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7KH� PRWLYDWLRQ� IRU� WKH� UHVHDUFK� HPHUJHG� IURP� WKH�UDSLGO\� JURZLQJ� DSSOLFDWLRQV� DQG� LQWHUHVWV� LQ� WKH� YLUWXDO�UHDOLW\� >��@�� LQFUHDVLQJ� WUHQG� WR� XVH� YLUWXDO� UHDOLW\�WHFKQRORJ\� LQ�GHFLVLRQ�PDNLQJ�V\VWHP�>��@��D�YDULHW\�RI�DSSURDFKHV� IRU� PRGHOLQJ� DFRXVWLF� SHUIRUPDQFH�>�@>�@>�@>�@� DQG� DYDLODEOH� WHFKQLTXHV� QRW� VXSSRUW� UHDO�WLPH� LQWHUDFWLYH� DFRXVWLF� GHVLJQ� DQG� VLPXODWLRQ�>�@>�@>��@>��@�� DOVR� FKDOOHQJHV� LQKHUHQW� LQ� DFKLHYLQJ�GHVLUDEOH� DFRXVWLF� EHKDYLRU� LQ� �'� YLUWXDO� HQYLURQPHQW�>�@>��@� DQG�SRWHQWLDO� EHQHILWV� RI� DFRXVWLFV� VLPXODWLRQ� LQ�FRQVWUXFWLRQ�LQGXVWU\��
��� +DUGZDUH�&RQILJXUDWLRQ�RI�WKH�9(�:DON�WKURXJK�6\VWHP�7KH� YLUWXDO� HQYLURQPHQW� ZDON�WKURXJK� V\VWHP� LV�FRPSULVHG�RI�WKUHH�PDMRU�SDUWV��YLVXDOL]DWLRQ�VXEV\VWHP��DXUDOL]DWLRQ� VXEV\VWHP�� DQG� UHDO�WLPH� LQWHUDFWLRQ� SDUWV�VXFK�DV�WUDFNLQJ�V\VWHPV�WKDW�DOORZ�XSGDWLQJ�WKH�SRVLWLRQ�RI�WKH�XVHU¶V�KHDG�DQG�WKH�YLUWXDO�REMHFWV�DVVRFLDWHG�ZLWK�YLUWXDO� VRXQG� VRXUFHV�� 7KH� YLVXDOL]DWLRQ� VXEV\VWHP� �9(�KRVW��LV�FHQWHUHG�RQ�D�&$9(�WKDW�FRQVLVWV�RI�D�FXEH�ZLWK�GLVSOD\�VFUHHQ�IDFHV�VXUURXQGLQJ�WKH�XVHU�DQG�GULYHQ�E\�D�6*,� 2Q\[�� UDFN� V\VWHP�� 7KH� DXUDOL]DWLRQ� VXEV\VWHP� LV�EDVHG� RQ� D� +XURQ� 3&,� DXGLR� ZRUNVWDWLRQ�� $� VHW� RI�7&3�,3� SURWRFRO�EDVHG� SURFHGXUHV�ZDV�ZULWWHQ� WR� DOORZ�WKH� 9(� KRVW� WR� WUDQVPLW� WKH� DWWULEXWHV� RI� WKH� DFRXVWLF�VFHQH� WR� WKH�DXUDOL]DWLRQ�VXEV\VWHP�WKURXJK�D� ORFDO�DUHD�QHWZRUN�� 7KH� 9(� KRVW� VHQGV� SDFNHWV� VSHFLI\LQJ� WKH�DFRXVWLF� VFHQH�� LQFOXGLQJ� WKH� VRXUFH�� XVHU� DQG�HQYLURQPHQWDO�DWWULEXWHV��DFKLHYHG�IURP�WKH�JHRPHWU\�RI�WKH� EXLOGLQJ� GHVLJQ� �YLVXDO�PRGHO���)URP� WKHVH�SDFNHWV��WKH� DXUDOL]DWLRQ� KRVW� JHQHUDWHV� D� SDLU� RI� DXUDOL]DWLRQ�ILOWHUV�DQG�VHQGV�WKHP�WR�WKH�'63�ERDUGV��7KH�'63�ERDUG�VDPSOHV� DQG� SURFHVVHV� DQ� DXGLR� VRXUFH� ZLWK� VSHFLILHG�ILOWHUV��3URFHVVHG�DXGLR�LV�WKHQ�VHQW�EDFN�WR�WKH�9(�DUHD�LQ�DQDORJ�IRUP�WKURXJK�WZR�FRD[LDO�FDEOHV��7KH�GLIIHUHQW�SDUWV� RI� WKH� V\VWHP� DQG� WKHLU� FRUUHVSRQGLQJ� WDVNV� DUH�VKRZQ�LQ�)LJ�����
�
�������������8VHU�0RYHPHQW����������������������������
�������������������������������������������������������������������������������������������������9LVXDOL]DWLRQ�DQG�'LVSOD\��&$9(���

��������������������������������������������������������������������������������������������������������������������������������������������������������������������������������

�
�

%LQDXUDO�UHSURGXFWLRQ�
HLWKHU�ZLWK�KHDGSKRQHV�

2U�ZLWK�ORXGVSHDNHUV�

��5RRP�DFRXVWLF�PRGHO�
��,PSXOVH�5HVSRQVH�JHQHUDWLRQ�
��$XUDOL]DWLRQ�
�
GLUHFW�VRXQG�DQG�HDUO\�UHIOHFWLRQ�
�
ELQDXUDO�SURFHVVLQJ��+57)��
�
GLIIXVH�ODWH�UHYHUEHUDWLRQ�

5HDO�WLPH�DQG�V\QFKURQL]DWLRQ�FRQWURO�
FRPPDQG��YLVXDO�PRGHO�JHRPHWULF�
SDUDPHWHUV��PDWHULDOV��XVHU¶V�SRVLWLRQDO�
GDWD��

7&3�,3�QHWZRUN�

7UDFNLQJ�
'HYLFH�

0RWLRQ�'DWD�
*UDSKLFV�
5HQGHULQJ�

6RXQG�5HQGHULQJ�

�
)LJ����9LUWXDO�(QYLURQPHQW�:DON�WKURXJK�6\VWHP�$UFKLWHFWXUH�

��� 6RIWZDUH�$UFKLWHFWXUH�7KH� VRIWZDUH� LV� D�PXOWL�WKUHDG�SDUDOOHO� V\VWHP�� ,W�ZRUNV�RQ� 6*,� ,5,;� ���� V\VWHP� SODWIRUP�� ,W� FRQVLVWV� RI�,QWHUIDFH�&RQILJXUDWLRQ�0DQDJHU��:RUOG�0DQDJHU��,QSXW�0DQDJHU�� 9LHZHU�� 6RXQG� 0DQDJHU� DQG� 'DWDEDVH� �VHH�)LJ�� ���� 7KH� ,QWHUIDFH�&RQILJXUDWLRQ� 0DQDJHU� JHWV� WKH�

&$'� GHVLJQ�� V\VWHP� FRQILJXUDWLRQ� DQG� SDUDPHWHUV�PRGLILFDWLRQ�IURP�D�ILOH�RU��'�ZLGJHWV�*8,��,W�WUDFNV�DOO�PDVWHU�SURFHVVHV�WR�DOORZ�D�UXQ�WLPH�FRQILJXUDWLRQ�RI�WKH�GLIIHUHQW�PRGXOHV��
7KH�:RUOG�0DQDJHU�LV�UHVSRQVLEOH�IRU�DGPLQLVWUDWLQJ�WKH�RYHUDOO� V\VWHP�� ,W� FRRUGLQDWHV� WKH� YLVXDOL]DWLRQ�� XVHU�LQSXWV�� GDWDEDVHV� DQG� VRXQG� PDQDJHPHQW� YLD� QHWZRUN�FRQILJXUHG� IRU� 7&3�,3� SURWRFRO�� 7KH� :RUOG� 0DQDJHU�IHWFKHV� WKH� XVHU� LQSXW�� PDNHV� IRUPDW� FRQYHUVLRQ�FRQVLGHULQJ�WKH�FRUUHVSRQGLQJ�VLPXODWLRQ�FRQVWUDLQWV�DQG�VLPXODWLRQ� UHVXOWV�� DQG� SDVVHV� WKH� FRUUHVSRQGLQJ� GDWD��H�J��WKH�SRVLWLRQ�DQG�RULHQWDWLRQ�LQIRUPDWLRQ�RI�WKH�XVHU��WR� WKH�9LHZHU� DQG�6RXQG�0DQDJHU��7KHVH�QHZ�GDWD� DUH�XVHG� WR� XSGDWH� WKH� VFHQH� JUDSK� DQG� FRQWURO� WKH� VRXQG�VHUYHU�YLD�6RXQG�0DQDJHU�DV�ZHOO��7KH�:RUOG�0DQDJHU�DOVR� KDV� WKH� UHVSRQVLELOLW\� WR� V\QFKURQL]H� YDULRXV�WKUHDGV��

�����
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

,QWHUIDFH�&RQILJXUDWLRQ�0DQDJHU�

,QSXW�0DQDJHU�

,QSXW�

,QSXW�

,QSXW�

:RUOG�0DQDJHU�

7DVN�
0DQDJHU�

*HRPHWULF�
(QJLQH�

6FHQH�*UDSK�

7KUHDG�3URFHVV�
0DQDJHPHQW�

9LHZHU�

&DPHUD�
8SGDWH�

9LVXDO�

9LVXDO�

9LVXDO�

9LVXDO�

6RXQG�0DQDJHU��
'DWDEDVH�
�&$'�GDWD��

9LHZHU�SRVLWLRQ��UHOHYDQW�
LPSXOVH�UHVSRQVH�XSGDWH�

1HWZRUN� �
)LJ����6RIWZDUH�$UFKLWHFWXUH�

([WHQVLRQ� WR� WKH� 2SHQ*/� 2SWLPL]HU� WRRONLW� KDV� EHHQ�PDGH� WR� YLHZ� WKH� VFHQH� LQ� GLIIHUHQW� GLVSOD\� WHFKQRORJ\��H�J��� &$9(�� 5HDOLW\� 5RRP�� /�VKDSH�:RUNEHQFK�� GHVN�WRS�0RQLWRU� RU� RWKHU� GLVSOD\��� 7KH� 9LHZHU� UHQGHUV� WKH�VFHQH� WR� WKH� VHOHFWHG� GLVSOD\� IDFHV� LQ� WKH� DSSURSULDWH�PRGH�� ,W� LV� SHUIRUPHG� XVLQJ� SDUDOOHO� WKUHDGV� WR� SURYLGH�UHDO� WLPH� UHVSRQVH�� 7KH� &RQILJXUDWLRQ� 0DQDJHU� SDVVHV�WKLV� LQIRUPDWLRQ� WR� WKH� 9LHZHU�� DQG� DFFRUGLQJ� WR� WKH�VHOHFWHG� FRQILJXUDWLRQ� WKH� QXPEHU� RI� YLHZ� FDPHUDV� DUH�FUHDWHG�DQG�WKH�FRUUHFW�GLVSOD\�W\SH�LV�LQLWLDOL]HG��
7KH� ,QSXW�0DQDJHU� FDUULHV� RXW� XVHU�REMHFW� LQWHUDFWLRQV��DQG� LW� HVWDEOLVKHV� WKH� GDWD� IORZ� EHWZHHQ� WKH� XVHU� LQSXW�DQG� WKH� REMHFW� KHOG� E\� WKH�:RUOG�0DQDJHU�� ,W� VXSSRUWV�GHYLFHV� VXFK� DV� WUDFNLQJ� V\VWHP�� JORYHV� DQG� ZDQGV��7KHVH� LQSXWV�GHVFULEH� WKH�XVHU�DFWLRQV�FRPPDQGV�ZLWKLQ�WKH� YLUWXDO� HQYLURQPHQW�� (DFK� LQSXW� PRGDO� KDV� LWV� RZQ�WKUHDG� WR� SURFHVV� GDWD� IURP� WKH� LQSXW� GHYLFH�� 7KHVH�WKUHDGV� UXQ� LQ� SDUDOOHO� ZLWK� WKH� UHQGHULQJ� WKUHDGV� WR�DFKLHYH�ORZ�ODWHQF\��2QFH�WKH�PRGHOV�DUH�ORDGHG�LQWR�WKH�V\VWHP�YLD�&$'�LQWHUIDFH��WKH�,QSXW�0DQDJHU�DOORZV�WKH�XVHU�WR�JUDE�DQG�PDQLSXODWH�REMHFWV�LQ�WKH��'�VSDFH���
7KH� 6RXQG� 0DQDJHU� JHWV� WKH� WUDYHUVHG� GDWD� RI� WKH�OLVWHQHU� �XVHU�YLHZHU�� RU� VRXQG� VRXUFHV� DQG� PRGLILHG�SDUDPHWHUV� IURP� WKH� :RUOG� 0DQDJHU� DQG� WKH� XVHU�LQWHUIDFH�� DQG� WKHQ� XVHV� WKH� +XURQ� $3,� WR� PDQDJH� WKH�DXGLR� ZRUNVWDWLRQ� YLD� ORFDO� QHWZRUN� FRQILJXUHG� IRU�
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7&3�,3� SURWRFRO�� IRU� H[DPSOH�� ZKHQ� WKH� XVHU� PRYHV�DURXQG�ZLWKLQ�WKH�VFHQH��LW�VHQGV�WKH�UHOHYDQW�FRPPDQGV��ZKLFK� LQFOXGH� WKH� UHDO� WLPH� SRVLWLRQ� DQG� RULHQWDWLRQ�LQIRUPDWLRQ�RI� WKH�XVHU�� WR� WKH� VRXQG� VHUYHU��7KH�VRXQG�VHUYHU�LPSOHPHQWV�WKH�UHDO�WLPH�VRXQG�UHQGHULQJ���
��� 6FHQHJUDSK�6WUXFWXUH�DQG�5HQGHULQJ�7KH� VFHQH� JUDSK� �YLUWXDO� ZRUOG�� KDV� EHHQ� GHVLJQHG� WR�PDLQWDLQ� ERWK� JHRPHWULF� DQG� SRO\JRQDO� GDWD�� 3RO\JRQDO�GDWD�LV�PDLQWDLQHG�WR�YLVXDOL]H�WKH�EXLOGLQJ�PRGHOV�XVLQJ�VWDQGDUG� SRO\JRQDO� UHQGHULQJ� WHFKQLTXHV�� ,W� KDV� EHHQ�FUHDWHG�E\�WKH�2SHQ*/�2SWLPL]HU�JUDSKLFDO�WRRONLW��7KH�VFHQH�JUDSK�VWUXFWXUH�LV�VKRZQ�LQ�)LJ�����
7KH�VWUXFWXUH�VXSSRUWV�WKH�GLUHFW�LQWHUDFWLRQ�EHWZHHQ�WKH�XVHU� DQG� WKH� FRPSRQHQWV� RI� WKH� VFHQH� JUDSK�ZLWKLQ� WKH�&$9(� HQYLURQPHQW�� 7KHUH� DUH� VLJQLILFDQW� GLIIHUHQFHV�EHWZHHQ� WKH� LQWHUDFWLRQ� SHUIRUPHG� ZLWKLQ� D� GHVNWRS�HQYLURQPHQW�� XVLQJ� �'� PRXVH�OLNH� GHYLFHV�� DQG� GLUHFW�LQWHUDFWLRQ�ZLWKLQ� LPPHUVLYH� &$9(� HQYLURQPHQWV�� ,Q� D�GHVNWRS�HQYLURQPHQW�WKHUH�LV�QR�VSDWLDO�UHODWLRQ�EHWZHHQ�WKH� YLUWXDO� ZRUOG� VSDFH� DQG� WKH� UHDO� ZRUOG� VSDFH�RFFXSLHG�E\�WKH�XVHU��+RZHYHU��LQ�D�&$9(�HQYLURQPHQW��WKH� SK\VLFDO� &$9(� VSDFH�� LQ� ZKLFK� WKH� XVHU� LV� UHDOO\�DFWLQJ�� H[LVWV� ZLWKLQ� WKH� YLUWXDO� ZRUOG�� 7KH� XVHU� PD\�PRYH�WKLV�&$9(�VSDFH�ZLWKLQ�WKH�YLUWXDO�ZRUOG�VSDFH�E\�XVLQJ� QDYLJDWLRQDO� GHYLFH�� ,Q� WKH� YLUWXDO� ZRUOG�UHSUHVHQWDWLRQ� RI� WKLV� V\VWHP�� WKH� &$9(� VSDFH� LV�UHSUHVHQWHG� DV� WKH�XVHU� VSDFH�� 7KH� WUDQVIRUPDWLRQ� QRGH�DW�WKH�WRS�RI�WKH�XVHU�VSDFH�DOORZV�WKH�XVHU�WR�SRVLWLRQ�WKH�XVHU� VSDFH� DQ\ZKHUH� LQ� WKH� YLUWXDO� ZRUOG�� ,Q� WKLV� ZD\��WKH� XVHU� LV� DVVXPHG� WR� EH� DOZD\V�ZLWKLQ� WKH�XVHU� VSDFH�DQG� KLV�KHU� ERG\� SRVLWLRQ� LV� WUDFNHG�ZLWK� UHVSHFW� WR� WKH�FHQWHU�RI�WKH�XVHU�VSDFH��7KH�FXUUHQW�XVHU�VSDFH�VWUXFWXUH�PDLQWDLQV� WKH� KHDG� DQG� WKH� KDQG�V�� SRVLWLRQV�ZLWKLQ� WKH�XVHU� VSDFH�� 7KH� WUDFNHU� YDOXHV� DUH� DVVLJQHG� GLUHFWO\� WR�WKH�KDQG�DQG�KHDG�WUDQVIRUPDWLRQ�QRGHV�WR�PDLQWDLQ�WKHLU�FRUUHFW�SRVLWLRQ�ZLWKLQ�WKH�YLUWXDO�ZRUOG���
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8VHU�
6SDFH�

+HDG� /�+DQG� 5�+DQG�

&RPSRQHQWV�
6SDFH�

1R��� 1R���1R���1R���

%DFNJURXQG�
:RUOG�6SDFH�

�
)LJ����6FHQH�*UDSK�6WUXFWXUH�

7KH� VFHQH� JUDSK� �YLUWXDO� ZRUOG�� KDV� WZR� NLQGV� RI�FRPSRQHQWV�� WKH� EDFNJURXQG� ZRUOG� VSDFH� �EXLOGLQJV�VSDFH�� DQG� PRYHDEOH� FRPSRQHQWV� VSDFH� �IXUQLWXUH��HOHFWULFDO�DSSOLDQFH�VSDFH���7KH�EDFNJURXQG�ZRUOG�VSDFH�LV� PDLQWDLQHG� WR� SURYLGH� D� YLVXDOO\� UHDOLVWLF� EXLOGLQJ�ZDON�WKURXJK�HQYLURQPHQW��7KH�EDFNJURXQG�ZRUOG�VSDFH�LV� UHQGHUHG� EXW� QRW� DYDLODEOH� IRU� LQWHUDFWLRQ�� 7KH� URRP�DFRXVWLF� PRGHOV� DUH� DVVRFLDWHG� ZLWK� WKLV� VSDFH� DV� ZHOO��

7KH� PRYHDEOH� FRPSRQHQWV� FDQ� EH� DVVRFLDWHG� ZLWK� WKH�FRUUHVSRQGLQJ� YLUWXDO� VRXQG� REMHFWV�� 6R� WKH� VRXQG�VRXUFHV�DQG�WKH�YLVXDO�PRGHOV�ZLOO�PRYHV�WRJHWKHU��
��� $FRXVWLF�(QYLURQPHQWV�6LPXODWLRQ�DQG�5HQGHULQJ�7KH� VLPXODWLRQ� RI� DFRXVWLF� HQYLURQPHQWV� LV� D� WHFKQLTXH�WKDW�KDV�EHHQ�XVHG� IRU�D�QXPEHU�RI�\HDUV� LQ� WKH�ILHOG�RI�DFRXVWLFV�� 7KH� DELOLW\� WR� OLVWHQ� WR� D� VLPXODWHG� DFRXVWLF�VSDFH�KDV�HQDEOHG�UHVHDUFKHU�LQ�DFRXVWLFV�WR�H[DPLQH�WKH�FKDUDFWHULVWLFV� RI� D� YLUWXDO� RU� UHDO� DFRXVWLF� VSDFH� YLD�FRPSXWHU�PRGHOLQJ��$FRXVWLF� HQYLURQPHQW� VLPXODWLRQ� LV�QRZ� EHLQJ� XVHG� DV� D� UHOLDEOH� PHDQV� RI� SUHGLFWLQJ� WKH�FKDUDFWHULVWLFV�RI�DQ�DFRXVWLF�VSDFH�WKDW�GRHV�QRW�H[LVW�LQ�UHDOLW\��7KH�PHWKRG�RI�VLPXODWLRQ�KDV�EHFRPH�NQRZQ�DV�DXUDOL]DWLRQ� >�@�� EHLQJ� WKH� DXGLWRU\� FRXQWHUSDUW� WR�YLVXDOL]DWLRQ���
6LQFH� WKH� LQWHUDFWLRQ� RI� XVHUV� ZLWK� WKH� YLUWXDO�HQYLURQPHQW� UHTXLUHV� D� VXIILFLHQW� UHDO� WLPH� EHKDYLRU��FRPSXWDWLRQ�WLPH�LV�OLPLWHG��'XH�WR�WKH�OLPLWDWLRQ�RI�WKH�FRPSXWDWLRQ� WLPH�� WKH� UHDO� WLPH� GHWDLOHG� DXUDOL]DWLRQ�FDQQRW� EH� LPSOHPHQWHG�� HVSHFLDOO\� ODUJH� DQG� FRPSOH[�VSDFHV��,W� LV�LPSRUWDQW�WR�XQGHUVWDQG�ZKDW�DVSHFWV�RI�WKH�OLVWHQLQJ� H[SHULHQFH� WKH� XVHU� ZLVK� WR� JDLQ� IRU� D� JLYHQ�DFRXVWLF� VSDFH�� DQG� WKHQ� DGRSW� WKH� UHOHYDQW� WUDGH�RII�DOJRULWKP� WR� UHDOL]H� UHDO� WLPH� VLPSOLILHG� DFRXVWLF� VSDFH�VLPXODWLRQ�RU�QRQ�UHDO�WLPH�GHWDLOHG�DFRXVWLF�VLPXODWLRQ����
����5HDO�WLPH�6LPSOLILHG�,QWHUDFWLYH�$FRXVWLF�6LPXODWLRQ�,Q� RUGHU� WR� LPSOHPHQW� UHDO� WLPH� YLUWXDO� EXLOGLQJ�ZDONWKURXJK� WR� H[SHULHQFH� WKH� HIIHFW� RI� WKH� JLYHQ�DFRXVWLF� VSDFH� ZLWKLQ� WKH� OLPLWHG� FRPSXWDWLRQ� SRZHU��VRPH� WUDGH�RII� DOJRULWKPV� KDYH� WR� EH� DGRSWHG�� 7KH� %�IRUPDW� VRXQGILHOG� UHSUHVHQWDWLRQ� LV� XVHG� VLQFH� LW� LV� D�FRQYHQLHQW� PHWKRG� IRU� FUHDWLQJ� DQG� PDQLSXODWLQJ� �'�VRXQG�LQ�DXUDOL]DWLRQ�V\VWHP��7KH�%�IRUPDW�LV�HVVHQWLDOO\�D�IRXU�FKDQQHO�DXGLR�IRUPDW�WKDW�FDQ�EH�UHFRUGHG�XVLQJ�D�VHW� RI� IRXU� FRLQFLGHQW�PLFURSKRQHV� DUUDQJHG� WR� SURYLGH�RQH�RPQL�GLUHFWLRQDO�FKDQQHO��WKH�:�FKDQQHO��DQG� WKUHH�ILJXUH���FKDQQHOV��WKH�;��<��=�FKDQQHOV���7KLV�VHW�RI�;��<��=�DQG�:�VLJQDOV�UHSUHVHQW�D�ILUVW�RUGHU�DSSUR[LPDWLRQ�WR�WKH�VRXQGILHOG�DW�WKDW�SRLQW�LQ�VSDFH��%LQDXUDO�LPSXOVH�UHVSRQVHV�DUH�XVHG� WR� VLPXODWH� WKH�URRP�DQG�KHDGSKRQH�WR� GLVSOD\�� 7KH� GLUHFW� VRXQG� SOXV� VL[� ILUVW� RUGHU�UHIOHFWLRQV�DUH�FDOFXODWHG�LQ�UHDO�WLPH�DQG�PL[HG�WR�IRUP�WKH�;��<��=��:�VRXQGILHOG�VLJQDOV��7KH�JDLQ�YDOXHV�XVHG�LQ�WKLV�PL[LQJ�DUH�FRPSXWHG�IURP�WKH�GLUHFWLRQ�RI�DUULYDO�RI�HDFK�VRXQG�LPDJH�DW�WKH�XVHU�SRVLWLRQ��7KH�YROXPH�RI�WKH�JHRPHWU\�RI�WKH�DFRXVWLF�VSDFH�LV�DSSUR[LPDWHG�E\�D�ER[��VKRHER[��WKDW�LV�XVHG�WR�FDOFXODWH�WKH�VL[�ILUVW�RUGHU�UHIOHFWLRQ�DW�UXQ�WLPH��)URP�WKH�VHFRQG�RUGHU�UHIOHFWLRQV�WR� WKH� UHYHUEHUDQW� WDLO�RI� WKH�URRP�LPSXOVH�UHVSRQVH�DUH�SUH�FRPSXWHG� GHSHQG� RQ� WKH� HQYLURQPHQWDO� SDUDPHWHUV�VXFK� DV� JHRPHWU\� RI� WKH� URRP�� PDWHULDOV� RI� WKH� URRP�VXUIDFHV�� ORFDWLRQV�RULHQWDWLRQV� RI� WKH� VRXQG�VRXUFHV�XVHUV� HWF�� 7KH� ELQDXUDO� ILOWHUV� �EDVHG� RQ� +HDG�5HODWHG�7UDQVIHU�)XQFWLRQV��GR�QRW�FKDQJH� LQ� UHDO� WLPH��7KHVH�ILOWHUV�DUH�VWDWLF���
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����'HWDLOHG�$FRXVWLF�6LPXODWLRQ�1RQ�UHDO� WLPH� GHWDLOHG� URRP� LPSXOVH� UHVSRQVH� LV� SUH�FRPSXWHG�RIIOLQH�IRU�SDLUV�RI�SRLQWV�RI�VRXQG�VRXUFH�DQG�XVHU�� ,W� RQO\� VXSSRUWV� XVHU¶V� RULHQWDWLRQ� FKDQJLQJ� DQG�ZDON�WKURXJK� DORQJ� WKH� SUH�GHWHUPLQHG� ZDONLQJ� SDWK�ZLWKLQ�WKH�YLUWXDO�ZRUOG�LQ�UXQ�WLPH��,W�LV�XVHG�IRU�FULWLFDO�HYDOXDWLRQ� RI� WKH� URRP� DFRXVWLF� VLPXODWLRQ�� 7ZR�VWDJH�ILOWHULQJ� SURFHVVHV� DUH� XVHG�� 7KH� ODWH� SDUW� RI� WKH� URRP�LPSXOVH� UHVSRQVH� LV� NHSW� IL[HG� DQG� WKH� HDUO\�SDUW�RI� WKH�URRP�LPSXOVH�UHVSRQVH�LV�VHOHFWLYHO\�VZLWFKHG�GHSHQGLQJ�RQ� WKH�XVHU¶V�KHDG�RULHQWDWLRQ�DQG�SRVLWLRQ�GHILQHG�E\�D�VFULSW�ILOH��
��� 8QLILFDWLRQ�RI�9LVXDO�DQG�$XGLR�:RUOGV�7KH� ZKROH� 9(� ZDON�WKURXJK� V\VWHP� FRQVLVWV� RI� WZR�SDUDOOHO�GDWD�VWUHDPV��WKH�YLVXDO�VWUHDP�DQG�DXUDO�VWUHDP�WKDW� WKH� SURFHVV� IURP� VRXQG� V\QWKHVLV� WKURXJK� VRXQG�SURSDJDWLRQ� LQ�D� URRP� WR�DXUDOL]DWLRQ� LQ� WKH�XVHU¶V�HDUV��7KH� WZR� VWUHDPV� VKDUH� VRPH� FRPPRQ� FRQWURO� DQG�V\QFKURQL]DWLRQ� PHFKDQLVPV� DQG� LQIRUPDWLRQ� VRXUFHV��7KH� RXWSXWV� RI� WKH� VWUHDPV� DUH� ZKDW� WKH� XVHU� ZLOO� KHDU�DQG� VHH� ZLWKLQ� WKH� LPPHUVLYH� YLUWXDO� HQYLURQPHQW� WKDW�WKLV� V\VWHP� FUHDWHV�� 7KH� YLVXDO� DVSHFWV� RI� WKH� YLUWXDO�HQYLURQPHQWV� HPSKDVL]H� LQ� WKH� JHRPHWU\� GHILQLWLRQ��PRWLRQ� GHVFULSWLRQ�� DQG� LQIRUPDWLRQ� VWRUHG� DERXW� WKH�SK\VLFDO�SURSHUWLHV�RI�WKH�ZRUOG¶V�VWUXFWXUDO�PDWHULDOV�DUH�DOO�RULHQWHG�WRZDUGV�WKH�UHTXLUHPHQWV�RI�YLVXDO�UHQGHULQJ��7KH� JHRPHWU\� DQG� PDWHULDOV� GHILQLWLRQV� HYROYHG� IRU�YLVXDO� YLUWXDO� ZRUOG� DUH� QRW� DOZD\V� LGHDO� IRU� DFRXVWLF�PRGHO� WKDW� UHTXLUHV� GLIIHUHQW� JHRPHWULF� UHVROXWLRQ� DQG�DGGLWLRQDO� LQIRUPDWLRQ� DERXW� WKH� VWUXFWXUH� RI� WKH�ZRUOG��7KH� YLUWXDO� ZRUOG� VRIWZDUH� ZDV�PRGLILHG� WR� H[WUDFW� WKH�VSDWLDO� FRRUGLQDWHV� RI� WKH� XVHU� DQG� VRXQG� VRXUFH�SRVLWLRQV�� 7KLV� LQIRUPDWLRQ� LV� WKHQ� FRGHG� DV� 7&3�,3�SDFNHWV�DQG�WUDQVPLWWHG�WR�DQ�DXGLR�VHUYHU��DXUDO�VWUHDP��WKDW� UXQV� D� VHSDUDWH� ZRUOG� PRGHO� ZLWK� WKH� UHTXLUHG�DFRXVWLF�SURSHUWLHV��7KH�DXGLR�VHUYHU�WKHQ�VSDOLDOLVHV�WKH�DXGLR� DFFRUGLQJ� WR� WKH� JHRPHWU\� LQIRUPDWLRQ� UHFHLYHG�DQG� LQWURGXFHV� WKH� DSSURSULDWH� URRP� DFRXVWLFV� VXFK� DV�UHIOHFWLRQV� DQG� UHYHUEHUDWLRQ� DFFRUGLQJ� WR� WKH� URRP�PRGHO� ORDGHG�� ,W� LV� FDSDEOH� RI� PRYLQJ� IURP� URRP� WR�URRP��ZDON�WKURXJK��ZLWKLQ�WKH�YLUWXDO�ZRUOG�WKDW�DOORZV�WKH� GLIIHUHQW� URRP� PRGHOV� WR� H[KLELW� ZLGHO\� YDU\LQJ�FKDUDFWHULVWLFV�� VXFK� DV� D� GHDG� UHFRUGLQJ� VWXGLR� WKURXJK�WR�D�ODUJH�UHYHUEHUDQW�FKXUFK���
7KH�V\VWHP�FRPSRQHQWV�DQG�WKH�RYHUDOO�LQIRUPDWLRQ�IORZ�DUH�VKRZQ�LQ�)LJ�����7KH�XSSHU�KDOI�RI� WKH�ILJXUH�VKRZV�WKH� DXGLR� VWUHDP�ZKLOH� WKH� ORZHU� KDOI� VKRZV� WKH� YLVXDO�VWUHDP��9LVXDO�PRGHOV�ZLOO�EH�FUHDWHG�XVLQJ�&$'�WRROV��WUDQVIRUPHG� DQG� LPSRUWHG� LQWR� WKLV� V\VWHP� XVLQJ�2SHQ*/�2SWLPL]HU�VRIWZDUH��
��� &DVHV�6WXG\�)RU�WKH�UHDO�WLPH�VLPSOLILHG�VLPXODWLRQ��LW�LV�WHVWHG�ZLWK�D�WR\�URRP��:LWKLQ� WKH� YLVXDO�PRGHO�� WKH� WR\� URRP� DORQJ�ZLWK� WKH�EHG�� WKH�ZDUGUREH�DQG� WKH�ERRNVKHOI�EHORQJ� WR�WKH� EDFNJURXQG� ZRUOG� VSDFH��ZKLFK� DUH� QRW� PRYHDEOH��7KH� WHOHYLVLRQ�� WHOHSKRQH�� UDGLR�� WR\� GRJ� DQG� WR\�

KHOLFRSWHU� DUH� PRYHDEOH� FRPSRQHQWV�� 7KH\� EHORQJ� WR�PRYHDEOH�FRPSRQHQWV�VSDFH����
���������������������������������������������������������������������������������������������������������������1RQ�UHDO�

���������������������������������������������������������������������������������������������������������������������������WLPH�GDWD�
���������������������������������������������������������������������������������������������������������������������������5HDO�WLPH�
���������������������������������������������������������������������������������������������������������������������������GDWD�IORZ�
��
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

������6RXQG�)LOHV�
����:$9�IRUPDW��

��������5RRP��
����*HRPHWU\�
���	�0DWHULDOV�

����'�9LVXDO�
�5RRP�0RGHO�
�E\�&$'�WRRO��

�9LVXDO�0RGHO�
�����0DSSHU�

�������5RRP��
�����$FRXVWLFV�
�����0RGHOLQJ�

�����6RXQG��
���6\QWKHVLV�

��$XUDOL]DWLRQ�

�7UDFNHU�

����������+57)�
�����+HDG�5HODWHG��
7UDQVIHU�)XQFWLRQ��

9LVXDO�2XWSXW�

$XGLR�2XWSXW�

����&$9(�EDVHG�
,PPHUVLYH�9LUWXDO��
����(QYLURQPHQW�

�
�)LJ����7KH�9LUWXDO�(QYLURQPHQW�:DON�WKURXJK�6\VWHP�,QIRUPDWLRQ�)ORZJUDSK�

7KH� VRXQG� REMHFWV� DUH� ERXQG� WR� WKHP� UHVSHFWLYHO\��7KH�XVHU� FDQ� ZDON� DURXQG� ZLWKLQ� WKH� YLUWXDO� URRP� DQG� WXUQ�WKH�KHDG�DW�UDQGRP��WKH�V\VWHP�NHHSV�WKH�VRXQG�ORFDWLRQ�VWDWLF�ZLWK�UHVSHFW�WR�WKH�SK\VLFDO�HQYLURQPHQW��UHVXOWLQJ�LQ�PRYHPHQW�DV�WKH�XVHU�WXUQV�WKHLU�KHDG���
,W� DOVR� VXSSRUWV� LQWHUDFWLYLW\�� :KHQ� WKH� WHOHSKRQH� LV�WRXFKHG�DQG�SLFNHG�XS�ZLWK�YLUWXDO�KDQG��LW�ZLOO�ULQJ��7KH�VRXQG�REMHFW�LV�ERXQG�WR�WKH�WHOHSKRQH�YLVXDO�PRGHO��7KH�XVHU� FDQ� PRYH� LW� IDU� DQG� QHDU�� XS� DQG� GRZQ�� OHIW� DQG�ULJKW�� EDFN� DQG� IRUWK�� DQ\ZKHUH� DURXQG� KLPVHOI� RU�KHUVHOI�� 7KH� �'� VRXQG� ERXQG� WR� LW� ZLOO� FKDQJH� LQ� UHDO�WLPH��7KH�WR\�KHOLFRSWHU�LV�IO\LQJ�LQ�VTXDUH�WUDFN�RYHU�WKH�XVHU¶V� KHDG� DQG� WKH� XVHU� FDQ�KHDU� WKH� UHODWHG��'� VRXQG�DQG�VPRRWK�'RSSOHU�VKLIW�HIIHFW����
,W�DOVR�VXSSRUWV�PXOWLSOH�VRXQGV�UHQGHULQJ��7KH�XVHU�FDQ�LQWHUDFWLYHO\� WRXFK� DQG� PRYH� WKH� WHOHYLVLRQ�� UDGLR�� WR\�GRJ� DV� ZHOO�� :KHQ� XVHU� PRYHV� WKHP�� WKH� UHODWHG� �'�VRXQG�RFFXUV� LQ� UHDO� WLPH� IURP� WKHLU� ORFDWLRQ�ZLWKLQ� WKH�YLUWXDO� VSDFH�� 7KH� VRXQG� VWUHDPV� DUH� FRQWLQXRXVO\�XSGDWHG� DV� WKH� XVHU� QDYLJDWHV� DURXQG� WKH� YLUWXDO�ZRUOG��JLYLQJ� D� SHUFHSWXDOO\� FRPSHOOLQJ� �'� VRXQGILHOG�� 7KH�SKRWRJUDSK�LV�VKRZQ�LQ�)LJ�����

�
)LJ����7KH�7R\�5RRP�0RGHO�

)RU�WKH�QRQ�UHDO�WLPH�GHWDLOHG�VLPXODWLRQ��LW�LV�WHVWHG�ZLWK�D� FLQHPD� PRGHO�� 7KH� GHWDLOHG� URRP� LPSXOVH� UHVSRQVH�SUH�FRPSXWHG�RIIOLQH�DQG�WKHQ�ORDGHG�LQ��,W�RQO\�VXSSRUWV�
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UHDO� WLPH� ZDON� DURXQG� ZLWKLQ� WKH� YLUWXDO� VSDFH� DORQJ� D�SUH�GHWHUPLQHG� ZDONLQJ� SDWK� E\� D� VFULSW�ILOH� DQG� WKH�XVHU¶V� KHDG� URWDWLRQ� YLD� DSSO\LQJ� GLIIHUHQW� +57)V� IRU�GLIIHUHQW� KHDG� SRVLWLRQV�� ,W� FDQ� EH� XVHG� IRU� FULWLFDO�HYDOXDWLRQ� RI� URRP� DFRXVWLF� VLPXODWLRQ�� 7KH� YLVXDO�PRGHO�RI�WKH�FLQHPD�LV�VKRZQ�LQ�)LJ�������

�
)LJ����7KH�&LQHPD�0RGHO�

��� &RQFOXVLRQ�$� YLUWXDO� HQYLURQPHQW� ZDON�WKURXJK� V\VWHP� KDV� EHHQ�VHWXS�� 7KH� LQLWLDO� FDVHV� KDYH� EHHQ� HYDOXDWHG� ZLWK� WKH�V\VWHP� DQG� LWV� WUDGH�RII� DOJRULWKP� IRU� UHDO� WLPH�VLPSOLILHG� DFRXVWLF� VSDFH� VLPXODWLRQ� YLD� %�IRUPDW�VRXQGILHOG�UHSUHVHQWDWLRQ��QRQ�UHDO�WLPH�GHWDLOHG�DFRXVWLF�VSDFH� VLPXODWLRQ� DQG� V\QFKURQRXV� LQWHJUDWLRQ� RI�DXUDOL]DWLRQ�DQG�YLVXDOL]DWLRQ��1H[W�VWHS��WKH�ORFDOL]DWLRQ�SHUIRUPDQFH�ZLOO� EH� WHVWHG�� ,Q� WKH� IXWXUH��ZH� WU\� WR� XVH�WKH� SDUDOOHO� PHWKRG� WR� DFKLHYH� UHDO� WLPH� UHVSRQVH� DQG�LPSOHPHQW� WKH� SDUDOOHO� V\VWHP� LQVWHDG� RI� WKH�GLVWULEXWHG�V\VWHP� WKDW� LPSOHPHQWV� WKH� VRXQG� UHQGHULQJ� ZLWK� DQ�DXGLR� VHUYHU�� �:LWK� WKH�GHYHORSPHQW�RI� WKH�FRPSRQHQW�EDVHG�VRIWZDUH�WHFKQRORJ\��ZH�EHOLHYH�WKDW�WKH�RQ�VKHOI�FRPSRQHQW� RI� WKH� DXUDOL]DWLRQ� DQG� YLVXDOL]DWLRQ�ZLOO� EH�DYDLODEOH�� WKH� IOH[LELOLW\� DQG� GLYHUVLW\�ZLOO� EH� LPSURYHG�VLJQLILFDQWO\� IRU� LPSOHPHQWDWLRQ� DQG� LQWHJUDWLRQ� RI�DXGLRYLVXDO� YLUWXDO� HQYLURQPHQW� IRU� FRQVWUXFWLRQ�DSSOLFDWLRQV���
��� $FNQRZOHGJHPHQW���7KDQNV� JLYH� WR� /XLV� 0DUFHOLQR�� 1RUPDQ� 0XUUD\� DQG�6LPRQ�&DPSLRQ� LQ� WKH�&HQWHU� IRU�9LUWXDO�(QYLURQPHQWV�IRU�WKHLU�FRQWULEXWLRQV�DQG�VXJJHVWLRQV��
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