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'LJLWDO ZDWHUPDUNV DUH LPSHUFHSWLEOH VLJQDOV DGGLWLYHO\

HPEHGGHG LQ LPDJH� YLGHR RU DXGLR GDWD� 2QJRLQJ UHVHDUFK

KDV ODUJHO\ FRQFHQWUDWHG RQ HPEHGGLQJ ZDWHUPDUNV LQ VFDODU

GDWD�

+HUH ZH LQWURGXFH D QRQ�OLQHDU ZDWHUPDUNLQJ VFKHPH IRU

PXOWL�YDULDWH GDWD WKDW GHOLEHUDWHO\ SHUWXUEV DQ DQJOH IRUPHG

EHWZHHQ DVVRFLDWHG YDULDEOHV�

2XU DSSOLFDWLRQ HPEHGV D VSUHDG�VSHFWUXP EDVHG ZDWHUPDUN

LQ WKH KXH FRPSRQHQW RI WUDQVIRUPHG 5*% FRORXU LPDJH GDWD�

7KLV ZDWHUPDUN� EHLQJ DGGLWLYH LQ WKH DQJXODU GRPDLQ� LV

PXOWLSOLFDWLYH LQ WKH GDWD GRPDLQ� 7KLV FRQWUDVWV ZLWK RWKHU

VSUHDG�VSHFWUXP EDVHG ZDWHUPDUNLQJ VFKHPHV�

�� ,1752'8&7,21

/LQHDU HPEHGGLQJ RI VSUHDG�VSHFWUXP QRLVH�OLNH VLJQDWXUHV LQ

VLJQDOV KDV IRXQG DSSOLFDWLRQ LQ FRPPXQLFDWLRQV� QDYLJDWLRQ�

UDGDU� DFRXVWLFV� DQG LQVWUXPHQWDWLRQ� ,Q WKHVH DSSOLFDWLRQV�

FRUUHODWLYH UHFRYHU\ LV HPSOR\HG DW WKH UHFHLYHU� :DWHUPDUN

VLJQDWXUHV WKDW SRVVHVV DQ LPSXOVH�OLNH DXWR�FRUUHODWLRQ DUH

FKRVHQ� 7KH UHVXOW LV D IODW VSHFWUDO GLVWULEXWLRQ LQ WKH )RXULHU

WUDQVIRUP GRPDLQ� %HFDXVH WKH ZDWHUPDUN DSSHDUV RYHU WKH

IXOO EDQG RI IUHTXHQFLHV� WKH UREXVWQHVV RI WKH ZDWHUPDUN

UHFRYHU\ LV LQFUHDVHG VLJQLILFDQWO\� 1XPHURXV DGYDQFHV LQ

VSUHDG�VSHFWUXP WHFKQLTXHV DQG LPDJH ZDWHUPDUNLQJ KDYH

UHVXOWHG LQ ERWK EHFRPLQJ UDSLGO\ GHYHORSLQJ WHFKQRORJLHV

>��@� ,Q PRVW FDVHV� WKH HPEHGGLQJ WHFKQLTXHV KDYH EHHQ

DVVXPHG WR EH OLQHDU� )RU LPDJH ZDWHUPDUNLQJ� ZKHUH

PLQLPDOO\ YLVLEOH SHUWXUEDWLRQ RI WKH VLJQDO LV UHTXLUHG� WKH

VLJQDWXUH LV XVXDOO\ DGGHG DGDSWLYHO\� H[SORLWLQJ WKH PDVNLQJ

FKDUDFWHULVWLFV RI WKH KXPDQ YLVXDO V\VWHP�

,Q WKLV SDSHU� ZH SUHVHQW D QRQ�OLQHDU PHWKRG RI HPEHGGLQJ D

VLJQDWXUH LQ D FRORXU LPDJH DQG GHPRQVWUDWH LWV UHFRYHU\� 7KH

HPEHGGLQJ SURFHVV FDQ EH YLHZHG DV SVHXGR�UDQGRP

SHUWXUEDWLRQV WR WKH SKDVH RI YHFWRUV� 7KH HPEHGGLQJ SURFHVV

LV DGGLWLYH LQ WKH DQJXODU GRPDLQ DQG WKHUHIRUH PXOWLSOLFDWLYH

LQ WKH VLJQDO GRPDLQ� 6LQFH WKH PDJQLWXGH RI WKH LPDJH

YHFWRU LV FRQVHUYHG� WKH LPDJH HQHUJ\ LV ODUJHO\ XQDOWHUHG E\

WKH HPEHGGLQJ SURFHVV�

6HFWLRQ � GHVFULEHV WKH JHQHUDWLRQ RI D VXLWDEOH VHTXHQFH RU

DUUD\ RI DQJOHV XVHG IRU WKH HPEHGGLQJ SURFHVV� 7KH

HPEHGGLQJ SURFHVV LV LQGHSHQGHQW RI WKH VHTXHQFH RU DUUD\

XVHG� 6HFWLRQ � GLVFXVVHV WKH SURFHVV RI HPEHGGLQJ D VLJQDO

LQ WKH DQJOH GRPDLQ DQG LWV UHFRYHU\� :H DOVR GHVFULEH D

QXPEHU RI ZD\V RI WUDQVIRUPLQJ 5*% FRORXUV WR D FRRUGLQDWH

V\VWHP WR SURGXFH D SRODU PDSSLQJ� ,Q VHFWLRQ �� ZH UHYLHZ

WKHVH UHVXOWV DQG SUHVHQW DQ DQDO\VLV RI VRPH RI WKH VRXUFHV RI

HUURU� 6HFWLRQ � H[DPLQHV SRVVLEOH DSSURDFKHV WR LPSURYH

ZDWHUPDUN VHFXULW\ DQG UREXVWQHVV RI DQJOH�EDVHG ZDWHUPDUNV

WR DWWDFN�

�� 7KH (PEHGGHG :DWHUPDUN $UUD\

7KH DUUD\ RI DQJOHV FKRVHQ KHUH WR EH HPEHGGHG LQ WKH LPDJH

DUH �' JHQHUDOLVHG /HJHQGUH DUUD\V� EDVHG RQ WKH JHQHUDOLVHG

/HJHQGUH VHTXHQFH >�����@� (OHPHQWV LQ VXFK DQ DUUD\ FDQ EH

IRUPHG DV D WHUP E\ WHUP SURGXFW RI URZ DQG FROXPQ

JHQHUDOLVHG �' /HJHQGUH VHTXHQFHV�

7KH �' VHTXHQFHV DUH FRPSULVHG RI D SULPH QXPEHU� S� RI

XQLW PDJQLWXGH YHFWRUV� ZLWK DQ DOSKDEHW RI VHOHFWHG SKDVH

DQJOHV XQLIRUPO\ VSUHDG RYHU WKH XQLW FLUFOH� FRUUHVSRQGLQJ WR

URWDWLRQV EHWZHHQ �S DQG �S� 7KH QXPEHU RI DQJOHV� RU

DOSKDEHW VL]H� LV D IDFWRU RI S��� ,Q WKLV FDVH� WKH ILUVW HOHPHQW

RI WKH /HJHQGUH VHTXHQFH KDV ]HUR PDJQLWXGH� WKH UHPDLQLQJ

HOHPHQWV DUH XQLW PDJQLWXGH�

7KH 7DEOH EHORZ VKRZV D �' ZDWHUPDUN DUUD\ FRQVWUXFWLRQ

EDVHG RQ WKH URZ DQG FROXPQ SURGXFWV IRUPHG IURP D �' �

HOHPHQW /HJHQGUH VHTXHQFH�

0DJQLWXGH  �
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7DEOH �� � u � /HJHQGUH 3KDVH $UUD\

,W LV DOVR SRVVLEOH WR JHQHUDWH DUUD\V XVLQJ P�VHTXHQFHV RU

SRO\�SKDVH VHTXHQFHV >�@� $ SULPDU\ UHTXLUHPHQW LV WKDW WKH

ZDWHUPDUN FDQ EH H[SUHVVHG DV DQ DQJOH� VR WKDW� XQGHU

DGGLWLRQ �PRG �S�� DOO DQJOHV ZLOO PDS RQWR WKH VDPH DQJOH

DOSKDEHW >�@� ,QIRUPDWLRQ FDQ WKHQ EH HQFRGHG DV F\FOLF VKLIWV

RI WKH DUUD\V�



�� (PEHGGLQJ LQ WKH $QJOH 'RPDLQ

7KH LPDJH SL[HOV IURP D PXOWLYDULDWH GDWD VHW DUH WKHQ

WUDQVIRUPHG LQWR D UHSUHVHQWDWLRQ WKDW LQFOXGHV D SRODU

FRPSRQHQW� DQG WKH DQJOH RI WKLV SRODU FRPSRQHQW LV

SHUWXUEHG E\ WKH FRUUHVSRQGLQJ DQJOH RI WKH ZDWHUPDUN DW

HDFK LPDJH FRRUGLQDWH�

7KH ZDWHUPDUN LQIRUPDWLRQ LV H[WUDFWHG YLD FURVV�FRUUHODWLRQ

EHWZHHQ WKH ZDWHUPDUNHG LPDJH DQG UHIHUHQFH ZDWHUPDUNV�

,Q RUGHU WR PDNH WKH HQFRGHG VLJQDWXUH OHVV REWUXVLYH� WKLV

SHUWXUEDWLRQ DQJOH LV VFDOHG LQ WKH HPEHGGLQJ SURFHVV WR WKH

GRPDLQ �S�V DQG �S�V� ZKHUH V LV D VFDOLQJ IDFWRU� ,Q WKH

UHFRYHU\ SURFHVV� WKH LPDJH DQJOH LV PXOWLSOLHG E\ V WR UHVWRUH

WKH DQJXODU H[FXUVLRQV RI WKH VLJQDWXUH WR WKH UDQJH �S WR �S�

SULRU WR FRUUHODWLRQ ZLWK WKH RULJLQDO DQJOHV RI WKH UHIHUHQFH

DUUD\�

��� $Q ([DPSOH &RORXU 6SDFH � +69

$ FRPPRQ UHSUHVHQWDWLRQ RI FRORXU LPDJH SL[HOV LV

+XH�6DWXUDWLRQ�9DOXH �+69�� ZKHUH WKH KXH LV UHSUHVHQWHG E\

D SKDVH DQJOH ��� ���� 5HG� ���� *UHHQ� ���� %OXH�� 7KHUH

DUH VHYHUDO DOJRULWKPV WR REWDLQ KXH IURP 5*% YDOXHV >�@�

+XH FDQ EH UHSUHVHQWHG DV DQ DQJOH RQ WKH XQLW FLUFOH VR WKDW

WKH KXH YHFWRU OHQJWK FDQ EH LJQRUHG� +XH DOVR GHSHQGV RQ

WKH YDOXHV RI DOO WKUHH 5*% FRPSRQHQWV RI DQ LPDJH LQ D QRQ�

OLQHDU PDQQHU� $IWHU DGGLQJ WKH ZDWHUPDUN SHUWXUEDWLRQ WR

WKH KXH DQJOH� WKH GDWD LV WUDQVIRUPHG EDFN WR 5*%

FRRUGLQDWHV� 7KH ZDWHUPDUN LV WKXV VSUHDG RYHU WKH WKUHH

FKDQQHOV RI GDWD�

7KH +69 � +/6 PDSSLQJ ZDV XVHG DV SURRI RI FRQFHSW� $Q\

PDSSLQJ RI WKH 5*% YHFWRUV ZKLFK SURGXFHV D SRODU PDSSLQJ

LQ RQH RI WKH RXWSXW FRRUGLQDWHV FRXOG EH XVHG� 6RPH

DOWHUQDWLYH FRORXU VSDFHV DUH GHULYHG E\ D IDVWHU DQG PRUH

VWUDLJKW�IRUZDUG OLQHDU SURFHVV� 6RPH H[DPSOHV DUH <89�

<,4� <&E&U� /DE� /XY >��@�

��� 0RGXODWLQJ WKH +XH

,Q DQJOH VSDFH� ZH FDQ UHSUHVHQW WKH ZDWHUPDUNHG LPDJH KXH�
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DQG WR H[WUDFW WKH ZDWHUPDUN� ZH VXEWUDFW WKH RULJLQDO LPDJH

DQG XS�VFDOH E\ V�
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*LYHQ WKH RULJLQDO LPDJH� +,� D SHUIHFW UHFRYHU\ LV SRVVLEOH XS

WR WKH OHYHO RI SL[HO TXDQWLVDWLRQ HUURUV� ,I WKH RULJLQDO LPDJH�

+,� LV QRW DYDLODEOH� D PHWKRG RI HVWLPDWLQJ +, PXVW EH IRXQG�

)LJXUH � VKRZV D ��� [ ��� FRORXU LPDJH� 7KH LPDJH ZDV

FRQYHUWHG WR +69 DQG D �' ZDWHUPDUN DUUD\ RI VL]H ��� [ ���

ZDV HPEHGGHG E\ SHUWXUELQJ WKH LPDJH KXH XVLQJ D VFDOH

IDFWRU V  ���

��� (VWLPDWLQJ WKH 2ULJLQDO ,PDJH +XH

)LJXUH �� 7KH IRXU URRWV RI XQLW\ IRU D /HJHQGUH

VHTXHQFH ZLWK DQ DOSKDEHW RI � HOHPHQWV DUH

FRPSUHVVHG E\ WKH DQJXODU VFDOH IDFWRU V�
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�F� 5DQGRP �G� +XH�KLVWRJUDP

)LJXUH �� $ ���[��� LPDJH �D� DQG D KLVWRJUDP

RI LWV KXH YDOXHV �E�� DQG D UDQGRP�KXH LPDJH �F�

DQG LWV KXH KLVWRJUDP �G��



7KH XS�VFDOLQJ SURFHVV JLYHQ LQ VHFWLRQ ��� DOVR VFDOHV WKH +,

FRPSRQHQW E\ V� 7KLV HIIHFWLYHO\ UDQGRPLVHV �+,: � +,�� DQG

WKXV WKH UHFRYHUHG ZDWHUPDUN� )LJXUH � VKRZV WKH SUREOHP

DULVLQJ IURP WKH UHVFDOLQJ RI WKH SHUWXUEHG GDWD� ZKHUH IRU

H[DPSOH� FRPSRQHQWV E
 DQG F
 QRZ FDQFHO�

,W LV WKXV QHFHVVDU\ WR REWDLQ D PRUH DFFXUDWH HVWLPDWH RI +,�

2QH FDQ DFKLHYH WKLV E\ WDNLQJ D VSDWLDO DYHUDJH RI WKH ORFDO

KXH YDOXHV �VD\� �[��� >�@ KDV VKRZQ WKDW WKH PHGLDQ ILOWHU LV

D JRRG HVWLPDWRU� 7KH PHDQ LV WKH RSWLPDO HVWLPDWRU IRU

XQLIRUP RU *DXVVLDQ GLVWULEXWLRQV� )LJXUHV �D�F VKRZ�

UHVSHFWLYHO\� WKH FRUUHODWLRQ UHVSRQVH ZLWK QR KXH UHFRYHU\�

XVLQJ WKH ORFDO PHDQ� DQG XVLQJ D PHGLDQ ILOWHU HVWLPDWRU� IRU

D VFDOH IDFWRU RI V  ���

)RU D ���[��� /HJHQGUH DUUD\� WKH FRUUHODWLRQ SHDN IRU SHUIHFW

ZDWHUPDUN UHFRYHU\ ZLOO �S����  ������

�D� �E�

�F�

)LJXUH �� &URVV�FRUUHODWLRQ RI ZDWHUPDUNHG LPDJH

ZLWK UHIHUHQFH ZDWHUPDUN �D�� ZLWK WKH VSDWLDO �[�

DYHUDJH KXH VXEWUDFWHG SULRU WR FURVV�FRUUHODWLRQ �E��

DQG ZLWK WKH VSDWLDO �[� PHGLDQ KXH VXEWUDFWHG �F��

3HDN KHLJKWV DUH �D� ����� �E� ����� �F� �����

)RU WKH UDQGRP KXH LPDJH �ILJXUH ��F�� WKH ORFDO HVWLPDWLRQ

PHWKRG ZLOO QRW ZRUN� VR WKDW WKH HPEHGGHG ZDWHUPDUN LV QRW

UHFRYHUDEOH�

��� 3UH�TXDQWLVLQJ WKH ,PDJH +XH

$Q DOWHUQDWLYH VWUDWHJ\ LV WR TXDQWLVH WKH KXH DQJOHV RI WKH

LPDJH SULRU WR HPEHGGLQJ� 7KH HPEHGGLQJ LV WKHQ GRQH

DFURVV WKH ZLGWK RI WKH DQJOH VHFWLRQV GHWHUPLQHG E\ WKH

TXDQWLVDWLRQ LQWHUYDO�

+, FDQ EH TXDQWLVHG DV
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ZKHUH LQW LV LQWHJHU WUXQFDWLRQ� DQG +, DQG +,4 DUH H[SUHVVHG

LQ UDGLDQV�

$IWHU VFDOLQJ E\ V� DOO LPDJH KXH YDOXHV ZLOO PDS WR �QS� DQG

WKH URRWV�RI�XQLW\ DOLJQPHQW RI WKH ZDWHUPDUN DQJOHV LV

DVVXUHG� (IIHFWLYHO\ WKLV V\QFKURQLVHV WKH H[SDQGHG

SHUWXUEDWLRQ DQJOHV RQ UHFRYHU\ �WKH ]HUR DQJOH ORFDWLRQ D
 E


DQG F
 LQ ILJXUH � ZRXOG DOZD\V EH DOLJQHG��

�D� 3LFWXUH �E� &URVV�&RUUHODWLRQ

�F� 5DQGRP �G� &URVV�FRUUHODWLRQ

)LJXUH �� %\ SUH�TXDQWLVLQJ WKH LPDJH KXH� LW LV

SRVVLEOH WR VHSDUDWH LPDJH IURP ZDWHUPDUN LQ WKH

GHFRGLQJ SURFHVV� \LHOGLQJ VLJQLILFDQWO\ LPSURYHG

FURVV�FRUUHODWLRQ UHVSRQVHV� �D�F� $ GLIIHUHQFH LPDJH

EHWZHHQ RULJLQDO DQG ZDWHUPDUNHG LPDJH LQ ILJXUH

��D�� �E�G�� 7KH SHDN YDOXH IRU �E� KHUH LV ������

%\ HIIHFWLYHO\ VHSDUDWLQJ WKH KXH YDOXHV RFFXSLHG E\ WKH

LPDJH IURP WKRVH RFFXSLHG E\ WKH ZDWHUPDUN� UHFRYHU\ KDV

EHHQ VXEVWDQWLDOO\ LPSURYHG RYHU WKH ORFDO�PHDQ PHWKRG� ,W LV

)LJXUH �� 7KH VHTXHQFH URRWV�RI�XQLW\ DUH QRW

DOLJQHG EHFDXVH WKH RULJLQDO +, FDQQRW EH

HVWDEOLVKHG IURP +,:� 6R E
 DQG F
 ZKLFK VKRXOG

KDYH DOLJQHG� DUH QRZ LQ RSSRVLWLRQ� ,I WKH

RULJLQDO +, LV DYDLODEOH� WKHQ WKH DERYH YHFWRUV

FDQ EH V\QFKURQLVHG SULRU WR PXOWLSOLFDWLRQ E\ V�

DQG WKH VHTXHQFH URRWV�RI�XQLW\ ZRXOG WKHQ DOLJQ�
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QRZ DOVR SRVVLEOH WR UHFRYHU WKH ZDWHUPDUN IURP WKH UDQGRP

KXH LPDJH�

7KH SHUIHFW VHSDUDWLRQ RI LPDJH DQG ZDWHUPDUN DOVR PHDQV

WKDW WKH ZDWHUPDUN FDQ EH UHPRYHG IURP WKH ZDWHUPDUNHG

LPDJH JLYHQ NQRZOHGJH RQO\ RI V� $Q DWWDFNHU ZRXOG PHUHO\

QHHG WR TXDQWLVH WKH DQJOH E\ VXFFHVVLYH YDOXHV RI �S�V�

VXEWUDFW WKH TXDQWLVHG LPDJH IURP WKH ZDWHUPDUNHG LPDJH DQG

ORRN IRU D XQLIRUPO\ GLVWULEXWHG UHPDLQGHU �VLQFH WKH DQJOHV LQ

D /HJHQGUH VHTXHQFH KDYH D XQLIRUP SUREDELOLW\ GLVWULEXWLRQ

DQG DUH EDODQFHG��

%UXWH�IRUFH FRXOG WKHQ EH XVHG WR GHWHUPLQH V� UHQGHULQJ WKH

ZDWHUPDUN YXOQHUDEOH WR DWWDFN� JLYHQ SULRU NQRZOHGJH RI WKH

HPEHGGLQJ PHWKRG DQG LWV SDUDPHWHUV�

�� /,0,76 2) (0%('',1*

:DWHUPDUN DQJOH UHFRYHU\ LV DIIHFWHG E\ WKH KXH

WUDQVIRUPDWLRQV DV ZHOO DV WKH LQLWLDO TXDQWLVDWLRQ RI WKH LPDJH

GDWD DQG WKH YDOXH RI WKH VFDOH IDFWRU XVHG WR FRPSUHVV WKH

ZDWHUPDUN�

)LJXUH �D DQG �E VKRZ WKH GHFUHDVH LQ WKH DELOLW\ WR UHFRYHU

WKH ZDWHUPDUN DV WKH VFDOH IDFWRU� V� LV LQFUHDVHG� %RWK JUDSKV

VKRZ� WKDW ODUJH YDOXHV RI V DUH SUDFWLFDEOH

7KH HPEHGGHG ZDWHUPDUN ZLOO KDYH D ORZ SHUFHSWXDO LPSDFW

IRU ODUJH V YDOXHV�

)LJXUH �D� 7KH FURVV�FRUUHODWLRQ UHVSRQVH PDJQLWXGH

DV D IXQFWLRQ RI V� IRU ¨SLFWXUH© LPDJH RI ILJXUH �D�

)LJXUH �E� 7KH FURVV�FRUUHODWLRQ UHVSRQVH PDJQLWXGH

DV D IXQFWLRQ RI V� IRU ¨UDQGRP© LPDJH RI ILJXUH �F�

�� )857+(5 :25.

��� 6HFXUH +XH (PEHGGLQJ

%HFDXVH XVH RI D XQLIRUP VFDOH IDFWRU� V FDQ EH H[SORLWHG E\

DQ DWWDFNHU WR UHPRYH WKH ZDWHUPDUN� DQ DOWHUQDWLYH LV WR

HPSOR\ DQ DGDSWLYH VFDOH IDFWRU�

(DFK SL[HO FDQ EH WUHDWHG LQGHSHQGHQWO\ LQ WHUPV RI VFDOLQJ VR

WKH FRQVWDQW V FKDQJHV ZLWK LPDJH SRVLWLRQ�

7KXV
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7KH VFDOH IDFWRU V�[�\� FRXOG EH GHWHUPLQHG DGDSWLYHO\ LQ VXFK

D PDQQHU WKDW LW LV LQYDULDQW WR WKH SUHVHQFH RI WKH ZDWHUPDUN�

V�+,�  V�+,:�� VR WKDW WKH VDPH ORFDO VFDOH IDFWRU ZLOO EH XVHG

LQ HQFRGLQJ DQG GHFRGLQJ ZLWKRXW WKLV LQIRUPDWLRQ QHHGLQJ WR

EH SDVVHG VHSDUDWHO\ IURP WUDQVPLWWHU WR UHFHLYHU�

+XPDQ 9LVXDO 6\VWHP SDUDPHWHUV FDQ EH XVHG >�@ WR

GHWHUPLQH DQ DSSURSULDWH DGDSWDWLRQ PHFKDQLVP� 7KLV ZRXOG

UHTXLUH XVH RI DOO WKH LPDJH LQIRUPDWLRQ� QRW RQO\ WKH SRODU

PDSSLQJ FRPSRQHQW �HJ� ,Q +69� QRW MXVW WKH KXH VKRXOG EH

FRQVLGHUHG� EXW DOVR WKH VDWXUDWLRQ DQG YDOXH FRPSRQHQWV��

7KH YDULDWLRQ RI V KHOSV UHGXFH WKH ZDWHUPDUN©V YXOQHUDELOLW\

WR DWWDFN� $Q DGGHG EHQHILW LV WKDW ZDWHUPDUN FDQ EH PDGH

OHVV LQWUXVLYH E\ HPSOR\LQJ WKH DGDSWLYH V WR ¨KLGH© ZLWKLQ

ORFDO FRORXU RU LQWHQVLW\ GLVFRQWLQXLWLHV�

7KLV WHFKQLTXH FDQ EH H[WHQGHG HYHQ IXUWKHU E\ DOORZLQJ

V�[�\� WR EH SHUWXUEHG LQ DPSOLWXGH E\ D IXQFWLRQ RI [ DQG \

NQRZQ WR ERWK WUDQVPLWWHU DQG UHFHLYHU� 7KLV IXQFWLRQ FRXOG

HYHQ EH DQRWKHU ZDWHUPDUN�

��� 0XOWLSOH :DWHUPDUNV

0XOWLSOH ZDWHUPDUNV PD\ EH VXSHULPSRVHG DGGLWLYHO\ �LQ WKH

DQJOH GRPDLQ� ZLWK WKHLU PXWXDO FURVV�FRUUHODWLRQV GHSHQGDQW

RQO\ RQ WKH W\SH RI DUUD\V DFWXDOO\ XVHG� 7KH RQO\

UHTXLUHPHQW LV WKDW WKH\ EH DSSOLHG DW WKH VDPH WLPH XVLQJ WKH

VDPH VFDOH IDFWRU�

'LIIHUHQW /HJHQGUH SURGXFW DUUD\V RI WKH VDPH GLPHQVLRQV

KDYH D WZR�YDOXHG FURVV�FRUUHODWLRQ ¤ D SHDN RI PDJQLWXGH �

DQG EDFNJURXQG RI PDJQLWXGH ��S����T���� ZKHUH S DQG T DUH

WKH VLGH OHQJWKV� 7KLV XQLIRUP FURVV�FRUUHODWLRQ HQDEOHV
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VHYHUDO ZDWHUPDUNV WR EH VXSHULPSRVHG ZLWK PLQLPDO PXWXDO

LQWHUIHUHQFH >�@�

��� $OWHUQDWLYH 3RODU 6SDFHV

:KLOH FRQFHSWXDOO\ FRQYHQLHQW� WKHUH LV QR SDUWLFXODU

UHTXLUHPHQW WKDW D SRODU FRORXU UHSUHVHQWDWLRQ EH XVHG ¤

PHUHO\ WKDW D SRODU RU F\FOLF TXDQWLW\ EH H[WUDFWDEOH IURP WKH

LPDJH GDWD�

)RU H[DPSOH� DQ\ WZR FKDQQHOV FDQ EH PDGH WR UHSUHVHQW WKH

UHDO DQG LPDJLQDU\ FRPSRQHQWV RI D FRPSOH[ QXPEHU ZLWK LWV

UHVXOWLQJ SKDVH DQJOH EHLQJ PDQLSXODWHG DV EHIRUH� WKXV

DOORZLQJ D <,4 RU <&E&U PDSSLQJ WR EH HPSOR\HG� )LJXUH �

VKRZV DQ LPDJH DQG LWV UHFRYHUHG ZDWHUPDUN� ZKHUH WKH

ZDWHUPDUN IRU DQ 5*% LPDJH LV HQFRGHG DV�

� ���������� \[L*\[5\[: �� 

ZKHUH 5 DQG * DUH WKH UHG DQG JUHHQ FRPSRQHQW FKDQQHOV RI

WKH 5*% LPDJH� 7KLV LV DQ H[DPSOH RI D ZDWHUPDUN VSUHDG

RYHU WZR FKDQQHOV�

7KH YHFWRU OHQJWK 5N � L*N LV PDLQWDLQHG� EXW LWV DQJOH� TN LV

PRGLILHG E\ WKH ZDWHUPDUN� :KHQ UHFRYHULQJ WKH ZDWHUPDUN�

D XQLW YHFWRU ZLWK DQJOH TN LV FURVV�FRUUHODWHG DJDLQVW WKH

UHIHUHQFH ZDWHUPDUN�

7KLV GLIIHUV IURP WKH +69 ZKHUH WKH KXH LWVHOI LV UHSUHVHQWHG

E\ XQLW YHFWRUV� 7KH TXDQWLVDWLRQ RI DQJOH� TN WKXV GHSHQGV RQ

WKH TXDQWLVDWLRQ RI 5N DQG L*N�

6LPLODUO\� IRU D VLQJOH FKDQQHO JUD\ VFDOH LPDJH� GLIIHUHQW

SL[HOV IURP WKH VDPH LPDJH FDQ EH XVHG DV UHDO DQG LPDJLQDU\

FRPSRQHQWV RI WKH ZDWHUPDUN� SURYLGHG WKDW HDFK SL[HO LV

XVHG RQO\ RQFH�

�� $&.12:/('*(0(176

5RQ YDQ 6FK\QGHO KDV EHHQ IXQGHG E\ DQ $XVWUDOLDQ

3RVWJUDGXDWH $ZDUG 6FKRODUVKLS�

�� 5()(5(1&(6

>�@ $� =� 7LUNHO� *� $� 5DQNLQ� 5� 0� YDQ 6FK\QGHO� :� -�

+R� 1� 5� $� 0HH� &� )� 2VERUQH� ¦(OHFWURQLF :DWHU

0DUN§� ',&7$©��� 6\GQH\� 'HFHPEHU ����� SS� ����

����

>�@ 5� *� YDQ 6FK\QGHO� $� =� 7LUNHO� ,� '� 6YDOEH� ¦'HOD\

5HFRYHU\ IURP D 1RQ�OLQHDU 3RO\QRPLDO�5HVSRQVH

6\VWHP§� ,63$&6©��� 0HOERXUQH� 1RYHPEHU ���� �����

>�@ 0� 5� 6FKURHGHU� 1XPEHU 7KHRU\ LQ 6FLHQFH DQG

&RPPXQLFDWLRQV� �QG (G� ����� 6SULQJHU�9HUODJ�

>�@ 5� *� YDQ 6FK\QGHO� $� =� 7LUNHO� ,� '� 6YDOEH�� ¦.H\

,QGHSHQGHQW :DWHUPDUN 'HWHFWLRQ§� $FFHSWHG IRU

SUHVHQWDWLRQ E\ ,&0&6©��� )ORUHQFH� ,WDO\� -XQH �����

�����

>�@ 5� *� YDQ 6FK\QGHO� $� =� 7LUNHO� ,� '� 6YDOEH� 7� (�

+DOO� &� )� 2VERUQH� �$OJHEUDLF &RQVWUXFWLRQ RI D 1HZ

&ODVV RI 4XDVL�2UWKRJRQDO $UUD\V LQ 6WHJDQRJUDSK\��

63,( (OHFWURQLF ,PDJLQJ ����� 6DQ -RVH� 86$� -DQXDU\�

�����

>�@ KWWS���ZZZ�SK\VLFV�PRQDVK�HGX�DX�aURQ�SDSHUV�QVLS���S

GI� D FRORXU YHUVLRQ RI ¦$ 0XOWLSOLFDWLYH &RORXU

:DWHUPDUN§�

>�@ *�&�/DQJHODDU� 5�/� /DJHQGLMN� -�%LHPRQG� ¦5HPRYLQJ

6SDWLDO 6SUHDG 6SHFWUXP :DWHUPDUNV E\ 1RQ�OLQHDU

)LOWHULQJ§� ,; (XURSHDQ 6LJQDO 3URFHVVLQJ &RQIHUHQFH�

���� 6HSWHPEHU ����� ,VODQG RI 5KRGHV� *UHHFH�

>�@ 0� '� 6ZDQVRQ� %� =KX� $� 7HZILN� ¦7UDQVSDUHQW 5REXVW

,PDJH :DWHUPDUNLQJ§� 3URF ,&,3���� /DXVDQQH� 6HSW

������ ����� SS� ��������

>�@ 6�-� 6DQJZLQH DQG 5�(�1� +RUQH HG�� 7KH FRORXU LPDJH

SURFHVVLQJ KDQGERRN� &KDSPDQ 	 +DOO� /RQGRQ �����

>��@ 6SHFLDO VHVVLRQ RQ ZDWHUPDUNLQJ� 63,( (OHFWURQLF

,PDJLQJ 9RO� ����� 6DQ -RVH� 86$� -DQXDU\� �����


