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7KLV�FRQWULEXWLRQ�SUHVHQWV�RQH�SDUW�RI�FRPSOH[�7UDIILF�3OD\JURXQG��ZKLFK�FRYHU�HGLWLQJ�VTXDUHV��WKH

EDVH�HOHPHQWV�RI� WKH�3OD\JURXQG��7KH�SURJUDP¶V�RXWSXW�FRQWDLQV��'�UHSUHVHQWDWLRQ�RI� WKH�VTXDUHV

DQG� LWV� VHPDQWLF� GHVFULSWLRQ� LQFOXGLQJ� GHVFULSWLRQ� RI� WKH� WUDIILF� VLWXDWLRQ�� 7KH� SURJUDP� WKDW

LPSOHPHQWV�WKH�SURMHFW�ZRUNV�XQGHU�:LQ���17�HQYLURQPHQW�DQG�XVHV�'LUHFW�'��D�SDUW�RI�'LUHFW;

H[WHQVLRQ��

.H\ZRUGV��7UDIILF�SOD\JURXQG��'LUHFW;��'LUHFW�'��;�ILOH�IRUPDW��VTXDUH�PDS��VTXDUH

�� ,QWURGXFWLRQ

7KH� FRQWULEXWLRQ� GHVFULEHV� WKH� FRQFHSW� RI� WKH� 7UDIILF� SOD\JURXQG� DQG� LW� DOVR� FRQWDLQV� VRPH

LPSOHPHQWDWLRQ�GHWDLOV�FRQQHFWHG�ZLWK�WKH�'LUHFW;�JUDSKLFV�$3,�

��� 7KH�7UDIILF�SOD\JURXQG

7KH�7UDIILF�SOD\JURXQG�V\VWHP�LV�LQWHQGHG�DV�D�FRQQHFWLRQ�RI�WUDIILF�UXOHV�WXWRULDO�SURJUDP�DQG

IRU�SUDFWLFLQJ�LQ�WKH�IRUP�RI�JDPH��7KH�7UDIILF�SOD\JURXQG�SURMHFW�XVHUV�ZLOO�EH�PDLQO\�FKLOGUHQ�DQG

LV�GHVLJQHG�IRU�FKLOGUHQ��EXW�LW�FDQ�EH�XVHIXO�IRU�RWKHU�XVHUV��PRVWO\�IRU�WHDFKHUV�LQ�GULYLQJ�VFKRROV�

7KH�SURJUDP�DOORZV� WKHP� WR� LPSURYH� WKHLU�NQRZOHGJH�RI� WKH� WUDIILF� UXOHV��8VLQJ� WKH� V\VWHP�� LW� LV

SRVVLEOH� WR� WU\� EDVLF� UHVSRQVHV� WR� YDULRXV� WUDIILF� VLWXDWLRQV�� WKDW� DUH� VLPXODWHG� E\� WKH� V\VWHP� DQG

SUHVHQWHG�WR�WKH�XVHU�LQ�D�VLPSOH�ZD\��7KH�7UDIILF�SOD\JURXQG�LV�D�VLPXODWLRQ�RI�UHDO�VLWXDWLRQV��8VHU

GULYHV�D�VLPXODWHG�YHKLFOH� WKURXJK�WKH�SOD\JURXQG��ZKLFK�LQFOXGHV�FURVVHV��FXUYHV��URDG�VLJQV�DQG

RWKHU�HOHPHQWV�RI�UHDO�WUDIILF��7KH�PDLQ�DGYDQWDJH�RI�WKH�V\VWHP�LV�YLVXDOL]DWLRQ��ZKLFK�DWWUDFWV�XVHUV

OLNH�D�FRPSXWHU�JDPH��PXFK�EHWWHU�WKHQ�DQVZHULQJ�D�WHVW�IRUPV�LQ�GULYLQJ�VFKRROV���7KH�SURJUDP�LV

QRW� GHVLJQHG� IRU� GULYLQJ� VFKRRO� OHVVRQV�� 7KH� LQWHQGHG� SXUSRVH� LV� WR� JLYH� DQ� H[SHULHQFH� DQG� WR

SUDFWLFH�TXLFN�UHDFWLRQV�LQ�JLYHQ�VLWXDWLRQV��PLQLPDO�NQRZOHGJH�RI�WKH�WUDIILF�UXOHV�LV�UHTXLUHG��

7KH�SURJUDP�7UDIILF�SOD\JURXQG�FRQVLVW�RI�WZR�LQGLYLGXDO�SDUWV��7KH�ILUVW�SDUW�LV�D��'�YLHZ�WR

VHOHFWHG�VLWXDWLRQ�ZKLFK�FDQ�EH�H�J��D�YLHZ�IURP�FDU¶V�FDE�GULYHQ�E\�WKH�XVHU��7KH�VHFRQG�SDUW�LV�WKH

(GLWRU�IRU�7UDIILF�SOD\JURXQG��,W�DOORZV�FUHDWLRQ�RI�FRPSOHWH�DSSHDUDQFH�RI��'�VFHQH�LQFOXGLQJ��'

VTXDUH�SODFHPHQW��8VHUV�FDQ�LQVHUW�URDG�VLJQV�DQG�SODFH�WKHP�LQ�WKH�VFHQH�LQ�DQ�HDV\�ZD\��WKH\�FDQ

DGG�QHZ�HOHPHQWV�WR�WKH�VFHQH�FUHDWHG�EHIRUH�RU�EXLOG�WKH�VFHQH�IURP�VFUDWFK��LW�LV�SRVVLEOH�WR�FUHDWH

QHZ�PDSV�RI�VTXDUHV��HWF��2XWSXW�ILOHV��WKDW�LQFOXGHV�VHPDQWLF�GHVFULSWLRQ�RI�HDFK�VTXDUH��RI�WKH��'

(GLWRU�DUH�XVHG�LQ�WKH��'�YLHZLQJ�HQJLQH�



��� 'LUHFW;

7KH�0LFURVRIW��'LUHFW;��6RIWZDUH�'HYHORSPHQW�.LW��6'.���IRU�DGGLWLRQDO�LQIRUPDWLRQ�VHH

UHIHUHQFH�>�@���SURYLGHV�D�ILQHO\�WXQHG�VHW�RI�DSSOLFDWLRQ�SURJUDPPLQJ�LQWHUIDFHV��$3,V��WKDW�SURYLGH

\RX� ZLWK� WKH� UHVRXUFHV� \RX� QHHG� WR� GHVLJQ� KLJK�SHUIRUPDQFH�� UHDO�WLPH� DSSOLFDWLRQV�� 'LUHFW;

WHFKQRORJ\�ZLOO�KHOS�EXLOG�WKH�QH[W�JHQHUDWLRQ�RI�FRPSXWHU�JDPHV�DQG�PXOWLPHGLD�DSSOLFDWLRQV�

0LFURVRIW�GHYHORSHG�'LUHFW;�EHFDXVH�LW�ZDQWHG�WKH�SHUIRUPDQFH�RI�DSSOLFDWLRQV� UXQQLQJ� LQ� WKH

0LFURVRIW�:LQGRZV��RSHUDWLQJ�V\VWHP�WR�ULYDO�RU�H[FHHG�WKH�SHUIRUPDQFH�RI�DSSOLFDWLRQV�UXQQLQJ

LQ�WKH�06�'26��RSHUDWLQJ�V\VWHP�RU�RQ�JDPH�FRQVROHV�

'LUHFW;�LQFOXGHV�VHYHUDO�FRPSRQHQWV�

Â�'LUHFW'UDZ��DFFHOHUDWHV�KDUGZDUH�DQG�VRIWZDUH�DQLPDWLRQ�WHFKQLTXHV�E\�SURYLGLQJ�GLUHFW�DFFHVV

WR� ELWPDSV� LQ� RII�VFUHHQ� GLVSOD\� PHPRU\�� DV� ZHOO� DV� H[WUHPHO\� IDVW� DFFHVV� WR� WKH� EOLWWLQJ� DQG

EXIIHU�IOLSSLQJ�FDSDELOLWLHV�RI�WKH�KDUGZDUH�

Â�'LUHFW6RXQG��HQDEOHV�KDUGZDUH�DQG�VRIWZDUH�VRXQG�PL[LQJ�DQG�SOD\EDFN�

Â�'LUHFW3OD\��PDNHV�FRQQHFWLQJ�JDPHV�RYHU�D�PRGHP�OLQN�RU�QHWZRUN�HDV\�

Â� 'LUHFW�'�� SURYLGHV� D� KLJK�OHYHO� 5HWDLQHG�0RGH� LQWHUIDFH� WKDW� DOORZV� DSSOLFDWLRQV� WR� HDVLO\

LPSOHPHQW�D�FRPSOHWH��'�JUDSKLFDO� V\VWHP��DQG�D� ORZ�OHYHO� ,PPHGLDWH�0RGH� LQWHUIDFH� WKDW� OHWV

DSSOLFDWLRQV�WDNH�FRPSOHWH�FRQWURO�RYHU�WKH�UHQGHULQJ�SLSHOLQH�

Â�'LUHFW,QSXW��SURYLGHV�LQSXW�FDSDELOLWLHV�WR�\RXU�JDPH�WKDW�DUH�VFDODEOH�WR�IXWXUH�:LQGRZV�EDVHG

KDUGZDUH�LQSXW�$3,V�DQG�GULYHUV��&XUUHQWO\�WKH�MR\VWLFN��PRXVH��DQG�NH\ERDUG�DUH�VXSSRUWHG�

�� �'�(GLWRU

��� *HQHUDO

�'�(GLWRU�IRU�WKH�7UDIILF�3OD\JURXQG�LV�DQ�DSSOLFDWLRQ�UXQQLQJ�XQGHU�V\VWHP�06�:LQGRZV���

��06�:LQGRZV�17� YHUVLRQ� ���� RU� ODWHU�� 'XULQJ� H[HFXWLRQ�� WKH� SURJUDP� XVHV�'LUHFW;�� HVSHFLDOO\

'LUHFW�'� LQWHUIDFH�� ,W� LV� QHFHVVDU\�'LUHFW;� WR� EH� LQVWDOOHG� RQ� \RXU� V\VWHP�� DW� OHDVW� YHUVLRQ� ���� LV

UHTXLUHG��*UDSKLFV�FDUG�ZLWK��'�DFFHOHUDWRU�DQG�PLQLPDO��0%�YLGHR�PHPRU\� LV� UHFRPPHQGHG� WR

JHW�HQRXJK�VSDFH�IRU�WH[WXUHV��3URJUDP�LV�D�VWDQGDUG�:LQGRZV�DSSOLFDWLRQ�ZLWK�DOO�LWV�IHDWXUHV�

��� (GLWLQJ�PRGHV

7KLV� DSSOLFDWLRQ� SURYLGHV� HIILFLHQW� DQG� FRPIRUWDEOH� LQWHUIDFH� IRU� FUHDWLQJ�� HGLWLQJ� DQG

PDQLSXODWLQJ�WKH�7UDIILF�SOD\JURXQG�REMHFWV��0DLQ�REMHFW�LV�D�SOD\JURXQG�DQG�FRQVLVW�IURP�VTXDUHV�

*HQHUDO� 
URDG�PDS
� LV� FRPSRVHG� IURP�SDUWLFXODU� 
URDG�PDSV
� RI� HOHPHQWDU\� VTXDUHV�� 3RZHUIXO� DQG

HDV\� WRROV� KDYH� EHHQ� LPSOHPHQWHG� IRU� HGLWLQJ� ERWK� REMHFWV�� 7KHUHIRUH�� WZR� HGLWLQJ� PRGHV� DUH

GHILQHG�

)LUVW�PRGH�LV�WZR�GLPHQVLRQDO�DQG�PDQLSXODWHV�D�PDS�RI�VTXDUHV��8VLQJ�WKLV�PRGH��WKH�XVHU

FDQ� HIILFLHQWO\� KDQGOH� WKH� VTXDUHV� DQG� GHWHUPLQH� JHQHUDO� 
URDG� PDS
� RI� WKH� SOD\JURXQG�� &UHDWLQJ

D�QHZ� SOD\JURXQG� SURGXFHV� D� QHZ� PDS� RI� 1[0� VTXDUHV�� 7KLV� �'� HGLWLQJ� PRGH� DOORZV� XVHU� WR

DIILOLDWH�D�VSHFLILF� WUDIILF�VLWXDWLRQ� WR�HDFK�VTXDUH�� ,W�DOVR�JLYHV� WKH�RYHUYLHZ�RI�ZKROH�SOD\JURXQG

DQG�PDLQWDLQV�WKH�WUDIILF�VLWXDWLRQ�FRQWH[W�

6HFRQG� PRGH� LV� WKUHH� GLPHQVLRQDO� DQG� HQDEOHV� HGLWLQJ� RI� WKH� HOHPHQWDU\� VTXDUHV�� ,W¶V

SRVVLEOH� WR� ZRUN� ZLWK� RQO\� RQH� VTXDUH� DW� D� WLPH� LQ� WKLV� PRGH�� EHFDXVH� �'� HGLWLQJ� PRGH� LV

VSHFLDOL]HG�IRU�FUHDWLQJ�REMHFWV�RQ�VTXDUH�DQG�PDQLSXODWLQJ�WKHP��7KH�XVHU�FDQ�XVH�VHYHUDO�JURXSV

RI�SUHGHILQHG�REMHFWV�WR�VSHFLI\�UHTXLVLWH�IHDWXUHV�RI�HDFK�VTXDUH��7KDW�PHDQV�XVHU�FDQ�FKDQJH�WKH



WUDIILF�VLWXDWLRQ�E\�DGGLQJ�RU�UHPRYLQJ�WUDIILF�VLJQV��IRU�H[DPSOH�URDG�VLJQV��RU�KH�FDQ�XVH�DQ�REMHFW

IURP�DQRWKHU�JURXS�WR�PDNH�WKH�RXWORRN�RI�SOD\JURXQG�PRUH�UHDOLVWLF��IRU�H[DPSOH�WUHHV��

)LJXUH����$�VDPSOH�RI�DSSOLFDWLRQ�(GLWRU�IRU�WKH�7UDIILF�SOD\JURXQG

��� 6WUXFWXUH�RI�WKH�7UDIILF�SOD\JURXQG

3OD\JURXQG�LV�GHVLJQHG�DV�D�ZRUNVSDFH��ZKLFK�FDQ�EH�GLVSOD\HG�DQG�LQFOXGHV�PRGHO�RI�VRPH

UHDO� RU� DUWLILFLDO� WUDIILF� SOD\JURXQG��� 7KDW�ZRUNVSDFH� LV� GLYLGHG� LQWR�1[0� VTXDUHV��ZKLFK� DUH� WKH

EDVLF�FRQVWUXFWLRQ�EORFNV�IRU�WKH�SOD\JURXQG��0LQLPXP�VL]H�RI�SOD\JURXQG�LV�RQO\�RQH�VTXDUH��7KLV

PHDQV�WKDW�WKH�VTXDUH�LV�DQ�HOHPHQWDU\�XQLW�RI�WKH�SOD\JURXQG�DQG�FDQ�QRW�EH�GLYLGHG�LQ�DQ\�VPDOOHU

HOHPHQWV��2QO\�RQH�URDG�HOHPHQW�FDQ�EH�IRXQG�LQ�RQH�VTXDUH��L�H��FURVV��GLUHFW�ZD\��FXUYH��HWF����VHH

WDEOH� RI� VTXDUHV� WR� JHW� PRUH� LQIRUPDWLRQ��� 7KH� ZKROH� SOD\JURXQG� FDQ� EH� FRQVWUXFWHG� E\� DGGLQJ

VTXDUHV�LQWR�WKH�PDS��7KH�PDS�GHWHUPLQHV�SRVLWLRQ�RI�VTXDUHV�LQ�WKH�SOD\JURXQG��'HWDLOHG�PDSV�DQG

VTXDUHV�GHVFULSWLRQ�LV�GHVFULEHG�LQ�WKH�QH[W�FRXSOH�RI�SDUDJUDSKV�

��� 7UDIILF�SOD\JURXQG�PDS�GHVFULSWLRQ

,Q��'�HGLWLQJ�PRGH�WKH�XVHU�FDQ�VHH�RQO\�RQH�VTXDUH��+HQFH�VRPH�ZD\�RI�PDLQWDLQLQJ�WKH�XVHU

DZDUH�RI�FRQWH[W�RI�FRQVWUXFWHG�VTXDUHV�LQ�WKH�PDS�LV�QHHGHG��,W�LV�SURYLGHG�E\�WKH�PDS�RI�VTXDUHV�

7KH�PDS�RI�VTXDUHV�LV�D��'�VWUXFWXUH�ZKLFK�PDLQWDLQV�VTXDUH�SRVLWLRQV�DQG�JLYHV�RYHUYLHZ�RI� WKH

ZKROH�SOD\JURXQG��7KH�SXUSRVH�RI�WKLV�PDS�LV�WR�DOORZ�XVHU�WR�FRPIRUWDEOH�HGLW�WKH�SOD\JURXQG�DQG

WR�TXLFNO\�ZRUN�ZLWK�WKH�VTXDUHV��ZKLFK�KDYH�DOUHDG\�EHHQ�FUHDWHG��7KH�PDS�RI� WKH�SOD\JURXQG�LV

VWRUHG� LQ� WH[W� ILOH� ZLWK� 0+'� H[WHQWLRQ�� 7KLV� ILOH� LQFOXGHV� WKH� FRPSOHWH� LQIRUPDWLRQ� DERXW

SOD\JURXQG�QHHGHG�IRU�LWV�FRQVWUXFWLRQ��IRU�H[DPSOH�LQIRUPDWLRQ�DERXW�VTXDUH�ILOHV�DQG�SRVLWLRQV�



��� 6TXDUH�GHVFULSWLRQ

6TXDUH�LV�EDVLF�HOHPHQW�RI�WKH�7UDIILF�SOD\JURXQG�DQG�FDQ�QRW�EH�GLYLGHG�LQWR�VPDOOHU�SDUWV�

7KH�XVHU�FDQ�XVH�RQO\�SUHGHILQHG�VTXDUHV�ZLWK� VSHFLILF� URDG�HOHPHQWV�� ,W� LV�QRW�SRVVLEOH� WR�GHILQH

QHZ�URDG�HOHPHQWV�DW�WKLV�WLPH��WKLV�IHDWXUH�ZLOO�EH�DGGHG�WR�WKLV�DSSOLFDWLRQ�LQ�WKH�QH[W�YHUVLRQ���7R

JHW�PRUH�LQIRUPDWLRQ�DERXW�WKH�VTXDUH�IDFHV�VHH�WDEOH�RI�VTXDUHV�

7KH�SXUSRVH�RI� WKH�7UDIILF�SOD\JURXQG� LV� WR�VLPXODWH�UHDO� WUDIILF�VLWXDWLRQV��7RROV�KDYH�EHHQ

LPSOHPHQWHG�IRU�EXLOGLQJ�DQG�KDQGOLQJ�WUDIILF�VLJQV��H�J��URDG�VLJQV���7KH�XVHU�KDV�WKH�SRVVLELOLW\�WR

FKRRVH�DUELWUDU\�URDG�VLJQ�IURP�WKH�JLYHQ�VHW�RI�VLJQV�DQG�SODFH�LW�LQWR�WKH�VFHQH��7KHVH�DFWLRQV�FDQ

EH�SHUIRUPHG�LQ��'�HGLWLQJ�PRGH�RQO\��7KH�XVHU�FDQ�FUHDWH�DQG�SODFH�REMHFWV�RQ�VTXDUH��PDQLSXODWH

WKH� REMHFWV� �FKDQJH� WKHLU� SRVLWLRQV��� RU� UHPRYH� WKHVH� REMHFWV� IURP� WKH� VFHQH�� ,W� ZDV� LQWHQGHG� WR

FUHDWH� PRUH� UHDOLVWLF� DQG� KXPDQLVWLF� DSSOLFDWLRQ� DQG� WKDW� LV� ZK\� D�FRXSOH� RI� WRROV� FUHDWLQJ� DQG

KDQGOLQJ�REMHFW�WKDW�DSSHDU�LQ�WKH�QDWXUH��HVSHFLDOO\�SODQWV�OLNH�WUHHV��EXVKHV��HWF��ZDV�DGGHG�

)LJXUH����$�VDPSOH�RI�D�VTXDUH

6TXDUH�GHVFULSWLRQ�FRQVLVWV�RI� WZR�ILOHV��7KH�ILUVW� ILOH�VWRUHV�VTXDUHV� LQ� IRUPDW�;�GHILQHG�E\

'LUHFW�'�LQWHUIDFH��7KH�;�ILOHV�IRUPDW�DOORZV�WR�VDYH�ILOHV�RI�PHVKHV��WH[WXUHV��DQLPDWLRQ�VHWV��HWF�

0HVK�UHSUHVHQWDWLRQ�ZDV�FKRVHQ�IRU�VDYLQJ�LQWR�WKH�ILOHV�ZLWK�UHIHUHQFH�WR�WH[WXUHV�UHTXLUHG�E\�WKH

VTXDUHV��7HPSODWHV�XVH�VXFK�IRUPDW��WRR��7KH�WH[WXUHV�DUH�VKDUHG�E\�DOO�WKH�REMHFWV�DQG�WKH\�DUH�UHDG

IURP�GLUHFWRU\�QDPHG�7(;785(��7KH�;�ILOH�FRQWDLQV�FRPSOHWH�GHVLJQ�RI���'�VFHQH�RI�WKH�VTXDUH�

LQFOXGLQJ�URDG�VLJQV��WUDIILF�VLJQV�DQG�DPELHQW�REMHFWV��$OO�WKDW�REMHFW�DUH�VWRUHG�WR�ILOH�DV�D�VLQJOH

PHVK�ZLWK�WH[WXUH�PDSSLQJ��'XULQJ�WKH�VDYLQJ�SURFHGXUH��WKH�ILOH�LV�FUHDWHG�IURP�VFHQH�KLHUDUFK\��DV

GHVFULEHG�LQ�WKH�DERYH�SDUDJUDSK���7KH�EDVLF�VL]H�RI�WKH�VTXDUH�LV����[����SRLQWV��2QH�VTXDUH�FDQ

EH�SODFHG�RQWR� WKH�SOD\JURXQG� UHSHDWHGO\� WR�DYRLG�XQQHFHVVDU\�FUHDWLRQ�RI� WKH� VTXDUHV�ZLWK� VDPH

FRQWHQW�

7KH�QH[W�ILOH�FDQ�EH�WH[W�ILOH�ZLWK�H[WHQVLRQ�3&7��RU� LW�FDQ�EH� UHFRUGHG�GLUHFWO\� LQ� ILOH�ZLWK

PDS�RI�VTXDUHV��0'+�ILOH���,I�WKH�VTXDUH�LV�FUHDWHG�DV�D�VLQJOH�VTXDUH�LQ�WKH��'�HGLWRU�ZLWKRXW�RWKHU

DVVRFLDWLRQ�WR�PDS�RI�VTXDUHV��WKH�GHVFULSWLRQ�3&7�ILOH�LV�JHQHUDWHG��7KLV�ILOH��RU�UHFRUG��WKH�FRQWHQW

LV�WKH�VDPH��FRQWDLQV�EDVLF�LQIRUPDWLRQ�DERXW�WKH�VTXDUH��'XULQJ�SOD\JURXQG�HGLWLQJ��LW�LV�SRVVLEOH�WR

DGG�WKLV�ILOH��PDLQO\�LWV��'�SUHVHQWDWLRQ�LQ�;�ILOH��LQWR�JLYHQ�SODFH�LQ�QHZ�RU�FXUUHQWO\�HGLWHG�PDS�RI

VTXDUHV��7KHQ�WKH�VTXDUH�GHVFULSWLRQ�LV�VWRUHG�LQWR�WKH�JHQHUDO�PDS�GHVFULSWLRQ��WKDW�PHDQV� WR� ILOH

ZLWK�0'+�H[WHQVLRQ��

6TXDUH� GHVFULSWLRQ� LV� RUJDQL]HG� DFFRUGLQJ� WR� WKH� IROORZLQJ� UXOHV�� 6HFWLRQ
V� QDPH� LV� GHULYHG

IURP�WKH�;�ILOH�QDPH��ZKLFK�LV�WKH�PDLQ�VTXDUH�LGHQWLILFDWLRQ��%DVLF�IDFH�LV�GHWHUPLQHG�LQ�YDULDEOH

QDPHG�7<3��9DOXH�FDQ�EH�LQ�UDQJH�RI������� ,W�DSSHDUV� WR�DOO�SRVVLEOH� 
URDG�PDSV
� LQ�RQH�HOHPHQW�

7KH� YDOXH� ��PHDQV� JUHHQ� SODFH�� ZKLFK� LV� LPSOLFLWO\� LQVHUWHG� LQ� IUHH� VSDFHV� QRW� RFFXSLHG� E\� DQ\

VTXDUH��7KLV�SURFHVV�GRHV�QRW� QHHG�RWKHU� VSHFLDO� GHILQLWLRQ��1DWXUDOO\�� LW�LV� SRVVLEOH� WR� FUHDWH� DQG



SODFH�IRU�H[DPSOH�IRUHVW�RU�EXLOGLQJ��EXW�LW�GRHV�QRW�DIIHFW�WKH�WUDIILF�VLWXDWLRQ�DW�DOO��9DULDEOH�QDPHG

32=,&(�LV�ILOOHG�ZLWK�OLVW�RI�DOO�SRVLWLRQV�XVHG�LQ�WKH�HGLWHG�PDS��1H[W�YDULDEOH�=1$&.<�GHILQHV

OLVW�RI�DOO�XVHG�URDG�VLJQV�LQ�WKH�VTXDUH��,I�WKH�OLVW�RI�URDG�VLJQV�LV�GHILQHG�LQ�WKLV�ZD\��LW�VKRXOG�EH

GHILQHG�ZLWK�WKH�VDPH�QXPEHU�RI�YDULDEOHV�ZLWK�GHWDFKHG�QDPHV�RI�URDG�VLJQV��7KH�YDOXH�LV�GHILQHG

E\�WKH�YHFWRU�V���T��[��\��U���&KDUDFWHU�T�PHDQV�RQH�HLJKWK�RI�VTXDUH�WKH�URDG�VLJQ�LV�SODFHG��[�\�LV�LWV

SRVLWLRQ��DQG�U�LV�LWV�UDGLXV�

)LJXUH����1XPHULF�PDUN�RI�HDFK�HLJKWK

��� 7UDMHFWRU\�DOWHUQDWLYHV

,Q� WKH�7UDIILF� SOD\JURXQG�� WUDIILF� LV� VLPXODWHG�� H�J�� YHKLFOHV� DUH� LQ�PRWLRQ�� HWF�� 7R� GR� WKH

VLPXODWLRQ�� LW� LV� QHFHVVDU\� WR� GHILQH� KRZ� WKH� FDU� FDQ�PRYH� LQ� WKH� SOD\JURXQG�� 7KH� FDU¶V�PRWLRQ

VKRXOG�EH�GHILQHG�VR�WKDW�QR�FROOLVLRQ�ZLWK�RWKHU�REMHFWV�RFFXUV��7KH�FDU�VKRXOG�PRYH�RQO\�RQ�WKH

SUHGHWHUPLQHG�URDGV�DQG�KROG�WKH�WUDIILF�UXOHV�OLNH�LQ�WKH�UHDO�OLIH�

,I�WKH�PDS�RI�VTXDUHV�LV�FRUUHFWO\�GHILQHG��DOO�WKH�URDGV�OHDGLQJ�IURP�DQG�WR�DOO�VTXDUHV�PXVW�EH

FRQQHFWHG�WR�WKH�QHLJKERXU�VTXDUH��0DLQWDLQLQJ�WKLV�UXOH�LV�HQDEOHG�E\�RQO\�KDYLQJ�WKH�WULYLDO�VTXDUH

W\SHV��7KH�FDU�WUDMHFWRU\�LV�GHILQHG�E\�URDG�SODFHPHQW�

)LJXUH����$�VDPSOH�RI�SDUW�RI�WKH�PDS�RI�VTXDUHV

LQFOXGHV�VTXDUH�ZKLFK�LV�QRW�FRQQHFWLQJ

7KH�VHFRQG�SUREOHP�LV�WUDIILF�VLJQV��ZKLFK�VSHFLILFDOO\�UHJXODWH�WUDIILF�RQ�WKH�URDGV��$V�FDQ

EH�VHHQ��WKH�FDU�FDQ�QRW�SDVV�WKURXJK��LI�WKHUH�LV�D�URDG�VLJQ��HQWUDQFH�SURKLELWHG³��HWF��%XW�LI�WKHUH�LV

QR�YLVLEOH�EDUULHU�RQ�WKH�URDG��QRERG\�FDQ�FRQVWUDLQ�WR�GULYHU�WDNHV�WKLV�FRXUVH��H[FHSW�KLV�RZQ�ZLOO

RU�D�SROLFHPDQ�



,W�PHDQV�� WKDW� LI�ZH�ZDQW� WR� VROYH� WKH� VTXDUH�FRXUVH�SUREOHP��ZH�VKRXOG� VSHFXODWH�QRW�RQO\

ZLWK�D�FURVV�IDFH��EXW�DOVR�ZLWK�WUDIILF�VLJQV�ZKLFK�FDQ�ORZHU�D�VHW�RI�DOWHUQDWLYH�WUDMHFWRULHV��WRR��)RU

WKLV�FDVH��LQSXW�DQG�RXWSXW�SRLQWV�DUH�GHILQHG�WR�DQG�IURP�WKH�VTXDUHV��(DFK�VTXDUH�FRXOG�KDYH�WKH

PD[LPXP� RI� D� IRXU� VTXDUH� LQSXW� RU� RXWSXW� SRLQWV�� 7KH� GHQRPLQDWLRQ� RI� WKRVH� SRLQWV� LV� LQ� WKH

IROORZLQJ�ILJXUH�DQG�LV�VLPLODU�WR�WKH�VTXDUH�HLJKWK�PDUNLQJ�

,Q�WKH�VTXDUH�GHVFULSWLRQ�YDULDEOHV�9-(='�DQG�9<-(='�DUH�GHILQHG��WKDW�FRYHU�D�OLVW�RI�DOO

SRVVLEOH�HQWUDQFHV�DQG�H[LWV��7KH�YDOXHV�FDQ�EH���������UHVSHFWLYHO\����������,I�QR�YDOXH�GHILQHG��RU

WKH� QXPEHU� LV� QRW� OLVWHG�� WKH� JLYHQ� JDWH� SDVVDJH� LV� LPSRVVLEOH�� 7KH� FRUUHFWQHVV� RI� WKDW� IHDWXUH� LV

SRVVLEOH�RQO\�RQ�WKH�ZKROH�SOD\JURXQG�OHYHO�

)LJXUH����'HILQLWLRQ�RI�WKH�LQSXW�DQG�RXWSXW�SRLQWV

)RU�HDVLHU�QDYLJDWLRQ�LQ�WKH�VFHQH��D�VHPDQWLF�GHVFULSWLRQ�RI�FURVV�SDVVDJH�WKURXJK�WKH�VTXDUH

LV�GHILQHG��7KLV� VHPDQWLF� LV�XVDEOH�PDLQO\� IRU�RWKHU�SDUW�RI� WKH�7UDIILF�SOD\JURXQG� V\VWHP��ZKLFK

FRQWUROV�FDUV
�PRWLRQ��,W�VKRXOG�EH�IUHHG�IURP�DQDO\]LQJ�RI�WKH�FRPSOHWH�VFHQH�WR�JHW�D�FXUUHQW�WUDIILF

VLWXDWLRQ� WR� GHWHUPLQH� FDUV
� WUDMHFWRU\�� +ROGLQJ� WKRVH� WHFKQLTXHV� ZLOO� DFFHOHUDWH� H[HFXWLRQ� IRU

QDYLJDWLRQ��ZKLFK�FRXOG�EH�D�SDUW�RI�D�VFHQH�UHQGHULQJ�SURJUDP�

��� )LOHV

2WKHU�ILOHV�QHHGHG�WKH�SURJUDP�UXQV�DUH�WH[WXUH�DQG�REMHFW�WHPSODWH�ILOHV��7H[WXUHV�DUH�VWRUHG

LQ�7(;785(�GLUHFWRU\�ZKLFK�FRQWDLQV�DOO�WH[WXUHV��VXFK�DV�WUHH�WH[WXUH��URDG�VLJQV��HWF���XVHG�LQ�WKH

VFHQH��7KH�WH[WXUHV�DUH�VWRUHG�LQ�06�:LQGRZV�ELWPDS��%03��IRUPDW��2EMHFW�WHPSODWHV�DUH�VWRUHG�LQ

7(03/$7(� GLUHFWRU\� LQ�;�ILOH� IRUPDW�� 7KH� REMHFW� WHPSODWH� ILOHV� FRQWDLQ� SUHGHILQHG� �'� REMHFWV�

VXFK�DV�URDG�VLJQV��EDVLF�VTXDUHV��DQG�DOO��'�REMHFWV�XVHG�LQ�WKH�HGLWRU�

�'� WHPSODWHV� ZHUH� FUHDWHG� XVLQJ� $XWRGHVN� �'� 6WXGLR� HGLWRU� DQG� VWRUHG� LQ� �'6� IRUPDW�

7UDQVIRUPDWLRQ�WR�;�ILOH�IRUPDW�ZDV�SHUIRUPHG�E\�D�FRQYHUW�XWLOLW\��UHVXOWLQJ�LQ�PHVK�IRUPDW��

'LUHFWRU\� +5,67(� FRQWDLQV� VWRUHG� PDS� RI� VTXDUHV� RI� WKH� 7UDIILF� SOD\JURXQG� DQG� UHODWHG

;�ILOHV��,W� LV� UHFRPPHQGHG� WR�VWRUH�HDFK�SOD\JURXQG� LQ�VHSDUDWH�GLUHFWRU\��'LUHFWRULHV� WKDW�FRQWDLQ

H[DPSOHV� IRU� WKH� 7UDIILF� SOD\JURXQG� DUH� SURYLGHG� DQG� FRQWDLQ� ILOHV� FDOOHG� +ULVWH��PGK� DQG

NROR�PGK��)RU�EHWWHU�LOOXVWUDWLRQ��VHH�WKH�DERYH�PHQWLRQHG�H[DPSOH�ILOHV�RU�DSSHQGL[�



�� ,PSOHPHQWDWLRQ

7KH�SURJUDP�(GLWRU� IRU�7UDIILF�SOD\JURXQG�ZDV� LPSOHPHQWHG�XQGHU�0LFURVRIW�:LQGRZV���

V\VWHP�XVLQJ�%RUODQG�&�������SURJUDPPLQJ� ODQJXDJH��)RU��'�JUDSKLFV�GUDZLQJ��5HWDLQHG�0RGH

'LUHFW�'� LQWHUIDFH� ZDV� XVHG�� 7KH� SURJUDP� DOORZV� IRU� HGLWLQJ� RQH� VTXDUH� DW� RQH� WLPH�� 2EMHFW

RULHQWHG�SULQFLSOHV�ZHUH�XVHG� LQ� WKH� LPSOHPHQWDWLRQ��(YHU\�ZLQGRZ�RU�GLDORJ�XVHV� LWV� RZQ� FODVV�

&RQWURO� RYHU�'LUHFW�'�DQG�EDVLF�REMHFWV�� H�J�� D�FRPSOHWH� VFHQH� DQG� LWV� IUDPH�REMHFW� KLHUDUFK\�� LV

LPSOHPHQWHG�LQ�FODVV�7'LUHFW�'&WUO��7KLV�FODVV�FRQWDLQV�GDWD�VWUXFWXUH�RI�WKH�7UDIILF�SOD\JURXQG�

��� 'LUHFW�'�LQLWLDOL]DWLRQ

'LUHFW�'� DQG�'LUHFW'UDZ� LQWHUIDFH� IXQFWLRQV� DUH� LPSRUWHG� GLUHFWO\� IURP� V\VWHP� OLEUDULHV�

7KLV�LV�GRQH�XVLQJ�GHILQLWLRQ�ILOH�RI�WKH�SURMHFW�ZLWK�,032576�NH\ZRUG��ZKLFK�LV�IROORZHG�E\�WKH

QDPH�RI�D�OLEUDU\�DQG�LPSRUWHG�IXQFWLRQ�

,032576�����'�'50�'LUHFW�'50&UHDWH

,032576�����''5$:�'LUHFW'UDZ&UHDWH&OLSSHU

�

�

HWF�

7KH�PDLQ�LQLWLDOL]DWLRQ�RI�'LUHFW�'�LQWHUIDFH�LV�GRQH�E\�'LUHFW�'50&UHDWH�IXQFWLRQ��ZKLFK�UHVXOWV

LQ� SRLQWHU� WR� WKH� VHOHFWHG� VWUXFWXUH�� ,Q� QH[W� VWHS�� LW� LV� QHFHVVDU\� WR� FDOO� 'LUHFW'UDZ&UHDWH&OLSSHU

IXQFWLRQ��ZKLFK�HQVXUHV�JUDSKLFV�FURSSLQJ�WR�VHOHFWHG�ZLQGRZ��7KLV�VWHS�LV�IROORZHG�E\�SDUDPHWHU

VHWWLQJ��VXFK�DV�PRGHO�HWF��&DOOLQJ�7'LUHFW�'FWUO�FODVV�PHWKRG�&UHDWH'HYLFH�'�VHWV�XS�GHYLFH�DQG

UHWULHYHV� FRORU�GHSWK�� WKDW� LV� QHHGHG� IRU� VHWWLQJ� GLIIHUHQW� FRORU� DQG� WH[WXUH� TXDOLW\� OHYHO�� 6RPH�RI

WKHVH�SDUDPHWHUV�FDQ�EH�FKDQJHG�ZKLOH�WKH�SURJUDP�UXQV�

��� ,QWHUQDO�GDWD�VWUXFWXUHV

2EMHFWV�LQ�WKH�VFHQH�DUH�RUGHUHG�LQ�D�IUDPH�KLHUDUFK\����WKH\�DUH�FRQQHFWHG�LQ�D�WUHH�VWUXFWXUH�

2WKHU�REMHFWV�� VXFK�DV� OLJKWV��FDPHUD� �PHDQV�YLHZLQJ�SRLQW��� DQG�RWKHUV�DUH�FRQQHFWHG� WR� WKH� URRW

IUDPH��7KH�DERYH�GHVFULEHG�KLHUDUFK\�LV� LPSOHPHQWHG�LQ�$SS,QIR�VWUXFWXUH� WKDW�FRQWDLQV� WKH�EDVLF

UHIHUHQFHV� WR� WKH� VFHQH� �VFHQH� W\SH� LV� IUDPH� WRR�� DQG� LW� LV� WKH� URRW� RI� WKH�KLHUDUFK\� WUHH��� FDPHUD�

GHYLFH� DQG� UHQGHULQJ�PRGH� LQ� WKH� FODVV� 7'LUHFW�'&WUO�� 7KLV� VWUXFWXUH� LV� ZHOO� VXLWDEOH� IRU� REMHFW

PDQLSXODWLRQ��ZKHUH�LW�PXVW�EH�SRVVLEOH�WKDW�FKDQJHV�GRQH�WR�SDUHQWV�DSSO\�WR�DOO�WKHLU�FKLOGUHQ��7KH

EDVLF�VWUXFWXUH�RI�WKH�KLHUDUFK\�WUHH�LV�GLVSOD\HG�LQ�IROORZHG�ILJXUH�



)LJXUH����7KH�VFHQH�REMHFW�KLHUDUFK\

7KH�PDS�RI�VTXDUHV�LV�UHSUHVHQWHG�E\�$FW+ULVWH�VWUXFWXUH��,W�LQFOXGHV�DNWLYQL�YDULDEOH��ZKLFK

GLVWLQJXLVKHG�WKH�PHWKRG�RI�HGLWLQJ�RI�WKH�VTXDUH��,I�WKH�PDS�RI�VTXDUHV�LV�ORDGHG��WKH�YDULDEOH�LV�VHW

DQG� FXUUHQWO\� HGLWHG� VTXDUH� LV� SDUW� RI� RSHQHG� SOD\JURXQG� DQG� KDV� RZQ� SRVLWLRQ� �ZKLFK� FDQ� EH

PXOWLSOH��� DOO� RWKHU� LQIRUPDWLRQ� DERXW� VTXDUH� LV� VWRUHG� WR� WKH� PDS� RI� VTXDUHV� RI� SOD\JURXQG�

2WKHUZLVH�WKLV� LQIRUPDWLRQ�LV�VWRUHG� LQ�VHSDUDWH� ILOH�ZLWK�3&7�H[WHQVLRQ��2WKHU�YDULDEOHV�GHVFULEH

PDS� ILOH� QDPH�� [�DQG� \� VL]H�� QXPEHU� RI� QRQ� ]HUR� VTXDUHV� �;� ILOH� PXVW� H[LVW� IRU� HDFK� QRQ� ]HUR

VTXDUHV���DQG�OLVW�RI�;�ILOHV�

$QRWKHU� YDULDEOHV� DUH� WHPSODWHBSDWK� DQG� WH[WXUHBSDWK�� WKDW� FRQWDLQ� SDWKV� WR� WHPSODWHV� DQG

WH[WXUHV�� ,W� LV� DVVXPHG� WKDW� WKLV� GLUHFWRULHV� DUH� SODFHG� WR� WKH� GLUHFWRU\� FRQWDLQLQJ�PDLQ� SURJUDP�

7KHVH�SDWKV�DUH�XVHG�IRU�LQVHUWLQJ�REMHFWV�WR�VFHQH�DQG�FDOOLQJ�WKH�WH[WXUH�ORDG�IXQFWLRQ�

7KH�YDULDEOHV� LG7LPHU�� ISV7LPHU� DQG�KZQG7LPHU�� DUH�XVHG� WR� VFUHHQLQJ� WLPLQJ� VHWXS��9DULDEOH

LG7LPHU�LV�XQLTXH�WLPHU�LGHQWLILHU��YDULDEOH�ISV7LPHU�GHWHUPLQHV�WKH�QXPEHU�RI�IUDPHV�GLVSOD\HG�SHU

VHFRQG��DQG�KZQG7LPHU�LV�KDQGOH�WR�WKH�WLPHG�ZLQGRZ�

�� 'LUHFW��'

'LUHFW�'�SURYLGHV�WKH�$3,�VHUYLFHV�DQG�GHYLFH�LQGHSHQGHQFH�UHTXLUHG�E\�GHYHORSHUV��GHOLYHUV

D� FRPPRQ� GULYHU� PRGHO� IRU� KDUGZDUH� YHQGRUV�� HQDEOHV� WXUQNH\� �'� VROXWLRQV� WR� EH� RIIHUHG� E\

SHUVRQDO�FRPSXWHU� PDQXIDFWXUHUV�� DQG� PDNHV� LW� HDV\� IRU� HQG�XVHUV� WR� DGG� KLJK�HQG� �'� WR� WKHLU

V\VWHPV��%HFDXVH� WKH� V\VWHP� UHTXLUHV� OLWWOH�PHPRU\�� LW� UXQV�ZHOO� RQ�PRVW� RI� WKH� LQVWDOOHG�EDVH�RI

FRPSXWHU�V\VWHPV�

'LUHFW�'�LV�LPSOHPHQWHG�LQ�WZR�GLVWLQFWO\�GLIIHUHQW�PRGHV��5HWDLQHG�0RGH��D�KLJK�OHYHO�$3,

LQ�ZKLFK�WKH�DSSOLFDWLRQ�UHWDLQV�WKH�JUDSKLFV�GDWD��DQG�,PPHGLDWH�0RGH��D�ORZ�OHYHO�$3,�LQ�ZKLFK

WKH�DSSOLFDWLRQ�H[SOLFLWO\�VWUHDPV�WKH�GDWD�RXW�WR�DQ�H[HFXWH�EXIIHU��'LUHFW�'�5HWDLQHG�0RGH�$3,�LV

GHVLJQHG� IRU� PDQLSXODWLQJ� �'� REMHFWV� DQG� PDQDJLQJ� �'� VFHQHV�� 'LUHFW�'� ,PPHGLDWH� 0RGH� LV

0LFURVRIW
V�ORZ�OHYHO��'�$3,��,W�DOORZV�\RX�WR�SRUW�JDPHV�DQG�RWKHU�KLJK�SHUIRUPDQFH�PXOWLPHGLD

DSSOLFDWLRQV�WR�WKH�:LQGRZV�RSHUDWLQJ�V\VWHP�



7KH�'LUHFW�'�$3,��OLNH�WKH�UHVW�RI�WKH�'LUHFW;�$3,��LV�EXLOW�RQ�WRS�RI�D�KDUGZDUH�DEVWUDFWLRQ

OD\HU� �+$/��� ZKLFK� LQVXODWHV� \RX� IURP� GHYLFH�VSHFLILF� GHSHQGHQFLHV� SUHVHQW� LQ� WKH� KDUGZDUH�� $

FRPSDQLRQ�SLHFH�WR�WKH�'LUHFW�'�+$/�LV�WKH�KDUGZDUH�HPXODWLRQ�OD\HU��+(/���7KH�'LUHFW�'�+(/

SURYLGHV�VRIWZDUH�EDVHG�HPXODWLRQ�RI�IHDWXUHV�WKDW�DUH�QRW�SUHVHQW�LQ�KDUGZDUH�

)RU�PRUH�LQIRUPDWLRQ�VHH�>�@�

�� &RQFOXVLRQV

7KH�SXUSRVH�RI�WKLV�SURMHFW�ZDV�WR�GHVLJQ�DQG�LPSOHPHQW�(GLWRU�IRU�7UDIILF�SOD\JURXQG�SURJUDP�

WKDW�LV�SDUW�RI�WKH�7UDIILF�SOD\JURXQG�V\VWHP��7KLV�DSSOLFDWLRQ�LV�HVSHFLDOO\�GHVLJQHG�VR�WKDW� LW�FDQ

XVH�'LUHFW;�JUDSKLFV� LQWHUIDFH��7KH�SURMHFW�DOVR� LQYROYHG�VHPDQWLFV�RI�FDU�QDYLJDWLRQ� WKURXJK� WKH

FURVVLQJV�DQG�YHULILFDWLRQ�RI�WKH�URDG�PDS�FRQVLVWHQF\�

7KH� IXWXUH�ZRUN� �RQ� QH[W� YHUVLRQ� RI� WKLV� DSSOLFDWLRQ��ZLOO� LQFOXGH� VROYLQJ� SUREOHPV� RI� JOREDO

GHILQLWLRQ�RI�WKH�VTXDUH�GHVFULSWLRQV�DQG�DOVR�PRUH�JHQHUDO�GHVFULSWLRQ�RI�VTXDUHV�

,W�ZRXOG�EH� DOVR�XVHIXO� WR� FUHDWH�EHWWHU� LQQHU� VWUXFWXUH� LQ� ILOH� VWRUDJH� RI� WKH� VFHQH� GHVFULSWLRQ�

6XFK�VWUXFWXUH�FDQ�EHQHILW�IURP�EHWWHU�;�ILOH�DQG�PHPRU\�VWUXFWXUH�XQGHUVWDQGLQJ�DFKLHYHG�GXULQJ

WKLV�SURMHFW��7KH�QH[W�YHUVLRQ�RI�WKH�(GLWRU�IRU�7UDIILF�SOD\JURXQG�ZLOO�LQWHJUDWHG�EURDGHU�SDOHWWH�RI

EDVLF�HOHPHQWV�DQG�DOVR�RWKHU�HOHPHQWV�WKDW�ZLOO�LPSURYH�DSSHDUDQFH�RI�WKH�VFHQHV�

�� 5HIHUHQFHV

>�@ 7KRPSVRQ��1���'�*UDSKLFV�3URJUDPPLQJ�IRU�:LQGRZV�����0LFURVRIW�3UHVV��86$������

>�@ 0LFURVRIW�'LUHFW; ��6RIWZDUH�'HYHORSPHQW�.LW��0LFURVRIW��86$������

�85/�KWWS�??ZZZ�PLFURVRIW�FRP?GLUHFW[�

[3] )R�W��,��:LQGRZV���Techniky programování (in Czech), Grada, Praha, Czech Republic, 1993



�� $SSHQGL[

��� 7DEOHV

'(6&5,37,21 648$5(�7<3( ,0$*(

)UHH�3ODFH �

6WDUW��GLUHFWLRQ�=� �

6WDUW��GLUHFWLRQ�;� �

&XUYH �

6WDUW��GLUHFWLRQ�=� �

'LUHFW�ZD\��GLUHFWLRQ�= �

&XUYH �

&URVV�7 �

6WDUW��GLUHFWLRQ�;� �

&XUYH �

'LUHFW�ZD\��GLUHFWLRQ�= ��

&URVV�7 ��

&XUYH ��

&URVV�7 ��

&URVV�7 ��

&URVV ��

7DEOH����6TXDUH�IDFHV�VFKHPH



��� ([DPSOHV

7KH�IROORZLQJ�WH[W� LV�DQ�H[DPSOH�RI� WKH�PDS�GHVFULSWLRQ��7KH� WH[W�FRQWDLQV� LQIRUPDWLRQ�DERXW� WKH

PDS�VL]H��SRVLWLRQV�RI�VTXDUHV��DQG�WUDIILF�VLJQV��VHH�&KDSWHU����

ILOH�.2/2�0'+�
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