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7KLV� SDSHU� GHPRQVWUDWHV� KRZ� QRQ�LVRPRUSKLF� URWDWLRQDO�
PDSSLQJV� DQG� LQWHUDFWLRQ� WHFKQLTXHV� FDQ� EH� GHVLJQHG� DQG�
XVHG� WR� EXLOG� HIIHFWLYH� VSDWLDO� �'� XVHU� LQWHUIDFHV�� ,Q� WKLV�
SDSHU�� ZH� GHYHORS� D�PDWKHPDWLFDO� IUDPHZRUN� DOORZLQJ� XV�
WR�GHVLJQ�QRQ�LVRPRUSKLF��'�URWDWLRQDO�PDSSLQJV�DQG�WHFK�
QLTXHV�� LQYHVWLJDWH� WKHLU� XVDELOLW\� SURSHUWLHV�� DQG� HYDOXDWH�
WKHLU� XVHU� SHUIRUPDQFH� FKDUDFWHULVWLFV�� 7KH� UHVXOWV� VXJJHVW�
WKDW�QRQ�LVRPRUSKLF�URWDWLRQDO�PDSSLQJV�FDQ�EH�DQ�HIIHFWLYH�
WRRO� LQ� EXLOGLQJ� KLJK�TXDOLW\� PDQLSXODWLRQ� GLDORJV� LQ� �'�
LQWHUIDFHV��DOORZLQJ�RXU�VXEMHFWV� WR�DFFRPSOLVK�H[SHULPHQ�
WDO�WDVNV�����IDVWHU�ZLWKRXW�D�VWDWLVWLFDOO\�GHWHFWDEOH�ORVV�LQ�
DFFXUDF\��7KH�FXUUHQW�SDSHU�ZLOO�KHOS�LQWHUIDFH�GHVLJQHUV�WR�
XVH�QRQ�LVRPRUSKLF�URWDWLRQDO�PDSSLQJV�HIIHFWLYHO\��
.H\ZRUGV�� �'2)� LQSXW� GHYLFHV�� LQWHUDFWLYH� �'� URWDWLRQV��
�'�XVHU�LQWHUIDFHV��LQWHUDFWLRQ�WHFKQLTXHV��PRWRU�FRQWURO��

,1752'8&7,21�

7KUHH�GLPHQVLRQDO� ��'�� FRPSXWHU� JUDSKLFV� KDV� DGYDQFHG�
IURP�D�VXEMHFW�RI�UHVHDUFK�FXULRVLW\�WR�DQ�LQGLVSHQVDEOH�WRRO�
LQ�PDQ\�DUHDV�RI�KXPDQ�DFWLYLWLHV��:KLOH�YLVXDO�TXDOLW\�DQG�
UHQGHULQJ� HIILFLHQF\� KDYH� EHHQ� UDSLGO\� LPSURYLQJ�� WKH� GH�
VLJQ� RI� HIILFLHQW� LQWHUIDFHV� IRU� �'� DSSOLFDWLRQV� UHPDLQV� D�
SUDFWLFDO� FRQFHUQ� IRU� DSSOLFDWLRQ� GHYHORSHUV� DQG� D� YH[LQJ�
SUREOHP�IRU�UHVHDUFKHUV�LQ�LQGXVWU\�DQG�DFDGHPLD�>��@��

'LUHFW�PDQXDO� FRQWURO�KDV�D�YHU\� VSHFLDO�SODFH� LQ��'�XVHU�
LQWHUIDFHV� GHVLJQ� DQG� UHVHDUFK�� KXPDQ� KDQGV� UHPDLQ� WKH�
GRPLQDQW�FKDQQHO�RI�LQWHUDFWLRQ�QRW�RQO\�IRU��'�LQWHUIDFHV��
EXW�DOVR� IRU� WUDGLWLRQDO� �'�JUDSKLFDO�XVHU� LQWHUIDFHV� �*8,��
DV�ZHOO�IRU�RXU�HYHU\GD\�LQWHUDFWLRQ�ZLWK�WKH�SK\VLFDO�ZRUOG��
7KH� TXDOLW\� RI� LQWHUIDFH� FRPSRQHQWV� WKDW� HQDEOH� XVHUV� WR�
PDQLSXODWH�REMHFWV�DQG�VFHQHV�LQ�YLUWXDO�HQYLURQPHQWV�KDV�D�
SURIRXQG�HIIHFW�RQ�WKH�TXDOLW\�RI�WKH�ZKROH�LQWHUIDFH�±�LI�WKH�
XVHU� FDQQRW�PDQLSXODWH� HIIHFWLYHO\��PDQ\� VSHFLILF� DSSOLFD�
WLRQ� WDVNV� VLPSO\� FDQQRW� EH� SHUIRUPHG�� &RQVHTXHQWO\�� D�
ODUJH� DPRXQW� RI� UHVHDUFK� KDV� DOUHDG\� DGGUHVVHG� YDULRXV�
LVVXHV� LQ� PXOWLGLPHQVLRQDO� PDQLSXODWLRQ�� H�J��� GHVLJQLQJ�
DQG� HYDOXDWLQJ� PXOWLSOH� GHJUHHV�RI�IUHHGRP� �'2)�� LQSXW�
GHYLFHV�� LQQRYDWLQJ� QHZ� PDQLSXODWLRQ� LQWHUDFWLRQ� WHFK�
QLTXHV��LQYHVWLJDWLQJ�LPSOLFDWLRQV�RI�KXPDQ�PRWRU�VNLOOV�RQ�
�'�LQWHUIDFH�GHVLJQ��DQG�PDQ\�RWKHUV�>H�J������������������@��
7KH� GHVLJQ� RI� �'� PDSSLQJV� DQG� LQWHUDFWLRQ� WHFKQLTXHV��
ZKLFK� WUDQVODWH� XVHU�RSHUDWHG� GHYLFH� PRWLRQV� LQWR� REMHFW�
PRYHPHQWV�LQ�YLUWXDO�HQYLURQPHQWV�� LV� FHUWDLQO\�RQH�RI� WKH�
FRUH�LVVXHV�LQ�GHVLJQLQJ�PDQLSXODWLRQ�LQWHUIDFHV��7KH�FKDO�

OHQJH�ZDV�YHU\�ZHOO�GHILQHG�E\�6KHULGDQ��FLWHG�IURP�>��@���
³+RZ� GR� WKH� JHRPHWULFDO�PDSSLQJV� RI� ERG\� DQG� HQYLURQ�
PHQWDO�REMHFWV��ERWK�ZLWKLQ�WKH�YLUWXDO�HQYLURQPHQW�DQG�WKH�
WUXH�RQH��DQG�UHODWLYH�WR�HDFK�RWKHU��FRQWULEXWH�WR�WKH�VHQVH�
RI� SUHVHQFH�� WUDLQLQJ�� DQG� SHUIRUPDQFH"�«� ,Q� VRPH� FDVHV�
WKHUH� PD\� EH� D� QHHG� WR� GHYLDWH� VLJQLILFDQWO\� IURP� VWULFW�
JHRPHWULF�LVRPRUSKLVP�EHFDXVH�RI�KDUGZDUH�OLPLWV��RU�FRQ�
VWUDLQWV�RI� WKH�KXPDQ�ERG\��$W�SUHVHQW�ZH�GR�QRW�KDYH�GH�
VLJQ�RSHUDWLQJ�SULQFLSOHV� IRU� NQRZLQJ�ZKDW�PDSSLQJ�«� LV�
SHUPLVVLEOH��DQG�ZKLFK�GHJUDGHV�SHUIRUPDQFH�´�
'HVLJQLQJ� DQG� LQYHVWLJDWLQJ� QRQ�LVRPRUSKLF�PDSSLQJV� IRU�
�'�VSDWLDO�XVHU� LQWHUIDFHV�KDV� UHFHQWO\�EHHQ�DQ�DUHD�RI� DF�
WLYH�UHVHDUFK�>H�J����������������������@��DQG�WKH�FXUUHQW�SD�
SHU�DGGV�WR�WKLV�ERG\�RI�ZRUN��,Q�SDUWLFXODU��ZH�H[SORUH�KRZ�
QRQ�LVRPRUSKLF� URWDWLRQDO� PDSSLQJV� FDQ� EH� GHVLJQHG� DQG�
XVHG� WR�HQKDQFH��'�URWDWLRQV�RI�REMHFWV�DQG�VFHQHV� LQ�YLU�
WXDO�ZRUOGV��7KH�SDSHU�DWWHPSWV�WR�FORVH�D�FXUUHQW�JDS�LQ�WKH�
OLWHUDWXUH� RQ�PXOWLGLPHQVLRQDO� LQWHUDFWLRQ��ZKHUH� �'�PDS�
SLQJV�DQG�LQWHUDFWLRQ� WHFKQLTXHV�KDYH�EHHQ�XVHG�RQO\�ZLWK�
WKH�WUDQVODWLRQ�FRPSRQHQWV�RI�PXOWLSOH�'2)�LQSXW��:KHQ�LW�
FRPHV�WR��'�URWDWLRQV��PRVW�UHVHDUFKHUV��DV�ZHOO�DV�SURGXF�
HUV�RI�FRPPHUFLDO�GHYLFHV�DQG�VRIWZDUH��KDYH�XVHG�RQO\�WKH�
VLPSOHVW� RQH�WR�RQH� �LVRPRUSKLF�� PDSSLQJ� EHWZHHQ� URWD�
WLRQV�RI�WKH�PXOWLSOH�'2)�FRQWUROOHU�DQG�YLUWXDO�REMHFWV��,Q�
IDFW��HYHQ�WKH�EDVLF�HTXDWLRQV�RI�FRQWURO�GLVSOD\��&�'��JDLQ�
IRU� �'� URWDWLRQV� DQG� WKHLU� SURSHUWLHV� KDYH� QRW� EHHQ� UH�
SRUWHG���,Q�FRPSDULVRQ��&�'�PDSSLQJV�IRU�WUDQVODWLRQ�WDVNV�
KDYH�EHHQ�XVHG�DQG�VWXGLHG�VLQFH�WKH�HDUO\�����V��
7KLV�SDSHU�GHPRQVWUDWHV�KRZ�QRQ�LVRPRUSKLF��'�URWDWLRQDO�
PDSSLQJV�FDQ�EH�FRQVWUXFWHG�DQG�HIIHFWLYHO\�XVHG�WR�GHVLJQ�
�'� LQWHUIDFHV�� )LUVW�� ZH� LQWURGXFH� D� EDVLF� PDWKHPDWLFDO�
IUDPHZRUN�WKDW�DOORZV�GHVLJQ�RI�ERWK�OLQHDU�DQG�QRQ�OLQHDU�
&�'�PDSSLQJV�EHWZHHQ�GHYLFH�URWDWLRQV�DQG�URWDWLRQV�LQ��'�
LQWHUIDFH�VSDFH��7KLV�IUDPHZRUN�LV�EDVHG�RQ�WKH�LGHD�RI�H[�
WUDSRODWLQJ� WKH� RULHQWDWLRQ� RI� D�PXOWLSOH�'2)� GHYLFH� RQ� D�
TXDWHUQLRQ�VSKHUH� LQ� IRXU�GLPHQVLRQV��6HFRQG��ZH� LGHQWLI\�
EDVLF� LGLRV\QFUDWLF�SURSHUWLHV�RI� URWDWLRQDO�PDSSLQJV�� VXFK�
DV� UHODWLRQV�EHWZHHQ� WKH�PDSSLQJV�DQG�GHYLFH� IRUP�IDFWRU��
DQG�GLVFXVV�LVVXHV�RI�LQWHUDFWLRQ�WHFKQLTXHV�GHVLJQ��)LQDOO\��
ZH�UHSRUW�H[SHULPHQWV�ZKLFK�KDYH�VKRZQ�WKDW�E\�XVLQJ�RXU�
WHFKQLTXH��VXEMHFWV� FRXOG�DFFRPSOLVK�DQ�H[SHULPHQWDO� WDVN�
����IDVWHU�ZLWKRXW�DQ\�VLJQLILFDQW�ORVV�LQ�DFFXUDF\��
%$&.*5281'�$1'�5(/$7('�:25.�

$Q\�LQWHUIDFH�EHWZHHQ�KXPDQV�DQG�PDFKLQHV�WKDW�XVHV�FRQ�
WLQXRXV� PDQXDO� FRQWURO� LQFOXGHV� WKUHH� EDVLF� FRPSRQHQWV��
���LQSXW�GHYLFHV��ZKLFK�FDSWXUH�XVHU�DFWLRQV�����GLVSOD\�GH�
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YLFHV��ZKLFK�SUHVHQW�WKH�HIIHFW�RI�WKHVH�DFWLRQV�EDFN�WR�WKH�
XVHU��DQG����WUDQVIHU�IXQFWLRQV��RIWHQ�UHIHUUHG�WR�DV�FRQWURO�
GLVSOD\�PDSSLQJV��ZKLFK�PDS�WKH�PRYHPHQWV�RI�WKH�GHYLFH�
LQWR�WKH�PRYHPHQWV�RI�FRQWUROOHG�HOHPHQWV�RI�WKH�V\VWHP�RU�
LQWHUIDFH� >���� ��@� �)LJXUH� ���� 7KH� JRDO� LV� WR� GHVLJQ� LQSXW�
GHYLFHV��GLVSOD\V�DQG� WUDQVIHU� IXQFWLRQV� WKDW� IDFLOLWDWH� KLJK�
XVHU� SHUIRUPDQFH� DQG� FRPIRUW�� ZKLOH� GLPLQLVKLQJ� WKH� LP�
SDFW�IURP�KXPDQ�DQG�KDUGZDUH�OLPLWDWLRQV�>��@��

7KH� GHVLJQ� RI� PDSSLQJ� IXQFWLRQV� IRU� PDQXDO� FRQWURO� DQG�
VWXGLHV� RI� WKHLU� LPSDFW� RQ� RSHUDWRU� SHUIRUPDQFH� VWUHWFK�
EDFN�WR�WKH�����V�>��@��,W�KDV�DOVR�EHHQ�DQ�DFWLYH�UHVHDUFK�
DUHD� LQ� �'� XVHU� LQWHUIDFHV� ZKHUH� WZR� SKLORVRSKLHV� KDYH�
HPHUJHG� >��@��7KH� LVRPRUSKLF� YLHZ� VXJJHVWV� D� VWULFW� JHR�
PHWULFDO� LVRPRUSKLVP� �L�H�� RQH�WR�RQH� PDSSLQJ�� EHWZHHQ�
PRWLRQV�LQ� WKH�SK\VLFDO�DQG�YLUWXDO�ZRUOGV��RQ�WKH�JURXQGV�
WKDW� LW� LV� WKH�PRVW�QDWXUDO�DQG� WKHUHIRUH� LV�EHWWHU� IRU�XVHUV��
7KH� UHVXOWV� RI� HDUO\� KXPDQ� IDFWRU� VWXGLHV� LQGLFDWHG� WKDW�
ZKLOH�LVRPRUSKLVP�LV��LQGHHG��RIWHQ�PRUH�QDWXUDO�>RYHUYLHZ�
LQ���@��LW�DOVR�KDV�LPSRUWDQW�VKRUWFRPLQJV��)LUVW��LVRPRUSKLF�
PDSSLQJV�DUH�RIWHQ�LPSUDFWLFDO�EHFDXVH�RI�FRQVWUDLQWV�LQ�WKH�
LQSXW�WHFKQRORJLHV��H�J���WKH�OLPLWHG�WUDFNLQJ�UDQJH�RI�LQSXW�
GHYLFHV��6HFRQG��LVRPRUSKLVP�LV�RIWHQ�LQHIIHFWLYH�GXH�WR�WKH�
OLPLWDWLRQV�RI�KXPDQ�RSHUDWRUV��H�J���DQDWRPLFDO�FRQVWUDLQWV��
)LQDOO\�� LW�KDV�EHHQ�DUJXHG� WKDW��'�LQWHUIDFHV�FDQ�EH�PRUH�
HIIHFWLYH�� LQWXLWLYH� DQG� ULFKHU� LI�� LQVWHDG� RI� LPLWDWLQJ� WKH�
SK\VLFDO� UHDOLW\�� ZH� FUHDWH�PDSSLQJV� DQG� LQWHUDFWLRQ� WHFK�
QLTXHV�WKDW�DUH�VSHFLILFDOO\�WDLORUHG�WR�YLUWXDO�HQYLURQPHQWV��
SURYLGLQJ�LQ�VRPH�VHQVH�D�³EHWWHU´�UHDOLW\�>H�J����@��

+HQFH��WKH�QRQ�LVRPRUSKLF�DSSURDFK�VXJJHVWV�WKDW�PDQLSX�
ODWLRQ� PDSSLQJV� DQG� WHFKQLTXHV� FDQ� VLJQLILFDQWO\� GHYLDWH�
IURP� VWULFW� UHDOLVP�� SURYLGLQJ� XVHUV� ZLWK� ³PDJLF´� YLUWXDO�
WRROV��H�J��� ODVHU� UD\V�� UXEEHU�DUPV��9RRGRR�'ROOV� >������@�
DQG�RWKHUV��7KHVH�QRQ�LVRPRUSKLF�PDSSLQJV�DQG�WHFKQLTXHV�
DOORZ�XVHUV� WR�PDQLSXODWH� REMHFWV� TXLWH� GLIIHUHQWO\� WKDQ� LQ�
WKH�SK\VLFDO�ZRUOG��\HW�UDWKHU�HIIHFWLYHO\�>�����@��,Q�IDFW��WKH�
PDMRULW\� RI� �'� GLUHFW� PDQLSXODWLRQ� WHFKQLTXHV� WRGD\� DUH�
QRQ�LVRPRUSKLF�WHFKQLTXHV��

:H� VKRXOG� QRWH�� KRZHYHU�� WKDW� QRQ�LVRPRUSKLF� PDSSLQJV�
DUH�QRW�DQ�HQWLUHO\�QHZ�LGHD�� WKH\�KDYH�EHHQ�XVHG�IRU�GHF�
DGHV� LQ� D� YDULHW\� RI� HYHU\GD\� FRQWUROV�� H�J��� GLDOV�� SHGDOV��
KDQGOHUV��DQG�ZKHHOV��ZKHUH�RXU� LQSXW� LV�VFDOHG��VKLIWHG�RU�
LQWHJUDWHG� XVLQJ� GLIIHUHQW� PDSSLQJ� RU� WUDQVIHU� IXQFWLRQV�
>��@��7UDGLWLRQDOO\��WKH�KXPDQ�IDFWRUV�OLWHUDWXUH�FDWHJRUL]HV�
WUDQVIHU� IXQFWLRQV� E\� D� QXPEHU� RI� LQWHJUDWLRQV�� DSSOLHG� WR�
WKH�XVHU�LQSXW�>������@��7KXV�� LQ�]HUR�RUGHU�PDSSLQJV��GLV�
SODFHPHQW�RI�WKH�LQSXW�GHYLFH�UHVXOWV�LQ�GLVSODFHPHQW�RI�WKH�
FRQWUROOHG�HOHPHQW��ZKLOH�LQ�ILUVW�RUGHU�PDSSLQJV��LW�UHVXOWV�
LQ� D� FKDQJH� RI� LWV� YHORFLW\�� &RQVHTXHQWO\�� WKH\� DUH� RIWHQ�
UHIHUUHG�WR�DV�SRVLWLRQ�DQG�UDWH�FRQWURO��UHVSHFWLYHO\��

7KH� VLPSOHVW� H[DPSOH� RI� ]HUR�RUGHU� PDSSLQJ� LV� D� OLQHDU�
FRQWURO�GLVSOD\�JDLQ�IXQFWLRQ�ZKLFK�VFDOHV�WKH�XVHU�LQSXW��
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ZKHUH�'F� DQG�'G� DUH� GLVSODFHPHQWV� RI� WKH� FRQWUROOHU� DQG�
GLVSOD\HG�HOHPHQWV��UHVSHFWLYHO\��DQG�N�LV�D�UDWLR�RI�VFDOLQJ��
7KH�]HUR�RUGHU�FRQWURO�VKRXOG�QRW�QHFHVVDULO\�EH�OLQHDU��IRU�
H[DPSOH��YDULRXV�GLDOV�LQ�FRQVXPHU�HOHFWURQLF�GHYLFHV�RIWHQ�
XVH� QRQ�OLQHDU� PDSSLQJV�� 1RQ�OLQHDU� SRVLWLRQ� FRQWURO� KDV�
DOVR�EHHQ�XVHG�LQ�95�LQWHUDFWLRQ�WHFKQLTXHV�IRU�REMHFW�PD�

QLSXODWLRQ� >��@� DQG� QDYLJDWLRQ� >��@�� $� JRRG� H[DPSOH� RI�
ILUVW�RUGHU�FRQWURO� LV�WKH�VWHHULQJ�ZKHHO�RI�D�FDU��ZKHUH� WKH�
GLVSODFHPHQW�RI�WKH�VWHHULQJ�ZKHHO�UHVXOWV� LQ�WKH�FKDQJH�RI�
WKH�FDU¶V�DQJXODU�YHORFLW\��

7KH�GHVLJQ�RI�QRQ�LVRPRUSKLF�PDSSLQJV�FDQQRW�EH�DFFRP�
SOLVKHG�ZLWKRXW�FRQVLGHULQJ�WKH�SURSHUWLHV�RI�LQSXW�GHYLFHV��
7KH�PRVW� LPSRUWDQW� GHYLFH� SURSHUW\� LV� WKH� QXPEHU� RI� WKH�
GHJUHHV� RI� IUHHGRP�� HDUO\� UHVHDUFK� RQ� �'� XVHU� LQWHUIDFHV�
ZDV� RIWHQ� FRQFHUQHG� ZLWK� WKH� GHVLJQ� DQG� HYDOXDWLRQ� RI�
WHFKQLTXHV�IRU�SHUIRUPLQJ��'�WDVNV�ZLWK��'�LQSXW�GHYLFHV��
H�J���$5&%$//�RU�9LUWXDO�7UDFNEDOO�WHFKQLTXHV��ZKLFK�XVH�
D�PRXVH� WR� URWDWH��'�REMHFWV� >�����@�� ,Q�PXOWLSOH�'2)�LQ�
SXW��DGGLWLRQDO�GHYLFH�SURSHUWLHV�KDYH�WR�EH�FRQVLGHUHG��)RU�
H[DPSOH�� VWXGLHV� E\�=KDL� >���� FKDSWHU� �@� KDYH� VKRZQ� WKDW�
LVRPHWULF� GHYLFHV�� VXFK� DV� IRUFH�UHVLVWDQW� MR\VWLFNV�� DOORZ�
IRU�EHWWHU�UDWH�FRQWURO�SHUIRUPDQFH��ZKLOH�LVRWRQLF�GHYLFHV��
VXFK� DV� IUHH�PRYLQJ� PDJQHWLF� WUDFNHUV�� DUH� SUHIHUDEOH� IRU�
SRVLWLRQ�FRQWURO��*LYHQ�WKDW�WKH�VDPH�GHYLFH�SHUPLWV�D�ODUJH�
YDULHW\� RI� PDSSLQJV�� GHYLFH�PDSSLQJV� FRPSDWLELOLW\� LV� DQ�
LPSRUWDQW�DQG�LQWHUHVWLQJ�UHVHDUFK�GLUHFWLRQ��

7KH� QRQ�LVRPRUSKLF� PDSSLQJV� DQG� LQWHUDFWLRQ� WHFKQLTXHV�
KDYH�EHHQ�GHVLJQHG��XQWLO�QRZ��RQO\�IRU�WUDQVODWLRQ�FRPSR�
QHQWV� LQ� PXOWLSOH� '2)� LQSXW��:KHQ� LW� FRPHV� WR� �'� URWD�
WLRQV��PRVW�UHVHDUFKHUV��DV�ZHOO�DV�SURGXFHUV�RI�FRPPHUFLDO�
GHYLFHV� DQG� VRIWZDUH�� XVH� RQO\� WKH� VLPSOHVW� RQH�WR�RQH�
PDSSLQJ�EHWZHHQ�WKH��'�URWDWLRQ�RI� WKH�GHYLFH�DQG�YLUWXDO�
REMHFWV�� ,Q� IDFW��HYHQ� WKH�EDVLF�HTXDWLRQV�RI�PDSSLQJV� WKDW�
ZRXOG�OLQHDUO\�DPSOLI\�WKH�GHYLFH�URWDWLRQV��L�H���OLQHDU�&�'�
JDLQ��KDYH�QRW�EHHQ�UHSRUWHG��
:KDW�DGYDQWDJHV�FDQ�ZH�JDLQ�E\�XVLQJ�QRQ�LVRPRUSKLF��'�
URWDWLRQDO�PDSSLQJV"� ,QGHHG�� LW� FDQ�EH� DUJXHG� WKDW�� XQOLNH�
WUDQVODWLRQV��WKH�URWDWLRQ�VSDFH�LV�OLPLWHG�WR�����GHJUHHV��VR�
DQ\�GHVLUHG�RULHQWDWLRQ�FDQ�EH�HDVLO\�DFKLHYHG��7KLV� LVVXH��
KRZHYHU��PD\�ZHOO�EH�PRRW��)LUVW��WKH�HQWLUH�����GHJUHHV�RI�
URWDWLRQV� FDQQRW� DOZD\V� EH� WUDFNHG�� IRU� H[DPSOH�� LQ�
FRPSXWHU�YLVLRQ�EDVHG�WUDFNLQJ�� WKH� UDQJH�RI� URWDWLRQV� WKDW�
FDQ� EH� UHOLDEO\� PHDVXUHG� LV� RIWHQ� OHVV� WKHQ� ���� GHJUHHV�
>��@�� 7KH� QRQ�LVRPRUSKLF� PDSSLQJV� ZRXOG� DOORZ� D� PRUH�
HIIHFWLYH�XVH�RI�WKLV�OLPLWHG�WUDFNLQJ�UDQJH��
6HFRQG��WKH�HIIHFWLYH�UDQJH�RI�URWDWLRQV�LQ�PDQXDO�FRQWURO�LV�
QDWXUDOO\� FRQVWUDLQHG� E\� KXPDQ� DQDWRP\�� RXU� MRLQWV� FDQ�
RQO\� URWDWH� XS� WR� D� FHUWDLQ� DQJOH�� +HQFH�� FRQWUROOLQJ� WKH�
ODUJH� UDQJH�RI� URWDWLRQV� LV�GLIILFXOW� DQG� UHTXLUHV�FOXWFKLQJ��
L�H��� UHOHDVLQJ� D� YLUWXDO� REMHFW�� UH�DGMXVWLQJ� WKH� KDQG�� DQG�
FRQWLQXLQJ� WKH� PDQLSXODWLRQ�� &OXWFKLQJ�� KRZHYHU�� LV� IUXV�

�
)LJXUH����%DVLF�FRPSRQHQWV�RI�DQ\�GLUHFW�PDQLSXODWLRQ�V\V�
WHP�� LQSXW� GHYLFH�� RXWSXW� GHYLFH�� DQG� WUDQVIHU� IXQFWLRQ� �LQ�
WKLV�ILJXUH��NQRE��SRLQWHU��DQG�SXOOH\V�UHVSHFWLYHO\��>��@��



�

WUDWLQJ�DQG�FDQ�QRWLFHDEO\�GHJUDGH�XVHU�SHUIRUPDQFH��:KLOH�
DQ� DSSURSULDWH� GHYLFH� IRUP�IDFWRU� FDQ� UHGXFH� FOXWFKLQJ�
>��@��LW�FDQQRW�HOLPLQDWH�LW��7KXV��QRQ�LVRPRUSKLF�PDSSLQJV�
FDQ�EH�XVHG�WR�GHFUHDVH�FOXWFKLQJ�LQ��'�URWDWLRQV��

)LQDOO\�� WKH� LQWURGXFWLRQ� RI� QRQ�LVRPRUSKLF� PDSSLQJV� IRU�
�'�URWDWLRQV�ZRXOG�SURYLGH�LQWHUIDFH�GHVLJQHUV�ZLWK�DQ�DG�
GLWLRQDO�WRRO�IRU�ILQH�WXQLQJ��'�XVHU�LQWHUIDFHV�DQG�FUHDWLQJ�
QHZ�PDSSLQJV�DQG��'�LQWHUDFWLRQ�WHFKQLTXHV���

&21752/�',63/$<�0$33,1*6�,1��'�527$7,216�

,Q� WKLV� VHFWLRQ� ZH� LQWURGXFH� D� EDVLF� PDWKHPDWLFDO� IUDPH�
ZRUN�WKDW� DOORZV�GHVLJQ�RI�ERWK� OLQHDU�DQG�QRQ�OLQHDU�&�'�
PDSSLQJV�EHWZHHQ�GHYLFH�URWDWLRQV�DQG�URWDWLRQV�LQ��'�LQ�
WHUIDFH�VSDFH��7KH�GHVLJQ�RI�WKHVH�PDSSLQJV�LV�QRW�REYLRXV�
DQG�UHTXLUHV�D�FRQVLGHUDWLRQ�RI�WKH�IXQGDPHQWDO�PDWKHPDWL�
FDO� SURSHUWLHV� RI� URWDWLRQV� LQ� VSDFH�� 7KH� UHVXOWLQJ� IUDPH�
ZRUN� LV� EDVHG� RQ� WKH� LGHD� RI� H[WUDSRODWLQJ�PXOWLSOH� '2)�
GHYLFH�RULHQWDWLRQV�RQ�D�TXDWHUQLRQ�VSKHUH�LQ���GLPHQVLRQV��

5RWDWLRQV�LQ�VSDFH�

5RWDWLRQV�LQ��'�VSDFH�DUH�VLJQLILFDQWO\�PRUH�FRQIXVLQJ�WKHQ�
WKH\� DSSHDU�� VLQFH� WKH\� GR� QRW� IROORZ� IDPLOLDU� ODZV� RI�
(XFOLGHDQ�JHRPHWU\��)RU�H[DPSOH��URWDWH�DQ�REMHFW�LQ�VRPH�
GLUHFWLRQ�DQG�LW�ZRXOG�HYHQWXDOO\�UHWXUQ�WR�LWV�LQLWLDO�VWDUWLQJ�
RULHQWDWLRQ�� VRPHWKLQJ� ZKLFK� FDQQRW� KDSSHQ� LQ� D� YHFWRU�
VSDFH��7KLV�LV�EHFDXVH�WKH�VSDFH�RI�URWDWLRQV�LV�QRW�D�YHFWRU�
VSDFH�EXW�D�FORVHG�DQG�FXUYHG� VXUIDFH��D�PDQLIROG�� LQ� IRXU�
GLPHQVLRQV��ZKLFK�FDQ�DOVR�EH�UHSUHVHQWHG�DV�D��'�VSKHUH��

7KH�FRQQHFWLRQ�EHWZHHQ�VSDWLDO�URWDWLRQV�DQG�VSKHULFDO�JH�
RPHWU\�LV�TXLWH�QDWXUDO�DQG�FDQ�EH�LOOXVWUDWHG�XVLQJ�D�VLPSOH�
SK\VLFDO�H[DPSOH��,PDJLQH�URWDWLQJ�D�ULJLG�SK\VLFDO�REMHFW��
H�J���D�SHQFLO��DERXW�D�IL[HG�SRLQW��$SSDUHQWO\��WKH�WLS�RI�WKH�
SHQFLO�ZRXOG�WUDYHO�RQ�WKH�VXUIDFH�RI�D�VSKHUH�DQG�HDFK�RUL�
HQWDWLRQ� RI� WKH� SHQFLO� FDQ� EH� LGHQWLILHG� DV� D�SRLQW� RQ� WKLV�
VSKHUH��)XUWKHUPRUH��D�SHQFLO�URWDWLRQ�DURXQG�DQ�D[LV�ZRXOG�
GUDZ�DQ�DUF�DQG�LI�WKH�SHQFLO�KDV�XQLW�OHQJWK��WKHQ�WKH�OHQJWK�
RI�WKLV�DUF�HTXDOV�WKH�URWDWLRQ�DQJOH��7KXV��WKH�RULHQWDWLRQ�RI�
WKH� ERG\� FDQ� EH� FRQYHQLHQWO\� UHSUHVHQWHG� DV� D� SRLQW� RQ� D�
XQLW�VSKHUH��ZKLOH�URWDWLRQ�FDQ�EH�UHSUHVHQWHG�DV�DQ�DUF�RQ�D�
VSKHUH��FRQQHFWLQJ�WKH�VWDUWLQJ�DQG�ILQDO�ERG\�RULHQWDWLRQV��

7KLV�H[DPSOH�LV�LOOXVWUDWLYH��DOEHLW�QRW�TXLWH�FRUUHFW��D�SRLQW�
RQ�D��'�VSKHUH�VSHFLILHV�D�IDPLO\�RI�URWDWLRQV��VLQFH� WZLVW�
LQJ� WKH� SHQFLO� DORQJ� WKH� ORQJHVW� D[LV�ZRXOG� QRW� GUDZ� DQ\�
DUFV�� 6LQFH� D� VSKHUH� LQ� �'� VSHFLILHV� RQO\� WZR� GHJUHHV� RI�
URWDWLRQDO� IUHHGRP��ZH�QHHG� WR�PRYH� LQWR� D� KLJKHU�� IRXUWK�
GLPHQVLRQ�WR�VSHFLI\�DOO� WKUHH�GHJUHHV�RI� URWDWLRQV��7KLV� LV�
H[DFWO\�ZKDW�XQLW�TXDWHUQLRQV�DOORZ�XV�WR�GR��

4XDWHUQLRQV�

4XDWHUQLRQV� ZHUH� GLVFRYHUHG� E\� +DPLOWRQ� LQ� ����� >��@��
6LQFH�WKHQ��WKH\�KDYH�EHHQ�ZLGHO\�XVHG�LQ�URERWLFV��DYLRQLFV�
DQG�DQ\�RWKHU�DSSOLFDWLRQ�ILHOG�WKDW�UHTXLUHV�DQ�HIILFLHQW�ZD\�
WR�GHVFULEH�DQG�RSHUDWH��'�URWDWLRQV��,QWURGXFHG�LQWR�FRP�
SXWHU�JUDSKLFV�DQG�LQWHUIDFH�GHVLJQ�E\�6KRHPDNH�>������@��
WRGD\�TXDWHUQLRQV�DUH� D� VWDQGDUG� WRRO� LQ� WKH�DUVHQDO�RI� WKH�
LQWHUDFWLYH�FRPSXWHU�JUDSKLFV�SURIHVVLRQDO��

4XDWHUQLRQ�T�LV�D�IRXU�GLPHQVLRQDO�YHFWRU�RIWHQ�UHSUHVHQWHG�
DV� D� SDLU� �Y��Z���ZKHUH�Z� LV� D� UHDO� QXPEHU� DQG�Y� LV� D� �'�
YHFWRU�� *LYHQ� TXDWHUQLRQ� T�� ZH� FDQ� FRPSXWH� LWV� OHQJWK� _T_�
DQG�LQYHUVH�T±���JLYHQ�TXDWHUQLRQ�T¶��ZH�FDQ�FRPSXWH�WKHLU�

PXOWLSOLFDWLRQ�TT¶�DQG�D�GRW�SURGXFW�TÂT¶��$�TXDWHUQLRQ�RI�
XQLW�OHQJWK�FDQ�EH�XVHG�WR�UHSUHVHQW�D�VLQJOH�URWDWLRQ�DERXW�
XQLW�D[LV���E\�DQJOH�J�LQ�WZR�HTXDO�IRUPV�DV�IROORZV��
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5RWDWLQJ� D� YHFWRU�Y� DERXW� D[LV��� E\� DQJOH�J� FDQ� EH� FRP�
SXWHG�DV�WKH�GRXEOH�TXDWHUQLRQ�PXOWLSOLFDWLRQ�Y
� �TYT����$�
VHTXHQFH�RI� URWDWLRQV�T��T�«TQ�FDQ�EH�HDVLO\�FRPSXWHG�DV�
WKH�PXOWLSOLFDWLRQ� TQ«T�T�� �QRWLFH� WKH� UHYHUVHG� RUGHU�� VHH�
$SSHQGL[�IRU�RSHUDWLRQ�GHILQLWLRQV����

7KH�VHW�RI�DOO�XQLW�TXDWHUQLRQV� IRUPV�D�XQLW� VSKHUH� LQ� IRXU�
GLPHQVLRQV�DQG�HDFK�SRLQW�RQ�LWV�VXUIDFH�UHSUHVHQWV�DQ�RUL�
HQWDWLRQ�RI�D�ULJLG�ERG\��,W�ZDV�SURYHQ�E\�(XOHU�WKDW�D�FRP�
ELQDWLRQ�RI�DQ\�QXPEHU�RI�URWDWLRQV�FDQ�EH�UHSUHVHQWHG�DV�D�
VLQJOH�URWDWLRQ�IURP�DQ�UHIHUHQFH�RULHQWDWLRQ��$�XQLW�TXDWHU�
QLRQ�UHSUHVHQWV� WKLV�VLQJOH�URWDWLRQ�DV�D�JUHDW�DUF� FRQQHFW�
LQJ� WKH� UHIHUHQFH� DQG� FXUUHQW� ERG\�RULHQWDWLRQV� RQ�TXDWHU�
QLRQ�VSKHUH��7KH�OHQJWK�RI�WKLV�DUF�HTXDOV�ò�RI�WKH�URWDWLRQ�
DQJOH��7KXV��MXVW�DV�ZH�XVH�YHFWRUV�WR�UHSUHVHQW�WUDQVODWLRQV��
ZH�DOVR�FDQ�XVH�VSKHULFDO�DUFV�WR�UHSUHVHQW��'�URWDWLRQV��,I�
WKH� UHIHUHQFH�RULHQWDWLRQ� LV� QRW� H[SOLFLWO\� VSHFLILHG�� D� TXD�
WHUQLRQ�GHILQHV�WKH�URWDWLRQ�IURP�WKH�LGHQWLW\�TXDWHUQLRQ��� �
� �����ZKLFK�KDV�D�VSHFLDO�PHDQLQJ�DV�D�]HUR�RULHQWDWLRQ�RU�
QR�URWDWLRQ�±�DQ�HTXLYDOHQW�WR�WKH�RULJLQ�LQ�D�YHFWRU�VSDFH��

/LQHDU�]HUR�RUGHU�&�'�JDLQ�IRU��'�URWDWLRQV�

*LYHQ� DQ� RULHQWDWLRQ� RI� WKH� PXOWLSOH� '2)� LQSXW� GHYLFH��
ZKDW�PDSSLQJ�DOORZV�XV�WR�DPSOLI\�RU�VFDOH�WKLV�RULHQWDWLRQ�
LQ�D�PDQQHU�VLPLODU�WR�VFDOLQJ�WUDQVODWLRQV�RI�WKH�GHYLFH"�

$PSOLI\LQJ� URWDWLRQ� PHDQV� FKDQJLQJ� WKH� DPSOLWXGH� ZKLOH�
SUHVHUYLQJ� WKH� GLUHFWLRQ�RI� URWDWLRQ��/HW�TF� EH� WKH� RULHQWD�
WLRQ�RI�D�PXOWLSOH�'2)�LQSXW�GHYLFH��
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ZKHUH� �F� LV� WKH� D[LV� RI� URWDWLRQ� DQG�JF� LV� WKH� DQJOH�� 7KH�
]HUR�RUGHU�&�'�JDLQ�VKRXOG�DPSOLI\�WKH�DQJOH�RI�URWDWLRQ�JF�
E\�FRHIILFLHQW�N�ZKLOH�OHDYLQJ�D[LV��F�LQWDFW��
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7KHUHIRUH��WKH�EDVLF�HTXDWLRQ�IRU�WKH�]HUR�RUGHU�OLQHDU�&�'�
JDLQ�IRU�VSDWLDO�URWDWLRQV�LV�D�SRZHU�IXQFWLRQ�RI�WKH�IRUP��
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ZKHUH�TF�LV� WKH�GHYLFH�URWDWLRQ��TG�LV� WKH�GLVSOD\HG�RULHQWD�
WLRQ��DQG�N�LV�WKH�&�'�JDLQ�FRHIILFLHQW��

4XDWHUQLRQ�TF�LQ�(TXDWLRQ���VSHFLILHV�GHYLFH�RULHQWDWLRQ�DV�
D�URWDWLRQ�IURP�DQ�XQVSHFLILHG�LQLWLDO�RULHQWDWLRQ�GHVLJQDWHG�
E\�LGHQWLW\�TXDWHUQLRQ����+RZHYHU�� LW� LV�RIWHQ� LPSRUWDQW� WR�
DPSOLI\�URWDWLRQ�UHODWLYH�WR�VRPH�H[SOLFLWO\�VSHFLILHG�UHIHU�
HQFH� RULHQWDWLRQ� T��� 7KLV� FDQ� EH� GRQH� E\� FDOFXODWLQJ� WKH�
URWDWLRQ�WKDW�FRQQHFWV�T��DQG�TF��DPSOLI\LQJ�LW��DQG�FRPELQ�
LQJ�LW�ZLWK�UHIHUHQFH�RULHQWDWLRQ�T���
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1RWLFH�WKDW�(TXDWLRQ���LV�LGHQWLFDO�WR�WKH�VOHUS� IXQFWLRQ�LQ�
WURGXFHG�E\�6KRHPDNH�IRU�URWDWLRQ�LQWHUSRODWLRQ�>��@��7KLV�
VKRXOG� QRW� FRPH� DV� D� VXUSULVH�� LQGHHG�� ZKLOH� 6KRHPDNH�
LQWHUSRODWHV� TXDWHUQLRQV� XVLQJ� D� JUHDW� DUF� RQ� D� TXDWHUQLRQ�
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VSKHUH��ZH�H[WUDSRODWH�WKH�GHYLFH�RULHQWDWLRQ�XVLQJ�D�JUHDW�
DUF�FRQQHFWLQJ�T��DQG�TF��)LJXUH���

���7KHUHIRUH��ZH�FDQ�XVH�
DQ�HTXLYDOHQW�IRUPXOD�WKDW�LV�HDVLHU�WR�DSSO\�>��@��
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ZKHUH�W�FDQ�EH�REWDLQHG�IURP�
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(TXDWLRQV���DQG��� DUH� IXQGDPHQWDO� HTXDWLRQV�RI� URWDWLRQDO�
&�'�JDLQ��7KH\�DUH�IXQGDPHQWDO�LQ�WKH�VHQVH�WKDW�WKH\�UHS�
UHVHQW� D� EDVLF� IRUP� RI� ]HUR�RUGHU� &�'�PDSSLQJV� EHWZHHQ�
URWDWLRQV�RI�WKH�GHYLFH�DQG�URWDWLRQV�LQ�D��'�LQWHUIDFH�VSDFH�
DQG�SURYLGH�D�JHQHULF�PHWKRG�IRU�FRQVWUXFWLQJ�D�YDULHW\�RI�
URWDWLRQDO�WHFKQLTXHV�VXLWDEOH�IRU�SDUWLFXODU�DSSOLFDWLRQ��

7KHVH�PDSSLQJV� DUH� OLQHDU�� VLQFH� WKH� UDWH� RI� DPSOLILFDWLRQ�
GRHV�QRW�FKDQJH�QR�PDWWHU�KRZ�IDU� WKH�XVHU� URWDWHV�WKH�GH�
YLFH��7KH�QRQ�OLQHDU�PDSSLQJV��ZKLFK�PLJKW�EH�XVHIXO��DUH�
QRW�GLVFXVVHG�KHUH��ZH�UHIHU�WKH�LQWHUHVWHG�UHDGHU�WR�>��@��

,17(5$&7,21�7(&+1,48(6��'(6,*1�*8,'/,1(6�

,Q� WKH�SUHYLRXV� VHFWLRQ��ZH�GHULYHG� WKH� EDVLF� HTXDWLRQV� RI�
PDSSLQJ�WKDW�DOORZ�XV�WR�OLQHDUO\�DPSOLI\�URWDWLRQV�RI�PXO�
WLSOH�'2)�LQSXW�GHYLFHV��7KLV� VHFWLRQ�GLVFXVVHV�KRZ� WKHVH�
HTXDWLRQV�FDQ�EH�XVHG�WR�GHVLJQ�QRQ�LVRPRUSKLF�WHFKQLTXHV�
IRU�URWDWLQJ�REMHFWV�LQ�9(V��$W�WKH�FHQWHU�RI�WKLV�GLVFXVVLRQ�
DUH� LPSRUWDQW� DQG� QRQ�LQWXLWLYH� GLIIHUHQFHV� EHWZHHQ� DEVR�
OXWH�DQG�UHODWLYH�PDSSLQJ�VFKHPHV�LQ��'�URWDWLRQV��

$EVROXWH�DQG�UHODWLYH�PDSSLQJV��LW�PDNHV�D�GLIIHUHQFH�

7\SLFDO� LVRWRQLF� PXOWLSOH� '2)� GHYLFHV�� VXFK� DV�PDJQHWLF�
WUDFNHUV��DUH�DEVROXWH�GHYLFHV��L�H���WKH\�PHDVXUH�DQG�UHWXUQ�
WKH�DEVROXWH�GLVSODFHPHQW�RI� WKH�GHYLFH� UHODWLYH� WR� WKH� LQL�
WLDO��]HUR�RULHQWDWLRQ�>�@��+HQFH��WKH�HDVLHVW�PHWKRG�IRU�LP�
SOHPHQWLQJ�QRQ�LVRPRUSKLF� WHFKQLTXHV� LV� WR�PDS� WKH�DEVR�
OXWH�RULHQWDWLRQ�RI�GHYLFH�TFL��PHDVXUHG�RQ�L�WK�F\FOH�RI�WKH�
VLPXODWLRQ�ORRS��XVLQJ�(TXDWLRQV���RU����
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DQG� DSSO\� WKH� UHVXOWLQJ� DEVROXWH� RULHQWDWLRQ� TGL� WR� YLUWXDO�
REMHFWV��VFHQHV��DQG�YLUWXDO�YLHZSRLQWV���

$Q� DOWHUQDWLYH� ZD\� WR� LPSOHPHQW� QRQ�LVRPRUSKLF� WHFK�
QLTXHV�XVLQJ�WKH�VDPH�HTXDWLRQV�LV�WR�DPSOLI\�RQO\�UHODWLYH�
FKDQJHV� LQ� WKH� GHYLFH� RULHQWDWLRQ�� L�H�� RQ� L�WK� F\FOH� RI� WKH�
VLPXODWLRQ�ORRS��ZH�FDOFXODWH�WKH�UHODWLYH�URWDWLRQ�RI�GHYLFH�
URWDWLRQ�IURP�LWV�RULHQWDWLRQ�RQ�WKH�L��WK�F\FOH�DQG�DPSOLI\�
�����������������������������������������������������������
��6SKHULFDO� DUFV� KDYH� DOVR� EHHQ� XVHG� LQ� $UFEDOO� >��@�� +RZHYHU�� XVLQJ�
VSKHULFDO�DUFV�WR�UHSUHVHQW��'�URWDWLRQV�LV�D�VWDQGDUG�SUDFWLFH�ZKLOH� WKH�
SXUSRVH�DQG�UHDOL]DWLRQ�RI�$UFEDOO�DUH�GLIIHUHQW�IURP�WKH�SUHVHQW�ZRUN��

LW��7KH�RULHQWDWLRQ�RI�YLUWXDO�REMHFW�TGL
�LV�WKHQ�FDOFXODWHG�E\�

FRPELQLQJ�WKLV�DPSOLILHG�UHODWLYH� URWDWLRQ�ZLWK�WKH�RULHQWD�
WLRQ�RI�YLUWXDO�REMHFW�RQ�WKH�L���VWHS�RI�WKH�VLPXODWLRQ�ORRS��
�
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+HQFH��WKH�GLIIHUHQFH�EHWZHHQ�WKHVH�WZR�PDSSLQJ�VFKHPHV�
LV�WKDW�LQ�WKH�ILUVW�RQH�ZH�DPSOLI\�WKH�DEVROXWH�RULHQWDWLRQ�RI�
WKH�GHYLFH��ZKLOH�LQ�WKH�VHFRQG�RQH�ZH�DPSOLI\� LWV� UHODWLYH�
URWDWLRQV��&RQVHTXHQWO\��ZH�ZLOO� UHIHU� WR� WKHP�DV�DEVROXWH�
DQG�UHODWLYH�QRQ�LVRPRUSKLF�URWDWLRQ�PDSSLQJV��

'LIIHUHQWLDWLQJ� EHWZHHQ� DEVROXWH� DQG� UHODWLYH�PDSSLQJV� LQ�
VSDWLDO�URWDWLRQV�LV�LPSRUWDQW�IRU�WZR�UHDVRQV��)LUVW��WKH\�DUH�
GLIIHUHQW�IURP�D�PDWKHPDWLFDO�SRLQW�RI�YLHZ��JLYHQ�WKH�VDPH�
URWDWLRQ� SDWK� RI� WKH� GHYLFH�� WKHVH� WZR� PDSSLQJV� SURGXFH�
GLIIHUHQW�URWDWLRQ�SDWKV�RI�WKH�GLVSOD\HG�REMHFW����7KLV�PLJKW�
EH�XQH[SHFWHG�� LQGHHG�� LQ� WKH� FDVH�RI� WUDQVODWLRQV�� UHODWLYH�
DQG� DEVROXWH� PDSSLQJV� ZRXOG� REYLRXVO\� \LHOG� WKH� VDPH�
WUDMHFWRU\� RI�PRYHPHQW�� 7KLV�� KRZHYHU�� LV� \HW� DQRWKHU� H[�
DPSOH�RI�WKH�SHFXOLDU�QDWXUH�RI�FXUYHG�URWDWLRQDO�VSDFH��

6HFRQG��DEVROXWH�DQG�UHODWLYH�PDSSLQJV�DUH�YHU\� GLIIHUHQW�
IURP�WKH�XVDELOLW\�SRLQW�RI�YLHZ��7KH�³IHHO´�RI�WKH�PDQLSXOD�
WLRQ� ODUJHO\� GHSHQGV� RQ� WKH� FKRLFH� EHWZHHQ� UHODWLYH� DQG�
DEVROXWH� PDSSLQJV�� 7KH� QH[W� VHFWLRQ� FRPSDUHV� DQG� FRQ�
WUDVWV� WKH� XVDELOLW\� FKDUDFWHULVWLFV� RI� UHODWLYH� DQG� DEVROXWH�
PDSSLQJV�DQG�WKHLU�LPSOLFDWLRQV�IRU��'�LQWHUIDFH�GHVLJQ��

8VDELOLW\�SURSHUWLHV�RI�DEVROXWH�DQG�UHODWLYH�WHFKQLTXHV�

2XU� DELOLW\� WR� VHOI�UHJXODWH�PRWRU�PRYHPHQWV�� H�J��� REMHFW�
PDQLSXODWLRQ�� GHSHQGV� RQ� VSDWLDO� DQG� WHPSRUDO� FRUUHVSRQ�
GHQFH�EHWZHHQ�D�ODUJH�YDULHW\�RI�VHQVRU\�IHHGEDFNV��YLVXDO��
WDFWLOH�� NLQHVWKHWLF�� SURSULRFHSWLYH� DQG� RWKHUV�� ,I� WKH� FRP�
SXWHU� UHVSRQVH�� H�J��� YLVXDO� IHHGEDFN�� FRQIOLFWV�ZLWK� NLQHV�
WKHWLF� RU� SURSULRFHSWLYH� IHHGEDFN� SURGXFHG� E\� WKH� KXPDQ�
PRWRU� V\VWHP�� WKHQ� WKH� XVHU� SHUIRUPDQFH� GHJUDGHV� >��@��
7KHUHIRUH�� WKH� HIIHFWLYHQHVV� RI� PDQLSXODWLRQ� WHFKQLTXHV�
GHSHQGV�RQ�ZKHWKHU�WKH\�SUHVHUYH�FRPSOLDQFHV�EHWZHHQ�WKH�
XVHU� PRWRU� PRYHPHQWV� DQG� WKH� VHQVRU\� IHHGEDFN� V�KH� UH�
FHLYHV��L�H���D�VWLPXOXV�UHVSRQVH��6�5��FRPSDWLELOLW\�>�����@��

,Q� WKLV� VHFWLRQ�� ZH� H[DPLQH�ZKHWKHU� DEVROXWH� DQG� UHODWLYH�
URWDWLRQDO� PDSSLQJV� SUHVHUYH� WZR� SDUWLFXODU� FRPSOLDQFHV�
ZKLFK� DUH� LPSRUWDQW� IRU� HIIHFWLYH� GLUHFW� PDQLSXODWLRQ�� ���
FRPSOLDQFH� EHWZHHQ� WKH� URWDWLRQ� GLUHFWLRQV� RI� WKH� LQSXW�
GHYLFH� DQG�YLUWXDO� REMHFW�� L�H���GLUHFWLRQDO� FRPSOLDQFH� DQG�
���FRPSOLDQFH�EHWZHHQ�LQLWLDO�RULHQWDWLRQV�RI�WKH�REMHFW�DQG�
LQSXW�GHYLFH��ZKLFK�ZH�UHIHU�WR�DV�D�QXOOLQJ�FRPSOLDQFH��

'LUHFWLRQDO�FRPSOLDQFH�

'LUHFWLRQDO� FRPSOLDQFH� LQ� VSDWLDO� URWDWLRQV� VLPSO\� PHDQV�
WKDW�DV� WKH�XVHU�URWDWHV� WKH�PXOWLSOH�'2)�LQSXW�GHYLFH�� WKH�
YLUWXDO�REMHFW�URWDWHV�LQ�WKH�VDPH�GLUHFWLRQ�� L�H���DURXQG�WKH�
VDPH�D[LV��'LUHFWLRQDO�FRPSOLDQFH�HQVXUHV�FRUUHVSRQGHQFH�
EHWZHHQ�YLVXDO��NLQHVWKHWLF��SURSULRFHSWLYH�DQG�RWKHU� IHHG�
EDFNV� RI� PRWRU� PRYHPHQW� >��� ��@�� %ULWWRQ� >�@� LQWURGXFHG�
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GLUHFWLRQDO�FRPSOLDQFH�WR�FRPSXWHU�JUDSKLFV�DV�D�SULQFLSOH�
RI�NLQHVWKHWLF�FRUUHVSRQGHQFH��:H�FDQ�VKRZ�WKDW��

���5HODWLYH�QRQ�LVRPRUSKLF�PDSSLQJV�DOZD\V�PDLQWDLQ�GL�
UHFWLRQDO� FRPSOLDQFH� EHWZHHQ� URWDWLRQV� LQ� SK\VLFDO� DQG�
YLUWXDO�VSDFHV��$V�VKRZQ�LQ�(TXDWLRQ����LQ�HDFK�F\FOH�RI�WKH�
VLPXODWLRQ� ORRS�� WKH�YLUWXDO� REMHFW� LV� LQFUHPHQWDOO\� URWDWHG�
LQ�WKH�VDPH�GLUHFWLRQ�DV�WKH�GHYLFH��WKRXJK�ZLWK�D�GLIIHUHQW�
DPSOLWXGH�����$EVROXWH�QRQ�LVRPRUSKLF�PDSSLQJV�JHQHUDOO\�
GR� QRW� SUHVHUYH� GLUHFWLRQDO� FRPSOLDQFH� EHWZHHQ� URWDWLRQV�
RI�WKH�LQSXW�GHYLFH�DQG�YLUWXDO�REMHFWV��7R�LOOXVWUDWH�WKLV�OHW�
XV�FRQVLGHU�D� VLPSOH�SK\VLFDO� H[DPSOH��6XSSRVH�RXU� LQSXW�
GHYLFH�LV�D�SHQFLO�IL[HG�LQ�SRLQW����DQG�LW� URWDWHV� IURP�WKH�
LQLWLDO�RULHQWDWLRQ���WR�$�DQG�WKHQ�WR�%��)LJXUH�����7KH�DEVR�
OXWH�RULHQWDWLRQ�RI� WKH� SHQFLO� FDQ�EH� UHSUHVHQWHG� DV� DQ� DUF�
FRQQHFWLQJ�LQLWLDO�RULHQWDWLRQ���DQG�WKH�WLS�RI�WKH�SHQFLO��7KH�
DEVROXWH�PDSSLQJ�ZRXOG�DOZD\V�VFDOH�WKLV�DUF�UHODWLYH�WR�WKH�
LQLWLDO�RULHQWDWLRQ����DQG�WKHQ�DSSO\�WKH�UHVXOWLQJ�DPSOLILHG�
RULHQWDWLRQ�WR�WKH�YLUWXDO�SHQFLO��ZKLFK�ZRXOG�URWDWH�IURP���
WR�$¶�DQG�WKHQ�WR�%¶��,W�LV�REYLRXV�IURP�)LJXUH���WKDW�URWD�
WLRQ�$%�RI�WKH�SK\VLFDO�SHQFLO�DQG�URWDWLRQ�$¶%¶�RI�WKH�YLU�
WXDO�SHQFLO�ZLOO�KDSSHQ�DURXQG�GLIIHUHQW�D[HV��
1XOOLQJ�FRPSOLDQFH�

1XOOLQJ� FRPSOLDQFH� HQVXUHV� WKDW� QXOOLQJ� WKH� GHYLFH�� L�H���
URWDWLQJ� LW� LQWR� DQ� LQLWLDO�� ]HUR� RULHQWDWLRQ� >�@�� ZRXOG� DOVR�
URWDWH� WKH� FRQWUROOHG� YLUWXDO� REMHFW� LQWR� D� ]HUR� RULHQWDWLRQ��
1XOOLQJ� FRPSOLDQFH� SUHVHUYHV� WKH� FRQVLVWHQW� FRUUHVSRQ�
GHQFH� EHWZHHQ� WKH� RULJLQV� RI� WKH� FRRUGLQDWH� V\VWHPV� LQ�
SK\VLFDO�DQG�YLUWXDO�VSDFHV��:H�FDQ�VKRZ�WKDW��
��� $EVROXWH� QRQ�LVRPRUSKLF� PDSSLQJV� VWULFWO\� SUHVHUYH�
QXOOLQJ�FRPSOLDQFH��7KLV�IROORZV�GLUHFWO\�IURP�(TXDWLRQ����
LQGHHG��UDLVLQJ�WKH�LGHQWLW\�TXDWHUQLRQ��L�H���]HUR�URWDWLRQ��WR�
D� SRZHU� ZLOO� DOZD\V� \LHOG� WKH� LGHQWLW\� TXDWHUQLRQ�� ���7KH�
UHODWLYH�PDSSLQJV� GR� QRW� JHQHUDOO\� SUHVHUYH� QXOOLQJ� FRP�
SOLDQFH��1XOOLQJ�WKH�GHYLFH�ZRXOG�QRW�QHFHVVDULO\�URWDWH�WKH�
YLUWXDO�REMHFW�LQWR�WKH�H[SHFWHG�LQLWLDO�VWDWH��EXW�UDWKHU� LQWR�
VRPH�XQSUHGLFWDEOH�RULHQWDWLRQ��7KLV� IROORZV�GLUHFWO\� IURP�
WKH�GLVFXVVLRQ�LQ�IRRWQRWH����
+RZ� LPSRUWDQW� LV� QXOOLQJ� FRPSOLDQFH� IRU� GLUHFW�PDQLSXOD�
WLRQ� LQ� �'� LQWHUIDFHV"� 7KH� DQVZHU� GHSHQGV� RQ� WKH� RWKHU�
GHVLJQ�YDULDEOH�±�WKH�IRUP�IDFWRU�RI�WKH�LQSXW�GHYLFH��
1RQ�LVRPRUSKLF�PDSSLQJV�DQG�GHYLFH�IRUP�IDFWRU�

7KH� VKDSH� RI� D� PXOWLSOH� '2)� LQSXW� GHYLFH� FDQ� PDNH� LWV�
PDQLSXODWLRQ�HDVLHU�RU�KDUGHU��E\�LQYROYLQJ�GLIIHUHQW�PXVFOH�

JURXSV�>��@��7KH�GHYLFH�IRUP�IDFWRU�FDQ�DOVR�SURYLGH�FRJQL�
WLYH�FOXHV�WR�WKH�XVHU�RQ�KRZ�LW�FDQ�EH�XVHG�>�@��,Q�DGGLWLRQ��
ZH� REVHUYH� WKDW� GLIIHUHQW� GHYLFH� IRUP�IDFWRUV� SURYLGH� GLI�
IHUHQW�VHQVRU\�IHHGEDFNV�RQ�WKH�SK\VLFDO�RULHQWDWLRQ�RI� WKH�
GHYLFH��)RU�H[DPSOH��D�GHYLFH�PRXQWHG�RQ�WKH�XVHU¶V�KDQG��
H�J���D�GDWD�JORYH��SURYLGHV�WKH�XVHU�ZLWK�VWURQJ�NLQHVWKHWLF�
DQG� SURSULRFHSWLYH� IHHGEDFN� RQ� WKH� GHYLFH¶V� RULHQWDWLRQ��
7KH�XVHU� LQKHUHQWO\� IHHOV� WKH� GHYLFH� RULHQWDWLRQ�� KHQFH� WKH�
LQFRQVLVWHQF\� EHWZHHQ� WKH� ]HUR� RULHQWDWLRQ� RI� WKH� GHYLFH�
DQG�WKH�]HUR�RULHQWDWLRQ�RI�WKH�YLUWXDO�REMHFW��ZLOO�EH�QRWLFHG�
DQG�PD\�GHJUDGH�XVHU�SHUIRUPDQFH��

2Q� WKH�RWKHU�KDQG��GHYLFHV� WKDW� DUH� QRW�ZRUQ�RQ� WKH� ERG\�
EXW�DUH�IUHHO\�URWDWHG�LQ�WKH�XVHU¶V�ILQJHUV�GR�QRW�LQKHUHQWO\�
SURYLGH�DQ\�NLQHVWKHWLF�RU�SURSULRFHSWLYH�IHHGEDFN�RQ�WKHLU�
RULHQWDWLRQ�� ,Q�FDVHV�ZKHUH� WKH� GHYLFH¶V�JHRPHWULFDO� VKDSH�
FDQ�EH�UHFRJQL]HG�WKURXJK�WDFWLOH�IHHGEDFN��WKH�LQFRQVLVWHQ�
FLHV�EHWZHHQ�RULHQWDWLRQV�RI� WKH� GHYLFH�DQG�YLUWXDO�REMHFWV�
FDQ�VWLOO�EH�SHUFHLYHG��+RZHYHU��D�KRPRJHQHRXV�IRUP��VXFK�
DV�D�VSKHUH��SURYLGHV�YHU\� OLWWOH� VHQVRU\� LQIRUPDWLRQ�DERXW�
LWV�DFWXDO�SK\VLFDO�RULHQWDWLRQ��)RU�VXFK�D�GHYLFH��DOO�RULHQ�
WDWLRQV� DUH� HTXLYDOHQW� DQG� LW� LV� GLIILFXOW�� LI� LPSRVVLEOH�� IRU�
WKH� XVHU� WR� GLVFULPLQDWH� EHWZHHQ� WKHP��+HQFH�� WKH� QXOOLQJ�
FRPSOLDQFH�EHFRPHV�XQQHFHVVDU\��

7R�FRQFOXGH��PXOWLSOH�'2)�GHYLFHV��ZKLFK�KDYH�D�VSKHULFDO�
IRUP�DQG�FDQ�EH�PDQLSXODWHG�LQ�WKH�ILQJHUV��VXFK�DV�=KDL¶V�
)LQJHU� %DOO� >��@�� DUH� QRW� VXEMHFWHG� WR� QXOOLQJ� FRPSOLDQFH�
FRQVWUDLQWV��6XFK�GHYLFHV�FDQ�EH�HIIHFWLYHO\�XVHG�ZLWK�QRQ�
LVRPRUSKLF� UHODWLYH� PDSSLQJV�� DV� H[SHULPHQWDO� VWXGLHV� UH�
SRUWHG�ODWHU�LQ�WKH�SDSHU�ZLOO�GHPRQVWUDWH��

'HVLJQ�WUDGH�RII�LQ��'�URWDWLRQDO�WHFKQLTXHV�

7KH� GLIIHUHQFH� EHWZHHQ� XVLQJ� UHODWLYH� DQG� DEVROXWH� &�'�
PDSSLQJV�LQ�GHVLJQLQJ�URWDWLRQDO�WHFKQLTXHV�LV�D�TXHVWLRQ�RI�
D� WUDGH�RII�EHWZHHQ� WKH�GLUHFWLRQDO� DQG� WKH�QXOOLQJ� FRQVLV�
WHQF\��ZH�FDQQRW�KDYH�ERWK��7DEOH�����
$EVROXWH�QRQ�LVRPRUSKLF�PDSSLQJV�FDQ�RQO\�KDYH�D�OLPLWHG�
XVH�VLQFH�WKH\�GR�QRW�DOZD\V�SUHVHUYH�WKH�GLUHFWLRQDO�FRP�
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SOLDQFH��DQG�WKHUHIRUH�GR�QRW�DOORZ�WKH�XVHU� WR�FRQVLVWHQWO\�
SUHGLFW�WKH�UHVSRQVH�RI�WKH�YLUWXDO�REMHFW�RQ�WKH�GHYLFH�URWD�
WLRQV�� 7KHVH� PDSSLQJV�� KRZHYHU�� FDQ� EH� XVHIXO� ZKHQ� WKH�
GHYLFH�URWDWLRQV�GR�QRW�FKDQJH�WKH�D[LV�PXFK��)RU�H[DPSOH��
ZH� KDYH� XVHG� WKHP�ZLWK� VDWLVIDFWRU\� UHVXOWV� IRU� YLHZSRLQW�
FRQWURO�XVLQJ�KHDG�URWDWLRQV�WUDFNHG�E\�D�FDPHUD�>��@��

5HODWLYH�QRQ�LVRPRUSKLF�PDSSLQJV�FDQ�EH�YHU\�HIILFLHQW� LQ�
PDQXDO�FRQWURO�WDVNV�LI�WKH�PXOWLSOH�'2)�LQSXW�GHYLFH�SUR�
YLGHV� OLWWOH� WDFWLOH� DQG� NLQHVWKHWLF� IHHGEDFN� RQ� LWV� DFWXDO�
RULHQWDWLRQ�DQG�FDQ�EH�IUHHO\�URWDWHG�LQ�WKH�ILQJHUV��VXFK�DV�
LQ�WKH�FDVH�RI�D�)LQJHU�%DOO�DQG�WR�D�FHUWDLQ�GHJUHH�WKH�3RO�
KHPXV�6SDFH�%DOO��:H�ZLOO�VXSSRUW�WKLV�REVHUYDWLRQ�E\�SUH�
VHQWLQJ�WKH�UHVXOWV�RI�WKH�IROORZLQJ�H[SHULPHQWDO�VWXGLHV��

(;3(5,0(17$/�86$%,/,7<�678'<�

$Q�H[SHULPHQWDO�XVDELOLW\� HYDOXDWLRQ�ZDV� FRQGXFWHG� WR� LQ�
YHVWLJDWH�WKH�SHUIRUPDQFH�FKDUDFWHULVWLFV�RI�D� UHODWLYH�QRQ�
LVRPRUSKLF� URWDWLRQDO� WHFKQLTXH� FRPSDUHG� ZLWK� FRQYHQ�
WLRQDO� RQH�WR�RQH� PDSSLQJ� LQ� D� �'� REMHFW� URWDWLRQ� WDVN��
%DVHG�RQ�WKH�UHVXOWV�RI�SLORW�VWXGLHV��WKH�IROORZLQJ�SUHOLPL�
QDU\�K\SRWKHVHV�ZHUH�IRUPXODWHG�SULRU�WR�WKH�H[SHULPHQWV��

+���$�UHODWLYH�DPSOLILFDWLRQ�RI�PXOWLSOH�'2)� LQSXW� GHYLFH�
URWDWLRQV�ZLOO�DOORZ�VXEMHFWV� WR�DFFRPSOLVK�D�URWDWLRQ� WDVN�
IDVWHU� WKDQ� ZLWK� WUDGLWLRQDO� LVRPRUSKLF� PDSSLQJV� ZKHQ� D�
ODUJH� UDQJH� RI� URWDWLRQV� LV� UHTXLUHG�� $� QRQ�LVRPRUSKLF�
PDSSLQJ�ZLOO� QRW� KDYH� D� VLJQLILFDQW� HIIHFW� RQ� VXEMHFW� SHU�
IRUPDQFH�IRU�D�VPDOO�UDQJH�RI�URWDWLRQV��
$�ODUJH�UDQJH�RI�URWDWLRQV�XVXDOO\� UHTXLUHV�FOXWFKLQJ�RU� LQ�
YROYHV� ODUJHU�PXVFOHV� RI� WKH� DUPV� DQG� VKRXOGHUV�� DQG� WKLV�
GHFUHDVHV� XVHU� SHUIRUPDQFH� >��@�� :H� VXJJHVW� WKDW� D� QRQ�
LVRPRUSKLF� LQWHUDFWLRQ� WHFKQLTXH�ZLWK�PRGHUDWH� DPSOLILFD�
WLRQ� RI� URWDWLRQV� ZLOO� DOORZ� VXEMHFWV� WR� XVH� WKHLU� ILQJHUV�
PRUH�HIIHFWLYHO\�� UHGXFH� WKH�QHHG�IRU�FOXWFKLQJ��DQG� WKHUH�
IRUH� UHVXOW� LQ� IDVWHU� WDVN� FRPSOHWLRQ��:H� K\SRWKHVL]H� WKDW�
QRQ�LVRPRUSKLF� PDSSLQJ� ZRXOG� QRW� UHVXOW� LQ� EHWWHU� SHU�
IRUPDQFH� IRU� VPDOO� URWDWLRQV�� DQG� ZH� ZHUH� LQWHUHVWHG� LQ�
ZKHWKHU�WKHUH�ZRXOG�EH�D�GHFUHDVH�LQ�XVHU�SHUIRUPDQFH��

+��� 1RQ�LVRPRUSKLF� WHFKQLTXHV� ZLWK� PRGHUDWH� DPSOLILFD�
WLRQ�RI�URWDWLRQV�ZLOO�GHFUHDVH�URWDWLRQDO�DFFXUDF\��
7KH�KLJKHU�WKH�VHQVLWLYLW\�RI�D�GHYLFH��WKH�PRUH�GLIILFXOW�LW�LV�
WR� URWDWH� WKH�GHYLFH�SUHFLVHO\� LQWR� WKH� UHTXLUHG�RULHQWDWLRQ��
:KLOH�LW�VHHPV�ORJLFDO� WR�DVVXPH�WKDW�DFFXUDF\�ZLOO�VXIIHU��
ZH�ZHUH�LQWHUHVWHG�LQ�KRZ�VLJQLILFDQW�WKH�GHFUHDVHV�LQ�URWD�
WLRQDO�DFFXUDF\�ZRXOG�EH��

)LQDOO\�� ZH� ZHUH� LQWHUHVWHG� LQ� HVWLPDWLQJ� VXEMHFWV
� SUHIHU�
HQFHV� IRU� URWDWLRQ� WHFKQLTXHV��7KH� URWDWLRQ� WDVN�KDV� DQ� LQ�
KHUHQWO\�OLPLWHG�UDQJH�±�����GHJUHHV�±�DQG�FDQ�EH�DFFRP�
SOLVKHG�ZLWK�RU�ZLWKRXW� DPSOLILFDWLRQ��6WURQJ� VXEMHFW�SUHI�
HUHQFHV� IRU�VRPH�RI�WKH�WHFKQLTXHV�ZRXOG�LQGLFDWH� WKDW� WKH�
FKRLFH� RI� PDSSLQJ� GRHV� PDNH� D� GLIIHUHQFH� DQG� WKHUHIRUH�
VKRXOG�EH�FRQVLGHUHG�LQ�WKH�GHVLJQ�RI�VSDWLDO�LQWHUIDFHV��

6XEMHFWV�DQG�DSSDUDWXV�

7ZHQW\�XQSDLG�VXEMHFWV��HLJKWHHQ�PDOH�DQG�WZR�IHPDOH��DOO�
ULJKW�KDQGHG��DJH�UDQJH�IURP����WR�����ZHUH�UHFUXLWHG�IURP�
WKH�ODERUDWRU\�VXEMHFWV�SRRO��1RQH�RI� WKH�VXEMHFWV�KDG�SUH�
YLRXV�H[SHULHQFH�ZLWK��'2)�LQSXW�GHYLFHV���

7KH� H[SHULPHQWV�ZHUH� FRQGXFWHG� LQ� GHVNWRS� HQYLURQPHQWV�
XVLQJ�WKH�6*,�2��ZRUNVWDWLRQ�ZLWK�D���´�����[�����SL[HOV�

WUXH�FRORU�PRQLWRU��7KH�XSGDWH�UDWH�ZDV�FRQWUROOHG�EHWZHHQ�
��� DQG� ��� +]�� 7KH� 3ROKHPXV� 6SDFH%DOO� �'2)�PDJQHWLF�
VHQVRU�ZDV� VHOHFWHG�DV� WKH� LQSXW� GHYLFH�� DQG� D�PRXVH�ZDV�
XVHG�DV�WKH�WULJJHU�GHYLFH��7KH�FRHIILFLHQW�RI�DPSOLILFDWLRQ�
LQ�QRQ�LVRPRUSKLF�WHFKQLTXH�ZDV�FKRVHQ�HPSLULFDOO\�DW������

([SHULPHQWDO�WDVN�

7KH�H[SHULPHQWDO�WDVN�GHVLJQ�IROORZHG�WKH�GHVLJQ�RI�RULHQ�
WDWLRQ�PDWFKLQJ�H[SHULPHQWV�XVHG�E\�&KHQ�>�@�DQG�+LQFNOH\�
>�@��3DUWLFLSDQWV�ZHUH�LQVWUXFWHG�WR�URWDWH�D�VROLG�VKDGHG��'�
PRGHO� RI� D� KRXVH� IURP� D� UDQGRPO\� JHQHUDWHG� RULHQWDWLRQ�
LQWR�D�UHTXHVWHG��D�SULRUL�VSHFLILHG�WDUJHW�RULHQWDWLRQ��)LJXUH�
����7KH�WDUJHW�RULHQWDWLRQ�ZDV�D�IURQW�RI�WKH�KRXVH��LQGLFDWHG�
E\� WKH� IURQW� GRRU�� IDFLQJ� WKH� XVHU�� 7KH� KRXVH� PRGHO� ZDV�
PDGH�WR�SURYLGH�PD[LPXP�FOXHV�WR�XQGHUVWDQGLQJ�LWV�RULHQ�
WDWLRQ��H�J���DV\PPHWULF�ORFDWLRQ�RI�FKLPQH\�DQG�ZLQGRZV��

7KH�XVHU� SLFNHG�XS� DQG� UHOHDVHG� D� KRXVH� E\� SUHVVLQJ� DQG�
UHOHDVLQJ� WKH� PRXVH� EXWWRQ� ZLWK� WKH� QRQ�GRPLQDQW� KDQG��
7KH�XVHU�FRXOG�URWDWH�WKH�KRXVH�LWHUDWLYHO\�XVLQJ�FOXWFKLQJ�±�
SLFN�� URWDWH�� UHOHDVH�� UH�DGMXVW� WKH� KDQG�� DQG� UH�SLFN� WKH�
KRXVH� DV� PDQ\� WLPHV� DV� QHFHVVDU\� WR� RULHQW� LW� ZLWKLQ� WKH�
WKUHVKROG�RI�WKH�VSHFLILHG�DFFXUDF\��:KHQ�WKH�HUURU�RI�RUL�
HQWDWLRQ�IHOO�EHORZ�WKH�WKUHVKROG��ZKLFK�ZDV�DSSUR[LPDWHO\�
���GHJUHHV�� ������ WKH�KRXVH�ZRXOG�GLVDSSHDU��FXHLQJ�VXE�
MHFWV�WKDW�WKH�WDVN�KDG�EHHQ�DFFRPSOLVKHG�VXFFHVVIXOO\��7KH�
QH[W�WULDO�ZDV�SUHVHQWHG�DIWHU�D�WKUHH�VHFRQG�GHOD\��

7KLV�WDVN�GHVLJQ�GLIIHUHG�IURP�&KHQ¶V�LQ�WZR�UHVSHFWV��)LUVW��
&KHQ�UHTXLUHG�VXEMHFWV�WR�URWDWH�D�KRXVH�IURP�D�IL[HG�LQLWLDO�
RULHQWDWLRQ�LQWR�D�UDQGRPO\�JHQHUDWHG�RQH��:H�VOLJKWO\�VLP�
SOLILHG� WKH� WDVN�E\� UHYHUVLQJ� LW�� WKH� XVHU� URWDWHG� WKH� KRXVH�
IURP�WKH�LQLWLDO�UDQGRP�RULHQWDWLRQ�LQWR�D�NQRZQ�RQH��6HF�
RQG��&KHQ�UDWHG�DQG�VFRUHG�WKH�XVHU
V�FRPSOHWLRQ�DFFXUDF\�
DIWHU� HDFK� WDVN� DV� ³([FHOOHQW�´� ³*RRG�PDWFK�´� DQG� VR� RQ��
:H�XVHG�WKH�DFFXUDF\�WKUHVKROG�LQVWHDG��EHFDXVH�LW�DOORZHG�
XV�WR�LPSOLFLWO\�FRQWURO�WKH�GLIILFXOW\�RI�WKH�WDVN�DV�ZHOO�DV�WR�
SURYLGH�SDUWLFLSDQWV�ZLWK�FOHDU�FULWHULD�RI�WDVN�FRPSOHWLRQ��

([SHULPHQW�GHVLJQ�DQG�SURFHGXUH�

7KH� UHSHDWHG�PHDVXUHV�ZLWKLQ� VXEMHFW� H[SHULPHQWDO� GHVLJQ�
ZDV�XVHG��7KH�LQGHSHQGHQW�YDULDEOHV�ZHUH�LQWHUDFWLRQ�WHFK�
QLTXH��RQH�WR�RQH�DQG�QRQ�LVRPRUSKLF�PDSSLQJ��DQG�DPSOL�
WXGH�RI�URWDWLRQ��GHILQHG�DV�WKH�VKRUWHVW�URWDWLRQ�UHTXLUHG�WR�
URWDWH� WKH� KRXVH� LQWR� WKH� WDUJHW� RULHQWDWLRQ��7KH� DPSOLWXGH�
YDULDEOH�KDG�WZR� OHYHOV��VPDOO� �D�UDQGRP�DQJOH�IURP����WR�
����DQG�ODUJH��D�UDQGRP�DQJOH�IURP����WR�������

7KH�GHSHQGHQW�YDULDEOHV�ZHUH�FRPSOHWLRQ�WLPH�DQG�RULHQWD�
WLRQ� HUURU�� 7KH� FRPSOHWLRQ� WLPH� ZDV� PHDVXUHG� IURP� WKH�

�
)LJXUH����7DVN� UHTXLUHG�XVHUV� WR� URWDWH� KRXVH�PRGHO� IURP�
UDQGRPO\�JHQHUDWHG�LQLWLDO�RULHQWDWLRQ��OHIW��WR�WDUJHW�RULHQWD�
WLRQ��ZLWK�IURQW�RI�WKH�KRXVH�IDFLQJ�XVHU��ULJKW���

7DUJHW�RULHQWDWLRQ�,QLWLDO�RULHQWDWLRQ�
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PRPHQW� WKH� XVHU� SLFNHG� XS� D� KRXVH� XQWLO� WKH�PRPHQW� WKH�
KRXVH�ZDV� RULHQWHG�ZLWK� WKH� UHTXLUHG� DFFXUDF\�� (UURU�ZDV�
PHDVXUHG�DV�WKH�DQJXODU�GLIIHUHQFH�EHWZHHQ�WKH�ILQDO�RULHQ�
WDWLRQ�RI�WKH�KRXVH�DQG�WDUJHW�RULHQWDWLRQ��

7KH� H[SHULPHQWV� VWDUWHG� ZLWK� DQ� H[SODQDWLRQ� RI� WKH� WHFK�
QLTXHV��H[SHULPHQWDO� WDVN�DQG�SURFHGXUH��IROORZHG�E\�D����
WR����PLQXWH�WUDLQLQJ�WR�VWDELOL]H�WKH�PDQLSXODWLRQ�SHUIRUP�
DQFH�DQG�HQVXUH� XQGHUVWDQGLQJ�RI� WKH� WDVN�DQG� WHFKQLTXHV��
7KH� WUDLQLQJ� ZDV� IROORZHG� E\� WKH� H[SHULPHQWDO� VHVVLRQ�
FRQVLVWLQJ�RI�WZR�EORFNV�RI� WULDOV��RQH�ZLWK�RQH�WR�RQH�DQG�
WKH� RWKHU� ZLWK� QRQ�LVRPRUSKLF� PDSSLQJ�� (DFK� EORFN� FRQ�
VLVWHG� RI� WHQ� WULDOV�� ILYH� ZLWK� ODUJH� DQG� ILYH� ZLWK� VPDOO�
DPSOLWXGH�RI�URWDWLRQ��UDQGRPL]HG��$OO�VXEMHFWV�PDWFKHG�WKH�
VDPH�UDQGRPO\�JHQHUDWHG�RULHQWDWLRQV��7R�FRQWURO�IRU�RUGHU�
HIIHFW��KDOI�RI�WKH�VXEMHFWV�VWDUWHG�ZLWK�RQH�WR�RQH�PDSSLQJ�
ZKLOH� WKH� RWKHU� KDOI� VWDUWHG�ZLWK� WKH� QRQ�LVRPRUSKLF� WHFK�
QLTXH��,Q�D�TXHVWLRQQDLUH�DGPLQLVWHUHG�DIWHU�FRPSOHWLRQ�RI�WKH�H[�
SHULPHQWV��VXEMHFWV�ZHUH�DVNHG� WR� UDWH� WKH� WHFKQLTXHV�RQ� D�
VFDOH�IURP���WR������ �YHU\�EDG���� �EDG���� �2.���� �JRRG��
DQG� ��  � H[FHOOHQW�� DQG� H[SODLQ� WKHLU� FKRLFHV�� 7KH� H[SHUL�
PHQWV�WRRN�IURP����PLQXWHV�WR���KRXU�IRU�HDFK�VXEMHFW��

5HVXOWV�

$� UHSHDWHG�PHDVXUHV� WZR�ZD\� DQDO\VLV� RI� YDULDQFH�
�$129$��ZDV�SHUIRUPHG� IRU� HDFK�RI� WKH� GHSHQGHQW� YDUL�
DEOHV� ZLWK� LQWHUDFWLRQ� WHFKQLTXHV� DQG� DPSOLWXGH� DV� LQGH�
SHQGHQW� YDULDEOHV�� 'DWD� IRU� FRPSOHWLRQ� WLPH� ZDV� WUDQV�
IRUPHG� XVLQJ� D� QDWXUDO� ORJDULWKP�� VLQFH� DQDO\VLV� UHYHDOHG�
WKDW�WKH�GDWD�ZDV�VNHZHG�DZD\�IURP�D�QRUPDO�GLVWULEXWLRQ��

7DEOH���RXWOLQHV� WKH�PDLQ�HIIHFWV�RI� LQGHSHQGHQW�YDULDEOHV�
DV� ZHOO� DV� WKHLU� LQWHUDFWLRQ� IRU� HDFK� GHSHQGHQW� YDULDEOH��
%RWK� WHFKQLTXH� DQG� DPSOLWXGH� VLJQLILFDQWO\� DIIHFWHG� WKH�
FRPSOHWLRQ� WLPH�� 7KH� LQWHUDFWLRQ� WHFKQLTXH�� KRZHYHU��ZDV�
QRW�D� VLJQLILFDQW� IDFWRU� IRU� WKH� RULHQWDWLRQ�HUURU��$�VLJQLIL�
FDQW�LQWHUDFWLRQ�EHWZHHQ�WHFKQLTXH�DQG�DPSOLWXGH�IRU�FRP�
SOHWLRQ�WLPH�VXJJHVWV�WKDW�WKH�HIIHFW�RI�WKH�LQWHUDFWLRQ�WHFK�
QLTXH�GHSHQGV�RQ�URWDWLRQDO�DPSOLWXGHV��

$� VHSDUDWH� FRPSDULVRQ� RI� WHFKQLTXHV� IRU� VPDOO� DQG� ODUJH�
URWDWLRQV� VKRZV� WKDW� WKH� QRQ�LVRPRUSKLF� PDSSLQJ� ZDV� RQ�
DYHUDJH� ����� SHUFHQW� IDVWHU� ZKHQ� D� ODUJH� DPSOLWXGH� ZDV�
UHTXLUHG��)����� ������S���������)LJXUH�����ZKLOH�QR�VLJQLIL�
FDQW�GLIIHUHQFH�ZDV�IRXQG�IRU�VPDOO�URWDWLRQV��)����� �������S�
�� ������� 7KLV� ILQGLQJ� VXSSRUWV� WKH� ILUVW� K\SRWKHVLV�� %RWK�
WHFKQLTXHV�UHVXOWHG�LQ�DOPRVW�WKH�VDPH�RULHQWDWLRQ�HUURU��WKH�
DYHUDJH� ZDV� ���� DQG� ���� GHJUHHV� IRU� QRQ�LVRPRUSKLF� DQG�
RQH�WR�RQH� PDSSLQJV�� UHVSHFWLYHO\� �)LJXUH� ���� 7KLV� GLIIHU�
HQFH�LV�LQVLJQLILFDQW�ERWK�VWDWLVWLFDOO\�DQG�TXDOLWLYHO\��

6XEMHFWV�SUHIHUHQFHV�

,Q� WKH� TXHVWLRQQDLUH� ��� VXEMHFWV� ������ SUHIHUUHG� QRQ�LVR�
PRUSKLF�WR�RQH�WR�RQH�PDSSLQJ��RQ�DYHUDJH�WKH\�ZHUH�UDWHG�

�����DQG������UHVSHFWLYHO\��RQ�D�VFDOH�IURP���WR����$�SDLUHG�
W�WHVW�FRQILUPHG�WKDW�WKLV�GLIIHUHQFH�ZDV�VWDWLVWLFDOO\�VLJQLIL�
FDQW��W��� ������ S���������� 6XEMHFWV� QRWHG� WKDW� QRQ�LVRPRU�
SKLF�PDSSLQJV� DOORZHG� WKHP� WR� URWDWH� REMHFWV� IDVWHU��ZLWK�
OLWWOH� UH�DGMXVWPHQW�RI�KDQG�RU�GHYLFH�DQG� OHVV�SK\VLFDO�HI�
IRUW� ZKHQ� D� ODUJH� UDQJH� RI� URWDWLRQV� ZDV� UHTXLUHG�� 7KUHH�
VXEMHFWV� VSHFLILFDOO\� FRPPHQWHG� WKDW� DPSOLILHG� URWDWLRQV�
DOORZHG� WKHP� WR� XVH� WKHLU� ILQJHUV� RYHU� D� ODUJHU� UDQJH� RI�
URWDWLRQV��ZKLFK�WKH\�IRXQG�ZDV�PRUH�HIILFLHQW��

0DQ\�VXEMHFWV�UHSRUWHG�WKDW�LW�ZDV�VOLJKWO\�PRUH�GLIILFXOW�WR�
SUHFLVHO\� FRQWURO� GHYLFH� URWDWLRQV� ZLWK� QRQ�LVRPRUSKLF�
PDSSLQJ��+RZHYHU��PDQ\�RI�WKHP�QRWHG�WKDW�LW�ZDV�D�TXHV�
WLRQ�RI�H[SHULHQFH�DQG�SUDFWLFH��7ZR�VXEMHFWV�VXJJHVWHG�WKDW�
LW� ZRXOG� EH� XVHIXO� WR� EH� DEOH� WR� FRQWURO� WKH� VHQVLWLYLW\� RI�
PDSSLQJ�DQG�XVH�VORZHU�URWDWLRQV��HVSHFLDOO\�ZKHQ�DFFXUDF\�
ZDV� LPSRUWDQW�� 7KH� FDEOH� RI� WKH� 6SDFH%DOO� WUDFNHU� ZDV�
IRXQG�WR�EH�WKH�PRVW�GLVWXUELQJ�IDFWRU�LQ�WKH�H[SHULPHQWV��

'LVFXVVLRQ�

7KH�H[SHULPHQWV�GHPRQVWUDWHG�WKDW�D�QRQ�LVRPRUSKLF�LQWHU�
DFWLRQ� WHFKQLTXH�� ZKLFK� OLQHDUO\� DPSOLILHV� URWDWLRQV� RI� D�
PXOWLSOH�'2)�LQSXW�GHYLFH��DOORZHG�WKH�VXEMHFWV�WR�DFFRP�
SOLVK�WKH�H[SHULPHQWDO�WDVN�����IDVWHU�FRPSDUHG�ZLWK�RQH�
WR�RQH�PDSSLQJ�IRU�D�ODUJH�UDQJH�RI�URWDWLRQV��7KH�SHUIRUP�
DQFH�IRU�D�VPDOO�UDQJH�RI�URWDWLRQV�ZDV�WKH�VDPH��7KH�VXE�
MHFWV¶�VWURQJ�SUHIHUHQFHV�IRU�WKH�QRQ�LVRPRUSKLF�WHFKQLTXHV�
DOVR� VXJJHVW� WKDW� URWDWLRQDO�PDSSLQJV�DUH�DQ� LPSRUWDQW�GH�
VLJQ�YDULDEOH�LQ�FRQVWUXFWLQJ��'�XVHU�LQWHUIDFHV��

)XUWKHUPRUH�� PDSSLQJV� KDG� QR� HIIHFW� RQ� WKH� DFFXUDF\� RI�
URWDWLRQ��RU�DW�OHDVW�QRQH�WKDW�FRXOG�EH�GHWHFWHG�ZLWK����VXE�
MHFWV��,I�ZH�FRPSDUH�RXU�UHVXOWV�ZLWK�+LQNOH\¶V�H[SHULPHQWV�
>�@�� ZKR� XVHG� D� VLPLODU� H[SHULPHQWDO� GHVLJQ�� RXU� VXEMHFWV�
DYHUDJHG�����GHJUHHV�RI�HUURU��ZKLOH�+LQNOH\¶V����VXEMHFWV�
DYHUDJHG� ���� GHJUHHV� RI� HUURU��$OWKRXJK� RXU� H[SHULPHQWDO�
GHVLJQ� HPSKDVL]HG� VSHHG�� RXU� UHVXOWV� FORVHO\� UHSOLFDWHG�
+LQNOH\¶V�� HYHQ� WKRXJK� KLV� H[SHULPHQWV� HPSKDVL]HG� DFFX�
UDF\� LQVWHDG�� 7KLV� VXSSRUWV�+LQNOH\¶V� REVHUYDWLRQ� WKDW� WKH�
DFFXUDF\�RI�URWDWLRQ�PLJKW�EH�OHVV�DIIHFWHG�E\�WKH�PDQLSXOD�
WLRQ�FDSDELOLWLHV�RI�WKH�LQWHUIDFH�WKHQ�E\�WKH�GLIILFXOWLHV�VXE�
MHFWV�KDG�LQ�SHUFHLYLQJ�DQG�DGMXVWLQJ�WKH�URWDWLRQ�HUURU��)XU�
WKHUPRUH�� WKH� H[SHULPHQWV�RI�:DUH� DQG�5RVH� >��@�GHPRQ�
VWUDWHG� WKDW� HYHQ� ZKHQ� VXEMHFWV� URWDWHG� RUGLQDU\� SK\VLFDO�
REMHFWV�LQ�UHDO�ZRUOG�� WKHUH�ZDV�D�QDWXUDO� OLPLW� LQ�DFFXUDF\�
WKDW�DYHUDJHG������GHJUHHV�� ,Q��'� LQWHUIDFHV�� WKH�DFFXUDF\�
FDQ�GHWHULRUDWH�IXUWKHU�GXH�WR�LQVXIILFLHQW�GHSWK�FXHV�RU�ODJ��
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)RU�FRPSOHWLRQ�WLPH��+LQNOH\¶V�VXEMHFWV�DYHUDJHG������VHF�
RQGV�ZKLOH�RXU�VXEMHFWV�DYHUDJHG������VHFRQGV� IRU�RQH�WR�
RQH�PDSSLQJ��7KLV�GLIIHUHQFH�FDQ�EH�H[SODLQHG��ILUVW��E\�WKH�
HPSKDVLV� RI� DFFXUDF\� LQ� +LQNOH\¶V� H[SHULPHQWV�� L�H��� KLV�
VXEMHFWV� VSHQW�PRUH� WLPH� WU\LQJ� WR�PDWFK� RULHQWDWLRQ�� VHF�
RQG�� LQ� WKH� WUDLQLQJ� OHYHO�� L�H��� KLV� VXEMHFWV� ZHUH� JLYHQ� DV�
OLWWOH�LQVWUXFWLRQV�DV�SRVVLEOH��ZKLOH�ZH�WHVWHG�WKH�VWDELOL]HG�
PDQLSXODWLRQ� SHUIRUPDQFH�� 7KH� H[SHULPHQWV� RI�:DUH� DQG�
5RVH��RQ�WKH�RWKHU�KDQG��UHVXOWHG�LQ�TXLWH�FRPSDUDEOH�VXE�
MHFW�SHUIRUPDQFH��WKHLU������YHUVXV�RXU������VHFRQGV��7KXV��
ZH� EHOLHYH� WKDW� RXU� H[SHULPHQWV� SURGXFHG� TXLWH� DFFXUDWH�
HVWLPDWHV�RI�XVHU�URWDWLRQDO�SHUIRUPDQFH�DQG�DFFXUDF\��

&21&/86,216�

7KLV�SDSHU�GHPRQVWUDWHV�KRZ�QRQ�LVRPRUSKLF��'�URWDWLRQDO�
LQWHUDFWLRQ� WHFKQLTXHV� FDQ� EH� FRQVWUXFWHG� DQG� XVHG� WR� GH�
VLJQ�HIIHFWLYH�VSDWLDO�XVHU� LQWHUIDFHV��:H�DWWHPSWHG�WR�SUR�
YLGH�D� WKRURXJK�WUHDWPHQW�RI� WKLV�VXEMHFW��E\�GHVLJQLQJ�WKH�
PDWKHPDWLFDO� IRXQGDWLRQV� RI� URWDWLRQDO� PDSSLQJV�� LQYHVWL�
JDWLQJ� WKHLU� XVDELOLW\� SURSHUWLHV�� DQG� HYDOXDWLQJ� WKHLU� XVHU�
SHUIRUPDQFH� FKDUDFWHULVWLFV�� 2XU� UHVXOWV� VXJJHVW� WKDW� QRQ�
LVRPRUSKLF� URWDWLRQDO� PDSSLQJV� DUH� DQ� HIIHFWLYH� WRRO� LQ�
EXLOGLQJ�KLJK�TXDOLW\�PDQLSXODWLRQ�GLDORJV�LQ��'�LQWHUIDFHV��
7KLV�SDSHU�ZLOO�KHOS�GHVLJQHUV�WR�XVH�WKHP�HIIHFWLYHO\��

$&.12:/('*0(176�

5HVHDUFK� UHSRUWHG� LQ� WKLV� SDSHU� KDV� EHHQ� SDUWLDOO\� FRQ�
GXFWHG�DV�SDUW�RI�WKH�ILUVW�DXWKRU¶V�3K��'��ZRUN�DW�+LURVKLPD�
8QLYHUVLW\��:H�DUH� WKDQNIXO� WR�PDQ\�SHRSOH� IRU� WKHLU� VXJ�
JHVWLRQV��GLVFXVVLRQ�DQG�KHOS��7KH�EDVLF�LGHD�IRU� WKLV�ZRUN�
HPHUJHG� IURP� D� GLVFXVVLRQ� EHWZHHQ� WKH� ILUVW� DXWKRU� DQG�
-RFN� 0F.LQOD\�� 0LFKDHO� 6YLQLQ� DQG� +RUVW� .UDHPHU� KDYH�
SURYLGHG�LQYDOXDEOH�KHOS�LQ�GLVFXVVLQJ�WKH�VXEWOH�DVSHFWV�RI�
WKH�PDWKHPDWLFV� LQYROYHG� LQ� �'� URWDWLRQV��7DNHR� ,JRUDVKL��
0DUN� %LOOLQJKXUVW�� 0LFKDHO� .RZDOVNL� DQG� 3URI�� ,FKLNDZD�
SURYLGHG�FUXFLDO�IHHGEDFN�WKDW�KHOSHG�XV�SUHVHQW�WKHVH�PD�
WHULDOV�LQ�WKH�EHVW�SRVVLEOH�ZD\��:H�DUH�DOVR�WKDQNIXO�WR�DOO�
VXEMHFWV� ZKR� SDUWLFLSDWHG� LQ� WKH� H[SHULPHQWV� DV� ZHOO� DV�
DQRQ\PRXV�UHYLHZHUV�IRU�WKHLU�FRPPHQWV��

5()(5(1&(6�
���%RULW]��-���%RRWK��.���$�VWXG\�RI�LQWHUDFWLYH��'�SRLQW�ORFDWLRQ�LQ�
D� FRPSXWHU� VLPXODWHG� YLUWXDO� HQYLURQPHQW�� 3URFHHGLQJV� RI�
9567
����������$&0��SS�����������

���%RZPDQ��'���+RGJHV��/���$Q�HYDOXDWLRQ�RI�WHFKQLTXHV�IRU�JUDE�
ELQJ�DQG�PDQLSXODWLQJ�UHPRWH�REMHFWV�LQ�LPPHUVLYH�YLUWXDO�HQYL�
URQPHQWV��3URFHHGLQJV�RI��,�'&*��������$&0��SS���������

���%ULWWRQ�� (��� /LSVFRPE�� -��� 3LTXH��0��� 0DNLQJ� QHVWHG� URWDWLRQV�
FRQYHQLHQW� IRU� WKH� XVHU��3URFHHGLQJV� RI� 6,**5$3+
���� ������
$&0��SS�����������

���%X[WRQ�� :��� 7KHUH
V� PRUH� WR� LQWHUDFWLRQ� WKHQ� PHHWV� WKH� H\H��
VRPH�LVVXHV�LQ�PDQXDO�LQSXW��,Q�8VHU�&HQWHUHG�6\VWHP�'HVLJQ��
1HZ�3HUVSHFWLYHV�RQ�+XPDQ�&RPSXWHU�,QWHUDFWLRQ��'��1RUPDQ�
DQG�6��'UDSHU��(GLWRUV��������/RZUHQFH�(UOEDXP��SS�����������

���&KHQ��0���0RXQWIRUG��6���6HOOHQ��$���$�VWXG\� LQ� LQWHUDFWLYH��'�
URWDWLRQ� XVLQJ� ��'� FRQWURO� GHYLFHV�� 3URFHHGLQJV� RI�
6,**5$3+
����������$&0��SS�����������

���)LWWV�� 3��� -RQHV�� 5��� &RPSDWLELOLW\�� VSDWLDO� FKDUDFWHULVWLFV� RI�
VWLPXOXV� DQG� UHVSRQVH� FRGHV�� -RXUQDO�� RI� ([SHULPHQWDO� 3V\�
FKRORJ\�������������

���*RXOG�� -��� 6PLWK��.���$QJXODU� GLVSODFHPHQW� RI� WKH�YLVXDO� IHHG�
EDFN�LQ�PRWLRQ��6FLHQFH�������������SS�����������

���+LQFNOH\��.���7XOOLR��-���3DXVFK��5���HW�DO���8VDELOLW\�DQDO\VLV�RI�
�'�URWDWLRQ�WHFKQLTXHV��3URF��RI�$&0�8,67
����������SS��������

���+XOWTXLWV�� -��� $� 9UWXDO� 7UDFNEDOO�� ,Q�*UDSKLFV� *HPV� ,�� ������
$FDGHPLF�3UHVV��SS�����������

����-HQNLQV��:���&RQQRU��0���6RPH�GHVLJQ�IDFWRUV� LQ�PDNLQJ�VHW�
WLQJV� RQ� D� OLQHDU� VFDOH�� -RXUQDO� RI� $SSOLHG� 3V\FKRORJ\�� ������
�������SS�����������

����.QLJKW�� -���0DQXDO�FRQWURO�DQG� WUDFNLQJ�� ,Q�+DQGERRN�RI� KX�
PDQ�IDFWRUV��6DOYHQG\��(G��������-RKQ�:LOH\	6��SS�����������

����0LQH��0��� %URRNV�� )��� 6HTXLQ�� &���0RYLQJ� REMHFWV� LQ� VSDFH��
H[SORLWLQJ� SURSULRFHSWLRQ� LQ� YLUWXDO�HQYLURQPHQW� LQWHUDFWLRQ��
3URFHHGLQJV�RI�6,**5$3+
����������$&0��SS���������

����3LHUFH�� -��� 6WHDUQV�� %��� 3DXVFK�� 5��� 9RRGRR� 'ROOV�� 6HDPOHVV�
LQWHUDFWLRQ� DW� WKH�PXOWLSOH� VFDOHV� LQ� YLUWXDO� HQYLURQPHQWV��3UR�
FHHGLQJV�RI�,�'&*
����������$&0��SS�����������

����3RXS\UHY��,���%LOOLQJKXUVW��0���:HJKRUVW��6���,FKLNDZD��7���*R�
*R�,QWHUDFWLRQ�7HFKQLTXH��1RQ�/LQHDU�0DSSLQJ�IRU�'LUHFW�0D�
QLSXODWLRQ�LQ�95��3URF��RI�8,67
����������$&0��SS���������

����3RXS\UHY�� ,��� :HJKRUVW�� 6��� %LOOLQJKXUVW�� 0��� ,FKLNDZD�� 7���
(JRFHQWULF�REMHFW�PDQLSXODWLRQ�LQ�YLUWXDO�HQYLURQPHQWV��HPSLUL�
FDO� HYDOXDWLRQ� RI� LQWHUDFWLRQ� WHFKQLTXHV�� &RPSXWHU� *UDSKLFV�
)RUXP��(852*5$3+,&6
���LVVXH���������������SS���������

����3RXS\UHY��,���:HJKRUVW��6���2WVXND��7���,FKLNDZD��7���$PSOLI\�
LQJ�URWDWLRQV�LQ��'�LQWHUIDFHV��3URF��RI�&+,
���&RQIHUHQFH�$E�
VWUDFWV��/DWH�%UHDNLQJ�5HVXOWV��������$&0��SS�����������

����6KRHPDNH�� .��� $QLPDWLQJ� URWDWLRQV� ZLWK� TXDWHUQLRQ� FXUYHV��
3URFHHGLQJV�RI�6,**5$3+
����������$&0��SS�����������

����6KRHPDNH�� .��� $5&%$//�� D� XVHU� LQWHUIDFH� IRU� VSHFLI\LQJ�
WKUHH�GLPHQVLRQDO� RULHQWDWLRQ� XVLQJ� D� PRXVH�� 3URFHHGLQJV� RI�
*UDSKLFV�,QWHUIDFH
����������SS�����������

����6PLWK��7���6PLWK��.���)HHGEDFN�FRQWURO�PHFKDQLVPV�RI�KXPDQ�
EHKDYLRU�� ,Q�+DQGERRN�RI�KXPDQ� IDFWRUV��*��6DOYHQG\��(GLWRU��
������-RKQ�:LOH\�DQG�6RQV��SS�����������

����6RQJ�� '��� 1RUPDQ��0��� 1RQOLQHDU� LQWHUDFWLYH� PRWLRQ� FRQWURO�
WHFKQLTXHV� IRU� YLUWXDO� VSDFH� QDYLJDWLRQ�� 3URFHHGLQJV� RI�
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7KH� GHILQLWLRQV� RI� WKH� TXDWHUQLRQ� RSHUDWLRQV� XVHG� LQ� WKLV�
SDSHU�DUH�DV�IROORZV��
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0RUH�LQIRUPDWLRQ�RQ�TXDWHUQLRQV�DV�ZHOO�FRGH�VDPSOHV�FDQ�
EH�IRXQG�DW�KWWS���ZZZ�KLWO�ZDVKLQJWRQ�HGX�SHRSOH�SRXS��RU�
KWWS���ZZZ�PLF�DWU�FR�MS�aSRXS��
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