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$EVWUDFW�
7KH�DLP�RI�WKLV�PDVWHU�WKHVLV�LV�WR�ILQG�RXW�LI�LW�LV�SRVVLEOH�WR�LQWHJUDWH�KDSWLF�KDUGZDUH�
VXSSRUW� LQ�WKH�RSHQ�VRXUFH��'�JDPH�HQJLQH�&U\VWDO�6SDFH��,QWHJUDWLQJ�KDSWLF�VXSSRUW�
ZRXOG�PDNH�LW�SRVVLEOH�WR�JHW�D�KDSWLF�UHSUHVHQWDWLRQ�RI��'�JHRPHWU\�LQ�&U\VWDO�6SDFH�
DQG� WKHUHIRUH� WDNH� DGYDQWDJH� RI� DOO� WKH� EHQHILWV� D� �'� JDPH� HQJLQH� SURYLGHV�� ZKHQ�
EXLOGLQJ�KDSWLF�DSSOLFDWLRQV��$Q�LPSOHPHQWDWLRQ�RI�WKH�VXSSRUW�VKRXOG�EH�DV� ORZ�FRVW�
DV�SRVVLEOH�E\�WDNLQJ�DGYDQWDJH�RI�DYDLODEOH�RSHQ�VRXUFH�KDSWLF�$3,�DOWHUQDWLYHV��
�
7KH�WKHVLV�UHSRUW�SUHVHQWV�DQ�HYDOXDWLRQ�RI�DYDLODEOH�KDSWLF�$3,V�DQG�FRPHV�XS�ZLWK�D�
GHVLJQ�DQG�DQ�LPSOHPHQWDWLRQ��7KH�VROXWLRQ�KDV�EHHQ�LPSOHPHQWHG�DV�D�&U\VWDO�6SDFH�
SOXJLQ�E\�XVLQJ�PRGLILHG�SDUWV�RI�WKH�H�7RXFK�RSHQ�PRGXOH�$3,��7KH�SOXJLQ�PDNHV�LW�
SRVVLEOH�WR�XWLOL]H�WKH�3KDQWRP�KDSWLF�GHYLFH�WR�WRXFK�DQG�IHHO�WKH��'�HQYLURQPHQWV�LQ�
D�&U\VWDO�6SDFH�DSSOLFDWLRQ��7ZR�GHPR�DSSOLFDWLRQV�KDYH�DOVR�EHHQ�FRQVWUXFWHG�WR�VKRZ�
WKH�FDSDELOLWLHV�RI�WKH�SOXJLQ���
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&RQWHQWV�
��,QWURGXFWLRQ ������������������������������������������������������������������������������������������������������ 

����%DFNJURXQG �������������������������������������������������������������������������������������������������������������������� � 
����*RDOV ������������������������������������������������������������������������������������������������������������������������������� � 
����'RFXPHQW�VWUXFWXUH������������������������������������������������������������������������������������������������������ � 

��+DSWLFV������������������������������������������������������������������������������������������������������������ � 
����,QWURGXFWLRQ�WR�KDSWLFV������������������������������������������������������������������������������������������������� � 
����+LVWRU\�RI�KDSWLFV���������������������������������������������������������������������������������������������������������� � 
����7KH�3KDQWRP ����������������������������������������������������������������������������������������������������������������� � 
����+DSWLF�UHQGHULQJ������������������������������������������������������������������������������������������������������������ � 
����+DSWLF�$3, ��������������������������������������������������������������������������������������������������������������������� 

������*+267�$3,���������������������������������������������������������������������������������������������������������������������������� 
������H�7RXFK�$3, ���������������������������������������������������������������������������������������������������������������������������� 
������5HDFKLQ�$3, ����������������������������������������������������������������������������������������������������������������������������� 

��(YDOXDWLRQ�RI�KDSWLF�$3,V ������������������������������������������������������������������������������� 
����*+267�������������������������������������������������������������������������������������������������������������������������� 
����H�7RXFK��������������������������������������������������������������������������������������������������������������������������� 
����&RQFOXVLRQV�������������������������������������������������������������������������������������������������������������������� 

��*DPH�HQJLQHV �������������������������������������������������������������������������������������������������� 
����,QWURGXFWLRQ�WR�JDPH�HQJLQHV�������������������������������������������������������������������������������������� 
����&U\VWDO�6SDFH ������������������������������������������������������������������������������������������������������������������ 

������7KH�PDLQ�ORRS�������������������������������������������������������������������������������������������������������������������������� 
������7KH��'�ZRUOG��������������������������������������������������������������������������������������������������������������������������� 
������5HQGHULQJ���������������������������������������������������������������������������������������������������������������������������������� 
������&ROOLVLRQ�GHWHFWLRQ�DQG�G\QDPLFV ����������������������������������������������������������������������������������������� 

����0DS�FUHDWLRQ�DQG�9DOYH�+DPPHU�(GLWRU ������������������������������������������������������������������ 

��'HVLJQ ����������������������������������������������������������������������������������������������������������� �� 
����7DVN��������������������������������������������������������������������������������������������������������������������������������� 
����3UREOHPV�DQG�VROXWLRQV ������������������������������������������������������������������������������������������������ 

������5HSUHVHQWLQJ�WKH�WRXFKDEOH�ZRUOG ���������������������������������������������������������������������������������������� 
������6WDWLF�DQG�G\QDPLF�REMHFWV����������������������������������������������������������������������������������������������������� 
������6\QFKURQL]LQJ�JUDSKLFV�DQG�KDSWLFV ������������������������������������������������������������������������������������� 
������&DOFXODWLQJ�IRUFHV �������������������������������������������������������������������������������������������������������������������� 
������)ULFWLRQ�������������������������������������������������������������������������������������������������������������������������������������� 
������9LVFRXV�REMHFWV ������������������������������������������������������������������������������������������������������������������������ 
������%DVLF�JHRPHWU\�REMHFWV ����������������������������������������������������������������������������������������������������������� 
������'LIIHUHQW�FRRUGLQDWH�V\VWHPV ������������������������������������������������������������������������������������������������ 

����3URJUDP�VWUXFWXUH ��������������������������������������������������������������������������������������������������������� 
������*+267�DQG�H�7RXFK�SDUWV�XVHG ����������������������������������������������������������������������������������������� 
������&ODVVHV�DQG�VWUXFWV������������������������������������������������������������������������������������������������������������������� 

����7KUHDGV�DQG�SURFHVVHV�������������������������������������������������������������������������������������������������� 
������&U\VWDO�6SDFH�JUDSKLFV�ORRS ��������������������������������������������������������������������������������������������������� 
������*+267�VHUYR�ORRS ���������������������������������������������������������������������������������������������������������������� 

����5HVWULFWLRQV��������������������������������������������������������������������������������������������������������������������� 

��'HPR�DSSOLFDWLRQV���������������������������������������������������������������������������������������� �� 
����'HPR�DSSOLFDWLRQ��������������������������������������������������������������������������������������������������������� 
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����'HPR�DSSOLFDWLRQ��������������������������������������������������������������������������������������������������������� 

��6XPPDU\ ������������������������������������������������������������������������������������������������������� �� 
����5HVXOWV����������������������������������������������������������������������������������������������������������������������������� 
����)XWXUH�ZRUN�������������������������������������������������������������������������������������������������������������������� 
����&RQFOXVLRQV�������������������������������������������������������������������������������������������������������������������� 

$SSHQGL[�$��+DSWLF�SOXJLQ ����������������������������������������������������������������������������� �� 
$���5HTXLUHPHQWV ���������������������������������������������������������������������������������������������������������������� 

$�����+DUGZDUH�UHTXLUHPHQWV ��������������������������������������������������������������������������������������������������������� 
$�����6RIWZDUH�UHTXLUHPHQWV����������������������������������������������������������������������������������������������������������� 

$���/RDGLQJ�WKH�SOXJLQ ������������������������������������������������������������������������������������������������������� 
$���8VLQJ�WKH�SOXJLQ�PHWKRGV ������������������������������������������������������������������������������������������� 
$���&KDQJHV�WR�LQFOXGH�ILOHV����������������������������������������������������������������������������������������������� 

$SSHQGL[�%��8VLQJ�WKH�GHPR�DSSOLFDWLRQV����������������������������������������������������� �� 
%���5HTXLUHPHQWV ���������������������������������������������������������������������������������������������������������������� 
%���8VLQJ�WKH�GHPR�DSSOLFDWLRQV��������������������������������������������������������������������������������������� 

%�����8VLQJ�GHPR�DSSOLFDWLRQ�������������������������������������������������������������������������������������������������������� 
%�����8VLQJ�GHPR�DSSOLFDWLRQ�������������������������������������������������������������������������������������������������������� 

$SSHQGL[�&��&UHDWLQJ�KDSWLF�ZRUOGV��������������������������������������������������������������� �� 
&���0XOWL�SDUW�REMHFWV���������������������������������������������������������������������������������������������������������� 

&�����,QWURGXFWLRQ ���������������������������������������������������������������������������������������������������������������������������� 
&�����&RUQHUV������������������������������������������������������������������������������������������������������������������������������������� 
&�����'RRUV�DQG�ZLQGRZV ��������������������������������������������������������������������������������������������������������������� 
&�����/DUJH�REMHFWV ��������������������������������������������������������������������������������������������������������������������������� 

&���&ODVV�QDPHV�DQG�NH\V��������������������������������������������������������������������������������������������������� 

$SSHQGL[�'��'LFWLRQDU\ ���������������������������������������������������������������������������������� �� 

5HIHUHQFHV ���������������������������������������������������������������������������������������������������������� 
/LWHUDWXUH������������������������������������������������������������������������������������������������������������������������������� 
85/V ��������������������������������������������������������������������������������������������������������������������������������������
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 ��

��,QWURGXFWLRQ�

����%DFNJURXQG�
$W� WKH� 'HSDUWPHQW� RI� 'HVLJQ� 6FLHQFHV� DW� /XQG� ,QVWLWXWH� RI� 7HFKQRORJ\� WKHUH� LV� D�
GLYLVLRQ� IRU� UHKDELOLWDWLRQ� HQJLQHHULQJ� FDOOHG� &HUWHF�� $PRQJ� RWKHU� WKLQJV� WKH\� GR�
UHVHDUFK�RQ�KRZ� WR�PDNH� FRPSXWHUV� DFFHVVLEOH� WR�EOLQG� DQG�YLVXDOO\� LPSDLUHG�SHRSOH�
WKURXJK�WKH�XVH�RI�KDSWLF�WHFKQRORJ\��7KLV�PHDQV�WKDW� WKH\�WU\�WR�PDNH� LW�SRVVLEOH� WR�
XVH� FRPSXWHUV� E\� XVLQJ� WKH� VHQVH� RI� WRXFK� WR� QDYLJDWH� WKURXJK� D� �'� LQWHUIDFH�� 7KH�
IRUFH� IHHGEDFN�KDUGZDUH� WKDW� LV� DYDLODEOH� LQ� VWRUHV� WRGD\� FDQQRW�SURYLGH� WKH�DFFXUDF\�
WKDW� LV�QHHGHG� IRU� VXFK�D� WDVN��+RZHYHU� WKHUH� LV� DYDLODEOH�KDUGZDUH� WKDW� FDQ�EH�XVHG��
VXFK�DV� WKH�3KDQWRP�KDSWLF�GHYLFH� IURP�6HQVDEOH�7HFKQRORJLHV�� ,QF��7KH�SUREOHP� LV�
WKDW�WKLV�KDUGZDUH�LV�YHU\�H[SHQVLYH�DQG�LV�WKHUHIRUH�QRW�DYDLODEOH�WR�D�JUHDW�H[WHQW��7KLV�
LQ�WXUQ�PHDQV�WKDW�WKHUH�DUH�RQO\�D�IHZ�$3,V�DYDLODEOH�IRU�FUHDWLQJ�KDSWLF�HQYLURQPHQWV�
DQG� WKH\� GR� QRW� DOZD\V� SURYLGH� WKH� VDPH� SRVVLELOLWLHV� WR� HDVLO\� FUHDWH� JRRG� �'�
DSSOLFDWLRQV� DV� IRU� H[DPSOH� D� JDPH� HQJLQH�ZRXOG�� 7KH� $3,V� DUH� QRW� GHVLJQHG� WR� EH�
LQWHJUDWHG�ZLWK�RWKHU�V\VWHPV�WKDW�FDQ�SURYLGH�WKLV�IXQFWLRQDOLW\�HLWKHU��
�
7KH�ZLVK�LV�WKDW�LW�VKRXOG�EH�SRVVLEOH�WR�EXLOG�ODUJH��'�HQYLURQPHQWV�WKDW�WKH�XVHU�FDQ�
QDYLJDWH� LQ� DQG� XVH� WKH� KDSWLF� GHYLFH� WR� WRXFK� WKH� VXUURXQGLQJV�� 7KHVH� NLQGV� RI�
HQYLURQPHQWV�DUH�YHU\�FRPPRQ�LQ�PRGHUQ��'�FRPSXWHU�JDPHV�DQG�WKXV� LW�ZRXOG�EH�
GHVLUDEOH�WR�KDYH�VXSSRUW�IRU�KDSWLF�GHYLFHV�LQ�D��'�JDPH�HQJLQH��7KLV�ZRXOG�PDNH�LW�
SRVVLEOH�WR�FUHDWH��'�HQYLURQPHQWV�XVLQJ�H[LVWLQJ��'�PDS�HGLWRUV��RU�SHUKDSV�HYHQ�WR�
XVH�H[LVWLQJ��'�JDPH�PDSV�WKDW�FDQ�EH�GRZQORDGHG�IURP�WKH�,QWHUQHW��
�
7KLV�PDVWHU�WKHVLV�LV�D�FROODERUDWLRQ�EHWZHHQ�&HUWHF�DQG�WKH�'HSDUWPHQW�RI�&RPSXWHU�
6FLHQFH�DW�/XQG�,QVWLWXWH�RI�7HFKQRORJ\��7KH�LGHD�LV�WR�DGG�VXSSRUW�IRU�KDSWLFV�LQ�WKH�
RSHQ�VRXUFH�JDPH�HQJLQH�&U\VWDO�6SDFH��E\�XVLQJ�SDUWV�RI�DYDLODEOH�KDSWLF�$3,V��VXFK�DV�
H�7RXFK�IURP�1RYLQW�7HFKQRORJLHV��,QF��RU�*+267�IURP�6HQVDEOH�7HFKQRORJLHV�,QF��
,W�LV�UHTXLUHG�WKDW�WKH�VROXWLRQ�VKRXOG�VXSSRUW�WKH�3KDQWRP�KDSWLF�GHYLFH��EXW�LW�ZRXOG�
EH�DQ�DGYDQWDJH�LI�WKHUH�DOVR�ZDV�VXSSRUW�IRU�RWKHU�IRUFH�IHHGEDFN�GHYLFHV��

����*RDOV�
7KH�PDLQ�JRDO�RI�WKLV�PDVWHU�WKHVLV�LV�WR�LQYHVWLJDWH�LI�LW�LV�SRVVLEOH�WR�LQWHJUDWH�KDSWLFV�
LQ�WKH�&U\VWDO�6SDFH�JDPH�HQJLQH��7KH�LQYHVWLJDWLRQ�VKRXOG�EH�EDVHG�XSRQ�DQ�HYDOXDWLRQ�
RI�GLIIHUHQW�KDSWLF�$3,V�DQG�KRZ�ZHOO�WKH\�DUH�VXLWHG�WR�EH�LQWHJUDWHG�LQ�&U\VWDO�6SDFH��
$� VRIWZDUH� LPSOHPHQWDWLRQ�ZLOO� EH� FRQVWUXFWHG� WR� VKRZ� WKH� SRVVLELOLWLHV� RI� D� V\VWHP�
WKDW�LQWHJUDWHV�KDSWLFV�ZLWK�D�JDPH�HQJLQH��7KH�LPSOHPHQWDWLRQ�VKRXOG�EH�DEOH�WR�JLYH�D�
KDSWLF� UHSUHVHQWDWLRQ� RI� �'� JHRPHWU\� LQ� &U\VWDO� 6SDFH�� 7KH� GHYHORSPHQW� SURFHVV�
VKRXOG� EH� XVHG� WR� JDWKHU� NQRZOHGJH� DERXW� WKH� VWUXFWXUH� RI� WKH� H[LVWLQJ� $3,V� DQG�
LGHQWLI\� WKH� GLIILFXOWLHV� WKDW� DUH� DVVRFLDWHG�ZLWK� WKH� LQWHJUDWLRQ� RI� KDSWLF� DQG� JUDSKLF�
$3,V��
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����'RFXPHQW�VWUXFWXUH�
7KH� ILUVW� SDUW� RI� WKLV� GRFXPHQW� KDQGOHV� WKH� FRQFHSWV� RI� KDSWLFV� DQG� JDPH� HQJLQHV��
7KHUH�DUH�LQWURGXFWLRQV�WR�WKHVH�WRSLFV�DV�ZHOO�DV�DQ�LQ�GHSW�VWXG\�RI�GLIIHUHQW�WRROV�WKDW�
DUH�RI� LQWHUHVW� WR� WKLV�PDVWHU� WKHVLV��7KH� VHFRQG�SDUW�RI� WKH�GRFXPHQW�GHDOV�ZLWK� WKH�
ZRUN� WKDW� KDV� EHHQ� PDGH� LQ� WKLV� PDVWHU� WKHVLV� SURMHFW� DORQJ� ZLWK� D� SUHVHQWDWLRQ� RI�
UHVXOWV�DQG�FRQFOXVLRQV��7R�H[SODLQ�KRZ�WKH�GHYHORSHG�VRIWZDUH�VKRXOG�EH�XVHG�WKHUH�
DUH�DOVR�WKUHH�DSSHQGLFHV�DW�WKH�HQG�RI�WKH�GRFXPHQW������
�
$Q� LQWURGXFWLRQ� WR� KDSWLFV� LV� JLYHQ� LQ� FKDSWHU� ��� 7KLV� FKDSWHU� DOVR� FRQWDLQV� D�
GHVFULSWLRQ�RI�WKH�3KDQWRP�KDSWLF�GHYLFH�DQG�DQ�RYHUYLHZ�RI�KDSWLF�UHQGHULQJ��$�VWXG\�
RI�GLIIHUHQW�KDSWLF�$3,V�LV�DOVR�FRQWDLQHG�ZLWKLQ�WKLV�FKDSWHU��
�
(YDOXDWLRQV� RI� WKH� GLIIHUHQW� $3,V� DUH� PDGH� LQ� FKDSWHU� ��� 7KH� DGYDQWDJHV� DQG�
GLVDGYDQWDJHV� RI� WKH� $3,V� DUH� ZHLJKHG� DJDLQVW� HDFK� RWKHU� DQG� D� FRQFOXVLRQ� LV�PDGH�
DERXW�ZKDW�SDUWV�DUH�VXLWDEOH�IRU�DQ�LPSOHPHQWDWLRQ��
�
7KH�FRQFHSW�RI�JDPH�HQJLQHV� LV�H[SODLQHG� LQ�FKDSWHU����7KLV�FKDSWHU�DOVR�FRQWDLQV�DQ�
RYHUYLHZ� RI� WKH� &U\VWDO� 6SDFH� JDPH� HQJLQH�� 7KH� HQG� RI� WKH� FKDSWHU� JLYHV� D� VKRUW�
GHVFULSWLRQ�RI�PDS�FUHDWLRQ�DQG�WKH�9DOYH�+DPPHU�(GLWRU��
�
&KDSWHU� �� FRYHUV� WKH� GHVLJQ� DQG� LPSOHPHQWDWLRQ�RI� WKH� KDSWLF� SOXJLQ��7KH�SUREOHPV�
WKDW�RFFXUUHG�GXULQJ�WKH�GHYHORSPHQW�SURFHVV�DUH�SUHVHQWHG�DORQJ�ZLWK�RXU�VROXWLRQV��
7KHUH�LV�DOVR�D�SDUW�RQ�UHVWULFWLRQV�WKDW�KDG�WR�EH�PDGH��
�
7KH�GHPR�DSSOLFDWLRQV�PDGH� WR� VKRZ� WKH� IXQFWLRQDOLW\�RI� WKH�SOXJLQ�DUH�GHVFULEHG� LQ�
FKDSWHU����7KH�FKDSWHU�JLYHV�D�GHVFULSWLRQ�RQ�ZKDW�WKH�GHPRV�GLVSOD\�DQG�WKHUH�LV�DOVR�D�
VKRUW�RYHUYLHZ�RI�WKHLU�GHVLJQ��
�
&KDSWHU���FRQWDLQV�WKH�VXPPDU\�RI�WKH�PDVWHU�WKHVLV�SURMHFW��7KH�UHVXOWV�WKDW�KDYH�EHHQ�
DFFRPSOLVKHG�DUH�SUHVHQWHG�DQG�HYDOXDWHG��7KHUH�LV�D�SDUW�DERXW�VXJJHVWLRQV�RI�IXWXUH�
LPSURYHPHQWV��)LQDOO\�FRQFOXVLRQV�DUH�GUDZQ�DERXW�WKH�FRPSOHWH�SURMHFW�DQG�LGHDV�RQ�
KRZ�WKH�KDSWLF�DQG�JUDSKLF�$3,V�FRXOG�KDYH�EHHQ�GHVLJQHG�GLIIHUHQWO\�WR�EH�HDVLHU� WR�
LQWHJUDWH��
�
$SSHQGL[� $� FRQWDLQV� D� GHVFULSWLRQ� RQ� UHTXLUHPHQWV�� PHWKRGV� DQG� KRZ� WR� ORDG� WKH�
SOXJLQ�LQ�D�&U\VWDO�6SDFH�DSSOLFDWLRQ��
�
$SSHQGL[�%�JLYHV� D�EULHI�GHVFULSWLRQ�RQ�KRZ� WR�XVH� WKH�GHPR�DSSOLFDWLRQV� DQG� WKHLU�
IHDWXUHV���
�
$SSHQGL[� &� LV� D� JXLGH� RQ� KRZ� WR� FRQVWUXFW� ZRUOGV� DQG� REMHFWV� WKDW� FDQ� EH� XVHG�
WRJHWKHU�ZLWK�WKH�KDSWLF�SOXJLQ��
�
$SSHQGL[�'�FRQWDLQV�D�VPDOO�GLFWLRQDU\��
�
�
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��+DSWLFV�

����,QWURGXFWLRQ�WR�KDSWLFV�
+DSWLFV�RULJLQDWHV� IURP� WKH�*UHHN�ZRUG�KDSWHVWKDL� ��WR� WRXFK��� DQG� LV� D� VFLHQFH� WKDW�
VWXGLHV�WKH�VHQVH�RI�WRXFK��,Q�WKH�FRPSXWHU�ZRUOG��KDSWLFV�GHDOV�ZLWK�XVLQJ�WKH�VHQVH�RI�
WRXFK�WR�FRQWURO�DQG�LQWHUDFW�ZLWK�D�FRPSXWHU�DSSOLFDWLRQ��7R�EH�DEOH�WR�GR�WKLV��VSHFLDO�
LQSXW�RXWSXW�GHYLFHV��VXFK�DV�MR\VWLFNV��ZKHHOV��GDWD�JORYHV�RU�PRUH�DGYDQFHG�GHYLFHV�
DUH�FRQQHFWHG�WR�WKH�FRPSXWHU��
�
7KH� IHHGEDFN� IURP� WKHVH� GHYLFHV� LV� GHOLYHUHG� DV� IHOW� VHQVDWLRQV� WR� WKH� XVHU
V� KDQG�RU�
RWKHU�SDUWV�RI�KLV�ERG\��7KH�XVHU�FDQ�WKHQ�LQWHUDFW�ZLWK�WKLV�IHHGEDFN�DQG�FRQWURO�WKH�
DSSOLFDWLRQ�DFFRUGLQJ�WR�WKH�VHQVDWLRQV�KH�H[SHULHQFHV��%\�XVLQJ�D�KDSWLF�GHYLFH��WKUHH�
GLPHQVLRQDO�YLUWXDO�REMHFWV�GR�QRW�RQO\�KDYH�WR�H[LVW�DV�JUDSKLFV��EXW�WKH\�FDQ�DOVR�EH�
UHSUHVHQWHG�LQ�KDSWLFV�DV�SK\VLFDO�REMHFWV��7KLV�RSHQV�XS�D�ORW�RI�SRVVLELOLWLHV�IRU�PDQ\�
GLIIHUHQW�NLQGV�RI�DSSOLFDWLRQV��)RU�H[DPSOH��KDSWLFV�KDYH�EHHQ�XWLOL]HG�WR�WUDLQ�SHRSOH�
LQ�VXUJHU\�DQG�RSHUDWLRQ�RI�PDFKLQHV�LQ�KRVWLOH�HQYLURQPHQWV��$GGLWLRQDO�H[DPSOHV�RI�
WKH�XVH�RI�KDSWLFV� LQFOXGH�WKH�HQWHUWDLQPHQW�EXVLQHVV��ZKHUH�KDSWLFV�KDV�EHHQ�XVHG�WR�
JLYH�WKH�SOD\HU�IRUFH�IHHGEDFN�RI�WKH�HYHQWV�RFFXUULQJ�LQ�D�FRPSXWHU�JDPH��+DSWLFV�FDQ�
DOVR�KHOS�WR�JXLGH�EOLQG�DQG�YLVXDOO\�LPSDLUHG�SHRSOH�LQ�FRPSXWHU�DSSOLFDWLRQV��
�
7KUHH� GLIIHUHQW� FRQFHSWV� DUH� RIWHQ� PHQWLRQHG� LQ� FRQQHFWLRQ� ZLWK� KDSWLFV�� IRUFH�
IHHGEDFN�� WDFWLOH� IHHGEDFN� DQG� SURSULRFHSWLRQ�� )RUFH� IHHGEDFN� GHYLFHV� DUH� RIWHQ�
PHFKDQLFDO�GHYLFHV� WKDW� FDQ�GHOLYHU� IRUFHV� WR� WKH�XVHU� WKURXJK�HOHFWULF�PRWRUV�� �:LWK�
IRUFH� IHHGEDFN�RQH�FDQ�JHW� WKH� IHHOLQJ�RI�ZHLJKW�RU� UHVLVWDQFH� LQ�D�YLUWXDO�ZRUOG��7KH�
GHYLFH� WKDW� LV�XVHG�VKRXOG�EH�DEOH�WR�SURGXFH�DQ�HTXLYDOHQW�RU�VFDOHG�IRUFH� WR� WKDW�RI�
ZKDW�D� UHDO�REMHFW�ZRXOG�GHOLYHU� LI� LW�ZDV� WRXFKHG��)RUFH� IHHGEDFN�FDQ�XVXDOO\� VWRS�D�
XVHU·V�PRWLRQ��ZKLOH�WDFWLOH�IHHGEDFN�FDQQRW��
�
7DFWLOH� IHHGEDFN� LV� PRUH� DERXW� PDNLQJ� WKH� XVHU� VHQVH� GLIIHUHQW� W\SHV� RI� VXUIDFHV��
WH[WXUHV�DQG�YLEUDWLRQV�WKURXJK�WKH�VNLQ��2IWHQ�RQH�RU�PRUH�ILQJHUV�DUH�XVHG�WR�IHHO�WKH�
WDFWLOH� VHQVDWLRQV�� 7R� DFKLHYH� WKH� HIIHFW� RI� WDFWLOH� IHHGEDFN�� SQHXPDWLF� RU� HOHFWURQLF�
VROXWLRQV�DUH�XVHG��)RU�H[DPSOH��ZKHQ�D�GDWD�JORYH�LV�XVHG�DV�D�IHHGEDFN�GHYLFH��VPDOO�
DLUEDJV�LQ�WKH�JORYH·V�ILQJHUV�DUH�ILOOHG�DQG�GHIODWHG�WR�JHW�WKH�IHHOLQJ�RI�D�YLEUDWLRQ�RU�D�
WH[WXUH��$QRWKHU�VROXWLRQ�WR�DFKLHYH�WDFWLOH�IHHGEDFN�LV�WR�XVH�D�VXUIDFH�ZLWK�VPDOO�SLQ�
DUUD\V�WKDW�FDQ�EH�UDLVHG�DQG�ORZHUHG�WR�JLYH�WKH�XVHU�IHHOLQJV�RI�GLIIHUHQW�WH[WXUHV��
�
7KH� ODVW� FRQFHSW� LV� SURSULRFHSWLRQ�� 3URSULRFHSWLRQ� LV� DQ� DXWRPDWLF� VHQVLWLYLW\�
PHFKDQLVP�WKDW� LV�XWLOL]HG�E\� WKH�ERG\� WR�VHQG�PHVVDJHV� WKURXJK�WKH�FHQWUDO�QHUYRXV�
V\VWHP��7KH�PHVVDJHV�DUH�VHQW�IURP�WKH�FHQWUDO�QHUYRXV�V\VWHP�WR�GLIIHUHQW�SDUWV�RI�WKH�
ERG\� WR� LQIRUP�KRZ�LW�VKRXOG�UHDFW� WR�VWLPXOL�DQG�ZLWK�ZKDW�VWUHQJWK��2QH�FRXOG�VD\�
WKDW�SURSULRFHSWLRQ�LV�WKH�VHQVH�RI�SRVLWLRQ�RI�WKH�ERG\�LQ�UHODWLRQ�WR�JUDYLW\�DV�ZHOO�DV�
RXU�PRYHPHQW� WKURXJK� VSDFH� >��@��:LWK� FRPSXWHUV� LW� LV�PRUH�GLIILFXOW� WR� JHW� D� JRRG�
UHSUHVHQWDWLRQ�RI�SURSULRFHSWLRQ�WKDQ�LW�LV�ZLWK�WDFWLOH�IHHGEDFN�RU�IRUFH�IHHGEDFN��
�
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7KLV�PDVWHU�WKHVLV�ZLOO�PDNH�XVH�RI�D�KDSWLF�GHYLFH�WKDW�RQO\�XWLOL]HV�IRUFH�IHHGEDFN��WKH�
3KDQWRP� KDSWLF� GHYLFH�� $� SODFH� WR� ILQG� UHFHQW� UHVHDUFK� DUWLFOHV� DQG� JDLQ� PRUH�
LQIRUPDWLRQ�DERXW�KDSWLFV�LV�WKH�+DSWLFV�H�KRPHSDJH�>��@��

����+LVWRU\�RI�KDSWLFV�
2QH�PD\�WKLQN�WKDW�WKH�GHYHORSPHQW�RI�KDSWLF�GHYLFHV�DQG�WKH�DSSOLFDWLRQV�DGKHUHQW�WR�
WKHP�RULJLQDWHV� IURP� WKH�GHYHORSPHQW�RI� YLUWXDO� UHDOLW\�� EXW� WKLV� LV� DFWXDOO\� LQFRUUHFW��
7KH� ILUVW� GHYLFHV� WKDW� RQH� PD\� VWDWH� DV� KDSWLF� GHYLFHV� FRPH� IURP� WKH� WHOHRSHUDWLRQ�
V\VWHPV� RI� WKH� ����V� DQG� ��V�� ,Q� D� WHOHRSHUDWLRQ� V\VWHP�� WKH� XVHU� FRQWUROV� DQG�
PDQLSXODWHV�REMHFWV�IURP�D�UHPRWH�ORFDWLRQ��7KHVH�V\VWHPV�RIWHQ�XVH�ELODWHUDO�0DVWHU�
6ODYH� 0DQLSXODWRUV� �060��� LQ� ZKLFK� D� PDVWHU� GHYLFH� IROORZV� DQG� LQWHUDFWV� ZLWK� D�
UHPRWH� VODYH� GHYLFH��$� FODVVLF� H[DPSOH� RI� WKH� ILHOG� RI� DSSOLFDWLRQ� IRU�060� LV�ZLWKLQ�
GDQJHURXV�RU�XQKHDOWK\�HQYLURQPHQWV��OLNH�WKH�KDQGOLQJ�RI�QXFOHDU�ZDVWH�RU�XQGHUZDWHU�
RSHUDWLRQV��,Q�WKHVH�FDVHV�VRPH�W\SH�RI�D�PHFKDQLFDO�DUP�LV�XVHG�DV�WKH�PDVWHU�XQLW�DQG�
D�VPDOOHU�VLPLODU�UHSURGXFWLRQ�RI�WKLV�LV�XVHG�DV�WKH�VODYH�GHYLFH��7KHVH�V\VWHPV�XVHG�WR�
EH� DOO�PHFKDQLFDO�� EXW� WKH\�ZHUH� ODWHU�PDGH� HOHFWULFDO� ZKLFK� HQDEOHG� WKH� RSHUDWRU� WR�
ZRUN� IXUWKHU� DZD\� IURP� WKH� VLWH�� ,W� DOVR� DOORZHG� WKH� LQWURGXFWLRQ� RI� VR� FDOOHG�
VHUYRPDQLSXODWRUV��ZKLFK�FRXOG�JLYH�IRUFH�IHHGEDFN�WR�WKH�VODYH�GHYLFH��
�
$�SURMHFW�VWDUWHG�LQ�������ZKLFK�XVHG�060�WR�MRLQ�LQWHUDFWLYH�FRPSXWHU�JUDSKLFV�ZLWK�
IRUFH� IHHGEDFN��ZDV� WKH�*523(� �,�� ,,�� ,,,�� SURMHFW��7KLV� SURMHFW��ZKRVH� JRDO�ZDV� WR�
FUHDWH�D�WKUHH�GLPHQVLRQDO�UHDO�WLPH�V\VWHP�WR�VLPXODWH�IRUFHV�ZKHQ�GLIIHUHQW�VXEVWUDWH�
DQG�PROHFXOHV�LQWHUDFWHG�DQG�GRFNHG�ZLWK�HDFK�RWKHU��WXUQHG�RXW�WR�ODVW�IRU����\HDUV��
�
$QRWKHU� UHVHDUFK� DUHD� WKDW� PDGH� SURJUHVV� LQ� KDSWLFV� GXULQJ� WKH� ����V� DQG� ��V�� EXW�
WRGD\� LV�QRW� DV�SRSXODU� DV� LW� XVHG� WR�EH�� LV� H[RVNHOHWRQ� UHVHDUFK��$Q�H[RVNHOHWRQ� LV� D�
GHYLFH� WKDW� ORRNV� VLPLODU� WR� D� URERW�� EXW� WKH� XVHU� LV� VLWXDWHG� LQVLGH� LW� DQG� LV� DEOH� WR�
FRQWURO� WKH� OHJV�DQG�DUPV�RI� WKH�H[RVNHOHWRQ��7KHVH�PDFKLQHV�PDGH� LW�SRVVLEOH� WR� OLIW�
DQG� PRYH� KHDY\� ORDGV� DQG� VLPXOWDQHRXVO\� JHW� D� UHGXFHG� IRUFH� IHHGEDFN�� +RZHYHU�
SUREOHPV�ZLWK�XQVWDEOH�FRQWURO��GDQJHU�RI�OHDNLQJ�K\GUDXOLF�DQG�OLPLWDWLRQ�LQ�IXQFWLRQDO�
DQDWRP\�RI�WKH�KXPDQ�DUP�KDYH�PDGH�WKH�UHVHDUFK�DUHD�OHVV�SRSXODU��
��������
'XULQJ� WKH� ����� WKHUH� ZKHUH� DOVR� UHVHDUFK� LQ� WKH� DUHD� RI� VHQVLQJ� JORYHV�� ZKLFK� XVH�
SQHXPDWLF� EODGGHUV� WR� SURGXFH� IHHGEDFN� IRU� LQGHSHQGHQW� ILQJHUV�� 7KH\� ZHUH� PDGH�
PRUH�VRSKLVWLFDWHG�GXULQJ�WKH�����V��2QH�RI�WKH�JORYHV�GHYHORSHG�LQ�WKH�ODWH�����V�ZDV�
7HOHWDFW��7KLV� JORYH� ILUVW� VXSSRUWHG� ��� LQIODWDEOH� DLU� SRFNHWV�� EXW� LW�ZDV� ODWHU� UHILQHG��
ZLWK�WKH�QHZ�QDPH�7HOHWDFW�,,��LQ�WKH�HDUO\�����V�WR�VXSSRUW����DLU�SRFNHWV���
�
7KH�����V�VDZ�WKH�LQWURGXFWLRQ�RI�GHVNWRS�IRUFH�IHHGEDFN�MR\VWLFNV�DQG�IRUFH�IHHGEDFN�
ZKHHOV�IRU�JDPHV�DQG�HQWHUWDLQPHQW��7KHVH�GHYLFHV�VHUYH�WKHLU�SXUSRVH�TXLWH�ZHOO��EXW�
WKH\�DUH�OLPLWHG�LQ�WKHLU�GHJUHH�RI�IUHHGRP�DQG�VHQVLWLYLW\��PDNLQJ�WKHP�KDUG�WR�XVH�IRU�
PRUH�DGYDQFHG�DSSOLFDWLRQV�� ,I�RQH�RQO\�ZDQWV� WR�VLPXODWH� WKH�YLEUDWLRQ�RI�D�VWHHULQJ�
ZKHHO�LQ�D�UDFLQJ�JDPH�RU�WKH�UHFRLO�RI�D�JXQ�LQ�D�VKRRWLQJ�JDPH�WKRXJK��WKH\�ZRUN�MXVW�
ILQH��
�
7KH�9LUWXDO�UHDOLW\�ILHOG�DSSHDUHG�ILUVW�LQ�WKH�ODWH�����V��7KLV�VWDUWHG�D�GHYHORSPHQW�RI�
VSHFLDO� SXUSRVH� WDFWLOH� DQG� IRUFH� IHHGEDFN� GHYLFHV�� +RZHYHU� LW� ZDV� QRW� XQWLO� WKH�
EHJLQQLQJ�DQG�PLGGOH�RI�WKH�����V�WKDW�WKH�ILUVW�FRPPHUFLDO�KDSWLF�95�GHYLFHV�ZKHUH�
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LQWURGXFHG��6RPH�RI�WKH�FRPSDQLHV�UHVSRQVLEOH�IRU�WKHVH�GHYLFHV�ZHUH�,PPHUVLRQ�&R��
�,PSXOVH� (QJLQH�� >��@� DQG� 6HQVDEOH� 7HFKQRORJLHV�� ,QF�� �3KDQWRP�� >��@�� 7KHVH� WZR�
FRPSDQLHV� DUH� VWLOO� WRGD\� WZR� RI� WKH� OHDGLQJ� FRPSDQLHV� LQ� KDSWLF� WHFKQRORJ\�� )RU� D�
PRUH�FRPSOHWH�KLVWRU\�RI�KDSWLFV��VHH�*��&��%XUGHD��������>�@�RU�5��-��6WRQH��������>��@���

����7KH�3KDQWRP�
7KH�3KDQWRP�ZDV�RULJLQDOO\�GHVLJQHG�DQG�EXLOW�DW�0,7�LQ������E\�7KRPDV�0DVVLH�DQG�
'U��.HQQHWK�6DOLVEXU\��7KH\�ZHUH�ORRNLQJ�IRU�D�ZD\�WR�UHDFK�DQG�IHHO�WKUHH�GLPHQVLRQDO�
GDWD�� ,W�EHJDQ�DV�D� WKHVLV�DQG�HQGHG�DV� WKH�FRPSDQ\�6HQVDEOH�7HFKQRORJLHV�� ,QF�� WKDW�
WRGD\�KDV�FXVWRPHUV�ZRUOGZLGH��
�
7KH�3KDQWRP�LV�D�GHVNWRS�XQLW�WKDW�ORRNV�OLNH�D�PHFKDQLFDO�URERW�DUP�WKDW�LV�KROGLQJ�D�
SHQ�� :KHQ� KROGLQJ� WKH� SHQ� �VW\OXV�� LQ� WKH� KDQG� LW� LV� SRVVLEOH� WR� WRXFK�� IHHO� DQG�
PDQLSXODWH�FRPSXWHU�PRGHOV�ZLWK�VL[�GHJUHHV�RI�IUHHGRP��7KH�3KDQWRP�XWLOL]HV�SRLQW�
LQWHUDFWLRQ�� ZKLFK�PHDQV� WKDW� WKH� XVHU� ZLOO� VHQVH� WKH� YLUWXDO� HQYLURQPHQW� WKURXJK� D�
VLQJOH�SRLQW��7KLV�PDNHV�WKH�VHQVDWLRQ�VRPHZKDW�OLNH�WRXFKLQJ�REMHFWV�ZLWK�WKH�HQG�RI�D�
VWLFN��,W�LV�SRVVLEOH�WR�FRQQHFW�VHYHUDO�3KDQWRP�GHYLFHV�WR�D�FRPSXWHU�DQG�WKHUHE\�JHW�
PXOWLSOH�LQWHUDFWLRQ�SRLQWV��
�
7KHUH� LV� DQ� HQWLUH� IDPLO\� RI� 3KDQWRP� GHYLFHV� ZLWK� GLIIHUHQW� VL]HG� ZRUNVSDFHV� DQG�
GLIIHUHQW� YDOXHV� IRU�PD[LPXP� H[HUWDEOH� IRUFH�� 7KUHH� GLIIHUHQW�'&�PRWRUV� LQVLGH� WKH�
3KDQWRP� GHOLYHU� WKH� IRUFH�� ,Q� WKLV� PDVWHU� WKHVLV� ZH� KDYH� XVHG� ERWK� WKH� 3KDQWRP�
GHVNWRS� GHYLFH�� ZKLFK� LV� WKH� VPDOOHVW� RI� WKH� 3KDQWRP� IDPLO\� GHYLFHV�� DQG� DQ� ROGHU�
YHUVLRQ�RI� WKH�3KDQWRP�IDPLO\�� WKH�3KDQWRP�3UHPLXP������7KH�GHVNWRS�PRGHO�HDVLO\�
FRQQHFWV� WR� WKH� FRPSXWHU� YLD� WKH� SDUDOOHO� SRUW� DQG� LQ� DGGLWLRQ� WR� WKDW� LW� KDV� D� YHU\�
SRUWDEOH�GHVLJQ��7KH�3KDQWRP�3UHPLXP�����PRGHO�KDV� D� VRPHZKDW� ODUJHU�ZRUNVSDFH�
DQG�D�ELW� ODUJHU�PD[LPXP�H[HUWDEOH�IRUFH��7KH�3UHPLXP�PRGHO�DOVR�UHTXLUHV�D�FHUWDLQ�
LQWHUIDFH� FDUG� WR� FRQQHFW� WKH� 3KDQWRP� WR� WKH� FRPSXWHU�� %RWK�PRGHOV� SURYLGH� IRUFH�
IHHGEDFN� LQ�WKUHH�GHJUHHV�RI�IUHHGRP�DQG�SRVLWLRQ�VHQVLQJ� LQ�VL[�GHJUHHV�RI�IUHHGRP��
7KH�SLWFK���\DZ��DQG�UROO�DQJOHV�RI�WKH�3KDQWRP�VW\OXV�DUH�RQO\�PHDVXUDEOH�DQG�FDQQRW�
EH�FRQWUROOHG�ZLWK�IRUFH�IHHGEDFN��%HVLGHV�WKDW�WKH�VW\OXV�IHDWXUHV�D�VZLWFK�WKDW�FDQ�EH�
XVHG� LQ� WKH� VDPH� ZD\� DV� D� PRXVH� EXWWRQ�� )XUWKHU� LQIRUPDWLRQ� DERXW� WKH� 3KDQWRP�
GHYLFH�FDQ�EH�IRXQG�DW�6HQVDEOH·V�KRPHSDJH�>��@��
 
 

  
 

)LJXUH�����7KH�3KDQWRP�KDSWLF�GHYLFH��7KH� OHIW�SLFWXUH� VKRZV�WKH�3KDQWRP�GHVNWRS�PRGHO�DQG� WKH� ULJKW�SLFWXUH�
VKRZV�WKH�3KDQWRP�3UHPLXP�����PRGHO��
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����+DSWLF�UHQGHULQJ�
2QH�RI�WKH�GLIILFXOWLHV�ZKHQ�XVLQJ�KDSWLFV�LV�WKDW�WKH�XSGDWH�IUHTXHQF\�QHHGV�WR�EH�YHU\�
KLJK��$�XVXDO�DFFHSWDEOH�IUDPH�UDWH�IRU�D�JUDSKLFV�ORRS�LV�������+]��ZKHUHDV�D�KDSWLFV�
ORRS�QHHGV�D�F\FOH� UDWH�RI�DERXW����������+]��7KLV�XSGDWH� UDWH� LV� UHTXLUHG�EHFDXVH� LW�
DOORZV�WKH�PRWRUV�WKDW�GHOLYHU�WKH�IRUFH�WR�FKDQJH�IDVW�HQRXJK��VR�WKDW�WKH�XVHU�FDQ�JHW�
D�FRQVLVWHQW�REMHFW�UHSUHVHQWDWLRQ�DQG�D�VWDEOH�KDSWLF�GHYLFH��2WKHUZLVH�VXUIDFHV�FDQ�EH�
UHSUHVHQWHG�WRR�VRIW�RU�HYHQ�ZRUVH��WKH�KDSWLF�GHYLFH�FDQ�VWDUW�WR�YLEUDWH��
�
+DSWLF�SURJUDPPLQJ� LQWHUIDFHV�RIWHQ� VHSDUDWH� WKH�ZRUN�RI� WKH�KDSWLFV� ORRS� IURP� WKH�
ZRUN�RI�WKH�DSSOLFDWLRQ�DQG�WKH�JUDSKLF�SUHVHQWDWLRQ��%\�SXWWLQJ�WKHP�LQ�WZR�GLIIHUHQW�
SURFHVVHV��WKH�KDSWLFV�ORRS�FDQ�EH�JLYHQ�D�KLJKHU�SULRULW\�DQG�WKH�KLJK�F\FOH�UDWH�FDQ�EH�
PHW�� 7KLV� PHDQV� WKDW� ZKHQ� FUHDWLQJ� D� KDSWLF� $3,� RQH� QHHGV� WR� WKLQN� DERXW�
V\QFKURQL]LQJ�WKH�WZR�SURFHVVHV��)RU�V\QFKURQL]DWLRQ�IURP�KDSWLFV�WR�JUDSKLFV� WKLV� LV�
XVXDOO\�QRW�D�ELJ�SUREOHP�EHFDXVH�WKH�KDSWLFV�ORRS�UXQV�IDVWHU�WKDQ�WKH�JUDSKLFV�ORRS��
+RZHYHU�LI�VRPHWKLQJ�LV�PRYHG�LQ�JUDSKLFV��IRU�H[DPSOH�WKH�FDPHUD��WKH�KDSWLFV�QHHGV�
WKLV�FKDQJH�LQ�SRVLWLRQ�PRUH�RIWHQ�WKDQ�WKH�JUDSKLFV��
�
$�KDSWLF� UHQGHULQJ�DOJRULWKP�FRQVLVWV�RI� WZR�SDUWV��FROOLVLRQ�GHWHFWLRQ�DQG�D�FROOLVLRQ�
UHVSRQVH��%RWK�RI� WKHVH�FDOFXODWLRQV�QHHG� WR�EH�YHU\� IDVW� WR�PDLQWDLQ� WKH�KLJK�XSGDWH�
UDWH�WKDW�LV�GHVLUHG��$�VLPSOH�H[DPSOH�WR�GHVFULEH�WKH�FRQFHSW�RI�KDSWLF�UHQGHULQJ�LV�WKH�
UHQGHULQJ�RI�D�KDSWLF�VSKHUH��VHH�)LJXUH�������/HW�XV�VD\�WKDW�WKH�VSKHUH�LV�VLWXDWHG�DW�WKH�
RULJLQ�RI�WKH�YLUWXDO�ZRUOG�DQG�WKDW�WKH�GHYLFH�XVHG�FDQ�RQO\�LQWHUDFW�ZLWK�LW�WKURXJK�D�
VLQJOH� LQWHUDFWLRQ�SRLQW�� WKH�HQG�SRLQW�RI�WKH�KDSWLF�GHYLFH��:KHQ�WKH�XVHU�PRYHV�WKH�
KDSWLF�GHYLFH� DURXQG�ZLWKRXW� WRXFKLQJ� WKH�YLUWXDO� VSKHUH�QR� IRUFHV�DUH�GHOLYHUHG��EXW�
ZKHQ�WKH�XVHU�SHQHWUDWHV�WKH�VSKHUH�WKH�GHYLFH�ZLOO�SURGXFH�RSSRVLQJ�IRUFHV�WR�UHVLVW�
IXUWKHU�SHQHWUDWLRQ��
�
�
�
�
�
�
�
�
�

)LJXUH�����+DSWLF�UHQGHULQJ�RI�D�VSKHUH��7KH�UHDFWLRQ�IRUFH�LV�SURSRUWLRQDO�WR�WKH�SHQHWUDWLRQ�GHSWK��
�
,I�RQH�DVVXPHV�QR�IULFWLRQ��WKH�PDJQLWXGH�RI�WKH�IRUFH�ZLOO�EH�SURSRUWLRQDO�WR�WKH�GHSWK�
RI� SHQHWUDWLRQ� DQG� WKH� GLUHFWLRQ� RI� WKH� IRUFH� ZLOO� EH� LQ� WKH� GLUHFWLRQ� RI� WKH� VXUIDFH�
QRUPDO��7KH�IRUFH�FDOFXODWLRQ�FDQ�WKHQ�EH�PRGHOHG�OLNH�WKH�IROORZLQJ�HTXDWLRQ��VLPLODU�
WR�+RRN·V�ODZ���
�
� xkF ⋅= � ������
�
ZKHUH�N�UHSUHVHQWV� WKH�VWLIIQHVV�FRHIILFLHQW� DQG�[�UHSUHVHQWV� WKH�SHQHWUDWLRQ�GHSWK��$�
ORZ�YDOXH�IRU�WKH�VWLIIQHVV�FRQVWDQW�PDNHV�WKH�REMHFW�IHHO�VRIW�DQG�D�KLJK�YDOXH�PDNHV�LW�
IHHO�KDUG��
%\�DGGLQJ�D�VHFRQG�GDPSLQJ� WHUP��DV�VHHQ�EHORZ��GHSHQGLQJ�RQ� WKH�YHORFLW\�RQH�FDQ�
JHW� D� VWLIIHU� VXUIDFH�� %XW� GXH� WR� WKH� QDWXUH� RI� KDSWLFV� LW� LV� QRW� SRVVLEOH� WR� KDYH� DQ�

x 

F = k⋅x 
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LQILQLWHO\�VWLII�VXUIDFH��7KLV�PHDQV�WKDW�LW�ZLOO�DOZD\V�IHHO�D�ELW�VRIW�HYHQ�LI�RQH�ZDQWV�WR�
UHSUHVHQW�D�FRPSOHWHO\�VWLII�PDWHULDO���
�
� VbxkF ⋅+⋅= � ������
�
+HUH�9�LV�WKH�YHORFLW\�YHFWRU�IRU�WKH�XVHU�SRLQW�DQG�E�LV�D�GDPSLQJ�FRQVWDQW��8VLQJ�WRR�
KLJK� YDOXHV� IRU� WKH� GDPSLQJ� FRQVWDQW� PD\� KRZHYHU� FDXVH� XQZDQWHG� YLEUDWLRQV�� 7KH�
FRQFHSW�RI�KDSWLF�UHQGHULQJ�VHHPV�VLPSOH�ZKHQ�ORRNLQJ�DW�WKH�H[DPSOH�ZLWK�WKH�VSKHUH�
DERYH�� EXW� WKH� UHQGHULQJ� RI� VHYHUDO� DQG�PRUH� FRPSOH[� �'� SRO\JRQ� REMHFWV� UHTXLUHV�
PRUH�VRSKLVWLFDWHG�DOJRULWKPV�WKDW�DUH�GHVFULEHG�EHORZ��
�
$� KDSWLF� DOJRULWKP� FRQVLVWV�� DV� PHQWLRQHG� EHIRUH�� RI� ERWK� FROOLVLRQ� GHWHFWLRQ� DQG�
FROOLVLRQ� UHVSRQVH�� &ROOLVLRQ� GHWHFWLRQ� DOJRULWKPV� KDYH� EHHQ� VWXGLHG� LQ� FRPSXWHU�
JUDSKLFV� IRU� VHYHUDO� \HDUV�� EXW� WKHVH� DOJRULWKPV� DUH� QRW� GLUHFWO\� VXLWDEOH� WR� KDSWLF�
UHQGHULQJ�� � +RZHYHU�� QXPHURXV� FRQFHSWV� OLNH� VSDFH� SDUWLWLRQLQJ� DOJRULWKPV�� ORFDO�
VHDUFK� DSSURDFKHV� DQG� KLHUDUFKLFDO� GDWD� VWUXFWXUHV� FDQ� EH� XVHG�� 6SDFH� SDUWLWLRQLQJ�
DOJRULWKPV� HQFORVHV� REMHFWV� LQ� VPDOOHU� VXEVSDFHV� IRU� IDVW� GHWHFWLRQ� RI� ILUVW� FRQWDFW��
/RFDO� VHDUFK� DSSURDFKHV� VHDUFKHV� RQO\� WKH� QHLJKERU� SULPLWLYHV� IRU� FROOLVLRQ� DQG�
KLHUDUFKLFDO� GDWD� VWUXFWXUHV� DUH� XVHG� IRU� DUUDQJLQJ� OLQNV� EHWZHHQ� WKH� SULPLWLYHV� WKDW�
PDNH�XS�WKH�REMHFW��
�
7R� FUHDWH� FROOLVLRQ� GHWHFWLRQ� IRU� KDSWLFV�� RQH� KDV� WR� FKHFN� LI� WKH� FXUVRU� KDV� PRYHG�
WKURXJK�DQ\�RI�WKH�SRO\JRQV�RI�WKH�REMHFWV�EHWZHHQ�ORRSV��:KHQ�XVLQJ�D�KDSWLF�GHYLFH�
WKDW�RQO\�KDV�RQH�LQWHUDFWLRQ�SRLQW��WKH�FKHFN�FDQ�EH�GRQH�E\�FRPSDULQJ�WKH�OLQH�WKDW�LV�
FUHDWHG�IURP�WDNLQJ�WKH�SUHYLRXV�SRVLWLRQ�RI�WKH�KDSWLF�WRRO�DQG�WKH�FXUUHQW�SRVLWLRQ�RI�
WKH�KDSWLF�WRRO�DQG�VHH�LI�WKLV�OLQH�LQWHUVHFWV�DQ\�RI�WKH�SRO\JRQV�LQ�WKH�REMHFW��7KLV�ZLOO�
KRZHYHU�WDNH�D�ORW�RI�WLPH�LI�WKH�REMHFW�KDV�PDQ\�SRO\JRQV��,I�RQH�IRU�H[DPSOH�XVHV�D�
VSDFH�SDUWLWLRQLQJ�DOJRULWKP��OLNH�DQ�RFWUHH��IRU�WKH�REMHFW�DQG�RQO\�FKHFN�WKH�SRO\JRQV�
WKDW� DUH� FORVH� WR� WKH� KDSWLF� FXUVRU�� WKH� WLPH� FDQ� EH� VHYHUHO\� UHGXFHG�� $Q� RFWUHH� LV� D�
VLPSOH�EXW�SRZHUIXO� WUHH� VWUXFWXUH� WKDW�GLYLGHV��'�REMHFWV�RU��'�ZRUOGV� LQWR� VPDOOHU�
YROXPHV�WR�VLPSOLI\�WKH�KDQGOLQJ�RI�ZKDW�LV�RI�LQWHUHVW�IRU�WKH�FROOLVLRQ�GHWHFWLRQ��$�WUHH�
LV�EXLOW�XS�IRU�HDFK�REMHFW�EHIRUH�VWDUWLQJ�WKH�PDLQ�JUDSKLFV� ORRS�E\�ILUVW�VXUURXQGLQJ�
WKH�REMHFW�E\�D�ER[��ZKLFK�ZLOO�EHFRPH�WKH�URRW�RI�WKH�WUHH��7KH�REMHFW�LV�WKHQ�GLYLGHG�
LQWR�KDOI�DORQJ�WKH�[���\��DQG�]�D[LV�WR�FUHDWH�HLJKW�VPDOOHU�ER[HV��7KHVH�ER[HV�EHFRPH�
FKLOGUHQ� RI� WKH� URRW�� 7KLV� LWHUDWLRQ� FRQWLQXHV� XQWLO� D� FRQGLWLRQ� LV� ILOOHG�� IRU� H[DPSOH�
ZKHQ�D�FHUWDLQ�QXPEHU�RI�SRO\JRQV�UHPDLQ�ZLWKLQ�D�ER[�RU�D�FHUWDLQ�GHSWK�LQ�WKH�WUHH�
KDV�EHHQ�UHDFKHG��2I�FRXUVH�WKH� LWHUDWLRQ�DOVR�VWRSV� LI� WKHUH�DUH�QR�PRUH�SRO\JRQV� LQ�
WKH� FXUUHQW� ER[��2QO\� WKH� SRO\JRQV� HQFORVHG�ZLWKLQ� WKH� ER[� WKDW� FRQWDLQV� WKH� KDSWLF�
FXUVRU�QHHGV�WR�EH�FKHFNHG��7KLV�ZD\�WKH�RFWUHH�SURYLGHV�D�VWUXFWXUH�WR�KDQGOH�UHDO�WLPH�
FROOLVLRQ�GHWHFWLRQ�ZLWK�ODUJH�GDWD�VHWV��
�
�
�
�
�
�
�
�
�
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)LJXUH�����$Q�RFWUHH�GLYLGLQJ�D�VSKHUH�RQH�WLPH�LQWR�HLJKW�ER[HV��2QO\�WKH�SDUW�RI�WKH�VSKHUH�FRQWDLQHG�ZLWKLQ�WKH�
VDPH�ER[�DV�WKH�KDSWLF�GHYLFH�QHHGV�WR�EH�FKHFNHG�IRU�FROOLVLRQ��
�
$IWHU� WKH� FROOLVLRQ� GHWHFWLRQ� KDV� WDNHQ� SODFH� WKH� FROOLVLRQ� UHVSRQVH� RU� WKH� IRUFH�
JHQHUDWLRQ� RFFXUV�� ,I� D� SRO\JRQ� PRGHO� LV� XVHG� WR� UHSUHVHQW� WKH� REMHFW�� WKHQ� DV� VDLG�
EHIRUH�� WKH� IRUFH� ZLOO� EH� LQ� WKH� GLUHFWLRQ� RI� WKH� QRUPDO� DQG� SURSRUWLRQDO� WR� WKH�
SHQHWUDWLRQ�GHSWK�RI�WKH�FXUUHQWO\�DFWLYH�SRO\JRQ��7KHUH�DUH�KRZHYHU�VWLOO�VRPH�LVVXHV�
WR�WDNH�FDUH�RI��
,Q�JUDSKLFV�LW� LV�SRVVLEOH�WR�PDNH�D�SRO\JRQ�YLVLEOH�IURP�GLIIHUHQW�VLGHV�GHSHQGLQJ�RQ�
WKH�RUGHU�RI�LWV�YHUWLFHV��7KLV�DOVR�DSSOLHV�WR�KDSWLFV��ZKHUH�WKH�SRO\JRQV�FDQ�EH�PDGH�
WRXFKDEOH� RQ� WKH� IURQW�IDFH�� EDFN�IDFH� RU� ERWK�� 7KLV� PHDQV� WKDW� WKH� OLVW� RI� YHUWLFHV�
VKRXOG�EH�RUGHUHG�FRUUHFWO\�WR�JHW�WKH�IHHGEDFN�LQ�WKH�FRUUHFW�GLUHFWLRQ��
�
$QRWKHU� LVVXH� LV��NQRZLQJ�ZKLFK�SRO\JRQ� LV� DFWLYH�ZKHQ�VOLGLQJ�IURP�RQH�SRO\JRQ�WR�
DQRWKHU� LQ� DQ� REMHFW�� 8VLQJ� WKH� SURMHFWLRQ� RI� WKH� SRO\JRQ� QHLJKERUV� DV� ERUGHUV� IRU�
FKDQJLQJ�WKH�DFWLYH�SRO\JRQV�FDQ�FUHDWH�D� MHUN� LQ�WKH�IRUFH��7KLV�KDSSHQV�EHFDXVH� WKH�
SHQHWUDWLRQ�GHSWK�FDQ�EH�GLIIHUHQW�DIWHU�WKH�FKDQJH�KDV�EHHQ�PDGH��$�VROXWLRQ�WR�WKLV�LV�
WR�XVH�DQ�HGJH�SODQH�EHWZHHQ�WKH�SRO\JRQV��$Q�HGJH�SODQH�LV�D�SODQH�FUHDWHG�IURP�WZR�
SRO\JRQ�YHUWLFHV�WKDW�WKH�SRO\JRQV�KDYH�LQ�FRPPRQ�DQG�WKH�DYHUDJH�RI�WKH�QRUPDOV�RI�
WKH�WZR�SRO\JRQV��6HH�ILJXUH�������8VLQJ�WKLV�WHFKQLTXH�ZLOO�PDNH�WKH�SHQHWUDWLRQ�GHSWK�
FRQVLVWHQW�ZKHQ�PRYLQJ�IURP�RQH�SRO\JRQ�WR�DQRWKHU��
�
�
�
�
�
�
�
��
)LJXUH� ����1RW� XVLQJ� HGJH� SODQHV� PD\� FDXVH� WKH� SHQHWUDWLRQ� GHSWK� WR� EHFRPH� GLIIHUHQW� ZKHQ� PRYLQJ� IURP� RQH�
SRO\JRQ� WR� DQRWKHU�� 7KLV� ZLOO� FDXVH� D� VXGGHQ� FKDQJH� LQ� WKH� UHVXOWLQJ� IRUFH�� 8VLQJ� HGJH� SODQHV� UHDVVXUHV� WKDW� WKH�
SHQHWUDWLRQ�GHSWK�LV�FRQVLVWHQW�ZKHQ�PRYLQJ�EHWZHHQ�SRO\JRQV��
�
2Q�WRS�RI�WKLV�RQH�PD\�ZDQW�WR�NHHS�WKH�HGJHV�VPRRWK��,QWHUSRODWLQJ�IRUFHV�EHWZHHQ�
QHLJKERULQJ� SRO\JRQV�� LQ� D� VLPLODU� ZD\� WR� 3KRQJ� VKDGLQJ� LQ� FRPSXWHU� JUDSKLFV� FDQ�
DFKLHYH�WKLV��,I�WKH�GLVWDQFHV�IURP�WKH�FXUVRU�WR�WKH�HGJH�SODQHV�DUH�NQRZQ��WKH�QRUPDO�
GLUHFWLRQ� FDQ� EH� LQWHUSRODWHG� DQG� QRUPDOL]HG�� 1RW� XVLQJ� LQWHUSRODWLRQ� ZLOO� UHVXOW� LQ�
VKDUS� HGJHV�� ZKLOH� XVLQJ� LQWHUSRODWLRQ�� DQG� PRGLI\LQJ� WKH� VL]H� RI� WKH� DUHD� ZKHUH�
LQWHUSRODWLRQ� VKRXOG� RFFXU��ZLOO�PDNH� WKH� REMHFWV� IHHO� URXQGHU� WKDQ� WKH\� DFWXDOO\� DUH��

Polygons 

Penetration depth before and after. 

Edge plane 

Polygons 

Penetration depth before and after. 
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,QWHUSRODWLRQ�FDQ�EH�XVHG�WR�FUHDWH�VPRRWKHU�REMHFWV�ZLWKRXW�KDYLQJ�WR�XVH�DGGLWLRQDO�
SRO\JRQV��
�
�
�
�
��
�
�
�
)LJXUH� ���� ,QWHUSRODWLRQ� RI� QRUPDOV� WR� JHW� VPRRWK� HGJHV�� )RU� H[DPSOH�� LI� WKH� KDSWLF� WRRO� LV� DW� SRVLWLRQ�$�� WKH�
QRUPDO�LV�LQWHUSRODWHG�IURP�WKH�QRUPDOV�RI�WULDQJOHV���DQG����
�
7KHUH�DUH�TXLWH�D�IHZ�ZD\V�WR�LPLWDWH�GLIIHUHQW�PDWHULDO�SURSHUWLHV�LQ�KDSWLFV��2QH�ZD\�
LV�WR�GLVWULEXWH�WDQJHQWLDO�IRUFHV�WKDW�UHODWH�WR�WKH�VXUIDFH�RI�WKH�JHRPHWU\��6LPLODU�WR�WKH�
VKDGLQJ�RI�EXPS�PDSSLQJ��WKH�PDJQLWXGHV�RI�WKH�IRUFH�YHFWRUV�YDU\�GHSHQGLQJ�RQ�WKH�
FXUUHQW� KHLJKW� RI� D� VLPXODWHG� ULGJH� RU� D� YDOOH\�� $Q� DGGLWLRQDO� ZD\� WR� FUHDWH� KDSWLF�
WH[WXUHV�IRU�DQ�REMHFW�LV�WR�FKDQJH�WKH�KHLJKW�RI�WKH�VXUIDFHV�ZLWK�FRPELQDWLRQV�RI�VLQ�
DQG� VTXDUH�ZDYHV�� $QRWKHU�ZD\� RI� FUHDWLQJ�PDWHULDO� SURSHUWLHV� LV� WR� XVH� IULFWLRQ�� 7R�
FUHDWH� WKH� IHHOLQJ� RI� IULFWLRQ�� D� IRUFH� SURSRUWLRQDO� WR� WKH� QRUPDO� IRUFH� DQG� LQ� WKH�
RSSRVLWH� GLUHFWLRQ�RI� WKH�PRYHPHQW� LV� DGGHG��7KLV�PRGHO� LV� NQRZQ� DV� WKH�&RXORPE�
IULFWLRQ�PRGHO��7KHUH�DUH�RI�FRXUVH�DOVR�RWKHU�IULFWLRQ�PRGHOV�WKDW�PD\�EH�EHWWHU�VXLWHG�
IRU�KDSWLFV��7KHUH�DUH�RI�FRXUVH�VHYHUDO�PRUH�PHWKRGV�WR�XVH�ZKHQ�FUHDWLQJ�PDWHULDOV�
DQG� LI� RQH� FRPELQHV� VRPH� RI� WKHVH� PHWKRGV�� IDLUO\� UHDOLVWLF� PDWHULDOV� OLNH� VDQG�� LFH��
ZDWHU��SODVWLF��ZRRG�HWF�FDQ�EH�LPLWDWHG��
�
6R�IDU��REMHFWV�KDYH�EHHQ�DVVXPHG�WR�UHPDLQ�VWDWLF�EXW�RQH�ZRXOG�DOVR�OLNH�WR�EH�DEOH�WR�
PRYH��URWDWH�DQG�VFDOH�KDSWLF�REMHFWV��7UDQVIRUPDWLRQ� LQ�KDSWLFV�FDQ�EH�DFFRPSOLVKHG�
HDVLHU� WKDQ� LQ� JUDSKLFV� ZKHQ� XVLQJ� D� KDSWLF� WRRO� WKDW� KDV� D� VLQJOH� LQWHUDFWLRQ� SRLQW��
,QVWHDG�RI�PRGLI\LQJ� WKH�YHUWLFHV�RI� WKH�REMHFW�� WKH�KDSWLF� WRRO� LV� WUDQVIRUPHG� WR� WKH�
REMHFW�VSDFH��7KLV�VDYHV�D�ORW�RI�FRPSXWDWLRQ�WLPH�DQG�NHHSV�WKH�IRUFH�FDOFXODWLRQ�IDVW��
EHFDXVH�WKH�RFWUHH�FRQWDLQLQJ�WKH�SRO\JRQV�RI�WKH�REMHFW�FDQ�VWLOO�EH�XVHG��,I�WKH�REMHFW�
KDV� EHHQ� URWDWHG� RU� VFDOHG� WKH� IRUFHV� FDOFXODWHG� DUH� LQFRQVLVWHQW� ZLWK� WKH� ZRUOG�
FRRUGLQDWHV��7KHUHIRUH�ZKHQ�DQ�REMHFW�KDV�EHHQ�VFDOHG�RU�URWDWHG�WKH�FDOFXODWHG�IRUFH�
KDV�WR�EH�UH�VFDOHG�RU�UH�URWDWHG��
�
7KH�REMHFWV� KDYH� DOVR� EHHQ� DVVXPHG�QRW� WR� EH� GHIRUPDEOH��+RZHYHU� LQ� UHDOLW\�ZKHQ�
RQH�DSSOLHV�IRUFH�WR�DQ�REMHFW�LW�FDQ�VRPHWLPHV�FKDQJH�LWV�IRUP��)RU�H[DPSOH��D�OXPS�RI�
FOD\�GHIRUPV�HDVLO\�ZKHQ�IRUFH�LV�DSSOLHG��$�ZD\�WR�VROYH�WKLV�LV�WR�VSOLW�SRO\JRQV�LQWR�
VL[�QHZ�SRO\JRQV��7KH�QHZ�YHUWLFHV�DFW� DV�EDVH�SRLQWV�DORQJ�ZLWK� WKH�ROG�YHUWLFHV� IRU�
WKH�GHIRUPDWLRQ��:KHQ�WKH�XVHU�SXVKHV�LQWR�WKH�SRO\JRQ�ZLWK�WKH�KDSWLF�WRRO��DOO�SRLQWV�
DUH�PRYHG�D�FHUWDLQ�DPRXQW�GHSHQGLQJ�RQ�ZKHUH� WKH� WRRO� LV� VLWXDWHG�RQ� WKH�SRO\JRQ��
0RUH�SUREOHPV�DULVH�ZKHQ�XVLQJ�GHIRUPDEOH�VXUIDFHV�EHFDXVH�YHUWLFHV�PXVW�EH�DOORZHG�
WR� PRYH�� ,I� WKHUH� DUH� QR� UHVWULFWLRQV� RQ� KRZ� WKH� SRO\JRQV� DUH� DOORZHG� WR� PRYH�� D�
SRO\JRQ�FDQ�FROODSVH�RQ�LWVHOI��$QRWKHU�SUREOHP�LV�WKDW�WKH�SUHSURFHVVHG�RFWUHH�WKDW�LV�
XVHG�IRU�FXOOLQJ�FDQ�EH�LQYDOLG��
�
7R� JHW� D� EHWWHU� XQGHUVWDQGLQJ� RI� KDSWLF� UHQGHULQJ� RQH� FDQ� FRQVXOW� WKH� DUWLFOH� DERXW�
KDSWLF�UHQGHULQJ�LQ�YLUWXDO�HQYLURQPHQWV�>��@�RU�WKH�H�7RXFK�SURJUDPPHU·V�JXLGH�>�@���

1 2 

3 

4 5 
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����+DSWLF�$3,�
$�KDSWLF�$3,�LV�DQ�DSSOLFDWLRQ�SURJUDPPLQJ�LQWHUIDFH�WKDW�FDQ�EH�XVHG�WR�HDVLO\�FUHDWH�
�'�REMHFWV� WKDW� FDQ�EH� WRXFKHG�� 6XFK� DQ�$3,�XVXDOO\�KDV� VRPH�SULPLWLYH� VKDSHV� OLNH�
ER[HV�� VSKHUHV� DQG� FRQHV� HWF�� ZKLFK� FDQ� EH� FUHDWHG� E\� JLYHQ� WKH� DSSURSULDWH�
SDUDPHWHUV��7KH\�DOVR�JHQHUDOO\�KDYH� WKH�SRVVLELOLW\� WR�FUHDWH�REMHFWV� WKDW�DUH�EXLOW�XS�
ZLWK� KDSWLF� UHQGHUDEOH� SRO\JRQV� RU� WULDQJOHV�� 7KLV� LV� JRRG� EHFDXVH� LW� PDNHV� WKH�
WUDQVLWLRQ� IURP� D� JUDSKLF� UHSUHVHQWDWLRQ� WR� D� KDSWLF� UHSUHVHQWDWLRQ� HDVLHU�� VLQFH� WKH�
REMHFWV�FDQ�EH�UHSUHVHQWHG�LQ�D�VLPLODU�ZD\��,Q�JHQHUDO�WKH�$3,V�DOVR�KDYH�VXSSRUW�IRU�
GLVSOD\LQJ�DOO�REMHFWV�DV�ERWK�JUDSKLFV�DQG�KDSWLFV��7KH�JUDSKLF�VXSSRUW�FDQ�EH�PRUH�RU�
OHVV�EXLOW�LQWR�WKH�$3,��
�
7KUHH�GLIIHUHQW�$3,V�WKDW�DUH�RI�LQWHUHVW�IRU�WKLV�SURMHFW�DUH�GHVFULEHG�LQ�WKH�IROORZLQJ�
WKUHH�VXEFKDSWHUV�� ,Q�FKDSWHU��� WKHVH�$3,V�DUH�HYDOXDWHG� WR�FRQFOXGH�ZKLFK�$3,� WKDW�
EHVW�VXLWV�RXU�QHHGV��
������*+267�$3,�
*+267��*HQHUDO�+DSWLFV�2SHQ�6RIWZDUH�7RRONLW�� LV� D� VRIWZDUH�GHYHORSPHQW� WRRONLW�
GHYHORSHG� E\� 6HQVDEOH� 7HFKQRORJLHV�� ,QF�� IRU� FUHDWLRQ� RI� KDSWLF� HQYLURQPHQWV� DQG�
PDQLSXODWLRQ� RI� WKH� SURSHUWLHV�� REMHFWV� RU� HIIHFWV� ZLWKLQ� WKHP�� ZLWKRXW� IRFXVLQJ� RQ�
GLIILFXOW� IRUFH� UHQGHULQJ�� *+267� FDQ� EH� XVHG� ZLWK� HLWKHU� RQH� RU� PXOWLSOH� KDSWLF�
GHYLFHV�DQG� LW�VXSSRUWV�WKH�FRPSOHWH�IDPLO\�RI�3KDQWRP�KDSWLF�GHYLFHV��7KH�*+267�
6'.�LV�DYDLODEOH�IRU�:LQGRZV�;3��:LQGRZV�������:LQGRZV�17�DQG�5HG�+DW�/LQX[�
����SODWIRUPV�DQG�VXSSRUWV�GXDO�SURFHVVRUV��7KH�WRRONLW�LV�ZULWWHQ�LQ�&���DQG�LV�REMHFW�
RULHQWHG� DQG� H[WHQGDEOH� WKURXJK� VXEFODVVLQJ�� 7KH� FRVW� RI� D� *+267� $3,� OLFHQVH� LV�
DERXW������ ����
�
7KH� NH\� FRQFHSW� IRU� FUHDWLQJ� KDSWLF� HQYLURQPHQWV�ZLWK�*+267� LV� WKH� KDSWLF� VFHQH�
JUDSK��7KH� VFHQH�JUDSK� LV� D�KLHUDUFKLFDO� FROOHFWLRQ�RI�QRGHV� �VHH� ILJXUH�������7KH� WRS�
QRGH� RI� WKH� WUHH� LV� DOZD\V� WKH� URRW�� $IWHU� WKDW� IROORZV� WKH� LQWHUPHGLDWH� QRGHV�
�JVW6HSDUDWRU��� ZKLFK� UHSUHVHQW� ZD\V� RI� JURXSLQJ� REMHFWV�� VFDOLQJ� DQG� RULHQWDWLRQ� RU�
DGGLQJ� G\QDPLFV� WR� WKH� VXEWUHHV��7KH� OHDYHV� �JVW6SKHUH� DQG� JVW7UL3RO\+DSWLF�� RI� WKH�
WUHH� UHSUHVHQW�JHRPHWU\�RU� LQWHUIDFHV��7KH�KDSWLF�GHYLFH� LV� DGGHG� DV�D� OHDI� LQ� WKH� WUHH�
�JVW3KDQWRP���:KHQ� WKH� XVHU�PRYHV� WKH� KDSWLF� GHYLFH� FRQWDFW� SRLQW� LQWR� REMHFWV� RU�
HIIHFW�DUHDV��*+267�DXWRPDWLFDOO\� FDOFXODWHV� WKH�FRUUHFW� IRUFH� WKDW� WKH�GHYLFH�VKRXOG�
GHOLYHU��
�
$QRWKHU�IHDWXUH�RI�*+267�$3,�LV�WKH�SRVVLELOLW\�WR�XVH�G\QDPLF�QRGHV�WR�DGG�REMHFWV�
WKDW� DUH� DIIHFWHG� E\� WKH� IRUFH� DSSOLHG� IURP� WKH� XVHU�� ,Q� RWKHU� ZRUGV�� ZKHQ� XWLOL]LQJ�
G\QDPLF�QRGHV�WKH�KDSWLF�GHYLFH�FDQ�EH�XVHG�WR�PRYH�DURXQG�KDSWLF�REMHFWV��
�
7KH�SRVVLELOLW\�WR�VHW�VXUIDFH�SURSHUWLHV�IRU�DQ�REMHFW�LQ�*+267�LV�VRPHZKDW�OLPLWHG��
EXW�LW�LV�SRVVLEOH�WR�VHW�GDPSLQJ��IULFWLRQ�DQG�VSULQJ�FRQVWDQWV�IRU�REMHFWV��$QRWKHU�ZD\�
PD\�EH�WR�H[SDQG�DQ�HIIHFW�FODVV��
�
*+267� GRHV� QRW� DXWRPDWLFDOO\� VWDUW� D� JUDSKLFV� ORRS� DQG� UHQGHU� WKH� REMHFWV� LQ� WKH�
VFHQH� JUDSK�� ,I� WKH� GHYHORSHU�ZDQWV� JUDSKLFV� LQ� WKH� DSSOLFDWLRQ� KH� LV� IUHH� WR� XVH� DQ\�
JUDSKLFV�OLEUDU\�RI�KLV�FKRLFH��EXW�*+267�GRHV�SURYLGHV�VRPH�FODVVHV�IRU�XVLQJ�*/87�
DQG�2SHQ*/��
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)LJXUH�����$Q�H[DPSOH�RI�D�*+267�VFHQH�JUDSK��
�
)RU� D� PRUH� LQ�GHSWK� JXLGH� RQ� KRZ� WR� XVH� WKH� *+267� 6'.� $3,� DQG� D� FRPSOHWH�
UHIHUHQFH� JXLGH�� VHH� WKH� *+267� SURJUDPPHU·V� JXLGH� >�@� DQG� WKH� *+267� $3,�
UHIHUHQFH�>�@���
������H�7RXFK�$3,�
H�7RXFK� LV� DQRWKHU�$3,� IRU�KDSWLF� DSSOLFDWLRQ�GHYHORSPHQW�� ,W� FDQ�EH� XVHG� WR� FUHDWH�
WKUHH�GLPHQVLRQDO�DSSOLFDWLRQV�WKDW�LQFOXGH�QRW�RQO\�KDSWLFV��EXW�DOVR�JUDSKLFV�DQG��'�
VRXQG��7KH�$3,�VXSSRUWV�WKH�ZKROH�IDPLO\�RI�3KDQWRP�KDSWLF�GHYLFHV�DQG�WKH�'(/7$�
KDSWLF�GHYLFH�IURP�)RUFH�'LPHQVLRQ���$Q�DGYDQWDJH�RI�H�7RXFK�LV�WKDW�LW�LV�D�IUHH�RSHQ�
PRGXOH�$3,��2SHQ�PRGXOH� LV�YHU\�VLPLODU� WR�RSHQ�VRXUFH�ZKHUH�WKH�FRGH� LV�IUHH��EXW�
RSHQ�PRGXOH�SURYLGHV�DQ�RSSRUWXQLW\�WR�PDNH�VRPH�SURILW�IRU�VXEPLWWHG�H[SDQVLRQV��
$OWKRXJK�WKH�FRGH�LV�IUHH��H�7RXFK�XWLOL]HV�*+267�WR�FRPPXQLFDWH�ZLWK�WKH�3KDQWRP�
KDSWLF�GULYHUV�DQG�WKHUHIRUH�*+267�QHHGV�WR�EH�LQVWDOOHG�DQ\ZD\��
�
7KH�H�7RXFK�$3,�LV�ZULWWHQ�LQ�&���DQG�PDNHV�XVH�RI�WKH�2SHQ*/�JUDSKLFV�WRRONLW��$W�
WKH�PRPHQW� WKH�$3,� LV�DYDLODEOH� IRU�:LQGRZV�;3��:LQGRZV������DQG�:LQGRZV�17�
�����,W�DOVR�VXSSRUWV�GXDO�SURFHVVRU�V\PPHWULF�PXOWLSURFHVVLQJ��
�
H�7RXFK�$3,�FRQVLVWV�RI�JOXH�DQG�PRGXOHV��*OXH�LV�WKH�IRXQGDWLRQ�FRPSRQHQWV�IRU�WKH�
$3,�DQG� WKH�PRGXOHV�DUH�EXLOW�XSRQ� WKHVH��7KH�PRGXOHV�SURYLGH�DQ�DGGLWLRQDO� VHW�RI�
REMHFWV�WKDW�PDNH�LW�HDVLHU�WR�DGG�IXQFWLRQDOLW\�IRU�DSSOLFDWLRQ�GHYHORSHUV���
�
$Q� DSSOLFDWLRQ�ZULWWHQ� XVLQJ� H�7RXFK�GLYLGHV� DSSOLFDWLRQ� VSDFH� LQWR� WZR�SDUWV��ZRUOG�
VSDFH� DQG�SHUVRQDO� VSDFH��7KH�ZRUOG� VSDFH� LV�ZKHUH� WKH� WRXFKDEOH� REMHFWV� DQG�RWKHU�
GDWD� DUH� VWRUHG�� 7KH� SHUVRQDO� ZRUNVSDFH� LV� XVHG� IRU� VWRULQJ� YDULRXV� FRQWUROV� DQG�
LQGLFDWRUV� WKDW� DUH� VSHFLILF� WR� WKH� DSSOLFDWLRQ�� ,W� SURYLGHV� D� GDVKERDUG� DQG� ZLQGRZ�
V\VWHP� ZLWK� EXWWRQV�� VOLGHUV� DQG� NQREV�� WKDW� DUH� FRQWUROODEOH� E\� WRXFK�� 7R� VZLWFK�
EHWZHHQ� WKH� WZR�VSDFHV�� WKH�XVHU�RQO\�KDV� WR�PRYH�WKH�KDSWLF�FXUVRU�WRZDUGV�KLPVHOI�
XQWLO�D�ZDOO�LV�IHOW��2QFH�WKH�XVHU�SXVKHV�WKURXJK�WKLV�ZDOO�KH�HQWHUV�WKH�SHUVRQDO�VSDFH��
+RZHYHU�LW�LV�QRW�QHFHVVDU\�WR�XVH�WKH�SHUVRQDO�VSDFH�LQ�DQ�DSSOLFDWLRQ�GHYHORSHG�ZLWK�
WKH�XVH�RI�WKH�H�7RXFK�$3,��
�
7KH�FHQWUDO�REMHFW�LQ�DQ�H�7RXFK�SURJUDP�LV�WKH�XVHU��7KH�XVHU�KROGV�UHIHUHQFHV�WR�DOO�
WKH�RWKHU�REMHFWV�WKDW�DUH�YLWDO�IRU�IRUFH�DQG�JUDSKLF�UHQGHULQJ��OLNH�WKH�IRUFH�UHQGHULQJ�
SURFHVV��WKH�JUDSKLF�UHQGHULQJ�SURFHVV��WKH�FXUUHQW�WRXFK�WRRO�DQG�WKH�GLIIHUHQW�VSDFHV��
,W� LV� DOVR� WKH� XVHU� REMHFW� WKDW� LV� FDOOHG� WR� VWDUW� DQ� H�7RXFK� DSSOLFDWLRQ�� 7R�PDNH� WKH�

gstSeparator 
gstSeparator 

gstPhantom 

Root (gstSeparator) 

gstTriPolyHaptic gstSphere 
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REMHFWV� DEOH� WR� EH� UHQGHUHG� HLWKHU� JUDSKLFDOO\� RU� KDSWLFDOO\� RQH� QHHGV� WR� GHFODUH� D�
VXEFODVV�IRU�HDFK�REMHFW��RQH�IRU�JUDSKLF�UHQGHULQJ�DQG�RQH�IRU�IRUFH�UHQGHULQJ��:KHQ�
UHQGHULQJ�RFFXUV��WKH�FXUUHQW�DFWLYH�VSDFH�H[DPLQHV�LWV�FROOHFWLRQ�RI�WRXFKDEOH�REMHFWV�
WKURXJK� D� WRXFK� WRRO� FODVV� DQG� DVNV� HDFK� RI� WKH� REMHFWV� WR� UHQGHU� WKHPVHOYHV�� 7KH�
UHQGHULQJ� ZLOO� WKHQ� H[DPLQH� ERWK� WKH� JUDSKLF� UHQGHULQJ� VXEFODVVHV� DQG� WKH� IRUFH�
UHQGHULQJ�VXEFODVVHV�RI�WKH�REMHFWV�WR�GUDZ�DQG�VXP�XS�WKH�FRUUHFW�IRUFH�UHVSHFWLYHO\���
�
$GGLWLRQDO�LQIRUPDWLRQ�DERXW�WKH�H�7RXFK�$3,�FDQ�EH�IRXQG�DW�WKH�H�7RXFK�KRPHSDJH�
>��@�RU�LQ�WKH�H�7RXFK�SURJUDPPHU·V�JXLGH�>�@��
�

� ��
)LJXUH�����$�VLPSOH�H�7RXFK�DSSOLFDWLRQ�VKRZLQJ�SHUVRQDO�DQG�ZRUOG�VSDFH��

������5HDFKLQ�$3,�
7KH� 5HDFKLQ� $3,� LV� \HW� DQRWKHU� &��� REMHFW� RULHQWHG� $3,� IRU� GHYHORSLQJ� KDSWLF�
DSSOLFDWLRQV��,W�KDV�EHHQ�GHYHORSHG�E\�5HDFKLQ�7HFKQRORJLHV�$%��7KH�$3,�LV�DYDLODEOH�
IRU�:LQGRZV�17��DQG�:LQGRZV������ZLWK�6HUYLFH�3DFN���RU�KLJKHU� DQG� LW� FDQ� WDNH�
DGYDQWDJH�RI�GXDO�SURFHVVRUV��5HDFKLQ� V\QFKURQL]HV� WKH� JUDSKLF� DQG�KDSWLF� UHQGHULQJ�
ZLWK�WKH�XVH�RI�3\WKRQ��950/�DQG�2SHQ*/��,W�VXSSRUWV�WKH�ZKROH�IDPLO\�RI�3KDQWRP�
KDSWLF�GHYLFHV��,PPHUVLRQ·V�/DSUDVFRSLF�,PSXOVH�HQJLQH�DQG�0DJHOODQ�6SDFH0RXVH���
�
7KH�$3,�LV�TXLWH�H[SHQVLYH��$�OLFHQVH�WKDW�LV� ORFNHG�WR�RQH�QRGH��ZKLFK�PHDQV�WKDW�LW�
FDQ�RQO\�EH�XVHG�RQ�D�VLQJOH�FRPSXWHU�FRVWV������� ��,I�RQH�ZDQWV�WR�KDYH�D�IORDWLQJ�
OLFHQVH�WKDW�FDQ�EH�XVHG�RQ�VHYHUDO�FRPSXWHUV�LW�JHWV�HYHQ�PRUH�H[SHQVLYH��$�IORDWLQJ�
OLFHQVH�FRVWV������� �DQG�D�OLFHQVH�VHUYHU�WKDW�LV�DOVR�QHHGHG�FRVWV������ ���
�
7KH�ZRUOG� LV�EXLOW�XS�IURP�D�950/�ILOH�ZLWK�DGGHG�WDJV�IRU�KDSWLFV��:LWK�WKHVH� WDJV��
VWLIIQHVV��PDWHULDO��WH[WXUH��G\QDPLFV��GHIRUPDELOLW\�HWF�FDQ�EH�DGGHG��7KH�LQIRUPDWLRQ�
UHDG�IURP�WKH�950/�ILOH�LV�WUDQVODWHG�LQWR�D�VFHQH�JUDSK�ZLWK�GLIIHUHQW�QRGHV��1RGH�LV�
WKH�PDLQ�FODVV�WKDW�HYHU\�FODVV�LQKHULWV�IURP�LQ�5HDFKLQ��7KH�JUDSKLF�DQG�KDSWLF�ZRUOG�LV�
UHQGHUHG�IURP�WKH�VFHQH�JUDSK��
�
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7KH�5HDFKLQ�$3,� LV� D�PXFK�PRUH�FRPSOHWH�$3,� WKDQ�ERWK�H�7RXFK�DQG�*+267��,W�
VXSSRUWV� DOO� WKH� NLQGV� RI� IHDWXUHV� WKDW� DUH� DYDLODEOH� LQ� H�7RXFK� DQG� *+267�� OLNH�
SULPLWLYH�KDSWLF�REMHFWV� DQG�REMHFWV�EXLOW�XSRQ�SRO\JRQDO�PRGHOV��([FHSW� IRU� WKLV� WKH�
$3,�KDV�LWV�RZQ�G\QDPLFV�V\VWHP�DQG�GLIIHUHQW�KDSWLF�HIIHFWV�WKDW�FDQ�EH�DSSOLHG��7KH�
PRVW� LPSUHVVLYH� IHDWXUHV� DUH� KRZHYHU� WKDW� LW� LV� SRVVLEOH� WR� DSSO\� GLIIHUHQW� KDSWLF�
WH[WXUHV�WR�REMHFWV�DQG�WKDW�WKH�$3,�VXSSRUWV�GHIRUPDEOH�VXUIDFHV��
�
7KHUH�DUH�DOUHDG\�VRPH�SUH�GHILQHG�WH[WXUHV�WKDW�FDQ�EH�DSSOLHG�WR�REMHFWV�EXW�WKHUH�DUH�
DOVR�SRVVLELOLWLHV�WR�PDNH�RQH·V�RZQ��2QH�ZD\�WR�GR�WKLV�LV�WR�XVH�DQ�LPDJH�DV�D�KHLJKW�
PDS� RYHU� WKH� VXUIDFH�� 7KH� LPDJH� VKRXOG� EH� LQ� JUD\VFDOH�� RU� HOVH� WKH� EOXH� FRORU�
FRPSRQHQW�ZLOO�EH�XVHG�DV�WKH�KHLJKW�LQIRUPDWLRQ��7KH�KLJKHVW�SDUWV�RI�WKH�VXUIDFH�DUH�
UHSUHVHQWHG�E\�EODFN�FRORU�ZKLOH�WKH�ORZHVW�SDUWV�DUH�UHSUHVHQWHG�E\�ZKLWH�FRORU��7KLV�
PHDQV�WKDW�WKH�FORVHU�WR�ZKLWH�LW�JHWV��WKH�ORZHU�WKH�VXUIDFH�ZLOO�IHHO�OLNH��
�
%ODFN�FRORU�RQ�WKH�VXUIDFH�UHSUHVHQW�D�FRPSOHWH�SODQH�VXUIDFH�DQG�WKH�FORVHU�WR�ZKLWH�LW�
JHWV�WKH�GHHSHU�LQWR�WKH�REMHFW�LW�ZLOO�IHHO��
�
'HIRUPDEOH�VXUIDFHV�DUH�VXSSRUWHG�LQ�5HDFKLQ�E\�VXUURXQGLQJ�WKH�JHRPHWU\�GHILQLWLRQ�
LQ�950/�ZLWK�VSHFLDO�5HDFKLQ�EDVHG�WDJ��$�VSHFLDO�G\QDPLF�VWLIIQHVV�FDQ�EH�VHW�IRU�WKLV�
WDJ�PDNLQJ� LW� SRVVLEOH� WR� JHW� D� GLIIHUHQW� IHHGEDFN�ZKHQ� GHIRUPLQJ� WKH� VXUIDFH�� 7KLV�
IHDWXUH� PDNHV� LW� HDV\� WR� FUHDWH� DSSOLFDWLRQV� ZKHUH� LW� LV� SRVVLEOH� WR� FDUYH� RU� PROG�
VRPHWKLQJ���
�
7KH�5HDFKLQ�KRPHSDJH�>��@�JLYHV�IXUWKHU�LQIRUPDWLRQ�DERXW�WKH�5HDFKLQ�$3,��
�� �
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��(YDOXDWLRQ�RI �KDSWLF�$3,V�
,Q�WKLV�FKDSWHU�DQ�HYDOXDWLRQ�RI�*+267�DQG�H�7RXFK�ZLOO�EH�PDGH�DQG�D�FRQFOXVLRQ�
ZLOO� EH� GUDZQ�ZKHWKHU� H�7RXFK�$3,��*+267�$3,�RU� DQRWKHU� VROXWLRQ�ZLOO� EH� XVHG��
5HDFKLQ�$3,�ZLOO�QRW�EH�HYDOXDWHG�EHFDXVH�WKH�GHFLVLRQ�KDV�EHHQ�WDNHQ�WKDW�LWV�VRIWZDUH�
OLFHQVH�FRVWV�WRR�PXFK�WR�EH�XVHG�LQ�WKLV�SURMHFW��

����*+267�
,Q� WKLV�SURMHFW�ZH�KDYH� XVHG�*+267�YHUVLRQ������+RZHYHU�� YHUVLRQ�����RI�*+267�
KDV�UHFHQWO\�EHHQ�UHOHDVHG��7KH�QHZ�YHUVLRQ�GRHV�QRW�SURYLGH�DQ\�VSHHG�LPSURYHPHQWV��
EXW� LW�GRHV�SURYLGH�D�QHZ�JVW'HYLFH,2�FODVV� WKDW�FDQ�EH�XVHG� WR�FUHDWH�QRQ�*+267�
FRQWUROOHG� VHUYR� ORRSV�� ,W� VKRXOG� DOVR� LQFOXGH� VHYHUDO� EXJ� IL[HV� DQG�PDNH� LW� HDVLHU� WR�
GLUHFWO\� DFFHVV� WKH�3KDQWRP��7KLV�YHUVLRQ�ZDV�QRW�DYDLODEOH�DW�&HUWHF� VR�ZH�KDYH�QRW�
EHHQ�DEOH�WR�WU\�LI�WKLV�ZRXOG�KDYH�EHHQ�HDVLHU�WR�XVH�IRU�LQWHJUDWLQJ�KDSWLFV�LQ�&U\VWDO�
6SDFH�RU�JLYH�RWKHU�HYDOXDWLRQ�UHVXOWV��
��
$�GUDZEDFN�IRU�*+267�LV�RI�FRXUVH�WKDW�D�VRIWZDUH�OLFHQVH�FRVWV�PRQH\��+RZHYHU�WR�
EX\�D� OLFHQVH� LV�QRW�DV�H[SHQVLYH�DV�EX\LQJ�D�5HDFKLQ�$3,� OLFHQVH��$�*+267�OLFHQVH�
FRVWV������ �FRPSDUHG�WR�D�5HDFKLQ� OLFHQVH�WKDW�FRVWV�EH\RQG������� ��$�KDSWLF�$3,�
WKDW� KDV� D� UHDVRQDEO\� FRVW� RU� LV� FRPSOHWHO\� IUHH� RI� FKDUJH� ZRXOG� REYLRXVO\� EH� EHVW�
VXLWHG�IRU�WKLV�SURMHFW��
�
2QH� SUREOHP� ZLWK�*+267� LV� WKDW� EHFDXVH� LW� LV� QRW� D� IUHH� $3,�� WKH� VRXUFH� FRGH� LV�
FORVHG��7KLV�PHDQV� WKDW� LW� LV�QRW�SRVVLEOH� WR�PDNH� FKDQJHV�ZKHUH� WKH�KDSWLFV� ORRS� LV�
FDOFXODWHG��)RU�H[DPSOH��LW�LV�QRW�SRVVLEOH�WR�FKDQJH�WKH�ZD\�FROOLVLRQ�GHWHFWLRQ��FXOOLQJ�
RU�IRUFH�FDOFXODWLRQ�LV�PDGH��2QH�ZD\�WR�LQWURGXFH�VHOI�FDOFXODWHG�IRUFHV�KRZHYHU�LV�WR�
XVH�D�VSHFLDO�IRUFH�ILHOG�QRGH�WKDW�LV�FDOFXODWHG�LQ�HYHU\�XSGDWH��7KLV�ZD\�LW�LV�SRVVLEOH�WR�
DVVLJQ� DQ\� IRUFHV� DW� DQ\� WLPH�� $FWXDOO\� WKLV� LV� KRZ� H�7RXFK� LV� RULJLQDOO\� FRQVWUXFWHG��
7KH� H�7RXFK� GULYHU� FODVV� XVHV� D� VFHQH� ZLWK� RQO\� D� JVW3KDQWRP� QRGH� DQG� D�
JVW)RUFH)LHOG�QRGH��7KLV�LV�ZK\��DV�PHQWLRQ�EHIRUH��H�7RXFK�LV�QRW�UHDOO\�D�FRPSOHWHO\�
LQGHSHQGHQW�$3,���
�
7KHUH� LV� QR� VXSSRUW� IRU� DVVLJQLQJ� GLIIHUHQW� KDSWLF�PDWHULDOV� WR� VXUIDFHV�� +RZHYHU� LQ�
*+267�WKHUH�LV�VXSSRUW�IRU�G\QDPLF�REMHFWV��7KLV�PHDQV�WKDW�RQH�FDQ�DGG�D�G\QDPLF�
REMHFW�ZLWK�FHUWDLQ�SURSHUWLHV�OLNH�ZHLJKW��IULFWLRQ�HWF�LQ�WKH�VFHQH�JUDSK�DQG�WKHQ�PRYH�
WKHP� DURXQG� ZLWK� WKH� KDSWLF� GHYLFH�� *+267� PDNHV� DOO� WKH� QHFHVVDU\� G\QDPLFV�
FDOFXODWLRQV� WR� JHW� D� UHDOLVWLF� IHHOLQJ�RI�PRYLQJ� WKH�REMHFWV��7KH�G\QDPLFV� FDOFXODWLRQ�
VHHPHG� WR�ZRUN�SUHWW\� JRRG�ZKHQ�ZH� WHVWHG� LW��+RZHYHU� WKHUH� LV� D� G\QDPLFV� HQJLQH�
SOXJLQ� LQ�&U\VWDO� 6SDFH� WKDW�ZRXOG�EH�QLFH� WR�XWLOL]H� IRU� WKH�G\QDPLFV� FDOFXODWLRQV�� ,W�
PDNHV�PRUH�VHQVH�WR�XVH�WKLV�WR�XSGDWH�WKH�KDSWLF�SRVLWLRQ�WKDQ�WR�XSGDWH�DOO�G\QDPLF�
REMHFWV� LQ� &U\VWDO� 6SDFH� ZLWK� WKH� SRVLWLRQV� FDOFXODWHG� IURP�*+267�� 7KLV� ZD\� DOVR�
JLYHV�D�PRUH�JHQHUDO�VROXWLRQ�ZLWK�KDSWLFV�DQG�G\QDPLFV�GHWDFKHG�IURP�HDFK�RWKHU����
�
$�SUREOHP�ZH�QRWLFHG�ZLWK�*+267�KDSSHQHG�ZKHQ�ZH�PRYHG�REMHFWV�WKDW�ZHUH�EXLOW�
XS� ZLWK� SRO\JRQV�� L�H�� JVW7UL3RO\+DSWLF� QRGHV�� $OWKRXJK� PRYLQJ� VWDQGDUG� SULPLWLYH�
REMHFWV�OLNH�VSKHUHV�DQG�ER[HV�ZRUNHG�ILQH��7KH�SUREOHP�WKDW�RFFXUUHG�ZDV�WKDW�ZKHQ�D�
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JVW7UL3RO\+DSWLF� REMHFW� ZDV� PRYHG� WRZDUGV� WKH� WRRO� SRVLWLRQ� RI� WKH� 3KDQWRP�� QR�
FROOLVLRQ� DQG� IRUFH� UHVSRQVH� WRRN� SODFH�� )RU� H[DPSOH��ZH� WULHG� EXLOGLQJ� D� FXEH� IURP�
WZHOYH�WULDQJOHV�DQG�FUHDWHG�D�JVW7UL3RO\+DSWLF�QRGH�IURP�LW��$�VLPLODU�VFHQH�JUDSK�ZDV�
EXLOW�EXW�LQVWHDG�RI�XVLQJ�D�JVW7UL3RO\+DSWLF�QRGH�D�JVW&XEH�QRGH�ZDV�XVHG��,I�JVW&XEH�
ZDV�XVHG�DQG�WKH�SRVLWLRQ�RI�WKH�FXEH�ZDV�XSGDWHG��LW�ZDV�SRVVLEOH�WR�IHHO�DOO�VL[�VLGHV�
SHUIHFWO\��,I�JVW7UL3RO\+DSWLF�ZDV�XVHG�LQVWHDG�RQH�FRXOG�QRW�IHHO�WKH�VLGH�RI�WKH�FXEH�
WKDW�ZDV�PRYLQJ�WRZDUGV�WKH�3KDQWRP��VHH�ILJXUH�������7KLV�LV�REYLRXVO\�VRPH�NLQG�RI�
V\QFKURQL]DWLRQ�SUREOHP� LQ�*+267�6'.�WKDW�ZH�FRXOG�QRW�FKDQJH��7KH�VXSSRUW�DW�
6HQVDEOH�ZDV�FRQWDFWHG�EXW�WKH\�KDG�QR�VROXWLRQ�WR�WKH�SUREOHP��0D\EH�WKHUH�LV�VRPH�
ZD\�WR�ZRUN�DURXQG�WKLV��EXW�LW�PXVW�EH�VHHQ�DV�D�IDLUO\�ELJ�GLVDGYDQWDJH��
�
�
�
�
�
�
��
�
� �
�
)LJXUH�����1R�FROOLVLRQ�RU�IRUFH�UHVSRQVH�ZKHQ�XVLQJ�JVW7UL3RO\+DSWLF�WR�UHSUHVHQW�WKH�FXEH�WKDW�PRYHV�WRZDUGV�WKH�
3KDQWRP�FXUVRU��

����H�7RXFK�
2QH�RI�WKH�PDLQ�SUREOHPV�WKDW�ZH�REVHUYHG�LQ�H�7RXFK�ZDV�WKH�GLIILFXOW\�WR�GLVFRQQHFW�
WKH� KDSWLFV� SDUW�� ZKLFK� ZH� ZDQWHG� WR� WDNH� DGYDQWDJH� RI�� IURP� WKH� JUDSKLFV� SDUW�� $V�
PHQWLRQHG�EHIRUH�WKH�FHQWUDO�REMHFW�LQ�H�7RXFK�LV�WKH�XVHU�FODVV��7KLV�FODVV�VWDUWV�ERWK�D�
JUDSKLF� PDQDJHU� SDUW� DQG� D� KDSWLF� PDQDJHU� SDUW�� %XW� LI� RQH� RQO\� ZDQWV� WR� XVH� WKH�
KDSWLFV�SDUW�LW�LV�QRW�MXVW�WR�UHPRYH�WKH�VWDUW�RI�D�JUDSKLF�PDQDJHU��6RPH�JUDSKLFV�FDOOV�
ZHUH�EXULHG�GHHS�GRZQ�LQ�WKH�FRGH�VR�LW�WRRN�D�ORW�RI�WLPH�WR�XQGHUVWDQG�DQG�UHPRYH�
WKLV��+RSHIXOO\� WKH� JUDSKLFV�SDUW�ZLOO� EH�EHWWHU� GLVFRQQHFWHG� IURP� WKH�KDSWLFV�SDUW� LQ�
IXWXUH�UHOHDVHV�RI�H�7RXFK��
�
$QRWKHU� LVVXH� WKDW� FDQ� EH� VDLG� WR� EH� RI� FRQFHUQ� LV� WKDW� H�7RXFK� LV� VWLOO� LQ� WKH� EHWD�
VWDGLXP��7KH�FXUUHQW�UHOHDVH�XVHG�LQ�WKLV�SURMHFW� LV�YHUVLRQ�������EHWD����:KHQ�ORRNLQJ�
WKURXJK�WKH�FRGH�RQH�QRWLFHV�D�IHZ�KDFNV�DQG�FRPPHQWV�DW�FHUWDLQ�SODFHV��7KLV�PHDQV�
WKDW�HYHU\WKLQJ�PD\�QRW�\HW�KDYH�EHHQ�WKRURXJKO\�WHVWHG�DQG�VWUXFWXUHG�LQ�WKH�EHVW�ZD\���
�
$V� LW� VWDQGV� QRZ� H�7RXFK� FXUUHQWO\� ZRUNV� RQ� :LQGRZV� 17�� :LQGRZV� ����� DQG�
:LQGRZV�;3�SODWIRUPV��*+267�RQ�WKH�RWKHU�KDQG�DOVR�VXSSRUWV�WKH�5HG�+DW�/LQX[�
SODWIRUP�� 7KLV� LV� NLQG� RI� D� GLVDGYDQWDJH� IRU� H�7RXFK� EHFDXVH� &U\VWDO� 6SDFH� DOVR�
VXSSRUWV� WKH� /LQX[� SODWIRUP� DQG� WKH� SOXJLQ� FRXOG� WKHQ� SHUKDSV� KDYH� EHHQ�PDGH� WR�
VXSSRUW�PRUH�SODWIRUPV��
�
7KHUH�LV�YHU\�VSDUVH�GRFXPHQWDWLRQ�DERXW�H�7RXFK��7KHUH�LV�D�SURJUDPPHU·V�JXLGH�WKDW�
GHVFULEHV�KRZ�WR�LQVWDOO�DQG�EXLOG�H�7RXFK��,W�DOVR�GHVFULEHV�WKH�RSHQ�PRGXOH�FRQFHSW�
DQG�KRZ�KDSWLF�UHQGHULQJ�ZRUNV��%XW�WKHUH�DUH�QR�JRRG�SURJUDPPLQJ�H[DPSOHV�RU�DQ\�
JRRG�H[SODQDWLRQ�KRZ�WKH�FODVVHV�DUH�FRQQHFWHG��7R� MXVW�JHW� D�SHUFHSWLRQ�RI� WKLV�RQH�
KDV�WR�H[DPLQH�WKH�VRXUFH�FRGH��ZKLFK�LV�VRPHZKDW�DQQR\LQJ��7KHUH�LV�DOVR�D�UHIHUHQFH�

Cube moving right. 
Cursor moving left. 

No collision or 
force response. 

The cursor has 
passed through 
the cube. 
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PDQXDO�WKDW�VKRXOG�GHVFULEH�WKH�GLIIHUHQW�PHWKRGV�DQG�FODVVHV��EXW�WKLV�LV�DFWXDOO\�MXVW�D�
UHIHUHQFH� EXLOW� IURP� WKH� FODVV� FRPPHQWV� LQ� WKH� FRGH�� 7KHVH� FRPPHQWV� DUH� DOVR� YHU\�
VLPSOH�DQG�VRPHWLPHV�GXULQJ�RXU�HYDOXDWLRQ��SDUDPHWHUV�WR�PHWKRGV�KDG�WR�EH�DVVXPHG�
DQG�WHVWHG��
�
+RZHYHU��LI�RQH�JHWV�DQ�RYHUYLHZ�RI�WKH�$3,�WKHUH�LV�D�ELJ�JDLQ�EHFDXVH�ZKHQ�RQH�ILQGV�
KRZ�HYHU\WKLQJ�VWLFNV�WRJHWKHU��RQH�FDQ�PDNH�FKDQJHV�WR�WKH�VHUYR�ORRS�DQG�WKH�IRUFH�
FDOFXODWLRQV��,Q�*+267�LW�LV�LPSRVVLEOH�WR�FKDQJH�KRZ�REMHFWV�RU�SRO\JRQV�DUH�FXOOHG�
RU�KRZ�WKH�IRUFHV�IRU�WKHP�DUH�FDOFXODWHG��8VLQJ�H�7RXFK�RQH�KDV�WKH�SRVVLELOLW\�WR�SLFN�
RXW�DQG�XVH�RQO\�WKH�LQWHUHVWLQJ�KDSWLFV�SDUWV��$V�PHQWLRQHG�EHIRUH��WKHVH�SDUWV�FRXOG�
KDYH�EHHQ�GHWDFKHG�IURP�WKH�RWKHU�SDUWV�RI�WKH�$3,�WR�D�JUHDWHU�H[WHQW��
�
2QH�RI�WKH�NH\�DGYDQWDJHV�RI�H�7RXFK�LV�WKDW�LWV�DOJRULWKP�IRU�FDOFXODWLQJ�IRUFHV�IURP�
SRO\JRQDO�REMHFWV�LV�IDVWHU�WKDQ�WKH�RQH�XVHG�LQ�*+267��,Q�DQ�DUWLFOH�DERXW�WKH�DFWLYH�
SRO\JRQ� SRO\JRQDO� DOJRULWKP� XVHG� LQ� H�7RXFK� DQG� SUHVHQWHG� LQ� ����� >�@�� 7RP�
$QGHUVRQ�DQG�1LFN�%URZQ�VKRZ�PHDVXUHPHQWV�RI�WKH�KDSWLF�ORDG�SHDN�DQG�WKH�KDSWLF�
ORDG�DYHUDJH�ZKHQ�XVLQJ�H�7RXFK�YHUVXV�*+267��7KH�KDSWLF�ORDG�SURJUDP�WKDW�FRPHV�
ZLWK�*+267�����ZDV�XVHG�IRU�WKH�PHDVXUHPHQWV�� �7KLV�SURJUDP�PHDVXUHV�KRZ�KLJK�
WKH� ORDG� LV� RQ� WKH� SURFHVV� WKDW� KDQGOHV� WKH� KDSWLF� FDOFXODWLRQ�� )RXU� GLIIHUHQW� REMHFWV�
ZHUH� XVHG� LQ� WKH� WHVW�� 7KH\� KDG� GLIIHUHQW� QXPEHUV� RI� SRO\JRQV� DQG� VRPH� KDG�PRUH�
FRPSOH[�WRSRORJ\��)RU�DOO�WKH�REMHFWV�WKH�DFWLYH�SRO\JRQ�SRO\JRQDO�DOJRULWKP�KDG�ERWK�
OHVVHU�DYHUDJH�KDSWLF�ORDG�DQG�OHVVHU�SHDN�KDSWLF�ORDG��(YHQ�LI�WKLV�PHDVXUHPHQW�LV�GRQH�
ZLWK�*+267������WKH�QHZ�YHUVLRQ�����KDV�QRW�FKDQJHG�DQ\WKLQJ�LQ�LWV�KDSWLF�UHQGHULQJ�
DOJRULWKP��+RZHYHU�� WKH�SUHSURFHVVLQJ� ORDG� WLPHV�ZHUH�DOPRVW�DOZD\V� ORQJHU�ZKHQ�H�
7RXFK�ZDV�XVHG��7KLV�LV�WKH�SULFH�RQH�KDV�WR�SD\�IRU�JHWWLQJ�D�ORZHU�KDSWLF�ORDG��
�
$�GLIILFXOW\�ZH�QRWLFHG�ZLWK� H�7RXFK�ZDV� WKDW�ZKHQ�RQH�EXLOW� REMHFWV�ZLWK�SRO\JRQV�
WKDW�GLG�QRW�VKDUH�YHUWLFHV��EXW�RYHUODSSHG�HDFK�RWKHU�OLNH�LQ�WKH�FDVH�RI�D�FRUQHU�RI�D�
ZDOO�ZLWK�WKLFNQHVV��LW�ZDV�SRVVLEOH�WR�IHHO�WKURXJK�WKH�VPDOO�RSHQLQJ�EHWZHHQ�WKH�ZDOOV�
�6HH�ILJXUH�������7KLV�SUREOHP�ZDV�QRW�QRWLFHG�ZKHQ�XVLQJ�*+267��$OWKRXJK�LQ�VRPH�
FDVHV�WKLV�FRXOG�EH�XVHIXO�� IRU�H[DPSOH� LQ�D�G\QDPLF�HQYLURQPHQW�ZKHUH�D�ER[�VWDQGV�
RQ�D� IORRU�DQG� WKH�XVHU�ZDQWV� WR�EH�DEOH� WR�SXW� WKH�KDSWLF� WRRO�XQGHU� LW� DQG� OLIW� LW��$�
VROXWLRQ�WR�JHWWLQJ�ZDOOV�ZLWK�WKLFNQHVV�WR�ZRUN�LV�WR�PRYH�WKH�YHUWLFHV�VR�WKH\�PHHW�DW�
WKH�LQQHU�DQG�RXWHU�FRUQHUV��7KLV�ZD\�LW�LV�QRW�SRVVLEOH�WR�SXVK�WKURXJK�WKH�ZDOOV��2Q�
WKH�RWKHU�KDQG�LW�FRXOG�EH�WLPH�FRQVXPLQJ�WR�HGLW�DOO�REMHFWV�WKDW�KDYH�WKH�VDPH�NLQG�RI�
SUREOHP�� 7KH� SUREOHP� OLHV� ZLWKLQ� WKH� DFWLYH�SRO\JRQ� SRO\JRQDO� DOJRULWKP� DQG� E\�
VRPHKRZ�FKDQJLQJ�KRZ�WKH�SRO\JRQDO�KDSWLF�REMHFWV�DUH�EXLOW�RU� UHQGHUHG�RQH�PLJKW�
RYHUFRPH�WKLV�SUREOHP��+RZHYHU�WKLV�SUREDEO\�PHDQV�PDMRU�FKDQJHV�WR�WKH�$3,���
�
�
�
�
�
�

)LJXUH�����:DOO�FRUQHUV�VHHQ�IURP�DERYH��3UREOHPV�ZKHQ�YHUWLFHV�DUH�QRW�VKDUHG��
�
H�7RXFK� KDV� QR� VXSSRUW� IRU� G\QDPLF� REMHFWV� DQG� QR� VXSSRUW� IRU� DSSO\LQJ� GLIIHUHQW�
PDWHULDOV�WR�VXUIDFHV��,I�RQH�ZDQWV�WKHVH�SURSHUWLHV�WKH\�KDYH�WR�EH�LPSOHPHQWHG�LQ�WKH�
FRPSXWH3RLQW)RUFH�PHWKRG� RI� WKH� REMHFW� IRUFH� UHQGHUHU�� 6RPH� H[DPSOHV� RI� WKLV� DUH�

Possible to 
push through. 

Not possible to 
push through. 
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GHPRQVWUDWHG�LQ�D�IHZ�GHPRV�WKDW�FRPH�ZLWK�H�7RXFK��2QH�GHPR�VKRZV�G\QDPLFV�E\�
XVLQJ�EDOOV�DWWDFKHG�WR�UXEEHU�VWULQJV�DQG�DQRWKHU�RQH�GHPRQVWUDWHV�GLIIHUHQW�WH[WXUHV��
%XW�RQH�VKRXOG�KDYH�LQ�PLQG�WKDW�DOO�SK\VLFV�DQG�WH[WXUH�FDOFXODWLRQV�KDYH�QRWKLQJ�WR�
GR�ZLWK�WKH�$3,�DQG�KDYH�EHHQ�LPSOHPHQWHG�HVSHFLDOO\�IRU�WKH�GHPR�DSSOLFDWLRQV��

����&RQFOXVLRQV�
'XH�WR�VRPH�GHFLVLYH� LVVXHV� LW�ZDV�GHFLGHG� WKDW�ZH�ZHUH�JRLQJ� WR�XVH�SDUWV�RI� WKH�H�
7RXFK�$3,�IRU�RXU�VROXWLRQ��7ZR�PDMRU�IDFWRUV�ZHUH�WKH�PDLQ�UHDVRQV��2QH�ZDV�WKDW�H�
7RXFK� ZDV� RSHQ� PRGXOH� DQG� ZKHQ� XVLQJ� H�7RXFK� RQH� KDG� WKH� DELOLW\� WR� SLFN� RXW�
LPSRUWDQW�SDUWV��FKDQJH�SDUWV�DQG�VHH�KRZ�WKLQJV�ZHUH�LPSOHPHQWHG��:H�QRWLFHG�WKDW�
QRW� DOO� SDUWV� ZHUH� RI� LQWHUHVW� DQG� ZH� VDZ� WKDW� LW� ZRXOG� SUREDEO\� ZRUN� WR� SLFN� RXW�
FODVVHV�� PDNH� VRPH� FKDQJHV� WR� WKHP� DQG� JHW� WKHP� WR� ZRUN� WRJHWKHU� ZLWK� RXU�
LPSOHPHQWDWLRQ��
�
7KH�RWKHU�PDLQ�UHDVRQ�ZDV�WKH�IDFW�WKDW�WKH�KDSWLF�SRO\JRQ�DOJRULWKP�LQ�H�7RXFK�ZDV�
IDVWHU��.QRZLQJ�WKDW�ZH�KDG�D�IDVW�KDSWLF�UHQGHULQJ�DOJRULWKP��ZH�NQHZ�WKDW�ZH�ZRXOG�
EH�DEOH�WR�XVH���REMHFWV�ZLWK�PRUH�SRO\JRQV�DQG�SRVVLEO\�XWLOL]H�PRUH�JUDSKLF�HIIHFWV�LQ�
&U\VWDO�6SDFH��ZLWKRXW�WKH�VHUYR�ORRS�WDNLQJ�WR�PXFK�WLPH��
�
7KLV� FKRLFH� RI� VROXWLRQ� JDYH� XV� D� ZD\� WR� DYRLG� KDYLQJ� WR� LPSOHPHQW� WKH� KDSWLF�
UHQGHULQJ�DOJRULWKP�RXUVHOYHV�EXW�ZH�ZRXOG� VWLOO�EH�DEOH� WR�DGG�RU�PRGLI\�FRGH� LQ� LW�
�
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��*DPH�HQJLQHV�

����,QWURGXFWLRQ�WR�JDPH�HQJLQHV�
:KHQ�FUHDWLQJ�D��'�JDPH�RQH�QHHGV�VRIWZDUH�WKDW�KDQGOHV�WKH�YLUWXDO�HQYLURQPHQW�DQG�
UHQGHUV� LW� WR� WKH� VFUHHQ�� 7KHUH� LV� DOVR� QHHG� IRU� VRIWZDUH� WKDW� KDQGOHV� IRU� H[DPSOH�
SK\VLFV�DQG�FROOLVLRQ�GHWHFWLRQ��7KHVH�WDVNV�DUH�KDQGOHG�E\� WKH��'�JDPH�HQJLQH��2QH�
FDQ�VD\�WKDW�WKH�JDPH�HQJLQH�LV�ZKDW�SRZHUV�WKH�JDPH��,W�LV�D�SODWIRUP�XSRQ�ZKLFK�WKH�
JDPH� LV� EXLOW� DQG� LW� SURYLGHV� IXQFWLRQDOLW\� WKDW� LV� FRPPRQ� WR� DOO� JDPHV�� VXFK� DV� WKH�
WKLQJV�PHQWLRQHG�DERYH�DQG�DOVR�WKH�DFFHVV� WR�YDULRXV�KDUGZDUH�GHYLFHV��IRU�H[DPSOH�
NH\ERDUG��PRXVH��MR\VWLFN��JUDSKLFV�DFFHOHUDWRU��QHWZRUN�FDUG�DQG�VR�RQ��
�
7KH� DGYDQWDJH�RI� D� �'�JDPH� HQJLQH� LV� WKDW� LW� LV�QRW�QHFHVVDU\� WR� FUHDWH� D�QHZ�JDPH�
HQJLQH�IRU�HYHU\�QHZ�JDPH��,QVWHDG�D�GHYHORSHU�FDQ�UHXVH�WKH�VDPH�JDPH�HQJLQH�RYHU�
DQG�RYHU�DJDLQ��7KLV�VDYHV�WKH�JDPH�GHYHORSHU�IURP�D�ORW�RI�ZRUN�ZKHQ�FUHDWLQJ�QHZ�
JDPHV��EXW� DOVR�PDNHV� LW� HDVLHU� WR� HQKDQFH�RU� DGG� IHDWXUHV� WR� WKH� JDPH�HQJLQH� LWVHOI��
7KH�JDPH�HQJLQH�SHUIRUPV�D� ORW�RI�WLPH�FRQVXPLQJ�WDVNV��VR�HYHU\�HQKDQFHPHQW�WKDW�
FDQ�EH�PDGH�WR�WKH�HQJLQH�PD\�SURYLGH�IRU�QHZ�SRVVLELOLWLHV�IRU�WKH�JDPH�GHYHORSHU��

����&U\VWDO�6SDFH�
7KH�JDPH�HQJLQH�WKDW�LV�XVHG�LQ�WKLV�SURMHFW�LV�FDOOHG�&U\VWDO�6SDFH��,W�LV�D�IUHH��'�JDPH�
GHYHORSPHQW�NLW�ZULWWHQ� LQ�&���DQG� LW� LV�EHLQJ�GHYHORSHG�DV�DQ�RSHQ�VRXUFH�SURMHFW��
&U\VWDO�6SDFH�KDV�PRVW�RI� WKH� IHDWXUHV� WKDW�DUH�QHHGHG� LQ�D��'�JDPH�HQJLQH��EXW� LW� LV�
VWLOO� XQGHU� GHYHORSPHQW��ZKLFK�PHDQV� WKDW� LW� LV� FRQVWDQWO\� EHLQJ� LPSURYHG�ZLWK� QHZ�
IHDWXUHV��6LQFH� LW� LV�DQ�RSHQ�VRXUFH�SURMHFW�ZLWK�KXQGUHGV�RI�SHRSOH�ZRUNLQJ�RQ� LW�DOO�
DURXQG�WKH�ZRUOG�WKH�GRFXPHQWDWLRQ�RI�WKH�V\VWHP�VRPHWLPHV�LV�ZRUVH�WKDQ�GHVLUDEOH�
ZKLFK�FDQ�PDNH�&U\VWDO�6SDFH�D�TXLWH�GLIILFXOW� V\VWHP�WR�XVH��+RZHYHU� LW� LV� WKH�RSHQ�
VRXUFH� GHYHORSPHQW� DSSURDFK� WKDW�PDNHV�&U\VWDO� 6SDFH�ZRUWK� ORRNLQJ� DW� LQ� WKH� ILUVW�
SODFH�� &U\VWDO� 6SDFH� IDOOV� XQGHU� WKH�*18� FRS\OHIW� OLFHQVH� IRU� OLEUDULHV�� ZKLFK�PHDQV�
WKDW�DQ\RQH�LV�DOORZHG�WR�XVH�LW� LQ�WKHLU�SURGXFWV�DQG�HYHQ�WR�VHOO�WKHLU�SURGXFWV�XVLQJ�
&U\VWDO�6SDFH�SURYLGHG�WKDW�&U\VWDO�6SDFH�LWVHOI�UHPDLQV�IUHH��7KLV�DSSURDFK�PDNHV�WKH�
&U\VWDO�6SDFH�GHYHORSPHQW�NLW�GHVLUDEOH�WR�JDPH�GHYHORSHUV�EHFDXVH�LW�LV�IUHH�RI�FKDUJH�
DQG� VLQFH� LW� LV� RSHQ� VRXUFH� WKH\� FDQ� HYHQ�PDNH� FKDQJHV� LQ� WKH� JDPH� HQJLQH� LWVHOI� WR�
FXVWRPL]H�LW�WR�WKHLU�RZQ�JDPH��
�
$V� PHQWLRQHG� DERYH� &U\VWDO� 6SDFH� KDV� PDQ\� IHDWXUHV�� )RU� H[DPSOH�� LW� VXSSRUWV� VL[�
GHJUHHV� RI� IUHHGRP�� FRORUHG� OLJKWLQJ�� PLS�PDSSLQJ�� VHFWRUV� DQG� SRUWDOV�� PLUURUV��
SURFHGXUDO� WH[WXUHV�� SDUWLFOH� V\VWHPV�� 2SHQ*/� UHQGHULQJ�� FROOLVLRQ� GHWHFWLRQ� DQG�
SK\VLFV��DQG�LW�DOVR�KDV�D�IOH[LEOH�SOXJLQ�V\VWHP��
�
7KH�UHPDLQV�RI�WKLV�FKDSWHU�ZLOO�SURYLGH�DQ�H[SODQDWLRQ�WR�KRZ�WKH�&U\VWDO�6SDFH�JDPH�
HQJLQH� IXQFWLRQV�� 7KH� GHIDXOW� PDLQ� ORRS� LV� H[SODLQHG� DQG� DOVR� KRZ� LW� FRQWUROV� WKH�
H[HFXWLRQ�XVLQJ�WKH�HYHQW�V\VWHP��+RZ�D��'�HQYLURQPHQW�LV�EXLOW�XS�XVLQJ�PHVKHV�DQG�
DOVR�KRZ�WKLV�HQYLURQPHQW�FDQ�EH�UHQGHUHG�WR�WKH�VFUHHQ�DUH�RWKHU�WRSLFV�WKDW�ZLOO�EH�
JLYHQ�DQ�H[SODQDWLRQ�KHUH��7KHUH�LV�DOVR�DQ�H[SODQDWLRQ�RI�WKH�FROOLVLRQ�GHWHFWLRQ�V\VWHP�
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DV�ZHOO�DV�WKH�G\QDPLFV�V\VWHP�WKDW�DUH�XVHG�LQ�&U\VWDO�6SDFH�VLQFH�WKH\�DUH�LPSRUWDQW�WR�
RXU�SURMHFW��7R�JHW�D�PRUH�FRPSUHKHQVLYH�NQRZOHGJH�DERXW�&U\VWDO�6SDFH�RQH�VKRXOG�
H[DPLQH�WKH�XVHU·V�PDQXDO�>�@��7KH�JDPH�HQJLQH�LV�XSGDWHG�IDLUO\�RIWHQ�VR�LW�FDQ�DOVR�EH�
XVHIXO�WR�FKHFN�RXW�WKH�KRPHSDJH�>��@�IRU�WKH�ODWHVW�QHZV��7KHUH�LV�DOVR�D�&U\VWDO�6SDFH�
GHYHORSHU�KRPHSDJH�>��@�ZLWK�D�IRUXP�DQG�PDLOLQJ�OLVWV��
������7KH�PDLQ�ORRS�
&U\VWDO� VSDFH� LV� DQ� HYHQW�GULYHQ�JDPH�HQJLQH��ZKLFK�PHDQV� WKDW� LW� XVHV� HYHQWV� LQ� WKH�
FRPPXQLFDWLRQ�EHWZHHQ�GLIIHUHQW�SDUWV�RI� WKH� HQJLQH� WR� LQIRUP�ZKHQ� VRPHWKLQJ�KDV�
KDSSHQHG��(DFK�SDUW�RI� WKH�JDPH�HQJLQH� OLVWHQV� WR�HYHQWV� WKDW� DUH� LPSRUWDQW� IRU� WKDW�
SDUW� DQG� WKHQ� WDNHV� WKH� DSSURSULDWH� DFWLRQV� WR� GHDO� ZLWK� WKH� HYHQW�� $� &U\VWDO� 6SDFH�
DSSOLFDWLRQ� LV� EXLOW� DURXQG� D� GHIDXOW�PDLQ� ORRS� WKDW� FRQWUROV� WKH� HYHQW� KDQGOLQJ��7KH�
ORRS�LV�VWDUWHG�ZKHQ�WKH�DSSOLFDWLRQ�KDV�EHHQ�VHW�XS�DQG�LV�WKHQ�DFWLYH�GXULQJ�WKH�HQWLUH�
H[HFXWLRQ�RI� WKH�DSSOLFDWLRQ�� ,Q�D�JUDSKLFV�DSSOLFDWLRQ��DQ� LWHUDWLRQ�RI� WKH� ORRS�ZRXOG�
W\SLFDOO\�UHVXOW�LQ�D�QHZ�IUDPH�WKDW�LV�UHQGHUHG�WR�WKH�VFUHHQ��
�
'XULQJ� WKH� LWHUDWLRQ�� DQ\�HYHQW� WKDW�KDV�RFFXUUHG� VLQFH� WKH� ODVW� LWHUDWLRQ� FDQ�EH� WDNHQ�
FDUH�RI��7KH�DSSOLFDWLRQ�FDQ�UHJLVWHU�DQ�HYHQW�KDQGOHU�WR�WKH�JDPH�HQJLQH��DOORZLQJ�WKH�
DSSOLFDWLRQ�WR�FRPPXQLFDWH�ZLWK�GLIIHUHQW�SDUWV�RI�WKH�JDPH�HQJLQH�WKURXJK�HYHQWV�WKDW�
DUH�SRVWHG�WR�WKH�V\VWHP�HYHQW�TXHXH��)RU�H[DPSOH��LI�WKH�XVHU�GHFLGHV�WR�VKXW�GRZQ�WKH�
DSSOLFDWLRQ�XVLQJ�D�NH\ERDUG�FRPPDQG�WKH�DSSOLFDWLRQ�ZLOO�EH�QRWLILHG�RI�WKDW�WKURXJK�
DQ�HYHQW� LQ� WKH�HYHQW�TXHXH��7KLV�SURYLGHV�DQ�RSSRUWXQLW\� IRU� WKH�DSSOLFDWLRQ� WR� WDNH�
WKH�DSSURSULDWH�DFWLRQV�DQG�VKXW� LWVHOI�GRZQ�LQ�D�VDIH�ZD\��EXW� LW�FDQ�DOVR�EURDGFDVW�D�
WHUPLQDWLRQ�HYHQW�WR�WKH�RWKHU�SDUWV�RI�WKH�JDPH�HQJLQH�WKXV�SURYLGLQJ�IRU�D�VDIH�H[LW�RI�
WKH�HQWLUH�V\VWHP��
�
7KH�JUDSKLF�UHQGHULQJ�LV�DOVR�FRQWUROOHG�E\�WKH�GHIDXOW�UXQ�ORRS��,Q�HYHU\�LWHUDWLRQ��WKH�
ORRS� EURDGFDVWV� HYHQWV� WR� DOO� SDUWV� RI� WKH� JDPH� HQJLQH� DQG� WR� WKH� DSSOLFDWLRQ� WKDW�
LQLWLDOL]HV� WKH� UHQGHULQJ� RI� WKH� IUDPH�� :KHQ� WKH� DSSOLFDWLRQ� LV� QRWLILHG� RI� WKLV� LW�
FDOFXODWHV� DQ\� FDPHUD� PRYHPHQWV� RU� FKDQJHV� LQ� WKH� HQYLURQPHQW� WKDW� KDV� RFFXUUHG�
VLQFH�WKH�ODVW�IUDPH�DQG�WKHQ�WHOOV�WKH�JDPH�HQJLQH�ZKDW�VKRXOG�EH�UHQGHUHG��7KH�JDPH�
HQJLQH�WKHQ�SURFHVVHV�WKH�LQIRUPDWLRQ�DQG�ILQDOO\�UHQGHUV�WKH�SLFWXUH�WR�WKH�VFUHHQ���
������7KH��'�ZRUOG�
,Q� �'� JDPHV� DQ� LPSRUWDQW� SDUW� LV� RI� FRXUVH� WKH� �'�ZRUOG� LQ�ZKLFK� WKH� JDPH� WDNHV�
SODFH��,Q�&U\VWDO�6SDFH�DOO�WKH�JHRPHWU\�LQ�D�ZRUOG�LV�EXLOW�XS�E\�PHVK�REMHFWV��$�PHVK�
LV�D�FROOHFWLRQ�RI�FRQYH[�SRO\JRQV�WKDW�DUH�GHILQHG�E\�WKHLU�YHUWLFHV��7R�FUHDWH�D�PHVK�
REMHFW� LW� LV� WKHUHIRUH�QHHGHG�WKDW�DOO�YHUWLFHV�RI�WKH�REMHFW�DUH�GHILQHG�DQG�DVVLJQHG�WR�
FRQYH[� SRO\JRQV� WR� FUHDWH� WKH� VXUIDFH� RI� WKH� REMHFW�� 2QO\� RQH� VLGH� RI� D� SRO\JRQ� LV�
YLVLEOH� DQG� LQ� &U\VWDO� 6SDFH� WKH� YHUWLFHV� RI� WKH� SRO\JRQ� DUH� RULHQWHG� FORFNZLVH�� 7KH�
RWKHU�VLGH� LV�FXOOHG�DZD\�E\� WKH��'�UHQGHUHU� WR�PLQLPL]H�RYHUGUDZ��([FHSW� IRU�XVLQJ�
SRO\JRQV� DV� EXLOGLQJ� EORFNV� RI�PHVKHV�� &U\VWDO� 6SDFH� DOVR� VXSSRUWV� %H]LpU� FXUYHV� WR�
UHSUHVHQW� FXUYHG� VXUIDFHV�� 7KHUH� DUH� D� IHZ� GLIIHUHQW� W\SHV� RI� PHVK� REMHFWV� WKDW� DUH�
VXLWDEOH�IRU�GLIIHUHQW�SXUSRVHV��0RVW�LPSRUWDQW�DUH�WKH�WKLQJ�DQG�WKH�VSULWH�PHVK�REMHFW�
W\SHV�ZKLFK�DUH�PRVW�VXLWDEOH�IRU�VWDWLF�DQG�G\QDPLF�REMHFWV�UHVSHFWLYHO\��
�
7KH�PHVK�REMHFWV�DUH�RQO\�WKH�YLVLEOH�FRQWHQW�RI�WKH�ZRUOG��7KH�ZRUOG�LWVHOI�FRQVLVWV�RI�
ODUJHU� EXLOGLQJ� EORFNV� FDOOHG� VHFWRUV�� $� VHFWRU� LV� EDVLFDOO\� D� UHJLRQ� RI� VSDFH� WKDW�
IXQFWLRQV�DV�D�FRQWDLQHU�IRU�PHVK�REMHFWV��,I�WKH�GHVLJQHU�RI�WKH�ZRUOG�GRHV�QRW�GHILQH�
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VHFWRUV�PDQXDOO\� &U\VWDO� 6SDFH�ZLOO� SODFH� DOO� JHRPHWU\� LQ� D� VLQJOH� ODUJH� VHFWRU��8VLQJ�
PRUH� WKDQ� RQH� VHFWRU� FDQ� RIWHQ� HQKDQFH� WKH� SHUIRUPDQFH� RI� WKH� ZRUOG� VLQFH� HDFK�
VHFWRU�LV�KDQGOHG�VHSDUDWHO\�IURP�WKH�RWKHUV�E\�WKH�UHQGHUHU��)RU�H[DPSOH��LI�WKH�ZRUOG�
FRQVLVWV�RI�D�EXLOGLQJ�ZLWK�VHYHUDO�URRPV�LQ�LW�RQH�SUREDEO\�ZLOO�QRW�EH�DEOH�WR�VHH�SDUWV�
RI� DOO� URRPV� IURP�ZKHUH�RQH� LV� VWDQGLQJ��8VLQJ�GLIIHUHQW� VHFWRUV� IRU� HYHU\� URRP�FDQ�
FXOO� DZD\� HQWLUH� URRPV� IURP� WKH� UHQGHULQJ�SURFHVV�PDNLQJ� D� QRWLFHDEOH� SHUIRUPDQFH�
GLIIHUHQFH��,I�RQO\�RQH�VHFWRU�ZDV�XVHG�DOO�REMHFWV�LQ�WKH�HQWLUH�EXLOGLQJ�ZRXOG�KDYH�WR�
EH�FRQVLGHUHG�E\�WKH�UHQGHUHU��6HH�ILJXUH��������
� �
�
�
�
�
�
�
)LJXUH�����8VLQJ�VHFWRUV�FDQ�FXOO�DZD\�ORWV�RI�REMHFWV�IURP�EHLQJ�UHQGHUHG��(YHQ�HQWLUH�URRPV�FDQ�EH�FXOOHG�DZD\��
�
:KHQ� VHYHUDO� VHFWRUV� DUH� XVHG� WKH\� ZLOO� KDYH� WR� EH� DWWDFKHG� WR� HDFK� RWKHU�� )RU� WKLV�
SXUSRVH� &U\VWDO� 6SDFH� XVHV� SRUWDOV�� ZKLFK� IXQFWLRQV� DV� JDWHZD\V� EHWZHHQ� GLIIHUHQW�
VHFWRUV��$�SRUWDO� FDQ�EH� DVVLJQHG� WR� D� SRO\JRQ� RI� D�PHVK�REMHFW� DQG�GLUHFWHG� WR� DQ\�
VHFWRU� LQ� WKH�ZRUOG��1RUPDOO\� D� SRUWDO� FRQQHFWV� WZR� VHFWRUV� WKDW� DUH� ORFDWHG� QH[W� WR�
HDFK� RWKHU�� EXW� WKH\� FDQ� DOVR� SRLQW� WR� VHFWRUV� VRPHZKHUH� HOVH� LQ� WKH� ZRUOG� FUHDWLQJ�
VRPH�NLQG�RI�WHOHSRUWDWLRQ�HIIHFW��7KH\�FDQ�HYHQ�SRLQW�EDFN�WR�WKH�VDPH�VHFWRU�FUHDWLQJ�
D�PLUURU��:KHQ�D�VHFWRU� LV�UHQGHUHG�DQG� WKH�UHQGHUHU�FRPHV�DFURVV�D�SRUWDO� WKH�JDPH�
HQJLQH�PDNHV� D� UHFXUVLYH� FDOO� WR� UHQGHU� WKH� VHFWRU� VHHQ� EHKLQG� WKH� SRUWDO�� 5HQGHULQJ�
SRUWDOV�ZLOO�EH�H[SODLQHG�LQ�PRUH�GHWDLO�LQ�WKH�QH[W�VHFWLRQ���
������5HQGHULQJ�
:KHQ� WKH� LQIRUPDWLRQ� DERXW� ZKDW� VKRXOG� EH� UHQGHUHG� KDV� EHHQ� FROOHFWHG� IURP� WKH�
DSSOLFDWLRQ��WKH��'�UHQGHUHU�KDV�WR�SHUIRUP�VRPH�LPSRUWDQW�WDVNV�EHIRUH�WKH�SLFWXUH�LV�
VKRZQ�RQ�VFUHHQ��$V�PHQWLRQHG�DERYH�RQO\�RQH�VHFWRU�LV�KDQGOHG�DW�WKH�WLPH��VR�LI�WKH�
FXUUHQW�VHFWRU�FRQWDLQV�QR�SRUWDOV�WKHVH�WDVNV�DUH�GRQH�RQO\�RQFH��
�
)LUVW� RI� DOO� WKH� YHUWLFHV� RI� DOO� WKH� REMHFWV� LQ� WKH� FXUUHQW� VHFWRU� DUH� WUDQVIRUPHG� IURP�
ZRUOG� FRRUGLQDWHV� WR� FDPHUD� FRRUGLQDWHV�� 7KH� JDPH� HQJLQH� WKHQ� ORRSV� RYHU� DOO�
SRO\JRQV�RI�DOO�WKH�REMHFWV�FRQWDLQHG�ZLWKLQ�WKH�VHFWRU�DQG�GRHV�WKH�IROORZLQJ�IRU�HDFK�
SRO\JRQ��7KH�EDFN�IDFH�FXOOLQJ�DOJRULWKP�LV�UXQ�RQ�WKH�SRO\JRQ�WR�ILQG�RXW�LI�LW�KDV�LWV�
IURQW� WXUQHG� DJDLQVW� WKH� FDPHUD� RU� LI� LW� FDQ� EH� GLVFDUGHG�� ,I� LW� IDFHV� WKH� FDPHUD� WKH�
SRO\JRQ�LV�FOLSSHG�DJDLQVW�WKH�YLHZ�SODQH�DQG�DOVR�DJDLQVW�WKH�YLHZ�SRO\JRQ�ZKLFK�LV�D�
�'�SRO\JRQ�GHILQLQJ�WKH�VFRSH�RI�WKH�FDPHUD��&OLSSLQJ�DJDLQVW�WKH�YLHZ�SODQH�UHPRYHV�
SRO\JRQV�WKDW�DUH�EHKLQG�WKH�FDPHUD��$�WH[WXUH� LV�PDSSHG�RQWR�D�YLVLEOH�SRO\JRQ�DQG�
WKH�UHVXOWLQJ��'�SRO\JRQ�LV�WKHQ�GUDZQ�RQWR�WKH�VFUHHQ��
�
,I� WKH� SRO\JRQ� VKRXOG� WXUQ� RXW� WR� EH� D� SRUWDO� LQVWHDG� RI� D� UHJXODU� SRO\JRQ� LW� LV� QRW�
GUDZQ�RQWR�WKH�VFUHHQ��,QVWHDG�WKH�VHFWRU�EHKLQG�LW�VKRXOG�EH�GUDZQ��VR�D�UHFXUVLYH�FDOO�
WR� WKH� URXWLQH� H[SODLQHG� DERYH� LV� PDGH� XVLQJ� WKH� SRUWDO� SRO\JRQ� DV� WKH� QHZ� YLHZ�
SRO\JRQ��7KH�VHFWRU�EHKLQG�WKH�SRUWDO�LV�WKHQ�GUDZQ�LQ�WKH�VDPH�ZD\�DV�WKH�ILUVW�VHFWRU��
%\�XVLQJ�WKH�SRUWDO�DV�WKH�YLHZ�SRO\JRQ�HYHU\WKLQJ�WKDW�LV�QRW�YLVLEOH�WKURXJK�WKH�SRUWDO�
ZLOO�EH�FXOOHG�DZD\��
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������&ROOLVLRQ�GHWHFWLRQ�DQG�G\QDPLFV�
&U\VWDO�6SDFH�SURYLGHV�FROOLVLRQ�GHWHFWLRQ�EDVHG�RQ�WKH�5REXVW�DQG�$FFXUDWH�3RO\JRQ�
,QWHUIHUHQFH�'HWHFWLRQ�DOJRULWKP��5$3,'���7KLV�DOJRULWKP�LV�DSSOLFDEOH�WR�DOO�W\SHV�RI�
SRO\JRQDO� PRGHOV� DQG� WKXV�� FDQ� KDQGOH� REMHFWV� RI� DOO� VKDSHV� DQG� VL]HV�� 5$3,'�
UHSUHVHQWV� DQ� REMHFW� DV� D� WUHH� VWUXFWXUH�� ZKLFK� LV� FUHDWHG� E\� GLYLGLQJ� WKH� REMHFW� LQWR�
VPDOOHU� DQG� VPDOOHU� ER[HV�� 7KH� WUHH� VWUXFWXUH� LV� XVHG� WR� VSHHG� XS� WKH� VHDUFK� IRU�
FROOLGLQJ�REMHFWV��7KHUH�LV�DOVR�DQRWKHU�FROOLVLRQ�GHWHFWLRQ�V\VWHP�LQ�&U\VWDO�6SDFH�WKDW�
FDQ�EH�XVHG�FDOOHG�23&2'(��+RZHYHU�WKLV�KDV�QRW�EHHQ�XWLOL]HG�LQ�RXU�DSSOLFDWLRQV��
�
:KHQ�FROOLVLRQ�GHWHFWLRQ� LV�PDGH�� WZR�REMHFWV�DW�D� WLPH�DUH� WHVWHG�DJDLQVW�HDFK�RWKHU��
7KLV� WHVW� LV�PDGH� E\� WUDYHUVLQJ� WKH� WUHHV� IRU� ERWK� REMHFWV�� VHDUFKLQJ� IRU� RYHUODSSLQJ�
ER[HV��,I�WKHUH�DUH�RQH�RU�PRUH�RYHUODSV��WKHUH�LV�D�FROOLVLRQ�EHWZHHQ�WKH�REMHFWV�DQG�ZH�
DOVR� NQRZ� ZKLFK� SDUWV� RI� WKH� REMHFWV� WKDW� FROOLGH�� &U\VWDO� 6SDFH� VDYHV� WKH� FROOLGLQJ�
SRO\JRQV� LQ� D� OLVW� WKDW� FDQ� WKHQ�EH�XVHG�E\� WKH� DSSOLFDWLRQ� WR�GHWHUPLQH�ZKDW� VKRXOG�
KDSSHQ�WR�WKH�WZR�REMHFWV�DIWHU�WKH\�KDYH�FROOLGHG��
�
7R�GR�FROOLVLRQ�GHWHFWLRQ� LQ�&U\VWDO�6SDFH�D� FHUWDLQ�FROOLGHU�REMHFW� FDQ�EH�FUHDWHG� IRU�
HDFK�PHVK�REMHFW�WKDW�FDQ�SRVVLEO\�EH�LQYROYHG�LQ�D�FROOLVLRQ��7KH�FROOLVLRQ�WHVW�LV�WKHQ�
LQLWLDWHG� IURP� WKH� DSSOLFDWLRQ� E\� VHQGLQJ� WZR� FROOLGHUV� DW� D� WLPH� DV� SDUDPHWHUV� WR� D�
PHWKRG�LQ�WKH�FROOLGH�V\VWHP��7HVWLQJ�WZR�REMHFWV�WKDW�DUH�IDU�DSDUW�IRU�FROOLVLRQ�LV�QRW�
QHHGHG� DQG� VLQFH� WKH� 5$3,'� DOJRULWKP� GRHV� QRW� FXOO� DZD\� VXFK� REMHFWV� EHIRUH�
WUDYHUVLQJ�WKHLU� WUHHV�� LW� LV�XS�WR�WKH�&U\VWDO�6SDFH�DSSOLFDWLRQ�WR�FXOO�DZD\�WKHP�IURP�
WKH�FROOLVLRQ�GHWHFWLRQ�WR�PLQLPL]H�WKH�FDOFXODWLRQV��)RU�H[DPSOH�� WKLV�FDQ�EH�GRQH�E\�
ILUVW� WHVWLQJ� WKH� ERXQGLQJ� VSKHUHV� RI� WKH� REMHFWV� IRU� RYHUODSSLQJ�� ,I� WKH� ERXQGLQJ�
VSKHUHV� GR� QRW� RYHUODS� WKHQ� WKH� REMHFWV� WKHPVHOYHV� FDQQRW� SRVVLEO\� FROOLGH� DQG�
WKHUHIRUH�FROOLVLRQ�GHWHFWLRQ�LV�XQQHFHVVDU\��
�
$QRWKHU� ZD\� WR� JHW� FROOLVLRQ� GHWHFWLRQ� LV� WR� XVH� WKH� G\QDPLFV� SOXJLQ�� 7KLV� SOXJLQ� LV�
EDVHG�RQ�2'(��2SHQ�'\QDPLFV�(QJLQH��>��@��ZKLFK�LV�D�IUHH�OLEUDU\�IRU�VLPXODWLRQ�RI�
ULJLG�ERG\�G\QDPLFV��$�ELJ�DGYDQWDJH�ZLWK�WKH�G\QDPLFV�V\VWHP�LV�WKDW�LW�WDNHV�FDUH�RI�
ERWK�WKH�FROOLVLRQ�GHWHFWLRQ�DQG�WKH�FROOLVLRQ�UHVSRQVH��7KH�FROOLVLRQ�UHVSRQVH� LV�ZKDW�
VKRXOG� KDSSHQ� ZLWK� WKH� REMHFWV� DIWHU� WKH\� FROOLGH�� IRU� H[DPSOH� LI� WKH\� VKRXOG� VWRS��
ERXQFH�RU�SHUKDSV�URWDWH��5LJLG�ERG\�REMHFWV�DUH�FUHDWHG�IRU�WKH�JHRPHWU\�DQG�DUH�WKHQ�
DGGHG�WR�WKH�G\QDPLFV�V\VWHP��7KH�ERGLHV�FDQ�EH�PDGH�HLWKHU�VWDWLF�RU�G\QDPLF��7KLV�
PDNHV�LW�SRVVLEOH�IRU�WKH�G\QDPLFV�HQJLQH�RQO\�WR�GR�IRUFH�FDOFXODWLRQV�RQ�WKH�REMHFWV�
WKDW� FDQ� DFWXDOO\� PRYH�� 7KH� REMHFWV� WKDW� DUH� PDGH� G\QDPLF� DUH� LQFOXGHG� LQ� WKH�
FDOFXODWLRQV� WKDW� DUH� GRQH� E\� WKH� G\QDPLFV� V\VWHP� HYHU\� WLPH� LW� LV� XSGDWHG� IURP� WKH�
DSSOLFDWLRQ�� ,I� DQ�REMHFW� LV� DIIHFWHG�E\� JUDYLW\�RU� LQYROYHG� LQ� D� FROOLVLRQ�ZLWK� DQRWKHU�
REMHFW�D� IRUFH� LV�FDOFXODWHG�E\� WKH�G\QDPLFV�V\VWHP�DQG�WKHQ�DSSOLHG� WR� WKH�REMHFW��$�
QHZ�SRVLWLRQ�IRU�WKH�REMHFW�LV�WKHQ�FDOFXODWHG�DQG�WKH�REMHFW�LV�PRYHG��)ULFWLRQ��GHQVLW\��
HODVWLFLW\� DQG� D� PDVV� VKRXOG� EH� DVVLJQHG� WR� HYHU\� G\QDPLF� REMHFW� IRU� UHDOLVP�� $V�
PHQWLRQHG�HDUOLHU�WKH�REMHFWV�PD\�EH�DIIHFWHG�E\�JUDYLW\��7KH�JUDYLWDWLRQDO�IRUFH�LV�VHW�
LQ� WKH�G\QDPLFV� V\VWHP�DQG� LV� WKHQ� DSSOLHG� WR� DOO� G\QDPLF�ERGLHV�ZLWKLQ� WKDW� V\VWHP��
FDXVLQJ�WKHP�WR�IDOO�GRZQ���
�
7KH�G\QDPLFV�V\VWHP�LV�VR�IDU�TXLWH�OLPLWHG�EHFDXVH�RQH�FDQ�RQO\�DGG�REMHFWV�WKDW�DUH�
VKDSHG�OLNH�ER[HV��VSKHUHV��F\OLQGHUV�DQG�SODQHV��7KLV�PDNHV�LW�KDUG�WR�PDNH�LW�XVHIXO�LQ�
D� G\QDPLFV� VLPXODWLRQ� ZKHUH� REMHFWV� RI� RWKHU� VKDSHV� DUH� XVHG�� +RSHIXOO\� WKLV� ZLOO�
FKDQJH�LQ�D�QRW�WRR�GLVWDQW�IXWXUH��
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����0DS�FUHDWLRQ�DQG�9DOYH�+DPPHU�(GLWRU�
7R� FUHDWH� �'�ZRUOGV� IRU� FRPSXWHU� DSSOLFDWLRQV� VRPH� NLQG� RI� WRRO� LV� QHHGHG�� ,Q� RXU�
SURMHFW� ZH� XVH� WKH� 9DOYH� +DPPHU� (GLWRU�� IRUPHUO\� NQRZQ� DV� :RUOGFUDIW�� 9DOYH�
+DPPHU� (GLWRU� LV� LQWHQGHG� WR� EH� XVHG� IRU� FUHDWLQJ� PDSV� IRU� +DOI�/LIH�� EXW� VLQFH�
&U\VWDO� 6SDFH� FRPHV� ZLWK� D� SURJUDP� WKDW� FRQYHUWV� PDSV� IURP� WKH� 9DOYH� +DPPHU�
(GLWRU�PDS�IRUPDW�WR�WKH�;0/�IRUPDW�WKDW�LV�XVHG�E\�&U\VWDO�6SDFH�LW�LV�YHU\�VXLWDEOH�
WR�XVH� WKLV�HGLWRU��&UHDWLQJ�D�ZRUOG�ZLWKRXW�XVLQJ�VRPH�NLQG�RI�PDS�HGLWRU�ZRXOG�EH�
DOPRVW� LPSRVVLEOH�� &RQVWUXFWLQJ� D� YHU\� VLPSOH� PDS� FRQVLVWLQJ� RI� RQO\� D� IHZ� REMHFWV�
ZRXOG�RI�FRXUVH�EH�SRVVLEOH��EXW�LW�UHTXLUHV�GHILQLQJ�HDFK�YHUWH[�DQG�HDFK�SRO\JRQ�E\�
KDQG��$� ODUJH�ZRUOG� FRQWDLQLQJ� D� ORW� RI� REMHFWV� LV� VLPSO\� WRR� FRPSOH[� WR� EH� FUHDWHG�
ZLWKRXW�D�JUDSKLF�HGLWRU��
�
:LWK�9DOYH�+DPPHU�(GLWRU�LW�LV�SRVVLEOH�WR�FUHDWH�D�ORW�RI�GLIIHUHQW�REMHFWV��2I�FRXUVH�
WKHUH�LV�VXSSRUW�IRU�EDVLF�JHRPHWU\�OLNH�FXEHV�DQG�F\OLQGHUV��EXW�RQH�FDQ�DOVR�FRPELQH�
WKHVH� WR�PDNH�FRPSOH[�REMHFWV��7KHUH�DUH�DOVR�SRVVLELOLWLHV� WR�PDQLSXODWH�YHUWLFHV�DQG�
HGJHV� LI� WKH� EDVLF� JHRPHWULHV� DUH� QRW� HQRXJK�� 8VH� RI� SUHGHILQHG� REMHFWV� LV� DOVR�
VXSSRUWHG�DQG�VLQFH�WKHUH�DUH�D� ORW�RI�SHRSOH�FUHDWLQJ�PDSV�IRU�GLIIHUHQW�JDPHV�WKHUH�
DUH�D�ORW�RI�REMHFWV�DYDLODEOH�WR�GRZQORDG�IURP�WKH�,QWHUQHW��
�
$SDUW�IURP�RUGLQDU\�REMHFWV�9DOYH�+DPPHU�(GLWRU�DOVR�VXSSRUWV�HQWLWLHV��(QWLWLHV�FDQ�
EH�WKLQJV�WKDW�DUH�SODFHG�ZLWKLQ�WKH�PDS��EXW�KDYH�QR�JHRPHWU\�RU�PDVV��7KLV�FRXOG�IRU�
H[DPSOH� EH� D� OLJKW�� D� VRXQG� RU� D� VWDUWLQJ� SRLQW� IRU� WKH� SOD\HU��$Q� HQWLW\� FDQ� DOVR� EH�
DVVLJQHG� WR�DQ�H[LVWLQJ�REMHFW�PDNLQJ� LW�SRVVLEOH� WR�DWWDFK� FHUWDLQ� LQIRUPDWLRQ� WR� WKDW�
REMHFW��7KH�LQIRUPDWLRQ�LV�VDYHG�LQ�WKH�PDS�ILOH�DQG�FDQ�WKHQ�EH�UHWULHYHG�E\�HLWKHU�WKH�
JDPH� HQJLQH� WR� FRUUHFWO\� UHQGHU� WKH� REMHFW� RU� E\� WKH� DSSOLFDWLRQ� WR� GHWHUPLQH� ZKDW�
VKRXOG�KDSSHQ�ZKHQ�WKH�XVHU�HQFRXQWHUV�WKH�REMHFW��
�
$V�PHQWLRQHG� DERYH��&U\VWDO� 6SDFH�GRHV�QRW�XVH� WKH� VDPH�PDS� IRUPDW� DV� LV� XVHG�E\�
9DOYH�+DPPHU�(GLWRU��7KHUHIRUH�D�VPDOO�SURJUDP�QDPHG�PDS�[PO�LV�QHHGHG�WR�PDNH�
WKH�FRQYHUVLRQ�RI�WKH�PDS�IURP�WKH�9DOYH�+DPPHU�(GLWRU�IRUPDW�WR�WKH�&U\VWDO�6SDFH�
;0/�IRUPDW��:KHQ�WKH�PDS�LV�XVHG�E\�DQ�DSSOLFDWLRQ�IRU�WKH�ILUVW� WLPH��RU�ZKHQ�WKH�
PDS� KDV� EHHQ� FKDQJHG�� WKH� ´�UHOLJKWµ� RSWLRQ�PXVW� EH� XVHG� RQ� WKH� FRPPDQG� OLQH� WR�
UHFDOFXODWH�WKH�OLJKW�PDSV��
�
:KHQ�XVLQJ�9DOYH�+DPPHU�(GLWRU�ZH�IRXQG�WKDW�WKHUH�ZDV�D�SUREOHP�ZKHQ�XVLQJ�WKH�
YHUWH[� PDQLSXODWLRQ� WRRO�� 6RPHWLPHV� WKH� REMHFWV� FUHDWHG� ZLWK� WKH� XVH� RI� YHUWH[�
PDQLSXODWLRQ�VLPSO\�GLVDSSHDUHG�ZKHQ�WKH�PDS�ZDV�VDYHG��,W�VHHPV�WKDW� WKH�SUREOHP�
OLHV�ZLWKLQ�9DOYH�+DPPHU�(GLWRU�DQG�QRW�LQ�WKH�FRQYHUVLRQ�EHWZHHQ�WKH�GLIIHUHQW�PDS�
IRUPDWV�� ,Q� DQ\� FDVH� RQH� VKRXOG� EH� DZDUH� RI� WKH� SUREOHP� ZKHQ� XVLQJ� WKH� YHUWH[�
PDQLSXODWLRQ�WRRO��
�
:KHQ�FUHDWLQJ�D�ZRUOG�WKDW�VKRXOG�EH�XVHG�WRJHWKHU�ZLWK�WKH�KDSWLF�V\VWHP�WKHUH�DUH�D�
IHZ�WKLQJV�RQH�KDV�WR�WKLQN�DERXW�ZKHQ�FUHDWLQJ�WKH�PDS��$SSHQGL[�&�FRQWDLQV�PRUH�
LQIRUPDWLRQ�DERXW�WKHVH�LVVXHV�DQG�DOVR�D�JXLGH�RQ�KRZ�WR�XVH�9DOYH�+DPPHU�(GLWRU�WR�
FUHDWH�PDSV�WKDW�ZRUN�ZHOO�WRJHWKHU�ZLWK�WKH�KDSWLFV��
�
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��'HVLJQ�
:KHQ�ZH�VWDUWHG�WR�ORRN�DW�KRZ�WR�LQWHJUDWH�KDSWLFV�ZLWK�WKH�JDPH�HQJLQH��ZH�GHFLGHG�
TXLWH� IDVW� WKDW� D�SOXJLQ� WR�&U\VWDO�6SDFH�ZDV� WKH�EHVW�ZD\� WR�GR� LW�� ,PSOHPHQWLQJ� WKH�
KDSWLFV� SDUW� DV� D� SOXJLQ� GLYLGHV� XS� WKH� IXQFWLRQDOLW\� LQ� D� YHU\� QLFH� ZD\� VR� WKDW� WKH�
KDSWLFV�GRHV�QRW�DIIHFW�RWKHU�IXQFWLRQDOLWLHV�LQ�WKH�JDPH�HQJLQH��
�
7KLV�FKDSWHU�LV�D�GHWDLOHG�GHVFULSWLRQ�RI�WKH�GHVLJQ�RI�WKH�SOXJLQ��EXW�LW�DOVR�SUHVHQWV�WKH�
SUREOHPV� WKDW�ZH� HQFRXQWHUHG� LQ� WKH� GHYHORSPHQW� VWDJH� DQG�KRZ�ZH� FKRVH� WR� VROYH�
WKHP���

����7DVN�
7KH� LQWHQWLRQ�ZLWK� WKH� SOXJLQ� LV� WKDW� LW� VKRXOG�SURYLGH� D�KDSWLF� UHSUHVHQWDWLRQ�RI� WKH�
JHRPHWU\� FRQWDLQHG� ZLWKLQ� WKH� &U\VWDO� 6SDFH� HQJLQH� PDNLQJ� LW� SRVVLEOH� WR� IHHO� WKH�
HQYLURQPHQW� E\� XVLQJ� WKH� 3KDQWRP� KDSWLF� GHYLFH�� ,W� VKRXOG� DOVR� EH� DEOH� WR� KDQGOH�
PRYHPHQW� RI� WKH� FDPHUD� DQG� FKDQJHV� LQ� WKH� HQYLURQPHQW� VXFK� DV� PRYHPHQWV� RI�
G\QDPLF� REMHFWV��:KHQ� WKH� FDPHUD� LV�PRYHG� LQ� WKH� DSSOLFDWLRQ� WKH� 3KDQWRP� VKRXOG�
JLYH�WKH�VHQVDWLRQ�RI�PRYLQJ�ZLWK�WKH�FDPHUD��7KH�3KDQWRP�ZRUNVSDFH�FDQ�EH�WKRXJKW�
RI�DV�EHLQJ�DWWDFKHG�WR�WKH�FDPHUD�DQG�RULHQWHG�LQ�WKH�VDPH�GLUHFWLRQ��:KHQ�DQ�REMHFW�
LV�PRYHG�LQ�WKH�DSSOLFDWLRQ��IRU�H[DPSOH�GXH�WR�JUDYLW\��DQG�FROOLGHV�ZLWK�WKH�3KDQWRP�
SRLQWHU��WKH�PRYHPHQW�VKRXOG�EH�IHOW�WKURXJK�WKH�3KDQWRP��7KLV�VKRXOG�DOVR�ZRUN�LQ�
WKH�RWKHU�GLUHFWLRQ�� WKDW� LV�� LI� WKH�XVHU�SUHVVHV� WKH�3KDQWRP�SRLQWHU� DJDLQVW� DQ�REMHFW�
WKDW� LV� D� G\QDPLF� REMHFW�� WKH� REMHFW� VKRXOG� VWDUW� WR� PRYH� LI� WKH� IRUFH� LV� VXIILFLHQW��
)XUWKHUPRUH�WKHUH�VKRXOG�EH�D�SRVVLELOLW\�WR�VHW�GLIIHUHQW�KDSWLF�SURSHUWLHV�IRU�REMHFWV��
%\�PRGLI\LQJ�WKHVH�SURSHUWLHV�WKH�XVHU�ZLOO�EH�DEOH�WR�IHHO�D�YDULHW\�RI�VHQVDWLRQV��

����3UREOHPV�DQG�VROXWLRQV�
������5HSUHVHQWLQJ�WKH�WRXFKDEOH�ZRUOG�
2QH� RI� WKH� ILUVW� ELJ� SUREOHPV� WKDW� KDG� WR� EH� VROYHG� GXULQJ� WKH� GHYHORSPHQW� RI� WKH�
SOXJLQ�ZDV�KRZ� WR� UHSUHVHQW�DQG�VWRUH� WKH�KDSWLF�REMHFWV� WKDW�EXLOG�XS� WKH� WRXFKDEOH�
ZRUOG��6LQFH�&U\VWDO�6SDFH�KDV�QR�VXSSRUW�IRU�KDSWLF�GHYLFHV�WKH�PHVK�REMHFWV�XVHG�LQ�
WKH� JDPH� HQJLQH� DUH� QRW� GHVLJQHG� WR� EH� XVHG� WR� UHSUHVHQW� WRXFKDEOH� REMHFWV�� 7KH� H�
7RXFK�$3,�KRZHYHU��XVHV�PHVK�REMHFWV�WKDW�FRQWDLQ�WKHLU�RZQ�DOJRULWKP�IRU�FDOFXODWLQJ�
IRUFHV��ZKLFK�LV�H[DFWO\�ZKDW�ZH�QHHG�IRU�RXU�SOXJLQ��7KH�H�7RXFK�FODVVHV�FRQWDLQHG�D�
ORW�RI�FRGH�WKDW�ZH�KDG�QR�XVH�IRU�LQ�RXU�SOXJLQ��$PRQJ�RWKHU�WKLQJV��LW�FRQWDLQHG�FRGH�
IRU�VKRZLQJ�WKH�REMHFWV�JUDSKLFDOO\�LQ�DQ�H�7RXFK�HQYLURQPHQW��EXW�VLQFH�ZH�DUH�XVLQJ�
WKH� JDPH� HQJLQH� IRU� JUDSKLFV��ZH� GHFLGHG� WR� UHPRYH� DOO� VXFK� XQQHFHVVDU\� FRGH�� 7KH�
FRQFHSW�RI�XVLQJ�D�VSHFLDO�IRUFH�UHQGHUHU�FODVV�IRU�HDFK�REMHFW�ZDV�DOVR�UHPRYHG�DQG�WKH�
IRUFH�DOJRULWKP�ZDV�PRYHG�LQWR�WKH�REMHFW�FODVV�LWVHOI��
�
2XU�VROXWLRQ�WR�WKH�SUREOHP�RI�KRZ�WR�UHSUHVHQW�WKH�WRXFKDEOH�ZRUOG�ZDV�WR�FUHDWH�D�
ZRUOG� FRQVLVWLQJ� RI� WRXFKDEOH� REMHFWV� WKDW� ZH� NHSW� LQVLGH� WKH� SOXJLQ� DQG� WKHQ�
V\QFKURQL]H�WKLV�ZLWK�WKH�ZRUOG�XVHG�IRU�WKH�JUDSKLF�UHSUHVHQWDWLRQ�E\�WKH�JDPH�HQJLQH��
8VLQJ�WKLV�DSSURDFK��DOO�PHVK�REMHFWV� ORDGHG� LQWR�WKH�JDPH�HQJLQH�KDYH� WR�EH�FRSLHG��
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7KLV�PHDQV�WKDW�D�QHZ�KDSWLF�REMHFW�KDV�WR�EH�FUHDWHG�IRU�HDFK�REMHFW�LQ�&U\VWDO�6SDFH��
6LQFH�&U\VWDO�6SDFH�VXSSRUWV�PHVK�REMHFWV�FRQVWUXFWHG�IURP�SRO\JRQV�ZLWK�PRUH�WKDQ�
WKUHH�VLGHV�DQG�WKH�PHVK�REMHFWV�ZH�ZLVKHG�WR�XVH�LQ�RXU�SOXJLQ�RQO\�XVHV�WULDQJOHV��LW�
ZDV� QRW� DV� HDV\� DV� ZH� WKRXJKW�� 7R� VROYH� WKLV� SUREOHP� ZH� KDG� WR� FUHDWH� WKH� KDSWLF�
REMHFWV� IURP� VFUDWFK�� ZKLFK�PHDQV� WKDW� DOO� YHUWLFHV� KDG� WR� EH� FRSLHG� DQG� WKHQ� HDFK�
SRO\JRQ�KDG� WR�EH�FRQYHUWHG� LQWR�RQH�RU�PRUH�WULDQJOHV�DQG�DGGHG�WR�WKH�QHZ�KDSWLF�
REMHFW��
�
6R�IDU�ZH�KDYH�RQO\�VROYHG�WKH�SUREOHP�RI�FUHDWLQJ�WKH�REMHFWV��7KH�RWKHU�SUREOHP�VWLOO�
UHPDLQV�� WKDW� LV�� KRZ� WR� VWRUH� WKHVH� REMHFW� LQVLGH� WKH� SOXJLQ�� 7KH� KDSWLF� FDOFXODWLRQV�
QHHG� WR� EH� YHU\� IDVW� EHFDXVH� WKH� 3KDQWRP� GHYLFH� KDV� WR� EH� XSGDWHG� RQFH� HYHU\�
PLOOLVHFRQG��6LQFH�WKH�IRUFHV�DUH�FDOFXODWHG�LQVLGH�WKH�KDSWLF�REMHFWV��D�ZD\�WR�FXOO�DZD\�
REMHFWV� WKDW� DUH� IDU� IURP� EHLQJ� WRXFKHG� E\� WKH� 3KDQWRP�� WR� UHGXFH� WKH� DPRXQW� RI�
FDOFXODWLRQV��ZRXOG�EH�D�JRRG�WKLQJ��
�
7R�VWRUH�WKH�REMHFWV�ZH�GHFLGHG�WR�XVH�DQ�RUGLQDU\�YHFWRU�ZKLFK�LV�YHU\�HDV\�WR�XVH�DQG�
ZKLFK�DOORZV�IRU�UDQGRP�DFFHVV�E\� LQGH[LQJ��7R�JHW�DQ�HIILFLHQW�FXOOLQJ�RI�REMHFWV�ZH�
GHFLGHG� WR� XVH� DQ� RFWUHH� WR� VWRUH� LQGLFHV� LQWR� WKLV� YHFWRU�� $Q� RFWUHH� LV� D� VSDFH�
SDUWLWLRQLQJ�VWUXFWXUH�XVHG�IRU�HIILFLHQW�FXOOLQJ�RI�REMHFWV��7KH�JHQHUDO� VWUXFWXUH�RI�DQ�
RFWUHH� LV� GHVFULEHG� LQ� FKDSWHU� ����� +RZHYHU� WKH� FRQWHQW� RI� WKH� RFWUHH� GHVFULEHG� LQ�
FKDSWHU�����GLIIHUV�IURP�WKH�FRQWHQW�RI�WKH�RFWUHH�XVHG�IRU�FXOOLQJ�DZD\�KDSWLF�REMHFWV�
IURP�WKH�IRUFH�FDOFXODWLRQV��$V�PHQWLRQHG�HDUOLHU� WKLV�RFWUHH�FRQWDLQV� LQGLFHV� LQWR� WKH�
YHFWRU�KROGLQJ�WKH�KDSWLF�REMHFWV��,W�WKHUHIRUH�KDV�WR�VSDQ�WKH�HQWLUH�KDSWLF�ZRUOG��7KH�
OHDI�QRGHV�RI�WKH�WUHH�DUH�HLWKHU�HPSW\�RU�WKH\�FRQWDLQ�D�OLVW�ZLWK�RQH�RU�PRUH�LQGLFHV��
7KH�UHDVRQ�WKDW�ZH�XVH�LQGLFHV�WR�UHSUHVHQW�D�FHUWDLQ�KDSWLF�REMHFW�LQ�WKH�RFWUHH�LV�WKDW�
HDFK�REMHFW�FDQ�VSDQ�VHYHUDO�GLIIHUHQW�WUHH�QRGHV��+DYLQJ�WKH�WUHH�FRQWDLQLQJ�WKH�DFWXDO�
PHVK�REMHFWV�FRXOG�PHDQ�WKDW�DQ�REMHFW�ZRXOG�KDYH�WR�EH�FRSLHG�VHYHUDO�WLPHV��ZKLFK�
LQ�WXUQ�ZRXOG�UHVXOW�LQ�D�KXJH�ZDVWH�RI�PHPRU\�VSDFH��%\�WUDYHUVLQJ�WKH�WUHH��FKHFNLQJ�
WKH�SRVLWLRQ�RI�WKH�3KDQWRP�DJDLQVW�WKH�VSDQ�RI�WKH�QRGHV��WKH�REMHFWV�WKDW�DUH�FORVH�WR�
WKH�3KDQWRP�FXUVRU�FDQ�HDVLO\�DQG�HIILFLHQWO\�EH�IRXQG��
�
$�SUREOHP�WKDW�ZH�HQFRXQWHUHG�ZKHQ�ZH�KDG�ILUVW�LPSOHPHQWHG�RXU�RFWUHH�ZDV�WKDW�D�
YHU\� ODUJH� REMHFW� KDG� WR� EH� UHSUHVHQWHG� LQ� D� ORW� RI� WUHH� QRGHV� WKDW� DFWXDOO\� GLG� QRW�
FRQWDLQ�WKH�REMHFW��7KLV�SUREOHP�RFFXUV�EHFDXVH�ZH�FKHFN�WKH�ERXQGLQJ�ER[HV�RI�WKH�
REMHFWV�DJDLQVW�WKH�ERXQGV�RI�WKH�WUHH�QRGH�WR�ILQG�RXW�ZKLFK�REMHFWV�WKDW�RYHUODS�ZLWK�
WKH�QRGH��7KH�SUREOHP�LV�HDVLHVW� WR�XQGHUVWDQG�ZKHQ�FRQVLGHULQJ�WKH�RXWHU�ZDOOV�RI�D�
EXLOGLQJ� FRQWDLQLQJ� WKH� HQWLUH� ZRUOG�� ,I� WKH� ZDOOV� DUH� FUHDWHG� DV� D� VLQJOH� REMHFW� WKH�
ERXQGLQJ�ER[�RI�WKLV�REMHFW�ZLOO�RYHUODS�ZLWK�HYHU\�QRGH�LQ�WKH�RFWUHH��HYHQ�WKRXJK�WKH�
ZDOOV� DUH� DFWXDOO\� RQO\� FRQWDLQHG�ZLWKLQ� WKH� RXWHUPRVW� RFWUHH� QRGHV��7KH� UHDVRQ� WKDW�
WKLV� LV�D�SUREOHP� LV�EHFDXVH�ZKHQ�WKLV�KDSSHQ��QR� WUHH�QRGHV�ZLOO�EHFRPH�HPSW\�DQG�
WKHUHIRUH�WKH�WUHH�ZLOO�JURZ�WR�LWV�PD[LPXP�VL]H��7KLV�PHDQV�WKDW�WKH�WUHH�EHFRPHV�OHVV�
HIILFLHQW�DQG�WKDW�LV�DJDLQVW�WKH�ZKROH�LGHD�RI�XVLQJ�DQ�RFWUHH��
�
7R�VROYH�WKLV�SUREOHP�ZH�GHFLGHG�WR�JLYH�WKH�GHVLJQHU�RI�WKH�ZRUOG�WKH�RSSRUWXQLW\�WR�
PDUN�ODUJH�REMHFW�E\�DVVLJQLQJ�D�FHUWDLQ�QDPH�WR�WKHP��7KH�REMHFWV�WKDW�DUH�PDUNHG�DUH�
WKHQ� OHIW� RXW� RI� WKH� RFWUHH��8VLQJ� WKLV� DSSURDFK� WKH\� DUH� QHYHU� FXOOHG� DZD\� IURP� WKH�
IRUFH� FDOFXODWLRQV�� EXW� VLQFH� WKH\�ZRXOG� KDYH� EHHQ� UHSUHVHQWHG� LQ� HYHU\� QRGH� RI� WKH�
WUHH��WKH\�ZRXOG�QRW�KDYH�EHHQ�FXOOHG�DZD\�DQ\ZD\��
�
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7KH�RSWLPDO�GHSWK�RI�WKH�WUHH�RI�FRXUVH�GHSHQGV�RQ�WKH�DPRXQW�RI�REMHFWV�ZLWKLQ�WKH�
ZRUOG��$�ZRUOG�FRQWDLQLQJ�D�ORW�RI�REMHFWV�QHHGV�D�ODUJHU�WUHH�WKDQ�D�ZRUOG�FRQWDLQLQJ�
RQO\� D� IHZ� REMHFWV�� +RZHYHU� D� PD[LPXP� GHSWK� RI� ILYH� RU� VL[� ZLOO� SUREDEO\� EH�
DSSURSULDWH�IRU�PRVW�ZRUOGV��7KH�ELJJHVW�SUREOHP�ZLWK�FUHDWLQJ�D�WUHH�WKDW�LV�YHU\�GHHS�
LV�WKDW�WKH�WLPH�WR�FUHDWH�WKH�WUHH�JURZV�UDSLGO\�ZLWK�HDFK�QHZ�OHYHO��7KLV�PHDQV�WKDW�WKH�
SUH�SURFHVVLQJ� WLPH� ZLOO� JURZ� YHU\� IDVW� DQG� WKDW� WKH� DPRXQW� RI� PHPRU\� DFTXLUHG�
EHFRPHV�PXFK�ODUJHU��
������6WDWLF�DQG�G\QDPLF�REMHFWV�
7KHUH�DUH�WZR�GLIIHUHQW�NLQGV�RI�REMHFWV�WKDW�EXLOG�XS�D�KDSWLF��'�HQYLURQPHQW��7KRVH�
DUH�VWDWLF�DQG�G\QDPLF�REMHFWV��7KH�VWDWLF�REMHFWV�DUH�WKRVH�WKDW�DOZD\V�VWD\�LQ�WKH�VDPH�
SRVLWLRQ��6WDWLF�REMHFWV�FRXOG�EH�ZDOOV�RI�EXLOGLQJV��VWDLUV�RU�IXUQLWXUH�IRU�H[DPSOH��6LQFH�
WKH�VWDWLF�REMHFWV�QHYHU�PRYH�WKH\�DUH�UHODWLYHO\�HDV\�WR�WDNH�FDUH�RI��'\QDPLF�REMHFWV�
KRZHYHU�DUH�REMHFWV�WKDW�FDQ�EH�PRYHG�LQ�VRPH�ZD\��$�G\QDPLF�REMHFW�FRXOG�EH�D�EDOO�
RU�D�FDU�IRU�H[DPSOH��:KHQ�XVLQJ�G\QDPLF�REMHFWV��DQ�DSSOLFDWLRQ�ZLOO�QRW�EH�DV�IDVW�DV�
LI�RQO\�VWDWLF�REMHFWV�ZHUH�XVHG��0RYLQJ�DQ�REMHFW�LQYROYHV�D�ORW�RI�FDOFXODWLRQV�DQG�LW�LV�
QRW�DV�HDV\�WR�FXOO�DZD\�G\QDPLF�REMHFWV�IURP�WKH�IRUFH�FDOFXODWLRQV��
�
,Q�WKH�EHJLQQLQJ�RI�WKH�SURMHFW�ZH�WKRXJKW�WKDW�DGGLQJ�VXSSRUW�IRU�G\QDPLF�REMHFWV�WR�
WKH�SOXJLQ�ZRXOG�EH�D�WRR�GLIILFXOW�DQG�WLPH�FRQVXPLQJ�WDVN�IRU�XV�WR�GR��VR�ZH�ZHUH�
SUHSDUHG�WR�FUHDWH�D�SOXJLQ�WKDW�ZRXOG�RQO\�EH�DEOH�WR�KDQGOH�VWDWLF�REMHFWV��6RPH�WLPH�
LQWR� WKH� LPSOHPHQWDWLRQ� RI� WKH� SOXJLQ� WKRXJK�� ZH� IRXQG� WKDW� WKLV� SUREDEO\� ZDV� QRW�
VXFK�D�GLIILFXOW�WDVN�DIWHU�DOO��VR�ZH�GHFLGHG�WR�DGG�VXSSRUW�IRU�G\QDPLF�REMHFWV��%HLQJ�
DEOH�WR�XVH�G\QDPLF�REMHFWV�DOORZV�IRU�WKH�FUHDWLRQ�RI�PXFK�PRUH�UHDOLVWLF�ZRUOGV�DQG�
SURYLGHV� WKH� GHYHORSHU� ZLWK� ORWV� RI� SRVVLELOLWLHV� ZKHQ� FUHDWLQJ� DSSOLFDWLRQV�� $QRWKHU�
LGHD�LV�WKDW�WKH�SOXJLQ�VKRXOG�EH�DEOH�WR�EH�XVHG�ZLWK�WKH�G\QDPLFV�V\VWHP�SOXJLQ�WKDW�
FRPHV�ZLWK�&U\VWDO�6SDFH��
�
:KHQ�DQ�REMHFW� LV�PRYHG�LQ�D�&U\VWDO�6SDFH�DSSOLFDWLRQ� LWV� WUDQVIRUP�LV�DXWRPDWLFDOO\�
XSGDWHG��7KH�WUDQVIRUP�RI�DQ�REMHFW�KROGV�LQIRUPDWLRQ�DERXW�KRZ�PXFK�WKH�REMHFW�KDV�
EHHQ�PRYHG��URWDWHG�DQG�VFDOHG�IURP�LWV�RULJLQDO�VWDWH��7KLV�LQIRUPDWLRQ�LV�WKH�VDPH�IRU�
WKH�FRUUHVSRQGLQJ�KDSWLF�REMHFW�VR�LW�GRHV�QRW�KDYH�WR�NHHS�WUDFN�RI�LWV�RZQ�WUDQVIRUP��
:KHQ�FRPSXWLQJ�WKH�IRUFHV�IURP�DQ�REMHFW�WKH�3KDQWRP�SRVLWLRQ�LV�WUDQVIRUPHG�WR�WKH�
ORFDO� FRRUGLQDWH� V\VWHP� RI� WKH� REMHFW�� 7KLV�PDNHV� LW� SRVVLEOH� WR�PRYH� REMHFWV� LQ� WKH�
DSSOLFDWLRQ�DQG�WR�IHHO�WKH�PRYHPHQWV�WKURXJK�WKH�3KDQWRP�GHYLFH��)RU�H[DPSOH��WKLV�
FDQ�EH�XVHG�E\�D�G\QDPLFV�V\VWHP�VLPXODWLQJ�JUDYLW\��,I�DQ�REMHFW�LV�DIIHFWHG�E\�JUDYLW\�
LW� ZLOO� IDOO� WR� WKH� JURXQG� LI� QRWKLQJ� KROGV� LW� XS��:KHQ� WRXFKLQJ� WKH� REMHFW� ZLWK� WKH�
3KDQWRP�RQH�FDQ�DFWXDOO\�IHHO�WKH�REMHFW�IDOOLQJ��
�
%XW� WKHUH� LV� DOVR� DQRWKHU� SRVVLELOLW\� RI�PRYLQJ� REMHFWV�� DQG� WKDW� LV� WR� SXVK� RQ� WKHP�
XVLQJ� WKH� 3KDQWRP�� 7KLV� ZRUNV� LQ� WKH� RSSRVLWH� GLUHFWLRQ�� WKDW� LV�� LI� RQH� SXVKHV� DQ�
REMHFW�RQH�ZDQWV�WR�VHH�LW�PRYH�RQ�WKH�VFUHHQ��7R�VROYH�WKLV�WDVN�ZH�XVHG�WKH�IDFW�WKDW�
WKH�G\QDPLFV� V\VWHP� LQ�&U\VWDO�6SDFH�XVHV� IRUFHV� WR�PRYH�DQ�REMHFW�� ,Q�RWKHU�ZRUGV��
ZKHQ�D�IRUFH�LV�DSSOLHG�WR�DQ�REMHFW�DQG�WKH�IRUFH�LV�ODUJH�HQRXJK��WKH�REMHFW�PRYHV�LQ�
WKH�GLUHFWLRQ�RI�WKH�IRUFH��7KLV�ILWV�YHU\�ZHOO�ZLWK�WKH�3KDQWRP�GHYLFH�VLQFH�WKH�IRUFH�
ZLWK�ZKLFK�WKH�XVHU�SXVKHV�RQ�DQ�REMHFW�FDQ�EH�IHWFKHG�IURP�WKH�GHYLFH��%\�IHWFKLQJ�
WKLV�IRUFH�DQG�DSSO\LQJ�LW�WR�WKH�FRUUHVSRQGLQJ�REMHFW�LQ�WKH�G\QDPLFV�V\VWHP��WKH�XVHU�
FDQ�VHH�WKH�REMHFW�PRYH�DV�KH�SXVKHV�RQ�LW��%XW�LW�LV�QRW�HQRXJK�WR�VHH�WKH�REMHFW�PRYH��
2QH�ZRXOG�DOVR� OLNH� WR� IHHO� LW�PRYH�DV�RQH�SXVKHV�RQ� LW��7KLV�KRZHYHU�� WDNHV�FDUH�RI�
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LWVHOI� VLQFH� DQ� REMHFW� WKDW� LV� PRYHG� LQ� &U\VWDO� 6SDFH� FDQ� EH� IHOW� PRYLQJ� ZLWK� WKH�
3KDQWRP��DV�GHVFULEHG�LQ�WKH�SUHYLRXV�SDUDJUDSK��
�
:H�GR�QRW�XVH�DQ\�DOJRULWKP�WR�FXOO�DZD\�G\QDPLF�REMHFWV�IURP�WKH�IRUFH�FDOFXODWLRQV��
6WRULQJ�WKHP�LQ�DQ�RFWUHH�DV�ZLWK�WKH�VWDWLF�REMHFWV�ZRXOG�UHVXOW�LQ�WKH�RFWUHH�KDYLQJ�WR�
EH�XSGDWHG�HYHU\�WLPH�DQ�REMHFW�LV�PRYHG��ZKLFK�ZRXOG�EH�TXLWH�LQHIILFLHQW��'XULQJ�WKH�
FRQVWUXFWLRQ�RI�WKH�KDSWLF�ZRUOG�WKH�SOXJLQ�FKHFNV�LI�WKH�REMHFWV�VKRXOG�EH�FRQVLGHUHG�
DV�PRYDEOH�DQG�LI�VR�LW�GRHV�QRW�DGG�WKHP�WR�WKH�RFWUHH��,QVWHDG�WKHVH�REMHFWV�DUH�NHSW�
LQ�D�YHFWRU�DQG�DUH�FRQVLGHUHG�IRU�FROOLVLRQ�HYHU\�WLPH�WKH�IRUFH�FDOFXODWLRQV�DUH�PDGH��
2EMHFWV�WKDW�DUH�FRQVLGHUHG�WR�EH�PRYDEOH�E\�WKH�SOXJLQ�DUH�PRYDEOH�WKLQJV�DQG�VSULWHV���
������6\QFKURQL]LQJ�JUDSKLFV�DQG�KDSWLFV�
%HFDXVH� RI� WKH� PHWKRG� ZH� XVHG� WR� UHSUHVHQW� WKH� KDSWLF� ZRUOG� VHSDUDWHO\� IURP� WKH�
JUDSKLF� ZRUOG�� ZH� IDFHG� WKH� SUREOHP� RI� KDYLQJ� WZR� GLIIHUHQW� VHWV� RI� PHVKHV� WKDW�
QHHGHG�WR�EH�V\QFKURQL]HG��7KH�SOXJLQ�ZRXOG�QRW�EH�YHU\�XVHIXO�LI�ZKDW�WKH�3KDQWRP�
GHYLFH�LV�WRXFKLQJ�LV�QRW�ZKDW�LV�VKRZQ�RQ�WKH�VFUHHQ��
�
&KDSWHU�������GHVFULEHG�KRZ�WKH�REMHFWV�FDQ�EH�PRYHG�E\� WKH�DSSOLFDWLRQ�DQG�E\� WKH�
3KDQWRP�UHVSHFWLYHO\�DQG�KRZ�WKHVH�PRYHPHQWV�ZHUH�FRPPXQLFDWHG�EHWZHHQ�WKH�WZR�
SDUWV�� %XW� WKHUH� DUH� RWKHU� WKLQJV� H[FHSW� IRU� WKH� REMHFWV� WKDW� FDQ�PRYH� DQG� WKH�PRVW�
LPSRUWDQW� LV� WKH�FDPHUD��:H�ZDQWHG� WR�EH�DEOH� WR�FUHDWH�D�ZRUOG�ZHUH�ZH�FRXOG�ZDON�
DURXQG�� WRXFKLQJ� WKLQJV� WKDW�ZHUH� ORFDWHG� LQ�GLIIHUHQW�SDUWV�RI� WKH�ZRUOG��7KLV�PHDQV�
WKDW�WKH�SRVLWLRQ�RI�WKH�3KDQWRP�ZRUNVSDFH�KDG�WR�IROORZ�WKH�FDPHUD�SRVLWLRQ�LQ�VRPH�
ZD\��
�
7KH� SOXJLQ� XVHV� D� VPDOO� *+267� VFHQH� JUDSK�� ZKHUH� WKH� 3KDQWRP� QRGH� LV� ORFDWHG�
XQGHU�D�JVW6HSDUDWRU�QRGH��VHH�ILJXUH�������7KLV�VHSDUDWRU�QRGH�FDQ�EH�XVHG�WR�WUDQVODWH�
DQG� WR� URWDWH� WKH�ZRUNVSDFH�RI� WKH�3KDQWRP��7KH�3KDQWRP�SRVLWLRQ� LV� UHODWLYH� WR� LWV�
ZRUNVSDFH�� VR� ZKHQ� PRYLQJ� WKH� ORFDWLRQ� RI� WKH� ZRUNVSDFH�� WKH� SRVLWLRQ� RI� WKH�
3KDQWRP�IROORZV��7KLV�EHKDYLRU�LV�ZKDW�ZH�WRRN�DGYDQWDJH�RI�ZKHQ�FUHDWLQJ�WKH�SOXJLQ��
%\� VHWWLQJ� WKH� ZRUNVSDFH� RI� WKH� 3KDQWRP� WR� IROORZ� WKH� FDPHUD� PRYHPHQWV� WKH�
GHYHORSHU� FDQ� EXLOG� WKH� DSSOLFDWLRQ� VR� WKDW� ZKHQ� WKH� XVHU� VWHHUV� WKH� FDPHUD�� IRU�
H[DPSOH�E\�XVLQJ�WKH�NH\ERDUG��KH�DOVR�VWHHUV�WKH�3KDQWRP�LQ�WKH�VDPH�ZD\��
������&DOFXODWLQJ�IRUFHV�
7KH�IRUFH�FDOFXODWLRQV�DUH�SHUIRUPHG�RQFH�HYHU\�VHUYR� ORRS�DQG�DUH� LQLWLDWHG�E\�D�FDOO�
IURP�WKH�VHUYR�ORRS�WR�D�FDOOEDFN�IXQFWLRQ�WKDW�LV�LPSOHPHQWHG�LQ�WKH�SOXJLQ��7KH�ILUVW�
WKLQJ� WKH�SOXJLQ�GRHV�ZKHQ� WKLV� FDOO� FRPHV� LV� WR� ILQG�DOO� VWDWLF�REMHFWV� WKDW� VKRXOG�EH�
FRQVLGHUHG�IRU�H[DFW�FROOLVLRQ�GHWHFWLRQ��7KH�SRVLWLRQ�RI�WKH�3KDQWRP�VW\OXV� LV�SDVVHG�
DV�DQ�DUJXPHQW�WR�WKH�FDOOEDFN�IXQFWLRQ�DQG�LW�LV�WKLV�SRLQW�WKDW�LV�XVHG�ZKHQ�WUDYHUVLQJ�
WKH�RFWUHH��,I�WKH�OHDI�WKDW�FRQWDLQV�WKH�SRLQW�LV�HPSW\�WKHUH�DUH�QR�QHDUE\�VWDWLF�REMHFWV��
H[FHSW�LI�WKH�GHYHORSHU�KDV�WDJJHG�FHUWDLQ�REMHFWV�OLNH�RXWHU�ZDOOV�DV�ODUJH�REMHFWV��WR�GR�
FROOLVLRQ�GHWHFWLRQ�RQ��,I�WKH�OHDI�RQ�WKH�RWKHU�KDQG�FRQWDLQV�D�OLVW�RI�LQGLFHV��WKLV�OLVW�LV�
XVHG� WR� JHW� WKH� KDSWLF� REMHFWV� DQG� WR� LQYRNH� WKHLU� IRUFH� FDOFXODWLRQ� DOJRULWKP�� 7KLV�
DOJRULWKP�SHUIRUPV� WKH� H[DFW� FROOLVLRQ�GHWHFWLRQ�� DQG� LI� WKHUH� LV� D� FROOLVLRQ�� FDOFXODWHV�
WKH�QRUPDO�IRUFH��ZKLFK�LV�SURSRUWLRQDO�WR�WKH�SHQHWUDWLRQ�GHSWK�RI�WKH�FXUVRU��,W�DOVR�
GHSHQGV�RQ�WKH�VWLIIQHVV�FRHIILFLHQW�WKDW�FDQ�EH�VHW�IRU�WKH�KDSWLF�REMHFWV��7KH�IRUFH�LV�
WKHQ�DSSOLHG�WR�WKH�3KDQWRP��FUHDWLQJ�WKH�LOOXVLRQ�WKDW�WKH�XVHU�LV�WRXFKLQJ�WKH�VXUIDFH�
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RI�WKH�REMHFW��,I�WKH�SRLQW�VKRXOG�FROOLGH�ZLWK�PRUH�WKDQ�RQH�REMHFW��WKH�IRUFHV�IURP�DOO�
WKHVH�REMHFWV�DUH�DGGHG��

� �)LJXUH�����7KH�QRUPDO�IRUFH�LV�SURSRUWLRQDO�WR�WKH�SHQHWUDWLRQ�GHSWK��
�
7KH�SURFHGXUH� IRU�FDOFXODWLQJ� IRUFHV� IRU�G\QDPLF�REMHFWV� LV� D� OLWWOH�GLIIHUHQW� IURP� WKH�
SURFHGXUH� PHQWLRQHG� DERYH�� 7KH� PDLQ� GLIIHUHQFH� LV�� DV� PHQWLRQHG� EHIRUH�� WKDW� WKH�
G\QDPLF� REMHFWV� DUH� QRW� FRQWDLQHG� ZLWKLQ� DQ� RFWUHH�� ,QVWHDG� DOO� G\QDPLF� REMHFWV� DUH�
FRQVLGHUHG� IRU� WKH� H[DFW� FROOLVLRQ�GHWHFWLRQ�� 6LQFH� WKH�G\QDPLF�REMHFWV�PRYH� DURXQG��
WKH�3KDQWRP�SRVLWLRQ�KDV�WR�EH�WUDQVIRUPHG�LQWR�WKH�REMHFW·V� ORFDO�FRRUGLQDWH�V\VWHP�
EHIRUH� WKH� IRUFH� FDOFXODWLRQ� DOJRULWKP� FDQ� EH� DSSOLHG�� 7KLV� LV� GRQH� E\� XVLQJ� WKH�
WUDQVIRUPDWLRQ�PDWUL[�FRQWDLQHG�ZLWKLQ�WKH�&U\VWDO�6SDFH�UHSUHVHQWDWLRQ�RI�WKH�REMHFW��
�
)LQDOO\�WKH�IRUFH�IURP�WKH�G\QDPLF�REMHFWV�LV�DGGHG�WR�WKH�IRUFH�IURP�WKH�VWDWLF�REMHFWV�
DQG� WKH� UHVXOWLQJ� IRUFH� LV� WKHQ� VHQW� WR� WKH� 3KDQWRP� GHYLFH�� 7KH� IRUFH� VHQW� WR� WKH�
3KDQWRP�FDQ�RQO\�EH�UHSUHVHQWHG�DV�D�VLQJOH�YHFWRU�VR�LW�LV�LPSRUWDQW�WR�KDYH�VXPPHG�
XS�WKH�IRUFHV�DFWLQJ�RQ�WKH�VW\OXV�WR�D�VLQJOH�IRUFH�EHIRUH�GHOLYHULQJ�LW�WR�WKH�GHYLFH��
������)ULFWLRQ�
,I� WKH� IRUFHV� DUH� FDOFXODWHG� ZLWKRXW� WDNLQJ� IULFWLRQ� IRUFHV� LQWR� DFFRXQW� WKH� REMHFWV�
EHFRPH�YHU\�VOLSSHU\��PDNLQJ�LW�GLIILFXOW�WR�IHHO�WKH�VKDSH�RI�WKH�REMHFW��)ULFWLRQ�LV�DOVR�
YHU\� LPSRUWDQW�ZKHQ� WU\LQJ� WR� FUHDWH� D� UHDOLVWLF� IHHO� WR� DQ� REMHFW��%HFDXVH� RI� WKLV�ZH�
GHFLGHG�WR�PDNH�DQ�DWWHPSW�WR�DGG�IULFWLRQ�WR�RXU�IRUFH�FDOFXODWLRQV��
�
)ULFWLRQ� LV� D� IRUFH� DFWLQJ� EHWZHHQ� WZR� ERGLHV� RSSRVLQJ� WKHLU� UHODWLYH� PRYHPHQW��
8VXDOO\��ZH�GLVWLQJXLVK�EHWZHHQ�VWDWLF�IULFWLRQ�DQG�NLQHWLF�IULFWLRQ��6WDWLF�IULFWLRQ�LV�WKH�
IULFWLRQDO� IRUFH� ZRUNLQJ� RQ� D� ERG\� DW� UHVW�� RSSRVLQJ� VHWWLQJ� LW� LQWR�PRWLRQ�� ZKHUHDV�
NLQHWLF� IULFWLRQ� LV� WKH� IULFWLRQDO� IRUFH�ZRUNLQJ�RQ�D�ERG\� WKDW� LV� DOUHDG\� LQ�PRWLRQ�� ,Q�
JHQHUDO�� VWDWLF� IULFWLRQ� LV� ODUJHU� WKDQ�NLQHWLF� IULFWLRQ� >��@��$V� VHHQ� LQ� ILJXUH������ DV� WKH�
DSSOLHG� IRUFH� LQFUHDVHV�� WKH� IULFWLRQ�JURZV�XQWLO� LW� UHDFKHV� LWV�PD[LPXP�YDOXH�� ,Q� WKLV�
DUHD�WKH�REMHFW�UHPDLQV�VWXFN�LQ�LWV�RULJLQDO�SRVLWLRQ��$V�WKH�DSSOLHG�IRUFH�JURZV�ODUJHU�
WKDQ�WKH�PD[LPXP�YDOXH�WKH�REMHFW�VOLSV�DQG�VWDUWV�WR�PRYH��7KH�IULFWLRQ�QRZ�GHFUHDVHV�
XQWLO�LW�UHDFKHV�WKH�NLQHWLF�IULFWLRQ�YDOXH�DQG�WKH�REMHFW�FRQWLQXHV�WR�VOLGH��
�
7KH�IULFWLRQ�IRUFH� LV�SURSRUWLRQDO� WR�WKH�QRUPDO� IRUFH��ZKLFK� LV� WKH�IRUFH�WKDW�SUHVVHV�
WKH�WZR�REMHFWV�WRJHWKHU��7KH�HTXDWLRQ�LV�ZULWWHQ��
�
� NF f ⋅= µ � ������
�
ZKHUH� � LV� WKH� IULFWLRQ�FRHIILFLHQW�DQG�1� LV� WKH�QRUPDO� IRUFH� >�@��.HHSLQJ� WKH�QRUPDO�
IRUFH�FRQVWDQW�DQG�LQFUHDVLQJ�WKH�DSSOLHG�IRUFH�ZLOO�FDXVH�WKH�IULFWLRQ�WR�FKDQJH�LQ�WKH�
ZD\�VKRZQ�LQ�ILJXUH�������
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� �)LJXUH�����7KH�IULFWLRQ�� ��YDULHV�ZLWK�WKH�DSSOLHG�IRUFH��:KHQ�WKH�VWDWLF�IULFWLRQ�UHDFKHV�LWV�ODUJHVW�YDOXH�� � ��� � ��WKH�
REMHFW�VWDUWV�WR�PRYH��$W�WKLV�SRLQW�WKH�IULFWLRQ�ZLOO�QRUPDOO\�GHFUHDVH�WR�D�FRQVWDQW�YDOXH�� � ���
�
7KH� IULFWLRQ� PRGHO� WKDW� ZH� FKRVH� IRU� WKH� SOXJLQ� FDQ� EH� H[SODLQHG� ZLWK� WZR� SRLQWV�
FRQQHFWHG�E\� D� VSULQJ� �VHH� ILJXUH�������7KH� ILUVW�SRLQW� LV� WKH� VWLFN�SRLQW��ZKLFK� LV� WKH�
SRLQW�RQ�WKH�VXUIDFH�RI�WKH�REMHFW�ZKHUH�WKH�3KDQWRP�FXUVRU�ILUVW�WRXFKHG�GRZQ��7KH�
RWKHU�SRLQW�LV�WKH�SRVLWLRQ�RI�WKH�3KDQWRP�FXUVRU��'HSHQGLQJ�RQ�WKH�GLVWDQFH�EHWZHHQ�
WKH�WZR�SRLQWV�WKH�PRGHO�KDV�WKUHH�GLIIHUHQW�VWDWHV�>�@��

� �)LJXUH�����7KH�YLUWXDO�VSULQJ�WKDW�FRQQHFWV�WKH�VWLFN�SRLQW��:��DQG�WKH�SRVLWLRQ�RI�WKH�3KDQWRP��;���
�
7KH�ILUVW�VWDWH�LV�ZKHQ�WKH�FXUVRU�PRYHV�ZLWKLQ�D�YHU\�VPDOO�UDGLXV�RI�WKH�VWLFN�SRLQW��,Q�
WKLV� FDVH� WKH� IULFWLRQ� IRUFH�ZLOO� EH� ]HUR�� 7KLV� VWDWH� LV� QHHGHG� EHFDXVH� WKHUH� DUH� VPDOO�
YLEUDWLRQV� LQ� WKH� SRVLWLRQ� RI� WKH� 3KDQWRP� FXUVRU�� GXH� WR� VPDOO� LQYROXQWDU\� KDQG�
PRYHPHQWV�� :KHQ� WKH� GLVWDQFH� EHWZHHQ� WKH� WZR� SRLQWV� H[FHHGV� D� FHUWDLQ� YDOXH� WKH�
IRUFH� LV� VHW� SURSRUWLRQDO� WR� WKH� GLVWDQFH�� ,Q� WKLV� VWDWH� WKH� PRGHO� DFWV� OLNH� D� VSULQJ��
SXOOLQJ�WKH�3KDQWRP�WRZDUGV�WKH�VWLFN�SRLQW��7KH�VHQVDWLRQ�LV�WKDW�WKH�3KDQWRP�LV�VWXFN�
LQ�RQH�SRVLWLRQ��6WUHWFKLQJ�WKH�VSULQJ�EH\RQG�LWV�PD[LPXP�ZLOO�FDXVH�WKH�WUDQVLWLRQ�LQWR�
WKH� VOLGLQJ� VWDWH�� ,Q� WKLV� VWDWH� WKH� VWLFN�SRLQW� LV� PRYHG� DORQJ� ZLWK� WKH� FXUVRU� DQG� D�
FRQVWDQW�IULFWLRQ�IRUFH�LV�DSSOLHG��
�
6LQFH� WKH� FXUVRU� LV� QRW� UHVWULFWHG� WR� WKH� VXUIDFH� RI� WKH� REMHFW� LW� WRXFKHV�� EXW� DFWXDOO\�
PRYHV�DURXQG�MXVW�XQGHU�WKH�VXUIDFH��ZH�XVH�WKH�VXUIDFH�FRQWDFW�SRLQW�ZKHQ�FDOFXODWLQJ�
WKH�IULFWLRQ�DQG�QRW�WKH�DFWXDO�SRVLWLRQ�RI�WKH�FXUVRU��7KH�VXUIDFH�FRQWDFW�SRLQW�LV�WKH�
SRLQW�� RQ� WKH� VXUIDFH�� WKDW� LV� FORVHVW� WR� WKH� FXUVRU�� %\� GRLQJ� WKLV� ZH� DVVXUH� WKDW� WKH�
IULFWLRQ�IRUFH�LV�DOZD\V�D�WDQJHQWLDO�IRUFH��

� �)LJXUH�����7KH�IULFWLRQ�IRUFH�LV�FDOFXODWHG�E\�WKH�XVH�RI�WKH�VXUIDFH�FRQWDFW�SRLQW��6&3��DQG�QRW�WKH�DFWXDO�FXUVRU�
SRVLWLRQ��7KLV�LV�WR�PDNH�VXUH�WKDW�WKH�IULFWLRQ�IRUFH�LV�SDUDOOHO�WR�WKH�VXUIDFH�RI�WKH�REMHFW��



&KDSWHU���²�'HVLJQ�

 ���

$V�PHQWLRQHG�DERYH�WKH�IULFWLRQ�IRUFH�VKRXOG�EH�SURSRUWLRQDO�WR�WKH�QRUPDO�IRUFH�DQG�
WKXV� WKH� UHVXOWLQJ� IULFWLRQ� IRUFH� LV� VFDOHG� XVLQJ� WKH� QRUPDO� IRUFH� FDOFXODWHG� IURP� WKH�
SHQHWUDWLRQ�GHSWK��
������9LVFRXV�REMHFWV�
:H�ZDQWHG� WR� WU\� WR� LPSOHPHQW�VRPH�RWKHU� W\SH�RI�REMHFW� WKDQ� WKH�VROLG�REMHFWV� WKDW�
ZHUH�SDUW�RI�WKH�H�7RXFK�$3,��:H�FKRVH�WR�LPSOHPHQW�VXSSRUW�IRU�OLTXLG�REMHFWV�LQ�WKH�
SOXJLQ��:KHQ�PRYLQJ�DURXQG� LQ�ZDWHU� IRU�H[DPSOH�� WKH�PRYHPHQW� LV�GDPSHG�GXH� WR�
WKH� YLVFRVLW\� RI� WKH� IOXLG�� 7KH� GDPSLQJ� IRUFH� LV� SURSRUWLRQDO� WR� WKH� YHORFLW\� RI� WKH�
REMHFW��VR�LPSOHPHQWLQJ�WKLV�HIIHFW�VHHPHG�WR�EH�D�SUREOHP�WKDW�ZDV�QRW�WR�GLIILFXOW�WR�
VROYH���
�
:H�GHFLGHG�WR�LPSOHPHQW�WKH�IRUFH�FDOFXODWLRQV�LQ�D�ZD\�VLPLODU�WR�WKH�VOLGLQJ�SDUW�RI�
WKH� IULFWLRQ�FDOFXODWLRQ��7KDW� LV��E\�XVLQJ�D�SRLQW�VOLGLQJ�DORQJ�EHKLQG� WKH�FXUVRU��7KH�
GLIIHUHQFH�LV�WKDW�ZLWK�IULFWLRQ�WKH�GLVWDQFH�EHWZHHQ�WKH�WZR�SRLQWV�LV�NHSW�FRQVWDQW�WR�
HQVXUH�D�FRQVWDQW�IULFWLRQ�IRUFH��,Q�WKLV�FDVH�KRZHYHU��WKH�GLVWDQFH�FRQWLQXHV�WR�JURZ�DV�
WKH�YHORFLW\�RI�WKH�FXUVRU�LQFUHDVHV��FDXVLQJ�WKH�GDPSLQJ�IRUFH�WR�JURZ�ZLWK�LW���
�
$�VROLG�REMHFW�DQG�D�OLTXLG�KDYH�VR�GLIIHUHQW�FKDUDFWHULVWLFV�WKDW�ZH�GHFLGHG�WR�FUHDWH�D�
QHZ�NLQG�RI� REMHFW� WR� UHSUHVHQW� OLTXLGV��7KH�REMHFW� LV� FUHDWHG� DV� D� WULDQJOH�PHVK�EXW�
LQVWHDG� RI� SXVKLQJ� WKH� 3KDQWRP� RXW� RI� WKH� REMHFW� ZKHQ� LW� SHQHWUDWHV� WKH� VXUIDFH�� D�
VPDOOHU� IRUFH� LV� DSSOLHG� RSSRVLWH� WKH� GLUHFWLRQ� RI� PRYHPHQW�� PDNLQJ� LW� SRVVLEOH� WR�
PRYH�DURXQG�LQVLGH�WKH�HQWLUH�OLTXLG�REMHFW���
�
:H�GHFLGHG� WR� UHVHUYH� WKH�&U\VWDO� 6SDFH� QDPH� ´OLTXLGµ� IRU� WKLV� W\SH�RI� REMHFWV��7KLV�
PHDQV�WKDW�DQ�REMHFW�QDPHG�´OLTXLGµ�LV�UHFRJQL]HG�E\�WKH�SOXJLQ�DQG�D�OLTXLG�REMHFW�LV�
FUHDWHG��7R�EH�DEOH� WR�FUHDWH� OLTXLGV�ZLWK�GLIIHUHQW�FKDUDFWHULVWLFV� LW� LV�DOVR�SRVVLEOH� WR�
GHFLGH�WKH�YLVFRVLW\�RI�WKH�REMHFW��5HDG�PRUH�DERXW�WKLV�LQ�DSSHQGL[�&��
������%DVLF�JHRPHWU\�REMHFWV�
2SWLPL]LQJ�SHUIRUPDQFH�LV�D�NH\�LVVXH�ZKHQ�ZRUNLQJ�ZLWK�KDSWLFV��VR�WKH�XVH�RI�PHVK�
REMHFWV� LV� QRW� UHDOO\� WKH� EHVW� FKRLFH� IRU� REMHFWV� ZLWK� EDVLF� JHRPHWU\� VXFK� DV� ER[HV��
VSKHUHV� DQG� F\OLQGHUV� WKDW� FDQ�EH� UHSUHVHQWHG�E\� WKHLU� VL]HV�� LQVWHDG�RI� E\� D�PHVK�RI�
WULDQJOHV��$�ER[�FDQ�EH�FUHDWHG�IURP�WKH�OHQJWK�RI�LWV�VLGHV��D�VSKHUH�E\�LWV�UDGLXV�DQG�D�
F\OLQGHU�E\�KHLJKW�DQG�UDGLXV��6XFK�DQ�REMHFW�LV�HDVLHU�WR�ZRUN�ZLWK�WKDQ�D�WULDQJOH�PHVK�
DQG�WKH�IRUFH�FDOFXODWLRQV�DUH�HDVLHU�DQG�IDVWHU�WKDQ�IRU�D�PHVK�REMHFW��
�
7R�WDNH�DGYDQWDJH�RI�WKLV�IDFW��ZH�GHFLGHG�WR�WDNH�WKH�ER[��VSKHUH�DQG�F\OLQGHU�REMHFWV�
IURP�H�7RXFK�DQG�UHEXLOG�WKHP�VR�WKDW�WKH\�ZRXOG�ILW� LQWR�RXU�SOXJLQ��DV�ZH�GLG�ZLWK�
WKH�WULDQJOH�PHVKHV�LQ�WKH�EHJLQQLQJ�RI�WKH�SURMHFW��:KHQ�WKLV�ZDV�GRQH�ZH�IRXQG�WKDW�
WKHUH�ZHUH�VRPH�GLIILFXOWLHV�LQ�FUHDWLQJ�WKH�REMHFWV�LQ�WKH�FRUUHFW�SRVLWLRQ�LQ�WKH�ZRUOG��
7KH�SUREOHP�RFFXUUHG�EHFDXVH�WKH�REMHFWV�ORDGHG�IURP�D�PDS�ILOH�KDYH�WKHLU�YHUWLFHV�LQ�
ZRUOG�FRRUGLQDWHV��PHDQLQJ�WKDW�WKH\�DOO�KDYH�WKHLU�RULJLQ�LQ�WKH�RULJLQ�RI�WKH�ZRUOG��:H�
GHFLGHG�WKDW�ZH�ZRXOG�NHHS�KDYLQJ�WKH�ZRUOG�FRRUGLQDWHV�IRU�VWDWLF�REMHFWV�DQG�XVH�WKH�
REMHFW·V� WUDQVIRUP� IURP�&U\VWDO� 6SDFH� IRU� G\QDPLF� REMHFWV��%HFDXVH� RI� WKLV� WKH� EDVLF�
JHRPHWU\�REMHFWV�FDQ�RQO\�EH�XVHG�IRU�G\QDPLF�REMHFWV��
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������'LIIHUHQW�FRRUGLQDWH�V\VWHPV�
$�SUREOHP� WKDW�ZH� VWUXJJOHG�ZLWK�GXULQJ� D�ELJ� SDUW�RI� WKH� GHYHORSPHQW�SURFHVV�ZDV�
WKDW� &U\VWDO� 6SDFH�� H�7RXFK� DQG�*+267� GRHV� QRW� XVH� WKH� VDPH� FRRUGLQDWH� V\VWHP��
7KH�SUREOHP�LV�WKDW�&U\VWDO�6SDFH�DQG�*+267�XVHV�D�ULJKW�KDQGHG�FRRUGLQDWH�V\VWHP�
ZKLOH�H�7RXFK�XVHV�D� OHIW�KDQGHG�FRRUGLQDWH�V\VWHP��%HFDXVH�RI� WKLV� WKH�KDSWLF�ZRUOG�
KDG� WR�EH�EXLOW� DV� D�PLUURU�RI� WKH� JUDSKLF�ZRUOG��7R� VROYH� WKLV�ZH� VLPSO\�GHFLGHG� WR�
FKDQJH� WKH� VLJQ� RI� WKH� ]�YDOXH� RQ� DOO� FRRUGLQDWHV� DQG� IRUFH� YHFWRUV� WKDW� ZHUH�
FRPPXQLFDWHG� EHWZHHQ� SDUWV� WKDW� XVHG� GLIIHUHQW� FRRUGLQDWH� V\VWHPV�� 7KLV� GRHV� QRW�
DIIHFW�WKH�ZD\�WKH�ZRUOG�KDV�WR�EH�FRQVWUXFWHG��
�
7KH� SUREOHP�KRZHYHU�� EHFDPH� JUHDWHU�ZKHQ�ZH� GHFLGHG� WR� DGG� VXSSRUW� IRU�PRYLQJ�
REMHFWV��0RYLQJ�WKHP�LQ�WKH�ULJKW�GLUHFWLRQ�ZDV�QRW�YHU\�KDUG�EXW�JHWWLQJ�WKHP�WR�URWDWH�
FRUUHFWO\�WRRN�TXLWH�VRPH�WLPH�WR�ILJXUH�RXW��$IWHU�D�ORW�RI�WHVWLQJ��ZH�HYHQWXDOO\�IRXQG�
WKH�FRUUHFW�VHULHV�RI�WUDQVIRUPDWLRQV�WKDW�KDG�WR�EH�PDGH�WR�JHW�WKH�3KDQWRP�SRVLWLRQ�
FRUUHFWO\�WUDQVIRUPHG�LQWR�WKH�ORFDO�FRRUGLQDWH�V\VWHP�RI�WKH�REMHFW�DQG�WKH�FDOFXODWHG�
IRUFHV�FRUUHFWO\�WUDQVIRUPHG�EDFN�WR�WKH�ZRUOG�FRRUGLQDWH�V\VWHP��

����3URJUDP�VWUXFWXUH�
������*+267�DQG�H�7RXFK�SDUWV�XVHG�
$IWHU� WKH�HYDOXDWLRQ�RI�*+267�DQG�H�7RXFK�ZH�GHFLGHG�RQO\� WR�XVH�D� VPDOO�SDUW�RI�
WKHLU� IXQFWLRQDOLW\� DQG� WR� LPSOHPHQW� WKH� UHVW� RXUVHOYHV�� )RU� H[DPSOH�� WKH� SDUW� RI� WKH�
SOXJLQ� WKDW� NHHSV� WUDFN� RI� DOO� WKH� KDSWLF� REMHFWV� DQG� WKH� SDUW� WKDW�PDQDJHV� WKH� IRUFH�
FROOHFWLRQ�IURP�WKH�REMHFWV�DUH�QRW�WDNHQ�IURP�WKH�$3,·V��
�
$V�LQ�H�7RXFK��ZH�XVH�D�VPDOO�*+267�VFHQH�JUDSK�WR�EH�DEOH�WR�FRPPXQLFDWH�ZLWK�WKH�
3KDQWRP�GHYLFH��7KH�VFHQH�JUDSK�FRQWDLQV�D�JVW3KDQWRP�QRGH��ZKLFK�LV�QHHGHG�WR�EH�
DEOH� WR�UHWULHYH� WKH�VWDWXV�RI� WKH�3KDQWRP�DQG�DOVR� WR�EH�DEOH� WR�FKDQJH� LWV�VWDWXV�� ,Q�
RXU�FDVH�LW�LV�WKH�SRVLWLRQ�RI�WKH�VW\OXV�WKDW�LV�UHWULHYHG�IURP�WKH�3KDQWRP�GHYLFH�DQG�LW�
LV�WKH�SRVLWLRQ�RI�WKH�3KDQWRP�ZRUNVSDFH�WKDW�QHHGV�WR�EH�FKDQJHG�ZKHQ�WKH�FDPHUD�
PRYHV� DURXQG� LQ� WKH� �'� HQYLURQPHQW��7KHUH� LV� DOVR� QHHG� IRU� D� JVW)RUFH)LHOG� LQ� WKH�
VFHQH�JUDSK��7KH�IRUFH�ILHOG�LV�QHHGHG�WR�EH�DEOH�WR�VHQG�IRUFHV�GLUHFWO\�WR�WKH�3KDQWRP�
EHFDXVH�*+267�LV�QRW�XVHG�IRU�WKH�KDSWLF�FDOFXODWLRQV��
�
�
�
�
�
�
�
�
�
�

)LJXUH�����7KH�VPDOO�*+267�VFHQH�JUDSK�XVHG�LQ�WKH�SOXJLQ�WR�FRPPXQLFDWH�ZLWK�WKH�3KDQWRP��
�
2WKHU�WKLQJV�WKDW�ZH�DOVR�XVH�IURP�H�7RXFK�DUH�PRGLILHG�YHUVLRQV�RI�WKH�KDSWLF�REMHFWV�
FODVVHV�� 7KHVH� FODVVHV� DUH� XVHG� WR� UHSUHVHQW� WKH� REMHFWV� DQG� WKH\� FRQWDLQ� WKH� IRUFH�
FDOFXODWLRQ� DOJRULWKPV�� 7R� PDNH� WKHVH� FODVVHV� ILW� LQWR� WKH� UHVW� RI� RXU� SOXJLQ� ZH�

Root (gstSeparator) 

gstPhantom 

gstSeparator gstForceField 
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H[DPLQHG� WKHP�WKRURXJKO\��:H�WKHQ�UHPRYHG�DV�PXFK�FRGH�DV�SRVVLEOH� WKDW�ZDV�QRW�
QHHGHG� IRU� WKH� IRUFH� DOJRULWKP� WR� ZRUN� DQG� PDGH� D� IHZ� FKDQJHV� WR� FUHDWH� D� PRUH�
VXLWDEOH�LQWHUIDFH��7KHUH�DUH�DOVR�RWKHU�SDUWV�RI�WKH�H�7RXFK�$3,�WKDW�DUH�XVHG�EXW�WKH\�
KDYH�QRW�EHHQ�PRGLILHG�LQ�DQ\�ZD\��
������&ODVVHV�DQG�VWUXFWV�
:LWK�WKLV�VHFWLRQ�ZH�ZLVK�WR�VKRZ�KRZ�ZH�KDYH�GLYLGHG�WKH�IXQFWLRQDOLW\�RI�WKH�SOXJLQ�
LQWR�GLIIHUHQW�FODVVHV��+HUH�LV�D�VPDOO�GHVFULSWLRQ�RI�HDFK�FODVV�DQG�D�80/�FODVV�GLDJUDP�
WR� VKRZ�KRZ� WKH� GLIIHUHQW� FODVVHV� DUH� FRQQHFWHG� WR� HDFK� RWKHU�� 7KH� H�7RXFK� FODVVHV�
XVHG� LQ�RXU� LPSOHPHQWDWLRQ�KDYH� DOO� EHHQ�PRGLILHG� LQ� VRPH�ZD\��+RZHYHU� WR� JHW� DQ�
RYHUYLHZ� RI� WKHLU� RULJLQDO� IXQFWLRQDOLW\� RQH� FDQ� DOVR� KDYH� D� ORRN� LQ� WKH� H�7RXFK�
UHIHUHQFH�PDQXDO�>�@��
�
L3KDQWRP�
7KH� L3KDQWRP� VWUXFW� VHUYHV� DV� WKH� LQWHUIDFH� RI� WKH� SOXJLQ� WR� WKH� &U\VWDO� 6SDFH�
DSSOLFDWLRQ��7R� ILW� LQWR� WKH�&U\VWDO�6SDFH�6KDUHG�&ODVV�)DFLOLW\� �6&)��� WKLV� LQWHUIDFH� LV�
GHULYHG� IURP� WKH� L%DVH� FODVV�� 6LQFH� LW� LV� DQ� LQWHUIDFH�� L3KDQWRP� FRQWDLQV� QR�PHPEHU�
IXQFWLRQ� LPSOHPHQWDWLRQV� DQG� QR� FRQVWUXFWRU� DQG� WKXV�� FDQQRW� EH� LQVWDQFLDWHG�� 7KH�
IXQFWLRQV�GHFODUHG�E\�WKLV�LQWHUIDFH�DUH�LPSOHPHQWHG�LQ�WKH�FV3KDQWRP�FODVV��
�
FV3KDQWRP�
7KLV� FODVV� KROGV� WKH� LPSOHPHQWDWLRQV� RI� WKH� IXQFWLRQV� GHFODUHG� LQ� WKH� L3KDQWRP�
LQWHUIDFH�� ,W� LV� WKURXJK� WKHVH� IXQFWLRQV� WKDW� WKH� DSSOLFDWLRQ� FRPPXQLFDWHV� ZLWK� WKH�
SOXJLQ�� )RU� H[DPSOH�� WKH� DSSOLFDWLRQ� FDQ� VHW� WKH� OLVW� RI�PHVK� REMHFWV� WKDW� VKRXOG� EH�
UHSUHVHQWHG�DV�KDSWLF�REMHFWV�E\� WKH�SOXJLQ�� ,W� FDQ�DOVR� VWDUW� DQG�VWRS� WKH� VHUYR� ORRS��
:KHQ�WKH�VHUYR�ORRS�LV�XS�DQG�UXQQLQJ�WKHUH�DUH�IXQFWLRQV�WKDW�FDQ�EH�XVHG�WR�IHWFK�WKH�
SRVLWLRQ� RI� WKH� 3KDQWRP� VW\OXV� DQG� WR� FKDQJH� WKH� SRVLWLRQ� DQG� RULHQWDWLRQ� RI� WKH�
3KDQWRP�ZRUNVSDFH�DFFRUGLQJ�WR�WKH�FDPHUD�PRYHPHQWV�LQ�WKH�DSSOLFDWLRQ���
�
:RUOG�
7KH�:RUOG�FODVV�FDQ�EH�VHHQ�DV�D�FRQWDLQHU�RI�DOO�WKH�KDSWLF�REMHFWV��,W�LV�UHVSRQVLEOH�IRU�
FUHDWLQJ� DQG� NHHSLQJ� D� KDSWLF� UHSUHVHQWDWLRQ� RI� WKH� �'� HQYLURQPHQW� XVHG� E\� WKH�
DSSOLFDWLRQ��7R�NHHS� WUDFN�RI� WKH�VWDWLF�REMHFWV�FRQWDLQHG� LQ� WKH�ZRUOG��DQ� LQVWDQFH�RI�
WKH�2FWUHH�FODVV�LV�XVHG��:RUOG�DOVR�FROOHFWV�WKH�IRUFHV�IURP�WKH�KDSWLF�REMHFWV��
�
2FWUHH�
7KH� RFWUHH� LV� XVHG� IRU� FXOOLQJ� DZD\� REMHFWV� WKDW� DUH� QRW� LQ� WKH� SUR[LPLW\� RI� WKH�
3KDQWRP��WKXV�SURYLGLQJ�D�SHUIRUPDQFH�LQFUHDVH�DQG�PDNLQJ�LW�SRVVLEOH�IRU�WKH�SOXJLQ�
WR�KDQGOH�D� ODUJHU�DPRXQW�RI�REMHFWV��7KH�2FWUHH�REMHFW� LV�UHVSRQVLEOH�IRU�VWRULQJ�WKH�
URRW�RI�WKH�WUHH�DQG�SURYLGLQJ�DFFHVV� WR�WKH�WUHH��7KH�RFWUHH� LWVHOI�DFWXDOO\�FRQVLVWV�RI�
1RGH�REMHFWV��
�
1RGH�
7KH�QRGH�REMHFWV�DUH�ZKDW�EXLOG�XS�WKH�RFWUHH��(YHU\�QRGH�WKDW�LV�QRW�D�OHDI�RI�WKH�WUHH�
KDV�HLJKW�FKLOG�QRGHV��(DFK�QRGH�UHSUHVHQWV�D�FHUWDLQ�YROXPH�RI�VSDFH�LQVLGH�WKH�ZRUOG�
DQG�WKH�FKLOGUHQ�RI�WKH�QRGH�HDFK�UHSUHVHQW�DQ�HLJKWK�RI�WKLV�YROXPH��$�OHDI�RI�WKH�WUHH�
LV�HLWKHU�HPSW\�RU�LW�FRQWDLQV�D�OLVW�ZLWK�RQH�RU�PRUH�LQGLFHV�UHSUHVHQWLQJ�KDSWLF�REMHFWV��
$Q�REMHFW�LV�DGGHG�WR�WKH�OLVW�LI�LWV�ERXQGLQJ�ER[�RYHUODSV�ZLWK�WKH�QRGH��
�
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HW2EMHFW�
7KH�HW2EMHFW�LV�WKH�EDVH�FODVV�IRU�DOO�KDSWLF�REMHFWV�LQ�H�7RXFK��7R�FUHDWH�D�QHZ�NLQG�RI�
KDSWLF�REMHFW�WKLV�REMHFW�VKRXOG�EH�XVHG�DV�WKH�VXSHU�FODVV��7KH�FODVV�KDV�EHHQ�VOLJKWO\�
PRGLILHG�LQ�RXU�SOXJLQ�FRPSDUHG�WR�WKH�H�7RXFK�LPSOHPHQWDWLRQ��(YHU\�HW2EMHFW�KDV�D�
FHUWDLQ�VWLIIQHVV��7KLV�KDV�EHHQ�XWLOL]HG�LQ�WKH�SOXJLQ�DORQJ�ZLWK�DQ�DGGHG�SURSHUW\�IRU�
IULFWLRQ��$OO�JUDSKLFV�SURSHUWLHV�KDYH�EHHQ�UHPRYHG�IURP�WKH�RULJLQDO�H�7RXFK�YHUVLRQ��
�
HW+DSWLF7ULVXUIDFH�
7KH� HW+DSWLF7ULVXUIDFH� FODVV� LV� ZKDW� UHSUHVHQWV� D� JHQHUDO� KDSWLF� REMHFW�� 7KH�
HW+DSWLF7ULVXUIDFH�FODVV�LV�GHULYHG�IURP�WKH�HW2EMHFW�FODVV��,W�FRQWDLQV�D�WULDQJOH�PHVK�
GHILQLQJ�WKH�VKDSH�RI�WKH�REMHFW�DQG�DOVR�DQ�DOJRULWKP�WR�HIILFLHQWO\�FDOFXODWH�IRUFHV�WKDW�
DUH�FDXVHG�E\�WKH�3KDQWRP�SRVLWLRQ�EHLQJ�LQVLGH�WKH�REMHFW��
�
HW2FW7UHH�
7KH�HW2FW7UHH�FODVV�LV�XVHG�E\�WKH�HW+DSWLF7ULVXUIDFH�IRU�WKH�FROOLVLRQ�GHWHFWLRQ�SDUW�RI�
WKH�IRUFH�FDOFXODWLRQ��%\�WXUQLQJ�WKH�WULDQJOH�PHVK�LQWR�DQ�RFWUHH�VWUXFWXUH��WKH�FROOLVLRQ�
GHWHFWLRQ�FDQ�EH�PDGH�YHU\�HIILFLHQW��,W�EDVLFDOO\�ZRUNV� LQ�WKH�VDPH�ZD\�DV�WKH�RFWUHH�
XVHG�IRU�FXOOLQJ�DZD\�VWDWLF�REMHFWV��+RZHYHU�WKLV�RFWUHH� LV�XVHG�WR�FXOO�DZD\�WULDQJOHV�
RQ�D�VLQJOH�REMHFW��
�
HW%R[�
7KH�HW%R[�FODVV� LV�D�VXE�FODVV�RI�HW2EMHFW�DQG�GHVFULEHV�D�VLPSOH�ER[�RQO\�E\� LWV�VL]H�
DQG� QRW� E\� GLIIHUHQW� SRO\JRQV�� %HFDXVH� RI� LWV� VLPSOHU� VWUXFWXUH� WKH� FXOOLQJ� DQG� IRUFH�
FDOFXODWLRQV�DUH�HDVLHU�WKDQ�LI�XVLQJ�DQ�HW+DSWLF7ULVXUIDFH��7KH�HW%R[�LV�FXUUHQWO\�RQO\�
XVHG�IRU�G\QDPLF�REMHFWV��
�
HW6SKHUH�
7KH�HW6SKHUH�FODVV�LV�DQRWKHU�SULPLWLYH�VKDSH�WKDW�LV�D�VXE�FODVV�RI�HW2EMHFW��,W�FDQ�EH�
XVHG�WR�UHSUHVHQW�D�KDSWLF�VSKHUH�DQG�LV�RQO\�UHSUHVHQWHG�E\�LWV�UDGLXV��7KH�HW6SKHUH�LV�
FXUUHQWO\�RQO\�XVHG�IRU�G\QDPLF�REMHFWV��
�
HW&\OLQGHU�
7KH�HW&\OLQGHU�FODVV�LV�DOVR�D�SULPLWLYH�VKDSH�WKDW�LV�D�VXE�FODVV�RI�HW2EMHFW��,W�FDQ�EH�
XVHG� WR� UHSUHVHQW� D�KDSWLF� F\OLQGHU�� ,W� LV� UHSUHVHQWHG�E\� LWV� UDGLXV� DQG� LWV�KHLJKW��7KH�
HW&\OLQGHU�LV�FXUUHQWO\�RQO\�XVHG�IRU�G\QDPLF�REMHFWV��
�
JVW)RUFH)LHOG�
$�SRVVLELOLW\�WR�GHWHUPLQH�WKH�ZD\�WKDW�WKH�IRUFHV�DUH�FDOFXODWHG�ZLWKLQ�WKH�VHUYR�ORRS�LV�
JLYHQ� WKURXJK� WKH� JVW)RUFH)LHOG� FODVV�� %\� VXEFODVVLQJ� WKLV� FODVV� DQG� RYHUORDGLQJ� D�
PHPEHU�IXQFWLRQ�WKDW�LV�FDOOHG�LQ�WKH�VHUYR�ORRS��GHYHORSHUV�FDQ�LPSOHPHQW�WKHLU�RZQ�
DOJRULWKPV� IRU� KRZ� WR� FDOFXODWH� WKH� IRUFH�� )RU� H[DPSOH�� WKLV� DOORZV� WKH� GHYHORSHU� WR�
GHVLJQ�WKH�KDSWLF�REMHFWV��WKH�GDWD�VWUXFWXUHV�WR�KROG�WKHVH�REMHFWV�DQG�VR�RQ��
�
)RUFH)LHOG�
$V�PHQWLRQHG�DERYH� WKH�JVW)RUFH)LHOG�FODVV�FDQ�EH�VXEFODVVHG� WR�JLYH�GHYHORSHUV� WKH�
SRVVLELOLW\�WR�FDOFXODWH�WKH�IRUFHV�WR�WKH�3KDQWRP�LQ�WKHLU�RZQ�ZD\��)RU�WKLV�ZH�XVH�WKH�
)RUFH)LHOG� FODVV�� ZKLFK� RYHUORDGV� WKH� PHPEHU� IXQFWLRQ� DOVR� PHQWLRQHG� DERYH�� 7KLV�
IXQFWLRQ�VWDUWV�RXU�RZQ�IRUFH�FDOFXODWLRQV�E\�FDOOLQJ�D�PHWKRG�LQ�WKH�:RUOG�FODVV��ZKLFK�
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NHHSV�WUDFN�RI�DOO�WKH�KDSWLF�REMHFWV��,W�WKHQ�UHWXUQV�WKH�FDOFXODWHG�IRUFH�ZKLFK�LV�WKHQ�
VHQW�WR�WKH�3KDQWRP��
�
&ODVV�GLDJUDP�
�

��
)LJXUH� ���� 7KH� GLDJUDP� VKRZV� WKH� PRVW� LPSRUWDQW� FODVVHV� XVHG� LQ� WKH� SOXJLQ�� 6RPH� H�7RXFK� FODVVHV� RI� OHVVHU�
LPSRUWDQFH�WKDW�KDYH�QRW�EHHQ�PRGLILHG�DUH�OHIW�RXW��
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����7KUHDGV�DQG�SURFHVVHV 
:KHQ�WKH�SOXJLQ�LV�XVHG�WRJHWKHU�ZLWK�&U\VWDO�6SDFH�WKHUH�DUH�WZR�GLIIHUHQW�SURFHVVHV�
UXQQLQJ�SDUDOOHO�WR�HDFK�RWKHU��7KHUH�LV�WKH�JUDSKLFV�ORRS�WKDW�LV�UXQ�E\�WKH�JDPH�HQJLQH�
DQG� WKH� VHUYR� ORRS�� ZKLFK� LV� QHHGHG� WR� XSGDWH� WKH� KDSWLF� GHYLFH� ZLWK� IRUFHV�� $V�
PHQWLRQHG�EHIRUH�WKH�3KDQWRP�QHHGV�D�YHU\�KLJK�XSGDWH�UDWH�ZKHUHDV�WKH�GHPDQGV�RQ�
WKH� IUDPH� UDWH� DUH� QRW� WKDW� KLJK��7KH� VHUYR� ORRS� LV� WKHUHIRUH� UXQ� DW� D� IDLUO\� FRQVWDQW�
VSHHG� ZKLOH� WKH� JUDSKLFV� DUH� UXQ� ZLWKRXW� D� PLQLPXP� IUDPH� UDWH�� ZKLFK� LQ� SUDFWLFH�
PHDQV�DV�IDVW�DV�SRVVLEOH��
�
7R�FRPPXQLFDWH�ZLWK�HDFK�RWKHU�WKH�WZR�ORRSV�XVH�VKDUHG�YDULDEOHV�WKDW�DUH�SURWHFWHG�
WKURXJK�WKH�XVH�RI�VHPDSKRUHV�IRU�PXWXDO�H[FOXVLRQ��7KH�VHPDSKRUH�HQVXUHV�WKDW�RQO\�
RQH�WKUHDG�DW�D�WLPH�LV�DEOH�WR�UHDG�RU�ZULWH�D�VKDUHG�YDULDEOH��,I�RQH�WKUHDG�LV�LQVLGH�D�
FULWLFDO�UHJLRQ�DQG�WKH�RWKHU�RQH�VKRXOG�WU\�WR�WDNH�WKH�VHPDSKRUH�DW�WKH�VDPH�WLPH��LW�
ZLOO�KDYH� WR�ZDLW�XQWLO� WKH�VHPDSKRUH� LV�UHOHDVHG�DJDLQ�EHIRUH� LW�FDQ�DFFHVV�WKH�VKDUHG�
YDULDEOH��
������&U\VWDO�6SDFH�JUDSKLFV�ORRS�
7KH�JUDSKLFV�ORRS�LV�FRQWUROOHG�E\�WKH�JDPH�HQJLQH�DQG�LV�VWDUWHG�DIWHU�WKH�LQLWLDOL]DWLRQ�
RI�WKH�DSSOLFDWLRQ��(YHU\�ORRS�RI�WKLV�WKUHDG�UHVXOWV�LQ�D�QHZ�IUDPH�WKDW�LV�VKRZQ�RQ�WKH�
VFUHHQ�� 7KH� IUDPH� UDWH� LV� QRW� FRQWUROOHG� E\� WKH� JDPH� HQJLQH�� ,QVWHDG� HYHU\� IUDPH� LV�
GUDZQ� DV� IDVW� DV� SRVVLEOH�� 7KLV� UHVXOWV� LQ� D� IUDPH� UDWH� WKDW� FDQ� YDU\� UHODWLYHO\� PXFK�
GHSHQGLQJ�RQ�WKH�DPRXQW�RI�FRPSXWDWLRQV�WKDW�KDV�WR�EH�PDGH�WR�XSGDWH�WKH�JUDSKLFV��
$�W\SLFDO�IUDPH�UDWH�ZKHQ�WKH�KDSWLF�SOXJLQ�LV�UXQQLQJ�OLHV�VRPHZKHUH�EHWZHHQ����DQG�
��� IUDPHV� SHU� VHFRQG�� (YHU\� IUDPH� WKH� ORRS� FDOOV� WKH� 6HWXS)UDPH� FDOOEDFN� IXQFWLRQ��
ZKHUH� WKH� DSSOLFDWLRQ� SURJUDPPHU� FDQ� FRQWURO� ZKDW� KDSSHQV� LQ� WKH� DSSOLFDWLRQ�� )RU�
H[DPSOH��KH�FDQ�XSGDWH�WKH�SRVLWLRQ�RI�PRYDEOH�REMHFWV�RU�WKH�FDPHUD��
������*+267�VHUYR�ORRS�
7R� NHHS� WKH� KDSWLF� GHYLFH� XSGDWHG� DW� D� VXIILFLHQW� VSHHG�� WKH� SOXJLQ� XVHV� D� SURFHVV�
UXQQLQJ�DW�D�VSHHG�RI�DERXW����������+]��7KLV�UDWH�LV�FRQWUROOHG�E\�WKH�SURFHVV�DQG�LI�
WKH� FRPSXWDWLRQV� VKRXOG� KDSSHQ� WR� VORZ� WKH� ORRS� GRZQ� EHORZ� ����+]�� WKH� ORRS� LV�
VWRSSHG� IRU� VDIHW\� UHDVRQV� DQG� QR� IRUFHV� DUH� VHQW� WR� WKH� 3KDQWRP�� 7KH� ORRS� LV� DOVR�
VWRSSHG�LI�WKH�IRUFHV�EHFRPH�ODUJHU�WKDQ�ZKDW�WKH�3KDQWRP�FDQ�KDQGOH�RU�LI�LWV�PRWRUV�
RYHUKHDW��(YHU\� ORRS�� WKH� SRVLWLRQ�RI� WKH� VW\OXV� LV� FKHFNHG� DJDLQVW� WKH� KDSWLF� REMHFWV�
DQG�DOO�IRUFHV�DUH�FROOHFWHG�DQG�VHQW�WR�WKH�KDSWLF�GHYLFH��

����5HVWULFWLRQV�
6LQFH�WKLV�SURMHFW�KDV�D�OLPLWHG�WLPH�VSDQ�LW�KDV�QRW�EHHQ�SRVVLEOH�WR�LPSOHPHQW�DOO�WKH�
IXQFWLRQDOLW\�WKDW�ZH�ZRXOG�KDYH�OLNHG�WR�KDYH�LQ�WKH�SOXJLQ��$�IHZ�WKLQJV�VLPSO\�KDG�WR�
EH� OHIW� RXW�� 7KLV� FKDSWHU� FRQWDLQV� GHVFULSWLRQV� RI� IXQFWLRQDOLWLHV� WKDW� ZH� KDYH�
FRQVLGHUHG� IRU� WKH�SOXJLQ��EXW� WKDW�ZH�KDYH� WKRXJKW� WR�EH�RI� OHVVHU� LPSRUWDQFH�RU� WR�
GLIILFXOW�WR�GR�DQG�WKHUHIRUH�KDYH�GHFLGHG�QRW�WR�LPSOHPHQW��
�
2QH� WKLQJ� WKDW�KDV�EHHQ� OHIW�RXW� LV� WKH�DELOLW\� WR�G\QDPLFDOO\�DGG�DQG�UHPRYH�REMHFWV�
GXULQJ�SURJUDP� H[HFXWLRQ��$V�PHQWLRQHG� HDUOLHU� WKH�ZRUOG� LV� FRQYHUWHG� LQWR� D� KDSWLF�
ZRUOG�EHIRUH�WKH�VWDUW�RI�WKH�&U\VWDO�6SDFH�JUDSKLFV�ORRS��,I�D�PHVK�REMHFW�LV�DGGHG�RU�
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UHPRYHG�GXULQJ� WKH�VHWXS�RI�D� IUDPH� LW�ZLOO�EHFRPH�YLVLEOH� LQ�JUDSKLFV�EXW�FDQQRW�EH�
WRXFKHG��7KLV�LV�D�W\SLFDO�IHDWXUH�WKDW�FRXOG�EH�LPSOHPHQWHG�LQ�D�IXWXUH�YHUVLRQ�RI�WKH�
SOXJLQ��
��
7KH�SOXJLQ�IHDWXUHV��DV�GHVFULEHG�LQ�FKDSWHU������WKH�DELOLW\�WR�DGG�VWLIIQHVV�DQG�IULFWLRQ�
WR�REMHFWV��+RZHYHU�LW�GRHV�QRW�VXSSRUW�PRUH�DGYDQFHG�KDSWLF�WH[WXULQJ�WHFKQLTXHV�RU�
HIIHFWV��)RU�H[DPSOH��WKHUH�LV�QR�VXSSRUW�IRU�KDSWLF�WH[WXUHV�EXLOW�XSRQ�WHFKQLTXHV�OLNH�
GLVWULEXWHG� WDQJHQWLDO� IRUFHV� VLPLODU� WR� EXPS�PDSSLQJ� LQ� JUDSKLFV� RU� KHLJKW� FKDQJHV�
ZLWK�WKH�KHOS�RI�VLQH��DQG�VTXDUH�ZDYHV��$QRWKHU�IHDWXUH�WKDW�FRXOG�EH�RI�LQWHUHVW�LV�WKH�
DGGLWLRQ�RI�DQ�HIIHFW�FODVV�WKDW�ZRXOG�LPSOHPHQW�GLIIHUHQW�KDSWLF�HIIHFWV�OLNH�PDJQHWLVP��
IO\SDSHU�RU�LQHUWLD��7KLV�IHDWXUH�ZRXOG�KHOS�WR�JXLGH�D�YLVXDOO\�LPSDLUHG�SHUVRQ�LQ�D��'�
ZRUOG�RU�D��'�*8,���
��
$V� PHQWLRQHG� HDUOLHU� WKHUH� LV� VXSSRUW� IRU� VRPH� SULPLWLYH� KDSWLF� VKDSHV� OLNH� ER[HV��
VSKHUHV�DQG�F\OLQGHUV��7KHVH�VKDSHV�DUH�XS�WR�QRZ�RQO\�VXSSRUWHG�IRU�G\QDPLF�REMHFWV��
7R�DUUDQJH�VR�WKHVH�SULPLWLYH�KDSWLF�VKDSHV�DOVR�DUH�DYDLODEOH�IRU�VWDWLF�REMHFWV�UHTXLUHV�
D�WUDQVIRUPDWLRQ�RI�DOO�REMHFWV��$V�LW�LV�LPSOHPHQWHG�QRZ�RQO\�WKH�G\QDPLF�REMHFWV�XVHV�
DQ� H[WUD� WUDQVIRUP� EHFDXVH� WKHVH� REMHFWV� QHHGV� WR� EH� DEOH� WR� PRYH�� )RU� WKH� VWDWLF�
REMHFWV� WKH� ZRUOG� FRRUGLQDWHV� DUH� XVHG� GLUHFWO\� IRU� FUHDWLQJ� WKH� REMHFW·V� FRRUGLQDWHV��
7KLV�PDNHV� LW� IDVWHU� DQG� VLPSOHU� GXULQJ� FUHDWLRQ� DQG� GXULQJ� IRUFH� FDOFXODWLRQ�� EXW� LW�
PDNHV�WKH�VWUXFWXUH�D�ELW�PHVVLHU����
�
$QRWKHU�PDWWHU� RI� LQWHUHVW� WKDW� FRXOG� HDVLO\� EH� DGGHG� WR� WKH� SOXJLQ� LV� WKDW� WKHUH� DUH�
VRPH� IXQFWLRQV� LQ� WKH� FRUH� FODVV� JVW3KDQWRP� WKDW� KDYH� QRW� EHHQ� WUDQVIHUUHG� WR� WKH�
SOXJLQ��7KHVH�IXQFWLRQV�JLYH�LQIRUPDWLRQ�OLNH�FDOLEUDWLRQ�VWDWXV��ZKDW�VWDWH�WKH�3KDQWRP�
LV� LQ�� ZKDW� 3KDQWRP� LV� XVHG� DQG� ZKLFK� GULYHU� LV� XVHG�� ZRUNVSDFH� GLPHQVLRQV� HWF��
1HYHUWKHOHVV�ZH�PDGH� WKH�GHFLVLRQ� WKDW�ZH�ZHUH� MXVW� LQWHUHVWHG� LQ� WKH�PRVW� HVVHQWLDO�
LQIRUPDWLRQ�LQ�WKH�SOXJLQ�DQG�WKHUHIRUH�VR�IDU�RQO\�WKDW�KDV�EHHQ�LPSOHPHQWHG��
�
7KH�PRVW�GLIILFXOW�WKLQJ�WR�DGG�LQ�WKH�KDSWLF�SOXJLQ�LV�VXSSRUW�IRU�GHIRUPDEOH�VXUIDFHV��
$V� VWDWHG� EHIRUH�� WKLV�ZRXOG� UHTXLUH� WKH� YHUWLFHV� RI� WKH� KDSWLF� VXUIDFHV� WR� EH� DEOH� WR�
PRYH��6LQFH� WKLV� LV�QRW� VXSSRUWHG� LQ� WKH�H�7RXFK�$3,�� WKH�$3,�ZRXOG�PRVW�FHUWDLQO\�
QHHG� WR� EH� UHZULWWHQ� WR� VXSSRUW� WKLV� RU� D� FRPSOHWHO\� QHZ� $3,� ZLWK� DQRWKHU� KDSWLF�
UHQGHULQJ�DOJRULWKP�ZRXOG�KDYH�WR�EH�XVHG�RU�LPSOHPHQWHG��+RZHYHU�WKLV�SURMHFW�GRHV�
QRW�KDYH�WKH�WLPH�VSDQ�WR�GHYHORS�VXFK�DQ�$3,��
�
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��'HPR�DSSOLFDWLRQV�
7KH� QH[W� WZR� VXEFKDSWHUV� GHVFULEH� WKH� WZR� GHPR� DSSOLFDWLRQV� WKDW� ZHUH� PDGH� WR�
GHPRQVWUDWH� WKH� FDSDELOLWLHV� RI� WKH� KDSWLF� SOXJLQ��7KH\� JLYH� DQ�RYHUDOO� GHVFULSWLRQ�RI�
KRZ� WKH�GHPRV�ZHUH�GHVLJQHG�DQG�DQ�H[SODQDWLRQ�RI�ZKDW�KDSWLF�FDSDELOLWLHV� WKDW�DUH�
VKRZQ�ZLWK� WKH� GHPRV�� ,W� LV� DVVXPHG� WKDW� WKH� UHDGHU� KDV� VRPH�NQRZOHGJH�RI� KRZ� D�
QRUPDO�&U\VWDO�6SDFH�DSSOLFDWLRQ�ZRUNV��

����'HPR�DSSOLFDWLRQ���
7KH�ILUVW�GHPR�DSSOLFDWLRQ�VKRZV�KRZ�WR�XVH�WKH�KDSWLF�SOXJLQ�LQ�D�ILUVW�SHUVRQ�JDPH�RU�
D�ILUVW�SHUVRQ�OLNH�DSSOLFDWLRQ��7KLV�PHDQV�WKDW�WKH�XVHU�LV�DEOH�WR�ZDON�DURXQG�LQ�D�ODUJH�
�'� ZRUOG� DQG� WRXFK� DQG� IHHO� WKH� REMHFWV� ZLWKLQ� WKH� ZRUOG� ZLWK� WKH� 3KDQWRP�� 7KH�
NH\ERDUG�LV�XVHG�WR�PRYH�DQ�DYDWDU�DURXQG�LQ�WKH�ZRUOG��7KH�SRVLWLRQ�RI�WKH�VW\OXV�LV�
VKRZQ�DV�D�JUHHQ�VSKHUH�WKDW�WXUQV�UHG�LI�WKH�XVHU�WRXFKHV�DQ�REMHFW��2I�FRXUVH�LW�DOVR�
WXUQV�UHG�LI�WKH�XVHU�ZDONV�LQWR�DQ�REMHFW�XVLQJ�WKH�NH\ERDUG�ZLWK�WKH�VW\OXV�SRVLWLRQ�LQ�
IURQW�RI�KLP��7KLV�ZD\�WKH�XVHU�FDQ�IHHO�WKH�FROOLVLRQ�ZLWK�WKH�REMHFW��
�

� � ��
)LJXUH�����6FUHHQVKRWV�RI�GHPR�DSSOLFDWLRQ���VKRZLQJ�WZR�GLIIHUHQW�PDSV��

�
7KH� GHPR� DSSOLFDWLRQ�ZDV� GHVLJQHG� LQ� D� VLPLODU�ZD\� WR� D� GHPR� WKDW� FRPHV�ZLWK� WKH�
&U\VWDO� 6SDFH� $3,� FDOOHG� ZDONWHVW�� +RZHYHU� LW� GRHV� QRW� KDYH� DOO� WKH� IHDWXUHV� RI� WKH�
ZDONWHVW�GHPR��7KH�GHPR�DSSOLFDWLRQ�LV�GLYLGHG�LQWR�WZR�FODVVHV��
�
7KH�'HPR�� FODVV� LV� XVHG� IRU� DOO� WKH� LQLWLDOL]DWLRQ� RI� SOXJLQV� DQG� WKH� XSGDWLQJ� RI� WKH�
IUDPHV�DV� LQ�D�XVXDO�&U\VWDO�6SDFH�DSSOLFDWLRQ��,W�KDQGOHV�WKH�FRPPXQLFDWLRQ�ZLWK�WKH�
KDSWLF� SOXJLQ� E\� FDOOLQJ� GLIIHUHQW� PHWKRGV� RI� WKH� KDSWLF� SOXJLQ� LQWHUIDFH�� )LUVW� LW�
FRQYHUWV� WKH� HQWLUH�&U\VWDO� 6SDFH�ZRUOG� WR� D� KDSWLF� UHSUHVHQWDWLRQ�� 7KHQ� LW� VWDUWV� WKH�
SOXJLQ·V�VHUYR� ORRS��:KHQ�WKH�KDSWLF�ZRUOG�QHHGV�WR�EH�XSGDWHG�GXH�WR�D�PRYHPHQW��
WKLV�FODVV�FDOOV�WKH�VXLWDEOH�PHWKRG�ZLWK�WKH�DSSURSULDWH�SDUDPHWHUV���,Q�WKH�6HWXS)UDPH�
PHWKRG��WKH�XSGDWHV�RI�WKH�KDSWLF�REMHFWV�DUH�PDGH�DGGLWLRQDO�WLPHV�GXULQJ�D�UHQGHULQJ�
RI� D� IUDPH� WR�PDNH� WKH� KDSWLFV� IHHOLQJ� VRPHZKDW� VPRRWKHU�ZKHQ�PRYLQJ� WKH� DYDWDU��
2WKHUZLVH�WKH�KDSWLFV�ZLOO�RQO\�EH�XSGDWHG�DW�WKH�VDPH�UDWH�DV�WKH�JUDSKLFV��
�
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7KH�&ROOLVLRQ'HWHFWLRQ�FODVV�LQLWLDOL]HV�FROOLGHUV�IRU�DOO�&U\VWDO�6SDFH�REMHFWV�DQG�LV�XVHG�
WR� FKHFN� IRU� FROOLVLRQV� HYHU\� IUDPH�ZKHQ�PRYLQJ� WKH� DYDWDU��$FWXDOO\� LW� DOVR� WHVWV� IRU�
JUDYLW\�HYHU\�IUDPH�E\�WU\LQJ�WR�PRYH�WKH�DYDWDU�GRZQ�LQ�DQ�DFFHOHUDWLQJ�PRWLRQ�DQG�LI�
LW� FROOLGHV�ZLWK� WKH� JURXQG� LW� LV�PRYHG�EDFN�EHIRUH� XSGDWLQJ� WKH� IUDPH��7KH�PHWKRG�
WKDW�KDQGOHV�FROOLVLRQ�DOVR�PDNHV�LW�SRVVLEOH�WR�VWHS�XS�XSRQ�ORZ�REMHFWV��)RU�H[DPSOH��
WKLV�PDNHV�LW�SRVVLEOH�WR�FOLPE�VWDLUV�LQ�D��'�ZRUOG��7KH�&ROOLVLRQ'HWHFWLRQ�FODVV�XVHV�
WKH�5$3,'�SOXJLQ�WR�YHULI\�FROOLVLRQV���
�
7KH�GHPR�VKRZV�WKDW�LW�LV�HDV\�WR�ORDG�GLIIHUHQW�PDSV�LQ�WKH�&U\VWDO�6SDFH�IRUPDW�DQG�
XVH� WKHP�ZLWK� WKH� KDSWLF� SOXJLQ�� 7R� JHW� WKH� SURSHU� KDSWLF� UHVXOW� RQH�PXVW� KRZHYHU�
WKLQN�DERXW�VRPH�IDFWRUV�WKDW�DUH�SUHVHQWHG�LQ�DSSHQGL[�&�ZKHQ�GHVLJQLQJ�WKH�PDSV��
�
7KH�GHPR�DOVR�VKRZV�KRZ�WDJV�IRU�WKH�REMHFWV�KDYH�EHHQ�XVHG�WR�VHW�GLIIHUHQW�VWLIIQHVV�
DQG� IULFWLRQ� IRU� WKH� REMHFWV� WR� JHW� D� PRUH� UHDOLVWLF� IHHOLQJ� RI� PDWHULDOV�� ,W� DOVR�
GHPRQVWUDWHV�WKH�XVH�RI�D�VSHFLDO�OLTXLG�REMHFW�ZLWK�D�WDJ�IRU�YLVFRVLW\��7KLV�REMHFW�ZDV�
GHVLJQHG� WR� VHH� WKDW� RWKHU� REMHFWV� FRXOG� EH� LQKHULWHG� DQG� LPSOHPHQWHG� IURP� WKH�
HW2EMHFW�FODVV���
�
%HFDXVH� WKH�SOXJLQ�GRHV�QRW� UHO\�XSRQ�RWKHU�SOXJLQV� LQ�&U\VWDO� 6SDFH� LW� VKRXOG�ZRUN�
ZLWK�DOO�WKH�DYDLODEOH�SOXJLQV�DQG�IHDWXUHV�WKDW�FDQ�EH�ORDGHG�RU�XVHG�LQ�&U\VWDO�6SDFH��
+RZHYHU� DV� PHQWLRQHG� EHIRUH� LW� RQO\� UHSUHVHQWV� WKH� PHVKHV� WKDW� DUH� RI� W\SH�
L3RO\JRQ0HVK�DV�KDSWLF�REMHFWV��)RU�H[DPSOH��DV�VKRZQ�RQ�RQH�RI�WKH�OHYHOV�LQ�WKH�ILUVW�
DSSOLFDWLRQ��D�SDUWLFOH�V\VWHP�LV�XVHG��7KLV�V\VWHP�FDQ�RI�FRXUVH�RQO\�EH�VHHQ�DQG�QRW�
WRXFKHG��

����'HPR�DSSOLFDWLRQ���
7KH� VHFRQG� GHPR� DSSOLFDWLRQ� GHPRQVWUDWHV� KRZ� WKH� KDSWLF� SOXJLQ� FDQ� EH� XVHG� LQ� D�
EDVLF�JDPH� WKDW� WDNHV�DGYDQWDJH�RI� WKH�G\QDPLFV� V\VWHP�SOXJLQ� LQ�&U\VWDO�6SDFH��7KH�
JDPH� LV�D��'� ODE\ULQWK�JDPH�ZKHUH� WKH�SOD\HU�SXVKHV�D�EDOO�DURXQG�WKH� ODE\ULQWK�DQG�
WULHV�WR�ILQG�WKH�H[LW�LQ�DV�JRRG�WLPH�DV�SRVVLEOH��7R�VWRS�RU�KHOS�WKH�XVHU�DORQJ�WKH�ZD\�
WKHUH�DUH�VRPH�G\QDPLF�REMHFWV�WKDW�WKH�SOD\HU�FDQ�PRYH�RU�XVH�WR�JHW�SDVVHG�GLIILFXOW�
DUHDV�� 7KH� 3KDQWRP� LV� XVHG� WR� SXVK� WKH� EDOO� DQG� WKH� G\QDPLF� REMHFWV� DURXQG� WKH�
ODE\ULQWK��7KH�ODE\ULQWK�LV�VHHQ�IURP�DERYH�DQG�WKH�XVHU�LV�DEOH�WR�VWHHU�WKH�FDPHUD�LQ�
WKH�[��DQG�]�GLUHFWLRQ��7KH�SOD\HU�FDQQRW�JR�RXWVLGH�WKH�ERXQGDULHV�RI�WKH�PDS�ZLWK�WKH�
FDPHUD��,Q�WKH�VDPH�ZD\�DV� LQ� WKH�ILUVW�GHPR�DSSOLFDWLRQ�� WKH�SRVLWLRQ�RI�WKH�VW\OXV� LV�
VKRZQ�DV�D�JUHHQ�VSKHUH�WKDW�WXUQV�UHG�ZKHQ�FROOLVLRQ�RFFXUV��,I�WKH�EDOO�JHWV�VWXFN�RU�
KDV�ODQGHG�LQ�DQ�LPSRVVLEOH�VLWXDWLRQ�WKHUH�LV�D�SRVVLELOLW\�WR�UHVWDUW�WKH�JDPH�DW�WKH�VWDUW�
SRVLWLRQ��7KH�GHPR�VXSSRUWV�WKDW�GLIIHUHQW�ODE\ULQWKV�DUH�ORDGHG��
�
7KH�GHPR�KDV�D�TXLWH�VLPSOH�GHVLJQ�EHFDXVH�DOO�WKH�G\QDPLFV�FDOFXODWLRQV�DUH�PDGH�E\�
WKH�&U\VWDO�6SDFH�G\QDPLFV�SOXJLQ��2QO\�RQH�FODVV� LV�XVHG��'HPR���7KH�'HPR��FODVV�
FRQYHUWV�WKH�ZRUOG�WR�D�KDSWLF�ZRUOG�LQ�WKH�VDPH�ZD\�DV�LQ�WKH�ILUVW�GHPR�DSSOLFDWLRQ��
7KHUH�DUH�VRPH�GLIIHUHQFHV�WKRXJK��:KHQ�WKH�ZRUOG�LV�FRQYHUWHG�WR�D�KDSWLF�ZRUOG�WKH�
REMHFWV�DUH�HLWKHU�DGGHG�WR�WKH�G\QDPLFV�V\VWHP�DV�VWDWLF�REMHFWV�RU�DV�G\QDPLF�REMHFWV��
7KLV� LV� KDQGOHG� E\� VHWWLQJ� WKH� &U\VWDO� 6SDFH� PHVK� REMHFW� QDPH� DV� G\QDPLFBER[��
G\QDPLFBVSKHUH�RU�G\QDPLFBF\OLQGHU��6HH�DSSHQGL[�&���,I�D�PHVK�REMHFW�LV�WDJJHG�ZLWK�
WKLV�LW�LV�DGGHG�DV�D�G\QDPLF�ULJLG�ERG\�WR�WKH�G\QDPLFV�V\VWHP��$OO�RWKHU�PHVK�REMHFWV�
DUH� FRQVLGHUHG� VWDWLF� DQG� DGGHG� DV� VWDWLF� ULJLG�ERGLHV��$IWHU� WKH�KDSWLF�ZRUOG� DQG� WKH�
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FRUUHVSRQGLQJ� G\QDPLFV� V\VWHP� KDYH� EHHQ� FUHDWHG� WKH� VHUYR� ORRS� DQG� &U\VWDO� 6SDFH�
GHIDXOW�JUDSKLFV� ORRS� LV� VWDUWHG�� ,Q�HDFK�FDOFXODWLRQ�RI�D� IUDPH� LQ� WKH�'HPR��PHWKRG�
6HWXS)UDPH� PHWKRG�� VHYHUDO� VWHSV� LQ� WKH� G\QDPLFV� V\VWHP� DUH� WDNHQ�� 7KH� G\QDPLFV�
V\VWHP�QHHGV� WR�EH�XSGDWHG�PRUH�RIWHQ� WKDQ� WKH�JUDSKLFV� WR�JHW� D�SURSHU�VLPXODWLRQ��
:KHQ� RQH� VWHS� LV� WDNHQ� LQ� WKH� G\QDPLFV� V\VWHP� WKH� KDSWLF� SOXJLQ� ZRUNVSDFH� LV� DOVR�
XSGDWHG��7KLV�SUHYHQWV�VRPH�YLEUDWLRQV�EHFDXVH�WKH�KDSWLFV�LV�WKHQ�XSGDWHG�PRUH�RIWHQ�
WKDQ�WKH�JUDSKLFV��
�

� � ��
)LJXUH�����6FUHHQVKRWV�RI�GHPR�DSSOLFDWLRQ���VKRZLQJ�WZR�GLIIHUHQW�ODE\ULQWKV��

�
7R� EH� DEOH� WR� DSSO\� WKH� FRUUHFW� IRUFH� WR� WKH� REMHFW� WKDW� WKH� 3KDQWRP� LV� FXUUHQWO\�
SXVKLQJ� RU� SRNLQJ� DW�� WKH� SOXJLQ�PHWKRG� JHW'\QDPLF)RUFH/LVW� LV� XVHG�� 7KLV�PHWKRG�
UHWXUQV� D� OLVW� ZLWK� � � LQGLFHV� WR� WKH� FXUUHQWO\� DFWLYH� G\QDPLF� REMHFWV�� 7KH� LQGLFHV� DQG�
IRUFHV� DUH� XVHG� WR� DGG� WKH� FRUUHFW� IRUFHV� WR� WKH� FRUUHFW� G\QDPLF� ULJLG� ERGLHV� LQ� WKH�
G\QDPLFV�V\VWHP��,Q�HYHU\�VWHS�LQ�WKH�G\QDPLFV�V\VWHP�D�QHZ�OLVW�LV�REWDLQHG�DQG�IRUFHV�
DUH�DGGHG��
�
7KLV� GHPR� DSSOLFDWLRQ� VKRZV� WKDW� WKH� KDSWLF� SOXJLQ� FDQ� HDVLO\� EH� LQWHJUDWHG� LQ� D� �'�
JDPH��7KH�&U\VWDO�6SDFH�G\QDPLFV�V\VWHP�FDQ�EH�XVHG�WR�FUHDWH�D�G\QDPLF�HQYLURQPHQW�
IRU�WKH�3KDQWRP�ZKHUH�RQH�FDQ�IHHO�ZHLJKW�DQG�IULFWLRQ�DQG�KDYH�WKH�DELOLW\� WR�PRYH�
DURXQG�DQG�URWDWH�REMHFWV�LQ�D�UHDVRQDEO\�UHDOLVWLF�ZD\��7KLV�ZD\�PRUH�LQWHUHVWLQJ�KDSWLF�
JDPHV� FDQ� EH� FUHDWHG�� $OWKRXJK� GXH� WR� WKH� OLPLWDWLRQ� WKDW� RQO\� SULPLWLYH� REMHFWV� DUH�
VXSSRUWHG�E\�WKH�G\QDPLFV�SOXJLQ�WKH�LGHDV�WR�JDPHV�ZKHUH�WKH�G\QDPLFV�SOXJLQ�FDQ�EH�
XVHG�EHFRPHV�D�ELW� OLPLWHG��2EYLRXVO\�RQH�FDQ�DOZD\V� LPSOHPHQW�D�VSHFLILF�G\QDPLFV�
V\VWHP�IRU�WKH�JDPH�WKDW�LV�EHLQJ�FUHDWHG�RU�VLPSO\�MXVW�PRYH�WKH�PHVKHV�DURXQG�DV�RQH�
ZDQWV�� 7KH� KDSWLFV� ZLOO� ZRUN� ILQH� DQ\ZD\� EHFDXVH� WKH� OLPLWDWLRQ� GRHV� QRW� OLH� LQ� WKH�
KDSWLF�SOXJLQ��3UREDEO\�WKH�G\QDPLFV�SOXJLQ�ZLOO�ZRUN�ZLWK�PRUH�JHQHUDO�PHVK�REMHFWV�
LQ�WKH�IXWXUH�DQG�WKXV�SURYLGH�PRUH�RSWLRQV��
�
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��6XPPDU\�
7KH�LQWHQWLRQ�RI�WKLV�PDVWHU�WKHVLV�SURMHFW�ZDV�WR�LQYHVWLJDWH�WKH�SRVVLELOLWLHV�RI�DGGLQJ�
KDSWLFV�WR�D��'�JDPH�HQJLQH��DQG�WKXV�EH�DEOH�WR�WDNH�DGYDQWDJH�RI�WKH�IDFW�WKDW�D�JDPH�
HQJLQH�LV�D�YHU\�YHUVDWLOH�LQVWUXPHQW�IRU�FUHDWLQJ��'�DSSOLFDWLRQV��$�SDUW�RI�WKLV�SURMHFW�
ZDV� DOVR� WR� LPSOHPHQW� VRIWZDUH�� GHPRQVWUDWLQJ� WKH� SRVVLELOLWLHV� RI� KDYLQJ� KDSWLFV�
LQWHJUDWHG�LQ�D�JDPH�HQJLQH��
�
,Q� WKLV� FKDSWHU�ZH�ZLOO� HYDOXDWH� WKH� VROXWLRQ� WKDW�ZH�KDYH� LPSOHPHQWHG�� GLVFXVV�ZKDW�
FRXOG� KDYH� EHHQ� PDGH� GLIIHUHQWO\� DQG� VXJJHVW� LPSURYHPHQWV�� )XWXUH� DGGLWLRQV� DQG�
PRGLILFDWLRQV�WR�WKH�SOXJLQ�DUH�DOVR�SUHVHQWHG�DQG�GLVFXVVHG��$W�WKH�HQG�RI�WKH�FKDSWHU�
ZH�SUHVHQW�WKH�FRQFOXVLRQV�WKDW�ZH�KDYH�PDGH�LQ�WKLV�PDVWHU�WKHVLV�SURMHFW��7KHUH�ZLOO�
EH�D�GLVFXVVLRQ�DERXW�WKH�SUREOHPV�RI�LQWHJUDWLQJ�KDSWLFV�LQ�D�JDPH�HQJLQH��
�
6LQFH� ZH� KDYH� ZRUNHG� ZLWK� D� JDPH� HQJLQH� DQG� D� KDSWLF� $3,�� ZKLFK� KDYH� QRW� EHHQ�
GHVLJQHG� WR� EH� XVHG� WRJHWKHU�� ZH� ZLOO� DOVR� GLVFXVV� KRZ� WKHVH� SDUWV� FRXOG� KDYH� EHHQ�
GHVLJQHG�GLIIHUHQWO\�WR�EHWWHU�WDNH�DGYDQWDJH�RI�HDFK�RWKHUV�EHQHILWV�DQG�WR�EH�HDVLHU�WR�
LQWHJUDWH��

����5HVXOWV�
7KH�ZRUN�RQ� WKLV�PDVWHU� WKHVLV�SURMHFW�KDV� UHVXOWHG� LQ�D�KDSWLF�SOXJLQ� IRU� WKH�&U\VWDO�
6SDFH�JDPH�HQJLQH��:LWK�WKH�SOXJLQ�LW�LV�SRVVLEOH�WR�FRQVWUXFW�D�YLUWXDO��'�HQYLURQPHQW�
ZKLFK� LV� WRXFKDEOH� ZLWK� WKH� 3KDQWRP� KDSWLF� GHYLFH�� 7KH� SOXJLQ� DOORZV� WKH� XVHU� WR�
QDYLJDWH�LQ�WKH�YLUWXDO�HQYLURQPHQW�DV�LQ�FRPPRQ�ILUVW�SHUVRQ��'�JDPHV��
�
7KH�SOXJLQ�FRQVWUXFWV�D�KDSWLF�FRS\�RI�WKH��'�ZRUOG�WKDW�LV�ORDGHG�E\�WKH�JDPH�HQJLQH��
7KLV�PDNHV� LW�SRVVLEOH� WR� ORDG�D�ZRUOG� LQ� WKH�VDPH�ZD\�DV� LQ�DQ\�RWKHU�&U\VWDO�6SDFH�
DSSOLFDWLRQ��7KH�REMHFWV�FDQ�HLWKHU�EH�FUHDWHG�GLUHFWO\�LQ�WKH�FRGH�RU�WKH\�FDQ�EH�ORDGHG�
IURP�D�PDS�ILOH��+RZHYHU��GRZQORDGLQJ�PDS�ILOHV�FRQVWUXFWHG�IRU��'�JDPHV�OLNH�+DOI�
/LIH�RU�4XDNH�ZLOO�SUREDEO\�QRW�ZRUN�YHU\�ZHOO�ZLWK�WKH�KDSWLF�SOXJLQ��7KLV� LV�GXH�WR�
LQFRPSDWLELOLW\� EHWZHHQ� WKH�ZD\� WKDW� WKH�3KDQWRP� FXUVRU� LV� LPSOHPHQWHG� DV� D� VLQJOH�
SRLQW� DQG� WKH� ZD\� WKDW� �'� ZRUOGV� DUH� XVXDOO\� FRQVWUXFWHG� ZKHQ� KDSWLFV� DUH� QRW�
LQYROYHG��7KLV�ZDV�RQH�RI�WKH�WKLQJV�WKDW�ZH�ZDQWHG�WR�EH�DEOH�WR�GR�ZKHQ�ZH�VWDUWHG�
RQ�WKH�SURMHFW��EXW�ZH�UHDOL]HG�SUHWW\�TXLFNO\�WKDW�WKLV�ZDV�QRW�SRVVLEOH�ZLWKLQ�WKH�VFRSH�
RI�WKLV�SURMHFW��7KH�SUREOHPV�DVVRFLDWHG�ZLWK�FRQVWUXFWLQJ�D�ZRUOG�IRU�WKH�KDSWLF�SOXJLQ�
DUH�H[SODLQHG�LQ�DSSHQGL[�&��
�
,W�LV�DOVR�SRVVLEOH�WR�XVH�G\QDPLF�REMHFWV�DV�D�SDUW�RI�WKH�DSSOLFDWLRQ��7KHVH�REMHFWV�DUH�
WDNHQ� FDUH� RI� E\� WKH� SOXJLQ�� ZKLFK� PDNHV� LW� SRVVLEOH� WR� WRXFK� REMHFWV� DV� WKH\� DUH�
PRYLQJ��,W�VKRXOG�EH�QRWHG�WKDW�WKH�KDSWLF�REMHFWV�GR�QRW�KDYH�WR�EH�XSGDWHG�H[SOLFLWO\��
$OO�PRYHPHQWV�WKDW�DUH�PDGH�LQ�WKH�DSSOLFDWLRQ�DUH�KDQGOHG�DXWRPDWLFDOO\�E\�WKH�SOXJLQ��
:H�DOVR�ZDQW�WR�SRLQW�RXW�WKDW�WKH�SOXJLQ�ZRUNV�TXLWH�ZHOO�WRJHWKHU�ZLWK�WKH�G\QDPLFV�
V\VWHP�LQ�&U\VWDO�6SDFH��7KLV�SURYLGHV�WKH�SRVVLELOLW\�WR�XVH�D�UHDOLVWLF�SK\VLFV�PRGHO�WR�
FRQWURO�WKH�G\QDPLF�REMHFWV�LQ�WKH�ZRUOG��$QRWKHU�EHQHILW�ZLWK�WKH�G\QDPLFV�V\VWHP�LV�
WKDW�LW�WDNHV�FDUH�RI�DOO�FROOLVLRQ�GHWHFWLRQ�EHWZHHQ�WKH�GLIIHUHQW�REMHFWV��1RW�XVLQJ�WKH�
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G\QDPLFV� V\VWHP� ZKHQ� XVLQJ� PRYLQJ� REMHFWV� UHTXLUHV� WKDW� FROOLVLRQ� KDQGOLQJ� LV�
LPSOHPHQWHG�LQ�WKH�DSSOLFDWLRQ��
�
7KHUH�DUH�D� IHZ�GLIIHUHQW� W\SHV�RI�KDSWLF�REMHFWV� WKDW�KDYH�VXSSRUW� LQ� WKH�SOXJLQ��)RU�
VWDWLF�REMHFWV�WKH�SOXJLQ�XVHV�WULDQJOH�PHVKHV��EXW�IRU�G\QDPLF�REMHFWV�LW�LV�DOVR�SRVVLEOH�
WR� XVH� ER[HV�� VSKHUHV� DQG� F\OLQGHUV� WKDW� DUH� QRW� FRQVWUXFWHG� IURP�PHVKHV�� 7KLV� ZLOO�
HQKDQFH�SHUIRUPDQFH�VRPHZKDW�IRU�G\QDPLF�REMHFWV��:KHQ�ZH�DGGHG�WKHVH�SULPLWLYH�
VKDSHV�IRU�WKH�G\QDPLF�REMHFWV�ZH�UHDOL]HG�WKDW� LW�ZRXOG�EH�D�JRRG�LGHD�WR�EH�DEOH�WR�
XVH�WKHP�IRU�VWDWLF�REMHFWV�DV�ZHOO��EXW�DV�ZH�DOUHDG\�KDG�D�ZRUNLQJ�V\VWHP�IRU�WKLV�DQG�
ZH�NQHZ�WKDW�LW�ZRXOG�EH�D�ELJ�FKDQJH��ZH�GLG�QRW�SXW�D�KLJK�SULRULW\�RQ�WKLV��7KLV�LV�
RQH�RI�WKH�LPSURYHPHQWV�WKDW�ZH�VXJJHVW�FRXOG�EH�DGGHG�LQ�WKH�IXWXUH��
�
7KH�VXUIDFH�RI�D�WRXFKDEOH�REMHFW�LV�YHU\�LPSRUWDQW�IRU�KRZ�WKH�REMHFW�LV�SHUFHLYHG��%\�
FKDQJLQJ�WKH�VWLIIQHVV�DQG�WKH�IULFWLRQ�RI�WKH�REMHFWV�LW�LV�SRVVLEOH�WR�FUHDWH�D�ZRUOG�WKDW�
LV�D�ELW�PRUH�UHDOLVWLF�WKDQ�LI�DOO�REMHFWV�IHHO�H[DFWO\�WKH�VDPH��7KHUH�LV�D�SUREOHP�ZLWK�
WKH� IULFWLRQ� PRGHO� WKRXJK�� :KHQ� SXVKLQJ� GRZQ� RQ� D� VXUIDFH� TXLWH� KDUG� DQG� RQO\�
PRYLQJ� DURXQG� VORZO\�� WKH� IULFWLRQ� IRUFH� FRQVWDQWO\� FKDQJHV� GLUHFWLRQ� GXH� WR�
LQYROXQWDU\�KDQG�PRYHPHQWV��7KLV�FDXVHV�WKH�3KDQWRP�WR�VWDUW�WR�YLEUDWH�ZKLFK�LV�QRW�
ZKDW� ZH� ZDQW�� 7KH� SUREOHP�PD\� OLH� ZLWKLQ� WKH� IULFWLRQ� PRGHO� LWVHOI� RU� LQ� KRZ� WKH�
GLIIHUHQW�SDUDPHWHUV�DUH�VHW��:H�KDYH�KRZHYHU��GHVSLWH�D�ORW�RI�WHVWLQJ��QRW�EHHQ�DEOH�WR�
IXOO\� UHPRYH� WKLV� SUREOHP� IURP� WKH� SOXJLQ��:H� VWLOO� IHHO� WKDW� WKH� SUREOHP� LV� QRW� VR�
VHYHUH� WKDW�ZH�KDYH� WR� UHPRYH� WKH�SRVVLELOLW\� WR�XVH� IULFWLRQ��EXW� LW� LV� VRPHWKLQJ� WKDW�
FRXOG�EH�LPSURYHG�LQ�WKH�IXWXUH��
�
,W�LV�IDLUO\�HDV\�WR�DGG�QHZ�W\SHV�RI�KDSWLF�REMHFWV�E\�VXEFODVVLQJ�WKH�HW2EMHFW�FODVV��)RU�
H[DPSOH��ZH� DGGHG�REMHFWV� WKDW� IHHO� OLNH� OLTXLGV� WR� WKH�ZRUOG��7KH� YLVFRVLW\� IRU� WKHVH�
REMHFWV� FDQ�EH� VHW� IRU� HDFK�REMHFW��ZKLFK� DOORZV� WKH� GHYHORSHU� WR� XVH�ZDWHU� RU� VRPH�
RWKHU�NLQG�RI�OLTXLG�LQ�WKH�ZRUOG��7KH�OLTXLG�REMHFW�LV�FRQVWUXFWHG�DV�D�WULDQJOH�PHVK��VR�
LW� LV� DGGHG� WR� WKH� PDS� ILOH� DV� DQ\� RWKHU� PHVK�� H[FHSW� WKDW� LW� UHTXLUHV� WR� EH� QDPHG�
GLIIHUHQWO\��
�
7KH�OLFHQVLQJ�FRVW�RI�WKH�KDSWLF�V\VWHP�ZDV�VRPHWKLQJ�WKDW�ZH�ZDQWHG�WR�PLQLPL]H�LQ�
WKLV�SURMHFW��:H�GLG�QRW�KRZHYHU�PDQDJH�WR�FRPSOHWHO\�JHW�ULG�RI�VRIWZDUH�WKDW�UHTXLUHV�
VRPH� OLFHQVLQJ� FRVW�� 7KH� GULYHUV� IRU� WKH� 3KDQWRP� GHYLFH� DQG� D� VPDOO� SDUW� RI� WKH�
*+267�$3,�VWLOO�KDYH�WR�EH�XVHG�WR�EH�DEOH�WR�VHQG�GDWD�WR�WKH�GHYLFH��:H�ZRXOG�KDYH�
OLNHG� WR� DYRLG� WKLV� DQG� WR� KDYH� D� FRPSOHWHO\� IUHH� VROXWLRQ�� EXW� VLQFH� WKLV�ZRXOG�KDYH�
UHTXLUHG�LPSOHPHQWLQJ�RXU�RZQ�3KDQWRP�GULYHUV�ZH�GHFLGHG��DW�DQ�HDUO\�VWDJH��QRW�WR�
GHDO�ZLWK�WKLV�SUREOHP��

����)XWXUH�ZRUN�
$�SHUIRUPDQFH�LPSURYHPHQW�IRU�WKH�SOXJLQ�ZRXOG�EH�QRW�WR�XVH�PHVK�REMHFWV�IRU�EDVLF�
JHRPHWU\�OLNH�ER[HV��VSKHUHV�DQG�F\OLQGHUV�WKDW�FDQ�KDYH�HDVLHU�DQG�PRUH�HIILFLHQW�IRUFH�
FDOFXODWLRQV��7R�GR� WKLV�� WKH� VWDWLF�REMHFWV�ZRXOG�KDYH� WR�EH� FUHDWHG� IURP�VKDSH�� VL]H�
DQG� SRVLWLRQ�� MXVW� DV� WKH� G\QDPLF� REMHFWV� DUH� FXUUHQWO\�� DQG� QRW� IURP� WKH� ZRUOG�
FRRUGLQDWHV��7KLV�PHDQV�WKDW�WKH\�ZRXOG�KDYH�WR�XVH�D�WUDQVIRUP�WR�FKDQJH�WKH�SRVLWLRQ�
RI�WKH�FXUVRU�LQWR�WKH�ORFDO�FRRUGLQDWH�V\VWHP�RI�WKH�REMHFW�WR�GR�WKH�IRUFH�FDOFXODWLRQV��
7KH�ZD\�WKDW�WKH�RFWUHH�LV�FRQVWUXFWHG��ZLOO�SUREDEO\�DOVR�KDYH�WR�EH�PRGLILHG�VOLJKWO\��
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7KH�PHVK�REMHFWV�VKRXOG�KRZHYHU�QRW�EH�UHPRYHG�FRPSOHWHO\�IURP�WKH�SOXJLQ��,W�PXVW�
VWLOO�EH�SRVVLEOH�WR�FRQVWUXFW�PRUH�GHWDLOHG�REMHFWV�WKDQ�WKH�EDVLF�VKDSHV��
�
+DSWLF�WH[WXULQJ�LV�D�QLFH�IHDWXUH�WKDW�ZRXOG�EH�JUHDW�WR�KDYH�LQ�WKH�SOXJLQ��$Q�LGHD�RQ�
KRZ�WR�GR�WKLV�LV�WR�XVH�D�JUD\VFDOH�SLFWXUH�WKDW�GHVFULEHV�WKH�KHLJKW�GLIIHUHQFHV�WKURXJK�
WKH� GLIIHUHQW� VKDGHV�� 7KH� SRLQW�� RQ� WKH� VXUIDFH� RI� WKH� REMHFW�� WKDW� LV� WRXFKHG� E\� WKH�
FXUVRU�FRXOG�EH�PDSSHG�RQWR� WKH� WH[WXUH�ZLWK�D� IXQFWLRQ�GHSHQGLQJ�RQ� WKH� VKDSH�RI�
WKH�REMHFW�� ,I� WKH� FXUVRU� LV�PDSSHG�RQWR� WKH�KLJKHVW�SRVVLEOH� SDUW�RI� WKH� WH[WXUH�� WKH�
IRUFH�VKRXOG�EH�WKH�VDPH�DV�LI�D�WH[WXUH�ZDV�QRW�XVHG��0DSSLQJ�WKH�FXUVRU�RQWR�D�ORZHU�
YDOXH�ZRXOG�PHDQ�WKDW�WKH�FXUVRU�LV�WUDQVIRUPHG��RXW�DORQJ�WKH�VXUIDFH�QRUPDO��E\�WKH�
DPRXQW� FROOHFWHG� IURP� WKH� WH[WXUH� DQG� WKH� IRUFHV� DUH� WKHQ� FDOFXODWHG� DV� XVXDO�� 7KLV�
ZRXOG� PDNH� LW� SRVVLEOH� WR� PRYH� LQ� XQGHU� WKH� DFWXDO� VXUIDFH� RI� WKH� REMHFW� ZLWKRXW�
JHWWLQJ�D�IRUFH��+HQFH�LW�ZRXOG�IHHO�OLNH�D�KROH��,QVWHDG�RI�PDSSLQJ�WKH�FXUVRU�SRVLWLRQ�
RQWR� D� SLFWXUH�� LW� FRXOG� EH�PDSSHG� RQWR� D�PDWKHPDWLFDO� IXQFWLRQ� WR� JHW� VRPH� RWKHU�
NLQG�RI�VXUIDFH�VWUXFWXUH��
�
,W�ZRXOG�DOVR�EH�QLFH� WR�KDYH�VRPH�NLQG�RI�HIIHFW�FODVV� WKDW�FDQ�EH�XVHG�IRU�DSSO\LQJ�
GLIIHUHQW�HIIHFWV�WR�KDSWLF�REMHFWV��7KLV�FRXOG�IRU�H[DPSOH�EH�PDJQHWLVP�WKDW�DWWUDFW�RU�
UHSHO�WKH�FXUVRU�ZKHQ�LW�FRPHV�FORVH�WR�WKH�REMHFW��,W�PLJKW�DOVR�EH�DQ\�RWKHU�IRUP�RI�
IRUFH�ILHOG�RU�HYHQ�YLEUDWLQJ�HIIHFWV��ZKDWHYHU�WKH�LPDJLQDWLRQ�FDQ�FRPH�XS�ZLWK��7KHVH�
HIIHFWV� FRXOG� EH� FUHDWHG� DV� REMHFWV� ZLWKRXW� YLVLEOH� JHRPHWU\�� 7KLV� VKRXOG� PDNH� LW�
SRVVLEOH�WR�SODFH�WKHP�DQ\ZKHUH�LQ�WKH�ZRUOG��ZKHWKHU�LW�LV�LQ�DQ�HPSW\�VSDFH��DV�PD\�
EH�WKH�FDVH�ZLWK�D�FRQVWDQW�IRUFH�ILHOG��RU�LI�LW�LV�DOLJQHG�ZLWK�VRPH�JHRPHWU\��WR�FUHDWH�D�
PDJQHWLF�REMHFW�IRU�H[DPSOH��
�
6LQFH� WKHUH� DUH� VRPH� SUREOHPV� ZLWK� WKH� IULFWLRQ�PRGHO�� DV� GHVFULEHG� LQ� FKDSWHU� �����
VRPH�ZRUN�FRXOG�DOVR�EH�GRQH�LQ�WKLV�DUHD��:H�KDYH�WULHG�WR�WXQH�WKH�SDUDPHWHUV�RI�WKH�
PRGHO� EXW� ZH� KDYH� QRW� IXOO\� VXFFHHGHG�� VR� LW� PLJKW� EH� WKH� FDVH� WKDW� D� QHZ� IULFWLRQ�
PRGHO�KDV�WR�EH�LPSOHPHQWHG�WR�JHW�ULG�RI�WKH�SUREOHP�HQWLUHO\���
�
$V�ZH�KDYH�PHQWLRQHG�EHIRUH�� LW� LV�QRW�SRVVLEOH� WR� UXQ� WKH�SOXJLQ�ZLWK� MXVW� DQ\�PDS�
GRZQORDGHG�IURP�WKH�,QWHUQHW�DQG�JHW�D�JRRG�UHVXOW�ZKHQ�WRXFKLQJ�WKH�REMHFWV��$V�ZH�
DOVR�KDYH�PHQWLRQHG��WKH�SUREOHP�RFFXUV�EHFDXVH�WKH�3KDQWRP�FXUVRU�LV�D�VLQJOH�SRLQW�
WKDW�LV�SRVVLEOH�WR�PRYH�LQ�EHWZHHQ�REMHFWV�ZKHUH�WKHUH�DUH�QR�YLVLEOH�JDSV��:H�KDYH�D�
FRXSOH�RI� LGHDV�RQ�KRZ� WR�VROYH� WKLV�SUREOHP��RU�KRZ�WR�PDNH� LW�EHWWHU� DQ\ZD\��7KH�
ILUVW�RQH�DQG�SUREDEO\� WKH�HDVLHVW�� LV� WR� LPSOHPHQW� WKH�FXUVRU�DV�D�VPDOO�EDOO�RU�VRPH�
RWKHU� NLQG� RI� JHRPHWU\� WKDW� LV� QRW� MXVW� D� VLQJOH� SRLQW�� 7KLV� ZRXOG� PDNH� WKH� FXUVRU�
XQDEOH�WR�ILW�LQWR�YHU\�VPDOO�JDSV��8VLQJ�WKLV�DSSURDFK�ZRXOG�SUREDEO\�VORZ�GRZQ�WKH�
IRUFH� FDOFXODWLRQV� WR� VRPH� H[WHQW� GXH� WR� PRUH� GLIILFXOW� FROOLVLRQ� GHWHFWLRQ�� EXW� WKDW�
ZRXOG�SUREDEO\�QRW�EH�D�ELJ�SUREOHP��7KH�RWKHU�ZD\�ZRXOG�EH�WR�UHFRPSXWH�WKH�KDSWLF�
REMHFW� VR� WKDW� WKH� JDSV� EHWZHHQ� GLIIHUHQW� SDUWV� DUH� UHPRYHG�� 7KLV� ZRXOG� LQYROYH�
UHFRQVWUXFWLQJ� WKH� WULDQJOH�PHVK�E\�GLYLGLQJ�XS�VXUIDFHV�DQG�PHUJLQJ�YHUWLFHV� VR� WKDW�
HDFK�REMHFW�FRQVLVWV�RI�RQO\�DQ�RXWHU�KXOO� DQG� WKDW� WKHUH�DUH�QR�SRO\JRQV��RU�SDUWV�RI�
SRO\JRQV��H[WHQGLQJ�LQWR�WKH�KXOO��,I�WKLV�LV�HYHQ�SRVVLEOH�ZRXOG�KDYH�WR�EH�LQYHVWLJDWHG��
7KLV�DSSURDFK�ZRXOG�SUREDEO\�RQO\�VORZ�GRZQ�WKH�VWDUWXS�VWDJH�RI�WKH�DSSOLFDWLRQ�DQG�
QRW�WKH�DFWXDO�IRUFH�FDOFXODWLRQ��PDNLQJ�LW�TXLWH�LQWHUHVWLQJ�IURP�D�UHDO�WLPH�SHUVSHFWLYH��
�
$GGLQJ�DQG�UHPRYLQJ�REMHFWV�GXULQJ�WKH�H[HFXWLRQ�RI�DQ�DSSOLFDWLRQ�ZRXOG�EH�D�JRRG�
IHDWXUH�� 7KLV� FRXOG� SUREDEO\� EH� DGGHG� UDWKHU� HIIRUWOHVVO\� E\� DGGLQJ� WKH� REMHFW� WR� WKH�
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G\QDPLF�OLVW� LI� LW� LV�D�PRYLQJ�REMHFW�RU�LQVHUWLQJ�WKH�REMHFW�LQ�WKH�RFWUHH�DW�WKH�FRUUHFW�
SRVLWLRQ� LI� LW� LV� D� VWDWLF� REMHFW�� 6RPH� QHZ� IXQFWLRQV� LQ� WKH� RFWUHH� ZRXOG� KDYH� WR� EH�
DGGHG�DQG�WKH�ZD\�WKDW�WKH�G\QDPLF�REMHFWV�DUH�VWRUHG�ZLOO�KDYH�WR�EH�PRGLILHG�WR�VRPH�
H[WHQW��

����&RQFOXVLRQV�
'XULQJ�WKLV�PDVWHU�WKHVLV�SURMHFW�ZH�KDYH�IRXQG�WKDW�LW�LV�SRVVLEOH�WR�LQWHJUDWH�VXSSRUW�
IRU�DQ�DGYDQFHG�KDSWLF�GHYLFH�LQ�D�JDPH�HQJLQH��2XU�VROXWLRQ�RI�LPSOHPHQWLQJ�D�KDSWLF�
SOXJLQ�IRU�WKH�&U\VWDO�6SDFH�HQJLQH�ZRUNV�VDWLVIDFWRU\�DQG�VKRZV�WKDW� LW� LV�SRVVLEOH�WR�
ZDON�DURXQG�LQ�D�YLUWXDO��'�HQYLURQPHQW�DQG�WRXFK�DQG�IHHO�WKH�VXUURXQGLQJV�ZLWK�WKH�
3KDQWRP�GHYLFH��
�
6LQFH�WKH�GRFXPHQWDWLRQ�RI�WKH�$3,V�WKDW�ZH�KDYH�ZRUNHG�ZLWK�ZDV�YHU\�SRRU��ZH�KDG�
WR� XVH� WKH� LPSOHPHQWDWLRQ�SURFHVV� WR� JDWKHU� NQRZOHGJH� DERXW� WKH�$3,V��7KLV�PHDQV�
WKDW� D� ORW�RI� WULDO� DQG�HUURU�ZRUN�KDG� WR�EH�PDGH� WR� ILQG� VROXWLRQV� IRU�SUREOHPV� WKDW�
RFFXUUHG��%HFDXVH�RI�WKLV�ZH�ZHUH�QRW�DEOH�WR�PDNH�D�FRPSOHWH�GHVLJQ�LQ�DQ�HDUO\�VWDJH�
RI� WKH� LPSOHPHQWDWLRQ� SURFHVV� DQG� WKHUHIRUH� RXU� LPSOHPHQWDWLRQ� LV� SHUKDSV� QRW� WKH�
RSWLPDO� VROXWLRQ� IRU� WKH� SUREOHP�� 2XU� VROXWLRQ� GRHV� KRZHYHU� ZRUN�� VR� WKLV� RQO\�
VWUHQJWKHQV�RXU�EHOLHIV� WKDW� DQ� LQWHJUDWLRQ�RI� KDSWLFV� LQ� D� JDPH�HQJLQH� FDQ�SURYLGH� D�
JRRG�SODWIRUP�IRU�FUHDWLQJ�KDSWLF�DSSOLFDWLRQV��
�
$V�ZH� LPSOHPHQWHG� WKH�SOXJLQ�ZH�FDPH�DFURVV� D� IHZ�SUREOHPV� WKDW�ZHUH�GLIILFXOW�RU�
HYHQ�QRW�SRVVLEOH�WR�VROYH��7KLV�ZDV�EHFDXVH�WKH�IXQFWLRQDOLW\�WKDW�ZH�QHHGHG�ZDV�QRW�
SUHVHQW�LQ�WKH�$3,V�RU�WKH�$3,V�ZHUH�QRW�FRPSDWLEOH�ZLWK�HDFK�RWKHU�LQ�VRPH�DUHDV��:H�
ZRXOG�WKHUHIRUH�OLNH�WR�WDNH�XS�KRZ�WKH�$3,V�FRXOG�KDYH�EHHQ�GHVLJQHG�GLIIHUHQWO\�WR�
PDNH�WKH�LQWHJUDWLRQ�HDVLHU��
�
2QH�SUREOHP�WKDW�ZDV�SRVVLEOH�WR�VROYH�EXW�WRRN�TXLWH�VRPH�WLPH�WR�JHW�ULJKW�ZDV�WKDW�
&U\VWDO� 6SDFH� DQG� H�7RXFK� XVH� GLIIHUHQWO\� RULHQWHG� FRRUGLQDWH� V\VWHPV�� 3HUKDSV� WKLV�
GRHV�QRW�VHHP�OLNH�D�ELJ�SUREOHP�EXW�LW�LV�YHU\�DQQR\LQJ�DQG�WKH�FRGH�JHWV�D�ORW�PRUH�
GLIILFXOW�WR�XQGHUVWDQG��7KLV�LV�D�JRRG�H[DPSOH�RI�ZKDW�FDQ�KDSSHQ�ZKHQ�WKH�GLIIHUHQW�
SDUWV�DUH�QRW�GHVLJQHG�WR�EH�XVHG�WRJHWKHU�DQG�WKHUH�DUH�QR�VWDQGDUGV�HVWDEOLVKHG��
�
$�IHDWXUH�WKDW�ZRXOG�KDYH�EHHQ�QLFH�WR�KDYH�LQ�&U\VWDO�6SDFH�LV�D�PRUH�DGYDQFHG�WKUHDG�
FODVV��:LWK� WKH� H[LVWLQJ� WKUHDG� FODVV� LW� LV� QRW� SRVVLEOH� WR� GHWHUPLQH� WKH� SHULRG� DQG� LW�
GRHV�QRW�VXSSRUW�WKH�XVH�RI�VHPDSKRUHV�IRU�PXWXDO�H[FOXVLRQ��+DG�WKHVH�IHDWXUHV�EHHQ�
DYDLODEOH�� LW� SHUKDSV� ZRXOG� KDYH� EHHQ� SRVVLEOH� WR� VROYH� WKH� SUREOHP� RI� WKH� JUDSKLFV�
ORRS�DQG�WKH�KDSWLFV�ORRS�UXQQLQJ�DW�GLIIHUHQW�VSHHGV��%\�DGGLQJ�D�ORRS�EHWZHHQ�WKHVH�
LW�PLJKW� EH� SRVVLEOH� WR� VPRRWK� RXW� WKH� GLIIHUHQFHV� E\� GLYLGLQJ� XS� WKH� XSGDWHV� IURP�
&U\VWDO�6SDFH�LQWR�VPDOOHU�SLHFHV�DQG�LQVWHDG�VHQGLQJ�WKHP�WR�WKH�VHUYR�ORRS�DW�D�KLJKHU�
UDWH��,Q�WKLV�ZD\�WKH�3KDQWRP�ZRXOG�EH�XSGDWHG�PRUH�RIWHQ�DQG�LW�ZRXOG�IHHO�VPRRWKHU�
ZKHQ�ZDONLQJ�LQWR�D�ZDOO�IRU�H[DPSOH��
�
7KHUH�DUH�DOVR�D�IHZ�WKLQJV�WKDW�FRXOG�EH�GLIIHUHQW�LQ�WKH�H�7RXFK�$3,��)RU�H[DPSOH��LW�
ZRXOG�EH�JRRG�LI�WKH�IRUFH�FDOFXODWLRQV�XVHG�D�FXUVRU�LQ�WKH�IRUP�RI�D�VSKHUH�RU�VRPH�
RWKHU�JHRPHWU\�DQG�QRW�MXVW�D�VLQJOH�SRLQW��7KLV�ZRXOG�PDNH�LW�PXFK�HDVLHU�WR�XVH�PDSV�
WKDW�FDQ�EH�GRZQORDGHG�IURP�WKH�,QWHUQHW��,W�ZRXOG�DOVR�EH�JRRG�LI�WKH�IRUFH�DOJRULWKP�
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ZRUNHG�RQ�SRO\JRQV�RWKHU�WKDQ�WULDQJOHV��7KHQ�LW�ZRXOG�EH�HDVLHU� WR�FRS\�RU�VXEFODVV�
WKH�PHVK�REMHFWV�LQ�&U\VWDO�6SDFH���
�
7KHVH� VXJJHVWLRQV� IRU� EHWWHU� GHVLJQ� RI� WKH� GLIIHUHQW� $3,V� ZRXOG� SURYLGH� D� EHWWHU�
VWDUWLQJ�SRLQW�IRU�D�SURMHFW�RI�WKLV�NLQG��VLQFH�LW�ZRXOG�JLYH�PRUH�DOWHUQDWLYHV�RQ�KRZ�WR�
GHVLJQ�WKH�V\VWHP��:H�KDYH�KRZHYHU�IRXQG�WKDW�LW�LV�SRVVLEOH�WR�JHW�D�ZRUNLQJ�V\VWHP�
HYHQ� ZLWKRXW� WKHVH� IHDWXUHV� LPSOHPHQWHG� VR� WKH\� DUH� QRW� HVVHQWLDO� LQ� DQ\� ZD\�� 7KH�
SURFHVVLQJ�SRZHU�RI�PRGHUQ�3&V� LV�DOUHDG\�VXIILFLHQW�IRU�UXQQLQJ�WKLV�NLQG�RI�V\VWHP�
ZLWK�D�VDWLVIDFWRU\�UHVXOW��EXW�ZLWK�HYHQ�PRUH�SRZHUIXO�FRPSXWHUV�WKH�UHVXOW�ZRXOG�EH�
HYHQ�EHWWHU��,W� LV�ILUVW�DQG�IRUHPRVW�WKH�GLIIHUHQFH�LQ�WKH�UDWHV�RI�WKH�JUDSKLFV�DQG�WKH�
KDSWLFV� ORRS� UHVSHFWLYHO\� WKDW� ZRXOG� EH� UHGXFHG� DQG� WKH� UHVXOW� ZRXOG� EH� DQ� RYHUDOO�
VPRRWKHU�IHHOLQJ�LQ�WKH�DSSOLFDWLRQV��
�
7KH� SRVVLELOLWLHV� RI� FUHDWLQJ� JRRG� TXDOLW\� JUDSKLFV� ZLWK� D� JDPH� HQJLQH� H[FHHG� WKH�
SRVVLELOLWLHV�SURYLGHG�E\�WKH�KDSWLF�$3,V��$�JDPH�HQJLQH�DOVR�SURYLGHV�D�JRRG�ZD\�RI�
FUHDWLQJ�DQG�PDLQWDLQLQJ�VWDWLF�DV�ZHOO�DV�G\QDPLF��'�ZRUOGV��7KH�FDPHUD�FDQ�HDVLO\�EH�
PRYHG� DURXQG� WKH�ZRUOG� DQG�E\� XVLQJ�SOXJLQV� IRU� FROOLVLRQ�GHWHFWLRQ�RU� SK\VLFV� LW� LV�
SRVVLEOH� WR� LQWURGXFH� D� UHDOLVWLF� IHHOLQJ� LQ� WKH� DSSOLFDWLRQ��+HQFH� WKHUH� DUH� GHILQLWHO\�
VRPH� JRRG� DVSHFWV� ZLWK� XVLQJ� D� JDPH� HQJLQH� DV� WKH� EDVH� IRU� FUHDWLQJ� KDSWLF�
DSSOLFDWLRQV��
��
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$SSHQGL[�$��+DSWLF�SOXJLQ�

$���5HTXLUHPHQWV�
$�����+DUGZDUH�UHTXLUHPHQWV�
7R�EH�DEOH�WR�XVH�WKH�&U\VWDO�6SDFH�KDSWLF�SOXJLQ�RQH�QHHGV�D�UHDVRQDEOH�IDVW�FRPSXWHU�
DQG� D��'�DFFHOHUDWHG�JUDSKLFV� FDUG��$�PLQLPDO� VHWXS�ZRXOG�EH� D�3HQWLXP�RU�$WKORQ�
SURFHVVRU�DW�����0K]�DQG�D�717��RU�*HIRUFH�����FDUG��+RZHYHU�WR�JHW�D�VWDQGDUG�RU�
EHWWHU�SHUIRUPDQFH�LW� LV�UHFRPPHQGHG�WR�XVH�D�����0K]��SURFHVVRU�DQG�D�*HIRUFH���
FDUG�RU�EHWWHU��,GHDO�LV�REYLRXVO\�WR�KDYH�D�FRPSXWHU�ZLWK�GXDO�SURFHVVRU�VR�WKH�KDSWLF�
DQG�JUDSKLF�UHQGHULQJ�FDQ�EH�GLYLGHG�EHWZHHQ�WKHP��2I�FRXUVH�RQH�DOVR�QHHGV�WR�KDYH�
RQH�RI�WKH�KDSWLF�GHYLFHV�IURP�WKH�3KDQWRP�IDPLO\��
$�����6RIWZDUH�UHTXLUHPHQWV�
7KH�SOXJLQ� VKRXOG�ZRUN� ILQH�XQGHU�:LQGRZV�17��:LQGRZV������ DQG�:LQGRZV�;3��
7R�EH�DEOH� WR� UXQ� LW�RQH�PXVW�KDYH� LQVWDOOHG� WKH�3KDQWRP�GULYHUV�� ,Q� WKLV�SURMHFW�ZH�
KDYH�XVHG�YHUVLRQ�������RI�WKH�3KDQWRP�GULYHUV��,I�RQH�ZDQWV�WR�HGLW�DQG�UHFRPSLOH�WKH�
FRGH�� WKH� *+267� ������ 6'.� DQG� &U\VWDO� 6SDFH� YHUVLRQ� ����U���� VKRXOG� DOVR� EH�
LQVWDOOHG���
�
6RPHWLPHV�RQH�PLJKW�ZKDW�WR�EH�DEOH�WR�KDYH�D�GLIIHUHQW�ZRUNVSDFH�IRU�WKH�3KDQWRP�
WKDQ�WKH�GHIDXOW�WKDW�LV�VHW� LQ�WKH�ZLQGRZV�UHJLVWHU��)RU�H[DPSOH��ZKHQ�UXQQLQJ�GHPR�
DSSOLFDWLRQ���LW�ZRXOG�SUREDEO\�EH�EHWWHU�LI�WKH�3KDQWRP�FRXOG�UHDFK�IXUWKHU�LQ�IURQW�RI�
WKH�FDPHUD� WKDQ�EHKLQG� WKH�FDPHUD��7KHUH� LV�XQIRUWXQDWHO\�QR�RWKHU�ZD\�RI�FKDQJLQJ�
WKLV�WKDQ�WR�HGLW�WKH�UHJLVWHU�GDWD��

$���/RDGLQJ�WKH�SOXJLQ�
7R�ORDG�WKH�SOXJLQ�LQ�D�&U\VWDO�6SDFH�DSSOLFDWLRQ�RQH�ILUVW�KDYH�WR�UHJLVWHU�LW�ZLWK�D�VPDOO�
SURJUDP�WKDW�FRPHV�ZLWK�&U\VWDO�6SDFH�FDOOHG�VFIUHJ�WKDW�UHJLVWHUV�WKH�SOXJLQ�LQ�WKH�6&)�
�6KDUHG�&ODVV�)DFLOLW\���7R�UHJLVWHU�WKH�SOXJLQ�RQH�ILUVW�QHHGV�WR�FRS\�WKH�SKDQWRP�GOO�WR�
WKH�&U\VWDO�6SDFH�GLUHFWRU\��$IWHU�WKDW�WKH�SOXJLQ�FDQ�EH�UHJLVWHUHG�E\�UXQQLQJ��
�
scfreg phantom.dll 

�
7KLV�ZLOO�PDNH�D�QHZ�HQWU\� LQ�WKH�VFI�FIJ�ILOH��7R�EH�DEOH� WR� ORDG� LW� LQ�D�&U\VWDO�6SDFH�
DSSOLFDWLRQ� RQH� QHHGV� WR� LQFOXGH� WKH� SKDQWRP�K� ILOH�� ,W� FDQ� WKHQ� EH� ORDGHG� LQWR� WKH�
DSSOLFDWLRQ� LQ� WZR� GLIIHUHQW� ZD\V�� 2QH� ZD\� LV� WR� ORDG� LW� WKURXJK� WKH� FV,QLWLDOL]HU� DW�
LQLWLDOL]DWLRQ�WLPH�OLNH�WKLV��
�
if (!csInitializer::RequestPlugins (object_reg, 
     CS_REQUEST_VFS, 
     CS_REQUEST_SOFTWARE3D, 
     CS_REQUEST_ENGINE, 
     ... 
     CS_REQUEST_PLUGIN("crystalspace.plugins.phantom", iPhantom), 
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     CS_REQUEST_END)) 
{ 
  ... 
} 
... 

�
csRef<iPhantom> phantom = CS_ SCF_CREATE_INSTANCE (object_reg, 
iPhantom); 

�
7KLV�LV�SUREDEO\�WKH�EHVW�ZD\�WR�ORDG�WKH�SOXJLQ�EHFDXVH�WKLV�JLYHV�WKH�RSSRUWXQLW\�WR�
RYHUULGH�WKH�SOXJLQ�DW�WKH�FRPPDQG�OLQH�RU�LQ�D�FRQILJXUDWLRQ�ILOH��$QRWKHU�ZD\�LV��
�
csRef<iPluginManager> plugin_mgr =  
  CS_QUERY_REGISTRY (object_reg, iPluginManager); 
csRef<iPhantom> phantom = CS_LOAD_PLUGIN (plugin_mgr, 
  "crystalspace.plugins.phantom", iPhantom);       
�
%XW�WKLV�ZD\�WKHUH�ZLOO�EH�PRUH�UHIHUHQFHV�WR�FOHDQ�XS��
�
$QRWKHU�WKLQJ�WR�WKLQN�DERXW�EHIRUH�VWDUWLQJ�WKH�SOXJLQ�LV�WKH�YLVLEOH�UHSUHVHQWDWLRQ�RI�
WKH�3KDQWRP�SRVLWLRQ��7KH�3KDQWRP�SRVLWLRQ�FDQ�EH�UHSUHVHQWHG�DV�DQ\�REMHFW� WKDW�LV�
PRYDEOH�LQ�&U\VWDO�6SDFH��+RZHYHU�RQH�VKRXOG�QRW�IRUJHW� WR�VHW�WKH�REMHFW·V�QDPH�WR�
´3+$1720µ��7KLV�ZD\�WKH�REMHFW�ZLOO�EH�H[FOXGHG�LQ�WKH�FRQYHUVLRQ�IURP�D�JUDSKLF�
WR�D�KDSWLF�UHSUHVHQWDWLRQ��7KH�REMHFW·V�SRVLWLRQ�VKRXOG�EH�VHW�WR�WKH�3KDQWRP�SRVLWLRQ�
HYHU\�IUDPH��ZKLFK�FDQ�EH�DFFRPSOLVKHG�E\�XVLQJ�WKH�SOXJLQ�PHWKRG�JHW6W\OXV3RVLWLRQ��

$���8VLQJ�WKH�SOXJLQ�PHWKRGV�
7KLV�FKDSWHU�GHVFULEHV�WKH�PHPEHU�IXQFWLRQV�RI�WKH�SOXJLQ�DQG�ZKHUH�WR�XVH�WKHP�LQ�D�
W\SLFDO� &U\VWDO� 6SDFH� DSSOLFDWLRQ�� ,W� RQO\� GHVFULEHV� WKH� IXQFWLRQV� WKDW� DUH� DYDLODEOH�
WKURXJK�WKH�LQWHUIDFH�DQG�QRW�WKH�IXQFWLRQV�RU�FODVVHV�WKDW�DUH�RXWVLGH�WKLV�LQWHUIDFH��
�
SetMeshList(iMeshList* meshList) 
$IWHU�WKH�SKDQWRP�SOXJLQ�KDV�EHHQ�FUHDWHG�DQG�DOO�PHVKHV�KDYH�EHHQ�ORDGHG�DQG�DGGHG��
HLWKHU�LQ�FRGH�RU�E\�ORDGLQJ�PDSV�RU�VSULWHV��WKLV�IXQFWLRQ�LV�WKH�ILUVW�WR�EH�FDOOHG��7KH�
IXQFWLRQ� ZLOO� EXLOG� XS� D� FRPSOHWHO\� VLPLODU� ZRUOG� LQ� KDSWLFV�� 2QO\� PHVKHV� WKDW�
LPSOHPHQW� WKH� L3RO\JRQ0HVK� LQ� &U\VWDO� 6SDFH� DUH� DGGHG�� 7KH� PHVKHV� DGGHG� DV�
ZRUOGVSDZQ�RU�ZLWK�QR�WDJ�DW�DOO�ZLOO�DOZD\V�EH�FKHFNHG�IRU�FROOLVLRQ�ZLWK�WKH�3KDQWRP��
0HVKHV� DGGHG� DV� WKLQJV�ZLOO� EH� DGGHG� WR� WKH�RFWUHH� DQG�RQO\� FKHFNHG�ZKHQ� WKH\� DUH�
FORVH�WR�WKH�FXUVRU��7KLQJV�WDJJHG�DV�PRYDEOH�RU�VSULWHV�ZLOO�EH�DGGHG�DV�G\QDPLF�KDSWLF�
REMHFWV��
��
start() 
6WDUWV� WKH� VHUYR� ORRS��7KLV� VKRXOG� EH� FDOOHG� DIWHU� WKH� 6HW0HVK/LVW� IXQFWLRQ� KDV� EHHQ�
FDOOHG��EXW�EHIRUH�WKH�FV'HIDXOW5XQ/RRS�LV�VWDUWHG��
�
stop() 
6WRSV�WKH�VHUYR�ORRS��
�
getValidConstruction() 
7KLV� IXQFWLRQ�FKHFNV� LI� WKH�SKDQWRP� LV� FRUUHFWO\� LQLWLDOL]HG��5HWXUQV� WUXH� LI� WKLV� LV� WKH�
FDVH� 
�
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setWorkspacePosition(double x, double y, double z) 
7KLV�IXQFWLRQ�XSGDWHV�WKH�3KDQWRP�ZRUNVSDFH�SRVLWLRQ��7KLV�PHDQV�WKDW�WKH�RULJLQ�RI�
WKH�ZRUNVSDFH�ZLOO� EH�PRYHG� WR� WKH� SRLQW�x,y,z�� (YHU\� WLPH� WKH� FDPHUD� SRVLWLRQ� LV�
XSGDWHG� LQ�6HWXS)UDPH�D�FDOO� WR�VHW:RUNVSDFH3RVLWLRQ� LV�QHHGHG�WR�V\QFK�WKH�KDSWLFV�
ZLWK�WKH�JUDSKLFV��
�
rotateWorkspace(double angle, double x, double y, double z) 
7KLV�IXQFWLRQ�URWDWHV�WKH�3KDQWRP�ZRUNVSDFH�ZLWK�angle�UDGLDQV�DURXQG�WKH�D[LV�PDGH�
XS� E\� x,y,z�� (YHU\� WLPH� WKH� FDPHUD� LV� URWDWHG� LQ� &U\VWDO� 6SDFH�� D� FDOO� WR�
URWDWH:RUNVSDFH�LV�QHHGHG�WR�V\QFK�WKH�KDSWLFV�ZLWK�WKH�JUDSKLFV��
�
getStylusPosition() 
7KLV� IXQFWLRQ�UHWXUQV� WKH�SRVLWLRQ�RI� WKH�VW\OXV� LQ�ZRUOG�FRRUGLQDWHV�� ,I�RQH�ZDQWV� WR�
GLVSOD\�D�JUDSKLF�UHSUHVHQWDWLRQ�RI�WKH�KDSWLF�WRRO�WKLV�IXQFWLRQ�VKRXOG�EH�FDOOHG�HYHU\�
IUDPH�WR�JHW�LWV�SRVLWLRQ����
�
isCollision() 
5HWXUQV�WUXH�LI�WKH�3KDQWRP�VW\OXV�VZLWFK�FROOLGHV�ZLWK�DQ\�REMHFW��
�
getStylusSwitch() 
7KLV�IXQFWLRQ�FDQ�EH�XVHG�LI�RQH�ZDQWV�WR�XWLOL]H�WKH�VW\OXV�VZLWFK�LQ�DQ�DSSOLFDWLRQ��,W�
UHWXUQV�WUXH�LI�WKH�VW\OXV�VZLWFK�LV�SUHVVHG��
�
setForcesOn(boolean forcesOn) 
7KLV�IXQFWLRQ�FDQ�EH�XVHG�WR�WRJJOH�WKH�IRUFHV�RQ�RU�RII��
�
getGimbalAngles() 
5HWXUQV� D� YHFWRU� ZLWK� WKH� FXUUHQW� JLPEDO� DQJOHV� IRU� WKH� 3KDQWRP�� 7KH� DQJOHV� DUH�
UHWXUQHG�LQ�UDGLDQV��7KH�ILUVW�YDOXH�UHSUHVHQW�WKH�URWDWLRQ�DURXQG�WKH�[�D[LV��WKH�VHFRQG�
UHSUHVHQW�URWDWLRQ�DURXQG�WKH�\�D[LV�DQG�WKH�ODVW�UHSUHVHQWV�URWDWLRQ�DURXQG�WKH�]�D[LV���
�
getDynamicForceList() 
5HWXUQV�D�OLVW�FRQWDLQLQJ�SDLUV�ZLWK�LQGLFHV�WR�WKH�FRUUHFW�PHVK�REMHFWV�LQ�WKH�PHVK�OLVW�
DQG� WKH� IRUFH� WKDW� VKRXOG� EH� DSSOLHG� WR� WKHP�� 2QO\� WKH� G\QDPLF� REMHFWV� WKDW� DUH�
FXUUHQWO\�WRXFKHG�DUH�UHWXUQHG��
�
)RU� IXQFWLRQ�GHVFULSWLRQV�RI�RWKHU�FODVVHV�XVHG�E\� WKH�SOXJLQ�� VWXG\� WKH� FRPPHQWV� LQ�
WKH�VRXUFH�FRGH�IRU�WKH�FRUUHVSRQGLQJ�FODVVHV��$OWKRXJK�JHQHUDO�LQIRUPDWLRQ�DERXW�WKLV�
FDQ�EH�IRXQG�LQ�FKDSWHU����

$���&KDQJHV�WR�LQFOXGH�ILOHV�
'XULQJ�WKH�LPSOHPHQWDWLRQ�RI�WKH�SOXJLQ�ZH�H[SHULHQFHG�D�IHZ�FRQIOLFWV�EHWZHHQ�ILOHV�
LQFOXGHG� IURP� GLIIHUHQW� OLEUDULHV�� %HFDXVH� RI� WKLV� ZH� KDG� WR� PDNH� D� IHZ� FKDQJHV� WR�
VRPH�RI�WKH�LQFOXGHG�ILOHV�WR�EH�DEOH�WR�FRPSLOH�RXU�SOXJLQ��
�
2QH�SUREOHP�ZH�GLVFRYHUHG�ZKHQ�ZH�FRPSLOHG�RXU�SURMHFW�ZDV�WKDW�ZH�JRW�D�FRQIOLFW�
EHWZHHQ� WKH�6WDQGDUG�7HPSODWH�/LEUDU\� �67/��XVHG� LQ�0LFURVRIW�9LVXDO� 6WXGLR� DQG� D�
UHGHVLJQHG�67/�XVHG�LQ�*+267��7R�VROYH�WKLV�ZH�FRSLHG�WKH�UHGHVLJQHG�67/�GLUHFWRU\�
DQG� WKH� *+267� LQFOXGH� GLUHFWRU\� WR� RXU� SURMHFW� GLUHFWRU\�� 7KH� FRQIOLFW� RFFXUUHG�
EHFDXVH�WKHUH�ZHUH�WZR�GLIIHUHQW�YHUVLRQV�RI�YHFWRU�K�DQG�OLVW�K��:H�FKDQJHG�WKH�QDPHV�
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RI� WKHVH� WR� JYHFWRU�K� DQG� JOLVW�K� LQ� WKH� FRSLHG�*+267� 67/� GLUHFWRU\�� $OO� ILOHV� WKDW�
LQFOXGHG�WKHVH�KDG�WR�EH�PRGLILHG�WR�LQFOXGH�WKH�UHQDPHG�ILOHV��&KDQJHV�ZHUH�PDGH�WR�
WKH�ILOHV�EHORZ��
�
´vector.hµ�ZDV�FKDQJHG�WR�´gvector.hµ�LQ�WKHVH�ILOHV��
�
 gstBoundingBox.h 
 gstIncidentEdge.h 
 gstPoint2D.h 
 gstSpatialObject.h 
 gstTriPoly.h 
 gstTriPolyMeshHaptic.h 
 gstVector.h 
 bvector.h 
 hashtable.h 
 stack.h 

�
´list.hµ�ZDV�FKDQJHG�WR�´glist.hµ�LQ�WKHVH�ILOHV��
�

gstBinTree.h 
gstIncidentEdge.h 
gstPoint2D.h 
gstPolyPropertyContainer.h 
gstVector.h 

�
7KLV�ZD\�*+267�FRXOG�XVH�WKH�67/�ILOHV�LW�UHTXLUHG�DQG�ZH�FRXOG�XVH�WKH�0LFURVRIW�
9LVXDO�6WXGLR�67/�LQ�RXU�SOXJLQ��
�
:KHQ� ZH� GHVLJQHG� RXU� RFWUHH� ZH� XVHG� D� FODVV� LQ� &U\VWDO� 6SDFH� IRU� ERXQGLQJ� ER[HV�
FDOOHG�FV%R[���7KLV�FODVV�KDG�D�PHWKRG�WR�WHVW�LI�D�ER[�LV�DGMDFHQW�WR�DQRWKHU�ER[��7KH�
SUREOHP�ZLWK�WKLV�PHWKRG�ZDV�KRZHYHU�WKDW�LW�ZDV�RQO\�FRQVLGHUHG�DGMDFHQW�ZKHQ�WKH�
ER[HV� ZKHUH� RYHUODSSLQJ� HDFK� RWKHU� LQ� VRPH� ZD\�� 7KLV� ZDV� QRW� ZKDW� ZH� ZDQWHG�
EHFDXVH�LI�WKH�RFWUHH�GLYLGHG�WKH�ZRUOG�H[DFWO\�DW�WKH�VLGH�RI�DQ�REMHFW·V�ERXQGLQJ�ER[��
WKLV�PHWKRG�XVHG�E\�RXU�RFWUHH��ZRXOG�RQO\�UHWXUQ�WKH�REMHFW� LI� WKH�FXUVRU�ZDV�DW� WKH�
VXUIDFH� RU� SHQHWUDWLQJ� WKH� VXUIDFH�� 7KH� SUREOHP� ZLWK� WKLV� ZDV� WKDW� LW� FRXOG� FDXVH�
XQZDQWHG�YLEUDWLRQV�IRU�WKH�3KDQWRP��7KHVH�YLEUDWLRQV�RFFXUUHG�VLQFH�WKH�SRVLWLRQ�RI�
WKH�VW\OXV�LV�TXLWH�VHQVLWLYH��VR�D�FKDQJH�EHWZHHQ�EHLQJ�LQ�DQ�RFWUHH�QRGH�WKDW�FRQWDLQHG�
WKH� REMHFW� DQG� RQH� WKDW� GLG� QRW�� FRXOG� HDVLO\� KDSSHQ�� 6R� IRU� H[DPSOH�ZKHQ� WKH� XVHU�
WRXFKHG�WKH�VLGH�RI�WKH�REMHFW�KH�JRW�SXVKHG�EDFN�E\�D�IRUFH�LQWR�WKH�RFWUHH�QRGH�WKDW�
GLG�QRW�FRQWDLQ� WKH�REMHFW��7KHQ�KH�WULHG�WR�UHHQWHU�TXLFNO\�DQG�WKLV�FDXVHG�YLEUDWLRQ��
�6HH�ILJXUH�������7R�VROYH�WKLV�ZH�DGGHG�D�PHWKRG�LQ�WKH�FV%R[��FODVV�WKDW�UHWXUQHG�WUXH�
LI�WKH�WZR�ER[HV�ZKHUH�FORVH�HQRXJK�WR�HDFK�RWKHU���

� �)LJXUH�$���$Q�REMHFW�WKDW�KDV�LWV�ERXQGLQJ�ER[�VLGH�H[DFWO\�LQ�WKH�VDPH�SODQH�DV�D�QHLJKERULQJ�RFWUHH�QRGH�FDXVHG�
YLEUDWLRQV�IRU�WKH�3KDQWRP��

�

Octree node, 
that contains 
one object. 

Octree node, 
that contains 
no object. 

Object with its 
bounding box. 
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$SSHQGL[�%��8VLQJ�WKH�GHPR�DSSOLFDWLRQV�

%���5HTXLUHPHQWV�
7KH�WZR�GHPRV�KDYH�WKH�VDPH�UHTXLUHPHQWV�DV� WKH�KDSWLF�SOXJLQ��7R�FKHFN�RXW�WKHVH�
UHTXLUHPHQWV�VHH�VHFWLRQ�$�����DQG�$�������

%���8VLQJ�WKH�GHPR�DSSOLFDWLRQV�
7KLV�VHFWLRQ�ZLOO�GHVFULEH�KRZ�WR�UXQ�WKH�WZR�DSSOLFDWLRQV�DQG�KRZ�WR�XVH�VRPH�RI�WKHLU�
IHDWXUHV��
%�����8VLQJ�GHPR�DSSOLFDWLRQ���
7KH� ILUVW� GHPR� DSSOLFDWLRQ� LV� UXQ� E\� H[HFXWLQJ� WKH�'HPR��H[H� ILOH�� 7KHUH� DUH� D� IHZ�
VWDUWXS�SDUDPHWHUV�WKDW�FDQ�EH�XVHG��7KH�ILUVW�SDUDPHWHU�LV�WKH�QDPH�RI�D�OHYHO�WKDW�ZLOO�
EH� ORDGHG� DQG�XVHG�E\� WKH�GHPR��2WKHU�SDUDPHWHUV� WKDW� FDQ�EH�RI� LQWHUHVW� DUH� WKH�²
YLGHR�RSWLRQ��7R�XVH�DQ�2SHQ*/�KDUGZDUH�DFFHOHUDWHG�FDUG�ZLWK�WKH�GHPR�WKLV�RSWLRQ�
VKRXOG� EH� VHW� DV� �YLGHR RSHQJO��$QRWKHU� WKLQJ� WKDW� FDQ� EH� XVHIXO�ZKHQ� UXQQLQJ� WKH�
GHPR�LV�WR�UHFDOFXODWH�WKH�OLJKW�PDSV��7KLV�QHHGV�WR�EH�GRQH�DW� OHDVW�WKH�ILUVW�WLPH�WKH�
OHYHO�LV�UXQ�RU�LI�WKH�OHYHO�KDV�EHHQ�PRGLILHG�LQ�VRPH�ZD\��7KH�IROORZLQJ�H[DPSOH�UXQV�
WKH�OHYHO�ELJKRXVH�LQ�2SHQ*/�DQG�UHFDOFXODWHV�WKH�OLJKW�PDSV��
�
Demo1.exe bighouse –video=opengl –relight 

�
:KHQ�GHPR��VWDUWV�XS�WKH�XVHU�LV�VLWXDWHG�LQ�WKH�ZRUOG�ORDGHG�IURP�WKH�FRPPDQG�OLQH��
7KH�XVHU�FDQ�QRZ�PRYH�DURXQG�WKH�ZRUOG�XVLQJ�WKH�DUURZ�NH\V�RQ�WKH�NH\ERDUG��7KH�
DUURZ�NH\V�OHIW�DQG�ULJKW�URWDWHV�WKH�XVHU��7KH�IRUZDUG�DQG�EDFNZDUG�NH\V�DUH�XVHG�WR�
PRYH�WKH�XVHU�IRUZDUGV�DQG�EDFNZDUGV��7KH�SDJH�GRZQ�DQG�SDJH�XS�NH\�FDQ�EH�XVHG�WR�
WLOW� WKH�FDPHUD�XS�DQG�GRZQ��$W� WKH�VDPH�WLPH� WKH�XVHU�FDQ�IHHO� WKH�VXUURXQGLQJV�E\�
PRYLQJ�DURXQG�WKH�3KDQWRP�VW\OXV��
�
7KHUH�LV�DQ�RSWLRQ�WR�WHPSRUDULO\�WXUQ�RII�DQG�RQ�WKH�IRUFHV�E\�SUHVVLQJ�WKH�¶I·�NH\��7KH�
DSSOLFDWLRQ�FDQ�EH�VKXW�GRZQ�E\�SUHVVLQJ�WKH�¶HVF·�NH\��
%�����8VLQJ�GHPR�DSSOLFDWLRQ���
7KH� VHFRQG� GHPR� DSSOLFDWLRQ� LV� UXQ� E\� H[HFXWLQJ� WKH� 'HPR��H[H� ILOH�� 7KH� GHPR��
DSSOLFDWLRQ�DOVR�VXSSRUWV�SDUDPHWHUV�WR�ORDG�GLIIHUHQW�OHYHOV�DQG�VHW�GLIIHUHQW�RSWLRQV�LQ�
WKH� VDPH� ZD\� DV� WKH� ILUVW� GHPR�� 7KH� IROORZLQJ� H[DPSOH� UXQV� WKH� OHYHO� ODE\ULQWK�� LQ�
2SHQ*/�DQG�UHFDOFXODWHV�WKH�OLJKW�PDSV��
�
Demo2.exe labyrinth1 –video=opengl –relight 

�
7KH�GHPR��DSSOLFDWLRQ�VWDUWV�ZLWK�WKH�FDPHUD�ORRNLQJ�DW�WKH�EDOO�IURP�DERYH�LQ�LWV�VWDUW�
SRVLWLRQ��%\�XVLQJ�WKH�DUURZ�NH\V�WKH�SOD\HU� LV�DEOH�WR�PRYH� WKH�FDPHUD�VLGHZD\V�DQG�
IRUZDUGV� DQG� EDFNZDUGV�� 3XVKLQJ� WKH� OHIW� RU� ULJKW� DUURZ� NH\� PRYHV� WKH� FDPHUD�
VLGHZD\V��3XVKLQJ�WKH�XS�RU�GRZQ�NH\�PRYHV�WKH�FDPHUD�IRUZDUGV�RU�EDFNZDUGV��7KH�
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REMHFW� RI� WKH� JDPH� LV� WR� XVH� WKH� 3KDQWRP� WR� UROO� WKH� EDOO� WKURXJK� WKH� ODE\ULQWK� DQG�
UHDFK�WKH�H[LW�SRVLWLRQ�LQ�DV�IDVW�WLPH�DV�SRVVLEOH���
,W� LV� QRW� MXVW� D� PDWWHU� RI� ILQGLQJ� WKH� FRUUHFW� ZD\�� 7KHUH� FDQ� EH� WKLQJV� LQ� WKH� ZD\�
VWRSSLQJ�WKH�EDOO�IURP�HQWHULQJ�FHUWDLQ�DUHDV��7KHVH�REMHFWV�PXVW�EH�UHPRYHG�ZLWK�WKH�
3KDQWRP�� 7KH\� FDQ� HLWKHU� EH� OLIWHG� DZD\� RU� SXVKHG� LQ� D� SURSHU� GLUHFWLRQ�� &HUWDLQ�
REMHFWV�FDQ�DOVR�KHOS�WKH�SOD\HU�WR�RYHUFRPH�KROHV�LQ�WKH�ODE\ULQWK�E\�ILOOLQJ�WKHP�ZLWK�
WKHVH�REMHFWV��:KHQ�WKH�SOD\HU�ILQGV�WKH�ZD\�WKURXJK�WKH�ODE\ULQWK�DQG�WKH�EDOO�UHDFKHV�
WKH� [�PDUNHG� JRDO� SRVLWLRQ� WKH� JDPH� LV� ILQLVKHG�� 7KH� WLPH� WDNHQ� IRU� WKLV� ZLOO� EH�
GLVSOD\HG�IRU�WKH�SOD\HU��
�
,I�WKH�EDOO�JHWV�VWXFN�LQ�D�VLWXDWLRQ�WKDW�LW�LV�QRW�SRVVLEOH�WR�JHW�RXW�RI�E\�XVLQJ�WKH�3KDQWRP��
WKH� JDPH� FDQ� EH� UHVWDUWHG� E\� SUHVVLQJ� WKH� ¶U·� NH\��7KH� DSSOLFDWLRQ� FDQ� EH� VKXW� GRZQ�E\�
SUHVVLQJ�WKH�¶HVF·�NH\��
�
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$SSHQGL[�&��&UHDWLQJ�KDSWLF�ZRUOGV�
7KHUH�DUH�D�IHZ�WKLQJV�WKDW�RQH�KDV�WR�KDYH�LQ�PLQG�ZKHQ�FRQVWUXFWLQJ�D�ZRUOG�IRU�WKH�
KDSWLF�SOXJLQ��7KHVH� WKLQJV�PRVWO\�FRQFHUQ�FUHDWLQJ�DQ�REMHFW� IURP�GLIIHUHQW�SDUWV�RI�
JHRPHWU\��ZLWKRXW�EHLQJ�DEOH�WR�SXVK�WKURXJK�WKH�REMHFW�ZKHUH�WKH�GLIIHUHQW�SDUWV�DUH�
MRLQHG� WRJHWKHU�� +RZHYHU�� WKHUH� DUH� DOVR� VRPH� SRVVLELOLWLHV� WR� FUHDWH� D�PRUH� UHDOLVWLF�
IHHOLQJ�ZRUOG��ZKLFK�FDQ�EH�WDNHQ�DGYDQWDJH�RI�ZKHQ�FUHDWLQJ�WKH�PDS��$OO�WKHVH�LVVXHV�
ZLOO�EH�GHVFULEHG�LQ�WKLV�DSSHQGL[��

&���0XOWL�SDUW�REMHFWV�
&�����,QWURGXFWLRQ�
:KHQ�FUHDWLQJ�PXOWL�SDUW�REMHFWV��LW�LV�YHU\�OLNHO\�WKDW�LW�ZLOO�EH�SRVVLEOH�WR�SXVK�WKURXJK�
WKH�REMHFW�ZKHUH�WKH�GLIIHUHQW�SDUWV�DUH�MRLQHG�WRJHWKHU��HYHQ�WKRXJK�WKH�JUDSKLFV�GRHV�
QRW�VKRZ�D�KROH�WKURXJK�WKH�REMHFW��7KLV�SUREOHP�RFFXUV�EHFDXVH�RI�WKH�ZD\�WKDW�WKH�
KDSWLF� REMHFWV� DUH� FRQVWUXFWHG� LQ� WKH� SOXJLQ� RU� EHFDXVH� RI� WKH� ZD\� WKH� IRUFHV� DUH�
FDOFXODWHG��6LQFH� WKH�3KDQWRP�FXUVRU� LV�D�VLQJOH�SRLQW� LW�FDQ�HDVLO\�PRYH�EHWZHHQ�WZR�
DGMDFHQW�REMHFWV���
�
7KHUH� DUH� WZR�ZD\V� RI� FUHDWLQJ� D�PXOWL� SDUW� REMHFW��2QH�ZD\� LV� WR� VLPSO\� FUHDWH� WKH�
GLIIHUHQW�SDUWV�DQG� WKHQ�SXW� WKHP� LQ� WKHLU�FRUUHFW�SRVLWLRQV��7KLV�ZD\�ZH�ZLOO�DFWXDOO\�
JHW� D�GLIIHUHQW�REMHFW� IRU� HDFK�SDUW� HYHQ� WKRXJK��RQ� VFUHHQ�� LW�PD\� ORRN� OLNH� WKH\� DUH�
MRLQHG� WRJHWKHU� WR� FUHDWH�D� VLQJOH�REMHFW��7KH�RWKHU�ZD\� LV� WR�DFWXDOO\�JURXS� WKH�SDUWV�
WRJHWKHU�FUHDWLQJ�D�VLQJOH�REMHFW��%RWK�ZD\V�FUHDWH�WKH�VDPH�YLVXDO�UHVXOW�EXW�WKH�KDSWLF�
UHVXOW�FDQ�EH�YHU\�GLIIHUHQW�DQG�ERWK�ZD\V�DUH�DFWXDOO\�XVHIXO��EXW�IRU�GLIIHUHQW�W\SHV�RI�
MRLQWV��
�
:KHQ�WKH�KDSWLF�REMHFWV�DUH�FUHDWHG�LQVLGH�WKH�SOXJLQ��DQ�DOJRULWKP�LV�XVHG��ZKLFK�MRLQV�
YHUWLFHV� WRJHWKHU� LI� WKH\� DUH� ORFDWHG� LQ� WKH� VDPH� SRVLWLRQ��)RU� H[DPSOH�� WZR�GLIIHUHQW�
SDUWV� WKDW� VKDUH� DQ� HGJH�ZLOO� EH� MRLQHG� WRJHWKHU� DW� WKLV� HGJH��PDNLQJ� LW� LPSRVVLEOH� WR�
SXVK� WKURXJK� LW� XVLQJ� WKH� 3KDQWRP��+RZHYHU�� WKLV� DOJRULWKP�RQO\�ZRUNV� RQ� D� VLQJOH�
REMHFW��VR�WKH�SDUWV�KDYH�WR�EH�JURXSHG�WRJHWKHU�LQ�WKH�PDS��7KLV�DSSURDFK�FDQ�EH�XVHG�
ZKHQ�MRLQLQJ�SDUWV�ZKHUH�WKH�DGMDFHQW�HGJHV�DUH�RI�WKH�VDPH�OHQJWK�DQG� WKHLU�YHUWLFHV�
DUH�LQ�WKH�VDPH�SRVLWLRQV��
�
,I� WKH� DGMDFHQW� HGJHV� VKRXOG� EH� RI� GLIIHUHQW� OHQJWKV� RU� LI� RQH� SDUW� VWLFNV� RXW� RI� WKH�
VXUIDFH�RI�WKH�RWKHU�SDUW�VR�WKDW� WKH�YHUWLFHV�DUH�QRW� LQ�WKH�VDPH�SRVLWLRQ�� WKH�REMHFWV�
KDYH� WR� RYHUODS��7KLV�ZLOO� RQO\�ZRUN�ZLWK� REMHFWV� WKDW� DUH� QRW� JURXSHG� WRJHWKHU� DV� D�
VLQJOH� REMHFW� DQG� WKH� UHDVRQ� IRU� WKLV� LV� WKH�ZD\� WKDW� WKH� IRUFHV� DUH� FDOFXODWHG�� ,I� WZR�
GLIIHUHQW� REMHFWV� RYHUODS� WKH� IRUFHV� ZLOO� EH� FDOFXODWHG� VHSDUDWHO\� IRU� HDFK� REMHFW� DQG�
WKXV�WKH�UHVXOWLQJ�IRUFH�ZLOO�FRUUHVSRQG�WR�WRXFKLQJ�ERWK�REMHFWV��,I�RYHUODSSLQJ�LV�XVHG�
ZLWKLQ�D�VLQJOH�REMHFW�WKH�IRUFH�FDOFXODWLRQ�DOJRULWKP�RI�WKDW�REMHFW�ZLOO�QRW�EH�DEOH�WR�
KDQGOH�LW�DQG�LW�ZLOO�EH�SRVVLEOH�WR�SXVK�LQWR�WKH�REMHFW�ZKHUH�WKH�WZR�SDUWV�LQWHUVHFW��
�
7KH�UHVW�RI�FKDSWHU�&���ZLOO�GHVFULEH�D�QXPEHU�RI�GLIILFXOWLHV�UHODWHG�WR�EXLOGLQJ�D�PDS�
IRU� WKH� KDSWLF� SOXJLQ�� 2I� FRXUVH�� DOO� GLIIHUHQW� VLWXDWLRQV� WKDW� FDQ� RFFXU� ZLOO� QRW� EH�
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SUHVHQWHG��EXW� WKHUH�ZLOO� EH� JLYHQ� VRPH�EDVLF�PHWKRGV�RI� VROYLQJ�SUREOHPV�� WKDW�ZLOO�
ZRUN� LQ� D� QXPEHU� RI� VLWXDWLRQV� WKDW� DUH� VLPLODU� WR� WKH� RQHV� GHVFULEHG� KHUH�� 7KH�
H[DPSOHV�XVHG�KHUH�PRVWO\�FRQFHUQ�EXLOGLQJ�VRPH�NLQG�RI�KRXVH��EXW�WKH�VROXWLRQV�DUH�
QRW� UHVWULFWHG� WR� EH� XVHG� RQO\� ZLWK� ZDOOV�� IORRUV� DQG� FHLOLQJV�� EXW� ZLWK� DOO� NLQGV� RI�
REMHFWV�WKDW�SUHVHQW�WKH�VDPH�W\SH�RI�GLIILFXOWLHV��
&�����&RUQHUV�
:DOOV�DUH�YHU\�FRPPRQ�LQ�D��'�HQYLURQPHQW�DQG�DUH�D�JRRG�H[DPSOH�EHFDXVH�WKH\�DUH�
RIWHQ� MRLQHG� WRJHWKHU�ZLWK�HDFK�RWKHU��RU� WRJHWKHU�ZLWK� WKH� IORRU�DQG�FHLOLQJ�� FUHDWLQJ�
FRUQHUV��&RUQHUV�FDQ�EH�PDGH�LQ�WKUHH�GLIIHUHQW�ZD\V��
�
7KH�HDVLHVW�ZD\� LV� WR�PDNH�WKH�WZR�ZDOOV�RYHUODS� LQ�WKH�FRUQHU�DQG�NHHS�WKHP�DV�WZR�
GLIIHUHQW� REMHFWV�� 7KLV� ZD\� KRZHYHU�� FDXVHV� D� SUREOHP�ZLWK� WKH� JUDSKLFV� DQG� WKDW� LV�
ZKHQ�WZR�VXUIDFHV�RYHUODS�LQ�WKH�VDPH�SODQH��WKHUH�ZLOO�EH�D�SUREOHP�ZLWK�WKH�]�EXIIHU�
FDXVLQJ� D� IOLFNHU� DV� WKH� SL[HOV� DUH� VRPHWLPHV� WDNHQ� IURP� RQH� VXUIDFH� DQG� VRPHWLPHV�
IURP�WKH�RWKHU�VXUIDFH��7KLV�SKHQRPHQRQ�LV�FDOOHG�]�ILJKWLQJ��+RZHYHU��LQ�D�FRUQHU�WKLV�
SUREOHP�RQO\�RFFXUV�RQ�WKH�RXWVLGH�VR�LW�FDQ�VWLOO�EH�XVHG�LI�WKH�RXWVLGH�RI�WKH�FRUQHU�LV�
QRW�YLVLEOH��
�
$QRWKHU� ZD\� LV� WR� SRVLWLRQ� WKH� ZDOOV� VR� WKDW� WKH\� VKDUH� RQH� HGJH�� OHDYLQJ� D� VTXDUH�
LQGHQWDWLRQ�RQ�WKH�RXWVLGH�RI�WKH�FRUQHU��DQG�WKHQ�JURXS�WKH�WZR�SDUWV� WRJHWKHU��7KLV�
ZLOO�FDXVH�WKHP�WR�EH�MRLQHG�WRJHWKHU�DW�WKHLU�FRPPRQ�HGJH��,I�WKH�LQGHQWDWLRQ�RQ�WKH�
RXWVLGH� LV�QRW�GHVLUDEOH� LW�FDQ�EH�ILOOHG�ZLWK�D�WKLQ�VTXDUH�SDUW�RI�WKH�VDPH�KHLJKW�DQG�
ZLWK�DV�WKH�ZDOOV��7KLV�SDUW�ZLOO�VKDUH�YHUWLFHV�ZLWK�ERWK�ZDOOV�DQG�WKHUHIRUH�QRW�FUHDWH�
DQ\�JDSV��
�
7KH�WKLUG�ZD\�LV�WKH�PRVW�WLPH�FRQVXPLQJ�EXW�DOVR�WKH�RQH�WKDW�FUHDWHV�WKH�EHVW�YLVLEOH�
UHVXOWV�DQG�ZH�UHFRPPHQG�WKDW�LW�VKRXOG�EH�XVHG�ZKHUH�LW�LV�SRVVLEOH��%\�PDNLQJ�D�����
DQJOH�DW�WKH�HQG�RI�HDFK�ZDOO�XVLQJ�WKH�YHUWH[�PDQLSXODWLRQ�WRRO�DQG�JURXSLQJ�WKH�ZDOOV�
WRJHWKHU��WKH\�ZLOO�IRUP�D�SHUIHFW�FRUQHU�VLQFH�ERWK�WKHLU�LQQHU�DQG�RXWHU�HGJHV�ZLOO�EH�
MRLQHG�WRJHWKHU��

� �)LJXUH�&���7KH�ILJXUH�VKRZV�WKUHH�GLIIHUHQW�ZD\V�RI�MRLQLQJ�WZR�ZDOOV�WRJHWKHU�LQ�D�FRUQHU��0HWKRG�$�GLIIHUV�IURP�
WKH� RWKHU� WZR� LQ� WKDW� WKH� ZDOOV� DUH� QRW� JURXSHG� LQWR� D� VLQJOH� REMHFW�� EXW� DUH� VLPSO\� WZR� REMHFWV� RYHUODSSLQJ�� 7KH�
FURVVLQJ�OLQHV�LQ�WKH�FRUQHU�VKRZ�WKH�VXUIDFHV�ZKHUH�VR�FDOOHG�]�ILJKWLQJ�RFFXUV��$OO�WKUHH�ZD\V�ZLOO�SUHYHQW�WKH�3KDQWRP�
FXUVRU�WR�EH�SXVKHG�WKURXJK�WKH�ZDOOV�DW�WKH�MRLQW��
&�����'RRUV�DQG�ZLQGRZV�
:KHQ�FUHDWLQJ�KROHV� WKURXJK�REMHFWV�� IRU�H[DPSOH�ZKHQ�PDNLQJ�GRRUV�DQG�ZLQGRZV��
WKHUH�DUH�D�FRXSOH�RI�ZD\V�WR�JHW�D�JRRG�UHVXOW��)LJXUH�&���VKRZV�WKUHH�GLIIHUHQW�ZD\V�RI�
FRQVWUXFWLQJ�D�ZDOO�ZLWK�D�ZLQGRZ�WKDW�ORRNV�JRRG�LQ�&U\VWDO�6SDFH��+RZHYHU��LW�LV�RQO\�
PHWKRG�%�DQG�&� WKDW�ZLOO�ZRUN�ZLWK� WKH�KDSWLF�SOXJLQ��7KH� UHDVRQ� IRU� WKLV� LV� WKDW� DOO�
DGMDFHQW�SDUWV�VKDUH�WKHLU�HQWLUH�HGJHV��ZKLFK�LV�QRW�WKH�FDVH�LI�PHWKRG�$�LV�XVHG��
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� �)LJXUH�&���7KH� ILJXUH� VKRZV� WKUHH� GLIIHUHQW�ZD\V� RI� FRQVWUXFWLQJ� D�ZLQGRZ��0HWKRG�$�ZLOO� FDXVH� WKH�3KDQWRP�
FXUVRU�WR�EH�DEOH�WR�SXVK�WKURXJK�WKH�ZDOO�DW�WKH�MRLQWV�PDUNHG�ZLWK�FURVVLQJ�OLQHV��0HWKRG�%�DQG�&�ZLOO�ZRUN�ILQH�
EHFDXVH�DOO�GLIIHUHQW�SDUWV�VKDUH�HGJHV�ZLWK�WKHLU�QHLJKERUV��
&�����/DUJH�REMHFWV�
7R�VSHHG�XS� WKH�KDSWLF�FDOFXODWLRQV� WKH�SOXJLQ� LV�DEOH� WR�KDQGOH� ODUJH�REMHFWV�ZLWKRXW�
DGGLQJ�WKHP�WR�WKH�RFWUHH�FRQWDLQLQJ�WKH�UHVW�RI�WKH�VWDWLF�REMHFWV��7KH�UHDVRQ�IRU�WKLV�LV�
WKDW�DQ�REMHFW�WKDW�FRYHUV�D�ODUJH�VKDUH�RI�WKH�ZRUOG�VSDFH�ZLOO�EHFRPH�SDUW�RI�D�ORW�RI�
QRGHV� ZLWKLQ� WKH� RFWUHH� DQG� SRVVLEO\� FDXVH� WKH� RFWUHH� WR� EHFRPH� PXFK� ODUJHU� WKDQ�
RSWLPDO��7R�SUHYHQW� WKLV� IURP�KDSSHQ�� WKH�REMHFW� FDQ�EH�PDUNHG�ZLWK� D� FHUWDLQ� FODVV�
QDPH� LQ� WKH�PDS� �VHH�FKDSWHU�&�����2QH�VKRXOG�KDYH� LQ�PLQG� WKDW� LW� LV� WKH�ERXQGLQJ�
ER[�RI�WKH�REMHFW�WKDW�LV�XVHG�IRU�WKH�RFWUHH�DQG�WKDW�WKH�ERXQGLQJ�ER[�LV�DOLJQHG�ZLWK�
WKH�FRRUGLQDWH�D[HV��
�

� �)LJXUH�&���2EMHFWV�WKDW�DUH�RI�GLIIHUHQW�VKDSHV�DQG�VL]HV�PD\�VWLOO�KDYH�HTXDOO\�ODUJH�ERXQGLQJ�ER[HV��7KLV�FDQ�EH�
JRRG� WR� UHPHPEHU�ZKHQ� FRQVWUXFWLQJ� ODUJH� REMHFWV�� 6LQFH� WKH� ERXQGLQJ� ER[HV� DUH� DOLJQHG�ZLWK� WKH� FRRUGLQDWH� D[HV��
REMHFWV�WKDW�DUH�GLDJRQDO�WR�WKH�FRRUGLQDWH�D[HV�JHW�ODUJHU�ERXQGLQJ�ER[HV�WKDQ�REMHFWV�RI�WKH�VDPH�VKDSH�WKDW�DUH�D[LV�
DOLJQHG���,I�WKH�ERXQGLQJ�ER[�FRYHUV�D�ODUJH�DPRXQW�RI�WKH�ZRUOG�VSDFH�LW�LV�ZLVH�QRW�WR�DGG�LW�WR�WKH�RFWUHH��
�
,W� LV� DOVR� LPSRUWDQW� WR� UHPHPEHU� WKDW� WKH� ERXQGLQJ� ER[HV� DUH� FUHDWHG� IURP� D� VLQJOH�
REMHFW�� 7KLV�PHDQV� WKDW� WZR� ZDOOV� WKDW� DUH� SXW� WRJHWKHU� E\� RYHUODSSLQJ�� DQG� DUH� QRW�
JURXSHG�WRJHWKHU�WR�D�VLQJOH�REMHFW��ZLOO�HDFK�JHW�WKHLU�RZQ�ERXQGLQJ�ER[��$�VLQJOH�ZDOO�
REMHFW�PD\�YHU\�ZHOO�EH�FRQVLGHUHG�DV�D�VPDOO�REMHFW��HVSHFLDOO\�LI�LW�LV�DOLJQHG�ZLWK�WKH�
FRRUGLQDWH� D[HV�� 7KHUHIRUH� LW� FDQ� EH� JRRG� WR� XVH� RYHUODSSLQJ� IRU� VRPH� REMHFWV��
SURYLGLQJ�WKDW�]�ILJKWLQJ�FDQ�EH�DYRLGHG�VR�WKDW�WKH�JUDSKLFV�DUH�QRW�UXLQHG��

&���&ODVV�QDPHV�DQG�NH\V�
:KHQ�FUHDWLQJ�D�PDS�LW�LV�SRVVLEOH�WR�FXVWRPL]H�LW�WR�PDNH�LW�PRUH�HIILFLHQW�DQG�PRUH�
UHDOLVWLF� IURP� D� KDSWLF� YLHZSRLQW�� 7R� WDNH� DGYDQWDJH� RI� WKLV�� WKH� REMHFWV� KDYH� WR� EH�
DVVLJQHG� FODVV� QDPHV� DQG� NH\V�� GHVFULELQJ� ZKDW� NLQG� RI� DQ� REMHFW� LW� LV� DQG� ZKDW�
SURSHUWLHV�LW�KDV��7KLV�LQIRUPDWLRQ�FDQ�EH�DGGHG�E\�FRQYHUWLQJ�DQ�REMHFW�LQWR�RQH�RI�WKH�
HQWLWLHV�OLVWHG�EHORZ�DQG�WKHQ�DVVLJQLQJ�WKH�GLIIHUHQW�NH\V��,W�LV�QRW�QHFHVVDU\�WR�XVH�DQ\�
RI�WKHVH�HQWLWLHV��EXW�WKLV�ZLOO�UHVXOW�LQ�WKDW�WKHUH�ZLOO�EH�QR�RSWLPL]DWLRQV�DQG�RQO\�WKH�
GHIDXOW�YDOXHV�ZLOO�EH�XVHG�IRU�WKH�NH\�YDOXHV��
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+HUH�LV�WKH�OLVW�RI�WKH�HQWLWLHV�WKDW�JHW�VSHFLDO�WUHDWPHQW�IURP�WKH�KDSWLF�SOXJLQ��
• &ODVV�QDPH��ZRUOGVSDZQ�
8VLQJ�WKLV�HQWLW\�ZLOO�FDXVH�WKH�REMHFW�WR�EH�FRQVLGHUHG�IRU�FROOLVLRQ�GHWHFWLRQ�HYHU\�
ORRS�RI� WKH� IRUFH� FDOFXODWLRQV�� ,Q�RWKHU�ZRUGV�� LW� LV�QRW�SXW� LQWR� WKH� RFWUHH��7KLV�
HQWLW\�VKRXOG�WKHUHIRUH�EH�XVHG�IRU�YHU\�ODUJH�REMHFWV��WDNLQJ�XS�D�ORW�RI�VSDFH��,I�QR�
NH\V�DUH�XVHG�WRJHWKHU�ZLWK�WKLV�HQWLW\�LW�LV�HTXLYDOHQW�WR�QRW�XVLQJ�DQ�HQWLW\�DW�DOO��

• &ODVV�QDPH��WKLQJ�
7KH� WKLQJ�HQWLW\� VKRXOG�EH�XVHG� IRU�DOO�REMHFWV� WKDW� VKRXOG�EH�SDUW�RI� WKH�RFWUHH��
7KLV�HQWLW\�ZLOO�PRVW�OLNHO\�EH�WKH�PRVW�FRPPRQ�HQWLW\�LQ�DQ\�PDS�VLQFH�LW�VKRXOG�
EH�XVHG�IRU�DOO�VPDOOHU�REMHFWV�DQG�ZDOOV��

 .H\�QDPH��FVBQDPH�
7KLV� NH\� LV� XVHG� WR� GHILQH� D� FXVWRP� QDPH� IRU� WKH� WKLQJ�� :LWK� WKH� KDSWLF�
SOXJLQ�WKHUH�DUH�D�IHZ�QDPHV�WKDW�DUH�UHVHUYHG�DQG�VKRXOG�EH�XVHG�ZLWK�FDUH��
 9DOXH��OLTXLG�
,I�WKH�QDPH�OLTXLG�LV�DVVLJQHG�WR�D�WKLQJ�D�FHUWDLQ�OLTXLG�REMHFW�ZLOO�EH�FUHDWHG��
VR�WKLV�QDPH�VKRXOG�RQO\�EH�XVHG�ZKHQ�LW�LV�LQWHQGHG�WKDW�WKH�REMHFW�VKRXOG�
IHHO�OLNH�D�OLTXLG��
�
7KH�IROORZLQJ�WKUHH�WDJV�DUH�RQO\�XVHG�IRU�G\QDPLF�REMHFWV�WKDW�VKRXOG�QRW�EH�
UHSUHVHQWHG�DV�PHVK�REMHFWV��
 9DOXH��G\QDPLFBER[�
,I� WKH� QDPH�G\QDPLFBER[� LV� XVHG� WKH� REMHFW�ZLOO� EH� DGGHG� DV� D� ER[� LQ� WKH�
SOXJLQ��
 9DOXH��G\QDPLFBVSKHUH�
,I� WKH�QDPH�G\QDPLFBVSKHUH� LV�XVHG� WKH�REMHFW�ZLOO�EH�DGGHG�DV�D�VSKHUH� LQ�
WKH�SOXJLQ��
 9DOXH��G\QDPLFBF\OLQGHU�
,I�WKH�QDPH�G\QDPLFBF\OLQGHU�LV�XVHG�WKH�REMHFW�ZLOO�EH�DGGHG�DV�D�F\OLQGHU�LQ�
WKH�SOXJLQ��

 .H\�QDPH��YLVFRVLW\�
7KLV�NH\�FDQ�EH�XVHG�WR�FUHDWH�OLTXLGV�RI�GLIIHUHQW�YLVFRVLW\��7KH�YLVFRVLW\�YDOXH�
ZLOO�RQO\�KDYH�HIIHFW�LI�LW�LV�XVHG�WRJHWKHU�ZLWK�WKH�FVBQDPH�OLTXLG��

• &ODVV�QDPH��$OO�FODVV�QDPHV�
7KHVH�NH\V�ZRUN�WRJHWKHU�ZLWK�DOO�NLQGV�RI�HQWLWLHV��

 .H\�QDPH��VWLIIQHVV�
7KH�VWLIIQHVV�RI�DQ�REMHFW�GHWHUPLQHV�LI�WKH�REMHFW�IHHOV�KDUG�RU�VRIW��
 .H\�QDPH��IULFWLRQ�
7KLV�NH\�GHWHUPLQHV�WKH�DPRXQW�RI�IULFWLRQ�IRU�WKH�REMHFW��
�
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$SSHQGL[�'��'LFWLRQDU\�
$YDWDU���$Q�LQWHUDFWLYH�UHSUHVHQWDWLRQ�RI�D�KXPDQ�LQ�D�YLUWXDO�UHDOLW\�HQYLURQPHQW�
�
%H]LpU�FXUYHV���&XUYHG�OLQHV�RU�SDWKV�GHVFULEHG�E\�PDWKHPDWLFDO�HTXDWLRQV��
�
%XPS�PDSSLQJ� �� $� WHFKQLTXH� WR� VLPXODWH� EXPS\� VXUIDFHV� E\� YDU\LQJ� WKH� VXUIDFH�
QRUPDOV�DQG�VWLOO�PDLQWDLQ�D�IODW�VXUIDFH��
�
)LUVW�SHUVRQ�JDPH���$��'�JDPH�SOD\HG�IURP�D�ILUVW�SHUVRQ�SRLQW�RI�YLHZ��7KLV�PHDQV�
WKDW� WKH�SOD\HU� LV�DEOH� WR�QDYLJDWH� LQ� WKH�ZRUOG�DQG�VHH�ZKDW� LV� DURXQG�KLP��EXW�KH� LV�
JHQHUDOO\�QRW�DEOH�WR�VHH�D�UHSUHVHQWDWLRQ�RI�KLPVHOI��
�
*/87� �2SHQ*/� 8WLOLW\� 7RRONLW�� �� $Q� LQGHSHQGHQW� ZLQGRZ� V\VWHP� WRRONLW� IRU�
ZULWLQJ�2SHQ*/�DSSOLFDWLRQV��
�
*18�FRS\OHIW�OLFHQVH���$�VRIWZDUH�OLFHQVH�JLYLQJ�DOO�XVHUV�WKH�IUHHGRP�WR�UHGLVWULEXWH�
DQG�FKDQJH�WKH�VRIWZDUH��*18��*18·V�1RW�8QL[��LV�DQ�DFURQ\P�IRU�WKH�)UHH�6RIWZDUH�
)RXQGDWLRQ��)6)���
�
/LJKW� PDS� �� $� SUH�FDOFXODWHG� WZR�GLPHQVLRQDO� WH[WXUH� PDS� GHVLJQHG� WR� SURYLGH�
OLJKWLQJ�HIIHFWV�WR�DQRWKHU�WH[WXUH��
�
0LS�PDSSLQJ���8VLQJ�PXOWLSOH�LPDJHV��ZLWK�GLIIHUHQW�UHVROXWLRQV��RI�D�WH[WXUH�PDS�WR�
SUHVHQW�WH[WXUHV�DW�YDU\LQJ�GLVWDQFH�IURP�WKH�YLHZHU·V�SHUVSHFWLYH��
�
2EMHFW�VSDFH���7KH�ORFDO�FRRUGLQDWH�V\VWHP�RI�D�WKUHH�GLPHQVLRQDO�REMHFW��
�
2SHQ*/� �2SHQ� *UDSKLFV� /LEUDU\�� �� $Q� RSHUDWLQJ� V\VWHP� LQGHSHQGHQW� ORZ�OHYHO�
JUDSKLFV�OLEUDU\�VSHFLILFDWLRQ��
�
3DUWLFOH�V\VWHP� ��'\QDPLF�VLPXODWLRQ�RI�D�JURXS�RI�PRYLQJ�REMHFWV��2IWHQ�XVHG�IRU�
VLPXODWLQJ�WKLQJV�OLNH��IRXQWDLQV��ILUH��VPRNH��VQRZ��UDLQ�HWF��
�
3KRQJ� VKDGLQJ� �� $� OLJKWLQJ� PRGHO� WKDW� XVHV� LQWHUSRODWLRQ� RI� YHUWH[� QRUPDOV� WR�
FDOFXODWH�VPRRWK�VKDGLQJ�RI�VXUIDFHV��
�
3URFHGXUDO� WH[WXUHV� �� 3URJUDPPDEOH� JUDSKLF� WH[WXUHV� WKDW� FDQ� EH� UHQGHUHG� LQ� UHDO�
WLPH��
�
3\WKRQ� �� $Q� LQWHUSUHWHG�� LQWHUDFWLYH�� REMHFW�RULHQWHG� SURJUDPPLQJ� ODQJXDJH� WKDW� LV�
SRUWDEOH�WR�PDQ\�GLIIHUHQW�RSHUDWLQJ�V\VWHPV��
�
6&)� �6KDUHG� &ODVV� )DFLOLW\�� �� $� OLEUDU\� LQWHQGHG� WR� VHSDUDWH� &��� FODVV�
LPSOHPHQWDWLRQV�IURP�WKH�SURJUDPV�WKDW�XVH�WKHP��
�
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67/��6WDQGDUG�7HPSODWH�/LEUDU\����$�FROOHFWLRQ�RI�SUHGHILQHG�DOJRULWKPV�DQG�GDWD�
VWUXFWXUHV�IRU�&����
�
9LHZ� SODQH� �� 7KH� SODQH�� RQWR� ZKLFK� WKH� LPDJH� LV� SURMHFWHG�� 7KH� YLHZ� SODQH� LV�
RUWKRJRQDO�WR�WKH�GLUHFWLRQ�LQ�ZKLFK�WKH�FDPHUD�LV�SRLQWLQJ���
�
950/��9LUWXDO�5HDOLW\�0RGHOLQJ�/DQJXDJH�� ��$�PDUNXS� ODQJXDJH� IRU� GHVFULELQJ�
LQWHUDFWLYH��'�REMHFWV�DQG�ZRUOGV��
�
:RUOG�VSDFH���7KH�FRRUGLQDWH�V\VWHP�RI�D�WKUHH�GLPHQVLRQDO�ZRUOG��
�
�
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