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'RXJODV 0� &DPSEHOO� :HQG\ 5� &KHQ� 5DQG\ '� 6PLWK

%ULJKDP <RXQJ 8QLYHUVLW\

'HSDUWPHQW RI &RPSXWHU 6FLHQFH

3URYR� 87 �����

^FDPSEHOO�ZUFKHQ`#FV�E\X�HGX� VPLWKU#D]ZHVW�QHW

$EVWUDFW

3DUWLDO RU WRWDO GXSOLFDWLRQ RI GRFXPHQW FRQWHQW LV

FRPPRQ WR ODUJH GLJLWDO OLEUDULHV� ,Q WKLV SDSHU� ZH

SUHVHQW D FRS\ GHWHFWLRQ V\VWHP WR DXWRPDWH WKH GHWHFWLRQ

RI GXSOLFDWLRQ LQ GLJLWDO GRFXPHQWV� 7KH V\VWHP ZH SUHVHQW

LV VHQWHQFH�EDVHG DQG PDNHV WKUHH FRQWULEXWLRQV� LW

SURSRVHV DQ LQWXLWLYH GHILQLWLRQ RI VLPLODULW\ EHWZHHQ

GRFXPHQWV� LW SURGXFHV WKH GLVWULEXWLRQ RI RYHUODS WKDW

H[LVWV EHWZHHQ RYHUODSSLQJ GRFXPHQWV� LW LV UHVLVWDQW WR

LQDFFXUDF\ GXH WR ODUJH YDULDWLRQV LQ GRFXPHQW VL]H� :H

UHSRUW WKH UHVXOWV RI VHYHUDO H[SHULPHQWV WKDW LOOXVWUDWH WKH

EHKDYLRU DQG IXQFWLRQDOLW\ RI WKH V\VWHP�

�� ,QWURGXFWLRQ

,Q ODUJH GLJLWDO OLEUDULHV� RI ZKLFK WKH ,QWHUQHW LV D

SULPH H[DPSOH� SDUWLDO DQG�RU WRWDO GXSOLFDWLRQ RI GRFXPHQW

FRQWHQW LV FRPPRQ� 'XSOLFDWLRQ RI FRQWHQW DULVHV IRU D

YDULHW\ RI UHDVRQV� 7R QDPH D IHZ� GDWD PD\ EH PLUURUHG DW

PXOWLSOH VLWHV� GRFXPHQWV PD\ EH XQNQRZLQJO\ VXEPLWWHG

PXOWLSOH WLPHV� D VLQJOH GRFXPHQW LQ WKH OLEUDU\ PD\ EH WKH

FRQFDWHQDWLRQ RI VHYHUDO VPDOOHU GRFXPHQWV LQ WKH OLEUDU\�

GRFXPHQWV PD\ EH UHYLVLRQV RI HDFK RWKHU� GRFXPHQWV PD\

EH SODJLDUL]HG YHUVLRQV RI RWKHU GRFXPHQWV�

6XFFHVVIXO GHWHFWLRQ RI GXSOLFDWH FRQWHQW LV LPSRUWDQW

WR WKH ORQJ�WHUP VXFFHVV RI GLJLWDO OLEUDULHV� WKH ,QWHUQHW�

DQG GLJLWDOO\ GLVWULEXWHG PHGLD LQ JHQHUDO� 7KUHH LVVXHV

LOOXVWUDWH WKLV�

� )URP WKH SHUVSHFWLYH RI LQIRUPDWLRQ UHWULHYDO�

GXSOLFDWLRQ GHJUDGHV WKH HIILFLHQF\ RI WKH UHWULHYDO

SURFHVV�

� )URP WKH SHUVSHFWLYH RI HOHFWURQLF FRPPHUFH�

GXSOLFDWHG FRS\ULJKWHG PDWHULDO LV D FRQVWDQW VRXUFH RI

ORVW UHYHQXHV IRU FRS\ULJKW KROGHUV �FRQVLGHU WKH ODUJH

DPRXQW RI LOOHJDOO\ GLVWULEXWHGPXVLF HQFRGHG LQ �PS��

IRUPDW DYDLODEOH RYHU WKH ,QWHUQHW DV D FDVH LQ SRLQW��

� )URP WKH SHUVSHFWLYH RI G\QDPLF GLJLWDO OLEUDULHV VXFK

DV WKH ,QWHUQHW� GXSOLFDWHV SURYLGH DOWHUQDWLYH FRSLHV RI

D GRFXPHQW ZKHQ DQ RULJLQDO LV UHPRYHG�

&RS\ GHWHFWLRQ V\VWHPV� ZKLFK DXWRPDWH WKH SURFHVV RI

GHWHFWLQJ RYHUODS EHWZHHQ HOHFWURQLF GRFXPHQWV� DUH D

UHFHQW DGGLWLRQ WR GLJLWDO OLEUDU\ WHFKQRORJ\� &XUUHQWO\�

WKHUH DUH WKUHH PDMRU FRS\ GHWHFWLRQ V\VWHPV� &236�

6&$0� DQG .2$/$� 7KHVH V\VWHPV VKDUH WKH IROORZLQJ

ZHDNQHVVHV�

� (DFK V\VWHP VWUXJJOHV WR PHDVXUH WKH DPRXQW RI

RYHUODS H[LVWLQJ EHWZHHQ WZR GRFXPHQWV�

� (DFK V\VWHP IDLOV WR SURYLGH DQ\ LQIRUPDWLRQ

GHVFULELQJ ZKHUH RYHUODS RFFXUV EHWZHHQ GRFXPHQWV�

� 7ZR RI WKH WKUHH V\VWHPV� &236 DQG 6&$0� DUH

SODJXHG ZLWK IDOVH SRVLWLYHV �ZKLFK RFFXU ZKHQ WZR

GRFXPHQWV DUH IDOVHO\ UHSRUWHG WR KDYH RYHUODS��

� 7ZR RI WKH WKUHH V\VWHPV� 6&$0 DQG .2$/$� KDYH

WURXEOH GHWHFWLQJ RYHUODS EHWZHHQ GRFXPHQWV WKDW YDU\

ZLGHO\ LQ VL]H�

,Q WKLV SDSHU� ZH SUHVHQW D FRS\ GHWHFWLRQ V\VWHP WKDW

DGGUHVVHV HDFK RI WKH SUHFHGLQJ IRXU ZHDNQHVVHV� 2XU FRS\

GHWHFWLRQ V\VWHP SHUIRUPV FRS\ GHWHFWLRQ XVLQJ D

ILQJHUSULQWLQJ WHFKQLTXH FHQWHUHG DURXQG WKH VHQWHQFH

VWUXFWXUH RI GRFXPHQWV� *LYHQ D GRFXPHQW ' WR WHVW� RXU

V\VWHP KDVKHV HDFK VHQWHQFH LQ '� ,W ILQGV RYHUODS E\

FRPSDULQJ WKH KDVK YDOXHV LQ ' ZLWK WKH KDVK YDOXHV

FRQWDLQHG LQ D GDWDEDVH RI GRFXPHQW KDVK YDOXHV� 5HODWLYH

SRVLWLRQV RI VHQWHQFHV LQ ERWK WKH WHVW GRFXPHQW ' DQG WKH

GDWDEDVH GRFXPHQWV DUH WKHQ XVHG WR GHWHUPLQH WKH

ORFDWLRQV ZKHUH RYHUODS RFFXUV EHWZHHQ GRFXPHQWV�

2XU V\VWHP LQFRUSRUDWHV DGYDQWDJHRXV SURSHUWLHV RI

H[LVWLQJ V\VWHPV� OHDYHV EHKLQG PDQ\ RI WKHLU ZHDNQHVVHV�

DQG FRQWDLQV FDSDELOLWLHV QRW DYDLODEOH LQ H[LVWLQJ V\VWHPV�

6SHFLILFDOO\� RXU FRS\ GHWHFWLRQ V\VWHP H[KLELWV WKH

IROORZLQJ FKDUDFWHULVWLFV�

� ,W LQFRUSRUDWHV DQ LQWXLWLYH GHILQLWLRQ RI VLPLODULW\

EHWZHHQ GRFXPHQWV� 'RFXPHQWV ZLWK QR VHQWHQFHV LQ

FRPPRQ DUH �� VLPLODU� DQG LGHQWLFDO GRFXPHQWV DUH

���� VLPLODU�

� ,W LV DEOH WR FRPSXWH ERWK WKH DPRXQW RI RYHUODS WKDW
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H[LVWV EHWZHHQ GRFXPHQWV DV ZHOO DV GLVSOD\ WKH

ORFDWLRQ RI RYHUODS EHWZHHQ WZR RU PRUH GRFXPHQWV�

� ,W LV UREXVW RYHU ODUJH YDULDWLRQV LQ WKH VL]HV RI

GRFXPHQWV�

,Q DGGLWLRQ� DV SDUW RI WKH ILQJHUSULQWLQJ �KDVKLQJ�

WHFKQLTXH� ZHSUHVHQW D VFDODEOH� QHDU�SHUIHFW KDVK IXQFWLRQ

IRU (QJOLVK VHQWHQFHV WKDW FDQ KDVK PLOOLRQV RI VHQWHQFHV

ZKLOH JLYLQJ XS RQO\ WHQV RI FROOLVLRQV�

�� $SSOLFDWLRQV DQG UHODWLRQV WR FRQIHUHQFH

:HSUHVHQW VHYHQ ,QWHUQHW�EDVHG DSSOLFDWLRQV WKDW QHHG

D FRS\ GHWHFWLRQ V\VWHP�

�� ,QWHUQHW ZHE FUDZOLQJ� %URGHU� HW� DO� >�@ JDWKHUHG

���������� ZHE GRFXPHQWV GXULQJ ���� DQG

GLVFRYHUHG WKDW ��� ZHUH LGHQWLFDO FRSLHV RI H[LVWLQJ

GRFXPHQWV >��@>��@� 'XSOLFDWH /LQX[ GRFXPHQWDWLRQ

DORQH KDG D FRPELQHG ILOH VL]H RI ��� JLJDE\WHV >��@�

$ ZHE FUDZOHU WKDW FDQ GHWHUPLQH D GXSOLFDWH SDJH FDQ

VDYH SURFHVVLQJ WLPH DQG UHGXFH VHDUFK HQJLQH LQGH[

VL]H�

�� ,QWHUQHW H�FRPPHUFH� (�FRPPHUFH VHUYLFHV PXVW

JXDUG DJDLQVW ORVVHV FDXVHG E\ LOOHJDO GLVWULEXWLRQ RI D

FRSLHG HOHFWURQLF SURGXFW� *DUFLD�0ROLQD� .HWFKSHO�

DQG 6KLYDNXPDU >�@ JLYH IRXU VWHSV WR FRQWURO VXFK

LOOHJDO GXSOLFDWLRQ� WKH FHQWUDO FRPSRQHQW RI ZKLFK LV

D FRS\ GHWHFWLRQ V\VWHP�

�� ,QWHUQHW IDXOW WROHUDQFH� 7KH DYHUDJH:RUOG:LGH:HE

K\SHUOLQN ODVWV RQO\ �� GD\V >�@� ���� 'RFXPHQW 1RW

)RXQG� LV D SODJXH RQ UHWULHYDO HIIRUWV� ,QVWHDG RI QRW

SURFHVVLQJ GXSOLFDWH SDJHV �DV LQ ��� DERYH�� ZKHQ D

FUDZOHU GHWHUPLQHV WKDW D SDJH LV D GXSOLFDWH� WKH

VHDUFK HQJLQH FDQ EH LQVWUXFWHG WR VWRUH WKH 85/ RI WKH

GXSOLFDWH WR LQFUHDVH IDXOW WROHUDQFH�

�� ,QWHUQHW HYROXWLRQ� +RZ GR ZHE SDJHV HYROYH" +RZ

IUHTXHQWO\ GRHV D SDJH FKDQJH" +RZ PXFK GRHV D

SDJH FKDQJH ZLWKLQ D WLPH VWHS" +RZ RIWHQ GRHV D

SDJH PRYH EHWZHHQ VHUYHUV DQG ZLWKLQ D VHUYHU" :KDW

LV WKH W\SLFDO OLIH F\FOH RI D SDJH" :KDW DUH WKH DFFHVV

SDWWHUQV RI D SDJH" 7R DQVZHU WKHVH TXHVWLRQV� D

FUDZOHU FDQ XVH D FRS\ GHWHFWLRQ V\VWHP WR SHULRGLFDOO\

UHSURFHVV SDJHV WR PHDVXUH FKDQJHV� 8QGHUVWDQGLQJ

KRZ ,QWHUQHW SDJHV HYROYH OHDGV WR EHWWHU VHUYHUV�

FUDZOHUV� EURZVHUV� VHDUFK HQJLQHV� DQG ZHE WRROV�

�� ,QWHUQHW SDSHU VXEPLVVLRQV� (GLWRUV IDFH WZR RQHURXV

WDVNVFRQFHUQLQJ VXEPLVVLRQV� ���'HWHUPLQLQJ RYHUODS

EHWZHHQ D VXEPLVVLRQ DQG SUHYLRXV SXEOLFDWLRQV� ���

5HYLHZLQJ DOO FKDQJHV EHWZHHQ D UHYLVLRQ DQG WKH

RULJLQDO� $ FRS\ GHWHFWLRQ V\VWHP DXWRPDWHV WKHVH WZR

WDVNV� ,W DXWRPDWLFDOO\ UHSRUWV WKH VXEPLVVLRQ
V

VLPLODULW\ WR SUHYLRXV ZRUN� ,W DXWRPDWLFDOO\ OLVWV DOO

VHQWHQFHV FKDQJHG EHWZHHQ D UHYLVLRQ DQG WKH RULJLQDO�

1DWXUDOO\ WKH HGLWRU
V MXGJPHQW LV VWLOO UHTXLUHG� EXW D

FRS\ GHWHFWLRQ V\VWHP FDQ UHGXFH WKH WHGLXP�

�� ,QWHUQHW LQIRUPDWLRQ UHWULHYDO� 6HDUFK HQJLQHV ILQG

GRFXPHQWV WKDW PDWFK D TXHU\� ,GHQWLFDO GRFXPHQWV

KDYH LGHQWLFDO UDQNLQJV� 7KHUHIRUH� VHDUFK HQJLQHV

ZLOO UHWXUQ D OLVW RI GLIIHUHQW 85/
V� ZKLFK� ZKHQ

UHWULHYHG� WXUQ RXW WR EH IRU WKH VDPH GRFXPHQW� $

FRS\ GHWHFWLRQ V\VWHP FDQ LPSURYH LQIRUPDWLRQ

UHWULHYDO DQG UHGXFH ,QWHUQHW FRQJHVWLRQ E\ HOLPLQDWLQJ

D VHDUFK HQJLQH©V XQLQWHQWLRQDO OLVWLQJ RI GXSOLFDWH

GRFXPHQWV�

�� ,QWHUQHW FRS\ULJKW HQIRUFHPHQW� /HW ' EH D GRFXPHQW

ZKRVH FRS\ULJKWHG PDWHULDO LV WR EH HQIRUFHG� $

YLRODWRU PD\ KDYH FRSLHG ' LQ LWV HQWLUHW\ RU WULHG WR

KLGH WKH YLRODWLRQ E\ WDNLQJ RQO\ RFFDVLRQDO VHQWHQFHV

LQ D QRQ�RUGHUHG IDVKLRQ� $ VHQWHQFH�RULHQWHG FRS\

GHWHFWLRQ V\VWHP LGHQWLILHV HDFK FRSLHG VHQWHQFH� HYHQ

ZKHQ LQ WKH\ DUH LQ D �VFDWWHUHG� UDQGRP RUGHU�

�� 5HODWHG ZRUN

7KLV VHFWLRQ GLVFXVVHV VL[ V\VWHPV DQG WHFKQLTXHV XVHG

IRU GHWHFWLQJ RYHUODS EHWZHHQ GRFXPHQWV� 7KHVH V\VWHPV

DUH GLII� 6,)� &236� 6&$0� .2$/$� DQG 'LJLWDO

:DWHUPDUNLQJ�

���� GLII

GLII DSSOLHV WKH ORQJHVW FRPPRQ VXEVHTXHQFH DOJRULWKP

WR ILQG GLIIHUHQFHV EHWZHHQ WZR WH[W GRFXPHQWV� ,W LV

FRPPRQO\ XVHG IRU VRXUFH FRGH� OLVWV� DQG RWKHU

OLQH�RULHQWHG ILOHV� ,Q WKH FRQWH[W RI GRFXPHQW FRS\

GHWHFWLRQ� WKRXJK� GLII KDV WZR ZHDNQHVVHV� )LUVW� LW LV

VXEMHFW WR SKDVH VKLIWV� ,Q D WH[WXDO GRFXPHQW� ZKLFK LV QRW

H[SOLFLWO\ OLQH�RULHQWHG� WKH DGGLWLRQ RI D IHZ ZRUGV DW WKH

EHJLQQLQJ RI D GRFXPHQW FDQ FDXVH HYHU\ OLQH WR VKLIW D IHZ

ZRUGV WR WKH ULJKW �LQ RUGHU WR VWD\ ZLWKLQ IRUPDWWLQJ

PDUJLQV�� $OWKRXJK WKH PRGLILHG GRFXPHQW LV YLUWXDOO\

LGHQWLFDO WR WKH RULJLQDO GRFXPHQW� GLII ZRXOG ILQG QRWKLQJ

LQ FRPPRQ EHWZHHQ WKH WZR GRFXPHQWV VLQFH WKH VKLIW

FDXVHV HDFK OLQH LQ WKH PRGLILHG GRFXPHQW WR EH DOWHUHG�

6HFRQG� D ORQJHVW FRPPRQ VXEVHTXHQFH DOJRULWKP FDQ RQO\

ILQG OLQHV WKDW DUH LQ WKH VDPH RUGHU� )RU DQ H[WUHPH

H[DPSOH� OHW ' EH D �OLQH�RULHQWHG� GRFXPHQW� DOO RI ZKRVH

OLQHV DUH XQLTXH� /HW & EH WKH VDPH GRFXPHQW ZLWK DOO WKH

OLQHV RI ' LQ UHYHUVH RUGHU� H�J�� IURP ERWWRP WR WRS� 7KHQ

DOWKRXJK HYHU\ OLQH RI & LV DOVR LQ '� GLII UHSRUWV WKDW WKH\

KDYH DW PRVW RQH OLQH LQ FRPPRQ�

���� 6,)

