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7HQ VLPSO\ VXSSRUWHG UHLQIRUFHG FRQFUHWH 7�EHDPV ZHUH H[SHULPHQWDOO\ WHVWHG XQGHU
WZR V\PPHWULFDOO\ FRQFHQWUDWHG ORDGV� 1LQH RI WKH VWXGLHG EHDPV ZHUH PDGH RI +LJK
6WUHQJWK &RQFUHWH �+6&� ZLWK PHDQ FRPSUHVVLYH VWUHQJWK �� 1�PPð ZKLOH WKH FRQWURO
EHDP ZDV PDGH RI QRUPDO VWUHQJWK FRQFUHWH �16&� ZLWK FRPSUHVVLYH VWUHQJWK ��
1�PPð� )LYH RI WKH VWXGLHG EHDPV ZHUH UHLQIRUFHG E\ +LJK 7HQVLOH 6WHHO �+76� EDUV
DQG WKH RWKHU IRXU VSHFLPHQV ZHUH UHLQIRUFHG E\ *ODVV )LEHU 5HLQIRUFHG 3ODVWLFV
�*)53� EDUV� 7KH FRQWURO EHDP ZDV UHLQIRUFHG E\ +76 EDUV DV PDLQ UHLQIRUFHPHQW�
7KH ZHE UHLQIRUFHPHQW IRU DOO WKH WHVW EHDPV ZDV LQ WKH IRUP RI YHUWLFDO VWLUUXSV� $OO
EHDPV ZHUH GHVLJQHG DFFRUGLQJ WR WKH SURYLVLRQV RI $&, ������� 7KH VWXGLHG
SDUDPHWHUV ZHUH WKH DPRXQW RI ZHE UHLQIRUFHPHQW� VKHDU VSDQ WR GHSWK UDWLR �D�G� DQG
W\SH RI PDLQ UHLQIRUFHPHQW �*)53 DQG +76�� 7KH DFWXDO VKHDU VWUHQJWK RI HDFK EHDP
ZDV FRPSDUHG ZLWK WKH VWUHQJWK SUHGLFWHG E\ GLIIHUHQW FRGHV RI SUDFWLFH VXFK DV $&,
������� %6������ DQG (&&6 ��������LQ RUGHU WR HVWDEOLVK DQ HPSLULFDO IRUPXOD IRU
WKH DQDO\VLV DQG GHVLJQ RI +6& EHDPV UHLQIRUFHG ZLWK *)53 EDUV� :LWKLQ WKH OLPLWV
RI WKH WHVW UHVXOWV RI WKLV UHVHDUFK� LW ZDV IRXQG WKDW LQFUHDVLQJ D�G IURP ��� WR ���
UHVXOWHG LQ UHGXFLQJ WKH XOWLPDWH FDSDFLW\ RI WKH VWXGLHG EHDPV RI DSSUR[LPDWHO\ ����
,Q DGGLWLRQ� LQFUHDVLQJ WKH DPRXQW RI ZHE UHLQIRUFHPHQW �Y IURP ����� WR �����
UHVXOWHG LQ LQFUHDVLQJ WKH XOWLPDWH FDSDFLW\ RI WKH VWXGLHG EHDPV E\ DSSUR[LPDWHO\
���� 0RUHRYHU FKDQJLQJ WKH W\SH RI PDLQ UHLQIRUFHPHQW IURP +76 WR *)53� ZKLOH
NHHSLQJ WKH UHLQIRUFHPHQW UDWLR FRQVWDQW DW � ���� �E� UHVXOWHG LQ D JUHDW UHGXFWLRQ RI
WKH XOWLPDWH FDSDFLW\ RI WKH VWXGLHG EHDPV�
.H\ZRUGV� +LJK�6WUHQJWK &RQFUHWH� 6KHDU 5HLQIRUFHPHQW� 6KHDU 6WUHQJWK� *)53�

5HLQIRUFHG &RQFUHWH� 7�%HDPV� $QDO\VLV $QG 'HVLJQ�
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,Q VKHDU� EHDPV PDLQO\ IDLO DEUXSWO\ ZLWKRXW DGYDQFHG ZDUQLQJ DQG WKH GHYHORSHG
GLDJRQDO FUDFNV DUH FRQVLGHUDEO\ ZLGHU WKDQ IOH[XUDO FUDFNV >�@� 7R DYRLG VXFK DEUXSW
VKHDU IDLOXUH� DGHTXDWH DPRXQWV RI VKHDU UHLQIRUFHPHQW DUH UHTXLUHG� 6KHDU VWUHQJWK RI
UHLQIRUFHG FRQFUHWH EHDPV LV GHSHQGHQW RQ VHYHUDO IDFWRUV LQFOXGLQJ FRQFUHWH
FRPSUHVVLYH VWUHQJWK� DPRXQW RI ORQJLWXGLQDO VWHHO� VKHDU VSDQ WR GHSWK UDWLR� VL]H
HIIHFW� UHVLGXDO WHQVLOH VWUHVVHV WUDQVPLWWHG GLUHFWO\ DFURVV FUDFNV DQG SURYLVLRQV RI ZHE
UHLQIRUFHPHQW >�@� 5HFHQWO\� SURGXFWLRQ RI +6& RI FRPSUHVVLYH VWUHQJWK DSSURDFKLQJ
���� 03D� KDV EHHQ XVHG LQ FDVW LQ SODFH ZLWK FRQYHQWLRQDO PHWKRGV RI SURGXFWLRQ E\
UHGXFLQJ WKH ZDWHU FHPHQW UDWLR� VSHFLI\LQJ ILQH DQG FRDUVH DJJUHJDWH DQG DGGLQJ VLOLFD
IXPH DQG VXSHU SODVWLFL]HUV >�@� 2QH IHDWXUH RI +6& LV WKH WHQGHQF\ RI FUDFNV WR SDVV
WKURXJK LQVWHDG RI DURXQG WKH DJJUHJDWHV� 7KLV FUHDWHV VPRRWKHU FUDFN VXUIDFHV DQG
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UHGXFHV WKH DJJUHJDWHV LQWHUORFN� $V D UHVXOW� KLJKHU GRZHO IRUFHV RFFXU LQ WKH
ORQJLWXGLQDO UHLQIRUFLQJ EDUV� 7KHVH KLJKHU GRZHO IRUFHV� WRJHWKHU ZLWK WKH KLJKO\
FRQFHQWUDWHG ERQG VWUHVVHV LQ +6& EHDPV UHVXOW LQ KLJKHU ERQG VSOLWWLQJ VWUHVVHV ZKHUH
WKH VKHDU FUDFNV FURVV WKH ORQJLWXGLQDO WHQVLRQ EDUV� 7KLV HIIHFW OHDGV WR EULWWOH VKHDU
IDLOXUHV� 7KH LQFOXVLRQ RI DQ DSSURSULDWH DPRXQW RI PLQLPXP VKHDU UHLQIRUFHPHQW FDQ
FRQWURO WKHVH KRUL]RQWDO VSOLWWLQJ FUDFNV DQG UHVXOW LQ LPSURYLQJ VKHDU UHVSRQVH >�@�
0RVW RI WKH PDMRU FRQFUHWH FRGHV DUH EDVHG RQ UHVHDUFKHV FRQGXFWHG RQ VWUXFWXUDO
PHPEHUV PDGH RI 16&� 5HFHQWO\� VRPH RI FRQFUHWH FRGHV KDYH LQFOXGHG SURYLVLRQV
IRU WKH GHVLJQ RI +6& PHPEHUV� ([WUDSRODWLRQV RI 16& GHVLJQ UXOHV WR EH XVHG IRU
+6& PD\ QRW EH DOZD\V DSSURSULDWH� ,I WKH PRGH RI IDLOXUH ZDV EULWWOH� DV ZLWK VKHDU
IDLOXUH� H[WUDSRODWLQJ H[LVWLQJ 16& GHVLJQ UXOHV IRU XVH ZLWK +6& PD\ UHVXOW LQ OHVV RU
QRQ� FRQVHUYDWLYH GHVLJQ FULWHULD >�@�

7KH XVH RI ILEHU UHLQIRUFHG SODVWLF �)53� UHLQIRUFLQJ EDUV WR UHSODFH VWHHO UHLQIRUFLQJ
EDUV KDV HPHUJHG DV RQH RI WKH PDQ\ WHFKQLTXHV WR HQKDQFH WKH FRUURVLRQ UHVLVWDQFH RI
UHLQIRUFHG FRQFUHWH VWUXFWXUHV >�@� 1DZ\ DQG 1HXZHUWK >�@ IRXQG WKDW WKH UHLQIRUFLQJ
UDWLR RI )53 LQ FRQFUHWH EHDPV UHLQIRUFHG ZLWK *)53 EDUV GLG QRW DIIHFW PRPHQW
FDSDFLW\ EHFDXVH WKH EHDPV IDLOHG E\ FUXVKLQJ RI FRQFUHWH LQ WKH FRPSUHVVLRQ ]RQH�
6DDGDWPDQHVK DQG (KVDQL >�@ VWXGLHG FRQFUHWH EHDPV UHLQIRUFHG ORQJLWXGLQDOO\ ZLWK
GLIIHUHQW FRPELQDWLRQV RI *)53 DQG VWHHO UHLQIRUFLQJ EDUV ZLWK ZHE UHLQIRUFHPHQW�
7KH\ IRXQG WKDW VSHFLPHQV UHLQIRUFHG ZLWK )53 VWLUUXSV DQG VWHHO ORQJLWXGLQDO
UHLQIRUFHPHQW IDLOHG DV D UHVXOW RI \LHOGLQJ LQ WKH ORQJLWXGLQDO EDUV� 6DWRK HW DO >�@
IRXQG WKDW WKH IDLOXUH ORDG FDQ EH FDOFXODWHG XVLQJ HODVWLF WKHRU\ IRU FRQFUHWH EHDPV
UHLQIRUFHG ZLWK GLIIHUHQW W\SH RI ILEHU UHLQIRUFHPHQW VXFK DV DUPLG� FDUERQ� JODVV DQG
'�� VWHHO ILEHU UHLQIRUFHPHQW� )D]D DQG *DQJD5DR >��@ UHSRUWHG WKDW +6& PXVW EH
XVHG LQVWHDG RI 16& IRU FRQFUHWH EHDPV UHLQIRUFHG ZLWK *)53 UHLQIRUFLQJ EDUV LQ
RUGHU WR WDNH DGYDQWDJH RI WKH KLJK XOWLPDWH VWUHQJWK RI )53 UHLQIRUFLQJ EDUV� =LD HW DO
>��@ IRXQG WKDW QR VKHDU IDLOXUH ZDV GHYHORSHG IRU FRQFUHWH EHDPV UHLQIRUFHG ZLWK )53
EDUV EXW WKH EHDPV IDLOHG GXH WR WHQVLOH UXSWXUH RI WKH ORQJLWXGLQDO )53 EDUV�

7KH SUHVHQW LQYHVWLJDWLRQ LV D SDUW RI D ODUJHU UHVHDUFK SHUIRUPHG WR VWXG\ WKH VKHDU
EHKDYLRU RI +6& EHDPV UHLQIRUFHG E\ *)53 ZLWK GLIIHUHQW ZHE UHLQIRUFHPHQW DQG
VKHDU VSDQ WR GHSWK UDWLR >��@� 7KH PDLQ REMHFWLYH ZDV WR VWXG\ WKH HIIHFW RI XVLQJ
*)53 DV ORQJLWXGLQDO UHLQIRUFHPHQW LQ +6& EHDPV RQ WKH FUDFNLQJ EHKDYLRU� ORDG
FDUU\LQJ FDSDFLW\� PRGHV RI IDLOXUH� ORDG GHIOHFWLRQ UHVSRQVH� DQG VWUDLQ LQ UHLQIRUFLQJ
EDUV� ,Q DGGLWLRQ� DQ HPSLULFDO IRUPXOD ZDV GHYHORSHG IRU WKH DQDO\VLV DQG GHVLJQ RI
+6& EHDPV UHLQIRUFHG ZLWK *)53 DV PDLQ UHLQIRUFHPHQW�
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7HVW 6SHFLPHQV

