
:$.(),(/'6�,1�7+(�75$&(���'�&2'(

:��3��/\VHQNR��'��3��5XVWKRL�DQG�.��&��'��&KDQ

$27����06�+�����/RV�$ODPRV�1DWLRQDO�/DERUDWRU\��/RV�$ODPRV��10��������8�6�$�

DQG

*��+��*LOOHVSLH�DQG�%��:��+LOO

*��+��*LOOHVSLH�$VVRFLDWHV��,QF���3�2��%R[�������'HO�0DU��&$��������8�6�$�

$EVWUDFW

75$&(� ��'� LV� DQ� LQWHUDFWLYH� FRGH� WKDW� FDOFXODWHV� DQG

GLVSOD\V� WKH� HQYHORSHV� RI� D� EXQFKHG� EHDP� WKURXJK� D� XVHU�

GHILQHG� WUDQVSRUW� V\VWHP�� � $FFHOHUDWLQJ� HOHPHQWV� DQG� OLQHDU

VSDFH�FKDUJH�IRUFHV�DUH�LQFOXGHG��7KH�EHDP�LV�GHVFULEHG�E\�D

��'�VLJPD�PDWUL[�RI�VHFRQG�PRPHQWV���:H�KDYH�H[WHQGHG�WKH

FDSDELOLWLHV�RI�WKLV�FRGH�WR�LQFOXGH�HIIHFWV��VXFK�DV�ZDNHILHOGV�

UHODWHG�WR�WKH�YDULDWLRQ�RI� WKH�EHDP�EXQFK� LQ� WKH� ORQJLWXGLQDO

GLUHFWLRQ�� � 7KLV� QRQOLQHDU� FDSDELOLW\� ZDV� LPSOHPHQWHG� E\

DGGLQJ� FHQWURLG� WUDFNLQJ� DQG� GHVFULELQJ� WKH� EHDP� E\� D

FROOHFWLRQ� RI� VOLFHV�� HDFK� GHVFULEHG� E\� D� ��'� FHQWURLG� DQG

VLJPD� PDWUL[�� � ([WHUQDO� IRUFHV�� VSDFH�FKDUJH� IRUFHV�� DQG

ZDNHILHOGV� DFW� RQ� WKH� FROOHFWLRQ� RI� EHDP� VOLFHV�� � 5HVXOWV� DUH

SUHVHQWHG� LQ� WHUPV� RI� DQ� RYHUDOO� VLJPD�PDWUL[�� FRPSXWHG� E\

FRPELQLQJ� WKH� VOLFH�GLVWULEXWLRQV�� �7KH�QHZ�75$&(���'�KDV

EHHQ�LQWHJUDWHG�ZLWK�DQ�LPSURYHG�JUDSKLF�XVHU�LQWHUIDFH��*8,�

EDVHG� RQ� WKH� 6KHOO� IRU� 3DUWLFOH� $FFHOHUDWRU� 5HODWHG� &RGHV�

7KLV� QHZ� DSSURDFK� WR�PRGHOLQJ�ZDNHILHOGV� GHPRQVWUDWHV� WKH

IOH[LELOLW\� RI� H[WHQGLQJ� WKH� FDSDELOLWLHV� RI� PRPHQW� FRGHV� WR

KDQGOH�LPSRUWDQW�SK\VLFDO�HIIHFWV��DQG�WKH�UDSLG�LQFRUSRUDWLRQ

RI�WKH�QHZ�FDSDELOLWLHV�LQWR�WKH�JUDSKLF�LQWHUIDFH�LOOXVWUDWHV�WKH

HDVH�RI�FXVWRPL]LQJ�WKH�QHZ�*8,�� �7KH�ZDNHILHOG�PRGHO�DQG

IHDWXUHV�RI�WKH�QHZ�LQWHUIDFH�DUH�SUHVHQWHG�

,QWURGXFWLRQ

7KH� 75$&(� ��'� SURJUDP� >�@� LV� RQH� RI� WKH� VWDQGDUG

FRGHV� XVHG� LQ� WKH� GHVLJQ� RI� OLQHDU� DFFHOHUDWRUV� DQG� WUDQVSRUW

OLQHV���$�QHZ�YHUVLRQ�RI�75$&(���'�KDV�EHHQ�GHYHORSHG�WKDW

FRPSXWHV� WKH� VKRUW�WLPH� �VLQJOH�EXQFK��ZDNHILHOG�HIIHFWV� WKDW

FDQ�DOWHU�WKH�EXQFK�GLVWULEXWLRQ���,Q�RUGHU�WR�PRGHO�WKH�HIIHFWV

RI�ZDNHILHOGV��ZH�LPDJLQH�WKH�EHDP�EXQFK�WR�EH�GLYLGHG�LQWR�D

QXPEHU� RI� VOLFHV� ORQJLWXGLQDOO\�� � (DFK� VOLFH� RI� WKH� EXQFK� LV

WKHQ�GHVFULEHG�E\�LWV�RZQ���'�FHQWURLG�DQG��u��VLJPD�PDWUL[�

7KH� HIIHFWV� RI� ZDNHILHOGV� DUH� PRGHOHG� XVLQJ� D� PXOWLSROH

H[SDQVLRQ�RI�WKH�IRUFHV�ZKLFK�DFW�RQ�WKH�EHDP�DV�D�IXQFWLRQ�RI

WKH�ORQJLWXGLQDO�SRVLWLRQ�ZLWKLQ�WKH�EXQFK���0RQRSROH��GLSROH

DQG� TXDGUXSROH� WHUPV� �ZDNH� IXQFWLRQV�� DUH� LQFOXGHG�� � 7KHVH

WHUPV�FDQ�EH�H[SUHVVHG�DV� WUDQVIHU� �5��PDWULFHV�ZKLFK� DFW� RQ

WKH�FHQWURLGV�DQG�VLJPD�PDWULFHV�RI�HDFK�VOLFH���7KH�DSSURDFK

KDV�EHHQ�RXWOLQHG�E\�&KDQ�>�@��DQG�IROORZV�WKH�GHYHORSPHQW�RI

&KDR� DQG�&RRSHU� >�@� IRU� WKH� FRGH�/75$&.�� EXW�ZH� GR� QRW

DVVXPH�WKDW�WKH�EHDP�LV�WUDYHOLQJ�DW�WKH�VSHHG�RI�OLJKW�

7R�LPSOHPHQW�WKLV�PRGHO�LQ�75$&(���'��QHZ�ZDNHILHOG

�RSWLFDO�� HOHPHQWV� KDYH� EHHQ� GHYHORSHG� WKDW� DUH� XVHG� WR

GHVFULEH� WKH� PRQRSROH�� GLSROH� DQG� TXDGUXSROH� ZDNHILHOG

IXQFWLRQV�>�@���7KHVH�DUH�FXUUHQWO\�PRGHOHG�DV�D�VHFRQG�GHJUHH

SRO\QRPLDO� LQ� WKH� ORQJLWXGLQDO� SRVLWLRQ�� DOWKRXJK� RWKHU

SDUDPHWHUL]DWLRQV�FRXOG�EH� UHDGLO\� LPSOHPHQWHG�� �2QH�RI� WKH

QHZ�ZDNHILHOG� HOHPHQWV� LV� WKHQ� SODFHG� LQ� WKH� EHDPOLQH� DIWHU

HDFK� SK\VLFDO� HOHPHQW� �H�J�� PLVDOLJQPHQW� RU� 5)� JDS�� WKDW� LV

UHVSRQVLEOH�IRU�D�ZDNHILHOG�

7KH� ZDNHILHOG� YHUVLRQ� RI� 75$&(� ��'� KDV� EHHQ

LQWHJUDWHG�ZLWK�D�*8,�GHVLJQHG�VSHFLILFDOO\�WR�VXSSRUW�SDUWLFOH

EHDP�VLPXODWLRQ�DQG�DQDO\VLV�SURJUDPV�� �.QRZQ�DV� WKH�6KHOO

IRU�3DUWLFOH�$FFHOHUDWRU�5HODWHG�&RGHV��6�3�$�5�&����WKLV�*8,

SURYLGHV� D� XQLTXH� VRIWZDUH� HQYLURQPHQW� FXVWRPL]HG� WR� WKH

QHHGV� RI� WKH� DFFHOHUDWRU� FRPPXQLW\� >�@�� � (DUOLHU� YHUVLRQV� RI

75$&(� ��'� KDYH� EHHQ� LQWHJUDWHG� ZLWK� WKH� 6�3�$�5�&�� *8,

IRU� VHYHUDO� \HDUV� >�@�� � 1HZ� FDSDELOLWLHV� KDYH� EHHQ� DGGHG� WR

6�3�$�5�&�� WKDW� DUH� DLPHG� DW� LPSURYLQJ� WKH� FXVWRPL]DWLRQ� RI

WKH� *8,� WR� PHHW� WKH� GLIIHULQJ� QHHGV� RI� XVHUV�� � 7KHVH� QHZ

IHDWXUHV�ZHUH�XWLOL]HG� WR�FUHDWH�D�SURWRW\SH�*8,� IRU�XVH�ZLWK

WKH�QHZ�75$&(���'�

2YHUYLHZ�RI�WKH�%HDP�0RGHO

7KH� LQLWLDO� EHDP� EXQFK� LV� DVVXPHG� WR� EH� D� XQLIRUPO\

ILOOHG��XSULJKW�HOOLSVRLG�LQ��[�\�]��ZLWK

��]PD[�d�]�d�]PD[���� ���

7KH� EXQFK� LV� GLYLGHG� LQWR� �1��� HTXDO�OHQJWK� VOLFHV�� ODEHOHG

IURP��1��KHDG��WR��1��WDLO����6OLFH�QXPEHU���LV�FHQWHUHG�DW�] ��

/HW�]L�EH�WKH�]�YDOXH�DW�WKH�XSVWUHDP�IDFH�RI�VOLFH� L�DQG�GHILQH

]1���WR�EH��]PD[���6LQFH�WKH�QXPEHU�RI�SDUWLFOHV��GQ��LQ�D�VOLFH�RI

OHQJWK�G]�LV�SURSRUWLRQDO�WR�WKH�VTXDUH�RI�WKH�GLVWDQFH�IURP�WKH

EXQFK�FHQWHU���,QWURGXFLQJ�WKH�YDULDEOH�] �]���]PD[��RQH�KDV

GQ�a�>�����]��@�G]���� ���

:LWK�WKLV�GLVWULEXWLRQ��WKH�]�FHQWURLG�RI�VOLFH�L�LV�JLYHQ�E\

�]!L >�]L
�
��]L

�
��]L��

�
��]L��

�
@�>��]L

�
��]L

�
���]L��

�
��]L��

�
@]PD[� ���

7KH�IUDFWLRQ�RI�SDUWLFOHV�LQ�VOLFH�L�LV�JLYHQ�E\

QL� �>�]L
�
��]L

��
���]L��

�
��]L��

�
@��������� ���

7R�HVWLPDWH�WKH�]
�FHQWURLG�RI�HDFK�VOLFH��LW�LV�DVVXPHG�WKDW�WKH

UDWLR� RI� WKH� FHQWURLG� YDOXHV� �]
!L� ��]!L� LV� WKH� VDPH� DV� ]
H�]P�

ZKHUH�]P��LV�WKH�PD[LPXP�YDOXH�RI�]��IRU�WKH�]�]
�HOOLSVH�DQG��]
H
LV� WKH�YDOXH�RI� ]
� DW�]� �]P�� �)URP� WKH�GHILQLWLRQ�RI� WKH�7ZLVV

�&RXUDQW�6Q\GHU��SDUDPHWHUV�IRU�WKH�]�]
�HOOLSVH��WKHQ

�]
!L�� ���>D]���E]@��]!L����� ���
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7KH�WUDQVYHUVH�HPLWWDQFHV��H[�DQG�H\��DUH�DGMXVWHG�DW�HDFK

VOLFH�DFFRUGLQJ�WR

H[�\�L�� �>������]!L��]PD[�
�
@��H[�\��I������� ���

ZKHUH� WKH� IDFWRU� I� LV� WKH� UDWLR� RI� WKH� DYHUDJH� WR� PD[LPXP

HPLWWDQFH�YDOXH

I�� �6L�>������]!L��]PD[�
�
@�QL����� ���

7KH�YDOXHV�RI�V���DQG�V���IRU�WKH�L�WK�VOLFH�DUH�HVWLPDWHG�IURP

V��L�� ��']�����
�
����� ���

V��L�� �>�H]���E]������]!L��E]�
�
@�H���� ���

ZKHUH� ']� �  � �]PD[� ���1����� DQG� H� LV� UDWLR� RI� WKH� DYHUDJH� WR

PD[LPXP�V���YDOXH

H�� ��E]���H]��6L�>�H]���E]������]!L��E]��@���� ����

7KH� FHQWURLGV� DQG� VLJPD� PDWULFHV� IRU� HDFK� VOLFH� DUH

WUDQVIRUPHG� WKURXJK� WKH� EHDPOLQH� XVLQJ� WKH� XVXDO� WUDQVIHU

PDWUL[� IRUPDOLVP�� � (DFK� 75$&(� ��'� RSWLFDO� HOHPHQW� >�@� LV

GHVFULEHG�E\�D��u��5�PDWUL[��5�'V���WKDW�WUDQVIRUPV�WKH�EHDP

RYHU�D�GLVWDQFH�'V��LQ�WKH�HOHPHQW�DFFRUGLQJ�WR

�;��V�'V�!L�� �5�'V���;��V�!L����� ����

VV��V�'V�L�� �5�'V��VV��V�L��5�'V�
7
���� ����

ZKHUH��;��V�!L��DQG�VV��V�L��DUH�WKH���'�FHQWURLG�DQG��u��VLJPD

PDWUL[�IRU�WKH�EHDP�VOLFH�DW�SRVLWLRQ�V���([LVWLQJ�75$&(���'

VXEURXWLQHV�DUH�XVHG�WR�FRPSXWH�WKH�5�PDWUL[�HOHPHQWV�IRU�WKH

VWDQGDUG� RSWLFDO� HOHPHQWV�� EXW� QHZ� VXEURXWLQHV� KDYH� EHHQ

ZULWWHQ�WR�FDUU\�RXW�WKH�WUDQVIRUPDWLRQV�GHVFULEHG�E\������DQG

������ � $V� GHVFULEHG� LQ� WKH� QH[W� VHFWLRQ�� QHZ� VXEURXWLQHV� IRU

PRGHOLQJ�WKH�ZDNHILHOG�RSWLFV�KDYH�DOVR�EHHQ�ZULWWHQ�

7KH� ORQJLWXGLQDO� VOLFHV� IRU� WKH� EHDP� EXQFK� DUH

UHFRPELQHG� WR� FRPSXWH� HIIHFWLYH� EXQFK� FHQWURLGV� DQG� VLJPD

PDWUL[�HOHPHQWV���7KH�RYHUDOO�EXQFK�FHQWURLG�LV�JLYHQ�E\

�;�!� �6L�QL��;!L����� ����

7KH�LQGLYLGXDO�HOHPHQWV�RI�WKH�RYHUDOO�EXQFK�VLJPD�PDWUL[�DUH

JLYHQ�E\

VLM� �6NQN>VLMN���XL!N�XM!N@����>6NQN�XL!N@>6NQN�XM!N@���� ����

ZKHUH�XL�UHSUHVHQWV��[�[
�\�\
�]�]
���IRU�L ����DQG

����������VLMN����� �XL�XM!N����XL!N��XM!N���� ����

LV� WKH� VLJPD� PDWUL[� IRU� WKH� N�WK� VOLFH�� � 7KH� LQGLYLGXDO� VOLFH

FHQWURLGV�DQG�RYHUDOO�VLJPD�PDWUL[�DUH�XVHG�WR�FRPSXWH�VSDFH

FKDUJH�HIIHFWV�ZLWK�D�PRGLILHG�VSDFH�FKDUJH�PRGHO� WKDW� WDNHV

LQWR� DFFRXQW� WKH� HIIHFWLYH� IRUFH� RQ� HDFK� VOLFH� FHQWURLG�� � 7KH

RYHUDOO�EXQFK�FHQWURLGV�DQG�RYHUDOO� VLJPD�PDWUL[�DUH�XWLOL]HG

IRU�JHQHUDWLQJ�JUDSKLF�RXWSXW�GLVSOD\V�RI� WKH�EHDP�HQYHORSHV

DQG�FHQWURLG�ORFDWLRQV�

:DNHILHOG�2SWLFDO�(OHPHQWV

7KUHH� QHZ� �RSWLFDO� HOHPHQWV�� KDYH� EHHQ� DGGHG� WR

75$&(���'� WR�PRGHO� WKH�PRQRSROH�� GLSROH� DQG� TXDGUXSROH

ZDNHILHOG� IXQFWLRQV�� � 7KHVH� HOHPHQWV� DUH� LQVHUWHG� LQWR� D

EHDPOLQH� PRGHO� LPPHGLDWHO\� DIWHU� HDFK� HOHPHQW� WKDW� LV

UHVSRQVLEOH� IRU� JHQHUDWLQJ� D� ZDNHILHOG�� � 7KH� PRQRSROH

ZDNHILHOG�FKDQJHV�WKH�HQHUJLHV�RI�WKH�EXQFK�VOLFHV��WKH�GLSROH

ZDNHILHOG�FDXVHV�GHIOHFWLRQV�RI�WKH�WUDQVYHUVH�FHQWURLGV�RI�WKH

VOLFHV�� ZKLOH� WKH� TXDGUXSROH� ZDNHILHOG� HIIHFWV� WKH� VLJPD

PDWULFHV� RI� WKH� EXQFK� VOLFHV� LQ� DGGLWLRQ� WR� WKH� HQHUJ\� DQG

WUDQVYHUVH� FHQWURLGV�� � 7KH� WKUHH� ZDNHILHOG� PXOWLSROHV� DUH

H[SUHVVHG�LQ�WHUPV�RI�ZDNH�IXQFWLRQ�VWUHQJWKV�SHU�XQLW�OHQJWK�

:��V���:��V���DQG�:��V����(DFK�ZDNHILHOG�DFWV�RQ�D�EXQFK�RYHU

WKH� OHQJWK�� /�� RI� WKH� HOHPHQW� UHVSRQVLEOH� IRU� JHQHUDWLQJ� WKH

ZDNHILHOG�� � 7KH� SURGXFW� RI� WKLV� OHQJWK� DQG� WKH� PXOWLSROH

VWUHQJWKV�DUH�XVHG�IRU�FRPSXWLQJ�WKH�ZDNHILHOG�HIIHFWV�>�@�DQG

DUH�PRGHOHG�DV�VHFRQG�GHJUHH�SRO\QRPLDOV�

/:��V�� �S�������S����V����S����V�
�
���� ����

/:��V�� �S�������S����V����S����V�
�
���� ����

/:��V�� �S�������S����V����S����V�
�
���� ����

7KH� WKUHH� FRHIILFLHQWV� IRU� D� JLYHQ�PXOWLSROH�� SP�����SP���� DQG

SP�����DUH�XVHU� LQSXWV� IRU� WKH�FRUUHVSRQGLQJ�ZDNHILHOG�RSWLFDO

HOHPHQW�

7KH� HIIHFWV� RQ� WKH� HQHUJ\� DQG� FHQWURLG� RI� WKH� N�WK� VOLFH

DUH��JLYHQ�E\�>�@�

'(N�� ��6L�N�QL�/:���]!L���]!N����� ����

'�[
!N� �&N�6L�N�QL�/:���]!L���]!N���[!L���� ����

ZLWK� DQ� H[SUHVVLRQ� VLPLODU� WR� ����� IRU� '�\
!N�� � 7KH� VLJPD

PDWUL[� IRU� WKH�N�WK� VOLFH� LV� WUDQVIRUPHG�ZLWK�D�5�PDWUL[��ZLWK

HOHPHQWV�WKDW�GLIIHU�IURP�WKH�LGHQWLW\�PDWUL[�JLYHQ�E\�>�@�

5���� ���5��� �T���� ����

5���� �5��� �T���� ����

ZLWK

T�� �&N�6L�N�QL�/:���]!L���]!N�>V��L�V��L��[��!L��\��!L@���� ����

���T�� �&N�6L�N�QL�/:���]!L���]!N�>�V��L���[�!L��\�!L@��� ����

7KH� T�� DQG� T�� WHUPV� FRUUHVSRQG� WR� QRUPDO� DQG� VNHZ

TXDGUXSROH� PRPHQWV�� UHVSHFWLYHO\�� � 7KH� FRHIILFLHQW� &N

DSSHDULQJ�LQ������������DQG������LV�D�IXQFWLRQ�RI�WKH�UHODWLYLVWLF

HQHUJ\�IDFWRU�RI�WKH�N�WK�VOLFH��JN��DQG�LV�JLYHQ�E\

&N�� �UH��PH�0����JN��� ����

ZKHUH� UH� LV� WKH� FODVVLFDO� UDGLXV� RI� WKH� HOHFWURQ�� PH� LV� WKH

HOHFWURQ�PDVV�DQG�0�LV�WKH�SDUWLFOH�PDVV�
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,QWHJUDWLRQ�ZLWK�WKH�*8,

8VHU� GHILQHG� RSWLFV� HOHPHQWV�� VXFK� DV� WKH� ZDNHILHOG

HOHPHQWV� GHVFULEHG� DERYH�� PD\� EH� HDVLO\� LQWHJUDWHG� LQWR� WKH

6�3�$�5�&�� *8,� IRU� 75$&(� ��'� XVLQJ� D� QHZ� 7DEOH%XLOGHU

DSSOLFDWLRQ�� � 7KH� 7DEOH%XLOGHU� LV� XVHG� WR� FUHDWH� FXVWRPL]HG

GDWD�LQSXW�ZLQGRZV�FDOOHG�3LHFH�:LQGRZV�>�@���&XVWRP�3LHFH

:LQGRZV� IRU� XVHU� GHILQHG� HOHPHQWV� SURYLGH� WKH� VDPH

IXQFWLRQDOO\�DV�RWKHU�3LHFH�:LQGRZV��LQFOXGLQJ�RSWLRQV�IRU�WKH

FKRLFHV� RI� SDUDPHWHU� XQLWV�� LQFOXGLQJ� VHYHUDO� �VPDUW� XQLWV�

RSWLRQV�� DQG� ORZHU� DQG� XSSHU� XVHU� JXLGDQFH� OLPLWV�� � 7KH

JXLGDQFH� OLPLWV� DUH� VRIW�� WKDW� LV�� DQ\� SDUDPHWHU� YDOXH� PD\

DOZD\V�EH�HQWHUHG���7KH�OLPLWV�DUH�XWLOL]HG�WR�SURYLGH�WKH�XVHU

ZLWK� D� YLVXDO� DOHUW� ZKHQ� KLV� RU� KHU� LQSXW� YDOXH� PD\� KDYH

LPSUDFWLFDO�FRQVHTXHQFHV�

The TableBuilder for MacTrace™ and PowerTrace™ is 
used to create custom Piece Windows for data input.

)LJXUH�����([DPSOH�RI�FXVWRP�3LHFH�:LQGRZ�IRU�D�ZDNHILHOG

HOHPHQW��FUHDWHG�XVLQJ�WKH�7DEOH%XLOGHU�DSSOLFDWLRQ�

2QFH� D� FXVWRP� 3LHFH� :LQGRZ� VXFK� DV� WKDW� VKRZQ� LQ

)LJXUH� �� KDV� EHHQ� JHQHUDWHG�� WKH� JUDSKLF� FRQVWUXFWLRQ� RI

EHDPOLQHV�WKDW�LQFOXGH�WKH�XVHU�GHILQHG�HOHPHQWV�LV�WKH�VDPH�DV

IRU� EHDPOLQHV� ZLWK� DQ\� RWKHU� RSWLFDO� HOHPHQWV� >���@�� � 7KH

VHWWLQJ� XS� RI� DUUD\V� DQG� RWKHU� LQSXW� IRU� 75$&(� ��'� LV

DFFRPSOLVKHG�E\�WKH�*8,�DQG�LV�WUDQVSDUHQW�WR�WKH�XVHU�

6HYHUDO� RWKHU� LPSURYHPHQWV� WR� WKH� *8,� KDYH� DOVR� EHHQ

LPSOHPHQWHG�DQG�D�IHZ�PRUH�DUH�XQGHU�GHYHORSPHQW�LQ�RUGHU

WR� IXOO\� VXSSRUW� WKH� QHZ� 75$&(� ��'� FDSDELOLWLHV�� � 6HYHUDO

DGGLWLRQDO�VPDUW�XQLWV�RSWLRQV�KDYH�EHHQ�DGGHG� WR� WKH�*OREDO

3DUDPHWHUV�>�@�� �)RU�H[DPSOH�WKH�%HDP�(QHUJ\�PD\�EH� LQSXW

LQ�WHUPV�RI�WKH�UHODWLYLVWLF�YHORFLW\��E���UHODWLYLVWLF�HQHUJ\��J��

RU� SDUWLFOH� PRPHQWXP� �LQ� *H9�F��� LQ� DGGLWLRQ� WR� H9�� NH9�

0H9�RU�*H9���7KH�UDGLRIUHTXHQF\�PD\�EH�HQWHUHG�DV�HLWKHU�D

IUHTXHQF\�RU�D�ZDYHOHQJWK��ZLWK�VHYHUDO�RSWLRQV�IRU�HDFK���7KH

6�3�$�5�&�� H[SHUW� UXOH� V\VWHP� >���@� SURYLGHV� DOO� FRQYHUVLRQV

DQG�JLYHV�XVHUV�IHHGEDFN�LQ�DQ\�RI�WKH�DYDLODEOH�XQLWV�RSWLRQV

IRU�KLV�LQSXW�

2WKHU�(QKDQFHPHQWV

$�IHZ�RWKHU�RSWLFDO�HOHPHQWV�KDYH�EHHQ�DGGHG�WR�75$&(

��'�DV�SDUW�RI�WKLV�ZRUN��DQG�VRPH�DGGLWLRQDO�SDUDPHWHUV�KDYH

EHHQ� DGGHG� WR� H[LVWLQJ� HOHPHQWV� WR� VXSSRUW� PLVDOLJQPHQW

PRGHOLQJ���,Q�SDUWLFXODU��WKH�URWDWH�HOHPHQW�KDV�EHHQ�PRGLILHG

VR�WKDW�LW�FDQ�PRGHO�HLWKHU�URWDWLRQV��\DZ�DQG�SLWFK��DV�ZHOO�DV

UROO�� RU� GLVSODFHPHQWV� RI� WKH� EHDP� D[LV�� � 5ROO� DQG

GLVSODFHPHQW� SDUDPHWHUV�� LQFOXGLQJ� DQ� RSWLRQ� WR� JHQHUDWH

UDQGRP� YDOXHV�� KDYH� EHHQ� DGGHG� WR� WKH� TXDGUXSROH�� � $Q

HOHFWURVWDWLF�TXDGUXSROH�KDV�EHHQ�DGGHG� WR� WKH�SURJUDP�� �:H

DOVR� QRWH� WKDW� WRJHWKHU� ZLWK� D� VXLWH� RI� RWKHU� HOHFWURVWDWLF

HOHPHQWV� �SULVPV�� HLQ]HO� OHQVHV� DQG� DFFHOHUDWRU� WXEHV�

GHYHORSHG�DV�SDUW�RI�RWKHU�ZRUN��YHUVLRQV�RI�75$&(���'�DUH

DYDLODEOH� IRU� VWXG\LQJ� D� EURDG� VSHFWUXP� RI� EXQFKHG� DQG

FRQWLQXRXV�EHDP�DFFHOHUDWRU�V\VWHPV�

6XPPDU\

$� QHZ� YHUVLRQ� RI� WKH� 75$&(� ��'� FRGH� KDV� EHHQ

GHYHORSHG� IRU� PRGHOLQJ� ZDNHILHOG� HIIHFWV� DQG� VLPLODU

SKHQRPHQD� UHODWHG� WR� YDULDWLRQV� RI� D� EHDP� EXQFK� LQ� WKH

ORQJLWXGLQDO� GLUHFWLRQ�� � $� QXPEHU� RI� QHZ� RSWLFDO� HOHPHQWV

KDYH� EHHQ� DGGHG� WR� VXSSRUW� WKH�PRGHOLQJ� RI� ZDNHILHOGV� DQG

PLVDOLJQPHQWV�� � 7KH� QHZ� YHUVLRQ� RI� 75$&(� ��'� KDV� EHHQ

LQWHJUDWHG�ZLWK�DQ�HQKDQFHG�YHUVLRQ� WKH�6�3�$�5�&��*8,� WKDW

DOORZV� XVHUV� WR� FXVWRPL]H� WKH� LQWHJUDWHG� 75$&(� ��'� �� *8,

SURJUDP�WR�PHHW�LQGLYLGXDO�QHHGV�

$FNQRZOHGJHPHQWV

7KH�DXWKRUV�DUH�LQGHEWHG�WR�&KULV�%DEFRFN�IRU�DVVLVWDQFH

LQ� LQFRUSRUDWLQJ� FKDQJHV� WR� WKH� *8,� *OREDO� 3DUDPHWHU� 3DQH

DQG�IRU�PRGLILFDWLRQV�WR�H[LVWLQJ�3LHFH�:LQGRZV���3RUWLRQV�RI

WKLV� ZRUN� KDYH� EHHQ� FRPSOHWHG� DV� SDUW� RI� &RRSHUDWLYH

5HVHDUFK� DQG� 'HYHORSPHQW� $JUHHPHQW� �&5$'$�� QXPEHU

/$��&������ EHWZHHQ� WKH� /RV� $ODPRV� 1DWLRQDO� /DERUDWRU\

DQG�*��+��*LOOHVSLH�$VVRFLDWHV��,QF�

5HIHUHQFHV

>�@ .��&UDQGDOO�DQG�'��5XVWKRL��¦75$&(���'�'RFXPHQWDWLRQ�§�/RV

$ODPRV�1DWLRQDO�/DERUDWRU\�5HSRUW�/$�85�������������SDJHV

�������

�>�@ .��&��'��&KDQ���&RPSXWHU�&RGHV�IRU�:DNHILHOG�$QDO\VLV�LQ�5)�

%DVHG� )UHH�(OHFWURQ� /DVHU��� 3URFHHGLQJV� RI� WKH� %HLMLQJ� )(/

6HPLQDU��:RUOG�6FLHQWLILF�3XEOLVKLQJ�&R�� 3WH��/WG���6LQJDSRUH��

���������������

�>�@ �$��:��&KDR�DQG�5��.��&RRSHU��¦7UDQVYHUVH�4XDGUXSROH�:DNH

)LHOG�(IIHFWV�LQ�+LJK�,QWHQVLW\�/LQDFV�§�3DUWLFOH�$FFHOHUDWRUV����

������������

�>�@ *�� +�� *LOOHVSLH�� ¦7KH� 6KHOO� IRU� 3DUWLFOH� $FFHOHUDWHG� 5HODWHG

&RGHV� �63$5&�� �� $� 8QLTXH� *UDSKLFDO� 8VHU� ,QWHUIDFH�§� $,3

&RQIHUHQFH�3URFHHGLQJV���������������������

�>�@ *��+��*LOOHVSLH�DQG�%��:��+LOO��¦$�*UDSKLFDO�8VHU�,QWHUIDFH�IRU

75$&(���'�,QFRUSRUDWLQJ�6RPH�([SHUW�6\VWHP�7\SH�)HDWXUHV�§

����� /LQHDU� $FFHOHUDWRU� &RQIHUHQFH� 3URFHHGLQJV� �2WWDZD��

$(&/�����������������������

>�@ .�� &��'�� &KDQ� DQG� 5�� &�� &RRSHU�� �/75$&.� %HDP� 7UDQVSRUW

&DOFXODWLRQ� ,QFOXGLQJ� :DNHILHOG� (IIHFWV��� $,3� &RQIHUHQFH

3URFHHGLQJV�������������������
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