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2EMHFWLYHV

7KH�DLP�RI�WKH�VWXG\�LV�WR�SURYLGH�H[SHULPHQWDO�DQG�WKHRUHWLFDO�JURXQGV�IRU�EHWWHU�XQGHUVWDQGLQJ�IODPH�MHW�LJQLWLRQ�RI

IXHO�DLU�PL[WXUHV�� VWXGLHG�HOVHZKHUH� >���@��6HYHUDO�H[SHULPHQWDO� IDFLOLWLHV� DUH� HPSOR\HG� �VPDOO���PLGGOH�� DQG� ODUJH

VFDOH��WR�UHYHDO�WKH�HIIHFW�RI�VFDOH�RQ�WKH�SKHQRPHQRQ��9DULRXV�PHDVXULQJ�WHFKQLTXHV�DUH�XVHG��KLJK�VSHHG�6FKOLHUHQ

FLQHPDWRJUDSK\� DQG� VHOI�HPLVVLRQ� GHWHFWLRQ�� SUHVVXUH� KLVWRULHV�� /'9�� LRQL]DWLRQ� SUREHV�� /,)� RI� 2+� UDGLFDOV�� IRU

REWDLQLQJ� D� VFRSH� RI� GDWD� RQ� SK\VLFDO� DQG� FKHPLFDO� YDULDEOHV� LQYROYHG�� $� KLHUDUFK\� RI� WKHRUHWLFDO� PRGHOV� LV

GHYHORSHG� �IURP� VLPSOH� ]HUR�GLPHQVLRQDO� WR� PXOWL�GLPHQVLRQDO�� DQG� DSSOLHG� IRU� JHWWLQJ� EHWWHU� LQVLJKW� LQWR� WKH

SURFHVVHV�

([SHULPHQWDO

$OO� H[SHULPHQWDO� IDFLOLWLHV� FRQVLVW� RI� WZR� FKDPEHUV� VHSDUDWHG� E\� D� SDUWLWLRQ� ZLWK� D� VLQJOH� FLUFXODU� RULILFH� RI

GLDPHWHU�G�� 7RWDO� YROXPHV� RI� WKH� IDFLOLWLHV� DUH� ������ −⋅ �� ������� −⋅ �� DQG� �����P��� +\GURJHQ��� PHWKDQH��� DQG

SURSDQH�DLU� PL[WXUHV� DUH� LQYHVWLJDWHG�� )XHO�DLU� PL[WXUH� LQ� WKH� ILUVW� FKDPEHU� LV� LJQLWHG� E\� D� VSDUN� SOXJ�� ,JQLWLRQ�

LQGXFHG� IODPH� SURSDJDWHV� LQ� WKH� ILUVW� FKDPEHU� DQG�� GXH� WR� SUHVVXUH� UDLVH�� D� MHW� RI� IUHVK� PL[WXUH� IROORZHG� E\

FRPEXVWLRQ� SURGXFWV� HPHUJHV� WKURXJK� WKH� RULILFH� LQWR� WKH� VHFRQG� FKDPEHU�� 'HSHQGLQJ� RQ� WKH� H[SHULPHQWDO

FRQGLWLRQV�DQG�WKH�RULILFH�GLDPHWHU��WKH�PL[WXUH�LQ�WKH�VHFRQG�FKDPEHU�LV�HLWKHU�LJQLWHG�RU�QRW��,JQLWLRQ�FDQ�RFFXU�GXH

WR� WUDQVPLVVLRQ� RI� WXUEXOHQW� IODPH� WKURXJK� WKH� RULILFH� �DW� UHODWLYHO\� ODUJH�G��� RU� GXH� WR� FRPEXVWLRQ� UHYLYDO� DIWHU� D

FHUWDLQ� WLPH�GHOD\�EHWZHHQ�IODPH�TXHQFKLQJ� LQ� WKH�RULILFH�DQG�IODPH� UH�LJQLWLRQ� LQ� WKH� WXUEXOHQW� MHW�RI�FRPEXVWLRQ

SURGXFWV�

)LJXUH���VKRZV�WKH�GHSHQGHQFH�RI�WKH�IODPH�UH�LJQLWLRQ�GHOD\�RQ�WKH�RULILFH�GLDPHWHU��DV�ZHOO�DV�WKH�SUHVVXUH

GLIIHUHQFH�EHWZHHQ�WKH�FKDPEHUV��PHDVXUHG�LQ�D�VPDOO�VFDOH�IDFLOLW\�>�@�E\�LRQL]DWLRQ�FXUUHQW�DQG�SUHVVXUH�GHWHFWLRQ

WHFKQLTXHV��7KH�IDFLOLW\�FRQVLVWHG�RI�D�F\OLQGULFDO�PDLQ�FKDPEHU������PP�LQ�GLDPHWHU�����PP�LQ�KHLJKW���DQG�D�SUH�

FKDPEHU����FP��LQ�YROXPH��ILOOHG��E\��SURSDQH±DLU�PL[WXUH��)XHO�DLU��)�$��UDWLR�LQ�WKH�SUH�FKDPEHU�LV������DQG�LQ�WKH



)LJXUH��

�PDLQ� FKDPEHU� ������ ,QLWLDO� SUHVVXUH� ����N3D�� WHPSHUDWXUH� ����.�� ,W� LV� IRXQG�� WKDW� WKHUH� H[LVWV� D� FULWLFDO� RULILFH

GLDPHWHU�VXFK�WKDW�LJQLWLRQ�LQ�WKH�PDLQ�FKDPEHU�IDLOV�WR�RFFXU��7KH�FULWLFDO�GLDPHWHU�GHSHQGV�RQ�PL[WXUH�FRPSRVLWLRQ

LQ�WKH�PDLQ�FKDPEHU��)�$�UDWLR�UDQJHG�IURP�����WR�������LQLWLDO�SUHVVXUH��IURP�����WR�����EDU���DQG�1��2��UDWLR��IURP��

WR� ���� )DQ�LQGXFHG� WXUEXOHQFH� LQ� WKH� PDLQ� FKDPEHU� DOVR� FRQWULEXWHV� WR� WKH� MHW�IODPH� LJQLWLRQ�� ZKHQ� WXUEXOHQFH

LQWHQVLW\�H[FHHGV�D�FHUWDLQ�WKUHVKROG�OHYHO��LJQLWLRQ�FHDVHV��RWKHU�FRQGLWLRQV�EHLQJ�HTXDO�

0LGGOH�VFDOH�WHVW�IDFLOLW\�FRQVLVWV�RI�WZR��FKDPEHUV���[���PP�DQG����[���PP��UHVSHFWLYHO\��$�ODUJH�VFDOH

IDFLOLW\� LV�D�F\OLQGULFDO� WXEH�������P�LQ�GLDPHWHU��GLYLGHG�E\�D�SDUWLWLRQ� LQWR� WZR�SDUWV� ������P�DQG������P� ORQJ��

)LJXUH���VKRZV�6FKOLHUHQ�SLFWXUHV�RI�IODPH�UH�LJQLWLRQ�LQ�WKH�VHFRQG�FKDPEHU�RI�WKH�ODUJH�VFDOH�IDFLOLW\��LQLWLDOO\�ILOOHG

ZLWK�����K\GURJHQ�DLU�PL[WXUH�DW�SUHVVXUH���EDU��DQG�WHPSHUDWXUH�����.��WLPH�EHWZHHQ�IUDPHV������PV���&OHDUO\�

IODPH� UH�LJQLWHV� DW� D� FHUWDLQ� GLVWDQFH� IURP� WKH� RULILFH� DQG� SURSDJDWHV� EDFN� WR� WKH� SDUWLWLRQ�� )ODPH� SURSDJDWLRQ

YHORFLW\� LQ� WKH� VHFRQG� FKDPEHU� LV� FRQVLGHUDEO\� KLJKHU� WKDQ� LQ� WKH� ILUVW� FKDPEHU�� ZKLFK� LV� REYLRXVO\� FDXVHG� E\

HQKDQFHG�WXUEXOHQFH�LQWHQVLW\�LQ�WKH�IRUPHU��7KH�IODPH�UH�LJQLWLRQ�GHOD\V�DUH�IRXQG�WR�EH�VWURQJO\�GHSHQGHQW�RI�WKH

RULILFH� GLDPHWHU�� LUUHVSHFWLYH� RI� WKH� WHVW� VFDOH�� 0DQ\� RWKHU� SHFXOLDULWLHV� RI� WKH� SKHQRPHQRQ� XQGHU� YDULDWLRQ� RI

PL[WXUH�FRPSRVLWLRQ�DQG�RULILFH�GLDPHWHU�ZHUH�REVHUYHG�

0RGHOLQJ

-HW�LJQLWLRQ�LV�D�VRSKLVWLFDWHG�SKHQRPHQRQ�ZLWK�LQWHUSOD\�RI�FKHPLFDO�NLQHWLFV��JDV�G\QDPLFV�DQG�PDVV��PRPHQWXP�

DQG�HQHUJ\�WUDQVIHU�SURFHVVHV��0DWKHPDWLFDO�PRGHOV�RI�GLIIHUHQW�FRPSOH[LW\�PD\�EH�GHYHORSHG�ZKLFK�DUH�FDSDEOH�RI

UHSUHVHQWLQJ�WKH�SKHQRPHQRQ�WR�D�FHUWDLQ�OHYHO�RI�NQRZOHGJH��$�VHW�RI�PRGHOV�RI�MHW�LJQLWLRQ�LV�GHYHORSHG��QDPHO\

����D� WKHUPDO�H[SORVLRQ�PRGHO�EDVHG�RQ� LQGXFWLRQ� WLPH�DSSUR[LPDWLRQ�� ����D�GHWDLOHG�NLQHWLF� VFKHPH� IRU�FKHPLFDO

SURFHVVHV� LQ� D� MHW�PL[LQJ� ]RQH�� ���� D� JDV�G\QDPLF� PRGHO� IRU� QRQ�UHDFWLYH� MHW� IORZV�� DQG� ���� IXOO�VFDOH� PRGHO� RI

WXUEXOHQW�IODPH�LJQLWLRQ��SURSDJDWLRQ��TXHQFKLQJ��DQG�UH�LJQLWLRQ�LQ�FRQQHFWHG�FKDPEHUV��EDVHG�RQ�HLWKHU�UHGXFHG�RU

GHWDLOHG�IXHO�R[LGDWLRQ�FKHPLVWU\�
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7KH�XVH�RI�D�VLPSOH�WKHUPDO�H[SORVLRQ�WKHRU\�DOORZV�WR�TXDOLWDWLYHO\�H[SODLQ�WKH�VWURQJ�GHSHQGHQFH�RI�WKH

IODPH� UH�LJQLWLRQ� GHOD\� RQ� WKH� RULILFH� GLDPHWHU�� REVHUYHG� LQ� WHVW� IDFLOLWLHV� RI� GLIIHUHQW� VFDOHV� �VHH� )LJ����� 7KH

IROORZLQJ�FRUUHODWLRQ�LV�REWDLQHG�
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ZKHUH� tPL[� LV� WKH� FKDUDFWHULVWLF�PL[LQJ� WLPH� REWDLQHG� E\� XVLQJ� DYDLODEOH� FRUUHODWLRQV� RQ� YRUWH[� VWUXFWXUH�� WLD� LV� WKH

DGLDEDWLF�LJQLWLRQ�GHOD\��Q� LV�WKH�H[SRQHQW�UDQJLQJ�IURP�����WR������a� LV�WKH�)�$�UDWLR��$� LV�FRQVWDQW��7KLV�FULWHULRQ

SURYLGHV�D�JRRG�TXDOLWDWLYH�DJUHHPHQW�ZLWK�H[SHULPHQWDO�ILQGLQJV�

)LJXUH��� VKRZV� WKH� UHVXOWV�RI�GHWDLOHG��'�FDOFXODWLRQV�RI� MHW�IODPH� LJQLWLRQ� LQ� D� ODUJH�VFDOH� IDFLOLW\� ILOOHG

ZLWK� VWRLFKLRPHWULF�PHWKDQH�DLU�PL[WXUH� DW� LQLWLDO� SUHVVXUH� �� EDU� DQG� WHPSHUDWXUH� ����.��2ULILFH� GLDPHWHU� LQ� WKLV

VLPXODWLRQ� LV����PP��0DWKHPDWLFDOO\�� WKH�PRGHO� LV� EDVHG�RQ� WKH�)DYUH� DYHUDJHG� FRQVHUYDWLRQ� HTXDWLRQV� RI�PDVV�

VSHFLHV�� PRPHQWXP� DQG� HQHUJ\�� VXSSOHPHQWHG� E\� WKH� VWDQGDUG� N�HSVLORQ� PRGHO� RI� WXUEXOHQFH� DQG� WKH� SUHVXPHG

SUREDELOLW\� GHQVLW\� IXQFWLRQ� PHWKRG� IRU� WKH� PHDQ� UHDFWLRQ� UDWH� >�@�� 'HWDLOHG� UHDFWLRQ� PHFKDQLVP� RI� PHWKDQH

R[LGDWLRQ�FRQWDLQLQJ�����HOHPHQWDU\� UHDFWLRQV�DQG����VSHFLHV� LV�DSSOLHG� >��@��)UDPHV� LQ�)LJ��� �IURP�XS� WR�GRZQ�

VKRZ�LVRWKHUPV�FRUUHVSRQGLQJ�WR�WKH�IROORZLQJ�WLPHV��LQ�PV�����������������������������������������������������������

7KH�LVRWKHUPV�GLYLGH�WKH�HQWLUH�WHPSHUDWXUH�LQWHUYDO��IURP�WKH�LQLWLDO�WHPSHUDWXUH�WR�WKH�FRPEXVWLRQ�WHPSHUDWXUH�LQWR

��� XQLIRUP� SDUWV�� $W� WKH� ILIWK� IUDPH�� IODPH� UH�LJQLWLRQ� RFFXUV� LQ� WKH� VHFRQG� FKDPEHU�� IROORZHG� E\� IDVW� IODPH

SURSDJDWLRQ� WRZDUGV� WKH�SDUWLWLRQ��DV� LQ�H[SHULPHQWV�� ,Q� WKH�FRXUVH�RI�FRPEXVWLRQ�� VHFRQGDU\� MHWV�RI� IUHVK�PL[WXUH

DQG�FRPEXVWLRQ�SURGXFWV�UHSHDWHGO\�HPHUJH�WR�WKH�ILUVW�DQG�VHFRQG�FKDPEHUV��DV�LV�VHHQ�IURP�)LJ����6HYHUH�SUHVVXUH

RVFLOODWLRQV�DUH�GHWHFWHG�LQ�FRPSXWDWLRQV��ZKLFK�LQIOXHQFH�IODPH�SURSDJDWLRQ�DQG�WKH�RYHUDOO�FRPEXVWLRQ�WLPH�

$FNQRZOHGJPHQWV

7KH�DXWKRUV�ZRXOG�OLNH�WR�DFNQRZOHGJH�%DVHYLFK�9�<D���DQG�%HO\DHY�$�$��IRU�WKHLU�FRQWULEXWLRQ�LQ�GHYHORSLQJ�WKH

SUHVXPHG�3')�PHWKRG�XVHG�LQ�WKH�FXUUHQW�VWXG\��9ODVRY�3�$���DQG�.DUDVHYLFK�<X�.��IRU�SURFHVVLQJ�LQGXFWLRQ�WLPH

GDWD��DQG�$9/�/,67�*PE+�IRU�SURYLGLQJ�),5(�SODWIRUP�
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