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7KH 03���� LV D ��ELW PRQROLWKLF &026 VLQJOH VWHS KLJK
VSHHG $QDORJ�WR�'LJLWDO &RQYHUWHU GHVLJQHG IRU SUHFLVLRQ
��ELW DSSOLFDWLRQV LQ YLGHR� VFDQQLQJ DQG GDWD DFTXLVLWLRQ
UHTXLULQJ FRQYHUVLRQ UDWHV WR �� 0+]� 'LIIHUHQWLDO
/LQHDULW\ HUURU LV OHVV WKDQ ��� /6% DW �� 0+]� DQG SRZHU
FRQVXPSWLRQ LV ��� P: W\SLFDO� $ XQLTXH IHDWXUH RI WKLV
FRQYHUWHU LV LWV DELOLW\ WR GR D FRPSOHWH FRQYHUVLRQ ZLWK
MXVW WZR FORFN HGJHV �RQH FORFN SXOVH�� E\ VHWWLQJ 02'(
ORZ� :KHQ 02'( LV VHW KLJK� WKH GHYLFH EHKDYHV OLNH D
VWDQGDUG SLSHOLQHG FRQYHUWHU� UHTXLULQJ � FORFN HGJHV
�WZR FORFN SXOVHV� WR FRPSOHWH WKH FRQYHUVLRQ�
FRPSDWLEOH ZLWK WKH 03�����

$QRWKHU IHDWXUH RI03���� LV LWV XQLTXH LQSXW DUFKLWHFWXUH
ZKLFK HOLPLQDWHV WKH QHHG IRU DQ LQSXW WUDFN DQG KROG DQG
DOORZV IXOO VFDOH LQSXW UDQJHV IURP DERXW � WR � YROWV
SHDN�WR�SHDN� UHIHUUHG WR JURXQG RU RIIVHW� 7KH XVHU
VLPSO\ VHWV 95()�ï� DQG 95()��� WR HQFRPSDVV WKH
GHVLUHG LQSXW UDQJH�

03���� LQFOXGHV �� DXWR�EDODQFHG FORFNHG
FRPSDUDWRUV� DQ HQFRGHU� ��VWDWH RXWSXW EXIIHUV� D
UHIHUHQFH UHVLVWRU ODGGHU� DQG DVVRFLDWHG WLPLQJ FLUFXLWU\�
$Q RYHUIORZ ELW �RU IODJ� KDV EHHQ SURYLGHG WR PDNH LW
SRVVLEOH WR DFKLHYH ��ELW UHVROXWLRQ E\ FRQQHFWLQJ WZR
GHYLFHV LQ VHULHV� ,Q QRUPDO RSHUDWLRQ� WKLV IODJ KDV QR
HIIHFW RQ WKH GDWD ELWV�
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7RWDO +DUPRQLF 'LVWRUWLRQ�� 7+' �� ïG% ),1  � 0+]
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'LIIHUHQWLDO 3KDVH (UURU G3+ � 'HJUHH

��q& 7PLQ WR 7PD[

6SHFLILFDWLRQV DUH VXEMHFW WR FKDQJH ZLWKRXW QRWLFH

1RWHV�
� 7HVWHU PHDVXUHV FRGH WUDQVLWLRQV E\ GLWKHULQJ WKH YROWDJH RI WKH DQDORJ LQSXW �9,1�� 7KH GLIIHUHQFH EHWZHHQ WKH PHDVXUHG DQG WKH

LGHDO FRGH ZLGWK �95()���� LV WKH '1/ HUURU �)LJXUH ���� 7KH ,1/ HUURU LV WKH PD[LPXP GLVWDQFH �LQ /6%V� IURP WKH %HVW )LW /LQH WR
DQ\ WUDQVLWLRQ YROWDJH �)LJXUH ���� $FFXUDF\ LV D IXQFWLRQ RI WKH VDPSOLQJ UDWH �)6��

� *XDUDQWHHG� 1RW WHVWHG�
� 6SHFLILHG YDOXHV JXDUDQWHH IXQFWLRQDOLW\� 5HIHU WR RWKHU SDUDPHWHUV IRU DFFXUDF\�
� ,QSXW EDQGZLGWK LV D PHDVXUH RI SHUIRUPDQFH RI WKH $�' LQSXW VWDJH �6�+ � DPSOLILHU�� 5HIHU WR RWKHU SDUDPHWHUV IRU DFFXUDF\ ZLWKLQ

WKH VSHFLILHG EDQGZLGWK�
%: FDOFXODWLRQ� %:  9287 � 9,1

9287  95() 
 �&2'(0$; ï &2'(0,1� � ��
� 6HH 9,1 LQSXW HTXLYDOHQW FLUFXLW �)LJXUH ��� IRU KLJK VDPSOLQJ UDWHV� 6ZLWFKHG FDSDFLWRU DQDORJ LQSXW UHTXLUHV GULYHU ZLWK ORZ

RXWSXW UHVLVWDQFH�
� $OO LQSXWV KDYH GLRGHV WR 9'' DQG *1'� ,QSXWV 2(�� 3KDVH� 0RGH KDYH LQWHUQDO SXOO XSV� ,QSXW 2(� KDV LQWHUQDO SXOO

GRZQ� ,QSXW '& FXUUHQWV ZLOO QRW H[FHHG VSHFLILHG OLPLWV IRU DQ\ LQSXW YROWDJH EHWZHHQ *1' DQG 9''�
� ,QWHUQDO UHVLVWRU WR 9'' ELDVHV XQFRQQHFWHG LQSXW WR DFWLYH KLJK ORJLFDO OHYHO�
� ,QWHUQDO UHVLVWRU WR *1' ELDVHV XQFRQQHFWHG LQSXW WR DFWLYH ORZ ORJLFDO OHYHO�
� &RQGLWLRQ WR PHHW DSHUWXUH GHOD\ VSHFLILFDWLRQV �W$3� W$-�� $FWXDO ULVH�IDOO WLPH FDQ EH OHVV VWULQJHQW ZLWK QR ORVV RI DFFXUDF\�
�� 615� 5DWLR RI IXQGDPHQWDO RYHU QRLVH�
�� 7'(� 5DWLR RI IXQGDPHQWDO RYHU QRLVH � KDUPRQLFV ��QG WR �WK��
�� 7+'� 5DWLR RI KDUPRQLFV ��QG WR �WK� RYHU IXQGDPHQWDO�
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1RWHV�
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VWUHVV UDWLQJ RQO\ DQG IXQFWLRQDO RSHUDWLRQ DW RU DERYH WKLV VSHFLILFDWLRQ LV QRW LPSOLHG� ([SRVXUH WR PD[LPXP UDWLQJ
FRQGLWLRQV IRU H[WHQGHG SHULRGV PD\ DIIHFW GHYLFH UHOLDELOLW\�

� $Q\ LQSXW SLQ ZKLFK FDQ VHH D YDOXH RXWVLGH WKH DEVROXWH PD[LPXP UDWLQJV VKRXOG EH SURWHFWHG E\ 6FKRWWN\ GLRGH FODPSV
�+3���������� IURP LQSXW SLQ WR WKH VXSSOLHV� $OO LQSXWV KDYH SURWHFWLRQ GLRGHV ZKLFK ZLOO SURWHFW WKH GHYLFH IURP VKRUW
WUDQVLHQWV RXWVLGH WKH VXSSOLHV RI OHVV WKDQ ���P$ IRU OHVV WKDQ ���PV�
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7KH 03���� KDV WKUHH RSHUDWLQJ PRGHV� ,W KDV WZR SLSHOLQHG

PRGHV �03���� FRPSDWLEOH� DQG D RQH VKRW PRGH� 7KH YROW�
DJHV DSSOLHG WR WKH 3KDVH DQG0RGH SLQV GHWHUPLQH WKH RSHUDW�
LQJ PRGH� )LJXUHV � WKURXJK � VKRZ WKH WLPLQJ VSHFLILFDWLRQV�

7LPLQJ SDUDPHWHUV DUH PHDVXUHG WR DQG IURP YDOLG ORJLF OHYHOV
�L�H� W'+ LV WKH WLPH IURP &/.  ��� 9 WR '$7$  ��� RU ���9��

3LSHOLQH 0RGHV �0RGH  +LJK�

,Q WKLV FRQILJXUDWLRQ� WKH 03���� ZRUNV LQ D FRQWLQXRXV IDVKLRQ
�03���� FRPSDWLEOH�� )LJXUH �� VKRZV WKH WLPLQJ ZLWK WKH

3KDVH SLQ KLJK DQG ORZ� :KHQ 3KDVH LV ORZ� ´VDPSOLQJµ RFFXUV
GXULQJ WKH ORZSHULRG RI WKH FORFN DQG ´EDODQFLQJµ GXULQJ WKHKLJK

SHULRG� :KHQ 3KDVH LV KLJK� RSHUDWLRQ LV UHYHUVHG �VHH
)LJXUH ���� ´VDPSOLQJµ RFFXUV GXULQJ WKH KLJK SHULRG DQG ´EDO�
DQFLQJµ GXULQJ WKH ORZ SHULRG� 7KH DFWXDO WLPHZKHQ WKH LQWHUQDO

FRPSDUDWRUV DUH FRQQHFWHG WR9,1 LV FDOOHG WKH $FTXLVLWLRQ7LPH�
7KLV WLPH LV HTXDO WR WKH VDPSOH SKDVH RI WKH H[WHUQDO FORFN GH�
OD\HG E\ W$' DQG W$3�

)LJXUH �� 3LSHOLQH 0RGH 7LPLQJ ����� FRPSDWLEOH�

�3KDVH  �� 0RGH  ��

%DODQFH 6DPSOH %DODQFH 6DPSOH

1 � �
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7KH 03���� FRQYHUWV DQDORJ YROWDJHV LQWR �� GLJLWDO FRGHV E\
HQFRGLQJ WKH RXWSXWV RI FRPSDUDWRUV� $ FRPSDUDWRU LV XVHG WR

JHQHUDWH WKH RYHUIORZ ELW� 7KH FRQYHUVLRQ LV V\QFKURQRXV ZLWK
WKH VDPSOH FORFN� $ FRPSOHWH FRQYHUVLRQ F\FOH LV DFFRPSOLVKHG
LQ ��� F\FOHV� 'DWD LV WUDQVIHUUHG IURP WKH FRPSDUDWRU ODWFKHV WR

WKH RXWSXW UHJLVWHU HDFK F\FOH DQG DW WKH VDPH WLPH WKH LQSXW LV
VDPSOHG�

7KH FORFN VLJQDO JHQHUDWHV WKH WZR LQWHUQDO SKDVHV� I% �&/.

KLJK  EDODQFH� DQG I6 �&/. ORZ  VDPSOH�� 3KDVH % FRQQHFWV

WKH FRPSDUDWRUV WR WKH UHIHUHQFH WDS SRLQWV� 3KDVH 6 FRQQHFWV

WKH FRPSDUDWRUV WR WKH DQDORJ LQSXW YROWDJH�

7KH UHIHUHQFH UHVLVWDQFH ODGGHU LV D VHULHV RI �� UHVLVWRUV� 7KH

ILUVW DQG WKH ODVW UHVLVWRUV RI WKH ODGGHU DUH KDOI WKH YDOXH RI WKH
RWKHUV VR WKDW WKH IROORZLQJ UHODWLRQV DSSO\�

55()  5 
 �� 95()  95()��� ï 95()�ï�  �� 
 /6%

)LJXUH �� ,GHDO $�' 7UDQVIHU )XQFWLRQ
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��
��

',*,7$/

&2'(6

��

�

�

/6%

2):  �

9

��� 
 /6%��� 
 /6%

��

2):  �

� /6%

)LJXUH �� 5HDO $�' 7UDQVIHU &XUYH

',*,7$/

&2'(6

��� 
 /6%

��

��

��
��

(

��

(

9

��� 
 /6%

=6 )6

95()�ï� 9�� 9�� 9�� 9�� 92): 95()���

95()�ï� 9�� 9�� 9�� 9�� 95()���

)RU 03���� WKH RYHUIORZ IODJ LV LGHDOO\ VHW DW

92):  95()��� ï ��� 
 /6%

7KXV WKH ILUVW DQG ODVW WUDQVLWLRQ RI WKH GDWD ELWV WDNH SODFH DW

9,1  9��  95()�ï� � ��� 
 /6%

9,1  9��  95()��� ï ��� 
 /6%

/6%  �9�� ï 9��� � ��

03���� DOVR KDV ]HUR VFDOH DQG IXOO VFDOH HUURUV ZKLFK LQGLFDWH

WKH GHYLDWLRQV IURP WKH LGHDO LQLWLDO DQG ILQDO WUDQVLWLRQV� WKXV WKH



03����

5HY� ����

�

YDULRXV HUURU UHODWLRQVKLSV IRU 'LIIHUHQWLDO 1RQ�/LQHDULW\ �'1/��
,QWHJUDO 1RQ�/LQHDULW\ �,1/� DQG WKH ]HUR DQG IXOO VFDOH HUURUV

�(=6 DQG ()6� FDQ EH GHVFULEHG DV IROORZV�

'1/ ����  9�� ï 9�� ï /6%

� � �

'1/ ����  9�� ï 9�� ï /6%

()6 �IXOO VFDOH HUURU�  9�� ï >95()��� ï��� 
 /6%@

(=6 �]HUR VFDOH HUURU�  9�� ï >95()�ï� � ��� 
 /6%@

,1/ �L�  6 '1/ �L�

6\VWHPV WKDW DGMXVW WKH 95() YROWDJHV RQO\ LQFUHDVH WKH '1/

DFFXUDF\ DW WKH WZRH[WUHPH SRLQWV� ,Q WKH03����� VXFKDGMXVW�
PHQWV KDYH OLWWOH LPSDFW DW IUHTXHQFLHV ORZHU WKDQ �� 0+]�

)LJXUH ��� 03���� &RPSDUDWRU

I
6 %

I

%
I

6
I

/DWFK

5()

/$''(5
&203$5$725

9,1

7KH03����XVHV WKHEDODQFHSKDVH �I%� WRFKDUJHRQH SODWHRI
WKH FDSDFLWRUV WR WKH UHIHUHQFH ODGGHU WDS SRLQW DQG WKH RWKHU WR
WKH LQYHUWHU�FRPSDUDWRU WULJJHU SRLQW �)LJXUH ����� 'XULQJ WKH

VDPSOH SKDVH �I6�� RQH SODWH RI WKH FDSDFLWRUV VZLWFKHV WR 9,1�

7KH FKDQJH LQ YROWDJH �9,1 ï97$3� WUDQVIHUV DFURVV WKH FDSDFL�
WRU DQG IRUFHV WKH LQYHUWHU LQWR RQH RI WKH WZR SRVVLEOH ORJLF

VWDWHV� $ ODWFK �FRQQHFWHG WR WKH FRPSDUDWRU GXULQJ I6� UHVWRUHV
DQG SURSDJDWHV WKH GLJLWDO OHYHO WR WKH GHFRGH ORJLF�

7KH ULVLQJ HGJH RI WKH &/. LQSXW PDUNV WKH HQG RI WKH VDPSOLQJ

SKDVH �I6�� ,QWHUQDO GHOD\ RI WKH FORFN FLUFXLWU\ ZLOO GHOD\ WKH DF�

WXDO LQVWDQW ZKHQ I6 GLVFRQQHFWV WKH ODWFK IURP WKH FRPSDUDWRU�

7KLV GHOD\ LV FDOOHG DSHUWXUH GHOD\ �W$3��

7KHDSHUWXUH GHOD\ LV QRW FRQVWDQW EXW FKDQJHV IURPRQHF\FOH WR
WKH QH[W� ,QWHUQDO WKHUPDO QRLVH DQG VORZ LQSXW FORFN HGJHV DUH
PDMRU FRQWULEXWRUV WR WKLV YDULDWLRQ� 7KH DSHUWXUH MLWWHU �W$-� LV WKH

YDULDWLRQ RI WKH DSHUWXUH GHOD\ GLVWULEXWLRQ�

7KLV XQFHUWDLQW\ VKRZV DV GLJLWDO FRGH HUURUV LI WKH LQSXW VOHZ
UDWH PXOWLSOLHG E\ W$- LV RI WKH VDPH RUGHU RI PDJQLWXGH DV WKH

/6%� 7KDW LV� LI �GY�GW� 
 W$-| 95()���� DQ LQWHUQDO � /6% RI HUURU

UHVXOWV�

7KH ORJLF HQFRGHV WKH ��ELWV LQWR D ELQDU\ FRGH DQG ODWFKHV WKH
GDWD LQWR D '�W\SH IOLS�IORS IRU RXWSXW� 7KH LQSXWV 2(� DQG 2(�

FRQWURO WKH RXWSXW EXIIHUV LQ DQ DV\QFKURQRXV PRGH�

7DEOH �� 2XWSXW (QDEOH /RJLF

2(� 2(� 2): '%� � '%�

; � +LJK = +LJK =

� � 9DOLG +LJK =

� � 9DOLG 9DOLG

)LJXUH ��� 03���� )XQFWLRQDO (TXLYDOHQW

&LUFXLW DQG ,QWHUIDFH 7LPLQJ �3LSHOLQH 0RGH�

I

9,1

6

$�' '))

03���� &/.

'))

/DWFK /��/�

)��)�

(

&/.

'%�ï'%�

/�ï/�

)�ï)�

1 1��

1�� 1

'%�ï'%�

1��

1��

W'/

W+/'

1

11��

1��

9,1

7KH 03���� IXQFWLRQDO HTXLYDOHQW FLUFXLW LV VKRZQ WR KHOS WKH
GHVLJQHU WR FRUUHFWO\ GHVLJQ WKH V\VWHP WLPLQJ� 7KH 03���� LV

HTXLYDOHQW WR DQ $�' FRQYHUWHU IROORZHG E\ D '�W\SH IOLS�IORS
�'))� ZLWK WKH KROG DQG GHOD\ WLPHV VSHFLILHG LQ WKH HOHFWULFDO
FKDUDFWHULVWLFV�

,I DQRWKHU ')) LV WR IROORZ WKH $'&� ZH UHFRPPHQG WKDW WKH V\V�
WHP ODWFKHV WKH GDWD DW WKH QHJDWLYH JRLQJ HGJH RI WKH FORFN� ,I D
ODWFK IROORZV WKH $'&� WKH SRVLWLYH KDOI RI WKH FORFN XVHG DV HQ�

DEOH VLJQDO VKRXOG JXDUDQWHH VWDEOH RXWSXW DW WKH HQG RI WKH HQ�
DEOH SXOVH� $W KLJK VDPSOLQJ IUHTXHQFLHV �)6! ��0+]� WKH XVHU
VKRXOG YHULI\ LQ WKH V\VWHP WKDW WKH 03���� GLJLWDO RXWSXWV GR

QRW FKDQJHZKHQ WKH GLJLWDO ORJLF LV WU\LQJ WR ODWFK WKH GDWD� ,I WKLV
SUREOHP RFFXUV LW PD\ EH QHFHVVDU\ WR LQYHUW WKH ORJLF VWDWH RI
WKH LQSXW3+$6( RU WR FKDQJH WKH HGJH WKDW ODWFKHV WKH GDWD LQWR

WKH H[WHUQDO FLUFXLWU\�
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)LJXUH ��� 2QH 6KRW 0RGH 7LPLQJ

�3KDVH  �� 0RGH  ��

%DODQFH

1 ï � 1

&/.

'$7$

6DPSOH

6DPSOLQJ :LQGRZ

9,1

W'+
W'/

2QH 6KRW 0RGH �0RGH  /RZ� 3KDVH  /RZ�

:KLOH WKH SLSHOLQH PRGH UHTXLUHV WKUHH FORFN HGJHV �WZR FORFN
SXOVHV� WR DFFRPSOLVK RQH $�' FRQYHUVLRQ� WKH 2QH 6KRW PRGH

�VHH )LJXUH ���� UHTXLUHV RQO\ WZR HGJHV �RQH FORFN SXOVH� WR
FRPSOHWH D FRQYHUVLRQ�

5HVHUYHG �0RGH  /RZ� 3KDVH  +LJK�

7KLV PRGH LV QRW D YDOLG RSHUDWLRQDO PRGH�

5HIHUHQFH 9ROWDJHV

,I WKH LQSXW EDQGZLGWK LV OLPLWHG WR WKH1\TXLVW UHJLRQ �),1 �)6���
WKHQ WKH WZR UHIHUHQFH YROWDJHV FDQ EH VHW DW DQ\ WZR YDOXHV

EHWZHHQ WKH VXSSOLHV� 95() �WKHLU GLIIHUHQFH� FDQ EH UHGXFHG
GRZQ WR ��� YROWV ZLWK PLQRU FKDQJH LQ DFFXUDF\� ,I WKH LQSXW
EDQGZLGWK H[FHHGV )6��� WKHQ LW LV UHFRPPHQGHG WKDW 95() EH

ORZHU WKDQ 9''���

)LJXUH ��� 7\SLFDO &LUFXLW &RQQHFWLRQV

ï

�
���:

�9

ï9

2):

�N

&� &��

&�
&�

�N

��S)
��

&�  ���P)

&�  ��P)

&� &��

&/.

5W  /LQH 7HUPLQDWLRQ 5HVLVWRU

&� &�

'%� � '%�

2(�

7R
'LJLWDO
6\VWHP

*1'

&�

��N:

�9

&� &�
03����

03���� 2(�

�&75�

9''

5W

9,1

95()���

95()�ï�

5W

�� $OO VLJQDOV VKRXOG QRW H[FHHG 9'' ���� 9 RU *1' ï��� 9�

�� $Q\ LQSXW SLQ ZKLFK FDQ VHH D YDOXH RXWVLGH WKH DEVROXWH
PD[LPXP UDWLQJV �9''����9RU *1'ï���9� VKRXOG EHSUR�
WHFWHG E\ GLRGH FODPSV �+3���������� IURP LQSXW SLQ WR WKH
VXSSOLHV� $OO 03���� LQSXWV KDYH LQSXW SURWHFWLRQ GLRGHV

ZKLFK ZLOO SURWHFW WKH GHYLFH IURP VKRUW WUDQVLHQWV RXWVLGH

WKH VXSSOLHV UDQJH�

�� 7KH 3& ERDUG GHVLJQ ZLOO DIIHFW WKH 03���� DFFXUDF\� 8VH

RI ZLUH ZUDS LV QRW UHFRPPHQGHG�
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�� 7KHDQDORJ LQSXW VLJQDO �9,1� LV TXLWH VHQVLWLYH DQG VKRXOG EH
SURSHUO\ URXWHG DQG WHUPLQDWHG� ,W VKRXOG EH VKLHOGHG IURP
WKH FORFN DQGGLJLWDO RXWSXWV VRDV WRPLQLPL]H FURVVFRXSOLQJ
DQG QRLVH SLFNXS�

�� 7KH DQDORJ LQSXW VKRXOG EH GULYHQE\ DEXIIHU RSDPSZLWK DV
ORZ DQ RXWSXW LPSHGDQFH DV SRVVLEOH� 7KH LPSHGDQFH
VKRXOG EH OHVV WKDQ��: IRU FORFN IUHTXHQFLHV DERYH��0+]

�� *URXQG SODQH VKRXOG EH VXEVWDQWLDO� 7KH JURXQG SODQH
VKRXOG DFW DV D VKLHOG IRU SDUDVLWLFV DQG QRW D UHWXUQ SDWK IRU

VLJQDOV� 6HSDUDWH ORZ LPSHGDQFH JURXQG SDWKV ZLOO UHGXFH
QRLVH OHYHOV�

�� 7KH SRZHU VXSSOLHV DQG UHIHUHQFH YROWDJHV VKRXOG EH
GHFRXSOHG ZLWK D FHUDPLF ����P)� DQG D WDQWDOXP ���P)� FD�
SDFLWRU DV FORVH WR WKH GHYLFH DV SRVVLEOH�

�� 7KH GLJLWDO RXWSXW VKRXOG QRW EH GULYLQJ ORQJ ZLUHV DV WKH FD�
SDFLWLYH FRXSOLQJ DQG UHIOHFWLRQ ZLOO FRQWULEXWH QRLVH WR WKH
FRQYHUVLRQ� :KHQ GULYLQJ GLVWDQW ORDGV� EXIIHUV VKRXOG EH
XVHG�


