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0DUFHOR�/RER�+HOGZHLQ��$OH[DQGUH�)HUUDUL�GH�6RX]D�DQG�,YR�%DUEL
)HGHUDO 8QLYHUVLW\ RI 6DQWD &DWDULQD ± (OHFWULFDO (QJLQHHULQJ 'HSDUWPHQW
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3KRQH� �������������� ± )D[� �������������� ± ,QWHUQHW� KWWS���ZZZ�LQHS�XIVF�EU

$EVWUDFW ± 7KLV SDSHU SUHVHQWV D WKUHH�SKDVH UHFWLILHU XQLW

FRPSRVHG RI VLQJOH�SKDVH PRGXOHV� GLUHFWHG WR DWWHQG WKH

GHPDQGV RI WKH WHOHFRPPXQLFDWLRQV VWDQGDUGV� 7KH XVH RI

VLQJOH�SKDVH PRGXOHV LQ WKLV DSSOLFDWLRQ EULQJV WKH QHHG RI

FRQWUROOLQJ WKH SRZHU IORZ� ZKLFK PXVW EH EDODQFHG DPRQJ

WKH SKDVHV� ,Q RUGHU WR REWDLQ HTXDO SRZHU SURFHVVLQJ LQ HDFK

SKDVH� WKH FRQGLWLRQ RI HTXDO RXWSXW FXUUHQWV LQ HDFK VLQJOH�

SKDVH PRGXOH VXIILFH� RQFH WKH RXWSXW YROWDJH LV FRPPRQ WR

DOO RI WKHP� $ VLPSOH WHFKQLTXH LV XVHG WR DWWHQG WKLV

FRQGLWLRQ� ZKLFK FRQVLVWV LQ WKH DSSOLFDWLRQ RI FXUUHQW PRGH

FRQWURO LQ WKH RXWSXW VWDJHV� 7KHRUHWLFDO DQDO\VLV DQG

VLPXODWLRQ� DORQJ ZLWK H[SHULPHQWDO UHVXOWV DUH SURYLGHG LQ

WKLV GLJHVW�

,� ,1752'8&7,21

7KH XVH RI WKUHH�SKDVH UHFWLILHU XQLWV ZLWK KLJK TXDOLW\
FXUUHQWV DQG H[FHOOHQW RXWSXW UHJXODWLRQ LV DQ REOLJDWLRQ LI

RQH LQWHQGV WR PHHW WHOHFRPPXQLFDWLRQV VWDQGDUGV IRU KLJK

SRZHU� 7KHVH VWDQGDUGV GHPDQG VL]H� ZHLJKW� SHUIRUPDQFH�

KDUPRQLF GLVWRUWLRQ� ORDG DQG OLQH UHJXODWLRQ� ORZ OHYHOV RI

(0, DQG LQ WKH FDVH RI WKUHH�SKDVH UHFWLILHUV WKH UHVWULFWLRQ

RI WKUHH�ZLUH VXSSO\� ZLWKRXW QHXWUDO FRQQHFWLRQ�
,Q RUGHU WR PHHW WKHVH VWDQGDUGV RQH FDQ FKRVH

EDVLFDOO\�

�� 2QH WKUHH�SKDVH UHFWLILHU IROORZHG E\ RQH '&�'&

LQVXODWHG FRQYHUWHU�

�� 2QH WKUHH�SKDVH UHFWLILHU IROORZHG E\ VHYHUDO '&�
'& LQVXODWHG FRQYHUWHUV ZLWK SDUDOOHOHG RXWSXWV�

�� 7KUHH RU PRUH RQH�SKDVH UHFWLILHUV IROORZHG E\

WKUHH RU PRUH '&�'& LQVXODWHG FRQYHUWHUV ZLWK

SDUDOOHOHG RXWSXWV >�@�

�� 2QH VLQJOH WRSRORJ\� FDSDEOH WR FRPSO\ DOO

UHTXLUHPHQWV�
7KH SRZHU IDFWRU FRUUHFWLRQ VWDJHV� FRPPRQO\ XVH

FRQWUROOHG VZLWFKHV� PRVW RI WKHP EL�GLUHFWLRQDO� 7KLV

UHTXLUHPHQW LV DOVR H[WHQGHG IRU WKH RXWSXW VWDJHV�

,I WKH DSSURDFK ��� LV FKRVHQ� RQH VKRXOG XVH YHU\ KLJK

FDSDFLW\ VHPLFRQGXFWRUV RU XWLOL]H SDUDOOHO WHFKQLTXHV� ,Q

PDQ\ WHFKQLTXHV WKHUH LV ORZ IUHTXHQF\ FRPPXWDWLRQ WKDW
OHDGV WR ELJ YROXPHV� ZHLJKW DQG H[SUHVVLYH FXUUHQW

KDUPRQLFV� 7KH WRSRORJLHV WKDW RSHUDWH DW KLJK IUHTXHQF\

FRPPRQO\ OHDG WR FRPSOH[ FRQWURO DQG PRGXODWLRQ� :LWK

DSSURDFK ��� WKH VDPH UHFWLILHU WHFKQLTXHV PXVW EH XVHG

DQG OLPLWDWLRQV DUH YHU\ VLPLODU WR RSWLRQ ��� WHFKQLTXHV�
2SWLRQ ��� OHDGV WR KLJK FDSDFLW\ FRPSRQHQWV DQG�

GHSHQGLQJ RQ WKH HPSOR\HG WHFKQLTXHV� WKHUH DUH VRPH

GLIILFXOWLHV ZLWK FRQWURO� LQSXW FXUUHQWV RU SK\VLFDO

GLPHQVLRQV�

7KH RSWLRQ ��� VFKHPDWLF LV SUHVHQWHG LQ )LJ� �� ,Q WKLV

DSSURDFK� WKH DSSOLFDWLRQ RI ZHOO�NQRZQ VLQJOH�SKDVH
SRZHU IDFWRU WHFKQLTXHV LV WKHQ SRVVLEOH DQG WKH JRRG

FKDUDFWHULVWLFV RI GLYLGLQJ WKH SRZHU IORZ LQ WKUHH SKDVHV

DUH PDLQWDLQHG� %XW RWKHU GLIILFXOWLHV DSSHDU DQG GHSHQGLQJ

RQ WKH DSSOLFDWLRQ WKHVH DUH PRUH RU OHVV H[SUHVVLYH�
7KLV RSWLRQ KDV LWV PDLQ GLVDGYDQWDJH WKH KLJK QXPEHU

RI VHPLFRQGXFWRUV XVHG� ZKLFK OHDGV RIWHQ WR D KLJK FRVW�

7KH PDLQ DGYDQWDJHV DUH�

x VPDOO SK\VLFDO GLPHQVLRQV�

x SRVVLELOLW\ RI RSHUDWLRQ ZLWK WZR SKDVHV�

x PRGXODULW\�
x KLJK TXDOLW\ FXUUHQWV GUDLQHG IURP WKH $& PDLQV�

x JRRG RYHUDOO HIILFLHQF\�

3)3 FRQYHUWHUV /RDG,QVXODWHG '&�'&

FRQYHUWHUV

,QSXW UHFWLILHUV$&PDLQV

)LJ� � ± 7KUHH VLQJOH�SKDVH KLJK SRZHU IDFWRU UHFWLILHUV IROORZHG E\ WKUHH

'&�'& FRQYHUWHUV ZLWK SDUDOOHOHG RXWSXWV�

7KH IDFW WKDW OLPLWV WKH XVH RI WKLV WHFKQLTXH LV WKH
FRPSOH[LW\ LQKHUHQW WR WKH FRQWURO FLUFXLWV XVXDOO\

HPSOR\HG� RQFH WKDW WKH SRZHU IORZ FRQWURO LQ HDFK SKDVH

PXVW EH SUHFLVH LQ RUGHU WR PDLQWDLQ ]HUR QHXWUDO FXUUHQW�

7KLV ZRUN SUHVHQWV D VLPSOH ZD\ WR RYHUFRPH WKLV

GLIILFXOW\ WKURXJK WKH XVH RI FXUUHQW PRGH FRQWURO DSSOLHG

WR WKH RXWSXW VWDJHV�

,,� 352326(' 7232/2*< $1' &21752/ 675$7(*<

$� 3URSRVHG 7RSRORJ\

7KH FKRVHQ WRSRORJ\ IRU WKH SURSRVHG UHFWLILHU XQLW LV

SUHVHQWHG LQ )LJ� �� ,W FDQ EH QRWLFHG WKDW WKHUH LVQ¶W DQ\
FRQQHFWLRQ WR WKH QHXWUDO RI WKH $& PDLQV�

7KH WRSRORJ\ FKRVHQ IRU WKH SURSRVHG UHFWLILHU

SUHVHQWV D < FRQQHFWLRQ RQ WKH LQSXW� VR WKDW WKH YROWDJHV

RQ WKH IURQW�HQG UHFWLILHU DUH SKDVH YROWDJHV� $FFRPSOLVKHG

WKLV� FXUUHQW DQG YROWDJH VSHFLILFDWLRQV WR HDFK PRGXOH DUH
VWLOO WKH VDPH WR WKRVH RI D VLQJOH�SKDVH UHFWLILHU XQLW�



,Q WKH SUH�UHJXODWLRQ VWDJHV� WKH ERRVW FRQYHUWHU
RSHUDWLQJ DW FRQWLQXRXV FRQGXFWLRQ PRGH ZLWK DYHUDJH

FXUUHQW PRGH FRQWURO LV XVHG GXH WR LWV KLJK HIILFLHQF\ DQG

KLJK TXDOLW\ LQSXW FXUUHQW� $ ORVVOHVV VQXEEHU >�@ IRU GL�GW

OLPLWDWLRQ GXULQJ VZLWFK WXUQ�RQ LV XVHG LQ RUGHU WR ORZHU

FRPPXWDWLRQ ORVVHV IURP ERRVW GLRGH UHYHUVH UHFRYHU\�
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$& PDLQV 5HFWLILHUV %RRVW FRQYHUWHUV )%�=96�36 FRQYHUWHUV 2XWSXW

FDSDFLWRUV

)LJ� � ± 6LPSOLILHG GLDJUDP IRU WKH SURSRVHG WKUHH�SKDVH UHFWLILHU XQLW�

%� &RQWURO 6WUDWHJ\

7KH FRQWURO VWUDWHJ\ HPSOR\HG LV EDVHG RQ FXUUHQW

PRGH FRQWURO WKDW PDNHV HDFK '&�'& FRQYHUWHU ZLWK DQ

RXWSXW FKDUDFWHULVWLF RI D FXUUHQW VRXUFH ZLWK FRQWUROOHG

YROWDJH� 7KLV FRQWURO LV DSSOLHG RQO\ WR WKH RXWSXW VWDJHV
ZKLOH WKH SUH�UHJXODWRU VWDJHV DUH FRPSOHWHO\ LQGHSHQGHQW�

7KLV WHFKQLTXH FRQVLVWV RQ WKH OLQNDJH RI FXUUHQW DQG

YROWDJH FRQWURO ORRSV� ZKHUH WKH FXUUHQW ORRS LV IDVWHU DQG

WKH YROWDJH ORRS VHUYHV IRU JHQHUDWLRQ RI FXUUHQW UHIHUHQFH�

7R HQVXUH HTXDO RXWSXW FXUUHQWV LQ DOO WKH '&�'&

FRQYHUWHUV� RQO\ RQH YROWDJH ORRS LV UHVSRQVLEOH IRU WKH
UHIHUHQFH JHQHUDWLRQ� 7KHUHIRUH� DOO WKUHH PRGXOHV KDYH WKH

VDPH FXUUHQW UHIHUHQFH DQG RQFH LW LV JXDUDQWHHG HTXDO

JDLQV RQ FXUUHQW IHHGEDFN ORRS WKH RXWSXW FXUUHQWV ZLOO EH

HTXDO�

7KH EORFN GLDJUDP IRU WKH SURSRVHG FRQWURO V\VWHP LV

VKRZQ LQ )LJ� �� $OO FRPSHQVDWLRQ LV PDGH ZLWK ]HURHV DQG
SROHV� XVLQJ FODVVLFDO FRQWURO FRPSHQVDWLRQ WHFKQLTXHV�

,,,� 5(/(9$17 $1$/<6,6

$� ,QSXW &XUUHQW $QDO\VLV IRU WKH 3URSRVHG 5HFWLILHU

7KH LQSXW FXUUHQW DQDO\VLV IRU WKH SURSRVHG UHFWLILHU

FRQVLGHUV GLIIHUHQFHV DPRQJ RXWSXW YROWDJHV LQ WKH SRZHU

IDFWRU SUH�UHJXODWRUV� 7KH )LJ� � LV XVHG WR DFFRPSOLVK WKLV

DQDO\VLV�
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)LJ� � ± 3RZHU IORZ LQ HDFK VLQJOH�SKDVH UHFWLILHU XQLW�

,Q RUGHU WR VLPSOLI\ WKH DQDO\VLV� WKH IROORZLQJ

DVVXPSWLRQV DUH PDGH�

,QSXW YROWDJHV DUH FRQVLGHUHG HTXDO� VLQXVRLGDO DQG

GLVSODFHG E\ ���
R
�

7KH LQSXW VWDJHV �%RRVW 3)3� JHQHUDWH LQSXW FXUUHQWV

WKDW DUH DOVR VLQXVRLGDO�

,QSXW YROWDJHV DUH JLYHQ E\�
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:KHUH ³M´ LV WKH SKDVH QXPEHU � M  � � �� � � DQG IM LV

WKH GLVSODFHPHQW DQJOH
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7KH RXWSXW YROWDJH LV FRPPRQ WR DOO WKH PRGXOHV�

7KURXJK WKH DSSOLFDWLRQ RI FXUUHQW PRGH FRQWURO RQ WKH

RXWSXW VWDJHV �)%�=96�� HTXLOLEULXP LQ RXWSXW FXUUHQWV LV

REWDLQHG� 7KXV�
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7KHUHIRUH WKH SRZHU GHOLYHUHG RI HDFK PRGXOH DUH
HTXDO�
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&RQVLGHULQJ WKDW WKH HIILFLHQF\ RI HDFK VLQJOH�SKDVH

UHFWLILHU XQLW DUH DOPRVW WKH VDPH�
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7KH LQSXW SRZHU RI HDFK PRGXOH LV JLYHQ E\�
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:KLFK JLYHV DV UHVXOW�
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7KURXJK WKH SRZHU IDFWRU SUH�UHJXODWRUV� HTXDOLW\

EHWZHHQ ,MI DQG MI LV REWDLQHG� KHQFH�

, , , ,S S S S� � �   >�@

7KH DQDO\VLV RI WKLV UHVXOW LPSOLHV LQ WKDW WKH LQSXW
FXUUHQWV KDYH WKH VDPH DPSOLWXGH DQG WKH GLVSODFHPHQW

DQJOH LV HTXDO WR WKH LQSXW YROWDJHV RQHV�

7KH DSSOLFDWLRQ RI ERRVW SRZHU IDFWRU SUH�UHJXODWRUV

IROORZHG E\ '&�'& LQVXODWHG FRQYHUWHUV ZLWK FXUUHQW

PRGH FRQWURO JXDUDQWHHV HTXLOLEUDWHG LQSXW FXUUHQWV DQG

HTXDO SRZHU GLVWULEXWLRQ DPRQJ HDFK PRGXOH�

%� (IIHFW RI 8QEDODQFHG ,QSXW &XUUHQWV

7KH )LJ� � �D� SUHVHQWV WKH LQSXW PRGXOH IRU WKH

SURSRVHG UHFWLILHU XQLW� 7KH LQSXW LV < FRQQHFWHG� ZLWKRXW

QHXWUDO FRQQHFWLRQ�
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)LJ� � ± �D� 3URSRVHG UHFWLILHU XQLW LQSXW PRGHO� �E� IDVRULDO GLDJUDP RI

LQSXW YROWDJHV� �F� IDVRULDO GLDJUDP RI D WKUHH SKDVH XQEDODQFHG V\VWHP�

:LWK WKH NQRZOHGJH WKDW LQSXW FXUUHQWV KDYH

DSSUR[LPDWHO\ WKH VDPH IRUPDW WKDW LQSXW YROWDJHV� GXH WR

WKH DFWLRQ RI 3)3¶V� RQH FDQ UHSUHVHQW WKH PRGXOHV DV
LPSHGDQFHV ZLWK UHVLVWLYH QDWXUH� 7KH IDVRULDO DQDO\VLV FDQ

WKHQ EH XVHG WR UHSUHVHQW WKH LQYROYHG TXDQWLWLHV�

7KH IDVRULDO GLDJUDP SUHVHQWHG LQ )LJ� � �E� VKRZV WKH

LQSXW YROWDJHV ZLWK UHVSHFW WR QHXWUDO SRZHU PDLQV� ,W LV

FRQVLGHUHG WKDW WKUHH YROWDJHV DUH HTXLOLEUDWHG� QHJOHFWLQJ

GLIIHUHQFHV DQG LPSHUIHFWLRQV WKDW GR QRW LQYDOLGDWH WKLV
DQDO\VLV�

,I WKH LQSXW LPSHGDQFHV DUH XQEDODQFHG DQG QR QHXWUDO

FRQQHFWLRQ LV HVWDEOLVKHG� WKH YROWDJH EHWZHHQ ³F´ DQG ³Q´

LV GLIIHUHQW IURP ]HUR� DQG WKLV GLIIHUHQFH LV WKHQ FDOOHG

QHXWUDO GLVSODFHPHQW YROWDJH� 7KH )LJ� � �F� VKRZV WKH
IDVRULDO GLDJUDP LQ D WKUHH�SKDVH XQEDODQFHG V\VWHP�

7KHUHIRUH� WKH QHXWUDO GLVSODFHPHQW YROWDJH LV JLYHQ
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2QH FDQ WKHQ YHULI\ WKDW DQ XQEDODQFHG V\VWHP FDQ

JHQHUDWH LQSXW YROWDJHV ODUJHU DQG VPDOOHU WKDQ WKH

H[SHFWHG RQHV� 7KH OLPLW YDOXHV DUH SUHVHQWHG LQ 7DEOH ,�

7$%/( ,
/,0,7 9$/8(6 )25 81%$/$1&(' 6<67(06

/LPLW YDOXH

1HXWUDO GLVSODFHPHQW YROWDJH �9FQ� 9,1�SHDN > 9 @

,QSXW YROWDJH �9�F� 9�F DQG 9�F� ������9,1�SHDN > 9 @

'LVSODFHPHQW DQJOH DPRQJ �9�F� 9�F DQG 9�F�
DQG �9�� 9� DQG 9��

�� > R @

,I WKH SRZHU GHOLYHUHG E\ HDFK SKDVH LV HTXDO� WKHQ WKH

QHXWUDO GLVSODFHPHQW YROWDJH LV ]HUR DQG WKHUHIRUH WKH

V\VWHP ZLOO QRW SUHVHQW DQ\ RYHU RU XQGHU YROWDJHV� ,W FDQ

DOVR EH VHHQ WKDW XQEDODQFH PD\ EULQJ LQSXW FXUUHQWV ZLWK

GLVSODFHPHQW DQJOHV GLIIHUHQW IURP ]HUR ZLWK UHVSHFW WR

SRZHU PDLQV YROWDJHV� DQG WKLV IDFW OHDGV WR SRZHU IDFWRUV
GLIIHUHQW IURP WKH XQLW\ LQ HDFK SKDVH� :LWK UHVSHFW WR WKLV

DQDO\VLV RQH FDQ VHH WKH LPSRUWDQFH RI FRQWUROOLQJ WKH

SRZHU IORZ LQ HDFK SKDVH PRGXOH�

,9� (;3(5,0(17$/ 5(68/76

,Q RUGHU WR YHULI\ WKH SURSRVHG FRQWURO VWUDWHJ\ D

SURWRW\SH ZDV EXLOW ZLWK WKH IROORZLQJ VSHFLILFDWLRQV�
x ,QSXW YROWDJH� ���9

x 2XWSXW YROWDJH� ��9

x 5DWHG RXWSXW FXUUHQW� ��$

x (IILFLHQF\� JUHDWHU WKDQ �� �

x +LJK TXDOLW\ LQSXW FXUUHQWV
(DFK SKDVH PRGXOH LV FRPSRVHG RI D ERRVW 3)3

IROORZHG E\ D )%�=96�36 FRQYHUWHU�

$� 3UH�UHJXODWLRQ VWDJHV

7KH FRPSOHWH SRZHU VWDJH IRU WKH ERRVW FRQYHUWHU XVHG
RQ WKH SUH�UHJXODWLRQ VWDJHV LV VKRZQ LQ )LJ� ��

7KH ORVVOHVV VQXEEHU LV FRPSRVHG RI /D� &D� 'D� DQG

'D�� 7KLV VQXEEHU LV XVHG WR OLPLW WKH FXUUHQW VORSH GXULQJ

UHYHUVH UHFRYHU\ RI WKH GLRGH 'E RYHU WKH VZLWFK 0S� $

KLJK HIILFLHQF\ FDQ WKHQ EH DFKLHYHG� RQFH WKDW WKH PDLQ

ORVV LQ WKH ERRVW FRQYHUWHU LV WKDW GXH WR WKH UHFRYHU\ RI WKH
ERRVW GLRGH�
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)LJ� � ± 3RZHU GLDJUDP RI WKH SUH�UHJXODWLRQ VWDJHV�



8VHG FRPSRQHQWV�

x 0E � ,5)3���

x 'E � 'D� � 'D� � 085���

x /D � ((������ 7KRUQWRQ ± 1  � WXUQV ± � [ ��$:*

x &D � ���Q)����9

x &R� � &R� � � [ ���P)����9
x 5R� � 5R� � ���.�ò:

x &L � �P)����9
x 5GF � ���5���:

x &R� � ���Q)����9

)LJ� � SUHVHQWV LQSXW FXUUHQW DQG YROWDJH LQ RQH RI WKH

PRGXOHV� ,W FDQ EH QRWLFHG WKDW WKH GUDLQHG FXUUHQW IROORZV

WKH LQSXW YROWDJH� DFKLHYLQJ D SRZHU IDFWRU FORVH WR WKH

XQLW\�

9ROWDJH

&XUUHQW

)LJ� � ± ,QSXW FXUUHQW ��$�GLY� DQG YROWDJH ����9�GLY� LQ RQH RI WKH

PRGXOHV�

7KH GHWDLOV RI WKH FRPPXWDWLRQ� FORVH WR WKH SHDN YDOXH
RI WKH LQSXW YROWDJH� LQ WKH VZLWFK DUH VKRZQ LQ ILJXUHV �

DQG �� 7KH WXUQ�RQ �)LJ� �� LV FOHDUO\ QRQ�GLVVLSDWLYH� RQFH

WKH FXUUHQW UDLVHV ZLWK D OLPLWHG VORSH� 7KH VZLWFK WXUQ�RII

LV GLVVLSDWLYH� EXW DV FDQ EH VHHQ LQ )LJ� �� WKH WLPH WDNHQ

GXULQJ WKLV FRPPXWDWLRQ LV YHU\ VPDOO VR WKDW WKH ORVVHV GR

QRW MXVWLI\ WKH SUHVHQFH RI DQ\ NLQG RI DGGLWLRQDO FLUFXLWU\�
ZKLFK ZRXOG FHUWDLQO\ LQFUHDVH WKH FRQGXFWLRQ ORVVHV LQ WKH

FRQYHUWHU�

9ROWDJH
&XUUHQW

)LJ� � ± 7XUQ�RQ LQ WKH VZLWFK 0S�E�� &XUUHQW ��$�GLY� DQG YROWDJH

����9�GLY��

9ROWDJH

&XUUHQW

)LJ� � ± 7XUQ�RII LQ WKH VZLWFK 0S�E�� &XUUHQW ��$�GLY� DQG YROWDJH

����9�GLY��

)LJ� �� VKRZV WKH DFKLHYHG HIILFLHQF\ IRU WKH ERRVW
FRQYHUWHU ZLWK WKH ORVVOHVV VQXEEHU� 7KH HIILFLHQF\ LV

DSSUR[LPDWHO\ ����
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)LJ� �� ± (IILFLHQF\ RI WKH ERRVW FRQYHUWHU ZLWK VQXEEHU�

%� 2XWSXW VWDJHV

7KH FRPSOHWH SRZHU VWDJH IRU WKH &&�&& FRQYHUWHU
XVHG RQ WKH RXWSXW VWDJHV LV VKRZQ LQ )LJ� ��� 1R DX[LOLDU\

FLUFXLW LV XVHG LQ WKLV FRQYHUWHU LQ RUGHU WR IDFLOLWDWH

FRPPXWDWLRQV DW OLJKW ORDG�
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)LJ� �� ± 3RZHU GLDJUDP RI WKH )%�=96�36 FRQYHUWHU XVHG LQ WKH RXWSXW
VWDJHV�



8VHG FRPSRQHQWV�

x 0� � 0� � 0� � 0� � ,5)3���

x 'U� � 'U� � 085����

x /U� ((������ 7KRUQWRQ

1  �� WXUQV � [ ��$:*

x 7U� ((������ 7KRUQWRQ

1� �� WXUQV �� [ ��$:*
1� � WXUQV �� [ ��$:*

1� � WXUQV �� [ ��$:*

x &V� � &V� � ��Q)����9

x 5V� � 5V� � ��.��:

x 'V� � 'V� � 05���

x &GF � �X)����9
x 5GF � ���5���:

x &I � ���Q)����9

&XUUHQW DQG YROWDJH DFURVV RQH VZLWFK RI WKH QRQ�

FULWLFDO OHJ DUH SUHVHQWHG LQ )LJ� ��� )LJ� �� SUHVHQWV WKH

ZDYHIRUPV IRU D VZLWFK RI WKH FULWLFDO OHJ� ,Q WKHVH ILJXUHV�

LW FDQ EH QRWLFHG WKDW WKH FRPPXWDWLRQ RQ WKH FULWLFDO OHJ LV
PRUH GLIILFXOW� RQFH WKH ORDG FXUUHQW GRHV QRW KHOS WKLV

FRPPXWDWLRQ�

9ROWDJH &XUUHQW

)LJ� �� ± &XUUHQW ��$�GLY� DQG YROWDJH ����9�GLY� LQ RQH RI WKH VZLWFKHV
RI WKH QRQ�FULWLFDO OHJ�

9ROWDJH &XUUHQW

)LJ� �� ± &XUUHQW ��$�GLY� DQG YROWDJH ����9�GLY� LQ RQH RI WKH VZLWFKHV
RI WKH FULWLFDO OHJ�

9ROWDJH 9DE DQG WKH FXUUHQW IORZLQJ LQ WKH SULPDU\ DUH

VKRZQ LQ )LJ� ���

7KH WKUHH PRGXOHV ZHUH FRQQHFWHG WR D VDPH SKDVH IRU

YHULILFDWLRQ RI WKH EDODQFH RI WKH GUDLQHG FXUUHQWV DQG WKLV

UHVXOW LV VKRZQ LQ )LJ� ��� ZKHUH LW LV QRWLFHG WKDW WKH WKUHH
FXUUHQWV DUH SXW XSRQ SUDFWLFDOO\�

9ROWDJH

&XUUHQW

)LJ� �� ± &XUUHQW LQ WKH SULPDU\ ��$�GLY� DQG YROWDJH 9DE ����9�GLY��

)LJ� �� ± ,QSXW FXUUHQWV ��$�GLY� ZLWK DOO PRGXOHV FRQQHFWHG WR WKH VDPH
SKDVH�

,Q )LJ� �� DUH VKRZQ WKH LQSXW FXUUHQWV DQG WKH YROWDJH

LQ RQH RI WKH SKDVHV� REWDLQHG ZLWK WKH SURWRW\SH IRU D

GHOLYHUHG SRZHU RI ����:� ZLWK QHXWUDO FRQQHFWLRQ� 7KH

GLIIHUHQFHV DPRQJ WKH FXUUHQWV FRPH IURP WKH GLIIHUHQFH

DPRQJ WKH LQSXW YROWDJHV WKDW� EHVLGHV WKH IRUPDW� DOVR
SUHVHQW DPSOLWXGH YDULDWLRQ� ZKDW H[SODLQV WKH GLIIHUHQFHV

DPRQJ WKH DPSOLWXGHV RI WKH FXUUHQWV�

)LJ� �� ± ,QSXW FXUUHQWV ��$�GLY� DQG YROWDJH LQ RQH RI WKH SKDVHV

����9�GLY�� IRU WKH SURSRVHG UHFWLILHU XQLW�



7KH FRQWURO WHFKQLTXH JXDUDQWHHV WKDW WKH SRZHU IORZ
LQ HDFK SKDVH LV SUDFWLFDOO\ WKH VDPH� WKDW LV WR VD\� WKH

SKDVH KDV WKH JUHDWHU LQSXW YROWDJH ZLOO SUHVHQW PLQRU

FXUUHQW� ,W ZDV REWDLQHG DQ HIILFLHQF\ RI DSSUR[LPDWHO\

��� DQG 7+' RI LQSXW FXUUHQWV VPDOOHU WKDQ ����� ZKLOH

IRU WKH LQSXW YROWDJHV WKLV UDWH ZDV RI XS WR �����

)LJXUHV ��� �� DQG �� LOOXVWUDWH WKH LQSXW FXUUHQWV RI
WKH SURWRW\SH LQ RSHUDWLRQ� ZLWKRXW WKH QHXWUDO FRQQHFWLRQ�

,Q WKHVH LOOXVWUDWLRQV WKH EDODQFH FDQ EH REVHUYHG DPRQJ

WKH GUDLQHG FXUUHQWV� DWWHVWLQJ WKH HIIHFWLYHQHVV RI WKH

FRQWURO VWUDWHJ\� 7KH PD[LPXP SRZHU REWDLQHG LQ WKH

RXWSXW� ZLWKRXW WKH QHXWUDO FRQQHFWLRQ� ZDV RI

DSSUR[LPDWHO\ ����:�
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)LJ� �� ± :DYHIRUPV ZLWKRXW QHXWUDO FRQQHFWLRQ� ,QSXW FXUUHQWV ��$�GLY��

YROWDJH LQ SKDVH � ����9�GLY��
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)LJ� �� ± :DYHIRUPV ZLWKRXW QHXWUDO FRQQHFWLRQ� ,QSXW FXUUHQWV ��$�GLY��
YROWDJH LQ SKDVH � ����9�GLY��
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)LJ� �� ± :DYHIRUPV ZLWKRXW QHXWUDO FRQQHFWLRQ� ,QSXW FXUUHQWV ��$�GLY��
YROWDJH LQ SKDVH � ����9�GLY��

9� &21&/86,21

7KLV ZRUN SUHVHQWHG WKH WKHRUHWLFDO DQG SUDFWLFDO VWXG\

RI D WKUHH�SKDVH UHFWLILHU XQLW IRU DSSOLFDWLRQ LQ

WHOHFRPPXQLFDWLRQV� ,W ZDV SURSRVHG VLPSOH FRQWURO

VWUDWHJ\ WR JXDUDQWHH EDODQFHG LQSXW FXUUHQWV LQ WKUHH�SKDVH

UHFWLILHU WKDW DUH FRPSRVHG RI RQH�SKDVH PRGXOHV�

7KH PDLQ FKDUDFWHULVWLFV RI WKH SURSRVHG V\VWHP DUH�
LWV PRGXODULW\� WKH HPSOR\PHQW RI VLPSOH DQG ZHOO�NQRZQ

WHFKQLTXHV� KLJK TXDOLW\ RI WKH LQSXW FXUUHQWV DQG RI WKH

RXWSXW YROWDJH� JRRG HIILFLHQF\ DQG SRVVLELOLW\ RI

FRQWLQXLW\ LQ WKH RSHUDWLRQ ZLWK IDOO RI SKDVH RU PRGXOH

IDLO� ([SHULPHQWDO UHVXOWV ZHUH SUHVHQWHG WR FRQILUP WKH

DFFRPSOLVKHG WKHRUHWLFDO DQDO\VLV�

9,� 5()(5(1&(6

>�@ &� '(1,6� -� '$9( 	 &�-� 78&.� ³$ +LJK 'HQVLW\

��9 ���$ 5HFWLILHU ZLWK 3RZHU )DFWRU &RUUHFWLRQ ±

DQ 2YHUYLHZ´� ,((( ± ,17(/(&C��� SS� ���±����

>�@ 5� $� ),6&+(5� .� '� 7� 1*2� 0�+� .82� ³$ ���

N+]� ��� : '&�'& &RQYHUWHU ZLWK 0XOWLSOH 2XWSXWV
&RQWUROOHG E\ 3KDVH�6KLIWHG 3:0 DQG 0DJQHWLF

$PSOLILHUV´� +)3&¶�� 5HFRUGV� SS� �������

>�@ -�/�)� 9,(,5$� ,� %$5%,� ³2Q WKH 'HVLJQ RI D +LJK

3HUIRUPDQFH ��$���9 5HFWLILHU 8QLW´� ,((( ±

,17(/(&¶��� SS� ���±����

>�@ 5� 5('/� 1�2� 62.$/� /� %$/2*+� ³$ 1RYHO

6RIW�6ZLWFKLQJ )XOO�%ULGJH '&�'& &RQYHUWHU�

$QDO\VLV� 'HVLJQ &RQVLGHUDWLRQV DQG ([SHULPHQWDO

5HVXOWV DW ��� N:� ��� N+]´� 3(6&¶��� SS� �������

>�@ 1� 0$&+,1� 7� 9(6&29,� ³9HU\ +LJK (IILFLHQF\

7HFKQLTXHV DQG WKHLU 6HOHFWLYH $SSOLFDWLRQ WR WKH
'HVLJQ RI D ��$ 5HFWLILHU´� ,((( ± ,17(/(&C���

SS� ���±����

>�@ *$,'=,16.,� 3� 5� ³8QLGDGH UHWLILFDGRUD GH DOWD

SHUIRUPDQFH� ����: ± ��$� SDUD WHOHFRPXQLFDo}HV´�

)ORULDQySROLV� ����� 'LVVHUWDWLRQ �(OHFWULFDO

(QJLQHHULQJ 0DVWHU 'HJUHH� ± ,1(3�((/� )HGHUDO
8QLYHUVLW\ RI 6DQWD &DWDULQD�




