Q�DGGLWLRQ��9LUWXDO�5HDOLW\�HQYLURQPHQWV�DUH�EHLQJ�LQYHVWLJDWHG�IRU�

$7&� VLPXODWLRQ� XVH� >��@�� +RZHYHU�� YLUWXDOO\� QR� RSHQ� VRXUFH� VPDOO�VFDOH� VLPXODWLRQ�

HQYLURQPHQWV� FRXOG� EH� VRXUFHG� IRU� WKH� $7&� GRPDLQ� WKDW� FDQ� EH� XVHG� ZLWK� VWDQGDORQH�

SHUVRQDO� FRPSXWHUV�� ,Q� IDFW�� RQO\� RQH� RUJDQLVDWLRQ� LQ� SDUWLFXODU�� 2SHQ$7&�RUJ� >��@��

SURYLGH�IUHHO\�XVDEOH�$7&�VRIWZDUH�WRROV�WKDW�KDYH�WKH�SRWHQWLDO�WR�VXSSRUW�WKH�LQWHJUDWLRQ�

RI�KDSWLF�LQWHUDFWLRQ�HIIHFWV���

�

2SHQ$7&�RUJ� LV� ´D� FRQVRUWLXP� FUHDWHG� WR� VWLPXODWH� $LU� 7UDIILF� &RQWURO� UHVHDUFK� DQG�

GHYHORSPHQW�E\�SURYLGLQJ�DV� HDV\�ZD\� WR� VKDUH� UHVRXUFHV�µ�7KH� UHVRXUFHV� DYDLODEOH� IURP�

2SHQ$7&�RUJ�LQFOXGH�WKH�IROORZLQJ��

• $XGLR/$1��$�YRLFH�FRPPXQLFDWLRQ�V\VWHP�RYHU�,QWHUQHW�3URWRFRO��,3��IRU�$7&��

• 6N\/DEHO�� $� MDYD� SURJUDP� GHPRQVWUDWLQJ� DQWL�RYHUODSSLQJ� RI� DLUFUDIW� ODEHOV� RQ�

PRGHUQ�$7&�GLVSOD\V��

• )XJXH�� $� OLJKWZHLJKW� VLPXODWLRQ� DQG� GHPRQVWUDWLRQ� HQYLURQPHQW� IRU� $7&� WRROV��

EDVHG� RQ� WKH� ,Y\� VRIWZDUH� EXV�� 7KLV� OLJKWZHLJKW� VLPXODWLRQ� DQG� GHPRQVWUDWLRQ�

HQYLURQPHQW�LV�LQWHQGHG�WR�DOORZ�VPDOOHU�ODEV�RU�SULYDWH�LQGLYLGXDOV�WR�KDYH�DFFHVV�



�

���

WR� D� VLPSOLILHG� YHUVLRQ� RI� WKH� UHDOLVWLF� VRSKLVWLFDWHG� VLPXODWLRQ� HQYLURQPHQWV�

DYDLODEOH� WR� ODUJH�$7&� UHVHDUFK� IDFLOLWLHV�� 7R� GDWH�� RUJDQLVDWLRQV� VXFK� DV� &(1$��

(XURFRQWURO��DQG� WKH�8QLYHUVLW\�RI�7RXORXVH�KDYH�EXLOW�DSSOLFDWLRQV�XVLQJ�)XJXH��

7KH�)XJXH�HQYLURQPHQW�VLPXODWHV�DLU�WUDIILF�DQG�UDGDU��IOLJKW�SODQ�PDQDJHPHQW��DQG�

SLORW�LQWHUDFWLRQV�ZLWK�FRQWUROOHUV���

• =,1&�� 7KLV� JUDSKLFDO� WRRONLW� FDQ� EH� XVHG� WR� GHYHORS� $7&� UDGDU� LPDJHV� DQG�

JUDSKLFDO� LQWHUIDFH� FRPSRQHQWV�� 7KH� WRRONLW� VXSSRUWV� VWUXFWXUHG� JUDSKLFV� DQG�

DGGLWLRQDOO\� SURYLGHV� IXQFWLRQV� IURP�2SHQ*/�� VXFK� DV� DGYDQFHG� JUDGLHQW� FRORXU�

DQG� WUDQVSDUHQF\� RSHUDWLRQV�� =LQF� KDV� EHHQ� XVHG� E\� &(1$� IRU� GHYHORSLQJ� D�

QXPEHU�RI�DSSOLFDWLRQV�LQFOXGLQJ�'LJLVWULSV��VHH�6HFWLRQ�������$Q�DLUSRUW�DGYDQFHG�

UDGDU�GLVSOD\�FUHDWHG�XVLQJ�=LQF�LV�VKRZQ�LQ�)LJXUH�������

�

�

��)LJXUH������$LUSRUW�$GYDQFHG�5DGDU�'LVSOD\��UHSULQWHG�ZLWKRXW�SHUPLVVLRQ�IURP�

>��@��



�

���

����� $7&�6LPXODWLRQ�7RRO�6HOHFWLRQ�
�

,QLWLDOO\�� LW�ZDV� GHFLGHG� IRU� WKH� SXUSRVHV� RI� WKLV� UHVHDUFK� WR� XVH� VRIWZDUH� WRRO� UHVRXUFHV�

DYDLODEOH�IURP�WKH�2SHQ$7&�RUJ�FRQVRUWLXP��

�

7KH�YLVXDO�DVSHFWV�RI�WKH�VLPXODWLRQ�ZRXOG�EH�VXSSRUWHG�E\�D�FRPELQDWLRQ�RI�WKH�IROORZLQJ�

UHVRXUFHV��

o )XJXH��IRU�SURYLGLQJ�VLPXODWHG�DLU�WUDIILF��

o =LQF�IRU�EXLOGLQJ�WKH�5DGDU�'LVSOD\�0RGXOH��DORQJ�ZLWK�YLVXDO�FRQWUROV�IRU�LQLWLDWLQJ�

KDSWLF�HIIHFWV�DVVRFLDWHG�ZLWK�WKH�RWKHU�IXQFWLRQDO�PRGXOHV��

$W� WKH� WLPH� RI� WKLV� LQYHVWLJDWLRQ�� ERWK� RI� WKHVH� WRROV� ZHUH� DYDLODEOH� RQO\� IRU� GLIIHULQJ�

IODYRXUV� RI�81,;� DQG�/LQX[�RSHUDWLQJ� V\VWHPV��1R�:LQGRZV�RSHUDWLQJ� V\VWHP� VXSSRUW�

ZDV�SURYLGHG��ZKLFK�ZDV�WR�SURYH�D�PDMRU�EDUULHU�WR�WKH�UHVHDUFK��DV�GLVFXVVHG�LQ�6HFWLRQ�

���������

�

������� +DSWLF�6LPXODWLRQ�5HVRXUFHV�
�

7KH� UHTXLUHPHQWV� XVHG� WR� GULYH� WKH� GHYHORSPHQW� RI� WKH� KDSWLFDOO\� HQKDQFHG� $7&�

VLPXODWLRQ� ZHUH� JDWKHUHG� IURP� WKH� 3UHVWZLFN� $7&� IDFLOLW\�� 6LQFH� WKLV� IDFLOLW\� XVHV� DQ�

LQWHJUDWHG�WUDFNEDOO�IRU�FXUVRU�FRQWURO��LW�ZDV�GHFLGHG�WR�XVH�D�KDSWLF�WUDFNEDOO�DV�WKH�LQSXW�

GHYLFH�� 7KH� RQO\� FRPPHUFLDOO\� DYDLODEOH� IRUFH� IHHGEDFN� WUDFNEDOO� DW� WKH� WLPH� RI� WKLV�

LQYHVWLJDWLRQ� ZDV� WKH� .HQVLQJWRQ� 2UELW� �'� 7UDFNEDOO� ZLWK� ,PPHUVLRQ� &RUSRUDWLRQ·V�

7RXFK6HQVH� 7HFKQRORJ\� �VHH� )LJXUH� ������ 7KHUHIRUH�� WKLV� GHYLFH� ZDV� VHOHFWHG� IRU� XVH� LQ�

EXLOGLQJ�WKH�VLPXODWLRQ��

�

��)LJXUH������.HQVLQJWRQ�2UELW��'�7UDFNEDOO��UHSULQWHG�ZLWKRXW�SHUPLVVLRQ�IURP�

>��@��



�

���

�

7KH� 2UELW� �'�� DQG� ,PPHUVLRQ·V� KDSWLF� LQWHUDFWLRQ� VRIWZDUH� 7RXFK6HQVH�� LV� VXSSRUWHG�

XQGHU�YDULRXV�YHUVLRQV�RI�0LFURVRIW�:LQGRZV��1R�VXSSRUW�LV�SURYLGHG�IRU�81,;�RU�/LQX[�

RSHUDWLQJ�V\VWHPV���

�

,PPHUVLRQ�SURYLGHV� D� JUDSKLFDO� GHYHORSPHQW� HQYLURQPHQW�� FDOOHG� ,PPHUVLRQ� 6WXGLR�� IRU�

FUHDWLQJ� DQG� HGLWLQJ� KDSWLF� HIIHFWV�� 7KH� SDUDPHWHUV� RI� WKHVH� HIIHFWV� DUH� WKHQ� VWRUHG� LQ� D�

OLEUDU\�UHVRXUFH�ILOH��ZLWK�D��LIU�ILOH�H[WHQVLRQ��WKDW�FDQ�EH�UHIHUHQFHG�IURP�D�9LVXDO�&���RU�

9LVXDO�%DVLF�DSSOLFDWLRQ���

�

������� ,VVXHV�ZLWK�2SHUDWLQJ�6\VWHP�6XSSRUW�
�

'XULQJ�WKLV�WRRO�LQYHVWLJDWLRQ�DQG�VHOHFWLRQ��LW�EHFDPH�DSSDUHQW�WKDW�WKH�VPDOO�QXPEHUV�RI�

$7&� VLPXODWLRQ� WRROV� DYDLODEOH� ZHUH� LQWHQGHG� IRU� 81,;� RU� /LQX[� RSHUDWLRQ� V\VWHPV��

ZKHUHDV� WKH� KDSWLF� LQWHUDFWLRQ� VRIWZDUH� WRROV� ZHUH� GHVLJQHG� IRU� :LQGRZV� RSHUDWLQJ�

V\VWHPV��2SHQ�VRXUFH�GULYHUV�FDQ�EH�IRXQG�IRU�VRPH�KDSWLF�GHYLFHV�EXW�WKHVH�KDYH�OLWWOH�RU�

QR�VXSSRUW�DV�LQGLYLGXDOV�W\SLFDOO\�GHYHORS�WKH�GULYHUV����

�

,I�WKH�DLP�RI�WKLV�UHVHDUFK�ZDV�WR�GHYHORS�D�SXUHO\�YLVXDO�$7&�VLPXODWLRQ��LW�LV�FRQVLGHUHG�

WKDW� WKH�)XJXH� DQG�=LQF� WRROV� UXQQLQJ�RQ� WKH�/LQX[�SODWIRUP�ZRXOG�KDYH�PDGH� D� JRRG�

FKRLFH� RI� GHYHORSPHQW� HQYLURQPHQW��+RZHYHU�� WKH� SULPDU\� DLP�� RI� WKLV� UHVHDUFK�ZDV� WR�

LQYHVWLJDWH� ZKHWKHU� RU� QRW�PXOWLPRGDO� LQWHUDFWLRQ� LQYROYLQJ� KDSWLFV� ZRXOG� EH� D� VXLWDEOH�

VROXWLRQ�WR�PHHW�DQ\�RI�WKH�UHTXLUHPHQWV�LGHQWLILHG�SUHYLRXVO\��7KHUHIRUH��WKH�GHFLVLRQ�ZDV�

UHDFKHG�WR�LQLWLDOO\�EXLOG�D�ORZ�ILGHOLW\�YLVXDO�LQWHUIDFH�XVLQJ�WKH�VWDQGDUG�JUDSKLFV�OLEUDULHV�

WKDW�DUH�LQFOXGHG�ZLWKLQ�0LFURVRIW�9LVXDO�&���DQG�XVH�,PPHUVLRQ�6WXGLR�WR�FUHDWH�KDSWLF�

HIIHFWV� SUHVHQWHG� XVLQJ� ,PPHUVLRQ·V� 7RXFK:DUH� DQG� 7RXFK6HQVH� WHFKQRORJ\�� 7KH�

LQWHQWLRQ�ZDV�WR�FRQWLQXH�WR�VHHN�DQ�$7&�VLPXODWLRQ�WRRO�WKDW�FRXOG�EH�XVHG�WR�LPSURYH�RQ�

WKH� YLVXDO� LPSOHPHQWDWLRQ� ZKLOH� WKH� KDSWLF� HIIHFWV� ZHUH� EHLQJ� GHYHORSHG�� 7KLV� ZRXOG�

SRWHQWLDOO\� LQYROYH� D� IXUWKHU� VHDUFK� IRU� FRPPHUFLDOO\� DYDLODEOH� WRROV� WR� GHWHUPLQH� WKHLU�

VXSSRUW� IRU�KDSWLFV��RU�HYHQ� WKH�GHYHORSPHQW�RI� WKH�YLVXDO� VLPXODWLRQ�HQYLURQPHQW� IURP�

VFUDWFK�� (LWKHU� RI� WKHVH� FRXOG� SURYH� FRVWO\� LQ� WHUPV� RI� UHVRXUFHV�� DQG� WLPH� FRQVWUDLQWV�

SUHYHQWHG�WKLV�IXUWKHU�LQYHVWLJDWLRQ��

�



�

���

��� 6LPXODWLRQ�'HVLJQ�3URFHVV�
�

7KH�GHVLJQ�PRGHO�XVHG�IRU�GHYHORSPHQW�RI�WKH�VLPXODWLRQ�LV�EDVHG�RQ�DQ�LWHUDWLYH�GHVLJQ�

SURFHVV�DV�HQFRXUDJHG�E\�WKH�8VHU�&HQWUHG�'HVLJQ�DSSURDFK�WR�DSSOLFDWLRQ�GHYHORSPHQW�

>��@��7KLV�LQYROYHV�XVLQJ�D�UDSLG�SURWRW\SLQJ�WHFKQLTXH�WR�DOORZ�VXEVHTXHQW�YHUVLRQV�RI�WKH�

VLPXODWLRQ� WR� EH� EXLOW� DQG� HYDOXDWHG� WKURXJKRXW� WKH� GHYHORSPHQW� F\FOH�� HDFK� FRQWDLQLQJ�

LQFUHDVLQJ�IXQFWLRQDOLW\�RU�HQDEOLQJ�WHVWLQJ�RI�DOWHUQDWLYH�KDSWLF�LQWHUDFWLRQ�HIIHFWV���

�

7KH� $UWLOOHU\� PHWKRG� >��@� HPSKDVLVHV� WKH� EHOLHI� WKDW� LV� DOPRVW� LPSRVVLEOH� WR� DFKLHYH� D�

FRUUHFW� LPSOHPHQWDWLRQ� RI� DQ� LQWHUDFWLYH� V\VWHP� DW� WKH� ILUVW� DWWHPSW�� ,W� LV� VWDWHG� WKDW� WKH�

LQLWLDO�SURWRW\SH�SURYLGHV�D�UHIHUHQFH�SRLQW�IURP�ZKLFK�WR�UHDQDO\VH�DQG�UHGHVLJQ���

�

�

�

�

�

�

�

�

�

�

�

��)LJXUH������7KH�$UWLOOHU\�DSSURDFK�WR�UDSLG�SURWRW\SLQJ�>��@��

�

,I� WLPH� KDG� SHUPLWWHG�� WKH� LQWHQWLRQ� ZDV� WR� F\FOH� WKURXJK� WKH� LWHUDWLYH� SURFHVV�PXOWLSOH�

WLPHV��ZLWK�HDFK�VXFFHVVLYH�SURWRW\SH�DGGLQJ�D�QHZ�IXQFWLRQDO�PRGXOH�WR�HYDOXDWH�ZKHWKHU�

RU� QRW� LW� FRXOG� VXFFHVVIXOO\�PHHW� WKH� UHTXLUHPHQWV� JDWKHUHG� IURP� WKH� VHFRQG� 3UHVWZLFN�

YLVLW��,Q�DGGLWLRQ��QHZ�LWHUDWLRQV�ZRXOG�SURYLGH�UHYLVHG�LPSOHPHQWDWLRQV�RI�RWKHU�PRGXOHV�

EDVHG� RQ� HYDOXDWLRQ� IHHGEDFN� UHFHLYHG�� 'HWDLOV� RI� WKH� SURSRVHG� HYDOXDWLRQ� DFWLYLWLHV� DUH�

GLVFXVVHG�LQ�&KDSWHU���������

�

READY 

FIRE 

AIM 

design/redesign 

prototyping, 
implementation 

evaluation 
and analysis 
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��� +DSWLF�(IIHFW�'HVLJQ�
�

$W�WKH�SRLQW�ZKHQ�GHYHORSPHQW�RI�WKH�KDSWLFDOO\�HQKDQFHG�$7&�VLPXODWLRQ�ZDV�KDOWHG��RQH�

WULDO�KDSWLF�HIIHFW�KDG�EHHQ� LPSOHPHQWHG��VHH�6HFWLRQ�����������7KLV�ZDV�D�VLPSOH�HOOLSWLFDO�

ZDOO��ERXQGDU\�HIIHFW��URXQG�HDFK�DLUFUDIW�WDUJHW���

�

,Q� GHWHUPLQLQJ� WKH� KDSWLF� HIIHFW� GHVLJQ� IRU� WKH� KDSWLFDOO\� HQKDQFHG�$7&� VLPXODWLRQ�� WKH�

KDSWLF�GHVLJQ�JXLGHOLQHV�SURSRVHG�E\�2DNOH\�HW�DO��>��@��GLVFXVVHG�LQ�6HFWLRQ��������QHHG�WR�

EH�FRQVLGHUHG�LQ�GHWHUPLQLQJ�WKH�GHVLJQ�UDWLRQDOH�IRU�WKRVH�UHTXLUHPHQWV�VSHFLILFDOO\�UHODWHG�

WR�WDUJHWLQJ�WDVNV��$V�D�UHVXOW��WKHVH�JXLGHOLQHV�DUH�VXPPDULVHG�LQ�7DEOH�����ZLWK�FRPPHQWV�

SURYLGHG�DERXW�KRZ�WKHVH�UHODWH�LQ�WHUPV�RI�JHQHULF�GHVLJQ�FRQYHQWLRQV�IRU�WKH�KDSWLFDOO\�

HQKDQFHG�$7&�VLPXODWLRQ�>��@��

�

+DSWLF�'HVLJQ�*XLGHOLQHV� &RQYHQWLRQV�IRU�XVH�ZLWK�+DSWLFDOO\�
(QKDQFHG�$7&�6LPXODWLRQ��

+DSWLF�IHHGEDFN�VKRXOG�
FRQFHQWUDWH�RQ�LPSURYLQJ�XVHU�
SHUIRUPDQFH�E\�UHGXFLQJ�WKH�
QXPEHU�RI�HUURUV�PDGH��UDWKHU�
WKDQ�E\�DWWHPSWLQJ�WR�GHFUHDVH�
WDVN�FRPSOHWLRQ�WLPHV��

(UURU�UHGXFWLRQ�LV�D�XVHIXO�JRDO�LQ�WKH�$7&�
GRPDLQ�JLYHQ�LWV�VDIHW\�FULWLFDO�QDWXUH��

+DSWLF�HIIHFWV�ZLWK�ZDOOHG�DUHDV�RU�
DWWUDFWLYH�EDVLQV�W\SLFDOO\�SURYLGH�
EHWWHU�SHUIRUPDQFH�
LPSURYHPHQWV��ZLWK�WKH�VKDSH�RI�
WKH�HIIHFW�EHLQJ�DQ�LPSRUWDQW�
GHVLJQ�FRQVLGHUDWLRQ��

%RXQGDU\�HIIHFWV�ZLOO�EH�XVHG�DV�PXFK�DV�
SRVVLEOH��DOWKRXJK�GLIIHUHQW�HIIHFWV��VXFK�DV�
SXOVHV�PD\�EH�UHTXLUHG�WR�FRQYH\�VXSSOHPHQWDU\�
LQIRUPDWLRQ��(OOLSWLFDO�VKDSHV�ZLOO�EH�HPSOR\HG�
UDWKHU�WKDQ�VTXDUHV�RU�UHFWDQJOHV�WR�DYRLG�WKH�
QHJDWLYH�DVSHFWV�RI�´HVFDSLQJµ�IURP�FRUQHUV����

7KH�PD[LPXP�VWUHQJWK�XVHG�IRU�
DQ\�ZLGJHW��RU�VHW�RI�ZLGJHWV��
VKRXOG�EH�GHSHQGHQW�RQ�WKH�VL]H�
RI�WKH�ZLGJHW�DQG�WKH�GHQVLW\�RI�
WKH�DUUDQJHPHQW�WKDW�LW�LV�
SUHVHQWHG�LQ��

,QWHUDFWLRQ�VWUHQJWK�ZLOO�EH�YDULDEOH�GHSHQGLQJ�
RQ�ZKHWKHU�D�VHFWRU�EHLQJ�FRQWUROOHG�LV�EXV\�RU�
TXLHW��6HFWRUV�ZKLFK�RFFXS\�D�ODUJHU�VSDWLDO�DUHD��
ZLWK�W\SLFDOO\�ODUJHU�DUHDV�EHWZHHQ�WDUJHWV�ZLOO�
UHTXLUH�VWURQJHU�IRUFHV��ZKLOH�VPDOOHU�VHFWRUV�WKDW�
DUH�KLJKO\�SRSXODWHG�ZLOO�UHTXLUH�VRIWHU�IRUFHV�DV�
WKH\�VKRXOG�EH�VXIILFLHQW�WR�KHOS�WDUJHWLQJ�WDVNV��

7KH�PD[LPXP�UDQJH�RI�XVHIXO�
IRUFH�PDJQLWXGHV�VKRXOG�EH�
ZLWKLQ������1�WR�����1��ZLWK�WKH�
XQGHUVWDQGLQJ�WKDW�WKHVH�VWUHQJWKV�
PD\�QHHG�WR�EH�FRQWLQXDOO\�
DGMXVWHG�LQ�PXOWL�WDUJHW�
HQYLURQPHQWV��

)RUFH�PDJQLWXGHV�ZLOO�UHTXLUH�WR�EH�FRQWLQXDOO\�
DGMXVWHG�JLYHQ�WKH�PXOWL�WDUJHW�QDWXUH�RI�WKH�$7&�
WDVN��



�

���

7KH�KDSWLF�HIIHFW�RQ�DQ\�JLYHQ�
WDUJHW�VKRXOG�FDSLWDOLVH�RQ�
SDWWHUQV�RI�PRWLRQ�DIIRUGHG�E\�
WKDW�WDUJHW��

9LVXDO�DUHDV�VXFK�DV�VHFWRU�ERXQGDULHV��RU�DLUFUDIW�
WUDFNV�ZLOO�H[HUW�VWURQJ�IRUFHV�DORQJ�WKHLU�OHQJWK��
EXW�YHU\�OLWWOH�IRUFH�LI�WKH�XVHU�ZDQWV�WR�PRYH�WKH�
FXUVRU�RII�WKH�OLQH��

+DSWLF�IHHGEDFN�FDQ�EH�GHVLJQHG�
WR�DLG�WKH�FRPSOHWLRQ�RI�DQ�DFWLRQ�
WKDW�KDV�VWDUWHG��

+DSWLF�HIIHFWV�ZLOO�EH�GHVLJQHG�WR�FKDQJH�
GHSHQGLQJ�RQ�WKH�VWDWH�RI�WKH�WDUJHW��IRU�H[DPSOH��
ZKHQ�WKH�FXUVRU�KDV�EHHQ�PRYHG�WR�WKH�WDUJHW�
DQG�LW�LV�FXUUHQWO\�VHOHFWHG���

)RUFH�VKRXOG�YDU\�DFFRUGLQJ�WR�
VSHHG�ZLWK�VORZ�PRYHPHQW�
UHTXLULQJ�ORZ�IRUFHV��7KLV�LV�
SDUWLFXODUO\�LPSRUWDQW�LQ�VLWXDWLRQV�
ZKHUH�WKHUH�LV�D�KLJK�SRSXODWLRQ�
RI�FORVHO\�VSDFHG�ZLGJHWV��

$�EXV\�$7&�VHFWRU�LV�D�JRRG�H[DPSOH�RI�DQ�
HQYLURQPHQW�ZKHUH�WKHUH�PD\�EH�D�KLJK�
SRSXODWLRQ�RI�FORVHO\�VSDFHG�WDUJHWV��7KHUHIRUH��
WKLV�JXLGHOLQH�LV�H[WUHPHO\�DSSOLFDEOH���

/RZ�IRUFHV�VKRXOG�EH�XVHG�RQ�
WDUJHWV�WKDW�DUH�QRW�WKH�XVHUV�ILQDO�
GHVWLQDWLRQ��/LNH�WKH�SUHYLRXV�
JXLGHOLQH��WKLV�LV�LPSRUWDQW�LQ�
VLWXDWLRQV�ZKHUH�WKHUH�LV�D�KLJK�
SRSXODWLRQ�RI�FORVHO\�VSDFHG�
ZLGJHWV����

$�EXV\�$7&�VHFWRU�LV�D�JRRG�H[DPSOH�RI�DQ�
HQYLURQPHQW�ZKHUH�WKHUH�PD\�EH�D�KLJK�
SRSXODWLRQ�RI�FORVHO\�VSDFHG�WDUJHWV��7KHUHIRUH��
WKLV�JXLGHOLQH�LV�H[WUHPHO\�DSSOLFDEOH��

�

7DEOH������+DSWLF�'HVLJQ�*XLGHOLQHV�>��@�DQG�&RQYHQWLRQV�IRU�8VH�LQ�WKH�

+DSWLFDOO\�(QKDQFHG�$7&�6LPXODWLRQ��

�

7DEOH�����QRZ�SUHVHQWV�D�SURSRVDO�IRU�WKH�GHVLJQ�RI�WKH�RWKHU�KDSWLF�HIIHFWV��ZLWK�UHVSHFW�

WR�HDFK�RI�WKH�UHTXLUHPHQWV�OLVWHG�LQ�7DEOH������,W�VKRXOG�EH�QRWHG�WKDW�LQ�VRPH�FDVHV��PRUH�

GHWDLOHG�UHTXLUHPHQWV�JDWKHULQJ�DFWLYLWLHV�ZRXOG�QHHG�WR�EH�FRQGXFWHG�ZLWK�FRQWUROOHUV��RU�

RSHUDWLRQV�VXSSRUW�VWDII�DW�WKH�6$&&�IDFLOLW\�DQG�WKLV�LV�VWDWHG�ZKHUH�DSSURSULDWH���

�

5HT��
1R��

5HTXLUHPHQW� 3URSRVHG�+DSWLF�'HVLJQ�

��� 5HGXFH�YLVXDO�ORDG�
DVVRFLDWHG�ZLWK�DLUFUDIW�ODEHO�
RYHUODS���

$EEUHYLDWH�RU�KLGH�FHUWDLQ�LQIRUPDWLRQ�RQ�WKH�ODEHO�
XQWLO�WKH�WDUJHW�KDV�EHHQ�VHOHFWHG��6LQFH�WDUJHW�
VHOHFWLRQ�SHUIRUPDQFH�LV�H[SHFWHG�WR�LPSURYH�ZLWK�
WKH�XVH�RI�VXLWDEOH�KDSWLF�HIIHFWV��WKH�XVHU�VKRXOG�EH�
DEOH�WR�VHOHFW�WKH�GHVLUHG�WDUJHW�ZLWK�D�OHVVHU�FKDQFH�
RI�HUURU��7KHUHIRUH�DLUFUDIW�ODEHO�GLVSOD\�ZLOO�EH�
PRUH�G\QDPLF�EDVHG�RQ�WKH�WDUJHW�VHOHFWHG�DQG�
WKHUHIRUH�UHGXFLQJ�ODEHO�RYHUODS���

��� 3URYLGH�VXSSOHPHQWDU\�
IHHGEDFN�DQG�RU�

7KH�SUHGLFW�WRRO�ZDV�GLVFXVVHG�GXULQJ�WKH�VHFRQG�
YLVLW�WR�WKH�6$&&�IDFLOLW\��VHH�6HFWLRQ��������7KH�



�

���

LQIRUPDWLRQ�ZKHQ�XVLQJ�WKH�
3UHGLFW�WRRO��

FXUVRU�LV�XVHG�WR�GUDJ�D�OLQH�IURP�DQ�DLUFUDIW�WDUJHW�
WR�D�FXUVRU�SRVLWLRQ�ZLWK�FRQWLQXDOO\�FKDQJLQJ�
WH[WXDO�LQIRUPDWLRQ�DERXW�UDQJH�DQG�EHDULQJ��$�
PRUH�GHWDLOHG�GHILQLWLRQ�RI�WKH�DYDLODEOH�IXQFWLRQV�
DQG�PDLQ�XVDJH�VFHQDULRV�ZRXOG�KDYH�WR�EH�
JDWKHUHG�E\�IXUWKHU�UHTXLUHPHQWV�GHILQLWLRQ�ZRUN�
EHIRUH�WKH�H[DFW�QDWXUH�RI�VXLWDEOH�HIIHFW�GHVLJQ�
FRXOG�EH�GHFLGHG�XSRQ��6LPSO\�DSSO\LQJ�D�ZDOOHG�
HIIHFW�WR�WKH�SUHGLFWLRQ�OLQH�ZRXOG�EH�RI�QR�XVH�DV�
WKH�OLQH�ZLOO�EH�FRQWLQXDOO\�GUDJJHG�WR�GLIIHUHQW�
ORFDWLRQV��DQG�D�ZDOOHG�HIIHFW�ZRXOG�RQO\�PDNH�WKLV�
PRUH�GLIILFXOW����

��� 6ROYH�RU�LPSURYH�WKH�LVVXH�
RI�EHLQJ�DEOH�WR�GLIIHUHQWLDWH�
WDUJHWLQJ�RI�DLUFUDIW�WKDW�DUH�
LQ�FORVH�JHRJUDSKLF��VSDWLDO��
SUR[LPLW\���

6LQFH�WKH�XVH�RI�ZDOOHG�RU�DWWUDFWLYH�EDVLQ�HIIHFWV�
KDV�EHHQ�VKRZQ�WR�LPSURYH�WDUJHWLQJ��WKHVH�W\SHV�RI�
HIIHFWV�ZRXOG�EH�DSSOLHG�LQ�WKLV�FDVH��6LQFH�WKLV�
UHTXLUHPHQW�LV�FRQFHUQHG�ZLWK�PDQ\�WDUJHWV�LQ�FORVH�
VSDWLDO�SUR[LPLW\��WKH�LQWHUDFWLRQ�VWUHQJWK�XVHG�ZLOO�
EH�ORZ����

��� ,PSURYH�FRQWUROOHU�
SHUIRUPDQFH�ZKHQ�
DWWHPSWLQJ�WR�ORFN�RQ�WR�D�
VSHFLILF�DLUFUDIW�WDUJHW�XVLQJ�
WKH�FXUVRU��

7KLV�LV�D�NH\�PXOWLSOH�WDUJHWLQJ�WDVN�VFHQDULR��,W�LV�
H[SHFWHG�WKDW�XVLQJ�HOOLSWLFDO�ZDOOHG�KDSWLF�HIIHFWV��
ZKLOH�WDNLQJ�LQWR�DFFRXQW�WKH�RWKHU�GHVLJQ�
JXLGHOLQHV�LQGLFDWHG�LQ�7DEOH�����VKRXOG�JLYH�
SRVLWLYH�ILQGLQJV����

��� ,PSURYH�WKH�LGHQWLILFDWLRQ�
RI�GDQJHU�DUHDV�ZLWKLQ�D�
VHFWRU��

,W�LV�SURSRVHG�WKDW�GDQJHU�DUHDV�ZLWKLQ�D�VHFWRU�
VKRXOG�EH�LQGLFDWHG�ZKHQ�WKH�FXUVRU�LV�PRYHG�RYHU�
WKHP�E\�D�PD[LPXP�VWUHQJWK�FRPSRXQG�HIIHFW�
IHDWXULQJ�D�ZDOOHG�HIIHFW�DORQJ�WKH�GDQJHU�DUHDV�
SHULPHWHU�DQG�D�SXOVLQJ�HIIHFW��7KLV�VKRXOG�PDNH�
WKH�GDQJHU�DUHD�LPPHGLDWHO\�REYLRXV�WR�WKH�XVHU��
7KH�XVHU�VKRXOG�EH�DEOH�WR�WXUQ�RII�WKLV�HIIHFW�LI�
UHTXLUHG���

��� 3URYLGH�JURXQG�VSHHG�
LQGLFDWLRQ�ZLWKRXW�WKH�QHHG�
IRU�D�WKLUG�OLQH�RI�
LQIRUPDWLRQ�LQ�WKH�DLUFUDIW·V�
DVVRFLDWHG�YLVXDO�GDWD�EORFN��

8VH�D�SUHGHILQHG�WDFWLOH�SXOVH�GHVLJQDWLRQ�WR�
SURYLGH�D�ORZ�UHVROXWLRQ�LQGLFDWLRQ�RI�DLU�VSHHG��
/RQJ�SXOVHV�LQGLFDWH�����NQRWV��6KRUW�SXOVHV�
LQGLFDWH����NQRWV��7KHUHIRUH��DQ�DLUVSHHG�RI�����
NQRWV�RQ�D�VHOHFWHG�WDUJHW�ZRXOG�EH�LQGLFDWHG�E\���
ORQJ�SXOVHV�DQG���VKRUW�SXOVH��

)XUWKHU�UHTXLUHPHQWV�ZRUN�ZRXOG�EH�QHHGHG�WR�
GHWHUPLQH�LI�WKLV�UHVROXWLRQ�LV�VXIILFLHQW����
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��� 5HGXFH�WKH�DPRXQW�RI�WLPH�
WKH�FRQWUROOHU�LV�UHTXLUHG�WR�
PRYH�YLVXDO�IRFXV�DZD\�
IURP�WKH�UDGDU�GLVSOD\�WR�
YLHZ�VXSSOHPHQWDU\�
LQIRUPDWLRQ��

,W�LV�SURSRVHG�WKDW�D�VHULHV�RI�KDSWLF�FRGHV�VKRXOG�
EH�GHILQHG��HDFK�XVLQJ�D�GLIIHUHQW�HIIHFW�WR�LQGLFDWH�
D�VXSSOHPHQWDU\�LQIRUPDWLRQ�FDWHJRU\��7KH�SXUSRVH�
RI�WKLV�FRGH�ZRXOG�EH�WR�DOHUW�WKH�FRQWUROOHU�WKDW�
VXSSOHPHQWDU\�LQIRUPDWLRQ�RI�WKH�LQGLFDWHG�W\SH�LV�
QRZ�DYDLODEOH��7KHUHIRUH��WKH�KDSWLF�HIIHFW�
EHKDYLRXU�LV�DNLQ�WR�D�QRQ�XUJHQW�DODUP�FRQGLWLRQ��
7KLV�ZRXOG�SUHYHQW�WKH�FRQWUROOHU�IURP�KDYLQJ�WR�
VKLIW�WKHLU�YLVXDO�IRFXV�DZD\�IURP�WKH�UDGDU�GLVSOD\�
SHULRGLFDOO\�WR�FKHFN�VHFRQGDU\�GLVSOD\V�IRU�DQ\�
VXSSOHPHQWDU\�LQIRUPDWLRQ���

)XUWKHU�UHTXLUHPHQWV�ZRUN�LV�QHHGHG�WR�LGHQWLI\�WKH�
W\SHV�RI�VXSSOHPHQWDU\�LQIRUPDWLRQ�WKDW�VKRXOG�EH�
VXSSRUWHG���

�

7DEOH������3URSRVHG�+DSWLF�(IIHFW�'HVLJQ�LQ�5HODWLRQ�WR�5HTXLUHPHQWV��

�

,W� VKRXOG�EH�QRWHG� WKDW� WKLV�GHVLJQ�� LI� LPSOHPHQWHG��ZRXOG� IRUP�WKH� ILUVW�RI�PDQ\�KDSWLF�

GHVLJQ� LWHUDWLRQV�� VR� WKH� SURSRVDO� IRU� KDSWLF� HIIHFWV� SUHVHQWHG� LQ� 7DEOH� ���� VKRXOG� EH�

FRQVLGHUHG�DV�D�VWDUWLQJ�SRLQW�IRU�DQ\�UHVHDUFKHU�LQWHQGLQJ�WR�H[SDQG�WKLV�ZRUN��

�

��� ,PSOHPHQWDWLRQ�
�

7KLV� VHFWLRQ� GHVFULEHV� YDULRXV� DVSHFWV� RI� WKH� LPSOHPHQWDWLRQ� RI� WKH�$7&� VLPXODWLRQ�� ,W�

VKRXOG�EH�QRWHG�WKDW�IRU�WKH�SXUSRVHV�RI�WKLV�ZRUN��WKH�WHUP�LPSOHPHQWDWLRQ�LV�FRQFHUQHG�

ZLWK�RQO\�WKH�FRGLQJ�RI�WKH�VLPXODWLRQ��QRW�WKH�LVVXHV�FRQFHUQHG�ZLWK�WKH�WUDQVIHUHQFH�RI�

RZQHUVKLS� RI� D� V\VWHP� IURP� LWV� GHYHORSHUV� WR� WKH� FOLHQWV�� ZKLFK� LV� WKH� UHDO� FUX[� RI� WKH�

LPSOHPHQWDWLRQ�SKDVH�RI�DQ\�V\VWHPV�GHYHORSPHQW�������

�

����� 7KH�=LQF�7RRONLW�
�

$V�PHQWLRQHG� SUHYLRXVO\�� WKH�=LQF� WRRONLW�ZDV� QRW� DYDLODEOH� IRU� WKH�:LQGRZV� RSHUDWLQJ�

V\VWHP�XQWLO�ZHOO� LQWR�WKH�VLPXODWLRQ�GHYHORSPHQW�SURFHVV��7KH� LQWHQWLRQ�ZDV�WR�WDNH�WKH�

ORZ�ILGHOLW\� UDGDU�GLVSOD\�PRGXOH� LPSOHPHQWDWLRQ�FRQVWUXFWHG�XVLQJ�9LVXDO�&���JUDSKLFV�

OLEUDULHV� DQG� WUDQVLWLRQ� LW� WR�D�JUDSKLFDOO\� ULFK� LPSOHPHQWDWLRQ�XVLQJ�=LQF��+RZHYHU�� WLPH�

FRQVWUDLQWV� GLG� QRW� DOORZ� WKLV� SKDVH� RI� GHYHORSPHQW� WR� EH� XQGHUWDNHQ� DQG� WKHUHIRUH� QR�
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WLPH�ZDV�DYDLODEOH�WR�EHFRPH�SURILFLHQW�RU�HYHQ�VDPSOH�WKH�=LQF�WRRONLW��,W�LV�VWLOO�EHOLHYHG�

WKDW� LI� WKH� :LQGRZV� YHUVLRQV� RI� =LQF� DQG� )XJXH� FRXOG� EH� VXFFHVVIXOO\� LQWHJUDWHG� ZLWK�

,PPHUVLRQ�KDSWLF�HIIHFWV��WKLV�FRPELQDWLRQ�ZRXOG�EH�DQ�LGHDO�YHKLFOH�IRU�EXLOGLQJ�WHVWDEOH�

LWHUDWLRQV�RI�WKH�KDSWLFDOO\�HQKDQFHG�$7&�VLPXODWLRQ���

�

����� 7KH�9LVXDO�&���,PSOHPHQWDWLRQ�
�

9LVXDO�&�������ZDV� VHOHFWHG� WR�EXLOG� WKH� ORZ� ILGHOLW\�SURWRW\SH��7KLV� VHFWLRQ�SURYLGHV� D�

EULHI�GHVFULSWLRQ�RI�WKH�9LVXDO�&���HQYLURQPHQW��

�

0LFURVRIW�9LVXDO�&�������LV�RQH�FRPSRQHQW�RI�WKH�9LVXDO�6WXGLR�����VXLWH�RI�GHYHORSPHQW�

WRROV�� 9LVXDO� &��� LV� D� K\EULG� WRRO� LQWHJUDWLQJ� D� &��� FRPSLOHU� ZLWK� D� VXLWH� RI� YLVXDO�

:LQGRZV�SURJUDPPLQJ� WRROV� DQG�D�YDVW� VHOHFWLRQ�RI� DXWRPDWHG�DSSOLFDWLRQ�GHYHORSPHQW�

WRROV��$V�ZHOO�DV�WKH�VLJQLILFDQW�QXPEHU�RI�SURJUDPPLQJ�FRPSRQHQWV�WKDW�DUH�SURYLGHG�DV�

VWDQGDUG�ZLWK�9LVXDO�&���DQG�9LVXDO�6WXGLR�>��@��DGGLWLRQDO�FRPSRQHQWV�FDQ�EH�VRXUFHG�

IURP�WKLUG�SDUWLHV� WR�H[WHQG� LWV�SURJUDPPLQJ�SRZHU��7KH�,PPHUVLRQ�)RXQGDWLRQ�&ODVVHV�

�,)&��OLEUDU\�LV�RQH�H[DPSOH�RI�VXFK�DGG�RQV�������

�

$OWKRXJK�D�QHZHU�YHUVLRQ�RI�9LVXDO�6WXGLR�ZDV�DYDLODEOH�DW� WKH� WLPH�RI�VHOHFWLRQ��QDPHO\�

9LVXDO� 6WXGLR�1(7�� YHUVLRQ� ���� ZDV� VHOHFWHG� EHFDXVH� WKH� ,PPHUVLRQ� OLEUDULHV� ZHUH�

VSHFLILFDOO\�GHYHORSHG�WR� LQWHJUDWH�ZLWK�9LVXDO�&��������,Q�DGGLWLRQ��D�VLJQLILFDQW�QXPEHU�

RI�UHVHDUFKHUV�LQ�WKH�XQLYHUVLW\�GHSDUWPHQW�KDG�H[SHULHQFH�LQ�GHYHORSLQJ�KDSWLF�LQWHUIDFHV�

ZLWKLQ�9LVXDO�&������EXW�QRW� LQ�9LVXDO�&���1(7�� ,W�ZDV�FRQVLGHUHG� LPSRUWDQW� WR�KDYH�

FROOHDJXHV�WR�DVN�IRU�DGYLFH���

�

����� ,PPHUVLRQ�7RXFK:DUH�DQG�,PPHUVLRQ�6WXGLR�
�

7KLV� VHFWLRQ� LQWURGXFHV� WKH� ,PPHUVLRQ� &RUSRUDWLRQ·V� KDSWLF� VRIWZDUH� SURGXFWV� DQG�

GLVFXVVHV�DVSHFWV�RI�KRZ�WKHVH�DUH�LQWHJUDWHG�ZLWK�9LVXDO�&�����
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���

������� ,QWURGXFWLRQ�WR�,PPHUVLRQ�DQG�LWV�6RIWZDUH�7RROV�
�

,PPHUVLRQ��IRXQGHG�LQ�������LV�D�WHFKQRORJ\�FRPSDQ\�LQ�WKH�ILHOG�RI�KDSWLF�KDUGZDUH�DQG�

VRIWZDUH��,W�FUHDWHV�WDFWLOH�IHHGEDFN�SURGXFWV�WKDW�FDQ�EH�LQWHJUDWHG�LQWR�SURGXFWV�E\�WKHLU�

LQGXVWU\�SDUWQHUV��IRU�H[DPSOH��/RJLWHFK��%0:��6LHPHQV��DQG�%RHLQJ����

�

,PPHUVLRQ�SURYLGH�WKH�IROORZLQJ�VRIWZDUH�SURGXFWV�IRU�XVH�ZLWK�WKH�0LFURVRIW�:LQGRZV�

RSHUDWLQJ�V\VWHP��

• ,PPHUVLRQ�7RXFK:DUH��7KLV�VRIWZDUH�LV�FRPSULVHG�RI�WZR�VHSDUDWH�DSSOLFDWLRQV��

o 7RXFK:DUH�'HVNWRS�LQWHJUDWHV�KDSWLF�HIIHFWV�ZLWK�WKH�:LQGRZV�XVHU�LQWHUIDFH��

DQG�ZHE�EURZVHU��

o 7RXFK:DUH� %XVLQHVV� LQWHJUDWHV� KDSWLF� HIIHFWV� ZLWK� 0LFURVRIW� 2IILFH�

DSSOLFDWLRQV�VXFK�DV�:RUG�DQG�([FHO��

• ,PPHUVLRQ�6WXGLR��7KLV�LV�D�JUDSKLFDO�HQYLURQPHQW�IRU�FUHDWLQJ�KDSWLF�HIIHFWV�WKDW�FDQ�

EH� VDYHG� LQ� D� UHVRXUFH� ILOH� DQG� UHIHUHQFHG� E\� DSSOLFDWLRQV� GHYHORSHG�ZLWK�0LFURVRIW�

9LVXDO�6WXGLR��9HUVLRQ�������RI�,PPHUVLRQ�6WXGLR�ZDV�XVHG�GXULQJ�GHYHORSPHQW�RI�WKH�

VLPXODWLRQ��$W� WKH� WLPH�� WKLV� VRIWZDUH� WRRO�ZDV� DYDLODEOH� IUHH� RI� FKDUJH��+RZHYHU�� LQ�

RUGHU�WR�GRZQORDG�QHZHU�YHUVLRQV��D�OLFHQVH�PXVW�EH�SXUFKDVHG��)LJXUH�����SURYLGHV�D�

KLJK�OHYHO�GHVFULSWLRQ�RI�WKH�PDLQ�FRPSRQHQWV�RI�WKH�,PPHUVLRQ�6WXGLR�HQYLURQPHQW���



�

���

�

�

�

�

��)LJXUH������7KH�,PPHUVLRQ�6WXGLR�KDSWLF�HIIHFWV�GHYHORSPHQW�HQYLURQPHQW��

�� 7HPSODWHV�ZLQGRZ��7KLV�LV�D�OLVW�RI�DOO�WKH�EDVLF�IRUFH�HIIHFWV�DYDLODEOH��,Q�WKLV�FDVH��WKH�LQLWLDO�
3RVLWLRQ�%DVHG�(IIHFWV�VKRZQ�DUH�QRW�VHOHFWDEOH�EHFDXVH�WKH�2UELW�'�WDFWLOH�IHHGEDFN�GHYLFH�GRHV�
QRW�VXSSRUW�WKHVH�W\SHV�RI�HIIHFWV��

�� 3URMHFW�ZLQGRZ��6KRZV�DOO�RI�WKH�HIIHFWV�GHILQHG�LQ�WKH�FXUUHQWO\�RSHQHG�GRFXPHQW��LQ�WKLV�FDVH�
WDUJHWV�LIU��(IIHFWV�DUH�DGGHG�WR�WKH�SURMHFW�XVLQJ�GUDJ�DQG�GURS�RSHUDWLRQV���

�� (IIHFW�3URSHUWLHV�ZLQGRZ��(QDEOHV�\RX�WR�GHILQH�WKH�WDFWLOH�YDULDEOHV��WKH�SRVLWLRQ�DQG�GXUDWLRQ�RI�
WKH�VHOHFWHG�HIIHFW��

�

�

,QSXW� GHYLFHV� WKDW� VXSSRUW� ,PPHUVLRQ·V� KDSWLF� LQWHUDFWLRQ� VRIWZDUH� SURYLGH� D� VWDWHPHQW�

FLWLQJ�WKDW�WKH\�XVH�7RXFK6HQVH�7HFKQRORJ\�OLFHQVHG�IURP�,PPHUVLRQ�&RUSRUDWLRQ��

�

,Q� DGGLWLRQ� WR� WKH� SUHYLRXVO\� PHQWLRQHG� .HQVLQJWRQ� 2UELW� �'� 7UDFNEDOO� �VHH� 6HFWLRQ�

���������� )LJXUH� ���� VKRZV� H[DPSOHV� RI� RWKHU� LQSXW� GHYLFHV� WKDW� XVH� 7RXFK6HQVH�

7HFKQRORJ\����

1 

2 3 
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�

)LJXUH������,QSXW�'HYLFHV�WKDW�XVH�,PPHUVLRQ�7RXFK6HQVH�7HFKQRORJ\���

�� /RJLWHFK�L)HHO�0RXVH�
�� /RJLWHFK�L)HHO�0RXVH0DQ�
�� %HONLQ�1RVWURPR�Q���*DPH�0RXVH�
�� /RJLWHFK�:LQJ0DQ�)RUFH�)HHGEDFN�0RXVH�
�� +3�)RUFH�)HHGEDFN�:HE�0RXVH��

�

������� 8VLQJ�,PPHUVLRQ�5HVRXUFHV�ZLWKLQ�9LVXDO�&���
�

7KH� SURFHVV� LQYROYHG� LQ� DGGLQJ� KDSWLF� HIIHFWV� WR� WKH� 9LVXDO� &��� DSSOLFDWLRQ� XVLQJ�

,PPHUVLRQ� 6WXGLR� DQG� ,PPHUVLRQ�)RXQGDWLRQ�&ODVVHV� �,)&�� LQYROYHV� WKH� IROORZLQJ� KLJK�

OHYHO�VWHSV��

�� &UHDWH�WKH�UHTXLUHG�'LUHFW;�RU�7RXFK6HQVH�KDSWLF�HIIHFWV�XVLQJ�WKH�,PPHUVLRQ�6WXGLR�

YLVXDO�HQYLURQPHQW��VDYLQJ�WKH�HIIHFWV�LQ�DQ�,PPHUVLRQ�)RUFH�5HVRXUFH���LIU��ILOH��

�� 0RGLI\�WKH�9LVXDO�&���FRGH�WR� LQFOXGH�WKH�,)&�KHDGHU�ILOH�DQG� OLQN�WR�WKH�QHFHVVDU\�

OLEUDULHV�� 7KLV� DGGV� WKH� ,PPHUVLRQ� KHDGHU� ILOHV� WR� WKH� 9LVXDO� &��� DSSOLFDWLRQ� DV�

H[WHUQDO�GHSHQGHQFLHV��

�� 'HFODUH�D�&,PP0RXVH�REMHFW�SRLQWHU�DQG�LQLWLDOLVH�LW��

�� ,QFOXGH� FRGH� WR� RSHQ� WKH� �LIU� ILOH� IURP�ZLWKLQ� WKH� DSSOLFDWLRQ�� LQLWLDOLVH� DQG� VWDUW� WKH�

GHILQHG�HIIHFWV��

�� &OHDQ�XS��GHOHWH��WKH�KDSWLF�GHYLFH�DQG�HIIHFWV�ZKHQ�WKH�DSSOLFDWLRQ�LV�FORVLQJ��

�

1 

3 

2 

4 5 
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7KH� HIIHFWV� FDQ� EH� PRGLILHG� LQ� ,PPHUVLRQ� 6WXGLR�� WKH� �LIU� ILOH� UH�VDYHG�� DQG� WKHQ� WKH�

DSSOLFDWLRQ�FDQ�EH�H[HFXWHG�DJDLQ�ZLWKRXW�WKH�QHHG�WR�UHFRPSLOH���

�

7R�PDNH�WKH�KDSWLF�FRGLQJ�WDVN�HDVLHU��VHFWLRQV�RI�WKH�VRXUFH�FRGH�ZHUH�UHXVHG�IURP�RQH�RI�

WKH�WXWRULDO�DSSOLFDWLRQV�SURYLGHG�E\�,PPHUVLRQ�DV�SDUW�RI�WKH�,)&�LQVWDOODWLRQ��

�

)LJXUH�����VKRZV�DQ�HDUO\�LWHUDWLRQ�RI�WKH�$7&�VLPXODWLRQ�VFUHHQ�LQFOXGLQJ�KDSWLF�HIIHFWV��

7KH�IROORZLQJ�IXQFWLRQDOLW\�DQG�REMHFWLYHV�ZHUH�LQWHJUDWHG�LQWR�WKLV�LPSOHPHQWDWLRQ��

• $�VWDWLF�LPDJH��LQLWLDOO\�FUHDWHG�XVLQJ�WKH�=LQF�WRRONLW�DQG�DYDLODEOH�IURP�WKH�=LQF�ZHE�

SDJHV�>��@�ZDV�ORDGHG�LQWR�WKH�DSSOLFDWLRQ�DV�D�ELWPDS�DQG�XVHG�DV�D�VWDUWLQJ�SRLQW�WR�

VKRZ�D�UDGDU�W\SH�GLVSOD\�IHDWXULQJ�HLJKW�DLUFUDIW�WDUJHWV�DQG�DVVRFLDWHG�GDWD�ODEHOV��

• 7KH�FRGLQJ�XVHV�D�'RFXPHQW�9LHZ�DUFKLWHFWXUH�IRU�VHSDUDWLRQ�RI�GDWD��GRFXPHQW��DQG�

WKH�ZD\�LQ�ZKLFK�WKH�XVHU�LQWHUDFWV�ZLWK�WKDW�GDWD��YLHZ������

• $Q� HOOLSVH�ZDV� GUDZQ� URXQG� HDFK� RI� WKH� DLUFUDIW� WDUJHWV�ZLWKLQ� WKH� ELWPDS� XVLQJ� WKH�

JUDSKLF�REMHFW� FODVVHV� SURYLGHG� LQ� 0LFURVRIW� )RXQGDWLRQ� &ODVV� /LEUDU\� �0)&��� %\�

GRLQJ� WKLV�� WKH� FRRUGLQDWH� SRVLWLRQV� RI� WKH� WDUJHWV� FRXOG� EH� GHWHUPLQHG� IRU� DSSO\LQJ�

KDSWLF� ERXQGDU\� HIIHFWV� WR� WKH� VDPH� FR�RUGLQDWHV�� 6LQFH� WKH� SHQ� FRORXU� FKRVHQ� LV�

UHG�ZKLWH�� WKHVH� YLVXDO� ERXQGDULHV� FDQ� EH� HDVLO\� VHHQ� RYHU� WKH� DLUFUDIW� WDUJHWV� �VHH�

)LJXUH�������7KHVH�YLVXDO�ERXQGDULHV�FRXOG�ODWHU�EH�UHPRYHG�VLQFH�WKH\�KDG�VHUYHG�WKHLU�

SXUSRVH�RI�LGHQWLI\LQJ�WKH�VFUHHQ�DUHDV�WR�ZKLFK�KDSWLF�HIIHFWV�QHHGHG�WR�EH�DSSOLHG�����

• 8VLQJ� ,PPHUVLRQ� 6WXGLR�� D� VHSDUDWH� HOOLSVH� ERXQGDU\� HIIHFW� ZDV� GHILQHG� IRU� HDFK�

DLUFUDIW� WDUJHW� XVLQJ� LGHQWLFDO� FRRUGLQDWHV� WR� WKRVH� GHILQHG� IRU� WKH� YLVXDO� ERXQGDULHV��

'XH�WR�WLPH�FRQVWUDLQWV��RQO\�RQH�KDSWLF�HIIHFW�ZDV�UHIHUHQFHG� LQ�WKLV� LWHUDWLRQ�RI�WKH�

VLPXODWLRQ��+RZHYHU�� DGGLWLRQDO� HIIHFWV�ZHUH�GHILQHG��5HIHU� WR�6HFWLRQ����� IRU�GHWDLOV�

DERXW�WKH�GHVLJQ�RI�RWKHU�HIIHFWV�WKDW�ZRXOG�KDYH�EHHQ�LQFOXGHG�LQ�IXWXUH�LWHUDWLRQV�WR�

WHVW�WKHLU�VXLWDELOLW\�IRU�PHHWLQJ�WKH�SUHYLRXVO\�LGHQWLILHG�UHTXLUHPHQWV���
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��)LJXUH������$Q�HDUO\�LWHUDWLRQ�RI�WKH�$7&�6LPXODWLRQ�ZLWK�WDFWLOH�DLUFUDIW�WDUJHWV��

��� 7KH�([WHQW�RI�3URJUHVV�0DGH�7KXV�)DU�
�

$W� WKH� SRLQW�ZKHUH� LPSOHPHQWDWLRQ� RI� WKH�$7&� VLPXODWLRQ� KDG� WR� EH� KDOWHG� EHFDXVH� RI�

WLPH� FRQVWUDLQWV�� ZRUN� ZDV� VWLOO� RQJRLQJ� WR� FUHDWH� WKH� ILUVW� WHVWDEOH� UHOHDVH� DQG� WKLV� ZDV�

QHYHU� FRPSOHWHG�� +RZHYHU�� D� VLJQLILFDQW� DPRXQW� RI� ZRUN� ZDV� SHUIRUPHG� WR� JHW� WKH�

LPSOHPHQWDWLRQ� WR� WKLV� VWDJH�� LQFOXGLQJ� KDYLQJ� WR� OHDUQ� PDQ\� DVSHFWV� RI� 9LVXDO� &���

SURJUDPPLQJ� �VXFK� DV�'RFXPHQW�9LHZ� FRQFHSWV� DQG� VRPH� RI� WKH�0)&� JUDSKLF� REMHFW�

FODVVHV���)XUWKHU�KDSWLF�HIIHFWV�ZHUH�FUHDWHG�EXW�WKHUH�ZDV�QR�WLPH�DYDLODEOH�WR�DGG�WKHVH�WR�

WKH�VLPXODWLRQ��,Q�DGGLWLRQ��ZRUN�ZDV�RQJRLQJ�WR�WUDQVLWLRQ�WKH�UDGDU�GLVSOD\�PRGXOH�IURP�

VWDWLF� WDUJHWV� WR�PRYLQJ� WDFWLOH� WDUJHWV��7KH�RQH�KDSWLF� HIIHFW� WKDW�ZDV� LQWHJUDWHG� LQWR� WKH�

VLPXODWLRQ� ZDV� D� ERXQGDU\� HIIHFW� URXQG� HDFK� RI� WKH� DLUFUDIW� WDUJHWV�� ,W� ZDV� QRWHG� WKDW�

KDYLQJ� WKLV� HIIHFW� SUHVHQW� PDGH� LW� HDVLHU� WR� GHWHUPLQH� ZKHQ� WKH� FXUVRU� ZDV� H[DFWO\�

SRVLWLRQHG�RYHU�WKH�VFUHHQ�FRRUGLQDWHV�WKDW�WKH�WDUJHW�RFFXSLHG����

�

6HFWLRQ� ���� VXJJHVWV� WKH� IXUWKHU� LPSOHPHQWDWLRQ� DFWLYLWLHV� ZKLFK� FRXOG� KDYH� EHHQ�

SHUIRUPHG�LI�WKHUH�KDG�EHHQ�HQRXJK�WLPH�WR�FRQWLQXH�GHYHORSPHQW�RI�WKH�VLPXODWLRQ���

�



�

����

��� &RQFOXVLRQ�
�

7KLV� FKDSWHU� KDV� GRFXPHQWHG� WKH� IXQFWLRQDO� VSHFLILFDWLRQ�� WRRO� LQYHVWLJDWLRQ�� GHVLJQ�

SURFHVV��DQG�LPSOHPHQWDWLRQ�GHWDLOV�RI�D�KDSWLFDOO\�HQKDQFHG�$7&�VLPXODWLRQ��7KH�SXUSRVH�

RI�EXLOGLQJ�WKLV�VLPXODWLRQ�LV�WR�HYDOXDWH�WKH�VXLWDELOLW\�RI�KDSWLFV��SDUWLFXODUO\�LQ�PXOWL�WDUJHW�

WDVNV�� DQG� GHWHUPLQH� LI� VXLWDEO\� GHVLJQHG� KDSWLF� LQWHUDFWLRQV� FRXOG� SURYLGH� VROXWLRQV� WR�

PHHW�WKH�SUHYLRXVO\�LGHQWLILHG�UHTXLUHPHQWV�LQ�6HFWLRQ���������

�

�



�

����

�

&KDSWHU��� (YDOXDWLRQ�
�

��� ,QWURGXFWLRQ�
�

7KLV� FKDSWHU� SURYLGHV� D� VSHFLILFDWLRQ� IRU� DUWLILFLDO� ODERUDWRU\� WDVNV� WKDW� ZRXOG� IRUP� D�

SUHOLPLQDU\� VWHS� LQ�HYDOXDWLQJ� WKH�SRWHQWLDO�EHQHILWV�RI�KDSWLFV�� ,I� WKH�HYDOXDWLRQ�RI� WKHVH�

WDVNV� SURYHV� WKDW� KDSWLFV� FDQ� SURYLGH� XVHIXO� SHUIRUPDQFH� EHQHILWV�� WKLV� VXSSRUWV�

FRQWLQXDWLRQ� RI� WKH� LWHUDWLYH� ZRUN� WR� IXOO\� GHYHORS� DQG� HYDOXDWH� WKH� KDSWLFDOO\�HQKDQFHG�

$7&� VLPXODWLRQ�� 7R� WKLV� HQG�� WKH� UHPDLQGHU� RI� WKLV� FKDSWHU� GLVFXVVHV� DQG� GHVFULEHV� WKH�

W\SHV� RI� HYDOXDWLRQ� DFWLYLWLHV� WKDW� PLJKW� EH� SHUIRUPHG� WR� DVFHUWDLQ� ZKHWKHU� RU� QRW� WKH�

KDSWLFDOO\� HQKDQFHG�$7&� VLPXODWLRQ� FRXOG� VDWLVI\� HDFK� RI� WKH� UHTXLUHPHQWV� LGHQWLILHG� LQ�

&KDSWHU�����

�

��� 6SHFLILFDWLRQ�RI�3UHOLPLQDU\�/DERUDWRU\�7DVNV�
�

7KLV�VHFWLRQ�SURYLGHV�D�VSHFLILFDWLRQ�IRU�WZR�H[SHULPHQWV�DLPHG�DW�HYDOXDWLQJ�WKH�SRWHQWLDO�

EHQHILWV� RI� KDSWLFV� LQ� VXSSRUWLQJ� VSHFLILF� WDVNV�� 7KLV� ZRUN� ZRXOG� IRUP� D� SUHOLPLQDU\�

HYDOXDWLRQ� VWHS� EHIRUH� WKH� IXOO� GHYHORSPHQW� DQG� HYDOXDWLRQ� RI� WKH�$7&� VLPXODWLRQ�� 7KH�

GHVLJQ�RI�WKHVH�H[SHULPHQWV�LV�LQIOXHQFHG�E\�WKH�ZRUN�RI�&RFNEXUQ�DQG�%UHZVWHU�>��@��

����� 7DUJHWLQJ�7DVN�([SHULPHQW�
�

3XUSRVH�

7R�GHWHUPLQH�ZKHWKHU� WKH� XVH� RI� WDFWLOH� HIIHFWV� LQ� D� KLJK� WDUJHW� SRSXODWLRQ� HQYLURQPHQW�

LPSURYHV�WDUJHWLQJ�SHUIRUPDQFH��7KLV�SUHOLPLQDU\�H[SHULPHQW�UHODWHV�LQ�JHQHUDO�VHQVH�WR�DOO�

UHTXLUHPHQWV�GRFXPHQWHG�LQ�6HFWLRQ�7DEOH�����WKDW�UHTXLUH�WKH�XVHU�WR�QDYLJDWH�WR�WDUJHWV�

RQ�WKH�UDGDU�GLVSOD\��IRU�H[DPSOH��5HTXLUHPHQW������

�



�

����

0HWKRG�

7KH�XVHU�LQWHUIDFH�IRU�WKLV�H[SHULPHQW�LQYROYHV�D�IXOO�VFUHHQ�GLVSOD\�VSDFH�ZLWK����HOOLSWLFDO�

WDUJHWV�PRYLQJ� UDQGRPO\� LQ� VWUDLJKW�OLQH� WUDMHFWRULHV� DFURVV� WKH�GLVSOD\� VSDFH��7KH� WDUJHWV�

PRYH� DW� D� UDWH� HTXLYDOHQW� WR� WKDW� RI� D� MHW� DLUFUDIW� PRYLQJ� DFURVV� D� UDGDU� GLVSOD\� VSDFH�

�DSSUR[LPDWHO\�����FP�SHU�PLQXWH���$�WDUJHW�HQWHUV�WKH�GLVSOD\�VSDFH�DW�D�UDQGRP�SRLQW�DQG�

IROORZV�D�VWUDLJKW�OLQH�SDWK�XQWLO�WKH�SHULPHWHU�LV�UHDFKHG��DW�ZKLFK�WLPH�WKH�WDUJHW�LV�GHOHWHG�

DQG�UHSODFHG�E\�D�QHZ�WDUJHW��7KHUH�DUH�DOZD\V����WDUJHWV�RQ�WKH�GLVSOD\�VSDFH�DW�DQ\�RQH�

WLPH��:KHQ�D� WDUJHW�RQ� WKH�GLVSOD\� WXUQV� IURP� WKH�GHIDXOW� OLJKW�JUH\�FRORXU� WR�JUHHQ�� WKH�

SDUWLFLSDQW�PXVW�DFTXLUH� WKH� WDUJHW�DV�TXLFNO\�DV� WKH\�FDQ��$IWHU� WKH� WDUJHW�DFTXLVLWLRQ�KDV�

EHHQ� FRPSOHWHG�� WKH� WDUJHW� UHWXUQV� WR� LWV� GHIDXOW� OLJKW� JUH\� FRORXU� DQG� DQRWKHU� WDUJHW� LV�

KLJKOLJKWHG��

����

3DUWLFLSDQWV�

���WR����SDUWLFLSDQWV�ZLOO�EH�UHTXLUHG��FRPSULVLQJ�RI�JUDGXDWH�DQG�XQGHUJUDGXDWH�VWXGHQWV�

RI� PL[HG� JHQGHU� DQG� DJH�� 3DUWLFLSDQWV� ZLOO� XVH� WKHLU� ULJKW� KDQG� WR� FRQWURO� WKH� WUDFNEDOO�

GHYLFH�DQG�WKH�H[SHULPHQW�ZLOO�WDNH�DSSUR[LPDWHO\����PLQXWHV�SHU�SDUWLFLSDQW����

�

(TXLSPHQW�DQG�6RIWZDUH�5HTXLUHPHQWV�

$�.HQVLQJWRQ�2UELW��'�WDFWLOH�7UDFNEDOO�SRVLWLRQHG�RQ�D�VWDQGDUG�PRXVH�PDW�ZLOO�EH�XVHG�

DV�WKH� LQSXW�GHYLFH�IRU�ERWK�FRQGLWLRQV��ZLWK�WDFWLOH�HQKDQFHPHQW�DQG�ZLWKRXW���$� ODSWRS�

UXQQLQJ�WKH�:LQGRZV�;3�RSHUDWLQJ�V\VWHP�DQG�VXSSRUWLQJ�D�VFUHHQ�UHVROXWLRQ�RI�����[����

ZLOO�EH�XVHG���

�

$�5DSLG�$SSOLFDWLRQ�'HYHORSPHQW�WRRO��VXFK�DV�9LVXDO�&��1(7�ZLOO�EH�XVHG�WR�FUHDWH�WKH�

VRIWZDUH�HQYLURQPHQW�DQG�WKH�WDFWLOH�VHQVDWLRQV�ZLOO�EH�VXSSRUWHG�XVLQJ�,PPHUVLRQ�6WXGLR��

,PPHUVLRQ� )RXQGDWLRQ� &ODVVHV� �,)&�� DQG� ,PPHUVLRQ� 7RXFK6HQVH� �ZKLFK� WKH�2UELW� �'�

VXSSRUWV���$OO�XVHU� DFWLRQV�ZLOO�EH� ORJJHG�DQG� WKH� WDVN� WLPH�ZLOO�EH� WKH� WLPH�EHWZHHQ� WKH�

FXUVRU�OHDYLQJ�RQH�WDUJHW�DQG�FOLFNLQJ�RQ�WKH�QH[W�KLJKOLJKWHG�RQH��&RFNEXUQ�DQG�%UHZVWHU�

>��@� HPSOR\HG� WKH�XVH�RI� D� ORZ�OHYHO��EURDGEDQG�QRLVH� WR�EORFN�RXW� WKH� VRXQG�RI�PRWRU�

QRLVHV�IURP�WKH�/RJLWHFK�,)HHO�0RXVH�LQSXW�GHYLFH�DQG�WKH�VDPH�DSSURDFK�ZLOO�QHHG�WR�EH�

XVHG�KHUH�GXH�WR�WKH�VLPLODU�QRLVH�JHQHUDWHG�E\�WKH�2UELW��'�7UDFNEDOO����

�

,Q� WKH�QRQ�WDFWLOH�FRQGLWLRQ�� WKH�SDUWLFLSDQW� UHFHLYHV�YLVXDO�RYHU�WDUJHW� IHHGEDFN��ZLWK� WKH�

WDUJHW�WXUQLQJ�IURP�WKH�GHIDXOW�OLJKW�JUH\�FRORXU��RU�WKH�KLJKOLJKWHG�JUHHQ�FRORXU��WR�ZKLWH�

ZKHQ�WKH�FXUVRU�HQWHUV�LWV�ERXQGDU\��,Q�WKH�WDFWLOH�FRQGLWLRQ��D�ZDOOHG�ERXQGDU\�HIIHFW�ZLWK�



�

����

D�KLJK�IRUFH�YLEUDWLRQ�PDJQLWXGH�LV�JHQHUDWHG�ZKHQ�WKH�FXUVRU�LV�SRVLWLRQHG�RYHU�WKH�ILQDO�

GHVWLQDWLRQ��KLJKOLJKWHG��WDUJHW��$OO�RWKHU�WDUJHWV�RQ�WKH�GLVSOD\�H[KLELW�D�ZDOOHG�ERXQGDU\�

HIIHFW� ZLWK� D� ORZ� IRUFH� YLEUDWLRQ� PDJQLWXGH�� VLQFH� WKHVH� RWKHU� WDUJHWV� DUH� QRW� WKH�

SDUWLFLSDQW·V�ILQDO�GHVWLQDWLRQ�DW�WKDW�WLPH����

����

([SHULPHQWDO�'HVLJQ�

7KH�WLPH�WR�DFTXLUH�WDUJHW��DQG�WLPH�RYHU�WDUJHW�SULRU�WR�VHOHFWLRQ��ZLOO�EH�UHFRUGHG�IRU�ERWK�

WKH�YLVXDO�IHHGEDFN�RQO\�FRQGLWLRQ��DQG�WDFWLOH�IHHGEDFN�FRQGLWLRQ��

�

3URFHGXUH�

3DUWLFLSDQWV�ZLOO�EH�DVNHG�WR�FRPSOHWH�D�VKRUW�TXHVWLRQQDLUH�HQTXLULQJ�DERXW�EDFNJURXQG��

DJH��DQG�SUHYLRXV�KDSWLF�H[SHULHQFH��DORQJ�ZLWK�D�VHW�RI� LQVWUXFWLRQV� UHODWHG� WR� WKH� VWXG\��

3DUWLFLSDQWV� ZLOO� WKHQ� EH� DOORZHG� D� VKRUW� SUDFWLFH� VHVVLRQ� SULRU� WR� HDFK� H[SHULPHQWDO�

FRQGLWLRQ�VR�WKDW�WKH�SDUWLFLSDQW�LV�QRW�KDYLQJ�WR�HQWHU�WKH�WDVN�FRPSOHWHO\�XQLQLWLDWHG��

(DFK�FRQGLWLRQ�ZLOO�ODVW�IRU���PLQXWHV��LQ�ZKLFK�WLPH�WKH�SDUWLFLSDQW�ZLOO�FRQWLQXH�DFTXLULQJ�

WDUJHWV��3DUWLFLSDQWV�ZLOO�EH�DOORZHG�D���PLQXWH�EUHDN�EHIRUH�FRPPHQFLQJ�WKH�WDVNV�ZLWKLQ�

WKH�VHFRQG�FRQGLWLRQ��7KH�RUGHULQJ�RI�WKH�WZR�FRQGLWLRQV��WDFWLOH�DQG�QRQ�WDFWLOH��ZLOO�EH�

UDQGRPLVHG�����

�

����� +DSWLF�&RPPXQLFDWLRQ�([SHULPHQW�
�

3XUSRVH�

7R� GHWHUPLQH�ZKHWKHU� LQIRUPDWLRQ� FRQYH\HG� XVLQJ� WDFWLOH� SXOVH� HIIHFWV�� FDQ� EH� FRUUHFWO\�

LQWHUSUHWHG�E\�XVHUV�LQ�D�KLJK�WDUJHW�SRSXODWLRQ�HQYLURQPHQW��7KLV�H[SHULPHQW�UHODWHV�LQ�D�

JHQHUDO�VHQVH�WR�5HTXLUHPHQWV���DQG����VHH�7DEOH�����DQG�7DEOH��������

�

0HWKRG�

7KH� XVHU� LQWHUIDFH� IURP� WKH� SUHYLRXVO\� GHILQHG� H[SHULPHQW� LV� UHXVHG� KHUH� �VHH� 6HFWLRQ�

�������� +RZHYHU�� VLQFH� WKH� SXUSRVH� RI� WKLV� H[SHULPHQW� LV� FRQFHUQHG� ZLWK� HYDOXDWLQJ� WKH�

SRWHQWLDO� RI� KDSWLFV� WR� FRQYH\� VXSSOHPHQWDO� LQIRUPDWLRQ�� RQO\� WKH� QRQ�WDFWLOH� WDUJHWLQJ�

FRQGLWLRQ� LV�XVHG� IURP� WKH�SUHYLRXV�H[SHULPHQW·V� LQWHUIDFH��7KH�SDUWLFLSDQW�PXVW� DFTXLUH�

WDUJHWV�LQ�WKH�VDPH�PDQQHU�DV�EHIRUH��WKDW�LV��ZKHQ�WKH�WDUJHW�WXUQV�WR�JUHHQ��+RZHYHU��LQ�

WKLV� FDVH� WKH�SDUWLFLSDQW·V� WDVN� DIWHU� WKH\�QDYLJDWH� DQG� VHOHFW� WKH� WDUJHW� LV� WR� LQWHUSUHW� WKH�



�

����

WDFWLOH�SXOVHV�SUHVHQWHG�WR�WKHP��$IWHU�WKH�XVHU�LQSXWV�WKHLU�SHUFHSWLRQ�RI�WKH�SXOVH�VWUHDP��

DQRWKHU�WDUJHW�LV�KLJKOLJKWHG�DQG�WKH�H[SHULPHQW�FRQWLQXHV�����

����

3DUWLFLSDQWV�

7KH� SDUWLFLSDQW� UHTXLUHPHQWV� ZLOO� EH� LGHQWLFDO� WR� WKH� SUHYLRXV� H[SHULPHQW� �VHH� 6HFWLRQ�

��������

�

(TXLSPHQW�DQG�6RIWZDUH�5HTXLUHPHQWV�

$�.HQVLQJWRQ�2UELW��'�WDFWLOH�7UDFNEDOO�SRVLWLRQHG�RQ�D�VWDQGDUG�PRXVH�PDW�ZLOO�EH�XVHG�

DV�WKH�LQSXW�GHYLFH��$�ODSWRS�UXQQLQJ�WKH�:LQGRZV�;3�RSHUDWLQJ�V\VWHP�DQG�VXSSRUWLQJ�D�

VFUHHQ�UHVROXWLRQ�RI�����[����ZLOO�EH�XVHG���

�

7KH� VDPH� VRIWZDUH� GHYHORSPHQW� HQYLURQPHQW� XVHG� IRU� WKH� SUHYLRXV� H[SHULPHQW� ZLOO� EH�

HPSOR\HG�KHUH��VHH�6HFWLRQ��������� �$OO�XVHU�DFWLRQV�DQG�UHVSRQVHV�ZLOO�EH� ORJJHG�DQG�WKH�

WDVN�WLPH�ZLOO�EH�WKH�WLPH�EHWZHHQ�WKH�FXUVRU� OHDYLQJ�RQH�WDUJHW�DQG�FOLFNLQJ�RQ�WKH�QH[W�

KLJKOLJKWHG� RQH�� %URDGEDQG� QRLVH� ZLOO� DJDLQ� EH� XVHG� WR� EORFN� RXW� WKH� VRXQG� RI� PRWRU�

QRLVHV�IURP�WKH�2UELW��'�7UDFNEDOO����

�

7KH� SDUWLFLSDQW� UHFHLYHV� YLVXDO� RYHU�WDUJHW� IHHGEDFN�� ZLWK� WKH� WDUJHW� WXUQLQJ� IURP� WKH�

GHIDXOW�OLJKW�JUH\�FRORXU��RU�WKH�KLJKOLJKWHG�JUHHQ�FRORXU��WR�ZKLWH�ZKHQ�WKH�FXUVRU�HQWHUV�

LWV�ERXQGDU\��:KHQ� WKH�XVHU�FOLFNV� WKH�2UELW��'�7UDFNEDOO·V� OHIW�EXWWRQ�ZLWKLQ� WKH� WDUJHW�

ERXQGDU\�� D�QXPEHU�RI� ORQJ�DQG� WKHQ� VKRUW�SXOVHV� DUH�SUHVHQWHG�XVLQJ� WDFWLOH�YLEUDWLRQV��

:KHQ�WKH�SXOVH�VWUHDP�KDV�FRPSOHWHG��WKH�SDUWLFLSDQW�LV�UHTXLUHG�WR�LQGLFDWH�WKH�QXPEHU�RI�

ORQJ�DQG�VKRUW�SXOVHV�WKDW�WKH\�HQFRXQWHUHG�LQ�D�GLDORJ�ER[��:KHQ�ILQLVKHG��WKH�XVHU�VHOHFWV�

WR�FORVH�WKH�GLDORJ�ER[��WKH�QH[W�WDUJHW�LV�KLJKOLJKWHG��DQG�WKH�H[SHULPHQW�FRQWLQXHV��

����

([SHULPHQWDO�'HVLJQ�

7KH� XVHU� UHVSRQVHV� WR� WKH� QXPEHU� RI� ORQJ� DQG� VKRUW� SXOVHV� WKH\� H[SHULHQFHG� ZLOO� EH�

UHFRUGHG� IRU� HDFK� WDUJHW� DFTXLUHG� GXULQJ� WKH� H[SHULPHQW�� ,Q� DGGLWLRQ�� WKH� WLPH� LQWR� WKH�

H[SHULPHQW�ZLOO�EH�UHFRUGHG�IRU�HDFK�WDUJHW�DFTXLUHG��WR�EH�DEOH�WR�JDXJH�DQ\�GLIIHUHQFHV�LQ�

SHUIRUPDQFH� EHWZHHQ� WKH� HDUO\� SDUW� RI� WKH� H[SHULPHQW� DQG� WKH� ILQDO� VWDJHV�� )RU�

FRPSOHWHQHVV�� WKH� WLPH� WR� DFTXLUH� WDUJHW�� DQG� WLPH� RYHU� WDUJHW� SULRU� WR� VHOHFWLRQ��ZLOO� EH�

UHFRUGHG��EXW�PD\�QRW�EH�XVHG�LQ�LQWHUSUHWLQJ�WKH�UHVXOWV��

�



�

����

3URFHGXUH�

3DUWLFLSDQWV�ZLOO�EH�DVNHG�WR�FRPSOHWH�D�VKRUW�TXHVWLRQQDLUH�HQTXLULQJ�DERXW�EDFNJURXQG��

DJH��DQG�SUHYLRXV�KDSWLF�H[SHULHQFH��DORQJ�ZLWK�D�VHW�RI� LQVWUXFWLRQV� UHODWHG� WR� WKH� VWXG\��

3DUWLFLSDQWV� ZLOO� WKHQ� EH� DOORZHG� D� VKRUW� SUDFWLFH� VHVVLRQ� VR� WKDW� WKH� SDUWLFLSDQW� LV� QRW�

KDYLQJ�WR�HQWHU�WKH�WDVN�FRPSOHWHO\�XQLQLWLDWHG��

�

7KH� H[SHULPHQW� ZLOO� ODVW� IRU� ��� PLQXWHV�� LQ� ZKLFK� WLPH� WKH� SDUWLFLSDQW� ZLOO� FRQWLQXH�

DFTXLULQJ�WDUJHWV��UHFHLYLQJ�WDFWLOH�SXOVHV�UHOHYDQW�WR�HDFK�WDUJHW��DQG�LQGLFDWLQJ�D�UHVSRQVH�

DV�WR�KRZ�PDQ\�ORQJ�DQG�VKRUW�SXOVHV�WKH\�H[SHULHQFHG���

��

��� 7KH�(YDOXDWLRQ�'HVLJQ�5DWLRQDOH�
�

,Q�WKH�HYHQW�WKDW�WKH�SUHOLPLQDU\�H[SHULPHQWV�GHILQHG�LQ�6HFWLRQ�����SURYH�WKDW�KDSWLFV�KDV�

SRWHQWLDO� EHQHILWV� IRU� LPSURYLQJ� WDUJHWLQJ� SHUIRUPDQFH� DQG� DOOHYLDWLQJ� YLVXDO� ORDG�� WKLV�

VHFWLRQ� GLVFXVVHV� WKH� HYDOXDWLRQ� GHVLJQ� WKDW� ZRXOG� EH� XVHG� IRU� HYDOXDWLQJ� WKH� IXOO�VFDOH�

KDSWLFDOO\�HQKDQFHG�$7&�VLPXODWLRQ���

�

.H\�DWWULEXWHV�WKDW�QHHG�WR�EH�WDNHQ�LQWR�DFFRXQW�ZKHQ�HYDOXDWLQJ�DQ\�NLQG�RI�LQWHUDFWLYH�

V\VWHP�LQFOXGH�>��@��

• 6WDJH�RI�GHVLJQ��HDUO\��PLGGOH��ODWH��

• 1RYHOW\�RI�SURMHFW��ZHOO�GHILQHG�YHUVXV�H[SORUDWRU\��

• 1XPEHU�RI�H[SHFWHG�XVHUV�

• &ULWLFDOLW\�RI�WKH�LQWHUIDFH�

• 7LPH�DYDLODEOH�

• ([SHULHQFH�RI�WKH�GHVLJQ�DQG�HYDOXDWLRQ�WHDP�

�

7R�UHODWH�WKHVH�DWWULEXWHV�WR�WKH�KDSWLFDOO\�HQKDQFHG�$7&�VLPXODWLRQ��

• 'LIIHUHQW� W\SHV� RI� HYDOXDWLRQ� DFWLYLWLHV� ZRXOG� EH� UHTXLUHG� DW� GLIIHUHQW� VWDJHV� RI� WKH�

SURMHFW�� 'XULQJ� WKH� HDUO\� VWDJHV� RI� GHVLJQ�� WHVWLQJ� ZRXOG� PRVW� OLNHO\� LQYROYH� D� ODUJH�

GHJUHH� RI� TXDOLWDWLYH� HYDOXDWLRQ� DQG� YHU\� OLWWOH� TXDQWLWDWLYH� HYDOXDWLRQ�� 7KLV� EDODQFH�

ZRXOG�SUREDEO\�FKDQJH�ZLWK� ODWHU� VWDJHV�RI�GHVLJQ�DV�TXDQWLWDWLYH�PHDVXUHV�ZRXOG�EH�

UHTXLUHG� WR� HIIHFWLYHO\� FRPSDUH� SHUIRUPDQFH� GLIIHUHQFHV� ZLWK� DQG� ZLWKRXW� KDSWLF�

HIIHFWV� EHLQJ� SUHVHQW�� $FWLYLWLHV� DW� D� ODWHU� VWDJH� ZRXOG� DGGLWLRQDOO\� LQYROYH� PRUH�



�

����

FRPSOH[�XVDJH�VFHQDULRV�WKDW�FRYHU�DFFHSWDQFH�WHVWLQJ�IRU�PXOWLSOH�UHTXLUHPHQWV�UDWKHU�

WKDQ�LQGLYLGXDO�UHTXLUHPHQWV�����

• ,QLWLDOO\��WKH�$7&�VLPXODWLRQ�LV�H[SORUDWRU\��EXW�DV�WKH�GHYHORSPHQW�SURFHVV�SURJUHVVHV�

WKURXJK�PXOWLSOH� UHGHVLJQ�LPSOHPHQW�HYDOXDWH� LWHUDWLRQV�� DQG� WKH� VXLWDELOLW\�RI�KDSWLF�

LQWHUDFWLRQ�LQ�PHHWLQJ�UHTXLUHPHQWV�LV�GHWHUPLQHG��WKH�SURMHFW�ZRXOG�JUDGXDOO\�EHFRPH�

PRUH�GHILQHG��QHFHVVLWDWLQJ�GLIIHUHQW�HYDOXDWLRQ�PHWKRGV��

• 7KH�QXPEHU�RI�H[SHFWHG�XVHUV�ZRXOG�YDU\�GHSHQGLQJ�RQ�WKH�VFRSH�RI�WKH�SURMHFW��EXW�LI�

WKH�VFRSH�GLG�QRW�H[SDQG�EH\RQG�WKH�3UHVWZLFN�IDFLOLW\��WKH�QXPEHU�RI�SRWHQWLDO�XVHUV�

ZRXOG�EH� LQ�WKH�KXQGUHGV� LI�DQ\�SRVLWLYH�ILQGLQJV�RI�WKLV�UHVHDUFK�ZHUH�WR�PDNH�WKHLU�

ZD\� LQWR� UHDO� FRQWUROOHU�ZRUNLQJ�SRVLWLRQV��7KHUHIRUH�� WR� HYDOXDWH� WKH� V\VWHP�ZLWK� DOO�

XVHUV�ZRXOG�EH�WLPH�FRQVXPLQJ�EXW�SRWHQWLDOO\�QHFHVVDU\�JLYHQ�LQGLYLGXDO�GLIIHUHQFHV�LQ�

FRQWUROOHU�SHUIRUPDQFH�DQG�WKH�VDIHW\�FULWLFDO�DVSHFWV�RI�WKH�DSSOLFDWLRQ�GRPDLQ���

• 7KH�$7&� GRPDLQ� LV� H[WUHPHO\� VDIHW\� FULWLFDO� DQG� WKLV� IDFW� ZRXOG� KDYH� DQ� LPSRUWDQW�

LPSDFW�RQ�WKH�OHYHO�RI�HYDOXDWLRQ�SHUIRUPHG�LI�DQ\�SRVLWLYH�ILQGLQJV�RI�WKLV�SURMHFW�ZHUH�

LQWHJUDWHG�LQWR�UHDO�$7&�V\VWHPV��+DYLQJ�VDLG�WKDW��XVHU�LQWHUIDFH�SUREOHPV�VWLOO�RFFXU�

ZLWK�$7&�V\VWHPV��HYHQ�DIWHU�D�KLJK�OHYHO�RI�XVHU�WHVWLQJ��7KH�6ZDQZLFN�FRQWURO�FHQWUH�

KDV� EHHQ� WKH� WDUJHW� RI� FULWLFLVPV� UHJDUGLQJ� IRQW� OHJLELOLW\�� DQG� D� QXPEHU� RI� PLQRU�

LQFLGHQWV�KDYH�RFFXUUHG�GXH�WR�LQFRUUHFW�LQWHUSUHWDWLRQ�RI�DLUFUDIW�GDWD�ODEHOV�>��@�������

• 7LPH�FRQVWUDLQWV�PHDQW�WKDW�QR�HYDOXDWLRQ�FRXOG�EH�SHUIRUPHG�SULRU�WR�WKH�FRPSOHWLRQ�

RI� WKLV� WKHVLV�� +RZHYHU�� LW� LV� HQYLVDJHG� WKDW� DW� OHDVW� RQH� WR� WZR� ZHHNV� ZRUWK� RI�

HYDOXDWLRQ� DFWLYLWLHV� ZRXOG� EH� UHTXLUHG� IRU� HDFK� LWHUDWLRQ�� ZLWK� WKH� WLPH� UHTXLUHG�

LQFUHDVLQJ�DV�WKH�SURWRW\SHV�EHFDPH�PRUH�ZHOO�GHILQHG��

• 7KH�ODFN�RI�H[SHULHQFH�RI�WKH�GHVLJQ�DQG�HYDOXDWLRQ�WHDP�ZRXOG�REYLRXVO\�PHDQ�WKDW�LW�

ZRXOG� WDNH� ORQJHU� WR�GHVLJQ�DQG�SHUIRUP�HYDOXDWLRQV�� DQG�ZRXOG� LQFUHDVH� WKH�FKDQFH�

WKDW�DQ�HYDOXDWLRQ�ZRXOG�EH�LQHIIHFWLYH�GXH�WR�SRRU�H[SHULPHQWDO�GHVLJQ��7R�UHGXFH�WKH�

SRWHQWLDO� RI� WKLV� KDSSHQLQJ�� DGYLFH� FRXOG� SRWHQWLDOO\� EH� VRXJKW� IURP� H[SHUWV� LQ�

HYDOXDWLRQ�RI�$7&�VLPXODWLRQV����

�

)RU� D� JLYHQ� LWHUDWLRQ�� WKH� LQWHQWLRQ� ZRXOG� EH� WR� SHUIRUP� SLORW� HYDOXDWLRQ� VWXGLHV� XVLQJ�

XQGHUJUDGXDWH�VWXGHQWV�DV�SDUWLFLSDQWV��$IWHU�DQ\�SUREOHPV�ZLWK�WKH�HYDOXDWLRQ�GHVLJQ�KDG�

EHHQ� LGHQWLILHG� DQG� FRUUHFWHG�� UHDO� FRQWUROOHUV�ZRXOG� EH� DVNHG� WR� SDUWLFLSDWH�� DQG� LQ� IDFW�

SHUPLVVLRQ�ZDV� DOUHDG\� UHFHLYHG� IURP� FRQWUROOHUV� DW� WKH�3UHVWZLFN� IDFLOLW\� WR� WDNH� SDUW� LQ�

HYDOXDWLRQV�RI�WKH�VLPXODWLRQ��,W�LV�LPSRUWDQW�WR�HQVXUH�WKDW�UHDO�FRQWUROOHUV�DUH�LQYROYHG�LQ�

HYDOXDWLRQ�DFWLYLWLHV�HYHQ�DW�HDUO\�VWDJHV�IRU�D�QXPEHU�RI�UHDVRQV��



�

����

• &RQWUROOHUV� KDYH� D� WKRURXJK� XQGHUVWDQGLQJ� RI� WKH� H[LVWLQJ�ZRUNVWDWLRQ� LQWHUIDFH� DQG�

$7&�WDVNV��

• ,QYROYLQJ� FRQWUROOHUV� LQ� SDUWLFLSDWRU\� GHVLJQ� LQFUHDVHV� WKH� OLNHOLKRRG� RI� D� VXFFHVVIXO�

LPSOHPHQWDWLRQ�DQG�XVHU�DFFHSWDQFH�>��@���

• &RQWUROOHUV�DUH�WUDLQHG��RU�VHOHFWHG��WR�KDYH�D�YHU\�KLJK�OHYHO�RI�SHULSKHUDO�DZDUHQHVV��

DOORZLQJ�WKHP�WR�FRQGXFW�D�PDLQ�WDVN�DQG�DW�WKH�VDPH�WLPH�NHHS�WUDFN�RI�RQH�RU�PRUH�

VHFRQGDU\�WDVNV�>��@��,W�LV�H[WUHPHO\�XQOLNHO\�WKDW�DOO�PHPEHUV�RI�D�VHW�RI�XQGHUJUDGXDWH�

VWXGHQWV�VHOHFWHG�DW�UDQGRP�ZRXOG�KDYH�WKH�VDPH�SHULSKHUDO�DZDUHQHVV�VNLOOV��+RZHYHU��

VWXGHQWV�ZRXOG�EH�D�YDOXDEOH�UHVRXUFH�IRU�FRQGXFWLQJ�SLORW�VWXGLHV�WR�LGHQWLI\�DQ\�IODZV�

LQ�DQ�H[SHULPHQWDO�GHVLJQ�SULRU�WR�FRQGXFWLQJ�H[SHULPHQWV�ZLWK�UHDO�FRQWUROOHUV����

�

:KHQ� DVNLQJ� HYDOXDWLRQ� SDUWLFLSDQWV� WR� FRPSDUH� WZR� V\VWHPV� �LQ� WKLV� FDVH�� D� KDSWLFDOO\�

HQKDQFHG�$7&�VLPXODWLRQ�WR�DQ�$7&�VLPXODWLRQ�ZLWKRXW�KDSWLFV��HLWKHU�D�EHWZHHQ�VXEMHFWV�

RU� ZLWKLQ�VXEMHFWV� GHVLJQ� FDQ� EH� XVHG� >��@�� $� ZLWKLQ�VXEMHFWV� GHVLJQ� ZRXOG� KDYH� EHHQ�

HPSOR\HG�IRU�HYDOXDWLQJ�WKH�$7&�VLPXODWLRQ�IRU�WKH�IROORZLQJ�UHDVRQV��

• ,QGLYLGXDO�SHUIRUPDQFH�GLIIHUHQFHV�RI�SDUWLFLSDQWV�DUH�DXWRPDWLFDOO\�FRQWUROOHG�EHFDXVH�

HDFK�SDUWLFLSDQW�WHVWV�ERWK�V\VWHPV���

• )HZHU� SDUWLFLSDQWV� DUH� UHTXLUHG�� 7KLV� LV� SDUWLFXODUO\� LPSRUWDQW� JLYHQ� WKH� GLIILFXOW\� RI�

DFFHVV�WR�UHDO�FRQWUROOHUV��

�

$�QXPEHU�RI�TXDQWLWDWLYH�DQG�TXDOLWDWLYH�PHDVXUHV�ZRXOG�KDYH�WR�EH�WHVWHG�RQ�WKH�DYDLODEOH�

IXQFWLRQDO�PRGXOHV�DW�HDFK�LWHUDWLRQ��LQFOXGLQJ��

• 6SHHG� RI� WDVN� SHUIRUPDQFH� �IRU� H[DPSOH�� WLPH� WR� FRUUHFWO\� PRYH� WKH� FXUVRU� WR� WKH�

VSHFLILHG�DLUFUDIW�WDUJHW���

• 5DWH� RI� HUURUV�PDGH�ZKLOH� SHUIRUPLQJ� WDVN� �IRU� H[DPSOH�� LQFRUUHFWO\� LQWHUSUHWLQJ� WKH�

GDWD�SURYLGHG�E\�WKH�SUHGLFW�WRRO���

• 6XEMHFWLYH� ZRUNORDG� DVVHVVPHQWV� WR� GHWHUPLQH� PHDVXUHV� VXFK� DV� HIIRUW�� IUXVWUDWLRQ��

PHQWDO�DQG�SK\VLFDO�GHPDQGV��1$6$�7DVN�/RDG�,QGH[� �7/;��FRXOG�EH�XVHG�IRU� WKLV�

SXUSRVH�>��@��

• 6XEMHFWLYH�XVHU�VDWLVIDFWLRQ��JDWKHUHG�E\�PHDQV�RI�D�VXUYH\�RU�WDON�DORXG�SURWRFRO����

�

:KHQ� FRQGXFWLQJ� DQ\�NLQG�RI� HYDOXDWLRQ� H[SHULPHQW� LQ�ZKLFK� WKH�SDUWLFLSDQWV� DUH� DZDUH�

WKH\�DUH�WKH�VXEMHFWV�RI�VXFK�DQ�H[SHULPHQW��WKHUH�LV�WKH�SRWHQWLDO�IRU�WKH�+DZWKRUQH�(IIHFW�

WR�RFFXU��ZKHUHE\�D�VLJQLILFDQW�SHUIRUPDQFH�LPSURYHPHQW�RFFXUV�GXH�WR�WKH�SRVLWLYH�HIIHFW�
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RQ�WKH�SDUWLFLSDQWV�RI�NQRZLQJ�WKDW�WKH\�DUH�EHLQJ�VWXGLHG�>��@��7KH�+DZWKRUQH�HIIHFW�KDV�

EHHQ� FRQWUROOHG� LQ�PDQ\� W\SHV� RI� H[SHULPHQWV� �IRU� LQVWDQFH�� LQ�PHGLFLQH�� E\� WKH� XVH� RI�

GRXEOH� DQG� WULSOH�EOLQG� WULDOV�� DQG�DGGLWLRQDOO\�E\�DQDO\VLQJ�SRVW�H[SHULPHQW� LQWHUYLHZV� WR�

DVFHUWDLQ�KRZ�SDUWLFLSDQWV·�LQWHUSUHW�WKH�H[SHULPHQW������

�

��� 9DOLGLW\�RI�WKH�(YDOXDWLRQ�(QYLURQPHQW�
�

7KLV�VHFWLRQ�GLVFXVVHV�WKH�LVVXHV�WKDW�PXVW�EH�FRQVLGHUHG�LQ�UHODWLRQ�WR�WKH�VXLWDELOLW\�RI�WKH�

WHVWLQJ�HQYLURQPHQW��

�

7KH� LQWHQWLRQ� ZDV� WR� IDFLOLWDWH� H[SHULPHQWV� E\� LQVWDOOLQJ� WKH� KDSWLFDOO\� HQKDQFHG� $7&�

VLPXODWLRQ�RQWR� D� ODSWRS� FRPSXWHU�ZLWK� WKH�.HQVLQJWRQ�2UELW� �'� WUDFNEDOO� DV� WKH� LQSXW�

GHYLFH��+RZHYHU�� LW� VKRXOG�EH�QRWHG� WKDW� WKH�XVH�RI� D� FRPPHUFLDOO\� DYDLODEOH� ODSWRS� DQG�

LQSXW� GHYLFH� LQ� D� FODVVURRP� RU� RIILFH� HQYLURQPHQW�� LV� YDVWO\� GLIIHUHQW� IURP� XVLQJ� DQ�

LQWHJUDWHG�FRQWUROOHU�ZRUNVWDWLRQ��ZLWK�WKH�VWUHVVHV�DQG�G\QDPLFDOO\�FKDQJLQJ�HQYLURQPHQW�

DVVRFLDWHG�ZLWK�DFWLYH�GXW\�ZLWKLQ�DQ�$7&�IDFLOLW\���

�

2QH�RI�WKH�PDMRU�GLIILFXOWLHV�LV�LQ�DWWHPSWLQJ�WR�VLPXODWH�D�UHDO�WUDIILF�VLWXDWLRQ��1RUPDOO\��

WR�HYDOXDWH�D�V\VWHP·V�VXLWDELOLW\�IRU�SHUIRUPLQJ�WKH�WDVNV�LW�LV�UHTXLUHG�WR�VXSSRUW��UHDOLVWLF�

XVH� FDVHV�� RU� XVHU� VFHQDULRV� KDYH� WR� EH� GHILQHG�� +RZHYHU�� WKH� QDWXUH� RI� WKH� $7&� WDVN�

PDNHV�WKLV�YHU\�GLIILFXOW�JLYHQ�WKH�KLJK�OHYHO�RI�XQSUHGLFWDELOLW\�DQG�XQ�UHSHDWDELOLW\�WKDW�LV�

D�IHDWXUH�RI�WKH�GRPDLQ�VSDFH���

�

,Q�RUGHU� WR�VLPXODWH�DLU� WUDIILF� IRU� WKH�KDSWLFDOO\�HQKDQFHG�$7&�VLPXODWLRQ�� WKH� LQWHQWLRQ�

ZDV�WR�XVH�WKH�)XJXH�VLPXODWLRQ�WRRO��$OWKRXJK�WKLV�LV�D�OLJKWZHLJKW�VLPXODWLRQ�WRRO�ZKLFK�

LV�QR�PDWFK�IRU�WKRVH�$7&�VLPXODWRUV�RZQHG�E\�ODUJH�DYLDWLRQ�UHVHDUFK�FHQWUHV��LW�KDV�EHHQ�

XVHG�ZLWK�VRPH�VXFFHVV�E\�RWKHU�UHVHDUFK�RUJDQLVDWLRQV�VXFK�DV�&(1$�DQG�(XUR&RQWURO�

>��@��+RZHYHU��WKH�ORQJ�WHUP�VXLWDELOLW\�RI�)XJXH�UHPDLQV�XQSURYHQ�IRU�XVH�LQ�GHYHORSLQJ�

DQG�HYDOXDWLQJ�WKH�KDSWLFDOO\�HQKDQFHG�$7&�VLPXODWLRQ�����

�

,Q�ODUJH�WHFKQLFDO�FHQWUHV��IRU�H[DPSOH�WKH�)$$�7HFKQLFDO�&HQWHU�LQ�1HZ�-HUVH\��IDFLOLWLHV�

H[LVW�IRU�VLPXODWLQJ�UHDO�WLPH�G\QDPLF�DLU� WUDIILF�HLWKHU� LQ�WRZHU�FRQWURO�VFHQDULRV�RU�RQ�D�

YLVXDO� UDGDU�GLVSOD\��7UDLQLQJ�RI�FRQWUROOHUV��DQG�H[SHULPHQWDWLRQ� �DQG�HYDOXDWLRQ��RI�QHZ�
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V\VWHPV�DQG�SURFHGXUHV�DUH�WKH�PDLQ�SXUSRVHV�RI�WKHVH�VLPXODWLRQV��$LU�WUDIILF�VLPXODWLRQ�

KDV�EHHQ�VDLG�WR�EH�WKH�EHVW�YHKLFOH�IRU�KXPDQ�IDFWRUV�UHVHDUFK�LQ�$7&�>�@��

�

�

��� 'LIILFXOWLHV�RI�,GHQWLI\LQJ�3RWHQWLDO�/LPLWDWLRQV�RI�WKH�$7&�
6LPXODWLRQ�

�

,I�WKH�$7&�VLPXODWLRQ�KDG�EHHQ�GHYHORSHG�DQG�HYDOXDWHG�WR�D�KLJK�OHYHO��EXW�WKH�RXWFRPH�

RI� WKH� UHVHDUFK� WXUQHG� RXW� WR� EH� QHJDWLYH�� LW� LV� LPSRUWDQW� WR� UHFRJQLVH� WKDW� DQ\� ODFN� RI�

VXLWDELOLW\� RI� KDSWLF� LQWHUDFWLRQ� WR� VDWLVI\� WKH� GRFXPHQWHG� UHTXLUHPHQWV� PD\� QRW� EH� D�

JHQHUDO� ILQGLQJ� DERXW� KDSWLF� LQWHUDFWLRQ�� EXW� LQVWHDG� FRXOG� EH� D� IDLOLQJ� RI� WKLV� SDUWLFXODU�

VLPXODWLRQ�� $� SRWHQWLDO� ZD\� WR� SURYH� RU� GLVSURYH� WKLV� ZRXOG� EH� IRU� RWKHU� H[SHULHQFHG�

UHVHDUFKHUV� WR� LQGHSHQGHQWO\� GHVLJQ� DQG� HYDOXDWH� D� KDSWLFDOO\� HQKDQFHG� $7&� VLPXODWLRQ�

LQWHQGHG� WR�PHHW� WKH� VDPH� UHTXLUHPHQWV�� ,I� WKH� LQGHSHQGHQWO\�GHYHORSHG� VLPXODWLRQ�ZDV�

VKRZQ� WR� VXFFHVVIXOO\�PHHW� DQ\� RI� WKH� UHTXLUHPHQWV� WKDW� WKLV�$7&� VLPXODWLRQ� FRXOG� QRW�

PHHW�� WKLV� ZRXOG� LQGLFDWH� VRPH� IDLOLQJ� LQ� WKH� GHVLJQ� DQG�RU� LPSOHPHQWDWLRQ� RI� WKLV�

VLPXODWLRQ�� +RZHYHU�� LI� ERWK� VLPXODWLRQV� SURYLGH� YHU\� VLPLODU� RU� LGHQWLFDO� SRVLWLYH� RU�

QHJDWLYH�RXWFRPHV�IRU�HDFK�RI�WKH�UHTXLUHPHQWV��WKLV�VWUHQJWKHQV�WKH�FDVH�WR�SURYH�WKDW�WKLV�

KDSWLFDOO\�HQKDQFHG�$7&�VLPXODWLRQ�KDV�EHHQ�GHYHORSHG�WR�D�JRRG�VWDQGDUG��

�

��� &RQFOXVLRQ�
�

7KLV�FKDSWHU�KDV�SURYLGHG�D�VSHFLILFDWLRQ�RI�DUWLILFLDO�ODE�WDVNV�WKDW�VKRXOG�EH�SHUIRUPHG�DV�

D� SUHOLPLQDU\� VWHS� LQ� HYDOXDWLQJ� WKH� VXLWDELOLW\� RI� KDSWLFV� IRU� WDUJHWLQJ� DQG� LQIRUPDWLRQ�

SUHVHQWDWLRQ�WDVNV��7KHVH�SUHOLPLQDU\�VWHSV�DUH�YLWDO�LQ�GHWHUPLQLQJ�WKH�VXLWDELOLW\�RI�KDSWLFV�

WR�VXSSRUW�WKH�SUHYLRXVO\�LGHQWLILHG�UHTXLUHPHQWV�SUHVHQWHG�LQ�7DEOH������,Q�WKH�KRSH�WKDW�

WKHVH� SUHOLPLQDU\� H[SHULPHQWV� GR� SURYH� WKDW� KDSWLFV� DUH� EHQHILFLDO�� WKH� FKDSWHU� KDV�

VXJJHVWHG� DQ� HYDOXDWLRQ� GHVLJQ� UDWLRQDOH� IRU� WKH� GHYHORSPHQW� RI� D� IXOO� VFDOH� KDSWLFDOO\�

HQKDQFHG�$7&�VLPXODWLRQ�����
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&KDSWHU��� &RQFOXVLRQV�DQG�)XWXUH�:RUN�
�

�

7KH�SXUSRVH�RI�WKLV�ILQDO�FKDSWHU�LV�WR�VXPPDULVH�WKH�ZRUN�GRFXPHQWHG�LQ�WKLV�WKHVLV�DQG�

SURYLGH�VXJJHVWLRQV�IRU�IXWXUH�ZRUN�WKDW�FRXOG�EH�SHUIRUPHG�WR�EXLOG�RQ�WKH�GHYHORSPHQW�

WKDW� KDV� EHHQ� GRQH� WKXV� IDU�� ,Q� FORVLQJ�� D� FRQFOXVLRQ� SURYLGHV� ILQDO�ZRUGV� RQ� WKH�ZRUN�

XQGHUWDNHQ��

��

��� 6XPPDU\�
�

7KLV� WKHVLV� KDV� LQYHVWLJDWHG� WKH� FRQWULEXWLRQ� RI� KXPDQ� IDFWRUV� WR� WKH� $7&� GRPDLQ�� ,Q�

SDUWLFXODU�� YDULRXV� KXPDQ� IDFWRUV� SUREOHPV� DVVRFLDWHG� ZLWK� WKH� LQWHUDFWLRQ� RI� KXPDQ��

VRIWZDUH�� KDUGZDUH�� DQG� HQYLURQPHQWDO� FRPSRQHQWV� RI� WKH� $7&� V\VWHP� KDYH� EHHQ�

VXPPDULVHG�� $� SDUWLFXODU� HPSKDVLV� LQ� WKH� OLWHUDWXUH� UHYLHZ� ZDV� SODFHG� RQ� SUHYLRXV� DQG�

RQJRLQJ� UHVHDUFK� LQ� WKH� ILHOG� RI� ZRUNORDG�� LWV� GHILQLWLRQ� DQG� HIIHFWV�� PHDVXUHPHQW�� DQG�

ZKHWKHU�WUDQVIHUULQJ�DQ\�DVSHFWV�RI�WKH�FRQWUROOHU�WDVN�WR�D�GLIIHUHQW�PRGDOLW\�PD\�UHGXFH�LW��

7KH�IXWXUH�V\VWHPV�IRU�$7&�DUH�FXUUHQWO\�XQGHU�GHYHORSPHQW�DQG�FRQFHUQV�UHODWHG�WR�WKH�

FKDQJLQJ� UROH� RI� SLORW� DQG� FRQWUROOHU� LQ� UHODWLRQ� WR� WKHVH� QHZ� V\VWHPV� KDYH� EHHQ�

KLJKOLJKWHG���

�

7ZR�YLVLWV�ZHUH�FRQGXFWHG�WR�WKH�1$76�HQ�URXWH�IDFLOLW\�DW�3UHVWZLFN�LQ�$\UVKLUH��WKH�ILUVW�

RI�WKHVH�WR�HQDEOH�D�UHODWLYH�QRYLFH�WR�WKH�GRPDLQ�RI�$7&�WR�JDLQ�D�EHWWHU�XQGHUVWDQGLQJ��

DQG� WKH� VHFRQG� WR� REVHUYH� FRQWUROOHUV� LQ� DFWLRQ� DQG� LGHQWLI\� KXPDQ� IDFWRUV� SUREOHPV�

VSHFLILFDOO\� UHODWHG� WR� FRQWUROOHU� LQWHUDFWLRQ� ZLWK� WKH� UDGDU� GLVSOD\� DQG� DVVRFLDWHG� LQSXW�

GHYLFH��$�VHW�RI�VHYHQ�UHTXLUHPHQWV�ZRUWK\�RI�LQYHVWLJDWLRQ�ZDV�LGHQWLILHG��VSHFLILF�WR�WKH�

XVDJH�PRGHO�DW�WKH�3UHVWZLFN�IDFLOLW\���

�

7KH�ZRUN� FRQWLQXHG� E\� UHYLHZLQJ� UHVHDUFK� SHUIRUPHG� WKXV� IDU� LQ� UHODWLRQ� WR� KDSWLF� DQG�

DXGLR� LQWHUDFWLRQ��ZLWK� D� UHYLHZ�RI� VSHFLILF� DSSOLFDWLRQV� DQG�RQJRLQJ� UHVHDUFK�ZLWKLQ� WKH�

DHURVSDFH�GRPDLQ�� ,Q�SDUWLFXODU��KDSWLF� UHVHDUFK� LQ� UHODWLRQ� WR� WDUJHWLQJ�SHUIRUPDQFH�ZDV�

GLVFXVVHG�DQG�WKH�ZRUN�RI�UHVHDUFKHUV�LQ�VXJJHVWLQJ�KDSWLF�GHVLJQ�JXLGHOLQHV�ZDV�SUHVHQWHG��

7DUJHWLQJ�LV�D�NH\�FRPSRQHQW�RI�FRQWUROOHUV·�LQWHUDFWLRQ�ZLWK�WKH�ZRUNVWDWLRQ���

�



�
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�

�

:RUN�FRPPHQFHG�RQ�WKH�LWHUDWLYH�GHYHORSPHQW�RI�D�KDSWLFDOO\�HQKDQFHG�$7&�VLPXODWLRQ�

WR� DWWHPSW� WR� SURYH� RU� GLVSURYH� WKH� VXLWDELOLW\� RI� KDSWLFV� LQ� DOOHYLDWLQJ� WKH� LGHQWLILHG�

SUREOHPV��ZLWK�SDUWLFXODU� HPSKDVLV�RQ� WKRVH�SUREOHPV� UHODWLQJ� WR� WDUJHWLQJ� WDVNV� DQG� WKH�

UHGXFWLRQ� RI� YLVXDO� ORDG�� $� GLVFXVVLRQ� RI� WKH� $7&� VLPXODWLRQ·V� SURSRVHG� KDSWLF� HIIHFW�

GHVLJQ� LV� SUHVHQWHG� LQ� 6HFWLRQ� ���� DQG� DOLJQHG� ZLWK� WKH� KDSWLF� HIIHFW� GHVLJQ� JXLGHOLQHV�

SURSRVHG�E\�WKH�ZRUN�RI�2DNOH\�HW�DO��>��@�

�

8QIRUWXQDWHO\��GXH�WR�WLPH�FRQVWUDLQWV��WKH�VLPXODWLRQ�ZDV�QRW�SURJUHVVHG�EH\RQG�LWV�LQLWLDO�

GHYHORSPHQW��+RZHYHU��WKH�VSHFLILFDWLRQ�RI�WZR�DUWLILFLDO�ODE�WDVNV�LV�SURYLGHG�ZKLFK�IRUP�

D� SUHOLPLQDU\� VWHS� WR� GHWHUPLQH� WKH� VXLWDELOLW\� RI� KDSWLFV� IRU� LPSURYLQJ� WDUJHWLQJ�

SHUIRUPDQFH� DQG� UHGXFLQJ� YLVXDO� ORDG� E\� WUDQVIHUULQJ� VRPH� DVSHFWV� RI� LQIRUPDWLRQ�

SUHVHQWDWLRQ�DZD\�IURP�WKH�YLVXDO�GLVSOD\��,Q�WKH�HYHQW�WKDW�WKH�UHVXOWV�RI�WKHVH�SUHOLPLQDU\�

H[SHULPHQWV�SURYH�WKDW�KDSWLFV�GRHV�KDYH�SRWHQWLDO�EHQHILWV��SURSRVDOV�DUH�SURYLGHG�IRU�DQ�

RQJRLQJ�HYDOXDWLRQ� VWUDWHJ\�� ,Q�DGGLWLRQ�� VSHFLILF� VXJJHVWLRQV� IRU� FRQWLQXLQJ� WKLV� UHVHDUFK�

DUH�SUHVHQWHG�LQ�6HFWLRQ����������

�

��� /LPLWDWLRQV�RI�WKLV�:RUN�
�

,W�LV�LPSRUWDQW�WR�UHFRJQLVH�WKDW�WKHUH�DUH�VLJQLILFDQW�OLPLWDWLRQV�LQ�WKH�UHVHDUFK�GRFXPHQWHG�

LQ�WKLV�WKHVLV��7KH�UHTXLUHPHQWV�JDWKHUHG�WR�GULYH�WKH�GHYHORSPHQW�RI�WKH�VLPXODWLRQ�ZHUH�

H[WUDFWHG�IURP�WZR�YLVLWV�WR�D�VLQJOH�$7&�IDFLOLW\�DQG�VR�WKH�UHVXOWV�FDQQRW�EH�JHQHUDOLVHG��

,Q�DGGLWLRQ��D�VLQJOH�FRQWUROOHU�ZDV�VXEMHFW� WR�GLUHFW�REVHUYDWLRQ�DQG�RQO\�WZR�FRQWUROOHUV�

ZHUH�SDUWLFLSDQWV�LQ�VHPL�VWUXFWXUHG�LQWHUYLHZV��7KLV�SRSXODWLRQ�FDQQRW�EH�FRQVLGHUHG�D�ELJ�

HQRXJK�VDPSOH�VL]H�WR�HQVXUH�YDOLGLW\��

�

+RZHYHU��PDQ\�LQWHUHVWLQJ�SRLQWV�DUH�UDLVHG�E\�WKH�ZRUN�KHUHLQ�DQG�DUH�FRQVLGHUHG�WR�EH�

ZRUWK\�RI�VHULRXV�LQYHVWLJDWLRQ�IRU�IXWXUH�UHVHDUFK�SURMHFWV��,W�LV�FOHDU�WKDW�WKHUH�DUH�KXPDQ�

IDFWRUV�SUREOHPV�LQ�DOO�DVSHFWV�RI�WKH�$7&�HQYLURQPHQW��VRPH�RI�ZKLFK�ZLOO�EH�VROYHG�E\�

WKH�QHZ�V\VWHPV�WKDW�DUH�XQGHU�GHYHORSPHQW�DV�SDUW�RI�D�ZRUOGZLGH�PDVV�PRGHUQLVDWLRQ�RI�

WKH� $7&� V\VWHP�� +RZHYHU�� ZLWK� QHZ� V\VWHPV� DQG� LQWHUDFWLRQ� VW\OHV�� GLIIHUHQW� KXPDQ�

IDFWRUV�SUREOHPV�DUH�VXUHO\�OLNHO\�WR�DULVH��DQG�UHVHDUFK�ZLOO�FRQWLQXH�WR�LGHQWLI\�DQG�VXJJHVW�

VROXWLRQV� IRU� WKHVH� DV� \HW� LGHQWLILHG� WLPH� ERPEV�� 3HUKDSV� WKH� DSSOLFDWLRQ� RI� KDSWLF�



�

����

LQWHUDFWLRQ�FRXOG�EH�WKH�NH\�WR�DW�OHDVW�RQH�RI�WKHVH�IXWXUH�IDLOLQJV�LQ�DQ�LQGXVWU\�WKDW�PXVW�

FRQWLQXH�WR�SODFH�VDIHW\�DW�OHDVW�DV�LPSRUWDQW�DV�SURILW���

�

��� 6XJJHVWLRQV�IRU�)XWXUH�:RUN�
�

7KLV�VHFWLRQ�SUHVHQWV�VXJJHVWLRQV�IRU�IXWXUH�ZRUN�RQ�WZR�IURQWV��

• 3URJUHVVLQJ�WKH�GHYHORSPHQW�RI�WKH�H[LVWLQJ�UHVHDUFK�ZKLOH�PDLQWDLQLQJ�WKH�VDPH�VFRSH��

• ([SDQGLQJ� WKH� VFRSH� RI� WKLV� UHVHDUFK� HLWKHU� LQ� WHUPV� RI� UHTXLUHPHQWV� JDWKHULQJ� RU�

LQYHVWLJDWLQJ�ZKHWKHU�DQ� LQFUHDVHG� OHYHO�RI�PXOWLPRGDO� LQWHUDFWLRQ�FRXOG�EH�LQWHJUDWHG�

LQWR�WKH�QH[W�JHQHUDWLRQ�RI�$7&�V\VWHPV��

�

������� 3URJUHVVLQJ�WKH�'HYHORSPHQW�RI�WKH�([LVWLQJ�5HVHDUFK�6FRSH�
�

$� VLJQLILFDQW� OHYHO� RI� ZRUN� LV� UHTXLUHG� WR� WDNH� WKH� $7&� VLPXODWLRQ� WR� LWV� LQLWLDO� WHVWDEOH�

LWHUDWLRQ��DQG�VXEVHTXHQW�LWHUDWLRQV��,Q�SDUWLFXODU��WKH�UDGDU�GLVSOD\�PRGXOH�QHHGV�WR�SUHVHQW�

D�UHDOLVWLF�YLVXDO�PRGHO�RI�WUDIILF�LQ�D�IRUPDW�WKDW�LV�IDPLOLDU�WR�UHDO�FRQWUROOHUV��7KH�FXUUHQW�

UDGDU� GLVSOD\�PRGXOH� LPSOHPHQWDWLRQ�� FRGHG� XVLQJ� WKH� 9LVXDO� &��� JUDSKLFV� OLEUDULHV�� LV�

REYLRXVO\� LQFRPSOHWH� DQG� LV� WRR� ORZ� ILGHOLW\� WR� UHOHDVH� WR� SDUWLFLSDQWV� IRU� HYDOXDWLRQ��7R�

SUHYHQW�KDYLQJ� WR�GHYHORS�D� UHDOLVWLF�YLVXDO�PRGHO�IURP�VFUDWFK�� LW� LV�SUHIHUDEOH� WR�XVH�DQ�

H[LVWLQJ�VRIWZDUH�WRRONLW�WR�EXLOG�WKH�UDGDU�GLVSOD\��VXFK�DV�WKH�=LQF�WRRO�DOUHDG\�SURSRVHG��

$OWKRXJK� =LQF� DSSHDUV� WR� EH� D� SURPLVLQJ� WRRO� IRU� WKLV� SXUSRVH�� QRZ� WKDW� LW� KDV� EHHQ�

H[SDQGHG�WR�RSHUDWH�RQ�WKH�:LQGRZV�SODWIRUP�� LW� LV�HTXDOO\�SRVVLEOH�WKDW�DGGLWLRQDO�$7&�

VLPXODWLRQ� WRROV� PD\� KDYH� EHFRPH� DYDLODEOH� VLQFH� WKH� GHYHORSPHQW� RI� WKH� VLPXODWLRQ�

KDOWHG���

�

,I�WKH�SUHOLPLQDU\�H[SHULPHQWV�VSHFLILHG�LQ�����SURYH�WKDW�KDSWLFV�PD\�EH�EHQHILFLDO�LQ�WKH�

$7&�HQYLURQPHQW�� WKHQ� WKH� WRROV� UHTXLUHG� WR�EXLOG� D�KLJK�ILGHOLW\�SURWRW\SH�RI� WKH� UDGDU�

GLVSOD\�PRGXOH�QHHG�WR�EH�FDUHIXOO\�FRQVLGHUHG��,W�LV�KRSHG�WKDW�WKH�)XJXH�HQYLURQPHQW�FDQ�

EH�XVHG�WR� LPSOHPHQW�WKH�6LPXODWHG�7UDIILF�0RGXOH��$W�WKLV�SRLQW�� LW�ZLOO�EH�QHFHVVDU\�WR�

FRQVLGHU�D�QXPEHU�RI�DWWULEXWHV�UHODWHG�WR�WKH�VLPXODWLRQ�GHVLJQ�>�@��

• +RZ�ODUJH�D�V\VWHP�DUHD�VKRXOG�EH�UHSUHVHQWHG"�

• +RZ�PDQ\�FRQWUROOHUV�RU�FRQWUROOHU�WHDPV�DUH�QHHGHG�WR�RSHUDWH�DQG�HYDOXDWH�LW"�

• +RZ�PDQ\�UXQV�ZLOO�EH�QHHGHG"�



�
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• +RZ�PDQ\�XQLTXH�WUDIILF�VDPSOHV�ZLOO�EH�QHHGHG"�

• +RZ�PDQ\�SUDFWLFH�VHVVLRQV�ZLOO�EH�QHFHVVDU\�EHIRUH�WKH�HYDOXDWLRQ�VWDUWV"���

�

,W� LV�EHOLHYHG�WKDW� WKLV�VLPXODWLRQ�ZRXOG�UHTXLUH�D�YHUWLFDO�SURWRW\SLQJ�DSSURDFK��ZLWK�WKH�

GHYHORSPHQW� RI� HDFK� LWHUDWLRQ� DGGLQJ� DQRWKHU� FROXPQ� RI� WKH� IXOO� IXQFWLRQDOLW\� RI� WKH�

V\VWHP��)RU�H[DPSOH�� WKH�ILUVW� WHVWDEOH� LWHUDWLRQ�ZRXOG� LQFOXGH�WKH�IROORZLQJ�PRGXOHV��VHH�

6HFWLRQ�������

• 5DGDU�'LVSOD\�0RGXOH�

• 6LPXODWHG�7UDIILF�0RGXOH�

• +DSWLF�7DUJHWLQJ�0RGXOH�

�

7KLV�UHOHDVH�ZRXOG�EH�HYDOXDWHG�E\�VWXGHQWV�LQ�D�SLORW�VWXG\�DQG�WKHQ�E\�UHDO�FRQWUROOHUV�DW�

3UHVWZLFN��$V�D� UHVXOW�RI� WKH�HYDOXDWLRQ� WKH�GHVLJQ�DQG� LPSOHPHQWDWLRQ�RI� WKHVH�PRGXOHV�

ZRXOG� EH� UHYLVHG�� DQG� WKHQ� UH�WHVWHG� DV� SDUW� RI� WKH� HYDOXDWLRQ� SHUIRUPHG� RQ� WKH� QH[W�

LWHUDWLRQ�� +RZHYHU�� WKH� QH[W� LWHUDWLRQ� ZRXOG� DOVR� LQFOXGH� WKH� ILUVW� LPSOHPHQWDWLRQ� RI�

DQRWKHU� KDSWLF� PRGXOH� �IRU� H[DPSOH�� WKH� +DSWLF� 3UHGLFW� 0RGXOH��� 7KH� ULFKQHVV� RI� WKH�

LWHUDWLRQV�ZRXOG�GHYHORS�LQ�WKLV�ZD\�XQWLO�WKH�SRLQW�ZDV�UHDFKHG�ZKHUH�DOO�KDSWLF�PRGXOHV�

ZHUH�LPSOHPHQWHG�DQG�D�PRUH�WKRURXJK�FRPELQHG�XVDJH�H[SHULPHQW�FRXOG�WDNH�SODFH��ZLWK�

SDUWLFLSDQWV�XVLQJ�WKH�IXOO�VXLWH�RI�PRGXOHV�WKDW�WRJHWKHU�PDNH�XS�WKH�$7&�VLPXODWLRQ����

�

6XJJHVWLRQV� IRU� KDSWLF� HIIHFW� GHVLJQ� LQ� UHODWLRQ� WR� HDFK� RI� WKH� IXQFWLRQDO� PRGXOHV� DUH�

SUHVHQWHG�LQ�6HFWLRQ������+RZHYHU��LW�LV�LPSRUWDQW�WR�QRWH�WKDW�EHFDXVH�WKH�GHYHORSPHQW�RI�

WKLV� VLPXODWLRQ� LV� DQ� H[SORUDWRU\� DFWLYLW\� DQG� WKH� GHVLJQ�PRGHO� XVHG� LV� XVHU�FHQWUHG� DQG�

LWHUDWLYH�� LW� ZRXOG� EH� LPSRUWDQW� WR� LPSOHPHQW� DQG� HYDOXDWH� DOWHUQDWLYH� W\SHV� RI� KDSWLF�

HIIHFWV�ZLWKLQ�HDFK�PRGXOH�LI�D�VSHFLILF�HIIHFW�GHVLJQ�ZDV�IRXQG�QRW�WR�EH�VXLWDEOH���

�



�
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����� ([SDQGLQJ�WKH�VFRSH�RI�WKLV�UHVHDUFK�
�

$IWHU� WKH� WZR�3UHVWZLFN�YLVLWV�ZHUH� FRQGXFWHG�� LW�ZRXOG� KDYH� EHHQ� H[WUHPHO\� YDOXDEOH� LI�

DGGLWLRQDO� YLVLWV� FRXOG� EH� FRQGXFWHG� WR� D� QXPEHU� RI� RWKHU� $7&� IDFLOLWLHV� LQ� WKH� 8.� WR�

REVHUYH� DQG� LQWHUYLHZ� FRQWUROOHUV� DQG� UHVHDUFKHUV� �LQ� WKH� FDVH� RI� WKH� $LU� 7UDIILF�

0DQDJHPHQW� 'HYHORSPHQW� &HQWUH� DW� %RXUQHPRXWK��� $GGLWLRQDO� YLVLWV� ZRXOG� SURYLGH�

IXUWKHU�LQVLJKW�DQG�GDWD�LQWR�WKH�$7&�GRPDLQ��DQG�LGHQWLI\�WKH�GLIIHUHQFHV�LQ�ZRUNVWDWLRQ�

LQWHUDFWLRQ� �SDUWLFXODUO\� UDGDU� GLVSOD\� DQG� LQSXW� GHYLFH� XVH�� DW� WKH� GLIIHUHQW� IDFLOLWLHV�� ,W�

ZRXOG�EH�LQWHUHVWLQJ�WR�LGHQWLI\�ZKHWKHU�D�VHW�RI�UHTXLUHPHQWV�FRPPRQ�WR�DOO�IDFLOLWLHV�DQG�

W\SHV�RI�$7&�UROH�FRXOG�EH�LGHQWLILHG��,I�WKH�LQLWLDO�VWXG\�DW�3UHVWZLFN�SURYHG�VXFFHVVIXO�LQ�

PHHWLQJ� DQ\� RI� WKH� UHTXLUHPHQWV�� SRWHQWLDOO\� WKH� $7&� VLPXODWLRQ� GHYHORSPHQW� DQG�

HYDOXDWLRQ� FRXOG� EH� H[SDQGHG� WR� WDNH� LQ� RWKHU� IDFLOLWLHV� LI� SHUPLVVLRQ� ZDV� JLYHQ� IRU�

FRQWUROOHUV�DW�WKHVH�IDFLOLWLHV�WR�WDNH�SDUW�LQ�HYDOXDWLRQ�H[SHULPHQWV��

�

7KXV�IDU��YHU\�OLWWOH�FRQVLGHUDWLRQ�KDV�EHHQ�JLYHQ�GXULQJ�WKH�GHVLJQ�RI�WKLV�VLPXODWLRQ�DV�WR�

KRZ�LW�ZRXOG�EUHDN�GRZQ�LI�D�VRIWZDUH�IDLOXUH�RFFXUUHG��7KLV�LV�RI�SULPH�LPSRUWDQFH�JLYHQ�

WKH�VDIHW\�FULWLFDO�QDWXUH�RI�WKH�$7&�GRPDLQ��,I�KDSWLFV�SURYHG�VXFFHVVIXO�LQ�DOOHYLDWLQJ�DQ\�

KXPDQ�IDFWRUV�SUREOHPV�ZLWKLQ�$7&��WKH�V\VWHP�ZRXOG�KDYH�WR�EH�DEOH�WR�VXUYLYH�GXULQJ�D�

IDLOXUH� RI� WKH� KDSWLF� FRPSRQHQW�� ,Q� WKLV� VHQVH�� D� KDSWLF� HQKDQFHPHQW� WR� WKH� YLVXDO�

LQWHUDFWLRQ�REMHFW��ZRXOG�EH�PRUH�OLNHO\�WR�EUHDN�GRZQ�JUDFHIXOO\�WKDQ�D�KDSWLF�UHSODFHPHQW�

IRU�D�YLVXDO�REMHFW��7KLV�LV�GHVHUYLQJ�RI�VLJQLILFDQW�UHVHDUFK���

�

,Q�&KDSWHU� ��� DQ� LQWURGXFWLRQ� WR� VSHHFK� DQG�QRQ�VSHHFK� DXGLR�ZDV�SURYLGHG� DORQJ�ZLWK�

VDPSOH� DSSOLFDWLRQV� ZLWKLQ� WKH� DHURVSDFH� GRPDLQ�� ,W� ZRXOG� EH� LQWHUHVWLQJ� WR� H[WHQG� WKH�

VFRSH� RI� WKLV� UHVHDUFK� VR� DV� WR� FRPSDUH� WKH� VXLWDELOLW\� RI� QRQ�VSHHFK� DXGLR� HIIHFWV� DQG�

KDSWLF�HIIHFWV�LQ�PHHWLQJ�DQ\�RI�WKH�GRFXPHQWHG�UHTXLUHPHQWV��,I�GDWD�OLQN�FRPPXQLFDWLRQV�

FRQWLQXH�WR�UHSODFH�5�7�FRPPXQLFDWLRQV�EHWZHHQ�SLORWV�DQG�$7&�FHQWUHV��WKLV�ZRXOG�IUHH�

XS� VSDFH�RQ� WKH� DXGLR� FKDQQHO��$XGLR� LQWHUDFWLRQ�KDV� WKH�EHQHILW� WKDW� WKH�XVHU�GRHV�QRW�

KDYH�WR�EH�WRXFKLQJ�DQ�LQSXW�GHYLFH�LQ�RUGHU�IRU�WKH�LQWHUDFWLRQ�HIIHFW�WR�EH�WUDQVPLWWHG�WR�

WKH�XVHU��7KH�FRPELQDWLRQ�RI�KDSWLF�DQG�DXGLR�LQWHUDFWLRQ�HIIHFW�ZRXOG�DOVR�EH�ZRUWK\�RI�

DWWHQWLRQ��7KH�,PPHUVLRQ�6WXGLR�HQYLURQPHQW�DOUHDG\�VXSSRUWV� WKH�FUHDWLRQ�RI�FRPELQHG�

DXGLR�DQG�KDSWLF�FRPSRXQG�HIIHFWV�VR�DQ\�FRPELQHG�HIIHFW�GHVLJQ�FRXOG�EH�LPSOHPHQWHG�

XVLQJ�WKH�FXUUHQWO\�VHOHFWHG�KDSWLF�LQWHUDFWLRQ�WRRO����
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,Q� PDQ\� $7&� IDFLOLWLHV�� WRXFK�VFUHHQ� XQLWV� DUH� EHLQJ� HPSOR\HG�� $QRWKHU� LQWHUHVWLQJ�

UHVHDUFK�GLUHFWLRQ�ZRXOG�EH� WR� LQYHVWLJDWH�HQKDQFLQJ� WKHVH�GLVSOD\V�ZLWK�KDSWLF�HIIHFWV� WR�

UHLQIRUFH� WKH� VHOHFWLRQ�PDGH�� )RU� H[DPSOH�� HDFK� VRIWZDUH� EXWWRQ� FRXOG� HPSOR\� GLIIHUHQW�

KDSWLF�HIIHFWV�GHSHQGLQJ�RQ�WKHLU�IXQFWLRQ���

�

,I� WKLV� UHVHDUFK� ZDV� SURJUHVVHG� DQG� KDSWLFV� RU� QRQ�VSHHFK� DXGLR� ZDV� IRXQG� WR� KDYH� D�

SRVLWLYH� RXWFRPH� LQ� DOOHYLDWLQJ� RQH� RU� PRUH� KXPDQ� IDFWRUV� SUREOHPV� ZLWKLQ� WKH� $7&�

GRPDLQ�� DQG� WKH� UHVHDUFK� ZDV� VKRZQ� WR� EH� YDOLG� LQ� D� UHVHDUFK� VHWWLQJ�� WKLV� ZRXOG� EH� D�

VLJQLILFDQW�ILQGLQJ��+RZHYHU��WKHUH�LV�VLJQLILFDQW�JDS�EHWZHHQ�YDOLGLW\�LQ�D�UHVHDUFK�VHWWLQJ�

DQG� YDOLGLW\� LQ� WKH� ILHOG�� ,Q� RUGHU� WR� YDOLGDWH�ZKHWKHU� RU� QRW� D� KDSWLFDOO\� HQKDQFHG� UDGDU�

GLVSOD\�ZRXOG�EH�VXLWDEOH�LQ�D�UHDO�$7&�V\VWHP��WKH�ILQGLQJV�RI�WKLV�UHVHDUFK�ZRXOG�QHHG�WR�

EH�WDNHQ�RQ�E\�$7&�V\VWHPV�GHVLJQHUV�WR�WHVW�ZKHWKHU�WKH�VDPH�ILQGLQJV�ZHUH�YDOLG�LQ�DQ�

DFWXDO�$7&�LQWHJUDWHG�V\VWHP��7KLV�ZRXOG�EH�D�VLJQLILFDQW�DQG�GLIILFXOW�DFKLHYHPHQW���

�

��� �&RQFOXVLRQ��
�

,Q�FRQFOXVLRQ��WKLV�WKHVLV�VHW�RXW�WR�DFKLHYH�WKH�IROORZLQJ��

• 5HYLHZ�WKH�LGHQWLILHG�KXPDQ�IDFWRUV�SUREOHPV�ZLWKLQ�WKH�$7&�GRPDLQ�

• ,QYHVWLJDWH�IRU�WKRVH�SUREOHPV�UHODWHG�VSHFLILFDOO\�WR�FRQWUROOHU�ZRUNVWDWLRQ�LQWHUDFWLRQ�

ZKHWKHU�RU�QRW�WKH�XVH�RI�PXOWLPRGDO�LQWHUDFWLRQ��DQG�LQ�SDUWLFXODU�KDSWLFV��FRXOG�SURYH�

WR�EH�D�ZRUWKZKLOH�UHVHDUFK�GLUHFWLRQ�IRU�DOOHYLDWLQJ�DQ\�RI�WKHVH�SUREOHPV���

$� VPDOO�VFDOH� UHTXLUHPHQWV� JDWKHULQJ� DFWLYLW\� ZDV� FRPSOHWHG� WR� LGHQWLI\� LVVXHV� DW� RQH�

VSHFLILF� IDFLOLW\� DQG� D� SURSRVDO� IRU� WKH� GHYHORSPHQW� RI� D� KDSWLFDOO\� HQKDQFHG� $7&�

VLPXODWLRQ� LQWHQGHG� WR� HYDOXDWH� PXOWLPRGDO� VXLWDELOLW\� ZDV� SUHVHQWHG� KHUHLQ�� 7KH� LQLWLDO�

WDUJHW�IRU�HYDOXDWLRQ�ZDV�WDUJHWLQJ�SHUIRUPDQFH�DQG��LQ�GXH�FRXUVH��DGGLWLRQDO�GHYHORSPHQW�

ZDV�LQWHQGHG�WR�HYDOXDWH�WKH�UHPDLQLQJ�UHTXLUHPHQWV��

�

7KLV� WKHVLV� LV� VLJQLILFDQW� LQ� WKDW� LW� DSSOLHV� WKH� UHVHDUFK� DUHD� RI� KDSWLFV� WR� WKH� GRPDLQ� RI�

$7&��7KLV� FRPELQDWLRQ�KDV� UHFHLYHG�YHU\� OLWWOH� UHVHDUFK�DWWHQWLRQ� WR�GDWH��8QIRUWXQDWHO\��

WLPH� FRQVWUDLQWV� SUHYHQWHG� WKH� UHVHDUFK� SURJUHVVLQJ� WR� WKH� OHYHO� KRSHG�� +RZHYHU�� D�

VLJQLILFDQW�ERG\�RI�IXUWKHU�ZRUN� LV�SURSRVHG�DQG� LW� LV�KRSHG�WKDW� WKLV�ZRUN�ZLOO� LQIOXHQFH�

RWKHUV�ZLWKLQ�WKH�$7&�DQG�PXOWLPRGDO�UHVHDUFK�FRPPXQLWLHV���



�
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5HIHUHQFHV�
�

��� ,VDDF��$�5���$LU�7UDIILF�&RQWURO��+XPDQ�3HUIRUPDQFH�)DFWRUV��������$VKJDWH��

��� 'LVFRYHU\B&KDQQHO��8QGHUVWDQGLQJ�$LU�7UDIILF�&RQWURO��������

��� 2UODG\��+�:���+XPDQ�)DFWRUV�LQ�0XOWL�&UHZ�)OLJKW�2SHUDWLRQV��������$VKJDWH��

��� 6PROHQVN\��0�:���6WHLQ��(��6���+XPDQ�)DFWRUV�LQ�$LU�7UDIILF�&RQWURO��������$FDGHPLF�

3UHVV��

��� )DHUEHU��5�$�*���-�/��8VDELOLW\�(YDOXDWLRQ�RI�6SHHFK�6\QWKHVLV�DQG�5HFRJQLWLRQ�IRU�,PSURYLQJ�

WKH�+XPDQ�,QWHUIDFH�WR�1H[W�*HQHUDWLRQ�'DWD�/LQN�&RPPXQLFDWLRQ�6\VWHPV��LQ�'LJLWDO�

$YLRQLFV�6\VWHPV�&RQIHUHQFH��������3KLODGHOSKLD��3$��86$��,(((��

��� %%&B1HZV��)HDUV�RYHU�PLG�DLU�VDIHW\�UXOHV��������

KWWS���QHZV�EEF�FR�XN���KL�ZRUOG�HXURSH���������VWP��

��� $YHUW\��3�$���6����&ROOHW��&����'LWWPDU��$��(YDOXDWLQJ�D�1HZ�,QGH[�RI�0HQWDO�:RUNORDG�LQ�

5HDO�$7&�6LWXDWLRQ�XVLQJ�3V\FKRSK\VLRORJLFDO�0HDVXUHV��LQ�'LJLWDO�$YLRQLFV�6\VWHPV�

&RQIHUHQFH��������,UYLQH��&$��86$��,(((��

��� $UQGW��&�0��)DLOXUH�0RGH�:RUNORDG�7KHRU\�DQG�3ODQQLQJ��LQ�$HURVSDFH�DQG�(OHFWURQLFV�

&RQIHUHQFH��������'D\WRQ��2+��86$��,(((��

��� &RUUDGLQL��3�&���&��6KLIW�ZRUN�DQG�:RUNORDG��(IIHFWV�RQ�$LU�7UDIILF�&RQWUROOHUV�

&RPPXQLFDWLRQV��LQ�3HRSOH�LQ�&RQWURO��$Q�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�+XPDQ�,QWHUIDFHV�LQ�

&RQWURO�5RRPV��&RFNSLWV�DQG�&RPPDQG�&HQWUHV��������0DQFKHVWHU��8.��,(((��

���� :LFNHQV��&�'���DQG�+ROODQGV��-��*���(QJLQHHULQJ�3V\FKRORJ\�DQG�+XPDQ�3HUIRUPDQFH��

7KLUG�HG��������1HZ�-HUVH\��3UHQWLFH�+DOO��

���� +RRJHERRP��3���-RRVH��0���+RGJHWWV��+���6WUDXVVEHUJ��6���	�6FKDHIHU��'��'RHV�WKH�


VLOHQW�FRFNSLW
�UHGXFH�SLORW�ZRUNORDG"�LQ�'LJLWDO�$YLRQLFV�6\VWHPV�&RQIHUHQFH��������6DOW�/DNH�

&LW\��8WDK��86$��,(((��

���� 3ULWFKHWW��$�0���$����+DQVPDQ��5�-���3DUW\�/LQH��,QIRUPDWLRQ�8VH�6WXGLHV�DQG�,PSOLFDWLRQV�

IRU�$7&�'DWDOLQN�&RPPXQLFDWLRQV��LQ�'LJLWDO�$YLRQLFV�6\VWHPV�&RQIHUHQFH��������

&DPEULGJH��0$��86$��,(((��

���� &KULVWLHQ��5�%���$����&KDERXG��7����/RXELHUHV��3��$LU�7UDIILF�&RPSOH[LW\�,QGLFDWRUV�	�

$7&�6HFWRUV�&ODVVLILFDWLRQ��LQ�'LJLWDO�$YLRQLFV�6\VWHPV�&RQIHUHQFH��������,UYLQH��&$��86$��

,(((��

���� &KDWWHUML��*�%�6���%��1HXUDO�1HWZRUN�%DVHG�$LU�7UDIILF�&RQWUROOHU�:RUNORDG�3UHGLFWLRQ��LQ�

$PHULFDQ�&RQWURO�&RQIHUHQFH��������6DQ�'LHJR��&$��86$��$$&&��
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���� 6PDOO��5�/���+DPPHU��-�0����5RXVH��:�%���&RPSDULQJ�'LVSOD\�6\PERORJ\�IRU�DQ�$GYDQFHG�

$LU�7UDIILF�&RQWURO�7RZHU�$SSOLFDWLRQ��,(((�7UDQVDFWLRQV�RQ�6\VWHPV��0DQ�DQG�

&\EHUQHWLFV��3DUW�$���������������

���� &KLK�<XDQ�+R���1LNROLF��0�,�6���1�%��0XOWLPRGDO�,QIRUPDWLRQ�3UHVHQWDWLRQ�LQ�6XSSRUW�RI�

7LPHVKDULQJ�DQG�(IIHFWLYH�,QWHUUXSWLRQ�0DQDJHPHQW��LQ�'LJLWDO�$YLRQLFV�6\VWHPV�&RQIHUHQFH��

������'D\WRQD�%HDFK��)/��86$��,(((��

���� &KDQ��$���0DF/HDQ��.���0F*UHQHUH��-��/HDUQLQJ�DQG�,GHQWLI\LQJ�+DSWLF�,FRQV�XQGHU�

:RUNORDG��LQ�)LUVW�-RLQW�(XURKDSWLFV�&RQIHUHQFH�DQG�6\PSRVLXP�RQ�+DSWLF�,QWHUIDFHV�IRU�

9LUWXDO�(QYLURQPHQW�DQG�7HOHRSHUDWRU�6\VWHPV��������3LVD��,WDO\��,(((��

���� 0DFND\��:�(���,V�3DSHU�6DIHU"�7KH�5ROH�RI�3DSHU�)OLJKW�6WULSV�LQ�$LU�7UDIILF�&RQWURO��$&0�

7UDQVDFWLRQV�RQ�&RPSXWHU�+XPDQ�,QWHUDFWLRQ��������������S�����������

���� 0DFND\��:���9DOLGDWLQJ�+&,�5HVHDUFK�LQ�$7&��������

���� %UXVHEHUJ��$���HW�DO��$�IUDPHZRUN�IRU�UH�H[DPLQLQJ�DFFLGHQW�UHSRUWV�WR�VXSSRUW�LQWHUDFWLRQ�

GHVLJQ�SURFHVVHV��LQ�:RUNVKRS�RQ�WKH�,QYHVWLJDWLRQ�DQG�5HSRUWLQJ�RI�,QFLGHQWV�DQG�$FFLGHQWV�

������������*ODVJRZ��

���� &(1$��'LJL6WULSV�DQG�UHODWHG�SURMHFWV��������

KWWS���ZZZ�WOV�FHQD�IU�GLYLVLRQV�3,,�GLJLVWULSV�LQGH[BH�KWPO��

���� &DUOLHU��6���*DZLQRZVNL��*���*XLFKDUG��/���+HULQJ��+���6N\WRROV�	�'LJLVWULSV��)URP�WKH�

7HFKQRORJ\�WR�WKH�(XURSHDQ�2SHUDWLRQDO�&RQWH[W��,(((��������

���� &(1$��7RFFDWD�SURMHFW��������

KWWS���ZZZ�WOV�FHQD�IU�GLYLVLRQV�3,,�WRFFDWD�LQGH[BH�KWPO��

���� 0HUW]��&���&KDWW\��6���	�9LQRW��-��7KH�LQIOXHQFH�RI�GHVLJQ�WHFKQLTXHV�RQ�XVHU�LQWHUIDFHV��WKH�

'LJL6WULSV�H[SHULPHQW�IRU�DLU�WUDIILF�FRQWURO��LQ�+&,�DHUR������������

���� 3ODQ]HU��1���DQG�+RIIPDQQ��0�$���$GYDQFLQJ�)UHH�)OLJKW�7URXJK�+XPDQ�)DFWRUV��

:RUNVKRS�5HSRUW��������KWWS���ZZZ�KI�IDD�JRY�GRFV�IUHHIOW�GRF��

���� 0F*LEERQ��)���	�*RRGFKLOG��&��$XWRQRPRXV�$LUFUDIW�2SHUDWLRQV�WR�0DQDJHG�$LUVSDFH�

7UDQVIHU�0DQDJHPHQW�7RRO��7�0$7���LQ�'LJLWDO�$YLRQLFV�6\VWHPV�&RQIHUHQFH��������

'D\WRQD�%HDFK��)ORULGD��,(((��

���� 1$76��6HUYLFHV��(Q�5RXWH��������KWWS���ZZZ�QDWV�FR�XN�VHUYLFHV�VRDFF��KWPO��

���� 3UHHFH��-���+XPDQ�&RPSXWHU�,QWHUDFWLRQ��������$GGLVRQ�:HVOH\��

���� 1$76��6FRWWLVK�DQG�2FHDQLF�$LU�7UDIILF�&RQWURO�&HQWUHV��������

���� 1LHOVHQ��-���8VDELOLW\�(QJLQHHULQJ��������$FDGHPLF�3UHVV��

���� 6KQHLGHUPDQ��%���'HVLJQLQJ�WKH�8VHU�,QWHUIDFH��������5HDGLQJ��$GGLVRQ�:HVOH\�

3XEOLVKLQJ�&RPSDQ\��
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���� &DUG��6�.���0DFNLQOD\��-���DQG�6KQHLGHUPDQ��%���5HDGLQJV�LQ�,QIRUPDWLRQ�9LVXDOL]DWLRQ��

8VLQJ�9LVLRQ�WR�7KLQN��������6DQ�'LHJR��0RUJDQ�.DXIPDQQ�3XEOLVKHUV��

���� .UDPHU��*���$XGLWRU\�'LVSOD\���6RQLILFDWLRQ��$XGLILFDWLRQ��DQG�$XGLWRU\�,QWHUIDFHV��������

5HDGLQJ��$GGLVRQ�:HVOH\�3XEOLVKLQJ�&RPSDQ\��

���� +L[��'���DQG�+DUWVRQ��+�5���'HYHORSLQJ�8VHU�,QWHUIDFHV��������1HZ�<RUN��-RKQ�:LOH\�	�

6RQV��,QF��

���� ,&$'��6RQLILFDWLRQ�5HSRUW��6WDWXV�RI�WKH�)LHOG�DQG�5HVHDUFK�$JHQGD��������

KWWS���ZZZ�LFDG�RUJ�ZHEVLWH9����5HIHUHQFHV�QVI�KWPO��

���� *DYHU��:�:���8VLQJ�DQG�&UHDWLQJ�$XGLWRU\�,FRQV��LQ�$XGLWRU\�'LVSOD\��6RQLILFDWLRQ��

$XGLILFDWLRQ��DQG�$XGLWRU\�,QWHUIDFHV��*��.UDPHU��(GLWRU��������$GGLVRQ�:HVOH\�

3XEOLVKLQJ�&RPSDQ\��5HDGLQJ��

���� 'HOO��:���7KH�8VH�RI��'�$XGLR�WR�,PSURYH�$XGLWRU\�&XHV�LQ�$LUFUDIW��������
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���� %UHZVWHU��6���$OO�$ERXW�(DUFRQV��������
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7H[WXUHV��LQ�'HSDUWPHQW�RI�&RPSXWLQJ�6FLHQFH��������8QLYHUVLW\�RI�*ODVJRZ��*ODVJRZ��

���� ,PPHUVLRQB&RUSRUDWLRQ��'HYLFHV�ZLWK�WKDW�VSHFLDO�WRXFK����������

KWWS���ZZZ�LPPHUVLRQ�FRP�GHYHORSHU�WHFKQRORJ\�GHYLFHV�LQGH[�SKS��

���� <X��:���DQG�%UHZVWHU��6��$��&RPSDULQJ�7ZR�+DSWLF�,QWHUIDFHV�IRU�0XOWLPRGDO�*UDSK�

5HQGHULQJ��LQ�,(((�95��������WK�6\PSRVLXP�RQ�+DSWLF�,QWHUIDFHV�IRU�9LUWXDO�(QYLURQPHQW�

DQG�7HOHRSHUDWRU�6\VWHPV��������)ORULGD��

���� %UHZVWHU��6���DQG�0XUUD\�6PLWK��5��+DSWLF�+XPDQ�&RPSXWHU�,QWHUDFWLRQ��)LUVW�

,QWHUQDWLRQDO�:RUNVKRS��LQ�,QWHUQDWLRQDO�:RUNVKRS�RQ�+DSWLF�+XPDQ�&RPSXWHU�,QWHUDFWLRQ��
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)HHGEDFN��$�7UDFNEDOO�ZLWK�&RQWH[WXDO�)RUFH�)HHGEDFN��,QWHUQDWLRQDO�-RXUQDO�RI�+XPDQ�

&RPSXWHU�6WXGLHV���������������S�����������

���� )LWWV��3�0���7KH�LQIRUPDWLRQ�FDSDFLW\�RI�WKH�KXPDQ�PRWRU�V\VWHP�LQ�FRQWUROOLQJ�WKH�DPSOLWXGH�RI�

PRYHPHQW��-RXUQDO�RI�([SHULPHQWDO�3V\FKRORJ\������������S�����������

���� 1LHOVHQB1RUPDQB*URXS��)LUVW�3ULQFLSOHV�RI�,QWHUDFWLRQ�'HVLJQ��)LWWV
V�/DZ��������

KWWS���ZZZ�DVNWRJ�FRP�EDVLFV�ILUVW3ULQFLSOHV�KWPO�ILWWV
V���ODZ��

���� $NDPDWVX��0���	�0DF.HQ]LH��,��6���0RYHPHQW�FKDUDFWHULVWLFV�XVLQJ�D�PRXVH�ZLWK�WDFWLOH�DQG�

IRUFH�IHHGEDFN��,QWHUQDWLRQDO�-RXUQDO�RI�+XPDQ�&RPSXWHU�6WXGLHV������������S������
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���� �'2'B,$&��1$6$�7DVN�/RDG�,QGH[��7/;��9�����8VHUV�0DQXDO��
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$SSHQGL[�$��4XHVWLRQQDLUH�8VHG�'XULQJ�)LUVW�
3UHVWZLFN�9LVLW��
�

7KLV� DSSHQGL[� FRQWDLQV� D� FRS\� RI� WKH� TXHVWLRQQDLUH� KDQGHG� WR� WKH� $7&� 2SHUDWLRQV�

0DQDJHU�GXULQJ�WKH�ILUVW�YLVLW�WR�WKH�3UHVWZLFN�$7&�IDFLOLW\�RQ�)ULGD\���WK�)HEUXDU\��������
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Human Factors Questionnaire 
�

1. How much emphasis is placed in human factors during the design and ongoing 
maintenance of operational computer systems? 

 
 
 
2. Do you see these systems changing significantly as new air traffic management techniques 

are introduced? 
 
 
 
3. Are controllers actively involved in the design of new systems or enhancements to current 

systems, specifically in the way that they interact with them? 
 
 
 
4. How closely is NATS aligned with the FAAs Free Flight program? Will NATS develop 

systems to support free flight in the future? 
 
 
 
5. What do you see as possible issues or particular challenges with the introduction of free 

flight? 
 
 
 
6. Are the computer systems used by controllers continuously enhanced during their lifecycle 

or are they purely maintained once they enter service? 
 
 
 
7. Is the controller’s interaction with computer systems essentially visual, using display 

terminals?  
 
 
 
8. What role does the controller’s sense of hearing take? Is it used for communication with 

other controllers on site and for communication using radio transmissions or are auditory 
alarms of some kind used as opposed to purely visual alarms? 

 
 
 
9. To your knowledge, has haptic interaction (related to touch) ever been used in computer 

systems on this site? For example,  a force feedback mouse providing vibrations to indicate 
some condition? Do you think haptic interaction could be useful in improving the user 
interface of one or more ATM computer systems?     

 
 
 
10. What types of statistical data is recorded at this facility, and what is it used for? What 

aspects of statistical data are you particularly interested in?      
 
�

�

���

�
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$SSHQGL[�%��$JHQGD�DQG�,QWHUYLHZ�4XHVWLRQV�
8VHG�'XULQJ�6HFRQG�3UHVWZLFN�9LVLW��
�

7KLV�DSSHQGL[�FRQWDLQV�D�FRS\�RI�WKH�SURSRVHG�DJHQGD�DQG�WKH�TXHVWLRQV�XVHG�WR�LQWHUYLHZ�

FRQWUROOHUV� GXULQJ� WKH� VHFRQG� YLVLW� WR� WKH� 3UHVWZLFN� $7&� IDFLOLW\� RQ� :HGQHVGD\� ��WK�

'HFHPEHU�������
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Visit to SCOACC – Wednesday 18 th December 2002 
�

Proposed Agenda 
 
1. Introduction, confirm restrictions and introductory questions. 

• Overview of Scottish airspace and the different facilities which exist. 
• Briefly describe my research to John, what stage am I at. 
• Contact names for other facilities (e.g. Bournemouth, Swanwick) 

 
2. Observe controller(s) at work for 1 hour 

• View how the trackball is used with the radar display 
• Appreciate the speed of aircraft trace movement on the radar display for purposes of 

building simulation. 
• How relaxed controllers are when going about their work 
• Controller/controller and controller/pilot communication. 
• Differences in controller behaviour under different workload conditions.   

 
3. If possible, observe trainee or fully trained controllers in a training environment with a view 

to learning the following:  
• Ask about the tasks they perform during their work. This interactivity may not be 

possible while observing controllers in an operational environment. 
• Understand how they are trained. That is, in terms of procedures and the ATC 

simulations used. 
• If circumstances permit, ask why tasks are done in a specific way. 

 
4. Conduct two or more unstructured interviews with controllers (at least one of which was 

previously observed).  
 
5. Final questions/comments and end of visit. 
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1. Introduction, confirm restrictions and introductory questions 
�

• Overview of Scottish airspace and the different facilities which exist. 
• Briefly describe my research to visit host, what stage I am at. 
• Find out contact names for other facilities (e.g. Bournemouth, Swanwick). 

 
 
 
2. Observe controller(s) at work for 1 hour 
�

• View how the trackball is used with the radar display. 
• Appreciate the speed of aircraft trace movement on the radar display for purposes of 

building simulation. 
• How relaxed controllers are when going about their work. 
• Controller/controller and controller/pilot communication. 
• Differences in controller behaviour under different workload conditions.   

 
 
 
3. If possible, observe trainee or fully trained controllers in a training 
environment with a view to learning the following:   
 

• Ask about the tasks they perform during their work. This interactivity may not be 
possible while observing controllers in an operational environment. 

• Understand how they are trained. That is, in terms of procedures and the ATC 
simulations used. 

• If circumstances permit, during observation ask why tasks are done in a specific way. 
 

 
 
4. Conduct two or more unstructured interviews with controllers (at least 
one of which was previously observed) 
�

Questions relating to User Profiling: 
�

• How many years experience do you have as a controller? 
• What is your background and education? 
• Can you comment on any experience you have had in other ATC facilities? 

�

Questions relating to Controller Tasks: 
 

• Please describe the tasks you do in a typical work day? 
• Which tasks or aspects of your job do you consider to be the most difficult? 
• Which tasks do you do most frequently? 
• Which tasks or aspects of your job do you find most enjoyable?  
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Questions relating to Controller-Controller/ Controller-Pilot Interaction and  
Communication: 
 
How do you see controller-pilot interaction changing in the future with increased use of data-link 
communications rather than speech? 
 
 
 
Questions relating to Controller Workstation Interaction: 
 

• Comment on the way you use the trackball with the radar display? 
• Are there any things that frustrate you when using the trackball to interact with the radar 

display? 
• Can you think of any additional information which you would like to have when using the 

radar display and trackball, which is not currently available with the present system? 
• What is your opinion of increased automation in your working environment; for example 

electronic online alternatives to paper flight strips? 
 
 
 
Real-time Questions during the Visit: 
 
This space is provided to add any additional questions that arise during the visit. 
 
 
 
 
Final questions/comments and end of visit 