7KH WHVW SURJUDP FRQVLVWHG RI WHQ VLPSO\ VXSSRUWHG UHLQIRUFHG FRQFUHWH EHDPV ZLWK
ZHE UHLQIRUFHPHQW LQ WKH IRUP RI YHUWLFDO VWLUUXSV� $OO WKH VWXGLHG EHDPV ZHUH 7�
VKDSHG LQ FURVV VHFWLRQ DV VKRZQ LQ )LJXUH �� 7DEOH � VKRZV D GHVFULSWLRQ RI WKH WHVW
EHDPV DORQJ ZLWK WKH VWXGLHG SDUDPHWHUV DQG WKH DFWXDO FXEH FRPSUHVVLYH VWUHQJWK IRU
WKH GLIIHUHQW VSHFLPHQV� 7KH PDLQ UHLQIRUFHPHQW UDWLR LQ DOO WKH WHVW EHDPV ZDV NHSW
FRQVWDQW RI �� ���� �E�� ZKLFK ZDV UHFRPPHQGHG E\ $&, ������ >��@ IRU 5�& EHDPV
UHLQIRUFHG E\ +76� 7ZR GLIIHUHQW PL[HV ZHUH XVHG WR GHYHORS QRUPDO DQG KLJK
VWUHQJWK FRQFUHWH DW �� GD\V RI WDUJHW VWUHQJWK �� DQG �� 1�PPð� UHVSHFWLYHO\� 7DEOH �
VKRZV WKH PL[ GHVLJQV IRU WKH WZR FRQFUHWH VWUHQJWKV� 7KH XVHG *)53 EDUV ZHUH
IDEULFDWHG IURP YLQ\O HVWHU ZLWK DQ RXWHU FRDW WR VHDO WKH EDU� 7KH EDU LV SURGXFHG XVLQJ
GURZQ FRQWLQXRXV ³& ³JODVV URYLQJV DQG KDV D ORQJLWXGLQDO LUUHJXODU VXUIDFH� $ VLQJOH
VWUDQG VSLUDO ZUDS DURXQG WKH RXWVLGH GLDPHWHU SURGXFHV D VSLUDO LQGHQWDWLRQ LQ WKH EDU�
7KH SURSHUWLHV RI WKH *)53 EDUV ZHUH JLYHQ E\ WKH SURGXFLQJ IDFWRU\ >��@�



7DEOH � 'HVFULSWLRQ RI 7HVW %HDPV DQG 6WXGLHG 3DUDPHWHUV

%HDP IFX �V $V�EG $V �Y $Y�E6 1R� 2I VWLUUXSV D�G
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%� ���� ����� �*)53� � � � ����� �� # ��� PP ���

%�� ���� ����� �*)53� � � � ����� �� # ��� PP ���

IFX  DYHUDJH FXEH FRPSUHVVLYH VWUHQJWK RI FRQFUHWH� 1�PPð�
�V  ORQJLWXGLQDO UHLQIRUFHPHQW UDWLR� $V�EG�
�Y  ZHE UHLQIRUFHPHQW UDWLR� $Y��E6� ��
-  EDU GLDPHWHU� KLJK WHQVLOH VWHHO� PP� 	 �  EDU GLDPHWHU� RUGLQDU\ PLOG VWHHO� PP�
�  EDU GLDPHWHU� *)53 EDUV� PP�
D�G  VKHDU VSDQ WR GHSWK UDWLR�
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7HVW 3URFHGXUH

(DFK EHDP ZDV WHVWHG DV VLPSO\ VXSSRUWHG EHDP XQGHU WZR YHUWLFDO FRQFHQWUDWHG ORDGV
E\ XVLQJ WZR YHUWLFDO K\GUDXOLF MDFNV ZKLFK ZHUH VLPLODU LQ WKHLU DFWLQJ SRVLWLRQ DQG
YDOXH� 7KH YHUWLFDO ORDGV ZHUH DSSOLHG LQ LQFUHPHQWV ��� N1 IRU EHDPV UHLQIRUFHG E\ +76
DQG � N1 IRU EHDPV UHLQIRUFHG E\ *)53�� $IWHU HDFK LQFUHPHQW� WKH VWUDLQV LQ WKH PDLQ VWHHO
DQG VWLUUXSV ZHUH PHDVXUHG XVLQJ HOHFWULFDO VWUDLQ JDXJHV RI OHQJWK � PP� UHVLVWDQFH
����� � ��� RKP� DQG D JDXJH IDFWRU RI ����� 'HWHFWLRQ RI FUDFNV DQG PDUNLQJ WKHP
IRU HDFK LQFUHPHQWDO ORDG ZHUH PDGH ZKHQ WKH ORDG UHDFKHG LWV VWHDG\ VWDWH� )LJXUH �
VKRZV D W\SLFDO VWXGLHG EHDP GXULQJ WHVWLQJ�

)LJ� � 'HWDLOV RI WHVW EHDPV� )LJ� � 7HVW VHWXS RI D W\SLFDO WHVW EHDP
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&UDFNLQJ 3DWWHUQ DQG )DLOXUH 0RGH

)LJXUH � VKRZV WKH FUDFNLQJ SDWWHUQ DQG IDLOXUH PRGH IRU DOO WHVW EHDPV� &UDFNLQJ
ORDG� XOWLPDWH ORDG FDSDFLW\ DQG PRGHV RI IDLOXUH IRU WKH WHVW EHDPV DUH OLVWHG LQ 7DEOH
�� *HQHUDOO\� WKH ILUVW FUDFN IRU DOO EHDPV RFFXUUHG LQ WKH IOH[XUDO UHJLRQ SHUSHQGLFXODU
WR WKH GLUHFWLRQ RI WKH PD[LPXP SULQFLSDO VWUHVV LQGXFHG E\ SXUH PRPHQW� ,W ZDV
QRWLFHG WKDW ZLWK LQFUHDVLQJ WKH ORDG� WKH VKHDU VWUHVVHV EHFRPH PRUH LPSRUWDQW DQG
LQGXFHG LQFOLQHG FUDFNV� 7KH FUDFNV SURSDJDWHG� VSUHDG DQG ZLGHQHG GXH WR WKH HIIHFW
RI FRPELQHG VKHDU DQG EHQGLQJ VWUHVVHV� &UDFNV IRUPDWLRQ IRU EHDPV IURP %� WKURXJK
%� �EHDPV UHLQIRUFHG ZLWK +76� JUDGXDOO\ GHYHORSHG DV WKH ORDG LQFUHDVHG�
$SSURDFKLQJ WKH IDLOXUH ORDG OHYHO� VKHDU FUDFNV VWDUWHG IURP WKH VXSSRUW DQG
SURSDJDWHG GLDJRQDOO\ WRZDUGV WKH SRLQW ORDG� )RU EHDPV IURP %� WKURXJK %��
�EHDPV UHLQIRUFHG ZLWK *)53� IRUPDWLRQ RI FUDFNV ZDV VXGGHQ DORQJ WKH GHSWK RI WKH
EHDPV� 6LPLODU REVHUYDWLRQV ZHUH IRXQG E\ %HQPRNUDQH HW DO >�@ DQG 0DVPRXGL HW DO
>��@� $W IDLOXUH ORDG� ERWK RI WKH IOH[XUDO FUDFNV DQG WKH GLDJRQDO VKHDU RQHV VSUHDG
LQWR VPDOO FUDFNV LQ WKH ORZHU WKLUG RI WKH EHDP ZHE LQ D VKDSH OLNH WUHH URRWV �VHH
)LJXUH ��� 7KHVH VPDOO FUDFNV ZHUH FRQQHFWHG KRUL]RQWDOO\ WR IRUP KRUL]RQWDO VSOLWWLQJ
FUDFNV DW WKH OHYHO RI WKH ORQJLWXGLQDO PDLQ UHLQIRUFHPHQW�

,W FDQ EH VHHQ IURP )LJXUH � WKDW LQFUHDVLQJ D�G OHDG WR PRUH FUDFNV FRQFHQWUDWHG LQ WKH
IOH[XUDO UHJLRQ� 2Q WKH RWKHU KDQG� GHFUHDVLQJ D�G UHVXOWHG LQ GLVWULEXWLQJ WKH FUDFNV
XQLIRUPO\ DOO RYHU WKH OHQJWK RI WKH EHDP� )LJXUH � VKRZV DOVR WKDW ZKHQ WKH ZHE
UHLQIRUFHPHQW LQFUHDVHG �IRU EHDPV %�� %� DQG %�� WKH FUDFNV VSDFLQJ GHFUHDVHG ZKLOH
WKH QXPEHU RI FUDFNV DQG FUDFN ZLGWK LQFUHDVHG� -RKQVRQ DQG 5DPLUH] >��@ DQG
$EGRXQ >��@ UHFRUGHG VLPLODU REVHUYDWLRQV LQ WKHLU VWXGLHV� )LJXUH � DQG 7DEOH � VKRZ
WKDW FKDQJLQJ WKH W\SH RI PDLQ UHLQIRUFHPHQW IURP +76 �%� WR %�� WR *)53 �%� WR
%��� OHDG WR FKDQJLQJ WKH IDLOXUH PRGH IURP GLDJRQDO WHQVLRQ VKHDU IDLOXUH WR IOH[XUDO
IDLOXUH� 7KLV PD\ EH DWWULEXWHG WR WKH IDFW WKDW EHDPV UHLQIRUFHG ZLWK *)53 URGV
VKRZHG QR \LHOGLQJ DQG KHQFH GHIOHFWLRQ FRQWLQXHG DV WKH ORDG LQFUHDVHG� ,W ZDV
REVHUYHG WKDW IRU EHDPV UHLQIRUFHG ZLWK *)53 URGV� WKH FUDFN ZLGWK ZDV ZLGHU DQG WKH
FUDFN VSDFLQJ ZDV QDUURZHU GXH WR WKH ORZ PRGXOXV RI HODVWLFLW\ RI *)35 URGV
FRPSDUHG ZLWK +76 RQHV� 7KLV LV LQ DJUHHPHQW ZLWK WKH REVHUYDWLRQV RI %HQPRNUDQH
HW DO >�@� :KHQ WKH ORDG ZDV UHOHDVHG� UHFRYHU\ RI WKH FUDFNV ZLWK D UHGXFWLRQ RI
GHIOHFWLRQ DQG ZLGWK RI FUDFNV ZHUH QRWLFHG� ,W FDQ EH DUJXHG WKDW WKH *)53 URGV DUH
HODVWLF DQG WKH UHOHDVH RI ORDGLQJ OHDG WR VXFK UHFRYHU\ RI WKH FUDFNV�

7DEOH � 0HDVXUHG &UDFNLQJ DQG 0D[LPXP 6KHDU /RDG RI WKH 7HVW %HDPV

%HDP )FX $V 1R� 2I VWLU� D�G 3FU 3I )DLOXUH 0RGH
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3I  IDLOXUH ORDG �N1�� 	 3FU  FUDFNLQJ ORDG �N1��
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)LJ� � &UDFN SDWWHUQV RI WHVW EHDPV�

/RDG 'HIOHFWLRQ 5HVSRQVH

7KH HIIHFWV RI WKH VWXGLHG SDUDPHWHUV VXFK DV VKHDU VSDQ WR GHSWK UDWLR� WKH DPRXQW RI
ZHE UHLQIRUFHPHQW DQG W\SH RI PDLQ UHLQIRUFHPHQW �*)53 DQG +76� RQ WKH ORDG
GHIOHFWLRQ UHODWLRQVKLS RI WKH VWXGLHG EHDPV ZHUH LOOXVWUDWHG LQ )LJXUHV � WR �� )LJXUH �
VKRZV WKDW LQFUHDVLQJ D�G IURP ��� IRU %HDP %� WR ��� IRU %HDP %� OHDG WR D UHGXFWLRQ
LQ WKH XOWLPDWH ORDG E\ DSSUR[LPDWHO\ ���� ,Q DGGLWLRQ� WKH VORSH RI WKH ORDG�
GHIOHFWLRQ FXUYH UHGXFHG IURP ����� N1�PP WR ����� N1�PP DQG WKH GHIOHFWLRQ
LQFUHDVHG E\ ���� )XUWKHU UHGXFWLRQ RI WKH XOWLPDWH ORDG WRRN SODFH E\ LQFUHDVLQJ D�G



WR ��� IRU EHDP %�� �E\ DSSUR[LPDWHO\ ����� WKH VORSH RI WKH ORDG�GHIOHFWLRQ FXUYH
UHGXFHG IURP ����� N1�PP WR ����� N1�PP DQG WKH GHIOHFWLRQ LQFUHDVHG E\ ���� 7KH
VDPH WUHQG ZDV REVHUYHG E\ $EGRXQ >��@ IRU +6& EHDPV UHLQIRUFHG E\ +76 PDLQ
UHLQIRUFHPHQW� )LJXUH � VKRZV WKDW LQFUHDVLQJ �Y IURP ����� IRU EHDP %� WR ����� IRU
%� UHVXOWHG LQ D VOLJKW FKDQJH LQ WKH EHKDYLRU RI VXFK EHDPV� 7KH XOWLPDWH ORDG
LQFUHDVHG E\ DSSUR[LPDWHO\ ���� WKH VORSH RI WKH ORDG�GHIOHFWLRQ FXUYH VOLJKWO\
UHGXFHG IURP ����� N1�PP WR ����� N1�PP DQG WKH PD[LPXP GHIOHFWLRQ LQFUHDVHG
E\ DSSUR[LPDWHO\ ���� )LJXUHV � DQG � VKRZ WKDW WKH HIIHFW RI D�G LV PRUH VLJQLILFDQW
WKDQ WKDW RI FKDQJLQJ �Y UDWLR IRU +6& EHDPV UHLQIRUFHG E\ *)53 URGV�

)LJ� � (IIHFW RI �D�G� RQ WKH ORDG�GHIOHFWLRQ UHODWLRQVKLS�

)LJ� � (IIHFW RI ��Y� RQ WKH ORDG�GHIOHFWLRQ UHODWLRQVKLS�

)LJ� � (IIHFW RI W\SH RI PDLQ UHLQIRUFHPHQW RQ WKH ORDG�GHIOHFWLRQ UHODWLRQVKLS
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)LJXUH � VKRZV WKDW FKDQJLQJ WKH W\SH RI PDLQ UHLQIRUFHPHQW IURP +76 WR *)53
ZKLOH NHHSLQJ WKH PDLQ UHLQIRUFHPHQW UDWLR ��  ���� �E�� ZHE UHLQIRUFHPHQW ��  
������ DQG D�G  ��� OHDG WR D UHGXFWLRQ RI WKH XOWLPDWH ORDG DQG DQ LQFUHDVH RI WKH
EHDP GHIOHFWLRQ� )RU H[DPSOH� WKH XOWLPDWH ORDGV IRU %HDPV %� DQG %�� UHLQIRUFHG E\
*)53� ZHUH DSSUR[LPDWHO\ OHVV WKDQ WKRVH IRU %HDPV %� DQG %�� UHLQIRUFHG E\ +76�
E\ ��� DQG ������ UHVSHFWLYHO\� ,Q DGGLWLRQ� WKH VORSH RI WKH ORDG�GHIOHFWLRQ FXUYH
UHGXFHG IURP ����� N1�PP IRU %HDP %� WR ����� N1�PP IRU %HDP %� DQG IURP
����� N1�PP IRU %HDP %� WR ����� N1�PP IRU %HDP %�� 0RUHRYHU� WKH PD[LPXP
GHIOHFWLRQ LQFUHDVHG IRU %HDPV %� DQG %� RYHU WKDW RI %HDPV %� DQG %� E\ ���� DQG
����� UHVSHFWLYHO\� ,W ZDV REVHUYHG IURP )LJXUH � WKDW WKH FRQWURO 16& %HDP %� KDG
DQ XOWLPDWH FDSDFLW\ OHVV WKDQ WKDW RI %HDP %� E\ DSSUR[LPDWHO\ ��� DQG KLJKHU WKDQ
WKDW RI %HDP %� E\ ����� ,Q DGGLWLRQ� WKH FRQWURO 16& EHDP %� H[KLELWHG D VPDOOHU
GHIOHFWLRQ ����� FRPSDUHG ZLWK WKH +6& EHDP %� UHLQIRUFHG E\ *)53 URGV� 7KH
UHGXFWLRQ RI WKH XOWLPDWH FDSDFLW\ DQG WKH LQFUHDVH RI GHIOHFWLRQ IRU WKH VWXGLHG EHDPV
UHLQIRUFHG E\ *)53 URGV PD\ EH DWWULEXWHG WR WKH XVH RI PDLQ UHLQIRUFHPHQW UDWLR�
� ���� �E� ZKLFK LV OHVV WKDQ WKH YDOXH �� ! ��� �E� UHFRPPHQGHG E\ $&, ��������
>��@ IRU EHDPV UHLQIRUFHG E\ *)53 EDUV�

6WUDLQV LQ /RQJLWXGLQDO 0DLQ 5HLQIRUFHPHQW

7KH VWUDLQV DORQJ WKH ORQJLWXGLQDO PDLQ UHLQIRUFHPHQW DQG ZHE UHLQIRUFHPHQW ZHUH
PHDVXUHG E\ HOHFWULFDO VWUDLQ JDXJHV DQG WKH IXOO GHWDLOV DUH UHFRUGHG HOVHZKHUH >��@�
,Q WKLV LQYHVWLJDWLRQ� WKH UHODWLRQV EHWZHHQ WKH PHDVXUHG ORDGV DQG WKH FRUUHVSRQGLQJ
VWUDLQV LQ PDLQ UHLQIRUFHPHQW ZHUH SORWWHG LQ )LJXUH � LQ RUGHU WR VWXG\ WKH EHKDYLRU RI
+6& EHDPV UHLQIRUFHG E\ *)53 URGV� ,W FDQ EH VHHQ IURP WKH ILJXUH WKDW LQFUHDVLQJ
D�G IURP ��� IRU %HDP %� WR ��� IRU %HDP %�� OHDG WR DQ LQFUHDVH LQ WKH VWUDLQ E\
���� 7KH DUHD XQGHU WKH FXUYH IRU EHDPV %� DQG %� ZDV DSSUR[LPDWHO\ ��� N1 DQG
��� N1� UHVSHFWLYHO\� ,W ZDV QRWLFHG WKDW WKH *)53 URGV GLG QRW IDLO GXULQJ WHVWLQJ DQG
WKH\ EHKDYH DV D OLQHDUO\ HODVWLF PDWHULDO WLOO IDLOXUH RI WKH EHDP� ZKLFK KDSSHQHG DIWHU
H[FHVVLYH FUDFNLQJ LQ FRQFUHWH DW WHQVLRQ ]RQH� ,W LV LQWHUHVWLQJ WR QRWH WKDW WKH
FRQFUHWH GLG QRW FUXVK DW WKH FRPSUHVVLRQ ]RQH EHFDXVH RI WKH IODQJH RI WKH 7�EHDP�

)LJ� � /RDG�VWUDLQ UHODWLRQVKLS IRU EHDPV UHLQIRUFHG E\ *)53 URGV�

7+(25(7,&$/ 35(',&7,21 2) (;3(5,0(17$/ 5(68/76

3URSRVHG (TXDWLRQ

7KH XOWLPDWH VKHDU FDSDFLW\ RI +6& EHDPV UHLQIRUFHG E\ +76 EDUV ZDV SUHGLFWHG E\
DQ HTXDWLRQ GHYHORSHG E\ 6DUVDP DQG $O�0XVDZL >��@� 7KH DXWKRUV PRGLILHG WKLV
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HTXDWLRQ LQ RUGHU WR EH DSSOLFDEOH IRU +6& EHDPV UHLQIRUFHG E\ PDLQ UHLQIRUFHPHQW RI
*)53 EDUV DV�

� � ���
����
����

E6I$0G9I9
\YYXXZFX3523

� U �1� PP� ���

:KHUH FI 
  &\OLQGHU FRPSUHVVLYH VWUHQJWK RI FRQFUHWH�

ZU  /RQJLWXGLQDO VWHHO UDWLR�

X9  )DFWRUL]HG VKHDU IRUFH DW VHFWLRQ�
G  (IIHFWLYH EHDP GHSWK�

X
0  )DFWRUL]HG PRPHQW DW VHFWLRQ�

Y$  $UHD RI VKHDU UHLQIRUFHPHQW�

\Y
I  <LHOG VWUHQJWK RI VKHDU UHLQIRUFHPHQW�
E  :HE ZLGWK�
6  6SDFLQJ RI VKHDU UHLQIRUFHPHQW�

3UHGLFWLRQ RI 7HVW 5HVXOWV XVLQJ GLIIHUHQW &RGHV DQG 3URSRVHG (TXDWLRQ

6KHDU VWUHQJWK UHVXOWV ZHUH SUHGLFWHG E\ WKH UHOHYDQW FRGHV RI SUDFWLFH� $&, ������
>��@� %6� ���� >��@� (&&6 �������� >��@� WR DVVHVV WKH YDOLGLW\ RI VXFK FRGHV ZKHQ
DSSOLHG WR +6& EHDPV UHLQIRUFHG E\ *5)3 EDUV DV PDLQ UHLQIRUFHPHQW DQG ZHE
UHLQIRUFHPHQW� 3UHGLFWLRQ RI WKH WHVW UHVXOWV E\ WKH DERYH�PHQWLRQHG FRGHV RI SUDFWLFH
DQG WKH HTXDWLRQ GHYHORSHG E\ 6DUVDP DQG $O�0XVDZL >��@ LV OLVWHG LQ 7DEOH �� 7DEOH
� VKRZV WKDW� JHQHUDOO\ IRU EHDPV UHLQIRUFHG E\ +76� WKH VKHDU VWUHQJWK SUHGLFWHG E\
GLIIHUHQW FRGHV RI SUDFWLFH DQG WKH HTXDWLRQ GHYHORSHG E\ 6DUVDP DQG $O�0XVDZL >��@
ZDV FRQVHUYDWLYH WR GLIIHUHQW GHJUHHV� 6KHDU VWUHQJWK SUHGLFWLRQV XVLQJ %6� ���� >��@
DQG WKH HTXDWLRQ GHYHORSHG E\ 6DUVDP DQG $O�0XVDZL >��@ ZHUH PRUH DFFXUDWH WKDQ
WKRVH SUHGLFWHG E\ $&, ������ >��@ DQG (&&6 �������� >��@� ,W FDQ EH QRWLFHG IURP
WKH WDEOH WKDW LQFUHDVLQJ D�G DQG �Y OHDG WR HQKDQFLQJ WKH SUHGLFWLRQ� )RU H[DPSOH� WKH
SUHGLFWLRQ RI WKH UHVXOWV IRU EHDP %� �D�G ���� LV PRUH DFFXUDWH WKDQ WKDW IRU EHDP %�
�D�G ���� IRU DOO WKH PHWKRGV OLVWHG LQ WKH WDEOH� ,Q DGGLWLRQ� IRU WKH VDPH D�G ������
LQFUHDVLQJ �Y IURP ����� IRU EHDP %� WR ���� IRU EHDP %� UHVXOWHG LQ LQFUHDVLQJ WKH
SUHGLFWLRQ DFFXUDF\ IRU DOO WKH PHWKRGV LQ D UDQJH RI �������

7DEOH � 3UHGLFWLRQ RI 6KHDU 6WUHQJWK E\ 'LIIHUHQW &RGHV RI 3UDFWLFHV DQG WKH
3URSRVHG (TXDWLRQ

%HDP

1R�
7\SH RI
PDLQ VWHHO

�Y $Y�E6 D � G 9�WHVW�
9�$&,�

9�WHVW�
9�%6�

9�WHVW�
9�(&&6�

9�WHVW�
9�3523�

%� �+�7�6� ����� ���
����� ����� ����� ����

%� �+�7�6� ����� ���
����� ����� ����� �����

%� �+�7�6� ����� ��� ����� ����� ����� �����
%� �+�7�6� ����� ���

����� ����� ����� �����
%� �+�7�6� ����� ���

����� ����� ����� �����
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����� ����� ����� �����
%� �*)53� ����� ���

����� ����� ����� �����
%� �*)53� ����� ���

����� ����� ����� �����
%� �*)53� ����� ���

����� ����� ����� �����
%�� �*)53� ����� ���

����� ����� ����� �����

 3UHGLFWHG E\ 6DUVDP DQG $O�0XVDZL HTXDWLRQ >��@�



)RU EHDPV UHLQIRUFHG ZLWK *)53 EDUV� WKH VLWXDWLRQ ZDV GLIIHUHQW� 7KH VKHDU VWUHQJWK
SUHGLFWHG E\ $&, ������ >��@� ZDV QRW FRQVHUYDWLYH HVSHFLDOO\ IRU %� DQG %�� �ZLWK
WKH LQFUHDVH RI D�G�� %6� ���� >��@ DQG (&&6 �������� >��@ ZHUH FRQVHUYDWLYH LQ
SUHGLFWLQJ VKHDU VWUHQJWK IRU EHDPV %� DQG %� ZKLOH WKHLU WUHQG ZDV VLPLODU WR $&,
������ >��@ IRU EHDPV %� DQG %��� 8QOLNH WKH VWXGLHG FRGHV� WKH SURSRVHG HTXDWLRQ
ZDV FRQVHUYDWLYH DQG PRUH DFFXUDWH IRU SUHGLFWLQJ WKH VKHDU VWUHQJWK IRU DOO WKH VWXGLHG
EHDPV WR GLIIHUHQW GHJUHHV� +RZHYHU� WKH SURSRVHG HTXDWLRQ ZDV OHVV FRQVHUYDWLYH
ZLWK WKH LQFUHDVH RI D�G� )RU H[DPSOH� LQFUHDVLQJ D�G IURP ��� IRU EHDP %� WR ��� IRU
EHDP %� OHDG WR D UHGXFWLRQ LQ WKH RYHU HVWLPDWHG YDOXH RI VKHDU VWUHQJWK E\ ���
ZKLOH LQFUHDVLQJ D�G WR ��� IRU EHDP %�� UHVXOWHG LQ D IXUWKHU UHGXFWLRQ �DSSUR[LPDWHO\
����� ,Q DGGLWLRQ� WKH SURSRVHG HTXDWLRQ ZDV PRUH FRQVHUYDWLYH E\ ��� ZLWK WKH
LQFUHDVH RI WKH ZHE UHLQIRUFHPHQW UDWLR� �Y IURP ����� IRU EHDP %� WR ����� IRU WKH
EHDP %��

&21&/86,216

%DVHG RQ WKH H[SHULPHQWDO UHVXOWV LQ WKLV SDSHU� WKH IROORZLQJ FRQFOXVLRQV IRU +6&
EHDPV UHLQIRUFHG ZLWK *)53 EDUV FDQ EH GUDZQ�

,QFUHDVLQJ VKHDU VSDQ WR GHSWK UDWLR D�G UHVXOWHG LQ WKH FRQFHQWUDWLRQ RI FUDFNV LQ WKH
IOH[XUDO UHJLRQ� ,QFUHDVLQJ RI D�G IURP ��� WR ��� UHVXOWHG LQ UHGXFLQJ WKH XOWLPDWH ORDG
FDSDFLW\ RI WKH VWXGLHG EHDPV E\ DSSUR[LPDWHO\ ���� LQFUHDVLQJ WKH PD[LPXP
GHIOHFWLRQ E\ DSSUR[LPDWHO\ ��� DQG LQFUHDVLQJ WKH VWUDLQ LQ WKH ORQJLWXGLQDO PDLQ
UHLQIRUFHPHQW E\ ����

,QFUHDVLQJ WKH DPRXQW RI ZHE UHLQIRUFHPHQW �Y UHVXOWHG LQ DQ LQFUHDVH RI WKH QXPEHU RI
FUDFNV DQG FUDFN ZLGWK DQG D UHGXFWLRQ RI FUDFNV VSDFLQJ� ,QFUHDVLQJ RI �Y IURP �����
WR ����� UHVXOWHG LQ HQKDQFLQJ WKH XOWLPDWH ORDG FDSDFLW\ RI WKH VWXGLHG EHDPV E\
DSSUR[LPDWHO\ ����� DQG LQFUHDVLQJ WKH PD[LPXP GHIOHFWLRQ E\ DSSUR[LPDWHO\ ����

&KDQJLQJ W\SH RI PDLQ UHLQIRUFHPHQW IURP +76 WR *)53 OHDG WR FKDQJLQJ RI WKH
PRGH RI IDLOXUH IURP GLDJRQDO WHQVLRQ VKHDU IDLOXUH WR IOH[XUDO IDLOXUH� ,Q DGGLWLRQ� WKH
XOWLPDWH FDSDFLW\ RI WKH VWXGLHG EHDPV GUDPDWLFDOO\ UHGXFHG E\ DSSUR[LPDWHO\ ���
DQG WKH PD[LPXP GHIOHFWLRQ LQFUHDVHG E\ DSSUR[LPDWHO\ ����� 7KLV PD\ EH
DWWULEXWHG WR WKH EULWWOHQHVV RI +6& FRPSDUHG ZLWK 16& DQG WKH XVH RI *)53 LQ
UHLQIRUFHPHQW ZKLOH NHHSLQJ WKH PDLQ UHLQIRUFHPHQW UDWLR OHVV WKDQ WKH YDOXH �� ! ���
�E� UHFRPPHQGHG E\ $&, �������� >��@ IRU EHDPV UHLQIRUFHG E\ *)53 EDUV

:LWKLQ WKH OLPLWV RI WKH WHVW UHVXOWV RI WKLV UHVHDUFK� LW ZDV IRXQG WKDW WKH SURSRVHG
HTXDWLRQ IRU SUHGLFWLQJ WKH VKHDU VWUHQJWK ZDV PRUH FRQVHUYDWLYH DQG DFFXUDWH WKDQ WKH
UHOHYDQW FRGHV RI SUDFWLFH IRU +6& EHDPV UHLQIRUFHG E\ *)53 EDUV� 7KH SUHGLFWLRQ
ZDV VHQVLWLYH WR WKH HIIHFW RI VKHDU VSDQ WR GHSWK UDWLR DQG WKH ZHE UHLQIRUFHPHQW UDWLR�

$&.12:/('*(0(17

3URI� 'U� 2PDU (O�1DZDZ\� 3URIHVVRU RI 5HLQIRUFHG &RQFUHWH 6WUXFWXUHV� $LQ 6KDPV
8QLYHUVLW\� LV DFNQRZOHGJHG IRU SURYLGLQJ WKH DXWKRUV ZLWK WKH *)53 URGV XVHG LQ WKLV
LQYHVWLJDWLRQ� ,Q DGGLWLRQ� VWDII DQG WHFKQLFLDQV RI WKH 5HLQIRUFHG &RQFUHWH 7HVWLQJ
/DERUDWRU\ DW &DLUR 8QLYHUVLW\ DUH DFNQRZOHGJHG IRU WKHLU JUHDW KHOS�

5()(5(1&(6

)XPLR :DWDQDEH DQG -XQJ�<RRQ /HH ������ ³7KHRUHWLFDO 3UHGLFWLRQ RI 6KHDU 6WUHQJWK
DQG )DLOXUH 0RGH RI 5HLQIRUFHG &RQFUHWH %HDPV ³$&, 6WUXFWXUDO -RXUQDO� 1RYHPEHU�
'HFHPEHU�

$6&(�$&, &RPPLWWHH ��� RQ 6KHDU DQG 7RUVLRQ ������ ³5HFHQW $SSURDFKHV WR 6KHDU
'HVLJQ RI 6WUXFWXUDO &RQFUHWH ³-RXUQDO RI 6WUXFWXUDO (QJLQHHULQJ� 'HFHPEHU�



³6WDWH�RI�WKH�$UW 5HSRUW RQ +LJK 6WUHQJWK &RQFUHWH ������ ³5HSRUWHG E\ &RPPLWWHH
���� $&, ���5����

0LFKDHO 3� &ROOLQV� 'HQLV 0LWFKHOO� 3HUU\ $GHEDU� DQG )UDQN -� 9HFFKLR ������ ³$
*HQHUDO 6KHDU 'HVLJQ 0HWKRG ³$&, 6WUXFWXUDO -RXUQDO � -DQXDU\�)HEUXDU\�

5DJKX 6� 3HQG\DOD DQG 3ULDQ 0HQGLV ������ ³([SHULPHQWDO VWXG\ RQ 6KHDU 6WUHQJWK RI
+LJK�VWUHQJWK &RQFUHWH %HDPV ³$&, 6WUXFWXUDO -RXUQDO � -XO\�$XJXVW�

%HQPRNUDQH� 2� &KDDOODO� DQG 5� 0DVPRXGL ������ ³ )OH[XUDO 5HVSRQVH RI &RQFUHWH
%HDPV 5HLQIRUFHG ZLWK )53 5HLQIRUFLQJ %DUV ³$&, 6WUXFWXUDO -RXUQDO � -DQXDU\�
)HEUXDU\ �

1DZ\� (�*�� DQG 1HXZHUWK� *� (� ������ ³%HKDYLRU RI )LEHU *ODVV 5HLQIRUFHG
&RQFUHWH %HDPV�� -RXUQDO RI 6WUXFWXUDO 'LYLVLRQ� $6&(� 6HSWHPEHU� SS� ����������

6DDGDWPDQHVK� +�� DQG (KVDQL� 0� 5� ������ �)LEHU &RPSRVLWH %DU IRU 5HLQIRUFHG
&RQFUHWH &RQVWUXFWLRQ�� -RXUQDO RI &RPSRVLWH 0DWHULDOV� 9� ��� )HEUXDU\� SS� ����
����

6DWRK� .�� .RGDPD� .�� DQG 2KNL� +� ������ � $ 6WXG\ RQ WKH %HQGLQJ %HKDYLRU RI
5HSDLUHG 5HLQIRUFHG &RQFUHWH %HDPV 8VLQJ )LEHU 5HLQIRUFHG 3ODVWLF �)53� DQG
3RO\PHU 0RUWDU�� (YDOXDWLRQ DQG 5HKDELOLWDWLRQ RI &RQFUHWH 6WUXFWXUHV DQG
,QQRYDWLRQV LQ 'HVLJQ� 3URFHHGLQJV $&, ,QWHUQDWLRQDO &RQIHUHQFH� +RQJ .RQJ� SS�
����������

)D]D� 6� 6�� DQG *DQJD5DR� +� 9� 6� ������ � %HQGLQJ DQG %HKDYLRU RI &RQFUHWH
%HDPV 5HLQIRUFHG ZLWK )LEHU 5HLQIRUFHG 3ODVWLF 5HEDUV�� :9'2+�53��� 3KDVH �
5HSRUW� :HVW 9LUJLQLD 8QLYHUVLW\� 0RUJDQWRZQ� SS� ��������

=LD� 3�� $KPDG� 6�� *DUJ� 5�� DQG +DQHV� .� ������ � )OH[XUDO DQG 6KHDU %HKDYLRU RI
&RQFUHWH %HDPV 5HLQIRUFHG ZLWK �' &RQWLQXRXV &DUERQ )LEHU )DEULF�� &RQFUHWH
,QWHUQDWLRQDO� 9� ��� 1R� ��� 'HFHPEHU� SS� ������

$ZZDG� :� + ������ �6KHDU %HKDYLRU RI 5HLQIRUFHG +LJK 6WUHQJWK &RQFUHWH %HDPV�
06F 7KHVLV LQ SUHSDUDWLRQ� )DFXOW\ RI (QJLQHHULQJ� 6KRXEUD� =DJD]LJ 8QLYHUVLW\�

$&, &RPPLWWHH ��� ������ ³%XLOGLQJ &RGH 5HTXLUHPHQWV IRU 6WUXFWXUDO &RQFUHWH
�$&, ������� DQG &RPPHQWDU\ �$&, ���5�����´ $PHULFDQ &RQFUHWH ,QVWLWXWH� 'HWURLW�
��� SS�

.KDOLO� $� +� + ������ ³%HKDYLRU RI &RQFUHWH 6ODEV 5HLQIRUFHG :LWK )LEHU *ODVV
5HEDUV ³$LQ 6KDPV 8QLYHUVLW\� 0� 6&�

0DVPRXGL� 5� 7KHULDXOW� 0� DQG %HQPRNUDQH� %� ������ ³)OH[XUDO %HKDYLRU RI
&RQFUHWH %HDPV 5HLQIRUFHG ZLWK 3ODVWLF 5HLQIRUFLQJ 5RGV ³$&, 6WUXFWXUDO -RXUQDO�
1RYHPEHU�'HFHPEHU�

-RKQVRQ 0� DQG 5DPLUH] -� ������ ³0LQLPXP 6KHDU 5HLQIRUFHPHQW LQ %HDPV ZLWK
+LJKHU 6WUHQJWK &RQFUHWH�´ $&, 6WUXFWXUDO -RXUQDO� 9���� 1R� �� -XO\�$XJXVW� SS�����
����

$EGRXQ� 6� *� ������ ³(IIHFW RI $[LDO &RPSUHVVLYH 6WUHVVHV RQ 6KHDU 6WUHQJWK RI
+LJK 6WUHQJWK &RQFUHWH %HDPV ZLWK :HE 5HLQIRUFHPHQW ³&DLUR 8QLYHUVLW\� 3K�'�

$&, &RPPLWWHH ��� ������ ³*XLGH IRU WKH 'HVLJQ DQG &RQVWUXFWLRQ RI &RQFUHWH
5HLQIRUFHG ZLWK )53 %DUV�´ $PHULFDQ &RQFUHWH ,QVWLWXWH� 'HWURLW� 0D\�

6DUVDP� .DLVV )� DQG $O�0XVDZL� -DQDQ 0� 6� ������ ³6KHDU 'HVLJQ RI +LJK � DQG
1RUPDO VWUHQJWK &RQFUHWH %HDPV ZLWK :HE 5HLQIRUFHPHQW´ $&, 6WUXFWXUDO -RXUQDO �
1RYHPEHU�'HFHPEHU�
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