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+�SODQH ZDYHJXLGH GLSOH[HU DQG PXOWLSOH[HU FRQILJXUDWLRQV DUH ZHOO�NQRZQ FRP�

SRQHQWV LQ VDWHOOLWH DQG HDUWK�WR�HDUWK FRPPXQLFDWLRQ V\VWHPV >�@� 7KH\ FRPELQH

WKH DGYDQWDJHV RI HDVH RI IDEULFDWLRQ DQG VLPSOLFLW\ LQ QXPHULFDO DQDO\VLV� &RP�

PRQO\� 7(P��PRGH�EDVHG PRGH�PDWFKLQJ SURFHGXUHV DUH XVHG IRU WKH FRPSXWHU�

DLGHG GHVLJQ >�@ � >�@� :KLOH WKH FKDQQHO ILOWHUV DUH SUHV\QWKHVL]HG IRU WKH LQGLYLG�

XDO 7[ DQG 5[ VSHFLILFDWLRQV� WKH HQWLUH FRPSRQHQW PXVW EH RSWLPL]HG LQ RUGHU WR

DFKLHYH D VDWLVIDFWRU\ LQSXW UHWXUQ ORVV� 7KLV LV D IDLUO\ VWUDLJKWIRUZDUG DQG ZHOO�

NQRZQ SURFHGXUH DQG KDV EHHQ VXFFHVVIXOO\ DSSOLHG WR PDQ\ LQGLYLGXDO GHVLJQV

ZLWK VHYHUDO SHUFHQW RI FKDQQHO EDQGZLGWKV�

,Q QDUURZ�EDQG V\VWHPV� KRZHYHU� WKH QXPEHU RI UHTXLUHG PRGHV IRU D UHOLDEOH

DQDO\VLV LQFUHDVHV GUDPDWLFDOO\� (VSHFLDOO\ IRU EDQGZLGWKV EHORZ RQH SHUFHQW� XS

WR �� RGG PRGHV PLJKW EH QHFHVVDU\ DV KDV UHFHQWO\ EHHQ GHPRQVWUDWHG IRU LQGLYLG�

XDO +�SODQH ILOWHU FRPSRQHQWV >�@� 6LQFH ILHOG V\PPHWULHV FDQQRW EH XWLOL]HG LQ D

GLSOH[HU DUUDQJHPHQW RI ILOWHUV� WKH HQWLUH FRPSRQHQW PXVW WKHQ EH DQDO\]HG DQG

RSWLPL]HG ZLWK FORVH WR ��� PRGHV� ,W KDV WXUQHG RXW WKDW XQGHU VXFK FLUFXP�

VWDQFHV� WKH GLSOH[HU GHVLJQ FDQ QR ORQJHU EH DFFRPSOLVKHG ZLWKLQ W\SLFDO LQGXVWU\�

GULYHQ GHVLJQ F\FOHV�

7KHUHIRUH� WKLV SDSHU IRFXVHV RQ D QHZ FRQFHSW LQ GLSOH[HU GHVLJQ� QDPHO\ D FRP�

ELQDWLRQ RI WKH VWDQGDUG PRGH�PDWFKLQJ WHFKQLTXH �007� ZLWK WKH FRXSOHG�LQWH�

JUDO�HTXDWLRQV WHFKQLTXH �&,(7�� WKH ODWWHU EHLQJ XVHG RQO\ IRU WKH V\QWKHVLV DQG

DQDO\VLV RI WKH LQGLYLGXDO FKDQQHO ILOWHUV� 6HYHUDO PDMRU DGYDQWDJHV DUH DVVRFLDWHG

ZLWK WKLV DSSURDFK� )LUVW� IRU D IXOO�F\FOH DQDO\VLV RI D GLSOH[HU FRQILJXUDWLRQ� WKH

FRPELQHG PHWKRG UHGXFHV WKH &38 WLPH VLJQLILFDQWO\ FRPSDUHG WR RUGLQDU\ 007�

6HFRQGO\� WKH QXPEHUV RI EDVLV IXQFWLRQV LQ WKH &,(7 FDQ EH UHGXFHG GXULQJ RSWL�

PL]DWLRQ ZLWKRXW D VKLIW LQ IUHTXHQF\ DV PDWUL[ VL]HV GR QRW GHSHQG RQ WKH QXPEHU

RI PRGHV� ,Q VWDQGDUG 007 DOJRULWKPV� D UHGXFHG QXPEHU RI PRGHV LV XVXDOO\

DVVRFLDWHG ZLWK D �VRPHWLPHV UHPDUNDEOH� VKLIW WRZDUGV ORZHU IUHTXHQFLHV�

7KLUGO\� WKH &,(7 � DW DOPRVW QR DGGLWLRQDO FRPSXWDWLRQDO FRVW � DOORZV WKH H[WUDF�

WLRQ RI WKH JHQHUDOL]HG VFDWWHULQJ PDWUL[ VR WKDW WKH UHVXOWV DUH HDVLO\ LQWHUIDFHG

ZLWK PRGH�PDWFKLQJ FDOFXODWLRQV RI RWKHU FRPSRQHQWV�

7KH SURFHGXUH LV GHPRQVWUDWHG DW WKH H[DPSOHV RI WZR QDUURZ�EDQG +�SODQH

GLSOH[HUV ZLWK VLQJOH�VLGHG LQGXFWLYH�LULV ILOWHUV DQG LQGLYLGXDO FKDQQHO EDQGZLGWKV

RI DSSUR[LPDWHO\ ��� SHUFHQW� :KLOH WKH LQSXW WUDQVIRUPHU VHFWLRQV� ELIXUFDWLRQ DQG

7�MXQFWLRQV DUH FRPSXWHG LQ VWDQGDUG 007 �WKLV SDUW LV NQRZQ WR EH IDLUO\ LQVHQVL�
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WLYH WR D KLJK QXPEHU RI PRGHV�� WKH FKDQQHO ILOWHUV HPSOR\ WKH &,(7 IRU UHOLDEOH

SHUIRUPDQFH SUHGLFWLRQV�

,,� 7+(25<

7KH JHQHUDO SULQFLSOHV RI FRPSXWLQJ WKH JHQHUDOL]HG VFDWWHULQJ PDWUL[ IURP 007

DQG WKH FRPELQDWLRQV RI VHYHUDO RI VXFK PDWULFHV LQ PXOWLSRUW DUUDQJHPHQWV DUH

ZHOO NQRZQ� H�J� >�@� >�@� 7KHUHIRUH� ZH IRFXV RXU DWWHQWLRQ RQ H[WUDFWLQJ WKH JHQ�

HUDOL]HG 6�PDWUL[ IURP WKH &,(7� $V GHVFULEHG LQ >�@� WKH &,(7 OHDGV WR D EORFN�

GLDJRQDO PDWUL[ ZKLFK� H�J� IRU VL[ GLVFRQWLQXLWLHV� FDQ EH ZULWWHQ DV

���

ZKHUH PDWULFHV FRQWDLQLQJ 8 DQG 9 UHSUHVHQW H[FLWDWLRQV DW WKH LQSXW DQG RXWSXW�

UHVSHFWLYHO\� )RU GHWDLOV RQ WKH PDWUL[ >$@� WKH UHDGHU LV UHIHUUHG WR >�@� $IWHU SHU�

IRUPLQJ D /8 GHFRPSRVLWLRQ RQ >$@ WDNLQJ LQWR DFFRXQW LWV EORFN�GLDJRQDO VWUXF�

WXUH� ��� LV VXFFHVVLYHO\ VROYHG IRU YHFWRUV F GXH WR H[FLWDWLRQ E\ WKH FROXPQ

YHFWRUV RI

� ���

<� DQG <1 DUH WKH PRGDO DGPLWWDQFHV DW WKH LQSXW DQG RXWSXW� UHVSHFWLYHO\� DQG

>:,��@ DQG >:,,�1@ DUH WKH FRXSOLQJ PDWULFHV� ZKLFK FRQWDLQ WKH DSSURSULDWH HGJH

FRQGLWLRQV� DW WKH LQSXW DQG RXWSXW GLVFRQWLQXLWLHV� 7 PHDQV WUDQVSRVHG�

/HW EH WKH FRHIILFLHQW YHFWRUV DW WKH ILUVW DQG ODVW GLVFRQWLQXLW\ GXH

WR H[FLWDWLRQ E\ WKH 0WK PRGH DW WKH LQSXW DQG WKH /WK PRGH DW WKH RXWSXW� 7KHQ D

FROXPQ YHFWRU RI WKH XQQRUPDOL]HG JHQHUDOL]HG VFDWWHULQJ PDWUL[ LV REWDLQHG

WKURXJK

���

���

���

���

ZKHUH δPQ LV WKH .URQHFNHU GHOWD� 2QFH DOO FROXPQ YHFWRUV KDYH EHHQ FRPSXWHG WR

IRUP WKH PDWUL[ � WKH ILQDO 6�PDWUL[ UHTXLUHV D SRZHU QRUPDOL]DWLRQ E\ WKH

VTXDUH URRWV RI WKH IUHTXHQF\�GHSHQGHQW DGPLWWDQFHV
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DVVXPLQJ WKDW WKH FURVV�VHFWLRQDO GLPHQVLRQV KDYH EHHQ LQFRUSRUDWHG LQ WKH FRP�

SXWDWLRQ RI >$@ WKURXJK D VXLWDEOH SRZHU QRUPDOL]DWLRQ�

,,,� 5(68/76

)LJ� � VKRZV DQ +�SODQH ELIXUFDWLRQ GLSOH[HU ZLWK VLQJOH�VLGHG LQGXFWLYH�LULV ILO�

WHUV� 7KH FKDQQHO ILOWHUV DUH SUHGHVLJQHG IRU LQGLYLGXDO FKDQQHO EDQGZLGWKV RI

DSSUR[LPDWHO\ ��� SHUFHQW XVLQJ WKH &,(7� 7KH LQSXW WUDQVIRUPHU VHFWLRQ DQG

ELIXUFDWLRQ DUH FRPSXWHG LQ VWDQGDUG 007 DQG DUH LQWHUIDFHG WKURXJK WKH JHQHUDO�

L]HG 6�PDWUL[ RI WKH FKDQQHO ILOWHUV REWDLQHG WKURXJK WKH SURFHVV GHVFULEHG DERYH�

$Q RSWLPL]DWLRQ SURFHGXUH� H�J� >�@� YDULHV WUDQVIRUPHU DQG ILOWHU GLPHQVLRQV WR

REWDLQ D ��G% UHWXUQ ORVV DQG ��G% LVRODWLRQ �VROLG OLQH�� $Q DOO 007 DQDO\VLV

UHYHDOV UHVXOWV ZLWKLQ WKH SORWWLQJ DFFXUDF\ �GDVKHG OLQHV�� WKXV YHULI\LQJ WKH VFDW�

WHULQJ�PDWUL[ H[WUDFWLRQ SURFHVV� 1RWH WKDW ERWK WHFKQLTXHV HPSOR\ D ORVV DQDO\VLV

EDVHG RQ WKH 7(���PRGH UHVRQDQFHV� WKH ORDGHG 4 YDOXH RI WKH FDYLWLHV DQG WKH

EDQGZLGWKV RI WKH FKDQQHO ILOWHUV

7KH VHFRQG H[DPSOH LV D +�SODQH PDQLIROG GLSOH[HU IRU LGHQWLFDO VSHFLILFDWLRQV

�)LJ� ��� 7�MXQFWLRQV DQG WKH VKRUWLQJ VWXE DUH FDOFXODWHG XVLQJ VWDQGDUG 007 DQG

DUH LQWHUIDFHG DW WKH UHVSHFWLYH SRUWV ZLWK WKH JHQHUDOL]HG 6�PDWUL[ RI WKH FKDQQHO

ILOWHUV REWDLQHG IURP WKH &,(7� 1RWH WKDW WKH DSHUWXUHV RI WKH ILOWHU VHFWLRQV IDFH

HDFK RWKHU ZKLFK SHUPLWV DQ LQFUHDVH LQ UHVRQDWRU ZLGWKV ZKLOH PDLQWDLQLQJ D VKRUW

GLVWDQFH EHWZHHQ WKH WZR 7�MXQFWLRQV� $JDLQ WKH DJUHHPHQW EHWZHHQ WKH FRPELQHG

007�&,(7 �VROLG OLQHV� DQG DOO�007 DSSURDFK �GDVKHG OLQHV� LV ZLWKLQ WKH SORW�

WLQJ DFFXUDF\�

7KH PDMRU DGYDQWDJH RI XVLQJ WKH FRPELQHG 007�&,(7 GHVLJQ LV WKH VDYLQJ LQ

&38 WLPH� 'HSHQGLQJ RQ WKH QXPEHU RI PRGHV DQG EDVLV IXQFWLRQV XVHG� WKH FRP�

ELQHG PHWKRG ZDV ILYH WR �� WLPHV IDVWHU WKDQ WKH DOO�007 DSSURDFK�

,9� &21&/86,216

$ FRPELQHG 007�&,(7 DSSURDFK IRU WKH GHVLJQ RI QDUURZ�EDQG +�SODQH GLSOH[�

HUV LV SUHVHQWHG� %\ H[WUDFWLQJ WKH JHQHUDOL]HG VFDWWHULQJ PDWUL[ IURP WKH &,(7 IRU�

PXODWLRQ� DQ LQWHUIDFH EHWZHHQ WKH 007 DQG WKH &,(7 LV FUHDWHG ZKLFK WDNHV IXOO

DGYDQWDJH RI WKH VDOLHQW IHDWXUHV RI WKH &,(7 DQG� WKHUHIRUH� SHUPLWV WKH WLPHO\

GHVLJQ RI ZDYHJXLGH GLSOH[HUV� &RPSDULVRQV ZLWK DOO�007 FDOFXODWLRQV YHULI\ WKH

GHVLJQV�
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�� -� 8KHU� -� %RUQHPDQQ DQG 8� 5RVHQEHUJ�
:DYHJXLGH &RPSRQHQWV IRU $QWHQQD )HHG
6\VWHPV� 7KHRU\ DQG &$'� $UWHFK +RXVH�
1RUZRRG �����

�� -� 'LWWORII DQG )� $UQGW� �&RPSXWHU�DLGHG
GHVLJQ RI VOLW�FRXSOHG +�SODQH 7�MXQFWLRQ
GLSOH[HUV ZLWK (�SODQH PHWDO�LQVHUW ILOWHUV��
,((( 7UDQV� 0LFURZDYH 7KHRU\ 7HFK�� 9RO�
��� SS� ���������� 'HF� �����

�� 0� *XJOLHOPL� �6LPSOH &$' SURFHGXUH IRU
PLFURZDYH ILOWHUV DQG PXOWLSOH[HUV�� ,(((
7UDQV� 0LFURZDYH 7KHRU\ 7HFK�� 9RO� ���
SS� ���������� -XO\ �����

)LJ� � 'HVLJQ H[DPSOH RI D QDUURZEDQG +�
SODQH ELIXUFDWLRQ GLSOH[HU ZLWK VLQJOH�
VLGHG LQGXFWLYH�LULV ILOWHUV� FRPELQHG
007�&,(7 �VROLG OLQHV�� DOO�007
�GDVKHG OLQHV��

�� :� 0HQ]HO� )� $OHVVDQGUL� $� 3ODWWQHU DQG -�
%RUQHPDQQ� �3ODQDU LQWHJUDWHG ZDYHJXLGH
GLSOH[HU IRU ORZ�ORVV PLOOLPHWHU�ZDYH
DSSOLFDWLRQV�� LQ 3URF� ��WK (X0&� SS� ����
���� 6HS� �����

�� 6� $PDUL� -� %RUQHPDQQ DQG 5� 9DKOGLHFN�
�)DVW DQG DFFXUDWH DQDO\VLV RI ZDYHJXLGH
ILOWHUV E\ WKH FRXSOHG�LQWHJUDO�HTXDWLRQV
WHFKQLTXH�� ,((( 7UDQV� 0LFURZDYH 7KHRU\
7HFK�� 9RO� ��� SS� ���������� 6HS� �����

�� .� 0DGVHQ� +� 6FKDHU�-DFREVHQ DQG -�
9ROGE\� ¦$XWRPDWHG PLQLPD[ GHVLJQ RI
QHWZRUNV�§ ,((( 7UDQV� &LUFXLWV 6\VWHPV�
9RO� &$6���� SS� �������� 2FW� �����

)LJ� � 'HVLJQ H[DPSOH RI D QDUURZEDQG +�
SODQH PDQLIROG GLSOH[HU ZLWK VLQJOH�
VLGHG LQGXFWLYH�LULV ILOWHUV� FRPELQHG
007�&,(7 �VROLG OLQHV�� DOO�007
�GDVKHG OLQHV��
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