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.DPUDQ .DULPL DQG +RZDUG -� +DPLOWRQ

'HSDUWPHQW RI &RPSXWHU 6FLHQFH
8QLYHUVLW\ RI 5HJLQD

5HJLQD� 6DVNDWFKHZDQ

&DQDGD 6�6 �$�

^NDULPL� KDPLOWRQ`#FV�XUHJLQD�FD

7KLV WHFKQLFDO UHSRUW LV DYDLODEOH RQOLQH DW KWWS���ZZZ�FV�XUHJLQD�FD�aNDULPL�OHDUQLQJ�KWPO

���������	�������

�� ,QWURGXFWLRQ
�� 3UREOHP 'HVFULSWLRQ

�� 6WDQGDUG 3UREOHPV

�� 3XEOLFDWLRQV

�� 6RIWZDUH

�� 2WKHU 7RROV DQG $SSURDFKHV

�� &RQWDFW 8V�
�� %LEOLRJUDSK\

�� ������
�����

)LQGLQJ WKH FDXVH RI WKLQJV KDV DOZD\V EHHQ D PDLQ IRFXV RI KXPDQ FXULRVLW\� $V SDUW RI D SURMHFW DW WKH 'HSDUWPHQW

RI &RPSXWHU 6FLHQFH DW WKH 8QLYHUVLW\ RI 5HJLQD� ZH DUH XVLQJ H[LVWLQJ WRROV WR H[WUDFW FDXVDO �WHPSRUDO� DQG

DVVRFLDWLRQ �QRQ�WHPSRUDO� UXOHV IURP REVHUYDWLRQDO GDWD� :H KDYH VXFFHVVIXOO\ XVHG &��� WR H[WUDFW VXFK UXOHV�

%\ D FDXVDO UXOH� ZH PHDQ D UXOH WKDW LQYROYHV YDULDEOHV WKDW DUH REVHUYHG DW GLIIHUHQW WLPH� ,Q DQ DVVRFLDWLRQ UXOH� RQ

WKH RWKHU KDQG� DOO WKH YDULDEOHV DUH VHHQ DW WKH VDPH WLPH� VR WKHUH LV OLWWOH GRXEW WKDW QR FDXVDO UHODWLRQ H[LVWV�

7KH PDLQ HPSKDVLV LV RQ PDNLQJ WKH SURFHVV RI GLVFRYHULQJ FDXVDO UXOHV DXWRPDWLF� 7KLV UHTXLUHV UHO\LQJ DV OLWWOH DV

SRVVLEOH IRU D KXPDQ EHLQJ WR SURYLGH LQIRUPDWLRQ DERXW WKH GRPDLQ ZKHUH WKH YDULDEOHV DUH REVHUYHG�

7KLV SURMHFW KDV KDG D QXPEHU RI E\SURGXFWV ZKLFK FDQ EH XVHIXO LQGHSHQGHQW RI WKH RULJLQDO JRDOV RI WKH SURMHFW�

)RU H[DPSOH� &��� KDV EHHQ PRGLILHG WR RXWSXW WKH UXOHV LW GLVFRYHUV LQ 352/2*� :H KDYH DOVR FKDQJHG &��� WR

UHVSHFW DQ\ WHPSRUDO RUGHU WKDW PD\ H[LVW LQ WKH GDWD� 6RPH RI WKH VRIWZDUH ZH KDYH GHYHORSHG FDQ EH GRZQORDGHG
IURP WKH 6RIWZDUH VHFWLRQ RI WKLV GRFXPHQW� 7KH SXEOLVKHG SDSHUV GHVFULELQJ RXU ZRUN FDQ EH IRXQG DW WKH

3XEOLFDWLRQV VHFWLRQ�

�� �������������������

:H FRQVLGHU WKH SUREOHP RI GLVFRYHULQJ UHODWLRQV DPRQJ D VHW RI YDULDEOHV WKDW UHSUHVHQW WKH VWDWH RI D VLQJOH V\VWHP
DV WLPH SURJUHVVHV� 9DOXHV RI WKH YDULDEOHV DUH UHFRUGHG DW GLIIHUHQW WLPHV� JLYLQJ D VHTXHQFH RI WHPSRUDOO\ RUGHUHG

UHFRUGV ZLWKRXW D GLVWLQJXLVKHG WLPH YDULDEOH� 7KLV GDWD ZLOO WKHQ EH XVHG WR GLVFRYHU UXOHV WKDW DSSO\ WR WKH V\VWHP

XQGHU LQYHVWLJDWLRQ� 2XU DLP LV WR LGHQWLI\ DV PDQ\ FDVHV DV SRVVLEOH ZKHUH WZR RU PRUH YDULDEOHV
 YDOXHV GHSHQG RQ

HDFK RWKHU� .QRZLQJ WKLV ZRXOG DOORZ XV WR H[SODLQ KRZ WKH V\VWHP PD\ EH ZRUNLQJ� :H PD\ DOVR ZDQW WR FRQWURO

VRPH RI WKH YDULDEOHV E\ FKDQJLQJ WKH YDOXHV RI RWKHU YDULDEOHV� )RU H[DPSOH� LI ZH REVHUYH WKDW �\  �� LV DOZD\V



�

WUXH ZKHQ �[  ��� WKHQ ZH FRXOG SUHGLFW WKH YDOXH RI \ DV � ZKHQ ZH VHH WKDW [ LV �� 7KLV LV DQ H[DPSOH RI DVVRFLDWLRQ

EHWZHHQ WZR YDOXHV� ZKHUH REVHUYLQJ WKH YDOXH RI RQH YDULDEOH DOORZV XV WR SUHGLFW WKH YDOXH DQRWKHU YDULDEOH�
ZLWKRXW RQH QHFHVVDULO\ FDXVLQJ WKH RWKHU� $OWHUQDWLYHO\� ZH FRXOG DVVXPH WKDW ZH KDYH WKH UXOH� LI ^�[  ��` WKHQ �\

 ��� DQG XVH LW WR VHW WKH YDOXH RI \ WR � E\ VHWWLQJ WKH YDOXH RI [ WR �� 7KLV UXOH FDQ EH LQWHUSUHWHG DV D FDXVDO UHODWLRQ

RU DQ DVVRFLDWLRQ� 7KH H[DFW QDWXUH RI WKH UXOHV LV YHU\ KDUG WR GHWHUPLQH IURP WKH LQVLGH RI WKH GRPDLQ� $Q\ GHFLVLRQ

WR LQWHUSUHW VXFK UXOHV DV LQGLFDWLQJ FDXVDO UHODWLRQV UHTXLUHV NQRZOHGJH IURP RXWVLGH WKH GRPDLQ XQGHU

LQYHVWLJDWLRQ�

7KH OHDUQLQJ WDNHV SODFH LQ WZR SKDVHV� ,Q SKDVH RQH� WKH DLP LV WR JDWKHU LQIRUPDWLRQ DERXW WKH UHVSRQVH RI WKH

HQYLURQPHQW WR WKH DFWLRQV ZH DUH LQWHUHVWHG LQ� :H FRQVLGHU WKH H[SHULPHQWHU DQG WKH HQYLURQPHQW WR IRUP RQH

V\VWHP� ([SHULPHQWV DUH FRQGXFWHG� LQ ZKLFK FHUWDLQ YDULDEOHV RI WKH V\VWHP DUH UHFRUGHG� ,Q SKDVH �� WKHVH

REVHUYDWLRQV DUH XVHG WR OHDUQ UHODWLRQVKLSV DERXW WKH YDULDEOHV RI WKH V\VWHP� 7KH UHODWLRQVKLSV FRQVWLWXWH RXU

RXWSXW�

,Q )LJXUH � ZH VHH D URERW LQ D YHU\ VLPSOH ZRUOG� 7KH URERW FDQ PRYH 8S� 'RZQ� /HIW RU 5LJKW� 7KHUH PD\ EH

REVWDFOHV DQG VRXUFHV RI HQHUJ\ LQ WKH ZRUOG�

)LJXUH �� 7KH 5RERW FDQ PRYH LQ IRXU GLUHFWLRQV

,Q )LJXUH � ZH VHH WZR VDPSOH ZDONV� 2QH VWDUWV IURP WKH FUHDWXUH
V FXUUHQW SRVLWLRQ� ,W JHWV WR WKH YLFLQLW\ RI DQ

REVWDFOH� IDLOV WR HQWHU LQWR SRVLWLRQ RI WKH REVWDFOH� DQG FRQWLQXHV XS� ,Q WKH VHFRQG ZDON� WKH FUHDWXUH UHDFKHV WKH

SRZHU VRXUFH�
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)LJXUH �� $ URERW PRYLQJ DURXQG

�� �����������������

:H SUHVHQW D IHZ SUREOHPV WKDW FDQ EH DSSURDFKHG ZLWK RXU PHWKRG� 7KH\ DUH DOO FRQFHSWXDOO\ VLPSOH� 7KH FRPPRQ

WKLQJ DPRQJ WKHP LV D VWDEOH HQYLURQPHQW� ZKHUH WKH UXOHV WKDW JRYHUQ GR QRW FKDQJH DV WLPH SDVVHV�

���������	
����������	
���������������	��������������	��������������������	��
85$/ LV D GLVFUHWH HYHQW VLPXODWRU ZLWK ZHOO NQRZQ UXOHV WKDW JRYHUQ WKH DUWLILFLDO HQYLURQPHQW� 7KHUH LV OLWWOH
DPELJXLW\ DERXW ZKDW FDXVHV ZKDW� 7KLV KHOSV WR MXGJH WKH TXDOLW\ RI WKH GLVFRYHUHG UXOHV� 7KH ZRUOG LQ 85$/ LV

PDGH RI D WZR GLPHQVLRQDO ERDUG ZLWK RQH RU PRUH DJHQWV �FDOOHG FUHDWXUHV LQ $UWLILFLDO /LIH OLWHUDWXUH� OLYLQJ LQ LW�

$Q DJHQW PRYHV DURXQG DQG LI LW ILQGV IRRG� HDWV LW� )RRG LV SURGXFHG E\ WKH VLPXODWRU DQG SODFHG DW SRVLWLRQV WKDW

DUH UDQGRPO\ GHWHUPLQHG DW WKH VWDUW RI HDFK UXQ RI WKH VLPXODWRU� 7KHUH LV D PD[LPXP IRU WKH QXPEHU RI SRVLWLRQV

WKDW PD\ KDYH IRRG DW DQ\ RQH WLPH� VR D SRVLWLRQ WKDW ZDV GHWHUPLQHG DV FDSDEOH RI KDYLQJ IRRG PD\ RU PD\ QRW

KDYH IRRG DW D JLYHQ WLPH� 7KH DJHQW FDQ VHQVH LWV SRVLWLRQ DQG DOVR WKH SUHVHQFH RI IRRG DW LWV FXUUHQW SRVLWLRQ� $W
HDFK WLPH�VWHS� LW UDQGRPO\ FKRRVHV WR PRYH IURP LWV FXUUHQW SRVLWLRQ WR 8S� 'RZQ� /HIW� RU 5LJKW� ,W FDQQRW JHW RXW

RI WKH ERDUG� RU JR WKURXJK WKH REVWDFOHV WKDW DUH SODFHG LQ WKH ERDUG E\ WKH VLPXODWRU� ,Q VXFK FDVHV� D PRYH DFWLRQ

ZLOO QRW FKDQJH WKH DJHQW
V SRVLWLRQ� 7KH DJHQW FDQ VHQVH ZKLFK DFWLRQ LW WDNHV LQ HDFK VLWXDWLRQ� 7KH DLP LV WR OHDUQ

WKH HIIHFWV RI LWV DFWLRQV DW HDFK SDUWLFXODU SODFH� )LJXUH � VKRZV D VLPXODWHG ZRUOG ZLWK VRPH REVWDFOHV DQG IRRG DW

GLIIHUHQW SRVLWLRQV�



�

)LJXUH �� $Q H[DPSOH 85$/ ZRUOG

,Q ILJXUH � ZH VHH D VDPSOH VHTXHQFH RI WKH DJHQW
V REVHUYDWLRQV� ,W FRQVLVWV RI LWV SUHVHQW [ DQG \ YDOXHV� ZKHWKHU RU

QRW IRRG LV SUHVHQW DW WKDW ORFDWLRQ� DQG WKH DFWLRQ WKDW WKH DJHQW SHUIRUPV DW WKDW WLPH VWHS� 7KH UHVXOWV RI WKH DFWLRQ

ZLOO EH NQRZQ LQ WKH QH[W WLPH VWHS�

�[� \� )RRG� $FWLRQ!

��� �� )DOVH� /HIW!

��� �� )DOVH� /HIW!

��� �� 7UXH� 'RZQ!

��� �� )DOVH� 8S!

��� �� 7UXH� 'RZQ!

)LJXUH �� 2EVHUYDWLRQV RI D FUHDWXUH

)LJXUH � VKRZV WKH UHFRUGV DIWHU WKH\ KDYH EHHQ IODWWHQHG� WKDW LV� FRPELQHG ZLWK WKH SUHFHGLQJ DQG WKH VXFFHHGLQJ

UHFRUGV� WR EULQJ WKH FDXVHV �DFWLRQV� DQG WKH HIIHFWV �QH[W SRVLWLRQ� WRJHWKHU LQ WKH VDPH UHFRUG� 7KH QXPEHU RI

UHFRUGV LQYROYHG LQ WKH IODWWHQLQJ SURFHVV LV GHWHUPLQHG E\ WKH WLPH ZLQGRZ� ,Q )LJXUH � ZH KDYH XVHG D WLPH
ZLQGRZ RI �� EHFDXVH WKH UHVXOWV RI DFWLRQV ZLOO EH NQRZQ LQ WKH QH[W WLPH VWHS� 7LPH LV UHODWLYH� DQG VXSSRVHG WR

EHJLQ DW WKH VWDUW RI HDFK IODWWHQHG UHFRUG� [�� \�� )RRG� DQG $FWLRQ� WKXV EHORQJ WR WKH SUHYLRXV WLPH VWHS� ZKLOH [��

\�� )RRG� DQG $FWLRQ� EHORQJ WR WKH QH[W WLPH VWHS�

�[�� \�� )RRG�� $FWLRQ�� [�� \�� )RRG�� $FWLRQ�!

��� �� )DOVH� /HIW� �� �� )DOVH� /HIW!

��� �� )DOVH� /HIW� �� �� 7UXH� 'RZQ!

��� �� 7UXH� 'RZQ� �� �� )DOVH� 8S!

��� �� )DOVH� 8S� �� �� 7UXH� 'RZQ!

)LJXUH �� )ODWWHQHG GDWD

0RYLQJ YHUWLFDOO\ DQG KRUL]RQWDOO\ DUH LQGHSHQGHQW RI HDFK RWKHU LQ WKLV ZRUOG� 6R LQ WKH DEVHQFH RI DQ\ REVWDFOHV RQ

WKH ZRUOG ZH FRXOG KDYH UXOHV OLNH�

*HQHUDO UXOH IRU PRYLQJ 5LJKW� 1R REVWDFOHV RQ WKH ERDUG

LI �[�  D $1' $FWLRQ�  5LJKW� WKHQ

LI�D � :RUOGB:LGWK� WKHQ



�

[�  D � �

HOVH
[�  D

*HQHUDO UXOH IRU PRYLQJ /HIW� 1R REVWDFOHV RQ WKH ERDUG

LI �[�  D $1' $FWLRQ�  /HIW� WKHQ

LI�D ! �� WKHQ

[�  D � �
HOVH

[�  D

*HQHUDO UXOH IRU PRYLQJ 'RZQ� 1R REVWDFOHV RQ WKH ERDUG

LI �\�  D $1' $FWLRQ�  'RZQ� WKHQ

LI�D � :RUOGB+HLJKW� WKHQ
\�  D � �

HOVH

\�  D

*HQHUDO UXOH IRU PRYLQJ 8S� 1R REVWDFOHV RQ WKH ERDUG

LI �\�  D $1' $FWLRQ�  8S� WKHQ
LI�D ! �� WKHQ

\�  D � �

HOVH

\�  D

7KHVH � UXOHV DUH DOO WKDW DUH QHHGHG WR VSHFLI\ WKH HIIHFWV RI WKH DJHQW
V PRYHPHQWV�

,I WKHUH DUH REVWDFOHV RQ WKH ERDUG� WKH UXOHV ZLOO EH PRUH FRPSOH[� EHFDXVH WKH UHVXOW RI D PRYH DFWLRQ GHSHQGV RI

ZKHWKHU WKHUH LV DQ REVWDFOH LQ WKH YLFLQLW\� ,Q WKLV FDVH WKH ORFDWLRQ RI WKH REVWDFOH VKRXOG EH UHIOHFWHG LQ WKH UXOH�

7KH UXOHV IRU PRYLQJ ZKHQ WKHUH LV D VLQJOH REVWDFOH DW ��� �� WKDW ZRXOG IDLO WKH UXOH LV�

0RYLQJ 5LJKW LQ WKH SUHVHQFH RI DQ REVWDFOH

LI�[�  � $1' \�  � $1' $FWLRQ�  5LJKW� WKHQ

[�  �

0RYLQJ /HIW LQ WKH SUHVHQFH RI DQ REVWDFOH

LI�[�  � $1' \�  � $1' $FWLRQ�  /HIW� WKHQ
[�  �

0RYLQJ 'RZQ LQ WKH SUHVHQFH RI DQ REVWDFOH

LI�[�  � $1' \�  � $1' $FWLRQ�  'RZQ� WKHQ

\�  �

0RYLQJ 8S LQ WKH SUHVHQFH RI DQ REVWDFOH

LI�[�  � $1' \�  � $1' $FWLRQ�  8S� WKHQ

\�  �

7KH JHQHUDO UXOHV DSSO\ LQ DOO RWKHU ORFDWLRQ RQ WKH ERDUG�

2EVWDFOHV FUHDWH H[FHSWLRQV WR WKH JHQHUDO UXOHV WKDW H[LVW LQ D ZRUOG ZLWKRXW WKHP� DQG WKHUH LV QR ZD\ WR JHW DURXQG

WKHP� 7KH EHVW ZD\ WR UHSUHVHQW D ZRUOG WKDW FRQWDLQV REVWDFOHV LV WR HQXPHUDWH DOO WKH H[FHSWLRQV ILUVW� DQG WKHQ JLYH

WKH JHQHUDO UXOH DV D �FDWFK�DOO� RU GHIDXOW EHKDYLRXU�

7KH DFWXDO RXWSXW H[WUDFWHG IURP 85$/
V GDWD GHSHQGV RQ WKH DSSOLFDWLRQ XVHG� )RU H[DPSOH� &��� FDQ QRW RXWSXW
JHQHUDO UXOHV� $Q\ UXOH RXWSXW E\ &��� ZLOO XVH H[SOLFLW YDOXHV IRU WKH YDULDEOHV� 7KH IROORZLQJ H[DPSOH UXOHV VKRZ

WKLV PRUH FOHDUO\�



�

&��� UXOH WR KDQGOH PRYLQJ WR WKH ULJKW LQ WKH DEVHQFH RI DQ\ REVWDFOHV RQ WKH ERDUG

LI�[�  � $1' $FWLRQ�  5LJKW� 7KHQ

[�  �

LI�[�  � $1' $FWLRQ�  5LJKW� 7KHQ

[�  �

���

:KDW KDSSHQV DW WKH HGJH RI WKH ZRUOG LV VKRZQ LQ E\ WKH QH[W UXOH�

&��� UXOH WR KDQGOH WKH PRYLQJ EH\RQG WKH HGJH LQ D �� E\ �� ZRUOG

LI�[�  �� $1' $FWLRQ�  5LJKW� WKHQ

[�  ��

:H VHH WKDW &��� FDQ SUXQH RWKHU YDULDEOHV OLNH \�� \�� IRRG�� IRRG� DQG $FWLRQ� IURP WKH UXOHV�

����	���������	�
$Q LQGXVWULDO URERWLF DUP KDV FHUWDLQ DELOLWLHV� ,W FDQ PRYH LWVHOI LQ GLIIHUHQW GLUHFWLRQV� DQG LWV VHQVRUV DOORZ LW WR

NQRZ LWV RZQ SRVLWLRQ DIWHU D PRYH� 7KH DLP LV WR SODFH WKH WRS RI WKH DUP LQ D GHVLUHG JULG� *RLQJ IURP RQH SRVLWLRQ

WR DQRWKHU RIWHQ UHTXLUHV D VHULHV RI PRYHPHQWV WKDW JUDGXDOO\ FKDQJHV WKH URERWLF DUP VR LW UHDFKHV WKH GHVLUHG
SRVLWLRQ� 7KH SUREOHP LV WR PDNH WKH URERW DEOH WR GR LWV RZQ SODQQLQJ� 7KH URERW FDQ WKXV EH LQWURGXFHG WR D QHZ

SODFH� DOORZHG WR UXQ H[SHULPHQWV� DQG WKHQ OHDUQ WKH UXOHV� 7KLV UHGXFHV WKH QHHG IRU SURJUDPPLQJ WKH URERW IRU

HYHU\ QHZ VLWXDWLRQ�

)LJXUH � VKRZV WZR GLIIHUHQW FRQILJXUDWLRQV IRU D URERWLF DUP� VXFK DV D ZHOGHU� ZLWK � GHJUHHV RI IUHHGRP� (DFK

MRLQW FDQ PRYH WR WKH OHIW RU ULJKW ��' PRYHPHQWV�� 7KH ILUVW MRLQW ZKLFK KROGV WKH ILUVW VWXE FDQ EH DQ\ZKHUH IURP
�� GHJUHHV WR ��� GHJUHHV UHODWLYH WR WKH KRUL]RQWDO SODQH� ZKLOH WKH VHFRQG VWXE� PRYHG E\ WKH VHFRQG MRLQW� FDQ EH

DW �� GHJUHHV WR ��� GHJUHHV UHODWLYH WR WKH ILUVW VWXE� $ GHYLFH DW WKH HQG RI WKH VHFRQG VWXE FDQ GHWHFW LWV SRVLWLRQ�

DQG GHWHUPLQH LWV FXUUHQW JULG ORFDWLRQ� $W OHIW� ZH VHH WKH LQLWLDO FRQILJXUDWLRQ� DQG DW ULJKW D GHVLUHG FRQILJXUDWLRQ LV

VKRZQ� ,I WKH URERW KDV EHHQ LQ ERWK SRVLWLRQV �PD\EH ZKLOH UDQGRPO\ PRYLQJ DURXQG� RU PD\EH EHFDXVH DQ

�LQVWUXFWRU� PRYHG LW VWHS E\ VWHS�� WKHQ LW ZRXOG EH GHVLUDEOH IRU WKH URERW WR VHQG WKH DSSURSULDWH FRPPDQGV WR LWV

MRLQWV E\ LWVHOI WKH QH[W WLPH LW QHHGV WR JR IURP RQH JULG WR WKH QH[W�

)LJXUH �� $ URERWLF DUP DW GLIIHUHQW JULG ORFDWLRQV

7KH MRLQWV FDQ HLWKHU +ROG WKHLU FXUUHQW SRVLWLRQV� RU HLWKHU LQFUHDVH WKHLU DQJOH RU GHFUHDVH LW� 6DPSOH GDWD JHQHUDWHG

E\ VXFK DQ DUP FRXOG OLNH )LJXUH �� :H DVVXPH WKDW WKH VHQVRUV LV RULJLQDOO\ SRVLWLRQHG LQ SRVLWLRQ ������ DQG VHH

KRZ LW JRHV WR SRVLWLRQ ������



�

�-RLQW�� -RLQW�� $FWLRQ�� $FWLRQ�� 3RVLWLRQ!

���� ��� +ROG� ,QF� ��!

���� ��� +ROG� ,QF� ����!

���� ��� ,QF� +ROG� ����!

���� ��� ,QF� +ROG� ����!

���� ��� +ROG� ,QF� ����!

���� ��� ,QF� ,QF� ��!

)LJXUH �� 2EVHUYHG YDOXHV� VDYHG LQ UHFRUGV

,I WKH H[DFW ORFDWLRQ RI WKH VHQVRU FDQ QRW EH GHWHUPLQHG EHFDXVH LW LV LQ WKH PLGGOH RI WZR SRVLWLRQV �KHUH� ����� DQG

������� WKHQ WKH FXUUHQW FRQILJXUDWLRQ RI WKH V\VWHP LV XVHG LQVWHDG� 7KLV LV DFKLHYHG E\ SDVWLQJ WKH SRVLWLRQ RI WKH

WZR MRLQWV WRJHWKHU� :H XVH D GLVWLQFW YDULDEOH IRU WKH 3RVLWLRQ �LQVWHDG RI VLPSO\ XVLQJ WKH WZR -RLQW YDULDEOHV�

EHFDXVH ZH ZDQW WR EH DEOH WR GLIIHUHQWLDWH EHWZHHQ SRVLWLRQV RI LQWHUHVW OLNH ����� DQG ����� YV� RWKHU �LQWHUPHGLDWH�
SRVLWLRQV�

7R H[WUDFW UXOHV IRU WKH DUP
V PRYHPHQW ZH IODWWHQ WKHP EDVHG RQ WKH SRVLWLRQ� 7KH GDWD LQ )LJXUH � FDQ EH IODWWHQHG

DV VKRZQ LQ )LJXUH � EHORZ�

�&XUUHQWB-�� &XUUHQWB-�� &XUUHQWB$�� &XUUHQWB$�� &XUUHQWB3� 1H[WB-�� 1H[WB-�� 1H[WB$�� 1H[WB$�� 1H[WB3�!

���� ��� +ROG� ,QF� �� � ��� ��� +ROG� ,QF� ����!

���� ��� +ROG� ,QF� ����� ��� ��� ,QF� +ROG� ����!

���� ��� ,QF� +ROG� ����� ��� ��� ,QF� +ROG� ����!

���� ��� ,QF� +ROG� ����� ��� ��� +ROG� ,QF� ����!

���� ��� +ROG� ,QF� ����� ��� ��� ,QF� ,QF� ��!

)LJXUH �� )ODWWHQHG GDWD

7KH LGHDO VHW RI UXOHV IRU WKLV HQYLURQPHQW ZRXOG WDNH D VWDUWLQJ SRVLWLRQ� D GHVWLQDWLRQ� DQG WKHQ RXWSXW D VHULHV RI

FRPPDQGV WR WKH MRLQWV WKDW KDYH WR EH IROORZHG LQ RUGHU WR JHW WR WKH GHVWLQDWLRQ�

$Q �VWHS�E\�VWHS UXOH� GRHV QRW VSHFLI\ D VHTXHQFH RI DFWLRQV WKDW KDYH WR EH SHUIRUPHG RYHU WLPH� EXW RQO\ WKH

DFWLRQV WKDW VKRXOG EH SHUIRUPHG DW D VLQJOH WLPH VWHS� 7KH UXOHV H[WUDFWHG E\ &��� IURP 85$/
V GDWD DUH DQ
H[DPSOH RI VXFK UXOHV�

+DYLQJ UXOHV WKDW GHWHUPLQH WKH PRYHPHQW RI WKH URERW VWHS E\ VWHS PHDQV WKDW WKHUH ZLOO EH PDQ\ UXOHV WR KDQGOH�

2QH DGYDQWDJH RI KDYLQJ VWHS E\ VWHS UXOHV LV WKDW WKH\ DOORZ IRU VRPH IDXOW WROHUDQFH� (DFK UXOH H[DPLQHV WKH

FXUUHQW VLWXDWLRQ DQG WKHQ RXWSXWV DQ DFWLRQ WKDW VKRXOG EH SHUIRUPHG WR JR WR DQRWKHU VLWXDWLRQ� ,I IRU DQ\ UHDVRQ WKH

DFWLRQ IDLOV� DQG WKH GHVLUHG VLWXDWLRQ FDQ QRW EH UHDFKHG� WKHQ WKH DFWXDO VLWXDWLRQ FDQ EH XVHG WR ILQG DQRWKHU UXOH WR

ILUH�

:H ZRXOG EH LQWHUHVWHG LQ UXOHV WKDW ORRN OLNH WKLV�

LI�FXUUHQWBS  �� $1' $FWLRQ�  +ROG $1' $FWLRQ�  ,QF� WKHQ

1H[WBS  ����

���

LI�FXUUHQWBS  ���� $1' $FWLRQ�  +ROG $1' $FWLRQ�  ,QF� WKHQ

1H[WBS  ��

:H FDQ XVH WKH FXUUHQW SRVLWLRQ RI WKH MRLQWV WR JR WR DQ\ GHVLUHG ORFDWLRQ E\ IROORZLQJ D FKDLQ RI VXFK UXOHV�



�

�
����� ��!���
:XPSXV LV D JDPH RI VWUDWHJ\ DQG OXFN� ,PSOHPHQWDWLRQV RI WKLV JDPH IRU PDQ\ FRPSXWHU SODWIRUPV DUH DYDLODEOH�

7KH VHWXS LV OLNH WKDW RI 85$/� ,Q D GDUN GXQJHRQ� DQ DJHQW �KXPDQ RU RWKHUZLVH� ZDQGHUV IURP URRP WR URRP�
WU\LQJ WR ILQG JROG� ZKLOH DYRLGLQJ WKH IHDUHG :XPSXV� 7KH DJHQW FDQ XVH VLJQV WR NQRZ ZKDW LV WR EH IRXQG LQ D

QHLJKERULQJ URRP� 7KLV JLYHV WKH :XPSXV DJHQW PRUH LQIRUPDWLRQ WKDQ WKH DJHQW LQ 85$/� EHFDXVH WKH :XPSXV

DJHQW FDQ NQRZ DERXW LWV QHLJKERULQJ ORFDWLRQV DV ZHOO DV WKH FXUUHQW RQH� )RU H[DPSOH� VWHQFK ZRXOG LQGLFDWH WKDW

WKH :XPSXV LV LQ WKH URRP RU RQH RI LWV QHLJKERUV� ,Q WKH VDPH PDQQHU D EUHH]H LQGLFDWHV D SLW� IDOOLQJ LQWR ZKLFK

ZRXOG EH IDWDO� 7KH DJHQW VKRXOG XVH WKHVH VLJQV WR ILQG WKH JROG DQG JHW RXW RI WKH GXQJHRQ VDIHO\� )LJXUH � VKRZV

DQ H[DPSOH :XPSXV ZRUOG�

)LJXUH �� $Q H[DPSOH :XPSXV :RUOG

6DPSOH GDWD JDWKHUHG E\ WKH DJHQW LQ WKH :XPSXV ZRUOG FRXOG ORRN DV VKRZQ LQ )LJXUH ��� 1RWLFH WKDW :H DVVXPH

WKH DJHQW QHYHU JHWV UHDOO\ GHVWUR\HG�

�[� \� %UHH]H"� 6WLQN"� *ROG" 'HVWUR\"� $FWLRQ!

��� �� IDOVH� IDOVH� IDOVH� IDOVH� 5LJKW!

��� �� WUXH� IDOVH� IDOVH� IDOVH� 5LJKW!

��� �� IDOVH� IDOVH� IDOVH� WUXH� 8S!

��� �� WUXH� IDOVH� IDOVH� IDOVH� /HIW!

��� �� IDOVH� IDOVH� WUXH� IDOVH� 8S!

��� �� WUXH� WUXH� IDOVH� IDOVH� /HIW!

��� �� IDOVH� IDOVH� IDOVH� WUXH� 8S!

)LJXUH ��� 'DWD JDWKHUHG IURP D :XPSXV ZRUOG

7KH GHVLUHG UXOHV LQ WKLV GRPDLQ DUH PRUH YDULHG LQ QDWXUH� )RU H[DPSOH� ZKLOH WKH UXOHV FRQFHUQLQJ WKH SLWV �EUHH]H�
DQG WKH JROG GHSHQG RI ORFDWLRQ �VR WKDW WKH [ DQG \ ORFDWLRQ FDQ EH VXEVWLWXWHG IRU WKH SUHVHQFH RI EUHH]H� IRU

