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,Q WKH nUVW SDUW RI WKH WZHQWLHWK FHQWXU\� WKHUH ZDV D FULVLV LQ WKH IRXQGDWLRQV RI

PDWKHPDWLFV� SUHFLSLWDWHG LQ SDUW E\ WKH GLVFRYHU\ RI SDUDGR[HV VXFK DV 5XVVHOO
V

SDUDGR[ DERXW WKH VHW RI DOO VHWV� DQG LQ SDUW E\ WKH ZRUN RI =HUPHOR� ZKR

SURYHG WKH FRXQWHULQWXLWLYH WKHRUHP WKDW HYHU\ VHW FDQ EH ZHOO�RUGHUHG�� 7KH

XVXDO RUGHULQJ RQ WKH VHW RI UHDO QXPEHUV LV QRW D ZHOO�RUGHULQJ�� EXW =HUPHOR
V

WKHRUHP LPSOLHV WKDW WKHUH PXVW EH D ZHOO�RUGHULQJ RI WKH UHDOV� 6LQFH QRERG\

FRXOG nQG VXFK D ZHOO�RUGHULQJ� WKH SURRI ZDV FORVHO\ H[DPLQHG� DQG OHG WR PXFK

GLVFXVVLRQ��

:KDW GRHV LW PHDQ WR VD\ WKDW D ZHOO�RUGHULQJ RI WKH UHDOV H[LVWV LI ZH FDQ
W

nQG RQH" 7KH GLVFXVVLRQ RI WKLV LVVXH OHG WR =HUPHOR
V IRUPXODWLRQ RI WKH D[LRP

RI FKRLFH� DQG SUREDEO\ FRQWULEXWHG WR %URXZHU
V GHYHORSPHQW RI LQWXLWLRQLVP�

%URXZHU PDLQWDLQHG WKDW LW PHDQV QRWKLQJ DW DOO WR VD\ WKDW D ZHOO�RUGHULQJ

RI WKH UHDOV H[LVWV LI ZH FDQ
W nQG RQH� 2WKHU PDWKHPDWLFLDQV� QRWDEO\ 'DYLG

+LOEHUW� GLVDJUHHG� DQG WKH FRQWURYHUV\ KDV QHYHU EHHQ GHnQLWLYHO\ VHWWOHG� ,Q�

VWHDG� ZKDW KDSSHQHG ZDV WKDW D[LRPV IRU VHW WKHRU\� RULJLQDOO\ GHYHORSHG WR

�$ ZHOO�RUGHULQJ RI D VHW ; LV DQ RUGHULQJ UHODWLRQ [ � \ RQ WKH VHW VXFK WKDW ��� LW REH\V
WKH XVXDO D[LRPV RI RUGHU� QDPHO\� [ � \ DQG \ � ] LPSOLHV [ � ]� [ � [ LV LPSRVVLEOH� DQG
LI [ � \ WKHQ [ � \ RU \ � [� DQG ��� HYHU\ VXEVHW RI ; KDV D OHDVW HOHPHQW� WKDW LV� IRU
HYHU\ VXEVHW $ RI ;� WKHUH LV DQ HOHPHQW E RI $ VXFK WKDW E � F ZKHQHYHU F LV D PHPEHU RI $
GLmHUHQW IURP E�

�7KH VHW RI SRVLWLYH QXPEHUV� IRU H[DPSOH� KDV QR OHDVW HOHPHQW�
�, GR QRW PHDQ WR LPSO\ WKDW WKH ?FULVLV LQ IRXQGDWLRQV� EHJDQ VXGGHQO\ ZLWK 5XVVHOO
V

SDUDGR[ DQG =HUPHOR
V WKHRUHP� &DQWRU KDG DOUHDG\ GHULYHG SDUDGR[HV LQ VHW WKHRU\� ZKLFK
KH VROYHG E\ UHMHFWLQJ WKH $EVROXWH ,QnQLW\� DQG WKHUH KDG EHHQ FRQWURYHUVLHV EHWZHHQ .UR�
QHFNHU DQG 'HGHNLQG� DQG EHWZHHQ *RUGDQ DQG +LOEHUW� %XW =HUPHOR
V WKHRUHP GHDOW ZLWK
WKH FRQWLQXXP� QRW VRPH VWUDQJH VHWV RQ WKH IULQJH RI PDWKHPDWLFV� DQG ZKLOH LW ZDV QRW D
FRQWUDGLFWLRQ� LW FHUWDLQO\ VHHPHG FRXQWHULQWXLWLYH�
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FODULI\ WKH LVVXHV LQYROYHG LQ =HUPHOR
V SURRI� EHFDPH UHJDUGHG DV WKH ?IRXQGD�

WLRQ� RI PDWKHPDWLFV� VR WKDW ZKHQ PDWKHPDWLFLDQV nQG WKHPVHOYHV ZRQGHULQJ

RU GLVDJUHHLQJ DERXW WKH XOWLPDWH PHDQLQJ RI D SLHFH RI PDWKHPDWLFV� WKH\

XVXDOO\ VWRS DUJXLQJ ZKHQ WKH\ KDYH VHHQ KRZ WR UHGXFH WKH PDWKHPDWLFV LQ

TXHVWLRQ WR VHW WKHRU\� :KLOH VRPH SKLORVRSKHUV FRQWLQXHG WR H[DPLQH WKH EDVLF

LVVXHV� PRVW PDWKHPDWLFLDQV SUHIHUUHG WR JHW RQ ZLWK WKH PDWKHPDWLFV� -XVW WR

EH H[SOLFLW� KHUH LV D OLVW RI WKH ?EDVLF LVVXHV� LQ TXHVWLRQ�

q :KDW LV UHDO� DQG KRZ GR ZH NQRZ LW"

q :KDW GRHV LW PHDQ WR VD\ D WKLQJ H[LVWV"

q &DQ WKLQJV H[LVW WKDW ZH FDQ
W NQRZ DERXW"

q &DQ WKLQJV H[LVW WKDW ZH GRQ
W NQRZ KRZ WR nQG"

q :KDW GRHV LW PHDQ WR VD\ VRPHWKLQJ LV WUXH"

q +RZ FDQ ZH NQRZ ZKHWKHU VRPHWKLQJ LV WUXH"

q &DQ WKLQJV EH WUXH WKDW ZH FDQ
W HYHU NQRZ WR EH WUXH"

:LWKLQ nIWHHQ \HDUV RI 5XVVHOO
V SDUDGR[ DQG WKH IXURU RYHU =HUPHOR
V SURRI�

/� (� -� %URXZHU KDG JLYHQ DQVZHUV WR DOO RI WKH TXHVWLRQV DERYH� DW OHDVW LQ

WKH UHDOP RI PDWKHPDWLFV� LQ KLV SKLORVRSK\ NQRZQ DV LQWXLWLRQLVP� %URXZHU
V

DQVZHUV ZHUH DV IROORZV� :KDW LV UHDO� LQ PDWKHPDWLFV DW OHDVW� LV WKDW ZKLFK FDQ

EH FRQVWUXFWHG� :KDW LW PHDQV WR VD\ D WKLQJ H[LVWV� LV WKDW ZH NQRZ KRZ WR

FRQVWUXFW LW� &RQVHTXHQWO\� LI D WKLQJ H[LVWV� ZH DW OHDVW NQRZ KRZ WR FRQVWUXFW

LW� VR WKHUH FDQ
W EH WKLQJV ZH GRQ
W NQRZ DERXW RU FDQ
W nQG� :KDW LW PHDQV

WR VD\ D WKLQJ LV WUXH LV WKDW ZH KDYH D SURRI RI LW�� DQG WKDW LV DOVR WKH ZD\�

DQG WKH RQO\ ZD\� WKDW ZH FDQ NQRZ D WKLQJ LV WUXH� &RQVHTXHQWO\ WKHUH FDQ
W

EH WUXH WKLQJV WKDW ZH FDQ
W HYHU NQRZ WR EH WUXH�

%URXZHU
V DQVZHUV ZHUH UHMHFWHG E\ D PDMRULW\ RI PDWKHPDWLFLDQV� DORQJ ZLWK

WKH SKLORVRSKLFDO V\VWHP WKDW VXSSRUWHG WKRVH DQVZHUV� )RU H[DPSOH� %URXZHU
V

IDPRXV RSSRQHQW� 'DYLG +LOEHUW� VWURQJO\ GLVDJUHHG ZLWK %URXZHU DERXW ERWK

UHDOLW\ DQG WUXWK� )RU KLP UHDOLW\ GLG QRW GHSHQG RQ RXU FRQVWUXFWLRQV� +H

ZRXOG KDYH DJUHHG ZLWK WKH VWDWHPHQW DWWULEXWHG WR )UHJH� WKDW PDWKHPDWL�

FLDQV GLVFRYHU WKHRUHPV LQ WKH VDPH ZD\ WKDW H[SORUHUV GLVFRYHU LVODQGV� <HW

+LOEHUW
V DQVZHU WR WKH ODVW TXHVWLRQ� HQJUDYHG RQ KLV WRPEVWRQH�� LV WKH VDPH

DV %URXZHU
V� ZKDWHYHU LV WUXH FDQ EH SURYHG� :KLOH IRU %URXZHU WKLV ZDV D

FRQVHTXHQFH RI WKH PHDQLQJV RI WKH WHUPV� IRU +LOEHUW LW ZDV DQ DUWLFOH RI IDLWK�

,Q VSLWH RI WKHLU UHMHFWLRQ� %URXZHU
V LGHDV FRQWLQXHG WR GUDZ WKH LQWHUHVW

RI VRPH SKLORVRSKHUV� ORJLFLDQV� DQG D IHZ PDWKHPDWLFLDQV� DQG KDYH QRW EHHQ

GHnQLWLYHO\ SURYHG ZURQJ� 1RZ WKH WZHQWLHWK FHQWXU\ LV GUDZLQJ WR D FORVH� DQG

�3URRI IRU %URXZHU PHDQW PHQWDO FRQVWUXFWLRQ� QRW D OLQJXLVWLF RU V\PEROLF REMHFW�
�+LV HSLWDSK �VHH WKH ODVW SDUDJUDSK RI >��@� LV OLWHUDOO\� ?:LU P�XVVHQ ZLVVHQ� :LU ZHUGHQ

ZLVVHQ�� �:H PXVW NQRZ� :H ZLOO NQRZ��
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GXULQJ WKH LQWHUYHQLQJ GHFDGHV� WKHUH KDV EHHQ UHOHYDQW VFLHQWLnF DQG PDWKHPDW�

LFDO SURJUHVV� 7KH TXHVWLRQ WR EH DGGUHVVHG LQ WKLV SDSHU LV WKH IROORZLQJ� :KDW�

LI DQ\WKLQJ� KDV WZHQWLHWK�FHQWXU\ SURJUHVV LQ SK\VLFV� PDWKHPDWLFV� DQG ORJLF

FRQWULEXWHG WR RXU XQGHUVWDQGLQJ RI WKH SKLORVRSKLFDO TXHVWLRQV OLVWHG DERYH"�

:H ZLOO VHH ZKHWKHU %URXZHU
V DQVZHUV VWDQG XS XQGHU WKH OLJKW RI D FHQWXU\ RI

VFLHQWLnF SURJUHVV� DQG ZKDW DQVZHUV� LI DQ\� RXU SURJUHVV KDV VXSSOLHG�

7R VWDUW ZLWK� , ZLOO OLVW WKH PDLQ DFKLHYHPHQWV RI WKH FHQWXU\ ZKLFK PD\ EH

UHOHYDQW� PRUH RU OHVV FKURQRORJLFDOO\�

q 7KH GHYHORSPHQW RI IRUPDO ORJLF DQG D[LRPDWLF V\VWHPV� E\ 5XVVHOO� =HU�

PHOR� +LOEHUW� +H\WLQJ� DQG RWKHUV

q 7KH UHRUJDQL]DWLRQ RI PDWKHPDWLFV DORQJ VHW�WKHRUHWLF OLQHV� E\ WKH %RXUEDNL�

DQG RWKHUV�

q 7KH VFLHQWLnF DQDO\VLV RI WKH QRWLRQ RI ?DOJRULWKP� E\ &KXUFK� .OHHQH� DQG

7XULQJ LQ WKH WKLUWLHV

q 7KH XQGHUVWDQGLQJ RI WKH GLmHUHQFH EHWZHHQ V\QWD[ DQG VHPDQWLFV� DQG

WKHLU FRQQHFWLRQ WKURXJK WKH FRPSOHWHQHVV WKHRUHP IRU nUVW�RUGHU ORJLF

q 4XDQWXP PHFKDQLFV

q 7KH UHFXUVLYH XQVROYDELOLW\ RI WKH KDOWLQJ SUREOHP

q 7KH LQFRPSOHWHQHVV WKHRUHPV

q 7DUVNL
V GHnQLWLRQ RI WUXWK DQG WKH UHODWHG WKHRUHP RQ XQGHnQDELOLW\

q .OHHQH
V UHFXUVLYH UHDOL]DELOLW\ LQWHUSUHWDWLRQ

q 7KH LQGHSHQGHQFH SURRIV LQ VHW WKHRU\

, ZLOO VHW JURXQG UXOHV IRU WKH GLVFXVVLRQ WR IROORZ� )LUVW� , ZLOO DVVXPH WKDW

WKHUH LV VXFK D WKLQJ DV UHDOLW\� WKDW LV� , SURSRVH WR GLVPLVV WKH VROLSVLVW SRVLWLRQ

ZLWKRXW GLVFXVVLRQ�� 6HFRQG� DV XVHG LQ WKLV SDSHU� H[LVWHQFH LV D ELQDU\ SURS�

HUW\� -XVW DV \RX FDQ
W EH ?D OLWWOH ELW SUHJQDQW� RU ?D OLWWOH ELW GHDG�� \RX FDQ
W

EH ?D OLWWOH ELW UHDO�� (LWKHU \RX H[LVW� RU \RX GRQ
W� 7KLUG� H[LVWHQFH FDQQRW EH

�7KH WLWOH RI WKLV SDSHU ZRXOG KDYH D PXFK QLFHU ULQJ LQ 'XWFK� :HUNHOLMNKHLG HQ :DDUKHLG

LQ :LVNXQGH� $OO WKUHH RI WKHVH ZRUGV KDYH PHDQLQJIXO RYHUWRQHV� ZHUNHOLMNKHLG LPSOLHV
WKDW UHDOLW\ LV WKDW ZKLFK LV ZRUNDEOH� WKDW ZLWK ZKLFK ZH FDQ ZRUN� :DDUKHLG FDUULHV WKH
LPSOLFDWLRQ WKDW WUXWK LV WHVWDEOH� VRPHWKLQJ LV WUXH LI ZH FDQ nQG D ZDUUDQW IRU LW� D UHDVRQ WR
DVVHUW LW� $QG ZLVNXQGH� WKH 'XWFK ZRUG IRU PDWKHPDWLFV� PHDQV OLWHUDOO\ ?H[DFW NQRZOHGJH��
1RQH RI WKH (QJOLVK ZRUGV KDYH VXFK ULFK FRQQRWDWLRQV� DQG EHVLGHV� LQ 'XWFK WKH WLWOH LV
DOOLWHUDWLYH� $V LW WXUQV RXW� %URXZHU SXEOLVKHG D 'XWFK WUDQVODWLRQ RI KLV IDPRXV ����
SDSHU 7KH XQUHOLDELOLW\ RI WKH ORJLFDO SULQFLSOHV LQ ���� XQGHU WKH WLWOH :LVNXQGH� ZDDUKHLG�

ZHUNHOLMNKHLG� �6HH WKH WDEOH RI FRQWHQWV RI >�@�� , GLG QRW NQRZ WKDW ZKHQ , JDYH WKLV SDSHU
D WLWOH�

�7KH %RXUEDNL ZHUH D JURXS RI )UHQFK PDWKHPDWLFLDQV ZKRVH FRRUGLQDWHG HmRUWV DW ZULWLQJ
PDWKHPDWLFV LQ D PRUH IRUPDO ZD\ ZHUH YHU\ LQoXHQWLDO�

�7KDW %URXZHU ZDV QRW D VROLSVLVW LV HYLGHQW� IRU H[DPSOH� IURP WKH nUVW SDJH RI >�@�
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GHnQHG LQ WHUPV RI VRPHWKLQJ VLPSOHU� &UHDWLRQ� H[LVWHQFH� DQG GHVWUXFWLRQ DUH

HOHPHQWDO DQG IXQGDPHQWDO��

'LVFODLPHU� *LYHQ WKH VWDWHG DLP RI WKH SDSHU� D FHUWDLQ DPRXQW RI KLVWRULFDO

GLVFXVVLRQ LV QHFHVVDU\� EXW , ZLVK WR HPSKDVL]H WKDW WKH SULPDU\ VXEMHFW RI WKLV

SDSHU LV SKLORVRSK\ RI PDWKHPDWLFV� QRW LWV KLVWRU\� $ FRPSOHWH KLVWRU\ RI

ZRUN UHOHYDQW WR WKH TXHVWLRQV OLVWHG DERYH ZRXOG UHTXLUH D PXFK ORQJHU DQG

PRUH VFKRODUO\ ZRUN� DQG ZRXOG FHUWDLQO\ JR EDFN DW OHDVW KDOI D FHQWXU\ EHIRUH

%URXZHU� ZKRVH ZRUN LV WDNHQ DV WKH VWDUWLQJ SRLQW KHUH�

$FNQRZOHGJHPHQWV � %RULV .XVKQHU� :LOIULHG 6LHJ� DQG 5LFKDUG 7LHV]HQ UHDG

GUDIWV RI WKLV SDSHU DQG VXSSOLHG YDOXDEOH FULWLFLVPV� IRU ZKLFK , WKDQN WKHP�

� 7KH PHDQLQJ RI H[LVWHQFH

7KH FRQFHSW RI H[LVWHQFH LV FHQWUDO WR VHYHUDO RI WKH ?EDVLF LVVXHV�� ,W LV D FRQFHSW

WKDW FDPH H[SOLFLWO\ WR WKH IRUH ZKHQ =HUPHOR FODLPHG WR SURYH WKH H[LVWHQFH RI

D ZHOO�RUGHULQJ WKDW QRERG\ FRXOG H[KLELW� ([LVWHQFH LV LQYROYHG LQ WKH 5XVVHOO

SDUDGR[� ZKLFK VKRZV WKDW D FHUWDLQ VHW 5  I[ � [�� [J FDQQRW H[LVW� DOWKRXJK
RQH LV VXUSULVHG E\ WKLV IDFW� VLQFH LWV GHnQLWLRQ VHHPV VLPSOH HQRXJK XQWLO RQH

VHHV WKH SDUDGR[� ([LVWHQFH LV LQYROYHG LQ WKH VROXWLRQ SXW IRUWK WR WKH SDUDGR[

E\ 5XVVHOO DQG :KLWHKHDG� LQ 3ULQFLSLD 0DWKHPDWLFD� ZKLFK LQYROYHG EXLOGLQJ

D KLHUDUFK\ RI VHWV� VHWV RI VHWV� VHWV RI VHWV RI VHWV� HDFK RQH RI ZKRVH H[LVWHQFH

FRXOG EH VDIHO\ DVVXPHG RU SURYHG� DQG ZKLFK ZRXOG QRW LQFOXGH WKH VHW 5�

%URXZHU
V FHQWUDO SRLQW ZDV WKDW QR VHQVLEOH PHDQLQJ FRXOG EH DWWDFKHG WR

WKH SKUDVH ?WKHUH H[LVWV� RWKHU WKDQ ?ZH FDQ nQG�� DQG WKDW WKHUHIRUH PDWKH�

PDWLFV VKRXOG EH GRQH XVLQJ WKDW PHDQLQJ� OHW WKH FKLSV IDOO ZKHUH WKH\ PD\�

([LVWHQFH LV D SKLORVRSKLFDO LVVXH WKDW IDU WUDQVFHQGV PDWKHPDWLFV� DQG KDV

EHHQ FRQVLGHUHG IRU PLOOHQLD E\ SKLORVRSKHUV� ,W KDV DOVR UHFHLYHG FRQVLGHUDEOH

DWWHQWLRQ LQ WKLV FHQWXU\ IURP SK\VLFLVWV VHHNLQJ WR XQGHUVWDQG WKH P\VWHULHV

RI WKH VXEDWRPLF ZRUOG DQG WKH RULJLQ RI WKH XQLYHUVH� LQ FRQGLWLRQV ZKHUH WKH

TXDQWXP QDWXUH RI UHDOLW\ LV QRW PDVNHG E\ VWDWLVWLFDO DYHUDJHV� )RU H[DPSOH�

RQH RI WKH IXQGDPHQWDO TXHVWLRQV DERXW H[LVWHQFH LV ZKHWKHU WKLQJV WKDW H[LVW�

KDYH DQ H[LVWHQFH LQGHSHQGHQW RI WKH PLQG� RU ZKHWKHU WKH PLQG LV VRPHKRZ QHF�

HVVDULO\ LQYROYHG LQ H[LVWHQFH� 7KLV TXHVWLRQ FDPH XS LQ RQH IRUP LQ FRQQHFWLRQ

ZLWK %URXZHU
V LQWXLWLRQLVP� DQG LQ DQRWKHU IRUP LQ FRQQHFWLRQ ZLWK TXDQWXP

PHFKDQLFV� DQG ZDV FRQVLGHUHG DOUHDG\ WKRXVDQGV RI \HDUV DJR� ,Q WKLV VHF�

WLRQ� WKHUHIRUH� ZH FRQVLGHU WKH PHDQLQJ RI H[LVWHQFH� DQG VSHFLnFDOO\� ZKHWKHU

DQG ZKDW WZHQWLHWK�FHQWXU\ SURJUHVV KDV FRQWULEXWHG WR RXU XQGHUVWDQGLQJ RI

H[LVWHQFH�

�$OO UHOLJLRQV DGGUHVV WKHVH WKUHH SURFHVVHV� +LQGXLVP LQ SDUWLFXODU JLYHV *RG WKUHH PDMRU

DVSHFWV� %UDKPD WKH &UHDWRU� 9LVKQX WKH 3UHVHUYHU� 6KLYD WKH 'HVWUR\HU�
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��� ([DPSOHV

,W LV QRW REYLRXV WKDW ZH DOZD\V PHDQ WKH VDPH WKLQJ ZKHQ ZH XVH WKH ZRUG ?H[�
LVWHQFH� RU WKH ZRUGV ?WKHUH H[LVWV�� &RQVLGHU WKH IROORZLQJ H[DPSOHV� DQG DVN
\RXUVHOI ZKDW LW PHDQV IRU WKHVH WKLQJV WR H[LVW� WDEOHV� FKDLUV� DQG EHHU PXJV�
HOHFWURQV� nHOGV �DV WKH HOHFWURPDJQHWLF nHOG�� VSDFH �QRW ?RXWHU VSDFH�� EXW WKH
VSDFH LQ ZKLFK WKLQJV DUH SODFHG DQG ORFDWHG�� ZDYH IXQFWLRQV� DEVWUDFWLRQV OLNH
MXVWLFH� WUXWK� EHDXW\� ,GHDV LQ WKH 3ODWRQLF VHQVH� PLQGV DQG ?,�� *RG�

,Q WKH UHDOP RI PDWKHPDWLFV� DVN \RXUVHOI ZKDW LW PHDQV IRU WKH IROORZLQJ
WKLQJV WR H[LVW� DQG ZKHWKHU LW PHDQV WKH VDPH WKLQJ LQ HDFK FDVH� LQWHJHUV�
IXQFWLRQV IURP LQWHJHUV WR LQWHJHUV �VHTXHQFHV RI LQWHJHUV�� UHDO QXPEHUV� VHWV RI
QXPEHUV� LQnQLWHVLPDOV DQG QRQ�VWDQGDUG UHDOV� PHDVXUDEOH FDUGLQDOV� WKH VHW
RU FODVV RI DOO VHWV �WKH ?VHW�WKHRUHWLF XQLYHUVH���

&RPPRQSODFH REMHFWV OLNH WDEOHV� FKDLUV� DQG EHHU PXJV VHHP WR H[LVW EH�
FDXVH WKH\ DUH WDQJLEOH� L�H�� WKH\ SURGXFH VHQVH�LPSUHVVLRQV� 7KH SKLORVRSKLFDO
YLHZ NQRZQ DV QDLYH UHDOLVP VD\V WKDW UHDOLW\ LV WKDW ZKLFK FRUUHVSRQGV WR RXU
VHQVH�LPSUHVVLRQV��� 7KLV YLHZ ZRXOG UHTXLUH XV WR UHMHFW DV XQUHDO �WKDW LV�
QRQH[LVWHQW� DOO WKH RWKHU LWHPV LQ WKH OLVW� (OHFWURQV� IRU H[DPSOH� FDQQRW EH
VHQVHG GLUHFWO\� WKHLU H[LVWHQFH LV LQIHUUHG IURP WKHLU HmHFWV RQ PHDVXULQJ LQ�
VWUXPHQWV� %XW LQ DSSURSULDWH H[SHULPHQWV� ZH FDQ GHWHUPLQH WKHLU VL]H� VKDSH�
PDVV� GLDPHWHU� DQG HOHFWULFDO FKDUJH� ZKLFK HQDEOHV XV WR IRUP D JRRG PHQWDO
PRGHO RI ?DQ HOHFWURQ�� (YHQ VR� WKHLU H[LVWHQFH LV QRW TXLWH RQ WKH VDPH IRRWLQJ
DV WDEOHV� FKDLUV� DQG EHHU PXJV� EHFDXVH DFFRUGLQJ WR SK\VLFV� DQ\ WZR HOHFWURQV
DUH DEVROXWHO\ LQWHUFKDQJHDEOH� ,I VRPHRQH VQHDNLO\ VZLWFKHG \RXU HOHFWURQ IRU
DQRWKHU RQH ZKLOH \RX ZHUHQ
W ORRNLQJ� \RX FRXOGQ
W WHOO� DQG QRW MXVW LQ SUDF�
WLFH� LQ SULQFLSOH \RX FRXOGQ
W WHOO� 7KLV VHHPV WR UXQ FRXQWHU WR RXU LQWXLWLYH
IHHOLQJ WKDW ZKHQ D WKLQJ H[LVWV� LW FDQ EH GLVWLQJXLVKHG IURP WKH UHVW RI WKH
XQLYHUVH� 1HYHUWKHOHVV� QRERG\ GHQLHV �QRZDGD\V DW OHDVW� WKDW HOHFWURQV H[LVW�
ZH VHHP WR IHHO WKDW DQ\WKLQJ ZLWK D ORQJ OLVW RI SURSHUWLHV PXVW H[LVW^VRPHWKLQJ

PXVW EH WKHUH WR KDYH WKH SURSHUWLHV�
:KHQ ZH FRPH WR nHOGV� VXFK DV WKH HOHFWURPDJQHWLF RU JUDYLWDWLRQDO nHOG�

RSLQLRQ PD\ QRW EH TXLWH XQDQLPRXV� 6RPH PD\ LQVLVW WKDW WKH JUDYLWDWLRQDO
nHOG LV PHUHO\ D PHQWDO FRQVWUXFWLRQ� D nJPHQW RI WKH LPDJLQDWLRQ� ,Q RXU PLQGV�
ZH DVVLJQ D QXPEHU WR HDFK SRLQW LQ VSDFH� DQG ZH FDOO WKDW WKH JUDYLWDWLRQDO
nHOG� 2Q WKH RWKHU KDQG� DFFRUGLQJ WR (LQVWHLQ� WKH nHOG KDV PDVV DQG DWWUDFWV
RWKHU PDWWHU� MXVW DV DQ HOHFWURQ GRHV� DQG H[HUWV LWV HmHFWV RQ PHDVXULQJ LQ�
VWUXPHQWV� 4XDQWXP WKHRU\ KDV VKRZQ XV WKDW WKH WUXWK LV PRUH FRPSOLFDWHG�
QHLWKHU nHOGV QRU WKH SDUWLFOHV ZKLFK ?FDUU\ WKH nHOG� FDQ H[LVW ZLWKRXW WKH
RWKHU� 7KH SKRWRQ LV WKH FDUULHU RI WKH HOHFWURPDJQHWLF nHOG� IRU H[DPSOH� DQG
WKH JUDYLWRQ LV WKH FDUULHU RI WKH JUDYLWDWLRQDO nHOG� (YHQ WKRXJK QR JUDYLWRQ
KDV HYHU EHHQ GHWHFWHG� HYHU\ SK\VLFLVW EHOLHYHV JUDYLWRQV H[LVW DQG DUH HYHU\
ELW DV UHDO DV SKRWRQV� 7KH FODVVLFDO nHOG KDV EHHQ VKRZQ QRW WR H[LVW DIWHU DOO�
LW ZDV RQO\ D nJPHQW RI RXU LPDJLQDWLRQV XVHG LQ DQ DSSUR[LPDWH WKHRU\�

��)RU D FODVVLF UHIXWDWLRQ RI QDLYH UHDOLVP� VHH 5XVVHOO>��@�
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:KLOH WKH FODVVLFDO nHOG KDV EHHQ VKRZQ QRW WR H[LVW LQ P\ OLIHWLPH� RQ
WKH RWKHU KDQG� WKH TXDUN KDV EHHQ VKRZQ WR H[LVW� :KLOH , ZDV D VWXGHQW LQ
WKH ����
V� TXDUNV ZHUH UHJDUGHG DV PDWKHPDWLFDO nFWLRQV WKDW FRXOG QHYHU EH
REVHUYHG� 1RZ WKH\ DUH DV UHDO DV HOHFWURQV >��@�

0RYLQJ IXUWKHU GRZQ WKH OLVW� XQDQLPLW\ RI RSLQLRQ EUHDNV GRZQ FRPSOHWHO\�
WKHUH DUH GR]HQV RI RSLQLRQV DERXW WKH QDWXUH RI WKH H[LVWHQFH RI ?,�� LQFOXGLQJ
WKH %XGGKLVW SRVLWLRQ WKDW WKH ?,� GRHV QRW UHDOO\ H[LVW��� DQG WKH +LQGX SRVLWLRQ
WKDW LW GRHV QRW H[LVW VHSDUDWHO\ IURP *RG��� 2WKHU IXQGDPHQWDO TXHVWLRQV RQ
ZKLFK WKHUH LV QR XQDQLPLW\ DUH� ZKHWKHU WKH H[LVWHQFH RI WKH ?,� LV LQGHSHQGHQW
RI WKH H[LVWHQFH RI WKH ERG\� DQG ZKHWKHU *RG H[LVWV�

,Q WKH PDWKHPDWLFDO XQLYHUVH� WKHUH LV D VLPLODU SURJUHVVLRQ IURP WKH IDPLOLDU
DQG FRQFUHWH WKLQJV� ZKRVH H[LVWHQFH LV XQLYHUVDOO\ UHFRJQL]HG� WR WKH ?IULQJHV��
ZKHUH XQDQLPLW\ EUHDNV GRZQ� EXW WKH LVVXHV RI H[LVWHQFH DUH QHYHUWKHOHVV VLJ�
QLnFDQW RQHV� .URQHFNHU PDGH WKH IDPRXV UHPDUN WKDW ?*RG PDGH WKH SRVLWLYH
LQWHJHUV� WKH UHVW LV GXH WR PDQ�� 7KLV VHHPV WR V\PEROL]H WKH IDFW WKDW WKH
LQWHJHUV DUH ?DOPRVW WDQJLEOH�� $OWKRXJK RI FRXUVH WKH\ DUH QRW VHQVH�REMHFWV�
ZH VHHP WR KDYH GLUHFW PHQWDO H[SHULHQFH RI WKH SRVLWLYH LQWHJHUV� ,W LV QRZ DQ
HOHPHQWDU\ H[HUFLVH WR FRQVWUXFW WKH QHJDWLYH DQG WKHQ WKH UDWLRQDO QXPEHUV
IURP WKH LQWHJHUV� VR WKH QH[W TXHVWLRQ RI H[LVWHQFH LV WKH VHTXHQFHV RI LQWHJHUV�
+HUH WKHUH LV DOUHDG\ D GLYHUJHQFH RI RSLQLRQ� PXVW D VHTXHQFH EH JLYHQ E\ D
UXOH� RU FDQ LW EH GHWHUPLQHG E\ DQ DUELWUDU\ VHW RI SDLUV KQ�PL SURYLGHG ZH
FDQ SURYH VLQJOH�YDOXHGQHVV �RQO\ RQH P IRU HDFK Q�" &DXFK\ VKRZHG XV KRZ WR
FRQVWUXFW UHDO QXPEHUV IURP VHTXHQFHV RI UDWLRQDOV� VR WKH H[LVWHQFH TXHVWLRQ IRU
VHTXHQFHV RI LQWHJHUV LV WKH VDPH DV IRU UHDOV� 6HWV RI QXPEHUV FDQ FHUWDLQO\ EH
GHWHUPLQHG E\ D GHnQLQJ SURSHUW\� EXW GR WKHUH H[LVW VHWV RI QXPEHUV ZLWKRXW
DQ\ GHnQLQJ SURSHUW\" 7KLV LV RQH RI WKH TXHVWLRQV RQ ZKLFK GHnQLWH SURJUHVV
KDV EHHQ PDGH LQ WKLV FHQWXU\� DV ZH ZLOO VHH EHORZ�

1RQ�VWDQGDUG DQG LQnQLWHVLPDO UHDOV� ZKLFK ZHUH XVHG DW WKH HQG RI WKH VHY�
HQWHHQWK FHQWXU\ E\ WKH IRXQGHUV RI FDOFXOXV� ZHUH UHVXVFLWDWHG DQG SODFHG RQ D
PRGHUQ IRRWLQJ E\ $EUDKDP 5RELQVRQ� %XW PRVW PDWKHPDWLFLDQV SUREDEO\ IHHO
WKDW WKH\ GRQ
W UHDOO\ H[LVW� 7KH\ WDNH D YLHZ PXFK OLNH WKH YLHZ WKDW JUDYLWD�
WLRQDO nHOGV GRQ
W UHDOO\ H[LVW� WKHVH QXPEHUV DUH PHQWDO FUHDWLRQV� nJPHQWV RI
WKH LPDJLQDWLRQ� 7UXH� \RX FDQ XVH WKHP� EXW WKH\ DUHQ
W UHDO LQ WKH VDPH VHQVH
DV {� $ JRRG WKHRU\ RI PDWKHPDWLFDO H[LVWHQFH VKRXOG RmHU WRROV WR DQVZHU WKLV
TXHVWLRQ� GR LQnQLWHVLPDOV H[LVW� RU QRW" ,W VHHPV WKDW KDUGO\ DQ\RQH LV ZLOOLQJ
WR GHIHQG WKHLU H[LVWHQFH �VHH >��@�>��@ IRU RQH� VHH DOVR >��@� SDJH ���m� EXW ,

��)RU H[DPSOH� ?.QRZ WKDW WKHUH LV QRWKLQJ ZKLFK LV QRW D UHoHFWLRQ� WKHUH� \HW QRWKLQJ��
>��@� S� ���� 7KH YDULRXV EUDQFKHV RI %XGGKLVP WDNH GLmHUHQW SRVLWLRQV RQ VRPH IXQGDPHQWDO
RQWRORJLFDO DQG HSLVWHPRORJLFDO LVVXHV� VR WKH VWDWHPHQW LQ WKH WH[W LV QRW RQO\ DQ RYHUVLPSOLn�
FDWLRQ RI D FRPSOH[ SRVLWLRQ� EXW DV VRRQ DV RQH WULHV WR HODERUDWH LW� LW EHFRPHV FRQWURYHUVLDO�

��?7KLV LV WKH WUXWK� WKH VSDUNV� WKRXJK RI RQH QDWXUH ZLWK WKH nUH� OHDS IURP LW� XQ�
FRXQWHG EHLQJV OHDS IURP WKH (YHUODVWLQJ� EXW WKHVH� P\ VRQ� PHUJH LQWR ,W DJDLQ�� �0XQGDND�
8SDQLVKDG� %RRN �� S� �� LQ >��@� 7KLV DFFRXQW PD\ PDNH LW VHHP DV LI WKH ?FRXQWOHVV EHLQJV�
KDYH D VHSDUDWH H[LVWHQFH� EXW WKHUH DUH KXQGUHGV RI SDVVDJHV ZLWK WKLV VHQVH� ?*RG OLYHV LQ
WKH KROORZ RI WKH KHDUW� nOOLQJ LW ZLWK LPPRUWDOLW\� OLJKW� LQWHOOLJHQFH�� �>��@� S� ���
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KDYHQ
W KHDUG D FRQYLQFLQJ GLVSURRI�
0HDVXUDEOH FDUGLQDOV DQG RWKHU� HYHQ PRUH HVRWHULF� ODUJH FDUGLQDOV� FDXVH

WKH VDPH NLQG RI EUHDNGRZQ LQ XQDQLPLW\ RI RSLQLRQ WKDW UHOLJLRXV LVVXHV GR�
7KHUH LV QR PDMRULW\ RSLQLRQ DQG PRVW SHRSOH DJUHH QRW WR GLVFXVV WKHVH WKLQJV
DW WKH GLQQHU WDEOH�

��� 3URSHUWLHV RI ([LVWHQFH

,V LW SRVVLEOH WR VD\ DQ\WKLQJ VHQVLEOH DERXW WKH PHDQLQJ RI H[LVWHQFH� WKDW ZRXOG
FDVW VRPH OLJKW RQ WKH H[DPSOHV DERYH� DQG JLYH XV VRPH WRROV IRU DQDO\]LQJ WKHVH
TXHVWLRQV" ,Q YLHZ RI WKH LQWUDFWDELOLW\ RI WKHVH SUREOHPV RYHU WKH SDVW FHQWXULHV�
HYHQ D OLWWOH SURJUHVV ZRXOG EH LQWHUHVWLQJ� 6LQFH� DV PHQWLRQHG DW WKH RXWVHW�
LW LV QRW SRVVLEOH WR GHnQH H[LVWHQFH� OHW XV EHJLQ E\ HQXPHUDWLQJ VRPH RI LWV
SURSHUWLHV�

:H FDQ
W VSHDN PHDQLQJIXOO\ RI H[LVWHQFH ZLWKRXW VD\LQJ VRPHWKLQJ H[LVWV�
:H DUH LVRODWLQJ RU VHOHFWLQJ VRPH ?WKLQJ� �RU FRQFHSW� LGHD� HWF�� DQG VD\LQJ
WKDW LW LV DQ HQWLW\� 7KH LGHD LV VLPLODU WR WKDW SXW IRUZDUG E\ WKH *HVWDOW
SV\FKRORJLVWV� 1HDUO\ HYHU\RQH KDV VHHQ WKRVH LPDJHV ZKLFK FDQ EH YLHZHG LQ
WZR GLmHUHQW ZD\V� IRU H[DPSOH DV D YDVH RU DV WZR IDFHV�

:H WKHQ KDYH WR GLVWLQJXLVK�

q VSHFLnF H[LVWHQFH� WKLV GRJ ?+DUOH\� H[LVWV

q JHQHUDO H[LVWHQFH� GRJV H[LVW� JKRVWV H[LVW

,Q ERWK FDVHV� WR PDNH WKH FODLP FOHDU� ZH KDYH WR
�D� H[SODLQ ZKDW LW PHDQV WR EH JLYHQ WKH� RU RQH RI WKH� WKLQJV ZKRVH

H[LVWHQFH LV DVVHUWHG� :KDW GRHV LW PHDQ WR EH JLYHQ �SUHVHQWHG ZLWK� D GRJ" D
JKRVW" 7KLV PXFK LV QHFHVVDU\ WR PDNH WKH SURSRVLWLRQ ?; H[LVWV� PHDQLQJIXO�
:H PXVW DOVR H[SODLQ

�E� KRZ WR UHFRJQL]H VRPHWKLQJ DV DQ;� ZKLFK JHQHUDOO\ ZLOO LQYROYH NQRZLQJ
ZKDW \RX FDQ GR ZLWK RU WR DQ ;� �,W
V D GRJ LI LW KDV D FHUWDLQ FKDUDFWHULVWLF
DSSHDUDQFHV DQG EHKDYLRUV� EXW QRWH WKDW QR RQH VXFK FKDUDFWHULVWLF LV DEVROXWHO\
HVVHQWLDO� H�J� WKHUH DUH WKUHH�OHJJHG GRJV� KDLUOHVV GRJV� GRJV WKDW GRQ
W SOD\
)ULVEHH� HWF��

1RZ� WR HVWDEOLVK LW DV WUXH WKDW ; H[LVWV� RU ;
V H[LVW� ZH PLJKW
�F� SURGXFH D VSHFLnF ; �LQ WKH FDVH RI +DUOH\� RU HYLGHQFH WKDW D VSHFLnF

; KDV EHHQ SURGXFHG �LQ WKH FDVH RI DOLHQV� PLUDFOHV� RU VXEDWRPLF SDUWLFOHV IRU
LQVWDQFH�

�G� VKRZ KRZ WR SURGXFH DQ ; RQ GHPDQG �LQ WKH FDVH RI VXEDWRPLF SDUWLFOHV
EXW QRW DOLHQV RU PLUDFOHV�� )RU H[DPSOH� HOHFWULFLW\ H[LVWV EHFDXVH \RX FDQ JHW
LW IURP D ZDOO VRFNHW� 2ULJLQDOO\ LW ZDV KDUGHU WR SURYH HOHFWULFLW\ H[LVWHG�

/HW
V WHVW WKHVH LGHDV� 'RHV WKHUH H[LVW D PRQNH\ WKDW FDQ SOD\ 7LOO 7KHUH

:DV <RX RQ WKH DFFRUGLRQ" ,W
V KDUG WR LPDJLQH ZKDW ZRXOG PDNH XV EHOLHYH LQ
WKH H[LVWHQFH RI VXFK D PRQNH\ RWKHU WKDQ VHHLQJ DQG KHDULQJ WKH SHUIRUPDQFH�
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RU WKH YHU\ WUXVWHG VHFRQGKDQG UHSRUW RI WKH SHUIRUPDQFH� 7KH DERYH FULWHULD
VHHP WR H[SODLQ WKH PHDQLQJ RI WKLV VHQWHQFH TXLWH DGHTXDWHO\�

1RZ FRQVLGHU WKH TXHVWLRQ� ?'R PRQNH\V H[LVW"� 7KLV PD\ VHHP DW nUVW
JODQFH WR EH D GLmHUHQW NLQG RI TXHVWLRQ� +RZHYHU� LQ ERWK FDVHV ZH
UH VLQJOLQJ
RXW D FHUWDLQ NLQG RI HQWLW\� WKH IDFW WKDW WKHUH LV D VLQJOH ZRUG PRQNH\ IRU RQH
NLQG DQG QR VLQJOH ZRUG DFFRUGLRQ�PRQNH\ IRU WKH RWKHU LV D OLQJXLVWLF DFFLGHQW
�RU QRQ�DFFLGHQWDO FRQVHTXHQFH RI WKH UHODWLYH UDULW\ RI DFFRUGLRQ�PRQNH\V� EXW
D OLQJXLVWLF SKHQRPHQRQ UDWKHU WKDQ DQ HVVHQWLDO SKLORVRSKLFDO GLmHUHQFH�� ,I ZH
KDGQ
W HYHU VHHQ D PRQNH\� ZH ZRXOG ZDQW YLVXDO SURRI RI WKHLU H[LVWHQFH MXVW
DV ZH QRZ ZDQW LW IRU DOLHQV���

��� 1RQ�FRQVWUXFWLYH H[LVWHQFH RI FRQFUHWH REMHFWV

7KH SRLQW ZLOO QRW EH ORVW RQ WKRVH HGXFDWHG LQ PDWKHPDWLFDO SKLORVRSK\� WKDW
WKH DERYH FULWHULD IRU H[LVWHQFH DUH FORVHO\ UHODWHG WR WKRVH SXW IRUZDUG E\ WKH
FRQVWUXFWLYLVWV� $V D WHVW FDVH� WKHQ� OHW XV WU\ WR FRQVWUXFW QRQ�PDWKHPDWLFDO
H[DPSOHV RI QRQ�FRQVWUXFWLYH H[LVWHQFH�

([DPSOH � � 'RHV WKHUH H[LVW DQ DQLPDO ZKLFK LV D GRJ LI *ROGEDFK
V FRQMHF�
WXUH LV WUXH DQG D FDW LI QRW" �+HUH WKH RQO\ VLJQLnFDQFH RI *ROGEDFK
V FRQMHFWXUH
LV WKDW LW LV DQ XQVROYHG PDWKHPDWLFDO SUREOHP��

3UHVXPDEO\ WKH YDVW PDMRULW\ RI PDWKHPDWLFLDQV ZLOO DQVZHU \HV� VXFK DQ
DQLPDO H[LVWV� )RU HLWKHU *ROGEDFK
V FRQMHFWXUH LV WUXH RU QRW� LQ WKH IRUPHU
FDVH P\ GRJ +DUOH\ ZLOO GR IRU WKH DQLPDO� DQG LQ WKH ODWWHU FDVH P\ EURWKHU
V
FDW 6LPRQ ZLOO GR�

:H FDQ JHW PDWKHPDWLFV FRPSOHWHO\ RXW RI WKH SLFWXUH�
([DPSOH � � 'RHV WKHUH H[LVW D GRJ ZKLFK LV D 'DOPDWLDQ LI JOREDO ZDUPLQJ

LV D VHULRXV GDQJHU DQG D &KLKXDKXD LI QRW"
7KLV DVVXPHV WKDW WKH SURSRVLWLRQ ?JOREDO ZDUPLQJ LV D VHULRXV GDQJHU� LV

ZHOO�GHnQHG� LI \RX GRQ
W WKLQN VR� VXEVWLWXWH VRPH RWKHU ZHOO�GHnQHG TXHVWLRQ
WR ZKLFK ZH GRQ
W NQRZ WKH DQVZHU� 1RZ� , DVNHG VHYHUDO QRQ�PDWKHPDWLFLDQV
WKLV TXHVWLRQ� DQG WKH\ DOO VDLG� RI FRXUVH QRW� :KDW D VLOO\ TXHVWLRQ� 2I FRXUVH�
ZH GRQ
W KDYH WR WDNH WKHLU RSLQLRQ VHULRXVO\� SHUKDSV WKH\ DUH WKH VDPH SHRSOH
ZKR WKLQN DOLHQV H[LVW� %XW WKH HVVHQFH RI WKHLU RSLQLRQ VHHPV WR EH WKDW LQ
([DPSOH �� WZR GRJV H[LVW� RQH RI ZKLFK KDV WKH GHVLUHG SURSHUWLHV EXW ZH GRQ
W
NQRZ ZKLFK RQH� ,W LV WKH IDFW WKDW WKH TXHVWLRQ DVNV DERXW D GRJ ZKLFK PDNHV
LW VHHP QRQVHQVLFDO� DQG ZKHQ WKH PHDQLQJ LV XQWDQJOHG� LW VHHPV WR KDYH QR
FRQWHQW��� ZKLFK LV ZK\ WKH TXHVWLRQ LV ?VLOO\��

��$ VXUSULVLQJO\ KLJK SHUFHQWDJH RI WKH SRSXODWLRQ GRHV QRW KDYH VXFK KLJK VWDQGDUGV IRU
EHOLHYLQJ LQ WKH H[LVWHQFH RI DOLHQV� , WDNH WKLV WR VKRZ VLPSO\ WKDW WKHVH SHRSOH DUH QHLWKHU
SKLORVRSKHUV QRU VFLHQWLVWV�

��7KLV GLVHQWDQJOHPHQW LV UHODWHG WR +HUEUDQG
V WKHRUHP >��@�>��@� SDJH ��� ZKLFK VD\V WKDW
ZKHQ �[��[� LV SURYDEOH LQ FODVVLFDO nUVW�RUGHU ORJLF� WKHQ WKHUH DUH VSHFLnF WHUPV WL VXFK WKDW
WKH GLVMXQFWLRQ RI WKH ��WL� LV DOVR SURYDEOH�
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0\ SRVLWLRQ LV WKDW H[DPSOHV OLNH WKHVH VKRZ WKDW WKH FRQFHSW RI H[LVWHQFH
DV XVHG LQ �[��[� ZKHQ � LV D FRPSOH[ SURSHUW\ LV QRW D SULPLWLYH FRQFHSW� :H
VKRXOG FRQVLGHU DV SULPLWLYH� WKH FRQFHSW RI H[LVWHQFH DV XVHG LQ �[��[�� ZKHUH
��[� LV D SURSHUW\ WKDW FDQ EH YHULnHG RQ GHPDQG RI DQ\ SDUWLFXODU [ WKDW LV
SUHVHQWHG�

��� 3ODWRQLVP YV� &RQVWUXFWLYLVP

,W LV WKH WKUXVW RI WKLV VHFWLRQ WKDW WKH GLVWLQFWLRQ EHWZHHQ 3ODWRQLVW DQG QRQ�
3ODWRQLVW SKLORVRSKLHV RI PDWKHPDWLFV KDV VRPH VXEWOHWLHV WKDW KDYH EHHQ RYHUORRNHG���

7KH SUHFHGLQJ SULQFLSOHV XVHG WKH ZRUG ?SURGXFH�� :H SURGXFH D GRJ E\
SUHVHQWLQJ KLP IRU VHQVH�SHUFHSWLRQ� EXW KRZ GR ZH SURGXFH DQ LQWHJHU RU D
VHW� RU DQ DEVWUDFWLRQ OLNH MXVWLFH" 7R SURGXFH VXFK D WKLQJ PHDQV WR SUHVHQW
LW WR WKH PLQG� 2Q WKH PRGHUQ 3ODWRQLVW YLHZ KHOG E\ *�RGHO� PDWKHPDWLFDO
REMHFWV KDYH DQ H[LVWHQFH LQGHSHQGHQW RI WKH PLQG� DQG WKH PLQG �RU SDUW RI LW�
IXQFWLRQV VLPLODUO\ WR D VHQVH RUJDQ LQ DOORZLQJ XV WR DSSUHKHQG PDWKHPDWLFDO
REMHFWV� 7KLV LV LQ FRQWUDVW WR WKH YLHZ RI %URXZHU� LQ ZKLFK PDWKHPDWLFV LV D
VHULHV RI PHQWDO FRQVWUXFWLRQV� $FFRUGLQJ WR WKLV YLHZ� P\ LQWHJHUV DUH GLmHUHQW
IURP \RXU LQWHJHUV^PLQH DUH LQ P\ PLQG� DQG \RXUV DUH LQ \RXU PLQG��� :KHQ
, WHOO \RX WKDW � ��  �� , SUHGLFW WKH UHVXOW \RX ZLOO JHW E\ SHUIRUPLQJ FHUWDLQ
FRQVWUXFWLRQV RQ \RXU LQWHJHUV� 2Q WKLV YLHZ� ZH FDQ FRPPXQLFDWH FHUWDLQ
SURSHUWLHV WKDW RXU LQWHJHUV KDYH LQ FRPPRQ� EXW XOWLPDWHO\ ZH PXVW UHO\ RQ
LQWXLWLRQ IRU WKH FHUWDLQW\ WKDW \RXU LQWHJHUV DUH LVRPRUSKLF WR P\ LQWHJHUV�
2Q WKH %URXZHULDQ YLHZ� ZH DUHQ
W ?JLYHQ� D PDWKHPDWLFDO REMHFW� UDWKHU

ZH DUH WROG KRZ WR FRQVWUXFW LW LQ RXU RZQ PLQG� 7KH SULQFLSOH WKDW LI ;
V H[LVW�
ZH VKRXOG NQRZ ZKDW LW PHDQV WR EH JLYHQ DQ ;� LV UHSODFHG E\� LI ;
V H[LVW� ZH
VKRXOG NQRZ ZKDW LW PHDQV WR FRQVWUXFW DQ ; �LQ RXU PLQG�� 2Q WKH *�RGHOLDQ
YLHZ� PDWKHPDWLFDO REMHFWV DUH WUHDWHG MXVW OLNH GRJV DQG FDWV� ZH SUHVHQW WKHP
WR HDFK RWKHU IRU DSSUHKHQVLRQ E\ WKH PLQG� 1RWH WKDW HYHQ ZLWK GRJV DQG
FDWV WKH PLQG� QRW RQO\ WKH VHQVH RUJDQV� LV LQYROYHG� GDPDJH WR FHUWDLQ QHXUDO
DUHDV FDQ FDXVH SHRSOH WR QRW UHFRJQL]H GRJV DQG FDWV HYHQ WKRXJK WKHLU H\HV DUH
IXQFWLRQLQJ FRUUHFWO\� :H DUH XVLQJ GRJV DQG FDWV KHUH DV H[DPSOHV RI REMHFWV
ZKLFK DUH QRW PHQWDO FRQVWUXFWLRQV� L�H�� WKH\ KDYH DQ H[LVWHQFH LQGHSHQGHQW RI
WKH SHUFHLYLQJ PLQG�

��7KH VHFWLRQ HQWLWOHG 3KLORVRSKLFDO 5HPDUNV� SS� ������� LQ >��@� LV UHFRPPHQGHG WR WKH
UHDGHU ZKR QHHGV RULHQWDWLRQ LQ WKLV ORQJ�UXQQLQJ GHEDWH� ,Q WKH WHUPLQRORJ\ RI WKDW VHFWLRQ�
%URXZHU ZRXOG EH D QHR�FRQFHSWXDOLVW�

��6WULFWO\ VSHDNLQJ� WKH FRQFOXVLRQ WKDW P\ LQWHJHUV DUH GLmHUHQW IURP \RXUV GRHV QRW IROORZ
VR HDVLO\� 7KH ZRUG LQ DV XVHG LQ LQ P\ PLQG GRHVQ
W QHFHVVDULO\ LPSO\ D VSDWLDO ORFDWLRQ�
LQGHHG ZH XVXDOO\ GRQ
W WKLQN RI LQWHJHUV DV KDYLQJ D VSDWLDO ORFDWLRQ� 3HUKDSV WKH LQWHJHUV ,
FRQVWUXFW DUH OLWHUDOO\ WKH VDPH LQWHJHUV DV \RX FRQVWUXFW� HYHQ WKRXJK ZH GR LW ?LQ� GLmHUHQW
PLQGV� 7KH VDPH LQWHJHUV FRXOG EH LQ ERWK RI RXU PLQGV� �, DP LQGHEWHG WR $PDQGD %HHVRQ
IRU SRLQWLQJ WKLV RXW�� +RZHYHU� , EHOLHYH WKH FRQFOXVLRQ IROORZV E\ DQRWKHU DUJXPHQW� LI
ZH HDFK PDNH D VHSDUDWH DFW RI FUHDWLRQ �FRQVWUXFWLRQ LV FUHDWLRQ� WKHQ WKH UHVXOWV RI WKRVH
GLmHUHQW DFWV RI FUHDWLRQ PXVW EH GLmHUHQW�

�



7UDGLWLRQDOO\� WKH 3ODWRQLVW YLHZ RI H[LVWHQFH LV LOOXVWUDWHG E\ FRQVLGHULQJ WKH
H[LVWHQFH RI DEVWUDFWLRQV VXFK DV MXVWLFH� UDWKHU WKDQ E\ PDWKHPDWLFDO REMHFWV�
/HW XV FRQVLGHU ZKHWKHU WKH GLmHUHQFH EHWZHHQ WKH 3ODWRQLVW DQG $ULVWRWHOLDQ
YLHZ RI H[LVWHQFH LV WKH VDPH DV WKH GLmHUHQFH EHWZHHQ WKH *�RGHOLDQ DQG %URXZ�
HULDQ YLHZV� 2Q WKH 3ODWRQLVW YLHZ� DQ DEVWUDFWLRQ OLNH MXVWLFH UHDOO\ H[LVWV� 7KH
RSSRVLWH YLHZ� ZKLFK , ZLOO FDOO $ULVWRWHOLDQ� LV WKDW MXVWLFH LV MXVW DQ DWWULEXWH
RI VLWXDWLRQV� VRPH VLWXDWLRQV DUH MXVW DQG VRPH DUH QRW� RU VRPH DUH PRUH MXVW
WKDQ RWKHUV� 7UDQVIHUULQJ WKLV TXHVWLRQ WR PDWKHPDWLFDO SKLORVRSK\� ZH FDQ
DVN ZKHWKHU WKH VHW RI DOO HYHQ LQWHJHUV �RU WKH SURSHUW\ RI HYHQQHVV� H[LVWV�
RU ZKHWKHU HYHQQHVV LV MXVW DQ DWWULEXWH RI LQWHJHUV� ZLWKRXW DQ H[LVWHQFH RI LWV
RZQ� 7KH GLmHUHQFH EHWZHHQ WKH *�RGHOLDQ DQG %URXZHULDQ YLHZ LV ?ZKHUH� WKH
PDWKHPDWLFDO REMHFWV OLYH� LQ RXU PLQGV� RU RXWVLGH RXU PLQGV" 7KH GLmHUHQFH
EHWZHHQ WKH 3ODWRQLVW DQG $ULVWRWHOLDQ YLHZ LV ZKHWKHU SURSHUWLHV KDYH DQ H[�
LVWHQFH RI WKHLU RZQ� 7KH ZRUG ?UHLnFDWLRQ� PHDQV PDNLQJ DQ REMHFW RXW RI D
SURSHUW\� OHW XV FDOO D ?UHLnVW� D SHUVRQ ZKR EHOLHYHV WKLV FDQ DOZD\V EH GRQH� $
UHLnVW EHOLHYHV�� ?HYHU\ DGMHFWLYH LV DOVR D QRXQ�� *�RGHO �DQG EHIRUH KLP 3ODWR�
&DQWRU DQG 'HGHNLQG� ZHUH ?UHLnVWV�� ZKLOH $ULVWRWOH� .URQHFNHU DQG WKH HDUO\
%URXZHU ZHUH QRW� 2Q WKH RWKHU KDQG� %URXZHU ZDV D ?PHQWDOLVW�� EHOLHYLQJ
WKDW PDWKHPDWLFDO REMHFWV H[LVW ZLWKLQ WKH PLQG� DQG *�RGHO ZDV E\ FRQWUDVW DQ
?REMHFWLYLVW�� &DQWRU� 'HGHNLQG� DQG *�RGHO ZHUH UHLnVW REMHFWLYLVWV��� %URXZHU
ZDV D QRQ�UHLnVW PHQWDOLVW� DW OHDVW LQ KLV HDUO\ SDSHUV� /DWHU� ZKHQ %URXZHU
LQWURGXFHG KLJKHU�RUGHU VSHFLHV �VSHFLHV RI VSHFLHV�� KH EHFDPH D UHLnVW PHQWDO�
LVW� 7KH SRVLWLRQ RI .URQHFNHU VHHPV WR KDYH EHHQ QRQ�UHLnVW REMHFWLYLVW� VLQFH
KH WKRXJKW *RG PDGH WKH LQWHJHUV� SUHVXPDEO\ WKH\ ZHUH QRW LQ HDFK RI RXU
PLQGV VHSDUDWHO\� EXW VLPSO\ DSSUHKHQGHG E\ RXU PLQGV� 6R DOO IRXU SRVVLEOH
SRVLWLRQV KDYH IDPRXV UHSUHVHQWDWLYHV���

:H KDYH WR DVN ZK\� LI WKHVH GLVWLQFWLRQV DUH PHDQLQJIXO� WKH\ KDYH UHPDLQHG
XQUHVROYHG IRU VR ORQJ� :KDW H[SHULPHQW FRXOG GLVWLQJXLVK WKHP" :HOO� WKH
DQVZHU LV FOHDU� LI ZH GHVWUR\ DOO PLQGV FDSDEOH RI PDWKHPDWLFV� GR WKH LQWHJHUV
VWLOO H[LVW" ,I VR� WKHQ WKH REMHFWLYLVWV DUH ULJKW� ,I QRW� WKH\
UH ZURQJ� 1RERG\
VHHPV WR GRXEW WKDW 0W� (YHUHVW ZRXOG VWLOO H[LVW� IRU H[DPSOH� EXW WKH RXWFRPH
RI WKH H[SHULPHQW DERXW WKH LQWHJHUV LV VWLOO LQ GRXEW� DQG LQ DGGLWLRQ WR HWKLFDO
TXHVWLRQV� WKHUH VHHPV WR EH D IXQGDPHQWDO FRQWUDGLFWLRQ LQ WKH LQVWUXFWLRQV IRU
WKH H[SHULPHQW� VLQFH DIWHU WKH GHVWUXFWLRQ RI DOO PLQGV FDSDEOH RI PDWKHPDWLFV�
ZH VWLOO QHHG VXFK D PLQG WR WHVW IRU WKH H[LVWHQFH RI WKH LQWHJHUV� HYHQ LI ZH
EHOLHYH WKHP WR H[LVW RXWVLGH WKDW PLQG� 6R KHUH ZH KDYH D PHDQLQJIXO EXW

��, DP LQGHEWHG WR 1DWKDQ +HOOHUVWHLQ IRU WKLV SKUDVH�
��'HGHNLQG ZDV HYHQ ZLOOLQJ WR FRQVLGHU WKH FROOHFWLRQ RI ?DOO WKH SRWHQWLDO REMHFWV RI P\

WKRXJKW� DV DQ REMHFW� KH XVHG LW WR ?SURYH� WKH H[LVWHQFH RI DQ LQnQLWH VHW �>��@� 7KHRUHP ���
S� ����

��, FRXOG QRW nQG D IDPRXV PDWKHPDWLFLDQ ZKR DGYRFDWHG WKH SRVLWLRQ WKDW WKH LQWHJHUV
GRQ
W H[LVW� 7KDW LV� WKH UHLnFDWLRQ RI WKH DGMHFWLYH ?VHYHQ� DV LQ ?VHYHQ nQJHUV� WR WKH QRXQ
?VHYHQ� VHHPV WR EH DFFHSWHG E\ DOO PDWKHPDWLFLDQV� 2Q WKH RWKHU KDQG� LW ZDV SRLQWHG RXW
WR PH E\ 5� 7LHV]HQ WKDW VRPH ?QRPLQDOLVW� SKLORVRSKHUV KDYH PDGH VXFK D FODLP� H�J� >��@�
>��@�

��



XQWHVWDEOH GLVWLQFWLRQ� 7KLV LV GHnQLWHO\ SKLORVRSK\� QRW VFLHQFH�
1RWH WKDW WKHVH GLpFXOWLHV DUH FRPSOHWHO\ LQGHSHQGHQW RI WKH ROG ?PLQG

RI *RG� REMHFWLRQ� DFFRUGLQJ WR ZKLFK WKH GHVWUXFWLRQ RI DOO �PDWKHPDWLFDO�
PLQGV LV LPSRVVLEOH EHFDXVH DPRQJ WKHP LV WKH 0LQG RI *RG� ZKLFK FRQWDLQV
WKH ZKROH XQLYHUVH� 7KHUH DUH HQRXJK GLpFXOWLHV LQ WKH WKHRU\ RI H[LVWHQFH
ZLWKRXW FRQVLGHULQJ WKLV RQH�

��� ([LVWHQFH� FUHDWLRQ� DQG GHVWUXFWLRQ

$OWKRXJK H[LVWHQFH FDQQRW EH GHnQHG LQ WHUPV RI VRPHWKLQJ VLPSOHU� LW PD\ KHOS
WR H[DPLQH WKH SURFHVVHV RI FUHDWLRQ DQG GHVWUXFWLRQ� E\ ZKLFK D WKLQJ FRPHV
WR H[LVW� :H KDYH DOUHDG\ VDLG WKDW H[LVWHQFH LV QRW SDUWLDO� D WDEOH HLWKHU H[LVWV
RU LW GRHV QRW H[LVW� %XW DV WKH WDEOH LV EHLQJ FUHDWHG� WKHUH LV D PRPHQW ZKHQ
WKUHH OHJV DUH DWWDFKHG DQG WKH IRXUWK OHJ LV DERXW WR EH DWWDFKHG� ZKHQ LW LV
QRW \HW D WDEOH� IROORZHG VRRQ E\ WKH DWWDFKPHQW RI WKH IRXUWK OHJ DQG WKH WDEOH
LV ERUQ� 2QH PLJKW DUJXH WKDW WKH H[DFW PRPHQW RI FUHDWLRQ LV IX]]\� KRZ GU\
PXVW WKH JOXH EH EHIRUH WKH OHJ LV UHDOO\ DWWDFKHG� WXUQLQJ WKH WDEOH SDUWV LQWR D
WDEOH" 7KH WUXWK LV� WKRXJK� WKDW LW LV WKH FRQFHSW RI ?WDEOH� WKDW LV IX]]\� QRW
WKH H[LVWHQFH�

7KH PRPHQW RI FUHDWLRQ RI D KXPDQ EHLQJ LV DW WKH KHDUW RI WKH DERUWLRQ
GHEDWH� $V ZLWK WKH WDEOH� LW LV WKH FRQFHSW RI ?KXPDQ EHLQJ� WKDW LV IX]]\�
QRW WKH FRQFHSW RI H[LVWHQFH� ,Q PDWKHPDWLFV� ZH KDYH WR ZDWFK RXW IRU WKH
VDPH SKHQRPHQRQ� 7KH 5XVVHOO SDUDGR[� IRU H[DPSOH� H[SRVHV D IX]]LQHVV LQ
RXU FRQFHSW RI FODVV�

� ([LVWHQFH LQ PDWKHPDWLFV

,W LV WLPH WR UHWXUQ WR RXU WKHPH� WKH FRQWULEXWLRQV RI VFLHQWLnF SURJUHVV LQ WKH
WZHQWLHWK FHQWXU\ WR WKH VROXWLRQ RI WKH SUREOHPV RI H[LVWHQFH �UHDOLW\� DQG WUXWK
LQ PDWKHPDWLFV� ,Q WKH nUVW GHFDGHV RI WKLV FHQWXU\� WKH UHODWLRQ EHWZHHQ V\QWD[
DQG VHPDQWLFV ZDV QRW \HW FOHDU� )RU LQVWDQFH� WKHUH LV QR GLVFXVVLRQ LQ 3ULQFLSLD

0DWKHPDWLFD RI WKH VHPDQWLFV RI WKH V\VWHP� $OWKRXJK WKH PDLQ SXUSRVH RI WKH
ZRUN ZDV WR HVWDEOLVK D FRQVLVWHQW IUDPHZRUN IRU PDWKHPDWLFV� DQG WKH REYLRXV
FRQVLVWHQF\ SURRI �WRGD\� LV WR H[KLELW D PRGHO RI WKH WKHRU\� QR VXFK DUJXPHQW
LV WR EH IRXQG LQ 3ULQFLSLD� $QRWKHU SLHFH RI HYLGHQFH LV WKDW WKH FRPSOHWHQHVV
WKHRUHP IRU nUVW�RUGHU ORJLF ZDV QRW IRUPXODWHG LQ SULQW XQWLO ������� 'XULQJ
WKH ����
V� WKH IRFXV RI DWWHQWLRQ ZDV WKH GHFLVLRQ SUREOHP IRU nUVW�RUGHU ORJLF
�D SULPDULO\ VHPDQWLF TXHVWLRQ� ZKLFK IRUPXODV DUH WUXH LQ DOO PRGHOV"� UDWKHU
WKDQ FRPSOHWHQHVV �ZKLFK DGGV D V\QWDFWLF FRPSRQHQW� ZKLFK IRUPXODV KDYH
SURRIV"� 6RPHWLPH EHWZHHQ ���� DQG ����� WKH PRGHUQ GLVWLQFWLRQ EHWZHHQ

��6HH WKH KLVWRULFDO QRWHV LQ >��@� SS� ������ ZKLFK VXJJHVW WKDW WKH ���� IRUPXODWLRQ ZDV QRW
\HW FRUUHFW� EXW VHH DOVR >��@� ZKHUH LW LV DUJXHG WKDW LQGHHG WKH TXHVWLRQ ZDV ZHOO�XQGHUVWRRG
DW WKDW WLPH�

��



V\QWD[ DQG VHPDQWLFV GHYHORSHG DQG EHFDPH XQGHUVWRRG� LW VHHPV OLNHO\ WKDW
LW ZDV LQ WKH ODWH ����
V� 7KH KLVWRULFDO HYLGHQFH LV QRW FRQFOXVLYH� EXW IRU RXU
SUHVHQW SXUSRVH WKH H[DFW GDWH GRHV QRW PDWWHU�

��� +LOEHUW

+LOEHUW YHU\ ZHOO XQGHUVWRRG WKDW WKH VDPH D[LRPV PLJKW KDYH GLmHUHQW PRGHOV�
KH ZURWH )RXQGDWLRQV RI *HRPHWU\ >��@ SXWWLQJ QRQ�(XFOLGHDQ DQG (XFOLGHDQ
JHRPHWULHV RQ DQ D[LRPDWLF EDVLV� FRPSOHWLQJ WKH ZRUN (XFOLG KDG EHJXQ� ,Q
WKLV ERRN KH H[SOLFLWO\ H[KLELWHG GLmHUHQW PRGHOV IRU JHRPHWU\ �SURGXFHG HDUOLHU
E\ %HOWUDPL DQG .OHLQ�� +LV IDPRXV GLFWXP FRQFHUQLQJ SURSHU D[LRPDWL]DWLRQV
ZDV WKDW \RX KDG WR EH DEOH WR VXEVWLWXWH ?WDEOHV� FKDLUV� DQG EHHU PXJV� IRU
?SRLQWV� OLQHV� DQG SODQHV�� DQG WKH UHDVRQLQJ VKRXOG VWLOO EH FRUUHFW LI WKH
D[LRPV KHOG� 7KHVH IDFWV VKRZ WKDW +LOEHUW ZDV E\ QR PHDQV LJQRUDQW RI WKH
GLVWLQFWLRQ EHWZHHQ V\QWD[ DQG VHPDQWLFV� <HW� LQ >��@ +LOEHUW WRRN WKH SRVLWLRQ
WKDW FRQVLVWHQF\ JXDUDQWHHV H[LVWHQFH� )RU H[DPSOH� WKHUH DUH JURXSV LI WKHUH LV
QR FRQWUDGLFWLRQ LQ JURXS WKHRU\� :KDW +LOEHUW VHHPHG WR WDNH DV D GHnQLWLRQ
RI H[LVWHQFH ZDV ODWHU SURYHG DV *�RGHO
V FRPSOHWHQHVV WKHRUHP� $V D GHnQLWLRQ
RI H[LVWHQFH� KRZHYHU� LW ZRQ
W VHUYH� )RU H[DPSOH� MXVW EHFDXVH WKHUH
V QR
FRQWUDGLFWLRQ LQ WKH DVVXPSWLRQ WKDW D PHDVXUDEOH FDUGLQDO H[LVWV� WKDW GRHVQ
W
SURYH WKDW RQH GRHV H[LVW� $IWHU DOO� WKHUH FDQ FHUWDLQO\ EH GLmHUHQW NLQGV RI
ODUJH FDUGLQDOV ZKRVH H[LVWHQFH LV PXWXDOO\ H[FOXVLYH� EXW HDFK RQH E\ LWVHOI LV
FRQVLVWHQW� ,W VHHPV +LOEHUW MXVW KDGQ
W WKRXJKW WKLV WKURXJK FDUHIXOO\ �WKLV
KDG WR ZDLW IRU *�RGHO DQG 7DUNVL�� DQG LW VKRZV WKDW WKH UHODWLRQV RI V\QWD[
DQG VHPDQWLFV ZHUH QRW HQWLUHO\ FOHDU LQ ������� 1RZ WKDW ZH NQRZ DERXW
WKH FRPSOHWHQHVV WKHRUHP� DQG WKH GLmHUHQFH EHWZHHQ nUVW�RUGHU DQG VHFRQG�
RUGHU ORJLF� DQG WKH LQFRPSOHWHQHVV WKHRUHPV� ZH FDQ IRUPXODWH WKH PDWWHU
PRUH FOHDUO\� +LOEHUW KDG LQ PLQG V\VWHPV ZKLFK DUH VHFRQG�RUGHU FDWHJRULFDO�
VXFK DV WKH 3HDQR D[LRPV��� 6XFK D[LRP V\VWHPV GR LQ HVVHQFH GHnQH WKHLU
XQLTXH PRGHO� VR LI WKH\ DUH FRQVLVWHQW� WKDW PRGHO H[LVWV� %XW HYHU\ nUVW�RUGHU

D[LRPDWL]DWLRQ� VWURQJ HQRXJK WR PHHW WKH FRQGLWLRQV RI WKH LQFRPSOHWHQHVV
WKHRUHP� QHFHVVDULO\ KDV RWKHU PRGHOV DV ZHOO� LQ ZKLFK QRQ�VWDQGDUG ?LQWHJHUV�
RFFXU� 1RWH WKDW +LOEHUW
V D[LRPDWL]DWLRQV LQ )RXQGDWLRQV RI *HRPHWU\ ZHUH
VHFRQG�RUGHU D[LRPDWL]DWLRQV� D SURSHU nUVW�RUGHU WUHDWPHQW RI JHRPHWU\ ZDV
HYHQWXDOO\ JLYHQ E\ VWXGHQWV RI 7DUVNL LQ PLG�FHQWXU\ >�@� %XW WKH FRPSOHWHQHVV
WKHRUHP� IRUJLQJ WKH OLQN EHWZHHQ QRQ�FRQWUDGLFWLRQ DQG PRGHO H[LVWHQFH� LV D
WKHRUHP DERXW nUVW�RUGHU D[LRPDWL]DWLRQV� QRW VHFRQG�RUGHU� 6R +LOEHUW ZDV
PLVWDNHQ� LI ZH LQWHUSUHW KLV ?FRQVLVWHQF\� LQ WKH nUVW�RUGHU VHQVH� EXW QRW LI ZH

��7KH KLVWRU\ RI WKH GHYHORSPHQW RI WKH PRGHUQ GLVWLQFWLRQ EHWZHHQ V\QWD[ DQG VHPDQWLFV
RI nUVW�RUGHU ORJLF� DQG WKH TXHVWLRQ RI ZKDW +LOEHUW NQHZ DQG ZKHQ KH NQHZ LW� DUH GLVFXVVHG
DW OHQJWK LQ >��@�

��?6HFRQG�RUGHU FDWHJRULFDO� PHDQV WKHUH LV RQO\ RQH PRGHO RI WKH 3HDQR D[LRPV LQ ZKLFK
WKH VHFRQG�RUGHU YDULDEOHV �WR ZKLFK PDWKHPDWLFDO LQGXFWLRQ DSSOLHV� UDQJH RYHU DOO VXEVHWV
RI WKH PRGHO�

��



LQWHUSUHW LW LQ WKH VHFRQG�RUGHU VHQVH� DQG DW WKH WLPH� WKH GLmHUHQFH ZDV QRW VR
FOHDU DV WRGD\�

+LOEHUW
V SRVLWLRQ OLYHV RQ� KRZHYHU� LQ WKH XVXDO LQWHUSUHWDWLRQ RI ?WKHUH H[�
LVWV� LQ PDWKHPDWLFV ZKHQ LW LV DSSOLHG WR DQ REMHFW UDWKHU WKDQ D PDWKHPDWLFDO
V\VWHP� :KHQ ZH VD\ ?WKHUH H[LVWV D UHDO QXPEHU [ VXFK WKDW 3 �[��� DQG DFFHSW
D SURRI E\ FRQWUDGLFWLRQ� ZH DUH VD\LQJ [ H[LVWV� EHFDXVH QR FRQWUDGLFWLRQ IROORZV
IURP LWV QRQ�H[LVWHQFH� L�H�� LW LV FRQVLVWHQW WR DVVXPH LW H[LVWV� WKHUHIRUH LW H[LVWV�
7HFKQLFDOO\� WKH nUVW�RUGHU FRQVLVWHQF\ ZRXOG EH WKDW ��[3 �[� LV XQSURYDEOH�
ZKLFK LV ZHDNHU WKDQ SURYLQJ ���[3 �[�� :H ZRXOG EH ZURQJ LI ZH WULHG WR
SURYH WKH H[LVWHQFH RI D QRQVWDQGDUG LQWHJHU IURP WKH LQGHSHQGHQFH RI VRPH
VHQWHQFH ��[3 �[� LQ 3HDQR
V $ULWKPHWLF� %XW LI ZH LQWHUSUHW FRQVLVWHQF\ LQ WKH
VHFRQG�RUGHU VHQVH� +LOEHUW
V GHnQLWLRQ RI H[LVWHQFH E\ FRQVLVWHQF\ H[SODLQV WKH
FODVVLFDO LQWHUSUHWDWLRQ RI ?WKHUH H[LVWV��

��� 5HGXFWLRQLVP

5HGXFWLRQLVP LV WKH VHDUFK IRU IXQGDPHQWDO ?EXLOGLQJ EORFNV�� 7KLV VFLHQWLnF
PHWKRG ZDV WKH HQJLQH RI VFLHQFH LQ WKH HLJKWHHQWK DQG QLQHWHHQWK FHQWXULHV� ,Q
FKHPLVWU\ LW OHG WR WKH GLVFRYHU\ RI DWRPV DQG WKH H[SODQDWLRQ RI WKH VWUXFWXUH
RI PDWWHU YLD WKH SHULRGLF WDEOH� ,W ZDV QDWXUDO WR WU\ D VLPLODU DSSURDFK LQ
PDWKHPDWLFV� , DP QRW FHUWDLQ ZKR EHJDQ WKLV HmRUW� EXW 'HGHNLQG ZDV RQH
RI WKH SLRQHHUV >��@��� +H VKRZHG KRZ WR FRQVWUXFW WKH UHDO QXPEHUV IURP VHWV
RI UDWLRQDOV� DQG KRZ WR FRQVWUXFW UDWLRQDOV IURP SDLUV RI LQWHJHUV� )UHJH �>��@�
[��� S� ��� UHGXFHG WKH FRQFHSW RI LQWHJHU WR WKDW RI FODVV� 7KH LQWHJHU �� DF�
FRUGLQJ WR )UHJH� LV WKH FODVV RI DOO VHWV ZLWK VHYHQ HOHPHQWV� 7KLV GHFUHDVHG
WKH QXPEHU RI HOHPHQWDU\ EXLOGLQJ EORFNV WR RQH� VHWV� (YLGHQWO\ )UHJH GLG QRW
EHOLHYH .URQHFNHU
V DWWULEXWLRQ RI WKH FUHDWLRQ RI WKH LQWHJHUV WR *RG� 'XULQJ
WKH WZHQWLHWK FHQWXU\
V RSHQLQJ GHFDGH� 5XVVHOO DQG :KLWHKHDG FDUULHG WKH UH�
GXFWLRQLVW SURJUDP IRUZDUG LQ >��@� DGRSWLQJ )UHJH
V GHnQLWLRQ RI LQWHJHUV� %XW
DV WKH D[LRPDWL]DWLRQ RI VHW WKHRU\ SURJUHVVHG� DQG DWWHQWLRQ ZDV IRFXVHG RQ
ZHOO�IRXQGHG VHWV� WKLV SDUWLFXODU UHGXFWLRQ GLG QRW VXUYLYH� DQG ZDV UHSODFHG
E\ WKH YRQ 1HXPDQQ LQWHJHUV���

7KH TXHVWLRQ UHPDLQV ZKHWKHU WKHVH UHGXFWLRQV DUH IRUPDO GHYLFHV RU GHn�
QLWLRQV� )RU H[DPSOH� LV WKH LQWHJHU � UHDOO\ I��I�JJ� RU LV LW UHDOO\ WKH FODVV RI
DOO WZR�HOHPHQW VHWV� RU QHLWKHU� EXW MXVW VRPH LQGLYLVLEOH� DWRPLF WKLQJ H[LVW�
LQJ ZLWKRXW LQWHUQDO VWUXFWXUH� EHLQJ � E\ YLUWXH RI LWV ?SODFH� DV WKH VXFFHVVRU
RI �" ,V WKH UDWLRQDO QXPEHU ��� ?UHDOO\� DQ RUGHUHG SDLU RI LQWHJHUV� RU DQ
HTXLYDOHQFH FODVV RI VXFK RUGHUHG SDLUV" )RU WKDW PDWWHU� LV DQ RUGHUHG SDLU RI
REMHFWV ?UHDOO\� VRPH NLQG RI VHW� RU LV WKH GHnQLWLRQ RI VHWV DV RUGHUHG SDLU MXVW
D FRQYHQLHQW LVRPRUSKLVP WKDW HQDEOHV XV WR UHGXFH WKH QXPEHU RI ?SULPLWLYH
FRQFHSWV�" , WDNH WKH SRVLWLRQ WKDW WKLV TXHVWLRQ LV QRW UHOHYDQW WR WKH PDLQ

��'HGHNLQG GLG WKLV ZRUN LQ ����� EXW GLG QRW SXEOLVK LW XQWLO ����� DFFRUGLQJ WR WKH SUHIDFH
RI >��@�

��7KH YRQ 1HXPDQQ LQWHJHUV DUH GHnQHG E\� � LV WKH HPSW\ VHW� Q� �  Q > IQJ�

��



LVVXHV RI WUXWK DQG UHDOLW\� 0RVW PDWKHPDWLFLDQV UHFRJQL]H WKDW XVLQJ RQH UH�
GXFWLRQ RU DQRWKHU LV D PDWWHU RI FRQYHQLHQFH� 2SLQLRQ LV PRUH GLYLGHG DERXW
WKH RWKHU FHQWUDO UHGXFWLRQ� RI IXQFWLRQ WR VHW RI SDLUV��� +HUH WKH TXHVWLRQ LV
GLmHUHQW^WKH TXHVWLRQ LV ZKHWKHU WKH WZR QRWLRQV UHDOO\ DUH LVRPRUSKLF RU QRW�
%URXZHU WRRN WKH LGHD RI VHTXHQFH RI LQWHJHUV DV IXQGDPHQWDO� DQG GHYHORSHG
UHDO QXPEHUV IURP WKLV LGHD� +H ZDV DOVR D SUDFWLWLRQHU RI UHGXFWLRQLVP� UH�
GXFLQJ FRQFHSWV IURP WKH UHVW RI PDWKHPDWLFV WR VHTXHQFHV RI LQWHJHUV ZKHQHYHU
SRVVLEOH� +RZHYHU� KH EHOLHYHG KH ZDV UHDOO\ GHnQLQJ WKH UHGXFHG FRQFHSWV� VLQFH
WKHLU RULJLQDO GHnQLWLRQV GLG QRW PDNH VHQVH WR KLP�

'HGHNLQG� DQG DIWHU KLP )UHJH DQG 5XVVHOO� DWWHPSWHG WKH PRVW DPELWLRXV
UHGXFWLRQ RI DOO� WKH UHGXFWLRQ RI PDWKHPDWLFV WR ORJLF� 7KH KDUG SDUW KHUH
LV WKH UHGXFWLRQ RI LQnQLW\ WR ORJLF� 'HGHNLQG
V FRQVWUXFWLRQ RI WKH LQWHJHUV
RQ D ORJLFDO EDVLV LQYROYHG WZR VWHSV� ��� UHLnFDWLRQ RI DGMHFWLYH ?VHYHQ� WR
QRXQ ?VHYHQ�� DQG ��� UHLnFDWLRQ RI DGMHFWLYH ?LV�LQWHJHU� WR QRXQ ?,QWHJHUV��
WKH FRPSOHWHG WRWDOLW\ RI QDWXUDO QXPEHUV� %URXZHU FULWLFL]HG WKH ODWWHU LQ
KLV ���� WKHVLV >�@� S� ��� RQ WKH JURXQGV WKDW WKH WRWDOLW\ RI 'HGHNLQG
V
WKRXJKWV� KLV *HGDQNHQZHOW� ?FDQQRW EH YLHZHG PDWKHPDWLFDOO\� VR LW LV QRW
FHUWDLQ WKDW ZLWK UHVSHFW WR VXFK D WKLQJ WKH RUGLQDU\ D[LRPV RI ZKROH DQG SDUW
ZLOO UHPDLQ FRQVLVWHQW�� 7KLV VWHS ZDV EDVLF WR 'HGHNLQG
V DWWHPSW WR UHGXFH
PDWKHPDWLFV WR ORJLF� 7KH IXQGDPHQWDO P\VWHU\ LV LQnQLW\� DQG %URXZHU WKRXJKW
LW WR EH DQ LUUHGXFLEOH P\VWHU\� /RJLF IRU %URXZHU ZDV PHUHO\ D OLQJXLVWLF WUDFH RI
PDWKHPDWLFV� PDWKHPDWLFV FRQVLVWV LQ PHQWDO FRQVWUXFWLRQV� WKHVH FRQVWUXFWLRQV
H[KLELW UHJXODULWLHV ZKLFK DUH GHVFULEHG E\ WKH ODZV RI ORJLF LQ WKH VDPH ZD\ DV
WKH ODZ RI JUDYLW\ GHVFULEHV UHJXODULWLHV LQ WKH PRWLRQV RI WKH SODQHWV�

��� ,PSOLFDWLRQV RI .OHHQH
V ZRUN IRU %URXZHU
V LGHDV

%URXZHU KDG VHYHUDO QRWLRQV RI VHTXHQFH� DQG LW LV YHU\ LQVWUXFWLYH WR UHYLHZ WKH
UHDVRQV ZK\� )LUVW� LI H[LVWHQFH PHDQV ?ZH FDQ nQG�� DV LW GLG IRU %URXZHU� WKHQ
LQ RUGHU WKDW D VHTXHQFH [

Q
VDWLVI\ �Q�P�P  [

Q
�� WKH VHTXHQFH PXVW EH JLYHQ

E\ D ODZ� RU DV ZH ZRXOG QRZ VD\� WKHUH PXVW EH DQ DOJRULWKP IRU FRPSXWLQJ [Q�
JLYHQ Q� 2Q WKH RWKHU KDQG� %URXZHU IHOW WKDW ZH KDYH D JHRPHWULFDO LQWXLWLRQ
DERXW WKH UHDO�QXPEHU OLQH� WR HDFK SRLQW RI WKH YLVLEOH �RU YLVXDOL]DEOH� OLQH�
WKHUH FRUUHVSRQGV D QXPEHU� %DVHG RQ WKLV LQWXLWLRQ� %URXZHU IHOW WKDW FRP�
SXWDEOH IXQFWLRQV RQ WKH UHDOV PXVW EH FRQWLQXRXV� 7KDW LV� DQ DSSUR[LPDWLRQ
WR WKH RXWSXW VKRXOG EH FRPSXWDEOH IURP DQ DSSUR[LPDWLRQ WR WKH LQSXW� ,Q
RWKHU ZRUGV� DQ\ IXQFWLRQ JXDUDQWHHG WR ZRUN RQ DOO UHDO LQSXWV PXVW ZRUN E\
FRPSXWLQJ ZLWK DSSUR[LPDWLRQV WR WKH LQSXW� $ VWHS IXQFWLRQ� IRU LQVWDQFH� LV
QRW GHnQHG RQ DOO UHDO QXPEHUV� EXW RQO\ RQ WKRVH UHDO QXPEHUV IRU ZKLFK ZH
FDQ GHFLGH RQ ZKLFK VLGH RI WKH VWHS WKH\ OLH�

��7KH UHGXFWLRQ RI WKH FRQFHSW RI IXQFWLRQ WR WKDW RI VHW �RI SDLUV� ZDV QRW PDGH E\ 'HGHNLQG
RU &DQWRU� 'XULQJ WKHLU WLPH WKH FRQFHSW RI IXQFWLRQ LWVHOI ZDV VWLOO HYROYLQJ� 6HH WKH GLVFXVVLRQ
LQ >�@� SS� ���m�

��



%URXZHU FRXOGQ
W MXVWLI\ WKLV FRQWLQXLW\ WKHRUHP �FDOOHG�� WKH ?IDQ WKHRUHP��
XVLQJ RQO\ ODZOLNH VHTXHQFHV� 7KHUH DSSHDUHG WR EH D JDS EHWZHHQ H[LVWHQFH
MXVWLnHG E\ ?ZH FDQ nQG�� DQG H[LVWHQFH DV MXVWLnHG E\ JHRPHWULFDO LQWXLWLRQ�
+H WXUQHG WR WKH VHFRQG FULWHULRQ IRU H[LVWHQFH ZH GLVFXVVHG DERYH� ZKHQ FDQ ZH
VD\ ZH DUH JLYHQ D UHDO QXPEHU" +H WKRXJKW ZH FRXOG EH ?JLYHQ� D UHDO QXPEHU
E\ D VHTXHQFH RI FKRLFHV� IRU H[DPSOH FKRLFHV PDGH E\ WRVVLQJ D GLH RU PDNLQJ
DQ DUELWUDU\ GHFLVLRQ WR GHWHUPLQH WKH QH[W GHFLPDO SODFH� 6XFK VHTXHQFHV KH
FDOOHG ?FKRLFH VHTXHQFHV�� 2I FRXUVH� \RX FRXOG PDNH \RXU FKRLFHV LQ DFFRUGDQFH
ZLWK D ODZ� VR WKH ODZOHVV VHTXHQFHV DUH D VXEFODVV RI WKH FKRLFH VHTXHQFHV� EXW
WKH FRQYHUVH ZDV QRW REYLRXV� %URXZHU FODLPHG WR SURYH WKH FRQWLQXLW\ WKHRUHP�
EXW KLV SURRI LQYROYHG UHDVRQLQJ DERXW WKH QDWXUH RI SRVVLEOH WKRXJKWV� DQG IHZ
ZHUH FRQYLQFHG�
7KHVH LVVXHV ZHUH JUHDWO\ FODULnHG LQ WKH WKLUWLHV DQG IRUWLHV� ZKHQ WKH GHnQL�

WLRQ DQG WKHRU\ RI FRPSXWDEOH IXQFWLRQV ZHUH GHYHORSHG� DQG DSSOLHG E\ .OHHQH
DQG RWKHUV WR WKH VXEMHFW RI ?UHFXUVLYH DQDO\VLV�� .OHHQH VKRZHG WKDW WKHUH LV
D ELQDU\ WUHH LQ ZKLFK DOO UHFXUVLYH SDWKV UXQ RXW RI WKH WUHH� EXW \HW WKHUH
DUH DUELWUDULO\ ORQJ SDWKV LQ WKH WUHH� 7KDW LV� .�RQLJ
V OHPPD IDLOV LQ UHFXUVLYH
DQDO\VLV� 7KLV LPSOLHV WKH IDLOXUH RI WKH FRQWLQXLW\ WKHRUHPV DQG VKRZV WKDW
WKHUH UHDOO\ DUH PRUH FKRLFH VHTXHQFHV WKDQ ODZOHVV VHTXHQFHV� )RU PRUH GHWDLOV
VHH >�@� &KDSWHU ,9�
2XU LQWHUHVW LQ WKH PDWWHU KHUH LV LQ WKH PHDQLQJ RI H[LVWHQFH� ,W VHHPV WKDW

WKH ZRUN RI .OHHQH VKRZV WKDW \RX FDQ
W KDYH LW ERWK ZD\V� LI \RX FDQ EH ?JLYHQ�
D UHDO QXPEHU E\ D VHTXHQFH RI FKRLFHV� DV RXU JHRPHWULFDO LQWXLWLRQ VXJJHVWV�
WKHQ ?IRU HDFK Q WKHUH H[LVWV DQ P� FDQQRW PHDQ ?ZH FDQ nQG P IURP Q E\ DQ
DOJRULWKP�� %\ DFFHSWLQJ WKH JHRPHWULF FULWHULRQ IRU WKH H[LVWHQFH RI UHDOV� ZH
DUH IRUFHG WR DFFHSW D ZLGHU� SRVVLEO\ QRQ�DOJRULWKPLF PHDQLQJ IRU ?IRU HDFK Q
WKHUH H[LVWV DQ P�� %URXZHU ZDV ZHOO DZDUH RI WKDW� DOWKRXJK KH GLG QRW KDYH
.OHHQH
V SUHFLVH GHnQLWLRQV DQG WKHRUHPV� :KDW %URXZHU GLG DERXW LW� ZH ZLOO
GLVFXVV EHORZ XQGHU ([LVWHQFH DQG WKH /DZV RI /RJLF�

2QH FDQ XVH .OHHQH
V WUHH WR FRQVWUXFW D UHFXUVLYH FRYHULQJ RI WKH VHW RI
UHFXUVLYH UHDOV LQ >���@� ZKLFK KDV DUELWUDULO\ VPDOO PHDVXUH��� +HQFH WKH VHW
RI UHFXUVLYH UHDOV KDV PHDVXUH ]HUR� HYHQ LQ FRQVWUXFWLYH PDWKHPDWLFV� DW OHDVW
ZLWK WKH PRVW REYLRXV GHnQLWLRQ RI PHDVXUH� 7KHUH LV D GLUHFW FRQWUDGLFWLRQ
EHWZHHQ WKH YLHZSRLQW WKDW DOO UHDOV DUH UHFXUVLYH DQG RXU JHRPHWULF LQWXLWLRQ�
ZKLFK VD\V WKH XQLW LQWHUYDO VKRXOG KDYH PHDVXUH �� 7KLV LV D SDUWLFXODUO\ FOHDU
H[DPSOH RI D FDVH LQ ZKLFK PDWKHPDWLFDO DQG ORJLFDO ZRUN KDV \LHOGHG D UHVXOW
RI SKLORVRSKLFDO VLJQLnFDQFH� :H FDQ
W KDYH DOO WKUHH RI WKH IROORZLQJ�

q HYHU\ �FRPSXWDEOH� PHWKRG LV UHFXUVLYH

q �[�\$�[� \� PHDQV WKHUH LV D �FRPSXWDEOH� PHWKRG WR JHW \ IURP [

��7HFKQLFDOO\� WKH IDQ WKHRUHP LV DERXW WUHHV� WKH FRQWLQXLW\ WKHRUHP LV GHGXFHG IURP WKH
IDQ WKHRUHP LQ D ���� SDSHU >�@� S� ����

��7KLV WKHRUHP LV GXH WR /DFRPEH� DQG ZDV SURYHG LQGHSHQGHQWO\ VOLJKWO\ ODWHU E\ =DVODYVNLL
DQG 7VHLWLQ� $ SURRI DQG RULJLQDO UHIHUHQFHV FDQ EH IRXQG LQ >�@� SDJH ���

��



q 7KH XQLW LQWHUYDO KDV PHDVXUH �

%URXZHU ZDVQ
W IDFHG ZLWK WKLV GLOHPPD GLUHFWO\��� EHFDXVH WR VHH WKLV
GLOHPPD FOHDUO\� ZH QHHG WKH SUHFLVH GHnQLWLRQ RI FRPSXWDELOLW\� DQG WKH GH�
YHORSPHQW RI UHFXUVLYH DQDO\VLV� 2XU JHRPHWULF LQWXLWLRQ ZRQ
W DOORZ XV WR JLYH
WKH XQLW LQWHUYDO PHDVXUH �� :H KDYH WR JLYH XS HLWKHU &KXUFK
V WKHVLV �HYHU\
FRPSXWDEOH PHWKRG LV UHFXUVLYH�� RU WKH IXQGDPHQWDO FRQVWUXFWLYH H[SODQDWLRQ
RI H[LVWHQFH DV ?ZH FDQ nQG��
7KHVH IDFWV EHFDPH NQRZQ LQ WKH ����
V DV WKH VXEMHFW RI UHFXUVLYH DQDO\VLV

ZDV GHYHORSHG �LQ SDUDOOHO LQ 5XVVLD DQG WKH :HVW� DW WKDW WLPH RQ RSSRVLWH
VLGHV RI WKH ,URQ &XUWDLQ�� ,W VHHPV WKDW WKH 0DUNRY VFKRRO WRRN WKH LQFUHGLEOH
VWHS RI DFFHSWLQJ WKDW WKH XQLW LQWHUYDO KDV PHDVXUH ]HUR� ,Q WKH :HVW� SHRSOH
VLPSO\ FRQWLQXHG WR VWXG\ IRUPDO V\VWHPV ZKLFK GLG QRW LQFOXGH &KXUFK
V WKHVLV
DV DQ D[LRP� VD\LQJ WKDW &KXUFK
V WKHVLV LV ?SUREOHPDWLF��
,I H[LVWHQFH PHDQV FRPSXWDELOLW\� WKHUH DUHQ
W HQRXJK UHDOV� %URXZHU UHDO�

L]HG WKDW� DQG LQYHQWHG FKRLFH VHTXHQFHV WR SURYLGH PRUH� %XW WKHVH VDPH FKRLFH
VHTXHQFHV FDQ RFFXU LQ WKH XQZLQGLQJ RI TXDQWLnHUV� H�J� �Q�PP  m�Q�� VR
H[LVWHQFH PXVW JR EH\RQG FRPSXWDELOLW\� $W OHDVW UHODWLYH FRPSXWDELOLW\� XVLQJ
WKH SDUDPHWHUV RI WKH IRUPXOD DV RUDFOHV� PXVW EH LQYROYHG� .OHHQH FODULnHG WKLV
VLWXDWLRQ LQ KLV ERRN >��@� LQ ZKLFK KH nUVW GHnQHG IRUPDO V\VWHPV XVLQJ IXQF�
WLRQ YDULDEOHV IRU FKRLFH VHTXHQFHV� DQG WKHQ JDYH D UHDOL]DELOLW\ LQWHUSUHWDWLRQ
IRU WKHVH V\VWHPV XVLQJ ZKDW ZRXOG QRZ EH FDOOHG ?.OHHQH
V VHFRQG PRGHO RI
WKH ODPEGD�FDOFXOXV�� 7KLV QRWLRQ RI UHDOL]DELOLW\ VKRZHG WKDW� LQ VSLWH RI WKH
SUHVHQFH RI D[LRPV DERXW FKRLFH VHTXHQFHV WKDW FRQWUDGLFW &KXUFK
V WKHVLV� LW
LV VWLOO WUXH WKDW ZKHQ �[�\$�[� \� LV SURYDEOH� WKHQ \ FDQ EH IRXQG UHFXUVLYHO\
IURP [�

��� 6HW 7KHRU\

,GHDV DERXW WKH H[LVWHQFH RI VHWV SUHFHGH DQG JXLGH WKH IRUPXODWLRQ RI D[LRPV�
,Q WXUQ� WKH D[LRPV DQG WKHRUHPV SURYHG IURP WKHP DQG DERXW WKHP� KHOS WR
FODULI\ RXU QRWLRQV DERXW WKH H[LVWHQFH RI VHWV� $W WKH EHJLQQLQJ RI WKH FHQWXU\
ZH KDG RQO\ LQIRUPDO ZRUN RQ VHW WKHRU\� E\ 'HGHNLQG DQG &DQWRU� DQG IRUPDO
EXW LQFRQVLVWHQW ZRUN E\ )UHJH� �5XVVHOO XVHG 5XVVHOO
V SDUDGR[ WR VKRZ )UHJH
V
V\VWHP LQFRQVLVWHQW LQ ������
5XVVHOO DQG :KLWHKHDG
V D[LRPDWL]DWLRQ LQ 3ULQFLSLD ZDV EDVHG RQ DQ DQDO�

\VLV RI H[LVWHQFH� &ODVVHV H[LVW� WR EH JLYHQ D FODVV $  I[ � ��[�J� ZH QHHG D
SURSRVLWLRQDO IXQFWLRQ �� ZKLFK SURGXFHV D SURSRVLWLRQ ��[� ZKHQ JLYHQ DQ [�
%XW IXQFWLRQV KDYH WR EH GHnQHG RQ FODVVHV� VR ZH QHHG WR NQRZ WKDW WKH GRPDLQ
RI � H[LVWV� EHIRUH WKH GHnQLWLRQ RI $ PDNHV VHQVH� 7KHUHIRUH� ZH QHHG VRPH
FODVVHV WR JHW VWDUWHG ZLWK� DQG IRU WKLV 5XVVHOO XVHG WKH W\SHV� HVVHQWLDOO\ RQH LW�
HUDWHV WKH SRZHU VHW WR JHW WKH W\SHV� (YHQWXDOO\� 5XVVHOO DQG :KLWHKHDG IRXQG

��+RZHYHU� LQ DQ DUWLFOH ZULWWHQ LQ ���� �S� ��� RI >�@�� KH FOHDUO\ VKRZV DZDUHQHVV RI WKH
GLpFXOW\ WKDW D V\VWHP RI ODZOLNH QXPEHUV ZLOO KDYH PHDVXUH ]HUR�

��



WKHPVHOYHV IRUFHG WR DVVXPH DQRWKHU D[LRP� WKH D[LRP RI UHGXFLELOLW\� ZKLFK
WKH\ FRXOG QRW MXVWLI\� VR WKH H[HUFLVH ZDV D IDLOXUH LQ H[SODLQLQJ WKH H[LVWHQFH
RI VHWV� WKRXJK LW PD\ KDYH EHHQ VXFFHVVIXO RQ RWKHU IURQWV�
,W ZDV DJDLQVW WKLV EDFNJURXQG WKDW %URXZHU IRUPXODWHG KLV WKHRU\ RI VHWV�

ZKLFK KH FDOOHG ?VSHFLHV�� 7KHVH VHWV�� ZHUH DW nUVW HVVHQWLDOO\ GHWHUPLQHG E\
IXQFWLRQV GHnQHG RQ 11 � EXW ODWHU VHWV RI VHWV RI VHWV ZHUH DOVR DOORZHG� <RX
FRXOG EH JLYHQ D VSHFLHV HVVHQWLDOO\ E\ WKH VHSDUDWLRQ D[LRP� DV WKH VHW RI SRLQWV
VDWLVI\LQJ D JLYHQ SURSHUW\� EXW WKHUH ZDVQ
W PXFK \RX FRXOG GR ZLWK D VSHFLHV�
H[FHSW XVH LW WR GHnQH DQRWKHU VSHFLHV� ,Q SDUWLFXODU� WKHUH ZDV QR JRRG ZD\ WR
GHnQH D QXPEHU VHW�WKHRUHWLFDOO\� VLQFH \RX FRXOGQ
W JHW D QXPEHU E\ GHnQLQJ
�IRU LQVWDQFH� D 'HGHNLQG FXW DV D VSHFLHV��� %URXZHU
V QRWLRQ RI VHW LV FRKHUHQW
EXW LPSRWHQW�

=HUPHOR DQG )UDHQNHO JDYH DQ D[LRPDWL]DWLRQ RI VHW WKHRU\ WKDW HYHQWXDOO\
EHFDPH ZLGHO\ XVHG� ,Q HVVHQFH WKHLU D[LRPV VD\ ?ZKDW \RX FDQ GR ZLWK D
VHW� �PDNH PRUH VHWV DFFRUGLQJ WR WKHVH UXOHV�� 7KH D[LRPV GR QRW DGGUHVV WKH
TXHVWLRQ RI KRZ ZH FDQ EH JLYHQ D VHW� EXW QRZDGD\V WKH XVXDO MXVWLnFDWLRQ IRU
WKH D[LRPV� DQG WKH VWDWHG ?LQWHQGHG PRGHO� RI WKH D[LRPV� LV WKH FXPXODWLYH

KLHUDUFK\ RI VHWV� GHnQHG E\ LWHUDWLQJ WKH SRZHU VHW� 7KLV FRQVWUXFWLRQ GHSHQGV
RQ D SULRU XQGHUVWDQGLQJ RI RUGLQDO� VR ZH KDYH WR DVN KRZ ZH DUH JLYHQ DQ
RUGLQDO� 6LQFH DQ RUGLQDO LV D WUDQVLWLYH VHW OLQHDUO\ RUGHUHG E\ �� DFFRUGLQJ WR
YRQ 1HXPDQQ� ZH KDYH WR NQRZ KRZ ZH DUH JLYHQ D VHW EHIRUH ZH NQRZ KRZ ZH
DUH JLYHQ DQ RUGLQDO� DQG ZH KDYH WR NQRZ KRZ ZH DUH JLYHQ DQ RUGLQDO EHIRUH ZH
FDQ FRQVWUXFW WKH FXPXODWLYH KLHUDUFK\� DQG ZH KDYH WR GR WKDW EHIRUH ZH FDQ
NQRZ KRZ ZH DUH JLYHQ D VHW� 6R WKH QRWLRQ RI H[LVWHQFH XQGHUO\LQJ =HUPHOR�
)UDHQNHO VHW WKHRU\ LV FLUFXODU� %XW DV , VDLG� ZH GRQ
W GLVFXVV WKLV DW WKH GLQQHU
WDEOH� 3UHVXPDEO\ WKH FLUFOH LV QRW YLFLRXV� LW MXVW PHDQV WKDW WKHUH LV VRPH D

SULRUL QRWLRQ RI VHW RU RUGLQDO ZKLFK LV UHTXLUHG nUVW�
7KDW EHLQJ WKH FDVH� 4XLQH VHW RXW WR JLYH D QHZ IRXQGDWLRQ WR VHW WKHRU\

ZLWK KLV D[LRPDWL]DWLRQ 1) �IRU 1HZ )RXQGDWLRQV�� 7KLV WKHRU\ LV EHDXWLIXO
LQ LWV VLPSOLFLW\� LW KDV RQO\ WZR D[LRPV� H[WHQVLRQDOLW\ DQG WKH D[LRP WKDW
I[ � ��[�J H[LVWV ZKHQHYHU � LV D VWUDWLnHG IRUPXOD� 6WUDWLnHG PHDQV WKDW
LQWHJHUV �FDOOHG ?OHYHOV�� FDQ EH DVVLJQHG WR DOO WKH VHW YDULDEOHV LQ � LQ VXFK
D ZD\ WKDW ZKHQ D � E RFFXUV LQ �� WKHQ D LV DVVLJQHG D ORZHU OHYHO WKDQ
E� 7KH 5XVVHOO IRUPXOD [ �� [ REYLRXVO\ LV QRW VWUDWLnHG� VR WKH 5XVVHOO VHW
FDQ
W EH GLUHFWO\ GHnQHG LQ 1)� :KDWHYHU WKH EHDXWLHV RI 1)� WKHUH VHHPV WR
EH QR XQGHUO\LQJ ?LQWHQGHG PRGHO�� RWKHU WKDQ SHUKDSV WKH WUXH XQLYHUVH RI
VHWV� DQG QRERG\ KDV HYHU EHHQ DEOH WR GHnQH D PRGHO� VR LW LV VWLOO DQ RSHQ
SUREOHP ZKHWKHU 1) LV FRQVLVWHQW� 7KH D[LRPV DUH XQLQIRUPDWLYH IRU SUREOHPV
RI H[LVWHQFH� WKH\ GRQ
W WHOO XV DQ\WKLQJ DERXW KRZ ZH FDQ EH JLYHQ D VHW� 6HH

��%URXZHU XVHG WKH ZRUG ?VSHFLHV� LQ KLV UHYLHZ RI )UDHQNHO
V ERRN RQ VHW WKHRU\ �>�@� S�
����� VR FOHDUO\ QRW WRR PXFK VLJQLnFDQFH VKRXOG EH SODFHG RQ WKH GLmHUHQFH� LI DQ\� EHWZHHQ
D ?VHW� DQG D ?VSHFLHV��

��2I FRXUVH� \RX FDQ GHnQH 'HGHNLQG FXWV� EXW \RX FDQ
W SURYH WKH\ KDYH WKH SURSHUWLHV RI
WKH UHDO QXPEHUV�

��



>��@ IRU PRUH LQIRUPDWLRQ DERXW 1)�
$QRWKHU� DQG PXFK PRUH UHFHQW� IRUD\ LQ D[LRPDWLF VHW WKHRU\ LV $F]HO
V

QRQ�ZHOO�IRXQGHG VHWV >�@� $V XVXDO ZKHQ D QHZ PDWKHPDWLFDO FRQFHSW LV LQWUR�
GXFHG� PRVW SHRSOH UHJDUG QRQ�ZHOO�IRXQGHG VHWV DV FRQYHQLHQW PHQWDO nFWLRQV�
DV RSSRVHG WR WKH ?UHDO� VHWV� ZKLFK DUH PHPEHUV RI WKH FXPXODWLYH KLHUDU�
FK\� 5HPHPEHULQJ WKDW FRPSOH[ QXPEHUV� WKH JUDYLWDWLRQDO nHOG� DQG DWRPV
ZHUH RQFH VR UHJDUGHG� SHUKDSV ZH VKRXOG SDXVH� :KDW GR ZH KDYH WR GR WR
FRQVWUXFW D QRQ�ZHOO�IRXQGHG VHW" +RZ FDQ ZH EH JLYHQ D QRQ�ZHOO�IRXQGHG
VHW" ,I WKHVH TXHVWLRQV FDQ EH DQVZHUHG� WKHQ WKH\ H[LVW� LQ WKH VDPH VHQVH DV
ZHOO�IRXQGHG VHWV�

��� 6HWV� &ODVVHV� DQG 3URSHUWLHV

$W WKH EHJLQQLQJ RI WKH FHQWXU\ WKH 5XVVHOO SDUDGR[ KDG MXVW VKRZQ WKH QHFHVVLW\
RI GLVWLQJXLVKLQJ FDUHIXOO\ EHWZHHQ D SURSHUW\ �VXFK DV [�� [� DQG LWV H[WHQVLRQ
�WKH VHW RU FODVV FRQVLVWLQJ RI WKLQJV KDYLQJ WKH SURSHUW\�� &OHDUO\ LW ZDV SDUWO\
EHFDXVH RI WKHVH GLpFXOWLHV WKDW %URXZHU ZDV OHG WR GHYHORS KLV LQWXLWLRQLVWLF
SKLORVRSK\� ZLWK LWV OHDGLQJ LGHDV RI PHQWDOLVP DQG FRQVWUXFWLYH ORJLF� 7KH H[DFW
UHODWLRQ EHWZHHQ VHWV� SURSHUWLHV� DQG WKH H[WHQVLRQ RI SURSHUWLHV ZDV QRW FOHDU
DW WKDW WLPH� ,I PHPEHUVKLS LQ D VHW LV FRQVLGHUHG D SURSHUW\� WKHQ HYHU\ VHW
LV WKH H[WHQVLRQ RI D SURSHUW\� EXW WKH 5XVVHOO SDUDGR[ VKRZV WKDW QRW HYHU\
SURSHUW\ KDV DQ H[WHQVLRQ� RU SHUKDSV LW VKRZV WKDW QRW HYHU\ H[WHQVLRQ RI D
SURSHUW\ LV D VHW� )RU LQVWDQFH� WKH SURSHUW\ RI EHLQJ D VHW KDV WKH FODVV RI DOO VHWV
IRU LWV H[WHQVLRQ� EXW WKLV FODVV LV QRW D VHW� RU SHUKDSV LW KDV QR H[WHQVLRQ DW DOO�
%\ PLG�FHQWXU\ WKHVH PDWWHUV KDG EHHQ FODULnHG FRQVLGHUDEO\� E\ PHDQV RI WKH
GHnQLWLRQ DQG VWXG\ RI WKH FXPXODWLYH KLHUDUFK\ RI VHWV� WKH GHYHORSPHQW RI ERWK
=) VHW WKHRU\ DQG *% FODVV�VHW WKHRU\� DQG WKH XQGHUVWDQGLQJ RI WKH UHODWLRQV
EHWZHHQ WKHP� ,Q SDUWLFXODU� WKH XQGHUVWDQGLQJ WKDW WKH FXPXODWLYH KLHUDUFK\
FDQ EH FXW Rm DW DQ\ LQDFFHVVLEOH FDUGLQDO� SURGXFLQJ D PRGHO RI =) ZKLFK FDQ
EH H[WHQGHG WR D PRGHO RI *% E\ FRQVLGHULQJ LWV SRZHU VHW WR GHnQH WKH FODVVHV
RI WKH PRGHO� ZHQW IDU WRZDUGV GHWHUPLQLQJ WKH SUHVHQW�GD\ SKLORVRSKLFDO YLHZ
RI WKH PDWKHPDWLFDO FRPPXQLW\� ZKLFK DPRXQWV WR WKLV� ZH
OO XVH DV PXFK RI
WKH FXPXODWLYH KLHUDUFK\ DV ZH QHHG� DQG ZH XVXDOO\ GRQ
W QHHG PXFK RI LW� VR
ZH ZRQ
W ZRUU\ HLWKHU DERXW MXVW KRZ PXFK PRUH RI WKH FXPXODWLYH KLHUDUFK\
WKHUH LV� RU DERXW ZKHWKHU WKHUH DUH DQ\ VHWV QRW LQ WKH FXPXODWLYH KLHUDUFK\
DW DOO� 7KLV FRPIRUWDEOH FRQFOXVLRQ VHHPV WR KDYH VHWWOHG WKH PDWWHU LQ WKH
PLQGV RI PRVW PDWKHPDWLFLDQV� OHDYLQJ RQO\ D IHZ SKLORVRSKHUV� ORJLFLDQV� DQG
VHW WKHRULVWV WR SRNH DURXQG WKH HGJHV�

,Q WKH VL[WLHV� 3DXO &RKHQ LQWURGXFHG WKH WHFKQLTXH RI ?IRUFLQJ�� DQG XVHG
LW WR VKRZ WKDW WKH D[LRP RI FKRLFH DQG WKH FRQWLQXXP K\SRWKHVLV DUH LQGHSHQ�
GHQW RI WKH =HUPHOR�)UDHQNHO D[LRPV >��@� 2WKHU VHW WKHRULVWV IROORZHG WKLV OHDG�
DQG KXQGUHGV RI ORQJ�VWDQGLQJ TXHVWLRQV ZHUH ?VHWWOHG� LQ WKH VDPH IDVKLRQ�
7KH WHFKQLTXH H[WHQGV QLFHO\ WR DOO NQRZQ SODXVLEOH D[LRP V\VWHPV� 6RPH RI
WKHVH UHVXOWV LPSURYHG RXU JUDVS RI WKH IDFWV UHOHYDQW WR TXHVWLRQV RI UHDOLW\ DQG

��



WUXWK� IRU H[DPSOH� WKH TXHVWLRQ RI ZKHWKHU HDFK VHW LV GHnQDEOH� 0RGHOV ZHUH
FRQVWUXFWHG LQ ZKLFK HYHU\ VHW LV GHnQDEOH �IURP RUGLQDO SDUDPHWHUV^RI FRXUVH
SDUDPHWHUV DUH QHFHVVDU\ VLQFH WKHUH DUH RQO\ FRXQWDEO\ PDQ\ SDUDPHWHU�IUHH
GHnQLWLRQV�� 2WKHU PRGHOV ZHUH FRQVWUXFWHG LQ ZKLFK WKHUH DUH UHDO QXPEHUV
ZKLFK DUH QRW VR GHnQDEOH� 7KH FRQFOXVLRQ LV WKDW WKH NQRZQ D[LRPV RI VHW WKH�
RU\ GR QRW VHWWOH WKDW PDWWHU� 7KH JHRPHWULF FRQWLQXXP� DFFRUGLQJ WR PRGHUQ
VHW WKHRU\� FRQWDLQV D ?VHD� RI UHDOV ZKRVH VLPSOHVW GHnQLWLRQV DUH DUELWUDU�
LO\ FRPSOLFDWHG �H�J� FRQVWUXFWHG DV JHQHULF RYHU WKH FXPXODWLYH KLHUDUFK\ XS
WR ODUJHU DQG ODUJHU LQDFFHVVLEOHV�� ,W LV WHPSWLQJ WR LGHQWLI\ WKHVH UHDOV ZLWK
%URXZHU
V FKRLFH VHTXHQFHV� IURP ZLWKLQ D JLYHQ OHYHO RI WKH FXPXODWLYH KLHU�
DUFK\� WKH\ DSSHDU WR EH JHQHUDWHG E\ UDQGRP FKRLFHV� 7KH QRQ�UDQGRPQHVV
LQ WKHLU GHnQLWLRQ LV RQO\ DSSDUHQW RQ D KLJKHU OHYHO� ,QGHHG� IRUPDO WKHRULHV
RI ODZOHVV VHTXHQFHV WXUQ RXW WR KDYH PRGHOV FRQVWUXFWHG E\ IRUFLQJ� VR SUHFLVH
ORJLFDO UHVHDUFK EHDUV RXW WKLV LQWXLWLRQ�

2QH UHVXOW GHVHUYHV SDUWLFXODU PHQWLRQ KHUH� )HIHUPDQ >��@ SURYHG WKDW QR
VHW�WKHRUHWLFDOO\ GHnQDEOH ZHOO�RUGHULQJ RI WKH FRQWLQXXP FDQ EH SURYHG WR H[LVW
IURP WKH =HUPHOR�)UDHQNHO D[LRPV� HYHQ ZLWK WKH DLG RI WKH D[LRP RI FKRLFH DQG
WKH JHQHUDOL]HG FRQWLQXXP K\SRWKHVLV� 7KLV FRQnUPV RXU LQWXLWLRQ WKDW ZH FDQ
W
nQG VXFK D WKLQJ� LQ VSLWH RI =HUPHOR
V WKHRUHP�

��� 3UHGLFDWLYLW\

5XVVHOO DQG :KLWHKHDG LQWURGXFHG D ?YLFLRXV FLUFOH SULQFLSOH� >��@� S� ��� WR
SUHYHQW WKH SDUDGR[HV� 7KH\ VD\ ?WKH YLFLRXV FLUFOHV LQ TXHVWLRQ DULVH IURP
VXSSRVLQJ WKDW D FROOHFWLRQ RI REMHFWV PD\ FRQWDLQ PHPEHUV ZKLFK FDQ RQO\
EH GHnQHG E\ PHDQV RI WKH FROOHFWLRQ DV D ZKROH�� 7KH ?SULQFLSOH� LV VLPSO\
WKDW VXFK FROOHFWLRQV ?KDYH QR WRWDO�� WKDW LV� GR QRW H[LVW� 2Q WKH 3ODWRQLVW
YLHZ� WKLV SULQFLSOH LV QRQVHQVLFDO^ZK\ VKRXOG WKH SRVVLEOH GHnQLWLRQV RI DQ RE�
MHFW DmHFW LWV H[LVWHQFH" 2Q WKH RWKHU KDQG� LI ZH WDNH LW VHULRXVO\� ZH KDYH WR
RXWODZ GHnQLWLRQV WKDW PLJKW YLRODWH WKH SULQFLSOH� IRU H[DPSOH DOO GHnQLWLRQV
RI D VHW RI LQWHJHUV WKDW LQYROYH TXDQWLnFDWLRQ RYHU DOO VHWV RI LQWHJHUV LQ WKH
GHnQLWLRQ� 6XFK GHnQLWLRQV DUH FDOOHG LPSUHGLFDWLYH� 4XHVWLRQV DERXW WKH YDOLG�
LW\ RI LPSUHGLFDWLYH GHnQLWLRQV ZHUH UDLVHG E\ :H\O DQG 3RLQFDUuH ORQJ EHIRUH
WKH SDUDGR[HV DQG 3ULQFLSLD� ,Q WKH WZHQWLHWK FHQWXU\ D WKRURXJK PHWDPDWKH�
PDWLFDO VWXG\ RI WKH LPSOLFDWLRQV RI WKH SUHGLFDWLYH SRVLWLRQ ZDV FDUULHG RXW E\
)HIHUPDQ >��@� >��@� >��@� 7KH XSVKRW RI WKHVH VWXGLHV LV D FOHDU LGHQWLnFDWLRQ RI
WKH SRUWLRQ RI FODVVLFDO PDWKHPDWLFV WKDW FDQ EH SURYHG XVLQJ SUHGLFDWLYH SULQ�
FLSOHV� DQG D SUHFLVH LGHQWLnFDWLRQ RI WKH SURRI�WKHRUHWLF VWUHQJWK RI SUHGLFDWLYH
IRUPDO V\VWHPV� 6SDFH GRHV QRW SHUPLW D WKRURXJK GLVFXVVLRQ RI WKH LVVXHV� EXW
VHH WKH SDSHUV RI )HIHUPDQ MXVW FLWHG�

��



� 5HDOLW\� 7UXWK� DQG 6HW 7KHRU\

*�RGHO
V ZRUN VKRZHG XV WKDW H[LVWHQFH DW KLJKHU W\SHV LV FRQQHFWHG WR WUXWK
DW ORZHU W\SHV� VRPHWKLQJ ZH PLJKW RWKHUZLVH QHYHU KDYH VXVSHFWHG� %XW LI ZH
XVH KLJKHU W\SHV� ZH FDQ GHnQH WUXWK SUHGLFDWHV IRU ORZHU W\SHV� DQG SURYH WKH
FRQVLVWHQF\ RI WKHRULHV PHQWLRQLQJ RQO\ ORZHU W\SHV� VR WKDW ZH REWDLQ FRUUH�
VSRQGLQJ WR D VHTXHQFH 7

Q
RI WKHRULHV RI KLJKHU DQG KLJKHU W\SHV� D VHTXHQFH RI

SXUHO\ DULWKPHWLFDO IDFWV $Q� HDFK RQH SURYDEOH LQ 7Q EXW QRW LQ 7P IRU P � Q�
7KLV LV D SKLORVRSKLFDOO\ LPSRUWDQW UHVXOW� VLQFH LW VKRZV� RU DW OHDVW VXJJHVWV�
WKH IXWLOLW\ RI WKH QRQ�UHLnVW SRVLWLRQ� ,I ZH JLYH XS VHWV RI VHWV RI LQWHJHUV�
ZH
UH JLYLQJ XS KRSH RI VHWWOLQJ FHUWDLQ TXHVWLRQV DERXW LQWHJHUV DORQH� 7KLV
UHIXWDWLRQ RI WKH QRQ�UHLnVW SRVLWLRQ LV QRW DLUWLJKW� KRZHYHU� VLQFH ZH KDYHQ
W
VKRZQ WKDW KLJKHU W\SHV DUH WKH RQO\ ZD\ WR SURYH WKHVH DULWKPHWLFDO IDFWV� RQO\
WKDW WKH\ GR SURYH PRUH DULWKPHWLFDO IDFWV� :H ZLOO UHWXUQ WR WKLV SRLQW EHORZ�

(YHQ =)� RU DQ\ WUXH D[LRPDWL]DWLRQ� ZLOO VWLOO OHDYH \RX RQO\ D UHFXUVLYHO\
HQXPHUDEOH VHW RI WKHRUHPV� ZKLOH DIWHU 7DUVNL ZH NQRZ WKDW WKH WUXWK VHW RI
DULWKPHWLF LV PXFK PRUH FRPSOH[� 7XULQJ >��@� DQG ODWHU )HIHUPDQ >��@� VWXGLHG
WUDQVnQLWH SURJUHVVLRQV RI D[LRPDWL]DWLRQV� HDFK REWDLQHG LQ D QDWXUDO ZD\ E\
?UHoHFWLRQ SULQFLSOHV� DVVHUWLQJ WKH VRXQGQHVV RI WKH SUHYLRXV WKHRULHV� ,Q WKLV
ZD\ ZH FDQ JHW ZHOO EH\RQG D UHFXUVLYHO\ HQXPHUDEOH VHW RI WKHRUHPV� VR PRUH
UHDOLW\ FDQ EX\ PRUH WUXWK LQ WKLV VHQVH DOVR� NQRZOHGJH RI WKH H[LVWHQFH �RI ZHOO�
RUGHULQJV� HQDEOHV WKH FRQVWUXFWLRQ RI ORQJHU SURJUHVVLRQV RI D[LRPDWL]DWLRQV
EDVHG RQ WKH UHoHFWLRQ SULQFLSOH� DQG KHQFH WR PRUH DULWKPHWLF WUXWKV�

6LQFH *�RGHO HPSKDVL]HG WKH SRLQW� WKH EHOLHI WKDW UHDOLW\ DW KLJKHU W\SHV
LV GLUHFWO\ UHODWHG WR WUXWK DERXW WKH LQWHJHUV KDV EHHQ ZLGHVSUHDG DPRQJ OR�
JLFLDQV� /HW PH WKHUHIRUH SUHVHQW VRPH HYLGHQFH WR WKH FRQWUDU\� $ WKHRUHP
RI .UHLVHO� 6KRHQnHOG� DQG :DQJ >��@ VWDWHV WKDW HYHU\ WUXH VHQWHQFH RI DULWK�
PHWLF LV GHULYDEOH LQ 3$ E\ WUDQVnQLWH LQGXFWLRQ RQ VRPH SULPLWLYH UHFXUVLYH
ZHOO�RUGHULQJ RI WKH LQWHJHUV��� 6R� LI ZH ZDQW WR NQRZ WKH ZKROH WUXWK DERXW
DULWKPHWLF� LW ZRXOG EH HQRXJK WR SRVVHVV WKH DELOLW\ WR UHFRJQL]H RI VSHFLnF
SULPLWLYH UHFXUVLYH OLQHDU RUGHULQJV ZKHWKHU WKH\ DUH� RU DUH QRW� ZHOO�RUGHULQJV�
,W IROORZV IURP D ?EDVLV WKHRUHP� GXH WR .UHLVHO >��@� SDJH ���� WKDW DQ\ SULPLWLYH
UHFXUVLYH RUGHULQJ ZKLFK LV QRW D ZHOO�RUGHULQJ KDV D c�

�
GHVFHQGLQJ VHTXHQFH�

7KDW LV� WKH GHVFHQGLQJ VHTXHQFH LV LWVHOI DULWKPHWLFDOO\ GHnQDEOH� DQG XVLQJ
RQO\ WZR TXDQWLnHUV� 7KHUHIRUH� HVRWHULF VHWV OLNH LQDFFHVVLEOH FDUGLQDOV DUH QRW

DIWHU DOO QHFHVVDU\ IRU DULWKPHWLF WUXWK� :HOO�RUGHULQJV VHHP WR EH LPSRUWDQW
EXW LW ZRXOG EH HQRXJK WR NQRZ DOO DERXW FRXQWDEOH ZHOO�RUGHULQJV���

��)RU WKRVH ZKR QHHG D FOHDU VWDWHPHQW RI WKH WKHRUHP� ,I 5 LV D SULPLWLYH UHFXUVLYH ELQDU\
UHODWLRQ� SURYDEOH LQ 3$ WR EH D OLQHDU RUGHULQJ RQ WKH LQWHJHUV� WKH VFKHPD 7,�5� LV WKH
FROOHFWLRQ RI DOO IRUPXODH RI WKH IRUP

�\��[5\$�[�� $�\��� �]$�]�

��7KLV LV UHFXUVLRQ�WKHRUHWLFDOO\ VHQVLEOH DV WKH WUXWK VHW IRU DULWKPHWLF LV c�

�
� ZKLOH WKH VHW RI

��



$ SKLORVRSKLFDOO\ LPSRUWDQW SRLQW DERXW WKH WKHRUHP RI .UHLVHO� 6KRHQnHOG�
DQG :DQJ LV WKDW WKH UHGXFWLRQ RI DULWKPHWLF WUXWK WR WUDQVnQLWH LQGXFWLRQ RQ
SULPLWLYH UHFXUVLYH ZHOO�RUGHULQJV LV QRW VXEMHFW WR WKH DUJXPHQW JLYHQ DERYH
IRU KLJKHU�W\SH VHWV� WKDW SHUKDSV WKHUH DUH RWKHU ZD\V WR HVWDEOLVK DULWKPHWLFDO
WUXWK� ,QGHHG� WKH VWDWHPHQWV RI WUDQVnQLWH LQGXFWLRQ RQ SULPLWLYH UHFXUVLYH
ZHOO�RUGHULQJV DUH WKHPVHOYHV DULWKPHWLFDO� VR WKH\ DUH DPRQJ WKH WUXWKV WR EH
HVWDEOLVKHG� 7KHUHIRUH� WKHUH FDQ
W EH DQ\ HDVLHU ZD\ WR nQG RXW WKH WUXWK DERXW
DULWKPHWLF� KRZHYHU ZH SURFHHG� ZH ZLOO VWLOO KDYH WR VHWWOH ZKLFK SULPLWLYH
UHFXUVLYH RUGHULQJV DUH ZHOO�RUGHULQJV�

7KHUH LV D WHFKQLFDO SUREOHP RI LQWHUHVW KHUH� :KDW LI ZH XVH LQWXLWLRQ�
LVWLF DULWKPHWLF LQVWHDG RI FODVVLFDO" :H FDQ IRUPXODWH WKH FRQMHFWXUHV WKDW
HYHU\ FRQVWUXFWLYHO\ WUXH VHQWHQFH RI DULWKPHWLF LV GHULYDEOH E\ WUDQVnQLWH LQ�
GXFWLRQ RQ VRPH ZHOO�IRXQGHG SULPLWLYH UHFXUVLYH RUGHULQJ� 7KLV VWDWHPHQW LV
H[SUHVVLEOH LQ YDULRXV LQWXLWLRQLVWLF WKHRULHV� EXW , EHOLHYH QRW PXFK LV NQRZQ
DERXW LWV PHWDPDWKHPDWLFDO VWDWXV� H[FHSW RI FRXUVH WKDW �UHVWULFWHG WR QHJD�
WLYH DULWKPHWLFDO VWDWHPHQWV� LW LV FRQVLVWHQW ZLWK WKHRULHV WKDW KDYH D FODVVLFDO
LQWHUSUHWDWLRQ� %XW IRU H[DPSOH� LV LW FRQVLVWHQW ZLWK LQWXLWLRQLVWLF DQDO\VLV SOXV
&KXUFK
V WKHVLV"��

� ([LVWHQFH DQG 3K\VLFV

$OWKRXJK WKH SULPDU\ SXUSRVH RI WKLV DUWLFOH LV WR GLVFXVV UHDOLW\ �H[LVWHQFH�
DQG WUXWK LQ PDWKHPDWLFV� , EHOLHYH WKDW WKH IXQGDPHQWDO LVVXHV RI UHDOLW\ DQG
WUXWK QDWXUDOO\ H[WHQG EH\RQG WKH ERXQGV RI PDWKHPDWLFV� DQG WKDW IXQGD�
PHQWDO LQVLJKWV PD\ EH REWDLQHG E\ FRQVLGHULQJ WUXWK DQG UHDOLW\ LQ SK\VLFV
DV ZHOO� LI IRU QR RWKHU UHDVRQ WKDQ WR VHH ZKDW WKH GLmHUHQFHV LQ WKH DQDO\VLV
PD\ EH� 0RUHRYHU� VRPH FRQFHSWV� VXFK DV VSDFH� EHORQJ WR ERWK PDWKHPDWLFV
DQG SK\VLFV� )LQDOO\� , ZLOO SXW IRUZDUG WKH YLHZ WKDW TXDQWXP PHFKDQLFV KDV
HVVHQWLDO LPSOLFDWLRQV IRU WKH IRXQGDWLRQV RI PDWKHPDWLFV�

��� 7KH H[LVWHQFH RI VSDFH

.DQW WKRXJKW WKH QDWXUH RI VSDFH LQKHUHQW LQ WKH QDWXUH RI PLQG� EXW KH ZDV
SURYHG ZURQJ� ,Q IDFW� KH ZDV SURYHG ZURQJ VHYHUDO WLPHV� )LUVW� LQ UHJDUG
WR PDWKHPDWLFDO VSDFH� WKH GHYHORSPHQW RI QRQ�(XFOLGHDQ JHRPHWU\ VKDWWHUHG
.DQW
V SRVLWLRQ� %XW D .DQWLDQ FRXOG VWLOO UHWUHQFK� E\ FODLPLQJ WKDW QRQ�
(XFOLGHDQ VSDFHV ZHUH nJPHQWV RI WKH LPDJLQDWLRQ� ZKLOH UHDO �SK\VLFDO� VSDFH
ZDV (XFOLGHDQ� DQG LWV QDWXUH ZDV LQKHUHQW LQ WKH PLQG� 7KLV KROGRXW SRVLWLRQ

SULPLWLYH UHFXUVLYH ZHOO�RUGHULQJV LV g�

�
� L�H� GHnQDEOH XVLQJ RQH XQLYHUVDO IXQFWLRQ TXDQWLnHU�

$ VHW LV c�

�
LI ERWK LW DQG LWV FRPSOHPHQW DUH g�

�
�

��2QH FDQ DOVR DVN DERXW WKH FRQVLVWHQF\ ZLWK &KXUFK
V WKHVLV DQG LQWXLWLRQLVWLF VHFRQG�
RUGHU DULWKPHWLF RI WKH VWDWHPHQW WKDW WKH WUXH VHQWHQFHV RI DULWKPHWLF DUH WKRVH GHULYDEOH
XVLQJ WKH UHFXUVLYH ��UXOH� 7KH FODVVLFDO WUXWK RI WKLV VWDWHPHQW LV D WKHRUHP RI 6KRHQnHOG
>��@�

��



ZDV VHULRXVO\ VHW EDFN E\ (LQVWHLQ
V VSHFLDO WKHRU\ RI UHODWLYLW\� ZKLFK XQLnHG
VSDFH DQG WLPH� DQG GHDOW WKH GHDWK EORZ E\ (LQVWHLQ
V WKHRU\ RI JHQHUDO UHOD�
WLYLW\ LQ �������

&DQ ZH VD\ WKDW VSDFH H[LVWV" *HQHUDO UHODWLYLW\ VD\V WKDW PDVV�HQHUJ\ VWUXF�
WXUHV VSDFH� 7KH PDWKHPDWLFDO GHVFULSWLRQ LQYROYHV DVVLJQLQJ �� QXPEHUV 7xy
WR HYHU\ ?SRLQW���� 7KLV DVVLJQPHQW RI QXPEHUV LV FDOOHG WKH ?HQHUJ\ WHQVRU��
,W VHHPV WKDW LQ JHQHUDO UHODWLYLW\� VSDFH LV FRPSOHWHO\ GHVFULEHG E\ WKH HQHUJ\
WHQVRU� VR ZH KDYH WR DVN ZKHWKHU SHUKDSV VSDFH LV MXVW WKH HQHUJ\ WHQVRU� &HU�
WDLQO\ ZKHQ ZRUNLQJ ZLWK UHODWLYLW\� ZH DUH ?JLYHQ� D VSDFH E\ EHLQJ ?JLYHQ�
DQ HQHUJ\ WHQVRU� %XW WKH DQVZHU WR WKLV TXHVWLRQ LV FHUWDLQO\ ?QR� VSDFH LV
QRW MXVW WKH HQHUJ\ WHQVRU�� 7KH UHDVRQ LV WKDW ZH NQRZ WKDW JHQHUDO UHODWLYLW\
LV QRW D FRPSOHWH GHVFULSWLRQ RI UHDO� SK\VLFDO VSDFH� 7KH HQHUJ\ WHQVRU GH�
VFULEHV HQHUJ\ E\ DVVLJQLQJ QXPEHUV WR HYHU\ SRLQW� ,Q UHDOLW\ HQHUJ\ FRPHV LQ
TXDQWXP�PHFKDQLFDO VZLUOV UDWKHU WKDQ SUHFLVH YDOXHV DW HYHU\ SRLQW� 6R WKH
TXHVWLRQ RI WKH QDWXUH� DQG SHUKDSV HYHQ WKH H[LVWHQFH� RI SK\VLFDO VSDFH LV VWLOO
DQ RSHQ TXHVWLRQ� 7KLV VHHPV WR EH� KRZHYHU� D VFLHQWLnF UDWKHU WKDQ D SKLOR�

VRSKLFDO TXHVWLRQ� RU DW OHDVW� ZH FDQ H[SHFW WKDW WKH SKLORVRSKLFDO DVSHFWV ZLOO
EHFRPH PXFK FOHDUHU RQFH D VXLWDEOH VFLHQWLnF WKHRU\ LV IRXQG WKDW HQFRPSDVVHV
ERWK UHODWLYLW\ DQG TXDQWXP WKHRU\�

&XUUHQW WKHRULHV RI TXDQWXP JUDYLW\ UHTXLUH UDGLFDO UHYLVLRQV LQ RXU FRQFHS�
WXDOL]DWLRQ RI VSDFH� UHTXLULQJ WKH XVH RI VSDFHV RI H�J� �� GLPHQVLRQV� DOO RI
ZKLFK H[FHSW WKH XVXDO IRXU WLPH DQG VSDFH GLPHQVLRQV DUH ?UROOHG XS� WR D FLU�
FOH RI YHU\ VPDOO GLDPHWHU� VR ZH GRQ
W SHUFHLYH WKHP� 7KH FRQVHQVXV LV WKDW WKH
?nQDO� WKHRU\ ZLOO LQYROYH TXDQWXP oXFWXDWLRQV LQ WKH WRSRORJ\ RI VSDFH�WLPH
LWVHOI� &OHDUO\ SKLORVRSKLFDO LGHDV DERXW WKH QDWXUH RI VSDFH ZLOO EH VWUXJJOLQJ
WR FDWFK XS WR VFLHQFH IRU VRPH WLPH WR FRPH�

��� 4XDQWXP PHFKDQLFV DQG YLUWXDO H[LVWHQFH

,Q DQ H[SHULPHQW RIWHQ XVHG WR LOOXVWUDWH TXDQWXP PHFKDQLFV� HOHFWURQV DUH
?nUHG� DW D WDUJHW WKURXJK D GLmUDFWLRQ JUDWLQJ� 7KH GLmUDFWLRQ JUDWLQJ FDQ�
DW OHDVW LQ SULQFLSOH� EH UHGXFHG WR WZR VPDOO� FORVHO\ VSDFHG KROHV LQ D VROLG
SODWH� 7KH HOHFWURQ PXVW �DW OHDVW LW VHHPV LW PXVW� SDVV WKURXJK RQH RI WKHVH
KROHV WR UHDFK WKH WDUJHW� :H nUH D ORW RI HOHFWURQV DQG WKH WDUJHW PHDVXULQJ
GHYLFH UHFRUGV ZKHUH WKH\ ODQG� ,QVWHDG RI WZR SLOHV RI HOHFWURQV� LQWHUIHUHQFH
SDWWHUQV �VXFK DV \RX ZRXOG H[SHFW WR VHH ZKHQ XVLQJ OLJKW LQVWHDG RI HOHFWURQV�
DUH REVHUYHG� XQOHVV ZH PHDVXUH FDUHIXOO\ ZKLFK KROH WKH HOHFWURQ JRHV WKURXJK�
,I ZH GR ORRN FDUHIXOO\ DW ZKLFK KROH LV XVHG� WKH HOHFWURQV EHKDYH OLNH SDUWLFOHV�

��$ PRUH JHQHURXV YLHZ RI .DQW PLJKW KROG WKDW KH RQO\ WKRXJKW WKDW WKH QDWXUH RI RXU
HYHU\GD\ LPPHGLDWH H[SHULHQFH RI VSDFH �DQG PHGLXP�VL]HG SK\VLFDO REMHFWV� LV LQKHUHQW LQ WKH
QDWXUH RI PLQG� , WKLQN PRGHUQ NQRZOHGJH RI WKH HmHFWV RI QHXURORJLFDO GDPDJH DQG GLVHDVH
GLVSURYHV HYHQ WKLV FODLP� EXW WKH GHWDLOV DUH QRW UHOHYDQW WR WKH WRSLF RI WKLV SDSHU�

��7KH SRLQWV LQ TXHVWLRQ DUH SRLQWV LQ D PDWKHPDWLFDO VSDFH� QRW LQ WKH SK\VLFDO VSDFH LWVHOI�
VR WKHUH LV QR SKLORVRSKLFDO FLUFXODULW\ KHUH�

��



7KH XSVKRW LV WKDW �ZKHQ ZH VHH WKH LQWHUIHUHQFH SDWWHUQ� ZH FDQ
W NQRZ WKH
HOHFWURQ
V SRVLWLRQ ZHOO HQRXJK WR VD\ ZKLFK KROH LW ZHQW WKURXJK� DQG LQGHHG
PD\EH LW GLGQ
W UHDOO\ JR WKURXJK HLWKHU KROH� EXW VRPHKRZ ZHQW WKURXJK ERWK
KROHV VLPXOWDQHRXVO\� ,W
V HYHQ SRVVLEOH WKDW LW GLGQ
W JR WKURXJK HLWKHU KROH�
EXW LQVWHDG ?WXQQHOHG� WKURXJK� �7KLV KDSSHQV LQ HYHU\ WUDQVLVWRU� LW
V QRW
DQ HVRWHULF RFFXUUHQFH� 7KH IDFW WKDW \RXU UDGLR SOD\V PXVLF GHSHQGV RQ WKLV
TXDQWXP EHKDYLRU RI HOHFWURQV�� ,Q RWKHU ZRUGV� LW
V QRW PHUHO\ WKDW ZH FDQ
W
NQRZ LWV SRVLWLRQ� LW VLPSO\ LV IDOVH WKDW WKH HOHFWURQ DW DOO WLPHV KDV D XQLTXH
SRVLWLRQ DQG YHORFLW\� 7KH XQFHUWDLQW\ SULQFLSOH LV QRW D PDWWHU RI HSLVWHPRORJ\�
EXW RI RQWRORJ\�

'RHV WKH HOHFWURQ H[LVW ZKLOH LW
V WXQQHOLQJ" RU GRHV LW oDVK PRPHQWDULO\
RXW RI H[LVWHQFH DQG WKHQ EDFN LQWR H[LVWHQFH DJDLQ"

7KHVH TXHVWLRQV WXUQ XS DJDLQ LQ TXDQWXP HOHFWURG\QDPLFV DQG LQ VXEDWRPLF
SK\VLFV� ZKHUH LQWHUDFWLRQV EHWZHHQ SKRWRQV DQG HOHFWURQV� RU PRUH JHQHUDOO\
EHWZHHQ DQ\ WZR SDUWLFOHV� DUH FDOFXODWHG E\ VXPPLQJ RYHU PDQ\ �XVXDOO\ LQ�
nQLWHO\ PDQ\� SRVVLEOH LQWHUPHGLDWH VWDWHV� 7KHVH LQWHUPHGLDWH VWDWHV FDQQRW
EH REVHUYHG� EXW LQ WKRVH VWDWHV QHLWKHU WKH RULJLQDO QRU WKH nQDO SDUWLFOHV H[LVW�
DQG VRPH RWKHU SDUWLFOHV PD\ H[LVW WKDW GLGQ
W H[LVW EHIRUH DQG ZRQ
W H[LVW DI�
WHU WKH LQWHUDFWLRQ� 7KHVH DUH FDOOHG ?YLUWXDO� SDUWLFOHV� 7KH\ KDYH D QHEXORXV
VWDWXV� WKH\ GRQ
W ?UHDOO\ H[LVW� LQ WKH VHQVH WKDW WKH\ DUH XQREVHUYDEOH^\RX
DUH QHYHU ?JLYHQ� D YLUWXDO SDUWLFOH� 0RUHRYHU� DOO LQnQLWHO\ PDQ\ RI WKHVH LQ�
WHUPHGLDWH VWDWHV ?KDSSHQ� DW WKH VDPH WLPH� DQG PDNH WKHLU FRQWULEXWLRQ WR
WKH nQDO UHVXOW� 6R WKHUH LV DQ REVHUYDEOH UHVXOW� LW LV WKHUHIRUH KDUG WR VD\ WKDW
WKH YLUWXDO SDUWLFOHV ?GRQ
W H[LVW�^ KRZ FRXOG D QRQ�H[LVWHQW SDUWLFOH SURGXFH
DQ REVHUYDEOH UHVXOW"

,I VRPH PDWKHPDWLFLDQV DUH WHPSWHG WR VZHHS WKHVH GLpFXOWLHV XQGHU WKH FDU�
SHW DV LUUHOHYDQW WR PDWKHPDWLFV� WKH QHZ nHOG RI TXDQWXP FRPSXWDWLRQ VKRXOG
SXW D VWRS WR WKDW� $OJRULWKPV KDYH EHHQ GHYHORSHG WR VSHHG XS YDULRXV GLI�
nFXOW FRPSXWDWLRQV E\ GLYLGLQJ WKH FRPSXWDWLRQV LQWR SDUWV WKDW FDQ EH GRQH
VLPXOWDQHRXVO\� �7KLV LV FDOOHG ?SDUDOOHO FRPSXWDWLRQ��� ,Q TXDQWXP FRPSXW�
LQJ� WKH LGHD LV WR JHW SDUDOOHO FRPSXWDWLRQV SHUIRUPHG E\ WKH YLUWXDO VWDWHV� VR
WKDW D VLQJOH SLHFH RI KDUGZDUH FDQ SHUIRUP D ODUJH QXPEHU RI FRPSXWDWLRQV DW
WKH VDPH WLPH� $ TXDQWXP DOJRULWKP KDV EHHQ GHYHORSHG WR VSHHG XS IDFWRULQJ
LQWHJHUV� DQG SHRSOH DUH QRZ ZRUNLQJ WR EXLOG PDFKLQHV ZKLFK FDQ DFWXDOO\ H[H�
FXWH VXFK DOJRULWKPV� XVLQJ YHU\ WKLQ RSWLFDO nEHUV FDSDEOH RI WUDSSLQJ SKRWRQV
LQ D VLQJOH TXDQWXP VWDWH���

7KH SKLORVRSKLFDO PRUDO LV WKDW WKH FRQFHSWV RI H[LVWHQFH WKDW ZH KDYH
IRUPHG� EDVHG RQ RXU H[SHULHQFH ZLWK WKH ZRUOG RI WDEOHV� FKDLUV DQG EHHU PXJV�
DQG HYHQ RQ RXU H[SHULHQFH ZLWK QXPEHUV DQG VLPSOH VHWV� DUH FOHDUO\ LQDGH�
TXDWH WR GHDO ZLWK YLUWXDO SDUWLFOHV� 5HDOLW\ LV MXVW PRUH FRPSOLFDWHG� 7KHUH LV
DQRWKHU NLQG RI H[LVWHQFH� YLUWXDO H[LVWHQFH� ZKLFK LV GLmHUHQW IURP RUGLQDU\ H[�

��6HH KWWS���S���ODQO�JRY�4XDQWXP�KWPO IRU DQ LQWURGXFWLRQ WR TXDQWXP FRPSXWDWLRQ� DV
ZHOO DV nYH WXWRULDOV DQG OLQNV WR UHSRUWV RI FXUUHQW UHVHDUFK DW /RV $ODPRV 1DWLRQDO /DERUDWRU\
DQG HOVHZKHUH�

��



LVWHQFH� 9LUWXDO REMHFWV FDQQRW EH REVHUYHG EXW WKH\ FDQ KDYH REVHUYDEOH HmHFWV�
2QH UHDO REMHFW �HQMR\LQJ WKH RUGLQDU\ NLQG RI H[LVWHQFH� JLYHV ULVH WR VHYHUDO�
HYHQ LQnQLWHO\ PDQ\� YLUWXDO REMHFWV� ZKLFK FRDOHVFH LQWR RQH RUGLQDU\ REMHFW
DJDLQ� $FFRUGLQJ WR TXDQWXP HOHFWURG\QDPLFV� WKLV LV KDSSHQLQJ FRQVWDQWO\^
HYHQ WKH YDFXXP LV VHHWKLQJ� LW LV D VHD RI YLUWXDO SDUWLFOHV FRQVWDQWO\ EHLQJ
FUHDWHG DQG GHVWUR\HG� 3K\VLFLVWV EHOLHYH� DV PHQWLRQHG DERYH� WKDW D FRUUHFW
WKHRU\ RI TXDQWXP JUDYLW\ ZLOO UHTXLUH WKH H[LVWHQFH RI YLUWXDO VSDFH� WKDW LV�
LQWHUPHGLDWH VWDWHV ZLOO KDYH WR EH VXPPHG RYHU DOO SRVVLEOH KLJKHU�GLPHQVLRQDO
WRSRORJLHV� 7KH URDGEORFN WR D VXFFHVVIXO WKHRU\ RI TXDQWXP JUDYLW\ VHHPV WR
EH WKDW QRERG\ NQRZV KRZ WR IRUPXODWH VXFK D VXP�

6FKU�RGLQJHU VKRZHG� LQ D IDPRXV WKRXJKW�H[SHULPHQW� WKDW YLUWXDO H[LVWHQFH
FDQQRW EH FRQnQHG WR VXEDWRPLF REMHFWV� +H GHVFULEHG DQ DSSDUDWXV GHVLJQHG
WR SODFH D FDW LQ D VWDWH RI YLUWXDO H[LVWHQFH� 0RUH SUHFLVHO\� WKH LQLWLDO VWDWH LV
D OLYH FDW� DQG WKHUH DUH WZR LQWHUPHGLDWH YLUWXDO VWDWHV� OLYH FDW DQG GHDG FDW�
FRUUHVSRQGLQJ WR WKH WZR KROHV LQ WKH WZR�VOLW H[SHULPHQW� 7KH nQDO VWDWH ZLOO EH
OLYH FDW RU GHDG FDW� EXW WKH DSSDUDWXV FDQ EH DUUDQJHG VR WKDW D ER[ FRQWDLQV
WZR YLUWXDO FDWV� RQH DOLYH DQG RQH GHDG� :KHQ WKH ER[ LV RSHQHG� WKH FDW ZLOO
EH LQ D QRUPDO VWDWH� HLWKHU DOLYH RU GHDG� EXW WKH UHVXOW LV DV XQSUHGLFWDEOH DV
ZKLFK KROH WKH HOHFWURQ ZLOO SDVV WKURXJK� 0DWKHPDWLFDOO\� WKH WZR YLUWXDO FDWV
DUH GHVFULEHG E\ D ZDYH IXQFWLRQ ZKLFK LV OLQHDU FRPELQDWLRQ RI WKH OLYH�FDW DQG
GHDG�FDW ZDYH IXQFWLRQV���

��� 4XDQWXP PHFKDQLFV DQG WKH FRQWLQXXP

:H KDYH DOUHDG\ GLVFXVVHG WKH GLpFXOWLHV LQ DFFRXQWLQJ IRU WKH ?IXOOQHVV� RI WKH
JHRPHWULFDO FRQWLQXXP E\ D ?QXPEHU OLQH� FRPSRVHG RI FRPSXWDEOH QXPEHUV�
%URXZHU ZDQWHG WR DOORZ ?FKRLFH VHTXHQFHV� WR nOO XS WKH FRQWLQXXP� 7KHVH
ZHUH PHDQW WR DOORZ IRU QXPEHUV ZKRVH DSSUR[LPDWLQJ VHTXHQFHV �GHFLPDO H[�
SDQVLRQV� URXJKO\� ZHUH JHQHUDWHG E\ UDQGRP FKRLFHV RU E\ ?IUHH FKRLFHV� RI
D FRQVFLRXV EHLQJ� 1RZ� UDQGRPQHVV LQ SK\VLFDO SURFHVVHV DULVHV HLWKHU IURP
XQFHUWDLQWLHV LQ RXU NQRZOHGJH RI WKH LQLWLDO FRQGLWLRQV� RU IURP TXDQWXP XQFHU�
WDLQW\� 7KH IRUPHU �NQRZQ DV ?FKDRV�� LV QRW UHOHYDQW� 2QO\ TXDQWXP XQFHU�
WDLQW\ FDQ OHDG WR D WUXO\ UDQGRP SK\VLFDO SURFHVV��� $OVR WKH IUHH FKRLFHV RI D
FRQVFLRXV EHLQJ PXVW� VR IDU DV PRGHUQ SK\VLFV LV FRQFHUQHG� LQYROYH TXDQWXP
PHFKDQLFDO XQFHUWDLQWLHV� 6LQFH WKH ODZV RI FODVVLFDO SK\VLFV DUH GHWHUPLQLVWLF� LI
KXPDQ EHKDYLRXU LV QRW GHWHUPLQLVWLF� WKHQ WKHUH PXVW EH TXDQWXP V\VWHPV LQ
WKH EUDLQ ZKLFK SURSDJDWH TXDQWXP XQFHUWDLQWLHV IURP WKH PLFURVFRSLF WR WKH
PDFURVFRSLF OHYHO� 6HH >��@ IRU VSHFXODWLRQV DV WR ZKDW WKHVH TXDQWXP V\VWHPV

��)RU D GLVFXVVLRQ RI 6FKU�RGLQJHU
V FDW DQG RWKHU SKLORVRSKLFDO SUREOHPV DVVRFLDWHG ZLWK
WKH LPSOLFDWLRQV RI TXDQWXP PHFKDQLFV IRU PDFURVFRSLF REMHFWV� VHH >��@� SS� ������

��7HFKQLFDOO\ VSHDNLQJ� WKLV LV DQ XQSURYHQ FODLP� 3HUKDSV WKHUH DUH FODVVLFDO VLWXDWLRQV
LQ ZKLFK WKH UHVXOWV DUH QRW FRPSXWDEOH� ,Q WKLV FRQQHFWLRQ .UHLVHO ORQJ DJR SURSRVHG WKH
SUREOHP ZKHWKHU� LQ WKH WKUHH�ERG\ SUREOHP RI 1HZWRQLDQ PHFKDQLFV� LW LV RU LV QRW D UHFXU�
VLYHO\ VROYDEOH SUREOHP ZKHWKHU WKUHH VSKHUHV ZLWK JLYHQ PDVVHV� LQLWLDO SRVLWLRQV� DQG LQLWLDO
YHORFLWLHV ZLOO HYHQWXDOO\ FROOLGH� 6R IDU DV , NQRZ WKLV SUREOHP LV VWLOO RSHQ�

��



PLJKW EH� ,Q HLWKHU FDVH� WKHQ� TXDQWXP PHFKDQLFV RmHUV WKH SRVVLELOLW\ WKDW
SK\VLFDO SURFHVVHV PD\ H[LVW WKDW PLJKW JR EH\RQG WKH FRPSXWDEOH� ,W
V HDV\ WR
JLYH DQ H[DPSOH RI VXFK D VHTXHQFH� D *HLJHU FRXQWHU PHDVXUHV WKH UDGLRDFWLYH
GHFD\ RI FHVLXP���� DWRPV� WKH QH[W PHPEHU RI WKH VHTXHQFH LV WKH QXPEHU
RI VHFRQGV XQWLO WKH QH[W GHFD\� $IWHU HYHU\ 1 GHFD\V �IRU VRPH n[HG 1� ZH
UHSOHQLVK WKH VXSSO\ RI FHVLXP����� VR WKDW WKH SURFHVV LV WKHRUHWLFDOO\ LQnQLWH�
,W VKRXOG QRW EH WHFKQLFDOO\ GLpFXOW WR DUUDQJH D PDSSLQJ RI WKHVH VHTXHQFHV
RQWR WKH XQLW LQWHUYDO LQ VXFK D ZD\ WKDW DQ\ UHDO QXPEHU LQ WKH XQLW LQWHUYDO LV
HTXDOO\ OLNHO\ WR EH JHQHUDWHG� 7KHQ� VLQFH WKH PHDVXUH RI WKH FRPSXWDEOH UHDOV
LV ]HUR� WKH SUREDELOLW\ WKDW D TXDQWXP SURFHVV ZRXOG JHQHUDWH D FRPSXWDEOH
UHDO LV ]HUR� $OO WKRVH FODVVLFDO UHDOV WKDW WKH VHW WKHRULVWV ORYH WR FODVVLI\ PD\
KDYH SK\VLFDO UHDOLW\ DIWHU DOO�

��� 4XDQWXP 6HW 7KHRU\"

7KRVH ZKR KDYH WKRXJKW DERXW WKH PDWWHU HQRXJK WR UHDOL]H WKDW WKHUH LV QR
HVVHQWLDO GLmHUHQFH LQ NLQG EHWZHHQ WKH H[LVWHQFH RI HOHFWURQV DQG WKH H[LVWHQFH
RI LQWHJHUV��� PD\ ZRQGHU WKHQ ZKHWKHU WKH QDLYH QRWLRQV RI H[LVWHQFH� GHULYHG
IURP RXU H[SHULHQFH ZLWK WDEOHV� FKDLUV� DQG EHHU PXJV� EXW LQDGHTXDWH IRU WKH
IRXQGDWLRQV RI SK\VLFV� PLJKW DOVR EH LQDGHTXDWH LQ WKH IRXQGDWLRQV RI PDWKH�
PDWLFV� $W WKH SUHVHQW WLPH� WLWOLQJ D SDSHU ?4XDQWXP VHW WKHRU\� ZRXOG SURE�
DEO\ EUDQG WKH DXWKRU DV D FUDQN� %XW ZKR NQRZV ZKDW WKH IXWXUH PD\ EULQJ"
7KLUW\ \HDUV DJR TXDQWXP FRPSXWLQJ ZRXOG KDYH VRXQGHG HTXDOO\ ULGLFXORXV�

��� ,QIRUPDWLRQ 6WUXFWXUHV (QHUJ\

, SURSRVH WKDW H[LVWHQFH LQYROYHV HQHUJ\ VWUXFWXUHG E\ LQIRUPDWLRQ� ,Q WKH FDVH
RI SDUWLFOHV� WKH LQIRUPDWLRQ LV FDUULHG �RU GHVFULEHG� E\ WKH TXDQWXP ZDYH IXQF�
WLRQ� 0DWKHPDWLFDO REMHFWV DUH WKH H[WUHPH FDVH LQ ZKLFK WKHUH LV QR HQHUJ\�
RQO\ SXUH LQIRUPDWLRQ� 7KH QXPEHU � FRQVLVWV RI LQIRUPDWLRQ RQO\� $GG D VPDOO
TXDQWLW\ RI HQHUJ\ �SHUKDSV LQ WKH IRUP RI LQN DQG SDSHU� DQG \RX FDQ FUHDWH
DQ LQVWDQFH RI WKH QXPHUDO C�
� $FFRUGLQJ WR WKH XQFHUWDLQW\ SULQFLSOH� DQ\WKLQJ
LQYROYLQJ HQHUJ\ ( PXVW KDYH D nQLWH OLIHWLPH� DW OHDVW xK (� 0DWKHPDWLFDO RE�
MHFWV FDQ EH HWHUQDO EHFDXVH WKHLU HQHUJ\ LV ]HUR� 3HUKDSV WKH TXDQWXP YDFXXP
LV DQ H[DPSOH RI WKH RWKHU H[WUHPH� HQHUJ\ ZLWKRXW LQIRUPDWLRQ�

� ([LVWHQFH DQG WKH /DZV RI /RJLF

,Q PDWKHPDWLFV� LW LV WKURXJK ORJLFDO UHDVRQLQJ WKDW ZH DWWHPSW WR DUULYH DW WKH
WUXWK DERXW PDWKHPDWLFDO REMHFWV� :H ZRXOG� LW VHHPV� OLNH WR VHSDUDWH WKDW

��7R DYRLG FRQIXVLRQ� WKH VHQWHQFH GRHV QRW VD\ WKHUH LV QR HVVHQWLDO GLmHUHQFH EHWZHHQ

HOHFWURQV DQG LQWHJHUV� :H XVH GLmHUHQW PHWKRGV WR LQYHVWLJDWH WKH WZR� RI FRXUVH� DQG WKH\

KDYH GLmHUHQW SURSHUWLHV� %XW ZH FDQQRW VD\ WKDW HOHFWURQV DUH ?PRUH UHDO� WKDQ LQWHJHUV� RU

YLFH�YHUVD�

��



SURFHVV IURP WKH PRUH IXQGDPHQWDO SURFHVV RI FRQVWUXFWLQJ RU REWDLQLQJ REMHFWV
WKHPVHOYHV� 7R GUDZ DQ DQDORJ\� LQ PDWKHPDWLFV ZH WHQG WR ORRN DW WKH H[LVWHQFH
RI PRQNH\V DV RQH NLQG RI TXHVWLRQ� DQG WKH H[LVWHQFH RI PRQNH\V WKDW FDQ SOD\
7LOO WKHUH ZDV \RX RQ WKH DFFRUGLRQ DV DQRWKHU NLQG RI TXHVWLRQ� 7KDW LV� ZH
nUVW DGGUHVV WKH TXHVWLRQ RI ZKDW WKH EDVLF REMHFWV DOORZHG LQ PDWKHPDWLFV DUH�
DQG WKHQ WKH TXHVWLRQ RI SURYLQJ WKH H[LVWHQFH RI REMHFWV ZLWK FHUWDLQ SURSHUWLHV
LV FRQVLGHUHG� %XW , PDLQWDLQ WKDW� LQ PDWKHPDWLFV DV LQ OLIH� WKLV LV DQ DUWLnFLDO
GLVWLQFWLRQ� )RU H[DPSOH� WKH TXHVWLRQ DV WR ZKDW VHWV H[LVW �LQ JHQHUDO� LV QRW
SKLORVRSKLFDOO\ IDU UHPRYHG IURP WKH TXHVWLRQ ZKHWKHU D PHDVXUDEOH FDUGLQDO �D
FHUWDLQ NLQG RI VHW� H[LVWV�
7KH SODQ RI nUVW FLUFXPVFULELQJ D FODVV RI REMHFWV ZKRVH H[LVWHQFH LV DVVXUHG�

DQG WKHQ UHJDUGLQJ WKH SKUDVH ?WKHUH H[LVWV� DV D NLQG RI VHOHFWLRQ IURP WKLV
FODVV� JRHV EDFN DW OHDVW WR 5XVVHOO DQG :KLWHKHDG� :KHQ WKH\ LQWURGXFH WKH
SURSRVLWLRQDO IXQFWLRQ � �SDJH �� RI 3ULQFLSLD� YROXPH ��� WKH\ VD\ LW PHDQV
?VRPH SURSRVLWLRQV RI WKH UDQJH >RI SURSRVLWLRQV 3 �[�� ZKHUH WKH DOORZHG YDOXHV
RI [ DUH WKRVH IRU ZKLFK 3 �[� LV PHDQLQJIXO@ DUH WUXH�� 7KLV LPSOLHV WKDW WKH
UDQJH RI DOORZHG YDOXHV LV DOUHDG\ GHWHUPLQHG� ,QGHHG� WKH GULYLQJ LGHD RI 3ULQ�
FLSLD LV WR FLUFXPVFULEH WKH ?XQLYHUVH� RI W\SHV RQFH DQG IRU DOO� DW WKH EHJLQQLQJ
RI PDWKHPDWLFV�

��� %URXZHU DQG WKH XQUHOLDELOLW\ RI ORJLF

%URXZHU
V VWDUWLQJ SRLQW ZDV WKDW ?WKHUH H[LVWV� PXVW PHDQ ?ZH FDQ FRQVWUXFW��
%XW VRPH YHU\ EDVLF ODZV RI ORJLF VXpFH WR SURYH WKDW $ B % LV HTXLYDOHQW WR
DVVHUWLQJ WKH H[LVWHQFH RI DQ LQWHJHU Q VXFK WKDW LI Q  � WKHQ $� DQG RWKHUZLVH
%� ,W IROORZV WKDW IRU %URXZHU� WR SURYH �[�$�[� B %�[�� LV WR VKRZ KRZ WR
GHWHUPLQH� JLYHQ [� ZKLFK DOWHUQDWLYH $�[� RU %�[� KROGV� 1RZ LQ FDVH % LV
WKH QHJDWLRQ RI $� ZH nQG WKDW WKH ?ODZ RI WKH H[FOXGHG PLGGOH�� $ B �$�
KDV D QRQ�WULYLDO FRQWHQW� DQG LQGHHG WKHUH DUH PDQ\ H[DPSOHV LQ ZKLFK ZH
FDQQRW DW SUHVHQW SURYH �[�$�[� B �$�[�� LQ D VW\OH %URXZHU ZRXOG DSSURYH�
)RU H[DPSOH� ZH GR QRW NQRZ ZKHWKHU HH LV UDWLRQDO RU QRW� DQG ZH GRQ
W HYHQ
KDYH DQ DOJRULWKP IRU GHFLGLQJ RI D JLYHQ UDWLRQDO [ ZKHWKHU LW HTXDOV HH RU QRW�
VR ZH FDQ
W SURYH �[�[  H

H B [� H
H�� ZKHUH [ UDQJHV RYHU UDWLRQDO QXPEHUV�

%URXZHU VHL]HG WKH EXOO E\ WKH KRUQV� KH GHFODUHG WKH ODZ RI WKH H[FOXGHG
PLGGOH WR EH ?XQUHOLDEOH�� DQG VHW Rm WR GHYHORS PDWKHPDWLFV ZLWKRXW LW� %RWK
%URXZHU DQG +LOEHUW WKRXJKW WKDW WKLV ZRXOG UHVXOW LQ ZHDNHU PDWKHPDWLFV�
7KH\ ZRXOG VXUHO\ ERWK KDYH EHHQ VXUSULVHG E\ WKH WHFKQLFDO UHVXOWV ZKLFK *�RGHO
REWDLQHG XVLQJ WKH GRXEOH�QHJDWLRQ WUDQVODWLRQ� 7KLV VLPSOH WUDQVODWLRQ KDG WR
DZDLW WKH GHYHORSPHQW E\ +H\WLQJ RI IRUPDO UXOHV IRU LQWXLWLRQLVWLF ORJLF���

��%URXZHU ZDV DQ DQWL�IRUPDOLVW� KH IHOW WKDW V\PEROV ZHUH RQO\ D PHDQV RI FRPPXQLFDWLRQ�

ZKLFK FDUU\ RU VXJJHVW PHDQLQJ� DQG KH IHOW WKDW QR V\VWHP RI IRUPDO UXOHV FRXOG HQFRPSDVV

PDWKHPDWLFV� *�RGHO
V LQFRPSOHWHQHVV WKHRUHP VKRXOG� WKHUHIRUH� QRW KDYH VXUSULVHG KLP DW

DOO� $WWHPSWLQJ WR YHULI\ WKLV SUHGLFWLRQ� , VHDUFKHG %URXZHU
V &ROOHFWHG :RUNV IRU KLV UHDF�

WLRQ WR WKH LQFRPSOHWHQHVV WKHRUHPV� DQG IRXQG WKDW WKHUH LV QRW RQH GLUHFW UHIHUHQFH WR *�RGHO

��



%URXZHU
V UHMHFWLRQ RI WKH ODZ RI WKH H[FOXGHG PLGGOH EHFDPH IDU EHWWHU�

NQRZQ WKDQ KLV SRVLWLRQ RI PHQWDOLVP DQG WKH UHVXOWLQJ UHVWULFWLRQV RQ KLV PDWK�

HPDWLFDO RQWRORJ\� $OWKRXJK %URXZHU
V ORJLF ZDV VWLPXODWHG E\ WKH SDUDGR[HV�

FKDQJLQJ WR LQWXLWLRQLVWLF ORJLF E\ LWVHOI GRHV QRWKLQJ WR VWRS WKH SDUDGR[HV� 7KH

5XVVHOO SDUDGR[� IRU LQVWDQFH� FDQ EH GHULYHG ZLWKRXW DQ\ DSSHDO WR DUJXPHQW

E\ FDVHV� $IWHU GHnQLQJ 5  I[ � [�� [J� ZH WKHQ SURYH 5�� 5 GLUHFWO\� IURP
ZKLFK ZH FRQFOXGH 5 � 5� :H GRQ
W QHHG WR GLYLGH LQWR FDVHV DFFRUGLQJ DV

5 � 5 RU QRW�

��� 7KH QHJDWLYH WUDQVODWLRQ

$ QHJDWLYH IRUPXOD LV RQH ZKLFK GRHV QRW FRQWDLQ � RU GLVMXQFWLRQ� &ODVVLFDOO\�
� FDQ EH UHSODFHG ZLWK ��� DQG $ B% FDQ EH GHnQHG LQ WHUPV RI FRQMXQFWLRQ
DQG QHJDWLRQ� VR HYHU\ IRUPXOD KDV D FODVVLFDOO\ HTXLYDOHQW QHJDWLYH IRUP� 7KH
QHJDWLYH WUDQVODWLRQ RI D IRUPXOD LV WKLV IRUP� ZKHUH LQ DGGLWLRQ DWRPLF IRUPXODH
DUH WR EH GRXEOH�QHJDWHG�

2QFH IRUPDO UXOHV IRU LQWXLWLRQLVWLF DQG FODVVLFDO ORJLF ZHUH ERWK DYDLODEOH�
LW ZDV HDV\ WR SURYH WKDW WKLV WUDQVODWLRQ SUHVHUYHV ORJLFDO SURYDELOLW\��� +HQFH�
HYHU\ FODVVLFDO SURRI FDQ EH WUDQVODWHG LQWR D FRUUHVSRQGLQJ FRQVWUXFWLYH SURRI�
,Q WKH FDVH RI FHUWDLQ D[LRP V\VWHPV� QRWDEO\ 3HDQR
V $ULWKPHWLF� WKH WUDQVOD�
WLRQV RI WKH D[LRPV DUH SURYDEOH LQ WKH FRQVWUXFWLYH V\VWHP� VR HYHU\ FODVVLFDO
WKHRUHP RI 3$ KDV LWV QHJDWLYH WUDQVODWLRQ SURYDEOH LQ +H\WLQJ
V DULWKPHWLF +$�
6LQFH GRXEOH QHJDWLRQV RQ SULPH IRUPXODH FDQ EH GURSSHG LQ DULWKPHWLF �WKH\
DUH GHFLGDEOH�� HYHU\ QHJDWLYH WKHRUHP RI 3$ LV D WKHRUHP RI +$� ,QWXLWLRQ�
LVWLF DULWKPHWLF LV QRW ZHDNHU WKDQ FODVVLFDO DULWKPHWLF� D UHVXOW ZKLFK VXUHO\
VXUSULVHG VRPH SHRSOH�

��� 6HW WKHRULHV ZLWK LQWXLWLRQLVWLF ORJLF

%URXZHU GHYHORSHG LQWXLWLRQLVWLF PDWKHPDWLFV LQ D ZD\ WKDW XVHG QRW RQO\ D UH�
VWULFWHG ORJLF� EXW D GLmHUHQW QRWLRQ RI WKH IXQGDPHQWDO PDWKHPDWLFDO REMHFWV�
VLQFH KH SXW WKH FRQWLQXXP� nOOHG ZLWK VRPHZKDW P\VWHULRXV FKRLFH VHTXHQFHV�
DW WKH FHQWHU� 7KLV EDVLF DSSURDFK GLG QRW FKDQJH XQWLO WKH ZRUN RI %LVKRS
>�@� %LVKRS NHSW WKH UHVWULFWHG ORJLF� EXW HOLPLQDWHG WKH FKRLFH VHTXHQFHV LQ

DQ\ZKHUH LQ WKH &ROOHFWHG :RUNV �%URXZHU UDUHO\ UHIHUV WR DQ\RQH�� 7KHUH LV WKH IROORZLQJ
LQGLUHFW UHIHUHQFH LQ D VXUYH\ SDSHU SXEOLVKHG LQ �����>�@� S� ����� ?>7@KH KRSH RULJLQDOO\
IRVWHUHG E\ WKH 2OG )RUPDOLVWV WKDW PDWKHPDWLFDO VFLHQFH HUHFWHG DFFRUGLQJ WR WKHLU SULQFL�
SOHV ZRXOG EH FURZQHG RQH GD\ ZLWK D SURRI RI QRQFRQWUDGLFWRULW\� ZDV QHYHU IXOnOOHG� DQG�
QRZDGD\V� LQ YLHZ RI WKH UHVXOWV RI FHUWDLQ LQYHVWLJDWLRQV RI WKH ODVW IHZ GHFDGHV� KDV� , WKLQN�
EHHQ UHOLQTXLVKHG�� 7KLV LV WDNHQ DOPRVW YHUEDWLP IURP >��@� S� �� ZULWWHQ IRXU \HDUV HDUOLHU�

��&UHGLW IRU WKH QHJDWLYH WUDQVODWLRQ EHORQJV WR .ROPRJRURY >��@� ZKR SXEOLVKHG LQ 5XVVLDQ�
+H DOVR FRQVWUXFWHG WKH nUVW LQWXLWLRQLVWLF IRUPDO ORJLFDO V\VWHPV� *�RGHO >��@ H[WHQGHG WKH
WUDQVODWLRQ IURP SUHGLFDWH ORJLF WR DULWKPHWLF� 6HH >��@ IRU DQ H[WHQVLRQ RI WKH UHVXOW WR =)
VHW WKHRU\�

��



IDYRU RI D GLmHUHQW PDWKHPDWLFDO GHYHORSPHQW� :KHQ +H\WLQJ DQG .OHHQH IRU�
PXODWHG WKHLU LQWXLWLRQLVWLF V\VWHPV� WKH\ VLPSO\ SRVWXODWHG WKH FRQWLQXLW\ RI
UHDO�YDOXHG IXQFWLRQV �RU VRPH HTXLYDOHQW SURSHUW\�� 7KLV WKH\ QR GRXEW FRQ�
VLGHUHG DQ LPSURYHPHQW RYHU %URXZHU� ZKR DWWHPSWHG WR MXVWLI\ FRQWLQXLW\ E\
DUJXPHQWV DERXW WKH SRVVLEOH PHQWDO SURFHVVHV� %URXZHU
V DQWL�IRUPDOLVW SRVL�
WLRQ SUHYHQWHG KLP IURP SRVWXODWLQJ DQ\WKLQJ DW DOO� %LVKRS WRRN D GLmHUHQW
FRXUVH� KH VLPSO\ UHVWULFWHG KLV DWWHQWLRQ WR WKH FRQWLQXRXV IXQFWLRQV�� � DQG
VDLG WKDW LI WKHUH DUH DQ\ RWKHU IXQFWLRQV� QHYHU PLQG WKHP� ZH
UH RQO\ LQWHUHVWHG
LQ WKH FRQWLQXRXV RQHV� 7KLV SRVLWLRQ VWLPXODWHG WKH FRQVLGHUDWLRQ RI YHUVLRQV
RI VHW WKHRU\ ZLWK LQWXLWLRQLVWLF ORJLF� 6XFK WKHRULHV ZHUH nUVW FRQVWUXFWHG E\
0\KLOO DQG E\ )HIHUPDQ� 7HFKQLFDO UHVXOWV RQ WKHVH WKHRULHV DUH GHVFULEHG LQ
>�@� 7KH SRLQW WR EH PDGH KHUH LV WKDW PRVW RI WKHVH WKHRULHV SHUPLW VRPH IRUP
RI WKH *�RGHO QHJDWLYH WUDQVODWLRQ� VR WKDW WKH SKHQRPHQRQ SHUVLVWV ZKHQ KLJKHU
W\SHV DUH DGGHG� XVLQJ LQWXLWLRQLVWLF ORJLF DORQH GRHV QRW PDNH D WKHRU\ ZHDNHU�

,I RQH WDNHV WKH LGHD RI UXOH RU RSHUDWLRQ DV SULPLWLYH� DV ZHOO DV VHWV� VR WKDW
IRU H[DPSOH WKH XQLRQ RSHUDWLRQ H[LVWV HYHQ WKRXJK LWV JUDSK LV QRW D VHW EXW D
SURSHU FODVV� RQH FDQ IRUPXODWH FRKHUHQW IRUPDO V\VWHPV EDVHG RQ D FRPELQDWLRQ
RI WKH ODPEGD�FDOFXOXV IRU UXOHV DQG VRPH D[LRPV RI VHW WKHRU\� 7KLV ZDV WKH
DSSURDFK SLRQHHUHG E\ )HIHUPDQ LQ >��@� >�@� )HIHUPDQ
V VHW�WKHRUHWLF D[LRPV
DUH YHU\ GLmHUHQW IURP WKRVH RI =)� ,W LV SRVVLEOH WR FUHDWH D FRKHUHQW WKHRU\ RI
UXOHV DQG VHWV E\ VLPSO\ WDNLQJ WKH XVXDO =) D[LRPV� DGGLQJ D QHZ SULPLWLYH
IRU UXOHV� DQG WKH D[LRPV RI WKH ODPEGD�FDOFXOXV� 7KH UHSODFHPHQW D[LRP FDQ
WKHQ EH IRUPXODWHG DV� WKH UDQJH RI DQ RSHUDWLRQ RQ D VHW LV D VHW� 6XFK D WKHRU\
KDV EHHQ VWXGLHG LQ >�@� ZKHUH YDULRXV UHVXOWV VWDQGDUG IRU LQWXLWLRQLVWLF WKHRULHV
KDYH EHHQ SURYHG DERXW LW� 7KH SRLQW LV WKDW WKH PRGLnFDWLRQV RI WKH D[LRPV RI
VHW WKHRU\ DQG WKH LQFOXVLRQ RI UXOHV DV D SULPLWLYH DUH PRUH RU OHVV LQGHSHQGHQW
FKDQJHV� 2QFH \RX KDYH GHFLGHG ZKHWKHU RU QRW UXOHV DUH IXQGDPHQWDO REMHFWV�
\RX VWLOO KDYH WR PDNH DQ LQGHSHQGHQW FKRLFH DERXW ZKDW VHWV \RX WKLQN H[LVW�
DW OHDVW DV IDU DV NQRZQ IRUPDO V\VWHPV LQGLFDWH� 7KHUH LV QR GLUHFW UHODWLRQ
EHWZHHQ \RXU RQWRORJLFDO FRPPLWPHQW �UHSUHVHQWHG E\ VHW�WKHRUHWLF D[LRPV� DQG
\RXU HSLVWHPRORJLFDO FRPPLWPHQW �UHSUHVHQWHG E\ LQWXLWLRQLVWLF ORJLF DQG WKH XVH
RI UXOHV LQVWHDG RI IXQFWLRQV��

��� 5HFXUVLYH UHDOL]DELOLW\

:H XVXDOO\ WDNH LW IRU JUDQWHG WKDW SURSRVLWLRQV FDQ EH FRPELQHG E\ PHDQV
RI WKH ORJLFDO RSHUDWLRQV RI FRQMXQFWLRQ� QHJDWLRQ� GLVMXQFWLRQ� DQG LPSOLFDWLRQ�
&ODVVLFDOO\ WKHVH RSHUDWLRQV DUH GHnQHG E\ WKHLU WUXWK WDEOHV� EXW FRQVWUXFWLYHO\
WKLV ZRQ
W ZRUN� ,Q LQWXLWLRQLVP� ZH FDQ RQO\ DFFHSW D SURSRVLWLRQ DV PHDQLQJIXO
LI ZH NQRZ ZKDW LW PHDQV WR FRQVWUXFW D SURRI RI LW� +H\WLQJ� IROORZLQJ %URXZHU�
JDYH H[SODQDWLRQV RI WKH ORJLFDO FRQQHFWLYHV DQG TXDQWLnHUV LQ WKHVH WHUPV� 7KHVH
H[SODQDWLRQV DUH VWUDLJKWIRUZDUG IRU DOO WKH RSHUDWLRQV H[FHSW � DQG LPSOLFDWLRQ�

��7HFKQLFDOO\� WKH IXQFWLRQV XQLIRUPO\ FRQWLQXRXV RQ FRPSDFW VHWV�

��



$ SURRI RI �[$�[� DPRXQWV WR D PHWKRG IRU WUDQVIRUPLQJ DQ\ [ �LQ WKH UDQJH
RI WKH YDULDEOH� WR D SURRI RI $�[�� 6LPLODUO\� D SURRI RI $ � % LV D PHDQV RI
WUDQVIRUPLQJ D SURRI RI $ WR D SURRI RI %� :KHQ +H\WLQJ JDYH WKLV GHnQLWLRQ�
UHFXUVLRQ WKHRU\ KDG QRW \HW EHHQ GHYHORSHG� DQG ?PHWKRG� ZDV VWLOO DQ LQIRUPDO
WHUP� %XW LQ ����� .OHHQH UHSODFHG ?SURRI� E\ ?LQWHJHU� DQG ?PHWKRG� E\
?UHFXUVLYH IXQFWLRQ�� DQG WKH UHVXOW ZDV WKH GHnQLWLRQ RI UHFXUVLYH UHDOL]DELOLW\�
7KLV SURYLGHG D QHZ VHPDQWLFV IRU LQWXLWLRQLVWLF DULWKPHWLF�

7KH UHDOL]DELOLW\ VHPDQWLFV KDV EHHQ H[WHQGHG WR DOPRVW HYHU\ FRQVWUXFWLYH
IRUPDO V\VWHP� LQGHHG� LW LV KDUG WR LPDJLQH FDOOLQJ D V\VWHP FRQVWUXFWLYH LI
LW GRHV QRW SHUPLW D UHDOL]DELOLW\ LQWHUSUHWDWLRQ� 7KH UHDOL]DELOLW\ LQWHUSUHWD�
WLRQ FRQQHFWHG WKH FRQVWUXFWLYH XQSURYDELOLW\ RI WKH ODZ RI WKH H[FOXGHG PLGGOH
WR WKH UHFXUVLYH XQVROYDELOLW\ RI WKH KDOWLQJ SUREOHP� D WKRURXJKO\ VDWLVI\LQJ
FRQQHFWLRQ�

7KHUH KDV EHHQ D ORW RI ZRUN LQ WKH ODVW WZHQW\ \HDUV WKDW VSXQ Rm IURP WKH
QRWLRQ RI UHDOL]DELOLW\� , UHIHU WR FDWHJRU\�WKHRUHWLF LQWHUSUHWDWLRQV RI FRQVWUXF�
WLYH V\VWHPV� LQFOXGLQJ WKH UHDOL]DELOLW\ WRSRV� DQG PXFK ZRUN RQ WKH H[WUDFWLRQ
RI DOJRULWKPV IURP IRUPDO SURRIV� $OWKRXJK WKLV ZRUN LV LQWHUHVWLQJ DQG VDW�
LVI\LQJ� LW GRHV QRW DGGUHVV WKH SKLORVRSKLFDO LVVXHV ZLWK ZKLFK WKLV SDSHU LV
FRQFHUQHG�

��� 7KH PHDQLQJ RI LPSOLFDWLRQ

5HDOL]DELOLW\ JLYHV XV D PXFK EHWWHU SLFWXUH RI WKH PHDQLQJ RI LQWXLWLRQLVWLF ORJLF
WKDQ ZH KDG EHIRUH LW ZDV LQYHQWHG� EXW WKH TXHVWLRQ DULVHV ZKHWKHU WKH UHDOL]�
DELOLW\ LQWHUSUHWDWLRQ LV WKH ?LQWHQGHG LQWHUSUHWDWLRQ� RI LQWXLWLRQLVP �DW OHDVW
RI LQWXLWLRQLVWLF DULWKPHWLF�� 0DUNRY DQG KLV VFKRRO RI 5XVVLDQ FRQVWUXFWLYLVWV
WRRN WKLV LQWHUSUHWDWLRQ DW IDFH YDOXH� EXW LQ WKH :HVW� LQ WKH nIWLHV� RQO\ D IHZ
ORJLFLDQV ZHUH LQWHUHVWHG LQ FRQVWUXFWLYH PDWKHPDWLFV DQ\ZD\� DQG WKH\ GLG QRW
DFFHSW WKH UHDOL]DELOLW\ LQWHUSUHWDWLRQ� ERWK EHFDXVH RI GRXEWV DERXW &KXUFK
V
WKHVLV �LV HYHU\ ?PHWKRG� UHDOO\ UHFXUVLYH"� DQG EHFDXVH WKH UHDOL]DELOLW\ LQWHU�
SUHWDWLRQ VHHPV� OLNH WKH 7DUNVL WUXWK GHnQLWLRQ� WR SUHVXPH WKDW ZH NQRZ WKH
PHDQLQJV RI LPSOLFDWLRQ DQG TXDQWLnFDWLRQ DV DSSOLHG RQ WKH ULJKW�KDQG VLGH RI
WKH GHnQLWLRQ� )RU WKLV UHDVRQ� ERWK WKH WUXWK GHnQLWLRQ DQG WKH UHDOL]DELOLW\
GHnQLWLRQ FDQ RQO\ EH XVHG WR GHnQH WUXWK �RU FRQVWUXFWLYH WUXWK� LQ D IRUPDO
ODQJXDJH� QRW D SULRUL�

.UHLVHO DWWHPSWHG WR UHYLVH WKH +H\WLQJ H[SODQDWLRQ� DGGLQJ ?VHFRQG FODXVHV�
WR WKH GHnQLWLRQV RI ZKDW LW PHDQV WR SURYH DQ LPSOLFDWLRQ DQG D XQLYHUVDOO\
TXDQWLnHG VWDWHPHQW� $ SURRI RI $ � % ZRXOG EH� DFFRUGLQJ WR .UHLVHO� D
PHWKRG RI WUDQVIRUPLQJ D SURRI RI $ LQWR D SURRI RI %� WRJHWKHU ZLWK D SURRI RI

WKLV IDFW� )RU WKLV WR EH DQ\ UHGXFWLRQ� ZH PXVW DVVXPH WKDW VWDWHPHQWV RI WKH
IRUP ?S SURYHV %�[�� DUH VLPSOHU WKDQ DUELWUDU\ VWDWHPHQWV� .UHLVHO VXSSRVHG
WKH\ ZHUH GHFLGDEOH� 7KH SODQ ZDV� WR WXUQ WKLV LQWR D SUHFLVH LQWHUSUHWDWLRQ E\
XVLQJ UHFXUVLRQ WKHRU\� 7KHUH ZHUH PDQ\ WHFKQLFDO GLpFXOWLHV� EXW *RRGPDQ
HYHQWXDOO\ SURGXFHG D ?WKHRU\ RI FRQVWUXFWLRQV� EDVHG RQ WKLV LGHD� 0RGHUQ

��



ZRUN KDV FRQQHFWHG WKH WKHRU\ RI FRQVWUXFWLRQV ZLWK WKH )UHJH VWUXFWXUHV RI
$F]HO�

$OWKRXJK WKLV ?VHFRQG FODXVH� LQWHUSUHWDWLRQ KDV VRPHWLPHV EHHQ FODLPHG
WR UHSUHVHQW %URXZHU
V LGHD RI WKH PHDQLQJ RI WKH ORJLFDO FRQQHFWLYHV� LQ UHDOLW\
%URXZHU
V YLHZ ZDV UDWKHU GLmHUHQW� %URXZHU H[SODLQHG WKH TXDQWLnHU FRPELQD�
WLRQ �[�\ LQ WHUPV RI IXQFWLRQV� ,I [ DQG \ DUH LQWHJHUV� WKHQ WKLV PHDQV WKHUH
LV D IXQFWLRQ m WKDW JHWV \ IURP [� ,I [ LV D IXQFWLRQ LWVHOI� WKHQ LW PHDQV WKDW \
FDQ EH JRWWHQ IURP [ E\ D FRQWLQXRXV IXQFWLRQ� ,I [ UDQJHV QRW RYHU DOO LQWHJHUV
RU IXQFWLRQV� EXW RYHU D VSHFLHV RI LQWHJHUV RU IXQFWLRQV� VLQFH VSHFLHV KDYH WR
EH GHnQHG DV WKH UDQJHV RI IXQFWLRQV� LW LV SRVVLEOH WR UHGXFH WKLV FDVH WR WKH
IRUPHU FDVH� %URXZHU GLG QRW EHOLHYH WKDW OLQJXLVWLF FRQVWUXFWLRQV QHFHVVDULO\
FRUUHVSRQGHG WR XQGHUO\LQJ PDWKHPDWLFDO FRQVWUXFWLRQV� VR D SULRUL LW PLJKW
QRW EH PHDQLQJIXO WR SXW DQ LPSOLFDWLRQ DUURZ EHWZHHQ DQ\ WZR SURSRVLWLRQV�
$IWHU LQYHVWLJDWLRQ� WKRXJK� HYHU\WKLQJ LV UHGXFHG WR IXQFWLRQV IURP LQWHJHUV WR
LQWHJHUV� ZKLFK LQ WXUQ DUH JLYHQ E\ FKRLFH VHTXHQFHV� 6R %URXZHU UHDOO\ UHGXFHG
ORJLF WR RQWRORJ\� DOO ZH KDYH WR GR LV H[SODLQ ZKDW FKRLFH VHTXHQFHV DUH� DQG
ZH ZLOO XQGHUVWDQG LQWXLWLRQLVP� ORJLF� VSHFLHV� DQG DOO�

$ PRUH PRGHUQ DWWHPSW WR H[SODLQ WKH ORJLFDO FRQQHFWLYHV ZDV PDGH E\
0DUWLQ�/�RI LQ KLV WKHRU\ RI W\SHV >��@� 7KH OHDGLQJ LGHD RI WKLV WKHRU\ LV WKDW
ZH FRQVWUXFW ?W\SHV�� ZKLFK DUH GRPDLQV RYHU ZKLFK TXDQWLnHUV PD\ UDQJH� E\
FHUWDLQ SULPLWLYH RSHUDWLRQV� 7KLV LGHD ZDV SUHVHQW DOUHDG\ LQ 3ULQFLSLD 0DWKH�

PDWLFD� EXW 0DUWLQ�/�RI UHWDLQV WKH LGHD RI ?RSHUDWLRQ� DV D SULPLWLYH QRWLRQ DV
ZHOO� 7KLV WKHRU\ KDV EHHQ RI LQWHUHVW ERWK WR SKLORVRSKHUV DQG FRPSXWHU VFLHQ�
WLVWV� $ QXPEHU RI LQWHUHVWLQJ WHFKQLFDO UHVXOWV KDYH EHHQ REWDLQHG� ZKLFK VKRZ
WKH FRQQHFWLRQV RI WKLV YLHZSRLQW ZLWK WKRVH RI FDWHJRU\ WKHRU\ DQG UHFXUVLRQ
WKHRU\�

��� 7KH 'LDOHFWLFD LQWHUSUHWDWLRQ

:KHQ +H\WLQJ LQWURGXFHG KLV IRUPDO V\VWHPV IRU LQWXLWLRQLVP� RI FRXUVH KH DO�
ORZHG WKH FRQVWUXFWLRQ RI $ � % IURP DQ\ IRUPXODV $ DQG %� 7KH IDFW WKDW
%URXZHU GLG QRW GR VR ZDV KDUGO\ QRWLFHG� 2QH LV WHPSWHG WR VSHFXODWH WKDW
*�RGHO PD\ KDYH VWXGLHG %URXZHU FDUHIXOO\� EHFDXVH LQ ���� KH LQWURGXFHG DQ
IRUPDO LQWHUSUHWDWLRQ RI LQWXLWLRQLVWLF QXPEHU WKHRU\ ZKLFK KDV D UHPDUNDEOH
SDUDOOHO WR %URXZHU
V YLHZV��� 7KLV LQWHUSUHWDWLRQ� ZKLFK LV FDOOHG WKH 'LDOHF�
WLFD LQWHUSUHWDWLRQ �DIWHU WKH MRXUQDO LQ ZKLFK LW ZDV SXEOLVKHG�� SUHVXPHV WKDW
TXDQWLnHU�IUHH VWDWHPHQWV DUH PHDQLQJIXO �HYHQ WKRVH LQYROYLQJ LPSOLFDWLRQ��
DQG VWDWHPHQWV RI WKH IRUP �[�\$�[� \� DUH PHDQLQJIXO� ZKHUH $ LV TXDQWLnHU�
IUHH� /HW XV FDOO WKLV ($ IRUP� +HUH [ DQG \ UDQJH RYHU IXQFWLRQDOV RI nQLWH
W\SH� *�RGHO
V LGHD ZDV WR H[SODLQ WKH PHDQLQJ RI DQ\ FRPSRXQG IRUPXOD E\
UHGXFLQJ LW WR DQ HTXLYDOHQW RQH RI WKLV IRUP� +H JDYH D UHFXUVLYH GHnQLWLRQ RI

��, FRXOG nQG QR HYLGHQFH IRU RU DJDLQVW WKLV VSHFXODWLRQ� +RZHYHU� WKHUH LV VRPH HYLGHQFH�
LQ D OHFWXUH *�RGHO JDYH LQ ����� WKDW KH ZDV LQoXHQFHG E\ +LOEHUW DQG $FNHUPDQQ
V ZRUN RQ
IXQFWLRQDOV RI KLJKHU W\SH� 6HH >��@ IRU GHWDLOV DQG UHIHUHQFHV�

��



DQ LQWHUSUHWDWLRQ WKDW GRHV MXVW WKDW� :KHQ KH SUHVHQWHG WKH LQWHUSUHWDWLRQ IRU
SXEOLFDWLRQ �RYHU D GHFDGH DIWHU KH LQYHQWHG LW�� LW ZDV SUHVHQWHG DV D SXUHO\
IRUPDO UHGXFWLRQ RI DQ LQWXLWLRQLVWLF WKHRU\ ZLWK DOO WKH XVXDO FRQQHFWLYHV� WR
D TXDQWLnHU�IUHH WDUJHW WKHRU\� (DFK IRUPXOD $ KDV D WUDQVODWLRQ LQ ($ IRUP�
�[�\$e�[� \�� 7KH WKHRUHP LV WKDW LI $ LV SURYDEOH LQ nQLWH�W\SH DULWKPHWLF�
WKHQ IRU VRPH WHUP W� $e�W� \� LV SURYDEOH LQ *�RGHO
V TXDQWLnHU�IUHH WKHRU\ 7�

7R FDUU\ RXW WKH UHGXFWLRQ RI IRUPXODV WR ($ IRUP� *�RGHO KDG WR XVH D
IHZ ORJLFDO SULQFLSOHV WKDW DUH QRW FRQVWUXFWLYHO\ GHULYDEOH� VR LW LV QRW WKH FDVH
WKDW $ LV SURYDEO\ HTXLYDOHQW WR LWV WUDQVODWLRQ �[�\$e�[� \�� 7KLV GRHV QRW
LQWHUIHUH ZLWK WKH WUDQVODWLRQ
V VRXQGQHVV DV VWDWHG DERYH� EXW LW SUREDEO\ PDGH
*�RGHO UHOXFWDQW WR DGYDQFH WKH LQWHUSUHWDWLRQ DV DQ H[SODQDWLRQ RI FRQVWUXFWLYH
PHDQLQJ� DQG SHUKDSV DFFRXQWV IRU WKH GHOD\ RI RYHU D GHFDGH LQ SXEOLVKLQJ WKH
ZRUN� DOWKRXJK RI FRXUVH WKLV LV RQO\ VSHFXODWLRQ� 1R VXFK UHVHUYDWLRQV GLG (U�
UHWW %LVKRS KDYH LQ WKH ODWH VL[WLHV� ZKHQ �LQ >�@� KH LQGHSHQGHQWO\ UHGLVFRYHUHG
WKH 'LDOHFWLFD LQWHUSUHWDWLRQ DQG DGYDQFHG LW DV DQ H[SODQDWLRQ RI FRQVWUXFWLYH
PHDQLQJ� %LVKRS
V SDSHU ZDV QRW ZLGHO\ UHDG� DQG IHZ SHRSOH UHDOL]H WKDW WKH
'LDOHFWLFD LQWHUSUHWDWLRQ LV D FDQGLGDWH IRU D IXQGDPHQWDO SKLORVRSKLFDO GHnQL�
WLRQ RI WKH PHDQLQJ RI WKH FRQVWUXFWLYH ORJLFDO FRQQHFWLYHV� 7KLV LQWHUSUHWDWLRQ
LV� LQ P\ RSLQLRQ� TXLWH FORVH WR WKH RULJLQDO LQWHQWLRQV RI %URXZHU� ,W LV LQWHUHVW�
LQJ WKDW VLPLODU QRWLRQV ZHUH RXWOLQHG E\ %URXZHU� PDGH PHWDPDWKHPDWLFDOO\
SUHFLVH E\ *�RGHO� DQG UHGLVFRYHUHG E\ %LVKRS�

� &RQFOXVLRQV

,Q WKLV VHFWLRQ� ZH ZLOO WDNH WKH EDVLF LVVXHV OLVWHG LQ WKH LQWURGXFWLRQ RQH E\
RQH� DQG FRQVLGHU WKHP LQ WKH OLJKW RI WKH VFLHQWLnF SURJUHVV GLVFXVVHG DERYH�

:KDW LV UHDO� DQG KRZ GR ZH NQRZ LW" %URXZHU DQVZHUHG� WKDW ZKLFK FDQ EH
FRQVWUXFWHG� DQG ZH NQRZ LW E\ FRQVWUXFWLQJ LW� 7KH GHYHORSPHQWV RI UHFXUVLYH
DQDO\VLV KDYH JLYHQ WKH OLH WR WKLV� ZH NQRZ WKDW ORWV RI QRQ�FRQVWUXFWLYH UHDO
QXPEHUV PXVW H[LVW WR nOO XS WKH JHRPHWULF FRQWLQXXP� %LVKRS KDV VNLOOIXOO\
SDSHUHG RYHU WKLV GLpFXOW\ VR WKDW ZH FDQ� LI ZH OLNH� MXVW QRW PHQWLRQ WKHVH
QRQ�FRQVWUXFWLYH UHDO QXPEHUV� EXW E\ FRQVLGHULQJ RQO\ FRQWLQXRXV IXQFWLRQV�
ZH PDNH VXUH WKDW RXU IXQFWLRQV DUH GHnQHG RQ WKH QRQ�FRQVWUXFWLYH UHDOV WKDW
ZH GRQ
W PHQWLRQ� %\ GHnQLQJ PHDVXUHV LQ WHUPV RI IXQFWLRQV� DQG UHVWULFWLQJ
IXQFWLRQV WR EH FRQWLQXRXV� WKH HYLO FRQFOXVLRQ WKDW WKH XQLW LQWHUYDO KDV PHDVXUH
� LV DYRLGHG �>�@ FRQWDLQV WKH GHnQLWLYH WUHDWPHQW� LPSURYLQJ RQ >�@�� %XW ZKDW
GRHV %LVKRS WKLQN LV nOOLQJ XS WKH XQLW LQWHUYDO" 7KLV TXHVWLRQ ZLOO EH DQVZHUHG
EHORZ�

:KDW GRHV LW PHDQ WR VD\ D WKLQJ H[LVWV" %URXZHU DQVZHUHG� LW PHDQV WKDW
ZH FDQ FRQVWUXFW LW� +LV FKRLFH VHTXHQFHV ZHUH RQO\ ?SRWHQWLDO LQnQLWLHV�� QRW
REMHFWV WKDW FRXOG EH VDLG WR H[LVW� EXW H[LVWHQFH LQ WKH FRQWH[W �Q�Pm�Q�  P
PHDQV WKDW ?FKRLFHV� DUH DOORZHG DV ?FRQVWUXFWLRQV�� 7KH PDQ\ UHVXOWV RQ
UHDOL]DELOLW\ VKRZ XV WKDW LW LV DW OHDVW FRQVLVWHQW WR WKLQN WKDW WKH UHDO QXPEHUV

��



DUH WKH RQO\ VRXUFH RI QRQ�FRQVWUXFWLYH H[LVWHQFH�

&DQ WKLQJV H[LVW WKDW ZH FDQ
W NQRZ DERXW" %URXZHU VDLG QR� EHFDXVH WKLQJV
H[LVW RQO\ LI ZH FDQ FRQVWUXFW WKHP LQ RXU PLQGV� %XW WKH UHDO QXPEHUV FRQ�
VWUXFWHG E\ IRUFLQJ WHFKQLTXHV PXVW JLYH XV SDXVH� 7KHVH VHHP WR EH SHUIHFWO\
DFFHSWDEOH FKRLFH VHTXHQFHV� LQGHHG IRUFLQJ FDQ EH XVHG WR FRQVWUXFW PRGHOV
RI WKHRULHV RI FKRLFH VHTXHQFHV� )L[LQJ D PRGHO RI VHW WKHRU\� WKHQ� WKHUH DUH
SOHQW\ RI UHDOV WKDW ZH FDQ
W NQRZ DQ\WKLQJ DERXW ?ZLWKLQ WKDW PRGHO�� 7KLV LV
VRPHZKDW LQFRKHUHQW� DV ZH NQRZ LQ RXU PLQGV� UDWKHU WKDQ ZLWKLQ D PRGHO RI
VHW WKHRU\� %XW LW VKRZV WKDW WKHUH LV D WUDQVnQLWH VHTXHQFH RI PRUH DQG PRUH
UHFRQGLWH UHDO QXPEHUV� PRUH DQG PRUH ?JHQHULF� LI \RX OLNH�
$QRWKHU ZD\ RI H[SUHVVLQJ WKH PDWWHU LV WKLV� 9LHZHG IURP ZLWKLQ D n[HG

D[LRPDWLF WKHRU\� PRVW UHDOV DUH ?JHQHULF�� 6WUHQJWKHQLQJ WKH WKHRU\ �E\ DGGLQJ
PRUH WUXH D[LRPV� ZLOO ?SUHFLSLWDWH� VRPH PRUH UHDOV IURP WKH ?VHD RI JHQHU�
LFLW\�� VR \RX ZLOO EH DEOH WR GLVWLQJXLVK WKHP E\ WKHLU SURSHUWLHV� %XW PRVW
�?DOPRVW DOO�� ZLOO UHPDLQ JHQHULF�
7DNLQJ XS WKH GHIHQVH RI WKH FRQVWUXFWLYLVW SRLQW RI YLHZ� ZH PLJKW PDLQWDLQ

WKDW WKHVH QXPEHUV GRQ
W H[LVW� EHFDXVH WKH\ DUH QHYHU FRPSOHWHG� 7KH\ UHSUH�
VHQW QRW D VLQJOH FRQVWUXFWLRQ� EXW DQ LQnQLWH VHULHV RI FRQVWUXFWLRQV� DQG KHQFH
WKH\ GRQ
W H[LVW� :H PD\ WKHQ DQVZHU WKH TXHVWLRQ DVNHG DERYH� ?ZKDW GRHV
%LVKRS WKLQN LV nOOLQJ XS WKH XQLW LQWHUYDO�" 7KH FRQVWUXFWLYLVW PXVW PDLQWDLQ
WKDW WKH XQLW LQWHUYDO LV nOOHG XS ZLWK QRQ�H[LVWHQWHQW SRWHQWLDO LQnQLWLHV� 7KH
YDVW PDMRULW\ RI PHPEHUV RI >���@ GR QRW H[LVW� EHFDXVH ZH FDQQRW FRQVWUXFW
WKHP� EXW EHFDXVH ZH FDQ FRQVWUXFW DUELWUDULO\ ORQJ SDUWLDO &DXFK\ VHTXHQFHV�
WKH\ ?PLJKW H[LVW�� 7KLV SRVLWLRQ LV QRW DEVXUG� ,QGHHG� LW VRXQGV D ORW OLNH WKH
SRVLWLRQ RI PDLQVWUHDP SK\VLFV� WKDW WKH YDFXXP LV VHHWKLQJ ZLWK YLUWXDO SDUWL�
FOHV WKDW GRQ
W UHDOO\ H[LVW HLWKHU� %XW LW GRHV UHTXLUH FRQFHLYLQJ RI VHWV KDYLQJ
PHPEHUV WKDW GRQ
W H[LVW� &HUWDLQO\ QR SUHVHQW�GD\ IRUPDO WKHRULHV DOORZ IRU
WKDW�

&DQ WKLQJV H[LVW WKDW ZH GRQ
W NQRZ KRZ WR nQG" )RU H[DPSOH� D ZHOO�
RUGHULQJ RI WKH UHDOV� RU D XQFRXQWDEOH VXEVHW RI WKH UHDOV ZKLFK LV QRW LQ RQH�
RQH FRUUHVSRQGHQFH ZLWK DOO WKH UHDOV" :KLOH ZH PD\ EH QR FORVHU WR XQDQLPLW\
RQ WKLV TXHVWLRQ WKDQ ZH ZHUH LQ ����� ZH XQGHUVWDQG WKH UDPLnFDWLRQV PXFK
EHWWHU� ,QGHHG� ZH VHHP WR KDYH D FKRLFH LQ WKH PDWWHU� ZH FDQ WDNH %URXZHU
V
PHDQLQJ RI H[LVWHQFH� LQ ZKLFK FDVH KLV DQVZHU LV YDOLG� RU ZH FDQ WDNH +LOEHUW
V�
ZKLFK WKH *�RGHO QHJDWLYH WUDQVODWLRQ KDV VKRZQ FDQ EH GHnQHG LQ WHUPV RI
%URXZHU
V� :H MXVW KDYH WR EH FDUHIXO QRW WR PL[� LQ WKH VDPH FRQWH[W� WZR
GLmHUHQW PHDQLQJV RI ?H[LVWHQFH��
$V FRPSXWHU DVVLVWDQFH LQ PDWKHPDWLFDO SUREOHP�VROYLQJ LV EHFRPLQJ PRUH

FRPPRQSODFH� WKH LQWHUHVW RI WKH PDWKHPDWLFDO FRPPXQLW\ LQ SURRIV WKDW VXSSO\
DOJRULWKPV LV LQFUHDVLQJ� )RU H[DPSOH� LQYDULDQW WKHRU\� ZKLFK ZDV D ?KRW WRSLF�
LQ WKH QLQHWHHQWK FHQWXU\� ODQJXLVKHG IRU PRVW RI WKH WZHQWLHWK� EXW UHFHQWO\ LW
KDV EHHQ UHYLYHG� DQG D ERRN KDV EHHQ SXEOLVKHG ZLWK WKH WLWOH $OJRULWKPV LQ

,QYDULDQW 7KHRU\ >��@� 7KLV LV QRW DQ LVRODWHG LQFLGHQW� DV D SHUXVDO RI DQ\
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PDWKHPDWLFV SXEOLVKHU
V FDWDORJ ZLOO VKRZ� 7KH FRPPXQLW\ SUHVHQWO\ WDNHV WKH
YLHZ VXJJHVWHG DERYH� ZH KDYH H[LVWHQFH� DQG ZH KDYH FRQVWUXFWLYH H[LVWHQFH�
,I \RX FDQ SURYH FRQVWUXFWLYH H[LVWHQFH� WKDW
V EHWWHU� EHFDXVH DOJRULWKPV DUH
XVHIXO� EXW YHU\ IHZ SHRSOH UHJDUG QRQFRQVWUXFWLYH H[LVWHQFH DV PHDQLQJOHVV�
6LQFH WKH QHJDWLYH WUDQVODWLRQ �DQG WKH IRUPDO WRROV WR PDNH LWV IRUPXODWLRQ
SRVVLEOH�� LW UHDOO\ LVQ
W SRVVLEOH WR PDLQWDLQ WKDW SRVLWLRQ� FODVVLFDO H[LVWHQFH
FDQ EH LQWHUSUHWHG DV QRQ�FRQWUDGLFWRU\ H[LVWHQFH� 6R %URXZHU
V FRQFOXVLRQ WKDW
FODVVLFDO PDWKHPDWLFV LV PHDQLQJOHVV ZDV Rm WKH PDUN���

:KDW GRHV LW PHDQ WR VD\ VRPHWKLQJ LV WUXH" %URXZHU VDLG WKDW LW PHDQW
ZH FDQ SURYH LW� )RU VLPSOLFLW\ OHW XV UHVWULFW WKH GLVFXVVLRQ WR WKH WUXWK RI
VHQWHQFHV LQ WKH ODQJXDJH RI 3HDQR $ULWKPHWLF� 1RZ� 7DUVNL
V WUXWK GHnQLWLRQ
FDQ EH FRQVWUXFWLYHO\ XQGHUVWRRG� OLNH DQ\ RWKHU LQGXFWLYH GHnQLWLRQ� $QG LW
KDV D FRQYLQFLQJ FKDUDFWHU� WKLV GRHV VHHP WR EH ZKDW ZH PHDQ E\ WUXWK� 7KHQ
%URXZHU
V FODLP EHFRPHV D FRQMHFWXUH� HYHU\ WUXH DULWKPHWLFDO VHQWHQFH LV SURY�
DEOH� 1RZ� E\ *�RGHO
V LQFRPSOHWHQHVV WKHRUHP ZH NQRZ WKDW DQ\ QRWLRQ RI
?SURYDELOLW\� IRU ZKLFK WKLV ZRXOG EH WUXH FDQQRW EH FDSWXUHG LQ D IRUPDO V\V�
WHP� %XW WKDW LV ZKDW %URXZHU EHOLHYHG DOO DORQJ� VR RQH FRXOG LPDJLQH KLV
UHDFWLRQ��� ?2I FRXUVH��
7R PDLQWDLQ %URXZHU
V FRQMHFWXUH UHTXLUHV� LQ YLHZ RI WKH LQFRPSOHWHQHVV

WKHRUHPV� D VWURQJ IDLWK LQ WKH QRQ�PHFKDQLFDO QDWXUH RI WKH KXPDQ PLQG�
7KHUH GRHVQ
W VHHP WR EH WKH VOLJKWHVW HYLGHQFH LQ IDYRU RI WKH FRQMHFWXUH� LW
PXVW EH WDNHQ DV DQ DUWLFOH RI IDLWK�
$IWHU D FHQWXU\ RI WHFKQLFDO SURJUHVV� WKLV LV WKH FRQFOXVLRQ� ZKDW %URXZHU

WRRN WR EH WKH GHnQLWLRQ RI WUXWK LV DQ XQSURYDEOH FRQMHFWXUH�
+RZ FDQ ZH NQRZ ZKHWKHU VRPHWKLQJ LV WUXH" %URXZHU VDLG� WKH RQO\ ZD\

LV WR SURYH LW� 7KLV VHHPV WR EH WKH FRPPRQ YLHZSRLQW RI DOO PDWKHPDWLFLDQV�
FRQVWUXFWLYH RU QRW� ,W LV ZKDW GLVWLQJXLVKHV D PDWKHPDWLFLDQ IURP D SK\VLFLVW
�ZKR ZLOO DFFHSW HPSLULFDO HYLGHQFH�� RU IURP D SHUVRQ RI IDLWK �ZKR ZLOO DFFHSW
D UHYHODWLRQ��
7KLV KDOORZHG SULQFLSOH RI PDWKHPDWLFV LV XQGHUJRLQJ D FKDOOHQJH WKHVH GD\V�

IURP VRPH ZKR EHOLHYH WKHUH LV URRP IRU WKH H[SHULPHQWDO PHWKRG LQ PDWKH�
PDWLFV� )RU H[DPSOH� FRPSXWHUV KDYH EHHQ XVHG WR SURYLGH HYLGHQFH IRU WKH
5LHPDQQ K\SRWKHVLV �� WKDW ZRXOG EH FRQYLQFLQJ HQRXJK IRU D SK\VLFLVW� VKRZ�
LQJ ORWV DQG ORWV RI ]HURHV RQ WKH FULWLFDO OLQH DQG QRQH Rm WKH FULWLFDO OLQH� \HW
PDWKHPDWLFLDQV VWLOO DUHQ
W VDWLVnHG�

&DQ WKLQJV EH WUXH WKDW ZH FDQ
W HYHU NQRZ WR EH WUXH" %URXZHU VDLG QR�

��6SHFLnFDOO\� RQ SDJH ��� RI >�@� %URXZHU DVNV ZKHWKHU D ?OLQJXLVWLF DSSOLFDWLRQ� RI FODVVLFDO
ORJLF FDQ DOZD\V EH SDUDOOHOHG E\ ?ODQJXDJHOHVV PDWKHPDWLFDO FRQVWUXFWLRQV�� DQG DQVZHUV LQ
WKH QHJDWLYH LI WKH SULQFLSOH RI WKH H[FOXGHG WKLUG LV LQYROYHG� %XW WKH QHJDWLYH WUDQVODWLRQ
VKRZV WKDW VRPH FRQVWUXFWLRQ GRHV DFFRPSDQ\ WKH XVH RI FODVVLFDO ORJLF�

��,QGHHG� RQH PXVW LPDJLQH KLV UHDFWLRQ� VLQFH KH GLG QRW UHFRUG LW�
��7KH 5LHPDQQ K\SRWKHVLV VD\V DOO WKH FRPSOH[ ]HURHV RI D FHUWDLQ IXQFWLRQ� WKH DQDO\WLF

H[WHQVLRQ RI � � � �[ � � � � � Q] � � � �� OLH RQ WKH ?FULWLFDO OLQH� 5H�]�  � �� ,W LV D IDPRXV
XQVROYHG SUREOHP�
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%XW WKH WKUXVW RI WKH FHQWXU\
V SURJUHVV LV WKDW� KRZHYHU OLWWOH ZH OLNH LW� WKHUH
DUH ORWV RI WUXH WKLQJV WKDW ZH DUHQ
W HYHU JRLQJ WR NQRZ� ,W VHHPV WKDW ZHOO�
RUGHULQJV DUH WKH NH\ WR WUXWK LQ DULWKPHWLF� %XW KRZ DUH ZH VXSSRVHG WR UHFRJ�
QL]H ZHOO�RUGHULQJV� EH WKH\ SULPLWLYH UHFXUVLYH ZHOO�RUGHULQJV RI WKH LQWHJHUV� RU
PHDVXUDEOH FDUGLQDOV" ,Q ERWK FDVHV� ZH KDYH UXQ RXW RI LGHDV� DQG DUH UHO\LQJ
RQ PHUH VSHFXODWLRQV� ,W VHHPV WKDW D SUDFWLFDO OLPLW WR DULWKPHWLFDO NQRZOHGJH
KDV EHHQ UHDFKHG� (YHQ LI IXWXUH JHQHUDWLRQV LQYHQW VHYHUDO QHZ NLQGV RI ODUJH
FDUGLQDOV� WKH\ ZLOO MXVW KDYH DGYDQFHG D IHZ VWHSV GRZQ D WUDQVnQLWH URDG� DQG
ZLOO EH VWXFN DJDLQ� 7KH LQVFULSWLRQ RQ +LOEHUW
V JUDYH �?ZH PXVW NQRZ� ZH ZLOO
NQRZ�� ORRNV IDOVH WR XV WRGD\���

&KDLWLQ >��@ KDV JLYHQ D IRUPXODWLRQ RI WKH LQFRPSOHWHQHVV WKHRUHPV WKDW
PDNHV WKH OLPLWV RI RXU NQRZOHGJH HVSHFLDOO\ FOHDU��� &KDLWLQ
V IRUPXODWLRQV RI
WKH LQFRPSOHWHQHVV WKHRUHPV PDNH LW FOHDU WKDW WKH WUXH DULWKPHWLFDO WKHRUHPV
RI WKH IRUPDO WKHRULHV ZH NQRZ DQG ORYH DUH MXVW D GURS LQ WKH RFHDQ FRPSDUHG
WR DOO WKH DULWKPHWLFDO WUXWKV� DQG ZH GRQ
W KDYH DQ\ FOHDU LGHDV KRZ WR H[WHQG
RXU WKHRULHV PXFK IXUWKHU� DQG HYHQ LI ZH GLG� WKH\ ZRXOG VWLOO EH IRUPDO WKHRULHV
DQG WKHLU WKHRUHPV ZRXOG VWLOO EH MXVW D GURS LQ WKH RFHDQ RI DULWKPHWLFDO WUXWKV�
1RZ \RX PLJKW WKLQN WKDW ?D GURS LQ WKH RFHDQ� LV D JURVV H[DJJHUDWLRQ� VLQFH
WKH LQFRPSOHWHQHVV WKHRUHP VD\V RQO\ WKDW WKHUH LV VRPH WUXH DULWKPHWLFDO QRQ�

WKHRUHP� 0D\EH VR� DQG WKHUH LV FHUWDLQO\ GLVDJUHHPHQW RYHU ZKHWKHU &KDLWLQ
V

ZRUN KDV DGGHG WR WKH SKLORVRSKLFDO VLJQLnFDQFH RI WKH LQFRPSOHWHQHVV WKHRUHPV�

%XW HYHQ ZLWKRXW &KDLWLQ� WKHUH LV FOHDU HYLGHQFH WKDW WKHUH DUH DULWKPHWLFDO

WUXWKV WKDW ZH FDQ
W� LQ DQ\ SUDFWLFDO VHQVH� HYHU SURYH� +RZHYHU OLWWOH ZH OLNH

LW� WKDW
V WKH ZD\ WKLQJV DUH���

��+LVWRULFDO 5HPDUNV � +LOEHUW EHOLHYHG WKDW HYHU\ ZHOO�IRUPXODWHG SUREOHP KDV D VROXWLRQ

DQG ZLOO HYHQWXDOO\ EH VROYHG� 7KLV LV QRW H[DFWO\ WKH VDPH DV WKH TXHVWLRQ ZKHWKHU ZKDWHYHU

LV WUXH FDQ EH SURYHG� EXW LW FHUWDLQO\ LPSOLHV LW� )RU +LOEHUW WKH TXHVWLRQ KDG D GLmHUHQW

PHDQLQJ WKDQ IRU %URXZHU� VLQFH %URXZHU
V DSSURDFK LQYROYHG TXHVWLRQLQJ WKH PHDQLQJ RI

?ZHOO�IRUPXODWHG SUREOHP�� ,W LV WKHUHIRUH QRW VXUSULVLQJ WKDW %URXZHU H[SOLFLWO\ UHSXGLDWHG

+LOEHUW
V FRQYLFWLRQ MXVW PHQWLRQHG� )RU H[DPSOH� %URXZHU ZRXOG KDYH GHQLHG WKDW WKH SURE�

OHP RI GHWHUPLQLQJ ZKHWKHU WZR JLYHQ UHDO QXPEHUV DUH HTXDO LV VROYDEOH� %XW D VSHFLnF

VWDWHPHQW� VXFK DV ?HH LV LUUDWLRQDO�� ZRXOG QRW EH D WUXWK IRU %URXZHU XQOHVV ZH KDG D SURRI
RI LW� ,W ZDV� DQG VWLOO LV� WKH FXVWRP LQ 'XWFK XQLYHUVLWLHV WKDW D WKHVLV LV DFFRPSDQLHG E\
VRPH VKRUW VWDWHPHQWV WR EH GHIHQGHG E\ WKH FDQGLGDWH� 7KH ODVW VXFK VWDWHPHQW LQ %URXZHU
V
WKHVLV �>�@� S� ���� LV WKDW +LOEHUW
V FRQYLFWLRQ LV ?XQIRXQGHG�� $ H[DFW TXRWDWLRQ RI� DQG
UHIHUHQFH WR� +LOEHUW
V RULJLQDO VWDWHPHQW FDQ DOVR EH IRXQG WKHUH�

��*LYHQ D SRO\QRPLDO IQ RI VHYHUDO YDULDEOHV [� GHSHQGLQJ RQ D SDUDPHWHU Q� OHW $Q EH
WKH DQVZHU �\HV RU QR� WR WKH TXHVWLRQ ZKHWKHU IQ�[�  � KDV LQnQLWHO\ PDQ\ VROXWLRQV LQ
WKH LQWHJHUV� &KDLWLQ SURYHV WKDW� JLYHQ D n[HG IRUPDO WKHRU\� VXFK DV 3HDQR $ULWKPHWLF
3$ RU =HUPHOR�)UDHQNHO VHW WKHRU\ =)� WKHUH LV D SRO\QRPLDO IQ VXFK WKDW WKH VHTXHQFH
$Q ORRNV UDQGRP IURP ZLWKLQ WKH n[HG IRUPDO WKHRU\� 7KDW LV� XVLQJ WKH UHVRXUFHV RI =) �
ZH FRXOG QRW GLVWLQJXLVK WKH VHTXHQFH $Q IURP WKH WRVVHV RI D IDLU FRLQ� 0RUHYHU� LQ D
SUHFLVH VHQVH� WKLV LV WUXH RI DQ\ UDQGRPO\ VHOHFWHG VHTXHQFH IQ� QRW MXVW RI WKLV VSHFLDO RQH�
$OWKRXJK WKH IRUPXODWLRQ LQ WKLV IRRWQRWH LV QRW SUHFLVH� &KDLWLQ
V WKHRUHPV XVH SUHFLVHO\
GHnQHG PDWKHPDWLFDO FRQFHSWV�

��7KLV OLQH LV GHOLYHUHG ZLWK DSSURSULDWH LQoHFWLRQ LQ WKH PRYLH 3LJ� ZKHQ WKH \RXQJ SLJ
OHDUQV ZK\ FHUWDLQ IDUP DQLPDOV DUH NHSW HYHQ WKRXJK WKH\ GR QR XVHIXO ZRUN� 7KH RUGHU RI
WKH XQLYHUVH ZDV QRW QHFHVVDULO\ HVWDEOLVKHG IRU RXU FRQYHQLHQFH�
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>��@ 0\KLOO� -� &RQVWUXFWLYH VHW WKHRU\� -� 6\PEROLF /RJLF �� ������ ��������

>��@ 1HOVRQ� (� ,QWHUQDO 6HW 7KHRU\� $ QHZ DSSURDFK WR QRQVWDQGDUG DQDO\VLV�
%XOO� $� 0� 6� �� ������ ����������

��



>��@ 1HOVRQ� (�� 7KH V\QWD[ RI QRQVWDQGDUG DQDO\VLV� $QQDOV RI 3XUH DQG $SSOLHG
/RJLF �� ������ ��������

>��@ 3HQURVH� 5�� 6KDGRZV RI WKH PLQG � D VHDUFK IRU WKH PLVVLQJ VFLHQFH RI

FRQVFLRXVQHVV� 2[IRUG 8QLYHUVLW\ 3UHVV� 2[IRUG�1HZ <RUN �������

>��@ 5HLG� &�� +LOEHUW� &RSHUQLFXV� DQ LPSULQW RI 6SULQJHU�9HUODJ� 1HZ <RUN
�������

>��@ 5RELQVRQ� $�� 1RQ�VWDQGDUG $QDO\VLV� UHYLVHG HGLWLRQ� 3ULQFHWRQ 8QLYHUVLW\
3UHVV� 3ULQFHWRQ ������� )LUVW SXEOLVKHG LQ �����

>��@ 5XFNHU� 5�� 0LQG WRROV� WKH nYH OHYHOV RI PDWKHPDWLFDO UHDOLW\� +RXJKWRQ
0LqLQ� %RVWRQ �������

>��@ 5XVVHOO� %�� 7KH 3UREOHPV RI 3KLORVRSK\� 2[IRUG 8QLYHUVLW\ 3UHVV� 2[IRUG
�������

>��@ 5XVVHOO %�� DQG:KLWHKHDG� $� 1�� 3ULQFLSLD 0DWKHPDWLFD� &DPEULGJH 8QL�
YHUVLW\ 3UHVV� &DPEULGJH ������� )LUVW SXEOLVKHG LQ �����

>��@ 6LHJ� :�� DQG 3DUVRQV� &�� ,QWURGXFWRU\ 1RWH WR ����D� LQ >��@� SS� ������

>��@ 6KRHQnHOG� -�� 0DWKHPDWLFDO /RJLF� $GGLVRQ�:HVOH\� 5HDGLQJ� 0DVV�
�������

>��@ 6KRHQnHOG� -�� 2Q D UHVWULFWHG >RPHJD@�UXOH� %XOO� $FDG� 3RORQ�6FL� � ������
��������

>��@ 6KUHH 3XURKLW 6ZDPL DQG <HDWV� :� %� �WUDQVODWRUV�� 7KH 7HQ 3ULQFLSDO

8SDQLVKDGV� )DEHU DQG )DEHU /LPLWHG� /RQGRQ �������

>��@ 6LHJ� :�� +LOEHUW
V 3URJUDPV� ���������� WR DSSHDU�

>��@ 6WXUPIHOV� %�� $OJRULWKPV LQ ,QYDULDQW 7KHRU\� 6SULQJHU�9HUODJ� 9L�
HQQD�1HZ <RUN �������

>��@ 7URHOVWUD� $� 6� 0HWDPDWKHPDWLFDO ,QYHVWLJDWLRQ RI ,QWXLWLRQLVWLF $ULWK�

PHWLF DQG $QDO\VLV� 6SULQJHU /HFWXUH 1RWHV LQ 0DWKHPDWLFV ��� �������

>��@ 7URHOVWUD $� 6�� DQG YDQ 'DOHQ� '�� &RQVWUXFWLYLVP LQ 0DWKHPDWLFV� $Q

,QWURGXFWLRQ� WZR YROXPHV� 1RUWK�+ROODQG� $PVWHUGDP �������

>��@ 7XULQJ� $�� 6\VWHPV RI ORJLF EDVHG RQ RUGLQDOV� 3URF� /RQGRQ 0DWK� 6RF�

�� ������� ��������

>��@ 7URHOVWUD� $� 6�� DQG 6FKZLFKWHQEHUJ� +�� %DVLF 3URRI 7KHRU\� &DPEULGJH
8QLYHUVLW\ 3UHVV� &DPEULGJH �������

��


