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5HVHDUFK ZKLFK UHVXOWHG LQ WKH LGHQWLILFDWLRQ RI QRYHO HIIHFWV LQ ZDYHJXLGH VHFRQG

KDUPRQLF JHQHUDWLRQ LV SUHVHQWHG LQ WKLV GLVVHUWDWLRQ� 7KLV ZRUN VWDUWHG ZLWK WKH LQYHVWLJDWLRQ

RI H[SHULPHQWDO DQG QXPHULFDO LQFRQVLVWHQFHV LQ WKH VHFRQG KDUPRQLF JHQHUDWLRQ �6+*�

SURFHVV ZKLFK ZHUH DW YDULDQFH ZLWK WUDGLWLRQDO FRQFHSWV RI 6+*� 6RPH RI WKHVH

LQFRQVLVWHQFHV ZHUH FDXVHG E\ FRQGLWLRQV XVXDOO\ RYHUORRNHG ZKHQ VWXG\LQJ 6+* LQ

ZDYHJXLGHV WKDW VXSSRUW PDQ\ PRGHV RU WKH 6+* ILHOG HYROXWLRQ LQ ZDYHJXLGHV ZLWK D

VSDWLDOO\ QRQXQLIRUP�QRQV\PPHWULFDO GLVWULEXWLRQ RI SDUDPHWHUV DORQJ WKH OLJKW SURSDJDWLRQ

SDWK�

([DPLQLQJ VHFRQG KDUPRQLF JHQHUDWLRQ LQ GHWDLO IRU WKHVH FRQGLWLRQV OHG WR WKH

LGHQWLILFDWLRQ RI WZR IXQGDPHQWDO HIIHFWV LQ ZDYHJXLGH VHFRQG KDUPRQLF JHQHUDWLRQ� QDPHO\

ZDYHJXLGH PXOWLPRGH FRPSHWLWLRQ DQG VSDWLDO QRQUHFLSURFLW\� 7KLV UHVHDUFK KDV OHG WR

DGGLWLRQDO PDWKHPDWLFDO WRROV IRU LQYHVWLJDWLQJ WKH HYROXWLRQ RI VHFRQG KDUPRQLF ILHOGV ZKHQ

WKH NH\ SDUDPHWHUV KDYH D VSDWLDOO\ QRQXQLIRUP GLVWULEXWLRQ DORQJ WKH SURSDJDWLRQ SDWK

IXUWKHU�

)RU 6+* LQ ZDYHJXLGHV WKDW VXSSRUW PDQ\ PRGHV� VRPH RI WKH JHQHUDO IHDWXUHV WKDW

ZH IRXQG DUH WKDW WKH ZDYHOHQJWK DQG SHDN FRQYHUVLRQ HIILFLHQF\ IRU GLIIHUHQW KDUPRQLF

PRGHV FKDQJHV ZLWK LQSXW IXQGDPHQWDO LQWHQVLW\ DQG WKDW SRZHU�GHSHQGHQW FRPSHWLWLRQ

RFFXUV EHWZHHQ WKHP DW KLJK SRZHUV� 7KLV LV DQ LPSRUWDQW HIIHFW WR FRQVLGHU� DQG LI SRVVLEOH

DYRLG� LQ WKH GHVLJQ RI ZDYHJXLGHV WR EH XVHG IRU KDUPRQLF JHQHUDWLRQ�



)RU WKH HYROXWLRQ RI 6+* ILHOGV LQ ZDYHJXLGHV ZLWK VSDWLDOO\ QRQXQLIRUP�

QRQV\PPHWULFDO GLVWULEXWLRQV RI SDUDPHWHUV DORQJ WKH SURSDJDWLRQ SDWK ZH IRXQG WKDW WKH

6+* RXWSXW GHSHQGV RQ WKH GLUHFWLRQ LQWR ZKLFK WKH IXQGDPHQWDO LV ODXQFKHG DQG KHQFH LV

VSDWLDOO\ QRQUHFLSURFDO� 7KLV RSHQV WKH SRVVLELOLW\ IRU DQ RSWLFDO GLRGH XVLQJ VHFRQG RUGHU

SURFHVVHV� ,Q D PRUH JHQHUDO FRQWH[W WKH UHVXOWV REWDLQHG DUH HQFRXUDJLQJ IRU WKH SXUVXLW RI

DOO�RSWLFDO VZLWFKLQJ GHYLFHV DW URRP WHPSHUDWXUH EDVHG RQ FDVFDGLQJ� DQG IRU QHZ ZD\V RI

HQKDQFLQJ WKH 6+* EDQGZLGWK� HWF� E\ FRQWUROOLQJ WKH 6+* HYROXWLRQ ZLWK DQ DUELWUDU\�

QRQXQLIRUPO\ FKLUSHG JUDWLQJ�
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7R P\ PRWKHU

7R P\ IULHQGV

�7KH ILQHVW HPRWLRQ RI ZKLFK ZH DUH FDSDEOH LV

WKH P\VWLF HPRWLRQ� +HUHLQ OLHV WKH JHUP RI DOO DUW

DQG DOO WUXH VFLHQFH� $Q\RQH WR ZKRP WKLV IHHOLQJ LV

DOLHQ� ZKR LV QR ORQJHU FDSDEOH RI ZRQGHUPHQW DQG

OLYHV LQ D VWDWH RI IHDU LV D GHDG PDQ� 7R NQRZ WKDW

ZKDW LV LPSHQDWUDEOH IRU XV UHDOO\ H[LVWV DQG

PDQLIHVWV LWVHOI DV WKH KLJKHVW ZLVGRP DQG WKH PRVW

UDGLDQW EHDXW\� ZKRVH JURVV IRUPV DORQH DUH

LQWHOOLJLEOH WR RXU SRRU IDFXOWLHV � WKLV NQRZOHGJH� WKLV

IHHOLQJ ��� WKDW LV WKH FRUH RI WKH WUXH UHOLJLRXV

VHQWLPHQW� ,Q WKLV VHQVH� DQG LQ WKLV VHQVH DORQH� ,

UDQN P\VHOI DPRXQJ SURIRXQGO\ UHOLJLRXV PHQ�

$OEHUW (LQVWHLQ

:KDW , %HOLHYH �������
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+RZ FDQ , DFNQRZOHGJH WKH PDQ\ SHRSOH WKDW FRQWULEXWHG WR WKLV ZRUN" :KDW LV DQ

DFNQROZHGJHPHQW DQ\ZD\" ,W LV D ZD\ IRU PH WR FUHGLW WKH � VRPHWLPHV XQGHVHUYHG �

FRQWULEXWLRQ HLWKHU SHUVRQDO RU SURIHVVLRQDO PDGH E\ D SHUVRQ� HYHQ LI WKH\ ZHUH QRW DZDUH

RI LW� ,W LV LPSRVVLEOH WR DFFRXQW WKH PDQ\ SHRSOH WKDW� IRU WKH ODVW ILYH \HDUV� KDYH PDGH PH

IHHO DW KRPH � DZD\ IURP KRPH �� 5LVNLQJ WKH LQYROXQWDU\ RPLVVLRQ RI VRPH QDPHV , ZLOO WU\

WR OLVW D IHZ RI WKHP�

, JXHVV WKH ZRUGV� ¦*HW WKH KHOO RXW RI KHUH��§ IURP WKH SHRSOH EDFN KRPH ZHUH WKH

ILUVW HQFRXUDJLQJ ZRUGV ,� QRZ� JUHDWIXOO\ DFNQRZOHGJH� 0\ PRWKHU� P\ VLE\OV �/HRQDUGR�

$ULDGQD DQG $OLDWD� ZLWK WKHLU UHVSHFWLYH VPXUIV �$OLDWDU DQG 'DULDQ�� DV ZHOO DV WKH UHVW RI

P\ IDPLO\� VDLG WKHVH VDPH ZRUGV RYHU DQG RYHU� 7KDQN \RX IRU QRW DOORZLQJ PH WR TXLW HYHQ

EHIRUH , VWDUWHG� 7KHVH ZRUGV ZHUH UHSHDWHG E\ WKH JDQJ EDFN KRPH� 3HGUR $�� -XDQ DQG

(GQD� &DUORV GHO &DVWLOOR� &ODXGLD� *HUDUGR� 0LULDP� WKH 2UWt]�FODQ� DQG DOO WKH RWKHUV LQ WKH

)�OHVV FOXE� -RUGL� *RQ]DOR� DQG $UPDQGR DOVR VSRNH WKHVH ZRUGV TXLWH HORTXHQWO\� )URP WKH

SHRSOH DW WKH ,1$2( H[SUHVVHG WKH VDPH VXSSRUW E\ VD\LQJ� ¦OHW©V VHH ZKR ILQLVK ILUVW§ �IRU

WKH UHFRUG� , ORVW�� 7KLV JURXS LQFOXGHV 5XEHQ DQG (PLOLD 5DPRV� 'DYLG DQG *ORULD ,WXUEH�

0LJXHO DQG /HRQRU 7RUUHV� (GJDU $OYDUDGR� 0DJDULWD 2MHGD� DQG -RVH /XLV -XDUH]� , JXHVV

(XQLFH ZDV DOVR WKHUH DW WKH EHJLQQLQJ� 'U� -RVH -DYLHU 6DQFKH]�0RQGUDJRQ ZDV TXLWH

DUGXRXV LQ WKH XVH RI WKH VDPH ZRUGV� DQG VXSSRUWHG PH PRUH WKDQ RQFH� ,Q PHPRULXP WR 'U�

*XVWDYR 7RUUHV�&LVQHURV ZKR H[SUHVVHG KLV VXSSRUW LQ D GLIIHUHQW ZD\� ¦*R RXW DQG KDYH IXQ�

6HH \RX EDFN VRRQ�§

+HUH LQ 2UODQGR WKH QDPHV DUH HYHQ KDUGHU WR GLVWLQJXLVK DQG OLVW DOO WKH SHRSOH WKDW

FRQWULEXWHG LV LPSRVVLEOH� 0DWWKLDV -lJHU� %ULDQ /DZUHQFH� 9LQFHQW 5LFFL� DQG /DUV )ULHGULFK

ZHUH D FRQVWDQW IDFWRU LQ LPSURYLQJ SURIHVVLRQDOO\� DQG� D IHZ EHHUV ODWHU� GLGQ©W DOORZ PH WR

EHFRPH D FRPSOHWH QHUG� 7KH SHRSOH LQ WKH ODE WKDW VKRZHG PH WKH FRUUHFW PHDQLQJ RI ¦ZRUN

DIWHU KRXUV§� DV ZHOO DV WKH GLIIHUHQFH EHWZHHQ D ¦VZLWFK�KLWWHU§ DQG D ¦GRXEOH�VLGHG�EDWPDQ§�

<RQJVRRQ� 0LNH� 0DUtD� -LQ� 0\RXQJVLN� 'XJ� 6WHIDQ� $UPLQ� -LP :LOVRQ� 5XVVHOO �EDVHEDOO

UHTXLUHPHQW FRPSOHWHG�� DQG -LP 5RVV �, VZHDU , GLGQ©W ULGH LQ D YHJHWDEOH WUXFN���
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7KH SRVW�GRFV IURP ZKLFK , OHDUQHG D IHZ H[SHULPHQWDO WULFNV �DPRQJ RWKHU WKLQJV��

3HWHU :LJOH\� 3DVFDO %DOGL� /XFD %DUDOGL� *LMV .ULMQHQ� <RVKL\DVX 8HQR� /OXLV 7RUQHU�

:LOOLDP 7RUUXHOODV� $ODLQ 9LOOHQXHYH� 0LQJJXR /LX� +RRQ 6KLP� 0LFKDHO &DQYD� -RKDQQHV

0ROO� *DHWDQR $VVDQWR� DQG 5RODQG 6FKLHFN� 2XWVLGH WKH ODERUDWRU\ WR VRPH IHOORZV WKDW

VKRZHG PH KRZ WR HQMR\ OLIH� $UQROG 'DQLHOV� 0LNH +DVVHOEDFN� $OH[DQGUD� ,ULQD� %ULDQ

0DWKDVRQ� 6WHYH 'XQQ� 6WHYH *UDQWKDP� 7LHUU\� &DUO� 7RGG� DQG )UHG 6PLWK �VWLOO FDQ©W

EHOLHYH KH ZHQW ZKLWH�ZDWHU UDIWLQJ�� DPRQJ RWKHUV� -DPLH DQG 7RPDV 2©1HDO GHVHUYH

SDUWLFXODU PHQWLRQ LQ WKLV PDUDWKRQLF ZRUN WR KHOS PH ILJKWLQJ WKH FUXVDGH DJDLQVW

EXUHDXFUDF\� WDXJKW PH KRZ WR VDLO� DQG DOORZHG PH WR HDW GHVFHQW IRRG RQFH LQ D ZKLOH� $OVR�

WKDQNV WR WKRVH JX\V WKDW VKDUH ZLWK PH D SHUVSHFWLYH RQ WKH ZRUOG� DQG GLGQ©W DOORZ PH WR

EHFRPH D ZKXIIR� /H[L DQG 6KDQH� 6HDQ� $OH[� (OL� %LOO &RXWX� %LOO DQG 0DJDQ 6QRZ� -HII�

6WX� 5RFN\ DQG 3DWW\ (YDQV� %LOO DQG &RQLH� DQG $QG\ �, RZH \RX RQH��

7R P\ DGYLVRU� 3URIHVVRU *HRUJH ,� 6WHJHPDQ� , FDQ©W ILQG DOO WKH ULJWK ZRUGV WR WKDQN

KLP IRU KLV IULHQGVKLS� WKH NQRZOHGJH REWDLQHG� DQG WKH RSSRUWXQLW\ WR VKDUH D JUHDW WLPH ZLWK

VR PDQ\ JRRG SHRSOH �%7:� LW LV ¦&KRUH§� QRW ¦&RUFKH§�� 7KDQN \RX DOVR IRU WUXVWLQJ PH

HYHQ DIWHU RQH WRR PDQ\ JDPHV RI PLQHVZHHSHU� , PXVW H[WHQG P\ DSSUHFLDWLRQ WR WKH

PHPEHUV RI P\ GRFWRUDO FRPPLWWHH� 3URIHVVRUV (ULF 9DQ 6WU\ODQG� 3DWULFN /L .DP :D� DQG

3HWHU 'HOI\HWW� 7KH WLPH WKH\ VSHQW RYHU WKH \HDUV WR DQVZHU VRPH RI P\ SKLORVRSKLFDO

TXHVWLRQV KHOSHG IRUP WKH LGHDV SUHVHQWHG LQ WKLV ZRUN� ,Q DGGLWLRQ WR P\ DGYLVRU DQG

FRPPLWWHH PHPEHU� VHYHUDO RWKHU SHRSOH KHOSHG PH DORQJ WKH MRXUQH\� 'U� 0DUN 'H 0LFKHOL�

'DQLHO 2UWHJD� DQG 'U� 6WHZDUW $LWFKLQVRQ IRU WKH H[SHULPHQWDO VDPSOHV XVHG LQ WKLV ZRUN�

'U� 0DUFHOD GHO 5LR IRU VKRZLQJ PH WKDW DQ\ERG\ FDQ EH DQ DFWRU� $QG WR DOO WKH JUHDW

IDFXOW\� VWXGHQWV DQG VWDII DW &5(2/ ZKRVH QDPHV ,©OO DOZD\V UHPHPEHU ZLWK D VPLOH� WKDQNV�

7KHUH DUH D JUHDW PDQ\ PRUH QDPHV WKDW , FRXOG DGG WR WKLV OLVW� EXW ZKLOH WKHLU FRQWULEXWLRQ

DUH QRW LQGLYLGXDOO\ LGHQWLILHG� , DP QR OHVV WKDQNIXO IRU WKHLU KHOS�

)LQDOO\� IURP 0H[LFR� WKH VXSSRUW IURP WKH ¦&RQVHMR 1DFLRQDO GH &LHQFLD \

7HFQRORJtD§ WKURXJK WKH )XOOEULJWK�&21$&\7 VFKRODUVKLS SURJUDP� DQG WKH ¦,QVWLWXWR

1DFLRQDO GH $VWURItVLFD� 2SWLFD \ (OHFWURQLFD§ WKRXJK WKH ¦3URJUDPD GH 6XSHUDFLyQ

$FDGpPLFD§ SURYLGHG PH ZLWK WKH PHDQV WR FRPSOHWH WKLV ZRUN�
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��� ([SHULPHQWDO 6HWXS � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
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��� /LPLWV RI ,QIOXHQFH RI WKH 0XOWLPRGH &RPSHWLWLRQ � � � � � � � � � � � � � � � � � � ��
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��� /RZ 'HSOHWLRQ 6+* 'HWXQLQJ &XUYH IURP D .QRZQ 3URILOH � � � � � � � � � ���

��� 1XPHULFDO &DOFXODWLRQV IRU $UELWUDU\ 1RQXQLIRUP 3URILOHV � � � � � � � � � � � ���

��� ,QYHUVH 3UREOHP � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

��� ([SHULPHQWDO 5HVXOWV LQ D *HQHUDO 3URILOH � � � � � � � � � � � � � � � � � � � � � � � ���

&+$37(5 � &21&/86,216 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

��� 6XPPDU\ RI 5HVXOWV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

5()(5(1&(6 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���



[

/,67 2) 7$%/(6

��� &RPSDULVRQ EHWZHHQ FKDUDFWHULVWLF OHQJWKV IRU ORZ DQG KLJK SRZHU EHDPV � � � � � � � ��
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��� 6FKHPDWLF UHSUHVHQWDWLRQ RI WKH SK\VLFDO RULJLQ RI WKH QRQOLQHDU SKDVH VKLIW RQ WKH
IXQGDPHQWDO ZDYH GXH WR FDVFDGLQJ� Y DQG Y DUH WKH SKDVH YHORFLWLHV RI WKH� �

IXQGDPHQWDO DQG 6+ UHVSHFWLYHO\� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� �D� 1RQOLQHDU SKDVH VKLIW �1 DQG �E� QRUPDOL]HG IXQGDPHQWDO LQWHQVLW\ DV D1/

IXQFWLRQ RI WKH QRUPDOL]HG SURSDJDWLRQ ]�/ IRU YDULRXV ZDYHYHFWRU GHWXQLQJV� ,Q
ERWK FDVHV �$ ���/  ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

7

��� ,QWHQVLW\ GHSHQGHQFH RI �D� QRQOLQHDU SKDVH VKLIW �1 DQG �E� QRUPDOL]HG1/

IXQGDPHQWDO LQWHQVLW\ DV D IXQFWLRQ RI WKH LQSXW IXQGDPHQWDO LQWHQVLW\ _$ ���_ IRU
7

�

GLIIHUHQW ZDYHYHFWRU GHWXQLQJV� ,Q HDFK FDVHV �/  �� � � � � � � � � � � � � � � � � � � � � � ��

��� 7\SLFDO YDULDWLRQ LQ �D� WKH QRQOLQHDU SKDVH VKLIW �1 �/� DQG �E� 6+* YHUVXV1/

GHWXQLQJ IURP SKDVHPDWFK �N / IRU GLIIHUHQW LQSXW SDUDPHWHUV� � � � � � � � � � � � � � � ��R

��� 3KDVH PDWFKLQJ YHFWRU GLDJUDP IRU �D� ELUHIULQJHQW SKDVHPDWFKLQJ� �E� QRQ�
SKDVHPDWFKHG FDVH DQG �F� TXDVL�SKDVHPDWFKLQJ� � � � � � � � � � � � � � � � � � � � � � � � � ��

��� �D� &KDQQHO DQG �E� SODQDU ZDYHJXLGH W\SLFDO JHRPHWULHV� ,Q ERWK FDVHV�Q!Q �Q � � ��V F

��� 6ODE ZDYHJXLGH �D� 70 DQG �E� 7( YHFWRUV �OHIW� DQG W\SLFDO HOHFWULF ILHOG PRGH
SURILOHV �ULJKW�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� 9DULDWLRQ LQ WKH HIIHFWLYH UHIUDFWLYH LQGH[ 1 ZLWK QRUPDOL]HG ILOP WKLFNQHVV IRU WKHHII

ILUVW WZR 7( DQG 70 PRGHV IRU D VODE ZDYHJXLGH ZLWK VXEVWUDWH LQGH[ Q ILOP LQGH[V

Q � DQG ILOP WKLFNQHVV K� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��F

��� �D�F�H� 6+* GHWXQLQJ FXUYH DQG �E�G�I� WRWDO QRQOLQHDU SKDVH VKLIW IRU GLIIHUHQW LQSXW
SRZHUV� �D�E� ,  ����� �F�G� ,  ���� DQG �H�I� ,  ����� ,Q DOO FDVHV � / �� � / ��R R R � �

DQG �. /  �%� 7KH DUURZV VKRZ SKDVHPDWFKLQJ SRVLWLRQ IRU HDFK LQGHSHQGHQWR

PRGH LQWHUDFWLRQ� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� �D�E� 6+* GHWXQLQJ FXUYH DQG �F�G� QRQOLQHDU SKDVH VKLIW IRU WZR LQGHSHQGHQW PRGH
LQWHUDFWLRQV� /RZ SRZHU LQWHUDFWLRQ DUH VKRZQ RQ WKH OHIW KDQG VLGH� DQG KLJK SRZHU
LQWHUDFWLRQ DUH VKRZQ RQ WKH ULJKW KDQG VLGH� 1RWLFH WKH QRQ]HUR SKDVH VKLIW IURP
RQH LQWHUDFWLRQ LQ WKH SKDVHPDWFKLQJ FRQGLWLRQ IRU WKH RWKHU� � � � � � � � � � � � � � � � � ��

��� ([SHULPHQWDO VHWXS XVHG WR FKDUDFWHUL]H 3 ZDYHJXLGHV� � � � � � � � � � � � � � � � � � � �����



[LL

��� :DYHOHQJWK VFDQV LQ D /L1E2 430 � �P ZLGWK ZDYHJXLGH DW GLIIHUHQW SHDN SRZHU�

LQ WKH YLFLQLW\ RI WKH 70 �7� � 70 ��7� � 70 ��7�� 6ROLG �GRWWHG� DUURZV WUDFN�� �� ��

WKH SRVLWLRQ RI WKH SHDN FRQYHUVLRQ WR WKH 70 ��7� �70 ��7�� PRGH� � � � � � � � ���� ��

��� �D� 70 ��7� DQG �E� 70 ��7� PRGH SURILOHV FRUUHVSRQGHQW WR )LJXUH ���� � � � � ���� ��

��� :DYHOHQJWK VFDQV LQ D /L1E2 430 � �P ZLGWK ZDYHJXLGH DW GLIIHUHQW SHDN SRZHU�

LQ WKH YLFLQLW\ RI WKH LQWHUDFWLRQ 70 �7� � 70 ��7� � 70 ��7� � 70 ��7���� �� �� ��

7KHVH FXUYHV ZHUH QRUPDOL]HG WR WKH VROLG DUURZ SRLQWV LQ � 6ROLG �GRWWHG DQG
GDVKHG� DUURZV WUDFN WKH SRVLWLRQ RI WKH SHDN FRQYHUVLRQ WR WKH 70 ��7���

�70 ��7� DQG 70 ��7�� PRGH� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���� ��

���� �D�70 ��7�� �E�70 ��7�� DQG �F�70 ��7� PRGH SURILOHV IRU ��� � � � ���� �� ��

���� /RZ GHSOHWLRQ GHWXQLQJ 6+* FXUYH LQ WKH YLFLQLW\ RI WKH LQWHUDFWLRQ
EHWZHHQ 70 DQG 70 IXQGDPHQWDO PRGHV DQG �D� 70 � �F� 70 � �H� 70 � �J��� �� �� �� ��

70 � DQG �L� 70 VHFRQG KDUPRQLF PRGHV� 0RGHV LQ �E�� �G�� �I� DQG �K� UHSUHVHQW�� ��

PL[HG PRGHV� 7KH LQVHW VKRZ D ELQDU\ UHSUHVHQWDWLRQ RI WKH PRGH SURILOHV DW WKH
SRVLWLRQ VKRZQ E\ WKH DUURZV� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

���� 6SHFWUDO VFDQ RI JHQHUDWHG KDUPRQLFV RI ������ QP FRORU FHQWHU ODVHU
VRXUFH LQ D � �P PDVN ZLGWK 430 3( /L1E2 FKDQQHO ZDYHJXLGH ZLWK �� �P�

GRPDLQ LQYHUVLRQ SHULRG� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� 6+* GHWXQLQJ FXUYH LQ D � �P E\ � �P ZDYHJXLGH 3(�430 /L1E2 � 1RWLFH WKH�

EUHDN XS LQ WKH 70 �7�Ú 70 ��7� UHVRQDQFH� 7KH PDJQLWXGH RI WKH PD[LPXP�� ��

FRQYHUVLRQ GHSHQGV LQ WKH SURSDJDWLRQ GLUHFWLRQ �LQ FRXSOLQJ DW HQG $ RU HQG %�� ��

��� /RFDO VSDWLDO VHFRQG KDUPRQLF JHQHUDWLRQ UHSUHVHQWDWLRQ� � � � � � � � � � � � � � � � � � � ��

��� 'LUHFWLRQDO UHVSRQVH LQ V\PPHWULF DQG DV\PPHWULF VWUXFWXUHV� )RU V\PPHWULF
VWUXFWXUHV WKH RXWFRPH ZLOO EH WKH VDPH � ( 
�7��7�  ( 
�7��7� � LQ ERWK GLUHFWLRQV�� �

)RU QRQV\PPHWULFDO VWUXFWXUHV� LQ JHQHUDO PD\ QRW EH WKH VDPH
�( 
�7��7�g( 
�7��7��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��� �

��� 6SDWLDO QRQXQLIRUP DQG QRQV\PPHWULFDO GHSHQGHFH RI ZDYHFWRU PLVPDWFK DQG
QRQOLQHDU VWUHQJWK XVHG WR REVHUYH QRQUHFLSURFDO 6+*� � � � � � � � � � � � � � � � � � � � ���

��� 6+* LQWHQVLW\ GHWXQLQJ FXUYHV LQ WKH SUHVHQFH RI D GLVFRQWLQXLW\ DW SRVLWLRQ / DORQJ�

SURSDJDWLRQ� 3DUDPHWHUV XVHG DUH� $  �� � �� / �� �.�/ � > . �. @ ����� ZKHUHR � � �

.  .�]� IRU ��]�/ DQG .  .�]� IRU / �]�/� DQG /  �D� �� �E �����/� �F�� � � � �

����/� �G� ����/ DQG �H� /� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���



[LLL

��� :DYHOHQJWK VFDQ RI 6+* LQ WKH /L1E2 430 ZDYHJXLGH VKRZLQJ D QRQUHFLSURFDO�

EHKDYLRXU LQ WKH �D� KLJK DQG �E� ORZ GHSOHWLRQ UHJLPHV ��  ��� DQG ����PD[

UHVSHFWLYHO\� ZLWKRXW �GDVKHG OLQH� DQG ZLWK D OD\HU RI SKRWRUHVLVW RQ KDOI WKH
ZDYHJXLGH IRU IRUZDUG �RSHQ FLUFOHV� DQG EDFNZDUG �VROLG FLUFOHV� SURSDJDWLRQ�
6ROLG DUURZV VKRZ SKDVH PDWFKLQJ LQ WKH UHJLRQ ZLWKRXW SKRWRUHVLVW� 'RWWHG DUURZV
VKRZ WKH SKDVH�PDWFKLQJ SHDN LQGXFHG E\ WKH SKRWRUHVLVW OD\HU� � � � � � � � � � � � ���

��� &RPSDULVRQ EHWZHHQ �D� IRUZDUG DQG �E� EDFNZDUG GHWXQLQJ FXUYHV LQ )LJXUH ����
(IIHFWLYH FRQYHUVLRQ HIILFLHQFLHV DUH �D� ����� DQG ������ DQG �E� ��� DQG �����
IRU KLJK DQG ORZ FRQYHUVLRQ HIILFLHQFLHV� UHVSHFWLYHO\� � � � � � � � � � � � � � � � � � � � � ���

��� 7KHRUHWLFDO FXUYHV �VROLG OLQH� ILWWHG WR WKH H[SHULPHQWDO KLJK SRZHU GHWXQLQJ FXUYH
�FORVHG FLUFOHV� IURP � IRU WKH FDVH RI �D� EDFNZDUG DQG �E� IRUZDUG SURSDJDWLRQ�
&RPSOHPHQWDU\ FDOFXODWLRQV �IRUZDUG IRU �D� DQG EDFNZDUG IRU �E�� DUH VKRZQ DV
GDVKHG OLQHV IRU FRPSDULVRQ� 3DUDPHWHUV XVHG DUH $  �� / �� �.  ����� ZLWK DR

FKDQJH LQ QRQOLQHDU VWUHQJWK � IURP � WR ��� DW /  ���/� � � � � � � � � � � � � � � � � � � ����

��� 1RUPDOL]HG 6+* GHWXQLQJ FXUYHV LQ WKH ORZ GHSOHWLRQ UHJLPH IRU D XQLIRUP
QRQOLQHDU VWUHQJWK DQG GLIIHUHQW QRQXQLIRUP ZDYHYHFWRU GLVWULEXWLRQ DORQJ WKH D[LV RI
WKH IRUP .�]� ��]����� � 9DOXHV RI �  ��#� IRU �D� Q  �� �E� Q  �� �F� Q  �� DQGQ Q

�G� Q  � ZHUH XVHG� 6ROLG OLQHV ZHUH FDOFXODWHG VROYLQJ ZLWK D IRXUWK RUGHU 5XQJH�
.XWWD PHWKRG ZLWK ��

$ ���

/  ����� 'DVKHG OLQHV ZHUH FDOFXODWHG XVLQJ WKH UHVXOW �

77

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

��� +LJK GHSOHWLRQ UHJLPH 6+* GHWXQLQJ FXUYHV IRU D XQLIRUP QRQOLQHDU VWUHQJWK DQG
GLIIHUHQW QRQXQLIRUP ZDYHYHFWRU GLVWULEXWLRQ DORQJ WKH D[LV RI WKH IRUP .�]� ��]�
���� � 9DOXHV RI �  ��#� IRU �D� Q  �� �E� Q  �� �F� Q  �� DQG �G� Q  � ZHUHQ Q

XVHG� &DOFXODWLRQ ZDV GRQH VROYLQJ ZLWK D IRXUWK RUGHU 5XQJH�.XWWD PHWKRG ZLWK
��

$ ���

/  �� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

77

��� &DVFDGHG QRQOLQHDU SKDVH VKLIW FRUUHVSRQGLQJ WR WKH FXUYHV LQ � $ ZDYHYHFWRU
GLVWULEXWLRQ DORQJ WKH D[LV RI WKH IRUP .�]� ��]����� LV DVVXPHG� 9DOXHV RI �  Q

��#� IRU �D� Q  �� �E� Q  �� �F� Q  �� DQG �G� Q  � ZHUH XVHG� &DOFXODWLRQ ZDVQ

GRQH VROYLQJ ZLWK D IRXUWK RUGHU 5XQJH�.XWWD PHWKRG ZLWK ��

$ ���

/  �� � � � ���
77

��� ([DFW FRXSOHG PRGH HTXDWLRQ VROXWLRQV LQ WKH SUHVHQFH RI D OLQHDU QRQXQLIRUP
ZDYHYHFWRU YDULDWLRQ LQ WKH LQ WKH ORZ GHSOHWLRQ UHJLPH ��
$ ���
/ ������ �D�

7

)XQGDPHQWDO LQWHQVLW\ WKURXJKSXW� �E� VHFRQG KDUPRQLF LQWHQVLW\ JHQHUDWHG� �F�
IXQGDPHQWDO FDVFDGHG QRQOLQHDU SKDVH VKLIW XVLQJ WKH FRXSOHG PRGH HTXDWLRQV W\SH
,,, �GDVKHG� DQG W\SH ,9 �VROLG�� DQG �G� VHFRQG KDUPRQLF QRQOLQHDU SKDVH VKLIW XVLQJ
WKH FRXSOHG PRGH HTXDWLRQV W\SH LLL �GDVKHG� DQG W\SH LY �VROLG�� � � � � � � � � � � � � ���



[LY

��� 5HVXOW IURP WKH LQYHUVH SUREOHP PHWKRG IRU �D� OLQHDU DQG �E� DGLDEDWLF VSDWLDO
QRQXQLIRP SURILOHV� 'DVKHG OLQH VKRZ WKH RULJLQDO SURILOHV XVHG WR FDOFXODWH WKH
GHWXQLQJ FXUYHV XVLQJ ������ 6ROLG OLQHV DUH WKH UHFRQVWUXFWLRQ XVLQJ WKH LQYHVH
SUREOHP PHWKRG� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

��� ([SHULPHQWDO XQLIRUP 36: 6+* GHWXQLQJ FXUYH� 7KLV FXUYH LV IRU D VHJPHQWHG
JUDWLQJ SHULRG RI �� �P� $ ELQDU\ UHSUHVHQWDWLRQ RI WKH SKDVHPDWFKHG PRGHV LV DOVR
VKRZQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

��� 3KDVH PDWFKLQJ ZDYHOHQJKW YV� 36: JUDWLQJ SHULRG IRU WKH 70 �7� � 70 ��7��� ��

�GDVKHG OLQH�� 70 �7� � 70 ��7� �VROLG OLQH� DQG 70 �7� � 70 ��7� �GRWWHG�� �� �� ��

OLQH�� $YHUDJH 6+* FRQYHUVLRQ HIILFLHQFLHV IRU ��� : LQSXW IXQGDPHQWDO DUH ������
����� DQG ����� UHVSHFWLYHO\� 7KH GDVK�GRWWHG OLQHV UHSUHVHQWV WKH 36: JUDWLQJ
SHULRG UDQJH XVHG LQ WKH QRQXQLIRUP SURILOH PDVN GHVLJQ� � � � � � � � � � � � � � � � � � ���

��� 1RQXQLIRUP SURILOHV HQJLQHHU LQ D FKLUSHG 36:� �D� 4XDGUDWLF JURZ �GHVLJQ��� �E�
TXDGUDWLF JURZ ZLWK D VKDUS GLVFRQWLQXWLW\ �GHVLJQ ��� DQG �F� TXDGUDWLF JURZ
ZLWKRXW WKH GLVFRQWLQXLW\ �GHVLJQ ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

��� ([SHULPHQWDO GHWXQLQJ FXUYHV IRU WKH VSDWLDO QRQXQLIRUP SURILOHV VKRZQ LQ LQ D
FKLUSHG 36: XVLQJ �� VHJPHQWV� �D� 'HVLJQ � �IRUZDUG�� �E� 'HVLJQ � �EDFNZDUG��
�F� 'HVLJQ � �IRUZDUG�� �G� 'HVLJQ � �EDFNZDUG�� �H� 'HVLJQ � �IRUZDUG�� DQG �I�
'HVLJQ � �EDFNZDUG�� 'RWWHG DUURZV VKRZ WKH SRVLWLRQ IRU SKDVHPDWFKLQJ DW WKH
H[WUHPHV YDOXHV RI WKH JUDWLQJ� 7ZR GLIIHUHQW ZDYHJXLGHV DUH VKRZQ LQ HDFK FXUYH WR
VKRZ UHSURGXFLELOLW\� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

���� 'HWXQLQJ FXUYHV IRU WKH VSDWLDO QRQXQLIRUP SURILOHV VKRZQ LQ LQ D FKLUSHG
36: XVLQJ �� VHJPHQWV ZLWK WKH FDOFXODWHG GHWXQLQJ FXUYH �GDVKHG OLQH� XVLQJ � 7KH
DPSOLWXGH RI WKH SURILOH ZDV PXOWLSOLHG E\ D IDFWRU RI ����� �D� 'HVLJQ � �IRUZDUG�
DQG �E� 'HVLJQ � �IRUZDUG�� 'RWWHG DUURZV VKRZ WKH SRVLWLRQ IRU SKDVHPDWFKLQJ DW
WKH H[WUHPHV YDOXHV RI WKH JUDWLQJ� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���



�
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$ IRRO ��� LV D PDQ ZKR QHYHU WULHG DQ H[SHULPHQW LQ KLV OLIH

/HWWHU WR 6RSK\ 5X[WRQ� � 0DUFK �����
(UDVPXV 'DUZLQ
�(QJOLVK 3K\VLFLDQ� JUDQGIDWKHU RI &KDUOHV 'DUZLQ�

$ 3RSH RQFH VDLG DERXW 6LU ,VVDF 1HZWRQ ¦1DWXUH DQG 1DWXUH©V ODZV OD\ KLG LQ QLJKW�

*RG 6DLG� OHW 1HZWRQ EH� �DQG DOO ZDV OLJKW��§ $ FRXSOH RI D KXQGUHG \HDUV DJR WKH

XQGHUVWDQGLQJ RI WKH IXUWKHUPRVW GHWDLOV RI OLJKW SURSDJDWLRQ ZHUH QRW HYHQ FRQWHPSODWHG�

6WDUWLQJ ZLWK 1HZWRQ©V 2SWLFNV DW WKH GDZQ RI WKH HLJKWHHQ FHQWXU\ DQG ODWHU LQ ���� D

XQLILHG WKHRU\ RI HOHFWURPDJQHWLF ILHOGV E\ -�&� 0D[ZHOO HVWDEOLVKHG WKH IRXQGDWLRQV IRU WKH

LQWHUDFWLRQ RI OLJKW ZLWK PDWWHU� 7KH LQYHQWLRQ RI WKH ODVHU LQ ���� PDGH DYDLODEOH LQWHQVH�

GLUHFWLRQDO� FRKHUHQW OLJKW EHDPV� RSHQHG XS QHZ SHUVSHFWLYHV DQG LQWURGXFHG WZR QHZ ILHOGV

LQWR WKH VWXG\ RI WKH LQWHUDFWLRQ RI OLJKW ZLWK PDWWHU� RSWLFDO WHOHFRPPXQLFDWLRQV DQG QRQOLQHDU

RSWLFV�

7KH QHHG IRU FRPPXQLFDWLRQ LV LQKHUHQW DPRQJ WR KXPDQV� 2SWLFDO VLJQDOV KDYH EHHQ

XVHG IRU WHOHFRPPXQLFDWLRQV IRU KXQGUHGV RI \HDUV E\ VLPSOH VLJQDO WUDQVPLVVLRQ WKURXJK DLU�



�

/LPLWLQJ SURFHVVHV VXFK DV DEVRUEDQFH DQG VFDWWHULQJ LQ DLU OLPLWV WKLV FRPPXQLFDWLRQ PHWKRG�

7KH XVH RI DQ HOHFWULFDO VLJQDO IRU WUDQVPLWWLQJ LQIRUPDWLRQ EHWZHHQ D WUDQVPLWWHU DQG D

UHFHLYHU LQWURGXFHG QHZ FRQYHQLHQFHV LQWR HYHU\GD\ OLIH VLQFH WKH PLGGOH RI WKH QLQHWHHQ

FHQWXU\� 5HVHDUFK DQG GHYHORSPHQW LQWR QHZ ZD\V WR LPSURYH FRPPXQLFDWLRQ FDSDELOLWLHV KDV

FRQWLQXHG VLQFH WKHQ� ,W LV D OLW FDQGOH VWUHWFKLQJ WKH FRPPXQLRQ EHWZHHQ VFLHQFH DQG

WHFKQRORJ\�

,Q WKH ����
V WKH GHYHORSPHQW RI WKH GLRGH ODVHU FRPELQHG ZLWK ORZ ORVV RSWLFDO ILEHUV

OHG WR RSWLFDO WHOHFRPPXQLFDWLRQ RYHU ORQJ GLVWDQFHV� $ PD\RU LPSHWXV IRU WKLV W\SH RI

FRPPXQLFDWLRQ ZDV WKH GLVFRYHU\ RI HUELXP GRSHG ILEHU DPSOLILHUV �(')$V�� 7KHVH

FRPSRQHQWV DUH WKH SDYHPHQW RI WKH ¦LQIRUPDWLRQ VXSHUKLJKZD\§ FXUUHQWO\ LQ YRJXH E\

PXQGDQH FLWL]HQV GXH WR WKH PDVVLYH GHPDQG RI LQIRUPDWLRQ WKURXJK WKH ,QWHUQHW� 7KH

DGYDQWDJH RI XVLQJ RSWLFDO VLJQDOV RYHU HOHFWULFDO VLJQDOV LV WKH KXJH EDQGZLGWK DYDLODEOH ZLWK

WKH 7+] FDUULHU IUHTXHQF\ RI WKH FDUULHU VLJQDO� 2SWLFDO FRPSRQHQWV RI WRGD\©V RSWLFDO

WHOHFRPPXQLFDWLRQV DUH OLPLWHG WR OLJKW HPLWWHUV� JXLGLQJ FRQGXLWV� DPSOLILHUV DQG UHFHLYHUV�

DQG RWKHU FRPSRQHQWV DUH UHTXLUHG WR SHUIRUP VZLWFKLQJ� URXWLQJ DQG PRGXODWLRQ� 7\SLFDOO\

WKH LQIRUPDWLRQ LV SURFHVVHG HOHFWURQLFDOO\ E\ FRQYHUWLQJ WKH RSWLFDO VLJQDO LQWR DQ HOHFWURQLF

VLJQDO� PDQLSXODWLQJ LW DQG WKHQ UHFRQYHUWLQJ WKH VLJQDO WR DQ RSWLFDO VLJQDO IRU IXUWKHU

WUDQVPLVVLRQ� 8QIRUWXQDWHO\ VXFK SURFHVVLQJ LV LQKHUHQW VORZ� 7KH LQIRUPDWLRQ FDQQRW EH

UHDOL]HG E\ HOHFWULFDO VLJQDO SURFHVVLQJ DQG PDLQWDLQ WKH ������
V *E�V UDWHV SRWHQWLDOO\

DYDLODEOH� 3DUDVLWH FDSDFLWDQFHV OLPLW WKH SURFHVVLQJ WR WKH *+] UHJLPH�

7KH RQO\ ZD\ WR H[SORLW WKH KXJH DYDLODEOH FDSDELOLWLHV RI RSWLFDO FRPPXQLFDWLRQ LV E\

PHDQV RI SKRWRQLFV� 3KRWRQLF VLJQDO SURFHVVLQJ LQ ZKLFK RSWLFDO VLJQDOV DUH FRQWUROOHG GLUHFWO\
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ZLWK DQRWKHU RSWLFDO VLJQDO RU HOHFWULF VLJQDO LV VWLOO LQ WKH HDUO\ VWDJHV RI GHYHORSPHQW� (YHQ

ZLWK DOO WKH LPSURYHPHQW WR GDWH� WKH UHDOLW\ LV WKDW DOO�RSWLFDO VZLWFKLQJ GHYLFHV KDYH QRW \HW

UHDFKHG WKH SRLQW ZKHUH WKH\ KDYH EHFRPH SUDFWLFDO� $OO�RSWLFDO GHYLFHV DUH IXQFWLRQDOO\

VLPLODU WR HOHFWURQLF WUDQVLVWRUV� 7KDW LV� WKHVH GHYLFHV XVH OLJKW WR VZLWFK OLJKW� RU PRUH

VSHFLILFDOO\� WKH DPSOLWXGH RI RQH RSWLFDO VLJQDO GHWHUPLQHV WKH RXWSXW RI HLWKHU LWVHOI RU D

VHFRQG VLJQDO� 7KH EDVLF SULQFLSOH RQ ZKLFK DQ DOO�RSWLFDO VZLWFK GHYLFH RSHUDWHV LV WKH

JHQHUDWLRQ RI D SKDVH VKLIW WKDW GHSHQGV RQ LQWHQVLW\� 7KH LQWHQVLW\�GHSHQGHQW SKDVH VKLIW FDQ

EH REWDLQHG IURP D YDULHW\ RI QRQOLQHDU RSWLFDO SURFHVVHV� 0XFK UHVHDUFK LV FXUUHQWO\ EHLQJ

GRQH WR XQGHUVWDQG DQG H[SORLW IXOO\ WKHVH SKHQRPHQD� DV HYLGHQFHG E\ WKLV GLVVHUWDWLRQ� $V

MXVW PHQWLRQHG� WKH ILHOG RI QRQOLQHDU RSWLFV ZDV D GLUHFW UHVXOW RI WKH LQYHQWLRQ RI WKH ODVHU

ZKLFK DOORZHG WKH FUHDWLRQ RI H[WUHPHO\ LQWHQVH RSWLFDO ILHOGV WKDW DUH FRPSDUDEOH LQ

PDJQLWXGH WR WKRVH IRXQG LQ LQWUD�DWRPLF FKDUJH LQWHUDFWLRQV� :KHQ VXFK DQ LQWHQVH RSWLFDO

ILHOG LQWHUDFWV ZLWK PDWWHU� WKH UHVSRQVH RI WKH PHGLXP LV QR ORQJHU ¦OLQHDU§ �L�H�� SURSRUWLRQDO

WR WKH LQFLGHQW HOHFWULF ILHOG�� EXW LV LQ IDFW SURSRUWLRQDO WR WKH VHFRQG� WKLUG DQG KLJKHU RUGHU

SRZHUV RI WKH HOHFWULF ILHOGV� 0RVW RI WKH IXQGDPHQWDO LGHDV LQYROYHG LQ QRQOLQHDU RSWLFV ZHUH

FRQFHLYHG DQG H[SODLQHG LQ WKH VHPLQDO SDSHU E\ $UPVWURQJ HW DO >�@� 8QWLO D IHZ \HDUV DJR�

ZLWK MXVW D IHZ H[FHSWLRQV� WKH VKDUS GLYLVLRQ HVWDEOLVKHG LQ QRQOLQHDU RSWLFV EHWZHHQ VHFRQG

DQG WKLUG RUGHU QRQOLQHDULWLHV SURGXFHG WZR DOPRVW LQGHSHQGHQW ILHOGV� 7KH HIIRUWV WR FRQWURO

OLJKW ZLWK OLJKW� NQRZQ DV DOO�RSWLFDO SURFHVVLQJ >�@ DQG WKH VWXG\ RI RSWLFDO VROLWRQV >�@� ERWK

PLOHVWRQHV LQ QRQOLQHDU RSWLFV� XVHG H[FOXVLYHO\ WKLUG RUGHU SURFHVVHV ZKLOH VHFRQG RUGHU

SURFHVVHV PDLQO\ FRQFHQWUDWHG RQ WKH PL[LQJ RU JHQHUDWLRQ RI QHZ IUHTXHQFLHV�
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1RQOLQHDU RSWLFDO SURFHVVHV UHTXLUH KLJK LQWHQVLW\ OLJKW EHDPV WR PDNH WKHLU HIIHFWV

REVHUYDEOH DQG XVHIXO� $V ZH ZLOO VHH� WKH HIILFLHQF\ RI SURFHVVHV OLNH VHFRQG KDUPRQLF

JHQHUDWLRQ �6+*� W\SLFDOO\ LQFUHDVHV ZLWK WKH LQWHUDFWLRQ OHQJWK DQG ZLWK WKH LQWHQVLW\ RI WKH

RSWLFDO ILHOGV LQYROYHG� ,Q EXON PDWHULDOV WKH LQWHQVLW\ LV LQFUHDVHG E\ IRFXVLQJ D ODVHU EHDP

LQWR WKHP� +RZHYHU� WKH WLJKWHU WKH EHDP LV IRFXVHG� WKH IDVWHU LW GLYHUJHV GXH WR GLIIUDFWLRQ�

WKXV OLPLWLQJ WKH LQWHUDFWLRQ OHQJWK� 7KLV VLWXDWLRQ LV JUHDWO\ VLPSOLILHG E\ XVLQJ RSWLFDO

ZDYHJXLGHV� 7KH DELOLW\ RI ZDYHJXLGHV WR PDLQWDLQ KLJK LQWHQVLWLHV RYHU UHODWLYHO\ ORQJ OHQJWKV

KDV PDGH WKHP LGHDO VWUXFWXUHV IRU WKH VWXG\ RI QRQOLQHDU RSWLFV� 7UDGLWLRQDOO\� DOO�RSWLFDO

GHYLFHV KDYH UHOLHG RQ WKH .HUU QRQOLQHDU UHIUDFWLYH LQGH[ RI D ZDYHJXLGH� ZKLFK LV D WKLUG

RUGHU QRQOLQHDU HIIHFW� 7KH QRQOLQHDU GLUHFWLRQDO FRXSOHG �1/'&� >�@ LV WKH FODVVLF H[DPSOH

RI DQ DOO�RSWLFDO VZLWFK EDVHG RQ WKH QRQOLQHDU UHIUDFWLYH LQGH[�

$OWKRXJK NQRZQ LQ SULQFLSOH IURP WKH HDUO\ GD\V RI QRQOLQHDU RSWLFV� LW LV RQO\ LQ WKLV

GHFDGH WKDW WKH FRQFHSW WKDW QRQOLQHDU SKDVH VKLIWV FDQ DOVR EH GHULYHG IURP VHFRQG RUGHU

SURFHVVHV KDV EHHQ H[SORLWHG LQ ZHOO GHYHORSHG FU\VWDOOLQH PDWHULDOV� VXFK DV /L1E2 � .73�

RU /L7D2 � 7KH SURPLVH RI UHDVRQDEO\ ORZ GULYLQJ SRZHUV OHG WR D UHFHQW UHVXUJHQFH RI�

LQWHUHVW LQ VHFRQG RUGHU SURFHVVHV >�@ DQG WR WKH UHDOL]DWLRQ WKDW RXU XQGHUVWDQGLQJ RI VHFRQG

RUGHU QRQOLQHDU SKHQRPHQD LV LQFRPSOHWH DQG DOORZV WKH SRVVLEOH FRQFHSWLRQ RI FRPSOHWHO\

QHZ SKHQRPHQD� 2QH SURFHVV ZLWK ZKLFK ZH FDQ DFKLHYH D ODUJH QRQOLQHDU SKDVH VKLIW XVLQJ

VHFRQG RUGHU QRQOLQHDULWLHV LV VHFRQG KDUPRQLF JHQHUDWLRQ� )RU WKH QRQ�SKDVH�PDWFKHG FDVH�

LW HYROYHV IURP VXFFHVVLYH XS� DQG GRZQ�FRQYHUVLRQ SURFHVVHV� 7KLV SKHQRPHQRQ KDV EHHQ

GHVLJQDWHG DV ¦FDVFDGLQJ§� %HFDXVH WKH 6+* FRQYHUVLRQ HIILFLHQF\ GHSHQGV RQ WKH LQSXW

LQWHQVLW\ DQG WKH QHW SKDVH VKLIW RI WKH IXQGDPHQWDO GHSHQGV RQ WKH LQWHQVLW\ RI WKH VHFRQG
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KDUPRQLF� WKH UHVXOWLQJ SKDVH VKLIW LV DOVR QRQOLQHDU� ,Q WKLV VHQVH WKLV SURFHVV JHQHUDWHV DQ

DSSDUHQW FKDQJH LQ UHIUDFWLYH LQGH[� MXVW DV WKLUG RUGHU QRQOLQHDULWLHV GR� 2Q WKH RWKHU KDQG

FDVFDGLQJ QRQOLQHDULWLHV KDYH WKHLU RZQ GLVWLQFWLYH FKDUDFWHULVWLFV ZKLFK DUH IXQGDPHQWDOO\

GLIIHUHQW IURP .HUU QRQOLQHDULWLHV�

6+* WHFKQRORJ\ KDV DGYDQFHG VXIILFLHQWO\ IDU VR WKDW IDFWRUV RWKHU WKDQ FRQYHUVLRQ

HIILFLHQF\ OLPLW WKH XWLOLW\ RI ZDYHJXLGH IUHTXHQF\ FRQYHUVLRQ� )RU H[DPSOH� IRU D IXQGDPHQWDO

ZDYHOHQJWK RI ��� QP� WKH 6+* DFFHSWDQFH�OHQJWK SURGXFWV ���/� DUH ���� ��� DQG ��� cFP

LQ EXON /L1E2 � /L7D2 DQG .73� UHVSHFWLYHO\ >�@� 8VHIXO FRQYHUVLRQ HIILFLHQFLHV UHTXLUH� �

LQWHUDFWLRQ OHQJWKV RI �� FP� UHVXOWLQJ LQ YHU\ QDUURZ EDQGZLGWKV WKDW FDQ SXW VHULRXV

FRQVWUDLQWV RQ WKH 6+* GHYLFH IDEULFDWLRQ WROHUDQFHV RQ GHYLFHV DW ODVHU GLRGH ZDYHOHQJWKV�

7KHUHIRUH QHZ WHFKQLTXHV IRU LQFUHDVLQJ WKH EDQGZLGWK DFFHSWDQFH RI WKHVH GHYLFHV KDYH EHHQ

SURSRVHG >�@� 7KHVH QHZ WHFKQRORJLHV DOORZ WDLORULQJ RI WKH SKDVH PDWFKLQJ GLVWULEXWLRQ DORQJ

WKH SURSDJDWLRQ�

��� 6FRSH RI 5HVHDUFK

7KH JRDO RI WKLV GLVVHUWDWLRQ LV WR SUHVHQW UHVHDUFK ZKLFK UHVXOWHG LQ WKH LGHQWLILFDWLRQ

RI QRYHO HIIHFWV LQ ZDYHJXLGH VHFRQG KDUPRQLF JHQHUDWLRQ� 7KLV ZRUN VWDUWHG ZLWK DQ

LQYHVWLJDWLRQ RI H[SHULPHQWDO DQG QXPHULFDO LQFRQVLVWHQFHV WKDW GHSDUWHG IURP WKH WUDGLWLRQDO

VFRSH RI VHFRQG KDUPRQLF JHQHUDWLRQ� WR EH GLVFXVVHG LQ &KDSWHU �� ,Q WKLV FKDSWHU D JHQHUDO

GHVFULSWLRQ RI QRQOLQHDU RSWLFV ZLOO EH IRUPXODWHG� ZLWK HPSKDVLV RQ VWDQGDUG VHFRQG

KDUPRQLF JHQHUDWLRQ� $ GHWDLO GHVFULSWLRQ RI WKH FKDUDFWHULVWLF OHQJWKV LQYROYHG LQ 6+* ZLOO

EH GHVFULEHG� 3KDVH�PDWFKLQJ WHFKQLTXHV VXFK DV TXDVL�SKDVH PDWFKLQJ DQG ELUHIULQJHQW SKDVH
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PDWFKLQJ ZLOO EH UHYLVLWHG� 6RPH RI WKH LQFRQVLVWHQFHV WKDW ZH DUH UHIHUULQJ DUH FDXVHG E\

FRQGLWLRQV XVXDOO\ RYHUORRNHG ZKHQ VWXG\LQJ VHFRQG KDUPRQLF JHQHUDWLRQ� ,Q &KDSWHU � ZH

VWXG\ RQH RI WKHVH� QDPHO\ 6+* LQ ZDYHJXLGHV WKDW VXSSRUW PDQ\ PRGHV� ([DPLQLQJ VHFRQG

KDUPRQLF JHQHUDWLRQ LQ GHWDLO XQGHU WKHVH FRQGLWLRQV OHG WR WKH LGHQWLILFDWLRQ RI PXOWLPRGH

FRPSHWLWLRQ LQ ZDYHJXLGH 6+*� 1XPHULFDO VLPXODWLRQV DQG H[SHULPHQWDO UHVXOWV RQ 430�

/L1E2 ZDYHJXLGHV WKDW VXSSRUW PDQ\ PRGHV DUH SUHVHQWHG��

,Q &KDSWHU � D GLIIHUHQW W\SH RI LQFRQVLVWHQF\ LV H[SORUHG� QDPHO\ 6+* ILHOG HYROXWLRQ

LQ ZDYHJXLGHV ZLWK VSDWLDOO\ QRQXQLIRUP DQG QRQ�V\PPHWULFDO GLVWULEXWLRQV RI SDUDPHWHUV

DORQJ WKH SURSDJDWLRQ SDWK� ([DPLQLQJ VHFRQG KDUPRQLF JHQHUDWLRQ LQ GHWDLO XQGHU WKHVH

FRQGLWLRQV OHG WR WKH LGHQWLILFDWLRQ RI 6+* VSDWLDO QRQUHFLSURFLW\� 7KH PDWKHPDWLFDO WRROV

UHTXLUHG WR GHVFULEH 6+* LQ D VSDWLDOO\ QRQXQLIRUP GLVWULEXWLRQ RI SDUDPHWHUV DUH UHYLVLWHG

LQ GHWDLO� 1XPHULFDO VLPXODWLRQV DQG H[SHULPHQWDO UHVXOWV LQ 430�/L1E2 ZDYHJXLGHV ZLWK�

DQ H[SOLFLW QRQXQLIRUP�QRQV\PPHWULFDO ZDYHYHFWRU GLVWULEXWLRQ DUH SUHVHQWHG�

,Q &KDSWHU � D PRUH JHQHUDO VWXG\ RI VSDWLDOO\ QRQXQLIRUP GLVWULEXWLRQV RI SDUDPHWHUV

DORQJ WKH SURSDJDWLRQ SDWK LV SUHVHQWHG� $Q HOHJDQW DQG VLPSOH UHVXOW LV REVHUYHG LQ WKH ORZ

GHSOHWLRQ UHJLPH� 7KLV UHVXOW OHG WR LQVLJKWV LQWR WKH LQYHUVH SUREOHP LQ 6+*� 1XPHULFDO

VLPXODWLRQV DQG H[SHULPHQWDO PHDVXUHPHQWV RQ FRQWUROOHG 36:�/L1E2 ZDYHJXLGHV ZLWK DQ�

HQJLQHHUHG QRQXQLIRUP ZDYHYHFWRU GLVWULEXWLRQ DUH SUHVHQWHG�

7KLV GLVVHUWDWLRQ LV FRQFOXGHG LQ &KDSWHU � ZLWK D VXPPDU\ RI WKH UHVXOWV REWDLQHG LQ

WKLV UHVHDUFK� ,Q WKLV FKDSWHU WKH EDVLF UHVXOWV RI WKLV UHVHDUFK ZLOO EH VXPPDUL]HG DQG

FRQFOXVLRQ ZLOO EH GUDZQ IURP WKHVH UHVXOWV�
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¦:KDW LV LW \RX ZDQW WR EX\"§ WKH 6KHHS VDLG DW ODVW� ORRNLQJ

XS IRU D PRPHQW IURP KHU NQLWWLQJ�

¦, GRQ©W TXLWH NQRZ \HW�§ $OLFH VDLG YHU\ JHQWO\� ¦ , VKRXOG

OLNH WR ORRN DURXQG PH ILUVW� LI , PLJKW�§

¦<RX PD\ ORRN LQ IURQW RI \RX� DQG RQ ERWK VLGHV� LI \RX

OLNH�§ VDLG WKH 6KHHS� ¦EXW \RX FDQ©W ORRN DOO URXQG
\RX�XQOHVV \RX©YH JRW H\HV DW WKH EDFN RI \RXU KHDG�§

%XW WKHVH� DV LW KDSSHQHG� $OLFH KDG QRW JRW� VR VKH FRQWHQWHG

KHUVHOI ZLWK WXUQLQJ DURXQG� ORRNLQJ DW WKH VKHOYHV DV VKH

FDPH WR WKHP�

7KURXJK WKH ORRNLQJ *ODVV
/HZLV &DUUROO

1RW ORQJ DIWHU WKH LQYHQWLRQ RI WKH ODVHU WKH ILUVW RSWLFDO QRQOLQHDU SURFHVV ZDV

UHSRUWHG >�@� )UDQNHQ HW DO REVHUYHG WKDW ZKHQ DQ LQWHQVH UXE\ ODVHU EHDP ZDV IRFXVHG LQWR

D TXDUW] FU\VWDO� XOWUDYLROHW OLJKW ZDV FUHDWHG� ZKLFK ZDV WKH VHFRQG KDUPRQLF RI WKH LQFLGHQW

ODVHU IUHTXHQF\� 7KLV ZDV WKH EHJLQQLQJ RI DQ HQWLUHO\ QHZ ILHOG EDVHG RQ WKH VWXG\ RI WKH

LQWHUDFWLRQ RI LQWHQVH OLJKW ZLWK PDWWHU� 7KLV LV D GLYHUJHQFH IURP GD\�WR�GD\ H[SHULHQFH

LQYROYLQJ ZHDN RSWLFDO ILHOGV ZKHUH WKH UHVSRQVH LV SURSRUWLRQDO WR WKH LQFLGHQW HOHFWULF ILHOG�

KHQFH WKH WHUP ¦OLQHDU RSWLFV�§ ([DPSOHV RI OLQHDU RSWLFV DUH WKH UHIUDFWLRQ RI OLJKW WKURXJK
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JODVV� UHIOHFWLRQ RI OLJKW IURP VSHFXODU DQG GLIIXVH VXUIDFHV� DQG SHUFHSWLRQ RI D FRORU WKURXJK

VHOHFWLYH DEVRUSWLRQ� 0RVW RI WKH IXQGDPHQWDO LGHDV LQYROYHG LQ QRQOLQHDU RSWLFV ZHUH

FRQFHLYHG LQ WKH VHPLQDO SDSHU E\ $UPVWURQJ HW DO� >�@ ,W LV DVWRQLVKLQJ WR UHDOL]H WKDW DOO

FRQWHPSRUDU\ QRQOLQHDU RSWLFV LQYROYHV DW OHDVW RQH RI WKH LGHDV LQWURGXFHG LQ WKLV ZRUN�

8QWLO D IHZ \HDUV DJR� H[FHSW IRU D IHZ FDVHV� WKH VKDUS GLYLVLRQ HVWDEOLVKHG E\

$UPVWURQJ HW DO EHWZHHQ VHFRQG DQG WKLUG RUGHU QRQOLQHDULWLHV SURGXFHG WZR DOPRVW

LQGHSHQGHQW ILHOGV� 7KH HIIRUWV WR FRQWURO OLJKW ZLWK OLJKW NQRZQ DV DOO�RSWLFDO SURFHVVLQJ >�@

DQG WKH VWXG\ RI RSWLFDO VROLWRQV >�@� ERWK PLOHVWRQHV LQ QRQOLQHDU RSWLFV� XVHG H[FOXVLYHO\ WKLUG

RUGHU SURFHVVHV ZKLOH VHFRQG RUGHU SURFHVVHV PDLQO\ FRQFHQWUDWHG RQ WKH PL[LQJ RU

JHQHUDWLRQ RI IUHTXHQFLHV�

$OWKRXJK LW KDV EHHQ NQRZQ VLQFH WKH HDUO\ GD\V RI QRQOLQHDU RSWLFV WKDW FDVFDGHG

QRQOLQHDULWLHV FDQ SURGXFH D QRQOLQHDU SKDVH VKLIW >���@ �DQG PRUH UHFHQWO\ E\ .DUDP]LQ DQG

6XNKRUXNRY >�����@�� LW ZDV QRW XQWLO DIWHU WKH REVHUYDWLRQ E\ 'H 6DOYR HW DO >�@ RI VXFK

SKDVH FKDQJHV D IHZ \HDUV DJR WKDW WKH LGHD ZDV UHYLVLWHG� 6LQFH WKHQ WKH WKLQ OLQH EHWZHHQ

VHFRQG DQG WKLUG RUGHU QRQOLQHDULWLHV KDV VWDUWHG WR GLVDSSHDU� 7R GDWH� PXOWLSOH % SKDVH VKLIWV

LQ ZDYHJXLGHV >��@� DOO�RSWLFDO VZLWFKLQJ GHYLFHV >��@� WUDQVLVWRU DFWLRQ >��@� VROLWRQV LQ RQH

>��@ DQG WZR GLPHQVLRQV >��@� HWF� KDYH DOO EHHQ UHSRUWHG EDVHG RQ VHFRQG UDWKHU WKDQ WKLUG

RUGHU QRQOLQHDULWLHV�

7KH WKHRU\ RI FDVFDGHG VHFRQG RUGHU QRQOLQHDULWLHV FRPHV GLUHFWO\ RXW RI WKH WKHRU\

RI VHFRQG RUGHU QRQOLQHDU SURFHVVHV� RI ZKLFK 6HFRQG +DUPRQLF *HQHUDWLRQ �6+*� LV WKH EHVW

NQRZQ H[DPSOH� $V PHQWLRQHG SUHYLRXVO\� HPSKDVLV KDV KLVWRULFDOO\ EHHQ RQ FUHDWLQJ HIILFLHQW

6+*� ZKLFK UHTXLUHV ZDYH�YHFWRU PDWFKLQJ RI WKH IXQGDPHQWDO WR WKH VHFRQG KDUPRQLF �6+��



�

$ZD\ IURP SKDVHPDWFKLQJ WKHUH DUH VXFFHVVLYH XS�FRQYHUVLRQ DQG GRZQ�FRQYHUVLRQ

SURFHVVHV WKDW JHQHUDWH D QRQOLQHDU SKDVH VKLIW RQWR WKH IXQGDPHQWDO� WKXV SURGXFLQJ DQ

DSSDUHQW FKDQJH LQ UHIUDFWLYH LQGH[ UHPLQLVFHQW RI WKLUG RUGHU QRQOLQHDULWLHV� +HQFH WKH WHUP

¦FDVFDGLQJ§�

$V SRLQWHG RXW E\ ,VVDF $VLPRY WKH PRVW H[FLWLQJ SKUDVH WR KHDU LQ VFLHQFH� WKH RQH

WKDW KHUDOGV QHZ GLVFRYHULHV� LV QRW ¦(XUHND�§ �, IRXQG LW� EXW ¦7KDW©V IXQQ\ � � � § 6+* LV

QRW DQ H[FHSWLRQ WR WKH UXOH� +DYLQJ IRXQG VRPH LQFRQVLVWHQFHV EHWZHHQ WKHRU\ DQG

H[SHULPHQWV LV QRW XQXVXDO� 7KH UHDVRQ LV DOZD\V DWWULEXWHG WR ¦DQ H[SHULPHQWDO HUURU§ DQG QR

IXUWKHU LQYHVWLJDWLRQ LV GRQH� 1HYHUWKHOHVV� VRPH RI WKHVH LQFRQVLVWHQFHV DUH WKH PDQLIHVWDWLRQ

RI IXQGDPHQWDO IDFWRUV PLVVHG LQ WKH WKHRU\� $VVXPLQJ WKDW HYHU\ VLQJOH GLVFUHSDQF\ OHDGV WR

D QHZ WKHRU\� RU WKDW WKH H[LVWLQJ WKHRU\ LV ZURQJ PD\ EH SUHVXPSWXRXV� 7KH NH\ SRLQW LV WR

LGHQWLI\ WKH WUXO\ UHOHYDQW DQG FRQVLVWHQW GLIIHUHQFHV� ,Q WKLV GLVVHUWDWLRQ VRPH RI WKHVH

GLVFUHSDQFLHV LQ 6+* DQG ZDYHJXLGH 6+* DUH LGHQWLILHG DQG LQFRUSRUDWHG LQWR WKH WKHRU\� ,Q

WKH UHVW RI WKLV FKDSWHU WKH EDVLF WKHRU\ RI 6+* ZLOO EH SUHVHQWHG� ZLWK HPSKDVLV RQ

ZDYHJXLGH 6+*� 7R GLVWLQJXLVK WKH GLIIHUHQW ¦UHOHYDQW§ HIIHFWV KLJKOLJKWHG LQ WKLV GLVVHUWDWLRQ�

FKDUDFWHULVWLF OHQJWKV DUH LQWURGXFHG� H[SODLQHG DQG GLVFXVVHG�

��� 5HYLHZ RI 1RQOLQHDU 2SWLFV

1RQOLQHDU RSWLFV LV D EUDQFK RI WKH VWXG\ RI LQWHUDFWLRQ RI OLJKW ZLWK PDWWHU� :KHQ OLJKW

SDVVHV WKURXJK PDWWHU� LW LQWHUDFWV ZLWK LQGLYLGXDO DWRPV RU PROHFXOHV RI WKH PDWHULDO DQG

LQGXFHV GLSROH PRPHQWV� 7KH DYHUDJH RI WKHVH GLSROH PRPHQWV LV FDOOHG WKH SRODUL]DWLRQ� 7KLV

SRODUL]DWLRQ DFWV DV D VRXUFH DQG FDQ JHQHUDWH DQ RSWLFDO ILHOG� 7KH UHVSRQVH RI WKH PDWHULDO
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GHSHQGV RQ WKH VWUHQJWK RI WKH LQFLGHQW RSWLFDO ILHOG� UDQJLQJ IURP D OLQHDU UHVSRQVH WR

FDWDVWURSKLF GDPDJH� :KHQ WKH LQSXW LQWHQVLW\ LV VPDOO� WKH UHVSRQVH RI WKH LQGXFHG GLSROHV

LV OLQHDU WR WKH DSSOLHG RSWLFDO ILHOG� ,Q RWKHU ZRUGV WKH ILHOGV UDGLDWHG E\ WKH GLSROHV KDYH WKH

VDPH IUHTXHQF\ DV WKH LQSXW EHDP DQG WKH HQG UHVXOW LV D GHOD\ RI WKH RSWLFDO ILHOG RU D WUDQVIHU

RI WKH LQFLGHQW HOHFWURPDJQHWLF HQHUJ\ WR DQRWKHU W\SH RI HQHUJ\� 7KLV JLYHV ULVH WR WKH OLQHDU

UHIUDFWLYH LQGH[ DQG OLQHDU DEVRUSWLRQ� 2Q WKH RWKHU KDQG� LI WKH LQWHQVLW\ RI WKH LQFLGHQW EHDP

LV ODUJH DQG VWDUWV WR EH FRPSDUDEOH WR WKH HOHFWULF ILHOGV ELQGLQJ WKH HOHFWURQV WR WKH QXFOHXV�

WKH UHVSRQVH RI WKH GLSROH LV QR ORQJHU OLQHDU DQG EHJLQV WR RVFLOODWH DQKDUPRQLFDOO\� 1RZ WKH

GLSROHV FDQ JHQHUDWH DQ RSWLFDO ILHOG DW D GLIIHUHQW IUHTXHQF\ WKDQ WKDW RI WKH LQFLGHQW ILHOG�

LQGXFH D GHOD\ RI WKH RSWLFDO ILHOG GHSHQGHQW RQ WKH DPRXQW RI OLJKW RU FKDQJH WKH DEVRUSWLYH

FKDUDFWHULVWLFV RI WKH PDWWHU� DPRQJ RWKHU HIIHFWV� 8OWLPDWHO\� LI WKH LQFLGHQW ILHOG LV VWURQJ

HQRXJK LW FDQ HYHQ GLVDVVRFLDWH WKH HOHFWURQ IURP WKH QXFOHXV DQG FUHDWH FDWDVWURSKLF GDPDJH�

2XU XQGHUVWDQGLQJ RI WKH LQWHUDFWLRQ RI OLJKW ZLWK PDWWHU DV ZH NQRZ LW LV

PDWKHPDWLFDOO\ UHSUHVHQWHG E\ 0D[ZHOO©V HTXDWLRQV� )RU D VRXUFH IUHH GLHOHFWULF PDWHULDO�

0D[ZHOO©V HTXDWLRQV FDQ EH FDVW LQWR WKH ZDYH HTXDWLRQ�

ZKHUH WKH YHFWRU 3 LV WKH SRODUL]DWLRQ RI WKH PHGLXP� Q LV WKH OLQHDU UHIUDFWLYH LQGH[� F LV WKHR

VSHHG RI OLJKW LQ YDFXXP� � LV WKH SHUPLWLYLW\ RI IUHH VSDFH� DQG /  0 �0[ � 0 �0\ � 0 �0]R
� � � � � � �

LV WKH WKUHH GLPHQVLRQDO /DSODFLDQ� 7R VROYH WKLV HTXDWLRQ� D UHODWLRQVKLS EHWZHHQ 3 DQG (

PXVW EH ZULWWHQ� )RUPDOO\ WKLV UHODWLRQVKLS PXVW FRPH IURP D TXDQWXP PHFKDQLFDO DQDO\VLV
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RI WKH GLSROHV LQ WKH PHGLXP� )RUWXQDWHO\ IRU RSWLFDO IUHTXHQFLHV IDU IURP PDWHULDO UHVRQDQFHV

DQG IRU PHGLD ZLWK UHVSRQVH WLPHV IDVWHU WKDQ WKH SUREH�SXOVH GXUDWLRQ� WKH VR FDOOHG

LQVWDQWDQHRXV UHVSRQVH� WKH GULYLQJ WHUP RI WKH SRODUL]DWLRQ FDQ EH GHVFULEHG E\ D

SKHQRPHQRORJLFDO UHODWLRQVKLS ZULWWHQ DV D 7D\ORU VHULHV LQ WKH SRZHUV RI WKH HOHFWULF ILHOG

EDVHG RQ DQ HOHFWURQ RQ D VSULQJ PRGHO RI WKH DWRP >��@�

ZKHUH J LV WKH SHUPLWWLYLW\ RI YDFXXP DQG 33 DUH WKH Q�WK RUGHU VXVFHSWLELOLWLHV WHQVRUV� 7KHR
�Q�

GRW RSHUDWRUV DUH G\DG SURGXFWV RI WKH WHQVRUV DQG ILHOG YHFWRUV� 8VXDOO\ WKHVH VXVFHSWLELOLWLHV

DUH WHQVRUV ZKRVH UDQN LQFUHDVHV DV WKH RUGHU RI WKH QRQOLQHDU H[SDQVLRQ LQFUHDVHV� UHVXOWLQJ

LQ D FRPSOH[ PDWHULDO UHVSRQVH� ,Q WKLV VXEMHFW 1DWXUH LV NLQG DQG PDWHULDO V\PPHWULHV RIWHQ

UHGXFH WKH QXPEHU RI LQGHSHQGHQW HOHPHQWV� DQG PDQ\ DUH ]HUR� )XUWKHU DVVXPSWLRQV VXFK DV

WKH VORZ�YDU\LQJ HQYHORSH DSSUR[LPDWLRQ �69($� DQG WKH XVH RI TXDVL�PRQRFKURPDWLF

WUDYHOLQJ ZDYHV DOORZV WKH SUREOHP WR EH PDQDJHDEOH� :H ZLOO XVH WKHVH DVVXPSWLRQV VKRUWO\�

EXW ILUVW ZH QHHG WR KDYH D FORVHU ORRN DW WKH GLIIHUHQW WHUPV LQ HTXDWLRQ ������ 7KHUH LV DQ

H[WHQVLYH ELEOLRJUDSK\ GHVFULELQJ HDFK WHUP LQYROYHG >��������@� 2QO\ WKRVH DVSHFWV SHUWLQHQW

WR WKLV GLVVHUWDWLRQ DUH GLVFXVVHG KHUH�

7KH ILUVW WHUP LQ HTXDWLRQ ����� ��3 � UHSUHVHQWV WKH OLQHDU UHVSRQVH RI WKH PDWWHU DQG���

OHDGV WR OLQHDU RSWLFV� )URP WKLV WHUP WKH OLQHDU UHIUDFWLYH LQGH[ �Q � DQG DEVRUSWLRQ FRHIILFLHQWR
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�� � DUH REWDLQHG� 0RVW HYHU\GD\ RSWLFV QHHGV RQO\ WKLV WHUP WR H[SODLQ WKH EHKDYLRU RI EDVLFR

HIIHFWV >��@� ,Q SDUWLFXODU WKH OLQHDU UHIUDFWLYH LQGH[ IDU IURP DEVRUSWLRQ LV UHODWHG WR 3 E\����

7KLV WHUP LV UHOHYDQW LQ OLQHDU RSWLFV EHFDXVH LW LQWURGXFHV WKH QRWLRQ RI OLQHDU SKDVH

GHOD\ RI WKH HOHFWULFDO ILHOG� DOVR NQRZQ DV WKH RSWLFDO SDWK GLIIHUHQFH� ,Q WKH VFRSH RI WKLV

GLVVHUWDWLRQ WKH SKDVH RI WKH HOHFWULFDO ILHOG SOD\V D NH\ UROH� 7KH OLQHDU SKDVH DFFXPXODWHG E\

WKH HOHFWULFDO ILHOG DIWHU SURSDJDWLQJ D GLVWDQFH / LQ D GHQVH PHGLXP LV

ZKHUH � LV WKH ZDYHOHQJWK RI WKH RSWLFDO ILHOG�

7KH VHFRQG WHUP LQ WKH H[SDQVLRQ� �3 � GHVFULEHV VHFRQG�RUGHU QRQOLQHDU RSWLFV� ,W���

RIWHQ GHVFULEHV ZDYH�PL[LQJ SURFHVVHV� ([DPSOHV RI VHFRQG�RUGHU HIIHFWV DUH VHFRQG

KDUPRQLF JHQHUDWLRQ �6+*�� VXP DQG GLIIHUHQFH IUHTXHQF\ JHQHUDWLRQ �6)* DQG '6*� DPRQJ

RWKHUV >�����@� 6+* ZLOO EH GLVFXVVHG LQ GHWDLO LQ WKH QH[W VHFWLRQ�

7KH WKLUG WHUP LQ WKH H[SDQVLRQ� 3 � OHDGV WR VRPH RI WKH EHWWHU NQRZQ QRQOLQHDU���

RSWLFDO HIIHFWV VXFK DV WKLUG KDUPRQLF JHQHUDWLRQ� VHOI DQG FURVV SKDVH PRGXODWLRQ� WZR

SKRWRQ DEVRUSWLRQ� IRXU ZDYH PL[LQJ DQG WKH RSWLFDO .HUU HIIHFW >�@� $PRQJ WKHP WKH RSWLFDO

.HUU HIIHFW UHTXLUHV VSHFLDO FRQVLGHUDWLRQ EHFDXVH LW LV UHVSRQVLEOH IRU WKH PRVW FRPPRQO\

VWXGLHG QRQOLQHDU SKDVH VKLIW� ,W LV FRQYHQLHQW WR DVVXPH WKURXJK WKLV WUHDWPHQW WKDW WKH ILHOGV

DUH TXDVL�PRQRFKURPDWLF WUDYHOLQJ SODQH ZDYHV RI WKH IRUP
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ZKHUH N LV WKH SURSDJDWLRQ YHFWRU � _N_  �%Q �� � DQG ( �U�W� UHSUHVHQWV WKH VORZO\�YDU\LQJR R

HQYHORSH RI WKH HOHFWULF ILHOG� ,Q RWKHU ZRUGV� WKH ILHOG DPSOLWXGH FKDQJHV VORZO\ UHODWLYH WR

WKH IDVW RSWLFDO FDUULHU IUHTXHQF\� 8VLQJ WKLV DVVXPSWLRQ� ZH FDQ DQDO\]H WKH SUREOHP LQ WKH

VSHFWUDO LQVWHDG RI WKH WHPSRUDO GRPDLQ� 7R GHULYH WKH VSHFWUDO UHVSRQVH RI WKH PDWHULDO� WKH

)RXULHU WUDQVIRUPV RI ERWK WKH HOHFWULF ILHOG DQG WKH VXVFHSWLELOLW\ DUH UHTXLUHG� DV ZHOO DV WKH

GHILQLWLRQ RI WKH 'LUDF GHOWD GLVWULEXWLRQ 
�7�� 7KHVH DUH JLYHQ E\

$VVXPLQJ DGGLWLRQDOO\ WKDW WKH PDWHULDO KDV DQ LQVWDQWDQHRXV UHVSRQVH VR RQO\ WKH

FRPSRQHQWV RI ( H[LVW DW ^7� �7` WKH SRODUL]DWLRQ ����� FDQ EH ZULWWHQ DV
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7KH WHUP LQ WKH SRODUL]DWLRQ WKDW OHDGV WR WKH WKLUG RUGHU QRQOLQHDU UHIUDFWLYH LQGH[ LV

ZKHUH WKH L�M�N�O LQGLFHV UHIHU WR WKH SRODUL]DWLRQ FRPSRQHQWV RI WKH ILHOG� (LQVWHLQ©V QRWDWLRQ

LV XVHG WR UHSUHVHQW VXPPDWLRQ RYHU UHSHDWHG LQGLFHV� OHDGLQJ WR WKH GHJHQHUDF\ IDFWRU '�

&RQVLGHULQJ WKH VDPH IUHTXHQF\ 7 DQG DVVXPLQJ SRODUL]DWLRQ DORQJ WKH [�D[LV IRU DOO WKUHH

ILHOGV� WKH PDJQLWXGH RI WKH SRODUL]DWLRQ WHUP EHFRPHV >��@

,QFOXGLQJ WKH OLQHDU SRODUL]DWLRQ� WKH WRWDO SRODUL]DWLRQ EHFRPHV

%\ DQDORJ\ ZLWK WKH OLQHDU UHIUDFWLYH LQGH[� DQ LQWHQVLW\ GHSHQGHQW UHIUDFWLYH LQGH[ FDQ EH

REWDLQHG� $VVXPLQJ 3 UHDO DQG FRQVLGHULQJ WKDW WKH QRQOLQHDU FRQWULEXWLRQ WR WKH���
[[[[

UHIUDFWLYH LQGH[ LV W\SLFDOO\ VPDOO� ZH FDQ FDOFXODWH WKH WRWDO UHIUDFWLYH LQGH[�
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ZKHUH , LV WKH LQWHQVLW\ LQ :�FP � ,  × J F _(_ �� 8VLQJ D VLPLODU SURFHGXUH� LI ZH FRQVLGHU� �
R

FRPSOH[ 3 � LW FDQ EH VKRZQ WKDW WKH UHDO SDUW OHDGV WR WKH QRQOLQHDU UHIUDFWLYH LQGH[ LQ ���������

DQG WKH LPDJLQDU\ SDUW WR D WZR�SKRWRQ DEVRUSWLRQ FRHIILFLHQW �� �� )ROORZLQJ D VLPLODU WUDLQ�

RI WKRXJKW� LW FDQ EH VKRZQ WKDW KLJKHU RGG RUGHU HOHPHQWV LQ WKH SRODUL]DWLRQ ����� DOVR

FRQWULEXWH WR WKH UHIUDFWLYH LQGH[ DQG WR WKH DEVRUSWLRQ FRHIILFLHQW E\ PXOWLSKRWRQ DEVRUSWLRQ

ZKHUH ^Q�� Q�� ���` DUH WKH QRQOLQHDU FRQWULEXWLRQV WR WKH UHIUDFWLYH LQGH[ DQG ^��� ��� ���` DUH

WKH ^WZR� WKUHH� ���` SKRWRQ DEVRUSWLRQ DVVRFLDWHG ZLWK WKH ^WKLUG� ILIWK� ��� ` RUGHU QRQOLQHDU

VXVFHSWLELOLWLHV UHVSHFWLYHO\� ,Q JHQHUDO WKHVH TXDQWLWLHV DUH VPDOO �Q IRU VLOLFD LV RQO\ �[���
���

FP �:� DQG LQ SUDFWLFH KLJKHU RUGHU WHUPV RI WKH H[SDQVLRQ ����� DUH VHOGRP LQFOXGHG GXH WR�

WKH H[WUHPHO\ KLJK ILHOGV QHHGHG WR PDNH WKHVH WHUPV VLJQLILFDQW�

7R FRQFOXGH WKH JHQHUDO UHYLHZ RI QRQOLQHDU RSWLFV� LW LV QRWHZRUWK\ WKDW WKH H[LVWHQFH

RI WKLV PDWHULDO QRQOLQHDU UHIUDFWLYH LQGH[ KDV DOORZHG WKH GHYHORSPHQW RI WUDGLWLRQDO DOO�

RSWLFDO VZLWFKHV DV GLVFXVVHG LQ FKDSWHU RQH EDVHG RQ QRQOLQHDU SKDVH VKLIWV LPSDUWHG WR WKH
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ILHOG� ,Q D VLPLODU ZD\ DV WKH OLQHDU SKDVH VKLIW ������ ZH FDQ FDOFXODWH WKH QRQOLQHDU SKDVH VKLIW

GXULQJ SURSDJDWLRQ RYHU OHQJWK / GXH WR WKH RSWLFDO .HUU HIIHFW DV

RU LQ JHQHUDO FRQVLGHULQJ PDWHULDO SURSHUWLHV DV

7KLV LV D NH\ SRLQW WR KLJKOLJKW LQ WKH VWXG\ RI QRQOLQHDU RSWLFV� ,W LV QRW WKH QRQOLQHDU

UHIUDFWLYH LQGH[� WKH LQWHUDFWLRQ OHQJWK RU WKH LQWHQVLW\ LQVLGH D PDWHULDO ZKLFK LV WKH FDXVH RI

D SDUWLFXODU HIIHFW� ,W LV WKH FRPELQDWLRQ RI WKH WKUHH HOHPHQWV VLPXOWDQHRXVO\ ZKLFK LV

UHVSRQVLEOH IRU WKH HIIHFW�

��� 6HFRQG +DUPRQLF *HQHUDWLRQ

7KH VHFRQG WHUP RI WKH H[SDQVLRQ ����� GHVFULEHV VHFRQG�RUGHU QRQOLQHDU RSWLFV� 7KH

SRODUL]DWLRQ LQGXFHG E\ WKLV WHUP LV XVXDOO\ PXFK VWURQJHU WKDQ WKDW LQGXFHG E\ KLJKHU RUGHU

QRQOLQHDULWLHV� 7KHUHIRUH� WKH H[SHULPHQWDO REVHUYDWLRQ RI D VHFRQG RUGHU HIIHFW VXFK DV

VHFRQG KDUPRQLF JHQHUDWLRQ DV WKH ILUVW PRGHUQ PDQLIHVWDWLRQ RI QRQOLQHDU RSWLFV ZDV QRW

VWUDQJH� 7KH HQGOHVV GHPDQG IRU QHZ ZDYHOHQJWK VRXUFHV DQG WKH ODUJH QXPEHU RI DFFHVVLEOH

HIIHFWV� DPRQJ RWKHU UHDVRQV� KDYH HQVXUHG WKDW VHFRQG RUGHU SURFHVVHV DUH XQGHU FRQWLQXRXV
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VWXG\ DQG QHZ HIIHFWV DQG LGHDV DUH VWLOO EHLQJ FRQVLGHUHG� 7KH VHFRQG�RUGHU SURFHVVHV DUH

GULYHQ E\ WKH VHFRQG RUGHU WHUP LQ WKH SRODUL]DWLRQ H[SDQVLRQ

,W FDQ EH VHHQ IURP V\PPHWU\ DUJXPHQWV WKDW WKLV WHUP LV SUHVHQW RQO\ LQ PDWHULDOV

ZKLFK ODFN D FHQWHU RI V\PPHWU\� NQRZQ DV QRQFHQWURV\PPHWULF PDWHULDOV� )RU

FHQWURV\PPHWULF PDWHULDOV WKH 3 �WHQVRU LV LGHQWLFDOO\ ]HUR� ,Q WKLV GLVVHUWDWLRQ� WKH IRFXVLMN
���

ZLOO EH RQ WKH VHFRQG KDUPRQLF JHQHUDWLRQ SURFHVV DOWKRXJK WKH GLVFXVVLRQ FDQ EH HDVLO\

H[WHQGHG WR RWKHU SDUDPHWULF SURFHVVHV� 7KHUHIRUH� ZH ZLOO EH RQO\ LQWHUHVWHG LQ WHUPV

LQFOXGLQJ HLWKHU 7 RU �7� )XUWKHUPRUH� ZH ZLOO RQO\ FRQVLGHU WKH SURFHVV LQ ZKLFK WZR

SKRWRQV ZLWK WKH VDPH SRODUL]DWLRQ DW IUHTXHQF\ 7 �IXQGDPHQWDO� FRPELQH DQG JHQHUDWH RQH

SKRWRQ DW IUHTXHQF\ �7 �VHFRQG KDUPRQLF � 6+�� 7KLV SURFHVV LV NQRZQ LQ WKH OLWHUDWXUH DV

W\SH , SKDVHPDWFKLQJ� $Q DGGLWLRQDO GLVFXVVLRQ RQ SKDVH�PDWFKLQJ PHWKRGV ZLOO EH PDGH ODWHU

LQ WKH FKDSWHU�

,Q UHJLRQV RI ORZ VSHFWUDO GLVSHUVLRQ WKH 3 �WHQVRU H[KLELWV V\PPHWU\ SURSHUWLHVLMN
���

NQRZQ DV .OHLQPDQ V\PPHWU\� :KHQ WKLV V\PPHWU\ KROGV� LW LV FXVWRPDU\ WR FRQWUDFW WKH ODVW

WZR LQGLFHV LQ WKH 3 �WHQVRU NQRZQ DV WKH 9RLJW FRQWUDFWLRQ RI LQGLFHV DV IROORZV�LMN
���
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,Q WKH OLWHUDWXUH WKH VXVFHSWLELOLW\ WHQVRU 3 LV XVXDOO\ UHSODFHG E\ WKH WHQVRU G � ZKLFK LV KDOILM LM
���

RI 3 � 7KHUHIRUH� WKH VHFRQG�RUGHU QRQOLQHDU SRODUL]DWLRQ ������ FDQ EH ZULWWHQ DV���

$V PHQWLRQHG HDUOLHU� FU\VWDO V\PPHWU\ FDQ IXUWKHU UHGXFH WKH QXPEHU RI LQGHSHQGHQW

HOHPHQWV DQG FDXVHV PDQ\ WR EH LGHQWLFDOO\ ]HUR� )RU H[DPSOH FU\VWDOV LQ WKH �P SRLQW�JURXS

VXFK DV OLWKLXP QLREDWH �/L1E2 � KDYH HLJKW QRQYDQLVKLQJ HOHPHQWV� RQO\ WKUHH RI ZKLFK DUH�

LQGHSHQGHQW �G � G  �G  G � G  G  G  G � FRHIILFLHQWV RI WKH 3 �WHQVRU DV FDQ EH IRXQG�� �� �� �� �� �� �� �� LMN
���

LQ DQ\ VWDQGDUG QRQOLQHDU RSWLFV WH[W >��@�

2QFH WKH GHVLUHG SURSDJDWLRQ GLUHFWLRQ DQG SRODUL]DWLRQ RI WKH LQFLGHQW HOHFWULF ILHOGV�

ZKLFK VHOGRP FRLQFLGH ZLWK WKH FU\VWDOORJUDSKLF D[HV KDYH EHHQ VHOHFWHG� DQ HIIHFWLYH G�

HOHPHQW �G � FDQ EH FDOFXODWHG IRU WKH QRQOLQHDU SRODUL]DWLRQ� 2QFH DJDLQ� GHWDLOV FDQ EH IRXQGHII

LQ WKH OLWHUDWXUH >��@�

7R LQYHVWLJDWH 6+* IXUWKHU� D VHW RI FRXSOHG QRQOLQHDU HTXDWLRQV QHHGV WR EH GHULYHG

ZKLFK GHVFULEH WKH HYROXWLRQ RI WKH ILHOGV LQYROYHG >��@� 7KH DQDO\VLV VWDUWV E\ XVLQJ WKH

SURSHU QRQOLQHDU SRODUL]DWLRQ IURP ������ IRU W\SH , 6+* JLYHQ E\



3
1/


3 ����7��3 �����7�

3 ����7� 
J
R
G
HII

�7��7�	7�(��7�(�7��

3 �����7� 
J
R
G
HII

��7�7�7�(�7�(�7�

N
6
�6��7�
N

6��
�N

�

6
�7�N

��

6
�7���

N
�

6

 ���

0

07
N
6
�7�

6

DQG N
��

6

 ����

0�

07�
N
6
�7�

6

��

������

������

������

ZKHUH � � GHQRWHV FRPSOH[ FRQMXJDWH� :H WKHQ LQFOXGH WKHP LQ ����� XVLQJ WKH SURSHU VSDWLDO


DQG WHPSRUDO FRQVLGHUDWLRQV WR REWDLQ WKH HYROXWLRQ HTXDWLRQV IRU WKH IXQGDPHQWDO DQG 6+

ILHOGV� ,Q WKLV DQDO\VLV ZH ZLOO DOORZ WKH SRVVLELOLW\ WKDW WKH ZDYHV GR QRW SURSDJDWH DORQJ WKH

SULQFLSDO D[HV RI WKH 3 FU\VWDO� LQ ZKLFK FDVH WKH HQHUJ\ SURSDJDWLRQ GLUHFWLRQV DUH GLIIHUHQW���

IURP WKH SKDVH SURSDJDWLRQ GLUHFWLRQ DQG GLIIHUHQW IURP HDFK RWKHU� 7KLV LV LQFOXGHG E\

LQWURGXFLQJ WKH DQJOHV ' DQG ' EHWZHHQ WKH ]�D[LV DQG WKH 3R\QWLQJ YHFWRUV RI WKH
7 �7

IXQGDPHQWDO DQG 6+ UHVSHFWLYHO\� :LWKRXW ORVV RI JHQHUDOLW\� WKLV GHYLDWLRQ ZLOO EH FRQILQHG

WR WKH \�] SODQH� 7HPSRUDO DVSHFWV RI WKH SURSDJDWLRQ DUH LQFOXGHG E\ IUHTXHQF\ GLVSHUVLRQ

LQ WKH UHIUDFWLYH LQGH[� VR WKDW WKH ZDYHYHFWRU�IUHTXHQF\ GHSHQGHQFH LV H[SUHVVHG LQ D 7D\ORU

VHULHV H[SDQVLRQ WR WKH VHFRQG RUGHU DV

ZKHUH 6  ^7��7`� DQG

7KH JURXS YHORFLW\ LV Y  �� N 1 DQG WKH JURXS YHORFLW\ GLVSHUVLRQ �*9'� FRHIILFLHQW
6 6

LV N 2� 3XOVH VSUHDGLQJ DQG DQ\ DFTXLUHG IUHTXHQF\ FKLUS DUH HIIHFWV ZKLFK DUH UHODWHG WR WKHVH
6
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FRHIILFLHQWV� 7KH UHODWLRQ EHWZHHQ WKH HOHFWULF ILHOG DQG WKH OLQHDU GLVSODFHPHQW HOHFWULF GHQVLW\

FXUUHQW LV QRZ GHSHQGHQW RQ IUHTXHQF\� 7KH )RXULHU WUDQVIRUP SDLU

LV XVHG WR H[SUHVV WKLV GHSHQGHQFH� 'HFRPSRVLQJ WKH HOHFWULF ILHOG� ZH DVVXPH WKDW WKH

IXQGDPHQWDO DQG VHFRQG�KDUPRQLF ILHOGV KDYH WKH IRUPV

ZKHUH WKH ZDYHQXPEHU GLVSHUVLRQ ������ LV DVVRFLDWHG ZLWK WKH PDJQLWXGH RI WKH ZDYHYHFWRU

_N _� ,QFOXGLQJ WKHVH UHODWLRQV LQ WKH ZDYH HTXDWLRQ ������ WUDQVIRUPLQJ WKH QRQOLQHDU
6

SRODUL]DWLRQ LQWR LWV VSHFWUDO UHSUHVHQWDWLRQ XVLQJ ������ DQG IROORZLQJ WKH 69($ JLYHQ E\
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ZKHUH 6  ^7��7`� ZH REWDLQ WKH FRPSOHWH HYROXWLRQ RI WKH ILHOG HQYHORSHV� :H H[FOXGH KHUH

LQWHUPHGLDWH DOJHEUDLFDO VWHSV WR REWDLQ WKH ILQDO IRUP RI WKH FRXSOHG PRGH HTXDWLRQV EHFDXVH

WKH\ GR QRW FRQWULEXWH DQ\ LQVLJKW LQWR WKH SUREOHP� H[FHSW IRU RQH LQWHUPHGLDWH VWHS ZKLFK

GRHV KDYH SK\VLFDO PHDQLQJ LQ WKH 6+* SUREOHP� WKH GHILQLWLRQ RI WKH ZDYHYHFWRU�PLVPDWFK

��N �R

7KLV WHUP ZDV LQWURGXFHG WR VLPSOLI\ WKH H[SRQHQWLDO WHUPV RQ ERWK VLGHV RI WKH

HTXDWLRQV� EXW RYHUDOO LW KDV D PRUH IXQGDPHQWDO SK\VLFDO PHDQLQJ� $V ZH ZLOO VHH LQ WKH QH[W

VHFWLRQ� WKLV TXDQWLW\ JRYHUQV WKH HYROXWLRQ RI WKH ILHOGV DORQJ WKH SURSDJDWLRQ GLUHFWLRQ DV

D IXQFWLRQ RI WKH GLIIHUHQFH LQ SKDVH YHORFLW\ EHWZHHQ WKH IXQGDPHQWDO DQG WKH VHFRQG

KDUPRQLF� /DWHU LQ WKH FKDSWHU GLIIHUHQW SKDVHPDWFKLQJ WHFKQLTXHV ZLOO EH GLVFXVVHG DQG� DV

ZLOO EH HYLGHQW LQ FKDSWHUV � DQG �� WKH ZDYHYHFWRU PLVPDWFK FRQWUROV VRPH JHQHUDOL]HG 6+*

HIIHFWV VXFK DV QRQUHFLSURFLW\ DQG QRQXQLIRUP SURSDJDWLRQ�

7KLV TXDQWLW\ LV DOVR UHVSRQVLEOH IRU PXFK FRQIXVLRQ LQ WKH ILHOG RI 6+*� 'HSHQGLQJ

RQ WKH GHILQLWLRQ RI WKH ZDYHYHFWRU PLVPDWFK DQG WKH GHILQLWLRQ RI WKH ILHOG HQYHORSHV �������

WKH FRXSOHG PRGH HTXDWLRQV DSSHDU LQ WKH OLWHUDWXUH ZLWK DOO SRVVLEOH SHUPXWDWLRQV RI L� �L� �NR

RU ��N � &DUH KDV WR EH WDNHQ WR EH FRQVLVWHQW ZLWK WKH GHILQLWLRQV ������ DQG ������� :LWK WKHR

FRQYHQWLRQ XVHG KHUH� ZH REWDLQ IRU SURSDJDWLRQ LQ WKH �] GLUHFWLRQ D QHJDWLYH FDVFDGHG

QRQOLQHDULW\ IRU �N �� DQG YLFH YHUVD�R
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,QFOXGLQJ D OLQHDU ORVV WHUP SKHQRPHQRORJLFDOO\ RU WKURXJK LQFOXVLRQ RI FRQGXFWLYLW\

LQ 0D[ZHOO©V HTXDWLRQV� WKH ILHOG HQYHORSH� FRXSOHG PRGH HTXDWLRQV IRU W\SH�, 6+* DUH JLYHQ

E\

7KHVH HTXDWLRQV GHVFULEH DOO WKH SK\VLFV RI 6+* SURSDJDWLRQ DV ORQJ DV WKH 69($ LV

YDOLG� ,Q VHFWLRQ ��� HDFK RI WKHVH WHUPV ZLOO EH LQGHSHQGHQWO\ DQDO\]HG� KLJKOLJKWLQJ WKH

DVVRFLDWHG FKDUDFWHULVWLF OHQJWK DQG WKH UHODWHG QRYHO HIIHFWV�



��

��� 3K\VLFV RI &DVFDGLQJ

7KH SURFHVV RI FDVFDGHG VHFRQG�RUGHU QRQOLQHDULWLHV LV URRWHG LQ WKH 6+* SURFHVV�

&DVFDGLQJ LV QRW DQ LQGHSHQGHQW FRQFHSW EXW MXVW DQRWKHU PDQLIHVWDWLRQ RI 6+*� :H VWDUW

ZLWK WKH FRXSOHG PRGH HTXDWLRQV ������ DQG ������ ZKLFK GHVFULEH WKH VSDWLDO DQG WHPSRUDO

HYROXWLRQ RI WKH IXQGDPHQWDO DQG 6+ ILHOGV� 7KHVH ILHOGV DUH� LQ JHQHUDO� FRPSOH[ TXDQWLWLHV�

7KHUHIRUH� WKH\ KDYH DQ DVVRFLDWHG DPSOLWXGH DQG SKDVH� 7UDGLWLRQDOO\ 6+* GHDOV ZLWK WKH

JHQHUDWLRQ RI WKH VHFRQG KDUPRQLF LQWHQVLW\� L�H�� WKH VHFRQG KDUPRQLF DPSOLWXGH JHQHUDWHG

IURP DQ LQSXW IXQGDPHQWDO DQG WKH SKDVH LV XVXDOO\ QHJOHFWHG�

:H FDQ H[DPLQH FRQFHSWXDOO\ WKH HYROXWLRQ RI WKH SKDVHV WKDW OHDG WR WKH SURFHVV RI

FDVFDGHG QRQOLQHDULWLHV� )RFXVLQJ RQ WKH QRQOLQHDU WHUP RI HTXDWLRQV ������ DQG ������ ZH

REVHUYH WKDW WKH 6+ LV JHQHUDWHG E\ PL[LQJ WZR IXQGDPHQWDO SKRWRQV� ZKLOH WKH IXQGDPHQWDO

LV UHFRYHUHG E\ FRPELQLQJ RQH IXQGDPHQWDO SKRWRQ DQG D KDUPRQLF SKRWRQ� ,Q WKH QRQ�]HUR

ZDYHYHFWRU PLVPDWFK FDVH ��N g�� WKHUH LV D SHULRGLF H[FKDQJH RI HQHUJ\ ZLWK GLVWDQFHR

EHWZHHQ WKH IXQGDPHQWDO DQG WKH VHFRQG KDUPRQLF� %HFDXVH RI WKH ZDYHYHFWRU PLVPDWFK�

ERWK ILHOGV WUDYHO DW GLIIHUHQW SKDVH YHORFLWLHV� 7KXV WKH UHJHQHUDWHG IXQGDPHQWDO ZDYH KDV D

GLIIHUHQW SKDVH IURP WKH IXQGDPHQWDO WKDW ZDV QRW FRQYHUWHG WR 6+*� 7KHVH WZR FRKHUHQW

ILHOGV LQWHUIHUH DQG LQIOXHQFH WKH HYROXWLRQ RI WKH RYHUDOO IXQGDPHQWDO ZDYH� DOWHULQJ WKH SKDVH

RI WKH IXQGDPHQWDO ZDYH� RU LQ RWKHU ZRUGV� LPSRVLQJ D SKDVH�VKLIW RQWR WKH IXQGDPHQWDO�

7KLV LV VFKHPDWLFDOO\ UHSUHVHQWHG IRU WKH IXQGDPHQWDO ZDYH LQ )LJXUH ���� $ VLPLODU

GHVFULSWLRQ LV DSSOLFDEOH WR WKH KDUPRQLF ILHOG�

7KH JHQHUDWLRQ RI SKDVH VKLIWV UHOLHV RQ VXFFHVVLYH XS�FRQYHUVLRQ DQG GRZQ�

FRQYHUVLRQ SURFHVVHV� ERWK RI ZKLFK DUH VHFRQG�RUGHU� 3 � QRQOLQHDU SURFHVVHV� 7KHUHIRUH���
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)LJXUH ��� 6FKHPDWLF UHSUHVHQWDWLRQ RI WKH SK\VLFDO RULJLQ RI WKH QRQOLQHDU SKDVH VKLIW RQ WKH
IXQGDPHQWDO ZDYH GXH WR FDVFDGLQJ� Y DQG Y DUH WKH SKDVH YHORFLWLHV RI WKH IXQGDPHQWDO DQG� �

6+ UHVSHFWLYHO\�

WKH QDPH ¦3 �3 FDVFDGHG SURFHVV§ RU VLPSO\ ¦FDVFDGLQJ SURFHVV§ FRPHV IURP WKH��� ���

FRQVHFXWLYH 3 SURFHVVHV LQYROYHG LQ WKH FUHDWLRQ RI WKH SKDVH�VKLIW LPSRVHG RQWR WKH���

IXQGDPHQWDO ZDYH�

%HFDXVH WKH QHW SKDVH VKLIW RI WKH IXQGDPHQWDO GHSHQGV RQ WKH LQWHQVLW\ RI WKH VHFRQG

KDUPRQLF DQG KHQFH RQ WKH IXQGDPHQWDO LQSXW LQWHQVLW\� WKH UHVXOWLQJ SKDVH VKLIW LV DOVR

QRQOLQHDU� %HFDXVH 6+* LV D FRKHUHQW SURFHVV� WKH UHODWLYH SKDVH EHWZHHQ WKH IXQGDPHQWDO

DQG KDUPRQLF SOD\V D NH\ UROH�
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7KH 6+* JHQHUDWHG IURP D VPDOO HOHPHQW DORQJ WKH SURSDJDWLRQ SDWK GHSHQGV RQ WKH

ORFDO ZDYHYHFWRU PLVPDWFK� WKH DPSOLWXGH DQG SKDVH RI WKH IXQGDPHQWDO EHDP WUDQVPLWWHG WR

WKDW SRLQW DQG WKH 6+* DPSOLWXGH DQG SKDVH JHQHUDWHG XS WR WKDW SRLQW� ,Q 6+*� DQG LQ

SDUWLFXODU IRU WKH FDVFDGHG QRQOLQHDULW\ ZKLFK JHQHUDWHV WKH QRQOLQHDU SKDVH VKLIW� WKH

IXQGDPHQWDO DQG VHFRQG KDUPRQLF ILHOGV UHTXLUH VRPH MRLQW SURSDJDWLRQ WR RFFXU �L�H�� D

�QRQ�ORFDO� SURFHVV��

%HIRUH DWWHPSWLQJ D JHQHUDO GHVFULSWLRQ RI 6+* IURP WKH FRPSOHWH FRXSOHG PRGH

HTXDWLRQV ������ DQG ������� DQ XQGHUVWDQGLQJ RI WKH EDVLF LGHDV EHKLQG WKHP LV UHTXLUHG� 7R

DSSUHFLDWH WKH IXQGDPHQWDO FRQFHSWV LQYROYHG� ZH FDQ VLPSOLI\ WKH SUREOHP IRU FODULW\�

$VVXPH WKDW D FRQWLQXRXV SODQH ZDYH LQ D ORVVOHVV PHGLD FDXVHV WKH WLPH GHULYDWLYHV�

WUDQVYHUVH FRRUGLQDWH GHULYDWLYHV DQG ORVV FRHIILFLHQWV LQ ������ DQG ������ WR YDQLVK� :LWK

WKHVH DVVXPSWLRQV� WKH FRXSOHG PRGH HTXDWLRQV DUH UHGXFHG WR WKH VWDQGDUG &: FRXSOHG

PRGH HTXDWLRQV IRXQG LQ WKH OLWHUDWXUH IRU W\SH , 6+*

$OO WKH EDVLF SKHQRPHQRORJLFDO DVSHFWV RI VHFRQG KDUPRQLF JHQHUDWLRQ DUH LQFOXGHG

LQ WKHVH HTXDWLRQV� 7KHLU VROXWLRQ KDV EHHQ NQRZQ VLQFH WKH HDUO\ VWDJHV RI QRQOLQHDU RSWLFV

LQ WHUPV RI -DFREL HOOLSWLFDO LQWHJUDOV >�@� 7KH UHVXOW IRU WKH QRQ�VHHGHG �]HUR LQLWLDO KDUPRQLF

ILHOG� FRQGLWLRQ LV >��@
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ZKHUH VQ LV D -DFRELDQ HOOLSWLF IXQFWLRQ� 'XH WR WKH PDWKHPDWLFDO FRPSOH[LW\ RI WKLV VROXWLRQ�

H[WUDFWLQJ WKH SK\VLFDO PHDQLQJ LV QRW HDV\� 2QO\ RQH UHVXOW IURP WKH H[DFW DQDO\VLV KDV D

GLUHFW UHSHUFXVVLRQ RQ WKH FRQWHQW RI WKLV GLVVHUWDWLRQ� )RU WKH SKDVHPDWFKHG FRQGLWLRQ

��N  �� WKH VROXWLRQ UHGXFHV WR WKH ZHOO�NQRZQ UHVXOWR

:KHQ WKH GHSOHWLRQ RI WKH IXQGDPHQWDO ZDYH LV VPDOO� ZH KDYH �N �
 � � H[FHSW QHDU �N  ��R R

,Q WKLV UHJLRQ� % w 
� �N w �� 8VLQJ VQ�X
�� VLQ�X�� ������ EHFRPHVE R

7KH UHODWLRQ EHWZHHQ ������ DQG ������ KDV D IXQGDPHQWDO PHDQLQJ LQ 6+* WKHRU\� 7KHVH

HTXDWLRQV VKRZ WKDW WKH 6+ LQWHQVLW\ GRHV QRW JURZ TXDGUDWLFDOO\ ZLWK LQSXW LQWHQVLW\ DQG
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OHQJWK H[FHSW LQ WKH ORZ GHSOHWLRQ UHJLPH DQG WKDW WKH FRQYHUVLRQ VDWXUDWHV DV WKH IXQGDPHQWDO

LV GHSOHWHG� 7KLV VXEMHFW ZLOO EH DQDO\]HG LQ VHFWLRQ ����

)ROORZLQJ 6WHJHPDQ HW DO >�@� WR VLPSOLI\ WKH QXPHULFDO DQDO\VLV ������ LV UHZULWWHQ

XVLQJ ILHOG DPSOLWXGHV $ VXFK WKDW 
$ 
 LV WKH LQWHQVLW\ RI HDFK ILHOG�
7��7 7��7

�

ZKHUH , LV WKH WRWDO LQWHQVLW\ LQVLGH WKH PDWHULDO GHILQHG DV�R

7KLV DOORZV WKH XVH RI D VLQJOH QRQOLQHDU FRXSOLQJ FRQVWDQW IRU ERWK HTXDWLRQV JLYHQ E\

DQG ������ FDQ EH UHZULWWHQ DV

8QGHU WKHVH GHILQLWLRQV� � KDV XQLWV RI >: @ DQG $ XQLWV RI >: P @ VXFK WKDW���� ��� ��
7��7

�$ / LV D GLPHQVLRQOHVV TXDQWLW\� ZKHUH / LV WKH SURSDJDWLRQ OHQJWK �XQLWV RI >P@�� 7KH
7��7



��

VHOHFWLRQ RI WKHVH QRUPDOL]HG YDULDEOHV DOORZV WKH XVH RI UHDVRQDEOH TXDQWLWLHV IRU QXPHULFDO

FDOFXODWLRQV� $V DQ H[DPSOH� IRU D � FP OHQJWK RI /L1E2 ZLWK G  ���� SP�9� D W\SLFDO� HII

LQWHQVLW\ RI ���� 0:�FP FRUUHVSRQGV WR �_$ ���_/ � DW ���� �P� $V ZLOO EH VKRZQ ODWHU��
7

WKH SURGXFW �$ / SOD\V D FUXFLDO UROH LQ 6+*�
7��7

7KHVH HTXDWLRQV ZHUH VROYHG ZLWK D IRXUWK�RUGHU 5XQJH�.XWWD URXWLQH LPSOHPHQWHG

LQ WKH 0DWODE SURJUDPPLQJ OLEUDU\� 7KH RXWSXW RI WKHVH FDOFXODWLRQV JLYHV D VHW RI FRPSOH[

ILHOG DPSOLWXGHV IRU ERWK WKH IXQGDPHQWDO DQG WKH 6+� 7KHVH TXDQWLWLHV DUH WKHQ DV WKH

DPSOLWXGH DQG SKDVH RI ERWK WKH IXQGDPHQWDO DQG WKH 6+� ([DPSOHV RI WKH UHVXOWV REWDLQHG

IRU QRQVHHGHG SURSDJDWLRQ �_$ ���_ �� DV D IXQFWLRQ RI WKH QRUPDOL]HG SURSDJDWLRQ GLVWDQFH�7

�]�/� IRU D JLYHQ ZDYHYHFWRU PLVPDWFK ��N /� LV VKRZQ LQ )LJXUH ����R

6RPH NH\ FKDUDFWHULVWLFV RI FDVFDGHG QRQOLQHDULWLHV DUH HYLGHQW LQ WKLV ILJXUH� 7KH

QRQOLQHDU SKDVH VKLIW LPSRVHG RQWR WKH IXQGDPHQWDO JURZV LQ D VWHS�OLNH IDVKLRQ� DV VHHQ LQ

)LJXUH ����D�� 7KH SRVLWLRQ RI WKH MXPS FRUUHVSRQGV WR WKH GRZQ�FRQYHUVLRQ IURP WKH 6+ WR

WKH IXQGDPHQWDO GHSLFWHG LQ )LJXUH ����E�� DQG KDV D PD[LPXP YDOXH FORVH WR %�� QHDU

SKDVHPDWFKLQJ� 7KH VWHS VL]H DQG SHULRG GHFUHDVH DV WKH GHWXQLQJ EHFRPHV ODUJHU�

FRUUHVSRQGLQJ WR ORZHU FRQYHUVLRQ WR WKH VHFRQG KDUPRQLF� $OWKRXJK WKLV LV DQ RYHUVLPSOLILHG

SLFWXUH RI WKH SUREOHP� LQ JHQHUDO 6+* EHKDYHV WKLV ZD\� 7KHUH LV D VWURQJ H[FKDQJH RI

HQHUJ\ QHDU SKDVHPDWFKLQJ PDQLIHVWHG DV D ODUJH GHSOHWLRQ RI WKH IXQGDPHQWDO� DQG DW WKH

VDPH WLPH WKH VL]H RI WKH SKDVH MXPSV LV ODUJH� ,W EHFRPHV SURJUHVVLYHO\ ZHDNHU DV WKH SKDVH

PLVPDWFK LQFUHDVHV ZLWK D VPDOOHU SHULRG�
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)LJXUH ��� �D� 1RQOLQHDU SKDVH VKLIW �1 DQG �E� QRUPDOL]HG IXQGDPHQWDO LQWHQVLW\ DV D1/

IXQFWLRQ RI WKH QRUPDOL]HG SURSDJDWLRQ ]�/ IRU YDULRXV ZDYHYHFWRU GHWXQLQJV� ,Q ERWK FDVHV
�$ ���/  ���

7
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$QRWKHU IHDWXUH WR KLJKOLJKW IURP )LJXUH ��� LV WKDW WKH DPRXQW RI QRQOLQHDU SKDVH

VKLIW GHSHQGV RQ WKH SKDVH PLVPDWFK� ,W JURZV IURP ]HUR SKDVH PLVPDWFK WR D PD[LPXP YDOXH

IRU D SKDVH PLVPDWFK EHWZHHQ % DQG ��% DQG WKHQ EHFRPHV SURJUHVVLYHO\ VPDOOHU� 7KLV VKRZV

WKH H[LVWHQFH RI DQ RSWLPXP GHWXQLQJ LQ ZKLFK WKH QRQOLQHDU SKDVH VKLIW LV PD[LPXP� $OVR

IURP WKHVH FDOFXODWLRQV WKH QRQOLQHDU QDWXUH RI WKH SKDVH VKLIW WKDW LV LPSRVHG RQWR WKH

IXQGDPHQWDO LV HYLGHQW� ,Q )LJXUH ���� UHVXOWV REWDLQHG IRU QRQVHHGHG SURSDJDWLRQ �_$ ���_ ���7

DV D IXQFWLRQ RI WKH LQSXW IXQGDPHQWDO LQWHQVLW\ �_$ ���_� DW IL[HG OHQJWK DQG QRQOLQHDU VWUHQJWK
7

IRU GLIIHUHQW ZDYHYHFWRU PLVPDWFKHV DUH VKRZQ� 7KH JURZWK LQ WKH SKDVH VKLIW DOVR H[KLELWV

D VWHS�ZLVH EHKDYLRU �)LJXUH ����D�� FRUUHVSRQGLQJ WR D GRZQ FRQYHUVLRQ SURFHVV �)LJXUH

����E��� ,W H[KLELWV DJDLQ WKH H[LVWHQFH RI DQ RSWLPXP SKDVH PLVPDWFK LQ ZKLFK WKH SKDVH VKLIW

LV PD[LPXP�

2QH FKDUDFWHULVWLF GRPLQDWHV WKLV ILJXUH� 7KH DPRXQW RI QRQOLQHDU SKDVH VKLIW VHHPV

WR VDWXUDWH DW KLJK LQWHQVLWLHV� 7KLV LV HYLGHQW DV D GHFUHDVH LQ WKH DYHUDJH VORSH RQ WKH FXUYHV

LQ )LJXUH ����D�� 7KLV FKDUDFWHULVWLF FRUUHVSRQGV LQ )LJXUH ����E� WR D GHFUHDVH LQ WKH SHULRG

RI HQHUJ\ H[FKDQJH EHWZHHQ VXFFHVVLYH GRZQ FRQYHUVLRQ SURFHVVHV DV WKH LQWHQVLW\ LV

LQFUHPHQWHG� :KLOH WKH LQFUHDVH LQ SKDVH VKLIW ZLWK LQWHQVLW\ LV D IXQGDPHQWDO VLJQDWXUH RI

FDVFDGLQJ� WKH LQFUHDVH LQ HQHUJ\ H[FKDQJH LV D FRQVHTXHQFH RI WKH SKDVH VKLIW ZKLFK GHWXQHV

WKH V\VWHP IXUWKHU IURP SKDVHPDWFKLQJ� 7KLV ZLOO EH FODULILHG E\ QH[W VWXG\LQJ WKH FROOHFWLYH

EHKDYLRU�

$ EHKDYLRU FRPPRQ WR )LJXUH ��� DQG )LJXUH ��� LV WKDW� DW ODUJH GHWXQLQJV� WKH

JURZWK LQ SKDVH VKLIW LV OLQHDU ZLWK GLVWDQFH DQG LQWHQVLW\� 7KLV LV D FKDUDFWHULVWLF RI .HUU W\SH

QRQOLQHDULWLHV DV PHQWLRQHG HDUOLHU LQ ������� 7KLV ZLOO EH GLVFXVVHG LQ WKH QH[W VXEVHFWLRQ�
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)LJXUH ��� ,QWHQVLW\ GHSHQGHQFH RI �D� QRQOLQHDU SKDVH VKLIW �1 DQG �E� QRUPDOL]HG1/

IXQGDPHQWDO LQWHQVLW\ DV D IXQFWLRQ RI WKH LQSXW IXQGDPHQWDO LQWHQVLW\ _$ ���_ IRU GLIIHUHQW
7

�

ZDYHYHFWRU GHWXQLQJV� ,Q HDFK FDVHV �/  ��
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8QGHUVWDQGLQJ WKH RULJLQ RI FDVFDGLQJ DV D QRQOLQHDU SKDVH VKLIW LPSRVHG RQWR WKH

IXQGDPHQWDO LV HVVHQWLDO� +RZHYHU� LI ZH ZDQW WR GHVFULEH DQG XVH WKH FRQFHSWV LQYROYHG LQ

FDVFDGLQJ LW LV QRW HQRXJK� 7R KDYH D FRPSOHWH SLFWXUH ZH QHHG WR VWXG\ WKH FROOHFWLYH

EHKDYLRU RI WKH V\VWHP GHVFULEHG E\ WKH GLVSHUVLRQ LPSOLHG LQ )LJXUH ��� DQG )LJXUH ���� 7KLV

LV QRUPDOO\ UHIHUUHG WR DV WKH 6+* GHWXQLQJ FXUYH� ([DPSOHV RI WKLV FROOHFWLYH GLVSHUVLRQ IRU

WKH QRQVHHGHG FDVH DUH VKRZQ LQ )LJXUH ���� 1HYHUWKHOHVV� ZH QHHG WR NHHS LQ PLQG WKDW

FDVFDGLQJ LV D QRQ�ORFDO SURFHVV DV D UHVXOW RI SURSDJDWLRQ LQ D QRQOLQHDU PHGLXP� DQG RQO\

RQH VLQJOH SRLQW LQ WKH GLVSHUVLRQ FXUYH FDQ EH REWDLQHG DW D JLYHQ WLPH�

)LJXUH ����D� H[KLELWV FKDUDFWHULVWLF VLJQDWXUHV RI VWDQGDUG FDVFDGHG QRQOLQHDULWLHV�

LQFOXGLQJ D FKDQJH LQ WKH VLJQ RI WKH QRQOLQHDU SKDVH VKLIW� WKH H[LVWHQFH RI D IRUHVHHQ

PD[LPXP DQG D PLQLPXP YDOXH RQ RSSRVLWH VLGHV RI WKH SKDVHPDWFKLQJ IRU DQ RSWLPDO

GHWXQLQJ DQG D ]HUR FDVFDGHG SKDVH VKLIW RQ SKDVHPDWFKLQJ ��N / ���R

$PRQJVW WKHVH SURSHUWLHV RQO\ WKH FKDQJH RI WKH VLJQ RI WKH QRQOLQHDULW\ LV D JHQHUDO

IHDWXUH RI DOO FDVFDGHG VFHQDULRV� 7KH RWKHU WZR SURSHUWLHV DUH SDUWLFXODU WR WKH FDVH RI 6+*

ZLWK &: SODQH ZDYHV LQ ORVVOHVV PHGLD IRU XQLIRUP ZDYHYHFWRU GLVWULEXWLRQ DQG ]HUR LQLWLDO

VHFRQG KDUPRQLF� 8VXDOO\ WKHUH FDQ EH PRUH WKDQ RQH ORFDO PD[LPXP DQG PRUH WKDQ YDOXH

DW ZKLFK WKH QRQOLQHDU SKDVH VKLIW LV ]HUR� )RU H[DPSOH� XQGHU WKH SUHVHQW FRQGLWLRQV ZLWK

QRQ]HUR LQLWLDO 6+� DFKLHYLQJ D SKDVH VKLIW DW �N / � LV SRVVLEOH� )XUWKHUPRUH� WKH VWXG\ RIR

VHHGHG VHFRQG KDUPRQLF JHQHUDWLRQ KDV OHG WR WKH GHYHORSPHQW RI DQ DOO�RSWLFDO WUDQVLVWRU

>��@� 6HHGHG FDVFDGHG QRQOLQHDULWLHV ZHUH QRW LQYHVWLJDWHG LQ WKLV ZRUN� EXW WKH\ FHUWDLQO\

SURYLGH D ULFK YDULHW\ RI DGGLWLRQDO HIIHFWV ZRUWK\ RI LQYHVWLJDWLRQ�
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)LJXUH ��� 7\SLFDO YDULDWLRQ LQ �D� WKH QRQOLQHDU SKDVH VKLIW �1 �/� DQG �E� 6+* YHUVXV1/

GHWXQLQJ IURP SKDVHPDWFK �N / IRU GLIIHUHQW LQSXW SDUDPHWHUV�R
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7KH FKDQJH RI WKH VLJQ WKURXJK WKH SKDVHPDWFKLQJ FRQGLWLRQ LV SRWHQWLDOO\ D XVHIXO

ZD\ WR FRQWURO WKH QRQOLQHDULW\ DW DQ\ ZDYHOHQJWK E\ SURSHU DGMXVWPHQW RI WKH ZDYHYHFWRU

PLVPDWFK FRQGLWLRQV� 6XFK H[SHULPHQWDO IOH[LELOLW\ RI WKH QRQOLQHDULW\ LV D XQLTXH DQG SRZHUIXO

FKDUDFWHULVWLF RI FDVFDGHG QRQOLQHDULWLHV WKDW ZLOO EH GLVFXVVHG ODWHU�

$OVR IURP )LJXUH ����D� ZH REVHUYH D GHFUHDVH LQ WKH SRVLWLRQ RI RSWLPDO GHWXQLQJ

_�N /_ ZLWK DQ LQFUHDVH LQ WKH SURGXFW �_$ ���_/ DV D FRQVHTXHQFH RI WKH TXDVL�VDWXUDWLRQ LQR 7

WKH QRQOLQHDU SKDVH VKLIW GHSLFWHG LQ )LJXUH ����D�� %HFDXVH RI WKH GHWXQLQJ� �N /� ZKLFK LVR

UHODWHG WR WKH ZDYHOHQJWK WKURXJK WKH UHIUDFWLYH LQGH[ GLVSHUVLRQ� WKH GLVSHUVLYH EHKDYLRU RI

WKH QRQOLQHDU SKDVH VKLIW VXJJHVWV WKDW WKH SURFHVV KDV DQ DVVRFLDWHG EDQGZLGWK ZKLFK LV

GLUHFWO\ UHODWHG WR WKH 6+* EDQGZLGWK� 7KLV EDQGZLGWK LV PRUH HYLGHQW RQ )LJXUH ����E�

ZKHUH ZH REVHUYH WKH FODVVLFDO GHWXQLQJ 6+* FXUYH� ZKLFK UHVHPEOHV WKH VLQF ��N /����
R

EHKDYLRU SUHGLFWHG LQ ������ DQG ZKLFK ZLOO EH UHFRQVLGHUHG LQ VHFWLRQ ���� ,Q )LJXUH ����E�

WKH FHQWUDO SHDN EHFRPHV QDUURZHU� WKH SRVLWLRQ RI WKH ILUVW ]HUR FROODSVHV WRZDUGV WKH SKDVH

PDWFKLQJ FRQGLWLRQ DQG WKH VLGH OREHV EHFRPH PXFK PRUH SURPLQHQW DV �_$ ���_/ LV
7

LQFUHDVHG� $W WKH VDPH WLPH WKH PD[LPXP FRQYHUVLRQ LQFUHDVHV DV �_$ ���_/ LQFUHDVHV� $OO
7

WKHVH HIIHFWV DUH PDQLIHVWDWLRQV RI FDVFDGLQJ� ,W LV LQWHUHVWLQJ WR QRWH WKDW WKHUH LV DOZD\V D

QDUURZLQJ RI WKH GHWXQLQJ FXUYH� EHFDXVH WKH QRQOLQHDU SKDVH VKLIW DOZD\V GHFUHDVHV WKH

DPRXQW RI WKH SKDVH PLVPDWFK� UHJDUGOHVV RI WKH GHWXQLQJ� WKXV FROODSVLQJ WKH SKDVHPDWFKLQJ

FXUYH� 7KLV FRPHV DV D FRQVHTXHQFH RI WKH GHILQLWLRQ RI WKH SKDVH PLVPDWFK� ZKHUH WKH

¦FDVFDGHG LQGH[§ DVVRFLDWHG ZLWK WKH QRQOLQHDU SKDVH VKLIW DOZD\V DGGV ZLWK WKH VDPH VLJQ WR

WKH SKDVH PLVPDWFK GHILQHG LQ �������
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$V D ILQDO FRPPHQW RQ )LJXUH ���� ZH REVHUYH DQ LQWHUHVWLQJ DQG QRQ�LQWXLWLYH

QXPHULFDO SURSHUW\ IURP WKH FDOFXODWLRQV RI WKH FRXSOHG PRGH HTXDWLRQV ������� ,I WKH SURGXFW

�_$ ���_/ UHPDLQV FRQVWDQW� WKH FRPSOH[ ILHOGV RI WKH IXQGDPHQWDO DQG 6+ DUH WKH VDPH IRU
7

DOO SRVVLEOH FRPELQDWLRQV� ,Q RWKHU ZRUGV� LI ZH GRXEOH DQ\ RI WKHVH WKUHH YDULDEOHV DQG UHGXFH

E\ WZR HLWKHU RI WKH RWKHU WZR� WR ZLWKLQ WKH DFFXUDF\ RI WKH QXPHULFDO FRPSXWDWLRQ� WKH

FXUYHV GHSLFWHG LQ WKH )LJXUH ��� UHPDLQ WKH VDPH� 7KH RQO\ GLIIHUHQFH DULVHV ZKHQ WKH FKDQJH

LV GRQH LQ WKH SURSDJDWLRQ OHQJWK /� +HUH� WR REWDLQ WKH VDPH FXUYH� D UHVFDOLQJ RI WKH

KRUL]RQWDO D[LV ��N /� E\ WKH FRUUHVSRQGHQW IDFWRU LV UHTXLUHG� 7KLV LV UHPDUNDEOH EHFDXVH LWR

WHOOV XV WKDW� LQ WKH ILUVW DSSUR[LPDWLRQ� LI ZH FXW D GHYLFH LQ WZR DQG XVH IRXU WLPHV WKH

LQWHQVLW\� ZH REWDLQ WKH VDPH GHWXQLQJ FXUYH ZLWK WZLFH WKH EDQGZLGWK DQG YLFH YHUVD�

1RWLFH WKDW WKH GLPHQVLRQOHVV SURGXFW ��_$ ���_/ LV DOVR FXVWRPDULO\ ZULWWHQ DV
77

^�77G �Q F�( ���/` RU 

/ DPRQJ RWKHUV� 7KLV LQYDULDQW QXPHULFDO SURSHUW\ FDQ EH H[WHQGHG
HII 77 77

WR DQ\ UHSUHVHQWDWLRQ�

)URP D SUDFWLFDO SRLQW RI YLHZ� WKH SURFHVVHV DVVRFLDWHG ZLWK D FDVFDGLQJ SKDVH VKLIW

FRQIURQW VHULRXV OLPLWDWLRQV� 7R DFKLHYH D ODUJH SKDVH VKLIW ZH PXVW RSHUDWH QHDU

SKDVHPDWFKLQJ� +HQFH ZH FDQ VD\ WKDW 6+* LV D FRKHUHQW UHVRQDQW SURFHVV� 7KLV PHDQV WKDW

VRPH 6+ LV VHOHFWLYHO\ JHQHUDWHG LPSRVLQJ DQ HIIHFWLYH ORVV RQ WKH IXQGDPHQWDO� 7KLV ORVV LV

QRW GLVVLSDWHG LQWR RWKHU W\SHV RI HQHUJ\� EXW LV FRQYHUWHG WR DQRWKHU IUHTXHQF\� $V ZLOO EH

VHHQ ODWHU� WKHUH DUH ZD\V WR PDQLSXODWH WKH ZDYHYHFWRU PLVPDWFK FRQGLWLRQ DORQJ WKH

SURSDJDWLRQ SDWK� GHSDUWLQJ IURP WKH VLPSOH PRGHO GHVFULEHG KHUH� WKDW RYHUFRPH WKLV ¦ORVV§�
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/RZ GHSOHWLRQ 6+*

$V DOUHDG\ PHQWLRQHG� WKH &: SODQH ZDYH FRXSOHG PRGH HTXDWLRQV ������ GHVFULELQJ

6+* KDYH DQ H[DFW EXW FRPSOLFDWHG DQDO\WLFDO VROXWLRQ� 2QH DSSURDFK IRU REWDLQLQJ D SK\VLFDO

LQVLJKW ZDV SUHVHQWHG DV QXPHULFDO VROXWLRQV WR GHVFULEH FDVFDGLQJ QRQOLQHDULWLHV� $QRWKHU

DSSURDFK FRPPRQO\ XVHG LV WR GR ILUVW RUGHU DQDO\VLV XQGHU WKH ORZ GHSOHWLRQ DSSUR[LPDWLRQ�

7KH DQDO\VLV UHOLHV RQ WKH DVVXPSWLRQ WKDW� DORQJ WKH SURSDJDWLRQ SDWK� WKH GHSOHWLRQ RI WKH

IXQGDPHQWDO EHDP LV QHJOLJLEOH WR ILUVW RUGHU� :H WDON DERXW D ¦ORZ GHSOHWLRQ UHJLPH§ ZKHQ�

DW DQ\ SRVLWLRQ DORQJ WKH SURSDJDWLRQ� DQG IRU HYHU\ SRLQW LQ WKH GHWXQLQJ FXUYH WKHUH LV QRW

VLJQLILFDQW GHSOHWLRQ� 7KLV DOORZV WKH DVVXPSWLRQ WKDW _( �]�_ LV D FRQVWDQW WR ILUVW RUGHU�
7

OLQHDUL]LQJ WKH V\VWHP DQG ORVLQJ DOO WKH LQIRUPDWLRQ DERXW WKH QRQOLQHDU G\QDPLFV RI WKH

SUREOHP� ,W KDV WKH SURSHUW\ RI GHVFULELQJ PRVW RI WKH SKHQRPHQRORJLFDO DVSHFWV RI 6+*�

8QIRUWXQDWHO\ LW LV DOVR FRPPRQO\ JHQHUDOL]HG WR KLJK GHSOHWLRQ� FDUU\LQJ ZLWK LW VRPH

PLVFRQFHSWLRQV DERXW FDVFDGLQJ HIIHFWV�

8VLQJ WKH ORZ GHSOHWLRQ DSSUR[LPDWLRQ ZH FDQ VROYH ������ IRU WKH 6+ ILHOG DVVXPLQJ

_( �]�_ ( ��� ( � )URP GLUHFW LQWHJUDWLRQ DIWHU D SURSDJDWLRQ OHQJWK / DQG ]HUR LQLWLDO 6+
7 7 7

ZH REWDLQ

ZKLFK LV WKH FRPELQDWLRQ RI D IUHH UXQQLQJ ZDYH DQG D ZDYH GULYHQ E\ WKH QRQOLQHDU WHUP �ILUVW

DQG VHFRQG WHUPV UHVSHFWLYHO\�� FRQVLVWHQW ZLWK WKH FDVFDGLQJ GHVFULSWLRQ� 0XOWLSO\LQJ WKLV

HTXDWLRQ E\ LWV FRPSOH[ FRQMXJDWH DQG XVLQJ WKH UHODWLRQ EHWZHHQ WKH HOHFWULF ILHOG DQG
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LQWHQVLW\ �, ×J F_(_ � ZH REWDLQ WKH VDPH UHODWLRQ DV ������ IRU WKH ORZ GHSOHWLRQR
�

DSSUR[LPDWLRQ�

7KLV H[SUHVVLRQ KDV WKH HOHPHQWV FRPPRQO\ DVVRFLDWHG ZLWK 6+*� 7KH 6+* LQWHQVLW\

JURZV TXDGUDWLFDOO\ ZLWK GLVWDQFH DQG IXQGDPHQWDO LQWHQVLW\� ,W LV SURSRUWLRQDO WR WKH VTXDUH

RI WKH QRQOLQHDULW\ DQG KDV D VLQF GHSHQGDQFH ZLWK UHVSHFW WR GHWXQLQJ� 7KLV GHWXQLQJ VKDSH�

KDV DQ DVVRFLDWHG )XOO�:LGWK�DW�+DOI�0D[LPXP �):+0� EDQGZLGWK RI ��N /�  �����%�R %:

7KLV UHVXOW LV DJDLQ FRQVLVWHQW ZLWK WKH QRWLRQ SUHVHQWHG LQ WKH SUHYLRXV VHFWLRQ RQ QDUURZLQJ

RI WKH FHQWUDO SHDN ZLWK LQFUHDVH LQWHUDFWLRQ OHQJWK�

,W LV DOVR FXVWRPDU\ WR UHSUHVHQW WKH SHUIRUPDQFH RI DQ 6+* GHYLFH E\ PHDQV RI LWV

ILJXUH RI PHULW � LQ WKH ORZ GHSOHWLRQ UHJLPH� FDOFXODWHG DV

ZKHUH $ LV WKH HIIHFWLYH FURVV�VHFWLRQDO DUHD RI WKH IXQGDPHQWDO ILHOG� HLWKHU EHDP VL]H RUHII�7

ZDYHJXLGH DUHD� DV ZLOO EH GLVFXVVHG LQ WKH QH[W FKDSWHU� DQG 3  , � $ LV WKH SRZHUHII

DVVRFLDWHG ZLWK WKH &: ZDYH�

7KLV TXDQWLW\ JLYHQ LQ XQLWV RI >� �:�FP @ LV LQGHSHQGHQW RI WKH SDUWLFXODU WHVWLQJ�

SDUDPHWHUV DQG UHOLHV RQO\ RQ PDWHULDO DQG JHRPHWU\ SURSHUWLHV� ,W JLYHV D FRPSUHKHQVLYH ZD\

WR FRPSDUH GLIIHUHQW GHYLFHV� 0RVW RI WKH ZRUN LQ WKH 6+* FRPPXQLW\ LV IRFXVHG RQ
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PD[LPL]LQJ WKLV TXDQWLW\ E\ D ODUJHU QRQOLQHDULW\ RU VWURQJHU FRQILQHPHQW� %XW DV PHQWLRQHG

EHIRUH� LW LV RQO\ YDOLG LQ WKH ORZ GHSOHWLRQ UHJLPH�

$W KLJK GHSOHWLRQ� WKH FRQYHUVLRQ HIILFLHQF\ VDWXUDWHV� ZLWK WKH 6+ JURZLQJ VORZHU

WKDQ WKH VTXDUH RI WKH LQSXW SRZHU DQG JLYLQJ VPDOOHU YDOXHV IRU �� $W WKH RXWSXW� WKH

PD[LPXP WRWDO FRQYHUVLRQ SRVVLEOH LV IRU DOO RI WKH LQSXW IXQGDPHQWDO SRZHU WR EH FRQYHUWHG

WR 6+*� ,I D GHYLFH LV WHVWHG DW KLJK GHSOHWLRQ DQG H[WUDSRODWHG WR ORZ SRZHU� LW ZLOO JLYH D

KLJKHU YDOXH WKDQ WKH UHDO ORZ GHSOHWLRQ YDOXH� 7KLV JLYHV D GHYLFH SHUIRUPDQFH TXDQWLW\ DQG

QRW D FRPSDUDWLYH UHVXOW� WKHUHIRUH D IDOVH LQWHUSUHWDWLRQ�

5HWXUQLQJ WR WKH FDVFDGHG QRQOLQHDULWLHV� D VWXG\ LV SHUIRUPHG WR WKH VHFRQG RUGHU RI

WKH FRXSOHG PRGH HTXDWLRQV ������ LQ WKH ORZ GHSOHWLRQ UHJLPH ZKHUH WKH DPSOLWXGH UHPDLQV

XQFKDQJHG ZKLOH VPDOO FKDQJHV LQ SKDVH DUH DOORZHG� ,QFOXGLQJ WKH ORZ GHSOHWLRQ UHVXOW ������

LQ WKH HYROXWLRQ RI WKH IXQGDPHQWDO ZH REWDLQ WKH IROORZLQJ HTXDWLRQ

&RPSDULQJ WKLV UHVXOW WR WKH WKLUG RUGHU QRQOLQHDU FDVH >�@ UHYHDOV D GLUHFW VLPLODULW\ WR D WKLUG�

RUGHU LQGXFHG VHOI�SKDVH PRGXODWLRQ W\SH RI HTXDWLRQ XVLQJ D FRPSOH[ QRQOLQHDU UHIUDFWLYH

LQGH[ Q ��

ZKLFK KDV D VROXWLRQ RI WKH IRUP
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)URP WKLV VLPLODULW\� DQ HIIHFWLYH QRQOLQHDU SKDVH VKLIW GXH WR WKH FDVFDGHG VHFRQG�

RUGHU QRQOLQHDULW\ DIWHU D SURSDJDWLRQ / FDQ EH GHGXFHG DV

ZKLFK� ZKHQ FRPSDUHG WR WKH UHDO WKLUG�RUGHU QRQOLQHDU UHIUDFWLYH LQGH[ Q JLYHQ LQ ��������

\LHOGV DQ HTXLYDOHQW QRQOLQHDU UHIUDFWLYH LQGH[

7KH LPDJLQDU\ SDUW RI WKH NHUQHO LQ ������ OHDGV WR DQ HIIHFWLYH WZR�SKRWRQ DEVRUSWLRQ

ZKLFK FRUUHVSRQGV WR D VHFRQG RUGHU FRUUHFWLRQ RI 6+*� 7KLV FRUUHFWLRQ DGGV WR WKH SUHYLRXV

6+* FDOFXODWHG LQ �������

7KH FRQFHSW RI DQ HIIHFWLYH QRQOLQHDU UHIUDFWLYH LQGH[ KDV WR EH WDNHQ ZLWK H[WUHPH

FDXWLRQ� 1RUPDOO\ WKH QRQOLQHDU UHIUDFWLYH LQGH[ LV DVVRFLDWHG ZLWK D UHDO FKDQJH LQ WKH

PDWHULDO SURSHUWLHV WKDW OHDGV� IRU H[DPSOH� WR DOO�RSWLFDO GHYLFHV >�@ WKURXJK D WKLUG�RUGHU

QRQOLQHDU SKDVH VKLIW� $V PHQWLRQHG EHIRUH� PRUH LPSRUWDQW IURP D GHYLFH VWDQGSRLQW LV WKH

WRWDO QRQOLQHDU SKDVH FKDQJH�

,Q VHFRQG�RUGHU QRQOLQHDULWLHV WKHUH LV D UHDO QRQOLQHDU SKDVH VKLIW WKDW GRHV QRW FUHDWH

D UHDO FKDQJH LQ WKH UHIUDFWLYH LQGH[� ,W KDV D ODUJHU SRWHQWLDO LQGHHG� EXW LW LV DOVR DFFRPSDQLHG



��

E\ D ORVV WR WKH VHFRQG KDUPRQLF� 7KH FRQFHSW RI DQ HIIHFWLYH QRQOLQHDU UHIUDFWLYH LQGH[ LV

WKHUHIRUH D YDOLG OLDVRQ EHWZHHQ WKH ROG 3 VFKRRO DQG WKH FDVFDGLQJ QRQOLQHDULW\� EXW ZLWK���

WKH SRWHQWLDO RI FUHDWLQJ D V\QWD[ FRQIXVLRQ�

$OO WKH DQDO\WLFDO UHVXOWV REWDLQHG XQGHU WKH ORZ GHSOHWLRQ DSSUR[LPDWLRQ JUDQW WKLV

DSSUR[LPDWLRQ D XQLTXH VWDWXV� ,W LV D SRZHUIXO WRRO ZLWK ZKLFK WR SHUIRUP PDWHULDO

FKDUDFWHUL]DWLRQ DQG� DW WKH VDPH WLPH� SURYLGHV D VLPSOH DQG FRPSUHKHQVLYH SLFWXUH RI 6+*�

7KHUHIRUH LW LV KDUG WR HOLPLQDWH WKH PLVLQWHUSUHWDWLRQ WKDW VRPHWLPHV DULVHV� (TXDOO\ KDUG LV

WR GHILQH WKH SRLQW XS WR ZKLFK H[WHQGLQJ WKH DSSUR[LPDWLRQ LV YDOLG�

0DWKHPDWLFDOO\ WKH ORZ GHSOHWLRQ DSSUR[LPDWLRQ LV RQO\ YDOLG IRU D VPDOO UDQJH RI

SDUDPHWHUV� ,Q SUDFWLFH WKH FRQGLWLRQV DUH PRUH UHOD[HG� 1XPHULFDOO\ ZH FDQ ILQG DQ

DJUHHPHQW ZLWK WKH H[DFW VROXWLRQ WR EHWWHU WKDQ �� LI WKH SURGXFW �_$ ���_/ LV VPDOOHU WKDQ
7

RQH� )RU H[DPSOH� LQ )LJXUH ����E� WKH FXUYH ZLWK �_$ ���_/ ��� UHVHPEOHV WKH VLQF EHKDYLRU
7

�

ZLWK WKH ]HURV LQ WKH FRUUHFW SRVLWLRQ� $V D UXOH RI WKXPE� LI �_$ ���_/ LV OHVV WKDQ ���� ZH DUH
7

LQ WKH ORZ GHSOHWLRQ UHJLPH DQG LI LW LV ODUJHU WKDQ RQH LW LV FOHDUO\ LQ WKH KLJK GHSOHWLRQ UHJLPH�

8VLQJ UHDO YDOXHV DV DQ H[DPSOH� LQ D � FP ORQJ VDPSOH RI /L1E2 ZLWK G  ���� SP�9 DW� HII

���� �P� WKH XSSHU OLPLW IRU WKH LQWHQVLW\ LQ WKH ORZ GHSOHWLRQ UHJLPH LV DURXQG ���� N:�FP�

DQG WKH ORZHU OLPLW IRU WKH KLJK GHSOHWLRQ UHJLPH LV ���� 0:�FP � ([SHULPHQWDOO\� WKH ORZ�

GHSOHWLRQ DSSUR[LPDWLRQ KDV SURYHQ WR EH DFFXUDWH XS WR ��� HIIHFWLYH FRQYHUVLRQ HIILFLHQF\�

$W KLJKHU FRQYHUVLRQ LW EUHDNV GRZQ VLJQLILFDQWO\�



��

��� &KDUDFWHULVWLF /HQJWKV

:H KDYH VHHQ WKDW VHFRQG KDUPRQLF JHQHUDWLRQ UHTXLUHV VRPH MRLQW SURSDJDWLRQ RI WKH

IXQGDPHQWDO DQG KDUPRQLF WR RFFXU� L�H�� D QRQ�ORFDO SURFHVV� ,Q WKH LGHDOL]HG 6+* V\VWHP

GHVFULEHG LQ ������� WKH LQWHUDFWLRQ OHQJWK FRXOG EH LQILQLWH� ,Q UHDOLW\ DGGLWLRQDO PHFKDQLVPV

VKRUWHQ WKH HIIHFWLYH LQWHUDFWLRQ OHQJWK� LGHQWLILHG E\ DQ DVVRFLDWHG ILQLWH FKDUDFWHULVWLF OHQJWK�

6RPH RI WKHVH DUH LQKHUHQW WR WKH 6+* SURFHVV� DQG RWKHUV GHSHQG RQ WKH SDUWLFXODU VFHQDULR�

$V ZH ZLOO VHH QH[W� VRPH RI WKHVH OHQJWKV FRXOG EH SHUFHLYHG DV OLPLWLQJ HIIHFWV� EHFDXVH WKH\

FRQVWUDLQ WKH OHQJWK RI WKH LQWHUDFWLRQ EHWZHHQ WKH IXQGDPHQWDO DQG VHFRQG KDUPRQLF ILHOGV

LQ VSDFH� +RZHYHU� DW WKH VDPH WLPH� WKHVH OHQJWKV DUH DVVRFLDWHG ZLWK IXQGDPHQWDO HIIHFWV

LQ VHFRQG KDUPRQLF JHQHUDWLRQ� VRPH RI ZKLFK JLYH ULVH WR WKH QRYHO HIIHFWV SUHVHQWHG LQ WKLV

ZRUN� 7KHUHIRUH� WKHVH FKDUDFWHULVWLF OHQJWKV KDYH WR EH XQGHUVWRRG DQG FRPSDUHG WR LGHQWLI\

WKHLU UHOHYDQFH�

7KH QRQOLQHDU LQWHUDFWLRQ ZLOO DOZD\V EH GRPLQDWHG E\ WKH VKRUWHVW RI WKHVH

FKDUDFWHULVWLF OHQJWKV� 7KLV PHDQV WKDW WKH RXWFRPH RI WKH FROOHFWLYH V\VWHP ZLOO KDYH

SUHGRPLQDQWO\ WKH IHDWXUHV RI WKH SKHQRPHQD WKDW KDYH WKH DVVRFLDWHG FKDUDFWHULVWLF OHQJWK�

(YHQ WKRXJK ZH FDQ GLPLQLVK RU QHJOHFW WKH FRQWULEXWLRQ IURP RWKHU HIIHFWV� KRZHYHU� DOO RI

WKH HIIHFWV DUH LQWHUPL[HG DQG DOZD\V SUHVHQW� :H FDQ H[SHFW GHYLDWLRQ IURP DQ LGHDO PRGHO

DOO WKH WLPH DQG� DV PHQWLRQHG SUHYLRXVO\� EH DZDUH RI SRVVLEOH GLIIHUHQFHV� ,GHQWLI\LQJ ZKLFK

DUH WKH UHOHYDQW GHYLDWLRQV IURP WKH PRGHO EHFRPHV D UHDO FKDOOHQJH� :H WXUQ RXU DWWHQWLRQ

EDFN WR WKH IXOO GHVFULSWLRQ RI 6+* GHVFULEHG LQ HTXDWLRQV ������ DQG ������� (DFK RI WKH

WHUPV LQYROYHG KDV DQ DVVRFLDWHG FKDUDFWHULVWLF OHQJWK LQ ZKLFK WKH SKHQRPHQD HYROYH� 1H[W�

HLJKW GLIIHUHQW FKDUDFWHULVWLF OHQJWKV ZLOO EH LGHQWLILHG�



��

'HYLFH /HQJWK

7KH ILUVW OHQJWK DQG PRVW WULYLDO OHQJWK LV WKH ¦GHYLFH OHQJWK§ �/�� ,GHQWLI\LQJ WKLV

OHQJWK DV D FKDUDFWHULVWLF OHQJWK LV QRW REYLRXV� ,W LV GHILQHG DV WKH GLVWDQFH RYHU ZKLFK WKH

FRXSOHG PRGH HTXDWLRQV KDYH WR EH LQWHJUDWHG LQ ZKLFK WKH QRQOLQHDULW\ ��� H[LVWV� 7KLV LV WKH

XOWLPDWH OLPLWDWLRQ RI DOO QRQOLQHDU SURFHVVHV� EHFDXVH WKHUH DUH QR LQILQLWH OHQJWKV LQ UHDO

PDWHULDOV� 2Q WKH RWKHU KDQG� LWV ILQLWH GLPHQVLRQ HQFRXUDJHV XV WR VHDUFK IRU GLIIHUHQW LGHDV

WR PD[LPL]H WKH XVHIXOQHVV RI WKH QRQOLQHDU SURFHVVHV ZLWK WKH WHFKQRORJLFDOO\ DYDLODEOH GHYLFH

OHQJWKV� )RU H[DPSOH� RSWLPL]DWLRQ FDQ OHDG WR VROXWLRQV VXFK DV WZR GLIIHUHQW EXON VHFRQG

RUGHU FU\VWDOV PRXQWHG DW GLIIHUHQW DQJOHV ZLWK VRPH DLU VSDFH LQ WKH PLGGOH� ZKHUH GLIIUDFWLRQ

FDQ VWLOO RFFXU� 0RUH FRPSOH[ JHRPHWULHV FRXOG EH FRQFHLYHG� :H FDQ LQFOXGH WKH DQDO\VLV RI

WKH LQWHUDFWLRQ ¦GHYLFH OHQJWK§ DV D SDUW RI D PRUH FRPSOH[ QRQOLQHDU V\VWHP� DV LV GRQH LQ

6+* VHHGHG H[SHULPHQWV� 8OWLPDWHO\ DOO RWKHU FKDUDFWHULVWLF OHQJWKV DUH FRPSDUHG ZLWK WKH

GHYLFH OHQJWK� ,W GRHV QRW FDUU\ DQ\ SDUWLFXODU QHZ HIIHFWV DVVRFLDWHG ZLWK LW� EXW LI WKLV LV WKH

VKRUWHVW OHQJWK RI DOO� QR HIILFLHQW 6+* RU FDVFDGLQJ HIIHFWV FDQ EH REVHUYHG�

&RKHUHQFH /HQJWK

:KHQ WKHUH LV D ILQLWH DPRXQW RI ZDYHYHFWRU PLVPDWFK EHWZHHQ WKH IXQGDPHQWDO DQG

WKH VHFRQG KDUPRQLF� WKH VHFRQG KDUPRQLF ZKLFK LV JHQHUDWHG HDUOLHU DORQJ WKH VDPSOH� ZLOO

EH RXW RI SKDVH ZLWK WKDW JHQHUDWHG DW D ODWHU SRVLWLRQ� 'XH WR WKLV LQWHUIHUHQFH� WKH VHFRQG

KDUPRQLF ZLOO FRQYHUW EDFN DQG IRUWK WR WKH IXQGDPHQWDO� 2EVHUYLQJ WKH HYROXWLRQ RI WKH

IXQGDPHQWDO LQ )LJXUH ����E�� ZH FDQ VHH D SHULRGLF H[FKDQJH RI HQHUJ\� ,Q WKH ORZ GHSOHWLRQ

UHJLPH� D VLQXVRLGDO HYROXWLRQ RI WKH ILHOGV� DV D FRQVHTXHQFH RI WKLV H[FKDQJH RI HQHUJ\
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EHWZHHQ WKH IXQGDPHQWDO DQG WKH VHFRQG KDUPRQLF� LV REVHUYHG� 7KH W\SLFDO GLVWDQFH LQ ZKLFK

WKH UHODWLYH SKDVH EHWZHHQ WKH IXQGDPHQWDO DQG VHFRQG KDUPRQLF ILHOGV FKDQJHV E\ % LV

GHILQHG DV WKH FRKHUHQFH OHQJWK �/ �� DQG LV JLYHQ E\
F

$IWHU SURSDJDWLRQ RI WZR FRKHUHQFH OHQJWKV� WKH IXQGDPHQWDO LV IXOO\ UHVWRUHG ZLWK D

QHW FDVFDGH VHFRQG RUGHU SKDVH VKLIW� 1RWLFH WKDW WKH GHILQLWLRQ RI WKH FRKHUHQFH OHQJWK JLYHQ

LQ ������ LV RQO\ YDOLG LQ WKH ORZ GHSOHWLRQ UHJLPH� )RU ODUJH GHSOHWLRQ WKH FDVFDGH SKDVH VKLIW

IXUWKHU GHSKDVHV WKH ZDYHV OHDGLQJ WR DQ LQWHQVLW\ GHSHQGHQW FRKHUHQFH OHQJWK� 7KLV

FKDUDFWHULVWLF OHQJWK LV LQWULQVLF WR 6+*� DQG LV D PHDVXUH RI WKH SRZHU H[FKDQJH EHWZHHQ

IXQGDPHQWDO DQG VHFRQG KDUPRQLF� )RU H[DPSOH� LI WKH FRKHUHQFH OHQJWK LV H[DFWO\ KDOI RI WKH

GHYLFH OHQJWK ZH ZLOO KDYH IXOO UHFRYHU\ RI WKH IXQGDPHQWDO ZKLFK FRUUHVSRQGV WR WKH FDVH

�N /  �% ZKLFK LV WKH ILUVW ]HUR LQ WKH ORZ GHSOHWLRQ 6+* GHWXQLQJ FXUYH LQ ������� :H FDQR

DOVR DVVRFLDWH WKLV FRKHUHQFH OHQJWK ZLWK WKH ILOWHULQJ SURSHUWLHV RI WKH FROOHFWLYH 6+*

SURFHVV� ,I ZH FRQVLGHU D ZKLWH OLJKW VRXUFH� ZLWK DQ LGHDO XQLIRUP VSHFWUXP� WKH 6+* SURFHVV

ZLOO ¦ILOWHU§ WKH VSHFWUXP H[DFWO\ WR WKH VKDSH RI WKH GHWXQLQJ FXUYH� 7KH ZLGWK RI WKH ILOWHU

DQG DOO WKH FKDUDFWHULVWLFV DUH GRPLQDWHG E\ WKH UDWLR EHWZHHQ WKH FRKHUHQFH OHQJWK WR WKH

GHYLFH OHQJWK �/ � /  �N / �%�� 7KLV FRKHUHQFH OHQJWK ZLOO EH XVHG DJDLQ ZKHQ ZH WDONF R

DERXW SKDVHPDWFKLQJ WHFKQLTXHV LQ WKH QH[W VHFWLRQ�

'XH WR WKH SRVVLELOLW\ RI VSDWLDOO\ YDU\LQJ WKH ZDYH YHFWRU PLVPDWFK DORQJ WKH

SURSDJDWLRQ SDWK� WKH FRKHUHQFH OHQJWK FDQ DOVR EH VSDWLDOO\ YDULHG DORQJ WKH SURSDJDWLRQ D[LV�
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7KLV LV LQ DGGLWLRQ WR WKH SRZHU GHSHQGHQW FRKHUHQFH OHQJWK SUHYLRXVO\ PHQWLRQHG� 7KHVH

SURSHUWLHV JLYH ULVH WR RQH RI WKH QRYHO HIIHFWV VWXGLHG LQ WKLV ZRUN� QDPHO\ VSDWLDO

QRQXQLIRUPLW\ DQG VSDWLDO QRQUHFLSURFLW\� ,W ZLOO EH GHWDLOHG LQ FKDSWHUV � DQG ��

1RQOLQHDU /HQJWK

6HFRQG KDUPRQLF JHQHUDWLRQ LV DQ LQWULQVLF QRQOLQHDU SURFHVV� %XW DV ZH RXWOLQHG LQ

VHFWLRQ ��� ZH FDQ OLQHDUL]H WKH SUREOHP LQ WKH ORZ GHSOHWLRQ OLPLW� DQG WKHUHIRUH ORVH

LQIRUPDWLRQ RQ WKH IXOO QRQOLQHDU G\QDPLFV RI WKH V\VWHP� ,Q SDUWLFXODUO\ WKH GHWDLOV RI KRZ WKH

QRQOLQHDU SKDVH VKLIW LV LPSRVHG RQWR WKH IXQGDPHQWDO LV ORVW� 7KH WKLUG LQWULQVLF OHQJWK

DVVRFLDWHG ZLWK 6+*� WKH QRQOLQHDU OHQJWK �/ �� LV D PHDVXUH RI WKH WUDQVLWLRQ GLVWDQFH1/

EHWZHHQ WKH KLJK DQG ORZ GHSOHWLRQ UHJLPHV DV LW SURYLGHV WKH OHQJWK VFDOHV RYHU ZKLFK

FDVFDGHG QRQOLQHDU HIIHFWV EHFRPH LPSRUWDQW�

7KH QRQOLQHDU OHQJWK� DOVR NQRZQ DV WKH SDUDPHWULF JDLQ OHQJWK� LV UHODWHG WR WKH ILUVW

WHUP LQ WKH ULJKW KDQG VLGH RI HTXDWLRQV ������ DQG ������� DQG LW LV GHILQHG DV

,I WKLV OHQJWK LV RQH RI WKH VKRUWHVW RI WKH FKDUDFWHULVWLF OHQJWKV� ZH FDQ H[SHFW WR

REVHUYH FDVFDGLQJ HIIHFWV� VXFK DV DQ LQWHQVLW\ GHSHQGHQFH RI WKH GHWXQLQJ FXUYH� ,W DOVR

SURYLGHV D FOHDU H[SODQDWLRQ RI WZR RI WKH WRSLFV GLVFXVVHG HDUOLHU� )LUVW� LW VHWV D ZHOO�GHILQHG

ERXQGDU\ EHWZHHQ WKH ORZ DQG KLJK GHSOHWLRQ UHJLPHV� ,W ZDV HPSLULFDOO\ VHW DW �_$ ���_/���
7

ZKHUH / LV WKH GHYLFH OHQJWK� )URP ������� ZH REVHUYH WKDW LW FRUUHVSRQGV WR D GHYLFH OHQJWK
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VKRUWHU RU ORQJHU WKDQ WKH QRQOLQHDU OHQJWK� UHVSHFWLYHO\� 6HFRQG� LW MXVWLILHV WKH LQYDULDQFH

SURSHUW\ RI WKH GHWXQLQJ FXUYH IRU D FRQVWDQW �_$ ���_/ SURGXFW� ,I WKLV SURGXFW UHPDLQV
7

FRQVWDQW� WKH QRQOLQHDU OHQJWK DOVR UHPDLQV FRQVWDQW� DQG WKHUHIRUH WKH QRQOLQHDU G\QDPLFV

VWD\V LQYDULDQW� 7KLV OHQJWK LV DOVR UHVSRQVLEOH IRU D QRYHO HIIHFW VWXGLHG LQ WKLV ZRUN� QDPHO\

WKH LQWHQVLW\ GHSHQGHQW PXOWLPRGH FRPSHWLWLRQ WR EH DQDO\]HG LQ WKH QH[W FKDSWHU�

/RVV /HQJWK

6R IDU ZH KDYH DQDO\]HG D FRQVHUYDWLYH V\VWHP� ZKHUH WKH ORVV RI WKH IXQGDPHQWDO LV

RQO\ SRVVLEOH WKURXJK FRQYHUVLRQ WR WKH VHFRQG KDUPRQLF� 7KLV SURSHUW\ GHILQHV D +DPLOWRQLDQ

V\VWHP� ZKHUH DOO WKH HQHUJ\ LV FRQVHUYHG� %XW LQ WKH UHDO ZRUOG HQHUJ\ FDQ HVFDSH WKH V\VWHP

GXH WR DEVRUSWLRQ ORVVHV� VFDWWHULQJ ORVVHV� RU ZDYHJXLGH ORVVHV DPRQJVW RWKHUV�

7KHVH ORVVHV OLPLW WKH LQWHUDFWLRQ EHWZHHQ WKH WZR ILHOGV DQG FKDQJH WKH UHVXOWV DZD\

IURP WKRVH GLVFXVVHG LQ WKH SUHYLRXV VHFWLRQV� :H LGHQWLI\ WKH ORVVHV ZLWK WKH ODVW WHUP LQ

HTXDWLRQV ������ DQG ������� 8VLQJ DQ H[SRQHQWLDO GHFD\ ODZ� ZH GHILQH WKH ORVV OHQJWK �/ �
�

DV WKH SRLQW ZKHUH WKH LQWHQVLW\ KDV GHFUHDVHG E\ ��H� JLYHQ E\

ZKHUH 6 ^7��7`� DQG � LV WKH ORVV FRHIILFLHQW LQWURGXFHG LQ WKH FRPSOHWH FRXSOHG PRGH
6

HTXDWLRQV� 7KLV OHQJWK LV WKH RQO\ RQH DPRQJ WKH FKDUDFWHULVWLF OHQJWKV WKDW LV LQWULQVLFDOO\ D

OLPLWLQJ SURFHVV� 7KHUH LV QR SRVVLEOH SRVLWLYH HIIHFW WKDW FDQ EH H[WUDFWHG IURP WKLV� DQG WKH
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RQO\ VROXWLRQ LV WR RYHUFRPH WKH ORVVHV E\ XVLQJ D GHYLFH OHQJWK DV ZHOO DV RWKHU FKDUDFWHULVWLF

OHQJWKV VKRUWHU WKDQ WKLV RQH�

$ VROXWLRQ WR WKH 6+* SUREOHP FDQ EH REWDLQHG LQ WKH ORZ GHSOHWLRQ UHJLPH LQ WKH

SUHVHQFH RI ORVV >��@�7KH VHFRQG KDUPRQLF SRZHU WKHQ EHFRPHV

ZKHUH � LV WKH ORZ GHSOHWLRQ ILJXUH RI PHULW ������� �� �� �� ��� �� DQG / LV WKH GHYLFHR �7 7

OHQJWK� ,W LV LQWHUHVWLQJ WR QRWH WKDW LI WKH FRQGLWLRQ ��  � LV VDWLVILHG� ZH REWDLQ WKH VDPH

VLQF ��N /��� GHWXQLQJ FXUYH� ZLWK WKH SHDN FRQYHUVLRQ HIILFLHQF\ UHGXFHG E\ D OLQHDU IDFWRU�
R

H[S^��� �� ���/`� 6R WKDW HYHQ LQ WKH SUHVHQFH RI ORVVHV ZH FDQ REWDLQ DQ ¦LGHDO§ GHWXQLQJ
7 �7

FXUYH�

'LIIUDFWLRQ /HQJWK

,Q QRQOLQHDU RSWLFV� ODUJH LQWHQVLWLHV DUH XVXDOO\ UHTXLUHG WR REVHUYH QRQOLQHDU HIIHFWV�

,Q EXON PDWHULDOV WKH LQWHQVLW\ LV LQFUHDVHG ORFDOO\ E\ IRFXVLQJ D ODVHU EHDP� +RZHYHU� WKH

WLJKWHU WKH EHDP LV IRFXVHG� WKH IDVWHU LW ZLOO GLYHUJH GXH WR GLIIUDFWLRQ� :H LGHQWLI\ GLIIUDFWLRQ

ZLWK WKH WUDQVYHUVH /DSODFLDQ LQ WKH OHIW�KDQG VLGH LQ HTXDWLRQV ������ DQG ������� )RU D

*DXVVLDQ EHDP ZH GHILQH WKH GLIIUDFWLRQ OHQJWK DV WKH OHQJWK LQ ZKLFK WKH EHDP GLDPHWHU

LQFUHDVHV E\ D IDFWRU RI R�� 7KLV GLVWDQFH LV JLYHQ E\
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ZKHUH 6 ^7��7`� DQG D LV WKH ZDLVW RI WKH EHDP� $V WKH EHDPV SURSDJDWH� WKH DUHD RI ERWK

WKH IXQGDPHQWDO DQG VHFRQG KDUPRQLF EHDPV LV LQFUHDVHG� WKHUHIRUH UHGXFLQJ WKH LQWHQVLW\ DQG

OLPLWLQJ WKH LQWHUDFWLRQ GLVWDQFH RYHU ZKLFK HIILFLHQW 6+* SURFHVV RFFXU� 7KLV OLPLWLQJ SURFHVV

FDQ EH RYHUFRPH RQO\ LI WKH QRQOLQHDU OHQJWK LV VKRUWHU WKDQ WKH GLIIUDFWLRQ OHQJWK� 7KLV WUDGH�

RII EHWZHHQ WKH GLIIUDFWLRQ DQG WKH QRQOLQHDU OHQJWK OHDGV WR RQH RI WKH PRVW H[FLWLQJ

PDQLIHVWDWLRQV RI D FDVFDGHG QRQOLQHDULW\� WKH H[LVWHQFH RI RQH�GLPHQVLRQDO >��@ DQG WZR�

GLPHQVLRQDO >��@ VSDWLDO VROLWRQV� 7KHVH HIIHFWV ZHUH QRW VWXGLHG DV SDUW RI WKLV ZRUN� EXW WKH\

DUH SDUW RI WKH QHZ DQG H[FLWLQJ HIIHFWV SUHVHQW LQ FDVFDGLQJ QRQOLQHDULWLHV� 7KH ZRUN GRQH

LQ WKLV GLVVHUWDWLRQ LQYROYHV SURSDJDWLRQ LQ FKDQQHO ZDYHJXLGHV� LQ ZKLFK WKH EHDP LV FRQILQHG

LQ ERWK WUDQVYHUVH GLPHQVLRQV DQG GLIIUDFWLRQ LV RYHUFRPH�

6SDWLDO :DON 2II /HQJWK

,Q D JHQHUDO 6+* JHRPHWU\� WKH IXQGDPHQWDO DQG 6+ EHDPV PD\ QRW SURSDJDWH DORQJ

WKH SULQFLSDO D[HV RI D 3 FU\VWDO� )RU H[DPSOH� WKH SURSDJDWLRQ GLUHFWLRQ RI WKH SKDVH IURQW���

FDQ GHYLDWH IURP WKH HQHUJ\ IORZ SURSDJDWLRQ GLUHFWLRQ E\ DQ DQJOH ' � ' � FDXVLQJ WKH EHDPV
7 �7

WR ZDON DZD\ IURP HDFK RWKHU� WKXV OLPLWLQJ WKH LQWHUDFWLRQ OHQJWK� 7KLV LV LQFOXGHG DV WKH

VSDWLDO GHULYDWLYH ZKLFK LQFOXGHV WKH ZDON�RII DQJOHV LQ HTXDWLRQV ������ DQG ������� :H GHILQH

WKH ¦ZDON�RII OHQJWK§ DV WKH GLVWDQFH UHTXLUHG IRU WZR EHDPV RI UDGLXV D WR VHSDUDWH RQH IXOO

EHDP ZLGWK IURP DQRWKHU DQG LV JLYHQ E\
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1RWH WKDW ZDON�RII LV DEVHQW DORQJ WKH SULQFLSDO D[HV RI D FU\VWDO� DV LW RFFXUV IRU QRQFULWLFDO

SKDVHPDWFKLQJ� :DON�RII FDQ EH RYHUFRPH LI WKH QRQOLQHDU OHQJWK LV VKRUWHU WKDQ WKH ZDON�RII

OHQJWK ZLWKLQ WKH GHYLFH� ERQGLQJ WKH WZR EHDPV WRJHWKHU� 7KHVH LV DUH NQRZQ DV ¨ZDONLQJ©

VROLWRQV >��@� 2QFH DJDLQ� WKHVH HIIHFWV ZHUH QRW VWXGLHG DV SDUW RI WKLV ZRUN� EXW WKH\ DUH SDUW

RI WKH IXOO GHVFULSWLRQ RI 6+* DQG FDVFDGLQJ QRQOLQHDULWLHV�

7HPSRUDO :DON 2II /HQJWK

,Q WKH WHPSRUDO FDVH� ZH FDQ LQFUHDVH WKH ILHOG LQWHQVLW\ E\ XVLQJ VKRUW SXOVHV LQVWHDG

RI D &: EHDP� 7KLV ZLOO UHGLVWULEXWH WKH HQHUJ\ LQ WLPH� DQG LI ZH DUH LQ WKH SUHVHQFH RI IDVW

QRQOLQHDULWLHV� DV RFFXUV LQ PRVW 3 PDWHULDOV� LW ZLOO LQFUHDVH WKH SHDN LQWHQVLW\ DYDLODEOH WR���

REVHUYH ODUJHU QRQOLQHDU HIIHFWV� $W WKH VDPH WLPH DQ\ PDWHULDO H[KLELWV D FHUWDLQ DPRXQW RI

GLVSHUVLRQ ZLWK IUHTXHQF\� 7KDW PHDQV WKDW WZR RSWLFDO ZDYHV RI GLIIHUHQW IUHTXHQF\ DQG ZLWK

WKH VDPH SRODUL]DWLRQ LQ JHQHUDO FDQ QHYHU WUDYHO DW WKH VDPH YHORFLW\� &RQVHTXHQWO\� WKH

IXQGDPHQWDO DQG VHFRQG KDUPRQLF SXOVHV ZLOO WUDYHO DW GLIIHUHQW YHORFLWLHV� ¨ZDONLQJ© DZD\

IURP HDFK RWKHU� 7KHVH HIIHFWV DUH LQFOXGHG DV WKH ILUVW RUGHU WHPSRUDO GHULYDWLYHV LQ

HTXDWLRQV ������ DQG ������� 7KH WHPSRUDO ¦ZDON�RII OHQJWK§ LV GHILQHG DV WKH GLVWDQFH RYHU

ZKLFK WZR SXOVHV ZLOO PRYH DSDUW E\ RQH LQWHQVLW\ ):+0� )RU D SXOVH RI ZLGWK 7 WKLVR

GLVWDQFH LV JLYHQ E\
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ZHUH N1 � DQG N1 DUH WKH JURXS YHORFLWLHV DW WKH FHQWHUV RI WKH SXOVHV� 7KLV ZDON�RII OHQJWK
7 �7

UHSUHVHQWV WKH JURXS YHORFLW\ PLVPDWFK� ,I WKH SXOVHV ZDON DZD\ IURP HDFK RWKHU� WKH

LQWHUDFWLRQ EHWZHHQ WKHP LV WKHQ UHGXFHG� 1RWLFH WKDW� GHSHQGLQJ RQ WKH UHIUDFWLYH LQGH[

GLVSHUVLRQ DQG WKH ZDYHOHQJWK UHJLRQ� WKLV TXDQWLW\ FDQ EH HLWKHU SRVLWLYH RU QHJDWLYH� 7KHUH

LV QR NQRZQ DSSOLFDWLRQ WR GDWH IRU WKLV OLPLWLQJ HIIHFW� DOWKRXJK VRPH ODUJH FDVFDGHG SKDVH

VKLIWV GXH WR WKLV HIIHFW KDYH EHHQ SUHGLFWHG >��@� 7KLV LV DOVR WKH FDXVH RI ¦VHOI�SKDVH�

PRGXODWLRQ§ HIIHFWV LQ SXOVH SURSDJDWLRQ LQ 6+* >��@� $IWHU D GHWDLOHG DQDO\VLV ZH FDQ

FRQFOXGH WKDW SURSDJDWLRQ RYHU GLVWDQFHV VKRUWHU WKDQ WKH WHPSRUDO ZDON�RII OHQJWK DOORZV XV

WR XVH WKH &: DSSUR[LPDWLRQ� RU LQ RWKHU ZRUGV� LJQRUH WKH SXOVH QDWXUH RI D SXOVH�

'LVSHUVLRQ /HQJWK

0RVW PDWHULDOV� H[KLELW JURXS YHORFLW\ GLVSHUVLRQ �*9'� LQ DGGLWLRQ WR UHIUDFWLYH

LQGH[ GLVSHUVLRQ� 7KLV HIIHFW FDXVHV WKH GLIIHUHQW IUHTXHQFLHV ZKLFK PDNH XS D SXOVH WR WUDYHO

DW GLIIHUHQW VSHHGV� ZKLFK LQ WXUQ FDXVHV D VSHFWUDO EURDGHQLQJ RI WKH SXOVH� 7KH UHGLVWULEXWLRQ

RI IUHTXHQFLHV LQ D GLVSHUVLYH PHGLXP FDXVHV D EURDGHQLQJ RI WKH WHPSRUDO VKDSH RI WKH SXOVH

DQG� DV D FRQVHTXHQFH� D UHGXFWLRQ LQ SHDN SXOVH LQWHQVLW\� :H LGHQWLI\ WKLV HIIHFW ZLWK WKH

VHFRQG RUGHU WHPSRUDO GHULYDWLYHV LQ HTXDWLRQV ������ DQG ������� $VVXPLQJ D JDXVVLDQ

HQYHORSH� WKH GLVWDQFH LQ ZKLFK WKH LQWHQVLW\ SXOVH HQYHORSH GRXEOHV LWV ZLGWK LV GHILQHG DV WKH

¦GLVSHUVLRQ OHQJWK§� JLYHQ E\



��

ZKHUH 6 ^7��7`� 7KH HIIHFW RI WKH EURDGHQLQJ RI WKH VSHFWUXP� FRPELQHG ZLWK WKH ILOWHULQJ

HIIHFWV RI WKH 6+* GHWXQLQJ FXUYH� FUHDWHV D GLUHFW VHOI�SKDVH�PRGXODWLRQ RI WKH SXOVH

VSHFWUXP� LQ DGGLWLRQ WR WKH UHVKDSLQJ GXH WR WKH ZDON�RII OHQJWK� )RUWXQDWHO\ LQ PRVW

PDWHULDOV WKH *9' LV UHODWLYHO\ VPDOO� DQG WKHUHIRUH WKLV LV XVXDOO\ E\ IDU WKH ORQJHVW

FKDUDFWHULVWLF GLVWDQFH LQYROYHG� H[FHSW ZKHQ GHDOLQJ ZLWK IHPWRVHFRQG SXOVHV�

7R LOOXVWUDWH WKH UHODWLYH PDJQLWXGH RI WKH FKDUDFWHULVWLF OHQJWKV� ZH ZLOO FDOFXODWH KHUH

WKH FKDUDFWHULVWLF OHQJWKV XVLQJ UHDO SDUDPHWHUV IRU WZR GLIIHUHQW FRQILJXUDWLRQV� $VVXPLQJ

QRQVHHGHG SURSDJDWLRQ RI ��� P: DYHUDJH SRZHU DW D IXQGDPHQWDO ZDYHOHQJWK RI ���� �P

LQ D � FP VDPSOH RI /L1E2 � DQG XVLQJ WKH G � ���� SP�9� FRHIILFLHQW DQG ORVV FRHIILFLHQWV� ��

RI ���� G%�FP DW WKH IXQGDPHQWDO DQG ���� G%�FP DW WKH 6+� FRQVLGHU�

�D� D &: EHDP IRFXVHG WR D ��� �P GLDPHWHU VSRW �ORZ SRZHU�

�E� D � SLFRVHFRQG SXOVH DW �� 0+= IRFXVHG WR D �� �P GLDPHWHU VSRW �KLJK SRZHU��

:H ZLOO DVVXPH WKDW WKH FU\VWDO LV SHUIHFWO\ SKDVHPDWFKHG DORQJ WKH RSWLFDO D[LV VR WKDW WKH

ZDON�RII OHQJWK LV LQILQLWH�

7KH SURGXFW �_$ ���_/ LV ����� IRU �D� DQG ���� IRU �E�� &RPSDULQJ WKH QXPEHUV� ZH
7

FDQ VHH WKDW FDVH �D� LV FOHDUO\ RSHUDWLQJ LQ WKH ORZ GHSOHWLRQ UHJLPH� DQG WKH GHYLFH OHQJWK

LV WKH GRPLQDQW OHQJWK� )RU FDVH �E� WKH GRPLQDQW FKDUDFWHULVWLF OHQJWK LV WKH QRQOLQHDU OHQJWK�

DQG ZLWKRXW JRLQJ LQWR GHWDLO� ZH FDQ H[SHFW WR REVHUYH VWURQJ FDVFDGHG HIIHFWV LQ WKLV FDVH�

ZLWK VRPH LQIOXHQFH IURP GLIIUDFWLRQ DQG WHPSRUDO ZDON�RII FRQWULEXWLRQV�



��

7DEOH ��� &RPSDULVRQ EHWZHHQ FKDUDFWHULVWLF OHQJWKV IRU ORZ DQG KLJK SRZHU EHDPV

&KDUDFWHULVWLF OHQJWK �D�� ORZ SRZHU �E�� KL SRZHU

'HYLFH / � FP � FP

1RQOLQHDU / ���� FP ��� �P1/

/RVV 7 / ���� FP ���� FP
��7

/RVV �7 / ��� FP ��� FP
���7

'LIIUDFWLRQ / ��� FP ��� �P'�]

6SDWLDO :DON�RII / � �Z�]

'LVSHUVLRQ 7 / � ! ��� P'7�W

'LVSHUVLRQ �7 / � ! � NP'�7�W

7HPSRUDO :DON�RII / � ��� FPZ�W

��� 3KDVH�0DWFKLQJ 7HFKQLTXHV

,Q VHFRQG RUGHU QRQOLQHDU SURFHVV� WKH LQWHUDFWLRQ ZKLFK RFFXUV EHWZHHQ EHDPV ZLWK

GLIIHUHQW IUHTXHQFLHV LV FRKHUHQW� 7KHUHIRUH� DV GLVFXVVHG HDUOLHU� HIILFLHQW 6+* UHTXLUHV WKDW

WKH SKDVHPDWFKLQJ FRQGLWLRQ EH VDWLVILHG� $OVR PHQWLRQHG ZDV WKH LPSRUWDQFH RI WKH

SKDVHPDWFKLQJ SDUDPHWHU RQ WKH FDVFDGHG QRQOLQHDULWLHV� (YHQ WKRXJK WKH FDVFDGHG VHFRQG

RUGHU QRQOLQHDULW\ UHTXLUHV D ILQLWH SKDVH PLVPDWFK� WR REWDLQ D QRQOLQHDU SKDVH VKLIW D

UHDVRQDEOH DPRXQW RI 6+* LV D SUHUHTXLVLWH� $V D UHVXOW� RSHUDWLQJ QHDU SKDVHPDWFKLQJ LV DOVR

LPSRUWDQW IRU FDVFDGLQJ� 7KH WZR PRVW FRPPRQ PHWKRGV WR DFKLHYH SKDVHPDWFKLQJ LQ EXON

PHGLD DUH ELUHIULQJHQW SKDVHPDWFKLQJ DQG TXDVL�SKDVH�PDWFKLQJ �430��



��

%LUHIULQJHQW 3KDVHPDWFKLQJ

$OO PDWHULDOV H[KLELW D FHUWDLQ DPRXQW RI GLVSHUVLRQ ZLWK IUHTXHQF\� 7KDW PHDQV WKDW

WZR RSWLFDO ZDYHV RI GLIIHUHQW IUHTXHQF\ DQG ZLWK WKH VDPH SRODUL]DWLRQ FDQ QHYHU WUDYHO DW

WKH VDPH YHORFLW\� )RU DQLVRWURSLF PHGLD WKH UHIUDFWLYH LQGH[ FKDQJHV DFFRUGLQJ WR WKH

SRODUL]DWLRQ GLUHFWLRQ RI WKH LQFLGHQW EHDP� $OVR� GXH WR WKH WHQVRU QDWXUH RI WKH VHFRQG RUGHU

VXVFHSWLELOLW\� WKH JHQHUDWHG EHDP GXH WR WKH VHFRQG RUGHU SURFHVV FDQ KDYH D GLIIHUHQW

SRODUL]DWLRQ GLUHFWLRQ IURP WKDW RI WKH LQSXW EHDP� 7KHUHIRUH� ZLWK WKH SURSHU FKRLFH RI WKH

SRODUL]DWLRQ RI WKH LQSXW EHDP� SKDVHPDWFKLQJ FDQ EH SRVVLEOH EHWZHHQ WZR EHDPV ZLWK

GLIIHUHQW IUHTXHQFLHV�

,Q JHQHUDO� DQ RSWLFDO EHDP ZKLFK SURSDJDWHV LQVLGH D ELUHIULQJHQW PDWHULDO FDQ EH

ODEHOHG DV DQ RUGLQDU\ UD\ �R�UD\� RU DQ H[WUDRUGLQDU\ UD\ �H�UD\�� ,I WKH SRODUL]DWLRQ RI WKH

EHDP LV SDUDOOHO WR D SULQFLSDO D[LV RI WKH FU\VWDO� LW LV FDOOHG DQ R�UD\� 7KH UHIUDFWLYH LQGH[ IRU

DQ R�UD\ LV LQGHSHQGHQW RI WKH SURSDJDWLRQ GLUHFWLRQ� ,I WKH SRODUL]DWLRQ RI WKH EHDP OLHV LQ D

SODQH ZKLFK FRQWDLQV WZR SULQFLSDO D[HV ZLWK GLIIHUHQW UHIUDFWLYH LQGLFHV� LW LV FDOOHG DQ H�UD\�

)RU DQ H�UD\� WKH UHIUDFWLYH LQGH[ LV D IXQFWLRQ RI WKH SURSDJDWLRQ GLUHFWLRQ�

%LUHIULQJHQW SKDVHPDWFKLQJ FDQ EH GLYLGHG LQWR WZR FODVVHV� W\SH , DQG W\SH ,, >��@�

,I ZH PL[ WZR IXQGDPHQWDO EHDPV ZLWK WKH VDPH SRODUL]DWLRQ WR REWDLQ D VHFRQG KDUPRQLF

EHDP ZLWK D GLIIHUHQW SRODUL]DWLRQ� LW LV FDOOHG W\SH , SKDVHPDWFKLQJ� ,Q D W\SH ,, LQWHUDFWLRQ�

WKH IXQGDPHQWDO LV D FRPELQDWLRQ RI ERWK SRODUL]DWLRQV� RQH H�UD\ DQG RQH R�UD\� WR FUHDWH

HLWKHU DQ H�UD\ RU DQ R�UD\ VHFRQG KDUPRQLF EHDP� 8QLD[LDO FU\VWDOV VXFK DV /L1E2 KDYH RQH�

RSWLF D[LV� 7KH\ FDQ H[KLELW HLWKHU SRVLWLYH RU QHJDWLYH ELUHIULQJHQFH� GHSHQGLQJ RQ WKH

UHODWLRQ EHWZHHQ WKH UHIUDFWLYH LQGH[HV �Q !Q IRU QHJDWLYH XQLD[LDO FU\VWDOV DQG YLFH YHUVD��R H



��

%LD[LDO FU\VWDOV� VXFK DV .73� KDYH WZR RSWLF D[HV� ZKLFK PHDQV WKDW WKH SULQFLSDO D[LV V\VWHP

LV IL[HG LQ UHODWLRQ WR WKH FU\VWDO D[HV VXFK WKDQ Q !Q !Q � 7KHUH LV D ZKROH ILHOG LQ QRQOLQHDU] \ [

FU\VWDOORJUDSK\ GHGLFDWHG WR WKH VWXG\ RI WKH SKDVHPDWFKLQJ SRVVLELOLWLHV� 'HWDLOV DUH EH\RQG

WKH VFRSH RI WKLV GLVVHUWDWLRQ DQG FDQ EH IRXQG LQ WKH OLWHUDWXUH >��@�

7R DFKLHYH WKH SKDVHPDWFKLQJ FRQGLWLRQ� LW LV QHFHVVDU\ WR FKDQJH SDUDPHWHUV VXFK DV

WHPSHUDWXUH� ZDYHOHQJWK RU SURSDJDWLRQ DQJOH ZKLFK YDU\ WKH UHIUDFWLYH LQGH[ RI WKH PDWHULDO�

$QJOH WXQLQJ LV ZLGHO\ XVHG LQ SUDFWLFH WR URXJKO\ ILQG WKH SKDVHPDWFKLQJ FRQGLWLRQV� DQG

WHPSHUDWXUH WXQLQJ RU ZDYHOHQJWK WXQLQJ WR ILQH WXQH WKH SKDVHPDWFKLQJ� 2QH LPSRUWDQW

DVSHFW RI ELUHIULQJHQW SKDVHPDWFKLQJ LV WKDW RQO\ RII�GLDJRQDO HOHPHQWV RI WKH G�WHQVRU FDQ EH

XVHG VLQFH WKH IXQGDPHQWDO DQG VHFRQG KDUPRQLF ILHOGV DUH RUWKRJRQDOO\ SRODUL]HG� 7KHVH

HOHPHQWV DUH W\SLFDOO\ VPDOOHU WKDQ WKH GLDJRQDO HOHPHQWV� $OVR� VLQFH WKH ILHOGV DUH JHQHUDOO\

QRW SRODUL]HG DORQJ WKH FU\VWDO D[HV� ZH QHHG WR XVH WKH G FRHIILFLHQW PHQWLRQHG HDUOLHU�HII

&XWWLQJ D FU\VWDO WR D FHUWDLQ SKDVHPDWFKLQJ DQJOH IRU 6+* DW D JLYHQ ZDYHOHQJWK DQG WKHQ

XVLQJ DQJOH WXQLQJ WR RSWLPL]H WKH SKDVHPDWFKLQJ LV WKH SUHIHUUHG PHWKRG IRU EXON 6+*�

4XDVL�3KDVH�0DWFKLQJ �430�

$QRWKHU WHFKQLTXH IRU DFKLHYLQJ SKDVHPDWFKLQJ ZDV LQLWLDOO\ SURSRVHG E\ $UPVWURQJ

HW DO LQ ���� >�@ EXW KDV RQO\ UHFHQWO\ FRPH LQWR ZLGHVSUHDG XVH >��@� 7KLV LV FDOOHG TXDVL�

SKDVH PDWFKLQJ� ZKHUH WKH VLJQ RI WKH G LV SHULRGLFDOO\ FKDQJHG� 430 FDQ DOVR EH DFKLHYHGHII

WKURXJK D SHULRGLF YDULDWLRQ RI WKH OLQHDU UHIUDFWLYH LQGH[� EXW LW LV QRW DV HIILFLHQW DV D

QRQOLQHDU FRHIILFLHQW YDULDWLRQ >��@� ,W KDV EHHQ GHPRQVWUDWHG LQ IHUURHOHFWULF FU\VWDOV >��@� DV

ZHOO DV LQ SRO\PHU PDWHULDOV >��@� 7KH ELJ DGYDQWDJH RI WKLV WHFKQLTXH LV WKDW WKH GLDJRQDO
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HOHPHQWV� ZKLFK DUH QRW QRUPDOO\ SKDVHPDWFKDEOH YLD ELUHIULQJHQW SKDVHPDWFKLQJ� FDQ EH XVHG�

$QRWKHU DGYDQWDJH RI 430 LV WKH SRVVLELOLW\ RI WDLORULQJ WKH ZDYHYHFWRU PLVPDWFK FRQGLWLRQ

DORQJ WKH VDPSOH E\ FKLUSLQJ WKH JUDWLQJ� 7KLV SURSHUW\ ZLOO EH XVHG LQ FKDSWHU � WR REWDLQ D

FRQWUROOHG GHWXQLQJ FXUYH�

$V SUHYLRXVO\ PHQWLRQHG� ZKHQ WKHUH LV D ILQLWH DPRXQW RI ZDYHYHFWRU PLVPDWFK

EHWZHHQ WKH IXQGDPHQWDO DQG WKH VHFRQG KDUPRQLF� 7KH VHFRQG KDUPRQLF� ZKLFK LV JHQHUDWHG

HDUOLHU DORQJ WKH VDPSOH� ZLOO EH RXW RI SKDVH ZLWK WKDW JHQHUDWHG DW D ODWHU SRVLWLRQ� 'XH WR

WKLV LQWHUIHUHQFH WKH VHFRQG KDUPRQLF ZLOO FRQYHUW EDFN DQG IRUWK WR DQG IURP WKH

IXQGDPHQWDO� 7KLV H[FKDQJH RI HQHUJ\ LV SHULRGLF� 7KH SHULRG RI WKLV HQHUJ\ H[FKDQJH LV JLYHQ

E\ WKH FRKHUHQFH OHQJWK ������� ZKHUH WKH �N LV WKH PDWHULDO ZDYHYHFWRU PLVPDWFK� ,I WKHR

VLJQ RI WKH HIIHFWLYH QRQOLQHDULW\� G � LV IOLSSHG RU GHVWUR\HG HYHU\ FRKHUHQFH OHQJWK� WKHUH ZLOOHII

EH QR GHVWUXFWLYH LQWHUIHUHQFH DQG DQ HIIHFWLYH JURZWK RI WKH VHFRQG KDUPRQLF RFFXUV�

WKHUHIRUH DFKLHYLQJ SKDVHPDWFKLQJ� 7KLV LV D FRQYHQLHQW ZD\ WR REWDLQ SKDVHPDWFKLQJ ZKHQ

WKH PDWHULDO LV QRQSKDVHPDWFKDEOH� RU ZKHQ SURSDJDWLRQ DORQJ DQ RSWLFDO D[LV LV GHVLUHG�

7KLV VSDWLDO GRPDLQ SLFWXUH KDV DQ DQDORJ\ LQ WKH )RXULHU GRPDLQ� ZKHUH WKH

PRPHQWXP YHFWRU DVVRFLDWHG ZLWK WKH JUDWLQJ DFWV WR FRPSHQVDWH IRU WKH ZDYHYHFWRU

PLVPDWFK RI WKH PDWHULDO� WKHUHE\ DFKLHYLQJ PRPHQWXP FRQVHUYDWLRQ� ZKLFK LV HTXLYDOHQW WR

SKDVHPDWFKLQJ �)LJXUH ����� 7KXV� WKH SKDVHPDWFKLQJ FRQGLWLRQ LV ZULWWHQ DV

ZKHUH .  �%P�� LV WKH ZDYHYHFWRU DVVRFLDWHG ZLWK RI WKH P )RXULHU FRPSRQHQW RI WKHWK

JUDWLQJ� DQG � LV WKH SHULRG RI WKH JUDWLQJ�
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)LJXUH ��� 3KDVH PDWFKLQJ YHFWRU GLDJUDP IRU �D� ELUHIULQJHQW SKDVHPDWFKLQJ� �E� QRQ�
SKDVHPDWFKHG FDVH DQG �F� TXDVL�SKDVHPDWFKLQJ�

7KLV LPSOLHV WKDW D VLQXVRLGDO JUDWLQJ ZKLFK KDV RQO\ D VLQJOH )RXULHU FRPSRQHQW

ZRXOG EH LGHDO IRU SHUIHFW SKDVHPDWFKLQJ� ZKLOH JUDWLQJV ZLWK RWKHU VKDSHV DUH QRW DV HIIHFWLYH

GXH WR WKH VSUHDG RI VSDWLDO IUHTXHQF\ FRPSRQHQWV� 7KH LQWHJHU P LV FDOOHG WKH 430 RUGHU�

DQG ILUVW�RUGHU 430 \LHOGV WKH PRVW HIILFLHQW LQWHUDFWLRQ� 7KH ZDYHYHFWRU SLFWXUH GRHVQ©W

UHYHDO DQ\ LQIRUPDWLRQ DERXW WKH HIIHFW WKH JUDWLQJ RQ WKH HIIHFWLYH QRQOLQHDULW\� +RZHYHU� D

GHWDLOHG DQDO\VLV >��@ VKRZV WKDW WKH HIIHFWLYH QRQOLQHDULW\ LV ZHDNHU GXH WR D QRQOLQHDU

JUDWLQJ� $ GHWDLOHG )RXULHU DQDO\VLV RI 430 UHYHDOV WKDW WKH YDOXH RI G LV UHGXFHG E\ D IDFWRUHII
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���P%�VLQ�%P'�� ZKHUH ' LV WKH GXW\ F\FOH RI WKH JUDWLQJ >��@� 7KLV DQDO\VLV LQFOXGHV D

)RXULHU DQDO\VLV RI QRQXQLIRUP� RU FKLUSHG� JUDWLQJV�

8VLQJ D VSDWLDO UHSUHVHQWDWLRQ� ZH REWDLQ SKDVHPDWFKLQJ E\ WKH P RUGHU RI WKHWK

JUDWLQJ� %XW DOO RWKHU JUDWLQJ SHULRGV �)RXULHU FRPSRQHQWV� DOVR DUH LQYROYHG LQ 6+*

SURFHVVHV ZKLFK DUH QRW SKDVH�PDWFKHG� )RU H[DPSOH� WKLV LQFOXGHV WKH ]HUR�RUGHU� RU WKH

RULJLQDO PDWHULDO SKDVH PLVPDWFK� $OO DUH SUHVHQW ¦VLPXOWDQHRXVO\�§ DQG ZLOO OHDG WR D SHULRGLF

H[FKDQJH RI HQHUJ\ GHILQHG E\ WKHLU UHVSHFWLYH FRKHUHQFH OHQJWKV� DOWKRXJK RQO\ RQH ZLOO

FUHDWH DQ HIILFLHQW 6+*� 2QO\ WKH VXSHUSRVLWLRQ RI DOO WKH SURFHVVHV FDQ EH REVHUYHG� :H FDQ

HYHQ REWDLQ VLPXOWDQHRXVO\ PRUH WKDQ RQH VHFRQG RUGHU SURFHVV� DV ZLOO EH GLVFXVVHG LQ WKH

QH[W FKDSWHU� 7KHUHIRUH WKH 6+ JURZWK ZLOO QRW EH XQLIRUP� 7KHUH ZLOO EH D VORZ RVFLOODWLRQ

�WKH SKDVHPDWFKHG RUGHU� ZLWK VRPH IDVW RVFLOODWLRQV LPSRVHG GXH WR WKH RWKHU SURFHVVHV�
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6FLHQFH LV DOZD\V ZURQJ� ,W QHYHU VROYHV D SUREOHP ZLWKRXW

FUHDWLQJ WHQ PRUH�

*�%� 6KDZ

1RQOLQHDU RSWLFDO SURFHVVHV UHTXLUH KLJK LQWHQVLW\ OLJKW EHDPV WR PDNH WKHLU HIIHFWV

REVHUYDEOH DQG XVHIXO� $V ZH KDYH VHHQ� WKH HIILFLHQF\ RI SURFHVVHV OLNH 6+* W\SLFDOO\

LQFUHDVHV ZLWK WKH LQWHUDFWLRQ OHQJWK DQG ZLWK WKH LQWHQVLW\ RI WKH RSWLFDO ILHOGV LQYROYHG� ,Q

EXON PDWHULDOV WKH LQWHQVLW\ LV LQFUHDVHG E\ IRFXVLQJ D ODVHU EHDP LQWR WKHP� +RZHYHU� WKH

WLJKWHU WKH EHDP LV IRFXVHG� WKH IDVWHU LW GLYHUJHV GXH WR GLIIUDFWLRQ� WKXV OLPLWLQJ WKH

LQWHUDFWLRQ OHQJWK� 2WKHU HIIHFWV DUH DOVR SUHVHQW DV GLVFXVVHG HDUOLHU� VXFK DV VSDWLDO ZDON�RII�

7KLV VLWXDWLRQ LV JUHDWO\ VLPSOLILHG E\ XVLQJ RSWLFDO ZDYHJXLGHV� 7KH DELOLW\ RI ZDYHJXLGHV WR

PDLQWDLQ KLJK LQWHQVLWLHV RYHU UHODWLYHO\ ORQJ OHQJWKV KDV PDGH WKHP LGHDO VWUXFWXUHV IRU WKH

VWXG\ RI QRQOLQHDU RSWLFV�

7KH UHDVRQV IRU XVLQJ ZDYHJXLGHV IRU VHFRQG KDUPRQLF JHQHUDWLRQ �6+*� DUH ZHOO

GRFXPHQWHG >�����@� 7KH VSDWLDO FRQILQHPHQW WR EHDP FURVV�VHFWLRQDO DUHDV RI WKH RUGHU RI

WKH ZDYHOHQJWK VTXDUHG IRU FHQWLPHWHU GLVWDQFHV UHVXOWV LQ KLJK FRQYHUVLRQ HIILFLHQFLHV DW



��

UHODWLYHO\ ORZ LQSXW SRZHU OHYHOV� )XUWKHUPRUH� EHFDXVH ZDYHJXLGHV FDQ VXSSRUW PXOWLSOH

PRGHV DW WKH VDPH IUHTXHQF\ EXW ZLWK GLIIHUHQW ZDYHYHFWRUV� WKHUH LV PXFK PRUH IOH[LELOLW\

LQ ZDYHYHFWRU�PDWFKLQJ WKDQ LV DYDLODEOH ZLWK SODQH ZDYH LQWHUDFWLRQV LQ EXON PHGLD� 7KH

LQYHQWLRQ RI TXDVL�SKDVH�PDWFKLQJ �430� DQG VHJPHQWHG SKDVH�PDWFKLQJ WHFKQLTXHV KDYH

DOORZHG WKH ODUJH GLDJRQDO VHFRQG RUGHU FRHIILFLHQWV RI /L1E2 DQG .73 WR EH HIIHFWLYHO\�

XVHG IRU ZDYHJXLGH 6+* >�����@� 7KHUH LV D SULFH IRU WKLV DGGLWLRQDO IOH[LELOLW\� QDPHO\ WKH

ILHOG RYHUODS ZLWK KLJKHU RUGHU PRGHV� ZKLFK FDQ UHGXFH WKH RYHUDOO FRQYHUVLRQ HIILFLHQF\� $Q

DGGLWLRQDO SHQDOW\ LV DOVR SUHVHQW DV D QRYHO HIIHFW XQLTXH WR ZDYHJXLGHV� 7KHUH FDQ EH

FURVVWDON EHWZHHQ WKH GLIIHUHQW ZDYHJXLGH PRGHV WKURXJK WKH QRQOLQHDU SURFHVV� 7KLV LV

FRQWUDU\ WR WKH FRPPRQ EHOLHI RI LQGHSHQGHQFH RI ZDYHJXLGH PRGHV� 7KLV FURVVWDON

DGGLWLRQDOO\ KDSSHQV WR EH LQWHQVLW\ GHSHQGHQW�

$ IXQGDPHQWDO JXLGHG PRGH VLPXOWDQHRXVO\ FRXSOHV WR DOO WKH 6+ JXLGHG PRGHV RI

WKH VWUXFWXUH DQG SKDVH�PDWFKLQJ FKRRVHV ZKLFK 6+ PRGHV ZLOO SUHIHUHQWLDOO\ JURZ� 'XH WR

WKH VPDOO UHIUDFWLYH LQGH[ GLIIHUHQFHV SURGXFHG E\ ZDYHJXLGH IDEULFDWLRQ WHFKQLTXHV WKH

KDUPRQLF JXLGHG PRGHV FDQ EH YHU\ FORVHO\ VSDFHG LQ ZDYHYHFWRU DQG FDQ EH VLPXOWDQHRXVO\

JHQHUDWHG� 7KH QRQOLQHDU SKDVH VKLIW LQGXFHG E\ RQH KDUPRQLF FDQ DIIHFW WKH SKDVH�PDWFKLQJ

FRQGLWLRQ IRU DQRWKHU KDUPRQLF PRGH GHWXQHG IURP LW E\ PDQ\ 6+* EDQGZLGWKV� 7KDW LV�

SRZHU H[FKDQJH EHWZHHQ RQH RI WKHVH 6+ PRGHV DQG WKH IXQGDPHQWDO FDQ OHDG WR D QRQOLQHDU

SKDVH VKLIW IRU WKH RWKHU 6+ PRGHV� )RU ODUJH FRQYHUVLRQ HIILFLHQFLHV DQG FORVHO\ VSDFHG

PRGHV WKH VHFRQG KDUPRQLF JHQHUDWLRQ SURFHVV FDQ EH VHYHUHO\ GLVWRUWHG E\ WKLV QRQOLQHDU

SKDVH FKDQJH >��@� ,Q WKH IROORZLQJ VHFWLRQV WKHVH HIIHFWV ZLOO EH DQDO\]HG DQG VRPH

H[SHULPHQWDO UHVXOWV SUHVHQWHG�
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��� 5HYLHZ RI :DYHJXLGHV

$ ZDYHJXLGH LV D VWUXFWXUH ZKLFK FRQILQHV OLJKW LQ RQH RU WZR GLPHQVLRQV ZKLOH

DOORZLQJ SURSDJDWLRQ LQ WKH WKLUG� 7KHLU XVH WR SURSDJDWH PLFURZDYHV SUHGDWHV WKH LQYHQWLRQ

RI WKH ODVHU >��@� ,Q WKH RSWLFDO UHJLRQ� WKHUH LV DQ H[WHQVLYH ELEOLRJUDSK\ ZKLFK GHWDLOV WKH

WKHRUHWLFDO DQDO\VLV RI GLHOHFWULF ZDYHJXLGHV >��� ��� ��@� 2QO\ EDVLF FRQFHSWV DQG UHVXOWV

UHOHYDQW WR WKLV GLVVHUWDWLRQ ZLOO EH SUHVHQWHG KHUH�

:DYHJXLGHV FDQ EH FODVVLILHG LQWR WZR PDMRU FDWHJRULHV� RQH RU WZR GLPHQVLRQDO

FRQILQHPHQW� 7KH PRVW SRSXODU W\SH RI ZDYHJXLGH LV DQ RSWLFDO ILEHU ZKLFK EHORQJV WR WKH WZR

GLPHQVLRQDO FRQILQHPHQW FDWHJRU\� 7KH IXQGDPHQWDO UHTXLUHPHQW IRU FRQILQHPHQW LQ D

GLHOHFWULF ZDYHJXLGH LV WKDW WKH LQGH[ RI UHIUDFWLRQ RI WKH JXLGLQJ OD\HU PXVW EH ODUJHU WKDQ

WKDW RI WKH VXUURXQGLQJ UHJLRQV� *XLGLQJ FDQ EH WKRXJKW RI JHRPHWULFDOO\ DV WRWDO LQWHUQDO

UHIOHFWLRQ DW WKH LQWHUIDFHV EHWZHHQ WKH KLJK LQGH[ FRUH UHJLRQ DQG WKH VXUURXQGLQJ PHGLD� RU

DV WKH HOHFWURPDJQHWLF QRUPDO PRGHV RI WKH VWUXFWXUH ZKLFK VDWLVI\ 0D[ZHOO©V HTXDWLRQV DQG

WKH SHUWLQHQW ERXQGDU\ FRQGLWLRQV�

6ODE RU SODQDU ZDYHJXLGHV FRQILQH WKH OLJKW LQ RQH GLPHQVLRQ ZKLOH GLIIUDFWLRQ FDQ VWLOO

RFFXU LQ WKH SODQH RI WKH VODE� 'XH WR HDVH RI IDEULFDWLRQ DQG DQDO\VLV� VODE ZDYHJXLGHV DUH

RQH RI WKH IDYRULWH ZDYHJXLGH IRUPDWV IRU PDWHULDO FKDUDFWHUL]DWLRQ� ,Q LVRWURSLF PHGLD RU IRU

ILHOG RULHQWDWLRQV DORQJ FU\VWDO D[HV ZLWK D KLJK GHJUHH RI V\PPHWU\� WKH ZDYHJXLGH

HLJHQPRGHV DUH UHODWLYHO\ VLPSOH LQ IRUP� PDLQWDLQ WKHLU WUDQVYHUVH SURILOH DV WKH\ SURSDJDWH�

KDYH D GHILQLWH DQG XQLTXH SURSDJDWLRQ YHFWRU� DQG DUH RUWKRJRQDO WR HDFK RWKHU� 7KLV LV

DOZD\V WUXH� &KDQQHO ZDYHJXLGHV FDQ SURYLGH DGGLWLRQDO FRQILQHPHQW LQ WKH WUDQVYHUVH

GLUHFWLRQ ZLWK WKH VDPH EDVLF FKDUDFWHULVWLFV� 7\SLFDO JHRPHWULHV DUH GHSLFWHG LQ )LJXUH ����
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)LJXUH ����D�&KDQQHO DQG �E� SODQDU ZDYHJXLGH W\SLFDO JHRPHWULHV� ,Q ERWK FDVHV� Q !Q �QJ V F

%HFDXVH OLJKW LV FRQILQHG LQ WKH ZDYHJXLGH E\ DQ LQGH[ GLVFRQWLQXLW\� JXLGHG ZDYHV

DUH D VXPPDWLRQ RI WKH GLVFUHWH HLJHQPRGHV ZKLFK DUH VROXWLRQV IRU WKH ERXQGDU\ SUREOHP

>��@� 7KH LQWHUDFWLRQ EHWZHHQ JXLGHG PRGHV LQ OLQHDU DV ZHOO DV QRQOLQHDU RSWLFV LV XVXDOO\

WUHDWHG ZLWK FRXSOHG PRGH WKHRU\� ZKLFK LV D YHU\ SRZHUIXO WHFKQLTXH� )RU VODE ZDYHJXLGHV

WKH PRGHV DUH OLQHDUO\ SRODUL]HG WUDQVYHUVH HOHFWULF �7( � DQG WUDQVYHUVH PDJQHWLF �70 ��P P

PHDQLQJ WKDW WKHUH LV QR ORQJLWXGLQDO FRPSRQHQW RI WKH HOHFWULF RU PDJQHWLF ILHOG DORQJ WKH

SURSDJDWLRQ GLUHFWLRQ� UHVSHFWLYHO\� ,Q 7( PRGHV WKH HOHFWULF ILHOG SRODUL]DWLRQ OLHV LQ WKH \�

GLUHFWLRQ� SDUDOOHO WR WKH SODQH RI WKH ILOP DQG RUWKRJRQDO WR WKH SURSDJDWLRQ GLUHFWLRQ ]� )RU
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)LJXUH ��� 6ODE ZDYHJXLGH �D� 70 DQG �E� 7( YHFWRUV �OHIW� DQG W\SLFDO HOHFWULF ILHOG

PRGH SURILOHV �ULJKW��

70 PRGHV� WKH PDJQHWLF ILHOG LV SRODUL]HG LQ WKH \�GLUHFWLRQ� KHQFH WKH HOHFWULF ILHOG LV

SRODUL]HG LQ WKH [�] SODQH� )RU 70 PRGHV� WKHUH LV D FRPSRQHQW RI WKH HOHFWULF ILHOG DORQJ WKH

SURSDJDWLRQ GLUHFWLRQ� EXW XVXDOO\ ( � ( � 7KH PRGH QXPEHUP UHSUHVHQWV WKH QXPEHU RI ]HUR\ ]

SRLQW FURVVLQJV RI WKH HOHFWULF ILHOG DFURVV WKH FRQILQHPHQW GLPHQVLRQ� )LJXUH ��� VKRZV WKH

JHRPHWU\ RI WKH SODQDU ZDYHJXLGH PRGHV DQG WKH W\SLFDO HOHFWULF ILHOG SURILOHV IRU WKH ORZHVW

RUGHU PRGHV� 7KH PRGDO ILHOG GLVWULEXWLRQ FDQ EH IRXQG H[DFWO\ E\ VROYLQJ 0D[ZHOO©V

HTXDWLRQV VXEMHFW WR WKH ERXQGDU\ FRQGLWLRQV� 0RVW RI WKH ZRUN GRQH LQ WKLV GLVVHUWDWLRQ

LQYROYHG FKDQQHO ZDYHJXLGH JHRPHWULHV� WKHUHIRUH D GHWDLOHG DQDO\VLV RI WKH PRUH FRPSOLFDWHG

FKDQQHO ZDYHJXLGHV LV UHTXLUHG�
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&KDQQHO ZDYHJXLGHV LPSRVH FRQILQHPHQW LQ D VHFRQG GLPHQVLRQ� 7KHLU HLJHQPRGHV

DOVR FRQVLVW RI D VHULHV RI GLVFUHWH PRGHV� ,Q WKLV FDVH WKH ILHOG SRODUL]DWLRQ LQFOXGHV

FRPSRQHQWV DORQJ DOO WKUHH D[HV� $OWKRXJK QRW SXUHO\ OLQHDUO\ SRODUL]HG� WKHVH PRGHV FDQ VWLOO

EH ODEHOHG 7( DQG 70 LQ DQDORJ\ WR WKH SODQDU FDVH� +HUH 7( PHDQV WKDW WKH HOHFWULF ILHOGPQ PQ

LV SUHGRPLQDQWO\ WUDQVYHUVH WR WKH SURSDJDWLRQ GLUHFWLRQ� DQG VLPLODUO\ IRU 70 WKH PDJQHWLF

ILHOG LV SUHGRPLQDQWO\ WUDQVYHUVH� 7KHUHIRUH IRU 7( PRGHV ( � ( �( DQG IRU 70 PRGHVPQ \ [ ] PQ

( � ( �( � 7ZR LQGLFHV DUH QHHGHG IRU FKDQQHO ZDYHJXLGHV EHFDXVH WKHUH DUH WZR LQGHSHQGHQW[ \ ]

FRQILQHPHQW GLUHFWLRQV�

&RQVLGHULQJ RQO\ IRUZDUG SURSDJDWLQJ PRGHV� WKH HOHFWULF ILHOG FDQ EH ZULWWHQ DV >��@

ZKHUH ( �[�\� LV WKH WUDQVYHUVH ILHOG SURILOH� DQG P DQG Q UHIHU WR WKH PRGH QXPEHUV�PQ�

FRUUHVSRQGLQJ WR FRQILQHPHQW LV WKH \� DQG [�GLUHFWLRQ� UHVSHFWLYHO\� & LV D QRUPDOL]DWLRQPQ

FRQVWDQW VXFK WKDW _D �]�_ LV WKH VORZ�YDU\LQJ JXLGHG ZDYH SRZHU� DQG � LV WKH PRGHPQ QP
�

SURSDJDWLRQ FRQVWDQW GHILQHG E\

ZKHUH 1 LV WKH HIIHFWLYH UHIUDFWLYH LQGH[ RI WKH PRGH DQG N  �%��� 7KH UHIUDFWLYH LQGH[PQ R
HII

RI WKH PRGH LV FRQVWUDLQHG WR YDOXHV O\LQJ EHWZHHQ WKH LQGH[ RI UHIUDFWLRQ RI WKH FRUH JXLGLQJ

UHJLRQ DQG WKH ODUJHVW LQGH[ RI WKH ERXQGLQJ PHGLD� 6ROXWLRQV ZLWK SURSDJDWLRQ FRQVWDQW

RXWVLGH WKLV UDQJH DUH HLWKHU UDGLDWLRQ PRGHV LQ WKH ERXQGLQJ PHGLD� RU H[SRQHQWLDOO\ GHFD\LQJ
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)LJXUH ��� 9DULDWLRQ LQ WKH HIIHFWLYH UHIUDFWLYH LQGH[ 1 ZLWK QRUPDOL]HG ILOP WKLFNQHVV IRUHII

WKH ILUVW WZR 7( DQG 70 PRGHV IRU D VODE ZDYHJXLGH ZLWK VXEVWUDWH LQGH[ Q ILOP LQGH[ Q � DQGV F

ILOP WKLFNQHVV K�

ILHOGV DORQJ WKH SURSDJDWLRQ GLUHFWLRQ� 7KH YDOXHV RI 1 DUH IRXQG IURP WKH GLVSHUVLRQPQ
HII

UHODWLRQV IRU WKH DOORZHG PRGHV IRU D JLYHQ JHRPHWU\ DQG RSWLFDO IUHTXHQF\� )RU H[DPSOH�

W\SLFDO JXLGHG PRGH HIIHFWLYH UHIUDFWLYH LQGH[HV IRU D VODE ZDYHJXLGH DUH VKRZQ LQ )LJXUH ����

7KHVH OLQHDU 7( DQG 70 PRGHV DUH DOZD\V RUWKRJRQDO� DQG PRGHV RI WKH VDPH

SRODUL]DWLRQ EXW ZLWK GLIIHUHQW LQGH[HV P DQG Q DUH DOVR RUWKRJRQDO� 7KLV RUWKRJRQDOLW\ LV

H[SUHVVHG DV
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)RU VODE ZDYHJXLGHV WKHUH LV QR LQGH[ Q �RU Q11� DQG WKH LQWHJUDWLRQ LV RQO\ RYHU WKH [

FRRUGLQDWH� ,Q QRQOLQHDU RSWLFV� WKH QRQOLQHDU PHGLXP FDQ EH HLWKHU WKH JXLGLQJ UHJLRQ RU RQH

RU PRUH RI WKH VXUURXQGLQJ PHGLD� RU DQ\ FRPELQDWLRQ RI PHGLD� :H ZLOO RQO\ FRQFHQWUDWH RQ

WKH FDVH WKDW WKH QRQOLQHDU LQWHUDFWLRQ RFFXUV LQ WKH JXLGLQJ UHJLRQ�

��� :DYHJXLGH 6+*

$V PHQWLRQHG SUHYLRXVO\� ZDYHJXLGHV SURYLGH D VXLWDEOH JHRPHWU\ IRU HIILFLHQW 6+*�

7KH VSDWLDO FRQILQHPHQW WR EHDP FURVV�VHFWLRQDO DUHDV RI WKH RUGHU RI WKH ZDYHOHQJWK VTXDUHG

IRU FHQWLPHWHU GLVWDQFHV UHVXOWV LQ KLJK FRQYHUVLRQ HIILFLHQFLHV DW UHODWLYHO\ ORZ LQSXW SRZHU

OHYHOV� %HFDXVH WKHUH LV D VSDWLDO FRQILQHPHQW� QR VSDWLDO ZDON�RII RU GLIIUDFWLRQ UHGXFHV WKH

6+* LQWHUDFWLRQ�

7R VWXG\ WKH VHFRQG KDUPRQLF JHQHUD\WLRQ LQWHUDFWLRQ LQ ZDYHJXLGHV ZH SURFHHG WR

LQWURGXFH D VHW RI FRXSOHG PRGH HTXDWLRQV VLPLODU WR WKRVH LQ FKDSWHU WZR� 'RLQJ WKH DQDO\VLV

LQ WKH IUHTXHQF\ GRPDLQ DQG H[SDQGLQJ WKH ZDYH HTXDWLRQ ����� LQVLGH WKH ZDYHJXLGH XQGHU

WKH 69($� XVLQJ WKH HOHFWULF ILHOG GHILQLWLRQ ������ WKH RUWKRJRQDOLW\ RI WKH PRGHV ������ DQG

WKH FRXSOHG PRGH WKHRU\� ZH REWDLQ D VHW RI FRXSOHG PRGH HTXDWLRQV IRU WKH ZDYHJXLGH ILHOGV

>��@ JLYHQ E\
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7KHVH HTXDWLRQV GHVFULEH� ZLWKLQ WKH YDOLGLW\ RI WKH FRXSOHG PRGH WKHRU\� WKH

HYROXWLRQ RI WKH ILHOGV LQVLGH WKH ZDYHJXLGH� 8S WR WKLV SRLQW� WKH DQDO\VLV LV FRPSOHWHO\

JHQHUDO DQG RQO\ VWDQGDUG DVVXPSWLRQV KDYH EHHQ GRQH� %HFDXVH WKH DQDO\VLV LV LQ WKH

IUHTXHQF\ GRPDLQ� D VKRUW SXOVH LQ WKH WLPH GRPDLQ FDQ EH UHVROYHG LQWR D VXP RI LWV

IUHTXHQFLHV XVLQJ WKH )RXULHU WUDQVIRUPV ������ DQG ����� ZLWKRXW ORVV RI JHQHUDOLW\� 7KLV

DOORZV XV WR VWXG\ WKH ILHOG HYROXWLRQ DORQJ WKH SURSDJDWLRQ GLUHFWLRQ DQG IXUWKHU VLPSOLI\ WKH

SUREOHP E\ QHJOHFWLQJ WHPSRUDO HIIHFWV� :H XVH QRZ WKH GHILQLWLRQ RI WKH QRQOLQHDU

SRODUL]DWLRQ IRU 3�U�7� DQG 3�U��7� LQ HTXDWLRQ ������� 1RWLFH WKDW WKH GHILQLWLRQ RI WKH

QRQOLQHDU SRODUL]DWLRQ LQFOXGHV WKH FRPSOHWH HOHFWULF ILHOG DW ERWK IUHTXHQFLHV GHVFULEHG LQ

������ DQG QRW D SDUWLFXODU PRGH� $W WKLV SRLQW� LW LV IUHTXHQWO\ DVVXPHG WKDW HIILFLHQW QRQOLQHDU

FRXSOLQJ RFFXUV RQO\ EHWZHHQ RQH IXQGDPHQWDO DQG RQH 6+ JXLGHG PRGH� $ SULRUL WKHUH LV

QR UHDVRQ WR DVVXPH WKDW WKHUH FDQQRW EH DQ LQWHUDFWLRQ ZLWK PRUH WKDQ RQH PRGH� 'XH WR WKH

VPDOO UHIUDFWLYH LQGH[ GLIIHUHQFHV SURGXFHG E\ ZDYHJXLGH IDEULFDWLRQ WHFKQLTXHV LQ WKHVH

PDWHULDOV� WKH KDUPRQLF JXLGHG PRGHV FDQ EH YHU\ FORVHO\ VSDFHG LQ ZDYHYHFWRU� FDQ EH

VLPXOWDQHRXVO\ JHQHUDWHG� DQG DV ZH ZLOO VHH� WKH QRQOLQHDU SKDVH VKLIW LQGXFHG E\ RQH

KDUPRQLF FDQ DIIHFW WKH SKDVH�PDWFKLQJ FRQGLWLRQ IRU DQRWKHU KDUPRQLF PRGH� 7KH RYHUODS

LQWHJUDO DQG WKH ZDYHYHFWRU PLVPDWFK� GHILQHG QH[W� ZLOO GHWHUPLQH ZKLFK PRGHV LQWHUDFW�
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$VVXPLQJ .OHLQPDQ©V V\PPHWU\ DQG EDVHG RQ WKH GLVFXVVLRQ RI G SUHVHQWHG LQ FKDSWHU WZR�HII

WKH FRXSOHG PRGH HTXDWLRQV GHVFULELQJ WKH HYROXWLRQ RI WKH IXQGDPHQWDO DQG 6+ ILHOGV DUH

ZKHUH . LV WKH RYHUODS LQWHJUDO GHILQHG DV���
P1Q1PQ

7KH RYHUODS LQWHJUDO TXDQWLILHV WKH SRVVLEOH LQWHUDFWLRQ VWUHQJWKV EHWZHHQ WKH 6+ DQG

IXQGDPHQWDO PRGHV DQG LV FUXFLDO WR REWDLQLQJ JRRG FRQYHUVLRQ HIILFLHQFLHV� 7KLV LQWHJUDO

PHDQV WKDW WKH IXQGDPHQWDO DQG 6+ ILHOGV PXVW VKDUH WKH VDPH SK\VLFDO VSDFH LQ RUGHU IRU

HIILFLHQW 6+* WR RFFXU� $ VLPLODU RYHUODS LQWHJUDO FDQ EH IRUPXODWHG IRU SODQDU ZDYHJXLGH

PRGHV LQWHJUDWLQJ RYHU RQO\ RQH VSDWLDO YDULDEOH� OHDYLQJ WKH FRXSOHG PRGH HTXDWLRQV �����

IXQFWLRQDOO\ LGHQWLFDO IRU VODE DQG FKDQQHO ZDYHJXLGHV� :LWKRXW ORVV RI JHQHUDOLW\ ZH FDQ

FRQWUDFW WKH LQGH[HV ^P�P1` LQWR RQH� DQG GHILQH D JHQHUDOL]HG QRQOLQHDU FRXSOLQJ VWUHQJWK

� DVPQ
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DQG� LI DQ RSWLFDO ILHOG RI WKH IRUP D�]� $�]�H LV DVVXPHG� ZH UHFRYHU WKH GHILQLWLRQ RI WKHL�]

ZDYHYHFWRU PLVPDWFK ������� H[FHSW WKDW KHUH ZH FRQVLGHU HIIHFWLYH LQGLFHV

2QFH DJDLQ� WKH ZDYHYHFWRU PLVPDWFK DSSHDUV DV D FRQVHTXHQFH RI D PDWKHPDWLFDO

VLPSOLILFDWLRQ� DOWKRXJK LW FOHDUO\ KDV D IXQGDPHQWDO SK\VLFDO PHDQLQJ� ,Q ZDYHJXLGH 6+*� LW

JRYHUQV WKH HYROXWLRQ RI WKH ILHOGV DORQJ WKH SURSDJDWLRQ FRRUGLQDWH EXW LW GRHV QRW HQWLUHO\

GHILQH SKDVH PDWFKLQJ LQ PXOWLPRGH ZDYHJXLGHV� HYHQ LQ WKH FDVH RI XQLIRUP ZDYHYHFWRU

PLVPDWFK� $V ZH ZLOO VHH� WKH QRQOLQHDU SKDVH VKLIW LQGXFHG E\ QHLJKERULQJ PRGHV WKURXJK

FDVFDGLQJ HIIHFW WKH SKDVH�PDWFKLQJ FRQGLWLRQ DQG HIILFLHQW 6+* FRQYHUVLRQ� :LWK WKHVH

GHILQLWLRQV ZH FDQ WKHQ UHZULWH WKH ZDYHJXLGH FRXSOHG PRGH HTXDWLRQV ����� DV

7KHVH HTXDWLRQV UHSUHVHQW D ILQLWH VHW RI FRXSOHG PRGH HTXDWLRQV� 7KH\ GHVFULEH WKH

6+* HYROXWLRQ LQ DQ\ VWUXFWXUH WKDW VXVWDLQV PRGHV� QDPHO\ SODQDU RU FKDQQHO ZDYHJXLGHV�

,W WHOOV XV WKDW� LQ SULQFLSOH� HDFK IXQGDPHQWDO ILHOG LQWHUDFWV ZLWK DOO WKH 6+ ILHOGV DQG YLFH
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YHUVD� 7KH RYHUODS LQWHJUDO HOLPLQDWHV VRPH RI WKH SRVVLEOH LQWHUDFWLRQV� EXW QRWKLQJ FDQ EH

HOLPLQDWHG D SULRUL IURP ZDYHYHFWRU PLVPDWFK FRQVLGHUDWLRQV�

7KH H[WHQW WR ZKLFK WKH VXPPDWLRQ HIIHFWLYHO\ DIIHFWV WKH HYROXWLRQ RI WKH ILHOGV

FDQQRW EH DQDO\WLFDOO\ SUHGLFWHG DQG D QXPHULFDO DQDO\VLV QHHGV WR EH GRQH IRU HDFK SDUWLFXODU

FDVH� )XUWKHUPRUH� ZH ZLOO ILQG WKDW D IXQGDPHQWDO RU 6+ PRGH� DVVXPHG RUWKRJRQDO WR HYHU\

RWKHU IXQGDPHQWDO RU 6+ PRGH� UHVSHFWLYHO\� FDQ ¦WDON§ WR DQ RUWKRJRQDO PRGH WKURXJK WKH

QRQOLQHDU LQWHUDFWLRQ�

��� 1XPHULFDO 6LPXODWLRQV LQ WKH 0XOWLPRGH 'RPDLQ

6ROYLQJ WKH FRXSOHG PRGH HTXDWLRQV ����� FDQ EH D KDUG WDVN� ,QVWHDG RI ILQGLQJ D

JHQHUDO VROXWLRQ� LW LV EHWWHU WR VLPSOLI\ WKH SUREOHP ILUVW WR D IHZ LQWHUDFWLRQV DQG XQGHUVWDQG

WKH EDVLFV RI WKH PXOWLPRGH LQWHUDFWLRQ� )RU VLPSOLFLW\� ILUVW DVVXPH WKDW IRU D JLYHQ JHRPHWU\

DQG ZDYHOHQJWK WKH ZDYHJXLGH VXSSRUWV RQO\ RQH IXQGDPHQWDO PRGH� :KHQ WKLV IXQGDPHQWDO

JXLGHG PRGH LQWHUDFWV ZLWK WZR RU PRUH KDUPRQLF PRGHV� WKH QRQOLQHDU SKDVH VKLIW LQGXFHG

E\ RQH KDUPRQLF FDQ DIIHFW WKH SKDVH�PDWFKLQJ FRQGLWLRQ IRU WKH RWKHU KDUPRQLF PRGH

GHWXQHG IURP LW E\ PDQ\ 6+* EDQGZLGWKV� 7KDW LV� SRZHU H[FKDQJH EHWZHHQ RQH RI WKHVH 6+

PRGHV DQG WKH IXQGDPHQWDO FDQ OHDG WR D QRQOLQHDU SKDVH VKLIW IRU RWKHU 6+ PRGHV�

%HJLQQLQJ ZLWK WKH LQWHUDFWLRQ RI RQH IXQGDPHQWDO PRGH ZLWK WZR VHFRQG KDUPRQLF

PRGHV� WKHLU LQWHUDFWLRQ LV PRGHOHG XVLQJ D VLPSOLILHG YHUVLRQ RI HTXDWLRQ ������ 7KHVH

HTXDWLRQV DUH�



G$
7

G]

 L�

�
$

�7��
$
�

7H
L�N

�
]
� L�

�
$

�7��
$
�

7H
L�N

�
]

G$
�7��

G]

 L�

�
$
7
$
7
H
	L�N

�
]

G$
�7��

G]

 L�

�
$
7
$
7
H
	L�N

�
]

��

������

ZKHUH WKH FRPSOH[ DPSOLWXGHV RI WKH LQWHUDFWLQJ ZDYHV DUH $ IRU WKH IXQGDPHQWDO DQG $7 �7�L

�L ���� IRU WKH KDUPRQLFV� 7KLV UHTXLUHG LQWURGXFLQJ WZR PRUH YDULDEOHV WKDQ DUH IRXQG LQ WKH

XVXDO 6+* SUREOHP WKDW LQYROYHV D VLQJOH VHFRQG KDUPRQLF� QDPHO\ DQ HIIHFWLYH QRQOLQHDU

FRHIILFLHQW � GHVFULELQJ WKH �VWUHQJWK� RI WKH LQWHUDFWLRQ RI WKH VHFRQG PRGH ZLWK WKH�

IXQGDPHQWDO� �� LV IRU WKH ILUVW PRGH�� DQG �N�� WKH ZDYHYHFWRU GHWXQLQJ IRU WKH VHFRQG ORZ�

SRZHU KDUPRQLF� 1RWLFH WKH FKDQJH RI YDULDEOH IURP �� WR N � ,Q IDFW GHWDLOHG DQDO\VLV RI WKH66 66

HTXDWLRQV VKRZV WKDW WKH GLIIHUHQFH EHWZHHQ WKH GHWXQLQJV� �. /  �N / � �N /� DORQJ ZLWKR � �

�N / �RU �N /�� DUH WKH UHOHYDQW GHWXQLQJ SDUDPHWHUV� $V ZLOO EH GLVFXVVHG ODWHU� WKH WZR 6+� �

DUH HLJHQPRGHV RI WKH ZDYHJXLGH� ZKLFK E\ GHILQLWLRQ DUH RUWKRJRQDO� DQG IRU ODUJH GHSOHWLRQ

WKH\ FDQ RQO\ LQWHUDFW ZLWK HDFK RWKHU YLD WKH IXQGDPHQWDO PRGH�

7KLV VHW RI HTXDWLRQV ZDV HYDOXDWHG QXPHULFDOO\ LQ WKH QRQVHHGHG VLWXDWLRQ� YDU\LQJ

WKH LQSXW IXQGDPHQWDO LQWHQVLW\ �,  
$ �] ��
 �� WKH UDWLR RI WKH LQWHUDFWLRQ VWUHQJWKV �� �� ��R 7 � �
�

DQG WKH GHWXQLQJ EHWZHHQ WKH KDUPRQLF PRGHV� �. /� ,Q WKLV FDOFXODWLRQ� FRKHUHQW�

LQWHUDFWLRQV EHWZHHQ WKH 6+ PRGHV DUH LJQRUHG�

&DOFXODWLRQV EDVHG RQ H[SHULPHQWDO SDUDPHWHUV DUH VKRZQ LQ )LJXUH ���� 6SHFLILFDOO\�

D 430� 3( �SURWRQ H[FKDQJH�� /L1E2 FKDQQHO ZDYHJXLGH ZDV DVVXPHG� � �P ZLGH DQG ��
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�P GHHS� ,W VXSSRUWV RQO\ WKH 70 IXQGDPHQWDO PRGH DURXQG ��� �P� ,W ZDV GHVLJQHG WR��

RSWLPL]H WKH RYHUODS EHWZHHQ WKH IXQGDPHQWDO DQG WKH 70 6+ ILHOG XVLQJ WKH ILUVW RUGHU RI��

WKH JUDWLQJ� 7KLV DOVR UHVXOWHG LQ D VPDOO HIIHFWLYH LQGH[ GLIIHUHQFH EHWZHHQ WKH 70 DQG 70�� ��

PRGHV� ZLWK D ODUJHU RYHUODS LQWHJUDO IRU WKH 6+* RI 70 ��7� WKDQ IRU 70 ��7�� $�� ��

UHDVRQDEOH DSSUR[LPDWLRQ IRU RXU ZDYHJXLGH LV �. / � �% DQG � /  � DQG � /  ���� EDVHGR � �

RQ D FDOFXODWHG HIIHFWLYH LQGH[ GLIIHUHQFH RI ������ DQG RQ RYHUODS LQWHJUDOV ZLWK WULDQJXODU

GRPDLQ LQYHUVLRQ UHJLRQV >��@�

$ VHULHV RI 6+* GHWXQLQJ FXUYHV LV VKRZQ LQ WKH OHIW VLGH RI )LJXUH ��� IRU GLIIHUHQW

LQSXW IXQGDPHQWDO SRZHUV� ,Q )LJXUH ����D�� WKH 6+* RXWSXW LV HVVHQWLDOO\ D OLQHDU

VXSHUSRVLWLRQ RI WKH UHVSRQVH FXUYHV IRU WKH WZR VHFRQG KDUPRQLF PRGHV DFWLQJ

LQGHSHQGHQWO\� $V WKH QRUPDOL]HG LQSXW SRZHU LV LQFUHDVHG� WKH UHVSRQVH EHFRPHV PXFK PRUH

FRPSOLFDWHG� 7KHUH LV QR VLQJOH ZHOO�GHILQHG SHDN IRU ]HUR GHWXQLQJ RI WKH 70 PRGH DQG��

WKH ODUJHVW FRQYHUVLRQ HIILFLHQF\ VKLIWV WR D QRQ�]HUR GHWXQLQJ� ,Q IDFW� LI WKH IXQGDPHQWDO

ZDYHOHQJWK LV IL[HG� LQFUHDVLQJ WKH LQSXW SRZHU ZRXOG OHDG WR RVFLOODWLRQV LQ WKH VHFRQG

KDUPRQLF� 7KLV LPSOLHV WKDW RSWLPL]LQJ WKH SHDN FRQYHUVLRQ HIILFLHQF\ UHTXLUHV SRZHU�

GHSHQGHQW UHWXQLQJ RI WKH LQSXW ODVHU ZDYHOHQJWK�
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)LJXUH ��� �D�F�H� 6+* GHWXQLQJ FXUYH DQG �E�G�I� WRWDO QRQOLQHDU SKDVH VKLIW IRU GLIIHUHQW

LQSXW SRZHUV� �D�E� ,  ����� �F�G� ,  ���� DQG �H�I� ,  ����� ,Q DOO FDVHV � / �� � / �� DQGR R R � �

�. /  �%� 7KH DUURZV VKRZ SKDVHPDWFKLQJ SRVLWLRQ IRU HDFK LQGHSHQGHQW PRGH LQWHUDFWLRQ�R
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7KH WRWDO QRQOLQHDU SKDVH VKLIW LPSDUWHG RQWR WKH IXQGDPHQWDO LV VKRZQ RQ WKH ULJKW

VLGH RI )LJXUH ���� 7KH VKLIW LQ WKH ]HUR QRQOLQHDU SKDVH VKLIW SRLQW FOHDUO\ PRYHV WRZDUG

SRVLWLYH GHWXQLQJ� )XUWKHUPRUH� QRWH WKDW IRU ODUJH LQSXW SRZHUV� )LJXUH ����I�� ]HUR QHW

QRQOLQHDU SKDVH�VKLIW RFFXUV IRU PXOWLSOH GHWXQLQJV LPSO\LQJ D VHULHV RI SHDNV LQ WKH

FRQYHUVLRQ HIILFLHQF\ FRUUHVSRQGLQJ WR GLIIHUHQW ZDYHOHQJWKV�

7KLV EHKDYLRU FDQ EH XQGHUVWRRG LQ WHUPV RI WKH FDVFDGHG QRQOLQHDULW\ ZKLFK SURGXFHV

QRQOLQHDU SKDVH VKLIWV LQ WKH IXQGDPHQWDO GXH WR WKH GLIIHUHQW KDUPRQLFV� 0D[LPXP 6+*

RFFXUV IRU D KDUPRQLF EHDP ZKHQ WKH SKRWRQV UHWXUQLQJ IURP WKH KDUPRQLF YLD

GRZQ�FRQYHUVLRQ EDFN WR WKH IXQGDPHQWDO DUH % RXW RI SKDVH ZLWK WKH IXQGDPHQWDO� 7KLV

HQVXUHV PD[LPXP GHSOHWLRQ RI WKH IXQGDPHQWDO� +RZHYHU� ZKHQ DQRWKHU VHFRQG KDUPRQLF

PRGH LQWHUDFWV ZLWK WKH VDPH IXQGDPHQWDO� LW SURGXFHV D FDVFDGHG QRQOLQHDU SKDVH VKLIW RQ

WKH IXQGDPHQWDO� IRU H[DPSOH �1 � $V D UHVXOW WKH SKDVH�PDWFK GRZQ�VKLIWHG SKRWRQV DUH��1/

QRZ RXW RI WKH %�SKDVH VKLIW FRQGLWLRQ ZLWK WKH IXQGDPHQWDO�

7KH LQGLYLGXDO QRQOLQHDU SKDVH VKLIWV LPSRVHG RQWR WKH IXQGDPHQWDO� LJQRULQJ WKH

SUHVHQFH RI WKH QHLJKERULQJ PRGH� DUH VKRZQ LQ )LJXUH ���� )RU ORZ FRQYHUVLRQ HIILFLHQFLHV�

WKH QRQOLQHDU SKDVH VKLIW GXH WR D VHFRQG PRGH LV QHJOLJLEOH� DV VHHQ LQ )LJXUH ���D� ,Q WKH KLJK

FRQYHUVLRQ SLFWXUH� WKH SKDVH VKLIW LPSRVHG E\ WKH LQWHUDFWLRQ ZLWK QHLJKERULQJ PRGHV LV QR

ORQJHU VPDOO DQG LPSRVHV D VL]DEOH SKDVH VKLIW �1 �)LJXUH ����E��� %\ GHWXQLQJ IURP WKH��1/

ORZ�SRZHU ZDYHYHFWRU PDWFKLQJ FRQGLWLRQ� UHSUHVHQWHG E\ WKH DUURZV LQ )LJXUH ����

PD[LPXP FRQYHUVLRQ RI WKH KDUPRQLF FDQ DJDLQ EH REWDLQHG� $V D UHVXOW� WKH ZDYHOHQJWK IRU

PD[LPXP FRQYHUVLRQ FKDQJHV� $FWXDOO\� WKH LQWHUDFWLRQ IRUFHV WKH SKDVHPDWFKHG SRVLWLRQV
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)LJXUH ��� �D�E� 6+* GHWXQLQJ FXUYH DQG �F�G� QRQOLQHDU SKDVH VKLIW IRU WZR LQGHSHQGHQW

PRGH LQWHUDFWLRQV� /RZ SRZHU LQWHUDFWLRQ DUH VKRZQ RQ WKH OHIW KDQG VLGH� DQG KLJK SRZHU

LQWHUDFWLRQ DUH VKRZQ RQ WKH ULJKW KDQG VLGH� 1RWLFH WKH QRQ]HUR SKDVH VKLIW IURP RQH

LQWHUDFWLRQ LQ WKH SKDVHPDWFKLQJ FRQGLWLRQ IRU WKH RWKHU�

WR JHW FORVHU WR HDFK RWKHU� DV SLFWXUHG LQ )LJXUH ����G�� 7KLV EDVLF H[SODQDWLRQ FDQ EH

H[WHQGHG WR PRUH FRPSOLFDWHG LQWHUDFWLRQV�

8VLQJ WKH SUHYLRXV GLVFXVVLRQ� ZH FDQ UHGHILQH WKH SKDVHPDWFKLQJ FRQGLWLRQ IRU

ZDYHJXLGH 6+* DV WKH SRVLWLRQ IRU PD[LPXP FRQYHUVLRQ� LQ WHUPV RI WKH QRQOLQHDU SKDVH VKLIW
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LPSRVHG E\ DGGLWLRQDO LQWHUDFWLRQV� &RQVLGHU WKH ZDYHYHFWRU PLVPDWFK IRU D SDUWLFXODU

LQWHUDFWLRQ EHWZHHQ D IXQGDPHQWDO DQG D VHFRQG KDUPRQLF PRGH JLYHQ E\ �N /� ,QFOXGLQJ WKHR

QRQOLQHDU SKDVH VKLIW LPSRVHG E\ QHLJKERULQJ PRGHV� WKH QRQOLQHDU SKDVH VKLIW RI WKH SKRWRQV

FRPLQJ EDFN IURP WKH VHFRQG KDUPRQLF LV

0D[LPXP FRQYHUVLRQ� L�H�� SKDVHPDWFKLQJ� LV REWDLQHG ZKHQ WKH SKRWRQV FRPLQJ EDFN LQWR

WKH IXQGDPHQWDO DUH % RXW RI SKDVH ZLWK WKH IXQGDPHQWDO� 7KHUHIRUH WKH FRQGLWLRQ IRU SKDVH

PDWFKLQJ LV QR ORQJHU ZKHQ �N  �� EXW LV QRZ JLYHQ E\R

7KH QRQOLQHDU SKDVH VKLIW LPSRVHG E\ QHLJKERULQJ PRGHV LV LQWHQVLW\ GHSHQGHQW�

7KHUHIRUH WKH SRVLWLRQ IRU SKDVHPDWFKLQJ LV DOVR LQWHQVLW\ GHSHQGHQW� )RU ODUJH FRQYHUVLRQ

HIILFLHQFLHV DQG FORVHO\ VSDFHG PRGHV� H[SHULPHQWDOO\ DQG WKHRUHWLFDOO\ LW KDV EHHQ IRXQG WKDW

WKH VHFRQG KDUPRQLF JHQHUDWLRQ SURFHVV FDQ EH VHYHUHO\ GLVWRUWHG E\ WKHVH QRQOLQHDU SKDVH

FKDQJHV >��@� $ GLUHFW FRQVHTXHQFH RI WKLV LQWHQVLW\ GHSHQGHQW PRGH FRPSHWLWLRQ LV WKDW WKH

FRQGLWLRQV IRU SKDVH PDWFKLQJ DUH GLIIHUHQW LQ WKH ORZ DQG KLJK GHSOHWLRQ UHJLPHV� 1RUPDOO\

D ZDYHJXLGH GHYLFH LV DOLJQHG DW ORZ SRZHU WR DYRLG SRVVLEOH GDPDJH� WKHUHIRUH LW LV

RSWLPL]HG LQ WKH ORZ GHSOHWLRQ UHJLPH� :KHQ VXEVHTXHQWO\ WKH SRZHU LV LQFUHDVHG WR REWDLQ

HIILFLHQW 6+*� WKH GLVSODFHPHQW RI WKH SKDVHPDWFKLQJ FRQGLWLRQ PD\ OHDG WR 6+* JURZWK
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GLIIHUHQW IURP WKH ¨W\SLFDO© 6+* EHKDYLRU� 7R DFKLHYH WKH PRVW HIILFLHQW 6+*� D VPDOO

DGMXVWPHQW LQ VRPH RI WKH WXQLQJ SDUDPHWHUV �ZDYHOHQJWK� WHPSHUDWXUH� ���� LV UHTXLUHG�

��� ([SHULPHQWDO 6HWXS

7KH VDPH EDVLF H[SHULPHQWDO VHWXS ZDV XVHG IRU DOO RI WKH H[SHULPHQWV SHUIRUPHG DV

SDUW RI WKLV WKHVLV ZRUN� 7KH ODVHU VRXUFH XVHG ZDV D 1D&O�2+ �) �2 � FRORU FHQWHU ODVHU� �� ��

�%XUOHLJK )&����� V\QFKURQRXVO\ SXPSHG E\ D 1G�<$* ODVHU �&RKHUHQW $QWDUHV�� %\

YDU\LQJ WKH FDYLW\ OHQJWK� WKLV ODVHU RSHUDWHV HLWKHU LQ D PRGH�ORFN FRQILJXUDWLRQ� SURGXFLQJ

� WR � SLFRVHFRQG SXOVHV DW �� 0+= �DVVXPLQJ D VHFK SXOVH VKDSH� WXQDEOH IURP ���� WR�

���� QP� RU E\ GHVWUR\LQJ WKH PRGH�ORFN FRQGLWLRQV LQ D 4XDVL�&: �4&:� FRQILJXUDWLRQ

WXQDEOH RYHU WKH VDPH UDQJH� %RWK WKH ODVHU DQG WKH FRPSRQHQWV GHVFULEHG EHORZ� ZHUH

PRXQWHG RQ WKH VDPH SQHXPDWLFDOO\ LVRODWHG RSWLFDO WDEOH WR DVVXUH VWDEOH SHUIRUPDQFH� 7KH

FRORU FHQWHU �&&/� SHUIRUPDQFH ZDV PRQLWRUHG LQ UHDO WLPH XVLQJ D VFDQQLQJ )DEU\�3HURW

HWDORQ �%XUOHLJK 7/ VHULHV��

,Q WKH SXOVHG UHJLPH� WKH SXOVH GXUDWLRQ ZDV PRQLWRUHG ZLWK D 6+* DXWRFRUUHODWRU

�)HPWRFKURPH )5������ $ � PHWHU FRPSXWHU FRQWUROOHG VSHFWURPHWHU ZDV XVHG �,QVWUXPHQW

6\VWHP� 63(&752 ���� DV D ZDYHPHWHU DQG WR DVVXUH FRUUHFW RSHUDWLRQ RI WKH ODVHU� 7R

SUHYHQW IHHGEDFN LQWR WKH &&/ DQG WR HOLPLQDWH WKH UHVLGXDO SXPS IURP WKH 1G�<$* ODVHU�

D FRPELQDWLRQ RI D )DUDGD\ LVRODWRU DQG D KLJK SDVV ILOWHU �/3 ����� ZHUH XVHG DW WKH RXWSXW

RI WKH FRORU FHQWHU ODVHU� $ FRPELQDWLRQ RI D KDOI�ZDYH SODWH DW ���� QP DQG D SRODUL]LQJ FXEH

EHDP VSOLWWHU �3%6� ZDV XVHG ERWK WR VHOHFW WKH GHVLUHG SRODUL]DWLRQ DQG DV D YDULDEOH EHDP

VSOLWWHU�
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VDPSOH

1G�<$* ODVHU �� 0+] UHSHWLWLRQ
1D&O�2+ �

FRORU FHQWHU ODVHU ��� QP
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WR DXWRFRUUHODWRU DQG

)DEU\�3HURW HWDORQ

6+*

VSHFWURPHWHU

ILOWHU

��

)LJXUH ��� ([SHULPHQWDO VHWXS XVHG WR FKDUDFWHUL]H 3 ZDYHJXLGHV����

7KH OLJKW ZDV FRXSOHG LQWR DQG RXW RI WKH ZDYHJXLGHV E\ HQG ILUH FRXSOLQJ� 7KH

FRXSOLQJ VHWXS XVHG FRQVLVWHG RI D SDLU RI VROLG PLFURSRVLWLRQHUV ZLWK WKUHH GHJUHHV RI

IUHHGRP� WR DFFRPPRGDWH DW WKH LQSXW D ��; PLFURVFRSH REMHFWLYH ZLWK LQGLYLGXDO VXUIDFHV

$5 FRDWHG DW ���� QP� DQG DW WKH RXWSXW DQ DVSKHULF ��; PLFURVFRSH OHQV �1HZSRUW )/�

��%�� 7KH FRPELQDWLRQ RI WKHVH OHQVHV KDG D WKURXJKSXW RI ��� DW WKH IXQGDPHQWDO

ZDYHOHQJWKV DQG ��� DW WKH VHFRQG KDUPRQLF ZDYHOHQJWKV� 7KH VDPSOHV ZHUH SODFHG RQ D

SLH]RHOHFWULF FRQWUROOHG ILEHU SRVLWLRQHU �3K\VLF ,QVWUXPHQW )����� ZLWK � GHJUHHV RI IUHHGRP�



��

WKUHH RI ZKLFK FDQ EH SLH]RHOHFWULF FRQWUROOHG DW D WLPH ZLWK D �� QP SUHFLVLRQ� 7KH

IXQGDPHQWDO SRZHU ZDV PRQLWRUHG ZLWK D WKHUPDO GHWHFWRU �&RKHUHQW ���� RU D SRLQW

FDOLEUDWHG JHUPDQLXP GHWHFWRU �8'7 ��� ZLWK LQWHJUDWLRQ VSKHUH�� 7KH VHFRQG KDUPRQLF

SRZHU ZDV PRQLWRUHG ZLWK VLOLFRQ GHWHFWRUV �6LOLFRQ GHWHFWRU &RKHUHQW ��� IRU VPDOO VLJQDO

UHDGLQJV RU D FDOLEUDWHG &RKHUHQW )LHOG 0DVWHU VLOLFRQ KHDG��

7KH VHFRQG KDUPRQLF RXWSXW FROOHFWHG DW WKH HQG RI WKH ZDYHJXLGHV DV D IXQFWLRQ RI

ZDYHOHQJWK� RU GHWXQLQJ FXUYH� FRQVWLWXWHV WKH EDVLF WRRO XVHG WR VWXG\ WKH HYROXWLRQ RI WKH

6+*� 7KHVH VFDQV DUH GRQH XVLQJ ORFN�LQ GHWHFWLRQ ZLWK WKH VPDOO VLJQDO VLOLFRQ GHWHFWRU� ZLWK

DSSURSULDWH ILOWHUV WR EORFN KLJKHU RUGHU KDUPRQLFV JHQHUDWHG LQ WKH ZDYHJXLGH >��@� 7KH

ZDYHOHQJWK ZDV HYDOXDWHG ZLWK D FRPSXWHU FRQWUROOHG VSHFWUXP DQDO\]HU ZLWK ��� QP

DFFXUDF\� DQG D UHVROXWLRQ RI ���� QP� (YHU\WKLQJ ZDV FRQWUROOHG XVLQJ VWDQGDUG *3,%

SURWRFROV DQG VWRUHG LQ D 3& FRPSXWHU� 7R HYDOXDWH WKH PRGH SURILOH DW WKH RXWSXW RI WKH

ZDYHJXLGHV� WKH QHDU ILHOG RI WKH HQG IDFHW RI WKH ZDYHJXLGH ZDV LPDJHG LQWR D FDPHUD

�+DPDPDWVX� H[WHQGHG JHUPDQLXP *H�3E6 YLGLFRQ�� 7KH LPDJHV FDSWXUHG ZHUH VWRUHG LQ D

FRPSXWHU XVLQJ D IUDPH JUDEEHU �,PDJH 7UDQVODWLRQ�� *DPPD FRUUHFWLRQ ZDV WDNHQ LQWR

DFFRXQW WR FRUUHFW IRU JHRPHWULFDO GLVWRUWLRQ�

��� ([SHULPHQWDO 0HDVXUHPHQWV

([SHULPHQWV WR FRQILUP WKH LQWHQVLW\ GHSHQGHQW PXOWLPRGH FRPSHWLWLRQ KDYH EHHQ

SHUIRUPHG LQ D 430�3( /L1E2 FKDQQHO ZDYHJXLGH PDGH XVLQJ VWDQGDUG SURWRQ H[FKDQJH�

WHFKQLTXHV >��@� VXSSOLHG E\ WKH 8QLYHUVLW\ RI 1LFH� )UDQFH� 7KLV ZDYHJXLGH LV � FP ORQJ� ,W



��

KDV �� JURXSV RI � ZDYHJXLGHV HDFK� � RI ZKLFK KDYH D �� �P GRPDLQ UHYHUVDO SHULRG VXLWDEOH

IRU SKDVH�PDWFKLQJ DURXQG ���� QP� 7KH ZDYHJXLGHV XVHG KDG DQ HIIHFWLYH GHSWK RI � �P

DQG FKDQQHO ZLGWKV YDU\LQJ IURP � WR � �P� 7KH\ ZHUH GHVLJQHG WR RSWLPL]H WKH RYHUODS

EHWZHHQ WKH 70 IXQGDPHQWDO PRGH DQG WKH 70 6+ PRGH ILHOGV DURXQG ���� QP� /LQHDU�� ��

ORVVHV DW ���� QP DUH ���� G%�FP DQG DW ��� QP OHVV WKDQ ��� G%�FP� 7KH WRWDO WKURXJKSXW�

LQFOXGLQJ FRXSOLQJ HIILFLHQF\� ZDV W\SLFDOO\ DURXQG ����� &DOFXODWLRQV XVLQJ PDWHULDO

SDUDPHWHUV �*9' DQG UHIUDFWLYH LQGLFHV� DQG WKH SXOVH ZLGWK IURP WKH ODVHU JDYH D WHPSRUDO

ZDON�RII OHQJWK� / � RI ��� FP� 7KHUHIRUH WKH ORQJ SXOVH DSSUR[LPDWLRQ� DV GLVFXVVHGZ

SUHYLRXVO\� FDQ EH XVHG�

7KH FKDQJH LQ UHIUDFWLYH LQGH[ GXH WR WKH SURWRQ H[FKDQJH WHFKQLTXH LQFUHDVHV WKH

H[WUDRUGLQDU\ UHIUDFWLYH LQGH[� DQG GHFUHDVHV WKH RUGLQDU\ UHIUDFWLYH LQGH[� 7KHUHIRUH RQO\ 70

PRGHV FDQ EH JXLGHG E\ WKHVH ZDYHJXLGHV� 1RUPDOO\ WLWDQLXP LQ�GLIIXVLRQ LV WKH WHFKQLTXH

XVHG WR FUHDWH WKH ZDYHJXLGHV LQ IHUURHOHFWULF PDWHULDOV� DOORZLQJ ERWK 7( DQG 70 PRGHV WR

SURSDJDWH� 7KLV FDQ IXUWKHU FRPSOLFDWH WKH VLWXDWLRQ� L�H� ZKHQ FURVV WDON EHWZHHQ

SRODUL]DWLRQV FDQ RFFXU�

:DYHOHQJWK VFDQV DURXQG WKH �70 �7�� 70 ��7�� 70 ��7�� LQWHUDFWLRQ DUH�� �� ��

VKRZQ LQ )LJXUH ��� IRU D � �P ZLGH FKDQQHO ZDYHJXLGH� 7KH JHQHUDWLRQ RI ERWK 6+ PRGHV

ZDV FRQILUPHG E\ REVHUYLQJ WKH VSDWLDO SRZHU GLVWULEXWLRQ DW WKH RXWSXW XQGHU GLIIHUHQW LQSXW

FRQGLWLRQV� DV VKRZQ LQ )LJXUH ���� 8VLQJ WKH FRORU FHQWHU ODVHU LQ LWV 4&: �TXDVL�&:�

FRQILJXUDWLRQ� DW ORZ FRQYHUVLRQ HIILFLHQFLHV �OHVV WKDQ ��� WKH ZDYHOHQJWK GHWXQLQJ FXUYHV

DUH VLPLODU WR WKH FDOFXODWHG RQHV �)LJXUH ����D���
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)LJXUH ��� :DYHOHQJWK VFDQV LQ D /L1E2 430 � �P ZLGWK ZDYHJXLGH DW GLIIHUHQW SHDN�

SRZHU LQ WKH YLFLQLW\ RI WKH 70 �7� � 70 ��7� � 70 ��7�� 6ROLG �GRWWHG� DUURZV WUDFN�� �� ��

WKH SRVLWLRQ RI WKH SHDN FRQYHUVLRQ WR WKH 70 ��7� �70 ��7�� PRGH��� ��



��

)LJXUH ��� �D� 70 ��7� DQG �E� 70 ��7� PRGH SURILOHV FRUUHVSRQGHQW WR )LJXUH ������ ��

1RWH WKDW IRU FRPSDUDEOH DYHUDJH SRZHUV LQ ERWK 4&: DQG PRGH�ORFNHG RSHUDWLRQ�

WKH GHWXQLQJ FXUYHV DUH YHU\ GLIIHUHQW� LQGLFDWLQJ WKDW WKHUPDO HIIHFWV DUH QRW UHVSRQVLEOH IRU

WKH REVHUYHG FKDQJHV� $V H[SHFWHG� LQFUHDVLQJ WKH SHDN LQSXW SRZHU LQFUHDVHV WKH 6+*

HIILFLHQF\� 7KH HIIHFWLYH FRQYHUVLRQ HIILFLHQFLHV DW WKH VROLG DUURZV IRU WKH FDVHV VKRZQ LQ

)LJXUH ��� DUH �ERWWRP WR WRS�� ������� ������ ������ ������ ���� ���� ���� DQG ����

UHVSHFWLYHO\� 7KH VROLG DQG GRWWHG DUURZV WUDFN WKH SRVLWLRQV RI WKH PD[LPXP FRQYHUVLRQ DQG

WKH FOHDUHVW PRGH SURILOHV DUH REVHUYHG IRU WKH 70 ��7� DQG 70 ��7� PRGHV �)LJXUH ������� ��

UHVSHFWLYHO\� $W ODUJH FRQYHUVLRQ HIILFLHQFLHV �PRUH WKDQ ���� 0/� WKH PD[LPD VKLIW SRVLWLRQ�

FRPH FORVHU WR HDFK RWKHU DQG FRPSHWH IRU WKH PD[LPXP 6+* HIILFLHQF\� 7KLV W\SH RI

EHKDYLRU LV TXLWH JHQHUDO DQG ZDV REVHUYHG IRU GLIIHUHQW ZDYHJXLGHV DW GLIIHUHQW ZDYHOHQJWKV�

LQGHSHQGHQW RI WKH FRXSOLQJ VWUHQJWK UDWLR � �� � 7KHVH UHVXOWV DUH DOO LQ TXDOLWDWLYH DJUHHPHQW� �

ZLWK WKH WKHRU\ DQG QXPHULFDO UHVXOWV GLVFXVVHG DERYH�
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)LJXUH ��� :DYHOHQJWK VFDQV LQ D /L1E2 430 � �P ZLGWK ZDYHJXLGH DW GLIIHUHQW SHDN�

SRZHU LQ WKH YLFLQLW\ RI WKH LQWHUDFWLRQ 70 �7� � 70 ��7� � 70 ��7� � 70 ��7�� 7KHVH�� �� �� ��

FXUYHV ZHUH QRUPDOL]HG WR WKH VROLG DUURZ SRLQWV LQ )LJXUH ���� 6ROLG �GRWWHG DQG GDVKHG�

DUURZV WUDFN WKH SRVLWLRQ RI WKH SHDN FRQYHUVLRQ WR WKH 70 ��7� �70 ��7� DQG 70 ��7���� �� ��

PRGH�



��

)LJXUH �����D� 70 ��7�� �E� 70 ��7�� DQG �F� 70 ��7� PRGH SURILOHV IRU )LJXUH ������ �� ��

,Q WKH VDPH � �P ZLGH FKDQQHO ZDYHJXLGH� WKH VHFRQG KDUPRQLF PRGHV DUH DOO FORVHO\

VSDFHG IRU WKH LQWHUDFWLRQ 70 �7� � 70 ��7� � 70 ��7� � 70 ��7�� 7KH REVHUYHG�� �� �� ��

VSDWLDO PRGH SURILOH GLVWULEXWLRQ RI WKH 6+* YHULILHG WKH SUHVHQFH RI DOO RI WKHVH PRGHV� 7KH

HYROXWLRQ RI WKH 6+* ZLWK LQFUHDVLQJ LQSXW SRZHU LV YHU\ FRPSOLFDWHG� DV VKRZQ LQ )LJXUH

���� 7KH FRUUHVSRQGLQJ PRGHV DUH VKRZQ LQ )LJXUH ����� 7KH EHKDYLRU VKRZQ LQ WKLV ILJXUH

LQGLFDWHV D FRPSOH[ 6+* HYROXWLRQ� ,W UHTXLUHV � FRXSOHG PRGH HTXDWLRQV LQ WKH WKHRUHWLFDO

DQDO\VLV� GHVFULELQJ � LQGHSHQGHQW VHFRQG KDUPRQLF PRGHV DQG RQH IXQGDPHQWDO PRGH� 7KLV

V\VWHP LV FRPSOLFDWHG� EXW FRXOG EH VROYHG IRU VSHFLILF FDVHV QXPHULFDOO\�

([SHULPHQWDOO\ WKHUH ZHUH HYHQ PRUH FRPSOH[ VLWXDWLRQV� ,Q WKH VDPH /L1E2 GHYLFH��

RQ WKH � �P ZLGH ZDYHJXLGH ZH HQFRXQWHUHG WKH LQWHUDFWLRQ EHWZHHQ 70 �7� � 70 �7��� ��

� 70 ��7� � 70 ��7� � 70 ��7� � 70 ��7� � 70 ��7�� 7KLV V\VWHP UHTXLUHV D VHW�� �� �� �� ��

RI �� FRXSOHG PRGH HTXDWLRQV WR EH VROYHG� 7KH ORZ GHSOHWLRQ GHWXQLQJ FXUYH ZLWK D ELQDU\

UHSUHVHQWDWLRQ RI WKH PRGHV LQYROYHG LV VKRZQ LQ )LJXUH ����� +HUH D VKLIW RI ��� QP LQ WKH

SRVLWLRQ RI PD[LPXP FRQYHUVLRQ HIILFLHQF\ ZDV REVHUYHG EHWZHHQ ORZ DQG KLJK SRZHUV� ,W

FRUUHVSRQGV WR WZLFH WKH ):+0 EDQGZLGWK RI WKH PRVW SURPLQHQW SHDN LQ WKH ILJXUH�
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)LJXUH ���� /RZ GHSOHWLRQ GHWXQLQJ 6+* FXUYH LQ WKH YLFLQLW\ RI WKH LQWHUDFWLRQ EHWZHHQ

70 DQG 70 IXQGDPHQWDO PRGHV DQG �D� 70 � �F� 70 � �H� 70 � �J� 70 � DQG �L� 70�� �� �� �� �� �� ��

VHFRQG KDUPRQLF PRGHV� 0RGHV LQ �E�� �G�� �I� DQG �K� UHSUHVHQW PL[HG PRGHV� 7KH LQVHW

VKRZ D ELQDU\ UHSUHVHQWDWLRQ RI WKH PRGH SURILOHV DW WKH SRVLWLRQ VKRZQ E\ WKH DUURZV�



��

,Q WKH ORZ GHSOHWLRQ UHJLPH WKH LQWHQVLW\ GHSHQGHQW PXOWLPRGH FRPSHWLWLRQ LV

QHJOLJLEOH� %XW DW KLJK GHSOHWLRQ� WKH HIIHFW RI QHLJKERULQJ PRGHV FDQ EH YHU\ FRPSOH[� 7KH

FRPSOH[LW\ LQFUHDVHV GUDPDWLFDOO\ ZLWK WKH LQFOXVLRQ RI RQO\ D IHZ PRGHV� 'XH WR WKH VPDOO

UHIUDFWLYH LQGH[ GLIIHUHQFHV SURGXFHG E\ WKLV ZDYHJXLGH IDEULFDWLRQ WHFKQLTXH� ZH PD\ ILQG

LQ JHQHUDO WKDW KDUPRQLF JXLGHG PRGHV FDQ EH YHU\ FORVHG VSDFHG LQ WKH ZDYHYHFWRU VSDFH�

1XPHULFDO VLPXODWLRQV DUH UHTXLUHG WR SUHGLFW WKH SHUIRUPDQFH DW KLJK GHSOHWLRQ�

$OWKRXJK WKH DQDO\VLV DQG WKH H[SHULPHQWDO REVHUYDWLRQ ZHUH GRQH IRU VHFRQG

KDUPRQLF JHQHUDWLRQ� LW FDQ EH JHQHUDOL]HG WR RWKHU VHFRQG RUGHU SURFHVVHV ZKHUHYHU FRKHUHQW

LQWHUDFWLRQV WDNH SODFH� $QG DV ZH ZLOO VHH QH[W� LQ VRPH FDVHV WKHVH SURFHVVHV DUH LQWHUPL[HG�

��� +LJKHU +DUPRQLF *HQHUDWLRQ

6HFRQG RUGHU SURFHVVHV DUH XVHG IRU PDQ\ DSSOLFDWLRQV RWKHU WKDQ 6+*� 2SWLFDO

SDUDPHWULF RVFLOODWLRQ ZDV REVHUYHG QRW ORQJHU DIWHU WKH ILUVW REVHUYDWLRQ RI 6+* >��@� DQG

ODWHU� GLIIHUHQFH IUHTXHQF\ JHQHUDWLRQ IRU DSSOLFDWLRQV LQ WKH PLG�LQIUDUHG >��@� )HUURHOHFWULF

430 GHYLFHV DUH XVHG GXH WR WKHLU IOH[LELOLW\ IRU DFKLHYLQJ 430 LQ HLWKHU EXON RU ZDYHJXLGH

JHRPHWULHV� $OO WKHVH GHYLFHV DUH RSWLPL]HG IRU D JLYHQ FRPELQDWLRQ RI WKH WKUHH�ZDYH

SDUDPHWULF LQWHUDFWLRQ LQYROYHG LQ VHFRQG RUGHU SURFHVVHV� <HW LQ WKHVH 430 GHYLFHV

DGGLWLRQDO SKDVHPDWFKLQJ SURFHVVHV DUH KDSSHQLQJ VLPXOWDQHRXVO\� 7KHVH RWKHU SURFHVVHV DUH

QRW HIILFLHQW� EXW WKH\ DUH SUHVHQW DQG VRPHWLPHV WKH\ GLVWXUE WKH H[SHFWHG SHUIRUPDQFH�



��

,Q WKH 430�3( /L1E2 VDPSOH VWXGLHG WR REVHUYH WKH PXOWLPRGH FRPSHWLWLRQ� VRPH�

RI WKHVH DGGLWLRQDO SURFHVVHV ZHUH REVHUYHG� 7KH GHYLFH ZDV GHVLJQHG WR RSWLPL]H WKH RYHUODS

EHWZHHQ WKH 70 IXQGDPHQWDO PRGH DQG WKH 70 6+ PRGH ILHOG DURXQG ��� �P� XVLQJ WKH�� ��

ILUVW RUGHU RI WKH 430 JUDWLQJ� +RZHYHU� DGGLWLRQDO VLPXOWDQHRXV SKDVHPDWFKLQJ SURFHVVHV

ZHUH REVHUYHG XVLQJ KLJKHU RUGHUV RI WKH JUDWLQJ >��@� 7KLV NLQG RI HIIHFW KDV EHHQ DOVR

UHSRUWHG LQ .73 VHJPHQWHG ZDYHJXLGHV >��@�

7KH REVHUYDWLRQV GLVFXVVHG QRZ ZHUH SHUIRUPHG XQGHU FRQGLWLRQV WKDW VKRZHG WKH

EHVW IRXUWK� KDUPRQLF FRQYHUVLRQ HIILFLHQF\� ,W ZDV DFKLHYHG LQ D � �P ZLGH ZDYHJXLGH LQ WKH

430�3( /L1E2 GHVFULEHG HDUOLHU� DW D IXQGDPHQWDO ZDYHOHQJWK RI ������ QP� ZLWK WKH FRORU�

FHQWHU ODVHU RSHUDWLQJ PRGH�ORFNHG� 7KH DYHUDJH RXWSXW LQ WKH IXQGDPHQWDO� VHFRQG� WKLUG DQG

IRXUWK KDUPRQLFV ZDV �� P:� �� P:� �� �: DQG �� �:� UHVSHFWLYHO\� IRU D ��� P:

DYHUDJH IXQGDPHQWDO SRZHU LQFLGHQW RQ WKH LQSXW FRXSOLQJ REMHFWLYH� L�H�� ZH ZHUH RSHUDWLQJ

ZHOO ZLWKLQ WKH KLJK GHSOHWLRQ UHJLPH� ,Q WKLV H[SHULPHQW� DOWKRXJK WKH SRZHU RI WKH WKLUG DQG

IRXUWK KDUPRQLFV ZDV PXFK ORZHU WKDQ WKH VHFRQG KDUPRQLF� WKH JXLGHG RXWSXW DSSHDUHG

GLVWLQFWO\ ZKLWH EHFDXVH RI WKH ORZ UHVSRQVH RI WKH H\H DW ����� QP� )LJXUH ���� VKRZV WKH

RXWSXW VSHFWUXP WDNHQ ZLWK WKH FRPSXWHU FRQWUROOHG VSHFWUXP DQDO\]HU� FOHDUO\ VKRZLQJ WKH

JHQHUDWHG KDUPRQLFV� $SSURSULDWH ILOWHUV ZHUH XVHG WR YHULI\ WKDW WKH PHDVXUHG VSHFWUDO OLQHV

ZHUH QRW GLIIUDFWLRQ RUGHUV RI WKH IXQGDPHQWDO� 6LQFH WKH WKLUG DQG IRXUWK�KDUPRQLFV DUH

GLUHFWO\ GHSHQGHQW RQ WKH VHFRQG KDUPRQLF SRZHU� WKHVH RFFXU DW VLPLODU SXPS ZDYHOHQJWKV

IRU WKH WKUHH LQWHUDFWLRQV� 7KH PD[LPXP RI WKH IRXUWK KDUPRQLF LV QRW REWDLQHG DW WKH

PD[LPXP RI WKH VHFRQG�KDUPRQLF JHQHUDWLRQ HIILFLHQF\ RZLQJ WR GLIIHUHQW RYHUODS EHWZHHQ

GLIIHUHQW PRGHV�
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)LJXUH ���� 6SHFWUDO VFDQ RI JHQHUDWHG KDUPRQLFV RI ������ QP FRORU FHQWHU ODVHU VRXUFH

LQ D � �P PDVN ZLGWK 430 3( /L1E2 FKDQQHO ZDYHJXLGH ZLWK �� �P GRPDLQ LQYHUVLRQ�

SHULRG�

8VLQJ WKH YLGLFRQ FDPHUD� WKH GLIIHUHQW PRGHV LQYROYHG LQ WKH LQWHUDFWLRQ ZHUH

LGHQWLILHG� 7KHVH PRGHV ZHUH 70 �7�� 70 ��7�� 70 ��7� DQG 70 ��7�� DQG 70 ��7���� �� �� �� ��

7KH SKDVHPDWFKLQJ ZDYHOHQJWKV IRU YDULRXV LQWHUDFWLRQV ZHUH REWDLQHG ZLWK WKH DLG RI D

QXPHULFDO VLPXODWLRQ XVHG WR FDOFXODWH WKH HIIHFWLYH LQGLFHV >��@� 7KLV LGHQWLILHV SKDVH�

PDWFKLQJ ZLWK GLIIHUHQW JUDWLQJ RUGHUV DV IROORZV� IRU WKH VHFRQG KDUPRQLF P  � IURP ������

QP WR ����� QP� IRU WKH WKLUG KDUPRQLF P  � WKURXJK GLIIHUHQFH IUHTXHQF\ JHQHUDWLRQ

EHWZHHQ ������ QP DQG ����� QP� DQG IRU WKH IRXUWK KDUPRQLF DV P  � IURP ����� QP WR



��

����� QP� (YHQ LQ WKH ORZ GHSOHWLRQ UHJLPH� ZKHUH MXVW D IUDFWLRQ RI D SHUFHQWDJH RI WKH OLJKW

LV FRQYHUWHG WR WKH 6+� VRPH WUDFHV RI JUHHQ OLJKW ZHUH REVHUYHG ZLWK WKH QDNHG H\H LQ DOO WKH

ZDYHJXLGHV LQ WKLV GHYLFH� 7KH JHQHUDWLRQ RI JUHHQ OLJKW ZDV SRVVLEOH WR VHH EHFDXVH RI WKH

DGYDQWDJHRXV UHVSRQVH RI WKH H\H DW ZDYHOHQJWKV DURXQG ��� QP� EXW QRW ODUJH HQRXJK WR EH

PHDVXUHG XVLQJ VRPH UHFRUGLQJ GHYLFH�

'XULQJ WKH HYROXWLRQ RI WKH ZRUN UHSRUWHG KHUH� VRPH RWKHU GHYLFHV ZHUH WHVWHG XVLQJ

WKH VDPH H[SHULPHQWDO VHWXS� ,Q DOO WKH 430 ZDYHJXLGHV WHVWHG� VRPH WUDFHV RI VXP

IUHTXHQF\ JHQHUDWLRQ ZDV REVHUYHG� ERWK LQ LQRUJDQLF DQG RUJDQLF PDWHULDOV� 7KHVH

REVHUYDWLRQV DUH QRW UHSRUWHG KHUH LQ GHWDLO GXH WR WKH SKRWRLQGXFHG GDPDJH FDXVHG E\ WKH

KLJKHU KDUPRQLFV� )RU IHUURHOHFWULF PDWHULDOV� RSHUDWLQJ LQ WKH PRGH�ORFNHG UHJLPH RI WKH

ODVHU� ZKHUH ODUJH FRQYHUVLRQ LV H[SHFWHG� LQ VRPH FDVHV WKHUH ZDV D ODUJH DPRXQW RI

SKRWRUHIUDFWLYH GDPDJH GXH WR WKH KLJKHU KDUPRQLF JHQHUDWLRQ EHFDXVH RI VRPH LPSXULWLHV�

7KLV FKDQJHG LQ D VKRUW WLPH WKH SKDVHPDWFKLQJ FRQGLWLRQV� ,Q WKH 430�3( /L1E2 VDPSOH�

GHVFULEHG HDUOLHU� QR SKRWRUHIUDFWLYH GDPDJH ZDV REVHUYHG DW DQ\ WLPH� )RU SRO\PHU GHYLFHV

WKHVH KLJK KDUPRQLF SURFHVV VKRXOG EH SUHVHQW� DQG WKHUHIRUH FRQWULEXWHG WR WKH

SKRWREOHDFKLQJ GHJUDGDWLRQ RI WKH ZDYHJXLGHV� 8QIRUWXQDWHO\� WR WKH EHVW RI P\ NQRZOHGJH�

QR UHSRUW KDV EHHQ GRQH FRQFHUQLQJ KLJKHU KDUPRQLF JHQHUDWLRQ LQ 430 VWUXFWXUHV LQ

SRO\PHUV�

7KH H[LVWHQFH RI WKHVH HIIHFWV LQ 430 6+* GHYLFHV LV DQRWKHU PDQLIHVWDWLRQ RI WKH

LQWULFDWH FRPELQDWLRQ RI SURFHVVHV SUHVHQW LQ ZDYHJXLGH 6+*� 7KHVH ZHUH RQO\ KLJKOLJKWHG

LQ WKLV ZRUN� EXW WKH\ FHUWDLQO\ ZDUUDQW IXUWKHU VWXG\�
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��� /LPLWV RI ,QIOXHQFH RI WKH 0XOWLPRGH &RPSHWLWLRQ

)RU RQH IXQGDPHQWDO PRGH LQWHUDFWLQJ ZLWK WZR VHFRQG KDUPRQLF PRGHV� WKH

QXPHULFDO FDOFXODWLRQV SUHGLFW WKDW IRU GLIIHUHQW UDWLRV RI WKH LQWHUDFWLRQ VWUHQJWKV� � �� � WKH� �

HIIHFWLYH 6+* GHWXQLQJ FXUYHV IRU ORZ IXQGDPHQWDO GHSOHWLRQ �OHVV WKDQ ��� FRQYHUVLRQ

HIILFLHQF\� RU ODUJH VHSDUDWLRQ ��. / ODUJHU WKDQ ��%� DOZD\V EHKDYHG LQGHSHQGHQWO\ IRU WKH�

WZR VHFRQG KDUPRQLF PRGHV� ,Q WKH FDVH RI ODUJHU GHSOHWLRQ DQG�RU FORVHU VHSDUDWLRQ� WKH WZR

VHFRQG KDUPRQLF PRGHV �WDON� WR HDFK RWKHU YLD WKH IXQGDPHQWDO PRGH� 6RPH JHQHUDO IHDWXUHV

WKDW ZH IRXQG DUH WKDW WKH ZDYHOHQJWK DQG SHDN FRQYHUVLRQ HIILFLHQF\ IRU WKH WZR GLIIHUHQW

KDUPRQLF PRGHV FKDQJH ZLWK LQSXW IXQGDPHQWDO LQWHQVLW\ DQG WKDW SRZHU�GHSHQGHQW

FRPSHWLWLRQ RFFXUV EHWZHHQ WKHP DW KLJK SRZHUV� $GGLWLRQDO VWXG\ LV UHTXLUHG IRU PRGH

LQWHUDFWLRQ LQYROYLQJ PRUH WKDQ WKUHH PRGHV� 7KH SKDVH�VSDFH RI WKH LQWHUDFWLRQ EHFRPHV

FRPSOLFDWHG IDVW� 2YHUDOO WKH V\VWHP RI FRXSOHG PRGH HTXDWLRQV ����� QHHGV WR EH FRQVLGHUHG�

7KH G\QDPLFV RI WKLV V\VWHP LV OLNHO\ WR H[KLELW D FKDRWLF EHKDYLRU� $OWKRXJK WKH DQDO\VLV DQG

WKH H[SHULPHQWDO REVHUYDWLRQ ZHUH GRQH IRU 6+*� LW FDQ EH JHQHUDOL]HG WR RWKHU VHFRQG RUGHU

SURFHVVHV�

,Q VXPPDU\� VHFRQG KDUPRQLF JHQHUDWLRQ FDQ EH D YHU\ FRPSOH[ SURFHVV ZKHQ

PXOWLSOH� FORVHO\ VSDFHG KDUPRQLF PRGH LQWHUDFWLRQV DUH SRVVLEOH� &RPSHWLWLRQ IRU SRZHU

RFFXUV GXH WR WKH FRPPRQ FRXSOLQJ WR WKH IXQGDPHQWDO EHDP DQG WKH SHDN HIILFLHQF\

ZDYHOHQJWK VKLIWV GXH WR WKH QRQOLQHDU SKDVH VKLIWV LQWURGXFHG E\ WKH QHLJKERULQJ PRGH� 7KLV

HIIHFW KDV EHHQ SUHGLFWHG QXPHULFDOO\ DQG YHULILHG H[SHULPHQWDOO\ LQ 430 /L1E2�

ZDYHJXLGHV�
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¦ -XVW ORRN DORQJ WKH URDG� DQG WHOO PH LI \RX FDQ VHH HLWKHU

RI WKHP§ VDLG WKH .LQJ�

¦ , VHH QRERG\ RQ WKH URDG§ VDLG $OLFH�

¦ , RQO\ ZLVK , KDG VXFK H\HV�§ WKH .LQJ UHPDUNHG LQ D IUHWIXO

WRQH� ¦ 7R EH DEOH WR VHH 1RERG\� $QG DW WKDW GLVWDQFH

WRR� :K\� LW©V DV PXFK DV , FDQ GR WR VHH UHDO SHRSOH�

E\ WKLV OLJKW�§

7KURXJK WKH ORRNLQJ *ODVV

/HZLV &DUUROO

,W LV ZLGHO\ DFFHSWHG WKDW RSWLFDO LQWHUDFWLRQV LQ GLHOHFWULF RSWLFV DUH UHYHUVLEOH LQ

VSDFH� 7KLV PHDQV WKDW WKH UHVXOW RI DQ LQWHUDFWLRQ LV LQGHSHQGHQW RI WKH SURSDJDWLRQ GLUHFWLRQ�

L�H�� WKH LQWHUDFWLRQV DUH VSDWLDOO\ UHFLSURFDO� 7KLV LV FRPSOHWHO\ WUXH LQ OLQHDU RSWLFV� DQG WKH

LGHD FDQ XVXDOO\ EH JHQHUDOL]HG WR QRQOLQHDU RSWLFV� 6RPH ZRUN KDV EHHQ GRQH WR H[SORUH WKLV

VWDWHPHQW FDUHIXOO\ >��@�

%RWK WKH FRQYHUVLRQ HIILFLHQF\ DQG WKH QRQOLQHDU SKDVH VKLIW DUH LPSRUWDQW LQ 6+*

ZKLFK UDLVHV TXHVWLRQV DERXW WKH FRQVHTXHQFHV RI WKHVH SURSHUWLHV� 2QH RI WKH PRVW LPSRUWDQW

VLJQDWXUHV RI 6+* LV WKDW LW GHSHQGV RQ WKH VSDWLDO GLVWULEXWLRQ RI WKH ZDYHYHFWRU �RU SKDVH�

PLVPDWFK �N�]� ��N�]�/�� 7KH HYROXWLRQ RI WKH QRQOLQHDU SURFHVV DW D JLYHQ SRLQW DORQJ WKH

SDWK GHSHQGV RQ WKH LQFLGHQW �VHHGHG� FRPSOH[ IXQGDPHQWDO DQG FRPSOH[ VHFRQG KDUPRQLF
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ILHOGV JHQHUDWHG E\ WKH LQWHUDFWLRQ XS WR WKDW SRLQW� WKH ORFDO ZDYHYHFWRU PLVPDWFK� DQG WKH

ORFDO QRQOLQHDU FRXSOLQJ VWUHQJWK� ,I WKHUH LV D VSDWLDO YDULDWLRQ LQ WKH ZDYHYHFWRU PLVPDWFK�

WKHUH LV QRW D XQLTXH SKDVH PDWFKLQJ FRQGLWLRQ DORQJ WKH SURSDJDWLRQ SDWK DQG WKH VHFRQG

KDUPRQLF XQGHUJRHV D FRPSOLFDWHG HYROXWLRQ� )RU H[DPSOH� LI WKHUH LV D WHPSHUDWXUH JUDGLHQW

DORQJ SURSDJDWLRQ SDWK� IRU H[DPSOH SUHVHQW LQ WHPSHUDWXUH WXQHG SKDVHPDWFKLQJ LQ FKDQQHO

ZDYHJXLGHV� LW FDQ OHDG WR D ODUJH SKDVH�VKLIW DQG VPDOO GHSOHWLRQ RI WKH IXQGDPHQWDO >��@� $

SDUWLFXODU FDVH RI D QRQXQLIRUP ZDYHYHFWRU GLVWULEXWLRQ LV RQH ZKLFK LV VSDWLDOO\

QRQV\PPHWULF� D FDVH ZKLFK KDV EHHQ VKRZQ WR UHVXOW LQ DQ RXWSXW 6+* WKDW LV VSDWLDOO\

QRQUHFLSURFDO >��@�

7KLV SDUWLFXODU WUDLQ RI WKRXJKW ZDV PRWLYDWHG E\ WKH REVHUYDWLRQ RI EUHDN�XS LQ WKH

GHWXQLQJ FXUYH ZKHQ FKDUDFWHUL]LQJ WKH VDPSOH GLVFXVVHG LQ WKH SUHYLRXV FKDSWHU� )RU D � �P

GHHS E\ � �P ZLGH ZDYHJXLGH� WKH LQWHUDFWLRQ 70 �7�Ú 70 ��7� VKRZHG D EUHDN�XS RI�� ��

WKH PDLQ 6+* SHDN LQ WKH GHWXQLQJ FXUYH �)LJXUH ����� :KDW ZDV PRVW DPD]LQJ LV WKDW WKH

UHVSRQVH ZDV GLIIHUHQW GHSHQGLQJ RQ ZKLFK LQSXW IDFHW ZDV XVHG WR HQG ILUH FRXSOH WKH

IXQGDPHQWDO LQWR WKH ZDYHJXLGH �ODEHOHG DV LQSXW $ RU LQSXW %� DUELWUDULO\�� )XUWKHUPRUH� WKH

EUHDN�XS LQ WKH GHWXQLQJ FXUYH RQO\ RFFXUUHG IRU WKLV SDUWLFXODU LQWHUDFWLRQ� DQG QRW IRU WKH

RWKHU SKDVH PDWFKHG PRGHV SUHVHQW LQ WKH ZDYHJXLGH �LQ )LJXUH ��� WKH 70 �7�Ú 70 ��7��� ��

DQG 70 �7�Ú 70 ��7� DUH DOVR SUHVHQW�� 7KH DQDO\VLV RI WKLV GLVFUHSDQF\ OHG WR WKH�� ��

LGHQWLILFDWLRQ RI VSDWLDO QRQUHFLSURFLW\ LQ 6+*� $IWHU WKLV GHWDLOHG DQDO\VLV ZKLFK LV SUHVHQWHG

QH[W� LW ZDV FRQFOXGHG WKDW WKH EUHDN XS ZDV GXH WR VRPH ORFDOL]HG LPSHUIHFWLRQ LQ WKH

/L1E2 RU LQ WKH ZDYHJXLGH IDEULFDWLRQ ZKLFK SURGXFHG D YDULDWLRQ LQ WKH HIIHFWLYH LQGLFHV��

FUHDWLQJ D QRQXQLIRUP�QRQV\PPHWULFDO ZDYHYHFWRU GLVWULEXWLRQ�
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)LJXUH ��� 6+* GHWXQLQJ FXUYH LQ D � �P E\ � �P ZDYHJXLGH 3(�430 /L1E2 � 1RWLFH�

WKH EUHDN XS LQ WKH 70 �7�Ú 70 ��7� UHVRQDQFH� 7KH PDJQLWXGH RI WKH PD[LPXP�� ��

FRQYHUVLRQ GHSHQGV LQ WKH SURSDJDWLRQ GLUHFWLRQ �LQ FRXSOLQJ DW HQG $ RU HQG %��

,Q WKLV FKDSWHU DQ LQWXLWLYH H[SODQDWLRQ RI VSDWLDO QRQUHFLSURFLW\ ZLOO ILUVW EH GLVFXVVHG�

7KH HTXDWLRQV JRYHUQLQJ VHFRQG KDUPRQLF JHQHUDWLRQ LQ WKH SUHVHQFH RI D QRQXQLIRUP

GLVWULEXWLRQ LQ WKH ZDYHYHFWRU PLVPDWFK� RU LQ WKH QRQOLQHDU FRXSOLQJ VWUHQJWK� ZLOO EH

GLVFXVVHG� $GGLWLRQDOO\ D VLPSOH DV\PPHWULF SURILOH FRQVLVWLQJ RI D GLVFRQWLQXLW\ DORQJ WKH

SURSDJDWLRQ SDWK ZLOO EH DQDO\]HG LQ GHWDLO LQ RUGHU WR XQGHUVWDQG WKH EDVLF SDUDPHWHUV

LQYROYHG LQ VSDWLDO QRQUHFLSURFLW\� 6RPH FRQWUROOHG H[SHULPHQWV WR VKRZ WKLV HIIHFW DUH

SUHVHQWHG�
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��� ,QWXLWLYH ([SODQDWLRQ IRU 6SDWLDO 1RQUHFLSURFLW\ LQ 6+*

6HFRQG KDUPRQLF JHQHUDWLRQ LV D FRKHUHQW SURFHVV� DQG WKHUHIRUH WKH UHODWLYH SKDVH

EHWZHHQ WKH IXQGDPHQWDO DQG WKH VHFRQG KDUPRQLF SOD\V D NH\ UROH� ,Q 6+*� DQG LQ SDUWLFXODU

IRU WKH FDVFDGHG QRQOLQHDULW\ ZKLFK JHQHUDWHV WKH QRQOLQHDU SKDVH VKLIW� WKH IXQGDPHQWDO DQG

6+ ILHOGV UHTXLUH VRPH MRLQW SURSDJDWLRQ WR RFFXU �L�H�� LW LV D �QRQ�ORFDO� SURFHVV��

,Q WKH FDVH RI D VSDWLDOO\ XQLIRUP ZDYHYHFWRU GLVWULEXWLRQ� DW SKDVH PDWFKLQJ WKH

IXQGDPHQWDO DQG WKH VHFRQG KDUPRQLF NHHS D FRQVWDQW SKDVH GLIIHUHQFH DQG WKH RXWFRPH LV

D QHW WUDQVIHU RI HQHUJ\� +RZHYHU� LI WKHUH LV D VSDWLDO YDULDWLRQ LQ WKH ZDYHYHFWRU PLVPDWFK

WKHUH LV QRW D XQLTXH SKDVH PDWFKLQJ FRQGLWLRQ DORQJ WKH SURSDJDWLRQ SDWK DQG WKH VHFRQG

KDUPRQLF XQGHUJRHV D PRUH FRPSOLFDWHG HYROXWLRQ� 7KH VDPH FRPSOH[ EHKDYLRU RFFXUV LI

WKHUH LV D YDULDWLRQ LQ WKH QRQOLQHDU FRXSOLQJ VWUHQJWK RI WKH IXQGDPHQWDO WR WKH KDUPRQLF�

$V GHSLFWHG LQ )LJXUH ���� WKH VHFRQG KDUPRQLF DQG IXQGDPHQWDO DPSOLWXGH DQG SKDVH

ZKLFK DUH JHQHUDWHG DW HYHU\ SRLQW �H©�7�� H©��7�� GHSHQG RQ WKH ORFDO ZDYHYHFWRU PLVPDWFK

��N �� WKH FRPSOH[ DPSOLWXGH RI WKH IXQGDPHQWDO EHDP WUDQVPLWWHG WR WKDW SRLQW �H�7��� WKHORF

FRPSOH[ 6+ DPSOLWXGH JHQHUDWHG XS WR WKDW SRLQW �H��7�� DQG WKH ORFDO QRQOLQHDU FRXSOLQJ

VWUHQJWK �� �� 7KH VHFRQG KDUPRQLF DQG IXQGDPHQWDO �(©�7�� (©��7�� ILHOGV RXWSXW IURP WKHORF

GHYLFH ZLOO GHSHQG QRW RQO\ RQ WKH LQSXW IXQGDPHQWDO EHDP �(�7�� DQG LQSXW ZDYHYHFWRU

PLVPDWFK� EXW DOVR RQ WKH GHWDLOV RI WKH VSDWLDO GLVWULEXWLRQ RI WKH ZDYHYHFWRU PLVPDWFK DQG

WKH QRQOLQHDU FRXSOLQJ VWUHQJWK� )XUWKHUPRUH� LI WKH VSDWLDO GLVWULEXWLRQ RYHU ZKLFK 6+* WDNHV

SODFH LV V\PPHWULF ZLWK UHVSHFW WR WKH PLGGOH RI WKH SURSDJDWLRQ OHQJWK� WKH ILHOGV SURSDJDWLQJ

LQ RSSRVLWH GLUHFWLRQV LQ D VSDWLDOO\ QRQXQLIRUP VWUXFWXUH ZLOO XQGHUJR VLPLODU FKDQJHV�
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)LJXUH ��� /RFDO VSDWLDO VHFRQG KDUPRQLF JHQHUDWLRQ UHSUHVHQWDWLRQ�

)RU WKH V\PPHWULF JHRPHWU\ VKRZQ LQ )LJXUH ��� DIWHU SURSDJDWLQJ D GLVWDQFH ;� WKH

ILHOGV© HYROXWLRQ KDV EHHQ WKH VDPH� 7KHUHIRUH� WKH RXWFRPH ZLOO EH WKH VDPH LQGHSHQGHQW RI

WKH SURSDJDWLRQ GLUHFWLRQ� WKXV VSDWLDOO\ UHFLSURFDO� ,Q FRQWUDVW WR WKLV� LI WKH SURSDJDWLRQ

RFFXUV LQ D QRQV\PPHWULF VWUXFWXUH� LQ JHQHUDO WKH ILHOGV ODXQFKHG IURP HLWKHU GLUHFWLRQ PD\

QRW EH WKH VDPH DW WKH RXWSXW GXH WR GLIIHUHQFHV LQ WKH HYROXWLRQ RI WKH SURFHVV DIWHU

SURSDJDWLQJ WKH VDPH GLVWDQFH ;� 7KHUHIRUH� LQ JHQHUDO� IRU D QRQV\PPHWULFDO VWUXFWXUH WKH

6+* RXWSXW GHSHQGV RQ WKH GLUHFWLRQ LQWR ZKLFK WKH IXQGDPHQWDO LV ODXQFKHG DQG WKHUHIRUH

LV VSDWLDOO\ QRQUHFLSURFDO�
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)LJXUH ��� 'LUHFWLRQDO UHVSRQVH LQ V\PPHWULF DQG DV\PPHWULF VWUXFWXUHV� )RU V\PPHWULF

VWUXFWXUHV WKH RXWFRPH ZLOO EH WKH VDPH �( 
�7��7� ( 
�7��7�� LQ ERWK GLUHFWLRQV� )RU� �

QRQV\PPHWULFDO VWUXFWXUHV� LQ JHQHUDO� LW PD\ QRW EH WKH VDPH �( 
�7��7� g( 
�7��7���� �

1RWLFH WKDW ZH FDQ KDYH D QRQXQLIRUP GLVWULEXWLRQ RI WKH ZDYHYHFWRU PLVPDWFK DQG

WKH QRQOLQHDU VWUHQJWK DQG VWLOO KDYH D V\PPHWULF VWUXFWXUH� ,Q WKH VDPH ZD\� ZH FDQ KDYH D

VWUXFWXUH WKDW LV PDGH RI PRUH WKDQ RQH QRQOLQHDU PHGLXP ZLWKLQ ZKDW ZH GHILQH DV WKH GHYLFH

OHQJWK� 1RQUHFLSURFLW\ LV D SDUWLFXODU FDVH RI D PRUH JHQHUDO W\SH RI LQWHUDFWLRQ� FKDUDFWHULVWLF

RI QRQXQLIRUP� DV\PPHWULF SURILOHV� $ JHQHUDO GHVFULSWLRQ RI QRQXQLIRUP SURILOHV ZLOO EH

GLVFXVVHG LQ FKDSWHU ILYH�
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��� &RXSOHG 0RGH (TXDWLRQV IRU 1RQXQLIRUP SURILOHV

,Q RUGHU WR VWXG\ WKH HYROXWLRQ RI 6+* LQ D QRQXQLIRUP VWUXFWXUH� D FORVHU ORRN LQWR

WKH FRXSOHG PRGH HTXDWLRQV ������ LV UHTXLUHG� 1RQXQLIRUP DQG QRQV\PPHWULFDO VWUXFWXUHV

IRU 6+* KDYH EHHQ VWXGLHG EHIRUH >�� ��� ��� ��@� 7KHVH DXWKRUV SRLQWHG RXW WKH DGYDQWDJHV

RI KDYLQJ D QRQXQLIRUP VSDWLDO GLVWULEXWLRQ LQ SURGXFLQJ ODUJHU 6+* EDQGZLGWK� EXW WKHLU

UHVXOWV RQO\ GHDOW ZLWK RQH ZD\ SURSDJDWLRQ� $ FORVHU ORRN DW WKHVH VWXGLHV UHYHDOV D YDULHW\

RI WKHRUHWLFDO DSSURDFKHV� $OO DUH EDVHG RQ FRXSOHG PRGH WKHRU\ LQFOXGLQJ D VSDWLDOO\ YDU\LQJ

QRQXQLIRUP ZDYHYHFWRU PLVPDWFK� 7KH YDULDWLRQV DUH RIWHQ LQFOXGHG LQ WKH FRXSOHG PRGH

HTXDWLRQ E\ UHSODFLQJ WKH ZDYHYHFWRU PLVPDWFK� �N/� E\ D VSDWLDOO\ YDU\LQJ ZDYHYHFWRU

PLVPDWFK� �N�]�/� 7KLV DSSURDFK LV FRPSOHWHO\ ZURQJ XQGHU WKH 69($�

$ FDUHIXO DQDO\VLV RI WKLV SDUWLFXODU FDVH XQGHU WKH 69($ VKRZV WKH H[LVWHQFH RI

DGGLWLRQDO WHUPV ZKLFK KDYH WR EH LQFOXGHG LQ WKH 6+* FRXSOHG PRGH HTXDWLRQV� 7DNLQJ LQWR

DFFRXQW WKDW WKH ZDYHYHFWRUV KDYH D SURSDJDWLRQ FRRUGLQDWH GHSHQGDQFH� N �]�  N �
7 ��7


N �]� DQG N �]�  N � 
N �]� ZKHUH N LV WKH DYHUDJH ZDYHYHFWRU DW WKH IUHTXHQF\
7 �7 ���7 �7 �����7

���7 DQG WKH 
N �]� GHVFULEH WKH ]�GHSHQGHQW YDULDWLRQV DURXQG LW >��@� $VVXPLQJ WKDW WKH���7

HOHFWULF ILHOG LV UHODWHG WR WKH UHGXFHG ILHOG DV LQ ������� ( �]�  ��, �Q FJ � $ �]�
6 � 6 � 6

��� �L�

�6 ^7��7`�� WKH ORVVOHVV FRXSOHG PRGH HTXDWLRQV IRU WKH HOHFWULF ILHOGV� ODEHOHG DV W\SH ,� DUH�
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7KH VHOHFWLRQ RI WKH UHGXFHG ILHOGV ZLOO EH HYLGHQW LQ VKRUW� 1RWLFH WKDW ZH DOVR DOORZ

D VSDWLDOO\ QRQXQLIRUP QRQOLQHDU FRXSOLQJ VWUHQJWK ���]�  7G �]��>�$ �]�Q Q F � @ �HII HII �7 7 �
� � �×

WKURXJK FKDQJHV LQ WKH HIIHFWLYH DUHD �$ �]�� LQ WKH FDVH RI D ZDYHJXLGH JHRPHWU\ �RU E\HII

XVLQJ GLIIHUHQW FU\VWDOV LQ D EXON PHGLXP JHRPHWU\ >G �]�@�� 7R VROYH WKHVH FRXSOHG PRGHHII

HTXDWLRQV ZH QHHG WR VSHFLI\ WKH VSDWLDO GHSHQGHQFH RI WKH ZDYHYHFWRU PLVPDWFK DV ZHOO DV

WKH LQSXW HOHFWULF IXQGDPHQWDO DQG VHFRQG KDUPRQLF ILHOGV� ,Q JHQHUDO WKH VROXWLRQ PD\ QRW EH

DQDO\WLFDO DQG QXPHULFDO PHWKRGV� DV GLVFXVVHG LQ WKH SUHYLRXV FKDSWHUV� QHHG WR EH XVHG�

8VLQJ WKLV UHSUHVHQWDWLRQ� WKH SKDVH RI WKH HOHFWULF ILHOG RVFLOODWHV RQ D ZDYHOHQJWK VFDOH� DQG

WKHUHIRUH LWV URWDWLRQ LV H[WUHPHO\ IDVW� :LWK WKLV DSSURDFK WKH QXPHULFDO FDOFXODWLRQ LV HLWKHU

LQDFFXUDWH RU UHTXLUHV H[WHQGHG FRPSXWDWLRQDO WLPH� 7R VLPSOLI\ WKH QXPHULFDO DQDO\VLV RQH

FDQ DVVXPH WKH IRUP RI WKH HOHFWULF ILHOG� 8VLQJ GLIIHUHQW DVVXPSWLRQV IRU WKH IRUP RI WKH

HOHFWULF ILHOG� GHSHQGLQJ RQ D SDUWLDO RU IXOO NQRZOHGJH RI WKH PDWHULDO SDUDPHWHUV� WKUHH

DGGLWLRQDO VHWV RI FRXSOHG PRGH HTXDWLRQV FDQ EH FDVW� 7KH VHOHFWLRQ RI WKH SDUWLFXODU VHW LV

GHWHUPLQHG E\ WKH VHOHFWLRQ RI WKH SDUDPHWHUV WKDW DUH VSHFLILF WR D JLYHQ SUREOHP� $V ZLOO EH

VKRZQ VHH QH[W� DOO WKUHH VHWV RI FRXSOHG PRGH HTXDWLRQV JLYH WKH VDPH UHVXOW IRU WKH LQWHQVLW\

RI WKH HOHFWULF ILHOG RI ERWK WKH IXQGDPHQWDO DQG WKH VHFRQG KDUPRQLF� EXW WKH VROXWLRQV KDYH

GLIIHUHQW SKDVHV� 7KH PRVW FRPPRQ DVVXPSWLRQ� RU DQ]DWV� FRQVLVWV RI HOLPLQDWLQJ WKH IDVW

URWDWLRQ RI WKH HOHFWULF ILHOG E\ XVLQJ D VORZ YDU\LQJ WHUP ZLWK UHVSHFW WR WKH DYHUDJH

ZDYHYHFWRU DW WKH IUHTXHQF\ ���7 RI WKH IRUP�
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ZKHUH 6 ^7��7`� 7KLV DVVXPSWLRQ FDQ EH LQWHUSUHWHG DV D UHSUHVHQWDWLRQ EDVHG LQ WKH IUDPH

RI UHIHUHQFH RI WKH DYHUDJH ZDYHYHFWRU N � LQVWHDG RI LQ WKH IUDPH RI UHIHUHQFH RI WKH�����7

HOHFWULF ILHOG DV LQ ������ 8VLQJ WKLV DQ]DWV� ZH REWDLQ WKH IROORZLQJ FRXSOHG PRGH HTXDWLRQV�

ZKLFK ZH ZLOO FDOO WKH W\SH ,, FRXSOHG PRGH HTXDWLRQV�

2QFH DJDLQ WKH ZDYHYHFWRU PLVPDWFK WHUP� �N  �N �N � LV LQFOXGHG LQ WKH HTXDWLRQV� ��7 ���7

PDWKHPDWLFDOO\ WR VLPSOLI\ WKHP� ,Q WKLV FDVH �N UHIHUV WR WKH ¦DYHUDJH§ ZDYHYHFWRU�

PLVPDWFK LQ WKH 6+* SURFHVV� ,Q WKLV UHSUHVHQWDWLRQ� WKH FRPSOH[ ILHOG $ KDV D VORZHU�LL�
���7

URWDWLRQ WKDQ WKH ILHOGV LQ ������

,QVWHDG RI FDOFXODWLQJ WKH HYROXWLRQ RI WKH ILHOGV IRU GHYLDWLRQV IURP WKH DYHUDJH

ZDYHYHFWRU� WKH HYROXWLRQ RI WKH FRPSOHWH ZDYHYHFWRU N �]� LV XVHG DV WKH IUDPH RI���7

UHIHUHQFH� JLYHQ E\ WKH IROORZLQJ DQ]DWV�

ZKHUH 6 ^7��7`� 8VLQJ WKH GHILQLWLRQ RI WKH VSDWLDO GHSHQGHQFH RI WKH ZDYHYHFWRU PLVPDWFK�

.�]� �
N �]��
N �]�� WKH FRXSOHG PRGH HTXDWLRQV� ODEHOHG W\SH ,,,� DUH�
7 �7
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8VLQJ WKLV IRUP RI WKH FRXSOHG PRGH HTXDWLRQV LW LV SRVVLEOH WR WUDFN WKH HYROXWLRQ RI WKH 6+*

DUPHG ZLWK RQO\ SDUWLDO NQRZOHGJH RI WKH PDWHULDO SURSHUWLHV� DQG WKH NHUQHO RI WKH

ZDYHYHFWRU PLVPDWFK �H[SRQHQW WHUP� IROORZV H[DFWO\ WKH PDWHULDO SURSHUWLHV�

$ IRXUWK DVVXPSWLRQ LV XVHIXO ZLWK D OHVV LQWXLWLYH LQWHUSUHWDWLRQ EXW PRUH SK\VLFDO

LQVLJKW LQWR WKH SUREOHP� ,QVWHDG RI IROORZLQJ WKH HYROXWLRQ RI WKH ZDYHYHFWRU PLVPDWFK

GLVWULEXWLRQ� LW SURYHV XVHIXO WR FDOFXODWH LWV FXPXODWLYH HIIHFW E\ XVLQJ WKH IROORZLQJ DQ]DWV

RQ WKH HOHFWULF ILHOGV

8VLQJ WKLV DQ]DWV WKH IROORZLQJ VHW RI FRXSOHG PRGH HTXDWLRQV� ODEHOHG W\SH ,9� LV REWDLQHG�

,W UHVHPEOHV WKH IXQFWLRQDO IRUP RI WKH FRXSOHG PRGH HTXDWLRQV IRU D XQLIRUP SURILOH ������



��

7KLV IRUP RI WKH FRXSOHG PRGH HTXDWLRQV LV WKH PRVW XVHIXO UHSUHVHQWDWLRQ RI WKLV

SUREOHP� ,W UHOLHV RQ WKH FXPXODWLYH HIIHFW RI WKH GLVWULEXWLRQ LQ WKH QRQXQLIRUP ZDYHYHFWRU

PLVPDWFK� ZKLFK LV D FKDUDFWHULVWLF RI D QRQORFDO SURFHVV DV GLVFXVVHG HDUOLHU� 7KHUHIRUH LW LV

QRW VXUSULVLQJ WKDW WKLV UHSUHVHQWDWLRQ SURYLGHV WKH PRVW XVHIXO WRRO WR VWXG\ WKH QRQXQLIRUP

6+* SUREOHP� ,W GRHV QRW UHTXLUH GHWDLOHG DQG DFFXUDWH LQIRUPDWLRQ RQ WKH PDWHULDO SURSHUWLHV

DW ERWK IUHTXHQFLHV� RQO\ WKH UHODWLYH GLIIHUHQFH EHWZHHQ WKHP� $V ZH ZLOO VHH LQ WKH QH[W

FKDSWHU� LW LV DOVR XVHIXO IRU DQDO\]LQJ WKH LQYHUVH SUREOHP LQ 6+*�

7KH IRXU GLIIHUHQW W\SHV RI FRXSOHG PRGH HTXDWLRQV UHSUHVHQW GLIIHUHQW DSSURDFKHV WR

WKH VDPH SUREOHP� (DFK RQH QHHGV GLIIHUHQW LQIRUPDWLRQ IURP WKH PDWHULDO SDUDPHWHUV� UDQJLQJ

IURP D IXOO GHVFULSWLRQ RI WKH PDWHULDO FKDUDFWHULVWLFV DW ERWK IUHTXHQFLHV� DV LV WKH FDVH LQ WKH

W\SH ,� XS WR MXVW WKH UHODWLYH GLIIHUHQFH DPRQJ WKH ZDYHYHFWRUV DV LV WKH FDVH IRU WKH

HTXDWLRQV W\SH ,9�

7KH VROXWLRQ RI WKH IRXU VHWV RI FRXSOHG PRGH HTXDWLRQV JLYHV WKH VDPH DPSOLWXGH�

7KHUHIRUH� WKH 6+* GHWXQLQJ FXUYH ZLOO EH WKH VDPH LQGHSHQGHQW RI WKH VHW RI HTXDWLRQV XVHG�

7KH GLIIHUHQFH EHWZHHQ WKH VROXWLRQV LV LQ WKH SKDVH� ZKLFK LV WKH LPSRUWDQW SDUDPHWHU IRU

FDVFDGLQJ SKHQRPHQD� 7KH UHDO HOHFWULF ILHOG LV WKH VROXWLRQ IRU WKH W\SH , VHW RI FRXSOHG PRGH

HTXDWLRQV ������ 7KH UHDO HOHFWULF ILHOG LV WULYLDOO\ UHODWHG WR WKH VROXWLRQ IRU WKH W\SH ,,

HTXDWLRQV ����� E\ D FRQVWDQW� SKDVH� N /� ,I ERWK VROXWLRQV DUH SORWWHG DJDLQVW WKH DYHUDJHR

ZDYHYHFWRU PLVPDWFK� �N /� WKH SKDVH DFFXPXODWHG E\ WKH VHFRQG KDUPRQLF DQG WKH FDVFDGHGR

QRQOLQHDU SKDVH VKLIW ZLOO EH WKH VDPH LQ WKHVH WZR FDVHV ZLWK WKH H[FHSWLRQ WKDW IRU WKH W\SH

,, VROXWLRQV WKH GLVSHUVLRQ LQ WKH SKDVH KDV D OLQH ZLWK FRQVWDQW VORSH / DGGHG WR LW�
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)RU WKH VROXWLRQV RI WKH HTXDWLRQV ODEHOOHG W\SH ,,, ����� DQG ,9 ������ WKHLU LQWHU�

UHODWLRQVKLS LV QRW DV VWUDLJKWIRUZDUG� 7KH UHODWLRQ EHWZHHQ WKH UHDO HOHFWULF ILHOG �W\SH ,� DQG

WKH VROXWLRQV LQ WKHVH FDVHV GHSHQGV RQ WKH SDUWLFXODU GHSHQGHQFH RI WKH QRQXQLIRUP

ZDYHYHFWRU GLVWULEXWLRQ� $W WKH HQG� ZKDW LV PHDVXUHG LQ DQ H[SHULPHQW LV WKH SKDVH RI WKH

HOHFWULF ILHOG DQG WKH GLIIHUHQW HTXDWLRQV DUH D UHSUHVHQWDWLRQ RI WKH VDPH SUREOHP� $ GHWDLOHG

DQDO\VLV RI WKH HTXDWLRQV DQG WKH GLIIHUHQW DQ]DWVHV VKRZV D FRQVWDQW UHODWLRQVKLS IRU WKH

UHODWLYH SKDVH RI WKH GLIIHUHQW UHGXFHG DPSOLWXGHV� ,I ZH H[SUHVV WKH DPSOLWXGHV IRU WKH

GLIIHUHQW DQ]DWVHV LQ WKH IRUP�

ZKHUH 6 ^7��7`� DQG , ^L�LL�LLL�LY` ZH REWDLQ WKH IROORZLQJ UHODWLRQVKLS EHWZHHQ WKH

DFFXPXODWHG SKDVHV IRU WKH UHGXFHG ILHOGV� FRQVWDQW IRU DOO IRXU DQ]DWV�

7KH IRUP RI WKLV UHODWLRQ LV QRW VXUSULVLQJ� JLYHQ WKH QDWXUH RI WKH SUREOHP�

&RQVLGHULQJ WKDW WKH DFFXPXODWHG SKDVH UHSUHVHQWV WKH SK\VLFDO FDVFDGHG SKDVH VKLIW DW ERWK

IUHTXHQFLHV IRU WKH W\SH , FRXSOHG PRGH HTXDWLRQV� WKLV UHODWLRQVKLS DOORZV UHFRQVWUXFWLRQ RI

WKH SK\VLFDO SKDVH RI WKH ILHOG IURP DQ\ RQH RI WKH SDUWLFXODU UHSUHVHQWDWLRQV RI WKH FRXSOHG

PRGH HTXDWLRQ VROXWLRQV�

$V D ILQDO UHPDUN RQ WKH GLIIHUHQW UHSUHVHQWDWLRQV RI WKH FRXSOHG PRGH HTXDWLRQV� ZLWK

WKH GHILQLWLRQV JLYHQ� D QRQV\PPHWULFDO ZDYHYHFWRU PLVPDWFK IRU D VDPSOH RI OHQJWK / PHDQV

WKDW IRU VRPH ]� .�]� g .�/�]�� 6ROYLQJ WKH GLIIHUHQW UHSUHVHQWDWLRQV RI WKH FRXSOHG PRGH



���

HTXDWLRQV ZLWK D YDULHW\ RI QRQ�V\PPHWULFDO ZDYHYHFWRU�PDWFKLQJ GLVWULEXWLRQV VKRZV WKDW

WKH RXWSXW 6+* SRZHU DQG WKH FDVFDGHG SKDVH VKLIW RI WKH IXQGDPHQWDO GHSHQG� LQ JHQHUDO�

RQ WKH HQG RI WKH VDPSOH LQWR ZKLFK WKH LQFLGHQW OLJKW LV LQSXW �] � RU ] /�� L�H�� WKHUH LV D

GLIIHUHQFH EHWZHHQ �IRUZDUG� �LQSXW DW ] �� DQG �EDFNZDUG� �LQSXW DW ] /� SURSDJDWLRQ� :H

DOVR IRXQG WKDW WKH QRQUHFLSURFLW\ LQ 6+* LV D FRQVHTXHQFH RI D QRQXQLIRUPLW\ LQ WKH

SURSDJDWLRQ SDWK� 7KHUHIRUH� LI WKH VWUXFWXUH LV V\PPHWULFDO DERXW WKH FHQWHU �L�H�� .�]�  .�/�

]��� DV LV WKH FDVH LQ PRVW RI WKH 6+* H[SHULPHQWV� WKH UHVXOWV IRU �IRUZDUG� DQG �EDFNZDUG�

SURSDJDWLRQ DUH WKH VDPH� 7KLV UHVSRQVH ZDV QXPHULFDOO\ SUHGLFWHG IRU D SKDVH MXPS� DQG ODWHU

H[SHULPHQWDOO\ FRQILUPHG� 7KLV ZLOO EH GHVFULEHG LQ WKH QH[W VHFWLRQV�

��� 1XPHULFDO &DOFXODWLRQV RQ D 6WHS 3URILOH

7R GHPRQVWUDWH WKH HPSLULFDOO\ HVWDEOLVKHG VSDWLDO QRQUHFLSURFDO QDWXUH RI 6+*�

H[WHQVLYH VLPXODWLRQV ZHUH GRQH VROYLQJ WKH FRXSOHG PRGH HTXDWLRQV LQ WKH SUHVHQFH RI D

QRQXQLIRUP ZDYHYHFWRU GLVWULEXWLRQ� 7KH VWXG\ ZDV ILUVW GRQH LQ WKH VLPSOHVW QRQXQLIRUP�

QRQV\PPHWULFDO ZDYHYHFWRU GLVWULEXWLRQ SK\VLFDOO\ SRVVLEO\� FRQVLVWLQJ RI WZR UHJLRQV ZLWK

GLIIHUHQW SKDVH PLVPDWFK DORQJ WKH SURSDJDWLRQ SDWK DV VKRZQ LQ )LJXUH ���� 7KLV SURILOH FDQ

EH H[SHULPHQWDOO\ REWDLQHG XVLQJ WZR EXON VHFRQG RUGHU FU\VWDOV ZLWK GLIIHUHQW SKDVH PDWFKLQJ

RQ HDFK� DV GRQH LQ PRVW VHHGHG 6+* H[SHULPHQWV� RU LQ D ZDYHJXLGH JHRPHWU\ E\ DOWHULQJ

WKH HIIHFWLYH UHIUDFWLYH LQGLFHV DV SHUIRUPHG DV SDUW RI WKLV GLVVHUWDWLRQ� 0RUH JHQHUDO SURILOHV

ZLOO EH GLVFXVVHG LQ WKH QH[W FKDSWHU�
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)LJXUH ��� 6SDWLDO QRQXQLIRUP DQG QRQV\PPHWULFDO GHSHQGHQFH RI ZDYHYHFWRU PLVPDWFK

DQG QRQOLQHDU VWUHQJWK XVHG WR REVHUYH QRQUHFLSURFDO 6+*�

������

7KH DQDO\VLV ZDV GRQH E\ VROYLQJ WKH FRXSOHG PRGH HTXDWLRQV ����� �W\SH ,9� XVLQJ

D IRXUWK RUGHU 5XQJH�.XWWD PHWKRG LQ WKH SUHVHQFH RI D GLVFRQWLQXLW\ DORQJ WKH SURSDJDWLRQ

SDWK JLYHQ E\

7KH LQLWLDO IXQGDPHQWDO DPSOLWXGH $ � VDPSOH OHQJWK /� SRVLWLRQ RI WKH GLVFRQWLQXLW\�

/ WKH PDJQLWXGH RI WKH MXPS LQ WKH ZDYHYHFWRU PLVPDWFK �.�/ � DQG QRQOLQHDU FRXSOLQJ�� �



���

VWUHQJWK ���/ � ZHUH YDULHG �)LJXUH ����� $ VWURQJ GHSHQGHQFH RI WKH 6+* ZLWK GHWXQLQJ RQ�

WKH SRVLWLRQ DQG PDJQLWXGH RI WKH MXPS LQ ZDYHYHFWRU PLVPDWFK DQG QRQOLQHDU FRXSOLQJ

VWUHQJWK ZDV IRXQG�

7R LOOXVWUDWH WKH QRQUHFLSURFDO QDWXUH RI 6+* LQ D QRQV\PPHWULFDO VWUXFWXUH� VRPH

VHFRQG KDUPRQLF GHWXQLQJ FXUYHV DUH VKRZQ LQ )LJXUH ��� IRU $  �� �  �  �� / �� �.�/ � R � � �

>. �. @  ����� DQG /  �� ����� ����� ���� DQG �� +HUH� WKH 6+* PD[LPXP DVVRFLDWHG ZLWK� � �

WKH XQLIRUP FDVH VSOLWV RQ IRUZDUG �VROLG OLQH� DQG EDFNZDUG �GDVKHG OLQH� SURSDJDWLRQ LQWR

WZR SHDNV �ZLWK DGGLWLRQDO VLGH OREHV�� 7KH SRVLWLRQV RI WKH PD[LPD FRUUHVSRQG FORVHO\ WR

PD[LPD WKDW ZRXOG EH REWDLQHG IURP SKDVH�PDWFKHG 6+* IRU HDFK UHJLRQ VHSDUDWHO\� 1RWH

KRZ WKH 6+* PD[LPD FKDQJH ZLWK / DQG GHSHQG RQ WKH SURSDJDWLRQ GLUHFWLRQ LQ WKH VDPSOH��

L�H�� IRUZDUG YHUVXV EDFNZDUG� 7KH OLPLWLQJ FDVHV RI XQLIRUP ZDYHYHFWRU GLVWULEXWLRQ DUH

VKRZQ LQ )LJXUH ����D� DQG �H�� 7KH FRPELQDWLRQ RI SDUDPHWHUV XVHG ��$ /  �� FRUUHVSRQGR

WR WKH KLJK GHSOHWLRQ UHJLPH� &DOFXODWLRQV VKRZ WKLV HIIHFW LV DOVR SUHVHQW LQ WKH ORZ GHSOHWLRQ

UHJLPH� ZLWK FKDQJHV IRU WKH KLJK GHSOHWLRQ UHJLPH GXH WR SRZHU GHSHQGHQW HIIHFWV�

,Q VRPH H[WUHPH FDVHV WKH FRQWUDVW EHWZHHQ WKH IRUZDUG DQG EDFNZDUG 6+* LQ WKH

FDOFXODWLRQV LV ODUJH IRU VRPH GHWXQLQJ SDUDPHWHUV� 7KLV PHDQV WKDW LQ RQH GLUHFWLRQ WKHUH LV

ODUJH VHFRQG KDUPRQLF JHQHUDWHG� DQG LQ WKH RSSRVLWH GLUHFWLRQ WKHUH LV DOPRVW QRQH�

,QWHUSUHWLQJ WKLV GLUHFWLRQDO GHSHQGHQFH RI WKH 6+* DV D GLUHFWLRQDO GHSHQGHQW ORVV LPSRVHG

RQ WKH IXQGDPHQWDO FDQ OHDG WR DQ LQWHJUDWHG RSWLFDO GLRGH EDVHG RQ VHFRQG RUGHU SURFHVVHV�

$ SRWHQWLDO DSSOLFDWLRQ IRU WKLV HIIHFW LV DQ LQWUDFDYLW\ GRXEOHU LQ D ULQJ ODVHU VR WKDW WKH

IXQGDPHQWDO WKURXJKSXW LQ RQH GLUHFWLRQ LV DERYH ODVHU WKUHVKROG ZKLOH WKH RWKHU LV QRW�

DFKLHYLQJ D VPDOO EDQGZLGWK ODVHU HPLVVLRQ ZLWK QR DGGLWLRQDO XQLGLUHFWLRQDO HOHPHQWV�
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)LJXUH ��� 6+* LQWHQVLW\ GHWXQLQJ FXUYHV LQ WKH SUHVHQFH RI D GLVFRQWLQXLW\ DW WKH SRVLWLRQ /�

DORQJ WKH SURSDJDWLRQ SDWK� 3DUDPHWHUV XVHG DUH� $  �� � �� / �� �.�/ � >. �. @ �����R � � �

ZKHUH .  .�]� IRU ��]�/ DQG .  .�]� IRU / �]�/� DQG /  �D� �� �E� ����/� �F� ����/�� � � � �

�G� ����/ DQG �H� /�



���

��� ([SHULPHQWDO 5HVXOWV RQ D 6WHS 3URILOH

7KH VWXG\ RI QRQUHFLSURFDO EHKDYLRU LQ ZDYHJXLGH 6+* ZDV SUHGLFWHG QXPHULFDOO\ E\

VROYLQJ WKH FRXSOHG PRGH HTXDWLRQV IRU D QRQXQLIRUP ZDYHYHFWRU PLVPDWFK DQG ODWHU

FRQILUPHG H[SHULPHQWDOO\� 7R REVHUYH DQG VWXG\ WKH GLIIHUHQFHV EHWZHHQ D V\PPHWULFDO DQG

D QRQ�V\PPHWULF VWUXFWXUH DQG REVHUYH VRPH QRQUHFLSURFDO EHKDYLRU� D NQRZQ V\PPHWULFDO

VWUXFWXUH ZDV PRGLILHG DV GLVFXVVHG QH[W�

([SHULPHQWV ZHUH SHUIRUPHG RQ D � �P ZLGH E\ � �P GHHS� � FP ORQJ� 3(�430

/L1E2 FKDQQHO ZDYHJXLGH� GHVFULEHG HOVHZKHUH >��@� 7KLV ZDYHJXLGH ZDV WKH VDPH VDPSOH�

DV ZDV XVHG LQ WKH SUHYLRXV FKDSWHU WR REVHUYH PXOWLPRGH FRPSHWLWLRQ� 7KH H[SHULPHQWDO

ZDYHJXLGH DQG UHVRQDQFH ZHUH FKRVHQ WR DYRLG ODUJH PXOWLPRGH FRPSHWLWLRQ HIIHFWV� 7KH

ZDYHJXLGH ZDV VLQJOH PRGH DW WKH IXQGDPHQWDO ZDYHOHQJWK DQG PXOWLPRGH DW WKH 6+� $ QRQ�

V\PPHWULF ZDYHYHFWRU GLVWULEXWLRQ SURILOH ZDV JHQHUDWHG E\ GHSRVLWLQJ D ��� �P OD\HU RI

SKRWRUHVLVW RQWR DSSUR[LPDWHO\ RQH KDOI RI WKH ZDYHJXLGH� 7KH FKDQJH LQ WKH WRS OD\HU IURP

DLU �Q �� WR SKRWRUHVLVW �Q ���� SURGXFHG D FKDQJH LQ WKH HIIHFWLYH LQGH[ FDOFXODWHG WR EH

w������ IRU WKH IXQGDPHQWDO JXLGHG PRGH DQG w������ IRU WKH 6+ JXLGHG PRGH� OHDGLQJ WR

D FDOFXODWHG �. w � FP � $OVR� WKH HIIHFWLYH DUHD ZDV LQFUHDVHG LQ WKH RYHU�FRDWHG UHJLRQ��

GXH WR WKH ZHDNHU JXLGHG PRGH FRQILQHPHQW� WKXV FUHDWLQJ D FDOFXODWHG GHFUHDVH RI w��� LQ

WKH HIIHFWLYH QRQOLQHDU VWUHQJWK�

:DYHOHQJWK VFDQV DURXQG WKH ZDYHOHQJWK UHJLRQ ZKHUH 70 �7�Ú 70 ��7� DQG�� ��

70 �7�Ú 70 ��7� DUH SKDVH�PDWFKHG LQWHUDFWLRQV ZHUH WDNHQ EHIRUH DQG DIWHU WKH�� ��

GHSRVLWLRQ RI WKH SKRWRUHVLVW OD\HU IRU ERWK 4&: �ORZ SRZHU� DQG 0/ �KLJK SRZHU�

IXQGDPHQWDO EHDPV� 7KH UHVXOWV DUH VKRZQ LQ )LJXUH ����
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)LJXUH ��� :DYHOHQJWK VFDQ RI 6+* LQ WKH /L1E2 430 ZDYHJXLGH VKRZLQJ D�

QRQUHFLSURFDO EHKDYLRU LQ WKH �D� KLJK DQG �E� ORZ GHSOHWLRQ UHJLPHV ��  ��� DQGPD[

���� UHVSHFWLYHO\� ZLWKRXW �GDVKHG OLQH� DQG ZLWK D OD\HU RI SKRWRUHVLVW RQ KDOI WKH

ZDYHJXLGH IRU IRUZDUG �RSHQ FLUFOHV� DQG EDFNZDUG �VROLG FLUFOHV� SURSDJDWLRQ� 6ROLG

DUURZV VKRZ SKDVH PDWFKLQJ LQ WKH UHJLRQ ZLWKRXW SKRWRUHVLVW� 'RWWHG DUURZV VKRZ WKH

SKDVH�PDWFKLQJ SHDN LQGXFHG E\ WKH SKRWRUHVLVW OD\HU�



���

$IWHU FRUUHFWLQJ IRU )UHVQHO ORVVHV� WKH HIIHFWLYH 6+ FRQYHUVLRQ HIILFLHQFLHV ��  

3��7��3�7�� LQ WKH QRQ�SKRWRUHVLVW FRDWHG H[SHULPHQW ZDV ��� IRU WKH KLJK SRZHU FDVH

�)LJXUH ����D�� DQG ���� IRU WKH ORZ SRZHU FDVH �)LJXUH ����E��� 7KH SHDN SRZHU RI WKH ODVHU

ZDV FDXWLRXVO\ VHOHFWHG LQ RUGHU WR DYRLG PRGH FRPSHWLWLRQ EHWZHHQ PRGHV� 7KLV

FRUUHVSRQGHG WR �� P: DYHUDJH SRZHU LQ ERWK FDVHV�

)RU WKH VFDQV ZLWKRXW WKH SKRWRUHVLVW OD\HU� WKH VDPH GHWXQLQJ FXUYH E\ HQG ILUH

FRXSOLQJ LQWR HLWKHU VLGH RI WKH ZDYHJXLGH ZDV REVHUYHG WR ZLWKLQ WKH H[SHULPHQWDO UHVROXWLRQ

RI RXU GHWHFWLRQ V\VWHP� )RU VLPSOLFLW\� RQO\ RQH RI WKHVH FXUYHV LV VKRZQ �GDVKHG FXUYHV LQ

)LJXUH ����� ,Q FRQWUDVW WR WKLV� WKH GHWXQLQJ FXUYHV ZLWK WKH SKRWRUHVLVW OD\HU VKRZ D EUHDN�

XS RI WKH RULJLQDO 6+* PD[LPD� 2QH RI WKH SHDNV FRUUHVSRQGV WR WKH RULJLQDO SRVLWLRQ RI WKH

UHVRQDQFH DQG WKH VHFRQG HPHUJHV GXH WR WKH HIIHFWLYH LQGH[ GLIIHUHQFH LQWURGXFHG E\ WKH

SKRWRUHVLVW OD\HU� )RU WKH 70 �7�Ú 70 ��7� UHVRQDQFH� WKH UHODWLYH VWUHQJWK RI WKH 6+*�� ��

UHVRQDQFHV GHSHQGV RQ ZKLFK VLGH RI WKH ZDYHJXLGH ZH FRXSOH LQWR� RQ SURSDJDWLRQ IURP WKH

SKRWRUHVLVW DUHD� ODEHOHG IRUZDUG� WKH KHLJKW RI WKH QHZ JHQHUDWHG SHDN LV WZLFH WKH YDOXH RI

WKH SHDN QHDU WKH RULJLQDO SRVLWLRQ �RSHQ FLUFOHV�� DQG IRU LQSXW LQWR WKH FOHDQ DUHD� ODEHOHG

EDFNZDUG� WKH PDJQLWXGH LV RQH DQG D KDOI WLPHV �FORVHG FLUFOHV�� $OVR WKH ZDYHOHQJWK DW

ZKLFK PD[LPXP 6+* RFFXUUHG LQ WKH ORZHU SHDN LV VKLIWHG IURP WKH XQLIRUP FDVH� LQ

DJUHHPHQW ZLWK WKH QXPHULFDO FDOFXODWLRQV� 7KH UDWLRV RI WKH IRUZDUG WR EDFNZDUG SHDNV DUH

HVVHQWLDOO\ WKH VDPH LQ ERWK WKH KLJK DQG ORZ GHSOHWLRQ UHJLPHV� VKRZLQJ WKDW RYHU WKLV SRZHU

UDQJH WKLV LV QRW D SXUHO\ SRZHU GHSHQGHQW HIIHFW� 7KH FRPSDULVRQ EHWZHHQ ERWK UHJLPHV FDQ

EH VHHQ LQ )LJXUH ����
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)LJXUH ��� &RPSDULVRQ EHWZHHQ �D� IRUZDUG DQG �E� EDFNZDUG GHWXQLQJ FXUYHV LQ )LJXUH

���� (IIHFWLYH FRQYHUVLRQ HIILFLHQFLHV DUH �D� ����� DQG ������ DQG �E� ��� DQG �����

IRU KLJK DQG ORZ FRQYHUVLRQ HIILFLHQFLHV� UHVSHFWLYHO\�



���

)URP )LJXUH ��� ZH FDQ REVHUYH WKH H[FHOOHQW UHSURGXFLELOLW\ RI WKH PHDVXUHPHQWV LQ

WKH ORZ DQG KLJK GHOHWLRQ UHJLPHV� $V MXVW PHQWLRQHG� WKLV UHVXOW UXOHV RXW QRQUHFLSURFLW\ DV

D SXUHO\ SRZHU GHSHQGHQW HIIHFW DQG SURYHV WKDW WKH HIIHFW LV GXH WR WKH FKDUDFWHULVWLFV RI WKH

VWUXFWXUH� $EVRUSWLYH ORVVHV LQGXFHG E\ WKH SKRWRUHVLVW OD\HU DV ZHOO DV FRXSOLQJ ORVVHV ZHUH

DOVR PRGHOHG DQG GLVFRXQWHG DV UHVSRQVLEOH IRU WKLV QRQUHFLSURFDO HIIHFW�

7KH SKRWRUHVLVW OD\HU DIIHFWHG LQ GLIIHUHQW ZD\V WKH GLIIHUHQW 6+* UHVRQDQFHV

WKURXJKRXW WKH YDULRXV ZDYHJXLGHV� )RU H[DPSOH LQ WKH �� � DQG � �P ZLGH ZDYHJXLGHV WKHUH

ZDV D GHILQLWH EUHDN�XS RI WKH 70 �7�Ú 70 ��7� UHVRQDQFH VWXGLHG EHIRUH DQG DIWHU�� ��

GHSRVLWLQJ WKH OD\HU RI SKRWRUHVLVW� 2Q WKH FRQWUDU\� IRU WKH VDPH LQWHUDFWLRQ LQ WKH � DQG �

�P ZLGH ZDYHJXLGHV WKH HIIHFW RI WKH SKRWRUHVLVW OD\HU ZDV QRW GHWHFWHG� 7KLV W\SH RI

EHKDYLRU ZDV DOVR VHHQ LQ WKH QXPHULFDO VLPXODWLRQV� GHSHQGLQJ RQ WKH PDJQLWXGH RI WKH

ZDYHYHFWRU PLVPDWFK .�]� DQG WKH GLIIHUHQFH LQ WKH QRQOLQHDU VWUHQJWK ��]�� )URP WKHVH

VLPXODWLRQV� LI .�]� ZDV D PXOWLSOH RI �%� WKH HIIHFW ZDV WKH VDPH DV LI WKHUH ZDV QR MXPS DW

DOO� &RPSDULQJ WKH HIIHFWV RI ERWK SDUDPHWHUV� LW ZDV HYLGHQW WKDW WKHUH ZDV D VWURQJHU

GHSHQGHQFH LQ WKH GHWDLOV RI WKH UHVXOWLQJ GHWXQLQJ FXUYH RQ WKH ZDYHYHFWRU PLVPDWFK

GLVWULEXWLRQ WKDQ WKH QRQOLQHDU VWUHQJWK GLVWULEXWLRQ�

8VLQJ WKH FDOFXODWHG GLIIHUHQFHV LQ WKH � �P ZLGH ZDYHJXLGH GXH WR WKH SKRWRUHVLVW

OD\HU� WKH KLJK GHSOHWLRQ UHJLPH �)LJXUH ���� GHSLFWHG LQ )LJXUH ��� DQG )LJXUH ��� ZDV

UHSURGXFHG� +RZHYHU� VPDOO FRUUHFWLRQV IURP WKH SUHGLFWHG YDOXHV LQ WKH SDUDPHWHUV ZHUH

QHHGHG WR UHSURGXFH WKH H[SHULPHQWDO REVHUYDWLRQV DFFXUDWHO\� 7KH SDUDPHWHUV XVHG DUH $  ��R

/ �� �.  ����� ZLWK D FKDQJH LQ QRQOLQHDU VWUHQJWK � IURP � WR ��� DW /  ���/��
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)LJXUH ��� 7KHRUHWLFDO FXUYHV �VROLG OLQH� ILWWHG WR WKH H[SHULPHQWDO KLJK SRZHU GHWXQLQJ FXUYH

�FORVHG FLUFOHV� IURP ILJXUH )LJXUH ��� IRU WKH FDVH RI �D� EDFNZDUG DQG �E� IRUZDUG

SURSDJDWLRQ� &RPSOHPHQWDU\ FDOFXODWLRQV �IRUZDUG IRU �D� DQG EDFNZDUG IRU �E�� DUH VKRZQ

DV GDVKHG OLQHV IRU FRPSDULVRQ� 3DUDPHWHUV XVHG DUH $  �� / �� �.  ����� ZLWK D FKDQJHR

LQ QRQOLQHDU VWUHQJWK � IURP � WR ��� DW /  ���/��
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7KH HIIHFW RI WKH SKRWRUHVLVW OD\HU H[SHULPHQWDOO\ DIIHFWHG WKH GLIIHUHQW LQWHUDFWLRQV

LQ GLIIHUHQW ZD\V� )RU H[DPSOH LQ WKH 70 �7�Ú 70 ��7� LQWHUDFWLRQ LQ )LJXUH ���� WKH UDWLR�� ��

EHWZHHQ WKH EDFNZDUG DQG IRUZDUG UHVSRQVHV LV DOPRVW WKH VDPH� 'HSHQGLQJ RQ WKH LQGXFHG

FKDQJHV LQ WKH HIIHFWLYH LQGLFHV� WKH PDJQLWXGH RI WKH GLUHFWLRQDO UHVSRQVH LV GLIIHUHQW� $

GHWDLOHG DQDO\VLV QHHGV WR EH GRQH LQ HDFK FDVH� 7KH UHVSRQVH RI WKH VWUXFWXUH ZLOO GHSHQG RQ

WKH SDUWLFXODU FRQGLWLRQV RI WKH QRQXQLIRUPLW\� )RU ZDYHJXLGH 6+* WKHVH PD\ EH GLIIHUHQW IRU

GLIIHUHQW LQWHUDFWLRQV� 7KLV LV WKH UHDVRQ WKDW WKH EUHDN�XS RQ WKH � �P ZDYHJXLGH GHSLFWHG

LQ )LJXUH ��� LV RQO\ REVHUYHG LQ WKH 70 �7�Ú 70 ��7� LQWHUDFWLRQ� EXW QRW LQ WKH RWKHUV��� ��

,Q VXPPDU\ WKH H[LVWHQFH RI VSDWLDO QRQUHFLSURFLW\ LQ 6+* KDV EHHQ SURYHG

QXPHULFDOO\ DQG H[SHULPHQWDOO\ LQ VSDWLDOO\ QRQV\PPHWULF VWUXFWXUHV� DV D GLUHFW FRQVHTXHQFH

RI WKH SHUWXUEDWLRQ LQ WKH FRKHUHQW HYROXWLRQ EHWZHHQ WKH IXQGDPHQWDO DQG WKH VHFRQG

KDUPRQLF� ,W KDV EHHQ VKRZQ WKDW LQ WKH FDVH RI 6+* LQ D ZDYHJXLGH ZLWK DQ DV\PPHWULF

ZDYHYHFWRU PLVPDWFK� WKH RXWFRPH RI WKH SURFHVV GHSHQGV RQ ZKLFK VLGH RI WKH ZDYHJXLGH

LV WKH LQSXW HQG� 7KHUHIRUH LQ D QRQV\PPHWULF VWUXFWXUH WKH 6+* RXWSXW GHSHQGV RQ WKH

GLUHFWLRQ LQWR ZKLFK WKH IXQGDPHQWDO LV ODXQFKHG DQG KHQFH LV VSDWLDOO\ QRQUHFLSURFDO�

$OWKRXJK WKH HIIHFW ZDV GHPRQVWUDWHG E\ LQWURGXFLQJ D VKDUS GLVFRQWLQXLW\ LQ WKH ZDYHYHFWRU

PLVPDWFK DQG QRQOLQHDU FRXSOLQJ FRQVWDQW LQ D ZDYHJXLGH JHRPHWU\� LW LV H[SHFWHG WR RFFXU

IRU RWKHU JHRPHWULHV DQG PRUH JHQHUDO VSDWLDOO\ QRQV\PPHWULFDO SURILOHV� 7KLV SUREOHP ZLOO

EH DQDO\]HG LQ WKH QH[W FKDSWHU�
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¦<RX©UH WKLQNLQJ DERXW VRPHWKLQJ� P\ GHDU� DQG WKDW PDNHV

\RX IRUJHW WR WDON� , FDQ©W WHOO \RX MXVW QRZ ZKDW WKH

PRUDO RI WKDW LV� EXW , VKDOO UHPHPEHU LW LQ D ELW�§

¦3HUKDSV LW KDVQ©W RQH�§ $OLFH YHQWXUHG WR UHPDUN�

¦7X� WXW� FKLOG�§ VDLG WKH 'XFKHVV� ¦(YHU\WKLQJ©V JRW D

PRUDO� LI \RX RQO\ FDQ ILQG LW�§

$OLFH LQ :RQGHUODQG

/HZLV &DUUROO

:H KDYH VHHQ LQ WKH SUHFHGLQJ FKDSWHUV WKDW 6+* LQ VSDWLDOO\ QRQXQLIRUP VWUXFWXUHV

SUHVHQWV FROOHFWLYH FKDUDFWHULVWLFV WKDW GHYLDWH IURP WKH WUDGLWLRQDO SHUFHSWLRQ RI WKH SUREOHP�

QDPHO\ WKH VLQF�OLNH GHWXQLQJ FXUYH GLVFXVVHG LQ FKDSWHU WZR� :H LGHQWLI\ QRQUHFLSURFDO

EHKDYLRU DV RQH RI WKHVH GHYLDWLRQV� ,Q D JHQHUDO FRQWH[W� WKH FROOHFWLYH 6+* FKDUDFWHULVWLFV

FDQ EH FKDQJHG GUDPDWLFDOO\� GHSHQGLQJ RQ WKH VSHFLILF ZDYHYHFWRU PLVPDWFK GLVWULEXWLRQ WKDW

FRQWUROV WKH ORFDO GHWDLOV RI WKH HQHUJ\ H[FKDQJH EHWZHHQ WKH IXQGDPHQWDO DQG VHFRQG

KDUPRQLF� ([DPSOHV RI WKHVH GHYLDWLRQV DUH IRXQG LQ WKH OLWHUDWXUH >��� ��@� %XW� RQO\ LQ D IHZ

FDVHV KDV WKH UHOHYDQFH RI WKHVH GHYLDWLRQV EHHQ SHUFHLYHG DQG H[SORLWHG >��� ��@�

$V PHQWLRQHG LQ FKDSWHU �� ZLWK WKH GHYHORSPHQW RI TXDVL�SKDVH PDWFKLQJ �430�

WHFKQLTXHV LW LV QRZ SRVVLEOH WR DFKLHYH WKH UHTXLUHG IOH[LEOH� JUDWLQJ�DVVLVWHG SKDVH�PDWFKLQJ



���

DW DOPRVW DQ\ ZDYHOHQJWK E\ VSDWLDO FRQWURO RI WKH JUDWLQJ SHULRG� 9DULDWLRQV IURP XQLIRUP

SHULRGLFLW\ KDYH EHHQ XVHG WRZDUGV D PRUH HIILFLHQW FRQWURO RQ WKH VHFRQG KDUPRQLF

FKDUDFWHULVWLFV� HLWKHU LPSURYLQJ WKH WROHUDQFHV RU LQFUHDVLQJ WKH 6+* EDQGZLGWK >��� ��@�

,QFOXGLQJ LQ WKH DQDO\VLV WKH FRQFHSWV LQYROYHG LQ FDVFDGHG QRQOLQHDULWLHV D YDULHW\ RI QHZ

HIIHFWV FDQ EH IRUHVHHQ� 9DU\LQJ VSDWLDOO\ �DORQJ WKH SURSDJDWLRQ SDWK� WKH JUDWLQJ SHULRG QRZ

DOORZV DQ DGGLWLRQDO WRRO IRU REWDLQLQJ D VSDWLDOO\ YDU\LQJ ZDYHYHFWRU PLVPDWFK WR WDLORU WKH

6+* GHWXQLQJ FXUYH� 7KH VWXG\ RI WKH SRVVLEOH GLVWULEXWLRQ FDQ EH XVHG WR HQKDQFH WKH VHFRQG

KDUPRQLF JHQHUDWLRQ SHU VH� RU DOORZ DOO�RSWLFDO VZLWFKLQJ EDVHG RQ FDVFDGHG VHFRQG RUGHU

QRQOLQHDULWLHV WR EH LPSOHPHQWHG ZLWK PLQLPXP ORVV WR WKH KDUPRQLF DW URRP WHPSHUDWXUH�

,Q WKLV FKDSWHU VLPSOH PDWKHPDWLFDO WRROV DUH LQWURGXFHG WR VWXG\ JHQHUDO QRQXQLIRUP

SURILOHV� 6RPH QXPHULFDO FDOFXODWLRQV DUH SHUIRUPHG XVLQJ WKLV IRUPDOLVP� 7KHVH FDOFXODWLRQV

DUH FRQILUPHG E\ H[SHULPHQWV VKRZLQJ WKH WDLORUHG SURSHUWLHV RI FKLUSHG JUDWLQJ DVVLVWHG

6+*� $Q LPSRUWDQW DVSHFW RI 6+* LV LQWURGXFHG LQ WKH IRUP RI WKH LQYHUVH SUREOHP LQ 6+*�

��� /RZ 'HSOHWLRQ 6+* 'HWXQLQJ &XUYH IURP D .QRZQ 3URILOH

$V GLVFXVVHG LQ &KDSWHU �� IRU FRQYHQWLRQDO 6+* WKH ORZ GHSOHWLRQ UHJLPH JLYHV

LQVLJKW LQWR WKH FRPSOHWH 6+* SUREOHP� )RU VSDWLDOO\ QRQXQLIRUP SURILOHV WKLV DSSUR[LPDWLRQ

DOVR SURYLGHV XVHIXO LQIRUPDWLRQ RQ WKH FROOHFWLYH 6+* EHKDYLRU� ,I WKH VSDWLDO YDULDWLRQ RI WKH

ZDYHYHFWRU PLVPDWFK �.�]�� DQG QRQOLQHDU VWUHQJWK ���]�� DUH NQRZQ� VRPH LQVLJKWV LQWR WKH

SUREOHP FDQ EH IRUHVHHQ XVLQJ WKH GLVFXVVLRQ IURP WKH SUHYLRXV FKDSWHU�

$V GLVFXVVHG LQ WKH SUHYLRXV FKDSWHU� WKH &: FRXSOHG PRGH HTXDWLRQV IRU QRQXQLIRUP

SURILOHV FDQ EH FDVW LQWR GLIIHUHQW IRUPV� $PRQJVW WKH GLIIHUHQW UHSUHVHQWDWLRQV WKH RQH ODEHOHG
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W\SH ,9 SURYLGHV WKH EHVW WRRO IRU VWXG\LQJ WKH ORZ GHSOHWLRQ FKDUDFWHULVWLFV RI D QRQXQLIRUP

VWUXFWXUH� 1RUPDOL]LQJ WR WKH GHYLFH OHQJWK� ZH GHILQH WKH UHGXFHG SURSDJDWLRQ FRRUGLQDWH�

 ]�/� DQG QRUPDOL]HG ZDYHYHFWRU PLVPDWFK� 6  �N ±/� 8VLQJ WKHVH GHILQLWLRQV� WKH W\SH�

,9 FRXSOHG PRGH HTXDWLRQV ����� FDQ EH UHZULWWHQ DV�

([FHSW IRU VLPSOH FDVHV VXFK DV WKH VWHS SURILOH GLVFXVVHG LQ WKH SUHYLRXV FKDSWHU� QR

DQDO\WLFDO VROXWLRQV FDQ EH IRXQG� 7KHUHIRUH� LI WKH VSDWLDO GLVWULEXWLRQ RI WKH SDUDPHWHUV DORQJ

WKH SURSDJDWLRQ D[LV LV NQRZQ� WKHVH HTXDWLRQV QHHG WR EH VROYHG QXPHULFDOO\� :LWK WKH XVH

RI WKH QRUPDOL]HG SURSDJDWLRQ FRRUGLQDWH � � WKH LQWHJUDWLRQ LV FDUULHG RXW EHWZHHQ ]HUR DQG

RQH� ([DPSOHV RI WKHVH QXPHULFDO VROXWLRQV ZLOO EH VKRZQ LQ WKH QH[W VHFWLRQ IRU VLPSOH VSDWLDO

GLVWULEXWLRQ SURILOHV�

1RZ ZH WXUQ RXU DWWHQWLRQ WR WKH ORZ GHSOHWLRQ UHJLPH� ZKHUH WKH DPSOLWXGH RI WKH

IXQGDPHQWDO ZDYH FDQ EH DVVXPHG WR EH FRQVWDQW GXULQJ WKH SURSDJDWLRQ �$ �]� 
$ ���
���LY�
7 7

8QGHU WKLV DVVXPSWLRQ� WKH ILUVW HTXDWLRQ LQ ����� YDQLVKHV� :H FDQ GLUHFWO\ LQWHJUDWH WKH

VHFRQG KDUPRQLF HTXDWLRQ IRU WKH QRUPDOL]HG SURSDJDWLRQ LQ WKH XQVHHGHG FDVH �$ ��� ���7

DQG JHW�
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ZKHUH 8� � LV WKH VKLIWHG UHFWDQJXODU IXQFWLRQ

)URP ����� D )RXULHU WUDQVIRUP �Ø^`� LV LGHQWLILHG� ZKHUH WKH FRQMXJDWH FRRUGLQDWHV DUH WKH

QRUPDOL]HG ZDYHYHFWRU PLVPDWFK 6 DQG WKH QRUPDOL]HG SURSDJDWLRQ OHQJWK � .QRZLQJ WKH

VSDWLDO GLVWULEXWLRQV RI WKH ZDYHYHFWRU PLVPDWFK DQG WKH QRQOLQHDU VWUHQJWK ZH GHILQH WKH

PLVPDWFK UHVSRQVH IXQFWLRQ DV

IURP ZKLFK ZH REWDLQ WKH ORZ GHSOHWLRQ� VORZ YDU\LQJ VHFRQG KDUPRQLF ILHOG DV
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7KLV LV D VLPSOH DQG HOHJDQW UHVXOW WKDW SURYLGHV WKH VDPH DPRXQW RI LQIRUPDWLRQ LQ WKH

OLQHDUL]HG UHJLPH DV WKH ORZ GHSOHWLRQ UHJLPH LQ WKH FRQYHQWLRQDO 6+* SUREOHP� 8VLQJ

3DUVHYDO©V WKHRUHP >��@ ZH FDQ FDOFXODWH WKH 6+* FROOHFWLYH EHKDYLRU DV D IXQFWLRQ RI WKH

QRUPDOL]HG ZDYHYHFWRU PLVPDWFK DV

ZKHUH t UHSUHVHQWV DXWRFRUUHODWLRQ DQG Ø^` UHSUHVHQWV )RXULHU WUDQVIRUP� 7KLV LV D ZHOO�

NQRZQ UHVXOW LQ FRPPXQLFDWLRQV WKHRU\� WKH ILOWHULQJ SURSHUWLHV RI D WUDQVPLVVLRQ OLQH DUH

DSSUR[LPDWHO\ JLYHQ E\ WKH )RXULHU WUDQVIRUP RI WKH DXWRFRUUHODWLRQ IXQFWLRQ� 7KLV FDQ EH

DSSOLHG LQ QRQOLQHDU RSWLFV XVLQJ WKH IRUP RI WKH GHWXQLQJ FXUYH DV WKH ILOWHULQJ IXQFWLRQ�

6LPLODU UHVXOWV DUH IRXQG LQ WKH OLWHUDWXUH >�� ��@ EXW WKRVH DXWKRUV RQO\ LQFOXGHG GLVFUHWH

GLIIHUHQFHV LQ WKH PLVPDWFK UHVSRQVH IXQFWLRQ *� �� &RQVHTXHQWO\ WKH FRQMXJDWH WUDQVIRUP

FRRUGLQDWHV 1 DQG 61� QRZ GHSHQG RQ WKH FRPSOHWH ZDYHYHFWRU PLVPDWFK ��N �.� 1�� DQGR

QRW RQO\ RQ WKH DYHUDJH ZDYHYHFWRU PLVPDWFK ��N �� ,W DOVR IRUFHV *� � WR EH UHDO VR WKDW WKHR

GHWXQLQJ FXUYH LV V\PPHWULF ZLWK UHVSHFW WR 6 �� +RZHYHU� LQ JHQHUDO .� � FDQ EH D

FRQWLQXRXV IXQFWLRQ DQG WKHUHIRUH *� � LV D FRPSOH[ IXQFWLRQ DQG LWV FRUUHVSRQGLQJ )RXULHU

WUDQVIRUP FDQ EH DV\PPHWULF� DV REVHUYHG E\ VRPH DXWKRUV IRU FKLUSHG 430 JUDWLQJV >��@

RU WHPSHUDWXUH WXQHG SKDVH PDWFKLQJ >��� ��@�

7KLV VLPSOH UHVXOW ����� SURYLGHV LQWULQVLF LQIRUPDWLRQ DERXW WKH 6+* SURSHUWLHV RI D

SDUWLFXODU VSDWLDO GLVWULEXWLRQ FKDUDFWHUL]HG E\ WKH PLVPDWFK UHVSRQVH IXQFWLRQ ������ 8VLQJ

WKLV UHODWLRQ WKH DQDO\VLV RI WKH GHWXQLQJ FXUYH FDQ EH GRQH ZLWK D )RXULHU WUDQVIRUP LQVWHDG

RI WKH H[WHQGHG FRPSXWDWLRQDO WLPH UHTXLUHG XVLQJ WKH 5XQJH�.XWWD PHWKRG GHVFULEHG LQ WKH
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SUHYLRXV FKDSWHUV� $V ZH ZLOO VHH ODWHU LQ WKH FKDSWHU� LW DOVR DOORZV WKH V\QWKHVLV RI D VSDWLDO

SURILOH VXLWDEOH IRU WDUJHWHG SXUSRVHV LQ D VKRUW WLPH�

,Q REWDLQLQJ ����� WKH 6+* SUREOHP KDV EHHQ OLQHDUL]HG� DV ZDV GRQH LQ VHFWLRQ ����

7KHUHIRUH� DOO LQIRUPDWLRQ UHJDUGLQJ WKH QRQOLQHDU QDWXUH RI WKH 6+* SURFHVV LV ORVW� 7KH

RXWFRPH RI WKLV FDOFXODWLRQ LV QHFHVVDULO\ VSDWLDOO\ UHFLSURFDO� DOWKRXJK QXPHULFDO FDOFXODWLRQV

VROYLQJ WKH FRPSOHWH VHW RI HTXDWLRQV ����� LQ WKH ORZ GHSOHWLRQ UHJLPH VKRZ D VPDOO DPRXQW

RI QRQUHFLSURFLW\ DV GLVFXVVHG LQ WKH SUHYLRXV FKDSWHU�

1RWH WKDW IRU D EXON FU\VWDO� RU D XQLIRUP ZDYHJXLGH� WKHUH DUH XQLIRUP ZDYHYHFWRU

DQG QRQOLQHDU GLVWULEXWLRQ SURILOHV� .� � � DQG �� � �� DQG WKHUHIRUH *� �  8� ��� 8VLQJ

����� ZH REWDLQ WKH ORZ GHSOHWLRQ GHWXQLQJ FXUYH

ZKLFK LV WKH VDPH UHVXOW DV IRXQG LQ WKH ORZ GHSOHWLRQ FDOFXODWLRQ ������ PDGH LQ FKDSWHU WZR�

��� 1XPHULFDO &DOFXODWLRQV IRU $UELWUDU\ 1RQXQLIRUP 3URILOHV

2YHUDOO WKH VROXWLRQ IRU WKH FRXSOHG PRGH HTXDWLRQV ����� LQ WKH SUHVHQFH RI D

QRQXQLIRUP VSDWLDO ZDYHYHFWRU� .� �� RU D GLVWULEXWLRQ LQ WKH QRQOLQHDU FRXSOLQJ VWUHQJWK�

�� �� PD\ QRW EH DQDO\WLFDO� 7KH RQO\ NQRZQ DQDO\WLFDO VROXWLRQ LV IRU D XQLIRUP VSDWLDO

GLVWULEXWLRQ >�@� 7KH 6+* SUREOHP FDQ EH VROYHG E\ VWXG\LQJ WKH HYROXWLRQ RI WKH FRPSOHWH

FRXSOHG PRGH HTXDWLRQV ������ RU LQ WKH ORZ GHSOHWLRQ UHJLPH XVLQJ ������ 1RWLFH WKDW ZLWK

WKH LQFOXVLRQ RI WKH PLVPDWFK UHVSRQVH IXQFWLRQ� *� �� WKH FRXSOHG PRGH HTXDWLRQV ����� FDQ

EH UHZULWWHQ DV�
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%\ FRPSDULVRQ ZLWK WKH &: FRXSOHG PRGH HTXDWLRQV ������ ZH FDQ LGHQWLI\ WKH PLVPDWFK

UHVSRQVH IXQFWLRQ *� � DV DQ ¦HIIHFWLYH§ QRQORFDO�QRQOLQHDU FRXSOLQJ VWUHQJWK� 7KH IRUP RI

WKH PLVPDWFK UHVSRQVH IXQFWLRQ ����� GHSHQGV RQ WKH IRUPV RI .� � DQG �� �� 7KHVH WZR

IXQFWLRQV DUH DUELWUDU\� 7KHUHIRUH� WKH YDULHW\ RI SRVVLELOLWLHV LV LQILQLWH�

%HIRUH DWWHPSWLQJ D IXOO GHVFULSWLRQ RI WKLV SUREOHP� DQ LQVLJKW LQWR WKH YDULHW\ RI

SRVVLELOLWLHV LV XVHIXO� ,Q WKLV ZRUN D IXOO WKHRUHWLFDO GHVFULSWLRQ RI WKH IXQFWLRQ�VSDFH LV QRW

GRQH� 2QO\ D IHZ H[SHULPHQWDOO\ IHDVLEOH VSDWLDO QRQXQLIRUP GLVWULEXWLRQV DUH VWXGLHG� $W WKLV

SRLQW� IRUHVHHLQJ D VHW RI IXQFWLRQV WKDW DUH WKH EDVHV IRU WKH QRQOLQHDU SUREOHP WR FRQVWUXFW

PRUH FRPSOH[ EHKDYLRU LV LPSRVVLEOH� 7KHUHIRUH� DQ\ VHW RI IXQFWLRQV VWXGLHG SURYLGHV VRPH

LQVLJKW� 7KH IXQFWLRQV VHOHFWHG ZHUH VLPSOH ZDYHYHFWRU SRO\QRPLDO GLVWULEXWLRQV LQ WKH

SUHVHQFH RI DQ XQLIRUP QRQOLQHDU VWUHQJWK GLVWULEXWLRQ� 7KLV FKRLFH REH\V WKH H[SHULPHQWDOO\

HQJLQHHUHG ZDYHYHFWRU GLVWULEXWLRQV XVHG WR GHPRQVWUDWH WKH WDLORUDELOLW\ RI WKH 6+* GHWXQLQJ

FXUYHV VKRZQ LQ WKH QH[W VHFWLRQ� *� � ZDV FDOFXODWHG XVLQJ D XQLIRUP QRQOLQHDU VWUHQJWK

��� �  �� DQG D SRO\QRPLDO ZDYHYHFWRU GLVWULEXWLRQ DORQJ WKH D[LV RI WKH IRUP� .� � �� �

���� � 7KH UHVXOWV RI ORZ GHSOHWLRQ QXPHULFDO FDOFXODWLRQV IRU WKH ORZHVW RUGHU SRO\QRPLDOVQ

�Q �������� DUH VKRZQ LQ )LJXUH ����
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)LJXUH ��� 1RUPDOL]HG 6+* GHWXQLQJ FXUYHV LQ WKH ORZ GHSOHWLRQ UHJLPH IRU D XQLIRUP

QRQOLQHDU VWUHQJWK DQG GLIIHUHQW QRQXQLIRUP ZDYHYHFWRU GLVWULEXWLRQ DORQJ WKH D[LV RI WKH IRUP

.� � �� ����� � 9DOXHV RI �  ��#� IRU �D� Q  �� �E� Q  �� �F� Q  �� DQG �G� Q  � ZHUHQ Q

XVHG� 6ROLG OLQHV ZHUH FDOFXODWHG VROYLQJ ����� ZLWK D IRXUWK RUGHU 5XQJH�.XWWD PHWKRG ZLWK

��

$ ���

/  ����� 'DVKHG OLQHV ZHUH FDOFXODWHG XVLQJ WKH UHVXOW ������
77

7KH FDOFXODWLRQV LQ WKH ORZ GHSOHWLRQ UHJLPH FDQ EH GRQH HLWKHU E\ GLUHFW LQWHJUDWLRQ

RI WKH FRXSOHG PRGH HTXDWLRQV ������ RU E\ XVLQJ WKH UHVXOW ������ 1RWLFH WKH UHPDUNDEOH

QXPHULFDO DJUHHPHQW EHWZHHQ ERWK DSSURDFKHV DV REVHUYHG LQ )LJXUH ���� 7KH RQO\ GLIIHUHQFH

LV LQ FRPSXWDWLRQDO WLPH� 7KH H[DFW VROXWLRQ UHTXLUHV VHYHUDO PLQXWHV WR FRPSOHWH� ZKLOH WKH

FDOFXODWLRQ XVLQJ ����� LV DOPRVW LQVWDQWDQHRXV� L�H� WDNHV MXVW D IHZ VHFRQGV�
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)URP WKHVH VLPSOH FDOFXODWLRQV ZH FDQ GHGXFH D YDULHW\ RI FKDUDFWHULVWLFV IRXQG LQ WKH

GHWXQLQJ FXUYH WKDW DUH FRPPRQ WR PRVW RI WKH QXPHULFDO FDOFXODWLRQV VWXGLHG� 'XH WR WKH

IRUP RI WKH SRO\QRPLDO FKRVHQ� .� � LV HLWKHU V\PPHWULF IRU HYHQ YDOXHV RI Q �.� � .��� ���

RU DQWLV\PPHWULF IRU RGG YDOXHV RI Q �.� � �.��� ��� %DVHG RQ SUHYLRXV GLVFXVVLRQV� WKH

RXWFRPH RI WKH VLPXODWLRQV LV UHFLSURFDO IRU HYHQ SRZHUV RI Q� EXW QRQV\PPHWULFDO ZLWK

UHVSHFW WR 6� )RU RGG SRZHUV RI Q WKH RXWFRPH FDQQRW EH SUHGLFWHG D SULRUL� 7KH FDVH Q �

�)LJXUH ����D�� LV WKH VLQF �OLNH UHVSRQVH VWXGLHG LQ WKH WUDGLWLRQDO 6+* SUREOHP� 7KH FDVH Q ��

�)LJXUH ����E�� LV SHUKDSV WKH PRVW ZLGHO\ VWXGLHG QRQXQLIRUP SURILOH� ,W H[KLELWV SURSHUWLHV

WKDW DUH GLIIHUHQW IURP DOO WKH RWKHU SRO\QRPLDO ZDYHYHFWRU GLVWULEXWLRQV VWXGLHG� 7KH FHQWUDO

OREH LQ WKH GHWXQLQJ FXUYH LV XVXDOO\ WKH EURDGHVW DPRQJVW WKH GLIIHUHQW QRQXQLIRUP SURILOHV�

DQG WKH FDVFDGHG QRQOLQHDU SKDVH VKLIW LPSRVHG RQWR WKH IXQGDPHQWDO LV UHGXFHG� RYHUODSSLQJ

ZLWK WKH UHJLRQ RI VWURQJ KDUPRQLF JHQHUDWLRQ�

)RU Q � �)LJXUH ����F�� WKH EDVLF FKDUDFWHULVWLFV DVVRFLDWHG ZLWK KLJKHU RUGHU

QRQXQLIRUP SRO\QRPLDO ZDYHYHFWRU SURILOHV DUH SUHVHQW� 7KH GHWXQLQJ FXUYH LV DV\PPHWULF

ZLWK UHVSHFW WR 6 �� 2Q RQH VLGH ODUJH RVFLOODWLRQV LQ WKH VHFRQG KDUPRQLF DUH SUHVHQW� RQ WKH

RSSRVLWH VLGH WKH FRQYHUVLRQ LV VPDOO� $OVR WKH FDVFDGHG SKDVH VKLIW LQ WKH UHJLRQ RI VPDOO

KDUPRQLF JHQHUDWLRQ LV ODUJHU DQG UHODWLYHO\ IODW� 7KLV EHKDYLRU ZDV H[SHULPHQWDOO\ REVHUYHG

ZLWK \HW PRUH FRPSOH[ ZDYHYHFWRU GLVWULEXWLRQV >��@� 7KH VHOHFWLRQ RI WKH SDUWLFXODU IRUP RI

.� � XVHG WR H[HPSOLI\ QRQXQLIRUP SURILOHV LV HYLGHQW LQ WKH FDVH Q � �)LJXUH ����G��� 'XH

WR WKH LQIOHFWLRQ SRLQW DW WKH PLGGOH RI WKH SURSDJDWLRQ� WKH HYROXWLRQ RI ILHOGV LV FRPSHQVDWHG

FDXVLQJ D V\PPHWULFDO GHWXQLQJ FXUYH ZLWK UHVSHFW WR 6 �� 7KHQ WKH GHWXQLQJ FXUYH LV

UHFLSURFDO ZLWK WKH SURSDJDWLRQ GLUHFWLRQ� ,I WKH LQIOHFWLRQ SRLQW LV FKRVHQ WR EH GLIIHUHQW IURP
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)LJXUH ��� +LJK GHSOHWLRQ UHJLPH 6+* GHWXQLQJ FXUYHV IRU D XQLIRUP QRQOLQHDU VWUHQJWK DQG

GLIIHUHQW QRQXQLIRUP ZDYHYHFWRU GLVWULEXWLRQ DORQJ WKH D[LV RI WKH IRUP .� � �� ����� �Q

9DOXHV RI �  ��#� IRU �D� Q  �� �E� Q  �� �F� Q  �� DQG �G� Q  � ZHUH XVHG� &DOFXODWLRQQ

ZDV GRQH VROYLQJ ����� ZLWK D IRXUWK RUGHU 5XQJH�.XWWD PHWKRG ZLWK ��

$ ���

/  ��
77

WKH PLG SRLQW RI WKH SURSDJDWLRQ� WKH UHVXOWLQJ GHWXQLQJ FXUYH H[KLELWV FKDUDFWHULVWLFV VLPLODU

WR WKH FXUYH VKRZQ LQ )LJXUH ����F�� +LJKHU RUGHU SRO\QRPLDO ZDYHYHFWRU GLVWULEXWLRQV H[KLELW

JHQHUDO FKDUDFWHULVWLFV VLPLODU WR WKH ODVW WZR FDVHV �Q ���� GLVFXVVHG ZLWK EXW VPDOO

YDULDWLRQV�

6LPLODU FDOFXODWLRQV LQ WKH KLJK GHSOHWLRQ UHJLPH IRU WKH VDPH IRXU FDVHV MXVW GLVFXVVHG

DUH VKRZQ LQ )LJXUH ���� $OO WKH EDVLF FKDUDFWHULVWLFV PHQWLRQHG IRU WKH ORZ GHSOHWLRQ UHJLPH

DUH SUHVHUYHG� ZLWK DGGLWLRQDO IHDWXUHV GXH WR FDVFDGHG HIIHFWV SUHVHQW�



���

)RU WKLV ILJXUH WKH QXPHULFDO FDOFXODWLRQV ZHUH QRW QRUPDOL]HG� LQ FRQWUDVW WR )LJXUH

���� 7KH XQLIRUP FDVH �)LJXUH ����D�� H[KLELWV DOO WKH FDVFDGHG IHDWXUHV GLVFXVVHG HDUOLHU� 7KH

GLVWRUWLRQ GXH WR WKH QRQOLQHDU SKDVH VKLIW LPSRVHG RQWR WKH IXQGDPHQWDO DOVR PRGLILHV WKH

SRO\QRPLDO QRQXQLIRUP GLVWULEXWLRQ VWXGLHG� )RU WKH OLQHDU FDVH �Q ��� ZH REVHUYH LQ )LJXUH

����E� WKDW� MXVW DV LQ WKH ORZ GHSOHWLRQ UHJLPH� WKH EDQGZLGWK RI WKH FHQWUDO OREH LV WKH

EURDGHVW DPRQJVW WKH GLIIHUHQW FXUYHV� :H FDQ DOVR REVHUYH WKDW WKH JHQHUDWHG KDUPRQLF LV

VPDOOHU WKDQ LQ WKH RWKHU H[DPSOHV� )RU Q � DQG Q � �)LJXUH ����F� DQG �G�� UHVSHFWLYHO\� WKH

GHWXQLQJ FXUYH LV GLIIHUHQW IURP WKH FRUUHVSRQGLQJ ORZ GHSOHWLRQ UHJLPH FDOFXODWLRQV�

+RZHYHU� WKH PDLQ IHDWXUHV RI WKH GHWXQLQJ FXUYH KLJKOLJKWHG HDUOLHU DUH SUHVHQW LQ WKH KLJK

GHSOHWLRQ UHJLPH� %HFDXVH RI FDVFDGLQJ HIIHFWV� WKH PDJQLWXGH RI WKH VLGH�OREHV LQFUHDVHV DQG

WKH GLVWDQFH EHWZHHQ SHDNV GHFUHDVHV� $GGLWLRQDOO\ VRPH DV\PPHWULF GLVWRUWLRQ GXH WR WKH

SUHVHQFH RI WKH QRQXQLIRUP SURILOH FDQ EH REVHUYHG� EXW SUHVHUYLQJ WKH RYHUDOO UHVSRQVH�

7KH QRQOLQHDU SKDVH VKLIW LPSRVHG RQWR WKH IXQGDPHQWDO FRUUHVSRQGLQJ WR WKH FXUYHV

GHSLFWHG LQ )LJXUH ��� LV VKRZQ LQ )LJXUH ���� 'LVWLQFWLYH IHDWXUHV FKDUDFWHULVWLF RI FDVFDGHG

QRQOLQHDULWLHV DUH SUHVHQW LQ DOO RI WKHP� $ FKDQJH LQ WKH VLJQ RI WKH SKDVH VKLIW LV WKH

SUHGRPLQDQW IHDWXUH LQ WKLV ILJXUH� )RU WKH XQLIRUP FDVH �)LJXUH ����D�� WKH QRQOLQHDU SKDVH

VKLIW LV V\PPHWULF ZLWK UHVSHFW WR 6 �� DV GLVFXVVHG LQ FKDSWHU �� )RU D OLQHDU YDULDWLRQ �)LJXUH

����E�� WKH SKDVH VKLIW LV VPDOOHU DQG KDV D ODUJHU EDQGZLGWK WKDQ LQ WKH XQLIRUP FDVH�

&RPSDULQJ ZLWK )LJXUH ����E�� WKH UHJLRQV ZKHUH WKH QRQOLQHDU SKDVH VKLIW LV WKH ODUJHVW

FRUUHVSRQG WR WKH PRVW HIILFLHQW KDUPRQLF JHQHUDWLRQ� 7KHUHIRUH WKLV SURILOH LV QRW XVHIXO IRU

DOO�RSWLFDO VZLWFKLQJ� EXW LW SURYHV YDOXDEOH IRU HQKDQFHPHQW LQ WKH 6+* EDQGZLGWK RI WKH

VWUXFWXUH� 7KH VPDOOHU FRQYHUVLRQ HIILFLHQF\ LV D SULFH IRU WKLV HQKDQFHG EDQGZLGWK�
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)LJXUH ��� &DVFDGHG QRQOLQHDU SKDVH VKLIW FRUUHVSRQGLQJ WR WKH FXUYHV LQ )LJXUH ���� $

ZDYHYHFWRU GLVWULEXWLRQ DORQJ WKH D[LV RI WKH IRUP .� �  �� ����� LV DVVXPHG� 9DOXHV RI �Q

 ��#� IRU �D� Q  �� �E� Q  �� �F� Q  �� DQG �G� Q  � ZHUH XVHG� &DOFXODWLRQ ZDV GRQHQ

VROYLQJ ����� ZLWK D IRXUWK RUGHU 5XQJH�.XWWD PHWKRG ZLWK ��

$ ���

/  ��
77

7KH TXDGUDWLF YDULDWLRQ �)LJXUH ����F�� KDV D UHJLRQ ZLWK D ODUJH SKDVH VKLIW WKDW

FRLQFLGHV ZLWK D UHJLRQ RI VPDOO KDUPRQLF JHQHUDWLRQ� +HUH WKH SKDVH VKLIW LV REWDLQHG ZLWKRXW

¦ORVV§ RI WKH IXQGDPHQWDO ILHOG PDQLIHVWHG DV KDUPRQLF JHQHUDWLRQ� 6LPLODU EHKDYLRU ZDV

REVHUYHG IRU KLJKHU HYHQ SRZHU QRQXQLIRUP ZDYHYHFWRU GLVWULEXWLRQV� )RU Q � WKH QRQOLQHDU

SKDVH VKLIW �)LJXUH ����G�� LV DOVR HQKDQFHG UHODWLYH WR WKH XQLIRUP GLVWULEXWLRQ� +HUH WKH ODUJH

SKDVH VKLIW FRLQFLGHV ZLWK D UHJLRQ RI ODUJH KDUPRQLF JHQHUDWLRQ� 7KLV EHKDYLRU ZDV DOVR

FRPPRQ WR RGG SRZHUV LQ WKH SRO\QRPLDO ZDYHYHFWRU GLVWULEXWLRQ�
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7KH DQDO\VLV ZDV H[WHQGHG XS WR WKH �� SRZHU LQ WKH SRO\QRPLDO QRQXQLIRUPWK

ZDYHYHFWRU GLVWULEXWLRQ� ([FHSW IRU VRPH GLIIHUHQFHV LQ WKH UHODWLYH KHLJKW RI WKH GLIIHUHQW VLGH

OREHV� WKH JHQHUDO FKDUDFWHULVWLFV ZHUH SUHVHUYHG E\ HYHQ DQG RGG SRZHUV� $ FRPPRQ IHDWXUH

ZDV REVHUYHG DPRQJVW WKH GLIIHUHQW FDOFXODWLRQV� QDPHO\ WKDW WKH SRVLWLRQ RI ODUJH DQG VPRRWK

QRQOLQHDU SKDVH VKLIWV� GHSHQGLQJ RQ D FKDQJH RI FXUYDWXUH LQ WKH VSDWLDO GLVWULEXWLRQ�

FRUUHVSRQGV WR D UHJLRQ RI KLJK RU ORZ KDUPRQLF JHQHUDWLRQ� 7KDW LV� IRU HYHQ SRZHUV RI WKH

VSDWLDO GLVWULEXWLRQ� WKH UHJLRQ RI ODUJH SKDVH VKLIW FRLQFLGHV ZLWK UHJLRQV RI ORZ KDUPRQLF

JHQHUDWLRQ� 7KH RSSRVLWH RFFXUV IRU RGG SRZHUV LQ WKH SRO\QRPLDO ZDYHYHFWRU GLVWULEXWLRQ�

6RPH RI WKH GLIIHUHQW GLVWULEXWLRQV VWXGLHG KDYH SRWHQWLDO DSSOLFDWLRQV� 7KH OLQHDU

YDULDWLRQ �Q �� FRXOG EH XVHIXO IRU HQKDQFLQJ WKH 6+* EDQGZLGWK� (YHQ SRZHUV RI WKH

SRO\QRPLDO GLVWULEXWLRQ SUHVHQW DGYDQWDJHV IRU DOO�RSWLFDO SURFHVVHV DV GHVFULEHG HOVHZKHUH

>��@� ODUJH QRQOLQHDU SKDVH VKLIW LQ D UHJLRQ RI VPDOO KDUPRQLF JHQHUDWLRQ�

$ QXPHULFDO FXULRVLW\ ZDV LGHQWLILHG IURP WKHVH FDOFXODWLRQV� ,I WKH VLJQ RI WKH

QRQXQLIRUP ZDYHYHFWRU GLVWULEXWLRQ FKDQJHV VLJQ �L�H�� LQYHUWHG� .� �� �.� �� WKH GHWXQLQJ

FXUYHV GHSLFWHG LQ )LJXUH ��� DQG )LJXUH ��� DUH LQYHUWHG ZLWK UHVSHFW WR 6 �� $GGLWLRQDOO\�

WKH QRQOLQHDU SKDVH VKLIW LPSRVHG RQWR WKH IXQGDPHQWDO� DV VKRZQ LQ )LJXUH ���� LV LQYHUWHG

ZLWK UHVSHFW WR WKH OLQH 6 1 � 7KHVH V\PPHWU\ SURSHUWLHV ZHUH JHQHUDO WR DOO FDOFXODWLRQV�1/

6HYHUDO ZDYHYHFWRU GLVWULEXWLRQV ZLWK D FRQVWDQW QRQOLQHDU FRXSOLQJ VWUHQJWK ZHUH

VWXGLHG� 7KH DPRXQW RI LQIRUPDWLRQ SURYLGHG E\ WKHVH FDOFXODWLRQV LV RYHUZKHOPLQJ� )URP

WKHVH QXPHULFDO VLPXODWLRQV RQO\ D IHZ IHDWXUHV FRXOG EH H[WUDFWHG� $ V\VWHPDWLF WKHRUHWLFDO

DQG QXPHULFDO DQDO\VLV LV UHTXLUHG WR DFKLHYH D FRPSOHWH XQGHUVWDQGLQJ RI WKH 6+* SUREOHP

LQ WKH SUHVHQFH RI QRQXQLIRUP VSDWLDO GLVWULEXWLRQV�
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6HFRQG KDUPRQLF JHQHUDWLRQ LQ WKH SUHVHQFH RI QRQXQLIRUP ZDYHYHFWRU GLVWULEXWLRQV

SUHVHQWV DQ LQWHUHVWLQJ WKHRUHWLFDO SUREOHP� )RU VWDQGDUG 6+* LQ VSDWLDO XQLIRUP GLVWULEXWLRQV

WKH WKHRU\ LV HOHJDQW DQG FRPSOHWH� 7KH LQFOXVLRQ RI GLVWDQFH�GHSHQGHQW FKDQJHV LQ HLWKHU WKH

QRQOLQHDU VWUHQJWK RU WKH ZDYHYHFWRU GLVWULEXWLRQ LQWURGXFHV D YDULHW\ RI DGGLWLRQDO GHJUHHV

RI IUHHGRP IRU DFKLHYLQJ D FRQWUROOHG 6+* GHWXQLQJ FXUYH� 6R IDU WKH VWXG\ KDV EHHQ IRFXVHG

RQ GHSDUWXUHV IURP D JLYHQ QRQXQLIRUP GLVWULEXWLRQ DQG REVHUYLQJ WKH RXWFRPH RI WKH VHFRQG

RUGHU SURFHVV� ,Q WKH ORZ GHSOHWLRQ UHJLPH� XQGHU VSHFLDO FRQVLGHUDWLRQV� LW LV SRVVLEOH WR

H[WUDFW WKH QRQXQLIRUP GLVWULEXWLRQ LQIRUPDWLRQ DORQJ WKH SURSDJDWLRQ GLUHFWLRQ WKDW OHDGV WR

WKH JLYHQ FROOHFWLYH EHKDYLRU RI WKH VHFRQG RUGHU SURFHVV� 7KLV DQDO\VLV LV FDOOHG WKH LQYHUVH

SUREOHP VROXWLRQ�

7KH LQYHUVH SUREOHP VROXWLRQ LV D WRRO XVHG WR V\QWKHVL]H D VSDWLDO QRQXQLIRUP

ZDYHYHFWRU RU VSDWLDO QRQOLQHDU VWUHQJWK GLVWULEXWLRQV WR HQKDQFH RQH RU PRUH RI WKH FROOHFWLYH

FKDUDFWHULVWLFV RI VHFRQG KDUPRQLF JHQHUDWLRQ� QDPHO\ WKH 6+* EDQGZLGWK RU WKH QRQOLQHDU

FDVFDGHG SKDVH VKLIW� ,W UHOLHV RQ UHWULHYLQJ LQIRUPDWLRQ IURP D JLYHQ GHWXQLQJ FXUYH DQG

GHGXFLQJ WKH VSDWLDO GLVWULEXWLRQ WKDW FDXVHV LW�

:H FDQ REWDLQ LQIRUPDWLRQ DERXW WKH PLVPDWFK UHVSRQVH IXQFWLRQ *� � LQ WKH ORZ

GHSOHWLRQ UHJLPH E\ HLWKHU GHFRQYROYLQJ WKH LQIRUPDWLRQ IURP WKH LQWHQVLW\ GHWXQLQJ FXUYH

XVLQJ ������ RU E\ GLUHFW LQYHUVH )RXULHU WUDQVIRUP RI WKH UHGXFHG HOHFWULF ILHOG $ �6� XVLQJ�7
�LY�

������ (LWKHU DSSURDFK LV KDUG WR LPSOHPHQW� 7KH XVH RI WKH GHFRQYROXWLRQ UHTXLUHV DGGLWLRQDO

LQIRUPDWLRQ UHJDUGLQJ WKH SKDVH RI WKH *� � ZKLFK LV WKH LQIRUPDWLRQ ZH ZDQW WR UHWULHYH� 7KH

EHVW DSSURDFK LV WR XVH WKH H[SUHVVLRQ ����� WR UHWULHYH WKH LQIRUPDWLRQ DERXW WKH VSDWLDO
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QRQOLQHDU FRXSOLQJ VWUHQJWK DQG WKH VSDWLDO QRQXQLIRUP ZDYHYHFWRU GLVWULEXWLRQV DORQJ WKH

SURSDJDWLRQ D[LV� ,Q WKH ORZ GHSOHWLRQ UHJLPH� IURP ����� WKLV JLYHV�

+HUH ¦SS§ UHSUHVHQW WKH FRPSOH[ SKDVH DUJXPHQW DQGØ ^` LV WKH LQYHUVH )RXULHU WUDQVIRUP���

7KHVH H[SUHVVLRQV DUH RQO\ YDOLG LQ WKH ORZ GHSOHWLRQ UHJLPH� DQG RQO\ IRU XVLQJ WKH W\SH ,9

DQ]DWV� ,I VRPH RWKHU DQ]DWV LV XVHG WKH UHVXOW GLIIHUV IURP WKH DFWXDO VSDWLDO GLVWULEXWLRQV�

7R LOOXVWUDWH WKH GLIIHUHQFH� WKH VROXWLRQV LQ WKH ORZ GHSOHWLRQ UHJLPH XVLQJ WKH FRXSOHG

PRGH HTXDWLRQV W\SHV ,,, DQG ,9 DUH VKRZQ LQ )LJXUH ���� +HUH WKH ZDYHYHFWRU VSDWLDO SURILOH

LV WKH VDPH DV LQ VHFWLRQ ���� ZLWK Q �� � ���� DQG �
$ ���
/ ����� $OWKRXJK WKH
7

FDOFXODWLRQ LV SHUIRUPHG LQ WKH ORZ GHSOHWLRQ UHJLPH ��� ������� QXPHULFDOO\ WKHUH LV VRPH

GHSOHWLRQ RI WKH IXQGDPHQWDO� 7KHUH LV DOVR D QHJOLJLEOH FDVFDGHG SKDVH VKLIW LPSRVHG RQWR WKH

IXQGDPHQWDO� :H REVHUYH GLIIHUHQFHV LQ WKH FDOFXODWHG SKDVHV XVLQJ WKH W\SH ,,, RU W\SH ,9

HTXDWLRQV IRU WKH IXQGDPHQWDO DQG VHFRQG KDUPRQLF �)LJXUH ����F� DQG �G�� ZKHUH�DV IRU WKH

LQWHQVLWLHV �)LJXUH ����D� DQG �E�� WKHUH DUH QRQH�
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)LJXUH ��� ([DFW FRXSOHG PRGH HTXDWLRQ VROXWLRQV LQ WKH SUHVHQFH RI D OLQHDU QRQXQLIRUP

ZDYHYHFWRU YDULDWLRQ LQ WKH LQ WKH ORZ GHSOHWLRQ UHJLPH ��
$ ���
/ ������ �D� )XQGDPHQWDO
7

LQWHQVLW\ WKURXJKSXW� �E� VHFRQG KDUPRQLF LQWHQVLW\ JHQHUDWHG� �F� IXQGDPHQWDO FDVFDGHG

QRQOLQHDU SKDVH VKLIW XVLQJ WKH FRXSOHG PRGH HTXDWLRQV W\SH ,,, �GDVKHG� DQG W\SH ,9 �VROLG��

DQG �G� VHFRQG KDUPRQLF QRQOLQHDU SKDVH VKLIW XVLQJ WKH FRXSOHG PRGH HTXDWLRQV W\SH LLL

�GDVKHG� DQG W\SH LY �VROLG��

([SHULPHQWDOO\ LW LV SRVVLEOH WR PHDVXUH WKH LQWHQVLW\ DQG SKDVH RI WKH IXQGDPHQWDO DQG

KDUPRQLF ILHOGV� 7KHVH PHDVXUHPHQWV FRUUHVSRQG WR WKH DQ]DWV XVHG LQ WKH FRXSOHG PRGH

HTXDWLRQV W\SH ,� ,Q RUGHU WR DSSO\ WKH LQYHUVH PHWKRG� D SULRUL NQRZOHGJH RI WKH VSDWLDO

GLVWULEXWLRQ RI WKH ZDYHYHFWRU LV UHTXLUHG� %XW WKLV LV WKH LQIRUPDWLRQ WKDW WKH PHWKRG LV PHDQW

WR H[WUDFW� WKHUHIRUH FUHDWLQJ D YLFLRXV FLUFOH� )URP WKHVH PHDVXUHPHQWV WKH LQYHUVH SUREOHP

VROXWLRQ FDQ©W EH GLUHFWO\ DSSOLHG XQOHVV WKHUH LV DGGLWLRQDO LQIRUPDWLRQ FROOHFWHG�
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)LJXUH ��� 5HVXOW IURP WKH LQYHUVH SUREOHP PHWKRG IRU �D� OLQHDU DQG �E� DGLDEDWLF VSDWLDO

QRQXQLIRP SURILOHV� 'DVKHG OLQH VKRZ WKH RULJLQDO SURILOHV XVHG WR FDOFXODWH WKH GHWXQLQJ

FXUYHV XVLQJ ������ 6ROLG OLQHV DUH WKH UHFRQVWUXFWLRQ XVLQJ WKH LQYHVH SUREOHP PHWKRG�

([DPSOHV RI WKLV PHWKRG DUH VKRZQ LQ )LJXUH ���� 7ZR GLIIHUHQW QRQXQLIRUP VSDWLDO

ZDYHYHFWRU GLVWULEXWLRQV DUH VKRZQ XVLQJ D XQLIRUP QRQOLQHDU VWUHQJWK� D OLQHDU YDULDWLRQ

�)LJXUH ����D�� DQG DQ DGLDEDWLF SURILOH �)LJXUH ����E�� DV GLVFXVVHG HOVHZKHUH >��@� 6ROLG OLQHV

VKRZ WKH UHFRQVWUXFWLRQ IURP WKH GHWXQLQJ FXUYHV EDFN WR WKH VSDWLDO SURILOH� 'DVKHG FXUYHV

VKRZ WKH DVVXPHG VSDWLDO YDULDWLRQ XVHG WR FDOFXODWH WKH GHWXQLQJ FXUYHV XVLQJ ������ 7KH

LQYHUVH FDOFXODWLRQV DUH LQ H[FHOOHQW QXPHULFDO DJUHHPHQW ZLWK WKH RULJLQDO LQSXW�



���

:KLOH LQYHVWLJDWLQJ WKH GLIIHUHQFHV EHWZHHQ WKH LQYHUVH SUREOHP UHVXOWV XVLQJ WKH IRXU

GLIIHUHQW VHWV RI FRXSOHG PRGH HTXDWLRQV� DQ LQWHUHVWLQJ QXPHULFDO SURSHUW\ ZDV REVHUYHG� )RU

WKH W\SH , FRXSOHG PRGH HTXDWLRQV� WKH VHFRQG KDUPRQLF GHWXQLQJ FXUYH �)LJXUH ����E�� DQG

WKH QRQOLQHDU SKDVH VKLIW LPSRVH RQWR WKH IXQGDPHQWDO �)LJXUH ����F�� DUH FORVHO\ UHODWHG E\

D +LOEHUW WUDQVIRUP >��@� 7KLV UHVXOW ZDV FRQVLVWHQW LQ WKH KLJK DQG WKH ORZ GHSOHWLRQ UHJLPHV�

,Q WKH FRQWH[W RI JHQHUDO QRQOLQHDU RSWLFV VLPLODU UHVXOWV H[LVW >��@� 7KH GLVSHUVLRQ UHODWLRQV

ZKLFK UHODWH WKH UHDO SDUW RI WKH RSWLFDO VXVFHSWLELOLW\ �UHIUDFWLRQ� DQG LPDJLQDU\ SDUW

�DEVRUSWLRQ� DUH UHODWHG ZLWK D +LOEHUW WUDQVIRUP� 7KHVH DUH NQRZQ DV WKH .UDPHUV�.U|QLJ

UHODWLRQV� ,W LQYROYHV RQO\ RGG SRZHUV RI WKH RSWLFDO VXVFHSWLELOLW\ ����� WKDW DUH UHODWHG ZLWK

SK\VLFDO FKDQJHV LQ WKH UHIUDFWLYH LQGH[ ������� $V GLVFXVVHG LQ VHFWLRQ ���� LW FDXVHV D FKDQJH

LQ WKH SKDVH RI WKH HOHFWULF ILHOG� )RU FDVFDGHG VHFRQG RUGHU QRQOLQHDULWLHV WKHUH LV QR SK\VLFDO

PRGHO VXSSRUWLQJ D VLPLODU UHVXOW� $ SRVVLEOH H[SODQDWLRQ IRU WKH QXPHULFDO REVHUYDWLRQ FDQ

EH SURSRVHG� 6+* FDQ EH LQWHUSUHWHG DV D WZR SKRWRQ DEVRUSWLRQ RI WKH IXQGDPHQWDO� $

VLPLODU UHODWLRQVKLS KDV EHHQ REVHUYHG QXPHULFDOO\ LQ WKH ORZ GHSOHWLRQ UHJLPH IRU D XQLIRUP

ZDYHYHFWRU PLVPDWFK GLVWULEXWLRQ >��@� ,I WKLV SRLQW RI YLHZ LV DFFHSWHG� 6+* LPSRVHV D

FKDQJH LQ WKH SKDVH RI WKH IXQGDPHQWDO ILHOG PDQLIHVWHG DV WKH FDVFDGHG SKDVH VKLIW LPSRVHG

RQWR WKH IXQGDPHQWDO� ZLWKRXW FUHDWLQJ D UHDO FKDQJH LQ WKH UHIUDFWLYH LQGH[� 7KLV VWDWHPHQW

ZLOO UHPDLQ LQ WKLV ZRUN MXVW D QXPHULFDO REVHUYDWLRQ� DOWKRXJK LW FHUWDLQO\ UHTXLUHV IXUWKHU

FRQVLGHUDWLRQ�

$FFHSWLQJ WKLV UHODWLRQ EHWZHHQ WKH 6+* GHWXQLQJ FXUYH DQG WKH FDVFDGHG 1/ SKDVH

VKLIW LPSRVHG RQWR WKH IXQGDPHQWDO� XQGHU WKH QRQ�VHHGHG ORVVOHVV DVVXPSWLRQ� UHODWHV WKUHH

RI WKH IRXU FXUYHV GHSLFWHG LQ )LJXUH ���� 7KH IXQGDPHQWDO DQG KDUPRQLF LQWHQVLW\ FXUYHV DUH
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WKH FRPSOHPHQW RI HDFK RWKHU WR WKH LQSXW IXQGDPHQWDO ILHOG� 
$ ���
 � 7KH KDUPRQLF LQWHQVLW\
7

��

FXUYH DQG WKH QRQOLQHDU FDVFDGHG SKDVH VKLIW LPSRVHG RQWR WKH IXQGDPHQWDO DUH UHODWHG E\ D

+LOEHUW WUDQVIRUP� 8QIRUWXQDWHO\� D UHODWLRQVKLS EHWZHHQ WKH SKDVH RI WKH VHFRQG KDUPRQLF

DQG DQ\ RI WKH RWKHU TXDQWLWLHV KDV QRW EHHQ IRXQG� %HFDXVH WKH QRQOLQHDU SKDVH VKLIW RI WKH

IXQGDPHQWDO LV GXH WR D VXFFHVVLRQ RI VHFRQG RUGHU SURFHVVHV� WKH LQIRUPDWLRQ RI HDFK

LQGLYLGXDO SURFHVV LV ORVW� ,W LV QRW SRVVLEOH WR UHODWH WKH SKDVH RI WKH IXQGDPHQWDO WR WKH

KDUPRQLF� DOWKRXJK WKHUH LV WKH UHODWLRQ ����� EHWZHHQ WKH SKDVHV IRU WKH IRXU GLIIHUHQW DQ]DWV�

7KH LQYHUVH SUREOHP VROXWLRQ VWLOO KDV VRPH SUDFWLFDO SRLQWV WKDW UHTXLUH IXUWKHU

UHVHDUFK� ,W LV DQ H[WUHPHO\ SRZHUIXO WRRO IRU HQJLQHHULQJ D QRQXQLIRUP SURILOH� :LWK WKLV

PHWKRG D VSDWLDO GLVWULEXWLRQ DORQJ WKH SURSDJDWLRQ D[LV FDQ EH V\QWKHVL]HG� ,Q DQ LWHUDWLYH

SURFHVV WKH VSDWLDO GLVWULEXWLRQ FDQ EH DGMXVWHG WR DFKLHYH WKH GHVLUHG SHUIRUPDQFH WR HQKDQFH

HLWKHU WKH 6+* EDQGZLGWK RU WKH QRQOLQHDU SKDVH VKLIW SURSHUWLHV� )RU H[DPSOH� LI RQH GHVLUH

WR KDYH D IODW WRS 6+* GHWXQLQJ FXUYH WR HQKDQFH WKH WROHUDQFHV XVLQJ ����� DQG ������ D

XQLIRUP QRQOLQHDU VWUHQJWK GLVWULEXWLRQ ZLWK D VSDWLDO ZDYHYHFWRU GLVWULEXWLRQ RI WKH IRUP .� �

� V\QF� � LV UHTXLUHG�

$ YDULHW\ RI VSDWLDO GLVWULEXWLRQV FDQ EH FRQFHLYHG� $V PHQWLRQHG EHIRUH� WKHUH DUH DQ

LQILQLWH QXPEHU RI SRVVLELOLWLHV IRU FRQVWUXFWLQJ *� �� ,W PD\ QRW EH SRVVLEOH WR WUDQVIHU DOO RI

WKHVH LQWR D UHDO SK\VLFDO GHYLFH� DQG VRPH UHPDLQ DV WKHRUHWLFDO FXULRVLWLHV� %HIRUH DWWHPSWLQJ

D QXPHULFDO VWXG\ LQ PRUH FRPSOH[ VSDWLDO QRQXQLIRUP GLVWULEXWLRQV� H[SHULPHQWDO HYLGHQFH

RI WKH YLDEOH HQJLQHHUDEOH GLVWULEXWLRQV LV UHTXLUHG� 7KH ILUVW VWHSV WRZDUGV WKLV JRDO DUH

SUHVHQWHG LQ WKH QH[W VHFWLRQ�



���

��� ([SHULPHQWDO 5HVXOWV LQ D *HQHUDO 3URILOH

7KH FRPSOH[ UHVSRQVH GXH WR D VSDWLDOO\ QRQXQLIRUP ZDYHYHFWRU GLVWULEXWLRQ DORQJ

WKH SURSDJDWLRQ D[LV KDV EHHQ H[SHULPHQWDOO\ UHSRUWHG >�� ��� ��� ��� ��@� 7KHVH REVHUYDWLRQV

ZHUH PDGH LQ ZDYHJXLGH 6+* ZKHUH WKH SKDVHPDWFKLQJ WHFKQLTXH LQGXFHG D FHUWDLQ DPRXQW

RI QRQXQLIRUPLW\ �WHPSHUDWXUH WXQHG RU JUDWLQJ DVVLVWHG��

,Q WKLV ZRUN FRQWUROOHG� JUDWLQJ DVVLVWHG� SKDVHPDWFKLQJ ZDV VWXGLHG� ,Q SDUWLFXODU� WKH

ORZ GHSOHWLRQ 6+* UHVSRQVH RI DQ HQJLQHHUHG� QRQXQLIRUP�QRQV\PPHWULF ZDYHYHFWRU

GLVWULEXWLRQ DORQJ WKH SURSDJDWLRQ D[LV ZDV LQYHVWLJDWHG� 7KH VSHFLILF YDULDWLRQ LQ WKH

ZDYHYHFWRU PLVPDWFK ZDV DFKLHYHG E\ D QRQXQLIRUP FKLUS �L�H�� QRW D OLQHDU FKLUS� LQ WKH

JUDWLQJ SHULRG RI D /L1E2 SHULRGLF VHJPHQWHG ZDYHJXLGH �36:�� 7KH DSSURDFK XVHG KHUH�

LV GLIIHUHQW IURP WKH WUDGLWLRQDO PHWKRG XVHG WR VWXG\ JUDWLQJ DVVLVWHG SKDVHPDWFKLQJ >��@�

1RUPDOO\ LW FRQVLVWV RI GHFRPSRVLQJ WKH JUDWLQJ UHVSRQVH LQWR LWV )RXULHU FRPSRQHQWV DQG

DQDO\]LQJ WKH UHVSRQVH RI WKH VWUXFWXUH IURP WKH PDWHULDO SRLQW RI YLHZ� $OO JUDWLQJ DVVLVWHG

SKDVHPDWFKLQJ WHFKQLTXHV �430� VHJPHQWHG ZDYHJXLGHV� SHULRGLF GRPDLQ LQYHUVLRQ� ���� FDQ

EH VWXGLHG XVLQJ WKH )RXULHU GHFRPSRVLWLRQ DSSURDFK� :H FDQ LQWHUSUHW WKLV W\SH RI

SKDVHPDWFKLQJ LQ D GLIIHUHQW ZD\� DV PHQWLRQHG SUHYLRXVO\ LQ FKDSWHU WZR� +HUH ZH GR QRW

DVVXPH SKDVHPDWFKLQJ FDXVHG E\ D JUDWLQJ ZDYHYHFWRU DGGHG WR WKH PDWHULDO SKDVH PLVPDWFK�

,QVWHDG ZH DVVXPH WKDW WKHUH LV ¦D§ SKDVHPDWFKLQJ FRQGLWLRQ SHUWXUEHG E\ RWKHU

SKDVHPDWFKHG SURFHVVHV� 7KLV LV VLPLODU WR WKH SRLQW RI YLHZ XVHG WR GHVFULEH PXOWLPRGH

FRPSHWLWLRQ� 7KH DGGLWLRQDO 6+* SURFHVVHV PHQWLRQHG DUH WKH PDWHULDO SKDVH PLVPDWFK DQG

SKDVHPDWFKLQJ WKURXJK GLIIHUHQW JUDWLQJ RUGHUV� $OWKRXJK WKH SK\VLFV LV WKH VDPH IRU ERWK

DSSURDFKHV� WKH PDWKHPDWLFDO IRUPDOLVP DQG WKH LQWHUSUHWDWLRQ DUH GLIIHUHQW� 7KH PDWKHPDWLFDO
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)LJXUH ��� ([SHULPHQWDO XQLIRUP 36: GHWXQLQJ FXUYH� 7KLV FXUYH LV IRU D VHJPHQWHG JUDWLQJ

SHULRG RI �� �P� $ ELQDU\ UHSUHVHQWDWLRQ RI WKH SKDVHPDWFKHG PRGHV LV DOVR VKRZQ�

GHVFULSWLRQ SUHVHQWHG HDUOLHU LQ WKH FKDSWHU FDQ EH DSSOLHG GLUHFWO\ ZLWK WKH DSSURDFK

SUHVHQWHG KHUH� 7KH SUHVHQFH RI WKH JUDWLQJ LV LQWHUSUHWHG DV D UHGXFHG QRQOLQHDU VWUHQJWK

GHSHQGHQW RQ WKH JUDWLQJ RUGHU LQYROYHG LQ WKH SURFHVV� 7KH DJUHHPHQW EHWZHHQ WKH

H[SHULPHQWDO UHVXOWV DQG WKH VLPXODWLRQV VXSSRUWV WKLV VLPSOLILFDWLRQ�

7R HVWDEOLVK WKH FRQGLWLRQV QHHGHG WR IDEULFDWH WKH GHVLUHG FKLUSHG JUDWLQJ� XQLIRUP

36: ZDYHJXLGHV ZLWK SHULRGV LQ WKH ������� �P UDQJH ZHUH IDEULFDWHG DQG WKHLU 6+*

UHVSRQVH PHDVXUHG� 7\SLFDO 6+* UHVSRQVHV RI WKHVH ZDYHJXLGHV DUH VKRZQ LQ )LJXUH ����
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)LJXUH ��� 3KDVH PDWFKLQJ ZDYHOHQJWK YV� 36: JUDWLQJ SHULRG IRU WKH 70 �7� � 70 ��7��� ��

�GDVKHG OLQH�� 70 �7� � 70 ��7� �VROLG OLQH� DQG 70 �7� � 70 ��7� �GRWWHG OLQH���� �� �� ��

$YHUDJH 6+* FRQYHUVLRQ HIILFLHQFLHV IRU ��� : LQSXW IXQGDPHQWDO DUH ������ ����� DQG

����� UHVSHFWLYHO\� 7KH GDVK�GRWWHG OLQHV UHSUHVHQWV WKH 36: JUDWLQJ SHULRG UDQJH XVHG LQ

WKH QRQXQLIRUP SURILOH PDVN GHVLJQ�

7KH 36: ZDYHJXLGHV ZHUH IDEULFDWHG DW WKH 8QLYHUVLW\ RI *ODVJRZ E\ WLWDQLXP

LQGLIIXVLRQ LQWR D � FP ]�FXW VDPSOH RI /L1E2 E\ VWDQGDUG OLWKRJUDSKLFDO WHFKQLTXHV��

(VWLPDWHG GLPHQVLRQV ZHUH � �P ZLGH E\ � �P GHSWK� 2QO\ WKH 70 �7� ZDV VXSSRUWHG LQ��

WKH ���� QP WR ���� QP ZDYHOHQJWK UHJLRQ� 8VLQJ WKH ORVV\ )DEU\�3HURW PHWKRG >��@� WKH

IXQGDPHQWDO ORVVHV ZHUH PHDVXUHG WR EH ��� G%�FP� ZKLFK LV ��� G%�FP PRUH WKDQ DQ

HTXLYDOHQW FRQWLQXRXV ZDYHJXLGH�
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7KH LQWHUDFWLRQV 70 �7��70 ��7�� 70 �7��70 ��7� DQG 70 �7��70 ��7��� �� �� �� �� ��

RFFXUUHG LQ WKH ZDYHOHQJWK UHJLRQ VFDQQHG� 7KH\ KDG EDQGZLGWKV RI ����QP� &DUH ZDV WDNHQ

WR DVVXUH WKH FRUUHFW SRODUL]DWLRQ ODEHOLQJ� &RQYHUVLRQ HIILFLHQFLHV RI ������ ���� DQG �����

UHVSHFWLYHO\� IRU D ��� : IXQGDPHQWDO LQSXW IURP D WKH FRORU FHQWHU ODVHU ZHUH REVHUYHG� 7KH

FRPSOHWH FKDUDFWHUL]DWLRQ RI WKHVH ZDYHJXLGHV LV VKRZQ LQ )LJXUH ���� 7KH QRQXQLIRUP

ZDYHJXLGHV VHOHFWHG IRU IXUWKHU H[SHULPHQWV KDG FKLUSHG JUDWLQJ SHULRGV EHWZHHQ ���� �P

DQG ���� �P� VXLWDEOH IRU ILUVW JUDWLQJ RUGHU SKDVHPDWFKLQJ EHWZHHQ ���� QP DQG ���� QP

IRU WKH 70 �7��70 ��7� LQWHUDFWLRQ� DV GHSLFWHG LQ )LJXUH ������ ��

7R FUHDWH D QRQXQLIRUP ZDYHYHFWRU GLVWULEXWLRQ WKH UHTXLUHG FKLUS ZDV V\QWKHVL]HG

E\ ILUVW FDOFXODWLQJ WKH VPRRWKO\ YDU\LQJ ZDYHYHFWRU PLVPDWFK QHHGHG WR KDYH WKH GHVLUHG

UHVSRQVH IXQFWLRQ� )RU WKLV ZRUN D TXDGUDWLF FKLUS JUDWLQJ GLVWULEXWLRQ ZDV VHOHFWHG� 7KLV

JHQHUDWHV D TXDGUDWLF ZDYHYHFWRU PLVPDWFK GLVWULEXWLRQ� 7KH GLVWULEXWLRQ ZDV GLVFUHWL]HG LQWR

GLIIHUHQW VHFWLRQV ZKRVH SHULRG ZDV FKRVHQ WR JLYH WKH DSSURSULDWH DYHUDJH PLVPDWFK IRU HDFK

VHFWLRQ� 7R REWDLQ WKH SHULRGLFLW\ RI WKH JUDWLQJ DV D IXQFWLRQ RI GLVWDQFH�

ZKHUH $ LV WKH DPSOLWXGH RI WKH IXQFWLRQ DQG � LV WKH LQLWLDO SHULRG� ,I WKH IXQFWLRQ LV�

GLVFUHWL]HG LQWR 1 VHFWLRQV DORQJ WKH SURSDJDWLRQ GLVWDQFH� / � 1±�]�� WKH DYHUDJH SHULRG IRU

HDFK VHFWLRQ LV JLYHQ E\
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)LJXUH ��� (QJLQHHU GHVLJQV LQ D FKLUSHG 36: WR REVHUYH FRQWUROOHG QRQXQLIRUP SURILOH

UHVSRQVH� �D� 4XDGUDWLF JURZ �GHVLJQ ��� �E� TXDGUDWLF JURZ ZLWK D VKDUS GLVFRQWLQXWLW\

�GHVLJQ ��� DQG �F� TXDGUDWLF JURZ ZLWKRXW WKH GLVFRQWLQXLW\ �GHVLJQ ���

ZKHUH � LV WKH ILQDO JUDWLQJ SHULRG DQG L ^ �� ���� 1��` LV DQ LQGH[LQJ QXPEHU�I

$ PDVN ZDV WKHQ IDEULFDWHG ZLWK D IHZ ������ XQLIRUP VHJPHQWV PDNLQJ XS HDFK

VHFWLRQ WR REWDLQ D VWHS�ZLVH FKDQJH LQ WKH JUDWLQJ SHULRG UDQJLQJ EHWZHHQ �  ���� DQG �� I

 ���� �P� 7KH YDULDWLRQV ZHUH GRQH LQ 1 �� RU �� GLIIHUHQW VHJPHQWV RI HTXDO SHULRGLFLW\

LQ D VWHSZLVH IDVKLRQ� 7KUHH GLIIHUHQW QRQXQLIRUP GHVLJQV LQFOXGLQJ D TXDGUDWLF SURILOH ZHUH

LQYHVWLJDWHG �)LJXUH �����
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'LIIHUHQW VHJPHQWHG ZDYHJXLGH JURXSV� ZLWK WHQ ZDYHJXLGHV LQ HDFK� ZHUH WKHQ

IDEULFDWHG ZLWK WKHVH GHVLJQV� 7KH PDVN ZDV UHSURGXFHG LQ ERWK SRVVLEOH GLUHFWLRQV� )RU

H[DPSOH XVLQJ WKH ¦GHVLJQ �� D TXDGUDWLF JURZWK DQG D TXDGUDWLF GHFOLQH LQ WKH JUDWLQJ SHULRG

ZHUH GXSOLFDWHG LQ WZR GLIIHUHQW ZDYHJXLGHV JURXSV� 7KLV ZDV GRQH WR REVHUYH UHFLSURFDO �RU

QRQUHFLSURFDO� EHKDYLRU LQ WKH VDPH SURSDJDWLRQ GLUHFWLRQ ZLWKLQ WKH PDWHULDO WR LVRODWH

PDWHULDO LPSHUIHFWLRQV� )URP WKH GLVFXVVLRQ DW WKH EHJLQQLQJ RI WKLV FKDSWHU ZH PLJKW H[SHFW

D UHFLSURFDO UHVSRQVH LQ WKH ORZ GHSOHWLRQ UHJLPH�

5HSUHVHQWDWLYH ORZ GHSOHWLRQ 6+* WXQLQJ FXUYHV IRU WKHVH ZDYHJXLGHV DUH VKRZQ LQ

)LJXUH ��� IRU WKH � GLIIHUHQW SRVVLEOH FRPELQDWLRQV� $OO RI WKHVH FXUYHV ZHUH REWDLQHG E\ HQG

ILUH FRXSOLQJ LQWR WKH VDPH HQG RI WKH GHYLFH� ,Q WKHVH FXUYHV ZH REVHUYHG D EURDGHQLQJ LQ WKH

EDQGZLGWK RI WKH 6+* GHWXQLQJ FXUYH UHODWLYH WR WKH XQLIRUP JUDWLQJ FDVH �)LJXUH ���� DQG

D FRPSOLFDWHG GHSHQGHQFH RI 6+* RQ WKH ZDYHOHQJWK� %\ REVHUYLQJ GLIIHUHQW ZDYHJXLGHV

ZLWKLQ WKH VDPH JURXS ZH REWDLQHG D UHSURGXFLEOH FROOHFWLYH EHKDYLRU� 7KLV FDQ EH REVHUYHG

LQ )LJXUH ��� E\ FRPSDULQJ WKH WZR GLIIHUHQW GHWXQLQJ FXUYHV GHSLFWHG IRU HDFK FDVH�

,Q DOO FDVHV� ��� : RI SXOVHG IXQGDPHQWDO SRZHU ZDV ODXQFKHG LQWR WKH VDPSOH� 2Q

DYHUDJH D ��� WKURXJKSXW ZDV REVHUYHG� &RQVLGHULQJ ��� G%�FP ORVVHV �FRUUHVSRQGLQJ WR

���� WKURXJKSXW� DQG ��� )UHVQHO ORVVHV� WKH ��� FRXSOLQJ HIILFLHQF\ ZDV FRQVLVWHQW IRU

WKLV GHYLFH� &RUUHFWLQJ IRU ORVVHV� WKH DYHUDJH PD[LPXP FRQYHUVLRQ HIILFLHQFLHV REWDLQHG IRU

��� : RI IXQGDPHQWDO ODXQFKHG LQWR WKH ZDYHJXLGH ZHUH ������ ����� DQG ����� IRU WKH

GHVLJQV �� � DQG �� UHVSHFWLYHO\� 7KH FXUYHV LQ )LJXUH ��� DUH QRUPDOL]HG WR WKHVH YDOXHV�
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)LJXUH ��� ([SHULPHQWDO GHWXQLQJ FXUYHV IRU WKH VSDWLDO QRQXQLIRUP SURILOHV VKRZQ LQ )LJXUH

��� LQ D FKLUSHG 36:� �D� 'HVLJQ � �IRUZDUG�� �E� 'HVLJQ � �EDFNZDUG�� �F� 'HVLJQ �

�IRUZDUG�� �G� 'HVLJQ � �EDFNZDUG�� �H� 'HVLJQ � �IRUZDUG�� DQG �I� 'HVLJQ � �EDFNZDUG��

'RWWHG DUURZV VKRZ WKH SRVLWLRQ IRU SKDVHPDWFKLQJ DW WKH H[WUHPHV YDOXHV RI WKH JUDWLQJ�

7ZR GLIIHUHQW ZDYHJXLGHV DUH VKRZQ LQ HDFK JUDSK WR VKRZ UHSURGXFLELOLW\�
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)URP WKHVH UHVXOWV� ZH REVHUYH WKDW WKH GHWXQLQJ FXUYHV DUH OLPLWHG WR WKH UHJLRQ

EHWZHHQ ����� QP DQG ����� QP� 7KLV VXJJHVWV WKDW WKH 70 �7��70 ��7� LQWHUDFWLRQ LV�� ��

UHVSRQVLEOH IRU WKH FROOHFWLYH FKDUDFWHULVWLFV LQ WKH GHWXQLQJ FXUYHV VKRZQ� &RPSDULQJ WKH

UHVXOW E\ HQGILUH FRXSOLQJ LQWR ERWK VLGHV RI WKH GHYLFH ZH PD\ KDYH H[SHFWHG D

FRPSOHPHQWDU\ EHKDYLRU �FXUYHV RQ WKH ULJKW FROXPQ UHSODFHG E\ WKH FXUYHV RQ WKH OHIW

FROXPQ LQ )LJXUH ���� DQG YLFH YHUVD�� 6XUSULVLQJO\ WKLV ZDV QRW WKH FDVH� DOWKRXJK VRPH

GHJUHH RI QRQUHFLSURFLW\ ZDV LQGHHG SUHVHQW� 7KLV LV D PDQLIHVWDWLRQ RI D VPDOO FRQWULEXWLRQ

GXH WR KLJKHU RUGHU HIIHFWV VXFK DV PXOWLPRGH FRPSHWLWLRQ EHWZHHQ 70 ��� DQG 70 ��7��� ��

IRU H[DPSOH� 6RPH DV\PPHWU\ LQ WKH ZDYHJXLGH GXH WR GLVFUHWL]DWLRQ LQ WKH JUDWLQJ FKLUS

������ DQG GHIHFWV LQ WKH PDVN DUH DOVR SRVVLEOH FDXVHV IRU WKLV ODFN RI H[SHFWHG V\PPHWU\�

7KH FXUYHV GHSLFWHG LQ )LJXUH ����D� DQG )LJXUH ����E� UHVHPEOH WKH VKDSH RI WKH

FDOFXODWHG FXUYH LQ )LJXUH ����F� IRU D TXDGUDWLF ZDYHYHFWRU GLVWULEXWLRQ� 7KH PDLQ SHDNV LQ

WKH RWKHU IRXU FXUYHV FRUUHVSRQG WR WKH XQLIRUP JUDWLQJ DW HLWKHU WKH PLGGOH RU WKH H[WUHPH

JUDWLQJ YDOXHV �)LJXUH ����E� DQG )LJXUH ����F��� )URP )LJXUH ���� WKHVH YDOXHV FRUUHVSRQG

WR WKH 70 �7��70 ��7� LQWHUDFWLRQ XVLQJ ILUVW JUDWLQJ RUGHU DVVLVWHG SKDVHPDWFKLQJ� 7KLV�� ��

UHLQIRUFHV WKH DVVXPSWLRQ WKDW WKLV SDUWLFXODU LQWHUDFWLRQ LV WKH PDLQ VRXUFH IRU WKH GHWDLOV RI

WKH GHWXQLQJ FXUYHV VKRZQ LQ )LJXUH ����

8VLQJ D GLUHFW FDOFXODWLRQ ZLWK WKH ZDYHYHFWRU PLVPDWFK GLVWULEXWLRQ LQ )LJXUH ��� DQG

WKH UHVXOW ������ LW ZDV SRVVLEOH WR UHSURGXFH WKH H[SHULPHQWDO UHVXOWV VKRZQ LQ )LJXUH ����

7ZR RI WKHVH UHVXOWV DUH VKRZQ LQ )LJXUH ���� IRU WKH GHVLJQV � DQG � LQ WKH ¦EDFNZDUG§ FDVH

�)LJXUH ����D� DQG �F� UHVSHFWLYHO\�� ,Q WKHVH FDOFXODWLRQV WKH RQO\ ILWWHG SDUDPHWHU ZDV WKH

DPSOLWXGH RI WKH IXQFWLRQ�
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)LJXUH ���� 'HWXQLQJ FXUYHV IRU WKH VSDWLDO QRQXQLIRUP SURILOHV VKRZQ LQ )LJXUH ��� LQ D

FKLUSHG 36: XVLQJ �� VHJPHQWV� 'HWXQLQJ FXUYHV �GDVKHG OLQH� ZHUH FDOFXODWHG XVLQJ WKH

HQJLQHHU SURILOH DQG ������ 7KH DPSOLWXGH RI WKH SURILOH ZDV PXOWLSOLHG E\ ����� �D� 'HVLJQ �

�EDFNZDUG� DQG �E� 'HVLJQ � �EDFNZDUG�� 'RWWHG DUURZV VKRZ WKH SRVLWLRQ IRU SKDVHPDWFKLQJ

DW WKH JUDWLQJ H[WUHPHV � DQG � IRU WKH LQWHUDFWLRQ 70 �7��70 ��7��� I �� ��
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$OWKRXJK WKH ¦EDFNZDUG§ FDOFXODWLRQV VKRZQ KHUH GR QRW WRWDOO\ UHSURGXFH WKH SHDN©V

PDJQLWXGH VKRZQ LQ )LJXUH ����� WKHLU SRVLWLRQ LV FRUUHFW� 0RVW OLNHO\ WKHUH DUH DGGLWLRQDO

HIIHFWV LQYROYHG LQ WKLV 6+* SURFHVV� 7R KDYH D PRUH FRPSOHWH GHVFULSWLRQ� WKH SXOVHG QDWXUH

RI WKH IXQGDPHQWDO ILHOG LQSXW DV ZHOO DV RWKHU DGGLWLRQDO HIIHFWV QHHG WR EH LQFOXGHG�

,W LV DPD]LQJ WR REVHUYH WKH VLPLODULW\ REWDLQHG IRU DOO WKH GLIIHUHQW FXUYHV� DQG DOO WKH

FXUYHV UHTXLUHG WKH VDPH VFDOH IDFWRU WR ZLWKLQ D ��� HUURU� 7KHUHIRUH LW LV VDIH WR DVVXPH

WKDW WKH QRQXQLIRUP SURILOH REVHUYHG LV PDLQO\ FDXVHG E\ WKH FRQWUROOHG QRQXQLIRUP VSDWLDO

FKLUS GLVWULEXWLRQ DORQJ WKH SURSDJDWLRQ GLUHFWLRQ� DIIHFWLQJ WKH 70 �7��70 ��7��� ��

UHVRQDQFH� 7KH VLPSOH WKHRU\ EHKLQG WKH ORZ GHSOHWLRQ FDOFXODWLRQ ����� UHSURGXFHV WKHVH

UHVXOWV LQ WKH ILUVW DSSUR[LPDWLRQ� $V D ILQDO FRPPHQW RQ )LJXUH ����� ZH PHQWLRQ WKDW WKH

GHWXQLQJ FXUYHV REVHUYHG IRU WKH TXDGUDWLF JURZWK LQ WKH JUDWLQJ SHULRG �WKHUHIRUH WKH

ZDYHYHFWRU PLVPDWFK� DV VKRZQ LQ )LJXUH ����D� H[KLELW WKH RVFLOODWRU\ EHKDYLRU IRU PRVW RI

WKH FDOFXODWLRQ H[KLELWHG LQ )LJXUH ����F�� 6XFK D W\SLFDO VKDSH IRU WKLV GHWXQLQJ FXUYH KDV

EHHQ UHSRUWHG LQ VRPH FDVHV >��� ��@ XVLQJ GLIIHUHQW SKDVHPDWFKLQJ WHFKQLTXHV� ,I WKH

DVVRFLDWHG WKHRU\ LV FRUUHFW IRU WKH ZDYHOHQJWKV EHORZ WKH ILUVW SHDN ������ QP�� D ODUJH

FDVFDGHG QRQOLQHDU SKDVH VKLIW PD\ EH SUHVHQW�

7KH UHVXOWV VKRZQ LQ KHUH DUH WKH ILUVW REVHUYDWLRQ RI D FRQWUROOHG� QRQXQLIRUP

FKLUSHG� JUDWLQJ DVVLVWHG SKDVH�PDWFKLQJ ZLWK DQ DUELWUDU\ SURILOH� 7KH XVH RI D 36: GRHV QRW

SURYLGH WKH EHVW FRQYHUVLRQ HIILFLHQF\� EXW LW GLG DOORZ EHWWHU FRQWURO RI WKH JUDWLQJ FKLUS�

7KHVH UHVXOWV DUH HQFRXUDJLQJ IRU WKH SXUVXLW RI DOO�RSWLFDO VZLWFKLQJ GHYLFHV DW URRP

WHPSHUDWXUH EDVHG RQ FDVFDGLQJ� IRU QHZ ZD\V RI HQKDQFLQJ WKH 6+* EDQGZLGWK� HWF� ZLWK

D FRQWUROOHG WKH 6+* HYROXWLRQ ZLWK DQ DUELWUDU\� QRQXQLIRUPO\ FKLUSHG JUDWLQJ�
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¦:RXOG \RX WHOO PH� SOHDVH� ZKLFK ZD\ , RXJKW WR JR IURP

KHUH"§

¦7KDW GHSHQGV D JRRG GHDO RQ ZKHUH \RX ZDQW WR JHW WR�§

VDLG WKH &DW�

¦, GRQ©W PXFK FDUH ZKHUH ���§ VDLG $OLFH�

¦7KHQ LW GRHVQ©W PDWWHU ZKLFK ZD\ \RX JR�§ VDLG WKH &DW�

¦���� VR ORQJ DV , JHW VRPHZKHUH�§ $OLFH DGGHG DV DQ

H[SODQDWLRQ�

¦2K� \RX©UH VXUH WR GR WKDW�§ VDLG WKH &DW� ¦LI \RX RQO\ ZDON

ORQJ HQRXJK�§

$OLFH LQ :RQGHUODQG

/HZLV &DUUROO

7KLV GLVVHUWDWLRQ KDV SUHVHQWHG UHVHDUFK ZKLFK UHVXOWHG LQ WKH LGHQWLILFDWLRQ RI QRYHO

HIIHFWV LQ ZDYHJXLGH VHFRQG KDUPRQLF JHQHUDWLRQ� 7KLV ZRUN VWDUWHG E\ LQYHVWLJDWLQJ

H[SHULPHQWDO DQG QXPHULFDO LQFRQVLVWHQFHV WKDW GHSDUWHG IURP WKH WUDGLWLRQDO VFRSH RI VHFRQG

KDUPRQLF JHQHUDWLRQ� 6RPH RI WKHVH LQFRQVLVWHQFHV ZHUH FDXVHG E\ FRQGLWLRQV XVXDOO\

RYHUORRNHG ZKLOH VWXG\LQJ VHFRQG KDUPRQLF JHQHUDWLRQ� QDPHO\ 6+* LQ ZDYHJXLGHV WKDW

VXSSRUW PDQ\ PRGHV DQG WKH 6+* ILHOG HYROXWLRQ LQ ZDYHJXLGHV ZLWK VSDWLDOO\ QRQXQLIRUP�
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QRQV\PPHWULFDO GLVWULEXWLRQ RI SDUDPHWHUV DORQJ WKH SURSDJDWLRQ SDWK� ([DPLQLQJ VHFRQG

KDUPRQLF JHQHUDWLRQ LQ GHWDLO XQGHU WKHVH FRQGLWLRQV OHG WR WKH LGHQWLILFDWLRQ RI WZR

IXQGDPHQWDO HIIHFWV LQ VHFRQG KDUPRQLF JHQHUDWLRQ� QDPHO\ ZDYHJXLGH PXOWLPRGH FRPSHWLWLRQ

DQG VSDWLDO QRQUHFLSURFLW\� 7KLV VWXG\ SURYLGHG DGGLWLRQDO PDWKHPDWLFDO WRROV WR LQYHVWLJDWH

WKH HYROXWLRQ RI VHFRQG KDUPRQLF JHQHUDWLRQ IRU VSDWLDOO\ QRQXQLIRUP GLVWULEXWLRQ RI

SDUDPHWHUV DORQJ WKH SURSDJDWLRQ SDWK IXUWKHU� ,Q WKLV FKDSWHU WKH EDVLF UHVXOWV RI WKLV UHVHDUFK

ZLOO EH VXPPDUL]HG� FRQFOXVLRQ ZLOO EH GUDZQ IURP WKHVH UHVXOWV�

��� 6XPPDU\ RI 5HVXOWV

,Q WKLV ZRUN VRPH QRYHO HIIHFWV LQ ZDYHJXLGH VHFRQG KDUPRQLF JHQHUDWLRQ ZHUH

LQYHVWLJDWHG H[SHULPHQWDOO\ DQG QXPHULFDOO\� $ ODUJH DPRXQW RI EDVLF UHVHDUFK UHPDLQV WR EH

GRQH EHIRUH WKH IXOO SRWHQWLDO OLPLWDWLRQV RI WKHVH QRYHO HIIHFWV DUH DSSUHFLDWHG� $GGLWLRQV WR

WKH 6+* WKHRU\ ZHUH LQFRUSRUDWHG E\ FDUHIXOO\ H[SORUH WKH DVVXPSWLRQV XQGHU ZKLFK WKHVH

HIIHFWV DUH UHOHYDQW� 7KHVH DGGLWLRQV ZHUH FKRVHQ WR EH DV VLPSOH DV SRVVLEOH� XQIRUWXQDWHO\

WKH RXWFRPH LV VXFK WKDW LQ RUGHU WR DQWLFLSDWH WKH G\QDPLFV RI WKHVH HIIHFWV D QXPHULFDO

DQDO\VLV LV UHTXLUHG� 7KH H[SHULPHQWDO REVHUYDWLRQV REWDLQHG LQ WKLV GLVVHUWDWLRQ ZHUH GRQH LQ

WKH ��������� QP UDQJH XVLQJ HLWKHU 430 RU VHJPHQWHG SKDVHPDWFKHG /L1E2 ZDYHJXLGHV��

([DPLQLQJ WKH HIIHFWLYH 6+* GHWXQLQJ FXUYHV LQ ZDYHJXLGHV WKDW VXSSRUW PDQ\ PRGHV

ZH IRXQG QXPHULFDOO\ WKDW IRU RQH IXQGDPHQWDO PRGH LQWHUDFWLQJ ZLWK WZR VHFRQG KDUPRQLF

PRGHV IRU ORZ IXQGDPHQWDO GHSOHWLRQ �OHVV WKDQ ��� FRQYHUVLRQ HIILFLHQF\� RU ODUJH

¦UHVRQDQW§ VHSDUDWLRQ ��. / ODUJHU WKDQ ��%� DOZD\V EHKDYHG LQGHSHQGHQWO\ IRU WKH WZR�
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VHFRQG KDUPRQLF PRGHV� )RU ODUJHU GHSOHWLRQ DQG�RU FORVHU VHSDUDWLRQ� WKH WZR VHFRQG

KDUPRQLF PRGHV �WDON� WR HDFK RWKHU YLD WKH IXQGDPHQWDO PRGH� 6RPH JHQHUDO IHDWXUHV WKDW

ZH IRXQG DUH WKDW WKH ZDYHOHQJWK DQG SHDN FRQYHUVLRQ HIILFLHQF\ IRU WKH WZR GLIIHUHQW

KDUPRQLF PRGHV FKDQJH ZLWK LQSXW IXQGDPHQWDO LQWHQVLW\ DQG WKDW SRZHU�GHSHQGHQW

FRPSHWLWLRQ RFFXUV EHWZHHQ WKHP DW KLJK SRZHUV� $GGLWLRQDO VWXG\ LV UHTXLUHG IRU PRGH

LQWHUDFWLRQ LQYROYLQJ PRUH WKDQ WKUHH PRGHV� 7KH SKDVH�VSDFH RI WKH LQWHUDFWLRQ EHFRPHV

FRPSOLFDWHG IDVW� $OWKRXJK WKH DQDO\VLV DQG WKH H[SHULPHQWDO REVHUYDWLRQ ZHUH GRQH IRU 6+*�

LW FDQ EH JHQHUDOL]HG WR RWKHU VHFRQG RUGHU SURFHVVHV� ,Q VXPPDU\� VHFRQG KDUPRQLF

JHQHUDWLRQ FDQ EH D YHU\ FRPSOH[ SURFHVV ZKHQ PXOWLSOH� FORVHO\ VSDFHG KDUPRQLF PRGH

LQWHUDFWLRQV DUH SRVVLEOH� &RPSHWLWLRQ IRU SRZHU RFFXUV GXH WR WKH FRPPRQ FRXSOLQJ WR WKH

IXQGDPHQWDO EHDP DQG WKH SHDN HIILFLHQF\ ZDYHOHQJWK VKLIWV GXH WR WKH QRQOLQHDU SKDVH VKLIWV

LQWURGXFHG E\ WKH QHLJKERULQJ PRGH� 7KLV HIIHFW KDV EHHQ SUHGLFWHG QXPHULFDOO\ DQG YHULILHG

H[SHULPHQWDOO\ LQ 430 /L1E2 ZDYHJXLGHV��

2EVHUYLQJ WKH 6+* ILHOG HYROXWLRQ LQ ZDYHJXLGHV ZLWK VSDWLDOO\ QRQXQLIRUP

GLVWULEXWLRQ RI SDUDPHWHUV DORQJ WKH SURSDJDWLRQ SDWK� D ULFK YDULHW\ RI HIIHFWV ZHUH

KLJKOLJKWHG� 7KH SDUDPHWHUV WKDW ZH DUH UHIHUULQJ DUH WKH QRQOLQHDU FRXSOLQJ VWUHQJWK DQG WKH

ZDYHYHFWRU SKDVH�PLVPDWFK EHWZHHQ WKH IXQGDPHQWDO DQG WKH VHFRQG KDUPRQLF RSWLFDO ILHOGV�

FRPELQHG LQ WKH PLVPDWFK UHVSRQVH IXQFWLRQ *�]�� :H GHYHORSHG D VLPSOH WKHRU\ WR GHVFULEH

WKH FROOHFWLYH FKDUDFWHULVWLFV RI QRQXQLIRUP VWUXFWXUHV LQ IRXU VHWV RI WKH FRXSOHG PRGH

HTXDWLRQV VXLWDEOH IRU GHVFULSWLRQ LQ GLIIHUHQW UHIHUHQFH IUDPHV� 7KH GHVFULSWLRQ UDQJHV IURP

D IXOO GHVFULSWLRQ RI WKH PDWHULDO FKDUDFWHULVWLFV DW ERWK IUHTXHQFLHV� OLNH IRU WKH HTXDWLRQV W\SH

,� XS WR MXVW WKH UHODWLYH GLIIHUHQFH DPRQJ WKH ZDYHYHFWRUV DV LV WKH FDVH IRU WKH HTXDWLRQV



���

W\SH ,9� ,Q WKH ORZ GHSOHWLRQ UHJLPH WKLV VLPSOH WKHRU\ OHDGV WR WKH HOHJDQW UHVXOW ������ ,W

FRQVLVWV RQ REWDLQLQJ LQ D VLPSOH ZD\ WKH 6+* GHWXQLQJ FXUYH LQ WKH ORZ GHSOHWLRQ UHJLPH

IURP NQRZOHGJH RI WKH D[LDO VSDWLDO GLVWULEXWLRQ RI WKH ZDYHYHFWRU PLVPDWFK DQG QRQOLQHDULW\�

7KLV WKHRU\ QRZ DOORZV DQ DGGLWLRQDO WRRO IRU REWDLQLQJ D VSDWLDOO\ YDU\LQJ ZDYHYHFWRU

PLVPDWFK WR WDLORU WKH 6+* GHWXQLQJ FXUYH� ([SHULPHQWDOO\ WKLV WKHRU\ ZDV FRQILUPHG LQ D

FRQWUROOHG� QRQXQLIRUP FKLUSHG� JUDWLQJ DVVLVWHG 36: SKDVH�PDWFKLQJ ZLWK DQ DUELWUDU\

SURILOH� 7KH XVH RI D 36: GRHV QRW SURYLGH WKH EHVW FRQYHUVLRQ HIILFLHQF\� EXW LW GLG DOORZ

EHWWHU FRQWURO RI WKH JUDWLQJ FKLUS�

,W KDV DOVR EHHQ VKRZQ WKDW LQ WKH FDVH RI 6+* LQ D ZDYHJXLGH ZLWK DQ DV\PPHWULF

ZDYHYHFWRU PLVPDWFK� WKH RXWFRPH RI WKH SURFHVV GHSHQGV RQ ZKLFK VLGH RI WKH ZDYHJXLGH

LV WKH LQSXW HQG� 7KHUHIRUH� LI D QRQV\PPHWULF FRQGLWLRQ IRU WKH PLVPDWFK UHVSRQVH

GLVWULEXWLRQ LV LPSRVHG� WKH 6+* RXWSXW GHSHQGV RQ WKH GLUHFWLRQ LQWR ZKLFK WKH IXQGDPHQWDO

LV ODXQFKHG DQG KHQFH LV VSDWLDOO\ QRQUHFLSURFDO� :H KDYH GHPRQVWUDWHG QXPHULFDOO\ DQG

H[SHULPHQWDOO\ WKH H[LVWHQFH RI VSDWLDO QRQUHFLSURFLW\ LQ 6+* LQ VSDWLDOO\ QRQV\PPHWULFDO

VWUXFWXUHV� DV D GLUHFW FRQVHTXHQFH RI WKH SHUWXUEDWLRQ LQ WKH FRKHUHQW HYROXWLRQ EHWZHHQ WKH

IXQGDPHQWDO DQG WKH VHFRQG KDUPRQLF� 7KLV UHVXOW ZDV REWDLQHG LQ 36: /L1E2 ZDYHJXLGHV�

ZLWK DQ DUELWUDU\ QRQXQLIRUP�QRQV\PPHWULFDO ZDYHYHFWRU GLVWULEXWLRQ DQG E\ LQWURGXFLQJ D

VKDUS GLVFRQWLQXLW\ LQ WKH ZDYHYHFWRU PLVPDWFK DQG QRQOLQHDU FRXSOLQJ FRQVWDQW LQ D 430

/L1E2 ZDYHJXLGH��



���

,Q FRQFOXVLRQ ZH REVHUYHG D QHZ NLQG RI HIIHFWV LQ ZDYHJXLGH VHFRQG KDUPRQLF

JHQHUDWLRQ IRU� �D� 6+* LQ ZDYHJXLGHV WKDW VXSSRUW PDQ\ PRGHV� DQG �E� WKH 6+* ILHOG

HYROXWLRQ LQ ZDYHJXLGHV ZLWK VSDWLDOO\ QRQXQLIRUP�QRQV\PPHWULFDO GLVWULEXWLRQ RI SDUDPHWHUV

DORQJ WKH SURSDJDWLRQ SDWK�

)RU 6+* LQ ZDYHJXLGHV WKDW VXSSRUW PDQ\ PRGHV VRPH RI WKH JHQHUDO IHDWXUHV WKDW

ZH IRXQG DUH WKDW WKH ZDYHOHQJWK DQG SHDN FRQYHUVLRQ HIILFLHQF\ IRU GLIIHUHQW KDUPRQLF

PRGHV FKDQJHV ZLWK LQSXW IXQGDPHQWDO LQWHQVLW\ DQG WKDW SRZHU�GHSHQGHQW FRPSHWLWLRQ

RFFXUV EHWZHHQ WKHP DW KLJK SRZHUV� 7KLV LV DQ LPSRUWDQW HIIHFW WR FRQVLGHU� DQG LI SRVVLEOH

DYRLG� LQ WKH GHVLJQ RI ZDYHJXLGHV WR EH XVHG IRU KDUPRQLF JHQHUDWLRQ�

)RU WKH 6+* ILHOG HYROXWLRQ LQ ZDYHJXLGHV ZLWK VSDWLDOO\ QRQXQLIRUP�QRQV\PPHWULFDO

GLVWULEXWLRQ RI SDUDPHWHUV DORQJ WKH SURSDJDWLRQ SDWK ZH IRXQG WKDW WKH 6+* RXWSXW GHSHQGV

RQ WKH GLUHFWLRQ LQWR ZKLFK WKH IXQGDPHQWDO LV ODXQFKHG DQG KHQFH LV VSDWLDOO\ QRQUHFLSURFDO�

7KLV RSHQV WKH SRVVLELOLW\ IRU DQ RSWLFDO GLRGH XVLQJ VHFRQG RUGHU SURFHVVHV� ,Q D PRUH JHQHUDO

FRQWH[W WKH UHVXOWV REWDLQHG DUH HQFRXUDJLQJ IRU WKH SXUVXLW RI DOO�RSWLFDO VZLWFKLQJ GHYLFHV

DW URRP WHPSHUDWXUH EDVHG RQ FDVFDGLQJ� IRU QHZ ZD\V RI HQKDQFLQJ WKH 6+* EDQGZLGWK� HWF�

ZLWK D FRQWUROOHG WKH 6+* HYROXWLRQ ZLWK DQ DUELWUDU\� QRQXQLIRUPO\ FKLUSHG JUDWLQJ�



���

5()(5(1&(6

>�@ -� $� $UPVWURQJ� 1� %ORPEHUJHQ� -� 'XFXLQJ DQG 3� 6� 3HUVKDQ� ¦,QWHUDFWLRQ EHWZHHQ

OLJKW ZDYHV LQ D QRQOLQHDU GLHOHFWULF�§ 3K\V�5HYLHZ ���� � �������

>�@ *� ,� 6WHJHPDQ� (� 0� :ULJWK� 1� )LQOD\VRQ� 5� =DQRQL� DQG &� 7� 6HDWRQ� ¦7KLUG RUGHU

QRQOLQHDU LQWHJUDWHG RSWLFV�§ -�/LJKWZDYH 7HFK� 4(��� ��� �������

>�@ *� 3� $JUDZDO� 1RQOLQHDU )LEHU 2SWLFV� $FDGHPLF 3UHVV� 6DQ 'LHJR� �����

>�@ 6� 0� -HQVHQ� ¦7KH QRQOLQHDU FRKHUHQW FRXSOHU�§ ,((( -�4XDQWXP (OHFWURQ� 4(����

���� �������

>�@ 5� 'H 6DOYR� '� -� +DJDQ� 0� 6KHLN�%DKDH� *� ,� 6WHJHPDQ� (� :� 9DQ 6WU\ODQG� DQG

+� 9DQKHU]HHOH� ¦6HOI�IRFXVLQJ DQG VHOI�GHIRFXVLQJ E\ FDVFDGHG VHFRQG�RUGHU HIIHFWV

LQ .73�§ 2SW�/HWW� ��� �� �������

>�@ 0� /� %RUW]� 0� )XMLPXUD DQG 0� 0� )H\HU� ¦,QFUHDVHG DFFHSWDQFH EDQGZLGWK IRU

TXDVL�SKDVH�PDWFKHG VHFRQG�KDUPRQLF JHQHUDWLRQ LQ /L1E2 ZDYHJXLGHV�§ (OHFW�/HWW�

�� � �������

>�@ -� :X� 7� .RQGR� DQG 5� ,WR� ¦2SWLPDO GHVLJQ IRU EURDGHQLQJ TXDVL�SKDVH�PDWFKHG

VHFRQG�KDUPRQLF JHQHUDWLRQ XVLQJ VLPXODWHG DQQHDOLQJ�§ ,((( -�/LJKWZDYH 7HFK� ���

� �������

>�@ 3� )UDQNHQ� $� (� +LOO� &� :� 3HWHUV DQG *� :HLQUHLFK� ¦*HQHUDWLRQ RI RSWLFDO

KDUPRQLFV�§ 3K\V�5HY�/HWW � ��� �������

>�@ /� $� 2VWURYVNLL� ¦6HOI�DFWLRQ RI OLJKW LQ FU\VWDOV�§ -(73 /HWW �(QJ�7UDQVO�� �� ���

�������

>��@ <� 1� .DUDP]LQ DQG $� 3� 6XNKRUXNRY� ¦1RQOLQHDU LQWHUDFWLRQ RI GLIIUDFWHG OLJKW EHDPV

LQ D PHGLXP ZLWK TXDGUDWLF QRQOLQHDULWLHV� PXWXDO IRFXVLQJ RI EHDPV DQG OLPLWDWLRQV

RQ WKH HIILFLHQF\ RI RSWLFDO IUHTXHQF\ FRQYHUWRUV�§ -(73 /HWW� ��� ��� �������

>��@ <� 1� .DUDP]LQ DQG $� 3� 6XNKRUXNRY� ¦0XWXDO IRFXVLQJ RI KLJK�SRZHU OLJKW EHDPV

LQ PHGLD ZLWK TXDGUDWLF QRQOLQHDULW\�§ =K�(NVS 7HR�)L] ��� ��� ������� �6RY� 3K\V��

-(73 ��� ��� ��������



���

>��@ 0� /� 6XQGKHLPHU� &K� %RVVKDUG� (� :� 9DQ6WU\ODQG� *� ,� 6WHJHPDQ DQG -� '�

%LHUOHLQ� ¦/DUJH QRQOLQHDU SKDVH PRGXODWLRQ LQ TXDVL�SKDVHPDWFKHG .73 ZDYHJXLGHV

DV D UHVXOW RI VHFRQG�RUGHU SURFHVVHV�§ 2SW� /HWW�� ��� ���� �������

>��@ <� %DHN� 5� 6FKLHN DQG *� ,� 6WHJHPDQ� ¦$OO�RSWLFDO UHVSRQVH RI D K\EULG 0DFK�=HQGHU

LQWHUIHURPHWHU GXH WR WKH FDVFDGHG QRQOLQHDULW\�§ 2SW� /HWW�� ��� �� �������

>��@ '� -� +DJDQ� 0� 6KHLN�%DKDH� =� :DQJ� *� ,� 6WHJHPDQ DQG (� :� 9DQ6WU\ODQG� ¦3KDVH

FRQWUROOHG WUDQVLVWRU DFWLRQ E\ FDVFDGLQJ VHFRQG�RUGHU QRQOLQHDULWLHV LQ .73�§ 2SW�

/HWW�� ��� ���� �������

>��@ 5� 6FKLHN� <� %DHN� *� ,� 6WHJHPDQ� ¦2QH�GLPHQWLRQDO VSDWLDO VROLWRQV GXH WR FDVFDGHG

VHFRQG�RUGHU QRQOLQHDULWLHV LQ SODQDU ZDYHJXLGHV�§ 3K\V� 5HY� ( ��� ���� �������

>��@ :� (� 7RUUXHOODV� =� :DQJ� '� -� +DJDQ� (� :� 9DQ 6WU\ODQG� *� ,� 6WHJHPDQ� /�

7RUQHU� DQG &� 5� 0HQ\XN� ¦2EVHUYDWLRQ RI WZR�GLPHQWLRQDO VSDWLDO VROLWDU\ ZDYHV

LQ D TXDGUDWLF PHGLXP�§ 3K\V�5HY� /HWW� ��� ���� �������

>��@ )� $� +RSI DQG *� ,� 6WHJHPDQ $SSOLHG &ODVVLFDO (OHFWURG\QDPLFV� 9RO� � 1RQOLQHDU

2SWLFV -RKQ :LOOH\ 	 6RQV� 1HZ <RUN� �����

>��@ 5� :� %R\G� 1RQOLQHDU 2SWLFV� $FDGHPLF 3UHVV� %RVWRQ� �����

>��@ <� 5� 6KHQ� 7KH 3ULQFLSOHV RI 1RQOLQHDU 2SWLFV� :LOH\� 1HZ <RUN� �����

>��@ 0� %RUQ DQG (� :ROI� 3ULQFLSOHV RI 2SWLFV� �WK (G�� 3HUJDPRQ 3UHVV� 2[IRUG� �����

>��@ 3� )UDQNHQ� $� (� +LOO� &� :� 3HWHUV DQG *� :HLQUHLFK� ¦*HQHUDWLRQ RI RSWLFDO

KDUPRQLFV�§ 3K\V�5HY�/HWW� �� ��� �������

>��@ 5� /RXGRQ� ¦7KHRU\ RI QRQ�OLQHDU RSWLFDO SURFHVVHV LQ VHPLFRQGXFWRUV DQG LQVXODWRUV�§

3URF�3K\V�6RF� ��� ���� �������

>��@ -� (� 0LGZLQWHU DQG -� :DUQHU� %ULW�-�$SSO�3K\V� ��� ���� �������

>��@ $� <DULY� 4XDQWXP (OHFWURQLFV� -RKQ :LOH\ 	 6RQV� �UG (GLWLRQ� 1HZ <RUN �������

>��@ 5� &� (FNDUW DQG -� 5HLQWMHV� ¦3KDVH PDWFKLQJ OLPLWDWLRQV RI KLJK HIILFLHQF\ VHFRQG

KDUPRQLF JHQHUDWLRQ�§ ,((( -�4XDQWXP (OHFWURQ� 4(���� ����� �������

>��@ 0� -lJHU DQG *� ,� 6WHJHPDQ� ¦0RGHO GLVSHUVLRQ SKDVH PDWFKLQJ RYHU � PP OHQJWK LQ

RYHUGDPSHG SRO\PHULF FKDLQ ZDYHJXLGHV�§ $SSO�3K\V�/HWW ��� ���� �������



���

>��@ /� 7RUQHU� '� 0D]LOX� DQG '� 0LFKDODFKH� ¦:DONLQJ VROLWRQV LQ TXDGUDWLF QRQOLQHDU

PHGLD�§ 3K\V�5HY�/HWW� ��� ���� �������

>��@ <� 8HQR� *� ,� 6WHJHPDQ DQG .� 7DMLPD� ¦/DUJH SKDVH VKLIW GXH WR 3 FDVFDGLQJ���

QRQOLQHDULW\ LQ ODUJH�ZDON�RII DQG ORVV UHJLPHV LQ VHPLFRQGXFWRUV DQG RWKHU

GLVSHUVLYH PDWHULDOV�§ -SQ�-�$SSO�3K\V ��� ��� �������

>��@ 0� 0� )H\HU� *� $� 0DJHO� '� +� -XQGW� DQG /� %\HU� ¦4XDVL�SKDVH�PDWFKHG VHFRQG

KDUPRQLF JHQHUDWLRQ� WXQLQJ DQG WROHUDQFHV�§ ,((( -�4XDQWXP (OHFWURQ� ��� ����

�������

>��@ 7� 6XKDUD DQG +� 1LVKLKDUD� ¦7KHRUHWLFDO DQDO\VLV RI ZDYHJXLGH VHFRQG�KDUPRQLF

JHQHUDWLRQ SKDVH PDWFKHG ZLWK XQLIURP DQG FKLUSHG JUDLQJV�§ ,((( -�4XDQW� (OHF�

��� ���� ������

>��@ &� -� 9DQ GHU 3RHO� -� '� %LHUOHLQ� -� %� %URZQ� DQG 6� &RODN� ¦(IILFLHQW W\SH , EOXH

VHFRQG�KDUPRQLF JHQHUDWLRQ LQ SHULRGLFDOO\ VHJPHQWHG .7L232 ZDYHJXLGHV�§�

$SSO�3K\V�/HWW� ��� ���� �������

>��@ *� ,� 6WHJHPDQ DQG &� 7� 6HDWRQ� ¦1RQOLQHDU LQWHJUDWHG RSWLFV�§ -�$SSO�3K\VLFV� ���

5�� �������

>��@ (� -� /LP� 0� 0� )HMHU� 5� /� %\HU� DQG :� -� .R]ORYVN\� ¦%OXH OLJKW JHQHUDWLRQ E\

IUHTXHQF\ GRPDLQ LQ SHULRGLFDOO\ SROHG OLWKLXP QLREDWH FKDQQHO ZDYHJXLGH�§

(OHFWURQ�/HWW� ��� ��� �������

>��@ &� *� 7UHYLxR�3DODFLRV� *� ,� 6WHJHPDQ� 0� 3� 'H 0LFKHOL� 3� %DOGL� 6� 1RXK� '� %�

2VWURZVN\� '� 'HODFRXUW� DQG 0� 3DSXFKRQ� ¦,QWHQVLW\ GHSHQGHQW PRGH FRPSHWLWLRQ

LQ VHFRQG KDUPRQLF JHQHUDWLRQ LQ PXOWLPRGH ZDYHJXLGHV�§ $SSO�3K\V�/HWW ��� ���

�������

>��@ &� $� %DODQLV� $GYDQFH (QJLQHHULQJ (OHFWURPDJQHWLFV� -RKQ :LOH\ 	 6RQV� 1HZ <RUN

�������

>��@ '� 0DUFXVH� 7KHRU\ RI 'LHOHFWULF 2SWLFDO :DYHJXLGHV� $FDGHPLF 3UHVV� 1HZ <RUN�

�������

>��@ '� /� /HH� (OHFWURPDJQHWLF 3ULQFLSOHV RI ,QWHJUDWHG 2SWLFV� -RKQ :LOH\ 	 6RQV� 1HZ

<RUN� �������

>��@ 1� 6� .DSDQ\ DQG -� -� %XUNH� 2SWLFDO :DYHJXLGHV� $FDGHPLF 3UHVV� 1HZ <RUN �������

>��@ 7� 7DPLU� *XLGH�:DYH 2SWRHOHFWURQLFV� 6SULQJ�9HUODJ� 1HZ <RUN �������



���

>��@ *� ,� 6WHJHPDQ� ¦1RQOLQHDU JXLGHG ZDYH RSWLFV§ LQ &RQWHPSRUDU\ 1RQOLQHDU 2SWLFV�

*� 3� $JUDZDO DQG 5� :� %R\G HGV�� $FDGHPLF 3UHVV� 1HZ <RUN �������

>��@ 5� 6FKLHN� ¦1RQOLQHDU UHIUDFWLRQ FDXVHG E\ FDVFDGHG VHFRQG�RUGHU QRQOLQHDULW\ LQ

RSWLFDO ZDYHJXLGH VWUXFWXUHV�§ -�2SW�6RF�$P� %� �� �� �������

>��@ '� 'HODFRXUW� )� $UPDQL� DQG 0� 3DSXFKRQ� ¦6HFRQG KDUPRQLF JHQHUDWLRQ HIILFLHQF\

LQ SHULRGLFDOO\ SROHG /L1E2 ZDYHJXLGHV�§ ,((( -�4XDQWXP (OHF� 4(���� �����

�������

>��@ 3� %DOGL� &� *� 7UHYLxR�3DODFLRV� *� ,� 6WHJHPDQ� 0� 3� 'H 0LFKHOL� '� %� 2VWURZVN\�

'�'HODFRXUW� DQG 0�3DSXFKRQ� ¦6LPXOWDQHRXV JHQHUDWLRQ RI UHG� JUHHQ DQG EOXH OLJKW

LQ URRP WHPSHUDWXUH SHULRGLFDOO\ SROHG OLWKLXP QLREDWH ZDYHJXLGHV XVLQJ VLQJOH

VRXUFH�§ (OHFW�/HWW� ��� ���� �������

>��@ 3� %DOGL� 6� 1RXK� 0� 3� 'H 0LFKHOL� '� %� 2VWURZVN\� '� 'HODFRXUW� ;� %DQWL� DQG 0�

3DSXFKRQ� ¦(IILFLHQW TXDVL�SKDVH PDWFKHG JHQHUDWLRQ RI SDUDPHWULF IOXRUHVFHQFH LQ

URRP WHPSHUDWXUH OLWKLXP QLREDWH ZDYHJXLGHV�§ (OHFWURQ�/HWW� ��� ���� �������

>��@ -� $� *LRUGPDLQH DQG 5� &� 0LOOHU ¦7XQDEOH FRKHUHQW SDUDPHWULF RVFLOODWLRQ LQ D

SHULRGLFDOO\ GRPDLQ�LQYHUWHG /L1E2 DW RSWLFDO IUHTXHQFLHV�§ 3K\V�5HY�/HWW� ��� ����

�������

>��@ 1� 8HVXJL� ¦3DUDPHWULF GLIIHUHQFH IUHTXHQF\ JHQHUDWLRQ LQ D WKUHH�GLPHQVLRQDO /L1E2�

RSWLFDO ZDYHJXLGH�§ $SSO�3K\V�/HWW ��� ��� �������

>��@ 0� /� 6XQGKHLPHU� $� 9LOOHQHXYH� *� ,� 6WHJHPDQ� DQG -� '� %HUOHLQ� ¦6LPXOWDQHRXV

JHQHUDWLRQ RI UHG� JUHHQ DQG EOXH OLJKW LQ D VHJPHQWHG .73 ZDYHJXLGH XVLQJ D VLQJOH

VRXUFH�§ (OHFWRQ�/HWW� ��� ���� �������

>��@ -� :HEMRUQ� 9� 3UXQHUL� 3� 6W� -� 5XVVHOO� -� 5� 0� %DUU� DQG '� &� +DQQD� ¦4XDVL�SKDVH�

PDWFKHG EOXH OLJKW JHQHUDWLRQ LQ EXON OLWKLXP QLREDWH HOHFWULFDOO\ SROHG YLD SHULRGLF

OLTXLG HOHFWURGHV�§ (OHFWURQ�/HWW� ��� ��� �������

>��@ <� 3� 6YLUNR DQG 1� ,� =KHOXGHY� ¦5HYHUVLELOLW\ RI RSWLFDO LQWHUDFWLRQV LQ

QRQFHQWURV\PPHWULF PHGLD�§ 2SW�/HWW� ��� ���� �������

>��@ &� *� 7UHYLQR�3DODFLRV� *� ,� 6WHJHPDQ� DQG 3� %DOGL ¦6SDWLDO QRQUHFLSURFLW\ LQ

ZDYHJXLGH VHFRQG RUGHU SURFHVVHV�§ 2SW�/HWW� �� ���� �������

>��@ .� 0L]XXFKL� .� <DPDPRWR� 0� .DWR� DQG +� 6DWR� ¦%URDGHQLQJ RI SKDVH�PDWFKLQJ

EDQGZLGWK LQ TXDVL�SKDVH�PDWFKHG VHFRQG�KDUPRQLF JHQHUDWLRQ�§ ,((( -�4XDQWXP

(OHFW�� ��� ���� �������



���

>��@ 6� +HOPIULG DQG *� $UYLGVVRQ� ¦,QIOXHQFH RI UDQGRPO\ YDU\LQJ GRPDLQ OHQJWKV DQG

QRQXQLIRUP HIIHFWLYH LQGH[ RQ VHFRQG�KDUPRQLF JHQHUDWLRQ LQ TXDVL�SKDVH�PDWFKLQJ

ZDYHJXLGHV�§ -�2SW�6RF�$P�%� �� ���� �������

>��@ -� 7UXOO� 5� 9LODVHFD� -� 0DUWRUHO� DQG 5� &RUEDOD� ¦6HFRQG�KDUPRQLF JHQHUDWLRQ LQ ORFDO

PRGHV LQ D WUXQFDWHG SHULRGLF VWUXFWXUH�§ 2SW�/HWW ��� ���� �������

>��@ 0�/� %RUW]� 0� )XMLPXUD� DQG 0�0� )H\HU� ¦'HPRQVWDUWLRQ RI DUWLILFLDOO\ VWUXFWXUHG

WXQLQJ FXUYHV DQG HQKDQFHG DFFHSWDQFH EDQGZLWK IRU TXDVL�SKDVHPDWFKHG IUHTXHQF\
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