6,) >��@ ZDV GHYHORSHG LQ ���� DV D WRRO XVHIXO IRU

ILQGLQJ VLPLODU ILOHV LQ D ILOH V\VWHP� ,W XVHV D

0-7695-0659-3/00 $10.00 � 2000 IEEE 



ILQJHUSULQWLQJ VFKHPH GHYHORSHG E\ 5DELQ >��@ WR

FKDUDFWHUL]H GRFXPHQWV� $ ILQJHUSULQW RI D VWULQJ 6 LV DQ

LQWHJHU I�6� ZLWK WKH SURSHUW\ WKDW LI 6
 LV HYHQ D VOLJKW

PRGLILFDWLRQ RI 6� WKHQ ZLWK YHU\ KLJK SUREDELOLW\ I�6� DQG

I�6
� GLIIHU� 6,) JHQHUDWHV ILQJHUSULQWV IURP UDQGRPO\

VHOHFWHG VXEVWULQJV RI D GRFXPHQW� 'RFXPHQWV DUH GHHPHG

VLPLODU LI WKH QXPEHU RI FRPPRQ ILQJHUSULQWV H[FHHGV D

VSHFLILHG WKUHVKROG� 6,) ZDV RULJLQDOO\ GHYHORSHG DV D WRRO

IRU ILOH PDQDJHPHQW� ,Q WKH VFRSH RI FRS\ GHWHFWLRQ� LW KDV

VHYHUDO ZHDNQHVVHV� )LUVW� LWV QRWLRQ RI VLPLODULW\ LV QRW

ZHOO VXLWHG WR FRS\ GHWHFWLRQ� 6HFRQG� LW FDQ
W JDXJH WKH

H[WHQW RI GRFXPHQW RYHUODS� )LQDOO\� LW GRHV QRW GLVSOD\ WKH

ORFDWLRQV RI VLPLODU GRFXPHQWV LQ ZKLFK RYHUODS RFFXUV�

���� &236

&236 >�@� GHYHORSHG LQ ����� ZDV GHVLJQHG

VSHFLILFDOO\ WR GHWHFW SODJLDULVP EHWZHHQ GRFXPHQWV� ,W

LQFRUSRUDWHV D KDVK�EDVHG UHJLVWUDWLRQ VFKHPH WR SHUIRUP

FRS\ GHWHFWLRQ� 'RFXPHQWV DUH UHJLVWHUHG E\ KDVKLQJ HDFK

VHQWHQFH LQ WKH GRFXPHQW DQG VWRULQJ WKH KDVK YDOXHV LQ D

GDWDEDVH� 3ODJLDULVP GHWHFWLRQ LV SHUIRUPHG E\ FRPSDULQJ

WKH KDVK YDOXHV RI D WHVW GRFXPHQW WR WKH KDVK YDOXHV LQ WKH

GDWDEDVH� /LNH 6,)� &236 UHSRUWV D �YLRODWLRQ� LI WKH

QXPEHU RI FRPPRQ KDVK YDOXHV H[FHHGV D JLYHQ WKUHVKROG�

)URP DQ HYROXWLRQDU\ VWDQGSRLQW� &236 DGGV WR 6,) D

EHWWHU WHFKQLTXH IRU HVWLPDWLQJ VLPLODULW\� :KHUHDV 6,)

FRPSDUHV RQO\ VHOHFWHG VXEVHWV RI GRFXPHQWV�&236KDV WKH

FDSDFLW\ WR FRPSDUH HDFK VHQWHQFH �YLD LWV KDVK YDOXH� RI D

GRFXPHQW ZLWK DOO RWKHU UHJLVWHUHG GRFXPHQWV� &236 KDV

WKUHH ZHDNQHVVHV� )LUVW� WKH KDVK IXQFWLRQ SURGXFHV D ODUJH

QXPEHU RI FROOLVLRQV� ZKLFK IDOVHO\ UDLVH WKH DPRXQW RI

VLPLODULW\ EHWZHHQ FRPSDUHG GRFXPHQWV� 6HFRQG� &236

FDQ RQO\ GHWHFW SODJLDULVP IRU GRFXPHQWV WKDW KDYH DW OHDVW

�� ��� VHQWHQFHV RU PRUH IRU WKHLU WHVW VHWV� RYHUODS�

7KLUG� &236
 VHQWHQFH GLVDPELJXDWLRQ RIWHQ VHOHFWV

LQFRUUHFW VHQWHQFH ERXQGDULHV� ZKLFK WKH DXWKRUV UHSRUW DV

WKH VRXUFH RI VRPH LQFRUUHFW PDWFKHV� 2XU V\VWHP

RYHUFRPHV HDFK RI WKHVH WKUHH ZHDNQHVVHV�

���� 6&$0

6&$0 >��@>��@>��@� GHYHORSHG LQ ����� XVHV

LQIRUPDWLRQ UHWULHYDO WHFKQLTXHV WR SHUIRUP ZRUG�EDVHG

FRS\ GHWHFWLRQ� )RU VPDOO GRFXPHQWV� 6&$0 LGHQWLILHG

PRUH RYHUODS WKDQ &236� EXW LW DOVR KDG PRUH IDOVH

SRVLWLYHV� 6&$0 KDV WKH IROORZLQJ IRXU FKDUDFWHULVWLFV�

)LUVW� 6&$0 LV JHDUHG WRZDUGV VPDOO GRFXPHQWV WKDW

DYHUDJH �.% LQ VL]H >��@� $GGLWLRQDOO\� QR SHUIRUPDQFH

DQDO\VLV LV JLYHQ IRU ODUJHU GRFXPHQWV� 6HFRQG� WKH

VLPLODULW\ PHDVXUH XVHG �ZKLFK LV D PRGLILHG FRVLQH

VLPLODULW\ PHDVXUH� LV LOO�GHILQHG� LW FDQ UHSRUW

QRQ�LGHQWLFDO GRFXPHQWV DV EHLQJ ���� VLPLODU� 7KLUG�

6&$0 FDQQRW SURYLGH WKH ORFDWLRQ RI RYHUODS EHWZHHQ

GRFXPHQWV� )LQDOO\� LWV VWRUDJH UHTXLUHPHQWV DUH KLJK�

6WRUDJH UHTXLUHPHQWV IRU HDFK SURFHVVHG GRFXPHQW UDQJH

IURP ��� WR ��� RI WKH VL]H RI WKH RULJLQDO GRFXPHQW�

���� .2$/$

.2$/$ >�@� GHYHORSHG LQ ����� VSHFLILFDOO\ WDUJHWHG

SODJLDULVP� ,W VWUXFN D FRPSURPLVH EHWZHHQ 6,)
V UDQGRP

ILQJHUSULQWLQJ DQG &236
 H[KDXVWLYH ILQJHUSULQWLQJ E\

VHOHFWLQJ VXEVWULQJV RI D GRFXPHQW EDVHG RQ WKHLU XVDJH

IUHTXHQF\� 7KH UHVXOW RI WKLV LV D UHGXFWLRQ LQ VWRUDJH

UHTXLUHPHQWVZLWKRXW VDFULILFLQJ WKH DFFXUDF\ RI WKH V\VWHP�

$OWKRXJK .2$/$ SURYLGHV KLJK OHYHOV RI DFFXUDF\ HYHQ LQ

WKH SUHVHQFH RI VPDOO DPRXQWV RI RYHUODS EHWZHHQ

GRFXPHQWV� LW GRHV KDYH WKH IROORZLQJ WZR ZHDNQHVVHV�

)LUVW� LW SURYLGHV RQO\ GRFXPHQW�OHYHO VLPLODULW\� LW FDQ QRW

UHSRUW WKH ORFDWLRQ RI RYHUODS EHWZHHQ WZR GRFXPHQWV�

6HFRQG� LW LV QRW UREXVW RYHU GRFXPHQWV RI ZLGHO\ YDU\LQJ

VL]HV�

���� 'LJLWDO ZDWHUPDUNLQJ

'LJLWDO ZDWHUPDUNLQJ UHIHUV WR WKH WHFKQLTXH RI ODFLQJ

GLJLWDO GRFXPHQWV ZLWK DGGLWLRQDO LQIRUPDWLRQ� 'LJLWDO

ZDWHUPDUNV PD\ EH HDVLO\ DSSOLHG WR DXGLR� YLGHR� DQG VWLOO

LPDJH GDWD� DQG PD\ EH HLWKHU YLVLEO\ QRWLFHDEOH RU

LPSHUFHSWLEOH WR WKH QDNHG H\H� ,Q WKH UHDOP RI WH[WXDO

GRFXPHQW FRS\ GHWHFWLRQ� GLJLWDO ZDWHUPDUNLQJ XVHV

WHFKQLTXHV VXFK DV OLQH�VKLIW FRGLQJ�ZRUG�VKLIW FRGLQJ� DQG

IHDWXUH FRGLQJ WR LPSHUFHSWLEO\ SODFH DGGLWLRQDO

LQIRUPDWLRQ LQ D GRFXPHQW� $OWKRXJK D FRQVLGHUDEOH

DPRXQW RI ZRUN KDV EHHQ GRQH RQ KRZ WR SURWHFW

ZDWHUPDUNV IURPDWWDFN >�@>�@>��@� GLJLWDO ZDWHUPDUNLQJ RI

WH[W GRFXPHQWV KDV WZR ZHDNQHVVHV� )LUVW� LW RIIHUV QR

SURWHFWLRQ ZKHQ WKH IRUPDWWLQJ RI WKH GRFXPHQW LV

UHPRYHG� 6HFRQG� LW FDQQRW UHOLDEO\ GHWHFW SDUWLDO RYHUODS

EHWZHHQ GRFXPHQWV�

�� 7HVW FROOHFWLRQV

$W WKH FRUH RI RXU FRS\ GHWHFWLRQ V\VWHP LV D

VHQWHQFH�EDVHG KDVK IXQFWLRQ� ,Q WKH SURFHVV RI GHYHORSLQJ

D KDVK IXQFWLRQ� ZH LGHQWLILHG WKH IROORZLQJ WKUHH

UHTXLUHPHQWV� ILUVW� WKH KDVK IXQFWLRQ PXVW KDYH

QHDU�SHUIHFW EHKDYLRU �VHH 6HFWLRQ ��� 6HFRQG� LW PXVW EH

VFDODEOH� 7KLUG� LW PXVW EH UHVLVWDQW WR FKDQJHV LQ

GRFXPHQW JHQUH� &RQVHTXHQWO\� ZH QHHGHG VHWV RI

GRFXPHQWV WKDW DOORZHG XV WR WHVW WKHVH FULWHULD�

2XU ILUVW DWWHPSW ZDV WR EXLOG D ����PHJDE\WH

GRFXPHQW FROOHFWLRQ E\ KDQG XVLQJ WKH ,QWHUQHW IRU VRXUFH

PDWHULDO� :H IDLOHG IRU WZR UHDVRQV� ILUVW� ZHE GRFXPHQWV
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DUH QRW QHFHVVDULO\ VHQWHQFH�EDVHG� 7KH\ RIWHQ FRQWDLQ

IRUPDWWLQJ� KWPO� -DYD6FULSW IXQFWLRQV� OLVWV� WDEOHV� DQG

K\SHUOLQNV� 6HFRQG� ZH REVHUYHG WKDW WKH WH[WXDO FRQWHQW RI

ZHE GRFXPHQWV DYHUDJHV � NLORE\WHV LQ OHQJWK� 2EWDLQLQJ

D ����PHJDE\WH FROOHFWLRQ RI GDWD ZRXOG UHTXLUH XV WR

PDQXDOO\ H[DPLQH ������ GRFXPHQWV IRU VXLWDELOLW\�

)RU RXU WHVWV� ZH FUHDWHG IRXU GRFXPHQW FROOHFWLRQV WKDW

DYHUDJH DSSUR[LPDWHO\ ��� PHJDE\WHV SHU FROOHFWLRQ� 7KH

ILUVW WKUHH FROOHFWLRQV� ZVM� DS� DQG ]G� ZHUH FUHDWHG IURP

GDWD XVHG IRU WKH 75(& FRQIHUHQFHV >��@� 7KH IRXUWK

FROOHFWLRQ� JXWHQEHUJ� ZDV FUHDWHG IURPUHVRXUFHV FRPSLOHG

IURP 7KH *XWHQEHUJ 3URMHFW >��@� 'HVFULSWLRQV RI WKH

FROOHFWLRQV DUH DV IROORZV�

� ZVM �:DOO 6WUHHW -RXUQDO DUWLFOHV� �����������

��������� VHQWHQFHV� ��� PHJDE\WHV�

� DS �$VVRFLDWHG 3UHVV QHZVZLUH DUWLFOHV� �����������

��������� VHQWHQFHV� ��� PHJDE\WHV�

� ]G �=LII�'DYLV WHFKQLFDOO\ RULHQWHG FRPSXWHU PDWHULDO�

����������� ��������� VHQWHQFHV� ��� PHJDE\WHV�

� JXWHQEHUJ �IURP 3URMHFW *XWHQEHUJ >��@ �����������

��������� VHQWHQFHV� ��� PHJDE\WHV�

:H XVHG &DPSEHOO
V V\QWDFWLF VHQWHQFH DOJRULWKP >�@

WR GLVDPELJXDWH WKH GRFXPHQWV LQWR WKHLU FRPSRQHQW

VHQWHQFHV >��@�

�� $ 1HDU�SHUIHFW KDVK IXQFWLRQ IRU (QJOLVK

VHQWHQFHV

2XU FRS\GHWHFWLRQ LV FHQWHUHG DURXQG D VHQWHQFH�EDVHG

KDVK IXQFWLRQ� 7KLV KDVK IXQFWLRQ EHDUV WKH EXUGHQ RI

DFFXUDF\ DQG SHUIRUPDQFH� :KLOH PDQ\ H[LVWLQJ KDVKLQJ

DOJRULWKPV WROHUDWH FROOLVLRQV WR REWDLQ D XQLIRUP

GLVWULEXWLRQ RI KDVK YDOXHV� KDVK FROOLVLRQV LQ D FRS\

GHWHFWLRQ V\VWHP DUH D VHULRXV SUREOHP� ,Q D FRS\ GHWHFWLRQ

V\VWHP� KDVK FROOLVLRQV DUH IDOVH SRVLWLYHV� WKH\ DVVHUW WKDW

VHQWHQFHV DUH LGHQWLFDO ZKHQ LQ IDFW WKH\ DUH GLVWLQFW�

:H GHILQH D KDVK IXQFWLRQ WR EH QHDU�SHUIHFW LI DQG

RQO\ LI LW DYHUDJHV QR PRUH WKDQ RQH FROOLVLRQ IRU HYHU\

������� VHQWHQFHV� ,Q DGGLWLRQ� D FRS\ GHWHFWLRQ V\VWHP

GHPDQGV WKDW WKH KDVK IXQFWLRQ EH VFDODEOH DQG UHVLVWDQW WR

FKDQJHV LQ GRFXPHQW JHQUH� :H FRQVLGHU D KDVK IXQFWLRQ

WR EH VFDODEOH LI WKH UDWLR RI WKH QXPEHU RI FROOLVLRQV WR WKH

QXPEHU RI VHQWHQFHV WHQGV WR D FRQVWDQW DV WKH QXPEHU RI

VHQWHQFHV JURZV� )RU RXU SXUSRVHV� ZH UHTXLUH VFDODELOLW\

WR PLOOLRQV RI VHQWHQFHV�

:H FRQVLGHU D KDVK IXQFWLRQ WR EH UHVLVWDQW WR FKDQJHV

LQ GRFXPHQW JHQUH LI WKH KDVK IXQFWLRQ VXIIHUV OLWWOH

GHJUDGDWLRQ RYHU GLIIHUHQW GRFXPHQW JHQUHV �VXFK DV

WHFKQLFDO SDSHUV� QHZVSDSHU DUWLFOHV�PDJD]LQH DUWLFOHV� DQG

OLWHUDU\ ZRUNV��

:H FRPPHQW WKDW SHUIHFW KDVK IXQFWLRQV DUH QRW

DSSOLFDEOH WR RXU V\VWHP� $OWKRXJK SHUIHFW KDVK IXQFWLRQV

DUH RIWHQ XVHG LQ EXLOGLQJ LQIRUPDWLRQ UHWULHYDO V\VWHPV�

WKH\ DUH EHVW VXLWHG IRU D VWDWLF NH\ �VHQWHQFH� VHW� :LWK D

G\QDPLF NH\ VHW� HDFK DGGLWLRQ RI D NH\ �VHQWHQFH� WR WKH VHW

RI NH\V UHTXLUHV WKDW WKH KDVK YDOXHV IRU WKH HQWLUH VHW EH

UH�FRPSXWHG� 7KLV UHTXLUHV DW EHVW 2�PQ� WLPH �P LV WKH

QXPEHU RI VHQWHQFHV� Q LV WKH QXPEHU RI DGGLWLRQV RYHU

WLPH� ZLWK WKH FRQVWDQW FRHIILFLHQWV TXLWH ODUJH�

)XUWKHUPRUH� D SHUIHFW KDVK IXQFWLRQ JLYHV XV EHWWHU UHVXOWV

WKDQ ZH QHHG� LW VXIILFHV IRU XV WR PDNH WKH RFFXUUHQFH RI

FROOLVLRQV UDUH SURYLGHG ZH FDQ KDQGOH WKHP HIILFLHQWO\

ZKHQ WKH\ DUH HQFRXQWHUHG�

(YROXWLRQ RI RXU QHDU�SHUIHFW KDVK IXQFWLRQ ZHQW

WKURXJK ILYH VWDJHV� ,Q HDFK RI WKH IROORZLQJ IXQFWLRQV� OHW

6 EH D VHQWHQFH�

���� +DVK �

2XU ILUVW KDVK IXQFWLRQ ZDV EDVHG RQ +HLQW]H
V DOJRULWKP

>�@� ,W FRQYHUWV 6 WR ORZHU FDVH� UHPRYHV DOO

QRQ�FRQVRQDQWV IURP 6 DQG UHWXUQV WKH ILUVW IRXU UHPDLQLQJ

FRQVRQDQWV� :KHQ DSSOLHG WR ������� VHQWHQFHV� ������

EXFNHWV FRQWDLQHG FROOLVLRQV�

���� +DVK �

2XU VHFRQG KDVK IXQFWLRQ ZDV EDVHG RQ FODVVLFDO

PXOWLSOLFDWLRQ DQG PRGXOR DULWKPHWLF KDVK IXQFWLRQV >��@�

,W FRQYHUWV 6 WR ORZHU FDVH� UHPRYHV DOO QRQ�DOSKDEHWLF

FKDUDFWHUV IURP 6� GLYLGHV 6 LQWR ��FKDUDFWHU VXEVWULQJV�

DQG UHWXUQV D KDVK YDOXH DV IROORZV�

KDVK  ��

)25 L  � 72 OHQJWK �6� LQ VWHSV RI � '2

KDVK  �KDVK � L � �6L � ��
� � 6L�� � ��

� �

6L�� � ��
� � 6L�����

5(7851 �KDVK 02' ���������

7KH QXPEHU ������� LV D SULPH QXPEHU ODUJHU WKDQ

WKH QXPEHU RI VHQWHQFHV DSSOLHG WR WKH WHVW� :KHQ DSSOLHG

WR ������� VHQWHQFHV� ������ EXFNHWV FRQWDLQHG FROOLVLRQV�

���� +DVK �

2XU WKLUG KDVK IXQFWLRQ ZDV EDVHG RQ WKH ��JUDPV RI

D VHQWHQFH� 7KH VHW RI ��JUDPV RI D VHQWHQFH 6 LV WKH VHW RI

DOO VXEVWULQJV RI OHQJWK � LQ 6� )RU H[DPSOH� WKH ��JUDPV RI

WKH VWULQJ �JUHDW H[SHFWDWLRQV� LV WKH VHW ^JUHD� UHDW� HDWH�

DWH[� WH[S� H[SH� [SHF� SHFW� HFWD� FWDW� WDWL� DWLR� WLRQ� LRQV`

�VSDFH LJQRUHG��

:H JDWKHUHG� WDOOLHG� DQG VRUWHG RYHU �����������

��JUDPV� 7KH KDVK IXQFWLRQ IRU D VHQWHQFH VLPSO\ UHWXUQHG

WKH WKUHH OHDVW IUHTXHQW ��JUDPV LQ WKH VHQWHQFH
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)LJXUH � 5HGXFWLRQ LQ FROOLVLRQV GXH WR WKH VXFFHVVLYH LQFUHDVH LQ VSDFLQJ

FRQVWUDLQWV�

FRQFDWHQDWHG LQ RUGHU RI DSSHDUDQFH� DV GHWHUPLQHG E\ WKH

VWDWLVWLFV ZH JHQHUDWHG IRU WKH ����������� ��JUDPV� :KHQ

DSSOLHG WR ������� VHQWHQFHV� RQO\ ���� EXFNHWV KDG

FROOLVLRQV�

+DVK � KDG DQRWKHU LPSRUWDQW WUDLW� LW SURYLGHG XV ZLWK

VRPH DELOLW\ WR FRQWURO WKH EHKDYLRU RI WKH GLVWULEXWLRQ� )RU

H[DPSOH� WKH DGGLWLRQ RI D IRXUWK ��JUDP WR WKH KDVK

IXQFWLRQ ZRXOG SURGXFH D GLVWULEXWLRQ WKDW LV VWULFWO\ EHWWHU

�L�H�� FORVHU WR XQLIRUP� GLVWULEXWLRQ �RU� DW OHDVW LW ZLOO QRW

FUHDWH D GLVWULEXWLRQ WKDW LV DQ\ ZRUVH WKDQ MXVW XVLQJ WKUHH

��JUDPV�� 7KLV LV WKH SURSHUW\ WKDW LV H[SORLWHG WR IXUWKHU

GULYH GHYHORSPHQW RI WKH KDVK IXQFWLRQ WKDW ZH XVH�

���� +DVK �

2XU IRXUWK KDVK IXQFWLRQ ZDV EDVHG RQ WKH WKUHH OHDVW

IUHTXHQW ��JUDPV LQ D VHQWHQFH FRQFDWHQDWHG LQ WKHLU RUGHU

RI DSSHDUDQFH WKDW DOVR VDWLVILHG LPSRVHG VSDFLQJ

FRQVWUDLQWV� ,Q SDUWLFXODU� ZH UHTXLUHG WKDW WKH OHDVW

IUHTXHQW ��JUDPV FRPSULVLQJ WKH KDVK IXQFWLRQ EH

VHSDUDWHG E\ DW OHDVW G FKDUDFWHUV LQ WKH VHQWHQFH� :H

JDWKHUHG YROXPLQRXV H[SHULPHQWDO GDWD DV G UDQJHG IURP

� WR �� 7KH YDOXH � ZDV IRXQG WR SURGXFH RSWLPDO UHVXOWV�

ZKHQ DSSOLHG WR ������� VHQWHQFHV� ��� EXFNHWV KDG

FROOLVLRQV� )LJXUH � VKRZV WKH UHGXFWLRQ LQ FROOLVLRQV IRU D

SRUWLRQ RI WKH JXWHQEHUJ FROOHFWLRQ WKDW RFFXUV DV WKH

VSDFLQJ FRQVWUDLQWV DUH LQFUHDVHG �QRWH WKDW DOWKRXJK D

VSDFLQJ RI G � SURGXFHV IHZHU FROOLVLRQV� LW LV WKH

EHJLQQLQJ RI GLPLQLVKLQJ UHWXUQV LQ ZKLFK KLJKHU YDOXHV RI

G LPSDFW WKH KDVK IXQFWLRQ LQ RWKHU XQGHVLUDEOH ZD\V��

���� +DVK �

2XU ILQDO KDVK IXQFWLRQZDV EDVHG RQ FRQFDWHQDWLQJ WKH

WKUHH OHDVW IUHTXHQW ��JUDPV �ZLWK D VSDFLQJ RI G �� ZLWK

D VHFRQG WZR�E\WH KDVK YDOXH WKDW UHSUHVHQWV RWKHU VHQWHQFH

FKDUDFWHULVWLFV� :KHQ DSSOLHG WR ������� VHQWHQFHV� RQO\

� EXFNHWV KDG FROOLVLRQV� :H WHVWHG +DVK � RQ RXU IRXU

����PHJDE\WH JXWHQEHUJ� ZVM� ]G� DQG DS FROOHFWLRQV�

)LJXUH �� VFDOHG WR ��� PLOOLRQ VHQWHQFHV� VKRZV WKDW +DVK

� KDVKHG PLOOLRQV RI VHQWHQFHV ZKLOH VXIIHULQJ RQO\ WHQV RI

FROOLVLRQV� 7DEOH � VKRZV WKH UHVXOWV IRU WKH IXOO�VL]HG

FROOHFWLRQV� :H REVHUYHG WKDW +DVK � SHUIRUPHG OHVV ZHOO

RQ WKH DS FROOHFWLRQ� ZKLFK LV FRPSRVHG RI QHZV VWRULHV�

6LQFH QHZV VWRULHV IUHTXHQWO\ DFFHVV WKH VDPH VRXUFHV DQG

ERUURZ OLEHUDOO\ IURP HDFK RWKHU� ZH FRQMHFWXUHG WKDW WKH DS

FROOHFWLRQ FRQWDLQHG PDQ\ PRUH �QHDUO\ LGHQWLFDO�

VHQWHQFHV WKDQ WKH RWKHU WKUHH FROOHFWLRQV� 7KLV FRQMHFWXUH

ZDV FRQILUPHG E\ ([SHULPHQW � LQ 6HFWLRQ ��

,Q FRQFOXVLRQ� ZH IRXQG +DVK � WR EH VXLWDEOH IRU RXU

FRS\ GHWHFWLRQ V\VWHP� ,Q SDUWLFXODU� +DVK � VDWLVILHV WKH

WKUHH UHTXLUHPHQWV RI QHDU�SHUIHFW EHKDYLRU� RQO\ WHQV RI

FROOLVLRQV IRU PLOOLRQV RI VHQWHQFHV� VFDODELOLW\ WR PLOOLRQV

RI VHQWHQFHV� DQG UREXVWQHVV RYHU PXOWLSOH GRFXPHQW

JHQUHV�
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)LJXUH � *URZWK LQ WKH QXPEHU RI FROOLVLRQV XVLQJ WKH ILQDO KDVK IXQFWLRQ �+DVK ��

RYHU WKH IRXU GRFXPHQW FROOHFWLRQV�

&ROOHFWLRQ � RI KDVKDEOH VHQWHQFHV � RI FROOLVLRQV

JXWHQEHUJ ��������� ��

ZVM ��������� ��

DS ��������� ���

]G ��������� ��

7DEOH � &ROOLVLRQ EHKDYLRU RI +DVK � DSSOLHG WR WKH IRXU GRFXPHQW FROOHFWLRQV�

VLP G G
G G

G

G G

G
� � � �

� �

� �

�

� �

�

=
∩ ∩

�� &RS\ GHWHFWLRQ

)RU RXU ZRUN� ZH KDYH GHILQHG D PHDVXUH IRU VLPLODULW\

WKDW PHDVXUHV DQG UHSRUWV WKH DPRXQW RI RYHUODS EHWZHHQ

WZR GRFXPHQWV LQGHSHQGHQWO\ RI WKH DSSOLFDWLRQ LQ

TXHVWLRQ� ,Q RWKHU ZRUGV� UDWKHU WKDQ PHDVXUH RXU GDWD

DFFRUGLQJ WR VSHFLILF UHVXOWV IRU ZKLFK ZH DUH ORRNLQJ �L�H�

SODJLDULVP RU VXEVHW�� ZH PHDVXUH WKH UHODWHGQHVV RI WZR

GRFXPHQWV VWULFWO\ DFFRUGLQJ WR WKH DPRXQW RI VLPLODULW\

WKDW H[LVWV EHWZHHQ WKHP� :H WKHQ GHWHUPLQH WKH VXLWDELOLW\

RI WZR UHODWHG GRFXPHQWV WR D JLYHQ DSSOLFDWLRQ WKURXJK

DQDO\VLV RI WKHLU VLPLODULW\ VFRUH DQG RYHUODS GLVWULEXWLRQ�

���� 0HDVXULQJ 6LPLODULW\

2XU VLPLODULW\ GHILQLWLRQ LV DV IROORZV� JLYHQ WZR

GRFXPHQWV G� DQG G�� OHW _G� � G�_ GHQRWH WKH QXPEHU RI

VHQWHQFHV FRPPRQ WR ERWK G� DQG G�� /HW _G�_ GHQRWH WKH

QXPEHU RI VHQWHQFHV LQ GRFXPHQW G�� DQG OHW _G�_ GHQRWH WKH

QXPEHU RI VHQWHQFHV LQ GRFXPHQW G�� :H GHILQH VLP�G��G���

WKH VLPLODULW\ WKDW H[LVWV EHWZHHQ GRFXPHQWV G� DQG G�� WR EH

WKH RUGHUHG SDLU

7KH ILUVW WHUP FRPSXWHV WKH QXPEHU RI VHQWHQFHV FRPPRQ

WR G� DQG G� GLYLGHG E\ WKH QXPEHU RI VHQWHQFHV LQ G�� ,W

UHSUHVHQWV WKH IUDFWLRQ RI G� FRQWDLQHG LQ G�� 7KH VHFRQG

WHUP FRPSXWHV WKH QXPEHU RI VHQWHQFHV FRPPRQ WR G� DQG

G� GLYLGHG E\ WKH QXPEHU RI VHQWHQFHV LQ G�� ,W UHSUHVHQWV

WKH IUDFWLRQ RI G� FRQWDLQHG LQ G�� :H DOWHUQDWLYHO\ UHIHU WR

WKH RUGHUHG SDLUV SURGXFHG E\ VLP�G��G�� DV WKH VLPLODULW\

VFRUH RI G� DQG G�� DQG ZH UHIHU WR WKH LQGLYLGXDO YDOXHV LQ

WKH RUGHUHG SDLU DV WHUPV�
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$V DQ H[DPSOH� FRQVLGHU WZR GRFXPHQWV G� ����

VHQWHQFHV� DQG G� ���� VHQWHQFHV� VXFK WKDW G� DQG G� KDYH

�� VHQWHQFHV LQ FRPPRQ� VLP�G��G�� UHWXUQV������� �����!

DV WKH VLPLODULW\ PHDVXUH EHWZHHQ G� DQG G�� LQGLFDWLQJ WKDW

WZR�WKLUGV RI WKH VHQWHQFHV LQ G� DUH IRXQG LQ G� DQG KDOI

WKH VHQWHQFHV LQ G� DUH IRXQG LQ G�� 1RWH WKDW VLP�G��G��

PHDVXUHV WKH VXEVHW UHODWLRQVKLS EHWZHHQ G� DQG G��

7KLV FRUUHVSRQGHQFH WR WKH VXEVHW UHODWLRQVKLS H[SODLQV

ZK\ WKH VLPLODULW\ PHDVXUH UHWXUQV D SDLU LQVWHDG RI D VLQJOH

QXPEHU� .QRZLQJ WKDW GRFXPHQW G� FRQWDLQV VHQWHQFHV LQ

GRFXPHQW G� GRHV QRW WHOO XV DERXW G�
V UHODWLRQVKLS WR

G�¤ZH QHHG LQIRUPDWLRQ DERXW G�
V UHODWLRQVKLS WR G� DQG

G�
V UHODWLRQVKLS WR G�� 'URSSLQJ HLWKHU WHUP RU FRPELQLQJ

WKH WHUPV LQWR D VLQJOH QXPEHU UHVXOWV LQ D ORVV RI

LQIRUPDWLRQ�

:H JLYH WKUHH UHDVRQV WKDW RXU VLPLODULW\ PHDVXUH LV

LQWXLWLYH� )LUVW� WKH WHUPV LQ WKH RUGHUHG SDLU DUH SURSHUO\

VFDOHG� ,GHQWLFDO GRFXPHQWV DUH ���� VLPLODU �LQ ERWK

GLUHFWLRQV�� DQG GRFXPHQWV ZLWK QR VHQWHQFHV LQ FRPPRQ

UHSRUW D VLPLODULW\ RI ������ ����!� 3DUWLDO RYHUODS LV

UHIOHFWHG E\ DQ RUGHUHG SDLU WKDW FRQWDLQV WKH DPRXQW RI

RYHUODS WKDW RFFXUV EHWZHHQ WKH GRFXPHQWV�

6HFRQG� RXU VLPLODULW\ PHDVXUH LV HDVLO\ FRPSXWDEOH�

)RU DQ\ SDLU RI GRFXPHQWV G� DQG G�� WKH XVHU FDQ YHULI\ WKH

YDOXHV LQ WKH RUGHUHG SDLU UHWXUQHG E\ WKH PHDVXUH VLPSO\

E\ FRXQWLQJ WKH QXPEHU RI VHQWHQFHV FRPPRQ WR ERWK G�

DQG G�� DQG GLYLGLQJ WKLV FRXQW E\ _G�_ DQG _G�_� UHVSHFWLYHO\�

7KLUG� RXU GHILQLWLRQ RI VLPLODULW\ KDV D GLUHFW

FRUUHVSRQGHQFH WR WKH ZHOO�XQGHUVWRRG FRQFHSW RI VXEVHW�

7KH GHILQLWLRQ DQG �PHDQLQJ� RI RXU VLPLODULW\ GHILQLWLRQ

LV LQWXLWLYH DQG ZHOO�XQGHUVWRRG WR WKH VDPH H[WHQW WKDW WKH

QRWLRQ RI D VXEVHW EHWZHHQ WZR VHWV LV LQWXLWLYH DQG

ZHOO�XQGHUVWRRG�

���� /RFDWLRQ RI 2YHUODS

7KH FRS\ GHWHFWLRQ V\VWHPGUDZV RQ WKH VHQWHQFH�EDVHG

VWUXFWXUH RI D GRFXPHQW WR UHSRUW WKH RYHUODS

GLVWULEXWLRQ¤WKH ORFDWLRQ ZLWKLQ D GRFXPHQW LQ ZKLFK

RYHUODS RFFXUV� $Q RYHUODS GLVWULEXWLRQ LV JHQHUDWHG IRU

HDFK RI WKH WZR GRFXPHQWV LQYROYHG LQ WKH FRPSDULVRQ�

$ ELW YHFWRU % WUDFNV WKH RYHUODS RI HDFK GRFXPHQW '�

�%>L@ FRUUHVSRQGV WR WKH LWK VHQWHQFH LQ '��

'HWHUPLQLQJ WKH ORFDWLRQ RI RYHUODS EHWZHHQ WZR

GRFXPHQWV G� DQG G� SURFHHGV DV IROORZV� OHW GRFXPHQW G�

KDYH ELW YHFWRU %� DQG GRFXPHQW G� KDYH ELW YHFWRU %�� /HW

6 EH WKH VHW RI VHQWHQFHV FRPPRQ WR G� DQG G�� 7KHQ� IRU

HDFK VHQWHQFH V�6� OHW LV GHQRWH WKH SRVLWLRQ RI V LQ G� DQG

MV GHQRWH WKH SRVLWLRQ RI V LQ G�� 7R UHFRUG WKH ORFDWLRQ RI

RYHUODS LQ GRFXPHQW G� DQG G�� VHW ERWK %�>LV@ � DQG

%�>MV@ ��

7KH GDWD LQ WKH ELW YHFWRU FRQWDLQV WKH LQIRUPDWLRQ IRU

GLVSOD\LQJ WKH RYHUODS GLVWULEXWLRQ� :H KDYH LPSOHPHQWHG

WZR W\SHV RI RXWSXW� 2XU ILUVW RXWSXW LV VLPSO\ WKH ELW YHFWRU

LWVHOI� WKH FKDUDFWHU ��� LV RXWSXW LI WKH HQWU\ KDV YDOXH ��

DQG WKH FKDUDFWHU ��� LV RXWSXW LI WKH HQWU\ KDV YDOXH �� )RU

VPDOO GRFXPHQWV� WKLV ILUVW DSSURDFK ZRUNV ZHOO� EXW IRU

ODUJH GRFXPHQWV WKH RXWSXW EHFRPHV ORQJ DQG GLIILFXOW WR

UHDG�

2XU VHFRQG RXWSXW LV IRU ODUJH GRFXPHQWV� LW SDUWLWLRQV

WKH ELW YHFWRU LQWR N�OHQJWK FOXVWHUV RI FRQWLJXRXV HQWULHV �N�

WKH JUDQXODULW\� GHQRWHV WKH QXPEHU RI HQWULHV LQ D FOXVWHU��

'XULQJ RXWSXW� D VLQJOH QXPEHU LV GLVSOD\HG IRU HDFK FOXVWHU

�WKH QXPEHU RI ELW YHFWRU HQWULHV ZLWKLQ WKH FOXVWHU WKDW

KDYH WKH YDOXH ���

�� 6\VWHP DUFKLWHFWXUH

,Q WKLV VHFWLRQ� ZH EULHIO\ GLVFXVV WKH GRFXPHQW

UHJLVWUDWLRQ� FRS\ GHWHFWLRQ� DQG GDWDEDVH FRPSRQHQWV RI

RXU FRPSRQHQW�EDVHG V\VWHP� GHSLFWHG LQ )LJXUH ��

�� 'RFXPHQW5HJLVWUDWLRQ&RPSRQHQW�*LYHQ DGRFXPHQW

IRU LQSXW� WKH GRFXPHQW UHJLVWUDWLRQ FRPSRQHQW GLYLGHV

WKH GRFXPHQW LQWR LWV FRPSRQHQW VHQWHQFHV� KDVKHV

HDFK VHQWHQFH� DQG LQVHUWV HDFK KDVK YDOXH �DORQJ ZLWK

RWKHU LQIRUPDWLRQ� LQWR D GDWDEDVH� 7KH H[HFXWLRQ WLPH

RI WKLV SURFHGXUH LV GRPLQDWHG E\ WKH KDVKLQJ

LQYROYHG� 2Q D ��� 0+] ,QWHO 3HQWLXP ,, SURFHVVRU

UXQQLQJ 6RODULV [��� WKH XQRSWLPL]HG KDVK IXQFWLRQ

�ZULWWHQ LQ 3(5/� KDVKHG ��� PLOOLRQ VHQWHQFHV LQ ��

KRXUV� ZKLFK WUDQVODWHV WR URXJKO\ ��� VHQWHQFHV SHU

VHFRQG�

�� &RS\ 'HWHFWLRQ &RPSRQHQW� 7R ILQG WKH RYHUODS

EHWZHHQ D WHVW GRFXPHQW DQG WKH GDWDEDVH RI UHJLVWHUHG

GRFXPHQWV� WKH FRS\ GHWHFWLRQ V\VWHP GLYLGHV WKH WHVW

GRFXPHQW LQWR LWV FRPSRQHQW VHQWHQFHV DQG KDVKHV

HDFK VHQWHQFH� :H WKHQ DSSO\ DOJRULWKPV WR TXLFNO\

FRPSDUH HDFK KDVK YDOXH RI WKH WHVW GRFXPHQW WR WKH

GDWDEDVH� (DFK PDWFKLQJ KDVK YDOXH LQ WKH GDWDEDVH LV

UHWULHYHG� VRUWHG� DQG JURXSHG DFFRUGLQJ WR LWV

GRFXPHQW LG� 7KH RXWSXW GDWD LV D YLVXDO GLVWULEXWLRQ RI

WKH PDWFKHV� WKH VLPLODULW\ VFRUH� DQG D OLVW RI WKH

PDWFKLQJ VHQWHQFHV�

�� 'DWDEDVH &RPSRQHQW� 7KH GDWDEDVH FRPSRQHQW

FRQWDLQV VHYHUDO WDEOHV DQG RSHUDWLRQV QHFHVVDU\ WR

VXSSRUW WZR W\SHV RI TXHULHV RQ D KDVK YDOXH ;�

�� 5HWXUQ DOO �GRFXPHQW LG� VHQWHQFH�EDVHG RIIVHW

UHODWLYH WR WKH GRFXPHQW� SDLUV ZKRVH KDVK YDOXH

LV ;�

�� 5HWXUQ DOO VHQWHQFHV ZKRVH KDVK YDOXH LV ;�

7KH WDEOHV DUH LQGH[HG DQG VWRUHG LQ D PDQQHU WKDW

SURYLGHV IDVW� HIILFLHQW DFFHVV� 8QOLNH WKH RWKHU

FRPSRQHQWV� WKH GDWDEDVH FRPSRQHQW LV QRW GLUHFWO\

YLVLEOH WR WKH XVHU� 7KH WZR TXHULHV DERYH DUH SRVHG E\

WKH RWKHU FRPSRQHQWV GXULQJ SURFHVVLQJ�
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)LJXUH � +LJK OHYHO DUFKLWHFWXUH RI WKH FRS\ GHWHFWLRQ V\VWHP

�� ([SHULPHQWV

,Q WKLV VHFWLRQ� ZH UHSRUW RQ WKUHH RI WKH PDQ\

SHUIRUPHG H[SHULPHQWV >��@�

���� ([SHULPHQW �

2Q $SULO ��� ����� D PDQ HQWHUHG WKH 0RUPRQ

&KXUFK
V )DPLO\ +LVWRU\ /LEUDU\ LQ 6DOW /DNH &LW\� EHJDQ

ILULQJ UDQGRPO\� DQG NLOOHG WKUHH SHRSOH� 7KDW HYHQLQJ ZH

UHWULHYHG IURP YDULRXV ZHE VLWHV VHYHQ QHZV DUWLFOHV WKDW

UHSRUWHG WKH VKRRWLQJ� :H HQWHUHG WKH DUWLFOHV LQ RXU FRS\

GHWHFWLRQ V\VWHP DQG FRPSDUHG RQH RI WKH DUWLFOHV� ZKLFK

ZH QDPHG DEFQHZV�W[W� ZLWK WKH RWKHU VL[ GRFXPHQWV�

7DEOH � VKRZV WKH UHVXOWV RI WKHVH FRPSDULVRQV �ZLWK

JUDQXODULW\ RI N ��� (DFK RI WKH SDLUZLVH FRPSDULVRQV

DORQJ ZLWK WKHLU VLPLODULW\ VFRUHV DQG RYHUODS GLVWULEXWLRQV

DUH GLVSOD\HG� VKRZLQJ WKH SRUWLRQV RI WKH GRFXPHQWV WKDW

DUH IRXQG WR EH LGHQWLFDO�

7KLV H[SHULPHQW KHOSHG XV XQGHUVWDQG RXU KDVK

IXQFWLRQ
V SHUIRUPDQFH RQ WKH DS FROOHFWLRQ�ZKLFK FRQWDLQV

VHYHUDO FORVHO\ UHODWHG QHZVSDSHU DUWLFOHV�

���� ([SHULPHQW �

/HW '� EH WKH FRQFDWHQDWLRQ RI WKH HQWLUH )HGHUDOLVW

3DSHUV ����� VHQWHQFHV�� OHW '� EH )HGHUDOLVW 3DSHU ��� ���

VHQWHQFHV�� WDNHQ IURP D GLIIHUHQW VRXUFH� 7DEOH � YLYLGO\

GHPRQVWUDWHV RXU FRS\ GHWHFWLRQ V\VWHP
V UREXVWQHVV LQ WKH

IDFH RI GRFXPHQWV ZKRVH VL]HV GLIIHU E\ D IDFWRU RI ����

���� ([SHULPHQW �

5HVHDUFK L LV WKH LWK YHUVLRQ RI D UHVHDUFK SDSHU� L � WR

L �� 7DEOH � VKRZV WKH UHVXOWV RI FRPSDULQJ VXFFHVVLYH

YHUVLRQV RI WKH SDSHU� 7KH VLPLODULW\ VFRUHV DQG RYHUODS

GLVWULEXWLRQV LOOXPLQDWH WKH HYROXWLRQ RI WKH VXFFHVVLYH

GUDIWV� 7DEOH � LOOXPLQDWHV ERWK ZKHUH UHYLVLRQV RFFXU DQG

WKH GHQVLW\ RI WKH UHYLVLRQV�

�� )XWXUH ZRUN

:H KDYH LGHQWLILHG VL[ DUHDV IRU IXWXUH ZRUN�

� &XUUHQWO\� +DVK �
V IRRWSULQW LV �� E\WHV SHU VHQWHQFH�

:HFDQ DGG VWUDLJKWIRUZDUG FRPSUHVVLRQ WHFKQLTXHV WR
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'RFXPHQW 3DLUV
� RI PDWFKLQJ

VHQWHQFHV
6LPLODULW\ 6FRUH 2YHUODS 'LVWULEXWLRQ

DEFQHZV�W[W �WHVW GRFXPHQW�
�� ������ ����!

_�_�_�_�_�_�_

DEFQHZV�W[W _�_�_�_�_�_�_

DEFQHZV���W[W
�� ������ ����!

_�_�_�_�_�_�_�_

DEFQHZV�W[W _�_�_�_�_�_�_

FEVQHZV�W[W
� ������ ����!

_�_�_�_�_�_�_

DEFQHZV�W[W _�_�_�_�_�_�_

FQQ�W[W
�� ������ ����!

_�_�_�_�_�_�_�_

DEFQHZV�W[W _�_�_�_�_�_�_

GHVHUHWQHZV�W[W
� ������ ����!

_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_

DEFQHZV�W[W _�_�_�_�_�_�_

PVQEF�W[W
�� ������ ����!

_�_�_�_�_�_�_�_

DEFQHZV�W[W _�_�_�_�_�_�_

VDOWODNHWULEXQH�W[W
�� ������ ����!

_�_�_�_�_�_�_�_

DEFQHZV�W[W _�_�_�_�_�_�_

7DEOH � &RPSDULVRQ RI WKH ILOH DEFQHZV�W[W ZLWK UHJLVWHUHG GRFXPHQWV FRYHULQJ WKH VDPH VWRU\� 7KH

RYHUODS JUDQXODULW\ LV VHW WR N ��

WKH KDVK IXQFWLRQ WR UHGXFH WKH IRRWSULQW E\ ��� �WR �

E\WHV SHU VHQWHQFH�� +RZ PXFK IXUWKHU FDQ ZH

FRPSUHVV WKH KDVK YDOXHV� DQG KRZ GRHV WKLV DIIHFW WKH

SHUIRUPDQFH RI WKH V\VWHP"

� 6\VWHP SURFHVVLQJ WLPH LV GRPLQDWHG E\ WKH GRFXPHQW

UHJLVWUDWLRQ SURFHVV LQ ZKLFK GRFXPHQWV DUH

GHFRPSRVHG LQWR VHQWHQFHV� KDVKHG� DQG SODFHG LQ D

GDWDEDVH� 2XU SODWIRUP FDQ SHUIRUP UHJLVWUDWLRQ DW D

UDWH RI ��� VHQWHQFHV�VHFRQG� :KDW FDQ ZH GR WR

LQFUHDVH WKLV UDWH"

� &XUUHQWO\� RXU KDVK IXQFWLRQ LV GHVLJQHG WR JURXS

LGHQWLFDO VHQWHQFHV� QRW MXVW VLPLODU RQHV� $ KDVK

IXQFWLRQ WKDW FDQ SURSHUO\ JURXS VLPLODU VHQWHQFHV

ZRXOG SURYLGH IRU EURDGHU FRPSDULVRQV EHWZHHQ

GRFXPHQWV WR EH PDGH� 6XFK D VLPLODULW\�EDVHG KDVK

IXQFWLRQ VKRXOG DFFHSW D SDUDPHWHU WR FRQWURO WKH

DPRXQW RI VLPLODULW\ WKDW LV GHVLUHG�

� 2XU DQDO\VLV RI RXU KDVK IXQFWLRQ LV ODUJHO\ HPSLULFDO�

)XWXUH ZRUN LQFOXGHV GHYHORSLQJ D WKHRUHWLFDO PRGHO

IRU +DVK � WKDW FDQ SUHGLFW� DPRQJ RWKHU WKLQJV� LWV

VFDODELOLW\ OLPLWV�

� 7KH FXUUHQW LPSOHPHQWDWLRQ RI RXU V\VWHP LV

WH[W�EDVHG� +RZ VKRXOG RXU OLQH�RULHQWHG RYHUODS

GLVWULEXWLRQ GLVSOD\ EH H[WHQGHG WR D *8, WR DVVLVW

KXPDQ HYDOXDWLRQ RI RYHUODS VLJQLILFDQFH" �>�@ KDV

JLYHQ XV VRPH LQLWLDO LGHDV��

� 2XU FXUUHQW V\VWHP LV RULHQWHG WRZDUGV VHQWHQFH�EDVHG

GRFXPHQWV� +RZHYHU�PDQ\GRFXPHQWV �LQFOXGLQJZHE

GRFXPHQWV� DUH QRW VHQWHQFH�EDVHG LQ WKDW WKH\ FRQWDLQ

PRUH SKUDVHV DQG VHQWHQFH IUDJPHQWV WKDQ IXOO

VHQWHQFHV� 2XU V\VWHP PXVW EH H[WHQGHG WR GHWHFW

RYHUODS RI QRQ�VHQWHQFH GDWD�

��� &RQFOXVLRQ

7KLV SDSHUSUHVHQWHG RXU VHQWHQFH�EDVHG FRS\GHWHFWLRQ

V\VWHP IRU GLJLWDO GRFXPHQWV DQG GLVFXVVHG ILYH

FRQWULEXWLRQV�

� DQ LQWXLWLYH GHILQLWLRQ RI VLPLODULW\ EHWZHHQ

GRFXPHQWV�

� WKH DELOLW\ WR GLVSOD\ WKH ORFDWLRQ RI RYHUODS EHWZHHQ

GRFXPHQWV�

� WKH FUHDWLRQ RI D KDVK IXQFWLRQ ZKLFK LV UREXVW RYHU

GRFXPHQWV RI GLIIHUHQW JHQUHV�

� WKH FUHDWLRQ RI D KDVK IXQFWLRQ ZKLFK DYHUDJHV RQO\

WHQV RI IDOVH SRVLWLYHV IRU PLOOLRQV RI VHQWHQFHV�

� WKH FUHDWLRQ RI D KDVK IXQFWLRQ ZKLFK VFDOHV �DW OHDVW�

WR PLOOLRQV RI VHQWHQFHV�
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'RFXPHQW 3DLUV
� RI PDWFKLQJ

VHQWHQFHV
6LPLODULW\ 6FRUH 2YHUODS 'LVWULEXWLRQ

UHVHDUFK���W[W
��� ������ ����!

_��_��_��_��_��_��_��_��_

UHVHDUFK���W[W _��_��_��_��_��_��_��_��_��_��_��_��_

UHVHDUFK���W[W
��� ������ ����!

_��_��_��_��_��_��_��_��_��_��_��_��_

UHVHDUFK���W[W _��_��_��_��_��_��_��_��_��_��_��_��_��_��_

UHVHDUFK���W[W
��� ������ ����!

_��_��_��_��_��_��_��_��_��_��_��_��_��_��_

UHVHDUFK���W[W _��_��_��_��_��_��_��_��_��_��_��_��_��_��_��_

UHVHDUFK���W[W
��� ������ ����!

_��_��_��_��_��_��_��_��_��_��_��_��_��_��_��_

UHVHDUFK���W[W _��_��_��_��_��_��_��_��_��_��_��_��_��_��_��_

UHVHDUFK���W[W
��� ������ ����!

_��_��_��_��_��_��_��_��_��_��_��_��_��_��_��_

UHVHDUFK���W[W _��_��_��_��_��_��_��_��_��_��_��_��_��_��_��_

UHVHDUFK���W[W
�� ������ ����!

_��_��_��_��_��_��_��_��_��_��_��_��_��_��_��_

UHVHDUFK���W[W _��_��_��_��_��_��_��_��_��_��_��_��_��_��_

UHVHDUFK���W[W
��� ������ ����!

_��_��_��_��_��_��_��_��_��_��_��_��_��_��_

UHVHDUFK���W[W _��_��_��_��_��_��_��_��_��_��_��_��_��_��_

UHVHDUFK���W[W
�� ������ ����!

_��_��_��_��_��_��_��_��_

UHVHDUFK���W[W _��_��_��_��_��_��_��_��_��_��_��_��_��_��_

7DEOH � 3DLU�ZLVH FRPSDULVRQ RI VXFFHVVLYH GUDIWV RI WKH UHVHDUFK SDSHU� ZLWK WKH ODVW URZ FRQWDLQLQJ D

FRPSDULVRQ EHWZHHQ WKH ILUVW GUDIW DQG WKH ILQDO UHYLVLRQ� 7KH JUDQXODULW\ LV VHW WR N ���

'RFXPHQW 3DLUV � RI PDWFKLQJ

VHQWHQFHV

6LPLODULW\ 6FRUH 2YHUODS 'LVWULEXWLRQ

)HGHUDOLVW 3DSHU ��� �VPDOO GRFXPHQW�
�� ������ ����!

_��_��_��_��_

&RPELQHG )HGHUDOLVW 3DSHUV �ODUJH GRF�� _�_�����_��_��_��_��_�_�����_�_



:LWK D JUDQXODULW\ N ��� WKH ���� VHQWHQFHV LQ WKH ODUJH GRFXPHQW UHTXLUHV VHYHUDO OLQHV WR GLVSOD\� ,Q WKH WDEOH� WKH RYHUODS

LV DEEUHYLDWHG WR VKRZ RQO\ WKH FOXVWHUV LQ ZKLFK RYHUODS RFFXUV� 7KH DFWXDO RYHUODS GLVWULEXWLRQ LV DV IROORZV�

_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�

_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�

_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�

_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_��_��_��_��_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�

_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�

_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_�_

7DEOH � 5HVXOWV RI WKH FRPSDULVRQ EHWZHHQ GRFXPHQWV RI ZLGHO\ YDU\LQJ VL]HV� 7KH ODUJH GRFXPHQW

FRQWDLQV DOO RI WKH )HGHUDOLVW 3DSHUV� WKH VPDOO GRFXPHQW FRQWDLQV MXVW RQH RI WKH )HGHUDOLVW 3DSHUV� 7KH

GLVWULEXWLRQ JUDQXODULW\ LV VHW WR N ���

:H JHQHUDWHG IRXU ODUJH WHVW VHWV GUDZQ IURP GLIIHUHQW

W\SHV RI GDWD VRXUFHV� DQG ZH REVHUYHG JRRG UHVXOWV ZKHQ

ZH DSSOLHG WKH WHVW VHWV WR RXU V\VWHP� $W D KLJK OHYHO� ZH

GHVFULEHG WKH DUFKLWHFWXUH RI WKH V\VWHP� )LQDOO\� ZH

UHSRUWHG WKH UHVXOWV RI VHYHUDO H[SHULPHQWV WKDW LOOXVWUDWH WKH

EHKDYLRU� UREXVWQHVV� DQG VFDODELOLW\ RI RXU V\VWHP�

��� 5HIHUHQFHV

>�@ -� %UDVVLO� 6� /RZ� 1� 0D[HPFKXN� DQG /� 2
*RUPDQ�

'RFXPHQW PDUNLQJ DQG LGHQWLILFDWLRQ XVLQJ ERWK OLQH

DQG ZRUG VKLIWLQJ� )RXUWHHQWK $QQXDO -RLQW &RQIHUHQFH

RI WKH ,((( &RPSXWHU DQG &RPPXQLFDWLRQV 6RFLHWLHV�
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%RVWRQ� 0DVVDFKXVHWWV� $SULO �����

>�@ -� %UDVVLO� 6� /RZ� 1� 0D[HPFKXN� DQG /� 2
*RUPDQ�

(OHFWURQLF PDUNLQJ DQG LGHQWLILFDWLRQ WHFKQLTXHV WR

GLVFRXUDJHGRFXPHQW FRS\LQJ� ,((( -RXUQDO RQ 6HOHFWHG

$UHDV LQ &RPPXQLFDWLRQV ������ ���������� 2FWREHU

�����

>�@ 6HUJH\ %ULQ� -DPHV 'DYLV� DQG +HFWRU *DUFLD�0ROLQD�

&RS\ GHWHFWLRQ PHFKDQLVPV IRU GLJLWDO GRFXPHQWV�

3URFHHGLQJV RI WKH ���� $&0 6,*02' ,QWHUQDWLRQDO

&RQIHUHQFH RQ 0DQDJHPHQW RI 'DWD� 6DQ -RVH�

&DOLIRUQLD� 0D\ �����

>�@ $QGUHL =� %URGHU� 6WHYHQ &� *ODVVPDQ� 0DUN 6�

0DQDVVH� DQG *HRIIUH\ =ZHLJ� 6\QWDFWLF FOXVWHULQJ RI

WKH ZHE� 3URFHHGLQJ RI WKH 6L[WK ,QWHUQDWLRQDO :RUOG

:LGH :HE &RQIHUHQFH� $SULO �����

>�@ 'RXJODV0�&DPSEHOO� $ VHQWHQFH ERXQGDU\ UHFRJQL]HU

IRU (QJOLVK VHQWHQFHV� XQSXEOLVKHG ZRUN� �����

>�@ +� *DUFLD�0ROLQD� 6� .HWFKSHO� 1� 6KLYDNXPDU�

6DIHJXDUGLQJ DQG FKDUJLQJ IRU LQIRUPDWLRQ RQ WKH

,QWHUQHW� 3URFHHGLQJV RI ,QWHUQDWLRQDO &RQIHUHQFH RQ

'DWD (QJLQHHULQJ �,&'(
���� 2UODQGR� )ORULGD�

)HEUXDU\ �����

>�@ 0DUWL $� +HDUVW� 7LOH%DUV� YLVXDOL]DWLRQ RI WHUP

GLVWULEXWLRQ LQIRUPDWLRQ LQ IXOO WH[W LQIRUPDWLRQ DFFHVV�

3URFHHGLQJV RI WKH $&0 6,*&+, &RQIHUHQFH +XPDQ

)DFWRUV LQ &RPSXWLQJ 6\VWHPV �&+,�� 'HQYHU�

&RORUDGR� �����

>�@ 1HYLQ +HLQW]H� 6FDODEOH GRFXPHQW ILQJHUSULQWLQJ�

3URFHHGLQJV RI WKH 6HFRQG 86(1,; :RUNVKRS RQ

(OHFWURQLF&RPPHUFH� 2DNODQG� &DOLIRUQLD� 1RY� �����

>�@ %UHZVWHU .DKOH� 3UHVHUYLQJ WKH ,QWHUQHW� 6FLHQWLILF

$ P H U L F D Q � 0 D U F K � � � � �

KWWS���ZZZ�VFLDP�FRP�����LVVXH�����NDKOH�KWPO�

>��@ 8GL0DQEHU� )LQGLQJ VLPLODU ILOHV LQ D ODUJH ILOH V\VWHP�

86(1,; :LQWHU ���� 7HFKQLFDO &RQIHUHQFHV� 6DQ

)UDQFLVFR� &DOLIRUQLD� -DQXDU\ �����

>��@ %�-� 0F.HQ]LH� 5� +DUULHV� DQG 7� %HOO� 6HOHFWLQJ D

KDVKLQJ DOJRULWKP� 6RIWZDUH�3UDFWLFH DQG ([SHULHQFH

������ �������� )HEUXDU\ �����

>��@ )UHG 0LQW]HU� -HIIUH\ /RWVSLHFK� DQG 1RULVKLJH

0RULPRWR� 6DIHJXDUGLQJ GLJLWDO OLEUDU\ FRQWHQWV DQG

XVHUV� GLJLWDO ZDWHUPDUNLQJ� '�/LE 0DJD]LQH�

KWWS���ZZZ�GOLE�RUJ�� 'HFHPEHU �����

>��@ '� 3DOPHU DQG0� +HDUVW� $GDSWLYH VHQWHQFH ERXQGDU\

GLVDPELJXDWLRQ� 3URFHHGLQJ RI WKH &RQIHUHQFH RQ

$SSOLHG 1DWXUDO /DQJXDJH 3URFHVVLQJ� 6WXWWJDUW�

*HUPDQ\� 2FWREHU �����

>��@ 0�2� 5DELQ� )LQJHUSULQWLQJ E\ UDQGRP SRO\QRPLDOV�

&HQWHU IRU 5HVHDUFK LQ&RPSXWLQJ7HFKQRORJ\�+DUYDUG

8QLYHUVLW\� 5HSRUW 75������� �����

>��@ 1DUD\DQDQ 6KLYDNXPDU DQG +HFWRU *DUFLD�0ROLQD�

6&$0� $ FRS\ GHWHFWLRQ PHFKDQLVP IRU GLJLWDO

GRFXPHQWV� 3URFHHGLQJV RI WKH 6HFRQG ,QWHUQDWLRQDO

&RQIHUHQFH LQ 7KHRU\ DQG 3UDFWLFH RI 'LJLWDO /LEUDULHV

�'/
���� $XVWLQ� 7H[DV� -XQH �����

>��@ 1DUD\DQDQ 6KLYDNXPDU DQG +HFWRU *DUFLD�0ROLQD�

%XLOGLQJ D VFDODEOH DQG DFFXUDWH FRS\ GHWHFWLRQ

PHFKDQLVP� 3URFHHGLQJV RI WKH �VW $&0 ,QWHUQDWLRQDO

&RQIHUHQFH RQ 'LJLWDO /LEUDULHV �'/ 
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