H[DPSOH�� WKH UXOH DERXW WKH :XPSXV FUHDWXUH GRHV QRW DSSO\ DOZD\V LQ WKH VDPH ORFDWLRQ EHFDXVH DV WKH FUHDWXUH



�

PRYHV� WKH VWLQN PRYHV ZLWK LW� $QRWKHU GLIILFXOW\ LQ WKH :XPSXV ZRUOG LV WKDW WKH VHQVDWLRQ RI IHHOLQJ WKH EUHH]H RU

WKH VWLQN GRHV QRW JLYH GHILQLWH LQIRUPDWLRQ DERXW ZKHUH WKH VRXUFH LV�

)RU D KXPDQ SOD\HU ZKR ZLOO ORVH WKH JDPH LI KH HQFRXQWHUV WKH :XPSXV RU IDOOV LQWR D SLW� WKH VDIHVW PRYH XSRQ

IHHOLQJ D VWLQN RU EUHH]H LV WR PRYH EDFN WR WKH SUHYLRXV SRVLWLRQ� VLQFH DQ\ RWKHU PRYH FRXOG EH IDWDO� +XPDQV FDQ

H[WUDFW WKLV VLPSOH UXOH E\ XVLQJ WKHLU DQDO\]LQJ DELOLWLHV DQG LPDJLQLQJ ZKDW ZRXOG KDSSHQ LI WKH\ GLG DFWXDOO\ PRYH

WR D GLIIHUHQW ORFDWLRQ�

7KH DVVXPSWLRQ WKDW KH DJHQW ZLOO QRW EH GHVWUR\HG KHOSV LW LQ GLVFRYHULQJ WKH ORFDWLRQ RI WKH JROG DQG WKH SLWV� EXW

WKH ORFDWLRQ RI WKH :XPSXV FUHDWXUH FDQ QHYHU EH GHWHUPLQHG GHILQLWHO\ E\ DQ\ UXOH XQOHVV ZH DVVXPH WKDW WKH

FUHDWXUH LV VWDWLRQDU\�

7KLV H[DPSOH GLIIHUV IURP WKH SUHYLRXV RQHV EHFDXVH WKH FDXVDO UXOHV DUH QRW WKH VDPH IRU WKH GHVLJQHU DQG WKH DJHQW

OLYLQJ LQ WKH ZRUOG� )URP WKH GHVLJQHU
V SHUVSHFWLYH� WKH UXOHV IRU VWLQN DUH WKHVH�

,I�ZXPSXVBDW�[� \�� WKHQ

^

LI�[ � ZRUOGB:LGWK� WKHQ

VWLQNBDW�[��� \�

LI�[ ! �� WKHQ
VWLQNBDW�[��� \�

LI�\ � :RUOGBOHQJWK� WKHQ

VWLQNBDW�[� \���

LI�\ ! �� WKHQ

VWLQNBDW�[� \���
`

7KLV UXOH LPSOLHV WKDW WKH SUHVHQFH RI VWLQN LV FDXVHG E\ WKH SUHVHQFH RI WKH ZXPSXV EHFDXVH WKH H[LVWHQFH RI WKH

ZXPSXV SUHFHGHV WKH VWLQN� +RZHYHU� WKH DJHQW GRHV QRW H[SHULHQFH WKH ZRUOG OLNH WKLV� )RU WKH DJHQW� WKH VWLQN LV

IHOW ILUVW� DQG WKHQ WKH ZXPSXV LV HQFRXQWHUHG� VR WKH WHPSRUDO RUGHU LV UHYHUVHG� $V IDU DV WKH DJHQW LV FRQFHUQHG� WKH

VWLQN �FDXVHV� WKH ZXPSXV� 6R WKH DJHQW ZLOO ILQG UXOHV WKDW ORRN OLNH WKLV�

LI�VWLQNBDW�[�\�� WKHQ

ZXPSXVBDW�[��� \� 25 ZXPSXVBDW�[��� \� 25 ZXPSXVBDW�[� \��� 25 ZXPSXVBDW�[� \���

7KH VDPH W\SH RI UXOHV FRXOG EH GLVFRYHUHG IRU WKH SUHVHQFH RI WKH SLW� +RZHYHU� )RU WKH SLW ORFDWLRQV� WKH UXOHV FDQ

EH FRQVLGHUDEO\ VLPSOHU EHFDXVH WKH DJHQW FDQ GLVFRYHU WKH H[DFW ORFDWLRQ RI WKH SLW� 6R DVVXPLQJ WKDW D SLW H[LVWV DW
ORFDWLRQ ������ WKH FRUUHVSRQGLQJ UXOH ZRXOG EH�

SLWBDW�����

7KLV FRQILUPV WKH QRWLRQ WKDW FDXVDOLW\ LV D VXEMHFWLYH H[SHULHQFH� 'HWHUPLQLQJ D FDXVDO UHODWLRQ ZLWK DEVROXWH
FHUWDLQW\ UHTXLUHV NQRZLQJ WKH V\VWHP XQGHU LQYHVWLJDWLRQ YHU\ ZHOO� 7KLV SXWV OLPLWV RQ WKH FDXVDO UXOHV WKDW FDQ EH

GHWHUPLQHG E\ DQ\ PHWKRG�

7KH DJHQW LV PHUHO\ REVHUYLQJ WKH HQYLURQPHQW� 1HLWKHU WKH VHQVDWLRQ �VPHOO RU EUHH]H� QRU WKH �FDXVH� �IURP WKH

GHVLJQHU
V SRLQW RI YLHZ� SUHVHQFH RI :XPSXV RU D SLW� DUH XQGHU WKH DJHQW
V FRQWURO� $V D UHVXOW� WKH PHWKRG RI

FKDQJLQJ RQH YDULDEOH DQG PHDVXULQJ WKH FKDQJH LQ RWKHUV GRHV QRW ZRUN�

0DQ\ WRROV FXUUHQWO\ XVHG WR GLVFRYHU FDXVDO UHODWLRQV ORRN IRU YDULDEOHV WKDW FKDQJH WRJHWKHU WR GLVFRYHU FDXVDO

UHODWLRQVKLS DPRQJ WKHP� &RYDULDQFH LV D SRSXODU PHDVXUH LQ WKLV PHWKRG� 2QH SUREOHP ZLWK WKLV PHWKRG LV WKDW

PRVW WKHVH WRROV GR QRW FRQVLGHU D WLPH WR KDYH EHHQ SDVW EHWZHHQ WKH REVHUYDWLRQ RI WKH YDULDEOHV� 7KLV PDNHV LW

KDUG WR GHILQH D GLUHFWLRQ IRU WKH FDXVDO UHODWLRQVKLS �ZKLFK YDULDEOH FKDQJHV ILUVW� DQG ZKLFK RQH FKDQJHV ODWHU��

""" /HW XV NQRZ DERXW RWKHU SUREOHPV�
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7KH IROORZLQJ SDSHUV DUH DYDLODEOH IURP KWWS���ZZZ�FV�XUHJLQD�FD�aNDULPL�SXEV�KWPO

x .DPUDQ .DULPL DQG +RZDUG -� +DPLOWRQ� )LQGLQJ 7HPSRUDO 5HODWLRQV� &DXVDO %D\HVLDQ 1HWZRUNV YV� &����

7KH 7ZHOIWK ,QWHUQDWLRQDO 6\PSRVLXP RQ 0HWKRGRORJLHV IRU ,QWHOOLJHQW 6\VWHP �,60,6
������ &KDUORWWH� 1&�

86$� 2FWREHU ����� 7KLV SDSHU DSSHDUV LQ WKH /1&6 6HULHV� � 6SULQJHU�9HUODJ�

�$OVR DYDLODEOH LQ +70/ IRUPDW� �

x .DPUDQ .DULPL DQG +RZDUG -� +DPLOWRQ� /HDUQLQJ :LWK &��� LQ D 6LWXDWLRQ &DOFXOXV 'RPDLQ�7KH 7ZHQWLHWK

6*(6 ,QWHUQDWLRQDO &RQIHUHQFH RQ .QRZOHGJH %DVHG 6\VWHPV DQG $SSOLHG $UWLILFLDO ,QWHOOLJHQFH �(6������

&DPEULGJH� 8.� 'HFHPEHU ����� 7KLV SDSHU LV SXEOLVKHG E\ 6SULQJHU�9HUODJ /RQGRQ�

�$OVR DYDLODEOH LQ +70/ IRUPDW��

x .DPUDQ .DULPL DQG +RZDUG -� +DPLOWRQ� /RJLFDO 'HFLVLRQ 5XOHV� 7HDFKLQJ &��� WR 6SHDN 3URORJ� 7KH 6HFRQG

,QWHUQDWLRQDO &RQIHUHQFH RQ ,QWHOOLJHQW 'DWD (QJLQHHULQJ DQG $XWRPDWHG /HDUQLQJ �,'($/ ������ +RQJ .RQJ�

'HFHPEHU ����� 7KLV SDSHU DSSHDUV LQ WKH /1&6 6HULHV� � 6SULQJHU�9HUODJ�

�$OVR DYDLODEOH LQ +70/ IRUPDW�

�� ��������

7KH IROORZLQJ VRIWZDUH�SDWFKHV DUH DYDLODEOH IRU GRZQORDG IURP KWWS���ZZZ�FV�XUHJLQD�FD�aNDULPL�GRZQORDGV�KWPO

x 85$/ LV DQ DUWLILFLDO OLIH VLPXODWRU ZULWWHQ LQ -DYD�

x $ SDWFK ILOH WR PDNH &��� 5HOHDVH � RXWSXW 352/2* VWDWHPHQWV

x $ SDWFK ILOH WR PDNH &��� 5HOHDVH � UHVSHFW WHPSRUDO RUGHU LQ LWV RXWSXW

x 5)&7 LV DQ XQVXSHUYLVHG H[WHQVLRQ RI &��� WKDW DOORZV WKH GLVFRYHU\ RI WHPSRUDO DQG FDXVDO UXOHV� 5)&7 LV

ZULWWHQ LQ -DYD DQG LQFOXGHV D JUDSKLFDO XVHU LQWHUIDFH�

�� ��������������������������
x &DVXDO %D\HVLDQ 1HWZRUNV DUH D SRSXODU PHWKRG RI GLVFRYHULQJ FDXVDO UHODWLRQVKLSV DPRQJ YDULDEOHV� 7(75$'

DQG:HEZHDYHU DUH WZR VXFK SURJUDPV�

7(75$' LV D IDPRXV WRRO IRU H[WUDFWLQJ FDXVDO UHODWLRQVKLSV IURP VWDWLVWLFDO GDWD� :HE:HDYHU FRQVWUXFWV

%D\HVLDQ QHWZRUNV WKDW FDQ EH XVHG IRU LQIHUHQFH SXUSRVHV�

x 6LWXDWLRQ &DOFXOXV KDV EHHQ XVHG ZLGHO\ WR VSHFLI\ WKH HIIHFWV RI DFWLRQV� ,Q PRVW FDVHV� WKHVH FDXVDO UXOHV PXVW

EH ZULWWHQ GRZQ E\ D GRPDLQ H[SHUW� *2/2* LV D SURJUDPPLQJ ODQJXDJH WKDW DOORZV GRPDLQ H[SHUWV WR ZULWH

VLWXDWLRQ FDOFXOXV VWDWHPHQWV�

x """ /HW XV NQRZ DERXW RWKHU WRROV DQG DSSURDFKHV�
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:H ZRXOG EH KDSS\ WR NQRZ \RXU RSLQLRQ DERXW WKLV ZRUN� 3OHDVH FRQWDFW XV LI \RX NQRZ RI RWKHU DSSOLFDWLRQV

ZKHUH WKH DSSURDFK SUHVHQWHG LQ WKLV SDJH FRXOG EH XVHIXO� :H ZRXOG DOVR OLNH WR DGG OLQNV WR VLWHV ZLWK RWKHU
DSSURDFKHV WR OHDUQLQJ FDXVDO UXOHV� DQG DQ\ KHOS LV DSSUHFLDWHG�

<RX FDQ HPDLO XV DW�

+RZDUG -� +DPLOWRQ� KDPLOWRQ#FV�XUHJLQD�FD
.DPUDQ .DULPL� NDULPL#FV�XUHJLQD�FD

2XU $GGUHVV LV�
'HSDUWPHQW RI &RPSXWHU 6FLHQFH

8QLYHUVLW\ RI 5HJLQD

5HJLQD� 6DVNDWFKHZDQ

&DQDGD 6�6 �$�

ID[� ��� ���� ��� ����

�� !����������"

>�@ $JUDZDO 5� DQG 6ULNDQW 5�� 0LQLQJ 6HTXHQWLDO 3DWWHUQV� 3URFHHGLQJV RI WKH ,QWHUQDWLRQDO &RQIHUHQFH RQ 'DWD

(QJLQHHULQJ �,&'(�� 7DLSHL� 7DLZDQ� 0DUFK �����

>�@ %ODNH� &�/ DQG 0HU]� &�-�� 8&, 5HSRVLWRU\ RI PDFKLQH OHDUQLQJ GDWDEDVHV� ,UYLQH� &$� 8QLYHUVLW\ RI &DOLIRUQLD�

'HSDUWPHQW RI ,QIRUPDWLRQ DQG &RPSXWHU 6FLHQFH� �����

>�@ %RZHV� -�� 1HXIHOG� (�� *UHHU� -� (� DQG &RRNH� -�� $ &RPSDULVRQ RI $VVRFLDWLRQ 5XOH 'LVFRYHU\ DQG %D\HVLDQ

1HWZRUN &DXVDO ,QIHUHQFH $OJRULWKPV WR 'LVFRYHU 5HODWLRQVKLSV LQ 'LVFUHWH 'DWD� 3URFHHGLQJV RI WKH 7KLUWHHQWK

&DQDGLDQ $UWLILFLDO ,QWHOOLJHQFH &RQIHUHQFH �$,
������ 0RQWUHDO� &DQDGD� �����

>�@ %HUQGW� '�-� DQG &OLIIRUG� -�� )LQGLQJ 3DWWHUQV LQ 7LPH 6HULHV� $ '\QDPLF 3URJUDPPLQJ $SSURDFK� $GYDQFHV LQ

.QRZOHGJH 'LVFRYHU\ DQG 'DWD 0LQLQJ� 8�0� )D\\DG� *� 3LDWHWVN\�6KDSLUR� 3� 6P\WK� HW DO� �HGV��� $$$, 3UHVV�

0,7 3UHVV� SS� �������� �����

>�@ &ORFNVLQ� :�)�� 0HOLVK� &�6� 3URJUDPPLQJ LQ 3URORJ� 6SULQJHU 9HUODJ� �����

>�@ )UHHGPDQ� '� DQG +XPSKUH\V� 3�� $UH 7KHUH $OJRULWKPV WKDW 'LVFRYHU &DXVDO 6WUXFWXUH"� 7HFKQLFDO 5HSRUW ����

'HSDUWPHQW RI 6WDWLVWLFV� 8QLYHUVLW\ RI &DOLIRUQLD DW %HUNHOH\� �����

>�@ *XUDOQLN� 9�� :LMHVHNHUD� '� DQG 6ULYDVWDYD� -�� 3DWWHUQ 'LUHFWHG 0LQLQJ RI 6HTXHQFH 'DWD� 3URFHHGLQJV RI WKH
)RXUWK ,QWHUQDWLRQDO &RQIHUHQFH RQ .QRZOHGJH 'LVFRYHU\ 	 'DWD 0LQLQJ �.''����� �����

>�@ +HFNHUPDQ� '�� $ %D\HVLDQ $SSURDFK WR /HDUQLQJ &DXVDO 1HWZRUNV� 0LFURVRIW 7HFKQLFDO 5HSRUW 065�75����

��� 0LFURVRIW &RUSRUDWLRQ� 0D\ �����

>�@ +XPSKUH\V� 3� DQG )UHHGPDQ� '�� 7KH *UDQG /HDS� %ULWLVK -RXUQDO RI WKH 3KLORVRSK\ RI 6FLHQFH ��� SS� ����

���� �����

>��@ .RUE� .� %� DQG :DOODFH� &� 6�� ,Q 6HDUFK RI 3KLORVRSKHU
V 6WRQH� 5HPDUNV RQ +XPSKUH\V DQG )UHHGPDQ
V

&ULWLTXH RI &DXVDO 'LVFRYHU\� %ULWLVK -RXUQDO RI WKH 3KLORVRSK\ RI 6FLHQFH ��� SS� ���� ���� �����

>��@ .R]D� -� 5� DQG 5LFH� -� 3� ������� $XWRPDWLF 3URJUDPPLQJ RI 5RERWV XVLQJ *HQHWLF 3URJUDPPLQJ� 7KH 7HQWK
1DWLRQDO &RQIHUHQFH RQ $UWLILFLDO ,QWHOOLJHQFH� 0HQOR 3DUN� &$� 86$�



��

>��@ /HYHVTXH� +� -�� 5HLWHU� 5�� /HVSÃUDQFH� <�� /LQ� )� DQG 6FKHUO� 5� ������� *2/2*� $ /RJLF 3URJUDPPLQJ
/DQJXDJH IRU '\QDPLF 'RPDLQV� -RXUQDO RI /RJLF 3URJUDPPLQJ� 1R� ��� SS� ������

>��@ /HY\� 6�� $UWLILFLDO /LIH� $ 4XHVW IRU D 1HZ &UHDWLRQ� 3DQWKHRQ %RRNV� �����

>��@ /LQ )� DQG 5HLWHU� 5� ������� 5XOHV DV DFWLRQV� $ 6LWXDWLRQ &DOFXOXV 6HPDQWLFV IRU /RJLF 3URJUDPV� -RXUQDO RI

/RJLF 3URJUDPPLQJ 6SHFLDO ,VVXH RQ 5HDVRQLQJ DERXW $FWLRQ DQG &KDQJH� �������� SS���������

>��@ 0DQQLOD� +�� 7RLYRQHQ� +� DQG 9HUNDPR� $� ,�� � 'LVFRYHULQJ )UHTXHQW (SLVRGHV LQ 6HTXHQFHV� 3URFHHGLQJV RI

WKH )LUVW ,QWHUQDWLRQDO &RQIHUHQFH RQ .QRZOHGJH 'LVFRYHU\ DQG 'DWD 0LQLQJ� SS� �������� �����

>��@ 0F&DUWK\� -� DQG +D\HV� 3� &� 6RPH 3KLORVRSKLFDO 3UREOHPV IURP WKH 6WDQGSRLQW RI $UWLILFLDO ,QWHOOLJHQFH�

0DFKLQH ,QWHOOLJHQFH �� �����

>��@ 0RRUH� 5� &�� 7KH 5ROH RI /RJLF LQ .QRZOHGJH 5HSUHVHQWDWLRQ DQG &RPPRQVHQVH 5HDVRQLQJ� 5HDGLQJV LQ

.QRZOHGJH 5HSUHVHQWDWLRQ� 0RUJDQ .DXIPDQQ� SS� �������� �����

>��@ 1DGHO� %� $�� &RQVWUDLQW 6DWLVIDFWLRQ $OJRULWKPV� &RPSXWDWLRQDO ,QWHOOLJHQFH� 1R� �� �����

>��@ 2DWHV� 7� DQG &RKHQ� 3� 5�� 6HDUFKLQJ IRU 6WUXFWXUH LQ 0XOWLSOH 6WUHDPV RI 'DWD� 3URFHHGLQJV RI WKH 7KLUWHHQWK

,QWHUQDWLRQDO &RQIHUHQFH RQ 0DFKLQH /HDUQLQJ� SS� ��� � ���� �����

>��@ 3RROH� '� ������� 'HFLVLRQ 7KHRU\� WKH 6LWXDWLRQ &DOFXOXV� DQG &RQGLWLRQDO 3ODQV�� /LQN�SLQJ (OHFWURQLF

$UWLFOHV LQ &RPSXWHU DQG ,QIRUPDWLRQ 6FLHQFH� 9RO� �� �����

>��@ 4XLQODQ� -� 5�� &���� 3URJUDPV IRU 0DFKLQH /HDUQLQJ� 0RUJDQ .DXIPDQQ� �����

>��@ 5RGGLFN� -�)� DQG 6SLOLRSRXORX� 0�� 7HPSRUDO 'DWD 0LQLQJ� 6XUYH\ DQG ,VVXHV� 5HVHDUFK 5HSRUW $&5&����

���� 6FKRRO RI &RPSXWHU DQG ,QIRUPDWLRQ 6FLHQFH� 8QLYHUVLW\ RI 6RXWK $XVWUDOLD� �����

>��@ 6FKHLQHV 5�� 6SLUWHV 3�� *O\PRXU &� DQG 0HHN &�� 7HWUDG ,,� 7RROV IRU &DXVDO 0RGHOLQJ� /DZUHQFH (UOEDXP

$VVRFLDWHV� +LOOVGDOH� 1-� �����

>��@ 6LOYHUVWHLQ� &�� %ULQ� 6�� 0RWZDQL� 5� DQG 8OOPDQ -�� 6FDODEOH 7HFKQLTXHV IRU 0LQLQJ &DXVDO 6WUXFWXUHV�

3URFHHGLQJV RI WKH ��WK 9/'% &RQIHUHQFH� SS� �������� 1HZ <RUN� 86$� �����

>��@ 6SLUWHV� 3� DQG 6FKHLQHV� 5�� 5HSO\ WR )UHHGPDQ� 9� 0F.LP DQG 6� 7XUQHU �HGLWRUV�� &DXVDOLW\ LQ &ULVLV�

8QLYHUVLW\ RI 1RWUH 'DPH 3UHVV� SS� �������� �����

>��@ *XUDOQLN� 9�� 6ULYDVWDYD� -� DQG .DU\SLV� *�� 7HPSRUDO 'HFLVLRQ 7UHH� :RUNVKRS RQ 0LQLQJ 6FLHQWLILF 'DWDVHWV�

0LQQHDSROLV� -XQH �����

>��@ &RQVROH� /�� 3LFDUGLD� &� DQG 'XSUH� '� 7�� *HQHUDWLQJ 7HPSRUDO 'HFLVLRQ 7UHHV IRU 'LDJQRVLQJ '\QDPLF

6\VWHPV� (OHYHQWK ,QWHUQDWLRQDO :RUNVKRS RQ 3ULQFLSOHV RI 'LDJQRVLV �';����� 0RUHOLD� 0LFKRDFHQ� 0H[LFR� -XQH

�����

>��@ %ULQ� 6�� 0RWZDQL� 5�� 7VXU� '� DQG 8OOPDQ� -�� '\QDPLF ,WHPVHW &RXQWLQJ DQG ,PSOLFDWLRQ 5XOHV IRU 0DUNHW
%DVNHW 'DWD� 3URFHHGLQJV RI ���� $&0 6,*02'� 0RQWUHDO� &DQDGD� -XQH �����

>��@ &KDWILHOG� &�� 7KH $QDO\VLV RI 7LPH 6HULHV� $Q ,QWURGXFWLRQ� &KDSPDQ DQG +DOO� �����

""" /HW XV NQRZ DERXW RWKHU SDSHUV DQG ERRNV�


