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&\EHUZRUOGV DUH EHLQJ IRUPHG RQ WKH ZHE HLWKHU

LQWHQWLRQDOO\ RU VSRQWDQHRXVO\� ZLWK RU ZLWKRXW GHVLJQ�

:LGHVSUHDG DQG LQWHQVLYH ORFDO DFWLYLWLHV DUH PHOWLQJ

HDFK RWKHU RQ WKH ZHE JOREDOO\ WR FUHDWH F\EHUZRUOGV�

:KDW LV FDOOHG H�EXVLQHVV LQFOXGLQJ HOHFWURQLF ILQDQFLQJ

KDV EHHQ FRQGXFWHG LQ F\EHUZRUOGV DQG KDV FURVVHG D

QDWLRQDO ILQDQFH OHYHO LQ LWV VFDOH� :LWKRXW SURSHU

PRGHOLQJ� F\EHUZRUOGV ZLOO FRQWLQXH WR JURZ FKDRWLF DQG

ZLOO VRRQ EH RXW RI KXPDQ XQGHUVWDQGLQJ� $ QRYHO

LQIRUPDWLRQ PRGHO ZH QDPHG ³D FHOOXODU PRGHO´ VHUYHV WR

JOREDOO\ LQWHJUDWH ORFDO PRGHOV� $V DQ LQIRUPDWLRQ

PRGHO� LW LV DSSOLFDEOH WR WKH FDWHJRU\ RI LUUHJXODU GDWD

PRGHOV WKDW FDSWXUH VSDWLR�WHPSRUDO DVSHFWV DV VLWXDWLRQV�

0DWKHPDWLFDOO\ LW LV EDVHG RQ FHOOXODU VSDWLDO VWUXFWXUHV

LQ D KRPRWRS\ WKHRUHWLFDO IUDPHZRUN DQG LV DQ H[WHQVLRQ

RI JUDSK WKHRU\�

.H\ ZRUGV DQG SKUDVHV� D FHOOXODU PRGHO� FHOOXODU VSDWLDO

VWUXFWXUHV� D ZHE LQIRUPDWLRQ PRGHO� D F\EHUZRUOG PRGHO�

LQWHJUDWLQJ ORFDO PRGHOV JOREDOO\� D VLWXDWLRQ PRGHO� ZHE

LQIRUPDWLRQ PLQLQJ� KRPRWRS\ WKHRU\�
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&\EHUZRUOGV DUH LQIRUPDWLRQ ZRUOGV EHLQJ IRUPHG RQ

WKH ZHE HLWKHU LQWHQWLRQDOO\ RU VSRQWDQHRXVO\� ZLWK RU

ZLWKRXW GHVLJQ� &\EHUZRUOGV DV LQIRUPDWLRQ ZRUOGV DUH

HLWKHU YLUWXDO RU UHDO� DQG FDQ EH ERWK� 1HZ ZRUOGV VXFK

DV F\EHUZRUOGV GHPDQG D WKHRUHWLFDO JURXQG WR JHW WKHP

PRGHOHG SURSHUO\� ,Q WHUPV RI LQIRUPDWLRQ PRGHOLQJ� WKH

JURXQG LV IDU DERYH WKH OHYHO RI LQWHJUDWLQJ VSDWLDO

GDWDEDVH PRGHOV DQG WHPSRUDO GDWDEDVH PRGHOV� :H WDNH

LQYDULDQWV DV WKH JURXQG� &RQVLGHULQJ F\EHUZRUOGV DV D

W\SH RI VSDFHV WKDW LQFOXGH WLPH DV DQ LUUHYHUVLEOH VSDFH�

ZH VKRZ WKDW DQ DSSURSULDWH FKRLFH RI LQYDULDQWV WKDW

FRQVLVWV RI GLPHQVLRQV DV GHJUHHV RI IUHHGRP DQG WKHLU

FRQQHFWLYLW\ WR WHOO KRZ GLIIHUHQW GLPHQVLRQDO VSDFHV DUH

FRQQHFWHG�

*HQHUDOO\ VSHDNLQJ� ZKDW ZH QHHG WR GR WR PRGHO

F\EHUZRUOGV FRQVLVWV RI WKH IROORZLQJ IRXU VWHSV�

)LUVW� ZH FKDUDFWHUL]H F\EHUZRUOGV WR LGHQWLI\ WKH

GLIIHUHQFHV IURP DQG FRPPRQDOLW\ ZLWK WKH UHDO ZRUOG ZH

OLYH� 7KH PRVW GLVWLQFW GLIIHUHQFH LV LQ WKH VSHHG RI

JURZWK� DQG KHQFH LQ WKH FRPSOH[LW\� 7KLV PHDQV H[WUHPH

FRQFXUUHQF\ OLQNLQJ ORFDO ZRUOGV LQWR JOREDO ZHE ZRUOGV

DQG DOVR VSHHG FORVH WR WKDW RI OLJKW� /LJKW VSHHG RQ WKH

ZHE VLJQLILHV WKH ZHE SRZHU IDU EH\RQG DQ\ JUHDW SRZHUV

LQ KXPDQ KLVWRU\ >���� �@� (YHU\ERG\ ZRUNLQJ RQ WKH ZHE

LQ WKH ZRUOG LV D FRQVWUXFWRU DQG GHVWUXFWRU RI

F\EHUZRUOGV�

6HFRQGO\� ZH WKHQ ILQG DSSURSULDWH PRGHOLQJ PHWKRGV

WR FKDUDFWHUL]H WKH GLIIHUHQFHV DQG FRPPRQDOLW\� %HFDXVH

RI WKH H[WUHPH FRPSOH[LW\ DQG WKH VSHHG RI FKDQJHV� WKH

PRGHOLQJ PHWKRGV QHHG WR EH EDVHG RQ D KLHUDUFK\ RI

DEVWUDFWLRQV WR PLQLPL]H WKH VL]H RI PRGHOLQJ� DQG DOVR

WKH KLHUDUFK\ QHHGV WR EH DQ LQFUHPHQWDOO\ PRGXODU

DEVWUDFWLRQ KLHUDUFK\ RI LQYDULDQWV WR LGHQWLI\ WKH

XQFKDQJLQJ SURSHUWLHV IURP WKH UDSLGO\ YDU\LQJ

F\EHUZRUOGV�

7KLUG� ZH WKHQ WXUQ WKH PRGHOLQJ PHWKRGV LQWR D

GHVLJQ� ,W LV D FKDOOHQJLQJ WDVN WR UHDOL]H VXFK LQYDULDQWV�

EDVHG PRGHOLQJ PHWKRGV LQWR RQH GHVLJQ� *HQHUDOO\� WKH

GHVLJQ UHTXLUHV DQ DSSURSULDWH FKRLFH RI LQYDULDQWV�

IROORZHG E\ D SDUWLFXODU LQIRUPDWLRQ VWUXFWXUHV DQG

RSHUDWLRQV� )RU LQVWDQFH� DQ DEVWUDFWLRQ KLHUDUFK\ RI

LQYDULDQWV LV GHVLJQHG DV DQ LQKHULWDQFH KLHUDUFK\ RI
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LQYDULDQWV� 6WLOO UHVHDUFKHV RQ WKLV EHORQJ WR RSHQ

SUREOHPV� 6R IDU� RXU UHVHDUFKHV KDYH OHG XV WR D SDLU RI

LQYDULDQWV� GLPHQVLRQV DV GHJUHHV RI IUHHGRP DQG WKHLU

FRQQHFWLYLW\� 7KH LQIRUPDWLRQ VWUXFWXUHV DUH FHOOXODU

VSDWLDO VWUXFWXUHV DQG WKHLU RSHUDWLRQV VXFK DV FHOO

FRPSRVLWLRQ DQG FHOO GHFRPSRVLWLRQ >�� �@�

)RXUWKO\ DQG ILQDOO\� ZH LPSOHPHQW WKH GHVLJQ DV DQ

LQIRUPDWLRQ PRGHO QDPHG FHOOXODU PRGHO� 7KH FHOOXODU

PRGHO HQFRPSDVVHV WKH FDSDELOLWLHV RI H[LVWLQJ YDULRXV

GDWD PRGHOV� DQG DOVR JXDUDQWHHV WKH FRQWLQXLW\ WR

SUHVHUYH FHOO ERXQGDULHV� FHOO GLPHQVLRQDOLW\ DQG FHOO

FRQQHFWLYLW\� ,W LV H[SHFWHG WKDW WKH FHOOXODU PRGHO

UHSUHVHQWV F\EHUZRUOGV FRQVLVWHQWO\ DQG SURYHV WKHLU

YDOLGLW\� 7KH ZD\V WKH FHOOXODU PRGHO ZRUNV LQFOXGH

ERWWRP XS� WRS GRZQ� DQG PLGGOH WR WRS DQG ERWWRP

DSSURDFKHV�
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:H QHHG WR FRQILUP WKH ZD\ ZH DUH ORRNLQJ DW

LQIRUPDWLRQ PRGHOLQJ� 0RGHOLQJ VWDQGV IRU D NH\ VWHS LQ

VFLHQWLILF UHVHDUFK� 6FLHQFH� QDWXUDO VFLHQFH LQ SDUWLFXODU�

KDV EHHQ EXLOW DURXQG WKH QRWLRQ RI LQYDULDQWV WR PRGHO WKH

UHDO ZRUOG ZH OLYH� 6FLHQFH PRGHOV REMHFWV E\ FODVVLI\LQJ

REMHFWV DQG SKHQRPHQD E\ LQYDULDQWV� ,Q SK\VLFV� HQHUJ\

DQG PDVV KDG EHHQ LQYDULDQWV XQWLO WKH UHODWLYLW\ WKHRU\

EURNH WKH ERXQGDU\� ,Q PDWKHPDWLFV� PRGHOLQJ RI

PDWKHPDWLFDO REMHFWV LV FRQGXFWHG WR FODVVLI\

PDWKHPDWLFDO REMHFWV LQWR HTXLYDOHQFH FODVVHV DV D GLVMRLQW

XQLRQ RI WKH VXEVHWV RI REMHFWV E\ DQ HTXLYDOHQFH UHODWLRQ

WKDW UHSUHVHQWV D PDWKHPDWLFDO LQYDULDQW� $Q H[DPSOH RI

DQ DEVWUDFWLRQ KLHUDUFK\ RI HTXLYDOHQFH UHODWLRQV LV�

� 6HW WKHRUHWLFDO HTXLYDOHQFH UHODWLRQV�

� ([WHQVLRQ HTXLYDOHQFH UHODWLRQV� KRPRWRS\ HTXLYDOHQFH

UHODWLRQV DV D VSHFLDO FDVH�

� 7RSRORJLFDO HTXLYDOHQFH UHODWLRQV� JUDSK WKHRUHWLFDO

HTXLYDOHQFH UHODWLRQV DV D VSHFLDO FDVH�

� &HOOXODU VSDWLDO VWUXFWXUH HTXLYDOHQFH UHODWLRQV�

� ,QIRUPDWLRQ PRGHO HTXLYDOHQFH UHODWLRQV�

� 9LHZ HTXLYDOHQFH UHODWLRQV�

,Q WHUPV RI WKH DEVWUDFWLRQ RI LQYDULDQWV KLHUDUFKLFDOO\

RUJDQL]HG IURP JHQHUDO WR VSHFLILF WR UHDOL]H PRGXODU DQG

LQFUHPHQWDO GHVLJQ DQG KHQFH DQ LQKHULWDQFH KLHUDUFK\ RI

LQYDULDQWV RI F\EHUZRUOGV� WKH IROORZLQJ LV D UHDVRQDEOH

FDVH RI DQ DEVWUDFWLRQ KLHUDUFK\ EDVHG RQ WKH DEVWUDFWLRQ

KLHUDUFK\ RI HTXLYDOHQFH UHODWLRQV LQ PDWKHPDWLFV�

� $ VHW OHYHO�

� $Q H[WHQVLRQ OHYHO� D KRPRWRS\ OHYHO DV D VSHFLDO FDVH�

� $ WRSRORJ\ OHYHO� D JUDSK WKHRUHWLFDO OHYHO DV D VSHFLDO

FDVH�

�� $ FHOOXODU VWUXFWXUHG VSDFH OHYHO�

� $Q LQIRUPDWLRQ PRGHO OHYHO�

� $ SUHVHQWDWLRQ OHYHO�
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)RU F\EHUZRUOGV PRGHOLQJ� ³D FHOOXODU VWUXFWXUHG VSDFH

OHYHO´ EDVHG RQ FHOOXODU VSDWLDO VWUXFWXUHV >���@ VXFK DV

&:�VSDFHV JLYHV D IDU PRUH YHUVDWLOH EDVLV WKDQ WKRVH

EDVHG RQ D JUDSK WKHRUHWLFDO OHYHO WKDW LV FRPPRQ LQ

FRQFHSWXDO� DQG GDWD� PRGHOLQJ >�� ��@� DOORZLQJ DQ

LQIRUPDWLRQ PRGHO WR VSHFLI\ REMHFWV LQ FRJQLWLYH� DQG

FRPSXWDWLRQDO� VSDFHV DV FHOOV ZLWK RU ZLWKRXW ERXQGDULHV�

&HOOV ZLWK ERXQGDULHV DUH FORVHG� DQG FHOOV ZLWKRXW

ERXQGDULHV DUH RSHQ� +HUH DQ Q�GLPHQVLRQDO FHOO� DQ Q�

FHOO� LV D VSDFH WRSRORJLFDOO\ HTXLYDOHQW WR DQ Q�

GLPHQVLRQDO EDOO ZKHUH Q LV DQ LQWHJHU À� QDPHO\ Q H À�

:H GHQRWH DQ RSHQ Q�FHOO H
Q

DQG D FORVHG Q�FHOO )
Q

� $Q

LQWHULRU RI )
Q

LV GHQRWHG DV ,QW )
Q
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LV WKH ERXQGDU\ RI )
Q

� DQG LW LV DQ �Q����GLPHQVLRQDO

VSKHUH 6
Q��

� &HOOXODU PRGHOLQJ DOORZV FHOO FRPSRVLWLRQ

DQG GHFRPSRVLWLRQ ZKLOH PDLQWDLQLQJ FHOO GLPHQVLRQV DQG

FRQQHFWLYLW\ DV LQYDULDQWV� REMHFW LGHQWLILFDWLRQ LV FDUULHG

RXW V\VWHPDWLFDOO\ WKURXJK DQ LGHQWLILFDWLRQ PDSSLQJ

�RIWHQ FDOOHG D TXRWLHQW PDSSLQJ� >�@� +HUH� GLPHQVLRQV

PHDQ WKH GHJUHHV RI IUHHGRP� /DWHU ZH VKRZ WKDW

GDWDEDVH VFKHPD FRPSRVLWLRQ �DOVR FDOOHG VFKHPD

LQWHJUDWLRQ� DQG VFKHPD GHFRPSRVLWLRQ �DOVR FDOOHG

VFKHPD GLVLQWHJUDWLRQ� DUH VSHFLDO FDVHV RI FHOO

FRPSRVLWLRQ DQG FHOO GHFRPSRVLWLRQ�

/HW ORRN DW H[DPSOHV RI GLPHQVLRQV� )RU LQVWDQFH� LQ

F\EHUZRUOGV DQ REMHFW ZLWK RQH DWWULEXWH KDV QR GHJUHH RI

IUHHGRP WR JR IURP RQH DWWULEXWH WR DQRWKHU DQG KHQFH WKH

GLPHQVLRQ RI DQ DWWULEXWH LV �� DQG ZH SUHVHQW LW DV D SRLQW

DW D SUHVHQWDWLRQ OHYHO� $WWULEXWHV DUH PXWXDOO\

LQGHSHQGHQW VHWV WR VSHFLI\ TXDOLWLHV RU FKDUDFWHULVWLFV

LQKHUHQW WR REMHFWV� *LYHQ DQ REMHFW ZLWK WZR DWWULEXWHV�

ZH FDQ JR IURP RQH DWWULEXWH WR DQRWKHU LQ D GLUHFWLRQ DQG

KHQFH WKH GHJUHH RI IUHHGRP DQG WKH GLPHQVLRQ LV �� ZH

FDQ SUHVHQW WKLV FDVH DV D OLQH� /LNHZLVH� REMHFWV ZLWK

WKUHH DQG IRXU DWWULEXWHV KDYH WZR DQG WKUHH GHJUHHV RI

IUHHGRP �GLPHQVLRQV� DUH � DQG �� DQG FDQ SUHVHQW WKHP

DV D VXUIDFH DQG D EDOO� $Q REMHFW ZLWK Q DWWULEXWHV KDV Q��

GHJUHHV RI IUHHGRP� DQG KHQFH LWV GLPHQVLRQ LV Q��� ZH

FDQ SUHVHQW LW DV DQ �Q����GLPHQVLRQDO EDOO� 7KH UHODWLRQDO

PRGHO SUHVHQWV DQ REMHFW ZLWK Q DWWULEXWHV DV D UHODWLRQDO

VFKHPD DQG LQVWDQWLDWHV LW DV D WDEOH ZLWK Q FROXPQV >��@�

7KH UHODWLRQDO PRGHO LV EDVHG RQ &DUWHVLDQ SURGXFWV RI

VHWV� DQG KHQFH LW LV D SUHVHQWDWLRQ� WKHRUHWLFDOO\ DW D VHW

WKHRUHWLFDO OHYHO�

7KH FRQQHFWLYLW\ LV GHILQHG E\ D FRQWLQXRXV DQG

VXUMHFWLYH PDSSLQJ FDOOHG DQ DWWDFKLQJ PDS �DQ

DGMXQFWLRQ PDS� DQ DGMRLQLQJ PDS RU D JOXLQJ PDS�� ³$
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PDS I� ; � < LV VXUMHFWLYH´ PHDQV ��\ ± <� ��[ ± ; � > I

