


2 Q�WKH�5 HDOL] DWLRQ�RI�&XUUHQW�0 RGH� ) 7) 1 � %DVHG

/ RZ � 3DVV�DQG�+ LJK�3DVV�) LOWHUV�DQG�7KHLU�,QYHUVH�) LOWHUV

%RRQUXN�&KLSLSRS� ¶

. LQJ� 0 RQJ NXW¶V�8 QLYHUVLW\ � RI�7 HFKQRORJ \ � 7 KRQEXUL %DQJPRG� �7RRQJNU�%DQJ NRN�7 KDLODQG

: DQORS�XUDNDPSRQWRUQ�

. LQJ� 0 RQJ NXW¶V�, QVWLWXWH�RI�7 HFKQRORJ \ � / DGNUDEDQJ � / DGNUDEDQJ � %DQJ NRN�7 KDLODQG

. HQ]R�: DWDQDEH�

6KL]XRND�8 QLYHUVLW\ � + DP DP DWVX�-DSDQ

$ EVWUDFW

7 KH�SURFHGXUH�IRU�WKH�V\ VWHP DWLFDO�UHDOL]DWLRQ�RI�FXUUHQW�P RGH�) 7 ) 1 � EDVHG�ORZ � SDVV�DQG

KLJK�SDVV�ILOWHUV�DQG�WKHLU�LQYHUVH�ILOWHUV�DUH�SURSRVHG�LQ�WKLV�SDSHU�7 KH�UHDOL]DWLRQ�SURFHGXUHV

XWLOL]H�WKH� QXOORU�QWZ RUN�DQDO\ VLV�DQG�WKH�5 &�&5 � GXDO�WUDQVIRUP DWLRQ�$ GGHG�FRQGLWLRQV�IRU�WKH

FRUUHFW�WUDQVIRUP DWLRQ�IURP � D�YROWDJH�P RGH�RS�DP S�EDVHG�ILOWHU�WR�WKH�FXUUHQW�P RGH� ) 7 ) 1 � EDVHG

ILOWHU�DQG�LWV�LQYHUVH�ILOWHU�DUH�DOVR�JLYHQ�7 KHVH�DGGHG�FRQGLWLRQV�JLYH�ERWK�WKH�FRUUHFW�JDLQ�DQG

SKDVH�UHVSRQVHV�RI�WKH�ILOWHUV�

+�#UUKUVCP�2 TQHGUUQT�&GRCTVOGPV�QH�%QORWVGT�' PIKPGGTKPI

O�2TQHGUUQ�&GRCTVOGPV�QH�' NGEVTQPKEU

�2TQHGUUQ�4 GUGCTEJ � +PUVKVWVG�QH�' NGEVTQPKEU



,QWURGXFWLRQ

3UHVHQWO\ � WKHUH�LV�FRQVLGHUDEOH�LQWHUHVW�RQ�WKH�GHVLJQ�RI�FXUUHQW�P RGH�FLUFXLWV�7 KLV�LV�GXH

WR�WKDW�WKH\ � SURYLGH�WKH�SRWHQWLDO�DGYDQWDJHV�VXFK�DV�Z LGHU�G\ QDP LF�UDQJH�LQKHUHQW�Z LGH�EDQGZ LGWK�

VLPSOHU�FLUFXLWU\ � DQG�ORZ � SRZ HU�FRQVXP SWLRQ� >O@�� KH�DFWLYH�GHYLFHV�WKDW�KDYH�EHHQ�XVHG�IRU�WKH

UHDOL]DWLRQ�RI�FXUUHQW�P RGH�FLUFXLWV�DUH�IRU�H[ DP SOHV�IRXU�WHUP LQDO�IORDWLQJ�QXOORUV� � ) 7 ) V� �R

RSHUDWLRQDO�IORDWLQJ�DP SOLILHUV� � 2 ) $ � �DQ�FXUUHQW�FRQYH\ RUV� �&&,V � HQHUDOO\ � WKH� FXUUHQW�

P RGH�FLUFXLWV�SDUWLFXODUO\ � D�) 7 ) 1 � EDVHG�FLUFXLW�DQG�D�&&,, �EDVHG�FLUFXLW�FDQ�VLP SO\ � EH�UHDOL]HG

WKURXJK�D�V\ VWHP DWLF�WUDQVIRUP DWLRQ�EDVHG�RQ�WKH�XVH�RI�D� QXOORU� RGHO�Z KLFK�FRQVLVWLQJ�RI�D

QXOODWRU�DQG�D�QRUDWRU�IURP � WKH�Z HOO�GHYHORSHG�YROWDJH�P RGH�5 &�DFWLYH�FLUFXLWV�> �+RHYHU�

IURP � WKH�WUDQVIRUP HG�QXOORU�HTXLYDOHW�FLUFXLWV�WKHUH�DUH�VRP H�GLIILFXOWLHV�LQ�FKRRVLQJ�SURSHU�DFWLYH

GHYLFHV�IRU�WKH�UHDOL]DWLRQ�RI�FXUUHQW�P RGH�FLUFXLWV�) RU�H[ DP SOHV�LI�RQH�WHUP LQDO�RI�D�QXOODWRU�LV

QRW�FRQQHFWHG�WR�RQH�WHUP LQDO�RI�D�QRUDWRU�WKHQ�Z H�FDQ�QRW�UHSODFH�WKH� QXOODWRU�QRUDWRU �SDL�E\ � D

&& >�@� � XUWKHUP RUH�RQ�WKH�WUDQVIRUP DWLRQ�E\ � DSSO\ LQJ�DQ� DGMRLQW�QWZ RUN�FRQFHSW�VRP H�RI�WKH

UHVXOWHG�FXUUHQW�P RGH�FLUFXLWV�DUH�LP SUDFWLFDO�GXH�WR�WKH\ � UHTXLUH�ORZ � LP SHGDQFH�FXUUHQW�VRXUFHV

>�@� �W�KDV�EHHQ�GHP RQVWUDWHG�UHFHQWO\ � WKDW�E\ � XVLQJ�D�) 7 ) 1 � Z H�FDQ�HDVLO\ � UHSODFH�WKH� QXOODWRU�

QRUDWRU�SDLU�Z LWK�D� ) 7 ) 1 � LWKRXW�UHTXLULQJ�DQ\ � FRQGLWLRQV� >�@� �Q�DGGLWLRQ�E\ � GHULYLQJ�WKURXJK�WKH

XVH�RI�WKH�5 &�&5 � GXDO�WUDQVIRUP DWLRQ�WKH�WUDQVIRUP HG�FXUUHQW�P RGH� ) 7 ) 1 � EDVHG�LUFXLW�UHTXLUHV

D�KLJK�RXWSXW�LP SHGDQFH�VRXUFH�Z KLFK�LV�VXLWDEOH�Z LWK�D�FXUUHQW�VRXUFH�DQG�DOVR�HQDEOHV�WKH�FLUFXLW

WR�EH�XVHG�LQ�D�FDVFDGHG�IRUP � >�@� � KLV�P HDQV�WKDW�WKH�) 7 ) 1 � LV�D�P RUH�IOH[ LEOH�DQG�DOO�URXQG

EXLOGLQJ�EORFN�WKDQ�D�&&,, �

,Q�FRP P XQLFDWLRQ�FRQWURO�DQG�LQVWUXP HQWDWLRQ�V\ VWHP V�WKHUH�LV�VLWXDWLRQ�LQ�Z KLFK�D�VLJQDO

KDV�EHHQ�GLVWRUWHG�E\ � D�SURFHVVLQJ�RU�D�WUDQVP LVVLRQ�V\ VWHP � DQG�LW�LV�QHFHVVDU\ � WR�UHFRYHU�WKH�LQSXW

VLJQDO�IURP � WKH�DYDLODEOH�RXWSXW�VLJQDO�7 KLV�FDQ�RIWHQ�EH�GRQH�E\ � XVLQJ�DQ�LQYHUVH�ILOWHU�WKDW�KDV�D

IUHTXHQF\ � UHVSRQVH�Z KLFK�LV�WKH�UHFLSURFDO�RI�WKH�IUHTXHQF\ � UHVSRQVH�RI�WKH�V\ VWHP � WKDW�FDXVHG�WKH

GLVWRUWLRQ�) RU�WKH�GLJLWDO�VLJQDO�SURFHVVLQJ�JHQHUDO�P HWKRGV�IRU�REWDLQLQJ�GLJLWDO�LQYHUVH�ILOWHUV

KDYH�EHHQ�Z HOO�HVWDEOLVKHG� >�@� �+RHYHU�IRU�DQ�DQDORJ�LQYHUVH�ILOWHU�RQO\ � D�IHZ � Z RUNV�KDYH�EHHQ

UHSRUWHG�DQG�WKHUH�LV�QR� V\ VWHP D�WLFDO�UHDO]DWLRQ�SURFHGXUH�DYDLODEOH� >�@� �XWLO�UHFHQWO\ � %�&KLSLSRS

DQG�: � 6XUDNDP SRQWRUQ�>OR@�URSRVHG�WKH�SURFHGXUH�WR�ILQG�WKH�LP SRUWDQW�FRQGLWLRQ�LQ�WKH�5 &�&5

GXDO�WUDQVIRUP DWLRQ�EXW�RQO\ � JDLQ�LV�FRUUHFW�QR�FRQVLGHUDWLRQ�RI�WKH�WUDQVIRUP HG�SKDVH�,Q�WKLV

SDSHU�WKH�SURFHGXUH�IRU�WKH�V\ VWHP DWLFDO�UHDOL]DWLRQ�RI�WKH�FXUUHQW�P RGH�) 7 ) 1 � EDVHG�ILOWHU�DQG�LWV

LQYHUVH�ILOWHU�LV�RXWOLQHG�7 KH�P HWKRG�XWLOL]HV�WKH� QXOORU�QWZ RUN�DQDO\ VLV�DQG�WKH�5 &�&5 � GXDO

WUDQVIRUP DWLRQ�$ GGHG�FRQGLWLRQV�IRU�WKH�FRUUHFW�WUDQVIRUP DWLRQ�IURP � WKH�YROWDJH�P RGH� RS�DP S�

EDVHG�6DOOHQ�. H\ � ORZ � SDVV�DQG�KLJK�SDVV�ILOWHUV�WR�WKH�FXUUHQW�P RGH� ) , ) 1 � EDVHG �RZ � SDVV�DQG

KLJK�SDVV�ILOWHUV�DQG�WKHLU�LQYHUVH�ORZ � SDVV�DQG�LQYHUVH�KLJK�SDVV�ILOWHUV�DUH�JLYHQ�DV�WKH�H[ DP SOHV�



3URFHGXUH�RI�WUDQVIRUP DWLRQ

) LJ�OD�VKRZV�D� QXOORU�PRGO�RI�D�) 7) 1 � ZKHUH�LWV�SRUW�UHODWLRQV�FDQ�EH�FKDUDFWHUL] HG

DV�,� � ,� ��9  �9� �DQ� �� � HQHUDOO\ � WKH�RXWSXW�LPSHGDQFHV�RI�WKH�=�DQG�: � SRUWV

FDQ�EH�DUELWUDU\ � +RZHYHU�LQ�WKLV�SDSHU�D�) 7) 1�RI�WKH�W\ SH�VKRZQ�LQ�) LJ�OE�LV�HPSOR\ HG�

ZKHUH�WKH�RXWSXW�LPSHGDQFH�RI�WKH�SRUW�=�LV�YHU\ � KLJK�DQG�WKH�RXWSXW�LPSHGDQFH�RI�WKH�SRUW

: � LV�YHU\ � ORZ�: LWK�PDQ\ � KLJK�TXDOLW\ � YROWDJH�PRGH�RS�DPS�EDVHG�5 &�FLUFXLWV�KDYH�EHHQ

ZHOO�HVWDEOLVKHG�ZH�FRQVLGHU�WKH�WUDQVIRUPDWLRQ�RI�D�YROWDJH�PRGH�RS�DPS�EDVHG�FLUFXLW�WR

D�FXUUHQW�P RGH�) 7 ) 1 � EDVHG�FLUFXLW�
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:

) LJXUH 1XOORU�PRGO�RI�) 7) 1 �

7KH�SURFHGXUH�IRU�WKH�UHDOL] DWLRQ�RI�WKH�FXUUHQW�PRGH�) 7) 1�EDVHG�ILOWHU�LV�JLYHQ�DV

IROORZV�

� HSODFLQJ�RS�DPS�LQ�WKH�YROWDJH�PRGH�RS�DPS�EDVHG�ILOWHU�ZLWK�D� QXOORU�

��UIRUP�WKH�5 &�&5 � GXDO�WUDQVIRUPDWLRQ� >�@�

�QDO\ VLV�WKH�REWDLQHG�QHWZRUN�WR�ILQG�WKH�DGGHG�LPSRUWDQW�FRQGLWLRQV�XVLQJ�WKH

QXOORU�QWZRUN�DQDO\ VLV�>,�

� HSODFLQJ�WKH� QXOORU�LWK�) 7) 1�WKHQ�WKH�FXUUHQW�PRGH�) 7) 1�EDVHG�ILOWHU�LV

UHDOL] HG�

����,WLQJ�WKH�SRODULW\ � RI�WKH�LQSXW�FXUUHQW�VRXUFH�WR�HQVXUH�WKH�FRUUHFWQHVV�RI�WKH

SKDVH�RI�WKH�REWDLQHG�ILOWHU�

7KH�SURFHGXUH�IRU�WKH�UHDOL] DWLRQ�RI�WKH�FXUUHQW�PRGH�) 7) 1�EDVHG�LQYHUVH�ILOWHU�LV

JLYHQ�DV�IROORZV�

���RUGHU�WR�HQVXUH�WKH�VWDELOLW\ � RI�WKH�WUDQVIRUPHG�ILOWHU�LW�LV�QHFHVVDU\ � WKDW�WKH

WUDQVIHU�IXQFWLRQ�RI�WKH�FKRVHQ�RS�DPS�EDVHG�FLUFXLW�KDV�D�PLQLPXP�SKDVH�IXQFWLRQ�RU�QR

ULJKW�KDOI�V�SODQH�] HURV�



� HSODFLQJ�RS�DP S�LQ�WKH�YROWDJH�P RGH�RS�DP S�EDVHG�ILOWHU�Z LWK�D� QXOORU�

� �LWFKLQJ�WKH�QRUDWRU�DQG�WKH�GULYLQJ�YROWDJH�VRXUFH� >�@�

�HUIRUP � WKH�5 &�&5 � GXDO�WUDQVIRUP DWLRQ� >�@�

� QDO\ VLV�WKH�REWDLQHG�QHWZ RUN�WR�ILQG�WKH�DGGHG�LP SRUWDQW�FRQGLWLRQV�XVLQJ�WKH� QXOORU

QHWZ RUN�DQDO\ VLV�>�

� HSODFLQJ�WKH� QXOORU� LWK�) 7 ) 1 � WKHQ�WKH�FXUUHQW�P RGH� ) 7 ) 1 � EDVHG�LQYHUV�ILOWHU�LV

UHDOL]HG�

�QYHUWLQJ�WKH�SRODULW\ � RI�WKH�LQSXW�FXUUHQW�VRXUFH�WR�HQVXUH�WKH�LQYHUWHG�SKDVH�RI�WKH

REWDLQHG�LQYHUVH�ILOWHU�

( [ DP SOH &RQVLGHU�D�6DOOHQ�. H\ � � G�RUGHU �R�DP S�EDVHG�ORZ � SDVV�ILOWHU�VKRZ Q�LQ�) LJ�

�� � KHUH�WKH�YROWDJH�P RGH�WUDQVIHU�IXQFWLRQ�RI�WKH�ILOWHU�LV�JLYHQ�E\

9$ /  
9 ,

: KHUH� N U�) � 7 KH�QXOORU�UHSUHVHWDWLRQ�RI�WKH�FLUFXLW�RI�) LJ�D�LV�VKRZ Q�LQ�) LJ�E�

7 KH� QXOORU�LUFXLW� DIWHU* WKH�5�&5 � GXDO�WUDQVIRUP DWLRQ�LV�VKRZ Q�LQ�) LJ �� � URP � URXWLQH�FLUFXLW

DQDO\ VLV�WKH�FXUUHQW�P RGH�WUDQVIHU�IXQFWLRQ�RI�WKH�FLUFXLW�LQ�) LJ � �L�JLYHQ�E\

,�$ NO> 5¶� 5 	 &�@

,� U� 

: KHUH� N¶  O�V�
)

: H�ILQG�WKH�VHW�RI�DGGHG�LP SRUWDQW�FRQGLWLRQV�DUH�

5 ¶� & &¶� 5 5Y] & &� 5 DQG� 5 ¶� 5 F� 5¶� 5�

RU�WKH�RWKHU�VHW�RI�DGGHG�LP SRUWDQW�FRQGLWLRQV�DUH�

5¶� 5 &¶� & 5 W= 5 &W� & 5 I )  5 * � 5¶� 5� D Q G � 5 � &� 5 � &�

%\ � UHSODFLQJ�WKH�QXOORU� LWK�WKH�) 7 ) 1 � DQG�LQYHUWLQJ�WKH�SRODULW\ � RI�WKH�LQSXW�FXUUHQW�VRXUFH�

WKH�FXUUHQW�P RGH�6DOOHQ�. H\ � �G�RUGHU � ) 7 ) � EDVHG�ORZ � SDVV�ILOWHU�RI�WKH�) LJ�G�LV�REWDLQHG�
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) OJXUH 3 URFHGXUH�IRU�WKH�UHDOL] DWLRQ�RI�WKH�FXUUHQW�P RGH�) 7 ) 1 � EDVHG�ORZ�SDVV�ILOWHU�

( [ DP SOH 7R�REWDLQ�WKH�) 7) 1 � EDVHG�LQYHUVH�ORZ�SDVV�ILOWHU�RI�WKH�FLUFXLW�LQ�) LJ�D

�JDLQ�VKRZQ�LQ�) LJ�D�LV�FRQVLGHUHG�7 KH� QXOORU�UHSUHVHWDWLRQ�RI�WKH�FLUFXLW�RI�) LJ�D�LV�VKRZQ

LQ�) LJ�E�7KH� QXOORU�LUFXLWV�DIWHU�VZLWFKLQJ�WKH�GULYLQJ�VRXUFH�DQG�WKH�QRUDWRU�DQG�DIWHU�WKH

5&�&5�GXDO�WUDQVIRUP DWLRQ�DUH�VKRZQ�LQ�) LJ � �DQ�) LJ �� �UHSHFWLYHO\ � ) URP � URXWLQH�FLUFXLW

DQDO\ VLV�WKH�FXUUHQW�P RGH�LQYHUVH�WUDQVIHU�IXQFWLRQ�RI�WKH�FLUFXLW�LQ�) LJ�G�LV�JLYHQ�E\

V
5¶�&¶�5¶ &¶� 5 ¶� &¶� +=5¶ 5 ¶��& &¶� ,

7KH�DGGHG�LP SRUWDQW�FRQGLWLRQV�DUH�WKH�VDP H�DV�( [DP SOH�VKRZQ�LQ�HTXDWLRQ�RU

HTXDWLRQ

%\ � UHSODFLQJ�WKH�QXOORU�LWK�WKH� ) 7 ) 1 �DQ�LQYHUWLQJ�WKH�SRODULW\ � RI�WKH�LQSXW�FXUUHQW

VRXUFH�WKH�FXUUHQW�P RGH�6DOOHQ�. H\ � �́ � RUGHU� ( 7 ) 1 � EDVHG �LQYHUV�ORZ�SDVV�ILOWHU�RI�WKH�) LJ�H

LV�REWDLQHG�
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) LJXUH�3 URFHGXUH�IRU�WKH�UHDOL] DWLRQ�RI�WKH�FXUUHQW�P RGH�) 7 ) 1 � EDVHG�LQYHUVH�ORZ�SDVV�ILOWHU�

6LP XODWLRQ�UHVXOWV�RI�WKH�FLUFXLWV�LQ�) LJ�DQG

7KH�SHUIRUP DQFHV�RI�WKH�ILOWHUV�LQ�) LJ�DQG�KDYH�EHHQ�VLP XODWHG�WKURXJK�WKH�XVH�RI

36SLFH�DQDOJ�VLP XODWLRQ�SURJUDP � LQ�RUGHU�WR�YHULI\ � WKH�FRUUHFWQHVV�RI�WKH�UHDOL] DWLRQ�SURFHGXUH�7 KH

) 7 ) 1 �DV�UHDOL]HG�ZLWK�D�QHJDWLYH�RSHUDWLRQDO�P LUURUHG�DP SOLILHU�2 0 $ � ZKLFK�FRQVLVW�RI

$ ' � ,&�RS�DP S � � $ � 1 3 � DQG�1 � $ � 31 3�WUDQVLVWRUV� >�@� �KH�ILOWHU�IRU� IS�

N+ ] � �KHUH� 5 )  5 *  ON4 � 5 �  5 ] �NQ� &� &� �S) �DQ�WKH�ORDG�UHVLVWDQFH� 5 /  O2 ND�DV

XVHG�DV�D�SURWRW\ SH�WR�UHDOL] H�WKH�FXUUHQW�P RGH�ILOWHU�DQG�LQYHUVH�ILOWHU�RI�) LJ�G�DQG�) LJ�H�) LJ�

��VZV�WKH�IUHTXHQF\ � UHVSRQVHV�RI�WKH�FXUUHQW�UDWLR� , 2 � ,��R�WKH�FXUUHQW�P RGH�ILOWHU�DQG�LWV�LQYHUVH

ILOWHU�LQ�FRP SDULVRQ�ZLWK�WKH�IUHTXHQF\ � UHVSRQVHV�RI�WKH�YROWDJH�UDWLR� 9 R�9 � �R�WKH�RULJLQDO�ILOWHU�
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) LJXUH�) UHTXHQF\ � UHVSRQVHV�RI�WKH�FXUUHQW�P RGH�) 7 ) 1 � EDVHG�ORZ�SDVV�DQG�LWV�LQYHUVH

ORZ�SDVV�ILOWHUV�FRP SDUH�WR�WKH�YROWDJH�P RGH�RS�DP S�EDVHG�ORZ�SDVV�ILOWHU�

( [ DP SOH� ���&RQVL�D�6DOOHQ�. H\ � �G�RUGHU �R�DP S�EDVHG�KLJK�SDVV�ILOWHU�VKRZ Q�LQ

) LJ �� � KHUH�WKH�YROWDJH�P RGH�WUDQVIHU�IXQFWLRQ�RI�WKH�ILOWHU�LV�JLYHQ�E\

9R 
Y� V� �

5 � &� 5 � &� : �

: KHUH� N O�a� 7 KH�QXOORU�UHSUHVHWDWLRQ�RI�WKH�FLUFXLW�RI�) LJ�D�LV�VKRZ Q�LQ�) LJ�E�

7 KH� QXOORU�LUFXLW�DIWHU� ) KH�5�&5 � GXDO�WUDQVIRUP DWLRQ�LV�VKRZ Q�LQ�) LJ �� � URP � URXWLQH�FLUFXLW

DQDO\ VLV�WKH�FXUUHQW�P RGH�WUDQVIHU�IXQFWLRQ�RI�WKH�FLUFXLW�LQ�) LJ � �L�JLYHQ�E\

,3 �
, V

5¶� &¶��¶ &¶��¶�&¶�

: KHUH� N¶� 
)

: H�ILQG�WKH�VHW�RI�DGGHG�LP SRUWDQW�FRQGLWLRQV�DUH�

5 ¶� & &¶� 5 5Y� & &# �  5� D Q G � 5 ¶)  5 * � 5¶� 5�

RU�WKH�RWKHU�VHW�RI�DGGHG�LP SRUWDQW�FRQGLWLRQV�DUH�

5¶  �5 &¶  �& 5¶�  �5 &¶�  & 5 ¶�  �5 * � 5 ¶�  �5 � DQG�5 � &� 5 � &�

( TXDWLRQV�DQG�DUH�LGHQWLFDO�WR�HTXDWLRQV�DQG



%\ � UHSODFLQJ�WKH�QXOORU� LWK�WKH�) 7 ) 1 � DQG�LQYHUWLQJ�WKH�SRODULW\ � RI�WKH�LQSXW�FXUUHQW�VRXUFH�

WKH�FXUUHQW�P RGH�6DOOHQ�. H\ � �Q�RUGHU � ) 7 ) � EDVHG�KLJK�SDVV�ILOWHU�RI�WKH�) LJ�G�LV�REWDLQHG�
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) LJXUH�3 URFHGXUH�IRU�WKH�UHDOL] DWLRQ�RI�WKH�FXUUHQW�P RGH�) 7 ) 1 � EDVHG�KLJK�SDVV�ILOWHU�

( [ DP SOH� � R�REWDLQ�WKH�) 7 ) 1 � EDVHG�LQYHUVH�KLJK�SDVV�ILOWHU�RI�WKH�FLUFXLW�LQ�) LJ�D

�JDLQ�VKRZ Q�LQ� ) LJ�* D��L�FRQVLGHUHG�7 KH� QXOORU�UHSUHVHWDWLRQ�RI�WKH�FLUFXLW�RI�) LJ�D�LV�VKRZ Q

LQ�) LJ�E�7 KH� QXOORU�LUFXLWV�DIWHU�VZ LWFKLQJ�WKH�GULYLQJ�VRXUFH�DQG�WKH�QRUDWRU�DQG�DIWHU�WKH

5 &&5�GXD�WUDQVIRUP DWLRQ�DUH�VKRZ Q�LQ�) LJ � �DQ�) LJ �� �UHVSHWLYHO\ � ) URP � URXWLQH�FLUFXLW

DQDO\ VLV�WKH�FXUUHQW�P RGH�LQYHUVH�WUDQVIHU�IXQFWLRQ�RI�WKH�FLUFXLW�LQ�) LJ�G�LV�JLYHQ�E\

7 KH�DGGHG�LP SRUWDQW�FRQGLWLRQV�DUH�WKH�VDP H�DV�( [ DP SOH�VKRZ Q�LQ�HTXDWLRQ�RU

HTXDWLRQ



%\ � UHSODFLQJ�WKH�QXOORU� LWK�WKH� ) ,71 �DQ�LQYHUWLQJ�WKH�SRODULW\ � RI�WKH�LQSXW�FXUUHQW�VRXUFH�

WKH�FXUUHQW�P RGH�6DOOHQ�. H\ � =QG�RUGHU � : 1 � EDVHG�LQYHUVH�KLJK�SDVV�ILOWHU�RI�WKH�) LJ�H�LV

REWDLQHG�

D E

G

G
) LJXUH�3 URFHGXUH�IRU�WKH�UHDOL] DWLRQ�RI�WKH�FXUUHQW�P RGH�) 7 ) 1 � EDVHG�LQYHUVH�KLJK�SDVV�ILOWHU�



6LP XODWLRQ�UHVXOWV�RI�WKH�FLUFXLWV�LQ�) LJ�DQG

7 KH�SHUIRUP DQFHV�RI�WKH�ILOWHUV�LQ�) LJ�DQG�KDYH�EHHQ�VLP XODWHG�LQ�WKH�VDP H�ZD\ � DV�LQ
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