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,Q�7DEOH���ZH�KDYH�OLVWHG�WKH�H[SHULPHQWDO�UHWHQWLRQ�LQGLFHV��5,���WKH�FRQQHFWLYLW\

LQGH[�
�F�DQG�WKH�RSWLPDO�FRQQHFWLYLW\�LQGH[��FI

�XVHG�WR�FDOFXODWH�5,���7KH�ODVW�FROXPQ�RI

7DEOH� �� JLYHV� WKH� UHVLGXDOV� IRU� WKH� OLQHDU� UHJUHVVLRQ�� $� FORVHU� ORRN� DW� WKH� UHVLGXDOV

LQGLFDWHV�WKDW�RQO\�WZR�VKRZ�VRPHZKDW�ODUJHU�GHSDUWXUH�IURP�WKH�UHJUHVVLRQ��������������
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WULPHWK\OSHQWDQH�DQG���������������WHWUDPHWK\OSHQWDQH��LQGLFDWHG�E\�WKH�GRXEOH�DVWHULVNV

LQ�7DEOH�����IRU�DQRWKHU�WKUHH�FRPSRXQGV�WKH�UHVLGXDOV�DUH�PDUJLQDOO\�FORVH�WR��V��WZLFH

WKH�VWDQGDUG�HUURU���,W�LV�VLJQLILFDQW�WKDW�DOO�WKH��RXWOLHUV��DUH�DONDQHV��H[FHSW�������ZKLFK

LV���SHQWDQRO����7KLV�VXJJHVWV�WKDW�YDULDWLRQ�RI�[�PD\�IXUWKHU�LPSURYH�WKH�UHJUHVVLRQ�DQG

UHGXFH�WKH�UHVLGXDOV�IRU�DONDQHV�

���

���

���

���

���

���

���

���

���

���

����

��� � ��� � ��� �

�
F
I

5
,

�)LJXUH�����&RUUHODWLRQ�RI�5,�RI�DOFRKROV�XVLQJ�RSWLPDO�
�FI
���[� ����\� �������

,Q�)LJ����ZH�KDYH�SORWWHG�WKH�FRUUHODWLRQ�RI�5,�IRU�DOFRKROV�DORQH�XVLQJ�WKH�RSWLPDO

FRQQHFWLYLW\� LQGH[�
�FI
� �ZLWK� [�  � ��� \�  � ������� LQ� RUGHU� WR� LOOXVWUDWH� WKH� HIIHFW� RI

GLVFULPLQDWLRQ�RI�FDUERQ�DQG�R[\JHQ�DWRPV����)LJ����VKRXOG�EH�FRPSDUHG�ZLWK�)LJ����LQ

RUGHU�WR�VHH�KRZ�
�FI
�ZDV�DEOH�WR�UHGXFH�WKH�VFDWWHU�RI�SRLQWV�RI�)LJ����DQG�UHVXOW�LQ�YHU\

KLJK� TXDOLW\� UHJUHVVLRQ�� � 7KH� UHJUHVVLRQ� RI� )LJ�� �� KDV� WKH� IROORZLQJ� VWDWLVWLFDO

SDUDPHWHUV��Q ���� U� �������� V� ��������)� ������� � ,I�ZH�FRPSDUH� WKH�DERYH�ZLWK� WKH

VWDWLVWLFDO� SDUDPHWHUV� FKDUDFWHUL]LQJ� WKH� UHJUHVVLRQ� RI� DONDQHV� DORQH� ZH� VHH� WKDW� QRZ

FRUUHODWLRQ�RI�DOFRKROV�DORQH�\LHOGHG�D�VPDOOHU�VWDQGDUG�HUURU��ZKLFK�IXUWKHU�VXSSRUW�WKDW

YDULDWLRQ�RI�[��WKH�ZHLJKW�IRU�FDUERQV��PD\�LPSURYH�WKH�UHVXOWV�VRPHZKDW�

$V�ZH�FDQ�VHH�IURP�)LJ����WKH�YDULDEOH�ZHLJKW�UHGXFHG�GUDPDWLFDOO\�WKH�VFDWWHU�RI

SRLQWV�IRU�DOFRKROV���0RUHRYHU��LW�DOVR�KDV�EURXJKW�WKH�SRLQWV�RI�DOFRKROV�LQ�OLQH�ZLWK�WKH

FRUUHODWLRQ�RI�SRLQWV�FRUUHVSRQGLQJ�WR�DONDQHV��DV�ZH�FDQ�VHH�E\�FRPSDULQJ�)LJ����DQG
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DQG�DOFRKROV�E\�D�VLQJOH�GHVFULSWRU�
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$ONDQHV

$OFRKROV

)LJXUH����&RUUHODWLRQ�RI�5,�IRU�DONDQHV�DQG�DOFRKROV�VKRZLQJ�D�VHSDUDWHO\�UHJUHVVLRQV

EHFDXVH�QRW�RSWLPDO�ZHLJKW�IRU�R[\JHQ�ZDV�XVHG�
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)LJXUH����&DOFXODWHG�5HWHQWLRQ�,QGLFHV�DJDLQVW�WKH�H[SHULPHQWDO�5HWHQWLRQ�,QGLFHV
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,Q�RUGHU�WR�EHWWHU�VHH�KRZ�ZDV�WKLV�SRVVLEOH�ZH�LOOXVWUDWH�LQ�)LJ����WKH��ZRUNLQJ��RI

WKH� IOH[LEOH� GHVFULSWRU�
�FI
�� � &OHDUO\� VRPH� GLIIHUHQWLDWLRQ� EHWZHHQ� FDUERQ� DWRPV� DQG

R[\JHQ�DWRPV�ZDV�HVVHQWLDO�IRU�GHULYLQJ�KLJK�TXDOLW\�UHJUHVVLRQ�� �+RZHYHU���DV�ZH�FDQ

VHH� IURP�)LJ�� ��� E\� LQFUHDVLQJ� WKH�ZHLJKW� \� IRU� R[\JHQ� EH\RQG� WKH� RSWLPDO� YDOXH� WKH

FRUUHODWLRQ� OLQHV� IRU� DONDQHV� DQG� DOFRKROV� GR� QRW� FRLQFLGH�� � )LJ�� �� LOOXVWUDWHV� WKH

FRPELQHG�UHJUHVVLRQ�RI�5,�RI�DONDQHV�DQG�DOFRKROV�E\�DVVXPLQJ�\� ����������$V�ZH�VHH

IURP�)LJ�� �� WKH� SRLQWV� FRUUHVSRQGLQJ� WR� DOFRKROV� KDYH�PRYHG� WRR� IDU� WR� WKH� ULJKW�� �$

PRUH�QHJDWLYH�YDOXH�RI�WKH�YDULDEOH�\�WKHQ�QHHGHG�UHVXOWV�LQ�HYHQ�ODUJHU�LQFUHDVH�RI�WKH

FRQWULEXWLRQ�RI�R[\JHQ�WR�WKH�FRQQHFWLYLW\�GHVFULSWRU�WKHQ�UHTXLUHG�� �7KH�RSWLPDO�YDOXH

RI� \� LV� RQH� WKDW� OHDGV� WR� DQ� RYHUODS� RI� WKH� VHSDUDWH� OLQHDU� UHJUHVVLRQV� IRU� DONDQHV� DQG

DOFRKROV�

,Q� )LJ�� �� ZH� VKRZ� WKH� SORW� RI� FDOFXODWHG� 5HWHQWLRQ� ,QGLFHV� �5,�� DJDLQVW� WKH

H[SHULPHQWDO�5,���7KH�FRUUHVSRQGLQJ�VWDWLVWLFDO�SDUDPHWHUV�DUH��U� ���������V� �������DQG

)LVKHU�UDWLR�)� ������

&RQFOXVLRQV

:H�KDYH�VHHQ�KRZ�PRGLILFDWLRQ�RI�WUDGLWLRQDO�WRSRORJLFDO�LQGLFHV�FDQ�HQRUPRXVO\

LQFUHDVH�WKHLU�SRZHU�LQ�TXDQWLWDWLYH�VWUXFWXUH�SURSHUW\�UHODWLRQVKLS���4635��DQG�46$5

VWXGLHV����,Q�SDUWLFXODU�XVH�RI�D�VLQJOH�GHVFULSWRUV��WKH�YDULDEOH�FRQQHFWYWL\�LQGH[��JDYH�D

YHU\�KLJK�TXDOLW\�UHJUHVVLRQ�IRU�FKURPDWRJUDSKLF�5,����)URP�WKH�SUHVHQW�VWXG\�ZH�KDYH

VHHQ�WKDW�WKH�UROH�RI�R[\JHQ�DWRPV�LV�VLJQLILFDQWO\�PRUH�LPSRUWDQW�IRU�FKURPDWRJUDSKLF

UHWHQWLRQ� WLPHV� WKDQ� WKH� UROH� RI� FDUERQ� DWRP�� � )URP�7DEOH� ��� DQG� WKH� SDUW� RI� 7DEOH� �

FRUUHVSRQGLQJ�WR�DOFRKROV��ZH�VHH�WKDW�FRQWULEXWLRQ�RI�R[\JHQ�DWRPV�KDV�EHHQ�E\�DERXW

IRXU�WLPHV�JUHDWHU�WKDQ�WKH�FRQWULEXWLQJ�FDUERQ�DWRPV�

,Q� FRPSDULVRQ� ZLWK� WKH� WUDGLWLRQDO� 05$� VWXGLHV�� IRU� ZKLFK� W\SLFDOO\� YDULDEOH

FRQQHFWLYLW\�LQGH[�FDQ�UHSODFH�WKUHH�WR�IRXU�WRSRORJLFDO�LQGLFHV�EDVHG�RQ�IL[HG�QXPHULFDO

YDOXHV��ZH�VHH�DGYDQWDJHV�RI� WKH�YDULDEOH� LQGLFHV�QRW�RQO\� IRU� LPSURYLQJ� WKH�VWDWLVWLFDO

TXDOLW\�RI� WKH� UHJUHVVLRQ�EXW� DOVR�PDNLQJ� WKH� LQWHUSUHWDWLRQ� RI� WKH� UHVXOWV� SRVVLEOH� DQG

PRUH�PHDQLQJIXO�
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$FNQRZOHGJPHQW
7KLV�LV�FRQWULEXWLRQ�QXPEHU�����IURP�WKH�&HQWHU�IRU�:DWHU�DQG�WKH�(QYLURQPHQW

RI� WKH� 1DWXUDO� 5HVRXUFHV� 5HVHDUFK� ,QVWLWXWH�� � 5HVHDUFK� UHSRUWHG� LQ� WKLV� SDSHU� ZDV

VXSSRUWHG��LQ�SDUW��E\�*UDQW�)����������������IURP�WKH�8��6��$LU�)RUFH�DQG�E\�0LQLVWU\

RI�6FLHQFH�DQG�7HFKQRORJ\�RI�WKH�5HSXEOLF�RI�6ORYHQLD�

5HIHUHQFHV�DQG�QRWHV
�� 0� 5DQGLü� 7RSRORJLFDO ,QGLFHV� �7KH (QF\FORSHGLD RI &RPSXWDWLRQDO &KHPLVWU\�� 6FKOH\HU� 3� Y� 5��

$OOLQJHU� 1� /�� &ODUN� 7�� *DVWHLJHU� -�� .ROOPDQ� 3� $�� 6FKDHIHU ,,,� +� )�� 6FKUHLQHU� 3� 5 �(GV���

-RKQ :LOH\ 	 6RQV� &KLFKHVWHU� ����� SS� ����������

�� 0� .DUHOVRQ� 9� 6� /REDQRY� $� 5� .DWULW]N\� 4XQDWXP�FKHPLFDO GHVFULSWRUV LQ 46$5�4635 VWXGLHV�

&KHP� 5HY� ����� ��� ����������

�� 5� 7RGHVFKLQL� 9� &RQVRQQL� 7KH +DQGERRN RI 0ROHFXODU 'HVFULSWRUV� 6HULHV RI 0HWKRGV DQG

3ULQFLSOHV LQ 0HGLFLQDO &KHPLVWU\ � 9RO� ��� (GV� 5�0DQQKROG� +� .XELQ\L� *� 7LPPHUPDQ� :LOH\�

9&+� 1HZ <RUN� �����

�� 0� 5DQGLü� 1RYHO *UDSK 7KHRUHWLFDO $SSURDFK WR +HWHURDWRP LQ 4XDQWLWDWLYH 6WUXFWXUH�$FWLYLW\

5HODWLRQVKLS� &KHPRPHWULFV ,QWHO� /DE� 6\VW� �������� ��������

�� 0� 5DQGLü� 2Q &RPSXWDWLRQ RI 2SWLPDO 3DUDPHWHUV IRU 0XOWLYDULDWH $QDO\VLV RI 6WUXFWXUH�3URSHUW\

5HODWLRQVKLS� -� &RPSXW� &KHP� ����� ��� ��������

�� 0� 5DQGLü DQG -� &]� 'REURZROVNL� 2SWLPDO 0ROHFXODU &RQQHFWLYLW\ 'HVFULSWRUV IRU 1LWURJHQ�

&RQWDLQLQJ 0ROHFXOHV� ,QW� -� 4XDQW� &KHP� ����� ��� ����������

�� 0� 5DQGLü� +LJK TXDOLW\ VWUXFWXUH�SURSHUW\ UHJUHVVLRQV� %RLOLQJ SRLQWV RI VPDOOHU DONDQHV� 1HZ -�

&KHP� ����� ��� ��������

�� 0� 5DQGLü DQG 6� &� %DVDN� 2Q FRQVWUXFWLRQ RI KLJK TXDOLW\ VWUXFWXUH� SURSHUW\�DFWLYLW\ UHJUHVVLRQV�

%RLOLQJ SRLQWV RI VXOILGH� -� &KHP� ,QI� &RPSXW� 6FL� �VXEPLWWHG�

�� 0� 5DQGLü� '� 0LOOV� 6� &� %DVDN� 2Q FKDUDFWHUL]DWLRQ RI SK\VLFDO SURSHUWLHV RI DPLQR DFLGV� ,QW� -�

4XDQWXP� &KHP� ����� ��� ����������

��� 0� 3RPSH DQG 0� 1RYLþ� 3UHGLFWLRQ RI JDV�FKURPDWRJUDSKLF UHWHQWLRQ LQGLFHV XVLQJ WRSRORJLFDO

GHVFULSWRUV� -� &KHP� ,QI� &RPSXW� 6FL� ����� ��� ���

��� 0� 5DQGLü� 2Q WKH FKDUDFWHUL]DWLRQ RI PROHFXODU EUDQFKLQJ� -� $P� &KHP� 6RF� ����� ��� ����������

��� $� 5� .DWULW]N\� 9� /REDQRY� DQG 0� .DUHOVRQ� &2'(66$ �&2PSUHKHQVLYH '(VFULSWRUV IRU

6WUXFWXUDO DQG 6WDWLVWLFDO $QDO\VLV�� 8QLYHUVLW\ RI )ORULGD� *DLQHVYLOOH�

��� 0� 5DQGLü� 2UWKRJRQDO PROHFXODU GHVFULSWRUV� 1HZ -� &KHP � �������� ��������

��� 0� 5DQGLü� 5HVROXWLRQ RI DPELJXLWLHV LQ VWUXFWXUH�SURSHUW\ VWXGLHV E\ XVH RI RUWKRJRQDO GHVFULSWRUV�

-� &KHP� ,QI &RPSXI� 6FL� ����� ��� ��������

��� 0� 5DQGLü� )LWWLQJ RI QRQ OLQHDU UHJUHVVLRQV E\ RUWKRJRQDOL]HG SRZHU VHULHV� -� &RPSXW�� &KHP� �����

,�� ��������

��� 0� 5DQGLü� &XUYH ILWWLQJ SDUDGR[� ,QW� -� 4XDQW� &KHP� 4XDQW� %LRO� 6\PS � ����� ��� ��������

3RY]HWHN
3UL QDãHP GHOX VPR DQDOL]LUDOL NRGLUQH VSRVREQRVWL YDULDELOQHJD LQGHNVD SRYH]DQRVWL �

�
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I
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]D QDSRYHGRYDQMH UHWHQFLMVNLK LQGHNVRY GREOMHQLK V SOLQVNR NURPDWRJUDILMR� = XSRUDER

OLQHDUQH UHJUHVLMH VPR UHWHQFLMVNH LQGHNVH QDSRYHGRYDOL ]D �� VSRMLQ� NL VR YVHERYDOH ��

DONDQRY LQ �� DONRKRORY� 6 VSUHPLQMDQMHP XWHåL ]D NLVLNRY DWRP Y YDULDELOQHP LQGHNVX

SRYH]DQRVWL VPR GRELOL OLQHDUQL UHJUHVLMVNL PRGHO ] QDVOHGQMLPL NDUDNWHULVWLNDPL�

NRUHODFLMVNL NRHILFLHQW U ������� VWDQGDUGQD QDSDND V ����� UHWHQFLMVNH HQRWH LQ

)LVKHUMHYLP NRHILFLHQWRP ) ����� = XSRUDER NODVLþQHJD LQGHNVD SRYH]DQRVWL� NL QH

UD]OLNXMH PHG NLVLNRYLPL LQ RJOMLNRYLPL DWRPL� VPR GRELOL ãWLULNUDW YHþMR VWDQGDUGQR

QDSDNR�


