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,QWURGXFWLRQ�

7KH�LVVXH�RI �IRRG�VHFXULW\�LQ�,QGRQHVLD�LV�DQ�
LVVXH� WKDW� LV� PXOWLGLPHQVLRQDO� DQG� KLJKO\�
FRPSOH[� DQG� FRYHUV� DVSHFWV� RI � VRFLDO��
HFRQRPLF��SROLWLFDO��DQG�HQYLURQPHQWDO��)RRG�
VHFXULW\� LQ� ,QGRQHVLD� LV� GHILQHG� LQ� WKH� /DZ�
QR����LQ������RQ�)RRG���5HSXEOLN�,QGRQHVLD��
������LQ�ZKLFK�LQFOXGH�����IRRG�DYDLODELOLW\�IRU�
DOO�SHRSOH�XQWLO�LQGLYLGXDO�OHYHO������PHDVXULQJ�
LQVWUXPHQW� IRU� IXOILOOPHQW� RI � IRRG� QHHGV�
LQFOXGH� PDQ\� DVSHFWV� DV� IRO ORZV� � �D��
TXDQWLWDWLYHO\� LV� VXIILFLHQW�� �E�� TXDOLWDWLYHO\� LV�
JRRG�� VDIH�� GLYHUVH�� PHHW� WKH� QXWULWLRQDO�
DGHTXDF\�� �F�� IRRG� KDYH� WR� EH� DFFHSWDEOH� LQ�
YD OXHV � RI � UH O L J LRQ � � DQG � FX O WXUH � � �G ��
HFRQRPLFDOO\�IRRG�KDYH�WR�EH�DYDLODEOH�DW�HYHU\�
UHJLRQ�LQ�DOO�FRXQWU\�ZLWK�DQ�DIIRUGDEOH�SULFH��
����7KH�IRRG�DYDLODELOLW\�DQG�DIIRUGDELOLW\�IRU�
SXUSRVH�RI �DOO�SHRSOH�FRXOG�EH�KHDOWK\��DFWLYH��
DQG�SURGXFWLYH��6XU\DQD���������

,Q� ,QGRQHVLD�� WKHUH� LV� D� SDWWHUQ� RI � IRRG�
DYDLODELOLW\��$QQXDOO\��VRPH�GD\V�QHDU�UHOLJLRQ�
KROLGD\�&KULVWPDV�DQG�,HGXO�)LWUL��GHPDQG�RI �
IRRG�LQFUHDVH��DQG�FRQVHTXHQWO\�WKH�SULFH�RI �
IRRG�ZRXOG�LQFUHDVH�DOVR��7KH�VFDUFLW\�RI �VRPH�
NLQG�RI �IRRG�RIWHQ�RFFXUV�LQ�WKH�GD\V�EHIRUH�
&KULVWPDV� DQG� ,HGXO� )LWUL�� 7KLV� SDWWHUQ� KDV�
EHHQ�XQGHUVWRRG�E\�JRYHUQPHQW�DQG�IDPLOLDUO\�
UHFRJQL]HG� E\� SHRSOH�� WKHUHIRUH� JRYHUQPHQW�
SROLF\�DOZD\V�PDNHV�VRPH�SROLFLHV�WR�DQWLFLSDWH�
WKH� VFDUFLW\� RI � IRRG�� ,Q� WKH� SHUVSHFWLYH� RI �
VWUXFWXUH�RULHQWHG�PRGHO��WKH�SDWWHUQ�FRXOG�EH�
FKDQJHG�WR�EHKDYH�DV�ZH�GHVLUHG�LI �WKH�V\VWHPLF�
VWUXFWXUH�LV�XQGHUVWRRG�

7KH� GLYHUVLW\� RI � JHRJUDSKLF� FRQGLWLRQ� LQ�
,QGRQHVLD�� PDNH� GLVSDULWLHV� EHWZHHQ� VXUSOXV�
DQG� GHILFLW� UHJLRQV� RI � IRRG� DYDLODELOLW\��
7KHUHIRUH�� WKH� IRRG�DYDLODELOLW\� FRXOG�QRW�EH�
DJJUHJDWHG� QDWLRQDOO\� DQG� EH� WUHDWHG� HTXDOO\��
)RRG�DYDLODELOLW\�FRQGLWLRQ�KDV�WR�EH�GHVFULEHG�
DQG�XQGHUVWRRG�SHU�UHJLRQ��6RPHWLPHV�SROLF\�
PDNHU�VDLG�WKDW�IRRG�DYDLODELOLW\�LQ�,QGRQHVLD�LV�
VXUSOXV��EXW�DFWXDOO\��WKH�VXUSOXV�LV�RQO\�LQ�WHUPV�
RI �QDWLRQDO�DJJUHJDWH��+RZHYHU��DW�WKH�OHYHO�RI �
UHJLRQV��SURYLQFHV�RU�FLWLHV�RU�UHJHQFLHV���VRPH�
RI � WKHP� PD\� EH� QRW� WKH� VXUSOXV� LQ� IRRG�
DYDLODELOLW\�� 7KLV� LV� WKH� VSDWLDO� SHUVSHFWLYH�
SUREOHP�

,I �ZH�FRXOG�XQGHUVWDQG�WKH�FDXVH�RI �ZK\�WKH�
SDWWHUQ� EHKDYHV�� PHDQV� ZH� XQGHUVWDQG� WKH�
V\VWHPLF� VWUXFWXUH�� WKHQ� ZH� FRXOG� KDYH�
RSSRUWXQLW\�FKDQJH�WKH�SDWK�RI �EHKDYLRU�LQ�WKH�
IXWXUH��:H�FRXOG�FKDQJH�WKH�V\VWHP�EHKDYLRU�
WKURXJK�LQWHUYHQWLRQ�WR�WKH�VWUXFWXUH��,Q�RUGHU�
WR� XQGHUVWDQG� WKH� FRPSOH[LW\� RI � V\VWHPLF�
VWUXFWXUH�WKDW�JHQHUDWHV�V\VWHPLF�EHKDYLRU��ZH�
FRXOG� XVH� V\VWHP� G\QDPLFV� PRGHOLQJ��
�6WHUPDQ����������$QGHUVRQ�	�-RKQVRQ���������
�/\QHLV���������:KLFK�UHJLRQ�WKDW�KDYH�WR�EH�
LQWHUYHQHG�� DQG� ZKLFK� UHJLRQ� ZLOO� KDYH� WKH�
LPSDFW� IURP� WKH� LQWHUYHQWLRQ"� � ,Q� RUGHU� WR�
DQVZHU� WKLV� TXHVWLRQ�� ZH� FRXOG� XVH� VSDWLDO�
V\VWHP� G\QDPLFV� PRGHO� DV� DQ� DSSURDFK��
�$YLDQWR��3XWUR��	�+HUPDZDQ��������

$�SUHYLRXV�SDSHU��SURSRVH�D�QHZ�VSDWLDO�V\VWHP�
G\QDPLFV�WKDW� LV�PRUH�DSSURSULDWH�IRU�SROLF\�
RQ�VXVWDLQDEOH�IRRG�VHFXULW\�LQ�,QGRQHVLD��7KH�
S U H Y L R X V � V S D W L D O � V \ V W HP � G \ Q DP L F V�
PHWKRGRORJ\� WHQG� WR� GHVFULEH� QDWXUDO� RU�
SK\VLFDO� ODZ� �$YLDQWR�� 3XWUR�� 	� +HUPDZDQ��
�������,Q�RUGHU�WR�VXLWDEOH�IRU�SROLF\�GHVLJQ�RQ�
IRRG�VHFXULW\��ZH�SURSRVHG�QHZ�VSDWLDO�V\VWHP�
G\QDPLFV�PRGHOLQJ�

9DULRXV�SDUDPHWHUV�FDQ�EH�XVHG�WR�PHDVXUH�WKH�
SHUIRUPDQFH�RI �IRRG�VHFXULW\��.LQGV�RI �PDMRU�
FRPPRGLWLHV�DUH�RIWHQ�XVHG�DV�EHQFKPDUNV��,Q�
WKLV�SDSHU��WKH�DYDLODELOLW\�RI �ULFH�ZLOO�VHUYH�DV�
SHUIRUPDQFH�EHQFKPDUNV�RI �VXVWDLQDEOH�IRRG�
VHFXULW\� LQ� ,QGRQHVLD�� ,Q� WKH� FRQWH[W� RI �
QDWLRQDO�GHYHORSPHQW��ULFH�LV�D�FRPPRGLW\�WKDW�
KDV� VWUDWHJLF� YDOXH�� ERWK� HFRQRPLF�� FXOWXUDO��
SROLWLFDO�� DQG� HQYLURQPHQWDO�� ,Q� WKH� ILHOG� RI �
QDWLRQDO�HFRQRP\�LQ�,QGRQHVLD��ULFH�LV�DOZD\V�
WUHDWHG�DV� D� FRPPRGLW\�RI � HFRQRPLF�� VRFLDO��
DQG�SROLWLFDO���6XU\DQD��5DFKPDQ��	�+DUWRQR��
��������,ULDQWR��������

5HVHDUFK�0HWKRGRORJ\

0HWKRGRORJ\� IRU� WKH� SXUSRVH� RI � EHWWHU�
XQGHUVWDQGLQJ�RI �WKH�LVVXH�RI �VXVWDLQDEOH�IRRG�
VHFXULW\� LV� VSDWLDO�V\VWHP� G\QDPLFV�� 6SDWLDO�
V\VWHP�G\QDPLFV�LV�WKH�FRPELQDWLRQ�RI �V\VWHP�
G\QDPLFV�PHWKRGRORJ\� DQG� VSDWLDO�PRGHOLQJ�
PHWKRGRORJ\��

-XUQDO�0DQDMHPHQ�7HNQRORJL����������������������



,Q� WKH�SUHYLRXV� UHVHDUFK� � �$YLDQWR��3XWUR��	�
+HUPDZDQ�� ������� ZH� GHVFULEHG� WKDW� WKH�
H[LVWLQJ�SROLF\�RQ� IRRG�VHFXULW\� LQ� ,QGRQHVLD�
UHTXLUH� D� PRGHO� WKDW� FRXOG� H[SODLQ� WKH�
G\QDPLFV� RI � IRRG� DYDLODELOLW\�� WKHUHIRUH� ZH�
VHOHFW� V\VWHP�G\QDPLFV�DIWHU�FRPSDULQJ�ZLWK�
RWKHUV� PRGHOLQJ� PHWKRGV�� +RZHYHU�� V\VWHP�
G\QDPLFV� FRXOG� QRW� H[SODLQ� WKH� IRRG�
GLVWULEXWLRQ��WKHUHIRUH�ZH�VHOHFW�VSDWLDO�V\VWHP�
G\QDPLFV�PRGHOLQJ�DV� WKH�PHWKRGRORJ\��7KH�
H[LVWLQJ� VSDWLDO� V\VWHP� G\QDPLFV� QHHG� WR� EH�
LPSURYHG�IRU�IRRG�VHFXULW\�SROLF\�LQ�,QGRQHVLD�

6\VWHP� G\QDPLFV� LV� D� FRPSXWHU� VLPXODWLRQ�
PRGHOLQJ� PHWKRGRORJ\�� 6\VWHP� G\QDPLFV�
GHVFULEH� WKH�VWUXFWXUH�RI � WKH�V\VWHP�RI �UHDO�
ZRUOG�SUREOHPV�WKDW�DUH�ULFK�RI �IHHGEDFN��$V�
ZLWK�WKH�LVVXH�RI �VXVWDLQDEOH�IRRG�VHFXULW\��DQG�
RWKHU� VRFLDO� LVVXHV�� 7KH� UHDO� ZRUOG� V\VWHPLF�
VWUXFWXUH� FDXVH� EHKDYLRU� RYHU� WLPH�� ,Q� WKH�
PRGHOLQJ� SURFHVV�� UHDO� ZRUOG� EHKDYLRU� RYHU�
WLPH�LV�UHSUHVHQWHG�ZLWK�FRPSXWHU�VLPXODWLRQ��
�6WHUPDQ�� ������$QGHUVRQ�	� -RKQVRQ�� ������
/\QHLV��������

,QWHUYHQWLRQ� LQWR� WKH� V\VWHP�VWUXFWXUH�RI � DQ�
LVVXH�ZLOO�FKDQJH�WKH�SDWWHUQ�RI �EHKDYLRU�RYHU�
WLPH��7KHUHIRUH�� V\VWHP�G\QDPLFV� LV�D�PRGHO�
IRU�SROLF\�GHVLJQ���6WHUPDQ��������6DHHG��������
6DHHG��������7KH�LVVXH�RI �WKH�XVH�RI �VSDWLDO���
V\VWHP� G\QDPLFV� PRGHOLQJ� DULVHV� ZKHQ� WKH�
LVVXH�RI � IRRG�VHFXULW\�GLVWULEXWLRQ�GLVSDULWLHV�
EHWZHHQ� UHJLRQV� WR� EH� TXHVWLRQHG�� 6\VWHP�
G\QDPLFV� QHHG� WR� EH� FRPELQHG� ZLWK� VSDWLDO�
PRGHOV�LQ�RUGHU�WR�GHVFULEH�WKH�SUREOHP�VSDFH�

7KLV� DUWLFOH� SURSRVHG� DQ� LQWHJUDWLQJ� VSDWLDO�
FRQFHSW� WR� V\VWHP� G\QDPLFV� DSSURDFK�� 7KH�
HIIRUW�WR�FRPELQH�VSDWLDO�PRGHOLQJ�DQG�V\VWHP�
G\QDPLFV�PRGHOLQJ�KDV�EHHQ� IRXQG� LQ� VRPH�
DUWLFOH�LQ�WKH�MRXUQDO��ZLWK�WKH�GLIIHUHQW�PHWKRG�
DQG� GLIIHUHQW� OHYHO� RI � SHUVSHFWLYH�� �$YLDQWR��
3XWUR��	�+HUPDZDQ�������

6SDWLDO� PRGHOLQJ� LQYROYHV� WKH� XVH� RI �
GLVDJJUHJDWHG�VSDWLDO�GDWD�DQG�UHODWLRQVKLSV�LQ�
RUGHU� WR� XQGHUVWDQG� VSDWLDO� IRUPV� DQG�
SURFHVVHV�� %\� VSDWLDOL]LQJ� V\VWHP� G\QDPLFV�
PRGHO��ZH�FDQ�H[SOLFLWO\������6LPXODWH�V\VWHP�
VWUXFWXUH�WKDW�LV�KHWHURJHQHRXV�RYHU�VSDFH������
&RQVLGHU� KRZ� VSDWLDO� LQWHUDFWLRQV� DIIHFW�
V\VWHPV�WKHPVHOYHV���%HQ'RU�	�.D]]�������

'HYHORSPHQW� RI � VSDWLDO� V\VWHP� G\QDPLFV�
LPSOHPHQWHG�LQ�YDULRXV�ILHOG�RI �VWXG\��VXFK�DV�
LQ� FRDVWDO� DUHD� �5XWK� 	� 3LHSHU�� ������ LQ�
ILVKHULHV� PDQDJHPHQW�� LQ� LQYDVLYH� VSHFLHV�
VSUHDG� �%HQ'RU� 	� 0HWFDOI�� ������� LQ�
LQWHUUHJLRQDO�GLVHDVHV�FRQWURO��5LFK��������LQ�D�
WKHRU\�RI �VSDWLDO�V\VWHP�DUFKHW\SHV��%HQ'RU�
	�.D]]��������

6SDWLDOL]HG� V\VWHP� G\QDPLFV� GHYHORSPHQW�
SULQFLSDOO\� LV� FRPELQLQJ� EHWZHHQ� V\VWHP�
G\QDPLFV� FRQFHSW� DQG� VSDWLDO� FRQFHSW��
+RZHYHU�� WKH� PHWKRGV� RI � FRPELQLQJ� DUH�
GLIIHUHQW�HDFK�RWKHU��'LIIHUHQW�LQ�GHSWK�IURP�
SKLORVRSK\� WR� WHFKQLFDO� WRROV�� 'LIIHUHQW� LQ�
WHUP�RI �PHWKRGV�DQG�WRROV���$YLDQWR��3XWUR��	�
+HUPDZDQ��������

$YLDQWR��3XWUR��DQG�+HUPDZDQ����'HYHORSPHQW�RI �6SDWLDO�6\VWHP�'\QDPLFV�0RGHO�IRU�)RRG�6HFXULW\�3ROLF\�LQ�,QGRQHVLD��$�*HQHULF�6XE�0RGHO�
6LPXODWLRQ
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3UHYLRXV� VSDWLDO� V\VWHP� G\QDPLFV� PHWKRGV�
JHQHUDOO\� GHVFULEH� WKH� G\QDPLF� RI � QDWXUDO�
SKHQRPHQD��VXFK�DV�FRDVWDO��ILVKHULHV��GLVHDVH��
DQG�VR�RQ�� ��5XWK�	�3LHSHU��������5LFK��������
%HQ'RU� 	�0HWFDOI�� ������ %HQ'RU� 	�.D]]��
�������7KH�QHZ�PHWKRG�SURSRVHG�E\�$YLDQWR�
HW�DO��������HPSKDVL]H�WR�GHVFULEH�WKH�GHFLVLRQ�
PDNLQJ� IRU� SROLF\� GHVLJQ� RQ� IRRG� VHFXULW\��
)RRG�VHFXULW\�LQ�,QGRQHVLD�KDV�WR�EH�SURYLGHG�
ZLWK� WKLV� PHWKRG� EHFDXVH� LW� UHTXLUHV� WKH�
H[SODQDWLRQ�RI �IRRG�DYDLODELOLW\�RYHU�WLPH�DQG�
IRRG� DYDLODELOLW\� LQ� FHUWDLQ� UHJLRQV�� �$YLDQWR��
3XWUR�� 	� +HUPDZDQ�� ������� ,Q� WKH� QHZ�
PHWKRG��IRRG�VHFXULW\�KDV�WR�EH�UHSUHVHQWHG�LQ�
HDFK�UHJLRQ�DOO�DURXQG�D�FRXQWU\��,Q�WKH�FDVH�RI �
,QGRQHVLD�� ULFH� GLVWULEXWLRQ� DQG� ULFH� WUDGLQJ�
WUDIILF�DPRQJ�SURYLQFHV�DV�VKRZQ�LQ�)LJXUH�����
�%DGDQ�3XVDW�6WDWLVWLN��������FRXOG�EH�UHIHUUHG�
DV�D�SRUWUDLW�RI �WKH�H[LVWLQJ�FRQGLWLRQ�IRU�WKH�
PRGHOLQJ�SURFHVV�
*HQHULF�6XE�0RGHO�DQG�,QWHUFRQQHFWLQJ�EHWZHHQ�6XE�
0RGHO�LQ�&DXVDO�/RRS�'LDJUDP�DV�WKH�3ULQFLSOH�RI �
6SDWLDO�6\VWHP�'\QDPLFV�IRU�)RRG�6HFXULW\

7KLV�SDSHU� HODERUDWHV� WKH� FRQFHSW�RI � VSDWLDO�
V\VWHP�G\QDPLFV��WKDW�LV�SURSRVHG�E\�$YLDQWR��
3XWUR�� 	� +HUPDZDQ�� ������ WR� WKH� IRUP� RI �
VSDWLDO�V\VWHP�G\QDPLFV�PRGHO�DQG�VLPXODWLRQ��
,Q�WKLV�SDSHU��D�UHJLRQ�UHSUHVHQWV�D�SURYLQFH��
7KH�V\VWHPLF�VWUXFWXUH�RI �ULFH�DYDLODELOLW\�LQ�D�
UHJLRQ��SURYLQFH��LV�GHILQHG�DV�D�VXE�PRGHO�RI �
IRRG�VHFXULW\�PRGHO�RI �,QGRQHVLD��7KH�VSHFLILF�
GLIIHUHQFHV� WKLV� QHZ� PHWKRG� FRPSDUH� WR�
SUHYLRXV�PHWRGV�DUH��D��WKLV�PHWKRG�GHVLJQ�IRU�
DFFRPPRGDWH�KXPDQ�GHFLVVLRQ�PRGHO��VXFK�DV�
ZH� RIWHQ� IRXQG� LQ� SROLF\�� �E�� WKLV� PHWKRGV�
DFFRPPRGDWH� IRU� SROLF\� LQ� ,QGRQHVLD�ZKLFK�
KDV�LPHQVH�DQG�KHWHURJHQRXV�UHJLRQV�

)RRG�DYDLODELOLW\�VXEV\VWHP�LQ�D�SURYLQFH�KDV�D�
VSHFLILF� FKDUDFWHULVWLF�� WKHUHIRUH�� KDYH� WR� EH�
UHSUHVHQWHG� ZLWK� D� VSHFLILF� VXE�PRGHO� DOVR��
KRZHYHU��DOO�UHJLRQ�KDYH�JHQHULF�FKDUDFWHULVWLFV�
WKDW�FRXOG�EH�UHSUHVHQWHG�ZLWK�D�JHQHULF�VXE�
PRGHO��7KH�JHQHULF�VXE�PRGHO�LV�VLPLODU�WR�D�
WHPSODWH��WKDW�FRXOG�UHSUHVHQW�WKH�FRQGLWLRQ�RI �
HDFK� UHJLRQ� LQ� ,QGRQHVLD�� LQ� D� FDXVDO� ORRS�
GLDJUDP�LV�GHVFULEHG�LQ�)LJXUH����
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5LFH�WUDGLQJ�LQWHUUHODWLRQ�DPRQJ�UHJLRQ�FRXOG�
EH� UHSUHVHQWHG� ZLWK� LQWHUFRQQHFWLRQ� DPRQJ�
VXE�PRGHO��LQ�IRUP�RI �FDXVDO�ORRS�GLDJUDP�LV�
UHSUHVHQWHG�LQ�)LJXUH����)LJXUH���GHVFULEH�DQ�
H[DPSOH�RI �LQWHUFRQQHFWLQJ�EHWZHHQ�3URYLQFH�
$�DQG�3URYLQFH�%��3URYLQFH�$�LV�DQ�H[SRUWHU�RU�
VXSSOLHU�RI �ULFH�WR�3URYLQFH�%��DQG�3URYLQFH�%�
DV� LPSRUWHU� RU� UHFHLYHU� RI � ULFH� WUDGLQJ� IURP�
3URYLQFH� $�� 3URYLQFH� $� ZLOO� VHQG� ULFH� WR�
3URYLQFH�%�EDVHG�RQ�ULFH�GHPDQG�RI �3URYLQFH�
%��DQG�WKH�DYDLODELOLW\�RI �ULFH�LQ�3URYLQFH�$��

,Q�)LJXUH����WKLV�UHODWLRQVKLS�LV�GHVFULEHG�ZLWK�
EROG�DUURZV�FRQQHFWLRQV��7KH�LQWHUFRQQHFWLQJ�
PHWKRG� FRXOG� VLPXODWH� LQWHUGHSHQGHQFH�
DPRQJ�SURYLQFHV�RU�RWKHU� UHJLRQ� VFDOHV�� QRW�
RQO\�LQ�DQ�DGMDFHQW�HDFK�RWKHU�EXW�DOVR�DPRQJ�
UHJLRQ�WKDW�LV�VHSDUDWHG�E\�VSDFH�

6LPXODWLRQ� RI � *HQHULF� 0RGHO� DQG� ,QWHUFRQQHFWLQJ�
EHWZHHQ�6XE�0RGHO�DV�WKH�3ULQFLSOH�RI �6SDWLDO�6\VWHP�
'\QDPLFV�IRU�)RRG�6HFXULW\

,Q� RUGHU� WR� VLPXODWH� WKH� G\QDPLFV� RI � IRRG�
VHFXULW\�LQ�HDFK�SURYLQFH��WKH�&/'�LQ�)LJXUH����
ZLOO�EH�WUDQVODWHG�LQWR�VWRFN�DQG�IORZ�GLDJUDP�
DV� GHVFULEHG� LQ� )LJXUH� ��� ZKLFK� FRQWDLQ�
PDWKHPDWLFDO�HTXDWLRQ��,Q�WKLV�VLPXODWLRQ�VWHS��
RQO\�SDUW�RI �UHJLRQ�FKDUDFWHULVWLF�LV�VLPXODWHG��
WKRVH�DUH�WKH�IHHGEDFN�ORRS�RI �%���%���%���%���
%�� DQG� %�� DV� VKRZQ� LQ� )LJXUH� ��� 5HPDLQ�
IHHGEDFN� ORRS� 5��� 5��� %��� GDQ� %�� ZLOO� EH�
GLVFXVVHG�LQ�WKH�QH[W�SDSHU��7KH�VRIWZDUH�WRROV�
IRU�WKLV�VLPXODWLRQ�LV�9HQVLP�3/(��8S�WR�WKLV�
WLPH�� 9HQVLP� 3/(� LV� IUHH� DQG� FRXOG� EH�
GRZQORDG�IURP��KWWS����ZZZ�YHQVLP�FRP

)RU� WKH�SXUSRVH�RI � EXLOGLQJ�RI � YDOLG�PRGHO�
VWUXFWXUH�� ZH� PDGH� WZR� GXPP\� SURYLQFHV��
QDPH�3URYLQFH�$�DV�H[SRUWHU�RU�VXSSOLHU��DQG�
3URYLQFH�%�DV�LPSRUWHU�RU�UHFHLYHU�RI �ULFH�IURP�
3URYLQFH�$��%RWK�3URYLQFH�$�DQG�%�KDYH�WKH�
VDPH� SRSXODWLRQ�� KRZHYHU� 3URYLQFH� $� KDV�
VXUSOXV�RI �ULFH��DQG�3URYLQFH�%�KDV�GHILFLW�RI �
ULFH��3URYLQFH�$�VHQGV�ULFH�WR�3URYLQFH�%��$W�
WKH�ILUVW�VWHS��WKH�PRGHO�LV�VHW�XS�WR�EHKDYH�LQ�
WKH�HTXLOLEULXP�FRQGLWLRQ��3URYLQFH�$�KDV�ULFH�
VXUSOXV�DV�PXFK�DV�GHPDQGHG�E\�3URYLQFH�%��
7KH� HTXLOLEULXP� FRQGLWLRQ� LV� WKH� UHIHUHQFH�
FRQGLWLRQ�

7KH�VWHS�RI �WKH�EXLOGLQJ�RI �JHQHULF�PRGHO�LV�
LPSRUWDQW�EHFDXVH�LW�ZLOO�KHOS�WKH�PRGHOHU�WR�
LQWHUZHDYH�WKH�VXE�PRGHO�PRUH�FOHDU�DQG�HDV\�
WR� XQGHUVWDQG�� 7KH� JHQHULF� PRGHO� FRXOG� EH�
UHSOLFDWHG�DV�PDQ\�DV�WKH�QXPEHU�RI �SURYLQFHV�
LQ�,QGRQHVLD�

)LJXUH���LV�WKH�FDXVDO�ORRS�GLDJUDP��&/'��RI �
WKH�JHQHULF�V\VWHPLF�VWUXFWXUH��5LFH�$YDLODELOLW\�
LQ�D�SURYLQFH�LV�D�UDWLR�EHWZHHQ�5LFH�6WRFN�DQG�
5LFH�'HPDQG��5LFH�'HPDQG�LV�GHWHUPLQHG�E\�
3RSXODWLRQ�� 5LFH� 6WRFN� LQFUHDVH� EHFDXVH� RI �
3URGXFWLRQ� IURP� WKH� LQWHUQDO� UHJLRQ�� DQG�
,PSRUW� IURP�RWKHU� DUHDV�� ,PSRUW�PHDQV� ULFH�
VXSSO\� IURP� RXW� RI � LWV� UHJLRQ�� GRPHVWLF� RU�
IRUHLJQ�FRXQWULHV�

5LFH� 3URGXFWLRQ� GHWHUPLQHG� E\� +DUYHVWHG�
$UHD��+DUYHVWHG�$UHD� LV�GHULYHG� IURP�3DGG\�
)LHOG�$UHD��3DGG\�)LHOG�$UHD�FRXOG�EH�LQFUHDVH�
DQG� GHFUHDVH�� 5LFH� 6WRFN� GHFUHDVH� LV�
GHWHUPLQHG�E\�&RQVXPSWLRQ��5LFH�/LIH�7LPH��
DQG� ([SRUW�� &RQVXPSWLRQ� GHSHQGV� RQ� 5LFH�
'HPDQG� DQG�5LFH�$YDLODELOLW\��&RQVXPSWLRQ�
HTXDO�WR�LWV�'HPDQG�LI �5LFH�LV�DYDLODEOH��7KHUH�
DUH���EDODQFLQJ�ORRS��%���%���%���DQG�%���/RRS�
%�� GHWHUPLQHG� E\� WKH� H[WHUQDO� IDFWRU�� RU�
H[RJHQRXV� YDULDEOHV�� WKDW� LPSDFW� RQ� SDGG\�
ILHOG�FRQYHUVLRQ�WR�RWKHUV�IXQFWLRQ��/RRS�%���
H[SODLQ�ULFH�GHFUHDVH�JHQHUDOO\��DQG�SDUWLFXODUO\�
EHFDXVH�RI �WKH�OLIH�WLPH�RI �ULFH�RU�QDWXUDO�GHFD\��
/RRS� %�� GHVFULEH� WKDW� 5LFH� &RQVXPSWLRQ�
FDXVH�5LFH�'HFUHDVH� DQG�5LFH�&RQVXPSWLRQ�
GHWHUPLQHG� E\� 5LFH� 'HPDQG� DQG� 5LFH�
$YDLODELOLW\��/RRS�%��ILJXUH�RXW�5LFH�'HFUHDVH�
EHFDXVH� RI � ([SRUW� RU� WUDQVSRUW� WR� RWKHU�
SURYLQFHV�� 7KH� ([SRUW� LWVHOI � GHWHUPLQHG� E\�
5LFH�$YDLODELOLW\�DQG�E\�'HPDQG�IURP�RWKHU�
SURYLQFHV�

5LFH�3URGXFWLRQ�WRJHWKHU�ZLWK�5LFH�3ULFH�ZLOO�
JHQHUDWH� )DUPHUV� ,QFRPH�� DQG� WKH� )DUPHU�
,QFRPH�ZLOO�EH�D�VRXUFH�RI �PRWLYDWLRQ�WR�SODQW�
DV� D� IDUPHU� UROH�� 7KLV� PRWLYDWLRQ� ZLOO� GULYH�
IDUPHUV�WR�LQFUHDVH�+DUYHVWHG�$UHD��$QG�WKHQ�
WKH� +DUYHVWHG� $UHD� ZLOO� LQFUHDVH� 5LFH�
3URGXFWLRQ��,W�ZLOO�IRUP�D�UHLQIRUFLQJ�ORRS���5�
��� 7KH� UHLQIRUFLQJ� ORRS� LQ� )LJXUH� �� ZLOO� EH�
WULJJHUHG�E\�5LFH�3ULFH�� �3HUGDQD�	�$YLDQWR��
�����
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7DEOH����
3DUDPHWHUV�RI �6LPXODWLRQ

7DEOH� �� � FRQWDLQV� SDUDPHWHUV� RI � V\VWHP�
G\QDPLFV�VLPXODWLRQ�PRGHOV�WKDW�GHVFULEHG�LQ�
)LJXUH����7KH�FROXPQ�LLL�FRQWDLQ�WKH�YDOXH�LQ�
WKH�PRGHO�LQ�WKH�FRQGLWLRQ�RI �HTXLOLEULXP�RU�
HYHU\WKLQJ�LV�VWHDG\��DQG�ZKHQ�LV�VLPXODWHG�ZLOO�
EHKDYH� OLQHDU� DQG� HTXLOLEULXP� DV� VKRZQ� LQ�
)LJXUH� ��� 7KLV� VWHS� LV� WDNHQ� EHFDXVH� RI � WKLV�
PRGHO�KDV�QRW�\HW�XVHG�UHDO�GDWD�IURP�WKH�UHDO�
ZRUOG�� 7KLV� VWHS� DOVR� KHOSV� PRGHOHU� WR�
XQGHUVWDQG� WKH� YDOLGLW\� RI � WKH� PRGHO��
,QGLFDWRUV�RI �5LFH�6WRFN�DQG�5LFH�$YDLODELOLW\�
FRXOG� EH� XVHG� DV� WKH� JHQHUDO� LQGLFDWRU� RI �
V\VWHP�EHKDYLRU�

)LJXUH���LV�D�VLPXODWLRQ�UHVXOW�ZKHQ�DOO�VXUSOXV�
SURGXFWLRQV� IURP� 3URYLQFH� $�� ZHUH� VHQW� WR�
3URYLQFH�%��DQG�DOO�ZHUH�FRQVXPHG�

7KH�FROXPQ�LY�RI �7DEOH���LV�6FHQDULR����WKDW�
DVVXPHV� WKH� SRSXODWLRQ� RI � 3URYLQFH� $� DQG�
3URYLQFH�%�DUH�JURZLQJ�ZLWK� WKH� IUDFWLRQ�RI �
JURZWK� LV� ����� SHU� \HDU�� $GMXVWPHQW� WLPH�
FKDQJH�IURP�����\HDUV�WR������\HDU��PHDQV�WKDW�
UHVSRQVH�RI �3URYLQFH�%�WR�LPSRUW�WKH�ULFH�IURP�
3URYLQFH� $� LV� PRUH� UHDFWLYH� WKDQ� EHIRUH�
FRQGLWLRQ��&KDQJLQJ�RI �PRGHO�VWUXFWXUH�IURP�
HTXLOLEULXP�WR�VFHQDULR���ZLOO�UHVXOW�IURP�WKH�
VLPXODWLRQ�DV�VKRZQ�LQ�)LJXUH���

3DUDPHWHU� 8QLW�
9DOXH�

(TXLOLEULXP� 6FHQDULR��� 6FHQDULR��� 6FHQDULR���

L� LL� LLL� LY� Y� YL�

3RSXODWLRQ�,QLWLDO�3URY�$� 3RS� ����������� ����������� ����������� �����������

3RSXODWLRQ�,QLWLDO�3URY�%� 3RS� ����������� ����������� ����������� �����������

3RS�1HW�*URZWK�)UDF�
3URY�$�

��<HDU� �� ����� ����� �����

3RS�1HW�*URZWK�)UDF�
3URY�%�

��<HDU� �� ����� ����� �����

5LFH�3URGXFWLRQ�3URY�$� 7RQ�<HDU� ���������� ���������� ���������� ����������

5LFH�3URGXFWLRQ�3URY�%� 7RQ�<HDU� �������� �������� �������� ����������

5LFH�6WRFN�3URY�$� 7RQ� �������� �������� �������� ��������

5LFH�6WRFN�3URY�%� 7RQ� �������� �������� �������� ��������

$GMXVWPHQW�7LPH� <HDU� ���� ����� ����� �����

&RYHUDJH�7LPH� <HDU� ���� ���� ���� ����

5LFH�/LIH�7LPH� <HDU� �� �� �� ��

5LFH�&RQVXPSWLRQ�SHU�
&DSLWD�

7RQ�<HDU�3RS�
������ ������ ������ ������

�

7KH�FROXPQ�LY�RI �7DEOH���LV�6FHQDULR����WKDW�
DVVXPHV� WKH� SRSXODWLRQ� RI � 3URYLQFH� $� DQG�
3URYLQFH�%�DUH�JURZLQJ�ZLWK� WKH� IUDFWLRQ�RI �
JURZWK� LV� ����� SHU� \HDU�� $GMXVWPHQW� WLPH�
FKDQJH�IURP�����\HDUV�WR������\HDU��PHDQV�WKDW�
UHVSRQVH�RI �3URYLQFH�%�WR�LPSRUW�WKH�ULFH�IURP�
3URYLQFH� $� LV� PRUH� UHDFWLYH� WKDQ� EHIRUH�
FRQGLWLRQ��&KDQJLQJ�RI �PRGHO�VWUXFWXUH�IURP�
HTXLOLEULXP�WR�VFHQDULR���ZLOO�UHVXOW�IURP�WKH�
VLPXODWLRQ�DV�VKRZQ�LQ�)LJXUH���

&ROXPQ� Y� RI � VFHQDULR� �� FRQWDLQ� YDOXHV� WKDW�
VFHQDULR� �� FRQGLWLRQ� SOXV� FKDQJH� RQ� ULFH�
SURGXFWLRQ� DW� 3URYLQFH� $� DV� H[SRUWHU� RU�
VXSSOLHU�SURYLQFH��IURP�����������WRQ�SHU�\HDU�
WR� ���������� WRQ�\HDU�� 7KLV� FRQGLWLRQ� ZLOO�
UHVXOWV�EHKDYLRU�DV�VKRZQ�LQ�)LJXUH���

&ROXPQ�YL�RI � VFHQDULR���FRQWDLQ�YDOXHV� WKDW�
VLPLODU�ZLWK� 6FHQDULR� ��� KRZHYHU�� FKDQJH�RQ�
ULFH�SURGXFWLRQ�RI �3URYLQFH�%�DV�WKH�LPSRUWHU�
RI �ULFH�IURP�3URYLQFH�$��IURP�������WRQ�SHU�
\HDU�WR�����������WRQ�SHU�\HDU��7KLV�FRQGLWLRQ�
DVVXPHV�WKDW�ULFH�SURGXFWLRQ�RI �3URYLQFH�%�LV�
VXIILFLHQW�DQG�GRHV�QRW�QHHG�LPSRUW�DQ\�PRUH���
7KLV� VWUXFWXUH� ZLOO� UHVXOW� LQ� D� VLPXODWLRQ� DV�
GHVFULEHG�LQ�)LJXUH���
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)LJXUH����6FHQDULR�UHVXOWLQJ�HTXLOLEULXP�FRQGLWLRQ��SDUDPHWHU�LQ�FROXPQ���RI �7DEOH��

)LJXUH����6FHQDULR����SDUDPHWHU�LQ�FROXPQ���RI �7DEOH��
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)LJXUH����6FHQDULR����SDUDPHWHU�LQ�FROXPQ���RI �7DEOH��

)LJXUH����6FHQDULR����SDUDPHWHU�LQ�FROXPQ���RI �7DEOH��



5HVXOW�DQG�'LVFXVVLRQ

7KH�DGYDQWDJH�RI �V\VWHP�G\QDPLFV�FRPSDUH�WR�
RWKHU� PHWKRGRORJLHV�� DQG� WKH� UHDVRQV� ZK\�
V\VWHP� G\QDPLFV� KDYH� WR� FRPELQH� ZLWK� WKH�
VSDWLDO� FRQFHSW� LV� GHVFULEHG� LQ� WKH� SUHYLRXV�
SDSHU� �$YLDQWR�� 3XWUR�� 	� +HUPDZDQ�� �������
7KLV� SDSHU� GLVFXVVHV� GHYHORSLQJ� RI � JHQHULF�
VWUXFWXUH�RI �VXE�PRGHO�WKDW�LV�D�EXLOGLQJ�EORFN�
RI � WKH� FRPSOHWH� PRGHO� RI � IRRG� VHFXULW\� LQ�
,QGRQHVLD�� 7KH� VXE�PRGHO� UHSUHVHQWV� D�
SURYLQFH��7KLV�SDSHU�DOVR�GLVFXVVHV�FRQQHFWLQJ�
PHWKRG�IURP�RQH�VXEPRGHO� WR�DQRWKHU��7KH�
FRQQHFWLQJ�DPRQJ�VXE�PRGHO�UHSUHVHQW�WUDIILF�
RI �IRRG�DQG�WKH�GHPDQG�IURP�RQH�SURYLQFH�WR�
DQRWKHU��

,Q� WKH� H[DPSOH�� DERYH�� RQO\� WZR� GXPP\�
SURYLQFH�DQG�RQH�IRRG�WUDIILF�PRGHO��DQG�RQH�
IRRG�GHPDQG�WUDIILF�PRGHO��2QO\�RQH�GLUHFWLRQ�
IRRG�WUDIILF��+RZHYHU��LQ�WKH�FRPSOHWH�PRGHO��D�
VXE�PRGHO�FRXOG�EH�FRQQHFWHG�WR�WZR�RU�PRUH�
RWKHUV�VXE�PRGHO��GHVFULEH�WKDW�RQH�SURYLQFH�
FRXOG� LQWHUDFW� ZLWK� WZR� RU� PRUH� RWKHUV�
SURYLQFH� LQ� WKH� UHDO�ZRUOG�� ,QWHJUDWLRQ�RI �DOO�
VXE� PRGHO� WR� D� FRPSOHWHG� PRGHO� FRXOG�
JHQHUDWH�HPHUJHQFH�SURSHUWLHV�

5HDVRQV�ZK\�KDYH�WR�GHYHORS�JHQHULF�VWUXFWXUH��
)RRG�DYDLODELOLW\�LV�RQH�RI �WKH�IDFWRUV�RI �IRRG�
VHFXULW\�� 0HDVXULQJ� RI � IRRG� DYDLODELOLW\� LQ�
,QGRQHVLD�� LQ� WKLV� PHWKRG�� PHDQV� WKDW� IRRG�
DYDLODELOLW\� LQ�DOO�SURYLQFH�PXVW�EH�PHDVXUHG��
DQG�FRXOG�EH�FRPSDUHG�IURP�RQH�SURYLQFH�WR�
DQRWKHU� SURYLQFH�� )RRG� DYDLODELOLW\� PD\� EH�
YDULRXV� IURP� RQH� SURYLQFH� WR� DQRWKHU�
SURYLQFH��,GHQWLILFDWLRQ�RI �IDFWRUV�WKDW�H[LVW�LQ�
D O O � S U R Y L Q F H � � D Q G � L G H Q W L I L F D W L R Q�
LQWHUUHODWLRQVKLS�DPRQJ�WKRVH�IDFWRUV��PHDQV�
GHYHORSLQJ� D� JHQHULF� VWUXFWXUH� PRGHO�� $�
JHQHULF�VWUXFWXUH�KDV�WR�UHSUHVHQW�D�SURYLQFH��$�
JHQHULF�VWUXFWXUH�PRGHO�LV�D�VXE�PRGHO�RI �WKH�
FRPSUHKHQVLYH�PRGHO��VLPLODU�ZLWK�D�SURYLQFH�
DV� VXE� V\VWHP� RI � ,QGRQHVLD�� 7KH� JHQHULF�
VWUXFWXUH�LV�ILJXUHG�RXW�LQ�IRUP�RI �FDXVDO�ORRS�
GLDJUDP�LQ�)LJXUH���DQG�WKHQ�HODERUDWH�LQ�IRUP�
RI � VLPXODWLRQ�PRGHO� LQ�)LJXUH���7KH� IDFWRUV�
DQG� LWV� LQWHUFRQQHFWLRQ� WKDW� IRUP� JHQHULF�
VWUXFWXUH�LV�WKH�ILUVW�ILQGLQJ�RI �WKLV�SDSHU��

,QWHUUHODWLRQ� DPRQJ� SURYLQFH� LV� UHSUHVHQWHG�
ZLWK�ULFH� WUDIILFV�DQG�GHPDQG�WUDIILFV�� ,Q� WKH�
JHQHULF� VWUXFWXUH��)LJXUH���DQG�)LJXUH���� WKH�
WUDIILFV�LV�UHSUHVHQWHG�ZLWK�IDFWRUV�RI �,PSRUW�
'HPDQG��,PSRUW�IURP�RWKHU�DUHDV��DQG�([SRUW�
WR�RWKHU�DUHDV��'HPDQG�LQ�RQH�SURYLQFH�FRXOG�
FUHDWH�H[SRUW�DQG�LPSRUW�WUDIILFV�ZLWK�RWKHUV�
SURYLQFH��7KRVH�WUDIILF�RI �ULFH�ZRXOG�FKDQJH�
WKH�VWDWH�RI �IRRG�VHFXULW\� LQ�WKH� OHYHO�RI �WKH�
S U R Y L Q F H � � 7 K H � L Q W H U U H O D W L R Q � D Q G�
LQWHUFRQQHFWLRQ� EHWZHHQ� WZR� SURYLQFHV� DV�
H [S O D L Q � DERYH � � H [SHF W HG � W R � E H � W K H�
LPSURYHPHQW� RI � VSDWLDO� V\VWHP� G\QDPLFV�
PHWKRGV��7KLV�PHWKRG�DFFRPPRGDWHV�KXPDQ�
GHFLVLRQ� WR� GHWHUPLQH� ULFH� IORZ� IURP� RQH�
SURYLQFH� WR�RWKHU�SURYLQFHV��7KLV�PHWKRG� LV�
WKH�VHFRQG�ILQGLQJ�LQ�WKLV�SDSHU�

)RRG� VHFXULW\� SROLF\� PRGHO� WKDW� FRXOG� EH�
GHYHORSHG�� 6\VWHP� G\QDPLFV� DVVXPH� WKDW�
VWUXFWXUH�JHQHUDWHV�EHKDYLRU�RYHU�WLPH��(DFK�
RI �VXE�PRGHO�VWUXFWXUH�UHSUHVHQWV�D�SURYLQFH��
LQ� WKLV� GLVFXVVLRQ�� WKHUHIRUH� WKH� EHKDYLRU�
VLPXODWLRQ�FRXOG�EH�GLVSOD\HG�WRJHWKHU�ZLWK�D�
PDS�WKDW�GLVSOD\V�SHU�SURYLQFH��,W�FRXOG�KHOS�
SROLF\� PDNHU� WR� XQGHUVWDQG� V\VWHPLFDOO\� WKH�
G\QDPLFV�RI �IRRG�VHFXULW\�FRQGLWLRQ�DQG�VSDFH�
ZKHUH�WKH�G\QDPLFV�DUH�WDNLQJ�SODFH��)LJXUH���LV�
DQ�H[DPSOH�RI �GLVSOD\�DQG�FRXOG�EH�GHYHORSHG�
DQG� FRPELQH� ZLWK� *,6� DQG� RWKHU� WRROV��
%HFDXVH�RI �WKH�3URYLQFH�$�DQG�3URYLQFH�%�LV�
RQO\� DQ� H[DPSOH�� )LJXUH� �� FRXOG� QRW� FOHDUO\�
SRLQW�RXW�ZKLFK�SURYLQFH�LV�GHVFULELQJ�ZLWK�WKH�
3URYLQFH�$�DQG�3URYLQFH�%��+RZHYHU��LW�LV�DQ�
H[DPSOH�WKDW�FRXOG�EH�H[SHFWHG�FRXOG�H[SODLQ�
WKH� G\QDPLF� RI � D� SURYLQFH�� DQG� ZKHUH� WKH�
SRVLWLRQ�RI �WKH�SURYLQFH�LV�

6LPXODWLRQ� RI � EHKDYLRU� RYHU� WLPH� LQ� DOO�
SURYLQFH� LQ� ,QGRQHVLD� FRXOG� EH� OLQNHG� ZLWK�
VSDWLDO�GLVSOD\�RU�PDS�RI �,QGRQHVLD��7KLV�OLQN�
UHSUHVHQWV� WKDW� WKH�G\QDPLFV�RYHU� WLPH�KDYH�
RZQ�DGGUHVV�LQ�,QGRQHVLD���3ROLF\�LQWHUYHQWLRQ�
WR�D�FHUWDLQ�RI �WLPH�DQG�VSDFH�FRXOG�UHVXOW�LQ�
RQH�RU�PRUH�HIIHFWV�LQ�RWKHU�WLPH�DQG�VSDFH��
7KLV� PHWKRG� FRXOG� EH� H[SHFWHG� WR� VXSSRUW�
GHFLVLRQ� PDNHU� WR� PDNH� PRUH� DSSURSULDWH�
GHFLVLRQV�

$YLDQWR��3XWUR��DQG�+HUPDZDQ����'HYHORSPHQW�RI �6SDWLDO�6\VWHP�'\QDPLFV�0RGHO�IRU�)RRG�6HFXULW\�3ROLF\�LQ�,QGRQHVLD��$�*HQHULF�6XE�0RGHO�
6LPXODWLRQ
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)RRG� VHFXULW\�G\QDPLFV�RYHU� WLPH�DQG� VSDFH�
FRXOG�EH�VLPXODWHG�LQ�VSDWLDO�V\VWHP�G\QDPLFV��
DQG� WKLV� SDSHU� GLVFXVVHV� VSDWLDO� V\VWHP�
G\QDPLFV�VLPXODWLRQ�RQ�IRRG�VHFXULW\�SROLF\�LQ�
,QGRQHVLD��+RZHYHU��VSDWLDO�V\VWHP�G\QDPLFV�
LQ�WKLV�SDSHU�LV�GHYHORSHG�IRU�GHFLVLRQ�PDNLQJ�
DQG� SROLF\� GHVLJQ�� 7KH� GLIIHUHQFHV� IURP�
SUHYLRXV�PHWKRGV�DUH�WKDW�WKLV�PHWKRG�FRXOG�
GHVFULEH� FDXVH� DQG� HIIHFW� UHODWLRQ� DPRQJ�
UHJLRQV��ERWK�EHWZHHQ�WKH�UHJLRQ�DGMDFHQW�HDFK�
RWKHU�DQG�EHWZHHQ�WKH�UHJLRQ�WKDW�LV�VHSDUDWHG�
LQ� VSDFH��7KH�PRGHO� RI � IRRG� VHFXULW\�SROLF\�
WKDW�FRXOG�EH�GHYHORSHG�LV�WKH�WKLUG�ILQGLQJ�RI �
WKLV�SDSHU�
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)LJXUH����&RQGLWLRQ�RI �3URYLQFH�$�DQG�3URYLQFH�%�LQ�D�'LVSOD\�RI �0DS�IRU�FRPSDULVRQ��DQ�H[DPSOH

5HFRPPHQGDWLRQ
7KHUH�DUH�PDQ\�DVSHFWV�VKRXOG�EH�GLVFXVVHG��
KRZHYHU��WKLV�SDSHU�FRXOG�QRW�\HW�FRPSULVH�DOO�
RI � WKH� DVSHFWV�� 7KHUHIRUH� ZH� SURSRVH� VRPH�
UHFRPPHQGDWLRQ�IRU�QH[W�UHVHDUFK�DUH�
&RPSOHWLQJ�VLPXODWLRQ�RI �WKH�JHQHULF�PRGHO��
:H�UHFRPPHQG�GHYHORSLQJ�D�VLPXODWLRQ�PRGHO�
IRU�IHHGEDFN�ORRS���5���DV�VHHQ�RQ�FDXVDO�ORRS�
GLDJUDP�LQ�)LJXUH����7KH�ORRS�5�LV�WKH�IDUPHU�
GHFLVLRQ�WR�SODQW�RU�QRW�WR�SODQW�GHSHQGLQJ�RQ�
WKH� SULFH� RI � ULFH�� DQG� SURGXFWLRQ�� 7KH�
PRWLYDWLRQ� RI � IDUPHU� WR� SODQW� KDV� QRW� \HW�
LQFOXGHG�LQ�WKH�VLPXODWLRQ�PRGHO��



$IWHU�UHFRPPHQGDWLRQ�SRLQW����JHQHULF�PRGHO�
KDV�EHHQ�FRPSOHWHG� IRU� WKH�DSSOLFDWLRQ��7KH�
QH[W� FRPSOHWLRQ� LV� WKH�GHYHORSPHQW�RI � VXE�
PRG H O V � I R U � � � � S U R Y L Q F H V � D Q G � W K H�
LQWHUFRQQHFWLQJ� DPRQJ� SURYLQFHV�� 7KLV�
FRPSOHWHG� VLPXODWLRQ� FRXOG� GHVFULEH� IRRG�
VHFXULW\�LQ�,QGRQHVLD�

7KH�QH[W�LPSURYHPHQW�LV�WKH�GHYHORSPHQW�RI �
PHWKRGV� RI � FRPELQLQJ� *,6� DQG� V\VWHP�
G\QDPLFV� VRIWZDUH� WRROV�� 7KLV� VWHS� RI �
LPSURYHPHQW� ZLOO� LQFOXGH� PRUH� VRIWZDUH�
GHYHORSPHQW� FRQWHQW� DQG� GDWDEDVH� WKDQ�
V\VWHP�G\QDPLFV�LWVHOI�

&RQFOXVLRQ

)URP� WKH� H[SODQDWLRQ� DERYH�� ZH� PDGH� WKH�
FRQFOXVLRQ�DV�IROORZV��)RRG�VHFXULW\�SROLF\�LQ�
,QGRQHVLD�QHHG�D�PHWKRG�WKDW�FRXOG�GHVFULEH�
WKH�FDXVH�RI �WKH�SUREOHP��WKHUHIRUH�WKH�SROLF\�
FRXOG�EH�LQWHUYHQHG�RQ�WKH�ULJKW�SURYLQFH�DQG�
DW� WKH� ULJKW� WLPH�� � )DFWRUV� DQG� LQWHUUHODWLRQ�
DPRQJ� WKRVH� IDFWRUV� WKDW� FDXVH�SUREOHPV�RI �
IRRG�VHFXULW\�SROLF\�DUH�GHVFULEHG�LQ�IRUP�RI �
FDXVDO� ORRS� GLDJUDP� DV� VKRZQ� LQ� )LJ����� DQG�
WKHQ�QDPHG�DV�JHQHULF�VWUXFWXUH��7KH�JHQHULF�
VWUXFWXUH�WKHQ�ZLOO�EH�WKH�EXLOGLQJ�EORFN�RI �WKH�
FRPSUHKHQVLYH�PRGHO�� 7KH� JHQHULF�PRGHO� LV�
WKH� ILUVW� ILQGLQJ� RI � WKLV� SDSHU�� 7KH� JHQHULF�
PRGHO�FRXOG�GHVFULEH�GLIIHUHQWLDWLRQ�RI �IRRG�
VHFXULW\�DPRQJ�SURYLQFH�

7KLV�SDSHU�RIIHUV�WKH�QHZ�PHWKRG�RI �VSDWLDO�
V\VWHP�G\QDPLFV��7KLV�PHWKRG�LV�GHVLJQHG�WR�
GHVFULEH�DQG�VLPXODWH�IRRG�EHKDYLRU�RYHU�WLPH�
DQG�VSDFH��EDVHG�RQ�WKH�KXPDQ�GHFLVLRQ�DQG�
QDWXUDO�ODZ��7KH�PHWKRG�LV�WKH�VHFRQG�ILQGLQJ�
RI �WKLV�SDSHU��7KHVH�ILQGLQJV�DOORZ�XV�WR�PDNH�D�
SROLF\� RI � IRRG� GLVWULEXWLRQ� ZKHQ� WKH� IRRG�
VLWXDWLRQ� LV� FKDQJLQJ� G\QDPLFDOO\�� $Q�
LQWHUZHDYLQJ� RI � WKH� JHQHULF� VWUXFWXUHV� WKDW�
UHSUHVHQW� LQWHUUHODWLRQ� DPRQJ� SURYLQFH� LQ�
,QGRQHVLD�� ZLOO� IRUP� WKH� FRPSUHKHQVLYH�
PRGHO�� DQG� SUHVHQW� WKH� VLPXODWLRQ� RI � IRRG�
VHFXULW\�G\QDPLF�LQ�HDFK�UHJLRQ��6SDWLDO�V\VWHP�
G\QDPLFV�RQ�IRRG�VHFXULW\�LQ�,QGRQHVLD�FRXOG�
EH�XVHG�DV�WRROV�IRU�QDWLRQDO�SROLF\��

$QG� ZH� H[SHFWHG� WKDW� WKLV� VSDWLDO� V\VWHP�
G\QDPLFV� PRGHOLQJ� FRXOG� KHOS� PLQLVWU\� RI �
DJUFXOWXUH�� QDWLRQDO� SODQQLQJ� ERG\�� IRRG�
VFXULW\�FRXQFLO��HWF��,W�FDQ�KHOS�SROLF\�PDNHU�WR�
XQGHUVWDQG� WKH� IRRG� VHFXULW\� DV� ZKROH� DQG�
GHWDLO� DW� RQFH�� 7KLV� PRGHO� WKDW� FRXOG� EH�
GHYHORSHG�LV�WKH�WKLUG�ILQGLQJ�RI �WKLV�SDSHU�

5HIHUHQFHV

$QGHUVRQ�� 9��� 	� -RKQVRQ�� /�� �������� 6\VWHPV�
WKLQNLQJ�EDVLFV�� IURP� FRQFHSW� WR� FDXVDO� ORRSV��
0 D V V D F K X V H W W V � � 3 H J D V X V�
&RPPXQLFDWLRQ�

$YLDQWR��7��:���3XWUR��8��6���	�+HUPDZDQ��3��
�������� 6\VWHP� G\QDPLFV� DSSURDFK� WR�
VXVWDLQDEOH� IRRG� VHFXULW\� SROLF\��$FWXDO�
3UREOHPV�RI �(FRQRPLFV������������

%DGDQ� 3XVDW� 6WDWLVWLN�� �������� 'LVWULEXVL�
SHUGDJDQJDQ�NRPRGLWDV�EHUDV�,QGRQHVLD�������
-DNDUWD��%DGDQ�3XVDW�6WDWLVWLN�

%HQ'RU��.��7���	�.D]]��1����������$�WKHRU\�RI �
VSDWLDO� V\VWHP� DUFKHW\SHV�� 6\VWHP�
'\QDPLFV�5HYLHZ��������������������

%HQ'RU��7��.���	�0HWFDOI�� 6�� 6�� ��������7KH�
VSDWLDO� V\VWHP� G\QDPLFV� RI � LQYDVLYH�
VSHFLHV��6\VWHP�'\QDPLFV�5HYLHZ������������
�����

,ULDQWR�� *�� ��������0HQXMX� LQGRQHVLD� EHUGDXODW�
SDQJDQ�� -DNDUWD�� 37�� *UDPHGLD� 3XVWDND�
8WDPD�

/\QHLV��-��0����������&RUSRUDWH�SODQQLQJ�DQG�SROLF\�
GHVLJQ�� D� V\VWHP� G\QDPLFV� DSSURDFK��
0DVVDFKXVHWWV�� 7KH� 0DVVDFKXVHWWV�
,QVWLWXWH�RI �7HFKQRORJ\�

3HUGDQD�� 7��� 	� $YLDQWR�� 7�� :�� �������� 3ROLF\�
DQDO\VLV�RQ�GHYHORSPHQW�RI �ULFH�LQGXVWU\�VXSSO\�
FKDLQ� XVLQJ� V\VWHP� G\QDPLFV�� %DQGXQJ��
/DERUDWRULXP� 0DQDMHPHQ� $JULELVQLV�
)DNXOWDV� 3HU WDQLDQ� �� 8QLYHUVLWDV�
3DGMDGMDUDQ�

5HSXEOLN�,QGRQHVLD�� ��������8QGDQJ�8QGDQJ�
5HSXEOLN�,QGRQHVLD��1RPRU�����7DKXQ�
���� � � W HQ WDQJ � 3DQJ DQ � � -DNDU WD ��
6HNUHWDULDW�1HJDUD�

5LFK��.��0�� ��������$Q� LQWHUUHJLRQDO� V\VWHP�
G\QDPLFV� PRGHO� RI � DQLPDO� GLVHDVH�
FRQWURO��DSSOLFDWLRQV�WR�IRRW�DQG�PRXWK�
GLVHDVH�LQ�WKH�6RXWKHUQ�&RQH�RI �6RXWK�
$PHULFD��6\VWHP�'\QDPLFV� 5HYLHZ���������
�������

$YLDQWR��3XWUR��DQG�+HUPDZDQ����'HYHORSPHQW�RI �6SDWLDO�6\VWHP�'\QDPLFV�0RGHO�IRU�)RRG�6HFXULW\�3ROLF\�LQ�,QGRQHVLD��$�*HQHULF�6XE�0RGHO�
6LPXODWLRQ

-XUQDO
0DQDMHPHQ�7HNQRORJL
9RO����_�1R����_�����

���



5XWK��0����������$�V\VWHP�G\QDPLFV�DSSURDFK�
WR� PRGHOLQJ� ILVKHULHV� PDQDJHPHQW�
LVVXHV�LPSOLFDWLRQV�IRU�VSDWLDO�G\QDPLFV�
DQG� UHVROXWLRQ�� 6\VWHP� '\QDPLFV� 5HYLHZ��
�����������������

5XWK��0���	�3LHSHU��)����������0RGHOLQJ�VSDWLDO�
G\QDPLFV� RI � VHD�OHYHO� ULVH� LQ� D� FRDVWDO�
DUHD��6\VWHP�'\QDPLFV�5HYLHZ���������������
����

6DHHG��.����������0LQGV�RYHU�PHWKRGV��6\VWHP�
'\QDPLFV�5HYLHZ������������������

6DHHG��.����������'HYHORSPHQW�3ODQQLQJ�DQG�3ROLF\�
'HVLJQ�� D� V\VWHP� G\QDPLFV� DSSURDFK��
9HUPRQW��$YHEXU\�

6WHUPDQ��-��'����������%XVLQHVV�G\QDPLFV��V\VWHPV�
WKLQNLQJ�DQG�G\QDPLFV�PRGHOLQJ�IRU�D�FRPSOH[�
ZRUOG��1HZ�<RUN��,UZLQ���0F*UDZ�+LOO�

6XU\DQD�� $�� ������� 'HFHPEHU��� 7RZDUG�
VXVWDLQDEOH� LQGRQHVLDQ� IRRG� VHFXULW\� ������
FKDOOHQJHV� DQG� LWV� U HVSRQVHV�� )RUXP�
3HQHOLWLDQ�$JUR�(NRQRPL������������

6XU\DQD��$���5DFKPDQ��%���	�+DUWRQR��0��'��
��������'\QDPLFV�RI �ULFH�SULFH�SROLF\�LQ�
VXSSRUW� RI � QDWLRQ� IRRG� VHFXULW\��
3HQJHPEDQJDQ�,QRYDVL�3HUWDQLDQ��������������
����
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