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�
�������&\ULOOH�&DLURQL������������������/LRQHO�'XUDQWD\����������������'DYLG�%ULH��������$EGHUUH]DN�5H]]RXJ�
$OVWRP�PRWHXUV��)UDQFH�����$OVWRP�PRWHXUV��)UDQFH������&5$1��)UDQFH�����������*5((1��)UDQFH�
�
�
$%675$&7�
�
� 2QH�RI�WKH�SUREOHPV�RI�WKH�3DUWLDO�'LVFKDUJHV��3'��PHDVXUHPHQW�LV�WKH�GLVFULPLQDWLRQ�RI�WKH�VLJQDO�
YHUVXV� WKH� QRLVH�� $� ORW� RI� WHFKQLTXHV� OLNH� IUHTXHQF\� ILOWHULQJ� DOUHDG\� H[LVW�� 7KLV� SDSHU� SUHVHQWV� WLPH�
IUHTXHQF\�WHFKQLTXHV�WR�H[WUDFW�WKH�3'�VLJQDO�IURP�WKH�QRLVH��7ZR�WUDQVIRUPV�DUH�SUHVHQWHG���6KRUW�7LPH�
)RXULHU�7UDQVIRUP�DQG�:LJQHU�'LVWULEXWLRQ��7KH�PDWKHPDWLFDO�WRROV�IRU�WKH�LPSOHPHQWDWLRQ�RI�WKH�67)7�DUH�
JLYHQ��$Q�H[DPSOH�RI�H[WUDFWLRQ�RI�D�3'�VLJQDO� IURP�QXPHULF�QRLVH� LV�JLYHQ�DQG� LW� UHVXOW�GLVFXVVHG��7KH�
FKDUDFWHULVWLFV�RI�WKH�3'�VLJQDO�SHUPLW�WR�XVH�DQRWKHU�W\SH�RI�WUDQVIRUPV���WKH�ZDYHOHWV��7KH�PDWKHPDWLFDO�
WRRO�LV�SUHVHQWHG�DQG�GLVFXVVHG��HVSHFLDOO\�IRU�WKH�H[WUDFWLRQ�RI�3'�VLJQDO�IURP�D�3:0�VXSSO\��
�
�
,1752'8&7,21�
�
� :H�KDYH�WR�ZRUN�LQ�WLPH�DQG�IUHTXHQF\�GRPDLQV�WR�DQDO\]H�WKH�3DUWLDO�'LVFKDUJHV��6WDWLVWLFDO�WRROV�
DQG� 3KDVH� 5HVROYHG� 3DUWLDO� 'LVFKDUJHV� �353'�� 3DWWHUQ� DUH� FXUUHQWO\� XVHG� WR� DQDO\]H� WKH� 3'� >�@�� 7KH�
LPSRUWDQFH�RI�IUHTXHQF\�GDWD�IRU�WKH�3'�DQDO\VLV�>�@�DQG�WKH�SUREOHPV�RI�QRLVH� LQ�WKH�3'�PHDVXUHPHQW�
DUH�ERWK�SULQFLSDO�UHDVRQV�WR�ZRUN�LQ�WKH�IUHTXHQF\�GRPDLQ��7KH�FODVVLFDO�WUDQVIRUPV�OLNH�WKH�IDVW�)RXULHU�
WUDQVIRUP��))7��HQDEOH�XV�WR�JR�IURP�WLPH�GRPDLQ�WR�IUHTXHQF\�GRPDLQ�DQG�LQYHUVHO\��EXW��GRQ·W�HQDEOH�WR�
ZRUN� RQ� ERWK� GRPDLQV��'XULQJ� WKH� ��WK� FHQWXU\�� 7LPH�)UHTXHQF\� 7UDQVIRUPV�ZHUH� GHYHORSHG�� 7KH� ILUVW�
RQH�LV�WKH�6KRUW�7LPH�)RXULHU�7UDQVIRUPV��67)7���7KLV�WUDQVIRUP�LV�IUHTXHQWO\�XVHG��HVSHFLDOO\�IRU�WKH�YRLFH�
WUHDWPHQW��,W�LV�HDV\�WR�LPSOHPHQW�DQG�JLYHV�JRRG�UHVXOWV��:H�SUHVHQW�DOVR�WKH�:LJQHU�GLVWULEXWLRQ�DQG�LWV�
DGYDQWDJHV�DQG�GLVDGYDQWDJHV��7KH�ODWHVW�WRRO�LV�:DYHOHW�RU�WLPH�VFDOH�WUDQVIRUP�� ,W�DSSHDUHG�DERXW����
\HDUV�DJR��
�
7KH�ILUVW�SDUW�RI�WKLV�SDSHU�SUHVHQWV�WKH�WLPH�IUHTXHQF\�WUDQVIRUPV�DQG�JLYHV�DQ�H[DPSOH�WR�LOOXVWUDWH�LW��7KH�
VHFRQG�SDUW�JLYHV�H[DPSOHV�RI�VLQJOH�3'�WUHDWPHQW�DQG�JLYHV�UHVXOWV�RI�3'�VLJQDO�GHQRLVLQJ��7KH�ODVW�SDUW�
RI�WKLV�SDSHU�SUHVHQWV�WKH�SUREOHPV�UHODWHG�WR�WKH�PHDVXUHPHQW�DQG�GLVFXVVHV�WKH�PDWKHPDWLFDO�WRROV�WR�
VROYH�WKHP��
�
7+(25<�$1'�,03/(0(17$7,21�2)�7+(�7,0(�)5(48(1&<�75$16)2506�
�
� 7KH� ))7� HQDEOHV� WR� DQDO\]H� WKH� VLJQDO� LQ� WKH� WLPH� GRPDLQ� RU� LQ� WKH� IUHTXHQF\� GRPDLQ�� 7KH�
WUDQVIRUPV�WKDW�ZH�SUHVHQW�LQ�WKLV�FKDSWHU�HQDEOH�WR�ZRUN�LQ�ERWK�GRPDLQV��7R�GR�WKDW�ZH�ZRUN�RQ�WKH�RQ�
WKH�FRPSOH[�IRUP�RI�WKH�VLJQDO��7KLV�IRUP�LV�
�

�@W�V>M+�W�V�W�Va += � � � � � � � � ����
�
ZKHUH�+>V�W�@�LV�WKH�+LOEHUW�WUDQVIRUP�RI�WKH�UHDO�VLJQDO��
�
:H�SUHVHQW�WKH�6KRUW�7LPH�)RXULHU�7UDQVIRUP��67)7��DQG�WKH�:LJQHU�'LVWULEXWLRQ��:'���7KH\�DUH�SUHVHQWHG�
ZLWK�WHVW�VLJQDOV�WR�HYDOXDWH�WKHP�DQG�WR�PDNH�D�FKRLFH�IRU�WKH�3'�DQDO\VLV��7KH�VLJQDOV�FKRVHQ�WR�GR�WKLV�
WHVW�DUH�VXP�RI�VLQXVRLGV�DQG�OLQHDU�FKLUS���
�

�WI�VLQ��WI�VLQ��W�[ �� p+p= � � � � � � ����
ZKHUH�I� ����+]�DQG�I� ����+]�
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�
�IW�VLQ��W�\ p= �� � � � � � � ����

ZKHUH�I�UDQJHV�IURP����+]�WR�����+]�
�

�W�\�W�[�W�] += � � � � � � � � � ����
�

�
6+257�7,0(�)285,(5�75$16)250�
�
7R�VWXG\� WKH�SURSHUWLHV�RI�D�VLJQDO�DW� WLPH�W��RQH�HPSKDVL]HV� WKH�VLJQDO�DW� WKDW� WLPH�DQG�VXSSUHVVHV� WKH�
VLJQDO�DW�RWKHU�WLPHV�>�@��7KLV�LV�DFKLHYHG�E\�PXOWLSO\LQJ�WKH�VLJQDO�E\�D�ZLQGRZ�IXQFWLRQ��FHQWHUHG�DW�W��WR�
SURGXFH�WKH�PRGLILHG�VLJQDO��
�

�W�K���V��V � -tt=t � � � � � � � � ����
�
7KH�PRGLILHG�VLJQDO�LV�D�IXQFWLRQ�RI�WZR�WLPHV��WKH�IL[HG�WLPH�ZH�DUH�LQWHUHVWHG�LQ��W��DQG�WKH�UXQQLQJ�WLPH��
t�� 7KH�ZLQGRZ� IXQFWLRQ� LV� FKRVHQ� WR� OHDYH� WKH� VLJQDO�PRUH�RU� OHVV� XQDOWHUHG�DURXQG� WLPH� W�� HYHU\�SRLQW�
RXWVLGH�WKLV�ZLQGRZ�LV�SXW�DW�]HUR�WR�VXSSUHVV�WKH�VLJQDO�IRU�WLPH�GLVWDQW�IURP�WKH�WLPH�RI�LQWHUHVW��
7KH�WHUP�´ZLQGRZµ�FRPHV�IURP�WKH�LGHD�WKDW�ZH�DUH�VHHNLQJ�WR�ORRN�DW�RQO\�D�VPDOO�SLHFH�RI�WKH�VLJQDO�DV�
ZKHQ�ZH�ORRN�RXW�RI�D�UHDO�ZLQGRZ�DQG�VHH�RQO\�D�UHODWLYHO\�VPDOO�SRUWLRQ�RI�WKH�VFHQHU\��LQ�WKLV�FDVH�ZH�
ZDQW�WR�VHH�RQO\�D�VPDOO�SRUWLRQ��
6LQFH� WKH� PRGLILHG� VLJQDO� HPSKDVL]HV� WKH� VLJQDO� DURXQG� WLPH� W�� WKH� )RXULHU� WUDQVIRUP� ZLOO� UHIOHFW� WKH�
GLVWULEXWLRQ�RI�WKH�IUHTXHQF\�DURXQG�WKDW�WLPH��
� × ttp=w �� G���V�H�

���6 �
� �

� �� � � � � � � ����

�
ZKHUH�w�LV�WKH�SXOVDWLRQ�RI�WKH�VLJQDO��w �pI��I�LV�WKH�IUHTXHQF\�LQ�+]���)ROORZLQJ�WKH�IRUPXOD������
� × t-ttp=w �	 G��W�K���V�H�

���6 
 �
� � � � � � � ����

�
WKH�HQHUJ\�GHQVLW\�VSHFWUXP�DW�WLPH�W�LV�WKHUHIRUH�
� 


� �



���� G��W�K���V�H�
��Z�6�Z�W�3 × t-ttp== �� � � � � ����

�
IRU�HDFK�GLIIHUHQW�WLPH�ZH�JHW�D�GLIIHUHQW�VSHFWUXP�DQG�WKH�WRWDOLW\�RI�WKHVH�VSHFWUD�LV�WKH� WLPH�IUHTXHQF\�
GLVWULEXWLRQ�� 3 ��� �� ,W� JRHV� XQGHU� PDQ\� QDPHV�� GHSHQGLQJ� RQ� WKH� ILHOG�� ,Q� WKLV� SDSHU�� ZH� XVH� WKH� PRVW�
FRPPRQ�SKUDVHRORJ\��´VSHFWURJUDPµ��7KH�ILJXUHV��E���E�DQG��E�JLYH�H[DPSOHV�RI�WHVW�VLJQDO�GHILQHG�DV�
DERYH��
6LQFH� ZH� DUH� LQWHUHVWHG� LQ� DQDO\]LQJ� WKH� VLJQDO� DURXQG� WKH� WLPH� W�� ZH� KDYH� FKRVHQ� D� QDUURZ� ZLQGRZ�
SHDNHG� DURXQG� W�� +HQFH� WKH�PRGLILHG� VLJQDO� LV� VKRUW� DQG� LWV� IRXULHU� WUDQVIRUP�� HTXDWLRQ� ����� LV� FDOOHG�
6KRUW�WLPH�)RXULHU�WUDQVIRUP��:KHQ�ZH�ZDQW�WR�HVWLPDWH�WLPH�SURSHUWLHV�IRU�D�JLYHQ�IUHTXHQF\�ZH�GR�QRW�
WDNH�VKRUW�WLPHV�EXW�ORQJ�RQHV��,Q�WKLV�FDVH�WKH�ZLQGRZV�IXQFWLRQ�RQ�WKH�IUHTXHQF\�LV�VKRUW�WR�UHVSHFW�WKH�
XQFHUWDLQW\�SULQFLSOH�RI�+HLVHQEHUJ��:H�FDQ�GHILQH�D�6KRUW�)UHTXHQF\�)RXULHU�7UDQVIRUP�E\��
�
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× ww-wwp=� 
G��
�+��
�6�H�
��W�V � ���

� � � � � ����

�
,I�ZH�UHODWH�WKH�ZLQGRZ�IXQFWLRQ�LQ�WKH�WLPH�K�W��DQG�WKH�ZLQGRZV�IXQFWLRQ�LQ�WKH�IUHTXHQF\�+�w��E\�
� × ��

p=w GWH��W�K�
���+ ��

� � � � � � � �����

WKHQ�
�W�V�H��6 � 

� !
!"=w � � � � � � � � �����

�
7KH� VKRUW� WLPH� )RXULHU� WUDQVIRUP� LV� WKH� VDPH� DV� WKH� 6KRUW� )UHTXHQF\� )RXULHU� 7UDQVIRUP� H[FHSW� IRU� WKH�
SKDVH�IDFWRU�H # $ %'& ��6LQFH�WKH�GLVWULEXWLRQ�LV�DEVROXWO\�VTXDUH��WKH�SKDVH�IDFWRU�GRHV�QRW�HQWHU�LQWR�DQG�HLWKHU�
WKH� VKRUW�WLPH� )RXULHU� WUDQVIRUP� RU� WKH� 6KRUW� )UHTXHQF\� )RXULHU� 7UDQVIRUP� FDQ� EH� XVHG� WR� GHILQH� WKH�
GLVWULEXWLRQ��
� ((

) ��V��6�Z�W�3 w=w= * � � � � � � � �����
�
WKLV� VKRZV� WKDW� WKH� VSHFWURJUDP� FDQ� EH� XVHG� WR� VWXG\� WKH� EHKDYLRU� RI� WLPH� SURSHUWLHV� DW� D� SDUWLFXODU�
IUHTXHQF\��7KLV�LV�GRQH�E\�FKRRVLQJ�D�QDUURZ�ZLQGRZ�LQ�IUHTXHQF\�RU�OLNHZLVH�E\�WDNLQJ�D�EURDG�ZLQGRZ�
LQ� WLPH�� 7KHUHIRUH� ZH� FDQ� PDNH� D� QDUURZEDQG� RU� D� ZLGHEDQG� VSHFWURJUDP� E\� FKRRVLQJ� VL]H� RI� WKH�
ZLQGRZ�LQ�WKH�WLPH�GRPDLQ��
�
�
:,*1(5�',675,%87,21�
�
� 7KH� :LJQHU� GLVWULEXWLRQ� LV� WKH� SURWRW\SH� RI� GLVWULEXWLRQV� WKDW� DUH� TXDOLWDWLYHO\� GLIIHUHQW� IURP� WKH�
VSHFWURJUDP�� :LJQHUV� RULJLQDO� PRWLYDWLRQ� IRU� LQWURGXFLQJ� LW� ZDV� WR� EH� DEOH� WR� FDOFXODWH� WKH� TXDQWXP�
FRUUHFWLRQ� WR� WKH� VHFRQG� YLULDO� FRHIILFLHQW� RI� D� JDV�� 7KH�:LJQHU� GLVWULEXWLRQ� ZDV� LQWURGXFHG� LQWR� VLJQDO�
DQDO\VLV�E\�9LOOH��7KH�:LJQHU�WUDQVIRUP�LQ�WHUPV�RI�WKH�VLJQDO�LV�
� × tt-t-p=w +-,. G�H���W�V���W�
V�

���W�: /
� � � � � � �����

�
7KH�:LJQHU�GLVWULEXWLRQ�LV�VDLG�WR�EH�ELOLQHDU�LQ�WKH�VLJQDO�EHFDXVH�WKH�VLJQDO�HQWHUV�WZLFH�LQ�LWV�FDOFXODWLRQ��
,W�LV�WR�EH�QRWLFHG�WKDW�WR�GHWHUPLQH�WKH�SURSHUWLHV�RI�WKH�:LJQHU�GLVWULEXWLRQ�DW�D�WLPH�W�ZH�PHQWDOO\�IROG�
WKH�OHIW�SDUW�RI�WKH�VLJQDO�RYHU�WKH�ULJKW�RQH�WR�VHH�LI�WKHUH�LV�DQ\�RYHUODS��
�
� $V�ZH�FDQ�VHH�RQ�WKH�VLJQDO�\�W��GHILQHG�E\�WKH�HTXDWLRQ����ILJXUH��D��WKH�:LJQHU�GLVWULEXWLRQ��ILJXUH�
�F��KDV�D�EHWWHU�FRQWUDVW�WKDQ�WKH�6KRUW�7LPH�)RXULHU�7UDQVIRUP��ILJXUH��E���LW�LV�LQWHUHVWLQJ�IRU�WKH�VWURQJO\�
QRQ�VWDWLRQDU\�VLJQDOV��7KH�ILJXUH���SUHVHQWV�WKH�VXP�RI�VLQXVRLGV�[�W��GHILQHG�E\�WKH�HTXDWLRQ����7KH�67)7�
JLYHV�RQO\�ERWK�IUHTXHQFLHV�EXW�ZLWK�EURDG�EDQG��7KH�:'�JLYHV�WKH�ERWK�IUHTXHQFLHV�ZLWK�D�QDUURZ�EDQG�
EXW�ZH�FDQ�VHH�D�ORW�RI�LQWHUIHUHQFH�WHUPV�HVSHFLDOO\�LQ�WKH�EDQG�RI�����+]��7KHVH�WHUPV�RI�LQWHUIHUHQFH�DUH�
PDWKHPDWLFDO�DUWLIDFWV�JHQHUDWHG�E\�WKH�GLVWULEXWLRQ��
�
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�)LJXUH�����6SHFWURJUDP�DQG�:LJQHU�GLVWULEXWLRQ�RI�WKH�VLJQDO�[�W��
�

�)LJXUH�����6SHFWURJUDP�DQG�:LJQHU�GLVWULEXWLRQ�RI�WKH�VLJQDO�\�W��
�
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� 7KH�VXP�RI�ERWK�VLJQDOV�LV�GHILQHG�DV�WKH�HTXDWLRQ�����RI�WKH�VLJQDO�]�W���,WV�:LJQHU�GLVWULEXWLRQ�LV�
�

��W�:��W�:��W�:��W�:��W�: 021120013 w+w+w+w=w �� � � �����
�
7KH�FURVV�:LJQHU�GLVWULEXWLRQ�LV�FRPSOH[��+RZHYHU�� 4= 526625 :: �DQG��WKHUHIRUH�� ��W�:��W�: 7288�7 w+w �LV�
UHDO��+HQFH�
� { }��W�:5H����W�:��W�:��W�: 92::9; w+w+w=w � � � � �����
�
:H�VHH�WKDW�WKH�:'�RI�D�VXP�RI�WZR�VLJQDO�LV�QRW�WKH�VXP�RI�WKH�:'�RI�HDFK�VLJQDO�EXW�KDV�WKH�DGGLWLRQDO�
WHUP��5H^:[\�W�w�`��,W�LV�RXU�WHUP�RI�LQWHUIHUHQFH��2Q�WKH�RQH�KDQG�WKH�VLJQDO�]�W���HTXDWLRQ�����ILJXUH��D��
LV�HDVLO\�UHDGDEOH�ZLWK�WKH�VSHFWURJUDP��ILJXUH��E���2Q�WKH�RWKHU�KDQG�WKH�DUWLIDFWV�JHQHUDWHG�E\�WKH�WHUPV�
RI�LQWHUIHUHQFH�EOXU�WKH�LQIRUPDWLRQ�RQ�ILJXUH��E��WKH�ZRUN�LQVLGH�WKH�FODVVHV�RI�&RKHQ�DQG�WKH�WUHDWPHQW�
RI�WKH�DPELJXLW\�IXQFWLRQ�HQDEOH�WR�UHGXFH�WKLV�SUREOHP��%XW�LW�LV�QRW�WKH�REMHFWLYH�RI�WKLV�SDSHU��
�
�

�)LJXUH�����6SHFWURJUDP�DQG�:LJQHU�GLVWULEXWLRQ�RI�WKH�VLJQDO�]�W��
�
�
6,1*/(�3'�75($70(17�,1�7+(�7,0(�)5(48(1&<�63$&(�
�

7KH�ILUVW�DSSOLFDWLRQ�WKDW�ZH�SURSRVH�LV�WKH�VWXG\�RI�RQH�VLQJOH�3'�LQ�WKH�WLPH�IUHTXHQF\�VSDFH��7KLV�
3'�ZDV�PHDVXUHG�E\�D�FDSDFLWLYH�SUREH�RQ�RQH�VDPSOH�FRPSRVHG�RI�D�SRO\HVWHU�PLFD�WDSH��7KH�GHWDLOV�RI�
WKH�VDPSOH�DUH�QRW�VR�LPSRUWDQW�LQ�WKLV�SDSHU��7KH�DPSOLWXGH�RI�WKH�QRLVH�DURXQG�WKH�3'�LV�UHODWLYHO\�VPDOO�
�ILJXUH�����7KH�3'�LV�PHDVXUHG�ZLWK�D�IUHTXHQF\�RI�����06�V�RQ�����VDPSOHV��7KH�EDQGZLGWK�RI�WKH�3'�LV�
DURXQG����0+]��7KH�67)7��ILJXUH����SUHVHQWV�D�UHDGDELOLW\�XQWLO����0+]�IRU� WZR�UHDVRQV��ILUVW�RQH� LV�WKH�
TXDOLW\�RI� WKH�JUDSKLF��VHFRQG�RQH� LV� WKH�FKRLFH�RI� WKH�ZLQGRZ��7KH�:'�LV�PRUH�HIILFLHQW� �ILJXUH�����7KH�



�

�����,ULV�5RWDWLQJ�0DFKLQH�&RQIHUHQFH��-XQH��������������$OH[DQGULD��9LUJLQLD�

IUHTXHQF\�DQG�WKH�SRVLWLRQ�RQ�WKH� WLPH�DUH�PRUH�UHDGDEOH��2Q�WKH�ILJXUH���ZH�FDQ�VHH� WKH� LQWHUIHUHQFH�
WHUPV�QHDU�WKH�VHOI�WHUPV��7KH�VXP�RI�WKH�LQWHUIHUHQFH�WHUPV�LV�QXOO��7KH�QRLVH�LV�QRW�UHDGDEOH�RQ�WKH�ILJXUH�
��DQG���EHFDXVH�LWV�DPSOLWXGH�LV�VR�OHVV�LPSRUWDQW�WKDQ�WKH�3'�DPSOLWXGH��7KH�ILJXUH���SUHVHQWV�WKH�67)7�
RI�WKH�3'�VLJQDO�LQ�ORJDULWKP�VFDOH��,Q�WKLV�UHSUHVHQWDWLRQ��ZH�FDQ�VHH�WKH�VSHFWURJUDP�RI�WKH�QRLVH��
�

� �)LJXUH�����VLQJOH�3'�VLJQDO� )LJXUH�����67)7�RI�WKH�VLQJOH�3'�VLJQDO�
�

� �)LJXUH�����:'�RI�WKH�VLQJOH�3'�VLJQDO� )LJXUH�����ORJ�VFDOH�RI�WKH�67)7�RI�WKH�VLQJOH�3'�
�
�
7,0(�)5(48(1&<�3'�$1$/<6,6�21�21(�6833/<�3(5,2'�
�

2QH�FODVVLFDO�SURFHVV�WR�DQDO\]H�WKH�SDUWLDO�GLVFKDUJH�LV�WKH�H[DPLQDWLRQ�RI�WKH�3'�RQ�RQH�VXSSO\�
SHULRG��7KH�ILJXUH���SUHVHQWV� WKH�3'�PHDVXUHPHQW�RQ�WKH�VDPH�VDPSOH�DV� WKH�VLQJOH�3'�PHDVXUHPHQW��
7KLV�PHDVXUHPHQW�LV�PDGH�DW����06�V��7KDQNV�WR�WKH�VLQJOH�3'�DQDO\VLV��ZH�NQRZ�WKDW�WKLV�IUHTXHQF\�EDQG�
LV�QRW�DGHTXDWH�DQG�WKH�3'�VLJQDO�KDV�D�ORW�RI�FKDQFH�WR�ORRN�OLNH�'LUDF�VLJQDO��
�
� 7R�WHVW�WKH�HIILFLHQF\�RI�WKH�WLPH�IUHTXHQF\�WUDQVIRUP��ZH�DGG�QXPHULF�QRLVH�DW�WKH�PHDVXUHG�VLJQDO�
�ILJXUH�����7KH�DGGHG�VLJQDO�LV�FRPSRVHG�E\�ZKLWH�QRLVH��VLQXVRLGDO�QRLVH�DQG�FKRNH�QRLVH��)URP�WKLV�QHZ�
VLJQDO�ZH�PXVW�DQDO\]H�DQG�GHQRLVH�LW�ZLWK�PDWKHPDWLFDO�WRROV�LQ�RUGHU�WR�REWDLQ�DV�ZHOO�DV�SRVVLEOH�WKH�
RULJLQDO�VLJQDO��ILJXUH������
�
�
�
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�)LJXUH�����3'�VLJQDO�PHDVXUHG�
�
�

�)LJXUH�����1RLVHG�VLJQDO�
�
�

�)LJXUH������))7�RI�WKH�QRLVHG�VLJQDO��
�
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�)LJXUH������6SHFWURJUDP�RI�WKH�QRLVHG�VLJQDO�
�
2Q�WKH�VSHFWURJUDP��)LJXUH������ZH�FDQ�VHH�GLIIHUHQW�]RQHV��HYHQ�LI�LW�LV�GLIILFXOW�WR�UHDG�D�VSHFWURJUDP�LQ�
EODFN�DQG�ZKLWH��� 7KH�EDQGV� LQ�ZKLWH�RQ� WKH�]RQH�1����DUH�SHULRGLF�FRPSRQHQWV�RI� WKH�VLJQDO� WKH\�DUH�
SUHVHQW�DW�HYHU\�SRLQW�RI� WKH� WLPH��:H�FDQ� VHH� WKHP� LQ� WKH�))7� �)LJXUH������:H� FDQ�HOLPLQDWH� WKHP�E\�
ILOWHULQJ��7KH�]RQH�1����LV�WKH�FKRFN��:H�FDQ�DOVR�VHH�LW�LQ�WKH�VSHFWUXP�EXW�WKH�EHVW�VROXWLRQ�WR�HOLPLQDWH�LW�
LV�LQ�WKH�WLPH�GRPDLQ��,W�LV�WKH�VDPH�IRU�WKH�ZKLWH�QRLVH��]RQH�1������7KH�]RQH�1����FRQWDLQV�ZKLWH�QRLVH�
DQG�3'�VLJQDO��
�

�)LJXUH������'HQRLVHG�VLJQDO�
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�
� 7KH�ILJXUH����SUHVHQWV�WKH�UHVXOW�RI�WKH�GHQRLVLQJ��7KLV�UHVXOW�LV�REWDLQHG�IURP�UHFXUVLYH�FDOFXODWLRQV�
LQ� WLPH� GRPDLQ� DQG� IUHTXHQF\� GRPDLQ�� 7KH� GHQRLVHG� VLJQDO� REWDLQHG� FDQ� EH� XVHG� WR� GR� VWDWLVWLFDO�
WUHDWPHQW�OLNH�353'�SDWWHUQ�>�@��2I�FRXUVH��ZH�ORRVH�RQH�SDUW�RI�WKH�LQIRUPDWLRQ��%XW��LQ�WKLV�FDVH��ZH�ORRVH�
OHVV�LQIRUPDWLRQ�E\�QXPHULFDO�WUHDWPHQW�WKDQ�E\�WKH�IUHTXHQF\�EDQG�RI�WKH�DFTXLVLWLRQ�FDUG��
�
� 7KH� WLPH�IUHTXHQF\�GLVWULEXWLRQ�HQDEOHV� WR�PDNH�DQ�DQDO\]H� WR�GHWHUPLQH� WKH�EHVW� WRROV� WR�H[WUDFW�
WKH�VLJQDO� IURP� WKH�QRLVH��$IWHU� WKLV�DQDO\VLV��ZH�FDQ� LPSOHPHQW� WKH� WRROV�XVHG� IRU� WKH�H[WUDFWLRQ�RQ� WKH�
PDFKLQH�WR�PDNH�DQ�RQ�OLQH�WUHDWPHQW��+RZHYHU�WKH� WLPH�IUHTXHQF\�WUDQVIRUP�DUH�GLIILFXOW� WR�LPSOHPHQW�
RQ�OLQH�EHFDXVH�WKH�WLPH�RI�WUHDWPHQW�FDQ�EH�WRR�ORQJ��
�
�
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�

7KH�PDLQ�SUREOHP�ZLWK�WKH�FRQYHUWHUV�LV�WKH�G9�GW��,I�ZH�XVH�FDSDFLWLYH�SUREH��ZH�KDYH�D�SUREOHP�
RI�FRXUDQW��L� �&�G9�GW��DQG�WKH�EULGJH�FRQQHFWLRQ�LV�YHU\�GLIILFXOW��2QH�ZD\�WR�VROYH�WKLV�SUREOHP�LV�WR�XVH�
LQGXFWLYH�SUREHV�EXW�WKH�SUREOHPV�RI�DWWHQXDWLRQ�RU�VDWXUDWLRQ�DUH�FRPSOH[��7KH�VHFRQG�ZD\�LV��RI�FRXUVH��
WR�XVH� VLJQDO�SURFHVVLQJ� WR� H[WUDFW� WKH� 3'� VLJQDO�� 7KH� ILJXUH� ���SUHVHQWV�RQH�ZDYHIRUP�RI�D� WZR� OHYHOV�
FRQYHUWHU��$V�ZH�VHH��WKH�FODVVLFDO�WRROV�OLNH�353'�SDUWWHUQ�DUH�QRW�DGDSWHG��
�

�)LJXUH������2QH�SHULRG����+]�IURP�D���OHYHOV�FRQYHUWHU�
�
� 7KH�WLPH�VFDOH�WUDQVIRUPV�ZDYHOHW�WUDQVIRUPV�>�@�VHHPV�WR�EH�D�JRRG�WRRO�WR�ZRUN�RQ�WKLV�SUREOHP�
IRU� VLJQDO� SURFHVVLQJ� >�@� DQG�� SHUKDSV�� IRU� WKH� FODVVLILFDWLRQ� >�@�� 7KH� JHQHUDO� HTXDWLRQ� RI� WKH�:DYHOHW�
WUDQVIRUP�LV�
�
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ZKHUH�Y�LV�WKH�PRWKHU�ZDYHOHW��D�WKH�VFDOH�IDFWRU�DQG�E�WKH�WUDQVODWLRQ�IDFWRU��,Q�IDFW�WKH�FRHIILFLHQW�;�D�E��
LV�WKH�VFDODU�SURGXFW�RI�WKH�VLJQDO�ZLWK�WKH�ZDYHOHW�IXQFWLRQ�PRUH�RU�OHVV�GLODWHG�DQG�WUDQVODWHG�LQ�WKH�WLPH�
D[LV��7KHUH�DUH�YDULRXV�ZDYHOHW� IRQFWLRQV� ��0RUOHW��'HEDXFKLH��+DDU��HWF��2QH�GLIIHUHQFH�EHWZHHQ�7LPH�
)UHTXHQF\�WUDQVIRUP�DQG�7LPH�VFDOH�WUDQVIRUP�LV�WKH�GLVWULEXWLRQ�RI�WKH�IUHTXHQF\��)RU�WKH�7LPH�)UHTXHQF\�
DI �&RQVWDQW��IRU�WKH�WLPH�6FDOH�WUDQVIRUP�DI�I �FRQVWDQW��
� 3UHVHQWO\� ZH� DUH� ZRUNLQJ� RQ� WKH� 3'� GHWHFWLRQ� RQ� FRQYHUWHU� VXSSO\� DQG� ZH� GHYHORS� WKH� ZDYHOHW�
WUDQVIRUPV��
�
�
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�
� 7KH�H[DPLQDWLRQ�RI�WKH�3'�VLJQDO�LQ�WKH�WLPH�IUHTXHQF\�VSDFH�LV�KHOSIXO�WR�GLVFULPLQDWH�WKH�3'�VLJQDO�
YHUVXV�WKH�QRLVH��7KLV�WHFKQLTXH�HQDEOH�WR�KDYH�D�JRRG�LGHD�RI�WKH�3'�HQYLURQPHQW��7KHUHIRUH�LW�VKRXOG�EH�
LQWHUHVWLQJ�WR�SUHSDUH�WKH�LQVWUXPHQWDWLRQ�IRU�WKH�RQ�OLQH�3'�PHDVXUHPHQW��
�
� 7KH� WLPH�IUHTXHQF\� WUHDWPHQW� HQDEOHV� WR� IL[� D� ORW� RI� SUREOHPV� RI� 3'� DFTXLVLWLRQ� DQG� H[WUDFWLRQ��
+RZHYHU� LW� GRQ·W� VHHP� WKH� EHVW� ZD\� IRU� WKH� FODVVLILFDWLRQ� DQG� WKH� GLDJQRVWLF�� 7R� GR� WKDW�� WKH� ZDYHOHW�
WUDQVIRUPV�VHHP�PRUH�LQGLFDWHG�>�@��
�
�
�
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