�[�  \ @� ³$ PDS I� ; � < LV FRQWLQXRXV´ PHDQV ³D

VXEVHW $ ¯ < LV RSHQ LQ < LI DQG RQO\ LI ^I
��

�\� _ \ ± $` LV

RSHQ LQ ;´�

*LYHQ WZR GLVMRLQW WRSRORJLFDO VSDFHV ; DQG <�

< �I ;  < � ; � a

LV DQ DWWDFKLQJ VSDFH �DQ DGMXQFWLRQ VSDFH� RU DQ DGMRLQLQJ

VSDFH� REWDLQHG E\ DWWDFKLQJ �JOXLQJ� DGMXQFWLQJ� RU

DGMRLQLQJ� ; WR < E\ DQ DWWDFKLQJ PDS �DGMXQFWLRQ PDS�

RU DQ DGMRLQLQJ PDS� I �RU E\ LGHQWLI\LQJ SRLQWV [ ± ;� _

;� ¯ ; ZLWK WKHLU LPDJHV I�[� ± <� QDPHO\ E\ D VXUMHFWLYH

PDS I�

I� ;��<�

� GHQRWHV D GLVMRLQW XQLRQ DQG RIWHQ D � V\PERO LV XVHG

LQVWHDG �VRPHWLPHV LW LV FDOOHG DQ ³H[FOXVLYH RU´�� a LV DQ

HTXLYDOHQFH UHODWLRQ� $Q HTXLYDOHQFH UHODWLRQ LV VLPSO\ D

UHODWLRQ WKDW LV UHIOH[LYH� V\PPHWULF DQG WUDQVLWLYH� ,W FDQ

EH D VHW WKHRUHWLFDO HTXLYDOHQFH UHODWLRQ� D WRSRORJLFDO

HTXLYDOHQFH UHODWLRQ� D JHRPHWULFDO HTXLYDOHQFH UHODWLRQ RU

D KRPRWRSLF HTXLYDOHQFH UHODWLRQ� 7KH WUDQVLWLYLW\ GLYLGHV

WKH VSDFH QDWXUDOO\ LQWR D GLVMRLQW XQLRQ RI VXEVSDFHV

FDOOHG HTXLYDOHQFH FODVVHV�

/HW XV ORRN LQWR HTXLYDOHQFH UHODWLRQV DQG HTXLYDOHQFH

UHODWLRQV KHUH D OLWWOH ELW LQ PRUH GHWDLO DV D IRXQGDWLRQ WR

PRGHO F\EHUZRUOGV FOHDUO\� )RU D ELQDU\ UHODWLRQ 5 ° ; u

; RQ D VHW ;� 5 LV�

UHIOH[LYH LI ��[ ± ; � >[5[@� UHIOH[LYLW\�

V\PPHWULF LI ��[� \ ± ;� >[5\ Á \5[@�V\PPHWU\�

WUDQVLWLYH LI ��[� \� ] ± ;� >>[5\ Á \5]@ Á

[5]@�WUDQVLWLYLW\�

5 LV FDOOHG DQ HTXLYDOHQFH UHODWLRQ �LQ D QRWDWLRQ a� LI 5 LV

UHIOH[LYH� V\PPHWULF DQG WUDQVLWLYH�

$ VXEVHW RI ; GHILQHG E\ [ � a  ^\ ± ;� [ a \` LV

FDOOHG WKH HTXLYDOHQFH FODVV RI [� +HUH D FODVV DFWXDOO\

PHDQV D VHW� LW LV D WUDGLWLRQ� DQG KDUG WR EH FKDQJHG DW WKLV

VWDJH� 7KH VHW RI DOO WKH HTXLYDOHQFH FODVVHV ;�a LV FDOOHG

WKH TXRWLHQW VSDFH RU WKH LGHQWLILFDWLRQ VSDFH RI ;�

; � a  ^[ � a ± �
;

_ [ ± ;` � �
;

�

)URP WKH WUDQVLWLYLW\� IRU HDFK [ ± ;� [ �a � I� WKH

IROORZLQJV KROG�

[ a \x [ �a  \ �a� DQG

[ /\x [ �a 
\ �a  I�

7KLV PHDQV D VHW ; LV SDUWLWLRQHG �DOVR FDOOHG

GHFRPSRVHG� LQWR QRQ�HPSW\ DQG GLVMRLQW HTXLYDOHQFH

FODVVHV� ,I ZH GHQRWH DQ HTXLYDOHQFH FODVV E\ [ � a� LW LV�

WKHQ�

[ � a  ^\ ± ; _ [ a \`�

/HW XV ORRN DW VLPSOH H[DPSOHV� &DUGLQDOLW\ LV D FDVH

RI VHW WKHRUHWLFDO HTXLYDOHQFH UHODWLRQV� DQG GLYLGHV VHWV

LQWR D GLVMRLQW XQLRQ RI WKH VHWV RI WKH VDPH FDUGLQDOLW\� ,Q

JUDSK WKHRU\� LVRPRUSKLVP LV DQ HTXLYDOHQFH UHODWLRQ� DQG

GLYLGHV D VHW RI JUDSKV LQWR D GLVMRLQW XQLRQ RI LVRPRUSKLF

JUDSKV� 3RSXODU LVRPRUSKLF JUDSKV DUH�

DQG �

�

,Q (XFOLGHDQ JHRPHWU\� JLYHQ D VHW RI ILJXUHV� D

FRQJUXHQFH UHODWLRQ GLYLGHV WKHP LQWR D GLVMRLQW XQLRQ RI

WKH VXEVHWV RI FRQJUXHQW ILJXUHV DV D TXRWLHQW VSDFH� D

VLPLODULW\ UHODWLRQ GLYLGHV WKHP LQWR D GLVMRLQW XQLRQ RI WKH

VXEVHWV RI VLPLODU ILJXUHV DV D TXRWLHQW VSDFH� &RQJUXHQFH

DQG VLPLODULW\ UHODWLRQV DUH FDVHV RI DIILQH WUDQVIRUPDWLRQV�

$ V\PPHWU\ UHODWLRQ LQ JURXS WKHRU\ GLYLGHV D VHW RI

ILJXUHV LQWR D GLVMRLQW XQLRQ RI WKH VXEVHWV RI V\PPHWULF

ILJXUHV DV D TXRWLHQW VSDFH� ,Q ILQLWH VWDWH DXWRPDWD� DQ

DFFHSWHG ODQJXDJH GHILQHG DV WKH VHW RI DOO VWULQJV

DFFHSWHG E\ DXWRPDWD VHUYHV DV DQ HTXLYDOHQFH UHODWLRQ

DQG GLYLGHV WKH DXWRPDWD LQWR D GLVMRLQW XQLRQ RI

HTXLYDOHQW DXWRPDWD�

:H KDYH DOUHDG\ VHHQ D FDVH RI DQ DWWDFKLQJ PDS

DOUHDG\� 1RZ� OHW XV VWDWH D JHQHUDO GHILQLWLRQ RI DQ

DWWDFKLQJ PDS KHUH� 7KH VHW RI DOO HTXLYDOHQFH FODVVHV LV

GHQRWHG DV ; � a� DQG LV FDOOHG WKH TXRWLHQW VSDFH RU WKH

LGHQWLILFDWLRQ VSDFH RI ;

; � a  ^ [ � a ± �
;

_ [ ± ;` � �
;

�

$Q DWWDFKLQJ PDS I LV D VXUMHFWLYH �RQWR� DQG FRQWLQXRXV

PDS

I� ;��<�

ZKHUH ;� ¯ ;�

; � < � a LV D TXRWLHQW VSDFH� DQG

; � < � a  ; � < � �[ a I �[� _ � [ ± ;��  ; �I <�

+HUH LV D VSHFLDO FDVH IRU ODWHU XVH IRU LQIRUPDWLRQ

VFKHPD LQWHJUDWLRQ DQG LQIRUPDWLRQ LQWHJUDWLRQ E\

LQIRUPDWLRQ PLQLQJ RQ WKH ZHE� /HW 6
Q��

EH WKH ERXQGDU\

RI D FORVHG Q�FHOO )
Q
� QDPHO\ �)

Q
� 7KDW LV�

6
Q��
 � )

Q
 )

Q
� ,QW )

Q
 )

Q
� H

Q

�

/HW DQ DWWDFKLQJ PDS I EH D VXUMHFWLYH �RQWR� DQG

FRQWLQXRXV PDS

I� 6
Q��

� ;�

$Q DGMXQFWLRQ VSDFH < LV GHILQHG DV D TXRWLHQW VSDFH

<  ; �I )
Q
 ; � )

Q
�^I�X� a X _ X ± 6

Q��
`�

*LYHQ WZR KRPRWRSLF PDSV I DQG J

I� J� 6
Q��

� ;�

WKHQ ; �I )
Q
DQG ; �J )

Q
KDYH WKH VDPH KRPRWRS\

W\SH �RU� DUH KRPRWRSLFDOO\ HTXLYDOHQW�

; �I )
Q
! ; �J )

Q
�

*LYHQ D F\EHUZRUOG ; DV D WRSRORJLFDO VSDFH� IURP ;�

ZH FDQ LQGXFWLYHO\ FRPSRVH� DFFRUGLQJ WR -� +� &�

:KLWHKHDG >��� ��@� D ILQLWH RU LQILQLWH VHTXHQFH RI FHOOV

;
S
WKDW DUH VXEVSDFHV RI ;� LQGH[HG E\ LQWHJHU À� QDPHO\

^ ;
S
_ ;

S
° ;� S H À` FDOOHG D ILOWUDWLRQ� VXFK WKDW

;
S
FRYHUV ; �RU ;

S
LV D FRYHULQJ RI ;�� QDPHO\�

;  ª S H À ;
S
�
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DQG ;
S��
LV D VXEVSDFH RI ;

S

�
QDPHO\�

;
�
° ;

�
° ;

�
° � ° ;

S��
° ;

S
° � ° ;�

�WKLV LV FDOOHG D VNHOHWRQ�� 7KH VNHOHWRQ ZLWK D GLPHQVLRQ

DW PRVW S LV FDOOHG D S�VNHOHWRQ� ;
�
� ;

�
� ;

�
� �� ;

S��
� DQG

;
S
DUH VXE�F\EHUZRUOGV RI D JLYHQ F\EHUZRUOG ;� $ VSDFH

WRSRORJLFDOO\ HTXLYDOHQW WR D ILOWUDWLRQ LV FDOOHG D ILOWUDWLRQ

VSDFH�

7KHUH DUH LPSRUWDQW FHOOXODU VSDFHV LQ DSSOLFDWLRQV�

7KH\ LQFOXGH &:�FRPSOH[HV DQG PDQLIROGV� ,I D ILOWUDWLRQ

VSDFH LV ILQLWH� LW LV HTXLYDOHQW WR D &:�VSDFH� )XUWKHU� LI D

&:�VSDFH LV GLIIHRPRUSKLF� LW LV HTXLYDOHQW WR D PDQLIROG

VSDFH�
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7KH ILUVW WKLQJ ZH KDYH WR GR LQ ZHE LQIRUPDWLRQ

PRGHOLQJ LV WKH FKDUDFWHUL]DWLRQ RI WKH QDWXUH RI WKH

IRUPDWLRQ RI F\EHUZRUOG DV VKDUHG LQIRUPDWLRQ ZRUOGV RQ

WKH ZHE WR VHH KRZ WKH F\EHUZRUOGV DUH HPHUJLQJ DQG

ZKDW WKH\ DUH� ,W LV RIWHQ WKH FDVH WKDW D F\EHUZRUOG ; LV

FUHDWHG RQ WKH ZHE DV D UHVXOW RI YDULHWLHV RI ORFDO

DFWLYLWLHV DW PDQ\ ZHE VLWHV� 8QOLNH FRUSRUDWH LQIRUPDWLRQ�

ZH XVXDOO\ FDQQRW DVVXPH WKDW WKHUH LV DQ LQIRUPDWLRQ

DGPLQLVWUDWRU WR JLYH XV WKH LQLWLDO VHW RI VFKHPDV�

7KURXJK LQIRUPDWLRQ PLQLQJ� ZH FDQ GLJ XS SDUWLFXODU

LQIRUPDWLRQ DW ORFDO ZHE VLWHV WR UHYHDO ZKDW ; LV� 2I

FRXUVH� ZH GR QR FRQGXFW LQIRUPDWLRQ PLQLQJ DUELWUDULO\�

$IWHU LQIRUPDWLRQ EURZVLQJ DW ZHE VLWHV� ZH JDWKHU LGHD RQ

ZKDW WR EH PLQHG DQG ZKDW DUH H[SHFWHG WR HPHUJH IURP

WKH LQIRUPDWLRQ DW VFDWWHUHG VLWHV RQ WKH ZHE E\ LQWHJUDWLQJ

WKHP� 7KLV LV D W\SH RI LQIRUPDWLRQ PLQLQJ WR EH FDOOHG

JHQHUDOO\ ³LQIRUPDWLRQ PLQLQJ E\ GHVLJQ´ EHFDXVH WKHUH LV

D FHUWDLQ VHW RI UXOHV WR DSSO\ DV LQWHJUDWLRQ JXLGHV

UHJDUGLQJ ZKDW WR PLQH DQG ZKDW QRW WR PLQH� 6XFK

LQWHJUDWLRQ JXLGHV ZRUN DV GHVLJQ JXLGHV RI ZKDW WR EH

LQWHJUDWHG DQG KRZ�

,QIRUPDWLRQ PLQLQJ RQ WKH ZHE ZRUNV SHUIHFWO\ WR

LQWHJUDWH ORFDO ZHE ZRUOGV WR D JOREDO F\EHUZRUOG� EDVHG

RQ WKH :KLWHKHDG LQGXFWLYH VFKHPH VWDWHG DERYH� 7R

LOOXVWUDWH PRUH FRQFUHWHO\ KRZ WKH LQGXFWLYH LQWHJUDWLRQ

JRHV WR REWDLQ DQ Q�GLPHQVLRQDO F\EHUZRUOG ;
Q
� ZH

H[SODLQ ZHE VHDUFK DQG LQWHJUDWLRQ SURFHVVHV�

7KH LQGXFWLYH LQWHJUDWLRQ FRQVLVWV RI WZR SKDVHV� WKH

LQIRUPDWLRQ VFKHPD LQWHJUDWLRQ SKDVH DQG WKH LQIRUPDWLRQ

LQWHJUDWLRQ SKDVH� 7KH ILUVW SKDVH� WKH LQIRUPDWLRQ

VFKHPD LQWHJUDWLRQ SKDVH� SURFHHGV DV IROORZV�

�� 5HWULHYH HYHU\ DWWULEXWH )
�

L RI LQWHUHVW DW ZHE VLWHV WR

FUHDWH D ��GLPHQVLRQDO F\EHUZRUOG ;
�
VXFK WKDW

;
�
 ^ H

�

�� H
�

�� H
�

�� «�H
�

M `�

�� 5HWULHYH HYHU\ FRPELQDWLRQ RI WZR DWWULEXWHV RI LQWHUHVW

)
�

L DW ZHE VLWHV WR FUHDWH D ��GLPHQVLRQDO F\EHUZRUOG

;
�
VXFK WKDW DQG ZH DWWDFK WKHLU GLVMRLQW XQLRQ

�L)
�

L  )
�

� �)
�

� �)
�

� �«�)
�

N

WR ;
�

YLD DQ DWWDFKLQJ PDS ) E\ LGHQWLI\LQJ HDFK

ERXQGDU\ HOHPHQW �LQ WKLV FDVH DQ DWWULEXWH RI )
�

L � [ ±

�)
�

L RI D ��FHOO )
�

L ZLWK DQ DWWULEXWH LQ )�[�� 7KHQ� ZH

REWDLQ D YDOLG ��GLPHQVLRQDO F\EHUZRUOG ;
�
VXFK WKDW

;
�
 ;

�
�

)
� �L)

�

L �  ;
�
� � �

L
H

�

L�

ZKHUH L  �� «� N� DQG DQ DWWDFKLQJ PDS ) LV

)� �L �)
�

L � ;
�
�

�� 6XSSRVH� DIWHU UHSHDWHG UHWULHYDOV DQG LQWHJUDWLRQV� ZH

KDYH GXJ XS DQ �Q����GLPHQVLRQDO F\EHUZRUOG ;
Q��

WKURXJK LQIRUPDWLRQ PLQLQJ� ;
Q��

KDV Q DWWULEXWHV� 7R

LQWHJUDWH DQ Q�GLPHQVLRQDO F\EHUZRUOG ;
Q
WKDW KDV Q��

DWWULEXWHV� ZH UHWULHYH HYHU\ FRPELQDWLRQ RI Q�� DWWULEXWHV

RI LQWHUHVW )
Q

L DV EHIRUH DW ZHE VLWHV� 7KHQ ZH DWWDFK WKHLU

GLVMRLQW XQLRQ

�L)
Q

L  )
Q

� �)
Q

� �)
Q

� �«�)
Q

P

WR WKH DOUHDG\ EXLOG �Q����GLPHQVLRQDO F\EHUZRUOG ;
Q��

YLD

DQ DWWDFKLQJ PDS * E\ LGHQWLI\LQJ HDFK ERXQGDU\ HOHPHQW

�Q DWWULEXWHV RXW RI Q�� DWWULEXWHV RI )
Q

L � [ ± �)
Q

L RI DQ

Q�FHOO )
Q

L ZLWK Q DWWULEXWHV LQ *�[�� 7KHQ� ZH REWDLQ D

YDOLG Q�GLPHQVLRQDO F\EHUZRUOG ;
Q
VXFK WKDW

;
Q
 ;

Q��
�

*
� �L)

Q

L �  ;
Q��
� � �L H

Q

L�

ZKHUH L  �� «� N� DQG DQ DWWDFKLQJ PDS * LV

*� �L �)
Q

L � ;
Q��
�

7KLV FRPSOHWHV WKH LQIRUPDWLRQ VFKHPD LQWHJUDWLRQ�

7KH VHFRQG SKDVH� WKH LQIRUPDWLRQ LQWHJUDWLRQ SKDVH�

LV IDLUO\ VLPSOH EXW FRPSXWDWLRQDOO\ LQWHQVLYH� ,W SURFHHGV

LQ FKHFNLQJ HYHU\ LQVWDQFH DW HDFK VWHS RI FHOO DWWDFKPHQW

GXULQJ WKH VFKHPD LQWHJUDWLRQ WR MXGJH DQG GHFLGH� EDVHG

RQ WKH GHVLJQ JXLGHV� ZKHWKHU WKH LQVWDQFH VKRXOG EH

LQFOXGHG LQ WKH F\EHUZRUOG EHLQJ FUHDWHG E\ FHOO

DWWDFKPHQW�

7KH F\EHUZRUOG ZH FRQVWUXFW EDVHG RQ WKH :KLWHKHDG

LQGXFWLYH VFKHPH JXDUDQWHHV WKH IROORZLQJ UHODWLRQ WR

KROG�

;
�
° ;

�
° ;

�
° � ° ;

Q��
° ;

Q
° � ° ;�

)URP D F\EHUZRUOG YDOLGDWLRQ SRLQW RI YLHZ� WKLV PHDQV

JLYHQ D YDOLGDWHG F\EHUZRUOG� DQ\ F\EHUZRUOGV KDYLQJ

WKH ORZHU GLPHQVLRQV DUH LQFOXGHG LQ WKH JLYHQ

F\EHUZRUOG DQG YDOLG�

,Q WKH DERYH� LGHQWLILFDWLRQ LV E\ HTXLYDOHQFH FODVVHV

EDVHG RQ HTXLYDOHQFH UHODWLRQV� &OHDUO\ ³LGHQWLILFDWLRQ

E\ HTXLYDOHQFH FODVVHV´ LV D JHQHUDOL]DWLRQ RI D MRLQ

RSHUDWLRQ LQ WKH UHODWLRQDO PRGHO >��@� +HQFH RQH RI

WKH UHDO SRZHUV RI D FHOOXODU PRGHO LV VHHQ RQ WKLV

DVSHFW� +DYLQJ KLJKO\ FRPSOH[ DQG IDVW FKDQJLQJ

F\EHUZRUOGV RQ WKH ZHE� WKH LQWHJUDWLRQ SRZHU RI

FHOOXODU PRGHO SURYLGHV ZHE LQIRUPDWLRQ PRGHO ZLWK D

WUXH WKHRUHWLFDO IRXQGDWLRQ� $OVR ZKHQ ZH VDLG

³DWWULEXWHV RI LQWHUHVW´ WR H[HUFLVH WKH GHVLJQ JXLGHV�

³LQWHUHVW´ PHDQV� DW OHDVW SDUWLDOO\� WKH FKRLFH RI
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HTXLYDOHQFH UHODWLRQV IRU LGHQWLILFDWLRQ� 6R ³WKH FKRLFH

RI HTXLYDOHQFH UHODWLRQV IRU LGHQWLILFDWLRQ´ LV WKH PDMRU

SDUW RI GHVLJQ JXLGHV� )RU ZHE�EDVHG LQIRUPDWLRQ

V\VWHPV� GHVLJQ JXLGHV DUH HLWKHU ORFDO WR JRYHUQ ORFDO

VLWHV DV LQWUDQHWV �DOVR DV FRPPXQLW\ QHWV� RU JOREDO WR

ZRUN LQ ERUGHUOHVV F\EHUZRUOGV� 'HVLJQ JXLGHV DUH

UHXVDEOH UHVRXUFHV RI ZHE�EDVHG LQIRUPDWLRQ V\VWHPV�
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2Q WKH ZHE� XVXDOO\ ZH HQFRXQWHU ZLWK VLWXDWLRQV

