
([SHULPHQWDO�GHWHUPLQDWLRQ�RI�JODVV�IRUPDWLRQ�HQWKDOSLHV�LQ�

WKH�V\VWHP�&D2�0J2�$O�2��6L2��E\�LVRWKHUPDO�GURS�

FDORULPHWU\�

-LQ�:RRN�6KLQ��:ROIJDQJ�:LOVPDQQ��5HLQKDUG�&RQUDGW�
5:7+�$DFKHQ��,QVWLWXWH�RI�0LQHUDO�(QJLQHHULQJ�'HSDUWPHQW�RI�*ODVV�DQG�&HUDPLF�&RPSRVLWHV���

0DXHUVWUD�H����������$DFKHQ��*HUPDQ\�

�
�

(QWKDOSLHV� RI� YLWULILFDWLRQ� DUH� TXDQWLWLHV� UHTXLUHG� IRU� D� FRQVLVWHQW� WKHUPRG\QDPLF� GHVFULSWLRQ� RI�

PXOWLFRPSRQHQW� JODVVHV�� ,Q� WKLV�ZRUN�� LQWHJUDO� JODVV� IRUPDWLRQ� HQWKDOSLHV� RI� GLIIHUHQW� FRPSRVLWLRQV� LQ� D�

TXDWHUQDU\�VLOLFDWH�V\VWHP�ZHUH�PHDVXUHG�DW�����.�E\�LQYHUVH�GURS�FDORULPHWU\�XVLQJ�D�GLIIHUHQWLDO�KLJK�

WHPSHUDWXUH� FDORULPHWHU�� 6DPSOHV� ZLWK� FRPSRVLWLRQV� FRUUHVSRQGLQJ� WR� WKUHH� LQYDULDQW� SRLQWV� LQ� WKH�

TXDWHUQDU\� V\VWHP� &D2�0J2�$O�2��6L2�� ZHUH� VHOHFWHG� DQG� SUHSDUHG� IURP� SXUH� D�DOXPLQD�� FDOFLXP�

FDUERQDWH�� PDJQHVLXP� K\GUR[LGH� FDUERQDWH�� DQG� VLOLFD� JODVV�� (QWKDOS\� GDWD� ZHUH� GHWHUPLQHG� IURP� WKH�

HQWKDOS\�GLIIHUHQFH�∆+�7.�±�7���EHWZHHQ�URRP�WHPSHUDWXUH�7��DQG�FDORULPHWHU�WHPSHUDWXUH�7.��(QWKDOSLHV�

RI�YLWULILFDWLRQ�ZHUH�FDOFXODWHG�IURP�WKH�GLIIHUHQFH�RI�UHVXOWV� IRU�JODVV\�VDPSOHV�DQG�SXUH�R[LGH�PL[WXUHV�

ZLWK� LGHQWLFDO� FRPSRVLWLRQ�� UHVSHFWLYHO\�� 0HDVXUHPHQWV� IRU� DQ� LQGLYLGXDO� FRPSRVLWLRQ� ZHUH� UHSHDWHG� DW�

OHDVW� �� WLPHV�� ,Q� RUGHU� WR� HVWDEOLVK� DQ� H[DFW� FDOLEUDWLRQ��3W� VDPSOHV�ZLWK� NQRZQ�PDVV�ZHUH�PHDVXUHG� LQ�

DOWHUQDWLRQ�VHTXHQFH�ZLWK�WKH�JODVV�RU�R[LGH�VDPSOHV��7KH�UHVXOWV�UHIOHFW�WKH�FRQVWLWXWLRQDO�UHODWLRQV�RI�WKH�

SKDVH� GLDJUDP� &D2�0J2�$O�2��6L2��� 7KH\� DUH� GLVFXVVHG� LQ� WHUPV� RI� WKH� VWUXFWXUH� RI� WKH� LQGLYLGXDO�

FU\VWDOOLQH�UHIHUHQFH�VWDWH��F�U�V����

�

���,QWURGXFWLRQ�

$� ODUJH� QXPEHU� RI� GDWD� LQ� WKH� WKHUPRFKHPLVWU\� RI� VLOLFDWHV� LV� VXPPDUL]HG� LQ� UHOHYDQW�
VWDQGDUG� ZRUNV � �� � � �� � � �� � � �� �� $YDLODEOH� GDWD� DUH� UHODWHG� WR� GLIIHUHQW� WHFKQLFDO� DUHDV�� QDPHO\��
JHRVFLHQFHV�� WHFKQRORJ\�RI� JODVV� DQG� FHUDPLF��PHWDOOXUJ\�� 6LJQLILFDQW� SURJUHVV�ZDV� UHDFKHG�
IRU� WKH� FDOFXODWLRQ� RI� WKHUPRG\QDPLF� HTXLOLEULXP� E\� FRPSXWHU� VRIWZDUH�� H�J��� )$&7���
+6& �� �� 0$1/$%6 �� �� 07'$7$ �� �� 7+(5'$6 �� �� 7+(502�&$/& �� �� 7KH� UHVSHFWLYH�
DOJRULWKP�LV�PDWXUH�DQG�JHQHUDOO\�DSSOLFDEOH�WR�WKH�FDOFXODWLRQ�RI�WKHUPRG\QDPLF�GDWD��%XW�
WKHUH�DUH�WZR�LQVXIILFLHQW�SRLQWV�DERYH�DOO�WKHVH�DOJRULWKPV�WR�EH�WDNHQ�DV�D�EDVLF�WRRO��,W�LV�
QRW�VXLWDEOH�LQ�WKH�]RQH�IURP�WKH�XQGHUFRROHG�PHOW�WR�WKH�IUR]HQ�VWDWXV�H[SHFW�D�IHZ�FDVHV��
,Q� DGGLWLRQ� WR� WKLV�� WKHUH� DUH� RQO\� YHU\� IHZ� H[SHULPHQWDO� GDWD� LQ� PXOWLFRPSRQHQW� R[LGH�
V\VWHPV���7KH�PDLQ�REMHFWLYH�RI�WKH�SUHVHQW�LQYHVWLJDWLRQ�LV�WKH�GHWHUPLQDWLRQ�RI�WKH�LQWHJUDO�
PL[LQJ�� DQG� GHYLWULILFDWLRQ� HQWKDOS\� IRU� WKH� &D2�0J2�$O�2��6L2�� V\VWHP�� DV� ZHOO� DV� WKH�
SURYLVLRQ� RI� V\VWHPDWLF� H[SHULPHQWDO� GDWD� RQ� WKH� WKHUPRFKHPLFDO� EHKDYLRU� RI� WKLV� VLOLFDWH�
V\VWHP��

�

���([SHULPHQW�

,Q�WKLV�LQYHVWLJDWLRQ��FRPSRVLWLRQV�RI�VDPSOHV�FRUUHVSRQGLQJ�WR�WKUHH�LQYDULDQW�SRLQWV�LQ�
WKH�TXDWHUQDU\�V\VWHP�&D2�0D2�$O�2��6L2��ZHUH�VHOHFWHG�LQ�WKH�SKDVH�GLDJUDP����$OO�JODVV�
VDPSOHV�ZHUH�SUHSDUHG�E\�PHOWLQJ�LQ�D�SODWLQXP�FUXFLEOH�DW�WHPSHUDWXUH�������&�IURP�SXUH�

α�DOXPLQD�� FDOFLXP� FDUERQDWH�� PDJQHVLXP� K\GUR[LGH� FDUERQDWH�� DQG� VLOLFD� JODVV�� $IWHU�
FRPSOHWLRQ�RI�WKH�PHOWLQJ�SURFHVV��JODVVHV�ZHUH�DQQHDOHG�DW������&�IRU���KUV��DQG�FRROHG�DW���
.�PLQ�WR�URRP�WHPSHUDWXUH��7R�FRQILUP�WKH�JODVV\�VWDWH��DOO�VDPSOHV�ZHUH�PHDVXUHG�E\�;�



UD\�SRZGHU�GLIIUDFWLRQ�DQDO\VHV��6XEVHTXHQWO\��FRPSRVLWLRQV�RI�DOO�JODVVHV�ZHUH�GHWHUPLQHG�

IURP�;�UD\�IOXRUHVFHQFH�DQDO\VHV��

3XUH�R[LGH�PL[WXUHV�ZLWK� LGHQWLFDO�FRPSRVLWLRQ�ZHUH�SUHSDUHG� IURP�SXUH�α�DOXPLQD�� VLOLFD�
JODVV�� FDOFLXP� R[LGH� DQG� PDJQHVLXP� R[LGH�� &DOFLXP� R[LGH� DQG� PDJQHVLXP� R[LGH� ZHUH�
SUHSDUHG� IURP� FDOFLXP� FDUERQDWH� RU� PDJQHVLXP� K\GUR[LGH� FDUERQDWH� E\� GHFRPSRVLWLRQ��
UHVSHFWLYHO\��7KH� R[LGH� SRZGHUV� WKXV� REWDLQHG�ZHUH� WUDQVIHUUHG� LQ� D� GHVLFFDWRU� WR� D� JORYH�
ER[� LQ� ZKLFK� DQ� DWPRVSKHUH� IUHH� IURP� +�2� DQG� &2�� ZDV� PDLQWDLQHG�� )URP� WKH� ILQH�
SRZGHUV� RI� WKH� FRPSRQHQW� R[LGHV�� SXUH� R[LGH�PL[WXUHV�ZLWK� FRPSRVLWLRQ� LGHQWLFDO� WR� WKH�
JODVV�FRPSRVLWLRQV�ZHUH�SUHSDUHG�LQ�WKH�JORYH�ER[��7KH�UHTXLUHG�DPRXQWV�RI�WKH�R[LGHV�ZHUH�
ZHLJKHG�RXW�DQG�PL[HG�LQ�D�DJDWH�PL[HU�PLOO�DQG�SUHVVHG�LQ�WKH�IRUP�RI�SHOOHWV��,Q�RUGHU�WR�
SURWHFW�WKH�R[LGH�PL[WXUHV�IURP�+�2�DQG�&2��LQ�WKH�DLU��WKH\�ZHUH�WDNHQ�LQGLYLGXDOO\�IURP�
WKH�JORYH�ER[�WR�WKH�FDORULPHWHU�ZLWK�WKH�DLG�RI�D�VDPSOH�KROGHU�FORVHG�DW�LWV�HQGV����

&DORULPHWULF�PHDVXUHPHQWV�ZHUH�PDGH�E\�WKH�GURS�PL[LQJ�PHWKRG��*ODVVHV�DQG�SXUH�R[LGH��
PL[WXUHV� �DW� � URRP�WHPSHUDWXUH�ZHUH�GURSSHG� LQWR� WKH�FDORULPHWHU�RSHUDWLQJ�DW������.� LQ�
ZKLFK� DQ� LGHQWLFDO� FRPSRVLWLRQ� ZDV� PHOWHG�� DQG� WKH� HQWKDOS\� HIIHFWV� DVVRFLDWHG� ZLWK� WKH�
UHDFWLRQV� RFFXUULQJ� LQ� WKH� FDORULPHWHU� ZHUH� PHDVXUHG�� 'HWDLOV� RI� WKH� PHWKRG� RI�
PHDVXUHPHQW�KDYH�EHHQ�UHSRUWHG�EHIRUH�������

$OO� FDORULPHWULF� H[SHULPHQWV� ZHUH� SHUIRUPHG� LQ� D� GLIIHUHQWLDO� KLJK�WHPSHUDWXUH� LQWHJUDWHG�
KHDW�IOX[�FDORULPHWHU�0XOWL+7&��6HWDUDP���7KH�FHQWUDO�SDUW�RI�WKH�FDORULPHWHU�LV�UHSUHVHQWHG�
E\�WKH�JURRYHG�WXEH�VKRZQ�LQ�)LJ�����PDGH�IURP�UHFU\VWDOOL]HG�DOXPLQD���
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)LJ����� 'LDJUDPPDWLF�UHSUHVHQWDWLRQ�RI�WKH�GHWHFWRU�HPSOR\HG�LQ�WKH�0XOWL�'HWHFWRU�+LJK�
7HPSHUDWXUH�&DORULPHWHU��6HWDUDP��

6XSSRUWLQJ�WXEH�

+ROHV�DFFRPPRGDWLQJ�
7KHUPRMXQFWLRQV�

:RUNLQJ�FUXFLEOH�

*URRYHG�WXEH�

3URWHFWLQJ�MDFNHW�

+ROGLQJ�EROW�

5HIHUHQFH�FUXFLEOH�

6XSSRUWLQJ�EROW�



$�GLVF�VKDSHG�SLHFH�RI�DOXPLQD�IL[HG�LQ�WKH�PLGGOH�RI�WKH�JURRYHG�WXEH�E\�DQ�DOXPLQD�EROW�
GLYLGHV� WKH� VSDFH� HQFORVHG� E\� WKH� WXEH� LQWR� WZR� KDOYHV�� 7KH� XSSHU� KDOI�� DFWLQJ� DV� WKH�
´ZRUNLQJ�FHOOµ�RI�WKH�GLIIHUHQWLDO�FDORULPHWHU��FRQWDLQV�WKH�´ZRUNLQJ�FUXFLEOHµ�LQ�ZKLFK�WKH�
VDPSOH� UHDFWV�GXULQJ�D�FDORULPHWULF�PHDVXUHPHQW��7KH� ORZHU�KDOI�UHSUHVHQWV� WKH�´UHIHUHQFH�
FHOOµ�RI�WKH�FDORULPHWHU�DQG�KROGV�WKH�´UHIHUHQFH�FUXFLEOHµ��,Q�WKH�FDORULPHWULF�PHDVXUHPHQWV�
SHUIRUPHG�LQ�WKLV�VWXG\��D�SODWLQXP�FUXFLEOH�ZDV�ORFDWHG�LQ�WKH�ZRUNLQJ�FUXFLEOH�LQ�RUGHU�WR�
SURWHFW�WKH�DOXPLQD�ZRUNLQJ�FUXFLEOH�IURP�DWWDFN�E\�WKH�VDPSOHV���

7KH�FDOLEUDWLRQ�RI�WKH�FDORULPHWHU�ZDV�SHUIRUPHG�E\�GURSSLQJ�VSKHUHV�RI�SODWLQXP�DW�URRP�
WHPSHUDWXUH� LQWR� WKH� FDORULPHWHU� RSHUDWLQJ� DW� WKH�PHDVXUHPHQW� WHPSHUDWXUH��7KH� HQWKDOS\�
HIIHFWV�LQ�WKH�FDOLEUDWLRQV�ZHUH�FDOFXODWHG�XVLQJ�.HOOH\·V�HQWKDOS\�GDWD�IRU�SODWLQXP����

�

���5HVXOWV�DQG�GLVFXVVLRQ�

%\�;�UD\�GLIIUDFWLRQ��QRQH�RI�WKH�JODVV�VDPSOHV�VKRZHG�FU\VWDOOL]DWLRQ�SHDNV��KHQFH�DOO�
ZHUH� ;�UD\� DPRUSKRXV�� &RPSRVLWLRQV� RI� JODVV� VDPSOHV� ZHUH� GHWHUPLQHG� E\� ;�UD\�
IOXRUHVFHQFH� DQDO\VHV� DQG� JLYHQ� LQ� WDEOH� ��� 7KH� FRPSRVLWLRQ� LQ� WHUPV� RI� WKH� FU\VWDOOLQH�
�HTXLOLEULXP��UHIHUHQFH�VWDWH��F�U�V���LV�DOVR�JLYHQ��

�

7DE�����&RPSRVLWLRQ�RI�JODVVHV�$�WR�&�LQ�ZW����LQ�WHUPV�RI�R[LGHV�DQG�RI�WKH�F�U�V��

� &D2� 0J2� $O�2�� 6L2�� � FU� HQ� IR� ZRO� GL� $Q� DN�

$� ����� ����� ����� ����� � ����� ����� � � ������ ������ �

%� ����� ���� ����� ����� � � � ����� � ����� ������ ������

&� ����� ���� ����� ����� � ������ � � ������ ������ ������ �

�

$FFRUGLQJ� WR� WKH� SKDVH� GLDJUDP��� �� WKH� F�U�V�� FRUUHVSRQGLQJ� WR� WKH� FRPSRVLWLRQ� RI� JODVV�$�
FRPSULVHV� DQRUWKLWH� �DQ�� DQG�GLRSVLGH� �GL���)RU�JODVV�%�� LW� LV� DQRUWKLWH� �DQ�� DQG�DNHUPDQLWH�
�DN���IRU�JODVV�&�FULVWREDOLWH��FU���DQRUWKLWH��DQ���ZROODVWRQLWH��ZRO��DQG�D�VROLG�VROXWLRQ�ZLWK�
HQG�PHPEHUV�DQRUWKLWH��DQ��DQG�GLRSVLGH��GL����

&DORULPHWULF� PHDVXUHPHQWV� ZHUH� FDUULHG� RXW� LQ� WKH� WHPSHUDWXUH� UDQJH� IURP� URRP�
WHPSHUDWXUH�7�� �����.�� WR� WKH� FDORULPHWULF� WHPSHUDWXUH�7.� ������.���(QWKDOS\� GDWD�ZHUH�

GHWHUPLQHG� IURP� WKH� HQWKDOS\� GLIIHUHQFH� ∆+�7.� ²� 7��� EHWZHHQ� URRP� WHPSHUDWXUH� � DQG�
FDORULPHWHU�WHPSHUDWXUH�7.���

JODVV�� ��7���������� →  ��������� PHOW��7.������ � � ∆ΗΤ����JODVV��

R[LGHV���7���������� →                  PHOW��7.������ � � ∆ΗΤ


  �R[LGHV��

QÂ6L2�� ��FU�� ������ →   QÂ6L2�� �JODVV�    QÂΗYLW
��6L2���

R[LGHV� ��7���������� →                   JODVV��7������� � � ∆ΗR[
I
��JODVV��

�

$OO�H[SHULPHQWDOO\�GHWHUPLQHG�HQWKDOSLHV�IRU�JODVV�VDPSOHV�DQG�IRU�WKH�SXUH�R[LGH�PL[WXUH�RI�
WKH�FRPSRVLWLRQ�$�DUH�JLYHQ� LQ�WDEOH����7KH�IRUPDWLRQ�HQWKDOSLHV�RI� WKH�F�U�V��DFFRUGLQJ�WR�



WDEOH���DQG�WKH�HQWKDOSLHV�RI�YLWULILFDWLRQ�FDOFXODWHG�IURP�WKH�GLIIHUHQFH�DUH�DOVR�JLYHQ��

�

7DE����� (QWKDOS\� LQFUHPHQW� ∆Η7 , ∆ΗΤ
�PHDVXUHG� E\� GURSSLQJ� JODVV� VDPSOHV� DQG� R[LGH�

PL[WXUHV��LQFO��WKH�DPRXQW�Q�RI�6L2��DV�VLOLFD�JODVV��LQWR�WKH�FDORULPHWHU�IURP�URRP�
WHPSHUDWXUH� �7�� � ���� .�� WR� WKH� FDORULPHWULF� WHPSHUDWXUH� �7.�  � ����� .��� 7KH�

FDOFXODWHG� ∆Η7� �F�U�V��� WR� IRUP� D� PHOW� DW� 7.� IURP� WKH� FU\VWDOOLQH� UHIHUHQFH� VWDWH�
DFFRUGLQJ� WR� WDEOH� �� LV� DOVR� JLYHQ� DV� WKH� FDOFXODWHG� HQWKDOS\� RI� IXVLRQ�+IXV� DW� 7.�
IURP�WKHVH�FU\VWDOOLQH�SKDVHV��7KH�HQWKDOS\�RI�YLWULILFDWLRQ�+YLW�LV�FDOFXODWHG��

6DPSOHV� ∆Η7���∆Η7

�>-�J@�

QXPEHU�RI�VDPSOHV�Q��
∆Η7��F�U�V���

>-�J@�
+
YLW
�[-�J@� +

IXV
�[-�J@�

*ODVV�$� �����±�������� ����� ���� ����

2[LGH�$� �����±�������� � � �

*ODVV�%� �����±�������� ����� ���� ����

*ODVV�&� �����±�������� ����� ���� ����

�

ΗYLW
� �6L2���IURP�WKH�OLWHUDWXUH�������N-�PRO��ZDV�XVHG�WR�GHULYH�WKH�IRUPDWLRQ�RI�JODVV�IURP�

WKH�R[LGHV�∆ΗR[
I
� �JODVV��IURP�WKH�GLUHFWO\�PHDVXUHG�HQWKDOS\�∆ΗΤ

�R[LGHV���:LWK�UHVSHFW�WR�
WKH� IRUPDWLRQ�HQWKDOS\�RI� WKH�FU\VWDOOLQH� UHIHUHQFH�VWDWH� �F�U�V��DFFRUGLQJ� WR� WDEOH���ZH�FDQ�
FRPSDUH� WKH� FDOFXODWHG� YDOXH� +YLW� IRU� FRPSRVLWLRQ� $� JLYHQ� LQ� WDEOH� �� ZLWK� WKH� IROORZLQJ�
VFKHPH��

R[LGHV� �7��� ���→               JODVV��7����� � ∆ΗR[
I
��JODVV��

R[LGHV���7��� ���→            �� F�U�V� �7�������� � ∆ΗR[
I
��F�U�V���

F�U�V������7��� ���→    JODVV��7�����              � ∆ΗYLW
� �∆ΗR[

I
��JODVV��� ∆ΗR[

I
��F�U�V���

�

)RU�WKH�FRPSRVLWLRQ�RI�JODVV�$�ZH�KDYH�IURP�WKH�H[SHULPHQW�∆Η7�JODVV���∆+7
�R[LGHV��DQG�

IURP�FDOFXODWLRQ�DFFRUGLQJ�WR�WKH�FRPSRVLWLRQ�RI�WKH�PL[WXUH�RI� WKH�R[LGHV�WKH�DPRXQW�RI�

QÃ+YLW�6L2���DQG�∆ΗR[
I
� �F�U�V����7KXV�ZH�JHW�IRU�∆ΗR[

I
� �JODVV������-�J�DQG�IRU�WKH�IRUPDWLRQ�

HQWKDOS\�∆ΗR[
I
��F�U�V���RI�WKH�FULVWDOOLQH�UHIHUHQFH�VWDWH�SKDVHV�����-�J��7KH�GLIIHUHQFH�VKRZV�

DQ�HQWKDOS\�RI�YLWULILFDWLRQ�∆ΗYLW
� �IRU�FRPSRVLWLRQ�$�RI����-�J�ZLWK�DQ�XQFHUWDLQW\�RI������

-�J�E\�H[SHULPHQWDO�PHWKRG���

�

���6XPPDU\�

7KH�SUHVHQW�H[SHULPHQWDO�VWXG\�VKRZV�WKDW�WKH�GURS�FDORULPHWULF�PHWKRG�LV�D�SRZHUIXO�
WRRO� LQ� WKH� GHWHUPLQDWLRQ� RI� YLWULILFDWLRQ� HQWKDOSLHV�� 7KH� FRPSDULVRQ� EHWZHHQ� WKH� YDOXHV�
GHULYHG� IURP� H[WUDSRODWLRQ� RI� WKH� FU\VWDOOLQH� UHIHUHQFH� VWDWH� SKDVHV� WR� WKH� PHDVXULQJ�
WHPSHUDWXUH� DQG� WKH�GLUHFWO\�PHDVXUHG�YDOXHV�E\�R[LGH�PL[WXUHV� VKRZV� WKH� UHTXLUHPHQW�RI��
DQ� LQWHQVLYH� H[SHULPHQWDO� ZRUN� RQ� WKH� PHDVXUHPHQW� RI� YLWULILFDWLRQ� HQWKDOSLHV� RI� WKH�
FU\VWDOOLQH�UHIHUHQFH�VWDWH�JODVVHV�DQG�WKHLU�PL[WXUHV��7KH�DLP�LV�WR�LPSURYH�WKH�PRGHO�RI�WKH�



FRQVWLWXWLRQDO�FU\VWDOOLQH�SKDVHV�IRU�WKH�DPRUSKRXV�UHJLRQ�RI�PXOWLFRPSRQHQW�V\VWHPV��7KH�
PHWKRG�LV�DSSOLHG�WR�FRPSRVLWLRQV�RI���LQYDULDQW�SRLQWV�LQ�WKH�V\VWHP�&D2�0J2�$O�2��6L2��
\LHOGLQJ�YDOXHV�ZLWK�DPRXQW�IURP����WR������RI�WKH�HQWKDOSLHV�RI�IXVLRQ��

�

������������������������������ �������������������

��5��$��5RELH��%��6��+HPLQZD\�DQG�-��5��)LVKHU��LQ�*HRO��6XUYH\�%XOO���

��5��&��1HZWRQ��$��1DYURWVN\��%��-��:RRG��LQ�7KHUPRG\QDPLFV�RI�PLQHUDOV�DQG�PHOWV��6SULQJHU�
9HUODJ��%HUOLQ���������

����7KH�$PHULFDQ�&HUDPLF�6RFLHW\��:HVWHUYLOOH���������

��0��:��-U��&KDVH��&��$��'DYLHV��-��5��-U��'RZQH\��'��-��)UXULS��5��$��0F'RQDOG��$��'��6\YHUXG��

LQ�-$1$)�7KHUPRFKHPLFDO�WDEOHV��7KH�$PHULFDQ�&HUDPLF�6RFLHW\��0LFKLJDQ���������

��9��,��%DEXVKNLQ��*��0��0DWYH\HY��2��3��0FKHGORY�3HWURVV\DQ��7KHUPRG\QDPL[V�RI�VLOLFDWHV�
�6SULQJHU�9HUODJ��%HUOLQ���������S�����������

��2��.XEDVFKHZVNL��&��%��$OFRFN��3��-��6SHQFHU��LQ�0DWHULDOV�WKHUPRFKHPLVWU\��3HUJDPRQ�3UHVV��
2[IRUG���������

��$OOLEHUW�HW��$O���HGV��LQ�6ODJ�DWODV��9HUODJ�6WDKOHLVHQ��'�VVHOGRUI���������
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