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Abstract-'HOLYHULQJ� SHUIHFWO\� DOULJKW� UHDO� �� WLPH� WUDIILF�
LQIRUPDWLRQ�LV�FUXFLDO�IRU�PDQDJLQJ�D�ZLGH�UDQJH�RI�QHWZRUNV��
SDUWLFXODUO\� YHKLFXODU� FRPPXQLFDWLRQV�� DQRPDO\� DQDO\VLV��
QHWZRUNLQJ� DFFRXQWLQJ�� DQG� DYDLODEOH� EDQGZLGWK��$SSOLFDWLRQ�
QHWZRUNLQJ� PLJKW� EH� DEOH� WR� JLYH� ILQH�JUDLQHG� HYDOXDWLRQ� E\�
RIIHULQJ�GHWDLOV�IRU�HDFK�VHQW�UXOHV�RI� MXVW�DQ�2SHQ�FLUFXODWLRQ�
VZLWFKLQJ�� 3URYLGLQJ� DEVROXWHO\� DGHTXDWH� UHDO� �� WLPH� WUDIILF�
LQIRUPDWLRQ� LQ�KDUGZDUH�VZLWFKHV�DOVR�SRVHV�VHULRXV�SUREOHPV�
EHFDXVH� RI� WKH� VL]H� FRQVWUDLQWV� RI� 7&$0V� WKDW� FDQ� RQO\�
DFFRPPRGDWH� D� PLQLPDO� QXPEHU� RI� UXOHV� LQ� FRQWUDVW� WR� WKH�
QXPEHU�RI�FXUUHQW�IOX[HV�LQ�WKH�QHWZRUNV��,QVLGH�WKLV�HGLWRULDO��
ZH� LQLWLDWH� ,QWHQVH� )ORZ� JRLQJ�� D� VFKHPH� IRU� PRGXODU� DSS�
DVVHVVLQJ� WKDW
V� DOVR� SUHPLVHG� RQ� DQ� HIILFLHQW� PHWKRG� WKDW� D��
IOH[LEO\� VHQVHV� WKH� FKDQQHO
V� KLJKHVW� WUDIILF� UHIHUHQFHV� DQG�
ORFDWLRQV� SUHIL[HV�� E�� FROOHFWV� FRDUVH�JUDLQHG� VWUHDP� VL]H�
UHDGLQJV� IRU� OHVV� HQHUJHWLF� LGHQWLILHUV� DQG� SHUIHFWO\� DOULJKW�
PHWULFV� IRU� WKH� PRUH� HQJDJHG� XVHUV�� F�� LQFOXGHV� KLVWRULFDO�
PHWULFV�WR�FRDFK�D�FORXG�EDVHG�D�SURIRXQG�OHDUQHUV�PRGHO�WKDW�
KDV�WKH�SRWHQWLDO�WR�FUHDWH�VKRUW�IRUHFDVWV�DQ\WLPH�SUHFLVH�I�'XH�
WR� WKH� ODFN� RI� WKH� QHHG� IRU� DGGLWLRQDO� IORZ� VDPSOLQJ�PHWKRGV�
WKDW� FRPSURPLVH� DFFXUDF\�� D� ODUJH� LQFUHDVH� LQ� WKH� QXPEHU�RI�
WRWDOO\�DFFHSWDEOH�IORZV�WKDW�PD\�EH�UHFRUGHG�LV�QRZ�SRVVLEOH����
'HHS� )ORZLQJ� FDQ� SURYLGH� LQFUHGLEO\� KLJK� DFFXUDF\� IRU�
HVWLPDWLQJ� IORZ� TXDQWLWLHV� DW� YDULRXV� KLHUDUFK\� OHYHOV��
DFFRUGLQJ� WR� D� ULJRURXV� H[SHULPHQWDO� DQDO\VLV� XVLQJ� D�
SURWRW\SH�YHUVLRQV�DQG�DFWXDO�QHWZRUNLQJ�VLJQDOV��

Keywords-Longer Short-Term memories (LSTM), depth 
training, stream pattern modeling, and congestion forecasts are 
some of the terms used in the study of congestion. 

,�� ,1752'8&7,21�
,W� LV� FUXFLDO� WR� EH� KDYLQJ� GLUHFW� H[SRVXUH� WR� SHUIHFWO\�

DOULJKW� ZHE� VSLQH� WUDI¿F� PHDVXUHPHQW� WHFKQLTXHV� IRU� D�
YDULHW\� RI� DVVLJQPHQWV�� VXFK� DV� WUDQVLW� SODQQLQJ�� DQRPDO\�
DQDO\VLV�� ZHE� ILQDQFLDO� DQDO\VLV�� HIILFLHQWO\�� DYDLODEOH�
EDQGZLGWK��7UD൶F�0DWUL[� �70��SURJQRVWLFDWLRQ�� DV�ZHOO� DV�
RWKHU� PRQLWRULQJ� PHFKDQLVP� DQG� LPSURYHPHQW� SURMHFWV��
6ZLWFKLQJ� WKDW� HQDEOH� )UHH� )ORZ� KDV� PHWHUV� IRU� HYHU\�
IRUZDUGLQJ� UXOH� >���@�� VKRZLQJ� WKH�RYHUDOO�YROXPH�RI�E\WHV�
RU� SDFNDJHV� VHQW�� ,W� FDQ� RIIHU� D� YDULHW\� RI� SHUIHFWO\� DOULJKW�
PHDVXUHPHQW� WDVNV� WKDW� FDQ� JLYH� LQVLJKWV� LQWR� WKH� RSHUDWLQJ�
V\VWHPV�� VR� ORQJ� WKDW� D� IRUZDUGLQJ� UXOH� LVQ¶W� WRR� EURDG� WR�
VDWLVI\�YDULRXV�IORZV��1HYHUWKHOHVV��WKLV�VDPH�7&$0�VWRULQJ�
>����@� RI� D� VZLWFKLQJ� LV� IXQGDPHQWDOO\� OLPLWHG� LQ� FDSDFLW\�
EHFDXVH� RI� LWV� H[SHQVLYH� FRVW� DQG� HQHUJ\� XVDJH�� 7KH�

VLJQLILFDQW� PDMRULW\� PRVW� 6'1� >�����@� HTXLSPHQW� PDNHUV�
OLPLW� 7&$0V� WRZDUGV� WKH� IHZHU� WKHQ� �.� /��/�� SROLFLHV�
VLQFH� 6'1�HQDEOHG� VZLWFKLQJ� PD\� URXWH� KXQGUHGV� RI�
PLOOLRQV� RI� VWUHDPV� DW� RQFH�� +DUGZDUH� VZLWFKLQJ� PXVW�
LPSOHPHQW� HIIHFWLYH�PHWKRGV� WKDW� FDQ� DFWXDOO\�SHUPLW�PRUH�
DFFXUDWH� PHDVXULQJ� WDVNV� GHVSLWH� WKH� OLPLWHG� 7&$0�
FDSDELOLWLHV� LQ� DGGLWLRQ� WR� JDLQ� D� IXOO� NQRZOHGJH� RI� WKH�
QHWZRUNV�� (DUOLHU� UHVHDUFK� RQ� 6'1� QHWZRUNV� DVVHVVPHQW�
HLWKHU�KDYH�IRFXVHG�RQ�VSHFLILF�PHDVXULQJ�REMHFWLYHV�OLNH�ELJ�
KLWWHU�LGHQWLILFDWLRQ�RU�DQRPDO\�DQDO\VLV�RU�SUHVXPHG�VSHFLDO�
WHFKQRORJ\�FDSDELOLWLHV� �OLNH� VNHWFKHV�� LQ� WKH� VZLWFKLQJ� >����
��@��

7KH� XSSHU� .� �.� RI� EHLQJ� UHVWULFWHG� E\� WKH� PDLQ�
SDUDPHWHUV� 7&$0� LQWHULRU�� PRVW� LPSRUWDQW� IORZV� WKDW� KDG�
EHHQ� DVVHVVHG� ZLWK� VSHFLILF� VHDUFK� UHJXODWLRQV�� DQG� WKH�
UHPDLQGHU�DUH�DQDO\]HG�LQ�EXLOGXS��7KLV�LV�GXH� WR�SULRU� WDVN�
ZKHWKHU� LQ� DVVXPHG� WKDW� 7&$0V� SRVVHVV� VXIILFLHQW�
IXQFWLRQDOLW\�WR�ILW�WKH�DOO�QRWLFLQJ�UHJXODWLRQV�IRU�HDFK�RI�WKH�
FUHHNV�LQ�WKH�FRQWH[W�RI�70�IRUHFDVWLQJ�IRU�6'1��WKDW�DUHQ
W�
WKH�FDVH�LQ�UHDOLW\��7KHVH�SURFHGXUHV��WKRXJK��DUH�LQDGHTXDWH�
WR� SURYLGH� D� WKRURXJK�� LQ�GHSWK� XQGHUVWDQGLQJ� RI� WKH�
QHWZRUNV�� $FFRPSOLVKPHQWV�� ,Q� WKLV� VWXG\�� ZH� SURSRVH�
3URIRXQG�� D� PHWKRG� IRU� SUHFLVH� VRIWZDUH� >�����@� GHILQHG�
QHWZRUNV�PHDVXUHV�ZLWK� VXSSRUW� IRU�SUHGLFWLRQV� WKDW� FDQ�EH�
GHSOR\HG�ULJKW�DZD\�WR�JHDU�WKDW�LV�DOUHDG\�LQ�XVH��'HHS�)ORZ�
>�����@� SHUIRUPV� DW� WKH� FRQWURO� DQG� GDWD� SODQHV� XVLQJ� IRXU�
PDMRU� UHVXOWV�� )LUVW�� D� SDUWLFXODU� VWUHDP� �RU� FRPELQDWLRQ� RI�
VWUHDPV���LGHQWLILHG�E\�D�VRXUFH�DQG�GHVWLQDWLRQV�,3�SUHIL[HV��
FDQ�EH�VHHQ�LQ�DQ\�VZLWFKLQJ�WKDW�LW�WUDYHUVHV�LQ�WKH�
DQG� LWV�DFFXUDWH�PHDVXULQJ�VLWH�FDQ�EH�LPSURYHG� WR� LQFUHDVH�
WKH� RYHUDOO� DPRXQW� RI� IORZV� DQDO\]HG�� )RUHPRVW�� WKH�
UHODWLYHO\� VKRUW�YDULDELOLW\� WKDW� LQGLYLGXDO�FRQQHFWLYLW\�WHQGV�
WR�IORZ�FRXOG�H[KLELW�RQ�VKRUW�WLPH�VFDOHV��&$1
����,QFKHRQ��
5HSXEOLF� RI� .RUHD�� LV� VFRUHG� RXW� ZKHQ� LQWHUFRQQHFWLRQ�
VWUHDPV�DUH�HYDOXDWHG�MRLQWO\�RYHU�D�SHULRG�RI�D�IHZ�VHFRQGV�
RU� ORQJHU�� DOORZLQJ� WKH� RYHUDOO� GDWD� IORZ� WR�EH� VXFFHVVIXOO\�
SUHGLFWHG�E\�D�WLPH�VHULHV�IRUHFDVWLQJ�PRGHO�>�����@���

)RXUWK�� E\� FRPSDULQJ� WKH� VKLIWLQJ� SDWWHUQV�� ZH� PD\�
UHFRJQL]H�WKH�FKDQJHV�DQG�DGRSW�PRUH�UHOLDEOH�PHDVXUHPHQW�
FULWHULD�LI�WKH�QHWZRUN
V�WUDIILF�SDWWHUQV�VLJQLILFDQWO\�VKLIW�DW�D�
SDUWLFXODU�HSRFK�DQG� WKHQ� WKDW�DUHD�RI�DQ�,3�DUHD� LV�DOVR�QRW�
DFFXUDWHO\� PRQLWRUHG� >��@� GXULQJ� WKDW� WLPH�� :H� FDQ�
GHWHUPLQH�WKH�IORZ�WDJV�WKDW�PRGLILHG�WKH�IORZV�ZLWK�D�KLJK�
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SUREDELOLW\� XVLQJ� URXWLQJ� GDWD� DORQJ� ZLWK� LQIRUPDWLRQ� SRUW�
VWDWLVWLFV��WKDW�DUH��RSHQ��IRU�HDFK�WLPH����

�
)LJ����� &RPSRQHQWV�RI�WKH�'HHS�>��@�)ORZ�DUFKLWHFWXUH��

,QWURGXFWLRQ� WR� 'HHS� IORZ� $UFKLWHFWXUH� 7KH� SULPDU\�
HOHPHQWV�RI�'HHS�)ORZ�DUH�SUHVHQWHG�LQ�WKLV�VHFWLRQ�DQG�DUH�
VHHQ� LQ� )LJXUH� ��� $� IORZ� KDV� EHHQ� GHILQHG� DV� WKDW� RI� WKH�
FRPPXQLFDWLRQ� EHWZHHQ� D� VRXUFH� ,3� DGGUHVV� DV� ZHOO� DV� D�
QHWZRUN� $GGUHVV� LQ� WKH� VWXG\� VKRZQ� EHORZ�� /DUJHU�
GLPHQVLRQ�� PRUHRYHU�� PD\� HPSOR\� WKH� VDPH� LGHDV� �H�J�� ��
WXSOHV��� 0HDVXUHPHQW� 'XWLHV�� 7KH� QHWZRUN� DGPLQLVWUDWRU�
PXVW� SURYLGH� WKH� IROORZLQJ� LQSXW� GDWD� LQ� RUGHU� WR� EHJLQ�
JDWKHULQJ�'HHS�)ORZ�PHDVXUHPHQWV�

$OO� IORZ� VL]H� XS� WR� WKH� SUHIL[HG� JUDQXODULW\� PHQWLRQHG�
DERYH�ZLOO�EH�WDNHQ�LQWR�FRQVLGHUDWLRQ�LI�QR�OLPLW�LV�VHW��7KH�
EDUULHU�FDQ�DOVR�EH�H[SUHVVHG�DV�D�SHUFHQWDJH�RI�WKH�VZLWFKHG
�
WRWDO�DYDLODEOH�IUHTXHQF\�� IRU�H[DPSOH���������RI�WKH�HQWLUH�
IUHTXHQF\� EDQG�� (QJLQH� IRU� $FWLYH� )ORZ� 3UHIL[� 'HWHFWLRQ��
7KH�FRQWUROOHU
V�ODFN�RI�D�SULRUL�NQRZOHGJH�RI�WKH�RSHUDWLRQDO�
IORZ�LQ�WKH�V\VWHP�DQG�WKHLU�LPSRUWDQFH�LV�RQH�RI�WKH�SULPDU\�
REVWDFOHV� WKDW� 'HHS� )ORZ� PXVW� UHVROYH�� %HFDXVH� WR� WKH�
7&$0
V� VPDOO�YROXPH��ZLOG�FDUG� FULWHULD� WKDW�PD\�PDWFK� D�
YDULHW\� RI� IORZV� DUH� IUHTXHQWO\� XWLOL]HG�� $V� D� UHVXOW�� WKH�
SUHFLVH�ILQH�JUDLQHG�IORZV�WR�ZKLFK�WKH�IORZV�EHORQJ�FDQQRW�
EH� GHWHUPLQHG� IURP� WKH� WUDIILF� GDWD� RI� VXFK� IORZ�� 'HHS�
)ORZLQJ� XVHV� WKH� '\QDPLFDO� )ORZLQJ� 3UHIL[� 5HFRJQLWLRQ�
(QJLQHV��WKDW�RSHUDWHV�MXVW�RQ��'�,3�GRPDLQ�WKDW�FRQWLQXDOO\�
LGHQWLILHV� WKH� IDVWHVW� SUHIL[HV� MXVW� RQ� V\VWHP�� WR� DFFRPSOLVK�
WKLV�� 'DWDEDVHV� )RUHFDVWLQJ� DQG� 0HDVXUHPHQWV� (QJLQH��
7KHUHIRUH��ZLWK� RUGHU� WR� FRQVWUXFW� D�QHWZRUNLQJ�PRGHO�� WKH�
SUHGLFWLRQV�PDFKLQH�RI�'HHS�6WUHDP�XVHV�KLVWRULFDO�LQSXW�WKDW�
KDV� EHHQ� UHVFXHG� LQ� FORXGV� LQ� D� PHDVXUHPHQW� GDWDVHW�� �D�
VXSSRUWLQJ� GRFXPHQWDWLRQ� FDQ� EH� XWLOL]HG� WKDW� YDULHV�
GHSHQGLQJ� RQ� WKH� DSSOLFDWLRQ� QHHGV��� 7KURXJK� DQ� $3,�� WKH�
'HHS�)ORZ�VFKHGXOLQJ�KDV�DFFHVV�WR�WKH�SUHGLFWLRQ�HQJLQH���

7KH�'HHS�)ORZ�SODQQHU�FDOOV�WKH�$3,�ZLWK�WKH�GHVWLQDWLRQ�
DQG�VRXUFH�,3�DGGUHVVHV�ZKHQHYHU�D�QHZ�IRUHFDVW�LV�UHTXLUHG��
$IWHU� REWDLQLQJ� WKH� SDVW� GDWD� IURP� WKH�PHDVXULQJ�GDWDEDVH��
WKH� SUHGLFWLRQV� HQJLQH� FUHDWHV� D� IRUHFDVW� IRU� WKH� IROORZLQJ�
HSRFK�� 1HWZRUNLQJ� IOX[HV� JHQHUDWH� FRPSDUDEOH� WUDIILF� WKDW�
PD\�EH�JURXSHG�WRJHWKHU�E\�VXEGRPDLQ�VL]H��DLP��SHULRG�RI�
QLJKW��HWF���DV�ZH
OO�VHH�LQVLGH�WKH�IROORZLQJ�SDUWV��,W�LV�FUXFLDO�
WR�KLJKOLJKW�WKDW�LW�LVQ
W�QHFHVVDU\�WR�NHHS�D�GLIIHUHQW�V\VWHP�
IRU� HYHU\� IORZ� FRPELQDWLRQ�� (QJLQH� IRU� )ORZ�6L]H� 3DWWHUQ�
5HFRJQLWLRQ�'HHS�)ORZ�FRQWLQXRXVO\�PRQLWRUV�WKH�DJJUHJDWH�
GDWD�TXDQWLW\�RI�DOO�WKH�FRQQHFWLRQV�LQ�RUGHU�WR�HQVXUH�WKDW��LQ�
WKH� HYHQW�RI�XQH[SHFWHG�WUDIILF�FKDQJHV�ZLWKLQ� WKH�QHWZRUN��
WKH� IRUHFDVWLQJ� HQJLQH� GRHVQ
W� UHDOO\� JHQHUDWH� ODUJH�
XQFHUWDLQW\�� 'HHS� )ORZ� WKHQ� XVHV� WKLV� VDPH� )ORZ�6L]H�
$FWLYLW\� 5HFRJQLWLRQ� (QJLQH� WR� LGHQWLI\� WKH� SUHIL[HV� WKDW�

UHSUHVHQW� WKH� FDXVH�RI� WKH�YROXPH�FKDQJH�� ,Q� WKH� IROORZLQJ�
HUD�� QHZ� PHDVXUHPHQW� UXOHV� ZLOO� EH� XVHG� WR� REVHUYH� WKH�
SUHIL[HV�GLVFRYHUHG� UDWKHU� WKDQ�PDNLQJ� IRUHFDVWV��6FKHGXOHU�
DQG� 0HDVXUHPHQW� (QJLQH� IRU� 'HHS� )ORZV�� *LYHQ� D� OLVW� RI�
PHDVXUHPHQW�WDVNV�IURP�WKH�QHWZRUN�PDQDJHUV��D�'HHS�)ORZ�
6FKHGXOHU�GHWHUPLQHV�ZKHUH�DQG�ZKHQ�LW�ZLOO� LQVWDOO�SUHFLVH�
IORZ�GDWD�DV�ZHOO� DV�ZKLFK� IORZ� VKRXOG�HPSOR\� IRUHFDVWLQJ�
DFFXUDF\�� 7KH� 0HDVXUHV� (QJLQH�� ZKLFK� KDQGOHV� DGGLQJ� RU�
HOLPLQDWLQJ�IORZ�FRXQWHUV�UXOHV�DQG�UHWULHYLQJ�IORZ�GDWD�IURP�
7&$0V�� LV� XVHG� E\� WKH� VFKHGXOH� IRU� WKLV�� 7KH� UHPDLQGHU�
IOX[HV� DUH� KDQGOHG� E\� 'HHSHU� )ORZ� 6FKHGXOLQJ� XVLQJ� WKH�
SUHGLFWLRQ�DOJRULWKP�WKDW�SUHGLFWV�WKH�IORZLQJ�YROXPH�IRU�WKH�
IRUWKFRPLQJ�HSRFK��6HYHUDO�VWHSV�XVHG�GXULQJ�RSWLPL]DWLRQ�WR�
HQKDQFH� WKH� TXDQWLW\� RI� IORZV� WKDW� LV� EHLQJ� PRQLWRUHG� DUH�
FRYHUHG� LQ� WKH� VXEVHFWLRQV� ZKLFK� IROORZ�� ZKHUH� ZH� DOVR�
GHVFULEH�'HHS�)ORZ��

,,�� (67,0$7,21�:,7+�35(',&7,21�
7KH� �� DQDO\VLV� WHFKQLTXHV� WKDW� 3URIRXQG� )ORZ� HPSOR\V�

DUH� WKH� )RUHFDVW� $LGHG� 0HDVXUHPHQW� 6\VWHP� +DQGVHW�
$OJRULWKP� DQG� WKH� $FWLYH� 6WUHDP� 3UHIL[� 5HFRJQLWLRQ�
6\VWHPV��ZKLFK� ERWK�GLVFRYHU� HQJDJHG� VWUHDP� SUHIL[HV� DQG�
FROOHFW� PHDVXUHPHQWV� IRU� WKH� GLVFRYHUHG� DFWLYH� IOXLG� IORZ�
ZKLOH�LQWHUVSHUVLQJ�WKHP�ZLWK�IRUHFDVWV�WR�LQFUHDVH�WKH�WLHU�RI�
VSHFLILFV� RI� WKH� PHDVXUHPHQW� SURFHVV�� 3URDFWLYH� )ORZLQJ�
3UHIL[�'HWHFWLRQ�0HWKRG��LQ�DGGLWLRQ�RI�KDYLQJ�WR�H[HFXWH�WKH�
$FWLYH� )ORZLQJ� 3UHIL[� 'HWHFWLRQ� 0HWKRG�� ZKLFK� LWVHOI� LV�
GHVFULEHG� EHORZ�� 'HHSHU� )ORZ� UHPDLQV� WR� ZRUN� LQ� D� IORZ�
HFRV\VWHP�DQG�DFWLYHO\�GHWHFWV�WKH�ODUJHVW�IORZLQJ�ZLWKLQ�WKH�
GXDO� ,3� UHJLRQ�� 7KLV� LV� GLVWLQFW� IURP� SULRU� HIIRUWV� WKDW�
DVVXPHG� IORZV�ZHUH� UHFRJQL]HG� DV� FRQWUROOHUV� RU� WKDW� ZHUH�
JLYHQ�DV�DQ�LQSXW�ZLWK�PHDVXULQJ�WDVNV��

,Q� WKLV� FDVH�� WKH� DEOH� WR� GHWHFW� DFWLYH� IORZV� DUH�
LQWHUVSHUVHG�ZLWK�SUHGLFWLRQV�WR�LQFUHDVH�WKH�OHYHO�RI�GHWDLO�RI�
WKH�PHDVXUH�SKDVH��DQG�D�KLJKHVW�]RRP�OHYHO�RI�����LV�JLYHQ��
7KH�$)3'$� �$FWLYH� )ORZ�3UHIL[�'HWHFWLRQ�$OJRULWKP��� ,Q�
FRQWUDVW�WR�RWKHU�HIIRUWV��>��@��>��@��WKDW�SUHVXSSRVH�WKH�IORZ�
DUH�NQRZQ� WR� WKH�PLFURFRQWUROOHU�RU� DUH� VXSSOLHG� DV� MXVW�DQ�
LQSXW�ZLWK�PRQLWRU�WKH�VWDWXV��H�J��>�@���

�
)LJ����� $�WZR�GLPHQVLRQDO�SODQH�ZLWK�VKDGHG�DUHDV�WR�LOOXVWUDWH�D�VZLWFK
V�
VHW� RI� UHJXODWLRQV�� 7KH� UHG� OLQHV� LQ� 5�� UHSUHVHQW� WKH� UXOH� VSOLWWLQJ� WKDW�
$)'3$�GRHV�WR�LGHQWLI\�WKH�WZR�PDLQ�IORZV�LQ�WKH�YLFLQLW\�RI�5��>��@��

$Q� $FWLYH� )ORZ� 3UHIL[� 'HWHFWRU� �$)3'$��� WKDW� LV�
HPSOR\HG� E\� 'HHSIORZ� LQ� D� IORZ�DJQRVWLF� HQYLURQPHQW�� LV�
XVHG� WR� SURDFWLYHO\� LGHQWLI\� WKH� JUHDWHVW� IORZV� LQVLGH� WKLV�
GRXEOH�,3�VSDFH��2QFH�$)3'$�EHJLQV�� LW� UHFHLYHV�DOO�RI�WKH�
VSHFLILFDOO\� SHUWDLQLQJ� IURP�HYHU\� VZLWFK� DV�ZHOO� DV� GHWDLOV�
DERXW� WKH� QHWZRUN
V� LQJUHVV� VZLWFKHV� SURYLGHG� DV� DQ� LQSXW�
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QHWZRUN�DGPLQLVWUDWRU�GXULQJ�VHWXS�WKH�QH[W�VWDJH�RI�$)'3$�
ZRXOG� EH� WR� EHJLQ� WKH� IORZLQJ� ]RRP� SURFHGXUH�� ZKHUH� LW�
ORRNV� IRU� UHIHUHQFH� ,3� SUHIL[� WKDW� KDYH� KXJH� TXDQWLWLHV� DQG�
PXVW� EH� IXUWKHU� GLYLGHG� LQWR� OHQJWKLHU� RSHUDWLRQDO� SUHIL[�
ZKLFK�FDQ�EH�PRQLWRUHG�LQGHSHQGHQWO\��

7R�DFKLHYH�WKLV��$)'3$�LPSOHPHQWV�7&$0�UHJXODWLRQV�
ZLWK�JUHDWHU�SULPDU\� FRQVLGHUDWLRQ��ZKLFK��ZKLOH� VXVWDLQLQJ�
WKH� YHU\� VDPH� UXOH� YDOXHV� DV� D� ZKROH�� YDU\� IURP� WKH�
EHJLQQLQJ� UXOH� PHUHO\� LQ� WKH� SHULRG� RI� WKH� ORFDWLRQ� DQG�
QHWZRUN�$GGUHVV�SUHIL[HV� �L�H���WKH\�ZHUH�LQGHHG�HIIHFWLYHO\�
VXEJURXSV� RI� HDFK� RWKHU��� %\� VKLIWLQJ� D� SRUWLRQ� RI� WKH�
PDWFKHG�WUDIILF�IURP�WKH�PDLQ�UXOH� WR�D�GLIIHUHQW�VXE�� LW�ZLOO�
DOORZ� IRU� PRUH� DFFXUDWH� DVVHVVPHQW�� ,Q� WKLV� ZD\�� WKH�
EHQFKPDUN�SUHIL[� ]RQH� LV� JUDGXDOO\� GLYLGHG� XS� LQWR� VKRUWHU�
DUHDV� XQWLO� LW� LV� VSOLW� RQFH� PRUH� IRU� PHWULFV� ÀRZLQJ� ZLWK�
TXDQWLWLHV� EHORZ� WKH� QHJOLJLEOH� WKUHVKROG�� :KHQHYHU� WKH�
PHUJHG� SUHIL[� GXUDWLRQ� RI� WKH� GHVLUHG� ORFDWLRQ� DQG� RULJLQ�
SUHIL[HV� LV�DWWDLQHG�LQ� WKH�XWWHU� ODFN�RI�D�FXWRII�SRLQ
WKH�SURFHVV�ZLOO�ILQLVK��7KLV�SURFHVV�LV�LOOXVWUDWHG�LQ�)LJXUH����
IRU�H[DPSOH��LQ�ZKLFK�WKH�UXOH�VWRUDJH�IRU�UXOH�5��LV�GLYYLHG�
XS�WZLFH�XQWLO���WHQGV�WR�IORZ��GHILQHG�E\�WKH�WZR�ULQJV��DUH�
GLVFRYHUHG� WR� KDYH� FURVVHG� WKH� VKLHOG�� LQ� WKLV� FDVH� ZLWK� D�
KLJKHVW�PDFUR�PRGH�WLHU�RI������3ULRU�WR�DFWXDOO\�DWWHPSWLQJ�
WR� GRZQORDG� WKH� DELOLW\� WR� VXSHUYLVH� UHJXODWLRQV� IRU� D� IUHVK�
WLPHVSDQ��ZH�ILUVW�IRUPXODWH�WKH�SUREOHP�DV�DQ�LQWHJHU�OLQHDU�
SURJUDPPLQJ�SUREOHP��VRPHWKLQJ�WKDW�3URIRXQG�6WUHDP�WULHV�
WR�VROYH��LQ�RUGHU�WR�GHWHUPLQH�WKH�EHVW�ORFDWLRQ�WR�FRQILJXUH�
D�VXUYHLOODQFH�UHJLPH�ZKLOH�RSWLPL]LQJ� WKH�PD[LPXP�FRXQW�
RI� VWUHDPV� VXSHUYLVHG�� /HW� 6�  � V��� V������V1� UHSUHVHQW� WKLV�
VDPH�VHULHV�RI�DOO�QHWZRUNLQJ�GHYLFHV��DQG�OHW�)� �I���I���I.�
UHSUHVHQW� WKH� JDWKHULQJ� RI� HYHU\� ��FRPH� WR� WKH� DSSURSULDWH�
SODFH���VWUHDP�ZH�DUH�FRQFHUQHG�ZLWK�RYHU�D�FHUWDLQ�VDPSOLQJ�
LQWHUYDO���

,W�PD[LPL]HV�WKH�RYHUDOO�QXPEHU�RI�ODZV�EHLQJ�REVHUYHG�
LQ�WKH�DIRUHPHQWLRQHG�OLQHDU�V\VWHP�	�HQVXUHV�WKDW�ZH�ZRQ
W�
DGG�PDQ\�UXOHV� WR�D� VZLWFKLQJ� WKDQ� LW�KDV�PHPRU\�IRU��7KH�
QXPEHU�RI� UHJXODWLRQV�SHU� IORZ�PXVW� HTXDO�RQH�E\� IRUFH�RI�
HTXDWLRQ����:KHQ�LQVWDOOLQJ�WKH�UXOHV�LQ�D�IHZ�VZLWFKHV�LQ�WKH�
FRXUVH� RI� HDFK� IORZ� ZKLFK� HQVXUHV� WKDW� WKH� VXSSOHPHQWDU\�
YDULDEOHV� LV� ELQDU\�� ,W� UHSUHVHQWV� WKH� SHUFHQWDJH� RI�
FRPPXQLFDWLRQ�RI� IORZ�WKDW
V�DOVR�WUDQVPLWWHG�RYHU�SK\VLFDO�
FRQQHFWLRQ��LV���RU����

0HDVXUHPHQWV� $OJRULWKP� ZLWK� 3UHGLFWLRQ� �3$0$��� ,Q�
WKH�EHJLQQLQJ��'HHS��)ORZ�]RRPV�LQ�RQ�IORZ�ILHOG�SUHIL[�WKDW�
VXUSDVV�WKH�WKUHVKROG�E\�XVLQJ�WKH�$)3'$�DOJRULWKPV��'HHS�
)ORZ�XVHV� WKH�3$0$�PHWKRG��ZKLFK� ODXQFKHV� URXQG�URELQ�
PHDVXUHPHQWV�RQFH�$)3'$�KDV�LGHQWLILHG�DOO�WKH�VLJQLILFDQW�
IORZ��WKH�SURFHVV�PD\�UHTXLUH�PRUH�WKDQ�RQH�HSRFK���,Q�RUGHU�
WR� JDWKHU� G� GDWD� EHIRUH� EHJLQQLQJ� WR� XVH� IRUHFDVWV� IRU� WKH�
IROORZLQJ� 7� HSRFKV� IRU� HYHU\� SUHIL[�� 3$0$� ZLOO� LQVWDOO�
FRPSOHWH� VSHFLILFDWLRQ� IRU� WKH� FXUUHQW� SUHIL[HV�� 6R�� LI� WKH�
QHWZRUN
V� WRWDO�DPRXQW�RI�PHPRU\� LVP��ZH�FDQ�FRYHU�XS� WR�
VR�PDQ\�PRYHPHQWV�EHIRUH�ZH�QHHG� WR� VWDUW� JDWKHULQJ�GDWD�
RQFH� PRUH� IRU� WKH� ILUVW� VHW� RI� SUHIL[HV�� 'HHS� )ORZ� FDQ�
FRPELQH�IRUHFDVWV�DQG�PHDVXUHV�DV�D�UHVXOW��JLYLQJ�LW�D�PRUH�
GHWDLOHG�XQGHUVWDQGLQJ�RI�WKH�V\VWHP��

,,,��$1$/<6,6�
��7KLV� WRSLF� RI�PRGHOLQJ� FKDQJLQJ�QHWZRUNLQJ�SHULRG� LV�

QRW�IUHVK�LQ�WKH�UHOHYDQW�UHVHDUFK��7KH�EXON�RI�HDUOL
IRFXVHG�RQ�HVWLPDWLQJ�WKH�RYHUDOO�VL]H�RI�YDULRXV�IORZV�RYHU�
VHYHUDO� PLQXWH� WLPHVFDOHV�� 7KRVH� DOJRULWKPV� DUH� RIWHQ�
VXFFHVVIXO�DW�IRUHFDVWLQJ�FRXUVH�\HV� WUDIILF�PDWULFHV�EHFDXVH�

WKH\�WRRN�OHYHUDJH�RI�ORQJ�WHUP�FRUUHODWLRQV�WR�HVWLPDWH�KRZ�
WKH� TXDQWLW\� REVHUYHG� IURP� DQ� REVHUYDWLRQDO� VLWH� ZRXOG�
HYROYH�LQ�WKH�DKHDG��

+RZHYHU�� FRQVLGHUDEOH� ZRUN� KDV� EHHQ� GRQH� WR� SUHGLFW�
DJJUHJDWH� IORZ� VL]HV� RYHU� VKRUWHU� WLPH� LQWHUYDOV�� DV� VHHQ� LQ�
>��±��@�� 7KH� VFRSH� RI� WKH� SDSHU� GRHV� QRW� LQFOXGH� D�
FRPSUHKHQVLYH� DQDO\VLV�RI� DOO�SULRU�UHVHDUFK�RQ� WKH� VXEMHFW��
6HFRQG�� FRPSDUHG� WR�ZKDW�'HHSIORZ� DWWHPSWV� WR� UHSUHVHQW��
RQO\�DJJUHJDWH�FRQJHVWLRQ�DW�WKH�FRQQHFWLRQ��SRUW��OHYHOV�ZDV�
PRGHOHG� LQ� PRUH� PRGHUQ� H[DPSOHV� OLNH� >�����@� RYHU� ORQJ�
SHULRGV��L�H�����PLQXWHV���'XH�WR�WKLV��ZH�XVH�D�QHZ�VWUDWHJ\�
LQ� 'HHS� )ORZ� DQG�� PRWLYDWHG� E\� FXUUHQW� GHYHORSPHQWV� LQ�
GHHS�OHDUQLQJ��

$� UHFXUUHQW� QHXUDO� YDULDQW� NQRZQ� OLNH� D� /RQJ�6KRUW�
7HUP�0HPRU\� �/670�� DUFKLWHFWXUH� KDV� EHHQ� PRUH� ZHOO�
NQRZQ� LQ� UHFHQW� GHFDGHV� DV� D� UHVXOW� RI� LWV� VXFFHVV� DW�
VLPXODWLQJ� FRPSOLFDWHG� WLPH� VHULHV� ZLWK� XQNQRZQ�VL]HG�
WHPSRUDO� ODJV� VHSDUDWLQJ� VLJQLILFDQW� HYHQWV� >��@�� 8WLOL]LQJ�
VHOI�ORRSV�DOORZV�WKH�JUDGLHQW�WR�IORZ�IRU�H[WHQGHG�SHULRGV�RI�
WLPH�ZLWKRXW�GLVDSSHDULQJ�RU�EXUVWLQJ�LV�WKH�SULPDU\�FRQFHSW�
RI�/670��7KH�/670�FDQ�EXLOG�XS� LQIRUPDWLRQ� WKDW�FDQ�EH�
�IRUJRW��ODWHU�XVLQJ�WKH�LQSXW�GDWD�E\�FRPELQLQJ�WKLV�ZLWK�WKH�
XVDJH� RI� D� IRUJHW�JDWH�� :H� EHOLHYH� WKDW� LW� LV� WKH� ILUVW�
DSSOLFDWLRQ� RI� /670� V\VWHPV� WR� WKH�PRGHOLQJ� RI� SHUIHFWO\�
DOULJKW� G\QDPLF� QHWZRUN� SDWWHUQV� LQ� VKRUW� WLPHVFDOHV�� :H�
H[DPLQHG� DFWXDO� QHWZRUN� WUDFH� IURP� >��@� DQG� UDQ� 0LQLQHW�
VLPXODWLRQ� LQ� RUGHU� WR� YHULI\� WKH� HIILFDF\� RI� /670� IRU�
LQWHUQHW� WUDIILF�PRGHOLQJ�XQGHU�YDULHG� WUDIILF� VLWXDWLRQV��:H�
ZLOO�MXVW�SURYLGH�D�IHZ�W\SLFDO�RXWFRPHV�WKDW�FDQ�EH�XWLOL]HG�
WR�YDOLGDWH�WKH�VXJJHVWHG�ZRUN�GXH�WR�WKH�UHVWULFWHG�VSDFH�LQ�
WKLV�SXEOLFDWLRQ��

7UDIILF� $QDO\VLV� E\� &$,'$�� 8QNQRZQ� WR� WKH� JHQHUDO�
SXEOLF� SDVVLYH� QHWZRUN� WUDFHV� IURP� &$,'$
V� HOHYDWHG�
SDVVLYH�VHQVRUV�DUH�LQFOXGHG�LQ�WKH�GDWD�LQ�>��@�

��

�
)LJ����� $� ���� DJJUHJDWHG� IORZ
V� VL]H� LV� SUHGLFWHG� E\� /670� XVLQJ� WKH�
&$,'$�WUDFH��HSRFK�WLPH� ���VHFRQGV���

$FTXLUHG�LQ������IURP�D�GDWDFHQWHU�LQ�&KLFDJR��LQ�RUGHU�
WR�VLPXODWH�DFWXDO�&$,'$�WUDIILF��ZH�FRPELQH�DOO�VRXUFH�DQG�
GHVWLQDWLRQV�SUHIL[�DFFRUGLQJ�WR�WKH�QHWZRUN�RI�WKH�VSHFLILHG�
PDVN� VL]H� ZKLFK� WKH\� FRUUHVSRQG� WR�� ZKLFK� UDQJHV� IURP� ��
DQG�����:H� WKHQ�DUUDQJH� WKH� WUDIILF�E\�RXQFH�GHVWLQDWLRQ�,3�
WKURXJKRXW�EULHI�WLPH�LQWHUYDOV�RI�RQH�WR�ILYH�VHFRQGV��,Q�WK
PDQQHU��ZH�FDQ�PRGHO�WUDIILF�IORZ�YROXPH�WLPH���VHULHV�GDWD�
DW� GLIIHUHQW� DJJUHJDWH� DQG� WLPH� VFDOHV�� $GGLWLRQDOO\�� LW� ZDV�
GHPRQVWUDWHG� WKDW� $)3'$� FRQYHUJHG� LQ� ������ PHDVXUHV�
ZLWK� D� �0ESV� WKUHVKROG�� WRRN� 1LQHW\� VHFRQGV� WR� FRPSOHWH�
DQG�KDG�DQ�DYHUDJH�SUHFLVLRQ�RI�����ZKLOH�PHDVXULQJ�XS�WR�
��� IORZV�� 7KH� FKDUW� LOOXVWUDWHV� WKDW� WKH� SUHGLFWLRQV� FXUYH�
UDWKHU� ZHOO� SUHGLFWV� WKH� DFWXDO� IORZ� VL]HV�� ZLWK� VXFK� DQ�
DSSUR[LPDWH� PHDQ� DEVROXWH� SHUFHQWDJH� HUURU� �0$3(��  �
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����� 6LPXODWLRQV� RQ� D�0LQLQHW��:LWK� LQ�0LQLQHW� VFHQDULR��
ZH�PRGHO�WKH�*RRJOH�%��>��@�WRSRORJ\�ZLWK���*ESV�OLQNV�	�
�� KRVWV� FRQQHFWHG� WR� HDFK�2SHQ�96ZLWFK�� DOO� RI�ZKLFK� DUH�
VLPXOWDQHRXVO\� WUDQVPLWWLQJ� WUDIILF� WKURXJK� WKHLU� VKRUWHVW�
SDWKV� WR�D�FKRVHQ�WDUJHW�KRVW��$�W\SLFDO�DJJUHJDWH�IORZ�RYHU�
���� HSRFKV� LV� SUHVHQWHG� LQ� )LJXUH� ��� DORQJ� ZLWK� LWV�
SUHGLFWLRQV�FXUYH�DQG�HSRFK�VL]H�RI�ILYH�VHFRQGV��

)LJXUH� �� VSHFLILFDOO\� GLVSOD\V�� IRU� HYHU\� PDVN� VL]H�� WKH�
SURSRUWLRQ�RI�YROXPH�SUHIL[��L�H���JUHDWHU�WKDQ�WKH�OLPLW���7KH�
JUDSK�GHPRQVWUDWHV�WKDW�ZKHQ�WKH�WZR���GLPHQVLRQDO�,3�ILHOG�
LV� IXUWKHU� GLYLGHG�� WKH� SHUFHQW� GHFUHDVHV� H[SRQHQWLDO�� 7KLV�
LOOXVWUDWHV�WKDW��GHVSLWH�WKH�UHDOLW\�WKDW�WKHUH�DUH�WKHRUHWLFDOO\�D�
VLJQLILFDQW� QXPEHU� RI� SUHIL[HV� WR� LQYHVWLJDWH�� $)3'$�
XOWLPDWHO\�FRQFHQWUDWHV�RQO\�RQ�D�VPDOO�QXPEHU�RI�IORZV�WKDW�
UHDOO\�DUH�FUXFLDO��

7KLV� LV�IXUWKHU�GHPRQVWUDWHG�LQ�)LJXUH����ZKLFK�GLVSOD\V�
IRU�HYHU\�PDVN�VL]H�WKH�VSHFLILF�ILJXUH�RI�SUHIL[HV�VXUSDVVLQJ�
WKH�OLPLW��)URP�WKHUH��LW�LV�FOHDU�WKDW�$)3'$�FXPXODWHV�YHU\�
TXLFNO\�EHFDXVH�LW�VNLSV�DQ\�PLFUR�SUHIL[�WKDW�GRQ
W�PHHW�WKH�
FXWRII�DW�PDVN�VL]H����ZKHQ�WKH�QXPEHU�RI�PDMRU�IORZV�VWDUWV�
WR�GHFOLQH�UDSLGO\��/DVW�EXW�QRW�OHDVW��WKH�WHVW�GHSLFWHG�DER
KDG�D�FRQYHUJHQFH�GXUDWLRQ�RI����VHFRQGV��DQ�HUD� OHQJWK�RI�
ILYH� VHFRQGV�� DQG� D� PHDQ� RI� ���� PHDVXUHPHQW� UXOHV� HDFK�
HSRFK��

,9��&211(&7('�:25.�
7KHUH� DUH� WZR�SULPDU\�PHWKRGV� IRU�PHDVXULQJ� WUDIILF� LQ�

6'1�� D�� 7&$0�EDVHG� WUDIILF� FRXQWV� �VXFK� DV� WKRVH� LQ� >�@��
>��@��>��@��DQG�>��@���DQG�>��@��UDQGRP�FRXQWHU�OLNH�VNHWFKHV�
�H�J�� >��@�� >��@��� 6LQFH� 7&$0�EDVHG� FRXQWHUV� SRVLWLRQV�
GHSORUDELOLW\�LQ�FRPPHUFLDO�VZLWFKHV��ZH�FRQFHQWUDWH�RQ�WKH�
LVVXH�RI�WUDIILF�PHDVXULQJ�LQ�6'1�LQ�RXU�ZRUN��FRPSDUDEOH�WR�
WKH� WDVN� LQ� >�@� DQG� >��@�� 7KH� DXWKRUV� RI� >�@� SXW� IRUWK�
'5($0��D�7&$0�EDVHG�PHDVXULQJ�IUDPHZRUN�WKDW�DLPV�WR�
VWULNH� D� EDODQFH� EHWZHHQ� PHDVXUHPHQW� SUHFLVLRQ� DQG� WKH�
QXPEHU� RI� WRROV� �L�H�� 7&$0� UXOHV�� UHTXLUHG� WR� PRQLWRU�
FHUWDLQ� IORZV��'5($0�GRHV�QRW�RIIHU�D� JHQHUDO� IRXQGDWLRQ�
IRU� 70� HVWLPDWLRQ�� EXW� LW� LV� DSSURSULDWH� IRU� DSSOLFDWLRQV�
ZKHUH�SUHFLVLRQ�FDQ�EH�DVVHVVHG��LQFOXGLQJ�VXFK��+LHUDUFKDO�
VWUXFWXUH�� +HDY\� +LWWLQJ� GHWHFWLRQ� DQG� FKDQJH� GHWHFWLRQ��
2SHQ� 70�� D�PHWKRGRORJ\� IRU� 70� HVWLPDWH� IRU� 2SHQ� IORZ�
3URWRFRO� QHWZRUN� WKDW� LV� EXLOW� RQ� VWUDLJKWIRUZDUG� IORZ� GDWD�
H[WUDFWLRQ�IURP�6ZLWFKHV�� LV�SUHVHQWHG�E\� WKH�UHVHDUFKHUV� LQ�
>��@��

7KH� VWXG\� PDNHV� WKH� DVVXPSWLRQ� WKDW� DOPRVW� DOO� IORZ�
UXOHV�FDQ�EH�WUDFNHG�XVLQJ�WDUJHWHG�VHDUFK�UXOHV�EHFDXVH�WKH\�
DOO� ILW� LQ� WKH� 7&$0� �WKDW� LV� QR� ZLOGFDUG� UXOH� LV� XVHG���
$GGLWLRQDOO\�� 2SHQ� 70� FRQWLQXRXVO\� DVNV� IORZ� FRXQWHUV�
IURP�QXPHURXV� VZLWFKHV� DORQJ� D� IORZ
V� SDWK�� UHVXOWLQJ� LQ� D�
ODUJH� DPRXQW� RI� RYHUKHDG�� 7KH� UHVHDUFK� H[DPLQHV� WKH�
HIIHFWLYHQHVV� RI� YDULRXV� FRXQWHULQJ� UHWULHYDO� WDFWLFV� LQ� LWV�
ILQDO�SDUW�H�J��UDQGRP�YV��ODVW�VZLWFK�YV���URXQG�URELQ�HWF��)RU�
70�HVWLPDWH�LQ�K\EULG�6'1�LQVWDOODWLRQV�� WKH�UHVHDUFKHUV�RI�
>��@� VXJJHVW� 2SHQ� 0HDVXUHPHQW�� DQ� H[SDQVLRQ� RI� L6WDPS�
>��@�� ZKLFK� HPSOR\V� DQ� DGDSWDEOH� FRXQWHU� LQVHUWLRQ�
WHFKQLTXH� WR� LGHQWLI\� VLJQLILFDQW� IORZV� DQG� LQVHUWV� H[DFW�
PDWFK� UXOHV� IRU� WKRVH� LGHQWLILHG� LQ� WKH� 7&$0��7KH� V\VWHP�
FKRRVHV�WKH�WDUJHW�IORZ�WR�REVHUYH�EDVHG�RQ�DQ�HVWLPDWLRQ�RI�
WKH�PDJQLWXGH�RI�D�IORZ�GXULQJ�WKH�IROORZLQJ�WLPH�IUDPH��

�7KH� PRVW� SHUWLQHQW� RI� WKH� HDUOLHU� UHVHDUFK� IURP� WKH�
H[DPSOHV� DERYH� LV� 2SHQ� 0HDVXUHPHQW� >��@�� +RZHYHU�� DV�
ZLOO� EH� GHPRQVWUDWHG� ODWHU�� WKHUH� DUH� LPSRUWDQW� YDULDWLRQV�
IURP�'HHS�)ORZ��%HFDXVH���

��� 2SHQ� :D\� RI� PHDVXULQJ� GRHV� QRW� RIIHU� SHUIHFWO\�
DOULJKW�IORZ�UDWH��LW�RQO\�VHOHFWV�WKH�PRVW�VLJQLILFDQW�
IORZV�WKDW�FDQ�PDWFK�LQ�WKH�7&$0���

��� 2SHQ�:D\�RI�PHDVXULQJ�GRHV�QRW�XVH�SURMHFWLRQV�WR�
UHSODFH�PHDVXUHPHQWV��UDWKHU��LW�LV�XVLQJ�D�PRGHO�WR�
GHWHUPLQH� WKH� ELJJHVW� IORZV� WR� VXSHUYLVH� ZLWK�
7&$0� UHJXODWLRQV� LQ� WKH� IROORZLQJ� PHDVXUHPHQW�
HSRFK��

��� 7KLV� VDPH� PRGHO� XVHG� IRU� DVVHVVPHQW� DUH� VLPSOH�
OLQHDU� GHVLJQV� WKDW�KDYHQ
W� EHHQ�HYDOXDWHG� IRU� WKHLU�
HIILFDF\�LQ�HVWLPDWLQJ�IORZ�VL]HV�LQ�WLQ\�WLPHIUDPHV�
�WKDW� LV�� OHVV� WKDQ� ��� PLQXWHV�� ZLWK� D� ORZHU� IORZ�
UDWH��ZKHUH�IORZV�VHHP�OHVV�VWDEOH���

��� 2SHQ� 0HDVXUH� LV� DSSURSULDWH� IRU� OHQJWK\�
REVHUYDWLRQ�HSRFKV�ZLWK�D�KLJK�IORZ�DJJUHJDWH�UDWLR�
REVHUYDWLRQ�HSRFK�ZLWK�D�KLJK�IORZ�DJJUHJDWH�UDWLR�
>��@��

�
)LJ����� 7KH� SURSRUWLRQ� RI� KLJK�YROXPH� SUHIL[�� DV� DVVHVVHG� E\� $)3'$�
XWLOL]LQJ�UDQGRP�WUDIILF�VSOLWWLQJ��IRU�HYHU\�GHVWLQDWLRQ�DQG�VRXUFH�,3�PDVNV�
ZLGWK�

�
)LJ����� 7KH�FRPSOHWH� OLVW�RI�KHDY\� IUHTXHQF\�SUHIL[�ZLWK�HDFK� LQWDNH�DQG�
RXWJRLQJ� ,3� PDVNHG� ZLGWK� DV� FDOFXODWHG� E\� $)3'$� XVLQJ� PLQRU� WUDIILF�
SDUWLWLRQLQJ��

9�� ),1$/�&200(176�$1'�)8785(�:25.�
3HUIHFWO\� DFFHSWDEOH� PHDVXULQJ� LV� QHFHVVDU\� IRU� PDQ\�

VHUYLFHV� DQG� DSSOLFDWLRQV�� VR� LW� PXVW� EH� RIIHUHG�� ,Q� WKLV�
DUWLFOH�� ZH� SURSRVH� D� IRUHFDVW� GHVLJQHG� WR� KDQGOH� IRU� 6'1�
FDOOHG� 'HHS� )ORZ�� 'HHS� &LUFXODWLRQ� LQVWDOOV� FRPSOHWH�
VSHFLILFDWLRQ� IRU� FUXFLDO� IORZV� XVLQJ� DYDLODEOH� 7&$0�
UHFROOHFWLRQ� DQG� XVHV� DQ� HIIHFWLYH� FRPSXWHU� PHWKRG� WR�
IRUHFDVW� WKLV� VDPH� VL]H� RI� D� UHPDLQGHU� IORZV�� WKDW� FDQ
W� EH�
PRQLWRUHG� ZLWK� VSHFLILF� VHDUFK� UHJXODWLRQV�� XWLOL]LQJ�
KLVWRULFDO� WLPH� GDWD� IURP� HDUOLHU� WLPH� WR� HYDOXDWH�� ,Q� RXU�
XSFRPLQJ�ZRUN��ZH�SODQ� WR� LPSURYH�'HHS�)ORZ� WR� HPSOR\�
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FRPSOH[�IORZ�G\QDPLFV�DQG�PXFK�PRUH�QHWZRUNLQJ�GDWD� LQ�
DGGLWLRQ� IXUWKHU� WR� GHFUHDVH� WKH� QXPEHU� RI� DFFXUDWH� IORZ�
PHDVXUHPHQWV��

5()(5(1&(6�
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7HUP0HPRU\´��1HXUDO�&RPSXW��������������������������
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