
�
+HUUPDQQ�����&5'3-�������������
�
©5HFLSLHQWB)DPLO\B1DPHª�����©3URJUDPB,'ª�©$SSB,'B&RPSB<HDUª�
&ROODERUDWLYH�5HVHDUFK�DQG�'HYHORSPHQW��&5'��*UDQWV�3URJUHVV�5HSRUW
�
'XH�'DWH� �0D\���������
&RYHUV�WKH�3HULRG� �$XJXVW���������WR�$SULO����������
�
,V�\RXU�SHUVRQDO�LQIRUPDWLRQ�EHORZ�FRUUHFW"��SOHDVH�HQWHU�DQ�³[´�LQ�WKH�DSSURSULDWH�ER[�
�
[ <HV
� 1R���SOHDVH�PDNH�WKH�QHFHVVDU\�FRUUHFWLRQV�

�
'U��)�-��+HUUPDQQ�
'HSW��RI�(DUWK�DQG�2FHDQ�6FLHQFHV
8QLYHUVLW\�RI�%ULWLVK�&ROXPELD
�����6725(6�5'
9$1&289(5�%&��9�7��=�
�
7HO�� ��������������
(�PDLO�$GGUHVV� IKHUUPDQQ#HRV�XEF�FD
�
,V�WKH�SURMHFW�LQIRUPDWLRQ�EHORZ�FRUUHFW"
�
� <HV
[ 1R��SOHDVH�PDNH�WKH�QHFHVVDU\�FRUUHFWLRQV�
�
3URMHFW�WLWOH� '\QDPLF�1RQOLQHDU�2SWLPL]DWLRQ�IRU�,PDJLQJ�LQ�6HLVPLF�([SORUDWLRQ��'12,6(�
�
)LOH�1XPEHU� &5'3-������������
�
&R�LQYHVWLJDWRUV�V��
�
0�3��)ULHGODQGHU��&RPSXWHU�6FLHQFH��%ULWLVK�&ROXPELD
2�<��<LOPD]��0DWKHPDWLFV��%ULWLVK�&ROXPELD
�
&ROODERUDWRU�V��
�
-��%XUNH��8QLYHUVLW\�RI�:DVKLQJWRQ
(�<��+DEHU��%ULWLVK�&ROXPELD
$�0��3RZHOO��9DQGHUELOW�8QLYHUVLW\
&�&��6WRON��8QLYHUVLW\�RI�7ZHQWH
(��YDQ�GHQ�%HUJ��6WDQIRUG�8QLYHUVLW\
(��9HUVFKXXU��'HOIW�8QLYHUVLW\�RI�7HFKQRORJ\
�
�
6XSSRUWLQJ�2UJDQL]DWLRQ�V��
�
*��+HQQHQIHQW��&KHYURQ�&DQDGD�5HVRXUFHV�/WG
=��<X��%ULWLVK�3HWUROHXP�2LO
-��)DURSSD��%*�*URXS��&DQDGD�
(��.HVNXOD��&RQRFR3KLOOLSV�&DQDGD�5HVRXUFHV�&RUS�
'��1LFKROV��6FKOXPEHUJHU�&DQDGD�/LPLWHG
%�-��9HU:HVW��&**9HULWDV
*��+DXHUO��,RQ�*HRSK\VLFDO�&RUSRUDWLRQ���&DQDGD

3URJUHVV�5HSRUW�7HPSODWH���$SULO�����
3URJUHVV�5HSRUW�7HPSODWH���$SULO�����
�

Released to public domain under Creative Commons license type BY (https://creativecommons.org/licenses/by/4.0).
Copyright (c) 2011 SLIM group @ The University of British Columbia.



�
+HUUPDQQ�����&5'3-�������������
�
©5HFLSLHQWB)DPLO\B1DPHª�����©3URJUDPB,'ª�©$SSB,'B&RPSB<HDUª�
(�/��'H�)DULD��3HWUREUDV
6��-DIIHU��7RWDO
�
�� 3URJUHVV�7RZDUGV�2EMHFWLYHV�0LOHVWRQHV
�

8VLQJ�DSSUR[LPDWHO\���SDJHV��SOHDVH�SURYLGH�LQ�WKH�ER[�EHORZ�
ł D�EULHI�GHVFULSWLRQ�RI�WKH�RYHUDOO�REMHFWLYHV�RI�WKH�UHVHDUFK�SURMHFW�DV�DZDUGHG�
ł D�GHVFULSWLRQ�RI�WKH�SURJUHVV�PDGH�WRZDUGV�HDFK�RI�WKHVH�REMHFWLYHV�GXULQJ�WKH�SHULRG�FRYHUHG�
E\�WKLV�UHSRUW��DQG

ł D�GHVFULSWLRQ�DQG�MXVWLILFDWLRQ�IRU�DQ\�GHYLDWLRQV�IURP�WKH�RULJLQDO�REMHFWLYHV�DQG�D�GLVFXVVLRQ�RI�
WKH�SDWK�IRUZDUG�

�

7KH�PDLQ�WKUXVW�RI�WKH�'12,6(�SURMHFW�LV�IRFXVHG�RQ�WKH�IROORZLQJ�UHVHDUFK�WKHPHV�
�

Ɣ 6HLVPLF�DFTXLVLWLRQ�GHVLJQ�DQG�UHFRYHU\�IURP�LQFRPSOHWH�GDWD�ZLWK�WKH�JRDO�WR�
UHGXFH�DFTXLVLWLRQ�FRVWV�ZKLOH�LQFUHDVLQJ�WKH�VSDWLDO�EDQGZLGWK�DQG�DSHUWXUH�RI�
VHLVPLF�GDWD�

Ɣ 5HPRYDO�RI�WKH�CVXUIDFH�QRQOLQHDULW\
�E\�VLPXOWDQHRXV�HVWLPDWLRQ�RI�WKH�VRXUFH�
VLJQDWXUH�DQG�WKH�VXUIDFH�IUHH�*UHHQ
V�IXQFWLRQ�E\�LQYHUWLQJ�WKH�VXUIDFH�UHODWHG�
PXOWLSOH�SUHGLFWLRQ�RSHUDWRU�

Ɣ 5HGXFWLRQ�RI�WKH�FRPSXWDWLRQDO�FRPSOH[LW\�RI�IXOO�ZDYHIRUP�LQYHUVLRQ��):,��E\�
UDQGRPL]HG�GLPHQVLRQDOLW\�UHGXFWLRQ�

Ɣ �&RQYH[LILFDWLRQ��RI�):,�WR�UHPRYH�RU�DW�OHDVW�GLPLQLVK�WKH�DGYHUVH�HIIHFWV�RI�
QRQ�XQLTXHQHVV�WKDW�KDV�SODJXHG�):,�VLQFH�LWV�LQFHSWLRQ�

�
7KH�ILUVW�WKUHH�WKHPHV�DUH�GLUHFWHG�WRZDUGV�UHPRYLQJ�PDMRU�LPSHGLPHQWV�IDFHG�E\�
):,�UHODWHG�WR�WKH�FRVWV�RI�DFTXLULQJ�GDWD��WKH�FRPSXWDWLRQDO�FRVWV�RI�SURFHVVLQJ�DQG�
LQYHUWLQJ�GDWD��DQG�WR�LVVXHV�ZLWK�VRXUFH�FDOLEUDWLRQ�DQG�VXUIDFH�UHODWHG�PXOWLSOHV��7KH�
ILQDO�WKHPH�LV�PRUH�CEOXH�VN\
�DQG�WULHV�WR�LQFRUSRUDWH�LGHDV�IURP�PLJUDWLRQ�YHORFLW\�
DQDO\VLV�LQWR�WKH�IRUPXODWLRQ�RI�IXOO�ZDYHIRUP�LQYHUVLRQ��$VLGH�IURP�WKHVH�WKHPHV��ZH�
ZLOO�FRQWLQXH�WR�ZRUN�RQ�VHLVPLF�GDWD�DFTXLVLWLRQ�VFKHPHV�WKDW�IDYRU�VSDUVLW\�SURPRWLQJ�
UHFRYHU\�DQG�RQ�WKH�GHYHORSPHQW�RI�ODUJH�VFDOH�VROYHUV�XVLQJ�UHFHQW�GHYHORSPHQWV�
LQ�FRQYH[�DQG�VWRFKDVWLF�RSWLPL]DWLRQ��2XU�HIIRUWV�ZHUH�RUJDQL]HG�LQWR�WKH�IROORZLQJ�
UHVHDUFK�WRSLFV�
�

Ɣ 6HLVPLF�GDWD�DFTXLVLWLRQ�EDVHG�ZLWK�FRPSUHVVLYH�VHQVLQJ��:H�KDYH�
ZRUNHG�ZLWK�SURIHVVRU�2]JXU�<LOPD]��FR�3,��RQ�WKLV�WRSLF�IURP�WKH�DSSOLHG�DQG�
WKHRUHWLFDO�SHUVSHFWLYHV��+DQHHW�:DVRQ���VW�\HDU�06F�VWXGHQW�ZKR�ZLOO�OLNHO\�
XSJUDGH�WR�RXU�3K'�SURJUDP��KDV�VWDUWHG�WR�ZRUN�RQ�VKHDUOHWV��ZKLFK�FRXOG�
VHUYH�DV�DQ�DOWHUQDWLYH�WR�FXUYHOHWV��DQG�RQ�WKH�GHYHORSPHQW�RI�SUDFWLFDO�
DFTXLVLWLRQ�VFKHPHV�EDVHG�RQ�FRPSUHVVLYH�VHQVLQJ��+DQHHW�SUHVHQWHG�ILQGLQJV�
GXULQJ�ODVW�)DOO
V�FRQVRUWLXP�PHHWLQJ�LQ�KHU�WDON��6HTXHQWLDO�VRXUFH�GDWD�
UHFRYHU\�IURP�VLPXOWDQHRXV�DFTXLVLWLRQ�WKURXJK�WUDQVIRUP�GRPDLQ�VSDUVLW\�
SURPRWLRQ���FXUYHOHW�YHUVXV�VKHDUOHW�WUDQVIRUP���+DQHHW�DOVR�VXEPLWWHG�MRLQWO\�
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ZLWK�WKH�3,�WKH�H[SDQGHG�DEVWUDFW�HQWLWOHG�³6SDUVLW\�SURPRWLQJ�UHFRYHU\�IURP�
VLPXOWDQHRXV�GDWD��D�FRPSUHVVLYH�VHQVLQJ�DSSURDFK´��WR�WKH�6(*��2Q�WKH�
WKHRUHWLFDO�IURQW��5D\DQ�6DDE��3')��ZKR�QRZ�ZRUNV�ZLWK�,QJULG�'DXEHFKLHV��
RQH�RI�WKH�ZRUOG�OHDGHUV�LQ�DSSOLHG�DQG�FRPSXWDWLRQDO�+DUPRQLF�DQDO\VLV��KDV�
ZRUNHG�RQ�FRPSUHVVLYH�VHQVLQJ�LQ�KLJK�GLPHQVLRQV��+LV�ZRUN�ZLOO�EH�LPSRUWDQW�
IRU�WKH�GHYHORSPHQW�RI�VHLVPLF�DFTXLVLWLRQ�VFKHPHV�WKDW�DUH�IXQGDPHQWDOO\�KLJK�
GLPHQVLRQDO��5D\DQ�SUHVHQWHG�WKLV�ZRUN�GXULQJ�KLV�WDON�HQWLWOHG��&RPSUHVVHG�
VHQVLQJ�XVLQJ�.URQHFNHU�SURGXFWV��DQG�KH�LV�ZRUNLQJ�RQ�D�MRXUQDO�SXEOLFDWLRQ�RQ�
WKLV�WRSLF��+DVVDQ�0DQVRXU��3')��LV�ZRUNLQJ�RQ�ZHLJKWHG�RQH�QRUP�
PLQLPL]DWLRQ��ZKHUH�DSSUR[LPDWH�LQIRUPDWLRQ�RQ�WKH�VXSSRUW��UHDG�VLJQLILFDQW�
WUDQVIRUP�GRPDLQ�FRHIILFLHQWV��LV�LQFRUSRUDWHG�LQ�WKH�UHFRYHU\��+LV�ZRUN�ZLOO�
LPSURYH�WKH�UHFRYHU\�DQG�KLV�ZRUN�ZLOO�DOVR�EH�HVVHQWLDO�IRU�SDUDOOHO�UHFRYHU\�
VFKHPHV�WKDW�PDNH�XVH�RI�VXSSRUW�HVWLPDWHV�RI�QHLJKERULQJ�VOLFHV��H�J���QHDUE\�
RIIVHWV��IUHTXHQFLHV��HWF����+DVVDQ�LV�FXUUHQWO\�LQFRUSRUDWLQJ�KLV�WKHRUHWLFDO�
ILQGLQJV�LQWR�RXU�RQH�VROYHUV�DQG�KH�LV�SUHSDULQJ�MRXUQDO�SXEOLFDWLRQV�RQ�WKLV�
WRSLF��)RU�IXUWKHU�GHWDLOV�DOVR�VHH�KLV�WDON��5HFRYHULQJ�FRPSUHVVLYHO\�VDPSOHG�
VLJQDOV�XVLQJ�SDUWLDO�VXSSRUW�LQIRUPDWLRQ���SUHVHQWHG�DW�WKH�)DOO�LQGXVWU\�
VSRQVRU¶V�PHHWLQJ��-RLQWO\�ZLWK�WKH�WZR�FR�3,V��WKLV�ZRUN�ZDV�VXEPLWWHG�IRU�
SXEOLFDWLRQ�LQ�WKH�SDSHU�HQWLWOHG�³5HFRYHU\�RI�FRPSUHVVLYHO\�VDPSOHG�VLJQDOV�
XVLQJ�SDUWLDO�VXSSRUW�LQIRUPDWLRQ´��$W�OHDVW�WZR�QHZ�JUDGXDWH�VWXGHQWV�ZLOO�EH�
DVVLJQHG�WR�KHOS�RXW�RQ�WKHVH�WRSLFV��2XWFRPH��'HYHORSPHQW�RI�D�QHZ�
SDUDGLJP�IRU�VHLVPLF�GDWD�DFTXLVLWLRQ�DQG�VSDUVLW\�SURPRWLQJ�UHFRYHU\�WKDW�ZLOO�
DOORZ�XV�WR�DFTXLUH�KLJK�UHVROXWLRQ�ZLGH�D]LPXWK�VHLVPLF�GDWD�YROXPHV�DW�
VLJQLILFDQWO\�UHGXFHG�FRVWV��2XU�WHFKQRORJ\�ZLOO�EH�D�NH\�HQDEOHU�IRU�IXOO�
ZDYHIRUP�LQYHUVLRQ�E\�SXVKLQJ�DFFHVV�WR�ERWK�WKH�ORZ�DQG�KLJK�HQG�RI�WKH�
VSHFWUXP�

�
Ɣ 5HPRYDO�RI�WKH�IUHH�VXUIDFH�DQG�VRXUFH�FDOLEUDWLRQ��7LP�/LQ��3K'�VWXGHQW��

KDV�ZRUNHG�RQ�VHYHUDO�IURQWV�RQ�RXU�5REXVW�IRUPXODWLRQ�RI�3ULPDU\�(VWLPDWLRQ�
E\�6SDUVH�LQYHUVLRQ��5(36,���:H�VROYH�WKLV�SUREOHP�E\�H[WHQGLQJ�WKH�SURMHFWHG�
JUDGLHQW�PHWKRG�GHYHORSHG�E\�SURIHVVRU�0LFKDHO�)ULHGODQGHU��FR�3,��WR�KDQGOH�
EORFN�FRRUGLQDWH�GHVFHQWV��GXULQJ�ZKLFK�WKH�VROXWLRQ�LV�IRXQG�E\�DOWHUQDWLQJ�
EHWZHHQ�WKH�PLQLPL]DWLRQ�RI�WKH�RQH�QRUP�RQ�WKH�FXUYHOHW�FRHIILFLHQWV�RI�WKH�
VXUIDFH�IUHH�*UHHQ
V�IXQFWLRQ�DQG�PLQLPL]DWLRQ�RI�D�ZHLJKWHG�WZR�QRUP�RQ�WKH�
)RXULHU�VSHFWUXP�RI�WKH�VRXUFH�IXQFWLRQ��7LP�DOVR�LPSURYHG�WKH�VFDOLQJ�E\�
LQFRUSRUDWLQJ�D�OLQH�VHDUFK�DQG�WKH�SURSHU�REOLTXLW\�IDFWRU�UHVXOWLQJ�LQ�DQ�
LPSURYHG�VFKHPH�WKDW�\LHOGV�KLJKO\�HQFRXUDJLQJ�UHVXOWV�RQ�D�FKDOOHQJLQJ�UHDO�
GDWD�VHW��7LP�SUHSDUHG�D�PDMRU�XSGDWH�RI�WKH�5(36,�VRIWZDUH��ZKLFK�XVHV�RXU�
SDUDOOHO�H[WHQVLRQV�RI�6327��RXU�REMHFW�RULHQWHG�GHYHORSPHQW�HQYLURQPHQW�LQ�
0DWODE��5HFHQW�UHVXOWV�RI�KLV�ZRUN�KDYH�EHHQ�SUHVHQWHG�WR�WKH�($*(�LQ�WKH�
SDSHU�HQWLWOHG��(VWLPDWLQJ�SULPDULHV�E\�VSDUVH�LQYHUVLRQ�LQ�D�FXUYHOHW�OLNH�
UHSUHVHQWDWLRQ�GRPDLQ��DQG�ZHUH�DOVR�SUHVHQWHG�GXULQJ�WKH�FRQVRUWLXP�PHHWLQJ�

3URJUHVV�5HSRUW�7HPSODWH���$SULO�����
3URJUHVV�5HSRUW�7HPSODWH���$SULO�����
�

http://slim.eos.ubc.ca/index.php?module=articles&func=display&catid=36&aid=380
http://slim.eos.ubc.ca/index.php?module=articles&func=display&catid=36&aid=380
http://slim.eos.ubc.ca/index.php?module=articles&func=display&catid=36&aid=380
http://slim.eos.ubc.ca/index.php?module=articles&func=display&catid=36&aid=380
http://slim.eos.ubc.ca/index.php?module=articles&func=display&catid=36&aid=380
http://slim.eos.ubc.ca/index.php?module=articles&func=display&catid=36&aid=380
http://slim.eos.ubc.ca/index.php?module=articles&func=display&catid=36&aid=380
http://slim.eos.ubc.ca/index.php?module=articles&func=display&catid=36&aid=380
http://slim.eos.ubc.ca/index.php?module=articles&func=display&catid=36&aid=380
http://slim.eos.ubc.ca/index.php?module=articles&func=display&catid=36&aid=380
http://slim.eos.ubc.ca/index.php?module=articles&func=display&catid=36&aid=380
http://slim.eos.ubc.ca/index.php?module=articles&func=display&catid=36&aid=380
http://slim.eos.ubc.ca/index.php?module=articles&func=display&catid=36&aid=380
http://slim.eos.ubc.ca/index.php?module=articles&func=display&catid=36&aid=380
http://slim.eos.ubc.ca/index.php?module=articles&func=display&catid=36&aid=380
http://slim.eos.ubc.ca/index.php?module=articles&func=display&catid=36&aid=380
http://slim.eos.ubc.ca/index.php?module=articles&func=display&catid=36&aid=380
http://slim.eos.ubc.ca/index.php?module=articles&func=display&catid=36&aid=380
http://slim.eos.ubc.ca/index.php?module=articles&func=display&catid=36&aid=380
http://slim.eos.ubc.ca/index.php?module=articles&func=display&catid=36&aid=380
http://slim.eos.ubc.ca/Publications/Private/Presentations/sinbad/2010Fall/Wed-11-30-Saab.pdf
http://slim.eos.ubc.ca/Publications/Private/Presentations/sinbad/2010Fall/Wed-11-30-Saab.pdf
http://slim.eos.ubc.ca/Publications/Private/Presentations/sinbad/2010Fall/Wed-11-30-Saab.pdf
http://slim.eos.ubc.ca/Publications/Private/Presentations/sinbad/2010Fall/Wed-11-30-Saab.pdf
http://slim.eos.ubc.ca/Publications/Private/Presentations/sinbad/2010Fall/Wed-11-30-Saab.pdf
http://slim.eos.ubc.ca/Publications/Private/Presentations/sinbad/2010Fall/Wed-11-30-Saab.pdf
http://slim.eos.ubc.ca/Publications/Private/Presentations/sinbad/2010Fall/Wed-11-30-Saab.pdf
http://slim.eos.ubc.ca/Publications/Private/Presentations/sinbad/2010Fall/Wed-11-30-Saab.pdf
http://slim.eos.ubc.ca/Publications/Private/Presentations/sinbad/2010Fall/Wed-11-30-Saab.pdf
http://slim.eos.ubc.ca/Publications/Private/Presentations/sinbad/2010Fall/Wed-11-30-Saab.pdf
http://slim.eos.ubc.ca/Publications/Private/Presentations/sinbad/2010Fall/Wed-12-00-Mansour.pdf
http://slim.eos.ubc.ca/Publications/Private/Presentations/sinbad/2010Fall/Wed-12-00-Mansour.pdf
http://slim.eos.ubc.ca/Publications/Private/Presentations/sinbad/2010Fall/Wed-12-00-Mansour.pdf
http://slim.eos.ubc.ca/Publications/Private/Presentations/sinbad/2010Fall/Wed-12-00-Mansour.pdf
http://slim.eos.ubc.ca/Publications/Private/Presentations/sinbad/2010Fall/Wed-12-00-Mansour.pdf
http://slim.eos.ubc.ca/Publications/Private/Presentations/sinbad/2010Fall/Wed-12-00-Mansour.pdf
http://slim.eos.ubc.ca/Publications/Private/Presentations/sinbad/2010Fall/Wed-12-00-Mansour.pdf
http://slim.eos.ubc.ca/Publications/Private/Presentations/sinbad/2010Fall/Wed-12-00-Mansour.pdf
http://slim.eos.ubc.ca/Publications/Private/Presentations/sinbad/2010Fall/Wed-12-00-Mansour.pdf
http://slim.eos.ubc.ca/Publications/Private/Presentations/sinbad/2010Fall/Wed-12-00-Mansour.pdf
http://slim.eos.ubc.ca/Publications/Private/Presentations/sinbad/2010Fall/Wed-12-00-Mansour.pdf
http://slim.eos.ubc.ca/Publications/Private/Presentations/sinbad/2010Fall/Wed-12-00-Mansour.pdf
http://slim.eos.ubc.ca/Publications/Private/Presentations/sinbad/2010Fall/Wed-12-00-Mansour.pdf
http://slim.eos.ubc.ca/Publications/Private/Presentations/sinbad/2010Fall/Wed-12-00-Mansour.pdf
http://slim.eos.ubc.ca/Publications/Private/Presentations/sinbad/2010Fall/Wed-12-00-Mansour.pdf
http://slim.eos.ubc.ca/Publications/Private/Presentations/sinbad/2010Fall/Wed-12-00-Mansour.pdf
http://www.cs.ubc.ca/labs/scl/spot/
http://slim.eos.ubc.ca/index.php?module=articles&func=display&catid=36&aid=371
http://slim.eos.ubc.ca/index.php?module=articles&func=display&catid=36&aid=371
http://slim.eos.ubc.ca/index.php?module=articles&func=display&catid=36&aid=371
http://slim.eos.ubc.ca/index.php?module=articles&func=display&catid=36&aid=371
http://slim.eos.ubc.ca/index.php?module=articles&func=display&catid=36&aid=371
http://slim.eos.ubc.ca/index.php?module=articles&func=display&catid=36&aid=371
http://slim.eos.ubc.ca/index.php?module=articles&func=display&catid=36&aid=371
http://slim.eos.ubc.ca/index.php?module=articles&func=display&catid=36&aid=371
http://slim.eos.ubc.ca/index.php?module=articles&func=display&catid=36&aid=371
http://slim.eos.ubc.ca/index.php?module=articles&func=display&catid=36&aid=371
http://slim.eos.ubc.ca/index.php?module=articles&func=display&catid=36&aid=371
http://slim.eos.ubc.ca/index.php?module=articles&func=display&catid=36&aid=371
http://slim.eos.ubc.ca/index.php?module=articles&func=display&catid=36&aid=371
http://slim.eos.ubc.ca/index.php?module=articles&func=display&catid=36&aid=371
http://slim.eos.ubc.ca/index.php?module=articles&func=display&catid=36&aid=371
http://slim.eos.ubc.ca/index.php?module=articles&func=display&catid=36&aid=371
http://slim.eos.ubc.ca/index.php?module=articles&func=display&catid=36&aid=371
http://slim.eos.ubc.ca/index.php?module=articles&func=display&catid=36&aid=371
http://slim.eos.ubc.ca/index.php?module=articles&func=display&catid=36&aid=371
http://slim.eos.ubc.ca/index.php?module=articles&func=display&catid=36&aid=371
http://slim.eos.ubc.ca/index.php?module=articles&func=display&catid=36&aid=371
http://slim.eos.ubc.ca/index.php?module=articles&func=display&catid=36&aid=371


�
+HUUPDQQ�����&5'3-�������������
�
©5HFLSLHQWB)DPLO\B1DPHª�����©3URJUDPB,'ª�©$SSB,'B&RPSB<HDUª�

LQ�KLV�WDON��/HYHUDJLQJ�LQIRUPHG�EOLQG�GHFRQYROXWLRQ�WHFKQLTXHV�IRU�WKH�
HVWLPDWLRQ�RI�SULPDULHV�E\�VSDUVH�LQYHUVLRQ���-RLQWO\�ZLWK�WKH�3,�KH�LV�ILQDOL]LQJ�D�
MRXUQDO�SXEOLFDWLRQ�RQ�WKLV�WRSLF�DQG�KH�VXEPLWWHG�WKH�DEVWUDFW�³5REXVW�VRXUFH�
VLJQDWXUH�GHFRQYROXWLRQ�DQG�WKH�HVWLPDWLRQ�RI�SULPDULHV�E\�VSDUVH�LQYHUVLRQ´�WR�
WKH�6(*�3RVW�&RQYHQWLRQ�ZRUNVKRS�RQ�EURDG�EDQG�VHLVPLF��7R�DOOHYLDWH�
5(36,
V�UHOLDQFH�RQ�DQ�LGHDO�VXUIDFH�UHIOHFWLRQ�RSHUDWRU��0XIHHG�DO�0DWDU��06F��
MRLQWO\�ZLWK�WKH�3,�H[WHQGHG�RXU�IRUPXODWLRQ�WR�LQFOXGH�D�FXUYHOHW�PDWFKLQJ��+LV�
DSSURDFK�LV�GHVLJQHG�WR�FRPSHQVDWH�IRU�DPSOLWXGH�HUURUV�WKDW�DUH�DOORZHG�WR�
YDU\�ZLWK�SRVLWLRQ�DQG�GLS��7KLV�DGGV�UREXVWQHVV�WR�HUURUV�LQGXFHG�E\�ILQLWH�
DSHUWXUH�DQG�QRQ�LGHDO�VXUIDFH�UHIOHFWLRQV��&RPSDUHG�WR�650(��WKH�IUDPHZRUN�
LQWR�ZKLFK�ZH�LQWURGXFHG�WKH�FXUYHOHW�PDWFKLQJ�RULJLQDOO\��WKH�LQFOXVLRQ�RI�WKLV�
PDWFKLQJ�LQ�5(36,�KDV�WKH�DGGLWLRQDO�DGYDQWDJH�WKDW�SUHGLFWHG�PXOWLSOHV�DUH�
PDWFKHG�WR�PXOWLSOHV�UDWKHU�WKDQ�WR�WKH�WRWDO�GDWD�DV�LQ�650(��7KHUH�DUH�
LQGLFDWLRQV�WKDW�WKLV�PDWFKLQJ�ZLOO�DOVR�LPSURYH�WKH�FRQYHUJHQFH�RI�5(36,��
0XIHHG�SUHVHQWHG�WKLV�ZRUN�DW�WKH�&RQVRUWLXP�PHHWLQJ�GXULQJ�KLV�
WDON��(VWLPDWLRQ�RI�VXUIDFH�IUHH�GDWD�E\�FXUYHOHW�GRPDLQ�PDWFKHG�ILOWHULQJ�DQG�
VSDUVH�LQYHUVLRQ���$�UHSRUW�HQWLWOHG��(VWLPDWLRQ�RI�VXUIDFH�IUHH�GDWD�E\�FXUYHOHW�
GRPDLQ�PDWFKHG�ILOWHULQJ�DQG�VSDUVH�LQYHUVLRQ��DQG�DQ�06F�WKHVLV�
HQWLWOHG�³(VWLPDWLRQ�RI�6XUIDFH�IUHH�'DWD�E\�&XUYHOHW�GRPDLQ�0DWFKHG�)LOWHULQJ�
DQG�6SDUVH�,QYHUVLRQ³��ZHUH�ZULWWHQ�RQ�WKLV�WRSLF��%DQGHU�-XPDK���VW�\HDU�06F�
VWXGHQW��KDV�VWDUWHG�WR�ZRUN�RQ�PHWKRG�WR�UHGXFH�WKH�FRPSXWDWLRQDO�FRVWV�RI�
5(36,�E\�XVLQJ�WHFKQLTXHV�IURP�VWRFKDVWLF�RSWLPL]DWLRQ�DQG�FRPSUHVVLYH�
VHQVLQJ��7KHVH�WHFKQLTXHV�UHGXFH�WKH�FRVW�RI�WKH�IXOO�PDWUL[�PDWUL[�PXOWLSOLHV�RQ�
ZKLFK�5(36,�UHOLHV�E\�GLPHQVLRQDOLW\�UHGXFWLRQ��%DQGHU�UHSRUWHG�MRLQWO\�ZLWK�WKH�
3,�RQ�KLV�ZRUN�LQ�DQ�DEVWUDFW�HQWLWOHG�³'LPHQVLRQDOLW\�UHGXFHG�HVWLPDWLRQ�RI�
SULPDULHV�E\�VSDUVH�LQYHUVLRQ´��ZKLFK�KDV�EHHQ�VXEPLWWHG�WR�WKH�6(*��<LXSHQJ�
<DQ�ILQLVKHG�KLV�06F�WKHVLV�HQWLWOHG�³*URXQGUROO�SUHGLFWLRQ�E\�LQWHUIHURPHWU\�DQG�
VHSDUDWLRQ�LQ�FXUYHOHW�GRPDLQ´��:H�SODQ�WR�SXW�����QHZ�JUDGXDWH�VWXGHQWV�WR�
ZRUN�RQ�WKLV�WRSLF�LQFOXGLQJ�H[WHQVLRQ�WR��'�DQG�LQFRPSOHWH�GDWD��2XWFRPH��$�
UREXVW�IUDPHZRUN�IRU�WKH�HVWLPDWLRQ�RI�VXUIDFH�IUHH�*UHHQ
V�IXQFWLRQ�DQG�VRXUFH�
VLJQDWXUHV�WKDW�VHUYH�DV�LQSXW�WR�LPDJLQJ��PLJUDWLRQ�YHORFLW\�DQDO\VLV��DQG�IXOO�
ZDYHIRUP�LQYHUVLRQ�

�
Ɣ ,PDJLQJ�ZLWK�VXUIDFH�UHODWHG�PXOWLSOHV��7X�1LQJ��3K'�VWXGHQW��KDV�ZRUNHG�

MRLQWO\�ZLWK�WKH�3,�RQ�LQFOXGLQJ�WKH�VXUIDFH�UHODWHG�PXOWLSOH�SUHGLFWLRQ�RSHUDWRU�
LQWR�RXU�IRUPXODWLRQ�RI�VSDUVLW\�SURPRWLQJ�PLJUDWLRQ��7KLV�LQFOXVLRQ�PHDQV�
WKDW�ZH�FDQ�LQYHUW��LQFRPSOHWH��GDWD�ZLWK�PXOWLSOHV�WR�FUHDWH�KLJK�UHVROXWLRQ�
LPDJHV�E\�XVLQJ�FXUYHOHW�GRPDLQ�VSDUVLW\�SURPRWLRQ��+LV�WHVWV�RQ�V\QWKHWLF�
GDWD�DUH�YHU\�HQFRXUDJLQJ�DQG�KLV�UHVXOWV�ZHUH�SUHVHQWHG�GXULQJ�RXU�)DOO������
&RQVRUWLXP�PHHWLQJ�GXULQJ�KLV�WDON��6SDUVLW\�SURPRWLQJ�PLJUDWLRQ�ZLWK�VXUIDFH�
UHODWHG�PXOWLSOHV���7KH�PHWKRG�ZRUNV�SDUWLFXODUO\�ZHOO�IRU�PLVVLQJ�GDWD�EHFDXVH�
WKH�LQYHUVLRQ�RI�WKH�PXOWLSOH�SUHGLFWLRQ�PDSV�PXOWLSOH�HQHUJ\�WR�SULPDULHV�WKDW�

3URJUHVV�5HSRUW�7HPSODWH���$SULO�����
3URJUHVV�5HSRUW�7HPSODWH���$SULO�����
�

http://slim.eos.ubc.ca/Publications/Private/Presentations/sinbad/2010Fall/Wed-15-55-Lin.pdf
http://slim.eos.ubc.ca/Publications/Private/Presentations/sinbad/2010Fall/Wed-15-55-Lin.pdf
http://slim.eos.ubc.ca/Publications/Private/Presentations/sinbad/2010Fall/Wed-15-55-Lin.pdf
http://slim.eos.ubc.ca/Publications/Private/Presentations/sinbad/2010Fall/Wed-15-55-Lin.pdf
http://slim.eos.ubc.ca/Publications/Private/Presentations/sinbad/2010Fall/Wed-15-55-Lin.pdf
http://slim.eos.ubc.ca/Publications/Private/Presentations/sinbad/2010Fall/Wed-15-55-Lin.pdf
http://slim.eos.ubc.ca/Publications/Private/Presentations/sinbad/2010Fall/Wed-15-55-Lin.pdf
http://slim.eos.ubc.ca/Publications/Private/Presentations/sinbad/2010Fall/Wed-15-55-Lin.pdf
http://slim.eos.ubc.ca/Publications/Private/Presentations/sinbad/2010Fall/Wed-15-55-Lin.pdf
http://slim.eos.ubc.ca/Publications/Private/Presentations/sinbad/2010Fall/Wed-15-55-Lin.pdf
http://slim.eos.ubc.ca/Publications/Private/Presentations/sinbad/2010Fall/Wed-15-55-Lin.pdf
http://slim.eos.ubc.ca/Publications/Private/Presentations/sinbad/2010Fall/Wed-15-55-Lin.pdf
http://slim.eos.ubc.ca/Publications/Private/Presentations/sinbad/2010Fall/Wed-15-55-Lin.pdf
http://slim.eos.ubc.ca/Publications/Private/Presentations/sinbad/2010Fall/Wed-15-55-Lin.pdf
http://slim.eos.ubc.ca/Publications/Private/Presentations/sinbad/2010Fall/Wed-15-55-Lin.pdf
http://slim.eos.ubc.ca/Publications/Private/Presentations/sinbad/2010Fall/Wed-15-55-Lin.pdf
http://slim.eos.ubc.ca/Publications/Private/Presentations/sinbad/2010Fall/Wed-15-55-Lin.pdf
http://slim.eos.ubc.ca/Publications/Private/Presentations/sinbad/2010Fall/Wed-15-55-Lin.pdf
http://slim.eos.ubc.ca/Publications/Private/Presentations/sinbad/2010Fall/Wed-15-55-Lin.pdf
http://slim.eos.ubc.ca/Publications/Private/Presentations/sinbad/2010Fall/Wed-15-55-Lin.pdf
http://slim.eos.ubc.ca/Publications/Private/Presentations/sinbad/2010Fall/Wed-15-55-Lin.pdf
http://slim.eos.ubc.ca/Publications/Private/Presentations/sinbad/2010Fall/Wed-15-55-Lin.pdf
http://slim.eos.ubc.ca/Publications/Private/Presentations/sinbad/2010Fall/Wed-15-55-Lin.pdf
http://slim.eos.ubc.ca/Publications/Private/Presentations/sinbad/2010Fall/Wed-15-55-Lin.pdf
http://slim.eos.ubc.ca/Publications/Private/Presentations/sinbad/2010Fall/Wed-15-55-Lin.pdf
http://slim.eos.ubc.ca/Publications/Private/Presentations/sinbad/2010Fall/Wed-15-55-Lin.pdf
http://slim.eos.ubc.ca/Publications/Private/Presentations/sinbad/2010Fall/Wed-15-55-Lin.pdf
http://slim.eos.ubc.ca/Publications/Private/Presentations/sinbad/2010Fall/Wed-16-40-Almatar.pdf
http://slim.eos.ubc.ca/Publications/Private/Presentations/sinbad/2010Fall/Wed-16-40-Almatar.pdf
http://slim.eos.ubc.ca/Publications/Private/Presentations/sinbad/2010Fall/Wed-16-40-Almatar.pdf
http://slim.eos.ubc.ca/Publications/Private/Presentations/sinbad/2010Fall/Wed-16-40-Almatar.pdf
http://slim.eos.ubc.ca/Publications/Private/Presentations/sinbad/2010Fall/Wed-16-40-Almatar.pdf
http://slim.eos.ubc.ca/Publications/Private/Presentations/sinbad/2010Fall/Wed-16-40-Almatar.pdf
http://slim.eos.ubc.ca/Publications/Private/Presentations/sinbad/2010Fall/Wed-16-40-Almatar.pdf
http://slim.eos.ubc.ca/Publications/Private/Presentations/sinbad/2010Fall/Wed-16-40-Almatar.pdf
http://slim.eos.ubc.ca/Publications/Private/Presentations/sinbad/2010Fall/Wed-16-40-Almatar.pdf
http://slim.eos.ubc.ca/Publications/Private/Presentations/sinbad/2010Fall/Wed-16-40-Almatar.pdf
http://slim.eos.ubc.ca/Publications/Private/Presentations/sinbad/2010Fall/Wed-16-40-Almatar.pdf
http://slim.eos.ubc.ca/Publications/Private/Presentations/sinbad/2010Fall/Wed-16-40-Almatar.pdf
http://slim.eos.ubc.ca/Publications/Private/Presentations/sinbad/2010Fall/Wed-16-40-Almatar.pdf
http://slim.eos.ubc.ca/Publications/Private/Presentations/sinbad/2010Fall/Wed-16-40-Almatar.pdf
http://slim.eos.ubc.ca/Publications/Private/Presentations/sinbad/2010Fall/Wed-16-40-Almatar.pdf
http://slim.eos.ubc.ca/Publications/Private/Presentations/sinbad/2010Fall/Wed-16-40-Almatar.pdf
http://slim.eos.ubc.ca/Publications/Private/Presentations/sinbad/2010Fall/Wed-16-40-Almatar.pdf
http://slim.eos.ubc.ca/Publications/Private/Presentations/sinbad/2010Fall/Wed-16-40-Almatar.pdf
http://slim.eos.ubc.ca/Publications/Private/Presentations/sinbad/2010Fall/Wed-16-40-Almatar.pdf
http://slim.eos.ubc.ca/Publications/Private/Presentations/sinbad/2010Fall/Wed-16-40-Almatar.pdf
http://slim.eos.ubc.ca/Publications/Private/Presentations/sinbad/2010Fall/Wed-16-40-Almatar.pdf
http://slim.eos.ubc.ca/Publications/Private/Presentations/sinbad/2010Fall/Wed-16-40-Almatar.pdf
http://slim.eos.ubc.ca/Publications/Private/Presentations/sinbad/2010Fall/Wed-16-40-Almatar.pdf
http://slim.eos.ubc.ca/Publications/Private/Presentations/sinbad/2010Fall/Wed-16-40-Almatar.pdf
http://slim.eos.ubc.ca/Publications/Private/Presentations/sinbad/2010Fall/Wed-16-40-Almatar.pdf
http://slim.eos.ubc.ca/Publications/Private/Presentations/sinbad/2010Fall/Wed-16-40-Almatar.pdf
http://slim.eos.ubc.ca/index.php?module=articles&func=display&catid=36&aid=372
http://slim.eos.ubc.ca/index.php?module=articles&func=display&catid=36&aid=372
http://slim.eos.ubc.ca/index.php?module=articles&func=display&catid=36&aid=372
http://slim.eos.ubc.ca/index.php?module=articles&func=display&catid=36&aid=372
http://slim.eos.ubc.ca/index.php?module=articles&func=display&catid=36&aid=372
http://slim.eos.ubc.ca/index.php?module=articles&func=display&catid=36&aid=372
http://slim.eos.ubc.ca/index.php?module=articles&func=display&catid=36&aid=372
http://slim.eos.ubc.ca/index.php?module=articles&func=display&catid=36&aid=372
http://slim.eos.ubc.ca/index.php?module=articles&func=display&catid=36&aid=372
http://slim.eos.ubc.ca/index.php?module=articles&func=display&catid=36&aid=372
http://slim.eos.ubc.ca/index.php?module=articles&func=display&catid=36&aid=372
http://slim.eos.ubc.ca/index.php?module=articles&func=display&catid=36&aid=372
http://slim.eos.ubc.ca/index.php?module=articles&func=display&catid=36&aid=372
http://slim.eos.ubc.ca/index.php?module=articles&func=display&catid=36&aid=372
http://slim.eos.ubc.ca/index.php?module=articles&func=display&catid=36&aid=372
http://slim.eos.ubc.ca/index.php?module=articles&func=display&catid=36&aid=372
http://slim.eos.ubc.ca/index.php?module=articles&func=display&catid=36&aid=372
http://slim.eos.ubc.ca/index.php?module=articles&func=display&catid=36&aid=372
http://slim.eos.ubc.ca/index.php?module=articles&func=display&catid=36&aid=372
http://slim.eos.ubc.ca/index.php?module=articles&func=display&catid=36&aid=372
http://slim.eos.ubc.ca/index.php?module=articles&func=display&catid=36&aid=372
http://slim.eos.ubc.ca/index.php?module=articles&func=display&catid=36&aid=372
http://slim.eos.ubc.ca/index.php?module=articles&func=display&catid=36&aid=372
http://slim.eos.ubc.ca/index.php?module=articles&func=display&catid=36&aid=372
http://slim.eos.ubc.ca/index.php?module=articles&func=display&catid=36&aid=372
http://slim.eos.ubc.ca/index.php?module=articles&func=display&catid=36&aid=372
http://slim.eos.ubc.ca/index.php?module=articles&func=display&catid=53&aid=385
http://slim.eos.ubc.ca/index.php?module=articles&func=display&catid=53&aid=385
http://slim.eos.ubc.ca/index.php?module=articles&func=display&catid=53&aid=385
http://slim.eos.ubc.ca/index.php?module=articles&func=display&catid=53&aid=385
http://slim.eos.ubc.ca/index.php?module=articles&func=display&catid=53&aid=385
http://slim.eos.ubc.ca/index.php?module=articles&func=display&catid=53&aid=385
http://slim.eos.ubc.ca/index.php?module=articles&func=display&catid=53&aid=385
http://slim.eos.ubc.ca/index.php?module=articles&func=display&catid=53&aid=385
http://slim.eos.ubc.ca/index.php?module=articles&func=display&catid=53&aid=385
http://slim.eos.ubc.ca/index.php?module=articles&func=display&catid=53&aid=385
http://slim.eos.ubc.ca/index.php?module=articles&func=display&catid=53&aid=385
http://slim.eos.ubc.ca/index.php?module=articles&func=display&catid=53&aid=385
http://slim.eos.ubc.ca/index.php?module=articles&func=display&catid=53&aid=385
http://slim.eos.ubc.ca/index.php?module=articles&func=display&catid=53&aid=385
http://slim.eos.ubc.ca/index.php?module=articles&func=display&catid=53&aid=385
http://slim.eos.ubc.ca/index.php?module=articles&func=display&catid=53&aid=385
http://slim.eos.ubc.ca/index.php?module=articles&func=display&catid=53&aid=385
http://slim.eos.ubc.ca/index.php?module=articles&func=display&catid=53&aid=385
http://slim.eos.ubc.ca/index.php?module=articles&func=display&catid=53&aid=385
http://slim.eos.ubc.ca/index.php?module=articles&func=display&catid=53&aid=385
http://slim.eos.ubc.ca/index.php?module=articles&func=display&catid=53&aid=385
http://slim.eos.ubc.ca/index.php?module=articles&func=display&catid=53&aid=385
http://slim.eos.ubc.ca/index.php?module=articles&func=display&catid=53&aid=385
http://slim.eos.ubc.ca/index.php?module=articles&func=display&catid=53&aid=385
http://slim.eos.ubc.ca/index.php?module=articles&func=display&catid=53&aid=385
http://slim.eos.ubc.ca/index.php?module=articles&func=display&catid=53&aid=385
http://slim.eos.ubc.ca/Publications/Private/Presentations/sinbad/2010Fall/Wed-17-00-Tu.pdf
http://slim.eos.ubc.ca/Publications/Private/Presentations/sinbad/2010Fall/Wed-17-00-Tu.pdf
http://slim.eos.ubc.ca/Publications/Private/Presentations/sinbad/2010Fall/Wed-17-00-Tu.pdf
http://slim.eos.ubc.ca/Publications/Private/Presentations/sinbad/2010Fall/Wed-17-00-Tu.pdf
http://slim.eos.ubc.ca/Publications/Private/Presentations/sinbad/2010Fall/Wed-17-00-Tu.pdf
http://slim.eos.ubc.ca/Publications/Private/Presentations/sinbad/2010Fall/Wed-17-00-Tu.pdf
http://slim.eos.ubc.ca/Publications/Private/Presentations/sinbad/2010Fall/Wed-17-00-Tu.pdf
http://slim.eos.ubc.ca/Publications/Private/Presentations/sinbad/2010Fall/Wed-17-00-Tu.pdf
http://slim.eos.ubc.ca/Publications/Private/Presentations/sinbad/2010Fall/Wed-17-00-Tu.pdf
http://slim.eos.ubc.ca/Publications/Private/Presentations/sinbad/2010Fall/Wed-17-00-Tu.pdf
http://slim.eos.ubc.ca/Publications/Private/Presentations/sinbad/2010Fall/Wed-17-00-Tu.pdf
http://slim.eos.ubc.ca/Publications/Private/Presentations/sinbad/2010Fall/Wed-17-00-Tu.pdf
http://slim.eos.ubc.ca/Publications/Private/Presentations/sinbad/2010Fall/Wed-17-00-Tu.pdf
http://slim.eos.ubc.ca/Publications/Private/Presentations/sinbad/2010Fall/Wed-17-00-Tu.pdf


�
+HUUPDQQ�����&5'3-�������������
�
©5HFLSLHQWB)DPLO\B1DPHª�����©3URJUDPB,'ª�©$SSB,'B&RPSB<HDUª�

PD\�QRW�KDYH�EHHQ�VDPSOHG��7X�1LQJ�LV�FXUUHQWO\�ZRUNLQJ�RQ�D�PRUH�UHDOLVWLF�
V\QWKHWLF�LQ�SUHSDUDWLRQ�RI�D�MRXUQDO�SXEOLFDWLRQ��5HFHQW�UHVXOWV�RI�KLV�PHWKRG�
ZHUH�MRLQWO\�ZLWK�WKH�3,�SUHVHQWHG�DW�WKH�($*(�LQ�WKH�DEVWUDFW�HQWLWOHG��6SDUVLW\�
SURPRWLQJ�PLJUDWLRQ�ZLWK�VXUIDFH�UHODWHG�PXOWLSOHV���+H�DOVR�VXEPLWWHG�WKH�
DEVWUDFW�HQWLWOHG��³0LJUDWLRQ�ZLWK�VXUIDFH�UHODWHG�PXOWLSOHV�IURP�LQFRPSOHWH�
VHLVPLF�GDWD´�WR�WKH�6(*��7XQLQJ
V�ZRUN�LV�VFKHGXOHG�WR�EH�UHOHDVHG�LQ�VRIWZDUH�
E\�HDUO\�6XPPHU��$V�SDUW�RI�WKLV�SURMHFW��7X�1LQJ�SODQV�WR�GHYHORS�D�ZRUNIORZ�
WKDW�LQFOXGHV�REWDLQLQJ�DQ�HVWLPDWH�IRU�WKH�YHORFLW\�PRGHO��IROORZHG�E\�LPDJLQJ�
RQ�D��EOLQG��V\QWKHWLF�GDWD�H[DPSOH�DQG�ODWHU�RQ�D�UHDO�GDWD�H[DPSOH��:H�DUH�
FXUUHQWO\�DOVR�ZRUNLQJ�RQ�SODQV�WR�LQFOXGH�VRXUFH�HVWLPDWLRQ�LQ�WKH�IRUPXODWLRQ�
DQG�WR�LQFRUSRUDWH�KLV�DSSURDFK�LQ�PLJUDWLRQ�YHORFLW\�DQDO\VLV��ZLWK�7ULVWDQ�
YDQ�/HHXZHQ��3')��DQG�LQ�IXOO�ZDYHIRUP�LQYHUVLRQ��)RU�WKH�YHORFLW\�DQDO\VLV��
ZH�SODQ�WR�XVH�7ULVWDQ
V�ZRUN�RQ�FRUUHODWLRQ�EDVHG�PLJUDWLRQ�YHORFLW\�DQDO\VLV��
)LQDOO\��ZH�DUH�DOVR�WKLQNLQJ�DERXW�H[WHQVLRQV�WR��'�IRU�ZKLFK�ZH�QHHG�WR�
DGGUHVV�LVVXHV�UHODWHG�WR�UHGXFLQJ�WKH�FRPSXWDWLRQDO�FRVWV��7KLV�SURMHFW�ZLOO�
LQYROYH�����QHZ�JUDGXDWH�VWXGHQWV��2XWFRPH��,PSURYHG�KLJK�UHVROXWLRQ�LPDJHV�
IURP�LQFRPSOHWH�GDWD�E\�OHYHUDJLQJ�PXOWLSOH�HQHUJ\�DQG�UREXVW�PLJUDWLRQ�
YHORFLW\�DQDO\VLV�WKDW�DUH�QR�ORQJHU�KDPSHUHG�E\�VXUIDFH�UHODWHG�PXOWLSOHV�DQG�
E\�SRRUO\�UHVROYHG�UHIOHFWRUV�

�
Ɣ 'LPHQVLRQDOLW\�UHGXFHG�IXOO�ZDYHIRUP�LQYHUVLRQ�ZLWK�VWRFKDVWLF�

RSWLPL]DWLRQ��/HDVW�VTXDUHV�PLJUDWLRQ�DQG�IXOO�ZDYHIRUP�LQYHUVLRQ�ERWK�UHTXLUH�
WKH�VROXWLRQ�RI�D�ODUJH�V\VWHP�RI�HTXDWLRQV�IRU�HDFK�VRXUFH��8QIRUWXQDWHO\�WKLV�
OHDGV�WR�FRPSXWDWLRQDO�FRVWV�WKDW�EHFRPH�LQIHDVLEOH�HYHQ�IRU�WKH�ODUJHVW�
FRPSXWH�FOXVWHUV�EHFDXVH�WKH�QXPEHU�RI�VRXUFHV�DQG�V\VWHP�VL]H�LQFUHDVH�
H[SRQHQWLDOO\��7R�DGGUHVV�WKLV�LVVXH��ZH�XVH�GLPHQVLRQDOLW\�UHGXFWLRQ�
WHFKQLTXHV�WKDW�UHGXFH�WKH�QXPEHU�RI�3'(�VROYHV�UHTXLUHG�WR�DUULYH�DW�WKH�
VROXWLRQ��0RWLYDWHG�E\�UHFHQW�UHVXOWV�E\�+DEHU��&KXQJ��DQG�+HUUPDQQ�LQ�WKH�
SDSHU��$Q�HIIHFWLYH�PHWKRG�IRU�SDUDPHWHU�HVWLPDWLRQ�ZLWK�3'(�FRQVWUDLQWV�ZLWK�
PXOWLSOH�ULJKW�KDQG�VLGHV´��7ULVWDQ�YDQ�/HHXZHQ��3')��XVHG�WHFKQLTXHV�IURP�
VWRFKDVWLF�RSWLPL]DWLRQ�WR�DQDO\]H�DQG�LPSURYH�DG�KRF�SKDVH�HQFRGLQJ�PHWKRGV�
WKDW�KDYH�EHHQ�SURSRVHG�WR�FRPSXWH�JUDGLHQWV�HIILFLHQWO\��7KHVH�PHWKRGV�
FRPELQH�ODUJH�QXPEHUV�RI�VHTXHQWLDO�VRXUFHV�LQWR�VPDOO�FROOHFWLRQV�RI�
VXSHUVKRWV�E\�UDQGRP�VXSHUSRVLWLRQ��'HVSLWH�XQDYRLGDEOH�VRXUFH�FURVVWDON��
):,�FDQ�EH�FDUULHG�RXW�ZLWK�WKHVH�VXSHUVKRWV�E\�HLWKHU�FKRRVLQJ�D�VLQJOH�ODUJH�
HQRXJK�FROOHFWLRQ�RI�VXSHUVKRWV�WR�FDUU\�RXW�WKH�LQYHUVLRQ�RU�E\�FKRRVLQJ�PXFK�
VPDOOHU�EXW�GLIIHUHQW�FROOHFWLRQV�RI�VXSHUVKRWV�IRU�HDFK�JUDGLHQW�XSGDWH��,Q�WKH�
PDFKLQH�OHDUQLQJ�FRPPXQLW\��WKH�IRUPHU�LV�NQRZQ�DV�WKH�VWRFKDVWLF�DYHUDJH�
DSSUR[LPDWLRQ��6$$���ZKLFK�KDV�WKH�DGYDQWDJH�WKDW�LW�GRHV�QRW�UHTXLUH�FKDQJHV�
IRU�WKH�VROYHU��7KH�ODWWHU�LV�NQRZQ�DV�WKH�VWRFKDVWLF�JUDGLHQW��6*���ZKLFK�KDV�WKH�
DGYDQWDJH�WKDW�DOORZV�XV�WR�ZRUN�ZLWK�D�VLQJOH�RU�YHU\�IHZ�VXSHUVKRWV�IRU�HDFK�
JUDGLHQW�XSGDWH��:KLOH�6*�FDQ�OHDG�WR�VLJQLILFDQW�VSHHGXSV��WKH�PHWKRG�LV�
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XQVWDEOH�ZLWK�UHVSHFW�WR�QRLVH��7ULVWDQ�VKRZHG�MRLQWO\�ZLWK�WKH�3,�WKDW�WKLV�
VHQVLWLYLW\�FDQ�EH�UHGXFHG�E\�DYHUDJLQJ�DPRQJVW�SDVW�PRGHOV�DV�SUHVFULEHG�E\�
WKH�WKHRUHWLFDO�ILQGLQJV�RI�VWRFKDVWLF�RSWLPL]DWLRQ��+H�SUHVHQWHG�WKHVH�UHVXOWV�
GXULQJ�DW�WKH�&RQVRUWLXP�PHHWLQJ�LQ�WKH�WDON��:DYHIRUP�LQYHUVLRQ�E\�VWRFKDVWLF�
RSWLPL]DWLRQ��DQG�LQ�D�SDSHU�VXEPLWWHG�IRU�SXEOLFDWLRQ�HQWLWOHG��6HLVPLF�
ZDYHIRUP�LQYHUVLRQ�E\�VWRFKDVWLF�RSWLPL]DWLRQ���,Q�WKLV�SDSHU��ZH�XVH�UHFHQW�IRU�
UDQGRP�WUDFH�HVWLPDWHV�WR�DQDO\]H�WKH�SHUIRUPDQFH�RI�WKH�VWRFKDVWLF�DYHUDJH�
DSSUR[LPDWLRQ��7KLV�SDSHU�FOHDUO\�HVWDEOLVKHV�WKH�FRQQHFWLRQ�EHWZHHQ�SKDVH�
HQFRGLQJ�LQ�LPDJLQJ�DQG�IXOO�ZDYHIRUP�LQYHUVLRQ�DQG�VWRFKDVWLF�RSWLPL]DWLRQ�LQ�
PDFKLQH�OHDUQLQJ��-RLQWO\�ZLWK�SURIHVVRU�0LFKDHO�)ULHGODQGHU��FR�3,��DQG�0DUN�
6FKPLGW��3')��ZKR�UHFHQWO\�MRLQHG�(FROH�1RUPDO�6XSHULHXU�LQ�3DULV���7ULVWDQ�
KDV�ZRUNHG�RQ�D�QHZ�PHWKRG�ZKHUH�WKH�QXPEHU�RI�VXSHUVKRWV�LV�LQFUHDVHG�
GXULQJ�WKH�LQYHUVLRQ�VR�WKDW�DFFXUDF\�LV�LQFUHDVHG�DV�WKH�DOJRULWKP�FRQYHUJHV�WR�
WKH�VROXWLRQ��7ULVWDQ�SUHVHQWHG�MRLQWO\�ZLWK�WKH�3,�WKH�($*(�DEVWUDFW��$�K\EULG�
VWRFKDVWLF�GHWHUPLQLVWLF�RSWLPL]DWLRQ�PHWKRG�IRU�ZDYHIRUP�LQYHUVLRQ��RQ�WKLV�
WRSLF��0LFKDHO�JDYH�D�SUHVHQWDWLRQ�RQ�WKLV�ZRUN�DW�WKH������6,$0�0HHWLQJ�RQ�
2SWLPL]DWLRQ��DQG�WKH\�DOVR�VXEPLWWHG�WKH�MRXUQDO�SXEOLFDWLRQ�HQWLWOHG�³+\EULG�
'HWHUPLQLVWLF�6WRFKDVWLF�0HWKRGV�IRU�'DWD�)LWWLQJ´��7ULVWDQ�LV�DOVR�H[WHQGLQJ�KLV�
ZRUN�WR��'�ZKHUH�ZH�H[SHFW�WKH�JDLQV�RI�KLV�PHWKRG�WR�EH�HYHQ�PRUH�
VLJQLILFDQW��)RU�WKLV�SXUSRVH��KH�LV�SODQQLQJ�WR�XVH�:LOOLDP�6\PHV
�L:DYH�
SDFNDJH�DV�ZHOO�ZHOO�DV�D�K\EULG���'�WLPH�KDUPRQLF�+HOPKROW]�VROYHU�WR�EH�
GHYHORSHG�LQ�RXU�JURXS�XVLQJ�GRPDLQ�GHFRPSRVLWLRQV�DQG�6FKXU�FRPSOHPHQWV��
:H�SODQ�WR�SXW�����QHZ�JUDGXDWH�VWXGHQWV�RQ�WKLV�SURMHFW��2XWFRPH��$�
IRUPXODWLRQ�RI�):,��ZKLFK�JUHDWO\�UHGXFHV�WKH�QXPEHU�RI�VRXUFHV�WKDW�SDUWLFLSDWH�
LQ�WKH�LQYHUVLRQ�DQG�KHQFH�UHGXFHV�WKH�RYHUDOO�FRPSXWDWLRQDO�FRVWV��%HFDXVH�
RXU�PHWKRG�KLQJHV�RQ�WKH�JHQHULF�IUDPHZRUN�RI�SDUDPHWHU�HVWLPDWLRQ�ZLWK�3'(�
FRQVWUDLQWV��H�J���WKH�DFRXVWLF�RU�HODVWLF�ZDYH�HTXDWLRQ��ZKHUH�WKH�3'(V�DUH�
VROYHG�E\�LQGLUHFW�LWHUDWLYH�PHWKRGV��WKLV�PHWKRGRORJ\�UHPRYHV�D�PDMRU�
FRPSXWDWLRQDO�ERWWOH�QHFN�WKDW�KDV�KDPSHUHG�H[WHQVLRQV�WR��'�DQG�WR�
DQLVRWURSLF�HODVWLF�IXOO�ZDYHIRUP�LQYHUVLRQ��%HFDXVH�RI�PHPRU\�DQG�
FRPSXWDWLRQDO�UHTXLUHPHQWV��GLUHFW�VROYHUV�DUH�LQIHDVLEOH�IRU�WKHVH�ODUJH�VFDOH�
SUREOHPV�

�
Ɣ 'LPHQVLRQDOLW\�UHGXFHG�IXOO�ZDYHIRUP�LQYHUVLRQ�ZLWK�FRPSUHVVLYH�

VHQVLQJ��;LDQJ�/L��3K'�VWXGHQW��KDV�MRLQWO\�ZLWK�WKH�3,�ZRUNHG�RQ�XVLQJ�VSDUVLW\�
SURPRWLRQ�WR�UHFRYHU�PLJUDWHG�LPDJHV�DQG�*DXVV�1HZWRQ�XSGDWHV�IURP�VPDOO�
FROOHFWLRQV�RI�VXSHUVKRWV��+LV�PHWKRG�H[SORLWV�WKH�IDFW�WKDW�VSHFWUDO�JUDGLHQW�
VROYHU��63*/���GHYHORSHG�E\�(ZRXW�YDQ�GHQ�%HUJ��IRUPHU�3K'��QRZ�D�6WDQIRUG�
3')��DQG�0LFKDHO�)ULHGODQGHU��FR�3,��VROYHV�D�VHULHV�RI�/$662�VXESUREOHPV�
GXULQJ�ZKLFK�WKH�RQH�QRUP�RI�WKH�VROXWLRQ�LV�LQFUHDVHG�V\VWHPDWLFDOO\��%HFDXVH�
WKH�VROXWLRQ�LV�VSDUVH�DIWHU�HDFK�SUREOHP�LV�VROYHG��WKLV�LV�D�QDWXUDO�SRLQW�DW�
ZKLFK�WR�GUDZ�D�QHZ�FROOHFWLRQ�RI�VXSHUVKRWV��:H�XVHG�WKLV�PHWKRG�WR�PDNH�
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SUREOHP�LQ�WKH�RSWLPL]DWLRQ�FRPPXQLW\��:H�QHHG�WKHVH�FRHIILFLHQWV�WR�EH�
FRPSOH[�EHFDXVH�WKLV�DGGV�VKLIW�LQYDULDQFH�DQG�LQVHQVLWLYLW\�WR�SKDVH�URWDWLRQV�
WR�WKH�FXUYHOHW�WUDQVIRUP��:H�SODQ�WR�KLUH�����QHZ�JUDGXDWH�VWXGHQWV�RQ�WKLV�
SURMHFW��2XWFRPH��$Q�HIILFLHQW�DQG�UREXVW�IRUPXODWLRQ�IRU�ZDYH�HTXDWLRQ�EDVHG�
LPDJLQJ�DQG�IXOO�ZDYHIRUP�LQYHUVLRQ�EDVHG�RQ�D�FRPELQDWLRQ�RI�VWRFKDVWLF�
RSWLPL]DWLRQ�DQG�FRPSUHVVLYH�VHQVLQJ��7KLV�IRUPXODWLRQ�LV�GHVLJQHG�WR�UHPRYH�
WKH�H[SORGLQJ�FRPSXWDWLRQDO�FRPSOH[LW\�RI�WKHVH�SUREOHPV�LQ��'�DQG�IRU�
VLWXDWLRQV�WKDW�JR�EH\RQG�WKH�VFDODU�DFRXVWLF�ZDYH�HTXDWLRQ��

�
$VLGH�IURP�WKHVH�UHODWLYHO\�VKRUW�WHUP�UHVHDUFK�WRSLFV��ZH�DUH�SODQQLQJ�WR�ZRUN�RQ�WKH�
IROORZLQJ�ORQJ�WHUP�SURMHFWV�
�

Ɣ &RPSUHVVLYH�IUDPHZRUN�IRU�6HLVPLF�'DWD�$FTXLVLWLRQ��,Q�WKLV�SURMHFW��ZH�
ZLOO�XVH�WKH�LQVLJKWV�RI�FRPSUHVVLYH�VHQVLQJ�WR�RSWLPL]H�VHLVPLF�DFTXLVLWLRQ��
7RSLFV�LQFOXGH�WKH�GHVLJQ�RI�SUDFWLFDO�VHLVPLF�DFTXLVLWLRQ�VFHQDULRV��DQG�LVVXHV�
UHODWHG��DQG�VLJPD�GHOWD�TXDQWL]DWLRQ��:H�ZLOO�DOVR�ORRN�DW�H[SHULPHQWDO�GHVLJQ�
LQ�WKH�FRQWH[W�RI�IXOO�ZDYHIRUP�LQYHUVLRQ��3URIHVVRU�2]JXU�<LOPD]��FR�3,��ZLOO�
WDNH�WKH�OHDG�RQ�WKLV�WRSLF��2QH�RI�WKH�PDLQ�LQJUHGLHQWV�RI�FRPSUHVVLYH�VDPSOLQJ�
WKHRU\�LV�WKH�UHTXLUHPHQW�WKDW�VDPSOHV�DUH�DFTXLUHG�LQ�D�ZD\�WKDW�LV�LQFRKHUHQW�
ZLWK�WKH�VSDUVLW\�VWUXFWXUH�RI�WKH�VLJQDOV��,Q�WKH�VHLVPLF�VHWWLQJ�WKLV�DPRXQWV�
WR�WKH�GHVLJQ�RI�DSSURSULDWH�DFTXLVLWLRQ�JHRPHWULHV�DQG�VWUDWHJLHV�WKDW�EHDW�
WKH�1\TXLVW�EDUULHU��2XU�JRDO�LV�WR�SURSRVH�VXFK�JHRPHWULHV�DQG�TXDQWL]DWLRQ�
PHWKRGV�WKDW�DUH�WDLORUHG�WR�RXU�FRPSUHVVLYH�DSSURDFK�WR�VHLVPLF�DFTXLVLWLRQ��
7KH�TXDQWL]DWLRQ�DVSHFW�RI�WKLV�SURMHFW�ZLOO�OHYHUDJH�WKH�JHQHUDO�SXUSRVH�
FRPSUHVVLYH�TXDQWL]DWLRQ�WKHRU\�GHYHORSHG�E\�6DDE�DQG�<LOPD]��

Ɣ 6WRFKDVWLF�RSWLPL]DWLRQ��,Q�WKLV�SURMHFW��ZH�ZLOO�XVH�LQVLJKWV�LQ�VWRFKDVWLF�
RSWLPL]DWLRQ�WR�LPSURYH�WKH�QXPHULFDO�HIILFLHQF\�RI�RXU�VROYHUV�DQG�RXU�
IRUPXODWLRQ�RI�WKH�):,�SUREOHP��7UDGLWLRQDOO\�WKHUH�KDYH�EHHQ�WZR�DSSURDFKHV�
WR�VWRFKDVWLF�DSSUR[LPDWLRQ��7KH�ILUVW�DSSURDFK�LV�VDPSOH�DYHUDJH�
DSSUR[LPDWLRQ��6$$���ZKLFK�UHGXFHV�WKH�RYHUDOO�VL]H�RI�D�SUREOHP�E\�VDPSOLQJ�
WKH�IXQFWLRQ�DW�UHODWLYHO\�IHZ�SRLQWV��WKH�DSSUR[LPDWLRQ�LV�VXEVHTXHQWO\�VROYHG�
E\�D�VWDQGDUG�RSWLPL]DWLRQ�PHWKRG��7KH�VHFRQG�DSSURDFK�LV�VWRFKDVWLF�JUDGLHQW�
�6*���ZKLFK�DWWHPSWV�WR�SURJUHVV�RQ�WKH�RULJLQDO�SUREOHP�E\�DSSUR[LPDWLQJ�WKH�
JUDGLHQW��(DFK�DSSURDFK�KDV�LWV�GLIILFXOWLHV��ZLWK�WKH�6$$�DSSURDFK�LW�LV�GLIILFXOW�
WR�NQRZ�DSULRUL�KRZ�WR�EHVW�VDPSOH�WKH�IXQFWLRQ�LQ�RUGHU�WR�JXDUDQWHH�D�FHUWDLQ�
DFFXUDF\��WKH�6*�DSSURDFK�PD\�QRW�FRQYHUJH��2XU�JRDO�LV�WR�ERRVWUDS�WKH�
WKHRU\�GHYHORSHG�E\�)ULHGODQGHU�DQG�6FKPLGW��³+\EULG�'HWHUPLQLVWLF�6WRFKDVWLF�
0HWKRGV�IRU�'DWD�)LWWLQJ´��WR�VROYH�WKH�6$$�SUREOHPV��DQG�WR�SUHGLFW�LI�IXUWKHU�
VDPSOLQJ�LV�UHTXLUHG��7KLV�SURMHFW�ZLOO�LQYROYH�DOO�WKUHH�3,V��3URIHVVRU�)ULHGODQGHU�
KDV�WDNHQ�WKH�OHDG�RQ�WKLV�

Ɣ ([WHQVLRQ�RI�&RPSUHVVLYH�6HQVLQJ�WR�QRQOLQHDU�RSHUDWRUV��,Q�WKLV�SURMHFW��
ZH�ZLOO�VHHN�WR�H[WHQG�WKHRUHWLFDO�UHVXOWV�IURP�&RPSUHVVLYH�6HQVLQJ�WR�3'(�
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FRQVWUDLQHG�RSWLPL]DWLRQ��:H�ZLOO�DOVR�LQYHVWLJDWH�KRZ�LGHDV�IURP�6WRFKDVWLF�
2SWLPL]DWLRQ�FDQ�EH�XVHG�LQ�WKH�FRQWH[W�RI�FRPSUHVVLYH�VHQVLQJ�DQG�YLFH�YHUVD��
7KLV�SURMHFW�ZLOO�LQYROYH�DOO�WKUHH�3,V��

Ɣ ):,�ZLWK�H[WHQVLRQV��,Q�WKLV�SURMHFW��ZH�ZLOO�LQYHVWLJDWH�D�WKH�SHUIRUPDQFH�RI�
D��SUH�VWDFN��IRUPXODWLRQ�RI�IXOO�ZDYHIRUP�LQYHUVLRQ�LQ�ZKLFK�ZH�LQFRUSRUDWH�
IRFXVVLQJ��7KLV�UHTXLUHV�PDQ\�RI�WKH�DERYH�PHQWLRQHG�WHFKQLTXHV�DQG�KDV�WKH�
SRWHQWLDO�WR�DGGUHVV�WKH�QRQ�XQLTXHQHVV�SUREOHP�WKDW�FRQWLQXHV�WR�SODJXH�IXOO�
ZDYHIRUP�LQYHUVLRQ��-RLQWO\�ZLWK�WKH�3,��7ULVWDQ�YDQ�/HHXZHQ��3')��VXEPLWWHG�
WKH�DEVWUDFW�HQWLWOHG�³3URELQJ�WKH�H[WHQGHG�LPDJH�YROXPH´�WR�WKH�6(*��,Q�WKLV�
ZRUN��KH�SUHVHQWV�D�QHZ�PHWKRG�WR�IRUP�WKH�DFWLRQ�RI�WKH�H[WHQGHG�LPDJH�
NHUQHO�RQ�D�YHFWRU�ZLWKRXW�IRUPLQJ�WKLV�NHUQHO�H[SOLFLWO\��+H�DOVR�SUHVHQWHG�ZRUN�
RQ�ZDYHIRUP�WRPRJUDSK\�³0XOWLVFDOH�DVSHFWV�RI�ZDYHIRUP�WRPRJUDSK\�DW�6,$0�
*HR6FLHQFHV´��7KLV�WRSLF�LQYROYHV�WKH�3,�

Ɣ 3DUDOOHO�VRIWZDUH�HQYLURQPHQW��,Q�WKLV�SURMHFW��WKH�3,��0LFKDHO�)ULHGODQGHU�
�FR�3,���DQG�+HQU\N�0RG]HOHZVNL�ZRUNHG�RQ�WKH�GHVLJQ�DQG�LPSOHPHQWDWLRQ�
�E\�VHYHUDO�VXPPHU�&223�VWXGHQWV��RI�RXU�SDUDOOHO�H[WHQVLRQ�RI�6327�FDOOHG�
S6327��7KLV�H[WHQVLRQ�UHPRYHV�FXUUHQW�OLPLWDWLRQV�UHJDUGLQJ�WKH�FRPSXWDWLRQDO�
FRVWV�DQG�VWRUDJH�UHTXLUHPHQWV�RI�RXU�WUDQVIRUP�EDVHG�DOJRULWKPV�WKDW�LQYROYH�
WKH�VROXWLRQ�RI�H[WUHPHO\�ODUJH�FRQYH[�RSWLPL]DWLRQ�SUREOHPV��%HFDXVH�WKLV�
HQYLURQPHQW�H[SORLWV�RXU�SDUDOOHO�FRPSXWH�FOXVWHU��ZH�DUH�DEOH�WR�UDSLGO\�
SURWRW\SH�DQG�WHVW�RXU�DOJRULWKPV�ZKLOH�WKLV�HQYLURQPHQW�DOVR�OHDGV�WR�FRGH�WKDW�
LV�UHDGDEOH�DQG�VFDODEOH�WR�ODUJH�SUREOHP�VL]HV��7LP�/LQ��3K'�VWXGHQW��UHOHDVHV�
RXU�LPSOHPHQWDWLRQ�RI�5REXVW�(VWLPDWLRQ�RI�3ULPDULHV�E\�6SDUVH�,QYHUVLRQ�
�5(36,��LQ�WKLV�IUDPHZRUN��:H�SODQ�WR�DOVR�UHOHDVH�RXU�LPSOHPHQWDWLRQV�RI�
FRPSUHVVLYH�LPDJLQJ�DQG�IXOO�ZDYHIRUP�LQYHUVLRQ�LQ�WKLV�IUDPHZRUN��)LQDOO\��ZH�
DUH�DOVR�ZRUNLQJ�ZLWK�&RQRFR3KLOLSV�WR�EXLOG�D�EULGJH�EHWZHHQ�0DWODE��DQG�WKH�
'LVWULEXWHG�3DUDOOHO�7RROER[�WKDW�LV�XVHG�E\�S6327��DQG�-DYD6HLV��WKH�FRUH�RI�
6HLV6SDFH��ZKLFK�LV�D�FRPPHUFLDO�VHLVPLF�GDWD�SURFHVVLQJ�SDFNDJH�GHYHORSHG�
E\�/DQGPDUN���7KLV�LQWHUIDFH�H[SRVHV�RXU�DSSOLFDWLRQV�GHYHORSHG�ZLWK�S6327�WR�
6HLV6SDFH�XVHUV�ZKLOH�LW�DOVR�JLYHV�RXU�SDUDOOHO�HQYLURQPHQW�DFFHVV�WR�-DYD6HLV�
WKURXJK�RYHUORDGLQJ��ZLWK�M6327��ZKLFK�JLYHV�PDWODE�DFFHVV�WR�-DYD�DUUD\V��
DQG�WKURXJK�GDWD�FRQWDLQHUV�WKDW�JLYHV�PDWODE�SDUDOOHO�,2�DQG�DFFHVV�WR�ODUJH�
VHLVPLF�GDWD�YROXPHV��:LWK�WKHVH�FRPSRQHQWV�LQ�SODFH��FRPSDQLHV�ZLOO�EH�DEOH�
WR�UDSLGO\�XVH�RXU�DOJRULWKPV�DQG�WKLV�ZLOO�OHDG�WR�VLJQLILFDQW�LPSURYHG�XSWDNH�RI�
RXU�WHFKQRORJ\�

�

�
�� 5HVHDUFK�7HDP
�

3OHDVH�SURYLGH�DQ�RYHUYLHZ�RI�WKH�SDUWLFLSDWLRQ�LQ��DQG�VFLHQWLILF�FRQWULEXWLRQV�WR��WKH�SURMHFW�
IRU�HDFK�PHPEHU�RI�WKH�UHVHDUFK�WHDP��SULQFLSDO�LQYHVWLJDWRU��FR�LQYHVWLJDWRUV��FROODERUDWRUV��
FRPSDQ\�DQG�JRYHUQPHQW�VFLHQWLVWV��UHVHDUFK�DVVRFLDWHV��SRVWGRFV��VWXGHQWV��HWF���

�
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�
7KLV�LQIRUPDWLRQ�LV�LQWHUZRYHQ�ZLWK�WKH�LQIRUPDWLRQ�SURYLGHG�XQGHU�LWHP���

�
�� 7UDLQLQJ
�

3OHDVH�OLVW�HDFK�WUDLQHH��8QGHUJUDGXDWH�6WXGHQWV��0DVWHU¶V�6WXGHQWV��'RFWRUDO�6WXGHQWV��
3RVWGRFWRUDO�)HOORZV��5HVHDUFK�$VVRFLDWHV��7HFKQLFLDQV�«��RQ�D�VHSDUDWH�OLQH�LQ�WKH�WDEOH�EHORZ�
SURYLGLQJ��D��WKH�QXPEHU�RI�\HDUV�WKH\�KDYH�EHHQ�RQ�WKH�SURMHFW��E��WKH�SHUFHQWDJH�����RI�WLPH�
HDFK�W\SH�RI�WUDLQHH�VSHQW�RQ�WKLV�SURMHFW��DQG�F��WKH�SHUFHQWDJH�����RI�IXQGLQJ�IURP�WKLV�&5'�
JUDQW��16(5&�DQG�LQGXVWU\�FRQWULEXWLRQ���,I�D�WUDLQHH�LV�IXOO\�SDLG�IURP�RWKHU�VRXUFHV��HQWHU�³�´�
LQ�WKH�³��RI�IXQGLQJ�IURP�WKLV�JUDQW´�FROXPQ���,QVHUW�DGGLWLRQDO�URZV�LI�QHFHVVDU\����'2�127�
,1&/8'(�)$0,/<�1$0(6��

�

6SHFLI\�W\SH�RI�WUDLQHH��H�J��
0�6F���3K�'��HWF�
�
�RQH�WUDLQHH�SHU�OLQH�

�D�
1XPEHU�RI�
FDOHQGDU�
\HDUV�
RQ�WKH�
SURMHFW

�E�
��RI�

UHVHDUFK�
WLPH�VSHQW�
RQ�WKLV�
SURMHFW

�F�
��RI�VDODU\��
IURP�WKLV�
JUDQW

� � � �

0RG]HOHZVNL��+HQU\N�5$ � ��� ���

0RG]HOHZVNL��+HQU\N�5$ � ��� ���
+DQORQ��,DQ�5$ � ���� ����

$UDYNLQ��$OHNVDQGU�3') � ���� ����

3RRU�0RJKDGDP��3H\PDQ�3') � ���� ����

6DDE��5D\DQ�3') � ���� ����

9DQ�/HHXZHQ��7ULVWDQ�3') � ���� ����

0DQVRXU��+DVVDQ�%DGHU�3') � ���� ����
-RKQVRQ��-DPHV�*5$ � ���� ����

.XPDU��1DPHHW�*5$ � ���� ����

/LP��7LP�7DL�*5$ � ���� ����

3RRU�0RJKDGGDP��3H\PDQ�*5$ � ���� ����

7X��1LQJ�*5$ � ���� ����

:DVRQ��+DQHHW�*5$ � ���� ����

;LDQJ��/L�*5$ � ���� ����

<DQ��-LXSHQJ�*5$ � ���� ����

/LP��7LP�7DL�8$$ � ���� ����

0RUDGL�0RQIDUHG��6DPDQ�8$$ � ���� ����

/DL��<X�<DQJ�8$$ � ���� ����
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5REHUVRQ��7ULVKD�$QQ�8$$ � ���� ����

� � � �

�
�� 'LVVHPLQDWLRQ�RI�5HVHDUFK�5HVXOWV�DQG�.QRZOHGJH�DQG�RU�7HFKQRORJ\�7UDQVIHU
�
��� 3OHDVH�SURYLGH�WKH�QXPEHU�RI�SXEOLFDWLRQV��FRQIHUHQFH�SUHVHQWDWLRQV��DQG�ZRUNVKRSV�WR�GDWH�

DULVLQJ�IURP�WKH�UHVHDUFK�SURMHFW�VXSSRUWHG�E\�WKH�JUDQW�LQ�WKH�WDEOH�EHORZ�
�

3XEOLFDWLRQV��&RQIHUHQFH�3UHVHQWDWLRQV��HWF�
�
� 1RQH�WR�GDWH

��25��
� 1XPEHU�RI�

SXEOLFDWLRQV��
SUHVHQWDWLRQV

«

� � �

6WDWXV
5HIHUHHG

-RXUQDO�$UWLFOHV
5HYLHZHG�
FRQIHUHQFH
3URFHHGLQJV

&RQIHUHQFH
3UHVHQWDWLRQV�

3RVWHU

2WKHU��LQFOXGLQJ�
7HFKQLFDO�5HSRUWV��
1RQ�5HIHUHHG
$UWLFOHV���HWF��

$FFHSWHG�3XEOLVKHG �� �� �� ��

6XEPLWWHG � � � �

�
��� 3OHDVH�SURYLGH�WKH�ELEOLRJUDSKLFDO�UHIHUHQFH�GDWD�IRU�WKH�DERYH�SXEOLFDWLRQV��FRQIHUHQFH�

SUHVHQWDWLRQV�DQG�ZRUNVKRSV�XQGHU�WKH�FRUUHVSRQGLQJ�KHDGLQJV���)RU�SXEOLFDWLRQV��VSHFLI\�
ZKHWKHU�VXEPLWWHG��DFFHSWHG�RU�SXEOLVKHG�
�

�

5()(5(('�-2851$/�38%/,&$7,216���DXWKRUV��WLWOH��MRXUQDO��SDJHV�
�
�� 1RQHTXLVSDFHG�FXUYHOHW�WUDQVIRUP�IRU�VHLVPLF�GDWD�UHFRQVWUXFWLRQ��$�VSDUVLW\�SURPRWLQJ�

DSSURDFK��*LOOHV�+HQQHQIHQW��/OR\G�)HQHORQ��DQG�)HOL[�-��+HUUPDQQ��*HRSK\VLFV�����
:%����������������'2,������������������

�� 5DQGRPL]HG�VDPSOLQJ�DQG�VSDUVLW\��*HWWLQJ�PRUH�LQIRUPDWLRQ�IURP�IHZHU�VDPSOHV�)HOL[�
-��+HUUPDQQ��*HRSK\VLFV�����:%����������������'2,������������������

�� 6HLVPLF�ZDYHIRUP�LQYHUVLRQ�E\�VWRFKDVWLF�RSWLPL]DWLRQ��7ULVWDQ�YDQ�/HHXZHQ��$OHNVDQGU�
$UDYNLQ��DQG�)HOL[�-��+HUUPDQQ��������,QWHUQDWLRQDO�-RXUQDO�RI�*HRSK\VLFV��,Q�SUHVV���
�����

�� (QKDQFLQJ�FUXVWDO�UHIOHFWLRQ�GDWD�WKURXJK�FXUYHOHW�GHQRLVLQJ��9LVKDO�.XPDU��-RXQDGD�
2XHLW\��5RQ�0��&ORZHV��DQG�)HOL[�-��+HUUPDQQ��7HFKQRSK\VLFV��,Q�3UHVV��GRL���������
M�WHFWR������������������

�� $�0�3RZHOO��-�7DQQHU��<�:DQJ��DQG�2�<LOPD]��³&RDUVH�TXDQWL]DWLRQ�IRU�UDQGRP�
LQWHUOHDYHG�VDPSOLQJ�RI�EDQGOLPLWHG�VLJQDOV´��(6$,0�0$7+(0$7,&$/�02'(//,1*�
$1'�180(5,&$/�$1$/<6,6��,Q�3UHVV�

�� 'DXEHFKLHV��6��*XQWXUN��<��:DQJ��DQG�2��<LOPD]����7KH�JROGHQ�UDWLR�HQFRGHU���,(((�
75$16$&7,216�21�,1)250$7,21�7+(25<��9RO������������������SS������������
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�� 5��6DDE�DQG�2��<LOPD]��³6SDUVH�DSSUR[LPDWLRQV�YLD�QRQ�FRQYH[�RSWLPL]DWLRQ�±�LQVWDQFH�
RSWLPDOLW\�´�$33/,('�$1'�&20387$7,21$/�+$5021,&�$1$/<6,6��9RO����������SS��
������

�� -��%OXP��0��/DPPHUV��$��3RZHOO�DQG�2��<LOPD]��³6REROHY�GXDOV�IRU�IUDPHV�DQG�VLJPD�
GHOWD�TXDQWL]DWLRQ´��-2851$/�2)�)285,(5�$1$/<6,6�$1'�$33/,&$7,216��9RO�����
�����SS����������

�� 0��/DPPHUV��$��3RZHOO�DQG�2��<LOPD]��³$OWHUQDWLYH�GXDO�IUDPHV�IRU�GLJLWDO�WR�
DQDORJ�FRQYHUVLRQ�LQ�VLJPD�GHOWD�TXDQWL]DWLRQ´��$'9$1&(6�,1�&20387$7,21$/�
0$7+(0$7,&6��9RO����������SS���������

��� (��YDQ�GHQ�%HUJ�DQG�0��3��)ULHGODQGHU��³6SDUVH�RSWLPL]DWLRQ�ZLWK�OHDVW�VTXDUHV�
FRQVWUDLQWV�´�6,$0�-��237,0,=$7,21��,Q�3UHVV�

��� (��YDQ�GHQ�%HUJ�DQG�0��3��)ULHGODQGHU��³7KHRUHWLFDO�DQG�HPSLULFDO�UHVXOWV�IRU�UHFRYHU\�
IURP�PXOWLSOH�PHDVXUHPHQWV�´�,(((�75$16��,1)250$7,21�7+(25<�������������
�����������

6XEPLWWHG�MRXUQDO�SXEOLFDWLRQV
�
�� (OGDG�+DEHU��0DWWKLDV�&KXQJ��DQG�)HOL[�-��+HUUPDQQ��8%&�(26�7HFKQLFDO�5HSRUW��

75����������$Q�HIIHFWLYH�PHWKRG�IRU�SDUDPHWHU�HVWLPDWLRQ�ZLWK�3'(�FRQVWUDLQWV�ZLWK�
PXOWLSOH�ULJKW�KDQG�VLGHV��,Q�UHYLVLRQ�������

�� 0��)ULHGODQGHU��+��0DQVRXU��5��6DDE��DQG�2��<LOPD]��³5HFRYHU\�RI�FRPSUHVVLYHO\�
VDPSOHG�VLJQDOV�XVLQJ�SDUWLDO�VXSSRUW�LQIRUPDWLRQ�´�6XEPLWWHG������

�� 0��3��)ULHGODQGHU�DQG�0��6FKPLGW��³+\EULG�GHWHUPLQLVWLF�VWRFKDVWLF�PHWKRGV�IRU�GDWD�
ILWWLQJ�´�6XEPLWWHG������

�� �6��*XQWXUN��0��/DPPHUV��$��3RZHOO��5��6DDE��DQG�2��<LOPD]��³6REROHY�'XDOV�
IRU�5DQGRP�)UDPHV�DQG�6LJPD�'HOWD�4XDQWL]DWLRQ�RI�&RPSUHVVHG�6HQVLQJ�
0HDVXUHPHQWV´��6XEPLWWHG�������

�� 2��<LOPD]��<��:DQJ��DQG�=��=KRX��³3KDVH�DOLDVLQJ�FRUUHFWLRQ�IRU�UREXVW�EOLQG�VRXUFH�
VHSDUDWLRQ�XVLQJ�'8(7�´�6XEPLWWHG������

�
�

5HYLHZHG�FRQIHUHQFH�SURFHHGLQJV
���

�� 7LP�7�<��/LQ��)��-��+HUUPDQQ��(VWLPDWLQJ�SULPDULHV�E\�VSDUVH�LQYHUVLRQ�LQ�D�FXUYHOHW�OLNH�
UHSUHVHQWDWLRQ�GRPDLQ��,Q�WKH�SURFHHGLQJV�RI�WKH�(XURSHDQ�$VVRFLDWLRQ�RI�*HRVFLHQWLVWV�
DQG�(QJLQHHUV��($*(���9LHQQD�������

�� 1LQJ�7X��7LP�7�<��/LQ��)��-��+HUUPDQQ��6SDUVLW\�SURPRWLQJ�PLJUDWLRQ�ZLWK�VXUIDFH�
UHODWHG�PXOWLSOHV��,Q�WKH�SURFHHGLQJV�RI�WKH�(XURSHDQ�$VVRFLDWLRQ�RI�*HRVFLHQWLVWV�DQG�
(QJLQHHUV��($*(���9LHQQD�������

�� ;LDQJ�/L��$OHNVDQGU�$UDYNLQ��7ULVWDQ�YDQ�/HHXZHQ��)��-���+HUUPDQQ��)XOO�ZDYHIRUP�
LQYHUVLRQ�ZLWK�UDQGRPL]HG�/��UHFRYHU\�IRU�WKH�PRGHO�XSGDWHV�,Q�WKH�SURFHHGLQJV�RI�WKH�
(XURSHDQ�$VVRFLDWLRQ�RI�*HRVFLHQWLVWV�DQG�(QJLQHHUV��($*(���9LHQQD�������

�� 7ULVWDQ�YDQ�/HHXZHQ��0DUN�6FKPLGW��0LFKDHO�)ULHGODQGHU��)��-��+HUUPDQQ��$�K\EULG�
VWRFKDVWLF�GHWHUPLQLVWLF�RSWLPL]DWLRQ�PHWKRG�IRU�ZDYHIRUP�LQYHUVLRQ��,Q�WKH�SURFHHGLQJV�
RI�WKH�(XURSHDQ�$VVRFLDWLRQ�RI�*HRVFLHQWLVWV�DQG�(QJLQHHUV��($*(���9LHQQD�������

�� )��-��+HUUPDQQ�DQG�;LDQJ�/L��(IILFLHQW�OHDVW�VTXDUHV�PLJUDWLRQ�ZLWK�VSDUVLW\�SURPRWLRQ�
,Q�WKH�SURFHHGLQJV�RI�WKH�(XURSHDQ�$VVRFLDWLRQ�RI�*HRVFLHQWLVWV�DQG�(QJLQHHUV�
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�($*(���9LHQQD�������
�� $OHNVDQGU�<��$UDYNLQ��7ULVWDQ�YDQ�/HHXZHQ��-DPHV�9��%XUNH��)��-��+HUUPDQQ��$�

1RQOLQHDU�6SDUVLW\�3URPRWLQJ�)RUPXODWLRQ�DQG�$OJRULWKP�IRU�)XOO�:DYHIRUP�,QYHUVLRQ��,Q�
WKH�SURFHHGLQJV�RI�WKH�(XURSHDQ�$VVRFLDWLRQ�RI�*HRVFLHQWLVWV�DQG�(QJLQHHUV��($*(���
9LHQQD�������

�� 7LP�7�<��/LQ��1LQJ�7X��)��-��+HUUPDQQ��6SDUVLW\�SURPRWLQJ�PLJUDWLRQ�IURP�VXUIDFH�
UHODWHG�PXOWLSOHV��,Q�WKH�SURFHHGLQJV�RI�WKH�6RFLHW\�RI�([SORUDWLRQ�*HRSK\VLFLVWV�
,QWHUQDWLRQDO�([SRVLWLRQ�DQG�$QQXDO�0HHWLQJ��6(*���'HQYHU�������

�� 3H\PDQ�3��0RJKDGGDP��)��-��+HUUPDQQ��5DQGRPL]HG�IXOO�ZDYHIRUP�LQYHUVLRQ��D�
GLPHQVWLRQDOLW\�UHGXFWLRQ�DSSURDFK�,Q�WKH�SURFHHGLQJV�RI�WKH�6RFLHW\�RI�([SORUDWLRQ�
*HRSK\VLFLVWV�,QWHUQDWLRQDO�([SRVLWLRQ�DQG�$QQXDO�0HHWLQJ��6(*���'HQYHU�������

�� ;LDQJ�/L��)��-��+HUUPDQQ��)XOO�ZDYHIRUP�LQYHUVLRQ�IURP�FRPSUHVVLYHO\�UHFRYHUHG�
XSGDWHV��,Q�WKH�SURFHHGLQJV�RI�WKH�6RFLHW\�RI�([SORUDWLRQ�*HRSK\VLFLVWV�,QWHUQDWLRQDO�
([SRVLWLRQ�DQG�$QQXDO�0HHWLQJ��6(*���'HQYHU��������

��� +DVVDQ�0DQVRXU��+DQHHW�:DVRQ��7LP�/LQ��)��-��+HUUPDQQ��$�FRPSUHVVLYH�VHQVLQJ�
SHUVSHFWLYH�RQ�VLPXOWDQHRXV�PDULQH�DFTXLVLWLRQ��6%*)������

��� %DQGHU�-XPDK��)��-��+HUUPDQQ��'LPHQVLRQDOLW\�UHGXFHG�HVWLPDWLRQ�RI�SULPDULHV�E\�
VSDUVH�LQYHUVLRQ��6(*�������6DQ�$QWRQLR�

��� 7ULVWDQ�YDQ�/HHXZHQ��)��-��+HUUPDQQ��3URELQJ�WKH�H[WHQGHG�LPDJH�YROXPH��6(*�������
6DQ�$QWRQLR�

��� 1LQJ�7X��7LP�7�<��/LQ��)��-��+HUUPDQQ��0LJUDWLRQ�ZLWK�VXUIDFH�UHODWHG�PXOWLSOHV�IURP�
LQFRPSOHWH�VHLVPLF�GDWD��6(*�������6DQ�$QWRQLR�

��� +DQHHW�:DVRQ��)��-��+HUUPDQQ��DQG�7LP�7�<��/LQ��6SDUVLW\�SURPRWLQJ�UHFRYHU\�IURP�
VLPXOWDQHRXV�GDWD��D�FRPSUHVVLYH�VHQVLQJ�DSSURDFK��6(*�������6DQ�$QWRQLR�

��� $OHNVDQGU�$UDYNLQ��7ULVWDQ�YDQ�/HHXZHQ��)��-��+HUUPDQQ��5REXVW�IXOO�ZDYHIRUP�
LQYHUVLRQ�XVLQJ�WKH�6WXGHQW
V�W�GLVWULEXWLRQ��6(*�������6DQ�$QWRQLR�

��� 7LP�/LQ��)�-��+HUUPDQQ��5REXVW�VRXUFH�VLJQDWXUH�GHFRQYROXWLRQ�DQG�WKH�HVWLPDWLRQ�RI�
SULPDULHV�E\�VSDUVH�LQYHUVLRQ��6(*�%URDGEDQG�6HLVPLF�:RUNVKRS��������6DQ�$QWRQLR�

�
3UHVHQWDWLRQV�DW�FRQIHUHQFHV�
�
�� )��-��+HUUPDQQ��&RPSUHVVLYH�VHQVLQJ�DQG�VSDUVH�UHFRYHU\�LQ�H[SORUDWLRQ�VHLVPRORJ\��

%,56�:RUNVKRS��6SDUVH�DQG�/RZ�5DQN�$SSUR[LPDWLRQ��������0DUFK��������%DQII�
�� )��-��+HUUPDQQ��&RPSUHVVLYH�6HQVLQJ�DQG�6SDUVH�UHFRYHU\�LQ�([SORUDWLRQ�6HLVPRORJ\��

&DQDGLDQ�0DWKHPDWLFDO�6RFLHW\�0HHWLQJ��1RYHPEHU��������9DQFRXYHU�
�� 2��<LOPD]��&RPSUHVVHG�VHQVLQJ�ZLWK�SDUWLDO�VXSSRUW�LQIRUPDWLRQ��63,(�:DYHOHWV�;,9��

6DQ�'LHJR��&$��$XJ�������VFKHGXOHG��
�� 2��<LOPD]��$�'�FRQYHUVLRQ�DQG�FRPSUHVVLYH�VDPSOLQJ��,QWHUQDWLRQDO�&RQIHUHQFH�

RQ�$SSOLHG�+DUPRQLF�$QDO\VLV�DQG�0XOWLVFDOH�&RPSXWLQJ��(GPRQWRQ��$%��-XO������
�VFKHGXOHG�

�� 2��<LOPD]��&RPSUHVVHG�VHQVLQJ�ZLWK�SDUWLDO�VXSSRUW�LQIRUPDWLRQ��&06�6XPPHU�
0HHWLQJ��(GPRQWRQ��$%��-XQ�����

�� 2��<LOPD]��:HLJKWHG���QRUP�PLQLPL]DWLRQ�IRU�LPSURYHG�FRPSUHVVHG�VHQVLQJ�UHFRYHU\��
6KDQNV�:RUNVKRS��9DQGHUELOW�8QLYHUVLW\��1DVKYLOOH��71��0D\������

�� 2��<LOPD]��6REROHY�GXDOV�RI�*DXVVLDQ�IUDPHV�DQG�6LJPD�'HOWD�TXDQWL]DWLRQ�IRU�
FRPSUHVVHG�VHQVLQJ��:RUNVKRS�RQ�6SDUVLW\�DQG�&RPSXWDWLRQ��+DXVGRUII�&HQWHU�IRU�
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0DWKHPDWLFV��%RQQ��*HUPDQ\��-XQ������
�� 2��<LOPD]��6LJPD�GHOWD�TXDQWL]DWLRQ�IRU�FRPSUHVVHG�VHQVLQJ��&RQIHUHQFH�RQ�

,QIRUPDWLRQ�6FLHQFHV�DQG�6\VWHPV��&,66���3ULQFHWRQ��1-��0DU������
�� 6LJPD�GHOWD�TXDQWL]DWLRQ�IRU�FRPSUHVVHG�VHQVLQJ��&RQIHUHQFH�RQ�,QIRUPDWLRQ�

6FLHQFHV�DQG�6\VWHPV��&,66���3ULQFHWRQ��1-��0DU������
��� 0��)ULHGODQGHU��6WRFKDVWLF�RSWLPL]DWLRQ�IRU�GDWD�ILWWLQJ����WK�,),3�7&���&RQIHUHQFH��

%HUOLQ��*HUPDQ\��6HSWHPEHU�������VFKHGXOHG��
��� 0��)ULHGODQGHU��7XWRULDO�RQ�VSDUVH�RSWLPL]DWLRQ��6,$0�0HHWLQJ�RQ�2SWLPL]DWLRQ��

'DUPVWDGW��*HUPDQ\��0D\������
��� 0��)ULHGODQGHU��'HWHUPLQLVWLF�6WRFKDVWLF�PHWKRGV�IRU�GDWD�ILWWLQJ��6,$0�0HHWLQJ�RQ�

2SWLPL]DWLRQ��'DUPVWDGW��*HUPDQ\��0D\������
��� 0��)ULHGODQGHU��6SDUVH�RSWLPL]DWLRQ��DOJRULWKPV�DQG�DSSOLFDWLRQV��,QVWLWXWH�IRU�3XUH�DQG�

$SSOLHG�0DWKHPDWLFV��8&/$��6HSWHPEHU������
��� )��-��+HUUPDQQ��&RPSUHVVLYH�6HQVLQJ�DQG�6SDUVH�5HFRYHU\�LQ�([SORUDWLRQ�

6HLVPRORJ\��0$7+,$6�������7RWDO�6$��2FWREHU��������3DULV�
��� )��-��+HUUPDQQ��6XE�1\TXLVW�VDPSOLQJ�DQG�VSDUVLW\��JHWWLQJ�PRUH�LQIRUPDWLRQ�IURP�

IHZHU�VDPSOHV��3UHVHQWHG�DW�WKH���WK�6(*�0HHWLQJ��+RXVWRQ��([[RQ0RELO��&RUSRUDWH�
5HVHDUFK��&OLQWRQ��1HZ�-HUVH\��$XJXVW������

��� 7��YDQ�/HHXZHQ��0XOWLVFDOH�DVSHFWV�RI�ZDYHIRUP�WRPRJUDSK\��3UHVHQWHG�DW�6,$0�
*HR6FLHQFHV�������/RQJ�%HDFK�

��� 6��$UDYNLQ��)XOO�:DYHIRUP�,QYHUVLRQ�ZLWK�&RPSUHVVLYH�8SGDWHV��3UHVHQWHG�DW�6,$0�
&RPSXWDWLRQDO�6FLHQFH�DQG�(QJLQHHULQJ��������5HQR�

��� ;��/L��)XOO�ZDYHIRUP�LQYHUVLRQ�IURP�FRPSUHVVLYHO\�UHFRYHUHG�XSGDWHV��3UHVHQWHG�DW�WKH�
6(*�������'HQYHU�

��� 1��7X��6SDUVLW\�SURPRWLQJ�PLJUDWLRQ�IURP�VXUIDFH�UHODWHG�PXOWLSOHV��3UHVHQWHG�DW�WKH�
6(*�������'HQYHU�

��� )��-��+HUUPDQQ��5DQGRPL]HG�IXOO�ZDYHIRUP�LQYHUVLRQ��D�GLPHQVLRQDOLW\�UHGXFWLRQ�
DSSURDFK��3UHVHQWHG�DW�WKH�6(*�������'HQYHU�

�
��������

�
�

2WKHU��,QFOXGLQJ�7HFKQLFDO�5HSRUWV��1RQ�5HIHUHHG�$UWLFOHV��HWF���
�

3UHVHQWDWLRQV�DW�)DOO�6,1%$'�'12,6(�FRQVRUWLXP�PHHWLQJ
��

�� )HOL[�+HUUPDQQ��:HOFRPH�DQG�EULHI�LQWURGXFWLRQ�WR�6,1'%$'�DQG�'12,6(
�� )HOL[�+HUUPDQQ��&RPSUHVVLYH�VHQVLQJ�DQG�VSDUVH�UHFRYHU\�LQ�H[SORUDWLRQ�VHLVPRORJ\
�� 2]JXU�<LOPD]��0DWK���6SDUVH�DSSUR[LPDWLRQV�DQG�FRPSUHVVLYH�VHQVLQJ��DQ�RYHUYLHZ
�� +DQHHW�:DVRQ��6HTXHQWLDO�VRXUFH�GDWD�UHFRYHU\�IURP�VLPXOWDQHRXV�DFTXLVLWLRQ�WKURXJK�

WUDQVIRUP�GRPDLQ�VSDUVLW\�SURPRWLRQ���FXUYHOHW�YHUVXV�VKHDUOHW�WUDQVIRUP
�� &KXFN�0RVKHU��&RQRFR3KLOOLSV���2SHUDWRU�ORFDOL]DWLRQ�ZLWK�*HQHUDOL]HG�:LQGRZHG�

7UDQVIRUPV
�� 5D\DQ�6DDE��&RPSUHVVHG�VHQVLQJ�XVLQJ�.URQHFNHU�SURGXFWV
�� +DVVDQ�0DQVRXU��5HFRYHULQJ�FRPSUHVVLYHO\�VDPSOHG�VLJQDOV�XVLQJ�SDUWLDO�VXSSRUW�
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LQIRUPDWLRQ
�� 0LFKDHO�)ULHGODQGHU��&6���$OJRULWKPV�IRU�6SDUVH�2SWLPL]DWLRQ
�� 7LP�/LQ��6SDUVH�RSWLPL]DWLRQ�DQG�WKH�/��QRUP
��� $OHNVDQGU�$UDYNLQ��,QWURGXFWLRQ�WR�FRQYH[�FRPSRVLWH�RSWLPL]DWLRQ
��� ;LDQJ�/L��&RPSUHVVLYH�LPDJLQJ
��� 7LP�/LQ��/HYHUDJLQJ�LQIRUPHG�EOLQG�GHFRQYROXWLRQ�WHFKQLTXHV�IRU�WKH�HVWLPDWLRQ�RI�

SULPDULHV�E\�VSDUVH�LQYHUVLRQ
��� 0XIHHG�$O�0DWDU��(VWLPDWLRQ�RI�VXUIDFH�IUHH�GDWD�E\�FXUYHOHW�GRPDLQ�PDWFKHG�ILOWHULQJ�

DQG�VSDUVH�LQYHUVLRQ
��� 1LQJ�7X��6SDUVLW\�SURPRWLQJ�PLJUDWLRQ�ZLWK�VXUIDFH�UHODWHG�PXOWLSOHV
��� 5DQGRPL]HG�GLPHQVLRQDOLW\�UHGXFWLRQ
��� )HOL[�+HUPDQQ��'LPHQVLRQDOLW\�UHGXFWLRQ�IRU�IXOO�ZDYHIRUP�LQYHUVLRQ
��� 0DUN�6FKPLGW��+\EULG�VWRFKDVWLF�GHWHUPLQLVWLF�PHWKRGV
��� 3H\PDQ�0RJKDGGDP��5DQGRPL]HG�IXOO�ZDYHIRUP�LQYHUVLRQ
��� 7ULVWDQ�YDQ�/HHXZHQ��:DYHIRUP�LQYHUVLRQ�E\�VWRFKDVWLF�RSWLPL]DWLRQ
��� ;LDQJ�/L��)XOO�ZDYHIRUP�LQYHUVLRQ�ZLWK�UDQGRPL]HG�/��UHFRYHU\�IRU�WKH�PRGHO�XSGDWHV
��� $OHNVDQGU�$UDYNLQ�DQG�7ULVWDQ�YDQ�/HHXZHQ��([ORLWLQJ�VSDUVLW\�LQ�IXOO�ZDYHIRUP�

LQYHUVLRQ��QRQOLQHDU�EDVLV�SXUVXLW�GHQRLVH�DOJRULWKP�
��� +HQU\N�0RG]HOHZHVNL��6RIWZDUH�UHOHDVHV�DQG�DUFKLWHFKWXUH
��� 0LFKDHO�)ULHGODQGHU��,QWURGXFWLRQ�WR�6327��D�OLQHDU�RSHUDWRU�WRROER[
��� 6HEDVWLHQ�3DFWHDX��.URQHFNHU�SURGXFW�RSWLPL]DWLRQ�LQ�6327
��� 1DPHHW�.XPDU��3DUDOOHOL]LQJ�RSHUDWLRQV�ZLWK�HDVH�XVLQJ�3DUDOOHO�6327

�
��� 3DWHQWV�DQG�/LFHQFHV
�

3OHDVH�SURYLGH�LQ�WKH�WDEOH�EHORZ�WKH�QXPEHU�RI�SDWHQWV��ILOHG�DQG�LVVXHG��DQG�OLFHQFHV�WR�GDWH�
DULVLQJ�IURP�WKH�UHVHDUFK�SURMHFW�VXSSRUWHG�E\�WKH�JUDQW�LQ�WKH�WDEOH�EHORZ����3URYLGH�GHWDLOV�LQ�
�����

�
� 1RW�DSSOLFDEOH

�
��25��

�
� 1RQH�<HW�)LOHG�,VVXHG

�
� 1XPEHU�RI�

3DWHQWV
� � � �

'HVFULSWLRQ &DQDGD 8�6� (3 2WKHU 7RWDOV
��RI�3DWHQW�$SSOLFDWLRQV�)LOHG � � � � �
��RI�3DWHQWV�,VVXHG � � � � �
�

�
��RI�/LFHQFHV � ����3URYLGH�GHWDLOV�LQ������
�
��� 3OHDVH�SURYLGH�GHWDLOV��WLWOHV��SDWHQW�DSSOLFDWLRQ�QXPEHU��SDWHQW�QXPEHU«��DERXW�WKH�DERYH�OLVWHG�

SDWHQW�DSSOLFDWLRQV��SDWHQWV��DQG�OLFHQFHV�XQGHU�WKH�FRUUHVSRQGLQJ�KHDGLQJV�
�

3DWHQW�$SSOLFDWLRQV�)LOHG�
�
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1�$

�
3DWHQWV�,VVXHG�

�

1�$
�

�
/LFHQFHV����OLFHQFHHV��H[FOXVLYH�QRQ�H[FOXVLYH«�

�

6,1%$'�PHPEHUV�JHW�UR\DOW\�IUHH�DFFHVV�WR�WKH�FRGHV�GHYHORSHG�DV�SDUW�RI�WKH�'12,6(�
6,1%$'�SURMHFW�
�

�
��� 'HVFULEH�KRZ�WKH�UHVXOWV�DFKLHYHG�WR�GDWH�DUH�EHLQJ�WUDQVIHUUHG�WR�WKH�XVHU�VHFWRU�DQG�WKH�

SURVSHFWV�IRU�WKHLU�FRPPHUFLDO�LQGXVWULDO�H[SORLWDWLRQ��
�

3URVSHFWV�IRU�WKH�7UDQVIHU�RI�WKH�5HVXOWV�WR�WKH�8VHU�6HFWRU
�

7HFKQRORJ\�GLVVHPLQDWLRQ
�
$VLGH�IURP�SUHVHQWLQJ�RXU�UHVXOWV�DW�SURIHVVLRQDO�PHHWLQJV�DQG�DW�RXU�WZLFH�D�\HDU�&RQVRUWLXP�
PHHWLQJV��ZH�KDYH�EHHQ�LQYROYHG�LQ�WKH�IROORZLQJ�LQLWLDWLYHV�WR�GLVVHPLQDWH�RXU�UHVHDUFK�ILQGLQJV�
WR�RXU�LQGXVWULDO�SDUWQHUV�
�

ł VRIWZDUH�UHOHDVHV�ZLWK�FRQFUHWH�SDUDOOHO�VRIWZDUH�LPSOHPHQWDWLRQV�RI�RXU�DOJRULWKPV�
�VHH�GHWDLOV�EHORZ�

ł GHYHORSPHQW�RI�RXU�SDUDOOHO�GHYHORSPHQW�HQYLURQPHQW�S6327�DQG�EULGJH�WR�-DYD6HLV�
YLD�M6327�DQG�RXU�GDWDFRQWDLQHU�WKDW�JLYHV�XV�DFFHVV�WR�WKH�SDUDOOHO�,2�RI�-DYD6HLV

ł ZHE�FDVWV�GXULQJ�WKH�PHHWLQJ�ZH�SODQ�WR�DOVR�RUJDQL]H�WKHVH�ZHE�FDVWV�RQ�D�PRUH�
UHJXODU�EDVLV�WR�SUHVHQW�RXU�UHVHDUFK�ILQGLQJV�DQG�WR�JLYH�WXWRULDOV�IRU�FRPSDQLHV�WR�XVH�
RXU�VRIWZDUH

ł LQWHUQVKLSV�GXULQJ�ZKLFK�RXU�VWXGHQWV�KHOS�RXU�LQGXVWULDO�SDUWQHUV�ZLWK�WKH�DSSOLFDWLRQ�
RI�RXU�WHFKQRORJ\�WR�VROYH�WKHLU�SUREOHPV��7KLV�LQWHUQVKLS�SURJUDP�KDV�EHHQ�YHU\�
VXFFHVIXOO�DQG�DOORZHG�FRPSDQLHV�WR�HYDOXDWH�RXU�WHFKQRORJ\�

�
,Q�DGGLWLRQ�WR�WKHVH�DFWLYLWLHV��ZH�DOVR�UHFHLYHG�ORWV�RI�IHHGEDFN�IURP�LQGXVWU\�UHJDUGLQJ�WKH�
XSWDNH��SOHDVH�UHPHPEHU�WKDW�LQGXVWU\�LV�QRW�DOZD\V�LQ�WKH�SRVLWLRQ�WR�GLVFORVH�WR�XV�ZKDW�
WKH\�DUH�GRLQJ�ZLWK�RXU�UHVHDUFK�DQG�ZKDW�WKH�LPSDFW�LV�RQ�WKHLU�EXVLQHVV��RI�RXU�WHFKQRORJ\�
LQFOXGLQJ
�

ł DSSOLFDWLRQ�RI�RXU�FRQYH[�RSWLPL]DWLRQ�WHFKQRORJ\��GHYHORSHG�E\�0LFKDHO�)ULHGODQGHU��
ZLWKLQ�%3�DIWHU�7LP�/LQ�VSHQG�D�6XPPHU�ZLWK�WKHP�DV�DQ�LQWHUQ��,Q�WKH�ZRUGV�RI�
RQH�RI�WKHLU�UHVHDUFKHUV��7LP¶V�SUHVHQFH�DGYDQFHG�WKH�FDUHHU�RI�RQH�RI�WKHLU�WRS�
UHVHDUFK�SHRSOH�E\�QHDUO\�D�\HDU��:H�KDYH�DOVR�VHHQ�DQ�LQWHUHVW�LQ�WKLV�VROYHU�IURP�
RWKHU�FRPSDQLHV�LQFOXGLQJ�:HVWHU*HFR�DQG�3*6��WKH�ODWWHU�LV�QRW�\HW�D�PHPEHU�RI�WKH�
FRQVRUWLXP��
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ł DSSOLFDWLRQ�RI�RXU�UDQGRP�VDPSOLQJ�WHFKQRORJ\�E\�:HVWHUQ*HFR��1LFN�0ROGRYHDQX�ZKR�
LV�WKH�PDVWHUPLQG�EHKLQG�:HVWHUQ*HFR¶V�&RLO�VDPSOLQJ�XVHG�RXU�VDPSOLQJ�LGHDV�DQG�
ZRUNHG�ZLWK�XV�WR�LQWHUSRODWH�PLVVLQJ�GDWD�RQ�ZHOO�GHVLJQHG�V\QWKHWLF��7KLV�H[HUFLVH�
\LHOGHG�YHU\�JRRG�UHVXOWV��ZKLFK�ZHUH�SUHVHQWHG�E\�1LFN�DW�($*(�LQ�9LHQQD�

ł DSSOLFDWLRQ�RI�FRPSUHVVLYH�IXOO�ZDYHIRUP�LQYHUVLRQ�WR�D�GDWDVHW�SURYLGHG�E\�%*��'XULQJ�
WKLV�SURMHFW��ZH�DSSOLHG�RXU�LQYHUVLRQ�WHFKQRORJ\�ZLWK�UHVXOWV�WKDW�ZHUH�UHFHLYHG�YHU\�
IDYRUDEO\�E\�%*��:H�JUHDWO\�EHQHILWHG�IURP�WKLV�IHHGEDFN�

6RIWZDUH�UHOHDVHV

5REXVW�(VWLPDWLRQ�RI�3ULPDULHV�E\�6SDUVH�,QYHUVLRQ

7KLV�SDFNDJH�LPSOHPHQWV�DQ�DOJRULWKP�IRU�VLPXOWDQHRXV�PXOWLSOH�UHPRYDO�DQG�
HVWLPDWLRQ�RI�WKH�VRXUFH�VLJQDWXUH��,W�LV�EDVHG�RQ�WKH�(VWLPDWLRQ�RI�3ULPDULHV�E\�6SDUVH�
,QYHUVLRQ�DSSURDFK�EXW�UHIRUPXODWHG�YLD�EORFN��FRRUGLQDWH�GHVFHQW�DQG�FRQYH[LILFDWLRQ�
WR�/��PLQLPL]DWLRQ��%RWK�WKH�SULPDULHV�DQG�WKH�VRXUFH�VLJQDWXUH�DUH�HVWLPDWHG�LQ�D�
GDWD�FRQVLVWHQW�IDVKLRQ�XVLQJ�D�ELFRQYH[�DOWHUQDWLQJ�RSWLPL]DWLRQ�VFKHPH��:H�EHOLHYH�
WKLV�DSSURDFK�LV�PRUH�UREXVW�WR�LQYHUVLRQ�LQVWDELOLWLHV��DQG�VKRXOG�FRQYHUJH�TXLFNHU�DQG�
PRUH�UHOLDEO\�WKDW�WKH�RULJLQDO�IRUPXODWLRQ�

3ODQQHG�6RIWZDUH�UHOHDVHV�IRU�WKLV�6XPPHU

6SDUVLW\�SURPRWLQJ�LPDJLQJ�ZLWK�VXUIDFH�UHODWHG�PXOWLSOHV

&RPSUHVVLYH�LPDJLQJ

)XOO�ZDYHIRUP�LQYHUVLRQ

&RPSUHVVLYH�IXOO�ZDYHIRUP�LQYHUVLRQ

)XOO�ZDYHIRUP�LQYHUVLRQ�ZLWK�VWRFKDVWLF�RSWLPL]DWLRQ

�
�� 3UREOHPV�(QFRXQWHUHG
�

,GHQWLI\�WKH�PDLQ�SUREOHPV�HQFRXQWHUHG�GXULQJ�WKLV�LQVWDOPHQW�RI�WKH�JUDQW�IURP�WKH�OLVW�EHORZ�
�VHOHFW�DOO�WKDW�DSSO\��

�
� 7HFKQLFDO�

RU�VFLHQWLILF�
SUREOHPV

$VLGH�IURP�D�PLQRU�VHWEDFN�UHJDUGLQJ�WKH�GHYHORSPHQW�RI�D��'�
VROYHU�IRU�+HOPKROW]��WKH�SURMHFW�KDV�QRW�VXIIHUHG�DQ\�PDMRU�
VHWEDFNV��:H�KDYH�EHHQ�PDNLQJ�SURJUHVV�LQ�GHYHORSLQJ�RXU�RZQ�
VROYHU�DQG�ZH�HVWDEOLVKHG�FROODERUDWLRQV�ZLWK�RWKHU�JURXSV��:LOOLDP�
6\PHV�DW�5LFH�DQG�-HDQ�9LULHX[�6WHSKDQH�2SHUWR�DW�1LFH��WKDW�FDQ�
SRWHQWLDOO\�JLYH�XV�WKLV�VLPXODWLRQ�FDSDELOLW\��7KLV�ZLOO�DOORZ�XV�WR�
WHVW�RXU�RZQ�VROXWLRQV�DQG�JLYHV�D�EDFNXS�SODQ�IRU�RXU�VFDOH�XS�WR�
�'�
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� 3UREOHPV�ZLWK�

GLUHFWLRQ�RI�
UHVHDUFK�RU�
ILQGLQJV

:RUNLQJ�ZLWK�UHDOLVWLF�ILHOG�GDWDVHWV�LQ�DQ�DFDGHPLF�HQYLURQPHQW�
LV�DOZD\V�FKDOOHQJLQJ�EHFDXVH�RI�WKH�ODUJH�FRPSXWDWLRQDO�
UHTXLUHPHQWV�DQG�WHFKQLFDO�NQRZ�KRZ�UHTXLUHG�WR�SURFHVV�ILHOG�
GDWD��7KLV��LQ�FRQMXQFWLRQ�ZLWK�D�SXVK�WRZDUGV��'��FDOOV�IRU�GHOLFDWH�
FKRLFHV�UHJDUGLQJ�ZKDW�ZH�FDQ�DQG�FDQQRW�GR�QRW�JLYHQ�RXU�
FRPSXWHU�UHVRXUFHV�DQG�H[SHULHQFH�ZRUNLQJ�ZLWK�UHDO�GDWD��:H�
KLUHG�D�UHVHDUFK�DVVRFLDWH�ZKR�ZLOO�ZRUN�ZLWK�XV�WR�H[SDQG�RXU�
FDSDELOLWLHV�WR�ZRUN�ZLWK�UHDO�GDWD�DQG�WR�VHH�ZKDW�WKH�SRVVLELOLWLHV�
DUH�WR�LQFUHDVH�WKH�FDSDFLW\�RI�RXU�FRPSXWH�FOXVWHU�

� (TXLSPHQW�DQG�
IDFLOLWLHV

*LYHQ�WKH�VL]H�RI�RXU�SUREOHPV��ZH�KDYH�UHDFKHG�WKH�FDSDFLW\�RI�
RXU�FRPSXWH�FOXVWHU�DQG�ZH�DUH�ORRNLQJ�IRU�SRVVLELOLWLHV�WR�DXJPHQW�
RXU�FRPSXWDWLRQDO�UHVRXUFHV�

� 6WDIILQJ�LVVXHV�
�LQFOXGLQJ�
VWXGHQWV�

)LQGLQJ�QHZ�VWXGHQWV��3')V��5$¶V��HWF��KDV�SURYHQ�WR�EH�
FKDOOHQJLQJ�DQG�YHU\�WLPH�FRQVXPLQJ��7KLV�KDV�OHW�WR�VRPH�GHOD\V�
EXW�ZH�DUH�KDSS\�WR�UHSRUW�WKDW�ZH�ZHUH�DEOH�WR�KLUH�VHYHUDO�QHZ�
3')V�DQG���QHZ�JUDGXDWH�VWXGHQWV�

� )XQGLQJ�
SUREOHPV

1RQH

� 3DUWQHU�
ZLWKGUHZ�IURP�
SURMHFW

1RQH

� 3DUWQHU�
LQWHUDFWLRQ�
LVVXHV

�

� 2WKHU��VSHFLI\� � �
�

��25��
�
� 1R�SUREOHPV�RFFXUUHG�GXULQJ�WKLV�LQVWDOPHQW�RI�WKH�JUDQW
�

%ULHIO\�GHVFULEH�WKH�PDLQ�SUREOHPV�LGHQWLILHG�DERYH�DQG�WKH�VWHSV�WDNHQ�WR�UHVROYH�HDFK�RQH�
�

�

�
�� &ROODERUDWLRQ�ZLWK�6XSSRUWLQJ�2UJDQL]DWLRQV
�
��� :KR�LQLWLDWHG�WKLV�&5'�SURMHFW"
�
; 7KH�XQLYHUVLW\�UHVHDUFKHU �
� 7KH�LQGXVWU\�SDUWQHU �
� 6KDUHG�LQLWLDWLRQ��XQLYHUVLW\�

LQGXVWU\�
�

� 2WKHU��VSHFLI\� � �
�
��� ,Q�ZKDW�ZD\�ZHUH�WKH�SDUWQHUV�GLUHFWO\�LQYROYHG�LQ�WKH�SURMHFW��VHOHFW�DOO�WKDW�DSSO\�"
�
� 3DUWQHUV�ZHUH�QRW�LQYROYHG�LQ�WKH�SURMHFW�DSDUW�IURP�WKHLU�ILQDQFLDO
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; 3DUWQHUV�ZHUH�DYDLODEOH�IRU�FRQVXOWDWLRQ
� 3DUWQHUV�SURYLGHG�IDFLOLWLHV
; 3DUWQHUV�SDUWLFLSDWHG�LQ�WKH�WUDLQLQJ
; 3DUWQHUV�UHFHLYHG�WUDLQLQJ�IURP�XQLYHUVLW\�SHUVRQQHO
; 3DUWQHUV�GLVFXVVHG�WKH�SURMHFW�UHJXODUO\�ZLWK�WKH�XQLYHUVLW\�WHDP
� 1XPEHU�RI�PHHWLQJV�GXULQJ�WKH�SHULRG�FRYHUHG�E\�WKLV�UHSRUW����&RQVRUWLXP�PHHWLQJ�DQG�PDQ\�

RQH�WR�RQH�FRQYHUVDWLRQV
; 3DUWQHUV�ZHUH�LQYROYHG�LQ�WKH�UHVHDUFK

�
��� 'HVFULEH�WKH�SDUWQHU¶V�LQYROYHPHQW�DQG�FRPPHQW�RQ�WKH�FROODERUDWLRQ�
�

7KH�LQGXVWU\¶V�FROODERUDWLRQ�LQYROYHV
�

ł DWWHQGDQFH�WR�RXU�&RQVRUWLXP�PHHWLQJV�WKDW�ZH�RUJDQL]H�WZLFH�D�\HDU��2QFH�LQ�
9DQFRXYHU�DQG�RQFH�LQ�(XURSH��'XULQJ�WKHVH�PHHWLQJV��WKH�LQGXVWU\�SDUWQHUV�JLYH�XV�
IHHGEDFN�RQ�RXU�SURMHFWV�

ł UHOHDVHV�RI�GDWDVHWV�WR�WHVW�RXU�DOJRULWKPV��)RU�H[DPSOH��ZH�ZRUNHG�R�D�YHU\�
VRSKLVWLFDWHG�GDWDVHWV�SURYLGHG�E\�%*�DQG�:HVWHUQ*HFR��:H�DOVR�ZRUNHG�RQ�
GDWDVHWV�SURYLGHG�E\�%3�

ł KLULQJ�RI�VXPPHU�LQWHQUV�
ł LQIRUPDO�IHHGEDFN�GXULQJ�FRQYHUVDWLRQV�DW�PHHWLQJV�
ł FROODERUDWLRQ�ZLWK�&RQRFR3KLOLSV�WR�EXLOG�D�EULGJH�EHWZHHQ�PDWODE��DQG�RXU�S6327��

DQG�-DYD6HLV��ZKLFK�JLYH�FRPSDQLHV�DFFHVV�WR�RXU�DOJRULWKPV�DQG�XV�DFFHVV�WR�ODUJH�
VHLVPLF�GDWD�YROXPHV��7KLV�SURMHFW�DOVR�LQYROYHV�SDUWLFLSDWLRQ�IURP�0DWKZRUNV�WKH�
PDNHU�RI�0DWODE�

�
��� :DV�WKH�WRWDO�DPRXQW�RI�FDVK�FRPPLWWHG�E\�WKH�SDUWQHU�GXULQJ�WKH�SHULRG�FRYHUHG�E\�WKLV�UHSRUW�

UHFHLYHG"
�
[ <HV
� 1R

�
��� :DV�DQ\�LQ�NLQG�UHFHLYHG�IURP�WKH�SDUWQHU�GXULQJ�WKH�SHULRG�FRYHUHG�E\�WKLV�UHSRUW"
�
1�$ <HV
� 1R

�
��� )RU�FDVK�DQG�LQ�NLQG�UHFHLYHG��SOHDVH�HQWHU�WKH�DPRXQWV�EHORZ��DORQJ�ZLWK�WKH�DPRXQW�RI�FDVK�

DQG�LQ�NLQG�FRPPLWWHG�LQ�WKH�RULJLQDO�SURSRVDO��,I�QR�LQ�NLQG�ZDV�UHFHLYHG��SOHDVH�HQWHU�³�´���
:KHUH�LQ�NLQG�ZDV�QRW�FRPPLWWHG�HQWHU�³Q�D´��
�

� $PRXQW�&RPPLWWHG 7RWDO�$PRXQW�5HFHLYHG�WR�'DWH�
&DVK � �
,Q�.LQG � �
�
��� 'HVFULEH�WKH�LQ�NLQG�UHFHLYHG�DQG�H[SODLQ�YDULDWLRQV�EHWZHHQ�FRPPLWPHQW�DQG�DFWXDO�FDVK�DQG�LQ�

NLQG�FRQWULEXWLRQ�LI�DSSOLFDEOH�
�

�
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�

�
�� )LQDQFLDO�,QIRUPDWLRQ
�

7KH�SXUSRVH�RI�WKLV�VHFWLRQ�LV�WR�SURYLGH�DGGLWLRQDO�SURMHFW�VSHFLILF�GHWDLO��LW�FDQQRW�EH�VXEVWLWXWHG�
ZLWK�D�6WDWHPHQW�RI�$FFRXQW��)RUP������

�
3OHDVH�SURYLGH�WKH�IROORZLQJ�ILQDQFLDO�LQIRUPDWLRQ�

�
�

%XGJHW�,WHP

%XGJHW�IRU�
WKLV�LQVWDOPHQW�
�DV�RXWOLQHG�
LQ�RULJLQDO�
SURSRVDO�

$FWXDO�
H[SHQGLWXUHV�
IRU�FXUUHQW�

LQVWDOPHQW��XS�
WR�5HSRUW�GXH�

GDWH

3URMHFWHG�
H[SHQGLWXUHV�
IURP�5HSRUW�
GXH�GDWH�WR�
HQG�RI�WKLV�
LQVWDOPHQW

3ODQQHG�
H[SHQGLWXUHV�
IRU�WKH�QH[W�
LQVWDOPHQW

6DODULHV�DQG�%HQHILWV � � � �
6WXGHQWV ������� ���������� ������ �������
3RVWGRFWRUDO�IHOORZV ������� ���������� ������ �������
7HFKQLFDO�SURIHVVLRQDO�
DVVLVWDQWV ������ ���������� ������ �������

2WKHU��VSHFLI\� � ������ � �
(TXLSPHQW�DQG�)DFLOLWLHV � � � �
3XUFKDVH�RU�UHQWDO ������ ��������� � �����
2SHUDWLRQ�DQG�PDLQWHQDQFH�
FRVWV ������ � � ������

8VHU�IHHV ������ � � ������
0DWHULDOV�DQG�6XSSOLHV � � � �
0DWHULDOV�DQG�VXSSOLHV ����� �������� � �����
7UDYHO � � � �
&RQIHUHQFHV ������ ��������� � ������
)LHOG�ZRUN � � � �
3URMHFW�UHODWHG�WUDYHO ����� � � �����

3URMHFW�PHHWLQJ� ����� � � �����

'LVVHPLQDWLRQ�&RVWV � � � �
3XEOLFDWLRQ�FRVWV ����� ��������� � �����
$QQXDO�UHSRUW�DQG�ZHEFDVW ����� � � �����

$QQXDO�PHHWLQJ�FRVWV ����� � � ������

2WKHU��VSHFLI\� � � � �
3HUPLWV�DQG�/LFHQVHV� � ��������� � �
� � � � �

7RWDOV ������� ���������� � �������

� � � � �

�
3OHDVH�SURYLGH�GHWDLOHG�H[SODQDWLRQV�IRU�DQ\�GHYLDWLRQ�LQ�WKH�FXUUHQW�SHULRG�DQG�LQ�WKH�EXGJHW�IRU�
WKH�FRPLQJ�\HDU���1RWH�WKDW�GHYLDWLRQV�IURP�WKH�EXGJHW�RI�JUHDWHU�WKDQ����SHU�FHQW�UHTXLUH�SUH�
DSSURYDO�IURP�16(5&��

�

7KH�QXPEHUV�LQFOXGHG�LQ�WKH�DERYH�WDEOH�XQGHU�WKH�³$FWXDO�H[SHQGLWXUHV´�UHIOHFW�RXU�H[SHQVHV�
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IURP�WKH�EHJLQQLQJ�RI�WKH�SURMHFW��ZKLFK�LV�$XJXVW��VW��������7KH�³%XGJHW´�LQ�WKH�ILUVW�FROXPQ�
UHIOHFWV�RQH�\HDU�SHULRG��7KH�GHWDLOHG�H[SHQVHV�IRU�WKH�SHULRG�RI�$XJXVW��VW�������XQWLO�$SULO�
��WK�������DUH�VXPPDUL]HG�RQ�WKH�)RUP������ZKLFK�LV�DWWDFKHG�WR�WKLV�UHSRUW��2XU�GLVFXVVLRQ�
UHJDUGLQJ�PHHWLQJ�WKH�EXGJHW�ZLWK�����LV�EDVHG�RQ�FRPELQLQJ�WKH�ILUVW�DQG�ODVW�FROXPQ��:H�
DOVR�UROOHG�LQ�H[SHQVHV���PRQWKV�SULRU�WR�WKH�VWDUWLQJ�GDWH�RI�$XJXVW��VW�������DV�DJUHHG�ZLWK�
7KHUHVD�$QGHUVRQ��7KHVH�ZHUH�H[SHQVHV�LQFXUUHG�GXULQJ�WKH�EULGJLQJ�SHULRG�EHWZHHQ�'12,6(�
,�DQG�,,�
�
2YHUDOO�RQH�ZLOO�QRWLFH�WKDW�ZH�DUH�VRPHZKDW�EHORZ�WKH�SURSRVHG�H[SHQGLWXUHV��7KH�UHDVRQ�IRU�
WKLV�LQFOXGH
�

ł GHOD\V�LQ�VWXGHQW�UHFUXLWPHQW�GXH�XQLYHUVLW\�DFFHSWDQFH�UHJXODWLRQV�DQG�FKDOOHQJHV�
ILQGLQJ�VXLWDEOH�FDQGLGDWHV��:H�DUH�KDSS\�WR�UHSRUW�WKDW���QHZ�06&�3K'�VWXGHQWV�ZLOO�
MRLQ�WKH�'12,6(�,,�SURMHFW�6HSWHPEHU��VW��������$VLGH�IURP�VDODU\�H[SHQVHV��ZH�ZLOO�
LQFXU�DGGLWLRQDO�H[SHQVHV�IRU�FRPSXWHU�HTXLSPHQW�HWF�

ł FKDOOHQJHV�LQ�KLULQJ�D�UHVHDUFK�DVVRFLDWH�LQ�KLJKO\�FRPSHWLWLYH�PDUNHW��:H�DUH�KDSS\�WR�
UHSRUW�WKDW�,DQ�+DQORQ�MRLQHG�RXU�JURXS�IXOO�WLPH�VLQFH�0DUFK���WK�������

ł ZH�KLUHG�VXFFHVVIXOO\�D�QXPEHU�RI�3')V�DQG�ZH�DUH�FRQWLQXLQJ�RXU�VHDUFK�IRU�QHZ�
FDQGLGDWHV��ZKLFK�LV�FKDOOHQJLQJ�LQ�D�FOLPDWH�ZKHUH�LQGXVWU\�LV�KLULQJ�DJJUHVVLYHO\�

�
*LYHQ�RXU�H[WHQVLYH�UHFUXLWLQJ�HIIRUWV��ZH�H[SHFW�WR�PHHW�RXU�WDUJHW�VRRQ�IRU�WKH�UHPDLQGHU�RI�
WKH�'12,6(�,,�SURMHFW��:H�DOVR�DQWLFLSDWH�VRPH�DGGLWLRQDO�+43�UHODWHG�H[SHQVHV�ZKRVH�FRVWV�
ZLOO�EH�SRVWHG�UHWURDFWLYHO\�WR�WKH�JUDQW��,Q�FRPLQJ�\HDU��ZH�DOVR�H[SHFW�WKH�RWKHU�EXGJHW�LWHPV�
WR�LQFUHDVH�LQ�DFFRUGDQFH�ZLWK�WKH�JURZWK�RI�WKH�UHVHDUFK�WHDP��
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