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$%675$&7�
7KH� PDLQ� JRDO� RI� SUHVHQWHG� VWXG\� ZDV� WR� DQDO\]H�
VHOHFWHG�VROXWLRQV�RI�JOD]LQJ�IDFDGHV��$OO�FDVHV�GLIIHU�
LQ� WKHUPR�RSWLFDO� SURSHUWLHV� �VXFK� DV� WKHUPDO�
UHVLVWDQFH�� VRODU� WUDQVPLWWDQFH��� JHRPHWU\��
FRQVWUXFWLRQ� DQG� RULHQWDWLRQ�� %XLOGLQJ� SHUIRUPDQFH�
VLPXODWLRQ� PRGHOV� �WKHUPDO� DQG� DLU� IORZ�� ZHUH�
JHQHUDWHG� XVLQJ� D� VLPXODWLRQ� VRIWZDUH� (63�U��
$FFRUGLQJ�WR�WKH�ZRUNIORZ��SURSRVHG�E\�DXWKRUV��WKH�
RSWLPDO� VROXWLRQ� RI� JOD]LQJ� IDoDGH� V\VWHP� ZDV� ILQG�
RXW� IRU� HDFK� RI� IRXU� FDUGLQDO� GLUHFWLRQ�� ,Q� WKH�
SURSRVHG� PHWKRG� WZR� FULWHULD� ZHUH� XVHG��
KHDWLQJ�FRROLQJ� ORDGV� GXULQJ� WKH� \HDU� DQG� WRWDO�
KHDWLQJ�FRROLQJ� HQHUJ\� GHOLYHUHG� WR� WKH� ]RQH�� $OO�
REWDLQHG�UHVXOWV�ZHUH�DQDO\]HG�VWDWLVWLFDOO\��7KH�EDVLF�
ZHDWKHU�GDWDEDVH�ZDV�ZRUNRXW�DFFRUGLQJ�WR�:<(&��
VWDQGDUG��
7KH� VHFRQG� SDUW� RI� WKLV� VWXG\� FRQVLVW� RI� DQDO\VHV�
DFFRUGLQJ� WR� GLIIHUHQW� ZHDWKHU� VFHQDULRV�� 6WDQGDUG�
:<(&�� GDWD� VHW� ZDV� PRGLILHG� E\� XVLQJ� YDULRXV�
LQGH[HV� IRU� WHPSHUDWXUH�� VRODU� UDGLDWLRQ� DQG� ZLQG�
VSHHG�� 2SWLPL]DWLRQ� DOJRULWKP� ZDV� SURFHHG� DJDLQ�
DFFRUGLQJ� WR� WKH� VDPH�ZRUNIORZ��%DVHG�RQ� WKH� ILQDO�
UHVXOWV� WKH� HIIHFW� RI� GLIIHUHQW� ZHDWKHU� GDWDEDVH�
�:<(&��VHWV��ZDV�HVWLPDWHG��
7KH�JHQHUDO�ILQDO�FRQFOXVLRQV�DUH�WKDW��
��WKH�GLIIHUHQW�ZHDWKHU�VHWV�KDYH�D�VLJQLILFDQW�LPSDFW�
RQ�WKHUPDO�SURFHVVHV�DQG�HQHUJ\�EDODQFH�IRU�H[SRVHG�
JOD]LQJ�HOHPHQWV��
�� WKH� FKRLFH� RI� ILQDO� RSWLPDO� VROXWLRQV� VOLJKWO\�
GHSHQGV� RQ� DVVXPHG� PHWHRURORJLFDO� GDWDEDVH� ZLWK�
GLIIHUHQW� LQGH[HV� �IRU� VRXWK� DQG� QRUWK� RULHQWDWLRQ�
RQO\��HYHQ�WKH�PHDVXUHG�LQSXW�GDWD�DUH�WKH�VDPH��

,1752'8&7,21�
1RZDGD\V�� WKHUH� DUH� PRUH� DQG� PRUH� UHVHDUFK� ZRUN�
GHYRWHG� WR� WKH� SURSHU� HVWLPDWLRQ� RI� ERXQGDU\�
FRQGLWLRQV� IRU� HQHUJ\� SHUIRUPDQFH� VLPXODWLRQ� H�J��
�&UDZOH\� ������� 7KLV� SUREOHP� LV� SDUWLFXODUO\� YDOLG�
IRU� D� QHZ� GHVLJQ� EXLOGLQJV�� H[SHFWLQJ� WR� EH� XVHG�
WKURXJK� VHYHUDO� GR]HQ� \HDUV��2QH�RI� WKH� UHDVRQ�ZDV�
WKH�YDOLGLW\�RI�VWDQGDUG�FOLPDWH�GDWDEDVH�ZRUNHG�RXW�
XVLQJ� SUHYLRXVO\� PHDVXUHG� ZHDWKHU� SDUDPHWHUV�
�XVXDOO\�GXULQJ�ODVW����\HDUV���2Q�WKH�RWKHU�KDQG� WKH�
VDPH� DXWKRU� VXJJHVWV� �&UDZOH\� ������ WKDW� RQO\�
SURMHFWHG� FOLPDWLF� FRQGLWLRQV� FDQ� JLYH� D� SURSHU�

UHVXOWV� DQG� DYRLG� LQDFFXUDF\� LQ� HVWLPDWLRQ� RI� IXWXUH�
HQHUJ\� UHTXLUHPHQWV�� (YHQ� WKRXJK� WKH� GLVFXVVLRQ�
DERXW�FOLPDWH�FKDQJH�LV�RXW�RI�WKH�VFRSH�RI�SUHVHQWHG�
SDSHU�� WKH� DXWKRUV� QRWLFHG� WKDW� LQWHUSUHWDWLRQ� RI�
H[LVWLQJ� PHWHRURORJ\� GDWDEDVH� FDQ� KDV� D� VWURQJ�
LQIOXHQFH�RQ�WKH�ILQDO�UHVXOWV�RI�HQHUJ\�VLPXODWLRQ��

(1(5*<�()),&,(1&<�2)�+,*+/<�
*/$=('�)$&$'(6�
(QHUJ\�EDODQFH�
,Q�WHUPV�RI�WKHUPR�SK\VLFDO�SDUDPHWHUV��D�WUDQVSDUHQW�
HOHPHQWV� RI� EXLOGLQJ� HQYHORSH� DUH� VWLOO� RQH� RI� WKH�
ZHDNHVW� FRPSRQHQW��7KH� DVVHVVPHQW�RI� WKHLU� HQHUJ\�
HIILFLHQF\� VKRXOG� LQFOXGH� ERWK� VXPPHU� DQG� ZLQWHU��
)RU� VRPH� VSHFLILF� ORFDWLRQ� RI� &HQWUDO� DQG� 1RUWK�
(XURSH� WKH� QHW� HQHUJ\� EDODQFH� LV� QHJDWLYH� LQ�ZLQWHU�
�0DQ]� 	�0HQWL� ������� ,W� PHDQV� WKDW� HQHUJ\� ORVVHV�
DUH�KLJKHU� WKDQ�HQHUJ\�JDLQV��5HFHQW� UHVHDUFK�ZRUNV�
DUH� GHYRWHG� WR� LPSURYH� QRW� RQO\� WKHUPDO�
WUDQVPLWWDQFH��)DQJ�HW�DO��������RU�KHDW�JDLQV�FRQWURO�
�3DSDHIWKLPLRX� HW� DO�� ������ EXW� DOVR� WR� HIIHFWLYH�
XVDJH�RI�D�WUDQVSDUHQW�SDUWLWLRQV�DV�DQ�HOHPHQWV�RI�39�
V\VWHP��3DUN�HW�DO���������
'RXEOH�VNLQ�IDFDGH�V\VWHPV�KDYH�VWLOO�JUHDW�SRWHQWLDO�
WR� GHFUHDVH� HQHUJ\� FRQVXPSWLRQ� LQ� ZLGH� UDQJHV� RI�
UHVHDUFK� DUHDV�� (YHQ� VRPH� QHZ� WHFKQRORJLHV� DUH�
FRQVWDQWO\� GHYHORSHG� DQG� LPSURYHG�� $GGLWLRQDOO\��
WKDW� V\VWHPV� FRQWULEXWH� WRZDUGV� FUHDWLQJ� D� PRUH�
FRPIRU7DEOH� DQG� HFR�IULHQGO\� RIILFH� HQYLURQPHQW�
ZKLFK�LQ�WXUQ��IXUWKHU�UHGXFHV�PDLQWHQDQFH�FRVWV�DV�LW�
VDYHV� WKH� EXLOGLQJ¶V� HQHUJ\� UHVRXUFHV� �6KDPHUL�
�������

0RGHOLQJ�DQG�VLPXODWLRQ�
7KHUPDO� VLPXODWLRQ� RI� G\QDPLF� EXLOGLQJ� EHKDYLRXU�
XQGHU�FKDQJHDEOH�FOLPDWLF�FRQGLWLRQV�LV�SHUFHLYHG�DV�
HVVHQWLDO� WR� DFFXUDWH� DVVHVVPHQW� RI� DQ\� WUDQVSDUHQW�
FRPSRQHQWV� HIILFLHQF\�� $� UDQJH� RI� GLIIHUHQW�
DSSURDFKHV� IRU� GHWHUPLQLQJ� FRQGXFWLRQ�� FRQYHFWLRQ�
DQG� UDGLDWLRQ� KHDW� WUDQVIHU� ZHUH� SURSRVHG� E\� PDQ\�
DXWKRUV� DQG� UHYLHZHG� LQ�E\� -��'��6SLWOHU� �+HQVHQ�	�
/DPEHUWV� ������� $GYDQFHG� G\QDPLF� PRGHOV� IRU�
HQHUJ\� FDOFXODWLRQ� KDYH� EHHQ� LQFRUSRUDWHG� LQWR�
VHYHUDO� VLPXODWLRQ� SURJUDPV� H�J�� (63�U� �&ODUNH�
�������7KH�(63�U�VRIWZDUH�LV�DGGLWLRQDOO\�FDSDEOH�RI�
PRGHOOLQJ� WKH� HQHUJ\� DQG� IOXLG� IORZV� ZLWKLQ�
FRPELQHG�EXLOGLQJ�DQG�SODQW�V\VWHPV��(63�U�XVHV�DQ�
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DGYDQFHG� QXPHULFDO�PHWKRG� WR� LQWHJUDWH� WKH� YDULRXV�
HTXDWLRQ� W\SHV� ZKLFK� FDQ� EH� XVHG� WR� UHSUHVHQW� KHDW�
DQG� PDVV� EDODQFHV� ZLWKLQ� D� EXLOGLQJ�� ,Q� D� SDSHU�
�%DUWDN� HW� DO�� ������ DXWKRUV� SUHVHQWHG� WKH�
PHWKRGRORJ\�� UHVXOWV� DQG� UHFRPPHQGDWLRQV� RI� D�
GHVLJQ� VWXG\� IRU� GRXEOH�VNLQ� IDFDGH� ZLWK� (63�U��
%DVHG� RQ� WKH� REWDLQHG� UHVXOWV� LW� ZDV� VWDWHG� WKDW� DLU�
WHPSHUDWXUH� LQVLGH� '6)� PDLQO\� GHSHQGV� RQ� KHDW�
JDLQV�DQG�DPRXQW�RI�DLU�IORZ��,W�PHDQV�WKDW�WKH�PRVW�
LPSRUWDQW� ZHDWKHU� SDUDPHWHUV� IRU� HQHUJ\�
SHUIRUPDQFH� DQDO\VLV� DUH�� VRODU� UDGLDWLRQ� DQG� ZLQG�
VSHHG�� $GGLWLRQDOO\�� DXWKRUV� SURSRVHG� WR� FRQVLGHU�
H[WHUQDO� WHPSHUDWXUH� ZKLFK� GHWHUPLQHV� KHDW� WUDQVIHU�
EHWZHHQ� ]RQH� DQG� LQWHUQDO� VSDFH� RI�'6)�� 3UHVHQWHG�
LQYHVWLJDWLRQV� DUH� QRW� RQO\� D� SDUW� RI� ZLGHU�
RSWLPLVDWLRQ�DQDO\VHV�EXW�VHQVLWLYLW\�DQDO\VHV�DV�ZHOO�
LQFOXGH�GLIIHUHQW�ZHDWKHU�\HDU�IRU�HQHUJ\�FDOFXODWLRQ��

(QHUJ\�SHUIRUPDQFH�HYDOXDWLRQ�
%DVHG� RQ� WKH� W\SH� RI� FRQVWUXFWLRQ�� D� WUDQVSDUHQW�
IDFDGH�FDQ�EH�FODVVLILHG�DV�D� VLQJOH� �66)��RU�GRXEOH�
�'6)��VNLQ�VWUXFWXUH��7KH�HQHUJ\�HIILFLHQF\�RI�KLJKO\�
JOD]HG� EXLOGLQJV� VKRXOG� EH� HYDOXDWHG� FRQVLGHULQJ�
KHDWLQJ� DQG� FRROLQJ� VHDVRQ�� )RU�'6)� H�J��� LW� PHDQV�
WKH� DELOLW\� WR� SUH�KHDW� WKH� YHQWLODWLRQ� DLU� GXULQJ� WKH�
ZLQWHU� DQG� DELOLW\� WR� UHGXFH� KHDW� JDLQV� LQ� VXPPHU�
VHDVRQ� �6DHOHQV� HW� DO��� ������� (QHUJ\� SHUIRUPDQFH�
HYDOXDWLRQ� RI� WKH� JODVV� IDFDGH� LV� WR� GHWHUPLQH� WKH�
LQWHQVLW\� RI� KHDW� H[FKDQJH� SURFHVVHV� EHWZHHQ� WKH�
IDFDGH� DQG� WKH� HQYLURQPHQW�� 'XH� WR� WKH� G\QDPLF�
QDWXUH� RI� WKH� SURFHVVHV� LQYROYHG�� WKHUH� DUH� PDQ\�
SRVVLELOLWLHV�WR�DVVHVV�WKHLUV�LQWHQVLW\��
6LQJOH�VNLQ�IDFDGH�XVXDOO\�ZRUNV�DV�D�SDVVLYH�V\VWHP��
ZKDW� PHDQV� QR� DELOLW\� WR� VWRUH� D� VRODU� HQHUJ\� DQG�
G\QDPLFDOO\� FRQWURO� KHDW� H[FKDQJH� SURFHVVHV�
EHWZHHQ�EXLOGLQJ�DQG�H[WHUQDO�HQYLURQPHQW��7KH�SUH�
KHDWLQJ� HIILFLHQF\� RI� DFWLYH�� GRXEOH� WUDQVSDUHQW�
IDFDGHV�FDQ�EH�GHILQH�DV��6HUUD�HW�DO����������

𝜂 =
𝑇 − 𝑇
𝑇 − 𝑇 � ����

ZKHUH�7H[K�LV�WKH�WHPSHUDWXUH�RI�WKH�DLU�H[WUDFWHG�IURP�
WKH� IDFDGH��7DPE� LV� WKH� WHPSHUDWXUH� RI� WKH� DLU� LQVLGH�
WKH�FHOO��7��LV�WKH�WHPSHUDWXUH�RI�WKH�RXWGRRU�DLU��
1HJDWLYH� YDOXH�RI�Ș�PHDQV� WKDW� IDFDGH�JHQHUDWHV�QR�
KHDW�JDLQV��EXW�FRROV�WKH�LQGRRU�DLU��7KH�YDOXH�KLJKHU�
WKDQ���PHDQV� WKH�RSSRVLWH�� ,I�Ș� UHDFKHV� LQWHUPHGLDWH�
YDOXH� ��·���� WKH� IDFDGH� LV� DEOH� WR� SDUWLDOO\� SUH�KHDW�
WKH�YHQWLODWLRQ�DLU��
'XULQJ� VXPPHU� VHDVRQ� WKH� G\QDPLF� LQVXODWLRQ�
HIILFLHQF\� İ� FRXOG�EH� HVWLPDWHG� DV� WKH� UDWLR�EHWZHHQ�
KHDW�IOX[�WKDW�LV�UHPRYHG�E\�WKH�DLU�IORZLQJ�LQ�WKH�DLU�
JDS�4U� DQG� WRWDO� KHDW� IOX[� WKURXJK� WKH� H[WHUQDO� VNLQ�
4LQF��&RUJQDWL�DW�DO����������

𝜀 =
𝑄
𝑄 � ����

$QRWKHU� FULWHULRQ� UHSUHVHQWLQJ� HQHUJ\� HIILFLHQF\� RI�
KLJK�JOD]HG��GRXEOH�VNLQ�IDFDGHV�LV�D�PLQLPXP�YDOXH�

RI� WRWDO� KHDW� IOX[� 𝑓(𝑋)  EHWZHHQ� ]RQH� DQG� IDFDGH�
GXULQJ� D� GD\� �+HLP� HW� DO��� ������ RU� DQRWKHU� WLPH�
LQWHUYDO� ZKLFK� FDQ� EH� DVVXPHG� DV� D� W\SLFDO�
RFFXSDQF\�WLPH��6HUUD�HW�DO����������

𝑓(𝑋) = 𝑞 𝑑𝜏� ����

7KH� PRVW� IUHTXHQWO\� XVHG� YDOXH�� ZKLFK� DOORZHV� WR�
FRPSDUH� WKH� HIIHFWV� RI� DFWLYH� �'6)�� DQG� WUDGLWLRQDO�
�66)��JODVV�IDFDGHV�LV�KHDW�JDLQV�DQG�ORVVHV��%OLXF�HW�
DO����������7R�HYDOXDWH�HQHUJ\�ORDGV�RI�KLJKO\�JOD]HG�
HQYHORSH� RI� WKH� EXLOGLQJ� LW� LV� QHVVHVDU\� WR� FRQVLGHU�
JDLQV� IURP� VRODU� UDGLDWLRQ� DQG� ORVVHV� UHVXOWLQJ� IURP�
KHDW� WUDQVPLVVLRQ� DQG� DLU� LQILOWUDWLRQ� �&HWLQHU� HW� DO���
�������

237,0,6$7,21�352&('85(�
3DUDPHWHUV�RI�RSWLPLVDWLRQ�
(QHUJ\�SHUIRUPDQFH�RI�EXLOGLQJV�ZLWK�KLJKO\�JOD]HG�
HQYHORSH� GHSHQGV� SUHGRPLQDQWO\� RQ� FOLPDW�
FRQGLWLRQV�� ,Q� RUGHU� WR� HQVXUH� ORZ� HQHUJ\�
FRQVXPSWLRQ� XQGHU� YDULDEOH�ZHDWKHU� FRQGLWLRQV� LW� LV�
QHFHVVDU\� WR� FRQVLGHU� WKH� RULHQWDWLRQ�� PDWHULDO�
SURSHUWLHV�DQG�WKHUPDO�FKDUDFWHULFWLFV�RI�WKH�JOD]LQJ��
7KH� ILUVW� IDFWRU� WDNHQ� LQWR� DFFRXQW� ZDV� WKH� WKHUPDO�
LQVXODWLRQ� RI� WKH� JODVV� FRPSRQHQWV� ZKLFK� KDV� WKH�
JUHDWHVW�LPSDFW�RQ�IDFDGH�SHUIRUPDQH�GXULQJ�KHDWLQJ�
VHDVRQ��&RQVWUXFWLRQ�RI� WKH� IDFDGH� �VLQJOH�RU�GRXEOH�
VNLQ�� DQG� LQIOXHQFH� RI� EXIIHU� ]RQH� KDYH� EHHQ� DOVR�
FRQVLGHUHG��,Q�VXPPHU�PRQWKV�HQHUJ\�SHUIRUPDQFH�LV�
GHWHUPLQHG� E\� VRODU� JDLQV�� WKHUHIRUH� RSWLFDO�
SURSHUWLHV� RI� JODVV� VXFK� DV� WUDQVPLWWDQFH� QHHG� WR� EH�
VHOHFWHG� SURSHUO\�� 7R� ILQG� DSSURSULDWH� YDOXHV� RI�
PHQWLRQHG�SDUDPHWUHV�RSWLPLVDWLRQ�KDV�WR�EH�GRQH��
7KH� RSWLPLVDWLRQ� FULWHULRQV� DUH� PLQLPXP� YDOXH� RI�
LQVWDQWDQHRXV� KHDWLQJ� RU� FRROLQJ� ORDGV� DQG� WRWDO�
HQHUJ\�GHOLYHUHG�WR�WKH�]RQH��

:RUNIORZ�
)RU�DOO�HVWDEOLVKHG�RSWLPL]DWLRQ�FULWHULRQV�DSSURSULDWH�
ZRUNIORZV�ZHUH�PDGH��VHSDUDWHO\�IRU�KHDWLQJ�FRROLQJ�
ORDGV� GXULQJ� WKH� \HDU� DQG� WRWDO� HQHUJ\� GHOLYHUHG� WR�
WKH�]RQH��
7KH� ILUVW� RQH� ZDV� FRQVLGHUHG� VHDVRQDOO\� DQG� WKH�
IROORZLQJ� WKUHH� VWDJHV� ZHUH� GLVWLQJXLVKHG�� ,QLWLDOO\��
DQDO\]HG� FDVHV� ZLWK� GLIIHUHQW� KHDW� WUDQVPLWWDQFH�8��
GXULQJ� WKH� KHDWLQJ� VHDVRQ�� 6XEVHTXHQWO\�� WKH� PRVW�
HIILFLHQW�FDVH�IURP�SUHYLRXV�VWHS�ZHUH�UH�DQDO\]HG�WR�
GHWHUPLQH� WKH� PRVW� IDYRXUDEOH� WUDQVPLVVLRQ� Ĳ� LQ�
VXPPHU�� ,I� WKH� VHOHFWHG� WUDQVPLVVLRQ� GLIIHUHG� IURP�
WKDW� DQDO\]HG� LQ� WKH� ILUVW� VWHS�� LW� ZDV� QHFHVVDU\� WR�
LQWURGXFH� D� WKLUG� VWDJH�� )RU� FKRVHQ� Ĳ� WZR� PRVW�
HIIHFWLYH�FDVHV�IURP�ILUVW�VWDJH�ZHUH�FRPSDUHG�DJDLQ�
XQGHU�ZLQWHU� FRQGLWLRQV��7KDW�ZRUNIORZ�ZKHUH� XVHG�
IRU� WKH� ILUVW� PHQWLRQHG� FULWHULRQ� �� KHDWLQJ�FRROLQJ�
ORDGV�GXULQJ�WKH�\HDU��)LJ������
�
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�
)LJXUH���:RUNIORZ�IRU�LQGLYLGXDO�VHDVRQV�

�

,Q�RUGHU�WR�FKRRVH�WKH�EHVW�VROXWLRQ�DFFRUGLQJ� WR�WKH�
VHFRQG� FULWHULRQ�� VLPLODU� ZRUNIORZ� KDV� EHHQ� FUHDWHG�
>)LJ�� �@�� /LNHZLVH�� LQLWLDOO\� GHWHUPLQHG� WKH� PRVW�
HIIHFWLYH�WKHUPDO�WUDQVPLWWDQFH�DQG�WKHQ�IRU�FKRVHQ�8�
YDOXH�� WUDQVPLVVLRQ� Ĳ� ZDV� HVWLPDWHG�� %RWK� VWHSV� RI�
DQDO\VHV�ZHUH�FDUULHG�RXW�IRU�WKH�ZKROH�\HDU��
�

�
)LJXUH���:RUNIORZ�IRU�WKH�ZKROH�\HDU�

2SWLPLVDWLRQ�SURFHGXUH�
7KH�DLP�RI�WKH�VWXG\�ZDV�WR�GHWHUPLQH�SDUDPHWHUV�RI�
WKH� PRVW� HQHUJ\� HIILFLHQW� KLJK� JOD]HG� IDoDGH� XQGHU�
GLIIHUHQW�ZHDWKHU�FRQGLWLRQV��
7KH� ILUVW� FULWHULRQ� �KHDWLQJ�FRROLQJ� ORDGV�� ZDV�
DGRSWHG� WR� FKRRVH� VXFK� D� FDVH� WKDW� ZLOO� UHTXLUH� WKH�
ORZHVW�SRZHU�RI�KHDWLQJ�FRROLQJ�V\VWHP�DQG� WKDW� WKH�
SRZHU�ZLOO�EH�EDODQFHG�LQ�D�VSHFLILHG�SHULRG�RI�WLPH��
7KH�REWDLQHG�KRXUO\�YDOXHV�RI�LQVWDQWDQHRXV�SRZHU�RI�
WKH� V\VWHP�ZHUH� DQDO\VHG� VWDWLVWLFDOO\� DQG� SUHVHQWHG�
LQ�D�IRUP�RI�QRUPDO�GLVWULEXWLRQ��,W�ZDV�DVVXPHG�WKDW�
WKH�FDVH�ZLWK�WKH�KLJKHVW�IUHTXHQF\�RI�]HUR�ORDGV�ZLOO�
EH� WKH� FDVH� WKDW� UHTXLUH� WKH� ORZHVW� SRZHU� RI� WKH�

V\VWHP�� 6HSDUDWHO\�� EDVHG� RQ� WKH�PLQLPXP�YDOXH� RI�
VWDQGDUG�GHYLDWLRQ�RI� WKH�QRUPDO�GLVWULEXWLRQ��GXH� WR�
WKH�FRQVWDQW�SRZHU�RI�WKH�V\VWHPV��WKH�PRVW�HIIHFWLYH�
FDVH�ZDV�GHWHUPLQHG��
7KH� VHFRQG� FULWHULRQ� �HQHUJ\� GHOLYHUHG� WR� WKH� ]RQH��
ZDV� WKH�PLQLPXP� VXP�RI�PRQWKO\� YDOXHV�RI� HQHUJ\�
UHTXLUHG� WR� PDLQWDLQ� WKH� FRPIRUW� FRQGLWLRQV� LQ� WKH�
WHPSHUDWXUH�FRQWUROOHG� ]RQH�� ,Q� WKDW� SDSHU�� WKH� VXP�
RI�HQHUJ\�IRU�KHDWLQJ�LQ�ZLQWHU�VHDVRQ�DQG�HQHUJ\�IRU�
FRROLQJ�LQ�VXPPHU�VHDVRQ�ZHUH�FRQVLGHUHG��
:KROH� RSWLPLVDWLRQ� SURFHGXUH� ZHUH� FDUULHG� RXW� IRU�
WKH� IRXU� FDUGLQDO� GLUHFWLRQ�� IRXU� VHWV� RI� FOLPDWH�GDWD�
DQG�IRU�HDFK�RI�WKHP�WKUHH�EHVW�VROXWLRQV�ZHUH�DVVLJQ��

&$6(�678'<�
*HRPHWU\�
,Q�RUGHU�WR�LQYHVWLJDWH�WKH�SHUIRUPDQFH�RI�WKH�IDoDGH��
YHUWLFDOO\�FXW�SDUW�RI�WKH�IUHH�VWDQGLQJ�EXLOGLQJ�ZHUH�
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