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�'HYLFH�LQGHSHQGHQW��SROH�ILJXUHV�IRU�TXDQWLWDWLYH�WH[WXUH�

DQDO\VLV��
7KH�3HDN�,QWHQVLW\�0HWKRG��3,0��DQG�WKH�,QWHJUDWLQJ�0HWKRG�

�,0����EDVLF�LQIRUPDWLRQ�
�
�
�

:KHQ�WKH�UDGLDO�DQJOH��D��LQFUHDVHV��WKH�ZD\�RI�EHDP�LQ�VDPSOH�IRU�WKH�VDPH�WKLFNQHVV�
LV�ORQJHU��VHH�IRU�)LJXUH�$�EHORZ��KHQFH�GLIIHUHQW�HIIHFWV�DUH�REVHUYHG��JUHDWHU�DEVRUSWLRQ��WKH�
SHDNV�LQ�WKH�GLIIUDFWLRQ�SDWWHUQ�DUH�EURDGHQHG��PD[LPXP�RI�SHDNV�FDQ�EH�VKLIWHG�IURP��T��VHH�
IRU� )LJXUH� %� EHORZ��� 7KHUH� DUH� DOVR� RWKHU� JHRPHWULFDO� DQG� SK\VLFDO� DSSDUDWXV� SUREOHPV��
FRQQHFWHG� ZLWK� VKLIW� RI� UDGLDO� DQJOH� �EHDP� GLYHUJHQFH�� VSHFWUDO� ZLGWK�� VRXUFH� ZLGWK�� VOLW�
ZLGWK���,QVWUXPHQWDO�DEHUUDWLRQV�DUH�WHFKQLTXH�GHSHQGDQW��0LFURGLVWRUWLRQV��PLFURVWUDLQV��VL]H�
HIIHFWV�RI�FU\VWDOOLWHV�DQG�RWKHU�SKDVHV�FDQ�EH�DOVR�SUHVHQW�LQ�VDPSOH��'HWDLOV�\RX�FDQ�ILQG�LQ�
PDQ\�PRQRJUDSKV� �IRU� H[DPSOH� +�3�.OXJ�� /�(�$OH[DQGHU� ��;�5D\� 'LIIUDFWLRQ� 3URFHGXUHV��
-RKQ�:LOOH\�	�6RQV����������7KHVH�HIIHFWV��GHIRFXVLQJ��DEVRUSWLRQ��DUH�JHQHUDOO\�FDOOHG�DV�WKH�
�GHIRFXVLQJ�HIIHFW����
�
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<RX�FDQ�GLUHFWO\�REVHUYH�WKH�GHIRFXVLQJ�HUURU�RQ�WKH��
UDQGRP
�VDPSOHV��WH[WXUH�IUHH�VDPSOHV��
VDPSOHV�ZLWK�QR�SUHIHUUHG�RULHQWDWLRQ��IRU�ZKLFK�DOO�SROH�ILJXUHV�YDOXHV�VKRXOG�EH�WKH�VDPH��
7KH�SLFWXUHV�EHORZ� � VKRZ� WKH�H[DPSOHV�RI�H[SHULPHQWDO�SROH� ILJXUHV�^���`�OHIW��DQG�^���`�
�ULJKW�� � IRU� � 
UDQGRP
� VDPSOH�PDGH�ZLWK� SRZGHU� RI� )HUULWLF� 6WDLQOHVV�6WHHO� �UHIOHFWLRQ�;5'�
WHFKQLTXH��D[LDO�V\PPHWUL]DWLRQ���
�����
�

�
�
�
�
�
�

�
$V�\RX�FDQ�VHH��WKH�GHIRFXVLQJ�HIIHFW�LV�JUHDWHU�IRU�WKH�^���`�SROH�ILJXUH�WKDQ�IRU�WKH�^���`�
SROH�ILJXUH��6FKXO]�IRUPXOD��-�$SSO��3K\V��������������������IRU�UHIOHFWLRQ�WHFKQLTXH�PD\�WR�
VRPH�H[WHQW�H[SODLQ�WKHVH�HIIHFWV��
�
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������ZKHUH���
P���DEVRUSWLRQ�FRHIILFLHQW�>��FP@���W����SHQHWUDWLRQ�GHSWK�>FP@�

)LJXUH�EHORZ�VKRZV�FKDQJHV�RI�FRUUHFWLRQ�FRHIILFLHQWV�IRU�GHIRFXVLQJ�FDOFXODWHG�IURP�6FKXO]�
IRUPXOD�IRU�GLIIHUHQW�SDUDPHWHUV��T�DQG��P�W���
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&RUUHFWLRQ�FRHIILFLHQWV�IRU�GHIRFXVLQJ�FDOFXODWHG�IURP�6FKXO]�IRUPXOD�IRU�GLIIHUHQW�

SDUDPHWHUV��T�DQG��P�W���
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$V�\RX�FDQ�VHH�LQ�WKH�ILJXUH�DERYH��GHIRFXVLQJ�HIIHFW�LV�JUHDWHU�IRU�SROH�ILJXUHV�ZLWK�ORZHU��T��
KHQFH�SROH�ILJXUH�^���`���T ���� ( ���LV�PRUH�GHIRUPHG�WKDQ�SROH�ILJXUH�^���`���T ���� ( ��
6FKXO]� IRUPXOD� LV� RQO\� DSSUR[LPDWLRQ� IRU� UHDO� FRUUHFWLRQ� FRHIILFLHQWV��)RU�SURSHU�FRUUHFWLRQ�

UDQGRP
�VDPSOH�VKRXOG�EH�XVHG��<RX�FDQ��VHH�LQ�WKH�ILJXUH�DERYH�VWURQJ�HIIHFW�RI�DEVRUSWLRQ�
FRHIILFLHQW�RQ� WKH�GHIRFXVLQJ�FRUUHFWLRQ��+HQFH�� LW� LV�YHU\�LPSRUWDQW�IRU�JRRG�FRUUHFWLRQ�XVH�

UDQGRP
��SRZGHU��VDPSOH�PDGH�ZLWK�WKH�VDPH�PDWHULDO��ZLWK�WKH�VDPH�DEVRUSWLRQ�FRHIILFLHQW��
DV�PDWHULDO�RI�LQYHVWLJDWHG�VDPSOH��
5HVXOW�RI�GHIRFXVLQJ�HIIHFW��VKLIW�DQG�ORZHUHG�RI�PD[LPXP��EURDGQHVV�RI�WKH�GLIIUDFWLRQ�SHDNV�
LQ� �T� �ZKHQ� UDGLDO� DQJOH� LQFUHDVH�� FDQ� DOVR� FRQGXFW� WR� EDG� FRUUHFWLRQ� RI� EDFNJURXQG� �VHH�
ILJXUH�EHORZ��� ,Q�/DER6RIW�ZH�RIWHQ� UHFHLYH� IURP�RXU�FXVWRPHUV� WKH�SROH� ILJXUH�GDWD�ZKHUH�
EDFNJURXQG� YDOXHV� DUH� JUHDWHU� WKDQ� YDOXHV� RI� GLIIUDFWLRQ� SHDNV�� /DER7H[� �IURP� YHUVLRQ�
�������(�� LQIRUPV�XVHU
V�ZKHQ�LW�ILQGV�GDWD�IRU�ZKLFK�EDFNJURXQG�GDWD�DUH�JUHDWHU� WKDQ�SROH�
ILJXUH�GDWD��/DER7H[�DOVR�GLVSOD\�SHUFHQW�RI�WKHVH�GDWD��
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'HIRFXVLQJ�HIIHFW��(UURUV�LQ�GHWHUPLQDWLRQ�RI�SDUDPHWHUV�RI�GLIIUDFWLRQ�SHDN��
�
�
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7KHUH�FDQ�EH�DOVR�HUURUV�LQWURGXFHG�E\�SUHVHQFH�RI�RWKHU�SKDVH�V��LQ�PDVVLYH�VDPSOHV�RU�IURP�
VXEVWUDWH�LQ�FDVH�RI�WKH�WLQ�OD\HUV��DV�LW�LV�VKRZQ�LQ�ILJXUH�EHORZ��
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7KH�REVHUYHG��UHVXOWDQW��SURILOH�RI�GLIIUDFWLRQ�SHDN��EOXH��LQ�PXOWLSKDVH�V\VWHP�ZKHUH�SHDNV�
DUH�RYHUODSSHG��SURILOH�RI�GLIIUDFWLRQ�SHDN�IRU�SKDVH����\HOORZ����SURILOH�RI�GLIIUDFWLRQ�SHDN�IRU�

SKDVH����UHG����
�
,Q� VRPH� FDVH� WKH� SUHVHQFH� RI� RWKHU� SKDVH� FDQ� EH� HDVLO\� REVHUYHG� RQ� WKH� SROH� ILJXUH� DV� RQ�
ILJXUH�EHORZ��3HDN�IRU�SODQH�������6L���T ����� ^ ��LQWHUIHUHQFH�ZLWK�SHDN�IRU�SODQH�������&X�
��T ����� ^ ��� 3ROH� ILJXUH� VKRZQ�EHORZ�FRQWDLQV� DGGLWLRQDOO\� IRXU� VPDOO� � SHDNV��7KHVH�SHDNV�
FRPH�IURP�WKH�PRQRFU\VWDO�VXEVWUDWH��
�
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)RU�WKH�DERYH�UHDVRQV�GHWHUPLQDWLRQ�RI�SURILOH�RI�GLIIUDFWLRQ�SHDN�LV�LPSRUWDQW�FRQGLWLRQ�LI�ZH�
ZDQW�WR�UHFHLYH�D��GHYLFH�LQGHSHQGHQW��SROH�ILJXUHV�IRU�TXDQWLWDWLYH�WH[WXUH�DQDO\VLV������
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�T̂ KNÒ SKDVH k

l

,ef gihm

,ef g h l n o prq
s

�T̂ KNÒ SKDVH t



� �

7KH�3HDN�,QWHQVLW\�0HWKRG��3,0��
�
7KH�IROORZLQJ�SURFHGXUH�LV�XVHG�IRU�HOLPLQDWLRQ�RI�HUURUV�LQ�WKH�SHDN�LQWHQVLW\�PHWKRG��3,0���

��� 7KH� SURILOH� RI� GLIIUDFWLRQ� SHDN� DUH� GHWHUPLQHG� XVLQJ� D� SVHXGR� 3RVLWLRQ�6HQVLWLYH�
'HWHFWLRQ��S36'��PRGH��RI�FRXUVH��\RX�FDQ�XVH�IXOO�36'�&36��GHWHFWRU���7KH�S36'�
FRQVLVWV�LQ�UHJLVWHULQJ�WKH�LQWHQVLW\�RI�WKH�GLIIUDFWHG�EHDP�LQ�WKH�FKRVHQ�DQJXODU�UDQJH��
XVLQJ�D�VFDQQLQJ�T��T�RU�Z��T�PRGH��$V�D�UHVXOW�RI�VXFK�SURFHVV�D�GLIIUDFWLRQ�SURILOH�
LV�REWDLQHG��

��� 7KH�RSWLPDO�FXUYH�RI�D�WKHRUHWLFDO�GLVWULEXWLRQ�DFFRUGLQJ�WR��*DXVV��/RUHQW]��&RXFK\���
0RGLILHG�/RUHQW]�RU�0DUORV�	�7KRPDV�LV�ILWWHG�WR�HDFK�RI�WKH�SURILOH�DQG�QH[W��LI�LW�LV�
QHHGV� WKH�GHFRQYROXWLRQ�RI�GLIIUDFWLRQ�SURILOH�RQ� WKH� FRPSRQHQW�GLIIUDFWLRQ�SHDNV� LV�
PDGH��%DFNJURXQG�FRUUHFWLRQ�LV�PDGH�GXULQJ�ILWWLQJ�RI�SURILOH���

��� 0D[LPDO�YDOXH�RI�SHDN��3HDN�,QWHQVLW\��LV�GHWHUPLQDWHG��
�
7KH� 3,0� PHWKRG� HOLPLQDWHV� HUURUV� FRQQHFWHG� ZLWK� GHFUHDVH� RI� PD[LPDO� LQWHQVLW\� RI��
GLIIUDFWLRQ�SHDN�LQ�FRQVHTXHQFH�RI�VKLIW�RI�WKH�PD[LPXP�RI�GLIIUDFWLRQ�SHDN�LQ��T�ZKHQ�UDGLDO�
DQJOH� �D�� LV� FKDQJHG�DQG�PHDVXUHPHQWV�DUH�PDGH�IRU� WKH�VWULFWO\� WKH�VDPH�YDOXH�RI��T��7KH�
3,0�PHWKRG�PDNHV�DOVR�SURSHU�FRUUHFWLRQ�RI�EDFNJURXQG��7KH�SHDN�LQWHQVLW\�PHWKRG��3,0��
UHSUHVHQW�WKH�UHJLVWUDWLRQ�PRGH�E\�PHDQV�RI�D��SRLQW��FRXQWHU�IRU�ZHOO�MXVWLILHG�JRQLRPHWHU���
�
�
�
7KH�,QWHJUDWLQJ�0HWKRG��,0��
�
6LPLODU�SURFHGXUH�LV�XVHG�IRU�HOLPLQDWLRQ�RI�HUURUV�LQ�WKH�LQWHJUDWLQJ�PHWKRG��,0���'LIIHUHQFH�
EHWZHHQ�ERWK�PHWKRGV��DUH�LQ�SRLQW����

��� 7KH� SURILOH� RI� GLIIUDFWLRQ� SHDN� DUH� GHWHUPLQHG� XVLQJ� D� SVHXGR� 3RVLWLRQ�6HQVLWLYH�
'HWHFWLRQ� �S36'�� PRGH�� 7KH� S36'� FRQVLVWV� LQ� UHJLVWHULQJ� WKH� LQWHQVLW\� RI� WKH�
GLIIUDFWHG�EHDP�LQ�WKH�FKRVHQ�DQJXODU�UDQJH��XVLQJ�D�VFDQQLQJ�T��T�RU�Z��T�PRGH��$V�
D�UHVXOW�RI�VXFK�SURFHVV�D�GLIIUDFWLRQ�SURILOH�LV�REWDLQHG��

��� 7KH�RSWLPDO�FXUYH�RI�D�WKHRUHWLFDO�GLVWULEXWLRQ�DFFRUGLQJ�WR��*DXVV��/RUHQW]��&RXFK\���
0RGLILHG�/RUHQW]�RU�0DUORV�	�7KRPDV�LV�ILWWHG�WR�HDFK�RI�WKH�SURILOH�DQG�WKHQ�LI�LW�LV�
QHHGV�WKH�GHFRQYROXWLRQ�RI�GLIIUDFWLRQ�SHDN�SURILOH�RQ�WKH�FRPSRQHQW�GLIIUDFWLRQ�SHDNV�
LV� PDGH�� 7KLV� SURFHGXUH� HOLPLQDWHV� DOVR� WKH� HIIHFW� RI� SUHVHQFH� RI� RWKHU� SKDVHV��
%DFNJURXQG�FRUUHFWLRQ�LV�PDGH�GXULQJ�ILWWLQJ�RI�SURILOH��

��� 7KH�LQWHJUDWHG�LQWHQVLW\�RI�SHDN�LV�GHWHUPLQDWH�E\�LQWHJUDWLRQ�RI�SHDN�SURILOH�REWDLQ�LQ�
SRLQW����7KH�LQWHJUDWHG�LQWHQVLW\�RI�SHDN�LV�D�YDOXH�RI�WKH�H[SHULPHQWDO�SROH�ILJXUH�LQ�D�
GHWHUPLQHG�SRLQW��D�E��
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7KH�,0�PHWKRG�HOLPLQDWHV�HUURUV�FRQQHFWHG�ZLWK��
x� GHFUHDVH�RI�PD[LPDO� LQWHQVLW\�RI� � GLIIUDFWLRQ�SHDN� LQ�FRQVHTXHQFH�RI� VKLIW�RI�

WKH�PD[LPXP�RI�GLIIUDFWLRQ�SHDN� LQ��T�ZKHQ�UDGLDO�DQJOH� �D�� LV�FKDQJHG�DQG�
PHDVXUHPHQWV�DUH�PDGH�IRU�WKH�VWULFWO\�WKH�VDPH�YDOXH�RI��T���

x� GHFUHDVH�RI�PD[LPDO�LQWHQVLW\�RI��GLIIUDFWLRQ�SHDN�DV�UHVXOWV�RI��EURDGHQLQJ�RI�
SHDN�SURILOH�ZKHQ�WKH�UDGLDO�DQJOH�LQFUHDVH��

7KH�,0�PHWKRG�PDNHV�DOVR�SURSHU�FRUUHFWLRQ�RI�EDFNJURXQG��,W�VKRXOG�EH�QRWLFHG�WKDW�WKH�,0�
LV�PRUH�SUHFLVH�WH[WXUH�PHDVXUHPHQW�WHFKQLTXH�WKHQ�WKH�3,0��7KH�'$0ILW��%RQDUVNL��������
FRPSXWHU� SURJUDP� KDV� EHHQ� XVHG� WR� LQLWLDO� SURFHVVLQJ� H[SHULPHQWDO� GDWD� E\� ERWK�PHWKRGV��
)LQDOO\�� WKH�'$0ILW�SURJUDP�SUHSDUHV� LQSXW�GDWD�IRU�WKH�/DER7H[�FRPSXWHU�SDFNDJH�LQ�(3)�
DQG�32:�IRUPDWV���
�
7KH� ILQDO� FRUUHFWLRQ� RI� SROH� ILJXUH� GDWD� LV�PDGH� LQ�/DER7H[� XVLQJ� SROH� ILJXUH� IRU� LVRWURSLF�
VDPSOH� �WH[WXUH�IUHH�SRZGHU� VDPSOH��PDGH� IURP� WKH�PDWHULDO�ZLWK� WKH� VDPH�FRPSRVLWLRQ�DV�
PDLQ�VDPSOH���
�
:DUQLQJ��&'�DWWDFKHG�WR�VWDQGDUG�VDPSOHV�FRQWDLQV���GLIIHUHQW�ILOHV�ZLWK�SRZGHU�GDWD�IRU�
FRUUHFWLRQ��

��� 3RZGHU�GDWD�IRU�FRUUHFWLRQ�HYDOXDWHG�E\�3,0��
��� 3RZGHU�GDWD�IRU�FRUUHFWLRQ�HYDOXDWHG�E\�,0��

<RX�VKRXOG�XVH�WKH�VDPH�W\SH�RI�GDWD�ZKHQ�\RX�LQSXW�GDWD�WR�/DER7H[���)RU�H[DPSOH��IRU�SROH�
ILJXUHV�RI� VWDQGDUGV� VDPSOH�HYDOXDWHG�E\�3,0� �LQ�(3)�IRUPDW��\RX�VKRXOG�XVH�SRZGHU�GDWD�
ILOHV��LQ�32:�IRUPDW��HYDOXDWHG�E\�3,0����
,I�\RX�ZRXOG�OLNH�H[DPLQH�TXDOLW\�RI�SRZGHU�VDPSOH�\RX�VKRXOG�PDNH�FRUUHFWLRQ�RI�SRZGHU�
VDPSOH� LQ�(3)�IRUPDW�E\�SRZGHU�VDPSOH� LQ�32:�/DER7H[�IRUPDW� �\RX� LQSXW�ERWK�VDPSOHV�
VLPXOWDQHRXVO\� WR� /DER7H[�� ILUVW� IRUP� OLVW� IRU� SROH� ILJXUH� GDWD�� VHFRQG� IURP� OLVW� IRU�
GHIRFXVVLQJ�GDWD���
7KH� GHOLYHUHG� UHIHUHQFH� VDPSOHV� DQG� WKH� DWWDFKHG� �GHYLFH�LQGHSHQGHQW�� UHVXOWV� DOORZ�
HYDOXDWLQJ�WKH�FRUUHFWQHVV�RI�WKH�SURFHGXUH�RI�WH[WXUH�DQDO\VLV�DSSOLHG�LQ�\RXU�ODERUDWRU\���
�
%DVLF� LQIRUPDWLRQ� DERXW� WUDQVIRUPDWLRQ� RI� WKH� LQWHJUDWHG� LQWHQVLWLHV� IURP� GLIIUDFWRPHWHU�
FRRUGLQDWH� V\VWHP� ^�T��Z�J�F�M��LQWR� WKH� SROH� ILJXUH� DQJOHV� �D�E�� DQG� DERXW� PHDVXUHPHQWV�
ZLWK�$UHD�'HWHFWRUV��DQG�ZLWK�3RVLWLRQ�6HQVLWLYH�'HWHFWRUV�\RX�FDQ�ILQG�LQ��
��+�-�%XQJH��.�.OHLQ��=�0HWDOONXQGH�����������������
��/�:FLVODN��+�-�%XQJH���7H[WXUH�$QDO\VLV�ZLWK�3RVLWLRQ�6HQVLWLYH�'HWHFWRU���&XYLOOLHU�
��9HUODJ��*RWWLQJHQ����������
�


