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x K\GUDXOLF�VLPXODWLRQ PRGHOV�x YLVXDOL]DWLRQ�WRROV ��'�DQG�DOVR��'��
7KH� PHWHRURORJLFDO PRGHOV� DUH� JHQHUDOO\� FRPSXWDWLRQDOO\� LQWHQVLYH� DQG� WKH\� XVXDOO\� UXQ� RQ� VXSHUFRPSXWHUV\VWHPV��7KH�RXWSXW�RI�PHVRVFDOH�PRGHOV LV�XVHG�E\�PHWHRURORJLVWV�DV�D�VHW�RI�ERXQGDU\�FRQGLWLRQV�IRU�UHJLRQDOPRGHOV��7KLV��UHTXLUHV�HIILFLHQW�PDQDJHPHQW�DQG�WUDQVIHUV�RI�ODUJH��WHQV�WR�KXQGUHGV�RI�PHJDE\WHV��GDWDVHWV�,Q� K\GURORJLFDO� PRGHOV�� FRPSRQHQW� UHSUHVHQWDWLRQ� UHTXLUHV� D� VHW� RI� SDUDPHWHUV� WR� VSHFLI\� WKH� SDUWLFXODUFKDUDFWHULVWLF�RI� WKH� FRPSRQHQW� DQG�PDWKHPDWLFDO� UHODWLRQV� WR� GHVFULEH� WKH�SK\VLFDO� SURFHVV��7KH�UHVXOW�RI� WKHPRGHOOLQJ�SURFHVV�LV�D�VHW�RI�VWUHDP�IORZ�K\GURJUDSKVDW�GHVLUHG�ORFDWLRQV�LQ�WKH�ULYHU�EDVLQ��'XH�WR�WKH�QH[W�VWHSLQ�WKH�VLPXODWLRQ�FDVFDGH EHLQJ�K\GUDXOLF�VLPXODWLRQ�� LQ�ZKLFK�PRUH� WULEXWDULHV�DUH� WDNHQ� LQWR�DFFRXQW�� VHYHUDOLQGHSHQGHQW�K\GURORJLFDO�VLPXODWLRQV�DUH�SHUIRUPHG��L�H��KLJK�WKURXJKSXW�FRPSXWLQJLV�DSSOLFDEOH�+\GUDXOLF�PRGHOV VLPXODWH� WKH�SURSDJDWLRQ�RI� IORRG�ZDYHV� WKURXJK�YDULRXV� ULYHU� VWUXFWXUHV��7KH\�FDQ�EH�RQH�GLPHQVLRQDO� RU� WZR�GLPHQVLRQDO�� 7ZR�GLPHQVLRQDO� PRGHOV� DUH� JHQHUDOO\� PRUH� DFFXUDWH� WKDQ� RQH�GLPHQVLRQDOPRGHOV��KRZHYHU�WKH\�DUH�FRPSXWDWLRQDOO\� LQWHQVLYH��7KH�VL]H�RI�LQSXW�RXWSXW�GDWD�IRU� WZR�GLPHQVLRQDO�PRGHOVGHSHQGV� RQ� WKH� GHQVLW\� RI� PHVKHV� DQG� WKH� QXPEHU� RI� WLPH� VWHSV� DQG� FDQ� RFFDVLRQDOO\� H[FHHG� D� KXQGUHGPHJDE\WHV��7KH�VL]H�RI�LQSXW�RXWSXW�GDWD�IRU�RQH�GLPHQVLRQDO�PRGHOV�LV�XVXDOO\�VHYHUDO�GR]HQ�NLORE\WHV�7KH�PRGHOV� XVHG� LQ� IORRG� IRUHFDVWLQJ� UHTXLUH� D� KXJH� DPRXQW� RI� WHPSRUDU\� VWRUDJH� DV� WKH\� SURGXFH� PDVVLYHRXWSXW�VHWV��7KHUH�LV�DOVR�D�QHHG�IRU�VWRULQJ�VHYHUDO� �SRVVLEO\�KXQGUHGV�RI��SUH�VLPXODWHG�VLWXDWLRQV�� LQ�RUGHU�WRUHGXFH�WKH�UHVSRQVH�WLPH LQ�FULWLFDO�VLWXDWLRQV��$OO�RI� WKLV�GDWD�ZLOO�EH�ZHOO�GHVFULEHG�E\�DQ�HODERUDWH�PHWDGDWDVWUXFWXUH�7KH�UHVXOWV�REWDLQHG�IURP�WKH�PHWHRURORJLFDO RU�K\GUDXOLF�PRGHOV DUH�TXLWH�XVHOHVV�XQOHVV�ZHOO�YLVXDOL]HG�E\�DQHODERUDWH�WRRO��7KLV�DSSOLFDWLRQ�UHTXLUHV�WKH�YLVXDOL]DWLRQ� WRRO� WR�GLVSOD\�PHWHRURORJLFDOIRUHFDVWV��K\GURORJLFDOVWDWXV RI�WDUJHW�DUHDV��DQG�HVWLPDWHG�ZDWHU�IORZV��DORQJ�ZLWK�HQGDQJHUHG�DUHDV�
��� ',675,%87('�'$7$�$1$/<6,6�,1�+(37KLV�DSSOLFDWLRQ�>:3���@�ZLOO�DGGUHVVx DFFHVV�WR�ODUJH�GLVWULEXWHG�GDWDEDVHV�LQ�WKH�*ULG�HQYLURQPHQW�x GHYHORSPHQW�RI�GLVWULEXWHG�GDWD�PLQLQJ�WHFKQLTXHV�VXLWHG�WR�WKH�+(3�ILHOG�,Q� WKH�GHYHORSPHQW�RI� WKLV�+(3� ,QWHUDFWLYH�'DWD�$QDO\VLV� DSSOLFDWLRQ� WZR�DSSURDFKHV�ZLOO�EH�FRQVLGHUHG��RQHEDVHG�RQ�3$:�DQG�WKH�2EMHFW�2ULHQWHG�)UDPHZRUN�DQG�RQH�EDVHG�RQ�DQ�2�5�'%06�7KH� DSSOLFDWLRQ� ZLOO� KDYH� D� OD\HUHG� VWUXFWXUH�� IOH[LEOH� HQRXJK� WR� DGDSW� WR� GLIIHUHQW� H[SHULPHQWDO� VHW�XSV� DQGLQWHJUDWLRQ�RI�XVHU�IULHQGO\�LQWHUDFWLYH�DFFHVV��,W�ZLOO�FRQVLVW�RI�x ,QWHUDFWLYH�6HVVLRQ�'LVWULEXWHG�'DWDEDVH�$FFHVV�6HUYLFH��,6'%��x 'LVWULEXWHG�'DWDEDVH�,QVWDOODWLRQ��5HSOLFDWLRQ�DQG�6WULSSLQJ�6HUYLFH��'%,167��x ,QWHUDFWLYH�6HVVLRQ�'LVWULEXWHG�3URFHVVLQJ� �,6'3�� LPSOHPHQWHG�RQ� WRS�RI� ,QWHUDFWLYH�6HVVLRQ'LVWULEXWHG�0DQDJHU�DQG�:RUNHU��,60��,6:��XVLQJ�03,�RU�VLPLODU�PHVVDJH�SDVVLQJ�LQWHUIDFH�x ,QWHUDFWLYH�6HVVLRQ�'DWD�0LQLQJ�6HUYLFH��,6'0���LQFOXGLQJ�1HXUDO�1HWZRUN�$OJRULWKPV�,Q� WKH� LQWHUDFWLYH� DQDO\VLV� LQ� +(3�� GDWD� ORFDWLRQ� SOD\V� D� FHQWUDO� UROH�� W\SLFDO� LQWHUDFWLYH� UHTXHVWV� ZLOO� UXQ� RQ2�7%�� RI� GLVWULEXWHG� GDWD�� LQFXUULQJ� KRXU�ORQJ� WUDQVIHU�UHSOLFDWLRQ� WLPHV� IRU� WKH� ZKROH� GDWDVHW� ���7%\WH� LVWUDQVIHUUHG� LQ� !����� V�� RYHU� D�*LJDELW� QHWZRUN��� 6R� WKLV� RSHUDWLRQ�� LI� QHHGHG�� VKRXOG� WDNH� SODFH� RQFH� DQG� LQDGYDQFH�WR�WKH�LQWHUDFWLYH�VHVVLRQ�'DWD�PLQLQJ� VHUYLFHV� � EDVHG�RQ� VXSHUYLVHG� DQG�XQVXSHUYLVHG� OHDUQLQJ� DQG� WZR�VROXWLRQV� SURFHVVLQJ� LQ�ZRUNHUQRGHV�DQG�RQ�WKH�'%06�VLGH�ZLOO�EH�HODERUDWHG��$W�ILUVW��WKH�SURFHVV�LQYROYHV�VHYHUDO�WUDLQLQJ�VWHSV��ZKHUH�PRVWRI� WKH� WLPH� LV� VSHQW� WR� RSWLPLVH� D�QHXUDO� QHWZRUN��$� W\SLFDO�11�ZLWK� D� �����������VWUXFWXUH� WRRN� VRPHZKHUHEHWZHHQ�VHYHUDO�KRXUV�WR�VHYHUDO�GD\V�WR�WUDLQ�ZLWK��0%�HYHQWV�RQ�D�3,,,�����0+]���,Q�DQ�LQWHUDFWLYH�ZRUN�ZLWKGDWDVHWV�W\SLFDO�IRU�/+&��WKH�REMHFWLYH�RI�WUDLQLQJ�WKH�11�LQ�D�IHZ�PLQXWHV�UHVXOWV�LQ�WKH�GLVWULEXWLRQ�RI�WKH�ZRUN



&5266*5,'�$5&+,7(&785(�5(48,5(0(176�$1'),567�'(),1,7,21�2)�$5&+,7(&785(:RUNLQJ�'UDIW

&*���'���������������'5$)7�$ 38%/,& �� ����

DFURVV� R��������� *ULG� QRGHV�� 2SWLPL]DWLRQ� RI� UHVRXUFHV� PD\� EH� EDVHG� RQ� D� FRPSURPLVH� EHWZHHQ� QRGHSURFHVVLQJ� SRZHU� DQG� WKH� RYHUKHDG� LQYROYHG� LQ� GLVWULEXWHG� LQIRUPDWLRQ� H[FKDQJH� RYHU� D� QHWZRUN�� 7KH� 11DOJRULWKP�VFDOHV�SHUIHFWO\�IURP���WR�����QRGHV�LQ�D�ORFDO�FOXVWHU�ZLWK�IDVW�(WKHUQHW�
��� :($7+(5�)25(&$67,1*�$1'�$,5�32//87,21�02'(//,1*7KLV�DSSOLFDWLRQ�>:3���@�LQFOXGHVx VHD�ZDYH�PRGHOOLQJ�ZLWK�WKH�&RXSOHG�2FHDQ�$WPRVSKHUH�0HVRVFDOH�3UHGLFWLRQ�6\VWHP�x GDWD�PLQLQJ�DSSOLHG�WR�GRZQVFDOLQJ�ZHDWKHU�IRUHFDVWV�x DQ�LPSOHPHQWDWLRQ�RI�DLU�SROOXWLRQ�PRGHOV�
7KH�DSSOLFDWLRQ�LV�GDWD�LQWHQVLYH�DQG�SHUIRUPDQFH�LQWHQVLYH�ZKLFK�UHTXLUHV�HIILFLHQW�PDQDJHPHQW�DQG�WUDQVIHU�RIJLJDE\WHV�RI�LQIRUPDWLRQ�WKURXJKRXW�D�ZLGH�DUHD��$�ODUJH�FRPPXQLW\�RI�UHVHDUFKHUV�VKDUHV�PDVVLYH�GDWD�VHWV�DQGLQVWLWXWLRQV�RIWHQ�FUHDWH�ORFDO�FRSLHV�DQG�UHSOLFDV�RI�WKH�VLPXODWHG�DQG�REVHUYHG�GDWD�VHWV�WR�RYHUFRPH�ORQJ�ZLGH�DUHD� GDWD� WUDQVIHU� ODWHQFLHV��7KH�GDWD�PDQDJHPHQW� VKRXOG� QRW� RQO\� SURYLGH� VHFXULW\� VHUYLFHV�� EXW� DOVR� FRQWDLQWRROV�DEOH� WR�GHWHUPLQH�ZKHUH�DOO� WKH�H[LVWLQJ� FRSLHV�DUH� ORFDWHG�� WR�HQDEOH�D�XVHU� WR�GHFLGH�ZKHWKHU� WR�DFFHVVH[LVWLQJ�FRSLHV�RU�FUHDWH�QHZ�RQHV�WR�PHHW�WKH�SHUIRUPDQFH�QHHGV�RI�WKHLU�DSSOLFDWLRQV�
7KH�ZHDWKHU�DQG�VHD�ZDYH�IRUHFDVWLQJ�UHTXLUHVx DQ�DWPRVSKHULF��ZHDWKHU�SUHGLFWLRQ�PRGHO�x YDULRXV�VHD�ZDYH�PRGHOV�x YLVXDOLVDWLRQ�WRROV��OLNH�*5$'6�DQG�9,6�'��'DWD�PLQLQJ�UHTXLUHVx GLVWULEXWHG�PHWHRURORJLFDO�GDWDEDVHV�x VWDWLVWLFDO� SDFNDJHV� ZLWK� VSHFLILF� QRQOLQHDU� GDWD� PLQLQJ� WHFKQLTXHV� RQ� PRGHOHG� DQGREVHUYHG�GDWD�DUFKLYHV�x YLVXDOLVDWLRQ�WRROV�$LU�SROOXWLRQ�VLPXODWLRQ�UHTXLUHVx DQ�DLU�SROOXWLRQ�VXOIXU�WUDQVSRUW�PRGHO��67(0�,,��x VHUYLFHV�ZKLFK�DOORZ�WKH�XVHU�WR�FKDQJH�WKH�VHW�RI�SDUDPHWUV�GULYLQJ�WKH�PRGHO�DFFRUGLQJWR�WKH�UHVXOWV�RI�VLPXODWLRQV�x YLVXDOLVDWLRQ�WRROV�7KLV�DSSOLFDWLRQ�DOVR�UHTXLUHV�VHUYLFHV�ZKLFK�DOORZ�XVHUV� WR�FKHFN� WKH�VWDWXV�RI� WKHLU�RZQ�SHQGLQJ� MREV�� WR�XVHUHVXOWV�IURP�VLPLODU��HDUOLHU�UXQV�DQG�WR�UHWULHYH�MRE�RXWSXW�
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� $5&+,7(&785(�29(59,(:
$IWHU� DQDO\VLQJ� WKH� SUHOLPLQDU\� YHUVLRQ� RI� WKH� DSSOLFDWLRQ� 6RIWZDUH� 5HTXLUHPHQWV� 6SHFLILFDWLRQ� GRFXPHQWV>&URVV*ULG@� WKH� &URVV*ULG� 7HFKQLFDO� $UFKLWHFWXUH� 7HDP� KDV� HODERUDWHG� WKH� ILUVW� YHUVLRQ� RI� WKH�&URVV*ULGDUFKLWHFWXUH��SUHVHQWHG�DW�WKH�ILUVW�PHHWLQJV�RI��3URMHFW�:RUN�3DFNDJHV��7KH�GUDIW�ZDV�VXEVHTXHQWO\�PRGLILHG�DQGLPSURYHG�
)LJ�� �� SUHVHQWV� WKH� FXUUHQW� YHUVLRQ� RI� WKH� JHQHUDO� RYHUYLHZ� RI� WKH�&URVV*ULG� DUFKLWHFWXUH�� 7KH� VRIWZDUHFRPSRQHQWV�ZKLFK�ZLOO�EH�GHYHORSHG�ZLWKLQ�WKH�IUDPHZRUN�RI�WKH�3URMHFW�DQG�WKRVH�IURP�*OREXV�DQG�'DWD*ULGDUH�RUJDQL]HG�LQ�OD\HUV�VLPLODUO\�WR�WKH�DSSURDFK�SUHVHQWHG�E\�,��)RVWHU�DQG�&��.HVVHOPDQQ�>*ULG1&,@x $SSOLFDWLRQV� ±� LQWHUDFWLYH� DSSOLFDWLRQV�� WKH�EDVLF� FKDUDFWHULVWLFV� RI�ZKLFK�ZHUH� JLYHQ� LQ� WKH� SUHYLRXVFKDSWHU�x 6XSSRUWLQJ�7RROV�±�IRU�GHYHORSPHQW�RI�DSSOLFDWLRQV�DQG�WKH�SRUWDO�ZLWK�D�PLJUDWLQJ�GHVNWRS�x $SSOLFDWLRQ�6XSSRUW�±�WZR�FRPSRQHQWV�XVHG�IRU�RUJDQL]DWLRQ�RI�FRPPXQLFDWLRQ�x $SSOLFDWLRQ�6SHFLILF�*ULG�6HUYLFHV�±�QHZ� VHUYLFHV�ZKLFK� HQDEOH� LQWHUDFWLYH� H[HFXWLRQ� RI� DSSOLFDWLRQVRQ�WKH�*ULG��GHVLJQHG�IRU�VSHFLILF�&URVV*ULG��DSSOLFDWLRQV�x *HQHULF�6HUYLFHV�±�QHZ�*ULG�VHUYLFHV�ZLWK�XQLYHUVDO�IHDWXUHV�x )DEULF�±�IRU�RSWLPL]DWLRQ�RI�ORFDO�GDWD�DFFHVV�DQG�IRU�LQVWUXPHQW�PDQDJHPHQW�

)LJXUH����2YHUYLHZ�RI�WKH�&URVV*ULG�$UFKLWHFWXUH�

6XSSRUWLQJ�7RROV
���0HWHR3ROOXWLRQ
���0HWHR3ROOXWLRQ

����3RUWDO�	�0LJUDWLQJ�'HVNWRS
����3RUWDO�	�0LJUDWLQJ�'HVNWRS$SSOLFDWLRQV'HYHORSPHQW6XSSRUW

���3HUIRUPDQFH�$QDO\VLV
���3HUIRUPDQFH�$QDO\VLV

����03,�9HULILFDWLRQ����03,�9HULILFDWLRQ ����0HWULFV�DQG�%HQFKPDUNV
����0HWULFV�DQG�%HQFKPDUNV

$SS��6SHF�6HUYLFHV ����*ULG�9LVXDOLVDWLRQ�.HUQHO
����*ULG�9LVXDOLVDWLRQ�.HUQHO

����'DWD0LQLQJ RQ�*ULG��11�
����'DWD0LQLQJ RQ�*ULG��11�

����,QWHUDFWLYH�'LVWULEXWHG'DWD�$FFHVV
����,QWHUDFWLYH�'LVWULEXWHG'DWD�$FFHVV

���5RDPLQJ$FFHVV
���5RDPLQJ$FFHVV

���6FKHGXOLQJ�$JHQWV��
���6FKHGXOLQJ�$JHQWV��

���*ULG�0RQLWRULQJ
���*ULG�0RQLWRULQJ

03,&+�*03,&+�*

)DEULF

���������+/$�DQG�RWKHUV���������+/$�DQG�RWKHUV

���2SWLPL]DWLRQ�RI*ULG 'DWD�$FFHVV
���2SWLPL]DWLRQ�RI*ULG 'DWD�$FFHVV

���)ORRGLQJ���)ORRGLQJ���%LR0HG���%LR0HG$SSOLFDWLRQV

*HQHULF�6HUYLFHV

���,QWHUDFWLYH�6HVVLRQ�6HUYLFHV
���,QWHUDFWLYH�6HVVLRQ�6HUYLFHV

*5$0*5$0 *6,*6, 5HSOLFD�&DWDORJ5HSOLFD�&DWDORJ*,6���0'6*,6���0'6*ULG)73*ULG)73 *OREXV�,2*OREXV�,2
'DWD*ULG5HSOLFD0DQDJHU
'DWD*ULG5HSOLFD0DQDJHU'DWD*ULG�-RE�6XEPLVVLRQ�6HUYLFH

'DWD*ULG�-RE�6XEPLVVLRQ�6HUYLFH
5HVRXUFH�0DQDJHU�&(�
5HVRXUFH�0DQDJHU�&(�&38&38

5HVRXUFH0DQDJHU5HVRXUFH0DQDJHU5HVRXUFH�0DQDJHU�6(�
5HVRXUFH�0DQDJHU�6(�6HFRQGDU\�6WRUDJH6HFRQGDU\�6WRUDJH

5HVRXUFH0DQDJHU5HVRXUFH0DQDJHU
,QVWUXPHQWV���6DWHOLWHV��5DGDUV�
,QVWUXPHQWV���6DWHOLWHV��5DGDUV�

���2SWLPL]DWLRQ�RI�/RFDO 'DWD�$FFHVV
���2SWLPL]DWLRQ�RI�/RFDO 'DWD�$FFHVV

7HUWLDU\�6WRUDJH7HUWLDU\�6WRUDJH

5HSOLFD�&DWDORJ5HSOLFD�&DWDORJ
*OREXV5HSOLFD0DQDJHU
*OREXV5HSOLFD0DQDJHU

���8VHU�,QWHUDFWLRQ�6HUYLFHV
���8VHU�,QWHUDFWLRQ�6HUYLFHV

6XSSRUWLQJ�7RROV
���0HWHR3ROOXWLRQ
���0HWHR3ROOXWLRQ

����3RUWDO�	�0LJUDWLQJ�'HVNWRS
����3RUWDO�	�0LJUDWLQJ�'HVNWRS$SSOLFDWLRQV'HYHORSPHQW6XSSRUW

���3HUIRUPDQFH�$QDO\VLV
���3HUIRUPDQFH�$QDO\VLV

����03,�9HULILFDWLRQ����03,�9HULILFDWLRQ ����0HWULFV�DQG�%HQFKPDUNV
����0HWULFV�DQG�%HQFKPDUNV

$SS��6SHF�6HUYLFHV ����*ULG�9LVXDOLVDWLRQ�.HUQHO
����*ULG�9LVXDOLVDWLRQ�.HUQHO

����'DWD0LQLQJ RQ�*ULG��11�
����'DWD0LQLQJ RQ�*ULG��11�

����,QWHUDFWLYH�'LVWULEXWHG'DWD�$FFHVV
����,QWHUDFWLYH�'LVWULEXWHG'DWD�$FFHVV

���5RDPLQJ$FFHVV
���5RDPLQJ$FFHVV

���6FKHGXOLQJ�$JHQWV��
���6FKHGXOLQJ�$JHQWV��

���*ULG�0RQLWRULQJ
���*ULG�0RQLWRULQJ

03,&+�*03,&+�*

)DEULF

���������+/$�DQG�RWKHUV���������+/$�DQG�RWKHUV

���2SWLPL]DWLRQ�RI*ULG 'DWD�$FFHVV
���2SWLPL]DWLRQ�RI*ULG 'DWD�$FFHVV

���)ORRGLQJ���)ORRGLQJ���%LR0HG���%LR0HG$SSOLFDWLRQV

*HQHULF�6HUYLFHV

���,QWHUDFWLYH�6HVVLRQ�6HUYLFHV
���,QWHUDFWLYH�6HVVLRQ�6HUYLFHV

*5$0*5$0 *6,*6, 5HSOLFD�&DWDORJ5HSOLFD�&DWDORJ*,6���0'6*,6���0'6*ULG)73*ULG)73 *OREXV�,2*OREXV�,2
'DWD*ULG5HSOLFD0DQDJHU
'DWD*ULG5HSOLFD0DQDJHU'DWD*ULG�-RE�6XEPLVVLRQ�6HUYLFH

'DWD*ULG�-RE�6XEPLVVLRQ�6HUYLFH
5HVRXUFH�0DQDJHU�&(�
5HVRXUFH�0DQDJHU�&(�&38&38

5HVRXUFH0DQDJHU5HVRXUFH0DQDJHU5HVRXUFH�0DQDJHU�6(�
5HVRXUFH�0DQDJHU�6(�6HFRQGDU\�6WRUDJH6HFRQGDU\�6WRUDJH

5HVRXUFH0DQDJHU5HVRXUFH0DQDJHU
,QVWUXPHQWV���6DWHOLWHV��5DGDUV�
,QVWUXPHQWV���6DWHOLWHV��5DGDUV�

���2SWLPL]DWLRQ�RI�/RFDO 'DWD�$FFHVV
���2SWLPL]DWLRQ�RI�/RFDO 'DWD�$FFHVV

7HUWLDU\�6WRUDJH7HUWLDU\�6WRUDJH

5HSOLFD�&DWDORJ5HSOLFD�&DWDORJ
*OREXV5HSOLFD0DQDJHU
*OREXV5HSOLFD0DQDJHU

���8VHU�,QWHUDFWLRQ�6HUYLFHV
���8VHU�,QWHUDFWLRQ�6HUYLFHV



&5266*5,'�$5&+,7(&785(�5(48,5(0(176�$1'),567�'(),1,7,21�2)�$5&+,7(&785(:RUNLQJ�'UDIW

&*���'���������������'5$)7�$ 38%/,& �� ����

$OO�DSSOLFDWLRQV�RI�WKH�&URVV*ULG��UHTXLUH�DXWKHQWLFDWLRQ DQG�DXWKRUL]DWLRQ�DV�HYHU\�DFWLRQ� WDNHQ�HLWKHU�E\�XVHU�WKURXJK�WKH�SRUWDO���RU�E\�DQ\�VRIWZDUH�FRPSRQHQW�KDV�WR�EH�VHFXUH��7KHUHIRUH�ZH�ZLOO�XVH�*OREXV�DQG�'DWD*ULGVHFXULW\�V\VWHPV�DV�HVVHQWLDO�FRPSRQHQWV�RI�WKH�&URVV*ULG�DUFKLWHFWXUH�
7KH� ILYH� IROORZLQJ� VHFWLRQV� GHVFULEH� WKH� IXQFWLRQDOLW\� RI� HDFK� FRPSRQHQW� DQG� LWV� LQWHUDFWLRQ� ZLWK� RWKHU� JULGVHUYLFHV� DQG� WRROV�� )RU� D� GHVFULSWLRQ� RI�*OREXV� >*OREXV@� DQG�'DWDJULG� >('*@� SOHDVH� UHIHU� WR� WKH� DSSURSULDWHZHEVLWHV�
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� $33/,&$7,21�63(&,),&�*5,'�6(59,&(6
��� 86(5�,17(5$&7,21�6(59,&(6
7KH�8VHU�,QWHUDFWLRQ�6HUYLFHV�VKRXOG�HQDEOH�FRQWURO�RI�GDWD�IORZ� EHWZHHQ�YDULRXV�*ULG�FRPSRQHQWV�FRQQHFWHGWRJHWKHU� IRU� D�JLYHQ� LQWHUDFWLYH�DSSOLFDWLRQ�� ,W� VKRXOG�DOVR�V\QFKURQL]H� WKH� VLPXODWLRQ� DQG�YLVXDOL]DWLRQ�� DQG�±DFFRUGLQJ�WR�WKH�UHTXLUHG�W\SH�RI�VLPXODWLRQ�±�WKLV�VHUYLFH�VKRXOG�HQDEOH�D�SOXJ�LQ�PHFKDQLVP�IRU� WKH�UHTXLUHGFRPSRQHQWV�� 6RIWZDUH� LQWHUIDFHV� WR� WKH� 8VHU� ,QWHUDFWLRQ� 6HUYLFHV� DUH� SUHVHQWHG� LQ� )LJ�� ��� 7RJHWKHU� ZLWK� WKH&URVV*ULG�VFKHGXOHU��WKLV�PRGXOH�ZLOO�FRRSHUDWH�ZLWK�XQGHUO\LQJ�UHVRXUFH�PDQDJHUV�DQG�LQIRUPDWLRQ�VHUYLFHV�x 5HVRXUFH�EURNHU��ERWK�'DWD*ULG�DQG�*OREXV��x &RQGRU�*�V\VWHP�IRU�+LJK�7KURXJKSXW�&RPSXWLQJ�x 1LPURG�WRRO�IRU�DGYDQFHG�SDUDPHWHU�VWXG\�x *ULG�PRQLWRULQJ�VHUYLFH�DQG�*OREXV�*,6�0'6�

)LJXUH����,QWHUDFWLRQ�RI�8VHU�,QWHUDFWLRQ�6HUYLFHV�ZLWK�RWKHU�JULG�FRPSRQHQWV�
7KH�8VHU�,QWHUDFWLRQ�6HUYLFHV�VKRXOG�PDNH�LW�SRVVLEOH�WR�VWDUW�FRPSOH[�LQWHUDFWLYH�DSSOLFDWLRQV�DQG�WR�VWHHU� WKHVLPXODWLRQV��'XULQJ�WKH�VLPXODWLRQ�WKH�XVHU�VKRXOG�EH�DEOH�WR�FDQFHO�D�JLYHQ�MRE�DV�D�UHVXOW�RI�DQ�LQVSHFWLRQ�RI�WKHMRE�RXWSXW��7KH�LQWHUDFWLYH�DSSOLFDWLRQ�VKRXOG�EH�UH�VWDUWHG�LPPHGLDWHO\�RUGHU�WR�DFKLHYH�D�UHVSRQVH�WLPH�DV�ORZDV�SRVVLEOH��7KH�VHUYLFH�VKRXOG�HQDEOH�DQ�DGYDQFH�UHVHUYDWLRQ�DQG�WKH�XVH�RI�SULRULWLHV�ZLWK�UHJDUG�WR�XVHU�MREVDQG�MRE�SUH�HPSWLRQ��DSSHDU�WR�EH�YDOXDEOH�PHFKDQLVPV�WR�VXSSRUW�WKLV�UHTXLUHPHQW�
7KH�8VHU�,QWHUDFWLRQ�6HUYLFHV�PRGXOH�ZLOO�FRRSHUDWH�ZLWK�WKH�+/$�PRGXOH��WKH�PDLQ�WDVNV�RI�ZKLFK�ZLOO�EH�WR�x PDLQWDLQ�D�SUHVHOHFWHG�RUGHULQJ�RI�VLPXODWLRQ�HYHQWV�x SURYLGH�VSHFLILF�FRPPXQLFDWLRQ�SULPLWLYHV�
:H�DUH�FXUUHQWO\�LQYHVWLJDWLQJ�WZR�VROXWLRQV�x SRUWLQJ�WKH�+/$�V\VWHP�WR�WKH�*ULG�HQYLURQPHQW�x GHYHORSLQJ�D�*ULG�RULHQWHG�PRGXOH�ZKLFK�ZRXOG�HQFDSVXODWH�+/$�IXQFWLRQDOLW\�
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��� 6&+('8/(57KH�&URVV*ULG�UHVRXUFH�PDQDJHPHQW�V\VWHP�ZLOO�EH�EDVHG�RQ�VHOI�DGDSWLYH�VFKHGXOLQJ�DJHQWV��7KH�PDLQ�JRDO�LVWR�VFKHGXOH�GLVWULEXWHG�DSSOLFDWLRQV�VXEPLWWHG�WR�WKH�*ULG��7KH�VFKHGXOLQJ�DJHQWV��6$��ZLOO�GHFLGH�ZKHUH��ZKHQ�DQG� KRZ� WR� UXQ� SDUDOOHO� MREV� RQ�*ULG� UHVRXUFHV� DV� VSHFLILHG� E\� D� VHW� RI� SROLFLHV�� SULRULWLHV�� UHTXLUHPHQWV� DQGOLPLWV��7KH�VFKHGXOHU�LV�UHVSRQVLEOH�WR�GHFLGLQJ�RQ�WKH�DOORFDWLRQ�RI�DSSOLFDWLRQ�WDVNV�WR�FRPSXWLQJ�UHVRXUFHV�LQ�DZD\� ZKLFK� JXDUDQWHHV� WKDW� DSSOLFDWLRQV� DUH� FRQYHQLHQWO\�� HIILFLHQWO\� DQG� HIIHFWLYHO\� H[HFXWHG�� 7KLV� VFKHGXOHUZLOO�EH�DQ�H[WHQVLRQ�RI�WKH�'DWD*ULG�:RUNORDG�0DQDJHU�6\VWHP��6$�ZLOO�DXWRPDWH�PRVW�RI�WKH�DFWLYLWLHV�UHODWHGWR�UHVRXUFH�GLVFRYHU\�DQG�V\VWHP�VHOHFWLRQ��6$�ZLOO�VFKHGXOH�DQG�PDQDJH�WZR�W\SHV�RI�MREV�x 6LPSOH�MREV�FRQVLVWLQJ�RI�VLQJOH�DSSOLFDWLRQV��VHTXHQWLDO�RU�SDUDOOHO���x &RPSRVLWH�MREV�FRQVLVWLQJ�RI�FROOHFWLRQV�RI�VLQJOH�DSSOLFDWLRQV��HDFK�RI�ZKLFK�FDQ�EH�HLWKHU�VHTXHQWLDORU�SDUDOOHO��ZKLFK�H[KLELW�VRPH�VRUW�RI�LQWHU�GHSHQGHQF\�7KH�DSSOLFDWLRQV�ZLOO�EH�GHVFULEHG�XVLQJ�D�VSHFLILF�MRE�GHVFULSWLRQ�ODQJXDJH�7KH�IXQFWLRQDOLW\�RI�WKH�&URVV*ULG�VFKHGXOHU�VKRXOG�LQFOXGH�x 0DWFKLQJ�WKH�XVHU�DSSOLFDWLRQ�UHTXLUHPHQWV�DQG�WKH�UHVRXUFHV�DYDLODEOH�RQ�WKH�*ULG��WKH�FKDUDFWHULVWLFVRI�*ULG�UHVRXUFHV�ZLOO�EH�UHWULHYHG�IURP�ERWK�PRQLWRULQJ�DQG�LQIRUPDWLRQ�VHUYLFHV��x 5HVRXUFH�VHOHFWLRQ��ZKLFK�ZLOO�EH�LPSOHPHQWHG�ZLWK�KHXULVWLFV�UHVSRQVLEOH�IRU�VHOHFWLQJ�WKH�DFWXDO�VHW�RIUHVRXUFHV� WR� EH� XVHG� E\� DQ� DSSOLFDWLRQ� IURP� D� SRRO� RI� DOO� UHVRXUFHV� ZKLFK�IXOILOO� WKDW� DSSOLFDWLRQ¶VUHTXLUHPHQWV��7KH�VHOHFWLRQ�FULWHULD�ZLOO�EH�JXLGHG�E\�WKH�XVHU�VSHFLILF�RSWLPL]DWLRQ�FULWHULD�x $�VXEPLVVLRQ� VHUYLFH��ZKLFK� SHUIRUPV� WKH� DFWXDO� VXEPLVVLRQ� RI� D� MRE� WR� WKH� UHVRXUFH�PDQDJHU� RI� WKH*ULG�� ,I� UHTXLUHG�� WKH� UHVRXUFH� PDQDJHU� VKRXOG� JXDUDQWHH� D� VLPXOWDQHRXV� FR�DOORFDWLRQ� RI� DOO� WKHUHVRXUFHV�GHWHUPLQHG�E\�WKH�UHVRXUFH�VHOHFWLRQ�SURFHVV�
6RIWZDUH� LQWHUIDFHV� WR�WKH�VFKHGXOHU�DUH�SUHVHQWHG�LQ�)LJ�����$V�SUHYLRXVO\�VWDWHG�� WKH� VFKHGXOHU�ZLOO�FRRSHUDWHZLWKx 5HVRXUFH�EURNHU��ERWK�'DWD*ULG�DQG�*OREXV��x &RQGRU�*�V\VWHP�IRU�+LJK�7KURXJKSXW�&RPSXWLQJ�x 1LPURG�WRRO�IRU�DGYDQFHG�SDUDPHWHU�VWXG\�x *ULG�PRQLWRULQJ�VHUYLFH�DQG�*OREXV�*,6�0'6�
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7KH�2SWLPL]DWLRQ�RI�'DWD�$FFHVV�6HUYLFH�FRQVLVWV�RI�D�&RPSRQHQW�([SHUW�6\VWHP��D�'DWD�$FFHVV�(VWLPDWRU�DQGD�*ULG)73�3OXJLQ�7KH�&RPSRQHQW�([SHUW�$UFKLWHFWXUH� LV� D� KHXULVWLF� V\VWHP� IRU� VHOHFWLQJ� RI� FRPSRQHQWV� �GDWD� KDQGOHUV��� ZKLFKDOORZ� IOH[LEOH� GDWD� DFFHVV�� ,W� RSWLPL]HV� WKH� XVDJH� RI� WKH� VWRUDJH� V\VWHPV� WKURXJK� SURSHU� VHOHFWLRQ� RI� VWRUDJHVWUDWHJLHV�GXH�WR�GLIIHUHQW�DSSOLFDWLRQV¶� UHTXLUHPHQWV� DQG�H[LVWLQJ� VWRUDJH�FDSDELOLWLHV��$�KXPDQ� H[SHUW� VKRXOGSUHSDUH�WKH�GHFLVLRQ�UXOHV�7KH�'DWD�$FFHVV�(VWLPDWRU�HVWLPDWHV�WKH�EDQGZLGWK�DQG�WKH�ODWHQF\�RI�GDWD�DYDLODELOLW\�LQVLGH�D�6WRUDJH�(OHPHQW�7KLV�HVWLPDWLRQ�GRHV�QRW�LQFOXGH�QHWZRUN�WUDQVPLVVLRQ�DVSHFWV��7KLV�DQWLFLSDWLRQ�LV�XVHG�E\�WKH�5HSOLFD�0DQDJHUWR�PDNH�LQIRUPHG�GHFLVLRQV��7KH�HVWLPDWLRQ�RI�WKH�GDWD�DUULYDO�ODWHQF\�LV�GLIIHUHQW�IRU�+60��75/)0��6HFRQGDU\6WRUDJH�DQG�UHODWLRQDO�GDWDEDVHV�
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��� *5,'�021,725,1**ULG�PRQLWRULQJ� IDFLOLWLHV� ZLWKLQ� WKH�&URVV*ULG�ZRUN� E\� GHOLYHULQJ� WKH� ORZ�OHYHO� GDWD� LQWHQGHG� IRU� DXWRPDWLFH[WUDFWLRQ� RI� KLJK�OHYHO� SHUIRUPDQFH� SURSHUWLHV� DQG� RQ�OLQH� WRRO� VXSSRUW�� RULHQWHG� WRZDUGV� DSSOLFDWLRQ�ERXQGDFWLYLWLHV��DV�ZHOO�DV�GDWD�IRU�WKH�QHHGV�RI�QHWZRUN�RULHQWHG�DFWLYLWLHV�RQ�WKH�*ULG�7KH�PRQLWRULQJ�V\VWHP�FRQVLVWV�RI�x DQ�20,6�EDVHG�DSSOLFDWLRQ�PRQLWRULQJ�V\VWHP��2&0�*�x DGGLWLRQDO�VHUYLFHV���6$17$�*���IRU�QRQ�LQYDVLYH�PRQLWRULQJ��DQGx -LUR�EDVHG�VHUYLFHV�IRU�*ULG�LQIUDVWUXFWXUH�PRQLWRULQJ�
2&0�*�LV�D�GLVWULEXWHG�PRQLWRULQJ� V\VWHP� IRU� REWDLQLQJ� LQIRUPDWLRQ� RQ� DQG�PDQLSXODWLQJ� SDUDOOHO� GLVWULEXWHGDSSOLFDWLRQV�� 7KH� SXUSRVH� RI� WKLV� V\VWHP� LV� WR� SURYLGH� D� EDVLV� IRU� FRQVWUXFWLQJ� WRROV� ZKLFK� VXSSRUW� SDUDOOHODSSOLFDWLRQ�GHYHORSPHQW��7KH�EHQHILW�RI�XVLQJ� LW� LV� WKDW� LW�FRQVWLWXWHV�DQ�DXWRQRPRXV�PRQLWRULQJ�LQIUDVWUXFWXUH�DFFHVVLEOH� YLD� D� VWDQGDUGL]HG� LQWHUIDFH�� ZKLFK� YDULRXV� WRROV� FDQ� XVH�� 7KLV� DSSURDFK� SURYLGHV� DEVWUDFWLRQ� DQGLQFUHDVHV�PRGXODULW\�±�WKH�WRROV�WKHPVHOYHV�FDQ�EH�GHYHORSHG�LQGHSHQGHQWO\�IURP�WKH�PRQLWRULQJ�V\VWHP�7KH�-LUR�EDVHG�VHUYLFHV�IRU�*ULG�LQIUDVWUXFWXUH�PRQLWRULQJ�DUH�LQWHOOLJHQW�FRPSRQHQWV�IRU�REWDLQLQJ�LQIRUPDWLRQIURP� DQG� *ULG� KDUGZDUH� GHYLFHV�� 7KH� DSSOLFDWLRQ� RI� WKLV� VRIWZDUH� LV� WR� JDWKHU� LQIRUPDWLRQ� IURP� KDUGZDUHGHYLFHV��PDNH�DXWRQRPRXV�GHFLVLRQV�EDVHG�RQ�WKLV�LQIRUPDWLRQ�DQG�WDNH�QHFHVVDU\�DFWLRQV�6$17$�*�VHUYLFHV�DUH�D�VSHFLDOL]HG�QRQ�LQYDVLYH�FRPSOHPHQW�WR�RWKHU�PRUH�LQWUXVLYH�PRQLWRULQJ�VHUYLFHV��7KHREMHFWLYHV�DUH�WR�DOORZ� LQIRUPDWLRQ�FDSWXUHG�E\�H[WHUQDO�PRQLWRULQJ�LQVWUXPHQWV�WR�EH�LQWURGXFHG�LQWR�WKH�*ULGLQIRUPDWLRQ�V\VWHP��DQG�WR�VXSSRUW�DQDO\VLV�RI�SHUIRUPDQFH�XVLQJ�WKLV�LQIRUPDWLRQ�7KH�PRQLWRULQJ�V\VWHP�ZLOO�EH�GHYHORSHG�LQ�VXFK�D�ZD\� WKDW�LW�ZLOO�EH�VFDODEOH��IOH[LEOH�DQG�HDV\� WR�FRQILJXUH�7KH�&URVV*ULG�PRQLWRULQJ� V\VWHP� VKRXOG� KDYH� LQWHUIDFHV� WR� DOO� DSSOLFDWLRQ�VSHFLILF� VHUYLFHV�� WR� *ULG� JHQHULFVHUYLFHV�DQG�WR�WRROV�GHYHORSHG�ZLWKLQ�WKH�IUDPHZRUN�RI�WKLV�3URMHFW��VHH�)LJV����������DQG����
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)LJXUH����,QWHUDFWLRQ�RI�5RDPLQJ�$FFHVV�6HUYHU�ZLWK�RWKHU�*ULG�FRPSRQHQWV
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