ZKHUH ZH QHHG WR FUHDWH QHZ F\EHUZRUOGV IURP JLYHQ

F\EHUZRUOGV� 7KLV VLWXDWLRQ LV PRUH FRPPRQ LQ H�

EXVLQHVV LQFOXGLQJ H�FRPPHUFH RQ WKH ZHE WKDQ WKH

SUHYLRXV VLWXDWLRQ WKDW FDUULHV RXW LQIRUPDWLRQ PLQLQJ

WKURXJK LQGXFWLRQ� /HW XV ORRN DW H�FRPPHUFH VLWXDWLRQV

WR PRGHO ZHE VLWXDWLRQV WKDW YDU\ LQ VSDFH DQG WLPH�

7KHUH DUH JHQHUDO QHHGV WR ILQG RXW FRPPHUFLDO WUDGLQJ

VWUXFWXUHV RQ WKH ZHE LQ WHUPV RI LQIRUPDWLRQ VFKHPDV WR

EXLOG DQ H�FRPPHUFH LQIRUPDWLRQ V\VWHP� 7\SLFDO H�

FRPPHUFH VLWXDWLRQV LQFOXGH�

6LWXDWLRQ �� $Q H�FXVWRPHU ZLVKLQJ WR EX\ DQ H�

PHUFKDQGLVH EURZVHV WKH ZHE WR ILQG DQ H�VKRS WKDW

RIIHUV WKH EHVW SULFH�

6LWXDWLRQ �� $Q H�VKRS VHOOLQJ H�PHUFKDQGLVHV EURZVHV

H�FXVWRPHU OLVWV WR H[SDQG WKH VDOHV�

2Q WKH ZHE� LQ WKH DERYH VLWXDWLRQV� ZH DUH QRW

LQWHUHVWHG LQ ILQGLQJ RXW WKH SUHFLVH LQIRUPDWLRQ RI DQ H�

VKRS� DQ H�FXVWRPHU DQG DQ H�PHUFKDQGLVH� /HW DQ H�VKRS�

DQ H�FXVWRPHU DQG DQ H�PHUFKDQGLVH EH V�� F� DQG P�

GLPHQVLRQDO F\EHUZRUOGV DQG DUH KHQFH DQ V�FHOO H
V
� D F�

FHOO H
F
DQG DQ P�FHOO H

P
�

,Q 6LWXDWLRQ �� DQ H�FXVWRPHU LGHQWLILHV WKH PHUFKDQGLVH

QDPH RI DQ H�VKRS ZLWK WKDW RI LQWHUHVW RI WKH H�FXVWRPHU

ZKHQ WKH H�PHUFKDQGLVH KDV WKH EHVW SULFH DW WKH H�VKRS�

7KLV VLWXDWLRQ LV FKDUDFWHUL]HG E\ FHOO GHFRPSRVLWLRQ

RSHUDWLRQV IROORZHG E\ LGHQWLILFDWLRQ RSHUDWLRQV� $ FHOO

GHFRPSRVLWLRQ RSHUDWLRQ LV D PDS I WKDW PDSV D JLYHQ Q�

GLPHQVLRQDO FHOO H
Q
WR D GLVMRLQW XQLRQ RI WZR FHOOV H

X
�J�H

Y

�X� Y � Q� VXFK WKDW WKH DWWDFKLQJ PDS J LV SUHVHUYHG

I� )
Q
� )

X
�J�)

Y
 H

Q
� H

X
��HY �

$V ZH H[SODLQ ODWHU� DWWDFKLQJ PDS SUHVHUYDWLRQ DW HDFK

FHOO GHFRPSRVLWLRQ LV WR PDNH FHOO GHFRPSRVLWLRQ

KRPRWRSLF� :KDW ZH GR QRZ LQ WKLV 6LWXDWLRQ � LV WR

FRPH RXW ZLWK D VLWXDWLRQ PRGHO RI WKH 6LWXDWLRQ � DV

IROORZV�

�� &HOO GHFRPSRVLWLRQ� 'HFRPSRVH DQ V�FHOO H
V
DV DQ

H�VKRS� D F�FHOO H
F
DV DQ H�FXVWRPHU DQG DQ P�FHOO

H
P
DV DQ H�PHUFKDQGLVH VXFK WKDW ZH VHSDUDWH DQ

HTXLYDOHQW FHOO H
T
IURP WKH UHVWV WR LGHQWLI\ H�

FRPPHUFH WUDGLQJ UHODWHG DWWULEXWHV� D PHUFKDQGLVH

QDPH� D PHUFKDQGLVH LGHQWLILHU DQG PHUFKDQGLVH

SULFH� IRU H[DPSOH� WR WXUQ H
T
LQWR H

�
�

�� &HOO FRPSRVLWLRQ YLD FHOO DWWDFKPHQW� 7R D F�FHOO H
F

DV DQ H�FXVWRPHU� DWWDFK DQ P�FHOO H
P
DV DQ H�

PHUFKDQGLVH DQG DQ V�FHOO H
V
DV DQ H�VKRS� YLD

DWWDFKLQJ PDSV E\ LGHQWLI\LQJ HTXLYDOHQW FHOOV H
T
�

6LWXDWLRQ � LV PRGHOHG VLPLODUO\ DV D VLWXDWLRQ PRGHO DV

IROORZV�

�� &HOO GHFRPSRVLWLRQ� 7KLV LV VLPLODU WR WKDW RI

6LWXDWLRQ ��

�� &HOO FRPSRVLWLRQ YLD FHOO DWWDFKPHQW� 7R DQ V�FHOO

H
V
DV DQ H�VKRS� DWWDFK P�FHOOV ^H

P

L` DV H�

PHUFKDQGLVHV DQG F�FHOOV ^H
F

L` DV H�FXVWRPHUV� YLD

DWWDFKLQJ PDSV E\ LGHQWLI\LQJ HTXLYDOHQW FHOOV H
T
�

&�� �� �
�
�
'�� ���
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6WDQGLQJ DW WKH JDWH RI WKH QH[W PLOOHQQLXP� LW LV WUXO\

IRUWXQDWH WR OLYH DW WKLV FULWLFDO PRPHQW WR EH DEOH WR

LQIOXHQFH WKH UHDO ZRUOG ZH OLYH LQ D IXQGDPHQWDO ZD\�

(VWDEOLVKLQJ WKH VFLHQFH RI WKH ZHE DQG F\EHUZRUOGV WKDW

DUH H[SHFWHG SOD\ WKH PDMRU UROHV LQ WKH QH[W PLOOHQQLXP

ZLOO HYHQWXDOO\ EH WKH PRVW LPSRUWDQW WR EXLOG WKH ZHE�

EDVHG LQIRUPDWLRQ WHFKQRORJ\� ,QIRUPDWLRQ PRGHOV IRU WKH

ZHE DQG F\EHUZRUOGV DUH NH\ HOHPHQWV LQ WKDW FRQWH[W

EHFDXVH F\EHUZRUOGV DUH LQIRUPDWLRQ ZRUOGV�

,W LV DOVR IRUWXQDWH WKDW ZH KDYH QHFHVVDU\ PDWKHPDWLFDO

IUDPHZRUNV WR FUHDWH WKH VFLHQFH ZH DUH WDONLQJ DERXW DV

FHOOXODU VSDWLDO VWUXFWXUHV� DQG DOVR KRPRWRS\ WKHRU\ WKDW

ZH VNHWFK EHORZ�

+RPRWRS\ WKHRU\ VHUYHV DV WKH IRXQGDWLRQ RI FHOOXODU

VSDWLDO VWUXFWXUHV LQ WKH VHQVH WKDW ZH UHO\ RQ LW ZKHQ ZH

GHDO ZLWK F\EHUZRUOG FKDQJH LQ VSDFH DQG WLPH >�@ WR

DFFRPPRGDWH VSDWLR�WHPSRUDO LQIRUPDWLRQ DQG VSDWLR�

WHPSRUDO RSHUDWLRQV� /HW XV FRQVLGHU WKH FKDQJHV RI D

PDSSLQJ IXQFWLRQ I UHODWLQJ D WRSRORJLFDO VSDFH ; WR

DQRWKHU WRSRORJLFDO VSDFH <� $IWHU WKH FKDQJH� I EHFRPHV

DQRWKHU PDSSLQJ IXQFWLRQ J� ,Q VKRUW� ZH DUH GHVLJQLQJ

WKH FRQWLQXRXV GHIRUPDWLRQ RI I LQWR J ZKHUH

I� J� ; � <�

:H FRQVLGHU WKH GHIRUPDWLRQ GXULQJ WKH QRUPDOL]HG

LQWHUYDO ,  >�� �@ WKDW FDQ EH D WLPH LQWHUYDO RU D VSDFH

LQWHUYDO� /HW XV GHQRWH WKH XQFKDQJLQJ SDUW $ RI WKH

WRSRORJLFDO VSDFH ; DV D VXEVSDFH $ ¯ ;� 7KHQ� ZKDW ZH

DUH GHVLJQLQJ LV D KRPRWRS\ +� ZKHUH

+� ; � , � <

VXFK WKDW

� �[ ± ; � � + �[� ��  I �[� DQG + �[� ��  J �[��� DQG

� �D ± $� �W ± , � � + �D� W�  I �D�  J �D���

I LV VDLG KRPRWRSLF WR J UHODWLYH WR $� DQG GHQRWHG DV

I ! J �UHO $��

1RZ KHUH LV D QHZ GHVLJQ SUREOHP� 7KDW LV� KRZ ZH
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FDQ GHVLJQ WZR WRSRORJLFDO VSDFHV ; DQG < WR EH

KRPRWRSLFDOO\ HTXLYDOHQW ; ! <� QDPHO\ RI WKH VDPH

KRPRWRS\ W\SH� ,W LV GRQH E\ GHVLJQLQJ

I � ; � < DQG K� < � ;

VXFK WKDW

K Í I ! �; DQG I Í K ! �<�

ZKHUH �; DQG �< DUH LGHQWLW\ PDSV

�; � ; � ; DQG �< � < � <�

:H FDQ FKDQJH FHOO GLPHQVLRQV KRPRWRSLFDOO\�

+RPRWRS\ HTXLYDOHQFH LV PRUH JHQHUDO WKDQ WRSRORJ\

HTXLYDOHQFH� +RPRWRS\ HTXLYDOHQFH FDQ LGHQWLI\ D

FKDQJH RI DQ\ F\EHUZRUOG WKDW LV WRSRORJLFDOO\ QRW DQ\

PRUH HTXLYDOHQW DIWHU WKH FKDQJH� :KLOH D F\EHUZRUOG

JRHV WKURXJK FKDQJHV E\ YDULRXV RSHUDWLRQV DQG SURFHVVHV�

WKH FKDQJLQJ SURFHVVHV DUH VSHFLILHG E\ D KRPRWRS\ DQG

YDOLGDWHG E\ KRPRWRS\ HTXLYDOHQFHV� )RU LQVWDQFH� ZH

FDQ VHH ZK\ ZH SUHVHUYH DQ DWWDFKLQJ PDS ZKHQ ZH

SHUIRUP HDFK FHOO GHFRPSRVLWLRQ� LW LV WR PDNH FHOO

GHFRPSRVLWLRQ KRPRWRSLF VR WKDW ZH FDQ UHYHUVH WKH

GHFRPSRVLWLRQ�

$V D PDWWHU RI IDFW� UHVHDUFKLQJ RQ KRPRWRSLF

LQIRUPDWLRQ PRGHOV LV D FKDOOHQJLQJ DUHD WR ILQG RXW WKH

VFLHQFH RI LQIRUPDWLRQ PRGHOV� ,W SURYLGHV DQ LQWHUHVWLQJ

VXEMHFW WR VHH ZKDW LQIRUPDWLRQ RSHUDWLRQV DUH

KRPRWRSLFDOO\ HTXLYDOHQW�

*��+���������

>�@ 3� .HQQHG\� ³7KH 5LVH DQG )DOO RI WKH *UHDW 3RZHUV�´

5DQGRP +RXVH� 1HZ <RUN� �����

>�@ 7� /� .XQLL� ³3D[ -DSRQLFD�´ �LQ -DSDQHVH�� 3UHVLGHQW &R��

/WG�� 7RN\R� 2FWREHU �����

>�@ 7� /� .XQLL� ³&UHDWLQJ D 1HZ :RUOG LQVLGH &RPSXWHUV �
0HWKRGV DQG ,PSOLFDWLRQV�´� 3URF� RI WKH 6HYHQWK $QQXDO
&RQIHUHQFH RI WKH $XVWUDOLDQ 6RFLHW\ IRU &RPSXWHUV LQ
/HDUQLQJ LQ 7HUWLDU\ (GXFDWLRQ �$6&,/,7( ���� *� %LVKRS
DQG -� %DNHU �HGV��� SS� ������ *ROG &RDVW� $XVWUDOLD�
'HFHPEHU ������ ����� >DOVR DYDLODEOH DV 7HFKQLFDO 5HSRUW
������� 'HSW� RI ,QIRUPDWLRQ 6FLHQFH� 7KH 8QLYHUVLW\ RI
7RN\R@�

>�@ 7� /� .XQLL� ³7KH $UFKLWHFWXUH RI 6\QWKHWLF :RUOGV´�
&\EHUZRUOGV� 7� /� .XQLL DQG $� /XFLDQL �HGV��� SS������
6SULQJHU� 7RN\R� �����

>�@ +� ± -� %DXHV� ³+RPRWRS\ 7\SHV DQG +RPRORJ\´� 2[IRUG

8QLYHUVLW\ 3UHVV� 2[IRUG� �����

>�@ )� )ULWVFK DQG 5� $� 3LFFLQLQL� ³&HOOXODU 6WUXFWXUHV LQ
7RSRORJ\´� &DPEULGJH 8QLYHUVLW\ 3UHVV� &DPEULGJH� �����

>�@ 7� /� .XQLL� ³+RPRWRS\ 0RGHOLQJ DV :RUOG 0RGHOLQJ´�

3URFHHGLQJV RI &RPSXWHU *UDSKLFV ,QWHUQDWLRQDO 
��

�&*,���� �-XQH ����� ����� &DQPRUH� $OEHUWD� &DQDGD� SS�

�������� ,((( &RPSXWHU 6RFLHW\ 3UHVV� /RV $ODPLWRV�

&DOLIRUQLD� 8� 6� $�
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