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*HQHWLF� 3URJUDPPLQJ� �*3�� LV� D� VHDUFK� DQG� RSWLPL]DWLRQ� DOJRULWKP� LQVSLUHG� E\� QDWXUDO
HYROXWLRQ���*3�SHUIRUPV�VHDUFK�LQ�D�SRSXODWLRQ��D�VHW�RI�LQGLYLGXDOV�ZKLFK�UHSUHVHQWV�SRLQWV�LQ
D� VHDUFK� VSDFH�� $Q� LQGLYLGXDO� KDV� D� WUHH� VWUXFWXUH�� $� ODUJH� SUREOHP� GHPDQGV� PHPRU\� IRU
SRSXODWLRQ� ZLWK� D� FRQYHQWLRQDO� LPSOHPHQWDWLRQ�� $V� RSSRVHG� WR� LPSOHPHQWLQJ� D� WUHH� DV� D
FROOHFWLRQ�RI� OLQNHG�QRGHV�� WKLV�ZRUN�SURSRVHV�DQ� LPSOHPHQWDWLRQ�RI�D� WUHH� DV�D�YHFWRU��7KH
H[SHULPHQW�ZKLFK� LV�SHUIRUPHG�RQ� D� UHDOLVWLF� VL]H� SUREOHP� VKRZV� WKDW� WKH� UXQQLQJ� WLPH� IRU
JHQHWLF�SURJUDPPLQJ�ZLWK�YHFWRUV�LV�VLPLODU�WR�D�FRQYHQWLRQDO�LPSOHPHQWDWLRQ�EXW�YHFWRUV�XVH
��� WLPHV� OHVV�PHPRU\�� �7KLV�HQDEOH�XV� WR�SHUIRUP� WKH�H[SHULPHQW�RQ� D�PXFK� ODUJHU� VL]H�RI
SUREOHP�

���,QWURGXFWLRQ

*HQHWLF�3URJUDPPLQJ� �*3�� >�@� LV� D� YDULDWLRQ� RI�*HQHWLF�$OJRULWKP� �*$�� >�@�ZKLFK� XVHV� D
GLIIHUHQW��UHSUHVHQWDWLRQ�RI�D�VROXWLRQ���*3�LV�D�VHDUFK�DQG�RSWLPL]DWLRQ�DOJRULWKP�LQVSLUHG�E\
QDWXUDO�HYROXWLRQ���*3�SHUIRUPV�VHDUFK�LQ�D�SRSXODWLRQ��D�VHW�RI�LQGLYLGXDOV�ZKLFK�UHSUHVHQWV
SRLQWV� LQ� WKH� VHDUFK� VSDFH�� � $W� HDFK� JHQHUDWLRQ�� D� VHTXHQFH� RI� JHQHWLF� RSHUDWLRQV� FDOOHG
UHSURGXFWLRQ�� FURVVRYHU� DQG�PXWDWLRQ� WUDQVIRUPV� WKH� H[LVWLQJ� LQGLYLGXDOV� LQWR� D� QHZ� VHW� RI
VROXWLRQV���7KH�VROXWLRQ�TXDOLW\�LV�HYDOXDWHG�LQ�WHUPV�RI�ILWQHVV�LQ�ZKLFK�ILWQHVV� IXQFWLRQ�DUH
GHILQHG� IRU� D� SDUWLFXODU� SUREOHP�� � 7KH� LQGLYLGXDOV� DUH� SUREDELOLVWLFDOO\� VHOHFWHG� WR� WKH� QH[W
JHQHUDWLRQ�SURSRUWLRQDO�WR�WKHLU�ILWQHVV���*3�KDV�EHHQ�DSSOLHG�VXFFHVVIXOO\�WR�D�ZLGH�UDQJH�RI
SUREOHPV�>�����@�

:H� DUH� PRWLYDWHG� E\� WKH� IDFW� WKDW� RXU� *3� H[SHULPHQWV� UHFHQWO\� KDYH� VWUDLQHG� RXU
FRPSXWLQJ�UHVRXUFH�VXFK�WKDW�ZH�DUH�XQDEOH�WR�WU\�D�ODUJHU�VL]H�RI�SUREOHP���2XU�ZRUN�LQ�>�@
XVHG�DV�PXFK�DV����0E\WHV�RI�PHPRU\�GXULQJ�WKH�UXQ���$V�ZH�DUH�LQWHUHVWHG�LQ�LQYHVWLJDWLQJ
*3� ZLWK� D� ODUJHU� VL]H� RI� SUREOHP�� ZH� PXVW� ILQG� VRPH� ZD\� WR� UHGXFH� WKH� UHTXLUHPHQW� RQ
PHPRU\�

,Q�*3��DQ�LQGLYLGXDO�KDV�D�WUHH�VWUXFWXUH���,Q�D�W\SLFDO�LPSOHPHQWDWLRQ��D�YDULDEOH�VL]H
VWUXFWXUH�LV�VWRUHG�DV�D�FROOHFWLRQ�RI�IL[HG�VL]H�REMHFWV�OLQNHG�WRJHWKHU���7KH�VL]H�RI�HDFK�REMHFW
LV� GHWHUPLQHG� E\� WKH� W\SH� RI� GDWD� WR� EH� VWRUHG� DW� HDFK� QRGH� LQ� D� WUHH�� � � (DFK� QRGH� XVXDOO\
FRQWDLQV� WKH� W\SH�RI� WKH�QRGH�DQG� OLQNV� WR�RWKHU�QRGHV�� �7KH�REMHFW�PXVW�EH�DEOH� WR� FRQWDLQ
SRLQWHUV�WR�RWKHU�QRGHV���$V�RSSRVHG�WR�LPSOHPHQWLQJ�D�WUHH�DV�D�FROOHFWLRQ�RI� OLQNHG�QRGHV�
WKLV�ZRUN�SURSRVHV�WR�LPSOHPHQW�D�WUHH�DV�D�YHFWRU�� �:KHQ�WKH�DULW\�RI�HDFK�QRGH�LV�NQRZQ�
WUDYHUVLQJ�D�WUHH�LQ�HLWKHU�GHSWK�ILUVW�RU�EUHDWK�ILUVW�RUGHU�ZLOO�SURGXFH�D�XQLTXH�RUGHULQJ�RI�DOO
QRGHV���7KH�OLQNV�FDQ�EH�GLVSHQVHG�ZLWK��KHQFH�VDYLQJ�WKH�VWRUDJH�



���'DWD�VWUXFWXUH

:H�DUH�JRLQJ�WR�VKRZ�DQ�H[DPSOH�WR�LOOXVWUDWH�RXU�VFKHPH���*LYHQ�D�WUHH�DV�LQ�)LJXUH���ZKLFK
UHSUHVHQWV�D�URERW�SURJUDP�IURP�WKH�ZRUN�LQ�>�@���/HW�DVVXPH�WKDW�HDFK�IL[HG�VL]H�REMHFW�KDV
WKH� VL]H� WKDW� FDQ� FRQWDLQ� D� SRLQWHU�� �� E\WHV� LQ� D� W\SLFDO�PDFKLQH�� �(DFK� QRQ�WHUPLQDO� QRWHG
VWRUHV�WKH�QRGH�W\SH�DQG�OLQNV�WR�LWV�FKLOGUHQ���$�W\SLFDO�LPSOHPHQWDWLRQ�ZLOO�VWRUH�WKLV�WUHH�LQ
���EORFNV��HDFK�EORFN�LV���E\WHV��WKHUHIRUH�LW�UHTXLUHV����E\WHV��)LJXUH����

)LJXUH����$Q�H[DPSOH�RI�DQ�LQGLYLGXDO
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���EORFNV�XVH����E\WHV�SHU�EORFN��WRWDO����E\WHV

)LJXUH�����1RGHV�DQG�OLQNV�LPSOHPHQWDWLRQ�RI�WKH�WUHH

��E\WH�SHU�QRGH��WRWDO����E\WHV

)LJXUH�����9HFWRU�LPSOHPHQWDWLRQ�RI�WKH�WUHH

6WRULQJ� WKLV� WUHH� DV� D� YHFWRU� UHTXLUHG� ��� QRGHV� �)LJXUH� ���� � 1R� OLQNV� DUH� QHFHVVDU\�
(DFK� QRGH� QHHGV� RQO\� WR� VWRUH� WKH� QRGH� W\SH�� � /HW� DVVXPH� RQH� E\WH� SHU� QRGH� ZKLFK� LV
VXIILFLHQW� WR� UHSUHVHQW� ���� W\SHV� RI� WHUPLQDO� V\PEROV� IRU� WKH� WHUPLQDO� VHW� LQ� PRVW� *3
SUREOHPV�� � 7KLV� YHFWRU� � UHTXLUHV� RQO\� ��� E\WHV�� � &RPSDULQJ� WKLV� LPSOHPHQWDWLRQ� WR� WKH
SUHYLRXV�RQH��WKH�YHFWRU�UHGXFHV�WKH�VWRUDJH�PRUH�WKDQ�����WLPHV�

���2SHUDWLRQV�RQ�WKH�YHFWRU

7KH�PDLQ�RSHUDWLRQV�WR�EH�SHUIRUPHG�RQ�DQ�LQGLYLGXDO�LQ�*3�DUH�JHQHWLF�RSHUDWLRQV�DQG�ILWQHVV
HYDOXDWLRQ���*HQHWLF�RSHUDWLRQV�DUH���UHSURGXFWLRQ��FURVVRYHU�DQG�PXWDWLRQ�ZKLFK�PDQLSXODWH
WKH�VWUXFWXUH���)LWQHVV�HYDOXDWLRQ�XVXDOO\�UHTXLUHV�WUDYHUVLQJ�WKH�WUHH�



)RU� WKH� LPSOHPHQWDWLRQ�ZLWK�QRGHV�DQG� OLQNV��JHQHWLF�RSHUDWLRQV�FDQ�EH� DFKLHYHG�E\
XSGDWLQJ� WKH� SRLQWHUV�� � 7UDYHUVLQJ� QRGHV� DQG� OLQNV� LV� DOVR� VWUDLJKWIRUZDUG�� � +RZHYHU�� WKH
FRS\LQJ�RSHUDWLRQ�UHTXLUHV�DOORFDWLRQ�DQG�GHDOORFDWLRQ�RI�IL[HG�VL]H�REMHFWV�IURP�WKH�SRRO�RI
VWRUDJH�KHQFH�UHTXLUHV�VRPH�IRUP�RI�PHPRU\�PDQDJHPHQW�

)RU� WKH� YHFWRU� LPSOHPHQWDWLRQ�� WKH� RSHUDWLRQ� RQ� WKH� YHFWRU�ZLOO� EH� VLPLODU� WR� VWULQJ
RSHUDWLRQV�DV�QRGHV� DUH� VWRUHG� LQ�D� OLQHDU� VWUXFWXUH�� �%HFDXVH� WKH�DULW\�RI� HDFK�QRGH� W\SH� LV
NQRZQ�� DQ\� VXEWUHH� FDQ� EH� ORFDWHG� LQ� D� YHFWRU� DQG� FDQ� EH�PDQLSXODWHG� EDVHG� RQ� VXEVWULQJ
RSHUDWLRQV���FRS\��FRQFDWHQDWLRQ��GHOHWLRQ�DQG�LQVHUWLRQ�

7KH�SVHXGR�FRGH�IRU�JHQHWLF�RSHUDWRUV�DUH�GHVFULEHG�DV�IROORZV��

&URVVRYHU���SDUHQW���SDUHQW����SURGXFHV�FKLOG���FKLOG�
���UDQGRPO\�VHOHFW�SRLQW���SRLQW��IURP�SDUHQW���SDUHQW�
���VHSDUDWH�HDFK�SDUHQW�LQWR���SDUWV���KHDG��PLG��WDLO�

ZKHUH�KHDG�LV�WKH�EHJLQQLQJ�WR�WKH�FURVVSRLQW����PLG�LV�IURP�WKH
FURVVSRLQW�DQG�FRQWDLQV�WKH�ZKROH��VXEWUHH��WDLO��LV�WKH�UHVW

���FKLOG�� �KHDG�RI�SDUHQW����PLG�RI�SDUHQW����WDLO�RI�SDUHQW�
���FKLOG�� �KHDG�RI�SDUHQW����PLG�RI�SDUHQW����WDLO�RI�SDUHQW�

ZKHUH����LV�FRQFDWHQDWH�RSHUDWRU

0XWDWH���SDUHQW���SURGXFHV�D�FKLOG
���FRS\�SDUHQW�WR�FKLOG��ZKLFK�ZLOO�EH�PXWDWH�
���VHOHFW�D�SRLQW�LQ�FKLOG�WR�EH�D�PXWDWH�SRLQW
���GHOHWH�WKH�ZKROH�VXEWUHH�DW�WKH�PXWDWH�SRLQW
���JHQHUDWH�D�QHZ�WUHH�LQVHUW�WKH�QHZ�WUHH�DW�WKH�PXWDWH�SRLQW

)LJXUH���DQ�H[DPSOH�RI�FURVVRYHU�RSHUDWLRQ�

)RU�WUHH�WUDYHUVDO�LQ�D�YHFWRU��VNLSSLQJ�D�VXEWUHH�UHTXLUHV�WUDYHUVLQJ�WKH�ZKROH�VXEWUHH�
IRU� H[DPSOH� WKH� �LI�WKHQ�HOVH�� IXQFWLRQ�� � 7KLV� FDQ� WDNH� FRQVLGHUDEOH� WLPH�� DV� LQ� VRPH� *3
DSSOLFDWLRQ� D� WUHH� FDQ� EH� HYDOXDWHG� UHSHDWHGO\� PDQ\� WLPHV�� VXFK� DV� LQ� WKH� FDVH� RI� URERW
VLPXODWLRQ���$Q�DX[LOLDU\�DUUD\�RI��RIIVHW��FDQ�EH�FRQVWUXFWHG�VXFK�WKDW�VNLSSLQJ�DQ\�VXEWUHH
FDQ�EH�GRQH�E\�ORRNLQJ�XS�WKH��RIIVHW�����&RQVWUXFWLQJ�WKLV�DX[LOLDU\�DUUD\�ZLOO�WDNH�DGGLWLRQDO
WLPH�EXW�WKH�DUUD\�LWVHOI�QHHGV�QRW�WR�EH�VWRUHG���(DFK�LQGLYLGXDO�LV�XVXDOO\�HYDOXDWHG�RQO\�RQFH
LQ�D�JHQHUDWLRQ�KHQFH�WKH�DX[LOLDU\�DUUD\�FDQ�EH�FRQVWUXFWHG�SULRU�WR�WKH�ILWQHVV�HYDOXDWLRQ�DQG
DIWHUZDUG�GLVFDUGHG�



���([SHULPHQW

$�VWXG\�KDV�EHHQ�PDGH�EDVHG�RQ�WKH�ZRUN�>�@�LQ�ZKLFK�WKH�RULJLQDO�GDWD�VWUXFWXUH�LV�QRGHV�DQG
OLQNV�� � :H� LPSOHPHQW� WKH� SRSXODWLRQ� XVLQJ� YHFWRUV� DQG� FRPSDUH� ZLWK� D� FRQYHQWLRQDO
LPSOHPHQWDWLRQ�LQ�WHUP�RI��UXQQLQJ�WLPH�DQG�PHPRU\�UHTXLUHPHQW���7KH�ZRUN�LQ�>�@�VWXGLHG
WKH� SUREOHP� RI� FRQWUROOLQJ� D� PDQLSXODWRU� WR� UHDFK� D� WDUJHW�� *3� LV� XVHG� WR� JHQHUDWH� URERW
SURJUDPV�WR�FRQWURO�D�URERW�PDQLSXODWRU�WR�UHDFK�D�WDUJHW�ZKLOH�DYRLGLQJ�REVWDFOHV��)LJXUH����

)LJXUH����7KH�SUREOHP�RI�FRQWUROOLQJ�D�PDQLSXODWRU�WR�UHDFK�D�WDUJHW�

7KH�H[SHULPHQW�LV�SHUIRUPHG�ZLWK�WKHVH�SDUDPHWHUV����LQGLYLGXDO������UHSURGXFWLRQ����
FURVVRYHU� ����� PXWDWLRQ� ��� W\SHV�� ����� PD[LPXP� JHQHUDWLRQ� ���� � 7KH� LQLWLDO� VL]H� RI� HDFK
LQGLYLGXDO�LV�DYHUDJH����QRGHV���:H�UXQ�WKH�H[SHULPHQW�����WLPHV�ZLWK�D�IL[HG�UDQGRP�VHHG
DQG�DQDO\VH�WKH�UXQQLQJ�WLPH���7KH�UHVXOW�LV�VKRZQ�LQ�7DEOH���

9HFWRU /LQNHG
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7RWDO�SURJUDP�H[HFXWLRQ�WLPH ������ ������

7DEOH���7KH�UXQQLQJ�WLPH�RI�ERWK�LPSOHPHQWDWLRQV

)URP�WKH�WDEOH���WKH�JHQHWLF�RSHUDWLRQ�RQ�WKH�YHFWRU� LPSOHPHQWDWLRQ�LV�IDVWHU�EXW� WKH
ILWQHVV�HYDOXDWLRQ�LV�VORZHU�WKDQ� WKH�FRQYHQWLRQDO� LPSOHPHQWDWLRQ�� �7KH�JHQHWLF�RSHUDWLRQ� LV
IDVWHU�EHFDXVH�LQ�D�YHFWRU�DQ\�QRGH�FDQ�EH�GLUHFWO\�DFFHVV�DV�RSSRVHG�WR�IROORZLQJ�WKH�OLQNV�
)RU�ILWQHVV�HYDOXDWLRQ��D�YHFWRU�UHTXLUHV�FRPSXWLQJ�WKH��RIIVHW��WDEOH��ZKLFK�H[SODLQV�ZK\�LW�LV
VORZHU���+RZHYHU��WRWDO�UXQQLQJ�WLPH�IRU�ERWK�LPSOHPHQWDWLRQV�DUH�QRW�VLJQLILFDQWO\�GLIIHUHQW�

+RZ�PXFK�GRHV�WKH�YHFWRU�VDYHG�PHPRU\�FRPSDUHG�WR�WKH�QRGHV�DQG�OLQNV"��)RU�RQH
SRSXODWLRQ�� DVVXPH� ���� LQGLYLGXDOV�� HDFK� LQGLYLGXDO� FRQWDLQV� LQ� DYHUDJH� ���� QRGHV�� � 7KH



FRQYHQWLRQDO� LPSOHPHQWDWLRQ� XVHV� PRUH� WKDQ� �0E\WHV� �LQFOXGLQJ� WKH� FRS\� VSDFH� IRU
RIIVSULQJV���EXW�WKH�YHFWRU�LPSOHPHQWDWLRQ�UHTXLUHV�RQO\���.���7KLV�LV�WKH�VDYLQJ�RI����WLPHV
IRU�WKLV�H[SHULPHQW�

���5HODWHG�ZRUN

.R]D� >�@� XVHG� WKH� /,63� SURJUDP� DV� DQ� LQGLYLGXDO�� � 7KHUHIRUH� HDFK� LQGLYLGXDO� KDV� WKH� GDWD
VWUXFWXUH�RI�/,63�� � ,I� WKH�DULW\�RI�HDFK�QRGH�LV�NQRZQ�WKHUH�DUH�PDQ\�HQFRGLQJ�VFKHPH�WKDW
FDQ�PDSSHG�QRGH� ORFDWLRQ�ZLWKRXW�VWRULQJ� WKH� OLQN�� IRU�H[DPSOH�� >���@� VKRZ�D� VFKHPH� IRU�D
ELQDU\�WUHH��>�@�VXJJHVWV�PDQ\�LPSOHPHQWDWLRQ�RI�GDWD�VWUXFWXUH�IRU�*3�� � ,Q�WKH�UHFHQW�ERRN�
>��@�PHQWLRQV�XVLQJ�YHFWRUV�LQ�WKHLU�LPSOHPHQWDWLRQ�KRZHYHU��RXU�LPSOHPHQWDWLRQ�RI��RIIVHW�
WDEOH�LV�XQLTXH�

���&RQFOXVLRQ

7KLV� ZRUN� VXJJHVWV� XVLQJ� YHFWRUV� WR� LPSOHPHQW� LQGLYLGXDOV� LQ� *3� WR� UHGXFH� WKH� PHPRU\
UHTXLUHPHQW����7KH�RSHUDWLRQ�RQ�WKH�YHFWRU�FDQ�EH�IDVWHU�WKDQ�WKH�RSHUDWLRQ�RQ�D�FRQYHQWLRQDO
VWUXFWXUH�� � 7KH� H[SHULPHQW� ZKLFK� LV� SHUIRUPHG� RQ� D� UHDOLVWLF� VL]H� SUREOHP� VKRZV� WKDW� WKH
YHFWRU�IRUP�UXQQLQJ�WLPH�SHUIRUPDQFH�LV�VLPLODU�WR�WKH�QRGHV�DQG�OLQNV�IRUP�EXW�LW�FDQ�VDYH�XS
WR����WLPHV�WKH�PHPRU\���7KLV�HQDEOH�XV�WR�SHUIRUP�WKH�H[SHULPHQW�RQ�D�PXFK�ODUJHU�VL]H�RI
SUREOHP�

���$FNQRZOHJGHPHQW

7KLV�ZRUN�LV�VXSSRUWHG�E\�WKH�7KDLODQG�5HVHDUFK�)XQG��FRQWUDFWHG�QR��56$��������
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0RUJDQ�.DXIPDQQ�3XEOLVKHUV�������

>�@� -DVVDGDSDNRUQ�� &�� DQG� &KRQJVWLWYDWDQD�� 3��� �5HGXFWLRQ� RI� &RPSXWDWLRQDO� (IIRUW� LQ
*HQHWLF� 3URJUDPPLQJ� E\� 6XEURXWLQHV��� 3URF�� RI� 1DWLRQDO� &RPSXWHU� 6FLHQFH� DQG
(QJLQHHULQJ�&RQIHUHQFH��%DQJNRN��7KDLODQG�������
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