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&KDSWHU �
0D[ %RUQ¶V 9RUOHVXQJHQ �EHU $WRPPHFKDQLN� (UVWHU %DQG
'RPHQLFR *LXOLQL

��� 2XWOLQH

$ OLWWOH PRUH WKDQ KDOI D \HDU EHIRUH PDWUL[ PHFKDQLFV ZDV ERUQ� 0D[ %RUQ ILQLVKHG KLV ERRN
9RUOHVXQJHQ �EHU $WRPPHFKDQLN� (UVWHU %DQG� ZKLFK ZDV D VWDWH�RI�WKH�DUW SUHVHQWDWLRQ RI
%RKU�6RPPHUIHOG TXDQWL]DWLRQ�� 7KLV ERRN LV UHPDUNDEOH IRU LWV HSLVWHPRORJLFDO DV ZHOO DV
WHFKQLFDO DVSHFWV� ,Q WKLV FRQWULEXWLRQ , KLJKOLJKW RQH DVSHFW IURP HDFK RI WKHVH WZR FDWH�
JRULHV� WKH ILUVW FRQFHUQLQJ WKH UROH RI D[LRPDWL]DWLRQ LQ WKH KHXULVWLFV RI SK\VLFV� DQG WKH
VHFRQG FRQFHUQLQJ WKH SUREOHP RI TXDQWL]DWLRQ SURSHU EHIRUH +HLVHQEHUJ DQG 6FKU|GLQJHU�

0D[ %RUQ¶V PRQRJUDSK 9RUOHVXQJHQ �EHU $WRPPHFKDQLN� (UVWHU %DQG� ZDV SXEOLVKHG
LQ ���� E\ -XOLXV 6SULQJHU 9HUODJ �%HUOLQ� DV YROXPH ,, LQ WKH 6HULHV 6WUXNWXU GHU 0DWHULH
�%RUQ ������ 7KH VHFRQG YROXPH RI WKH 9RUOHVXQJHQ DSSHDUHG LQ ���� DV (OHPHQWDUH 4XDQ�
WHQPHFKDQLN� FRDXWKRUHG E\ 3DVFXDO -RUGDQ� DQG ZDV YROXPH ,; LQ WKH VDPH VHULHV� ,Q WKH
VHFRQG YROXPH WKH DXWKRUV DWWHPSW WR JLYH D FRPSUHKHQVLYH DQG VHOI�FRQWDLQHG DFFRXQW RI
PDWUL[ PHFKDQLFV �%RUQ DQG -RUGDQ ������ 7KH ZRUG ³HOHPHQWDUH´ LQ WKH WLWOH DOOXGHV� LQ D
VHQVH� WR WKH ORJLFDO KLHUDUFK\ RI PDWKHPDWLFDO VWUXFWXUHV DQG LV LQWHQGHG WR PHDQ ³E\ DOJH�
EUDLF PHWKRGV �KRZHYHU VRSKLVWLFDWHG� RQO\�´ DV RSSRVHG WR 6FKU|GLQJHU¶V ZDYH PHFKDQLFV�
ZKLFK XVHV �QRQ�HOHPHQWDU\� FRQFHSWV IURP FDOFXOXV� 6LQFH� E\ WKH HQG RI ���� �WKH SUHIDFH
LV GDWHG � 'HFHPEHU ������ VHYHUDO FRPSUHKHQVLYH DFFRXQWV RI ZDYH PHFKDQLFV KDG DOUHDG\
EHHQ SXEOLVKHG�� WKH DXWKRUV IHOW WKDW LW ZDV WLPH WR GR WKH VDPH IRU PDWUL[PHFKDQLFV�

+HUH , ZLOO IRFXV HQWLUHO\ RQ WKH ILUVW YROXPH� ZKLFK JDYH D VWDWH�RI�WKH�DUW DFFRXQW RI
%RKU�6RPPHUIHOG TXDQWL]DWLRQ IURP WKH DQDO\WLF SHUVSHFWLYH� 2QH PLJKW WKHUHIRUH VXVSHFW
WKDW WKH ERRN KDG DOPRVW QR LPSDFW RQ WKH SRVW����� GHYHORSPHQW� RI TXDQWXP PHFKDQLFV
SURSHU� ZKRVH ����±�� EUHDNWKURXJK GLG QRW RULJLQDWH IURP IXUWKHU DQDO\WLFDO UHILQHPHQWV
RI %RKU�6RPPHUIHOG WKHRU\�� %XW WKLV ZRXOG EH D IUXLWOHVV DSSURDFK WR %RUQ¶V ERRN� ZKLFK
LV WUXO\ UHPDUNDEOH LQ DW OHDVW WZR DVSHFWV� )LUVW� IRU LWV SUHVHQWDWLRQ RI DQDO\WLFDO PHFKDQLFV�
LQ SDUWLFXODU +DPLOWRQ�-DFREL WKHRU\ DQG LWV DSSOLFDWLRQV WR LQWHJUDEOH V\VWHPV� DV ZHOO DV
SHUWXUEDWLRQ WKHRU\� DQG VHFRQG� IRU LWV HSLVWHPRORJLFDO RULHQWDWLRQ� 7KRXJK LW LV WHPSWLQJ

�$V XVXDO� , XVH WKH WHUP ³%RKU�6RPPHUIHOG TXDQWL]DWLRQ´ WKURXJKRXW DV VKRUWKDQG IRU ZKDW SUREDEO\ VKRXOG EH
FDOOHG %RKU�,VKLZDUD�:LOVRQ�3ODQFN�6RPPHUIHOG�(SVWHLQ�6FKZDU]VFKLOG « TXDQWL]DWLRQ�
�%RUQ DQG -RUGDQ PHQWLRQ WKH IROORZLQJ IRXU ERRNV� $UWKXU +DDV¶V0DWHULHZHOOHQ XQG 4XDQWHQPHFKDQLN �������
$UQROG 6RPPHUIHOG¶V $WRPEDX XQG 6SHNWUDOOLQLHQ� 9RO� � �:HOOHQPHFKDQLVFKHU (UJlQ]XQJVEDQG� ������� /RXLV
GH %URJOLH¶V (LQI�KUXQJ LQ GLH :HOOHQPHFKDQLN ������� DQG <DNRY )UHQNHO¶V (LQI�KUXQJ LQ GLH :HOOHQPHFKDQLN
�������
�7KH SUHIDFH LV GDWHG 1RYHPEHU �����
�$ SDUWLDO UHYLYDO DQG UHILQHPHQW RI %RKU�6RPPHUIHOG TXDQWL]DWLRQ RFFXUUHG GXULQJ WKH ODWH ����V� DV D WRRO WR
FRQVWUXFW DSSUR[LPDWH VROXWLRQV WR 6FKU|GLQJHU¶V HTXDWLRQ� HYHQ IRU QRQ�VHSDUDEOH V\VWHPV �.HOOHU ������ VHH DOVR
�*XW]ZLOOHU ������ (YHU VLQFH LW KDV UHPDLQHG DQ DFWLYH ILHOG RI UHVHDUFK LQ DWRPLF DQG PROHFXODU SK\VLFV�
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LQGHHG WR SUHVHQW VRPH RI WKH DQDO\WLF GHOLFDFLHV WKDW %RUQ¶V ERRN KDV WR RIIHU� LW LV HTXDOO\
WHPSWLQJ WR KLJKOLJKW VRPH RI WKH HSLVWHPRORJLFDO DVSHFWV� VLQFH WKH ODWWHU GR QRW VHHP WR EH
ZLGHO\ DSSUHFLDWHG� ,QVWHDG� %RUQ¶V ERRN LV PRVW RIWHQ FLWHG DQG SUDLVHG LQ FRQQHFWLRQ ZLWK
+DPLOWRQ DQG +DPLOWRQ�-DFREL WKHRU\� IRU H[DPSOH LQ WKH ROGHU HGLWLRQV RI *ROGVWHLQ¶V ERRN
RQ FODVVLFDO PHFKDQLFV��

��� 6WUXFWXUH RI WKH %RRN

7KH ERRN LV EDVHG RQ OHFWXUHV %RUQ JDYH LQ WKH ZLQWHU VHPHVWHU ������� DW WKH 8QLYHUVLW\
RI *|WWLQJHQ DQG ZDV ZULWWHQ ZLWK WKH KHOS RI %RUQ¶V DVVLVWDQW )ULHGULFK +XQG� ZKR ZURWH
VXEVWDQWLDO SDUWV DQG FRQWULEXWHG LPSRUWDQW PDWKHPDWLFDO UHVXOWV �H�J� WKH XQLTXHQHVV RI
DFWLRQ�DQJHO YDULDEOHV�� :HUQHU +HLVHQEHUJ RXWOLQHG VRPH VHFWLRQV� LQ SDUWLFXODU WKH ILQDO
RQHV GHDOLQJ ZLWK WKH KHOLXP DWRP� 7KH WH[W LV GLYLGHG LQWR �� VHFWLRQV� JURXSHG LQWR � FKDS�
WHUV� DQG D PDWKHPDWLFDO DSSHQGL[� ZKLFK WRJHWKHU DPRXQW WR DOPRVW ��� SDJHV� ,W PD\ EH
QDWXUDOO\ FRPSDUHG DQG FRQWUDVWHG ZLWK 6RPPHUIHOG¶V $WRPEDX XQG 6SHNWUDOOLQLHQ ,� ZKLFK
KDV DERXW WZLFH WKH SDJHV� $V DOUHDG\ VWDWHG� %RUQ¶V WH[W LV WRGD\ ODUJHO\ FLWHG DQG UHPHP�
EHUHG �LI DW DOO�� IRU LWV SUHVHQWDWLRQ RI +DPLOWRQ�-DFREL WKHRU\ DQG SHUWXUEDWLRQ WKHRU\ �DV
RULJLQDOO\ GHYHORSHG IRU DVWURQRPLFDO SUREOHPV�� ,WV SUHVHQWDWLRQ LV FRQVLGHUHG FRPSUHKHQ�
VLYH DQG PRVW FRQFLVH� WKRXJK WRGD\ RQH ZRXOG DSSURDFK VRPH RI WKH PDWHULDO XVLQJ PRUH
JHRPHWULF PHWKRGV �FRPSDUH $UQROG ������ RU $EUDKDP DQG 0DUVGHQ ��������

7KH FKDSWHU FRQWHQWV DUH DV IROORZV�

,QWURGXFWLRQ� 3K\VLFDO )RXQGDWLRQV �� VHFWLRQV� �� 3DJHV�
&KDSWHU �� +DPLOWRQ�-DFREL 7KHRU\ �� VHFWLRQV� �� SDJHV�
&KDSWHU �� 3HULRGLF DQG PXOWLSO\ SHULRGLF PRWLRQV ��� VHFWLRQV� �� SDJHV�
&KDSWHU �� 6\VWHPV ZLWK D VLQJOH YDOHQFH �µOLJKW¶� HOHFWURQ ��� VHFWLRQV� ��� SDJHV�
&KDSWHU �� 3HUWXUEDWLRQ WKHRU\ ��� VHFWLRQV� �� SDJHV�

%RWK 9RUOHVXQJHQ �EHU $WRPPHFKDQLN YROXPHV ZHUH UHYLHZHG E\ :ROIJDQJ 3DXOL IRU
'LH 1DWXUZLVVHQVFKDIWHQ� ,Q KLV UHYLHZ RI WKH ILUVW YROXPH� \RXQJ 3DXOL HPSKDVL]HG� LQ D
VRPHZKDW SRLQWHG IDVKLRQ� LWV VWUDWHJ\ RI DSSO\LQJ PHFKDQLFDO SULQFLSOHV WR VSHFLDO SURE�
OHPV LQ DWRPLF SK\VLFV� +H JDYH WKH IROORZLQJ DV HVVHQWLDO H[DPSOHV� .HSOHULDQ PRWLRQ DQG
WKH LQIOXHQFH LW UHFHLYHV IURP UHODWLYLVWLF PDVV YDULDWLRQV DQG H[WHUQDO ILHOGV� JHQHUDO FHQWUDO
PRWLRQ �5\GEHUJ�5LW] IRUPXOD�� GLYLQJ RUELWV �7DXFKEDKQHQ�� WUXH SULQFLSDO TXDQWXP QXP�
EHUV RI RSWLFDO WHUPV� FRQVWUXFWLRQ RI WKH SHULRGLF V\VWHP DFFRUGLQJ WR %RKU� DQG QXFOHDU
YLEUDWLRQV DQG URWDWLRQ RI WZR�DWRPLF PROHFXOHV� +H ILQDOO\ VWUHVVHV WKH HODERUDWHQHVV RI WKH
ODVW FKDSWHU RQ SHUWXUEDWLRQ WKHRU\

RI ZKLFK RQH FDQQRW VD\� WKDW WKH LQYHVWHG HIIRUW FRUUHVSRQGV WR WKH UHVXOWV
DFKLHYHG� ZKLFK DUH� DERYH DOO� PDLQO\ QHJDWLYH �LQYDOLGLW\ RI PHFKDQLFV IRU WKH
+HOLXP DWRP�� :KHWKHU WKLV PHWKRG FDQ EH WKH IRXQGDWLRQ RI WKH WUXH TXDQWXP
WKHRU\ RI FRXSOLQJV� DV WKH DXWKRU EHOLHYHV� KDV WR EH VKRZQ E\ IXWXUH GHYHORS�
PHQWV� 0D\ WKLV ZRUN LWVHOI DFFHOHUDWH WKH GHYHORSPHQW RI D VLPSOHU DQG PRUH

�,Q WKH ODWHVW HGLWLRQV ����� (QJOLVK� ���� *HUPDQ� �*ROGVWHLQ� 3RROH -U�� DQG 6DINR ����� WKH DXWKRUV VHHP WR
KDYH HUDVHG DOO UHIHUHQFHV WR %RUQ¶V ERRN�
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XQLILHG WKHRU\ RI DWRPV ZLWK PRUH WKDQ RQH HOHFWURQ� WKH PDQLIHVWO\ XQFOHDU
FKDUDFWHU DV RI WRGD\ LV FOHDUO\ SLFWXUHG LQ WKLV FKDSWHU�� �3DXOL ����� ����

)LJXUH ���� &RYHU SDJH�

$V DQ DPXVLQJ DVLGH� WKLV PD\ EH FRPSDUHG ZLWK 3DXOL¶V UHYLHZ RI WKH VHFRQG YROXPH�
ZKLFK DOUHDG\ VKRZHG FRQVLGHUDEO\ PRUH RI KLV LQIDPRXV ELWLQJ LURQ\� $OOXGLQJ WR %RUQ¶V
DV ZHOO DV %RUQ DQG -RUGDQ¶V RZQ ZRUGV LQ WKH LQWURGXFWLRQV WR YROXPH � DQG � UHVSHFWLYHO\�
3DXOL¶V UHYLHZ VWDUWV ZLWK�

7KLV ERRN LV WKH VHFRQG YROXPH RI D VHULHV� LQ ZKLFK HDFK WLPH WKH DLP DQG VHQVH
>=LHO XQG 6LQQ@ RI WKH QWK YROXPH LV PDGH FOHDU E\ WKH YLUWXDO H[LVWHQFH RI WKH
�Q���VW� �3DXOL ����� ����

+DYLQJ JLYHQ QR UHFRPPHQGDWLRQ� WKH UHYLHZ WKHQ HQGV ZLWK�

7KHPDNLQJ >$XVVWDWWXQJ@ RI WKH ERRNZLWK UHVSHFW WR SULQW DQG SDSHU LV H[FHOOHQW
>YRUWUHIIOLFK@� �3DXOL ����� ����

�7UDQVODWLRQV DUH WKH DXWKRU¶V XQOHVV RWKHUZLVH QRWHG�
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)LJXUH ���� 7DEOH RI FRQWHQWV�
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)LJXUH ���� 7DEOH RI FRQWHQWV�
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��� %RUQ¶V 3HGDJRJ\ DQG WKH +HXULVWLF 5ROH RI WKH 'HGXFWLYH�$[LRPDWLF 0HWKRG

����� 6RPPHUIHOG YHUVXV %RUQ

:LOKHOP YRQ +XPEROGW¶V HDUO\ QLQHWHHQWK�FHQWXU\� SURJUDPPDWLF YLVLRQ RI DQ LQWLPDWH FR�
H[LVWHQFH DQG FURVV�IHUWLOL]DWLRQ RI WHDFKLQJ DQG UHVHDUFK VRRQ EHFDPH D ZLGHO\ IROORZHG
SDUDGLJP IRU XQLYHUVLWLHV LQ 3UXVVLD� LQ RWKHU SDUWV RI *HUPDQ\� DQG DURXQG WKH ZRUOG� $QG
HYHQ WKRXJK LW LV FOHDU IURP H[SHULHQFH WKDW LW FDQQRW EH D JHQHUDO UXOH WKDW WKH EHVW UH�
VHDUFKHUV PDNH WKH EHVW WHDFKHUV� RU YLFH YHUVD� +XPEROGW¶V SURJUDP KDV QHYHUWKHOHVV SURYHQ
H[WUHPHO\ VXFFHVVIXO� ,Q IDFW� RXWVWDQGLQJ H[DPSOHV IRU KRZ WR SXW LQWR DFWLRQ +XPEROGW¶V
PD[LP DUH SURYLGHG E\ WKH 0XQLFK DQG *|WWLQJHQ VFKRROV RI 4XDQWXP 3K\VLFV GXULQJ WKH
SRVW�:RUOG�:DU�, SHULRG� 7KHLU FRPPRQ FRPPLWPHQW WR WKH ³+XPEROGWLDQ ,GHDO�´ ZLWK
DFWLRQV WKDW VSHDN ORXGHU WKDQ ZRUGV� UHVXOWHG LQ PXOWLSOH JHQHUDWLRQV RI UHVHDUFKHUV DQG
WHDFKHUV RI WKH KLJKHVW RULJLQDOLW\ DQG TXDOLW\� :KDW PDNHV WKLV HYHQ PRUH FRQYLQFLQJ LV
WKH LPSUHVVLRQ WKDW WKLV ZDV QRW DFKLHYHG RQ DFFRXQW RI LQGLYLGXDO H[FHSWLRQDOLW\� TXLWH WKH
FRQWUDU\� 6RPPHUIHOG LQ 0XQLFK� IRU H[DPSOH� LV ZHOO NQRZQ WR KDYH KDG DQ H[WUDRUGLQDULO\
ILQH VHQVH IRU WKH JLIWV RI HDFK LQGLYLGXDO VWXGHQW DQG KRZ WR H[SORLW WKHVH LQ DQ DWPRVSKHUH
RI FRPPRQ VFLHQWLILF HQGHDYRU �6HWK ������ 6LPLODU WKLQJV FDQ EH VDLG RI 0D[ %RUQ LQ *|W�
WLQJHQ� WKRXJK SHUKDSV QRW TXLWH DV HPSKDWLFDOO\� %RUQ¶V VW\OH ZDV VOLJKWO\ OHVV DGDSWHG WR
WKH QRQ�V\VWHPDWLF DSSURDFKHV RI VFLHQWLILF QHZFRPHUV� ZKHUHDV 6RPPHUIHOG DSSUHFLDWHG
DQ\ DQG DOO QHZ LGHDV DQG WULFNV� LI RQO\ IRU SXUSRVHV RI SUREOHP VROYLQJ� )RU 6RPPHU�
IHOG� WHDFKLQJ WKH DUW RI SUREOHP VROYLQJ ZDV SHUKDSV WKH VLQJOH PRVW LPSRUWDQW FRQFHUQ LQ
FODVVHV DQG VHPLQDUV �6HWK ������ 2YHUO\ WLJKW DQG V\VWHPDWLF H[SRVLWLRQV ZHUH QRW VXLWHG
WR WKDW SXUSRVH� 7KLV SRLQW ZDV RIWHQ HPSKDVL]HG E\ 6RPPHUIHOG� IRU H[DPSOH� ULJKW DW WKH
EHJLQQLQJ RI KLV FODVVLF ILYH�YROXPH ³/HFWXUHV RQ 7KHRUHWLFDO 3K\VLFV�´ 7KH ILUVW YROXPH
LV FDOOHG ³0HFKDQLFV�´ QRW ³$QDO\WLFDO 0HFKDQLFV�´ DV 6RPPHUIHOG VWUHVVHV LQ D RQH�SDJH
SUHOLPLQDU\ QRWH WKDW IROORZV WKH SUHIDFH� EHFDXVH

7KLV QDPH >DQDO\WLFDO PHFKDQLFV@ RULJLQDWHG LQ WKH JUDQG ZRUN RI /DJUDQJH¶V RI
����� ZKR ZDQWHG WR FORWKH DOO RI PHFKDQLFV LQ D XQLIRUP ODQJXDJH RI IRUPX�
ODH DQG ZKR ZDV SURXG WKDW RQH ZRXOG QRW ILQG D VLQJOH ILJXUH WKURXJKRXW KLV
ZRUN� :H� LQ FRQWUDVW� ZLOO UHVRUW WR LQWXLWLRQ >$QVFKDXXQJ@ ZKHQHYHU SRVVLEOH
DQG FRQVLGHU QRW RQO\ DVWURQRPLFDO EXW DOVR SK\VLFDO DQG� WR D FHUWDLQ H[WHQW�
WHFKQLFDO DSSOLFDWLRQV� �6RPPHUIHOG ����� 9RUEHPHUNXQJ�

7KH SUHIDFH LWVHOI FRQWDLQV WKH IROORZLQJ SURJUDPPDWLF SDUDJUDSK� ZKLFK FOHDUO\ FKDUDFWHU�
L]HV 6RPPHUIHOG¶V DSSURDFK WR WHDFKLQJ LQ JHQHUDO�

$FFRUGLQJO\� LQ SULQW >DV LQ KLV FODVVHV� '�*�@ , ZLOO QRW GHWDLQ P\VHOI ZLWK WKH
PDWKHPDWLFDO IRXQGDWLRQV� EXW SURFHHG DV UDSLGO\ DV SRVVLEOH WR WKH SK\VLFDO
SUREOHPV WKHPVHOYHV� , ZLVK WR VXSSO\ WKH UHDGHU ZLWK D YLYLG SLFWXUH RI WKH
KLJKO\ VWUXFWXUHG PDWHULDO WKDW FRPHV ZLWKLQ WKH VFRSH RI WKHRU\ IURP D VXLWDEOH
FKRVHQ PDWKHPDWLFDO DQG SK\VLFDO YDQWDJH SRLQW� 0D\ WKHUH� DIWHU DOO� UHPDLQ
VRPH JDSV LQ WKH V\VWHPDWLF MXVWLILFDWLRQ DQG D[LRPDWLF FRQVLVWHQF\� ,Q DQ\ FDVH
GXULQJ P\ OHFWXUHV , GLG QRW ZDQW WR SXW RII P\ VWXGHQWV ZLWK WHGLRXV LQYHVWL�
JDWLRQV RI PDWKHPDWLFDO RU ORJLFDO QDWXUH DQG GLVWUDFW WKHP IURP WKH SK\VLFDOO\
LQWHUHVWLQJ� 7KLV DSSURDFK KDV� , EHOLHYH� SURYHQ XVHIXO LQ FODVV DQG KDV EHHQ
PDLQWDLQHG LQ WKH SULQWHG YHUVLRQ� $V FRPSDUHG WR WKH OHFWXUHV E\ 3ODQFN� ZKLFK
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DUH LPSHFFDEOH LQ WKHLU V\VWHPDWLF VWUXFWXUH� , EHOLHYH , FDQ FODLP D JUHDWHU YDUL�
HW\ LQ WKH PDWHULDO DQG D PRUH IOH[LEOH KDQGOLQJ RI WKH PDWKHPDWLFV� �6RPPHU�
IHOG ����� Y±YL�

7KLV SUDJPDWLF SDUDGLJP KDV EHHQ WDNHQ RYHU DQG SHUIHFWHG E\ ODWHU JHQHUDWLRQV RI WKHRUHW�
LFDO SK\VLFLVWV� MXVW WKLQN RI WKH ���YROXPH OHFWXUH FRXUVHV E\ /DQGDX DQG /LIVKLW]� ZKLFK LV
VWLOO LQ SULQW LQ PDQ\ ODQJXDJHV DQG ZLGHO\ XVHG WKH ZRUOG RYHU�

7KHUH DUH PDQ\ WKLQJV WR EH VDLG LQ IDYRU RI WKLV SUDJPDWLF DSSURDFK� )RU RQH WKLQJ�
LW WDNHV DFFRXQW RI WKH IDFW WKDW GHYHORSLQJ XQGHUVWDQGLQJ LV D F\FOLF SURFHVV� (YHU\ VHULRXV
VWXGHQW NQRZV WKDW RQH KDV WR JR RYHU WKH VDPHPDWHULDO DJDLQ DQG DJDLQ LQ RUGHU WR DSSUHFLDWH
WKH GHWDLOV RI VWDWHPHQWV� WKH KLGGHQ DVVXPSWLRQV� DQG WKH LQWHQGHG UDQJH RI YDOLGLW\� 2IWHQ�
RQ RQH¶V ݊WK LWHUDWLRQ RQH GLVFRYHUV QHZ DVSHFWV� LQ YLHZ RI ZKLFK RQH¶V SDVW XQGHUVWDQGLQJ
LV UHYHDOHG DV PHUHO\ DSSDUHQW DQG LOO�IRXQGHG� *LYHQ WKDW ZH FDQ DOPRVW QHYHU EH VXUH WKDW
WKLV ZLOO QRW KDSSHQ DJDLQ LQ WKH IXWXUH� RQH PLJKW HYHQ EH WHPSWHG WR PHDVXUH RQH¶V RZQ
UHODWLYH GHJUHH RI XQGHUVWDQGLQJ E\ WKH QXPEHU RI WLPHV WKLV KDV DOUHDG\ KDSSHQHG LQ WKH
SDVW� )URP WKDW SHUVSHFWLYH� WKH SUDJPDWLF DSSURDFK VHHPV FOHDUO\ PXFK EHWWHU VXLWHG� VLQFH
LW GRHV QRW SUHWHQG WR WKH ILFWLRQ RI DQ XOWLPDWH XQGHUVWDQGLQJ� +HQFH� EHLQJ DEOH WR VROYH
FRQFUHWH SUREOHPV VRXQGV OLNH D UHDVRQDEOH DQG LQFRUUXSWLEOH FULWHULRQ�

+RZHYHU� DV 7KRPDV .XKQ SRLQWHG RXW ORQJ DJR� ZHOO FKDUDFWHUL]HG �FRQFUHWH� SURE�
OHPV� DOVR FDOOHG ³SX]]OHV´ E\ KLP� PXVW EH VXSSOLHG E\ WKH SDUDGLJPV WR ZKLFK ZRUNLQJ
VFLHQWLVWV DGKHUH� %XW LI FRQFUHWH SUREOHPV EHFRPH FULWLFDOO\ VHYHUH� ZLWK DOO KRSH RI HYHQ�
WXDO VROXWLRQ XQGHU WKH FXUUHQW SDUDGLJP IDGLQJ� IXUWKHU SX]]OH�VROYLQJ DFWLYLWLHV ZLOO� VRRQHU
RU ODWHU� GHFRXSOH IURP IXUWKHU SURJUHVV� 7KH FUXFLDO TXHVWLRQ ZKHQ WKDW RFFXUV LV� :KHUH
FDQ VHHGV IRU IXUWKHU SURJUHVV EH IRXQG DQG KRZ VKRXOG WKH\ EH FXOWLYDWHG"

,W LV ZLWK UHJDUG WR WKLV TXHVWLRQ WKDW , VHH D FOHDU GLVWLQFWLRQ EHWZHHQ WKH DSSURDFKHV RI
%RUQ DQG 6RPPHUIHOG� 6RPPHUIHOG RQFH TXLWH IUDQNO\ DGPLWWHG WR (LQVWHLQ�

(YHU\WKLQJ ZRUNV RXW DOO ULJKW >NODSSW@ DQG \HW UHPDLQV IXQGDPHQWDOO\ XQFOHDU�
, FDQ RQO\ FXOWLYDWH >I|UGHUQ@ WKH WHFKQLTXHV RI WKH TXDQWD� \RX KDYH WR SURYLGH
\RXU SKLORVRSK\� �+HUPDQQ ����� ���

&XOWLYDWLQJ QHZ VHHGV FRXOG VWDUW ZLWK HVWDEOLVKLQJ VLPSOH D[LRPV LQ D ZHOO�GHILQHG PDWK�
HPDWLFDO IUDPHZRUN� %XW HYHQ WKDW PLJKW WXUQ RXW WR EH SUHPDWXUH� +HLVHQEHUJ ZDV RQH RI
WKH ILJXUHV ZKR UHSHDWHGO\ H[SUHVVHG WKH RSWLPLVWLF YLHZ WKDW SK\VLFDO SUREOHPV FDQ EH ³HV�
VHQWLDOO\´ VROYHG ZKLOH VWLOO GHWDFKHG IURP VXFK D IUDPHZRUN� ,Q FRQQHFWLRQ ZLWK KLV ODWHU
VHDUFK IRU D XQLILHG ILHOG WKHRU\ RI HOHPHQWDU\ SDUWLFOHV� KH VDLG LQ WKH SUHIDFH WR KLV WH[WERRN
RQ WKH VXEMHFW�

$W WKH FXUUHQW VWDWXV RI WKH WKHRU\ LW ZRXOG EH SUHPDWXUH WR VWDUW ZLWK D V\VWHP
RI ZHOO GHILQHG D[LRPV DQG WKHQ GHGXFH IURP WKHP WKH WKHRU\ E\ PHDQV RI
H[DFW PDWKHPDWLFDO PHWKRGV� :KDW RQH QHHGV LV D PDWKHPDWLFDO GHVFULSWLRQ
ZKLFK DGHTXDWHO\ GHVFULEHV WKH H[SHULPHQWDO VLWXDWLRQ� ZKLFK GRHV QRW VHHP
WR FRQWDLQ FRQWUDGLFWLRQV DQG ZKLFK� WKHUHIRUH� PLJKW ODWHU EH FRPSOHWHG WR DQ
H[DFW PDWKHPDWLFDO VFKHPH� +LVWRU\ RI SK\VLFV WHDFKHV XV WKDW� LQ JHQHUDO� D
QHZ WKHRU\ FDQ EH SKUDVHG LQ D SUHFLVH PDWKHPDWLFDO ODQJXDJH RQO\ DIWHU DOO
HVVHQWLDO SK\VLFDO SUREOHPV KDYH EHHQ VROYHG� �+HLVHQEHUJ ����� YL�
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,W VHHPV HYHQ PRUH REYLRXV WKDW� LQ SKDVHV RI SDUDGLJPDWLF XQFHUWDLQW\� OLWWOH KHOS FDQ EH
H[SHFWHG IURP DWWHPSWV WR HVWDEOLVK DQ D[LRPDWLF IUDPHZRUN IRU WKH GRRPHG WKHRU\� $QG
\HW� VXUSULVLQJO\� WKLV LV SUHFLVHO\ ZKDW %RUQ GLG� DV ZH VKDOO VHH LQ WKH QH[W VXEVHFWLRQ�

,Q D OHWWHU WR 3DXO (KUHQIHVW IURP ����� (LQVWHLQ GLYLGHG WKH FRPPXQLW\ RI SK\VLFLVWV
LQWR WKH ³3ULQ]LSLHQIXFKVHU´ DQG WKH ³9LUWXRVL´ �6HWK ����� ������ (LQVWHLQ JURXSHG (KUHQ�
IHVW� %RKU� DQG KLPVHOI LQ WKH ILUVW FDWHJRU\ DQG QDPHG 'HE\H DQG %RUQ DV PHPEHUV RI WKH
ODWWHU� ³9LUWXRVLW\´ KHUH UHIHUV WR H[FHSWLRQDO PDWKHPDWLFDO DQG FDOFXODWLRQDO DELOLWLHV� DQ\
HQFRXQWHU ZLWK ZKLFK UHVXOWV LQ PHQWDO GHSUHVVLRQ RQ WKH VLGH RI WKH ³3ULQ]LSLHQIXFKVHU�´ DV
(LQVWHLQ FRQFHGHV WR (KUHQIHVW� ZKR ILUVW FRPSODLQHG DERXW WKLV HIIHFW� +RZHYHU� (LQVWHLQ
DGGV WKDW WKH RSSRVLWH HIIHFW H[LVWV� WRR�

7KLV GLFKRWRP\ LV QRW VWULFWO\ H[FOXVLYH� $Q REYLRXV H[DPSOH RI VRPHRQH ZKR FRXOG
ZLWK HTXDO ULJKW EH ORFDWHG LQ ERWK FDPSV LV :ROIJDQJ 3DXOL� %XW DOVR %RUQ OLYHV LQ ERWK
FDPSV DQG FDQ EH EHVW GHVFULEHG� , WKLQN� DV D ³3ULQ]LSLHQIXFKVHU´ DPRQJVW WKH ³9LUWXRVL�´
7KH SULQFLSOHV ZLWK ZKLFK KH LV SULPDULO\ FRQFHUQHG DULVH ZLWKLQ WKH DWWHPSW WR ILQG D ORJLFDO
EDVLV IURP ZKLFK WKH SK\VLFDOO\ UHOHYDQW FDQ EH GHGXFHG ZLWKRXW DPELJXLW\� UDWKHU WKDQ MXVW
DSSO\LQJ FOHYHU WULFNV� 7KLV GLIIHUHQFH IURP WKH 6RPPHUIHOG VFKRRO ZDV RQFH H[SUHVVHG E\
+HLVHQEHUJ LQ DQ LQWHUYLHZ ZLWK 7KRPDV .XKQ IURP �� )HEUXDU\ �����

,Q 6RPPHUIHOG¶V LQVWLWXWH RQH OHDUQHG WR VROYH VSHFLDO SUREOHPV� RQH OHDUQHG WKH
WULFNV� \RX NQRZ� %RUQ WRRN LW PXFK PRUH IXQGDPHQWDOO\� IURP D YHU\ JHQHUDO
D[LRPDWLF SRLQW RI YLHZ� 6R RQO\ LQ *|WWLQJHQ GLG , UHDOO\ OHDUQ WKH WHFKQLTXHV
ZHOO� $OVR LQ WKLV ZD\ %RUQ¶V VHPLQDU ZDV YHU\ KHOSIXO IRU PH� , WKLQN IURP
WKLV %RUQ VHPLQDU RQ , ZDV DEOH UHDOO\ WR GR SHUWXUEDWLRQ FDOFXODWLRQV ZLWK DOO
WKH ULJRU ZKLFK ZDV QHFHVVDU\ WR VROYH VXFK SUREOHPV� �6HWK ����� ���

/HW XV QRZ WXUQ WR KRZ %RUQ KLPVHOI H[SUHVVHV WKH KHXULVWLF YDOXH RI WKH D[LRPDWLF PHWKRG
LQ WLPHV RI XQFHUWDLQW\�

����� $ 5HPDUNDEOH ,QWURGXFWLRQ

2QH WKLUG RI WKH ZD\ WKURXJK WKH ERRN� %RUQ UHFDOOV WKH EDVLF LGHD RI µ4XDQWXP 0HFKDQLFV¶
LQ WKH IROORZLQJ ZD\ �WKH HPSKDVHV DUH %RUQ¶V��

2QFH DJDLQ� ZH VXPPDUL]H WKH EDVLF LGHD RI 4XDQWXP 0HFKDQLFV� DV GHYHO�
RSHG VR IDU� )RU D JLYHQ 0RGHO >0RGHOO@ ZH FDOFXODWH WKH WRWDOLW\ RI DOO PRWLRQV
�ZKLFK DUH DVVXPHG WR EH PXOWLSO\ SHULRGLF� DFFRUGLQJ WR WKH ODZV RI &ODVVL�
FDO 0HFKDQLFV �QHJOHFWLQJ UDGLDWLRQ GDPSLQJ�� WKH TXDQWXP FRQGLWLRQV VHOHFW
D GLVFUHWH VXEVHW IURP WKLV FRQWLQXXP RI PRWLRQV� 7KH HQHUJLHV RI WKH VHOHFWHG
PRWLRQV VKDOO EH WKH WUXH >ZLUNOLFKH@ RQHV� DV PHDVXUDEOH E\ HOHFWURQ FROOLVLRQ�
DQG WKH HQHUJ\ GLIIHUHQFHV VKDOO� DFFRUGLQJ WR %RKU¶V IUHTXHQF\ FRQGLWLRQ� FRU�
UHVSRQG >]XVDPPHQKlQJHQ@ ZLWK WKH WUXH >ZLUNOLFKHQ@ OLJKW IUHTXHQFLHV� DV RE�
VHUYHG LQ WKH VSHFWUXP� %HVLGHV IUHTXHQFLHV� WKH HPLWWHG OLJKW SRVVHVVHV WKH RE�
VHUYDEOH SURSHUWLHV RI LQWHQVLW\� SKDVH� DQG VWDWH RI SRODUL]DWLRQ� ZKLFK DUH RQO\
DSSUR[LPDWHO\ DFFRXQWHG IRU E\ WKH WKHRU\ �� ���� 7KHVH H[KDXVW WKH REVHUYDEOH

�$V 6HWK DOUHDG\ UHPDUNHG LQ QRWH �� WR FKDSWHU � RI �6HWK ������ ³3ULQ]LSLHQIXFKVHU´ LV QHDUO\ XQWUDQVODWDEOH�
([LVWLQJ FRPSRXQG ZRUGV DUH ³3IHQQLJIXFKVHU´ �SHQQ\ SLQFKHU� DQG ³)HGHUIXFKVHU´ �SHGDQW� �QRW ³3IHGHUIXFKVHU�´
DV VWDWHG LQ �6HWK ������ ZKLFK GRHV QRW H[LVW��
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SURSHUWLHV RI WKH PRWLRQ RI WKH DWRPLF V\VWHP� +RZHYHU� RXU FRPSXWDWLRQ DV�
VLJQV DGGLWLRQDO SURSHUWLHV WR LW� QDPHO\ RUELWDO IUHTXHQFLHV DQG GLVWDQFHV� WKDW
LV� WKH FRXUVH >$EODXI @ RI PRWLRQ LQ WLPH� ,W VHHPV WKDW WKHVH TXDQWLWLHV DUH� DV
D PDWWHU RI SULQFLSOH� QRW DFFHVVLEOH WR REVHUYDWLRQ�� 7KHUHZLWK ZH DUULYH DW
WKH IROORZLQJ MXGJHPHQW >8UWHLO@� WKDW IRU WKH WLPH EHLQJ RXU SURFHGXUH LV MXVW D
IRUPDO FRPSXWDWLRQDO VFKHPH ZKLFK� IRU FHUWDLQ FDVHV� DOORZV XV WR UHSODFH WKH
VWLOO XQNQRZQ TXDQWXP ODZV E\ FRPSXWDWLRQV RQ D FODVVLFDO EDVLV >DXI NODVVL�
VFKHU *UXQGODJH@� 2I WKHVH WUXH >ZDKUHQ@ ODZV ZH ZRXOG KDYH WR UHTXLUH� WKDW
WKH\ RQO\ FRQWDLQ UHODWLRQV EHWZHHQ REVHUYDEOH TXDQWLWLHV� WKDW LV� HQHUJ\� OLJKW
IUHTXHQFLHV� LQWHQVLWLHV� DQG SKDVHV� $V ORQJ DV WKHVH ODZV DUH VWLOO XQNQRZQ�
ZH KDYH WR DOZD\V IDFH WKH SRVVLELOLW\ WKDW RXU SURYLVLRQDO TXDQWXP UXOHV ZLOO
IDLO� RQH RI RXU PDLQ WDVNV ZLOO EH WR GHOLPLW >DEJUHQ]HQ@ WKH YDOLGLW\ RI WKHVH
UXOHV E\ FRPSDULVRQ ZLWK H[SHULHQFH� �%RUQ ����� ���±����

$V DQ �REYLRXV� VLGH UHPDUN� ZH GUDZ DWWHQWLRQ WR WKH VLPLODULW\ EHWZHHQ%RUQ¶V IRUPXODWLRQV
LQ WKH VHFRQG KDOI RI WKH DERYH FLWHG SDVVDJH DQG +HLVHQEHUJ¶V RSHQLQJ VHQWHQFHV RI KLV
8PGHXWXQJ SDSHU �+HLVHQEHUJ ������

%RUQ¶V ERRN DWWHPSWV DQ D[LRPDWLF�GHGXFWLYH DSSURDFK WR %RKU�6RPPHUIHOG TXDQWL�
]DWLRQ� 7KLV PLJKW VHHP WRWDOO\ PLVJXLGHG DW ILUVW� DV RQH FRXOG QDLYHO\ WKLQN WKDW VXFK
D SUHVHQWDWLRQ RQO\ PDNHV VHQVH DIWHU DOO WKH HVVHQWLDO SK\VLFDO QRWLRQV DQG FRUUHVSRQGLQJ
PDWKHPDWLFDO VWUXFWXUHV KDYH EHHQ LGHQWLILHG� &HUWDLQO\ QRQH RI WKH VHULRXV UHVHDUFKHUV DW
WKH WLPH EHOLHYHG WKHVH WR KDYH EHHQ LGHQWLILHG IRU %RKU�6RPPHUIHOG TXDQWL]DWLRQ� ZLWK %RUQ
EHLQJ QR H[FHSWLRQ� DV ZH KDYH MXVW VHHQ IURP WKH SDVVDJH FLWHG DERYH� 6R ZKDW LV %RUQ¶V
RZQ MXVWLILFDWLRQ IRU VXFK DQ DWWHPSW" 7KLV KH SURYLGHV LQ KLV LQWURGXFWLRQ WR WKH ERRN�
ZKHUH KH WDNHV D WUXO\ UHPDUNDEOH KHXULVWLF DWWLWXGH� , IRXQG LW TXLWH LQDSSURSULDWH WR DOWHU
KLV ZRUGV� VR , TXRWH GLUHFWO\ IURP WKH LQWURGXFWLRQ�

7KH WLWOH µ$WRPPHFKDQLN¶ RI WKLV OHFWXUH� ZKLFK , GHOLYHUHG LQ WKH ZLQWHU�
VHPHVWHU ������� LQ *|WWLQJHQ� LV IRUPHG DIWHU WKH ODEHO µ&HOHVWLDO 0HFKDQLFV�¶
,Q WKH VDPH ZD\ DV WKH ODWWHU ODEHOV WKDW SDUW RI WKHRUHWLFDO DVWURQRP\ ZKLFK
LV FRQFHUQHG ZLWK WKH FDOFXODWLRQ RI WUDMHFWRULHV RI KHDYHQO\ ERGLHV DFFRUGLQJ
WR WKH ODZV RI PHFKDQLFV� WKH ZRUG µ$WRPPHFKDQLN¶ LV PHDQW WR H[SUHVV WKDW
KHUH ZH GHDO ZLWK WKH IDFWV RI DWRPLF SK\VLFV IURP WKH SDUWLFXODU SRLQW RI
YLHZ RI DSSO\LQJ PHFKDQLFDO SULQFLSOHV� 7KLV PHDQV WKDW ZH DUH DWWHPSWLQJ
D GHGXFWLYH SUHVHQWDWLRQ RI DWRPLF WKHRU\� 7KH UHVHUYDWLRQV� WKDW WKH WKHRU\
LV QRW VXIILFLHQWO\ PDWXUH >UHLI @� , ZLVK WR GLVSHUVH ZLWK WKH UHPDUN WKDW ZH
DUH GHDOLQJ ZLWK D WHVW FDVH >9HUVXFK@� D ORJLFDO H[SHULPHQW� WKH PHDQLQJ RI
ZKLFK MXVW OLHV LQ WKH GHWHUPLQDWLRQ RI WKH OLPLWV WR ZKLFK WKH SULQFLSOHV RI
DWRPLF DQG TXDQWXP SK\VLFV VXFFHHG� DQG WR SDYH WKH ZD\ ZKLFK VKDOO OHDG
XV EH\RQG WKRVH OLPLWV� , FDOOHG WKLV ERRN µ9ROXPH ,¶ LQ RUGHU WR H[SUHVV WKLV
SURJUDP DOUHDG\ LQ WKH WLWOH� WKH VHFRQG YROXPH VKDOO WKHQ FRQWDLQ D KLJKHU
DSSUR[LPDWLRQ WR WKH µILQDO¶ PHFKDQLFV RI DWRPV�
, DPZHOO DZDUH WKDW WKH SURPLVH RI VXFK D VHFRQG YROXPH LV GDULQJ >N�KQ@� VLQFH
SUHVHQWO\ ZH KDYH RQO\ D IHZ KLQWV DV WR WKH QDWXUH RI WKH GHYLDWLRQV WKDW QHHG WR

�+HUH %RUQ DGGV WKH IROORZLQJ IRRWQRWH� ³0HDVXUHPHQWV RI DWRPLF UDGLL DQG WKH OLNH GR QRW OHDG WR EHWWHU DSSUR[�
LPDWLRQV WR UHDOLW\ >:LUNOLFKNHLW@ DV� VD\� WKH FRLQFLGHQFH EHWZHHQ RUELWDO DQG OLJKW IUHTXHQFLHV�´
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EH LPSRVHG RQWR WKH FODVVLFDO ODZV LQ RUGHU WR H[SODLQ WKH DWRPLF SURSHUWLHV� 7R
WKHVH KLQWV , FRXQW ILUVW RI DOO +HLVHQEHUJ¶V UHQGHULQJ RI WKH ODZV RI PXOWLSOHWV
DQG DQRPDORXV =HHPDQ HIIHFW� WKH QHZ UDGLDWLRQ WKHRU\ RI %RKU� .UDPHUV� DQG
6ODWHU� WKH HQVXLQJ $QVlW]H RI .UDPHUV IRU D TXDQWXP�WKHRUHWLF H[SODQDWLRQ RI
WKH SKHQRPHQD RI GLVSHUVLRQ� DQG DOVR VRPH JHQHUDO FRQVLGHUDWLRQV FRQFHUQLQJ
WKH DGDSWDWLRQ RI SHUWXUEDWLRQ WKHRU\ WR WKH TXDQWXP SULQFLSOHV� ZKLFK , UHFHQWO\
FRPPXQLFDWHG� %XW DOO WKLV PDWHULDO� KRZHYHU H[WHQVLYH LW PLJKW EH� GRHV QRW
QHDUO\ VXIILFH WR VKDSH D GHGXFWLYH WKHRU\ IURP LW� 7KHUHIRUH� WKH SODQQHG µ��
9ROXPH¶ PLJKW UHPDLQ XQZULWWHQ IRU PDQ\ \HDUV WR FRPH� LWV YLUWXDO H[LVWHQFH
PD\� IRU WKH WLPH EHLQJ� FODULI\ WKH DLP DQG VHQVH >=LHO XQG 6LQQ@ RI WKLV ERRN�
�%RUQ ����� Y±YL�

%RUQ FRQWLQXHV DQG H[SOLFLWO\ UHIHUV WR �DQG VXJJHVWV WKH UHDGLQJ RI� 6RPPHUIHOG¶V
$WRPEDX XQG 6SHNWUDOOLQLHQ� DOPRVW DV D SUHUHTXLVLWH IRU D VXFFHVVIXO VWXG\ RI KLV RZQ ERRN�
%XW KH DOVR VWUHVVHV WKH GLIIHUHQFH� ZKLFK OLHV LQ SDUW LQ WKH GHGXFWLYH DSSURDFK�

)RU XV WKH PHFKDQLFDO�GHGXFWLYH DSSURDFK DOZD\V FRPHV ILUVW >VWHKW �EHUDOO
REHQDQ@� 'HWDLOV RI HPSLULFDO IDFWV ZLOO RQO\ EH JLYHQ ZKHQ WKH\ DUH HVVHQ�
WLDO IRU WKH FODULILFDWLRQ� WKH VXSSRUW� RU WKH UHIXWDWLRQ RI WKHRUHWLFDO VWULQJV RI
WKRXJKW >*HGDQNHQUHLKHQ@� �%RUQ ����� YL�

%XW� %RUQ FRQWLQXHV� WKHUH LV D VHFRQG GLIIHUHQFH IURP $WRPEDX XQG 6SHNWUDOOLQLHQ�
QDPHO\ ZLWK UHVSHFW WR WKH IRXQGDWLRQV RI TXDQWXP WKHRU\� ZKHUH

GLIIHUHQFHV LQ WKH HPSKDVLV RI FHUWDLQ IHDWXUHV >=�JH@ DUH SUHVHQW� EXW , OHDYH LW WR
WKH DXWKRU WR ILQG WKHVH RXW E\ GLUHFW FRPSDULVRQ� $V UHJDUGV WKH UHODWLRQ RI P\
XQGHUVWDQGLQJ WR WKDW RI %RKU DQG KLV VFKRRO� , DP QRW DZDUH RI DQ\ VLJQLILFDQW
RSSRVLWLRQ� , IHHO SDUWLFXODUO\ V\PSDWKHWLF ZLWK WKH &RSHQKDJHQ UHVHDUFKHUV LQ
P\ FRQYLFWLRQ� WKDW LW LV D UDWKHU ORQJ ZD\ WR JR WR D µILQDO TXDQWXP WKHRU\�¶
�%RUQ ����� YL�

,W ZRXOG EH DQ LQWHUHVWLQJ SURMHFW WR WU\ WR ZRUN RXW WKH GHWDLOV RI WKH ³VHFRQG GLIIHU�
HQFH�´ FRQFHUQLQJ WKH IRXQGDWLRQV RI TXDQWXP WKHRU\� E\ FORVH FRPSDULVRQ RI %RUQ¶V WH[W
ZLWK $WRPEDX XQG 6SHNWUDOOLQLHQ� /DWHU� DV ZH NQRZ� %RUQ LQ SULQFLSOH IDYRUHG WKH PRUH
DEVWUDFW DOJHEUDLF DSSURDFK �+HLVHQEHUJ� RYHU WKH PRUH µDQVFKDXOLFKH¶ ZDYH�WKHRUHWLF SLF�
WXUH� TXLWH LQ FRQWUDVW WR 6RPPHUIHOG� ZKR WRRN D PRUH SUDJPDWLF VWDQFH� %RUQ¶V IHHOLQJ
WKDW FRQFHSWXDO PHULW� ZKLFK LV PDUUHG E\ WKH VHPL�DQVFKDXOLFKH SLFWXUH RI ZDYHV WUDYHOLQJ
LQ �KLJK�GLPHQVLRQDO� FRQILJXUDWLRQ VSDFH� VKRXOG EH JLYHQ JUHDWHU FRQVLGHUDWLRQ LV FOHDUO\
UHIOHFWHG LQ WKH VHFRQG YROXPH� DV ZHOO DV LQ ODWHU SXEOLFDWLRQV� VXFK DV LQ WKH ERRN E\ +HU�
EHUW *UHHQ �ZLWK D IRUHZRUG E\ %RUQ� �*UHHQ DQG %RUQ ����� RQ PDWUL[ PHWKRGV LQ TXDQWXP
PHFKDQLFV� 7KLV VSOLW RSLQLRQ LV VWLOO YHU\ PXFK DOLYH WRGD\� WKRXJK LW LV FOHDU WKDW� LQ WHUPV
RI FDOFXODWLRQDO HFRQRP\� ZDYH PHFKDQLFV LV XVXDOO\ SUHIHUDEOH�

%RUQ HQGV KLV LQWURGXFWLRQ E\ DFNQRZOHGJLQJ WKH KHOS RI VHYHUDO SHRSOH� IRUHPRVW KLV
DVVLVWDQW )ULHGULFK +XQG IRU KLV ³GHYRWHG FROODERUDWLRQ´�

+HUH , VSHFLILFDOO\ PHQWLRQ WKH WKHRUHP FRQFHUQLQJ WKH XQLTXHQHVV RI DFWLRQ�
DQJOH YDULDEOHV ZKLFK� DFFRUGLQJ WR P\ YLHZ� OLHV DW WKH IRXQGDWLRQ RI WRGD\¶V
TXDQWXP WKHRU\� WKH SURRI ZRUNHG RXW E\ +XQG IRUPV WKH FHQWUH >0LWWHOSXQNW@
RI WKH VHFRQG FKDSWHU �� ���� �%RUQ ����� YLL�
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+XQG LV DOVR WKDQNHG IRU WKH SUHVHQWDWLRQ RI %RKU¶V WKHRU\ RI SHULRGLF V\VWHPV� +HLVHQEHUJ
LV WKDQNHG IRU KLV DGYLFH DQG IRU RXWOLQLQJ SDUWLFXODU FKDSWHUV� OLNH WKH ODVW RQH RQ WKH KHOLXP
DWRP� /RWKDU :ROIJDQJ 1RUGKHLP¶V KHOS ZLWK WKH SUHVHQWDWLRQ RI SHUWXUEDWLRQ WKHRU\ LV
DFNQRZOHGJHG DV LV WKH ZRUN RI +� .RUQIHOG� ZKR FKHFNHG VHOHFWHG FDOFXODWLRQV� )LQDOO\�
)ULW] 5HLFKH� +� .RUQIHOG� DQG )� =HLOLQJHU DUH WKDQNHG IRU KHOSLQJ ZLWK FRUUHFWLRQV�

��� 2Q 7HFKQLFDO ,VVXHV� :KDW ,V 4XDQWL]DWLRQ"

$ FHQWUDO FRQFHUQ RI %RUQ¶V ERRN LV WKH LVVXH RI TXDQWL]DWLRQ UXOHV� WKDW LV� +RZ FDQ RQH
XQDPELJXRXVO\ JHQHUDOL]H

ܬ ൌ රݍ݀ ൌ ݄݊ �����

WR V\VWHPV ZLWK PRUH WKDQ RQH GHJUHH RI IUHHGRP" 7KH KLVWRU\ RI DWWHPSWV WR DQVZHU WKLV
TXHVWLRQ LV LQWHUHVWLQJ� EXW DOVR UDWKHU LQWULFDWH� DQG LQYROYHV YDULRXV VXJJHVWLRQV E\ ,VKLZDUD
������� :LOVRQ ������� 3ODQFN ������� 6RPPHUIHOG ������� 6FKZDU]VFKLOG ������� (SVWHLQ
�����D� ����E�� DQG ODVW EXW QRW OHDVW� WKH VRPHZKDW VLQJXODU SDSHU E\ (LQVWHLQ IURP ����
RQ ³7KH 4XDQWXP 7KHRUHP RI 6RPPHUIHOG DQG (SVWHLQ´ �.RUPRV %XFKZDOG ����±�����
9RO� �� 'RF� ��� ���±����� WR ZKLFK ZH WXUQ EHORZ� 7KHVH SDSHUV KDYH YDULRXV ORJLFDO LQWHU�
GHSHQGHQFLHV DQG DOVR GLIIHU LQ VXEWOH DQG SDUWLDO ZD\V� /HDYLQJ DVLGH (LQVWHLQ¶V SDSHU IRU
WKH PRPHQW� WKH UXOH WKDW HPHUJHG IURP WKH GLVFXVVLRQV ORRNHG LQQRFHQWO\ VLPLODU WR ������
QDPHO\

ܬ ൌ ර ݍ݀ ൌ ݄݊ �QR VXPPDWLRQ RYHU N� �����

ZKHUH ݇ ൌ ͳǡ ʹǡ ǥ ǡ ݏ ODEHOV WKH GHJUHHV RI IUHHGRP WR EH TXDQWL]HG� ZKLFK QHHG QRW QHFHV�
VDULO\ H[KDXVW DOO SK\VLFDO GHJUHHV RI IUHHGRP� RI ZKLFK WKHUH DUH ݂  �ݏ DV ZH VKDOO GLVFXVV
EHORZ�� +HUH ZH DGRSW WKH QRWDWLRQ IURP %RUQ¶V ERRN� ZKHUH ሺݍଵǡ ǥ ǡ Ǣݍ ଵǡ ǥ ǡ ሻ DUH WKH
JHQHUDOL]HG FRRUGLQDWHV �FRQILJXUDWLRQ YDULDEOHV� DQG PRPHQWD UHVSHFWLYHO\� 7KH DSSDUHQW
VLPSOLFLW\ RI ����� LV GHFHSWLYH WKRXJK� 2QH WKLQJ WKDW QHHGV WR EH FODULILHG LV WKH GRPDLQ
RI LQWHJUDWLRQ LPSOLFLW LQ WKH ��V\PEROׯ ,W LQGLFDWHV WKDW WKH LQWHJUDWLRQ RYHU ݍ LV WR EH SHU�
IRUPHG RYHU D IXOO SHULRG RI WKDW FRQILJXUDWLRQ YDULDEOH� ,Q 6RPPHUIHOG¶V ZRUGV� HPSKDVLV
LQ WKH RULJLQDO�

(DFK FRRUGLQDWH VKDOO EH H[WHQGHG RYHU WKH IXOO UDQJH QHFHVVDU\ WR IDLWKIXOO\
ODEHO WKH SKDVH RI WKH V\VWHP� )RU D F\FOLF D]LPXWK LQ D SODQH WKLV UDQJH LV Ͳ WR
�ߨʹ IRU WKH LQFOLQDWLRQ LQ VSDFH �JHRJUDSKLF ODWLWXGH �ߠ WZLFH WKH UDQJH EHWZHHQ
୫୧୬ߠ DQG �୫ୟ୶ߠ IRU D UDGLDO VHJPHQW ݎ >)DKUVWUDKO@ OLNHZLVH WZLFH WKH FRYHUHG
LQWHUYDO IURP ୫୧୬ݎ WR ୫ୟ୶ݎ IRU WKH PRWLRQ LQ TXHVWLRQ� �6RPPHUIHOG ����� ��

$QRWKHU VRXUFH RI XQFHUWDLQW\ FRQFHUQV WKH FKRLFH RI FDQRQLFDO FRRUGLQDWHV IRU ZKLFK �����
LV PHDQW WR KROG� $JDLQ LQ 6RPPHUIHOG¶V ZRUGV RI KLV FRPSUHKHQVLYH ���� DFFRXQW�

8QIRUWXQDWHO\ D JHQHUDO UXOH IRU WKH FKRLFH RI FRRUGLQDWHV FDQ KDUGO\ EH JLYHQ�
LW ZLOO EH QHFHVVDU\ WR FROOHFW IXUWKHU H[SHULHQFH E\ PHDQV RI VSHFLILF H[DPSOHV�

�,Q ����� DV ZHOO DV LQ DOO IRUPXODH WR IROORZ� ZH QHYHU PDNH XVH RI WKH VXPPDWLRQ FRQYHQWLRQ�
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,Q RXU SUREOHPV LW ZLOO GR WR XVH �SODQDU DQG VSDWLDO� SRODU FRRUGLQDWHV� :H ZLOO
FRPH EDFN WR D SURPLVLQJ UXOH RI 6FKZDU]VFKLOG DQG (SVWHLQ IRU WKH FKRLFH RI
FRRUGLQDWHV LQ � ��� �6RPPHUIHOG ����� ��

7KH UXOH WKDW (SVWHLQ DQG 6FKZDU]VFKLOG IRUPXODWHG LQGHSHQGHQWO\ LQ WKHLU SDSHUV GHDOLQJ
ZLWK WKH 6WDUN HIIHFW �(SVWHLQ ����D� 6FKZDU]VFKLOG �����þFRPSDUHG E\ (SVWHLQ LQ �(S�
VWHLQ ����E� VKRUWO\ DIWHU 6FKZDU]VFKLOG¶V GHDWKþLV EDVHG RQ WZR DVVXPSWLRQV� 7KH ILUVW LV
WKDW +DPLOWRQ¶V HTXDWLRQV RI PRWLRQ

ሶݍ ൌ
ܪ߲
߲

ǡ ሶ ൌ െ ܪ߲
ݍ߲

ǡ �����

IRU WLPH�LQGHSHQGHQW +DPLOWRQLDQVܪሺݍଵǡ ǥ ǡ Ǣݍ ଵǡ ǥ ǡ ሻ DUH VROYHG E\PHDQV RI D JHQHUDO
VROXWLRQ ܵሺݍଵǡ ǥ ǡ Ǣݍ ଵǡߙ ǥ ǡ ሻߙ IRU WKH +DPLOWRQ�-DFREL HTXDWLRQ

ܪ ቆݍଵǡǥ ǡ Ǣݍ
߲ܵ
ଵݍ߲

ǡ ǥ ǡ ݍ߲߲ܵ
ቇ ൌ ܧ ǡ �����

ZKHUH  ൌ ߲ܵȀ߲ݍ DQG ଵǡǥߙ ǡ ߙ DUH FRQVWDQWV RI LQWHJUDWLRQ RQ ZKLFK WKH HQHUJ\ ܧ
GHSHQGV� 6HFRQG� DQG PRVW LPSRUWDQW� LV WKDW WKLV VROXWLRQ LV REWDLQHG E\ VHSDUDWLRQ RI YDUL�
DEOHV�

ܵሺݍଵǡ ǥ ǡ Ǣݍ ଵǡߙ ǥ ǡ ሻߙ ൌ
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ܵሺݍǢ ଵǡߙ ǥ ǡ ሻߙ Ǥ �����

1RWH WKDW WKLV LPSOLHV LQ SDUWLFXODU WKDW ൌ Ǣݍሺ ଵǡߙ ǥ ǡ �ሻߙ L�H� WKH ݇�WKPRPHQWXP
RQO\ GHSHQGV RQ WKH ݇�WK FRQILJXUDWLRQ YDULDEOH DQG WKH ݂ FRQVWDQWV RI LQWHJUDWLRQ ଵǡǥߙ ǡ �ߙ
7KLV LV LQGHHG QHFHVVDU\ IRU ����� WR PDNH VHQVH� VLQFH WKH ULJKW KDQG VLGH LV D FRQVWDQW DQG
FDQ WKHUHIRUH QRW EH PHDQLQJIXOO\ HTXDWHG WR D TXDQWLW\ WKDW GHSHQGV QRQWULYLDOO\ RQ SKDVH
VSDFH� 5DWKHU� WKH PHDQLQJ RI ����� LV WR VHOHFW D VXEVHW RI VROXWLRQV WKURXJK HTXDWLRQV
IRU WKH �V¶ߙ +RZHYHU� VHSDUDELOLW\ LV D YHU\ VWURQJ UHTXLUHPHQW LQGHHG� ,Q SDUWLFXODU� LW
UHTXLUHV WKH LQWHJUDELOLW\ RI WKH G\QDPLFDO V\VWHP LQ TXHVWLRQ� D IDFW ZKLFK RQO\ (LQVWHLQ
GUHZ VSHFLDO DWWHQWLRQ WR LQ KLV SDSHU �.RUPRV %XFKZDOG ����±����� 9RO� �� 'RF� ��� ���±
����� DV ZH ZLOO GLVFXVV LQ PRUH GHWDLO EHORZ� ,Q IDFW� LQWHJUDELOLW\ LV PDQLIHVW RQFH WKH
ଵǡܬ ǥ ǡ ܬ KDYH EHHQ LQWURGXFHG DV VR�FDOOHG µDFWLRQ YDULDEOHV�¶ ZKLFK DUH FRQMXJDWH WR VRPH
µDQJOH YDULDEOHV¶ ଵǡǥݓ ǡݓ� IRU WKHQ WKH DFWLRQ YDULDEOHV FRQVWLWXWH WKH ݂ REVHUYDEOHV LQ
LQYROXWLRQ� L�H� WKHLU PXWXDO 3RLVVRQ EUDFNHWV REYLRXVO\ DOO YDQLVK���

%XW HYHQ LI ZH VZDOORZ LQWHJUDELOLW\ DV D FRQGLWLR VLQH TXD QRQ� GRHV VHSDUDELOLW\ HQ�
VXUH XQLTXHQHVV" :KDW LV WKH VWURQJHVW JXDUDQWHH RI XQLTXHQHVV RQH FDQ KRSH IRU" :HOO�
IRU ����� WR PDNH VHQVH� DQ\ WZR DOORZHG �E\ FRQGLWLRQV \HW WR EH IRUPXODWHG� VHWV RI FDQRQ�
LFDO FRRUGLQDWHV ሺݍǡ ሻୀଵǥ DQG ሺ ǉݍǡ ǉሻୀଵǥ PXVW EH VXFK WKDW WKH ሺܬȀ݄ሻ¶V �FDOFXODWHG
DFFRUGLQJ WR ���� DUH LQWHJHUV LI DQG RQO\ LI WKH ሺ ǉܬȀ݄ሻ¶V DUH� 7KLV LV FOHDUO\ WKH FDVH LI WKH
DOORZHG WUDQVIRUPDWLRQV DUH VXFK WKDW DPRQJ WKH DFWLRQ YDULDEOHV ܬ WKH\ DPRXQW WR OLQHDU
WUDQVIRUPDWLRQV E\ LQYHUWLEOH LQWHJHU�YDOXHG PDWULFHV���

��7KH LPSOLFDWLRQ RI LQWHJUDELOLW\ IRU VHSDUDELOLW\ LV IDU OHVV FOHDU �FRPSDUH� H�J�� *XW]ZLOOHU ������ &ODVVLF UHVXOWV
FRQFHUQLQJ VXIILFLHQW FRQGLWLRQV IRU VHSDUDELOLW\ ZHUH REWDLQHG E\ 6WlFNHO �VHH &KDUOLHU ������
��1RWH WKDW WKH LQYHUVH PDWULFHV PXVW DOVR EH LQWHJHU�YDOXHG� KHQFH WKH PDWULFHV PXVW KDYH GHWHUPLQDQW HTXDO WR
േభ�
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ǉܬ ൌ


ୀଵ

߬ܬ ሺ߬ሻ א 
�ሺ݂ǡ Ժሻ Ǥ ����D�

+HUH 
�ሺ݂ǡ Ժሻ LV WKH �PRGHUQ� V\PERO IRU WKH JURXS RI LQYHUWLEOH ݂ൈ݂ PDWULFHV ZLWK LQWHJHU
HQWULHV� 7KH PRVW JHQHUDO WUDQVIRUPDWLRQV IRU WKH DQJOH YDULDEOHV FRPSDWLEOH ZLWK ����D� DUH

ǉݓ ൌ
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߬ିଵ ݓ  ଵǡܬሺߣ ǥ ǡ ሻܬ ǡ ����E�

ZKHUH WKH ߣ DUH JHQHUDO �VPRRWK� IXQFWLRQV���
7KH WDVN LV QRZ WR FDUHIXOO\ DPHQG WKH (SVWHLQ�6FKZDU]VFKLOG FRQGLWLRQ GHPDQGLQJ

VHSDUDELOLW\ E\ IXUWKHU WHFKQLFDO DVVXPSWLRQV XQGHU ZKLFK WKH WUDQVIRUPDWLRQV ����� ZLOO EH
WKH RQO\ UHVLGXDO RQHV� 7KH VROXWLRQ RI WKLV SUREOHP LV SUHVHQWHG LQ � �� RI %RUQ¶V ERRN�
ZKHUH %RUQ DFNQRZOHGJHV HVVHQWLDO KHOS ZLWK WKLV WDVN IURP )ULHGULFK +XQG�

%RUQ DOVR VWDWHV WKDW WKH WHFKQLFDO FRQGLWLRQV XQGHU ZKLFK WKLV UHVXOW IRU PXOWLSO\ SH�
ULRGLF V\VWHPV FDQ EH GHULYHG ZHUH DOUHDG\ JLYHQ LQ WKH XQSXEOLVKHG WKHVLV E\ -RKDQQHV
0� %XUJHUV �%XUJHUV ������ ZKR LV EHWWHU NQRZQ IRU KLV ZRUNV RQ WKH DGLDEDWLF LQYDULDQWV�
7KH DUJXPHQWV WR VKRZ XQLTXHQHVV LQ %XUJHU¶V WKHVLV DUH� DFFRUGLQJ WR %RUQ� WHFKQLFDOO\
LQFRPSOHWH� 7KH FRQGLWLRQV WKHPVHOYHV UHDG DV IROORZV�

$ 7KH SRVLWLRQ RI WKH V\VWHP VKDOO SHULRGLFDOO\ GHSHQG RQ WKH DQJOH YDULDEOHV
ሺݓଵǡ ǥ ǡݓሻ ZLWK SULPLWLYH SHULRG ��

% 7KH+DPLOWRQLDQ LV WUDQVIRUPHG LQWR D IXQFWLRQܹ GHSHQGLQJ RQO\ RQ WKH ሺܬଵǡ ǥ ǡ ���ሻܬ
& 7KH SKDVH�VSDFH IXQFWLRQ�

כܵ ൌ ܵ െ
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ܬݓ ǡ �����

FRQVLGHUHG DV IXQFWLRQ RI WKH YDULDEOHV ሺݍǡ �ሻݓ ZKLFK JHQHUDWHV WKH FDQRQLFDO WUDQV�
IRUPDWLRQ ሺݍǡ ሻ հ ሺݓǡ ሻܬ YLD

 ൌ
כ߲ܵ
ݍ߲

ܬ ൌ െ כ߲ܵ
ݓ߲

ǡ �����

VKDOO DOVR EH D SHULRGLF IXQFWLRQ RI WKH V¶ݓ ZLWK SHULRG ��
$ DQG % DUH LPPHGLDWHO\ FOHDU� EXW WKH PRUH WHFKQLFDO FRQGLWLRQ & LV QRW� $QG� DV %RUQ
UHPDUNV� $ DQG % GR QRW VXIILFH WR OHDG WR WKH GHVLUHG UHVXOW� ,Q IDFW� D VLPSOH FDQRQLFDO
WUDQVIRUPDWLRQ ሺݓǡ ሻܬ հ ሺ ǉݓǡ ǉܬሻ FRPSDWLEOH ZLWK $ DQG % LV

ǉݓ ൌ ݓ  ݂ሺܬଵǡ ǥ ǡ ሻܬ ǡ ǉܬ ൌ ܬ  ܿ ǡ �����
��2XU HTXDWLRQ ����E� GLIIHUV LQ D KDUPOHVV IDVKLRQ IURP WKH FRUUHVSRQGLQJ HTXDWLRQ ��� RQ S� ��� RI �%RUQ ������
ZKLFK UHDGV ೢೖ స σసభ ഓೖ ǉೢ  శ ഗೖሺభǡǥ ǡ ሻ� LQWR ZKLFK RXU HTXDWLRQ WXUQV LI ZH UHGHILQH WKH IXQFWLRQV WKURXJK
ഗೖ స షσసభ ഓೖഊ�
��:H IROORZ %RUQ¶V QRWDWLRQ� DFFRUGLQJ WR ZKLFK WKH +DPLOWRQLDQ� FRQVLGHUHG DV IXQFWLRQ RI WKH DFWLRQ YDULDEOHV�
LV GHQRWHG E\ ೈ�
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ZKHUH WKH ܿ DUH DUELWUDU\ FRQVWDQWV� 7KHLU SRVVLEOH SUHVHQFH GLVWXUEV WKH TXDQWL]DWLRQ FRQ�
GLWLRQ� VLQFH ܬ DQG ǉܬ FDQQRW� LQ JHQHUDO� ERWK VLPXOWDQHRXVO\ EH LQWHJHU PXOWLSOHV RI ݄�
&RQGLWLRQ & QRZ HOLPLQDWHV WKLV IUHHGRP� $IWHU VRPH PDQLSXODWLRQV WKH IROORZLQJ UHVXOW LV
VWDWHG�

7KHRUHP �8QLTXHQHVV IRU QRQ�GHJHQHUDWH V\VWHPV� ,I� IRU D PHFKDQLFDO V\V�
WHP� YDULDEOHV ሺݓǡ ሻܬ FDQ EH LQWURGXFHG VDWLVI\LQJ FRQGLWLRQV $�&� DQG LI WKHUH
H[LVW QR FRPPHQVXUDELOLWLHV EHWZHHQ WKH TXDQWLWLHV

ߥ ൌ
߲ܹ
ܬ߲

ǡ ������

WKHQ WKH DFWLRQ YDULDEOHV ܬ DUH GHWHUPLQHG XQLTXHO\ XS WR WUDQVIRUPDWLRQV RI
W\SH ����D� >WKDW LV� OLQHDU WUDQVIRUPDWLRQV E\ 
�ሺ݂ǡ Ժሻ@� �%RUQ ����� ����

)RU WKH SURRI� DV ZHOO DV IRU WKH HQVXLQJ LQWHUSUHWDWLRQ RI WKH TXDQWL]DWLRQ FRQGLWLRQ� WKH
QRWLRQV RI GHJHQHUDF\ DQG FRPPHQVXUDELOLW\ DUH DEVROXWHO\ HVVHQWLDO� $Q ݂�WXSOH ሺߥଵǡ ǥ ǡ ሻߥ
RI UHDO QXPEHUV LV FDOOHG �IROGݎ GHJHQHUDWH� ZKHUH Ͳ  ݎ  ݂� LI WKHUH DUH ݎ EXW QRW ݎ  ͳ
LQGHSHQGHQW LQWHJHU UHODWLRQV DPRQJ WKHP� WKDW LV� LI WKHUH LV D VHW RI ݎ PXWXDOO\ LQGHSHQGHQW
݂�WXSOHV ݊ሺఈሻଵ ǡ ǥ ǡ ݊ሺఈሻ � ߙ ൌ ͳǡǥ ǡ ݎ RI LQWHJHUV� VR WKDW ݎ UHODWLRQV RI WKH IRUP



ୀଵ

݊ሺఈሻ ߥ ൌ Ͳ ǡ ߙ ൌ ͳǡǥ ǡ ݎ ������

KROG� EXW WKHUH DUH QRW ݎ  ͳ UHODWLRQV RI WKLV VRUW� 7KH ݂�WXSOH LV VLPSO\ FDOOHG GHJHQ�
HUDWH LI LW LV �IROGݎ GHJHQHUDWH IRU VRPH ݎ  Ͳ� $ UHODWLRQ RI WKH IRUP ������ LV FDOOHG D
FRPPHQVXUDELOLW\� ,I QR FRPPHQVXUDELOLWLHV H[LVW� WKH V\VWHP LV FDOOHG QRQ�GHJHQHUDWH RU
LQFRPPHQVXUDEOH�

,W LV FOHDU WKDW D UHODWLRQ RI WKH IRUP ������ ZLWK ݊ሺఈሻ א Ժ H[LVWV LI DQG RQO\ LI LW H[LVWV
IRU ݊ሺఈሻ א Է �UDWLRQDO QXPEHUV�� +HQFH D PRUH FRPSDFW GHILQLWLRQ RI �IROGݎ GHJHQHUDF\ LV
WKH IROORZLQJ� &RQVLGHU WKH UHDO QXPEHUV Թ DV D YHFWRU VSDFH RYHU WKH UDWLRQDO QXPEHUV Է
�ZKLFK LV LQILQLWH GLPHQVLRQDO�� 7KH ݂ YHFWRUV ଵǡߥ ǥ ǡ ߥ DUH �IROGݎ GHJHQHUDWH LI DQG RQO\ LI
WKHLU VSDQ LV ��GLPHQVLRQDOݏ ZKHUH ݏ ൌ ݂ െ �ݎ

6WULFWO\ VSHDNLQJ� ZH KDYH WR GLVWLQJXLVK EHWZHHQ SURSHU �HLJHQWOLFK� %RUQ� DQG LP�
SURSHU �RU FRQWLQJHQW� �]XIlOOLJ� %RUQ� GHJHQHUDFLHV� 7R XQGHUVWDQG WKH GLIIHUHQFH� UHFDOO
WKDW WKH IUHTXHQFLHV DUH GHILQHG WKURXJK ������� VR WKDW HDFK RI WKHP LV D IXQFWLRQ RI WKH
DFWLRQ YDULDEOHV ଵǡܬ ǥ ǡ �ܬ $ SURSHU GHJHQHUDF\ KROGV LGHQWLFDOO\ IRU DOO FRQVLGHUHG YDOXHV�
ଵǡܬ ǥ ǡ �ܬ �WKH VHW RI ZKLFK PXVW FRQWDLQ DW OHDVW DQ RSHQ LQWHUYDO RI YDOXHV DURXQG HDFK FRQ�
VLGHUHG YDOXH� ��ܬ ZKHUHDV DQ LPSURSHU GHJHQHUDF\ RQO\ KROGV IRU VLQJXODU YDOXHV RI WKH
�V¶ܬ 7KLV GLVWLQFWLRQ VKRXOG WKHQ DOVR EH PDGH IRU WKH QRWLRQ RI �IROGݎ GHJHQHUDF\� D SURSHU
�IROGݎ GHJHQHUDF\ RI IUHTXHQFLHV LV RQH WKDW KROGV LGHQWLFDOO\ IRU D ZKROH QHLJKERUKRRG RI
YDOXHV ଵǡܬ ǥ ǡ ܬ DURXQG WKH FRQVLGHUHG YDOXH�

7KH SRVVLELOLW\ RI GHJHQHUDFLHV DQG WKHLU UHOHYDQFH IRU WKH IRUPXODWLRQ RI TXDQWL]DWLRQ
FRQGLWLRQV ZDV DOUHDG\ DQWLFLSDWHG E\ 6FKZDU]VFKLOG ������� ZKR ZDV YHU\ ZHOO DFTXDLQWHG
ZLWK WKH PRUH UHILQHG DVSHFWV RI +DPLOWRQ�-DFREL WKHRU\� H�J� WKURXJK &KDUOLHU¶V ZLGHO\ UHDG
FRPSUHKHQVLYH WUHDWLVH �&KDUOLHU ����� ������ 6FKZDU]VFKLOG VWDWHG LQ � � RI �6FKZDU]VFKLOG
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����� WKDW LI DFWLRQ�DQJOH YDULDEOHV FRXOG EH IRXQG IRU ZKLFK VRPH RI WKH IUHTXHQFLHV� ߥ
YDQLVKHG� VD\ ௦ାଵǡߥ ǥ ǡ ௦ାߥ ZKHUH ݎݏ ൌ ݂� WKHQ QR TXDQWXP FRQGLWLRQ VKRXOG EH LPSRVHG
RQ WKH FRUUHVSRQGLQJ DFWLRQV ௦ାଵǡܬ ǥ ǡ �௦ାܬ 7KH UDWLRQDOH KH JDYH IRU WKDW GHVFULSWLRQ ZDV
WKDW GHILQLQJ HTXDWLRQ ������ IRU WKH IUHTXHQFLHV VKRZHG WKDW WKH HQHUJ\ܹ ZDV LQGHSHQGHQW
RI ଵǡܬ ǥ ǡ �ܬ ,Q KLV ZRUGV �EXW RXU QRWDWLRQ��

7KLV DPHQGPHQW WR WKH SUHVFULSWLRQ >RI TXDQWL]DWLRQ@ LV VXJJHVWHG E\ WKH UHPDUN�
WKDW IRU D YDQLVKLQJ PHDQ PRWLRQ �ߥ WKH HTXDWLRQ ߥ ൌ ߲ܹȀ߲ܬ VKRZV WKDW WKH
HQHUJ\ EHFRPHV LQGHSHQGHQW RI WKH YDULDEOHV �ܬ WKDW WKHUHIRUH WKHVH YDULDEOHV
KDYH QR UHODWLRQ WR WKH HQHUJHWLF SURFHVV ZLWKLQ WKH V\VWHP� �6FKZDU]VFKLOG
����� ����

)URP WKDW LW LV FOHDU WKDW WKH LQGHSHQGHQFH RI WKH HQHUJ\ܹ IURP WKH ܬ IRU ZKLFK ߥ ൌ Ͳ LV
RQO\ JLYHQ LI WKH V\VWHP LV SURSHUO\ GHJHQHUDWH� RWKHUZLVH ZH MXVW KDYH D VWDWLRQDU\ SRLQW LQ
ܹ ZLWK UHVSHFW WR ܬ DW RQH SDUWLFXODU ܬ YDOXH� 6R 6FKZDU]VFKLOG¶V HQHUJ\ DUJXPHQW RQO\
MXVWLILHV QRW TXDQWL]LQJ WKRVH DFWLRQ YDULDEOHV ZKRVH FRQMXJDWH DQJOHV KDYH IUHTXHQFLHV WKDW
YDQLVK LGHQWLFDOO\ LQ WKH ܬ �IRU VRPH RSHQ QHLJKERUKRRG��

1RZ� LW LV WUXH WKDW IRU D �IROGݎ GHJHQHUDWH V\VWHP �SURSHU RU LPSURSHU� D FDQRQLFDO WUDQV�
IRUPDWLRQ H[LVWV VXFK WKDW� VD\� WKH ILUVW ݏ ൌ ݂ െ ݎ IUHTXHQFLHV ଵǡߥ ǥ ǡ ௦ߥ DUH QRQ�GHJHQHUDWH�
ZKHUHDV WKH UHPDLQLQJ ݎ IUHTXHQFLHV ௦ାଵǡߥ ǥ ǡ ௦ାߥ DUH DOO ]HUR �RQO\ IRU WKH SDUWLFXODU YDOXHV
RI V¶ܬ LQ WKH LPSURSHU FDVH�� 7KH QXPEHU ݏ RI LQGHSHQGHQW IUHTXHQFLHV LV FDOOHG WKH GHJUHH
RI SHULRGLFLW\ RI WKH V\VWHP �%RUQ ����� ����� +HQFH 6FKZDU]VFKLOG¶V HQHUJ\ DUJXPHQW
DPRXQWV WR WKH VWDWHPHQW� WKDW IRU SURSHU GHJHQHUDFLHV RQO\ WKH ݏ DFWLRQ YDULDEOHV ଵǡܬ ǥ ǡ ௦ܬ
VKRXOG EH TXDQWL]HG� EXW QRW WKH UHPDLQLQJ ௦ାଵǡܬ ǥ ǡ �௦ାܬ ,I WKH GHJHQHUDFLHV DUH LPSURSHU�
VLPLODU V\VWHPV ZLWK DUELWUDULO\ FORVH YDOXHV RI WKH ܬ ZRXOG KDYH WKHVH YDULDEOHV TXDQWL]HG�
VR WKDW LW ZRXOG VHHP SK\VLFDOO\ XQUHDVRQDEOH WR WUHDW VXFK VLQJXODU FDVHV GLIIHUHQWO\� DV
(SVWHLQ DUJXHG LQ UHDFWLRQ WR 6FKZDU]VFKLOG �(SVWHLQ ����E��

%RUQ QRZ SURFHHGV WR JHQHUDOL]H WKH XQLTXHQHVV WKHRUHP WR GHJHQHUDWH V\VWHPV� )RU
WKLV� RQH QHHGV WR ILQG WKH PRVW JHQHUDO WUDQVIRUPDWLRQV WKDW SUHVHUYH FRQGLWLRQV $�& DQG� LQ
DGGLWLRQ� SUHVHUYH WKH VHSDUDWLRQ LQWR ݏ LQGHSHQGHQW DQG ݎ PXWXDOO\ GHSHQGHQW �YDQLVKLQJ�
IUHTXHQFLHV� 7KLV FDQ LQGHHG EH GRQH� VR WKDW WKH DERYH WKHRUHP KDV WKH IROORZLQJ QDWXUDO
JHQHUDOL]DWLRQ�

7KHRUHP �8QLTXHQHVV IRU GHJHQHUDWH V\VWHPV� ,I� IRU D PHFKDQLFDO V\VWHP�
YDULDEOHV ሺݓǡ ሻܬ FDQ EH LQWURGXFHG VDWLVI\LQJ FRQGLWLRQV $�&� WKHQ WKH\ FDQ DO�
ZD\V EH FKRVHQ LQ VXFK D ZD\ WKDW WKH ILUVW ݏ RI WKH SDUWLDO GHULYDWLYHV

ߥ ൌ
߲ܹ
ܬ߲

ǡ ������

L�H� WKH ଵǡߥ ǥ ǡ ௦ߥ DUH LQFRPPHQVXUDEOH DQG WKH RWKHUV ௦ାଵǡߥ ǥ ǡ �௦ାߥ ZKHUH
ݏ  ݎ ൌ ݂� YDQLVK� 7KHQ WKH ILUVW ݏ DFWLRQ YDULDEOHV� ଵǡܬ ǥ ǡ �௦ܬ DUH GHWHUPLQHG
XQLTXHO\ XS WR WUDQVIRUPDWLRQV RI W\SH ����D� >WKDW LV� OLQHDU WUDQVIRUPDWLRQV E\

�ሺݏǡ Ժሻ@� �%RUQ ����� ����

,Q WKH QH[W VHFWLRQ �� ���� %RUQ FRPSOHWHV WKHVH UHVXOWV E\ VKRZLQJ WKDW DGLDEDWLF LQYDUL�
DQFH KROGV IRU ଵǡܬ ǥ ǡ ௦ܬ EXW QRW IRU ܬ IRU ݇  �ݏ HYHQ LI WKH GHJHQHUDF\ LV PHUHO\ LPSURSHU
�%RUQ ����� ����� +H WKHUHIRUH DUULYHV DW WKH IROORZLQJ



��� �� %RUQ¶V 9RUOHVXQJHQ �'� *LXOLQL�

4XDQWL]DWLRQ UXOH� /HW WKH YDULDEOHV ሺݓǡ ሻܬ IRU D PHFKDQLFDO V\VWHP VDWLV�
I\LQJ FRQGLWLRQV $�& EH VR FKRVHQ WKDW ଵǡߥ ǥ ǡ ௦ߥ DUH LQFRPPHQVXUDEOH DQG
௦ାଵǡߥ ǥ ǡ ௦ାߥ ݏ�  ݎ ൌ ݂� YDQLVK �SRVVLEO\ ݎ ൌ Ͳ�� 7KH VWDWLRQDU\ PRWLRQV
RI WKLV V\VWHPV DUH WKHQ GHWHUPLQHG E\

ܬ ൌ ݄݊ IRU ݇ ൌ ͳ ǡǥ ǡ ݏ Ǥ ������

�%RUQ ����� ����

%RUQ DFNQRZOHGJHV WKDW 6FKZDU]VFKLOG DOUHDG\ SURSRVHG H[HPSWLQJ WKRVH DFWLRQ YDULDEOHV
IURP TXDQWL]DWLRQ ZKRVH FRQMXJDWH DQJOHV KDYH GHJHQHUDWH IUHTXHQFLHV� %XW� DW WKLV SRLQW�
KH GRHV QRW GLVWLQJXLVK VXIILFLHQWO\ FOHDUO\ EHWZHHQ SURSHU DQG LPSURSHU GHJHQHUDFLHV� 7KLV
LVVXH LV WDNHQ XS DJDLQ ODWHU LQ FKDSWHU �� RQ SHUWXUEDWLRQ WKHRU\� ZKHUH KH VWDWHV WKDW WKH
�XQSHUWXUEHG� V\VWHP� VKRXOG LW KDYH LPSURSHU GHJHQHUDFLHV� VKRXOG EH TXDQWL]HG LQ WKH FRU�
UHVSRQGLQJ DFWLRQ YDULDEOHV �FI� %RUQ ����� �����

����� $ 6LPSOH 6\VWHP ZLWK �3URSHU� 'HJHQHUDFLHV

7R LOOXVWUDWH WKH RFFXUUHQFH RI GHJHQHUDFLHV� ZH SUHVHQW� LQ D VOLJKWO\ DEEUHYLDWHG IRUP� WKH
H[DPSOH RI WKH ��GLPHQVLRQDO KDUPRQLF RVFLOODWRU� ZKLFK %RUQ GLVFXVVHV LQ � �� IRU WKH VDPH
SXUSRVH� ,WV +DPLOWRQLDQ UHDGV

ܪ ൌ ͳ
ʹ݉൫ଶଵ  ଶଶ  ଶଷ൯ 

݉
ʹ ൫߱

ଶଵݔଶଵ  ߱ଶଶݔଶଶ  ߱ଶଷݔଶଷ൯ Ǥ ������

7KH JHQHUDO VROXWLRQ WR WKH +DPLOWRQ�-DFREL HTXDWLRQ LV �݅ ൌ ͳǡ ʹǡ ͵��

ݔ ൌ ඨ ܬ
ଶߥଶߨʹ ݉

���ሺʹݓߨሻ ǡ �����D�

 ൌ ඥʹߥ݉ܬ ���ሺʹݓߨሻ ǡ �����E�

ZKHUH
ߥ ൌ

߱
ߨʹ DQG ݓ ൌ ݐߥ  ߜ Ǥ �����F�

7KH ߜ DQG ܬ DUH VL[ LQWHJUDWLRQ FRQVWDQWV� LQ WHUPV RI ZKLFK WKH WRWDO HQHUJ\ UHDGV

ܹ ൌ
ଷ

ୀଵ

ܬߥ Ǥ ������

1RZ� D RQH�IROG GHJHQHUDF\ RFFXUV LI WKH IUHTXHQFLHV ߥ REH\ D VLQJOH UHODWLRQ RI WKH IRUP
ଷ

ୀଵ

߬ߥ ൌ Ͳ ǡ ������

ZKHUH ߬ א Ժ� 7KLV KDSSHQV� IRU H[DPSOH� LI



�� %RUQ¶V 9RUOHVXQJHQ �'� *LXOLQL� ���

߱ଵ ൌ ߱ଶ ൌ ߱ ് ߱ଷ ǡ ������

LQ ZKLFK FDVH WKH +DPLOWRQLDQ LV LQYDULDQW XQGHU URWDWLRQV DURXQG WKH WKLUG D[LV� 7KH HQHUJ\
WKHQ RQO\ GHSHQGV RQ ଷܬ DQG WKH VXP ଵܬ  �ଶܬ ,QWURGXFLQJ FRRUGLQDWHV ᇱݔ ZLWK UHVSHFW WR D
V\VWHP RI D[HV WKDW DUH URWDWHG E\ DQ DQJOH ߙ DURXQG WKH WKLUG D[LV�

ᇱଵݔ ൌ ଵݔ ��� ߙ െ ଶݔ ��� ߙ ǡ �����D�
ᇱଶݔ ൌ ଵݔ ��� ߙ  ଶݔ ��� ߙ ǡ �����E�
ᇱଷݔ ൌ ଷݔ ǡ �����F�

XQGHU ZKLFK WUDQVIRUPDWLRQ WKH PRPHQWD WUDQVIRUP MXVW OLNH WKH FRRUGLQDWHV��� 7KH QHZ
DFWLRQ YDULDEOHV� �ᇱܬ DUH JLYHQ LQ WHUPV RI WKH ROG ሺݓǡ ሻܬ E\�

ᇱଵܬ ൌ ଵܬ ���ଶ ߙ  ଶܬ ���ଶ ߙ െ ʹඥܬଵܬଶ ���ሺݓଵ െ ଶሻݓ ��� ߙ ��� ߙ ǡ �����D�

ᇱଶܬ ൌ ଵܬ ���ଶ ߙ  ଶܬ ���ଶ ߙ  ʹඥܬଵܬଶ ���ሺݓଵ െ ଶሻݓ ��� ߙ ��� ߙ ǡ �����E�
ᇱଷܬ ൌ ଷܬ Ǥ �����F�

$V %RUQ VWUHVVHV� WKH ᇱ¶Vܬ GHSHQG QRW RQO\ RQ WKH �¶Vܬ EXW DOVR RQ WKH �¶Vݓ PRUH SUHFLVHO\
RQ WKH GLIIHUHQFH ଵݓ െ �ଶݓ ZKLFK LV D FRQVWDQW� ଵߜ� െ ��ଶߜ DORQJ WKH G\QDPLFDO WUDMHFWRU\
DFFRUGLQJ WR �����F� DQG ������� DV LW PXVW EH �VLQFH WKH ᇱ¶Vܬ DUH FRQVWDQW�� ,W LV QRZ FOHDU
WKDW� IRU JHQHUDO �ߙ WKH FRQGLWLRQV ଵǡଶܬ ൌ ݊ଵǡଶ݄ DQG ᇱଵǡଶܬ ൌ ݊ᇱଵǡଶ݄ DUH PXWXDOO\ LQFRPSDWLEOH�
+RZHYHU� ������ VKRZ WKDW WKH VXPV DUH LQYDULDQW

ᇱଵܬ  ᇱଶܬ ൌ ଵܬ  ଶܬ ������

KHQFH D FRQGLWLRQ IRU WKH VXP

ᇱଵܬ  ᇱଶܬ ൌ ଵܬ  ଶܬ ൌ ݄݊ �����D�

WRJHWKHU ZLWK
ᇱଷܬ ൌ ଷܬ ൌ ݊ଷ݄ �����E�

PDNHV VHQVH�
%XW ZKDW DERXW FRRUGLQDWH FKDQJHV RWKHU WKDQ MXVW URWDWLRQV" 7R VHH ZKDW KDSSHQV�

%RUQ FRQVLGHUV LQVWHDG RI ������ WKH WUDQVIRUPDWLRQ WR F\OLQGULFDO SRODU FRRUGLQDWHV ሺݎǡ ߮ǡ ሻݖ
ZLWK FRQMXJDWH PRPHQWD ሺǡ ఝǡ ௭ሻ �FI� IRRWQRWH ����

ଵݔ ൌ ݎ ���߮  ൌ ଵ ���߮  ଶ ���߮ ǡ �����D�
ଶݔ ൌ ݎ ���߮ ఝ ൌ െଵݎ ���߮  ݎଶ ���߮ ǡ �����E�
ଷݔ ൌ ݖ ௭ ൌ ଷ Ǥ �����F�

�� *HQHUDOO\� WKH PRPHQWD� EHLQJ HOHPHQWV RI WKH YHFWRU VSDFH GXDO WR WKH YHORFLWLHV� WUDQVIRUP YLD WKH LQYHUVH�
WUDQVSRVHG RI WKH -DFRELDQ �GLIIHUHQWLDO� IRU WKH FRRUGLQDWH WUDQVIRUPDWLRQ� %XW IRU OLQHDU WUDQVIRUPDWLRQV WKH -DFR�
ELDQ LV MXVW WKH WUDQVIRUPDWLRQ PDWUL[ DQG LW EHLQJ DQ RUWKRJRQDO PDWUL[ LPSOLHV WKDW LWV LQYHUVH HTXDOV LWV WUDQVSRVH�
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7KH WUDQVIRUPDWLRQ HTXDWLRQV IURP WKH ROG ሺݓǡ ሻܬ WR WKH QHZ DFWLRQ YDULDEOHV ሺܬǡ ఝǡܬ ௭ሻܬ
DUH���

ܬ ൌ ଵ
ଶሺܬଵ  ଶሻܬ െ ඥܬଵܬଶ ���൫ʹߨሺݓଵ െ ଶሻ൯ݓ ǡ �����D�

ఝܬ ൌ ʹඥܬଵܬଶ ���൫ʹߨሺݓଵ െ ଶሻ൯ݓ ǡ �����E�
௭ܬ ൌ ଷܬ Ǥ �����F�

7KH WRWDO HQHUJ\ H[SUHVVHG DV D IXQFWLRQ RI WKH QHZ DFWLRQ YDULDEOHV UHDGV�

ܹ ൌ ܬʹሺߥ  ఝሻܬ  ௭ܬ௭ߥ ǡ ������

ZKHUH KHUH DQG LQ ������ ߥ ൌ ߱Ȁʹߨ DQG ௭ߥ ൌ ߱ଷȀʹߨ �FI� ������ $JDLQ LW LV RQO\ WKH
FRPELQDWLRQ ܬʹ ܬఝ WKDW HQWHUV WKH HQHUJ\ H[SUHVVLRQ� DQG IURP ������ ZH VHH LPPHGLDWHO\
WKDW

ܬʹ  ఝܬ ൌ ଵܬ  ଶܬ Ǥ ������

$JDLQ� FRQGLWLRQV RI WKH IRUP ܬ ൌ ݄݊� ఝܬ ൌ ݊ఝ݄� DQG ௭ܬ ൌ ݊௭݄ ZRXOG SLFN RXW
GLIIHUHQW ³TXDQWXP RUELWV´ >4XDQWHQEDKQHQ� %RUQ@ WKDQ WKRVH FRUUHVSRQGLQJ WR ܬ ൌ ݄݊�
7KH HQHUJLHV� KRZHYHU� DUH WKH VDPH�

��� (LQVWHLQ¶V 9LHZ

%\ ���� (LQVWHLQ KDG DOUHDG\ WDNHQ XS WKH SUREOHP RI TXDQWL]DWLRQ LQ KLV ORQJ QHJOHFWHG��
SDSHU ³2Q WKH 4XDQWXP 7KHRUHP RI 6RPPHUIHOG DQG (SVWHLQ´ �.RUPRV %XFKZDOG ����±
����� 9RO� �� 'RF� ��� ���±����� (LQVWHLQ VXPPDUL]HG WKLV SDSHU LQ D OHWWHU WR (KUHQIHVW
GDWHG � -XQH ���� �.RUPRV %XFKZDOG ����±����� 9RO� �� 3DUW $� 'RF� ���� ���±��� LQ ZKLFK
KH DOVR PDNHV D QXPEHU RI LQWHUHVWLQJ FRPPHQWV� DV ZH VKDOO VHH EHORZ� )RU GLVFXVVLRQV RI
LWV FRQWHQW IURP D PRGHUQ YLHZSRLQW VHH� H�J�� �*XW]ZLOOHU ����� 6WRQH ������

,Q WKLV SDSHU (LQVWHLQ VXJJHVWHG UHSODFLQJ WKH TXDQWXP FRQGLWLRQ ����� ZLWK

ර
ఊ



ୀଵ

ݍ݀ ൌ ݊ఊ݄ ǡ ߛ Ǥ ������

)LUVW RI DOO RQH VKRXOG UHFRJQL]H WKDW KHUH WKH VXP IRUPV WKH LQWHJUDQG� UDWKHU WKDQ HDFK
LQGLYLGXDO WHUP ݍ݀ DV LQ ������ 6HFRQG� ������ LV QRW MXVW RQH EXW PDQ\ FRQGLWLRQV� DV
PDQ\ DV WKHUH DUH LQGHSHQGHQW SDWKV �ORRSV� ߛ DORQJ ZKLFK WKH LQWHJUDQG LV LQWHJUDWHG�

/HW XV H[SODLQ WKH PHDQLQJ RI DOO WKLV LQ D PRGHUQL]HG WHUPLQRORJ\� )RU WKLV� ZH ILUVW
SRLQW RXW WKDW WKH LQWHJUDQG KDV D SURSHU JHRPHWULF PHDQLQJ� VLQFH

��7KHUH DUH WZR HUURUV LQ %RUQ¶V ERRN LQ WKH IRUPXODH FRUUHVSRQGLQJ WR �����D� DQG �����E�� UHVXOWLQJ IURP DQ
HUURQHRXV IDFWRU RI ഌషభ LQ KLV IRUPXOD ���� LQ � �� RI &KDSWHU �� 0\ IRUPXODH FRUUHFW %RUQ¶V IRUPXODH RQ KLV S� ���
��(LQVWHLQ¶V SDSHU ZDV FLWHG E\ GH%URJOLH LQ KLV WKHVLV �GH %URJOLH ������ ZKHUH KH VSHQGV VOLJKWO\ PRUH WKDQ D
SDJH �SDJHV ��±�� RI 6HFWLRQ ,, LQ &KDSWHU ,,,� GLVFXVVLQJ WKH ³LQWHUSUHWDWLRQ RI (LQVWHLQ¶V TXDQWLVDWLRQ FRQGLWLRQ�´
DQG DOVR LQ 6FKU|GLQJHU¶V ³4XDQWLVDWLRQ DV (LJHQYDOXH 3UREOHP´� ZKHUH LQ WKH 6HFRQG &RPPXQLFDWLRQ KH VWDWHV
LQ D IRRWQRWH WKDW (LQVWHLQ¶V TXDQWL]DWLRQ FRQGLWLRQ ³DPRQJVW DOO ROGHU YHUVLRQV VWDQGV FORVHVW WR WKH SUHVHQW RQH
>6FKU|GLQJHU¶V@�´ +RZHYHU� DIWHU PDWUL[ DQG ZDYH PHFKDQLFV VHWWOHG� (LQVWHLQ¶V SDSHU VHHPV WR KDYH EHHQ ODUJHO\
IRUJRWWHQ XQWLO .HOOHU ������ UHPLQGHG WKH FRPPXQLW\ RI LWV H[LVWHQFH�
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ߠ ൌ


ୀଵ

ݍ݀ ������

LV WKH FRRUGLQDWH H[SUHVVLRQ RI D JOREDO RQH�IRUP RQ SKDVH VSDFH �VRPHWLPHV FDOOHG WKH /L�
RXYLOOH IRUP���� TXLWH LQ FRQWUDVW WR HDFK LQGLYLGXDO WHUP  �ݍ݀ ZKLFK KDYH QR FRRUGLQDWH�
LQGHSHQGHQW� JHRPHWULF PHDQLQJ� %HLQJ D RQH�IRUP LW PDNHV XQDPELJXRXV VHQVH WR LQWHJUDWH
LW DORQJ SDWKV� 7KH SDWKV ߛ FRQVLGHUHG KHUH DUH DOO FORVHG� L�H� ORRSV� KHQFH WKH ��VLJQׯ %XW
ZKDW DUH WKH ORRSV ߛ WKDW PD\ HQWHU ������" )RU WKHLU FKDUDFWHULVDWLRQ LW LV FUXFLDO WR DVVXPH
WKDW WKH V\VWHP EH LQWHJUDEOH� 7KLV PHDQV WKDW WKHUH DUH ݂ �ൌ QXPEHU RI GHJUHHV RI IUHHGRP�
IXQFWLRQV RQ SKDVH VSDFH� ǡݍሺܨ ሻ ܣ� ൌ ͳǡǥ ǡ ݂�� WKH HQHUJ\ EHLQJ RQH RI WKHP� ZKRVH
PXWXDO 3RLVVRQ EUDFNHWV YDQLVK�

ሼܨǡ ሽܨ ൌ Ͳ Ǥ ������

7KLV LPSOLHV WKDW WKH WUDMHFWRULHV UHPDLQ RQ WKH OHYHO VHWV IRU WKH ݂�FRPSRQHQW IXQF�
WLRQ Ԧܨ ൌ ሺܨଵǡ ǥ ǡ �ሻܨ ZKLFK FDQ EH VKRZQ WR EH ݂�GLPHQVLRQDO WRUL ܶԦி HPEHGGHG LQ ʹ݂�
GLPHQVLRQDO SKDVH VSDFH� )URP ������ LW IROORZV WKDW WKHVH WRUL DUH JHRPHWULFDOO\ VSHFLDO
�/DJUDQJLDQ� VXEPDQLIROGV� 7KH GLIIHUHQWLDO RI WKH RQH IRUP ������� UHVWULFWHG WR WKH WDQJHQW
VSDFHV RI WKHVH WRUL� YDQLVKHV LGHQWLFDOO\� %\ 6WRNHV¶V WKHRUHP WKLV LPSOLHV WKDW DQ\ WZR LQ�
WHJUDOV RI ߠ RYHU ORRSV ߛ DQG ᇱߛ ZLWKLQ WKH VDPH WRUXV ܶ FRLQFLGH LQ YDOXH �SRVVLEO\ XS WR D
VLJQ� GHSHQGLQJ RQ WKH RULHQWDWLRQ JLYHQ WR WKH ORRSV� LI WKHUH LV D ��GLPHQVLRQDO VXUIDFH ߪ
ZLWKLQ ܶ ZKRVH ERXQGDU\ LV MXVW WKH XQLRQ RI ߛ DQG �ᇱߛ 7KLV GHILQHV DQ HTXLYDOHQFH UHODWLRQ
RQ WKH VHW RI ORRSV RQ ܶ ZKRVH HTXLYDOHQFH FODVVHV DUH FDOOHG KRPRORJ\ FODVVHV �RI GLPHQ�
VLRQ ��� 7KH KRPRORJ\ FODVVHV IRUP D ILQLWHO\ JHQHUDWHG $EHOLDQ JURXS �VLQFH WKH OHYHO VHWV
DUH FRPSDFW� VR WKDW HDFK PHPEHU FDQ EH XQLTXHO\ ZULWWHQ DV D OLQHDU FRPELQDWLRQ RI ݂ EDVLV
ORRSV �L�H� WKHLU FODVVHV� ZLWK LQWHJHU FRHIILFLHQWV� )RU H[DPSOH� LI RQH SLFWXUHV WKH ݂�WRUXV
DV DQ ݂�GLPHQVLRQDO FXEH ZLWK SDLUZLVH LGHQWLILFDWLRQV RI RSSRVLWH IDFHV WKURXJK WUDQVOD�
WLRQV� DQ ݂�WXSOH RI EDVLV ORRSV LV UHSUHVHQWHG E\ WKH VWUDLJKW OLQHV�VHJPHQWV FRQQHFWLQJ WKH
PLGSRLQWV RI RSSRVLWH IDFHV� (DFK VXFK EDVLV LV FRQQHFWHG WR DQ\ RWKHU E\ D OLQHDU 
�ሺ݂ǡ Ժሻ
WUDQVIRUPDWLRQ�

1RZ ZH FDQ XQGHUVWDQG KRZ ������ VKRXOG EH UHDG� QDPHO\ DV D FRQGLWLRQ WKDW VHOHFWV�
RXW RI D FRQWLQXXP� D GLVFUHWH VXEVHW RI WRUL ܶԦி� ZKLFK PD\ EH FKDUDFWHUL]HG E\ GLVFUHWL]HG
YDOXHV IRU WKH ݂ REVHUYDEOHV �ܨ ,Q OLJKW RI WKH ODVW UHPDUN RI WKH SUHYLRXV SDUDJUDSK� LW GRHV
QRW PDWWHU ZKLFK EDVLV IRU WKH KRPRORJ\ FODVVHV RI ORRSV RQH FKRRVHV WR HYDOXDWH �������
7KLV OHDGV WR D TXDQWL]DWLRQ FRQGLWLRQ LQGHSHQGHQW RI WKH QHHG WR VHSDUDWH YDULDEOHV�

:KDW UHPDLQV XQGHFLGHG DW WKLV VWDJH LV KRZ WR SURFHHG LQ FDVHV ZKHUH GHJHQHUDFLHV
RFFXU� ,Q WKH DEVHQFH RI GHJHQHUDFLHV� WKH WRUXV LV XQLTXHO\ GHWHUPLQHG� ,W LV WKH FORVXUH
RI WKH SKDVH VSDFH WUDMHFWRU\ IRU DOO WLPHV� ,I GHJHQHUDFLHV H[LVW� WKDW FORVXUH ZLOO GHILQH D
WRUXV RI GLPHQVLRQ ݏ ൏ ݂� WKH HPEHGGLQJ RI ZKLFK LQ D WRUXV RI GLPHQVLRQ ݂ LV DPELJXRXV

��,Q WKH WHUPLQRORJ\ RI GLIIHUHQWLDO JHRPHWU\� SKDVH VSDFH LV WKH FRWDQJHQW EXQGOH כೂ RYHU FRQILJXUDWLRQ VSDFH ೂ
ZLWK SURMHFWLRQ PDS ഏ  כೂ ՜ ೂ� 7KH RQH�IRUP ഇ RQ כೂ LV GHILQHG E\ WKH IROORZLQJ UXOH� /HW  EH D SRLQW LQ כೂ
DQG  D YHFWRU LQ WKH WDQJHQW VSDFH RI כೂ DW � WKHQ ഇሺሻ స ൫ഏכȁሺሻ൯� +HUH WKH V\PERO RQ WKH ULJKW GHQRWHV
WKH GLIIHUHQWLDO RI WKH SURMHFWLRQ PDS ഏ� HYDOXDWHG DW  DQG WKHQ DSSOLHG WR � 7KLV UHVXOWV LQ D WDQJHQW YHFWRU DW ഏሺሻ
RQ ೂ RQ ZKLFK  א כഏሺሻೂ PD\ EH HYDOXDWHG� ,Q ORFDO DGDSWHG FRRUGLQDWHV ሺభǡǥ ǡ Ǣ భǡǥ ǡ ሻ WKH SURMHFWLRQ PDS
ഏ MXVW SURMHFWV RQWR WKH V� 7KHQ� IRU  స σೖሺೊೖങೖ శೋೖങೖ ሻ ZH KDYH ഏכሺሻ స σೖ ೊೖങೖ DQG ൫ഏכሺሻ൯ స σೖ ೖೊೖ�
VR WKDW ഇ స σೖ ೖ ೖ�
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VLQFH WKH ODWWHU LV QRW XQLTXHO\ GHWHUPLQHG E\ WKH PRWLRQ RI WKH V\VWHP� 7KLV ZH KDYH VHHQ LQ
%RUQ¶V H[DPSOHV DERYH� (YHQ VLPSOHU H[DPSOHV ZRXOG EH WKH SODQDU KDUPRQLF RVFLOODWRU DQG
SODQDU .HSOHULDQ PRWLRQ �FI� $UQROG ����� VHF� ���� ,Q VXFK FDVHV RQH KDV WR GHFLGH ZKHWKHU
������ LV PHDQW WR DSSO\ RQO\ WR WKH ݏ JHQHUDWLQJ ORRSV RI WKH IRUPHU� ORZHU�GLPHQVLRQDO WRUXV
RU WR DOO ݂ RI WKH ODWWHU� WKXV LQWURGXFLQJ DQ ሺ݂ െ ሻ�IROGݏ DPELJXLW\ LQ WKH GHWHUPLQDWLRQ RI
WKH ³TXDQWXP RUELWV´ >4XDQWHQEDKQHQ� %RUQ@�

7KH JHRPHWULF IODYRU RI WKHVH DUJXPHQWV LV FOHDUO\ SUHVHQW LQ (LQVWHLQ¶V SDSHU� WKRXJK
KH FOHDUO\ GLG QRW XVH WKH PRGHUQ YRFDEXODU\� (LQVWHLQ VWDUWV IURP WKH ݂�GLPHQVLRQDO FRQILJ�
XUDWLRQ VSDFH ZKRVH FRRUGLQDWHV DUH GHILQHG E\ WKH V¶ݍ DQG UHJDUGV WKH V¶ DV FHUWDLQ µIXQF�
WLRQV¶ RQ LW� GHILQHG WKURXJK DQ ݂�SDUDPHWHU IDPLO\ RI VROXWLRQV� /RFDOO\ LQ �VSDFHݍ �L�H� LQ
D QHLJKERUKRRG RU HDFK SRLQW� +DPLOWRQ¶V HTXDWLRQV JXDUDQWHH WKH H[LVWHQFH RI RUGLQDU\ �L�H�
VLQJOH�YDOXHG� IXQFWLRQV ଵǡݍሺ ǥ ǡ �ሻݍ +RZHYHU� IROORZLQJ D G\QDPLFDO WUDMHFWRU\ WKDW LV
GHQVH LQ D SRUWLRQ RI �VSDFHݍ WKH YDOXHV  QHHG QRW UHWXUQ WR WKHLU RULJLQDO YDOXHV� (LQVWHLQ
GLVWLQJXLVKHV EHWZHHQ WZR FDVHV� HLWKHU WKH QXPEHU RI PXWXDOO\ GLIIHUHQW �YDOXHV ZKHQ WKH
WUDMHFWRU\ UHWXUQV WR ZLWKLQ D VPDOO QHLJKERUKRRG ܷ DURXQG D SRLQW LQ �VSDFHݍ LV ILQLWH� RU
LW LV LQILQLWH� ,Q WKH ODWWHU FDVH� (LQVWHLQ¶V TXDQWL]DWLRQ FRQGLWLRQ GRHV QRW DSSO\� ,Q WKH IRU�
PHU FDVH� (LQVWHLQ¶V FRQVLGHUV ZKDW KH� LQ WKH OHWWHU WR (KUHQIHVW� FDOOHG WKH 5LHPDQQLVDWLRQ
�³5LHPDQQLVLHUXQJ´� RI ��VSDFHݍ WKDW LV� D ILQLWH�VKHHWHG FRYHULQJ� 7KH FRPSRQHQWV  ZLOO
WKHQ EH D ZHOO�GHILQHG �VLQJOH�YDOXHG� FR�YHFWRU ILHOG RYHU WKH G\QDPLFDOO\ DOORZHG SRUWLRQ
RI �VSDFHݍ �VHH �6WRQH ����� IRU D OXFLG GLVFXVVLRQ ZLWK SLFWXUHV��

,Q D PRVW LQWHUHVWLQJ� RQH DQG D KDOI SDJH VXSSOHPHQW DGGHG DV SURRI� (LQVWHLQ SRLQWV
RXW WKDW WKH ILUVW W\SH RI PRWLRQ� ZKHUH �VSDFHݍ WUDMHFWRULHV UHWXUQ ZLWK LQILQLWHO\ PDQ\ PX�
WXDOO\ GLIIHUHQW ��YDOXHV PD\ ZHOO RFFXU IRU VLPSOH V\VWHPV ZLWK UHODWLYHO\ IHZ GHJUHHV RI
IUHHGRP� H�J� WKDW RI WKUHH SRLQW�OLNH PDVVHV PRYLQJ XQGHU WKH LQIOXHQFH RI WKHLU PXWXDO
JUDYLWDWLRQDO DWWUDFWLRQV� DV ZDV ILUVW SRLQWHG RXW E\ 3RLQFDUp LQ WKH ����V WR ZKRP (LQ�
VWHLQ UHIHUV� (LQVWHLQ HQGV KLV VXSSOHPHQW �DQG WKH SDSHU� E\ VWDWLQJ WKDW� IRU QRQ�LQWHJUDEOH
V\VWHPV� KLV FRQGLWLRQ DOVR IDLOV� ,Q IDFW� DV GLVFXVVHG DERYH� LW FDQQRW HYHQ EH ZULWWHQ GRZQ�

+HQFH RQH DUULYHV DW WKH FRQFOXVLRQ WKDW WKH FUXFLDO TXHVWLRQ FRQFHUQLQJ WKH DSSOLFDELO�
LW\ RI TXDQWL]DWLRQ FRQGLWLRQV LV WKDW RI LQWHJUDELOLW\� L�H� ZKHWKHU VXIILFLHQWO\ PDQ\ FRQVWDQWV
RI PRWLRQ H[LVW� RWKHU GHJUHHV RI FRPSOH[LW\� OLNH WKH QXPEHU RI GHJUHHV RI IUHHGRP� GR QRW
GLUHFWO\ PDWWHU� $V ZH NQRZ IURP 3RLQFDUp¶V ZRUN� QRQ�LQWHJUDELOLW\ RFFXUV DOUHDG\ DW WKH
��ERG\ OHYHO IRU VLPSOH ��ERG\ LQWHUDFWLRQV� %XW ZKDW LV WKH PHDQLQJ RI ³4XDQWXP 7KHRU\´
LI ³TXDQWL]DWLRQ´ LV QRW D XQLYHUVDOO\ DSSOLFDEOH SURFHGXUH"��

,Q WKH OHWWHU WR (KUHQIHVW PHQWLRQHG DERYH� (LQVWHLQ VWUHVVHV SUHFLVHO\ WKLV SRLQW� L�H�
WKDW KLV FRQGLWLRQ LV RQO\ DSSOLFDEOH WR LQWHJUDEOH V\VWHPV� DQG HQGV ZLWK D WUXO\ DVWRQLVKLQJ
VWDWHPHQW�

$V SUHWW\ DV WKLV PD\ DSSHDU� LW LV MXVW UHVWULFWHG WR WKH VSHFLDO FDVH ZKHUH WKH ఔ
FDQ EH UHSUHVHQWHG DV �PXOWL�YDOXHG� IXQFWLRQV RI WKH �ఔݍ ,W LV LQWHUHVWLQJ WKDW
WKLV UHVWULFWLRQ MXVW QXOOLILHV WKH YDOLGLW\ RI VWDWLVWLFDO PHFKDQLFV� 7KH ODWWHU SUH�
VXSSRVHV WKDW XSRQ UHFXUUHQFH RI WKH �ఔݍ WKH ఔ RI D V\VWHP LQ LVRODWLRQ DVVXPH
DOO YDOXHV E\ DQG E\ ZKLFK DUH FRPSDWLEOH ZLWK WKH HQHUJ\ SULQFLSOH� ,W VHHPV
WR PH� WKDW WKH WUXH >ZLUNOLFKH@ PHFKDQLFV LV VXFK WKDW WKH H[LVWHQFH RI WKH LQWH�
JUDOV �ZKLFK H[FOXGH WKH YDOLGLW\ RI VWDWLVWLFDO PHFKDQLFV� LV DOUHDG\ DVVXUHG E\

��(YHQ WRGD\ WKLV TXHVWLRQ KDV QRW \HW UHFHLYHG D XQDQLPRXVO\ DFFHSWHG DQVZHU�
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WKH JHQHUDO IRXQGDWLRQV� %XW KRZ WR VWDUW""�� �.RUPRV %XFKZDOG ����±�����
9RO� �� 3DUW $� 'RF� ���� ���� P\ HPSKDVLV�

'LG ZH MXVW ZLWQHVV (LQVWHLQ FRQWHPSODWLQJ WKH LPSRVVLELOLW\ RI DQ\ ULJRURXV IRXQGDWLRQ RI
FODVVLFDO VWDWLVWLFDO PHFKDQLFV"

��� )LQDO &RPPHQWV

,Q KLV ERRN� %RUQ DOVR PHQWLRQV 3RLQFDUp¶V ZRUN DQG FLWHV WKH UHOHYDQW FKDSWHUV RQ FRQ�
YHUJHQFH RI SHUWXUEDWLRQ VHULHV DQG WKH ��ERG\ SUREOHP LQ &KDUOLHU¶V WUHDWLVH ������� EXW KH
GRHV QRW VHHP WR PDNH WKH IXQGDPHQWDO GLVWLQFWLRQ EHWZHHQ LQWHJUDEOH DQG QRQ�LQWHJUDEOH
V\VWHPV LQ WKH VHQVH (LQVWHLQ PDGH LW� %RUQ QHYHU FLWHV (LQVWHLQ¶V SDSHU LQ KLV ERRN� +H
PHQWLRQV WKH ZHOO�NQRZQ SUREOHP �VLQFH %UXQV ����� RI VPDOO GHQRPLQDWRUV �GHVFULEHG LQ
&KDUOLHU ����� FKDS� ��� VHF� �� DQG DOVR 3RLQFDUp¶V UHVXOW RQ WKH LPSRVVLELOLW\ RI GHVFULELQJ
WKH PRWLRQ IRU HYHQ DUELWUDULO\ VPDOO SHUWXUEDWLRQ IXQFWLRQV LQ WHUPV RI FRQYHUJHQW )RXULHU
VHULHV� )URP WKDW %RUQ FRQFOXGHV LW LV LPSRVVLEOH WR LQWURGXFH FRQVWDQW ¶Vܬ DQG KHQFH LP�
SRVVLEOH WR SRVH TXDQWL]DWLRQ UXOHV LQ JHQHUDO� +LV FRQFOXVLRQ IURP WKLV LV WKDW� IRU WKH WLPH
EHLQJ� RQH VKRXOG DGRSW D SUDJPDWLF DWWLWXGH�

(YHQ WKRXJK WKH PHQWLRQHG DSSUR[LPDWLRQ VFKHPH GRHV QRW FRQYHUJH LQ WKH
VWULFW VHQVH� LW KDV SURYHG XVHIXO LQ FHOHVWLDO PHFKDQLFV� )RU LW FRXOG EH VKRZQ
>E\ 3RLQFDUp@ WKDW WKH VHULHV VKRZHG D W\SH RI VHPL�FRQYHUJHQFH� ,I DSSURSUL�
DWHO\ WHUPLQDWHG WKH\ UHSUHVHQW WKH PRWLRQ RI WKH SHUWXUEHG V\VWHP ZLWK JUHDW
DFFXUDF\� QRW IRU DUELWUDULO\ ORQJ WLPHV� EXW VWLOO IRU SUDFWLFDOO\ YHU\ ORQJ WLPHV�
)URP WKLV RQH VHHV RQ SXUHO\ WKHRUHWLFDO JURXQGV� WKDW WKH DEVROXWH VWDELOLW\ RI
DWRPV FDQQRW EH DFFRXQWHG IRU LQ WKLV ZD\� +RZHYHU� IRU WKH WLPH EHLQJ RQH
ZLOO SXVK DVLGH >VLFK KLQZHJVHW]HQ@ WKLV IXQGDPHQWDO GLIILFXOW\ DQGPDNH HQHUJ\
FDOFXODWLRQV WHVW�ZLVH� LQ RUGHU WR VHH ZKHWKHU RQH REWDLQV VLPLODU DJUHHPHQWV
DV LQ FHOHVWLDO PHFKDQLFV� �%RUQ ����� ���±����

7HQ SDJHV EHIRUH WKDW SDVVDJH� LQ WKH LQWURGXFWLRQ WR WKH FKDSWHU RQ SHUWXUEDWLRQ WKHRU\�
%RUQ VWUHVVHG WKH VRPHZKDW DPELYDOHQW VLWXDWLRQ SHUWXUEDWLRQ WKHRU\ LQ DWRPLF SK\VLFV IDFHV
LQ FRPSDULVRQ WR FHOHVWLDO PHFKDQLFV� 2Q RQH KDQG� µSHUWXUEDWLRQV¶ FDXVHG E\ HOHFWURQ�
HOHFWURQ LQWHUDFWLRQV DUH RI WKH VDPH RUGHU RI PDJQLWXGH WKDQ HOHFWURQ�QXFOHXV LQWHUDFWLRQV�
TXLWH LQ FRQWUDVW WR WKH VRODU V\VWHP� ZKHUH WKH VXQ LV RUGHUV RI PDJQLWXGH KHDYLHU WKDQ WKH
SODQHWV� 2Q WKH RWKHU KDQG� WKH TXDQWXP FRQGLWLRQV GUDVWLFDOO\ FRQVWUDLQ SRVVLEOH PRWLRQV
DQG FRXOG ZHOO DFW DV UHJXODWRU� $V UHJDUGV WKH DQDO\WLFDO GLIILFXOWLHV DOUHDG\ PHQWLRQHG
DERYH� KH FRPPHQWV LQ DQWLFLSDWLRQ�

+HUH >FRQYHUJHQFH RI )RXULHU VHULHV@ DQ LQVXUPRXQWDEOH DQDO\WLFDO GLIILFXOW\
VHHPV WR LQKLELW SURJUHVV� DQG RQH FRXOG DUULYH DW WKH RSLQLRQ WKDW LW LV LPSRVVLEOH

��6R K�EVFK QXQ GLHVH 6DFKH LVW� VR LVW VLH HEHQ DXI GHQ 6SH]LDOIDOO EHVFKUlQNW� GDVV GLH ഌ DOV �PHKUGHXWLJH�
)XQNWLRQ GHU ഌ GDUJHVWHOOW ZHUGHQ N|QQHQ� (V LVW LQWHUHVVWDQW� GDVV GLHVH %HVFKUlQNXQJ JHUDGH GLH *�OWLJNHLW GHU
VWDWLVWLVFKHQ 0HFKDQLN DXIKHEW� 'HQQ GLHVH VHW]W YRUDXV� GDVV GLH ഌ HLQHV VLFK VHOEVW �EHUODVVHQHQ 6\VWHPV EHL
:LHGHUNHKU GHU ഌ QDFK XQG QDFK DOOH PLW GHP (QHUJLHSULQ]LS YHUHLQEDUHQ :HUWV\VWHPH DQQHKPHQ� (V VFKHLQW
PLU� GDVV GLH ZLUNOLFKH 0HFKDQLN VR LVW� GDVV GLH ([LVWHQ] GHU ,QWHJUDOH� �ZHOFKH GLH *�OWLJNHLW GHU VWDWLVWLVFKHQ
0HFKDQLN DXVVFKOLHVVHQ�� VFKRQ YHUP|JH GHU DOOJHPHLQHQ *UXQGODJHQ JHVLFKHUW LVW� $EHU ZLH DQVHW]HQ""



��� �� %RUQ¶V 9RUOHVXQJHQ �'� *LXOLQL�

WR JDLQ D WKHRUHWLFDO XQGHUVWDQGLQJ RI DWRPLF VWUXFWXUHV XS WR 8UDQLXP� �%RUQ
����� ���±����

+RZHYHU�

7KH DLP RI WKH LQYHVWLJDWLRQV RI WKLV FKDSWHU VKDOO EH WR GHPRQVWUDWH� WKDW WKLV
GLIILFXOW\ LV QRW HVVHQWLDO� ,W ZRXOG LQGHHG EH VWUDQJH >VRQGHUEDU@ LI 1DWXUH EDU�
ULFDGHG KHUVHOI EHKLQG WKH DQDO\WLFDO GLIILFXOWLHV RI WKH ݊�ERG\ SUREOHP DJDLQVW
WKH DGYDQFHPHQW RI NQRZOHGJH >GDV 9RUGULQJHQ GHU (UNHQQWQLV@� �%RUQ �����
���±����

,Q WKH FRXUVH RI WKH GHYHORSPHQW RI KLV FKDSWHU RQ SHUWXUEDWLRQ WKHRU\ YHU\ LQWHUHVWLQJ
WHFKQLFDO SRLQWV FRPH XS� RQH RI WKHP EHLQJ FRQQHFWHG ZLWK WKH DSSDUHQW QHFHVVLW\ WR LP�
SRVH TXDQWL]DWLRQ FRQGLWLRQV IRU WKH XQSHUWXUEHG DFWLRQ YDULDEOHV FRQMXJDWH WR DQJOHV ZKRVH
IUHTXHQFLHV DUH LPSURSHUO\ GHJHQHUDWH� %XW WKH GLVFXVVLRQ RI WKLV LV TXLWH WHFKQLFDO DQG H[�
WUDQHRXV WR %RUQ¶V DSSURDFK WR WKH TXDQWL]DWLRQ SURFHGXUH�

5HIHUHQFHV

$EUDKDP� 5DOSK DQG -HUUROG (� 0DUVGHQ ������� )RXQGDWLRQV RI 0HFKDQLFV� �QG HG� 5HDG�
LQJ� 0$� %HQMDPLQ�&XPPLQJV 3XEOLVKLQJ &RPSDQ\�

$UQROG� 9ODGLPLU ,JRUHYLFK ������� 0DWKHPDWLFDO 0HWKRGV RI &ODVVLFDO 0HFKDQLFV� 1HZ
<RUN� 6SULQJHU�

%RUQ� 0D[ ������� 9RUOHVXQJHQ �EHU $WRPPHFKDQLN� (UVWHU %DQG�9ROXPH ,, RI 6WUXNWXU GHU
0DWHULH LQ (LQ]HOGDUVWHOOXQJHQ� %HUOLQ� -XOLXV 6SULQJHU�

%RUQ�0D[ DQG 3DVFXDO -RUGDQ ������� (OHPHQWDUH 4XDQWHQPHFKDQLN �]ZHLWHU %DQG GHU 9RU�
OHVXQJHQ �EHU $WRPPHFKDQLN��9ROXPH ,; RI 6WUXNWXU GHU 0DWHULH LQ (LQ]HOGDUVWHOOXQ�
JHQ� %HUOLQ� -XOLXV 6SULQJHU�

%XUJHUV� -RKDQQHV 0DUWLQXV ������� +HW DWRRPPRGHO YDQ 5XWKHUIRUG�%RKU� 3K' WKHVLV�
+DDUOHP� /RRVMHV� 8QLYHUVLW\ RI /H\GHQ�

&KDUOLHU� &DUO /XGZLJ ������� 'LH 0HFKDQLN GHV +LPPHOV� �� /HLS]LJ� 9HLW�
þ ������� 'LH 0HFKDQLN GHV +LPPHOV� �� /HLS]LJ� 9HLW�
GH %URJOLH� /RXLV ������� 5HFKHUFKHV VXU OD WKpRULH GHV TXDQWD� $QQDOHV GH 3K\VLTXH ����

6pULH�� ��±����
þ ������� (LQI�KUXQJ LQ GLH :HOOHQPHFKDQLN� /HLS]LJ� $NDGHPLVFKH 9HUODJVJHVHOOVFKDIW�
(SVWHLQ� 3DXO 6� �����D�� =XU 7KHRULH GHV 6WDUNHIIHNWHV� $QQDOHQ GHU 3K\VLN �������� ���±

����
þ �����E�� =XU 4XDQWHQWKHRULH� $QQDOHQ GHU 3K\VLN �������� ���±����
)UHQNHO� -DNRY ������� (LQI�KUXQJ LQ GLH :HOOHQPHFKDQLN� %HUOLQ� -XOLXV 6SULQJHU�
*ROGVWHLQ� +HUEHUW� &KDUOHV 3� 3RROH -U�� DQG -RKQ /� 6DINR ������� &ODVVLFDO 0HFKDQLFV�

�UG HG� 5HDGLQJ� 0$� $GGLVRQ�:HVOH\�
*UHHQ� +HUEHUW 6� DQG 0D[ %RUQ ������� 0DWUL[ 0HFKDQLFV� *URQLQJHQ� 3� 1RRUGKRII /WG�

6FLHQWLILF 3XEOLFDWLRQV�
*XW]ZLOOHU� 0DUWLQ &� ������� &KDRV LQ &ODVVLFDO DQG 4XDQWXP 0HFKDQLFV� �� ,QWHUGLVFL�

SOLQDU\ $SSOLHG 0DWKHPDWLFV� 1HZ <RUN� 6SULQJHU�
+DDV� $UWKXU �������0DWHULHZHOOHQ XQG 4XDQWHQPHFKDQLN� /HLS]LJ� $NDGHPLVFKH 9HUODJV�

JHVHOOVFKDIW�
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+HLVHQEHUJ� :HUQHU ������� hEHU TXDQWHQWKHRUHWLVFKH 8PGHXWXQJ NLQHPDWLVFKHU XQG PH�
FKDQLVFKHU %H]LHKXQJHQ� =HLWVFKULIW I�U 3K\VLN ������ ���±����

þ ������� (LQI�KUXQJ LQ GLH HLQKHLWOLFKH )HOGWKHRULH GHU (OHPHQWDUWHLOFKHQ� 6WXWWJDUW� 6�
+LU]HO�

+HUPDQQ� $UPLQ� HG� ������� $OEHUW (LQVWHLQ� $UQROG 6RPPHUIHOG %ULHIZHFKVHO� 6HFK]LJ
%ULHIH DXV GHP JROGHQHQ =HLWDOWHU GHU PRGHUQHQ 3K\VLN� %DVHO� 6FKZDEH 	 &R�

,VKLZDUD� -XQ ������� 'LH XQLYHUVHOOH %HGHXWXQJ GHV :LUNXQJVTXDQWXPV� 7R\NR 6XJDNX %X�
WXULJDNNDZL .L]L �3URFHHGLQJV RI WKH 7RN\R 0DWKHPDWLFDO DQG 3K\VLFDO 6RFLHW\� �����
���±����

.HOOHU� -RVHSK %� ������� &RUUHFWHG %RKU�6RPPHUIHOG 4XDQWXP &RQGLWLRQV IRU 1RQVHSDUD�
EOH 6\VWHPV� $QQDOV RI 3K\VLFV ����� ���±����

.RUPRV %XFKZDOG� 'LDQD HW DO�� HG� �����±������ 7KH &ROOHFWHG 3DSHUV RI $OEHUW (LQVWHLQ�
���� 3ULQFHWRQ� 3ULQFHWRQ 8QLYHUVLW\ 3UHVV�

.URQLJ� 5DOSK DQG 9LFWRU )�:HLVVNRSI� HGV� �������&ROOHFWHG 6FLHQWLILF 3DSHUV E\:ROIJDQJ
3DXOL� �±�� 1HZ <RUN� ,QWHUVFLHQFH 3XEOLVKHUV�

3DXOL� :ROIJDQJ ������� 5HYLHZ RI 0D[ %RUQ� 9RUOHVXQJHQ �EHU $WRPPHFKDQLN� (UVWHU
%DQG� 'LH 1DWXUZLVVHQVFKDIWHQ ��� ���±���� 5HSULQW� .URQLJ DQG :HLVVNRSI �����

þ ������� 5HYLHZ RI0D[ %RUQ	 3DVFXDO -RUGDQ� (OHPHQWDUH 4XDQWHQPHFKDQLN� =ZHLWHU
%DQG GHU 9RUOHVXQJHQ �EHU $WRPPHFKDQLN�'LH 1DWXUZLVVHQVFKDIWHQ ��� ���� 5HSULQW�
.URQLJ DQG :HLVVNRSI �����

3ODQFN� 0D[ ������� 'LH SK\VLNDOLVFKH 6WUXNWXU GHV 3KDVHQUDXPHV� $QQDOHQ GHU 3K\VLN
�������� ���±����

6FKZDU]VFKLOG� .DUO ������� =XU 4XDQWHQK\SRWKHVH� 6LW]XQJVEHULFKWH GHU .|QLJOLFK
3UHX�LVFKHQ $NDGHPLH GHU :LVVHQVFKDIWHQ ]X %HUOLQ� ���±����

6HWK� 6XPDQ ������� &UDIWLQJ WKH 4XDQWXP� $UQROG 6RPPHUIHOG DQG WKH 3UDFWLFH RI 7KH�
RU\� ����±����� 7UDQVIRUPDWLRQV� 6WXGLHV LQ WKH +LVWRU\ RI 6FLHQFH DQG 7HFKQRORJ\�
&DPEULGJH� 0$� 7KH 0,7 3UHVV�

6RPPHUIHOG� $UQROG ������� =XU 4XDQWHQWKHRULH GHU 6SHNWUDOOLQLHQ� $QQDOHQ GHU 3K\VLN
�������� �±���

þ ������� $WRPEDX XQG 6SHNWUDOOLQLHQ� :HOOHQPHFKDQLVFKHU (UJlQ]XQJVEDQG� �� %UDXQ�
VFKZHLJ� )ULHGULFK 9LHZHJ XQG 6RKQ�

þ ������� 9RUOHVXQJHQ �EHU WKHRUHWLVFKH 3K\VLN� %DQG � 0HFKDQLN� 7KXQ� +DUUL 'HXWVFK�
6WRQH� 'RXJODV $� ������� (LQVWHLQ¶V 8QNQRZQ ,QVLJKW DQG WKH 3UREOHP RI 4XDQWL]LQJ

&KDRV� 3K\VLFV 7RGD\ ������ ��±���
:LOVRQ�:LOOLDP ������� 7KH 4XDQWXP�7KHRU\ RI 5DGLDWLRQ DQG /LQH 6SHFWUD�3KLORVRSKLFDO

0DJD]LQH �WK 6HULHV �������� ���±����


