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�

$EVWUDFW�

7KLV�SDSHU�SURYLGHV�D�SURVRGLF�DQDO\VLV�RI�VR�FDOOHG�2II�7DON�
LQ� VSRNHQ� *HUPDQ� LQ� KXPDQ�FRPSXWHU� LQWHUDFWLRQ�� 2II�7DON�
FRQVLVWV� RI� XVHU� XWWHUDQFHV�� ZKLFK� DUH� QRW� GLUHFWHG� WR� WKH�
DXWRPDWLF�VSHHFK�SURFHVVLQJ�V\VWHP��7KHVH�XWWHUDQFHV�KDYH�WR�
EH�PDVWHUHG�DXWRPDWLFDOO\�DV�IDU�DV�SRVVLEOH��7KH�GDWD�FROOHF�
WLRQ�LQ�WKH�6PDUW.RP�SURMHFW�LV�GHVFULEHG�DQG�SUREOHPV�ZLWK�
WKH�FRQVLVWHQW�DQQRWDWLRQ�RI�2II�7DON�DUH�GLVFXVVHG��'LIIHUHQW�
IRUPV� RI� 2II�7DON� DUH� GLVWLQJXLVKHG� DQG� FRPSDUHG� SURVRGL�
FDOO\�ZLWK�HDFK�RWKHU�DV�ZHOO�DV�ZLWK�VSHHFK��ZKLFK�LV�GLUHFWHG�
WR� WKH� V\VWHP�� 7KH� DQDO\VLV� LQFOXGHV� YDULRXV� SHUFHSWXDO� DQG�
DFRXVWLF�SURVRGLF� IHDWXUHV��7KHUH�DUH�FOHDU�GLIIHUHQFHV�LQ�WKH�
GLVWULEXWLRQ� RI� SURPLQHQW� DFFHQWV� DQG� SKUDVH� ERXQGDULHV�
IRXQG��)��UDQJH�WXUQHG�RXW�WR�EH�D�IXUWKHU�UHOHYDQW�IHDWXUH��,Q�
IXWXUH�� D� UHILQHG� GHILQLWLRQ� RI� 2II�7DON� KDV� WR� EH� DSSOLHG��
ZKLFK� IXOILOOV� RXU� UHTXLUHPHQWV� IRU� FRQVLVWHQW� DQG� HIILFLHQW�
DQQRWDWLRQ��

��� ,QWURGXFWLRQ�

7KHUH�LV�D�JURZLQJ�QHHG�LQ�H[SORULQJ�KXPDQ�FRPSXWHU�LQWHUDF�
WLRQ�IURP�D�FRQYHUVDWLRQDO�SRLQW�RI�YLHZ��$W�SUHVHQW��DXWRPDWLF�
GLDORJXH�V\VWHPV�DUH�GHVLJQHG�ZLWK�ODQJXDJH�IDFLOLWLHV��ZKLFK�
LGHDOO\�VKRXOG�HQDEOH�QDWXUDO�GLDORJXHV�EHWZHHQ�WKH�XVHU�DQG�
WKH�V\VWHP��,Q�RUGHU�WR�UHDOL]H�WKHVH�V\VWHPV��KXPDQ�OLQJXLVWLF�
EHKDYLRU�KDV�WR�EH�VWXGLHG�WKRURXJKO\�LQ�WKLV�FRQWH[W����
���$�GLIILFXOW�WDVN�RI�GLDORJXH�V\VWHPV�FRQVLVWV�LQ�WKH�DXWRPDWLF�
SURFHVVLQJ�RI�XVHU�XWWHUDQFHV�EHLQJ�QRW�D�SDUW�RI�ZKDW�PLJKW�EH�
FDOOHG�D�FRKHUHQW�DQG�FRRUGLQDWHG�KXPDQ�FRPSXWHU�GLDORJXH��
3KHQRPHQD�OLNH�%DUJH�,Q��IUDJPHQWDU\�XWWHUDQFHV�DQG�GLIIHUHQW�
NLQGV�RI�UHSDLUV�OLNH�UHSHWLWLRQV�RU�UHIRUPXODWLRQV�DUH�XVXDOO\�
GLVFXVVHG�LQ�WKLV�FRQWH[W��,Q�WKLV�SDSHU�ZH�FDUU\�RXW�D�SURVRGLF�
DQDO\VLV�RI�WKH�KDUGO\�VWXGLHG�SKHQRPHQRQ�2II�7DON�LQ�VSRNHQ�
*HUPDQ�LQ�KXPDQ�FRPSXWHU�LQWHUDFWLRQ��2II�7DON�LV�D�VSHFLDO�
W\SH�RI�FRQYHUVDWLRQ�� ,W�LV�GHILQHG�SUHOLPLQDU\�DV�XVHUV�XWWHU�
DQFHV� LQ� KXPDQ�FRPSXWHU�LQWHUDFWLRQ�� ZKLFK� DUH� QRW�GLUHFWHG�
WR�WKH�DXWRPDWLF�VSHHFK�SURFHVVLQJ�V\VWHP�>�@��7KH�DXWRPDWLF�
UHFRJQLWLRQ�RI�SUREOHPDWLF�XVHU�XWWHUDQFHV�LV�PRUHRYHU�RI�FUX�
FLDO�LPSRUWDQFH�IRU�WKH�DQDO\VLV�RI�WKH�XVHUV
��HPRWLRQDO��VWDWH��
L�H��KLV�DFWXDO�SRVLWLYH�RU�QHJDWLYH�DWWLWXGH�WRZDUGV�WKH�FKRVHQ�
GLDORJXH� V\VWHP� >�@�� $Q� DXWRPDWLF� DQDO\VLV� RI� WKHVH� VWDWHV�
PLJKW� LQLWLDWH� DQ� LPSOHPHQWHG� GLDORJXH� VWUDWHJ\�� ZKLFK� SUH�
YHQWV�WKH�FXUUHQW�GLDORJXH� IURP�EUHDNGRZQ�� :H�EHOLHYH��WKDW�
DQ�HDUO\�UHFRJQLWLRQ�RI� �LQFUHDVLQJ��2II�7DON�ZLOO�KHOS�WR�GH�
WHFW�FULWLFDO�SKDVHV�LQ�KXPDQ�FRPSXWHU�LQWHUDFWLRQ���

��� 7KH�6PDUW.RP�&RUSXV�

7KH�GDWD�SUHVHQWHG�LQ�WKLV�VWXG\�DUH�EDVHG�RQ�D�FRUSXV�FUHDWHG�
ZLWKLQ�WKH�*HUPDQ�UHVHDUFK�SURMHFW�6PDUW.RP�>�@��7KH�SUR�

MHFW� DLPV� WR� GHYHORS� D� PXOWLPRGDO� DQG� HDV\�WR�XVH� GLDORJXH�
V\VWHP� ZKLFK� VLPXOWDQHRXVO\� SURFHVVHV� WKH� OLQJXLVWLF� XWWHU�
DQFHV��WKH�JHVWXUHV�DQG�HYHQ�WKH�IDFLDO�H[SUHVVLRQV�RI�WKH�XVHU��
,Q� 6PDUW.RP�� KXPDQ�FRPSXWHU� LQWHUDFWLRQ� LQYROYHV� D� OLIH�
OLNH� DQLPDWHG� YLUWXDO� FRPPXQLFDWLRQ� DVVLVWDQW� SODFHG� RQ� D�
JUDSKLFDO� GLVSOD\�� 7KH� DVVLVWDQW� FRPPXQLFDWHV� ZLWK� WKH� XVHU�
DQG� FDUULHV� RXW� FHUWDLQ� LQVWUXFWLRQV� OLNH� SURYLGLQJ� FLQHPD�
LQIRUPDWLRQ�RQ�KLV�JUDSKLFDO�GLVSOD\��7KHUH�DUH�WKUHH�YHUVLRQV�
RI� WKH� 6PDUW.RP� GLDORJXH� V\VWHP� SODQQHG�� HDFK� LQFOXGLQJ�
VSHFLILF�VHUYLFHV��QDPHO\�D�SXEOLF�YHUVLRQ�IRU�DLUSRUW�DQG�WUDLQ�
ODXQFKHV��D�PRELOH�YHUVLRQ�IRU�XVH�LQ�FDUV�DQG�IRU�SHGHVWULDQV��
DQG�D�YHUVLRQ�IRU�XVH�DW�KRPH�DQG�RU�DW�RIILFH����
���,Q� JHQHUDO�� 6PDUW.RP� KDV� WKH� DPELWLRXV� JRDO� WR� UHFRJQL]H�
XVHU�VWDWHV�OLNH�DQJHU��LUULWDWLRQ��MR\��VXUSULVH�DQG�VR�RQ�LQ�RU�
GHU�WR�UHDFW�LPPHGLDWHO\�WR�PLVJXLGHG�GLDORJXHV��)RU�LQVWDQFH��
LQ�FDVH�RI�D�XVHU��ZKR�LV�JHWWLQJ�PRUH�DQG�PRUH�DQJU\�EHFDXVH�
6PDUW.RP� GRHV� QRW� EHKDYH� LQ� WKH� GHVLUHG� ZD\�� WKH� V\VWHP�
VKRXOG� LQWHUUXSW� DQG� DVN� GLUHFWO\� IRU� �QHZ�� LQVWUXFWLRQV�� 7R�
SURYLGH�VXFK�NLQG�RI�IXQFWLRQDOLW\��6PDUW.RP�PXVW�EH�DEOH�WR�
DQDO\]H�XVHU�VWDWHV�OLNH�DQJHU�DXWRPDWLFDOO\�LQ�WKH�YHUEDO�DQG�
QRQ�YHUEDO�EHKDYLRU�RI�WKH�XVHU���

����� :L]DUG�RI�2]�([SHULPHQWV�

7KH�,QVWLWXWH�RI�3KRQHWLFV�DQG�6SHHFK�&RPPXQLFDWLRQ�RI�WKH�
8QLYHUVLW\�RI�0XQLFK�LV�DW�SUHVHQW�FRQGXFWLQJ� :L]DUG�RI�2]�
H[SHULPHQWV�ZLWK�WKH�DLP�RI�FROOHFWLQJ�UHOHYDQW�HPSLULFDO�GDWD�
ERWK�IRU�WKH�GHVLJQ�RI�6PDUW.RP�DQG�IRU�LWV�VWDWLVWLFDO�WUDLQ�
LQJ��7KH�VXEMHFWV�RI�WKH�H[SHULPHQWV�GR�QRW�NQRZ�WKDW�WKH\�DUH�
ZRUNLQJ� ZLWK� D� VLPXODWHG� V\VWHP��0RUHRYHU��WKH� :L]DUG�RI�
2]�RQ�SXUSRVH�ZRUNV�VRPHWLPHV�LQFRUUHFWO\�LQ�D�FHUWDLQ�ZD\��
VR�WKDW�UHDFWLRQV�WR�VXFK�V\VWHP�HUURUV�DUH�HOLFLWHG���
���7KH�WDVN�RI�WKH�VXEMHFWV�GXULQJ�D�VHVVLRQ�RI�WKH�H[SHULPHQW�
LV�WR�XVH�WKH�V\VWHP�IRU�VHYHUDO�VHUYLFHV��H�J��UHVHUYLQJ�WLFNHWV�
IRU� D� FLQHPD� ILOP�� 7KH� VXEMHFWV� DUH� SHUIRUPLQJ� WKLV� WDVN� E\�
YHUEDO� LQVWUXFWLRQV� WR� WKH� YLUWXDO� FRPPXQLFDWLRQ� DVVLVWDQW�
DQG�RU�E\�SRLQWLQJ�DW�FHUWDLQ�WH[WXDO�RU�JUDSKLFDO�LQIRUPDWLRQ�
SUHVHQWHG�DW�WKH�GLVSOD\��)RU�WKH�VDNH�RI�KXPDQ�FRPSXWHU�LQ�
WHUDFWLRQ��WKH�RXWSXW�IDFLOLW\�RI�WKH�PDQXDOO\�GULYHQ�VLPXODWHG�
V\VWHP� FRQVLVWV� RI� D� VSHHFK� V\QWKHVLV� PRGXOH� DQG� RI� WKH�
VFUHHQ�MXVW�PHQWLRQHG��7KH�YDULRXV�VHVVLRQV�DUH�UHFRUGHG�ZLWK�
GLIIHUHQW�FDPHUDV�DQG�PLFURSKRQHV��$V�WKH�6PDUW.RP�FRUSXV�
VKRXOG� FRQWDLQ� D� EURDG� YDULHW\� RI� VSHDNHUV�� IRUHLJQ� *HUPDQ�
VSHDNLQJ�VXEMHFWV�DUH�UHFRUGHG�DV�ZHOO��,Q�RXU�SURMHFW�D�GDWD�
EDVH�RI�DSSUR[LPDWHO\�����VHVVLRQV�ZLOO�EH�FUHDWHG��VR�WKDW�WKH�
UHVXOWV� SUHVHQWHG� LQ� WKLV� SDSHU� DUH� LQ� IDFW� EDVHG� RQ� D� FRQ�
VWDQWO\�LQFUHDVLQJ�HPSLULFDO�EDVLV���

����� /HYHOV�RI�$QQRWDWLRQ�

7KH� UHFRUGHG� VHVVLRQV� RI� WKH� H[SHULPHQWV� DUH� DQQRWDWHG�
PDQXDOO\�RQ�YDULRXV�OHYHOV��)LUVW�WKH�OLQJXLVWLF�XWWHUDQFHV�DUH�



WUDQVOLWHUDWHG�ZLWK�D�EURDG�RUWKRJUDSKLF�WUDQVFULSWLRQ�VFKHPH��
7KLV� VFKHPH� LQFOXGHV� VRPH� DGGLWLRQDO� V\PEROV� IRU� LQIRUPD�
WLRQ�OLNH�SDXVHV�RU�KHVLWDWLRQV��1H[W�SURVRGLF�HYHQWV�DUH�WUDQV�
FULEHG� TXLWH� EURDGO\� WRR�� L�H�� HVVHQWLDOO\� SULPDU\� DQG� VHFRQ�
GDU\�DFFHQWXDWLRQ�DUH�PDUNHG�LQ�D�SKUDVH��)XUWKHU�SDUWV�RI�WKH�
SURVRGLF�DQQRWDWLRQ�DUH�WKH�VORSH�RI�WKH�SLWFK�FXUYH�DW�WKH�HQG�
RI� D� SKUDVH� DV� ZHOO� DV� FHUWDLQ� ERXQGDU\� V\PEROV�� %RWK� SUR�
VRGLF�DQG�RUWKRJUDSKLF�WUDQVFULSWLRQ�DUH�EDVHG�SURIRXQGO\�RQ�
H[SHULHQFHV� JDLQHG� LQ� WKH� ORQJ�WHUPHG� IRUPHU� SURMHFW� 9HUE�
PRELO� >�@�� $OO� WUDQVOLWHUDWLRQV� DUH� FKHFNHG� VHYHUDO� WLPHV� E\�
GLIIHUHQW�SHUVRQV�GXULQJ�WKH�DQQRWDWLRQ�SURFHVV��
���)XUWKHUPRUH�� LQ� 6PDUW.RP� WKH� JHVWXUHV� RI� WKH� VXEMHFWV��
LQWHUDFWLQJ�ZLWK�WKH�JUDSKLFDO�GLVSOD\�DQG�WKHLU�GLIIHUHQW�XVHU�
VWDWHV�GXULQJ�D�VHVVLRQ�DUH�DQQRWDWHG��7KH�DFWXDO�XVHU�VWDWH�LV�
UHIHUHQFHG� WR� IDFLDO� H[SUHVVLRQ� DQG�RU� VSHHFK��ZKLFK�PHDQV��
WKDW�WKH�VWDWH�LV�FRGHG�LQ�WKH�IDFLDO�H[SUHVVLRQ��LQ�WKH�OLQJXLVWLF�
XWWHUDQFHV�RI�WKH�XVHU�RU�LQ�ERWK�LQIRUPDWLRQ�VRXUFHV��&RQVH�
TXHQWO\�� DQ� DQQRWDWLRQ� SURFHVV� KDV� EHHQ� GHYHORSHG�� PDLQO\�
LQVSLUHG�E\�WKH�VHFRQG�DXWKRU��ZKLFK�FRQVLVWV�RI�WKUHH�GLIIHU�
HQW� DQG� GHOLEHUDWHO\� GLVFRQQHFWHG� SKDVHV�� 7KH� WKUHH� DQQRWD�
WLRQ� SKDVHV� DUH� UHDOL]HG� VHSDUDWHO\� E\� GLIIHUHQW� ZRUNLQJ�
JURXSV��7KH� ILUVW�SKDVH�SURGXFHV�D�VR�FDOOHG�KROLVWLF�DQQRWD�
WLRQ� LQYROYLQJ� ERWK� LQIRUPDWLRQ�VRXUFHV�� ,Q�WKLV�FDVH��PXOWL�
PHGLD� YLGHRV� DUH� LQVSHFWHG� FRQWDLQLQJ� H[FOXVLYHO\� WKH� IDFLDO�
GLVSOD\� RI� WKH� VXEMHFWV� DV� ZHOO� DV� WKHLU� DFRXVWLF� XWWHUDQFHV��
7KH�FODVVLILFDWLRQ�RI�WKH�GLIIHUHQW�XVHU�VWDWHV�LV�JURXQGHG�RQ�
DQ��H[SHULPHQWDO�VHW�RI�DVVXPHG�VWDWHV��ZKLFK�DUH�DVVLJQHG�LQ�
D�VXEMHFWLYH�PDQQHU�E\�WKH�DQQRWDWLQJ�SHUVRQ��,Q�RWKHU�ZRUGV��
IRUPDO�FULWHULD�OLNH�UDLVLQJ�H\HEURZV�DV�D�VLJQ�RI�VXUSULVH�DUH�
RQ� SXUSRVH� QRW� RSHUDWLRQDOL]HG�� 7KH� XQLTXH� GLIIHUHQFH� EH�
WZHHQ�WKH�ILUVW�DQG�WKH�VHFRQG�SKDVH�LV�WKH�PLVVLQJ�DYDLODELOLW\�
RI�WKH�DFRXVWLF�XWWHUDQFHV��L�H��LQ�WKH�VHFRQG�SKDVH�VROHO\�WKH�
IDFLDO�GLVSOD\V�DUH�DQQRWDWHG�ZLWKRXW�DQ\�DXGLEOH�XWWHUDQFHV��
,Q�WKH�WKLUG�SKDVH�D�SURVRGLF�DQDO\VLV�RI�WKH�OLQJXLVWLF�XWWHU�
DQFHV� LV� DFFRPSOLVKHG� XVLQJ� IRUPDO� SDUDPHWHUV� OLNH� V\OODEOH�
OHQJWKHQLQJ�RU�K\SHUDUWLFXODWHG�VSHHFK��7KHVH�SHUFHSWXDO�SUR�
VRGLF� SDUDPHWHUV� RI� HPRWLRQDO� VSHHFK� ZHUH� DOVR� GHYHORSHG�
ZLWKLQ�WKH�9HUEPRELO�SURMHFW�>�@���

��� 7\SHV�RI�2II�7DON��

2XU�SURVRGLF�DQDO\VLV�RI�2II�7DON�LV�EDVHG�LQ�WKH� ILUVW�SODFH���
RQ�D�FODVVLILFDWLRQ�RI�WKH�WXUQV�LQ�WKRVH�ZLWK�2II�7DON�DQG�LQ�
WXUQV�FRQWDLQLQJ�QR�2II�7DON��QR�27���$W�WKH�VHFRQG�SODFH�WKH�
WXUQV� ZLWK� 2II�7DON� DUH� VXEGLYLGHG� LQ� UHDG�2II�7DON� �527���
RWKHU� 2II�7DON� �227�� DQG� QRW� 2II�7DON� �127��� 7KHUH� DUH�
WXUQV�FRPSOHWHO\�PDUNHG�DV�227�DQG�RU�527���
���527�DQG�227�DUH�FODVVLILHG�GXULQJ�WKH�EURDG�RUWKRJUDSKLF�
WUDQVOLWHUDWLRQ� RI� WKH� UHFRUGHG� GLDORJXHV�� 527� LV� WUDQVOLWHU�
DWHG�� LI� WKH� VXEMHFWV� DUH� UHDGLQJ� D� GLVSOD\HG� WH[W� DORXG� LQ� D�
ZD\��WKDW�WKHLU�UHDGLQJ�LV�QRW�PHDQW�WR�EH�SDUW�RI�WKHLU�YHUEDO�
LQWHUDFWLRQ�ZLWK�WKH� �VLPXODWHG��GLDORJXH�V\VWHP��7KH�RFFXU�
UHQFH�RI�527�REYLRXVO\�GHSHQGV�RQ�WKH�VSHFLILF�GHVLJQ�RI�WKH�
6PDUW.RP� GLDORJXH� V\VWHP�� QDPHO\� LWV�XVH�RI�D�WH[WXDO�GLV�
SOD\��$OO�RWKHU�IRUPV�RI�2II�7DON�DUH�FODVVLILHG�DV�227�� IXU�
WKHU�GHWDLOV�RI�WKHVH�W\SHV�RI�2II�7DON�DUH�GLVFXVVHG�LQ�>�@��
���7KH�FODVVLILFDWLRQ�RI�2II�7DON�UHVXOWV�IURP�DQ�LQWHUSUHWDWLRQ�
RI�WKH�YHUEDO�EHKDYLRU�RI�WKH�VXEMHFWV��,Q�SUDFWLFH��D�KRPRJH�
QHRXV�LQWHUSUHWDWLRQ�DQG�DFFRUGLQJO\�FRQVLVWHQW�DQQRWDWLRQ�RI�
2II�7DON��HVSHFLDOO\�RI�227��WXUQHG�RXW�WR�EH�D�GLIILFXOW�WDVN��
7KH� IROORZLQJ� OLWHUDO�WUDQVODWHG�GLDORJXH� IURP� *HUPDQ�LOOXV�
WUDWHV�WKH�SUREOHP���
�

6PDUW.RP��7KLV�LV�WKH�ORFDWLRQ�RI�WKH�FLQHPD�6WXGLR�(XURSH��
ZKLFK�VKRZV�WKH�ILOP�0DUV�$WWDFNV���
8VHU��:RXOG�\RX�OLNH�WR�]RRP�LQ�KHUH�>9@��,�FDQ�KDUGO\�UHFRJ�
QL]H�LW�>«@��$UH�WKHUH�DQ\�EXVHV�JRLQJ�WKHUH"�
�
���5HPHPEHU�� WKDW� WKH� XVHU� LV� DFWLQJ� LQ� IURQW� RI� D� GLVSOD\��
ZKHUH�FHUWDLQ�NLQGV�RI�KLV�JHVWXUHV�DUH�DQDO\]HG�WRR��DFFRUG�
LQJO\�>9@�VWDQGV�IRU�D�JHVWXUH�LQ�WKLV�FDVH�RQ�D�GLVSOD\HG�PDS�
WR�WKH�ORFDWLRQ�RI�WKH�QDPHG�FLQHPD��FI��>�@�IRU�WKLV�QRWDWLRQ���
7KH�EUDFNHWV�ZLWK�WKH�GRWV�VKRXOG�EH�UHSODFHG�E\�RQH�RI�WKH�
IROORZLQJ�VHQWHQFHV���
�
D��<RX�]RRPHG�LQ�ILQH��VWRS�LW�QRZ���
E��/HW�PH�WKLQN�D�PRPHQW��,�VKRXOG�ZRUN�WRQLJKW���
F��,�VHH��WKLV�GRHVQ
W�ZRUN��
�
���)RU�WKH�VDNH�RI�RXU�GLVFXVVLRQ��OHW�XV�DVVXPH�LQ�FDVH�RI�D��
DQG�E���WKDW�WKH�V\VWHP�VWLOO�]RRPV�LQ�WKH�PDS�ZKHQ�WKH�XVHU�
XWWHUV�RQH�RI�WKHVH�VHQWHQFHV��&RQWUDULO\��LQ�FDVH�F��WKH�V\VWHP�
RQO\�KLJKOLJKWHG�WKH�FLQHPD�RQ�IRFXV�RU�VRPHWKLQJ�OLNH�WKLV��
:KDW�IROORZV�LV��WKDW�LQ�FDVH�RI�E���WKH�V\VWHP�KDV�WR�SURFHHG�
]RRPLQJ��ZKLOH�LQ�FDVH�RI�D��LW�KDV�WR�VWRS�]RRPLQJ�LPPHGL�
DWHO\��,Q�FDVH�F��RQ�WKH�RWKHU�KDQG�WKH�XVHU�DGRSWV�KLPVHOI�WR�D�
V\VWHP�PDOIXQFWLRQ��QRZ�WKH�V\VWHP�VKRXOG�SUHVHQW�LQIRUPD�
WLRQ�DERXW�WKH�UHOHYDQW�EXV�OLQHV��7KXV�WKH�V\VWHP�KDV�WR�SURF�
HVV�D��DQG�WR�LJQRUH�E��DQG�F����
���1RZ��ORQJHU�XWWHUDQFHV�LQVWHDG�RI�E��RU�F��DUH�TXLWH�HDV\�WR�
LPDJLQH� LQ� WKH� DERYH� FRQWH[W�� 7KHVH� XWWHUDQFHV� KDYH� WR� EH�
FODVVLILHG�DV�2II�7DON�WRR��7KLV�SUHVXSSRVHV�IXQGDPHQWDOO\�D�
VRSKLVWLFDWHG�XQGHUVWDQGLQJ�RI�GLDORJXH�SUDJPDWLFV�LQ�KXPDQ�
FRPSXWHU�LQWHUDFWLRQ�>�@��$V�DOUHDG\�PHQWLRQHG�� �LQFUHDVLQJ��
2II�7DON�VKRXOG�EH�HVWLPDWHG�DOVR�DV�DQ�LQGLFDWLRQ�RI�D��JURZ�
LQJ�� QHJDWLYH� XVHU� VWDWH� DQG�� RU� RI� V\VWHP� PDOIXQFWLRQV�� ,Q�
RUGHU� WR� LPSURYH� IXWXUH�DQQRWDWLRQV�RI�227��ZH�SURSRVH�WR�
GLVWLQJXLVK�DW�OHDVW�EHWZHHQ�RXW�RI�FRQYHUVDWLRQ�2II�7DON��FI��
FDVH�E��DQG�RXW�RI�GLDORJXH�2II�7DON��FI��FDVH�F����

��� 2II� 7DON�$QDO\VLV�

,Q�RXU�6PDUW.RP�FRUSXV�ZH�DQDO\]HG�����GLDORJXHV�KDYLQJ�D�
GXUDWLRQ�DERXW�IRXU�WR�ILYH�PLQXWHV�HDFK��7KH�GLDORJXHV�FRQ�
VLVW� RI� ������ ZRUGV� LQ� WRWDO� DQG� DUH� UHDOL]HG� E\� ��� QDWLYH�
VSHDNHUV� RI� *HUPDQ�� 0RVW� RI� RXU� VXEMHFWV� SHUIRUPHG� D� UH�
FRUGLQJ� VHVVLRQ�� ZKLFK� FRQVLVWHG� RI� WZR� GLDORJXHV� EHWZHHQ�
WKH� VXEMHFW� DQG� WKH� �VLPXODWHG�� V\VWHP� DV� LQWHUORFXWRUV�� ,Q�
HDFK�GLDORJXH�D�FHUWDLQ�WDVN�KDV�WR�EH�SHUIRUPHG��1HDUO\�DOO�
GLDORJXHV� ������ DUH� UHFRUGHG� ZLWK� EDFNJURXQG� VWUHHW� QRLVH��
ZKLFK�VLPXODWHV�D�UHDO�OLIH�HQYLURQPHQW��FI��WKH�SODQQHG�GLI�
IHUHQW�YHUVLRQV�RI�WKH�6PDUW.RP�GLDORJXH�V\VWHP�PHQWLRQHG�
DERYH���
���&KURQRORJLFDOO\�� IURP� GLDORJXH� ��� RQZDUGV� D� VRPHZKDW�
GLIIHUHQW�VFHQDULR�KDV�EHHQ�XVHG��ZKLFK�UHVXOWHG�LQ�D�GHFUHDVH�
RI�2II�7DON��,Q�WKH�FDVH�RI�527��WKH�GHFUHDVH�LV�H[SODLQHG�E\�
D�FKDQJH�RI�WKH�XVH�RI�WKH�GLVSOD\��L�H��OHVV�WH[WXDO�LQIRUPDWLRQ�
KDV� EHHQ� SUHVHQWHG�� 7KH� LPSDFW� RQ� 227� LV� PRVW� OLNHO\� H[�
SODLQHG� E\� DQ� LPSURYHG� JXLGDQFH� RI�WKH�VXEMHFWV�GXULQJ�WKH�
UHFRUGLQJV�VHVVLRQV��7KH�IROORZLQJ�GLDJUDP�,�FRQWDLQV�WKH�IUH�
TXHQFLHV�RI�WKH�ZRUGV�PDUNHG�DV�227�RU�527��7KH�IUHTXHQF\�
LV�H[SUHVVHG�DV�SHUFHQWDJH�RI�WKH�QXPEHU�RI�ZRUGV�PDUNHG�DV�
2II�7DON� LQ� WKH� GLDORJXHV� �� WR� ���� �[�D[LV��� 7KH� TXDGUDWLF�
SRO\QRPLDO� WUHQG� OLQHV� RI� WKH� GLDJUDP� VKRZ�� WKDW� WKHUH� LV� D�
VWURQJHU�GHFUHDVH�RI�227�WKDQ�RI�527�DW�DERXW�GLDORJXH�����
0RUHRYHU�� WKHUH� H[LVWV� D� PDUNHG� YDULDELOLW\� EHWZHHQ� WKH�
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'LDJUDP�,��)UHTXHQF\�RI�2II�7DON�
�
���,Q� YLHZ� RI� WKH� LQGLYLGXDO� GLDORJXH� KLVWRULHV�� 227� RFFXUV�
PRVWO\� LQ� WKH� ILUVW� DQG� LQ� WKH� VHFRQG� TXDUWHU� RI� D� GLDORJXH��
'LDJUDP�,,�UHSUHVHQWV�RQ�WKH�[�D[LV�WKH�SRVLWLRQV�RI�WKH�WXUQV�
LQ�WKH�GLDORJXHV��2Q�WKH�\�D[LV�WKH�QXPEHU�RI�227�ZRUGV�SHU�
WXUQ� GLYLGHG� E\� WKH� WRWDO� QXPEHU� RI� ZRUGV� LQ� WKH� WXUQ� DUH�
OLVWHG��7KH�WXUQ�SRVLWLRQV�RQ�WKH�[�D[LV�DUH�QRUPDOL]HG�E\�WKH�
WRWDO�WXUQ�QXPEHU�RI�D�GLDORJXH��H�J��WKH�VHFRQG�WXUQ�LQ�D�GLD�
ORJXH�ZLWK����WXUQV�RI�D�VXEMHFW�LV�UHSUHVHQWHG�RQ�WKH�[�D[LV�DV�
������ 2QO\� WXUQV� ZLWK� 227� DUH� FRQVLGHUHG� LQ� GLDJUDP� ,,��
ZKLOH�WKH�SRVLWLRQ�RI�D�VLQJOH�WXUQ�GHSHQGV�RQ�WKH�WRWDO�QXP�
EHU�RI�WXUQV�RI�WKH�VXEMHFW�LQ�WKH�GLDORJXH��7KH�[���YDOXHV�DUH�
VRUWHG�LQ�DVFHQGLQJ�RUGHU�RQ�WKH�[�D[LV����
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WXUQ ���� ���� ���� ���� ���� ���� ����

'LDJUDP�,,��227�LQ�'LDORJXH�+LVWRU\�
�

���$V� DOUHDG\� PHQWLRQHG�� GLDJUDP� ,,�VKRZV�DFFXPXODWLRQV�RI�
227�LQ�WKH�ILUVW�DQG�LQ�WKH�WKLUG�TXDUWHU�RI�WKH�GLDORJXHV��7KH�
DFFXPXODWLRQV� DUH� EHVW� YLVXDOL]HG� LQ� WKH� GLDJUDP�E\�D�SRO\�
QRPLDO� WUHQG� OLQH� RI� WKH� GHJUHH� RI� IRXU�� 7KH� FRXUVH� RI� WKH�
WUHQG�OLQH�LV�H[SODLQHG�E\�WKH�H[SHULPHQWDO�GHVLJQ�RI�WKH�UH�
FRUGHG�GLDORJXHV��,W�LV�D�SRVVLEOH�LQWHUSUHWDWLRQ�RI�GLDJUDP�,,��
WKDW�WKH�VXEMHFWV�QHHG�VRPH�WLPH�IRU�RULHQWDWLRQ�DW�WKH�EHJLQ�
QLQJ� RI� D� GLDORJXH�� $IWHUZDUGV� WKH\� SHUIRUP� WKHLU� VFHQDULR�
VSHFLILF� WDVN�� ZKLFK� LV� LQ� WKH� IRXUWK� TXDUWHU� FRQQHFWHG� ZLWK�

VRPH� SXUSRVHO\� LQLWLDWHG� FRPPXQLFDWLRQ� SUREOHPV�� ,Q� WKLV�
SKDVH��WKH�:L]DUG�RI�2]�UHDFWV�IRU�LQVWDQFH�ZLWK�V\VWHP�RXW�
SXWV�OLNH��,�GLG�QRW�XQGHUVWDQG�\RX��RU��7KLV�IXQFWLRQ�LV�QRW�
DYDLODEOH�� �OLWHUDO�WUDQVODWLRQ���7KH� ILUVW�DQG�WKH�IRXUWK�SKDVH�
RI�WKH�GLDORJXHV�PLJKW�EH�FKDUDFWHUL]HG�WKHUHIRUH�DV�SKDVHV�RI�
GHOLEHUDWLRQ��ZKLFK�DUH�RI�FRXUVH�SUHGHVWLQDWHG�IRU�WKH�JHQHUD�
WLRQ�RI�2II�7DON���
���,Q� WKH� ���� DQDO\]HG� GLDORJXHV� ��� FRQWDLQ� 227� DQG�� RU�
527�� 2Q� WKH� DYHUDJH�� HDFK� SDUW� RI� D� VXEMHFW� RI� D� GLDORJXH�
FRQVLVWV�RI�������ZRUGV�DQG�RI������WXUQV��2Q�DYHUDJH��LQ�HDFK�
WXUQ� DERXW� ���� ZRUGV�DUH�VSRNHQ�E\�D�VXEMHFW��&RXQWLQJ�WKH�
WXUQV�FRQWDLQLQJ�2II�7DON�UHYHDOV��WKDW������RI�WKH�WXUQV�H[�
KLELW� 227� DQG� ����� 527�� 7KHVH�QXPEHUV�DUH�QRW�DGGLWLYH��
EHFDXVH�VRPH�WXUQV�FRQWDLQ�ERWK�227�DQG�527��,Q�UHODWLRQ�WR�
WKH�QXPEHU�RI�ZRUGV�LQ�WKH�WXUQV�FRQWDLQLQJ�2II�7DON��WKHUH�
DUH� ������ 227� DQG� ������ 527� ZRUGV�� 6R�� DQ� DPRXQW� RI�
URXJKO\� ����WXUQV�ZLWK�2II�7DON�FRQWDLQLQJ�PRUH�WKDQ�����
ZRUGV� PDUNHG� DV� 227� LV� ZRUWK� WR� EH� LQYHVWLJDWHG� SURVRGL�
FDOO\��

����� 3URVRGLF�/DEHOLQJ�

7KH�EURDG�SURVRGLF�WUDQVFULSWLRQ�V\PEROV�XVHG�LQ�RXU�DQQRWD�
WLRQ�SURFHVV�VKRXOG�EH�GHVFULEHG�LQ�PRUH�GHWDLO�>�@��:H�GLV�
WLQJXLVK�IRXU�W\SHV�RI�ZRUG�EDVHG�ERXQGDU\�ODEHOV�DQG�DJDLQ�
IRXU�GLIIHUHQW�W\SHV�RI�V\OODEOH�EDVHG�DFFHQW�ODEHOV��7KH�DFFHQW�
ODEHOV�DUH�PDSSHG�RQWR�ZRUG�EDVHG�ODEHOV�GHQRWLQJ�LI�D�ZRUG�
LV� DFFHQWXDWHG� RU� QRW�� 7KH� QXPEHU�RI�DFFHQWV�ODEHO�ZLWKLQ�D�
SKUDVH� LV� QRW� UHVWULFWHG�� $� QRUPDO� ZRUG� ERXQGDU\� LV� QRW� OD�
EHOHG� H[SOLFLWO\�� VR� LQ� SUDFWLFH� WKH� IROORZLQJ� V\PEROV� DUH�
XVHG���
�
¾� 3$��SURPLQHQW�SKUDVH�DFFHQW�
¾� 1$��VHFRQGDU\�SKUDVH�DFFHQW�
¾� (.��HPSKDWLF�SKUDVH�DFFHQW�
¾� %��FRQW�LQXDWLRQ���IXOO�LQWRQDWLRQDO�ERXQGDU\�ZLWK�VWURQJ�

LQWRQDWLRQDO�PDUNLQJ��FRPELQHG�ZLWK�D�ILQDO�OHYHO�LQWRQD�
WLRQ�FRQWRXU�

¾� %��ULVH��VHH�DERYH��ZLWK�D�ILQDO�ULVLQJ�FRQWRXU�
¾� %��IDOO��VHH�DERYH��ZLWK�D�IDOOLQJ�ULVLQJ�FRQWRXU�
¾� %��� PLQRU� SKUDVH� ERXQGDU\� ZLWK� ZHDN� LQWRQDWLRQDO�

PDUNLQJ�
¾� %��� LUUHJXODU� SURVRGLF� ERXQGDU\� �H�J�� KHVLWDWLRQ� RU� UH�

SDLU��
�
���7DEOH���GHVFULEHV�WKH�GLVWULEXWLRQ�RI�WKH�SURVRGLF�ODEHOV�RI�
WKH�ZRUGV��ZKLFK�DUH�PDUNHG�DV�QR�27��127��227�RU�527��
7KH�QXPEHUV�H[SUHVV�WKH�SHUFHQWDJH�RI�WKH�DVVLJQHG�SURVRGLF�
ODEHO� UHODWLYH� WR� WKH� QXPEHU� RI� QR� 27�� 127�� 227� DQG�RU�
527�ZRUGV�LQ�D�WXUQ��,Q�RUGHU�WR�SURYH�WKH�VLJQLILFDQFH�RI�WKH�
GDWD� XQGHUO\LQJ� WDEOH� ��� ZH� FRQGXFWHG� HLJKW� QRQ�SDUDPHWULF�
VWDWLVWLFDO� WHVWV� �)ULHGPDQ�� IRU� WKH� SURVRGLF� ODEHO�� 7KH� YDUL�
DEOHV�RI�WKH�WHVWV�ZHUH�WKH�IRXU�FROXPQV�RI�WDEOH����$VVXPLQJ�
D� OHYHO� RI� VLJQLILFDQFH�. �  � ����� DQG� IROORZLQJ� WKH� IRUPXOD������
�� �� ���� . � ��F� �F�EHLQJ�WKH�QXPEHU�RI�WHVWV��LQ�RXU�FDVH����SUR�
YLGHV�DQ�DGMXVWHG�OHYHO�. � ���������(DFK�WHVW�\LHOGV�S� �������
DQG�WKXV�VLJQLILFDQW�GLIIHUHQFHV���
���,Q�7DEOH���QR�27�DQG�127�DUH�TXLWH�FORVH�WRJHWKHU��VR�WKDW�
ZH�ZLOO�FRQFHQWUDWH�RQ�127��227�DQG�527��)LUVWO\��WKHUH�LV�
DQ�LQFUHDVH�RI�SURPLQHQW�DFFHQWV� IURP�127�WR�227�DQG� IL�
QDOO\� WR� 527�� 6HFRQGDU\� DFFHQWXDWLRQ� LV� DOPRVW� VLPLODU�DQG�
HPSKDWLF�DFFHQWV�DUH�QHDUO\�QRW�IRXQG�LQ�WKH�6PDUW.RP�FRU�
SXV��6HFRQGO\��WKHUH�DUH�PRUH�%��FRQW�DQG�%��IDOO�ERXQGDULHV�



LQ�227�DQG�527��ZKLOH�WKHUH�DUH�PRUH�%��ULVH�ERXQGDULHV�LQ�
127��0LQRU�SKUDVH�ERXQGDULHV�%��DUH�OHVV�UHDOL]HG�LQ�227�
LQ�FRPSDULVRQ�WR�127�DQG�527��7KH�GLIIHUHQFHV�EHWZHHQ�WKH�
RFFXUUHQFHV�RI�%��ERXQGDULHV�DUH�TXLWH�VLPLODU�WR�WKRVH�IRU�%��
ULVH��L�H��%��ERXQGDULHV�DUH�UHDOL]HG�PRVW�LQ�127��

7DEOH����3HUFHSWXDO�'DWD�

� QR�27� 127� 227� 527�
3$� ����� ����� ����� �����
1$� ����� ����� ����� �����
(.� ���� ���� �� ��
%��FRQW� ���� ���� ����� �����
%��ULVH� ���� ���� ���� ����
%��IDOO� ����� ���� ����� �����
%�� ���� ���� ���� ����
%�� ���� ���� ���� ����

�

����� $FRXVWLF�0HDVXUHPHQWV�

7KH�DFRXVWLFV�RI�127��227�DQG�527�LV�PHDVXUHG�ZLWK�3UDDW�
>�@�� ZKHUHE\� DQ� DXWRFRUUHODWLRQ� PHWKRG� ZDV� XVHG� IRU� WKH�
FRPSXWDWLRQ�RI�I��>�@��'XH�WR�WKH�EDFNJURXQG�QRLVH�LQ�PRVW�RI�
RXU� UHFRUGLQJV� WKH� YRLFLQJ� WKUHVKROG� ZDV� VHW� WR� ����� ,Q� WKH�
FRPSXWHG� SLWFK� FRQWRXUV� RFWDYH� MXPSV� ZHUH� GHOHWHG� DQG� IL�
QDOO\�WKH�FRQWRXUV�ZHUH�VPRRWKHG�E\����+HUW]����
���7DEOH� �� FRQWDLQV� WKH� PHDQ� I�� PLQLPXP� DQG� PD[LPXP�
�+HUW]���WKH�PHDQ�PLQLPXP�DQG�PD[LPXP�LQWHQVLW\��GE��DQG�
WKH� PHDQ� GXUDWLRQ� �VHF�� YDOXHV� DJDLQ� RI� WKH� QR� 27�� 127��
227� DQG� 527� SDUWV� RI� WKH� LQYHVWLJDWHG� GLDORJXHV�� )XUWKHU�
PRUH��WKH�YDOXHV�RI�PHDQ�VWDQGDUG�GHYLDWLRQ�RI�I��DQG�LQWHQ�
VLW\�DUH�VSHFLILHG��7KH�UDQJH�RI�I��DQG�RI�GE�LV�FRPSXWHG�IURP�
WKH�PLQ�DQG�WKH�PD[�YDOXHV�����
���1R�27�LV�QRZ�VHSDUDWHG�IURP�127��227�DQG�527��WKRXJK�
LW� VKRXOG� EH� QRWHG�� WKDW� QR� 27� XWWHUDQFHV� DUH� LQ� WKH� PHDQ�
PXFK�PRUH�ORQJHU�WKDQ�RWKHU�XWWHUDQFHV� ������VHF���7KHUH�LV�
DOVR�D�FOHDU�GLVWLQFWLRQ�LQ�WKH�I��UDQJHV�RI�QR�27�RQ�WKH�RQH�
KDQG�DQG�RI�227�DQG�527�RQ�WKH�RWKHU�KDQG��,Q�7DEOH���WKH�
GE�UDQJH�GHFUHDVHV�IURP�WKH�OHIW�WR�WKH�ULJKW�FROXPQ��

7DEOH����$FRXVWLF�'DWD�

� QR�27� 127� 227� 527�
I��PLQ� ����� ������ ������ ������
I��PD[� ������ ������ ������ ������
I��UDQJH� ������ ����� ����� �����
I��GHY� ����� ����� ���� ����
GE�PLQ� ����� ����� ����� �����
GE�PD[� ����� ����� ����� �����
GE�UDQJH� ����� ����� ����� �����
GE�GHY� �� ���� ���� ����
GXUDWLRQ������ ���� ���� ����

�

��� 'LVFXVVLRQ�DQG�&RQFOXVLRQ�

7KH� GLVWULEXWLRQ� RI� SURPLQHQW� DFFHQWV� FRUUHODWHV� SUREDEO\�
ZLWK�WKH�RFFXUUHQFH�RI�FRQWHQW�ZRUGV�>�@��:H�DVVXPH��WKDW�LQ�
527�LQ�FRQWUDVW�WR�227�DQG�127�PRUH�FRQWHQW�ZRUGV�OLNH�
FLQHPD� RU� ILOP� QDPHV�DUH�UHDOL]HG��ZKLFK�SUHIHUDEO\�FDUU\�D�
SURPLQHQW� DFFHQW�� 0RUHRYHU�� 2II�7DON� LV� SULPDULO\� UHDOL]HG�
ZLWK� WKH� SURVRGLF� ERXQGDULHV� %�� FRQW� DQG�RU� %�� IDOO�� ZKLOH�

%��ULVHV�DUH�IRXQG�PRVW�LQ�127��%��ULVHV�DUH�FRQQHFWHG�XVX�
DOO\�ZLWK�TXHVWLRQV��$V�PHQWLRQHG�DERYH��2II�7DON�VKRXOG�EH�
FRQFHSWXDOL]HG�DV�RXW�RI�GLDORJXH�DQG�RU�RXW�RI�FRQYHUVDWLRQ��
VR�WKDW�WKH�UHDOL]DWLRQ�RI�TXHVWLRQV�LV�KDUGO\�PRWLYDWHG�LQ�2II�
7DON��7KH�DPRXQW�RI�SURVRGLF�ERXQGDULHV�FRUUHODWHV�LQ�JHQHUDO�
ZLWK�WKH�QXPEHU�RI�V\QWDFWLF�SKUDVHV��+HQFH��2II�7DON�LV�UHDO�
L]HG�ZLWK�PRUH�V\QWDFWLF�SKUDVHV�WKDQ�127��
���,Q� IXWXUH�� RXU� K\SRWKHVHV� KDYH� WR� EH� LQYHVWLJDWHG� IXUWKHU��
&XUUHQWO\�D�SDUW�RI�VSHHFK�DQQRWDWLRQ�LV�SURGXFHG��VR�WKDW�WKH�
DVVXPHG�FRUUHODWLRQ�RI�SURPLQHQW�DFFHQWV�DQG�SDUW�RI�VSHHFK�
FODVVHV� ZLOO� EH� H[SORUHG� SURIRXQGO\�� )XUWKHUPRUH�� D� ULFKHU�
V\QWDFWLF� ERXQGDU\� DQQRWDWLRQ� LV� FUHDWHG� DORQJ� WKH� OLQHV� RI�
>�@��7KLV�HQDEOHV�WKH�LQYHVWLJDWLRQ�RI�WKH�VSHFLILF�FKDUDFWHU�RI�
WKH� SKUDVHV� LQ� 2II�7DON�� 7KH� DQQRWDWLRQV� RI� WKH� XVHU� VWDWHV�
PHQWLRQHG�DERYH�ZLOO�UHVXOW�LQ�DQ�HYHQ�EHWWHU�XQGHUVWDQGLQJ�
RI�2II�7DON�� :H�EHOLHYH��WKDW�XVHU�VWDWHV�DQG�2II�7DON�FRUUH�
ODWH�LQ�D�ZD\��L�H��LQ�WKH�FDVH�RI��
RXW�RI�GLDORJXH
�2II�7DON�WKH�
XVHU�ZLOO�FRPPHQW�WKH�V\VWHPV�EHKDYLRU�LQ�D�SRVLWLYH�RU�QHJD�
WLYH�XS�WR�D�FHUWDLQ�H[WHQW��2I�FRXUVH��PRUH�GLDORJXHV�ZLOO�DOVR�
EH�UHFRUGHG�DQG�DQQRWDWHG�LQ�IXWXUH��VR�WKDW�RXU�GDWDEDVH�LQ�
FUHDVHV�FRQVWDQWO\���
�
$FNQRZOHGJPHQWV�
:H�ZRXOG�OLNH�WR�WKDQN�6XVHQ�5DEROG�IRU�YDOXDEOH�LQIRUPD�
WLRQ� DERXW� WKH� WUDQVOLWHUDWLRQ� SURFHVV� DQG� 9LFWRULD� 3HQLGH�
/RSH]� IRU� KHU� VNLOIXO� 3HUO� SURJUDPPLQJ�� 7KLV� ZRUN� ZDV�
IRXQGHG� E\�WKH� *HUPDQ� )HGHUDO�0LQLVWU\�RI� (GXFDWLRQ��6FL�
HQFH��5HVHDUFK�DQG�7HFKQRORJ\��%0%)��LQ�WKH�IUDPHZRUN�RI�
WKH�6PDUW.RP�SURMHFW�XQGHU�*UDQW�QR�����,,������7KH�UHVSRQ�
VLELOLW\�IRU�WKH�FRQWHQWV�RI�WKLV�VWXG\�OLHV�ZLWK�WKH�DXWKRUV��

��� 5HIHUHQFHV�

>�@� 2SSHUPDQQ�'��� 6FKLHO�)��� 6WHLQLQJHU�6�� DQG� %HULQJHU�1���
2II�7DON� ±� D� 3UREOHP� IRU� +XPDQ�0DFKLQH�,QWHUDFWLRQ��
3URF��RI�(85263((&+��YRO�����SS�������������$DOERUJ��
�������

>�@� %DWOLQHU�$���)LVFKHU�.���+XEHU�5���6SLONHU�-��DQG�1|WK�(���
+RZ� WR� )LQG� 7URXEOH� LQ� &RPPXQLFDWLRQ�� 7R� DSSHDU� LQ�
6SHHFK�&RPPXQLFDWLRQ��

>�@� :DKOVWHU�:��� 5HLWKLQJHU�1�� DQG� %ORFKHU�$��� 6PDUW.RP��
0XOWLPRGDO� &RPPXQLFDWLRQ� ZLWK�D� /LIH�/LNH�&KDUDFWHU���
3URF��RI�(85263((&+��YRO�����SS�������������$DOERUJ��
�������

>�@� %XUJHU�6��� 7UDQVOLWHUDWLRQ� VSRQWDQVSUDFKOLFKHU� 'DWHQ��
9HUEPRELO�7HFKQLVFKHV�'RNXPHQW������������

>�@� %XQW�+��� 'LDORJXH� SUDJPDWLFV� DQG� FRQWH[W� VSHFLILFDWLRQ��
,Q�� %XQW�+�� DQG� %ODFN�:�� �HGV���� $EGXFWLRQ�� %HOLHI� DQG�
&RQWH[W�LQ�'LDORJXH��6WXGLHV�LQ�&RPSXWDWLRQDO�3UDJPDW�
LFV��$PVWHUGDP��%HQMDPLQV��������YRO�����SS����������

>�@� %DWOLQHU�$��� .RPSH�5��� .LH‰OLQJ�$��� 0DVW�0��� 1LHPDQQ��
+�� DQG�1|WK�(��� 6\QWD[� �� 3URVRG\�� $�V\QWDFWLF�ODEHOLQJ�
VFKHPH� IRU� ODUJH� VSRQWDQHRXV� VSHHFK� GDWDEDVHV�� 6SHHFK�
&RPPXQLFDWLRQ�����������SS������������

>�@�KWWS���ZZZ�SUDDW�RUJ�
>�@� %RHUVPD�3���$FFXUDWH�6KRUW�7HUP�$QDO\VLV�RI�WKH�)XQGD�

PHQWDO�)UHTXHQF\�DQG�WKH�+DUPRQLFV�WR�1RLVH�5DWLR�RI�D�
6DPSOHG� 6RXQG�� ,QVWLWXWH� RI� 3KRQHWLF� 6FLHQFHV�� 8QLYHU�
VLW\�RI�$PVWHUGDP��3URFHHGLQJV�����������SS����������

>�@� %DWOLQHU�$��� 1|WK�(��� %XFNRZ�-��� +XEHU�5��� :DUQNH�9���
1LHPDQQ�+���'XUDWLRQ�IHDWXUHV�LQ�3URVRGLF�&ODVVLILFDWLRQ��
:K\�1RUPDOL]DWLRQ�&RPHV�6HFRQG��DQG�ZKDW�WKH\�UHDOO\�
(QFRGH��7KLV�YROXPH���


