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$EVWUDFW� �� �7KLV�ZRUN�SURSRVHG�D�PHWKRG� WR�HVWLPDWH
LPDJH� -DFRELDQ� XVLQJ� (YROXWLRQ� 6WUDWHJLHV�� � 7KH
SURSRVHG� PHWKRG� LV� XVHG� WR� SHUIRUP� DGDSWLYH
-DFRELDQ� LQ� DQ� XQFDOLEUDWHG� YLVXDO� VHUYRLQJ� V\VWHP�
7KH�H[SHULPHQW�LV�FDUULHG�RXW�XQGHU�VLPXODWLRQ�ZLWK�D
WKUHH�GHJUHH�RI�IUHHGRP� URERW� DUP� XVLQJ� WZR
FDPHUDV���7KH�UHVXOW�VKRZV�WKDW� WKH�SURSRVHG�PHWKRG
ZKHQ� DSSOLHG� WR� DGDSW� -DFRELDQ� SHUIRUPV� WKH� YLVXDO
VHUYRLQJ� WDVN� ZLWK� VPDOOHU� WUDMHFWRU\� HUURU� WKDQ� D
IL[HG�-DFRELDQ��V\VWHP�
.H\ZRUGV�� � 9LVXDO� VHUYRLQJ�� LPDJH� -DFRELDQ�
(YROXWLRQ�6WUDWHJLHV�

���,1752'8&7,21

7KH�FRQWURO�RI�D�URERWLF�KDQG�H\H�V\VWHP�UHTXLUHV�WKH
NQRZOHGJH� RI� WKH� DUP� FRQILJXUDWLRQ� DQG� WKH� FDPHUD
SRVLWLRQ�� 7KH� NLQHPDWLF� HTXDWLRQV� GHVFULELQJ� WKH
V\VWHP� UHTXLUH�SUHFLVH� LQIRUPDWLRQ�� 7UDGLWLRQDOO\�� WKH
FDPHUD� FDOLEUDWLRQ� LV� YHU\� LPSRUWDQW�� +RZHYHU�� LQ
SUDFWLFH� ZKHUH� WKH� WDVN� UHTXLUHV� WKH� PRELOLW\� RI
FDPHUD�� UHWDLQLQJ� WKH� FDOLEUDWLRQ� LV� YHU\� GLIILFXOW�
1XPHURXV� ZRUNV� KDYH� SURSRVHG� WKH� XQFDOLEUDWHG
V\VWHP� IRU� WKH� FRQWURO� RI� URERWLF� KDQG�H\H� V\VWHP�
ZKLFK� LV� FDOOHG�YLVXDO� VHUYRLQJ�� 6RPH�YLVXDO� IHDWXUHV
DUH� XVHG� DV� LQSXWV� WR� WKH� FRQWURO� V\VWHP�� 7KH� LPDJH
-DFRELDQ�LV�XVHG�WR�FRQWURO�WKH�URERW�DUP�

3UHYLRXV�ZRUNV��&RQNLH�	�&KRQJVWLWYDWDQD��������DQG
�&KDQFKDURHQ� 	� 6DQJYHUDSKXQVLUL�� ������ HVWLPDWH
RQO\�LQLWLDO�LPDJH�-DFRELDQ��-��DQG�XVH�LW�WR�GHULYH�WKH
FRQWURO�FRPPDQGV�ZLWK�WKH�IROORZLQJ�UHODWLRQ�

��������������������������������'I� �-�'T� ���������������������

:KHUH�'I�LV�WKH�FKDQJH�RI�LPDJH�IHDWXUHV��WKH�SRVLWLRQ�
RI�WKH�URERW
V�HQG�HIIHFWRU��LQ�DQ�LPDJH�FRRUGLQDWH�DQG�
'T� LV� WKH� FKDQJH� RI� MRLQWV� LQ� WKH� URERW� DUP�� ,W� LV� WKH�
IDFW� WKDW� DQ� LPDJH� -DFRELDQ� LV� FRUUHFW� RQO\� ZLWKLQ� D�
VPDOO�UHJLRQ�QHDU�WKH�SRLQW�ZKLFK�LW�LV�HVWLPDWHG��7KH�
ZRUN� LQ� �-DJHUVDQG�� )XHQWHV� 	� 1HOVRQ�� ������
DSSUR[LPDWHG�WKH�-DFRELDQ�ZLWK�ILQLWH�GLIIHUHQFHV��DQG�
VROYHG� WKH� XSGDWHG� -DFRELDQ� E\� D� UDQN� RQH� XSGDWLQJ�
IRUPXOD� LQ� WKH� %UR\GHQ� IRUPXODV�� ,Q� �3LHSPLHU��

0F0XUUD\� 	� /LSNLQ�� ����D��� WKH� FRQWURO� SUREOHP� LV�
IRUPXODWHG� DV� D� QRQOLQHDU� OHDVW�VTXDUH� RSWLPL]DWLRQ�
DQG�ODWHU�H[WHQGHG�LQ��3LHSPLHU��0F0XUUD\�	�/LSNLQ��
����E�� WR� D� PRYLQJ� WDUJHW�� 7KH� G\QDPLF� -DFRELDQ�
HVWLPDWLRQ� VFKHPH� LV� XVHG� WR� HVWLPDWH� WKH� FRPELQHG�
URERW�DQG�LPDJH�-DFRELDQV���([SHULPHQWDO�UHVXOWV�IRU�D�
WZR�GHJUHH�RI�IUHHGRP�V\VWHP�LV�GHPRQVWUDWHG�

2XU� ZRUN� LQWURGXFHV� DQ� DGDSWLYH� LPDJH� -DFRELDQ
V\VWHP� XVLQJ� (YROXWLRQ� 6WUDWHJLHV�� (YROXWLRQ
6WUDWHJLHV��(6���%DFN��+RIIPHLVWHU�	�6FKZHIHO�������
LV� D� WHFKQLTXH� WKDW� PLPLFV� D� QDWXUDO� HYROXWLRQ�� 7KH
PXWDWLRQ� RSHUDWRU� FUHDWHV� RIIVSULQJ� E\� DGGLQJ� DOO
FRPSRQHQWV� RI� D� SDUHQW� ZLWK� QRUPDOO\� GLVWULEXWHG
UDQGRP� QXPEHUV�� :H� XVH� D� ������(6� V\VWHP� ZLWK
DGDSWLYH�V�ZLWK�F� ��������(6�LV�XVHG�WR�VHDUFK�DPRQJ
YDULDQWV� RI� -DFRELDQ� WR� ILQG� D� JRRG� HVWLPDWH� RI� WKH
-DFRELDQ� DW� WKH� FXUUHQW� SRVLWLRQ�� � :H� FRPSDUH� WKH
SURSRVHG�PHWKRG�ZLWK�D�V\VWHP�XVLQJ�D�IL[HG�-DFRELDQ�
7KH� UHVXOW� VKRZV� WKDW� WKH� SURSRVHG� PHWKRG� DFKLHYHV
KLJKHU� WUDMHFWRU\� DFFXUDF\� WKDQ� D� IL[HG� -DFRELDQ
PHWKRG�

7KLV� SDSHU� LV� RUJDQLVHG� DV� IROORZV�� � 7KH� QH[W� VHFWLRQ
SUHVHQWV� WKH� SURSRVHG� PHWKRG� LQ� GHWDLOV�� � 6HFWLRQ� �
GHVFULEHV� WKH� H[SHULPHQWV�� � 6HFWLRQ� �� GLVFXVVHV� WKH
UHVXOWV���)LQDOO\�ZH�FRQFOXGH�WKH�ZRUN�LQ�6HFWLRQ���

����(67,0$7,1*�7+(�,0$*(�-$&2%,$1

)URP� ����ZH� FDQ�GHULYH� WKH� FRQWURO� FRPPDQG� IRU� WKH
URERW�XVLQJ�WKH�LPDJH�GDWD�DV

�������������������������������������'T �-���'I ����������������������

$Q�LQLWLDO�HVWLPDWH�RI�WKH�LPDJH�-DFRELDQ�FDQ�EH�GRQH
E\� SHUIRUPLQJ� FDOLEUDWLRQ� PRWLRQV� DV� LQ� �&RQNLH� 	
&KRQJVWLWYDWDQD�� ������� � +RZHYHU� WKLV� -DFRELDQ� LV
FRUUHFW�RQO\�LQ�D�VPDOO�UHJLRQ�QHDU�WKH�FXUUHQW�SRVLWLRQ
RI�WKH�HQG�HIIHFWRU���2QH�ZD\�WR�XVH�WKLV�LQIRUPDWLRQ�WR
FRQWURO�D� URERW� DUP� WR� UHDFK� D� WDUJHW� LV� E\�PRYLQJ� LQ
VPDOO�VWHSV�



�����������������������������������'T �-����V�x�'I������ ������

7KLV�IRUPXOD�LV�VOLJKWO\�GLIIHUHQW�IURP�WKH�RQH�XVHG�LQ
�&KDQFKDURHQ� 	� 6DQJYHUDSKXQVLUL�� ������� � 7KH� VWHS
VL]H�LV�V���7KH�VPDOOHU�VWHS�DFKLHYHV�KLJKHU�DFFXUDF\��V
����

2QFH� WKH� URERW� DUP� PRYHG� DZD\� IURP� LWV� LQLWLDO
FDOLEUDWHG� SRVLWLRQ�� WKH� -DFRELDQ� QHHGHG� WR� EH
DGMXVWHG�� � :H� XVHG� (6� WR� JHQHUDWH� D� QXPEHU� RI
YDULDQWV� RI� WKH� FXUUHQW� -DFRELDQ� DQG� XVHG� WKH
NQRZOHGJH� DERXW� WKH� PRWLRQ� WKDW� WKH� URERW� KDV� MXVW
EHHQ� FDUULHG� RXW� WR� VHOHFW� WKH� EHVW� HVWLPDWH� DPRQJ
WKHVH�YDULDQWV�� �$VVXPH�ZH�JHQHUDWH�Q�YDULDQWV�RI� WKH
FXUUHQW�-DFRELDQ���7KHVH�YDULDQWV�DUH�XVHG�WR�ILQG�D�VHW
RI�FRPPDQGV�WR�PRYH�WKH�URERW�MRLQWV�

���������������������������'TQ� �-Q
�����V�x�'I�� � ����

:H� FDOFXODWH� WKH� H[SHFWHG� SRVLWLRQV� RI� WKLV� VHW� RI
FRPPDQGV� XVLQJ� WKH� SUHYLRXV� -DFRELDQ�� � /HW� GHQRWH
WKH�SUHYLRXV�-DFRELDQ��-��

���������������������������'IQ� �-��'TQ� ������������������������������������

8VLQJ� WKHVH� H[SHFWHG� SRVLWLRQV�� ZH� FKRRVH� -Q� ZKLFK
FDQ�EHVW�SUHGLFW� WKH�PRWLRQ�DORQJ� WKH� WDUJHW� OLQH�QRZ
WKDW� WKH� DFWXDO� PRWLRQ� �XVLQJ� -�� �� LV� DOUHDG\� NQRZQ�
7KH�EHVW�-Q�LV�WKH�RQH�WKDW�WKH�H[SHFWHG�SRVLWLRQ�LV�WKH
QHDUHVW� FRPSOHPHQW�RI� WKH� DFWXDO� SRVLWLRQ��ZKHUH� WKH
FRPSOHPHQW� SRVLWLRQ� LV� PHDVXUHG� E\� WKH� DQJOH
EHWZHHQ� WKH� WDUJHW� OLQH� DQG� WKH� OLQH� RI� PRWLRQ�� � ,Q
RWKHU� ZRUGV�� WKH� EHVW� -Q� LV� WKH� RQH� WKDW�� LI� LW� LV� XVHG
SUHYLRXVO\��WKH�PRWLRQ�ZLOO�EH�FORVHU�WR�WKH�WDUJHW�OLQH�
7KLV�-Q�LV�XVHG�DV�WKH�-DFRELDQ�IRU�WKH�FXUUHQW�SRVLWLRQ�

1H[W��WKH�(YROXWLRQ�6WUDWHJLHV�WKDW�LV�XVHG�WR�JHQHUDWH
YDULDQWV� RI� -DFRELDQ� ZLOO� EH� H[SODLQHG�� � (YROXWLRQ
6WUDWHJLHV� �%DFN�� +RIIPHLVWHU� 	� 6FKZHIHO�� �����
GHYHORSHG� E\� 5HFKHQEHUJ� DQG� 6FKZHIHO�� LV� D� VHDUFK
PHWKRG� ZKLFK� PLPLFV� WKH� QDWXUDO� HYROXWLRQ�� � 2WKHU
SRSXODU�VHDUFK�PHWKRG�LQVSLUHG�E\�QDWXUDO�HYROXWLRQ�LV
*HQHWLF�$OJRULWKPV��7KLV�ZRUN�XVHV�RQH�YDULDQW�RI�(6
FDOOHG� ������(6�� WKH� SRSXODWLRQ� LV� FRPSRVHG� RI� WZR
LQGLYLGXDOV��3� ��[��V��ZKHUH�[�LV�WKH�REMHFW�SDUDPHWHU
UHSUHVHQWV�D�SRLQW�LQ�VHDUFK�VSDFH�DQG�V�LV�WKH�VWDQGDUG
GHYLDWLRQ�� � ,Q� HDFK� JHQHUDWLRQ�� WKH� RIIVSULQJ� DUH
JHQHUDWHG�IURP�WKH�SDUHQWV�E\�DGGLQJ�D�UDQGRP�YDOXH
WR� WKH� REMHFW� SDUDPHWHUV�� � 7KH� UDQGRP� YDOXH� KDV
QRUPDO�GLVWULEXWLRQ�ZLWK�PHDQ�HTXDOV�]HUR�DQG�KDV�WKH
VWDQGDUG� GHYLDWLRQ� V�� � 7KLV� RSHUDWLRQ� LV� FDOOHG
PXWDWLRQ�� � 7KH� ILWQHVV� RI� WKH� RIIVSULQJ� LV� FDOFXODWHG�
WKH�EHWWHU�LQGLYLGXDO�ZLOO�EHFRPH�WKH�SDUHQW�RI�WKH�QH[W
JHQHUDWLRQ�� � 7KH� VWDQGDUG� GHYLDWLRQ� V� LV� DGMXVWHG
DFFRUGLQJ�WR�WKH�����VXFFHVV�UXOH����7KLV�UXOH�VWDWHV�WKH
UDWLR� RI� WKH� QXPEHU� RI� RIIVSULQJ� WKDW� DUH� EHWWHU� WKDQ
SDUHQWV�WR�WKH�WRWDO�QXPEHU�RI�PXWDWLRQ��,I�WKH�YDOXH�LV
JUHDWHU�WKDQ������V�ZLOO�EH�GLYLGHG�E\�F��RWKHUZLVH�V�LV
PXOWLSO\� E\� F�� ZKHUH� F� �� ��� � ,Q�SUDFWLFH�� F�  � ����� LV

XVHG� ZLGHO\�� � 7KH� DGMXVWPHQW� RI� V� LV� GRQH� HYHU\� N
JHQHUDWLRQV�

����(;3(5,0(17

:H�XVH�0$7/$%�DQG�5RERWLFV�WRROER[��&RUNH�������
WR�PRGHO�WKH�URERW�DUP���7KH�URERW�V\VWHP�LV�FRPSRVHG
RI�RQH�WKUHH�GHJUHH�RI�IUHHGRP�DUP�DQG�WZR�FDPHUDV�
7KH� WDVN� LV� WR� PRYH� WKH� HQG� HIIHFWRU� WR� WKH� YLVLEOH
WDUJHW���:H�DVVXPH�WKDW�WKH�HQG�HIIHFWRU�DQG�WKH�WDUJHW
DUH�YLVLEOH�LQ�ERWK�FDPHUDV�DOO� WKH� WLPH�� �:H�FRPSDUH
WKH� WUDMHFWRU\� HUURU� EHWZHHQ� D� IL[HG� -DFRELDQ� V\VWHP
DQG�RXU�DGDSWLYH�-DFRELDQ�V\VWHP�

7KH�PHWULFV� DUH���� WKH�QXPEHU�RI�PRYHV� WR� UHDFK� WKH
WDUJHW��DQG����WKH�WUDMHFWRU\�HUURU��ZKLFK�LV�PHDVXUHG�DV
WKH�GHYLDWLRQ�IURP�WKH�VWUDLJKW�OLQH�EHWZHHQ�WKH�LQLWLDO
SRVLWLRQ�RI�WKH�HQG�HIIHFWRU�WR�WKH�WDUJHW����%HFDXVH�(6
PHWKRG� LV� QRQ�GHWHUPLQLVWLF�� H�J�� HYHU\� UXQ� RI� WKH
DOJRULWKP�ZLOO�JLYH�VOLJKWO\�GLIIHUHQW�UHVXOWV��ZH�UHSHDW
WKH� H[SHULPHQW� ����� WLPHV� DQG� WKH� GDWD� LV� DYHUDJHG
IURP�DOO�UXQV���)RU�WKH�IL[HG�-DFRELDQ�V\VWHP��ZKLFK�LV
GHWHUPLQLVWLF��RQH�UXQ�LV�VXIILFLHQW�

6L[� WDUJHWV� DUH� UDQGRPO\� FKRVHQ�� � 7ZR� VWHS� VL]HV� DUH
WHVWHG������DQG������� �)RU�(6�SDUDPHWHUV��ZH�DGMXVW�V
HYHU\� ��� JHQHUDWLRQV� DQG� WKH�PD[LPXP�JHQHUDWLRQ� LV
����� � 7KH� LQLWLDO� YDOXH� RI� V� LV� GHWHUPLQHG� IURP� WKH
LQLWLDO�GLVWDQFH�EHWZHHQ�WKH�HQG�HIIHFWRU�DQG�WKH�WDUJHW�
7KH�QXPEHU�RI�YDULDQWV�RI�-DFRELDQ��Q�LV�����

����5(68/76

)RU� WKH�DGDSWLYH�-DFRELDQ��ZH�UHSRUW�ERWK� WKH�DYHUDJH
QXPEHU�DQG�LWV�VWDQGDUG�GHYLDWLRQ���7DEOH���DQG���VKRZ
WKH� UHVXOW� IRU� WKH� VWHS� VL]H� ����� � )URP� 7DEOH� ��� WKH
QXPEHUV�RI�PRYHV�RI�WZR�PHWKRGV�DUH�VLPLODU�EXW� WKH
DGDSWLYH�-DFRELDQ�KDV�VPDOOHU�WUDMHFWRU\�HUURU���7DEOH��
DQG���VKRZ� WKH� UHVXOW� IRU� WKH� VWHS�VL]H������� �7DEOH��
VKRZV�WKH�QXPEHU�RI�PRYHV��WKH�DGDSWLYH�-DFRELDQ�KDV
D�VPDOOHU�QXPEHU�RI�PRYHV�EXW� LWV�YDULDQFH� LV�KLJK� LQ
VRPH�SDWKV���7DEOH���VKRZV�WKDW�WKH�DGDSWLYH�-DFRELDQ
KDV�D�PXFK�ORZHU�WUDMHFWRU\�HUURU���7KH�UHDVRQ�ZK\�WKH
DGDSWLYH�-DFRELDQ�GLG�QRW�DFKLHYH�D�VPDOOHU�QXPEHU�RI
PRYHV� LV� WKDW� WKH� (6� WULHV� WR� PLQLPLVH� WKH� WUDMHFWRU\
HUURU��QRW�WKH�QXPEHU�RI�PRYH���)LJXUH���VKRZV�W\SLFDO
WUDMHFWRULHV�RI�WZR�PHWKRGV�LQ�UHDFKLQJ�D�WDUJHW�

2YHUDOO�� WKH� DGDSWLYH� LPDJH� -DFRELDQ� KDV� D� WUDMHFWRU\
HUURU� VPDOOHU� WKDQ� WKH� IL[HG� LPDJH� -DFRELDQ�� 7KH
GLIIHUHQFH� RI� WKH� QXPEHU� RI� PRYHV� LV� VPDOO� EHWZHHQ
WZR� V\VWHPV�� 8VLQJ� D� VPDOOHU� VWHS� VL]H�� ������ WKH
WUDMHFWRU\� HUURU� LV� VPDOOHU�� 7KH� UHDVRQ� IRU� WKH
LPSURYHPHQW� LV� EHFDXVH� (6� KDV�PRUH� WLPH� WR� HYROYH
XQGHU�WKH�VPDOOHU�VWHS�VL]H�

����&21&/86,21

:H� KDYH� GHPRQVWUDWHG� WKDW� WKH� SURSRVHG� PHWKRG� WR
HVWLPDWH�WKH�LPDJH�-DFRELDQ�XVLQJ�(YROXWLRQ�6WUDWHJLHV



SHUIRUPHG� EHWWHU� WKDQ� D� IL[HG� -DFRELDQ� V\VWHP� IRU� D
YLVXDO� VHUYRLQJ� WDVN�� � 7KH� H[SHULPHQW� FOHDUO\
GHPRQVWUDWHV� WKDW� DQ� DGDSWLYH� -DFRELDQ� V\VWHP� XVLQJ
HYROXWLRQDU\�DSSURDFK�FDQ�ZRUN�YHU\�ZHOO��7KH�PDLQ
DGYDQWDJH�RI�(6� V\VWHP� LV� WKDW� LW� LV� SRVVLEOH� WR� FRSH
ZLWK�KLJK�GLPHQVLRQDO�SUREOHPV��:H�DUH�LQYHVWLJDWLQJ
WKH�PDQLSXODWLRQ�SUREOHP�ZLWK�KLJKHU�GLPHQVLRQV�DQG
ZH�DUH�YDOLGDWLQJ�WKLV�PHWKRG�ZLWK�D�UHDO�URERW�

����5()(5(1&(6

%DFN�� 7�� +RIIPHLVWHU�� )�� 6FKZHIHO�� +�� $� VXUYH\� RI
(YROXWLRQ�6WUDWHJLHV��,Q�3URFHHGLQJV�RI�WKH�)RXUWK
,QWHUQDWLRQDO� &RQIHUHQFH� RQ� *HQHWLF� $OJRULWKPV�
0RUJDQ�.DXIPDQQ�������

&KDQFKDURHQ��5��� DQG�6DQJYHUDSKXQVLUL�9��$Q� ,PDJH
%DVHG�9LVXDO�6HUYR�&RQWURO�)RU�,QGXVWULDO�5RERWV�
,Q�3URFHHGLQJV�RI�7KH�)LUVW�$VLDQ�6\PSRVLXP�RQ
,QGXVWULDO� $XWRPDWLRQ� DQG� 5RERWLFV�� SDJHV� ����
�����%DQJNRN��7KDLODQG�������

&RQNLH�$���&KRQJVWLYDWDQD�3��$Q�8QFDOLEUDWHG�6WHUHR
9LVXDO�6HUYR�6\VWHP��,Q�3URFHHGLQJV�RI�WKH�%ULWLVK
0DFKLQH� 9LVLRQ� &RQIHUHQFH�� SDJHV� ��������
2[IRUG�������

&RUNH� 3�� ,�� $� URERWLFV� WRROER[� IRU� 0$7/$%�� ,(((
5RERWLFV� DQG� $XWRPDWLRQ�� SDJHV� ������� 0DUFK
�����

-DJHUVDQG�0���)XHQWHV�2���DQG�1HOVRQ�5��([SHULPHQWDO
(YDOXDWLRQ� RI� 8QFDOLEUDWHG� 9LVXDO� 6HUYRLQJ� IRU
3UHFLVLRQ� 0DQLSXODWLRQ�� ,Q� 3URFHHGLQJV� RI
,QWHUQDWLRQDO� &RQIHUHQFH� RQ� 5RERWLFV� DQG
$XWRPDWLRQ��SDJHV������������1HZ�0H[LFR��$SULO
�����

3LHSPHLHU� -�� $��� 0F0XUUD\� *�� 9��� DQG� /LSNLQ� +�� $
'\QDPLF� 4XDVL�1HZWRQ�0HWKRG� IRU� 8QFDOLEUDWHG
9LVXDO� 6HUYRLQJ�� ,Q� 3URFHHGLQJV� RI� ,QWHUQDWLRQDO
&RQIHUHQFH� RQ� 5RERWLFV� DQG� $XWRPDWLRQ�� SDJHV
�����������0LFKLJDQ��0D\�����D�

3LHSPHLHU� -�� $��� 0F0XUUD\� *�� 9��� DQG� /LSNLQ� +�� $
'\QDPLF� -DFRELDQ� (VWLPDWLRQ� 0HWKRG� IRU
8QFDOLEUDWHG� 9LVXDO� 6HUYRLQJ�� ,Q� 3URFHHGLQJV� RI
,QWHUQDWLRQDO� &RQIHUHQFH� RQ� $GYDQFHG� ,QWHOOLJHQW
0HFKDWURQLFV�� SDJHV� ��������� $WODQWD�� 6HSWHPEHU
����E�

:LQWHU� *��� 3HULDX[� -��� *DODQ� 0��� &XHVWD� 3��� *HQHWLF
$OJRULWKPV�LQ�(QJLQHHULQJ�DQG�&RPSXWHU�6FLHQFH�
-RKQ�:LOH\�	�6RQV�������

)LJ������&RPSDULQJ�WKH�WUDMHFWRU\�EHWZHHQ�)L[HG�DQG�$GDSWLYH�-DFRELDQ�PHWKRG�



7DEOH����7KH�QXPEHU�RI�PRYHV�ZLWK�WKH�VWHS�VL]H����

3DWK�1R� � � � � � �

)L[HG�-DFRELDQ �� �� �� �� �� ��

$GDSWLYH�-DFRELDQ �� �� �� �� �� ��
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7DEOH����7KH�WUDMHFWRU\�HUURU�ZLWK�WKH�VWHS�VL]H����

3DWK�1R� � � � � � �

)L[HG�-DFRELDQ ���� ���� ���� ���� ���� ����
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