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5REHUW�'��6WHSKHQV�

&HQWHU�IRU�6RODU�6\VWHP�6WXGLHV��&6���

������0RXQW�-RKQVRQ�&W���5DQFKR�&XFDPRQJD��&$�������86$�

UVWHSKHQV#IR[DQGVWHSKHQV�FRP�

%ULDQ�'��:DUQHU�

&HQWHU�IRU�6RODU�6\VWHP�6WXGLHV��&6���

(DWRQ��&2�

�5HFHLYHG�������-DQXDU\�����

&&'� SKRWRPHWULF� REVHUYDWLRQV� RI� ILYH� PDLQ�EHOW�

DVWHURLGV�ZHUH� REWDLQHG� DW� WKH�&HQWHU� IRU�6RODU� 6\VWHP�

6WXGLHV��&6���IURP������6HSWHPEHU�WR������-DQXDU\��

7KH� &HQWHU� IRU� 6RODU� 6\VWHP� 6WXGLHV� �&6��� KDV� QLQH� WHOHVFRSHV�

ZKLFK�DUH�QRUPDOO\�XVHG� LQ�SURJUDP�DVWHURLG� IDPLO\� VWXGLHV��7KH�

IRFXV�LV�RQ�QHDU�(DUWK�DVWHURLGV��-RYLDQ�7URMDQV�DQG�+LOGDV��:KHQ�

D�QHDUO\�IXOO�PRRQ�LV�WRR�FORVH�WR�WKH�IDPLO\�WDUJHWV�EHLQJ�VWXGLHG��

WDUJHWV�RI�RSSRUWXQLW\�DPRQJVW�WKH�PDLQ�EHOW�IDPLOLHV�ZHUH�VHOHFWHG��

7DEOH�,�OLVWV�WKH�WHOHVFRSHV�DQG�&&'�FDPHUDV�WKDW�ZHUH�XVHG�WR�PDNH�

WKH� REVHUYDWLRQV�� ,PDJHV� ZHUH� XQELQQHG� ZLWK� QR� ILOWHU� DQG� KDG�

PDVWHU� IODWV� DQG� GDUNV� DSSOLHG�� 7KH� H[SRVXUHV� GHSHQGHG� XSRQ�

YDULRXV�IDFWRUV�LQFOXGLQJ�PDJQLWXGH�RI�WKH�WDUJHW��VN\�PRWLRQ��DQG�

0RRQ�LOOXPLQDWLRQ��

7HOHVFRSH� &DPHUD�
�����P�I�����6FKPLGW�&DVV� 6%,*�����(�

�����P�I�����6FKPLGW�&DVV� )/,�0LFUROLQH�����(�

�����P�I�����6FKPLGW�&DVV� )/,�0LFUROLQH�����(�

�����P�I�����6FKPLGW�&DVV� )/,�0LFUROLQH�����(�

�����P�I����6FKPLGW�&DVV� )/,�3UROLQH�����(�

�����P�I����6FKPLGW�&DVV� )/,�3UROLQH�����(�

�����P�)����5�&� )/,�3UROLQH�����(�

7DEOH�,��/LVW�RI�&6��WHOHVFRSH�&&'�FDPHUD�FRPELQDWLRQV��

,PDJH� SURFHVVLQJ�� PHDVXUHPHQW�� DQG� SHULRG� DQDO\VLV� ZHUH� GRQH�

XVLQJ�032� &DQRSXV� �%GZ� 3XEOLVKLQJ��� ZKLFK� LQFRUSRUDWHV� WKH�

)RXULHU�DQDO\VLV�DOJRULWKP��)$/&��GHYHORSHG�E\�+DUULV��+DUULV�HW�

DO����������7KH�&RPS�6WDU�6HOHFWRU�IHDWXUH�LQ�032�&DQRSXV�ZDV�

XVHG�WR�OLPLW�WKH�FRPSDULVRQ�VWDUV�WR�QHDU�VRODU�FRORU��1LJKW�WR�QLJKW�

FDOLEUDWLRQ� ZDV� GRQH� XVLQJ� ILHOG� VWDUV� IURP� WKH� $7/$6� FDWDORJ�

�7RQU\� HW� DO��� �������ZKLFK� KDV�6ORDQ�JUL]�PDJQLWXGHV� WKDW�ZHUH�

GHULYHG�IURP�WKH�*$,$�DQG�3DQ�67$55�FDWDORJV�DQG�DUH�³QDWLYH´�

PDJQLWXGHV�RI�WKH�FDWDORJ��7KRVH�DGMXVWPHQWV�DUH�XVXDOO\���������

PDJ��7KH�UDUH�JUHDWHU�FRUUHFWLRQV�PD\�KDYH�EHHQ�UHODWHG�LQ�SDUW�WR�

XVLQJ� XQILOWHUHG� REVHUYDWLRQV�� SRRU� FHQWURLGLQJ� RI� WKH� UHIHUHQFH�

VWDUV��DQG�QRW�FRUUHFWLQJ�IRU�VHFRQG�RUGHU�H[WLQFWLRQ��

7KH� <�D[LV� YDOXHV� DUH� $7/$6� 65� ³VN\´� PDJQLWXGHV�� 7KH� WZR�

YDOXHV�LQ�WKH�SDUHQWKHVHV�DUH�WKH�SKDVH�DQJOH��D��DQG�WKH�YDOXH�RI�*�

XVHG� WR� QRUPDOL]H� WKH� GDWD� WR� WKH� FRPSDULVRQ� VWDUV� XVHG� LQ� WKH�

HDUOLHVW�VHVVLRQ��7KLV��LQ�HIIHFW��PDGH�DOO�WKH�REVHUYDWLRQV�VHHP�WR�

EH�PDGH�DW�D� VLQJOH� IL[HG�GDWH�WLPH�DQG�SKDVH�DQJOH�� OHDYLQJ�DQ\�

YDULDWLRQV�GXH�RQO\�WR�WKH�DVWHURLG¶V�URWDWLRQ�DQG�RU�DOEHGR�FKDQJHV��

7KH�;�D[LV�VKRZV�URWDWLRQDO�SKDVH�IURP�������WR������� ,I� WKH�SORW�

LQFOXGHV�WKH�DPSOLWXGH��H�J���³$PS������´��WKLV�LV�WKH�DPSOLWXGH�RI�

WKH�)RXULHU�PRGHO�FXUYH�DQG�QRW�QHFHVVDULO\�WKH�DGRSWHG�DPSOLWXGH�

IRU�WKH�OLJKWFXUYH��

)RU�EUHYLW\��RQO\�VRPH�RI�WKH�SUHYLRXVO\�UHSRUWHG�URWDWLRQDO�SHULRGV�

PD\� EH� UHIHUHQFHG�� $� FRPSOHWH� OLVW� LV� DYDLODEOH� DW� WKH� DVWHURLG�

OLJKWFXUYH�GDWDEDVH��/&'%��:DUQHU�HW�DO����������

��� .DOOLRSH�� $W� WKH� UHTXHVW� RI� -RVHI� +DQXV� �SULYDWH�

FRPPXQLFDWLRQV��REVHUYDWLRQV�RI�WKLV�RXWHU�PDLQ�EHOW�DVWHURLG�ZHUH�

PDGH�DW�&6���,W�LV�D�NQRZQ�ELQDU\��7KH�WLPHV�RI�REVHUYDWLRQV�ZHUH�

PHDQW�WR�REVHUYH�PXWXDO�HYHQWV�EHWZHHQ�WKH�WZR�ERGLHV��

2Q� WKH� ILUVW� QLJKW�� ����� 1RY� ���� DQ� DWWHQXDWLRQ� VHHPHG� WR� EH�

UHFRUGHG�DQG�ZDV�QHDU�WKH�SUHGLFWHG�WLPH��+RZHYHU��WKH�DWWHQXDWLRQ�

ZDV�WRR�VKDOORZ�DQG�WRR�VKRUW�WR�ILW�SUHGLFWLRQV�EDVHG�RQ�DFFXUDWH�

PRGHOLQJ��7KH�FDXVH�IRU�WKH�DWWHQXDWLRQ�ZDV�DWWULEXWHG�WR�DQ�DUWLIDFW�

GXULQJ�VWDU�VXEWUDFWLRQ�DV�WKH�DVWHURLG�SDVVHG�D�VWDU�WKUHH�PDJQLWXGHV�

IDLQWHU��7KH�)DWHV�FRXOG�QRW�KDYH�EHHQ�PXFK�OHVV�NLQG��
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)ROORZ�XS�REVHUYDWLRQV�RQ������'HF���VKRZHG�QR�DWWHQXDWLRQV��EXW�

WKH�REVHUYDWLRQV�ZHUH�PDGH�RXWVLGH�DQ\�SUHGLFWHG�HYHQWV�VR�QRWKLQJ�

XQXVXDO�ZDV�H[SHFWHG��

&RPELQLQJ�WKH�WZR�VHWV�DOORZHG�ILQGLQJ�D�PRUH�DFFXUDWH�DQG�SUHFLVH�

V\QRGLF�URWDWLRQ�SHULRG�RI��������K��7KLV�ILWV�ZHOO�ZLWK�WKH�PDQ\�

SUHYLRXV�UHVXOWV�IRXQG�LQ�WKH�/&'%��

�����-HQQLIHU��7KLV�PHPEHU�RI�WKH�+XQJDULD�G\QDPLFDO�JURXS�KDV�

EHHQ�REVHUYHG�PDQ\�WLPHV�LQ�WKH�SDVW��:DUQHU������DQG�UHIHUHQFHV�

WKHUHLQ���HDFK�WLPH�UHSRUWLQJ�D�SHULRG�QHDU������K��7KH�UHVXOWV�IRXQG�

WKLV�\HDU�DUH�LQ�JRRG�DJUHHPHQW��

�

�������� ����� 3-��� 7KH� HVWLPDWHG� GLDPHWHU� RI� WKLV� 0DUV�FURVVHU�

�IDPLO\������LQ�WKH�/&'%��LV���NP��&DUUHxR�HW�DO���������UHSRUWHG�

D�SHULRG�������K��7KHUH�ZHUH�QR�RWKHU�SHULRGV�OLVWHG�LQ�WKH�/&'%��

7KH� UHVXOWV� XVLQJ� WKH� ����� GDWD� REWDLQHG� DW� &6�� DUH� LQ� JRRG�

DJUHHPHQW�ZLWK�&DUUHxR�HW�DO�����������

�

������3UDQYHUDK\VHQL��2EVHUYDWLRQV�ZHUH�PDGH�DW�WKH�UHTXHVW�RI�LWV�

QDPHVDNH�� 3UDQYHUD�+\VHQL�� D� VWXGHQW� DW� WKH�8QLYHUVLW\� RI�6DQWD�

&UX]�� ZKR� IRXQGHG� WKH� RUJDQL]DWLRQ� $VWURQRP\� 2XWUHDFK� RI�

.RVRYR� DQG� LV� D� OHDGLQJ� DGYRFDWH� RI� DPDWHXU� DVWURQRP\� LQ� KHU�

QDWLYH�FRXQWU\��7KH�OLJKWFXUYH�ZDV�XVHG�WR�OLQN�D�SRLQW�LQ�WKH�FXUYH�

WR�DQ\�FKDQJHV�LQ�WKH�DVWHURLG¶V�VSHFWUXP�GXULQJ�URWDWLRQ��

7KHUH�ZHUH�QR�SUHYLRXV�UHVXOWV�IRU�D�SHULRG�LQ�WKH�/&'%��0DVLHUR�

HW�DO���������XVHG�:,6(�GDWD�WR�ILQG�DQ�HVWLPDWHG�'� �������NP��

8VLQJ�+� �������JDYH�S9� ��������7KLV�ZDV�D�GLIILFXOW�WDUJHW��EHLQJ�

DERXW�65� �������PDJ��)RUWXQDWHO\��WKH�DPSOLWXGH�ZDV�ODUJH�HQRXJK�

WR� RYHUFRPH� WKH� QRLVH� DQG�� EDVHG� WKH� PRGHVW� SKDVH� DQJOH� DQG�

DPSOLWXGH��D�ELPRGDO�VROXWLRQ�ZDV�YHU\�OLNHO\��+DUULV�HW�DO����������

�

�������� �����47����7KHUH�ZHUH� QR� SUHYLRXVO\�UHSRUWHG� URWDWLRQ�

SHULRGV�LQ�WKH�/&'%�IRU�WKLV�0DUV�FURVVHU��:LWK�ODUJH�JDSV�EHWZHHQ�

VXFFHVVLYH� VHVVLRQV�� LW� ZDV� IXOO\� H[SHFWHG� WKDW� WKHUH� ZRXOG� EH�

QXPHURXV�SRWHQWLDO�SHULRGV�GXH�WR�URWDWLRQDO�DOLDVLQJ��ZKLFK�LV�ZKHQ�

WKH�DFWXDO�QXPEHU�RI�URWDWLRQV�RYHU�WKH�WRWDO�VSDQ�RI�WKH�GDWD�VHW�LV�

QRW�NQRZQ��

'LIIHUHQW�VROXWLRQV�SUHVHQWHG�WKHPVHOYHV�GHSHQGLQJ�RQ�WKH�QXPEHU�

RI� RUGHUV� LQ� WKH�)RXULHU� DQDO\VLV��8VLQJ� �WK� DQG� �WK� RUGHUV� IRXQG�

VLPLODU�UHVXOWV�IRU�D�VRPHZKDW�V\PPHWULFDO�ELPRGDO�OLJKWFXUYH��7KH�

WUXH�SHULRG�PD\�EH�WHQV�RI�KRXUV�IURP�ZKDW¶V�UHSRUWHG�KHUH��$W�WKH�

OHDVW��LW¶V�EHHQ�HVWDEOLVKHG�WKDW�WKH�DVWHURLG�LV�WXPEOLQJ�DQG�VR�LV�D�

SODFH�ZLWK�FRQWLQXRXVO\�UHVWOHVV�GD\V�DQG�QLJKWV��
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$FNQRZOHGJHPHQWV�

7KLV�ZRUN�LQFOXGHV�GDWD�IURP�WKH�$VWHURLG�7HUUHVWULDO�LPSDFW�/DVW�

$OHUW� 6\VWHP� �$7/$6�� SURMHFW�� $7/$6� LV� SULPDULO\� IXQGHG� WR�

VHDUFK�IRU�QHDU�HDUWK�DVWHURLGV�WKURXJK�1$6$�JUDQWV�11��$5��*��

��166&��.������DQG���166&��.������E\SURGXFWV�RI�WKH�1(2�

VHDUFK� LQFOXGH� LPDJHV� DQG� FDWDORJV� IURP� WKH� VXUYH\� DUHD�� 7KH�

$7/$6� VFLHQFH� SURGXFWV� KDYH� EHHQ� PDGH� SRVVLEOH� WKURXJK� WKH�

FRQWULEXWLRQV�RI�WKH�8QLYHUVLW\�RI�+DZDLL�,QVWLWXWH�IRU�$VWURQRP\��

WKH� 4XHHQ
V� 8QLYHUVLW\� %HOIDVW�� WKH� 6SDFH� 7HOHVFRSH� 6FLHQFH�

,QVWLWXWH�� DQG� WKH� 6RXWK� $IULFDQ� $VWURQRPLFDO� 2EVHUYDWRU\�� 7KH�

DXWKRUV�JUDWHIXOO\�DFNQRZOHGJH�6KRHPDNHU�1(2�*UDQWV�IURP�WKH�

3ODQHWDU\�6RFLHW\���������������7KHVH�ZHUH�XVHG�WR�SXUFKDVH�VRPH�

RI�WKH�WHOHVFRSHV�DQG�&&'�FDPHUDV�XVHG�LQ�WKLV�UHVHDUFK��

5HIHUHQFHV�

&DUUHxR��$���$UFH��(���)RUQDV��*���0DV��9����������³(OHYHQ�0DLQ�

EHOW� $VWHURLGV� DQG� 2QH� 1HDU�(DUWK� $VWHURLG� /LJKWFXUYHV� DW�

$VWHURLGV� 2EVHUYHUV� �2%$6�� �� 033'�� ����� 0D\� �� ����� -DQ�´�

0LQRU�3ODQHW�%XO���������������

+DUULV�� $�:��� <RXQJ�� -�:��� 6FDOWULWL�� )��� =DSSDOD�� 9�� ��������

³/LJKWFXUYHV�DQG�SKDVH�UHODWLRQV�RI�WKH�DVWHURLGV����$ONPHQH�DQG�

����*\SWLV�´�,FDUXV��������������

+DUULV��$�:���<RXQJ��-�:���&RQWUHLUDV��/���'RFNZHLOHU��7���%HONRUD��

/���6DOR��+���+DUULV��:�'���%RZHOO��(���3RXWDQHQ��0���%LQ]HO��5�3���

7KROHQ�� '�-��� :DQJ�� 6�� �������� ³3KDVH� UHODWLRQV� RI� KLJK� DOEHGR�

DVWHURLGV��7KH�XQXVXDO�RSSRVLWLRQ�EULJKWHQLQJ�RI����1\VD�DQG����

$QJHOLQD�´�,FDUXV��������������

+DUULV�� $�:��� 3UDYHF�� 3��� *DODG�� $��� 6NLII�� %�$���:DUQHU�� %�'���

9LODJL��-���*DMGRV��6���&DUERJQDQL��$���+RUQRFK��.���.XVQLUDN��3���

&RRQH\�� :�5��� *URVV�� -��� 7HUUHOO�� '��� +LJJLQV�� '��� %RZHOO�� (���

.RHKQ��%�:����������³2Q�WKH�PD[LPXP�DPSOLWXGH�RI�KDUPRQLFV�RQ�

DQ�DVWHURLG�OLJKWFXUYH�´�,FDUXV�������������

0DVLHUR��-�5���0DLQ]HU��$�.���%DXHU��-�0���&XWUL��5�0���*UDY��7���

.UDPHU�� (��� 3LWWLFKRYD�� -��� :ULJKW�� (�/�� �������� ³$VWHURLG�

'LDPHWHUV� DQG� $OEHGRV� IURP� 1(2:,6(� 5HDFWLYDWLRQ� 0LVVLRQ�

<HDUV�6L[�DQG�6HYHUQ�´�3ODQ��6FL��-�����LG������

7RQU\�� -�/��� 'HQQHDX�� /��� )OHZHOOLQJ�� +��� +HLQ]H�� $�1��� 2QNHQ��

&�$���6PDUWW��6�-���6WDOGHU��%���:HLODQG��+�-���:ROI��&����������³7KH�

$7/$6� $OO�6N\� 6WHOODU� 5HIHUHQFH� &DWDORJ�´� $VWURSK\V�� -�� �����

$�����

:DUQHU�� %�'��� +DUULV�� $�:��� 3UDYHF�� 3�� �������� ³7KH� $VWHURLG�

/LJKWFXUYH�'DWDEDVH�´�,FDUXV���������������8SGDWHG������$XJXVW���

KWWS���ZZZ�PLQRUSODQHW�LQIR�OLJKWFXUYHGDWDEDVH�KWPO�

:DUQHU��%�'����������³$VWHURLG�/LJKWFXUYH�$QDO\VLV�DW�&6��3DOPHU�

'LYLGH�6WDWLRQ�������0DUFK�-XQH�´�0LQRU�3ODQHW�%XO���������������
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6WHSKHQ�0��%ULQFDW�

)ODUHVWDU�2EVHUYDWRU\��03&������

)O���%��*HRUJH�7D\DU�6WUHHW��

6DQ�*ZDQQ�6*1�������0$/7$�

VWHSKHQEULQFDW#JPDLO�FRP�

&KDUOHV�*DOGLHV�

=QLWK�2EVHUYDWRU\�

1D[[DU�1;5�������0$/7$�

0DUWLQ�0LIVXG�

0DQLNDWD�2EVHUYDWRU\�

0DQLNDWD�0/+�������0$/7$�

.HYLQ�+LOOV�

7DFDQGH�2EVHUYDWRU\�

(O�3DVR��/D�3DOPD��63$,1�

�5HFHLYHG������1RY�����

6\QRGLF�URWDWLRQ�SHULRGV�RI�VL[�PDLQ�EHOW�DVWHURLGV�ZHUH�

GHULYHG� IURP� SKRWRPHWULF� REVHUYDWLRQV� REWDLQHG� IURP�

����� -XO\� ��� WKURXJK� 1RYHPEHU� �� IURP� WKUHH�

REVHUYDWRULHV�VLWXDWHG�LQ�0DOWD�DQG�RQH�IURP�6SDLQ��:H�

SURYLGH�OLJKWFXUYH�URWDWLRQ�SHULRGV�IRU��������%DQFLOKRQ��

�������$OWDM���������9HQLDNDYHULQ���������3URNRSRYLFK��

������������3)����DQG��������������5&�����

3KRWRPHWULF�REVHUYDWLRQV�RI�VL[�DVWHURLGV�ZHUH�FDUULHG�RXW�IURP�IRXU�

REVHUYDWRULHV�ORFDWHG�RQ�WKH�0DOWHVH�PDLQODQG�DQG�DQRWKHU�ORFDWHG�

RQ� WKH� LVODQG� RI� /D� 3DOPD�� 6SDLQ�� 2EVHUYDWLRQV� RI� DVWHURLGV� IRU�

������� %DQFLOKRQ�� ������� $OWDM�� ������� 9HQLDNDYHULQ�� �������

3URNRSRYLFK�� DQG� ������� ����� 3)��� ZHUH� REWDLQHG� IURP� WKH�

0DOWHVH�REVHUYDWRULHV��ZKLOH�WKH�GDWD�IRU��������������5&����ZHUH�

REWDLQHG� IURP� 6SDLQ�� 2XU� REVHUYDWRULHV� XVHG� WKH� FRQILJXUDWLRQV�

VKRZQ�LQ�7DEOH����$OO�RI�RXU�LPDJHV�ZHUH�GDUN�VXEWUDFWHG�DQG�IODW�

ILHOGHG��

$OO� WHOHVFRSHV� DQG� FDPHUDV� ZHUH� FRQWUROOHG� UHPRWHO\� RYHU� WKH�

LQWHUQHW� HLWKHU� IURP� D� ORFDWLRQ� QHDU� HDFK� WHOHVFRSH� YLD� 6HTXHQFH�

*HQHUDWRU� 3UR� �%LQDU\� 6WDU� 6RIWZDUH�� RU� WKURXJK� UHPRWH�

SURJUDPLQJ�IRU�WKH�/D�3DOPD�2EVHUYDWRU\��3KRWRPHWULF�UHGXFWLRQ��

OLJKWFXUYH� FRQVWUXFWLRQ� DQG� DQDO\VHV�ZHUH� GHULYHG� WKURXJK�032�

&DQRSXV� VRIWZDUH� �:DUQHU�� ������ ZKHUH� GLIIHUHQWLDO� DSHUWXUH�

SKRWRPHWU\�ZDV�XVHG��7KH�&RPSDULVRQ�6WDU�6HOHFWRU��&66��IHDWXUH�

RI�032�&DQRSXV�ZDV�XVHG�WR�VHOHFW�FRPSDULVRQ�VWDUV�RI�QHDU�VRODU�

FRORU�� 2XU� PDJQLWXGH� PHDVXUHPHQWV� ZHUH� EDVHG� RQ� WKH� $7/$6�

FDWDORJXH�WKURXJK�WKH�5HG��U��EDQGSDVV��

1XPEHU� 1DPH� �����PP�GG� 3KDVH� /3$%� %3$%� 3HULRG�K�� 3�(�� $PS� $�(��
� ��� .DOOLRSH� ������������ ���������� ��� �� ������� ������� ����� �����

� ����� -HQQLIHU� ������������ 
���������� �� �� ������ ������ ����� �����

������� �����3-�� ������������ ���������� ��� �� ������ ������ ����� �����

������� 3UDQYHUDK\VHQL� ������������ ���������� ���� ���� ������ ����� ����� ������

������� �����47��� ������������ ��������� ���� ��� 7������ ���� ����� �����

7DEOH�,,��2EVHUYLQJ�FLUFXPVWDQFHV�DQG�UHVXOWV��7'RPLQDQW�SHULRG�IRU�D�WXPEOLQJ�DVWHURLG��7KH�SKDVH�DQJOH�LV�JLYHQ�IRU�WKH�ILUVW�DQG�ODVW�GDWH��
,I�SUHFHGHG�E\�DQ�DVWHULVN��WKH�SKDVH�DQJOH�UHDFKHG�DQ�H[WUHPXP�GXULQJ�WKH�SHULRG��/3$%�DQG�%3$%�DUH�WKH�DSSUR[LPDWH�SKDVH�DQJOH�ELVHFWRU�
ORQJLWXGH�ODWLWXGH�DW�PLG�GDWH�UDQJH��VHH�+DUULV�HW�DO����������


