
,QWURGXFWLRQ�DQG�0RWLYDWLRQ
'LVFKDUJH� SODVPDV� DUH� FDQGLGDWHV� IRU� (89� OLJKW� VRXUFHV� LQ� IXWXUH OLWKRJUDSK\� V\VWHPV��
FRPPRQO\�XVHG�ZRUNLQJ�HOHPHQWV� [HQRQ�DQG� WLQ�SURGXFH�EURDG�VSHFWUD� FRQVLVWLQJ�RI� µTXDVL�
FRQWLQXXP¶�EDQGV�UDWKHU�WKDQ�VKDUS�SHDNV�
� 2XW�RI�EDQG�SDUWV�RI�WKH�VSHFWUXP�KDYH�DQ�HIIHFW�RQ�WKH�KHDWLQJ�RI�RSWLFV�
� $EVROXWH�DQG�UHODWLYH�LQWHQVLW\�GDWD�RYHU�ODUJH�UDQJHV�DUH�QHHGHG�IRU�FRPSDULVRQ�ZLWK�RXWSXW�
RI�PRGHOLQJ�

1HHG�IRU�FDOLEUDWLRQ�RI�VSHFWURPHWHU�VHQVLWLYLW\
6SHFWUDO� PRGHOLQJ� LV� GHVLUHG� IRU� EHWWHU� XQGHUVWDQGLQJ� �DQG� KRSHIXOO\� EHWWHU� FRQWURO�� RI� WKH�
SK\VLFDO� SURSHUWLHV� RI� WKH� SODVPD�� 3UREOHP�ZLWK� H[LVWLQJ�PRGHO�V��� XQOLNH� IRU� ODVHU� SURGXFHG�
SODVPDV��FHUWDLQ�HTXLOLEULXP�DVVXPSWLRQV��/7(��VWHDG\�VWDWH�LRQ�GLVWULEXWLRQ��PD\�QRW�EH�YDOLG�
LQ�(89�GLVFKDUJH�SODVPDV�

1HHG�IRU�D�PRGHO�WKDW�LQFRUSRUDWHV�VXFK�QRQ�HTXLOLEULXP�EHKDYLRXU
7KLV� SRVWHU�� GHVFULEHV� FRPSDULVRQ� RI� VHQVLWLYLW\�FRUUHFWHG H[SHULPHQWDO� (89� VSHFWUD� ZLWK�
RXWSXW�IURP�D�GHGLFDWHG�FRPSXWHU�PRGHO
7KH�IROORZLQJ�H[SHULPHQWDO�VSHFWUD�ZHUH�VHOHFWHG�IRU�FRPSDULVRQ�ZLWK�FRPSXWHU�VLPXODWLRQV�
;HQRQ� VSDWLDOO\�LQWHJUDWHG��WLPH�UHVROYHG�VSHFWUD�>�@�IURP�D�3KLOLSV�+&7�GLVFKDUJH�>�@

UHFRUGHG�IURP�D[LDO�SRVLWLRQ�DW��������DQG���QV�EHIRUH�WKH�SLQFK VSHFWUD��D��WR��F�
7LQ� VSDFH� DQG�WLPH�UHVROYHG�VSHFWUD�>�@�IURP�D�YDFXXP�DUF�GLVFKDUJH�LQ�WLQ�YDSRU�

IURP�,6$1
UHFRUGHG�IURP�D�SRVLWLRQ�SHUSHQGLFXODU�WR�WKH�D[LV��a����WR����� PP�IURP�FDWKRGH
�������DQG���QV�EHIRUH�SLQFK� VSHFWUD��G��WR��I�

7KH� VLPXODWLRQ� LQSXW� SDUDPHWHUV� ZHUH� YDULHG� E\� KDQG� WR� PDWFK� WKH VLPXODWHG� VSHFWUD� WR�
H[SHULPHQWDO�UHVXOWV�

([WUHPH�XOWUDYLROHW�VSHFWUD�RI�GLVFKDUJH�VRXUFHV�LQ�[HQRQ�DQG�WLQ��
FRPSDULVRQ�RI�FRPSXWHU�VLPXODWLRQV�DQG�H[SHULPHQWDO�UHVXOWV

'LVFXVVLRQ�DQG�FRQFOXVLRQV
$�IDLUO\�JRRG�DJUHHPHQW�KDV�EHHQ�REWDLQHG�EHWZHHQ�H[SHULPHQWV�DQG�VLPXODWLRQV�RQ�WKH�SDUWV�RI
� 6KDSHV�DQG�SRVLWLRQV�RI�LQGLYLGXDO�IHDWXUHV��UHODWHG�WR�RXWSXW�RI�DWRPLF�GDWD�FDOFXODWLRQV�
� $EVROXWH�LQWHQVLWLHV�RI�WKH�VSHFWUD
� 5HODWLYH� LQWHQVLWLHV� RI� �G��I YV�� �G��S IHDWXUHV� �WKDQNV� WR� VSHFWURPHWHU� VHQVLWLYLW\� FRUUHFWLRQ��
DSSOLFDWLRQ�RI�D�&50��DQG�GHWDLOHG�WUHDWPHQW�RI�OLQH�EURDGHQLQJ���RSDFLW\�
5HPDLQLQJ�GLIIHUHQFHV�EHWZHHQ�VLPXODWLRQ�DQG�H[SHULPHQW�PD\�IROORZ�IURP��DPRQJ�RWKHUV�
� /LPLWDWLRQ� LQ� WKH� QXPEHU� RI� H[FLWHG� OHYHOV� DQG� OLQHV� WKDW� FRXOG EH� LQFOXGHG� �H�J�� QR� GRXEO\�
H[FLWHG�VWDWHV�
� +RPRJHQHRXV�SODVPD�DVVXPSWLRQ�

� QR�DGGLWLRQDO�DEVRUSWLRQ�GXH�WR�FRROHU�SODVPD�RQ�WKH�RXWVLGH
� QR�PL[LQJ�RI�VSHFWUD�IURP�UHJLRQV�SKDVHV�ZLWK�GLIIHUHQW�SODVPD�SDUDPHWHUV

)XUWKHU� LPSURYHPHQWV� ZRXOG� SUREDEO\� UHTXLUH� FDOFXODWLRQ� RI� H[FLWHG� VWDWH� GHQVLWLHV� EDVHG� RQ�
GHWDLOHG�LQIRUPDWLRQ�RQ�UDWHV��UDWKHU�WKDQ�RQ�DQDO\WLFDO�H[SUHVVLRQV�WKDW�GHSHQG�RQ�HQHUJ\�RQO\�
5HDOLVWLF�YDOXHV�ZHUH�DSSOLHG�IRU�DOO�UHOHYDQW�SDUDPHWHUV��:KHUH�QXPEHUV�FDQ�EH�FRPSDUHG��WKH\�
DUH�LQ�UHDVRQDEOH�DJUHHPHQW�ZLWK�RWKHU�GLDJQRVWLFV��D�R��7KRPVRQ VFDWWHULQJ��
6SHFLILFDOO\�� D� UHDOLVWLF� YDOXH� IRU� L LV� FRPELQHG� ZLWK� UHODWLYHO\� ORZ� 7H� 7KH� UHVXOWV� VHHP� WR�
LQGLFDWH�WKDW�WKHUH�LV�QR�QHHG�WR�DVVXPH�YHU\�KLJK�7H WR�FRPSHQVDWH�IRU�LRQL]DWLRQ�LPEDODQFH�
$�IXOO�SXEOLFDWLRQ�RI�WKH�PHWKRG�DQG�WKH�UHVXOWV�LV�SODQQHG�IRU�WKH�QHDU�IXWXUH�

5HIHUHQFHV
�� (�5��.LHIW��-�-�$�0��YDQ�GHU�0XOOHQ��*�0�:��.URHVHQ��DQG�9��%DQLQH��3K\V��5HY��(�������������������
�� .��%HUJPDQQ��*��6FKULHYHU��2��5RVLHU��0��0�OOHU��:��1HII��DQG�5��/HEHUW��$SSO��2SW������������������
�� (�5��.LHIW��-�-�$�0��YDQ�GHU�0XOOHQ��*�0�:��.URHVHQ��9��%DQLQH��DQG�.��.RVKHOHY��WR�EH�SXEOLVKHG�
�� KWWS���ZZZ�F[UR�OEO�JRY�RSWLFDOBFRQVWDQWV� �
�� +��+HQQHNHQ��)��6FKRO]H��0��.UXPUH\��DQG�*��8OP��0HWURORJLD����������������
�� 5��6WXLN��+��)OHGGHUXV��3��+HJHPDQ��-��-RQNHUV��0��9LVVHU��9��%DQLQH��DQG�)��%LMNHUN��LQ�3URFHHGLQJV�RI�

WKH��QG�6(0$7(&+�:RUNVKRS�RQ�([WUHPH�89�/LWKRJUDSK\��6DQ�)UDQFLVFR��������
�� .��*DUORII��0��YDQ�GHQ�'RQNHU��-�-�$�0��YDQ�GHU�0XOOHQ��)��YDQ�*RRU��5��%UXPPDQV��DQG�-��-RQNHUV��

3K\V��5HY��(�������������������
�� -�-�$�0��YDQ�GHU�0XOOHQ��3K\V��5HS������������������
�� 5�'��&RZDQ��7KH�WKHRU\�RI�DWRPLF�VWUXFWXUH�DQG�VSHFWUD �8QLY��RI�&DOLIRUQLD�3UHVV��%HUNHOH\��������

5HVXOWV
([SHULPHQWDO�DQG�VLPXODWHG�VSHFWUD�DUH�VKRZQ�WRJHWKHU�LQ�)LJ��
���)RU�VSHFWUD��E��DQG��H���)LJ����VKRZV�WKH�FRQWULEXWLRQV�RI�WKH�
YDULRXV�LQGLYLGXDO�LRQV�WR�WKH�VLPXODWHG�VSHFWUD�
7KH�RSWLPL]HG�LQSXW�SDUDPHWHUV�IRU�WKH�VLPXODWLRQV�DQG�FHUWDLQ�
FKDUDFWHULVWLFV�RI�WKH�UHVXOWV�DUH�VXPPDUL]HG�LQ�7DEOH�,�
&RPSDULVRQ�RI�WRWDO�LQ�EDQG�RXWSXW�LQ�VLPXODWLRQV�ZLWK�DEVROXWH�
RXWSXW�GDWD�IURP�)O\LQJ�&LUFXV�PHDVXUHPHQWV�
� [HQRQ� ���P-�LQ�EDQG��RYHU�� ��PHDVXUHG

YV������P-�LQ���QV��IRU�D�a���QV�(89�SXOVH
� WLQ� ���P-�YV������P-�LQ���QV��IRU�D�a���QV�SXOVH�

)LJ�� ��� &RPSDULVRQ� RI� VLPXODWHG� DQG� H[SHULPHQWDO� VSHFWUD� IRU� [HQRQ� �OHIW�� DQG� WLQ� �ULJKW�� GLVFKDUJHV�� 'RWWHG� FXUYHV� UHSUHVHQW� �VHQVLWLYLW\�
FRUUHFWHG��H[SHULPHQWDO�UHVXOWV��ZKLOH�VROLG�FXUYHV�UHSUHVHQW�VLPXODWLRQV��:LWKLQ�HDFK�VHW�RI�UHVXOWV��WKH�XQLWV�DQG�WKH�LQWHQVLW\�UDWLRV�EHWZHHQ�
VLPXODWHG�DQG�H[SHULPHQWDO�VSHFWUD�ZHUH�NHSW�IL[HG��6SHFWUD�QDPHV��D��WR��I��DUH�GHILQHG�LQ�WKH�WH[W�WR�WKH�OHIW�DQG�EHORZ�

)LJ�����&RQWULEXWLRQV�RI�WKH�GLIIHUHQW�LRQV�WR�WKH�RYHUDOO�VSHFWUD��E���[HQRQ��OHIW��DQG��H���WLQ��ULJKW���)RU�ERWK�JUDSKV������ JUH\�FXUYH�ZLWK�RSHQ�
FLUFOHV�� ��� � GDVKHG� FXUYH�� ��� � VROLG� FXUYH������ � GRWWHG�FXUYH�� ���� � JUH\�FXUYH�ZLWK�FURVVHV��7KH�;H�� DQG�;H��� FXUYHV� KDYH�EHHQ�
PDJQLILHG���[�WR�PDNH�WKHP�YLVLEOH�RQ�WKH�VDPH�VFDOH��WKH�6Q��� SORW�KDV�EHHQ�PDJQLILHG�WZR�WLPHV�LQ�FRPSDULVRQ�ZLWK�WKH�RWKHU�SORWV��7KH�
VROLG�RYHUEDUV�LQGLFDWH�WKH�SRVLWLRQV�RI�WKH��G��I�WUDQVLWLRQV�RI�WKH�YDULRXV�LRQV��WKH��G��S�WUDQVLWLRQV�DUH�LQGLFDWHG�E\�WKH�GDVKHG�EDUV�
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)LJ������7KHRUHWLFDO��VROLG�OLQH��DQG�
PHDVXUHG��VTXDUH�EORFNV��
VSHFWURPHWHU�VHQVLWLYLWLHV�DV�D�
IXQFWLRQ�RI�ZDYHOHQJWK��$Q�
H[SHULPHQWDOO\�REWDLQHG�[HQRQ�
VSHFWUXP��GRWWHG�OLQH��KDV�EHHQ�
LQFOXGHG�IRU�UHIHUHQFH�

6SHFWURPHWHU�VHQVLWLYLW\�FDOLEUDWLRQ
7KH� VSHFWURPHWHU� DSSOLHG� IRU� WKH� H[SHULPHQWDO� UHVXOWV� DV� XVHG� KHUH�� LV� D�
JUD]LQJ�LQFLGHQFH� �� P� UHIOHFWLRQ� VSHFWURPHWHU� L�F�Z�� D� PXOWLFKDQQHO� SODWH�
�0&3��GHWHFWRU�LQ�RII�5RZODQG�FLUFOH�FRQILJXUDWLRQ�
)DFWRUV�WKDW�LQIOXHQFH�VSHFWURPHWHU�HIILFLHQF\�
� *HRPHWULFDO�HIILFLHQF\�RI�WKH�JUDWLQJ��UHIOHFWLRQ�LQWR��VW�RUGHU�
�����O�PP�UXOHG�JUDWLQJ���� EOD]H�DQJOH��FRDWHG�ZLWK�D����QP�OD\HU�RI�JROG

� *UD]LQJ�LQFLGHQFH�UHIOHFWLYLW\�RI�JROG�>�@
� ,QYHUVH�ZDYHOHQJWK�GLVSHUVLRQ�RQ�0&3�GHWHFWRU�VXUIDFH
� 3KRWRFDWKRGH�HIILFLHQF\�RI�$X�IURQW�FRDWHG�0&3
7KH�ODWWHU�VKRXOG�EH�HYDOXDWHG�IRU�D�µFRQWDPLQDWHG¶�$X�VXUIDFH�>�@�
([SHULPHQWDO�FDOLEUDWLRQ�ZDV�SHUIRUPHG�WKURXJK�FRPSDULVRQ�ZLWK SKRWRGLRGH�
VLJQDOV�IURP�D�D�)O\LQJ�&LUFXV�WRRO�>�@��XVLQJ�0/�PLUURUV�GHVLJQHG�IRU�GLIIHUHQW�
ZDYHOHQJWK�EDQGV�

5HDVRQDEOH� DJUHHPHQW� KDV� EHHQ� IRXQG� EHWZHHQ� WKH� WKHRUHWLFDO� FXUYH� DQG�
H[SHULPHQWV��VHH�)LJ������7KH�WKHRUHWLFDO�FXUYH�KDV�EHHQ�DSSOLHG IRU�FRUUHFWLRQ�
RI�H[SHULPHQWDO�VSHFWUD�
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(�5��.LHIW���.��*DUORII���-�-�$�0��YDQ�GHU�0XOOHQ���9��%DQLQH�
�(LQGKRYHQ�8QLYHUVLW\�RI�7HFKQRORJ\��3�2��%R[�����������0%�(LQGKRYHQ��7KH�1HWKHUODQGV
�$60�/LWKRJUDSK\�%�9���3�2��%R[�����������$+�9HOGKRYHQ��7KH�1HWKHUODQGV

7DOEH�,��,QSXW�SDUDPHWHUV�DQG�VLPXODWLRQ�UHVXOWV��QL ± WRWDO�LRQ�GHQVLW\��7H�± HOHFWURQ�
WHPSHUDWXUH�� L ± QHW�LRQL]DWLRQ�UDWH��U�O�± SODVPD�UDGLXV��OHQJWK��]DY ± DYHUDJH�LRQ�

FKDUJH��QH ± HOHFWURQ�GHQVLW\��,WRW ± WRWDO�HQHUJ\�UDGLDWHG�LQ�(89�LQ���QV�WLPH�
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)LJ�����$�VFKHPDWLF�SORW�RI�WKH�
GHQVLWLHV�SHU�VWDWLVWLFDO�ZHLJKW�DV�

D�IXQFWLRQ�RI�WKH�H[FLWDWLRQ�
HQHUJ\��7KH�SRVLWLRQV�RI�WKH�

&RURQD�DQG�(6%�GRPDLQV�DUH�
LQGLFDWHG�UHODWLYH�WR�WKH�FULWLFDO�
OHYHO��SFU��7KH�DUURZV�DW�WKH�WRS�LQGLFDWH�WKH�GLUHFWLRQV�RI�WKH�

LRQL]DWLRQ�DQG�UHFRPELQDWLRQ�
SURFHVVHV�

� 'HWDLOHG�DWRPLF�GDWD�IRU�;H�6Q������ IURP�FDOFXODWLRQV�XVLQJ�WKH�&RZDQ�FRGH�>�@

7KH�VSHFWUDO�PRGHO
%DVHG�RQ�WKH�UDGLDWLRQ�PRGXOH�RI�DQ�/33�VLPXODWLRQ�PRGHO�E\�*DUORII�HW�DO��>�@
� &DOFXODWHV�LRQ�GLVWULEXWLRQ��DQG�QH���H[FLWHG�VWDWH�GHQVLWLHV��DQG�HPLWWHG�(89�UDGLDWLRQ�
IURP�QL�WRW��7H��DQG�VL]H�DQG�JHRPHWU\�RI�WKH�SODVPD

� ,QFRUSRUDWHV� L DV�DQ�DGGLWLRQDO�LQSXW�SDUDPHWHU��DFFRXQWLQJ�IRU�D�QHW�LRQL]DWLRQ�UDWH
�GHILQHG�DV�LPEDODQFH�EHWZHHQ�LRQL]DWLRQ�DQG�UHFRPELQDWLRQ�UDWHV�

� 1DWXUDO��'RSSOHU�DQG�6WDUN�EURDGHQLQJ�HIIHFWV
� 2SDFLW\��H[SRQHQWLDO�DSSURDFK�RI�3ODQFN�OHYHO�IRU�HDFK�ZDYHOHQJWK�RI�UDGLDWLRQ
� )XOO\�DQDO\WLFDO�&ROOLVLRQDO�5DGLDWLYH�0RGHO��EDVHG�RQ�WKH�ZRUN�LQ�>�@��IRU�VWDWH�GLVWULEXWLRQ�
IXQFWLRQV�RI�LRQV�DQG�H[FLWHG�VWDWHV��VHH�)LJ�����

� ,RQL]DWLRQ�UDWH��VXP�RI�GLUHFW�LRQL]DWLRQ�DQG�FROOLVLRQDO�H[FLWDWLRQ�IURP�JURXQG�VWDWH�
LQWR�DOO�OHYHOV�WKDW�DUH�LQ�µKRW¶ ([FLWDWLRQ�6DWXUDWLRQ�%DODQFH��(6%�
�QRWH��H[FLWDWLRQ�LQWR�ILUVW�(6%�OHYHO�FRQWULEXWHV�E\�IDU�WKH�PRVW�

� ([FLWHG�VWDWH�GHQVLWLHV��FRPELQDWLRQ�RI�&RURQD�DQG�(6%


