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<RXVVHI�:D]DG\�
/DERUDWRLUH GH UHFKHUFKH� (FROH 6XSpULHXU GH 7HFKQRORJLH� %3 ���� 2DVLV� 5RXWH G
(O -DGLGD� .P ��

&DVDEODQFD�0DURF

&KDNLE�$PH]LDQH�+DVVDQL�
'pSDUWHPHQW GH FKLPLH� IDFXOWp GHV VFLHQFHV HW WHFKQLTXHV )HV VDLV� 8QLYHUVLWp 6LGL 0RKDPHG %HQ

$EGHOODK %3 ����� )HV�0DURF

0DKMRXE�/DNKGDU��$]L]�(]]DPDUW\�
'pSDUWHPHQW GH FKLPLH� )DFXOWp GHV 6FLHQFHV %3 ���� 0DkULI � &DVDEODQFD�0DURF

5HFHLYHG������������

$EVWUDFW�
7KH FKHPRWDFWLF SHSWLGHV IRUP\O�0HW�/HX�3KH�20H DQG IRUP\O�0HW�$FF��3KH�20H �$FF�

LV WKH D�D GLVXEVWLWXWHG DPLQR DFLG O�DPLQRF\FORSHQWDQH���FDUER[\OLF DFLG� ZHUH VWXGLHG E\

WKH WKHRUHWLFDO PHWKRG 3(36($ LQ RUGHU WR LQYHVWLJDWH WKH SURSHU SHSWLGH EDFNERQH

FRQIRUPDWLRQ WKDW LV ELRORJLFDOO\ DFWLYH� 7KLV VWXG\ VKRZV WKDW WKH SDUHQW SHSWLGH IRUP\O�

0HW�/HX�3KH�20H KDV D IOH[LEOH VWUXFWXUH� DQG WKDW WKH RWKHU FRQIRUPDWLRQDOO\ FRQVWUDLQHG

SHSWLGH KDV D WHQGHQF\ WR IRUP WKH E WXUQ VWUXFWXUH� ,W DOVR JLYHV HYLGHQFH DJDLQVW WKH

K\SRWKHVLV SURSRVLQJ WKH LPSRUWDQFH RI IRUP\O JURXS LQ WKH LQWHUDFWLRQ ZLWK WKH UHFHSWRU�

,QWURGXFWLRQ�

&KHPRWD[LV�LV�GHILQHG�DV�D�UHDFWLRQ�E\�ZKLFK�WKH�GLUHFWLRQ�RI�ORFRPRWLRQ�RI�FHOOV�

LV� GHWHUPLQHG� E\� VXEVWDQFHV�� FDOOHG� FKHPRWDFWLF� DJHQWV�� LQ� WKHLU� HQYLURQPHQW�� 7KHVH�

VXEVWDQFHV� RI� GLIIHUHQW� RULJLQ� DUH� UHVSRQVLEOH� IRU� WKH� DFFXPXODWLRQ� RI� OHXNRF\WHV��

SDUWLFXODUO\�QHXWURSKLOV� LQ�DUHDV�RI� LQIODPPDWLRQ��7KH�GLVFRYHU\�WKDW�1�IRUP\O�SHSWLGHV�

DUH� FKHPRDWWUDFWDQWV� IRU� WKHVH� FHOOV
�
� KDV� OHG� WR� WKH� LQYHVWLJDWLRQ� RI� VWUXFWXUDO�

UHTXLUHPHQWV� IRU� SHSWLGH�UHFHSWRU� LQWHUDFWLRQ�
���
� 7KH� IRUP\O�0HW�/HX�3KH�2+� DQG� LWV�

V\QWKHWLF� DQDORJXH� IRUP\O�0HW�/HX�3KH�20H� HPHUJHG� DV� WKH� SURWRW\SLF� FKHPRWDFWLF�

WULSHSWLGHV���

6HYHUDO�VWXGLHV�KDYH�EHHQ�FDUULHG�RXW�LQ�RUGHU�WR�EHWWHU�XQGHUVWDQG�WKLV�WULSHSWLGH��

7KH�LQIOXHQFH�RI�WHUPLQDO�JURXSV�KDV�EHHQ�VWXGLHG��DQG�LW�KDV�EHHQ�GHPRQVWUDWHG�WKDW�WKH�

HVWHULILFDWLRQ�RI�WKH�&�WHUPLQDO�FDUER[\OLF�DFLG�JURXS�GRHV�QRW�UHVXOW�LQ�ORVV�RI�ELRORJLFDO�

DFWLYLW\�RI�PROHFXOH�
�
�+RZHYHU��WKH�UHSODFHPHQW�RI�WKH�1�WHUPLQDO�IRUP\O�JURXS�E\�WHUW�

EXW\OR[\FDUERQ\O�JURXS��%RF��LQGXFHV�D�GUDPDWLF�ORVV�RI�DFWLYLW\�
�
�
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,Q�DQ�HIIRUW�WR�SURGXFH�V\QWKHWLF�DJHQWV�WKDW�DUH�PRUH�DFWLYH�DQG�PRUH�UHVLVWDQW�WR�

HQ]\PDWLF�K\GURO\VLV�� VHYHUDO�PRGLILFDWLRQV�KDYH�EHHQ�XQGHUWDNHQ�
����

�7KH�UHSODFHPHQW�

RI�WKH�0HW�E\�WKH�WKLRPHWKLRQLQH�UHVLGXH��0HW
6
��LQGXFHV�D�GUDPDWLF�ORVV�RI�DFWLYLW\�

�
�7KH�

FRPSDUDWLYH�VWXG\�RI�WKH�IRUP\O�0HW�/HX�3KH�20H�DQG�IRUP\O�0HW
6
�/HX�3KH�20H�KDV�

VKRZQ� WKDW� DQ� DFWLYH� FKHPRWDFWLF� SHSWLGH� PXVW� KDYH� WKH� IRUP\O� JURXS� IUHH� RI� DQ\�

LQWUDPROHFXODU�LQWHUDFWLRQ�LQ�RUGHU�WR�EH�DYDLODEOH�IRU�WKH�IRUPDWLRQ�RI�WKH�FRPSOH[�ZLWK�

WKH�UHFHSWRU�
�
�

$PRQJ� WKH�PRGLILFDWLRQV�PDGH� RQ� WKH� WULSHSWLGH� IRUP\O�0HW�/HX�3KH�20H��ZH�

FDQ�TXRWH�WKH�VXEVWLWXWLRQ�RI�WKH�/HX�UHVLGXH�E\�WKH�D�D�GLVXEVWLWXWHG�DPLQR�DFLGV�VXFK�

DV�$FF���O��DPLQRF\FORSHQWDQH���FDUER[\OLF�DFLG����

�
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)LJXUH����6WUXFWXUHV�RI�DPLQR�DFLGV�/HX�DQG�$FF����

�

7KLV� DPLQR� DFLG� ZDV� WKH� VXEMHFW� RI� D� FRQVLGHUDEOH� QXPEHU� RI� FRQIRUPDWLRQDO�

VWXGLHV�
�����

�7KH�SUHVHQFH�RI�D�D�D�GLVXEVWLWXWHG�FDUERQ�DWRP�LQ�WKLV�DPLQR�DFLG�FRQIHUV�

XSRQ� LW� WKH� SURSHUW\� WR� KDYH� D� FRQVLGHUDEOH� VWHULF� HIIHFW�� ZKLFK� FDQ� WKHQ� LPSRVH�

VLJQLILFDQW�FRQVWUDLQWV�RQ�WKH�RULHQWDWLRQ�RI�WKH�SHSWLGH�EDFNERQH��7KH�XVH�RI�WKLV�UHVLGXH�

LQ�D�JLYHQ�SHSWLGH�ZLOO� IDFLOLWDWH� WKH�GHWHUPLQDWLRQ�RI� WKH�FRQIRUPDWLRQ�DGRSWHG�GXULQJ�

WKH�LQWHUDFWLRQ�ZLWK�WKH�UHFHSWRU��DV�ZHOO�DV�WKH�VHDUFK�RI�SKDUPDFRSKRUH�JURXSV��

7R�PHDVXUH� WKH�DFWLYLW\�RI� IRUP\O�0HW�/HX�3KH�20H�DQG�IRUP\O�0HW�$FF��3KH�

20H��WKHLU�DELOLW\�WR�LQGXFH�WKH�UHOHDVH�RI�O\VRVRPDO�HQ]\PHV�LQ�UDEELW�QHXWURSKLOV�ZDV�

XVHG��7KHVH�PHDVXUHPHQWV��ZKLFK�ZHUH�XQGHUWDNHQ�E\�6XNXPDU
V�JURXS�
��
�VKRZHG�WKDW�

WKHVH�WZR�SHSWLGHV�DUH�DFWLYH��FKHPRWDFWLF�SHSWLGHV����

�
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IRUP\O�0HW�$FF��3KH�20H

0H 0H

IRUP\O�0HW�/HX�3KH�20H

)LJXUH�����6WUXFWXUHV�RI�IRUP\O�0HW�/HX�3KH�20H�DQG�IRUP\O�0HW�$FF��3KH�20H��

�

7KH� FRQIRUPDWLRQDO� VWXG\�� WKDW� ZDV� FDUULHG� RXW� E\�
�
+�105�� ,5�� DQG�;�UD\V� RQ�

WKHVH� WZR� SHSWLGHV� DQG� RWKHU� IRUP\O�0HW�/HX�3KH�20H� DQDORJV� FRQWDLQLQJ� RWKHU�D�D�

GLVXEVWLWXWHG�DPLQR�DFLGV��KDV�QRW�EHHQ�DEOH�WR�JLYH�D�FRPPRQ�VWUXFWXUH�WKDW�FDQ�H[SODLQ�

WKH�ELRORJLFDO�DFWLYLW\�RI�WKH�FKHPRWDFWLF�SHSWLGHV�
�����

�7KLV�FDQ�EH�H[SODLQHG�E\�WKH�IDFW�

WKDW� WKH� DQDO\VHV� E\� WKH� YDULRXV� H[SHULPHQWDO� PHWKRGV� DUH� FDUULHG� RXW� LQ� PHGLD� DQG�

HQYLURQPHQWV� WKDW� DUH� GLIIHUHQW� WR� WKRVH� LQ�ZKLFK� WKHVH� SHSWLGHV� H[HUW� WKHLU� ELRORJLFDO�

IXQFWLRQ��&RQVHTXHQWO\��WKH�UHVXOWLQJ�VWUXFWXUHV�DUH�QRW�QHFHVVDULO\�WKH�DFWLYH�VWUXFWXUHV��

8VLQJ� D� WKHRUHWLFDO� PHWKRG�� WKH� SUHVHQW� DUWLFOH� LV� LQWHUHVWHG� LQ� WKH� FRPSDUDWLYH�

FRQIRUPDWLRQDO� DQDO\VLV� RI� IRUP\O�0HW�/HX�3KH�20H�DQG� IRUP\O�0HW�$FF��3KH�20H��

7KH� PDLQ� REMHFWLYH� RI� WKLV� VWXG\� LV� WR� ILQG� WKH� DFWLYH� FRQIRUPDWLRQ� RI� FKHPRWDFWLF�

SHSWLGHV���

�

0HWKRG�

7KH� PHWKRG� XVHG� LQ� WKLV� VWXG\� LV� FDOOHG� 3(36($� �3(3WLGLF� 6($UFK��� ,W� ZDV�

GHYHORSHG� LQ� WKH� VWUXFWXUDO� FKHPLVWU\� ODERUDWRU\� RI� WKH� 6KHUEURRNH� 8QLYHUVLW\�
��
� 7KLV�

DSSURDFK�LV�EDVHG�RQ�WKH�IDFW�WKDW�WKH�VWUXFWXUDO��WKHUPRG\QDPLF�DQG�VWDWLVWLFDO�SURSHUWLHV�

RI� D� PROHFXODU� V\VWHP� FDQ� EH� GHGXFHG� RQO\� IURP� D� SRSXODWLRQ� SUHVHQWLQJ� LWV�

FRQIRUPDWLRQDO�VSDFH��7KH�SULQFLSOH�RI�3(36($�FRQVLVWV�RI�JHQHUDWLQJ�D�SRSXODWLRQ�RI�

FRQIRUPDWLRQV� WKDW�FKDUDFWHUL]H�D�SDUWLFXODU�SHSWLGLF� VHTXHQFH��5DWKHU� WKDQ�VWULYLQJ�IRU�

JOREDO�PLQLPD��SRSXODWLRQV�RI� FRQIRUPHUV� DUH� UDQGRPO\�JHQHUDWHG�� DQG� WKHLU� HQHUJ\� LV�

PLQLPL]HG��$� VWDWLVWLFDO� DQDO\VLV� FDQ� EH� DSSOLHG� XSRQ� WKHVH� SRSXODWLRQV� WR� GHGXFH� WKH�

WKHUPRG\QDPLF� DQG� VWUXFWXUDO� SURSHUWLHV� RI� WKH� SHSWLGH� XQGHU� LQYHVWLJDWLRQ�� 7KLV� QHZ�

DSSURDFK�LV�DSSOLHG�ZLWK�WKH�3(36($�SURJUDP��
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7KH� IRUFH� ILHOG� XVHG� E\� WKH� 3(36($� SURJUDP� WR� FRPSXWH� WKH� FRQIRUPDWLRQDO�

HQHUJ\� LV� (&(33��� �(PSLULFDO� &DOFXODWLRQ� (QHUJ\� 3URJUDP� IRU� 3HSWLGH��
��
� 7KLV� IRUFH�

ILHOG�XVHV� ULJLG�JHRPHWU\� WR� UHSUHVHQW� WKH�DPLQR�DFLG� UHVLGXHV�RI�D�SRO\SHSWLGLF�FKDLQ��

7KH�FRQIRUPDWLRQDO�HQHUJ\�IXQFWLRQ�LV�JLYHQ�E\�WKH�VXP�RI�WKH�HOHFWURVWDWLF�WHUP�(HOH�����

�� /HQQDUG�-RQHV� WHUP� (/-�� DQG� K\GURJHQ�ERQG� WHUP� (KE� IRU� DOO� SDLUV� RI� DWRPV� LQ� WKH�

PROHFXOH�WRJHWKHU�ZLWK�WKH�WRUVLRQ�WHUP�(WRU�IRU�DOO�WRUVLRQ�DQJOHV��

(FRQI� �(HOH���(/-���(KE���(WRU

7KH� 3(36($� SURJUDP� XVHV� WKH� VSHFLILF� SDUDPHWHUV� RI� HDFK� UHVLGXH� �DWRPLF�

FRRUGLQDWHV��JHRPHWULFDO�DQG�HQHUJ\�SDUDPHWHUV�����WR�GHVFULEH�WKH�JHRPHWU\�RI�D�SHSWLGLF�

PROHFXOH��7KH�IRUFH�ILHOG�(&(33���SRVVHVVHV�WKH�SDUDPHWHUV�RI����DPLQR�DFLG�UHVLGXHV�

DQG� RI� WHUPLQDO� SURWHFWLQJ� JURXSV� FRPPRQO\� IRXQG� LQ� SURWHLQV�� +RZHYHU�� WKH� $FF��

UHVLGXH�LV�QRW�LQFOXGHG�LQ�WKH�GDWDEDVH��VR�LW�LV�QHFHVVDU\�WR�FDOFXODWH�LWV�SDUDPHWHUV�DQG�

LQWHJUDWH�WKHP�LQ�WKH�IRUFH�ILHOG�(&(33����7KH�DWRPLF�SDUWLDO�FKDUJHV�IRU�WKLV�SDUWLFXODU�

UHVLGXH�DUH�FRPSXWHG�E\�&1'2�FDOFXODWLRQ�
��
�

,W�LV�ZRUWK�QRWLQJ�WKDW�WKH�GLHOHFWULF�FRQVWDQW�XVHG�E\�3(36($�LV�' ����GLIIHUHQW�RI�

WKDW�LQ�YDFXRXV���$FFRUGLQJ�WR�6FKHUDJD�DQG�DO��WKLV�HIIHFWLYH�GLHOHFWULF�FRQVWDQW�'� ���LV�

HTXLYDOHQW�WR�WKH�H[SHULPHQWDO�GLHOHFWULF�FRQVWDQW��VHW�EHWZHHQ���DQG����VLPLODU�WR�WKDW�RI�

SURWHLQV�LQ�SRODU�PHGLXP�
��
�

$V� DOO� HQGRJHQRXV� SHSWLGHV�� WKH� WULSHSWLGHV� XQGHU� LQYHVWLJDWLRQ� LQ� WKLV� VWXG\� DUH�

FRQVWLWXWHG�E\�WKH�VHTXHQFH�RI�DPLQR�DFLGV��DOO�LQ�/�FRQILJXUDWLRQ��

�

([SHULPHQWDO�

7KH� 3(36($� SURJUDP� GHVFULEHG� DERYH� FDUULHG� RXW� WKH� FRQIRUPDWLRQDO� VHDUFK� DQG� WKH�

ORFDOL]DWLRQ�RI� WKH�PRVW� VWDEOH�PLQLPD��)RU�HDFK�RI� WKH� WZR�FRQVLGHUHG�SHSWLGHV�������

FRQIRUPHUV� ZHUH� UDQGRPO\� JHQHUDWHG� DQG� HQHUJ\� PLQLPL]HG� WR� WKH� FORVHVW� PLQLPD��

'XULQJ�WKLV�JHQHUDWLRQ�SURFHVV��DOO�WRUVLRQ�DQJOHV�DUH�DOORZHG�WR�YDU\�H[FHSW�WKRVH�RI�WKH�

DPLGH�ERQGV��Z��0HW���Z��/HX��RU�Z��$FF���ZKLFK�DUH�IL[HG�DW�������)RU�HDFK�SHSWLGH��

WKH� ILUVW� ���� FRQIRUPHUV�RI� ORZHU� FRQIRUPDWLRQDO�HQHUJLHV�ZHUH� VXEPLWWHG� WR�D� VHFRQG�

HQHUJ\�PLQLPL]DWLRQ�DOORZLQJ�DOO�GLKHGUDO�DQJOHV�WR�EH�PRGLILHG��7KH�KHVVLDQ�PDWUL[�ZDV�

FDOFXODWHG�DQG�WKH�IUHH�HQHUJ\�ZDV�HYDOXDWHG�
��
�7KH�UHVXOWLQJ�SRSXODWLRQ�RI�FRQIRUPHUV�

ZDV�VRUWHG�E\�LQFUHDVLQJ�YDOXH�RI�WKH�IUHH�HQHUJLHV���
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7KH�FDOFXODWLRQV�RI�HQHUJ\�DQG�PLQLPL]DWLRQ�ZHUH�SHUIRUPHG�RQ�+3�$SROOR������

VHULHV������PRGHO�����ZRUNVWDWLRQ�DW�WKH�KLJKHU�VFKRRO�RI�WHFKQRORJ\�RI�&DVDEODQFD��

�

5HVXOWV�

)RU� WKH� HYDOXDWLRQ� RI� WKH� PLQLPL]DWLRQ� HIILFLHQF\�� ZH� KDYH� VWXGLHG� WKH� HQHUJ\�

GLVWULEXWLRQ�RI������PLQLPL]HG�FRQIRUPHUV�RI�WULSHSWLGHV�IRUP\�0HW�/HX�3KH�20H�DQG�

IRUP\O�0HW�$FF��3KH�20H��7KH�QH[W�ILJXUH�UHSUHVHQWV�WKHVH�GLVWULEXWLRQV��

�

�� �� �� �� �� ��

�

���

���

���

���

IRUP\O�0HW�/HX�3KH�20H

)
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F\

5HODWLYH HQHUJ\ �.FDO�PRO�

�� �� �� �� �� ��

�

���

���

���

���

���

IRUP\O�0HW�$FF��3KH�20H

)
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5HODWLYH HQHUJ\ �.FDO�PRO�

)LJXUH����(QHUJ\�GLVWULEXWLRQ�RI�PLQLPL]HG�FRQIRUPHUV�RI�WULSHSWLGHV�IRUP\�0HW�/HX�

3KH�20H�DQG�IRUP\O�0HW�$FF��3KH�20H���

�

�
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7DEOH����&RQIRUPDWLRQDO�FKDUDFWHULVWLFV�RI�IRUP\O�0HW�/HX�3KH�20H�
D

�

&RQI�
5HODWLYH IUHH HQHUJ\

'* E
�NFDO�PRO�

5HODWLYH FRQIRUPDWLRQDO

HQHUJ\ '(
F
�NFDO�PRO�

IRUP\O 0HW /HX 3KH

� ���� ���� &2 1+

� ���� ���� &2 1+

� ���� ���� &2 1+

� ���� ���� &2 1+

� ���� ���� &2 1+

� ���� ���� &2 1+

� ���� ���� &2 1+

� ���� ����

� ���� ����

�� ���� ���� &2 1+

�� ���� ���� &2 1+

�� ���� ���� &2 1+

�� ���� ���� &2 1+

�� ���� ���� &2 1+

�� ���� ���� &2 1+

�� ���� ���� &2 1+

�� ���� ����

�� ���� ����

�� ���� ���� &2 &2 1+ 1+

�� ���� ���� &2 &2 1+ 1+

D� )LUVW �� PLQLPXP HQHUJ\ FRQIRUPDWLRQV DUH OLVWHG�

E� '* * � *�� *� LV WKH IUHH HQHUJ\ RI WKH FRQIRUPDWLRQ LQ RUGHU WKDW (  (��

F� '( ( � (�� (� �IRUP\O�0HW�/HX�3KH�20H�  � ���� NFDO�PRO�

7DEOH����&RQIRUPDWLRQDO�FKDUDFWHULVWLFV�RI�IRUP\O�0HW�$FF��3KH�20H�
D
�

&RQI�
5HODWLYH IUHH HQHUJ\

'*
E
�NFDO�PRO�

5HODWLYH FRQIRUPDWLRQDO

HQHUJ\ '(
F
�NFDO�PRO�

IRUP\O 0HW $FF� 3KH

� ����� ���

� ����� ���� &2 1+

� ���� ���� &2 1+

� ����� ��� &2 1+

� ����� ���� &2 1+

� ����� ���� &2 1+

� ����� ���� &2 1+

� ����� ���� &2 1+

� ���� ���� &2 1+

�� ���� ���� &2 1+

�� ���� ���� &2 1+

�� ���� ����

�� ���� ��� &2 1+

�� ���� ��� &2 1+

�� ���� ���� &2 1+

�� ���� ����

�� ���� ���� &2 1+

�� ���� ���� &2 1+

�� ���� ����

�� ���� ���� &2 1+

D� )LUVW �� PLQLPXP HQHUJ\ FRQIRUPDWLRQV DUH OLVWHG�

E� '* * � *�� *� LV WKH IUHH HQHUJ\ RI WKH FRQIRUPDWLRQ LQ RUGHU WKDW (  (��

F� '( ( � (�� (� �IRUP\O�0HW�$FF��3KH�20H�  � ���� NFDO�PRO�



$FWD�&KLP��6ORY�������������������

�

&� +� $PH]LDQH� 0� /DNKGHU� $� (]]DPDUW\� <� :D]DG\� &RPSDUDWLYH FRQIRUPDWLRQDO VWXG\���

���

:H�FDQ�REVHUYH� WKDW� WKHVH�JUDSKV�KDYH�DQ�DORQH�GLVWULEXWLRQ� LQ� IRUP�RI�EHOO� �JDXVVLDQ�

IRUP���7KLV�UHPDUN�FRQILUPV�WKH�JRRG�SURJUHVV�RI�WKH�PLQLPL]DWLRQ�DQG�WKDW�WKH�YDULDEOH�

WRUVLRQ�DQJOHV�KDYH�EHHQ�ZHOO�FKRVHQ��
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7DEOHV��� DQG���JLYH� WKH� FRQIRUPDWLRQDO� FKDUDFWHULVWLFV�RI� WKH� WZHQW\�PRVW� VWDEOH�

FRQIRUPHUV�REWDLQHG�DIWHU� WKH�VHFRQG�PLQLPL]DWLRQ�IRU�HDFK�SHSWLGH��7KHVH�FRQIRUPHUV�

DUH�FODVVLILHG�E\�RUGHU�RI�LQFUHDVLQJ�UHODWLYH�IUHH�HQHUJ\��)RU�HDFK�FRQIRUPDWLRQ��ZH�ILQG�

WKH� UHODWLYH� IUHH� HQHUJ\�'*� FDOFXODWHG� IRU�7�  � ����.�� DQG� WKH� UHODWLYH� FRQIRUPDWLRQDO�

HQHUJ\�'(��7KH�VWUXFWXUDO�FKDUDFWHULVWLFV�RI�HDFK�FRQIRUPHU�DUH�JLYHQ�E\�LQGLFDWLQJ�WKH�

SUHVHQFH� RU� QRW� RI� LQWUDPROHFXODU� K\GURJHQ� ERQGV� EHWZHHQ� WKH� GLIIHUHQW� GRQRUV� DQG�

DFFHSWRUV��7KH� WRUVLRQ� DQJOHV� IRU� WKH�SDUHQW�SHSWLGH�DV�ZHOO� DV� WKH�FRQVWUDLQHG�RQH�DUH�

OLVWHG�LQ�WDEOH���DQG�WDEOH����UHVSHFWLYHO\��
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7KH� FRQIRUPDWLRQDO� DQDO\VLV� RI� WKH� WZHQW\�PRVW� VWDEOH� FRQIRUPHUV� RI� WKH� SDUHQW�

SHSWLGH� IRUP\O�0HW�/HX�3KH�20H� �WDEOH� ��� VKRZV� WKDW� LW� FDQ� DGRSW� YDULHG�

FRQIRUPDWLRQDO�VWUXFWXUHV��ZKLFK�FDQ�EH�GLVWULEXWHG�LQWR�IRXU�FODVVHV��

7KH�ILUVW�FODVV�LV�WKDW�RI�WKH�FRQIRUPHUV�FKDUDFWHUL]HG�E\�WKH�SUHVHQFH�RI�WKH�E�WXUQ�

VWUXFWXUH� FHQWHUHG� RQ� 0HW� DQG� /HX�� DQG� LW� FDQ� EH� UHSUHVHQWHG� E\� IRXU� FRQIRUPHUV�

�FRQIRUPHUV� ��� ���� ��� DQG� ����� 6XFK� D� VWUXFWXUH� LV� VWDELOL]HG� E\� DQ� LQWUDPROHFXODU�

K\GURJHQ�ERQG�LQFOXGLQJ�WKH�&2�JURXS�RI�WKH�IRUP\O�DQG�1+�JURXS�RI�3KH��)LJXUH���D�

JLYHV�D�VWHUHRVFRSLF�VXSHUSRVLWLRQ�YLHZ�RI�WKH�IRXU�FRQIRUPHUV�EHORQJLQJ�WR�WKLV�JURXS��

7KH�VHFRQG�FODVV�LQFOXGHV�ILYH�FRQIRUPHUV�FKDUDFWHUL]HG�E\�WKH�SUHVHQFH�RI�D�J�WXUQ�

FHQWHUHG�RQ�0HW��DQG�VWDELOL]HG�E\�DQ� LQWUDPROHFXODU�K\GURJHQ�ERQG� LQYROYLQJ� WKH�&2�

JURXS�RI�WKH�IRUP\O�DQG�1+�JURXS�RI�/HX��7KH�VWHUHRVFRSLF�VXSHUSRVLWLRQ�YLHZ�RI�WKHVH�

ILYH�FRQIRUPHUV�LV�JLYHQ�LQ�ILJXUH���E��

7KH�WKLUG�FODVV��ZKLFK�LQFOXGHV�ILYH�FRQIRUPHUV��LV�FKDUDFWHUL]HG�E\�FRQIRUPDWLRQV�

DGRSWLQJ�D�J� WXUQ�FHQWHUHG�RQ�/HX��DQG�VWDELOL]HG�E\�DQ� LQWUDPROHFXODU�K\GURJHQ�ERQG��

LPSO\LQJ�WKH�&2�JURXS�RI�0HW�DQG�1+�JURXS�RI�3KH��)LJXUH���F�JLYHV�WKH�VWHUHRVFRSLF�

VXSHUSRVLWLRQ�RI�WKHVH�ILYH�FRQIRUPHUV��

7KH�IRXUWK�FODVV�JDWKHUV�VWUXFWXUHV�LQ�D�GRXEOH�J�WXUQ��D�J�WXUQ�FHQWHUHG�RQ�0HW�DQG�

D�J�WXUQ�FHQWHUHG�RQ�/HX�DW�WKH�VDPH�WLPH���DQG�LQFOXGHV�WZR�FRQIRUPHUV�RI�IRUP\O�0HW�

/HX�3KH�20H��7KH�VWHUHRVFRSLF�VXSHUSRVLWLRQ�YLHZ�RI�ERWK�FRQIRUPHUV�RI� WKLV�FODVV� LV�

SUHVHQWHG�RQ�WKH�ILJXUH���G��

�

D E
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G

)LJXUH����6WHUHRVFRSLF�VXSHUSRVLWLRQ�YLHZ�RI�FRQIRUPHUV�RI�GLIIHUHQW�FODVVHV�REWDLQHG�LQ�

WKH�FDVH�RI�IRUP\O�0HW�/HX�3KH�20H��

�
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&RQFHUQLQJ� WKH� FRQVWUDLQHG� WULSHSWLGH� IRUP\O�0HW�$FF��3KH�20H�� WKH�

FRQIRUPDWLRQDO� DQDO\VLV� RI� WKH�PRVW� WZHQW\� VWDEOH� FRQIRUPHUV� �WDEOH� ��� VKRZV� D� JUHDW�

WHQGHQF\� WRZDUG� WKH� E� WXUQ� VWUXFWXUH�� ,QGHHG�� ��� FRQIRUPHUV� RYHU� WKH� ���PRVW� VWDEOH�

FRQIRUPHUV�� UHSUHVHQW� WKLV� VWUXFWXUH�� 7KH� VWHUHRVFRSLF� VXSHUSRVLWLRQ� YLHZ� RI� WKHVH�

FRQIRUPHUV�LV�JLYHQ�LQ�ILJXUH����

�

)LJXUH����6WHUHRVFRSLF�VXSHUSRVLWLRQ�YLHZ�RI�WKH����FRQIRUPHUV�RI�IRUP\O�0HW�$FF��

3KH�20H�LQ�E�WXUQ�VWUXFWXUH��

�

'LVFXVVLRQ�

)URP� WKHVH� UHVXOWV�� LW� DSSHDUV� FOHDU� WKDW� WKH� SDUHQW� SHSWLGH� IRUP\O�0HW�/HX�3KH�

20H�FDQ�DGRSW�VHYHUDO� W\SHV�RI�VWUXFWXUHV� LQ�VXFK�ZD\�WKDW�ZH�FDQ�QRW�IDYRU�D�SUHFLVH�

VWUXFWXUH�� DV� FRPSDUHG� WR� RWKHU� VWUXFWXUHV�� 7KHUHIRUH�� LW� LV� QRW� HDV\� WR� H[WUDFW� WKH�

FRQIRUPDWLRQDO�FKDUDFWHULVWLFV�RI�WKH�FKHPRWDFWLF�SHSWLGHV�XVLQJ�RQO\�WKH�SDUHQW�SHSWLGH�

IRUP\O�0HW�/HX�3KH�20H��

7KH� FRQIRUPDWLRQDO� DQDO\VLV� UHVXOWV� RI� WKH� JHRPHWULFDOO\� FRQVWUDLQHG� SHSWLGHV�

IRUP\O�0HW�$FF��3KH�20H� LQ�ZKLFK� WKH�D�D�GLVXEVWLWXWHG�DPLQR�DFLG�$FF��JLYHV� LW� D�

FHUWDLQ� ULJLGLW\�� VKRZV� WKH� SUHIHUHQFH� RI� WKLV� WULSHSWLGH� WR� DGRSW�E� WXUQ� FRQIRUPDWLRQ��

7KLV� UHVXOW� LV� LQ� SHUIHFW� DJUHHPHQW� ZLWK� WKH� FRQIRUPDWLRQDO� DQDO\VLV� UHVXOWV� RI� WKH�

JHRPHWULFDOO\�FRQVWUDLQHG�SHSWLGHV�IRUP\O�0HW�$FF��3KH�20H�WKDW�ZH�KDYH�FDUULHG�RXW�

ZLWK�WKH�VDPH�PHWKRG�
��
��

7DNLQJ�LQWR�DFFRXQW�WKH�ILQGLQJV�DERYH�DQG�RWKHU�VWXGLHV�
�����

�ZH�FDQ�SURSRVH�WKDW�

WKH� DFWLYH� VWUXFWXUH� RI� FKHPRWDFWLF� SHSWLGH� LV� WKH� E� WXUQ� VWUXFWXUH� SUHIHUUHG� E\� WKH�

JHRPHWULFDOO\�FRQVWUDLQHG�SHSWLGH�IRUP\O�0HW�$FF��3KH�20H��+RZHYHU��LQ�WKH�FDVH�RI�

WKH�SDUHQW�SHSWLGH�IRUP\O�0HW�/HX�3KH�20H��ZH�FDQ�VXSSRVH�WKDW�LWV�DFWLYLW\�LV�GXH�WR�

LWV�IOH[LELOLW\��7KLV�IOH[LELOLW\�DOORZV�WKH�PROHFXOH�WR�ILW�WKH�FRQYHQLHQW�VWUXFWXUH��E�WXUQ��
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GXULQJ� WKH� LQWHUDFWLRQ� ZLWK� WKH� UHFHSWRU�� 7KLV� UHVXOW� LV� LQ� SHUIHFW� DJUHHPHQW� ZLWK� WKH�

�=LSSHU��PRGHO�RI�%XUJHQ�
��
��

)LQDOO\�� WKH� FRPSDULVRQ� RI� UHVXOWV� LQ� WDEOH� �� DQG� WDEOH� �� HQDEOHV� XV� WR� UHMHFW� WKH�

SURSRVDO� WKDW� WKH� IRUP\O� JURXS�PXVW� EH� IUHH� RI� DQ\� LQWUDPROHFXODU� K\GURJHQ� ERQG� LQ�

RUGHU�WR�EH�DYDLODEOH�IRU�WKH�IRUPDWLRQ�RI�WKH�FRPSOH[�ZLWK�WKH�UHFHSWRU��,QGHHG��DPRQJ�

WKH� ��� PRVW� VWDEOH� VWUXFWXUHV� RI� IRUP\O�0HW�$FF��3KH�20H�� ��� FRQIRUPHUV� KDYH� WKH�

IRUP\O�JURXS�LPSOLFDWHG�LQ� LQWUDPROHFXODU�K\GURJHQ�ERQGV��HYHQ�WKRXJK�WKLV�SHSWLGH�LV�

VL[�WLPHV�PRUH�DFWLYH�WKDQ�WKH�SDUHQW�SHSWLGH�IRUP\O�0HW�/HX�3KH�20H��

�

&RQFOXVLRQ�

,Q� FRQFOXVLRQ�� WKH� FRQIRUPDWLRQDO� DQDO\VLV� GHVFULEHG� LQ� WKLV� VWXG\� DQG� D� FDUHIXO�

H[DPLQDWLRQ� RI� WKH� UHFHQW� OLWHUDWXUH� HQDEOHV� XV� WR� VXJJHVW�� D�� 7KH� DFWLYH� VWUXFWXUH� RI�

FKHPRWDFWLF�SHSWLGHV�LV�WKH�E�WXUQ�VWUXFWXUH��E��7KH�SDUHQW�SHSWLGH�IRUP\O�0HW�/HX�3KH�

20H�DGRSWV�D�VR�IOH[LEOH�VWUXFWXUH�WKDW�FDQ�DGRSW�WKH�FRQIRUPDWLRQ�RI�WKH�E�WXUQ�DFWLYH�

VWUXFWXUH�GXULQJ�WKH�LQWHUDFWLRQ�ZLWK�WKH�UHFHSWRU��F��$�UHMHFWLRQ�RI�WKH�LPSRUWDQFH�RI�WKH�

IRUP\O�JURXS�LQ� WKH�LQWHUDFWLRQ�ZLWK�WKH�UHFHSWRU��7KLV�PHDQV�WKDW� WKLV�JURXS�LV�QRW�WKH�

SKDUPDFRSKRU�FRQWUDULO\�WR�WKH�UHVXOW�IRXQG�E\�D�UHFHQW�VWXG\�
�
�

�

5HIHUHQFHV�DQG�1RWHV�
�� 6FKLIIPDQQ� (�� &RUFRUDQ� %� $�� :DKO� 6� 0� 3URF� 1DWKO� 6FL� 86$ ����� ��� ����������

�� 6KRZHOO� +� -�� )UHHU� 5� -�� =LJPRQG� 6� +�� 6FKLIIPDQQ� (�� $VZDQLNXPDU� 6�� &RUFRUDQ� %� $��

%HFNHU� (� /� -� ([S� 0HG� ����� ���� ����������

�� 7RQLROR� &�� %RQRUD� *� 0�� 6FKRZHOO� +� -�� %HFNHU� (� /� %LRFKHPLVWU\ ����� ��� ��������

�� ,TEDO� 0�� %DODUDP� 3�� 6KRZHOO� +� -�� )UHHU� 5� -�� %HFNHU� (� /� )(%6 /HWWHUV� ����� ���� ��������

�� %DUGL� 5�� 3LD]]HVL� $� 0�� 7RQLROR� &�� 5\� 3� $�� 5DJRWKDPD� 6�� %DODUDP� 3� ,QW� -� 3HSWLGH 3URWHLQ

5HV� ����� ��� ��������

�� /DMRLH� *�� 6DXYH� *�� 5DR� 9� 6�� 'L 3DROD� $�� %HOOHDX� %� ,QW� -� ,PPXQRSKDUPDF� ����� ��� ����

����

�� 0LFKHO� $� *�� /DMRLH *�� $PH]LDQH� &� +� ,QW� -� 3HSWLGH 3URWHLQ 5HV� ����� ��� ��������

�� 'XJDV� +�� /DURFKH� 0�� 3WDN� 0�� /DEEp� +� ,QW� -� 3HSWLGH 3URWHLQ 5HV� ����� ��� ��������

�� 9HUWXDQL� *�� %RJJLDQ� 0�� %UHYHJOLHUL� $�� &DYLFFKLRQL� *�� 6SLVDQL� 6�� 6FDWWXULQ� $� $PLQR $FLGV�

����� �� ��������

��� &DYLFFKLRQL� *�� %UHYHJOLHUL� $�� %RJJLDQ� 0�� 9HUWXDQL� *�� 5HDOL� (�� 6SLVDQL� 6� -� 3HSW� 6FL� �����

� � ��������

��� 6DQWLQL� $�� %DURQH� 9�� %DYRVR� $�� %HQHGHWWL� (�� 'L %ODVLR� %�� )UDWHUQDOL� )�� /HOM� )�� 3DYRQH� 9��

3HGRQH� &�� &ULVPD� 0�� %RQRUD� *� 0�� 7RQLROR� &� ,QW� -� %LRO� 0DFURPRO�� ����� ��� ��������

��� 9DOOH� *�� &ULVPD� 0�� 7RQLROR� &� &DQ� -� &KHP� ����� ��� ����������

��� %HFNHU� /�� %OHLFK� +� (�� 'D\� $�� )UHHU� 5� -�� *ODVHO� -� $�� 9LVLQWDLQHU� -� %LRFKHPLVWU\ ����� ���
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&� +� $PH]LDQH� 0� /DNKGHU� $� (]]DPDUW\� <� :D]DG\� &RPSDUDWLYH FRQIRUPDWLRQDO VWXG\���
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��� %DNLU� 0�� 6WHYHQV� (� 6� ,QW� -� 3HSWLGH 3URWHLQ 5HV� ����� ��� ��������
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3UHGVWDYOMDPR ãWXGLMR SRYH]DYH PHG NRQIRUPDFLMR JODYQH YHULJH LQ ELRORãNR DNWLYQRVWMR

NHPRWDNWLþQLK SHSWLGRY IRUPLO�0HW�/HX�3KH�20H LQ IRUPLO�0HW�$FF��3KH�20H V

WHRUHWVNR PHWRGR 3(36($� 'RND]DOL VPR� GD LPD RVQRYQL SHSWLG IRUPLO�0HW�/HX�3KH�

20H IOHNVLELOQR VWUXNWXUR LQ GD LPD NRQIRUPDFLMVNR RYLUDQ SHSWLG WHQGHQFR WYRUEH E

]DYRMD� 3RGDQ MH WXGL GRND] SURWL YHOMDYQRVWL KLSRWH]H� GD MH ]D LQWHUDNFLMR ] UHFHSWRUMHP

SRWUHEQD SULVRWQRVW IRUPLOQH VNXSLQH�


