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.�1� 6WRNNH �1RUZHJLDQ 7HOHFRPPXQLFDWLRQV 5HJXODWRU\ $XWKRULW\ �� 157$�

1RLVH DQG LQWHUPRGXODWLRQ LQ FDEOH
GLVWULEXWLRQ QHWZRUNV

7KH ILUVW LQ WKLV QHZ VHULHV RI (%8 78725,$/6 ORRNV DW WKH SUREOHP RI FDEOH
WHOHYLVLRQ QHWZRUN SODQQLQJ� DQG PRUH HVSHFLDOO\ WKH FDOFXODWLRQ RI QRLVH DQG
LQWHUPRGXODWLRQ�

�� &DOFXODWLRQ RI WKHUPDO QRLVH

0RVW FDEOH WHOHYLVLRQ GLVWULEXWLRQ QHWZRUNV REWDLQ WKHLU SURJUDPPHV IURP WHUUHVWULDO WHOHYLVLRQ WUDQVPLW�
WHUV RU IURP VDWHOOLWHV LQ WKH IL[HG VDWHOOLWH VHUYLFH �)66� RU WKH EURDGFDVWLQJ VDWHOOLWH VHUYLFH �%66�� 7KH
QRLVH HQWHULQJ WKH QHWZRUN DW WKH KHDG��HQG KDV WZR FRPSRQHQWV� WKHUPDO QRLVH UHFHLYHG E\ WKH DQWHQQD
DQG QRLVH JHQHUDWHG LQ WKH UHFHLYLQJ HTXLSPHQW�

7KHQRLVH UHFHLYHGE\ WKH DQWHQQD LV GHSHQGHQW RQ WKH W\SH RI DQWHQQD DQG�PRUH HVSHFLDOO\� RQ WKH DQWHQQD
SDWWHUQ� )LJ� � VKRZV W\SLFDO DQWHQQD SDWWHUQV IRU D<DJL DQWHQQD� DV XVHG IRU RII��DLU UHFHSWLRQ IURP WHUUHV�
WULDO WUDQVPLWWHUV �9+) DQG 8+)�� DQG DQ DQWHQQD IRU WKH UHFHSWLRQ RI VDWHOOLWH VHUYLFHV� ZLWK D SDUDEROLF
UHIOHFWRU�

)LJXUH �
&RPSDULVRQ RI
YHUWLFDO DQWHQQD

SDWWHUQV�
D� %URDG YHUWLFDO SDWWHUQ

RI <DJL DQWHQQD�
E� 1DUURZ YHUWLFDO SDWWHUQ RI
SDUDEROLF UHIOHFWRU DQWHQQD�
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7KH<DJL DQWHQQD KDV D UHODWLYHO\ EURDG YHUWLFDO DQWHQQD SDWWHUQ �DVVXPLQJ WKH DQWHQQD LV LQVWDOOHG IRU WKH
UHFHSWLRQ RI KRUL]RQWDOO\��SRODUL]HG WUDQVPLVVLRQV�� 7KHUHIRUH WKH DQWHQQD QRLVH WHPSHUDWXUH RI WKLV VRUW
RI DQWHQQD �RU RWKHU GLSROH DQWHQQDV� GHSHQGV RQO\ YHU\ VOLJKWO\ RQ WKH HOHYDWLRQ DQJOH� LQ DQ\ FDVH� WKLV
DQJOH LV XVXDOO\ FORVH WR ]HUR GHJUHHV �KRUL]RQWDO� IRU UHFHSWLRQ IURP WHUUHVWULDO WUDQVPLWWHUV� 7KH QRLVH
WHPSHUDWXUH LQ 9+) � 8+) UHFHSWLRQ ZLOO WKHUHIRUH EH DERXW WKH VDPH DV WKH DEVROXWH WHPSHUDWXUH RI WKH
VXUURXQGLQJV� &RVPLF QRLVH DW WKHVH IUHTXHQFLHV LV DW D YHU\ ORZ OHYHO� VR WKH QRLVH WHPSHUDWXUH IRU D<DJL
DQWHQQD DW 9+) � 8+) ZLOO EH DERXW ��� . LQ PRVW VLWXDWLRQV�

7KH WKHUPDO QRLVH YROWDJH SURGXFHG E\ VXFK DQ DQWHQQD PD\ EH IRXQG XVLQJ 1\TXLVW·V QRLVH IRUPXOD�

8Q 
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ZKHUH N  %ROW]PDQQ·V FRQVWDQW ����� � ������ -RXOH�.�
7D  DQWHQQD QRLVH WHPSHUDWXUH �DSSUR[� ��� . LQ WKLV FDVH�
%  V\VWHP EDQGZLGWK LQ +] ����� � ��� IRU WKH V\VWHP FRQVLGHUHG KHUH�
5D  V\VWHP LPSHGDQFH ��� W��

6XEVWLWXWLQJ WKHVH YDOXHV LQ HTXDWLRQ ���� ZH REWDLQ�
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7KH SDUDEROLF UHIOHFWRU DQWHQQD KDV D YHU\ QDUURZ DQWHQQD SDWWHUQ �)LJ� ��� $V D UHVXOW� WKH WKHUPDO QRLVH
UDGLDWLRQ FRPLQJ LQWR WKLV VRUW RI DQWHQQD LV YHU\ GHSHQGHQW RQ WKH HOHYDWLRQ DQJOH� ,Q1RUZD\� IRU H[DP�
SOH� WKH HOHYDWLRQ DQJOH RI D VDWHOOLWH DW �� ( RQ WKH JHRVWDWLRQDU\ RUELW UDQJHV IURP DERXW �� LQ WKH QRUWK
WR ��� LQ WKH VRXWK� 7KHPHDQ YDOXH RI DQWHQQD QRLVH WHPSHUDWXUH LV DERXW �� . LQ VXFK VLWXDWLRQV >�@� DQG
WKH QRLVH YROWDJH LQ D ��W V\VWHP LV�
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�� &DOFXODWLRQ RI WRWDO QRLVH SRZHU

)LJ� � VKRZV D V\VWHP FRPSULVLQJ DQ DQWHQQD� FDEOHV DQG DPSOLILHUV� ) LV WKH QRLVH IDFWRU� $ WKH DWWHQXD�
WLRQ �H[SUHVVHG DV D SRZHU UDWLR� DQG * LV WKH JDLQ �SRZHU JDLQ� RI HDFK HOHPHQW LQ WKH FKDLQ� 7KH WRWDO
QRLVH
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6FKHPDWLF GLDJUDP

RI D FDEOH
GLVWULEXWLRQ V\VWHP
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IDFWRU RI WKH V\VWHP LV JLYHQ E\ WKH IROORZLQJ IRUPXOD� RIWHQ DWWULEXWHG WR +�7� )ULLV�
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ZKHUH )N�  QRLVH IDFWRU RI DQWHQQD FDEOH
*N�  JDLQ RI FDEOH �OHVV WKDQ �� UHSUHVHQWLQJ DWWHQXDWLRQ��

$OVR� )�  QRLVH IDFWRU RI ILUVW DPSOLILHU
*�  JDLQ RI ILUVW DPSOLILHU
)N�  QRLVH IDFWRU RI FDEOH EHWZHHQ ILUVW DQG VHFRQG DPSOLILHUV

DQG VR RQ �������

7KH QRLVH IDFWRU RI D FDEOH LV HTXDO WR WKH DWWHQXDWLRQ RI WKH FDEOH$�� VR WKH IROORZLQJ HTXLYDOHQFHV DSSO\�
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7KH GLIIHUHQW SDUWV RI HTXDWLRQ ��� FDQ EH JURXSHG WRJHWKHU DV VKRZQ E\ WKH VKDGHG ER[HV� DV D VHTXHQFH
RI YDOXHV)�WRW� )�WRW� )�WRW� HWF� 7KLV FDQ EH XVHG WR REWDLQ DPRUH FRQYHQLHQW H[SUHVVLRQ IRU WKH WRWDO QRLVH
IDFWRU� )RU WKH ILUVW VHFWLRQ RI WKH V\VWHP� FRPSULVLQJ WKH QRLVH IDFWRU RI WKH DQWHQQD GRZQ��OHDG �)N���
QRLVH IDFWRU RI WKH ILUVW DPSOLILHU �)�� DQG WKH JDLQ �DWWHQXDWLRQ� RI WKH GRZQ��OHDG �*N��� ZH REWDLQ WKH
YDOXH RI )�WRW DV IROORZV�
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8VLQJ WKH VDPH SURFHGXUH RI VXEVWLWXWLRQ�
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)URP HTXDWLRQ ��� LW LV VHHQ WKDW WKH DWWHQXDWLRQ $� EHIRUH WKH ILUVW DPSOLILHU KDV D GHFLVLYH LQIOXHQFH RQ
WKH WRWDO QRLVH IDFWRU� 7KH ILUVW DPSOLILHU LV QRUPDOO\ RI D ORZ��QRLVH W\SH� KRZHYHU WKH DGYDQWDJH RIIHUHG
E\ WKH XVH RI D ORZ��QRLVH DPSOLILHU DW WKH IURQW��HQG RI WKH V\VWHPPD\ EH ORVW LI WKHUH LV WRRPXFK DWWHQXD�
WLRQ �DQG ORVV� EHIRUH WKLV DPSOLILHU�

(TXDWLRQ ��� DOVR VKRZV WKDW WKH DWWHQXDWLRQ LQ WKH FDEOH SUHFHGLQJ� IRU H[DPSOH� VHFWLRQ � RI WKH V\VWHP
�$�� KDV D PRUH GHVWUXFWLYH LQIOXHQFH RQ WKH FRQWULEXWLRQ WR WKH WRWDO QRLVH IDFWRU WKDQ WKH FDEOH DWWHQXD�
WLRQV FORVHU WR WKH V\VWHP KHDG��HQG� SUHFHGLQJ WKH VHFRQG DQG WKLUG DPSOLILHUV �$� DQG $���

�� &DOFXODWLRQ RI WRWDO VLJQDO� WR�QRLVH UDWLR

,I WKH VLJQDO��WR��QRLVH UDWLR� H[SUHVVHG LQ GHFLEHOV� IRU VXFFHVVLYH VHFWLRQV RI D GLVWULEXWLRQ V\VWHP LV GH�
QRWHG E\ �6�1��� �6�1��� �6�1��� � � � WKH VLJQDO��WR��QRLVH UDWLR REWDLQHG DW WKH HQG RI WKH FKDLQ UHPRWH IURP
WKH DQWHQQD PD\ EH IRXQG XVLQJ WKH IROORZLQJ IRUPXOD >�@�

�6�1�WRW�G%� 
 ���� ORJº����6�1���G%�

�� � ��
��6�1���G%�

�� � ��
��6�1���G%�

�� � � � � ½ ���

,I DOO WKH VHFWLRQV DUH LGHQWLFDO� WKLV IRUPXOD UHGXFHV WR�

�6�1�WRW�G%� 
 �6�1�[�G%� � �� ORJ P ���

ZKHUH [ LV RQH RI WKH LGHQWLFDO VHFWLRQV
DQG P LV WKH QXPEHU RI VHFWLRQV�
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(TXDWLRQ ��� LV DQ DSSUR[LPDWLRQ� ZKLFK LV YDOLG LI WKH VHFWLRQV DUH QHDUO\ LGHQWLFDO� DV PD\ EH WKH FDVH
LQ D ZHOO��SODQQHG QHWZRUN� ,Q QRUPDO SUDFWLFH� KRZHYHU� HTXDWLRQ ��� VKRXOG EH XVHG WR REWDLQ D PRUH
UHOLDEOH UHVXOW�

,W LV SRVVLEOH WRXVH DQRWKHU IRUPXODZKLFK LV VLPSOHU WKDQHTXDWLRQ ���EXWZKLFKGRHV QRW ORVH DQ\ VXEVWDQ�
WLDO GHJUHH RI DFFXUDF\� ,I WKH YDOXHV RI VLJQDO��WR��QRLVH UDWLR RI WKH LQGLYLGXDO VHFWLRQV� H[SUHVVHG LQ GHFL�
EHOV� DUH V\PPHWULFDOO\ GLVWULEXWHG DURXQG DPHDQ YDOXH� WKLVPHDQ YDOXHPD\ EH XVHG LQVWHDG RI WKH YDOXH
RI �6�1�[�G%� LQ HTXDWLRQ ���� (TXDWLRQ ��� VXEVWLWXWHV IRU �6�1�[�G%� WKH DULWKPHWLFPHDQ RI WKH LQGLYLGXDO
6�1 UDWLRV H[SUHVVHG LQ GHFLEHOV �L�H� WKH JHRPHWULF PHDQ RI WKH 6�1 YDOXHV�� WR JLYH UHVXOWV ZKLFK ZLOO EH
PRUH DFFXUDWH LQ SUDFWLFDO VLWXDWLRQV�

�6�1�WRW�G%� 
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P � �� ORJP ���

�� &DOFXODWLRQ RI WKH FURVV�PRGXODWLRQ UDWLR �LQWHU�PRGXODWLRQ UDWLR�

,I WKH FURVV��PRGXODWLRQ UDWLR &05� H[SUHVVHG LQ GHFLEHOV� LV NQRZQ IRU HDFK DPSOLILHU LQ D FDEOH GLVWULEX�
WLRQ QHWZRUN� WKH WRWDO FURVV��PRGXODWLRQ UDWLR PD\ EH IRXQG XVLQJ WKH IROORZLQJ IRUPXOD�
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,I DOO WKH VHFWLRQV LQ WKH V\VWHP DUH LGHQWLFDO DQG KDYH WKH VDPH RXWSXW OHYHO� HTXDWLRQ ��� FDQ EH VLPSOLILHG
WR�

&05WRW�G%� 
 &05[�G%� � �� ORJ P ����

ZKHUH [ LV RQH RI WKH LGHQWLFDO VHFWLRQV
DQG P LV WKH QXPEHU RI VHFWLRQV�

$GRSWLQJ WKH VDPH SURFHGXUH DV IRU HTXDWLRQ ���� D QHZ IRUPXOD FDQ WKHQ EH REWDLQHG IRU WKH WRWDO FURVV��
PRGXODWLRQ UDWLR�

&05WRW�G%� 
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%LEOLRJUDSK\

>�@ 6WRNNH� .�1�� )MHUQV\Q� 0LNURIRQ� NDPHUD� VHQGHU� PRWWDNHU �7HOHYLVLRQ� 0LFURSKRQH� FDPHUD�
WUDQVPLWWHU� UHFHLYHU��
8QLYHUVLWHWVIRUODJHW� 2VOR� ����� ,6%1� �����������������

>�@ 6WRNNH� .�1�� 6RPH FRQVLGHUDWLRQV FRQFHUQLQJ ORZ QRLVH UDGLR UHFHLYLQJ V\VWHPV�
$*$5' &RQIHUHQFH SURFHHGLQJV� ����

>�@ )ULLV� +�7�� 1RLVH ILJXUHV RI UDGLR UHFHLYHUV�
3URFHHGLQJV RI WKH ,5(� -XO\ �����

>�@ 5HWQLQJVOLQMHU IRU NDEHOQHWWLQVWDOODW¡UHU �*XLGHOLQHV IRU WKH SODQQLQJ RI FDEOH 79 QHWZRUNV��
1RUZHJLDQ 7HOHFRPPXQLFDWLRQV 5HJXODWRU\ $XWKRULW\� 2VOR�


