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,QVSLUHG E\ WKH DQDORJ\ EHWZHHQ FRPSXWHU�EDVHG YLVXDO V\VWHPV DQG WKHLU ELRORJLFDO FRXQWHUSDUWV� ZH SURSRVH WR

LQWURGXFH WZR QHZ FRQFHSWV� WKH FRQFHSW RI D SL[HO¶V UHFHSWLYH ILHOG �DQDORJRXV WR QHXUDO FHOOV¶ UHFHSWLYH ILHOGV LQ WKH

H\H¶V UHWLQD�� DQG LWV GHULYDWLRQ � WKH FRQFHSW RI LQIRUPDWLRQ FRQWHQW RI D VLQJOH SL[HO �DQDORJRXV WR WKH RXWSXW DFWLYLW\

RI WKH UHWLQD¶V QHXUDO FHOOV�� ([SORLWLQJ WKHVH QHZ FRQFHSWV� ZH VXJJHVW D TXDQWLWDWLYH PHDVXUH IRU WKH GLVVLPLODULW\

EHWZHHQ D SL[HO DQG LWV VXUURXQGLQJ QHLJKERUV� ZKLFK ZH GHILQH DV D PHDVXUH RI SL[HO¶V LQIRUPDWLRQ FRQWHQW� :LWK VXFK

D PHDVXUH DW WKH KDQG� PDQ\ LPDJH SURFHVVLQJ WDVNV WKDW XVXDOO\ UHTXLUH �IRU WKHLU VXFFHVVIXO DFFRPSOLVKPHQW� VRPH
LQIRUPDWLRQ UHODWHG DVVXPSWLRQV FRXOG EH UHIRUPXODWHG DQG UHGHVLJQHG WR JDLQ QHZ DQG XQNQRZQ FRPSXWDWLRQ

HIILFLHQF\ RI LPDJH IHDWXUHV GHWHFWLRQ� GHVFULSWLRQ DQG GLVFULPLQDWLRQ�

2Q WKLV EDVLV� QHZ LPDJH SURFHVVLQJ WHFKQLTXHV FRXOG EH GHYLVHG�

/HQD LPDJHV SURFHVVHG E\ DSSO\LQJ VRPH RI WKHVH WHFKQLTXHV DUH SUHVHQWHG IRU LOOXVWUDWLRQ SXUSRVHV�

.H\ZRUGV� SL[HO LQIRUPDWLRQ FRQWHQW� LPDJH LQIRUPDWLRQ FRQWHQW� LPDJH DQDO\VLV� LPDJH XQGHUVWDQGLQJ� LPDJH

GHVFULSWLRQ�

�� ,1752'8&7,21

5HFHQW \HDUV KDYH ZLWQHVVHG WUHPHQGRXV JURZWK DQG SUROLIHUDWLRQ RI YLVXDO LQIRUPDWLRQ LQ RXU VXUURXQGLQJ

HQYLURQPHQW� +XJH DPRXQWV RI GLJLWDO LPDJH GDWD DUH FRQVWDQWO\ DFFXPXODWHG DQG� FRQVHTXHQWO\� EHFRPH SXEOLFO\

DYDLODEOH RQ WKH :RUOG :LGH :HE� LQ ODUJH VSHFLDOL]HG DUFKLYHV DQG OLEUDULHV �PLOLWDU\� PHGLFDO� JHR�VFLHQFH� DUW� HWF���
DQG HYHQ LQ SULYDWH UHSRVLWRULHV� (IIHFWLYH DFFHVVBWR� UHWULHYDOBIURP� PDQDJHPHQWBRI DQG XWLOL]DWLRQ RI VXFK LPPHQVH

GDWD PDVVHV ZLOO EH H[WUHPHO\ GLIILFXOW ZLWKRXW QHZ LPDJH�SURFHVVLQJ WRROV VSHFLDOO\ GHVLJQHG IRU VXFK SXUSRVHV�

2EYLRXVO\� LW LV VXSSRVHG WKDW VXFK WRROV ZLOO EH FDSDEOH WR DQDO\]H� LQWHUSUHW DQG PDNH UHOHYDQW GHFLVLRQV UHJDUGLQJ

LPDJH LQIRUPDWLRQ FRQWHQW� 7KDW PHDQV� EH FDSDEOH WR GHWHFW� H[WUDFW DQG SURFHVV KLJK�OHYHO VHPDQWLF LQIRUPDWLRQ

FRQWDLQHG LQ WKH LPDJHV�

7RGD\¶V FRPSXWHU�EDVHG LPDJH�SURFHVVLQJ V\VWHPV DUH GHILQLWHO\ ODFNLQJ VXFK FDSDELOLWLHV� �RU SRVVHVV WKHP LQ YHU\

SUHPDWXUH DQG HOHPHQWDU\ IRUPV�� 2QO\ KXPDQV KDYH WKH H[FOXVLYH SULYLOHJH DQG WKH XQOLPLWHG FDSDFLW\ WR SHUFHLYH DQG

DSSUHKHQG LQILQLWHO\ YDULDEOH FRQWHQW RI WKHLU YLVXDO LQSXW� �DV WKH\ GR WKDW LQ WKHLU HYHU\GD\ OLIH� RUGLQDU\� LQVWDQWO\ DQG

HIIRUWOHVV�� ,W LV FOHDU� WKDW WKH HIIRUWV LQ GHYHORSLQJ QH[W JHQHUDWLRQ LQWHOOLJHQW LPDJH�SURFHVVLQJ WRROV PXVW EH WLJKWO\

FRQQHFWHG ZLWK SURJUHVV LQ KXPDQ YLVXDO V\VWHP SHFXOLDULWLHV XQGHUVWDQGLQJ�

7KHUH LV DQRWKHU UHDVRQ� WKDW VWUHQJWKV WKH QHHG IRU EHWWHU XQGHUVWDQGLQJ RI WKH KXPDQ YLVLRQ SURSHUWLHV� %HIRUH DQ\

LPDJH�XQGHUVWDQGLQJ WDVN DWWHPSWV WR EH ODXQFKHG� WKH LPDJH PXVW EH EURXJKW LQ WKH V\VWHP¶V SURSULHWRUVKLS� �E\

WUDQVPLVVLRQ IURP D UHPRWH VRXUFH RU E\ WUDQVIHU IURP D ORFDO VWRUDJH VSDFH�� ,W GRHV QRW PDWWHU ZKDW ZD\ WKH LPDJH

ZLOO EH GHOLYHUHG� :KDW GRHV PDWWHU� LV� IRU WKH VDNH RI SURSHU EDQGZLGWK RU VSDFH XWLOL]DWLRQ� WKH LPDJH LV DOZD\V

LQLWLDOO\ FRPSUHVVHG� DQG WKHQ� VXEVHTXHQWO\� GHFRPSUHVVHG DW WKH V\VWHP¶V LQSXW� 7R DFKLHYH UHDVRQDEOH FRPSUHVVLRQ

UDWHV� SDUW RI WKH VRXUFH LPDJH GDWD PXVW EH� HYHQWXDOO\� GLVFDUGHG�

+RZ KXPDQ¶V DELOLW\ WR FRPSUHKHQG LPDJH FRQWHQW LV DIIHFWHG E\ WKLV LQHYLWDEOH GDWD�LQIRUPDWLRQ ORVV" 7RGD\¶V

LPDJH FRPSUHVVLRQ WHFKQRORJLHV ZHUH GHYHORSHG UHJDUGOHVV WR WKLV NLQG RI TXHVWLRQV� 0RVW RI WKHP UHO\ RQ DEVWUDFW

PDWKHPDWLFDO PRGHOV RI LPDJH GDWD WKDW KDYH QRWKLQJ LQ FRPPRQ ZLWK KXPDQ¶V YLVXDO SHUFHSWLRQ�
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0HDQZKLOH� ZLWKLQ WKH HVWDEOLVKHG PRGXV RSHUDQGL� KXPDQV E\ WKHPVHOYHV EHFRPH DQ LQGLVSHQVDEOH SDUW RI WKH

FRPSXWHU�EDVHG LPDJH�SURFHVVLQJ V\VWHPV� 7KH\ DUH WKH V\VWHP¶V XOWLPDWH HQG�XVHU DQG� FRQFXUUHQWO\� WKH V\VWHP¶V

WHDPPDWH WKDW LV GHHSO\ LQYROYHG LQ LPDJH FRQWHQW HYDOXDWLRQ DQG PDQDJHPHQW� 7R UHVROYH WKLV HQWDQJOHPHQW� WKH

GHVLJQ RI QH[W JHQHUDWLRQ FRPSUHVVLRQ FRGHV PXVW H[SOLFLWO\ WDNH LQWR DFFRXQW WKH QDWXUDO UHTXLUHPHQWV RI WKH KXPDQ
YLVXDO V\VWHP�

7KH DERYH PHQWLRQHG DUJXPHQWV FDQ HDVLO\ H[SODLQ WKH H[WUHPH LQWHUHVW WKDW FRPSXWHU YLVLRQ VRFLHW\ GLVSOD\V QRZ WR

SV\FKRORJLFDO� SV\FKRSK\VLFDO� QHXURSK\VLRORJLFDO� DQG RWKHU ELRORJLFDO VFLHQFH VWXGLHV RI KXPDQ YLVXDO SHUFHSWLRQ

DQG KXPDQ YLVXDO V\VWHP SHUIRUPDQFH� ,W LV JHQHUDOO\ XQGHUVWRRG WKDW VKDSHG E\ PLOOLRQV RI \HDUV RI QDWXUDO HYROXWLRQ

KXPDQ YLVXDO V\VWHP KDV DFKLHYHG SHUIRUPDQFH OHYHOV WKDW DUH RUGHUV RI PDJQLWXGH EHWWHU WKDQ WKH PRVW VRSKLVWLFDWHG
KXPDQ�PDGH YLVXDO V\VWHPV� %\ HOXFLGDWLQJ WKH FRPSXWDWLRQDO SULQFLSOHV� WKDW PDNH WKLV OHYHO RI SHUIRUPDQFH SRVVLEOH�

LW LV ZLGHO\ EHOLHYHG WKDW LW PD\ EH SRVVLEOH WR LQFUHDVH DQG VLJQLILFDQWO\ LPSURYH WKH TXDOLWLHV RI FRQWHPSRUDU\

FRPSXWHU�EDVHG LPDJH�SURFHVVLQJ V\VWHPV�

�� +80$1 9,68$/ 6<67(0¶6 &8(6

:KHQ ZH VWDUW WR H[DPLQH WKH KXPDQ YLVXDO V\VWHP �HVVHQWLDOO\� WKH KXJH DPRXQW RI SDSHUV UHVXOWHG IURP H[WHQVLYH

UHVHDUFK DQG VFLHQWLILF ZRUN GRQH LQ WKH ODVW \HDUV��������� WKH ILUVW VXUSULVH ZDV WKH VWULNLQJ GLVVLPLODULW\ EHWZHHQ LQSXW
IURQW�HQGV RI KXPDQ DQG KXPDQ�PDGH YLVXDO V\VWHPV� 0D\EH� RQO\ WKH WZR�GLPHQVLRQDO SKRWR�VHQVRU DUUDQJHPHQW�

IRXQG LQ WKH &&' FDPHUD DQG LQ WKH H\H UHWLQD DV ZHOO� FDQ EH DFFRXQWHG IRU D IHDWXUH WKDW ERWK RI WKH V\VWHPV SRVVHVV�

(\H¶V UHWLQD LV D KLJKO\ VWUXFWXUHG QHWZRUN RI QHXURQV WKDW FRYHUV WKH LQQHU VXUIDFH RI WKH H\H� ,W LV FRPSRVHG RI WKUHH

SULPDU\ OD\HUV� WKH SKRWRUHFHSWRUV� WKH ELSRODU FHOOV� DQG WKH JDQJOLRQ FHOOV OD\HUV� 5HWLQD¶V RXWSXW� DUUDQJHG DV D EXQGOH

RI RQH PLOOLRQ D[RQ ILEHUV �DOVR FDOOHG WKH RSWLF QHUYH�� LV OLQNHG WR WKH KLJKHU VHTXHQWLDO OD\HUV RI WKH YLVXDO SURFHVVLQJ
KLHUDUFK\� 7KXV� DQDWRPLFDOO\ DQG IXQFWLRQDOO\ VHSDUDWHG IURP WKH UHVW RI WKH EUDLQ� WKH UHWLQD DSSHDUV DV D ³GLVWDQW´�

³VWDQG DORQH´� DOPRVW DXWRQRPRXV �QR IHHGEDFN SDWKV IURP WKH KLJKHU OHYHOV� XQLW RI WKH KXPDQ YLVXDO V\VWHP�

/LJKW SDWWHUQV SURMHFWHG RQ WKH UHWLQD DUH VHQVHG E\ DSSUR[LPDWHO\ ��� PLOOLRQ SKRWRUHFHSWRUV RI LWV LQSXW OD\HU� 7KLV

LV WKH RQO\ SODFH LQ WKH V\VWHP� ZHUH WKH LQSXW LQIRUPDWLRQ DSSHDUV LQ DQ DQDORJ IRUP� ,W LV LPPHGLDWHO\ ³GLJLWL]HG´ E\
WKH QHDUHVW VHTXHQWLDO OD\HU� DQG IURP WKLV SRLQW RQ� WKH LQSXW LQIRUPDWLRQ LV HQFRGHG DQG DGYDQFHG WKURXJK DOO WKH OD\HUV

RI WKH SURFHVVLQJ KLHUDUFK\ DV D WUDLQ RI QHXURQDO VSLNHV�

,W PXVW EH PHQWLRQHG H[SOLFLWO\� WKH UHWLQD LV WKH ILUVW DQG WKH RQO\ VWDJH LQ WKH V\VWHP ZKHUH WKH LQSXW LQIRUPDWLRQ LV

GHWHFWHG� H[WUDFWHG� HYDOXDWHG� VHOHFWHG DQG HQFRGHG IRU IXUWKHU SURFHVVLQJ� $OO VXEVHTXHQW� KLJKHU OHYHO VWDJHV LQ WKH

FKDLQ DFTXLUH WKHLU LQSXWV IURP WKH UHWLQD� 7KHUH DUH QR RWKHU VRXUFHV RI YLVXDO LQIRUPDWLRQ FRQQHFWHG WR WKH V\VWHP� $OO�
ZKDW WKH KLJK�OHYHO SDUW RI WKH V\VWHP �WKH FRJQLWLYH SDUW� KDV DW LWV GLVSRVDO� LV GHWHUPLQHG E\ WKH PHFKDQLVPV RI HDUO\

QHXUDO SURFHVVLQJ WKDW WDNH SODFH LQ WKH UHWLQD� :H ZRXOG OLNH WR UHVWDWH WKLV LQ RWKHU ZRUGV� WKH VXFFHVV RI KLJK�OHYHO

LPDJH SURFHVVLQJ LV HQWLUHO\ GHWHUPLQHG E\ ORZ�OHYHO LQIRUPDWLRQ SULPLWLYHV �DQG WKHLU VXEVHTXHQW

WUDQVIRUPV�UHSUHVHQWDWLRQV� ZKLFK DUH WKH RXWFRPH RI ORZ�OHYHO LQIRUPDWLRQ SURFHVVLQJ DFFRPSOLVKHG E\ WKH UHWLQD�

,W LV REYLRXV� WKDW IURP WKLV SRLQW RQ� RXU DWWHQWLRQ LV VKLIWHG WR WKH UHWLQDO SURFHVVLQJ�

7KH NH\ SULQFLSDOV RI UHWLQDO SURFHVVLQJ DUH KLHUDUFKLFDO RUJDQL]DWLRQ DQG SURJUHVVLYHO\ JURZLQJ LQIRUPDWLRQ

DEVWUDFWLRQ DFFRPSOLVKHG DW HDFK KLHUDUFKLFDO OHYHO� 1HXURQDO LQWHUDFWLRQV DUH WKH SULQFLSDO FRPSRQHQWV RI WKLV SURFHVV�

DQG WZR W\SHV RI LQWHUDFWLRQ FDQ EH GLVWLQJXLVKHG� LQWUD�OHYHO DQG LQWHU�OHYHO LQWHUDFWLRQV� ,QWUD�OHYHO LQWHUDFWLRQ LPSOLHV

WKDW FHOOV UHFLSURFDWH EHWZHHQ WKHP ZLWKLQ D JLYHQ OD\HU� ,Q WKH UHWLQD� RQO\ WKH QHDUHVW QHLJKERULQJ FHOOV DUH SHUPLWWHG

WR LQWHUDFW� /RQJ GLVWDQFH FRQQHFWLRQV PHUHO\ GR QRW H[LVW� ,QWHU�OHYHO LQWHUDFWLRQ PHDQV WKDW HDFK FHOO RI D JLYHQ OD\HU
WDNHV LWV LQSXW IURP D VSDWLDOO\ ORFDOL]HG UHJLRQ LQ WKH SUHYLRXV OD\HU� FDOOHG WKH UHFHSWLYH ILHOG RI D FHOO� 7KH UHFHSWLYH

ILHOGV XVXDOO\ KDYH D FKDUDFWHULVWLF FHQWHU�VXUURXQG RUJDQL]DWLRQ� KDYH GLIIHUHQW VL]HV� DQG ³WLOH´ WKH UHWLQD VR WKDW WKH

UHFHSWLYH ILHOGV RI DGMDFHQW FHOOV FRPSOHWHO\ FRYHU WKH UHWLQDZLWKRXW VLJQLILFDQW RYHUODS�
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7KH TXHVWLRQ ³:KDW LV WKH SURGXFW RI VXFK LQWHUSOD\"´ LV PXFK PRUH FRPSOLFDWHG WKDQ LVVXHV RI UHWLQD¶V VWUXFWXUDO

RUJDQL]DWLRQ� 'HVSLWH D KRVW RI HPSLULFDO HYLGHQFHV DFFXPXODWHG RYHU WKH \HDUV� D FOHDU XQGHUVWDQGLQJ ZKDW UHWLQDO

SURFHVVLQJ DFWXDOO\ LV KDV QRW EHHQ DWWDLQHG \HW� &ODVVLFDO DSSURDFKHV VHH LW DV D VHW RI VSHFLILHG ILOWHUV SURELQJ IHDWXUHV

LQ WKH YLVXDO LQSXW �LQWHQVLW\� VKDSH� RULHQWDWLRQ� FRORU� WLPH� PRWLRQ� HWF��� 2Q WKH RWKHU KDQG� WKHUH DUH DUJXPHQWV �DQG

HYLGHQFH� WKDW WKHVH DSSURDFKHV DUH QRW DOZD\V DSSOLFDEOH� ,W LV NQRZQ� WKDW UHWLQD H[WUDFWV DQG SURPRWHV VLJQDOV WKDW
PXVW EH UHODWHG WR ORFDO VDOLHQF\� DQG ZKLFK DUH LQGLIIHUHQW WR �FODVVLFDO� IHDWXUHV¶ DWWULEXWHV� �)RU H[DPSOH� WKH

SUH�DWWHQWLYH VDOLHQF\ PDS� ��

:H DUH UHDG\ WR LQFOLQH WRZDUGV WKRVH DSSURDFKHV� WKDW FODLP WKDW IHDWXUH¶V DWWULEXWHV �FRORU� EULJKWQHVV� WH[WXUH� HWF��

DUH OHVV LPSRUWDQW WKDQ WKH PDJQLWXGH RI DWWULEXWH¶V ORFDO FKDQJH� ,W VHHPV WR XV� WKDW WKH YDJXH FRQFHSW RI VDOLHQFH FDQ

EH HDVLO\ UHSODFHG E\ D PRUH SDOSDEOH FRQFHSW RI ³LQIRUPDWLYH LPSRUWDQFH´� ZKLFK LQ WXUQ� FDQ EH IXUWKHU ZDUSHG WR D
FRQFHSW RI DQ LQIRUPDWLRQ FRQWHQW �DSSOLHG WR D JLYHQ SODFH LQ WKH UHWLQDO PDS�� ,QIRUPDWLRQ FRQWHQW LV D PRUH DEVWUDFW

FRQFHSW WKDQ WKH PDJQLWXGH RI FKDQJH LQ IHDWXUH¶V H[SUHVVLRQ� 0RUH SUHFLVHO\� LW LV WKH RQO\ DEVWUDFW FRQFHSW� DQG

WKHUHIRUH� IDU PRUH VXLWDEOH WR ILW PHFKDQLVPV RI DWWHQWLRQ IRFXVLQJ� ,W LV FOHDU� WKDW VXFK DQ DSSURDFK FDQ EH IDUWKHU

H[SDQGHG� ,W LV WHPSWLQJ WR WKLQN WKDW UHWLQDO SURFHVVLQJ JHQHUDOO\� IURP WKH YHU\ EHJLQQLQJ DWWHPSWV WR DVVHVV

LQIRUPDWLRQ FRQWHQW RI WKH IHDWXUHV UHYHDOHG LQ WKH YLVXDO LQSXW� $QG WKRVH HVWLPDWLRQV SURYLGH WKH EDVLV IRU VXEVHTXHQW

UHDVRQLQJ DERXW ZKDW DQG ZKHQ WR SURPRWH LQ WKH SURFHVVLQJ FKDLQ� XS WR WKH RXWSXW WR WKH KLJKHU OHYHOV� �,W LV DOVR
WHPSWLQJ WR WKLQN WKDW FRQVLGHULQJ RQO\ LQWUD�OHYHO LQWHUDFWLRQV DPRQJ QHLJKERULQJ FHOOV� LW ZLOO EH SRVVLEOH WR DVVHVV WKH

LQIRUPDWLRQ FRQWHQW DW D ORFDO LPDJH SRVLWLRQ��

,QVSLUHG E\ WKH DERYH PHQWLRQHG FRQVLGHUDWLRQV� ZH SURSRVH WR PRGHO WKH ORZ�OHYHO LPDJH LQIRUPDWLRQ SURFHVVLQJ LQ D

ZD\ WKDW UHVHPEOHV SULQFLSDO FRPSRQHQWV RI WKH HDUO\ UHWLQDO SURFHVVLQJ �DV ZH XQGHUVWDQG DQG LQWHUSUHW WKHP�� DQG� DW
WKH VDPH WLPH� FDQ EH DSSOLFDEOH WR LQSXW IURQW�HQGV RI FRPSXWHU�EDVHG YLVXDO V\VWHPV� :H LQWURGXFH� WKXV� WZR QHZ

FRQFHSWV� D FRQFHSW RI D SL[HO¶V UHFHSWLYH ILHOG �DQDORJRXV WR WKH UHWLQDO FHOOV¶ UHFHSWLYH ILHOGV� DQG D FRQFHSW RI

LQIRUPDWLRQ FRQWHQW RI D VLQJOH SL[HO �LQ EULHI ± LFVSH� SURQRXQFHG OLNH ;�SH�� DQ DQDORJ WR UHWLQDO FHOOV¶ LQIRUPDWLRQ

H[WUDFWLRQ DFWLYLW\�

�� ,&63( ± ,03/(0(17$7,21 ,668(6

)ROORZLQJ UHWLQDO DQDORJ\� LFVSH FDQ EH GHILQHG DV D PHDVXUH IRU LQIRUPDWLRQ DERXW VLJQDO¶V GLVFRQWLQXLW\ DW SL[HO
ORFDWLRQ� ,Q FRPSXWHU YLVLRQ FRQWH[W� ³VLJQDO´ LV WKH SL[HO¶V JUD\�OHYHO LQWHQVLW\ �FRUUHVSRQGLQJ WR WKH OXPLQDQFH RI WKH

DSSURSULDWH VFHQH SRLQW�� DQG ³VLJQDO¶V GLVFRQWLQXLW\´ LV WKH FKDQJH LQ LQWHQVLW\ OHYHOV LQ WKH SL[HO¶V VXUURXQGLQJ� ,I WKLV

FKDQJH LV VSDWLDOO\ FRQVLVWHQW� SUHVHQFH RI DQ HGJH LV DVVXPHG DW WKH SL[HO ORFDWLRQ� �)RU WKH SXUSRVH RI RXU GLVFXVVLRQ�

ZH FRQVLGHU RQO\ PRQRFKURPH JUD\VFDOH LPDJHV� $OWKRXJK� LQ WKH UHDO ZRUOG RWKHU LPDJH DWWULEXWHV� OLNH FRORU RU

WH[WXUH� FDQ FRQWULEXWH WR LPDJH LQIRUPDWLRQ FRQWHQW DV ZHOO� WKHLU FRQWULEXWLRQV FRXOG EH HYDOXDWHG LQ D VLPLODU

PDQQHU��

6R� ZH FDQ GHILQH LQIRUPDWLRQ FRQWHQW RI D VLQJOH SL[HO DV DQ H[SUHVVLRQ RI GLVVLPLODULW\ EHWZHHQ LW DQG LWV QHDUHVW

QHLJKERUV� ,Q RWKHU ZRUGV� GLVFRQWLQXLW\ LQ LQWHQVLW\ OHYHOV DW WKH SL[HO SRVLWLRQ� ,Q FRPSXWHU YLVLRQ WHUPLQRORJ\�

³HGJLQHVV´ DW WKH SL[HO ORFDWLRQ� $ TXDQWLWDWLYH HVWLPDWLRQ RI WKLV LQIRUPDWLRQ FRQWHQW FDQ EH SURYLGHG E\ WKH PHDVXUH

RI XQFHUWDLQW\ LQ SL[HO�WR�QHLJKERUV LQWHUDFWLRQ� 7ZR VRXUFHV RI VXFK XQFHUWDLQW\ PXVW EH FRQVLGHUHG� OXPLQDQFH

XQFHUWDLQW\ DQG WRSRORJLFDO XQFHUWDLQW\� 7KHUHIRUH� PRGHOLQJ SL[HO¶V UHFHSWLYH ILHOG DV D SL[HO�FHQWHUHGQ[Q DUUD\ RI LWV

FORVHVW QHLJKERUV� LFVSH FDQ EH H[SUHVVHG DV�

ZKHUH ,�V� ± LV WKH LQIRUPDWLRQ FRQWHQW RI D SL[HO� ,�J� ± LV WKH ORFDO OXPLQDQFH XQFHUWDLQW\� DQG ,�W� ± LV WKH ORFDO

WRSRORJ\ XQFHUWDLQW\�

7KHUH DUH YDULRXV IRUPV LQ ZKLFK OXPLQDQFH XQFHUWDLQW\ FDQ EH GHILQHG� $V 9DQ (VVHQ� DQG 0HLVWHU� SRLQWHG RXW�

UDWKHU WKDQ UHVSRQVH WR DQ LQWHJUDO OXPLQDQFH OHYHO� QHXUDO FHOOV SULPDULO\ UHVSRQG WR WKH GLIIHUHQFH LQ LQWHQVLW\ OHYHOV

EHWZHHQ D FHOO DQG LWV VXUURXQGLQJ QHLJKERUV� �WKH VR�FDOOHG FRQWUDVW VHQVLWLYLW\�� )RU RXU SXUSRVHV� FRQWUDVW FDQ EH

I s I g I t( ) ( ) ( )= ⋅
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GHILQHG DV WKH GLIIHUHQFH EHWZHHQ FHQWUDO SL[HO JUD\�OHYHO LQWHQVLW\ DQG WKH PHDQ LQWHQVLW\ RI LWV QHLJKERUV� /XPLQDQFH

XQFHUWDLQW\� LQ WKLV FDVH� ZLOO EH FRPSXWHG DV�

+HUH� J LV WKH JUD\ OHYHO LQWHQVLW\� UHVSHFWLYHO\� RI WKH FHQWUDO SL[HO DQG RI LWV HLJKW QHLJKERUV�

6SDWLDO SURSHUWLHV RI LQWHQVLW\ SDWWHUQV LQ DQ LPDJH DUH DVVHUWHG E\ WKH WRSRORJ\ RI WKHLU ERUGHUV� 7R FRQVLGHU WKH

FRQWULEXWLRQ RI WKLV LQIRUPDWLRQ �UHGXFHG WR WKH SL[HO¶V UHFHSWLYH ILHOG OHYHO�� D PDS� UHIOHFWLQJ VSDWLDO LQWHUUHODWLRQV

DPRQJ WKH QHLJKERULQJ SL[HOV� PXVW EH SURYLGHG� )RU WKLV SXUSRVH� LQ SDUDOOHO WR ,�J� FDOFXODWLRQ� WKH PHDQ JUD\ OHYHO
LQWHQVLW\ RI WKH VXUURXQGLQJ SL[HOV LV FRPSXWHG �HVVHQWLDOO\� LWV SUHGHFHVVRU ± WKH VXP RI LQWHQVLWLHV RI WKH HLJKW

VXUURXQGLQJ QHLJKERUV�� DQG WKH VLJQ RI WKH GLIIHUHQFH EHWZHHQ LW DQG WKH LQWHQVLW\ RI WKH FHQWUDO SL[HO �PXOWLSOLHG�

FRUUHVSRQGLQJO\� E\ �� LV HVWDEOLVKHG�

7KH VLJQ LV PDUNHG DV RQH� ZKHQ FHQWUDO SL[HO LQWHQVLW\ LV HTXDO RU JUHDWHU WKDQ WKH PHDQ LQWHQVLW\� DQG DV ]HUR� LI HOVH�

7KLV ]HUR�RQH UHVXOW LV PHPRUL]HG LQ D VSHFLDO RQH�ELW�GHSWK PDS� DQG WKH WRSRORJLFDO XQFHUWDLQW\ LV DIWHUZDUGV ILJXUHG

RXW XVLQJ WKLV PDS�

ZKHUH S LV WKH SUREDELOLW\ WR ILQG VXUURXQGLQJ SL[HOV LQ WKH VDPH VWDWH �VLJQ� DV WKH FHQWUDO SL[HO�

7ZR H[WUHPH VLWXDWLRQV� ZKHQ DOO QHLJKERUV DQG WKH FHQWUDO SL[HO DUH LQ WKH VDPH VWDWH �D IODW UHJLRQ�S �� DQG QRQH RI

WKH QHLJKERUV LV QRW LQ WKH FHQWUDO SL[HO¶V VWDWH �DQ RXWOLHU� S ��� KDYH WKH VDPH LQWXLWLYHO\ H[SHFWHG UHVXOW ± ,�W� � DQG�
FRQVHTXHQWO\� ,�V� � ± WKHUH LV QR ³HGJLQHVV´ DW WKDW ORFDWLRQ�

�� (;3/2,7,1* ,&63(

)ROORZLQJ ,�W� FDOFXODWLRQV� D FRPSRXQG LFVSH PHDVXUH ,�V� IRU HYHU\ LPDJH SL[HO FDQ WKHQ EH FRPSXWHG DQG VWRUHG LQ DQ

DSSURSULDWHG PHPRU\ EXIIHU� ,Q SDUDOOHO� DQ LQWHJUDO RI LFVSH YDOXHV LV DFFXPXODWHG ZLWK WKH SXUSRVH WR GHWHUPLQH �DW WKH

HQG RI WKH URXQG� WKH LFVSH PHDQ YDOXH� *LYHQ WKLV PHDQ YDOXH� D PHPRU\ EXIIHU IRU KLVWRJUDP FRXQWLQJ LV DOORFDWHG�

ZLWK WRWDO OHQJWK RI WKUHH LFVSH PHDQV� SDUWLWLRQHG LQWR �� HTXDO KLVWRJUDP ELQV� �7KH ZLGWK RI D VLQJOH ELQ GRHV QRW
FRQWDLQ IUDFWLRQV� DQG VR� LW LV DOZD\V URXQGHG WR WKH QHDUHVW ODUJHU LQWHJHU�� 7KHQ� D KLVWRJUDP LV DFFXPXODWHG E\

VHDUFKLQJ WKH ZKROH ,�V� EXIIHU� DQG LQ DFFRUGDQFH WR WKH IROORZLQJ UXOH� LI WKH FXUUHQW LFVSH YDOXH LV HTXDO RU JUHDWHU

WKDQ WKH ELQ¶V ORZHU ERXQG� WKH YDOXH LV DGGHG WR WKLV ELQ FRXQWHU�

$V D UHVXOW� D QHZ� SUHYLRXVO\ XQDWWDLQDEOH NQRZOHGJH DERXW LQIRUPDWLRQ FRQWHQW GLVWULEXWLRQ DPRQJ YDULRXV LPDJH

LQJUHGLHQWV EHFRPHV SDOSDEOH� RQH FDQ VHH H[DFWO\ ZKDW SDUW RI WKH WRWDO LPDJH LQIRUPDWLRQ �FRQWHQW� LV FDUULHG RXW E\
SL[HOV ZLWK LFVSH YDOXHV HTXDO RU JUHDWHU WKDQ D JLYHQ ELQ¶V IORRU�

,W LV FOHDU� WKDW WKLV NQRZOHGJH FDQ EH IUXLWIXOO\ XWLOL]HG LQ GHVLJQ RI QHZ LQIRUPDWLRQ�FRQWHQW�GLVWULEXWLRQ�VXSSRUWHG

LPDJH�SURFHVVLQJ WRROV� 7KH PDMRULW\ RI LPDJH�SURFHVVLQJ WDVNV� WR UHDFK VXFFHVVIXOO\ WKHLU JRDOV� PXVW EH SURYLGHG

ZLWK VRPH LQLWLDO DVVXPSWLRQV DERXW LQIRUPDWLRQ FRQWHQW GLVWULEXWLRQ DPRQJ LPDJH FRQVWLWXHQWV� 8QIRUWXQDWHO\� VXFK
LQIRUPDWLRQ LV XVXDOO\ QRW DYDLODEOH� DQG WKH DVVXPSWLRQV DUH PDGH EDVHG RQ KHXULVWLFV� SUHYLRXV H[SHULHQFH� LQWXLWLRQ�

RU DUH VHW XS DG KRF� :LWK LFVSH DW WKH KDQG� WKH WKLQJV ORRN HQWLUHO\ GLIIHUHQW�
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$V DQ H[DPSOH� OHW XV FRQVLGHU VXFK D FRPPRQ LPDJH�SURFHVVLQJ WDVN DV HGJH GHWHFWLRQ DQG ORFDOL]DWLRQ� ,W LV FOHDU

IURP WKH HDUOLHU H[SODQDWLRQV� WKDW LFVSH LV D TXDQWLWDWLYH H[SUHVVLRQ RI ³HGJLQHVV´� 7KXV� LW LV UHDVRQDEOH WR H[SORLW LW IRU

VXFK D WDVN� :KHQ REVHUYHG LFVSH¶V YDOXH H[FHHGV VRPH DFFHSWHG WKUHVKROG� WKDW LV DQ HYLGHQFH RI DQ HGJH SUHVHQFH�

+RZHYHU� HVWDEOLVKLQJ DQ ³DFFHSWDEOH WKUHVKROG´ LV D KDUG DQG D VRSKLVWLFDWHG SUREOHP E\ LWVHOI� 6WDQGDUG HGJH

WKUHVKROGLQJ WHFKQLTXHV SURGXFH QRW VWDEOH DQG DPELJXRXV UHVXOWV EHFDXVH RI D ZURQJ DVVXPSWLRQ WKDW LPDJH LQWHQVLWLHV
FRXOG EH WUHDWHG DV ELPRGDO�� DQG ³WUXH´ HGJHV LQ DQ LPDJH DUH UHDOO\ H[LVW DQG FRXOG EH GHILQHG� 8VLQJ LFVSH SURYLGHV D

XQLTXH RSSRUWXQLW\ WR LQWURGXFH PXOWL�OHYHO WKUHVKROGLQJ� ZKLFK GRHV PRUH UHDOLVWLFDOO\ UHIOHFWV YDULDEOH LQIRUPDWLRQ

FRQWHQW RI GLIIHUHQW HGJHV� ,FVSH JUDFHIXOO\ HQGRZV XV ZLWK IX]]\ WKUHVKROGLQJ FDSDELOLWLHV WKDW DUH IDU PRUH VXLWDEOH IRU

³VRIW´ KXPDQ�OLNH LPDJH DQDO\VLV� $Q H[DPSOH RI D WKUHH�OHYHO HGJH LPSRUWDQFH JUDGH WKUHVKROGLQJ FDQ EH ILQG LQ WKH

VHFWLRQ RI JUDSKLFDO LOOXVWUDWLRQV�

,FVSH¶V FRQWULEXWLRQ WR DQRWKHU HGJH UHODWHG SUREOHP �NQRZQ DV HGJH ORFDOL]DWLRQ XQFHUWDLQW\� PXVW EH VSHFLDOO\

HPSKDVL]HG� %HFDXVH HGJH LV DQ DEVWUDFWLRQ� D V\PEROLF OLQH SODFHG EHWZHHQ WZR LPDJH SDUWV WKDW GRHV QRW EHORQJ WR

HLWKHU RI WKHP� WKH FRPPRQ SUDFWLFH RI VHWWLQJ XS RQH�SL[HO�ZLGH �VSHFLDOO\ WLQQHG� HGJH PDUNLQJ OLQH LV DOZD\V D

KHDGDFKH DQG D GLOHPPD� &RQWHPSRUDU\ HGJH ORFDOL]DWLRQ LV SUREOHPDWLF DQG FRQWURYHUVLDO� 2Q WKH FRQWUDU\�

LFVSH�EDVHG HGJH ORFDOL]DWLRQ FHUWDLQO\ RXWOLQHV HGJHV DV WZR FRH[LVWLQJ� FORVHO\ VSDFHG OLQHV� %HFDXVH HGJH LV DQ

LQWHQVLW\ JUDGLHQW� D VLJQ RI ORZHU�KLJKHU JUDGLHQW VLGH �DOUHDG\ DYDLODEOH IURP WKH VLJQ PDS RI ,�W� FRPSXWDWLRQV� FDQ
EH DWWDFKHG WR HDFK RI WKH OLQHV� 7KLV ZD\� QRW RQO\ WKH HGJH ORFDOL]DWLRQ SUREOHP UHFHLYHV D SURSHU VROXWLRQ� EXW D QHZ

VRUW RI HGJH GHVFULSWRUV DSSHDUV� ZLWK QHZ� SUHYLRXVO\ XQNQRZQ DQG XQPDWFKHG GHVFULSWLYH FDSDFLW\� $Q H[DPSOH RI

GRXEOH�OLQH HGJH PDSSLQJ FDQ EH ILQG LQ WKH VHFWLRQ RI JUDSKLFDO LOOXVWUDWLRQV�

�� &21&/86,216

:H KDYH SURSRVHG D PHDVXUH IRU HVWLPDWLQJ WKH LQIRUPDWLRQ FRQWHQW RI D VLQJOH SL[HO� ,W LV D VLPSOH� DQG� WKXV�

FRPSXWDWLRQDOO\ LQH[SHQVLYH DSSURDFK WR ORZ�OHYHO LPDJH�LQIRUPDWLRQ SURFHVVLQJ� ZKLFK OHDGV WR HIIHFWLYH ORZ�OHYHO
LPDJH IHDWXUHV GLVFRYHU\ DQG GHVFULSWLRQ�

(YDOXDWLRQ RI LPDJH LQIRUPDWLRQ FRQWHQW LV D QHZ� H[WUHPHO\ LPSRUWDQW WRSLF LQ FXUUHQW DWWHPSWV WR SURYLGH WRROV IRU

YLVXDO GDWDEDVHV� YLGHR FROOHFWLRQV PDQDJHPHQW WKDW ZRXOG SRVVHVV KXPDQ�OLNH FDSDELOLWLHV� 0DMRULW\ RI WRGD\¶V

DSSURDFKHV WR LPDJH LQIRUPDWLRQ FRQWHQW DVVHVVPHQW DWWHPSW WR UHYHDO DQG WR H[SORLW JOREDO LQIRUPDWLRQ FRQWHQW
HVWLPDWLRQV UHODWHG WR WKH HQWLUH LPDJH DUHD� 6XFK DSSURDFKHV FDQ EH RQO\ SDUWLDOO\ VXFFHVVIXO DQG DSSO\ WR D UHVWULFWHG

GRPDLQ RI LPDJH FRQWHQW� :H WKLQN� WKDW OLNH WKH KXPDQ YLVXDO V\VWHP� WKH IXWXUH WRROV PXVW SULPDULO\ UHO\ RQ ORZ�OHYHO

�SK\VLFDO� LQIRUPDWLRQ FRQWDLQHG LQ WKH LPDJHV�

:H WKLQN� ZH GR WKH ULJKW WKLQJ� WU\LQJ ILUVW RI DOO WR UHYHDO WKH HOHPHQWDU\� ORZ�OHYHO IHDWXUH�LQIRUPDWLRQ�UHODWHG

UHSUHVHQWDWLYH LPDJH FRPSRQHQWV� ZKLFK ZLOO WKHQ� ODWHU� DSSURSULDWHO\ VHUYH WKH KLJKHU OHYHOV RI LPDJH XQGHUVWDQGLQJ�
7R RXU NQRZOHGJH� QR RWKHU DSSURDFKHV� IROORZLQJ VXFK SURFHVVLQJ PDQQHU� KDYH \HW EHHQ DWWHPSWHG�

5()(5(1&(6

�� '� &� 9DQ (VVHQ� &� +� $QGHUVRQ� '� -� )HOOHPDQ� ¶¶,QIRUPDWLRQ 3URFHVVLQJ LQ WKH 3ULPDWH 9LVXDO 6\VWHP� $Q

,QWHJUDWHG 6\VWHP 3HUVSHFWLYH¶¶� 6FLHQFH� ���� SS� �������� �����

�� '� .� :DUODQG� 3� 5HLQDJHO� DQG 0� 0HLVWHU� ¶¶'HFRGLQJ 9LVXDO ,QIRUPDWLRQ )URP D 3RSXODWLRQ RI 5HWLQDO
*DQJOLRQ &HOOV¶¶� 7KH -RXUQDO RI 1HXURSK\V�� �� ���� SS� ���� ± ����� �����

�� 0� 0HLVWHU DQG 0� -� %HUU\ ,, � ³7KH 1HXUDO &RGH RI WKH 5HWLQD´�1HXURQ� ��� SS� ��� ± ���� 0DU� �����

�� 5� 9DQ 5XOOHQ� 6� -� 7KRUSH� ³5DWH &RGLQJ 9HUVXV 7HPSRUDO 2UGHU &RGLQJ� :KDW WKH 5HWLQDO *DQJOLRQ &HOOV 7HOO

WKH 9LVXDO &RUWH[´� 1HXUDO &RPSXWDWLRQ� �� ���� SS� ���� ± ����� �����
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�� /� ,WWL� &� .RFK� DQG (� 1LHEXU� ³$ 0RGHO RI 6DOLHQF\�EDVHG 9LVXDO $WWHQWLRQ IRU 5DSLG 6FHQH $QDO\VLV´� ,(((

7UDQV� 3DWWHUQ $QDO\VLV DQG 0DFKLQH ,QWHOOLJHQFH� ������� SS� ���� ± ����� 1RY� �����

�� $� %ULQN� ³8VLQJ VSDWLDO LQIRUPDWLRQ DV DQ DLG WR PD[LPXP HQWURS\ LPDJH WKUHVKROG VHOHFWLRQ´� 3DWWHUQ

5HFRJQLWLRQ /HWWHUV� �� ���� SS� �� ± ��� -DQ� �����

6RPH H[DPSOHV RI LPDJH LQIRUPDWLRQ FRQWHQW

HOLFLWDWLRQ XVLQJ LFVSH�EDVHG WHFKQLTXHV�

8SSHU�OHIW FRUQHU ± LV WKH RULJLQDO /HQD LPDJH�

���[��� SL[HOV� ��� JUD\ OHYHOV�

%RWWRP�OHIW VLGH ± WKH PDS RI SHUFHSWXDOO\ LPSRUWDQW

LPDJH SDUWV� LQ GDUN�JUD\ DUH WKH PRVW SURPLQHQW SDUWV�
FDUU\LQJ PRUH WKDQ ��� RI LPDJH LQIRUPDWLRQ FRQWHQW�

LQ KDOI�JUD\ ± WKH OHVV LPSRUWDQW SDUWV� FDUU\LQJ

EHWZHHQ ��� DQG ���� LQ OLJKW�JUD\ ± WKH ORZHVW

LPSRUWDQFH SDUWV� ��������

,Q WKH XSSHU�ULJKW FRUQHU ± 7KH HGJH ORFDOL]DWLRQ PDS�
,Q GDUN�JUD\ DUH WKH GDUNHU VLGHV RI WKH HGJHV� LQ

OLJKW�JUD\ DUH EULJKWHU
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