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7(75$�&20%,1('�&2*(1(5$7,21�6<67(0�(;(5*<�$1'�7+(502(&2120,&�(9$/8$7,21
'RPLQJR�:LOVRQ�*DUDJDWWL�$UULRODDQG 6LOYLR�GH�2OLYHLUD�-~QLRU

0HFKDQLFDO�(QJLQHHULQJ�'HSDUWPHQW��3RO\WHFKQLF�6FKRRO�RI�WKH�8QLYHUVLW\�RI�6mR�3DXOR�� %UD]LO������������6mR�3DXOR� 63��%UD]LO�
$%675$&7
7KLV� SDSHU� SUHVHQWV� WKH� GHVFULSWLRQ� DQG� WKH� H[HUJ\� DQG� WKHUPRHFRQRPLF� HYDOXDWLRQ� RI� D� QHZ� FRJHQHUDWLRQ�V\VWHP�� FDOOHG� WHWUD�FRPELQHG� FRJHQHUDWLRQ� V\VWHP�� WKDW� JHQHUDWHV� HOHFWULFLW\� DQG� FKLOOHG� ZDWHU� �IRU� DLU�FRQGLWLRQLQJ�SXUSRVHV��DQG�HYHQWXDOO\�VWHDP��7KLV�V\VWHP�LV�FRPSRVHG�RI�D�JDV�WXUELQH��D�KHDW�UHFRYHU\�VWHDP�JHQHUDWRU��D�FRQGHQVDWLRQ�H[WUDFWLRQ�VWHDP�WXUELQH�DQG�D�K\EULG�DEVRUSWLRQ�VWHDP�HMHFWLRQ�FKLOOHU�7KH� H[HUJ\� DQG� WKHUPRHFRQRPLF� SHUIRUPDQFH� �H[HUJ\� EDVHG� FRVWV� RI� HOHFWULFLW\�� VWHDP� DQG� FKLOOHG� ZDWHU�SURGXFWLRQ��RI�WKLV�V\VWHP�LV�FRPSDUHG�ZLWK�WKH�SHUIRUPDQFH�RI�D�FRQYHQWLRQDO�FRJHQHUDWLRQ�V\VWHP��JDV�WXUELQH��KHDW�UHFRYHU\�VWHDP�JHQHUDWRU��FRQGHQVDWLRQ�H[WUDFWLRQ�VWHDP�WXUELQH�DQG�DEVRUSWLRQ�FKLOOHU���SRLQWLQJ�RXW�WKH�DGYDQWDJHV�RI�WKLV�QHZ�V\VWHP�.(<�:25'6
FRJHQHUDWLRQ�V\VWHP��H[HUJ\�DQDO\VLV��WKHUPRHFRQRPLF�DQDO\VLV�
���,1752'8&7,21

7KH� LQWHJUDWLRQ� RI� HQHUJ\� FRQYHUVLRQ�SURFHVVHV��NQRZQ�DV�WKHUPDO�FDVFDGH��LQFUHDVHV�WKH�HIILFLHQF\� RI� WKH� XVH� RI� � WKH� HQHUJ\� UHVRXUFHV��&RJHQHUDWLRQ� LV� D� ZHOO� NQRZ� WHFKQRORJ\� IRU� WKH�SURGXFWLRQ�RI�XWLOLWLHV�VXFK�DV�VWHDP��HOHFWULFLW\�DQG�FKLOOHG�ZDWHU��EDVHG�RQ�WKH�HQHUJHWLF� LQWHJUDWLRQ�RI�SURFHVVHV���
7KH� QHFHVVLW\� WR� UHGXFH� WKH� SURGXFWLRQ�FRVWV�RI�XWLOLWLHV�KDV�VWLPXODWHG�WKH�GHYHORSPHQW�RI�PRUH� HIILFLHQW�� UHOLDEOH� DQG� IOH[LEOH� FRJHQHUDWLRQ�V\VWHPV�
,Q� WKLV� VFHQDULR� WKLV� SDSHU� SUHVHQWV� D� QHZ�W\SH� RI� FRJHQHUDWLRQ� V\VWHP�� FDOOHG� 7HWUD�&RPELQHG�� EDVHG� RQ� D� FRPELQHG� F\FOH� FRXSOHG� LQ�WKHUPDO� VHULHV� WR� D� K\EULG� DEVRUSWLRQ�HMHFWRU�FRPSUHVVLRQ� UHIULJHUDWLQJ� V\VWHP�� ,W� LV� SRVVLEOH��ZLWK�WKLV�V\VWHP��WR�JHQHUDWH�HOHFWULFLW\��WR�SURGXFH�FKLOOHG� ZDWHU� IRU� DLU� FRQGLWLRQLQJ� SXUSRVHV� DQG��HYHQWXDOO\��VWHDP�
7KH� SHUIRUPDQFH� HYDOXDWLRQ� RI� WKLV� QHZ�V\VWHP� LV� FRQGXFWHG� DSSO\LQJ� WKH� H[HUJ\� DQG�WKHUPRHFRQRPLF� DQDO\VLV� RI� SURFHVVHV�� LQ� RUGHU� WR�GHWHUPLQH�WKH�H[HUJ\�HIILFLHQF\�DQG�WKH�SURGXFWLRQ�FRVWV� RI� WKH� XWLOLWLHV� RI� � WKH� V\VWHP� IRU� D� VSHFLILF�DSSOLFDWLRQ�� 7KH� REWDLQHG� UHVXOWV� DUH� FRPSDUHG� WR�WKH� UHVXOWV� REWDLQHG� ZLWK� WKH� XWLOL]DWLRQ� RI� D�FRJHQHUDWLRQ�V\VWHP��FRPSRVHG�RI��D�JDV�WXUELQH��D�KHDW�UHFRYHU\�VWHDP�JHQHUDWRU��D�VWHDP�WXUELQH�DQG�

DQ� DEVRUSWLRQ� FKLOOHU� RI� VLQJOH� VWDJH�� FDOOHG� LQ� WKLV�SDSHU�FRQYHQWLRQDO�V\VWHP���� '(6&5,37,21� 2)� 7+(� 7(75$�&20%,1('� &2*(1(5$7,21�6<67(0
7KH� 7HWUD� &RPELQHG� V\VWHP�� VKRZQ� LQ�)LJXUH� ��� LV� FRPSRVHG� RI� WKUHH� VXEV\VWHPV�FRQQHFWHG� LQ� WKHUPDO� VHULHV�� D� JDV� WXUELQH�� D�FRJHQHUDWLRQ� V\VWHP�EDVHG�RQ�D� VWHDP�F\FOH�DQG�D�K\EULG�DEVRUSWLRQ�HMHFWR�FRPSUHVVLRQ�FKLOOHU��
7KH�JDV�WXUELQH��WKDW�FDQ�XVH�QDWXUDO�JDV�DV�IXHO��JHQHUDWHV�HOHFWULF�SRZHU��(S�� DQG�UHMHFWV� � WKH�FRPEXVWLRQ� JDVHV� WR� D� KHDW� UHFRYHU\� VWHDP�JHQHUDWRU� �VHFWLRQ� �� LQ� )LJXUH� ���� 7KH� VWHDP�JHQHUDWHG� LQ� WKH� KHDW� UHFRYHU\� VWHDP� JHQHUDWRU� LV�VHQW� WR� D� FRQGHQVDWLRQ�H[WUDFWLRQ� VWHDP� WXUELQH��VHFWLRQ� ���� WKDW� JHQHUDWHV� WKH� HOHFWULF� SRZHU� (S���7KH�VWHDP�H[WUDFWHG�IURP�WKH�VWHDP�WXUELQH��VHFWLRQ����LV�WKH�HQHUJ\�LQSXW�RI�D�K\EULG�DEVRUSWLRQ�HMHFWRU�FRPSUHVVLRQ�FKLOOHU�WKDW�RSHUDWHV�ZLWK�WKH�SDLU�+�2�/L%U�� 7KH� ORZ� SUHVVXUH� VWHDP� �VHFWLRQ� ��� RI� WKH�VWHDP� WXUELQH�� LV� VHQW� WR� D� FRQGHQVHU�� $IWHU� WKH�FRQGHQVHU� WKLV� IORZ� SDVVHV� WKURXJK� D� SXPS� DQG�DIWHU�WKH�SXPS�WKLV�IORZ�LV�PL[HG�ZLWK�WKH�IORZ�WKDW�FRPHV� IURP� WKH� JHQHUDWRU� RI� WKH� K\EULG� FKLOOHU��VHFWLRQ��V�� DQG�ZLWK� WKH�ZDWHU� IORZ� WKDW� H[LWV� WKH�VWHDP� HMHFWRUV� �VHFWLRQ� ��¶��� $IWHU� WKH� PL[LQJ� RI�WKHVH� WKUHH� IORZV� WKH� UHVXOWDQW� IORZ� LV� SXPSHG� WR�WKH�VHFWLRQ�����WKDW�LV�WKH�LQOHW�RI�WKH�KHDW�UHFRYHU\�VWHDP�JHQHUDWRU�
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7KH� FKLOOHU�� ZKLFK� RSHUDWHV� DV� D� K\EULG�V\VWHP� RI� DEVRUSWLRQ�HMHFWRU�FRPSUHVVLRQ� F\FOH��2OLYHLUD�-U��>�@���KDV�WZR�HQHUJ\��LQSXWV��2QH�LV�WKH�KHDW�UDWH�EHLQJ�WUDQVIHUUHG�WR�WKH�+�2�/L%U�VROXWLRQ�LQ� LWV�JHQHUDWRU� �FDXVHG�E\� WKH�FRQGHQVDWLRQ�RI� WKH�IORZ�RI��WKH�VWHDP�H[WUDFWHG�IURP�WKH�VWHDP�WXUELQH��VHFWLRQ����DQG�WKH�RWKHU�LV�WKH�HQWKDOS\�IORZ�UDWH�RI�WKH�KLJK�SUHVVXUH�VWHDP�VHQW WR�WKH�HMHFWRU��VHFWLRQ����� 7KLV� HMHFWRU� PXVW� LQFUHDVH� WKH� VWHDP� SUHVVXUH�OHYHO� IURP� WKH� HYDSRUDWRU� RQH� �(Y�� XS� WR� WKH�DEVRUEHU�RQH��$E���7KLV�SUHVVXUH�GLIIHUHQFH�DSSHDUV�GXH�WR�WKH�YDOXHV�RI��WHPSHUDWXUH�DQG�FRQFHQWUDWLRQ�RI� WKH�+�2�/L%U�VROXWLRQ� LPSRVHG LQ� WKH�JHQHUDWRU���*H�� WKDW� LV� RQH� RI� WKH� FRPSRQHQWV� RI� WKH�VHSDUDWRU���LQ�WKH�DEVRUEHU��$E���DQG�LQ�WKH�ZDWHU�LQ�WKH�HYDSRUDWRU��(Y��7KH� SURFHVVHV� RI� WKH� +�2�/L%U� VROXWLRQ��WKDW� WDNH�SODFH� LQ� WKH�JHQHUDWRU�DQG�DEVRUEHU��DQG�RI� WKH�ZDWHU� �LQ� WKH� FRQGHQVHU� DQG� HYDSRUDWRU�� DUH�WKH� VDPH� SURFHVVHV� WKDW� RFFXU� LQ� D� FRQYHQWLRQDO�

DEVRUSWLRQ� FKLOOHU�� H[LW� RI� VWHDP� LQ� WKH� JHQHUDWRU��ZLWK�WKH�FRQVHTXHQW�LQFUHDVH�RI�WKH�FRQFHQWUDWLRQ�RI�WKH� VROXWLRQ� DW� WKH� H[LW� RI� WKH� JHQHUDWRU� �GV���FRQGHQVDWLRQ� RI� WKH� VWHDP� LQ� WKH� FRQGHQVHU� �&G���SUHVVXUH� GURS�RI� WKH�ZDWHU� IORZ� �FV� � HH�� IURP� WKH�FRQGHQVHU� � WR� WKH� HYDSRUDWRU� DQG� SUHVVXUH� GURS� RI�WKH� VWURQJ� VROXWLRQ� �GV� �DH�� IURP� WKH� JHQHUDWRU� WR�WKH� DEVRUEHU�� YDSRULVDWLRQ� RI� WKH� ZDWHU� LQ� WKH�HYDSRUDWRU�� ZLWK� WKH� FRQVHTXHQW� FRROLQJ� RI� WKH�FKLOOHG�ZDWHU�IORZ��IURP����q&�WR���q&���WKH�VWHDP�OLEHUDWHG�E\�WKH�HYDSRUDWRU��RU�E\�WKH�HMHFWRU�LQ�WKH�7HWUD�&RPELQHG� V\VWHP�� LV� DEVRUEHG�E\� WKH� VWURQJ�VROXWLRQ�LQ�WKH�DEVRUEHU��DH�� DV���FRROLQJ�RI�WKH�WKH�VWURQJ�VROXWLRQ��SURFHVV�GV�� DH��DQG�KHDWLQJ�RI�WKH�GLOXWHG� VROXWLRQ� �SURFHVV� DV� � GH�� LQ� WKH� KHDW�H[FKDQJHU�� LQ�RUGHU� WR� LQFUHDVH� WKH�SHUIRUPDQFH�RI�WKH�FKLOOHU�

)LJXUH���� 7HWUD�&RPELQHG�FRJHQHUDWLRQ�V\VWHP�
��� 3(5)250$1&(� 2)� 7+(� 7(75$�&20%,1('� &2*(1(5$7,21�6<67(0

7KH� SHUIRUPDQFH� HYDOXDWLRQ� RI� WKH� 7HWUD�&RPELQHG� V\VWHP� LV� EDVHG� RQ� WKH� FRQVWUXFWLRQ� RI��

PRGHOV� RI� WKH� EHKDYLRXU� RI� WKH� FRPSRQHQWV� RI� WKH�V\VWHP��7KHVH�PRGHOV�ZHUH�GHYHORSHG�ZLWK�WKH�DLG�RI� WKH� VRIWZDUH� ((6� >�@�� 7KH� SHUIRUPDQFH� RI� WKH�V\VWHP� FDQ� EH� TXDQWLILHG� E\� XVLQJ� WKH� HQHUJ\�HIILFLHQF\� � �KH�� DQG� H[HUJ\� HIILFLHQF\� �KE��� DV�GHILQHG�E\�2OLYHLUD�-U��>�@�
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/+9 IXHOP IXHO
4HY( S( SH �� ��K ���

:KHUH�4HY LV�WKH�KHDW�UDWH�LQ�WKH�HYDSRUDWRU�RI� WKH� FKLOOHU�� PIXHO LV� WKH� IXHO� PDVV� IORZ� UDWH� DQG�/+9�LV�WKH�ORZHU�KHDWLQJ�YDOXH�RI�WKH�IXHO�
E IXHOP IXHO HY4HY( S( SE TK �� �� ���

:KHUH�THY LV� WKH�HYDSRUDWRU�&DUQRW� IDFWRU���4HYTHY�� LV� WKH�H[HUJ\� UDWH� WUDQVIHUHG� WR� WKH�FKLOOHG�ZDWHU� DQG� EIXHO LV� WKH� VSHFLILF� H[HUJ\� RI� WKH� IXHO��GHWHUPLQHG�DFFRUGLQJ�WR�6]DUJXW�HW�DOLL�>�@�
,W� DOVR� FDQ� EH� XVHG� WKH� UHODWLRQ� µKHDW� WR�SRZHU� UDWLR¶� � �E��� LQ� RUGHU� WR� FKDUDFWHUL]H� WKH� W\SH�RI��FRJHQHUDWLRQ�DSSOLFDWLRQ�

���� (S(S 4HY� E ����
,Q�RUGHU�WR�RSWLPL]H�WKH�SHUIRUPDQFH�RI�WKH�V\VWHP� LW� ZDV� VWXGLHG� WKH� HYROXWLRQ� RI� WKH� H[HUJ\�HIILFLHQF\� RI� WKH� V\VWHP� �KE�� ZLWK� WKH� SUHVVXUH� RI�VWHDP� JHQHUDWHG� LQ� WKH� KHDW� UHFRYHU\� ERLOHU� �SFDOG���GXH�WR�WKH�LQIOXHQFH�WKDW� WKLV�FRPSRQHQW�KDV�LQ�WKH�RYHUDOO�SHUIRUPDQFH�RI� WKH�V\VWHP��)LJXUH���VKRZV�WKH�HYROXWLRQ�RI��KE DQG�E DV�D�IXQFWLRQ�RI�WKH�SFDOG ��7KH� PD[LPXP� YDOXH� RI KE� LV� REWDLQHG� IRU� D�SUHVVXUH�RI������N3D�

)LJXUH���� (YROXWLRQ�RI�WKH�H[HUJ\�HIILFLHQF\�DQG�WKH�KHDW�WR�SRZHU�UDWLR�ZLWK�WKH�SUHVVXUH�LQ�WKH�KHDW�UHFRYHU\�VWHDP�JHQHUDWRU��S FDOG��,Q� WKLV� ZD\� � WKH� IROORZLQJ� WHFKQLFDO�FKDUDFWHULVWLFV�ZHUH�GHILQHG�LQ�RUGHU�WR�HYDOXDWH�WKH�WKHUPRG\QDPLF� DQG� WKHUPRHFRQRPLF� SHUIRUPDQFH�RI�WKH�7HWUD�&RPELQHG�V\VWHP��

x HOHFWULF� SRZHU� JHQHUDWHG�E\� WKH� JDV� WXUELQH�� ��0:��x KHDW� UHFRYHU\� VWHDP�JHQHUDWRU� FDSDFLW\����� W�K�DW������N3D�DQG����q&��ZLWKRXW�VXSSOHPHQWDU\�JDV�EXUQLQJ�
7DEOHV� ��� �� DQG� �� SUHVHQW� WKH� YDOXHV� RI�SUHVVXUHV� DQG� � WHPSHUDWXUHV� LQ� WKH� VHFWLRQV� RI�)LJXUH� ��� IRU� WKH� JDV� WXUELQH�� VWHDP� WXUELQH� DQG�FKLOOHU�VXEV\VWHPV�7DEOH����3UHVVXUHV�DQG�WHPSHUDWXUHV�RI�WKH�JDV�WXUELQH�VXEV\VWHP�

6HFWLRQ 7HPSHUDWXUH�R&� 3UHVVXUH�N3D���� ���� �����
� ����� ������
�
 ������ ������
� ����� �����
� ����� �����


�FRPEXVWLRQ�LV�GRQH�ZLWK�H[FHVV�DLU�UDWLR�RI�����7DEOH����3UHVVXUHV�DQG�WHPSHUDWXUHV�RI�WKH�VWHDP�VXEV\VWHP�
6HFWLRQ 7HPSHUDWXUH�R&� 3UHVVXUH�N3D�� ����� �����
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7DEOH�����7HPSHUDWXUHV�DQG�SUHVVXUHV�LQ�WKH�FRPSRQHQWV�RI�WKH�FKLOOHU��
&RPSRQHQW 6HFWLRQ 7HPSHUDWXUH�R&� 3UHVVXUH�N3D� 7KHUPDO�/RDG�N:�
(YDSRUDWRU HY ���� ���� ����
$EVRUEHU
 DH

DV
�����
����� ���� ����

&RQGHQVHU FG ����� ���� ����

*HQHUDWRU
 GH
GV

�����
�����

���� ����

�WKH�FRQFHQWUDWLRQ�RI�WKH�VWURQJ�VROXWLRQ�LV�����DQG�WKH�FRQFHQWUDWLQJ�RI�WKH�ZHDN�VROXWLRQ�LV����
7KH� SHUIRUPDQFH� HYDOXDWLRQ� UHVXOWV� DUH�SUHVHQWHG�LQ�7DEOH���ZKHUH�DUH�VKRZQ�WKH�YDOXHV�RI��WKH� HOHFWULF� SRZHU� JHQHUDWHG� �(SW��� UHIULJHUDWLQJ�FDSDFLW\� �4HY��� KHDW� WR� SRZHU� UDWLR� �E��� HQHUJ\�HIILFLHQF\� �KH� DQG� H[HUJ\� HIILFLHQF\� �KE��� 7KH�YDOXHV� RI� WKHVH� SDUDPHWHUV� DUH� FDOFXODWHG� IRU� WKH�7HWUD� &RPELQH� �LQ� WZR� RSHUDWLQJ� FRQGLWLRQV��ZLWKRXW�DQG�ZLWK�VXSSOHPHQWDU\�JDV�EXUQLQJ�LQ�WKH�KHDW� UHFRYHU\� VWHDP� JHQHUDWRU�� DQG� FRQYHQWLRQDO�V\VWHPV��7KH�HYDOXDWLRQ�RI� WKH�RSHUDWLQJ�FRQGLWLRQ�

ZLWK� VXSSOHPHQWDU\� JDV� EXUQLQJ� LQ� WKH� KHDW�UHFRYHU\� VWHDP� JHQHUDWRU� LV� LPSRUWDQW� LQ� WKH�IROORZLQJ�VFHQDULRV�
x LQFUHDVH� WKH� HOHFWULFLW\� SURGXFWLRQ� IRU�H[SRUWLQJ�LW�WR�WKH�HOHFWULFDO�JULG��x LQFUHVH�WKH�UHIULJHUDWLRQ�FDSDFLW\�RI�WKH�V\VWHP��LQFUHDVLQJ�WKH�SURGXFWLRQ�RI�FKLOOHG�ZDWHU��x LQFUHDVH� WKH� SURGXFWLRQ� RI� HOHFWULFLW\� DQG�FKLOOHG�ZDWHU�VLPXOWDQHRXVO\�

7DEOH����3HUIRUPDQFH�SDUDPHWHUV�RI�WKH�7HWUD�&RPELQHG�DQG�FRQYHQWLRQDO�V\VWHPV�
6\VWHP (SW�N:� 4HY�N:� EE KKE��� KKH���

&RQYHQWLRQDO�V\VWHP ���� ���� ����� ���� ����7HWUD�&RPELQHG�V\VWHP�ZLWKRXW�VXSSOHPHQWDU\�JDV�EXUQLQJ ���� ���� ����� ���� ����
7HWUD�&RPELQHG�V\VWHP�ZLWK�VXSSOHPHQWDU\�JDV�EXUQLQJ ���� ���� ����� ���� ����

7KH UHVXOWV� VKRZQ� LQ� 7DEOH� �� LQGLFDWH� D�EHWWHU� SHUIRUPDQFH� RI� WKH� 7HWUD� &RPELQHG� V\VWHP��ZLWKRXW� VXSSOHPHQWDU\� JDV� EXUQLQJ� LQ� WKH� KHDW�UHFRYHU\� VWHDP� JHQHUDWRU�� ZKHQ� FRPSDUHG� WR� WKH�FRQYHQWLRQDO� V\VWHP�� ,Q� WKH� RSHUDWLRQDO� FRQGLWLRQ�ZLWK� VXSSOHPHQWDU\� JDV� EXUQLQJ� LQ� WKH� KHDW�

UHFRYHU\� VWHDP� JHQHUDWRU LW� FDQ� EH� QRWHG� WKH�LQFUHDVH�RI��SURGXFWLRQ�FDSDFLW\�RI�XWLOLWLHV�ZLWKRXW�D�VLJQLILFDQW�UHGXFWLRQ�RI�WKH�H[HUJ\�SHUIRUPDQFH�RI�WKH�7HWUD�&RPELQHG�V\VWHP�
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�� 7+(502(&2120,&�(9$/8$7,21� 2)� 7+(� 7(75$�&20%,1('� &2*(1(5$7,21�6<67(0
7KH�GHWHUPLQDWLRQ�RI� WKH� SURGXFWLRQ� FRVWV�RI� WKH� XWLOLWLHV� LV� GRQH� EDVHG� RQ� WKH� DSSOLFDWLRQ� RI�WKH� FRVW� EDODQFHV�� LQ� H[HUJ\� EDVLV�� WR� WKH� WKUHH�VXEV\VWHPV� WKDW� FRPSRVH� WKH� 7HWUD� &RPELQHG�V\VWHP�� (TXDOLW\� DQG� H[WUDFWLRQ� FRVW� SDUWLWLRQ�PHWKRGV� DUH� XVHG� LQ� WKH� JDV� DQG� VWHDP� WXUELQHV� WR�REWDLQ� WKH� HOHFWULFLW\� DQG� VWHDP� SURGXFWLRQ� FRVWV�*DUDJDWWL�>�@��
&RVW� EDODQFHV� FDQ� EH� ZULWWHQ� IRU� HDFK�HTXLSPHQW�FRPSRQHQW� RI� WKH� DQDO\VHG� V\VWHPV� LQ�WHUPV� RI� FRVW� UDWHV� �86��V��� DV� SUHVHQWHG� E\�(TXDWLRQ����F� VSHFLILF�FRVW��%� �H[HUJ\�IORZ�UDWH��&HTXLS  �HTXLSPHQW�FRVW�UDWH��SURG� �SURGXFW��IHHG� �IHHG��
6 FSURG%SURG  �6 FIHHG%IHHG ��&HTXLS��� ���
7KH� DX[LOLDU\� UHODWLRQV� GXH� WR� WKH� XVH� RI�WKH�WZR�FRVW�SDUWLWLRQ�PHWKRGV�DUH��

� (TXDOLW\�PHWKRG
F(S�  �F�� �IRU�WKH�JDV�WXUELQH�� ���

F(S�  �F�  �F�� �IRU�WKH�VWHDP�WXUELQH� ���
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