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$EVWUDFW

,Q�UHFHQW�\HDUV�WKH�ILHOGV�RI�WUDQVODWLRQ�VWXGLHV��QDWXUDO�ODQJXDJH�SURFHVVLQJ�DQG
FRUSXV� OLQJXLVWLFV�KDYH�FRPH�WR�VKDUH�RQH�REMHFW�RI�VWXG\��QDPHO\�SDUDOOHO� WH[W
FRUSRUD��DQG�PRUH�VSHFLILFDOO\�WUDQVODWLRQ�FRUSRUD��,Q�WKLV�WKHVLV�LW�LV�VKRZQ�KRZ
DOO�WKUHH�ILHOGV�FDQ�EHQHILW�IURP�HDFK�RWKHU��DQG��LQ�SDUWLFXODU��WKDW�D�SUHUHTXLVLWH
IRU�PDNLQJ�EHWWHU�WUDQVODWLRQV��ZKHWKHU�E\�KXPDQV�RU�ZLWK�WKH�DLG�RI�FRPSXWHU�
DVVLVWHG� WRROV�� LV� WR� XQGHUVWDQG� IHDWXUHV� DQG� UHODWLRQVKLSV� WKDW� H[LVW� LQ� D
WUDQVODWLRQ� FRUSXV��7KH� /LQN|SLQJ�7UDQVODWLRQ� &RUSXV� �/7&�� LV� WKH� HPSLULFDO
IRXQGDWLRQ�IRU�WKLV�ZRUN��/7&�LV�FRPSULVHG�RI�WUDQVODWLRQV�IURP�WKUHH�GLIIHUHQW
GRPDLQV� DQG� WUDQVODWHG�ZLWK�GLIIHUHQW�GHJUHHV�RI� FRPSXWHU� VXSSRUW��5HVXOWV� LQ
WKH�IRUP�RI�WRROV��PHDVXUHV�DQG�DQDO\VHV�RI�WUDQVODWLRQV�LQ�/7&�DUH�SUHVHQWHG�

,Q�WKH�WUDQVODWLRQ�LQGXVWU\��WKH�XVH�RI�WUDQVODWLRQ�PHPRULHV��ZKLFK�DUH�EDVHG�RQ
WKH� FRQFHSW� RI� UHXVDELOLW\�� KDV� EHHQ� LQFUHDVLQJ� VWHDGLO\� LQ� UHFHQW� \HDUV�� ,Q� DQ
HPSLULFDO�VWXG\��WKH�QRWLRQ�RI�UHXVDELOLW\�LQ�WHFKQLFDO�WUDQVODWLRQ�LV�LQYHVWLJDWHG
DV�ZHOO�DV�WUDQVODWRUV·�DWWLWXGHV�WRZDUGV�WUDQVODWLRQ�WRROV�

$�WRROER[�IRU�FUHDWLQJ�DQG�DQDO\VLQJ�SDUDOOHO�FRUSRUD�LV�DOVR�SUHVHQWHG��7KH�WRROV
DUH� WKHQ� XVHG� IRU� XQFRYHULQJ� UHODWLRQVKLSV� EHWZHHQ� WKH� RULJLQDOV� DQG� WKHLU
FRUUHVSRQGLQJ�WUDQVODWLRQV��7KH�/LQN|SLQJ�:RUG�$OLJQHU� �/:$�� LV�D�SRUWDEOH
WRRO�IRU�OLQNLQJ�ZRUGV�DQG�H[SUHVVLRQV�EHWZHHQ�D�VRXUFH�DQG�WDUJHW�WH[W��/:$�LV
HYDOXDWHG�ZLWK�WKH�DLG�RI�UHIHUHQFH�GDWD�FRPSLOHG�EHIRUH�WKH�V\VWHP�HYDOXDWLRQ�
7KH�UHIHUHQFH�GDWD�DUH�FUHDWHG�DQG�HYDOXDWHG�DXWRPDWLFDOO\�ZLWK�WKH�KHOS�RI�DQ
DQQRWDWLRQ�WRRO��FDOOHG�WKH�3/8*�/LQN�$QQRWDWRU�

)LQDOO\�� D� PRGHO� IRU� GHVFULELQJ� FRUUHVSRQGHQFHV� EHWZHHQ� D� VRXUFH� WH[W� DQG� D
WDUJHW� WH[W� LV� LQWURGXFHG�� 7KH� PRGHO� XQFRYHUV� YROXQWDU\� VKLIWV� FRQFHUQLQJ
VWUXFWXUH�DQG�FRQWHQW��7KH�FRUUHVSRQGHQFH�PRGHO�LV�WKHQ�DSSOLHG�WR�WKH�/7&�





$FNQRZOHGJHPHQWV

7KHUH�DUH�D�ZKROH�ORW�RI�SHRSOH�RXW�WKHUH�ZKR�KDYH�KDG�WKHLU�SDUW�LQ�WKLV�ZRUN�

)LUVW�DQG�IRUHPRVW��,�ZLVK�WR�H[SUHVV�P\�WKDQNV�WR�P\�DGYLVHU��/DUV�$KUHQEHUJ�
IRU� EHLQJ� D� IDQWDVWLF� GLVFXVVLRQ� SDUWQHU�� VKRZLQJ� GLYLQH� SDWLHQFH� DQG
FRQWULEXWLQJ� WR� QXPHURXV� LPSURYHPHQWV� RQ� PDQ\� YHUVLRQV� DQG� GUDIWV� RI� WKLV
WKHVLV�

0DQ\�SHRSOH�KDYH�EHHQ�LQYROYHG�LQ�GHYHORSLQJ�WKH�VRIWZDUH��EXW�WKHUH�DUH�WZR
SHRSOH�LQ�SDUWLFXODU�WKDW�,�DP�LQGHEWHG�WRR��0LNDHO�$QGHUVVRQ�DQG�%HUQW�1LOVVRQ�
0LNDHO��WKDQNV�IRU�\RXU�KHOS�ZLWK�/:$�DQG�)UDVVH����%HUQW��D�ELJ�WKDQN�\RX�IRU
WKH�WLPH�DQG�HIIRUW�SXW�LQWR�)UDVVH���DQG�WKH�ILUVW�YHUVLRQ�RI�WKH�VHQWHQFH�DOLJQHU�

,� WKDQN� DOO� SDVW� DQG� SUHVHQW� PHPEHUV� RI� WKH� 1DWXUDO� /DQJXDJH� 3URFHVVLQJ
/DERUDWRU\� IRU� PDNLQJ� WKLV� SODFH� VXFK� D� FUHDWLYH� DQG� LQVSLULQJ� HQYLURQPHQW�
/DUV� $KUHQEHUJ�� 1LOV� 'DKOElFN�� 5REHUW� (NOXQG�� $QQLND� )O\FKW�(ULNVVRQ�
5LFKDUG�+LUVFK��3HWHU� ,QJHOV��$UQH� -|QVVRQ��$QGHUV�/LQGVWU|P��%HUWLO�/\EHUJ�
3HUQLOOD� 4YDUIRUGW�� 0XVWDSKD� 6NKLUL�� /HQD� 6WU|PElFN�� 6WHIDQ� 6YHQEHUJ�� cNH
7KXUpH�DQG�0DWV�:LUpQ��$PRQJ�WKHVH�SHRSOH��WKH�LQLWLDO�PHPEHUV�RI�1/3/$%
FDQQRW�EH�WKDQNHG�HQRXJK��/DUV�$KUHQEHUJ��1LOV�'DKOElFN�DQG�0DWV�:LUpQ�IRU
WKHLU� HQFRXUDJHPHQW� GXULQJ� WKH� HDUO\� \HDUV� RI� 1/3/$%� DQG� HVSHFLDOO\� $UQH
-|QVVRQ� IRU� PDQ\� UHOHYDQW� DQG� PDQ\� QRW� VR� UHOHYDQW� GLVFXVVLRQV� RQ� WRSLFV
UDQJLQJ� IURP� $,� WR� PRUH� PXQGDQH�� EXW� QHYHUWKHOHVV� QHYHU� ERULQJ�� VXEMHFWV�
$UQH� DOVR� GHVHUYHV� D� VSHFLDO� WKDQN� \RX� IRU� KLV� ODVW� PLQXWH� FRPPHQWV� WR� WKLV
WKHVLV�

,� DP� DOVR� LQGHEWHG� WR� SHRSOH� RXWVLGH� WKH� GHSDUWPHQW�ZKR� KDYH� FRQWULEXWHG� LQ
YDULRXV� ZD\V�� 7KDQNV� WR� /LHVEHWK� YDQ� %LMVWHUYHOG� DQG� *XQQLH� -DFREVVRQ� DW
0LFURVRIW� IRU�SURYLGLQJ�PH�ZLWK�HOHFWURQLF�YHUVLRQV�RI�WKH�PDQXDOV��7KDQNV�WR
3HWHU� %XUVHOO� ZKR� PDQDJHG� WR� GR� WKH� VDPH� DW� ,%0�� 7KDQNV� WR� 0DUWLQ
*HOOHUVWDP� DW� 6SUnNEDQNHQ� ZKR� KHOSHG� PH� ZLWK� WKH� ILFWLRQ� PDWHULDO�� DQG� WR
%HQJW�$OWHQEHUJ�LQ�/XQG�ZKR�SURYLGHG�LQIRUPDWLRQ�DERXW�WKH�(63�&RUSXV�

,�ZRXOG�DOVR�OLNH�WR�WKDQN�DOO�WKH�SHRSOH�LQ�WKH�3/8*�SURMHFW�IURP�8SSVDOD�DQG
*RWKHQEXUJ� IRU� YDOXDEOH� GLVFXVVLRQV�� 7KDQNV� WR� $QQD� 6nJYDOO� +HLQ�� -|UJ
7LHGHPDQQ��'DQLHO�5LGLQJV�DQG�.DWDULQD�0�KOHQERFN�

$� ELJ� WKDQN� \RX� DOVR� JRHV� WR� ,YDQ�5DQNLQ�ZKR� LPSURYHG� WKH� (QJOLVK� LQ� WKLV
WKHVLV�FRQVLGHUDEO\�

7KDQNV� WR� DOO� VWXGHQWV� DQG� SURMHFW� ZRUNHUV� ZKR� KDYH� EHHQ� DURXQG� RYHU� WKH
\HDUV�� HVSHFLDOO\� 6DUD� 1RUGEHUJ�� ZKR� LPSOHPHQWHG� WKH� ILUVW� YHUVLRQ� RI� WKH
GLVFUHSDQF\�WRRO��DV�ZHOO�DV�0DWKLDV�+ROP�DQG�0DUNXV�2OVVRQ�ZKR�GHVLJQHG�WKH
JUDSKLFDO�YHUVLRQ�RI�WKH�'$9(�WRROER[�SUHVHQWHG�LQ�WKH�WKHVLV�



,�DP�DOVR�JUDWHIXO�WR�DOO�WKH�SHRSOH�LQ�WKH�WUDQVODWLRQ�EXVLQHVV�ZKR�ILOOHG�LQ�WKH
TXHVWLRQQDLUHV� DQG� ZKR� WRRN� WLPH� WR� DQVZHU� TXHVWLRQV�� 6SHFLDO� WKDQNV� JR� WR
6YDQWH�6NRJOXQG��&KDUORWWH�/RWRIW��cVD�.DUOVVRQ�DQG�+HQULN�/XQGVWU|P�

,�ZRXOG�DOVR�OLNH�WR�WKDQN�/LOOHPRU�:DOOJUHQ��0DULH�(NOXQG��/LVEHWK�/LQJH�DQG
/HQD�:LJK� IRU� WKHLU� DGPLQLVWUDWLYH� VXSSRUW� DQG� IRU� UHPLQGLQJ�PH� RI� WKLQJV� ,
DOZD\V�VHHP�WR�IRUJHW�

7KH�WHFKQLFDO�VWDII�DW�WKH�GHSDUWPHQW�DOVR�GHVHUYHV�UHFRJQLWLRQ��7KDQNV�WR�/HLI
)LQQPR��$UQH�)lOGW�� 3HWHU� -��1LOVVRQ�� %HUQW�1LOVVRQ��5ROI�1LOVVRQ� DQG�*|UDQ
6HGYDOO�IRU�WKH�H[FHOOHQW�WHFKQLFDO�VXSSRUW�

7KDQNV� DOVR� WR� HYHU\ERG\� HOVH� DW� WKH� GHSDUWPHQW� ZKR� GLUHFWO\� RU� LQGLUHFWO\
VXSSRUWHG� WKLV� ZRUN�� HVSHFLDOO\� 3DWULFN� 'RKHUW\�� ,QJHU� (PDQXHOVVRQ�� $QGHUV
+DUDOGVVRQ��6WXUH�+lJJOXQG��(ULN�6DQGHZDOO�DQG�-DODO�0DOHNL�

7KH� UHVHDUFK� SUHVHQWHG� LQ� WKLV� WKHVLV�ZDV� VXSSRUWHG� E\� WKH� 6ZHGLVK�1DWLRQDO
%RDUG� IRU� ,QGXVWULDO� DQG� 7HFKQLFDO� 'HYHORSPHQW� �187(.�� DQG� WKH� 6ZHGLVK
&RXQFLO�IRU�5HVHDUFK�LQ�WKH�+XPDQLWLHV�DQG�6RFLDO�6FLHQFHV��+6)5��

)LQDOO\�� ,� WKDQN� DOO� IULHQGV� DQG� UHODWLYHV� DQG� HVSHFLDOO\� P\� IDQWDVWLF� FKLOGUHQ�
7KDQN�\RX�$QQDEHO�DQG�$[HO�IRU�MXVW�EHLQJ�ZKR�\RX�DUH�

/LQN|SLQJ�2FWREHU�����



&RQWHQWV
� ,QWURGXFWLRQ ����������������������������������������������������������������������������������������������������������������� �

��� *RDO��������������������������������������������������������������������������������������������������������������������������������������

��� &RQWULEXWLRQV ���������������������������������������������������������������������������������������������������������������������
����� 2YHUYLHZ�RI�WKHVLV ������������������������������������������������������������������������������������������������������������������������������ �

��� 5HODWLRQ�WR�SUHYLRXVO\�SXEOLVKHG�ZRUN�E\�WKH�DXWKRU������������������������������������������������

� %DFNJURXQG������������������������������������������������������������������������������������������������������������������� �

��� &RUSXV�OLQJXLVWLFV�DQG�WH[W�FRUSRUD�������������������������������������������������������������������������������
����� $SSOLFDWLRQ�DUHDV��������������������������������������������������������������������������������������������������������������������������������� �
����� 7\SHV�RI�WH[W�FRUSRUD������������������������������������������������������������������������������������������������������������������������� �

��� 7UDQVODWLRQ�VWXGLHV ������������������������������������������������������������������������������������������������������� ��
����� 3URGXFW���SURFHVV��DQG�IXQFWLRQ�RULHQWHG�DSSURDFKHV��������������������������������������������������������������� ��
����� 7\SHV�RI�WUDQVODWLRQ ������������������������������������������������������������������������������������������������������������������������� ��
����� :KDW�LV�´WUDQVODWLRQµ"���������������������������������������������������������������������������������������������������������������������� ��
����� &RUUHVSRQGHQFH��������������������������������������������������������������������������������������������������������������������������������� ��
����� 8QLYHUVDO�IHDWXUHV�RI�WUDQVODWLRQ ��������������������������������������������������������������������������������������������������� ��
����� 7HFKQLFDO�WUDQVODWLRQ�DQG�WKH�WHFKQLFDO�WUDQVODWRU�������������������������������������������������������������������� ��
����� 7UDQVODWLRQ�RI�ILFWLRQ ����������������������������������������������������������������������������������������������������������������������� ��

��� 7H[W�FRUSRUD�LQ�WUDQVODWLRQ�VWXGLHV ��������������������������������������������������������������������������� ��

��� 7UDQVODWLRQ�DQG�FRPSXWDWLRQDO�OLQJXLVWLFV �������������������������������������������������������������� ��
����� 0DFKLQH�7UDQVODWLRQ������������������������������������������������������������������������������������������������������������������������ ��
����� 7KH�7UDQVODWRU·V�:RUNEHQFK �������������������������������������������������������������������������������������������������������� ��

��� %XLOGLQJ�SDUDOOHO�FRUSRUD�²�VHQWHQFH�DOLJQPHQW������������������������������������������������������ ��

��� 7RROV�UHODWHG�WR�WUDQVODWLRQ�DQG�WUDQVODWLRQ�FRUSRUD��������������������������������������������� ��
����� 'LDJQRVWLF�WRROV �������������������������������������������������������������������������������������������������������������������������������� ��
����� :RUG�DOLJQPHQW�SURJUDPV ������������������������������������������������������������������������������������������������������������� ��
����� %LOLQJXDO�FRQFRUGDQFH�SURJUDPV ��������������������������������������������������������������������������������������������������� ��
����� (YDOXDWLRQ�DQG�SURRILQJ�WRROV�IRU�ELWH[WV������������������������������������������������������������������������������������ ��

��� 6XPPDU\�������������������������������������������������������������������������������������������������������������������������� ��

� &RQVLVWHQF\�DQG�WKH�WUDQVODWRU ������������������������������������������������������������������������������� ��

��� 2EMHFWLYHV�DQG�PHWKRGRORJ\��������������������������������������������������������������������������������������� ��

��� $WWLWXGHV�WRZDUGV�WUDQVODWLRQ�WRROV��������������������������������������������������������������������������� ��
����� 7KH�WUDQVODWRUV���������������������������������������������������������������������������������������������������������������������������������� ��
����� 7KH�WUDQVODWLRQ�FRPSDQLHV�������������������������������������������������������������������������������������������������������������� ��
����� 7KH�FXVWRPHU ������������������������������������������������������������������������������������������������������������������������������������� ��

��� &RQVLVWHQF\�YV��9DULDWLRQ��������������������������������������������������������������������������������������������� ��
����� 8QLIRUPLW\�LQ�GHFLGLQJ�SUHIHUUHG�WUDQVODWLRQ�DOWHUQDWLYH �������������������������������������������������������� ��

��� 6XPPDU\�������������������������������������������������������������������������������������������������������������������������� ��

� $�3DUDOOHO�&RUSXV�²�7KH�/LQN|SLQJ�7UDQVODWLRQ�&RUSXV ���������������������������������� ��

��� 7KH�/LQN|SLQJ�7UDQVODWLRQ�&RUSXV ��������������������������������������������������������������������������� ��

��� $QDO\VLV�RI�VRXUFH�DQG�WDUJHW�WH[WV�LQGHSHQGHQWO\ ������������������������������������������������� ��

��� 5HFXUUHQFH�LQ�VRXUFH�DQG�WDUJHW�WH[WV ���������������������������������������������������������������������� ��

��� 6XPPDU\�������������������������������������������������������������������������������������������������������������������������� ��

� $�VHW�RI�WUDQVODWLRQ�FRUSXV�WRROV ���������������������������������������������������������������������������� ��



��� ([WUDFWLRQ�RI�UHFXUUHQW�XQLWV �������������������������������������������������������������������������������������� ��
����� 5HWULHYDO�RI�UHFXUUHQW�PXOWL�ZRUG�XQLWV��)UDVVH���������������������������������������������������������������������� ��
����� &RPELQLQJ�ILOWHULQJ�DQG�HQWURS\�WKUHVKROGV�WR�UHWULHYH�PXOWL�ZRUG�XQLWV��)UDVVH��� ������ ��

������� $OJRULWKP��������������������������������������������������������������������������������������������������������������������������������������� ��
����� &RPSDULVRQ�RI�WKH�ILUVW�DQG�VHFRQG�YHUVLRQ�RI�WKH�0:8�H[WUDFWLRQ�SURJUDPV����������������� ��

��� 0HDVXULQJ�UHFXUUHQFH��������������������������������������������������������������������������������������������������� ��

��� 6HQWHQFH�DQG�SDUDJUDSK�DOLJQPHQW���������������������������������������������������������������������������� ��
����� 3DUDJUDSK�DOLJQPHQW������������������������������������������������������������������������������������������������������������������������ ��
����� 6HQWHQFH�DOLJQPHQW �������������������������������������������������������������������������������������������������������������������������� ��

��� 'LVFUHSDQF\�DQDO\VLV ����������������������������������������������������������������������������������������������������� ��

��� %LOLQJXDO�FRQFRUGDQFLQJ ���������������������������������������������������������������������������������������������� ��
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RWKHU�DYDLODEOH�UHVRXUFH� �,VDEHOOH�HW�DO��������S�������
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2QH�FDQ�WDNH�,VDEHOOH·V�FODLP�RQH�VWHS�IXUWKHU�DQG�VD\�WKDW�H[LVWLQJ�WUDQVODWLRQV
FRQWDLQ�PRUH�VROXWLRQV�WR�SUREOHPV�IRU�WUDQVODWLRQ�V\VWHPV�WKDQ�DQ\�RWKHU�DYDLODEOH
UHVRXUFH��,Q�RWKHU�ZRUGV��LW�LV�E\�XQGHUVWDQGLQJ�WUDQVODWLRQ��DV�LW�LV�PDQLIHVWHG�LQ
H[LVWLQJ�WUDQVODWLRQV��WKDW� ODQJXDJH�HQJLQHHUV�FDQ� HQKDQFH� WUDQVODWLRQ�WRROV�DQG
DXWRPDWLF� WUDQVODWLRQ� V\VWHPV�� 7KH� RWKHU� VLGH� RI� WKH� FRLQ� LV� WKDW� WRROV� DQG
V\VWHPV� WKDW� DUH� GHVLJQHG� LQ� WKH� 1/3� ILHOG� FDQ� DOVR� EH� XVHG� E\� WUDQVODWLRQ
VFKRODUV�WR�WHVW�K\SRWKHVHV�DQG�IRU�GHYHORSLQJ�WUDQVODWLRQ�WKHRU\��)RU�H[DPSOH�
IURP�WKH�1/3�SHUVSHFWLYH��D�FHUWDLQ�WRRO�FRXOG�KDYH�EHHQ�EXLOW�DV�DQ�HYDOXDWLRQ
WRRO�IRU�ILQGLQJ�PLVWDNHV�LQ�LQGXVWULDOLVHG�WUDQVODWLRQ��EXW�WKH�VDPH�WRRO�FDQ�DOVR
EH� RI� KHOS� IRU� WKH� WUDQVODWLRQ� UHVHDUFKHU� WR� XQFRYHU� UHODWLRQVKLSV� EHWZHHQ� D
VRXUFH� WH[W� DQG� D� WDUJHW� WH[W�� $OWKRXJK� WKH� REMHFWLYHV� PD\� GLIIHU� DPRQJ� WKH
UHVHDUFK� ILHOGV�� WRROV� RULJLQDOO\� GHVLJQHG� IRU� RQH� WDVN� FDQ� RIWHQ� EH� DSSOLHG� IRU
GLIIHUHQW�SXUSRVHV��$FTXLULQJ�D�EHWWHU�NQRZOHGJH�RI� WUDQVODWLRQ� IURP�HPSLULFDO
VRXUFHV�QRW�RQO\�HQWDLOV� LPSURYHG�WUDQVODWLRQ�VRIWZDUH��EXW�RWKHU�DUHDV�VXFK�DV
WUDQVODWLRQ�WUDLQLQJ��OH[LFRJUDSK\�DQG�FRQWUDVWLYH�OLQJXLVWLFV�FRXOG�DOVR�UHDS�WKH
WUDQVODWLRQ�KDUYHVW�

7KH�LGHD�WR�ILQG�VROXWLRQV�WR�WUDQVODWLRQ�SUREOHPV�E\�XVLQJ�SUHYLRXV�WUDQVODWLRQV
LV� DOUHDG\� PDQLIHVWHG� LQ� D� QHZ� JHQHUDWLRQ� RI� WUDQVODWLRQ� VRIWZDUH� XVLQJ
WUDQVODWLRQ� PHPRULHV�� +RZHYHU�� VXFFHVVIXO� DSSOLFDWLRQV� RI� WUDQVODWLRQ� PHPRULHV
UHVW� WR�D� ODUJH�H[WHQW�RQ� WKH�FRQFHSW�RI�UHXVDELOLW\�� L�H��� WKDW� WUDQVODWLRQV�FDQ�EH
UHF\FOHG� DQG� XVHG� RYHU� DQG� RYHU� DJDLQ�� ,Q� WKLV�ZRUN�� UHXVDELOLW\� DV� LW� FRQFHUQV
WUDQVODWLRQ� LV� LQYHVWLJDWHG� IURP� WKH� SHUVSHFWLYH� IURP� WKH� WUDQVODWRU�� $QRWKHU
YLWDO� WKHPH� LQ�WKLV�WKHVLV� LV� WKH�QRWLRQ�RI� FRUUHVSRQGHQFH��ZKLFK�ZLOO�EH�DGUHVVHG
IURP�GLIIHUHQW�DQJOHV�DV� LW� LV� IXQGDPHQWDO�ZKHQ�UHODWLRQVKLSV�EHWZHHQ�D�VRXUFH
WH[W�DQG�LWV�WDUJHW�WH[W�DUH�LQYHVWLJDWHG�RQ�DOO�OHYHOV�

���� *RDO

7KH�RYHUDOO�REMHFWLYH�RI�WKLV�WKHVLV�LV�WR�VKRZ�KRZ�WUDQVODWLRQV�FDQ�EH�SURGXFHG
PRUH� HIILFHQWO\� DQG� ZLWK� LPSURYHG� TXDOLW\� LI� SDUDOOHOO� WH[WV� DQG� SDUDOOHO� WH[W
SURFHVVLQJ�WRROV�DUH�XWLOL]HG�

,Q�RUGHU�WR�DFKLHYH�WKLV�REMHFWLYH��FHUWDLQ�VPDOOHU�VWHSV�KDYH�EHHQ�WDNHQ�

��� &ROOHFW� WUDQVODWLRQV� DQG� SUHSDUH� WKHP� DV� VHQWHQFH� DOLJQHG� SDUDOOHO� WH[WV
�ELWH[WV��

��� 'HYHORS� WRROV� IRU� WKH� DQDO\VLV� RI� PRQROLQJXDO� WH[WV� �UHFXUUHQFH� GDWD� DQG
FROORFDWLRQ�UHWULHYDO��

��� ,QYHVWLJDWH�WUDQVODWRUV·�DWWLWXGHV�WRZDUGV�WUDQVODWLRQ�WRROV�DQG�WKH�QRWLRQ�RI
UHXVDELOLW\�� ZKLFK� LV� D� IXQGDPHQWDO� IHDWXUH� RI� WUDQVODWLRQ� PHPRU\�EDVHG
WUDQVODWLRQ�

��� ,QYHVWLJDWH��DQG�GHVFULEH��WKH�FKDUDFWHULVWLFV�RI�GLIIHUHQW�WUDQVODWLRQV��KXPDQ
WUDQVODWLRQV�� VHPL�DXWRPDWLF� WUDQVODWLRQV� DQG� DXWRPDWLF� WUDQVODWLRQV�� DQG
GLIIHUHQW�WH[W�W\SHV��WHFKQLFDO�PDQXDOV�DQG�ILFWLRQ��
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��� 'HYHORS� DQG� HYDOXDWH� WRROV� IRU� WKH� DQDO\VLV� RI� ELOLQJXDO� WH[WV� �GLVFUHSDQF\
GDWD��ELOLQJXDO�FRQFRUGDQFLQJ�DQG�ELOLQJXDO�ZRUG�DOLJQPHQW��

��� 'HYHORS�D�PRGHO�LQ�ZKLFK�WKH�VWUXFWXUDO�DQG�VHPDQWLF�FRUUHVSRQGHQFH�FDQ�EH
GHVFULEHG�

���� &RQWULEXWLRQV

7KH�PDLQ�FRQWULEXWLRQV�RI�WKLV�WKHVLV�DUH�WKH�IROORZLQJ�

�� ,QWHJUDWLRQ� RI� WHFKQLTXHV� DQG� PHWKRGV� IURP� WUDQVODWLRQ� VWXGLHV�� FRUSXV
OLQJXLVWLFV� DQG� QDWXUDO� ODQJXDJH� SURFHVVLQJ� LQ� RUGHU� WR� LPSURYH� WKH
XQGHUVWDQGLQJ� RI� WUDQVODWLRQ� DQG�� FRQVHTXHQWO\�� FUHDWH� D� SODWIRUP� IRU
EXLOGLQJ�EHWWHU�WUDQVODWLRQ�WRROV�DQG�WUDQVODWLRQ�V\VWHPV�

�� 5HVXOWV� RQ� KRZ� WUDQVODWLRQ� UHODWLRQVKLSV� GLIIHU� ZLWK� WH[W� W\SHV� DQG
WUDQVODWLRQ�PHWKRGV�

�� /LQN|SLQJ� :RUG� $OLJQHU�� D� SRUWDEOH� KLJK�SHUIRUPDQFH� ZRUG� DOLJQPHQW
V\VWHP�

�� 'HYHORSPHQW� DQG� DSSOLFDWLRQ� RI� D� FRUUHVSRQGHQFH�PRGHO� IRU� FKDUDFWHULVLQJ
VWUXFWXUDO�DQG�VHPDQWLF�FKDQJH�LQ�WUDQVODWLRQV�

�� $Q� LQYHVWLJDWLRQ� LQWR� WUDQVODWRUV·� DWWLWXGHV� WRZDUGV� WUDQVODWLRQ� WRROV� LQ
JHQHUDO��DQG�WRZDUGV�UHXVDELOLW\�LQ�SDUWLFXODU��7KH�UHVXOWV�SURYLGH�D�SRVVLEOH
H[SODQDWLRQ�WR�ZK\�WUDQVODWLRQ�PHPRU\�EDVHG�WUDQVODWLRQ�KDV�QRW�OLYHG�XS�WR
SURPLVHV�LQ�HIILFLHQF\�DQG�SHUIRUPDQFH�

2WKHU�FRQWULEXWLRQV�LQFOXGH�

�� $� VHQWHQFH�DOLJQHG� (QJOLVK�6ZHGLVK� WUDQVODWLRQ� FRUSXV�� 7KH� /LQN|SLQJ
7UDQVODWLRQ�&RUSXV�

�� $� SDUDOOHO� WH[W� SURFHVVLQJ� VROXWLRQ� FDSDEOH� RI� KDQGOLQJ� WKH� UHODWLRQVKLS
EHWZHHQ� 6FDQGLQDYLDQ� ODQJXDJHV� VXFK� DV� 6ZHGLVK� DQG� RWKHU� ZHVWHUQ�
(XURSHDQ�ODQJXDJHV�

�� $� VHW� RI� UHVRXUFH� EXLOGLQJ� WRROV�� GLDJQRVWLF� WRROV�� H[WUDFWLRQ� WRROV�� DQG
HYDOXDWLRQ�WRROV�XVHG� WR�GLVFRYHU�UHOHYDQW� IHDWXUHV�RI� WKH� WUDQVODWLRQ�FRUSXV�
7KH� WRROV� UHTXLUH� OLWWOH� RU� QR� ODQJXDJH�VSHFLILF� UHVRXUFHV� DQG� DUH� WKHUHIRUH
H[WUHPHO\�SRUWDEOH�

�� $�VHW�RI�PHDVXUHV�UHODWHG�WR�WUDQVODWLRQ�UHODWLRQVKLSV�FRQFHUQLQJ�UHFXUUHQFH�
FRQVLVWHQF\�DQG�FR�RFFXUUHQFH�

�� $�PHWKRG�DQG�VRIWZDUH�IRU�HYDOXDWLQJ�ZRUG�DOLJQPHQW�V\VWHPV�
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������ 2YHUYLHZ�RI�WKHVLV
7KH�RXWOLQH�RI�WKH�WKHVLV�LV�DV�IROORZV�

&KDSWHU����$�EDFNJURXQG�WR�WKH�UHOHYDQW�DUHDV�ZLWKLQ�WUDQVODWLRQ�VWXGLHV��FRUSXV
OLQJXLVWLFV�DQG�FRPSXWDWLRQDO�OLQJXLVWLFV�LV�SUHVHQWHG��ZKLFK�ZLOO�VHW�WKH�JURXQG
IRU� D� MRLQW� YLHZ� RI� WUDQVODWLRQ� FRUSRUD� DV� D� FRPPRQ� VRXUFH� RI� VWXG\� IRU
WUDQVODWLRQ� VWXGLHV�� FRQWUDVWLYH� OLQJXLVWV�� WUDQVODWRUV� DQG� FRPSXWDWLRQDO
OLQJXLVWV�

&KDSWHU����7KH�QRWLRQ�RI� ´UHXVDELOLW\µ�� D� FRUQHUVWRQH� IRU� WUDQVODWLRQ�PHPRU\�
EDVHG� WUDQVODWLRQ�� LV� H[DPLQHG� YLD� DQ� HPSLULFDO� VWXG\� RI� WUDQVODWRUV·� DWWLWXGHV
WRZDUGV� FRQVLVWHQF\��7KH� FKDSWHU� VHWV� WKH�JURXQG� IRU�KRZ� WUDQVODWLRQ� FRUSRUD
�DQG�WUDQVODWLRQ�PHPRULHV��FDQ�EH�XVHG�E\�WUDQVODWRUV� LQ�SUDFWLFH��7KH�SRVVLEOH
SLWIDOOV�DQG�DGYDQWDJHV�RI�VXFK�DQ�DSSURDFK�DUH�SUHVHQWHG�

&KDSWHU� ��� 7KH� /LQN|SLQJ�7UDQVODWLRQ� &RUSXV� �/7&�� DQG� DQDO\VHV� RI� VRXUFH
DQG�WDUJHW�WH[WV�LQGHSHQGHQWO\�DUH�SUHVHQWHG�

&KDSWHU����7KH�'DYH�WRROER[�LV�SUHVHQWHG��'DYH�FRQVLVWV�RI�D�VHW�RI�WRROV�UHODWHG
WR� WUDQVODWLRQ� ZLWK� NQRZOHGJH�OLWH�� VWULQJ�EDVHG� SURFHVVLQJ� ZKLFK� KHOSV� WR
GLDJQRVH��PRQROLQJXDO�WH[WV�DQG�SDUDOOHO�WH[WV��EXLOG�UHVRXUFHV��H[WUDFW�GDWD�DQG
HYDOXDWH�WUDQVODWLRQV��,WV�XVDELOLW\�IRU�WUDQVODWRUV��FRQWUDVWLYH�OLQJXLVWV��ODQJXDJH
HQJLQHHUV�DQG�WUDQVODWLRQ�VFKRODUV�LV�GHVFULEHG�

&KDSWHU� ��� $QDO\VHV� RI� WKH� /LQN|SLQJ� 7UDQVODWLRQ� &RUSXV� ZLWK� SDUDOOHO� WH[W
SURFHVVLQJ�� 'DWD� RQ� VHQWHQFH� PDSSLQJV�� FRQVLVWHQF\� DQG� YDULDWLRQ� RQ� WKH
VHQWHQFH�OHYHO��OH[LFDO�FR�RFFXUUHQFHV�DUH�SUHVHQWHG�DV�ZHOO�DV�WKH�LPSOLFDWLRQV�RI
VXFK�DQDO\VHV�

&KDSWHU� ��� 7KH� /LQN|SLQJ� :RUG� $OLJQHU� �/:$�� LV� SUHVHQWHG� DORQJ� ZLWK
DVVXPSWLRQV� XQGHUO\LQJ� LWV� GHVLJQ�� WKH� DUFKLWHFWXUH� DQG� WKH� NQRZOHGJH�OLWH
PRGXOHV�� )LUVW� D� GHVFULSWLRQ� RI� /:$·V� DSSOLFDWLRQ� RQ� (QJOLVK�6ZHGLVK
WUDQVODWLRQV� LV�JLYHQ��7KHQ�WKH�SRUWDELOLW\�RI�/:$�LV� LOOXVWUDWHG�ZLWK�D�VHFRQG
YHUVLRQ�IRU�)UHQFK�(QJOLVK�

&KDSWHU����'LIIHUHQW� DSSURDFKHV� WR� WKH� HYDOXDWLRQ� RI�ZRUG� DOLJQPHQW� V\VWHPV
DUH�GLVFXVVHG��$�V\VWHP�IRU�LQWHUDFWLYH�DQQRWDWLRQ�RI�UHIHUHQFH�GDWD�XVHG�LQ�ZRUG
DOLJQPHQW�HYDOXDWLRQV�LV�SUHVHQWHG��WKH�3/8*�/LQN�$QQRWDWRU��

&KDSWHU� ��� 7KUHH� VHSDUDWH� HYDOXDWLRQV� RI� /:$� DUH� SUHVHQWHG� DV� ZHOO� DV� D
GHPRQVWUDWLRQ� RI� D� SUDFWLFDO� DSSOLFDWLRQ� RQ� D� FRPPHUFLDO� 6ZHGLVK�(QJOLVK
GLFWLRQDU\�

&KDSWHU�����$�PRGHO� IRU�GHVFULELQJ� WUDQVODWLRQ� FRUUHVSRQGHQFHV�RQ� VWUXFWXUDO
DQG�VHPDQWLF�OHYHOV�LV�LQWURGXFHG�
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&KDSWHU�����$Q�DSSOLFDWLRQ�RI�WKH�FRUUHVSRQGHQFH�PRGHO�IURP�FKDSWHU�����7KH
PRGHO� LV� DSSOLHG� WR� D� VDPSOH� RI� WKH�/LQN|SLQJ�7UDQVODWLRQ�&RUSXV� �/7&�� DQG
GDWD� RQ� VWUXFWXUDO� DQG� VHPDQWLF� FKDQJH� DUH� SURYLGHG� DV�ZHOO� DV�PRUH� GHWDLOHG
LQIRUPDWLRQ�RQ�VRPH�VSHFLILF�WUDQVODWLRQ�VKLIWV�

&KDSWHU�����&RQFOXVLRQV��GLVFXVVLRQ�DQG�IXWXUH�ZRUN�

���� 5HODWLRQ�WR�SUHYLRXVO\�SXEOLVKHG�ZRUN�E\�WKH�DXWKRU

7KH�FRQWHQWV�RI�WKLV�WKHVLV�UHODWHV�WR�SUHYLRXV�ZRUN�E\�WKH�DXWKRU�DQG�FROOHDJXHV
DW� WKH� 'HSDUWPHQW� RI� &RPSXWHU� DQG� ,QIRUPDWLRQ� 6FLHQFH� DV� IROORZV�� 7KH
HPSLULFDO�VWXG\�SUHVHQWHG�LQ�FKDSWHU���LV�DQ�H[WHQVLRQ�RI�WKH�ZRUN�SUHVHQWHG�LQ
0HUNHO� �������� 3DUWV� RI� FKDSWHU� �� DQG� FKDSWHU� �� DUH� H[WHQVLRQV� RI� WKH� SDSHUV
SUHVHQWHG� LQ�0HUNHO��1LOVVRQ�DQG�$KUHQEHUJ� ��������7KH�VHFWLRQV� LQ�FKDSWHU��
UHODWLQJ� WR� GLVFUHSDQF\� DQDO\VLV� RI� /7&� DUH� DQ� H[WHQVLRQ� RI� 0HUNHO� �������
&KDSWHUV� ��� �� DQG� �� DUH� SDUWO\� EXLOW� RQ� $KUHQEHUJ�� $QGHUVVRQ� DQG� 0HUNHO
�����D���������0HUNHO��$QGHUVVRQ�DQG�$KUHQEHUJ���������0HUNHO�DQG�$KUHQEHUJ
�������� DQG� 0HUNHO� �������� )LQDOO\�� FKDSWHUV� ��� DQG� ��� DUH� D� UHYLVHG� DQG
H[WHQGHG�YHUVLRQ�RI�$KUHQEHUJ�DQG�0HUNHO��������
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�� %DFNJURXQG

,Q�WKLV�FKDSWHU�,�ZLOO�SUHVHQW�VRPH�UHOHYDQW�EDFNJURXQG�WR�WKH�VWXG\�� IURP�WKH
ILHOGV�RI�FRUSXV�OLQJXLVWLFV��WUDQVODWLRQ�VWXGLHV��DQG�FRPSXWDWLRQDO�OLQJXLVWLFV�

���� &RUSXV�OLQJXLVWLFV�DQG�WH[W�FRUSRUD

7KH�DGYHQW�RI�´FRPSXWHU�FRUSXV�OLQJXLVWLFVµ��WRGD\�NQRZQ�DV�FRUSXV�OLQJXLVWLFV�
GDWHV� EDFN� WR� �����ZKHQ�ZRUN� RQ� WKH� WH[W� FRUSXV� ODWHU� NQRZQ� DV� WKH� %URZQ
&RUSXV� �)UDQFLV� DQG� .XFHUD� ������ ZDV� ILUVW� EHLQJ� VWDUWHG�� /LQJXLVWV� KDG
WUDGLWLRQDOO\�EHHQ�XVLQJ�WKH�WHUP�´FRUSXVµ�HDUOLHU�WKDQ�WKDW�WR�´GHVLJQDWH�D�ERG\
RI� QDWXUDOO\�RFFXUULQJ� �DXWKHQWLF�� ODQJXDJH� GDWDµ� DV� D� EDVLV� IRU� OLQJXLVWLF
LQYHVWLJDWLRQ� �/HHFK� ������ S����� *UDGXDOO\� WKH� XVH� RI� ´FRUSXV� OLQJXLVWLFVµ� KDV
KRZHYHU� EHFRPH� DVVRFLDWHG� ZLWK� ODQJXDJH� PDWHULDO� ZKLFK� H[LVWV� LQ� HOHFWURQLF
IRUPDWV�DQG�WKH�YDULRXV�PHWKRGV�DQG�VRIWZDUH�WRROV�WKDW�DUH�XVHG�WR�DQDO\VH�DQG
DFFHVV� VXFK� GDWD�� 7KH� LQFUHDVLQJ� SURFHVVLQJ� SRZHU� DQG� VWRUDJH� FDSDFLW\� RI
FRPSXWHUV�KDYH�QRW� RQO\�PHDQW� WKDW� WKH� QXPEHU� RI� DYDLODEOH� WH[W� FRUSRUD� KDV
LQFUHDVHG��EXW�DOVR�WKDW�WH[W�FRUSRUD�DUH�ODUJHU�LQ�VL]H��PRUH�YDULHG�DQG�HDVLHU�WR
DFFHVV�

������ $SSOLFDWLRQ�DUHDV
0XOWL�OLQJXDO� WH[W� FRUSRUD� FDQ� EH� XVHG� DV� D� VRXUFH� RI� LQIRUPDWLRQ� IRU� VHYHUDO
DSSOLFDWLRQ�DUHDV��VXFK�DV�

�� 7UDQVODWLRQ�VWXGLHV

�� &RQWUDVWLYH�OLQJXLVWLFV

�� /H[LFRJUDSK\

�� &RPSXWDWLRQDO�OLQJXLVWLFV�DQG�DXWRPDWLF�WUDQVODWLRQ�

7UDQVODWLRQ�VWXGLHV�DQG�WH[W�FRUSRUD�ZLOO�EH�GHVFULEHG�ODWHU�LQ�WKLV�FKDSWHU�

5HFHQWO\�D�JUHDW�GHDO�RI�UHVHDUFK�ZLWKLQ�FRQWUDVWLYH�OLQJXLVWLFV�EDVHG�RQ�SDUDOOHO
DQG� FRPSDUDEOH� FRUSRUD� KDYH� EHHQ� SXEOLVKHG�� IRU� H[DPSOH� LQ� +DVVHOJnUG� DQG
2NVHIMHOO��������DQG�-RKDQVVRQ�DQG�2NVHIMHOO���������7KH�DYDLODELOLW\�RI�WH[WV�LQ
HOHFWURQLF�IRUPDWV�DV�ZHOO�DV�GHVLJQDWHG�WRROV�IRU�FRQWUDVWLYH�DQDO\VLV�KDYH�PDGH
LW� SRVVLEOH� WR� FRQGXFW� ERWK� PRUH� ODUJH�VFDOH� LQYHVWLJDWLRQV� DV� ZHOO� DV� PRUH
IRFXVHG� VWXGLHV�RQ� VSHFLILF�SUREOHP�DUHDV��7KH� FRQWUDVWLYH� OLQJXLVWLFV� DSSURDFK
FRXOG� ERWK� EH� DSSOLHG� WR� WUDQVODWLRQ� FRUSRUD� �VRXUFH� DQG� WDUJHW� WH[WV�� DQG� WR
FRPSDUDEOH�FRUSRUD��ZKLFK�FRQWDLQ�RULJLQDO�WH[WV�LQ�GLIIHUHQW�ODQJXDJHV��
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/H[LFRJUDSK\�LV�DOVR�DQ�DUHD�ZKHUH�HPSLULFDO�WH[W�PDWHULDO�VXFK�DV�WH[W�FRUSRUD
KDV�EHHQ�LQYHVWLJDWHG��/DQJORLV��������GHVFULEHV�KRZ�D�SDUDOOHO�FRUSXV�LV�XVHG�WR
GHYHORS�D�&DQDGLDQ�)UHQFK�(QJOLVK�DQG�(QJOLVK�)UHQFK�GLFWLRQDU\�ZLWK�WKH�DLG
RI� WKH� 7UDQV6HDUFK� WRRO� �0DFNORYLWFK� ������� 7KH� GLFWLRQDU\� LV� GXH� IRU
SXEOLFDWLRQ� LQ� ������7KH�&2%8,/'�(QJOLVK�/HDUQHU·V� DQG�(QJOLVK�/DQJXDJH
GLFWLRQDULHV�IURP�&ROOLQV�DUH�PRQROLQJXDO�DQG�KDYH�EHHQ�EDVHG�RQ�WH[W�FRUSRUD�
ZKLFK� FRQWDLQ� DSSUR[LPDWHO\� ���PLOOLRQ�ZRUGV� RI� UXQQLQJ� WH[W� �6LQFODLU� �����
������

:LWKLQ�PDFKLQH�WUDQVODWLRQ�WKH�FRVW�RI�GHYHORSLQJ�DQG�PDLQWDLQLQJ�WUDQVODWLRQ
OH[LFRQV�LV�FRQVLGHUDEOH��7KHUHIRUH�UHVHDUFKHUV�KDYH�WULHG�WR�XVH�SDUDOOHO�FRUSRUD
WR� H[WUDFW� OH[LFRQV� ZLWK� DXWRPDWLF� PHWKRGV� LQ� RUGHU� WR� ILQG� WUDQVODWLRQ
FDQGLGDWHV��,Q�PRVW�DSSURDFKHV��WKH�H[WUDFWHG�WUDQVODWLRQ�FDQGLGDWHV�KDYH�WR�EH
YDOLGDWHG�E\�KXPDQV��'DJDQ�DQG�&KXUFK�������EXW�UHFHQWO\�QHZ�PHWKRGV�KDYH
EHHQ�VXJJHVWHG�ZKHUH�WKH�DFFXUDF\�RI�WKH�DXWRPDWLF�H[WUDFWLRQ�PHWKRGV�FRXOG�EH
LQFUHDVHG� WR�PLQLPLVH� WKH� WLPH� WKH� OH[LFRJUDSKHU�KDV� WR� VSHQG�RQ� UHYLVLQJ� WKH
WUDQVODWLRQ�FDQGLGDWHV��0HODPHG�����E��

$QRWKHU� EUDQFK� RI� PDFKLQH� WUDQVODWLRQ� GHDOV� ZLWK� WKH� JUDPPDU� DQG� WUDQVIHU
UXOHV�LQ�DXWRPDWLF�WUDQVODWLRQ�V\VWHPV��3DUDOOHO�FRUSRUD�SURYH�WR�EH�D�VRXUFH�RI
LQWHUHVW�QRW�RQO\�IRU�OH[LFDO�ZRUN��EXW�DOVR�IRU�ILQGLQJ�SDWWHUQV�DQG�FRQVWUXFWLRQV
WKDW� FRQVWLWXWH� WKH� EDVLV� IRU� EXLOGLQJ� JUDPPDWLFDO� DQG� WUDQVIHU� FRPSRQHQWV� LQ
07� DSSOLFDWLRQV� �*ULVKPDQ� ������ .DML� HW� DO�� ������ 0DWVXPRWR� HW�� DO� �����
0H\HUV�HW�DO��������

7KH�DERYH�OLVW�LV��RI�FRXUVH��QRW�FRPSOHWH��WKH�XVH�RI�WH[W�FRUSRUD�KDV�DOVR�JUHDW
SRWHQWLDO�LQ�IRU�H[DPSOH�IRUHLJQ�ODQJXDJH�WHDFKLQJ��OLWHUDU\�VWXGLHV�DQG�KLVWRULFDO
OLQJXLVWLFV�

������ 7\SHV�RI�WH[W�FRUSRUD
%HIRUH� GLVFXVVLQJ� GLIIHUHQW� W\SHV� RI� WH[W� FRUSRUD� LW� LV� QHFHVVDU\� WR�PDNH� FOHDU
ZKDW�D�WH[W�FRUSXV�LV��,Q�0RQD�%DNHU·V�ZRUGV�WKH�RULJLQDO�PHDQLQJ�RI�FRUSXV�LV
´DQ\� FROOHFWLRQ� RI� ZULWLQJV�� LQ� D� SURFHVVHG� RU� XQSURFHVVHG� IRUPµ� �%DNHU� ����
S�������+RZHYHU��ZLWK�WKH�JURZWK�RI�FRUSXV�OLQJXLVWLFV��WKLV�GHILQLWLRQ�KDV�WR�EH
PRGLILHG�� ´�L�� FRUSXV�QRZ�PHDQV� D� FROOHFWLRQ� RI� WH[WV� KHOG� LQ�PDFKLQH�UHDGDEOH
IRUPDW� DQG� FDSDEOH� RI� EHLQJ� DQDO\VHG� DXWRPDWLFDOO\� RU� VHPL�DXWRPDWLFDOO\� LQ� D
YDULHW\� RI�ZD\V�� �LL�� D� FRUSXV� LV� QR� ORQJHU� UHVWULFWHG� WR� ¶ZULWLQJV·� EXW� LQFOXGHV
VSRNHQ�DV�ZHOO�DV�ZULWWHQ�WH[W��DQG��LLL��D�FRUSXV�PD\�LQFOXGH�D�ODUJH�QXPEHU�RI
WH[WV�IURP�D�YDULHW\�RI�VRXUFHVµ��%DNHU�LELG���

&RUSRUD�FDQ�EH�GLYLGHG�LQWR�GLIIHUHQW�W\SHV�GHSHQGLQJ�RQ�ZKDW�W\SH�RI�WH[WV�WKH\
FRQWDLQ��)RU�H[DPSOH��FRUSRUD�FDQ�FRQWDLQ�JHQHUDO�ODQJXDJH�WH[WV�RU�WH[WV�IURP
UHVWULFWHG�GRPDLQV��ZULWWHQ�RU�VSRNHQ�ODQJXDJH��FRQWHPSRUDU\�RU�KLVWRULF�WH[WV�
ZULWHU� VSHFLILF� WH[WV� �D� FHUWDLQ� QRYHOLVW�� RU� JHQUH� VSHFLILF� WH[WV� �QHZVSDSHU
DUWLFOHV��ILFWLRQ��FRXUW�KHDULQJV��HWF����JHRJUDSKLFDO�YDULDQWV��%ULWLVK�YV��$PHULFDQ
(QJOLVK��DQG�PRQROLQJXDO��ELOLQJXDO�RU�PXOWLOLQJXDO�WH[WV�

2QH�GLVWLQFWLRQ�IRU�FRUSRUD�W\SHV�FRQFHUQV�ZKHWKHU�WKH�FRUSXV�FRQWDLQV�WH[WV�LQ
RQH�� WZR�RU�VHYHUDO� ODQJXDJHV�� WKDW� LV�� WKH�GLVWLQFWLRQ�EHWZHHQ�PRQROLQJXDO� DQG
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PXOWLOLQJXDO� FRUSRUD�� %RWK� PRQROLQJXDO� DQG� PXOWLOLQJXDO� FRUSRUD� FDQ
IXUWKHUPRUH�EH�GLYLGHG�LQWR�SDUDOOHO�FRUSRUD�DQG�QRQ�SDUDOOHO�FRUSRUD��VHH�)LJXUH
���

)LJXUH���7\SHV�RI�&RUSRUD

$�PRQROLQJXDO� FRUSXV� FRQWDLQV� WH[W�V�� IURP�RQH� ODQJXDJH� DQG� LV� SUREDEO\� WKH
ODUJHVW� DQG� PRVW� ZLGHVSUHDG� W\SH� RI� FRUSXV�� 8VXDOO\� D� PRQROLQJXDO� FRUSXV
FRQVLVWV�RI�UXQQLQJ�WH[W��EXW�QRW�QHFHVVDULO\�WKH�FRPSOHWH�WH[W��7KH�68&�FRUSXV
�6WRFNKROP�8PHn� &RUSXV�� FRQWDLQV� DSSUR[LPDWHO\� ���������� ZRUGV� DQG� LV
FRPSULVHG� RI� ���� VXEWH[WV� RI� ������ ZRUGV� HDFK� �68&� ������� 7KH� %URZQ� DQG
/2%�FRUSRUD�DOVR�FRQWDLQ�IUDJPHQWV�RI�WH[W�RI�DURXQG�������ZRUGV�HDFK��+RIODQG
DQG� -RKDQVVRQ� ������� 7KH� %ULWLVK� 1DWLRQDO� &RUSXV� LV� D� FRQVLGHUDEO\� ODUJHU
FRUSXV��FRQWDLQLQJ�DERXW�����PLOOLRQ�ZRUGV�ZLWK�������WH[W�IUDJPHQWV�RI�DURXQG
�������ZRUGV�HDFK� �%ULWLVK�1DWLRQDO�&RUSXV��������3DUDOOHO� FRUSRUD�ZLWKLQ� WKH
VDPH� ODQJXDJH� �L�H���PRQROLQJXDO�SDUDOOHO� WH[WV��PD\�VHHP�VOLJKWO\�SDUDGR[LFDO�
EXW� DUH� LQWHUHVWLQJ� DQG� IHDVLEOH� REMHFWV� RI� VWXG\�� IRU� H[DPSOH�ZKHQ� FRPSDULQJ
WH[WV� LQ� GLIIHUHQW� GLDOHFWV�� GLDFKURQLFDO� VWXGLHV� DQG� FRPSDULVRQV� RI� VSRNHQ� YV�
ZULWWHQ�ODQJXDJH�

$�PXOWLOLQJXDO�FRUSXV�FRQWDLQV�WH[WV�IURP�PRUH�WKDQ�RQH�ODQJXDJH�DQG�FRXOG�EH
SDUDOOHO� RU� QRQ�SDUDOOHO�� $� SDUDOOHO� FRUSXV� FRQVLVWV� RI� D� VRXUFH� WH[W� DQG� LWV
FRUUHVSRQGLQJ� WDUJHW� WH[W�V��� ZKLFK� DUH� VHJPHQWHG� RQ� VXEWH[W� OHYHOV�� IRU
H[DPSOH��RQ�WKH�SDUDJUDSK�RU�VHQWHQFH� OHYHO��)RU�WUDQVODWLRQ�VWXGLHV�� LW� LV�YLWDO
WKDW�WKH�WH[WV�DUH�QRW�RQO\�VHHQ�DV�SDUDOOHO�EXW�DOVR�WKDW�WKH�WH[WV�DUH�YLHZHG�DV
HLWKHU�D� VRXUFH� WH[W�RU� D� WDUJHW� WH[W��7R�GDWH� WKH�PDMRULW\�RI�ZRUN�RQ�SDUDOOHO
FRUSRUD�KDV�EHHQ�GRQH�RQ�ELOLQJXDO�SDUDOOHO� WH[WV��DOWKRXJK�RQH�FRXOG� IRUHVHH�D
IXWXUH� ZKHUH� WKH� LQWHUHVW� LQ� PRUH� WKDQ� WZR� ODQJXDJHV� LQFUHDVHV�� %XW� LI
WUDQVODWLRQV�DUH� WKH�REMHFW� WR� VWXG\��PXOWLOLQJXDO�SDUDOOHO� WH[WV�PXVW�DOZD\V�EH
YLHZHG�DV�VHWV�RI�ELOLQJXDO�SDUDOOHO�FRUSRUD�WKDW�VKDUH�WKH�VDPH�VRXUFH�WH[W��2I
FRXUVH�� WKH�GLIIHUHQW� WDUJHW� WH[WV� FRXOG�EH� FRPSDUHG�� EXW� WKHQ� WKH� IRFXV�ZRXOG
QRW� EH� RQ� WUDQVODWLRQ�� ZKLFK�PXVW� WDNH� LQWR� DFFRXQW� WKH� RULJLQDO� WH[W� DQG� LWV
GLIIHUHQW�UHDOLVDWLRQV�RI�WH[WV�LQ�GLIIHUHQW�ODQJXDJHV�

,W� LV� FOHDU� WKDW� WKH� PDMRULW\� RI� FRUSRUD� WRGD\� DUH� PRQROLQJXDO�� EXW� PRUH� DQG
PRUH�ELOLQJXDO�DQG�PXOWLOLQJXDO�FRUSRUD�DUH�EHLQJ�GHYHORSHG�DURXQG�WKH�ZRUOG�

7H[W�&RUSRUD

0RQROLQJXDO 0XOWLOLQJXDO

3DUDOOHO 1RQ�SDUDOOHO3DUDOOHO 1RQ�SDUDOOHO
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7KH� PRVW� ZHOO�NQRZQ� DQG� XVHG� ELOLQJXDO� FRUSXV� LV� SUREDEO\� WKH� &DQDGLDQ
+DQVDUG�&RUSXV� �XVHG�E\� IRU�H[DPSOH�.ODYDQV�DQG�7]RXNHUPDQQ� ��������*DOH
DQG�&KXUFK���������0DFNORYLWFK��������DQG�6LPDUG�HW�DO����������2WKHU�ELOLQJXDO
FRUSRUD�GHYHORSHG�GXULQJ�WKH�QLQHWLHV�DUH� IRU�H[DPSOH�WKH�3('$17�FRUSXV� LQ
*RWKHQEXUJ� �5LGLQJV� ������� WKH� (QJOLVK�6ZHGLVK� SDUDOOHO� FRUSXV� �(63&�� LQ
/XQG� �$LMPHU� HW� DO�� ������� WKH� 3/8*� FRUSXV� LQ� /LQN|SLQJ�� 8SSVDOD� DQG
*RWKHQEXUJ� �$KUHQEHUJ� HW� DO�� ����E��� WKH� (QJOLVK�1RUZHJLDQ� SDUDOOHO� FRUSXV
�(13&�� LQ� 2VOR� �-RKDQVVRQ� HW� DO�� ������ DQG� WKH� +.867� (QJOLVK� &KLQHVH
%LOLQJXDO�&RUSRUD��:X�������

1RQ�SDUDOOHO� PXOWLOLQJXDO� FRUSRUD� FDQ� EH� RI� LQWHUHVW� IRU� FRPSDUDWLYH� VWXGLHV�
HYHQ�WKRXJK�WKH�GLIIHUHQW�WH[WV�DUH�QRW�RULJLQDOV�DQG�FRUUHVSRQGLQJ�WUDQVODWLRQV�
,QVWHDG� FHUWDLQ� WH[W� W\SHV� FDQ� EH� VWXGLHG� FURVV�OLQJXLVWLFDOO\� E\� FRPSDULQJ
RULJLQDO� WH[WV� LQ�ERWK� ODQJXDJHV��RU�� LI� WUDQVODWLRQ�SKHQRPHQD�DUH� WKH�REMHFW�RI
VWXG\��WUDQVODWLRQV�FDQ�EH�VWXGLHG��2IWHQ�VXFK�FRUSRUD�DUH�UHJDUGHG�DV�FRPSDUDEOH
FRUSRUD� �FI�� /DYLRVD� ������ $OWHQEHUJ� ������ $LMPHU� ������� 7KH� (QJOLVK�
1RUZHJLDQ� DQG� WKH� (QJOLVK�6ZHGLVK� SDUDOOHO� FRUSRUD� FRQWDLQ� WUDQVODWLRQV� LQ
ERWK�GLUHFWLRQV��IURP�(QJOLVK�DQG�WR�(QJOLVK��ZKLFK�PDNHV�LW�SRVVLEOH�WR�XVH�WKH
FRUSXV�ERWK�DV�D�SDUDOOHO��WUDQVODWLRQ��FRUSXV�DQG�DV�D�FRPSDUDEOH�FRUSXV�

,Q�7DEOH���WKH�GLIIHUHQW�W\SHV�RI�WH[W�FRUSRUD�DUH�LOOXVWUDWHG�IURP�WKH�SHUVSHFWLYH
RI�PXOWLOLQJXDOLW\�DQG�SDUDOOHOLVP�
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7DEOH����7\SHV�RI�FRUSRUD��PXOWLOLQJXDOLW\�YV��SDUDOOHOLVP�

3DUDOOHO 1RQ�SDUDOOHO
'LDFKURQLF�FRUSXV )RU�H[DPSOH�&KDXFHU·V

&DQWHUEXU\�7DOHV�LQ
0HGLHYDO�(QJOLVK�YV�
PRGHUQ�(QJOLVK�YHUVLRQV�

2ULJLQDO�
WUDQVODWLRQ�FRUSXV

2ULJLQDO�WH[W�YV�
WUDQVODWHG�WH[W�LQ
WKH�VDPH�ODQJXDJH�
H�J��6ZHGLVK
QRYHOV�DQG�(QJOLVK
QRYHOV�WUDQVODWHG
LQWR�6ZHGLVK
�*HOOHUVWDP������
RU�QHZVSDSHU
DUWLFOHV��/DYLRVD
������

7UDQVFULSWLRQ�FRUSXV 7UDQVFULSWLRQV�RI�GLDOHFW
YHUVLRQV�RI�D�VWDQGDUG
ODQJXDJH�WH[W�RU�SKRQHWLF
WUDQVFULSWLRQV�RI�VSRNHQ
ODQJXDJH�

7H[W�W\SH�FRUSXV
�RQH�JHQUH�

0RQROLQJXDO
FRUSXV�FRQWDLQLQJ
WH[WV�IURP�WKH
VDPH�WH[W�JHQUH�

0RQR�
OLQJXDO
FRUSXV

7DUJHW�YDULDQW�FRUSXV 'LIIHUHQW�WUDQVODWLRQV
LQWR�WKH�VDPH�WDUJHW
ODQJXDJH�RI�WKH�VDPH
RULJLQDO�WH[W��FI��3ODW]DFN
������

0L[HG�WH[W�W\SH
FRUSXV

'LIIHUHQW�WH[W
W\SHV�LQ�WKH�VDPH
ODQJXDJH��XVXDOO\
EDODQFHG�

7UDQVODWLRQ�FRUSXV 6RXUFH�WH[W�DQG�WDUJHW
WH[W�

7H[W�W\SH�FRUSXV
�RQH�JHQUH�

0XOWLOLQJXDO
FRUSXV�FRQWDLQLQJ
WH[WV�IURP�WKH
VDPH�WH[W�JHQUH�

0XOWL�WDUJHW�FRUSXV 6HYHUDO�WDUJHW�WH[WV�LQ
GLIIHUHQW�ODQJXDJHV
RULJLQDWLQJ�IURP�RQH
VRXUFH�WH[W�

0L[HG�WH[W�W\SH
FRUSXV

'LIIHUHQW�WH[W
W\SHV�LQ�VHYHUDO
ODQJXDJHV��XVXDOO\
EDODQFHG�

0XOWL�
OLQJXDO
FRUSXV

0L[HG�VRXUFH�FRUSXV 6HYHUDO�SDUDOOHO�WH[WV
ZKHUH�WKH�RULJLQDO�LV
XQNQRZQ��FI��(8�WH[WV
DQG�FHUWDLQ�%LEOH
WUDQVODWLRQV��H�J�
0HODPHG������F���

8VXDOO\�WKH�WH[WV�LQ�SDUDOOHO�FRUSRUD�DUH�OLQNHG��RU�DOLJQHG��RQ�WKH�VHQWHQFH�OHYHO�
$Q�H[DPSOH�RI�D�VHQWHQFH�DOLJQHG�WH[W�IURP�D�WUDQVODWLRQ�RI�D�FRPSXWHU�SURJUDP
PDQXDO�LQWR�6ZHGLVK�LV�VKRZQ�LQ�7DEOH���
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7DEOH����([DPSOH�RI�VHQWHQFH�DOLJQHG�WH[W

6RXUFH�7H[W 7DUJHW�7H[W 0DSSLQJ

0LFURVRIW� $FFHVV� ���� KDV� QHZ� EXLOW�LQ
WRROEDUV�WKDW�\RX�FDQ�PRGLI\�WR� ILW�\RXU
UHTXLUHPHQWV�� PRYH� DURXQG� LQ� WKH
0LFURVRIW� $FFHVV� ZLQGRZ�� DQG� KLGH� RU
VKRZ�LQGLYLGXDOO\�

0LFURVRIW� $FFHVV� YHUVLRQ� ���� KDU� Q\D�
LQE\JJGD�YHUNW\JVIlOW�VRP�GX�NDQ�lQGUD
Vn� DWW� GH� SDVVDU� GLQD� VSHFLHOOD� NUDY�� 'X
NDQ� IO\WWD� UXQW� GHP� L� I|QVWUHW� I|U
0LFURVRIW� $FFHVV� RFK� J|PPD� HOOHU� YLVD
GHP�LQGLYLGXHOOW�

���

<RX� FDQ� DOVR� FUHDWH� \RXU� RZQ� FXVWRP
WRROEDUV�

'X�NDQ�RFNVn�VNDSD�HJQD�YHUNW\JVIlOW� ���

7R� KLGH� RU� VKRZ� DQ� LQGLYLGXDO� WRROEDU�
LQFOXGLQJ� FXVWRP� WRROEDUV� \RX� FUHDWH
\RXUVHOI��FKRRVH�7RROEDUV�IURP�WKH�9LHZ
PHQX�

1lU� GX� YLOO� YLVD� HOOHU� J|PPD� HWW� YLVVW
YHUNW\JVIlOW�� lYHQ� VnGDQD� VRP� GX� VMlOY
VNDSDW�� YlOMHU� GX� 9HUNW\JVIlOW� Sn� 9LVD�
PHQ\Q�

���

<RX�FDQ�DOVR�KLGH�RU�VKRZ�D�WRROEDU�LQ�D
PDFUR� RU� PRGXOH� E\� XVLQJ� WKH
6KRZ7RROEDU�DFWLRQ�

'X� NDQ� RFNVn� YLVD� HOOHU� J|PPD
YHUNW\JVIlOW� IUnQ� HWW� PDNUR� HOOHU� HQ
PRGXO� PHG� LQVWUXNWLRQHQ� 9LVD
YHUNW\JVIlOW�

���

7R� KLGH� RU� VKRZ� DOO� EXLOW�LQ� WRROEDUV�
FKRRVH�2SWLRQV�IURP�WKH�9LHZ�PHQX�DQG
LQ�WKH�*HQHUDO�FDWHJRU\��VHW�WKH�%XLOW�,Q
7RROEDUV�$YDLODEOH�RSWLRQ��VLPLODU�WR�WKH
6KRZ�7RRO�%DU�RSWLRQ�LQ�YHUVLRQ���[��

1lU� GX� YLOO� YLVD� HOOHU� J|PPD� DOOD
LQE\JJGD� YHUNW\JVIlOW� YlOMHU� GX
$OWHUQDWLY� Sn� 9LVD�PHQ\Q�� ,� NDWHJRULQ
$OOPlQW� DQJHU� GX� LQVWlOOQLQJHQ� -D� HOOHU
1HM� I|U� 9LVD� LQE\JJGD� YHUNW\JVIlOW�
'HWWD� PRWVYDUDU� DOWHUQDWLYHW� 9LVD
YHUNW\JVIlOW�L�YHUVLRQ���[�

���

7KH�FROXPQ�´0DSSLQJµ�VKRZV�WKH�VHQWHQFH�UHODWLRQVKLS�EHWZHHQ�WKH�VRXUFH�DQG
WDUJHW� VHJPHQWV�� 7KH� ILUVW� (QJOLVK� VHQWHQFH� KDV� EHHQ� WUDQVODWHG� ZLWK� WZR
6ZHGLVK�VHQWHQFHV�DQG�WKH�ODVW�(QJOLVK�VHQWHQFH�ZLWK�WKUHH�6ZHGLVK�VHQWHQFHV�

7KH� FRQFHSW� RI� ´ELOLQJXDO� SDUDOOHO� WH[Wµ� LV� GHULYHG� IURP� +DUULV·� ������
LQWURGXFWLRQ�RI�WKH�ELWH[W�FRQFHSW�ZKHUH�WKH�WZR�WH[WV�DUH�FRQQHFWHG�RQ�GLIIHUHQW
VHJPHQW� OHYHOV� LQWR�D�ZKROH�ELWH[W�� ´VWRUHG� LQ�VXFK�D�ZD\�WKDW�HDFK�UHWULHYDEOH
VHJPHQW�FRQVLVWV�RI�D�VHJPHQW�LQ�RQH�ODQJXDJH�OLQNHG�WR�D�VHJPHQW�LQ�WKH�RWKHU
ODQJXDJH�ZKLFK�KDV�WKH�VDPH�PHDQLQJµ��+DUULV��S�������

$V�ZLOO�EH�VKRZQ�ODWHU��VHH�)LJXUH�����WKH�IDFW�WKDW�WUDQVODWLRQV�FDQ�EH�PDGH�ZLWK
GLIIHUHQW�PHWKRGV��ZLWK�GLIIHUHQW�REMHFWLYHV�FRQFHUQLQJ�WKH�UHODWLRQVKLSV�EHWZHHQ
WKH�VRXUFH�DQG�WDUJHW�WH[W��PHDQV�WKDW�SDUDOOHO� WUDQVODWLRQ�FRUSRUD�ZLOO�FRQWDLQ
GLIIHUHQW�W\SHV�RI�SDUDOOHO�WH[WV��+DUWPDQQ�GLVWLQJXLVKHV�EHWZHHQ�WKUHH�W\SHV�RI
SDUDOOHO�WH[WV��+DUWPDQQ�������
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���7H[WV�WKDW�DUH�WKH�UHVXOW�RI�D�IXOO�VFDOH�WUDQVODWLRQ�DFW��H�J��QRYHOV�

���7H[WV� WKDW� DUH� WKH� UHVXOW�RI� LQWHUOLQJXDO� DGDSWDWLRQ� �H�J�� DGYHUWLVHPHQWV� DQG
PXOWLOLQJXDO� IRUPXODWLRQV� RI� GRFXPHQWV� SXEOLVKHG� E\� LQWHUQDWLRQDO
RUJDQLVDWLRQV�

���7H[WV� WKDW� DUH� QRW� WUDQVODWLRQDOO\� HTXLYDOHQW�� EXW� IXQFWLRQDOO\� VLPLODU� LQ
VLWXDWLRQDOO\� PRWLYDWLRQ� DQG� UKHWRULFDO� VWUXFWXUH� �H�J�� FRRNLQJ� UHFLSHV�
ZHGGLQJ�DQQRXQFHPHQWV��

7\SH���PLJKW�DFWXDOO\�EH�FRQVLGHUHG�DV�D�VXEW\SH�RI���DQG�WKLV�PHUJHG�FDWHJRU\
RI�SDUDOOHO� WH[WV�KDV�EHHQ� WHUPHG� ´ELWH[Wµ�E\�+DUULV� ��������PHDQLQJ� ´D� VRXUFH
WH[W�DQG�WDUJHW�WH[W�DV�WKH\�FR�H[LVW� LQ�WKH�WUDQVODWRU·V�PLQG�DW�WKH�PRPHQW�RI
WUDQVODWLQJµ��+HQFH�� D� ELWH[W� RU� D� SDUDOOHO� WH[W� GRHV� QRW� GLVWLQJXLVK� EHWZHHQ� D
SXUH�WUDQVODWLRQ��ZKHUH�HDFK�XQLW�LV�WUDQVODWHG�LQWR�D�PRUH�RU�OHVV�OLWHUDO�WDUJHW�
DQG� DQ� DGDSWHG� WH[W� �ZKHUH� WKH� WDUJHW� WH[W� FDQQRW� EH� OLWHUDOO\� WUDQVODWHG��
&RQVLGHU�WKH�IROORZLQJ�H[DPSOH�IURP�D�VRIWZDUH�PDQXDO�WUDQVODWHG�IURP�(QJOLVK
LQWR�6ZHGLVK�

0LFURVRIW�([FHO�9LVXDO�%DVLF�5HIHUHQFH� � � �$� FRPSOHWH� UHIHUHQFH� WR� WKH�9LVXDO
%DVLF�ODQJXDJH�LV�DYDLODEOH�LQ�RQOLQH�+HOS��7KLV�UHIHUHQFH�LV�DOVR�DYDLODEOH�LQ�ERRN
IRUP�DQG�FDQ�EH�SXUFKDVHG� LQ�ERRN�DQG�VRIWZDUH�VWRUHV�RU�RUGHUHG�GLUHFWO\� IURP
0LFURVRIW�3UHVV��7R�SODFH�D�FUHGLW�FDUG�RUGHU��FDOO���������������RU�WROO�IUHH�����
06�35(66�� %H� VXUH� WR� KDYH� \RXU� UHIHUHQFH� FRGH� );/� UHDG\� IRU� IDVWHU� RUGHU
SURFHVVLQJ�

0LFURVRIW�([FHO�9LVXDO�%DVLF�5HIHUHQV� � � �(Q� IXOOVWlQGLJ�EHVNULYQLQJ�DY�9LVXDO
%DVLF�VSUnNHW� ILQQV� L� GLUHNWKMlOSHQ�� 'HQ� KlU� UHIHUHQVKDQGERNHQ� ILQQV� lYHQ� L
ERNIRUP�RFK�NDQ�N|SDV�L�ERNKDQGHOQ�HOOHU�L�SURJUDPYDUXDIIlUHU�

7KH�PRUH� HODERUDWH� GHVFULSWLRQ� RI� KRZ� WR� RUGHU� WKH� ERRN� LQ� TXHVWLRQ� GLUHFWO\
IURP�WKH�SXEOLVKHU�KDV�EHHQ�RPLWWHG�LQ�WKH�6ZHGLVK�WUDQVODWLRQ�RI�WKLV�SDUDJUDSK�
EHFDXVH�LW�KDV�EHHQ�DGDSWHG�WR�D�W\SLFDO�6ZHGLVK�XVHU�ZKR�ZLOO�QRW�RU�FDQQRW�FDOO
WROO�IUHH�QXPEHUV�WR�WKH�8QLWHG�6WDWHV�

,Q�PRVW� LQGXVWULDOLVHG� W\SHV�RI� WUDQVODWLRQV� LW�ZRXOG�EH� YHU\�GLIILFXOW� WR� ILQG� D
FRPSOHWHO\�´SXULILHGµ�NLQG�RI�WUDQVODWLRQ��UHDG�OLWHUDO���6RPH�GHJUHH�RI�DGDSWDWLRQ
LV� QHHGHG� LQ� WKLV� NLQG� RI� WUDQVODWLRQ�� DQG� DOWKRXJK� VWUHWFKHV� RI� WH[W� PD\� EH
FRQVLGHUHG� DV� EHORQJLQJ� WR� +DUWPDQQ·V� W\SH� �� DERYH�� WKHUH� ZLOO� FHUWDLQO\� EH
SDVVDJHV�ZKHUH�DGDSWDWLRQ�LV�SUHIHUUHG�DQG�LQGHHG�DEVROXWHO\�QHFHVVDU\�

���� 7UDQVODWLRQ�VWXGLHV

7KH�ILHOG�RI�WUDQVODWLRQ�VWXGLHV�KDV�QRW�\HW�UHDFKHG�WKH�VWDJH�ZKHUH�UHVHDUFKHUV
DUH�ZLOOLQJ� WR� ODEHO� LW� DV� WUDQVODWLRQ� VFLHQFH�� ,W� LV� QRWDEOH� WKDW� WZR� RI� WKH�PRVW
LQIOXHQWLDO�ZRUNV�ZLWKLQ�WKH�ILHOG�H[SUHVV�WKLV� LQ�WKH�ERRN�WLWOHV��(XJHQH�1LGD·V
´7RZDUG�D�6FLHQFH�RI�7UDQVODWLRQµ��1LGD�������DQG�*LGHRQ�7RXU\·V�´,Q�6HDUFK�RI
D�7KHRU\�RI�7UDQVODWLRQµ��7RXU\�������
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7UDQVODWLRQ� VWXGLHV�� DV� WKH� ILHOG� LV�PRVW� FRPPRQO\� UHIHUUHG� WR�� LV� DQ� HPSLULFDO
GLVFLSOLQH� DQG� VKRXOG� DFFRUGLQJ� WR� 7RXU\� ������� EH� GHYLVHG� WR� GHVFULEH� DQG
H[SODLQ�FHUWDLQ�VHJPHQWV�RI�SKHQRPHQD�RI�ODQJXDJH�DQG�ODQJXDJH�XVH�LQ�WKH�´UHDO
ZRUOGµ�� /LNH� DOO� EUDQFKHV� RI� VFLHQFH�� WUDQVODWLRQ� VWXGLHV� VKRXOG� FRQWDLQ� D
GHVFULSWLYH� EUDQFK� ZKHUH� SKHQRPHQD� RQ� WKH� REMHFW� OHYHO� FDQ� EH� GHVFULEHG�
H[SODLQHG�DQG�SUHGLFWHG�

-DPHV�6��+ROPHV·��������GHVFULSWLRQ�RI�WKH�WUDQVODWLRQ�VWXGLHV�ILHOG�LV�GHSLFWHG�LQ
)LJXUH���

)LJXUH����+ROPHV�RXWOLQH�RI�7UDQVODWLRQ�VWXGLHV��LQ�7RXU\�������S�����

7KH� PDMRU� GLYLVLRQ� OLHV� LQ� +ROPHV� YLHZ� EHWZHHQ� WKH� ´3XUHµ� DQG� $SSOLHG
EUDQFKHV�� 3XUH� WUDQVODWLRQ� VWXGLHV� DUH� EURNHQ� GRZQ� LQWR� D� WKHRUHWLFDO� DQG� D
GHVFULSWLYH� EUDQFK�ZKLFK� LQ� WXUQ� DUH� GLYLGHG� LQWR� WKH� JHQHUDO� DQG� SDUWLDO� VXE�
EUDQFKHV�IRU�WKH�WKHRUHWLFDO�VLGH��DQG�SURGXFW��SURFHVV�DQG�IXQFWLRQ�RULHQWHG�IRU
WKH� GHVFULSWLYH� EUDQFK�� 2Q� WKH� DSSOLHG� VLGH� RI� WUDQVODWLRQ� VWXGLHV� ZH� ILQG� WKH
PRUH�FRQFUHWH�PDQLIHVWDWLRQV�RI�WUDQVODWLRQ�ZRUN��VXFK�DV�WUDLQLQJ�RI�WUDQVODWRUV�
WUDQVODWLRQ�DLGV�DQG�WUDQVODWLRQ�FULWLFLVP�

������ 3URGXFW���SURFHVV��DQG�IXQFWLRQ�RULHQWHG�DSSURDFKHV
7KH� GLYLVLRQ� RI� 'HVFULSWLYH� 7UDQVODWLRQ� 6WXGLHV� LQWR� SURGXFW��� SURFHVV�� DQG
IXQFWLRQ�RULHQWHG� DSSURDFKHV� LV� RI� PDMRU� LPSRUWDQFH�� ,Q� D� SURGXFW�RULHQWHG
DSSURDFK��LW�LV�WKH�FRQFUHWH�SURGXFWV�DQG�UHVXOWV�RI�WUDQVODWLRQ�ZRUN�WKDW�DUH�WKH
REMHFW�RI�VWXG\��QDPHO\�WKH�VRXUFH�DQG�WDUJHW�WH[WV��7KHVH�WH[WV�DUH�WKH�HPSLULFDO
EDVLV� IRU�DQ\�SURGXFW�RULHQWHG� LQYHVWLJDWLRQ��$�SURFHVV�RULHQWHG� DSSURDFK�KDV� LWV
IRFXV� RQ�KRZ� D� WUDQVODWLRQ� LV� FUHDWHG��ZKDW� GHFLVLRQV� D� WUDQVODWRU�PDNHV��ZKDW
VWUDWHJLHV�VKH�XVHV��HWF��,Q�D�IXQFWLRQ�RULHQWHG�DSSURDFK�WR�GHVFULSWLYH�WUDQVODWLRQ
VWXGLHV�WKH�UHVHDUFK�LV�DLPHG�DW�WKH�UHFRYHULQJ�WKH�IXQFWLRQ�RI�D�WUDQVODWLRQ��WKH
UROH�DQG�SRVLWLRQ�RI�WKH�WUDQVODWLRQ�LQ�WKH�WDUJHW�FXOWXUH�DQG�WDUJHW�FRQWH[W�

7UDQVODWLRQ�6WXGLHV

´3XUHµ $SSOLHG

7KHRUHWLFDO 'HVFULSWLYH

*HQHUDO�����������3DUWLDO����3URGXFW����3URFHVV�����)XQFWLRQ
��������������������������������������RULHQWHG����2ULHQWHG����2ULHQWHG

7UDQVODWRU������7UDQVODWLRQ�����7UDQVODWLRQ
WUDLQLQJ�����������$LGV����������������&ULWLFLVP

0HGLXP����������$UHD���������5DQN����������7H[W�7\SH�������7LPH���������3UREOHP
5HVWULFWHG����5HVWULFWHG���5HVWULFWHG����5HVWULFWHG�����5HVWULFWHG���5HVWULFWHG
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7KH�PRVW� FRPPRQO\�XVHG�PHWKRG�RI� VWXG\LQJ� WKH�SURFHVV� RI� WUDQVODWLRQ� LV� E\
XVLQJ� 7KLQN�$ORXG� 3URWRFROV� �7$3V��� IRU� H[DPSOH�� 7$3V� KDYH� EHHQ� XVHG� E\
'HFKHUW�DQG�6DQGURFN��������DQG�/|UFKHU���������7KH�WKLQN�DORXG�SURWRFROV�DUH
XVHG�WR�FROOHFW�LQWURVSHFWLYH�GDWD��EDVLFDOO\�WKH�VXEMHFWV�DUH�DVNHG�WR�VWDWH�DORXG
ZKDW�FRPHV�WR�PLQG�ZKLOH�WUDQVODWLQJ��)RU�H[DPSOH��7$3V�KDYH�PDGH�LW�SRVVLEOH
WR� WHVW� ZKHWKHU� WUDQVODWRUV� ILQG� LW� PRUH� SUREOHPDWLF� WR� WUDQVODWH� LQWR� WKHLU
PRWKHU�WRQJXH�RU�IURP�WKHLU�PRWKHU�WRQJXH��/|UFKHU�������

7KH�UROH�DQG�IXQFWLRQ�RI�WKH�WUDQVODWLRQ�ZLOO�FHUWDLQO\�GHWHUPLQH�ZKLFK�VWUDWHJLHV
D� WUDQVODWRU� XVHV� GXULQJ� WUDQVODWLRQ� DQG� WKHUHIRUH� DOVR� ZKDW� FKDUDFWHULVHV� WKH
WUDQVODWLRQ�SURFHVV��$�SURGXFW�RULHQWHG�DSSURDFK�FDQ� WKHUHIRUH�QRW�EH� WDNHQ� LQ
LVRODWLRQ� IURP� ´TXHVWLRQV� SHUWDLQLQJ� WR� WKH� GHWHUPLQLQJ� IRUFH� RI� LWV� LQWHQGHG
IXQFWLRQ�DQG�WR�WKH�VWUDWHJLHV�JRYHUQHG�E\�WKH�QRUPV�RI�HVWDEOLVKLQJ�D� ¶SURSHU·
SURGXFWµ� �7RXU\� ������ S�� ����� ,Q� RWKHU�ZRUGV�� HYHQ� LI� WKH�PDLQ� REMHFWLYH� LV� WR
VWXG\�WKH�REMHFW�UHODWLRQVKLSV�EHWZHHQ�DQ�RULJLQDO�DQG�LWV�WUDQVODWLRQ��RQH�PXVW
DOVR� WDNH� LQWR�DFFRXQW� LQ�ZKDW� FRQWH[W� WKH� WUDQVODWLRQ� LV�JRLQJ� WR�EH�XVHG� �IRU
H[DPSOH�� DV� D� FRPSXWHU�PDQXDO� IRU� QRYLFH� XVHUV�� RU�ZKDW� SRVVLEOH� FRQVWUDLQWV
WKHUH�FRXOG�EH�IRU�WUDQVIHUULQJ�UHOHYDQW�LQIRUPDWLRQ��RU�DWWLWXGHV��LQWR�WKH�WDUJHW
VHWWLQJ�

7KH�DSSURDFK�WDNHQ�LQ�WKLV�WKHVLV�LV�GRPLQDWHG�E\�D�SURGXFW�RULHQWHG�YLHZSRLQW�
LW�LV�WKH�VRXUFH�WH[WV�DQG�WKHLU�WUDQVODWLRQV�WKDW�DUH�WKH�SULQFLSDO�REMHFWV�RI�VWXG\�
0RUHRYHU��WKH�VWXG\�KDV�D�VSHFLILF�DSSOLFDWLRQ�LQ�PLQG��QDPHO\�WUDQVODWLRQ�DLGV�
VR� WKH� ILQGLQJV� DUH� SULPDULO\� MXGJHG� IRU� WKHLU� UHOHYDQFH� WR� WKLV� DSSOLFDWLRQ�
+RZHYHU��OLQJXLVWLF�SURSHUWLHV�DQG�FRQVWUDLQWV�RI�WKH�VRXUFH�DQG�WDUJHW�ODQJXDJH
PXVW�DOVR�EH�FRQVLGHUHG�DV�ZHOO�DV�WH[W�W\SH��DYDLODELOLW\�RI�UHVRXUFHV��QXPEHU�RI
WUDQVODWRUV�LQYROYHG��HWF�

,Q�WKH�LGHDO�VLWXDWLRQ��WKH�ILHOG�RI�WUDQVODWLRQ�VFLHQFH�VKRXOG�EH�DEOH�WR�OHW�WKHRU\
DQG�HPSLULFDO�UHVXOWV� IRUP�WKH�EDVLV� IRU� WKH�DSSOLHG� WUDQVODWLRQ� ILHOGV� WDXJKW�DW
XQLYHUVLWLHV�DQG�� LQ�SDUWLFXODU�� WKH�GLIIHUHQW� WRROV�DQG�DLGV� WKDW�DUH�SURGXFHG�WR
LPSURYH� WUDQVODWLRQ�ZRUN��7KH� UHVHDUFK�SKLORVRSK\� LQLWLDWHG�E\�3LHUUH� ,VDEHOOH
DQG� WKH� JURXS� DW� WKH�8QLYHUVLW\� RI�0RQWUHDO� DGKHUH� WR� WKLV� EDVLF� LGHD� WRR�� DV
HYLGHQFHG�E\� WKH�TXRWH� LQ� WKH� ,QWURGXFWLRQ��SDJH����7KH�DVVXPSWLRQ� LV�RI�YLWDO
LPSRUWDQFH�LQ�WKLV�ZRUN��SUDFWLFDO�WUDQVODWLRQ�WRROV�DQG�WUDQVODWLRQ�PHWKRGRORJ\
VKRXOG�EH�ILUPO\�EDVHG�RQ�HPSLULFDO�GDWD�SUHVHQW�LQ�H[LVWLQJ�WUDQVODWLRQV�

������ 7\SHV�RI�WUDQVODWLRQ
$V�KDV�EHHQ�SRLQWHG�RXW�E\�%DNHU���������WUDQVODWHG�WH[WV�SOD\�D�YHU\�LPSRUWDQW
UROH�LQ�IRUPLQJ�SHRSOH·V�H[SHULHQFH�DQG�NQRZOHGJH�RI�RWKHU�FXOWXUHV��0RVW�RI�WKH
IDPRXV� ZRUNV� LQ� WKH� ZRUOG� OLWHUDWXUH� FRPH� WR� XV� RQO\� LQ� WUDQVODWHG� YHUVLRQV�
)XUWKHUPRUH�� ZH� DUH� GHSHQGHQW� RQ� WUDQVODWLRQV� RI� QHZV� EXOOHWLQV�� OHJDO
GRFXPHQWV��RSHUDWLQJ�PDQXDOV�IRU�WHFKQLFDO�DSSOLDQFHV��DQG�YDULRXV�RWKHU�FHQWUDO
DUHDV�LQ�RXU�OLYHV�
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*LYHQ�WKDW�WUDQVODWHG�WH[WV�SOD\�VXFK�DQ�LPSRUWDQW�UROH�LQ�VKDSLQJ�RXU�H[SHULHQFH
RI�OLIH�DQG�RXU�YLHZ�RI�WKH�ZRUOG�� LW� LV�GLIILFXOW�WR�XQGHUVWDQG�ZK\�WUDQVODWLRQ�KDV
WUDGLWLRQDOO\�EHHQ�YLHZHG�DV�D�VHFRQG�UDWH�DFWLYLW\��QRW�ZRUWK\�RI�VHULRXV�DFDGHPLF
HQTXLU\�� DQG�ZK\� WUDQVODWHG� WH[WV� KDYH� EHHQ� UHJDUGHG� DV� QR�PRUH� WKDQ� VHFRQG�
KDQG�DQG�GLVWRUWHG�YHUVLRQV�RI�¶UHDO·�WH[WV���%DNHU��LELG��S������

)RU�VPDOO�ODQJXDJHV�OLNH�6ZHGLVK�WKH�LQIOXHQFH�RI�WUDQVODWLRQ�RQ�ZULWWHQ�WH[W�LQ
JHQHUDO� LV�PRUH�VLJQLILFDQW� WKDQ� IRU�ZRUOG� ODQJXDJHV� OLNH�(QJOLVK��6SDQLVK�DQG
)UHQFK�� %HIRUH� WKH� PLGGOH� RI� WKH� ��WK� FHQWXU\�� WUDQVODWLRQ� GRPLQDWHG� WKH
SURGXFWLRQ� RI� WH[W� LQ� 6ZHGLVK�� )XUWKHUPRUH�� WKH� PDMRULW\� RI� OLWHUDU\� WH[W
SXEOLVKHG� LQ�6ZHGLVK� LQ� WKH� ODVW� WZR� FHQWXULHV� FRQVLVWV�RI� WUDQVODWLRQV� �:ROOLQ
������

'XULQJ� WKH� VL[WLHV� DQG� VHYHQWLHV� WUDQVODWLRQ� VWXGLHV� ZHUH� KHDYLO\� VRXUFH�
RULHQWHG��WKDW�LV�WKH�PDLQ�IRFXV�ZDV�RQ�WKH�VRXUFH�WH[W�DQG�LWV�IHDWXUHV��7KH�PDLQ
REMHFWLYH�ZDV�WR�SUHVHUYH�DQG�SURWHFW�WKH�´OHJLWLPDWH�ULJKWVµ�RI�WKH�VRXUFH�WH[W�LQ
WUDQVODWLRQ� �7RXU\� ������� )HDWXUHV� DQG� FRQVWUDLQWV� SUHVHQW� LQ� WKH� WDUJHW
ODQJXDJH� ZHUH� FRQVLGHUHG� RI� VHFRQGDU\� LPSRUWDQFH�� +RZHYHU�� ZLWK� WKH
SXEOLFDWLRQV�E\�9HUPHHU���������DQG�ZRUN�E\�7RXU\��������������D�JUDGXDO�VKLIW
WRZDUGV�WDUJHW�RULHQWHG�WUDQVODWLRQ�VWXGLHV�VWDUWHG��7RGD\��HVSHFLDOO\�LQ�DSSOLHG
WUDQVODWLRQ�VWXGLHV��VXFK�DV�1HZPDUN��������DQG�,QJR��������WKH�WDUJHW�RULHQWHG
DSSURDFK�LV�WKH�SUHYDLOLQJ�ZD\�WR�DSSURDFK�SUDFWLFDO�WUDQVODWLRQ�ZRUN�

7KH� WHUP� WUDQVODWLRQHVH� KDV� EHHQ� XVHG� WR� GHVFULEH� WKH� ´V\VWHPDWLF� LQIOXHQFH� RQ
WDUJHW�ODQJXDJH��7/��IURP�VRXUFH�ODQJXDJH��6/�µ��*HOOHUVWDP��������*HOOHUVWDP
UHSRUWHG�WKDW�(QJOLVK�VRXUFH�ODQJXDJH�WH[W�KDV�KDG�D�FRQVLGHUDEOH�HIIHFW�RQ�WKH
6ZHGLVK� WUDQVODWLRQV��$OWKRXJK� WKH� WUDQVODWLRQV� DUH�JUDPPDWLFDOO\� FRUUHFW�� WKH
WUDFHV� RI� WKH� VRXUFH� WH[W� DUH� YLVLEOH� LQ� WKH� WDUJHW� WH[W�� IRU� H[DPSOH��ZKHQ� \RX
FRPSDUH�WUDQVODWHG�QRYHOV�ZLWK�QRYHOV�ZULWWHQ�LQ�WKH�RULJLQDO�ODQJXDJH��&HUWDLQ
FRQVWUXFWLRQV� DQG� OH[LFDO� LWHPV� ZLOO� KDYH� D� PXFK� KLJKHU� IUHTXHQF\� LQ� WKH
WUDQVODWHG� QRYHOV� WKDQ� LQ� QRYHOV� ZULWWHQ� RULJLQDOO\� LQ� WKH� VDPH� ODQJXDJH�� $Q
LOOXVWUDWLYH�H[DPSOH�IURP�*HOOHUVWDP·V�VWXG\�RI�6ZHGLVK�WUDQVODWLRQV�RI�(QJOLVK
QRYHOV�LV�WKH�YHUE�DQOlQGD�ZKLFK�LV�D�VWDQGDUG�WUDQVODWLRQ�RI�WKH�(QJOLVK�DUULYH�
EXW� LQ�RULJLQDO�6ZHGLVK� ILFWLRQ� WKLV�YHUE� LV�KDUGO\�XVHG�DW� DOO� �LQVWHDG� WKH�YHUE
NRPPD��WLOO�� LV�WKH�SUHIHUUHG�FKRLFH���)XUWKHUPRUH��WDJ�TXHVWLRQV�OLNH�´HOOHU�KXUµ
KDYH�D�PXFK�KLJKHU�UHODWLYH�IUHTXHQF\�LQ�WKH�WUDQVODWLRQV�FRPSDUHG�WR�RULJLQDO
6ZHGLVK�ILFWLRQ��7KH�H[LVWHQFH�RI�WUDQVODWLRQHVH�LQ�WDUJHW�WH[WV�PD\�PHUHO\�EH�D
UHVXOW�RI�XQSURIHVVLRQDO� WUDQVODWRUV��� WKH�PHFKDQLFDO�QDWXUH�RI� VHFRQG� ODQJXDJH
WUDLQLQJ� LQ� VFKRROV� RU� D� JUDGXDO�� DOPRVW� LPSHUFHSWLEOH�� LQIOXHQFH� IURP� D
GRPLQDWLQJ�ZRUOG�ODQJXDJH��7KH�XVH�RI�WUDQVODWLRQHVH�PD\�RQ�WKH�RWKHU�KDQG�EH
D�FRQVFLRXV�FKRLFH�E\�WKH�WUDQVODWRU�LQ�RUGHU�WR�DFKLHYH�D�FHUWDLQ�HIIHFW�

7KH� ZD\� WKDW� D� WUDQVODWLRQ� LV� UHODWHG� WR� LWV� VRXUFH� DQG� WDUJHW� WH[W� KDV� EHHQ
GHVFULEHG� E\� IRU� H[DPSOH� 1HZPDUN� �������� $� WUDQVODWLRQ� FDQ� EH� SODFHG�� LQ� D
JHQHUDO� VHQVH�� RQ� D� FRQWLQXXP� IURP� EHLQJ� VRXUFH� ODQJXDJH�RULHQWHG� RU� WDUJHW

����������������������������������������������������������
��,Q�WKH�6ZHGLVK�QHZVSDSHU�'DJHQV�1\KHWHU�D�OLWHUDU\�FULWLF�GUDZV�DWWHQWLRQ�WR�D�SLHFH�RI�SRRU
WUDQVODWLRQ�ZRUN�RI�D�UHFHQWO\�SXEOLVKHG�ERRN�RQ�0DUFK�����������7KH�WUDQVODWRU�KDG�WUDQVODWHG�WKH
(QJOLVK�´6OHHSLQJ�%HDXW\µ�ZLWK�WKH�WUDQVODWLRQHVH�´VRYDQGH�VN|QKHWµ�LQVWHDG�RI�WKH�VWDQGDUG�SURSHU
QDPH�IURP�WKH�IDLU\�WDOH�µ7|UQURVDµ�
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ODQJXDJH�RULHQWHG�� 7KLV� FRQWLQXXP� RI� WUDQVODWLRQ� RULHQWDWLRQ� LV� LOOXVWUDWHG� LQ
)LJXUH���EHORZ�

6/�HPSKDVLV 7/�HPSKDVLV
:RUG�IRU�ZRUG�WUDQVODWLRQ $GDSWDWLRQ

/LWHUDO�7UDQVODWLRQ )UHH�WUDQVODWLRQ
)DLWKIXO�WUDQVODWLRQ ,GLRPDWLF�WUDQVODWLRQ

6HPDQWLF�WUDQVODWLRQ &RPPXQLFDWLYH�WUDQVODWLRQ

)LJXUH����'LIIHUHQW�WUDQVODWLRQ�PHWKRGV��1HZPDUN�������S�����

7KH�ZRUG�IRU�ZRUG�WUDQVODWLRQ�PHWKRG�LV�XVXDOO\�XVHG�IRU�LOOXVWUDWLRQ�SXUSRVHV�RU
DV� D� VWDJH� LQ� WKH� WUDQVODWLRQ� SURFHVV� ZKHUH� HDFK� VRXUFH� ODQJXDJH� VHJPHQW� LV
ORRNHG� XS�ZRUG� E\�ZRUG��+HUH� JUDPPDWLFDO� LVVXHV� LQ� WKH� WDUJHW� ODQJXDJH� DUH
LJQRUHG� DQG� WKH� ZRUG� RUGHU� LQ� WKH� WDUJHW� ODQJXDJH� PLPLFV� WKH� RUGHU� LQ� WKH
VRXUFH�ODQJXDJH�

,Q� OLWHUDO� WUDQVODWLRQ� WKH� JUDPPDWLFDO� VWUXFWXUH� DUH� SUHVHUYHG� DV� FORVHO\� DV
SRVVLEOH� WR� WKHLU� QHDUHVW� JUDPPDWLFDO� 7/� HTXLYDOHQWV�� 7KH� OH[LFDO� LWHPV� DUH
KRZHYHU�WUDQVODWHG�RXW�RI�FRQWH[W�DQG�RQH�E\�RQH�

)DLWKIXO� WUDQVODWLRQ� PHDQV� WKDW� WKH� WUDQVODWRU� WULHV� WR� UHSURGXFH� WKH� H[DFW
FRQWH[WXDO�PHDQLQJV�RI�WKH�6/�WH[W�ZLWKLQ�WKH�FRQVWUDLQWV�RI�WKH�7/�JUDPPDU�
+HUH�WKH�JUDPPDU�DQG� OH[LFDO�FKRLFH�DUH�SUHVHUYHG� LQ�WKH�WDUJHW� LQ�D�ZD\�WKDW
GHYLDWLRQV�IURP�WKH�6/�QRUPV�SUHVHQW� LQ�WKH�VRXUFH�WH[W�DUH�WUDQVIHUUHG�WR�WKH
WDUJHW�WH[W�

6HPDQWLF�WUDQVODWLRQ�LV�VLPLODU�WR�IDLWKIXO�WUDQVODWLRQ��EXW�ZLWK�WKH�GLIIHUHQFH�WKDW
WKH�DHVWKHWLF�YDOXH�RI�WKH�6/�WH[W�PXVW�EH�DFFRXQWHG�IRU��H�J��´EHDXWLIXOµ�VRXQGV�
DQG�WKHUHE\�FRPSURPLVLQJ�WKH�FRQWHQW�WR�D�FHUWDLQ�GHJUHH��1HZPDUN�ZULWHV�WKDW
WKH� GLIIHUHQFH� EHWZHHQ� ´IDLWKIXOµ� DQG� ´VHPDQWLFµ� WUDQVODWLRQ� ´LV� WKDW� WKH� ILUVW� LV
XQFRPSURPLVLQJ�DQG�GRJPDWLF��ZKLOH�WKH�VHFRQG�LV�PRUH�IOH[LEOHµ�

$GDSWDWLRQ� LV� WKH� IUHHVW� W\SH� RI� WUDQVODWLRQ�� XVXDOO\� IRXQG� LQ� SOD\V� DQG� SRHWU\
ZKHUH�WKHPHV��FKDUDFWHU�DQG�SORWV�DUH�SUHVHUYHG��EXW�OLWWOH�HOVH�

,Q�IUHH�WUDQVODWLRQ�WKH�WUDQVODWRU�UHSURGXFHV�WKH�FRQWHQW�ZLWKRXW�DGKHULQJ�WR�WKH
IRUP� RI� WKH� RULJLQDO�� 2IWHQ� LW� LV� D� SDUDSKUDVH� WKDW� LV� PXFK� ORQJHU� WKDQ� WKH
RULJLQDO�

,GLRPDWLF� WUDQVODWLRQ� LV� VLPLODU� WR� IUHH� WUDQVODWLRQ�� EXW� ZLWK� WKH� GLIIHUHQFH� WKDW
WKHUH�LV�D�FORVHU�PDSSLQJ�EHWZHHQ�WKH�IRUP�RI�WKH�VRXUFH�DQG�WDUJHW�WH[WV��7KH
QXDQFHV�RI�PHDQLQJ�DUH�KRZHYHU�RIWHQ�GLVWRUWHG�E\�FROORTXLDOLVPV�DQG�LGLRPV�LQ
WKH�WUDQVODWLRQ��ZKLFK�DUH�QRW�SUHVHQW�LQ�WKH�RULJLQDO�

)LQDOO\�� E\� FRPPXQLFDWLYH� WUDQVODWLRQ� WKH� WUDQVODWRU� WULHV� WR� ILQG� WKH� H[DFW
FRQWH[WXDO� PHDQLQJ� RI� WKH� RULJLQDO� LQ� D� ZD\� WKDW� ERWK� IRUP� DQG� FRQWHQW� DUH
DFFHSWHG� DQG� XQGHUVWRRG� E\� WKH� LQWHQGHG� UHDGHUV�� ,Q� VKRUW�� WKLV� LV� WKH� JROGHQ
FRPSURPLVH�EHWZHHQ�FRQWHQW�DQG�IRUP�



8QGHUVWDQGLQJ�DQG�HQKDQFLQJ�WUDQVODWLRQV�E\�SDUDOOHO�WH[W�SURFHVVLQJ

��

6HPDQWLF� WUDQVODWLRQ� LV� LQ� 1HZPDUN·V� RSLQLRQ� SHUVRQDO� DQG� LQGLYLGXDO� DQG
IROORZV�WKH�WKRXJKW�SURFHVVHV�RI�WKH�6/�DXWKRU��&RPPXQLFDWLYH�WUDQVODWLRQ�KDV�D
VWURQJHU� IRFXV� RQ� WKH� WDUJHW� ODQJXDJH��2U� WR� SXW� LW� LQ�1HZPDUN·V� RZQ�ZRUGV
´VHPDQWLF� WUDQVODWLRQ� KDV� WR� LQWHUSUHW�� D� FRPPXQLFDWLYH� WUDQVODWLRQ� WR
H[SODLQµ�LELG��S�����

������ :KDW�LV�³WUDQVODWLRQ´"
,W� LV� GLIILFXOW� WR� ILQG� D� GHILQLWLRQ� RI� WUDQVODWLRQ� WKDW� PRVW� VFKRODUV� DJUHH� RQ�
&DWIRUG� GHILQHV� WUDQVODWLRQ� DV� ´WKH� UHSODFHPHQW� RI� WH[WXDO� PDWHULDO� LQ� RQH
ODQJXDJH��6/��E\�HTXLYDOHQW�WH[WXDO�PDWHULDO�LQ�DQRWKHU�ODQJXDJH�7/µ��&DWIRUG
������S������1HZPDUN·V�GHILQLWLRQ�RI�WUDQVODWLRQ�LV�´UHQGHULQJ�WKH�PHDQLQJ�RI�D
WH[W�LQWR�DQRWKHU�ODQJXDJH�LQ�WKH�ZD\�WKH�DXWKRU�LQWHQGHG�WKH�WH[Wµ��1HZPDUN
������ S�� ���� /LQGTXLVW� ������� RIIHUV� D� VOLJKWO\� PRUH� H[SOLFLW� GHILQLWLRQ� RI
WUDQVODWLRQ�DV�D�SURGXFW�ZKHQ�KH�VWDWHV�WKDW�D�´WUDQVODWLRQ�LV�D�WH[W�ZKLFK�LV

�D��EDVHG�RQ�DQRWKHU�WH[W��WKH�6/�WH[W��ZKLFK�LV�ZULWWHQ�LQ�DQRWKHU�ODQJXDJH������

�E��ZULWWHQ� ZLWK� WKH� SXUSRVH� RI� PDNLQJ� VRPH� DVSHFW�V�� RI� WKH� VRXUFH� WH[W
DYDLODEOH�WR�D�QHZ�UHDGHUVKLS

�F��PDGH� LQ� VXFK� D� ZD\� DQG� VWDQGV� LQ� VXFK� D� UHODWLRQ� WR� WKH� VRXUFH� WH[W� WKDW
PHPEHUV�RI�WKH�WDUJHW�FXOWXUH�DFFHSW�LW�DV�D�WUDQVODWLRQµ���/LQGTXLVW�������S�
���

/LQGTXLVW·V�GHILQLWLRQ�VWUHVVHV�WKH�IDFW�WKDW�D�WUDQVODWLRQ�DOZD\V� LV�VHFRQGDU\�LQ
UHODWLRQ� WR� WKH� VRXUFH� WH[W� �SRLQW� D��� 3RLQW� �E�� LV� LQ� D� ZD\� FRQWUDGLFWLQJ� ERWK
&DWIRUG·V�DQG�1HZPDUN·V�GHILQLWLRQV�EHFDXVH�RI�/LQGTXLVW·V� FODLP� WKDW� LW� LV�QRW
QHFHVVDU\�WR�FRQYH\�DOO�DVSHFWV�RI�WKH�VRXUFH�WH[W�LQ�WKH�WDUJHW�WH[W��7KH�UHDVRQ
IRU�WKH�ZHDNHQLQJ�SRLQW�E�LV�WKDW�LW�PD\�QRW�EH�SRVVLEOH�WR�LQFOXGH�FHUWDLQ�DVSHFWV
RI�D�VRXUFH� WH[W� LQ�D� WUDQVODWLRQ��7KHUH�DUH�PDQ\�WUDQVODWLRQV��RIWHQ�RI� OLWHUDU\
ZRUNV��WKDW�GR�QRW�FRQWDLQ�DOO�WKH�IHDWXUHV�DQG�DVSHFWV�SUHVHQW�LQ�WKH�VRXUFH�WH[W�
VLPSO\� EHFDXVH� RI� WKH� IDFW� WKDW� VRPH� RI� WKHP� FDQQRW� EH� WUDQVODWHG� ZLWKRXW
VDFULILFLQJ�VW\OH�DQG�UHDGDELOLW\��7KH�ODVW�SRLQW�VWUHVVHV�WKH�IDFW�WKDW�WUDQVODWLRQV
DUH�DUWHIDFWV�RI�WKH�WDUJHW�FXOWXUH��2YHU�WLPH�WKH�GHPDQGV�IURP�WKH�WDUJHW�FXOWXUH
ZLOO�FKDQJH��ZKLFK�PHDQV�WKDW�D�SLHFH�RI�WH[W�WKDW�ZDV�RQFH�D�SHUIHFWO\�DFFHSWDEOH
WUDQVODWLRQ��IRU�H[DPSOH��LQ�WKH���WK�FHQWXU\��ZLOO�QRW�EH�DFFHSWHG�E\�WKH�SUHVHQW�
GD\�WDUJHW�FXOWXUH�

2QH� SDUWLFXODU� LQWHUHVW� IRU� WKLV� WKHVLV� OLHV� LQ� WKH� VHFRQG� SRLQW� WKDW� /LQGTXLVW
PDNHV��QDPHO\�� WKDW�QRW�DOO�DVSHFWV�RI�D�VRXUFH�WH[W�DUH�DOZD\V�WUDQVODWHG��,V� LW
SRVVLEOH� WR� H[SODLQ� DQG� SUHGLFW�ZKHQ� VRPHWKLQJ� LV� OHIW� RXW"�$QG� IXUWKHUPRUH�
VRPHWLPHV�D�WUDQVODWRU�DGGV�LWHPV�LQ�WKH�WDUJHW�WH[W�WKDW�PD\�KDYH�EHHQ�LPSOLFLW
LQ�WKH�RULJLQDO��EXW�QRW�VWDWHG�H[SOLFLWO\�

������ &RUUHVSRQGHQFH
$� FHQWUDO� LVVXH� LQ� WUDQVODWLRQ� VWXGLHV� KDV� EHHQ� GRPLQDQW� XQWLO� UHFHQWO\�� WKH
QRWLRQ�RI�HTXLYDOHQFH��7UDQVODWLRQV�VKRXOG�EH�DV�HTXLYDOHQW�DV�SRVVLEOH�LQ�UHODWLRQ
WR�WKH�RULJLQDO���HTXLYDOHQFH�VKRXOG�KHUH�EH�XQGHUVWRRG�DV�D�VHPDQWLF�RU�IRUPDO
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FDWHJRU\���7KH�IRFXV�KDV�WKHUHIRUH�EHHQ�´WR�GHWHUPLQH�ZKDW�DQ�LGHDO�WUDQVODWLRQ�
DV�DQ�LQVWDQFH��VKRXOG�VWULYH�WR�EH�LQ�RUGHU�WR�PLQLPLVH�LWV�LQHYLWDEOH�GLVWRUWLRQ�RI
WKH� PHVVDJHµ� �%DNHU� ������ S�� ������ 7KH� WHUP� ´HTXLYDOHQFHµ� DOVR� KDV� WKH
FRQQRWDWLRQV� RI� WDNLQJ� D� TXDOLWDWLYH� VWDQG�RQ� D� FHUWDLQ� WUDQVODWLRQ� DV� LW� LV� DOVR
UHJDUGHG�DV� IRFXVLQJ�RQ�WKH�UHODWLRQVKLS�RI� WKH�FRUUHVSRQGLQJ�VRXUFH�DQG�WDUJHW
FRQVWUXFWLRQV� �,QJR� ������� 7KH� QRWLRQ� RI� WUDQVODWLRQ� FRUUHVSRQGHQFH� LV� PRUH
QHXWUDO� LQ� WKLV� UHVSHFW� VLQFH� LW� FDQ� EH� XVHG� WR� GHVFULEH� WUDQVODWLRQV� WKDW� DUH
PHGLRFUH��EDG�RU�HYHQ�HUURQHRXV��DV�ZHOO�DV�JRRG�RU�DFFHSWDEOH�WUDQVODWLRQV�

+DDV��������ZDV�D�SLRQHHU�LQ�KLV�RSSRVLWLRQ�WR�WKH�WUDGLWLRQDO�HTXLYDOHQFH�YLHZ
E\�WDNLQJ�D�PRUH�VLWXDWLRQDO�VWDQG��7ZR�VHQWHQFHV�DUH�HTXLYDOHQW��LQ�PHDQLQJ��LI
´WKHUH� LV�D� FRUUHVSRQGHQFH�EHWZHHQ� WKHLU�XVHVµ� �LELG��S��������+DDV�DGYRFDWHG�D
VKLIW�IURP�HTXLYDOHQFH�RI�PHDQLQJ�WR�HTXLYDOHQFH�RI�XVDJH��7KLV�DOVR�LPSOLHV�WKDW
LW� LV� SRVVLEOH� WR� WDNH� D�ZLGHU� ORRN� DW� WKH� FRQWH[W� LQ�ZKLFK� WKH� VHJPHQW� EHLQJ
WUDQVODWHG� RFFXUV� DQG� YLHZ� WKH� FRQWH[W� DV� WKH� VLWXDWLRQ� ZKLFK� ZLOO� SOD\� DQ
LPSRUWDQW�UROH�LQ�WKH�ZD\�WKH�VHJPHQW�LQ�TXHVWLRQ�LV�EHLQJ�WUDQVODWHG�

7UDQVODWLRQ� LQYROYHV� WKH� DSSOLFDWLRQ� RI� WUDQVODWLRQ� RSHUDWLRQV� WR� DFKLHYH� WKH
LQWHQGHG� FRUUHVSRQGHQFH� EHWZHHQ� WKH� VRXUFH� DQG� WDUJHW� WH[W�� $� QXPEHU� RI
WUDQVODWLRQ� RSHUDWLRQV� DUH� GHVFULEHG� LQ� 1HZPDUN� ������� SS�� �������� 7KH
RSHUDWLRQV� GLVFXVVHG� KHUH� DUH� WUDQVIHUHQFH�� QDWXUDOLVDWLRQ�� FXOWXUDO� DQG� IXQFWLRQDO
HTXLYDOHQFH��WKURXJK�WUDQVODWLRQV�DQG�VKLIWV�

�D��7UDQVIHUHQFH�LQGLFDWHV�WKH�SURFHVV�RI�WUDQVIHUULQJ�D�6/�ZRUG�WR�D�7/�WH[W��7KH
7/�ZRUG�EHFRPHV�D�ORDQ�ZRUG��ZLWK�WKH�6/�VSHOOLQJ�DQG�IRUP��)RU�H[DPSOH�
WKH�(QJOLVK�XVH�RI�WKH�SKUDVH�´7KH�5HG�/LRQµ�ZKHQ�XVHG�DERXW�D�SXE�FDQ�EH
WUDQVIHUUHG�LQWR�6ZHGLVK�XQFKDQJHG�DV�´7KH�5HG�/LRQµ�

�E��1DWXUDOLVDWLRQ� LV� WUDQVIHUHQFH�SOXV�DGDSWDWLRQ�RI� WKH�6/�ZRUG� WR� WKH�QRUPDO
SURQXQFLDWLRQ� DQG� PRUSKRORJ\� RI� WKH� WDUJHW� ODQJXDJH�� )RU� H[DPSOH�� WKH
(QJOLVK� ZRUG� ´WKULOOHUµ� KDV� EHHQ� QDWXUDOLVHG� LQWR� 6ZHGLVK� �ZLWK� 6ZHGLVK
SURQXQFLDWLRQ�DQG�6ZHGLVK�LQIOHFWLRQDO�SDWWHUQV��

�F��&XOWXUDO� DQG� IXQFWLRQDO� HTXLYDOHQFH� �1LGD� ������ HQWDLOV� ILQGLQJ� DSSUR[LPDWH
HTXLYDOHQWV� LQ�GLIIHUHQW�FXOWXUHV��7KH�(QJOLVK�´$�OHYHOVµ�PD\�FRUUHVSRQG�WR
WKH�6ZHGLVK�´J\PQDVLHH[DPHQµ�LQ�FHUWDLQ�FRQWH[WV��6RPHWLPHV�WKH�XVH�RI�WKLV
SURFHGXUH�QHXWUDOLVHV�RU�JHQHUDOLVHV�WKH�6/�DQG�VRPHWLPHV�LW�DGGV�VRPHWKLQJ�
)RU� H[DPSOH� WKH� (QJOLVK� ´5RJHW·Vµ� PD\� EH� WUDQVODWHG� DV� ´HQJHOVN
V\QRQ\PRUGERNµ�

�G��7KURXJK�WUDQVODWLRQ��DOVR�UHIHUUHG�WR�DV�FDOTXLQJ��LV�WKH�SURFHVV�WKDW�SURGXFHV
WUDQVODWLRQHVH� �VHH� WKH� GLVFXVVLRQ� HDUOLHU� LQ� WKLV� FKDSWHU��� ,W� LQYROYHV� WKH
OLWHUDO� WUDQVODWLRQ� RI� FRPPRQ� FROORFDWLRQV�� QDPHV� RI� RUJDQLVDWLRQV�� �)U�
FRPSOLPHQWV�GH�OD�VDLVRQ���(QJ��FRPSOLPHQWV�RI�WKH�VHDVRQ��

�H��6KLIWV� �RU� WUDQVSRVLWLRQV�� LQYROYH� D� FKDQJH� LQ� WKH� JUDPPDU� IURP� 6/� WR� 7/�
6RPHWLPHV�VKLIWV�DUH�REOLJDWRU\�VLQFH�WKH�6/�VWUXFWXUH�PD\�QRW�H[LVW� LQ�WKH
7/�� 6RPHWLPHV� WKH� OLWHUDO� WUDQVODWLRQ� LV� SRVVLEOH�� EXW� LW� GRHV� QRW� FUHDWH� D
QDWXUDO� 7/� SDVVDJH� VR� WKH� VKLIW� LV� QHFHVVDU\� WR� DUULYH� DW� D� VDWLVIDFWRU\
WUDQVODWLRQ��,Q�RWKHU�FDVHV��OH[LFDO�JDSV�DUH�ILOOHG�E\�D�JUDPPDWLFDO�VWUXFWXUH
LQ�WKH�7/�
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$OO�RI�WKH�DERYH�RSHUDWLRQV�FDQ�EH�IRXQG�ZKHQ�WUDQVODWLRQV�DUH�VWXGLHG�LQ�GHWDLO�
$FFRUGLQJ� WR�7RXU\� �������� LW� LV� E\� FRPSDULQJ� WKH� VRXUFH� WH[WV� WR� WKH� WDUJHW
WH[WV� WKDW� WKH� WUDQVODWLRQ� UHODWLRQVKLSV� FDQ� EH� XQFRYHUHG� DQG� JHQHUDOLVDWLRQV
DERXW� WKH� XQGHUO\LQJ� FRQFHSW� RU� QRUP� RI� WUDQVODWLRQ� FDQ� EH� PDGH�� 7KH
LPSOLFDWLRQV�DUH�WKDW�D�GHHSHU�XQGHUVWDQGLQJ�RI�WKH�FRQFHSWV�RI�WUDQVODWLRQ�ZRXOG
KHOS�WR�LQIOXHQFH�IXWXUH�WUDQVODWLRQV�DQG�IXWXUH�VWXGLHV�RI�WUDQVODWLRQ��2QH�RI�WKH
TXHVWLRQV�LQ�IRFXV�IRU�WKLV�ZRUN�LV�WR�ILQG�RXW�PRUH�DERXW�WKH�UHODWLYH�SUHVHQFH�RI
GLIIHUHQW�WUDQVODWLRQ�VKLIWV� IURP�WKH�RULJLQDO� WR� WKH� WUDQVODWLRQ� �VHH�FKDSWHUV���
DQG�����

������ 8QLYHUVDO�IHDWXUHV�RI�WUDQVODWLRQ
$Q� LPSRUWDQW� DUHD� IRU� FRUSXV� OLQJXLVWLFV� DQG� WUDQVODWLRQ� VWXGLHV� FRXOG� EH� WR
LGHQWLI\� XQLYHUVDO� IHDWXUHV� RI� WUDQVODWLRQ�� IHDWXUHV� ZKLFK� W\SLFDOO\� RFFXU� LQ
WUDQVODWHG�WH[WV�DV�RSSRVHG�WR�RULJLQDO�WH[W�DQG�ZKHUH�WKHVH�IHDWXUHV�´DUH�QRW�WKH
UHVXOW�RI�LQWHUIHUHQFH�IURP�VSHFLILF�OLQJXLVWLF�V\VWHPVµ��%DNHU��������([DPSOHV�RI
VXFK�XQLYHUVDO�IHDWXUHV�DFFRUGLQJ�WR�%DNHU�DUH�

���+LJKHU�OHYHO�RI�H[SOLFLWQHVV�LQ�WKH�WDUJHW�WH[W

���$�WHQGHQF\�WRZDUGV�GLVDPELJXDWLRQ�DQG�VLPSOLILFDWLRQ�

���$�VWURQJ�SUHIHUHQFH�IRU�FRQYHQWLRQDO�¶JUDPPDWLFDOLW\·

���$�WHQGHQF\�WR�DYRLG�UHSHWLWLRQV�ZKLFK�RFFXU�LQ�VRXUFH�WH[WV

��� $� JHQHUDO� WHQGHQF\� WR� H[DJJHUDWH� IHDWXUHV� RI� WKH� WDUJHW� ODQJXDJH�� FHUWDLQ
FRQVWUXFWLRQV�FRPPRQ�LQ�WKH�WDUJHW�ODQJXDJH�WHQG�WR�RFFXU�PRUH�IUHTXHQWO\�LQ
WUDQVODWHG�PDWHULDO�UDWKHU�WKDQ�LQ�RULJLQDO�PDWHULDO�LQ�WKH�WDUJHW�ODQJXDJH�

���$�´WUDQVODWLRQHVHµ�WHQGHQF\��FHUWDLQ�OH[LFDO�LWHPV�DQG�V\QWDFWLF�FRQVWUXFWLRQV
KDYH�D�KLJKHU�IUHTXHQF\�LQ�WUDQVODWHG�WH[WV�WKDQ�LQ�WH[WV�RI�WKH�VDPH�JHQUH�LQ�WKH
VDPH�ODQJXDJH�EHFDXVH�RI�VRXUFH�ODQJXDJH�LQWHUIHUHQFH�

)HDWXUHV���DQG���VHHP�WR�EH�FRQWUDGLFWRU\��EXW� LQ�%DNHU·V�DUJXPHQWDWLRQ�WKHVH
IHDWXUHV�FRXOG�FRH[LVW��)URP�WKH�XQLYHUVDOV� OLVWHG�DERYH��ZH�VKRXOG�H[SHFW�WKDW
WUDQVODWLRQV� DUH� PRUH� VSHFLILF�� FOHDUHU�� PRUH� JUDPPDWLFDO�� OHVV� UHSHWLWLRXV� DQG
LQYROYH� D� GHJUHH� RI� WUDQVODWLRQHVH�� 7R� EH� DEOH� WR� YHULI\� WKH� H[LVWHQFH� RI� VXFK
XQLYHUVDOV�� ODUJH� WUDQVODWLRQ� FRUSRUD� DQG� DSSURSULDWH� DQDO\VLV� WRROV� PXVW� EH
DYDLODEOH�

������ 7HFKQLFDO�WUDQVODWLRQ�DQG�WKH�WHFKQLFDO�WUDQVODWRU
*RRG�WHFKQLFDO�ODQJXDJH�LV�XVXDOO\�IUHH�IURP�HPRWLYH�ODQJXDJH�FRQQRWDWLRQV�DQG
RULJLQDO�PHWDSKRUV��+RZHYHU�� WKH�PRVW� FUXFLDO� SDUW�RI� WHFKQLFDO� WUDQVODWLRQV� LV
WKH� XVH� DQG� KDQGOLQJ� RI� WHUPLQRORJ\�� HVSHFLDOO\� QHZ� WHUPLQRORJ\� �1HZPDUN
������

7KH�WUDQVODWLRQ�VW\OH�PD\�YDU\�DFFRUGLQJ�WR�WKH�UHTXLUHPHQWV�RI�WKH�FXVWRPHU�
6RPH� FXVWRPHUV� GR� QRW� LVVXH� FRQFUHWH� VW\OLVWLF� JXLGHOLQHV� WR� WKH� WUDQVODWRUV�
LQVWHDG� WKH� WUDQVODWRUV� KDYH� WR� XVH� WKHLU� DFTXLUHG� H[SHULHQFH� DQG� H[SHUWLVH� WR
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PDNH�WKHLU�RZQ�MXGJHPHQWV��2Q�WKH�RWKHU�KDQG��VRPH�FXVWRPHUV�KDYH�GHWDLOHG
WUDQVODWLRQ� JXLGHOLQHV� IRU� HDFK� ODQJXDJH�� ERWK� IRU� WHUPLQRORJLFDO� DQG� VW\OLVWLF
DVSHFWV� RI� WKH� WH[W��)RU� 6ZHGLVK��0LFURVRIW�� ,%0�DQG�$SSOH� KDYH� IRU� H[DPSOH
SURGXFHG� WKHLU� RZQ� WUDQVODWLRQ� VW\OHJXLGHV� �0LFURVRIW� ������ 6WU|P� DQG
:LQGIHOGW�������$SSOH�������

+DQQ��������GHVFULEHV�WKH�WHFKQLFDO�WUDQVODWRU�DV�IDOOLQJ�LQWR�RQH�RI�IRXU�GLIIHUHQW
W\SHV�� 7KH� ILUVW� LV� WKH� ´GLFWLRQDU\� HQWKXVLDVWµ� ZKR� LQYHVWV� LQ� GLFWLRQDULHV� DQG
ORRNV�XS�WKH�VDPH�WHUP�LQ�GLIIHUHQW�GLFWLRQDULHV�WR�VLQJOH�RXW�WKH�PRVW�IUHTXHQWO\
RFFXUULQJ� WUDQVODWLRQ� DV� WKH� FRUUHFW� RQH�� 7KH� VHFRQG� W\SH� XVHV� GLFWLRQDULHV
VSDULQJO\� DQG� SUHIHUV� WR� JHW� ILUVW�KDQG� LQIRUPDWLRQ� IURP� HQF\FORSDHGLDV� DQG
WKHUHE\� LGHQWLI\� FRQFHSWV� LQ� WKH� WZR� ODQJXDJHV� GLUHFWO\�� 7KH� WKLUG� W\SH� RI
WUDQVODWRU� FRQVXOWV� VWDQGDUG� WH[WERRNV� RQ� GLIIHUHQW� VXEMHFW� ILHOGV� LQ� ERWK
ODQJXDJHV� DQG� WULHV� WR� LGHQWLI\� HTXLYDOHQW� FROORFDWLRQV� E\� PDNLQJ� XVH� RI� WKH
UHVSHFWLYH� LQGH[HV��)LQDOO\�� WKHUH� LV� WKH� IRXUWK�W\SH�RI� WHFKQLFDO� WUDQVODWRU�ZKR
UHOLHV�RQ�FRPSXWHUV��RIWHQ�PRUH�WKDQ�RQH��+H�SUHIHUV�HOHFWURQLF�WHUP�EDQNV�DQG
DFFHVV�WRROV�UDWKHU�WKDQ�SULQWHG�GLFWLRQDULHV�DQG�PD\�FRPSHQVDWH�D�SRVVLEOH�ODFN
RI�H[SHUWLVH�LQ�HQJLQHHULQJ�E\�VNLOO�LQ�PDQLSXODWLQJ�LQIRUPDWLRQ�V\VWHPV�

:LWK�WKH�HYROYLQJ�DYDLODELOLW\�RI�FRPSXWHULVHG�WUDQVODWLRQ�DLGV��ZH�ZLOO�VHH�WKH
IRXUWK� W\SH� RI� WHFKQLFDO� WUDQVODWRU� HPHUJLQJ� DV� WKH� GRPLQDQW� RQH�� 7KHUH� DUH
DOUHDG\� FRPSXWHULVHG� WUDQVODWLRQ� DLGV�� VXFK� DV� PXOWL�OLQJXDO� WHUP�EDQNV� RQ
VSHFLILF�WHFKQLFDO�GRPDLQV�DQG�HQF\FORSDHGLDV�RQ�&'�520�GLVFV�WKDW�FDQ�UHSODFH
WKH�SULQWHG�YHUVLRQV�RI� WKHVH� LQIRUPDWLRQ� VRXUFHV� IRU� W\SHV��� DQG����7KH� WKLUG
W\SH� RI� DFWLYLW\�� WR� FRQVXOW� WH[WERRNV� LQ� WKH� UHVSHFWLYH� ODQJXDJHV�� PD\� QRW
GHYHORS�DV� IDVW�DV�WKH�ILUVW�WZR�LQ�WKH�GLUHFWLRQ�WRZDUGV�HOHFWURQLF� IRUPDWV��EXW
PDQ\�WHFKQLFDO�PDJD]LQHV�DQG�SXEOLVKLQJ�KRXVHV�GR�PDNH� WKHLU� WH[WV�DYDLODEOH
RQ�&'�520�GLVFV�DV�ZHOO�

������ 7UDQVODWLRQ�RI�ILFWLRQ
,Q�WKH�WUDQVODWLRQ�RI�VHULRXV�OLWHUDWXUH�WKH�HPSKDVLV�LV�ERWK�RQ�WKH�IRUP�DQG�WKH
FRQWHQW� RI� WKH�PHVVDJH�� 7KH� DUWLVWLF� TXDOLWLHV� SUHVHQW� LQ� WKH� 6/� WH[W�PXVW� EH
SUHVHUYHG� RU� UHFUHDWHG� LQ� WKH� 7/� ZLWK� PLQLPDO� GLVWRUWLRQ� RI� FRQWHQW�� ,W� LV
QRWRULRXVO\� GLIILFXOW� WR� JLYH� JHQHUDO� FKDUDFWHULVWLFV� IRU� OLWHUDU\� WUDQVODWLRQ�� EXW
WKH�UHODWLYH�LPSDFW�RI�WKH�6/�FXOWXUH�DQG�WKH�PRUDO�SXUSRVH�RI�WKH�DXWKRU�WR�WKH
UHDGHU� PD\� VXUIDFH� LQ� KRZ� SURSHU� QDPHV�� GLDORJXH�� GLDOHFW�� QRQ�VWDQGDUG
ODQJXDJH��HWF���DUH�WUDQVODWHG�

���� 7H[W�FRUSRUD�LQ�WUDQVODWLRQ�VWXGLHV

:LWK�WKH�HPHUJHQFH�RI�PRUH�SRZHUIXO�FRPSXWHUV��PRUH�UHDGLO\�DYDLODEOH�WH[W�RQ
HOHFWURQLF� IRUPDWV� DQG� QHZ� VRIWZDUH� DLPHG� DW� DQDO\VLQJ� WH[W�� WKH� ILHOG� RI
WUDQVODWLRQ� VWXGLHV�KDV� HQWHUHG� D�QHZ� VWDJH��0DQ\� UHVHDUFKHUV� KDYH� DGYRFDWHG
WKH�XVH�RI�FRUSRUD�IRU�YDULRXV�SXUSRVHV��IRU�WUDLQLQJ�WUDQVODWRUV��/LQGTXLVW�������
IRU�VWXG\LQJ�´WUDQVODWLRQHVHµ��*HOOHUVWDP�������������������DQG� IRU�GHYHORSLQJ
WUDQVODWLRQ�WKHRU\��%DNHU�������DQG�7RXU\��������



8QGHUVWDQGLQJ�DQG�HQKDQFLQJ�WUDQVODWLRQV�E\�SDUDOOHO�WH[W�SURFHVVLQJ

��

7R� EH� DEOH� WR� H[DPLQH� DQG� DQDO\VH� D� WH[W� FRUSXV� WKH� UHVHDUFKHU� QHHG� D� VHW� RI
FRUSXV�WRROV��FI��$WNLQV�DQG�&OHDU���������7KLV�VHW�RI�EDVLF�WRROV�IRU�D�PRQROLQJXDO
FRUSXV�FDQ�LQFOXGH�

)UHTXHQF\�WRROV��7RROV�WKDW�SURGXFH�OLVWV�RI�ZRUG�W\SHV�ZLWK�WKHLU�IUHTXHQF\�LQ
WKH�FRUSXV�

&RQFRUGDQFLQJ�WRROV��7H[W�UHWULHYDO�DQG�LQGH[LQJ�VRIWZDUH��ZKLFK�SURYLGHV�WKH
SRVVLELOLW\�WR�VHDUFK�DQG�H[DPLQH�OLQJXLVWLF�FRQWH[WV�

/HPPDWL]DWLRQ�WRROV��6RIWZDUH�WKDW�UHODWHV�DQ� LQIOHFWHG�ZRUG� IRUP�WR� LWV�EDVH
IRUP�RU�OHPPD�

3DUWV�RI�VSHHFK� WDJJLQJ�� 6RIWZDUH� WKDW� DVVLJQV� D� ZRUG� FODVV� ODEHO� WR� HYHU\
ZRUG�LQ�WKH�WH[W�

6\QWDFWLF�SDUVLQJ��6RIWZDUH� WKDW�DVVLJQV�D� IXOO�RU�SDUWLDO� V\QWDFWLF� FRQVWLWXHQW
WUHH�WR�VHQWHQFHV�LQ�WKH�WH[W�

6HDUFK� WRROV�� 6RIWZDUH� WKDW� FDQ� VHDUFK� IRU� YDULRXV� SDWWHUQV� SUHVHQW� LQ� WKH
FRUSXV�� GHSHQGLQJ� RQ� WKH� IRUPDW� RI� WKH� FRUSXV� �EDVH� IRUPV�� SDUWV�RI�VSHHFK
SDWWHUQV��VXUIDFH�IRUPV��HWF��

&ROORFDWLRQ�UHWULHYDO��6RIWZDUH�WKDW�H[WUDFWV�FROORFDWLRQV�DQG�PXOWL�ZRUG�XQLWV
IURP�WKH�WH[W�

)RU�ZRUN�RQ�D�SDUDOOHO�FRUSXV�WKH�DERYH�PHQWLRQHG�WRROV�DUH�QDWXUDOO\�RI�XVH�IRU
DQDO\VLQJ�HLWKHU� WKH�VRXUFH� WH[W�RU� WDUJHW� WH[W� VHSDUDWHO\��+RZHYHU�� WR�FDSWXUH
WKH� UHODWLRQVKLSV� EHWZHHQ� WKH� RULJLQDO� DQG� WKH� WUDQVODWLRQ�� D� WUDQVODWLRQ� VFKRODU
QHHGV�WR�H[WHQG�WKH�WRRO�NLW��7KH�IROORZLQJ�VHW�RI�WRROV�LV�QHHGHG�WR�VHW�XS�DQG
SURFHVV�SDUDOOHO�FRUSRUD�

3DUDJUDSK�DQG�VHQWHQFH�DOLJQPHQW�WRROV��6RIWZDUH�WKDW�OLQNV�SDUDJUDSKV�DQG
VHQWHQFHV�LQWR�FRUUHVSRQGLQJ�XQLWV��6HQWHQFH�DOLJQPHQW�LV�WKH�XVXDO�SUHUHTXLVLWH
IRU� DQ\� ZRUN� RQ� SDUDOOHO� FRUSRUD� DV� LW� LV� ZLWK� WKHVH� DOLJQPHQW� WRROV� WKDW� WKH
SDUDOOHO�WH[WV�DUH�FUHDWHG�

%LOLQJXDO� FRQFRUGDQFLQJ� WRROV�� &RQFRUGDQFLQJ� WRROV� WKDW� SURFHVV� D� SDUDOOHO
FRUSXV��ZKLFK�PHDQV�WKDW�ZKHQ�D�VRXUFH�ZRUG�LV�ORRNHG�XS�LQ�WKH�VRXUFH�WH[W��DOO
FRQWH[WV� ZKHUH� WKH� JLYHQ� ZRUG� RFFXUV�� LQFOXGLQJ� WKH� FRUUHVSRQGLQJ� WDUJHW
VHQWHQFHV��DUH�SUHVHQWHG�WR�WKH�XVHU�

:RUG� DOLJQPHQW� WRROV�� 6RIWZDUH� WKDW� FUHDWHV� FRUUHVSRQGHQFHV� EHWZHHQ� XQLWV
EHORZ� WKH� VHQWHQFH� OHYHO�� XVXDOO\� RQH�WR�RQH� UHODWLRQVKLSV� EHWZHHQ� ZRUGV� EXW
DOVR�EHWZHHQ�PXOWL�ZRUG�XQLWV�

3DUDOOHO� VHDUFK� WRROV�� 6RIWZDUH� WKDW�PDNHV� VHDUFKLQJ� LQ� ERWK� WKH� VRXUFH� DQG
WDUJHW� WH[W� SRVVLEOH�� IRU� H[DPSOH� WKH� XVHU� FRXOG� VHDUFK� IRU� DOO� VRXUFH�WDUJHW
VHQWHQFH�SDLUV�ZKHUH�D�FHUWDLQ�VRXUFH�ZRUG�FR�RFFXUV�ZLWK�D�FHUWDLQ�WDUJHW�ZRUG�
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,Q�DGGLWLRQ�WR�WKH�DERYH�PHQWLRQHG�WRROV��WKHUH�DUH�YDULRXV�RWKHU�IXQFWLRQV�WKDW
WKH�WUDQVODWLRQ�VFKRODU�FRXOG�KDYH�XVH�RI��IRU�H[DPSOH�WRROV�WKDW�FRPSXWH�YDULRXV
VWDWLVWLFV�PHDVXUHV� IURP� WKH� SDUDOOHO� FRUSXV�� VXFK� DV� W\SH�WRNHQ� UDWLRV�� OHQJWK
UHODWLRQVKLSV� EHWZHHQ� VRXUFH� DQG� WDUJHW� WH[WV�� WUDQVODWLRQ� FRQVLVWHQF\�
WUDQVODWLRQ�GLVFUHSDQFLHV��HWF�

���� 7UDQVODWLRQ�DQG�FRPSXWDWLRQDO�OLQJXLVWLFV

6FLHQWLVWV� KDYH� WULHG� WR� DSSO\� FRPSXWHUV� WR� WUDQVODWLRQ� HYHU� VLQFH� WKH� 6HFRQG
:RUOG� :DU�� ZLWK� YDU\LQJ� GHJUHHV� RI� VXFFHVV�� 7KH� PDLQ� UHDVRQ� KDV� EHHQ� D
SUDFWLFDO� RQH�� ´LQ� WKH� HUD� RI� LQIRUPDWLRQ� H[SORVLRQ� WUDQVODWLRQ� EHFRPHV� D� YHU\
FULWLFDO�EXVLQHVVµ��1LUHQEXUJ�������S�����

������ 0DFKLQH�7UDQVODWLRQ
%DFN� LQ� WKH� ILIWLHV� IXOO\� DXWRPDWLF� WUDQVODWLRQ�ZDV� D� GHVLUDEOH� JRDO� LQ� RUGHU� WR
KDQGOH�WKH�LQIRUPDWLRQ�IORZ�DQG�WR�HQKDQFH�HIILFLHQF\��,W�ZDV�DOVR�EHOLHYHG�LQ�WKH
HDUO\� GD\V� WKDW� LW�ZRXOG� EH� UHODWLYHO\� VWUDLJKWIRUZDUG� WR� VSHFLI\� DQG� IRUPDOLVH
WKH� WDVNV� LQYROYHG� LQ� WUDQVODWLRQ� DQG� WKHUHE\� EH� DEOH� WR� FRQVWUXFW� WUDQVODWLRQ
V\VWHPV��1LUHQEXUJ�ZULWHV� WKDW� WKH� EHOLHI�ZDV� WKDW� ´VLQFH� WUDQVODWLRQ� LV� VXFK� D
FRPPRQ�HYHU\GD\�WDVN��SHUIRUPHG�ZLWK�UHODWLYH�HDVH�E\�KXPDQV��LW�PXVW�EH�HDV\
WR� DXWRPDWHµ� �LELG�� S� ���� 7KLV� EHOLHI� ZDV� SUHGRPLQDQW� LQ� PDFKLQH� WUDQVODWLRQ
UHVHDUFK�XS�WLOO�WKH�PLG�VL[WLHV��+XWFKLQV��������GHVFULEHV�07�XQGHU�WKLV�SHULRG
DV�´DQ�DUHD�RI�LQWHQVLYH�UHVHDUFK�DFWLYLW\�DQG�WKH�IRFXV�RI�PXFK�SXEOLF�DWWHQWLRQµ�
7KLV�LQWHQVLYH�SHULRG�FDPH�WR�DQ�HQG�DIWHU�WKH�SXEOLFDWLRQ�RI�WKH�$/3$&�UHSRUW
LQ� ����� ZKHUH� LW� ZDV� VWDWHG� WKDW� PDFKLQH� WUDQVODWLRQ� ZDV� GHILQLWHO\� QRW� D
VROXWLRQ�WR�WKH�DERYH�PHQWLRQHG�SUREOHPV��,W�ZDV�UHSRUWHG�WKDW�´WKHUH�KDV�EHHQ
QR� PDFKLQH� WUDQVODWLRQ� RI� JHQHUDO� VFLHQWLILF� WH[W�� DQG� QRQH� LV� LQ� LPPHGLDWH
SURVSHFWµ���,Q�WKH�$/3$&�UHSRUW�LW�ZDV�DOVR�VWDWHG�WKDW�DOO�07�RXWSXW�KDG�EHHQ
SRVW�HGLWHG�DQG�WKLV�ZDV�VHHQ�DV�D�IDLOXUH��$V�+XWFKLQV�SRLQWV�RXW��WKH\�IDLOHG�WR
UHFRJQLVH� WKDW� KXPDQ� WUDQVODWRUV� DOVR� UHYLVH� WKHLU� WUDQVODWLRQV� EHIRUH� WKH\
VXEPLW�WKHP�WR�WKHLU�FOLHQWV��)URP�WKH�VHWEDFN�LQ�WKH�VL[WLHV�HIIRUWV�ZLWKLQ�07
ZHUH�UHODWLYHO\�VPDOO�XQWLO� WKH�UHYLYDO� LQ� WKH� ODWH�VHYHQWLHV�� ,Q�(XURSH�WKH�07
UHQDLVVDQFH� ZDV� VKRZQ� E\� WKH� IDFW� WKDW� WKH� &RPPLVVLRQ� RI� WKH� (XURSHDQ
&RPPXQLWLHV�SXUFKDVHG�D�YHUVLRQ�RI�WKH�(QJOLVK�)UHQFK�6<675$1�V\VWHP�DQG
WKH\� DOVR� FRPPLVVLRQHG� WKH� GHYHORSPHQW� RI� RWKHU� ODQJXDJH� YHUVLRQV�� 7KH
(85275$�SURMHFW�ZDV�IRXQGHG�ZKHUH�WKH�DLP�ZDV�WR�FUHDWH�D�´SUH�LQGXVWULDOµ
07�V\VWHP� IRU� WKH� (&� ODQJXDJHV� �$UQROG� HW� DO�� ������� ,Q� -DSDQ� VHYHUDO�07
SURMHFWV�ZHUH� LQLWLDWHG�ZLWK� QRYHO� DSSURDFKHV� WR�07�� ,Q� WKH�8�6�� DQG�&DQDGD
WKHUH�ZHUH�DOVR�H[DPSOHV�RI�WKH�EXGGLQJ�07�LQWHUHVW��WKH�7$80�JURXS�DW�WKH
8QLYHUVLW\� RI�0RQWUHDO� VWDUWHG� WKHLU� ZRUN� ZKLFK� OHG� WR� WKH�0(7(2� V\VWHP
�&KDQGLRX[� DQG� *ULPDLOD� ������ DQG� WKH� 8�6�� $LU� )RUFH� IXQGHG� ZRUN� RQ� WKH
0(7$/� V\VWHP� DW� WKH� /LQJXLVWLFV� 5HVHDUFK� FHQWHU�� 8QLYHUVLW\� RI� 7H[DV�� IRU
LQVWDQFH�

2Q� WKH�6ZHGLVK� DUHQD�� UHVHDUFK�JURXSV� LQ�8SSVDOD� DQG�/XQG�KDYH�EHHQ�DFWLYH
ZLWKLQ�07�� ,Q�8SSVDOD� DQ�07�SURWRW\SH� V\VWHP� FDOOHG�0XOWUD� �PXOWL�OLQJXDO
����������������������������������������������������������
��4XRWHG�IURP�+XWFKLQV��������S������
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VXSSRUW� IRU� WUDQVODWLRQ� DQG�ZULWLQJ�� KDV� EHHQ� GHYHORSHG��0XOWUD� LV� D� WUDQVIHU�
EDVHG� V\VWHP� DQG�KDV� WUDQVIHU� FRPSRQHQWV� IRU� 6ZHGLVK�*HUPDQ� DQG� 6ZHGLVK�
(QJOLVK��6nJYDOO�+HLQ��������,Q�/XQG�GLIIHUHQW�YHUVLRQV�RI�WKH�6:(75$�V\VWHP
KDYH� EHHQ� DGDSWHG� WR� GRPDLQV� VXFK� DV� ZHDWKHU� IRUHFDVWV� DQG� VWRFN� PDUNHW
UHSRUWV� �6LJXUG� HW� DO�� �������7KH� 6/7� V\VWHP� �6SRNHQ�/DQJXDJH�7UDQVODWLRQ�
RULJLQDOO\�GHYHORSHG�DW�6WDQIRUG�5HVHDUFK�,QVWLWXWH�KDV�EHHQ�PRGLILHG�WR�KDQGOH
6ZHGLVK�(QJOLVK� DW� WKH� 6ZHGLVK� ,QVWLWLWXWH� RI� &RPSXWHU� 6FLHQFH� �6,&6�� DQG
7HOLD�5HVHDUFK�� 6/7� LV� DOVR� D� WUDQVIHU�EDVHG� V\VWHP� WKDW� FDQ� WUDQVODWH� TXHULHV
DERXW�DLU�WUDYHO��$JQlV�HW�DO��������

2Q� WKH� FRPPHUFLDO� VLGH� WKHUH� DUH� QR� DGYDQFHG�07� V\VWHPV� DYDLODEOH� IRU� WKH
6ZHGLVK�ODQJXDJH��$V�IDU�DV�,�FDQ�WHOO�LQ�WKH�DXWXP�RI�������WKHUH�DUH�WZR�ZRUG�
WR�ZRUG� WUDQVODWLRQ� SURJUDPV� DURXQG�� 7RONHQ� DQG� (QJHOVND� KMlOSUHGDQ��� (YHQ
WKRXJK� WKH� V\VWHPV� FRQWDLQ� UDWKHU� ODUJH� OH[LFRQV�� WKH� WHFKQLTXHV� XVHG� DUH
SULPLWLYH� DQG� ZLWKRXW� JUDPPDWLFDO� DQDO\VHV�� 7KH� WUDQVODWLRQ� TXDOLW\� IURP
(QJHOVND� KMlOSUHGDQ� KDV� EHHQ� HYDOXDWHG� E\�*UDQOXQG� �������ZKR� H[SHULHQFHG
SUREOHPV� ZLWK� ZRUG� RUGHU�� OH[LFDO� VHOHFWLRQ�� DJUHHPHQW� DQG� WHQVH�� $OWKRXJK
WKHVH�WZR�V\VWHPV�DUH�QRW�PHDQW�IRU�VHULRXV�FRPPHUFLDO�WUDQVODWLRQV��WKH\�PD\
KHOS�XVHUV�WR�FUHDWH�URXJK�WUDQVODWLRQV�

6\VWUDQ�KDV�GHYHORSHG�D�SURWRW\SH�YHUVLRQ�IRU�(QJOLVK�6ZHGLVK��EXW�VR�IDU�LW�KDV
QRW� UHDFKHG� WKH� PDUNHW�� 7KH� 6ZHGLVK� SURWRW\SH� LV� QRW� DV� DGYDQFHG� DV� WKH
FRPPHUFLDO� YHUVLRQV� IRU� RWKHU� ODQJXDJHV�� 7KH� VKRUWFRPLQJV� DUH� PRVWO\
FRQQHFWHG�WR�WKH�6ZHGLVK�OH[LFRQ�DQG�WKH�SRVVLELOLWLHV�IRU�XSGDWLQJ�

,Q�WKH�����V�WKH�DUHD�RI�FRPSXWHUV�DQG�WUDQVODWLRQ�KDV�EHHQ�ILUPO\�HVWDEOLVKHG�
ERWK�DV�FRPPHUFLDOO\�DYDLODEOH�V\VWHPV�DQG�DV�DQ�DFFHSWHG�DUHD�RI�UHVHDUFK��7KH
SUREOHPV�RI�VXFFHVVIXO�07�DUH�E\�QR�PHDQV�VROYHG��EXW�WKH�JURXQG�KDV�EHHQ�VHW
ZLWK� D� PRUH� UHDOLVWLF� RXWORRN� RQ� ZKDW� FRPSXWHUV� FDQ� GR� IRU� WUDQVODWLRQ�
FRPSDUHG�WR�WKH�H[SHFWDWLRQV�WKDW�SUHYDLOHG�LQ�WKH�ILIWLHV�

7KHUH�DUH�DWWHPSWV�DW�PRUH�HPSLULFDO�PHWKRGRORJLHV�IRU�07��QDPHO\�H[DPSOH�
EDVHG�DQG�VWDWLVWLFDO�07��0RVW�RI�WKH�FRPPHUFLDO�DQG�UHVHDUFK�07�V\VWHPV�DUH
UXOH�EDVHG� V\VWHPV�� L�H�� WKH\� UHO\� RQ� RQ� V\QWDFWLF� DQG� VHPDQWLF� UHSUHVHQWDWLRQV�
ZKLFK�KDYH�WR�EH�VSHFLILHG�IRU�WKH�V\VWHPV��,Q�H[DPSOH�EDVHG�07�V\VWHPV�DQDORJ\
LV�WDNHQ�DV�WKH�JXLGLQJ�OLJKW��%\�XVLQJ�SDUDOOHO�FRUSRUD��SDWWHUQV�DQG�WHPSODWHV
DUH� GHULYHG� IURP� WKH� VRXUFH� DQG� WDUJHW� WH[WV�� DQG� XVHG� E\� WKH� WUDQVODWLRQ
V\VWHPV��7KH�ILUVW�VXJJHVWLRQ�WR�WKLV�DSSURDFK�ZDV�PDGH�E\�1DJDR���������2WKHU
H[DPSOH�EDVHG�DSSURDFKHV�FDQ�EH� IRXQG� LQ� IRU�H[DPSOH��6DWR�DQG�1DJR� �������
-RQHV���������.DML�HW�DO�� ��������6XPLWD�HW�DO� �������DQG�)RVWHU�HW�DO�� ��������,Q
VWDWLVWLFDO�07�DSSURDFKHV�� H[SOLFLW� UXOHV� DUH� UHSODFHG�E\� VWDWLVWLFDO�PHWKRGV� WR
SURFHVV� ELWH[WV� �H�J�� %URZQ� HW� DO�� ������� %\� XVLQJ� WKH� ELWH[W� DQG� D� VWDWLVWLFDO
WUDQVODWLRQ�PRGHO��WKH�SRVVLEOH�WUDQVODWLRQV�IRU�WKH�ZRUGV�RI�WKH�VRXUFH�ODQJXDJH
FDQ�EH�LGHQWLILHG��7KH�WDUJHW�ZRUGV�WKDW�DUH�VXJJHVWHG�IRU�D�JLYHQ�VHQWHQFH�DUH
WKHQ�RUGHUHG�RQ�WKH�EDVLV�RI�D�WDUJHW�ODQJXDJH�PRGHO�WKDW�JHQHUDWHV�WKH�VWDWLFDOO\
PRVW�SUREDEOH�RUGHULQJ�EHWZHHQ�WKH�SURSRVHG�ZRUGV��+\EULG�DSSURDFKHV�ZKHUH
UXOH�EDVHG��H[DPSOH�EDVHG�DQG�VWDWLVWLFV�EDVHG�07�DUH�FRPELQHG�KDYH�DOVR�EHHQ
SURSRVHG��IRU�H[DPSOH��LQ�WKH�3DQJORVV�,,,�V\VWHP��%URZQ�������
����������������������������������������������������������
��7RONHQ�FDQ�EH�GRZQORDGHG�DW�KWWS���ZZZ�DOJRQHW�VH�aKDJVWHQ��DQG�(QJHOVND�KMlOSUHGDQ�DW
KWWS���ZZZ�LQWHUQHWDPL�QX���6HSWHPEHU�������
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7KH� DXWRPDWLF� WUDQVODWLRQ� V\VWHPV� WKDW� SURGXFH� WH[W� ZLWKRXW� LQWHUYHQWLRQ� E\
KXPDQV�DUH�EHLQJ�DFFRPSDQLHG�E\�V\VWHPV�ZKHUH�WKH�WUDQVODWRU�LV�LQ�IRFXV�RU�DW
OHDVW� KDV� WKH� SRVVLELOLW\� WR� LQIOXHQFH� RU� JXLGH� WKH� FRPSXWHU� LQ� LWV� WUDQVODWLRQ
SURFHVV�

7KH�DSSURDFK�WR�NHHS�WKH�WUDQVODWRU�DW�WKH�KHDUW�RI�WKH�WUDQVODWLRQ�SURFHVV�DQG�WR
OHW� KHU� FRQWURO� YDULRXV� VRXUFHV� RI� LQIRUPDWLRQ� DQG� WUDQVODWLRQ� WRROV� VWDQGV� LQ
VKDUS� FRQWUDVW� WR� WKH� PDFKLQH�RULHQWHG� WUDQVODWLRQ� YLHZ� ZKHUH� D� FRPSXWHU
V\VWHP� LV� WKH�SULPDU\� DJHQW� DQG� WKH�KXPDQ� WUDQVODWRU�HGLWRU� LV� RQO\� DFWLYH� LQ
SUHSDULQJ� WKH� V\VWHP�DQG� UHYLVLQJ� WKH� RXWSXW� RI� WKH� V\VWHP��)XOO\�$XWRPDWHG
+LJK� 4XDOLW\� 0DFKLQH� 7UDQVODWLRQ� �)$+407�� LV� PRUH� RI� D� GUHDP� WKDQ� D
UHDOLVWLF�RSWLRQ�IRU�PRVW�W\SHV�RI�WH[WV�DQG�ODQJXDJH�SDLUV��2QO\�LQ�YHU\�OLPLWHG
GRPDLQV� ZLWK� D� KLJK� GHJUHH� RI� UHSHWLWLYH� DQG� VWDQGDUGLVHG� ODQJXDJH� FDQ
)$+407�EHFRPH� D� SDWK� WR� WUHDG�� %XW� LI� WKH� UHTXLUHPHQWV� RQ� TXDOLW\� FDQ� EH
ORZHUHG��WKHQ�DXWRPDWLF�WUDQVODWLRQ�PD\�EH�YHU\�XVHIXO��IRU�H[DPSOH��ZKHQ�\RX
ZDQW�WR�JHW�URXJK�WUDQVODWLRQV�ZKLFK�LV�RQO\�LQWHQGHG�IRU�XVHUV�ZKR�ZDQW�WR�JHW
WKH�JLVW�RI�D�IRUHLJQ�WH[W�RU�WR�GHFLGH�LI�WKH�WH[W�LQ�TXHVWLRQ�LV�LQWHUHVWLQJ�HQRXJK
WR�KDYH�LW�WUDQVODWHG�ZLWK�D�TXDOLW\�WKDW�PHHWV�WR�SXEOLVKLQJ�VWDQGDUGV�

������ 7KH�7UDQVODWRU¶V�:RUNEHQFK
$OPRVW�WZHQW\�\HDUV�KDYH�SDVVHG�VLQFH�0DUWLQ�.D\�ZURWH�DERXW�WKH�UHODWLRQVKLS
EHWZHHQ�FRPSXWHUV��WUDQVODWLRQ�DQG�WUDQVODWRUV��.D\��������,Q�KLV�UHSRUW��ZKLFK
ZDV�QHYHU�SXEOLVKHG�EXW�QHYHUWKHOHVV�RIWHQ�TXRWHG��.D\�H[SUHVVHG�KLV� LGHDV�RQ
KRZ� FRPSXWHUV� FRXOG� EH� XVHG� IRU� WUDQVODWLRQ� ZRUN�� JLYHQ� WKH� FRQWHPSRUDU\
VWDWH�� DQG� UHODWLYH� IDLOXUH�� IRU� WKH� DSSOLFDWLRQ� RI� PDFKLQH� WUDQVODWLRQ� LQ� UHDO
WUDQVODWLRQ�DFWLYLWLHV��.D\·V�EDVLF�LGHDV�ZHUH�WKDW�LW�ZRXOG�EH�XQUHDOLVWLF�WR�H[SHFW
DQ\� PDMRU� EUHDNWKURXJK� IRU� KLJK� TXDOLW\� PDFKLQH� WUDQVODWLRQ� ZLWKLQ� D
IRUHVHHDEOH�IXWXUH�DQG�WKDW�RQH�LQVWHDG�VKRXOG�DGRSW�D�PRUH�PRGHVW�DSSURDFK�WR
WKH�UROH�RI�WKH�FRPSXWHU�LQ�WUDQVODWLRQ��7KH�WUDQVODWLRQV�SURGXFHG�E\�DXWRPDWLF
WUDQVODWLRQ�V\VWHPV�FDXVH�PRUH�SUREOHPV�WKDQ�WKH\�KHOS��7UDQVODWRUV� �RU�SRVW�
HGLWRUV��KDYH�WR�VSHQG�PRUH�WLPH�UHSDLULQJ�WKH�GDPDJHV�GRQH�WR�WKH�WH[W�E\�WKH
07� V\VWHP� WKDQ� LW� ZRXOG� WDNH� WR� WUDQVODWH� LW� PDQXDOO\� IURP� VFUDWFK�� .D\·V
SURSRVDO�ZDV�LQVWHDG�WR�OHW�WKH�FRPSXWHUV�WDNH�FDUH�RI�WKLQJV�WKDW�DUH�GLIILFXOW�RU
WLPH�FRQVXPLQJ�IRU�KXPDQ�EHLQJV��VXFK�DV�ORRNLQJ�XS�ZRUGV�LQ�D�GLFWLRQDU\�RU
VHDUFKLQJ�WKURXJK�D�EDQN�RI�ROG�WUDQVODWLRQV��DQG�OHW�KXPDQV�GR�ZKDW�FRPSXWHUV
KDYH� GLIILFXOWLHV� LQ� �GHFLGLQJ� ZKDW� WKH� DSSURSULDWH� ZD\� RI� SKUDVLQJ� D� FHUWDLQ
SDVVDJH�LQ�WKH�WDUJHW�ODQJXDJH�LV���7KH�VXJJHVWHG�PDFKLQHU\�ZDV�LQ�.D\·V�ZRUGV
FDOOHG�7KH� 7UDQVODWRU·V� $PDQXHQVLV�� 7KH� LGHD� ZDV� WR� VHH� WKH� SUREOHP� RI� KRZ
FRPSXWHUV�VKRXOG�EH�XVHG� LQ�WUDQVODWLRQ�DV�D�JUDGXDO�SURFHVV�ZKHUH�FRPSXWHUV
´DOPRVW� LPSHUFHSWLEO\µ� DUH� ´DOORZHG� WR� WDNH� RYHU� IXQFWLRQV� LQ� WKH� RYHUDOO
WUDQVODWLRQ�SURFHVV��)LUVW�WKH\�ZLOO�WDNH�RYHU�IXQFWLRQV�QRW�HVVHQWLDOO\�UHODWHG�WR
WUDQVODWLRQ�� 7KHQ�� OLWWOH� E\� OLWWOH�� WKH\� ZLOO� DSSURDFK� WUDQVODWLRQ� LWVHOI�� 7KH
NH\QRWH�ZLOO�EH�PRGHVW\��$W�HDFK�VWDJH��ZH�ZLOO�GR�RQO\�ZKDW�ZH�NQRZ�ZH�FDQ�GR
UHOLDEO\��/LWWOH�VWHSV�IRU�OLWWOH�IHHW�µ��LELG��S������

0DQ\�SHRSOH�LQ�WKH�ILHOG�VHHP�WR�ZKROH�KHDUWHGO\�DJUHH�ZLWK�.D\·V�SURSRVDO��EXW
WKHUH� LV� VWLOO�� DOPRVW� ��� \HDUV� ODWHU�� QR� DJUHHPHQW� RQ� ZKDW� WKHVH� WRROV
�´IXQFWLRQVµ��DUH��,VDEHOOH�HW�DO���������GLVFXVV�WKHVH�LVVXHV�DQG�VXJJHVW�WKDW�WKHUH
VKRXOG� EH� D� GLVWLQFWLRQ� EHWZHHQ� RIILFH� DXWRPDWLRQ� IRU� WUDQVODWRUV� DQG� WUDQVODWLRQ
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VXSSRUW� WRROV�� ,Q� WKH� IRUPHU� FDWHJRU\� WKH\�PHQWLRQ� IXQFWLRQDOLWLHV� VXFK� DV� VSOLW�
VFUHHQ�ZRUG�SURFHVVLQJ��VSHOOLQJ�FRUUHFWLRQ��WHUPLQRORJ\�DQG�GLFWLRQDU\�ORRNXS�
ILOH� FRPSDULVRQ�� ZRUG� FRXQWLQJ� DQG� IXOO�WH[W� UHWULHYDO�� $V� D� IRXQGDWLRQ� IRU
WUDQVODWLRQ� VXSSRUW� WRROV� WKH\� FODLP� WKDW� WUDQVODWLRQ� DQDO\VLV� LV� D� NH\�QRWLRQ�� LQ
ZKLFK� DSSOLFDWLRQV� VXFK� DV� WUDQVODWLRQ� PHPRU\�� WUDQVODWLRQ� FKHFNLQJ� DQG� D
WUDQVODWLRQ� GLFWDWLRQ�PDFKLQH� IDOO�� &KXUFK� DQG�+RY\� ������� DOVR� WU\� WR� GHILQH
WRROV� WKDW� ZRXOG� DJUHH� ZLWK� .D\·V� SURSRVDO� DQG� WKH\� VXJJHVW� VXSHU�IDVW
W\SHZULWLQJ��ZKHUH�ZRUGV�DUH�FRPSOHWHG�DXWRPDWLFDOO\�ZKHQ�HQRXJK�RI�WKH�ZRUG
KDV� EHHQ� HQWHUHG� WR� PDNH� LW� XQDPELJXRXV��� ELOLQJXDO� FRQFRUGDQFHV�� DQG� UDZ
WUDQVODWLRQV� �LQ� ´FOLII�QRWHµ�PRGH�� L�H��� DXWRPDWLF�GLFWLRQDU\� ORRNXS�RI�ZRUGV� DQG
SKUDVHV��IRU�HPDLO�PHVVDJHV��HWF�

,Q������D�ZKROH�LVVXH�RI�WKH�MRXUQDO�0DFKLQH�7UDQVODWLRQ��YRO�����1RV�������ZDV
GHYRWHG� WR� QHZ� WRROV� IRU� KXPDQ� WUDQVODWRUV�ZKHUH� WKH� VWDUWLQJ� SRLQW�ZDV� WKH
UHSULQW�RI�0DUWLQ�.D\·V�SDSHU�IURP�������7KH�TXHVWLRQ�UDLVHG� LQ�WKH�SUHIDFH�RI
WKH�LVVXH�ZDV�WR�ORRN�DW�ZKDW�KDG�KDSSHQHG�LQ�WKH�07�ILHOG�DQG�WR�WKH�SURSRVHG
WUDQVODWRU�ZRUNVWDWLRQ�DSSURDFK�

7RGD\�.D\·V�FULWLFLVP�RI�07�FDQ�VWLOO�EH�VHHQ�DV�YDOLG��$OWKRXJK�WKHUH�DUH�PDQ\
PRUH�07�V\VWHPV�DYDLODEOH�WRGD\�WKDQ�WZHQW\�\HDUV�DJR��WKH�EDVLF�WHFKQRORJ\
EHKLQG�WKH�V\VWHPV�UHPDLQV�WKH�VDPH��6HYHUDO�RI�WKH�FRPSDQLHV�WKDW�ZHUH�DURXQG
WZHQW\�\HDUV�DJR�KDYH�GRZQVL]HG�WKHLU�PDLQIUDPH�V\VWHPV��6\VWUDQ��0HWDO�DQG
/RJRV��DQG�UHWDLQHG�PRVW�RI�WKH�IHDWXUHV�RI�WKH�ROG�V\VWHPV�LQ�YHUVLRQV�IRU�WKH
SHUVRQDO�FRPSXWHU� �+XWFKLQV��������7KH\�DUH�FKHDSHU�� DYDLODEOH� WR�PDQ\�PRUH
SHRSOH�DQG�D�FRPPHUFLDO�VXFFHVV�IRU�WKH�FRPSDQLHV�WKDW�SURGXFH�WKHP��)ODQDJDQ
������ ������� )RU� PDQ\� XVHUV�� LW� LV� QRW� HYHQ� QHFHVVDU\� WR� KDYH� \RXU� RZQ
WUDQVODWLRQ�V\VWHP�WRGD\��WKH�SURGXFWV�FDQ�EH�XVHG�RYHU�WKH�,QWHUQHW�IRU�IUHH���IRU
H[DPSOH�6\VWUDQ·V�WUDQVODWLRQ�V\VWHP�WKURXJK�WKH�$OWD9LVWD�VHDUFK�HQJLQH��<DQJ
DQG�/DQJH�������

.D\·V�YLVLRQ�RI�WKH�7UDQVODWRU·V�$PDQXHQVLV�KDV�LQ�SDUW�FRPH�WUXH��WKH�LQFUHDVHG
IXQFWLRQDOLW\� LQ� ZRUG� SURFHVVRUV�� WKH� GHYHORSPHQW� RI� RQ�OLQH� OH[LFRQV� DQG�
SHUKDSV� PRVW� QRWDEOH�� WKH� GHGLFDWHG� SLHFHV� RI� VRIWZDUH� FDOOHG� 7UDQVODWRU
:RUNVWDWLRQV�� ZKLFK� DUH� EDVHG� RQ� WKH� FRQFHSW� RI� 7UDQVODWLRQ� 0HPRU\�� �IRU
H[DPSOH�� 7UDGRV·� 7UDQVODWLRQ� :RUNEHQFK�� ,%0·V� 7UDQVODWLRQ� 0DQDJHU�
*OREDO:DUH·V�;/��DQG�67$5·V�7UDQV,W���7UDQVODWRU�:RUNVWDWLRQV�FDQ�EH�VHHQ
DV� WUDQVODWLRQ� HQYLURQPHQWV� ZKLFK� DUH� FRPSDWLEOH� ZLWK� ZRUG� SURFHVVRUV� DQG
ZKLFK� FRQWDLQ� IHDWXUHV� WKDW� DLP� DW� LQFUHDVLQJ� WKH� SURGXFWLYLW\� RI� WUDQVODWRUV�
VXFK�DV� WUDQVODWLRQ�PHPRULHV�� VSOLW�VFUHHQ�ZRUG�SURFHVVLQJ� �IRU� WKH�VRXUFH�DQG
WDUJHW�WH[W���WHUPLQRORJ\�ORRN�XS�DQG�PDQDJHPHQW��HWF�

7UDQVODWLRQ� PHPRU\� �70�� V\VWHPV� DUH� EXLOW� RQ� WKH� SULQFLSOH� RI� UHF\FOLQJ�
'XULQJ� WKH� WUDQVODWLRQ� SURFHVV� D� GDWDEDVH� RI� FRUUHVSRQGLQJ� VRXUFH� DQG� WDUJHW
VHQWHQFHV��WUDQVODWLRQ�PHPRU\��LV�FUHDWHG�LQFUHPHQWDOO\��$Q\WLPH�WKH�WUDQVODWRU
FRPHV�DFURVV�D�WUDQVODWHG�SDVVDJH�LQ�WKH�VRXUFH�WH[W��WKH�WUDQVODWLRQ�PHPRU\�WRRO
ZLOO�SUHVHQW�WKH�SUHYLRXVO\�PDGH�WUDQVODWLRQ�DV�D�VXJJHVWLRQ�WKDW�WKH�WUDQVODWRU
FDQ�DFFHSW�DV�LW�LV�RU�UHYLVH�LW��7KH�70�V\VWHPV�DOVR�LQFOXGH�VRPH�NLQG�RI�IX]]\
PDWFKLQJ��ZKLFK�PHDQV�WKDW�VRXUFH�VHQWHQFHV�WKDW�DUH�DOPRVW�LGHQWLFDO�ZLOO�DOVR
EH� IRXQG� DQG� SUHVHQWHG� WR� WKH� WUDQVODWRU�� 7KH� RSWLPDO� XVH� RI� WUDQVODWLRQ
PHPRULHV�FRPHV�ZKHQ�GLIIHUHQW�YHUVLRQV�RI�VRXUFH�WH[W�KDYH�WR�EH�WUDQVODWHG�RU
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ZKHQ�� IRU� H[DPSOH�� WHFKQLFDO�PDQXDOV� DUH�XSGDWHG�ZLWK�RQO\�PLQRU� FKDQJHV� WR
WKH�RULJLQDO�WH[W�

,Q�WKH�ORFDOLVDWLRQ�LQGXVWU\��WUDQVODWLRQ�PHPRU\�WRROV�DUH�QRZDGD\V�DQ�DFFHSWHG
SDUW� RI� WKH� WUDQVODWLRQ� ZRUN� �2·%ULHQ� ������� 0DQ\� FXVWRPHUV� UHTXLUH� WKDW
WUDQVODWLRQV�DUH�GHOLYHUHG�IURP�WKH�WUDQVODWLRQ�DJHQFLHV�DV�WUDQVODWLRQ�PHPRULHV�
7KH� 70�� WRROV� KDYH� WKHUHIRUH� SXW� QHZ� GHPDQGV� RQ� SURIHVVLRQDO� WUDQVODWRUV�
ERWK�IUHHODQFH�WUDQVODWRUV�DQG�WUDQVODWLRQ�FRPSDQLHV��1RW�RQO\�GR�WKH\�KDYH�WR
LQYHVW� LQ� QHZ� VRIWZDUH� DQG� WUDLQLQJ�� WKHUH� LV� DOVR� WKH� DGGLWLRQDO� QHHG� IRU
PDLQWDLQLQJ� DQG� DGPLQLVWHULQJ� WKH� JURZLQJ� DUFKLYHV� RI� WUDQVODWLRQ�PHPRULHV�
)RU�PDQ\�WKH�WUDQVODWRU�ZRUNEHQFK�LGHD�DV�LW�ZDV�UHDOLVHG�LQ�70�SDFNDJHV�KDV
IDLOHG� WR� OLYH� XS� WR� WKH� LQLWLDO� RSWLPLVWLF� H[SHFWDWLRQV�� 2·%ULHQ� VWDWHV� WKDW� WKH
´ELJJHVW� IDLOXUH�RI�7UDQVODWLRQ�0HPRU\�KDV�EHHQ� LWV� LQDELOLW\� WR�GHOLYHU�RQ� WKH
H[SHFWHG�FRVW�DQG�WLPH�UHGXFWLRQVµ��2·%ULHQ�������S������7KLV�KHVLWDWLRQ�WRZDUGV
WKH� SURPLVHV� RI� SURGXFWLYLW\� JDLQV� IURP� WKH� VRIWZDUH� GHYHORSHUV� ZDV� DOUHDG\
H[SUHVVHG�LQ������E\�6FKlOHU���������6RPH�RI�WKH�HQFRXQWHUHG�SUREOHPV�KDYH�WR
GR�ZLWK�WKH�´VKDULQJ�RI�WUDQVODWLRQ�PHPRULHVµ��,Q�PDQ\�FDVHV��HVSHFLDOO\�ZKHQ�D
ODUJH�WHDP�RI�WUDQVODWRUV�ZRUN�ZLWK�70�WRROV��LW�FDQ�EH�GLIILFXOW�WR�RUJDQLVH�WKH
WUDQVODWLRQ� PHPRU\� LQ� VXFK� D� ZD\� WKDW� LW� FDQ� EH� HIILFLHQWO\� VKDUHG� RYHU� D
QHWZRUN��7KLV�PD\�KDYH�WR�GR�ZLWK�WKH�LQYROYHPHQW�RI�IUHHODQFH�WUDQVODWRUV�ZKR
DUH�QRW�SK\VLFDOO\� LQ� WKH�VDPH�EXLOGLQJ�DV� WKH� LQ�KRXVH� WUDQVODWRUV� DQG�SURMHFW
PDQDJHPHQW��,W�FDQ�DOVR�GHSHQG�RQ�WHFKQLFDO�LVVXHV��H�J��WKH�FDSDFLW\�RI�WKH�ORFDO
QHWZRUN�� HWF�� %XW� PD\EH� WKH� PRVW� VHULRXV� SUREOHP� VWHPV� IURP� WKH� IDFW� WKDW
GLIIHUHQW�YHUVLRQV�RI�RQH�70�FDQ�EH�IORDWLQJ�DURXQG�D�FRPSDQ\�DQG�VRPHWLPHV
WKHVH�70V�DUH�PHUJHG� LQWR�D� ´QHZµ�RQH�ZLWKRXW�SURSHU�YDOLGDWLRQ��7KLV�FRXOG
UHVXOW�LQ�H[FHOOHQW�WUDQVODWLRQV�EHLQJ�RYHUZULWWHQ�E\�QRW�VR�JRRG�WUDQVODWLRQV�

$QRWKHU� LVVXH� WKDW� FRQFHUQV� TXDOLW\� DQG� WKH� HIIHFWV� RI� 70� WRROV� RQ� WKH
WUDQVODWLRQV�KDV�EHHQ�DGPLWWHG�E\�WKH�70�VRIWZDUH�GHYHORSHUV�WKHPVHOYHV��+H\Q
�������2QH�RI� WKHVH� LVVXHV� LQYROYHV�WKH�´SHHS�KROH�HIIHFWµ� WKDW�DULVHV�ZKHQ�70
WRROV� IRUFH� WKH� WUDQVODWRU� WR� IRFXV� RQ� RQH� WUDQVODWLRQ� VHJPHQW� �XVXDOO\� D
VHQWHQFH��DW�D� WLPH��7KH�DFWLYH� WUDQVODWLRQ�VHJPHQW�ZLOO�RFFXS\�D� ODUJH�SDUW�RI
WKH� VFUHHQ� DQG� PLJKW� FDXVH� WKH� WUDQVODWRU� WR� VSHQG� OHVV� WLPH� FRQQHFWLQJ� WKH
WUDQVODWLRQ� WR� WKH� VXUURXQGLQJ� FRQWH[W�� 3URQRXQV� DQG� FRKHUHQFH�PDUNHUV� WKDW
ELQG� WKH� WH[W� WRJHWKHU�FDQ�DOVR�EH�RPLWWHG� LQ�RUGHU� WR�PDNH� WKH� WUDQVODWLRQ�DV
UHF\FODEOH� DV� SRVVLEOH� LQ� RWKHU� VXUURXQGLQJV�� 7KH� HIIHFWV� RI� XVLQJ� WUDQVODWLRQ
PHPRU\� WRROV� DUH� DGGUHVVHG� LQ� VHYHUDO� SODFHV� LQ� WKLV� WKHVLV�� LQ� FKDSWHUV� ��� ��
�VHFWLRQ������DQG�FKDSWHU����

7KH�UHYLYHG�LQWHUHVW�IRU�FRUSXV�EDVHG�DSSURDFKHV�LQ�1/3�UHVHDUFK�KDV�SURGXFHG
LPSURYHG�PHWKRGV� DQG�DSSURDFKHV� IRU� WUDQVODWLRQ� WRROV��7KH�QHFHVVLW\� WR�KDYH
DFFHVV� WR� �DQG� WR� EH� DEOH� WR� FUHDWH�� SDUDOOHO� FRUSRUD� �D� VRXUFH� WH[W� DQG� LWV
WUDQVODWLRQ��KDV�FDXVHG�PDQ\�UHVHDUFK�JURXSV�WR�GHYHORS�DQG�LPSURYH�WHFKQLTXHV
DQG�PHWKRGRORJ\� IRU� FRUSXV�ZRUN� �VXFK� DV� DOLJQPHQW� SURJUDPV� DQG� GLIIHUHQW
ZD\V�RI�H[WUDFWLQJ�OLQJXLVWLF�GDWD�IURP�HOHFWURQLF�WH[WV��

:LWKLQ�WKH�UHVHDUFK�ILHOGV�� IRFXV�KDV�VKLIWHG� IURP�WKH�SXUH�07�DSSURDFKHV�� L�H�
H[SORULQJ�DQG�GHYHORSLQJ�QHZ�DSSURDFKHV�WR�07�WR�DFWLYLWLHV�ZKLFK�DUH�LQ�OLQH
ZLWK� WKH�7UDQVODWRU·V�$PDQXHQVLV� DSSURDFK��:LWKLQ� FRPSXWDWLRQDO� OLQJXLVWLFV�
WHFKQLTXHV� IRU� EXLOGLQJ� UHXVDEOH� UHVRXUFHV� �VXFK� DV� SDUDOOHO� WH[WV�� ELOLQJXDO
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GLFWLRQDULHV�� DQG� H[WUDFWLRQV� RI� FROORFDWLRQV� DQG� WHUPV�� KDYH� LQ� UHFHQW� \HDUV
FDXVHG� FRQVLGHUDEOH� PRUH� LQWHUHVW� WKDQ� H[SORULQJ� WKH� SRVVLELOLWLHV� RI� IXOO\
DXWRPDWLF�07�

7KHUH�LV�DOVR�D�GLYLGLQJ�OLQH�EHWZHHQ�WKH�07�V\VWHPV�FDPS�DQG�WKH�7UDQVODWRU
:RUNVWDWLRQ� FDPS� LQ�JHRJUDSKLFDO� WHUPV�� ,Q� WKH�8QLWHG� 6WDWHV� DQG� -DSDQ�� WKH
FRPPHUFLDO� LQWHUHVW� IRU� 07� SDFNDJHV� KDV� H[SORGHG� IURP� ������ HVSHFLDOO\� IRU
SHUVRQDO�07�SDFNDJHV�ZKHUHDV�WKH�07�LQWHUHVW� LQ�(XURSH�KDV�EHHQ�OLPLWHG�WR
ODUJH�WUDQVODWLRQ�VHUYLFH�SURYLGHUV�DQG�PXOWLQDWLRQDO�FRPSDQLHV��)ODQDJDQ������
+XWFKLQV� ������� 7KH� (XURSHDQ� IRFXV� KDV� LQVWHDG� EHHQ� RQ� WKH� 7UDQVODWRU
:RUNVWDWLRQ� DSSURDFK�� ,W� LV� ZRUWK� SRLQWLQJ� RXW� WKDW� DOO� OHDGLQJ� SURGXFHUV� RI
7UDQVODWRU�:RUNVWDWLRQ�VRIWZDUH�DUH�(XURSHDQ�

���� %XLOGLQJ�SDUDOOHO�FRUSRUD�±�VHQWHQFH�DOLJQPHQW

,Q�RUGHU�WR�UHXVH�WUDQVODWHG�PDWHULDO��WKHUH�PXVW�EH�WRROV�DQG�PHWKRGV�WR�EXLOG
UHVRXUFHV� WKDW� FDQ� EH� XWLOLVHG� GXULQJ� WUDQVODWLRQ�� 2QH� VXFK� H[DPSOH� LV� WR
FRQVWUXFW� ELWH[WV� IURP� H[LVWLQJ� WUDQVODWLRQV��7KLV� LV� FDOOHG� DOLJQLQJ� WKH� VRXUFH
DQG�WKH�WDUJHW� WH[WV��7KH�PRVW� LQYHVWLJDWHG�DUHD�RI�DOLJQPHQW� LV�SHUIRUPHG�RQ
VHQWHQFH� OHYHO�� EXW� LW� LV� DOVR� SRVVLEOH� WR� DOLJQ� ERWK� ODUJHU� VHJPHQWV� �VXFK� DV
SDUDJUDSKV��DQG�VPDOOHU�VHJPHQWV��VXFK�DV�SKUDVHV�DQG�ZRUGV��

7KHUH� DUH� WZR� PDLQ� DSSURDFKHV� WR� VHQWHQFH� DOLJQPHQW�� QDPHO\� OHQJWK�EDVHG
DOLJQPHQW� DQG� OH[LFRQ�EDVHG� DOLJQPHQW��7KH� OHQJWK�EDVHG� DOLJQPHQW� DSSURDFK
FDQ�EH�EDVHG�RQ�HLWKHU�FKDUDFWHU�OHQJWK��*DOH�DQG�&KXUFK�������RU�ZRUG�OHQJWK
�%URZQ�HW�DO���������7KH�OH[LFRQ�EDVHG�DOLJQPHQW�LV�XVHG�E\�IRU�H[DPSOH�0DULDQL
HW�DO���������WR�SURGXFH�FRUUHVSRQGHQFHV�EHWZHHQ�ZRUGV�E\�PHDQV�RI�D�ELOLQJXDO
OH[LFRQ�� +\EULG� DSSURDFKHV� WR� DOLJQPHQW� KDYH� DOVR� EHHQ� SURSRVHG� E\�� IRU
H[DPSOH�� -RKDQVVRQ� DQG� +RIODQG� ������� DQG�:X� �������� ZKHUH� VWDWLVWLFV� DQG
ELOLQJXDO�OH[LFRQV�DUH�XVHG�WRJHWKHU��+HUH�WKH�LGHD�LV�WKDW�WKH�XVH�RI�D�OLVW�RI�SDLUV
RI� VRXUFH� DQG� WDUJHW� ZRUGV� ZLWK� D� KLJK� OLNHOLKRRG� RI� EHLQJ� WUDQVODWLRQV
FRPSOHPHQWV� WKH� VWDWLVWLFDO� DOLJQPHQW� DOJRULWKP�� ,Q� -RKDQVVRQ� DQG� +RIODQG·V
WHUPLQRORJ\� WKLV� OLVW� LV� FRPSRVHG� RI� DQFKRU�ZRUGV� ZKHUHDV�:X� FDOOV� WKH� VDPH
OH[LFDO� FXHV��EXW� WKH�EDVLF� IXQFWLRQDOLW\� LV� WKH�VDPH��&KHQ� �������XVHG�D� VOLJKWO\
GLIIHUHQW�DSSURDFK�ZKHQ�KH�XVHG� OH[LFDO� LQIRUPDWLRQ� IRU� VHQWHQFH�DOLJQPHQW�E\
DGGLQJ�D�VWDWLVWLFDO�WUDQVODWLRQ�PRGHO�WR�WKH�%URZQ�DSSURDFK��%URZQ�HW�DO��������

7KH� JHQHUDO� IRUPXODWLRQ� RI� WKH� VWDWLVWLFDO� DSSURDFK� FDQ� EH� GHVFULEHG� DV� WR
´FKRRVH� WKH� DOLJQPHQW� WKDW� PD[LPLVHV� WKH� SUREDELOLW\� RYHU� DOO� SRVVLEOH
DOLJQPHQWVµ��:X�������S�������%XW�WKLV�LV�WRR�JHQHUDO�WR�EH�RI�DQ\�SUDFWLFDO�XVH
DQG� LW� LV� LQVWHDG� WKH� GLIIHUHQW� ZD\V� RI� LPSOHPHQWLQJ� WKH� DSSUR[LPDWLRQV� WKDW
KDYH�EHHQ�FRQWURYHUVLDO�

%URZQ� HW� DO�� ������� SURSRVHG� D� OHQJWK�EDVHG� DOLJQPHQW� DOJRULWKP� ZKHUH� WKH
QXPEHU� RI� ZRUGV� LQ� WKH� VHQWHQFHV� ZHUH� WDNHQ� DV� WKH� SULPDU\� FULWHULRQ�� 7KH\
DSSOLHG� WKHLU� DOJRULWKP� RQ� WKH� (QJOLVK�)UHQFK� +DQVDUG� FRUSRUD� DQG� UHSRUW� D
KLJK�VXFFHVV�UDWH�LQ�DOLJQLQJ�VHQWHQFHV��*DOH�DQG�&KXUFK��������VKRZHG�WKDW�LW�LV
EHWWHU�WR�PHDVXUH�OHQJWK�LQ�WHUPV�RI�FKDUDFWHUV�WKDQ�ZRUGV��HVSHFLDOO\�ZKHQ�\RX
FRPSDUH� ODQJXDJHV�WKDW�KDYH�GLIIHUHQW�FKDUDFWHULVWLFV�DV� UHJDUGV�FRPSRXQGLQJ�
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&RUUHVSRQGLQJ� VHQWHQFHV� DUH� OHVV� OLNHO\� WR� YDU\� LQ� QXPEHUV� RI� FKDUDFWHUV
FRPSDUHG�WR�ZRUGV��*DOH·V�DQG�&KXUFK·V�DOJRULWKP�KDV�EHHQ�YHU\�LQIOXHQWLDO�DQG
IRUPV�WKH�EDVLV�IRU�VHYHUDO�RWKHU�SURSRVDOV�

$FFXUDWH� VHQWHQFH� DOLJQPHQW� PXVW� EH� DEOH� WR� DFFRXQW� IRU� GLIIHUHQW� PDSSLQJ
UHODWLRQV�EHWZHHQ�VHQWHQFHV�LQ�WKH�VRXUFH�DQG�WDUJHW�WH[W��VXFK�DV������VHQWHQFH
GHOHWLRQ��� ���� �VHQWHQFH� LQVHUWLRQ�� ���� �VHQWHQFH� FRPELQDWLRQ� RI� WZR� VRXUFH
VHQWHQFHV� LQWR� RQH� WDUJHW� VHQWHQFH��� ���� �VHQWHQFH� VSOLWWLQJ� ZKHUH� �� VRXUFH
VHQWHQFH�FRUUHVSRQGV�WR���WDUJHW�VHQWHQFHV��������WZR�VRXUFH�ODQJXDJH�VHQWHQFHV
FRUUHVSRQG� WR� WZR� WDUJHW� ODQJXDJH� VHQWHQFHV���7KHUH� DUH� RWKHU� SRVVLELOLWLHV� RI
FRPELQDWLRQ�DQG� VSOLWWLQJ� UHODWLRQV�� VXFK���������������� HWF��+RZHYHU�� WKH�PRVW
FRPPRQO\�REVHUYHG�PDSSLQJ�UHODWLRQV�DUH��������������������DQG������$Q�H[DPSOH
RI�FRPELQDWLRQ�DQG�VSOLWWLQJ�PDSSLQJV�LV�VKRZQ�LQ�7DEOH���
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7DEOH����&RPSOH[�VHQWHQFH�PDSSLQJV

6RXUFH 7DUJHW 0DS
´<HV��ZLWK�RQH�KDQG�ZKLOH�\RX�ZHUH
EXV\�VWLUULQJ�D�SRW�ZLWK�WKH�RWKHU�

´-D��PHG�HQD�KDQGHQ��0HGDQ�GX
U|UGH�L�JU\WRUQD�I|U�IXOOW�PHG�GHQ
G

0$3����

´*R�WR�KHOO�µ�(PPDQXHOOH�VDW�XS
VWUDLJKW�

´'UD�nW�VNRJHQ�µ�VDGH
(PPDQXHOOH�RFK�VDWWH�VLJ
NDSSUDN�

0$3����

6PDOOHU�IU\�IURP�WKH�VWDII�RI�YLVLWLQJ
GLJQLWDULHV�ZHUH�TXDUWHUHG�DW�WKH
5KLQR����D�6HQHJDOHVH�VHFUHWDU\��WZR�PHQ
IURP�WKH�,YRU\�&RDVW����DQG�WKHUH�ZHUH
QHZVSDSHUPHQ�DQG�D�)LOLSLQR�FRXSOH
ZRUNLQJ�IRU�D�8QLWHG�1DWLRQV
GHPRJUDSKLF�FRPPLVVLRQ��'DQGR
SRLQWHG�WKHP�RXW��ZLWK�IULHQGV�IURP�WKH
*KDQDLDQ�(PEDVV\�

2EHW\GOLJDUH�PHGOHPPDU�DY�GH
JlVWDQGH�GLJQLWlUHUQDV�VWDEHU
KDGH�LQNYDUWHUDWV�Sn�6LOYHU
5KLQR��(Q�VHQHJDOHVLVN
VHNUHWHUDUH��WYn�JHQWOHPlQ�IUnQ
(OIHQEHQVNXVWHQ��9LGDUH�HQ�GHO
MRXUQDOLVWHU�RFK�HWW�SDU�IUnQ
)LOLSSLQHUQD�VRP�LQJLFN�L�HQ
GHPRJUDILVN�)1�NRPPLVVLRQ
�'DQGR�YLVDGH�KRQRP�Sn�GHP�
MlPWH�QnJUD�YlQQHU�IUnQ�*KDQDV
DPEDVVDG�

0$3����
�)URP�
*RUGLPHU�
$�*XHVW�RI
+RQRU�

&KDQJH�WKH�VHWWLQJV�WR�PHHW�\RXU�QHHGV�
3RLQW�WR�WKH�WLWOH�EDU�LFRQ��'RXEOH�FOLFN�

1lU�GX�lU�NODU�PHG�lQGULQJDUQD
VWlQJHU�GX�EORFNHW�JHQRP�DWW
GXEEHONOLFND�Sn
UXEULNUDGVLNRQHQ�

0$3����

+RZHYHU��LI�GLVN�VSDFH�LV�OLPLWHG��\RX
FDQ�LQVWDOO�WKH�UHJXODU�W\SHIDFH�DQG
$70�ZLOO�DSSUR[LPDWH�WKH�RWKHU�VW\OHV�
.HHS�LQ�PLQG��KRZHYHU��WKDW�$70�ZLOO
QRW�DSSUR[LPDWH�WKH�RWKHU�VW\OHV�LI�\RX
DUH�SULQWLQJ�WR�D�3RVW6FULSW�SULQWHU�

2P�GHW�lU�RQW�RP�SODWV�Sn
KnUGGLVNHQ�YlOMHU�GX�EDUD
JUXQGWHFNHQVQLWWHW��9DULDQWHUQD
EOLU�Gn�DSSUR[LPHUDGH��JlOOHU�LQWH
3RVW6FULSW�VNULYDUH��

0$3����

7R�FDVFDGH�RU�WLOH�DOO�WKH�ZLQGRZV
ZKRVH�WLWOHV�DSSHDU�LQ�WKH�:LQGRZ�/LVW
XVLQJ�D�SRS�XS�PHQX��3RLQW�WR�DQ�HPSW\
DUHD�RQ�WKH�GHVNWRS��&OLFN�PRXVH
EXWWRQV���DQG���DW�WKH�VDPH�WLPH�

*|U�Vn�KlU��2UGQD�VDPWOLJD
|SSQD�I|QVWHU��7D�IUDP�$NWLYD
VHVVLRQHU��JHQRP�DWW�NOLFND�PHG
EnGD�PXVNQDSSDUQD�Sn�HQ�OHGLJ
\WD�Sn�VNlUPHQ��

0$3����

�)URP
,%0·V
26��
8VHU·V
*XLGH�

/HQJWK�EDVHG�VHQWHQFH�DOLJQPHQW�FDQ�GHDO�ZLWK�WKH�VLPSOH�PDSSLQJ�UHODWLRQV����
��� ���� DQG� ����� ZLWK� JRRG� DFFXUDF\�� EXW� WKHUH� LV� D� SUREOHP� LQ� GLVWLQJXLVKLQJ
EHWZHHQ�D� FRPSOH[� UHODWLRQ�RQ� WKH�RQH�KDQG� �Q����Q�Q�� ��Q�� DQG�D����� UHODWLRQ
IROORZHG�E\�D�GHOHWLRQ�RU�DQ�LQVHUWLRQ�RQ�WKH�RWKHU�KDQG��7KH�DOLJQHG�WH[W�VKRZQ
LQ�7DEOH���LOOXVWUDWHV�D�SRUWLRQ�RI�D�SURJUDP�PDQXDO�WUDQVODWLRQ�ZKHUH�D�SXUHO\
VWDWLVWLFV�EDVHG�DOLJQHU�ZRXOG�KDYH�GLIILFXOWLHV�LQ�DVVLJQLQJ�WKH�FRUUHFW�OLQNV�
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7DEOH����'HOHWLRQ�DQG�LQVHUWLRQ�UHODWLRQV������DQG�����

6RXUFH 7DUJHW 0DS
6FUDPEOH ���VSHO 0$3����
6FUDPEOH�LV�D�VPDOO�SX]]OH�WKDW�LV�VROYHG
ZKHQ�\RX�DUUDQJH�WKH�SX]]OH�SLHFHV�LQ�WKH
FRUUHFW�RUGHU�

���VSHOHW�JnU�XW�Sn�DWW�OlJJD�EULFNRUQD�L
UlWW�RUGQLQJ�

0$3����

<RX�PXVW�PRYH�WKH�SLHFHV�RI�WKH�SX]]OH�LQ
RQH�GLUHFWLRQ�DW�D�WLPH�

0$3����

9lOM�gSSQD�Sn�PHQ\Q�$UNLY�RFK�VHGDQ
PRWLY��VLIIURU��NDWWHU�HOOHU�26���
ORJRW\SHQ�

0$3����

9lOM�%ODQGD�Sn�PHQ\Q�$UNLY�LQQDQ�GX
VWDUWDU�

0$3����

7KH�PRXVH�FXUVRU�WXUQV�LQWR�DQ�DUURZ
ZKHQ�\RX�VHOHFW�D�SLHFH�

'X�IO\WWDU�SXVVHOELWDUQD�PHG�PXVHQ� 0$3����

7KH�SUREOHP�ZLWK�DOLJQPHQW�EDVHG�SXUHO\�RQ�VWDWLVWLFV�LV�WKDW�LQ�SDVVDJHV�ZLWK
VHQWHQFHV� RI� URXJKO\� WKH� VDPH� OHQJWK�� WZR�PLQRU� SHUWXUEDWLRQV� FDQ� FDXVH� WKH
DOLJQPHQW�RI�WKH�SDUWLFXODU�SDVVDJH�WR�JR�ZURQJ��0DQ\�DSSURDFKHV�WR�VHQWHQFH
DOLJQPHQW�UHTXLUH�WKDW�WKH�WH[W�LV�V\QFKURQLVHG�RQ�WKH�SDUDJUDSK�OHYHO�EHIRUH�WKH
DFWXDO�VHQWHQFH�DOLJQPHQW�WDNHV�SODFH��)RU�WH[WV�ZLWK�VKRUW�SDUDJUDSKV�WKH�ULVN
RI�PLVDOLJQPHQWV�LV�VPDOO��EXW�WKH�ORQJHU�WKH�SDUDJUDSKV�DUH��WKH�ULVN�RI�PDNLQJ
ZURQJ� DOLJQPHQWV� LQFUHDVHV� GUDVWLFDOO\�� ,Q� K\EULG� DSSURDFKHV�� WKLV� ULVN� FDQ� EH
UHGXFHG�E\�XVLQJ�WKH�DERYH�PHQWLRQHG�DQFKRU�ZRUGV�RU�OH[LFDO�FXHV�

,Q� SULQFLSDO�� DOO� FXUUHQW� PHWKRGV� IRU� DOLJQLQJ� WH[WV� RQ� WKH� VHQWHQFH� OHYHO� DUH
EDVHG�RQ�WKH�IROORZLQJ�DVVXPSWLRQV��9pURQLV�����D��

��� WKDW�WKH�WZR�WH[WV�DUH�RUGHUHG�LQ�WKH�VDPH�ZD\��RU�YHU\�FORVHO\�
��� WKDW�WKH�WUDQVODWLRQ�FRQWDLQV�D�OLPLWHG�QXPEHU�RI�RPLVVLRQV�DQG�DGGLWLRQV
��� WKDW�WKH�ODUJH�PDMRULW\�RI�DOLJQPHQWV�DUH������DQG�WKDW�WKH�IHZ�H[LVWLQJ�P�Q
DOLJQPHQWV�DUH�UHVWULFWHG�WR�VPDOO�P�DQG�Q�YDOXHV�������

:KHQ�D� VRXUFH� WH[W� DQG� WDUJHW� WH[W�GLIIHU� WRR�PXFK� LQ� VWUXFWXUH�� WKH� VWDQGDUG
DOLJQPHQW�PHWKRGV�ZLOO�QRW�SURGXFH�WKH�GHVLUHG�UHVXOWV��)RU�H[DPSOH��DOLJQLQJ
DOSKDEHWLFDOO\� VRUWHG� JORVVDULHV� ZLOO� EH� PRUH� RU� OHVV� LPSRVVLEOH� IRU� D� SXUHO\
VWDWLVWLFDO� DOLJQPHQW� V\VWHP�� $� UHFHQW� DSSURDFK� LV� SUHVHQWHG� E\� )OXKU� HW� DO�
�������ZKR�DGYRFDWH�DQ�LQIRUPDWLRQ�UHWULHYDO�VROXWLRQ�ZKHUHE\�WKH�WH[WV�DUH�ILUVW
FRQYHUWHG�LQWR�GDWDEDVHV��7KH�DOLJQPHQW�WDVN�LV�WKHQ�UHGXFHG�WR�D�´PXOWLOLQJXDO
TXHU\�SUREOHPµ�ZKHUH�WKH�JRDO�LV�WR�UHWULHYH�WKH�WDUJHW�WH[W�VHQWHQFH�WKDW�LV�WKH
EHVW�PDWFK�IRU�WKH�´TXHU\µ��L�H���WKH�VRXUFH�WH[W�VHQWHQFH���)RU�WH[WV�PDUNHG�XS�LQ
6*0/� RU� +70/� LW� LV� SRVVLEOH� WR� XVH� WKH� PDUN�XS� DV� FOXHV� IRU� VHQWHQFH
DOLJQPHQW�� 7KLV� PHWKRG� KDV� EHHQ� DSSOLHG� E\�0DUWLQH]� HW� DO�� �������� $QRWKHU
DSSURDFK�LV�WR�XVH�LQWHUDFWLYH�DOLJQPHQW�DV�SURSRVHG�LQ�&KDSWHU���RI�WKLV�WKHVLV�
,QWHUDFWLYH� DOLJQPHQW�ZLOO� VWRS� WKH� DOLJQPHQW�SURFHVV� DW� ´GLIILFXOWµ� SDVVDJHV� RI
WKH�WH[W�DQG�DVN�WKH�XVHU�WR�FRQILUP�WKH�SURSRVHG�DOLJQPHQWV�IURP�WKH�V\VWHP��RU
PDNH�VRPH�PRGLILFDWLRQV��7KH� LQWHUDFWLYH�DSSURDFK� LV� VORZHU�EXW�ZLOO� UHVXOW� LQ
DFFXUDWH�SDUDOOHO�WH[WV��ZKLFK�LV�HVVHQWLDO�IRU�PRUH�TXDOLWDWLYH�VWXGLHV�RI�VPDOO�WR
PHGLXP�VL]HG�SDUDOOHO�FRUSRUD�
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,Q� WKH� UHFHQW� $5&$'(� SURMHFW�� WZHOYH� GLIIHUHQW� VHQWHQFH� DOLJQPHQW� V\VWHPV
ZHUH�FRPSDUHG�DQG�HYDOXDWHG��9pURQLV�DQG�/DQJODLV��������7KH�FRQFOXVLRQ�ZDV
WKDW� WKH� VWDWH� RI� WKH� DUW� V\VWHPV� ZLWKLQ� VHQWHQFH� DOLJQPHQW� FDQ� SURGXFH
DOLJQPHQWV�ZLWK�DW� OHDVW����SHU�FHQW� UHFDOO� DQG�SUHFLVLRQ� IRU� VRXUFH�DQG� WDUJHW
WH[WV� WKDW� DUH� LQ� UHODWHG� ODQJXDJHV� DQG� FRPSOLDQW�ZLWK� WKH� WKUHH� DVVXPSWLRQV
PDGH�DERYH�

���� 7RROV�UHODWHG�WR�WUDQVODWLRQ�DQG�WUDQVODWLRQ�FRUSRUD

7RROV� UHODWHG� WR� WUDQVODWLRQ� DQG� WUDQVODWLRQ� FRUSRUD� VKRXOG� EH� WKRXJKW� RI� DV
DSSOLFDEOH�IURP�YDULRXV�SRLQWV�RI�YLHZ��2QH�DQG�WKH�VDPH�WRRO�FRXOG�EH�XVHG�E\
IRU�H[DPSOH�D�WUDQVODWLRQ�VFKRODU��D�ODQJXDJH�HQJLQHHU��D�FRQWUDVWLYH�OLQJXLVW�DQG
D� OH[LFRJUDSKHU� IRU� WKHLU� RZQ� GLIIHUHQW� SXUSRVHV�� 7KH� EDVLF� UHVRXUFH�� WKH
WUDQVODWLRQ�FRUSXV��LV�D�FRPPRQ�UHVRXUFH�WKDW�DOO�SDUWLHV�VKDUH�DQ�LQWHUHVW�LQ��EXW
WKH�H[DFW�VHWXS�RI�WKH�FRUSXV�LQ�WHUPV�RI�ZKDW�NLQG�RI�LQIRUPDWLRQ�WR�LQFOXGH�LQ
VXFK�D�FRUSXV�PD\�GLIIHU�GHSHQGLQJ�RQ�WKH�YLHZSRLQW�

,Q� WKH� SUHYLRXV� VHFWLRQ�� WKH� VHQWHQFH� DOLJQPHQW� WRROV� QHHGHG� WR� EXLOG� XS
WUDQVODWLRQ� FRUSRUD� KDYH� EHHQ� GLVFXVVHG�� $V� PHQWLRQHG� DERYH�� WKH� WUDQVODWLRQ
FRUSXV� LV� WKH� SULPDU\� REMHFW� LQ� IRFXV� IRU� DOO� SDUWLHV�� KRZHYHU�� WKHUH� DUH� WKUHH
RWKHU�W\SHV�RI�WRROV�WKDW�KDYH�ZLOO�EH�GLVFXVVHG�LQ�WKLV�VHFWLRQ��7KHVH�WKUHH�W\SHV
RI�WRROV�DUH�

��� 'LDJQRVWLF�WRROV

��� 'DWD�DFTXLVWLRQ�WRROV�²�ELOLQJXDO�FRQFRUGDQFH�SURJUDPV�DQG�ZRUG�DOLJQPHQW
V\VWHPV

��� (YDOXDWLRQ�DQG�SURRILQJ�WRROV�

,Q� DQ� LQGXVWULDO� WUDQVODWLRQ� SURMHFW�� WKHUH� LV� D� QHHG� WR� EH� DEOH� WR� DQDO\VH� DQG
GLDJQRVH�VRXUFH�WH[WV�EHIRUH�WKH�DFWXDO�WUDQVODWLRQ�VWDUWV��7KH�FKDUDFWHULVWLFV�RI
WKH�VRXUFH� WH[W�PD\�GHWHUPLQH� LI� DQG�ZKDW� WUDQVODWLRQ� WRROV� VKRXOG�EH�XVHG� WR
PLQLPL]H�FRVWV�DQG�DVVXUH�TXDOLW\��4XHVWLRQV�DERXW�UHSHWLWLRQV�LQ�WKH�VRXUFH�WH[W
DQG� VLPLODULWLHV� WR� DUFKLYHG� WUDQVODWLRQ� PHPRULHV� PD\� GHFLGH� ZKHWKHU
WUDQVODWLRQ�PHPRU\� WRROV� DUH� WR�EH�XVHG� DQG�� LI� VR��ZKDW� WUDQVODWLRQ�PHPRULHV
EHVW� ILW� WKH�QHZ�VRXUFH� WH[W�� ,QIRUPDWLRQ�RQ�YRFDEXODU\� LQ� WKH�VRXUFH� WH[W�ZLOO
DOVR� SURYLGH� YDOXDEOH� NQRZOHGJH� WR� GHFLVLRQV� RQ� KRZ� PXFK� HIIRUW� VKRXOG� EH
VSHQW� RQ� XSGDWLQJ� WHUP� EDQNV�� HWF�� 7KH� GLDJQRVWLF� WRROV� DUH� LPSRUWDQW� WR
WUDQVODWRUV� DQG� WUDQVODWLRQ� WHDPV�� KRZHYHU�� LQIRUPDWLRQ� RQ� UHSHWLWLRQV� DQG
YRFDEXODU\�SURILOHV�LQ�WKH�VRXUFH�WH[WV�FDQ�DOVR�SURYLGH� LQWHUHVWLQJ�LQIRUPDWLRQ
IRU�WUDQVODWLRQ�VWXGLHV�

:KHQ�WUDQVODWLRQV�KDYH�EHHQ�FUHDWHG�DV�D�ELWH[W��HLWKHU�DV�D�WUDQVODWLRQ�FRUSXV�RU
D�WUDQVODWLRQ�PHPRU\��WKHQ�WKLV�ELWH[W�FDQ�EH�VHHQ�DV�D�UHVRXUFH�IRU�WUDQVODWRUV�
OH[LFRJUDSKHUV�� ODQJXDJH� HQJLQHHUV�� WUDQVODWLRQ� VFKRODUV� DQG� FRQWUDVWLYH
OLQJXLVWV��%\�XVLQJ�GDWD�DFTXLVLWLRQ�WRROV��VXFK�DV�ELOLQJXDO�FRQFRUGDQFH�SURJUDPV�DQG
ZRUG� DOLJQPHQW� SURJUDPV�� WKH� WUDQVODWLRQ� FRUSXV� FDQ� EH� H[SORLWHG� DQG� UHODWLRQV
EHWZHHQ�YDULRXV�VRXUFH�DQG�WDUJHW�WH[W�REMHFWV�FDQ�EH�UHYHDOHG�RQ�YDULRXV�OHYHOV�
)RU� H[DPSOH�� WKH� ODQJXDJH� HQJLQHHU� ZKR� LV� EXLOGLQJ� D� PDFKLQH� WUDQVODWLRQ
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DSSOLFDWLRQ� FDQ� H[WUDFW� ELOLQJXDO� OH[LFRQV� XVLQJ� ZRUG� DOLJQPHQW� SURJUDPV�
OH[LFRJUDSKHUV�PD\�XVH�ELOLQJXDO�FRQFRUGDQFH�SURJUDPV�DQG�OH[LFRQ�H[WUDFWLRQ
WRROV� WR� XSGDWH� ELOLQJXDO� OH[LFRQV� DQG� LOOXVWUDWH� ODQJXDJH� XVH� ZLWK� H[DPSOHV
IURP�WKH�WUDQVODWLRQ�FRUSXV��7HUPLQRORJLVWV�PD\�ZDQW�WR�H[WUDFW�WHFKQLFDO�WHUPV
DQG� WKHLU� WUDQVODWLRQV�DQG�XSGDWH� WHUP�EDQNV�� DQG� WKH� WUDQVODWLRQ� VFKRODU�PD\
ZDQW�WR�WHVW�K\SRWKHVHV�DERXW�WKH�UHODWLRQVKLSV�SUHVHQW�LQ�WKH�VRXUFH�DQG�WDUJHW
WH[WV�

,Q� SUDFWLFDO� WUDQVODWLRQ� SURGXFWLRQ� WKHUH� LV� DOZD\V� D� QHHG� IRU� SRVW�HGLWLQJ�
HVSHFLDOO\�LQ�ODUJH�WUDQVODWLRQ�SURMHFWV�LQYROYLQJ�VHYHUDO�WUDQVODWRUV��3RVW�HGLWLQJ
UHTXLUHV� D� JUHDW� GHDO� RI� HIIRUW� WR� PDNH� VXUH� WKDW� WKH� TXDOLW\� PHHWV� WKH
H[SHFWDWLRQV�RI�WKH�FXVWRPHU��1RUPDO�SURRILQJ�WRROV�IRU�PRQROLQJXDO�WH[WV��VXFK
DV�VSHOO�FKHFNHU�DQG�JUDPPDU�FKHFNHUV��FDQQRW�FDSWXUH�PLVWDNHQ�WUDQVODWLRQV�LI
WKH� WDUJHW� WH[W� LV� FRUUHFW�� 7KHUHIRUH� HYDOXDWLRQ� DQG� SURRILQJ� WRROV� VSHFLILFDOO\
GHVLJQHG�IRU�ELWH[WV�FRXOG�EH�GHVLJQHG�ZKHUH�WKH�REMHFWLYH�LV�WR�FDSWXUH�PLVWDNHQ
WHUPLQRORJ\�DQG�LQFRQVLVWHQFLHV�LQ�WKH�WUDQVODWLRQV��UHODWLYH�WR�WKH�VRXUFH�WH[W��,W
ZRXOG�DOVR�EH�GHVLUDEOH�WR�EXLOG�LQ�WKH�FDSDFLW\�WR�FKHFN�KRZ�ZHOO�D�WUDQVODWLRQ
FRQIRUPV�WR�D�JLYHQ�VW\OH�JXLGH�IRU�D�VSHFLILF�WH[W�W\SH�RU�FRPSDQ\�

,I�ZH�DGKHUH�WR�.D\·V�FDOO�IRU�´PRGHVW\µ�DQG�´RQO\�GR�ZKDW�ZH�NQRZ�ZH�FDQ�GR
UHOLDEO\µ��ZH�FDQ�H[SDQG� WKH� FDSDFLW\�DQG� IXQFWLRQDOLW\� IRU� WKHVH� W\SHV�RI� WRROV
VWHS�E\�VWHS�DQG�LQWHJUDWH�WKHP�LQ�WKH�RYHUDOO�WUDQVODWLRQ�SURFHVV�

/HW�XV�WDNH�D�FORVHU�ORRN�DW�WKH�FKDUDFWHULVWLFV�RI�FDWHJRULHV�RI�GLDJQRVWLF�WRROV�
ZRUG� DOLJQPHQW� SURJUDPV�� ELOLQJXDO� FRQFRUGDQFLQJ� SURJUDPV� DQG� HYDOXDWLRQ
DQG�SURRILQJ�WRROV�IRU�ELWH[WV�

������ 'LDJQRVWLF�WRROV
7KH� XVH� RI� GLDJQRVWLF� WRROV� WR� GHWHUPLQH� WH[W� SURILOHV� LV� FRQVLGHUHG� LQ� WKUHH
LPSRUWDQW�SKDVHV�RI�LQGXVWULDOLVHG�WUDQVODWLRQ�

�� 'HFLVLRQ�PDNLQJ��ZKDW�PHWKRG�RU�PHWKRGV�DUH�DSSURSULDWH�ZLWK�D�JLYHQ�WH[W�
W\SH��DQG�ZLWK�GLIIHUHQW�SDUWV�RI�D�JLYHQ�WH[W"��

�� 6\VWHP�FRQILJXUDWLRQ��ZKDW�GDWD�LV�UHOHYDQW�DQG�KRZ�VKRXOG�LW�EH�DFTXLUHG�DQG
SXW�WR�XVH"��

�� 3RVW�HGLWLQJ� �ZKDW�HIIHFWV� LV� WKH�FKRVHQ�PHWKRG� OLNHO\� WR�KDYH�RQ� WKH� WDUJHW
WH[W"��

7KH�RYHUDOO�JRDO�IRU�WKH�GLDJQRVLV�LV�WR�DUULYH�DW�D�GHVFULSWLRQ�RI�WKH�VRXUFH�WH[W
WKDW� LV� WR� EH� WUDQVODWHG� DQG� WR� FRPSDUH� WKHVH� FKDUDFWHULVWLFV� WR� ZKDWHYHU
DYDLODEOH�UHVRXUFHV�DQG�WRROV�WKH�WUDQVODWRUV�KDYH�DW�WKHLU�GLVSRVDO��'LDJQRVLV�FDQ
EH�SHUIRUPHG�RQ�WKH�FXUUHQW�VRXUFH�WH[W��WH[W�WR�EH�WUDQVODWHG��DQG�RU�SUHYLRXV
WUDQVODWLRQV��LQFOXGLQJ�D�UHODWHG�VRXUFH�WH[W�DQG�LWV�WDUJHW�WH[W���7KXV��ZH�KDYH
WKH�SRVVLELOLW\� WR�DQDO\VH�PRQROLQJXDO�RU�ELOLQJXDO� WH[WV� WKDW�ZLOO�SXW�GLIIHUHQW
UHTXLUHPHQWV�RQ�WKH�WRROV�LQ�TXHVWLRQ�
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0RQROLQJXDO� DQDO\VLV� FDQ� LQFOXGH� IUHTXHQF\� DQDO\VLV� RI� ZRUG� IRUPV�� OHPPDV�
UHFXUUHQW�VHQWHQFHV�DQG�SKUDVHV��:LWK�PRUH�VRSKLVWLFDWHG�OLQJXLVWLF�UHVRXUFHV��LW
PD\�LQYROYH�UHFRYHULQJ�GDWD�RQ�WKH�GLVWULEXWLRQ�RI�V\QWDFWLF�FRQVWUXFWLRQV��HWF�

$SDUW�IURP�PHUH�IUHTXHQF\�LQIRUPDWLRQ��GLDJQRVLV�FRXOG�LQYROYH�DFTXLULQJ�GDWD
RQ�WKH�GLVWULEXWLRQ�RI�YDULRXV�XQLWV��)RU� LQVWDQFH�� LI�\RX�ZDQW�WR�VHH�KRZ�ODUJH
WH[WV� DUH� UHODWHG� LQ� WHUPV� RI� ZRUG� GLVWULEXWLRQV� DQG� UHFXUUHQW� VHQWHQFHV� DQG
SKUDVHV�� D� ´PDSµ� WHOOLQJ� \RX� DERXW� WKH� GHJUHH� RI� VLPLODULW\� EHWZHHQ� GLIIHUHQW
FKDSWHUV�RU�VXEGRFXPHQWV�FRXOG�EH�YHU\�XVHIXO� IRU�WKH�WUDQVODWLRQ�FR�RUGLQDWRU
ZKR�LV�UHVSRQVLEOH�IRU�GLYLGLQJ�WKH�VRXUFH�WH[WV�DPRQJ�GLIIHUHQW�WUDQVODWRUV��,W�LV
QRW� XQFRPPRQ� WKDW� DQ� LQGXVWULDO� WUDQVODWLRQ� SURMHFW� LQYROYHV� KXQGUHGV� RI
GRFXPHQWV�� DQG� WKH� GLVWULEXWLRQ� RI� WKH� VRXUFH� GRFXPHQWV� WR� LQGLYLGXDO
WUDQVODWRUV�FDQ�EH�PDGH�PRUH�DSSURSULDWHO\�LI�WKH�FR�RUGLQDWRUV�DUH�DZDUH�RI�WKH
VLPLODULWLHV�EHWZHHQ�WKH�YDULRXV�GRFXPHQWV�

$QDO\VLV� RI� D� SUHYLRXVO\� WUDQVODWHG� DQG� UHODWHG� WH[W� FRPSDUHG� WR� WKH� FXUUHQW
VRXUFH� WH[W� FRXOG�EH� SHUIRUPHG� WR�JHW� GDWD� RQ� WKH� VLPLODULW\� EHWZHHQ� WKH�QHZ
WH[W� WR�EH� WUDQVODWHG�DQG�WKH�VRXUFH� WH[W�RI�D�SUHYLRXV� WUDQVODWLRQ��7KLV�ZRXOG
SURYLGH�GDWD�RQ�IRU�H[DPSOH� LI�WKH�ROG�WUDQVODWLRQ�VKRXOG�EH�XVHG�DV�D�UHVRXUFH
�WUDQVODWLRQ�PHPRU\��IRU�WKH�QHZ�WUDQVODWLRQ�

,VDEHOOH� HW� DO�� ������� KDYH� LQ� WKHLU� V\VWHP� GHVFULSWLRQ� D� FRPSRQHQW� FDOOHG
7UDQV%DVH� ZKLFK� LV� D� WUDQVODWLRQ� GDWDEDVH� ZKHUH� VRXUFH� DQG� WDUJHW� ODQJXDJH
HOHPHQWV�DUH�RQ�WKH�RQH�KDQG�VWRUHG�VHSDUDWHO\��DQG�RQ�WKH�RWKHU�KDQG�LW�KROGV�D
VHQWHQFH�OHYHO�´WUDQVODWLRQ�PDSµ�ZKHUH�WKH�FRUUHVSRQGHQFHV�EHWZHHQ�WKH�VRXUFH
DQG�WDUJHW�VHQWHQFHV�DUH�VWRUHG�

,I� GLDJQRVWLF� WRROV� DUH� WXQHG� WR� VSHFLILF�07�V\VWHPV�� LW� LV� SRVVLEOH� WR� FRPSDUH
KRZ� ZHOO� WKH�07� V\VWHP� ZLOO� SHUIRUP� RQ� WKH� VRXUFH� WH[W�� 6RPH� FRPPHUFLDO
WUDQVODWLRQ�SDFNDJHV�FRPH�ZLWK�DQ�DSSOLFDWLRQ�VSHFLILF�GLDJQRVWLF�XWLOLW\��/RJRV
&RUSRUDWLRQ� KDV�� IRU� H[DPSOH�� GHYHORSHG� D� 7UDQVODWDELOLW\� ,QGH[�� ZKLFK
DXWRPDWLFDOO\�DVVHVVHV�WKH�VXLWDELOLW\�RI�D�VRXUFH�WH[W�DV�D�SRWHQWLDO� LQSXW�WR� LWV
07� V\VWHP� �*GDQLHF� ������� 7KH� IDFWRUV� WKH\� FRQVLGHU� LQ� FDOFXODWLQJ� WKH
7UDQVODWDELOLW\� ,QGH[� DUH�� IRU� H[DPSOH�� VHQWHQFH� OHQJWK�� GHJUHH� RI� V\QWDFWLF
FRPSOH[LW\�DQG�GLVFRXUVH�FKDUDFWHULVWLFV��,W�GRHV�QRW�SLQSRLQW�VSHFLILF�SUREOHPV
ZLWK�WKH�WH[W��EXW�JLYHV�WKH�JHQHUDO�FKDUDFWHULVWLFV�RI�WKH�WH[W�LQ�UHODWLRQ�WR�WKH
FDSDELOLWLHV� RI� WKH� /RJRV�07� V\VWHP�� 7KH� GDWD� UHFHLYHG� IURP� WKLV� XWLOLW\� LV� D
UHODWLYH� VFRUH�ZKLFK�PDNHV� LW� SRVVLEOH� WR� GHWHUPLQH� WKDW� GRFXPHQW� $� LV�PRUH
VXLWDEOH�IRU�PDFKLQH�WUDQVODWLRQ�WKDQ�GRFXPHQW�%��IRU�H[DPSOH�

$QRWKHU� ZD\� RI� GLDJQRVLQJ� D� WH[W� LV� WR� DXWRPDWLFDOO\� GHFLGH� WKH� WH[W� W\SH� LW
EHORQJV�WR��7KLV�FDQ�EH�GRQH�E\�XVLQJ�D�UHODWLYHO\�VLPSOH�VHW�RI�PHWULFV��.DUOJUHQ
DQG�&XWWLQJ��������ZLWK�ZKLFK� WKH� WH[W� LV� FRPSDUHG� WR�D� FRUSXV� WKDW�KDV�EHHQ
FODVVLILHG� LQWR� GLIIHUHQW� WH[W� JHQUHV�� 7KH� PHWULFV� XVHG� KHUH� IRFXV� RQ� VW\OLVWLF
LVVXHV�� VXFK� DV� ZRUG� DQG� VHQWHQFH� OHQJWK�� RFFXUUHQFH� RI� SUHSRVLWLRQV� DQG
SURQRXQV��HWF��0RUH�LQWHUHVWLQJ�IURP�D�WUDQVODWRU·V�SRLQW�RI�YLHZ�ZRXOG�EH�WR�EH
DEOH� WR�SURGXFH�VWDWLVWLFV�RQ�KRZ�UHODWHG�D� WH[W� LV� LQ� WHUPV�RI�FRQWHQW� WR�RWKHU
WH[WV�LQ�D�FRUSXV��)RU�WKLV�SXUSRVH��D�FORVHU�H[DPLQDWLRQ�RI�FRQWHQW�ZRUGV�ZRXOG
EH�QHFHVVDU\�
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������ :RUG�DOLJQPHQW�SURJUDPV
3UHYLRXVO\� �LQ� VHFWLRQ� ����� GLIIHUHQW� DSSURDFKHV� WR� SDUDJUDSK� DQG� VHQWHQFH
DOLJQPHQW� ZHUH� GHVFULEHG�� 6XFK� WRROV� DUH� LQGHHG� WKH� FRUQHU�VWRQH� RI� SDUDOOHO
UHVRXUFHV�DV�WKH\� IRUP�WKH�EDVLV� IRU�RWKHU�UHVRXUFHV�� VXFK�DV�ELOLQJXDO� OH[LFRQV
DQG�WHUP�EDQNV�DV�ZHOO�DV�ELOLQJXDO�FRQFRUGDQFLQJ�

'XULQJ� WKH�QLQHWLHV� WKHUH�KDV�EHHQ�D�JUHDW�GHDO� RI� UHVHDUFK� LQWHUHVW� LQWR�ZRUG
DOLJQPHQW� V\VWHPV� WKDW� WDNH� SDUDOOHO� WH[WV� DV� D� EDVLV� IRU� FUHDWLQJ
FRUUHVSRQGHQFHV�EHWZHHQ�XQLWV�EHORZ�WKH�VHQWHQFH�OHYHO��VXFK�DV�SKUDVHV��WHUPV
DQG�ZRUGV��IRU�H[DPSOH��%URZQ�HW�DO��������.D\�DQG�5|VFKHLVHQ���������6PDGMD
��������.XSLHF���������YDQ�GHU�(LMN���������)XQJ�DQG�&KXUFK���������:X��������
&KDQJ�DQG�.HU���������.DML�DQG�$L]RQH���������0DFNORYLWFK�DQG�+DQQDQ��������
0HODPHG� ������� ����D�� ����E�� ����F�� ����D�� ����E�� ����E�� ������� )XQJ� DQG
0F.HRZQ���������.LWDPXUD�DQG�0DWVXPRWR� ��������7LHGHPDQQ� ��������5HVQLN
DQG�0HODPHG� �������� +XOO� �������� *DXVVLHU� �������� DQG� 9pURQLV� DQG� /DQJODLV
���������,Q������WKH�$5&$'(�SURMHFW�VHW�XS�D�NLQG�RI�FRPSHWLWLRQ�ZKHUH�VHYHUDO
ZRUG�DOLJQPHQW�V\VWHPV�ZHUH�WHVWHG�LQ�WKH�´ZRUG�WUDFNµ�RI�WKH�$5&$'(�SURMHFW
�9pURQLV��������VHH�DOVR�VHFWLRQ�������

7KH�RYHUDOO�REMHFWLYH�IRU�ZRUG�DOLJQPHQW�V\VWHPV�LV�WR�DUULYH�DW�GHVFULSWLRQV�RI
KRZ�ZRUGV�DQG�XQLWV�RI�ZRUGV�LQ�WKH�VRXUFH�WH[W�DUH�UHODWHG�WR�ZRUGV�DQG�XQLWV
RI�ZRUGV� LQ� WKH� WDUJHW� WH[W�� ,Q�PRVW� DSSURDFKHV�� WKH� LGHD� LV� WR� OLQN� WKH� DFWXDO
WRNHQV�LQ�WKH�WH[W��L�H���WR�ILQG�FRUUHVSRQGHQFHV�IRU�DV�PDQ\�WH[W�XQLWV�DV�SRVVLEOH�
$Q� H[DPSOH� IURP� WKH� /LQN|SLQJ�:RUG� $OLJQHU� VRIWZDUH�� /:$�� �GHVFULEHG� LQ
FKDSWHU����ORRNV�DV�IROORZV�

6RXUFH��7+,6�352%$%/<�0$.(6�7+(0�/(66�52:'<��

7DUJHW��'(7�*g5�'(0�)g502'/,*(1�0,1'5(�%5c.,*$��

/LQNV�

WKLV�� !�GHW ��� !���
SUREDEO\�� !�I|UPRGOLJHQ ��� !���
PDNHV�� !�J|U ��� !���
WKHP�� !�GHP ��� !���
OHVV�� !�PLQGUH ��� !���
URZG\�� !�EUnNLJD ��� !���

)LJXUH����([DPSOH�RI�WH[W�OLQNV��ZRUG�DOLJQPHQW��IURP�D�6ZHGLVK�WUDQVODWLRQ�RI�6DXO�%HOORZ·V�7R
-HUXVDOHP�DQG�%DFN�

7KH� QXPEHUV� WR� WKH� ULJKW� RI� WKH� ZRUG� FRUUHVSRQGHQFHV� LQGLFDWH� WKH� ZRUG
SRVLWLRQV�LQ�WKH�UHVSHFWLYH�VRXUFH�DQG�WDUJHW�VHQWHQFHV�

:KHQ� DV� PDQ\� WRNHQV� DV� SRVVLEOH� LQ� WKH� WUDQVODWLRQ� KDYH� EHHQ� OLQNHG�� LW� LV
VWUDLJKW�IRUZDUG� WR� JHQHUDWH� D� ELOLQJXDO� OH[LFRQ�� ZKLFK� FDQ� EH� VHHQ� DV
JHQHUDOLVDWLRQ� RI� WKH� WRNHQ� OLQNV�� DV� LW� FRQWDLQV� DOO� WKH� GLIIHUHQW� OLQN� W\SHV
EHWZHHQ� WKH� VRXUFH� DQG� WDUJHW� WH[WV�� 7KH� OH[LFRQ� SURGXFHG� ZLOO� WKHQ� EH� D
WUDQVODWLRQ�VSHFLILF�OH[LFRQ�IRU�WKH�SDUDOOHO�WH[W�DQG�FDQ�EH�XVHG�DV�D�UHVRXUFH�LQ
WKH�WUDQVODWLRQ�RI�VLPLODU��RU�UHODWHG��WUDQVODWLRQ�SURMHFWV�
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$Q�H[WUDFW�RI�DQ�DXWRPDWLFDOO\�JHQHUDWHG�ELOLQJXDO�OH[LFRQ�LV�VKRZQ�LQ�7DEOH��
EHORZ�

7DEOH����$Q�H[WUDFW�RI�DQ�DXWRPDWLFDOO\�DOLJQHG�OH[LFRQ�IURP�D�6ZHGLVK�WUDQVODWLRQ�RI�6DXO
%HOORZ·V�7R�-HUXVDOHP�DQG�%DFN

6RXUFH�LWHP 7DUJHW�LWHP
OHVV ¶PLQGUH·
OHW ¶OnW·��¶OnWHU·��¶OlW·��¶OnWD·
OHWKDUJLF ¶OHWDUJLVND·
OHWKDUJ\�LQGXFLQJ ¶VO|KHWVIUDPNDOODQGH·
OHWWHU ¶EUHY·��¶EUHYHW·��¶LQVlQGDUH·
OHWWHUV ¶EUHY·
OHWWLQJ ¶OnWHU·
OHY ¶OHY·
OHYDQWLQH ¶OHYDQWLQVND·��¶OHYDQWLQVNW·
OHYDQWLQHV ¶OHYDQWLQHU·
OHYHO ¶QLYn·
OHZLV ¶OHZLV·

$QRWKHU�LPSRUWDQW�VWHS�IRU�FUHDWLQJ�UHVRXUFHV�LV�WR�H[WUDFW�WHUPLQRORJ\�OLVWV��$V
PDQ\� WHUPV�PD\�EH�QHZ� WR� D� WUDQVODWLRQ� WDVN� DQG� IXUWKHUPRUH� WKH� WHUPV�PD\
FRQVLVW�RI�PRUH�WKDQ�RQH�ZRUG��WKH�WUDQVODWLRQ�SURFHVV�ZRXOG�EH�PDGH�HDVLHU�LI�D�
WKH� WHUPV� FRXOG� EH� LGHQWLILHG� LQ� WKH� VRXUFH� WH[W� DQG�RU� E�� WKH� WHUPV� FRXOG� EH
DQDO\VHG� LQ� D� SUHYLRXV� SDUDOOHO� WH[W� LQ� RUGHU� WR� SURGXFH� WUDQVODWLRQV� RI� WKH
DOUHDG\�LGHQWLILHG�WHUPV�

7KH� ILUVW� VWHS�� QDPHO\� WR� LGHQWLI\� WHUPV�� FDQ� EH� H[WHQGHG� WR� WKH� SUREOHP� RI
LGHQWLI\LQJ�FROORFDWLRQV�DQG�SKUDVHV�LQ�WKH�VRXUFH�WH[W��7R�SURGXFH�VXFK�OLVWV�LV
QRW� D� WULYLDO� SUREOHP��6WDWLVWLFDO�PHWKRGV�EDVHG�RQ� IUHTXHQF\�RU� E\�PHDVXULQJ
PXWXDO�LQIRUPDWLRQ�VFRUHV�IRU�VWULQJV�RI�ZRUGV��FI��&KRXHND�������6PDGMD������
1DJDR� DQG�0RUL� ������ -RKDQVVRQ� ������ .LWD� HW�� DO� ������ 'DJDQ� DQG� &KXUFK
������ 6KLPRKDWD� HW� DO�� ������ <DPDPRWR� DQG� &KXUFK� ������ =KRX� DQG�'DSNXV
������ FDQ� SURGXFH� OLVWV� RI� WHUP� DQG� SKUDVH� FDQGLGDWHV�PDGH� XS� RI�PXOWL�ZRUG
XQLWV��EXW�WKHUH�LV�DOZD\V�D�SRVVLELOLW\�WKDW�XQLWV�ZLWK�ORZ�IUHTXHQFLHV�ZLOO�EH�OHIW
RXW��)XUWKHUPRUH��VRPH�NLQG�RI�ILOWHULQJ�LV�QHFHVVDU\��IRU�H[DPSOH�E\�HOLPLQDWLQJ
IXQFWLRQ�ZRUGV� EHIRUH�� LQVLGH� RU� DW� WKH� HQG� RI� WKH� FDQGLGDWH� �FI��0HUNHO� HW� DO�
������� 2WKHU� DSSURDFKHV� LQYROYH� JUDPPDWLFDO� RU� V\QWDFWLF� SURFHVVLQJ� DQG
UHTXLUHV�WKDW�WKH�WH[W�LV�WDJJHG�IRU�SDUWV�RI�VSHHFK�ZKLFK�ZLOO�PDNH�LW�SRVVLEOH�WR
ILQG�FDQGLGDWHV�RI�ORZ�IUHTXHQFLHV�EDVHG�RQ�IRU�H[DPSOH�QRXQ�SKUDVH�SDWWHUQV�RU
RWKHU� VSHFLILHG� FULWHULD� �FI��.XSLHF� ������&KHQ� DQG�&KHQ� ������ �� RU� GHVLJQDWHG
QRXQ�SKUDVH�H[WUDFWRUV�VXFK�DV�13�7RRO�IURP�/LQJVRIW�2\��%LUQ��������

7KH� VHFRQG� VWHS�� WR� SURGXFH� WHUPLQRORJ\� DQG� OH[LFRQ� UHVRXUFHV� IURP�SUHYLRXV
WUDQVODWLRQV�VWRUHG�DV�SDUDOOHO�WH[WV��JLYHV�ULVH�WR�VRPH�GLIIHUHQW�DSSURDFKHV��7KH
ILUVW�RSWLRQ�LV�WR�LJQRUH�SUH�SURFHVVLQJ�RI�PXOWL�ZRUG�XQLWV�DQG�WR�LQWHJUDWH�WKLV
SURFHVV�LQWR�WKH�ZRUG�OLQNLQJ�SURJUDP��7KH�VHFRQG�DSSURDFK�LV�WR�JHQHUDWH�RQO\
WKH�PXOWL�ZRUG�XQLWV�LQ�WKH�VRXUFH�WH[W�DQG�HVWLPDWH�WKHLU�FRUUHVSRQGHQFHV�LQ�WKH
VRXUFH� WH[W�� WKDW� LV��ZLWKRXW� VSHFLI\LQJ� OLVWV� RI� SRVVLEOH� WDUJHW� FDQGLGDWHV��7KH
WKLUG� DOWHUQDWLYH� LV� WR� SURFHVV� ERWK� WKH� VRXUFH� WDUJHW� WH[W� LQ� VLPLODU�ZD\V� DQG
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IHHG�WKH�ZRUG�OLQNLQJ�SURJUDP�ZLWK�OLVWV�RI�PXOWL�ZRUG�XQLWV�IRU�ERWK�WKH�VRXUFH
WH[W� DQG� WKH� WDUJHW� WH[W�� 7KH� ILUVW� DSSURDFK� KDV� EHHQ� DGRSWHG� E\� 0HODPHG
�����D��DQG�SURGXFHV�LPSUHVVLYH�UHVXOWV��EXW�LV�LQHIILFLHQW�LQ�WHUPV�RI�SURFHVVLQJ
WLPH�� WKH� VHFRQG� DSSURDFK� ZDV� DGRSWHG� E\� IRU� H[DPSOH� 6PDGMD� ������� DQG� LV
PRUH�HIILFLHQW��EXW�ODFNV�WKH�IOH[LELOLW\�RI�0HODPHG·V�DSSURDFK��7KH�DGYDQWDJH�RI
WKH�WKLUG�DSSURDFK�LV�EHWWHU�HIILFLHQF\�EXW�OHVV�IOH[LELOLW\��WKH�VXFFHVVIXO�OLQNLQJ�RI
PXOWL�ZRUG� XQLWV� GHSHQGV� KLJKO\� RQ� WKH� TXDOLW\� DQG� VL]H� RI� WKH� SUH�SURFHVVHG
WHUP�DQG�SKUDVH�FDQGLGDWHV�

)RU�LQGXVWULDO�WUDQVODWLRQ�SURMHFWV��VXFK�DV�WKH�WUDQVODWLRQ�RI�WHFKQLFDO�PDQXDOV�
WHUPLQRORJ\�OLVWV�RI�UHDVRQDEOH�TXDOLW\�FDQ�EH�XVHIXO�DV�D�VWDJH� LQ�FUHDWLQJ�DQG
XSGDWLQJ�WHUPLQRORJ\�EDQNV�IRU�FXVWRPHUV�RU� LQ�KRXVH�WUDQVODWLRQ�SURMHFWV��7R
KDYH� LQIRUPDWLRQ� RI� ZKDW� WKH� SRWHQWLDO� WHUPV� ORRN� OLNH�� WKHLU� IUHTXHQF\� DQG
GLVWULEXWLRQ� LQ� YDULRXV� GRFXPHQWV� FDQ� SURYLGH� WKH� WHUPLQRORJLVW�ZLWK� LQVLJKWV
WKDW�PDNHV� D� VHPL�DXWRPDWLF� DSSURDFK� WR� EXLOGLQJ� WHUP�EDQNV� IDU�PRUH� XVHIXO
WKDQ�VHDUFKLQJ�PDQXDOO\�IRU�SRWHQWLDO�WHUPV�WKDW�VKRXOG�JR�LQWR�WKH�WHUP�EDQN�
(YHQ�LI�WKH�WUDQVODWLRQ�FR�RUGLQDWRU�RU�WHUPLQRORJLVW�RQO\�KDV�DFFHVV�WR�SRWHQWLDO
WHUPV�DQG�FROORFDWLRQV�LQ�WKH�VRXUFH�WH[W��WKLV�FRXOG�SURYH�WR�EH�D�XVHIXO�VWDUWLQJ
SRLQW�IRU�GHFLGLQJ�ZKDW�DFWXDOO\�VKRXOG�JR�LQWR�WKH�WHUP�EDQN��,I�D�SUHOLPLQDU\
OLVW�RI�FDQGLGDWHV�LV�UHYLHZHG�DW�WKH�VDPH�WLPH�DV�WKH�WHUPLQRORJLVW�KDV�DFFHVV�WR
D�ELOLQJXDO�FRQFRUGDQFLQJ�SURJUDP��VXFK�DV�7HUPLJKW��'DJDQ�DQG�&KXUFK������
RU� 7UDQV6HDUFK� �0DFNORYLWFK� ������� WKH� SRVVLELOLW\� RI� SURGXFLQJ� KLJK�TXDOLW\
WHUP�EDQNV�LQFUHDVHV�GUDVWLFDOO\�

������ %LOLQJXDO�FRQFRUGDQFH�SURJUDPV
(DUOLHU� ELOLQJXDO� FRQFRUGDQFH� SURJUDPV�ZHUH�PHQWLRQHG� DV� D� WRRO� WKDW� FDQ� EH
XVHG� GXULQJ� WKH� FUHDWLRQ� RI� VSHFLILF� OH[LFRQV� DQG� WHUP� EDQNV�� %LOLQJXDO
FRQFRUGDQFH�SURJUDPV� FDQ� LQGHHG�EH�XVHG� DW� WKDW� VWDJH�� EXW� DUH� SHUKDSV�PRUH
DSSURSULDWH� DV� WRROV� IRU� DFTXLULQJ� GDWD� IURP� SUHYLRXV� WUDQVODWLRQ� GXULQJ� WKH
DFWXDO�WUDQVODWLRQ�SKDVH��3HUKDSV�WKH�EHVW�NQRZQ�ELOLQJXDO�FRQFRUGDQFH�SURJUDP
LV�7UDQV6HDUFK�IURP�0RQWUHDO��LOOXVWUDWHG�LQ�)LJXUH���
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)LJXUH����7UDQV6HDUFK�IURP�5$/,��0RQWUHDO

)LJXUH���LOOXVWUDWHV�D�VHDUFK�IRU�WKH�(QJOLVK�SKUDVH�´PHPEHU�VWDWHVµ�DQG�VKRZV
WKH�SKUDVH�LQ�FRQWH[W�ZLWK�WKH�FRUUHVSRQGLQJ�)UHQFK�VHQWHQFH�WR�WKH�OHIW�

,Q�6ZHGHQ��D�VLPLODU�FRQFRUGDQFH�WRRO�KDV�EHHQ�PDGH�DYDLODEOH�E\�*RWKHQEXUJ
8QLYHUVLW\� ZLWKLQ� WKH� 3HGDQW� SURMHFW� �5LGLQJV� ������� $Q� H[DPSOH� RI� D� VHDUFK
ZLWK�WKH�3HGDQW�FRQFRUGDQFH�WRRO�LV�VKRZQ�LQ�)LJXUH����+HUH�WKH�6ZHGLVK�ZRUG
´KLQGUDµ� LV� VHDUFKHG� IRU� LQ� WKH� SDUDOOHO� WH[W� DQG� E\� ORRNLQJ� DW� WKH� (QJOLVK
FRUUHVSRQGLQJ� VHQWHQFHV�� WKH� XVHU� FRXOG� GLVFRYHU� WKDW� ´KLQGUDµ� FRUUHVSRQGV� WR
´EORFNµ��´KLQGHUµ��´UHVWULFWLRQµ�RU�´UHVWULFWµ�LQ�WKH�ILUVW�IRXU�VHQWHQFHV�
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)LJXUH����3HGDQW�%LOLQJXDO�&RQFRUGDQFH�SURJUDP

$Q� H[DPSOH� RI� QRQ�ZHE�EDVHG�� VWDQG�DORQH� ELOLQJXDO� FRQFRUGDQFH� SURJUDP� LV
3DUD&RQF� IURP�$WKHOVWDQ� �%DUORZ��������2WKHU� W\SHV� RI� GDWD� DFTXLVLWLRQ� WRROV
DUH� 7UDQVODWLRQ� PHPRU\� ZRUNEHQFKHV� �IRU� H[DPSOH�� 7UDGRV� 7UDQVODWRU·V
:RUNEHQFK�� ,%0·V�7UDQVODWLRQ�0DQDJHU� DQG� RWKHUV��� DV�ZHOO� DV�7HUPLQRORJ\
ORRNXS�V\VWHPV��VXFK�DV�7UDGRV�0XOWL�7HUP��ZKHUH�XVHUV�FDQ�LPSRUW�WKHLU�RZQ
UHVRXUFHV�DQG�XVH�WKH�GDWD�DFTXLVLWLRQ�WRROV�DV�DQ�LQWHJUDWHG�SDUW�RI�WKHLU�ZRUG
SURFHVVLQJ� SURJUDP��7KH� SDUDOOHO� WH[WV� XVHG� DQG� LQFUHPHQWDOO\� EXLOW� XS�ZKHQ
XVLQJ� WUDQVODWLRQ�PHPRULHV� FDQ� LQ�PRVW� FDVHV� DOVR� EH� EURZVHG� WKURXJK� LQ� WKH
VDPH�PDQQHU�DV�WKH�FRQFRUGDQFH�WRROV�GHVFULEHG�HDUOLHU�

������ (YDOXDWLRQ�DQG�SURRILQJ�WRROV�IRU�ELWH[WV
'XULQJ� WKH� SRVW�HGLWLQJ� SKDVH�� ZKHQ� WUDQVODWLRQV� DUH� WR� EH� SURRIUHDG� DQG
YDOLGDWHG�� WRROV� WKDW� FRXOG� HQKDQFH� DQG� VKRUWHQ� WKLV� RIWHQ� WHGLRXV� DQG� WLPH�
FRQVXPLQJ�SKDVH�ZRXOG�EH�ZHOFRPHG�E\�PDQ\�SHRSOH�ZRUNLQJ�ZLWK�WUDQVODWLRQV�
0RVW�ODUJHU�WUDQVODWLRQ�FXVWRPHUV��WUDQVODWLRQ�FRPSDQLHV�DQG�SXEOLVKLQJ�KRXVHV
LVVXH�WKHLU�RZQ�WUDQVODWLRQ�JXLGHOLQHV�DQG�UHTXLUH� WKDW� WKHLU� WUDQVODWRUV�DGKHUH
WR� WKHVH� JXLGHOLQHV� �0LFURVRIW� ������ 6WU|P� DQG�:LQGIHOGW� ������� 2IWHQ� WKHVH
JXLGHOLQHV� FRQWDLQ� ORQJ� OLVWV� RI� ´GR·Vµ� DQG� ´GRQ·WVµ� EXW� WKH� RYHUDOO� DLP� LV� WR
HQFRXUDJH�WKH�WUDQVODWRUV�WR�XVH�FRQVLVWHQW�WHUPLQRORJ\��FRQVLVWHQW�VW\OH�DQG�WR
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PLQLPLVH�WKH�QXPEHU�RI�HUURUV�LQ�WKH�WUDQVODWLRQV��7KH�PDMRU�GLIIHUHQFH�EHWZHHQ
SURRILQJ�DQ�RULJLQDO�WH[W�FRPSDUHG�WR�SURRILQJ�D�WUDQVODWLRQ�LV�WKDW� LQ�WKH�ILUVW
FDVH�LW�LV�VXIILFLHQW�WR�VFUXWLQLVH�´RQHµ�WH[W�LQ�RQH�ODQJXDJH��ZKHUHDV�SURRILQJ�D
WUDQVODWLRQ�� DW� OHDVW� LQ� WKH� LGHDO� ZRUOG�� LQYROYHV� QRW� RQO\� FKHFNLQJ� ODQJXDJH�
UHODWHG�SUREOHPV�ZLWKLQ� WKH� WUDQVODWLRQ�� EXW� DOVR� HQVXULQJ� WKDW� WKH� WUDQVODWLRQ
UHSUHVHQWV� WKH� FRQWHQW� H[SUHVVHG� LQ� WKH� VRXUFH� WH[W��7KLV�PHDQV� WKDW� SURRILQJ
WUDQVODWLRQV� UHTXLUHV� ZD\V� RI� KDYLQJ� DFFHVV� WR� ERWK� WKH� VRXUFH� WH[W� DQG� WKH
WDUJHW� WH[W� DW� WKH� VDPH� WLPH��$W� OHDVW� RQH� WUDQVODWLRQ� FRPSDQ\� ,� DP� DZDUH� RI
VROYHG� WKLV� E\�GXSOLFDWLQJ� DOO� WKH� SDUDJUDSKV� LQ� WKH� VRXUFH� GRFXPHQW� EHIRUH� LW
ZDV� UHOHDVHG� WR� WKH� WUDQVODWRUV�� 7KHQ� WKH� WUDQVODWRUV� ZHUH� DVNHG� WR� WUDQVODWH
RQO\�WKH�ILUVW�RI�HDFK�SDLU�RI�LGHQWLFDO�SDUDJUDSKV���7KH�VHFRQG�SDUDJUDSK�FRXOG
DOVR�EH�KLGGHQ�RQ�WKH�VFUHHQ��DQG�WKHQ�GXULQJ�WKH�SURRIUHDGLQJ��WKH�SURRIUHDGHUV
KDG�DFFHVV�WR�ERWK�WKH�RULJLQDO�DQG�WKH�VRXUFH�WH[W�RQ�WKH�VDPH�SULQWHG�GRFXPHQW
RU�RQ�WKH�VFUHHQ��

$XWRPDWLQJ� WKH� HYDOXDWLRQ� DQG� SURRILQJ� SURFHVV� RI� WUDQVODWHG� GRFXPHQWV� LV
WKHUHIRUH� D� PRUH� FRPSOH[� SUREOHP� WKDQ� DXWRPDWLQJ� ´QRUPDOµ� SURRIUHDGLQJ�
+RZHYHU��WKHUH�DUH�DSSURDFKHV�WKDW�FRXOG�LPSURYH�WKLV�VWDJH�

)LUVW��DQG�SHUKDSV�D�OLWWOH�WRR�REYLRXV��VSHOOLQJ�FRUUHFWLRQ�DQG�DYDLODEOH�JUDPPDU
FKHFNHUV�FRXOG�DVVLVW�LQ�SLQSRLQWLQJ�VRPH�RI�WKH�PLVWDNHV�PDGH�LQ�WKH�WDUJHW�WH[W�
6HFRQGO\�� UHODWLYHO\� VLPSOH� WRROV� WKDW� FRXOG� FKHFN� WKH� WUDQVODWLRQV� IRU� IDOVH
IULHQGV� DQG� LQFRQVLVWHQFLHV� FRXOG� EH� DSSOLHG��$W�5$/,� LQ�0RQWUHDO� D� SURJUDP
FDOOHG� 7UDQV&KHFN� FDQ� LGHQWLI\� UHODWLYHO\� VLPSOH� FRPPRQ� PLVWDNHV� WKDW
WUDQVODWRUV�PDNH�ZKHQ� WUDQVODWLQJ� EHWZHHQ� )UHQFK� DQG� (QJOLVK� �0DFNORYLWFK
�������������:LWKLQ�WKH�QHDU�IXWXUH��,�H[SHFW�WKDW�ZH�ZLOO�VHH�D�QXPEHU�RI�WRROV
WKDW�FRXOG�LGHQWLI\�WHUPLQRORJLFDO�HUURUV��JLYHQ�D�YDOLGDWHG�WHUP�EDQN��DQG�YHULI\
WKDW�FHUWDLQ�UHTXLUHG�VW\OLVWLF�IHDWXUHV�DUH�SUHVHQW�LQ�WKH�WDUJHW�WH[W�

���� 6XPPDU\

,Q�WKLV�FKDSWHU�,�KDYH�UHYLHZHG�UHFHQW�GHYHORSPHQWV�LQ�WKH�ILHOGV�RI�WUDQVODWLRQ
VWXGLHV�� FRUSXV� OLQJXLVWLFV� DQG� FRPSXWDWLRQDO� OLQJXLVWLFV� SRLQWLQJ� RXW
UHODWLRQVKLSV�WKDW��PDNH�DOO�WKH�ILHOGV�SURILW�IURP�HDFK�RWKHU�

,Q�RUGHU�WR�SURGXFH�EHWWHU�WUDQVODWLRQV��ZH�PXVW�NQRZ�ZKDW�FKDUDFWHULVHV�KLJK�
TXDOLW\�WUDQVODWLRQV��%\�VWXG\LQJ�ZKDW�SURIHVVLRQDO�WUDQVODWRUV�SURGXFH�DQG�KRZ
WKH� VRXUFH� WH[W� LV� UHODWHG� WR� WKH� RULJLQDO��ZH� FDQ� EHJLQ� WR� XQGHUVWDQG�ZKDW� LV
QHHGHG� LQ� WHUPV� RI� WUDQVODWLRQ� VXSSRUW� WRROV� DQG�� SHUKDSV� DOVR�� DXWRPDWLF
WUDQVODWLRQ�V\VWHPV��7KLV�LV�LQGHHG�DQ�HPSLULFDO�ILHOG�RI�VFLHQFH�DQG�WKH�UHVRXUFHV
QRZ�PDGH� DYDLODEOH� WR� XV� LQ� WKH� IRUP� RI� KXJH� TXDQWLWLHV� RI� WH[W� LQ� HOHFWURQLF
IRUPDW�WRJHWKHU�ZLWK�SRZHUIXO�KDUGZDUH�PXVW�EH�SXW�WR�JRRG�XVH��$�WUDQVODWLRQ
SURJUDP�FDQ�SURGXFH�JUDPPDWLFDO�WUDQVODWLRQV�WKDW�DUH�GHHPHG�WR�EH�XVHOHVV�E\
WUDQVODWRUV� RU� SRWHQWLDO� FXVWRPHUV��7KH� TXHVWLRQ� WKHQ� LV�ZK\� WKH� RXWSXW� IURP
VXFK�V\VWHPV�IDLO�WR�VDWLVI\�WKH�XVHUV��,I�ZH�FDQ�DQVZHU�WKLV��ZH�KDYH�WKH�SODWIRUP
WR� VWDUW� WR� EXLOG� VRPHWKLQJ� HOVH�� &RUSXV� OLQJXLVWLFV� SURYLGHV� XQGHUVWDQGLQJ� LQ
KRZ� WR� VHW� XS� DQG� DQDO\VH� ODUJH�TXDQWLWLHV� RI� FRUSXV�GDWD��7UDQVODWLRQ� VWXGLHV
SURYLGHV�WKHRUHWLFDO�LQVLJKWV�LQWR�WKH�QDWXUH�RI�WUDQVODWLRQ�DQG�WKH�WD[RQRPLHV�WR
GHVFULEH� WKH� UHODWLRQVKLS� EHWZHHQ� VRXUFH� DQG� WDUJHW� WH[WV�� &RPSXWDWLRQDO
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OLQJXLVWLFV� SURYLGHV� WKH� FRUQHUVWRQHV� IRU� KRZ� WR� LPSOHPHQW� WKH� WRROV� WKDW� ZH
QHHG�LQ�HIILFLHQW�ZD\V��+RZHYHU��LW�LV�RQO\�E\�SXWWLQJ�DOO�WKHVH�ILHOGV�WRJHWKHU�DQG
PDNLQJ� WKHP� LQWHUDFW� WKDW� ZH� FDQ� JDLQ� NQRZOHGJH� DERXW� KRZ� WKH� QHZ
JHQHUDWLRQ�RI�WUDQVODWLRQ�VXSSRUW�WRROV�VKRXOG�EH�GHVLJQHG�
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���&RQVLVWHQF\�DQG�WKH�WUDQVODWRU

��

�� &RQVLVWHQF\�DQG�WKH�WUDQVODWRU

,Q� WKH� WUDQVODWLRQ� LQGXVWU\�� WKH� XVH� RI� WUDQVODWLRQ� VXSSRUW� WRROV�� VXFK� DV
WUDQVODWLRQ�PHPRULHV��KDYH�EHHQ�LQFUHDVLQJ�VWHDGLO\�LQ�UHFHQW�\HDUV��7UDQVODWLRQ
PHPRULHV� DUH� D� VWUDLJKW�IRUZDUG� LPSOHPHQWDWLRQ� RI� WKH� LGHD� RI� UHXVDELOLW\� �VHH
FKDSWHU�����$V�PHQWLRQHG�LQ�WKH�SUHYLRXV�FKDSWHU��7UDQVODWRU·V�:RUNEHQFKHV��WR
ZKLFK� FDWHJRU\� WUDQVODWLRQ�PHPRU\� V\VWHPV� EHORQJ�� DUH� D� W\SH� RI� DSSOLFDWLRQ
DGYRFDWHG� E\� FRPSXWDWLRQDO� OLQJXLVWV� DV� DQ� DOWHUQDWLYH� WR� IXOO\� DXWRPDWLF
WUDQVODWLRQ��,Q�WKLV�FKDSWHU��DQ�HPSLULFDO�VWXG\�RI�KRZ�KXPDQ�WUDQVODWRUV�UHDFW�WR
FRQVLVWHQF\�DQG�WR�WKH�QRWLRQ�RI�UHXVDELOLW\�LQ�WHFKQLFDO�WUDQVODWLRQV�LV�SUHVHQWHG�
)XUWKHUPRUH��WKH�WUDQVODWRUV·�DWWLWXGHV�WRZDUGV�WUDQVODWLRQ�WRROV�DUH�GLVFXVVHG��

:KHQ�ODUJH�TXDQWLWLHV�RI�WHFKQLFDO�WH[WV�DUH�EHLQJ�WUDQVODWHG�PDQXDOO\��LW�LV�YHU\
GLIILFXOW�WR�SURGXFH�FRQVLVWHQW�WUDQVODWLRQV�RI�UHFXUUHQW�VWUHWFKHV�RI�WH[W�VXFK�DV
SDUDJUDSKV��VHQWHQFHV�DQG�SKUDVHV��7KLV�FDQ�KDYH�GLIIHUHQW�FDXVHV�� IRU�H[DPSOH�
VHYHUDO� WUDQVODWRUV� ZRUN� RQ� GLIIHUHQW� VHFWLRQV� RI� WKH� VDPH� GRFXPHQW
VLPXOWDQHRXVO\��WKH�VRXUFH�WH[W�LV�QRW�ILQDO�DQG�PD\�EH�FKDQJHG�DW�D�ODWHU�VWDJH�
LW� PD\� EH� WRR� WLPH�FRQVXPLQJ� RU� SUDFWLFDOO\� LPSRVVLEOH� WR� PDQXDOO\� LGHQWLI\
UHFXUUHQW�XQLWV�LQ�WKH�VRXUFH�WH[W��,QGLYLGXDO�WUDQVODWRUV�PDNLQJ�XS�D�WUDQVODWLRQ
WHDP�ZLOO�DOVR�KDYH�LQGLYLGXDO�FULWHULD�IRU�FKRRVLQJ�D�FHUWDLQ�WUDQVODWLRQ�RU�HYHQ
FKRRVLQJ�IURP�D�VHW�RI�SRVVLEOH�WUDQVODWLRQV�

2QH� VXJJHVWHG� UHPHG\� WR� WKH� SUREOHP� RI� FRQVLVWHQF\� LQ� WUDQVODWLRQ� LV� WR� XVH
WRROV� EDVHG� RQ� WUDQVODWLRQ� PHPRULHV�� 6XFFHVVIXO� XVH� RI� VXFK� WRROV� HQWDLOV� WKH
VXSSRVLWLRQ� WKDW� VRXUFH� UHSHWLWLRQV� FDQ� EH� WUDQVIHUUHG� WR� WKH� WDUJHW� WH[W�� 7R
YDOLGDWH� WKLV� VXSSRVLWLRQ�� YDULDQW� WUDQVODWLRQV� LQ� WZR� VRIWZDUH� PDQXDOV� ZHUH
LGHQWLILHG� DQG� FDWHJRULVHG�� 7KHQ� D� TXHVWLRQQDLUH� EDVHG� RQ� WKH� PDWHULDO� ZDV
GHVLJQHG� DQG� GLVWULEXWHG� WR� WKH� WUDQVODWRUV� DW� WKH� WZR� WUDQVODWLRQ� FRPSDQLHV
ZKLFK�KDG�WUDQVODWHG�WKH�PDQXDOV��$SDUW�IURP�WKH�WUDQVODWRUV��ZH�DOVR�LQYROYHG
WKH� SURMHFW� OHDGHUV� DW� WKH� WUDQVODWLRQ� FRPSDQLHV� DQG� D� UHSUHVHQWDWLYH� IURP� WKH
FXVWRPHU��WKH�VRIWZDUH�FRPSDQ\��

7UDQVODWLRQ�PHPRU\� WRROV� DUH� XVHG� WR� WKH� EHVW� DGYDQWDJH�ZKHQ� WKH� IROORZLQJ
FRQGLWLRQV�KROG�

���7KH�VRXUFH�WH[W�LV�KLJKO\�UHSHWLWLYH�LQWHUQDOO\

���7KH� VRXUFH� WH[W� LV� D� QHZ� YHUVLRQ� RI� D� WH[W� WKDW� KDV� DOUHDG\� EHHQ
WUDQVODWHG�DQG�H[LVWV�DV�D�WUDQVODWLRQ�PHPRU\��L�H���H[WHUQDO�UHSHWLWLRQ��

���5HSHDWHG� VHQWHQFHV� �RU� VHJPHQWV�� RI� VRXUFH� WH[W� DUH� LQ� SULQFLSOH
WUDQVIHUDEOH�WR�FRUUHVSRQGLQJ�UHSHDWHG�VHQWHQFHV�LQ�WKH�WDUJHW�WH[W�

����������������������������������������������������������
��7KLV�FKDSWHU�LV�DQ�H[WHQVLRQ�RI�WKH�ZRUN�SUHVHQWHG�LQ�0HUNHO��������
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7KH� ILUVW� WZR� FRQGLWLRQV� FDQ� TXLWH� HDVLO\� EH� FKHFNHG� DXWRPDWLFDOO\��ZKLFK�ZDV
GRQH�LQ�D�SUHYLRXV�VWXG\��0HUNHO��������%\�DQDO\]LQJ�WZR�VRIWZDUH�PDQXDOV�IRU
UHSHWLWLRQV� LW� ZDV� FRQFOXGHG� WKDW� ERWK� LQWHUQDO� UHSHWLWLRQV� DQG� H[WHUQDO
UHSHWLWLRQV�ZHUH�RI�FRQVLGHUDEOH�SURSRUWLRQV�DQG�WKDW�LW�LQGHHG�ZRXOG�EH�YDOXDEOH
WR�UHXVH�WUDQVODWLRQV��LQ�D�PDQQHU�VLPLODU�WR�ZKDW�WUDQVODWLRQ�PHPRULHV�FDQ�GR�
7KH�VWXG\�RI�WZR�YHUVLRQV�RI�D�VSUHDGVKHHW�SURJUDP�PDQXDO�UHYHDOHG�DQ�LQWHUQDO
UHSHWLWLRQ�UDWH�RI�XS�WR����SHU�FHQW��L�H������SHU�FHQW�RI�WKH�VHQWHQFHV�LQ�RQH�RI�WKH
PDQXDOV�ZHUH�DPRQJ�WKH�VHW�RI�UHSHDWHG�VHQWHQFHV���6HH�7DEOH���EHORZ�

7DEOH����,QWHUQDO�UHSHWLWLRQ�UDWHV�IRU�WZR�VSUHDGVKHHW�SURJUDP�PDQXDOV��66��DQG�66��

,QWHUQDO�5HSHWLWLRQ 66� 66�

7RWDO�QR�RI�ZRUGV ������� �������

'LIIHUHQW�ZRUG�W\SHV ����� �����

,QWHUQDO�6HQWHQFH�5HSHWLWLRQ�5DWH ������������VHQWV� ������������VHQWV�

:KHQ�WKH�WZR�PDQXDOV�ZHUH�FRPSDUHG�ZLWK�HDFK�RWKHU��IRU�H[WHUQDO�UHSHWLWLRQV��
WKH� VWXG\� UHYHDOHG� WKDW� ���SHU� FHQW� RI� WKH� VHQWHQFHV�ZHUH� LGHQWLFDO� LQ� WKH� WZR
WH[WV��VHH�7DEOH���EHORZ��

7DEOH����([WHUQDO�5HFXUUHQFH�LQ�66��UHODWLYH�WR�66�

([WHUQDO�5HSHWLWLRQV�LQ�66��UHODWLYH�WR
66�

6KDUHG�VHQWHQFHV �����

([WHUQDO�6HQWHQFH�5HSHWLWLRQ�5DWH ����

,I�ZH�PDNH�WKH�K\SRWKHWLFDO�DVVXPSWLRQ�WKDW�D�WUDQVODWLRQ�PHPRU\�WRRO�KDG�EHHQ
XVHG� IRU� WUDQVODWLQJ� WKH� VHFRQG� YHUVLRQ� RI� WKH� PDQXDO�� LW� LV� REYLRXV� WKDW
FRQVLGHUDEOH�HIILFLHQF\�JDLQV�FRXOG�KDYH�EHHQ�DFKLHYHG��%XW��QRWH�WKDW�ZH�KDYH�WR
EH�VXUH�WKDW�ZKHQ�VXFK�D�WRRO�LV�XVHG��LW�UHVWV�RQ�WKH�WKLUG�FRQGLWLRQ�PHQWLRQHG
DERYH��QDPHO\�WKDW�UHSHWLWLRQV�FDQ�LQGHHG�EH�WUDQVIHUUHG�IURP�WKH�VRXUFH�WR�WKH
WDUJHW� WH[W�� 7KLV� WKLUG� FRQGLWLRQ� LV� KDUGHU� WR� YHULI\�� EXW� LQ� WKLV� FKDSWHU� ZH
DWWHPSW�WR�GR�WKLV�E\�FRQIURQWLQJ�WUDQVODWRUV�ZLWK�WKHLU�RZQ�WUDQVODWLRQV�DQG�E\
DVNLQJ�WKHP�KRZ�WKH\�YDOXH�UHSHWLWLRQV�LQ�WKH�VRXUFH�DQG�WDUJHW�WH[WV�

7KH�VWXG\�VKRXOG�EH�VHHQ�DV�FRPSOHPHQWDU\�WR�DVVHVVPHQWV�RI�SUDFWLFDO�XVDJH�RI
FRPSXWHU�DVVLVWHG�WUDQVODWLRQ�WRROV� �6FKlOHU�������DQG�9DVFRQFHOORV� ��������7R
SUHSDUH� WKH� WH[W� PDWHULDO�� WKH� '$9(� SDFNDJH� �ZKLFK� ZLOO� EH� GHVFULEHG� LQ
&KDSWHU����ZDV�XVHG�IRU�GHWHFWLQJ�UHFXUUHQW�VHQWHQFHV�DQG�SKUDVHV�DV�ZHOO�DV�IRU
DOLJQLQJ�WKH�VRIWZDUH�PDQXDOV�RQ�WKH�VHQWHQFH�OHYHO��$W�WKH�WLPH�RI�WKH�VWXG\�WKH
GLVFUHSDQF\�PRGXOH�LQFOXGHG�LQ�'$9(�ZDV�QRW�UHDG\��D�PRGXOH�WKDW�SLQSRLQWV
LQFRQVLVWHQW�WUDQVODWLRQV��ZKLFK�PHDQV�WKDW�WKH�YDULDQW�WUDQVODWLRQV�XVHG�LQ�WKH
VWXG\� ZHUH� GHWHFWHG� E\� PDQXDOO\� VFDQQLQJ� VRUWHG� WUDQVODWLRQ� GDWDEDVHV
FRQWDLQLQJ� UHFXUUHQW� VHQWHQFHV�� 7KH� GLVFUHSDQF\� PRGXOH� SUHVHQW� LQ� '$9(� LV
VLPLODU� WR� 7UDQV&KHFN� �0DFNORYLWFK� ������ LQ� WKDW� LW� RSHUDWHV� RQ� ELWH[WV� �L�H��
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UHSUHVHQWDWLRQV� RI� WUDQVODWLRQV� ZLWK� H[SOLFLW� OLQNV� EHWZHHQ� VRXUFH� DQG� WDUJHW
VHQWHQFHV���EXW�WKH�PRGXOH�RSHUDWHV�RQ�FRQVLVWHQW�RU�LQFRQVLVWHQW�WUDQVODWLRQV�RI
VHQWHQFHV�UDWKHU�WKDQ�OH[LFDO�LWHPV�

���� 2EMHFWLYHV�DQG�PHWKRGRORJ\

7KH�VWXG\�LQ�WKLV�FKDSWHU�IRFXVHV�RQ�WKH�GLVWULEXWLRQ�RI�WUDQVODWLRQV�RI�UHFXUUHQW
VRXUFH� VHQWHQFHV� DQG� KRZ� WUDQVODWRUV� IDPLOLDU�ZLWK� WKH� WH[W� W\SH� HYDOXDWH� WKH
H[LVWLQJ�WUDQVODWLRQV�RI�WKH�UHFXUUHQW�XQLWV� LQ�GLIIHUHQW�FRQWH[WV��7R�FROOHFW�WKH
QHFHVVDU\�GDWD��,�GHVLJQHG�D�TXHVWLRQQDLUH�ZLWK�WZR�SDUWV��7KH�ILUVW�SDUW�LQFOXGHG
TXHVWLRQV�DERXW�WUDQVODWLRQ�VXSSRUW�WRROV�LQ�RUGHU�WR�SURYLGH�LPSRUWDQW�LQVLJKWV
LQWR� WKH� XVDELOLW\� RI� WUDQVODWLRQ� PHPRU\� WRROV� RU� WHFKQLTXHV�� DQG� WKH
UHVSRQGHQWV·�DWWLWXGHV�WRZDUGV�WKH�EHQHILW�RI�XVLQJ�VXFK�WRROV��7KH�VHFRQG�SDUW
FRQVLVWHG�RI����H[DPSOHV�IURP�WZR�FRPSXWHU�PDQXDOV�IURP�WKH�VDPH�FRPSDQ\�
ZKHUH�HDFK�H[DPSOH�GHVFULEHG�DQ�LGHQWLFDO�VRXUFH�VHJPHQW��SDUDJUDSK��VHQWHQFH�
KHDGLQJ��HWF���RFFXUULQJ�LQ�WZR�GLIIHUHQW�FRQWH[WV��7KHVH�VRXUFH�VHJPHQWV�ZHUH
VKRZQ�ZLWK�WKH�FRUUHVSRQGLQJ�WDUJHW�VHJPHQW��ZKLFK�KDG�EHHQ�WUDQVODWHG�LQ�WZR
GLIIHUHQW� ZD\V�� 7KH� WDVN� IRU� UHVSRQGHQWV� ZDV� WR� GHFLGH� ZKHWKHU� WKH\� ZRXOG
SUHIHU�FRQVLVWHQW�WUDQVODWLRQ�LQ�WKH�WZR�FRQWH[WV�RU�WKH�WZR�YDULDQW�WUDQVODWLRQV�
,I�FRQVLVWHQW�WUDQVODWLRQV�ZHUH�SUHIHUUHG��WKH�UHVSRQGHQW�ZDV�DVNHG�WR�PRWLYDWH
WKH� FKRLFH�DQG�DOVR� UDQN� WKH�GLIIHUHQW� DOWHUQDWLYHV�� ,I� YDULDQW� WUDQVODWLRQV�ZHUH
SUHIHUUHG�� WKH� UHVSRQGHQW� ZDV� DVNHG� WR� MXVWLI\� WKLV� FKRLFH�� 7KH� TXHVWLRQV
DFFRPSDQ\LQJ�HDFK�H[DPSOH�ZHUH�LGHQWLFDO�DQG�ORRNHG�DV�IROORZV�
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���:RXOG�\RX�SUHIHU�D�FRQVLVWHQW�6ZHGLVK�WUDQVODWLRQ�RI�WKH�(QJOLVK�H[DPSOH�LQ�ERWK�$�DQG
%"

q�<HV q�1R��LI�\RX�DQVZHU�1R��JR�WR�TXHVWLRQ����

��� +RZ� ZRXOG� \RX� UDQN� WKH� WUDQVODWLRQV"
$QVZHU�WKLV�RQO\�LI�\RX�KDYH�FKRVHQ�<HV�RQ
TXHVWLRQ����

q�7KH\�DUH�HTXLYDOHQW��%RWK�$�DQG�%�DUH
JRRG�WUDQVODWLRQV�
q�,�SUHIHU�$�WR�%�
q�,�SUHIHU�%�WR�$�
q�,�SUHIHU�DQRWKHU�FRQVLVWHQW�WUDQVODWLRQ�

-XVWLI\�\RXU�FKRLFH�

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

��� -XVWLI\� ZK\� \RX� ZDQW� GLIIHUHQW
WUDQVODWLRQV�� �$QVZHU� WKLV� RQO\� LI� \RX� KDYH
FKRVHQ�1R�RQ�TXHVWLRQ����

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

)LJXUH���4XHVWLRQV�DFFRPSDQ\LQJ�HDFK�H[DPSOH�LQ�SDUW���RI�WKH�TXHVWLRQQDLUH

7R�DYRLG�DQ\�LQIOXHQFH�FDXVHG�E\�WKH�ZD\�WKH�H[DPSOHV�ZHUH�RUGHUHG��WKH�RUGHU
RI�WKH����H[DPSOHV�ZDV�UDQGRPL]HG�IRU�HDFK�UHVSRQGHQW�

7KH� TXHVWLRQQDLUH� ZDV� VHQW� RXW� WR� ERWK� LQ�KRXVH� DQG� IUHHODQFH� WUDQVODWRUV
ZRUNLQJ� IRU� WZR� 6ZHGLVK� WUDQVODWLRQ� FRPSDQLHV�� 2QH� UHTXLUHPHQW� ZDV� WKDW
WUDQVODWRUV� VKRXOG� EH� IDPLOLDU� ZLWK� WKH� WH[W� W\SH� DQG� WKH� UHTXLUHPHQWV� RI� WKH
WUDQVODWLRQV� �L�H�� WKDW� WKH\� VKRXOG� KDYH� WUDQVODWHG� WH[WV� IURP� WKH� SDUWLFXODU
VRIWZDUH� FRPSDQ\� EHIRUH��� 2QH� SURMHFW� PDQDJHU� DW� HDFK� RI� WKH� WUDQVODWLRQ
FRPSDQLHV�ZDV� DOVR� DVNHG� WR� FRPSOHWH� WKH� TXHVWLRQQDLUH� DV�ZHOO� DV� WKH� SHUVRQ
UHVSRQVLEOH� IRU� WUDQVODWLRQ� TXDOLW\� DW� WKH� FOLHQW� VRIWZDUH� FRPSDQ\�� ,Q� WRWDO� ��
FRPSOHWHG�TXHVWLRQQDLUHV�IURP�WUDQVODWRUV�ZHUH�DQVZHUHG�DQG�UHWXUQHG����IURP
IUHHODQFH�WUDQVODWRUV�DQG���IURP�LQ�KRXVH�WUDQVODWRUV���:H�DOVR�UHFHLYHG�IHHGEDFN
IURP�WKH�WZR�SURMHFW�PDQDJHUV�DQG�WKH�FOLHQW�VRIWZDUH�FRPSDQ\�

7R�GLVWLQJXLVK�EHWZHHQ�GLIIHUHQW�FDWHJRULHV�RI�WUDQVODWLRQ�YDULDQWV��WKH�H[DPSOHV
XVHG�LQ�SDUW�WZR�RI�WKH�TXHVWLRQQDLUH�ZHUH�GLYLGHG�HTXDOO\��ILYH�H[DPSOHV� IURP
HDFK�FDWHJRU\��RYHU�WKH����H[DPSOHV��DV�VKRZQ�LQ�7DEOH����,�GLVWLQJXLVK�EHWZHHQ
WKUHH�PDMRU�W\SHV�RI�WUDQVODWLRQ�YDULDWLRQ�
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$�� V\QRQ\P�YDULDQWV��ZKHUH�WKH�YDULDQWV�KDYH�WKH�VDPH�XQGHUO\LQJ�ORJLFDO
IRUP��

%�� SDUWLDOO\� V\QRQ\P�YDULDQWV� �ZKHUH� WKH� YDULDQWV� GLIIHU� LQ� WKH� GHJUHH� RI
VSHFLILFDWLRQ��DQG

&�� QRQ�V\QRQ\P� YDULDQWV� �ZKHUH� WKH� YDULDQWV� GR� QRW� KDYH� WKH� VDPH
XQGHUO\LQJ�ORJLFDO�IRUP��L�H��WKHUH�LV�FRQIOLFWLQJ�VHPDQWLF�FRQWHQW��

$� IRXUWK� FDWHJRU\� ZDV� DOVR� LQFOXGHG� ZKHUH� ORQJHU� VWUHWFKHV� RI� WH[W� ZHUH
UHSHDWHG� �FDWHJRU\� '� EHORZ��� 7KH� QXPEHUV� LQ� EUDFNHWV� LQGLFDWH� WKH� H[DPSOH
QXPEHUV�XVHG�LQ�7DEOH����DQG�7DEOH����

7DEOH����9DULDQW�WUDQVODWLRQ�FDWHJRULHV

0DMRU� W\SH� RI
YDULDWLRQ

9DULDWLRQ�FDWHJRULHV ([DPSOHV

$��6\QRQ\P�YDULDQWV �D��6\QWDFWLF�YDULDQWV�²�VDPH
FRQWH[W�W\SHV��1R������

5XQQLQJ�WH[W�UXQQLQJ�WH[W�
KHDGLQJ�KHDGLQJ��HWF�

�E��6\QWDFWLF�YDULDQWV��
GLIIHUHQW�FRQWH[W�W\SHV�������

5XQQLQJ�WH[W²KHDGLQJ��WDEOH
FHOO²KHDGLQJ��HWF�

�D��0RUSKHPDWLF�YDULDQWV�²
VDPH�FRQWH[W�W\SHV��������

5XQQLQJ�WH[W�UXQQLQJ�WH[W�
KHDGLQJ�KHDGLQJ��HWF�

�E��0RUSKHPDWLF�YDULDQWV�²
GLIIHUHQW�FRQWH[W�W\SHV��������

5XQQLQJ�WH[W�KHDGLQJ��HWF�

���/H[LFDO�YDULDQWV�������� 1RQ�WHUPLQRORJLFDO
V\QRQ\PV

���&RKHUHQFH�YDULDQWV�������� 3URQRXQV��DGYHUEV��HWF�
%��3DUWLDOO\
V\QRQ\P�YDULDQWV

���6SHFLILFDWLRQ�YDULDQWV�����
���

/HVV�RU�PRUH�VSHFLILF�FRQWHQW

&��1RQ�V\QRQ\P
YDULDQWV

���7HUPLQRORJLFDO�YDULDQWV
�������

9DU\LQJ�WHUPLQRORJ\

���&RQWHQW�YDULDQWV�������� (UURQHRXV�FRQWHQW
WUDQVODWLRQV

'��5HFXUUHQW�PXOWL�
VHQWHQWLDO�VHJPHQWV

���0RUH�WKDQ�RQH�UHFXUULQJ
VXEVHTXHQW�VHQWHQFH��������

5HSHDWHG�SDUDJUDSKV�RU
ZKROH�VHFWLRQV�

$�� 6\QRQ\P�YDULDQWV

7KH�V\QRQ\P�YDULDQWV�FDWHJRUL]HG� LQ� IRXU�GLIIHUHQW�JURXSV� ������GHSHQGLQJ�RQ
ZKHWKHU� WKH� V\QRQ\PLW\� VWHPPHG� IURP� V\QWDFWLF� FKRLFHV�� PRUSKHPDWLF
YDULDWLRQ�� XVH� RI� OH[LFDO� V\QRQ\PV� RU� WKH� XVH� RI� FRKHUHQFH� PDUNHUV� VXFK� DV
SURQRXQV�DQG�DGYHUE��$V� WKH� WH[W�PDWHULDO� LQFOXGHG�D� FHUWDLQ� W\SH�RI� V\QWDFWLF
DQG� PRUSKHPDWLF� YDULDWLRQ� GHSHQGLQJ� RQ� VWUXFWXUDO� FRQWH[W�� JURXSV� �� DQG� �
ZHUH�GLYLGHG� LQWR� WZR� VXEJURXSV�ZKHUH� WKH�D� VXEJURXSV� FRQWDLQHG�YDULDQWV� LQ
WKH�VDPH�W\SH�RI�FRQWH[W��IRU�H[DPSOH��LI�ERWK�YDULDQWV�ZHUH�XVHG�DV�KHDGLQJV��RU
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ERWK�ZHUH� XVHG� LQVLGH� LQVWUXFWLRQV��� 7KH� E� VXEJURXSV� WKHQ� FRQWDLQHG� YDULDQWV
ZKHUH�WKH�VWUXFWXUDO�FRQWH[WV�GLIIHUHG��IRU�H[DPSOH�LI�RQH�YDULDQW�ZDV�XVHG�LQ�D
KHDGLQJ�DQG�WKH�RWKHU�LQ�D�FHOO�WDEOH�

7KH� H[DPSOHV� EHORZ� KDYH� EHHQ� VKRUWHQHG� FRPSDUHG� WR� WKH� TXHVWLRQQDLUH� WKDW
ZDV�GLVWULEXWHG��EXW�WKH�UHVSRQGHQWV�ZHUH�SUHVHQWHG�ZLWK�WKH�IROORZLQJ�W\SH�RI
WH[W� GDWD� ZKHUH� WKH� UHSHDWHG� VRXUFH� VHQWHQFH� DQG� WKH� FRUUHVSRQGLQJ� YDULDQW
WUDQVODWLRQV�ZHUH�XQGHUOLQHG�

,Q� 7DEOH� �� WKH� YDULDWLRQ� LQ� WUDQVODWLRQ� FKRLFH� LV� RQH� RI� ZRUG� RUGHU�� 7KH� $
WUDQVODWLRQ� YDULDQW� FRQWDLQV� WKH� REMHFW� ´IUnJHYHUNW\JHWµ� LQ� WKH� LQLWLDO� SRVLWLRQ�
ZKHUHDV�WKH�%�YDULDQW�KDV�WKH�VXEMHFW�´'Xµ�LQ�WKH�LQLWLDO�SRVLWLRQ��,Q�WKLV�FDVH�WKH
YDULDQWV� RFFXU� LQ� H[DFWO\� WKH� VDPH� W\SH� RI� VWUXFWXUDO� FRQWH[W�� QDPHO\� LQVLGH� D
FDXWLRQ�

7DEOH����6\QWDFWLF�YDULDQWV���VDPH�FRQWH[W�W\SHV���D�

9DULDQW 6RXUFH 7DUJHW

$
1RWH
7KH�4XHU\�%XLOGHU�LV�DYDLODEOH�IRU
ZRUNLQJ�ZLWK�TXHULHV�RQO\�

2EV�
)UnJHYHUNW\JHW�NDQ�GX�EDUD�DQYlQGD�QlU�GX
DUEHWDU�PHG�IUnJRU�

%
1RWH
7KH�4XHU\�%XLOGHU�LV�DYDLODEOH�IRU
ZRUNLQJ�ZLWK�TXHULHV�RQO\�

2EV�
'X�NDQ�EDUD�DQYlQGD�)UnJHYHUNW\JHW�QlU�GX
DUEHWDU�PHG�IUnJRU�

$Q�H[DPSOH�RI�V\QWDFWLF�YDULDQWV�LQ�GLIIHUHQW�FRQWH[WV�LV�VKRZQ�LQ�7DEOH�����+HUH
WKH�$�YDULDQW�IXQFWLRQV�DV�D�KHDGLQJ�ZKHUHDV�WKH�%�YDULDQW�RFFXUV�LQVLGH�D�WDEOH
FHOO�



���&RQVLVWHQF\�DQG�WKH�WUDQVODWRU

��

7DEOH�����6\QWDFWLF�YDULDQWV���GLIIHUHQW�FRQWH[W�W\SHV���E�

9DULDQW 6RXUFH 7DUJHW

$
&DOFXODWLQJ�ZLWK�SUHFLVLRQ�DV
GLVSOD\HG�
�� $IIHFWV�DOO�ZRUNVKHHWV�LQ�WKH

DFWLYH�ZRUNERRN�

�� 'RHV�QRW�DIIHFW�QXPEHUV�LQ�WKH
*HQHUDO�IRUPDW��ZKLFK�DUH
DOZD\V�FDOFXODWHG�ZLWK�IXOO
SUHFLVLRQ�

9LG�EHUlNQLQJ�PHG�YLVDG�SUHFLVLRQ�
�� 3nYHUNDV�DOOD�NDON\OEODG�L�GHQ�DNWLYD

DUEHWVERNHQ�

�� 3nYHUNDV�LQWH�WDO�L�IRUPDWHW�6WDQGDUG
HIWHUVRP�GHVVD�DOOWLG�EHUlNQDV
PHG�H[DNW�SUHFLVLRQ�

7\SH�WKLV
NH\ZRUG�DQG
FKRRVH�6KRZ
7RSLFV

6HOHFW�D�WRSLF�DQG
FKRRVH�*R�7R

6NULY�GHWWD
Q\FNHORUG�RFK�YlOM
9LVD�DYVQLWW

0DUNHUD�HWW�DYVQLWW
RFK�YlOM�*n�WLOO

FDOFXODWLQJ
IRUPXODV

&DOFXODWLQJ�D
SRUWLRQ�RI�D
IRUPXOD

EHUlNQD�IRUPOHU %HUlNQD�GHODU�DY
IRUPOHU

%

FDOFXODWLQJ�ZLWK
GLVSOD\HG
SUHFLVLRQ

&DOFXODWLQJ�ZLWK
SUHFLVLRQ�DV
GLVSOD\HG

EHUlNQD�PHG�YLVDG
SUHFLVLRQ

%HUlNQD�PHG�YLVDG
SUHFLVLRQ

0RUSKHPDWLFDOO\�YDULDQW�WUDQVODWLRQV�DUH�WUDQVODWLRQV�ZKHUH�WKH�PRUSKRORJLFDO
IRUP�RI�RQH�RU� VHYHUDO�ZRUGV�DUH�GLIIHUHQW�� ,Q�7DEOH���� WKH�GLIIHUHQFH�EHWZHHQ
WKH�$�DQG�%�WUDQVODWLRQV�LV�WKH�QXPEHU�RI�WKH�QRXQ�´QLYnµ��(QJ��¶OHYHO·��

7DEOH�����0RUSKHPDWLF�YDULDQWV���VDPH�FRQWH[W�W\SH���D�

9DULDQW 6RXUFH 7DUJHW

$
5HPRYHV�WUDFHU�DUURZV�IURP�RQH
OHYHO�RI�SUHFHGHQWV��6XEVHTXHQW
FOLFNV�UHPRYH�WKH�QH[W�OHYHO�RI
DUURZV�

6SnUQLQJVSLODU�I|U�HQ�QLYn�DY�|YHURUGQDGH
FHOOHU�WDV�ERUW��2P�GX�IRUWVlWWHU�DWW�NOLFND�Sn
GHQ�KlU�NQDSSHQ�WDV�SLODUQD�I|U�HIWHUI|OMDQGH
QLYn�ERUW�

%
5HPRYHV�WUDFHU�DUURZV�IURP�RQH
OHYHO�RI�GHSHQGHQWV��6XEVHTXHQW
FOLFNV�UHPRYH�WKH�QH[W�OHYHO�RI
DUURZV�

6SnUQLQJVSLODU�I|U�HQ�QLYn�DY�XQGHURUGQDGH
WDV�ERUW��2P�GX�IRUWVlWWHU�DWW�NOLFND�Sn�GHQ
KlU�NQDSSHQ�WDV�SLODUQD�I|U�HIWHUI|OMDQGH
QLYnHU�ERUW�

$QRWKHU�H[DPSOH�RI�PRUKHPDWLF�YDULDQWV�FDQ�EH�VHHQ� LQ�7DEOH����EHORZ��+HUH
WKH�WHUP�´LQElGGDW�GLDJUDPµ�LV�LQ�WKH�VLQJXODU�LQ�YDULDQW�$��KHDGLQJ���DQG�LQ�WKH
SOXUDO�LQ�YDULDQW�%��WDEOH�FHOO��
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7DEOH�����0RUSKHPDWLF�YDULDQWV���GLIIHUHQW�FRQWH[W�W\SHV���E�

9DULDQW 6RXUFH 7DUJHW

$
0RYLQJ�DQG�6L]LQJ�DQ�(PEHGGHG
&KDUW

7R� PRYH� WKH� FKDUW� RQ� WKH
ZRUNVKHHW�� VHOHFW� LW� E\� FOLFNLQJ
DQ\ZKHUH�LQ�WKH�FKDUW�DQG�WKHQ�GUDJ
LW�ZKHUH�\RX�ZDQW�LW��,I�WKH�FKDUW�LV
DFWLYH��\RX�FDQ�PRYH�LW�E\�GUDJJLQJ
LWV�ERUGHU�

)O\WWD� RFK� lQGUD� VWRUOHN� Sn� HWW� LQElGGDW
GLDJUDP

2P� GX� YLOO� IO\WWD� GLDJUDPPHW� L� NDON\OEODGHW
PDUNHUDU� GX� GHW� JHQRP� DWW� NOLFND� L
GLDJUDPPHW� RFK� VHGDQ� GUD� GHW� WLOO� HQ� Q\
SRVLWLRQ�

7\SH�WKLV
NH\ZRUG�DQG
FKRRVH
6KRZ�7RSLFV

6HOHFW�D
WRSLF�DQG
FKRRVH�*R
7R

6NULY�GHWWD
Q\FNHORUG
RFK�YlOM�9LVD
DYVQLWW

0DUNHUD�HWW
DYVQLWW�RFK�YlOM�*n
WLOO

FKDUWV��HPEHGGHG 0RYLQJ�DQG
VL]LQJ�DQ
HPEHGGHG
FKDUW

GLDJUDP��LQElGGDGH )O\WWD�RFK�lQGUD
VWRUOHN�Sn�LQElGGDGH
GLDJUDP

%

VL]LQJ�FKDUW
VKHHWV

6L]LQJ�D�FKDUW
VKHHW�ZLWK�WKH
ZLQGRZ

lQGUD�VWRUOHN�Sn
GLDJUDPEODG

bQGUD�VWRUOHN�Sn
GLDJUDPEODG�PHG
KMlOS�DY�I|QVWUHW

$V�WKH�PDWHULDO�ZDV�LQ�WKH�WHFKQLFDO�GRPDLQ��LW�LV�HVVHQWLDO�WR�GLVWLQJXLVK�EHWZHHQ
WHUPLQRORJ\�ZKLFK�LV�GHSHQGHQW�RQ�WKH�GRPDLQ�DQG�OH[LFDO�LWHPV�ZKLFK�EHORQJV
WR�JHQHUDO�XVDJH�RI�WKH�ODQJXDJH��7KHUHIRUH��D�GLVWLQFWLRQ�ZDV�PDGH�EHWZHHQ�XVH
RI� V\QRQ\PV� ZKLFK� DUH� QRQ�WHUPLQRORJLFDO� �JURXS� ��� DQG� YDULDWLRQ� RI
WHUPLQRORJ\��JURXS�����$Q�H[DPSOH�RI�QRQ�WHUPLQRORJLFDO�YDULDWLRQ�LV�VKRZQ�LQ
7DEOH����EHORZ��7KH�RULJLQDO�ZRUG�´HQWHUµ� LV� WUDQVODWHG�ZLWK�´DQJHUµ� LQ�$�DQG
ZLWK�´VNULYHUµ�LQ�%��

����������������������������������������������������������
��,Q�SURJUDP�PDQXDOV�VXFK�DV�WKH�RQHV�XVHG�LQ�WKLV�VWXG\��LW�LV�FRPPRQ�WR�UHJDUG�V\VWHP�VSHFLILF�QRXQ
SKUDVHV�DV�EHORQJLQJ�WR�WHUPLQRORJ\�DV�ZHOO�DV�DOO�WH[W�VWULQJV�DSSHDULQJ�LQ�WKH�SURJUDP��VXFK�DV�QDPHV
RI�FRPPDQGV��PHQXV��EXWWRQV��HWF����7KH�FULWHULRQ�LV�WKDW�WKH\�UHIHU�WR�RQH�´REMHFWµ�RU�´DFWLRQµ�DQG�WKDW
WKHUH�LV�QR�DOWHUQDWLYH�RSWLRQ��$OWKRXJK�WKH�(QJOLVK�´HQWHUµ�LV�XVHG�LQ�D�WHFKQLFDO�VHQVH��WKH�VRXUFH
ZULWHU�FRXOG�MXVW�DV�ZHOO�KDYH�FKRVHQ�´W\SHµ�WR�JHW�WKH�VDPH�PHDQLQJ�DFURVV�
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7DEOH�����/H[LFDO�YDULDQWV���QRQ�WHUPLQRORJLFDO�V\QRQ\PV����

9DULDQW 6RXUFH 7DUJHW

$
)URP�WKH�7RROV�PHQX��FKRRVH
6FHQDULRV��DQG�FOLFN�WKH�$GG
EXWWRQ��7\SH�D�QDPH�IRU�WKH
VFHQDULR��VXFK�DV�´%HVW�&DVHµ�RU
´0DU\·V�$VVXPSWLRQVµ���,Q�WKH
&KDQJLQJ�&HOOV�ER[��HQWHU�WKH
UHIHUHQFHV�RU�WKH�QDPHV�IRU�WKH
FHOOV�WKDW�\RX�ZDQW�WR�FKDQJH��,I
\RX�HQWHU�PRUH�WKDQ�RQH
UHIHUHQFH��VHSDUDWH�HDFK
UHIHUHQFH�ZLWK�D�FRPPD�

9lOM�6FHQDULHU�Sn�9HUNW\J�PHQ\Q�RFK�YlOM�/lJJ
WLOO��6NULY�HWW�QDPQ�I|U�VFHQDULRW��W�H[�%lVWD�IDOOHW
HOOHU�0DULDV�DQWDJDQGHQ���,�UXWDQ�´-XVWHUEDUD
FHOOHUµ�DQJHU�GX�UHIHUHQVHU�HOOHU�QDPQ�I|U�GH�FHOOHU
VRP�GX�YLOO�lQGUD��2P�GX�DQJHU�PHU�lQ�HQ�UHIHUHQV
PnVWH�GX�DQYlQGD�VHPLNRORQ�PHOODQ�UHIHUHQVHUQD�

%
)URP�WKH�7RROV�PHQX��FKRRVH
6FHQDULRV��DQG�WKHQ�FKRRVH�WKH
6XPPDU\�EXWWRQ��7KH�6FHQDULR
6XPPDU\�GLDORJ�ER[�DSSHDUV�
�7KH�6XPPDU\�EXWWRQ�LV
XQDYDLODEOH�LI�WKHUH�DUH�QR
VFHQDULRV�GHILQHG�IRU�WKH�FXUUHQW
ZRUNVKHHW���,Q�WKH�5HVXOW�&HOOV
ER[��HQWHU�WKH�UHIHUHQFHV�RU�WKH
QDPHV�IRU�WKH�UHVXOW�FHOOV�WKDW
\RX�ZDQW�WR�DSSHDU�LQ�WKH�UHSRUW�
,I�\RX�HQWHU�PRUH�WKDQ�RQH
UHIHUHQFH��VHSDUDWH�HDFK
UHIHUHQFH�ZLWK�D�FRPPD�

9lOM�6FHQDULHU�Sn�9HUNW\J�PHQ\Q�RFK�YlOM�VHGDQ
6DPPDQIDWWQLQJ��'LDORJUXWDQ
6DPPDQIDWWQLQJVUDSSRUW�YLVDV���.QDSSHQ
6DPPDQIDWWQLQJ�lU�LQWH�WLOOJlQJOLJ�RP�LQJD
VFHQDULHU�KDU�GHILQLHUDWV�I|U�GHW�DNWXHOOD
NDON\OEODGHW���,�UXWDQ�´5HVXOWDWFHOOHUµ�VNULYHU�GX
UHIHUHQVHU�WLOO�HOOHU�QDPQ�I|U�GH�UHVXOWDWFHOOHU�VRP
GX�YLOO�YLVD�L�UDSSRUWHQ��2P�GX�VNULYHU�PHU�lQ�HQ
UHIHUHQV�PnVWH�GX�VNULYD�VHPLNRORQ�PHOODQ
UHIHUHQVHUQD�

7KH�IRXUWK�V\QRQ\P�FDWHJRU\�KDV�WR�GR�ZLWK�WKH�SUHVHQFH�RI�FRKHUHQFH�PDUNHUV
LQ�WKH�WUDQVODWLRQV��,Q�7DEOH����WKH�RQO\�GLIIHUHQFH�EHWZHHQ�YDULDQW�$�DQG�%�LV
WKDW� $� FRQWDLQV� WKH� DGYHUELDO� ´QXµ� �(QJ�� ¶QRZ·��� ZKLFK� GRHV� QRW� FKDQJH� WKH
XQGHUO\LQJ�ORJLFDO�IRUP�RI�WKH�WUDQVODWLRQ�DV�LW�FRXOG�EH�VDLG�WR�EH�LPSOLFLW�LQ�WKH
FRQWH[W�RI�%�
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7DEOH�����&RKHUHQFH�PDUNHUV����

9DULDQW 6RXUFH 7DUJHW

$
�� 6HOHFW�)RUP�$QG

5HSRUW�:L]DUGV�IURP�WKH�OLVW�RI
DGG�LQV�

�� &KRRVH�WKH
&XVWRPL]H�EXWWRQ�

0LFURVRIW�$FFHVV�GLVSOD\V�WKH
&XVWRPL]H�$GG�LQ�GLDORJ�ER[�

�� 9lOM�)RUPXOlU��RFK
UDSSRUWJXLGHU�Sn�OLVWDQ�|YHU�WLOOlJJ�

�� 9lOM�$QSDVVD�

1X�YLVDV�GLDORJUXWDQ�$QSDVVD�WLOOlJJ�

%
�� 6HOHFW�)RUP�$QG�5HSRUW
:L]DUGV�IURP�WKH�OLVW�RI�DGG�LQV�

�� &KRRVH�WKH�&XVWRPL]H�EXWWRQ�

0LFURVRIW�$FFHVV�GLVSOD\V�WKH
&XVWRPL]H�$GG�LQ�GLDORJ�ER[�

�� 9lOM�JXLGHQ�)RUPXOlU�RFK�UDSSRUWHU�L
OLVWDQ�´7LOOJlQJOLJD�ELEOLRWHNµ�

�� 9lOM�$QSDVVD�

'LDORJUXWDQ�$QSDVVD�WLOOlJJ�YLVDV�

%��3DUWLDOO\�V\QRQ\P�YDULDQWV

7KH�VHFRQG�PDLQ�FDWHJRU\�FRQWDLQV�YDULDQWV�ZKHUH�WKH�XQGHUO\LQJ�ORJLFDO�IRUPV
RI� WKH� WZR� YDULDQWV� DUH� QRW� H[DFWO\� LGHQWLFDO�� LQVWHDG� WKH\� DUH� SDUWLDOO\
RYHUODSSLQJ��7KLV�RYHUODSSLQJ�LV�XVXDOO\�H[SUHVVHG�DV�D�GLIIHUHQFH�LQ�WKH�GHJUHH
WR�ZKLFK�DQ�REMHFW�RU�UHODWLRQVKLS� LV�VSHFLILHG��7\SLFDOO\��RQH�RI� WKH�YDULDQWV� LV
HLWKHU� PRUH� VSHFLILF� RU� OHVV� VSHFLILF� WKDQ� WKH� RWKHU�� ,Q� 7DEOH� ��� WKHUH� LV� D
GLIIHUHQFH�LQ�WKH�GHJUHH�RI�VSHFLILFDWLRQ�EHWZHHQ�´VDPWOLJD�NRQWUROOHU�L�JUXSSHQµ
�$��DQG�´VDPWOLJD�PDUNHUDGH�NRQWUROOHUµ��%��

7DEOH�����'HJUHH�RI�VSHFLILFDWLRQ����

9DULDQW 6RXUFH 7DUJHW

$
,Q�WKH�SURSHUW\�VKHHW��FKDQJH�WKH

DSSURSULDWH�SURSHUWLHV�

0LFURVRIW�$FFHVV�FKDQJHV�WKH
SURSHUW\�VHWWLQJV�IRU�DOO�WKH�VHOHFWHG
FRQWUROV�

bQGUD�HJHQVNDSHUQD�L�HJHQVNDSVI|QVWUHW�

(JHQVNDSHUQDV�LQVWlOOQLQJDU�lQGUDV�I|U
VDPWOLJD�NRQWUROOHU�L�JUXSSHQ�

%
,Q�WKH�SURSHUW\�VKHHW��FKDQJH�WKH

DSSURSULDWH�SURSHUWLHV�

0LFURVRIW�$FFHVV�FKDQJHV�WKH
SURSHUW\�VHWWLQJV�IRU�DOO�WKH�VHOHFWHG
FRQWUROV�

bQGUD�HJHQVNDSHUQD�L�HJHQVNDSVI|QVWUHW�

(JHQVNDSHUQDV�LQVWlOOQLQJDU�lQGUDV�I|U
VDPWOLJD�PDUNHUDGH�NRQWUROOHU�

&��1RQ�V\QRQ\P�YDULDQWV

7KH�WKLUG�PDLQ�FDWHJRU\�KDV�WR�GR�ZLWK�YDULDWLRQV�WKDW�DUH�QRW�V\QRQ\PRXV��L�H��
WKHUH� LV� D�GLIIHUHQFH� LQ� WKH�XQGHUO\LQJ� ORJLFDO� IRUP��7HUPV�DUH� WKH�REMHFWV� DQG
UHODWLRQVKLSV� WKDW� KDYH� RQH� VLQJOH� OLQJXLVWLF� UHSUHVHQWDWLRQ�� VXFK� DV� QDPHV� RI
REMHFWV�DQG�DOVR�QDPHV�RI�SDUWV�RI�WKH�GRFXPHQWDWLRQ��,Q�7DEOH����WKH�QDPH�RI
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FKDSWHU� ��� LV� WUDQVODWHG� GLIIHUHQWO\� LQ� WKH� WZR� YDULDQWV��ZKLFK� LV� FODVVLIHG� DV� D
WHUPLQRORJLFDO�YDULDQW��RQO\�RQH�RI�WKH�WZR�FDQ�EH�FRUUHFW��

7DEOH�����7HUPLQRORJLFDO�YDULDQWV����

9DULDQW 6RXUFH 7DUJHW

$
<RX�FDQ�DGG�WH[W�ER[HV��DUURZV��DQG
RWKHU�JUDSKLF�REMHFWV�WR�FKDUWV��)RU
PRUH�LQIRUPDWLRQ��VHH�&KDSWHU����
´&UHDWLQJ�*UDSKLF�2EMHFWV�RQ
:RUNVKHHWV�DQG�&KDUWV�µ

'X�NDQ�OlJJD�WLOO�WH[WUXWRU��SLODU�RFK�DQGUD
JUDILVND�HOHPHQW�L�GLDJUDP��0HU�LQIRUPDWLRQ
ILQQV�L�NDSLWHO�����´6NDSD�JUDILVND�REMHNW�L
NDON\OEODG�RFK�GLDJUDPµ�

%
7KH�2EMHFW�DQG�3ODFHPHQW
FRPPDQGV�RQ�WKH�)RUPDW�PHQX�DUH
DYDLODEOH�WR�XVH�ZLWK�HPEHGGHG
REMHFWV��:LWK�WKHVH�FRPPDQGV��\RX
FDQ�FRQWURO�SURSHUWLHV��LQFOXGLQJ
JUDSKLF�SDWWHUQV��SURWHFWLRQ��DQG
SRVLWLRQLQJ�UHODWLYH�WR�FHOOV��)RU
PRUH�LQIRUPDWLRQ��VHH�&KDSWHU����
´&UHDWLQJ�*UDSKLF�2EMHFWV�RQ
:RUNVKHHWV�DQG�&KDUWV�µ

.RPPDQGRQD�2EMHNW�RFK�3ODFHULQJ�Sn
)RUPDW�PHQ\Q�lU�WLOOJlQJOLJD�QlU�GX�DUEHWDU
PHG�LQElGGDGH�REMHNW��0HG�GHVVD�NRPPDQGRQ
NDQ�GX�VW\UD�HJHQVNDSHU��EO�D�JUDILNP|QVWHU�
VN\GG�VDPW�SODFHULQJ�L�UHODWLRQ�WLOO�FHOOHU��0HU
LQIRUPDWLRQ�ILQQV�L�NDSLWHO�����´*UDILVND�REMHNW
L�NDON\OEODG�RFK�GLDJUDPµ�

$QRWKHU� FDVH� RI� QRQ�V\QRQ\P� YDULDWLRQ� KDV� WR� GR� ZLWK� WKH� FKRLFH� RI
FRQWUDGLFWLQJ�OH[LFDO�LWHPV�RU�VWUXFWXUDO�FKRLFHV�WKDW�SURGXFH�GLIIHUHQW�PHDQLQJV�
$V�LQ�WKH�SUHYLRXV�FDVH��RQO\�RQH�RI�WKH�WZR�YDULDQWV�FDQ�EH�VDLG�WR�EH�D�FRUUHFW
WUDQVODWLRQ��,Q�7DEOH����EHORZ�LW�LV�REYLRXV�WKDW�RQO\�RQH�RI�WKH�YDULDQWV�FDQ�EH
FRUUHFW�DV�WKH\�KDYH�FRPSOHWH�RSSRVLWH�PHDQLQJV�GXH�WR�WKH�QHJDWLRQ�LQ�YDULDQW
$�

7DEOH������&RQWHQW�YDULDQWV����

9DULDQW 6RXUFH 7DUJHW

$
7R�FUHDWH�DQ�RSWLRQ�JURXS
ZLWKRXW�D�:L]DUG
�� )URP�WKH�9LHZ�PHQX�
FKRRVH�&RQWURO�:L]DUGV��LI�WKH
&RQWURO�:L]DUGV�FRPPDQG�GLVSOD\V�D
FKHFN�PDUN��

6NDSD�HQ�JUXSSUXWD�XWDQ�JXLGH
��9lOM�.RQWUROOJXLGHU�Sn�9LVD�PHQ\Q��RP
NRPPDQGRW�LQWH�lU�I|UERFNDW��

%
7R�FUHDWH�DQ�RSWLRQ�JURXS
ZLWKRXW�D�:L]DUG
�� )URP�WKH�9LHZ�PHQX�
FKRRVH�&RQWURO�:L]DUGV��LI�WKH
&RQWURO�:L]DUGV�FRPPDQG�GLVSOD\V
D�FKHFN�PDUN��

6NDSD�HQ�JUXSSUXWD�XWDQ�JXLGH

�� 9lOM�.RQWUROOJXLGHU�Sn�9LVD�PHQ\Q
�RP�.RQWUROOJXLGHU�lU�I|UERFNDW��

'��5HFXUUHQW�PXOWL�VHQWHQWLDO�VHJPHQWV

7KH� ILQDO� FDWHJRU\� WKDW� ZDV� LQFOXGHG� LQ� WKH� TXHVWLRQQDLUH� FRQWDLQHG� D� ORQJHU
SDVVDJH� RI� WH[W� WKDQ� D� VHQWHQFH� �DW� OHDVW� RQH� SDUDJUDSK�� ZLWK� WZR� YDULDQW
WUDQVODWLRQV�� ,Q� WKH�TXHVWLRQQDLUH� WKH� UHVSRQGHQWV�ZHUH�JLYHQ�D� ODUJHU� FRQWH[W
WKDQ�WKDW�VKRZQ�LQ�7DEOH�����ERWK�EHIRUH�DQG�DIWHU�WKH�SDUDJUDSK�LQ�IRFXV�
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7DEOH������0RUH�WKDQ�RQH�UHFXUULQJ�VXEVHTXHQW�VHQWHQFH

9DULDQW 6RXUFH 7DUJHW

$
$�SDJH�EUHDN�FRQWURO�LV�OLNH�DQ\

RWKHU�FRQWURO��<RX�FDQ�VHOHFW�LW�E\
FOLFNLQJ�LW��$IWHU�\RX�VHOHFW�LW��\RX
FDQ�FRS\�LW��GHOHWH�LW��RU�GLVSOD\�LWV
SURSHUW\�VKHHW�

(Q�VLGEU\WQLQJVNRQWUROO�lU�VRP�DQGUD
NRQWUROOHU��'X�PDUNHUDU�GHQ�JHQRP�DWW�NOLFND
Sn�GHQ��1lU�GX�KDU�PDUNHUDW�GHQ�NDQ�GX
NRSLHUD�GHQ��WD�ERUW�GHQ�HOOHU�YLVD�GHVV
HJHQVNDSVI|QVWHU�

%
$�SDJH�EUHDN�FRQWURO�LV�OLNH�DQ\

RWKHU�FRQWURO��<RX�FDQ�VHOHFW�LW�E\
FOLFNLQJ�LW��$IWHU�\RX�VHOHFW�LW��\RX
FDQ�FRS\�LW��GHOHWH�LW��RU�GLVSOD\�LWV
SURSHUW\�VKHHW�

.RQWUROOHQ�I|U�VLGEU\WQLQJ�lU�VRP�DOOD
DQGUD�NRQWUROOHU��'X�NDQ�PDUNHUD�GHQ�JHQRP
DWW�NOLFND�Sn�GHQ��1lU�GX�KDU�PDUNHUDW�GHQ
NDQ�GX�NRSLHUD�GHQ��WD�ERUW�GHQ�HOOHU�YLVD�GHVV
HJHQVNDSVI|QVWHU�

���� $WWLWXGHV�WRZDUGV�WUDQVODWLRQ�WRROV

1LQH� TXHVWLRQV� ZHUH� LQFOXGHG� LQ� SDUW� �� RI� WKH� TXHVWLRQQDLUH�� 7KH� TXHVWLRQV
LQYROYHG� WKH� UHVSRQGHQWV·� JHQHUDO� DWWLWXGH� WRZDUGV� FRQVLVWHQF\� DQG� YDULDWLRQ�
WUDQVODWLRQ� WRROV�� WRROV� WR� LGHQWLI\� DQG� WUDQVODWH� UHFXUUHQW� SDUDJUDSKV� DQG
VHQWHQFHV�DQG�UHFXUUHQW�IX]]\�SDWWHUQV��VXFK�DV�)URP�WKH�;�PHQX��FKRRVH�<���7KH\
ZHUH� DOVR� DVNHG� LI� WKH\� XVHG� WKH� LQEXLOW� VHDUFK�DQG�UHSODFH� IXQFWLRQ� RI� ZRUG
SURFHVVRUV� ZKLOH� WUDQVODWLQJ�� )LQDOO\� WKH\� ZHUH� DVNHG� DERXW� WKHLU� RSLQLRQV
UHJDUGLQJ�WUDQVODWLRQ�PHPRU\�WRROV��D�K\SRWKHWLFDO� WUDQVODWLRQ�YHULILFDWLRQ�WRRO
WKDW� KLJKOLJKWHG� YDULDQW� WUDQVODWLRQV� DQG� LI� WKH\� KDG� DQ\� RWKHU� FRPPHQWV� RQ
WUDQVODWLRQ�

������ 7KH�WUDQVODWRUV
$OO�WUDQVODWRUV�DJUHHG�WKDW�WHUPLQRORJ\�FRQVLVWHQF\�LV�LPSRUWDQW��7ZHOYH�RXW�RI
WKLUWHHQ�DOVR�VWDWHG�WKDW�VHQWHQFHV�DQG�SKUDVHV�VKRXOG�EH�WUDQVODWHG�FRQVLVWHQWO\
DQG�WKDW�WKH�VRXUFH�WH[W�RIWHQ�VKRZV�WRR�PXFK�YDULDWLRQ��6L[�WUDQVODWRUV� IRXQG
WKDW� LW� ZDV� GLIILFXOW� WR� NQRZ� ZKDW� ZDV� DFWXDOO\� UHFXUUHQW� LQ� WKH� VRXUFH� WH[W�
HVSHFLDOO\� DFURVV� FKDSWHU� ERXQGDULHV�� 7ZR� WUDQVODWRUV� ZDQWHG� YDULDWLRQ� RI
UHFXUULQJ�VHQWHQFHV�LQ�UXQQLQJ��GHVFULSWLYH�WH[WV���EXW�QRW�LQ�LQVWUXFWLRQV��6WLOO�
WKH� PDMRULW\� RI� WKH� WUDQVODWRUV� GLG� QRW� VHH� YDULDWLRQ� DV� D� JRDO� LQ� LWVHOI�� 2QH
WUDQVODWRU� H[SUHVVHG� WKLV� DV� ´9DULDWLRQ� LV� RQO\� FRQIXVLQJ��7KH� WH[W� LV� SUREDEO\
QRW�UHDG�IURP�FRYHU�WR�FRYHU��LQVWHDG�WKH�UHDGHU�ORRNV�XS�GLIIHUHQW�WKLQJV�µ

$OO�WUDQVODWRUV�XVH�WHUP�OLVWV�LQ�HOHFWURQLF�IRUPDW�DQG�DOO�RI�WKHP�XVH�WKH�SULQWHG
JXLGHOLQHV� LVVXHG�E\� WKH� VRIWZDUH� FRPSDQ\��7ZHOYH� RXW� RI� WKLUWHHQ� WUDQVODWRUV
XVH�WHUP�ZRUG�OLVWV� LQ�SULQWHG�IRUP�DV�ZHOO��EXW�RQO\�WZR�XVH�ORRN�XS�IDFLOLWLHV
GLUHFWO\� IURP� WKH� ZRUG� SURFHVVRUV�� 1RQH� RI� WKH� WUDQVODWRUV� XVHV� WUDQVODWLRQ
PHPRU\�WRROV�IRU�WKHVH�SDUWLFXODU�WH[WV��EXW�WZR�WUDQVODWRUV�XVHG�VXFK�WRROV�IRU
RWKHU�FXVWRPHUV·�WUDQVODWLRQV�

7ZR� WUDQVODWRUV� FODLP� WKDW� WKH\� XVH� WRROV� WR� LGHQWLI\� DQG� WUDQVODWH� UHFXUUHQW
SDUDJUDSKV�� )LYH� WUDQVODWRUV� XVH� WKH� VHDUFK�DQG�UHSODFH� IXQFWLRQ� LQ� WKH� ZRUG
SURFHVVRU�PDQXDOO\�WR�GR�WKLV��7KH�VHDUFK�DQG�UHSODFH�IXQFWLRQ�LV�XVHG�ZKHQ�WKH
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WUDQVODWRU� QRWLFHV� WKDW� FHUWDLQ� VHJPHQWV� DUH� UHSHDWHG� GXULQJ� WUDQVODWLRQ�� 6L[
WUDQVODWRUV�GR�QRW�XVH�WRROV�IRU�WKLV�SXUSRVH�

1R� WUDQVODWRUV� KDYH� DFFHVV� WR� WRROV� WR� LGHQWLI\� FORVH� PDWFKHV� �IX]]\� PDWFKHV�
DXWRPDWLFDOO\�� 7ZR� WUDQVODWRUV� VWDWH� WKDW� WKH\� XVH� VHDUFK�DQG�UHSODFH� ZLWK
ZLOGFDUGV�RFFDVLRQDOO\�

(OHYHQ� WUDQVODWRUV� XVH� WKH� EXLOW�LQ� VHDUFK�DQG�UHSODFH� IXQFWLRQ� RI� WKHLU� ZRUG
SURFHVVRU� UHJXODUO\�� KRZHYHU�� PDQ\� RI� WKHP� DGGHG� WKDW� WKH\� GR� WKLV� ´ZLWK
FDXWLRQ�µ�RU�WKDW�WKH\�´DOZD\V�FKHFN�UHSODFHPHQW�FDVH�E\�FDVHµ��7ZR�WUDQVODWRUV
VWDWH�WKH\�GR�QRW�XVH�WKH�IHDWXUH�DW�DOO�

1LQH� WUDQVODWRUV� KDYH� D� SRVLWLYH� DWWLWXGH� WRZDUGV� WKH� XVH� RI� WUDQVODWLRQ
PHPRULHV��IRXU�VKRZ�VRPH�GHJUHH�RI�KHVLWDWLRQ��7KH�UHVHUYDWLRQV�PDGH�DUH�WKDW
WUDQVODWLRQ�PHPRULHV�´PXVW�EH�HDV\�WR�XVHµ��WKDW�WKH\�VKRXOG�EH�XVHG�´RQO\�DV�D
UHIHUHQFHµ�� DQG� WKDW� WUDQVODWRUV� ´KDYH� WR� EH� FDUHIXO� EHFDXVH� WHUPLQRORJ\� PD\
KDYH�FKDQJHGµ��2QH�WUDQVODWRU�VWDWHV�WKH�IHDU�WKDW�LW�FRXOG�EH�´WHPSWLQJ�WR�ZRUN
WRR�TXLFNO\�ZKLFK�ZLOO�OHDG�WR�LQFUHDVHG�QXPEHU�RI�PLVWDNHVµ��1R�WUDQVODWRU�ZDV
WRWDOO\�DJDLQVW�WKH�XVH�RI�WUDQVODWLRQ�PHPRULHV�

1LQH�WUDQVODWRUV�ZHUH�SRVLWLYH�WRZDUGV�D�YHULILFDWLRQ�WRRO��WKUHH�KDG�VRPH�GRXEWV
DQG�RQH�WUDQVODWRU�VDZ�QR�XVH�RI�WKLV�NLQG�RI�WRRO��2QH�WUDQVODWRU�QRWHG�WKDW�WKLV
ZRXOG�EH�HVSHFLDOO\�XVHIXO�WR�FKHFN�WHUPLQRORJ\�DQG�H[SUHVVLRQV�

7\SLFDO� FRPPHQWV� IURP�WKH� WUDQVODWRUV� LQYROYHG� FRQFHUQV� DERXW� WKH�TXDOLW\�RI
WKH� VRXUFH� WH[W�� 7KHUH� LV� DOVR� D� IHDU� WKDW� WUDQVODWLRQ� ZRUN� ZLOO� EHFRPH� PRUH
WHGLRXV� DQG�ERULQJ�� WKDW� VRPH� RI� WKH� FUHDWLYH� DVSHFWV� RI� WKH� MRE�ZLOO� GLVDSSHDU
ZLWK�WKH�LQFUHDVLQJ�XVH�RI�WUDQVODWLRQ�PHPRU\�WRROV��6RPH�WUDQVODWRUV�H[SUHVVHG
FRQFHUQ�RYHU�WKH�FKDQJLQJ�UROH�RI�WKH�WUDQVODWRU��IURP�D�OLQJXLVWLF�LQQRYDWRU�WR�D
OLQJXLVWLF�RSHUDWRU��RU�DV�RQH�RI�WKH�UHVSRQGHQWV�H[SUHVVHG�LW��´7KH�WUDQVODWRU�LV
UHGXFHG�WR�VRPHERG\�ZKR�SUHVVHV�WKH�2.�EXWWRQ�µ

������ 7KH�WUDQVODWLRQ�FRPSDQLHV
7KH�TXHVWLRQQDLUH�GLUHFWHG� WR�SURMHFW� OHDGHUV� DW� WKH� WZR� WUDQVODWLRQ�FRPSDQLHV
ZDV�VLPLODU�WR�WKH�WUDQVODWRUV·�TXHVWLRQQDLUH�SDUW����EXW�JHDUHG�WRZDUGV�ZKDW�WKH
SURMHFW�OHDGHU�ZDQWHG�WKH�WUDQVODWRUV�LQYROYHG�LQ�WKH�SURMHFW�WR�GR�

,Q� WUDQVODWLRQ� FRPSDQ\� $�� WKH� SURMHFW� OHDGHU� LV� SRVLWLYH� WRZDUGV� WUDQVODWLRQ
WRROV��$W� WUDQVODWLRQ� FRPSDQ\�$�� WKH\� GR�QRW� XVH� WRROV� IRU� KDQGOLQJ� UHFXUUHQW
SDUDJUDSKV�RU�VHQWHQFHV�LQ�JHQHUDO��EXW�WKH�XVH�RI�VHDUFK�DQG�UHSODFH�IXQFWLRQV�LV
HQFRXUDJHG��LI�LW�LV�GRQH�ZLWK�MXGJPHQW��7KH�SURMHFW�OHDGHU�WKLQNV�WKDW�WKH�XVH�RI
WUDQVODWLRQ�PHPRULHV�ZRXOG�EHQHILW�WKH�FRPSDQ\��DQG�WKH�VDPH�DSSOLHV�WR�WKH�XVH
RI� D� YHULILFDWLRQ� WRRO�� 6KH� VWDWHV� WKDW� WRROV� ZRXOG� PDNH� WUDQVODWLRQV� RI�� IRU
H[DPSOH� UHIHUHQFHV� WR� FKDSWHU� DQG� VHFWLRQ� KHDGLQJV� HDVLHU� LQ� SULQWHG
GRFXPHQWDWLRQ�DQG�LQ�RQ�OLQH�KHOS�WH[WV��+RZHYHU��VKH�FRQFOXGHV��ZKHQ�UXQQLQJ
WH[W�LV�LQYROYHG��WKHUH�LV�D�ULVN�WKDW�WKH�FUHDWLYLW\�DQG�DELOLW\�WR�ORFDOL]H�WH[W�FDQ
EH�LQKLELWHG�

,Q�WUDQVODWLRQ�FRPSDQ\�%��WKH�SURMHFW�OHDGHU�LV��LQ�JHQHUDO��YHU\�SRVLWLYH�WRZDUGV
WUDQVODWLRQ� WRROV�� 6SHFLILFDOO\�� KH�ZRXOG� OLNH� WKH� WUDQVODWRUV� WR� XVH� VHDUFK�DQG�
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UHSODFH� IXQFWLRQV��$W� WUDQVODWLRQ�FRPSDQ\�%� WKH\�KDYH� FUHDWHG� WKHLU�RZQ� WRROV
IRU�KDQGOLQJ�UHFXUUHQW�VHQWHQFHV��DV�ZHOO�DV�WKHLU�RZQ�WHUPLQRORJ\�WRROV��+H�DOVR
WKLQNV� WKDW� WKH� WUDQVODWLRQ�PHPRULHV� DQG� YHULILFDWLRQ� WRROV�ZRXOG� EH� XVHG� DQG
IRXQG� XVHIXO� E\� WUDQVODWRUV� DQG� HGLWRUV�� +RZHYHU�� KH� HPSKDVL]HV� WKDW� LW� LV
LPSRUWDQW� WKDW� WUDQVODWLRQ� WRROV�EH�YHU\� IOH[LEOH� DQG� HDV\� WR�XVH��)XUWKHUPRUH
WKH\�PXVW�LQFOXGH�IXQFWLRQV�IRU�KDQGOLQJ�XSGDWHV�RI�WKH�VRXUFH�WH[W�DQG�SURYLGH
URRP�IRU�D�UHYLHZ�DQG�YHULILFDWLRQ�SKDVH�

������ 7KH�FXVWRPHU
,Q� DQ� LQWHUYLHZ� ZLWK� WKH� SHUVRQ� UHVSRQVLEOH� IRU� WKH� 6ZHGLVK� WUDQVODWLRQV
�WHUPLQRORJ\� DQG� TXDOLW\� DVVXUDQFH�� DW� WKH� FXVWRPHU� FRPSDQ\� WKH� IROORZLQJ
YLHZV�ZHUH�H[SUHVVHG�

7UDQVODWLRQ� PHPRU\� WRROV� DUH� DQ� H[FHOOHQW� KHOS� IRU� UHSHWLWLYH� WH[WV�� 7KH
SUHUHTXLVLWH� LV�WKDW�WKH�SUHYLRXV�WUDQVODWLRQ�PHPRULHV�DUH�FRUUHFW��ZKLFK� LV�QRW
DOZD\V�WKH�FDVH��7HUPV�PD\�KDYH�EHHQ�FKDQJHG�DQG�WKHUH�PD\�EH�PLVWDNHV�LQ�WKH
ROG�WUDQVODWLRQV��,Q�JHQHUDO�LW�LV�QRW�DGYLVDEOH�WR�UHXVH�DQ�ROG�WUDQVODWLRQ�ZLWKRXW
YHULI\LQJ�WKH�DFFXUDF\�RI�WKH�WUDQVODWLRQ��7KLV�YHULILFDWLRQ�PXVW�EH�GRQH�EHIRUH�D
WUDQVODWLRQ�PHPRU\�FDQ�EH�XVHG�LQ�D�QHZ�SURMHFW��,W�LV�LPSRUWDQW�WKDW�WUDQVODWRUV
EH�DEOH�WR�YLHZ�WKH�FRQWH[W�LQ�ZKLFK�D�FHUWDLQ�VHQWHQFH�LV�WR�EH�WUDQVODWHG��$�SXUH
VHQWHQFH�E\�VHQWHQFH� WUDQVODWLRQ� LV� QRW� DGYLVDEOH� DW� DOO�� $XWRPDWLF� WUDQVODWLRQ
ZLWKRXW�WKH�FRQILUPDWLRQ�RI�WKH�WUDQVODWRU�LV�QRW�DFFHSWDEOH�

)URP�WKH�TXHVWLRQQDLUH��LW�ZDV�FOHDU�WKDW�WKH�UHSUHVHQWDWLYH�IRU�WKH�FXVWRPHU�ZDV
OHVV� LQFOLQHG� WR� SUHIHU� FRQVLVWHQW� WUDQVODWLRQV� WKDQ� WKH� WUDQVODWRUV�� ,Q� WKH
LQWHUYLHZ�� WKLV� RSLQLRQ� ZDV� H[SODLQHG� E\� WKH� IDFW� WKDW� WKH� REMHFWLYHV� PD\� EH
GLIIHUHQW�IRU�D�FXVWRPHU�DQG�D�WUDQVODWRU��7KH�FXVWRPHU�GHPDQGV�D�KLJK�TXDOLW\
WUDQVODWLRQ� DQG� LV� QRW� UHDOO\� LQWHUHVWHG� LQ� KRZ� WKLV� LV� DFKLHYHG�� ZKHUHDV� WKH
WUDQVODWRU� LV� E\� GHILQLWLRQ� LQYROYHG� LQ� WKH� DFWXDO� SURFHVV� RI� WUDQVODWLRQ� DQG
VWULYHV� WR� PLQLPL]H� WKH� HIIRUW� RI� UHDFKLQJ� KLJK� TXDOLW\� WUDQVODWLRQ�� 7KLV� PD\
UHVXOW� LQ� WKH� GLVFUHSDQF\� VKRZQ� LQ� WKH� TXHVWLRQQDLUH�� L�H��� WKDW� WKH� FXVWRPHU
UHSUHVHQWDWLYH�KDG�D�PXFK�KLJKHU�SURSRUWLRQ�RI�´GRHVQ·W�PDWWHUµ�UHSOLHV�WKDQ�WKH
WUDQVODWRUV� LQ� JHQHUDO�� )RU� H[DPSOH�� IRU� UXQQLQJ� WH[W� �GHVFULSWLYH� WH[W�� WKH
FXVWRPHU�UHSUHVHQWDWLYH�VWDWHG�WKDW�GLIIHUHQW�WUDQVODWLRQV�ZHUH�SRVVLEOH��EXW�QRW
QHFHVVDU\��ZKHUHDV�WKH�WUDQVODWRUV�SUHIHUUHG�FRQVLVWHQW�WUDQVODWLRQV�WR�D�KLJKHU
H[WHQW�

���� &RQVLVWHQF\�YV��9DULDWLRQ

$V�GHVFULEHG�HDUOLHU��WKH�UHVSRQGHQWV�ZHUH�DVNHG�WR�VWDWH�ZKHWKHU�WKH\�SUHIHUUHG
FRQVLVWHQW�WUDQVODWLRQV�RI�D�JLYHQ�VRXUFH�VHJPHQW�LQ�WZR�GLIIHUHQW�FRQWH[WV��7KH
RSWLRQV� JLYHQ� ZHUH� HLWKHU� \HV� RU� QR�� ZLWK� D� VSDFH� IRU� WKH� UHVSRQGHQWV·� RZQ
PRWLYDWLRQV�IRU�KLV�KHU�FKRLFH��:KHQ�,�H[DPLQHG�WKH�TXHVWLRQQDLUHV�� LW�EHFDPH
DSSDUHQW� WKDW� WKHUH� ZDV� D� QHHG� IRU� D� WKLUG� UHVSRQVH�� LQ� EHWZHHQ� \HV� DQG� QR�
QDPHO\� D� UHVSRQVH�ZKLFK�ZH� FDQ� FDOO� ´GRHVQ·W�PDWWHUµ�� 7KLV� DSSOLHV�ZKHQ� WKH
WUDQVODWRU�LQ�WKH�MXVWLILFDWLRQ�IRU�WKH�FKRLFH�KDV�LQGLFDWHG�WKDW�WKH�WUDQVODWLRQ�RQ
WKH� RQH� KDQG� FRXOG� EH� FRQVLVWHQW�� EXW� WKDW� LW� ZRXOG� QRW� PDWWHU� ZKHWKHU� WKH
VRXUFH�VHJPHQW�DOVR�ZDV�WUDQVODWHG�GLIIHUHQWO\�RU�YLFH�YHUVD��7KLV�LQWURGXFWLRQ�RI
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D�WKLUG�UHVSRQVH�FDWHJRU\�PD\�VHHP�WR�GLPLQLVK�WKH�SRVVLELOLWLHV�RI�LQWHUSUHWLQJ
WKH� UHVXOWV�� EXW� LI�ZH� VWLOO� UHJDUG� WKH� UHVSRQVHV� DV� ELQDU\� �\HV� RU�QR���ZLWK� WKH
MXGJPHQW�RI�FRQVLVWHQW�WUDQVODWLRQV�DV�WKH�SULPDU\�SUREOHP��WKH�UHVSRQVHV�´\HVµ
DQG� ´GRHVQ·W� PDWWHUµ� ERWK� LQGLFDWH� WKH� SRVVLELOLW\� RI� FRQVLVWHQW� WUDQVODWLRQV�
ZKHUHDV�D�´QRµ�UHVSRQVH�UXOHV�RXW�FRQVLVWHQF\��7DEOH����VXPPDUL]HV�WKH�UHVXOWV
IURP� WKH� TXHVWLRQQDLUH� UHJDUGLQJ� WKH� UHVSRQGHQWV·� FKRLFH� RI�ZKHWKHU� D� VRXUFH
VHQWHQFH�VKRXOG�EH�WUDQVODWHG�FRQVLVWHQWO\�RU�QRW��7KH�´<(6µ�RSWLRQ�VKRZV�KRZ
PDQ\� UHVSRQGHQWV� MXGJH� WKDW� WKH� VRXUFH� VHQWHQFH� VKRXOG� EH� WUDQVODWHG
FRQVLVWHQWO\�� 7KH� ´12µ� RSWLRQ� VKRZV� KRZ� PDQ\� UHVSRQGHQWV� ZDQW� GLIIHUHQW
WUDQVODWLRQV� LQ� WKH� WZR�FRQWH[WV�DQG� WKH� ´'�0µ� �'RHVQ·W�0DWWHU��RSWLRQ� VWDWHV
KRZ�PDQ\�UHVSRQGHQWV�UHJDUG�LW�SRVVLEOH��EXW�QRW�QHFHVVDU\��WR�EH�FRQVLVWHQW�

7DEOH�����5HVSRQVHV�WR�TXHVWLRQV�RQ�FRQVLVWHQF\

([�
1R�

<(6 '�0 12 ([�
1R�
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$� ILUVW� JODQFH� DW� WKH� DQVZHUV� LQGLFDWHV� WKDW� WKHUH� LV� D� FOHDU� SUHIHUHQFH� IRU
FRQVLVWHQW� WUDQVODWLRQV�� IRU� ��� H[DPSOHV� D� PDMRULW\� RI� WKH� UHVSRQGHQWV� SUHIHU
FRQVLVWHQW�WUDQVODWLRQV��)XUWKHUPRUH��LQ����RI�WKH�H[DPSOHV�DOO�UHVSRQGHQWV�KDYH
UXOHG�RXW�YDULDWLRQ��]HUR�YDOXH�IRU�12��

,Q� WZR�RI� WKH� H[DPSOHV�� D�PDMRULW\�RI� WKH� UHVSRQGHQWV� DUH� LQ� IDYRXU�RI� YDULDQW
WUDQVODWLRQV��H[DPSOH���DQG������7KH�ILUVW�LV�DQ�H[DPSOH�RI�ZKHUH�&DOFXODWLQJ�ZLWK
SUHFLVLRQ�DV�GLVSOD\HG��RFFXUV�DV�ERWK�D�KHDGLQJ�DQG�DV�FHOO�LWHP��WKDW�LV��LQ�GLIIHUHQW
FRQWH[WV�� 7KH� VHFRQG� �H[DPSOH� ���� GHSLFWV� WKH� VRXUFH� VHQWHQFH� 7KLV� YDOXH� LV
GHULYHG�XVLQJ�WKH�IRUPXOD���ZKHUH�WKH�ILUVW�WUDQVODWLRQ�LV�VSHOOHG�RXW�ZLWK�D�GHILQLWH
GHVFULSWLRQ� DQG� WKH� VHFRQG� KDV� NHSW� WKH� FRKHUHQFH� PDUNHU� �WKLV� YDOXH�� RI� WKH
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VRXUFH�VHQWHQFH��3HDUVRQ�NRUUHODWLRQ�EHUlNQDV�PHG�I|OMDQGH�IRUPHOµ�YV��´'HWWD�YlUGH
EHUlNQDV�PHG�I|OMDQGH�IRUPHOµ��

7R�FRPSLOH�WKH�IRXQG�SUHIHUHQFHV�UHODWHG�WR�FDWHJRULHV��WKH�QXPEHU�RI�UHVSRQVHV
LQ� HDFK� FDWHJRU\� DQG� GLVWLQJXLVKHG� WZR� PDMRU� FODVVHV� KDYH� EHHQ� DGGHG�
&DWHJRULHV� ZLWK� D� FOHDU� SUHIHUHQFH� IRU� FRQVLVWHQF\� DQG� FDWHJRULHV� ZKHUH� WKH
UHVSRQGHQWV� KDYH� VKRZQ� D� PDUNHG� GHJUHH� RI� KHVLWDWLRQ� WRZDUGV� FRQVLVWHQF\�
7DEOH� ��� DQG� 7DEOH� ��� VKRZ� WKH� QXPEHU� RI� UHVSRQVHV� DQG� WKH� QXPEHU� RI
H[DPSOHV�RYHU�ZKLFK�WKH�UHVSRQVH�LV�GLVWULEXWHG�

7DEOH�����(LJKW�FDWHJRULHV�ZLWK�D�SUHIHUHQFH�IRU�FRQVLVWHQF\

&DWHJRU\ <(6 'RHVQ·W
0DWWHU

12

�D��6\QWDFWLF�YDULDQWV���VDPH�FRQWH[WV ���� ���� ���
�D��0RUSKHPDWLF�YDULDQWV��VDPH�FRQWH[WV ���� ���� ���
���/H[LFDO�YDULDQWV ���� ���� ���
���&RKHUHQFH�PDUNHUV ���� ���� ���
���'HJUHH�RI�VSHFLILFDWLRQ ���� ��� ���
���7HUPLQRORJLFDO�YDULDQWV ���� ��� ���
���&RQWHQW�YDULDQWV ���� ��� ���
���0XOWL�VHQWHQWLDO�YDULDQWV ���� ���� ���

,Q� FDWHJRU\� ��� WKHUH� LV� D� VLQJOH� H[DPSOH� �QXPEHU� ���� ZKHUH� WKH� UHVSRQGHQWV
DFWXDOO\�SUHIHUUHG�YDULDQW�WUDQVODWLRQV��EXW�WKLV�VHHPV�WR�EH�DQ�H[FHSWLRQ�DV�WKHUH
ZDV�D�FOHDU�SUHIHUHQFH�IRU�FRQVLVWHQF\�LQ�WKH�RWKHU�IRXU�H[DPSOHV���([DPSOH����LV
GLVFXVVHG�DERYH��

7DEOH�����7ZR�FDWHJRULHV�ZLWK�D�PDUNHG�GHJUHH�RI�KHVLWDWLRQ�IRU�FRQVLVWHQF\

&DWHJRU\ <(6 'RHVQ·W
0DWWHU

12

�E��6\QWDFWLF�YDULDQWV���GLIIHUHQW�FRQWH[WV ���� ��� ����
�E��0RUSKHPDWLF�YDULDQWV���GLIIHUHQW�FRQWH[WV ���� ��� ����

,Q�7DEOH� ���� WKH� ILJXUHV� IRU� WKH� WZR� FDWHJRULHV�ZKHUH� WKH� IXQFWLRQDO� FRQWH[WV
GLIIHUHG� DUH� VKRZQ�� 7KLV� FRQWH[WXDO� SDUDPHWHU� VHHPV� WR� EH� WKH� GHFLGLQJ
SDUDPHWHU�� 7KHUH� LV� VWLOO� D� PDMRULW\� RI� <(6� DQVZHUV�� EXW� WKH� QXPEHU� RI� 12
DQVZHUV�LV�FRQVLGHUDEO\�KLJKHU�IRU�WKHVH�FDWHJRULHV��7KH�WUHQG�IRU�WKH�FDWHJRULHV
ZLWK�GLIIHUHQW�IXQFWLRQDO�FRQWH[WV�LV�GHILQLWHO\�PRUH�WRZDUGV�WKH�´KHVLWDWLRQµ�VLGH
WKDQ�LQ�RWKHU�FDWHJRULHV�

7KH�UHVSRQVHV�KHUH�FDQ�RQO\�EH�LQWHUSUHWHG�LQ�RQH�ZD\��QDPHO\��WKDW�FRQVLVWHQF\
LV�VRPHWKLQJ�WKDW�WHFKQLFDO�WUDQVODWRUV�DLP�IRU�LQ�JHQHUDO��7KH�H[FHSWLRQ�WR�WKLV
UXOH� UHJDUGV� FRQWH[W�� :KHQ� WZR� VRXUFH� VHQWHQFHV� �RU� VHJPHQWV�� RFFXU� LQ
GLIIHUHQW�VWUXFWXUDO�FRQWH[WV��VXFK�DV�KHDGLQJV�DQG�WDEOH�FHOOV��WUDQVODWRUV�VKRXOG
EH� PRUH� FDXWLRXV� LQ� DSSO\LQJ� FRQVLVWHQW� WUDQVODWLRQV�� 7KHVH� UHFXUULQJ� VRXUFH
VHQWHQFHV� PD\� RIWHQ� UHTXLUH� GLIIHUHQW� WDUJHW� VHQWHQFHV�� ,Q� VRPH� WUDQVODWLRQ
VRIWZDUH� WKLV� LV� LQGHHG� KDQGOHG� E\� UHFRJQL]LQJ� WKDW� WKH\� KDYH� GLIIHUHQW
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IRUPDWWLQJ�WDJV��VW\OHV�RU�RWKHU�PDUN�XS�SURSHUWLHV��ZKLFK�PHDQV�WKDW�QR�SHUIHFW
PDWFK�ZLOO� RFFXU�� RQO\� D� IX]]\�PDWFK�ZKLFK� OHDYHV� WKH� WUDQVODWRU� WR�PDNH� WKH
FKRLFH�RI�ZKHWKHU�RU�QRW�WR�EH�FRQVLVWHQW�

������ 8QLIRUPLW\�LQ�GHFLGLQJ�SUHIHUUHG�WUDQVODWLRQ�DOWHUQDWLYH
,Q� WKH� SUHYLRXV� VHFWLRQV�ZH� KDYH� VHHQ� WKDW� WKHUH� LV� DQ� RYHUZKHOPLQJ� JHQHUDO
WHQGHQF\�WRZDUGV�FRQVLVWHQF\��2QH�VLGH�HIIHFW�RI�WKH�TXHVWLRQQDLUH�ZDV�WKDW�ZH
UHFHLYHG� D� JUHDW� GHDO� RI� GDWD� RQ� KRZ� XQLIRUP� WKH� FKRLFH� RI� DOWHUQDWLYH� ZDV
EHWZHHQ�GLIIHUHQW�WUDQVODWRUV��$V�GHVFULEHG�HDUOLHU��WKH�WUDQVODWRUV�ZHUH�QRW�RQO\
DVNHG�WR�VWDWH�ZKHWKHU�WKH\�SUHIHUUHG�FRQVLVWHQF\�RU�YDULDWLRQ�LQ�WKH�WUDQVODWLRQ
SDLU�JLYHQ��EXW�DOVR�WR�VWDWH�ZKLFK�RI�WKH�DOWHUQDWLYHV�WKH\�SUHIHUUHG��7KH\�ZHUH
DOVR�DVNHG�WR�VD\�ZKHWKHU�WKH�DOWHUQDWLYHV�ZHUH�HTXDOO\�DSSURSULDWH�RU�ZKHWKHU
WKH\�SUHIHUUHG�DQRWKHU�WUDQVODWLRQ��*LYHQ�HDFK�H[DPSOH��WKH�WUDQVODWRU�KDG�IRXU
FKRLFHV�� �D�� 3UHIHU� $�� �E��3UHIHU� %�� �F��3UHIHU� $� RU� %� �HTXDOO\� DSSURSULDWH��� RU� �G�
3UHIHU�RWKHU�WUDQVODWLRQ��VHH�)LJXUH����

$V� WKH� UHVSRQGHQWV� ZHUH� RQO\� SUHVHQWHG� ZLWK� D� OLPLWHG� FRQWH[W� �DURXQG� WZR
SDUDJUDSKV���ZH�H[SHFWHG� D� FHUWDLQ�GHJUHH�RI�GLVDJUHHPHQW� LQ� WKH� UHVSRQGHQWV·
DQVZHUV��+RZHYHU�� WKH� GLIIHUHQFHV�ZHUH� IDU� JUHDWHU� WKDQ� DQWLFLSDWHG��7DEOH� ��
EHORZ�VXPPDUL]HV�WKH�FKRLFHV�IURP�WKH�TXHVWLRQQDLUHV��$�LQGLFDWHV�WKH�QXPEHU
RI� UHVSRQGHQWV� ZKR� FKRRVH� DOWHUQDWLYH� $� IRU� HDFK� H[DPSOH�� %� DOWHUQDWLYH� %�
´2WKHUµ� LQGLFDWHV� ´RWKHU� WUDQVODWLRQµ� DQG� (4� VXJJHVWV� WKDW� ERWK� $� DQG� %� DUH
HTXDOO\� DSSURSULDWH� WUDQVODWLRQV�� )RU� HDFK� FDWHJRU\�� WKH� DOWHUQDWLYH� ZLWK� WKH
KLJKHVW�QXPEHU�LV�LQGLFDWHG�LQ�EROG�IDFH��1RWH�WKDW�WKH�$�DQG�%�DOWHUQDWLYHV�GR
QRW� VLJQDO� DQ\� ´GHJUHH� RI� DSSURSULDWHQHVVµ� RQ� RXU� SDUW�� WKH\� DUH� FKRVHQ
FRPSOHWHO\�UDQGRPO\�

7DEOH�����3UHIHUUHG�WUDQVODWLRQ�DOWHUQDWLYHV
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1R� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��
$ �� � � � � � � � � � � � �� � � � � � �� � � � � � �
% � �� � � � � �� �� � � � � � � � �� � � � �� � � � � �
2WKHU � � � � � � � � � � � � � � � � � � � � � � � � �
(4 � � � � � � � � � � � � � � � � � � � � � � � � �

,Q�RQO\�RQH�H[DPSOH�������RQH�RI�WKH�JLYHQ�WUDQVODWLRQ�RSWLRQV� LV�HQWLUHO\�UXOHG
RXW��L�H���QR�WUDQVODWRU�KDV�FKRVHQ�DOWHUQDWLYH�$�LQ�H[DPSOH�����(YHQ�WKRXJK�VRPH
H[DPSOHV�FRQWDLQ�]HUR�YDOXHV�IRU�$�RU�%��WKHVH�DUH�FRPSOHPHQWHG�IRU�WKH�RWKHUV
ZLWK�D�QRQ�]HUR�YDOXH�IRU�(4��LQ�H[DPSOH���������������������������DQG�����

7KH�UHVSRQGHQWV�ZHUH�DVNHG�WR�VWDWH�PRWLYDWLRQV�IRU�WKHLU�FKRLFHV�DQG�ZKHQ�WKH
UHVSRQVHV�ZHUH�VWXGLHG��LW�ZDV�IRXQG�WKDW�PRVW�RI�WKH�PRWLYDWLRQV�SURYLGHG�ZHUH
YDJXH�DQG�VXEMHFWLYH��7KHUH�DUH�QXPHURXV�´IHHOLQJVµ��DQG�YDOXH�VWDWHPHQWV�VXFK
´EHWWHUµ�� ´FOXPV\µ�� ´FRUUHFWµ� DQG� VR� RQ�� 6RPH� SUHIHU� WUDQVODWLRQV� FORVHU� WR� WKH
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VRXUFH�� VRPH�ZDQW� WKHP� WR� EH�PRUH� ´6ZHGLVKµ�� 6RPH�SUHIHU�PRUH� VSHFLILF� DQG
VRPH� SUHIHU� PRUH� JHQHUDO� WUDQVODWLRQV�� ,Q� VHYHUDO� FDVHV�� WRWDOO\� FRQWUDGLFWRU\
PRWLYDWLRQV� ZHUH� JLYHQ� IRU� WKH� VDPH� H[DPSOH�� $� VDPSOH� RI� WKH� FRPPHQWV� LV
VKRZQ�LQ�7DEOH����EHORZ�

7DEOH�����$�VDPSOH�RI�PRWLYDWLRQV�WR�WUDQVODWRU�FKRLFHV��WUDQVODWHG�LQWR�(QJOLVK�DV�WKH
TXHVWLRQQDULH�ZDV�JLYHQ�LQ�6ZHGLVK��

6RXQGV�EHWWHU��PRUH�6ZHGLVK� 0RUH�FRUUHFW�
6XIILFLHQW�LQIRUPDWLRQ�LQ�$� 1RQH�RI�WKH�RSWLRQV�IHHO�6ZHGLVK
%HWWHU�VW\OH %�LV�ZURQJ�
&OHDUHU��VPRRWKHU� $�LV�WRR�HODERUDWH�
7KH�FODULW\�LQ�$�LV�VXIILFLHQW� 7KH�SKUDVH�;�LV�WR�EH�SUHIHUUHG�LQVWHDG

RI�WKH�XQQHFHVVDU\�IRUPDO�<�
,Q�$�WKH�ZRUG�;�UHIHUV�WR�WZR�GLIIHUHQW
WKLQJV��\LHOGLQJ�DPELJXLW\�

$�LV�PXFK�FOHDUHU�DQG�HDVLHU�WR
XQGHUVWDQG�

$�LV�FOXPV\��%�LV�FOHDU�DQG�´JRRGµ�6ZHGLVK� 0D\EH�%�LV�D�OLWWOH�EHWWHU�
%RWK�DUH�FOXPV\� %HWWHU�6ZHGLVK�
$�FRQWDLQV�IDFWXDO�HUURUV� 0RUH�FRKHUHQW�WH[W�
,�SUHIHU�SOXUDO�LQ�KHDGLQJV� 1LFHU�WR�UHDG�
;�LV�REYLRXV�DQG�QHHG�QRW�EH�VSHOOHG�RXW� &ORVHVW�WR�WKH�RULJLQDO�
%�LV�DOPRVW�WRR�FOHDU��HYHQ�WKRXJK�LW�LV�QRW
ZURQJ�

,�ZDQW�DQ�(;$&7�WUDQVODWLRQ�

,W�´IHHOVµ�EHWWHU� 3OXUDO�LV�EHWWHU�
$�LV�VLPSOHU� ;�LV�VXSHUIOXRXV�
6KRXOG�EH�%��RXW�RI�ROG�KDELW� ;�VKRXOG�QRW�EH�WUDQVODWHG�
0RUH�VWUDLJKW�IRUZDUG�DQG�PRUH�JHQHUDO� $�LV�PRUH�UHOD[HG�
´)HHOVµ�PRUH�JHQHUDO� $�LV�XQQHFHVVDULO\�ZRUG\�
)HHOV�LQFRPSOHWH�EHFDXVH�DQ�LQGHILQLWH�DUWLFOH
LV�PLVVLQJ�

%HWWHU�IORZ�

7KH�SUHSRVLWLRQ�;�LV�EHWWHU� %HWWHU�ZRUG�RUGHU�

0DQ\�UHVSRQGHQWV�GR�QRW�JLYH�PRWLYDWLRQV�DW�DOO��DQG�WKH�RQHV�ZKR�GR�DUH�YHU\
EULHI��3HUKDSV�WKH�PRWLYDWLRQV�ZRXOG�KDYH�EHHQ�PRUH�HODERUDWH�LI�WKLV�DVSHFW�RI
WKH�TXHVWLRQQDLUH�KDG�EHHQ�HPSKDVL]HG��EXW�WKHQ�VRPH�WUDQVODWRUV�PD\�QRW�KDYH
ILOOHG� LQ�WKH�TXHVWLRQQDLUH�DV� LW�ZRXOG�KDYH�UHTXLUHG�FRQVLGHUDEO\�PRUH�WLPH�WR
FRPSOHWH��7KH�ODFN�RI�FRQVHQVXV�ZKHQ�SLFNLQJ�WKH�´EHVWµ�WUDQVODWLRQ�JLYHV�ULVH�WR
FHUWDLQ� TXHVWLRQV� UHJDUGLQJ� WKH� XVH� RI� WUDQVODWLRQ� PHPRU\� VRIWZDUH�� ,I� WKHVH
WUDQVODWRUV�KDG�ZRUNHG�XVLQJ�D�WUDQVODWLRQ�PHPRU\�EDVHG�WRRO��DQG�LI�RQH�RI�WKH
DOWHUQDWLYHV� �$�RU�%��KDG�EHHQ�SUHVHQWHG� DV� WKH� VXJJHVWLRQ� WR�XVH��ZKDW�ZRXOG
WKHLU� UHDFWLRQ� KDYH� EHHQ"� 3UHYLRXVO\� LW� ZDV� FRQFOXGHG� WKDW� WKH� JHQHUDO� DLP
ZLWKLQ� WHFKQLFDO� WUDQVODWLRQV� LV� WR� VWULYH� IRU� FRQVLVWHQF\�� JLYHQ� FHUWDLQ
FRQVWUDLQWV� RQ� FRQWH[W��:RXOG� WKH\� DFWXDOO\� XVH� WKH� VXJJHVWHG� DOWHUQDWLYH� RU
ZRXOG�WKH\�SUHIHU�VRPHWKLQJ�HOVH"�6RPHWKLQJ�WKDW� LV� ´EHWWHUµ�� ´PRUH�6ZHGLVKµ�
IRU�LQVWDQFH"
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���� 6XPPDU\

7KLV�FKDSWHU�LOOXVWUDWHV�WKH�ZD\�WKDW�HPSLULFDO�WUDQVODWLRQ�VWXGLHV�FDQ�FRQWULEXWH
WR� WKH� XQGHUVWDQGLQJ� RI� VRPH� IXQGDPHQWDO� FRQFHSWV� EXLOW� LQWR� WUDQVODWLRQ
VXSSRUW�WRROV�

7KH�UHVXOWV�RI�WKLV�VWXG\�FDQ�EH�VXPPDUL]HG�LQ�WKH�IROORZLQJ�SRLQWV�

��� 7UDQVODWRUV�RI�VRIWZDUH�PDQXDOV�GR�VWULYH�IRU�FRQVLVWHQF\�LQ�JHQHUDO�

��� 7UDQVODWRUV�KDYH�D�SRVLWLYH�DWWLWXGH�LQ�JHQHUDO�WRZDUGV�WUDQVODWLRQ�WRROV�
VXFK� DV� WUDQVODWLRQ�PHPRULHV�� EXW� VKRZ� VRPH� KHVLWDWLRQ� DV� UHJDUGV� WKH
FKDQJH�RI�WKH�UROH�RI�WKH�WUDQVODWRU�ZKHQ�ZRUNLQJ�ZLWK�VXFK�WRROV�

��� 7KH�RQO\�H[SOLFLW� FDXVH� IRU�EUHDNLQJ� WKH� FRQVLVWHQF\� LV�ZKHQ�D� UHSHDWHG
VRXUFH�VHJPHQW�RFFXUV� LQ�GLIIHUHQW� IXQFWLRQDO� FRQWH[WV�� IRU� H[DPSOH�DV� D
KHDGLQJ�DQG�DV�D�FHOO�LQ�D�WDEOH�

��� 7KHUH� DUH� GLIIHUHQFHV� LQ� DWWLWXGHV� WRZDUGV� FRQVLVWHQF\� DV� H[SUHVVHG� E\
WUDQVODWRUV�� SURMHFW� OHDGHUV� DW� WUDQVODWLRQ� FRPSDQLHV� DQG� WKH� WUDQVODWLRQ
FXVWRPHU�� 7KH� WUHQG� LV� WKDW� WUDQVODWRUV� DQG� SURMHFW� OHDGHUV� DUH� PRUH
SRVLWLYH� WR� FRQVLVWHQF\� WKDQ� WKH� FXVWRPHU�� 7KH� FXVWRPHU� LV� QRW� DV
QHJDWLYH�WRZDUGV�YDULDWLRQ�LQ�UXQQLQJ�WH[W�DV�WKH�WUDQVODWRUV�DQG�SURMHFW
OHDGHUV��7KH�UHDVRQ�IRU�WKLV�LV�WR�EH�IRXQG�LQ�WKH�GLIIHUHQW�SHUVSHFWLYH�WKDW
WKH�WKUHH�W\SHV�RI�DFWRUV�KDYH�LQ�WKH�WUDQVODWLRQ�SURMHFW�

��� 7KH� FKRLFH� RI� ´EHVW� WUDQVODWLRQ� RSWLRQµ� YDULHV� FRQVLGHUDEO\� DPRQJ
WUDQVODWRUV�� ZKLFK� SRLQWV� WR� WKH� SUREOHP� RI� PDNLQJ� WUDQVODWRUV� DFFHSW
VXJJHVWHG�WUDQVODWLRQV�IURP�WUDQVODWLRQ�PHPRU\�EDVHG�SURJUDPV�

2QH� LPSRUWDQW� IDFW� WKDW� WKLV� VWXG\� UHYHDOHG� LV� WKDW� WUDQVODWRUV� DUH� QRW� D
KRPRJHQHRXV� JURXS� RI� SURIHVVLRQDOV� DV� WKH\� RIWHQ� KDYH� LQGLYLGXDO� FULWHULD� IRU
GHWHUPLQLQJ�ZKDW�D�´JRRGµ�WUDQVODWLRQ�VKRXOG�ORRN�OLNH��:KDW�LV�UHXVDEOH�IRU�RQH
WUDQVODWRU�PD\�QRW�EH�UHXVDEOH�IRU�DQRWKHU�WUDQVODWRU��:KHQ�QHZ�WHFKQRORJ\�LV
GHYHORSHG�DQG�LQWURGXFHG�WR�D�JURXS�RI�SURIHVVLRQDOV��IDFWRUV�OLNH�WKH�WUDQVODWRUV·
DWWLWXGHV�WRZDUGV�WRROV�DQG�WKHLU�SHUFHSWLRQ�RI�WKH�WKH�QDWXUH�RI�WUDQVODWLRQ�ZRUN
DV�D�YHU\�LQGLYLGXDO�VNLOO�VKRXOG�EH�WDNHQ�LQWR�DFFRXQW��7UDQVODWLRQ�PHPRULHV�DUH
LQWHQGHG�WR�LQFUHDVH�HIILFLHQF\�DQG�FHUWDLQ�DVSHFWV�RI�TXDOLW\��+H\Q��������������
EXW�LI�WKH\�DUH�QRW�LQWURGXFHG�WR�SURIHVVLRQDO�WUDQVODWRUV�LQ�DQ�DSSURSULDWH�ZD\�
WKH�UHVXOW�FRXOG�EH�WKDW�WKH�WUDQVODWRUV�ZLOO�QRW�XVH�WKH�WRROV�WKH�ZD\�WKH\�ZHUH
LQWHQGHG�

,Q�FKDSWHU����VHFWLRQ��������WUDQVODWLRQ�PHPRU\�WRROV�ZHUH�GLVFXVVHG��DQG�WKH�ODFN
RI� SURGXFWLYLW\�JDLQV�ZKHQ� FRPSDQLHV� VWDUWHG� WR�XVH� WRROV�ZDV� EURXJKW� XS�� ,Q
DGGLWLRQ� WR� WKH� H[SODQDWLRQ� WKDW� WKH� WHFKQLFDO� DQG� DGPLQLVWUDWLYH� SUREOHPV� RI
VKDULQJ� WUDQVODWLRQ� PHPRULHV� DPRQJ� VHYHUDO� WUDQVODWRUV� ZHUH� WKH� FDXVH� RI
LQHIILFLHQF\��ZH�FDQ�QRZ�DGG�WKH�REVHUYDWLRQ�VWDWHG�LQ�SRLQW���DERYH��QDPHO\�WKDW
WUDQVODWRUV�KDYH�GLIILFXOWLHV�LQ�DFFHSWLQJ�H[LVWLQJ�WUDQVODWLRQV�
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�� $�3DUDOOHO�&RUSXV�±�7KH
/LQN|SLQJ�7UDQVODWLRQ�&RUSXV

,Q�WKLV�FKDSWHU�WKH�HPSLULFDO�IRXQGDWLRQ�IRU�WKLV�WKHVLV�LV�SUHVHQWHG��QDPHO\�WKH
/LQN|SLQJ�7UDQVODWLRQ�&RUSXV��ZKLFK�FRQWDLQV�VHYHUDO�(QJOLVK�6ZHGLVK�SDUDOOHO
WH[WV�DQG�ZKLFK�KDYH�EHHQ�FUHDWHG�ZLWK�WKH�DLG�RI�WKH�'$9(�SDFNDJH��VHH�QH[W
FKDSWHU���7KLV�FKDSWHU�DOVR�SUHVHQWV�VRPH�GDWD�H[WUDFWHG�LQGHSHQGHQWO\�IURP�WKH
VRXUFH�DQG�WDUJHW�WH[WV��ZRUG�W\SH�WRNHQ�UDWLRV�DQG�UHFXUUHQFH�SURILOHV�

���� 7KH�/LQN|SLQJ�7UDQVODWLRQ�&RUSXV

7KH� /LQN|SLQJ�7UDQVODWLRQ� &RUSXV� FRQVLVWV� RI� (QJOLVK� VRXUFH� WH[WV� OLQNHG� WR
6ZHGLVK�WDUJHW�WH[WV��7KH�WH[W�PDWHULDO�FRPHV�IURP�WZR�PDMRU�WH[W�W\SHV��XVHU·V
JXLGHV� WR� FRPSXWHU� SURJUDPV� DQG� ILFWLRQ�� 7KHUH� LV� DOVR� D� VKRUWHU� PDFKLQH�
WUDQVODWHG�WH[W�FRQVLVWLQJ�RI�GLDORJXH�LQFOXGHG�LQ�WKH�FRUSXV��7KH�XVHU·V�JXLGHV
KDYH� NLQGO\� EHHQ� JLYHQ� WR� XV� E\� 0LFURVRIW� &RUSRUDWLRQ� DQG� E\� ,%0�� 7KH
0LFURVRIW� WH[WV� ZHUH� WUDQVODWHG� LQ� WKH� WUDGLWLRQDO� ZD\�� L�H��� ZLWKRXW� DQ\
GHVLJQDWHG�WUDQVODWLRQ�VXSSRUW�WRROV�VXFK�DV�WUDQVODWLRQ�PHPRULHV��EXW�WKH�,%0
WH[WV�ZHUH�WUDQVODWHG�ZLWK�WKH�DLG�RI�,%0�7UDQVODWLRQ�0DQDJHU��7KH�VKRUW�WH[W
WUDQVODWHG� DXWRPDWLFDOO\� ZDV� NLQGO\� SURYLGHG� E\� WKH� 6ZHGLVK� ,QVWLWXWH� RI
&RPSXWHU�6FLHQFH��6,&6��LQ�6WRFNKROP�DQG�ZDV�WUDQVODWHG�ZLWK�WKH�6/7�V\VWHP
�$JQlV�HW�DO���������7KH�WZR�QRYHOV�ZHUH�GLVWULEXWHG�WR�XV�IURP�6SUnNEDQNHQ�LQ
*|WHERUJ�DQG�WKH\�DUH�DOVR�WUDQVODWHG�ZLWKRXW�DQ\�FRPSXWHU�DVVLVWDQFH�

)URP�WKH�VWDUW�� WKH� WHFKQLFDO� WUDQVODWLRQV�ZHUH�WKH�SULRULW\�� DQG�E\�KDYLQJ� WKH
RSSRUWXQLW\� WR� FRPSDUH� WUDQVODWLRQV�PDGH� XVLQJ� GLIIHUHQW� WUDQVODWLRQ�PHWKRGV
DGGHG�DQ�H[WUD�GLPHQVLRQ��7KH�QRYHOV�ZHUH�WKHQ�LQFOXGHG�LQ�WKH�FRUSXV�DV�D�NLQG
RI� UHIHUHQFH� PDWHULDO�� WR� ZKLFK� WKH� PDQXDOV� FRXOG� EH� FRPSDUHG�� )LQDOO\� WKH
DXWRPDWLFDOO\� WUDQVODWHG� WH[W� �$7,6�� ZDV� DGGHG� WR� WKH� FRUSXV� WR� EH� DEOH� WR
FRPSDUH� KXPDQ� WUDQVODWLRQ�� WUDQVODWLRQ� PHPRU\�DLGHG� WUDQVODWLRQ� WR� IXOO\
DXWRPDWLF�WUDQVODWLRQ��,Q�RUGHU�WR�LQYHVWLJDWH�UHSHWLWLRQV�DQG�FRQVLVWHQF\�LQ�WKH
WUDQVODWLRQV��LW�ZDV�GHFLGHG�WR�LQFOXGH�WKH�FRPSOHWH�WH[WV�LQ�WKH�FRUSXV��LQVWHDG�RI
MXVW�VDPSOHV�

7DEOH����EHORZ�VKRZV�DQ�RYHUYLHZ�RI�WKH�WUDQVODWLRQ�FRUSXV�
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7DEOH�����7KH�/LQN|SLQJ�7UDQVODWLRQ�&RUSXV���DQ�RYHUYLHZ

7H[W
W\SH

6RXUFH
ODQJ�

7DUJHW
ODQJ�

7LWOH 1R��RI
VRXUFH
ZRUGV

1R��RI
WDUJHW
ZRUGV

1R��RI
OLQNV

7UDQVODWLRQ
PHWKRG

� 8VHU·V
*XLGH

(QJOLVK 6ZHGLVK 0LFURVRIW
$FFHVV�8VHU·V
*XLGH

������� ������� ������ +XPDQ
�WUDGLWLRQDO�

� 8VHU·V
*XLGH

(QJOLVK 6ZHGLVK 0LFURVRIW
([FHO�8VHU·V
*XLGH

������� ������� ������ +XPDQ
�WUDGLWLRQDO�

� 8VHU·V
*XLGH

(QJOLVK 6ZHGLVK ,%0�26�
8VHU·V�*XLGH
DQG�,QVWDOODWLRQ
*XLGH

������� ������ ������ 7UDQVODWLRQ
PHPRU\

� 8VHU·V
*XLGH

(QJOLVK 6ZHGLVK ,%0
,QIR:LQGRZV
8VHU·V�*XLGH

������ ������ ����� 7UDQVODWLRQ
PHPRU\

� 8VHU·V
*XLGH

(QJOLVK 6ZHGLVK ,%0�&OLHQW
$FFHVV�IRU
:LQGRZV
8VHU·V�*XLGH

������ ������ ����� 7UDQVODWLRQ
PHPRU\

� 1RYHO (QJOLVK 6ZHGLVK *RUGLPHU��$
*XHVW�RI
+RQRXU

������� ������� ������ +XPDQ
�WUDGLWLRQDO�

� 1RYHO (QJOLVK 6ZHGLVK %HOORZ��7R
-HUXVDOHP�DQG
%DFN

������ ������ ����� +XPDQ
�WUDGLWLRQDO�

� 'LDORJ
WH[W

(QJOLVK 6ZHGLVK $7,6�GLDORJXHV ����� ����� ��� $XWRPDWLF
�07�

7RWDO ������� ������� ������

7KH� HLJKW� SDUDOOHO� WH[WV� LQFOXGHG� LQ� WKH� FRUSXV� DUH� VWRUHG� LQ� WKUHH� GLIIHUHQW
UHSUHVHQWDWLRQV�

��� 7DE�VHSDUDWHG�WH[W�ILOHV��ZLWK�WKH�VRXUFH�VHQWHQFH�DQG�WDUJHW�VHQWHQFH
LQ�WKH�VDPH�ILOH�

��� 0LFURVRIW�$FFHVV�0'%�ILOHV�

��� 6HSDUDWH�VRXUFH�DQG�WDUJHW�WH[W� ILOHV��ZKHUH�HDFK�UHFRUG� LV�QXPEHUHG
FRQVHFXWLYHO\���������������������«

7KH�UHDVRQ�IRU�KDYLQJ�WKUHH�SDUDOOHO�IRUPDWV�LV�GXH�WR�WKH�GHYHORSPHQW�LQ�WLPH�
7KH� WDE�VHSDUDWHG� WH[W� ILOHV� ZHUH� WKH� ILUVW� IRUPDW� XVHG� E\� WKH� DOLJQPHQW
SURJUDP��WKH�0'%�IRUPDW�ZDV�QHFHVVDU\�IRU�HIILFLHQW�DQG�FRQYHQLHQW�VHDUFK�LQ
WKH� ELOLQJXDO� FRQFRUGDQFH� FRPSRQHQW� DQG� WKH� ODVW� IRUPDW� ZDV� WDNHQ� LQWR� XVH
ZKHQ� ZRUN� RQ� ZRUG� DOLJQPHQW� ZDV� VWDUWHG�� $OWKRXJK�� WKH� XVH� RI� GLIIHUHQW
IRUPDWV� PD\� VHHP� D� ELW� DZNZDUG�� LQ� SUDFWLFH� LW� GRHV� QRW� FDXVH� DQ\� PDMRU
SUREOHPV�DV�WKHUH�DUH�FRQYHUVLRQ�WRROV�WR�DQG�IURP�DOO�IRUPDWV��7KH�PDLQ�LVVXH�LV
WKDW�WKH�GLIIHUHQW�UHSUHVHQWDWLRQV�KROG�WKH�VDPH�FRQWHQW�DQG�WKH�VDPH�VWUXFWXUH�
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7KH� DOLJQHG� WH[WV� LQ� WKH� FRUSXV� DOVR� FRQWDLQ� LQIRUPDWLRQ� RQ� ZKDW� NLQG� RI
PDSSLQJ�UHODWLRQ�HDFK�VHQWHQFH�SDLU�KDV�����������������HWF���

)URP� HDFK� RI� WKH� HLJKW� WH[WV�� ���� VHQWHQFH� SDLUV�ZHUH� UDQGRPO\� VDPSOHG� DQG
WKHVH� SDLUV� ZHUH� WDJJHG� ZLWK� LQIRUPDWLRQ� RQ� VWUXFWXUDO� DQG� VHPDQWLF
FRUUHVSRQGHQFHV�� 7KLV� FRUUHVSRQGHQFH� VWXG\� LV� GHVFULEHG� LQ� FKDSWHU� ��� DQG
FKDSWHU����

���� $QDO\VLV�RI�VRXUFH�DQG�WDUJHW�WH[WV�LQGHSHQGHQWO\

:LWK� WKH� KHOS� RI� WKH� '$9(� WRRO� SDFNDJH� �GHVFULEHG� LQ� FKDSWHU� ���� ERWK� WKH
VRXUFH� DQG� WKH� WDUJHW� WH[WV� ZHUH� DQDO\]HG� DV� VHSDUDWH� WH[WV�� 7KH� VLPSOH
SDUDPHWHUV�DQDO\]HG�ZHUH�WKH�IROORZLQJ�

�� 1XPEHU�RI�UXQQLQJ�ZRUGV
�� 1XPEHU�RI�ZRUG�W\SHV
�� :RUG�W\SH�WRNHQ�UDWLR

�� 1XPEHU�RI�VHQWHQFH�WRNHQV
�� 1XPEHU�RI�VHQWHQFH�W\SHV
�� $YHUDJH�QXPEHU�RI�ZRUGV�SHU�VHQWHQFH
�� 1XPEHU�RI�UHSHDWHG�VHQWHQFHV
�� 5HFXUUHQW�VHQWHQFH�UDWH�

:LWKRXW�JRLQJ�LQWR�WKH�SDUDOOHO�FRUSXV��LW�LV�WKHQ�SRVVLEOH�WR�VHW�XS�VRPH�FULWHULD
IRU�FRPSDULQJ�HDFK�VRXUFH�WH[W�ZLWK�LWV�FRUUHVSRQGLQJ�WDUJHW�WH[W��7KHVH�FULWHULD
LQFOXGHG�

�� 1XPEHU�RI�VRXUFH�VHQWHQFHV�FRPSDUHG�WR�QXPEHU�RI�WDUJHW�VHQWHQFHV
�� 1XPEHU�RI�VRXUFH�ZRUGV�FRPSDUHG�WR�QXPEHU�RI�WDUJHW�ZRUGV
�� 5HFXUUHQW� VHQWHQFH� UDWLR� LQ� WKH� VRXUFH� WH[W� FRPSDUHG� WR� UHFXUUHQW

VHQWHQFH�UDWLR�LQ�WDUJHW�WH[W�

/HW�XV�ILUVW�VWDUW�E\�ORRNLQJ�WKH�JHQHUDO�GDWD�IRU�WKH�GLIIHUHQW�VRXUFH�WH[WV�LQ�WKH
FRUSXV�� VHH� 7DEOH� ��� EHORZ�� ,Q� WKH� IROORZLQJ� WDEOHV�� WKH� GDWD� IRU� WKH� VKRUW
DXWRPDWLF�WUDQVODWLRQ��$7,6��DUH�SUHVHQWHG�WRJHWKHU�ZLWK�WKH�RWKHU�WH[WV��EXW�DV
WKLV�WH[W� LV�QRW�UHDOO\�FRPSDUDEOH�WR�DQ\�RWKHU�WH[WV��WKH�GDWD�IRU�WKLV�WH[W�ZLOO
QRW�EH�FRPPHQWHG�RQ�DW�WKLV�VWDJH�
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7DEOH�����6RXUFH�WH[WV���JHQHUDO�GDWD

$FFHVV ([FHO 26� ,QIR:LQ &OLHQW *RUG %HOORZ $7,6

:RUG
WRNHQV

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

:RUG
W\SHV

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

:RUG
W\SH�
WRNHQ

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

6HQWHQFHV ����� ����� ����� ���� ���� ����� ���� ���

:RUGV�
VHQWHQFH

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

5HSHDWHG
VHQWHQFHV

���� ���� ���� ���� ��� ��� � �

5HFXUUHQW
VHQWHQFH
UDWH

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

7KHUH�LV�QRWKLQJ�VWULNLQJO\�XQH[SHFWHG�LQ�WKH�DERYH�WDEOH��DOWKRXJK�LW�VKRXOG�EH
QRWHG�WKDW�WKH�WZR�QRYHOV��*RUG�DQG�%HOORZ��FRQWDLQ�WKH�ODUJHVW�QXPEHU�RI�ZRUG
W\SHV��ORQJHVW�VHQWHQFHV�DQG�ORZHVW�UHFXUUHQW�VHQWHQFH�UDWHV��7KH�IDFW�WKDW�WKHUH
DUH� ���� VHQWHQFHV� ZKLFK� DUH� UHSHDWHG� LQ� WKH�*RUGLPHU� QRYHO�� PD\� HYHQ� VHHP
VRPHZKDW�KLJK�DV�UHSHWLWLYHQHVV�LV�QRW�D�FRPPRQ�FKDUDFWHULVWLF�IRU�ILFWLRQ��EXW�DW
FORVHU�VFUXWLQ\��LW�WXUQV�RXW�WKDW�DOPRVW�DOO�WKH�UHSHDWHG�VHQWHQFHV�LV�FRQWDLQHG�LQ
WKH�GLDORJXH�SDUW�RI�WKH�QRYHO��)RU�H[DPSOH��XWWHUDQFHV�OLNH�´,�NQRZ�µ��´<HV�µ�DQG
´$OO�ULJKW�µ�RFFXU�VHYHUDO�WLPHV�LQ�WKH�QRYHO�DQG�FRQVWLWXWH�WR�D�ODUJH�H[WHQW�WKHVH
���� UHSHWLWLYH� VHQWHQFHV�� )XUWKHUPRUH�� LW� LV� ZRUWK� PHQWLRQLQJ� WKH� UHODWLYH
VLPLODULWHV�EHWZHHQ�WKH�WZR�0LFURVRIW� WH[WV� �$FFHVV�DQG�([FHO��� WKH�QXPEHU�RI
ZRUGV�SHU� VHQWHQFH� LV� FRPSDUDEOH� DV�ZHOO� DV� WKH� UHFXUUHQFH� UDWHV��2I� WKH� ,%0
WH[WV��WKH�,QIR:LQ�WH[W�KDV�D�FRQVLGHUDEO\�KLJKHU�UHFXUUHQFH�UDWH�WKDQ�WKH�RWKHUV
������SHU�FHQW��

:H�FDQ�QRZ�LQYHVWLJDWH�WKH�6ZHGLVK�WDUJHW�WH[WV�LQ�WKH�VDPH�ZD\��VHH�7DEOH���
EHORZ��
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7DEOH�����7DUJHW�WH[WV���JHQHUDO�GDWD

$FFHVV ([FHO 26� ,QIR:LQ &OLHQW *RUG %HOORZ $7,6

:RUG�WRNHQV ������ ������ ����� ����� ����� ������ ����� ����

:RUG�W\SHV ���� ���� ����� ���� ���� ����� ����� ���

:RUG� W\SH�
WRNHQ

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

6HQWHQFHV ����� ����� ����� ���� ���� ����� ���� ���

:RUGV�
VHQWHQFH

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

5HSHDWHG
VHQWHQFHV

���� ���� ���� ���� ��� ��� � �

5HFXUUHQW
VHQWHQFH�UDWH

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

$OWKRXJK�WKH�ILJXUHV�YDU\�VOLJKWO\��WKH�VDPH�SDWWHUQ�LV�GLVFHUQLEOH�KHUH�DV�IRU�WKH
VRXUFH�WH[WV��QDPHO\�WKDW�WKH�QRYHOV�FRQWDLQ�WKH�KLJKHVW�QXPEHUV�RI�ZRUG�W\SHV�
ORQJHVW�VHQWHQFHV�DQG�ORZHVW�UHFXUUHQW�VHQWHQFH�UDWHV��7KH�0LFURVRIW�WH[WV�DQG
,%0�WH[WV�DOVR�VHHP�WR�EH�UHODWLYHO\�VLPLODU�

7KH�QH[W� VWHS� LV� WKHQ� WR� FRPSDUH� WKH�JHQHUDO�GDWD� IURP�WKH� VRXUFH�DQG� WDUJHW
WH[WV�DQG�VHH�LI�ZH�FDQ�FRQFOXGH�VRPHWKLQJ�DERXW�WKH�WUDQVODWLRQV��:H�GR�WKLV�E\
FRPSDULQJ� WKH� UHODWLYH� SURSRUWLRQV� RI� QXPEHU� RI� VHQWHQFHV�� QXPEHU� RI� ZRUG
WRNHQV�DQG�UHFXUUHQW�VHQWHQFH�UDWHV��E\�XVLQJ�WKH�IROORZLQJ�VLPSOH�PHDVXUHV�

67�6HQWHQFH� �WKH�QXPEHU�RI�VRXUFH�VHQWHQFHV�QXPEHU�RI�WDUJHW�VHQWHQFHV

67�:RUG�UDWLR� �QXPEHU�RI�VRXUFH�ZRUGV�QXPEHU�RI�WDUJHW�ZRUGV�

67�5HFXUUHQW�VHQWHQFH�UDWLR� �5HFXUUHQW�VHQWHQFH�UDWH�6RXUFH�WH[W��5HFXUUHQW
VHQWHQFH�UDWH�7DUJHW�WH[W��

7KHVH�FRPSDULVRQV�DUH�VXPPDUL]HG�LQ�7DEOH����EHORZ�

7DEOH�����5HODWLYH�FRPSDULVRQV�EHWZHHQ�VRXUFH�WH[WV�DQG�WDUJHW�WH[WV

$FFHVV ([FHO 26� ,QIR:LQ &OLHQW *RUG %HOORZ $7,6

67�6HQWHQFH
UDWLR

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

67�:RUG
UDWLR

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

67�5HFXUUHQW
VHQWHQFH�UDWLR

���� ���� ���� ���� ���� ���� ���� 1�$

7KH�ILJXUHV�WHOOV�XV�WKDW�RQO\�WZR�RI�WKH�WH[WV�KDYH�PRUH�VRXUFH�VHQWHQFHV�WKDQ
WDUJHW�VHQWHQFHV��QDPHO\�26��DQG�,QIR:LQ���7KLV�FRXOG�LQGLFDWH�WKDW�PRVW�RI�WKH
WH[WV�FRQWDLQ�PRUH�GHOHWLRQV�RU�WKDW�WKH�VHQWHQFH�SDLUV�KDYH�D�KLJK�GHJUHH�RI�Q��
VHQWHQFH� FRUUHVSRQGHQFHV�� EXW� DW� WKLV� SRLQW� WKLV� LV�PHUH� VSHFXODWLRQ��2QO\� RQH
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WH[W��WKH�*RUGLPHU�QRYHO��FRQWDLQ�PRUH�UXQQLQJ�ZRUGV�LQ�WKH�WUDQVODWLRQ�WKDQ�LQ
WKH�RULJLQDO�WH[W��'XH�WR�IDFW�WKDW�6ZHGLVK�FRQWDLQ�PRUH�FRPSRXQGV��ZULWWHQ�DV
VLQJOH�ZRUGV��WKDQ�(QJOLVK��DQG�WKDW�DW�D�ODUJH�SURSRUWLRQ�RI�WKH�GHILQLWH�DUWLFOH
´WKHµ�DQG�WKH�YHUE�´GRµ�GR�QRW�KDYH�6ZHGLVK�FRXQWHUSDUWV��LW�ZRXOG�EH�UHDVRQDEOH
WR�H[SHFW�WKDW�WKH�QXPEHU�RI�ZRUGV�EH�VPDOOHU�LQ�WKH�6ZHGLVK�WH[W��%XW��DJDLQ�ZH
FDQ�RQO\�VSHFXODWH�WKDW�WKH�WH[W�W\SH��LQ�WKLV�FDVH�ILFWLRQ��VHHPV�WR�JLYH�ULVH�WR�D
UHODWLYHO\�KLJKHU�QXPEHU�RI�WDUJHW�ZRUGV��7KLV�LV�DSSDUHQW�LI�ZH�DOVR�ORRN�DW�WKH
ZRUG� UDWLR� IRU� WKH� RWKHU� QRYHO� E\� %HOORZ� ZKLFK� FRQWDLQ� IHZHU� ZRUGV� LQ� WKH
WUDQVODWLRQ� FRPSDUHG� WR� WKH� RULJLQDO�� EXW� WKH� ILJXUH� ������� LV� VWLOO� FRQVLGHUDEO\
ORZHU�WKDQ�IRU�WKH�WUDQVODWLRQV�RI�WKH�FRPSXWHU�PDQXDOV��7KH�(QJOLVK�6ZHGLVK
3DUDOOHO�&RUSXV� �(63&�� IURP�/XQG�FRQWDLQ�FRPSDUDEOH�67�ZRUG�UDWLRV� IRU� WKH
WUDQVODWLRQV� RI� ILFWLRQ� IURP� (QJOLVK� WR� 6ZHGLVK� �������� /RRNLQJ� DW� WKH� WRWDO
PDWHULDO� �(QJOLVK� WR� 6ZHGLVK�� LQFOXGLQJ� QRQ�ILFWLRQ�� JLYHV� D� 67�ZRUG� UDWLR� RI
������ LQ� (63&��� 7KLV� PHDQV� WKDW� WKH� QRQ�ILFWLRQ� SDUW� RI� WKH� (63&� FRUSXV
FRQWDLQ� PRUH� VRXUFH� ZRUGV� WKDQ� WDUJHW� ZRUGV� �67�ZRUG� UDWLR� �������� 7KH
FRPSXWHU�PDQXDOV�LQ�WKH�/LQN|SLQJ�7UDQVODWLRQ�&RUSXV�GR�VHHP�WR�EH�GLIIHUHQW
LQ�WKLV�UHVSHFW�DV�WKH�67�ZRUG�UDWLRV�UDQJH�IURP������WR�������,Q�UHODWLYH�WHUPV�LW
LV�UHDVRQDEOH�WR�H[SHFW�WKDW�PRUH�LQIRUPDWLRQ�LV�SUHVHUYHG�RU�DGGHG�LQ�WKH�ILFWLRQ
WUDQVODWLRQV�FRPSDUHG�WR�WKH�WUDQVODWLRQV�RI�PDQXDOV�

$�UHDVRQDEOH�ILUVW�K\SRWKHVLV�ZKHQ�LW�FRPHV�WR�VHQWHQFH�UHFXUUHQFH�UDWHV�ZRXOG
EH�WKDW�WH[WV�WUDQVODWHG�ZLWK�WUDQVODWLRQ�PHPRULHV�ZRXOG�KDYH�KDYH�DW� OHDVW�DV
KLJK� VHQWHQFH� UHFXUUHQFH� UDWHV� LQ� WKH� WDUJHW� WH[W� DV� LQ� WKH� VRXUFH� WH[W�� 7KH
UHDVRQ�WKDW�LW�FDQ�EH�HYHQ�KLJKHU�LV�WKDW�LI�WKH�WH[W�ZDV�WUDQVODWHG�FRQVLVWHQWO\�RQ
WKH�VHQWHQFH�OHYHO��ZKLFK�WUDQVODWLRQ�PHPRU\�WRROV�ZLOO�HQFRXUDJH�WKH�WUDQVODWRU
WR�GR��PRUH�RU�OHVV�DOO�VRXUFH�UHSHWLWLRQV�ZRXOG�EH�UHSHDWHG�LQ�WKH�WDUJHW�WH[W�DV
ZHOO�� )XUWKHUPRUH�� DV� WUDQVODWLRQ�PHPRU\� WRROV� DOVR� KDYH� WKH� FDSDFLW\� WR� ILQG
IX]]\�PDWFKHV��WKH�WUDQVODWRU�ZRXOG�EH�VWHHUHG�WRZDUGV�DQ�HYHQ�KLJKHU�GHJUHH�RI
FRQVLVWHQF\�LQ�WKH�WDUJHW�WH[W��$QRWKHU�K\SRWKHVLV�LV�WKDW�WUDQVODWRUV�ZKR�GR�QRW
XVH�WUDQVODWLRQ�PHPRULHV�RU�DQ\�RWKHU�FRPSXWHUL]HG�WRROV��ZLOO�ILQG�LW�KDUGHU�WR
LGHQWLI\� UHSHWLWLRQV� LQ� WKH� VRXUFH� WH[W�� ZKLFK� OHDGV� WR� D� OHVV� FRQVLVWHQW� WDUJHW
WH[W��,W�VKRXOG�WKHUHIRUH�EH�ORJLFDO�WR�H[SHFW�WKDW�KXPDQ��WUDGLWLRQDO��WUDQVODWLRQ
RI�WHFKQLFDO�WH[WV�ZRXOG�UHVXOW� LQ� ORZHU�VHQWHQFH�UHFXUUHQFH�UDWHV� LQ�WKH�WDUJHW
WH[WV�WKDQ�LQ�WKH�VRXUFH�WH[WV�

7KH�ILJXUHV�IRU�67�5HFXUUHQW�VHQWHQFH�UDWLR�LQ�7DEOH����VKRXOG�EH�LQWHUSUHWHG�DV
IROORZV��LI�WKH�YDOXH�LV�H[DFWO\����WKHQ�WKH�VRXUFH�DQG�WDUJHW�WH[W�FRQWDLQ�WKH�VDPH
SURSRUWLRQ�RI�UHFXUULQJ�VHQWHQFHV��,I�WKH�YDOXH�LV�KLJKHU�WKDQ����WKHQ�WKH�VRXUFH
WH[W�KDV�KLJKHU�VHQWHQFH�UHFXUUHQFH�UDWH�WKDQ�WKH�WKH�WDUJHW�WH[W��&RQVHTXHQWO\�
D� YDOXH� EHORZ� ��� VKRZV� WKH� RSSRVLWH�� QDPHO\� WKDW� WKH� WDUJHW� WH[W� LV� PRUH
UHFXUUHQW��:KHQ�ZH�FRPSDUH�WKH�YDOXHV�IRU�VHQWHQFH�UHFXUUHQFH�LQ�WKH�WH[WV��ZH
FDQ� VHH� WKDW� WZR� RI� WKH� ,%0� WH[WV� �,QIR:LQ� DQG� &OLHQW�� DFWXDOO\� KDYH� KLJKHU
VHQWHQFH�UHFXUUHQFH�UDWHV�LQ�WKH�WDUJHW�WKDQ�LQ�WKH�VRXUFH��ZKLFK�LV�LQ�OLQH�ZLWK
WKH� ILUVW� K\SRWKHVLV� DV� WKHVH� WH[WV� ZHUH� WUDQVODWHG� ZLWK� WKH� DLG� RI� WUDQVODWLRQ
PHPRULHV��7KH�WZR�0LFURVRIW�WH[WV�KDYH�KLJKHU�UHFXUUHQFH�UDWHV�IRU�WKH�VRXUFH
WH[W� WKDQ� WKH� WDUJHW� WH[W� ZKLFK� LV� LQ� DFFRUGDQFH� ZLWK� WKH� VHFRQG� K\SRWKHVLV�

����������������������������������������������������������
��'DWD�IURP�(63&�ZDV�NLQGO\�SURYLGHG�WR�PH�E\�%HQJW�$OWHQEHUJ��SHUVRQDO�FRPPXQLFDWLRQ�2FWREHU���
�������7KH�ILFWLRQ�67�ZRUG�UDWLR�LV�EDVHG�RQ���������VRXUFH�ZRUGV���������WDUJHW�ZRUGV�DQG�WKH�WRWDO
67�ZRUG�UDWLR�RQ���������VRXUFH�ZRUGV���������WDUJHW�ZRUGV�
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QDPHO\� WKDW� FRQVLVWHQF\� RQ� WKH� VHQWHQFH� OHYHO� ZRXOG� EH� PRUH� GLIILFXOW� LQ
WUDGLWLRQDO� WUDQVODWLRQ��7KH� WH[W� WKDW� GRHV� QRW� ILW� WKH� SDWWHUQ� WKHQ� LV� WKH�26�
WH[W��ZKLFK�KDV�D�KLJKHU�UHFXUUHQFH�UDWH�LQ�WKH�VRXUFH�WH[W�WKDQ�LQ�WKH�WDUJHW�WH[W
HYHQ� WKRXJK� WKH� WUDQVODWLRQ�ZDV� SURGXFHG�ZLWK� WUDQVODWLRQ�PHPRU\��7KH� WZR
QRYHOV��*RUGLPHU�DQG�%HOORZ��GR�QRW�FRQWDLQ�HQRXJK�UHFXUUHQW�VHQWHQFHV�WR�EH
LQWHUHVWLQJ�LQ�WKLV�UHVSHFW�

���� 5HFXUUHQFH�LQ�VRXUFH�DQG�WDUJHW�WH[WV

,I� D� VRXUFH� DQG� D� WDUJHW� WH[W� DUH� DQDO\]HG� LQGHSHQGHQWO\� IRU� UHSHWLWLRQV�� WKH
UHVXOW� PD\� \LHOG� WKDW� WZHQW\� SHU� FHQW� RI� ERWK� WKH� VRXUFH� DQG� WDUJHW� WH[W� DUH
UHSHWLWLYH� RQ� WKH� VHQWHQFH� OHYHO�� +RZHYHU�� GRHV� WKH� VLPLODULW\� RI� UHFXUUHQFH
GHJUHHV�PHDQ�WKDW�WKH�VRXUFH�DQG�WDUJHW�UHSHWLWLRQV�DFWXDOO\�FRUUHVSRQG"�/HW�XV
ORRN�DW� D� VRXUFH� DQG� WDUJHW� WH[WV� WR� VHH�KRZ�ZHOO� WKH�PRVW� IUHTXHQW� VHQWHQFHV
FRUUHVSRQG� LQ� QXPEHUV�� )LYH� RI� WKH� PRVW� IUHTXHQW� VHQWHQFHV� LQ� WKH� (QJOLVK
FRPSXWHU�PDQXDO�IRU�26���DUH�VKRZQ�LQ�7DEOH������

7DEOH�����)LYH�IUHTXHQW�VRXUFH�VHQWHQFHV�RI�26���8VHU·V�*XLGH

6HQWHQFH )54
&OLFN�PRXVH�EXWWRQ��� ��
2SHQ�26���V\VWHP� ��
2SHQ�V\VWHP�VHWXS� ��
3UHVV�DQG�KROG�PRXVH�EXWWRQ��� ��
6HOHFW�WKH�DUURZ�WR�WKH�ULJKW�RI�2SHQ� ��

,I�ZH�H[SHFW�D�VWURQJ�LVRPRUSKLF�UHODWLRQVKLS�EHWZHHQ�UHSHDWHG�VHQWHQFHV�LQ�WKH
VRXUFH�DQG�WDUJHW�WH[W��WKHUH�VKRXOG�EH�VLPLODU�IUHTXHQF\�UDWLRV�LQ�ERWK�WH[WV�IRU
FRUUHVSRQGLQJ�VHQWHQFHV��+RZHYHU��QRQH�RI�WKH�WRS�WHQ�VHQWHQFH�W\SHV�KDYH�EHHQ
FRQVLVWHQWO\� WUDQVODWHG� LQ� WKH� 6ZHGLVK� WUDQVODWLRQ�� %\� ORRNLQJ� DW� WKH� VHQWHQFH
IUHTXHQF\�OLVWV�IRU�ERWK�WKH�VRXUFH�DQG�WKH�WDUJHW��LW�LV�QRW�GLIILFXOW�WR�LGHQWLI\�WKH
FRUUHVSRQGHQFHV�� EXW� WKH� GLIIHUHQFHV� LQ� IUHTXHQF\� DUH� VWULNLQJ�� $Q� H[DPSOH� RI
VXFK�GLIIHUHQFHV�LV�VKRZQ�LQ�7DEOH����

7DEOH�����&RUUHVSRQGHQFHV�EHWZHHQ�UHSHDWHG�VHQWHQFHV�LQ�WKH�VRXUFH�DQG�WDUJHW

6RXUFH )54 7DUJHW )54
&OLFN�PRXVH�EXWWRQ��� �� .OLFND�PHG�PXVNQDSS��� ��
2SHQ�26���V\VWHP� �� gSSQD�V\VWHPSURJUDP� ��
2SHQ�V\VWHP�VHWXS� �� gSSQD�V\VWHPNRQILJXUDWLRQ� ��
3UHVV�DQG�KROG�PRXVH�EXWWRQ��� �� +nOO�QHG�PXVNQDSS��� ��
6HOHFW�WKH�DUURZ�WR�WKH�ULJKW�RI�2SHQ� �� 9lOM�SLOHQ�WLOO�K|JHU�RP�gSSQD� ��

����������������������������������������������������������
��7KH�H[DPSOHV�DUH�WDNHQ�IURP�WKH�WHQ�PRVW�IUHTXHQW�WH[W�VHQWHQFHV��H[FOXGLQJ�KHDGLQJV�DQG�WDEOH�FHOO
WH[WV�ZKLFK�RIWHQ�RQO\�FRQVLVW�RI�RQH�RU�WZR�ZRUGV�
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7KHUH� DUH� RI� FRXUVH� WUDQVODWLRQV� WKDW� DUH� OHVV� LQFRQVLVWHQW� WKDQ� WKH� H[DPSOH
DERYH�� ,Q� 7DEOH� ��� EHORZ� H[DPSOHV� RI� IUHTXHQF\� FRUUHVSRQGHQFHV� IURP� D
6ZHGLVK�WUDQVODWLRQ�RI�0LFURVRIW·V�$FFHVV�8VHU·V�*XLGH�DUH�JLYHQ�

7DEOH�����([DPSOHV�RI�UHSHDWHG�VRXUFH�VHQWHQFHV�ZLWK�FRUUHVSRQGLQJ�WUDQVODWLRQV�LQ�$FFHVV�8*

6RXUFH )54 7DUJHW )54
&KRRVH�2.� �� 9lOM�2.� ��
)URP�WKH�7RROEDU�VKRUWFXW�PHQX�
FKRRVH�&XVWRPL]H�

� 9lOM�$QSDVVD�Sn�VQDEEPHQ\Q
I|U�YHUNW\JVIlOW�

�

2SHQ�WKH�UHSRUW�LQ�GHVLJQ�YLHZ� � gSSQD�UDSSRUWHQ�I|U�GHVLJQ� �
2SHQ�D�GDWDEDVH�LQ�0LFURVRIW�$FFHVV�RU
VZLWFK�WR�WKH�GDWDEDVH�ZLQGRZ�IRU�WKH
RSHQ�GDWDEDVH�

� gSSQD�HQ�GDWDEDV�L�0LFURVRIW
$FFHVV�HOOHU�Yl[OD�WLOO
GDWDEDVI|QVWUHW�I|U�DNWXHOO
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7KH�GLIIHUHQFHV�LQ�IUHTXHQF\�EHWZHHQ�VRXUFH�DQG�WDUJHW�DUH�FRQVLGHUDEO\�VPDOOHU
KHUH�WKDQ�LQ�WKH�26���WUDQVODWLRQ��+RZHYHU��D�VXSHUILFLDO�FRPSDULVRQ�RI�WKH�OLVWV
RI�UHFXUUHQW�VHQWHQFHV�DQG�WKHLU�IUHTXHQFLHV��ZRXOG�QRW�EH�VXIILFLHQW�WR�WHOO�KRZ
FRQVLVWHQWO\�WKH�WUDQVODWLRQV�KDG�EHHQ�PDGH��7KH�'LVFUHSDQF\�WRRO�ZKLFK�ZLOO�EH
GHVFULEHG�LQ�GHWDLO�LQ�WKH�QH[W�FKDSWHU��VHFWLRQ�������FDQ�DVVLVW�XV�LQ�ILQGLQJ�RXW
H[DFWO\� KRZ� WKH� UHFXUUHQW� VHQWHQFHV� DUH� UHODWHG� WR� HDFK� RWKHU�� EXW� DV� WKLV
LQYROYHV�DQDO\VLV�RI�WKH�SDUDOOHO�WH[WV�DV�RQH�REMHFW��WKLV�DQDO\VLV�ZLOO�KDYH�WR�ZDLW
XQWLO�FKDSWHU����VHFWLRQ������

���� 6XPPDU\

%\�XVLQJ�VLPSOH�WRROV�DQG�RQO\�DQDO\VLQJ�YHU\�JHQHUDO�GDWD�IURP�WKH�VRXUFH�DQG
WKH� WDUJHW� WH[WV� LQGHSHQGHQWO\�� D� WUDQVODWLRQ� VFKRODU� RU� D� WUDQVODWRU� FDQ� VWLOO
PDNH�D�QXPEHU�RI�REVHUYDWLRQV�IURP�WKH�WH[WV��)RU�H[DPSOH��D�WUDQVODWRU�FRXOG
LPPHGLDWHO\�GHFLGH��E\�RQO\�ORRNLQJ�DW�WKH�VRXUFH�WH[W��WKDW�WKH�XVH�RI�WUDQVODWLRQ
PHPRULHV� ZRXOG� LQGHHG� EH� D� ZDVWH� RI� HIIRUW� IRU� WKH� QRYHOV� LQ� WKLV� FRUSXV�
+RZHYHU��JLYHQ� WKH�UHFXUUHQFH�UDWH� IRU� WKH� WHFKQLFDO� WH[WV� IURP�0LFURVRIW� DQG
,%0��XVLQJ�WUDQVODWLRQ�PHPRULHV�ZRXOG�EH�D�WHPSWLQJ�RSWLRQ�

$V�WKH�WH[WV�DUH�QRW�DOLJQHG�DW�WKLV�VWDJH��D�WUDQVODWLRQ�VFKRODU�ZRXOG�QRW�EH�DEOH
WR� ORRN� DW� WKH� VRXUFH� DQG� WDUJHW� WH[W� LQ� SDUDOOHO�� EXW� DQDO\VLQJ� WKH� VRXUFH� DQG
WDUJHW�WH[WV�LQGHSHQGHQWO\�DQG�FRPSDULQJ�WKH�GDWD�IRU�HDFK�VRXUFH�WH[W�ZLWK�LWV
WDUJHW�FRXQWHUSDUW�ZLOO�UHYHDO�VRPH�EDVLF�GDWD�DERXW�WKH�UHODWLRQVKLS�EHWZHHQ�WKH
RULJLQDOV�DQG�WKH�WUDQVODWLRQV�

7R�EH�DEOH�WR�PDNH�PRUH�GHWDLOHG�REVHUYDWLRQV�RQ�WKH�UHODWLRQVKLSV�EHWZHHQ�WKH
VRXUFH� DQG� WKH� WDUJHW� WH[W�� LW� LV� QHFHVVDU\� WR� LQYHVWLJDWH� WKH� VRXUFH� WH[W� DQG
WDUJHW�WH[W�DV�D�ZKROH��WKDW�LV��DV�SDUDOOHO�WH[WV��DQG�WKLV�LV�WKH�IRFXV�RI�FKDSWHU���
+RZHYHU��ILUVW�WKH�'$9(�WRROER[�ZLOO�EH�LQWURGXFHG�LQ�WKH�QH[W�FKDSWHU�
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�� $�VHW�RI�WUDQVODWLRQ�FRUSXV�WRROV

,Q� FKDSWHU� ��� GLIIHUHQW� W\SHV� RI� WRROV� UHODWHG� WR� WUDQVODWLRQ� DQG� WUDQVODWLRQ
FRUSRUD�ZHUH�GLVFXVVHG��,Q�WKLV�FKDSWHU�D�VHW�RI�VXFK�WRROV�ZLOO�EH�SUHVHQWHG��7KH
WRROV�KDYH�DOO�EHHQ�LPSOHPHQWHG��LQ�WKH�ILUVW�VWDJH�DV�LQGHSHQGHQW�SURJUDPV�ZLWK
UXGLPHQWDU\�LQWHUIDFHV��RSHUDWHG�IURP�WKH�FRPPDQG�OLQH�LQ�'26�DQG�8QL[��DQG
LQ� WKH� VHFRQG� VWDJH� WKH� WRROV� KDYH� EHHQ� LQWHJUDWHG� LQWR� RQH�:LQGRZV� V\VWHP
ZLWK� D� JUDSKLFDO� DQG� PRUH� XVHU�IULHQGO\� HQYLURQPHQW�� QLFNQDPHG� '$9(�
�'LDJQRVLV��$OLJQPHQW�DQG�9HULILFDWLRQ�IRU�WKH�(GLWRU��

%HIRUH� GHVFULELQJ� WKH� WRROV�� FHUWDLQ� WHUPV� DQG� XVH� RI� WHUPLQRORJ\� KDYH� WR� EH
H[SODLQHG�

�� $� VHQWHQFH� LV� D� VWULQJ� RI� ZRUGV� VHSDUDWHG� E\� SXQFWXDWLRQ� PDUNV� DQG
XSSHU�FDVH� OHWWHUV�RU� VHSDUDWHG�E\�FDUULDJH� UHWXUQ�DQG� WDE� FKDUDFWHUV�
7KH� XVH� RI� WKH� WHUP� VHQWHQFH� ZLOO� LQFOXGH� ERWK� WH[W� VHQWHQFHV� DQG
WHFKQLFDO�VHQWHQFHV��KHDGLQJV��WDEOH�FHOOV��OLVW�LWHPV��HWF��

�� $�PXOWL�ZRUG� XQLW� �0:8�� LV� D� VHTXHQFH� RI� WZR� RU� PRUH� FRQVHFXWLYH
ZRUGV�WKDW�GRHV�QRW�FURVV�VHQWHQFH�ERXQGDULHV�

�� $� UHFXUUHQW� PXOWL�ZRUG� XQLW� LV� D� VHJPHQW� WKDW� RFFXUV� LQ� DW� OHDVW� WZR
GLIIHUHQW� VHQWHQFHV�RI� D�JLYHQ� WH[W�RU� FRUSXV��)RU�SUDFWLFDO� UHDVRQV�� D
KLJKHU� ORZHU� ERXQG� WKDQ� WZR� LV� RIWHQ� XVHG� IRU� WKH� QXPEHU� RI
RFFXUUHQFHV��EXW�WKHUH�LV�QR�QRQ�DUELWUDU\�ZD\�WR�IL[�WKLV�ORZHU�ERXQG�
1RWH�WKDW�D�UHFXUUHQW�VHJPHQW�DV�VXFK�PD\�EH�D�SURSHU�V\QWDFWLF�XQLW�
RU�D�FROORFDWLRQ��EXW�LW�FDQ�EH�QHLWKHU�

�� $� SKUDVH� LV� D� PXOWL�ZRUG� XQLW� FRQVWLWXWLQJ� D� V\QWDFWLF� XQLW� ZLWK
FRPSRVLWLRQDO�PHDQLQJ�

�� $� FROORFDWLRQ� LV� D�PXOWL�ZRUG� XQLW� FRQVWLWXWLQJ� D� OH[LFDO� XQLW� RI� VRPH
VRUW�

7KH�'$9(�SDFNDJH�FRQWDLQV�WKH�IROORZLQJ�FRPSRQHQWV�

����������������������������������������������������������
��7KH�'$9(�SDFNDJH�ZDV�FRQYHUWHG�WR�D�JUDSKLFDO�HQYLURQPHQW�IURP�WKH�FRPPDQG�OLQH�WRROV��0HUNHO
������0HUNHO�HW�DO��������0HUNHO�������E\�0LNDHO�+ROP�DQG�0DWKLDV�2OVVRQ��7KH�FRQYHUVLRQ�WDVN�LV
GHVFULEHG�LQ�WKHLU�0DVWHU·V�WKHVLV��+ROP�DQG�2OVVRQ�������
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��� ([WUDFWLRQ�RI�UHFXUUHQW�XQLWV

��� 'LDJQRVLV�RI�UHFXUUHQFH

��� 3DUDJUDSK�$OLJQPHQW

��� 6HQWHQFH�$OLJQPHQW

��� 'LVFUHSDQF\�$QDO\VLV

��� %LOLQJXDO�&RQFRUGDQFLQJ

7KH�([WUDFWLRQ�FRPSRQHQW�FRQWDLQV�IXQFWLRQDOLW\�IRU�UHWULHYLQJ�UHFXUUHQW�XQLWV
RQ� WKH� VHQWHQFH�� PXOWL�ZRUG� XQLW� DQG� ZRUG� OHYHOV�� 7KH� 'LDJQRVLV� FRPSRQHQW
SURYLGHV�WRROV� IRU�FDOFXODWLQJ�KRZ�UHFXUUHQW�D�JLYHQ�WH[W�RU�VHW�RI�WH[WV�DUH�RQ
GLIIHUHQW� OHYHOV��:LWK� WKH�3DUDJUDSK�DQG�6HQWHQFH�$OLJQPHQW� FRPSRQHQWV�� WKH
XVHU�FDQ�EXLOG�D�SDUDOOHO� WH[W�ZKHUH� WKH� WH[W� LV� V\QFKURQL]HG�RQ� WKH�SDUDJUDSK
DQG�WKH�VHQWHQFH�OHYHOV��7KH�'LVFUHSDQF\�DQDO\VLV�SURYLGHV�LQIRUPDWLRQ�RQ�KRZ
FRQVLVWHQW�RU�LQFRQVLVWHQW�WKH�WUDQVODWLRQV�RI�WKH�UHFXUUHQW�VHQWHQFHV�DUH��)LQDOO\�
WKH�%LOLQJXDO�&RQFRUGDQFH�SURJUDP�OHWV�WKH�XVHU�EURZVH�DQG�VHDUFK�WKH�SDUDOOHO
WH[W�IRU�DQ\�FRPELQDWLRQ�RI�VRXUFH�DQG�WDUJHW�ZRUGV�DQG�0:8V�DQG�FROOHFW�GDWD
IRU�WKH�FR�RFFXUUHQFH�RI�FHUWDLQ�LWHPV�

���� ([WUDFWLRQ�RI�UHFXUUHQW�XQLWV

:KHQ�D�WUDQVODWRU�RU�D�WUDQVODWLRQ�WHDP�LV�FRQIURQWHG�ZLWK�D�VRXUFH�WH[W�WKDW�LV
JRLQJ� WR� EH� WUDQVODWHG�� WKHUH� LV� XVXDOO\� QR� LQIRUPDWLRQ� DYDLODEOH� DERXW� WKH
FKDUDFWHULVWLFV� IRU� WKH� WH[W��7R�PDNH� WKH� ULJKW� GHFLVLRQV� UHJDUGLQJ� WUDQVODWLRQ
PHWKRG��VHOHFWLRQ�RI�WUDQVODWRUV�ZLWK�FHUWDLQ�VNLOOV�DQG�ZKDW�H[LVWLQJ�UHVRXUFHV
FDQ� EH� XVHG� GXULQJ� WKH� WUDQVODWLRQ� SURFHVV�� WKH� WUDQVODWLRQ� WHDP� QHHGV� WR
GLVFRYHU�FKDUDFWHULVWLFV�DERXW�KRZ�UHSHWLWLYH�WKH�WH[W�LV�� LI� LW� LV�VLPLODU�WR�RWKHU
SUHYLRXVO\�WUDQVODWHG�VRXUFH�WH[WV��DQG�WKH�UDQJH�RI�YRFDEXODU\�DQG�WHUPLQRORJ\
WKDW�QHHGV�WR�EH�VWDQGDUGL]HG�EHIRUH�WKH�WUDQVODWLRQ�ZRUN�VWDUWV��7KH�ZULWHUV�RI
WKH� VRXUFH� WH[W�PD\� KDYH� UHXVHG� SRUWLRQV� RI� WKH� WH[W� LQ� GLIIHUHQW� SDUWV� RI� WKH
VRXUFH� WH[W�� WKH\� PD\� KDYH� VWDQGDUGL]HG� FHUWDLQ� FRQVWUXFWLRQV� DQG� VW\OLVWLF
FRQYHQWLRQV�� EXW� LW� LV� PRUH� FRPPRQ� WKDW� VXFK� LQIRUPDWLRQ� QHYHU� UHDFKHV� WKH
WUDQVODWRUV��6R� WR�PDNH� WKH�ULJKW�GHFLVLRQV� WKH� WUDQVODWRUV�QHHG� WR�DFTXLUH� WKLV
W\SH�RI�LQIRUPDWLRQ�WKHPVHOYHV�

'$9(�FRQWDLQV�GLDJQRVWLF�IHDWXUHV�WKDW�FDQ�KHOS�WKH�WUDQVODWRUV�WR�ILQG�RXW�PRUH
DERXW�WKH�QDWXUH�RI�WKH�VRXUFH�WH[W��7KH�GLDJQRVWLF�QDWXUH�RI�WKH�WRRO�FRQVLVWV�RI
WKH�IROORZLQJ�

�� 'DWD� RQ� KRZ� UHSHWLWLYH� WKH� VRXUFH� WH[W� LV� LQ� WHUPV� RI� UHSHDWHG� WHFKQLFDO
VHQWHQFHV��VHQWHQFH�UHFXUUHQFH�UDWH�

�� 'DWD� RQ� KRZ� UHSHWLWLYH� WKH� VRXUFH� WH[W� LV� LQ� WHUPV� RI� UHSHDWHG�PXOWL�ZRUG
XQLWV�ZLWKLQ�WHFKQLFDO�VHQWHQFHV

�� 'DWD� RQ� KRZ� VLPLODU� WKH� VRXUFH� WH[W� DW� KDQG� LV� WR� D� SUHYLRXVO\� WUDQVODWHG
VRXUFH�WH[W��FRPSDULQJ�VHQWHQFHV�DQG�UHSHDWHG�PXOWL�ZRUG�XQLWV�



���$�VHW�RI�WUDQVODWLRQ�FRUSXV�WRROV

��

)LJXUH����'LDORJ�ER[�IURP�'$9(�IRU�H[WUDFWLQJ�UHFXUUHQW�VHQWHQFHV��PXOWL�ZRUG�XQLWV�RU�ZRUGV

%HIRUH�WKH�DFWXDO�GLDJQRVLV�WDNHV�SODFH��WKH�UHOHYDQW�XQLWV�RI�WKH�WH[W�KDYH�WR�EH
H[WUDFWHG��IRU�H[DPSOH�VHQWHQFH�W\SHV��PXOWL�ZRUG�XQLWV�DQG�VLQJOH�ZRUGV��7KLV
LV�GRQH�LQ�WKH�([WUDFWLRQ�SDUW�RI�WKH�WRRO��7KH�GLDORJ�ER[�LQ�)LJXUH���VKRZV�KRZ
WKH�WUDQVODWRU�FDQ�DGMXVW�WKH�RSWLRQV�IRU�WKH�H[WUDFWLRQ�SURFHVV�

7KH�RSWLRQV�VHOHFWHG�LQ�)LJXUH���ZLOO�SURGXFH�D�OLVW�RI�DOO�VHQWHQFHV�LQ�WKH�LQSXW
ILOH�WKDW�RFFXU�WZLFH�RU�PRUH��,I�WKH�WUDQVODWRU�ZRXOG�OLNH�WR�H[WUDFW�PXOWL�ZRUG
XQLWV�� WKH� EXWWRQ� ´5HFXUUHQW� 6HJPHQWVµ� ZRXOG� KDYH� WR� EH� VHOHFWHG� DQG� WKH
PLQLPXP�0:8�OHQJWK��LQ�QXPEHU�RI�ZRUGV��VSHFLILHG��6HQWHQFHV�DUH�LGHQWLILHG
LQ�D�WHFKQLFDO�VHQVH�� L�H��WKH\�DUH�LGHQWLILHG�E\�SXQFWXDWLRQ�LQIRUPDWLRQ��WDE�DQG
FDUULDJH�UHWXUQ�FKDUDFWHUV�

5HWULHYDO�RI�UHFXUUHQW�VHQWHQFHV

,QSXW��7H[W
2XWSXW��$�VHJPHQW�WDEOH�ZLWK�VHQWHQFH�W\SHV��DV�ZRUG�VWULQJV���QXPEHU�RI�RFFXUUHQFHV
IRU�HDFK�VHQWHQFH�LQ�WKH�WH[W�DQG�SRVLWLRQ��GRFXPHQW�LGHQWLILHU�DQG�D�OLVW�RI�RIIVHWV��

7KH�RXWSXW�IURP�D�W\SLFDO�UHWULHYDO�RI�UHFXUUHQW�VHQWHQFHV�LV�LOOXVWUDWHG�LQ�7DEOH
���EHORZ�
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7DEOH�����([DPSOH�RI�UHFXUUHQW�VHQWHQFHV�ZLWK�IUHTXHQF\�DQG�ILOH�SRVLWLRQV

6HQWHQFH )54 )LOH�DQG�SRVLWLRQ
�����
GRXEOH�FOLFN�RQ�WKH�FRQILJXUDWLRQ�LFRQ
LQ� WKH� FOLHQW� DFFHVV����� IRU�ZLQGRZV
����JURXS�ZLQGRZ�

� FOLHQW�HQJ� ������ ������ ������ �����
�����������

KROG�GRZQ�WKH� OHIW�PRXVH�EXWWRQ�DQG
PRYH�WKH�PRXVH�SRLQWHU�WR�WKH�OHIW�WR
PDNH�WKH�FROXPQ�QDUURZHU�DQG�WR�WKH
ULJKW�WR�PDNH�LW�ZLGHU�

� FOLHQW�HQJ� ������ ������� ������
�������������

FOLFN�RQ� WKH� LWHP�ZLWK� WKH� OHIW�PRXVH
EXWWRQ�� RU� PRYH� WKH� FXUVRU� XS� RU
GRZQ�WR�KLJKOLJKW�WKH�LWHP�

� FOLHQW�HQJ� ������ ������ ������ ������
������

SRVLWLRQ� WKH� PRXVH� SRLQWHU� RQ� WKH
FROXPQ� VHSDUDWRU� OLQH� WR� WKH� ULJKW� RI
WKH� FROXPQ� KHDGLQJ� \RX� ZDQW� WR
FKDQJH�

� FOLHQW�HQJ� ������ ������� ������
�������������

VHOHFW�WKH�VDYH�RU�VDYH�DV�RSWLRQ�IURP
WKH� ILOH� SXOO�GRZQ� PHQX� WR� VDYH� WKH
VHVVLRQ�SURILOH�

� FOLHQW�HQJ� ������ ������ ������ �����
�����

D�GRXEOH�DUURZ�LV�GLVSOD\HG�ZKHQ�WKH
PRXVH�SRLQW�LV�RQ�WKH�OLQH�

� FOLHQW�HQJ� ������ ������� ������
�������������

WR�FKDQJH�WKH�ZLGWK�RI�D�FROXPQ� � FOLHQW�HQJ� ������ ������� ������
�������������

FORVH� WKH� FOLHQW� DFFHVV� FRQILJXUDWLRQ
ZLQGRZ�

� FOLHQW�HQJ� ������ ������ ������ �����
�����

�����

������ 5HWULHYDO�RI�UHFXUUHQW�PXOWL�ZRUG�XQLWV��)UDVVH����

5HFXUUHQW�PXOWL�ZRUG�XQLWV�DUH�UHWULHYHG�IURP�WKH�WH[W�DIWHU�LW�KDV�EHHQ�VSOLW�XS
LQWR�VHQWHQFH�W\SHV��(LWKHU�\RX�FDQ� LQSXW� WKH� WH[W� �D� WDEOH�ZLWK�VHQWHQFH� W\SHV
ZLOO�EH�FUHDWHG��VHH�7DEOH�����RU�RQH�RU�PRUH�H[LVWLQJ�VHJPHQW�WDEOHV��7KH�GDWD
VWUXFWXUH� IRU� VWRULQJ�PXOWL�ZRUG� XQLWV� FRQVLVWV� RI� D� WDEOH� RI�PXOWL�ZRUG� XQLWV�
(DFK�HQWU\�LQ�WKH�WDEOH�FRQWDLQV�WKH�IROORZLQJ�ILHOGV�

�� 7KH�PXOWL�ZRUG�XQLW

�� $�OLVW�RI�ORFDWLRQV�ZKHUH�HDFK�ORFDWLRQ�FRQWDLQV�D�GRFXPHQW�LGHQWLILHU�DQG
D�OLVW�RI�RIIVHWV�LQVLGH�HDFK�GRFXPHQW�

�� $� SDUVHG� ZRUG� VWULQJ�� D� VHTXHQFH� RI� UHIHUHQFHV� WR� WKH� ZRUG� WDEOH�� VHH
EHORZ�� $OO� WH[W� VHJPHQWV� DUH� ILUVW� SDUVHG� WR� ZRUG� VWULQJV� VR� WKDW
FRPSDULVRQV� RI�ZRUGV� FDQ�EH�GRQH�E\� MXVW� FRPSDULQJ� SRLQWHUV�� �7KLV
ILHOG�LV�QRW�SUHVHQW�LQ�WKH�RXWSXW��

,Q�DGGLWLRQ�WR� WKH�DERYH� ILHOGV�� WKH�GDWD�VWUXFWXUH�RI� WKH�VHJPHQW�WDEOH�KROGV�D
ZRUG�WDEOH��L�H��D�WDEOH�RI�NQRZQ�ZRUGV�ZLWK�IUHTXHQFLHV�
����������������������������������������������������������
��)UDVVH���KDV�SUHYLRXVO\�EHHQ�GHVFULEHG�LQ�0HUNHO��1LOVVRQ�DQG�$KUHQEHUJ��������
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(DFK� UHFXUUHQW�PXOWL�ZRUG� XQLW� LV� VWRUHG� LQ� RQO\� RQH� HQWU\�� EXW� KDV� PXOWLSOH
ORFDWLRQV�ZLWK�PXOWLSOH�RIIVHWV�

,QSXW��7H[W�RU�D�OLVW�RI�PXOWL�ZRUG�XQLW�WDEOHV

2XWSXW��$�QHZ�PXOWL�ZRUG�XQLW�WDEOH�KROGLQJ�PD[LPDO�PXOWL�ZRUG�XQLWV�IURP�LQSXW�

$OO� FRPELQDWLRQV� RI� PXOWL�ZRUG� XQLWV� IURP� WKH� LQSXW� WDEOH� DUH� FRPSDUHG
SDLUZLVH��(DFK� SDLU���V��V�!�� LV� VHDUFKHG� IRU� FRPPRQ� SDUWV��$� FRPPRQ�PXOWL�
ZRUG�XQLW� LV�GHILQHG�DV� DOO�PXOWL�ZRUG�XQLWV� WKDW� FRQWDLQ� WKH� VDPH�FRQVHFXWLYH
ZRUGV� LQ� ERWK� V�� DQG� V��� ,I� WKH� LGHQWLILHG� VHJPHQW� LV� ORQJ� HQRXJK�� LW� LV� VWRUHG
ZLWK�DOO�ORFDWLRQV�DQG�DGMXVWHG�RIIVHWV�IURP�ERWK�V��DQG�V��

2QO\� PXOWL�ZRUG� XQLWV� WKDW� VWDUW� DW� ORFDWLRQV� DUH� FRQVLGHUHG�� VXFK� WKDW� WKH
LPPHGLDWHO\�SUHFHGLQJ�ZRUGV��LI�DQ\��DUH�GLIIHUHQW�LQ�V��DQG�V���$�PXOWL�ZRUG�XQLW
HQGV�LQ�WKH�VDPH�PDQQHU��7KLV�PHDQV�WKDW�RQO\�WKH�ORQJHVW�SRVVLEOH�PXOWL�ZRUG
XQLWV� DUH� FRQVLGHUHG��1RWH� WKDW� ERWK� D� E� F� G� DQG� D� E� F� G� H� FDQ� EH� UHJDUGHG� DV
PD[LPDO�VHJPHQWV�LI�WKH\�KDYH�GLIIHUHQW�IUHTXHQFLHV��L�H��LI�D�E�F�G�RFFXUV����WLPHV
DQG�D�E�F�G�H����WLPHV�WKH\�DUH�ERWK�PD[LPDO�PXOWL�ZRUG�XQLWV�

7KH�IDFW�WKDW�RQO\�WKH�ORQJHVW�SRVVLEOH�PXOWL�ZRUG�XQLWV�IRU�HDFK�SDLU�DUH�VWRUHG
KDV� WKH� HIIHFW� WKDW� WKHUH� LV� D� VLJQLILFDQW� UHGXFWLRQ� RI� GDWD�� ZKLFK� PDNHV� WKH
DOJRULWKP�PRUH�HIILFLHQW�

7KHUH�LV�D�ILOWHU�WKDW�WULPV�WKH�PXOWL�ZRUG�XQLWV�DW�WKH�KHDG�DQG�WDLO�RI�WKH�PXOWL�
ZRUG� XQLW�� ZKLFK� UHGXFHV� WKH� VL]H� RI� WKH� PXOWL�ZRUG� XQLW� WDEOH�� 7KH� ILOWHULQJ
VWUDWHJLHV�DUH�GLVFXVVHG�ODWHU�LQ�WKLV�VHFWLRQ�

7KH� UHVXOWLQJ� PXOWL�ZRUG� XQLW� WDEOHV� FDQ� EH� VRUWHG� LQ� YDULRXV� ZD\V� �DQ\
FRPELQDWLRQ�RI�VRUWLQJ�E\�DOSKDEHWLFDO�RUGHU��OHQJWK�RI�XQLWV�DQG�IUHTXHQF\���,W�LV
DOVR� SRVVLEOH� WR� VWULS� DZD\� WKH� ORFDWLRQ� LQIRUPDWLRQ�� ZKLFK� OHDYHV� D� OLVW� RI
VHJPHQWV�DQG�WKHLU�FRUUHVSRQGLQJ�IUHTXHQF\�GDWD��7KH�VWULSSHG�PXOWL�ZRUG�XQLW
OLVW�LV�HDVLHU�WR�KDQGOH�ZKHQ�D�WUDQVODWRU�LV�YLHZLQJ�RU�UHYLVLQJ�WKH�XQLWV��$IWHU
UHYLVLRQ� LW� LV� SRVVLEOH� WR� H[WUDFW� WKH� ORFDWLRQ� LQIRUPDWLRQ� IRU� HDFK�PXOWL�ZRUG
XQLW�LQ�WKH�UHYLVHG�PXOWL�ZRUG�XQLW�OLVW�DQG�FUHDWH�D�QHZ�FRPSOHWH�0:8�WDEOH�
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7DEOH�����7KH�WRS����0:8V�JHQHUDWHG�IURP�D�FRPSXWHU�SURJUDP�8VHU·V�*XLGH��ZLWKRXW�ILOWHULQJ�

0XOWL�:RUG�8QLW )UHT 0XOWL�:RUG�8QLW )UHT
\RX�ZDQW�WR ��� DQG�WKHQ�FKRRVH ��
��\RX�FDQ ��� WKH�GDWDEDVH�ZLQGRZ ��
IRU�H[DPSOH� ��� LQ�WKLV�FKDSWHU� ��
PHQX��FKRRVH ��� ��FOLFN�WKH ��
LI�\RX�ZDQW ��� WKH�HGLW�PHQX ��
\RX�FDQ�XVH ��� \RX�FDQ�DOVR ��
WR�FUHDWH�D ��� WKH�WRRO�EDU ��
��DQG�WKHQ ��� D�IRUP�RU ��
H[DPSOH��\RX ��� LQ�GHVLJQ�YLHZ ��
LI�\RX�ZDQW�WR ��� FKRRVH�WKH�RN�EXWWRQ ��
��VHH�FKDSWHU ��� \RX�FDQ�FUHDWH ��
IRU�H[DPSOH��\RX ��� WKH�RN�EXWWRQ� ��
LQ�WKLV�FKDSWHU ��� ��VHOHFW�WKH ��
WKH�TEH�JULG �� WKHQ�FKRRVH�WKH ��
IRUP�RU�UHSRUW �� FKRRVH�WKH�RN�EXWWRQ� ��
��VHH�´ �� IRU�PRUH�LQIRUPDWLRQ ��

,Q�7DEOH���� WKH����PRVW� IUHTXHQW�PD[LPDO�0:8V�DUH� OLVWHG��7KH� WH[W�ZKLFK
ZDV�DQDO\VHG�ZDV�D���������ZRUG�XVHU·V�JXLGH�IRU�D�GDWDEDVH�SURJUDP��0:8V
FRQVLVWLQJ�RI���ZRUGV�RU�PRUH�ZHUH�VHDUFKHG�IRU�ZLWKRXW�WKH�XVH�RI�DQ\�ILOWHUV�
7KH�UHVXOW�ZDV�D� OLVW�RI�PD[LPDO� VWULQJV� LQ� WKH�VRXUFH� WH[W�RI�ZKLFK�PDQ\�DUH
XVHOHVV�DV�WUDQVODWLRQ�XQLWV�

:KHQ�WKLV�NLQG�RI�RXWSXW�IURP�WKH�V\VWHP�ZDV�UHYLVHG�E\�KDQG��LW�ZDV�IRXQG�WKDW
D�PDMRULW\�RI�WKH�0:8V�UHPRYHG�IURP�WKH�RULJLQDO�RXWSXW�DFWXDOO\�ZHUH�XQLWV
WKDW� FRQWDLQHG� SXQFWXDWLRQ� PDUNV�� HQGHG� ZLWK� SKUDVH�LQLWLDO� IXQFWLRQ� ZRUGV
�VXFK� DV� ´DQGµ�� ´WKHµ�� ´WRµ�� ´LQµ�� HWF��� RU� KDG� RQO\� RQH� SDUHQWKHVLV� FKDUDFWHU� RU
TXRWDWLRQ� PDUN�� 7KHUHIRUH� D� ILOWHULQJ� PRGXOH� ZDV� LPSOHPHQWHG� WKDW� PDGH� LW
SRVVLEOH�WR�GHILQH�ZRUGV�WKDW�VKRXOG�EH�VWULSSHG�DW�WKH�EHJLQQLQJ�DQG�DW�WKH�HQG
RI� 0:8V� DV� ZHOO� DV� UHTXLUHPHQWV� RQ� ZKDW� NLQGV� RI� FKDUDFWHUV� VKRXOG� EH
UHJDUGHG�DV�SDLUV��TXRWDWLRQ�PDUNV��SDUHQWKHVHV��HWF���7DEOH����EHORZ�VKRZV�WKH
UHVXOW� RI� UXQQLQJ� WKH� V\VWHP�RQ� WKH� VDPH� WH[W� DV� LQ� WDEOH� ��ZLWK� WKH� ILOWHULQJ
PHFKDQLVP�RQ��2I�WKH����PRVW�IUHTXHQW�VHJPHQWV�LQ�WKH�XQILOWHUHG�UHVXOW�DERYH�
���KDYH�EHHQ�ILOWHUHG�RXW��OHDYLQJ�D�UHVLGXH�RI����

7DEOH�����7KH�WRS����VHJPHQWV�JHQHUDWHG�E\�WKH�H[WUDFWLRQ�PRGXOH��ZLWK�ILOWHULQJ�

0XOWL�:RUG�8QLW )UHT
LQ�WKLV�FKDSWHU ���
WKH�TEH�JULG ��
IRUP�RU�UHSRUW ��
WKH�GDWDEDVH�ZLQGRZ ��
WKH�HGLW�PHQX ��
WKH�WRRO�EDU ��
WKH�RN�EXWWRQ ��
LQ�GHVLJQ�YLHZ ��
FKRRVH�WKH�RN�EXWWRQ ��
IRU�PRUH�LQIRUPDWLRQ ��
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7KH� ILOWHU�FDQ�EH� WDLORUHG� WR�VSHFLILF� WH[WV�� WH[W� W\SHV�DQG� ODQJXDJHV�E\� VLPSO\
HGLWLQJ�D�ZRUG�OLVW��,Q�WKH�DERYH�H[DPSOH��WKH�PRVW�IUHTXHQW�VHJPHQWV�DUH�HLWKHU
SUHSRVLWLRQDO� RU� QRXQ� SKUDVHV� GXH� WR� WKH� FKDUDFWHULVWLFV� RI� WKH� XVHG� ILOWHULQJ
VSHFLILFDWLRQ�RI�IXQFWLRQ�ZRUGV��$�VLPSOH�ILOWHU�OLNH�WKLV�ZLOO��RI�FRXUVH��QRW�ILOWHU
RXW�DOO�QRQ�LQWHUHVWLQJ�0:8V��EXW�LW�ZLOO�UHGXFH�WKHLU�QXPEHUV�VLJQLILFDQWO\�

$Q�H[WUDFW�RI�D�ILOWHU�ILOH�LV�VKRZQ�EHORZ�

3DLU��´�´�����^�`�>�@

VNLSBEHIRUH���������

VNLSBDIWHU����������"

VNLSBDIWHU��WKH�D�DQ�IRU�LQ�RQ�LV�DUH�HDFK�HYHU\�ZDQW�FDQ�UHODWHG�PLJKW�FOLFN�\RX·UH

VNLSBDIWHU��RU�DQG�RQH�DOVR�WR�WRR�LWV�VDYH�DVVRFLDWH�DVVRFLDWHG�UHODWH�GHOHWLQJ

VNLSBDIWHU��LI�WKLV�WKDW�DW�\RX�IURP�RI�WKHQ�\RXU�QRW�GR�GRHV�GLG�GRLQJ

VNLSBDIWHU��ZKHQ�KRZ�FUHDWH�FUHDWHV�PDQ\�VHYHUDO�GHVLJQ�GHVLJQV�GHVLJQLQJ�PRVW

VNLSBEHIRUH��WKH�D�LI�ZKHQ�KRZ�\RXU�KLV�KHU�P\�WKHQ�DQG�RU�QRW�GR�GLG

�«�

7KH�ILOWHU�VSHFLILHV�WKDW�QR�0:8�FDQ�EHJLQ�RU�HQG�ZLWK�D�SXQFWXDWLRQ�FKDUDFWHU�
QRU� FDQ� LW� HQG� LQ� DQ\� RI� WKH� ZRUGV� VSHFLILHG� E\� WKH� ODEHO� ´VNLSBDIWHU�µ�
)XUWKHUPRUH�DQ�0:8�FDQ�QRW�EHJLQ�ZLWK�DQ\�RI�WKH�ZRUGV�JLYHQ�DIWHU�WKH�ODEHO
´VNLSBEHIRUH�µ�

7KH�H[WUDFWLRQ�PRGXOH�GHVFULEHG�LQ�WKLV�VHFWLRQ�FDQ�EH�PDGH�PRUH�SRZHUIXO� LQ
VHYHUDO� ZD\V�� $� VWDWLVWLFDO� PHDVXUH�� ZKLFK� LV� RIWHQ� XVHG� DV� DQ� LQGLFDWRU� RI
FROORFDWLRQV�� LV� PXWXDO� LQIRUPDWLRQ� �&KXUFK� DQG� +DQNV� ������� 6PDGMD� ������
XVHG�WKH�'LFH�FRHIILFLHQW�IRU�ILQGLQJ�ERWK�PRQROLQJXDO�DQG�ELOLQJXDO�0:8V��DQG
6KLPRKDWD� HW� DO�� ������� H[SORUHG� WKH� SRVVLELOLWLHV� RI� UHWULHYLQJ� 0:8V� E\
FDOFXODWLQJ� HQWURSLHV� IRU� GLIIHUHQW� OHIW� DQG� ULJKW� ZRUG� FRQWH[WV�� ZKHUH� FR�
RFFXUUHQFH� DQG� FRQVWUDLQWV� RQ� ZRUG� RUGHU� ZLOO� KHOS� WR� VLQJOH� RXW� OLNHO\
FDQGLGDWHV� IRU� XVHIXO�0:8V��7KHUH� DUH� VWXGLHV�� KRZHYHU�� WKDW� KDYH� LQGLFDWHG
WKDW�KLJK� IUHTXHQF\� LV� D� VWURQJHU� LQGLFDWRU� IRU� UHWULHYLQJ�0:8V� WKDQ�PXWXDO
LQIRUPDWLRQ� �H�J�� 'DLOOH� ������� ZKLFK� ZRXOG� VXSSRUW� WKH� IUHTXHQF\� DSSURDFK
WDNHQ�LQ�WKH�GHVFULEHG�0:8�H[WUDFWLRQ�FRPSRQHQW�RI�'DYH�

$QRWKHU�SDWK�WR�LPSURYH�WKH�TXDOLW\�RI�0:8�H[WUDFWLRQ�LV�WR�XVH�NQRZOHGJH�RI
OLQJXLVWLF� VWUXFWXUH� �.XSLHF� ������� 7KH� LGHQWLILFDWLRQ� RI� SKUDVHV� FDQ� EH� PDGH
PRUH�SUHFLVH�E\�VKDOORZ�SDUVLQJ�RI�WKH�RXWSXW�RQ�WKH�EDVLV�RI�SXQFWXDWLRQ�PDUNV
DQG� IXQFWLRQ�ZRUGV�VXFK�DV�DUWLFOHV��SUHSRVLWLRQV�DQG�FRQMXQFWLRQV��6XFK� IRUPV
PDUN�ERXQGDULHV�RI�PLQLPDO�VHJPHQWV��0F'RQDOG�������DQG�LW�FDQ�EH�SRVWXODWHG
WKDW� WKH� PDMRULW\� RI� XVHIXO� SKUDVHV� KDYH� WKHLU� ERXQGDULHV� FRLQFLGLQJ� ZLWK� WKH
ERXQGDULHV�RI�WKHVH�PLQLPDO�VHJPHQWV��D�UHFXUUHQW�SKUDVH�PD\�VSDQ�PRUH�WKDQ
RQH�PLQLPDO�0:8��KRZHYHU��
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������ &RPELQLQJ�ILOWHULQJ�DQG�HQWURS\�WKUHVKROGV�WR�UHWULHYH�PXOWL�ZRUG
XQLWV��)UDVVH���

7R�WHVW�DQG�FKDUDFWHUL]H� WKH�GLIIHUHQFHV�EHWZHHQ�D�VWDWLVWLFDO�DSSURDFK��VXFK�DV
WKH� RQH� GHVFULEHG� LQ� 6KLPRKDWD� HW� DO�� �������� ZLWK� WKH� IUHTXHQF\� DSSURDFK
GHVFULEHG�LQ�WKH�SUHYLRXV�VHFWLRQ��D�QHZ�0:8�H[WUDFWLRQ�FRPSRQHQW�ZDV�EXLOW
ZKHUH�WKH�ZRUG�ILOWHULQJ�DSSURDFK�DQG�FRQVWUDLQWV�RQ�HQWURS\�WKUHVKROGV�IRU�WKH
LPPHGLDWH� FRQWH[WV� RI�0:8� FDQGLGDWHV� ZHUH� FRPELQHG�� )XUWKHUPRUH�� LW� ZDV
DVVXPHG�WKDW�E\�FKDQJLQJ�WKH�DOJRULWKP�VOLJKWO\�SURFHVVLQJ�FRXOG�EH�SHUIRUPHG
PRUH�HIILFLHQWO\�

6KLPRKDWD�HW�DO���������GHVFULEH�DQ�DOJRULWKP�ZKLFK�LV�EDVHG�RQ�WKH�REVHUYDWLRQ
WKDW�PRVW�0:8V�DSSHDU�LQ�KLJKO\�YDU\LQJ�FRQWH[WV��7KH�ZRUGV�MXVW�EHIRUH�DQG
DIWHU�DQ�0:8�YDU\�D�JUHDW�GHDO��ZKLOH� WKH�DFWXDO�0:8�VWD\V� WKH� VDPH��7KH
GLYHUVLW\�RI�QHLJKERXULQJ�ZRUGV�WKXV�PDUNV�ZKHUH�0:8V�VWDUW�DQG�HQG��7KH
HQWURS\� YDOXH� IRU� DQ� 0:8� LV� WKHQ� D� FRPELQDWLRQ� RI� WKH� HQWURS\� YDOXHV
PHDVXUHG�WR�WKH�OHIW�RI�WKH�0:8�DQG�WR�WKH�ULJKW�RI�LW�

7R�PHDVXUH�WKH�SUREDELOLW\�RI�HDFK�DGMDFHQW�ZRUG��Z�«ZQ��WR�D�JLYHQ�VWULQJ�RI
ZRUGV��VWU��WKH�UHODWLYH�IUHTXHQFLHV�DUH�XVHG�LQ�WKH�IROORZLQJ�ZD\�
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7KH�OHIW�DQG�ULJKW�HQWURSLHV�RI�D�VWULQJ�RI�ZRUGV��VWU��DUH�PDWKHPDWLFDOO\�GHILQHG
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ZKHUH�S�ZL��LV�WKH�SUREDELOLW\�RI�VHHLQJ�WKH�ZRUG�ZL�DGMDFHQW�WR�WKH�VWULQJ��DQG�ZL

DUH�WKH�ZRUGV�WKDW�GR�RFFXU�MXVW�EHIRUH�RU�DIWHU�WKH�VWULQJ�LQ�WKH�WH[W�

$�KLJK�HQWURS\�YDOXH�VLJQLILHV�WKDW�WKH�ZRUGV�VXUURXQGLQJ�WKH�VWULQJ��VWU��YDULHV
FRQVLGHUDEO\��VR�VWULQJV�ZLWK

HQWURS\7VWU+ ���

DUH�DFFHSWHG�DV�SKUDVHV��7KH�HQWURS\�WKUHVKROG�XVHG�E\�6KLPRKDWD�HW�DO��������
ZDV� VHW� WR� ������ 7KLV� WKUHVKROG� LV� WKHQ� XVHG� LQ� FRQMXQFWLRQ� ZLWK� D� IUHTXHQF\
WKUHVKROG�ZKLFK�LQGLFDWHV�WKH�PLQLPXP�IUHTXHQF\�RI�WKH�VWULQJ�

7KH�DSSURDFK�WR�XVH�HQWURS\�YDOXHV�DV�D�FRQVWUDLQW� IRU�H[WUDFWLQJ�0:8V�ZDV
WKHQ� FRPELQHG�ZLWK� D�PRGLILHG� YHUVLRQ� RI� WKH� ILOWHUV� GHVFULEHG� LQ� WKH� SUHYLRXV
VHFWLRQ��7KH�UHDVRQ�IRU�WKLV�LV�WKDW�ZKHQ�SXUHO\�VWDWLVWLFDO�DSSURDFKHV�DUH�XVHG��D
ORW�RI�PHDQLQJOHVV�UHFXUULQJ�SDWWHUQV�VXFK�DV�´IRU�Dµ�� ´LQ�WKHµ�� ´RXW�RI� WKHµ��HWF�
DUH�H[WUDFWHG�DV�OLNHO\�FDQGLGDWHV�IRU�0:8V��,Q�WKH�SUHYLRXV�ILOWHU��WKHUH�ZHUH�LQ
SULQFLSOH� WZR�ZD\V�RI� FRQVWUDLQLQJ� WKH� H[WUDFWLRQ�RI� VXFK�0:8V�� ���� D� OLVW� RI
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ZRUGV�WKDW�FRXOG�QRW�VWDUW�DQ�0:8��DQG������D�OLVW�RI�ZRUGV�WKDW�FRXOG�QRW�HQG
DQ� 0:8�� ,Q� HYDOXDWLRQV� RI� WKH� RXWSXW� IURP� WKH� ILUVW� 0:8� H[WUDFWLRQ
FRPSRQHQW�� LW� ZDV� REVHUYHG� WKDW� ZRUGV� OLVWHG� DV� QRQ�VWDUWHUV� DQG� QRQ�HQGHUV
FRXOG� YHU\�ZHOO� EH� LQFOXGHG� LQVLGH� DQ� H[WUDFWHG�0:8�� EXW� WKDW� WKHUH�ZDV� QR
ZD\�WR�FRQVWUDLQ�WKH�H[WUDFWLRQ�FRPSRQHQW�WR�GR�WKLV��)RU�H[DPSOH�� LI� WKH�XVHU
GHFLGHV�WKDW�SHUVRQDO�SURQRXQV�VXFK�DV�´\RXµ��´KHµ��´KLPµ��HWF��VKRXOG�QRW�EH�SDUW
RI� PHDQLQJIXO� 0:8V� LQ� D� WHFKQLFDO� GRPDLQ�� WKHQ� WKHUH� VKRXOG� EH� D� ZD\� RI
H[SUHVVLQJ� WKLV��&RQVHTXHQWO\�� D� WKLUG� FDWHJRU\�RI� ILOWHULQJ� HQWLWLHV�ZDV� DGGHG�
SURKLELWHG�ZRUGV��L�H���ZRUGV�WKDW�DUH�IRUELGGHQ�WR�EH�LQFOXGHG�LQ�0:8V��$�IRXUWK
FDWHJRU\�RI�ILOWHULQJ�HQWLWLHV�ZDV�DOVR�DGGHG��LJQRUHG�ZRUGV��7KH�ODWWHU�DUH�ZRUGV
WKDW� DUH� LJQRUHG� �RU� VNLSSHG�� ZKHQ� HQWURSLHV� IRU� VXUURXQGLQJ� FRQWH[WV� DUH
PHDVXUHG�� ,Q� VRPH� RI� WKH� (QJOLVK� DSSOLFDWLRQV� WKH� GHILQLWH� DUWLFOH� ´WKHµ� ZDV
LQFOXGHG�LQ�WKLV�FDWHJRU\�

7KH� SURSRVHG� ODQJXDJH� ILOWHU� IRU� WKH� VHFRQG� YHUVLRQ� RI� WKH�0:8� H[WUDFWLRQ
FRPSRQHQW��IURP�KHUH�RQ�FDOOHG�´)UDVVH��µ����FRQVLVWV�RI

��� D�OLVW�RI�ZRUGV�WKDW�0:8V�PD\�QRW�VWDUW�ZLWK��121�67$57(56�

��� D�OLVW�RI�ZRUGV�WKDW�0:8V�PD\�QRW�HQG�ZLWK��121�(1'(56�

��� D� OLVW� RI� ZRUGV�� ZKLFK� FDQ� QHYHU� EH� SDUW� RI� DQ\� 0:8� �352+,%,7('
:25'6�

��� D�OLVW�RI�ZRUGV�WKDW�DUH�QRW�FRQVLGHUHG�SDUW�RI�DQ�0:8��EXW�GR�QRW�GHOLPLW
WKHP

,Q�DGGLWLRQ� WR� WKHVH�ZRUG� OLVWV�� D� OLVW�GHVFULELQJ�SXQFWXDWLRQ� FKDUDFWHUV��ZKLFK
DUH�QHYHU�SDUW�RI�0:8V�LQ�WKH�ODQJXDJH�LQ�TXHVWLRQ�LV�XVHG�

�������� $OJRULWKP
7KH�DOJRULWKP�ZRUNV�LQ�WKH�IROORZLQJ�ZD\�

��� 5HDG� WKH� WH[W� LQWR� D� WZR�GLPHQVLRQDO� DUUD\� DQG� VWRUH� DOO� ZRUGV� LQ� D� KDVK
WDEOH�WRJHWKHU�ZLWK�WKHLU�SRVLWLRQV�LQ�WKH�WH[W�

��� )LQG� DOO� DOORZHG�0:8V�XS� WR� D� OLPLW� RI� /�ZRUGV� E\� H[SDQGLQJ� FDQGLGDWH
0:8V� WR� WKH� ULJKW� E\� �� ZRUG� �LQ� WKH� ILUVW� LWHUDWLRQ� DOO� ZRUGV� WDNHQ� DV
0:8V� RI� OHQJWK� �� DUH� WHVWHG�� ZLWK� WKH� H[FHSWLRQ� RI� ZRUGV� EHORZ� WKH
IUHTXHQF\�WKUHVKROG��ZRUGV�OLVWHG�DV�QRQ�VWDUWHUV�DQG�SURKLELWHG�ZRUGV��

��� )RU�HDFK�RI�WKH�DOORZHG�0:8V�IRXQG�LQ�VWHS����FDOFXODWH�WKH�OHIW�DQG�ULJKW
FRQWH[W�HQWURSLHV�DQG�VWRUH�DOO�0:8V�ZLWK�DQ�HQWURS\�YDOXH�KLJKHU�WKDQ�WKH
VSHFLILHG�HQWURS\�WKUHVKROG�

��� *R�EDFN�WR�VWHS���DQG�H[SDQG�WKH�VWRUHG�0:8V�E\���ZRUG��7KLV�LV�GRQH�E\
ILQGLQJ� WKH�SRVLWLRQ�RI� WKH�1�JUDP� IURP� WKH�KDVK� WDEOH�� DQG� H[WUDFWLQJ� WKH

����������������������������������������������������������
���7KH�ILUVW�0:8�H[WUDFWLRQ�YHUVLRQ�LV�DOVR�GHVFULEHG�LQ�0HUNHO�HW�DO���������DQG�DV�WKDW�ILUVW�SLHFH�RI
H[WUDFWLRQ�VRIWZDUH�ZDV�FDOOHG�)UDVVH��ODFN�RI�LPDJLQDWLRQ�UHVXOWHG�LQ�FDOOLQJ�WKH�VHFRQG�YHUVLRQ�)UDVVH�
��
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QH[W�ZRUG�SRVLWLRQ�IURP�WKH�WH[W�DUUD\��7KH�LWHUDWLRQ�WKHQ�FRQWLQXHV�XQWLO�QR
PRUH�0:8V�FDQ�EH�DGGHG�RU�XQWLO�WKH�OLPLW�RI�WKH�ORQJHVW�0:8��VSHFLILHG
DV�/��LV�UHDFKHG�

,Q�WKH�VHFRQG�SKDVH�DOO� WKH� IRXQG�KLJK�HQWURS\�0:8V�DUH�H[DPLQHG�DQG� WH[W
SRVLWLRQV�ZKHUH�VKRUWHU�0:8V�DUH�VXEVXPHG�E\�ORQJHU�RQHV�DUH�GHOHWHG��7KLV
UHVXOWV� LQ� D� OLVW� RI� 0:8V� WKDW� PHHW� WKH� IUHTXHQF\� WKUHVKROG�� WKH� HQWURS\
WKUHVKROG�DQG�DUH�FRQVWUDLQHG�E\�WKH�ODQJXDJH�ILOWHU��7KH�RXWSXW�LV�WKHQ�OLVWHG�LQ
WZR�IRUPDWV������DQ�DOSKDEHWLFDOO\�VRUWHG�OLVW�RI�0:8V�ZLWK�LQIRUPDWLRQ�RI�WKH
HQWURS\�YDOXH�DQG�IUHTXHQF\�DV�ZHOO�DV�WKH�FRUUHVSRQGLQJ�WH[W�SRVLWLRQV��DQG����
D�OLVW�RI�0:8V�VRUWHG�E\�VL]H�DQG�LQ�GHVFHQGLQJ�HQWURS\�RUGHU�

7KH�GLIIHUHQFHV�EHWZHHQ�WKH�RXWSXW�IURP�)UDVVH���ZKHQ�WKH�ZRUG�ILOWHU�LV�XVHG
DQG�ZKHQ�LW�LV�QRW��DUH�LOOXVWUDWHG�LQ�7DEOH�����WKH�ILUVW�WHQ�HQWULHV�VWDUWLQJ�ZLWK
WKH�OHWWHU�/��

7DEOH�����2XSXW�IURP�)UDVVH���ZLWK�DQG�ZLWKRXW�ILOWHULQJ

:LWK�ILOWHU :LWKRXW�ILOWHU
ODEHO�FRQWUROV ODEHO�DIWHU�\RX
ODEHO�WRRO ODEHO�DQG
ODVW�ILHOG ODEHO�FRQWUROV
ODVW�QDPH ODEHO�IRU
ODVW�QDPH�ILHOG ODEHO�IRU�WKH
ODVW�QDPHV ODEHO�IURP
ODVW�SDJH ODEHO�IURP�D
ODVW�UHFRUG ODEHO�LQ�WKH
OD\RXW�SURSHUWLHV ODEHO�RI
OD\RXWIRUSULQW�SURSHUW\ ODEHO�RI�WKH

)UDVVH���KDV�QRW� EHHQ� LQFOXGHG� LQ� WKH�'$9(�SDFNDJH�\HW�� ,QVWHDG� LW� KDV� EHHQ
LPSOHPHQWHG� LQ�3HUO� DV� D� VWDQG�DORQH�SURJUDP�ZKLFK�KDV�PDLQO\�EHHQ�XVHG� LQ
FRQMXQFWLRQ�ZLWK�WKH�ZRUG�DOLJQPHQW�V\VWHP��/:$��GHVFULEHG�LQ�FKDSWHU���

,Q�WKH�QH[W�VHFWLRQ��WKH�WZR�GLIIHUHQW�YHUVLRQV�RI�WKH�0:8�H[WUDFWLRQ�SURJUDPV
�)UDVVH���DQG�)UDVVH����ZLOO�EH�FRPSDUHG�DQG�HYDOXDWHG�

������ &RPSDULVRQ�RI�WKH�ILUVW�DQG�VHFRQG�YHUVLRQ�RI�WKH�0:8�H[WUDFWLRQ
SURJUDPV

:KDW�DUH�WKH�UHVXOWV� LQ�WHUPV�RI�RXWSXW�GDWD�DQG�HIILFLHQF\� LI� WKH�WZR�GLIIHUHQW
DSSURDFKHV� WR� H[WUDFWLRQ� RI� 0:8V� GHVFULEHG� LQ� VHFWLRQV� ������ DQG� ������ DUH
FRPSDUHG"�,Q�WKH�ILUVW�DSSURDFK��RQO\�IUHTXHQF\�GDWD�DQG�D�ODQJXDJH�ILOWHU�ZHUH
XVHG�WR�FRQVWUDLQ�WKH�GLIIHUHQW�Q�JUDP�XQLWV��)UDVVH�����,Q�WKH�VHFRQG�DSSURDFK
�)UDVVH����� IUHTXHQF\� WKUHVKROGV� DQG� D�PRGLILHG� YHUVLRQ� RI� WKH� ODQJXDJH� ILOWHU
ZHUH� FRPELQHG� ZLWK� D� VWDWLVWLFDO� HQWURS\� PHDVXUH� WKDW� FDOFXODWHG� WKH
SUREDELOLWLHV�IRU�DGMDFHQW�VWULQJV�WR�EH�FRQVLGHUHG�DV�ZHOO�IRUPHG�0:8V�

,Q� WKH� IROORZLQJ� HYDOXDWLRQ�� WKH� VDPH� WH[W� KDV� EHHQ� XVHG� IRU� ERWK� V\VWHPV�
QDPHO\�WKH�(QJOLVK�0LFURVRIW�$FFHVV�8VHU·V�*XLGH��GHVFULEHG�LQ�VHFWLRQ������7KH
WH[W�FRQWDLQV���������ZRUGV��7KH�VDPH�ODQJXDJH�ILOWHU�ZDV�XVHG�LQ�ERWK�V\VWHPV�
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ZLWK�WKH�H[FHSWLRQ�RI����SURKLELWHG�ZRUGV�ZKLFK�ZHUH�RQO\�XVHG� LQ�WKH�VHFRQG
YHUVLRQ�RI�WKH�V\VWHP��7KH�V\VWHPV�ZHUH�UXQ�LQ�WZR�FRQILJXUDWLRQV��RQH�ZLWK�WKH
IUHTXHQF\�WKUHVKROG�VHW�WR���RFFXUUHQFHV�DQG�RQH�FRQILJXUDWLRQ�ZLWK�D�IUHTXHQF\
WKUHVKROG� RI� ��� )RU� )UDVVH���� WKH� HQWURS\� WKUHVKROG� ZDV� VHW� WR� ������ 7KH
PLQLPXP�VL]H�RI�WKH�0:8�ZDV���ZRUGV�IRU�ERWK�WKH�V\VWHPV��DQG�WKH�PD[LPXP
VL]H�� /�� ZDV� LQ� )UDVVH��� VHW� WR� ��� �LQ� )UDVVH���� WKLV� XSSHU� OLPLW� FDQQRW� EH
VSHFLILHG��

5HFDOO�FDQQRW�EH�PHDVXUHG�DV� WKHUH� LV�QR�UHOLDEOH�ZD\� WR�GHWHUPLQH�KRZ�PDQ\
ZHOO�IRUPHG� �RU� SUDFWLFDOO\� XVDEOH�� 0:8V� WKHUH� DUH� LQ� D� JLYHQ� WH[W�� EXW
FRPSDULVRQV� FDQ� EH�PDGH� EHWZHHQ� WKH� V\VWHPV� DQG� WKXV� UHODWLYH� UHFDOO� FDQ� EH
PHDVXUHG��3UHFLVLRQ�KDV�EHHQ�WHVWHG�RQ�DOO�WKH�RXWSXW�RI�DOO�WKH�0:8V�VWDUWLQJ
ZLWK�WKH�OHWWHU�/��+HUH�WKH�0:8V�KDYH�EHHQ�MXGJHG�DV�HLWKHU�´JRRGµ�RU�DV�´EDGµ
LQ�D�EURDG�VHQVH��$�´JRRG�0:8µ�LV�GHILQHG�DV�D�ZHOO�IRUPHG�OH[LFDO�XQLW��WHUP�
SKUDVH� RU� FROORFDWLRQ�� DQG� WKRVH�ZKLFK� GR� QRW� EHORQJ� WR� WKLV� FODVV� DUH� VLPSO\
MXGJHG�DV�´EDGµ�

7DEOH�����&RPSDULVRQ�RI�)UDVVH���DQG�)UDVVH��

6\VWHP )UHTXHQF\
WKUHVKROG

7RWDO
H[WUDFWHG
0:8V

0:8V� LQ
VDPSOH
�OHWWHU�/�

*RRG %DG 3UHFLVLRQ

)UDVVH�� � ���� �� �� �� �����
)UDVVH�� � ��� �� �� � ������
)UDVVH�� � ���� ��� ��� �� �����
)UDVVH�� � ���� �� �� � ������
)UDVVH��
�QR�SURKLELWHG�ZRUGV�

� ����� �� �� � �����

7KH�VWUHQJWKV�DQG�ZHDNQHVVHV�RI� WKH� WZR�YHUVLRQV�DUH�REYLRXV� IURP�WKH�DERYH
WDEOH��)UDVVH���ZLOO� SURGXFH� D� KLJKHU� QXPEHU� RI�0:8V�� EXW� RI� ORZHU� TXDOLW\�
)UDVVH��� RQ� WKH� RWKHU� KDQG� H[WUDFWV� IHZHU�0:8V� �ORZ� UHFDOO��� EXW� GRHV� WKLV
ZLWK� ���� SHU� FHQW� DFFXUDF\�� ,Q� RUGHU� WR� LQFUHDVH� WKH� UHFDOO� RI� )UDVVH���� DOO
SURKLELWHG�ZRUGV�ZHUH�GHOHWHG� IURP� WKH� ODQJXDJH� ILOWHU��ZKLFK�PDNHV�)UDVVH��
EHKDYH� PRUH� OLNH� )UDVVH��� DV� WKLV� IHDWXUH� LV� QRW� LQFOXGHG� LQ� WKH� ILUVW� V\VWHP�
:LWKRXW� SURKLELWHG� ZRUGV� LQ� WKH� ODQJXDJH� ILOWHU�� )UDVVH��� H[WUDFWHG� �����
0:8V�LQ�WRWDO��DQG����WKDW�VWDUWHG�ZLWK�WKH�OHWWHU�/��JLYHQ���DV�WKH�IUHTXHQF\
WKUHVKROG��+RZHYHU��SUHFLVLRQ�WKHQ�GHFOLQHG�WR�������SHU�FHQW��DV�VHYHQ�RI�WKH���
H[DPSOHV�ZHUH�MXGJHG�DV�LOO�IRUPHG�0:8V�

7R� LOOXVWUDWH� WKH� GLIIHUHQFH� EHWZHHQ� WKH� WZR� V\VWHPV�� D� OLVWLQJ� RI� WKH� ILUVW� ��
0:8V�VWDUWLQJ�ZLWK�WKH�OHWWHU�/�H[WUDFWHG�E\�)UDVVH���DQG�)UDVVH���DUH�VKRZQ
LQ�7DEOH����EHORZ��7KH�0:8V�FRQVLGHUHG�WR�EH�LOO�IRUPHG�DUH�LWDOLFLVHG�
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7DEOH�����([DPSOHV�RI�0:8V�H[WUDFWHG�E\�)UDVVH���DQG�)UDVVH��

)UDVVH�� )UDVVH��
0:8 )UHT� 0:8 +�VWU�
ODEHO�FRQWURO � ODEHO�FRQWUROV ����
ODEHO�FRQWUROV � ODEHO�WRRO ����
ODEHO�IURP�D�FRQWURO��DQG�ODWHU � ODVW�ILHOG ����
ODEHO�RI�DQ\�VL]H��E\�FOLFNLQJ � ODVW�QDPH ����
ODEHO�RI�WKH�WH[W�ER[ � ODVW�QDPH�DQG�ILUVW�QDPH�ILHOGV ����
ODEHO�WKDW�PLFURVRIW�DFFHVV�VL]HV�DV
\RX�W\SH��E\�FOLFNLQJ

� ODVW�QDPH�ILHOG ����

ODEHO�WR�VWDUW�DQG�WKHQ�W\SLQJ�WKH
WH[W�IRU�WKH�ODEHO

� ODVW�QDPHV ����

ODEHO� WR� VWDUW�� GUDJJLQJ� WKH� SRLQWHU
XQWLO� WKH� ODEHO� LV� WKH� VL]H� \RX�ZDQW�
DQG�WKHQ�W\SLQJ�WKH�WH[W�LQ�WKH�ODEHO

� ODVW�SDJH ����

ODEHO�WR�WKH�FRQWURO � ODVW�UHFRUG ���
ODEHO�WRRO�LQ�WKH�WRROER[ � OD\RXW�DQG�IRUPDWWLQJ�HOHPHQWV ����
ODEHO�WRRO�WR�FUHDWH�D�ODEHO��WKH�ODEHO
LV�IUHHVWDQGLQJ��

� OD\RXWIRUSULQW�SURSHUW\ �

ODEHO�WRRO � OHYHOV�RI�VXEIRUPV ����
ODEHO��DQG�UHVL]H�WKH�VHFWLRQ � OLPLW�UHFRUGV ����
ODEHO��GRXEOH�FOLFN � OLPLWWROLVW�SURSHUW\ ����
ODEHO��LW·V�QR�ORQJHU�DWWDFKHG�WR�WKH
WH[W�ER[

� OLQH�LWHP ����

ODEHO��WH[W�ER[ � OLQH�RI�WH[W ����
ODEHOV�LQ�WKH�SDJH�KHDGHU � OLQHV�DQG�UHFWDQJOHV ����
ODEHOV�LQWR�WKH�SDJH�KHDGHU � OLQN�GDWD ����
ODVW�GLDORJ�ER[ � OLQNFKLOGILHOGV�SURSHUW\ ����
ODVW�GLDORJ�ER[��FOLFN�WKH�ILQLVK
EXWWRQ�WR�GLVSOD\

� OLQNHG�REMHFW ����

%HFDXVH� SURKLELWHG� ZRUGV� DUH� XVHG� E\� )UDVVH��� ZKHQ� LW� H[UDFWHG� WKH�0:8V
VKRZQ�DERYH��PDQ\�RI�WKH�XQZDQWHG�0:8V�H[WUDFWHG�E\�)UDVVH���DUH�ILOWHUHG
RXW��)RU�H[DPSOH��WKH�ZRUGV�´Dµ��´WKHµ��´WKDWµ��´\RXµ��´LW·Vµ�DQG�´WRµ�DUH�LQFOXGHG�LQ
WKH�SURKLELWHG�ZRUGV��2Q�WKH�RWKHU�KDQG��EHFDXVH�RI�WKH�ORZHU�UHFDOO�RI�)UDVVH���
VRPH� RI� WKH� ZHOO�IRUPHG� 0:8V� IRXQG� E\� )UDVVH��� FDQQRW� EH� LGHQWLILHG� E\
)UDVVH����SULPDULO\�EHFDXVH�WKHVH�0:8V�GR�QRW�JHW�RYHU�WKH�HQWURS\�WKUHVKROG�
,W� LV� ZRUWK� SRLQWLQJ� RXW� WKDW� LI� SURKLELWHG� ZRUGV� DUH� XVHG� E\� )UDVVH���� WKH
0:8V�H[WUDFWHG�ZLOO�QDWXUDOO\�EH�VKRUWHU��EXW�LW�GRHV�QRW�QHFHVVDULO\�PHDQ�WKDW
WKH� ORQJHU�0:8V�WKDW�)UDVVH���SURGXFHV�DUH�PLVVHG�DOWRJHWKHU��)UDVVH���ZLOO
´EUHDNµ�DQ�0:8�DV�VRRQ�DV�D�SURKLELWHG�ZRUG�DSSHDUV��EXW� WKH�VWULQJV�EHIRUH
DQG�DIWHU�WKDW�SURKLELWHG�ZRUG�PD\�YHU\�ZHOO�WXUQ�RXW�WR�EH�DFFHSWDEOH�0:8V�
&RQVLGHU� DQ� 0:8� VXFK� DV� ´OLQNLQJ� ILHOGV� LQ� WKH� PDLQ� UHSRUWµ� H[WDFWHG� E\
)UDVVH����$OWKRXJK�)UDVVH���FRXOG�QRW�GHWHFW�WKLV�SDUWLFXODU�0:8��WZR�RI�WKH
VXEVXPHG�VWULQJV�DUH�SDVVHG�DV�DFFHSWDEOH�0:8V�E\�)UDVVH����´OLQNLQJ�ILHOGVµ�
DQG�´PDLQ�UHSRUWµ��,Q�VRPH�DSSOLFDWLRQV��OLNH�ZRUG�DQG�SKUDVH�OLQNLQJ��LW�LV�PRUH
OLNHO\�WKDW�VXFFHVVIXO� OLQNV�FDQ�EH�PDGH�EHWZHHQ�WKH�VKRUWHU�VXEVXPHG�0:8V
DQG�WKHLU�FRUUHVSRQGLQJ�WDUJHW�XQLWV��DV�WKHVH�ZLOO�KDYH�KLJKHU�IUHTXHQFLHV�WKDQ
WKH�ORQJHU�0:8��+RZHYHU��HDFK�V\VWHP�KDV�LWV�XQLTXH�VWUHQJWK��)RU�DXWRPDWLF
SURFHVVLQJ��ZKHQ�WKHUH�DUH�IHZ�RU�QR�UHVRXUFHV�DYDLODEOH�IRU�PDQXDO�UHYLVLRQ�RI
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0:8�GDWD��)UDVVH���ZRXOG�HQVXUH�WKDW�WKH�0:8V�EHLQJ�H[WUDFWHG�DUH�RI�KLJK
TXDOLW\�� )XUWKHUPRUH�� )UDVVH��� LV� EHWWHU� DW� GHWHFWLQJ� PRUH� WHUPLQRORJ\�VW\OH
0:8V�DV�WRR�ORQJ�0:8V�DUH�DYRLGHG�XQOHVV�WKH\�SDVV�WKH�ODQJXDJH�ILOWHU�DQG
HQWURS\� WKUHVKROGV��7R� LOOXVWUDWH� WKDW� )UDVVH��� GRHV� QRW� DYRLG� ORQJHU�0:8V
DOWRJHWKHU�FRQVLGHU�WKH�IROORZLQJ�VL[�ZRUG�0:8V�H[WUDFWHG�E\�)UDVVH���

QRUWKZLQG�HPSOR\HH�VDOHV�E\�FRXQWU\�UHSRUW

HPSOR\HH�VDOHV�E\�FRXQWU\���UHSRUW

VDOHV�E\�VDOH�DPRXQW���UHSRUW

VXPPDU\�RI�VDOHV�E\�\HDU�UHSRUW

ODVW�QDPH�DQG�ILUVW�QDPH�ILHOGV

QRUWKZLQG�DOSKDEHWLFDO�OLVW�RI�SURGXFWV�UHSRUW

RUGHU�LG�DQG�RUGHU�GDWH�ILHOGV

LQWHUQDWLRQDO�VHFWLRQ�RI�ZLQGRZV�FRQWURO�SDQHO

UHSRUW�RU�UHSRUW�VHFWLRQ�SURSHUW\�VHWWLQJ

)RU� RWKHU� SXUSRVHV�� ZKHQ� D� KXPDQ� FDQ� UHYLVH� WKH� PRUH� LPSUHFLVH� GDWD� IURP
)UDVVH��� DQG� GHOHWH� XQZDQWHG�0:8V�� )UDVVH��� PLJKW� EH� WKH� V\VWHP� WR� XVH�
$QRWKHU�RSWLRQ� LV� WR�XVH�ERWK� V\VWHPV�� ILUVW�)UDVVH��� WR�DFTXLUH� D�KLJK�TXDOLW\
FRUH�RI�0:8V�DQG�WKHQ�DGG�WKH�RXWSXW�IURP�)UDVVH���DIWHU�KXPDQ�UHYLVLRQ

,Q�SUDFWLFDO�WHVWV��WKH�V\VWHPV�DUH�ERWK�HIILFLHQW�DV�IDU�DV�WLPH�JRHV��8VLQJ�D����
0K]� 3HQWLXP� ,,,� 3&� ZLWK� ���� 0%� RI� 5$0�� )UDVVH��� QHHGHG� �� PLQXWHV� WR
H[WUDFW� 0:8V� RQ� D� �������� ZRUG� WH[W� �PLQ�� IUHTXHQF\� ���� 7KH� VDPH
FRQILJXUDWLRQ��DQG�D�����HQWURS\�WKUHVKROG��WRRN�)UDVVH���MXVW�XQGHU���PLQXWHV
RQ�WKH�VDPH�PDFKLQH�

7KH� PDLQ� DGYDQWDJH� IRU� WKHVH� WZR� V\VWHPV� LV� WKDW� WKH\� GR� QRW� UHTXLUH� DQ\
OLQJXLVWLF� LQIRUPDWLRQ�� DSDUW� IURP� ZKDW� WKH� XVHU� ZRXOG� OLNH� WR� LQVHUW� LQ� WKH
ODQJXDJH� ILOWHUV�� 7KLV� PHDQV� WKDW� DGDSWDWLRQV� WR� QHZ� �ZHVWHUQ�(XURSHDQ�
ODQJXDJHV� DUH� HDV\� WR� GR� �WKH� V\VWHP� KDV� EHHQ� WHVWHG� IRU� (QJOLVK�� 6ZHGLVK�
*HUPDQ� DQG� )UHQFK��� 7KH� XVH� RI� VKDOORZ� GDWD� DQG� VWDWLVWLFV� LV� WKHUHIRUH� LWV
VWUHQJWK�EXW�DOVR�LWV�ZHDNQHVV��DV�LW�LV�GLIILFXOW�WR�JHQHUDOLVH�WKH�ODQJXDJH�ILOWHUV
E\�XVLQJ�ZRUG�FDWHJRULHV�RU�JUDPPDU�UXOHV��:LWK�SDUWV�RI�VSHHFK�WDJJHG�WH[WV�
LW�ZRXOG� EH� SRVVLEOH� WR� VSHFLI\� WKH� ODQJXDJH� ILOWHUV� LQ� JUDPPDWLFDO� WHUPV�� DQG
DSSO\�WKHP�WRJHWKHU�ZLWK�WKH�VWDWLVWLFDO�PDFKLQHU\��)XUWKHUPRUH��6KLPRKDWD�HW
DO�� ������� DQG� 6PDGMD� ������� KDYH� VKRZQ� KRZ� VLJQLILFDQW� Q�JUDPV�� L�H�
XQLQWHUUXSWHG�0:8V�OLNH�WKH�RQHV�WKH�)UDVVH�V\VWHPV�H[WUDFW��FDQ�EH�H[SDQGHG
WR�LQWHUUXSWHG�SKUDVDO�WHPSODWHV��VXFK�DV�´)RU�PRUH�LQIRUPDWLRQ�RQ�«��UHIHU�WR
WKH�«�PDQXDO�«µ��7KLV�LV�RQH�LQWHUHVWLQJ�IHDWXUH�WKDW�FRXOG�EH�LQFOXGHG�LQ�WKLV
V\VWHP�

)UDVVH��� KDV� EHHQ� XVHG� WRJHWKHU�ZLWK� WKH�/LQN|SLQJ�:RUG�$OLJQHU� �/:$�� LQ
RUGHU� WR� DOLJQ� WH[WV� RQ� WKH� ZRUG� DQG�0:8� OHYHOV� DQG� WR� FRPSLOH� ELOLQJXDO
OH[LFRQV��VHH�FKDSWHU����
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���� 0HDVXULQJ�UHFXUUHQFH

7KH�$QDO\VLV�FRPSRQHQW�RI�'$9(�FDQ�PHDVXUH�WKH�UHFXUUHQFH�UDWHV�IRU�D�WH[W�
ERWK�DW� WKH� VHQWHQFH� OHYHO� DQG�DW� WKH�0:8�OHYHO��7KLV� LV� WKH� FRPSRQHQW� WKDW
ZDV� XVHG� LQ� VHFWLRQ� ���� LQ� WKH� SUHYLRXV� FKDSWHU�� *LYHQ� D� 5HFXUUHQW� 6HQWHQFH
7DEOH�WKH�VHQWHQFH�UHFXUUHQFH�UDWH�IRU�WKH�WH[W�FDQ�EH�PHDVXUHG�

,QSXW��$�5HFXUUHQW�6HQWHQFH�7DEOH�ZLWK�UHFRUGHG�SRVLWLRQV

2XWSXW������7RWDO�QXPEHU�RI�ZRUGV�LQ�WKH�DQDO\VHG�WH[W������QXPEHU�RI�ZRUGV�WKDW�ZHUH

SDUW�RI�UHFXUUHQW�VHQWHQFHV��DQG�����WKH�UDWLR�RI�����WR�����H[SUHVVHG�DV�D�SHUFHQWDJH�

*LYHQ�DQ�0:8�WDEOH�WKH�0:8�UHFXUUHQFH�UDWH�IRU�WKH�WH[W�FDQ�EH�PHDVXUHG�LQ
D�VLPLODU�ZD\�

,QSXW��$�0:8�7DEOH�ZLWK�UHFRUGHG�SRVLWLRQV

2XWSXW������7RWDO�QXPEHU�RI�ZRUGV�LQ�WKH�DQDO\VHG�WH[W������QXPEHU�RI�ZRUGV�WKDW�ZHUH

SDUW�RI�UHFXUUHQW�0:8V��DQG�����7KH�UDWLR�RI�����WR�����H[SUHVVHG�DV�D�SHUFHQWDJH�

7KH�WRRO�FDOFXODWHV�WKH�UHFXUUHQFH�UDWH�E\�SRVLWLRQLQJ�DOO�0:8�W\SHV�RQ�WRS�RI
WKH�DFWXDO�WH[W��7KH�IDFW�WKDW�0:8V�PD\�EH�RYHUODSSLQJ�LV�UHSUHVHQWHG�LQ�WKH
UHVXOWLQJ� ILJXUHV�� 7KH� $QDO\VLV� FRPSRQHQW� RI� '$9(� FRQWDLQV� IXQFWLRQV� IRU
FDOFXODWLQJ�WKH�UHFXUUHQFH�UDWH�IRU�RQH�RU�VHYHUDO�0:8�WDEOHV��,W�LV�DOVR�SRVVLEOH
WR�FUHDWH�D�ODUJHU�0:8�WDEOH�E\�XQLI\LQJ�WZR�RU�PRUH�0:8�WDEOHV�DQG�UHFRUG
VWULQJ� DQG� SRVLWLRQ� GDWD� LQ� D� QHZ�0:8� WDEOH�� 7KLV� FDQ� EH� XVHIXO� LI� VHSDUDWH
DQDO\VHV�KDYH�EHHQ�PDGH�RI�WH[WV�WKDW�DUH�UHODWHG�LQ�VRPH�ZD\��,Q�WKH�VDPH�ZD\�
LW� LV� SRVVLEOH� WR� H[WUDFW� WKH� FRPPRQ�0:8V� RU� VHQWHQFHV� IURP� WZR� WH[WV� E\
XVLQJ�WKH�,QWHUVHFWLRQ�RSWLRQ��7KLV�UHVXOWV�LQ�D�QHZ�WDEOH�WKDW�FRQWDLQV�RQO\�WKH
VHW�RI�FRPPRQ�VHQWHQFHV�RU�0:8V�IURP�WZR�RUH�PRUH�WDEOHV�KROGLQJ�UHFXUUHQW
GDWD�

%\�DOORZLQJ�WKH�XVHU�WR�PDQXDOO\�ILOWHU�DQ�0:8�OLVW��WKH�TXDOLW\�RI�WKH�0:8
GDWD�FDQ�EH� LQFUHDVHG�� ,Q�RUGHU� WR�EH�DEOH� WR�PHDVXUH� WKH�UHFXUUHQFH�UDWHV�� WKH
XVHU�FDQ�UHUXQ�D�PDQXDOO\�UHYLVHG�OLVW�RI�0:8V�DJDLQVW�WKH�RULJLQDO�0:8�OLVW
E\�XVLQJ�WKH�RSWLRQ�´6HOHFWLRQµ��VKRZQ�)LJXUH������7KLV�SURFHVV�ZLOO�UHWDLQ�WKH
IUHTXHQF\�DQG�SRVLWLRQ�GDWD� IRU� DOO� WKH�0:8V�SUHVHQW� LQ� WKH� UHYLVHG� OLVW�� DQG
RPLW�DQ\�RWKHU�LWHP�
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)LJXUH�����'LDORJ�ER[�ZLWK�RSWLRQV�IRU�FDOFXODWLQJ�UHFXUUHQFH�UDWH��XQLI\LQJ�0:8�WDEOHV�
DQDO\]LQJ�WKH�LQWHUVHFWLRQ�VHW�RI�WZR�0:8�WDEOHV�

$Q�H[DPSOH�RI� WKH�UHFXUUHQFH�GDWD�UHWXUQHG�E\� WKH� WRRO� LV� VKRZQ� LQ�7DEOH����
7KH�WH[W�LW�KDV�EHHQ�DSSOLHG�WR�KHUH�LV�WKH�&OLHQW�$FFHVV�IRU�:LQGRZV�IURP�,%0�
ZKLFK�LV�D�FRPSDUDWLYHO\�VKRUW�WH[W��EXW�WKH�UHFXUUHQFH�UDWHV�DUH�VWLOO�UHODWLYHO\
KLJK�

7DEOH�����([DPSOH�RI�UHFXUUHQFH�UDWH

6HQWHQFHV 0:8V��

7RWDO�QXPEHU�RI�ZRUGV ����� �����
&RYHUHG�QXPEHU�RI�ZRUGV ���� ����
&RYHUHG�SDUW ������ ������

7KH� $QDO\VLV� FRPSRQHQW� FDQ� EH� XVHG� GLDJQRVWLFDOO\� LQ� VHYHUDO� ZD\V�� )RU
H[DPSOH��D�WH[W�SURILOH�FDQ�EH�JHQHUDWHG�VKRZLQJ�ZKDW�SDUWV�DUH�FRYHUHG�WR�ZKDW
H[WHQW� E\� UHFXUUHQW� LWHPV� DW� YDULRXV� OHYHOV� RI� DEVWUDFWLRQ�� DQG� WKH� UHFXUUHQW
LWHPV�FDQ�EH�FKHFNHG�IRU�FRXQWHUSDUWV� LQ�DQ�H[LVWLQJ�WUDQVODWLRQ�PHPRU\��%RWK
NLQGV� RI� LQIRUPDWLRQ� DUH� UHOHYDQW� IRU� GHFLGLQJ� ZKDW� HIIRUWV� DQG� UHVRXUFHV� DUH
QHHGHG�IRU�WKH�WUDQVODWLRQ�RI�WKH�JLYHQ�WH[W�ERG\��,W�FDQ�DOVR�SURYLGH�LQIRUPDWLRQ
DERXW�KRZ�SDUWV�RI�D�GRFXPHQW�DUH�UHODWHG��,Q�D�WUDQVODWLRQ�VLWXDWLRQ��LW�PD\�EH
WKH� FDVH� WKDW� D� KDQGERRN� LV� FRPSRVHG� RI� FKDSWHUV� ZLWK� GLIIHUHQW� WUDQVODWLRQ
SURILOHV�� ZKLFK� FRXOG� LQGLFDWH� WKDW� PD[LPDO� WUDQVODWLRQ� HIILFLHQF\� ZRXOG� EH
JDLQHG� LI� VLPLODU� FKDSWHUV� ZHUH� SURFHVVHG� E\� RQH� W\SH� RI� PHWKRG�� DQG� RWKHU
FKDSWHUV�E\�DQRWKHU�PHWKRG�

7KH�0:8�DQG�VHQWHQFH� OLVWV�JHQHUDWHG�E\�'$9(�FDQ�EH�YLHZHG�PDQXDOO\�RU
DQDO\VHG�DXWRPDWLFDOO\�LQ�RUGHU�WR�GHWHFW�XQQHFHVVDU\�VW\OLVWLF�YDULDWLRQ��H�J��WKH

����������������������������������������������������������
���,Q�WKH�H[DPSOH��WKH�PLQLPXP�IUHTXHQF\�KDV�EHHQ�VHW�WR���DQG�WKH�PLQLPXP�VHJPHQW�OHQJWK�WR���
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SUHSRVLWLRQV� WKDW� JR� ZLWK� WKH� FRPSOHPHQWV� RI� FHUWDLQ� QRXQV� DQG� YHUEV� LQ
H[DPSOHV�VXFK�DV� LQIRUPDWLRQ�RQ�YV�� LQIRUPDWLRQ�DERXW��$�FRPSOHWH�GHVFULSWLRQ�RI
WHUPLQRORJLFDO�YDULDWLRQ�FDQ�SUREDEO\�RQO\�EH�REWDLQHG�RQ�WKH�EDVLV�RI�VHPDQWLF
WDJJLQJ� RU� DQ� H[LVWLQJ� WHUPLQRORJLFDO� GDWDEDVH� ZLWK� D� FRPSOHWH� FRYHUDJH� RI
V\QRQ\PV��7KH�DWWHPSW�KHUH�LV�WR�XVH�WKH�FRUSXV�LQ�RUGHU�WR�LGHQWLI\�XQLWV�WKDW
KDYH� WKH� VDPH� WUDQVODWLRQ�� FRQFHQWUDWLQJ�RQ� FRQFHSWV� DQG� FRQVWUXFWLRQV�ZKHUH
FRQVLVWHQF\�LV�YLWDO��H�J��LQ�WKH�XVH�RI�GRPDLQ�WHUPV�

���� 6HQWHQFH�DQG�SDUDJUDSK�DOLJQPHQW

,Q�RUGHU�WR�UHXVH�WUDQVODWHG�PDWHULDO��WKHUH�PXVW�EH�WRROV�DQG�PHWKRGV�WR�EXLOG
XS�WUDQVODWLRQ�PHPRULHV�IURP�H[LVWLQJ�WUDQVODWLRQV��VHH�VHFWLRQ�������LQ�&KDSWHU
����7KLV�LV�FDOOHG�DOLJQLQJ�WKH�VRXUFH�DQG�WKH�WDUJHW�WH[WV�

7KH� DOLJQPHQW� FRPSRQHQW� LQ� '$9(� LV� EDVHG� RQ� WKH� DOLJQPHQW� DOJRULWKP
SUHVHQWHG�LQ�*DOH�DQG�&KXUFK���������7KH�V\VWHP�FUHDWHV�ELWH[WV�IURP�D�VRXUFH
DQG�D�WDUJHW�WH[W��WKDW�LV��LW�OLQNV�D�VHQWHQFH�LQ�WKH�RULJLQDO�ZLWK�D�FRUUHVSRQGLQJ
VHQWHQFH� LQ� WKH� WDUJHW� GRFXPHQW�� $SDUW� IURP� ���� UHODWLRQV�� WKH� SURJUDP� DOVR
KDQGOHV�����DQG�����UHODWLRQV� ���VRXUFH�VHQWHQFH����� WDUJHW� VHQWHQFHV���� VRXUFH
VHQWHQFHV� ���� WDUJHW� VHQWHQFH���7KH� ILUVW�YHUVLRQ� �FRPPDQG� OLQH�YHUVLRQ��ZDV�D
IXOO\�DXWRPDWLF�DOLJQPHQW� �L�H��� WKH�V\VWHP�SHUIRUPHG�DOO� WKH�DOLJQPHQWV� LQ�RQH
EDWFK��ZLWK�QR�SRVVLELOLW\� IRU�WKH�XVHU�WR� LQWHUDFW�ZLWK�WKH�SURJUDP��FI��0HUNHO
�������7KLV�FKDUDFWHU�EDVHG�V\VWHP�SHUIRUPHG�UHDVRQDEO\�ZHOO�RQ�VPDOOHU�VL]HG
WH[WV��$�WHVW�UXQ�RQ�D�VDPSOH�RI�PDQXDOO\�WUDQVODWHG�WH[W��VKRZHG�WKDW�RXW�RI����
VHQWHQFHV�� LW� IDLOHG� RQ� RQO\� �� VHQWHQFHV� ZKHQ� UXQ� LQ� IXOO\� DXWRPDWLF� PRGH�
+RZHYHU�� WR� FRUUHFW� WKH�PLVWDNHV�PDGH�RQ� ODUJHU� WH[WV�ZDV� D� WLPH�FRQVXPLQJ
DQG�GLIILFXOW�WDVN�� LI�WKH�DLP�ZDV�WR�SURGXFH�KLJK�TXDOLW\�DOLJQPHQWV�WKDW�FRXOG
EH� XVHG� IRU� ODWHU� OLQJXLVWLF� DQDO\VHV�� 7KHUHIRUH�� WKH� QH[W� YHUVLRQ�� LQFOXGHG� LQ
'$9(�� FRQWDLQHG� D� JUDSKLFDO�� LQWHUDFWLYH� PHWKRG� RI� DOLJQPHQW� ZKHUH� WKH
DOLJQPHQW�LV�SHUIRUPHG�LQ�WZR�VWHSV������SDUDJUDSK�DQG�����VHQWHQFH�DOLJQPHQW�

������ 3DUDJUDSK�DOLJQPHQW
7KH� LQSXW� WR� WKH� SDUDJUDSK� DOLJQPHQW� FRPSRQHQW� LV� D� VRXUFH� WH[W� ILOH� DQG� D
WDUJHW� WH[W� ILOH�� 7KH� REMHFWLYH� LV� WR� SURGXFH� WZR� QHZ� ILOHV� ZKHUH� HDFK� ILOH� LV
V\QFKURQLVHG�RQ�WKH�SDUDJUDSK�OHYHO��7R�EH�DEOH�WR�GR�WKLV�WKH�XVHU�LV�SUHVHQWHG
ZLWK�WKH�LQWHUIDFH�VKRZQ�LQ�)LJXUH����
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)LJXUH�����3DUDJUDSK�DOLJQPHQW�FRPSRQHQW

7KH� VRXUFH� DQG� WDUJHW� WH[WV� DUH� SUHVHQWHG� LQ� D� VFUROODEOH� WDEOH�ZLQGRZ� WR� WKH
OHIW��ZKLFK� FDQ�EH� HGLWHG�ZLWK� WKH� XVH� RI� WKH�$FWLRQ� EXWWRQV� WR� WKH� ULJKW��7KH
SRVVLEOH� DFWLRQV� WKDW� FDQ� EH� DSSOLHG� DUH� ���� WR� VSOLW� D� SDUDJUDSK� �WR�PDNH� WZR
SDUDJUDSKV�IURP�RQH�RULJLQDO�SDUDJUDSK�������WR�LQVHUW�D�QHZ�SDUDJUDSK��HPSW\��
DQG� ���� WR� GHOHWH� D� SDUDJUDSK�� $FWLRQV� �� DQG� �� VKRXOG� EH� VHHQ� DV� VXEVWHSV� LQ
FUHDWLQJ�WKH�FRUUHFW�SDUDJUDSK�DOLJQPHQW��IRU�H[DPSOH��LI�WKH�XVHU�KDV�VSOLW�RQH
SDUDJUDSK� LW� PD\� EH� QHFHVVDU\� WR� GHOHWH� DQ� HPSW\� SDUDJUDSK� WR� DFKLHYH� WKH
FRUUHFW�SDUDJUDSK�DOLJQPHQW��7KH�8SGDWH�EXWWRQ�LV�XVHG�LQ�FRQMXQFWLRQ�ZLWK�WKH
(GLW�ZLQGRZ��ZKLFK�KROGV�WKH�DFWLYH�SDUDJUDSK��DQG�DOORZV�WKH�XVHU�WR�FRUUHFW
DQ\� SRVVLEOH� PLVWDNHV� LQ� WKH� LQSXW� �IRU� H[DPSOH�� 2&5� PLVWDNHV��� :KHQ� VXFK
PLVWDNHV� KDYH� EHHQ� FRUUHFWHG� LQ� WKH� (GLW� ZLQGRZ�� WKH� XVHU� FOLFNV� WKH� 8SGDWH
EXWWRQ�DQG�WKH�WDEOH�WR�WKH�OHIW�ZLOO�EH�XSGDWHG��7R�PDNH�LW�HDVLHU�IRU�WKH�XVHU�
WKH�V\VWHP�ORDGV�����SDUDJUDSKV�DW� WLPH��DQG�DIWHU�YHULI\LQJ�WKHVH�SDUDJUDSKV�
WKH�XVHU�FDQ�DVN�WKH�V\VWHP�WR�ORDG�WKH�QH[W�����SDUDJUDSKV��RU�DOWHUQDWLYHO\�WKH
UHVW�RI�WH[W�FRXOG�EH�ORDGHG�LQWR�WKH�WDEOH�

,I� WKH�WH[WV�DUH�RI�JRRG�TXDOLW\�� WKH�SDUDJUDSK�DOLJQPHQW�SKDVH� LV�XVXDOO\�YHU\
VWUDLJKWIRUZDUG��,Q�WKH�/LQN|SLQJ�7UDQVODWLRQ�&RUSXV��ZKLFK�ZDV�DOLJQHG�ZLWK
WKLV�WRRO��WKHUH�DUH�RQO\�PLQRU�GLIIHUHQFHV�EHWZHHQ�WKH�SDUDJUDSKV�LQ�WKH�VRXUFH
DQG� WDUJHW� WH[WV�� 7KH� PD[LPXP� WLPH� IRU� DOLJQLQJ� SDUDJUDSKV� IRU� WKH� WH[WV
LQFOXGHG�LQ�WKH�/LQN|SLQJ�7UDQVODWLRQ�&RUSXV�GHVFULEHG�LQ�&KDSWHU���ZDV�KDOI�DQ
KRXU�
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������ 6HQWHQFH�DOLJQPHQW
7KH�VHFRQG�VWHS�WRZDUGV�D�FRPSOHWH�DOLJQPHQW�LV�WKH�VHQWHQFH�DOLJQPHQW��EDVHG
RQ�WKH�SDUDJUDSK�DOLJQHG�LQSXW�ILOHV��7R�JXDUDQWHH�KLJK�TXDOLW\�UHVXOWV�WKH�XVHU
FDQ�FKRRVH�EHWZHHQ� WKUHH�GLIIHUHQW�PRGHV�RI� DOLJQPHQW�� ����)XOO\� DXWRPDWLF�� ���
6HPL�DXWRPDWLF�DQG�����0DQXDO�DOLJQPHQW��´/HVV�$XWRPDWLFµ���$IWHU�FRPSOHWLRQ�RI
WKH�DOLJQPHQW��QR�PDWWHU�ZKDW�PRGH�LV�XVHG��WKH�XVHU�DOZD\V�KDV�WKH�SRVVLELOLW\
WR� UHYLVH� WKH� DOLJQPHQWV� PDGH� E\� WKH� V\VWHP� LQ� D� GHVLJQDWHG� HGLWRU�� )XOO\
DXWRPDWLF�DOLJQPHQW�PHDQV�WKDW�WKH�V\VWHP�FRPSOHWHV�WKH�DOLJQPHQW�DV�ZHOO�DV�LW
FDQ�� 6HPL�DXWRPDWLF� DOLJQPHQW� PHDQV� WKDW� WKH� V\VWHP� KDOWV� DW� HUURU�SURQH
SDVVDJHV�� IRU� H[DPSOH�� ZKHQ� WKHUH� DUH� VHYHUDO� SRVVLEOH� ZD\V� RI� PDSSLQJ� WKH
VHQWHQFHV�LQ�D�JLYHQ�SDUDJUDSK��7KH�XVHU�FDQ�WKHQ�GHFLGH�LI�WKH�V\VWHP·V�SURSRVDO
VKRXOG� EH� DFFHSWHG� RU� FKDQJH� WKH� DOLJQPHQW� PDSSLQJ� DFFRUGLQJ� WR� KHU� RZQ
MXGJHPHQWV��,Q�WKH�0DQXDO�DOLJQPHQW�PRGH��WKH�XVHU�KDV�WR�YHULI\�WKH�VXJJHVWHG
VHQWHQFH�PDSSLQJV� IURP� WKH� V\VWHP� DV� WKH� V\VWHP�KDOWV� DW� HDFK� SDUDJUDSK�� ,Q
)LJXUH����WKH�LQWHUIDFH�IRU�WKH�VHQWHQFH�DOLJQPHQW�FRPSRQHQW�LV�VKRZQ��+HUH�WKH
DOLJQPHQW�KDV�EHHQ�UXQ�LQ�VHPL�DXWRPDWLF��LQWHUDFWLYH��PRGH��DQG�WKH�V\VWHP�KDV
KLJKOLJKWHG� D� SDVVDJH� LQ� SDUDJUDSK� ��� RI� WKH� WH[W��ZKHUH� WKH� XVHU� LV� DVNHG� WR
YHULI\�WKH�DOLJQPHQW�RI�VHQWHQFH�QXPEHU���ZKHUH�WKH�V\VWHP�KDV�VXJJHVWHG�D����
PDSSLQJ�

)LJXUH�����6HQWHQFH�DOLJQPHQW�FRPSRQHQW
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7KH�DFWLRQ�EXWWRQV�DUH�VLPLODU�WR�WKH�RQHV�XVHG�LQ�SDUDJUDSK�DOLJQPHQW��QDPHO\
6SOLW��,QVHUW��8SGDWH�DQG�'HOHWH�

7KH� H[SHULHQFH� ZLWK� WKH� DOLJQPHQW� WRRO� KDV� EHHQ� SRVLWLYH�� *LYHQ� D� FRUUHFW
SDUDJUDSK�DOLJQPHQW��WKH�WLPH�IRU�DOLJQLQJ�D���������ZRUG�FRUSXV�LV�DERXW�RQH
WR�IRXU�KRXUV�GHSHQGLQJ�RQ�KRZ�PDQ\�����������Q���DQG���Q�PDSSLQJV�WKDW�DUH
QHHGHG�WR�SURGXFH�WKH�FRUUHFW�SDUDOOHO�WH[W��8VXDOO\�WKH�V\VWHP�SHUIRUPV�ZHOO�RQ
DOO����������DQG�����PDSSLQJV��EXW�H[SHULHQFH�KDV�VKRZQ�WKDW�LW�LV�VDIHU�WR�DOZD\V
UXQ� WKH� V\VWHP� LQ� ´VHPL�DXWRPDWLFµ�PRGH� WR� HQVXUH�PRUH� RU� OHVV� ����SHU� FHQW
FRUUHFW�RXWSXW�GDWD�

���� 'LVFUHSDQF\�DQDO\VLV

,Q� FKDSWHU� �� D� VWXG\�ZKHUH� YDULDQW� WUDQVODWLRQV�ZHUH� WKH� REMHFWV� LQ� IRFXV�ZDV
SUHVHQWHG�� ,Q� WKLV� LQYHVWLJDWLRQ� WKH� GDWD� XVHG� LQ� WKH� TXHVWLRQQDLUHV� ZHUH
FRPSLOHG�PRUH�RU�OHVV�PDQXDOO\��7KH�ILUVW�VWHS�ZDV�WR�XVH�D�SURJUDP�WR�H[WUDFW
WKH�UHFXUUHQW�VHQWHQFHV�LQ�ERWK�WKH�VRXUFH�DQG�WDUJHW�WH[WV��7KHQ�WKH�IUHTXHQF\
GDWD�IRU�WKH�VHQWHQFH�W\SHV�ZHUH�FRPSDUHG�DQG�ZLWK�WKHVH�DV�D�VWDUWLQJ�SRLQW�WKH
SDUDOOHO�WH[W�ZHUH�H[DPLQHG�LQ�RUGHU�WR�LGHQWLI\�SRVVLEOH�WUDQVODWLRQ�YDULDQWV�IRU
LGHQWLFDO�VRXUFH�VHQWHQFHV��7KH�SURFHVV�RI�H[WUDFWLQJ�LQFRQVLVWHQFLHV�LV�VWUDLJKW�
IRUZDUG��VR�ZH�GHVLJQHG�D�VLPSOH�WRRO��WKH�'LVFUHSDQF\�7RRO�WKDW�ZRXOG�GR�WKH
VDPH�ZRUN�DXWRPDWLFDOO\��JLYHQ�D�VHQWHQFH�DOLJQHG�WH[W�

7KH�WDVN�IRU�WKH�'LVFUHSDQF\�WRRO�LV�SULPDULO\�WR�LGHQWLI\�WKH�LQFRQVLVWHQFLHV��LQ
WKH�IROORZLQJ�ZD\�

��� ,GHQWLI\�DOO�UHSHDWHG�VHQWHQFH�W\SHV�IURP�WKH�VRXUFH�WH[W�

��� )RU�HDFK�UHSHDWHG�VHQWHQFH�W\SH��FROOHFW�DOO�WDUJHW�VHQWHQFHV�

��� 5HFRUG�ZKHWKHU� WKH� WUDQVODWLRQV� DUH� FRQVLVWHQW� �L�H��� WKH� VRXUFH� VHQWHQFH� LV
WUDQVODWHG� ZLWK� D� VLQJOH� WDUJHW� VHQWHQFH��� RU� LQFRQVLVWHQW� �L�H��� WKH� VRXUFH
VHQWHQFHV�DUH�WUDQVODWHG�ZLWK�WZR�RU�PRUH�WDUJHW�VHQWHQFHV��

,Q� FRQMXQFWLRQ� ZLWK� VWHS� ��� WKH� 'LVFUHSDQF\� WRRO� ZLOO� DOVR� SURGXFH� QXPHULFDO
GDWD�DQG�D�VHW�RI�PHDVXUHV�WKDW�ZLOO�FODULI\�WKH�QDWXUH�RI�WKH�GLVFUHSDQFLHV�

7KH�LQSXW�WR�WKH�WRRO�LV�D�VHQWHQFH�DOLJQHG�ELWH[W��7KH�UHFRUGV�DUH�WDE�VHSDUDWHG
DQG�DOVR�FRQWDLQ�D�ILHOG�IRU�LQIRUPDWLRQ�DERXW�WKH�VHQWHQFH�PDSSLQJ�UHODWLRQ��IRU
H[DPSOH� ����� ����� ����� ����� HWF�� 7KH� GLVFUHSDQF\� DQDO\VLV� LV� SHUIRUPHG� RQ� WKH
DFWXDO� UHFRUGV� RI� WKH� WUDQVODWLRQ� GDWDEDVH�� ,I� D� UHFRUG� KROGV� PRUH� WKDQ� RQH
VHQWHQFH�� WKH�DQDO\VLV�GRHV�QRW� VSOLW�XS� WKH�UHFRUG�� LQVWHDG� WKH�ZKROH�UHFRUG� LV
WUHDWHG�DV�WKH�XQLW�IRU�GLVFUHSDQF\�DQDO\VLV��2SWLRQDOO\��DOO�WUDQVODWLRQ�SDLUV�WKDW
DUH� QRW� ���� VHQWHQFH� WUDQVODWLRQV� FRXOG� EH� H[FOXGHG� IURP� WKH� GLVFUHSDQF\
DQDO\VLV��7KH�GHIDXOW�LV�WR�DQDO\VH�WKH�WUDQVODWLRQ�GDWDEDVH�IURP�VRXUFH�WR�WDUJHW�
WKDW� LV�� WR� ILQG� LQFRQVLVWHQW� WUDQVODWLRQV� RI� UHSHDWHG� VRXUFH� VHQWHQFHV�� EXW� LW� LV
DOVR�SRVVLEOH�WR�DQDO\VH�LW�LQ�WKH�RSSRVLWH�GLUHFWLRQ��IURP�WDUJHW�WR�VRXUFH��ZKLFK
ZLOO�LGHQWLI\�D�NLQG�RI�´RYHU�VWDQGDUGLVDWLRQµ�RQ�WKH�SDUW�RI�WKH�WUDQVODWRUV��,Q�WKH
ODVW�FDVH��WKH�WRRO�LGHQWLILHV�D�OLVW�RI�VRXUFH�VHQWHQFHV�WKDW�KDYH�EHHQ�DVVLJQHG�WKH
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VDPH� WUDQVODWLRQ��$SDUW� IURP� WKH� OLVWLQJV�RI� WKH� DFWXDO� VHQWHQFH� W\SHV�� WKHUH� LV
DOVR� LQIRUPDWLRQ�RQ�VRPH�JHQHUDO�FKDUDFWHULVWLFV� IURP�WKH�WUDQVODWLRQ�GDWDEDVH�
7KH�H[DPSOH�LQ�)LJXUH����LOOXVWUDWHV�WKH�W\SHV�RI�H[WUDFWHG�GDWD�

7KH�LQIRUPDWLRQ�FRPHV�IURP�WKH�ILOH�'�?7(;7'%?;/�?[O��DOJ�DQG�KDV�EHHQ�WUHDWHG�DV�D�VRXUFH��!
WDUJHW�WUDQVODWLRQ�
6RXUFH�VHQWHQFH�W\SHV� $OO��W\SHV������� $OO��LQVWDQFHV��������
&RQVLVWHQWO\�WUDQVODWHG��W\SHV��� ���� ,QFRQVLVWHQWO\�WUDQVODWHG��W\SHV������
5HSHDWHG�VRXUFH�VHQWHQFH�W\SHV� $OO��W\SHV������ $OO��LQVWDQFHV�������
&RQVLVWHQWO\�WUDQVODWHG��W\SHV��� ��� &RQVLVWHQWO\�WUDQVODWHG��LQVWDQFHV�������
5W\SH ������UHSHDWHG�VRXUFH�W\SHV�DOO�VRXUFH�W\SHV��[����
5LQVW �������UHSHDWHG�VRXUFH�LQVWDQFHV�DOO�VRXUFH�LQVWDQFHV��[����
,&W\SH �������LQFRQVLVWHQW�W\SH�WUDQVODWLRQV�DOO�UHSHDWHG�VRXUFH�W\SHV��[����
,&LQVW �������LQFRQVLVWHQW�LQVWDQFH�WUDQVODWLRQV�DOO�UHSHDWHG�VRXUFH�LQVWDQFHV��[����
,&WRW�W\SH ������LQFRQVLVWHQW�W\SH�WUDQVODWLRQV�DOO�VRXUFH�W\SHV��[����
,&WRW�LQVW ������LQFRQVLVWHQW�LQVWDQFH�WUDQVODWLRQV�DOO�VRXUFH�LQVWDQFHV��[����

)LJXUH�����6DPSOH�RI�RXWSXW�IURP�WKH�GLVFUHSDQF\�WRRO

7KH�LQIRUPDWLRQ�SURYLGHG�FRQFHUQV�WKH�QXPEHU�RI�VHQWHQFH�W\SHV�DQG�VHQWHQFH
LQVWDQFHV�� QXPEHU� RI� FRQVLVWHQWO\� WUDQVODWHG� VHQWHQFH� W\SHV� DQG� LQVWDQFHV�
QXPEHU�RI�UHSHDWHG�VRXUFH�VHQWHQFH�W\SHV�DQG�LQVWDQFHV�DQG�KRZ�PDQ\�RI�WKHVH
WKDW�DUH�FRQVLVWHQW�DQG�LQFRQVLVWHQW��$W�WKH�HQG�RI�WKH�RXWSXW�DERYH��SHUFHQWDJHV
IRU�YDULRXV�NLQGV�RI�GDWD�DUH�JLYHQ��5W\SH�GHVFULEHV�WKH�SHUFHQWDJH�RI�DOO�UHSHDWHG
VHQWHQFH�W\SHV�FRPSDUHG�WR�DOO�VRXUFH�VHQWHQFH�W\SHV��5LQVW�VKRZV�WKH�VDPH�EXW
IRU� LQVWDQFHV� LQVWHDG� RI� W\SHV�� ,&W\SH� DQG� ,&LQVW� GHVFULEH� WKH� SHUFHQWDJH� RI
LQFRQVLVWHQW� VHQWHQFH� WUDQVODWLRQV� LQ� UHODWLRQ� WR� WKH� VHW� RI� DOO� UHSHDWHG� VRXUFH
VHQWHQFHV��,I�WKH�WUDQVODWLRQ�ZDV�WRWDOO\�FRQVLVWHQW��ERWK�,&W\SH�DQG�,&LQVW�ZRXOG
EH� ]HUR�� $QG� ILQDOO\�� ,&WRW�W\SH�LQVW� JLYHV� XV� LQIRUPDWLRQ� RQ� WKH� SURSRUWLRQ� RI
LQFRQVLVWHQFLHV�LQ�UHODWLRQ�WR�DOO�VRXUFH�VHQWHQFHV�

7DEOH� ��� VKRZV� DQ� H[DPSOH� RI� D� VRXUFH� VHQWHQFH� WKDW� KDV� EHHQ� WUDQVODWHG
LQFRQVLVWHQWO\�DQG�WKHUHIRUH�KDV�EHHQ�LGHQWLILHG�E\�WKH�GLVFUHSDQF\�WRRO�

7DEOH�����5HSHDWHG�VRXUFH�VHQWHQFH�ZLWK�IRXU�GLIIHUHQW�WUDQVODWLRQV

6HQWHQFH )54 3RVLWLRQ�	�PDSSLQJ
UHODWLRQ

6285&(� )ROORZ�WKH�GLUHFWLRQV�LQ�WKH
:L]DUG�GLDORJ�ER[HV�

�

7$5*(7��� )|OM�LQVWUXNWLRQHUQD�VRP�YLVDV
L�JXLGHQV�GLDORJUXWRU�

� �����0$3����

7$5*(7��� )|OM�LQVWUXNWLRQHUQD�L�JXLGHQV
GLDORJUXWRU�

� �����0$3�����������0$3����

7$5*(7��� )|OM�DQYLVQLQJDUQD�L
GLDORJUXWRUQD�

� ������0$3����

7$5*(7��� )|OM�LQVWUXNWLRQHUQD�L
GLDORJUXWRUQD�VRP�YLVDV�L
JXLGHQ�

� ������0$3����

+HUH� WKH� VHQWHQFH� ´)ROORZ� WKH� GLUHFWLRQV� LQ� WKH�:L]DUG� GLDORJ� ER[HV�µ� RFFXUV
ILYH� WLPHV� LQ� WKH� VRXUFH� WH[W�� EXW� KDV� EHHQ� WUDQVODWHG� LQ� IRXU� GLIIHUHQW� ZD\V�
ZKHUH�WKH�)54�FROXPQ�IRU�7$5*(7���LQGLFDWHV�WKDW�RQH�RI�WKH�DOWHUQDWLYHV�KDV
EHHQ�XVHG�WZLFH�



���$�VHW�RI�WUDQVODWLRQ�FRUSXV�WRROV

��

,I�ZH�WDNH�WKH�VDPH�SDUDOOHO�WH[W�DQG�UHYHUVH�WKH�DQDO\VLV��WKDW�LV��IURP�WDUJHW�WR
VRXUFH��ZH�JHW�GDWD�RQ�SRWHQWLDO�V\QRQ\P�VRXUFH�VHQWHQFHV��7ZR�H[DPSOHV�IURP
VXFK�DQ�DQDO\VLV�DUH�VKRZQ�LQ�7DEOH����

7DEOH�����7ZR�WDUJHW�VHQWHQFH�W\SHV�ZLWK�WKUHH�V\QRQ\P�VRXUFHV�HDFK

6HQWHQFH )54 3RVLWLRQ�	�PDSSLQJ
UHODWLRQ

7$5*(7� 0HU�LQIRUPDWLRQ�ILQQV�L�DYVQLWWHW
´$QJH�UHODWLRQHU�PHOODQ�WDEHOOHUµ
L�NDSLWHO����´*UXQGHU�I|U�WDEHOOHUµ�

6285&(
��

)RU�PRUH�LQIRUPDWLRQ��VHH�´6HWWLQJ
5HODWLRQVKLSV�%HWZHHQ�7DEOHVµ�LQ
&KDSWHU����´7DEOH�%DVLFV�µ

� ����0$3����

6285&(
��

)RU�GHWDLOV��VHH�´&UHDWLQJ
5HODWLRQVKLSV�%HWZHHQ�7DEOHVµ�LQ
&KDSWHU����´7DEOH�%DVLFV�µ

� �����0$3����

6285&(
��

)RU�PRUH�GHWDLOV��VHH�´6HWWLQJ
5HODWLRQVKLSV�%HWZHHQ�7DEOHVµ�LQ
&KDSWHU����´7DEOH�%DVLFV�µ

� �����0$3����

7$5*(7� 9lOM�.|U�Sn�)UnJD�PHQ\Q�HOOHU
NOLFND�Sn�.|U�L�YHUNW\JVIlOWHW�

6285&(
��

&KRRVH�5XQ�IURP�WKH�4XHU\�PHQX�
RU�FOLFN�WKH�5XQ�EXWWRQ�RQ�WKH
WRROEDU�

� �����0$3����

6285&(
��

)URP�WKH�4XHU\�PHQX��FKRRVH�5XQ
�RU�FOLFN�WKH�5XQ�EXWWRQ�RQ�WKH
WRROEDU��

� �����0$3����

6285&(
��

&KRRVH�5XQ�IURP�WKH�4XHU\�PHQX
�RU�FOLFN�WKH�5XQ�EXWWRQ�RQ�WKH
WRROEDU��

� �����0$3�����������0$3����

:KDW�WKH�GDWD� LQ�7DEOH����UHYHDO� LV� WKDW� WKH� WUDQVODWRUV�KDYH�VWDQGDUGLVHG�WKH
WUDQVODWLRQV�RI�YDULDQW�VRXUFH�VHQWHQFHV��7KH�LPSOLFDWLRQV�IRU�VXFK�GDWD�DUH�WKDW
WKHUH� LV�D�SRVVLELOLW\� WKDW� WKH� VRXUFH� WH[W� FRXOG�EHFRPH�PRUH� VWDQGDUGLVHG�DQG
WKDW� WKH� VRXUFH� ZULWHUV� �RU� FRS\� HGLWRUV�� FRXOG� XVH� LQIRUPDWLRQ� RQ� V\QRQ\P
VRXUFH�VHQWHQFHV�LI�WKH\�SURGXFH�D�QHZ�YHUVLRQ�RI�WKH�WH[W�LQ�TXHVWLRQ�

,Q�SULQFLSOH��RQH�FRXOG�VD\�WKDW�WKH�GLVFUHSDQF\�WRRO�LGHQWLILHV�SRVVLEOH�V\QRQ\P
VHQWHQFHV� RQ� ERWK� WKH� WDUJHW� DQG� VRXUFH� VLGH� RI� D� SDUDOOHO� WH[W�� EHFDXVH� RI� WKH
UHFXUUHQW�QDWXUH�RI�WKH�FRUUHVSRQGLQJ�VLGH�

,Q�FKDSWHU���WKH�DSSOLFDWLRQ�RI�WKH�GLVFUHSDQF\�WRRO�RQ�D�QXPEHU�RI�SDUDOOHO�WH[WV
ZLOO�EH�GHVFULEHG�

���� %LOLQJXDO�FRQFRUGDQFLQJ

7KH�ODVW�FRPSRQHQW�RI�WKH�'$9(�SDFNDJH�LV�WKH�%LOLQJXDO�FRQFRUGDQFH�SURJUDP�
$V�GHVFULEHG�SUHYLRXVO\�LQ�VHFWLRQ��������ELOLQJXDO�FRQFRUGDQFH�SURJUDPV�FDQ�EH
UHJDUGHG�DV�D�GDWD�DFTXLVLWLRQ�WRRO��EXW�FDQ�DOVR�EH�UHJDUGHG�DV�DQ�DLG�ZKHQ�\RX
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��

ZDQW�WR�H[DPLQH�RU�YHULI\�GLIIHUHQW�DVSHFWV�RI�WUDQVODWLRQV��IRU�H[DPSOH�WKH�XVH�RI
WHUPLQRORJ\��7KH�%LOLQJXDO� FRQFRUGDQFH� FRPSRQHQW� LQFOXGHG� LQ�'$9(� FDQ� EH
UXQ�ERWK�DV�D�EDWFK�SURJUDP�ZKHUH�VHYHUDO�VHDUFKHV�FDQ�EH�VSHFLILHG�EHIRUHKDQG
RU�DV�DQ�LQWHUDFWLYH�WRRO��7KH�XVHU�LQWHUIDFH�LV�VKRZQ�LQ�)LJXUH����EHORZ�

)LJXUH�����%LOLQJXDO�FRQFRUGDQFH�FRPSRQHQW

7KHUH� DUH� ILYH� GLIIHUHQW� ORJLFDO� ZD\V� WKH� SDUDOOHO� WH[W� FDQ� EH� VHDUFKHG� IRU�
LQGLFDWHG�E\�WKH�RSWLRQV�XQGHU�´)XQFWLRQVµ�DERYH�

��� 6RXUFH� !$Q\WKLQJ��ZKLFK�PHDQV�WKDW�D�JLYHQ�VRXUFH�XQLW�ZLOO�EH�ORRNHG
XS�DQG�DOO�WKH�VHQWHQFH�SDLUV�ZKHUH�LW�RFFXUV�ZLOO�EH�SUHVHQWHG�

��� 1RW�6RXUFH� !7DUJHW��ZKLFK�PHDQV�WKDW�WKH�VHQWHQFH�SDLUV�FRQWDLQLQJ�WKH
VSHFLILHG�WDUJHW�XQLW�ZLOO�EH�SUHVHQWHG�ZKHQ�WKH\�GR�QR�FR�RFFXU�ZLWK�WKH
VSHFLILHG�VRXUFH�XQLW�

��� 6RXUFH� !7DUJHW��ZKLFK�PHDQV�WKDW�DOO�VHQWHQFH�SDLUV�FRQWDLQLQJ�ERWK�WKH
VSHFLILHG�VRXUFH�XQLW�DQG�WKH�VSHFLILHG�WDUJHW�XQLW�ZLOO�EH�SUHVHQWHG�

��� 6RXUFH� !1RW�7DUJHW��ZKLFK�PHDQV�WKDW�DOO�VHQWHQFH�SDLUV�FRQWDLQLQJ�WKH
VSHFLILHG�VRXUFH�XQLW�EXW�QRW�WKH�VSHFLILHG�WDUJHW�XQLW�ZLOO�EH�SUHVHQWHG�

��� $Q\WKLQJ� !7DUJHW��ZKLFK�PHDQV�WKDW�D�JLYHQ�WDUJHW�XQLW�ZLOO�EH�ORRNHG
XS�DQG�DOO�WKH�VHQWHQFH�SDLUV�ZKHUH�LW�RFFXUV�ZLOO�EH�SUHVHQWHG�

$SDUW�IURP�WKH�GLIIHUHQW�VHDUFK�PHWKRGV��WKH�XVHU�FDQ�VSHFLI\�ZKHWKHU�WKH�VHDUFK
XQLWV�VKRXOG�VWDUW�RU�HQG�D�UHFRUG��WKH�GHIDXOW� LV�WKDW�WKH�XQLWV�FRXOG�EH�SODFHG
DQ\ZKHUH� LQ� WKH� VHQWHQFHV��� ,W� LV� DOVR�SRVVLEOH� WR� VSHFLI\�PXOWLSOH� VHDUFKHV� DQG



���$�VHW�RI�WUDQVODWLRQ�FRUSXV�WRROV

��

KDYH�WKHP�UXQ�LQ�RQH�EDWFK��,Q�WKLV�FDVH�WKH�UHVXOWV�ZLOO�EH�ZULWWHQ�WR�GLIIHUHQW
ILOHV�

7KH�UHVXOWV�IURP�D�VHDUFK�DFWLRQ�LQ�WKH�ELOLQJXDO�FRQFRUGDQFH�FRPSRQHQW�LQFOXGH
ERWK�WKH�DFWXDO�VHQWHQFH�SDLUV�DQG�DOVR�D�EULHI�GHVFULSWLRQ�RI�WKH�QXPEHU�RI�KLWV�
,I�WKH�VHDUFK�SDLU�ZDV�JLYHQ�DV�´SUHYHQW�²�KLQGUDµ����DQG�DOO�WKH�ILYH�SUHVHQWDWLRQ
IXQFWLRQV� DUH� XVHG�� WKH� UHVXOWLQJ� ILJXUHV� FRXOG� EH� SUHVHQWHG� DV� LQ� )LJXUH� ��
EHORZ�

)LJXUH�����1XPHULFDO�GDWD�IURP�D�ELOLQJXDO�FRQFRUGDQFH�VHDUFK

7KH�GDWD�UHYHDO�WKDW�WKHUH�DUH����LQVWDQFHV�RI�´SUHYHQWµ�DQG����RI�´KLQGUDµ��2XW
RI�WKHVH�´KLQGUDµ�RFFXUV�WKUHH�WLPHV�ZKHQ�´SUHYHQWµ�LV�QRW�SUHVHQW�LQ�WKH�VRXUFH
VHQWHQFH��DQG��OLNHZLVH��WKHUH�DUH�WZR�RFFXUUHQFHV�RI�´SUHYHQWµ�ZKLFK�GR�QRW�FR�
RFFXU�ZLWK�´KLQGUDµ�

7KH�DFWXDO�RFFXUUHQFHV�RI� WKH�KLWV�DUH�DOVR�SUHVHQWHG� LQ�D� VHSDUDWH�ZLQGRZ��RU
ZULWWHQ� WR� D� ILOH��� 7KH� WZR� LQVWDQFHV� ZKHUH� ´SUHYHQWµ� LV� QRW� WUDQVODWHG� E\
´KLQGUDµ�DUH�VKRZQ�EHORZ�

6285&(��7KH�FUXFLDO�LVVXH�ZRXOG�EH�WKH�JXDUDQWHHV�RI�PLOLWDU\�VHFXULW\�DQG�WKH
SUHYHQWLRQ�RI�WHUURULVP��
7$5*(7��6MlOYD�NlUQIUnJDQ�VNXOOH�EOL�JDUDQWLHU�I|U�PLOLWlU�VlNHUKHW�RFK�VN\GG�PRW
WHUURULVP��

6285&(��$Q�LQWHUQDWLRQDO�RUJDQL]DWLRQ�WKDW�LQFOXGHV�WKH�,QWHUQDWLRQDO�$WRPLF
(QHUJ\�$JHQF\�PXVW�EH�VHW�XS��ZLWK�SRZHU�WR�SUHYHQW�WKH�LQWURGXFWLRQ�RI�QXFOHDU
ZHDSRQV�LQWR�WKH�0LGGOH�(DVW�µ�
7$5*(7��(Q�LQWHUQDWLRQHOO�RUJDQLVDWLRQ�VRP�RFNVn�RPIDWWDU�,QWHUQDWLRQHOOD
DWRPHQHUJLNRPPLVVLRQHQ�PnVWH�XSSUlWWDV��PHG�EHIRJHQKHWHU�DWW�I|UKLQGUD�LQI|UDQGHW
DY�NlUQYDSHQ�L�0HOOHUVWD�gVWHUQ�µ

7KH�XVH�DQG�DSSOLFDWLRQ�RI�WKH�ELOLQJXDO�FRQFRUGDQFH�SURJUDP�ZLOO�EH�LOOXVWUDWHG
LQ�&KDSWHU���

����������������������������������������������������������
���7KH�DVWHULVN�XVHG�LQ�WKH�H[DPSOH�LV�D�ZLOGFDUG��XVHG�WR�FDSWXUH�LQVWDQFHV�RI�KLQGUDU��KLQGUDGH��KLQGUDV�
KLQGUDW��KLQGUDWV��HWF��7KH�GDWDEDVH�HQJLQH�XVHG�IRU�WKH�ELOLQJXDO�FRQFRUGDQFH�FRPSRQHQW�LV�0LFURVRIW
$FFHVV��ZKLFK�WKHUHIRUH�PDNHV�LW�SRVVLEOH�WR�XVH�DOO�WKH�UHJXODU�H[SUHVVLRQ�SRVVLELOLWLHV�LQFOXGHG�LQ�WKDW
SDFNDJH
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���� 6XPPDU\

7KH�WRROV�SUHVHQWHG�LQ�WKLV�FKDSWHU�VHUYH�DV�DQ�LOOXVWUDWLRQ�RI�YDULRXV�WRROV�WKDW
FDQ� EH� XVHG� WR� GLDJQRVH� VRXUFH� DQG� WDUJHW� WH[WV�� EXLOG� SDUDOOHO� WH[WV�� H[WUDFW
PRQROLQJXDO�DQG�ELOLQJXDO�GDWD�DV�ZHOO�DV�HYDOXDWH�WUDQVODWLRQV��7KH�WRROV�VHUYH�D
GRXEOH�SXUSRVH��IURP�RQH�SHUVSHFWLYH�WKH\�FDQ�EH�XVHG�DV�D�ZD\�IRU�WUDQVODWRUV�WR
PDNH� WKHLU� WUDQVODWLRQV�PRUH� HIILFLHQW�� DQG� IURP� DQRWKHU� SHUVSHFWLYH� WKH\� FDQ
DVVLVW�WKH�WUDQVODWLRQ�VFKRODU�LQ�FUHDWLQJ�SDUDOOHO�WH[WV�DQG�DOVR�VXSSRUW�YDULRXV
PHDQV�RI�DFFHVVLQJ�DQG�VWXG\LQJ�H[LVWLQJ�WUDQVODWLRQV�

7KLV�FKDSWHU�DOVR�VHUYHV� WKH�SXUSRVH�RI�SUHVHQWLQJ� WKH� WRROV� WKDW�ZHUH�XVHG� WR
EXLOG�DQG�DQDO\VH� WKH�/LQN|SLQJ�7UDQVODWLRQ�&RUSXV� �/7&���7KH� UHVXOW�RI� WKLV
DQDO\VLV�LV�WKH�VXEMHFW�RI�WKH�QH[W�FKDSWHU�RI�WKH�WKHVLV�



���$QDO\VLV�RI�WKH�WUDQVODWLRQ�FRUSXV

��

�� $QDO\VLV�RI�WKH�WUDQVODWLRQ
FRUSXV

,Q� WKH� FKDSWHU� ��� WKH� SDUDOOHO� WH[WV� XQGHU� VWXG\�KDYH�EHHQ�SUHVHQWHG� DQG� DIWHU
LQGHSHQGHQW�DQDO\VHV�RI�WKH�VRXUFH�WH[WV�DQG�WDUJHW�WH[WV�UHVSHFWLYHO\��D�QXPEHU
RI�JHQHUDO�REVHUYDWLRQV�UHJDUGLQJ�WKH�FKDUDFWHULVWLFV��DQG��WR�D�FHUWDLQ�H[WHQW��WKH
UHODWLRQVKLS�EHWZHHQ�WKH�VRXUFH�WH[W�DQG�WKH�FRUUHVSRQGLQJ�WDUJHW�WH[W�ZHUH�DOVR
VKRZQ��+RZHYHU��WR�EH�DEOH�WR�JHW�D�GHHSHU�XQGHUVWDQGLQJ�RI�WKHVH�UHODWLRQVKLSV�
WKHUH�LV�D�QHHG�WR�ORRN�DW�WKH�SDUDOOHO�WH[W�PRUH�FORVHO\��,Q�SDUWLFXODU��WKH�IRFXV�LV
RQ�ZKHWKHU�WKHUH�DUH�DQ\�REVHUYDEOH�GLIIHUHQFHV�LQ�WKH�WUDQVODWLRQV�DV�IDU�DV�WH[W
W\SH�DQG�PHWKRG�RI� WUDQVODWLRQ�DUH�FRQFHUQHG��HVSHFLDOO\� IRU� WKH�GLVWLQFWLRQV�RI
VRXUFH�� YV�� WDUJHW�RULHQWDWLRQ�� FRQVLVWHQF\� DQG� FRUUHVSRQGHQFH�� 7KH� IROORZLQJ
W\SHV� RI� H[WUDFWHG� GDWD� IURP� WKH� /LQN|SLQJ� 7UDQVODWLRQ� &RUSXV� �/7&�� DUH
SUHVHQWHG�

�� 6HQWHQFH�PDSSLQJV� �H[WUDFWHG� IURP� WKH�0$3� ILHOG� RI� WKH� VHQWHQFH�DOLJQHG
WH[WV�

�� &RQVLVWHQF\�DQG�YDULDWLRQ��XVLQJ�WKH�'LVFUHSDQF\�WRRO�

�� &RUUHVSRQGHQFHV� EHWZHHQ� D� VDPSOH� RI� OH[LFDO� LWHPV� �XVLQJ� WKH� %LOLQJXDO
&RQFRUGDQFH�FRPSRQHQW��

���� 6HQWHQFH�PDSSLQJV

:KHQ�WKH�WUDQVODWLRQ�FRUSXV�ZDV�FUHDWHG��WKH�QXPEHU�RI�VHQWHQFHV�LQFOXGHG�RQ
HDFK�VLGH�RI�DQ�DOLJQPHQW�SDLU�ZDV�DGGHG�WR�WKH�WUDQVODWLRQ�FRUSXV�

2QH�K\SRWKHVLV� LV�WKDW�WUDQVODWLRQ�PHPRULHV�FRQWULEXWH�WR�PRUH�WUDQVODWLRQV�RI
WKH� ��WR��� W\SH� �RQH� VRXUFH� VHQWHQFH�RQH� WDUJHW� VHQWHQFH��� EHFDXVH� SUHVHQW�70
V\VWHPV� DUH� GHVLJQHG� WR� KDQGOH� WKLV� W\SH� RI� FRUUHVSRQGHQFH�� 6SHFLILFDOO\�� RQH
ZRXOG� DVVXPH� WKDW� VHQWHQFHV� SUHVHQW� LQ� WKH� WUDQVODWLRQ�PHPRU\�ZRXOG� KDYH� D
KLJKHU�OLNHOLKRRG�RI�EHLQJ�WUDQVODWHG���WR���

7KH�GHIDXOW�� DQG�GHILQLWHO\�PRVW� IUHTXHQW��PDSSLQJ� LQ�/7&� LV������ WKDW� LV�� RQH
VRXUFH�VHQWHQFH�LV�WUDQVODWHG�E\�RQH�WDUJHW�VHQWHQFH��%\�DQDO\VLQJ�WKH�0$3�ILHOG
RI� WKH� WUDQVODWLRQ� FRUSXV� ZH� FDQ� FROOHFW� LQIRUPDWLRQ� DERXW� WKH� QXPEHU� RI
GLIIHUHQW� VHQWHQFH�PDSSLQJV� WKDW� HDFK� WUDQVODWLRQ� KROGV�� ,Q�7DEOH� ��� VHQWHQFH
PDSSLQJ�GDWD�DUH�VKRZQ�IRU�DOO�WKH�WUDQVODWLRQV�LQ�WKH�FRUSXV�H[FHSW�$7,6���7KH
$7,6�WH[W�FRQWDLQV�RQO\�����PDSSLQJV�DQG�LV�WKHUHIRUH�QRW�UHDOO\�LQWHUHVWLQJ��
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7DEOH�����6HQWHQFH�PDSSLQJV�IURP�WKH�SDUDOOHO�WH[WV��H[FOXGLQJ�$7,6�

$FFHVV ([FHO 26� ,QIR:LQ

1R� � 1R� � 1R� � 1R� �

3DLUV ����� ����� ����� ����
��� ����� ����� ����� ����� ����� ����� ���� �����
��� �� ���� �� ���� ��� ���� ��� ����
��� � ���� � ���� ��� ���� � ����
��� ��� ���� �� ���� ��� ���� �� ����
��� ��� ���� ��� ���� ��� ���� �� ����
��� � ���� � ���� �� ���� � ����
��� � ���� � ���� � ���� � ����
��� � ���� � ���� �� ���� � ����
��� � ���� � ���� �� ���� � ����
��� � ���� � ���� �� ���� � ����
5HVW � ���� � ���� �� ���� � ����

&OLHQW *RUG %HOORZ

1R� � 1R� � 1R� �
3DLUV ���� ����� ����
��� ���� ����� ����� ����� ���� �����
��� � ���� � ���� � ����
��� � ���� � ���� � ����
��� � ���� �� ���� � ����
��� �� ���� ��� ���� �� ����
��� � ���� �� ���� � ����
��� � ���� � ���� � ����
��� � ���� � ���� � ����
��� � ���� �� ���� � ����
��� � ���� � ���� � ����
5HVW � ���� �� ���� � ����

$V�FDQ�EH�VHHQ�IURP�WKH�WDEOH��WKH�PRVW�FRPPRQ�VHQWHQFH�PDSSLQJ�LV�����IRU�DOO
WH[WV��ZKLFK�LV�KDUGO\�VXUSULVLQJ��%XW�LI�ZH�ORRN�DW�WKH�UHODWLYH�GLVWULEXWLRQ�RI�WKH
GLIIHUHQW�PDSSLQJV��ZH�VHH�WKDW�PRVW�RI�WKH�WH[WV�KDYH�����PDSSLQJV�ZLWKLQ�WKH
LQWHUYDO� RI� ������ WR� ������ SHU� FHQW�� DQG� WKDW� WKH� VHFRQG� PRVW� XVHG� VHQWHQFH
PDSSLQJ�LV�����IROORZHG�E\������7KH�WZR�WH[WV�WKDW�GHYLDWH�IURP�WKH�RWKHUV�DUH
WKH�26��WH[W�DQG�WKH�QRYHO�E\�*RUGLPHU�

7KH�26��WH[W�KDV�D�VWULNLQJO\�KLJK�SURSRUWLRQ�RI�GHOHWLRQV�������DQG�LQVHUWLRQV
������ZKLFK�LQGLFDWH�WKDW�WKH�WUDQVODWLRQ�LV�QRW�SDUWLFXODUO\�FORVH�WR�WKH�RULJLQDO�
EXW� LV� UDWKHU� D� NLQG� RI� FRPPXQLFDWLYH�� PRUH� WDUJHW�RULHQWHG� WUDQVODWLRQ� �FI�
1HZPDUN��������DQG�WKH�GLVFXVVLRQ�RQ�SDJH������+RZHYHU��WKH�WUDQVODWLRQ�RI�WKLV
WH[W�KDV�EHHQ�PDGH�ZLWK�WKH�DLG�RI�D�WUDQVODWLRQ�PHPRU\�WRRO��ZKLFK�FRQWUDGLFWV
D� WDUJHW�RULHQWHG� WUDQVODWLRQ� DV� WUDQVODWLRQ� PHPRULHV� VKRXOG� DFWXDOO\� VWHHU
WUDQVODWRUV�WRZDUGV�VRXUFH�RULHQWHG�WUDQVODWLRQ��)RU�WKH�WLPH�EHLQJ�ZH�FDQ�RQO\
QRWH�WKDW�WKHUH�VHHPV�WR�EH�VRPHWKLQJ�VWUDQJH�DERXW�WKH�26��WUDQVODWLRQ��JLYHQ
WKH�XVH�RI� WUDQVODWLRQ� WRROV� DQG� WKH� IDFW� WKDW�GDWD� IURP� WKH� VHQWHQFH�PDSSLQJV
JLYH�XV�DQRWKHU�PHVVDJH��%XW�ZH�ZLOO�UHWXUQ�WR�WKLV�REVHUYDWLRQ�ODWHU�
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7KH�VHFRQG�WUDQVODWLRQ�WKDW�GLIIHUV� IURP�WKH�RWKHUV� LV� WKH�*RUGLPHU�WH[W��+HUH
WKHUH� LV� RQO\� RQH� DVSHFW� WKDW� VHHPV� SHFXOLDU�� DQG� WKDW� LV� WKH� UHODWLYHO\� KLJK
SURSRUWLRQ�RI�����PDSSLQJV��2YHU���SHU�FHQW�RI�WKH�SDLUV�DUH�LQVWDQFHV�RI�ZKHQ
RQH� (QJOLVK� VHQWHQFH� KDV� EHHQ� WUDQVODWHG� ZLWK� WZR� 6ZHGLVK� VHQWHQFHV�� 7KH
H[SODQDWLRQ� IRU� WKLV� KDV� WR� GR� ZLWK� DW� OHDVW� WZR� GLIIHUHQW� XVHV� RI� SXQFWXDWLRQ
FKDUDFWHUV�LQ�(QJOLVK�DQG�6ZHGLVK��)LUVW��LQ�(QJOLVK�WKH�VHPLFRORQ�LV�XVHG�PRUH
RIWHQ� WKDQ� LQ� 6ZHGLVK� DV� D� GHOLPLWHU� EHWZHHQ�PDLQ� FODXVHV��ZKLFK�PHDQV� WKDW
SHUKDSV�ZH�VKRXOG�KDYH�FODVVLILHG�WKH�VHPLFRORQ�DV�D�SRVVLEOH�VHQWHQFH�GHOLPLWHU
GXULQJ� WKH� DOLJQPHQW� SURFHVV�� 6HFRQGO\�� LQ� (QJOLVK� D� FRPPD�PD\� SUHFHGH� DQ
XWWHUDQFH� �ZLWKLQ� TXRWDWLRQ� FKDUDFWHUV�� ZKHUHDV� LQ� 6ZHGLVK� WKH� OLQH� ZLOO
FRPPRQO\�EH� LQGLFDWHG�ZLWK�D�FRORQ��7KH�WZR�GLIIHUHQW�XVHV�RI�VHPLFRORQV�DQG
FRPPDV�DUH�VKRZQ�LQ�WKH�WZR�H[DPSOHV�IURP�WKH�*RUGLPHU�QRYHO� LQ�7DEOH����
7KH�DFWXDO�SRVLWLRQV�WKDW�ZHUH�GLVFXVVHG�DERYH�DUH�XQGHUOLQHG�LQ�WKH�VRXUFH�DQG
WDUJHW�WH[WV�

7DEOH�����'LIIHUHQW�XVHV�RI�WKH�VHPLFRORQ�DQG�WKH�FRPPD�LQ�(QJOLVK�DQG�6ZHGLVK

6RXUFH 7DUJHW 0DS
,W�ZDV�VKH�ZKR�KDG�JLYHQ�KHU�JODVV�WR�KLP
WKDW�QLJKW�DW�WKH�,QGHSHQGHQFH�SDUW\��WKH
3ROH�ZKR�KDG�GDQFHG�WKH�JD]DWVND�EHFDPH
WKH�PDQ�ZLWK�ZKRP�KH�JUDYLWDWHG�WR�D
TXLHW�FRPHU�VR�WKDW�WKH\�FRXOG�WDON�DERXW
WKH�FXULRXV�JUDPPDU�VWUXFWXUH�RI�*DOD�DQG
WKH�/DPEDOD�JURXS�RI�ODQJXDJHV�

'HW�YDU�KRQ�VRP�KDGH�OnWLW�KRQRP
|YHUWD�VLWW�JODV�XQGHU
VMlOYVWlQGLJKHWVIHVWHQ��3RODFNHQ��VRP
KDGH�GDQVDW�HQ�JD]DWVND��EOHY�GHQ�KDQ�Vn
VPnQLQJRP�GURJ�VLJ�XQGDQ�PHG�WLOO�HWW
OXJQW�K|UQ�Vn�DWW�GH�NXQGH�WDOD�RP�GHQ
HJHQGRPOLJD�JUDPPDWLVND
XSSE\JJQDGHQ�L�JDOD��RFK
ODPEDODVSUnNHQ�

0$3����

$�\RXWKIXO�EODFN�RIILFLDO�DW�SDVVSRUW�FRQWURO
VDLG�XQFHUWDLQO\��´-XVW�D�PLQXWH�

(Q�XQJGRPOLJ��VYDUW�WMlQVWHPDQ�L
SDVVNRQWUROOHQ�VYDUDGH�OLWHW�RVlNHUW��´(WW
|JRQEOLFN�

0$3����

,I�ZH�UHJDUG�VHPLFRORQV�DV�VHQWHQFH�GHOLPLWHUV�DV�ZHOO�DV�FRPPDV�LQ�VHTXHQFHV�RI
�FRPPD�VSDFH�TXRWDWLRQ� PDUN�XSSHUFDVH� OHWWHU!�� DQG� WKHQ� UHFDOFXODWH� WKH
SURSRUWLRQV��LW�WXUQV�RXW�WKDW�WKH�SURSRUWLRQ�RI�����PDSSLQJV�LQFUHDVHV�WR������
SHU� FHQW�� ZKLFK� WDNHV� WKH� *RUGLPHU� WH[W� XS� WR� URXJKO\� WKH� VDPH� UHODWLYH
SURSRUWLRQV�DV�WKH�RWKHU�WH[WV��H[FHSW�WKH�26��WH[W���$�IOH[LEOH�PHWKRG�WR�KDQGOH
´XQXVXDOµ�VHQWHQFH�ERXQGDULHV�KDV�EHHQ�VXJJHVWHG�E\�3DOPHU�DQG�+HDUVW�������
ZKLFK�PD\�KHOS�WR�LPSURYH�VHQWHQFH�DOLJQPHQW�

)LQDOO\��D�FRPPHQW�RQ�WKH�$7,6�WH[W��$OO�WKH�VHQWHQFH�PDSSLQJV�DUH�����LQ�WKLV
WH[W�� 7KLV� LV� D� KDUG� FRGHG� IHDWXUH� RI� WKH� SURJUDP�� )XUWKHUPRUH�� WKH� $7,6
GRPDLQ�GRHV�QRW�UHTXLUH�����DQG�RU�����PDSSLQJV�

������ &RPPHQWV�RQ�VHQWHQFH�PDSSLQJV
7KH�PDMRULW\�RI�WKH�WUDQVODWLRQV�LQ�WKH�/LQN|SLQJ�WUDQVODWLRQ�FRUSXV�FRQWDLQ����
VHQWHQFH� PDSSLQJV� WR� WKH� GHJUHH� RI� D� ��������� SHU� FHQW� LQWHUYDO�� 2QH� RI� WKH
WUDQVODWLRQ�PHPRU\�WUDQVDOWLRQV� �26����KDV�D�VLJQLILFDQWO\� ORZHU�SURSRUWLRQ�RI
����PDSSLQJV��������SHU�FHQW��ZKLFK�FDQ�LQGLFDWH�D�PRUH�FRPPXQLFDWLYH�NLQG�RI
WUDQVODWLRQ�L�H���OHVV�VRXUFH�RULHQWHG�WKDQ�WKH�RWKHUV��7KH�*RUGLPHU�WH[W�VKRZHG
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WKDW�WKH�VHQWHQFH�VHJPHQWDWLRQ�FRXOG�FDXVH�SUREOHPV�LI�WKH�VWDQGDUG�ZD\�RI�RQO\
XVLQJ�SHULRGV��TXHVWLRQ�PDUNV�DQG�H[FODPDWLRQ�PDUNV�DUH�UHJDUGHG�DV�VHQWHQFH
GHOLPLWHUV��+RZHYHU��LI�VHPLFRORQV�ZHUH�LQFOXGHG�LQ�WKH�VHW�DQG�D�VSHFLDO�FDVH�ZDV
PDGH�IRU�FRPPDV�XVHG�LQ�UHSRUWHG�VSHHFK��WKHQ�WKH�SURSRUWLRQ�RI�����PDSSLQJV
FRXOG�EH�VHHQ�DV�EHLQJ�RQ�SDU�ZLWK�WKH�RWKHU�WUDQVODWLRQV�

���� &RQVLVWHQF\�DQG�YDULDWLRQ�UHYLVLWHG

,Q� &KDSWHU� �� DQ� HPSLULFDO� LQYHVWLJDWLRQ� LQWR� WUDQVODWRUV·� DWWLWXGHV� WRZDUGV
FRQVLVWHQF\� DQG� YDULDWLRQ� ZDV� SUHVHQWHG�� 7KH� VWXG\� VKRZHG� WKDW� WUDQVODWRUV
SUHIHU�FRQVLVWHQW�WUDQVODWLRQV��ZKLFK�PDNHV�WUDQVODWLRQ�PHPRU\�EDVHG�WRROV�ORRN
OLNH� WKH� GHVLUHG� WRRO�� +RZHYHU�� LW� ZDV� DOVR� IRXQG� WKDW� WUDQVODWRUV� PD\� KDYH
GLIILFXOW\�LQ�DFFHSWLQJ�D�SUHYLRXV�WUDQVODWLRQ�IURP�WKH�WUDQVODWLRQ�PHPRU\��ZKLFK
PD\�FDXVH�IUXVWUDWLRQ�DPRQJ�WKH�WUDQVODWRUV�ZKHQ�WKH\�DUH�PRUH�RU�OHVV�IRUFHG
WR�DFFHSW�D�JLYHQ�VXJJHVWLRQ�

2QH�VROXWLRQ�WR�WKLV�SUREOHP�LV�WR�XVH�WKH�GLVFUHSDQF\�WRRO�WKDW�LV�DSSOLHG�DIWHU
DOO�WH[W�KDV�EHHQ�WUDQVODWHG��DW�WKH�UHYLVLQJ�VWDJH����7KLV�WRRO�ZRXOG�KLJKOLJKW�DOO
LQFRQVLVWHQFLHV�LQ�WKH�WUDQVODWLRQ�GDWDEDVH�DQG�PDNH�LW�SRVVLEOH�IRU�WKH�HGLWRU�WR
UHYLVH� WKH� WUDQVODWLRQV� DIWHU� WKH� LQLWLDO� WUDQVODWLRQ� KDV� EHHQ� FRPSOHWHG�� 7KH
WUDQVODWRUV� ZRXOG� QRW� KDYH� WR� EH� WRWDOO\� UHVWULFWHG� WR� SUHYLRXV� WUDQVODWLRQV�
LQVWHDG� WKH� FRQVLVWHQF\� FKHFNLQJ� FRXOG� EH� SRVWSRQHG� WR� WKH� UHYLVLQJ� VWDJH�
2EYLRXVO\��WKH�GLVFUHSDQF\�WRRO�GRHV�QRW�KDYH�WR�EH�XVHG�LQ�FRQMXQFWLRQ�ZLWK�D
WUDQVODWLRQ� PHPRU\� WRRO�� LW� FRXOG� MXVW� DV� ZHOO� EH� DSSOLHG� WR� D� IXOO\� PDQXDO
WUDQVODWLRQ�SURYLGHG�WKDW� WKH� WUDQVODWLRQ�GDWDEDVH� LV�FUHDWHG�ZLWK�VRPH�NLQG�RI
VHQWHQFH�DOLJQPHQW�SURJUDP��6XFK�SURJUDPV�H[LVW�ERWK�DV�FRPPHUFLDO�VRIWZDUH
�7UDGRV·� 7DOLJQ� DQG�:LQ$OLJQ� DV� ZHOO� DV� ,%0·V� 9LVXDO� $OLJQ�� DQG� LQ� PDQ\
YDULDQWV� IURP� WKH� DFDGHPLF� ZRUOG� RIWHQ� RULJLQDWLQJ� IURP� WKH� DOJRULWKP
SUHVHQWHG�E\�*DOH�DQG�&KXUFK��������

$QRWKHU�FDXVH�RI� IUXVWUDWLRQ�DPRQJ�WUDQVODWRUV� LV� WKDW� WKH�VRXUFH� WH[W� LV�EDGO\
HGLWHG�RU�MXVW�RI�SRRU�TXDOLW\��,Q�RXU�TXHVWLRQQDLUH�PDQ\�UHVSRQGHQWV�H[SUHVVHG
WKLV�DV�D�PDMRU�REVWDFOH�IRU�SURGXFLQJ�KLJK�TXDOLW\�WUDQVODWLRQV��,Q�PDQ\�FDVHV�
WKH� WUDQVODWRUV� DFWXDOO\� GHWHFW� XQQHFHVVDU\� YDULDWLRQ� LQ� WKH� VRXUFH� WH[W� DQG
´LPSURYHµ� WKH� WH[W� E\� PDNLQJ� WKHVH� YDULDQWV� FRQVLVWHQW�� *LYHQ� D� WUDQVODWLRQ
GDWDEDVH��D�WUDQVODWLRQ�PHPRU\�RU�D�VHQWHQFH�DOLJQHG�VRXUFH�DQG�WDUJHW�WH[W���LW
ZRXOG�EH�MXVW�DV�HDV\�WR�SURGXFH�D�OLVW�RI�DOO�´LQFRQVLVWHQW�VRXUFH�VHQWHQFHVµ��WKDW
ZRXOG� FRQWDLQ� DOO� WKH� LQVWDQFHV�ZKHUH� WKH� WUDQVODWRUV�KDYH� LGHQWLILHG� V\QRQ\P
VRXUFH� VHQWHQFHV� DQG� WUDQVODWHG� WKHVH� XQLIRUPO\��7KLV�ZRXOG� FRQVWLWXWH� XVHIXO
IHHGEDFN�WR�WKH�WHFKQLFDO�ZULWHUV�ZKR�SURGXFHG�WKH�VRXUFH� WH[W��ZKR�FRXOG�XVH
WKLV�LQIRUPDWLRQ�IRU�WKH�QH[W�YHUVLRQ�RI�WKH�VRXUFH�WH[W�

$Q\�WUDQVODWLRQ�RI�D�UHSHWLWLYH�VRXUFH�WH[W�FDQ�EH�SODFHG�VRPHZKHUH�EHWZHHQ�WKH
HQGSRLQWV�RI�D�FRQVLVWHQF\�FRQWLQXXP��EHWZHHQ�PD[LPDO�FRQVLVWHQF\�DQG�PD[LPDO
LQFRQVLVWHQF\��,Q�D�PD[LPDOO\�FRQVLVWHQW�WUDQVODWLRQ��DOO�UHSHDWHG�VRXUFH�VHQWHQFH
W\SHV� KDYH� EHHQ� WUDQVODWHG� XQLIRUPO\� DQG� LQ� D� PD[LPDOO\� LQFRQVLVWHQW
WUDQVODWLRQ��DOO�VRXUFH�VHQWHQFHV�KDYH�GLIIHUHQW�WUDQVODWLRQV��$V�ZH�ZLOO�VHH�LQ�WKH

����������������������������������������������������������
���5HVXOWV�IURP�GLVFUHSDQF\�DQDO\VLV�KDYH�SUHYLRXVO\�EHHQ�UHSRUWHG�LQ�0HUNHO��������
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UHVW� RI� WKLV� FKDSWHU��PD[LPDO� FRQVLVWHQF\� FDQQRW�� DQG� SUREDEO\� VKRXOG� QRW�� EH
IRXQG�LQ�UHDO�WUDQVODWLRQV��HYHQ�LI�WKH\�DUH�WUDQVODWHG�ZLWK�WKH�DLG�RI�WUDQVODWLRQ
PHPRU\�VRIWZDUH��7KHUH�DUH�QR�HPSLULFDO�IRXQGDWLRQV�IRU�VWDWLQJ�DQ\�SUHIHUUHG
SHUFHQWDJHV� RI� GHJUHHV� RI� FRQVLVWHQF\�� VR� WKH� GLIIHUHQW� ILJXUHV� SURYLGHG� LQ� WKH
VWXG\� DUH� PHUHO\� XVHG� DV� D� VWDUWLQJ� SRLQW� IRU� PHDVXULQJ� DQG� GLVFXVVLQJ
FRQVLVWHQF\�

������ 'LVFUHSDQF\�DQDO\VLV�RI�VL[�WUDQVODWLRQV
7KH�GLVFUHSDQF\�WRRO�ZDV�DSSOLHG�WR� WKH�HLJKW�GLIIHUHQW�ELWH[WV�ZKLFK� IRUP�WKH
/LQN|SLQJ�7UDQVODWLRQ�&RUSXV��7KH�WZR�QRYHOV�LQ�/7&�DUH�QRW�UHDOO\�LQWHUHVWLQJ
DSSOLFDWLRQV� IRU� FRQVLVWHQF\� FKHFNLQJ�� SDUWO\� EHFDXVH� WKH\� DUH� QRW� DW� DOO� DV
UHSHWLWLRXV� DV� WKH� PDQXDOV� DQG� SDUWO\� EHFDXVH� FRQVLVWHQF\� LV� QRW� VRPHWKLQJ
QHFHVVDULO\� DLPHG� IRU� LQ� OLWHUDU\� WUDQVODWLRQ�� 1HYHUWKHOHVV�� WKH� GDWD� IURP� WKH
QRYHOV�FRXOG�SURYH�WR�EH�LQWHUHVWLQJ�IRU�WUDQVODWLRQ�VWXGLHV��7KH�07�WUDQVODWHG
GLDORJXHV� DUH� QRW� LQFOXGHG� KHUH�� DV� WKH\� FRQWDLQ� QR� UHSHWLWLRQV� DW� DOO�� DQG
FRQVHTXHQWO\� WKHUH� DUH� QR� LQFRQVLVWHQFLHV� WR� EH� PHDVXUHG�� ,QVWHDG� ZH� ZLOO
FRQFHQWUDWH�RQ�WKH�VRIWZDUH�PDQXDOV��/HW�XV�EHJLQ�E\�ORRNLQJ�DW�WKH�GDWD�IURP
WKH�PDQXDOO\�WUDQVODWHG�VRIWZDUH�PDQXDOV��([FHO�8VHU·V�*XLGH�DQG�$FFHVV�8VHU·V
*XLGH� IURP�0LFURVRIW� �7DEOH� �����7KH� WDEOH� EHORZ� VKRZV� WKH� RXWSXW� IURP� WKH
'LVFUHSDQF\� WRRO� �GHVFULEHG� LQ� VHFWLRQ� ������ ,� UHSHDW� WKH� H[SODQDWLRQV� IRU� WKH
GLVFUHSDQF\� PHDVXUHV� KHUH�� 5W\SH� GHVFULEHV� WKH� SHUFHQWDJH� RI� DOO� UHSHDWHG
VHQWHQFH�W\SHV�LQ�UHODWLRQ�WR�DOO�VRXUFH�VHQWHQFH�W\SHV��5LQVW�VKRZV�WKH�VDPH�EXW
IRU� LQVWDQFHV� LQVWHDG� RI� W\SHV�� ,&W\SH� DQG� ,&LQVW� GHVFULEH� WKH� SHUFHQWDJH� RI
LQFRQVLVWHQW� VHQWHQFH� WUDQVODWLRQV� LQ� UHODWLRQ� WR� WKH� VHW� RI� DOO� UHSHDWHG� VRXUFH
VHQWHQFHV��,I�WKH�WUDQVODWLRQ�ZDV�WRWDOO\�FRQVLVWHQW��ERWK�,&W\SH�DQG�,&LQVW�ZRXOG
EH� ]HUR�� $QG� ILQDOO\�� ,&WRW�W\SH�LQVW� JLYHV� XV� LQIRUPDWLRQ� RQ� WKH� SURSRUWLRQ� RI
LQFRQVLVWHQFLHV�LQ�UHODWLRQ�WR�DOO�VRXUFH�VHQWHQFHV�

7DEOH�����'LVFUHSDQF\�GDWD�IRU�WZR�PDQXDOO\�WUDQVODWHG�VRIWZDUH�PDQXDOV

$FFHVV ([FHO
&$7(*25< 6�!7 7�!6 6�!7 7�!6
6HQWHQFH�W\SHV ����� ����� ���� ����
6HQWHQFH�LQVWDQFHV ����� ����� ����� �����
&RQVLVWHQW�W\SHV ����� ����� ���� ����
,QFRQVLVWHQW�W\SHV ��� ��� ��� ���
5HSHDWHG�W\SHV ���� ���� ��� ���
5HSHDWHG�LQVWDQFHV ���� ���� ���� ����
&RQVLVWHQW�UHSHDWHG�W\SHV ��� ��� ��� ���
&RQVLVWHQW�UHSHDWHG�LQVWDQFHV ���� ���� ���� ����
5W\SH ����� ����� ���� ����
5LQVW ����� ����� ����� �����
,&W\SH ����� ����� ����� �����
,&LQVW ����� ����� ����� �����
,&WRW�W\SH ���� ���� ���� ����
,&WRW�LQVW ����� ����� ���� �����

7KH�GDWD�LQ�7DEOH����VKRZ�WKH�GLVFUHSDQFLHV�LQ�ERWK�GLUHFWLRQV��VRXUFH�WR�WDUJHW�
DQG� WDUJHW� WR� VRXUFH�� LQGLFDWHG� LQ� WKH� FROXPQV� 6�!7�� 7�!6� UHVSHFWLYHO\�� 7KH
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WH[WV�DUH�URXJKO\�RI� WKH�VDPH�VL]H��$FFHVV�EHLQJ�VOLJKWO\�PRUH�UHSHWLWLRXV�WKDQ
([FHO�� :KHQ� ZH� ORRN� DW� WKH� FRQVLVWHQF\� PHDVXUHV�� ZH� ILQG� WKDW� WKH� $FFHVV
WUDQVODWLRQ� VKRZV�PRUH� VLJQV�RI�EHLQJ� LQFRQVLVWHQW� �,&W\SH�� ������YV�� ������SHU
FHQW��� 7KH� ([FHO� WUDQVODWRUV� KDYH� DOVR� LGHQWLILHG� PRUH� LQFRQVLVWHQFLHV� LQ� WKH
VRXUFH� WKDQ� WKH�$FFHVV� WUDQVODWRUV�KDYH� �,&W\SH�� ������YV�� �������� EXW� WKHVH� DUH
RQO\�VPDOO�GLIIHUHQFHV��:KDW�LV�FOHDU�LV�WKDW�ERWK�WUDQVODWLRQ�WHDPV�KDYH�´PLVVHGµ
D�FHUWDLQ�QXPEHU�RI�VHQWHQFHV�WKDW�FRXOG�KDYH�EHHQ�WUDQVODWHG�FRQVLVWHQWO\��EXW
WKH\� KDYH� DOVR� ´LPSURYHGµ� WKH� WUDQVODWLRQ� LQ� UHODWLRQ� WR� WKH� VRXUFH� WH[W� E\
PDNLQJ�V\QRQ\PRXV�VRXUFH�VHQWHQFHV�KDYH�WKH�VDPH�WUDQVODWLRQ�

7KH�0LFURVRIW�PDQXDOV� DUH� IDU� IURP�EHLQJ�����SHU� FHQW� FRQVLVWHQW�� LI� WKDW�KDG
EHHQ� WKH� FDVH��ZH�ZRXOG� KDYH� KDG� ]HUR� YDOXHV� IRU� ,&W\SH�� ,&LQVW�� ,&WRW�W\SH� DQG
,&WRW�LQVW�� ERWK� IURP� VRXUFH� WR� WDUJHW�� DQG� IURP� WDUJHW� WR� VRXUFH�� )RU�PDQXDO
WUDQVODWLRQV��KRZHYHU��WKLV�LV�ZKDW�RQH�FRXOG�H[SHFW��6HYHUDO�WUDQVODWRUV�ZRUNLQJ
VLPXOWDQHRXVO\�RQ�GLIIHUHQW�SDUWV�RI�WKH�GRFXPHQWV�PXVW�IDFH�SUREOHPV�LQ�EHLQJ
FRQVLVWHQW� LI� WKH\� GR� QRW� KDYH� WKH� VXSSRUW� RI� D� WUDQVODWLRQ� PHPRU\��:KDW� LV
UHPDUNDEOH�� LQ�VSLWH�RI� WKH� ODFN�RI�FRPSXWHULVHG�VXSSRUW�� LV� WKDW� WKH� ILJXUHV� IRU
LQFRQVLVWHQFLHV�IURP�WDUJHW�WR�VRXUFH�DUH�DV�KLJK�DV�WKH\�DUH��ZKLFK�PHDQV�WKDW
WKH�WUDQVODWRUV�VRPHKRZ�KDYH�LGHQWLILHG�D�ODUJH�VHW�RI�GLIIHUHQW�VRXUFH�VHQWHQFHV
WKDW�KDYH�EHHQ�WUDQVODWHG�XQLIRUPO\�

/HW� XV� QRZ� WXUQ� WR� WZR� WUDQVODWLRQV� WKDW� KDYH� EHHQ� GRQH� ZLWK� WKH� DLG� RI
WUDQVODWLRQ� PHPRULHV� DQG� FRPSDUH� WKHP� ZLWK� WKH� PDQXDO� WUDQVODWLRQV�� $
UHDVRQDEOH�H[SHFWDWLRQ�KHUH�ZRXOG�EH�WKDW�WKH�ILJXUH�IRU�,&W\SH�LQVW�ZRXOG�GURS
WR�FORVH�WR�]HUR��DSSURDFKLQJ�PD[LPDO�FRQVLVWHQF\�ZKHQ�DSSOLHG�IURP�VRXUFH�WR
WDUJHW�� DQG� WKDW� WKHUH� ZLOO� EH� KLJK� ILJXUHV� IRU� ,&W\SH�LQVW� ZKHQ� DSSOLHG� IURP
WDUJHW�WR�VRXUFH��7KLV�ODVW�H[SHFWDWLRQ�GHSHQGV�KLJKO\�RQ�WKH�XVH�DQG�VXFFHVV�RI
WKH� IX]]\� PDWFKLQJ� WHFKQLTXHV� SUHVHQW� LQ� WKH� WUDQVODWLRQ� PHPRU\� WRRO��:LWK
IX]]\�PDWFKLQJ�WKH�WUDQVODWRUV�RXJKW�WR�KDYH�JRRG�RSSRUWXQLWLHV�WR�GHWHFW�PLQRU
GLIIHUHQFHV�LQ�WKH�VRXUFH�WH[W�DQG�WKXV�PDNH�WKH�WUDQVODWLRQ�PRUH�XQLIRUP��7KH
WUDQVODWLRQV�ZHUH�PDGH�ZLWK�WKH�DLG�RI�,%0·V�7UDQVODWLRQ�0DQDJHU���DQG�VWHP
IURP� WKH� SHULRG�ZKHQ� WKLV� WRRO�ZDV� LQWURGXFHG� LQWR� WKH� WUDQVODWLRQ� SURFHVV� DW
,%0�6ZHGHQ�
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7DEOH�����'LVFUHSDQF\�GDWD�IRU�26���,QVWDOODWLRQ�*XLGH�DQG�26���8VHU·V�*XLGH��70�WRRO�

26���,* 26���8*
&$7(*25< 6�!7 7�!6 6�!7 7�!6
6HQWHQFH�W\SHV ���� ���� ���� ����
6HQWHQFH�LQVWDQFHV ���� ���� ���� ����
&RQVLVWHQW�W\SHV ���� ���� ���� ����
,QFRQVLVWHQW�W\SHV �� �� ��� ���
5HSHDWHG�W\SHV ��� ��� ��� ���
5HSHDWHG�LQVWDQFHV ��� ��� ���� ����
&RQVLVWHQW�UHSHDWHG�W\SHV �� ��� ��� ���
&RQVLVWHQW�UHSHDWHG�LQVWDQFHV ��� ��� ���� ����
5W\SH ���� ���� ���� ����
5LQVW ����� ����� ����� �����
,&W\SH ����� ����� ����� �����
,&LQVW ����� ����� ����� �����
,&WRW�W\SH ���� ���� ���� ����
,&WRW�LQVW ����� ���� ����� �����

7KH�WZR�WH[WV�DUH�FRQVLGHUDEO\�VKRUWHU�WKDQ�WKH�0LFURVRIW�PDQXDOV��DQG�WKH\�DUH
VOLJKWO\� OHVV� UHSHWLWLRXV� LI� ZH� PHDVXUH� WKH� SHUFHQWDJH� RI� UHSHDWHG� VHQWHQFHV�
1HYHUWKHOHVV�� WKHUH� DUH� VRPH� VWUDQJH� WKLQJV� JRLQJ� RQ� KHUH�� ,I� ZH� ORRN� DW� WKH
,&W\SH� ILJXUH� �PHDVXULQJ� WKH� QXPEHU� RI� LQFRQVLVWHQWO\� WUDQVODWHG� VHQWHQFHV� LQ
UHODWLRQ�WR�WKH�VHW�RI�UHSHDWHG�VHQWHQFHV���ZH�VHH�WKDW�WKH�26���WUDQVODWLRQV�DUH
PXFK�PRUH� LQFRQVLVWHQW� WKDQ� WKH�0LFURVRIW� WUDQVODWLRQV�� LQ� VSLWH� RI� WKH� XVH� RI
7UDQVODWLRQ� 0DQDJHU���� ,Q� WKH� 26��� ,QVWDOODWLRQ� *XLGH�� ILIW\� SHUFHQW� RI� DOO
UHSHWLWLRQV�VKRZ�VLJQV�RI�LQFRQVLVWHQFLHV��,Q�WKH�8VHU·V�*XLGH�WKH�FRUUHVSRQGLQJ
ILJXUH� LV� ORZHU��EXW� VWLOO�KLJKHU� WKDQ� LQ� WKH�0LFURVRIW� WUDQVODWLRQV��ZKLFK�ZHUH
GRQH� ZLWKRXW� D� WUDQVODWLRQ� PHPRU\� WRRO�� 7KH� ,&W\SH� ILJXUHV� LQ� WKH� UHYHUVH
GLUHFWLRQ�LQGLFDWH��KRZHYHU��WKDW�WKH�WUDQVODWRUV�KDYH�IRXQG�PDQ\�LQFRQVLVWHQFLHV
LQ�WKH�VRXUFH�WH[W�DQG�VWDQGDUGLVHG�WKLV�YDULDWLRQ�LQ�WKH�WUDQVODWLRQ��7KH�GDWD�LQ
7DEOH� ��� VHHPV� WR� LQGLFDWH� WKDW� WKH� XVH� RI� WKH� WUDQVODWLRQ� WRRO� KDG� YHU\� OLWWOH
HIIHFW�RQ� WKH� WUDQVODWLRQ� DV� IDU� DV� LQFUHDVLQJ� FRQVLVWHQF\� IURP�VRXUFH� WR� WDUJHW
WH[W��)XUWKHUPRUH�� LW�UDLVHV�TXHVWLRQV�RQ�ZKHWKHU�WUDQVODWLRQ�PHPRU\�VRIWZDUH
UHDOO\� VDYHV� WLPH� DQG� PRQH\�� DV� LV� RIWHQ� SURPLVHG� E\� WKH� SURGXFHUV� RI� VXFK
VRIWZDUH��FI��6FKlOHU���������

)URP� WKH� GDWD� DORQH� LW� ZDV� GLIILFXOW� WR� ILJXUH� RXW� ZKDW� KDG� UHDOO\� KDSSHQHG
GXULQJ�WKH�WUDQVODWLRQ�SURMHFW�VR�,�KDG�WR�JR�EDFN�WR�WKH�WUDQVODWRUV�DW�,%0��,Q
DQ� LQWHUYLHZ� ZLWK� WZR� RI� WKH� WUDQVODWRUV� ZKR� KDG� EHHQ� ZRUNLQJ� RQ� WKH
FRPSDQ\·V�WUDQVODWLRQV�EHIRUH�DQG�DIWHU�WKH�LQWURGXFWLRQ�RI�70����WKH�IROORZLQJ
H[SODQDWLRQV�ZHUH�JLYHQ�

$W�WKH�EHJLQQLQJ�RI�WKH�QLQHWLHV�,%0�KDG�KDG�D�ORQJ�KLVWRU\�RI�´UHZULWLQJµ��7KH
VRXUFH� WH[W� ZDV� PHUHO\� VHHQ� DV� VRPH� NLQG� RI� JXLGDQFH� WR� ZKDW� WKH
WUDQVODWRU�ZULWHU�VKRXOG�SURGXFH��7KH�JRDO�ZDV�D�FRKHUHQW�6ZHGLVK�WH[W��FOHDUHU
DQG�PRUH�FRQFLVH�WKDQ�WKH�RULJLQDO��:KDW�WKH\�DLPHG�IRU�ZDV�VRPHWKLQJ�WKDW�LQ
1HZPDUN·V� WHUPLQRORJ\� ZDV� VRPHWKLQJ� RI� D� ´IUHH� WUDQVODWLRQµ� ZLWK� D� VWURQJ
WDUJHW� ODQJXDJH� HPSKDVLV� �1HZPDUN� ������� ,Q� WKH� WUDQVODWLRQ� JXLGHOLQHV� IRU
,%0�� LW� LV� VWDWHG� WKDW� WKH� WUDQVODWRU� VKRXOG� UHYLHZ� WKH� VRXUFH� WH[W� FULWLFDOO\�
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GHOHWH� XQQHFHVVDU\� SDVVDJHV� RU� UHSHWLWLRQV�� UHDUUDQJH� DQG� UHJURXS� WKH� VRXUFH
WH[W�EHIRUH�VWDUWLQJ�WKH�WUDQVODWLRQ��6WU|P�DQG�:LQGIHOGW��������7KH�WUDQVODWLRQ
FXOWXUH� DW� ,%0�DW� WKH� EHJLQQLQJ�RI� WKH� QLQHWLHV�ZDV� QRW� H[DFWO\� VXLWDEOH� IRU� D
VZLIW�DGDSWDWLRQ�WR�WUDQVODWLRQ�PHPRU\�EDVHG�VRIWZDUH��7KH\�KDG�D� WUDQVODWLRQ
WHDP� WKDW� ZDV� KLJKO\� VNLOOHG� LQ� SURGXFLQJ� KLJK�TXDOLW\� 6ZHGLVK� YHUVLRQV� RI
$PHULFDQ�RULJLQDOV� LQ�D�FUHDWLYH�ZD\��6RPH�WUDQVODWRUV�KDG�DQ�RSHQO\�QHJDWLYH
DWWLWXGH� WRZDUGV� WKH� QHZ� WRROV�� VRPH� SHRSOH� OHIW� DQG� VRPH� SURWHVWHG� LQ� RWKHU
ZD\V�� IRU� H[DPSOH� E\� LJQRULQJ� 70��� DQG� VWLFNLQJ� WR� WKH� ROG� ZD\V� RI� GRLQJ
WKLQJV�� ,QLWLDOO\� WKHUH� ZHUH� DOVR� SUREOHPV� ZLWK� WKH� DGPLQLVWUDWLRQ� DQG
GLVWULEXWLRQ�RI� WUDQVODWLRQ�PHPRULHV��ZKLFK�DOVR�FRQWULEXWHG�WR�UHVLVWDQFH� IURP
WKH�WUDQVODWLRQ�WHDPV�

7KH� EDVLF� H[SODQDWLRQ� WR� WKH� VWUDQJH� GLVFUHSDQF\� ILJXUHV� LQ� WKH� 26��
WUDQVODWLRQV� DFFRUGLQJ� WR� P\� LQWHUYLHZHHV� ZDV� WKDW� WKHUH� KDG� EHHQ� D� FODVK
EHWZHHQ�QHZ� WHFKQRORJ\�DQG� DQ�ROG� WUDQVODWLRQ� FXOWXUH��ZKHUH� WKH� ROG� FXOWXUH
ZDV�LQLWLDOO\�VWURQJHU�WKDQ�QHZ�WRROV�

,QVWHDG�,�ORRNHG�DW�VRPH�RWKHU�WH[WV�ZKHUH�WKH\�WKRXJKW�WKDW�WKH�XVH�RI�70��
KDG� EHHQ� PRUH� VXFFHVVIXO�� 7KHVH� WH[WV� DUH� ,%0·V� GRFXPHQWDWLRQ� RQ
,QIR:LQGRZV� DQG� &OLHQW� $FFHVV� IRU� :LQGRZV�� ZKHUH� WKH� WUDQVODWLRQ� RI� WKH
IRUPHU�DFWXDOO\�VWHPV�IURP�DERXW�WKH�VDPH�WLPH�DV�WKH�26���WUDQVODWLRQV��������
EXW� WKH� &OLHQW� $FFHVV� WUDQVODWLRQ� ZDV� GRQH� GXULQJ� ������ $� VXPPDU\� RI� WKH
GLVFUHSDQF\�GDWD�IRU�WKHVH�WH[WV�ORRNV�OLNH�WKH�IROORZLQJ�

7DEOH�����'LVFUHSDQF\�GDWD�IRU�,QIR:LQGRZV�DQG�&OLHQW

,QIR:LQGRZV &OLHQW�$FFHVV
&$7(*25< 6�!7 7�!6 6�!7 7�!6
6HQWHQFH�W\SHV ���� ���� ���� ����
6HQWHQFH�LQVWDQFHV ���� ���� ���� ����
&RQVLVWHQW�W\SHV ���� ���� ���� ����
,QFRQVLVWHQW�W\SHV ��� ��� �� ��
5HSHDWHG�W\SHV ���� ���� ��� ���
5HSHDWHG�LQVWDQFHV ���� ���� ��� ���
&RQVLVWHQW�UHSHDWHG�W\SHV ��� ��� ��� ���
&RQVLVWHQW�UHSHDWHG�LQVWDQFHV ���� ���� ��� ���
5W\SH ����� ����� ���� ����
5LQVW ����� ����� ����� �����
,&W\SH ����� ����� ����� �����
,&LQVW ����� ����� ����� �����
,&WRW�W\SH ���� ���� ���� ����
,&WRW�LQVW ���� ����� ���� ����

+HUH� WKH�GHJUHH� RI� LQFRQVLVWHQFLHV� LV�PXFK� ORZHU� IURP� VRXUFH� WR� WDUJHW�� �����
DQG� ������ SHU� FHQW� �,&W\SH��� FRPSDUHG� ZLWK� WKH� RWKHU� ,%0� WUDQVODWLRQV�� 7KH
WUDQVODWRUV� ZRUNLQJ� IRU� ,%0� VDLG� GXULQJ� WKH� LQWHUYLHZ� WKDW� WKH\� KDG� VHHQ
VLJQLILFDQW�FKDQJHV�LQ�,%0·V�WUDQVODWLRQ�FXOWXUH�LQ�6ZHGHQ��1RZ�WKHUH�ZDV�PRUH
SUHVVXUH� WR� UHXVH� ROG� WUDQVODWLRQV�� DQG� DGMXVW� WKH� WUDQVODWLRQ� WR� WKLV� UHF\FOLQJ
SURFHVV��2QH�H[DPSOH�RI�WKLV�LV�WKDW�WKH�PRUH�UHFHQW�WUDQVODWLRQ�RI�&OLHQW�$FFHVV
FRQWDLQV�������SHU�FHQW�����PDSSLQJV��RQH�VRXUFH�VHQWHQFH���RQH�WDUJHW�VHQWHQFH�
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ZKHUHDV� IRU� WKH� ´ROGHUµ�26��� ,QVWDOODWLRQ�*XLGH� WKH� FRUUHVSRQGLQJ� ILJXUH�ZDV
������SHU�FHQW��7KLV�LQ�LWVHOI�LV�D�JRRG�LQGLFDWLRQ�RI�WKH�FKDQJHV�WKDW�KDYH�WDNHQ
SODFH�

������ 2WKHU�$SSOLFDWLRQV�RI�'LVFUHSDQF\�$QDO\VLV
5HVWULFWLQJ�YDULDWLRQ�LQ�WKH�VRXUFH�WH[W�LV�DOVR�XVHG�IRU�07�V\VWHPV�WKDW�DGRSW�D
FRQWUROOHG�ODQJXDJH�DSSURDFK��,I�D�FRPSDQ\�PRYHV�LQ�WKH�GLUHFWLRQ�RI�DXWRPDWLF
WUDQVODWLRQ�� D� GLVFUHSDQF\� DQDO\VLV� RI� WKHLU� SUHYLRXV� WUDQVODWLRQV� ZLOO� SURYLGH
XVHIXO� LQIRUPDWLRQ� RQ� KRZ� WR� GHVLJQ� VXFK� D� FRQWUROOHG� ODQJXDJH�� )RU� XVH� RI
FRQWUROOHG� ODQJXDJHV� LQ�07� LV� GHVFULEHG� LQ� IRU� H[DPSOH� $GULDQV� DQG�0DFNHQ
�������DQG�0LWDPXUD�DQG�1\EHUJ��������

:LWK� WKH� LQFUHDVLQJ� DYDLODELOLW\� RI� WH[W� FRUSRUD�� UHVHDUFKHUV�� WHDFKHUV� DQG
VWXGHQWV� ZLWKLQ� FRUSXV� OLQJXLVWLFV� DQG� WUDQVODWLRQ� VWXGLHV� KDYH� DFFHVV� WR� QHZ
ZD\V� RI� H[SORULQJ� WKHRUHWLFDO� DQG� GHVFULSWLYH� EUDQFKHV� RI� WKHLU� ILHOGV�� VHH� IRU
H[DPSOH�%DNHU���������2QH�GLUHFW�DSSOLFDWLRQ�RI�WKH�GLVFUHSDQF\�WRRO�ZRXOG�EH�WR
VWXG\�YDULDWLRQ�RI�HTXLYDOHQW�LGLRPDWLF�GLDORJXH�LQ�GLIIHUHQW�ODQJXDJHV��EDVHG�RQ
WUDQVODWLRQ�FRUSRUD��$V�PHQWLRQHG�HDUOLHU��WKH�QRYHOV�LQFOXGHG�LQ�WKH�DQDO\VLV�GR
QRW�FRQWDLQ�D�KLJK�GHJUHH�RI�UHSHDWHG�VHQWHQFHV��%XW�WKH�VPDOO�VHW�RI�UHSHWLWLYH
VHQWHQFHV�WKDW�GR�RFFXU�LV�LQWHUHVWLQJ��EHFDXVH��DW�OHDVW�LQ�RQH�RI�WKH�WZR�QRYHOV�
WKH� UHSHWLWLRQV� DUH� IURP� WKH� ILFWLWLRXV� FKDUDFWHUV·� GLDORJXH�� ZKLFK� SURYLGH� DQ
LQWHUHVWLQJ� FRQWUDVW� EHWZHHQ� LGLRPDWLF� GLDORJXH� SDWWHUQV� LQ� (QJOLVK� DQG
6ZHGLVK�

7DEOH�����,GLRPDWLF�YDULDWLRQ�LQ�WKH�GLDORJXH�IURP�WKH�*RUGLPHU�QRYHO

6HQWHQFH )54 6HQWHQFH )54
7$5*(7� ´1DWXUOLJWYLV�LQWH� 6285&(� ,�NQRZ�
6285&(��� 2I�FRXUVH� � 7$5*(7��� -D��MDJ�YHW� �
6285&(��� 2I�FRXUVH�QRW� � 7$5*(7��� -D��MDJ�YHW�GHW� �
7$5*(7� ´+XU�Gn��PHQDU

GX"µ
7$5*(7��� -DJ�YHW�GHW� �

6285&(��� ´7R�ZKDW"µ � 7$5*(7��� -DJ�YHW� �
6285&(��� ´:KDW�GR�\RX

PHDQ"µ
�

7$5*(7� ´+HUUH�*XG�µ 6285&(� 2I�FRXUVH�
6285&(��� ´2K�P\�*RG�µ � 7$5*(7��� 1DWXUOLJWYLV

LQWH�
�

6285&(��� ´*RRG�*RG�µ � 7$5*(7��� 1DWXUOLJWYLV� �

7KH�H[DPSOHV�LQ�7DEOH����VKRZ�WKH�SRWHQWLDO�IRU�XVLQJ�WKH�GLVFUHSDQF\�WRRO�IRU
FRUSXV�DQG�WUDQVODWLRQ�VWXGLHV��1RWH��IRU�H[DPSOH��WKH�WUDQVODWLRQV�RI�WKH�(QJOLVK
´2I� FRXUVHµ� ZKHUH� WKH� H[SHFWHG� 6ZHGLVK� HTXLYDOHQW� ZRXOG� EH� ´1DWXUOLJWYLVµ�
+RZHYHU�� WKH� FRUSXV� UHYHDOV� WKDW� WKH� FRQWH[W� VRPHWLPHV� UHTXLUHV� D� QHJDWHG
YDULDWLRQ� DV�ZHOO� �´1DWXUOLJWYLV� LQWH�µ��� WKH� VDPH�SKHQRPHQRQ� LV� SUHVHQW� LQ� WKH
RWKHU� GLUHFWLRQ� �´1DWXUOLJWYLV� LQWHµ� YV�� ´2I� FRXUVHµ� DQG� ´2I� FRXUVH� QRWµ�� 7KH
H[DPSOHV� DUH� WDNHQ� IURP� RQO\� RQH� QRYHO�� EXW� LI� ODUJH� WUDQVODWLRQ� FRUSRUD
FRQWDLQLQJ� GLDORJXH� ZHUH� FUHDWHG�� WKLV� ZRXOG� SURYLGH� D� VWDUWLQJ� SRLQW� IRU
VWXG\LQJ�LGLRPDWLF�FRUUHVSRQGHQFHV�ZKLFK�JR�IDU�EH\RQG�WKH�SKUDVHRORJ\��VW\OH
DQG�FRQYHQWLRQV�GHVFULEHG�LQ�GLFWLRQDULHV�DQG�WUDQVODWLRQ�WH[W�ERRNV�
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������ &RPPHQWV�RQ�7UDQVODWLRQ�0HPRULHV�DQG�'LVFUHSDQF\�$QDO\VLV
7UDQVODWLRQ� PHPRU\� WRROV� DUH� GHVLJQHG� IRU� WUDQVODWLRQ� SURMHFWV� RI� UHSHWLWLYH
WH[WV� DQG� VKRXOG� LQ� SULQFLSOH� KHOS� WKH� WUDQVODWRUV� WR� LQFUHDVH� ERWK� VSHHG� DQG
TXDOLW\�RI�WKH�WUDQVODWLRQ�WDVN��+RZHYHU��LI�WKHVH�WRROV�ZLOO�SURYH�WR�EH�HIILFLHQW
GHSHQGV� RQ� WKH� TXDOLW\� RI� WKH� VRXUFH� WH[W�� WKH� TXDOLW\� RI� SUHYLRXV� WUDQVODWLRQ
PHPRULHV�� WKH� DWWLWXGH� WRZDUGV� QHZ� WHFKQRORJ\� DPRQJ� WKH� WUDQVODWRUV� XVLQJ
VXFK� WRROV� DV� ZHOO� DV� WR� ZKDW� H[WHQW� UHSHDWHG� VRXUFH� WH[W� VHJPHQWV� FDQ� EH
WUDQVIHUUHG�WR�FRUUHVSRQGLQJ�WDUJHW�VHJPHQWV�

,Q�WKLV�LQYHVWLJDWLRQ�,�KDYH�VKRZQ�WKDW�ERWK�PDQXDOO\�WUDQVODWHG�WH[WV�DQG�WH[WV
WUDQVODWHG�ZLWK� WKH� DLG� RI� WUDQVODWLRQ�PHPRULHV� DUH�PRUH� RU� OHVV� LQFRQVLVWHQW�
)RU�PDQXDOO\�WUDQVODWHG�WH[WV�WKH�YDULDWLRQV�DUH�ZKDW�FDQ�EH�H[SHFWHG��EXW�WKH
KLJK�GHJUHH�RI�LQFRQVLVWHQF\�IRXQG�LQ�,%0·V�HDUO\�WUDQVODWLRQ�PHPRU\�WUDQVODWHG
PDQXDOV�ZDV�GXH�WR�D�FODVK�EHWZHHQ�DQ�HVWDEOLVKHG�WUDQVODWLRQ�FXOWXUH�DQG�QHZ
WHFKQRORJ\��2YHU�WLPH�WKH�XVH�RI�WUDQVODWLRQ�PHPRULHV�VHHPV�WR�KDYH�EHHQ�PRUH
VXFFHVVIXO��LI�HIILFLHQF\�LV�PHDVXUHG�DV�WKH�GHJUHH�RI�FRQVLVWHQF\��2·%ULHQ�������
DQG� 6FKlOHU� ������� KDYH� ERWK� H[SUHVVHG� WKHLU� FULWLFLVP� WRZDUGV� WUDQVODWLRQ
PHPRULHV��VHH�VHFWLRQV�������DQG������DQG�WKHLU�IHDUV�VHHP�WR�EH�KDYH�FRPH�WUXH
MXGJLQJ�IURP�WKLV�GLVFUHSDQF\�DQDO\VLV�

)URP� RQH� SHUVSHFWLYH�� WKH� GLVFUHSDQF\� WRRO� VKRXOG� EH� VHHQ� DV� D� WUDQVODWLRQ
FKHFNHU� WKDW� FDQ�EH� DFWLYDWHG� LQ� WKH� SRVWHGLWLQJ� SKDVH� RI� D� WUDQVODWLRQ� SURMHFW�
7KH�WRRO�ZLOO�KHOS�WKH�HGLWRU�WR�SLQSRLQW� LQFRQVLVWHQFLHV� LQ�WKH�WUDQVODWLRQ��HGLW
WKHP� RU� OHDYH� WKHP� DV� WKH\� DUH� LQ� WKH� SXEOLVKHG� WUDQVODWLRQ�� 7KH� HGLWRU� ZLOO
IXUWKHUPRUH� KDYH� WKH� SRVVLELOLW\� WR� YHULI\� WKH� WUDQVODWLRQV� LQ� D� WUDQVODWLRQ
PHPRU\� EHIRUH� LW� LV� DUFKLYHG� IRU� IXWXUH� XVH� RU� UHPRYH� LQFRQVLVWHQFLHV� LQ� DQ
H[LVWLQJ�EDQN�RI�PDQ\�WUDQVODWLRQ�PHPRULHV��7KLV�LV�LPSRUWDQW�ZKHQ�WKH�QXPEHU
RI� WUDQVODWLRQ� PHPRULHV� LV� VWHDGLO\� JURZLQJ�� ,I� WUDQVODWLRQ� PHPRULHV� DUH� QRW
YHULILHG� DW� RQH� VWDJH� RU� WKH� RWKHU�� WKH� WUDQVODWRU� PD\� EH� IDFLQJ� VR� PDQ\
WUDQVODWLRQ�DOWHUQDWLYHV�WKDW�EURZVLQJ�WKURXJK�WKHVH�RSWLRQV�ZLOO� WDNH�DV�PXFK
WLPH�DV�WUDQVODWLQJ�WKH�VHQWHQFH�ZLWKRXW�WKH�PHPRU\�

7KH�GLVFUHSDQF\�WRRO�FRXOG�DOVR�EH�VHHQ�DV�D�FRPSOHPHQW�WR�WUDQVODWLRQ�PHPRU\
VRIWZDUH� DQG� RQH� RI� VHYHUDO� XWLOLWLHV� WKDW� ZLOO� HQKDQFH� WKH� TXDOLW\� RI� WKH
WUDQVODWLRQV�� ,GHDOO\�� GLVFUHSDQF\� DQDO\VLV� VKRXOG� EH� LQWHJUDWHG� ZLWK� WKH
WUDQVODWLRQ�PHPRU\�VRIWZDUH�LQ�RUGHU�WR�YHULI\�DQG�FOHDQ�XS�WKH�PHPRU\�EHIRUH
DUFKLYLQJ�� ,W� ZLOO� KHOS� WR� PDNH� WKH� WUDQVODWLRQV� PRUH� FRQVLVWHQW�� DQG� DOVR� WR
H[WUDFW� LQIRUPDWLRQ�DERXW�XQQHFHVVDU\�YDULDWLRQ� LQ� WKH� VRXUFH� WH[W� WKDW� FDQ�EH
IHG�EDFN�WR�WKH�WHFKQLFDO�ZULWHUV��$SSO\LQJ�WKH�WRRO�WR�SDUDOOHO�WH[WV�ZLOO�JLYH�D
FOHDU�LQGLFDWLRQ�RI�KRZ�HIILFLHQW�WKH�XVH�RI�WUDQVODWLRQ�PHPRU\�WRROV�KDV�EHHQ��,I
WKH�LQFRQVLVWHQFLHV�EHWZHHQ�VRXUFH�DQG�WDUJHW�DUH�WRR�QXPHURXV��WKHQ�WKLV�PD\
UHYHDO� WKDW� WKHUH� LV� D� VHULRXV� SUREOHP� LQ� WKH� FRPSDQ\·V� PDQDJHPHQW� DQG
FRQILJXUDWLRQ�RI�WKH�WUDQVODWLRQ�SURMHFW�

)URP�DQRWKHU�SHUVSHFWLYH��WKH�GLVFUHSDQF\�WRRO�FRXOG�EH�VHHQ�DV�D�WRRO�IRU�GRLQJ
VWXGLHV� RI� WUDQVODWLRQ�� %\� IRU� H[DPSOH�� LQYHVWLJDWLQJ� ZKDW� LV� DQG� ZKDW� LV� QRW
WUDQVODWHG�FRQVLVWHQWO\��WKH�WUDQVODWLRQ�VFKRODU�FDQ�PDNH�D�QXPEHU�RI�LQWHUHVWLQJ
REVHUYDWLRQV��IRU�H[DPSOH��ZKHQ�VWXG\LQJ�GLDORJXH�SDWWHUQV�LQ�ILFWLRQ�
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���� ,QYHVWLJDWLQJ�:RUG�&R�RFFXUUHQFHV�ZLWK�WKH�%LOLQJXDO
&RQFRUGDQFH�FRPSRQHQW

&R�RFFXUUHQFH� GDWD� FRXOG� EH� XVHIXO� LQ� VHYHUDO� DSSOLFDWLRQV�� ,Q� FRQWUDVWLYH
OLQJXLVWLFV�� LW� FRXOG� IRUP� WKH� EDVLV� IRU� H[WUDFWLQJ� H[DFWO\� WKRVH� VHQWHQFH� SDLUV
WKDW�FRQWDLQ�WKH�ZRUG�V��WKDW�DUH�RI�LQWHUHVW�WR�WKH�VFKRODU��$OWHQEHUJ��������KDV
GHYHORSHG� D�PHDVXUH��PXWXDO� FRUUHVSRQGHQFH�� WKDW� DLPV� WR� FDSWXUH� WKH� GHJUHH� RI
FRUUHVSRQGHQFH� LQ� SDUDOOHO� FRUSRUD� EHWZHHQ� SDLUV� RI� ZRUGV� LQ� (QJOLVK�WR�
6ZHGLVK�WUDQVODWLRQV�DQG�6ZHGLVK²WR�(QJOLVK�WUDQVODWLRQV�MRLQWO\��)RU�H[DPSOH�
LI�WKH�(QJOLVK�ZRUG�´KRZHYHUµ�LV�DOZD\V�WUDQVODWHG�LQWR�WKH�6ZHGLVK�´HPHOOHUWLGµ
DQG�´HPHOOHUWLGµ�LV�DOZD\V�WUDQVODWHG�E\�´KRZHYHUµ�LQ�(QJOLVK�WUDQVODWLRQV�WKHQ
WKH�0XWXDO�&RUUHVSRQGHQFH��0&��EHWZHHQ�´KRZHYHUµ�DQG�´HPHOOHUWLGµ�LV�����SHU
FHQW�

$OWHQEHUJV�IRUPXOD�IRU�FDOFXODWLQJ�0&�ORRNV�DV�IROORZV�

VV

WW

%$

%$
0&

+
�+

=
�����

ZKHUH�$W�DQG�%W�DUH�WKH�QXPEHU�RI�WDUJHW�LWHPV�DQG�$V�DQG�%V�DUH�WKH�QXPEHU�RI
VRXUFH� LWHPV� WKDW� DUH� EHLQJ� FRPSDUHG� LQ� WZR� WUDQVODWLRQ� GLUHFWLRQV�� $V� WKH
/LQN|SLQJ�WUDQVODWLRQ�FRUSXV�RQO\�FRQWDLQV�WUDQVODWLRQV�LQ�RQH�GLUHFWLRQ��QDPHO\
LQWR�6ZHGLVK��PXWXDO�FRUUHVSRQGHQFH�FDQQRW�EH�FDOFXODWHG��EXW� LW� LV�SRVVLEOH� WR
LQYHVWLJDWH�WKH�UHODWLYH�ZRUG�FR�RFFXUUHQFH�UDWH��:&5��IRU�D�VRXUFH�DQG�D�WDUJHW
ZRUG��DV�IROORZV�

����
��������

%IUHT$IUHT
%$FRRFFXU

:&5
+

��
=

,I�D�ZRUG�$�RFFXUV����WLPHV�LQ�WKH�VRXUFH�WH[W��D�WDUJHW�ZRUG�%�RFFXUV����WLPHV
LQ�WKH�WDUJHW�WH[W�DQG�$�DQG�%�FR�RFFXU���WLPHV��WKH�:&5�IRU�$�DQG�%�LV����SHU
FHQW� ��������� 7KH�PHDVXUH� DFWXDOO\� WDNHV� LQWR� DFFRXQW� WKH� QXPEHU� RI� WLPHV� D
WRNHQ�RI�RQH�RI�WKH�ZRUGV�RFFXUV�LQ�D�FR�RFFXUUHQFH�UHODWLRQ�LQ�WKH�FRUSXV�

7KH� 0&� PHDVXUH� ZLOO� FDSWXUH� WKH� H[WHQW� WR� ZKLFK� WZR� ZRUGV� DUH� PXWXDO
WUDQVODWLRQV�RI�HDFK�RWKHU��ZKLOH�WKH�:&5�PHDVXUH�ZLOO�PHDVXUH�WKH�SURSRUWLRQ
RI� FR�RFFXUUHQFH� EHWZHHQ� RQH� VRXUFH� DQG� RQH� WDUJHW� ZRUG� JLYHQ� D� FRUSXV
FRQWDLQLQJ�RQO\�RQH�WUDQVODWLRQ�GLUHFWLRQ�

$OWHQEHUJ�PHDVXUHV� WKH� WUDQVODWLRQ�ELDV�DV� WKH�UDWLR�RI�KRZ�PDQ\�WDUJHW� WRNHQV
WKDW� DUH� UHDOLVHG� IURP� WKH� VRXUFH�ZRUG�� )RU� H[DPSOH�� LI� WKH� FRQMXQFWLRQ� ´DQGµ
RFFXUV� ���� WLPHV� LQ� WKH� VRXUFH� WH[W� DQG� LW� FR�RFFXUV� ZLWK� WKH� 6ZHGLVK
FRQMXQFWLRQ� ´RFKµ����� WLPHV�� WKHQ� WKH� WUDQVODWLRQ�ELDV� IRU� FKRRVLQJ� ´RFKµ� DV� WKH
WUDQVODWLRQ�RI�´DQGµ�LV����SHU�FHQW�����������

7KH�IRUPXOD�IRU�WUDQVODWLRQ�ELDV��7%��FDQ�EH�H[SUHVVHG�DV�IROORZV�

��
���

���
$IUHT

$%FRRFFXU
%$7% =
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ZKLFK�PHDQV�D� VLPSOH�UDWLR�EHWZHHQ� WKH�QXPEHU�RI� WLPHV�D� WDUJHW� LWHP��%�� FR�
RFFXUV�ZLWK�WKH�VRXUFH�LWHP��$��LQ�UHODWLRQ�WR�WKH�WRWDO�QXPEHU�RI�VRXUFH�LWHPV�$�

'LIIHUHQW� K\SRWKHVHV� FRXOG� EH� WHVWHG� E\� LQYHVWLJDWLQJ� FR�RFFXUUHQFH� GDWD� DQG
WUDQVODWLRQ� ELDV�� IRU� H[DPSOH�� LV� LW� SRVVLEOH� WR� FRQFOXGH� KRZ� VRXUFH�RULHQWHG� D
WDUJHW� WH[W� LV� JLYHQ� RQO\� FR�RFFXUUHQFH� GDWD� RI� ZRUG� SDLUV� IURP� GLIIHUHQW
WUDQVODWLRQV"� 7H[W�W\SH� VSHFLILF� WUDQVODWLRQ� FRUSRUD� FRXOG� SURYLGH� LQIRUPDWLRQ
DERXW�ZKDW�WKH�VWDQGDUG�FR�RFFXUUHQFH�UDWHV�ZRXOG�EH�IRU�D�FRUH�RI�ZRUG�SDLUV�
7KHVH�SDLUV� DQG� WKHLU� FR�RFFXUUHQFH� UDWHV� FRXOG� WKHQ�EH� WHVWHG�RQ� WUDQVODWLRQV
IURP�WKH�VDPH�WH[W�W\SH�DQG�SHUKDSV�JLYH�DQ�LQGLFDWLRQ�RI�KRZ�VRXUFH�RULHQWHG
WKH�WUDQVODWLRQV�DUH�

)XUWKHUPRUH��FR�RFFXUUHQFH�UDWHV�FRXOG�EH�XVHG�WR�LQYHVWLJDWH�ZKDW�ZRUG�SDLUV
WKDW� DUH�PRVW� VXLWDEOH� WR� XVH� DV� DQFKRU�ZRUGV� �-RKDQVVRQ� DQG�+RIODQG� ������
FRJQDWHV��6LPDUG�HW�DO��������RU�FXH�ZRUGV�:X�������� LQ�K\EULG�DSSURDFKHV�WR
VHQWHQFH�DOLJQPHQW��FI��VHFWLRQ������

7KH�XVH�RI�WKH�ELOLQJXDO�FRQFRUGDQFH�FRPSRQHQW�IURP�'$9(�DQG�WKH�DSSOLFDWLRQ
RI�ZRUG� FR�RFFXUUHQFH� UDWHV� WR� WKH� FRUSXV� FDQ� EH� LOOXVWUDWHG�ZLWK� D� VDPSOH� RI
ZRUG�SDLUV�IURP�WKH�/LQN|SLQJ�WUDQVODWLRQ�FRUSXV��7KH�ZRUG�SDLUV�EHORQJ�WR�IRXU
GLIIHUHQW� FDWHJRULHV�� FRQMXQFWLRQV�� VXEMXQFWLRQV�� QXPHUDOV� DQG� SURSHU
QDPHV�WHFKQLFDO�WHUPV��,Q�RUGHU�WR�DYRLG�WRR�PDQ\�ILJXUHV�� WKH�GDWD�KDYH�EHHQ
WDNHQ�IURP�RQH�RI�WKH�0LFURVRIW�PDQXDOV��QDPHO\�0LFURVRIW�$FFHVV�8VHU·V�*XLGH
�KXPDQ�WUDQVODWLRQ�RI�PDQXDOV���WZR�RI�WKH�,%0�PDQXDOV��WUDQVODWLRQ�PHPRU\�
EDVHG� WUDQVODWLRQV� RI� FRPSXWHU� PDQXDOV� IURP� WZR� SHULRGV� RI� WLPH�� DQG� WKH
*RUGLPHU�QRYHO��,W�PD\�EH�UHGXQGDQW�WR�PHQWLRQ�WKDW�WKH�$7,6�WH[W��DXWRPDWLF
WUDQVODWLRQ��H[KLELW�PRUH�RU� OHVV�����SHU�FHQW�ZRUG�FR�RFFXUUHQFH�UDWHV��ZKLFK
PDNHV�LW�XQQHFHVVDU\�WR�SUHVHQW�GDWD�IURP�WKDW�WH[W�

������ &RQMXQFWLRQV��%XW�	�$QG�
7KH�(QJOLVK� FRQQHFWRU� ´EXWµ� LV� DQ� LQWHUHVWLQJ� FDQGLGDWH� IRU� DQFKRU�ZRUGV�� ,Q
VWXGLHV�RI�(QJOLVK�)UHQFK�WUDQVODWLRQ�FRUSRUD��6DONLH��������UHSRUWV�D�������SHU
FHQW� FRUUHVSRQGHQFH� EHWZHHQ� WKH� (QJOLVK� ´EXWµ� DQG� WKH� )UHQFK� ´PDLVµ�
$OWHQEHUJ��������UHIHUV�WR�VWXGLHV�RI�(QJOLVK�1RUZHJLDQ�ZKHUH�+DDODQG�������
UHSRUWV� KLJK� GHJUHHV� RI� FRUUHVSRQGHQFH� EHWZHHQ� WKH� (QJOLVK� ´EXWµ� DQG� WKH
1RUZHJLDQ� ´PHQµ� LQ� WKH�(QJOLVK�1RUZHJLDQ�3DUDOOHO�&RUSXV� ������� SHU� FHQW��
$OWHQEHUJ�PHDVXUHG�WKH�PXWXDO�FRUUHVSRQGHQFHV�EHWZHHQ�´EXWµ�DQG�´PHQµ�WR����
���SHU�FHQW�LQ�WKH�(QJOLVK�6ZHGLVK�3DUDOOHO�&RUSXV�IURP�/XQG�

7KH�GLVWULEXWLRQ��ZRUG�FR�RFFXUUHQFH�UDWH��:&5��DQG�WUDQVODWLRQ�ELDV��7%��IRU
´EXWµ�DQG�´PHQµ�LQ�WKH�WH[WV�RI�WKH�/LQN|SLQJ�7UDQVODWLRQ�&RUSXV�DUH�VKRZQ�LQ
7DEOH����EHORZ�
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7DEOH�����'LVWULEXWLRQ��FR�RFFXUUHQFH�DQG�WUDQVODWLRQ�ELDV�IRU�´EXWµ�DQG�´PHQµ

0LFURVRIW�$FFHVV ,%0�26�� ,%0�&OLHQW *RUGLPHU
EXW�PHQ ��� �� �� ���
EXW�127�PHQ �� �� � ���
127�EXW�PHQ �� �� � ���
EXW� ��� �� �� ����
�PHQ ��� �� �� ����
:&5 ����� ����� ����� �����
7% ����� ����� ����� �����

1RQH�RI�WKH�WH[WV�VKRZ�FR�RFFXUUHQFH�YDOXHV�DV�KLJK�DV�WKH�FRUUHVSRQGHQFH�UDWHV
UHSRUWHG� LQ� WKH� $OWHQEHUJ� VWXG\�� +RZHYHU�� WKH� LPSRUWDQW� SRLQW� KHUH� LV� WKH
UHODWLYH� GLIIHUHQFHV� EHWZHHQ� WKH� WH[WV�� HVSHFLDOO\� EHWZHHQ� WKH� WZR� ,%0� WH[WV�
7KH�26��� WUDQVODWLRQ�KDYH� OHVV� WKDQ�KDOI� WKH� WUDQVODWLRQ�ELDV� FRPSDUHG� WR� WKH
ODWHU� &OLHQW� WUDQVODWLRQ�� ZKLFK� VHHPV� WR� VXSSRUW� WKH� YLHZ� WKDW� WKH� &OLHQW
WUDQVODWLRQ� LV�PRUH� VRXUFH�RULHQWHG�� DQG�PRUH� DGDSWHG� WR� WKH� UHTXLUHPHQWV� RI
WUDQVODWLRQ� PHPRU\�EDVHG� WUDQVODWLRQ� WKDQ� WKH� ILUVW� DWWHPSW� WR� XVH� WKH
WHFKQRORJ\��VHH�DOVR�WKH�GLVFXVVLRQ�LQ�VHFWLRQ��������

7KH�RWKHU�FRQMXQFWLRQ�SDLU�WKDW�LOOXVWUDWHV�WKH�XVH�RI�WKH�ELOLQJXDO�FRQFRUGDQFH
SURJUDP�LV�WKH�SDLU�´DQG�RFKµ��VKRZQ�LQ�7DEOH����EHORZ�

7DEOH�����'LVWULEXWLRQ�DQG�FR�RFFXUUHQFH�IRU�´DQGµ�DQG�´RFKµ

0LFURVRIW�$FFHVV ,%0�26�� ,%0�&OLHQW *RUGLPHU
DQG�RFK ���� ��� ��� ����
DQG�127�RFK ��� ��� �� ���
127�DQG�RFK ��� ��� �� ���
DQG� ���� ���� ��� ����
�RFK ���� ���� ��� ����
:&5 ����� ����� ����� �����
7% ����� ����� ����� �����

+HUH�WKH�GLIIHUHQFHV�EHWZHHQ�WKH�WZR�,%0�WUDQVODWLRQV�DUH�QRW�DV�VXEVWDQWLDO�DV
IRU� ´EXWµ� DQG� ´PHQµ�� EXW� WKH� ,%0�&OLHQW� WUDQVODWLRQ� FDQ� EH� MXGJHG� DV� VOLJKWO\
PRUH�VRXUFH�RULHQWHG� WKDQ� WKH�26��� WUDQVODWLRQ�DV� LQGLFDWHG�E\� WKH�:&5�DQG
7%�YDOXHV�

������ 6XEMXQFWLRQV��,I�	�:KHQ�
7KH�VXEMXQFWLRQ�´LIµ� LQ�(QJOLVK�KDV�RQH�PDMRU�FDQGLGDWH� IRU�FRUUHVSRQGHQFH� LQ
6ZHGLVK��QDPHO\�´RPµ��7KH�6ZHGLVK�FRXQWHUSDUW�KDV�KRZHYHU�RWKHU�XVDJHV�WKDQ
WKH�VWULFW�FRQGLWLRQDO�RQH�� ´2Pµ�FDQ�� IRU� LQVWDQFH��DOVR�EH�XVHG�DV�D�SUHSRVLWLRQ
�RP�I\UD�YHFNRU�²�LQ�IRXU�ZHHNV�DQG�KD�NXQVNDSHU�RP�²�KDYH�NQRZOHGJH�DERXW��DV�ZHOO
DV� D�SDUWLFOH� �J|UD�RP�²� UHGR��� ,Q� WKH� VWULQJ�EDVHG�DSSURDFK�RI�'$9(�� LW� LV�QRW
SRVVLEOH�WR�WHOO�WKH�GLIIHUHQFH�EHWZHHQ�WKH�GLIIHUHQW�6ZHGLVK�XVDJHV�RI�´RPµ��EXW�LW
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LV�VWLOO�SRVVLEOH�WR�PHDVXUH�WR�ZKDW�H[WHQW�´LIµ�FR�RFFXUV�ZLWK�´RPµ��,Q�7DEOH���
WKH�GLVWULEXWLRQ�RI�WKLV�SDLU�LV�VKRZQ�

7DEOH�����'LVWULEXWLRQ�DQG�FR�RFFXUUHQFH�IRU�´LIµ�DQG�´RPµ

0LFURVRIW�$FFHVV ,%0�26�� ,%0�&OLHQW *RUGLPHU
LI�RP ���� ��� �� ���
LI�127�RP �� ��� �� ��
127�LI�RP ���� ��� ��� ����
LI� ���� ��� �� ���
�RP ���� ��� ��� ����
:&5 ����� ����� ����� �����
7% ����� ����� ����� �����

$OWKRXJK�WKH�FR�RFFXUUHQFH�UDWHV�DUH�ORZHU�WKDQ�LQ�WKH�SUHYLRXV�ZRUG�SDLUV��WKH\
DUH�SUREDEO\�VWLOO�KLJK�HQRXJK�WR�TXDOLI\�DV�JRRG�FDQGLGDWHV� IRU�DQFKRU�ZRUGV�
7KH�IDFW�WKDW�WKH�6ZHGLVK�´RPµ�KDV�GLIIHUHQW�XVDJHV�LV�UHIOHFWHG�LQ�WKH�UHODWLYHO\
KLJK�IUHTXHQF\�RI�´RPµ�LQ�6ZHGLVK�FRPSDUHG�WR�WKH�IUHTXHQF\�RI�WKH�(QJOLVK�´LIµ�
7KHUH� DUH�EHWZHHQ� WZR� DQG� WKUHH� WLPHV� DV�PDQ\� ´RPµ� WRNHQV� DV� WKHUH� DUH� ´LIµ
WRNHQV�LQ�WKH�WH[WV��,I�ZH�RQO\�ORRN�DW�FR�RFFXUUHQFHV�IURP�RQH�GLUHFWLRQ��QDPHO\
(QJOLVK�WR�6ZHGLVK��ZH�VHH�WKDW�WKH�ELDV�IRU�FKRRVLQJ�´RPµ�DV�D�WUDQVODWLRQ�IRU
´LIµ�LV�DURXQG����SHU�FHQW�IRU�WKH�,%0�&OLHQW�WH[W�����RXW�RI�����ZKHUHDV�WKH�VDPH
ILJXUH�IRU�WKH�26���WUDQVODWLRQ�LV����SHU�FHQW������RXW�RI�������$SSDUHQWO\��PRVW
RI� WKH� ´RPµ� WRNHQV� LQ� WKH�6ZHGLVK� WUDQVODWLRQV� FRUUHVSRQG� WR� VRPHWKLQJ�RWKHU
WKDQ�´LIµ��EXW�ZKHQ�´LIµ�RFFXUV�LQ�WKH�VRXUFH�WH[W��EHWZHHQ����DQG����SHU�FHQW�RI
WKHVH�WRNHQV�DUH�WUDQVODWHG�ZLWK�WKH�6ZHGLVK�´RPµ�

,Q�7DEOH����GDWD�DERXW�WKH�SDLU�´ZKHQ�QlUµ�DUH�VKRZQ�

7DEOH�����'LVWULEXWLRQ�DQG�FR�RFFXUUHQFH�IRU�´ZKHQµ�DQG�´QlUµ

0LFURVRIW
$FFHVV

,%0�26�� ,%0�&OLHQW *RUGLPHU

ZKHQ�QlU ��� ��� �� ���
ZKHQ�127�QlU ��� ��� �� ���
127�ZKHQ�QlU ��� ��� �� ���
ZKHQ� ��� ��� �� ���
�QlU ���� ��� �� ���
:&5 ����� ����� ����� �����
7% ����� ����� ����� �����

7KH�:&5�YDOXHV�UDQJH�IURP�DURXQG����SHU�FHQW�IRU�WKH�,%0�26���WUDQVODWLRQ
WR����SHU�FHQW� IRU� WKH� WUDQVODWLRQ�RI�0LFURVRIW�$FFHVV��%RWK� WKH�:&5�DQG�7%
YDOXHV� IRU� WKH� WZR� ,%0� WH[WV� VXSSRUW� WKH� WHQGHQF\� WRZDUGV� DQ� LQFUHDVLQJ
VRXUFH�RULHQWDWLRQ�
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������ 1XPHUDOV����
8VLQJ�VLPLODU� ORRNLQJ�VWULQJV� �RU� WRNHQV��DV� FRJQDWHV� LV� D� FRPPRQ�VWUDWHJ\� LQ
DOLJQPHQW� V\VWHPV�� ERWK� IRU� ZRUG� DOLJQPHQW� �0HODPHG� ������ ������ DQG� IRU
VHQWHQFH�DOLJQPHQW��-RKDQVVRQ�DQG�+RIODQG��������7KH�IDFW�WKDW�PRVW�QXPEHUV
RFFXU�LQ�LGHQWLFDO�IRUP�LQ�ERWK�WKH�VRXUFH�DQG�WKH�WDUJHW�LV�VRPHWKLQJ�WKDW�FDQ�EH
XWLOLVHG�LQ�DOLJQPHQW��7R�LOOXVWUDWH�WKLV�SKHQRPHQRQ��GDWD�IRU�WKH�PRVW�IUHTXHQW
QXPHUDO�LQ�WKH�FRUSXV��QDPHO\�WKH�QXPEHU�´�µ��LV�VKRZQ�LQ�7DEOH����

7DEOH�����'LVWULEXWLRQ�DQG�FR�RFFXUUHQFH�IRU�´�µ�DQG�´�µ

0LFURVRIW�$FFHVV ,%0�26�� ,%0�&OLHQW *RUGLPHU
��� ��� ��� ��� �
��127�� �� ��� � �
127���� ��� �� � �
�� ��� ��� ��� �
�� ���� ��� ��� ��
:&5 ����� ����� ����� �����
7% ����� ����� ����� �����

7KH�ILJXUHV�LQ�WKH�WDEOH�VSHDN�IRU�WKHPVHOYHV��QXPHUDOV�VHHP�WR�EH�DQ�LPSRUWDQW
FDWHJRU\� LI�RQH� LV� ORRNLQJ� IRU� ´VDIHµ� FR�RFFXUUHQFHV�RU�DQFKRU�ZRUGV��7KH�RQO\
WKLQJ� WKDW� QHHGV� VSHOOLQJ� RXW� KHUH� LV� WKDW� GLJLWV� DUH� VRPHWLPHV� VSHOOHG� RXW� LQ
OHWWHUV��IRU�H[DPSOH��´�µ�LV�WUDQVODWHG�DV�´HWWµ��(QJ��´RQHµ��DQG�WKLV�LV�WKH�FDVH�IRU
WKH�PDMRULW\�RI�WKH�WRNHQV�LQ�WKH�FRUSXV�ZKHUH�GLJLWV�GR�QRW�FR�RFFXU�

������ 3URSHU�QDPHV�DQG�WHUPV
8VXDOO\� SURSHU� QDPHV� DUH� WUDQVODWHG� ZLWK� OLWWOH� RU� QR� FKDQJHV� DQG� WKH\� DUH
WKHUHIRUH� DOVR� H[FHOOHQW� FDQGLGDWHV� IRU� XVLQJ� DV� DQFKRU� ZRUGV� LQ� DOLJQPHQW�
)XUWKHUPRUH��WKH�IDFW�WKDW��DW�OHDVW�LQ�(QJOLVK�DQG�6ZHGLVK��PRVW�SURSHU�QDPHV
DUH� VSHOW�ZLWK� DQ� LQLWLDO� XSSHU�FDVH� OHWWHU�PDNHV� WKHP� HDVLHU� WR� LGHQWLI\� LQ� WKH
WH[W��$�PHWKRG�IRU� LGHQWLI\LQJ�DQG�H[WUDFWLQJ�SURSHU�QDPHV�KDV�EHHQ�SURSRVHG
E\�'DQLHOVVRQ�DQG�0�KOHQERFN���������$V�FDQ�EH�VHHQ�LQ�7DEOH�����SURSHU�QDPHV
IURP� WKH�*RUGLPHU� QRYHO� DUH�PRUH� RU� OHVV� DOZD\V� WUDQVIHUUHG� LQ�PRUH� RU� OHVV
LGHQWLFDO�IRUP�
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7DEOH�����:&5�DQG�7%�YDOXHV�IRU�SURSHU�QDPHV�LQ�WKH�*RUGLPHU�QRYHO

3URSHU�QDPH :&5 7%
%UD\ ����� �����
5HEHFFD ����� ������
0ZHWD ����� �����
6KLQ]D ����� �����
.DOLPR ������ ������
:HQW] ����� ������
$IULFD��$IULND� ����� �����
(QJODQG ����� �����
(XURSH
�(XURSD�

����� �����

/RQGRQ ������ ������

$V�FDQ�EH�VHHQ�KHUH��SURSHU�QDPHV�FR�RFFXU�DOPRVW�RQH�WR�RQH�LQ�WKH�QRYHO��WKH
VDPH�W\SHV�RI�YDOXHV�DUH��E\�WKH�ZD\��DOVR�SUHVHQW�LQ�WKH�%HOORZ�QRYHO���7KH�IHZ
WLPHV�ZKHUH�WKHUH�LV�QR�FR�RFFXUUHQFH�FDQ�LQ�PRVW�FDVHV�EH�H[SODLQHG�E\�WKH�XVH
RI�SURQRXQV�LQVWHDG�RI�WKH�QDPH��DV�LQ�WKH�IROORZLQJ�H[DPSOH�

6285&(��:KHQ�WKH�FKLOG�KDG�JRQH�VKH�VDW�ZLWK�KHU�KDQGV�EHWZHHQ�KHU�VSUHDG�WKLJKV��VWDULQJ
DW�WKH�W\SHZULWHU�

7$5*(7��1lU�IOLFNDQ�KDGH�JnWW�VDWW�5HEHFFD�PHG�KlQGHUQD�PHOODQ�VLQD�XWVSlUUDGH�OnU�RFK
VWLUUDGH�Sn�VNULYPDVNLQHQ�

,Q� WKH� FRPSXWHU�PDQXDOV��SURGXFW�QDPHV�DQG� V\VWHP�VSHFLILF� WHUPLQRORJ\�DOVR
VKRZ�KLJK�:&5�DQG�7%�YDOXHV��EXW�QRW�TXLWH�DV�KLJK�DV�IRU�SURSHU�QDPHV�LQ�WKH
QRYHOV��VHH�7DEOH����EHORZ�

7DEOH�����:RUG�FR�RFFXUUHQFH�UDWHV�DQG�WUDQVODWLRQ�ELDV�IRU�FRPSXWHU�WHUPV�LQ�WKH�FRPSXWHU
PDQXDOV

7HUP 0LFURVRIW
$FFHVV

,%0�26�� ,%0�&OLHQW

:&5 7% :&5 7% :&5 7%
FRPPDQG��NRPPDQGR� ����� ����� ����� ����� ����� �����
EXWWRQ��NQDSS� ����� ����� ����� ����� ����� �����
PHQX��PHQ\� ����� ����� ����� ����� ����� �����
LFRQ��LNRQ� ����� ����� ����� ����� ����� �����

7KH� ,%0� &OLHQW� WUDQVODWLRQ� VWDQGV� RXW� DV� WKH� PRVW� VRXUFH�RULHQWHG� RI� WKH
PDQXDOV��HVSHFLDOO\�LQ�FRPSDULVRQ�ZLWK�WKH�26���WUDQVODWLRQ��7KH�UHODWLYHO\�ORZ
YDOXHV�IRU�´EXWWRQ��NQDSS�µ�LQ�WKH�0LFURVRIW�$FFHVV�WUDQVODWLRQ�DUH�DFWXDOO\�GXH
WR� WKH� WHQGHQF\� WR� RPLW� FHUWDLQ� FODVVLILHUV� LQ� WKH� 6ZHGLVK� WUDQVODWLRQV�� 7KH
(QJOLVK�´&OLFN�WKH�2.�EXWWRQµ� LV� FRPPRQO\� WUDQVODWHG�E\� ´.OLFND�Sn�2.µ��6HH
DOVR�VHFWLRQV��������DQG��������



���$QDO\VLV�RI�WKH�WUDQVODWLRQ�FRUSXV

���

������ &RPPHQWV�RQ�WKH�XVH�RI�ELOLQJXDO�FRQFRUGDQFLQJ
%\� XVLQJ� WKH� ELOLQJXDO� FRQFRUGDQFH� FRPSRQHQW� IURP� WKH�'DYH� WRROER[�� LW� KDV
EHHQ�VKRZQ�KRZ�RQH�FDQ�LQYHVWLJDWH�ZRUG�FR�RFFXUUHQFH�LQ�WUDQVODWLRQ�FRUSRUD
LQ� RUGHU� WR� ILQG� VXLWDEOH� FDQGLGDWHV� IRU� DQFKRU� ZRUGV�� 7KH� EULHI� DQDO\VLV
SUHVHQWHG�KHUH�FRQILUPV�WKH�YLHZ�WKDW�WKH�EHVW�FDQGLGDWHV� IRU�DQFKRULQJ�ZRUGV
FDQ� EH� IRXQG� DPRQJ� FRJQDWHV� �QXPEHUV� DQG� SURSHU� QDPHV�� DQ�� WR� D� FHUWDLQ
H[WHQW�� WHFKQLFDO� WHUPV�� &RQMXQFWLRQV� DQG� VXEMXQFWLRQV� FDQ� DOVR� IXQFWLRQ� DV
SRWHQWLDOO\� JRRG� FDQGLGDWHV� IRU� PRVW� WH[WV�� &RXSOHG� ZLWK� VXLWDEOH� DOLJQPHQW
WHFKQLTXHV�� LW� LV� UHDVRQDEOH� WKDW� HPSLULFDO� LQYHVWLJDWLRQV� LQWR� ZKDW� WKH� ORZHU
ERXQG�IRU�FR�RFFXUUHQFH�RU�WUDQVODWLRQ�ELDV�UDWHV�LV�

7KH� %LOLQJXDO� FRQFRUGDQFH� FRPSRQHQW� LV� D� XVHIXO� WRRO� IRU� WKH� FRQWUDVWLYH
OLQJXLVW�� WKH� WUDQVODWLRQ� VFKRODU� DQG� WKH� ODQJXDJH� HQJLQHHU�� 7KH� FRQWUDVWLYH
OLQJXLVW�FDQ�FRPSLOH�VWDWLVWLFDO�GDWD�RQ�FR�RFFXUUHQFH�DQG�H[WUDFW�VHQWHQFH�SDLUV
IURP� SDUDOOHO� FRUSRUD� WKDW� DUH� VSHFLILFDOO\� LQWHUHVWLQJ� IRU� D� FHUWDLQ� FRQWUDVWLYH
VWXG\��7KH� WUDQVODWLRQ� VFKRODU�PD\�EH�PRUH� LQFOLQHG� WR� VWXG\� WUDQVODWLRQ�ELDV�
WKDW� LV�� JLYHQ� D� FHUWDLQ� VRXUFH� REMHFW�� ZKDW� DUH� WKH� SUHIHUUHG� FKRLFHV� RI� WKH
WUDQVODWRUV�DV�WKH\�DSSHDU�LQ�WKH�WH[W��7KH�WUDQVODWLRQ�VFKRODU�ZLOO�IRFXV�RQ�WKH
WUDQVODWLRQ�GLUHFWLRQ�RI� WKH� WH[W��ZKHUHDV� WKH� FRQWUDVWLYH� OLQJXLVW�ZLOO� EH�PRUH
LQWHUHVWHG� LQ� WKH� UHODWLRQVKLS� EHWZHHQ� WZR� ODQJXDJH� V\VWHPV�� 7KH� %LOLQJXDO
FRQFRUGDQFH� FRPSRQHQW� ZLOO� DLG� ERWK� W\SHV� RI� OLQJXLVWV� LQ� WKHLU� HQGHDYRXUV�
)XUWKHUPRUH�� IRU� V\VWHP� GHYHORSHUV� RI� WUDQVODWLRQ� VXSSRUW� VRIWZDUH�
LQYHVWLJDWLRQV�LQWR�UHVRXUFHV�OLNH�DQFKRU�ZRUGV��FR�RFFXUUHQFH�UHODWLRQV��HWF��DUH
HPSLULFDO� IRXQGDWLRQV� IRU� SURGXFLQJ� EHWWHU� DQG�PRUH� DSSURSULDWH� VRIWZDUH� IRU
WUDQVODWRUV�

*LYHQ� ODUJH� WUDQVODWLRQ�FRUSRUD��SUHIHUDEO\�GLYLGHG� LQWR� WH[W�JHQUHV�� LW�PD\�EH
SRVVLEOH�WR�SHUIRUP�IXUWKHU�WHVWV�WR�VHH�ZKHWKHU�VLQJOH�ZRUG�FR�RFFXUUHQFHV�FDQ
EH�WDNHQ�DV�LQGLFDWRUV�RI�KRZ�VRXUFH��RU�WDUJHW�RULHQWHG�D�FHUWDLQ�WUDQVODWLRQ�LV�
7KLV� EULHI� VWXG\� UHYHDOHG� WKDW� WKH� ODVW� RI� WKH� WKUHH� WUDQVODWLRQ�PHPRU\
WUDQVODWLRQV�RI�,%0�WH[WV�VKRZHG�D�WHQGHQF\�WR�EHLQJ�FORVHU�WR�WKH�VRXUFH�WH[W
WKDQ� WKH� ILUVW� WUDQVODWLRQ� �,%0�26����� 7KLV� LV� LQ� DFFRUGDQFH� ZLWK� WKH� HDUOLHU
REVHUYDWLRQV�RI�GLVFUHSDQF\�GDWD�ZKHUH� WKH�FRQVLVWHQF\� LQ� WKH� ODWHU� WUDQVODWLRQ
KDG�LQFUHDVHG�FRQVLGHUDEO\�

���� 6XPPDU\

,Q�WKLV�FKDSWHU��WKUHH�RI�WKH�FRPSRQHQWV�LQ�WKH�'$9(�SDFNDJH�KDYH�EHHQ�DSSOLHG
WR� WKH�/LQN|SLQJ�7UDQVODWLRQ�&RUSXV� LQ� RUGHU� WR� H[WUDFW� GDWD� WKDW� VKHG� VRPH
OLJKW�RQ�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�UHVSHFWLYH�VRXUFH�DQG�WDUJHW�WH[WV�DQG�WKH
GLIIHUHQW� WH[W� W\SHV�� ,QIRUPDWLRQ� RQ� VHQWHQFH�PDSSLQJV� UHYHDO� WKDW� ILYH� RI� WKH
WUDQVODWLRQV�VKRZ�����WUDQVODWLRQV� ���VRXUFH�VHQWHQFH�²�RQH�WDUJHW�VHQWHQFH�� LQ
WKH�UHJLRQ�RI�������WR�������SHU�FHQW��7KUHH�RI�WKH�WUDQVODWLRQV�GHYLDWHG�IURP�WKLV
UDQJH�IRU�YDULRXV�UHDVRQV��WKH�PDFKLQH�WUDQVODWHG�$7,6�WH[W������SHU�FHQW���WKH
26���PDQXDO� IURP� ,%0� ������� SHU� FHQW�� DQG� WKH� *RUGLPHU� QRYHO� ������� SHU
FHQW���$OO�WKH�VHQWHQFH�WUDQVODWLRQV�RI�WKH�$7,6�WH[W�DUH�����DV�WKLV�LV�EXLOW�LQWR
WKH�07�V\VWHP��7KH�26���WUDQVODWLRQ�ZDV�VKRZQ�WR�FRQWDLQ�D�KLJK�SURSRUWLRQ
RI� GHOHWLRQV� DQG� DGGLWLRQV� ����� DQG� ����� DQG� WKH� *RUGLPHU� QRYHO� H[KLELWHG� D
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GHYLDWLRQ� IURP� WKH� RWKHU� WH[WV� DV� IDU� DV� WKH� XVH� RI� SXQFWXDWLRQ� LV� FRQFHUQHG
�GHSHQGLQJ�RQ�VHPLFRORQ�DQG�FRPPD�XVH�LQ�GLDORJXH��

7KH� GLVFUHSDQF\� DQDO\VLV� RI� /7&� UHYHDOHG� WKH� DSSDUHQW� LQHIILFLHQW� XVH� RI
WUDQVODWLRQ�PHPRULHV�IRU�WKH�,%0�WUDQVODWLRQV��7KLV�ZDV�FRQILUPHG�LQ�LQWHUYLHZV
ZLWK�WKH�WUDQVODWRUV�DQG�H[SODLQHG�E\�D�FRPELQDWLRQ�RI�WHFKQLFDO�SUREOHPV�DQG�D
FODVK�RI�FXOWXUH�ZLWK�WKH�SUHYLRXV�ZD\�WUDQVODWLRQV�ZHUH�GRQH�DW�WKH�FRPSDQ\��,Q
IDFW�� WKLV� REVHUYDWLRQ� FRQILUPV� WKH� SUREOHP� EURXJKW� WR� VXUIDFH� LQ� FKDSWHU� �
ZKHUH� WKH� WUDQVODWRUV�ZHUH�VKRZQ�WR�KDYH�GLIILFXOWLHV� LQ�DFFHSWLQJ�D� VXJJHVWHG
WUDQVODWLRQ��7KH�GLVFUHSDQF\�DQDO\VLV�ZDV� DOVR� VKRZQ� WR�EH�XVDEOH� LQ� VWXG\LQJ
RWKHU�SKHQRPHQD��VXFK�DV�YDULDWLRQV�LQ�WKH�GLDORJXH�LQFOXGHG�LQ�QRYHOV�

)LQDOO\��WKH�ELOLQJXDO�FRQFRUGDQFLQJ�WRRO�ZDV�DSSOLHG�WR�/7&�DQG�LWV�XVHIXOQHVV
ZDV�LOOXVWUDWHG�DV�D�WRRO�IRU�WKH�FRQWUDVWLYH�OLQJXLVW��WKH�WUDQVODWLRQ�VFKRODU�DQG
WKH� ODQJXDJH� HQJLQHHU�� $QFKRU� ZRUGV� XVHG� IRU� VHQWHQFH� DOLJQPHQW� FDQ� EH
HPSLULFDOO\�WHVWHG�ZLWK�PHDVXUHV�VXFK�DV�WKH�:RUG�&R�RFFXUUHQFH�5DWLR��:&5�
DQG�7UDQVODWLRQ�%LDV��7%��

-XGJLQJ�IURP�WKH�GDWD�SUHVHQWHG�LQ�WKLV�FKDSWHU��WKH�XVH�RI�WUDQVODWLRQ�PHPRULHV
GRHV� QRW� QHFHVVDULO\� UHVXOW� LQ� PRUH� VRXUFH�RULHQWHG� WUDQVODWLRQV�� 7KH� 26��
WUDQVODWLRQ� FRQWDLQV� WRR� PDQ\� QRQ����� VHQWHQFH� PDSSLQJV� WR� EH� MXGJHG� DV
VRXUFH�RULHQWHG�� )XUWKHUPRUH�� ZRUG� FR�RFFXUUHQFH� DQG� WUDQVODWLRQ� ELDV� GDWD
VKRZ�WKDW� WKH�26���WUDQVODWLRQ� LV� FRQVLGHUDEO\� OHVV�FRQVLVWHQW� WKDQ� WKH�UHVW�RI
WKH�PDQXDOV��:KHQ� WKH�PDQXDOO\� WUDQVODWHG�0LFURVRIW�$FFHVV�8VHU·V�*XLGH� LV
FRPSDUHG�WR�WKH�WUDQVODWLRQ�PHPRU\�WUDQVODWHG�,%0�PDQXDOV��WKHUH�DUH�QR�FOHDU
WHQGHQFLHV��2Q� WKH� RQH� KDQG�� WKH�0LFURVRIW�PDQXDO� VHHPV� WR� EH�PRUH� VRXUFH�
RULHQWHG�DQG�FRQVLVWHQW�WKDQ�WKH�26���WUDQVODWLRQ��DQG�RQ�WKH�RWKHU�KDQG�� OHVV
VRXUFH�RULHQWHG�DQG�OHVV�FRQVLVWHQW�FRPSDUHG�WR�WKH�,%0�&OLHQW�WUDQVODWLRQ��7KH
PRVW�OLNHO\�H[SODQDWLRQ�WR�WKLV�REVHUYDWLRQ�LV�WKDW�WKH�,%0�26���DQG�WKH�,%0
&OLHQW�WUDQVODWLRQV�ZHUH�GRQH�DW�GLIIHUHQW�VWDJHV�DW�,%0��7KH�26���WUDQVODWLRQ
ZDV�GRQH�LQ������ZKHQ�WKH�WHFKQRORJ\�ZDV�QHZ�WR�WKH�WUDQVODWRUV��,Q������ZKHQ
WKH�&OLHQW�PDQXDO�ZDV�WUDQVODWHG��WUDQVODWRUV�KDG�DGDSWHG�WKHLU�WUDQVODWLRQ�WR�WKH
WRRO��ZKLFK�OHG�WR�KLJKHU�FRQVLVWHQF\�DQG�KLJKHU�FR�RFFXUUHQFH�UDWLRV�

&RQVLVWHQF\� LQ� WUDQVODWLRQ� LV� LPSRUWDQW� IRU� WHFKQLFDO� WUDQVODWLRQV�� EXW� LV� QRW� D
PDMRU� LVVXH� IRU� WUDQVODWLRQ� RI� ILFWLRQ�� PDLQO\� EHFDXVH� RI� WKH� ODFN� RI� VHQWHQFH
UHFXUUHQFH�LQ�WKH�QRYHOV��2Q�WKH�OH[LFDO�OHYHO��WKH�QRYHOV�H[KLELW�DQ�DOPRVW����
SHU�FHQW�ZRUG�FR�RFFXUUHQFH�IRU�SURSHU�QDPHV�

$OWRJHWKHU�� WKH� WRROV� FRPSOHPHQW� HDFK� RWKHU� LQ� UHYHDOLQJ� DQG� PHDVXULQJ
LQWHUHVWLQJ� GLIIHUHQFHV� EHWZHHQ� WUDQVODWLRQV�� DV� ZHOO� DV� LQ� LQYHVWLJDWLQJ
WUDQVODWLRQ�QRUPV�



���/LQN|SLQJ�:RUG�$OLJQHU��/:$�

���

�� /LQN|SLQJ�:RUG�$OLJQHU��/:$�

,Q�WKH�ODVW�ILYH�WR�WHQ�\HDUV�WKH�LQWHUHVW�LQ�V\VWHPV�WKDW�DOLJQ��RU�OLQN��ZRUGV�DQG
SKUDVHV�LQ�D�VRXUFH�WH[W�WR�FRUUHVSRQGLQJ�WDUJHW�XQLWV�KDV�LQFUHDVHG�VWHDGLO\��,Q
WKLV�FKDSWHU�DQG�LQ�WKH�UHVW�RI�WKH�WKHVLV��WKH�QRWLRQ�RI�ZRUG�DOLJQPHQW�V\VWHPV� LV
XVHG�DV�D�JHQHUDO�WHUP�IRU�V\VWHPV�WKDW�DOLJQ�OLQJXLVWLF�XQLWV�EHORZ�WKH�VHQWHQFH
OHYHO�DFURVV� WZR� ODQJXDJHV��7KHVH� OLQJXLVWLF�XQLWV�FRXOG�EH�H[SUHVVHG�DV� VLQJOH
ZRUGV�� SKUDVHV�� WHUPV� RU� FROORFDWLRQV�� 7KH� PDMRULW\� RI� WKH� ZRUG� DOLJQPHQW
V\VWHPV� GHVFULEHG� LQ� WKH� OLWHUDWXUH� IDOO� LQWR� WZR�PDLQ� FDWHJRULHV�� ���� )XOO�WH[W
DOLJQPHQW� V\VWHPV�� DQG� ���� %LOLQJXDO� OH[LFRQ� H[WUDFWLRQ� V\VWHPV�� %HORZ� WKHVH
PDLQ� FDWHJRULHV�� LW� LV� SRVVLEOH� WR� PDNH� IXUWKHU� GLYLVLRQV� LQWR�� IRU� H[DPSOH�
ELOLQJXDO� FRQFRUGDQFLQJ� DQG� ELOLQJXDO� LQIRUPDWLRQ� UHWULHYDO� IRU� WKH� ILUVW
FDWHJRU\��DQG�WHFKQLFDO�WHUPLQRORJ\�V\VWHPV�DQG�V\VWHPV�WKDW�FRPSLOH�OH[LFRQV
DXWRPDWLFDOO\�IRU�VSHFLILF�V\VWHPV�RU�VSHFLILF�XVHV�IRU�WKH�VHFRQG�FDWHJRU\�

$�ZRUG�DOLJQPHQW�V\VWHP�FDQ�EH�VHHQ�DV�NLQG�RI�GDWD�H[WUDFWLRQ�WRRO�DSSOLHG�WR�D
ELWH[W� �VHH� VHFWLRQ� �������� 7KHUH� DUH� VHYHUDO� SRWHQWLDO� DSSOLFDWLRQV� IRU� ZRUG
DOLJQPHQW��ERWK�IRU�UHVHDUFK�DFWLYLWLHV�DQG�IRU�PRUH�DSSOLHG�SXUSRVHV��)XOO�WH[W
DOLJQPHQW�V\VWHPV�ZLOO�DFWXDOO\�SLQSRLQW�WKH�FRUUHVSRQGHQFHV�EHWZHHQ�UXQQLQJ
ZRUGV� LQ� WKH� VRXUFH� WH[W� DQG� ZRUGV� LQ� WDUJHW� WH[W�� 7KLV� ZRXOG� EH� D� KHOSIXO
FRPSOHPHQW�WR�ELOLQJXDO�FRQFRUGDQFH�V\VWHPV��VHH�DOVR�VHFWLRQV�����DQG������DV�LW
ZRXOG�EH�SRVVLEOH�WR�SUHVHQW�ERWK�D�VRXUFH�LWHP�DQG�D�FRUUHVSRQGLQJ�WDUJHW�LWHP
IRU� WKH�XVHU�ZLWK� OLQJXLVWLF�FRQWH[W��:LWKLQ�QDWXUDO� ODQJXDJH�SURFHVVLQJ��ZRUG
DOLJQPHQW�V\VWHPV�KDYH�EHHQ�XVHG�IRU�GLIIHUHQW�SXUSRVHV��H�J��DV�D�ZD\�WR�EXLOG
XS�ELOLQJXDO�OH[LFRQV�IRU�PDFKLQH�WUDQVODWLRQ�V\VWHPV��FI��0HODPHG�����E��

/LQN|SLQJ�:RUG�$OLJQHU��KHQFHIRUWK�/:$��LV�D�V\VWHP�IRU�ZRUG�DOLJQPHQW�WKDW
KDV�EHHQ�LQ�RSHUDWLRQ�VLQFH�WKH�IDOO�RI�������,Q�WKLV�FKDSWHU�WKH�/:$�GHVLJQ�DQG
LPSOHPHQWDWLRQ�DUH�SUHVHQWHG��DV�ZHOO�DV�WKH�EDVLF�VHWXS�IRU�WZR�GLIIHUHQW�WDVNV
LQYROYLQJ� WZR� GLIIHUHQW� ODQJXDJH� SDLUV�� (QJOLVK�6ZHGLVK� DQG� )UHQFK�(QJOLVK�
,Q� FKDSWHU� �� WKH� SUREOHP� RI� HYDOXDWLQJ�ZRUG� DOLJQPHQW� V\VWHPV� LQ� JHQHUDO� LV
GLVFXVVHG��DQG�D�SURSRVDO� IRU�D�VSHFLILF�ZD\�RI�HYDOXDWLRQ� LV�PDGH�WKDW� LQFOXGHV
VRIWZDUH� GHYHORSHG� LQ� /LQN|SLQJ� �� WKH� 3/8*� /LQN� $QQRWDWRU� DQG� WKH� /LQN
6FRUHU��,Q�FKDSWHU����WKH�/:$�V\VWHP�LV�HYDOXDWHG�LQ�WKUHH�GLIIHUHQW�VWHSV���

/:$�ZDV� GHYHORSHG� WR� SURFHVV� WKH�/LQN|SLQJ� WUDQVODWLRQ� FRUSXV� GHVFULEHG� LQ
FKDSWHU����7KH�SULPDU\�SXUSRVH�RI� WKH� V\VWHP� LV� WR� H[SORUH� WKH�SRVVLELOLWLHV�RI
JHQHUDWLQJ�OH[LFDO�GDWD�IURP�SDUDOOHO�WH[WV�LQ�WKH�IRUP�RI�WUDQVODWLRQ�OH[LFRQV�DQG
ELOLQJXDO� FRQFRUGDQFHV�� $W� WKH� WLPH� VHYHUDO� UHVXOWV� RQ� ZRUG� DOLJQPHQW� KDG
DOUHDG\� EHHQ� SXEOLVKHG� �H�J�� %URZQ� HW� DO�� ������ .D\� DQG� 5|VFKHLVHQ�������
6PDGMD�������.XSLHF�������YDQ�GHU�(LMN�������)XQJ�DQG�&KXUFK�������:X������
����������������������������������������������������������

���&KDSWHUV������DQG���DUH�SDUWO\�EXLOW�RQ�$KUHQEHUJ��$QGHUVVRQ�DQG�0HUNHO������D���������0HUNHO�
$QGHUVVRQ�DQG�$KUHQEHUJ���������0HUNHO�DQG�$KUHQEHUJ��������DQG�0HUNHO��������
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&KDQJ� DQG� .HU� ������ .DML� DQG� $L]RQH� ������0DFNORYLWFK� DQG� +DQQDQ� �����
0HODPHG�����������D������E������F������D������E��)XQJ�DQG�0F.HRZQ������
.LWDPXUD� DQG� 0DWVXPRWR� ������ 7LHGHPDQQ� ������ DQG� 5HVQLN� DQG� 0HODPHG
������ DQG� LW� VHHPHG� IDLUO\� HYLGHQW� WKDW� D� V\VWHP� WKDW� FRPELQHG� VWDWLVWLFDO� DQG
QRQ�VWDWLVWLFDO� ´OLQJXLVWLFµ� LQIRUPDWLRQ�ZRXOG� EH� WKH� EHVW� FKRLFH��7KLV� VWLOO� OHIW
PDQ\�RSWLRQV�RSHQ��KRZHYHU��DQG�LW�ZDV�PXFK�OHVV�FOHDU�ZKDW�NQRZOHGJH�VRXUFHV
ZRXOG�DFWXDOO\�EH�XVHIXO�RU�DYDLODEOH�

0RUHRYHU��SUHYLRXV�ZRUN�KDG�IRFXVHG�RQ�)UHQFK�(QJOLVK�WH[WV��LQ�SDUWLFXODU�WKH
H[WHQVLYH�+DQVDUG�&RUSXV��ZLWK�VRPH�DWWHPSWV�DOVR�EHLQJ�PDGH�DW�SDUDOOHO�WH[WV
IURP� VWUXFWXUDOO\� YHU\� GLIIHUHQW� ODQJXDJHV� VXFK� DV� (QJOLVK�-DSDQHVH� RU
(QJOLVK�&KLQHVH��:KLOH�(QJOLVK�DQG�6ZHGLVK�DUH�UHODWLYHO\�VLPLODU�LQ�VWUXFWXUH�
WKHUH�DUH�VRPH�FUXFLDO�GLIIHUHQFHV�WKDW�PXVW�EH�WDNHQ�LQWR�DFFRXQW��,Q�(QJOLVK�D
ODUJH� QXPEHU� RI� OH[LFDO� XQLWV� DQG� WHFKQLFDO� WHUPV� DUH�PXOWL�ZRUG� FRPSRXQGV�
ZKLOH� WKH� FRUUHVSRQGLQJ� XQLWV� LQ� 6ZHGLVK� DQG� RWKHU� *HUPDQLF� ODQJXDJHV� DUH
RIWHQ� VLQJOH�ZRUG� FRPSRXQGV�� 7ZR� H[DPSOHV� DUH� (QJOLVK� ILOH� PDQDJHU
FRUUHVSRQGLQJ� WR� 6ZHGLVK� ILOKDQWHUDUH�� DQG� (QJOLVK� VHZDJH� GLVSRVDO� SODQW
FRUUHVSRQGLQJ�WR�6ZHGLVK�YDWWHQUHQLQJVYHUN��7KXV��D�GHVLGHUDWXP�IRU�/:$�ZDV
WKDW�LW�VKRXOG�EH�DEOH�WR�KDQGOH�PXOWL�ZRUG�XQLWV�DQG�VLQJOH�ZRUG�XQLWV�DOLNH��FI�
-RQHV�DQG�$OH[D�������%ODQN�������

2WKHU�LPSRUWDQW�UHTXLUHPHQWV�IRU�/:$�ZHUH�WKDW�LW�VKRXOG�EH�PRGXODU��VR�WKDW
GLIIHUHQW� LQIRUPDWLRQ� VRXUFHV� FRXOG� EH� FRPELQHG� LQ� GLIIHUHQW� ZD\V�� DQG� HDVLO\
FRQILJXUDEOH� IRU� GLIIHUHQW� �(XURSHDQ�� ODQJXDJH� SDLUV�� 7KLV� ODWWHU� UHTXLUHPHQW
PDGH�XV�VHWWOH�IRU�D�NQRZOHGJH�OLWH�DSSURDFK��L�H��D�V\VWHP�ZKRVH�PRGXOHV�FDQ�EH
SURYLGHG�ZLWK� WKH�QHFHVVDU\� ODQJXDJH�GDWD�TXLFNO\�DQG� LQH[SHQVLYHO\��)RU� WKLV
UHDVRQ� ´NQRZOHGJH�LQWHQVLYHµ� VRXUFHV� ZHUH� H[FOXGHG� IURP� /:$�� VXFK� DV
PDFKLQH�UHDGDEOH�ELOLQJXDO�GLFWLRQDULHV��SDUW�RI�VSHHFK�WDJJHUV�DQG�OHPPDWL]HUV�
,W� LV� WUXH� WKDW� VXFK� UHVRXUFHV� DUH� EHFRPLQJ�PRUH� UHDGLO\� DYDLODEOH� DQG� IXWXUH
YHUVLRQV� RI� /:$� PD\� ZHOO� PDNH� XVH� RI� WKHP�� (YHQ� WKRXJK� LW� LV� OLNHO\� WKDW
NQRZOHGJH�LQWHQVLYH� VRXUFHV� ZLOO� JLYH� EHWWHU� SHUIRUPDQFH�� NQRZOHGJH�OLWH
V\VWHPV� VWLOO� KDYH� DQ� LQWHUHVW�� $SDUW� IURP� SRUWDELOLW\� WKH\� DUH� OLNHO\� WR� JLYH
VXIILFLHQWO\�JRRG�UHVXOWV�IRU�PDQ\�SXUSRVHV��H�J��LI�WKH�RXWSXW�LV�WR�EH�XVHG�E\�D
KXPDQ�XVHU� IRU� WKH� FUHDWLRQ� RI� D� FRPSOHWH�ZRUG�DOLJQHG� ELWH[W��/:$�DFWXDOO\
SURYLGHV�WZR�NLQGV�RI�RXWSXW��D�VHW�RI�OLQNV�WKDW�SURYLGH�WKH�EDVLV�IRU�D�ELOLQJXDO
FRQFRUGDQFH�� DQG� D� OLVW� RI� OLQN� W\SHV� IURP� WKH� WH[W� WKDW� FRQVWLWXWH� D� SDUWLDO
WUDQVODWLRQ�OH[LFRQ�IRU�WKH�ELWH[W�

,Q�WKH�UHVW�RI�WKLV�FKDSWHU�WKH�RYHUDOO�GHVLJQ�DQG�LPSOHPHQWDWLRQ�RI�WKH�V\VWHP�LV
GHVFULEHG�DV�ZHOO�DV�LWV�EDVLF�VHWXS�WR�KDQGOH�(QJOLVK�6ZHGLVK�DOLJQPHQWV��7KHQ
D�SUHVHQWDWLRQ�RI�WKH�DGDSWLRQ�RI�/:$�WR�)UHQFK�(QJOLVK�WH[WV�IRU�WKH�$UFDGH
ZRUG�DOLJQPHQW�FRQWHVW��9pURQLV�DQG�/DQJODLV�������IROORZV�

���� 7KH�V\VWHP

7KH� REMHFWLYH� IRU� /:$� LV� WR� ILQG�ZRUG� OLQNV� LQ� D� ELWH[W� DQG� JHQHUDWH� D� QRQ�
SUREDELOLVWLF�WUDQVODWLRQ�OH[LFRQ�IURP�LW��,W�LV�DVVXPHG�WKDW�WKH�ELWH[W�LV�DOUHDG\
FRUUHFWO\�DOLJQHG�DW�WKH�VHQWHQFH�RU�SDUDJUDSK�OHYHO��7KHVH�DOLJQHG�VHQWHQFHV�RU
SDUDJUDSKV�DUH�UHIHUUHG�WR�DV�ELWH[W�VHJPHQWV�
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���

,Q� WKLV� VHFWLRQ� DQ� RYHUYLHZ� RI� WKH� DVVXPSWLRQV� EHKLQG� WKH� /:$� V\VWHP� DUH
SUHVHQWHG�DV�UHJDUGV�WKH�REMHFWV�DQG�UHODWLRQV�IRXQG�LQ�ELWH[W�VHJPHQWV��DQG�KRZ
WKH\�DUH�LPSOHPHQWHG�LQ�WKH�/:$�V\VWHP��7KHQ�D�GHVFULSWLRQ�RI�KRZ�WKH�V\VWHP
LV�XVHG�LV�JLYHQ�DV�ZHOO�DV�IXUWKHU�GHWDLOV�RQ�LWV�PRGH�RI�RSHUDWLRQ�

������ 8QGHUO\LQJ�DVVXPSWLRQV
$�JLYHQ�ELWH[W�VHJPHQW�FDQ�EH�DQDO\VHG�DV�D�VHTXHQFH�RI�WRNHQV�DQG�GHOLPLWHUV��0RVW
FKDUDFWHUV� DUH� XQLTXH� WR� HLWKHU� WRNHQV� RU� GHOLPLWHUV�� EXW� VRPH� FKDUDFWHUV� WKDW
PD\�RFFXU�HLWKHU�DV�GHOLPLWHUV�RU�ZRUG�LQWHUQDOO\��H�J��WKH�IXOO�VWRS��DUH�WUHDWHG
E\� UXOHV�� 7KXV�� WKH� WRNHQL]HU� FDQ� GHDO� ZLWK� DEEUHYLDWLRQV� ZLWK� LQWHUQDO
SXQFWXDWLRQ�PDUNV��,W�DOVR�UHJXODULVHV�FOLWLFV�WR�WRNHQV��H�J��FDQ·W�LV�UHJXODULVHG�WR
FDQ�QRW��DQG�FDSLWDO�OHWWHUV�DUH�PDGH�ORZHU�FDVH�

$�VHJPHQW�LV�DOVR�YLHZHG�DV�D�SDUWLDOO\�RUGHUHG�EDJ�RI�OH[LFDO�XQLWV��,W�LV�D�EDJ�UDWKHU
WKDQ�D�VHW�VLQFH�WKH�VDPH�XQLW�FDQ�RFFXU�VHYHUDO�WLPHV�LQ�D�VLQJOH�VHQWHQFH��,W�LV
SDUWLDOO\�RUGHUHG�EHFDXVH�D�OH[LFDO�XQLW�PD\�FRUUHVSRQG�WR�D�GLVFRQWLQRXV�VWULQJ
RI� WRNHQV��0RUHRYHU�� VHYHUDO� OH[LFDO� XQLWV�PD\� FRPSHWH� IRU� WKH� VDPH� VWULQJ� RI
WRNHQV��H�J��WKHUH�PD\�EH�WZR�FRPSHWLQJ�DQDO\VHV�IRU�D�VWULQJ�VXFK�DV�3UHVLGHQW
&OLQWRQ��RQH�YLHZLQJ�LW�DV�WKH�H[SUHVVLRQ�RI�D�VLQJOH�XQLW�DQG�WKH�RWKHU�WDNLQJ�LW
DV�FRQVLVWLQJ�RI� WZR�XQLWV��)RU�D� VLQJOH� WRNHQ� WR�EH�DVVRFLDWHG�ZLWK�PRUH� WKDQ
RQH�OH[LFDO�XQLW��KRZHYHU��WKH�XQLWV�PXVW�EH�UHJDUGHG�DV�DOWHUQDWLYHV��$�VLQJOH�
ZRUG� FRPSRXQG� VXFK� DV� WKH� SUHYLRXV� H[DPSOH�� YDWWHQUHQLQJVYHUN�� FDQ� QRW� EH
DQDO\VHG�LQWR�LWV�SDUWV�YDWWHQUHQLQJ��VHZDJH�GLVSRVDO��DQG�YHUN��SODQW��

7KH�H[SUHVVLRQV�RI�D�OH[LFDO�XQLW�IRUP�D�SDUDGLJP��$�SDUDGLJP�IRU�D�VLQJOH�ZRUG
XQLW� LQFOXGHV� LWV� PRUSKRORJLFDO� YDULDQWV�� $� SDUDGLJP� IRU� D� PXOWL�ZRUG� XQLW
VKRXOG�LQFOXGH�V\QWDFWLF�YDULDQWV�DV�ZHOO��)RU�LQVWDQFH��WKH�OH[LFDO�XQLW�WXUQBGRZQ
VKRXOG� LQFOXGH� ¶WXUQHG�GRZQ·�� ¶WXUQLQJ�GRZQ·� DV�ZHOO� DV� H[SUHVVLRQV�ZKHUH� WKH
SDUWLFOH�LV�VHSDUDWHG�IURP�WKH�YHUE�E\�VRPH�DSSURSULDWH�SKUDVH��DV�LQ�WKH�SKUDVH
WXUQHG� LW� GRZQ�� 7KH� FXUUHQW� YHUVLRQ� RI� WKH� V\VWHP�� WKRXJK�� RQO\� SURYLGHV� IRU
PRUSKRORJLFDO�YDULDQWV�RI�UHJXODU�VLQJOH�ZRUG�XQLWV�

$V�IRU�WKH�WUDQVODWLRQ�UHODWLRQ�WKH�EDVLF�DVVXPSWLRQ�EHKLQG�WKH�/:$�V\VWHP�LV
WKH�VDPH�DV� IRU�DOPRVW�DOO�DSSURDFKHV�WR�ZRUG�DOLJQPHQW�� L�H�� WKDW� FRUUHVSRQGLQJ
XQLWV�RI�D�WUDQVODWLRQ�OH[LFRQ�KDYH�D�JUHDWHU�WHQGHQF\�WR�FR�RFFXU�LQ�ELWH[W�VHJPHQWV�WKDQ
QRQ�FRUUHVSRQGLQJ� XQLWV�� 'LIIIHUHQW� FDQGLGDWH� WUDQVODWLRQV� IRU� D� JLYHQ� XQLW� DUH
UDWHG� E\� FRXQWLQJ� FR�RFFXUUHQFHV� LQ� VHJPHQWV� DQG� RYHUDOO� RFFXUUHQFHV� LQ� WKH
ELWH[W� DV� D� ZKROH� DQG� WKHQ� DQ� DVVRFLDWLRQ� VFRUH� LV� FDOFXODWHG�� 7KH� V\VWHP
FXUUHQWO\� VXSSRUWV� WKUHH� GLIIHUHQW� DVVRFLDWLRQ� VFRUHV�� PXWXDO� LQIRUPDWLRQ�� WKH
'LFH�VFRUH�DQG�WKH�7�VFRUH��)XQJ�DQG�&KXUFK���������7KH�ODWWHU�LV�WKH�RQH�WKDW
KDV� EHHQ� XVHG� LQ� DOO� H[SHULPHQWV� UHSRUWHG� LQ� FKDSWHU� �� DQG� LV� FDOFXODWHG� DV
IROORZV��ZLWK�.�DV�WKH�QXPEHU�RI�ELWH[W�VHJPHQWV��
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7KH�SUREDELOLWLHV�DUH�HVWLPDWHG�E\�PHDQV�RI�WKH�IUHTXHQF\�FRXQWV��:H�KDYH�

7KH�SUREDELOLWLHV�LQGLFDWH�KRZ�OLNHO\�LW�LV�WR�ILQG�9V�DQG�9W�WRJHWKHU�LQ�WKH�VDPH
ELWH[W�VHJPHQW��DV�ZHOO�DV�ILQGLQJ�9V�DQG�9W�UHVSHFWLYHO\�LQ�WKH�WH[W��1�LV�KHUH�WKH
QXPEHU�RI�ELWH[W�VHJPHQW��FRQWDLQLQJ�D�VRXUFH�VLGH�DQG�D�FRUUHVSRQGLQJ�WDUJHW
VLGH��7KH� WDUJHW� FDQGLGDWH�JLYLQJ� WKH�KLJKHVW� VFRUH� LV� VHOHFWHG� DV� D� WUDQVODWLRQ
SURYLGHG� WKH� IROORZLQJ� WZR� FRQGLWLRQV� DUH�PHW�� �D�� WKH� VFRUH� LV� KLJKHU� WKDQ� D
JLYHQ� WKUHVKROG�� DQG� �E�� WKH� RYHUDOO� IUHTXHQF\� RI� WKH� SDLU� LV� VXIILFLHQWO\� KLJK�
7KHVH�DUH�WKH�VDPH�FRQGLWLRQV�WKDW�ZHUH�XVHG�E\�)XQJ�DQG�&KXUFK��LELG���

,W�LV�IXUWKHU�DVVXPHG�WKDW�D�OH[LFDO�XQLW�LQ�RQH�KDOI�RI�D�VHJPHQW�FRUUHVSRQGV�WR�DW�PRVW
RQH�OH[LFDO�XQLW�LQ�WKH�RWKHU�KDOI��7KLV�FDQ�EH�VHHQ�DV�D�JHQHUDOLVDWLRQ�RI�WKH�RQH�WR�
RQH�DVVXPSWLRQ� IRU�ZRUG�WR�ZRUG� WUDQVODWLRQ�XVHG�E\�0HODPHG� �����D�� DQG� LV
H[SORLWHG� IRU� WKH� VDPH� SXUSRVH�� L�H�� WR� H[FOXGH� ODUJH� QXPEHUV� RI� FDQGLGDWH
DOLJQPHQWV�� ZKHQ� JRRG� LQLWLDO� DOLJQPHQWV� KDYH� EHHQ� IRXQG�� 7KXV�� WKH� V\VWHP
RSHUDWHV� LWHUDWLYHO\�DQG�DIWHU�HDFK� LWHUDWLRQ�� WRNHQV�WKDW�KDYH�JHQHUDWHG�HQWULHV
LQ�WKH�GLFWLRQDU\�DUH�UHPRYHG�IURP�WKH�ELWH[W�

$� URXJK� SDUWLWLRQ� RI� XQLWV� DQG� WRNHQV� LQWR� FDWHJRULHV� LV� HPSOR\HG� WR� SUHYHQW
VSXULRXV� FDQGLGDWH� SDLUV� IURP� EHLQJ� JHQHUDWHG�� $� ILUVW� GLYLVLRQ� LV� PDGH� LQWR
UHOHYDQW� DQG� LUUHOHYDQW� XQLWV�� ,UUHOHYDQW� XQLWV� DUH� VLPSO\� WKRVH� WKDW� DUH� QRW
LQFOXGHG�LQ�WKH�VHW�RI�FDQGLGDWHV��7KH\�KDYH�WR�EH�OLVWHG�H[SOLFLWO\��7KH�UHDVRQ�IRU
QRW�LQFOXGLQJ�VRPH�LWHPV�PD\�YDU\�ZLWK�WKH�SXUSRVH�RI�DOLJQPHQW��(YHQ�LI�WKH
DLP�LV�WKDW�WKH�DOLJQPHQW�VKRXOG�EH�DV�FRPSOHWH�DV�SRVVLEOH��LW�PLJKW�EH�XVHIXO�WR
H[FOXGH�FHUWDLQ�XQLWV�WKDW�DUH�OLNHO\�WR�FRQIXVH�WKH�DOJRULWKP��)RU�LQVWDQFH��WKH
GR�VXSSRUW� IRXQG� LQ� (QJOLVK� XVXDOO\� KDV� QR� FRXQWHUSDUW� LQ� RWKHU� ODQJXDJHV�
7KXV�� WKH�GLIIHUHQW� IRUPV�RI� ¶GR·�PD\�EH�H[FOXGHG� IURP�FRQVLGHUDWLRQ� IURP�WKH
VWDUW�� $SDUW� IURP� WKLV� UHVWULFWHG� VHW� RI� LUUHOHYDQW� XQLWV� WKDW� FDQ� EH� NQRZQ� LQ
DGYDQFH�� DGGLWLRQV� DQG� GHOHWLRQV� RI� OH[LFDO� XQLWV� LQ� WUDQVODWLRQ� DUH� WDNHQ� WR� EH
KDSKD]DUG�

5HOHYDQW�XQLWV�DUH�IXUWKHU�GLYLGHG�LQWR�RSHQ�FODVV�DQG�FORVHG�FODVV�XQLWV��2SHQ�FODVV
XQLWV�FDQ�RQO\�EH�DOLJQHG�ZLWK�RSHQ�FODVV�XQLWV��DQG�FORVHG�FODVV�XQLWV�FDQ�RQO\�EH
DOLJQHG�ZLWK� FORVHG� FODVV� XQLWV�� &ORVHG� FODVV� XQLWV� KDYH� WR� EH� OLVWHG� H[SOLFLWO\�
WKXV� IRUPLQJ� D� VRUW� RI� VHHG� OH[LFRQ�� 0XOWL�ZRUG� FORVHG� FODVV� XQLWV� DUH� OLVWHG
VHSDUDWHO\��&ORVHG�FODVV�XQLWV�DUH�IXUWKHU�FODVVLILHG�IRU�WKH�SXUSRVHV�RI�DOLJQPHQW�
7KH� FDWHJRULHV� DFW� DV� ILOWHUV� LQ� WKH� DOLJQPHQW� SURFHVV�� H[FOXGLQJ� DOO� FDQGLGDWH
SDLUV� WKDW� KDYH� QRQ�FRUUHVSRQGLQJ� FDWHJRULHV�� 6WDQGDUG� SDUWV� RI� VSHHFK� DUH
HPSOR\HG��VXFK�DV�SURQRXQV��SUHSRVLWLRQV�DQG�FRQMXQFWLRQV�IRU�WKH�SXUSRVH�
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,I� VRPH� H[SUHVVLRQ� IRU� WKH� OH[LFDO� XQLW� 87� LV� IRXQG� FRUUHVSRQGLQJ� WR� VRPH
H[SUHVVLRQ� IRU� WKH� OH[LFDO� XQLW�86�� WKHQ� LW� LV� DVVXPHG� WKDW� DQ\� PRUSKRORJLFDO
YDULDQW�RI�87�PD\�FRUUHVSRQG�WR�86��7KLV�DVVXPSWLRQ�LV�LQ�DFFRUGDQFH�ZLWK�WKH
RIWHQ� PDGH� REVHUYDWLRQ� WKDW� PRUSKRORJLFDO� SURSHUWLHV� DUH� QRW� LQYDULDQWV� LQ
WUDQVODWLRQ�� ,W� LV� XVHG� WR� PDNH� WKH� DOJRULWKP� PRUH� JUHHG\� E\� DFFHSWLQJ
LQIUHTXHQW�DOLJQPHQWV�WKDW�DUH�PRUSKRORJLFDO�YDULDQWV�RI�KLJK�UDWLQJ�RQHV�

6RPH�LQIUHTXHQW�OLQNV�DUH�DOVR�FDSWXUHG�E\�REVHUYLQJ�WKH�RFFXUUHQFH�RI�VHJPHQWV
FRQVLVWLQJ�RI�VLQJOH�WRNHQV��VLQJOH�ZRUG�VHJPHQWV���,I�RQH�KDOI�RI�D�ELWH[W�VHJPHQW
FRQVLVWV�RI�WKH�H[SUHVVLRQ�RI�D�VLQJOH�OH[LFDO�XQLW��WKHQ�DVVXPH�WKDW�WKH�RWKHU�KDOI
LV�DOVR��7KLV�LV�GHILQLWHO\�D�KHXULVWLF��EXW�LW�KDV�EHHQ�VKRZQ�WR�EH�YHU\�XVHIXO�IRU
WHFKQLFDO�WH[WV�LQYROYLQJ�(QJOLVK�DQG�6FDQGLQDYLDQ��ZKHUH�WHUPV�DUH�RIWHQ�IRXQG
LQ�OLVWV�RU�WDEOH�FHOOV��7LHGHPDQQ�������

$� FRPPRQ� DVVXPSWLRQ�� ZKLFK� KDV� EHHQ� PDGH� E\� PDQ\� UHVHDUFKHUV�� LV� WKDW
FRJQDWHV� DSSHDULQJ� RQ� RSSRVLWH� VLGHV� RI� D� ELWH[W� VHJPHQW� DUH� WUDQVODWLRQ
HTXLYDOHQWV� �6LPDUG� HW� DO��� ������ 0HODPHG�� ������ 7LHGHPDQQ� ������� VHH� DOVR
VHFWLRQ������7KHVH�ZRUNV�KDYH�DOVR�GHPRQVWUDWHG�WKDW�FRJQDWH�KHXULVWLFV�FDQ�EH
XVHG�ZLWK�JRRG�HIIHFWV�RQ�SHUIRUPDQFH��&RJQDWH�KHXULVWLFV�DUH�NQRZOHGJH�OLWH�LQ
WKH�/:$�VHQVH�RI�WKH�WHUP�DQG�KDYH�DOVR�EHHQ�LPSOHPHQWHG�LQ�/:$��2QH�RI�WKH
VLPLODULW\�IXQFWLRQV�XVHG�LQ�/:$�LV�EDVHG�RQ�WKH�/RQJHVW�&RPPRQ�6XEVHTXHQFH
5DWLR��/&65��DOJRULWKP�GHYHORSHG�E\�+XQW�DQG�6]\PDQVNL��������DQG�XVHG�IRU
ZRUG�DOLJQPHQW�E\�0HODPHG���������������7KH�/&65�RI�WZR�FRPSDUHG�ZRUGV�LV
WKH� UDWLR�RI� WKH� OHQJWK�RI� WKHLU� ORQJHVW� FRPPRQ�VXEVHTXHQFH� �/&6��GLYLGHG�E\
WKH�OHQJWK�RI�WKH�ORQJHVW�ZRUG�

[ ]
[ ]�����PD[

���
���

%OHQJWK$OHQJWK
%$/&6OHQJWK

%$/&65 =

7KH� FRJQDWH� WKUHVKROG�ZKHQ� XVLQJ�/&65� DV� WKH� FRJQDWH� KHXULVWLF�ZLWK�/:$
FDQ�EH�VSHFLILHG�E\�WKH�XVHU��WKH�GHIDXOW�WKUHVKROG�XVHG�LQ�WKH�WHVWV�KDV�EHHQ������
+XQW�DQG�6]\PDQVLNL·V�/&65�DOJRULWKP�ZLOO�UHJDUG�SDLUV�OLNH�VFDQQHU�VNDQQHU�DV
FRJQDWHV� �/&65 ��� ������� ZKHUHDV� MXVW� FRPSDULQJ� WKH� ILUVW� OHWWHUV� RI� WKH
VRXUFH�DQG�WDUJHW�ZRUG��6LPDUG�HW�DO��������ZRXOG�IDLO�WR�UHFRJQLVH�WKLV�SDLU�DV
EHLQJ�FRJQDWHV��%RWK�W\SHV�RI�FRJQDWH�KHXULVWLFV�FDQ�EH�XVHG�LQ�/:$�

$VVXPSWLRQV�UHODWLQJ�WR�ZRUG�RUGHU�DUH�DOVR�FRPPRQO\�PDGH��:KLOH�ZRUG�RUGHU
LV�QRW� DQ� LQYDULDQW� RI� WUDQVODWLRQ� LW� LV� QRW� UDQGRP� HLWKHU��)RU� WKLV� UHDVRQ� LW� LV
DVVXPHG�WKDW�WKH�FDQGLGDWH�WUDQVODWLRQV�RI�D�VRXUFH�XQLW�FDQ�EH�IRXQG�LQ�URXJKO\
WKH�VDPH�UHODWLYH�SRVLWLRQ�DV�WKH�XQLW�LWVHOI��7KLV�DVVXPSWLRQ�LV�LPSOHPHQWHG�E\
WZR�SDUDPHWHUV�� D� OLQN�ZLQGRZ�DQG�D�SRVLWLRQ�ZHLJKW� VHTXHQFH��7KH�XVHU�PD\
GHWHUPLQH� WKH� OHQJWK� RI� WKH� OLQN� ZLQGRZ� DQG� WKH� SRVLWLRQ� ZHLJKWV� XVHG� IRU
GLIIHUHQW�SRVLWLRQV�RI�WKH�ZLQGRZ��([SUHVVLRQV�WKDW�DUH�FORVH�LQ�UHODWLYH�SRVLWLRQ
VKRXOG� UHFHLYH� KLJKHU� SRVLWLRQ� ZHLJKWV�� ZKLOH� H[SUHVVLRQV� WKDW� DUH� IDU� DSDUW
VKRXOG�UHFHLYH�ORZHU�ZHLJKWV�
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������ %DVLF�RSHUDWLRQ
7KH� V\VWHP� WDNHV� LQSXW� LQ� WKH� IRUP� RI� D� ELWH[W� GLYLGHG� LQWR� VHJPHQWV�� 7KH
FXUUHQW� YHUVLRQ� UHTXLUHV� WKH� ELWH[W� VHJPHQWV� WR� EH� QXPEHUHG� DQG� WKH� VDPH
QXPEHUV�WR�EH�XVHG�DV�UHIHUHQFHV�RQ�ERWK�KDOYHV�RI�WKH�ELWH[W�

7KH�DOJRULWKP�LV�LWHUDWLYH��UHSHDWLQJ�WKH�VDPH�SURFHVV�RI�JHQHUDWLQJ�WUDQVODWLRQ
SDLUV� IURP�WKH�ELWH[W��DQG�WKHQ�UHGXFLQJ� WKH�ELWH[W�E\�UHPRYLQJ� WKH�SDLUV� WKDW
KDYH� EHHQ� IRXQG� EHIRUH� WKH� QH[W� LWHUDWLRQ� VWDUWV� �0HODPHG� ����D��� 7KH
DOJRULWKP� ZLOO� VWRS� ZKHQ� QR� PRUH� SDLUV� FDQ� EH� JHQHUDWHG�� RU� ZKHQ� D� JLYHQ
QXPEHU�RI�LWHUDWLRQV�KDYH�EHHQ�FRPSOHWHG�

,Q�HDFK�LWHUDWLRQ��WKH�IROORZLQJ�RSHUDWLRQV�DUH�SHUIRUPHG�

�L��)RU�HDFK�RSHQ�FODVV�H[SUHVVLRQ�LQ�WKH�VRXUFH�KDOI�RI�WKH�ELWH[W��ZLWK�IUHTXHQF\
KLJKHU�WKDQ�WKH�VHW�YDOXH���WKH�RSHQ�FODVV�H[SUHVVLRQV�LQ�FRUUHVSRQGLQJ�VHQWHQFHV
RI� WKH�RWKHU�KDOI�DUH�UDQNHG�DFFRUGLQJ�WR� WKHLU� OLNHOLKRRG�DV� WUDQVODWLRQV�RI� WKH
JLYHQ�VRXUFH�H[SUHVVLRQ��,I�WKH�ZHLJKW�PRGXOH�LV�XVHG��WKH�SRVLWLRQ�ZHLJKWV�ZLOO
DIIHFW�WKH�VFRUHV�DQG�WKH�UDQNLQJ�

7KLV�RSHUDWLRQ�\LHOGV�D�OLVW�RI�WUDQVODWLRQ�SDLUV�LQYROYLQJ�RSHQ�FODVV�H[SUHVVLRQV�

�LL��7KH�VDPH�DV�LQ��L��EXW�WKLV�WLPH�ZLWK�WKH�FORVHG�FODVV�H[SUHVVLRQV��$�GLIIHUHQFH
IURP�WKH�SUHYLRXV�VWDJH� LV� WKDW�RQO\� WDUJHW� FDQGLGDWHV�RI� WKH�SURSHU� FDWHJRULHV
IRU�WKH�VRXUFH�H[SUHVVLRQ�DUH�FRQVLGHUHG�

�LLL��2SHQ�FODVV�H[SUHVVLRQV�WKDW�FRQVWLWXWH�D�VHQWHQFH�RQ�WKHLU�RZQ��QRW�FRXQWLQJ
LUUHOHYDQW� ZRUG� WRNHQV�� JHQHUDWH� WUDQVODWLRQ� SDLUV� ZLWK� WKH� RSHQ� FODVV
H[SUHVVLRQV�RI�WKH�FRUUHVSRQGLQJ�VHQWHQFH�

�LY��:KHQ� DOO� �UHOHYDQW�� VRXUFH� H[SUHVVLRQV� KDYH� EHHQ� WULHG� LQ� WKLV� PDQQHU�� D
QXPEHU� RI� WUDQVODWLRQ� SDLUV� KDYH� EHHQ� REWDLQHG� WKDW� DUH� HQWHUHG� LQ� WKH� RXWSXW
WDEOH�DQG�WKHQ�UHPRYHG�IURP�WKH�ELWH[W��7KLV�ZLOO�FDXVH�IHZHU�FDQGLGDWH�SDLUV�WR
EH� FRQVLGHUHG� LQ� WKH� VHTXHO� DQG�DIIHFW� VFRUHV�E\� UHGXFLQJ�PDUJLQDO� IUHTXHQFLHV
DQG�FKDQJLQJ�WKH�FRQWHQWV�RI�OLQN�ZLQGRZV��7KH�UHGXFHG�ELWH[W�LV�LQSXW�IRU�WKH
QH[W�LWHUDWLRQ�

������ 9DULDQWV
7KH� EDVLF� DOJRULWKP� LV� HQKDQFHG� E\� D� QXPEHU� RI� RSWLRQV� WKDW� LPSOHPHQW� WKH
DVVXPSWLRQV� GHVFULEHG� DERYH�� $Q� RYHUYLHZ� RI� WKH� V\VWHP� LV� JLYHQ� EHORZ� LQ
)LJXUH�����7KH�FRUH�RI� WKH�V\VWHP�FRQWDLQV� WKH�DOLJQPHQW�NHUQHO� WKDW�XVHV� WKH
ZRUG� DVVRFLDWLRQ� VFRUH� PDFKLQHU\� WR� H[HFXWH� WKH� EDVLF� SURFHVVHV� RI� ZRUG
DOLJQPHQW�� ,Q� DGGLWLRQ� WKHUH� DUH� IRXU� PDLQ� PRGXOHV� WKDW� FDQ� EH� LQYRNHG� WR
LPSURYH�WKH�SHUIRUPDQFH�RI�WKH�V\VWHP��$SDUW�IURP�WKH�PDLQ�PRGXOHV�WKHUH�DUH�D
QXPEHU�RI�SDUDPHWHUV�WKDW�FDQ�EH�VHW�WR�GHWHUPLQH�ZKDW�RSWLRQV�VKRXOG�EH�XVHG
IRU�D�SDUWLFXODU�H[HFXWLRQ�RI�WKH�SURJUDP�
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0RUSKRORJ\

0XOWL�ZRUG�XQLWV
�0:8�

3RVLWLRQ�ZHLJKWV

��/LQN�ZLQGRZ
��&RJQDWH�WHVW
��8QLTXH�ZRUG�WHVW
��6LQJOH�ZRUG�OLQHV
��'XSOLFDWH�WHVW
��$OWHUQDWLRQ
��7KUHVKROGV
��,WHUDWLRQV
��2XWSXW�RSWLRQV

3DUDPHWHUV

0RGXOHV

��6RXUFH�VXIIL[HV
��7DUJHW�VXIIL[HV

��6RXUFH�0:8V
��7DUJHW�0:8V

��&ORVHG�FODVV
H[SUHVVLRQV��VRXUFH�
��&ORVHG�FODVV
H[SUHVVLRQV��WDUJHW�$OLJQHU

:RUG
DVVRFLDWLRQ
VFRULQJ

,QSXW��%LWH[W

2XWSXW�

/LQNHG�WH[W�DQG�RU
%LOLQJXDO�OH[LFRQ

/:$

/DQJXDJH
GDWD

7H[W�GDWD

&ORVHG�2SHQ
FODVV�H[SU�

)LJXUH�����2YHUYLHZ�RI�/:$

7KH�IRXU�PDLQ�PRGXOHV�DUH�

�� $�PRUSKRORJLFDO�PRGXOH�WKDW�JURXSV�H[SUHVVLRQV�WKDW�DUH�LGHQWLFDO�PRGXOR�WKH
VXIIL[�VHWV�

�� $�PXOWL�ZRUG�XQLW��0:8��PRGXOH�WKDW�LQFOXGHV�PXOWL�ZRUG�XQLWV�JHQHUDWHG�LQ
WKH�SUH�SURFHVVLQJ�VWDJH�DV�FDQGLGDWH�H[SUHVVLRQV�IRU�DOLJQPHQW�

�� $�SRVLWLRQ�ZHLJKW�PRGXOH�WKDW�DIIHFWV�WKH�OLNHOLKRRG�RI�D�FDQGLGDWH�WUDQVODWLRQ
DFFRUGLQJ�WR�LWV�SRVLWLRQ�LQ�WKH�VHQWHQFH��DQG

�� $� FORVHG�RSHQ� FODVV� H[SUHVVLRQ� PRGXOH� WKDW� PDNHV� WKH� V\VWHP� REVHUYH� WKH
GLYLVLRQ� LQWR� FORVHG� FODVV� DQG� RSHQ� FODVV� H[SUHVVLRQV� DQG� WKH
VXEFDWHJRULVDWLRQ�RI�FORVHG�FODVV�H[SUHVVLRQV�
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,Q�DGGLWLRQ�WR�WKH�DERYH�PDLQ�PRGXOHV��WKH�IROORZLQJ�JOREDO�SDUDPHWHUV�FDQ�EH
VSHFLILHG�

�� /LQN�ZLQGRZ��7KH� XVH� RI� D� OLQN�ZLQGRZ�ZLOO� OLPLW� WKH� VHDUFK� LQ� WKH� WDUJHW
VHJPHQW��,I�D�OLQN�ZLQGRZ�LV�XVHG�DQG�LWV�YDOXH�LV�VHW�WR����WKLV�PHDQV�WKDW�ILYH
ZRUGV�WR�WKH� OHIW�DQG� ILYH�ZRUGV�WR� WKH�ULJKW�RI� WKH�VWDUWLQJ�SRVLWLRQ� LQ� WKH
WDUJHW�VHJPHQW�ZLOO�EH�WULHG�DV�WDUJHW�FDQGLGDWHV��)RU�H[DPSOH��LI�WKHUH�DUH���
ZRUGV� LQ�ERWK� WKH� VRXUFH� DQG� WDUJHW� VHQWHQFHV�� DQG� WKH� VRXUFH�ZRUG�XQGHU
LQYHVWLJDWLRQ�LV�WKH���WK�ZRUG�RI�WKH�VRXUFH�VHQWHQFH��WKHQ�D�OLQN�ZLQGRZ�RI
VL]H���ZLOO�IRUFH�WKH�V\VWHP�WR�RQO\�FRQVLGHU�WKH�ZRUGV�IURP�SRVLWLRQ���WR���
LQ�WKH�WDUJHW�VHQWHQFH�

�� &RJQDWH� WHVW�� ,I� WKH� FRJQDWH� WHVW� LV� XVHG�� WKH� XVHU� FDQ� FKRRVH� EHWZHHQ� WKH
/RQJHVW� &RPPRQ� 6XEVHTXHQFH� 5DWLR� �/&65�� WHVW� �+XQW� DQG� 6]\PDQVNL
�������DQG�0HODPHG���������RU�WKDW�WKH�FRPSDUHG�XQLWV�VWDUW�ZLWK�Q�LGHQWLFDO
OHWWHUV��FI��6LPDUG�HW�DO�����������7KH�FRJQDWH�WHVW�LV�WKHQ�DSSOLHG�ERWK�LQ�WKH
8QLTXH� ZRUG� WHVW� �VHH� EHORZ�� DQG� DV� D� KHXULVWLF� ZKHQ� FKRRVLQJ� DPRQJ
VHYHUDO�FDQGLGDWHV�WKDW�VKRZ�YDOXHV�DERYH�WKH�ZRUG�DVVRFLDWLRQ�WKUHVKROG�

�� 8QLTXH� ZRUG� WHVW��:KHQ� WKH� XQLTXH� ZRUG� WHVW� LV� XVHG�� WKH� ELWH[W� ZLOO� EH
VFDQQHG� IRU�XQOLQNHG�XQLTXH�WRNHQV� �L�H���ZLWK� IUHTXHQF\�����DQG� LI� WKHUH�DUH
XQLTXH� FDQGLGDWHV� RQ� ERWK� VLGHV� RI� D� ELWH[W� VHJPHQW�� WKHVH�ZRUGV� DUH� WKHQ
OLQNHG��7KH�XQLTXH�ZRUG�WHVW�LV�XVHG�WRJHWKHU�ZLWK�WKH�FRJQDWH�WHVW��LQ�RUGHU
WR�LQFUHDVH�WKH�SUHFLVLRQ�

�� 'XSOLFDWH� WHVW��:KHQ� WKH� GXSOLFDWH� WHVW� LV� XVHG�� WKH� ELWH[W� LV� VFDQQHG� IRU
GXSOLFDWH� VHQWHQFH� SDLUV�� L�H��� IRU� UHFXUUHQW� VHQWHQFH� SDLUV�ZKHUH� WKH� VRXUFH
VHQWHQFH� DQG� WDUJHW� VHQWHQFH� DUH� LGHQWLFDO�� ,Q� WUDQVODWLRQV� ZLWK� KLJK
UHFXUUHQFH�GHJUHHV��WKLV�PHDQV�WKDW�LGHQWLFDO�WRNHQV�RI�VHQWHQFH�SDLUV��VRXUFH
DQG�WDUJHW�VHQWHQFHV��ZLOO�EH�WUHDWHG�DV�D�VLQJOH�LQVWDQFH�

�� $OWHUQDWLRQ��,I�WKH�DOWHUQDWLRQ�SDUDPHWHU�LV�VHW�WR�WUXH��WKH�OLQNLQJ�SURFHVV�ZLOO
EH� UHYHUVHG�DW� WKH� HQG�RI� HDFK� LWHUDWLRQ��EHIRUH� WKH�QH[W� LWHUDWLRQ� VWDUWV�� ,Q
RWKHU�ZRUGV��ZKHQ�DOO�SRVVLEOH� OLQNV�KDYH�EHHQ�PDGH� IURP�VRXUFH�WR� WDUJHW�
WKH� V\VWHP� WULHV� WR� ILQG� DV� PDQ\� OLQNV� DV� SRVVLEOH� IURP� WKH� WDUJHW� WR� WKH
VRXUFH�WH[W��,I�DOWHUQDWLRQ�LV�XVHG�WRJHWKHU�ZLWK�WKH�PRUSKRORJ\�PRGXOH��WKH
SRVVLELOLW\� WR� OLQN� ORZ� IUHTXHQF\� VRXUFH� H[SUHVVLRQV� EHORQJLQJ� WR� WKH� VDPH
VXIIL[�SDUDGLJP�LV�LQFUHDVHG�

�� )UHTXHQF\�WKUHVKROG��7KLV�SDUDPHWHU�VSHFLILHV�WKH�ORZHVW�IUHTXHQF\�XVHG�LQ�WKH
ZRUG�DVVRFLDWLRQ�FDOFXODWLRQ�

�� :RUG�DVVRFLDWLRQ�VFRUH�WKUHVKROG��7KLV�SDUDPHWHU�VSHFLILHV�WKH�ORZHVW�WKUHVKROG
XVHG�IRU�WKH�ZRUG�DVVRFLDWLRQ�VFRUH�DV�ZHOO�DV�ZKDW�ZRUG�DVVRFLDWLRQ�VFRUH�WR
EH�XVHG�

�� 1XPEHU�RI�LWHUDWLRQV��7KLV�SDUDPHWHU�VSHFLILHV�WKH�QXPEHU�RI�UXQV�WKH�OLQNLQJ
SURFHVV�LV�H[HFXWHG�

7KH�PRUSKRORJLFDO�PRGXOH�PDNHV�XVH�RI� WKH� VLPSOH� VXIIL[� OLVWV� IRU� HDFK�RI� WKH
ODQJXDJHV��7KH�(QJOLVK�VXIIL[�OLVW�ORRNV�DV�IROORZV�
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1281����^(037<���V` ��ERRN��ERRNV
1281�D���^�R���RHV` ��WRPDWR��WRPDWRHV
1281�E���^�VV���VVHV` ��PDVV��PDVVHV
1281�F���^�VK���VKHV` ��EUXVK��EUXVKHV
1281�G���^�FK���FKHV` ��ZDWFK��ZDWFKHV
1281�H���^�[���[HV` ��ER[��ER[HV
1281����^�\���LHV` ��ODG\��ODGLHV
1281�D���^�I���YHV` ��ZROI��ZROYHV
1281�E���^�IH���YHV` ��ZLIH��ZLYHV
$'-���^(037<���HU���HVW` ��VKRUW��VKRUWHU��VKRUWHVW
$'-���^�\���LHU���LHVW` ��SUHWW\��SUHWWLHU��SUHWWLHVW
9(5%����^(037<���HG���HG`�88�^�V���LQJ` ��FDOO��FDOOHG��FDOOHG��FDOOV��FDOOLQJ
9(5%����^�H���HG���HG`�88�^�HV���LQJ` ��ORYH��ORYHG��ORYHG��ORYHV��ORYLQJ
$'9���^(037<���O\` ��ORYH��ORYHO\
$'9���^(037<���DOO\` ��IUDQWLF��IUDQWLFDOO\
*(1����(037<���·V� ��*HQLWLYH�VLQJXODU��)UDQN·V
*(1�����V���V·� ��*HQLWLYH�SOXUDO��WHDFKHUV·

)LJXUH�����(QJOLVK�VXIIL[�OLVW�XVHG�E\�/:$·V�PRUSKRORJ\�PRGXOH

7KH�HIIHFW�LV�WKDW�ZRUGV�WKDW�VWDUW�ZLWK�WKH�VDPH�FKDUDFWHU�VHTXHQFH�DUH�UHJDUGHG
DV�PRUSKRORJLFDO� YDULDQWV� LI� WKH\� ILW� RQH� RI� WKH� SDWWHUQV�GHVFULEHG� LQ� WKH� VXIIL[
OLVW��$OO�VXIIL[�SDWWHUQV�DUH�WULHG�RQ�VLPLODU�ZRUGV�RI�D�FDQGLGDWH�VHW��XVXDOO\�RQO\
WKH�WHQ�ZLWK�WKH�KLJKHVW�VFRUHV���,I�WZR�RU�PRUH�YDULDQWV�DUH�IRXQG�RQ�WKH�WDUJHW
VLGH�� WKHQ� WKHVH� DUH� WUHDWHG� DV� RQH� VHW�� )RU� H[DPSOH�� WKH� 9(5%�� DQG�9(5%�
SDUDGLJPV�DUH�VXIIL[�OLVWV�IRU�UHJXODU�(QJOLVK�YHUEV��7KH�PRUSKRORJLFDO�PRGXOH
FROOHFWV�RSHQ�FODVV�WUDQVODWLRQ�SDLUV�WKDW�DUH�VLPLODU�WR�WKH�RQHV�WKDW�DUH�IRXQG�E\
WKH�EDVLF�DOJRULWKP��0RUH�SUHFLVHO\�� LI� WKH�SDLU� �;��<��KDV�EHHQ�JHQHUDWHG�DV� D
WUDQVODWLRQ� SDLU� LQ� VRPH� LWHUDWLRQ�� RWKHU� FDQGLGDWH� SDLUV� ZLWK� ;� DV� WKH� ILUVW
HOHPHQW�DUH�VHDUFKHG��$�SDLU��;��=��LV�SLFNHG�RXW�LI�WKHUH�H[LVW�VWULQJV�:��)�DQG
*�VXFK�WKDW

<� �:)�

=� �:*

DQG�)� DQG�*� KDYH� EHHQ� GHILQHG� DV� GLIIHUHQW� VXIIL[HV� RI� WKH� VDPH� SDUDGLJP�� ,I
VHYHUDO�LWHPV�=�DUH�IRXQG��ZLWK�VXIIL[HV�IURP�GLIIHUHQW�SDUDGLJPV��D�VHOHFWLRQ�LV
PDGH��XVLQJ�WKH�SDUDGLJP�ZLWK�WKH�ODUJHVW�QXPEHU�RI�KLWV�

7KH� SRVLWLRQ� ZHLJKW� PRGXOH� GLVWULEXWH� ZHLJKWV� RYHU� WKH� WDUJHW� H[SUHVVLRQV
GHSHQGLQJ�RQ�WKHLU�SRVLWLRQ�UHODWLYH�WR�WKH�JLYHQ�VRXUFH�H[SUHVVLRQ��7KH�ZHLJKWV
PXVW�EH� SURYLGHG�E\� WKH�XVHU� LQ� WKH� IRUP�RI� OLVWV� RI� QXPHULFDO� YDOXHV� �JUHDWHU
WKDQ�RU�HTXDO�WR�����7KH�ZHLJKWHG�VFRUH�IRU�D�SDLU�LV�FDOFXODWHG�DV�WKH�VXP�RI�WKH
SRVLWLRQ�ZHLJKWV�IRU�WKH�LQVWDQFHV�RI�WKDW�SDLU��7KLV�VFRUH�LV�WKHQ�XVHG�WR�DGMXVW
WKH� FR�RFFXUUHQFH� VWDWLVWLFV� E\� XVLQJ� WKH� ZHLJKWHG� VFRUH� LQVWHDG� RI� WKH� FR�
RFFXUUHQFH�VFRUH�DV�LQSXW�WR�WKH�W�VFRUH�IRUPXOD��7KH�WKUHVKROG�XVHG�LV�DGMXVWHG
DFFRUGLQJO\�

:KHQ� WKH� PXOWL�ZRUG� XQLW� PRGXOH� LV� LQYRNHG�� PXOWL�ZRUG� XQLWV� DUH� DOVR
FRQVLGHUHG�DV�SRWHQWLDO�HOHPHQWV�RI�WUDQVODWLRQ�SDLUV��7KH�PXOWL�ZRUG�XQLWV�WR�EH
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FRQVLGHUHG�DUH�JHQHUDWHG�LQ�D�VSHFLDO�SUH�SURFHVVLQJ�SKDVH�DQG�VWRUHG�LQ�D�SKUDVH
WDEOH��7KH�WRRO�XVHG�KHUH�LV�WKH�)UDVVH���RU�)UDVVH���V\VWHP�GHVFULEHG�LQ�VHFWLRQ
�������$ORQJ�ZLWK�WKH�WH[W�VSHFLILF�0:8V�JHQHUDWHG�E\�)UDVVH������D�QXPEHU�RI
JHQHUDO�FROORFDWLRQV�FRQWDLQHG�LQ�D�ODQJXDJH�VSHFLILF�OLVW�DUH�VHDUFKHG�IRU�LQ�WKH
WH[W��$OO�JHQHUDO�FROORFDWLRQV�IRXQG�LQ�WKH�WH[W�DUH�FRQVHTXHQWO\�PHUJHG�ZLWK�WKH
WH[W�VSHFLILF�0:8V�IRXQG�E\�)UDVVH�����DQG�XVHG�GXULQJ�WKH�ZRUG�DOLJQPHQW
SURFHVV�

7�VFRUHV� IRU� FDQGLGDWH� WUDQVODWLRQ� SDLUV� LQYROYLQJ�PXOWL�ZRUG� H[SUHVVLRQV� DUH
FDOFXODWHG�LQ�WKH�VDPH�ZD\�DV�IRU�VLQJOH�ZRUGV��:KHQ�SRVLWLRQ�ZHLJKWV�DUH�XVHG
WKH�SRVLWLRQ�ZHLJKW�RI�D�PXOWL�ZRUG�H[SUHVVLRQ�LV�FRQVLGHUHG�HTXDO�WR�WKDW�RI�LWV
ILUVW�ZRUG�

,W�FDQ�KDSSHQ�WKDW�WKH�W�VFRUHV�IRU�WZR�SDLUV��V�W�!�DQG��V�W�!��ZKHUH�W��LV�D�PXOWL�
ZRUG� H[SUHVVLRQ� DQG� W�� LV� D�ZRUG� WKDW� LV� SDUW� RI� W��� ZLOO� EH� LGHQWLFDO� RU� DOPRVW
LGHQWLFDO�� ,Q� WKLV� FDVH� WKH� DOPRVW� LGHQWLFDO� WDUJHW� PXOWL�ZRUG� H[SUHVVLRQ� LV
SUHIHUUHG�RYHU�D�VLQJOH�ZRUG�FDQGLGDWH�LI�LW�KDV�D�W�YDOXH�RYHU�WKH�WKUHVKROG�DQG
LV�RQH�RI�WKH�WRS�VL[�WDUJHW�FDQGLGDWHV��:KHQ�D�PXOWL�ZRUG�H[SUHVVLRQ�LV�IRXQG�WR
EH�DQ�HOHPHQW�RI�D�WUDQVODWLRQ�SDLU��WKH�H[SUHVVLRQV�WKDW�RYHUODS�ZLWK�LW��ZKHWKHU
PXOWL�ZRUG� RU� VLQJOH�ZRUG� H[SUHVVLRQV�� DUH� UHPRYHG� IURP� WKH� FXUUHQW� DJHQGD
DQG�QRW�FRQVLGHUHG�XQWLO�WKH�QH[W�LWHUDWLRQ�

,I�WKH�FRJQDWH�WHVW�LV�XVHG��WKH�OLVW�RI�RSHQ�FODVV�WUDQVODWLRQ�SDLUV�PD\�EH�UH�UDQNHG�
7KH�KLJKHVW�UDQNHG�WDUJHW�FDQGLGDWHV� IRU�D�JLYHQ�VRXUFH�ZRUG�DUH� LQVSHFWHG� LQ
RUGHU�RI�GHFUHDVLQJ�VFRUHV�DQG�LI�RQH�RI�WKHP�VDWLVILHV�WKH�FRJQDWH�IXQFWLRQ��LW�LV
PRYHG�WR�WKH�WRS�

7KH�RXWSXW� IURP�/:$�FRPHV� LQ� WZR�YHUVLRQV�� ���� WKH� IXOO�WH[W� DOLJQPHQW� �VHH
)LJXUH������DQG�����D�ELOLQJXDO�GLFWLRQDU\��VHH�)LJXUH�����
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6285&(��WKLV�&+$37(5�7(//6�<28�+2:�72�6(7�83�0,&5262)7
$&&(66�21�$�67$1'�$/21(�&20387(5�25�21�$
1(7:25.�:25.67$7,21

7$5*(7�,�GHWWD�.$3,7(/�%(6.5,96�+85�'8�,167$//(5$5
0,&5262)7�$&&(66�3c�(1�)5,67c(1'(�'$725�(//(5�3c
(1�'$725�L�HWW�1b79(5.

FKDSWHU� !�NDSLWHO ��� !���
WHOOV� !�EHVNULYV ��� !���
\RX� !�GX ��� !���
KRZ� !�KXU ��� !���
WR� !�L ��� !���
VHW�XS� !�LQVWDOOHUDU ��� !���
PLFURVRIW�DFFHVV� !�PLFURVRIW�DFFHVV ���� !���
RQ� !�Sn ���� !����
D� !�HQ ���� !����
VWDQG�DORQH� !�IULVWnHQGH ���� !����
FRPSXWHU� !�GDWRU ���� !����
RU� !�HOOHU ���� !����
RQ� !�Sn ���� !����
D� !�HQ ���� !����
QHWZRUN� !�QlWYHUN ���� !����
ZRUNVWDWLRQ� !�GDWRU ���� !����

)LJXUH�����2XWSXW�IURP�/:$��IXOO�WH[W�DOLJQPHQW��OLQNHG�WRNHQV�DUH�VKRZQ�LQ�XSSHU�FDVH�OHWWHUV�

6RXUFH�LWHP 7DUJHW�LWHP�V�
�«�
IRUHLJQ�PLQLVWHU ¶XWULNHVPLQLVWHUQ·��¶XWULNHVPLQLVWHU·�
IRUHLJQ�SROLF\ ¶XWULNHVSROLWLN·�
IRUHLJQHUV ¶XWOlQQLQJDU·�
IRUHPDQ ¶RUGI|UDQGH·�
IRUHPRVW ¶IUlPVWD·��¶IUlPVW·�
IRUHVWDOO ¶IUDQVPlQQHQV·�
IRUJHW ¶JO|PPD·��¶JO|PPHU·�
IRUP ¶IRUP·��¶IRUPHQ·��¶XWJ|U·��¶JHVWDOW·�
IRUPDO ¶IRUPHOO·�
IRUPDOLWLHV ¶IRUPDOLWHWHUQD·�
IRUPV ¶IRUPHU·��¶IRUPHUQD·��¶IUlPVW·�
IRUPXODWLRQV ¶IRUPXOHULQJDU·�
IRUWK ¶IUDP·�
IRUWLHV ¶I\UWLRWDOHW·�
IRUW\ ¶I\UWLR·�
IRUZDUG ¶IUDP·�
IRXJKW ¶EHNlPSDW·��¶EHNlPSDGH·��¶VORJV·�
IRXQG ¶IDQQ·�
IRXQGHG ¶JUXQGDGHV·�
IRXU ¶I\UD·�
IRXU�WKRXVDQG ¶I\UDWXVHQ·�
�«�

)LJXUH�����2XWSXW�IURP�/:$��ELOLQJXDO�OH[LFRQ
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7KH�IXOO�WH[W�DOLJQPHQW�GDWD�DOVR�FRPH�LQ�D�PRUH�V\VWHP�RULHQWHG�YHUVLRQ�ZKHUH
OLQNV�DUH�PDGH�DV�SRLQWHUV�WR�FKDUDFWHU�SRVLWLRQV�

7KH� LPSOHPHQWDWLRQ� ZDV� GRQH� LQ� 3HUO� ZLWK� YHUVLRQV� IRU� :LQGRZV� DQG� 6XQ
6RODULV�

���� $GDSWLQJ�/:$�WR�)5(1&+�(1*/,6+

$�VDOLHQW�SUREOHP�LQ�WKH�ILHOG�RI�SDUDOOHO�WH[W�SURFHVVLQJ�VR�IDU�KDV�EHHQ�WKH�ODFN
RI�D�FRPPRQ� LQIUDVWUXFWXUH� IRU�HYDOXDWLRQ� �VHH�DOVR�FKDSWHU�����)RU� WKLV� UHDVRQ
/:$�ZDV� HQWHUHG� LQ� WKH� ZRUG� DOLJQPHQW� WUDFN� RI� WKH� ����� FDPSDLJQ� RI� WKH
$5&$'(� SURMHFW� �9pURQLV� DQG� /DQJODLV� ������� -RLQLQJ� WKLV� PXOWL�V\VWHP
HYDOXDWLRQ�ZRXOG� IXUWKHUPRUH�SURYLGH�DQ�RSSRUWXQLW\� WR� WHVW� WKH�SRUWDELOLW\�RI
WKH� V\VWHP�� DV� WKH� WH[WV� XVHG� LQ� WKH�$5&$'(� SURMHFW�ZHUH� WUDQVODWLRQV� IURP
)UHQFK�WR�(QJOLVK�

������ 7KH�$5&$'(�ZRUG�DOLJQPHQW�WUDFN
7KH� WDVN� FRQVLGHUHG� LQ� WKH� $5&$'(� ZRUG� DOLJQPHQW� WUDFN� ZDV� WKDW� RI
WUDQVODWLRQ� VSRWWLQJ�� D� VXEWDVN� RI� WKH� IXOO� DOLJQPHQW� SUREOHP�� 7KH� REMHFWLYH� LQ
WUDQVODWLRQ� � VSRWWLQJ� LV�� JLYHQ� D� VSHFLILF� VRXUFH� ZRUG� RU� VRXUFH� H[SUHVVLRQ�� WR
LGHQWLI\� WKH� WUDQVODWLRQ� RI� DOO� LQVWDQFHV� RI� WKLV� � VRXUFH�ZRUG�H[SUHVVLRQ� LQ� WKH
WDUJHW�WH[W��7KLV�LV�LQ�D�ZD\�UHPLQLVFHQW�RI�LQIRUPDWLRQ�UHWULHYDO�LQ�WKDW�VHOHFWHG
VRXUFH�ZRUGV�FDQ�EH�VHHQ�DV�TXHULHV�WR�D�VHW�RI�GRFXPHQWV��7KH�FRUSXV�XVHG�IRU
WKH� H[SHULPHQW� FRQVLVWHG�RI� WKH�)UHQFK�DQG�(QJOLVK�SDUWV� RI� WKH�PXOWL�OLQJXDO
-2&�FRUSXV�GHYHORSHG�DW�/DERUDWRLUH�3DUROH� HW�/DQJDJH� DW�8QLYHUVLWH�$L[�HQ�
3URYHQFH��7KH�)UHQFK�KDOI� FRQWDLQHG� VRPH�����PLOOLRQ�ZRUGV� DQG� WKH�(QJOLVK
SDUWV� MXVW�RYHU���PLOOLRQ�ZRUGV��7KH� FRUSXV�ZDV�GHOLYHUHG� DV� WZR�QRQ�DOLJQHG
WH[W� ILOHV�� )UHQFK�ZRUGV�ZHUH� VHOHFWHG� RQ� WKH� EDVLV� RI� VHYHUDO� FULWHULD�� �L�� WKH\
VKRXOG�EH�SRO\VHPRXV�LQ�WKH�ELWH[W��L�H���WKH\�VKRXOG�KDYH�GLIIHUHQW�WUDQVODWLRQV�LQ
GLIIHUHQW� FRQWH[WV�� �LL�� WKH\� VKRXOG� EH� UHODWLYHO\� IUHTXHQW� ZLWK� DQ� DYHUDJH
IUHTXHQF\�RI�DURXQG����LQ�WKH�FRUSXV��DQG��LLL��WKH\�VKRXOG�EH�DGMHFWLYHV��QRXQV�RU
YHUEV�LQ�HTXDO�QXPEHUV��)LUVW�����ZRUGV�ZHUH�VHOHFWHG�RQ�WKH�IUHTXHQF\�FULWHULRQ
DQG� WKHVH� ZHUH� VXEPLWWHG� WR� D� SRO\VHP\� WHVW� E\� KXPDQ� MXGJHV�� 7KH� WZHQW\
ZRUGV�RI�HDFK�FDWHJRU\�WKDW�FDPH�RXW�DV�WKH�PRVW�SRO\VHPRXV�ZHUH�VHOHFWHG�IRU
WKH�H[SHULPHQW��$OWRJHWKHU�WKH\�RFFXU������WLPHV�LQ�WKH�FRUSXV�

$� JURXS� RI� KXPDQ� MXGJHV� KHOSHG� WR� FUHDWH� WKH� DOLJQPHQWV� IRU� WKH� UHIHUHQFH
ELWH[W��7KH\�ZHUH� LQVWUXFWHG� WR� ORRN� IRU� WUDQVODWLRQDO� HTXLYDOHQWV��7KXV�� LI� DQ
RFFXUUHQFH�RI�D�ZRUG�LV�QRW�WUDQVODWHG�DV�D�XQLW��EXW�DV�SDUW�RI�D�PXOWL�ZRUG�XQLW�
WKLV� ODUJHU� XQLW� VKRXOG� EH� LGHQWLILHG�� 6LPLODUO\�� RQ� WKH� (QJOLVK� VLGH� DV� PDQ\
ZRUGV�DV�ZHUH�QHHGHG�WR�LGHQWLI\�DQ�HTXLYDOHQW�VKRXOG�EH�PDUNHG��)RU�LQVWDQFH�
ZKHQ� WKH� )UHQFK� ZRUG� FODLUH� RFFXUV� DV� SDUW� RI� D� FRPSDULVRQ�� WKH� WUDQVODWLRQ
HTXLYDOHQW�VRXJKW�ZDV�SOXVBFODLU�²�FOHDUHU�UDWKHU�WKDQ�MXVW�WKH�SDLU�RI�KHDG�ZRUGV�
6LPLODUO\��WKHUH�DUH�FRUUHVSRQGHQFHV�LQ�WKH�UHIHUHQFH�ELWH[W�VXFK�DV�TXLBFRPSUHQGV
²� LQFOXGLQJ� DQG� FRQFOXUH�²� OHDGBWRBWKHBFRQFOXVLRQ��0XOWL�ZRUG�XQLWV�FRXOG�DOVR�EH
GLVFRQWLQXRXV�
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:KLOH� WKH� IUHTXHQF\� UDQJH� IRU� WKH� ZRUGV� VKRXOG� PDNH� WKHP� DPHQDEOH� WR
DOLJQPHQW�� WKHLU� SRO\VHP\� DQG� WKH� QHHG� WR� WDNH� PXOWL�ZRUG� HTXLYDOHQWV� LQWR
DFFRXQW�PDNH�WKH�WDVN�GLIILFXOW�

������ $GDSWLQJ�WKH�/:$�V\VWHP�WR�WKH�$5&$'(�WDVN
7KH� $5&$'(� H[SHULPHQW� SRVHG� VHYHUDO� SUREOHPV� WR� /:$�� 7KH� VPDOOHVW
SUREOHP� ZDV� DFWXDOO\� SURYLGLQJ� WKH� V\VWHP� ZLWK� WKH� QHFHVVDU\� )UHQFK� GDWD�
ZKLFK�ZDV� DFFRPSOLVKHG�ZLWK� WKH� KHOS� RI� D�)UHQFK� JUDPPDU� LQ� OHVV� WKDQ� WZR
GD\V�����PDQ�KRXUV���7KH�(QJOLVK�GDWD�ILOHV�GLG�QRW�UHTXLUH�DQ\�FKDQJHV�

$V�WKH�WDVN�RI�WUDQVODWLRQ�VSRWWLQJ�LV�GLIIHUHQW�IURP�FUHDWLQJ�ELOLQJXDO�OH[LFRQV�RU
WHUPLQRORJ\� OLVWV�� LW�ZDV�GHFLGHG�QRW� WR� H[WUDFW�PRQROLQJXDO�PXOWL�ZRUG�XQLWV�
7KH�UHDVRQ�IRU�WKLV�ZDV�PDLQO\�WKDW�WKH�PRQROLQJXDO�0:8�H[WUDFWLRQ�SURJUDP
�)UDVVH��ZRXOG� SURGXFH� ULJLG� SKUDVHV� �SURSHU� QDPHV� DQG� WHUPV� WKDW� FRQVLVW� RI
DGMDFHQW�XQLWV���,Q�WUDQVODWLRQ�VSRWWLQJ��RU�IXOO�WH[W�DOLJQPHQW��WKH�WDVN�LV�WR�ILQG
ZKDWHYHU�WDUJHW�XQLW�WKDW�FRUUHVSRQGV�WR�D�VSHFLILF�VRXUFH�XQLW��ZKLFK�PHDQV�WKDW
WKH�PXOWL�ZRUG�XQLWV�LQ�PDQ\�FDVHV�DUH�QRW�RI�WKH�W\SH�WKDW�)UDVVH�FRXOG�H[WUDFW�
)RU� H[DPSOH�� WKH�)UHQFK�ZRUG�FRQQDvW� FDQ� FRUUHVSRQG� WR� D� QXPEHU� RI�PXOWL�
ZRUG� YHUE� FRQVWUXFWLRQV� LQ� WKH� FRUSXV�� VXFK� DV� LV� IDPLOLDU�� LV� DZDUH��ZLOO� EH
DZDUH�DQG�KDV�EHHQ�DZDUH�

6RXUFH��/D�&RPPLVVLRQ�FRQQDvW�GHSXLV�ORQJWHPSV«

7DUJHW��7KH�&RPPLVVLRQ�KDV�ORQJ�EHHQ�DZDUH«

7KHUHIRUH� WKH�EHVW�RSWLRQ�ZDV�WR�H[FOXGH�WKH�PXOWL�ZRUG�SURFHVVLQJ�VWDJH�DQG
LQVWHDG�DLP�IRU�OLQNLQJ�DV�PDQ\�RI�WKH�LQGLYLGXDO�ZRUGV�RI�D�PXOWL�ZRUG�XQLW��,Q
WKH� H[DPSOH� DERYH� FRQQDvW� LV� OLQNHG� WR� DZDUH�� ZKLFK� ZLOO� UHVXOW� LQ� D� SDUWLDO�
RYHUODSSLQJ�OLQN��LQVWHDG�RI�D�VWULFWO\�LGHQWLFDO�OLQN�

,Q� WKH� WUDLQLQJ� SKDVH� VRPH� EXJV� DQG� VKRUWFRPLQJV� ZHUH� DOVR� GHWHFWHG� DQG
FRUUHFWHG�� $V� D� UHVXOW� WKH� V\VWHP�ZDV�PDGH�PRUH� JHQHUDO� LQ� VHYHUDO� UHVSHFWV�
DOORZLQJ� WKH�XVHU� WR� FRQWURO� DQG�YDU\� V\VWHP�EHKDYLRXU�ZLWKRXW� FKDQJLQJ� WKH
FRGH��6\VWHP�FKDQJHV�DQG�UHFRGLQJ�WRRN�DURXQG����PDQ�KRXUV�

��� KRXUV� ZHUH� VSHQW� RQ� SUHSDULQJ� WKH� FRUSXV�� 7KH� FRUSXV� ZDV� DOLJQHG� DW
�URXJKO\��SDUDJUDSK�OHYHO�ZLWK�WKH�DLG�RI�WKH�'$9(�WRROER[��VHH�VHFWLRQ������DQG
3HUO� VFULSWV�� 7KH� ELWH[W� VHJPHQWV� ZHUH� QXPEHUHG� DV� UHTXLUHG� E\� /:$�
0RUHRYHU�� D�PDSSLQJ�KDG� WR�EH�GHILQHG� IURP�$5&$'(� LQSXW� IRUPDW� WR�/:$
LQSXW� IRUPDW�� VR� WKDW� WKH� SRVLWLRQV� RI� HYHU\� WHVW� ZRUG� ZHUH� NQRZQ� IRU� ERWK
IRUPDWV��$�VLPLODU�PDSSLQJ�KDG�WR�EH�GHILQHG�IRU�WKH�RXWSXW�IRUPDWV��7KH�FRUSXV
ZDV�WKHQ�GLYLGHG� LQWR�D�NHUQHO� FRUSXV� FRQVLVWLQJ�RI� WKH�VHJPHQWV�ZKHUH� WKH� WHVW
ZRUGV�ZHUH�IRXQG��DQG�D�SHULSKHUDO�FRUSXV�FRQVLVWLQJ�RI�DOO�RWKHU�VHJPHQWV��$SDUW
IURP� WKH� DFWXDO� ZRUN� ZLWK� WKH� FRUSXV� DQG� /:$�� DURXQG� ���PDQ�KRXUV� ZHUH
VSHQW� RQ� GLVFXVVLRQV� DQG� SODQQLQJ� WKH� $5&$'(� YHQWXUH�� ,Q� WRWDO�� WKH
FRQYHUVLRQ� IRU� /:$� IURP� DQ� (QJOLVK�6ZHGLVK� FRQILJXUDWLRQ� WR� DQ
(QJOLVK�)UHQFK� FRQILJXUDWLRQ� WRRN� ���� PDQ�KRXUV�� 'XH� WR� WKH� IDFW� WKDW� WKH
PDMRULW\� RI� WKLV� WLPH� ZDV� VSHQW� RQ� FRQILJXULQJ� WKH� FRUSXV� DQG� PHHWLQJ� WKH
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VSHFLILF�UHTXLUHPHQWV�RI�WKH�$5&$'(�ZRUG�WUDFN��FRQYHUVLRQ�WR�RWKHU�ZHVWHUQ
(XURSHDQ� ODQJXDJH� SDLUV� ZLOO� EH� FRQVLGHUDEO\� VKRUWHU�� 7KH� DFWXDO� FKDQJHV
UHODWHG� WR� WKH� QHZ� ODQJXDJH� UHTXLUHG� DV�PHQWLRQHG� DERYH� OHVV� WKDQ� WZR� GD\V·
ZRUN�

:KLOH�WKH�WUDQVODWLRQ�VSRWWLQJ�WDVN�RQO\�UHTXLUHG�WKH�V\VWHP�WR�ILQG�WUDQVODWLRQV
IRU� WKH� JLYHQ� WHVW� ZRUGV�� WKH� LQWHUHVW� IURP� WKH� /LQN|SLQJ� WHDP� ZHUH� PRUH
IRFXVHG�RQ� WKH� IXOO�WH[W� DOLJQPHQW� WDVN��7KXV�� WKH� DLP�ZDV� WR� DOLJQ� WKH�ZKROH
FRUSXV�� EXW� WKH� ZRUNLQJV� RI� WKH� V\VWHP� KDG� WR� EH� FKDQJHG� VOLJKWO\� WR� ILW� WKH
JLYHQ�WDVN�RI�WUDQVODWLRQ�VSRWWLQJ�

7ZR�VWUDWHJLHV�ZHUH�WHVWHG��HDFK�FRPELQLQJ�UHVXOWV� IURP�WKH�NHUQHO�ELWH[W�DQG
WKH�SHULSKHUDO�ELWH[W��7KH�ILUVW�VWUDWHJ\�XVHG�WKH�IROORZLQJ�VWHSV�

��� *HQHUDWH�D�WUDQVODWLRQ�OH[LFRQ�IURP�WKH�SHULSKHUDO�ELWH[W
��� /LQN�WKH�NHUQHO�ELWH[W�XVLQJ�WKH�JHQHUDWHG�OH[LFRQ
��� 5XQ�/:$�RQ�WKH�UHPDLQGHU�RI�WKH�NHUQHO�

7KH�VHFRQG�VWUDWHJ\�ZDV�TXLWH�VLPLODU�H[FHSW� IRU�WKH�IDFW�WKDW�WKH�WZR�SDUWV�RI
WKH�FRUSXV�ZHUH�SURFHVVHG�LQ�D�GLIIHUHQW�RUGHU�

��� 5XQ�/:$�RQ�WKH�NHUQHO�ELWH[W
��� *HQHUDWH�OH[LFRQ�IURP�WKH�SHULSKHUDO�ELWH[W
��� /LQN�UHPDLQGHU�RI�NHUQHO�ZLWK�WKH�OH[LFRQ�IURP�SUHYLRXV�VWHS
��� 5H�UXQ�/:$�RQ�WKH�NHUQHO�

$Q�DQDO\VLV� RI� D� VDPSOH�RI� WKH�RXWSXW� VKRZHG� WKDW� WKH� VHFRQG� VWUDWHJ\�JDYH� D
KLJKHU�UHFDOO�EXW�ORZHU�SUHFLVLRQ��WKHUHIRUH�WKH�ILUVW�VWUDWHJ\�ZDV�FKRVHQ�

,Q� VHFWLRQ� ����� WKH� UHVXOWV� IURP� WKH� $5&$'(� ZRUG� DOLJQPHQW� WUDFN� DUH
SUHVHQWHG�

���� 6XPPDU\

,Q� WKLV� FKDSWHU�� WKH� EDVLF� GHVLJQ� DQG� LPSOHPHQWDWLRQ� RI� /:$� KDYH� EHHQ
SUHVHQWHG�� /:$� LV� D� NQRZOHGJH�OLWH� ZRUG�DOLJQPHQW� V\VWHP� ZKHUH� VWDWLVWLFDO
SURFHVVLQJ� LV� FRPELQHG� ZLWK� HDVLO\� FRQILJXUDEOH� OLQJXLVWLF� UHVRXUFHV�� 7KH
SRUWDELOLW\�RI�WKH�V\VWHP�KDV�EHHQ�WHVWHG��LOOXVWUDWHG�E\�RQH�V\VWHP�FRQILJXUDWLRQ
IRU�(QJOLVK�6ZHGLVK�DQG�RQH�IRU�)UHQFK�(QJOLVK�
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�� (YDOXDWLRQ�RI�:RUG�$OLJQPHQW
V\VWHPV

,Q� WKLV� FKDSWHU� YDULRXV� DSSURDFKHV� WR� WKH� HYDOXDWLRQ� RI� ZRUG� DOLJQPHQW� DUH
GHVFULEHG�� (YDOXDWLRQ� LV� QRW� RQO\� LQWHUHVWLQJ� ZKHQ� GLIIHUHQW� V\VWHPV� DUH
FRPSDUHG��)RU� WKH� V\VWHP�GHYHORSHUV�� HYDOXDWLRQ� LV� HVVHQWLDO� LQ� RUGHU� WR� NQRZ
ZKHUH�DQG�ZKDW�WR�LPSURYH�LQ�D�V\VWHP��)RU�XVHUV�RI�ZRUG�DOLJQPHQW�V\VWHPV�
ZKHWKHU� WKH\� DUH� OH[LFRJUDSKHUV�� WUDQVODWRUV�� WHUPLQRORJLVWV� RU� WUDQVODWLRQ
VFKRODUV�� LW� LV� LPSHUDWLYH�WR�EH�DZDUH�RI�VWUHQJWKV�DQG�ZHDNQHVVHV�RI�SDUWLFXODU
V\VWHPV��7KH� REMHFWLYH� RI� WKLV� FKDSWHU� LV� WR� ORRN� DW� WKH� GLIIHUHQW�ZD\V� D�ZRUG
DOLJQPHQW� V\VWHP� FDQ� EH� HYDOXDWHG�� $IWHU� DUULYLQJ� DW� VRPH� FRQFOXVLRQV�� WKH
FKDSWHU� FRQFOXGHV�ZLWK� D� SUHVHQWDWLRQ� RI� D� SLHFH� RI� VRIWZDUH�� WKH� 3/8*�/LQN
$QQRWDWRU��ZKLFK�FDQ�EH�XVHG�LQ�ZRUG�DOLJQPHQW�HYDOXDWLRQV�

���� 3UREOHPV

7KHUH� DUH� VHYHUDO� SUREOHPDWLF� LVVXHV� IRU� WKH� HYDOXDWLRQ� RI� ZRUG� DOLJQPHQW
V\VWHPV��WKH�PRVW�LPSRUWDQW�EHLQJ�

�� 7KH�SXUSRVH�RI� WKH�DOLJQPHQW� V\VWHP��$�SURJUDP�GHVLJQHG� IRU� ELOLQJXDO
OH[LFRQ�H[WUDFWLRQ�GLIIHUV�IURP�D�SURJUDP�WKDW�DLPV�DW�DOLJQLQJ�D�ZKROH�WH[W
ZLWK� LWV� WUDQVODWLRQV� RQ� WKH� ZRUG� DQG� SKUDVH� OHYHOV�� )XUWKHUPRUH� LI� WKH
RXWSXW�GDWD�LV�XVHG�IRU�ELOLQJXDO�FRQFRUGDQFH�EURZVLQJ��WKH�V\VWHP�VKRXOG�EH
HYDOXDWHG�ZLWK�WKLV�DLP�LQ�PLQG�

�� 8QLWV��:KDW�FKDUDFWHULVHV�WKH�WUDQVODWLRQ�XQLWV"�6KRXOG�PXOWL�ZRUG�XQLWV�EH
FRXQWHG�DV�VXFK"�6KRXOG�IXQFWLRQ�ZRUGV�EH�LQFOXGHG�RU�H[FOXGHG"

�� 5HVRXUFHV�XVHG��:KHQ� V\VWHPV�DUH� FRPSDUHG�� LQIRUPDWLRQ�RQ�KRZ� ORQJ� LW
WDNHV�WR�UXQ�WKH�V\VWHP�RQ�D�SDUWLFXODU�ELWH[W�VKRXOG�EH�LQFOXGHG��DV�ZHOO�DV
H[WUD�UHVRXUFHV�VXFK�DV�ELOLQJXDO�OH[LFRQV�DQG�PRQROLQJXDO�FROORFDWLRQ�OLVWV�

�� 3ULRU�RU�SRVWHULRU�UHIHUHQFH��:KHQ�DOLJQPHQW�RXWSXW�LV�HYDOXDWHG�LW�FDQ�EH
FRPSDUHG� WR� D�*ROG� VWDQGDUG� �VRPHWLPHV� UHIHUUHG� WR� DV� UHIHUHQFH��� ZKLFK� LV
FRQVWUXFWHG� EHIRUH� WKH� DFWXDO� DOLJQPHQW� �SULRU� UHIHUHQFH��� RU� H[SHUWV� FDQ
HYDOXDWH�D�VDPSOH�RI�WKH�RXWSXW�DIWHU�WKH�DOLJQPHQW��SRVWHULRU�UHIHUHQFH��

�� 0HWULFV� DQG� VFRULQJ� PHWKRG�� :KDW� PHWULFV� VKRXOG� EH� XVHG"� :KHQ� WKH
RXWSXW� LV� HYDOXDWHG�� WKHUH� DUH� VHYHUDO� TXHVWLRQV� RQ� KRZ� WR� MXGJH� SDUWLDO
DOLJQPHQWV��GHOHWLRQV��LQVHUWLRQV��VHJPHQWDWLRQ�HUURUV�DQG�SDUDSKUDVHV�
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�� (UURU�DQDO\VLV��:KDW�LV�WKH�QDWXUH�RI�WKH�PLVWDNHV�WKDW�D�SDUWLFXODU�V\VWHP
PDNHV"�'RHV�LW�W\SLFDOO\�IDLO�RQ�FHUWDLQ�W\SHV�RI�FROORFDWLRQV��RQ�XQLWV�ZLWKLQ�D
SDUWLFXODU�IUHTXHQF\�UDQJH��HWF"

,Q� WKH� UHVW� RI� WKLV� FKDSWHU�� WKHVH� LVVXHV� ZLOO� EH� DGGUHVVHG� LQ� UHODWLRQ� WR� ZRUG
DOLJQPHQW� V\VWHPV� LQ� JHQHUDO�� EXW� DOVR� WR� IXOO�WH[W� DOLJQPHQW� V\VWHPV� DQG
OH[LFRQ�H[WUDFWLRQ�V\VWHPV�VSHFLILFDOO\�

������ 7KH�SXUSRVH�RI�WKH�DOLJQPHQW�V\VWHP
6RPHWLPHV�LW�LV�GLIILFXOW�WR�GLVWLQJXLVK�EHWZHHQ�GLIIHUHQW�W\SHV�RI�V\VWHPV�ZKLFK
DOO�VKDUH�WKH�JHQHUDO�REMHFWLYH�RI�LGHQWLI\LQJ�FRUUHVSRQGHQFHV�EHWZHHQ�WH[W�XQLWV
LQ� D� VRXUFH� DQG� D� WDUJHW� WH[W�� +RZHYHU�� D� SURJUDP� WKDW� H[WUDFWV� D� ELOLQJXDO
OH[LFRQ�LV�SULPDULO\�DLPHG�DW�ILQGLQJ�WUDQVODWLRQV�IRU�FRQWHQW�XQLWV��WKDW�LV��WHUPV�
SKUDVHV�DQG�FRQWHQW�ZRUGV��2Q�WKH�RWKHU�KDQG��RQH�FDQ�VD\�WKDW�D�SURJUDP�WKDW
DLPV�DW� DOLJQLQJ�DOO� WRNHQV� LQ� D� WH[W� FDQ� DOVR� SURGXFH� D� ELOLQJXDO� OH[LFRQ��7KH
UHVXOWLQJ�ELOLQJXDO�OH[LFRQ��ZKLFK�LV�MXVW�D�JHQHUDOLVDWLRQ�RI�DOO�WKH�WRNHQ�OLQNV�
ZLOO�W\SLFDOO\�FRQWDLQ�HQWULHV�WKDW�DUH�QRW�DLPHG�IRU�LQ�D�SXUH�OH[LFRQ�H[WUDFWLRQ
SURJUDP��7KH�HYDOXDWLRQ�PHWKRG�VKRXOG�WKHUHIRUH�EH�WDLORUHG�WR�D�VSHFLILF�W\SH�RI
DOLJQPHQW�V\VWHP�LQ�RUGHU�WR�DYRLG�XQIDLU�FRPSDULVRQV�

������ 8QLWV
,Q�D�SXUH�ZRUG�WR�ZRUG�PRGHO��FI��0HODPHG��������PDQ\�YDOLG�OH[LFDO�XQLWV�DUH
PLVVHG�GXH�WR�WKH�IDFW�WKDW�WKH\�EHORQJ�WR�FROORFDWLRQV�RU�FRPSOH[�SDUDSKUDVHV�
)RU� DOO� NLQGV� RI� ZRUG� DOLJQPHQW� OLQNLQJ�� LW� LV� QHFHVVDU\� WR� EH� DEOH� WR� KDQGOH
PXOWL�ZRUG�VHJPHQWV� LQ�ERWK� WKH�VRXUFH�DQG� WDUJHW� WH[W��6RPH�DSSURDFKHV�XVH
SUH�SURFHVVLQJ�RQ�RQO\�WKH�VRXUFH�VLGH��0HODPHG�����E��6PDGMD�HW�DO��������DQG
WKHQ�WKH�WDUJHW�FRUUHVSRQGHQFHV�DUH�HVWLPDWHG�GXULQJ�WKH�OLQNLQJ�VWDJH��,Q�RWKHU
DSSURDFKHV�� ERWK� WKH� VRXUFH� DQG� WDUJHW� WH[WV� DUH� SUH�SURFHVVHG� LQGHSHQGHQWO\
DQG�FDQGLGDWH�OLVWV�IRU�ERWK�VRXUFH�DQG�WDUJHW�PXOWL�ZRUG�XQLWV�DUH�FUHDWHG�WR�EH
XVHG�LQ�WKH�OLQNLQJ�SURFHVV��FI��FKDSWHU���LQ�WKLV�WKHVLV��

7KH� PDMRU� GLIILFXOW\� LV� WR� LGHQWLI\� DOO� PXOWL�ZRUG� XQLWV� SUHVHQW� LQ� D� WH[W�
HVSHFLDOO\� ZKHQ� WKH� IUHTXHQF\� LV� ORZ�� )XUWKHUPRUH�� LW� LV� QRW� REYLRXV� KRZ� WR
PDNH�WKH�VHJPHQWDWLRQ�IRU�FHUWDLQ�PXOWL�ZRUG�XQLWV��VXFK�DV�SDUWLFOH�YHUEV�DQG
LGLRPV�ZLWK�YDULDEOHV��IRU�H[DPSOH��´SXOO�KLV�KHU�\RXU�VRPHRQH·V�OHJµ��

5HFDOO�LV�DOVR�GLIILFXOW�WR�PHDVXUH�ZKHQ�PXOWL�ZRUG�XQLWV�DUH�FRQVLGHUHG��GXH�WR
WKH�IDFW�WKDW�LW� LV�PRUH�RU�OHVV�LPSRVVLEOH�WR�NQRZ�KRZ�PDQ\�PXOWL�ZRUG�XQLWV
WKHUH� DUH� LQ� D� WH[W��5HFDOO�PHDVXUHV� FDQ� WKHUHIRUH� LQ�SUDFWLFH� RQO\�EH�PDGH�RQ
VDPSOHV�RI�D�ELWH[W�

������ �5HVRXUFHV�XVHG
6RPH�ZRUG� DOLJQPHQW� V\VWHPV�PDNH� XVH� RI� H[WUD� UHVRXUFHV�� VXFK� DV� ELOLQJXDO
GLFWLRQDULHV��IXQFWLRQ�ZRUG�OLVWV��PRUSKRORJLFDO�FRPSRQHQWV��WDJJHUV��SKUDVH�OLVWV
RU�GLIIHUHQW� VHSDUDWH� SURJUDPV� IRU� SURFHVVLQJ�PXOWL�ZRUG�XQLWV��7KH� UHVRXUFHV
XVHG� E\� D� SDUWLFXODU� V\VWHP� DUH� YDOLG� LQIRUPDWLRQ� LQ� WKH� HYDOXDWLRQ�� (YHQ� LI� D
´EODFN� ER[µ� DSSURDFK� LV� DGRSWHG�� DQG� WKH� RXWSXW� LV� MXGJHG� DJDLQVW� FKHFNHG
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UHIHUHQFH�GDWD��WKH�W\SHV�RI�UHVRXUFHV�D�V\VWHP�FDQ�XWLOLVH�KDYH�WR�EH�DFFRXQWHG
IRU� LI� D� FRPSOHWH� SLFWXUH� RI� WKH� V\VWHP·V� SHUIRUPDQFH� LV� WR� EH� SDLQWHG�
,QIRUPDWLRQ�RQ�KRZ�ORQJ�LW�WDNHV�WR�UXQ�WKH�V\VWHP�RQ�D�SDUWLFXODU�ELWH[W�LV�DOVR
UHOHYDQW�IRU�WKH�HYDOXDWLRQ�DV�ZHOO�DV�WKH�SODWIRUP�DQG�KDUGZDUH�WKDW�DUH�XVHG�

������ 3ULRU�RU�SRVWHULRU�UHIHUHQFH"
$V�PHQWLRQHG�HDUOLHU��WKH�RXWSXW�IURP�D�ZRUG�DOLJQPHQW�V\VWHP�UHIHUHQFH�GDWD
FDQ� EH� FRQVWUXFWHG� EHIRUH� WKH� DFWXDO� DOLJQPHQW� WDNHV� SODFH� DV� D� NLQG� RI� SULRU
UHIHUHQFH��6XFK�UHIHUHQFH�GDWD�DUH�VRPHWLPHV�UHIHUUHG�WR�DV�JROG�VWDQGDUGV�DQG�DUH
XVXDOO\�D�VDPSOH�RI�WKH�ELWH[W�WKDW�KDV�EHHQ�SUHOLQNHG�PDQXDOO\�E\�RQH�RU�VHYHUDO
DQQRWDWRUV� DQG� WKHQ�XVHG� WR� WHVW� WKH� DOLJQPHQW� RXWSXW� DXWRPDWLFDOO\��3RVWHULRU
UHIHUHQFH� RQ� WKH� RWKHU� KDQG� LV� ZKHQ� WKH� RXWSXW� IURP� D� V\VWHP� LV� JLYHQ� WR
DQQRWDWRUV�ZKR��IROORZLQJ�VSHFLILF�LQVWUXFWLRQV��HYDOXDWH�WKH�RXWSXW�DQG�DQQRWDWH
WKH�ZKROH�RXWSXW�RU�D�VDPSOH�WKHUHRI�IRU�FRUUHFWQHVV�DQG�FRPSOHWHQHVV�

8VLQJ�SRVWHULRU�UHIHUHQFH�GRHV�QRW�HQWDLO�WKH�FUHDWLRQ�RI�WDLORU�PDGH�VRIWZDUH��,W
LV�VXIILFLHQW�WKDW�D�VDPSOH�RI�WKH�V\VWHP�RXWSXW�LV�HYDOXDWHG�DIWHU�WKH�DOLJQPHQW�
+RZHYHU��DV�HDFK�UHIHUHQFH�GDWD�KDV�WR�EH�FUHDWHG�HYHU\�WLPH�WKH�V\VWHP�KDV�EHHQ
UXQ��WKH�HYDOXDWLRQ�ZLOO�KDYH�WR�VWDUW�IURP�VFUDWFK�HDFK�WLPH�WKH�V\VWHP�KDV�EHHQ
XVHG�

$Q�H[LVWLQJ�ELOLQJXDO�OH[LFRQ�FDQ�DOVR�EH�XVHG�DV�SULRU�UHIHUHQFH�IRU�WHVWLQJ�WKH
SHUIRUPDQFH�RI�ELOLQJXDO�OH[LFRQ�H[WUDFWLRQ��7KH�GLVDGYDQWDJH�RI�XVLQJ�OH[LFRQV
DV� D� JROG� VWDQGDUG� LV� WKDW� WKHUH� PD\� EH� SUREOHPV� LQ� FRYHUDJH�� D� VWDQGDUG
ELOLQJXDO�GLFWLRQDU\�ZLOO�� IRU�H[DPSOH��QRW�FRQWDLQ�GRPDLQ�VSHFLILF� WHUPLQRORJ\�
)XUWKHUPRUH��DV�ELOLQJXDO� OH[LFRQV�FRPPRQO\�RQO\�OLVW�WKH�EDVH� IRUP�RI�ZRUGV�
WKH�RXWSXW�IURP�WKH�DOLJQPHQW�V\VWHP�PXVW�EH�OHPPDWL]HG�

6HWWLQJ�XS�D�JROG�VWDQGDUG�EHIRUH�WKH�V\VWHP�LV�XVHG��LV�GHILQLWHO\�PRUH�HIILFLHQW
GXH�WR�WKH�VDYLQJV�LQ�WLPH��2QH�JROG�VWDQGDUG�FDQ�EH�XVHG�WR�FKHFN�KXQGUHGV�RI
VHWV�RI�RXWSXW�GDWD�IURP�RQH�RU�VHYHUDO�V\VWHPV�DXWRPDWLFDOO\��7KH�GUDZEDFN�LV
WKDW� DQQRWDWLRQ� JXLGHOLQHV� DV� ZHOO� DV� VRIWZDUH� IRU� WKH� DQQRWDWLRQ� RI� WKH� JROG
VWDQGDUG� DQG� WKH� VFRULQJ� KDYH� WR� EH� FUHDWHG�� EXW� RQFH� WKLV� LV� GRQH�� WKH
DGYDQWDJHV�ZLOO�RXWZHLJK�WKH�GLVDGYDQWDJHV�

������ 0HWULFV�DQG�VFRULQJ�PHWKRGV
7KH� VWDQGDUG� PHWULFV� XVHG� IRU� PHDVXULQJ� WKH� SHUIRUPDQFH� RI� 1/3� UHWULHYDO
V\VWHPV�DUH�UHFDOO�DQG�SUHFLVLRQ�

$� VWDQGDUG� ZD\� RI� GHVFULELQJ� UHFDOO� ZRXOG� EH� ´KRZ� RIWHQ� GRHV� WKH� V\VWHP
SURYLGH�DQ�DQZHU"µ��3UHFLVRQ�FDQ�EH� IRUPXODWHG�DV� ´KRZ�RIWHQ�DUH� WKH�DQVZHUV
FRUUHFW"µ��,I�DQ�DOLJQPHQW�V\VWHP�SURGXFHV�DOLJQPHQWV�IRU�����RI�WKH�����HQWULHV
LQ�D�JROG�VWDQGDUG��UHFDOO�ZRXOG�EH����SHU�FHQW��7KH�����IRXQG�OLQNV�FDQ�WKHQ�EH
FRPSDUHG� WR� WKH� UHIHUHQFH� GDWD� DQG� LI� ���� RI� WKHVH� OLQNV� ZHUH� IRXQG� WR� EH
LGHQWLFDO�WR�WKH�UHIHUHQFH��SUHFLVLRQ�ZRXOG�EH����SHU�FHQW�����������

,Q�WKH� OLWHUDWXUH�WKHUH�DUH�YDULRXV�DSSURDFKHV� WR�GHVFULELQJ�DQG�XVLQJ�SUHFLVRQ
DQG� UHFDOO�� .LWDPXUD� DQG� 0DWVXPRWR� ������� UHJDUGHG� SUHFLVLRQ� RQO\� RQ� WKH
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KLJKHVW�UDQNHG�Q�KXQGUHG�FDQGLGDWHV�VXJJHVWHG�E\�WKH�V\VWHP��5HFDOO�ZDV�WKHQ
PHDVXUHG�UHODWLYH�WR�WKH�VHW�RI�ZRUGV�WKDW�RFFXUUHG�DW�OHDVW�WZLFH�LQ�WKH�FRUSXV
�L�H��� WKH� FDQGLGDWHV� DERYH� WKH� IUHTXHQF\� WKUHVKROG� EXLOW� LQWR� WKH� V\VWHP��
*DXVVLHU� �������XVHG�D�VLPLODU�DSSURDFK�ZKHUH�WKH�WRS����� OLQNV�ZHUH�FKHFNHG
IRU�SUHFLVLRQ�

7KH�VWDQGDUG�UHFDOO�DQG�SUHFLVLRQ�PHDVXUHV�FRXOG�EH�KDQGOHG�VWUDLJKWIRUZDUGO\
WKH� OLQNV� RQO\� FRQVLVW� RI� VLQJOH�ZRUGV�� EXW� LW� EHFRPHV�PRUH� GLIILFXOW�ZKHQ� WKH
DOLJQPHQWV�DUH�QRW�RQH�WR�RQH��ZKLFK�WKH\�LQGHHG�DUH�QRW�ZKHQ�PXOWL�ZRUG�XQLWV
DUH� LQYROYHG�� DV� ZHOO� DV� IRU� GHOHWLRQV�� LQVHUWLRQV�� VHJPHQWDWLRQ� HUURUV� DQG
SDUDSKUDVHV�

7KH�VFRULQJ�IRU�SUHFLVLRQ�DQG�UHFDOO�FDQ�EH�DGMXVWHG�WR�KDQGOH�SDUWLDO�DOLJQPHQWV
E\� XVLQJ� VRPH� NLQG� RI� SURSRUWLRQDO� VFRUHV� ZKHUH� HDFK� OLQN� ZLOO� EH� MXGJHG
GHSHQGLQJ�RQ�WKH�QXPEHU�RI�ZRUGV�LQ�V\VWHP�RXWSXW�DQG�WKH�UHIHUHQFH�GDWD��,Q
WKH�$5&$'(�ZRUG�DOLJQPHQW�WUDFN��9pURQLV�DQG�/DQJODLV��������SUHFLVLRQ�DQG
UHFDOO�ZHUH�WDLORUHG�WRZDUGV�WKH�WUDQVODWLRQ�VSRWWLQJ�SUREOHP��WKDW�LV�WKH�ZRUGV
LQ�WKH�UHIHUHQFH�ZHUH�NQRZQ�EHIRUHKDQG��,Q�WKH�$5&$'(�SURMHFW��WKH�IROORZLQJ
PHDVXUHV�IRU�UHFDOO�DQG�SUHFLVLRQ�ZHUH�XVHG�

3UHFLVLRQ &RUUHFWO\�SURSRVHG�ZRUGV�3URSRVHG�ZRUGV

5HFDOO &RUUHFWO\�SURSRVHG�ZRUGV�7RWDO�UHIHUHQFH�ZRUGV

,Q�7DEOH����EHORZ�DQ�LOOXVWUDWLRQ�LV�JLYHQ�IRU�WKUHH�OLQN�LQVWDQFHV��7KH�ILUVW�XQLW
LQ�WKH�UHIHUHQFH��´D�E�Fµ� �L�H��D� WKUHH�ZRUG�SKUDVH�� LV� WKHQ�FRPSDUHG�ZLWK�ZKDW
WKH�V\VWHP�SURSRVHG��QDPHO\�´D�Gµ��7KLV�JLYHV�D�SUHFLVLRQ�RI�����DQG�D�UHFDOO�RI
�����IRU�WKLV�SDUWLFXODU�LQVWDQFH��,I�WKH�V\VWHP�IDLOV�WR�SURSRVH�D�FDQGLGDWH�ZKHQ
WKHUH� H[LVWV� DQ�DFWXDO� WUDQVODWLRQ��ERWK� WKH�SUHFLVLRQ�DQG� UHFDOO� VFRULQJ�ZLOO� EH
]HUR��,I�D�FHUWDLQ�XQLW�LV�QRW�WUDQVODWHG�DQG�WKH�V\VWHP�DOVR�IDLOV�WR�ILQG�D�OLQN��WKH
SUHFLVLRQ�DQG�UHFDOO�ILJXUHV�ZLOO�EH���IRU�VXFK�LQVWDQFHV��7KH�WRWDO�SUHFLVLRQ�DQG
UHFDOO� UDWHV� DUH� WKHQ� FDOFXODWHG� DV� WKH� DYHUDJH� RI� DOO� WKH� OLQN� LQVWDQFHV� LQ� WKH
VDPSOH��,Q�WKH�$5&$'(�SURMHFW��)�PHDVXUH�ZDV�DOVR�FDOFXODWHG��)�PHDVXUH�LV�WKH
KDUPRQLF�PHDQ�RI�UHFDOO�DQG�SUHFLVLRQ��VHH�DOVR�VHFWLRQ������

7DEOH����([DPSOH�RI�SUHFLVLRQ�DQG�UHFDOO�VFRULQJ�LQ�$5&$'(

5HIHUHQFH
ZRUGV

3URSRVHG
ZRUGV

3UHFLVLRQ 5HFDOO

D�E�F D�G ��� ��� ��� ����
H�I � � �
� � � �
$YHUDJH ��� ����

7KH� DGYDQWDJH� RI� WKH� DERYH� VFRULQJ� PHWKRG� LV� WKDW� WKH� VXFFHVVIXO� OLQNLQJ� RI
PXOWL�ZRUG�XQLWV�LV�YLVLEOH�DQG�UHZDUGHG��EXW�DOVR�WKDW�SDUWLDOO\�FRUUHFW�OLQNLQJ�LV
QRW�GHHPHG�RXW�HQWLUHO\��2QH�GLVDGYDQWDJH�RI�WKLV�DSSURDFK�LV�WKDW�WKH�UHIHUHQFH
ZRUGV�DQG�WKH�SURSRVHG�ZRUGV�DUH�RQO\�FRQVLGHUHG�IURP�WKH�SRLQW�RI�YLHZ�RI�WKH
WDUJHW��,W�SUHVXSSRVHV�WKDW�WKH�VRXUFH�XQLWV�LQ�WKH�UHIHUHQFH�DUH�WKH�VDPH�DV�WKH
RQHV� WKDW� WKH� V\VWHP� KDV� WULHG� WR� OLQN� ZLWK� FRUUHVSRQGLQJ� WDUJHW� XQLWV�� 7R
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UHPHG\� WKLV� GUDZEDFN�� D� FRPSDULVRQ� RI� WKH� VRXUFH� VHJPHQWDWLRQ� EHWZHHQ� WKH
UHIHUHQFH�DQG�WKH�DOLJQPHQW�V\VWHP�FRXOG�EH�SHUIRUPHG�

+RZHYHU�� WKH� $5&$'(� SUHFLVLRQ� VFRUH� LV� DOVR� GLIIHUHQW� IURP� WKH� VWDQGDUG
SUHFLVLRQ�VFRUH�SUHVHQWHG�HDUOLHU��EHFDXVH�WKH�$5&$'(�SUHFLVLRQ�LV�PHDVXUHG�RQ
DOO� OLQNV� LQ� WKH� UHIHUHQFH� GDWD�� LQFOXGLQJ� WKRVH� ZKHUH� WKH� V\VWHP� KDV� QRW
SURGXFHG�D�UHVXOW�

7KH�$5&$'(�PHDVXUHV�PD\�VXLW�WKH�HYDOXDWLRQ�RI�WUDQVODWLRQ�VSRWWLQJ��EXW�DUH
QRW� DV� XVHIXO� IRU� WHVWLQJ� IXOO� WH[W� DOLJQPHQW�� 7UDQVODWLRQ� VSRWWLQJ� LV� D
VXESUREOHP� RI� IXOO� WH[W� DOLJQPHQW� ZKHUH� WKH� VRXUFH� H[SUHVVLRQV� DUH� NQRZQ
EHIRUHKDQG�DQG�WKH�WDVN�LV�LQ�SULQFLSOH�FRQVWUDLQHG�WR�ILQGLQJ�WKH�WUDQVODWLRQV�RI
WKHVH�VRXUFH�H[SUHVVLRQV��)RU�IXOO�WH[W�DOLJQPHQW�WKH�UHIHUHQFH�GDWD�LV�VHHQ�DV�D
UHSUHVHQWDWLYH�VDPSOH�RI�WKH�IXOO�WH[W��DJDLQVW�ZKLFK�WKH�V\VWHP�LV�FRPSDUHG�IRU
LWV�FDSDFLW\�WR�DOLJQ�WKH�IXOO�WH[W�

���� (YDOXDWLRQ�RI�IXOO�WH[W�DOLJQPHQW

:KHQ�WKH�RXWSXW�RI�DQ�DOLJQPHQW�V\VWHP�LV�VRPH�NLQG�RI�HQFRGLQJ�RI�DOO�OH[LFDO
XQLWV� DQG� WKHLU� FRUUHVSRQGLQJ� WUDQVODWLRQV�� WKHUH� DUH� EDVLFDOO\� WZR� ZD\V� WR
HYDOXDWH�WKH�RXWSXW�

��� &RPSDULVRQ� ZLWK� D� *ROG� VWDQGDUG� WKDW� KDV� EHHQ� FRQVWUXFWHG� LQ� DGYDQFH
�SULRU�UHIHUHQFH��

��� (YDOXDWLRQ� RI� D� VDPSOH� RI� WKH� RXWSXW� DIWHU� ZRUG� DOLJQPHQW� �SRVWHULRU
UHIHUHQFH��

*ROG� VWDQGDUGV� IRU� HYDOXDWLQJ� IXOO�WH[W� DOLJQPHQW� FRXOG� FRPH� LQ� GLIIHUHQW
IRUPDWV�
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��� &RPSOHWH� DOLJQPHQW�RI� WKH� VDPSOH��7KLV� LV� D�PHWKRG�ZKHUH� WKH
VRXUFH� DQG� WDUJHW� VHQWHQFHV� LQ� WKH� VDPSOH� DUH� EURNHQ� GRZQ� LQWR
VHJPHQWV�DQG�WKH�WUDQVODWLRQ�FRUUHVSRQGHQFHV�DUH�PDUNHG��0HODPHG
�����D������F��XVHG�WKLV�PHWKRG�LQ�WKH�%OLQNHU�SURMHFW�

��� 7KH�´VSRW�FKHFNµ�PHWKRG��+HUH�D�QXPEHU�RI�ZRUGV�RU�H[SUHVVLRQV
IURP�WKH�VRXUFH�WH[W�DUH�FKRVHQ�PDQXDOO\��$OO�WKH�VHQWHQFH�SDLUV�WKDW
FRQWDLQ� WKH� VLQJOHG�RXW� WRNHQV�DUH�SUHVHQWHG� WR� WKH�DQQRWDWRU�ZKR
FKRRVHV�WKH�FRUUHVSRQGLQJ�WDUJHW�ZRUG�SKUDVH���9pURQLV�������

��� &RQWUROOHG�VDPSOLQJ�RI� VRXUFH�ZRUGV�DQG�H[SUHVVLRQV� LQ� WKH�JROG
VWDQGDUG��7KLV�PHWKRG� LV� VLPLODU� WR� WKH� VHFRQG� DOWHUQDWLYH� LQ� WKDW
RQO\�D�VDPSOH�RI�VRXUFH�ZRUGV�DUH�VLQJOHG�RXW��7KH�GLIIHUHQFH�OLHV�LQ
WKH� ZD\� WKDW� WKH� VHOHFWLRQ� LV� PDGH��:LWK� WKH� FRQWUROOHG� VDPSOLQJ
PHWKRG�WKH�VHOHFWLRQ�LV�PDGH�E\�VSHFLI\LQJ�KRZ�WKH�VDPSOLQJ�LV�WR�EH
GRQH�� IRU� H[DPSOH�� UDQGRP� VDPSOLQJ� IURP� WKH� ZRUG� WRNHQV�
VDPSOLQJ�RI�RQO\�FRQWHQW�ZRUGV��VDPSOLQJ�RI�ZRUG�W\SHV� LQVWHDG�RI
WRNHQV��IUHTXHQF\�EDODQFHG�VDPSOLQJ�RI�WRNHQV��HWF�

7KH�DGYDQWDJH�RI� WKH� ILUVW�PHWKRG� LV� WKDW�QRWKLQJ�FDQ�EH�DYRLGHG��$OO� WKH� WH[W
VHJPHQWV�LQ�WKH�VDPSOH�KDYH�WR�EH�DQQRWDWHG��7KH�GLVDGYDQWDJH�LV�WKDW�LW�FDQ�EH
KDUG� WR� DUULYH� DW� D� VLQJOH� FRUUHFW� PDUN�XS�� HVSHFLDOO\� ZKHQ� WKHUH� DUH� VHYHUDO
DQQRWDWRUV�� $� JUHDW� GHDO� RI� ZRUN� WKHUHIRUH� KDV� WR� EH� SXW� LQWR� FUHDWLQJ
XQDPELJXRXV� LQVWUXFWLRQV� WKDW� JXLGH� WKH� DQQRWDWRUV�� 0HODPHG·V� LQWHU�UDWHU
DJUHHPHQW�GXULQJ�WKH�%OLQNHU�SURMHFW�ZDV�������������SHU�FHQW�ZKHQ�FRPSDULQJ
DQ\�WZR�DQQRWDWRUV�DQG�DOO�DQQRWDWLRQV�ZHUH�FRPSDUHG��,I�IXQFWLRQ�ZRUGV�ZHUH
LJQRUHG� WKH� LQWHU�UDWHU� DJUHHPHQW� LQFUHDVHG� WR� ������������SHU� FHQW� �0HODPHG
����F��

:LWK�WKH�VSRW�FKHFNLQJ�DQG�FRQWUROOHG�VDPSOLQJ�PHWKRGV��LW�LV�SRVVLEOH�WR�FRYHU
GLIIHUHQW� W\SHV� RI�ZRUGV� DQG� SKUDVHV� LQ� D�PRUH� FRQVLVWHQW�ZD\�� ,Q� WKH�$UFDGH
FRPSHWLWLRQ�� ��� ZRUG� W\SHV� ZHUH� VLQJOHG� RXW�� ��� YHUEV�� ��� DGMHFWLYHV� DQG� ��
QRXQV�� +HUH� DOO� ZRUG� W\SHV� KDG� D� IUHTXHQF\� RI� DURXQG� VL[W\�� EXW� WKH\� ZHUH
FKRVHQ� RQ� WKH� EDVLV� WKDW� WKH\� H[KLELWHG� VRPH� NLQG� RI� LQWHUHVWLQJ� SUREOHP
FRQFHUQLQJ�SRO\VHP\��:LWK�WKH�FRQWUROOHG�VDPSOLQJ�PHWKRG�FRXOG� LPSURYH�WKH
HYDOXDWLRQ�RI��XQLWV�RYHU�YDULRXV�GLPHQVLRQV��VXFK�DV�FRQWHQW�YV��IXQFWLRQ�ZRUGV�
IUHTXHQF\�UDQJHV��SRO\VHP\�DQG�SDUWV�RI�VSHHFK�

,I� HYDOXDWLRQV� RI� IXOO�WH[W� DOLJQPHQW� V\VWHPV� DUH� WR� EH� UHDOO\� XVHIXO�� LW� LV� QRW
VXIILFLHQW� WR� NQRZ�KRZ�ZHOO� WKH\�SHUIRUP� LQ� WHUPV�RI� SUHFLVLRQ� DQG� UHFDOO��$Q
HYDOXDWLRQ� VKRXOG� DOVR� FRQWDLQ� LQIRUPDWLRQ� RQ� ZKDW� WKH� VWUHQJWKV� DQG
ZHDNQHVVHV�RI�WKH�SDUWLFXODU�V\VWHP�DUH��7KHUHIRUH�D�SUHGHILQHG�VHW�RI�FDWHJRULHV
ZRXOG�KHOS�WR�GHVFULEH�WKH�FKDUDFWHULVWLFV�RI�WKH�DOLJQPHQW

���� �(YDOXDWLRQ�RI�ELOLQJXDO�OH[LFRQ�H[WUDFWLRQ

,I�WKH�SXUSRVH�LV�WR�HYDOXDWH�DQ�H[WUDFWHG�OH[LFRQ��L�H��D�VHW�RI�OLQN�W\SHV��WKHUH�DUH
DW�OHDVW�WKUHH�ZD\V�WR�GR�WKLV��)RU�H[DPSOH�
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�� &RPSDUH�WKH�W\SH�OLQNV�WR�DQ�H[LVWLQJ�ELOLQJXDO�OH[LFRQ��WKH�H[LVWLQJ
OH[LFRQ�ZLOO�IXQFWLRQ�DV�D�SULRU�UHIHUHQFH��

�� +DYH� WKH� H[WUDFWHG� OH[LFRQ� HYDOXDWHG� E\� OH[LFRJUDSKLFDO� H[SHUWV
�SRVWHULRU�UHIHUHQFH��

�� 0HDVXUH� WKH� ´H[SODQDWRU\� SRZHUµ� RI� WKH� H[WUDFWHG� OH[LFRQ� E\
DSSO\LQJ�LW�DXWRPDWLFDOO\�RQ�DQ�DOUHDG\�GHILQHG�VDPSOH�RI�WKH�FRUSXV
�0HODPHG�����������D�

,Q�VRPH�ZRUN�SUHVHQWHG� LQ� WKH� OLWHUDWXUH�� WKH� H[SOLFLW�JRDO�KDV�EHHQ� WR� H[WUDFW
ELOLQJXDO�GLFWLRQDULHV��H�J��)XQJ�DQG�:X�������)XQJ�����D��)XQJ�����E��)XQJ
������)XQJ�DQG�0F.HRZQ�������DQG�.DML�DQG�$L]RQH�������

8VLQJ� SULRU� UHIHUHQFH� IRU� HYDOXDWLQJ� ELOLQJXDO� OH[LFRQV� UHTXLUHV� DQ� DXWRPDWLF
FRPSDULVRQ� ZLWK� D� PDFKLQH�UHDGDEOH� ELOLQJXDO� GLFWLRQDU\�� +RZHYHU�� VXFK� D
FRPSDULVRQ� FRXOG� JLYH� WKH� ZURQJ� UHVXOWV�� 1RQ�VWDQGDUG� WUDQVODWLRQV�
WUDQVODWLRQV� RI� FROORFDWLRQV�� WHFKQLFDO� WHUPLQRORJ\�� HWF�� DUH� RIWHQ� QRW� IRXQG� LQ
VWDQGDUG�GLFWLRQDULHV��ZKLFK��DV�D�FRQVHTXHQFH��ZLOO�SURGXFH�PLVJXLGLQJ�VFRULQJ
PHDVXUHV�

:KHQ� SRVWHULRU� UHIHUHQFH� LV� XVHG�� L�H�� ZKHQ� KXPDQV� HYDOXDWH� WKH� H[WUDFWHG
OH[LFRQV��WKH�HYDOXDWRUV�KDYH�WR�DQQRWDWH�HDFK�HQWU\�LQ�WKH�GLFWLRQDU\�DV�FRUUHFW�
SDUWLDOO\� FRUUHFW� RU� ZURQJ�� %\� XVLQJ� WKLV� PHWKRG�� SUHFLVLRQ� FDQ� EH� FDOFXODWHG
HLWKHU�RQ�WKH�FRPSOHWH�GLFWLRQDU\�RU��PRUH�SUDFWLFDOO\��RQO\�RQ�D� VDPSOH�RI� WKH
H[WUDFWHG�GLFWLRQDU\��,Q�WKH�ILUVW�HYDOXDWLRQ�RI�/:$�SUHVHQWHG�LQ�FKDSWHU����WKLV
PHWKRG�ZDV�DSSOLHG�RQ�DOO� WKH� VRXUFH� HQWULHV� VWDUWLQJ�ZLWK� WKUHH� OHWWHUV�RI� WKH
DOSKDEHW�� 1�� 3� DQG� 2�� 7KH� GLVDGYDQWDJH� RI� WKLV� NLQG� RI� SRVWHULRU� OH[LFRQ
HYDOXDWLRQ� LV� QRW� RQO\� WKDW� HDFK� HYDOXDWLRQ� KDV� WR� EH� UHGRQH� HYHU\� WLPH� WKH
V\VWHP�KDV�EHHQ�UXQ��,W�LV�DOVR�LPSRVVLEOH�WR�FDOFXODWH�UHFDOO��DV�WKHUH�LV�QR�ZD\�RI
NQRZLQJ� KRZ�PDQ\� HQWULHV� WKDW� FRXOG� KDYH� EHHQ� H[WUDFWHG� ZKHQ� PXOWL�ZRUG
XQLWV� DUH� LQFOXGHG�� 5HFDOO� FDQ� KRZHYHU� EH� PHDVXUHG� LQ� UHODWLYH� WHUPV�� ,Q� WKH
OH[LFRQ� HYDOXDWLRQ� SUHVHQWHG� LQ� WKH� QH[W� FKDSWHU� �VHFWLRQ� ������ GLIIHUHQW
FRQILJXUDWLRQV� RI� /:$� SURGXFHG� YDU\LQJ� GLFWLRQDULHV� RI� YDU\LQJ� VL]HV�� ZKLFK
PDNHV� LW� SRVVLEOH� WR� FRPSDUH� UHFDOO� LQ� UHODWLYH� WHUPV�� .DML� DQG� $L]RQH� ������
DGUHVVHG�WKH�VDPH�SUREOHP�E\�FDOFXODWLQJ�SVHXGR�UHFDOO��ZKLFK�LV�WKH�UDWLR�RI�WKH
QXPEHU�RI�FRUUHFW�HQWULHV�LQ�WKH�H[WUDFWHG�OH[LFRQ�WR�WKH�QXPEHU�RI�ZRUG�W\SHV
LQ� HLWKHU� WKH� VRXUFH� RU� WDUJHW� WH[W�� $QRWKHU� GUDZEDFN� RI� SRVWHULRU� UHIHUHQFH
DSSOLHG�WR� OH[LFRQV� LV� WKDW� LW� LV�GLIILFXOW� WR� MXGJH�QRQ�VWDQGDUG�FRUUHVSRQGHQFHV
ZKHQ�WKH�ZRUG�SDLU�LV�SUHVHQWHG�LQ�D�OH[LFRQ�ZLWKRXW�LWV�FRQWH[W��$�W\SH�OLQN�PD\
DSSHDU�FRUUHFW�LQ�WKH�OH[LFRQ��HYHQ�WKRXJK�LW�LV�EDVHG�RQ�HUURQHRXV�OLQN�LQVWDQFHV
LQ� WKH� WH[W�� 2Q� WKH� RWKHU� KDQG�� D� QRQ�VWDQGDUG� WUDQVODWLRQ� FDQ� EH� MXGJHG� DV
LQFRUUHFW�HYHQ�WKRXJK�LW�LV�EDVHG�RQ�´UHDOµ�FRUUHVSRQGHQFHV�LQ�WKH�WH[WV�

$�UHODWLYHO\�VLPSOH�DXWRPDWLF�PHWKRG�KDV�EHHQ�VXJJHVWHG�DQG�XVHG�E\�0HODPHG
�����������E��ZKHUH�RQH�SDUW�RI� WKH� FRUSXV� LV� SXW� DVLGH� IRU� WHVWLQJ��:KHQ� WKH
DOLJQPHQW�KDV�EHHQ�GRQH�RQ�WKH�UHPDLQGHU�RI�WKH�FRUSXV��WKH�JHQHUDWHG�OH[LFRQ�LV
DSSOLHG�RQ�WKH�WHVW�FRUSXV�DQG�ILJXUHV�FDQ�EH�JLYHQ�RQ�WKH�SURSRUWLRQ�RI�PDWFKHV
IRXQG�LQ�WKH�ELWH[W�VHJPHQWV��7KH�DVVXPSWLRQ�LV�WKDW�WKLV�PHWKRG�ZLOO�EH�DEOH�WR
PHDVXUH� WKH� H[SODQDWRU\� SRZHU� RI� WKH� JHQHUDWHG� OH[LFRQ� ZLWKRXW� DQ\� KXPDQ
DQQRWDWLRQ�
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$Q� DOWHUQDWLYH� HYDOXDWLRQ� PHWKRG� FRXOG� EH� D� PRUH� SUDJPDWLF� DQG� SUDFWLFDO
DSSURDFK�� VLPLODU� WR� WKH� VROXWLRQV� VXJJHVWHG�E\�'DJDQ�DQG�&KXUFK� ������� DQG
)XQJ� DQG� 0F.HRZQ� �������� %RWK� DGRSW� D� ZD\� WR� PHDVXUH� WKH� LQFUHDVH� LQ
HIILFLHQF\�WKDW�FDQ�EH�REVHUYHG�ZKHQ�WUDQVODWRUV�DUH�XVLQJ�D�SDUWLFXODU�PDFKLQH�
H[WUDFWHG� GLFWLRQDU\��7KH� WUDQVODWRUV�ZKR� WHVWHG� WKH� GLFWLRQDULHV� H[WUDFWHG� E\
)XQJ� DQG� 0F.HRZQ�� IRU� H[DPSOH�� LQFUHDVHG� WKH� QXPEHU� RI� FRUUHFW� WHUP
WUDQVODWLRQV�E\����SHU�FHQW�

$V�DQ�H[WHQVLRQ�LQ�WKH�VDPH�YHLQ��L�H��D�SUDFWLFDO�NLQG�RI�DQ�HYDOXDWLRQ��RQH�FRXOG
LPDJLQH� D� VFHQDULR� ZKHUH� SURIHVVLRQDO� OH[LFRJUDSKHUV� XVH� DXWRPDWLFDOO\
H[WUDFWHG� GLFWLRQDULHV� WR� XSGDWH� FRPPHUFLDO� ELOLQJXDO� GLFWLRQDULHV�� 7KH
OH[LFRJUDSKLFDO� GDWDEDVH� WKDW� FRQWDLQV� WKH� FRPPHUFLDO� GLFWLRQDU\� ZRXOG� EH
FRPSDUHG�ZLWK�WKH�H[WUDFWHG�GLFWLRQDU\�DQG�VXJJHVWLRQV�RI�SRVVLEOH�QHZ�HQWULHV
IRU� WKH� GDWDEDVH� ZRXOG� EH� SUHVHQWHG� WR� WKH� OH[LFRJUDSKHUV� ZKR� LQ� WXUQ� FDQ
FKRRVH�ZKHWKHU� RU� QRW� WKH� QHZ� HQWU\� VKRXOG� EH� DGGHG��&RPSDULQJ� KRZ�PDQ\
HQWULHV�WKDW�DUH�DFWXDOO\�DGGHG�E\�XVLQJ�VXFK�D�WHFKQLTXH�ZLWK�WKH�´ROGµ�ZD\�RI
XSGDWLQJ� GLFWLRQDULHV� ZRXOG� SURYH� D� YDOXDEOH� HYDOXDWLRQ� RI� DXWRPDWLFDOO\
H[WUDFWHG� GLFWLRQDULHV�� $� JOLPSVH� RI� ZKDW� VXFK� DQ� DSSURDFK� FRXOG� UHVXOW� LQ� LV
JLYHQ� LQ� VHFWLRQ����� LQ� WKH�QH[W� FKDSWHU��ZKHUH� WKH� H[WUDFWHG� OH[LFRQ� IURP� WKH
%HOORZ�QRYHO�ZDV�FRPSDUHG�WR�D�FRPPHUFLDO�(QJOLVK�6ZHGLVK�GLFWLRQDU\�DQG�D
QXPEHU�RI�QHZ�FDQGLGDWHV�QRW�OLVWHG�LQ�WKH�FRPPHUFLDO�GLFWLRQDU\�DUH�SUHVHQWHG
�VHH�SDJH������

7KH� VDPH� LQIRUPDWLRQ�DERXW� WKH� VWUHQJWKV�DQG�ZHDNQHVVHV�PHQWLRQHG� IRU� IXOO�
WH[W� DOLJQPHQW� V\VWHPV� DSSOLHV� WR� OH[LFRQ� H[WUDFWLRQ� V\VWHPV�� 3UREOHPV� WKDW
DULVH�IURP��IRU�H[DPSOH��VHJPHQWDWLRQ�DQG�VWHPPLQJ�FRXOG�EH�LQFOXGHG�LQ�WKLV�VHW
RI�SUH�GHILQHG�FDWHJRULHV�IRU�OH[LFRQ�H[WUDFWLRQ�V\VWHPV�

���� :RUG�DOLJQPHQW�HYDOXDWLRQ±�FRQFOXVLRQV

8VLQJ� UHIHUHQFH� GDWD� �JROG� VWDQGDUGV�� WR� FKHFN� WKH� SHUIRUPDQFH� RI� ZRUG
DOLJQPHQW�V\VWHPV�KDV�VHYHUDO�DGYDQWDJHV��HVSHFLDOO\�LI�GLIIHUHQW�V\VWHPV�DUH�WR
EH� FRPSDUHG� RU� GLIIHUHQW� FRQILJXUDWLRQV� RI� RQH� VLQJOH� V\VWHP� DUH� WHVWHG�� 7KH
UHIHUHQFH�GDWD�ZLOO�PDNH�LW�SRVVLEOH�WR�FKHFN�V\VWHP�RXWSXW�DXWRPDWLFDOO\�DQG�LQ
D�FRQVLVWHQW�PDQQHU��7KH�GUDZEDFNV�DUH�WKDW�GHGLFDWHG�VRIWZDUH�IRU�FUHDWLQJ�WKH
UHIHUHQFH�GDWD�DV�ZHOO�DV� IRU�FKHFNLQJ� WKH�V\VWHP�RXWSXW�DJDLQVW� WKH� UHIHUHQFH�
+RZHYHU�� LW� LV� SRVVLEOH� WKDW� SRVWHULRU� UHIHUHQFH� FRXOG� FRPSOHPHQW� WKH� JROG
VWDQGDUGV�� HVSHFLDOO\� IRU� OH[LFRQ� HYDOXDWLRQV�� ,Q� VXFK� FDVHV�� KXPDQ� SRVWHULRU
HYDOXDWLRQ�RI�WKH�H[WUDFWHG�OH[LFRQ�FDQ�FDSWXUH�IHDWXUHV�WKDW�FDQQRW�EH�FDSWXUHG
E\�DQ�DXWRPDWLF�FRPSDULVRQ�WR�DQ�H[LVWLQJ�OH[LFRQ�

(YHU\�HYDOXDWLRQ�VKRXOG�EH�DFFRPSDQLHG�ZLWK�LQIRUPDWLRQ�RQ�

�� WKH�SULPDU\�DLP�RI�WKH�V\VWHP��OH[LFRQ�H[WUDFWLRQ�RU�IXOO�WH[W�DOLJQPHQW�

�� WKH�VFRULQJ�PHWKRGV�

�� W\SH�RI�XQLWV��VLQJOH�ZRUG�²�PXOWL�ZRUG�XQLWV�
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�� H[WUD�UHVRXUFHV��OH[LFRQV��WDJJHUV��PXOWL�ZRUG�XQLW�H[WUDFWLRQ��HWF��

�� LQIRUPDWLRQ�RQ�WKH�LPSOHPHQWDWLRQ�DQG�H[HFXWLRQ�WLPHV�

%HFDXVH� RI� WKH� DGYDQWDJH� RI� RI� UHIHUHQFH� GDWD�� WKH� 3/8*��� SURMHFW� GHFLGHG� WR
GHYHORS� D� GHGLFDWHG� VRIWZDUH� SDFNDJH� IRU� FUHDWLQJ� DQG� HYDOXDWLQJ� ZRUG
DOLJQPHQW�RXWSXW��7KH�VRIWZDUH�SDFNDJH�FRQWDLQLQJ�WKH�3/8*�/LQN�$QQRWDWRU
DQG�WKH�/LQN�6FRUHU�LV�GHVFULEHG�LQ�WKH�QH[W�VHFWLRQ�

���� 7KH�3OXJ�/LQN�$QQRWDWRU

,Q�WKLV�VHFWLRQ�WKH�3/8*�/LQN�$QQRWDWRU�DQG�WKH�FRQVLGHUDWLRQV�WKDW�XQGHUOLH
LWV�GHVLJQ�ZLOO�EH�SUHVHQWHG��3ULPDULO\��LW�LV�GHYHORSHG�ZLWK�WKH�DLP�RI�HYDOXDWLQJ
WKH� ZRUG� DOLJQPHQW� SURJUDPV� XVHG� LQ� WKH� 3/8*� SURMHFW�� �$KUHQEHUJ�
$QGHUVVRQ�DQG�0HUNHO�������DQG�7LHGHPDQQ���������EXW�LW�LV�QRW�WDLORU�PDGH�IRU
WKHVH�V\VWHPV�DQG�FRXOG�WKHUHIRUH�DOVR�EH�XVHG�WR�HYDOXDWH�RWKHU�ZRUG�DOLJQPHQW
V\VWHPV�� ,Q� DGGLWLRQ�� WKH� DQQRWDWLRQ� JXLGHOLQHV� DUH� GLVFXVVHG�� $� VFRULQJ
FRPSRQHQW�� FDOOHG� WKH� /LQN� 6FRUHU�� ZKLFK� LV� XVHG� WR� SURGXFH� DXWRPDWLF
HYDOXDWLRQV�UHODWHG�WR�WKH�3/8*�/LQN�$QQRWDWRU��LV�DOVR�GHVFULEHG

$� JROG� VWDQGDUG� LV� RQO\� RQH� H[DPSOH� RI� D� SURGXFW� WKDW� FDQ� EH� JHQHUDWHG
LQWHUDFWLYHO\� IURP� D� SDUDOOHO� FRUSXV�� )RU� LQVWDQFH�� LI� \RX� DUH� LQWHUHVWHG� LQ
VWXG\LQJ�WKH�EHKDYLRXU�RI�D�VHW�RI�UHODWHG�ZRUGV�LQ�WUDQVODWLRQ��LW�ZRXOG�EH�XVHIXO
WR� EH� DEOH� WR�PDNH� DQQRWDWLRQV� LQ� WKHLU� FRQFRUGDQFHV� DQG� JHQHUDWH� D� WDEOH� RU
UHSRUW� RI� WKHVH� DQQRWDWLRQV�� 7KH� DUFKLWHFWXUH� RI� WKH� 3/8*� /LQN� $QQRWDWRU
IDFLOLWDWHV� H[WHQVLRQV� RI� WKLV� NLQG�� )LJXUH� ��� EHORZ� LOOXVWUDWHV� KRZ� GLIIHUHQW
FULWHULD�FDQ�EH�XVHG�IRU�VHOHFWLQJ�WKH�VHWXS�RI�UHIHUHQFH�GDWD�

����������������������������������������������������������
���3/8*�VWDQGV�IRU�3DUDOOHO�&RUSRUD�LQ�/LQN|SLQJ��8SSVDOD�DQG�*|WHERUJ��D�SURMHFW�MRLQWO\�IXQGHG�E\�187(.�DQG
+6)5�XQGHU�WKH�6ZHGLVK�1DWLRQDO�UHVHDUFK�SURJUDP�LQ�/DQJXDJH�7HFKQRORJ\�



8QGHUVWDQGLQJ�DQG�HQKDQFLQJ�WUDQVODWLRQV�E\�SDUDOOHO�WH[W�SURFHVVLQJ

���

)LJXUH�����2YHUYLHZ�RI�KRZ�WKH�3/8*�/LQN�$QQRWDWRU�DQG�WKH�/LQN�6FRUHU�DUH�XVHG�IRU�HYDOXDWLRQ
RI�ZRUG�DOLJQPHQW�V\VWHPV�

7KH� UHIHUHQFH� GDWD� LV� FUHDWHG� LQ� WKH� 3/8*� /LQN� $QQRWDWHU� E\� D� KXPDQ
DQQRWDWRU�� )LQDOO\� WKH� /LQN� 6FRUHU� FRPSDUHV� WKH� RXWSXW� IURP� WKH� ZRUG
DOLJQPHQW�V\VWHP�ZLWK�WKH�UHIHUHQFH�GDWD�DQG�UHWXUQV�HYDOXDWLRQ�GDWD�

$QQRWDWHG� ELOLQJXDO� GDWD� ZHUH� UHFHQWO\� XVHG� LQ� WZR� GLIIHUHQW� SURMHFWV�� WKH
%OLQNHU�SURMHFW�DQG�WKH�$5&$'(�SURMHFW��ZLWK�WKH�VDPH�RYHUDOO�SXUSRVH��QDPHO\
WR�DFTXLUH�D�PRUH�REMHFWLYH�ZD\�RI�HYDOXDWLQJ�ZRUG�DOLJQPHQWV�� ,Q�WKH�%OLQNHU
SURMHFW� �0HODPHG�����D��D�GHGLFDWHG�YLVXDO� WRRO�ZDV�GHYHORSHG� WKDW�PDNHV� WKH
DQQRWDWLRQ� RI� WKH� SDUDOOHO� %LEOH� WH[WV� VLPSOH�� 7KH� DQQRWDWRU� FRQQHFWV� WKH
GLIIHUHQW�WRNHQV�LQ�WKH�WH[W�E\�GUDZLQJ�OLQHV�RQ�WKH�VFUHHQ��:LWK�WKH�%OLQNHU�WRRO
ELOLQJXDO�DQQRWDWLRQ�LV�SHUIRUPHG�RQ�DOO�WKH�WRNHQV�LQ�D�VDPSOH�RI�VHQWHQFH�SDLUV�
7RNHQV� FRXOG�EH� OLQNHG� WR� ´QXOO�ZRUGµ� RQ� WKH� RWKHU� VLGH�� EXW� DQQRWDWRUV�ZHUH
IRUFHG�WR�PDNH�D�FKRLFH�IRU�HDFK�WRNHQ�DQG�FRXOG�QRW�LQGLFDWH�XQFHUWDLQW\��,Q�WKH
$5&$'(�SURMHFW�DQQRWDWLRQ�ZDV�PDGH�LQ�D�ELOLQJXDO�GRFXPHQW�E\�VHOHFWLQJ�WKH
FRUUHVSRQGHQFHV� LQ� WKH� WH[W��$� VHOHFWLRQ� RI� VLQJOH�ZRUG� WRNHQV� LV� WDNHQ� DV� WKH
VWDUWLQJ� SRLQW� IRU� WKH� DQQRWDWLRQ�� 7KH� DQQRWDWRU� FRXOG� DOVR� JLYH� D� FRQILGHQFH
OHYHO� �JUDGHG� RQ� D� VFDOH� IURP� �� WR� ��� DQG� LQGLFDWH� WKH� FRUUHVSRQGHQFH� W\SH
�QRUPDO��RPLVVLRQ��UHIHUULQJ�H[SUHVVLRQ��VSHOOLQJ�HUURU��HWF���

7KH� 3/8*� /LQN� $QQRWDWRU� DSSURDFK� UHVHPEOHV� WKH� $5&$'(� ZD\� RI
DQQRWDWLQJ�ELOLQJXDO�GDWD��LQ�WKH�ZD\�WKDW�ERWK�DSSURDFKHV�XVH�D�VDPSOH�RI�VRXUFH
ZRUGV� IURP� WKH� ELWH[W�� 7KH� GLIIHUHQFH� EHWZHHQ� WKH� $5&$'(� DQG� 3/8*
DSSURDFKHV�LV�WKDW�IRU�WKH�3/8*�DQQRWDWLRQ��WKH�LQSXW�ZRUGV�DUH�VDPSOHG�IURP
WKH�VRXUFH�WH[W�ZLWK�RSWLRQDO�UHVWULFWLRQV��ZKHUHDV�LQ�WKH�$5&$'(�SURMHFW�WKH
VRXUFH�ZRUGV�ZHUH�VHOHFWHG�IURP�D�FHUWDLQ�IUHTXHQF\�UDQJH�DQG�FKRVHQ�IRU�WKHLU
SRO\VHPLF�SURSHUWLHV��+RZHYHU��WKH�EDVLF�SULQFLSOHV�UHPDLQ�WKH�VDPH�

5DQGRP�VDPSOLQJ
6DPSOH�ZLWKLQ
D�IUHTXHQF\�UDQJH6WULQJ�PDWFKLQJ

/LQJXLVWLF�FULWHULD�
SDUWV�RI�VSHHFK��HWF� �«�

3OXJ�/LQN
$QQRWDWRU

5HIHUHQFH�'DWD

7UDQVODWLRQ�FRUSXV

6\VWHP�RXWSXW

6\VWHP
HYDOXDWLRQ

/LQN
6FRUHU
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���� 8VLQJ�WKH�3/8*�/LQN�$QQRWDWRU

7KH�3/8*�/LQN�$QQRWDWRU�LV�UXQ�LQWHUDFWLYHO\�WR�FUHDWH�UHIHUHQFH�OLQNV��ZKLFK
FDQ� EH� XVHG� WR� PHDVXUH� WKH� SHUIRUPDQFH� RI� D� ZRUG� DOLJQPHQW� SURJUDP
DXWRPDWLFDOO\��7KH�LQSXW�WR�WKH�3/8*�/LQN�$QQRWDWRU�LV�D�OLVW�RI�VRXUFH�ZRUGV
WRJHWKHU�ZLWK�WKH�VRXUFH�VHQWHQFHV�ZKHUH�WKH\�RFFXUUHG�DQG�WKH�FRUUHVSRQGLQJ
WDUJHW�VHQWHQFHV��,Q�WKH�FXUUHQW�YHUVLRQ��H[SHULPHQWV�KDYH�EHHQ�PDGH�ZLWK�WKUHH
W\SHV� RI� VHOHFWLRQV�� ���� D� UDQGRP� VHOHFWLRQ�RI� ����ZRUGV� �DV� WRNHQV�� IURP� HDFK
WDUJHW� WH[W�� ���� D� IUHTXHQF\�EDODQFHG� VHOHFWLRQ� GLYLGHG� LQWR� ILYH� JURXSV� RI� ���
ZRUGV�HDFK��IUHTXHQF\����������������������DQG�!����DQG�����WKH�VDPH�DV�����EXW
H[FOXGLQJ�FORVHG�FODVV�H[SUHVVLRQV��WKDW� LV��RQO\�FRQWHQW�ZRUGV�DUH�FRQVLGHUHG��
7KH� FKRLFH� RI� LQSXW� ZRUGV� FRXOG� DV� PHQWLRQHG� DERYH� RI� FRXUVH� EH� PDGH
GLIIHUHQWO\�LQ�WKH�SUH�SURFHVVLQJ�VWDJH�

:KLOH�WKH�SXUSRVH�RI�D�ZRUG�DOLJQPHQW�SURJUDP�LV�RIWHQ�WR�JHQHUDWH�OH[LFDO�GDWD�
WKH�SULQFLSDO�DQQRWDWLRQ�WDVN�FDQ�EH�FRQVLGHUHG�WR�EH�WH[WXDO�OLQNLQJ��ZKLFK�PHDQV
WKDW� WKH� JRDO� LV� WR� ILQG� FRUUHVSRQGHQFHV� EHWZHHQ� WRNHQV� SUHVHQW� LQ� WKH� VRXUFH
DQG�WDUJHW�WH[W��,W�LV�LPSRUWDQW�WR�VWUHVV�WKDW�WKH�REMHFWV�RI�LQWHUHVW�KHUH�DUH�WKH
WUDQVODWLRQV� DQG� FRUUHVSRQGHQFHV� DV� WKH\� DUH� PDQLIHVWHG� LQ� WKH� DFWXDO� WH[WV�
/H[LFDO�OLQNV�RQ�WKH�RWKHU�KDQG�FDQ�EH�VHHQ�DV�GHULYDWLYHV�RI�WH[WXDO�OLQNV��DIWHU
WKH�DSSOLFDWLRQ�RI�VRPH�ILOWHUV��IRU�H[DPSOH��IXQFWLRQ�ZRUGV�FDQ�EH�H[FOXGHG�DQG
RQO\�EDVH�IRUPV�RI�ZRUGV�EH�OLVWHG�

7KH� 3/8*� /LQN� $QQRWDWRU� LV� SURYLGHG� ZLWK� D� ZHE� LQWHUIDFH�� ZLWK� WKH
XQGHUO\LQJ�FRGH�DV�D�-DYD�DSSOHW��7KH�3OXJ�/LQN�$QQRWDWRU�LQWHUIDFH�LV�VKRZQ�LQ
)LJXUH����EHORZ�

7KH�LQWHUIDFH�FRQVLVWV�RI�IRXU�PDMRU�ILHOGV�

��� 7KH�VRXUFH�VHQWHQFH�ILHOG�LQ�WKH�XSSHU�OHIW�FRUQHU��ZKHUH�WKH�RULJLQDO�VRXUFH
ZRUG�WR�EH�DQQRWDWHG�LV�KLJKOLJKWHG��

��� 7KH�WDUJHW�VHQWHQFH�ILHOG��ZKHUH�WKH�WDUJHW�FDQGLGDWHV�DUH�WR�EH�VHOHFWHG�E\
WKH�XVHU��

��� $Q�DFWLRQ�EDU�DW�WKH�ERWWRP�FRQVLVWLQJ�RI�EXWWRQV�IRU�GLIIHUHQW�FRPPDQGV�

��� $�VFUROODEOH�OLVW�RI�OLQNV�WKDW�KDYH�EHHQ�FUHDWHG�LQ�WKH�VHVVLRQ�VR�IDU�
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)LJXUH�����7KH�3OXJ�/LQN�$QQRWDWRU�LQWHUIDFH

(YHU\�WLPH�D�VRXUFH�ZRUG�LV�SUHVHQWHG��WKH�XVHU�KDV�WR�FKRRVH�DW�OHDVW�RQH�RSWLRQ
LQ�WKH�DFWLRQ�EDU��,I� WKH�FRUUHVSRQGHQFH� LV�VWUDLJKWIRUZDUG�� WKH�XVHU�VHOHFWV� WKH
FRUUHVSRQGLQJ� WDUJHW� ZRUG�V�� DQG� FOLFNV� RQ� ´1H[W� VHQWHQFHµ�� ,I� WKHUH� LV� QR
WUDQVODWLRQ�RI�WKH�WDUJHW�ZRUG��WKH�XVHU�VHOHFWV�´1XOO�OLQNµ��7KH�VHOHFWLRQ�LV�GRQH
E\�FOLFNLQJ�RQ�WKH�OHIW�PRXVH�EXWWRQ��,I�WKH�XVHU�ZDQWV�WR�GHVHOHFW�DQ�LWHP��WKLV�LV
GRQH� E\� FOLFNLQJ� RQ� WKH� VHOHFWHG� LWHP� DJDLQ�� ,I� WKH� UHODWLRQVKLS� EHWZHHQ� WKH
VRXUFH�ZRUG�DQG�WKH�WDUJHW�ZRUG�LV�UHJDUGHG�DV�´IX]]\µ��WKH�XVHU�KDV�WR�LQGLFDWH
WKLV� E\� VHOHFWLQJ� WKH� ´)X]]\� OLQNµ� FKHFN� ER[� RQ� WKH� OHIW� KDQG� VLGH� DQG� WKHQ
FOLFNLQJ�´1H[W�VHQWHQFHµ�

���� *XLGHOLQHV�IRU�WKH�DQQRWDWRUV

,Q�RUGHU�WR�DFTXLUH�FRQVLVWHQW�DQQRWDWLRQV�ZKHQ�VHYHUDO�DQQRWDWRUV�DUH�LQYROYHG
LW�LV�QHFHVVDU\�WR�FUHDWH�D�GRFXPHQW��ZKLFK�VHWV�XS�JHQHUDO�DQG�VSHFLILF�JXLGHOLQHV
IRU� WKH� DQQRWDWLRQ� ZRUN�� 7KH� JXLGHOLQHV� XVHG� IRU� WKH� HYDOXDWLRQ� RI� /:$� DUH
SUHVHQWHG� LQ�0HUNHO� ��������7KH� VWDUWLQJ�SRLQW� LV� D� VLQJOH�ZRUG�RQ� WKH� VRXUFH
VLGH��DQG�WKH�WDVN�LV�WR�VHOHFW�WKH�EHVW�WZR�ZD\�FRUUHVSRQGHQFH�VWDUWLQJ�IURP�WKLV
ZRUG��7ZR�JHQHUDO�JXLGLQJ�UXOHV�ZHUH�DGRSWHG�IURP�9pURQLV��������

���0DUN�DV�PDQ\�ZRUGV�DV�QHFHVVDU\�RQ�ERWK�WKH�WDUJHW�DQG�VRXUFH�VLGH�
���0DUN�DV�IHZ�ZRUGV�DV�SRVVLEOH�RQ�ERWK�WKH�WDUJHW�DQG�VRXUFH�VLGH�

7R� HQVXUH� WKDW� WKHUH� LV� D� WZR�ZD\� HTXLYDOHQFH�� DV� PDQ\� ZRUGV� DV� QHFHVVDU\

/LQN�OLVW

6RXUFH�VHQWHQFH

7DUJHW�VHQWHQFH

$FWLRQ�EDU
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VKRXOG� EH� VHOHFWHG�� (YHQ� LI� WKH� VWDUWLQJ� SRLQW� LV� DOZD\V� WKH� VRXUFH� ZRUG�� WKH
VHOHFWHG�SDUWV�LQ�WKH�WZR�WH[WV�VKRXOG�FRUUHVSRQG�LQ�ERWK�ZD\V�

%HORZ� WKH� QRWDWLRQDO� FRQYHQWLRQ� RI� LQGLFDWLQJ� WKH� VDPSOHG� VWDUWLQJ� ZRUG� LQ
XQGHUOLQHG�EROG�IDFH�LV�XVHG��7KH�SRVVLEOH�H[WHQVLRQ�RI�WKH�VRXUFH�ZRUG�DQG�WKH
SUHIHUUHG�WDUJHW�ZRUG�V��DUH�VKRZQ�LQ�EROG�IDFH�

6285&(��)RU�PRUH�LQIRUPDWLRQ�RQ�FRQILJXULQJ�D�SDUWLFXODU�64/�GDWDEDVH�VHUYHU��VHDUFK�+HOS�IRU
´2'%&�GULYHUVµ���

7$5*(7��0HU�LQIRUPDWLRQ�RP�KXU�GX�NRQILJXUHUDU�HQ�YLVV�64/�GDWDEDVVHUYHU�ILQQV�L�+MlOS�XQGHU
´2'%&�GULYUXWLQHUµ���

*LYHQ� WKDW� WKH� LQLWLDO� VRXUFH� ZRUG� LV� ´64/µ�� LW� LV� VWUDLJKWIRUZDUG� WR� VHH� WKDW
WKHUH� LV� QR� VLQJOH� ZRUG� WKDW� FRUUHVSRQGV� WR� WKH� VRXUFH� ZRUG� LQ� WKH� WDUJHW
VHQWHQFH�� 7KH� WDUJHW� H[SUHVVLRQ� WR� EH� VHOHFWHG� PXVW� EH� ´64/�GDWDEDVVHUYHUµ
ZKLFK�PHDQV�WKDW�WKH�VRXUFH�XQLW�KDV�WR�EH�H[WHQGHG�WR�´64/�GDWDEDVH�VHUYHUµ�

2WKHU�PRUH� VSHFLILF� JXLGHOLQHV� FRQFHUQ� WKH� DQQRWDWLRQ� RI� SKUDVDO� H[SUHVVLRQV�
RPLVVLRQV�� YHUE� FRQVWUXFWLRQV� DQG� LQILQLWLYH�PDUNHUV�� SURQRXQV�� SURSHU� QDPHV�
WHUPV��DUWLFOHV��QRXQ�SKUDVHV��HWF�

���� 7KH�XVH�RI�DQQRWDWLRQV�DQG�WKH�/LQN�6FRUHU

7KH� RXWSXW� RI� WKH� 3/8*� /LQN� $QQRWDWRU� LV� D� WH[W� ILOH� WKDW� FRQVLVWV� RI
LQIRUPDWLRQ� QHHGHG� WR� DXWRPDWLFDOO\� FDOFXODWH� PHDVXUHV� RI� WKH� TXDOLW\� RI� WKH
RXWSXW�IURP�D�ZRUG�DOLJQPHQW�SURJUDP��)RU�HDFK�HQWU\��WKHUH�LV�LQIRUPDWLRQ�RQ
ZKDW�VHQWHQFH�SDLU�WKH�HQWU\�EHORQJV�WR��WKH�LQLWLDO�VRXUFH�ZRUG�DQG�LWV�FKDUDFWHU
SRVLWLRQ��WKH�W\SH�RI�XQLWV��VLQJOH�ZRUG�RU�PXOWL�ZRUG���WKH�W\SH�RI�OLQN��VWDQGDUG�
IX]]\�RU�QXOO���HWF��$Q�H[DPSOH�RI�DQ�HQWU\�LQ�WKH�ILOH�LV�VKRZQ�EHORZ��+HUH�WKH
LQLWLDO�ZRUG�WKDW�WKH�XVHU�KDV�EHHQ�DVNHG�WR�OLQN�LV�WUDIILF��ZKLFK�UHVXOWHG�LQ�WKH
VRXUFH� XQLW� WKDW� ZDV� VHOHFWHG� EHFRPLQJ� QHWZRUN� WUDIILF� DQG� WKH� FRUUHVSRQGLQJ
WDUJHW�XQLW�QlWYHUNVWUDILNHQ�

align ID:   224
sample:     129|7
word:       traffic
link:       network traffic -> nätverkstrafiken
link type:  regular
unit type:  multi -> single
source:     121|7  &  129|7
target:     134|16
source text:##224## To do that, you add a system table
named MSysConf to the SQL database and make entries in
the table that control network traffic.
target text:##224## För att kunna göra optimeringen
lägger du till en systemtabell med namnet MSysConf i
SQL-databasen och för in värden som styr
nätverkstrafiken.

)LJXUH�����(QWU\�LQ�WKH�RXWSXW�IURP�3/8*�/LQN�$QQRWDWRU
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:KHQ�D�ZRUG�DOLJQPHQW� V\VWHP·V�RXWSXW� LV� FKHFNHG�DJDLQVW� WKH�JROG� VWDQGDUG
�WKH� 3/8*� /LQN� $QQRWDWRU� ILOH��� SUHFLVLRQ� DQG� UHFDOO� ILJXUHV� DUH� FDOFXODWHG
DXWRPDWLFDOO\��7KH� GHGLFDWHG� SURJUDP� IRU� GRLQJ� WKH� VFRULQJ� LV� FDOOHG� WKH�/LQN
6FRUHU�� %\� VFRULQJ� WKH� UHVXOWV� LQ� WKLV� PDQQHU�� LW� LV� SRVVLEOH� WR� FRPSDUH� WKH
SHUIRUPDQFHV� RI� GLIIHUHQW� V\VWHPV�� :LWK� GDWD� IURP� WKH� VFRULQJ� SKDVH�� LW� LV
SRVVLEOH� WR� SLQSRLQW� ERWK� VWURQJ� DQG�ZHDN� SRLQWV� RI� WKH� V\VWHPV�� IRU� H[DPSOH
KRZ�WKH�V\VWHPV�SHUIRUP�RQ�PXOWL�ZRUG�XQLWV�DQG�IX]]\�OLQNV�

$QRWKHU� LPSRUWDQW�XVH�RI� WKH�/LQN�6FRUHU� LV� WR�RSWLPLVH� WKH�FRQILJXUDWLRQ�RI�D
ZRUG�DOLJQPHQW�V\VWHP�LQWHUQDOO\��,I�VRPH�RI�WKH�JROG�VWDQGDUGV�GHYHORSHG�ZLWK
WKH� 3/8*�/LQN�$QQRWDWRU�� DUH� XVHG� DV� WUDLQLQJ� GDWD�� LW�ZRXOG� EH� SRVVLEOH� WR
H[SHULPHQW�ZLWK�GLIIHUHQW�FRQILJXUDWLRQV�DQG�SDUDPHWHUV�RI�D�V\VWHP��LQ�RUGHU�WR
ILQG�WKH�RSWLPDO�FRPELQDWLRQ�RI�� IRU�H[DPSOH��VHDUFK�RUGHU�� IXQFWLRQ�ZRUG� OLVWV�
FROORFDWLRQ�GDWD��VWDWLVWLFDO�WKUHVKROGV�DQG�FR�RFFXUUHQFH�VFRUHV�

$Q�H[DPSOH�RI�WKH�RXWSXW�IURP�WKH�/LQN�6FRUHU�LV�VKRZQ�LQ�7DEOH����

7DEOH�����2XWSXW�IURP�WKH�/LQN�6FRUHU

1XPEHU�JROGHQ� ���
�5HJXODU�� ����� )X]]\�� ���� 1XOO�
���

1XPEHU�LGHQWLFDO� �����U�������I�����Q�����
1XPEHU�SDUWLDOO\�OLQNHG� �����U�������I�����Q����
1XPEHU�FRPSOHWHO\�GLIIHUHQW� ����U������I�����Q�����
7RWDO�QXPEHU�WULHG� ���
1XPEHU�QRW�WULHG� ����U������I�����Q���
5HFDOO� �����
3UHFLVLRQ�LQFO��SDUWLDO�PDWFKHV� �����
3UHFLVLRQ�KDOI�SDUWLDO� �����
)�PHDVXUH� �����

7KH� QXPEHU� RI� OLQNV� LQ� WKH� JROGHQ� VWDQGDUGV� LV� JLYHQ� ������ DV� ZHOO� DV
LQIRUPDWLRQ�RQ�WKH�QXPEHU�RI�UHJXODU�� IX]]\�DQG�QXOO� OLQNV��7KH� WHVWHG�V\VWHP
KDV�IRXQG�����LGHQWLFDO�OLQNV������SDUWLDOO\�FRUUHFW�OLQNV��ZLWK�VRPH�RYHUODS���DQG
���V\VWHP�OLQNV�ZHUH�IRXQG�WR�EH�ZURQJ�FRPSDUHG�WR�WKH�JROG�VWDQGDUG��5HFDOO�LV
KHUH�JLYHQ�DV������SHU�FHQW��QXPEHU�WULHG�QXPEHU�RI�JROGHQ�OLQNV���7ZR�NLQGV�RI
JOREDO�SUHFLVLRQ�VFRUHV�DUH�DOVR�JLYHQ�

,Q�WKH�ILUVW�PHDVXUH�SDUWLDO�OLQNV�DUH�FRQVLGHUHG�WR�EH�FRUUHFW��DQG�LQ�WKH�VHFRQG
SDUWLDO�OLQNV�DUH�VFRUHG�DV������WKDW�LV�KDOI�RI�DQ�LGHQWLFDO�OLQN�

Ê
+

=
OLQNV�GLIIHUHQW��OLQNV��SDUWLDO�OLQNV��WLFDORFFXU�LGHQ

OLQNV��LDORFFXU�SDUW�OLQNV��WLFDORFFXU�LGHQ
��SDUWLDO�LQFO�3UHFLVLRQ�

Ê
�+

=
OLQNV�GLIIHUHQW��OLQNV��SDUWLDO�OLQNV��WLFDORFFXU�LGHQ

OLQNV���LDORFFXU�SDUW������OLQNV��WLFDORFFXU�LGHQ
��SDUWLDO�KDOI3UHFLVLRQ�
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$� YDOXH� IRU� )�PHDVXUH� LV� DOVR� JLYHQ�� WKDW� LV�� WKH� KDUPRQLF�PHDQ� RI� UHFDOO� DQG
SUHFLVLRQ�

7KH� DERYH�PHDVXUHV� DQG� GDWD� DUH� RQO\� H[DPSOHV� RI�ZKDW� WKH� /LQN� 6FRUHU� FDQ
SUHVHQW��)RU�H[DPSOH�� LI�WUDQVODWLRQ�VSRWWLQJ�LV�WR�EH�HYDOXDWHG�� LW� LV�SRVVLEOH�WR
FDOFXODWH� WKH� $5&$'(� YDULDQWV� RI� UHFDOO� DQG� SUHFLVLRQ�� 0RUH� GHWDLOHG
LQIRUPDWLRQ� FRXOG� DOVR� EH� REWDLQHG� E\� XVLQJ� VFRUHV� WKDW� DUH� UHODWHG� WR� WKH
TXDOLWDWLYH�GLIIHUHQFHV�EHWZHHQ�UHJXODU�DQG�IX]]\�OLQNV�

���� �6XPPDU\

7KHUH� LV� FRQVLGHUDEOH� LQWHUHVW� LQ� WH[W�DOLJQPHQW�RQ� WKH�ZRUG�DQG�SKUDVH� OHYHO�
EXW� VRPH� FRQIXVLRQ�RQ�KRZ�DOLJQPHQW� V\VWHPV� VKRXOG� EH� HYDOXDWHG��7KH� ILUVW�
DQG�SHUKDSV�PRVW� LPSRUWDQW��VWHS� LV� WR�GHFLGH� WKH�SXUSRVH�DQG�XVDJH�RI�VXFK�D
V\VWHP��,I�LW�LV�WR�EH�DGRSWHG�IRU�FUHDWLQJ�IXOO�WH[W�DOLJQPHQWV�XVHG�IRU�ELOLQJXDO
VHDUFKHV� �ELOLQJXDO� FRQFRUGDQFLQJ�� RU� IRU� FUHDWLQJ� ELOLQJXDO� GLFWLRQDULHV�� WKH
HYDOXDWLRQ� PXVW� EH� WDLORUHG� WRZDUGV� WKDW� SDUWLFXODU� XVDJH�� 6HFRQGO\�� WKH
DSSURSULDWH� VHJPHQWDWLRQ� RI� WKH� VRXUFH� WH[W�� LQ� SDUWLFXODU�� LV� IXQGDPHQWDO� IRU
FRPSDULVRQV� RI� VFRULQJV� EHWZHHQ� GLIIHUHQW� V\VWHPV�� 7KH� PHWULFV� XVHG� IRU
HYDOXDWLQJ� V\VWHPV� RIWHQ� YDU\� EHWZHHQ� GLIIHUHQW� DSSURDFKHV�� HYHQ� IRU� V\VWHPV
ZLWK� WKH� VDPH� RYHUDOO� JRDO�� 7KH� EHVW� VROXWLRQ�� DW� OHDVW� IRU� IXOO�WH[W� DOLJQPHQW
V\VWHPV�� LV� WKH� XVH� RI� JROG� VWDQGDUGV��ZKHUH� D� FRUUHFW� UHIHUHQFH� LV� VHW� XS� DQG
DJDLQVW�ZKLFK� WKH� V\VWHP� RXWSXW� LV�PHDVXUHG��$Q� LQWHUDFWLYH� WRRO� IRU� FUHDWLQJ
UHIHUHQFH�GDWD� �WKH�3/8*�/LQN�$QQRWDWRU�� DQG� D� SURJUDP� IRU� VFRULQJ� V\VWHP
RXWSXW� DJDLQVW� WKH� UHIHUHQFH� �WKH� /LQN� 6FRUHU�� KDYH� EHHQ� SUHVHQWHG�� )XUWKHU
LQIRUPDWLRQ�� LQ�DGGLWLRQ�WR�WKH�VFRULQJ�UHVXOWV�� LV�DOVR�RI� LQWHUHVW�DQG�VKRXOG�EH
LQFOXGHG�LQ�HYDOXDWLRQV��7KLV�LQFOXGHV�LQIRUPDWLRQ�RQ�WKH�W\SH�RI�HUURUV�WKDW�WKH
V\VWHP�PDNHV�DQG�DOVR�LQIRUPDWLRQ�DERXW�V\VWHP�SHUIRUPDQFH� LQ�WHUPV�RI�WLPH
DQG�PHPRU\�XVDJH�DV�ZHOO�DV�GDWD�RQ�WKH�LPSOHPHQWDWLRQ�DQG�KDUGZDUH�

UHFDOOSUHFLVLRQ
UHFDOOSUHFLVLRQ

PHDVXUH)
+
�

=- �
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���(YDOXDWLRQ�RI�/:$

���

�� (YDOXDWLRQ�RI�/:$

,Q�WKLV�FKDSWHU�WKUHH�GLIIHUHQW�HYDOXDWLRQV�RI�WKH�/:$�V\VWHP�DUH�SUHVHQWHG��$W
WKH� HQG� RI� WKH� FKDSWHU� D� PRUH� SUDJPDWLF� W\SH� RI� HYDOXDWLRQ� LV� SUHVHQWHG� DQG
H[HPSOLILHG� E\� FRPSDULQJ� WKH� /:$� RXWSXW� WR� DQ� H[LVWLQJ� VWDQGDUG� ELOLQJXDO
GLFWLRQDU\��7KH�ILUVW�HYDOXDWLRQ�LV�WKH�RQH�UHSRUWHG�LQ�$KUHQEHUJ��$QGHUVVRQ�DQG
0HUNHO� ������� ZKHQ� /:$� ZDV� DSSOLHG� WR� WZR� RI� WKH� WUDQVODWLRQV� LQ� WKH
/LQN|SLQJ�WUDQVODWLRQ�FRUSXV��7KH�ILUVW�HYDOXDWLRQ�PHWKRG�IRFXVHG�RQ�HYDOXDWLRQ
RI� WKH� H[WUDFWHG� ELOLQJXDO� OH[LFRQ�� 7KH� VHFRQG� HYDOXDWLRQ� LV� WKH� RQH� GRQH� LQ
FRQMXQFWLRQ�ZLWK�WKH�$5&$'(�SURMHFW�GHVFULEHG�LQ�WKH�SUHYLRXV�FKDSWHUV��+HUH
WKH�$5&$'(�VFRUHV�ZHUH�XVHG��7KH�WKLUG�HYDOXDWLRQ�UHSRUWHG�LQ�WKLV�FKDSWHU�LV
SHUIRUPHG� RQ� WKH� VDPH� WH[WV� DV� WKH� ILUVW� HYDOXDWLRQ��ZLWK� WKH� GLIIHUHQFH� EHLQJ
WKDW�/:$�KDG�XQGHUJRQH�VRPH�PLQRU�FKDQJHV�DQG�WKDW�WKH�HYDOXDWLRQ�WHFKQLTXH
WRRN�DGYDQWDJH�RI�WKH�3/8*�/LQN�$QQRWDWRU��IRU�FUHDWLQJ�D�JROG�VWDQGDUG��DQG
WKH�/LQN�6FRUHU� �IRU� DXWRPDWLFDOO\� FRPSDULQJ� WKH�JROG� VWDQGDUG� WR� WKH� V\VWHP
RXWSXW��

���� (YDOXDWLRQ����(QJOLVK�6ZHGLVK�XVLQJ�GLFWLRQDU\
HYDOXDWLRQ�

7KH� ILUVW� WHVW� RI� WKH� /:$� V\VWHP� ZDV� SHUIRUPHG� RQ� WZR� GLIIHUHQW� WH[WV� DV
UHSRUWHG�LQ�$KUHQEHUJ��$QGHUVVRQ�DQG�0HUNHO���������+HUH�WKH�EDVLF�ILQGLQJV�RI
WKH�H[SHULPHQW�DUH�VXPPDULVHG��6RPH�EDVLF�IDFWV�IRU�WKH�WH[WV�DUH�JLYHQ�LQ�7DEOH
����ZKLOH�7DEOH����SUHVHQWV� ILJXUHV� IRU�SUHFLVLRQ�DQG�UHFDOO�� ,W�VKRXOG�EH�QRWHG
WKDW� QRW� DOO� WKH� /:$� SDUDPHWHUV� DQG� IXQFWLRQV� GHVFULEHG� LQ� FKDSWHU� �� ZHUH
LPSOHPHQWHG�LQ�WKLV�VHWXS��IRU�H[DPSOH��WKH�/&65�DOJRULWKP�LQ�WKH�FRJQDWH�WHVW
DQG�WKH�XQLTXH�ZRUG�WHVW��

7KH�WH[WV�XVHG�ZHUH�WKH�QRYHO�E\�%HOORZ�DQG�WKH�0LFURVRIW�$FFHVV�8VHU·V�*XLGH
GHVFULEHG�LQ�FKDSWHU����,Q�7DEOH����GDWD�RQ�WKH�VRXUFH�WH[WV�IRU�WKH�WZR�ELWH[WV
DUH�SUHVHQWHG�
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7DEOH�����&KDUDFWHULVWLFV�IRU�WKH�WZR�VRXUFH�WH[WV��WKH�%HOORZ�QRYHO�DQG�WKH�$FFHVV�8VHU·V�*XLGH�

%HOORZ $FFHVV
6L]H�LQ�UXQQLQJ�ZRUGV ������ �������
1R�RI�ZRUG�W\SHV ����� �����
:RUG�W\SHV�IUHTXHQF\���RU
KLJKHU

����� �����

:RUG�W\SHV�IUHTXHQF\���RU�� ����� �����
0XOWL�ZRUG�H[SUHVVLRQ
W\SHV��IRXQG�LQ�SUH�
SURFHVVLQJ�

��� ���

,W� FDQ� EH� VHHQ� WKDW� WKH� QRYHO� FRQWDLQV� D� KLJK�QXPEHU� RI� ORZ� IUHTXHQF\�ZRUGV
ZKHUHDV� WKH� SURJUDP�PDQXDO� FRQWDLQV� D� KLJKHU� SURSRUWLRQ� RI� ZRUGV� WKDW� WKH
DOJRULWKP�DFWXDOO\�WHVWHG�DV�WKH�IUHTXHQF\�WKUHVKROG�ZDV�VHW�WR���

0XOWL�ZRUG� FDQGLGDWHV� ZHUH� JHQHUDWHG� E\� WKH� )UDVVH��� V\VWHP� GHVFULEHG� LQ
FKDSWHU����7KH�WDEOH�DERYH�LOOXVWUDWHV�WKDW�)UDVVH���LGHQWLILHG�DURXQG�IRXU�WLPHV
DV�PDQ\�PXOWL�ZRUG�XQLWV� LQ�WKH�$FFHVV�VRXUFH�WH[W�DV� LQ�WKH�%HOORZ�WH[W��7KH
WHVWV�ZHUH�UXQ�RQ�D�6XQ�8OWUD6SDUF��:RUNVWDWLRQ�ZLWK�����0%�5$0�DQG�WRRN
���PLQXWHV�IRU�WKH�%HOORZ�QRYHO�DQG�IRXU�DQG�D�KDOI�KRXU�IRU�WKH�$FFHVV�SURJUDP
PDQXDO�

7KH�HYDOXDWLRQ�PHWKRG�XVHG�ZDV�ZLWK�D�SRVWHULRU�UHIHUHQFH��WKDW�LV��WKH�H[WUDFWHG
ELOLQJXDO�OH[LFRQV�ZHUH�HYDOXDWHG�E\�D�KXPDQ�MXGJH��7KH�WDVN�IRU�WKH�HYDOXDWRU
ZDV�WR�GHWHUPLQH�ZKHWKHU�D� OH[LFRQ�HQWU\��SDLU�RI�VRXUFH�W\SH�DQG�WDUJHW�W\SH�
ZHUH� FRUUHFW��SDUWLDOO\� FRUUHFW� RU�ZURQJ��7KH� HYDOXDWHG� VDPSOH� IURP�HDFK� OH[LFRQ
FRQWDLQHG�VRXUFH�ZRUGV�VWDUWLQJ�ZLWK�WKH�OHWWHUV�1��2�DQG�3��5HVXOWV�IURP�WKUHH
/:$�FRQILJXUDWLRQV�DUH�VKRZQ� LQ�7DEOH����EHORZ��%$6(� LQGLFDWHV� WKDW�/:$
RQO\� XVHG� WKH� VWDWLVWLFDO�PDFKLQHU\� DQG� QR� RWKHU�PRGXOHV�� $0�:� WKDW� /:$
XVHG�DOO�PRGXOHV�H[FHSW� WKH�SRVLWLRQ�ZHLJKW�PRGXOH�� DQG�$0�WKDW� DOO�PRGXOHV
ZHUH�XWLOLVHG�

7DEOH�����5HVXOWV�IURP�WZR�ELWH[WV��XVLQJ�7�VFRUH�RQO\��%$6(���DOO�PRGXOHV�H[FHSW�WKH�ZHLJKWV
�$0�:���DQG�DOO�PRGXOHV��$0�

%HOORZ $FFHVV
%$6( $0�: $0 %$6( $0�: $0

/LQNHG�VRXUFH�H[SUHVVLRQHV ����� ����� ����� ����� ����� �����
/LQNHG�PXOWL�ZRUG�H[SU� � ��� ��� � ��� ���
/LQN�W\SHV�LQ�WRWDO ����� ����� ����� ����� ����� �����
/LQNV�LQ�HYDOXDWHG�VDPSOH ��� ��� ��� ��� ��� �����
&RUUHFW�OLQNV�LQ�VDPSOH ��� ��� ��� ��� ��� ���
(UURUV�LQ�VDPSOH �� �� �� �� ��� ���
3DUWLDO�OLQNV�LQ�VDPSOH � �� �� �� ��� ���
3UHFLVLRQ��LQFO��SDUWLDO� ������ ������ ������ ������ ������ ������
3UHFLVLRQ��KDOI�SDUWLDO� ������ ������ ������ ������ ������ ������
7RNHQ�UHFDOO ����� ����� ������ ����� ����� �����
7\SH�UHFDOO�IUHT���RU�KLJKHU ������ ������ ������ ������ ������ ������
7\SH�UHFDOO�IUHT���RU�� � ����� ����� � ������ ������



���(YDOXDWLRQ�RI�/:$

���

7KH�UHVXOWV�VKRZ�WKDW�ERWK�UHFDOO�DQG�SUHFLVLRQ�DUH�LPSURYHG�FRQVLGHUDEO\�ZKHQ
WKH� NQRZOHGJH�OLWH� OLQJXLVWLF� GDWD� PRGXOHV� DUH� XVHG�� 7KH� UHVXOWV� IRU� %HOORZ
UHYHDO�WKDW�UHFDOO� LQ�UHODWLYH�WHUPV� LV�DOPRVW� WULSOHG� LQ� WKH�VDPSOH�� IURP����� LQ
WKH� %$6(� FRQILJXUDWLRQ� WR� ���� OLQNHG� VRXUFH� H[SUHVVLRQV� ZLWK� WKH� $0
FRQILJXUDWLRQ��3UHFLVLRQ�YDOXHV�IRU�WKH�%HOORZ�QRYHO�OLH�LQ�WKH�UDQJH�IURP������
WR� ������ SHU� FHQW� ZKHQ� SDUWLDO� OLQNV� DUH� MXGJHG� DV� FRUUHFW� DQG� VOLJKWO\� ORZHU
ZKHQ�SDUWLDO�OLQNV�DUH�VFRUHG�DV�´���SHU�FHQW�FRUUHFWµ��������������SHU�FHQW���7KH
XVH�RI�ZHLJKWV� VHHPV� WR�PDNH�SUHFLVLRQ� VRPHZKDW� ORZHU� IRU� WKH�%HOORZ�QRYHO�
ZKLFK� SHUKDSV� FRXOG� EH� H[SODLQHG� E\� WKH� IDFW� WKDW� WKH� QRYHO� LV� D� PXFK� PRUH
YDULHG�WH[W�W\SH�

)RU�WKH�$FFHVV�PDQXDO�� WKH�UHODWLYH�UHFDOO� UHVXOWV�DUH�DV�JRRG�DV� IRU� WKH�QRYHO�
WKUHH�WLPHV�DV�PDQ\�OLQNHG�VRXUFH�W\SHV�IRU�WKH�$0�FRQILJXUDWLRQ�FRPSDUHG�WR
EDVHOLQH� �%$6(��� 3UHFLVLRQ� LV� LQFUHDVHG�� EXW� SHUKDSV� QRW� WR� WKH� OHYHO� WKDW�ZDV
DQWLFLSDWHG� DW� ILUVW�� 0XOWL�ZRUG� H[SUHVVLRQV� DUH� OLQNHG� ZLWK� D� UHODWLYHO\� KLJK
UHFDOO��DERYH�������EXW�WKH�SUHFLVLRQ�RI�WKHVH�OLQNV�DUH�QRW�DV�KLJK�DV�IRU�VLQJOH
ZRUGV�� $� FORVHU� ORRN� DW� WKH� OLQNV� VKRZV� WKDW� RQH� PDMRU� SUREOHP� OLHV� LQ� WKH
TXDOLW\�RI�WKH�PXOWL�ZRUG�H[SUHVVLRQV�WKDW�DUH�IHG�LQWR�WKH�DOLJQPHQW�SURJUDP�
$V� WKH�SURJUDP�ZRUNV� LWHUDWLYHO\� DQG� VWDUWV�ZLWK� WKH�PXOWL�ZRUG� H[SUHVVLRQV�
DQ\�HUURUV�DW�WKLV�VWDJH�ZLOO�KDYH�FRQVHTXHQFHV�LQ�ODWHU�LWHUDWLRQV�

(DFK�PRGXOH�ZDV�DOVR�WHVWHG�VHSDUDWHO\�DQG�WKLV�VKRZHG�WKDW�HDFK�PRGXOH�ZRXOG
DFWXDOO\�LPSURYH�WKH�UHVXOWV�FRPSDUHG�ZLWK�WKH�EDVHOLQH�FRQILJXUDWLRQ�

7KH�UHVXOWV�RI� WKLV� ILUVW� VLPSOH�H[SHULPHQW�VHHPHG�HQFRXUDJLQJ�DQG�VHHPHG� WR
FRPSDUH�ZHOO�ZLWK�WKRVH�UHSRUWHG�LQ�WKH�OLWHUDWXUH��LQ�VSLWH�RI�WKH�NQRZOHGJH�OLWH
DSSURDFK��7KLV� W\SH�RI� OH[LFRQ�HYDOXDWLRQ� UHIOHFWV� VRPH�RI� WKH� FDSDFLWLHV�RI� WKH
DOLJQPHQW� SURJUDP� RQ� WKH� JHQHUDO� OHYHO�� +RZHYHU�� DV� WKH� OH[LFRQ� LV� D
JHQHUDOLVDWLRQ�RI�WKH�WRNHQ�OLQNV��LW�PD\�EH�WKH�FDVH�WKDW�RQH�HQWU\�LQ�WKH�OH[LFRQ
LV� D� UHSUHVHQWDWLRQ� RI� RQO\� RQH� WRNHQ� OLQN� ZKHUHDV� RWKHU� HQWULHV� VWDQG� IRU
WKRXVDQGV�RI�LGHQWLFDO�WRNHQ�OLQNV��)XUWKHUPRUH��HYHU\�WLPH�D�OH[LFRQ�LV�SURGXFHG
LW� KDV� WR� EH� HYDOXDWHG��ZKLFK�PDNHV� WKLV�PHWKRG� YHU\� WLPH�FRQVXPLQJ�� ,Q� WKH
QH[W� WZR� VHFWLRQV�� /:$� LV� WHVWHG�ZLWK� WKH� DLG� RI� JROG� VWDQGDUGV�� ILUVW� LQ� WKH
$5&$'(�ZD\� IRU� )UHQFK�(QJOLVK� DQG� WKHQ� ZLWK� WKH� DLG� RI� WKH� 3/8*� /LQN
$QQRWDWRU�DQG�WKH�/LQN�6FRUHU�IRU�(QJOLVK�6ZHGLVK�

���� (YDOXDWLRQ����)UHQFK�(QJOLVK�WKH�$5&$'(�ZD\�

,Q�WKH�$UFDGH�SURMHFW�WKH�GLIIHUHQW�FRQWULEXWLRQV�ZHUH�HYDOXDWHG�ZLWK�WKH�DLG�RI
WKH� UHIHUHQFH� WH[W� �VHH� VHFWLRQ� ������ DQG� �����ZKLFK�ZDV� DOVR� GLVWULEXWHG� WR� DOO
SDUWLFLSDQWV�LQ�WKH�ZRUG�WUDFN��:LWK�WKH�DLG�RI�WKH�UHIHUHQFH�LW�ZDV�SRVVLEOH�IRU
DOO�WHDPV�WR�VHH�ZKHUH�WKHLU�SURJUDPV�KDG�EHHQ�VXFFHVVIXO�DQG�ZKHUH�WKHUH�ZDV
URRP�IRU�LPSURYHPHQW�

7KHUH�ZHUH� HLJKW� UHVHDUFK� JURXSV� WKDW� LQLWLDOO\�ZHUH� LQWHUHVWHG� LQ� MRLQLQJ� WKH
ZRUG�DOLJQPHQW�WUDFN��,Q�WKH�HQG�ILYH�V\VWHPV�FRPSOHWHG�WKH�ZKROH�WHVW��QDPHO\
WKUHH�V\VWHPV�IURP�)UDQFH��;HUR[��&($�DQG�/,//$���RQH�IURP�&DQDGD��5$/,�
DQG�WKH�/:$�V\VWHP��7KH�EHVW�SHUIRUPDQFH�FDPH�IURP�WKH�V\VWHP�IURP�;HUR[
WKDW�XVHV�WDJJHUV�DQG�ELOLQJXDO�GLFWLRQDULHV�LQ�LWV�OLQNLQJ�SURFHVV��+XOO��������L�H�
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D� NQRZOHGJH�LQWHQVLYH� V\VWHP��7KH�/:$� HQGHG� XS� DV� WKLUG� RXW� RI� ILYH� WHDPV
ZKHQ�RYHUDOO�SUHFLVLRQ�DQG�UHFDOO�ZHUH�WDNHQ�LQWR�DFFRXQW�

7KH�ILYH�V\VWHP�UHVXOWV�DV�WKH\�DUH�GHVFULEHG�E\�9pURQLV�DQG�/DQJODLV��������DUH
SUHVHQWHG�EHORZ�LQ�)LJXUH����

)LJXUH�����$UFDGH�:RUG�WUDFN�UHVXOWV��/:$·V�UHVXOWV�DUH�LQGLFDWHG�E\�´/,8µ��

$�FRPSDULVRQ�RI�WKH�VFRUHV�IRU�/:$�DQG�WKH�;HUR[�V\VWHP�LV�VKRZQ�LQ�7DEOH���
EHORZ�

7DEOH�����$UFDGH�HYDOXDWLRQ�RI�WKH�/:$�V\VWHP�LQ�FRPSDULVRQ�WR�WKH�;HUR[�V\VWHP

&DWHJRU\ 3UHFLVLRQ 5HFDOO )�PHDVXUH
/:$ ���� ���� ����$GM
;(52; ���� ���� ����
/:$ ���� ���� ����1RXQ
;(52; ���� ���� ����
/:$ ���� ���� ����9HUE
;(52; ���� ���� ����
/:$ ���� ���� ����$OO
;(52; ���� ���� ����

7KH� DERYH� GDWD� VKRZ� WKDW� WKH� /:$� SHUIRUPDQFH� LV� EHWWHU� IRU� DGMHFWLYHV� DQG
QRXQV� WKDQ� IRU� YHUEV�� EXW� LW� GRHV� QRW� SURYLGH� DQ\� DQVZHUV� WR� ZKDW� LV� EHKLQG
WKHVH�ILJXUHV�

,Q� RUGHU� WR� ILQG� RXW� PRUH� DERXW� WKH� VWUHQJWKV� DQG� ZHDNQHVVHV� RI� WKH� /:$
V\VWHP��WKH�$UFDGH�UHIHUHQFH�ZRUGV�DQG�WKH�/:$�V\VWHP�RXWSXW�ZHUH�XVHG�WR

����������������������������������������������������������
���7KH�$5&$'(�HYDOXDWLRQ�LV�UHSRUWHG�LQ�9pURQLV�DQG�/DQJODLV��������DV�ZHOO�DV�RQ�WKH�ZHE
�KWWS���ZZZ�OSO�XQLY�DL[�IU�SURMHFWV�DUFDGH��QG�ZRUG�UHVXOWV�FKDUWV�KWPO�



���(YDOXDWLRQ�RI�/:$

���

H[WUDFW� H[DPSOHV�RI�GLIIHUHQW� W\SHV�RI� OLQNV� WR� VHH� LI�PRUH�GHWDLOHG� LQIRUPDWLRQ
DERXW�WKH�V\VWHP·V�SHUIRUPDQFH�FRXOG�EH�UHFRYHUHG�

)LUVW� WKH� UHIHUHQFH�ZRUGV�ZHUH� FRPSDUHG�ZLWK� WKH�RXWSXW�RI�/:$�DQG�DOO� WKH
QXOO� OLQNV�� RYHUODSSLQJ� OLQNV� DQG� VWULFWO\� LGHQWLFDO� OLQNV� ZHUH� LGHQWLILHG�� $OO� OLQNV
ZKHUH� WKH� V\VWHP� IDLOHG�ZHUH� DOVR� H[WUDFWHG�� WKH�QR� OLQNV� �ZKHUH� WKH� UHIHUHQFH
VSHFLILHG� D� WDUJHW� DQG� /:$� KDG� QRW� LGHQWLILHG� D� UHVSRQVH�� DQG� GLIIHUHQW� OLQNV
�ZKHUH�WKH�UHIHUHQFH�ZRUG�V��DQG�WKH�/:$�VXJJHVWLRQV�ZHUH�GLIIHUHQW���,Q�7DEOH
���WKH�QXPEHU�RI�OLQNV�WKDW�/:$�DFWXDOO\�PDGH�DQG�GLG�QRW�PDNH�DUH�SUHVHQWHG�

7DEOH����/LQNV�PDGH�E\�/:$

/LQN�W\SH 1XPEHU
1XOO�OLQNV ���
2YHUODSSLQJ�OLQNV ���
6WULFWO\�LGHQWLFDO�OLQNV ����
1R�OLQNV ����
'LIIHUHQW�OLQNV ���
7RWDO�QXPEHU�RI�OLQNV ����

7KH� ILJXUHV� LQ� 7DEOH� ��� VKRZ� WKH� WHQGHQF\� IRU� /:$� WR� DYRLG� PDNLQJ� WKH
H[SOLFLWO\�ZURQJ�FKRLFHV�ZKLFK� LV� LQGLFDWHG�E\� WKH� UHODWLYHO\� ORZ�SURSRUWLRQ�RI
GLIIHUHQW�OLQNV�DQG�ZKLFK�\LHOGV�D�UHODWLYHO\�KLJK�SUHFLVLRQ��2Q�WKH�RWKHU�KDQG�WKH
V\VWHP�SHUIRUPV�ZRUVH�IRU�UHFDOO�EHFDXVH�RI�WKH�KLJK�QR�OLQN�ILJXUH�

%\� VWXG\LQJ� VDPSOHV� RI� HUURQHRXV� OLQNV� IRXQG� DPRQJ� RYHUODSSLQJ� OLQNV�� QR� OLQNV
DQG�GLIIHUHQW�OLQNV��WKH�IROORZLQJ�SUREOHPDWLF�FDVHV�ZHUH�GHWHFWHG�

���0XOWL�ZRUG�XQLWV
��� /RZ�IUHTXHQF\�ZRUGV
���0RUSKRORJLFDO�YDULDQWV
��� 2YHUJHQHUDWLRQ�RI�JRRG�OLQNV
��� 6L]H�DQG�VHJPHQWDWLRQ�RI�WKH�DOLJQHG�VRXUFH�DQG�WDUJHW�VHQWHQFHV
��� 3RVLWLRQLQJ�RI�WKH�OLQN�ZLQGRZ�

$� ODUJH�SURSRUWLRQ�RI� WKH� OLQN�PLVWDNHV� VWHPV� IURP� WKH� FDVHV�ZKHUH� HLWKHU� WKH
VRXUFH� RU� WKH� WDUJHW� VLGH� FRQWDLQV� D� PXOWL�ZRUG� XQLW�� $V� GHVFULEHG� LQ� VHFWLRQ
�������WKH�0:8�PRGXOH�ZDV�QRW�XVHG�IRU�WKH�$UFDGH�WH[WV��7ZHQW\�WZR�SHU�FHQW
RI�WKH�OLQNV�LQ�WKH�VDPSOH�FRQWDLQ�PXOWL�ZRUG�XQLWV��ZKLFK�PHDQV�WKDW�D�IXOO�VFRUH
IRU�SUHFLVLRQ�DQG�UHFDOO�ZDV�QRW�DWWDLQDEOH��7DEOH����VKRZV�WKH�QXPEHU�RI�OLQNV
LQ�WKH�$UFDGH�UHIHUHQFH�WKDW�FRQWDLQ�PXOWL�ZRUG�XQLWV�
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7DEOH����/LQNV�ZLWK�PXOWL�ZRUG�XQLWV

/LQN�W\SHV 1XPEHU�RI�OLQNV
PDGH�E\�/:$

,QFO��PXOWL�ZRUG
XQLWV��$UFDGH
UHIHUHQFH�

3URSRUWLRQ

1XOO�OLQN ��� � ����
1R�OLQN ���� ��� ����
,GHQWLFDO�OLQN ���� �� ����
2YHUODSSLQJ�OLQN ��� ��� ����
'LIIHUHQW�OLQN ��� �� ����
7RWDO ���� ��� ����

,Q�WKH�FDVHV�ZKHUH�/:$�IDLOHG�WR�LGHQWLI\�D�WDUJHW�ZRUG��QR�OLQNV������SHU�FHQW�RI
WKH�OLQNV�FRQWDLQHG�D�PXOWL�ZRUG�FRQVWUXFWLRQ��:KHQ�/:$�SURSRVHG�D�GLIIHUHQW
OLQN�FRPSDUHG�WR�WKH�UHIHUHQFH�����SHU�FHQW�RI�WKHVH�OLQNV�KDG�D�SKUDVH�RQ�HLWKHU
WKH�VRXUFH�RU�WKH�WDUJHW�VLGH��,I�ZH�H[FOXGH�DOO�OLQNV�FRQWDLQLQJ�PXOWL�ZRUG�XQLWV�
WKH�SUHFLVLRQ�VFRUH�IRU�/:$�ZRXOG�EH�������SHU�FHQW�DQG�WKH�UHFDOO�ILJXUH�ZRXOG
EH��������,Q�/:$�WKHUH�LV�QR�GLVWLQFWLRQ�EHWZHHQ�QXOO�OLQNV�DQG�QR�OLQNV��VR�WKH
QXOO� OLQNV� DUH� QRW� FRXQWHG� DV� OLQNV�� ,I� WKH� QXOO� OLQNV� ZHUH� LQFOXGHG�� SUHFLVLRQ
ZRXOG�LQFUHDVH�WR�������SHU�FHQW�DQG�UHFDOO�WR�������SHU�FHQW�

7KH�VHFRQG�SUREOHP�FRQFHUQV�WKH�IUHTXHQF\�RI�WDUJHW�FDQGLGDWHV��$OWKRXJK�WKH
PRUSKRORJ\�PRGXOH�ZLOO�DVVLVW� WR�D�FHUWDLQ�GHJUHH� LQ� ILQGLQJ� LQIOHFWHG�YDULDQWV
ZLWK�ORZ�IUHTXHQF\��WKHUH�ZHUH�PDQ\�FDVHV�ZKHUH�WKH�QXPEHU�RI�RFFXUUHQFHV�IRU
D�FHUWDLQ�FDQGLGDWH�GLG�QRW�UHDFK�WKH�IUHTXHQF\�WKUHVKROG��ZKLFK�ZDV�VHW�WR�����,I
WKH�FRUUHFW�WDUJHW�ZRUG�KDV�D�IUHTXHQF\�RI�RQH�RU�WZR�RU�LI�WKH�LWHUDWLYH�OLQNLQJ
DOUHDG\� KDV� HVWDEOLVKHG� D� QXPEHU� RI� OLQNV� OHDYLQJ� D� UHPDLQGHU� RI� RFFXUUHQFHV
EHORZ� WKH� WKUHVKROG�� WKHVH� OLQNV� DUH� QHYHU� HYHQ� FRQVLGHUHG�� )RU� H[DPSOH�� LW� LV
LPSRVVLEOH�WR�ILQG�WKH�SDLUV�FRXUDQWHV�²�PDLQVWUHDP��H[FHSWLRQQHO���RQH�RII��IUDvFKH�²
IUHVKQHVV�� DQG� XWLOH� ²�ZRUWKZKLOH�� EHFDXVH� WKH�(QJOLVK�ZRUGV� DOO� RFFXU� OHVV� WKDQ
WKUHH�WLPHV�LQ�WKH�WDUJHW�WH[W�

7KH� WKLUG� VRXUFH� RI� HUURUV� FRQFHUQV� WKH� ZD\� WKDW� WKH� V\VWHP� KDQGOHV
PRUSKRORJLFDO� YDULDQWV�� ,Q� WKH� YHUVLRQ� RI� WKH� V\VWHP� WKDW� ZDV� XVHG� IRU� WKLV
FRUSXV��WKH�PRUSKRORJLFDO�YDULDQWV�DUH�LQLWLDOO\�RQO\�LQYRNHG�RQ�WKH�WDUJHW�VLGH�
ZKLFK�PHDQV�WKDW�GLIIHUHQW�LQIOHFWLRQDO�IRUPV�RI�D�WDUJHW�FDQGLGDWH�DUH�GHWHFWHG�
:KHQ�D�VRXUFH�FDQGLGDWH� LV� ILUVW� WHVWHG��RQO\�WKH�RFFXUUHQFHV�RI� WKDW�SDUWLFXODU
LQIOHFWLRQDO� IRUP�DUH� VHDUFKHG� IRU��7KLV�PHDQV� WKDW� WKHUH�ZDV� DQ� DV\PPHWULFDO
UHODWLRQ�EHWZHHQ�WKH�ZD\�PRUSKRORJLFDO�YDULDQWV�ZHUH�KDQGOHG��)RU�H[DPSOH��WKH
LQIOHFWLRQ� UpJXOLqUHV� LV� QRW� JURXSHG� WRJHWKHU� ZLWK� LWV� YDULDQWV� �UpJXOLHU�
UpJXOLHUV�� UpJXOLqUH��� ,QVWHDG�WKH�ZRUG� IRUP�UpJXOLqUHV� LV� WULHG�RQ� LWV�RZQ��EXW
GRHV� QRW� UHDFK� D� VXIILFLHQWO\� KLJK� VFRUH� WR� EH� OLQNHG�� :KHQ� WKH� OLQNLQJ� LV
UHYHUVHG��IURP�WDUJHW�WR�VRXUFH���WKHUH�LV�KRZHYHU�D�SRVVLELOLW\�WKDW�WKH�GLIIHUHQW
IRUPV�RI�WKH�VRXUFH�ZRUG�FDQ�EH�GHWHFWHG��EXW�WKHQ�VRPH�RI�WKH�YDULDQWV�PLJKW
DOUHDG\�KDYH�EHHQ�OLQNHG�LQ�SUHYLRXV�LWHUDWLRQV�

7KH�IRXUWK�IDFWRU�GHSHQGV�RQ�WKH�ZD\�WKH�OLQNLQJ�V\VWHP�LV�FRQILJXUHG��WKH�RUGHU
LQ� ZKLFK� ZRUGV� DUH� WULHG� DQG� OLQNHG�� ,Q� WKH� VHWXS� XVHG� KHUH�� WKH� FRUSXV� ZDV
GLYLGHG� LQWR�WZR�VHWV��RQH�NHUQHO� FRUSXV�DQG�RQH�SHULSKHUDO�FRUSXV��7KH�SHULSKHUDO
FRUSXV�ZDV�OLQNHG�ILUVW�DQG�WKHQ�D�´GLFWLRQDU\µ�EXLOW�IURP�WKH�SHULSKHUDO�FRUSXV
ZDV� XVHG� WR� OLQN� WKH� FRUH� FRUSXV� EHIRUH� WKH�PDLQ� OLQNLQJ� RI� WKH� NHUQHO� FRUSXV
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VWDUWHG��7KLV�UHVXOWHG�LQ�VRPH�RYHUJHQHUDOL]DWLRQ�LQ�WKDW�VRPH�OLQNV�PDGH�IURP
WKH�GLFWLRQDU\�DFWXDOO\�UHPRYHG� WKH�DFWXDO� WDUJHW�ZRUGV� WKDW� VKRXOG�KDYH�EHHQ
OLQNHG� LQ� WKH�PDLQ� OLQNLQJ�SKDVH�RI� WKH�NHUQHO� FRUSXV�� ,WHUDWLYH�SURFHVVHV�KDYH
WKHLU�DGYDQWDJHV�LQ�WKDW�WKH�VHDUFK�VSDFH�LV�GHFUHDVHG�DV�WKH�SURFHVV�JRHV�RQ��EXW
LI�PLVWDNHV�DUH�PDGH�HDUO\�RQ��WKHUH�LV�QR�ZD\�WR�FRUUHFW�WKLV�DW�D�ODWHU�VWDJH�

7KH�ILIWK�SUREOHP�VWHPV�IURP�WKH�VL]H�DQG�VHJPHQWDWLRQ�RI�WKH�LQSXW�WR�WKH�ZRUG
DOLJQPHQW� SURJUDP�� 7KH� DOLJQHG� ELWH[W� VHJPHQWV� XVHG� DV� LQSXW� ZHUH� LQ�PRVW
FDVHV�DFWXDOO\�SDUDJUDSKV��FRQWDLQLQJ�VHYHUDO�VHQWHQFHV��7KH�ILJXUHV�IRU�ERWK�WKH
SHULSKHUDO� FRUSXV�DQG� WKH�NHUQHO� FRUSXV�DUH� VXPPDULVHG� LQ�7DEOH�����7KH� IDFW
WKDW� WKH� SHULSKHUDO� FRUSXV� FRQWDLQV� FRQVLGHUDEO\� VKRUWHU� ELWH[W� VHJPHQWV� RQ
DYHUDJH�LV�GXH�WR�WKH�IDFW�WR�WKH�ODUJH�QXPEHU�RI�KHDGLQJV�DQG�VHFWLRQ�PDUNHUV�
,Q�WKH�NHUQHO�FRUSXV�WKHUH�DUH�YHU\�IHZ�H[DPSOHV�RI�VKRUW�KHDGLQJV�

7DEOH����/HQJWK�RI�ELWH[W�VHJPHQWV�LQ�WKH�FRUSRUD

3HULSKHUDO�FRUSXV .HUQHO�FRUSXV
)UHQFK (QJOLVK )UHQFK (QJOLVK

$YHUDJH
OHQJWK�

������ZRUGV ������ZRUGV ������ZRUGV ������ZRUGV

0D[�
OHQJWK�

����ZRUGV ����ZRUGV ����ZRUGV ����ZRUGV

0HGLDQ
OHQJWK�

���ZRUGV ���ZRUGV ���ZRUGV ���ZRUGV

7RWDO
ZRUGV�

��������� ������� ������� �������

,I� WKH� DOLJQHG� LQSXW� WH[W� FRXOG� EH� VSOLW� XS� LQWR� VKRUWHU� VHJPHQWV�� WKH� DFWXDO
OLQNLQJ� ZRXOG� KDYH� EHHQ� ERWK� PRUH� DFFXUDWH� DQG� PRUH� PDQDJHDEOH�� 0DQ\
VHQWHQFHV� KDYH� QR� QDWXUDO� FRUUHVSRQGHQFHV� DQG� SURYLGH� XQQHFHVVDU\� QRLVH� IRU
WKH�ZRUG�DOLJQPHQW�SURJUDP�

7KH� ILQDO� PDMRU� VRXUFH� RI� HUURUV� KDV� WR� GR� ZLWK� WKH� SRVLWLRQLQJ� RI� WKH� OLQN
ZLQGRZ�� $� OLQN� ZLQGRZ� RI� VL]H� �� ZDV� XVHG� IRU� ERWK� WKH� FRUSRUD�� )URP� WKH
VHQWHQFH� OHQJWKV�RQ� WKH� WDUJHW�DQG�VRXUFH�VLGH�UHVSHFWLYHO\�� LW� LV� FOHDU� WKDW� WKH
(QJOLVK� WH[W� LV� FRQVLGHUDEO\� VKRUWHU� WKDQ� WKH�)UHQFK� RULJLQDO��7KH� QXPEHU� RI
QXOO�OLQNV�DOVR�LQGLFDWHV�WKDW�LQIRUPDWLRQ�KDV�EHHQ�HLWKHU�GHOHWHG�RU�FRPSUHVVHG
LQ� WKH� WUDQVODWLRQ��7KLV� FDXVHV� D� SUREOHP� IRU� VHQWHQFH� SDLUV�ZLWK� ODUJH� OHQJWK
GLIIHUHQFHV�

7DEOH����3RVLWLRQLQJ�RI�WKH�OLQN�ZLQGRZ��VRXUFH�ZRUG� �´H[FHSWLRQQHOOHµ��WDUJHW�ZRUG� 
´RXWVWDQGLQJµ�

/·RFWURL�GX�PpULWH�DX[�WUDYDLOOHXUV
HVW�SUpYX�GDQV�OD�OpJLVODWLRQ�GH
SOXVLHXUV�eWDWV�PHPEUHV��6RQW
DLQVL�UpFRPSHQVpV�FHUWDLQV
WUDYDLOOHXUV�SRXU�O·DQFLHQQHWp�GH
OHXUV�VHUYLFHV�RX�OD�TXDOLWp
H[FHSWLRQQHOOH�GH�OHXU�WUDYDLO�

$ZDUGV�IRU�ORQJ�VHUYLFHV�VHQLRULW\
DQG�28767$1',1*�VHUYLFH�DUH
SURYLGHG�IRU�LQ�WKH�OHJLVODWLRQ�RI
VHYHUDO�0HPEHU�6WDWHV�

7DEOH� ��� LOOXVWUDWHV� WKH� SUREOHP� RI� SRVLWLRQLQJ� WKH� OLQN�ZLQGRZ��7KH� UHODWLYH
FHQWUH� IRU� WKH� ZLQGRZ� LV� WKH� ZRUG� ´VHYHUDOµ� DQG� WKH� FRUUHFW� WDUJHW� ZRUG
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´RXWVWDQGLQJµ�LV�SODFHG�RXWVLGH�WKH�ZLQGRZ�ZKLFK�PHDQV�WKDW�LW�LV�QRW�FRQVLGHUHG
DV�D�FDQGLGDWH�

7R� VXP� XS�� /:$� ZDV� VXFFHVVIXOO\� SRUWHG� WR� DQRWKHU� ODQJXDJH� SDLU� ZLWK
UHODWLYHO\� VPDOO� HIIRUW��7KH�NQRZOHGJH�OLWH� DSSURDFK�GRHV�ZRUN� LQ� WKLV� UHVSHFW�
DQG� EHDULQJ� LQ� PLQG� WKDW� DOO� WKH� RWKHU� V\VWHPV� FDPH� IURP� )UHQFK�VSHDNLQJ
XQLYHUVLWLHV�RU�FRPSDQLHV��/:$�VWRRG�XS�ZHOO�LQ�WKH�FRPSHWLWLRQ��7KUHH�RI�WKH
VKRUWFRPLQJV�OLVWHG�DERYH��QDPHO\�WKH�KDQGOLQJ�RI�PXOWL�ZRUG�XQLWV�� OLQNLQJ�RI
ORZ�IUHTXHQF\�ZRUGV� DQG� WKH� UHODWLYHO\� ODUJH� ELWH[W� VHJPHQWV��ZHUH� DGGUHVVHG
EHIRUH�WKH�QH[W�PDMRU�WHVW�RI�/:$�ZDV�LQLWLDWHG��7KH�WKLUG�WHVW� LV�GHVFULEHG�LQ
WKH�QH[W�VHFWLRQ�

���� (YDOXDWLRQ����(QJOLVK�6ZHGLVK�XVLQJ�D�JROG�VWDQGDUG�

$V�D�SDUW�RI�WKH�3/8*�SURMHFW��LW�ZDV�GHFLGHG�WKDW�WKH�WUDQVODWLRQV�LQ�WKH�3/8*
FRUSRUD�ZKHUH�VRPH�RI�WKH�WH[WV�LQ�WKH�/LQN|SLQJ�WUDQVODWLRQ�FRUSXV�DOVR�EHORQJ
VKRXOG�EH� HYDOXDWHG�ZLWK� WKH�JROG� VWDQGDUGV�XVLQJ� WKH�3/8*�/LQN�$QQRWDWRU
GHVFULEHG� LQ� VHFWLRQ� ���� DV� D� PRUH� REMHFWLYH� ZD\� RI� FRPSDULQJ� WKH� V\VWHP
SHUIRUPDQFH��,Q�WKLV�VHFWLRQ��WZR�RI�WKH�WH[WV�LQ�WKH�/LQN|SLQJ�WUDQVODWLRQ�FRUSXV
DUH� HYDOXDWHG�� QDPHO\� 0LFURVRIW� $FFHVV� 8VHU·V� *XLGH� DQG� 6DXO� %HOORZ·V� 7R
-HUXVDOHP�DQG�%DFN��L�H��WKH�VDPH�WH[WV�DV�LQ�WKH�ILUVW�HYDOXDWLRQ��7KH�ILUVW�VWDJH�LQ
WKH�HYDOXDWLRQ�FRQWDLQHG�WKH�IROORZLQJ�VWHSV�

��� &UHDWH� *ROG� 6WDQGDUGV� IRU� WKH� GLIIHUHQW� WUDQVODWLRQV� LQ� WKH� /LQN|SLQJ
WUDQVODWLRQ�FRUSXV���ZLWK�WKH�DLG�RI�WKH�3/8*�/LQN�$QQRWDWRU�

��� 5XQ�WKH�/:$�V\VWHP�ZLWK�D�QXPEHU�RI�FRQILJXUDWLRQV�RI�GLIIHUHQW�PRGXOHV�

��� (YDOXDWH�WKH�GLIIHUHQW�FRQILJXUDWLRQV�ZLWK�WKH�/LQN�6FRUHU�

��� %DVHG�RQ�VWHS����XVH�WKH�EHVW�PRGXOH�FRQILJXUDWLRQ�DQG�WHVW�ZKDW�WKH�HIIHFWV
DUH�RI�FKDQJHV�WR�QXPHULFDO�SDUDPHWHUV��VXFK�DV�IUHTXHQF\�WKUHVKROGV��LQLWLDO
IUHTXHQF\��W�YDOXHV��SRVLWLRQ�ZHLJKWV�DQG�VL]H�RI�WKH�OLQN�ZLQGRZ�

7KH� ILUVW� VWHS� LQYROYHG� VDPSOLQJ�RXW����� VRXUFH�ZRUGV� IRU� HDFK� WH[W� DQG� WKHQ
XVLQJ�WKH�3/8*�/LQN�$QQRWDWRU�WR�FUHDWH�WKH�JROG�VWDQGDUGV��7KH�VDPSOLQJ�ZDV
GRQH� UDQGRPO\� IURP� WKH� VRXUFH� WH[WV� �WRNHQ� VDPSOLQJ��� 7ZR� DQQRWDWRUV
DQQRWDWHG� WKH� WH[WV� LQGHSHQGHQWO\� EDVHG� RQ� WKH� JXLGHOLQHV� GHVFULEHG� HDUOLHU
�0HUNHO��������7KH�LQWHU�UDWHU�DJUHHPHQW�XVLQJ�WKH�3/8*�/LQN�$QQRWDWRU�ZDV
EHWZHHQ� ����� DQG� ����� SHU� FHQW� �FRXQWLQJ� DOO� DQQRWDWLRQV�� IRU� WKH� IRXU� WH[WV�
ZKLFK� LQGLFDWH� WKH� DQQRWDWRU� JXLGHOLQHV� KDG� EHHQ� XVHG� DQG� ZRUNHG� IRU� WKH
SXUSRVH��7KH�LQWHU�UDWHU�DJUHHPHQW�ZDV�FDOFXODWHG�DV�WKH�SURSRUWLRQ�RI�H[DFWO\
LGHQWLFDO� OLQNV� IURP�WZR�GLIIHUHQW�DQQRWDWRUV� LQ�UHODWLRQ�WR� WKH� WRWDO�QXPEHU�RI
OLQNV�LQ�WKH�UHIHUHQFH�GDWD�

7KH�VHFRQG�VWDJH�RI�WKH�HYDOXDWLRQ�FRQVLVWHG�RI�UXQQLQJ�WKH�/:$�V\VWHP�RQ�WKH
WZR� GLIIHUHQW� WH[WV� ZLWK� GLIIHUHQW� FRQILJXUDWLRQV� RI� PRGXOHV�� 7KH� IROORZLQJ
FRQILJXUDWLRQV�ZHUH�WHVWHG�

����������������������������������������������������������
���7KH�ZKROH�QRYHO�E\�%HOORZ�ZDV�OLQNHG�LQ�WKLV�WHVW��EXW�WKH�$FFHVV�WUDQVODWLRQ�ZDV�VKRUWHQHG�WR
DSSUR[LPDWHO\�WKH�VDPH�VL]H�DV�WKH�%HOORZ�WUDQVODWLRQ�LQ�RUGHU�WR�KDYH�FRPSDUDEOH�ELWH[W�VL]HV�
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��� %DVHOLQH��RQO\�W�VFRUHV��%$6(�

��� %DVHOLQH�DQG�IXQFWLRQ�ZRUG�VXEFDWHJRULVDWLRQ��66�

��� %DVHOLQH�DQG�SRVLWLRQ�ZHLJKWV��:6�

��� %DVHOLQH�DQG�PRUSKRORJ\��)6�

��� %DVHOLQH�DQG�UHYHUVH�OLQNLQJ�GLUHFWLRQ��DOWHUQDWLRQ���$/7�

��� %DVHOLQH��VLQJOH�ZRUG�OLQHV�WHVW�DQG�XQLTXH�ZRUG�WHVW��6,1*�

��� %DVHOLQH�DQG�PXOWL�ZRUG�XQLWV��36�

��� $OO�PRGXOHV�DQG�DOO�WHVWV��IXQFWLRQ�ZRUG�FDWHJRULVDWLRQ��SRVLWLRQ�ZHLJKWV
PRGXOH��PRUSKRORJ\�PRGXOH� DOWHUQDWLRQ�� VLQJOH� ZRUG� OLQHV� WHVW�� XQLTXH
ZRUG�WHVW�DQG�FRJQDWH�WHVW���$//�

��� $OO�PRGXOHV� DQG� WHVWV� H[FHSW� WKH� SRVLWLRQ�ZHLJKWV�PRGXOH� �$//�127�
:6�

7R�OLPLW�WKH�HUURUV�IURP�WKH�$5&$'(�H[SHULHQFH��HVSHFLDOO\�IRU�ORZ�IUHTXHQF\
XQLWV�� WKH� IUHTXHQF\� WKUHVKROG�ZDV� ORZHUHG� WR� ���7KLV� LQ� FRQMXQFWLRQ�ZLWK� WKH
LQWURGXFWLRQ�RI� DQ� LPSURYHG� FRJQDWH� WHVW� �WKH�/&65�PHWKRG�� VHH� VHFWLRQ� �����
DQG��������DV�ZHOO�WKH�XQLTXH�ZRUG�WHVW��ZRXOG�KRSHIXOO\�KHOS�/:$�WR�OLQN�ZRUGV
ZLWK�ORZHU�IUHTXHQF\�WKDQ�EHIRUH��ZLWKRXW�VDFULILFLQJ�DFFXUDF\�WRR�PXFK�

$OO�WKH�FRQILJXUDWLRQV�XVHG�WKH�VDPH�JOREDO�SDUDPHWHUV��ZKHQ�DSSOLFDEOH��

�� %UHDN�IUHTXHQF\������L�H���WKH�LQLWLDO�IUHTXHQF\�WKDW�WKH�OLQNLQJ�VWDUWV�ZLWK��
�� )UHTXHQF\�WKUHVKROG���
�� 7�YDOXH�WKUHVKROG�������ZLWKRXW�ZHLJKWV�DQG�����ZLWK�SRVLWLRQ�ZHLJKWV�
�� /LQN�ZLQGRZ�VL]H���
�� 1XPEHU�RI�LWHUDWLRQV���
�� &RJQDWH�WHVW��/&65 ���

)XUWKHUPRUH�� /:$� XVHG� WKH� VDPH� UHVRXUFH� ILOHV� �VXIIL[� OLVWV�� VXEFDWHJRULVHG
IXQFWLRQ� ZRUGV�� DQG� 0:8� OLVWV�� IRU� WKH� GLIIHUHQW� FRQILJXUDWLRQV� �ZKHQ
DSSOLFDEOH��

5HFDOO� VFRUHV� SUHVHQWHG� LQ� WKH� UHPDLQGHU� RI� WKLV� VHFWLRQ� DUH� FDOFXODWHG� DV�ZDV
GHVFULEHG� LQ� FRQMXQFWLRQ�ZLWK� WKH�/LQN�6FRUHU� LQ� WKH�SUHYLRXV� FKDSWHU� �VHFWLRQ
������7KH�PHDVXUHV� IRU� SUHFLVLRQ� RI� WZR� W\SHV�� ���� SUHFLVLRQ� LQFO�� SDUWLDO�� WKDW� LV�
SDUWLDO�OLQNV�DUH�FRQVLGHUHG�FRUUHFW������SUHFLVLRQ�KDOI�SDUWLDO�PHDQLQJ�WKDW�D�SDUWLDO
OLQN�LV�FRQVLGHUHG�DV�´KDOI�FRUUHFWµ��FRQWULEXWHV�ZLWK�����IRU�WKH�SUHFLVLRQ�VFRUH��
VHH�DOVR�VHFWLRQ�����

:KHQ�WKH�/LQN�6FRUHU�SURGXFHG� WKH�UHVXOWV� IURP�DOO� WKH�FRQILJXUDWLRQV�� LW�ZDV
REYLRXV�WKDW�WKH�VFRUHV�VHHPHG�WR�EH�YHU\�VLPLODU��&RQVLGHU�WKH�GDWD� IRU�UHFDOO�
SUHFLVLRQ�DQG�)�PHDVXUH�LQ�7DEOH����
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7DEOH�����5HFDOO��SUHFLVLRQ�DQG�)�PHDVXUH�IRU�QLQH�FRQILJXUDWLRQV�RI�/:$��XVLQJ�����UDQGRP�WH[W
WRNHQV��

7H[W %$6( 66 :6 )6 $/7 6,1* 36 $// $//�
127�
:6

5HFDOO ����� ����� ����� ����� ����� ����� ����� ����� �����
3UHF�� LQFO�
SDUWLDO

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

3UHF�� KDOI
SDUWLDO

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

$FFHVV

)�PHDVXUH ����� ����� ����� ����� ����� ����� ����� ����� �����
5HFDOO ����� ����� ����� ����� ����� ����� ����� ����� �����
3UHF�� LQFO�
SDUWLDO

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

3UHF�� KDOI
SDUWLDO

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

%HOORZ

)�PHDVXUH ����� ����� ����� ����� ����� ����� ����� ����� �����

7KH�GDWD�LQ�WKH�WDEOH�DERYH�GR�QRW�FRUUHVSRQG�FRPSOHWHO\�ZLWK�WKH�SUHYLRXV�WHVW
RI�WKH�$FFHVV�DQG�%HOORZ�WUDQVODWLRQV��VHFWLRQ�������7KH�DVVXPSWLRQ�ZDV�WKDW�WKH
KLJKHVW� VFRUHV� ZRXOG� WXUQ� XS� LQ� WKH� WZR� ULJKWPRVW� FROXPQV� �$//� DQG� $//�
127�:6���7KH� UHFDOO� ILJXUHV� VXSSRUW� WKLV� DVVXPSWLRQ�� WKH�$//� FRQILJXUDWLRQ
KDV�WKH�KLJKHVW�UHFDOO��������IRU�WKH�$FFHVV�WH[W�DQG�������IRU�WKH�%HOORZ�WH[W��
,QVWHDG�66��EDVHOLQH�SOXV�VXEFDWHJRULVHG�FORVHG�FODVV�ZRUGV��FRQWDLQ�WKH�KLJKHVW
SUHFLVLRQ�IRU�ERWK�WUDQVODWLRQV��7KH�EHVW�VFRUHV� IRU�)�PHDVXUH�DUH� IRXQG� LQ�WKH
$//� FRQILJXUDWLRQ� �%HOORZ�� DQG� LQ� WKH�$//�127�:6� FRQILJXUDWLRQ� �$FFHVV��
7KH�VFRUHV�VHHPHG�VOLJKWO\�P\VWHULRXV�DW�ILUVW��EXW�ZKHQ�ORRNLQJ�FORVHU�DW�WKHP
DQG�DOVR�HYDOXDWLQJ�WKH�VL]H�RI�WKH�ELOLQJXDO�OH[LFRQV�SURGXFHG��LW�ZDV�FOHDU�WKDW
WKH�GDWD�LQ�7DEOH����PD\�QRW�UHSUHVHQW�WKH�SHUIRUPDQFH�RI�WKH�GLIIHUHQW�V\VWHP
FRQILJXUDWLRQV� DFFXUDWHO\��)RU� H[DPSOH�� UHFDOO� IRU�$FFHVV� XVLQJ� WKH� DOWHUQDWLRQ
FRQILJXUDWLRQ��$/7��LV�������ZKHUHDV�WKH�UHFDOO�XVLQJ�WKH�$//�FRQILJXUDWLRQ�LV
������� WKDW� LV� WKH� $/7� FRQILJXUDWLRQ� DQG� WKH� $//� FRQILJXUDWLRQ� DUH� DOPRVW
LGHQWLFDO�� ,I� WKH� QXPEHU� RI� JHQHUDWHG� W\SH� OLQNV� �ELOLQJXDO� OH[LFRQ� HQWULHV�� IRU
WKHVH�FRQILJXUDWLRQV� LV� FRPSDUHG�� WKH�GLIIHUHQFH� LV��KRZHYHU�� FOHDUHU��7KH�$/7
FRQILJXUDWLRQ�SURGXFHV�D�ELOLQJXDO� OH[LFRQ�ZLWK�������HQWULHV�ZKHUHDV�WKH�$//
FRQILJXUDWLRQ� FUHDWHV� ������ OH[LFRQ� SDLUV�� 7KH� VDPH� SDWWHUQ� DSSHDUV� IRU� ERWK
WH[WV��VHH�7DEOH����EHORZ�

7DEOH�����6L]H�RI�H[WUDFWHG�OH[LFRQV�IRU�HDFK�FRQILJXUDWLRQ

6L]H�RI�H[WUDFWHG�OH[LFRQ��H[WUDFWHG�W\SH�OLQNV�
7H[W %$6( 66 :6 )6 $/7 6,1* 36 $// $//�127�
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$FFHVV ����� ����� ����� ����� ����� ����� ����� ����� �����

%HOORZ ����� ����� ����� ����� ����� ����� ����� ����� �����
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���

7KH�UHDVRQ� IRU� WKH�GLIIHUHQFHV� LQ�UHFDOO�KDV� WR�GR�ZLWK�WKH�UDQGRP�VHOHFWLRQ�RI
WH[W�WRNHQV�LQ�WKH�JROG�VWDQGDUG��7KH�VDPSOLQJ�RI�UDQGRP�WH[W�WRNHQV�UHVXOWV�LQ�D
SUHIHUHQFH�IRU�KLJK�IUHTXHQF\�ZRUG�W\SHV�LQ�WKH�UHIHUHQFH�GDWD��&RQVHTXHQWO\��LI
LW� LV� ´HDVLHUµ� WR� OLQN� KLJK� IUHTXHQF\� XQLWV� DFFXUDWHO\� ZLWK� D� OHVV� VRSKLVWLFDWHG
PDFKLQHU\�� WKHQ�PRVW� FRQILJXUDWLRQV�ZLOO� VFRUH�ZHOO� RQ� WKH� UDQGRPO\� VHOHFWHG
WH[W�WRNHQV�

7R�LQYHVWLJDWH�LI�WKH�SUREOHP�ZDV�FRQQHFWHG�WR�WKH�UDQGRP�WH[W�WRNHQV�SUHVHQW
LQ� WKH� JROG� VWDQGDUG�� WKH� VHOHFWLRQ� RI� VRXUFH� ZRUGV� ZDV� UHGRQH� LQ� D� GLIIHUHQW
PDQQHU��7KLV� WLPH�D� IUHTXHQF\�RULHQWHG�DSSURDFK�ZDV�XVHG�ZKHUH�WKH�VDPSOHG
VRXUFH�LWHPV�ZHUH�GLYLGHG�LQWR�ILYH�JURXSV�RI�GLIIHUHQW�IUHTXHQF\��I�������I ��������
I ���������I ��������� I �������DQG����� I!����ZKHUH�HDFK�JURXS�KROGV�����VRXUFH
WRNHQV�� LQ� WRWDO����� VDPSOHV��7KH� DVVXPSWLRQ�KHUH�ZDV� WKDW� WKH�SUHIHUHQFH� IRU
PRUH� RU� OHVV� RQO\� SLFNLQJ� RXW� KLJK�IUHTXHQF\� ZRUGV� ZRXOG� EH� DYRLGHG� DQG
WKHUHE\�EHWWHU�UHSUHVHQW�WKH�SHUIRUPDQFH�RI�WKH�GLIIHUHQW�V\VWHP�FRQILJXUDWLRQV�
,Q� DGGLWLRQ� LW� ZRXOG� SURYLGH� D� KDQGOH� IRU� REVHUYLQJ� WKH� FDSDFLW\� RI� /:$� LQ
GLIIHUHQW� IUHTXHQF\� UDQJHV�� 7DEOH� ��� EHORZ� VXPPDULVHV� WKH� VFRUHV� IRU� UHFDOO�
SUHFLVLRQ�DQG�)�PHDVXUH�IRU�WKH�WRWDO�����VRXUFH�WRNHQV�LQ�WKH�JROG�VWDQGDUG�

7DEOH�����5HFDOO��SUHFLVLRQ�DQG�)�PHDVXUH�IRU�QLQH�FRQILJXUDWLRQV��XVLQJ�IUHTXHQF\�EDODQFHG�WH[W
WRNHQV��

7H[W %$6( 66 :6 )6 $/7 6,1* 36 $// $//�
127�
:6

5HFDOO ����� ����� ����� ����� ����� ����� ����� ����� ����
3UHF��LQFO�
SDUWLDO

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

3UHF��KDOI
SDUWLDO

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

$FFHVV

)�PHDVXUH ����� ����� ����� ����� ����� ����� ����� ����� �����
5HFDOO ����� ����� ����� ���� ����� ����� ����� ����� �����
3UHF��LQFO�
SDUWLDO

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

3UHF��KDOI
SDUWLDO

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

%HOORZ

)�PHDVXUH ����� ����� ����� ����� ����� ����� ����� ����� �����

$V�FDQ�EH� VHHQ� LQ� WKH� WDEOH� DERYH�� DOO� VFRUHV� DUH� ORZHU� WKDQ�ZKHQ� WKH� UDQGRP
VDPSOLQJ�RI�WH[W�WRNHQV�ZDV�XVHG��VHH�7DEOH������EXW�WKLV� LV�H[SHFWHG�VLQFH�WKH
IUHTXHQF\�EDODQFHG� JROG� VWDQGDUG� ZLOO� FRQWDLQ� D� KLJKHU� SURSRUWLRQ� RI� ORZ
IUHTXHQF\� WRNHQV� ZKLFK� DUH� KDUGHU� WR� DOLJQ�� +RZHYHU�� XVLQJ� DOO� WKH� PRGXOHV
�$//�� LV� GHILQLWHO\� WKH� EHVW� RSWLRQ� DFFRUGLQJ� WR� WKLV� JROG� VWDQGDUG�� WKH� $//
FRQILJXUDWLRQ� UHFHLYHV� WKH� KLJKHVW� UHFDOO� DQG� )�PHDVXUH�� 8VLQJ� WKH
VXEFDWHJRULVHG�IXQFWLRQ�ZRUGV��66��ZLOO�DFWXDOO\�SURGXFH�D�KLJKHU�SUHFLVLRQ��EXW
WKH� 66� UHFDOO� LV� FRQVLGHUDEO\� ORZHU� WKDQ� WKH� $//� UHFDOO�� ZKLFK� ZLOO� IDYRXU
PDNLQJ�WKH�$//�FRQILJXUDWLRQ�DV�WKH�SUHIHUUHG�FKRLFH�
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%\� ORRNLQJ�FORVHU�DW� WKH�GLIIHUHQW� IUHTXHQF\�UDQJHV�RI� WKH�VDPSOH�ZRUGV� LQ� WKH
JROG� VWDQGDUG�� LW� LV� SRVVLEOH� WR� REVHUYH�ZKHUH� WKH� VWUHQJWK� DQG�ZHDNQHVVHV� RI
GLIIHUHQW�PRGXOHV�OLH��,Q�7DEOH����EHORZ��UHFDOO��SUHFLVLRQ�DQG�)�PHDVXUH�IRU�WKH
ILYH� GLIIHUHQW� IUHTXHQF\� UDQJHV� DUH� SUHVHQWHG� IRU� WKH� $//�� %$6(� DQG� 66
FRQILJXUDWLRQV�

7DEOH�����5HFDOO��SUHFLVLRQ�DQG�)�PHDVXUH�IRU�WKUHH�GLIIHUHQW�FRQILJXUDWLRQV��IUHTXHQF\�EDODQFHG�

7H[W I ��� I ��� I ��� I ����� I!��
5HFDOO ����� ����� ���� ���� ����
3UHF���LQFO��SDUWLDO� ����� ����� ����� ����� �����
3UHF���KDOI�SDUWLDO� ����� ����� ����� ����� �����

$FFHVV
�$//�

)�PHDVXUH ����� ����� ����� ����� �����
5HFDOO ����� ����� ���� ����� �����
3UHF���LQFO��SDUWLDO� ����� ����� ����� ����� �����
3UHF���KDOI�SDUWLDO� ����� ����� ����� ����� �����

$FFHVV
�%$6(�

)�PHDVXUH ����� ����� ����� ����� �����
5HFDOO ���� ���� ����� ����� �����
3UHF���LQFO��SDUWLDO� ����� ����� ����� ����� �����
3UHF���KDOI�SDUWLDO� ����� ����� ����� ����� �����

$FFHVV
�66�

)�PHDVXUH ����� ����� ����� ����� �����

5HFDOO ����� ����� ����� ����� �����
3UHF���LQFO��SDUWLDO� ����� ����� ����� ����� �����
3UHF���KDOI�SDUWLDO� ����� ����� ����� ����� �����

%HOORZ
�$//�

)�PHDVXUH ����� ����� ����� ����� �����
5HFDOO ����� ����� ����� ����� �����
3UHF���LQFO��SDUWLDO� ����� ����� ����� ����� �����
3UHF���KDOI�SDUWLDO� ����� ����� ����� ����� �����

%HOORZ
�%$6(�

)�PHDVXUH ����� ����� ����� ����� �����
5HFDOO ����� ����� ����� ����� �����
3UHF���LQFO��SDUWLDO� ����� ����� ����� ����� �����
3UHF���KDOI�SDUWLDO� ����� ����� ����� ����� �����

%HOORZ
�66�

)�PHDVXUH ����� ����� ����� ����� �����

7KH�GDWD�VKRZ�WKDW�WKH�GHILQLWH�VWUHQJWK�IRU�XVLQJ�DOO�WKH�PRGXOHV�LV�DFFHQWXDWHG
ZKHQ� ORZ�IUHTXHQF\� ZRUGV� DUH� FRPSDUHG�� &RQVLGHU� IRU� H[DPSOH� WKH� UHFDOO
ILJXUHV� IRU� WKH� %HOORZ� QRYHO� ZKHQ� WKH� $//� FRQILJXUDWLRQ� KDV� EHHQ� XVHG
FRPSDUHG�WR�%$6(�DQG�66��2QO\�ILYH�RI�WKH�����WRNHQV�ZLWK�IUHTXHQF\���RU���DUH
OLQNHG� ZLWK� WKH� %$6(� DQG� 66� FRQILJXUDWLRQV�� EXW� WKH� $//� FRQILJXUDWLRQ
PDQDJHV� WR� OLQN� ��� RI� WKH� ���� WRNHQV� SUHVHQW� LQ� WKH� JROG� VWDQGDUG� RI� WKLV
IUHTXHQF\�UDQJH��7KH�VXVSLFLRQ�YHQWHG�HDUOLHU�WKDW�D�VLPSOHU�PDFKLQHU\��VXFK�DV
%$6(�DQG�66��ZLOO�DFWXDOO\�SHUIRUP�UHODWLYHO\�ZHOO�RQ�KLJK�IUHTXHQF\�WRNHQV�LV
FRQILUPHG�E\�WKH�IDFW�WKDW�WKH�UHODWLYH�GLIIHUHQFHV�EHWZHHQ�WKH�GLIIHUHQW�V\VWHPV
GHFUHDVHV�ZLWK�KLJKHU�IUHTXHQF\�

6WHS���RI� WKH�HYDOXDWLRQ�VWHSV�JLYHQ�RQ�SDJH�����FRQVHTXHQWO\�UHVXOWHG� LQ� WKDW
WKH�$//�PRGXOH�EHLQJ�VHOHFWHG�IRU�IXUWKHU�WHVWLQJ��7KH�IRXUWK�VWHS�WKHQ�LQYROYHG



���(YDOXDWLRQ�RI�/:$

���

FKDQJLQJ� GLIIHUHQW� SDUDPHWULF� YDOXHV� IRU� WKH� $//� FRQILJXUDWLRQ�� 7KHVH
SDUDPHWHUV�ZHUH�

��� 8VLQJ�D�KLJK�EUHDN�IUHTXHQF\��L�H���WKH�LQLWLDO�IUHTXHQF\�WKDW�WKH�OLQNLQJ�VWDUWV
ZLWK�DW�HDFK�LWHUDWLRQ��+HUH�WKH�EUHDN�IUHTXHQF\�XVHG�ZDV������LQVWHDG�RI�WKH
GHIDXOW� RI� ���� 7KLV� ZLOO� IRUFH� /:$� WR� VWDUW� OLQNLQJ� KLJK� IUHTXHQF\� ZRUGV
EHIRUH�WKH�ORZ�IUHTXHQF\�RQHV���%UHDN�+LJK��

��� 8VLQJ�D�ORZ�EUHDN�IUHTXHQF\��+HUH�WKH�EUHDN�IUHTXHQF\�XVHG�ZDV����7KLV�ZLOO
IRUFH�/:$�WR�VWDUW�OLQNLQJ�ORZ�IUHTXHQF\�ZRUGV�ILUVW��%UHDN�/RZ��

��� 8VLQJ�D� ODUJH� OLQN�ZLQGRZ�RI�VL]H���� �LQVWHDG�RI� WKH�GHIDXOW� VL]H���� �/DUJH�
:LQGRZ�

��� 8VLQJ�GHFUHDVLQJ�W�YDOXHV�LQ�HDFK�LWHUDWLRQ��L�H��� LQ�HDFK�LWHUDWLRQ�WKH�W�YDOXH
ZLOO� EH� ORZHUHG� E\� ����� WKHUHE\� UHOD[LQJ� WKH� FRQVWUDLQWV� LQ� HDFK� LWHUDWLRQ
�'HFU�7�YDOXH�

��� 8VLQJ�D�KLJK�W�YDOXH�WKUHVKROG�LQ�DOO�LWHUDWLRQV��,QVWHDG�RI�����DV�WKH�GHIDXOW�W�
YDOXH�WKUHVKROG������ZDV�XVHG��+LJK�7�YDOXH�

��� �8VLQJ�D�ORZ�W�YDOXH�WKUHVKROG�LQ�DOO�LWHUDWLRQV��+HUH������ZDV�XVHG�DV�WKH�W�
YDOXH�WKUHVKROG��/RZ�7�YDOXH�

��� 8VLQJ� ´IODWWHUµ� SRVLWLRQ� ZHLJKWV�� L�H�� GHFUHDVLQJ� WKH� HIIHFWV� RI� WKH� UHODWLYH
SRVLWLRQV��)ODW�:HLJKWV�

��� 8VLQJ� ´SHDNµ� ZHLJKWV�� L�H��� LQFUHDVLQJ� WKH� HIIHFWV� RI� WKH� UHODWLYH� SRVLWLRQV
�3HDN�:HLJKWV�

��� 8VLQJ� D� KLJK� IUHTXHQF\� WKUHVKROG�� +HUH� �� ZDV� XVHG� DV� WKH� PLQLPXP
IUHTXHQF\�LQVWHDG�RI�WKH�GHIDXOW�����+LJK�0LQ�)UHT�

����8VLQJ� D� KLJK� W�YDOXH� WKUHVKROG�ZLWKRXW� WKH�ZHLJKWV�PRGXOH��+HUH� ����ZDV
XVHG�LQVWHDG�RI�WKH�GHIDXOW��������+LJK�7�1R�:HLJKWV�

����8VLQJ� D� ORZ� W�YDOXH� WKUHVKROG� ZLWKRXW� WKH� ZHLJKWV� PRGXOH�� +HUH� ���� ZDV
XVHG�LQVWHDG�RI�WKH�GHIDXOW��������/RZ�7�1R�:HLJKWV�

7KH�UHVXOWV�IURP�WKH�WHVWV�ZHUH�WKDW�WKHUH�ZHUH�VLJQLILFDQW�GLIIHUHQFHV�RQO\�LQ�WKH
IROORZLQJ� FRQILJXUDWLRQV�� +LJK�7�1R�:HLJKWV� DQG� /RZ�7�1R�:HLJKWV� �L�H��
ZKHQ�WKH�SRVLWLRQ�ZHLJKWV�PRGXOH�ZDV�LQDFWLYDWHG�DQG�HLWKHU�D�PXFK�KLJKHU�RU
ORZHU� W�YDOXH� ZDV� XVHG�� DV� ZHOO� DV� +LJK�0LQ�)UHT� �ZKHQ� D� KLJKHU� IUHTXHQF\
WKUHVKROG�ZDV�XVHG���)RU�WKH�UHVW�RI�WKH�FRQILJXUDWLRQV�WKH�GLIIHUHQFHV�ZHUH�YHU\
VPDOO� IRU� ERWK� WKH� $FFHVV� DQG� %HOORZ� WH[WV�� ,Q� 7DEOH� ��� EHORZ� UHFDOO� DQG
SUHFLVLRQ�GDWD�IRU�$FFHVV�DUH�VKRZQ�
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7DEOH�����5HFDOO��SUHFLVLRQ�DQG�)�PHDVXUH�IRU�$FFHVV�XVLQJ�YDU\LQJ�SDUDPHWHUV

&RQILJXUDWLRQ 5HFDOO 3UHFLVLRQ
�LQFO�SDUWLDO�

3UHFLVLRQ
�KDOI�SDUWLDO�

)�PHDVXUH

$// ����� ����� ����� �����
%UHDN�+LJK ����� ����� ����� �����
%UHDN�/RZ ����� ����� ����� �����
/DUJH�:LQGRZ ����� ����� ����� �����
'HFU�7�YDOXH ����� ����� ����� �����
+LJK�7�YDOXH ����� ����� ����� �����
/RZ�7�YDOXH ���� ����� ����� �����
)ODW�:HLJKWV ����� ����� ����� �����
3HDN�:HLJKWV ����� ����� ����� �����
+LJK�0LQ�)UHT ���� ����� ����� �����
+LJK�7�1R�:HLJKWV ����� ����� ����� �����
/RZ�7�1R�:HLJKWV ����� ����� ����� �����

7KH� UHFDOO� ILJXUHV� YDU\� EHWZHHQ� ������ �IRU� WKH� ´+LJK�7�1R�:HLJKWVµ
FRQILJXUDWLRQ�� DQG� ������ �IRU� WKH� ´/DUJH�:LQGRZµ� FRQILJXUDWLRQ��� 7KH� EHVW
UHVXOWV� FRPH� IURP� WKH� FRQILJXUDWLRQ� ZKHUH� WKH� HIIHFWV� RI� WKH� ZHLJKWV� PRGXOH
ZHUH� LQFUHDVHG�� L�H�� WKDW� UHODWLYH� SRVLWLRQV� ZHUH� UHJDUGHG� DV� PRUH� LPSRUWDQW
�´3HDN�:HLJKWVµ��� +RZHYHU�� DV� FDQ� EH� VHHQ� DERYH�� SUHFLVLRQ� �KDOI� SDUWLDO�� LV
SUHVHUYHG� DW� DURXQG� ��� SHU� FHQW�� ZLWK� RQO\� PLQRU� GLIIHUHQFHV� EHWZHHQ� WKH
FRQILJXUDWLRQV�

5HFDOO�DQG�SUHFLVLRQ�IRU�WKH�%HOORZ�WUDQVODWLRQ�LV�SUHVHQWHG�LQ�7DEOH����EHORZ�

7DEOH�����5HFDOO��SUHFLVLRQ�DQG�)�PHDVXUH�IRU�%HOORZ�XVLQJ�YDU\LQJ�SDUDPHWHUV

&RQILJXUDWLRQ 5HFDOO 3UHFLVLRQ
�LQFO�SDUWLDO�

3UHFLVLRQ
�KDOI�SDUWLDO�

)�PHDVXUH

$// ����� ����� ����� �����
%UHDN�+LJK ����� ����� ����� �����
%UHDN�/RZ ����� ����� ����� �����
/DUJH�:LQGRZ ����� ����� ����� �����
'HFU�7�YDOXH ����� ����� ����� �����
+LJK�7�YDOXH ����� ����� ����� �����
/RZ�7�YDOXH ����� ����� ����� �����
)ODW�:HLJKWV ���� ����� ����� �����
3HDN�:HLJKWV ����� ����� ����� �����
+LJK�0LQ�)UHT ����� ����� ����� �����
+LJK�7�1R�:HLJKWV ���� ����� ����� �����
/RZ�7�1R�:HLJKWV ���� ����� ����� �����

7KH�UHVXOWV� IRU� WKH�%HOORZ�WUDQVODWLRQ�DUH� LQ�UHODWLYH� WHUPV�VLPLODU� WR� WKH�GDWD
IURP�WKH�$FFHVV�WUDQVODWLRQ�SUHVHQWHG�HDUOLHU��5HFDOO�GURSV�GUDVWLFDOO\�ZKHQ�WKH
W�YDOXH� WKUHVKROG� LV� LQFUHDVHG� DQG� WKH�ZHLJKWV�PRGXOH� LV� GHDFWLYDWHG� �+LJK�7�
1R�:HLJKWV���7KH� VDPH�GHFUHDVH� LQ� UHFDOO� DV� IRU� WKH�$FFHVV� WUDQVODWLRQ� LV� DOVR



���(YDOXDWLRQ�RI�/:$

���

YLVLEOH�IRU�WKH�+LJK�0LQ�)UHT�FRQILJXUDWLRQ��L�H���ZKHQ�WKH�IUHTXHQF\�WKUHVKROG
LV� LQFUHDVHG� WR� �� LQVWHDG� RI� ����$QG� DV� LQ� IRU� WKH�$FFHVV� WUDQVODWLRQ�� WKH� RWKHU
SDUDPHWULF�YDULDWLRQV�GR�QRW�GLIIHU�VLJQLILFDQWO\�IURP�WKH�$//�FRQILJXUDWLRQ�

$� WKLUG� NLQG� RI� JROG� VWDQGDUG� ZDV� DOVR� GHYHORSHG� DJDLQVW� WKH� FRQILJXUDWLRQ
ZKHUH�DOO�PRGXOHV�DQG�WKH�GHIDXOW�SDUDPHWHUV�ZHUH�XVHG��$//��ZDV�WHVWHG��7KLV
WLPH�RQO\�FRQWHQW�ZRUGV�ZHUH�VHOHFWHG�DV�LQSXW�ZRUGV�WR�WKH�/LQN�$QQRWDWRU��$V
IRU�WKH�VHFRQG�W\SH�RI�JROG�VWDQGDUG��WKH�VHOHFWLRQ�RI�ZRUGV�ZDV�GLYLGHG�LQWR�WKH
ILYH� GLIIHUHQW� IUHTXHQF\� UDQJHV�� $V� FDQ� EH� H[SHFWHG�� WKH� VHOHFWLRQ� RI� FRQWHQW
ZRUGV�PDGH�UHFDOO�GHFUHDVH�DQG�SUHFLVLRQ� LQFUHDVH��5HFDOO�DQG�SUHFLVLRQ� IRU� WKH
$//�FRQILJXUDWLRQ�ZKHQ� WKH\�ZHUH�HYDOXDWHG�DJDLQVW� WKH� WKUHH�JROG�VWDQGDUGV
DUH�VKRZQ�LQ�7DEOH����IRU��D��UDQGRP�WH[W�WRNHQV���E��IUHTXHQF\�EDODQFHG�ZRUGV
DQG��F��RQO\�FRQWHQW�ZRUGV��

7DEOH�����5HFDOO�DQG�SUHFLVLRQ�IRU�WKH�$//�FRQILJXUDWLRQ�DV�HYDOXDWHG�E\�WKUHH�GLIIHUHQW�JROG
VWDQGDUGV

$FFHVV %HOORZ
*ROG�VWDQGDUG�W\SH 5HFDOO 3UHFLVLRQ��KDOI�SDUWLDO� 5HFDOO 3UHFLVLRQ
$��5DQGRP�WH[W�WRNHQV ����� ����� ����� �����
%��)UHTXHQF\�EDODQFHG ����� ����� ����� �����
&��2QO\�FRQWHQW�ZRUGV
��IUHTXHQF\�EDODQFHG

����� ����� ����� �����

&RQVHTXHQWO\�� UHFDOO� DQG� SUHFLVLRQ� ZLOO� YDU\� GHSHQGLQJ� RQ� WKH� W\SH� RI� JROG
VWDQGDUG�XVHG��1RWH�WKDW�WKH�UHFDOO�DQG�SUHFLVLRQ�GDWD�LQ�7DEOH����DUH�WDNHQ�IURP
RQH�H[HFXWLRQ�RI�/:$��7KH�OLQNV�DQG�OH[LFRQV�SURGXFHG�DUH�WKHUHIRUH�WKH�VDPH�
LW�LV�WKH�GLIIHUHQW�VWUDWHJLHV�IRU�VHOHFWLQJ�WKH�UHIHUHQFH�GDWD�WKDW�DUH�GLIIHUHQW�

6R� ZKDW� GRHV� WKLV� WHOO� XV"� %DVLFDOO\�� WKH� $//� FRQILJXUDWLRQ� XVLQJ� WKH� GHIDXOW
SDUDPHWHUV� SUHVHQWHG� HDUOLHU� LV� FRPSDUDEOH� WR� WKH� SDUDPHWULF� YDULDWLRQV� ���
SUHVHQWHG�HDUOLHU�DV�IDU�DV�UHFDOO��SUHFLVLRQ�DQG�)�PHDVXUH�DUH�FRQFHUQHG��:KHQ
WKH�SRVLWLRQ�ZHLJKW�PRGXOH�LV�XVHG��LW�VHHPV�WKDW�WKLV�PDFKLQHU\�LV�VR�SRZHUIXO
WKDW� LW� RYHUULGHV� PRVW� RI� WKH� RWKHU� SDUDPHWHUV�� ,W� LV� RQO\� ZKHQ� WKH� ZHLJKW
PRGXOH�LV�GHDFWLYDWHG�WKDW�FKDQJHV�WR�WKUHVKROGV��VXFK�DV�PLQLPXP�W�YDOXH�DQG
IUHTXHQF\��KDYH�DQ\�HIIHFWV�RQ�SUHFLVLRQ�DQG� UHFDOO��8QOLNH� WKH� WZR�YHUVLRQV�RI
WKH�0:8�H[WUDFWLRQ�SURJUDP��)UDVVH���DQG�)UDVVH�����WKHUH�GRHV�QRW�VHHP�WR
EH�D�GLVWLQJXLVKDEOH�IHDWXUH�WKDW�FDQ�EH�XVHG�LQ�RUGHU�WR�GHFUHDVH�UHFDOO�LQ�RUGHU
WR�LQFUHDVH�SUHFLVLRQ�

7KLV� WKLUG� HYDOXDWLRQ� KDV� VKRZQ� WKH� DSSOLFDWLRQ� RI� XVLQJ� WKH� 3/8*� /LQN
$QQRWDWRU�DQG�WKH�/LQN�6FRUHU�WR�DXWRPDWLFDOO\�FRPSDUH�GLIIHUHQW�FRQILJXUDWLRQV
RI� D� ZRUG� DOLJQPHQW� V\VWHP�� 7KH� VFRUHV� IRU� UHFDOO� DQG� SUHFLVLRQ� FDQ� GLIIHU
VLJQLILFDQWO\�GHSHQGLQJ�RQ�ZKDW�NLQG�RI�VHOHFWLRQ�VWUDWHJ\�LV�XVHG�IRU�WKH�LQSXW
ZRUGV� WR� WKH� JROG� VWDQGDUG�� +HUH� LW� KDV� EHHQ� VKRZQ� WKDW� D� UDQGRP� ZRUG
VDPSOLQJ� RI� VRXUFH� WH[W� WRNHQV� ZLOO� QRW� VKRZ� WKH� GLIIHUHQW� VWUHQJWKV� DQG
ZHDNQHVVHV� LQKHUHQW� LQ� GLIIHUHQW� FRQILJXUDWLRQV� DV� FOHDUO\� DV� D� IUHTXHQF\�
EDODQFHG� VDPSOLQJ� RI� LQSXW� ZRUGV�� 7KH� UHDVRQ� IRU� WKLV� LV� WKDW� D� UDQGRP� WH[W
WRNHQ�VHOHFWLRQ�ZLOO�IDYRXU�WKH�VHOHFWLRQ�RI�KLJK�IUHTXHQF\�ZRUGV��ZKLFK�LQ�WXUQ



8QGHUVWDQGLQJ�DQG�HQKDQFLQJ�WUDQVODWLRQV�E\�SDUDOOHO�WH[W�SURFHVVLQJ

���

DUH� HDVLHU� WR� DOLJQ� ZLWK� D� OHVV� VRSKLVWLFDWHG� PDFKLQHU\�� :KHQ� PRUH� ORZ�
IUHTXHQF\�ZRUGV�ZHUH�LQFOXGHG�WKH�UHODWLYH�GLIIHUHQFHV�EHWZHHQ�GLIIHUHQW�VHWXSV
RI�/:$�DSSHDUHG�PRUH�FOHDUO\��7R�PDNH�WKH�FKDUDFWHULVWLFV�RI�D�ZRUG�DOLJQPHQW
V\VWHP��RU�FRQILJXUDWLRQ��HYHQ�FOHDUHU��RQH�FRXOG�GHVLJQ�RWKHU�W\SHV�RI�VHOHFWLRQ
FULWHULD�� IRU� H[DPSOH�� ZRUG� W\SH� EDVHG� VHOHFWLRQ� RU� VHOHFWLRQ� EDVHG� RQ
JUDPPDWLFDO�FULWHULD�

7KH� XVH� RI� SULRU� UHIHUHQFHV� LQ� WKH� VHFRQG� DQG� WKLUG� HYDOXDWLRQ� FDQ� EH
FRPSOHPHQWHG�E\�GDWD� IURP� WKH� H[WUDFWHG� OH[LFRQV�� ,QIRUPDWLRQ�RQ�KRZ�PDQ\
OH[LFDO�HQWULHV�WKDW�KDYH�EHHQ�H[WUDFWHG�ZLOO�VKHG�D�GLIIHUHQW� OLJKW�RQ�WKH�UHFDOO
VFRUHV�IURP�WKH�DXWRPDWLF�VFRULQJ��)RU�H[DPSOH��WKH�GDWD�JLYHQ�LQ�7DEOH�����VL]H
RI�H[WUDFWHG�ELOLQJXDO�OH[LFRQV��SURYLGH�WKH�LQIRUPDWLRQ�WKDW�W\SH�UHFDOO�KDV�PRUH
WKDQ�WULSOHG�LQ�WKH�$//�FRQILJXUDWLRQ�FRPSDUHG�WR�WKH�%$6(�FRQILJXUDWLRQ�

7KH�LPSURYHPHQW�RI�/:$�FDQ�EH�REVHUYHG�ZKHQ�WKH�ILUVW�DQG�WKLUG�HYDOXDWLRQV
RI� WKH� %HOORZ� WH[W� DUH� FRPSDUHG�� ,W� ZDV� PHQWLRQHG� HDUOLHU� WKDW� DGGLWLRQDO
VWUDWHJLHV� VXFK� DV� D� EHWWHU� FRJQDWH� WHVW� DQG� WKH� XQLTXH� ZRUG� WHVW� LPSURYHG
/:$·V�FDSDFLW\�WR�OLQN�ORZ�IUHTXHQF\�LWHPV��'XH�WR�WKHVH�HQKDQFHPHQWV��LW�ZDV
SRVVLEOH�WR�ORZHU�WKH�IUHTXHQF\�WKUHVKROG�WR���LQ�WKH�WKLUG�HYDOXDWLRQ�RI�/:$�
ZKLFK� LQFUHDVHG� W\SH� UHFDOO� FRQVLGHUDEO\� DQG� PDLQWDLQHG� KLJK� VFRUHV� IRU
SUHFLVLRQ�� $OWKRXJK� LW� LV� LPSRVVLEOH� WR� DFFXUDWHO\� FRPSDUH� D� SRVWHULRU� OH[LFRQ
HYDOXDWLRQ�ZLWK�DQ�HYDOXDWLRQ�PDGH�D�ZLWK�JROG�VWDQGDUG��WKH�QXPEHU�RI�OH[LFRQ
HQWULHV� IRU� WKH� %HOORZ� QRYHO� LQ� WKH� ILUVW� WHVW� ZHUH� ������ IRU� WKH� $//
FRQILJXUDWLRQ� �VHH� 7DEOH� ���� DQG� LQ� WKH� WKLUG� WHVW� WKH� $//� FRQILJXUDWLRQ
SURGXFHG�������HQWULHV��VHH�7DEOH�������7KH�$FFHVV�WH[W�FDQQRW�EH�FRPSDUHG�LQ
WKH�VDPH�ZD\�DV�WKH�WKLUG�WHVW�ZDV�RQO\�PDGH�RQ�URXJKO\�KDOI�RI�WKH�$FFHVV�WH[W
XVHG� LQ� WKH� ILUVW� WHVW��� 7KH� FRQFOXVLRQ� LV� WKHUHIRUH� WKDW� /:$� KDV� LPSURYHG
FRQVLGHUDEO\�VLQFH������ZKHQ�WKH�ILUVW�WHVW�ZDV�GRQH�� LQ�SDUWLFXODU�WKH�FDSDFLW\
WR�OLQN�ORZ�IUHTXHQF\�ZRUGV�DQG�H[SUHVVLRQV�

,Q�WKH�QH[W�VHFWLRQ��WKH�RXWSXW�IURP�/:$�KDV�EHHQ�HYDOXDWHG��RU�UDWKHU�DSSOLHG�
LQ�D� VOLJKWO\�GLIIHUHQW� IDVKLRQ� FRPSDUHG� WR� WKH�XVXDO�SUHVHQWDWLRQ�RI� UHFDOO� DQG
SUHFLVLRQ�GDWD�

���� &RPSDULQJ�/:$�RXWSXW�WR�D�ELOLQJXDO�GLFWLRQDU\

'DJDQ� DQG� &KXUFK� ������� ������ DV� ZHOO� DV� )XQJ� DQG�0F.HRZQ� ������� ERWK
PHDVXUHG�WKH�UHODWLYH�DSSOLFDELOLW\�DQG�XVHIXOQHVV�RI� WHUPLQRORJ\�H[WUDFWLRQ�E\
UHSRUWLQJ� WKH� LQFUHDVHG� HIILFLHQF\� LQ� WKH�ZRUN� RI� WHUPLQRORJLVWV�� 7KLV� KDV� QRW
EHHQ� GRQH� LQ� FRQMXQFWLRQ�ZLWK� /:$� DQG� WKH�'$9(� WRROER[�� EXW� RQH�ZD\� RI
ILQGLQJ� RXW�ZKHWKHU� WKH� RXWSXW� IURP�/:$� FRXOG� EH� XVHIXO� IRU� OH[LFRJUDSKHUV
ZRUNLQJ�ZLWK�ELOLQJXDO� VWDQGDUG� OH[LFRQV� LV� WR�FRPSDUH� WKH�RXWSXW� IURP�/:$
ZLWK�D�VWDQGDUG�ELOLQJXDO�GLFWLRQDU\��,Q�WKLV�VPDOO�WHVW��WKH�HOHFWURQLF�&'�520
YHUVLRQ�RI�WKH�PRVW�FRPSUHKHQVLYH�DQG�ZLGHVSUHDG�(QJOLVK�6ZHGLVK�GLFWLRQDU\
LQ� 6ZHGHQ� ZDV� XVHG�� QDPHO\� 1RUVWHGWV� 6WRUD� (QJHOVND� 2UGERN� �1RUVWHGWV
�������7KH�WHVW�ZDV�SHUIRUPHG�E\�PDQXDOO\�FKHFNLQJ�D�VDPSOH�RI�WKH�GLFWLRQDU\
RXWSXW� IURP�/:$�ZKHQ� UXQ� RQ� WKH� %HOORZ� QRYHO�� 7ZR� KRXUV� ZHUH� VSHQW� RQ
FKHFNLQJ� SRWHQWLDO� ZRUG� SDLUV� LQ� WKH� H[WUDFWHG� /:$� GLFWLRQDU\� DJDLQVW� WKH
1RUVWHGW� GLFWLRQDU\�� 3URSHU� QDPHV� ZHUH� H[FOXGHG� IURP� WKLV� WHVW�� EXW� WKH� WHVW
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PDGH� LW� SRVVLEOH� WR� LGHQWLI\� D� QXPEHU� RI� SRWHQWLDO� DGGLWLRQV� WR� WKH� 1RUVWHGW
GLFWLRQDU\��&RQVLGHU�WKH�H[DPSOHV�OLVWHG�LQ�7DEOH����EHORZ�

7DEOH�����(LJKW\�VL[�H[DPSOHV�RI�ZRUG�SDLUV�H[WUDFWHG�E\�/:$�IURP�WKH�%HOORZ�QRYHO�QRW�IRXQG
LQ�´1RUVWHGWV�6WRUD�(QJHOVN�VYHQVND�RUGERNµ

(QJOLVK 6ZHGLVK (QJOLVK 6ZHGLVK
DOO\ EHVN\GGDUH OHDI�FRYHU O|YWlFNH
DQFLHQW XUnOGULJ ORRP YlYHUL
DQQLKLOLDWLRQ XWSOnQLQJ ORZ�TXDOLW\ OnJNODVVLJ
DXVWHUH NlUY PDFKLQH�JXQ DXWRPDWJHYlU
EH�REOLJHG Q|GJDV PDQ\ nWVNLOOLJD
FOHYHU OLVWLJ PRXQWHG EHULGHQ
FRQYH\ I|UPHGOD PXQLFLSDOLW\ P\QGLJKHWHU
FURZGHG IXOOSURSSDG PRXVWDFKLRHG PXVWDVFKSU\GG
GHVN GLVN QHZV�FDVW Q\KHWVXWVlQGQLQJ
GLVFRQFHUWLQJO\ I|UYLOODQGH QHZVSDSHUPDQ WLGQLQJVPDQ
GLVFUHWLRQ JRWWILQQDQGH QRWFK UHPVD
GLVPHPEHU VW\PSD RFFDVLRQDOO\ LEODQG
GLVVLGHQW RSSRVLWLRQHOO SHUIRUPDQFH XSSYLVQLQJ
GXQJ�KHDS G\QJK|J SHULSKHUDO ELVDN
HQVXH YLGWD SLOOER[ SLOOHUGRVD
HTXLWDEOH UHVRQDEHO SUHWHQVLRQ SnVWnHQGH
HYHQ UHQW�DY SULQFLSDOO\ L�SULQFLS
HYHQ HQV SUREDEO\ DQWDJOLJHQ
HYHQKDQGHGQHVV RSDUWLVNKHW SURFODLP I|UNXQQD
HYLGHQWO\ DY�DOOW�DWW�G|PD SXQFWLOLRXV SUXGHQWOLJ
H[FHHGLQJO\ XWRPRUGHQWOLJW UDQFRXU ELWWHUKHW
H[FHSWLRQDO PlUNYlUGLJ UHDVRQ PRWLY
H[SORLWDWLRQ XWVXJQLQJ VFROG I|UHEUn
IDLWK WLOOWUR VHOI�PXWLODWLRQ VMlOYVW\PSQLQJ
IDYRXU I|URUGD VHOI�ZRUVKLS VMlOYG\UNDQ
IUDJUDQW YlOGRIWDQGH VLQIUHH VNXOGIUL
IUHLJKWHU ODVWnQJDUH VLQJOH JHPHQVDP
IULJKWIXO I|UIlUDQGH VN\OLQH VWDGVVLOKXHWW
IXOO I\OOLJ VW\OH�GHVLJQHU VWLOELOGDUH
JRRG�QDWXUHGO\ JOlWWLJW VXLW NDYDMNRVW\P
JUDQG VWRUVWLODW VXSHU KlUOLJW
JXQ VNMXWYDSHQ VXSSO\ I|UVH
KDOI�EDNHG KDOYEDNW VZDJJHU VNUlYODUH
KHOSOHVV XQGHUXWYHFNODG WHUULEOH I|UIlUDQGH
KHQFH DOOWVn WHUULEOH JUlVOLJ
KHQFH VnOXQGD WKULOOLQJ WMXVDQGH
KLOOVLGH VOXWWQLQJ WURXEOH RVlPMD
KRORFDXVW XWURWQLQJ XQFODVVLILDEOH REHVNULYEDUD
KXQJHU VYlOW XQORYHO\ RVN|QW
LOOXVRU\ HQ�LOOXVLRQ YDXOWHG YDOYWlFNWD
LPSRVH WLOOlPSD ZHDULQJ LI|UG
LQVHUWLRQ LQWUlGH YH[DWLRQ YnQGD
NQRZOHGJHDEOH LQLWLHUDG YLUWXRXV XSSK|MG
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:KDW� LV� LOOXVWUDWHG�DERYH� LV� WKH�DEVHQFH�RI� WKH�SDLU�RI�D�SDUWLFXODU�(QJOLVK�DQG
6ZHGLVK�ZRUG�LQ�WKH�1RUVWHGW�GLFWLRQDU\��0RVW�RI�WKH�(QJOLVK�ZRUGV�ZHUH�IRXQG
LQ�WKH�1RUVWHGW�GLFWLRQDU\��EXW�ZLWK�RWKHU�WUDQVODWLRQV�WKDQ�WKH�RQHV�SUHVHQWHG
DERYH�� 6RPH� RI� WKH� H[DPSOHV� DUH� SHUKDSV� VOLJKWO\� RXWGDWHG� DQG�ZRXOG� QRW� EH
FRQVLGHUHG� IRU� LQFOXVLRQ� LQ� D� IXWXUH� HGLWLRQ� RI� WKH� GLFWLRQDU\�� VXFK� DV� VXLW�
NDYDMNRVW\P�� QHZVSDSHUPDQ�WLGQLQJVPDQ� DQG� IUHLJKWHU�ODVWnQJDUH�� +RZHYHU�� ,� ZDV
VXUSULVHG� WR� ILQG� WKDW� SDLUV� OLNH� SUREDEO\�DQWDJOLJHQ�� WHUULEOH�JUlVOLJ� DQG
RFFDVLRQDOO\�LEODQG�DUH�QRW�IRXQG�LQ�WKH�1RUVWHGW�GLFWLRQDU\��:KDW�WKLV�PLQRU�WHVW
VKRZV� LV� WKDW� LW� LV� QRW� RQO\� SHULSKHUDO� DQG� GRPDLQ�VSHFLILF� ZRUGV� WKDW� FDQ� EH
H[WUDFWHG�ZLWK�D� V\VWHP� OLNH�/:$��EXW�DOVR�ZRUGV� WKDW�PRVW�SHRSOH� UHJDUG�DV
EHLQJ�SDUW�RI�D�JHQHUDO�ELOLQJXDO�YRFDEXODU\��,I�WKLV�NLQG�RI�DSSOLFDWLRQ�ZDV�XVHG
RQ�ODUJH�YROXPHV�RI�SDUDOOHO�WH[WV��,�WKLQN�WKH�SRVVLELOLWLHV�IRU�OH[LFRJUDSKHUV�WR
ILQG� D� VROLG� HPSLULFDO� IRXQGDWLRQ� IRU� ZKDW� WR� DGG� �RU� SRVVLEO\� UHPRYH�� IURP
H[LVWLQJ� GLFWLRQDULHV� ZRXOG� LPSURYH� GUDVWLFDOO\�� %LOLQJXDO� FRQFRUGDQFHV� FRXOG
DOVR�EH�RI�KHOS�WR�OH[LFRJUDSKHUV�ZKHQ�WKH\�ZDQW�WR�WHVW�D�JLYHQ�K\SRWKHVLV��IRU
H[DPSOH��LI�D�FHUWDLQ�ZRUG�KDV�EHHQ�XVHG�RU�WUDQVODWHG�LQ�D�FHUWDLQ�ZD\��+RZHYHU�
ZLWK�ELOLQJXDO�FRQFRUGDQFHV�WKH�XVHU�KDV�WR�NQRZ�LQ�DGYDQFH�ZKDW�VKH�LV�ORRNLQJ
IRU��EH�LW�D�VRXUFH�H[SUHVVLRQ�DQG�RU�D�WDUJHW�H[SUHVVLRQ��:LWK�ZRUG�DOLJQPHQW
V\VWHPV�� VSHFLILF� K\SRWKHVHV� DUH� QRW� UHTXLUHG�� 7KH� V\VWHPV� ZLOO� ILQG� D� VHW� RI
VLJQLILFDQW�UHVXOWV�DQG�SUHVHQW�WKHP�WR�WKH�XVHU��ZKR�LQ�WXUQ�FDQ��HLWKHU�PDQXDOO\
RU�ZLWK�WKH�DLG�RI�VRIWZDUH��VWDUW�WR�ILOWHU�WKH�UHVXOWV�DQG�ILQG�UHODWLRQV�WKDW�KDG
EHHQ�PLVVHG�EHIRUH�

,Q�WKH�IXWXUH�ZH�PD\�VHH�DSSOLFDWLRQV�ZKHUH�SDUDOOHO�FRUSRUD�DUH�XVHG�WRJHWKHU
ZLWK�ZRUG�DOLJQPHQW�V\VWHPV�WR�DXWRPDWLFDOO\�FRPSLOH�GLFWLRQDULHV�WKDW�DUH�WKHQ
FRPSDUHG� DXWRPDWLFDOO\� WR� H[LVWLQJ� GLFWLRQDULHV�� )XUWKHUPRUH�� WKH� SDUDOOHO
FRUSRUD� ZLOO� SURYLGH� D� JUHDW� UHVRXUFH� IRU� GHVFULELQJ� WKH� DFWXDO� XVH� RI� OH[LFDO
LWHPV��HVSHFLDOO\�LQ�WUDQVODWLRQV��ZKLFK�FRXOG�EH�XVHG�IRU�LOOXVWUDWLRQV�RI�XVDJH�IRU
OH[LFDO� HQWULHV� �FI�� WKH�XVH�RI� FRUSRUD� LQ� WKH�ZRUN�ZLWK� WKH�&2%8,/'�(QJOLVK
GLFWLRQDU\� �6LQFODLU� ������ ������ DQG� WKH� GHYHORSPHQW� RI� D� )UHQFK
&DQDGLDQ�(QJOLVK�GLFWLRQDU\��/DQJORLV���������

���� ,PSURYLQJ�WKH�V\VWHP

7KH�PXOWL�ZRUG�XQLW�PRGXOH�LQFOXGHG�LQ�/:$�LV�SULPDULO\�GLFWLRQDU\�RULHQWHG�
L�H�� LW� FDQ� GHWHFW� DQG� OLQN� ULJLG� DGMDFHQW� PXOWL� ZRUG� XQLWV�� SDUWLFXODUO\� QRXQ
SKUDVHV��,Q�WKH�$UFDGH�SURMHFW�� WKH�WDVN�DW�KDQG�ZDV�FRQVWUXFWLRQ�RULHQWHG�� L�H��
WKHUH�ZDV�D�QHHG�WR�LGHQWLI\�FRUUHVSRQGLQJ�FRQVWUXFWLRQV�VXFK�DV�VH�SRXUVXLW�DQG
LV� FRQWLQXLQJ��$� FRQVWUXFWLRQ�RULHQWHG� KDQGOLQJ� RI� PXOWL�ZRUG� XQLWV� FDOOV� IRU� D
NQRZOHGJH�LQWHQVLYH�DSSURDFK��LQFOXGLQJ�WDJJLQJ�DQG�OHPPDWLVDWLRQ�RI�WKH�WH[WV�
:LWK�WKH�NQRZOHGJH�OLWH�DSSURDFK�SUHVHQW�LQ�/:$��WKH�H[WUDFWLRQ�RI�DOO�SRVVLEOH
FRQVWUXFWLRQV�ZRXOG� UHVXOW� LQ� DQ� HQRUPRXV� QXPEHU� RI� FRQVWUXFWLRQ� FDQGLGDWHV
IURP�WKH�ELWH[W��ZKLFK�ZRXOG�JLYH�ULVH�WR�WKH�JHQHUDWLRQ�RI�WRR�PDQ\�LUUHOHYDQW
XQLWV�� $Q� DOWHUQDWLYH� ZD\� RI� KDQGOLQJ� PXOWL� ZRUG� XQLWV� FRXOG� EH� WR� ILUVW� UXQ
/:$�ZLWKRXW�WKH�SKUDVH�PRGXOH�DQG�OLQN�DV�PDQ\�VLQJOH�ZRUG�XQLWV�DV�SRVVLEOH�
7KHQ� D� QHZ� YDULDQW� RI� WKH� 0:8� PRGXOH� ZRXOG� EH� DSSOLHG�� WDNLQJ� VRXUFH
0:8V�DQG�WKH�KLWKHUWR�OLQNHG�ELWH[W�DV�LQSXW��7KH�0:8�PRGXOH�ZRXOG�WKHQ
XVH�WKH�VLQJOH�ZRUG�OLQNV�DV�FOXHV�LQ�KRZ�WR�HVWDEOLVK�FRUUHVSRQGHQFHV�EHWZHHQ
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WKH�VRXUFH�0:8V�DQG�GLIIHUHQW� FDQGLGDWHV� LQ� WKH� WDUJHW� WKDW� DUH� FDOFXODWHG� LQ
WKH� PDQQHU� VXJJHVWHG� E\�0HODPHG� �����D��� 6XFK� DQ� DSSURDFK� ZRXOG� PHDQ� D
GHSDUWXUH�IURP�WKH�SDWK�RI�LWHUDWLYHQHVV��DV�SUHYLRXV�OLQNV�PD\�KDYH�WR�EH�EURNHQ
XS�LQ�RUGHU�WR�ILQG�WKH�PRVW�SUREDEOH�OLQNV�IRU�D�FHUWDLQ�0:8�

7KH� KDQGOLQJ� RI� ORZ�IUHTXHQF\� XQLWV� DQG� PRUSKRORJLFDO� YDULDQWV� ZHUH� SDUWO\
DGGUHVVHG� EHIRUH� WKH� WKLUG� HYDOXDWLRQ� E\� LQFOXGLQJ� WKH� XQLTXH� ZRUG� WHVW� DQG
LPSURYLQJ� WKH� FRJQDWH� WHVW�� )XUWKHUPRUH�� WKH� WKLUG� HYDOXDWLRQ� VKRZHG� WKDW� LW
ZDV�SRVVLEOH�WR�ORZHU�WKH�IUHTXHQF\�WKUHVKROG�WR����LQVWHDG�RI���ZKLFK�ZDV�XVHG
LQ�WKH�ILUVW�HYDOXDWLRQ��DQG�WKHUHE\�LQFUHDVH�UHFDOO�ZLWKRXW�VDFULILFLQJ�SUHFLVLRQ�
$GGLWLRQDO� LPSURYHPHQWV� FRXOG� WR� VRPH� GHJUHH� EH� PDGH� E\� D� V\PPHWULFDO
KDQGOLQJ� RI� OLQNLQJ� PRUSKRORJLFDO� YDULDQWV�� $W� SUHVHQW�� /:$� IDLOV� WR� JURXS
WRJHWKHU�PRUSKRORJLFDO�YDULDQWV�RQ� WKH� VRXUFH� VLGH� DW� WKH� LQLWLDO� VWDJH�EHFDXVH
WKH�PRUSKRORJLFDO�SDWWHUQV�DUH�QRW�WHVWHG�IRU�WKH�VRXUFH�XQLW��%\�LPSURYLQJ�WKH
ZD\�WKH�PRUSKRORJ\�PRGXOH�LV�LQYRNHG��WKH�VRXUFH�DQG�WDUJHW�YDULDQWV�FRXOG�EH
WHVWHG�DW�WKH�VDPH�WLPH�DQG�WKHUHE\�LPSURYLQJ�WKH�SRVVLELOLWLHV�WR�FRUUHFWO\�OLQN
VRXUFH�ZRUGV�ZLWK�ORZ�IUHTXHQFLHV��,I�WKLV�LV�WR�EH�GRQH�ZLWKLQ�D�NQRZOHGJH�OLWH
IUDPHZRUN�� ZLWKRXW� XVLQJ� OH[LFRQV� DQG�PRUSKRORJLFDO� DQDO\]HUV�� WKHQ� D�PRUH
VRSKLVWLFDWHG� VWDWLVWLFDO� PHWKRG� IRU� FOXVWHULQJ� YDULDQWV� EHORQJLQJ� WR� WKH� VDPH
LQIOHFWLRQDO�SDWWHUQ�KDV�WR�EH�GHYHORSHG�

7KH�VL]H�DQG�VHJPHQWDWLRQ�TXDOLW\�RI�WKH�LQSXW�WR�WKH�ZRUG�DOLJQPHQW�SURJUDP
LV�FUXFLDO� IRU� WKH�UHVXOWV�� ,Q� WKH�$UFDGH�DWWHPSW��SUREOHPV�DURVH�EHFDXVH�RI� WKH
OHQJWK�RI�WKH�VHJPHQWV� LQ�WKH�ELWH[W��$� OLQN�ZLQGRZ�WKDW�KHOSV�WR�GHFUHDVH�WKH
VHDUFK�VSDFH�ZDV�XVHG��EXW�WKH�SRVLWLRQLQJ�RI�WKH�ZLQGRZ�LQ�WKH�WDUJHW�VHJPHQW
PD\�EH�ZURQJ�DV� WKH�SODFHPHQW� LV�EDVHG�RQ� WKH� UHODWLYH�SRVLWLRQ�RI� WKH� VRXUFH
ZRUG�� 7KH� SRVLWLRQLQJ� RI� WKH� ZLQGRZ� FRXOG� EH� LPSURYHG� E\� XWLOLVLQJ� DOUHDG\
HVWDEOLVKHG��´VDIHµ�OLQNV�IURP�SUHYLRXV�LWHUDWLRQV��FI��0HODPHG��������

$�EHWWHU�WUDFHDELOLW\�IHDWXUH�LQ�/:$�ZRXOG�PDNH�HYDOXDWLRQV�HDVLHU��,Q�RUGHU�WR
XQGHUVWDQG� ZKDW� KDSSHQV� GXULQJ� WKH� OLQNLQJ� SURFHVV�� HDFK� OLQN� FRXOG� EH
DQQRWDWHG� ZLWK� D� VWDPS� WKDW� VLJQDOV� ZKHQ� DQG� KRZ� WKH� OLQN� ZDV� PDGH�� )RU
H[DPSOH��LW�ZRXOG�EH�SRVVLEOH�WR�DFFXUDWHO\�SLQSRLQW�WKH�FDXVHV�IRU�OLQN�IDLOXUHV�LI
WKHUH� ZDV� LQIRUPDWLRQ� DERXW� WKH� QXPEHU� RI� DYDLODEOH� WDUJHW� FDQGLGDWHV� DW� D
FHUWDLQ� WLPH�� ZKHWKHU� D� FHUWDLQ� OLQN� ZDV� PDGH� DV� D� FRJQDWH� OLQN� RU� ZLWK� WKH
´VLQJOH�ZRUG�OLQHµ�VWUDWHJ\�

���� 6XPPDU\

,Q� WKLV� FKDSWHU� /:$� KDV� EHHQ� HYDOXDWHG� XVLQJ� WKUHH� GLIIHUHQW� PHWKRGV�� ���
OH[LFRQ�HYDOXDWLRQ�� ���� WUDQVODWLRQ�VSRWWLQJ� �WKH�$UFDGH�ZD\���DQG� ����XVLQJ�WKH
3/8*�/LQN�$QQRWDWRU��,W�FDQ�EH�FRQFOXGHG�WKDW�XVLQJ�UHIHUHQFH�GDWD��DV�LQ�WKH
VHFRQG� DQG� WKLUG� HYDOXDWLRQ�� KDV� DGYDQWDJHV� LQ� WKDW� PDQ\� PRUH� W\SHV� RI
HYDOXDWLRQV�FDQ�EH�PDGH�ZKHQ�GLIIHUHQW�V\VWHPV�RU�GLIIHUHQW�FRQILJXUDWLRQV�RI�D
V\VWHP�DUH� WR� EH� FRPSDUHG��+RZHYHU�� WKH� FKRLFH� RI� VHOHFWLQJ�ZKDW�ZRUGV� WKDW
VKRXOG� JR� LQWR� WKH� UHIHUHQFH� GDWD� ZLOO� LQIOXHQFH� WKH� VFRUHV� IRU� SUHFLVLRQ� DQG
UHFDOO��7KHUHIRUH� LW� LV�QRW�SRVVLEOH�WR�FRPSDUH�SUHFLVLRQ�DQG�UHFDOO�VFRUHV�ZKHQ
GLIIHUHQW� W\SHV� RI� UHIHUHQFH� GDWD� KDYH� EHHQ� XVHG��7KH� WKLUG� HYDOXDWLRQ� VKRZHG
WKDW� LW� ZDV� SRVVLEOH� WR� VLQJOH� RXW� DQ� RSWLPDO� FRQILJXUDWLRQ� RI� /:$� E\� XVLQJ
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SULRU� UHIHUHQFH� GDWD�� ,W� DOVR� VKRZHG� WKH� UHODWLYH� VWUHQJWKV� RI� WKH� GLIIHUHQW
PRGXOHV� LQ� WKH� V\VWHP�� 7KH� HYDOXDWLRQV� UHYHDO� WKH� LPSURYHPHQWV� LQ� /:$
EHWZHHQ� WKH� ILUVW� DQG� WKH� WKLUG� HYDOXDWLRQ�� 7KH� LPSURYHPHQWV� DUH� HVSHFLDOO\
YLVLEOH�ZKHQ�LW�FRPHV�WR�OLQNLQJ�ORZ�IUHTXHQF\�XQLWV��7KH�ODWHVW�YHUVLRQ�RI�/:$
LV� WKHUHIRUH� FRQVLGHUDEO\� EHWWHU� DV� IDU� DV� UHFDOO� LV� FRQFHUQHG�ZKLOH� SUHFLVLRQ� LV
PDLQWDLQHG�DW�D�KLJK�OHYHO�

/:$�LV�D�NQRZOHGJH�OLWH�V\VWHP�LQ�WKH�VHQVH�WKDW�LW�GRHV�QRW�UHTXLUH�NQRZOHGJH�
LQWHQVLYH�UHVRXUFHV��VXFK�DV�OH[LFRQV��SDUWV�RI�VSHHFK�LQIRUPDWLRQ��JUDPPDUV��HWF�
7KH� NQRZOHGJH�OLWH� DSSURDFK� KDV� LWV� DGYDQWDJHV� ZKHQ� LW� FRPHV� WR� FKDQJLQJ
ODQJXDJH� SDLUV� RU� WH[W� GRPDLQV�� ,Q� NQRZOHGJH�LQWHQVLYH� DSSURDFKHV� WR� ZRUG
DOLJQPHQW�� HDFK� QHZ� ODQJXDJH� FRQILJXUDWLRQ� KDV� WR� EH� SURYLGHG� ZLWK� ODUJH
DPRXQWV� RI� OLQJXLVWLF� LQIRUPDWLRQ�� /:$� ZDV� ILUVW� GHYHORSHG� IRU
(QJOLVK�6ZHGLVK��DQG�ODWHU�/:$�ZDV�UDSLGO\�SRUWHG�WR�)UHQFK�(QJOLVK�IRU�WKH
$5&$'(�ZRUG�DOLJQPHQW�WUDFN��/:$�HQGHG�XS�LQ�WKLUG�SODFH�LQ�WKH�$5&$'(
HYDOXDWLRQ�EHKLQG�WZR�NQRZOHGJH�LQWHQVLYH�V\VWHPV��ERWK�GHYHORSHG�E\�)UHQFK�
VSHDNLQJ�UHVHDUFK�JURXSV���$�NQRZOHGJH�OLWH�DSSURDFK�LV�QRW�DQ�HQG�LQ�LWVHOI��EXW
IRU�ODQJXDJHV�ZKHUH�OLQJXLVWLF�UHVRXUFHV�DUH�OLPLWHG��RU�ZKHQ�D�VZLIW�DGDSWDWLRQ
WR�D�QHZ�GRPDLQ�LV�UHTXLUHG��LW�PD\�EH�WKH�RQO\�VROXWLRQ�
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���7UDQVODWLRQ�FRUUHVSRQGHQFH�±�D
PRGHO

2QH� RI� WKH� PDMRU� ILHOGV� LQ� WUDQVODWLRQ� VWXGLHV� LV� WKH� VWXG\� RI� FRUSXV�EDVHG
DQDO\VLV� RI� WH[W� W\SH�VSHFLILF� VRXUFH� DQG� WDUJHW� WH[WV� ZKHUH� WUDQVODWLRQ
FRUUHVSRQGHQFHV�DUH�XQFRYHUHG�DQG�GHVFULEHG��.ROOHU��������7KLV�ILHOG�LQYROYHV�D
FRPSDUDWLYH�VWXG\�RI�V\QWD[��VHPDQWLFV�DQG�VW\OH�LQ�WKH�FRUUHVSRQGLQJ�WH[WV��,W
DOVR� HQWDLOV� GHYHORSPHQW� RI� WH[W� W\SH� WRSRORJLHV� DQG� FRQWUDVWLQJ� WKH� GLIIHUHQW
ODQJXDJHV�DV�IDU�DV�VW\OH�DQG�WH[W�QRUPV�DUH�FRQFHUQHG�

/RRNLQJ�DW�WKH�TXDQWLWDWLYH�GDWD�IURP�WKH�WUDQVODWLRQ�FRUSXV�GHVFULEHG�LQ�HDUOLHU
FKDSWHUV��WKHUH�DUH�REYLRXV�OLPLWDWLRQV�LQ�ZKDW�NLQG�RI�FRQFOXVLRQV�FDQ�EH�GUDZQ
UHJDUGLQJ�WKH�DFWXDO�WUDQVODWLRQV��$�PDUNHG�XS�WUDQVODWLRQ�FRUSXV�ZLWK�OLQJXLVWLF
IHDWXUHV�ZRXOG�PDNH�D�PXFK�PRUH�LQWHUHVWLQJ�FRUSXV�WR�H[SORUH��JLYHQ�WKH�ULJKW
WRROV�� +RZHYHU�� HYHQ� D� SDUWV�RI�VSHHFK� WDJJHG� FRUSXV� ZRXOG� QRW� FRQWDLQ
LQIRUPDWLRQ�DERXW�VWUXFWXUDO�VKLIWV�WKDW�WDNH�SODFH�LQ�WKH�WUDQVODWLRQ�SURFHVV��1RU
ZRXOG� LW� JLYH� DQ\� LQIRUPDWLRQ� RQ� WR� ZKDW� H[WHQW� FRQWHQW� LV� SUHVHUYHG� RU
PRGLILHG�

,Q� FKDSWHU� �� �VHFWLRQ� ������� WUDQVODWLRQ� RSHUDWLRQV� DUH� GLVFXVVHG� LQ� D� JHQHUDO
VHQVH�� $QG� DV� 7RXU\� ������� KDV� SRLQWHG� RXW�� LW� LV� QHFHVVDU\� WR� LGHQWLI\
UHODWLRQVKLSV�EHWZHHQ�SDLUV�RI�VRXUFH�WH[W�DQG�WDUJHW�WH[W�VHJPHQWV�LQ�RUGHU�WR
EH�DEOH�WR�PDNH�DQ\�JHQHUDOLVDWLRQV�RU�GUDZ�DQ\�LPSOLFDWLRQV�IRU�WKH�XQGHUO\LQJ
FRQFHSW�RU�QRUPV�EHKLQG�WUDQVODWLRQ��,W�LV�WKH�LGHQWLILFDWLRQ�RI�VXFK�UHODWLRQVKLSV
WKDW�LV�WKH�WRSLF�RI�WKLV�DQG�WKH�IROORZLQJ�FKDSWHU�

7UDQVODWLRQ� RSHUDWLRQV� RU� WUDQVODWLRQ� VKLIWV� KDYH� EHHQ� WKH� VXEMHFW� RI� RWKHU
VWXGLHV��5HFHQWO\�0XQGD\��������SXEOLVKHG�D�VWXG\�RI�D�VPDOO�VHW�RI�WUDQVODWLRQ
VKLIWV� RFFXUULQJ� LQ� D� WUDQVODWLRQ� RI� HLJKWHHQ� SDJHV� RI� SURVH� WUDQVODWHG� IURP
6SDQLVK� WR�(QJOLVK�� ,Q� WKH� ODWH� HLJKWLHV��YDQ�/HXYHQ�=ZDUW� �������GHYHORSHG�D
PRGHO�GHVLJQHG� IRU� WKH�GHVFULSWLRQ�RI� ILFWLRQ� WUDQVODWLRQV��$PRQJ�YDQ�/HXYHQ�
=ZDUW·V� FRQFOXVLRQV�ZKHQ� WKH�PRGHO� KDG� EHHQ� XVHG� WR� DQDO\]H� OLWHUDU\�ZRUNV
LQWR�'XWFK�IURP�RWKHU�(XURSHDQ�ODQJXDJHV��ZHUH�WKDW�WKH�VWXGLHG�WUDQVODWLRQV�RI
ILFWLRQV�ZHUH�PRUH�VSHFLILF�DQG�WKDW�WKH\�FRQWDLQHG�PRUH�H[SODQDWLRQV�WKDQ�WKH
RULJLQDOV�� )XUWKHUPRUH� VKH� IRXQG� WKDW� WKH� WUDQVODWLRQ� VWUDWHJ\� ZDV� PRUH
WRZDUGV� WDUJHW�RULHQWDWLRQ� WKDQ� VRXUFH�RULHQWDWLRQ�� 7KH� WHQGHQFLHV� WKDW� WKH
WUDQVODWLRQV� ZHUH� PRUH� VSHFLILF� DQG� WKH� UHODWLYHO\� KLJKHU� SUHVHQFH� RI
H[SODQDWLRQV� DUH� LQ� OLQH� ZLWK� %DNHU·V� ������� ������ SURSRVHG� XQLYHUVDOV� RI
WUDQVODWLRQ��FI��VHFWLRQ��������

,Q� DXWRPDWLF� WUDQVODWLRQ� V\VWHPV�� VWUXFWXUDO� WUDQVODWLRQ� VKLIWV� DUH� QHFHVVDU\� LI
WKH�JHQHUDWHG�WUDQVODWLRQV�DUH�WR�EH�JUDPPDWLFDOO\�ZHOO�IRUPHG��,Q�PRVW�V\VWHPV
RQO\� REOLJDWRU\� JUDPPDWLFDO� VKLIWV� FDQ� EH� KDQGOHG� DW� EHVW�� DQG�PRUH� FRPSOH[
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VKLIWV�KDYH� WR�EH� LJQRUHG��7KH�/RJRV�07�V\VWHP� IRU�(QJOLVK�*HUPDQ� �/07�
VHHPV� KRZHYHU� WR� LQFOXGH� VRPH� FDSDFLWLHV� IRU� WDNLQJ� FDUH� RI� PRUH� FRPSOH[
VWUXFWXUDO�VKLIWV��EDVHG�RQ�FRQWH[W�DQG�OH[LFDO�GDWD��FI��*GDQLHF�DQG�6FKPLG������
*GDQLHF�������

7R� EH� DEOH� WR� VWXG\� WUDQVODWLRQ� VKLIWV�� D� FRUUHVSRQGHQFH�PRGHO�ZDV� GHYHORSHG
WKDW�LQFOXGHG�D�VHW�RI�WUDQVODWLRQ�UHOHYDQW�OLQJXLVWLF�DWWULEXWHV��7KH�PRGHO�WDNHV
LWV� VWDUWLQJ� SRLQW� IURP�:ROOLQ·V� DQG� 3ODW]DFN·V� ZRUN� LQ� WKH� HLJKWLHV� �:ROOLQ
������3ODW]DFN�������VHH�DOVR�VHFWLRQ����������ODWHU�LQ�WKLV�FKDSWHU���EXW�LV�VOLJKWO\
PRGLILHG�IURP�WKHLU�DSSURDFK�DV�LW�DLPV�DW�GHVFULELQJ�FKDQJHV�ERWK�LQ�VWUXFWXUH
DQG�LQ�FRQWHQW��7KH�FXUUHQW�PRGHO�KDV�WKHQ�EHHQ�DSSOLHG�WR�D�VDPSOH�RI�VRXUFH�
WDUJHW� VHQWHQFH� SDLUV� IURP� WKH�/LQN|SLQJ�7UDQVODWLRQ�&RUSXV��7KH� K\SRWKHVLV
ZDV�WKDW�D�PRUH�LQ�GHSWK�DQDO\VLV�RI�WKH�WUDQVODWLRQV�IURP�WKH�WUDQVODWLRQ�FRUSXV
ZRXOG� LPSURYH� WKH�SRVVLELOLWLHV�RI� FDSWXULQJ� WKH� FKDUDFWHULVWLFV�RI� WKH�GLIIHUHQW
WUDQVODWLRQV��,Q�WKLV�FKDSWHU�D�WUDQVODWLRQ�FRUUHVSRQGHQFH�PRGHO�LV�RXWOLQHG�DQG
LQ� WKH�QH[W� FKDSWHU� WKH�PRGHO� LV� DSSOLHG� WR� D� VDPSOH�RI� WKH� WUDQVODWLRQV� LQ� WKH
WUDQVODWLRQ�FRUSXV���

����� 2EMHFWLYHV

7KH�REMHFWLYHV�RI�WKH�FRUUHVSRQGHQFH�PRGHO�DQG�LWV�DSSOLFDWLRQ�WR�WKH�WUDQVODWLRQ
FRUSXV� ZHUH� WR� ILQG� RXW� PRUH� DERXW� WKH� H[DFW� IXQFWLRQDO�VWUXFWXUDO� FKDQJHV
RFFXUULQJ� LQ� WKH� WUDQVODWLRQV� DV�ZHOO� DV� DQ\� FKDQJHV� LQ� WKH� FRQWHQW� H[SUHVVHG
OLQJXLVWLFDOO\�

7KH�TXHVWLRQV�LQ�VHDUFK�RI�DQ�DQVZHU�ZHUH�WKH�IROORZLQJ�

�� 'R� WKH� VWUXFWXUH� DQG� FRQWHQW� SUHVHQW� LQ� WKH� VRXUFH� FKDQJH� LQ� WKH
WUDQVODWLRQ"�,I�VR��ZKDW�FKDUDFWHULVHV�WKHVH�FKDQJHV"

�� $UH�WKHUH�DQ\�GLIIHUHQFHV�EHWZHHQ�WKH�GLIIHUHQW�WH[W�W\SHV� LQ�WKH�FRUSXV
DV� IDU� DV� VWUXFWXUDO� DQG� VHPDQWLF� FKDQJHV� DUH� FRQFHUQHG"� ,I� VR�� ZKDW
FKDUDFWHULVHV�WKH�WUDQVODWLRQV�RI�GLIIHUHQW�WH[W�W\SHV"

�� $UH� WKHUH� DQ\� V\VWHPDWLF� SDWWHUQV� EHWZHHQ� VWUXFWXUDO� SDWWHUQV� LQ� WKH
VRXUFH�DQG�WKH�WDUJHW"

�� 'RHV� WKH� WUDQVODWLRQ� PHWKRG� �KXPDQ� WUDQVODWLRQ�� WUDQVODWLRQ� PHPRU\�
EDVHG�WUDQVODWLRQ�DQG�DXWRPDWLF�WUDQVODWLRQ��LQIOXHQFH�WKH�FKDUDFWHULVWLFV
RI�WKH�WUDQVODWLRQV"

����� 0HWKRG

,Q� WKLV� VWXG\� D� QXPEHU� RI� PHDVXUHV� KDYH� EHHQ� GHYHORSHG� DQG� XVHG� WKDW� LQ
GLIIHUHQW� ZD\V� WU\� WR� FDSWXUH� VWUXFWXUDO� DQG� FRQWHQW�UHODWHG� FRUUHVSRQGHQFHV
EHWZHHQ�VRXUFH�DQG�WDUJHW�WH[WV��7R�EH�DEOH�WR�XVH�WKH�PHDVXUHV��GLIIHUHQW�REMHFWV
DQG� WUDQVODWLRQ� RSHUDWLRQV� KDYH� WR� EH� GHILQHG�� 7KH�PHDVXUHV� ZHUH� DSSOLHG� RQ

����������������������������������������������������������
���&KDSWHUV����DQG����DUH�D�UHYLVHG�DQG�H[WHQGHG�YHUVLRQ�RI�$KUHQEHUJ�DQG�0HUNHO��������
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(QJOLVK�VRXUFH�WH[WV�DQG�WKHLU�6ZHGLVK�WUDQVODWLRQV��EXW�PRVW�PHDVXUHV�FDQ�EH
DSSOLHG�WR�RWKHU�ODQJXDJH�SDLUV��ZLWK�PLQRU�PRGLILFDWLRQV�

������� 6\QWDFWLF�DQG�VHPDQWLF�FRUUHVSRQGHQFH
7KH� IRFXV� LQ� WKLV� VHFWLRQ� LV� WR� WU\� WR� TXDQWLI\� VWUXFWXUDO� DQG� FRQWHQW�UHODWHG
UHODWLRQVKLSV� EHWZHHQ� VRXUFH� DQG� WDUJHW� WH[WV�� 'XH� WR� WKH� WLPH�FRQVXPLQJ
QDWXUH� RI� VXFK� DQDO\VHV�� WKH� VWXG\� LV� FRQFHUQHG� ZLWK� VDPSOHV� WDNHQ� IURP� WKH
GLIIHUHQW� WH[WV�� 7KH� QXPEHU� RI� VDPSOHV� IURP� HDFK� WH[W� LQ� WKH� VWXG\� KDV� EHHQ
OLPLWHG�WR�����SDLUV�RI�WH[W�VHQWHQFHV��DOO�WUDQVODWHG���WR����7KH�VHOHFWLRQ�RI�WKHVH
SDLUV�KDV�EHHQ�PDGH�UDQGRPO\�

$�GHWDLOHG�V\VWHP�RI�RSHUDWLRQV�WR�GHVFULEH�GLIIHUHQFHV�EHWZHHQ�VRXUFH�DQG�WDUJHW
VHQWHQFHV� KDV� EHHQ� SUHVHQWHG� E\�:ROOLQ� �������� 3ODW]DFN� ������� KDV� XVHG� WKLV
V\VWHP�LQ�D�VRPHZKDW�VLPSOLILHG�IRUP�ZKHUH�KH�DSSOLHV�LW�WR�(QJOLVK�VRXUFH�WH[WV
DQG�6ZHGLVK�WDUJHW�WH[WV��,Q�/DUVVRQ�DQG�0HUNHO��������WKH�:ROOLQ�V\VWHP�ZDV
DSSOLHG� WR� D� )LQQLVK�6ZHGLVK� WUDQVODWLRQ�� +DVVHOJnUG� ������� PDGH� D� VLPLODU
VWXG\� RI� QRYHOV� WUDQVODWHG� IURP� (QJOLVK� WR� 1RUZHJLDQ� DQG� 1RUZHJLDQ� WR
(QJOLVK�

��������� 3ODW]DFN�DQG�:ROOLQ
3ODW]DFN�ORRNHG�DW�VL[�6ZHGLVK�WUDQVODWLRQV�RI�/HZLV�&DUROO·V�$OLFH�LQ�:RQGHUODQG�
%\�FODVVLI\LQJ�WKH�V\QWDFWLF�FRUUHVSRQGHQFHV�EHWZHHQ�WKH�(QJOLVK�DQG�6ZHGLVK
WH[WV� DV� WKH� UHVXOW� RI� HLJKW� EDVLF� RSHUDWLRQV� �WDNHQ� IURP� :ROOLQ� ������� KH
FRPSDUHG� WKH� GLVWULEXWLRQ� RI� WKHVH� FRUUHVSRQGHQFHV� EHWZHHQ� WKH� GLIIHUHQW
WUDQVODWLRQV��7KH�RSHUDWLRQV�ZHUH�WKH�IROORZLQJ�

6WUXFWXUDO� LGHQWLW\�� PHDQLQJ� WKDW� WKH� V\QWDFWLF� VWUXFWXUH� LV� SUHVHUYHG� LQ� WKH
WUDQVODWLRQ��GRZQ�WR�WKH�SULPDU\�FRQVWLWXHQW�OHYHO�

���6WUXFWXUDO�LGHQWLW\

7KH�V\QWDFWLF�VWUXFWXUH� LQ� WKH� WZR�VHQWHQFHV� LV� LGHQWLFDO��GRZQ�WR�SULPDU\
FRQVWLWXHQW�OHYHO��&KDQJHV�LQVLGH�D�SULPDU\�FRQVWLWXHQW��DJHQW��VXEMHFW��ILQLWH
YHUE��REMHFWV��HWF���DUH�QRW� UHFRUGHG�QRU� LI� WKHUH�DUH�FKDQJHV� LQ� WKH�RUGHU�RI
FRQVWLWXHQWV�WR�WKH�ULJKW�RI�WKH�ILQLWH�YHUE

7KH�ORQJ�JUDVV�UXVWOHG��DW�KHU�IHHW�DV�WKH�:KLWH�5DEELW�KXUULHG�E\�

'HW�K|JD�JUlVHW�SUDVVODGH�YLG�I|WWHUQD�Sn�KHQQH�QlU�GHQ�YLWD�NDQLQHQ�UXVDGH�I|UEL�

���7UDQVSRQDWLRQ

2QH�SULPDU\�FRQVWLWXHQW�LV�EHIRUH�WKH�ILQLWH�YHUE�DQG�RQH�LV�DIWHU�WKH�ILQLWH
YHUE�LQ�WKH�UHVSHFWLYH�VHQWHQFHV�
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7KH�QH[W�PRPHQW�VKH�IHOW�D�YLROHQW�EORZ�XQGHUQHDWK�KHU�FKLQ

6WUD[�NlQGH�KRQ�HWW�KnUW�VODJ�XQGHU�KDNDQ

���)XQFWLRQ�DGMXVWPHQW

$� SULPDU\� FRQVWLWXHQW� JHWV� D� GLIIHUHQW� V\QWDFWLF� IXQFWLRQ� LQ� WKH� WDUJHW
VHQWHQFH�

DQG�WKH�'RUPRXVH��IROORZHG�KLP

RFK�KDVVHOPXVHQ������I|OMGH�HIWHU

7KH�GLUHFW�REMHFW�´KLPµ�LV�LQ�WKH�WUDQVODWLRQ�FKDQJHG�WR�D�SDUWLFOH�

���$GGLWLRQ

$�FRQVWLWXHQW�LV�DGGHG�LQ�WKH�WUDQVODWLRQ�

+H�PRYHG�RQ�DV�KH�VSRNH�

+DQ��IO\WWDGH��IUDP��WLOO�QlVWD�VWRO�YLG�GHVVD�RUG�

7KH�DGYHUELDO�´WLOO�QlVWD�VWROµ�KDV�EHHQ�DGGHG�LQ�WKH�WUDQVODWLRQ�

���'HOHWLRQ

$�FRQVWLWXHQW�LV�GHOHWHG�LQ�WKH�WUDQVODWLRQ��%HORZ�WKH�(QJOLVK�´WR�KHUµ�LV�QRW
WUDQVODWHG�LQWR�6ZHGLVK�

DQG�WKH\�UHSHDWHG�WKHLU�DUJXPHQW�WR�KHU

RFK�YDU�RFK�HQ�NRP�PHG�VLQD�VNlO

���'LYHUJHQFH

2QH�VRXUFH�FRQVWLWXHQW�LV�VSOLW�LQWR�WZR�FRQVWLWXHQWV�LQ�WKH�WDUJHW�VHQWHQFH�

VKH�FRXOG�QRW�UHPHPEHU�HYHU�KDYLQJ�VHHQ�VXFK�D�WKLQJ

KRQ�NXQGH�LQWH�NRPPD�LKnJ�DWW�KRQ�QnQVLQ�KDGH�VHWW�GHW
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���&RQYHUJHQFH

7ZR� VRXUFH� FRQVWLWXHQWV� DUH� FRPELQHG� LQWR� RQH� FRQVWLWXHQW� LQ� WKH� WDUJHW
VHQWHQFH��WKH�LQYHUVH�RI�GLYHUJHQFH��

+H�PRYHG�RQ�DV�KH�VSRNH�

+DQ��IO\WWDGH�PHGDQ�KDQ�WDODGH

���&RPELQDWLRQ�RI�FRQYHUJHQFH�DQG�GLYHUJHQFH

2QH�FRQVWLWXHQW�LV�WKH�VXEMHFW�RI�ERWK�FRQYHUJHQFH�DQG�GLYHUJHQFH

7KH�4XHHQ·V�DUJXPHQW�ZDV�WKDW����

'URWWQLQJHQ�SnVWRG�DWW����

%HWZHHQ�����DQG�����RSHUDWLRQV�ZHUH�LGHQWLILHG�LQ�HDFK�RI�WKH�VL[�WUDQVODWLRQV�
7KH�PDMRULW\�RI�WKH�RSHUDWLRQV�EHORQJHG�WR�WKH�VWUXFWXUDO�LGHQWLW\�FODVV��EHWZHHQ
��� WR� ��� SHU� FHQW��� 7KLV� QXPEHU� LQGLFDWHV� LQ� D� V\QWDFWLF� VHQVH� KRZ� ´IUHHµ� D
WUDQVODWLRQ�LV�IURP�WKH�RULJLQDO��DOWKRXJK�WKHUH�PD\�EH�RWKHU�IDFWRUV�LQYROYHG�DV
ZHOO�

��������� +DVVHOJnUG
+DVVHOJnUG��������PDGH�D�WH[W�EDVHG��FRQWUDVWLYH�LQYHVWLJDWLRQ�RI�ZRUG�RUGHU�LQ
1RUZHJLDQ�DQG�(QJOLVK��RI�WUDQVODWLRQV�LQ�ERWK�GLUHFWLRQV��6KH�DQDO\VHG�D�VPDOO
VHW� RI� VDPSOH� VHQWHQFHV� LQ� WKUHH� WUDQVODWHG� QRYHOV� XVLQJ� WKH� W\SRORJ\� RI
OLQJXLVWLF�FRUUHVSRQGHQFHV�GHYHORSHG�E\�'\YLN����������

7\SH� ��� :RUG�IRU�ZRUG� FRUUHVSRQGHQFH�� WROHUDWLQJ� PRUSKRORJLFDO
GLVFUHSDQFLHV

7\SH� ��� (DFK� FRQWHQW�ZRUG� LQ� WKH� 6/� VHQWHQFH� FRUUHVSRQGV� WR� D� FRQWHQW
ZRUG�LQ�WKH�7/�VHQWHQFH��EXW�ZLWK�D�GLIIHUHQW�RUGHU�EHWZHHQ�FRQVWLWXHQWV

7\SH����$W�OHDVW�RQH�VRXUFH�FRQWHQW�ZRUG�GRHV�QRW�FRUUHVSRQG�WR�D�WDUJHW
FRQWHQW� ZRUG�� EXW� WKH� ORJLFDO� IRUP� RI� WKH� LQWHUUHODWHG� H[SUHVVLRQV� LV� WKH
VDPH

7\SH����1RQH�RI�WKH�DERYH�²�WKH�WUDQVODWLRQ�LV�VRPH�NLQG�RI�SDUDSKUDVH�

+DVVHOJnUG�UHSRUWV�WKH�IROORZLQJ�GLVWULEXWLRQ�LQ�WKH�WKUHH�QRYHOV�

����������������������������������������������������������
���'\YLN�XVHG�WKLV�W\SRORJ\�WR�GHVFULEH�FRUUHVSRQGHQFHV�EHWZHHQ�1RUZHJLDQ�DQG�6ZHGLVK�
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7DEOH�����7\SHV�RI�ZRUG�RUGHU�FRUUHVSRQGHQFH�LQ�WKUHH�FRUSXV�VDPSOHV��+DVVHOJnUG������

1R��RI�VHQWHQFHV 7\SH�� 7\SH�� 7\SH�� 7\SH��
1RYHO����(QJ��1RU� �� �� � � �
1RYHO����1RU��(QJ�� �� �� � �� �
1RYHO����(QJ��1RU� �� �� � � �

,Q� KHU� VPDOO� VWXG\�� ��� VHQWHQFH� SDLUV� LQ� HDFK� QRYHO��+DVVHOJnUG� KDV� H[WHQGHG
7\SH���WR�LQFOXGH�VHQWHQFHV�LQ�ZKLFK�WKH�FODXVH�FRQVWLWXHQWV�DSSHDU�LQ�WKH�VDPH
RUGHU�� EXW� ZKHUH� WKH� LQWHUQDO� VWUXFWXUH� RI� WKH� FRQVWLWXHQWV� PD\� EH� GLIIHUHQW�
$FFRUGLQJ�WR�+DVVHOJnUG��WKH�XVH�RI�WKH�JHQHUDO�W\SHV���DQG���FDXVHV�SUREOHPV�LQ
ODQJXDJHV�VXFK�DV�(QJOLVK�DQG�1RUZHJLDQ�LI�\RX�ZDQW�WR�´KDQGOH�WKH�FRQWUDVWV
LQ�D�ZD\�WKDW�LV�V\VWHPDWLF�DQG�UHYHDOLQJµ��7\SHV���DQG���VKRXOG�EH�EURNHQ�GRZQ
LQWR�VXEFDWHJRULHV��IURQWLQJ��LQYHUVLRQ��DGYHUELDO�SODFHPHQW��HWF���ZKHUH�WKH�W\SH
RI� GLIIHUHQFH� DQG� SRVVLEO\� DOVR� WKH� FDXVH� FRXOG� EH� LGHQWLILHG�� 7KHUH� ZHUH� QR
WUDQVODWLRQV�RI�W\SH���LQ�WKH�VDPSOHG�VHQWHQFHV��EXW�VRPH�H[DPSOHV�RI�WKLV�W\SH
ZHUH�SUHVHQW�HOVHZKHUH�LQ�WKH�WH[WV�

������� 'LIIHUHQFHV�LQ�WKLV�DSSURDFK
:ROOLQ·V� DQG�3ODW]DFN·V� V\VWHPV� DUH� DEVROXWH� LQ� WKH� VHQVH� WKDW� WKH\� UHFRUG� DOO
VWUXFWXUDO� DQG� IXQFWLRQDO� GLIIHUHQFHV� EHWZHHQ� WKH� VRXUFH� VHQWHQFH� DQG� LWV
WUDQVODWLRQ��LQGHSHQGHQWO\�RI�ZKHWKHU�WKH\�DUH�EDVHG�RQ�JUDPPDWLFDO�GLIIHUHQFHV
EHWZHHQ�WKH�ODQJXDJHV�RU�DUH�RSWLRQDO�FKRLFHV�RQ�SDUW�RI�WKH�WUDQVODWRU��,Q�WKLV
VWXG\�3ODW]DFN·V�V\VWHP�KDV�EHHQ�WDNHQ�DV�WKH�VWDUWLQJ�SRLQW��EXW�PRGLILHG�IRU�WKH
SDUWLFXODU�REMHFWLYHV�RI�WKLV�LQYHVWLJDWLRQ��7KH�PDLQ�GLIIHUHQFH�LV�WKDW�WKH�V\VWHP
GHVFULEHG� KHUH� LV� UHODWLYH�� L�H��� VWUXFWXUDO� FKDQJHV� WKDW� VWHP� IURP� QHFHVVDU\
JUDPPDWLFDO�PRGLILFDWLRQV�DUH�QRW�UHFRUGHG��7KH�UHDVRQ�EHKLQG�WKLV�LV�D�ZLVK�WR
IRFXV�RQ�KRZ�WKH�FKRLFHV�PDGH�E\� WKH� WUDQVODWRU�DUH� LQIOXHQFHG�E\� WKH�NLQG�RI
WUDQVODWLRQ� WRRO� VKH� LV�XVLQJ��7KH�SXUH� FRQWUDVWLYH�DVSHFWV�EHWZHHQ�VRXUFH�DQG
WDUJHW� ODQJXDJH� DUH� WKHUHIRUH� FRQVLGHUHG� WR�EH� OHVV� LQ� IRFXV� LQ� WKLV� VWXG\��2QH
DVVXPSWLRQ�LV�WKDW�WUDQVODWRUV�UDUHO\�EUHDNV�WKH�JUDPPDWLFDO�DQG�VW\OLVWLF�QRUPV
RI� WKH� WDUJHW� ODQJXDJH�� HVSHFLDOO\� ZKHQ� WKH� WUDQVODWLRQ� FRQFHUQV� FRPPHUFLDO
WHFKQLFDO�WH[WV�WUDQVODWHG�E\�SURIHVVLRQDO�WUDQVODWRUV�

'UDZLQJ�D�ERUGHUOLQH�EHWZHHQ� OLQJXLVWLFDOO\�QHFHVVDU\� DQG�RSWLRQDO� FKDQJHV� LV
QDWXUDOO\� QRW� HDV\�� 7KH�PRVW� LPSRUWDQW�PRWLYDWLRQ� LQ� WKLV� VWXG\� KDV� EHHQ� WR
DUULYH� DW� D� FRQVLVWHQW� FODVVLILFDWLRQ� DQG� HYDOXDWLRQ� RI� WKH� H[LVWLQJ� VWUXFWXUDO
FKDQJHV� LQ� WKH� WH[WV��7KH�REOLJDWRU\�JUDPPDWLFDO�FKDQJHV�DUH� WKHUHIRUH�QRW�DV
LQWHUHVWLQJ�DV�WKH�FKDQJHV�WKDW�DUH�YROXQWDU\�RQ�WKH�SDUW�RI�WKH�WUDQVODWRU�IURP�D
VW\OLVWLF�YLHZSRLQW�

6RPH�FOHDU� FDVHV�RI� QHFHVVDU\� FKDQJHV�EHWZHHQ� VRXUFH� DQG� WDUJHW� WKDW� DUH�QRW
UHFRUGHG�LQ�WKH�/LQN|SLQJ�PRGHO�DUH�WKH�IROORZLQJ�
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�� 'LIIHUHQFHV�LQ�ZRUG�RUGHU�GXH�WR�WKH�IDFW�WKDW�WKH�ILQLWH�YHUE�LQ�D�6ZHGLVK
PDLQ�FODXVH�LV�SRVLWLRQHG�LQ�WKH�VHFRQG�SRVLWLRQ�RI�WKH�FODXVH�

)RU�%UD\�KLPVHOI��LW�ZDV�DQ�DEVHQFH�VRPHKRZ�DOZD\V�SUHVHQW

)|U� %UD\V� YLGNRPPDQGH� YDU� GHW� HQ� IUnQYDUR� VRP� Sn� QnJRW� VlWW� KHOD� WLGHQ� YDU
QlUYDUDQGH�

�� )XQFWLRQDO� FKDQJHV� GXH� WR� YDOHQF\�GLIIHUHQFHV� EHWZHHQ� WKH�PDLQ� YHUEV�
H�J���WKH�XVH�RI�D�SUHSRVLWLRQDO�REMHFW�LQVWHDG�RI�D�GLUHFW�

���E\�VHOHFWLQJ�'XDO�%RRW�IURP�WKH�&RPPDQG�3URPSWV�IROGHU

���JHQRP�DWW�GXEEHONOLFND�Sn�'XEEOD�VWDUWV\VWHP�L�PDSSHQ�.RPPDQGRVHVVLRQHU

�� *HQLWLYDO�FRQVWUXFWLRQV�ZKHUH�WKH�(QJOLVK�RI�LV�WUDQVODWHG�E\�V�

:H�DUH�OLYLQJ�LQ�WKH�DJH�RI�VFLHQFH�

9L�OHYHU�L�YHWHQVNDSHQV�WLGVnOGHU�

&DVHV�WKDW�DUH� OHVV�FOHDU�FXW��EXW�ZKLFK�DUH�VWLOO�FRQVLGHUHG�WR�EH�QHFHVVDU\�DUH
IRU� H[DPSOH� WKH� IROORZLQJ� �WKH\� DUH� DW� OHDVW� VWURQJO\� �QHJDWLYHO\�� VW\OLVWLFDOO\
PDUNHG��

�� 7KH� PRYHPHQW� RI� DQ� DGYHUELDO� VXERUGLQDWH� FODXVH� IURP� WKH� LQLWLDO
SRVLWLRQ�WR�WKH�SRVLWLRQ�DIWHU�WKH�YHUE�LQ�D�6ZHGLVK�LPSHUDWLYH�VHQWHQFH�

,I�\RX�DUH�QRW�VXUH�ZKHWKHU�WR�SDUWLWLRQ�\RXU�KDUG�GLVN��VHOHFW�WKH�GHIDXOW�

9lOM�VWDQGDUGYlUGHW�RP�GX�lU�RVlNHU�Sn�RP�GX�EHK|YHU�SDUWLWLRQHUD�KnUGGLVNHQ�

�� 7KH�XVH�RI�LQWH�DV�D�WUDQVODWLRQ�RI�WKH�QHJDWLYH�QR�LQ�FHUWDLQ�SRVLWLRQV�

���KH�FRXOG�ILQG�QR�)UHQFK�ZULWHUV�ZKR�ZRXOG�WDON�WR�KLP�

���NXQGH�KDQ�LQWH�KLWWD�QnJUD�IUDQVND�I|UIDWWDUH�VRP�YLOOH�WDOD�PHG�KRQRP�

6RPH� IUHTXHQW� FDVHV� DQDO\VHG� DV� RSWLRQDO� FKDQJHV� DUH� WKH� WUDQVODWLRQV� RI� DQ
(QJOLVK�LPSHUDWLYH�ZLWK�D�6ZHGLVK�PRGDO�YHUE�SOXV�LQILQLWLYDO�YHUE��DQG�6ZHGLVK
SDVVLYH�FRQVWUXFWLRQV�ZKLFK�DUH�XVHG�DV�WUDQVODWLRQV�RI�(QJOLVK�DFWLYH�VHQWHQFHV
ZLWK�DQ�LQVWUXPHQWDO�VXEMHFW�

,I�\RX�DUH�LQVWDOOLQJ�PXOWLPHGLD�VXSSRUW�IURP�D�QHWZRUN��DFFHVV�WKH�QHWZRUN�ZKHUH
WKH�PXOWLPHGLD�SURJUDPV�UHVLGH�

2P�GX�LQVWDOOHUDU�IUnQ�/$1�PnVWH�GX�ORJJD�LQ�Sn�GHW�/$1�GlU�SURJUDPYDUDQ�I|U
PXOWLPHGLD�ILQQV�

3DUDGR[� VWRUHV� LPSRUWDQW� LQIRUPDWLRQ� DERXW� D� WDEOH·V� SULPDU\� NH\� LQ� DQ� LQGH[
��3;��ILOH���00�

,�3DUDGR[�VSDUDV�YLNWLJ�LQIRUPDWLRQ�RP�WDEHOOHQV�SULPlUQ\FNHO�L�HQ�LQGH[ILO���3;��
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7K�UXOH�RI�WKXPE�LQ�WKH�FODVVLILFDWLRQ�SURFHVV�KDV�EHHQ�WKH�IROORZLQJ��,I�D�ZRUG�
IRU�ZRUG��VW\OLVWLFDOO\�FRUUHFW�6ZHGLVK�WUDQVODWLRQ�ZKLFK�LV�VWUXFWXUDOO\�FORVHU�WR
WKH� VRXUFH� WKDQ� WKH� JLYHQ� WUDQVODWLRQ� LV�� FDQQRW� EH� IRXQG�� WKHQ� WKH� JLYHQ
WUDQVODWLRQ�KDV�WKH�KLJKHVW�SRVVLEOH�VWUXFWXUDO�FRUUHVSRQGHQFH�WR�WKH�RULJLQDO��,Q
WKH�ODVW�RI�WKH�WZR�H[DPSOHV�DERYH��WKH�OLWHUDO�WUDQVODWLRQ�´3DUDGR[�VSDUDU�YLNWLJ
LQIRUPDWLRQ���µ� ZRXOG� EH� FRQVLGHUHG� VWUXFWXUDOO\� FORVHU� WR� WKH� VRXUFH� WKDQ� WKH
DFWXDO� WUDQVODWLRQ�� :KHQ� WKH� UHODWLRQ� RI� ´KLJKHVW� SRVVLEOH� VWUXFWXUDO
FRUUHVSRQGHQFHµ� KROGV� EHWZHHQ� WKH� VRXUFH� DQG� WDUJHW�� WKLV� UHODWLRQ� LV� FDOOHG
LVRPRUSKLF�

7KH�RSWLRQDO�VWUXFWXUDO�FKDQJHV�WKDW�FDQ�RFFXU�LQ�WKH�WUDQVODWLRQV�DUH�DQDO\VHG
LQ�WKH�IROORZLQJ�FDWHJRULHV�DQG�VXEFDWHJRULHV�

���&KDQJHV�UHODWHG�WR�WKH�IXQFWLRQ�DQG�SURSHUWLHV�RI�FODXVHV�

�� 9RLFH�VKLIW��H�J���DFWLYH�!�SDVVLYH�

�� 6HQWHQFH�PRRG�VKLIW��H�J���LPSHUDWLYH�!�GHFODUDWLYH�

�� 6KLIW�RI�ILQLWHQHVV�H�J���ILQLWLYDO�!�LQILQLWLYDO�YHUE�FRQVWUXFWLRQ�

�� /HYHO� VKLIW� �H�J��� PDLQ� FODXVH� !� VXERUGLQDWH� FODXVH�� FODXVH� !
SKUDVH�

�� )XQFWLRQ�VKLIW��H�J���WHPSRUDO�FODXVH�!�FRQGLWLRQDO�FODXVH�

���&KDQJHV�UHODWHG�WR�WKH�IXQFWLRQ�DQG�SRVLWLRQ�RI�FRQVWLWXHQWV�

�� )XQFWLRQ�VKLIWV��H�J���PDQQHU�DGYHUELDO�!�SUHGLFDWLYH�

�� /HYHO�VKLIWV���H�J���SKUDVH�!�FODXVH�

�� 7UDQVSRVLWLRQV��FKDQJHV�LQ�RUGHU�EHWZHHQ�FRQVWLWXHQWV�

���&KDQJHV�UHODWHG�WR�WKH�QXPEHU�RI�FRQVWLWXHQWV�

�� $GGLWLRQV

�� 'HOHWLRQV

�� 'LYHUJHQFHV��RQH�VRXUFH�FRQVWLWXHQW�!�WZR�WDUJHW�FRQVWLWXHQWV�

�� &RQYHUJHQFHV� �WZR� VRXUFH� FRQVWLWXHQWV� !� RQH� WDUJHW
FRQVWLWXHQW�

��� 3DUDSKUDVHV�� ZKLFK� LQIOXHQFH� DW� OHDVW� WZR� FRQVWLWXHQWV� DQG� FDQQRW� EH
VSOLW�XS�LQWR�VHYHUDO�VPDOOHU�FKDQJHV�

&KDQJHV�RI�W\SH���������DUH�UHJDUGHG�DV�VLPSOH�ZKLOH�SDUDSKUDVHV�DUH� LQKHUHQWO\
FRPSOH[��1RWH� DOVR� WKDW� WKH� VLPSOH� FKDQJHV� FDQ� LQYROYH� VHYHUDO� FRQVWLWXHQWV��$
VKLIW� RI� VHQWHQFH� PRRG� IURP� LPSHUDWLYH� WR� GHFODUDWLYH� LPSOLHV� WKDW� D� VXEMHFW
�LPSOLFLW� LQ� WKH� VRXUFH�� KDV� EHHQ�PDGH� H[SOLFLW� LQ� WKH� WDUJHW��7KLV� OHDGV� WR� DQ
DGGLWLRQ� RI� RQH� FRQVWLWXHQW� LQ� WKH� WUDQVODWLRQ�� EXW� EHFDXVH� WKLV� FKDQJH� FDQ� EH
VHHQ�DV�D�QHFHVVDU\�LPSOLFDWLRQ�RI�WKH�PRRG�VKLIW��WKLV�SDUWLFXODU�W\SH�RI�DGGLWLRQ
LV�QRW�UHFRUGHG�VHSDUDWHO\�

(DFK�VHQWHQFH�LQ�WKH�VDPSOH�KDV�EHHQ�JLYHQ�DQ�DQDO\VLV�LQ�WUDQVODWLRQ�VHJPHQWV��$
WUDQVODWLRQ� VHJPHQW� LV� GHILQHG� DV� D� QXFOHXV��ZKLFK� LV� FRQVWLWXWHG� E\� D� FRQWHQW
ZRUG�� RU� D� PXOWL�FRQVWLWXHQW� WHUP�� DQG� LWV� DFFRPSDQ\LQJ� IXQFWLRQDO� ZRUGV�
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)XUWKHUPRUH��PDLQ� DQG� VXERUGLQDWH� FODXVHV� DV�ZHOO� DV� D� YDULHW\� RI� SKUDVHV� DUH
DOVR� LGHQWLILHG��3KUDVHV�DUH�FDWHJRULVHG�EDVHG�RQ� WKHLU� V\QWDFWLF� IXQFWLRQ� LQ� WKH
FODXVH��)RU�HDFK�VHQWHQFH�SDLU�WKH�QXPEHU�RI�WUDQVODWLRQ�VHJPHQWV�DQG�GLIIHUHQW
NLQGV�RI�FKDQJHV�DUH�UHFRUGHG��7KH�H[DPSOH�DERYH�

,I�\RX�DUH� LQVWDOOLQJ�PXOWLPHGLD�VXSSRUW� IURP�D�QHWZRUN��DFFHVV� WKH�QHWZRUN�ZKHUH� WKH
PXOWLPHGLD�SURJUDPV�UHVLGH�

2P�GX� LQVWDOOHUDU� IUnQ�/$1�PnVWH� GX� ORJJD� LQ� Sn� GHW�/$1�GlU� SURJUDPYDUDQ� I|U
PXOWLPHGLD�ILQQV�

LV�JLYHQ�D�VWUXFWXUDO�GHVFULSWLRQ�ZKLFK�DPRQJ�RWKHU�GDWD�FRQWDLQV�WKH�IROORZLQJ
LQIRUPDWLRQ�

7DEOH������6WUXFWXUDO�GHVFULSWLRQ�LQFOXGLQJ�QXPEHU�RI�WUDQVODWLRQ�VHJPHQWV�DQG�FKDQJHV�IURP
VRXUFH�WR�WDUJHW

7UDQVODWLRQ�VHJPHQWV��VRXUFH� ��
7UDQVODWLRQ�VHJPHQWV��WDUJHW� ��
0RRG�VKLIW��,PSHUDWLYH�!�'HFODUDWLYH�� �
$GGLWLRQ��9HUE�� �
'HOHWLRQ��'LU2EMHFW�� �

������� 0HDVXUHV
$W� WKLV� SRLQW� WKH� ILUVW� PHDVXUH� IRU� FRUUHVSRQGHQFH� FDQ� EH� JLYHQ�� $� VLPSOH
PHDVXUH�WKDW�LQGLFDWHV�WKH�SURSRUWLRQ�RI�LVRPRUSKLF�WUDQVODWLRQV�LV�GHILQHG�DV�

,VRPRUSKLF�LQGH[� ��,�[������1

ZKHUH� ,� LV� WKH� QXPEHU� RI� LVRPRUSKLF� VHQWHQFH� SDLUV� DQG�1� LV� WKH� QXPEHU� RI
VHQWHQFH� SDLUV� LQ� WKH� VDPSOH�� $� VOLJKWO\� PRUH� ILQH�JUDLQHG� PHDVXUH� FDQ� EH
DUULYHG� DW� WKH� LI� WKH� SDLUV� WKDW� DUH� QRW� LVRPRUSKLF� DUH� GLYLGHG� LQWR� GLIIHUHQW
FDWHJRULHV��$�WUDQVODWLRQ�FDQ�EH�FDOOHG�VHPL�LVRPRUSKLF�LI�LW�HLWKHU��L��FRQWDLQV�RQH
VLPSOH� FKDQJH� DW� WKH�PRVW�� RU� �LL�� FRQWDLQV� DW� OHDVW� VHYHQ� WUDQVODWLRQ� VHJPHQWV
DQG�LQYROYHV�WZR�VLPSOH�FKDQJHV�DW�WKH�PRVW�

$� WUDQVODWLRQ� LV� FRQVLGHUHG� WR� EH� KHWHURPRUSKLF� LI� LW� FRQWDLQV� HLWKHU� �L�� RQH
SDUDSKUDVH�� RU� �LL�� DW� OHDVW� WKUHH� VLPSOH� FKDQJHV�� RU� �LLL�� H[DFWO\� WZR� VLPSOH
FKDQJHV�DQG�OHVV�WKDQ�HLJKW�WUDQVODWLRQ�VHJPHQWV�LQ�WKH�VRXUFH�VHQWHQFH�V��

7KH� ERUGHUOLQH� EHWZHHQ� VHPL�LVRPRUSKLF� DQG� KHWHURPRUSKLF� WUDQVODWLRQV� LV
FKRVHQ�DUELWUDULO\��EXW�LW�VWLOO�VHUYHV�WKH�SXUSRVH�RI�JLYLQJ�D�URXJK�HVWLPDWLRQ�RI
KRZ�´IUHHµ�RU�´SDUDSKUDVWLFµ��,QJR�������D�WUDQVODWLRQ�LV�

,W�VKRXOG�EH�QRWHG�WKDW�QRW�HYHU\�SRVVLEOH�VWUXFWXUDO�DVSHFW�RI�WKH�WUDQVODWLRQV�LV
FRQVLGHUHG� LQ� WKH� DQDO\VLV�� &KDQJHV� FRQFHUQLQJ� IXQFWLRQ� ZRUGV� VXFK� DV
FRQMXQFWLRQV��SUHSRVLWLRQV�DQG�DUWLFOHV��RU�WKH�QXPEHU�DQG�GHILQLWHQHVV�RI�QRXQV�
KDYH� EHHQ� LJQRUHG� LQ� DOO� FDVHV� H[FHSW� ZKHQ� WKH\� LQIOXHQFH� WKH� FODVVLILFDWLRQ
FODXVH�IXQFWLRQ�RU�W\SH�RI�SKUDVH�
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$� PRUH� ZHLJKWHG� PHDVXUH� RI� VWUXFWXUDO� FRUUHVSRQGHQFH�� D� VR�FDOOHG� FORVHQHVV
PHDVXUH��LQ�D�VDPSOH�FDQ�EH�DUULYHG�DW�ZLWK�WKH�IROORZLQJ�IRUPXOD�

&ORVHQHVV�PHDVXUH� ��,�6,�����,�6,�+�

ZKHUH� ,�� DV� DERYH�� LV� WKH� QXPEHU� RI� LVRPRUSKLF� SDLUV��6,� WKH� QXPEHU� RI� VHPL�
LVRPRUSKLF�SDLUV�DQG�+� LV�WKH�QXPEHU�RI�KHWHUR�PRUSKLF�SDLUV��7KH�PHDVXUH� LV
GHVLJQHG�VR�WKDW�LW�UHWXUQV�WKH�YDOXH���LI�DOO�VHQWHQFH�SDLUV�DUH�LVRPRUSKLF������LI
DOO�SDLUV�DUH�VHPL�LVRPRUSKLF�DQG���LI�DOO�SDLUV�DUH�KHWHUR�PRUSKLF�

7KH� FODVVLILFDWLRQ� RI� WKH� VHPDQWLF� FRUUHVSRQGHQFH� EHWZHHQ� VRXUFH� DQG� WDUJHW
VHQWHQFHV�LV�PDGH�LQ�D�VLPLODU� IDVKLRQ��3DLUV�RI�VRXUFH�DQG�WDUJHW�VHQWHQFHV�DUH
FODVVLILHG� DV� EHORQJLQJ� WR� GLIIHUHQW� FDWHJRULHV� GHSHQGLQJ� RQ� FRUUHVSRQGHQFHV
EHWZHHQ�WKHLU�SULPDU\�VHJPHQWV��,Q�WKLV�FODVVLILFDWLRQ�IRXU�PDMRU�FDWHJRULHV�DUH
XVHG�

(4��6RXUFH�DQG�WDUJHW�VHQWHQFHV�DUH�UHJDUGHG�DV�KDYLQJ�WKH�VDPH�PHDQLQJ�

/63��7KH�WDUJHW�VHQWHQFH�SURYLGHV�OHVV�LQIRUPDWLRQ��LV�OHVV�VSHFLILF��WKDQ�WKH
VRXUFH�

063��7KH�WDUJHW�VHQWHQFH�SURYLGHV�PRUH�LQIRUPDWLRQ��LV�PRUH�VSHFLILF��WKDQ
WKH�VRXUFH�

27+��6RXUFH�DQG�WDUJHW�VHQWHQFHV�KDYH�VRPH�RWKHU�UHODWLRQ�WR�HDFK�RWKHU
WKDQ�WKH�DERYH�

)RU� WKH� ILUVW� FDWHJRU\�� (4�� D� VLPLODU� UXOH� RI� WKXPE� DV� IRU� WKH� VWUXFWXUDO
FODVVLILFDWLRQ� LV� XVHG�� ,I� D� ZRUG�IRU�ZRUG� 6ZHGLVK� WUDQVODWLRQ� WKDW� JLYHV� D
VWURQJHU�VHPDQWLF�FRUUHVSRQGHQFH� WKDQ� WKH�DFWXDO� WUDQVODWLRQ�FDQQRW�EH� IRXQG�
WKH�WUDQVODWLRQ�SDLU�LV�UHJDUGHG�DV�(4�

,W� VKRXOG� EH� QRWHG� WKDW� WKH� FODVVLILFDWLRQ� RI� VHPDQWLF� FRUUHVSRQGHQFH� FRQFHUQV
WKH�OLQJXLVWLFDOO\�H[SUHVVHG�PHDQLQJ�DQG�QRW�WKH�LQWHUSUHWDWLRQ�RI�WKH�FRQWHQW�LQ
FRQWH[W�

7KH� VWUXFWXUDO� DQDO\VLV� RI� HDFK� WUDQVODWLRQ� SDLU� LV� FRPSOHPHQWHG� ZLWK� D
FRPSDULVRQ�RI�WKH�FRUUHVSRQGLQJ�WUDQVODWLRQ�VHJPHQWV·�PHDQLQJV��&DVHV�RI�QRQ�
V\QRQ\P\�IDOO�LQWR�WKUHH�FDWHJRULHV�

�L��0RUH�VSHFLILF�QXFOHXV�

�LL��/HVV�VSHFLILF�QXFOHXV�

�LLL��1XFOHXV�ZLWK�GLIIHUHQW�PHDQLQJ�

7KLV� FODVVLILFDWLRQ� LV� WR� D� ODUJH� SDUW� PDGH� RQ� VXEMHFWLYH� JURXQGV� E\� WKH� WZR
HYDOXDWRUV�� ,I� WKHUH� ZDV� GLVDJUHHPHQW� DPRQJ� WKH� HYDOXDWRUV�� D� ELOLQJXDO
GLFWLRQDU\�ZDV�FRQVXOWHG��1RUVWHGWV�6WRUD�(QJHOVN�6YHQVND�RUGERN��3HWWL�HW�DO�
�������� 7ZR� ZRUGV� ZHUH� FODVVLILHG� DV� HTXLYDOHQW� LI� WKH\� ZHUH� UHJDUGHG� DV
HTXLYDOHQWV�LQ�WKH�GLFWLRQDU\�



����7UDQVODWLRQ�FRUUHVSRQGHQFH�²�D�PRGHO

���

$�WUDQVODWLRQ�SDLU� LV�SODFHG�XQGHU�WKH�063�FDWHJRU\�LI�WKH�RQO\�FKDQJHV� LQ�WKH
WUDQVODWLRQ� DUH� DGGLWLRQV� RU� WKH� RFFXUUHQFH� RI� PRUH� VSHFLILF� OH[LFDO� LWHPV�
&RQVHTXHQWO\��D�SDLU� LV�FDWHJRULVHG�DV�/63�LI� WKH�RQO\�FKDQJHV�DUH�GHOHWLRQV�RU
WKH�RFFXUUHQFH�RI� OHVV�VSHFLILF� OH[LFDO� LWHPV� LQ� WKH� WDUJHW�� ,I� WKHUH� LV�PL[WXUH�RI
VXFK�FKDQJHV��ERWK�063�DQG�/63�FRQWULEXWLQJ�FKDQJHV���RU�LI�VLPSOH�IXQFWLRQDO
FKDQJHV�JLYH�ULVH�WR�VHPDQWLF�HIIHFWV��WKH�WUDQVODWLRQ�SDLU�LV�FDWHJRULVHG�DV�27+�
$�SDUDSKUDVH�LV�RIWHQ�PHDQLQJ�SUHVHUYLQJ��EXW�LQ�H[FHSWLRQDO�FDVHV�LW�FDQ�FDXVH�D
FKDQJH�RI�PHDQLQJ�DQG�OHDG�WR�D�GLIIHUHQW�FDWHJRULVDWLRQ�WKDQ�(4�

7KH� FODVVLILFDWLRQ�RI� WKH� WUDQVODWLRQ�SDLUV� LQ� WKH� IRXU� VHPDQWLF� FDWHJRULHV� IRUP
WKH�EDVLV�IRU�WKH�IROORZLQJ�PHDVXUHV�RI�VHPDQWLF�FRUUHVSRQGHQFH�

6HPDQWLFDOO\�HTXLYDOHQW�WUDQVODWLRQV�
(4��(4�063�/63�27+�

7DUJHW�VSHFLILFDWLRQ�GHJUHH�
�063���/63���(4�063�/63�27+�

6HPDQWLF�GHJUHH�RI�FKDQJH�
�063�/63�27+���(4�063�/63�27+�

����� 6HOHFWLRQ�RI�WH[WV

7KH� VDPSOH� WUDQVODWLRQV� LQFRUSRUDWHG� LQ� WKH� WDJJHG� WUDQVODWLRQ� FRUSXV� FRPH
IURP�WKH�WUDQVODWLRQ�GDWDEDVH�GHVFULEHG�LQ�WKH�HDUOLHU�FKDSWHUV��)URP�HDFK�RI�WKH
HLJKW�WH[WV�����WUDQVODWLRQ�SDLUV�ZHUH�VDPSOHG�UDQGRPO\�

����� 7DJJLQJ�PHWKRG

7KH�WDJJHG�WUDQVODWLRQ�FRUSXV�ZDV�FUHDWHG�LQ�6*0/�E\�GHVLJQLQJ�D�'RFXPHQW
7\SH� 'HILQLWLRQ� �'7'�� ZKLFK� FRQWDLQHG� DOO� WDJV� DQG� DWWULEXWHV� GHVFULEHG
SUHYLRXVO\�� 7KLV� '7'� ZDV� WKHQ� XVHG� LQ� FRQMXQFWLRQ� ZLWK� DQ� 6*0/� WDJJHU
FDOOHG�$XWKRU�(GLWRU�WR�PDUN�XS�WKH�FRUSXV��$OO� WDJV�DQG�DWWULEXWHV�KDYH�EHHQ
LQVHUWHG�PDQXDOO\�

7KH�WDJJLQJ�SURFHVV�FRQVLVWHG�RI�VHYHUDO�VWHSV�

���0DUNLQJ�XS�IXQFWLRQDO�VHJPHQWV�LQ�WKH�VRXUFH�ODQJXDJH�DQG�WDUJHW�ODQJXDJH
UHVSHFWLYHO\�

���0DUNLQJ� XS� WKH� FRQWUDVWLYH� LQIRUPDWLRQ� LQ� HDFK� WUDQVODWLRQ� SDLU�� +HUH� WKH
IRFXV�ZDV�WR�UHFRUG�WKH�VLJQLILFDQW�FKDQJHV�IURP�VRXUFH�WR�WUDQVODWLRQ�

���9HULI\LQJ�WKH�WDJV�DQG�DWWULEXWHV�
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7R�JLYH� WKH� UHDGHU�RI� DQ� LQGLFDWLRQ�RI�ZKDW� WKH�PDUN�XS� ORRNV� OLNH��KHUH� LV� DQ
H[DPSOH�IURP�RQH�RI�WKH�VRIWZDUH�PDQXDOV�

7KLV�WUDQVODWLRQ�SDLU�LV�DQDO\VHG�DV�EHLQJ�LVRPRUSKLF��6�&255 ���DQG�DV�EHLQJ
VHPDQWLFDOO\�HTXLYDOHQW��(4���7KH�ZRUG�RUGHU�VKLIW��WKHQ²VHGDQ��SUHVHQW�LQ�WKH
WUDQVODWLRQ� LV� UHJDUGHG� DV� D� QHFHVVDU\� JUDPPDWLFDO� VKLIW� DQG� LV� WKHUHIRUH� QRW
UHFRUGHG�LQ�WKH�3$,5�HOHPHQW��%RWK�WKH�VRXUFH�DQG�WDUJHW�KDYH�WKH�VDPH�PRRG
�LPSHUDWLYH��DQG�KDYH�WKH�VDPH�QXPEHU�RI�SULPDU\�DQG�WUDQVODWLRQ�VHJPHQWV��WKH
GHILQLWLRQ� DQG� GLVWLQFWLRQV� EHWZHHQ� WKHVH� WZR� ZLOO� EH� H[SODLQHG� LQ� GHWDLO� LQ
VHFWLRQ������

,Q�WKH�QH[W�VHFWLRQV�,�ZLOO�SUHVHQW�WKH�WDJV�DQG�DWWULEXWHV�XVHG�LQ�WKH�PDUNHG�XS
FRUSXV�

����� 7UDQVODWLRQ�SDLUV�±�WRS�OHYHO�HOHPHQWV�DQG�DWWULEXWHV

7KH� WUDQVODWLRQ� SDLUV� KDYH� D� WRS� HOHPHQW���3$,5!��ZKLFK� LV� GLYLGHG� LQWR� WZR
VXEHOHPHQWV���VRXUFH!�DQG��WDUJHW!�

�3$,5!���VRXUFH!���WDUJHW!

7KH�IHDWXUHV�RI�WKH�ZKROH�WUDQVODWLRQ�SDLU�DUH�UHFRUGHG�LQ�WKH�3$,5�HOHPHQW�DV
6*0/�DWWULEXWHV��$OO�WUDQVODWLRQ�SDLUV�KDYH�DWWULEXWHV�IRU�WKH�PDSSLQJ�UHODWLRQ
�IRU� H[DPSOH� ������ VHPDQWLF� FRUUHVSRQGHQFH� �(4�� 063�� /63� RU� 27+(5��
VWUXFWXUDO�FRUUHVSRQGHQFH��WKH�DWWULEXWH�LV�FDOOHG�6�&255�DQG�WDNHV�HLWKHU�����
RU���DV�YDOXHV�FRUUHVSRQGLQJ�WR�LVRPRUSKLF��VHPL�LVRPRUSKLF�DQG�KHWHUR�PRUSKLF
UHVSHFWLYHO\�DV�RXWOLQHG�HDUOLHU���$OVR�WKHUH�LV�D�OLVW�RI�DOO�WKH�UHFRUGHG�WUDQVODWLRQ
VKLIWV� WKDW� KDYH� EHHQ� LGHQWLILHG� LQ� WKH� WUDQVODWLRQ� SDLU�� H�J��� PRRG� VKLIWV�� OHYHO
VKLIWV��WUDQVSRVLWLRQV��HWF�

7KH�VWUXFWXUH�RI�WKH�VRXUFH�DQG�WDUJHW�HOHPHQWV�LV�DQDORJRXV��7KH\�FDQ�FRQWDLQ
PDLQ�FODXVHV�DQG�SRVVLEO\�DOVR�FR�RUGLQDWHG�PDLQ�FODXVHV�

�3$,5�0$3 ´���µ�&217(17 ´(4µ�6�&255 ´�µ!
�6285&(!�0$,1�7(16( ´35(6(17µ�022' ´,03µ�35,06(* ´�µ
75$16(* ´�µ!�7$!7KHQ��7$!��)3!IROORZ��)3!�'2!�WKH�LQVWUXFWLRQV
�302'!LQ�WKH�3LYRW7DEOH�:L]DUG��302'!��'2!���0$,1!��6285&(!

�7$5*(7!�0$,1�7(16( ´35(6(17µ�022' ´,03µ�35,06(* ´�µ
75$16(* ´�µ!�)3!)|OM��)3!��7$!VHGDQ��7$!��'2!LQVWUXNWLRQHUQD��302'!L
3LYRWWDEHOOJXLGHQ��302'!��'2!����0$,1!��7$5*(7!��3$,5!

)LJXUH����([DPSOH�RI�6*0/�PDUN�XS�RI�D�WUDQVODWLRQ�SDLU
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7DEOH�����6*0/�HOHPHQWV�DQG�DWWULEXWHV�XVHG�LQ�WKH�PDUN�XS�RI�VWUXFWXUDO�DQG�FODXVDO�VHJPHQWV

&ODXVH�VWUXFWXUDO�VHJPHQWV
7DJ 'HVFULSWLRQ $WWULEXWHV

�3$,5! $�SDLU�RI�VRXUFH�DQG�WDUJHW
VHQWHQFHV

PDS��FRQWHQW��V�FRUU�DQG
WUDQVODWLRQ�RSHUDWLRQV

�6285&(! 6RXUFH�ODQJXDJH�VHQWHQFH�V� ODQJ��SULP�VHJ��WUDQ�VHJ
�7$5*(7! 7DUJHW�ODQJXDJH�VHQWHQFH�V� ODQJ��SULP�VHJ��WUDQ�VHJ
�0$,1! 0DLQ�FODXVH YRLFH��WHQVH��PRRG
�68%! 6XERUGLQDWH�FODXVH
�,368%! 6XERUGLQDWH�FODXVH�ZLWK

LQILQLWLYDO�FRQVWUXFWLRQ

7KH� SRVVLEOH� DWWULEXWHV� LQ� �VRXUFH!� DQG� �WDUJHW!� DUH� WKH� VDPH�� ODQJXDJH�
QXPEHU� RI� SULPDU\� DQG� WUDQVODWLRQ� VHJPHQWV�� )RU� HDFK�PDLQ� FODXVH� WKHUH� DUH
DWWULEXWHV� WR�GHVFULEH�ZKHWKHU�D�VHQWHQFH� LV�DFWLYH�RU�SDVVLYH�DQG� LWV� WHQVH�DQG
PRRG��XVLQJ�WKH�DWWULEXWH�YRLFH��WHQVH�DQG�PRRG��

7KH�68%�DQG�,368%�WDJV�DUH�QRW�LQFOXGHG�GLUHFWO\�XQGHU�0$,1��,QVWHDG�WKH\
RFFXU� DV� D� V\QWDFWLF� GHVFULSWRU� WR� GLVWLQJXLVK� FODXVHV� IURP� QRQ�FODXVHV�� 7KH
LQIRUPDWLRQ� SURYLGHG� RQ� WKH� WRS� OHYHO� �IURP� 3$,5� GRZQ� WR� 0$,1�� FDQ� EH
GHVFULEHG�LQ�WKH�IROORZLQJ�GLDJUDP�

)LJXUH����7KH�WRS�OHYHO�VWUXFWXUH�RI�WKH�WUDQVODWLRQ�SDLUV

7KLV�PHDQV� WKDW�DOO� VHQWHQFHV�GHVFULEHG� LQ� WKH� WDJJHG�FRUSRUD�DUH� UHJDUGHG�DV
IXOO�WH[W�VHQWHQFHV�WKDW�ZLOO�KDYH�DW�OHDVW�RQH�PDLQ�FODXVH�LQFOXGHG�LQ�WKH�VRXUFH
DQG�WDUJHW�HOHPHQWV�

����� 6WUXFWXUDO�DQG�IXQFWLRQDO�HOHPHQWV

,Q� PDLQ� FODXVHV� WKHUH� DUH� WZR� GLIIHUHQW� NLQGV� RI� XQLWV�� SULPDU\� VHJPHQWV� DQG
WUDQVODWLRQ�VHJPHQWV��7KH�SULPDU\�VHJPHQWV�DUH�GHILQHG�DV�WKH�PDLQ�FRQVWLWXHQWV
LQ�D�PDLQ�FODXVH�WKDW�FDUU\�D�VHQWHQWLDO�IXQFWLRQ��VXFK�DV�VXEMHFW��SUHGLFDWH�YHUE�

3$,5
�PDS��FRQWHQW��V�FRUU��WUDQVODWLRQ�RSHUDWLRQV�

������������6285&( 7$5*(7
�ODQJXDJH��SULP�VHJ��WUDQV�VHJ�� �ODQJXDJH��SULP�VHJ��WUDQV�VHJ�

0$,1���� �0$,1�&� 0$,1 ��0$,1�&�
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REMHFW�DQG�DGYHUELDO��7UDQVODWLRQ�VHJPHQWV�DUH�GHILQHG�DV�WKH�PRVW�VSHFLILF�XQLWV
WKDW�FDUU\�FRQWHQW�DQG�DUH� FHQWUHG� URXQG�D� FRQWHQW�ZRUG� �QXFOHXV���$�SULPDU\
VHJPHQW�FDQ�FRQVLVW�RI�D�VLQJOH�WUDQVODWLRQ�VHJPHQW�LI�WKHUH�LV�RQO\�RQH�QXFOHXV
LQFOXGHG� LQ� LW�� EXW� LW� FDQ� DOVR� FRQWDLQ� D� QXPEHU� RI� WUDQVODWLRQ� VHJPHQWV�� IRU
H[DPSOH��LQ�WKH�VRXUFH�VHQWHQFH�LQ�)LJXUH����WKHUH�DUH�WKUHH�SULPDU\�VHJPHQWV�
´WKHQµ��7$���´IROORZµ��)3��DQG�´WKH�LQVWUXFWLRQV�LQ�WKH�3LYRW7DEOH�:L]DUGµ��'2��
7KH�ILUVW�WZR�SULPDU\�VHJPHQWV�DUH�DOVR�UHJDUGHG�DV�WUDQVODWLRQ�VHJPHQWV��EXW
WKH� ODVW�SULPDU\�VHJPHQW�FRQWDLQV�WZR�WUDQVODWLRQ�VHJPHQWV�� ´WKH� LQVWUXFWLRQVµ
DQG� ´LQ� WKH� 3LYRW7DEOH�:L]DUGµ�� )XQFWLRQ� ZRUGV� �FRQMXQFWLRQV�� VXEMXQFWLRQV�
SUHSRVLWLRQV�� SDUWLFOHV�� GHWHUPLQHUV� DQG� SRVVHVVLYH� SURQRXQV�� DUH� LQFOXGHG� LQ
WKHLU�UHVSHFWLYH�VHJPHQWV�DQG�DUH�QRW�PDUNHG�XS�LQGLYLGXDOO\��7KH\�DUH�XVHG�WR
GHWHUPLQH�WKH�IXQFWLRQ�RI�D�SDUWLFXODU�VHJPHQW�LQ�WKH�FODXVH�

7KH� WDJV� XVHG� WR� GHVFULEH� WKH� SULPDU\� VHJPHQWV� DUH� OLVWHG� LQ� WKH� WDEOH� EHORZ�
1RWH� WKDW�DOO� WKHVH�HOHPHQWV�FDQ�DOVR� VHUYH�DV� WUDQVODWLRQ� VHJPHQWV� LI� WKH\�DUH
LQFOXGHG�LQ�DQRWKHU�SULPDU\�VHJPHQW��VXFK�DV�D�VXEMHFW�LQ�D�WHPSRUDO�DGYHUELDO
VXERUGLQDWH�FODXVH�

7DEOH����7DJV�XVHG�WR�GHVFULEH�SULPDU\�VHJPHQWV

3ULPDU\�VHJPHQWV
�6%! 6XEMHFW��LQ�PDLQ�RU�VXERUGLQDWH

FODXVH�
�)3! )LQLWH�SUHGLFDWH�YHUE�
�,3! ,QILQLWH�SUHGLFDWH�YHUE�
�'2! 'LUHFW�RU�LQGLUHFW�REMHFW�
�35('! 3UHGLFDWLYH�FRPSOHPHQW
�;2! &ODXVH�FRPSOHPHQW�
�32! 3UHSRVLWLRQDO�REMHFW
�$33! $SSRVLWLRQ
�7$! 7HPSRUDO�DGYHUELDO
�0$! 0DQQHU�DGYHUELDO
�3$! 3UHGLFDWLYH�DGYHUELDO
�/$! /RFDWLRQDO�DGYHUELDO
�$$! 2WKHU�DGYHUELDO��VXFK�DV�FRQGLWLRQDO�

FDXVDWLYH��ILQDO�RU�SXUSRVLYH�
�6$! 6HQWHQWLDO�DGYHUELDO�

6RPH� VHJPHQWV� FDQ� KRZHYHU� RQO\� RFFXU� DV� WUDQVODWLRQ� VHJPHQWV� DQG� QRW� DV
SULPDU\�RQHV��7KH�IROORZLQJ�WDEOH�OLVWV�WKHVH�WUDQVODWLRQ�VHJPHQWV�

7DEOH����7DJV�XVHG�WR�GHVFULEH�WUDQVODWLRQ�VHJPHQWV

7UDQVODWLRQ�VHJPHQWV�LQFOXGHG�LQ�SULPDU\�VHJPHQWV
�102'! 1RPLQDO�PRGLILHU
�302'! 3UHSRVLWLRQDO�PRGLILHU
�*02'! *HQLWLYH�PRGLILHU
�;02'! 3RVWSRVLWLRQDO�FODXVDO�PRGLILHU
�$02'! $GMHFWLYDO�PRGLILHU
�180! 1XPHUDO�PRGLILHU
�*$! *UDGH�DGYHUELDO
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:H� DUH� QRZ� UHDG\� WR� ORRN� DW� D� PRUH� FRPSOH[� H[DPSOH� RI� D� WUDQVODWLRQ� SDLU�
&RQVLGHU�WKH�IROORZLQJ�H[DPSOH�

�3$,5�0$3 ´���µ�&217(17 ´(4µ�6�&255 ´�µ�,03'(&/ ´�µ�9(5%,16 ´�µ
5(''(/ ´�µ!
�6285&(!�0$,1�92,&( ´$&7,9(µ�7(16( ´35(6(17µ�022' ´,03µ
35,06(* ´�µ�75$16(* ´��µ!
�$$!�68%!,I��6%!\RX��6%!��)3!XVH��)3!��'2!D��102'!YLUXV
SURWHFWLRQ��102'!�SURJUDP��'2!��/$!RQ�\RXU�FRPSXWHU�
��/$!��68%!��$$!�)3!RYHUULGH��)3!��'2!LW��'2!�)3�&!�RU�WXUQ
�'2!LW��'2!�RII��)3�&!�7$!�68%!�EHIRUH��6%!\RX��6%!��)3!UXQ��)3!
�'2!WKH��102'!0LFURVRIW�([FHO��102'!�6HWXS
SURJUDP���'2!��68%!��7$!��0$,1!��6285&(!
�7$5*(7!�0$,1�92,&( ´$&7,9(µ�7(16( ´35(6(17µ�022' ´'(&/µ
35,06(* ´�µ�75$16(* ´��µ!�$$!�68%!2P��6%!GX��6%!
�)3!DQYlQGHU��)3!�'2!�HWW�SURJUDP��302'!I|U
YLUXVVN\GG��302'!��'2!�/$!�Sn�GDWRUQ��/$!��68%!��$$!�)3!�E|U��)3!
�6%!GX��6%!��;2!�,368%!�,3!NRSSOD�ERUW��,3!��,3�&!HOOHU�VWlQJD�DY��,3�&!
�'2!GHW��'2!�7$!�68%!�LQQDQ��6%!GX��6%!��)3!N|U��)3!�'2!
LQVWDOODWLRQVSURJUDPPHW��302'!I|U�0LFURVRIW
([FHO���302'!��'2!��68%!��7$!��,368%!��;2!
��0$,1!��7$5*(7!

)LJXUH����([DPSOH���RI�6*0/�PDUN�XS�RI�D�WUDQVODWLRQ�SDLU

7KH�VRXUFH�VHQWHQFH�FRQVLVWV�RI�VL[�SULPDU\�VHJPHQWV��$$��)3�'2��)3�&��'2
DQG�7$��ZLWK� D� WRWDO� RI� WKLUWHHQ� WUDQVODWLRQ� VHJPHQWV� �\RX�� XVH�� YLUXV� SURWHFWLRQ�
SURJUDP��RQ�\RXU�FRPSXWHU��RYHUULGH��LW��RU�WXUQ�RII��LW��\RX��UXQ��0LFURVRIW�([FHO��6HWXS
SURJUDP���7KH�WDUJHW�VHQWHQFH�FRQWDLQV�IRXU�SULPDU\�VHJPHQWV��$$��)3��6%��;2�
DQG� IRXUWHHQ� WUDQVODWLRQ� VHJPHQWV� �GX�� DQYlQGHU�� HWW� SURJUDP�� I|U� YLUXVVN\GG�� Sn
GDWRUQ�� E|U�� GX�� NRSSOD� ERUW�� HOOHU� VWlQJD�DY�� GHW�� GX�� N|U�� LQVWDOODWLRQVSURJUDPPHW�� I|U
0LFURVRIW� ([FHO��� 7KH� WUDQVODWLRQ� RSHUDWLRQV� UHJLVWHUHG� KHUH� DUH� WKDW� WKH
LPSHUDWLYH� VRXUFH� VHQWHQFH� KDV� WXUQHG� LQWR� D� GHFODUDWLYH� WDUJHW� VHQWHQFH
�,03'(&/���D�PRGDO�YHUE�KDV�EHHQ� LQVHUWHG� �E|U�� DQG�D� UHSHDWHG�GLUHFW�REMHFW
�LW�� KDV� EHHQ� GHOHWHG� LQ� WKH� WDUJHW�� 7KH� SDLU� KDV� EHHQ� FODVVLILHG� DV� EHLQJ
VHPDQWLFDOO\� HTXLYDOHQW� �&217(17 (4�� DQG� KHWHURPRUSKLF� �6�&255 ´�µ�
IRU�UHDVRQV�JLYHQ�LQ�VHFWLRQV��������DQG��������

����� 7DJV�DQG�DWWULEXWHV�IRU�WUDQVODWLRQ�VKLIWV

������� $WWULEXWHV�IRU�UHFRUGLQJ�FKDQJHV�EHWZHHQ�VRXUFH�DQG�WDUJHW
VHQWHQFHV

7KH� IROORZLQJ� LV� D� OLVW� RI� WKH� DWWULEXWHV� DQG� YDOXHV� XVHG� LQ� WKH� WDJJLQJ� RI
FRUUHVSRQGHQFHV�� 7KH� DWWULEXWHV� DUH� GLYLGHG� LQWR� FRPSOH[� RSHUDWLRQV� ZKLFK
LQYROYH�PXOWLSOH�VHJPHQWV��FDWHJRU\�VKLIWV��WUDQVSRVLWLRQV��OH[LFDO�VKLIWV�DQG�QRQ�
����RSHUDWLRQV��GHOHWLRQ��DGGLWLRQ��FRQYHUJHQFH�DQG�GLYHUJHQFH��



8QGHUVWDQGLQJ�DQG�HQKDQFLQJ�WUDQVODWLRQV�E\�SDUDOOHO�WH[W�SURFHVVLQJ

���

��������� &RPSOH[�RSHUDWLRQV��LQYROYLQJ�PXOWLSOH�VHJPHQWV�

92,&(�6+,)7

D� $FWLYH��!3DVVLYH

7KLV�RSHUDWLRQ� LQYROYHV� FKDQJLQJ� WKH�YRLFH�RI� WKH� WDUJHW� VHQWHQFH� LQWR�SDVVLYH
�FRPSDUHG� WR� DFWLYH� YRLFH� LQ� WKH� VRXUFH��� ,W� DOVR� HQWDLOV� WKH� FDWHJRU\� VKLIWV
QHFHVVDU\�IRU�WKH�SDVVLYH�RSHUDWLRQ��QDPHO\�WR�FKDQJH�WKH�VXEMHFW�RI�WKH�VRXUFH�WR
D�SUHSRVLWLRQDO�REMHFW��DJHQWLYH�RU�LQVWUXPHQWDO��LQ�WKH�WDUJHW�DV�ZHOO�DV�WXUQLQJ
WKH�REMHFW�RI�WKH�VRXUFH�LQWR�WKH�VXEMHFW�RI�WKH�WDUJHW�

$WWULEXWH��$FW3DVV
9DOXH���QXP!
(QWDLOV��6%��!32��'2�32��!6%
([DPSOH�
3DUDGR[�VWRUHV�LPSRUWDQW�LQIRUPDWLRQ�DERXW�D�WDEOH·V�SULPDU\�NH\�LQ�DQ�LQGH[
��3;��ILOH�

,�3DUDGR[�VSDUDV�YLNWLJ�LQIRUPDWLRQ�RP�WDEHOOHQV�SULPlUQ\FNHO�L�HQ�LQGH[ILO
��3;��

E� 3DVVLYH��!$FWLYH

7KLV� LV� WKH� LQYHUVH� RSHUDWLRQ� RI� D�� GHVFULEHG� DERYH�� ZKHUH� D� SDVVLYH� VRXUFH
VHQWHQFH�LV�FKDQJHG�LQWR�DQ�DFWLYH�WDUJHW�VHQWHQFH�

$WWULEXWH��3DVV$FW
9DOXH���QXP!
(QWDLOV��32��!6%��6%��!'2�32
([DPSOH�
7KH\� ZHUH� JUDEEHG� E\� $UDE� ZRUNPHQ�� SLFNHG� XS� E\� WKH� IOHHFH�� DQG� WKURZQ
ZULWKLQJ�LQWR�WKH�WUXFN�ZKLOH�HYHU\RQH�VKRXWHG�FXUVHV�

$UDELVND�DUEHWDUH�K|JJ�WDJ�L�GHP��GH�O\IWHV�XSS�L�XOOHQ�RFK�NDVWDGHV�YUHQVNDQGH�LQ
L�WUXFNHQ�PHGDQ�DOOD�URSDGH�I|UEDQQHOVHU�

022'�6+,)7

7KH�VKLIWV�RI�VHQWHQFH�PRRGV�SUHVHQW�LQ�WKH�FRUSXV�LQYROYH�FKDQJLQJ�GHFODUDWLYHV
WR�LPSHUDWLYHV�RU�YLFH�YHUVD��DV�ZHOO�DV�FKDQJLQJ�TXHVWLRQV�LQWR�GHFODUDWLYHV�DQG
YLFH�YHUVD��7KH�ILUVW�WZR�DUH�E\�IDU�WKH�PRVW� IUHTXHQW�RQHV�DQG�WKHUHIRUH�WKHVH
DUH�JLYHQ�VHSDUDWH�GHVFULSWLRQV�

D� ,PS��!'HFO

7KH� LPSHUDWLYH� WR�GHFODUDWLYH�PRRG� VKLIW� HQWDLOV� WKDW� D� VXEMHFW� LV� DGGHG� LQ� WKH
6ZHGLVK�WDUJHW
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$WWULEXWH��,PS'HFO
9DOXH���QXP!
(QWDLOV��([S$GG��6%
([DPSOH�
,I�\RX�ZDQW�WR�FKHFN�WKH�TXHU\��FKRRVH�'DWDVKHHW�IURP�WKH�9LHZ�PHQX�

2P�GX�YLOO�NRQWUROOHUD�IUnJDQ��YlOMHU�GX�'DWDEODG�IUnQ�9LVD�PHQ\Q�

E� 'HFO��!,PS

7KH� GHFODUDWLYH� WR� LPSHUDWLYH� PRRG� VKLIW� HQWDLOV� WKH� LQYHUVH� IURP� D�� DERYH�
QDPHO\�WKDW�D�WDUJHW�VXEMHFW�LV�GHOHWHG�

$WWULEXWH��'HFO,PS
9DOXH���QXP!
(QWDLOV��5HG'HO�6%
([DPSOH�
<RX�FDQ�EDFN�XS�DOO�SURJUDPV�DQG�GDWD�WKDW�\RX�ZDQW�WR�VDYH�DQG�WKHQ�IRUPDW
WKH�KDUG�GLVN�SDUWLWLRQ�ZKHQ�\RX�LQVWDOO�26�������

7D� EDFNXS� Sn� DOOW� GX� YLOO� EHKnOOD�� RFK� IRUPDWHUD� GlUHIWHU� KnUGGLVNHQ� YLG
LQVWDOODWLRQHQ�DY�26�������

F� 2WKHU�PRRG�VKLIW

7KLV�FDWHJRU\�LQYROYHV�DOO�RWKHU�PRRG�VKLIWV�WKDQ�WKH�RQHV�PHQWLRQHG�LQ�D��DQG
E���IRU�H[DPSOH�ZKHQ�TXHVWLRQV�DUH�FKDQJHG�LQWR�GHFODUDWLYHV�RU�LPSHUDWLYHV�

$WWULEXWH��;0RRG
9DOXH���QXP!

/(9(/�6+,)7��ORZHULQJ�RU�UDLVLQJ�

,Q� WKLV� FDWHJRU\� WKH� KLHUDUFKLFDO� VWUXFWXUH� RI� D� VHQWHQFH� KDV� FKDQJHG�� E\� IRU
H[DPSOH�GHOHWLQJ�RU�LQVHUWLQJ�PRGDO�YHUEV��RU�QRPLQDOL]DWLRQV�RI�YHUE�SKUDVHV�

D� 9HUE�GHOHWLRQ��

$�PRGDO�YHUE�LQ�WKH�VRXUFH�LV�GHOHWHG�LQ�WKH�WDUJHW��7KLV�ZLOO�RIWHQ�LQFUHDVH�WKH
QXPEHU�RI�SULPDU\�VHJPHQWV�LQ�WKH�WDUJHW��EHFDXVH�D�FRPSOH[�YHUE�SKUDVH�ZLOO�EH
VSOLW�XS�LQWR�D�IODWWHU�VWUXFWXUH��DQG�REMHFWV�DQG�DGMXQFWV�ZLOO�EH�UDLVHG�RQH�OHYHO
LQ�WKH�VHQWHQWLDO�VWUXFWXUH�

$WWULEXWH��9HUE'HO
9DOXH���QXP!
(QWDLOV��5HG'HO��)3�,3��([S'LY��;2��!)3��'2�32�DGYHUELDOV�35('����

����������������������������������������������������������
���&RXOG�EH�HLWKHU�ILQLWLYDO�RU�LQILQLWLYDO�YHUEV��H�J��´7R�EH�DEOH�WR�GR�WKDW���µ���´)|U�DWW�J|UD�GHWWD���µ�RU�´<RX�FDQ
ZULWH�WKLV���µ���´'X�VNULYHU�GHWWD���µ
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([DPSOH�
3ODQ� WR� EDVH� WKH� PDLQ� IRUP� RQ� WKH� &XVWRPHUV� WDEOH� DQG� WKH� VXEIRUP� RQ� WKH
4XDUWHUO\�2UGHUV�E\�3URGXFW�TXHU\�

%DVHUD�KXYXGIRUPXOlUHW�Sn�WDEHOOHQ�.XQGHU�RFK�XQGHUIRUPXOlUHW�Sn�IUnJDQ�2UGHU
SHU�NYDUWDO�RFK�SURGXNW�

E� 9HUE�LQVHUWLRQ

7KH�LQYHUVH�RI�D��DERYH��7KLV�ZLOO�RIWHQ�UHGXFH�WKH�QXPEHU�RI�SULPDU\�VHJPHQWV
LQ�WKH�WDUJHW�DV�WKH�PDLQ�YHUE�SKUDVH�JHWV�PRUH�FRPSOH[�

$WWULEXWH��9HUE,QV
9DOXH���QXP!
(QWDLOV��([S$GG��)3�,3��5HG&RQ���,3��'2�32�DGYHUELDOV�35('������!;2
([DPSOH�
$OO� 0$3,� XVHUV� KDYH� ZULWH� DFFHVV� WR� WKHLU� 2IILFH� 9LVLRQ����� IROGHUV� RQ� WKH
$6�����

$OOD�0$3,�DQYlQGDUH� VND� KD� VNULYEHK|ULJKHW� WLOO� VLQD� 2IILFH� 9LVLRQ�PDSSDU� L
$6�����

F� 1RQ�FODXVH�WR�FODXVH

,Q� WKLV� OHYHO� VKLIW� D� QRQ�FODXVH� HOHPHQW� �VXFK� DV� D� SUHSRVLWLRQDO�� DGYHUELDO� RU
QRPLQDO�PRGLILHU��LV�WUDQVODWHG�E\�D�VXERUGLQDWH�FODXVH�

$WWULEXWH��1&&
9DOXH���QXP!
(QWDLOV��([S'LY��QRQ�FODXVDO�VHJPHQW��!68%�,368%�
([DPSOH�
%UD\� DQG�9LYLHQ� VSHFXODWHG� DERXW� WKH� FHOHEUDWLRQV� LQ� WKH�$IULFDQ� YLOODJHV
DQG�WRZQVKLSV�

%UD\� RFK�9LYLHQ� VSHNXOHUDGH�RP�KXU�PDQ� ILUDGH�GHQ� VWRUD�KlQGHOVHQ� L� GH
DIULNDQVND�VWlGHUQD�RFK�E\DUQD�

G� &ODXVH�WR�QRQ�FODXVH

+HUH�D�FODXVH�HOHPHQW��VXERUGLQDWH�RU�PDLQ�FODXVH��LV�WUDQVODWHG�E\�D�QRQ�FODXVH
HOHPHQW� �IRU� H[DPSOH�� ZLWK� D� QRXQ� SKUDVH� RU� D� SUHSRVLWLRQDO� SKUDVH��� ZKLFK
HQWDLOV�D�FRQYHUJHQFH�RSHUDWLRQ�

$WWULEXWH��&1&
9DOXH���QXP!
(QWDLOV��5HG&RQ��,368%�68%��!QRQ�FODXVDO�VHJPHQW
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([DPSOH�
%XW�VXGGHQO\�WKH�PXVLF�VWRSV�DQG�D�WHUURULVW�ERPE�LV�UHSRUWHG�

0HQ�SO|WVOLJW�W\VWQDU�PXVLNHQ�I|U�HQ�UDSSRUW�RP�HQ�WHUURUERPE�

H� ,QILQLWLYDO�WR�ILQLWLYDO�YHUE�FODXVH

$�FRPPRQ�RSHUDWLRQ�LQ�WKH�WUDQVODWLRQ�IURP�(QJOLVK�LQWR�6ZHGLVK�LV�WR�FKDQJH�D
YHUE�FODXVH�ZLWK�DQ�LQILQLWLYDO�YHUE�LQWR�D�IXOO�VXERUGLQDWH�FODXVH��7KLV�ZLOO�HQWDLO
WKDW�WKH�VXEMHFW�LV�PDGH�H[SOLFLW�DQG�WKDW�WKH�YHUE�FKDQJHV�WR�D�ILQLWLYDO�YHUE�LQ
WKH�WDUJHW�

$WWULEXWH��)LQ&O
9DOXH���QXP!
(QWDLOV��([S$GG��6%��&DW6KLIW��,3�)3
([DPSOH�
8VH�WKH�IROORZLQJ�SURFHGXUH�WR�HGLW�HLWKHU�DQ�HPEHGGHG�RU�D�OLQNHG�REMHFW�LQ�D
ERXQG�REMHFW�IUDPH�

$QYlQG�I|OMDQGH�SURFHGXU�RP�GX�YLOO�UHGLJHUD�HWW�LQElGGDW�HOOHU�OlQNDW�REMHNW
L�HWW�EXQGHW�REMHNWIlOW�

I� )LQLWH�WR�LQILQLWH�YHUE�FODXVH

7KLV� VKLIW� LV� WKH� LQYHUVH� RSHUDWLRQ� RI� H�� DERYH� DQG� FRQVHTXHQWO\� GHPDQGV� D
VXSSUHVVLRQ�RI�WKH�VXEMHFW�LQ�WKH�WDUJHW�DV�ZHOO�DV�D�FKDQJH�RI�WKH�ILQLWHQHVV�RI�WKH
YHUE�

$WWULEXWH��,QI&O
9DOXH���QXP!
(QWDLOV��5HG'HO��6%��&6KLIW��)3�,3
([DPSOH�
+H�RUGHUHG�WKH�EHHU�WKDW�WKH�RWKHU�VDLG�KH�ZRXOG�KDYH�

+DQ�EHVWlOOGH�HQ�|O��VRP�PDQQHQ�VDGH�VLJ�I|UHGUD�

J� 0DLQ�WR�VXE�FODXVH��FR�RUGLQDWHG�PDLQ�FODXVH�RU�YHUE�SKUDVH�WR�VXE�
FODXVH�

$�FR�RUGLQDWHG�PDLQ�FODXVH�RU�YHUE�SKUDVH�FDQ�DOVR�EH�ORZHUHG�LQ�WKH�WDUJHW��WKDW
LV��WUDQVODWHG�E\�D�VXERUGLQDWH�FODXVH�LQ�WKH�WDUJHW�

$WWULEXWH��6XE&O
9DOXH���QXP!
([DPSOH�
6KH�ZDV�OHYHO�ZLWK�%UD\�DQG�KH�KDOI�URVH�SROLWHO\�

-XVW�Gn�YDU�KRQ�XQJHIlU�L�K|MG�PHG�%UD\�VRP�DUWLJW�UHVWH�VLJ�WLOO�KlOIWHQ�
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K� 6XE�WR�PDLQ�FODXVH��VXE�FODXVH�WR�FR�RUGLQDWHG�PDLQ�RU�YHUE�FODXVH�

7KLV�LV�WKH�LQYHUVH�RSHUDWLRQ�RI�J��DERYH�

$WWULEXWH��0DLQ&O
9DOXH���QXP!
([DPSOH�
6WHSKHQ� :HQW]� VPLOHG� DQG� VKRZHG� RII� D� OLWWOH� DV� KH� SXW� GRZQ� D� ERWWOH� RI
EUDQG\�DQG�WZR�IDQF\�JREOHWV�

6WHSKHQ�:HQW]�ORJ�RFK�VDWWH�HQ�NRQMDNVIODVND�RFK�WYn�DURPJODV�Sn�ERUGHW
PHG�HQ�OLWH�H[WUD�\YLJ�JHVW�

��������� 3DUDSKUDVHV
3DUDSKUDVHV� FRPH� LQ� WZR�NLQGV�� FRPSOH[� DQG�SDUWLDO� SDUDSKUDVHV��%RWK� W\SHV� RI
SDUDSKUDVHV�RFFXU�ZKHQ�D�VHW�RI�WUDQVODWLRQ�VHJPHQWV�LQ�WKH�WDUJHW�LV�PDSSHG�WR
D�VWUXFWXUDOO\�GLIIHUHQW�VHW�RI� WUDQVODWLRQ�VHJPHQWV� LQ� WKH� WDUJHW��7KH�UHVXOWLQJ
WUDQVODWLRQ�LV�WRR�FRPSOH[�WR�GLYLGH�LQWR�GLIIHUHQW�VXERSHUDWLRQV��7KH�GLIIHUHQFH
EHWZHHQ�D�FRPSOH[�DQG�D�SDUWLDO�SDUDSKUDVH�LV�WKDW�WKH�IRUPHU�KDV�VFRSH�RYHU�WKH
ZKROH�VHQWHQFH��ZKHUHDV�WKH�ODWWHU�RSHUDWHV�RQ�D�SDUW�RI�WKH�VHQWHQFH��1RWH�WKDW
WKH� SDUDSKUDVH� RSHUDWLRQ� GRHV� QRW� HQWDLO� WKDW� FRQWHQW� LV� SUHVHUYHG�� L�H��� D
WUDQVODWLRQ�FDQ�WKHUHIRUH�EH�FRQVLGHUHG�WR�KDYH�DQ\�RI�WKH�SRVVLEOH�DWWULEXWHV�IRU
&217(17��7KLV�PHDQV�WKDW�D�SDUDSKUDVH�FDQ�UHVXOW�LQ�D�WDUJHW�WUDQVODWLRQ�WKDW
LV�HTXDO��PRUH�VSHFLILF��OHVV�VSHFLILF�RU�GLIIHUHQW�FRQFHUQLQJ�&217(17�

$WWULEXWH��&RPSO3DU
9DOXH���QXP!
([DPSOH�
3UHVVLQJ�WKH�&XUVRU�%OLQN��&U%QN��NH\�ZKLOH�SUHVVLQJ�DQG�KROGLQJ�WKH�$OW�NH\�WXUQV
RQ�DQG�RII�WKH�EOLQNLQJ�RI�WKH�FXUVRU�

2P�GX�KnOOHU�QHG�$OW�WDQJHQWHQ�RFK�WU\FNHU�Sn�GHQ�KlU�WDQJHQWHQ�E|UMDU�HOOHU�VOXWDU
PDUN|UHQ�EOLQND�

$WWULEXWH��3DUW3DU
9DOXH���QXP!
([DPSOH�
,I�\RX�DUH�LQVWDOOLQJ�RQ�D�FRPSXWHU�WKDW�GRHV�QRW�FRQWDLQ�DQ�RSHUDWLQJ�V\VWHP��\RX
ZLOO�SUREDEO\�ZDQW�WR�IROORZ�WKH�EDVLF�LQVWDOODWLRQ�SURFHGXUH�

2P� GX� LQVWDOOHUDU� Sn� HQ� GDWRU� VRP� LQWH� WLGLJDUH� KDU� QnJRW� RSHUDWLYV\VWHP� lU
JUXQGLQVWDOODWLRQHQ�HQNODVW�

��������� &DWHJRU\�VKLIWV
7KUHH�GLIIHUHQW�NLQGV�RI�FDWHJRU\�VKLIWV�DUH�KDQGOHG��VLPSOH�VKLIWV�� VKLIWV�ZKLFK
LQYROYH�WKH�FKDQJH�RI�WKH�FDWHJRULVDWLRQ�RI�D�VXERUGLQDWH�FODXVH��RIWHQ�LQ�WHUPV�RI
VKLIWLQJ�RQH�W\SH�RI�DGYHUELDO�WR�DQRWKHU��DQG�D�WKLUG�W\SH�LQYROYLQJ�QHJDWLRQ�
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&$7(*25<�6+,)76������

D� 6LPSOH�FDWHJRU\�VKLIWV

$WWULEXWH��&6KLIW
9DOXH���QXP!
([DPSOH�
,Q�)RUP�YLHZ��\RX�FDQ�XVXDOO\�VHH�DOO�WKH�ILHOGV�IRU�RQH�UHFRUG�DW�D�WLPH�

,�HWW�IRUPXOlU�NDQ�GX�YDQOLJWYLV�WLWWD�Sn�HQ�SRVWV�DOOD�IlOW�VDPWLGLJW�

7KH�DERYH�LV�DQ�H[DPSOH�RI�ZKHQ�D�SUHSRVLWLRQDO�PRGLILHU�KDV�EHHQ�VKLIWHG�LQWR�D
JHQLWLYDO�PRGLILHU�

E� &ODXVDO�FDWHJRU\�VKLIWV

$WWULEXWH��&O&6KLIW
9DOXH���QXP!
([DPSOH�
2Q�SULQWHG�IRUPV��\RX�XVH�D�SDJH�EUHDN�WR�VWDUW�D�QHZ�SDJH�ZLWKLQ�D�VHFWLRQ�

,�XWVNULYQD�IRUPXOlU�NDQ�GX�DQYlQGD�VLGEU\WQLQJ�QlU�GX�SnE|UMDU�HQ�Q\�VLGD�L
PLWWHQ�DY�HWW�DYVQLWW�

7KLV� H[DPSOH� LOOXVWUDWHV� WKH� WUDQVODWLRQ� RI� D� SXUSRVLYH� DGYHUELDO� LQ� WKH� VRXUFH
LQWR�D�WHPSRUDO�DGYHUELDO�LQ�WKH�WDUJHW�

F� 1HJDWLRQ�VKLIWV

$WWULEXWH��1HJ6KLIW
9DOXH���QXP!
([DPSOH�
«�WKDW�WKHUH�LV�QR�HTXLYDOHQW�PRXVH�IXQFWLRQ�

«�DWW�GHW�LQWH�ILQQV�QnJRQ�PRWVYDUDQGH�PXVIXQNWLRQ���

��������� 7UDQVSRVLWLRQV
7ZR� GLIIHUHQW� NLQGV� RI� WUDQVSRVLWLRQV� DUH� GHVFULEHG� LQ� WKH�PRGHO�� 7KH� ILUVW� LV
FDOOHG�WRSLFDOL]DWLRQ�DQG�LQYROYHV�PRYLQJ�D�SULPDU\�RU�WUDQVODWLRQ�VHJPHQW�LQWR
WKH� LQLWLDO� SRVLWLRQ� LQ� WKH� WDUJHW��7KH� VHFRQG� WUDQVSRVLWLRQ� LV� XVHG� IRU� DOO� QRQ�
IURQWLQJ�WUDQVSRVLWLRQV�

����������������������������������������������������������
���7KLV�WUDQVODWLRQ�LV�UHJDUGHG�DV�KDYLQJ�D�YROXQWDU\�QHJDWLRQ�VKLIW��7KH�VRXUFH�VHQWHQFH�FRXOG�KDYH
EHHQ�WUDQVODWHG�PRUH�GLUHFWO\�E\�´LQJHQ�PRWVYDUDQGH�PXVIXQNWLRQµ��6HH�SDJH�����IRU�DQ�H[DPSOH�RI�D
QHFHVVDU\�QHJDWLRQ�VKLIW�
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D� 7RSLFDOL]DWLRQ

$WWULEXWH��7UDQVS7
9DOXH���QXP!
([DPSOH�
<RX�DOVR�QHHG�XS�WR�DQ�DGGLWLRQDO���0%�RI�KDUG�GLVN�VSDFH�

3n�KnUGGLVNHQ�EHK|YHU�GX���0%�H[WUD�XWU\PPH�

E� 2WKHU�WUDQVSRVLWLRQ

$WWULEXWH��7UDQVS;
9DOXH���QXP!
([DPSOH�
$GMXVW�WKH�ZLGWK�RI�WKH�GDWDVKHHW�FROXPQV��LI�QHFHVVDU\��VR�WKH\�ILW�LQ�WKH�VXEIRUP
FRQWURO�

-XVWHUD� HYHQWXHOOW� EUHGGHQ� DY� GDWDEODGHWV� NROXPQHU� Vn� DWW� GH� SDVVDU� L
XQGHUIRUPXOlUHWV�NRQWUROO�

��������� 1RQ�����RSHUDWLRQV
7KH�QRQ�����RSHUDWLRQV�FRQWDLQ�RSHUDWLRQV�ZKHUH�WKHUH�LV�QR�����FRUUHVSRQGHQFH
EHWZHHQ� WUDQVODWLRQV� VHJPHQWV� LQ� WKH� VRXUFH� DQG� WDUJHW�� 7KHVH� RSHUDWLRQV
LQFOXGH�DGGLWLRQV��GHOHWLRQV��GLYHUJHQFHV�DQG�FRQYHUJHQFHV�

D� $GGLWLRQV

$WWULEXWH��([S$GG
$�WUDQVODWLRQ�VHJPHQW�LV�DGGHG�LQ�WKH�WDUJHW�
9DOXH���QXP!
([DPSOH�
'DWDVKHHWV�DUH�WKH�HDVLHVW�W\SH�RI�VXEIRUPV�WR�FUHDWH�

'DWDEODG�lU�GHQ�VQDEEDVWH�RFK�HQNODVWH�W\SHQ�DY�XQGHUIRUPXOlU�

E� 'LYHUJHQFHV

$� VRXUFH� WUDQVODWLRQ� VHJPHQW� LV� GLVWULEXWHG� RYHU� WZR� WDUJHW� WUDQVODWLRQ
VHJPHQWV�

$WWULEXWH��([S'LY
9DOXH���QXP!
([DPSOH�
&KDQJH�KRZ�GDWD�LV�FDOFXODWHG�

bQGUD�GHW�VlWW�Sn�YLONHW�LQIRUPDWLRQHQ�EHUlNQDV�
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F� 'HOHWLRQV

$�VRXUFH�WUDQVODWLRQ�VHJPHQW�LV�GHOHWHG�LQ�WKH�WDUJHW�

$WWULEXWH��5HG'HO
9DOXH���QXP!
([DPSOH�
'DWDVKHHWV�DUH�WKH�HDVLHVW�W\SH�RI�VXEIRUPV�WR�FUHDWH�

'DWDEODG�lU�GHQ�VQDEEDVWH�RFK�HQNODVWH�W\SHQ�DY�XQGHUIRUPXOlU�

G� &RQYHUJHQFHV

7ZR��RU�PRUH��VRXUFH�WUDQVODWLRQ�VHJPHQWV�FRUUHVSRQG�WR�RQH�WDUJHW�WUDQVODWLRQ
VHJPHQW�

$WWULEXWH��5HG&RQ
9DOXH���QXP!
([DPSOH�
,Q�WKLV�H[HUFLVH��WKH�ORFDWLRQ�RI�WKH�EUDQFK�RIILFH�LV�YDULDEOH�

,�GHQ�KlU�|YQLQJHQ�YDULHUDU�ILOLDONRQWRUHWV�DGUHVV�

��������� /H[LFDO�VKLIWV
/H[LFDO� VKLIWV� LQYROYH� FKDQJLQJ� WKH� PHDQLQJ� RI� WUDQVODWLRQ� VHJPHQW� IURP� WKH
VRXUFH�WR�WKH�WDUJHW��7KHUH�DUH�WKUHH�GLIIHUHQW�NLQGV�RI� OH[LFDO�VKLIWV�� �D��D�VKLIW
ZKHUH� D� VRXUFH� WUDQVODWLRQ� VHJPHQW� LV� WUDQVODWHG� ZLWK� D� PRUH� VSHFLILF� OH[LFDO
LWHP�� �E�� D� VKLIW� ZKHUH� D� VRXUFH� WUDQVODWLRQ� VHJPHQW� LV� WUDQVODWHG� ZLWK� D� OHVV
VSHFLILF� �PRUH� JHQHUDO�� OH[LFDO� LWHP�� DQG� �F�� D� VKLIW� ZKHUH� WKH� WUDQVODWLRQ� LV
QHLWKHU�PRUH�RU�OHVV�VSHFLILF�RU�HTXLYDOHQW�WR�WKH�VRXUFH�OH[LFDO�LWHP��D�GLIIHUHQW
PHDQLQJ��

D� ´0RUH�VSHFLILFµ�VKLIW

$WWULEXWH��/H[0
9DOXH���QXP!
([DPSOH�
5HWXUQLQJ�WR�LW�QH[W�GD\��,�IRXQG�)DXONQHU�JXLOW\�RI�QR�RIIHQVH�

1lU� MDJ� nWHUJLFN� WLOO� WH[WHQ� QlVWD� GDJ� IDQQ� MDJ� )DXONQHU� RVN\OGLJ� WLOO� QnJRW
NODQGHUYlUW�

E� ´/HVV�VSHFLILFµ�VKLIW

$WWULEXWH��/H[/
9DOXH���QXP!
([DPSOH�
)ROORZ�WKH�GLUHFWLRQV�LQ�WKH�)RUP�:L]DUG�GLDORJ�ER[HV�

)|OM�LQVWUXNWLRQHUQD�L�GLDORJUXWRUQD�
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F� 2WKHU�OH[LFDO�VKLIW

$WWULEXWH��/H[8
9DOXH���QXP!
([DPSOH�
7KH�VFDOH�OLQH�GLVDSSHDUV�DQG�WKH�VHWWLQJ�LV�FRPSOHWHG�

6NDODQ�I|UVYLQQHU�RFK�LQVWlOOQLQJDUQD�VSDUDV�

������� 7KH�DWWULEXWH�&217(17�DQG�VRPH�FRQVLGHUDWLRQV
7KH� JHQHUDO� LGHD� LV� WR� UHFRUG� WKH� H[SOLFLW� VHPDQWLF� UHODWLRQVKLS� EHWZHHQ� WKH
VRXUFH�DQG�WKH�WDUJHW��2Q�D�SUDJPDWLF�OHYHO�WKH�VHQWHQFHV�PD\�EH�HTXDO��EXW�WKH
IRFXV�LV�RQ�ZKDW�LV�H[SUHVVHG�H[SOLFLWO\�LQ�WKH�VRXUFH�DQG�WDUJHW�PDQLIHVWDWLRQV�
ZKLFK�PHDQV�WKDW� LW� LV�ZKDW�DQG�KRZ�WUDQVODWLRQ�VHJPHQWV�DUH�PDQLIHVWHG�WKDW
JRYHUQ�WKH�YDOXH�RI�WKH�DWWULEXWH�&217(17��%HORZ�D�OLVW�RI�FULWHULD�IRU�GHFLGLQJ
WKH�YDOXH�RI�&217(17�LV�VKRZQ�

��� $� GHILQLWH� GHVFULSWLRQ� LQ� WKH� WDUJHW� LQVWHDG� RI� SURQRXQ� PDNHV� WKH
WUDQVODWLRQ�063(&�DQG�YLFH�YHUVD�

��� $� GHOHWHG� WUDQVODWLRQ� VHJPHQW� LQ� WKH� WDUJHW� PDNHV� WKH� WUDQVODWLRQ
/63(&�

��� $Q� DGGHG� WUDQVODWLRQ� VHJPHQW� LQ� WKH� VRXUFH� PDNHV� WKH� WUDQVODWLRQ
063(&�

��� $�WUDQVODWLRQ�VHJPHQW�WDJJHG�DV�/(;0�PDNHV�WKH�WUDQVODWLRQ�063(&
�DQG�D�/(;/�WDJ�PDNHV�LW�/63(&��

��� ,I� WKHUH� LV� PRUH� WKDQ� RQH� FKDQJH� ZKLFK� LQIOXHQFHV� WKH� &217(17
DWWULEXWH�� WKH� WUDQVODWLRQ� LV� FRQVLGHUHG�27+(5� LI� WKHVH� FKDQJHV� KDYH
GLIIHUHQW�GLUHFWLRQV��IRU�H[DPSOH��RQH�/(;/�DQG�RQH�/(;0��

��� 7KH� RSHUDWLRQ�),1&/� GRHV� QRW� FDXVH� DQ\� FKDQJH� LQ� WKH�&217(17
YDOXH� �WKDW� LV� D� FKDQJH� IURP� 68%� WR� ,368%� GRHV� QRW� LQIOXHQFH
&217(17�LI�WKH�LPSOLFLW�VXEMHFW�LV�WKH�VDPH�DV�LQ�WKH�PDLQ�FODXVH��

��� 7KH�RSHUDWLRQ�,03'(&/�ZKHQ�WRJHWKHU�ZLWK�9(5%,16��PRGDO��GRHV
QRW�FDXVH�DQ\�FKDQJH�LQ�&217(17���)RU�H[DPSOH�2SHQ�WKH�GRFXPHQW³
'X�E|U�|SSQD�GRNXPHQWHW�

��� 7KH� RSHUDWLRQ� ,03'(&/� ZLWKRXW� 9(5%,16� GRHV� FDXVH� FKDQJH� LQ
&217(17� WRZDUGV�27+�(5��� �)RU� H[DPSOH�2SHQ� WKH� GRFXPHQW³'X
|SSQDU�GRNXPHQWHW�

��� 'LIIHUHQFHV� LQ� FRQMXQFWLRQV� �DQG�� RU�� EXW�� DUH� QRW� UHFRUGHG� DV
&217(17�VKLIWV�DV�WKH\�DUH�QRW�WDJJHG�DV�WUDQVODWLRQ�VHJPHQWV�

���� $�&/&6+,)7�IURP�$$��FRQGLWLRQDO��FDXVDWLYH��SXUSRVLYH�DGYHUELDO��WR
7$��WHPSRUDO�DGYHUELDO��FDXVHV�&217(17�WR�EH�/63(&�
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���� $� ´WR�FODXVHµ� �LQILQLWLYDO� FODXVH� ZLWK� SXUSRVLYH� HIIHFW�� ZKLFK� LV
WUDQVODWHG�DV�D�FRQGLWLRQDO� FODXVH�FDXVHV�&217(17�WR�EH�27+�(5��
7KXV��VXFK�D�VKLIW�LV�FRQVLGHUHG�WR�FKDQJH�WKH�PHDQLQJ�

���� $� &/&6+,)7� IURP� 7$� �WHPSRUDO� DGYHUELDO�� WR� $$� �FRQGLWLRQDO�
FDXVDWLYH��ILQDO�DGYHUELDO��FDXVHV�&217(17�WR�EH�063(&�

���� &6+,)7V� LQ� PRGLILHUV� VXFK� DV� *02'� RU� 102'� WR� 302'� LV� QRW
UHFRUGHG�DV�D�&217(17�VKLIW�

���� &R�RUGLQDWHG� YHUE� SKUDVHV� ZLWK� LGHQWLFDO� REMHFWV� LQ� WKH� VRXUFH� ZKHUH
RQH�RI�WKH�REMHFWV�LV�GHOHWHG�LQ�WKH�WDUJHW�DUH�QRW�UHFRUGHG�DV�FKDQJLQJ
WKH�&217(17��IRU�H[DPSOH��RSHQ�LW�DQG�FORVH�LW�YV��RSHQ�DQG�FORVH�LW���7KH
RSSRVLWH� FKDQJH� LV� KDQGOHG� WKH� VDPH� ZD\�� WKDW� LV�� ZKHQ� DQ� LGHQWLFDO
REMHFW�LQ�D�&RRUGLQDWHG�YHUE�SKUDVH�LV�DGGHG�LQ�WKH�WDUJHW�

���� $� 9(5%,16� RU� 9(5%'(/� RSHUDWLRQ� FDXVHV� &217(17� WR� EH
27+�(5���LI�WKH�LQVHUWHG�RU�GHOHWHG�YHUE�LV�QRW�HOOLSWLFDO��

������� 7KH�DWWULEXWH�6�&255�DQG�VRPH�FRQVLGHUDWLRQV
,Q�VHFWLRQ��������WKH�JHQHUDO�UXOHV�RI�WKXPE�WR�GHWHUPLQH�ZKHWKHU�D�WUDQVODWLRQ
LV� WR� EH� UHJDUGHG� DV� LVRPRUSKLF�� VHPL�LVRPRUSKLF� RU� KHWHURPRUSKLF� ZHUH
GHVFULEHG�� ,Q� WKH� 6*0/�PDUN�XS� WKHVH� FKDUDFWHULVWLFV� DUH� UHFRUGHG� LQ� WKH� 6�
&255�DWWULEXWH�XQGHU�WKH�3$,5�HOHPHQW�ZLWK�QXPHULFDO�YDOXHV�������DQG�����7KH
YDOXH� �� VWDQGV� IRU� DQ� LVRPRUSKLF� UHODWLRQ�� �� IRU� VHPL�LVRPRUSKLF� DQG� �� IRU� D
KHWHURPRUSKLF� UHODWLRQ�� 7KH� OLVW� EHORZ� FRQWDLQV� WKH� PRUH� GHWDLOHG� UXOHV� WKDW
ZHUH�DSSOLHG�ZKHQ�GHFLGLQJ�WR�ZKDW�FDWHJRU\�D�WUDQVODWLRQ�EHORQJHG�

��� ,I�WKHUH� LV�D�FRPSOH[�SDUDSKUDVH�RSHUDWLRQ��&203/3$5���WKH�6�&255
DWWULEXWH�LV�DOZD\V�VHW�WR�KHWHURPRUSKLF�����

��� /H[LFDO�VKLIWV��/(;0��/(;/�DQG�/(;8��GR�QRW�LQIOXHQFH�WKH�YDOXH�RI�6�
&255�

��� ,I� WKHUH�DUH�DQ\� VWUXFWXUDO� FKDQJHV� WKH�6�&255�YDOXH� LV� DOZD\V���RU��
�VHPL�LVRPRUSKLF�RU�KHWHURPRUSKLF��

��� ,I� WKHUH� DUH� OHVV� WKDQ� �� WUDQVODWLRQ� VHJPHQWV� LQ� WKH� VRXUFH�� �� RU�PRUH
GLVWLQFW�VWUXFWXUDO�RSHUDWLRQV�FDXVH�6�&255�WR�EH����KHWHURPRUSKLF��

��� ,I� WKHUH� DUH� DW� OHDVW� �� WUDQVODWLRQ� VHJPHQWV� LQ� WKH� VRXUFH�� �� RU� PRUH
GLVWLQFW�VWUXFWXUDO�RSHUDWLRQV�FDXVH�6�&255�WR�EH����KHWHURPRUSKLF��

����� ([DPSOHV

/HW�XV� LOOXVWUDWH�ZLWK� WZR�H[DPSOHV�ZKHUH� WKH�FRUUHVSRQGHQFH�PRGHO�KDV�EHHQ
DSSOLHG��7KH�SUHYLRXV�H[DPSOH�VKRZQ�LQ�)LJXUH����HDUOLHU�LV�VKRZQ�DJDLQ�EHORZ�
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�3$,5�0$3 ´���µ�&217(17 ´(4µ�6�&255 ´�µ�,03'(&/ ´�µ�9(5%,16 ´�µ
5(''(/ ´�µ!
�6285&(!�0$,1�92,&( ´$&7,9(µ�7(16( ´35(6(17µ�022' ´,03µ
35,06(* ´�µ�75$16(* ´��µ!
�$$!�68%!,I��6%!\RX��6%!��)3!XVH��)3!��'2!D��102'!YLUXV
SURWHFWLRQ��102'!�SURJUDP��'2!��/$!RQ�\RXU�FRPSXWHU�
��/$!��68%!��$$!�)3!RYHUULGH��)3!��'2!LW��'2!�)3�&!�RU�WXUQ
�'2!LW��'2!�RII��)3�&!�7$!�68%!�EHIRUH��6%!\RX��6%!��)3!UXQ��)3!
�'2!WKH��102'!0LFURVRIW�([FHO��102'!�6HWXS
SURJUDP���'2!��68%!��7$!��0$,1!��6285&(!
�7$5*(7!�0$,1�92,&( ´$&7,9(µ�7(16( ´35(6(17µ�022' ´'(&/µ
35,06(* ´�µ�75$16(* ´��µ!�$$!�68%!2P��6%!GX��6%!
�)3!DQYlQGHU��)3!�'2!�HWW�SURJUDP��302'!I|U
YLUXVVN\GG��302'!��'2!�/$!�Sn�GDWRUQ��/$!��68%!��$$!�)3!
E|U��)3!��6%!GX��6%!��;2!�,368%!�,3!NRSSOD�ERUW��,3!��,3�&!HOOHU
VWlQJD�DY��,3�&!��'2!GHW��'2!�7$!�68%!�LQQDQ��6%!GX��6%!
�)3!N|U��)3!�'2!�LQVWDOODWLRQVSURJUDPPHW��302'!I|U�0LFURVRIW
([FHO���302'!��'2!��68%!��7$!��,368%!��;2!
��0$,1!��7$5*(7!

)LJXUH����([DPSOH���RI�6*0/�PDUN�XS�RI�D�WUDQVODWLRQ�SDLU

7KH�&217(17�DWWULEXWH� LV� KHUH� VHW� WR�(4� DQG� WKH� 6�&255�DWWULEXWH� WR� ´�µ
�KHWHURPRUSKLF���$W� D� ILUVW� JODQFH� WKLV�PD\� VHHP� VXUSULVLQJ� DV� WKHUH� DUH� WKUHH
GLVWLQFW�VKLIWV�UHFRUGHG��,03'(&/��9(5%,16�DQG�5(''(/���,Q�WKH�WDUJHW�WKH
PRRG� KDV� FKDQJHG� WR� GHFFDUDWLYH�� EXW� WKLV� LV� DFFRPSDQLHG� E\� D� PRGDO� YHUE
LQVHUWLRQ� ZKLFK� LV� FRQVLGHUHG� WR� EH� VHPDQWLFDOO\� HTXLYDOHQW� WR� WKH� WDUJHW
LPSHUDWLYH�PRRG� �VHH� LWHP��� LQ� VHFWLRQ� ���������7KH� GHOHWHG� VRXUFH� WUDQVODWLRQ
VHJPHQW� LV� WKH� ILUVW�´LWµ� LQ�WKH�FR�RUGLQDWHG�YHUE�SKUDVH� �´RYHUULGH� LW�RU� WXUQ� LW
RIIµ���7KLV�KDV�EHHQ�WUDQVODWHG�E\�´NRSSOD�ERUW�HOOHU�VWlQJD�DY�GHWµ�ZKHUH�WKH�ILUVW
GLUHFW�REMHFW�LV�PLVVLQJ��$V�LWHP����LQ�VHFWLRQ��������VWDWHV��WKLV�LV�D�FDVH�RI�ZKHQ
WKH� &217(17� DWWULEXWH� VKRXOG� QRW� EH� FKDQJHG�� DV� LW� GRHV� QRW� DIIHFW� WKH
PHDQLQJ�RI�WKH�FR�RUGLQDWHG�SKUDVH�

$QRWKHU�H[DPSOH�LV�VKRZQ�EHORZ�

)LJXUH����([DPSOH��

�3$,5�0$3 ´���µ�&217(17 ´063(&µ�6�&255 ´�µ�3$66$&7 ´�µ
(;3$'' ´�µ!
�6285&(!�0$,1�7(16( ´35(6(17µ�022' ´,03µ�35,06(* ´�µ
75$16(* ´�µ!
�)3!5HOHDVH��)3!�'2!WKH�PRXVH�EXWWRQ��'2!�7$!�68%!�ZKHQ�6%!
WKH��$02'!GHVLUHG��$02'!�OHYHO��6%!�)3!�LV
UHDFKHG��)3!��68%!��7$!���0$,1!��6285&(!
�7$5*(7!�0$,1�7(16( ´35(6(17µ�022' ´,03µ
35,06(* ´�µ�75$16(* ´�µ!�)3!6OlSS��)3!
�'2!PXVNQDSSHQ��'2!�7$!�68%!�QlU��6%!GX��6%!
�,3!QnWW��,3!��'2!�$02'!|QVNDG��$02'!
QLYn��'2!��68%!��7$!����0$,1!��7$5*(7!
��3$,5!
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7KH� WUDQVODWLRQ� SDLU� LV� FRQVLGHUHG� WR� EH� KHWHURPRUSKLF� EHFDXVH� WKHUH� DUH� WZR
VWUXFWXUDO�VKLIWV��3$66$&7�DQG�(;3$''��DQG�RQO\�ILYH�WUDQVODWLRQ�VHJPHQWV
LQ� WKH� VRXUFH�� 7KH� SDVVLYH�WR�DFWLYH� VKLIW� LV� SUHVHQW� LQ� WKH� WHPSRUDO� DGYHUELDO
VXERUGLQDWH�FODXVH�DQG�LW�LV�LQ�WKDW�FODXVH�WKDW�WKH�DGGLWLRQ�DOVR�KDV�WDNHQ�SODFH�
QDPHO\�WKH�DGGLWLRQ�RI�DQ�H[SOLFLW�DJHQW��GX���7KH�DGGLWLRQ�RI�WKH�H[SOLFLW�DJHQW
FDXVHV� WKH� WDUJHW� WR� EH�PRUH� H[SOLFLW� WKDQ� WKH� VRXUFH�� ZKLFK� DFFRXQWV� IRU� WKH
063(&�YDOXH�RI�WKH�&217(17�DWWULEXWH�

����� 6XPPDU\

,Q�WKLV�FKDSWHU�D�PRGHO�IRU�GHVFULELQJ�VWUXFWXUDO�DQG�VHPDQWLF�FKDQJHV�EHWZHHQ�D
VRXUFH� WH[W� DQG� WDUJHW� WH[W� KDV� EHHQ� SUHVHQWHG�� %\� IRFXVLQJ� RQ� WKH� YROXQWDU\
VWUXFWXUDO� DQG� VHPDQWLF� VKLIWV�� LW� LV� SRVVLEOH� WR� GHVFULEH� WKH� GHJUHH� RI� FKDQJH
EHWZHHQ�D�VRXUFH�DQG�WDUJHW�VHQWHQFH��7KXV��LW�DOVR�EHFRPHV�SRVVLEOH�WR�SURYLGH
GHWDLOHG�GHVFULSWLRQV�DQG�PHDVXUHV�RI�KRZ�´IUHHµ�RU�´FORVHµ�D�JLYHQ�WUDQVODWLRQ�LV
LQ�UHODWLRQ�WR�LWV�VRXUFH�

7KH� FRUUHVSRQGHQFH� PRGHO� KDV� EHHQ� DSSOLHG� WR� D� VDPSOH� RI� WKH� /LQN|SLQJ
7UDQVODWLRQ�&RUSXV��7KH� UHVXOWV� RI� WKH� FRUUHVSRQGHQFH� DQDO\VLV� LV� UHSRUWHG� LQ
WKH�QH[W�FKDSWHU�
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���7UDQVODWLRQ�FRUUHVSRQGHQFH�±
DQ�DQDO\VLV

,Q� WKLV� FKDSWHU� WKH� FRUUHVSRQGHQFH� PRGHO� RXWOLQHG� LQ� WKH� SUHYLRXV� FKDSWHU� LV
DSSOLHG� WR� WKH� WDJJHG� WUDQVODWLRQ� FRUSXV�� 7KH� DQDO\VLV� KDV� EHHQ�PDGH� RQ� ���
UDQGRPO\� VDPSOHG� VHQWHQFH� WUDQVODWLRQV� IURP� HDFK� RI� WKH� HLJKW� WH[WV� LQ� WKH
/LQN|SLQJ� 7UDQVODWLRQ� &RUSXV�� 7KH� HLJKW� WH[WV� FDQ� DOVR� EH� GLYLGHG� LQWR� IRXU
GLIIHUHQW� JURXSV� GHSHQGLQJ� RQ� WH[W� W\SH� DQG�ZKDW� NLQG� RI� WUDQVODWLRQ�PHWKRG
WKDW�ZDV�XVHG�GXULQJ�WKH�WUDQVODWLRQ�

$� &RPSXWHU�PDQXDOV�WUDQVODWHG�PDQXDOO\��ZLWKRXW�DQ\�VRIWZDUH�WRROV�

���0LFURVRIW�$FFHVV�8VHU·V�*XLGH�YHUVLRQ����

���0LFURVRIW�([FHO�8VHU·V�*XLGH�YHUVLRQ����

%� &RPSXWHU�PDQXDOV�WUDQVODWHG�ZLWK�WUDQVODWLRQ�PHPRULHV

���,%0�26��,QVWDOODWLRQ�*XLGH�DQG�8VHU·V�+DQGERRN��YHUVLRQ�����

���,%0�,QIR:LQGRZV�8VHU·V�+DQGERRN

���,%0�&OLHQW�$FFHVV�IRU�:LQGRZV�8VHU·V�*XLGH

&� )LFWLRQ

���1DGLQH�*RUGLPHU·V�´*XHVW�RI�+RQRXUµ

���6DXO�%HOORZ·V�´7R�-HUXVDOHP�DQG�%DFNµ

'� $XWRPDWLF�WUDQVODWLRQ

���7KH�$7,6�GLDORJXHV

7KH� WH[WV� KDYH� EHHQ� WDJJHG� DFFRUGLQJ� WR� WKH� FRUUHVSRQGHQFH� PRGHO�� LQ� WKH
6*0/� IRUPDW�GHVFULEHG� LQ� FKDSWHU����7KH� WDJJLQJ�ZDV� ILUVW�SHUIRUPHG�E\� WKH
DXWKRU� DQG� WKHQ� YHULILHG� E\� /DUV� $KUHQEHUJ�� ,W�PXVW� EH� SRLQWHG� RXW� WKDW� WKH
FRUUHVSRQGHQFH� PRGHO� ZDV� H[WHQGHG� DQG� UHYLVHG� VHYHUDO� WLPHV� GXH� WR
H[SHULHQFHV�IURP�WKH�DFWXDO�WDJJLQJ��7KHUHIRUH��WKH�WDJ�VHW�FKDQJHG�GXULQJ�WKH
FRXUVH�RI�WKH�SURMHFW�XQWLO�LW�WRRN�WKH�ILQDO�IRUP�WKDW�LV�GHVFULEHG�LQ�FKDSWHU����
$IWHU� WKH� WDJ� VHW� ZDV� VWDEOH�� WKH� WH[WV� ZHUH� FKHFNHG� LQ� D� ILQDO� URXQG� RI
YHULILFDWLRQV�E\�ERWK�/DUV�$KUHQEHUJ�DQG�PH�

����� +\SRWKHVHV

%HIRUH� WKH� DQDO\VLV� RI� WKH� WUDQVODWLRQV� EHJDQ�� WKHUH� ZHUH� D� QXPEHU� RI
H[SHFWDWLRQV�WKDW�,�ZDQWHG�WR�KDYH�YHULILHG�RU�FRQWUDGLFWHG�E\�WKH�GDWD�
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���7UDQVODWLRQ� PHPRULHV� VKRXOG� PDNH� WUDQVODWLRQV� VWUXFWXUDOO\� PRUH� HTXLYDOHQW
FRPSDUHG�WR�SXUH�KXPDQ�WUDQVODWLRQV�

7KLV� K\SRWKHVLV� VWHPV� IURP� WKH� IDFW� WKDW� WKH� WDUJHW� WH[W� FDQ� EH� UHXVHG� LQ
GLIIHUHQW� FRQWH[WV� DQG� WKDW� WRR� GUDVWLF� VWUXFWXUDO� FKDQJHV� ZRXOG� PDNH� WKH
UHXVH�RI�WUDQVODWLRQV�PRUH�GLIILFXOW�

���$FFRUGLQJ�WR�%DNHU��������������WKHUH�VKRXOG�EH�D�KLJKHU�GHJUHH�RI�VSHFLILFDWLRQ�LQ
WKH�WUDQVODWLRQV�WKDQ�LQ�WKH�VRXUFH�WH[WV�

7KLV�ZRXOG�PHDQ�WKDW�WKHUH�VKRXOG�EH�D�KLJKHU�QXPEHU�RI�063(&�YDOXHV�IRU
WKH�&217(17�DWWULEXWH�WKDQ�WKH�RWKHU�YDOXHV��(4��27+(5�DQG�/63(&��

���$XWRPDWLF� WUDQVODWLRQV� VKRXOG� KDYH� D� YHU\� KLJK� GHJUHH� RI� VWUXFWXUDO� DQG� VHPDQWLF
FRUUHVSRQGHQFH�

7KLV�PHDQV�WKDW�VWUXFWXUDO�FKDQJHV�VKRXOG�EH�UDUH�IRU�WKLV�NLQG�RI�WUDQVODWLRQV
DQG�WKDW�PHDQLQJ�LV�SUHVHUYHG�IURP�VRXUFH�WR�WDUJHW�ZLWK�VPDOO�PRGLILFDWLRQV�

��� ,W�VKRXOG�EH�SRVVLEOH�WR�FRXSOH�FHUWDLQ�WUDQVODWLRQ�RSHUDWLRQV�WR�FHUWDLQ�WH[W�W\SHV�

,Q� RWKHU� ZRUGV�� VRPH� RI� WKH� WUDQVODWLRQ� RSHUDWLRQV� ZRXOG� EH� PXFK� PRUH
FRPPRQ�LQ�FRPSXWHU�PDQXDO�WUDQVODWLRQV�WKDQ�LQ�WUDQVODWLRQV�RI�ILFWLRQ�

���7KH� GLVFRYHU\� RI� WKH� DSSDUHQWO\� LQHIIHFLHQW� XVH� RI� WUDQVODWLRQ� PHPRU\�EDVHG
WUDQVODWLRQ�WRROV��XQFRYHUHG�E\�WKH�DQDO\VLV�WRROV�LQ�FKDSWHU����VKRXOG�DOVR�EH�YLVLEOH�LQ
D�FORVHU�VWUXFWXUDO�DQG�VHPDQWLF�FRUUHVSRQGHQFH�

,Q�WKH�UHFXUUHQFH�DQG�GLVFUHSDQF\�DQDO\VHV�RI�WKH�WH[WV�PDGH�HDUOLHU�WKDW�ZHUH
SXUHO\� VWULQJ�EDVHG� �ZLWK�QR� OLQJXLVWLF� LQIRUPDWLRQ� DW� DOO��� VRPH�XQH[SHFWHG
UHVXOWV� ZHUH� REVHUYHG� UHJDUGLQJ� WUDQVODWLRQV� RI� PDQXDOV� ZLWK� DQG� ZLWKRXW
WUDQVODWLRQ�PHPRULHV�� ,Q� WZR� RI� WKH�70�WUDQVODWHG� ,%0�PDQXDOV�� WKH� GDWD
UHYHDOHG�DQ�DSSDUHQWO\� LQHIILFLHQW�XVH�RI� WKH�WUDQVODWLRQ�VXSSRUW�WRROV��ZKLFK
VHHPHG� WR� UHVXOW� LQ�PRUH� FRPPXQLFDWLYH� DQG� IUHH� WUDQVODWLRQV�� ,Q� WKH�PRUH
GHWDLOHG�DQDO\VLV�RI�WKH�WDJJHG�WUDQVODWLRQ�GDWDEDVH��LW�LV�SRVVLEOH�WR�H[DPLQH�LI
WKLV� FRPPXQLFDWLYH� WUDQVODWLRQ� VWUDWHJ\� DOVR� LV� PDQLIHVWHG� LQ� WHUPV� RI
VWUXFWXUDO�DQG�VHPDQWLF�FKDQJH��$OVR�� LI� WKH� WKLUG�70�WUDQVODWLRQ� �&OLHQW�� LV
´PRUH�HIILFLHQWµ�� LQ�ZKDW�ZD\�� LI� DW�DOO�� FDQ� WKLV�EH�VHHQ� LQ� WKH�PRUH�GHWDLOHG
DQDO\VLV�ZKLFK�LV�WKH�IRFXV�RI�WKLV�FKDSWHU"

����� 6WUXFWXUDO�FRUUHVSRQGHQFHV

7KH�VWUXFWXUDO�FKDQJHV�WKDW�KDYH�WDNHQ�SODFH�LQ�WKH�WUDQVODWLRQV�DUH�UHFRUGHG�DV
YDOXHV� RI� WKH� 6�&255� DWWULEXWH�� 7UDQVODWLRQV� FDQ� EH� HLWKHU� LVRPRUSKLF� �QR
FKDQJHV��� VHPL�LVRPRUSKLF� �PLQRU� FKDQJHV�� RU� KHWHURPRUSKLF� �PDMRU� FKDQJHV�
IURP�D�VWUXFWXUDO�SRLQW�RI�YLHZ�

7KH�WDEOH�EHORZ�VXPPDULVHV�WKH�VWUXFWXUDO�UHODWLRQVKLSV�EHWZHHQ�WKH�VRXUFH�DQG
WDUJHW�WH[WV�LQ�WKH�HLJKW�VDPSOHV��1RWH�WKDW�WKH�ILJXUHV�LQ�WKH�WDEOH�FDQ�DOVR�EH
WDNHQ�DV�URXJK�SHUFHQWDJHV�DV�WKHUH�DUH�����VDPSOHV�LQ�HDFK�WH[W�
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7DEOH�����6WUXFWXUDO�FRUUHVSRQGHQFH�LQ�WKH�WUDQVODWLRQV

0DQXDOV���+XPDQ
WUDQVODWLRQ

0DQXDOV���70�WUDQVODWLRQ )LFWLRQ $XWRPDWLF
WUDQVODWLRQ
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,VRPRUSKLF �� �� �� �� �� �� �� ��
6HPL�
LVRPRUSKLF

�� �� �� �� �� �� �� �

+HWHUR�
PRUSKLF

�� �� �� �� �� �� �� �

+HUH�WKH�DXWRPDWLF�FKDUDFWHULVWLFV�RI�PDFKLQH� WUDQVODWLRQ� �$7,6��DUH�DSSDUHQW�
1LQHW\�VHYHQ�RXW�RI�����VDPSOHG�VHQWHQFHV�KDYH�EHHQ�WUDQVODWHG�LQ�VXFK�D�ZD\
WKDW�WKH�VWUXFWXUH�RI�WKH�VRXUFH�LV�GLUHFWO\�WUDQVIHUUHG�WR�WKH�WUDQVODWLRQ��)RU�WKH
RWKHU�WH[WV��LW� LV�PRUH�GLIILFXOW�WR�GLVWLQJXLVK�DQ\�REYLRXV�WUHQGV��$OWKRXJK�WKH
$FFHVV� DQG� ([FHO� WUDQVODWLRQV� KDYH� VLPLODU� YDOXHV�� WKH\� DUH� PRUH� LVRPRUSKLF
WKDQ�WKH�70�WUDQVODWHG�,%0�WH[WV��H[FHSW�IRU�WKH�&OLHQW�WUDQVODWLRQ��/HW�XV�WDNH
D�FORVHU�ORRN�DW�WKH�WUDQVODWLRQV�E\�DSSO\LQJ�WKH�FORVHQHVV�PHDVXUH�GHVFULEHG�LQ�WKH
SUHYLRXV�FKDSWHU�

&ORVHQHVV�PHDVXUH� ��,�6,�����,�6,�+�

ZKHUH� ,� LV� WKH� QXPEHU� RI� LVRPRUSKLF� SDLUV��6,� WKH� QXPEHU� RI� VHPL�LVRPRUSKLF
SDLUV�DQG�+� LV�WKH�QXPEHU�RI�KHWHURPRUSKLF�SDLUV��7KH�FRQWLQXXP�IURP���WR��
LQGLFDWHV� WKH� H[WHQVLYHQHVV� RI� WKH� VWUXFWXUDO� FKDQJHV�� UDQJLQJ� IURP� FRPSOHWH
SDUDSKUDVLQJ�LQ�WKH�ZKROH�VDPSOH�����WR�QR�VWUXFWXUDO�FKDQJHV�����

7DEOH����6WUXFWXUDO�FRUUHVSRQGHQFH�PHDVXUHG�DV�VWUXFWXUDO�FORVHQHVV

0DQXDOV��
+XPDQ

WUDQVODWLRQ

0DQXDOV���70�WUDQVODWLRQ )LFWLRQ $XWRPDWLF
WUDQVODWLRQ

$&&(66 (;&(/ 26� ,1)2:,1 &/,(17 *25',�
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&ORVHQHVV
PHDVXUH�
PHQW

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

7KH� WH[W� WKDW� H[KLELWV� WKH� KLJKHVW� FORVHQHVV� PHDVXUH� LV� $7,6�� ZKLFK� FDQ� EH
UHJDUGHG� DV� FRPSOHWHO\� LVRPRUSKLF� ��������� 7KH� 0LFURVRIW� WUDQVODWLRQV� VKRZ
VLPLODU�YDOXHV� IRU�VWUXFWXUDO�FRUUHVSRQGHQFH�ZKHQ�FRPSDUHG�WR�HDFK�RWKHU��EXW
KLJKHU� YDOXHV� WKDQ� WKH� ILUVW� WZR� 70�WUDQVODWHG� PDQXDOV� IURP� ,%0�� $V� ZDV
VKRZQ� HDUOLHU�� WKLV� LV� FRQVLVWHQW� ZLWK� WKH� GDWD� IURP� WKH� GLVFUHSDQF\� DQDO\VLV
PDGH� HDUOLHU��7KH� ,%0� WUDQVODWLRQV�� HVSHFLDOO\�26�� DQG� ,1)2:,1�� DUH�PRUH
FRPPXQLFDWLYH�WKDQ�DQ\�RQH�RI�WKH�RWKHU�WUDQVODWLRQV��:LWKRXW�WKH�GLVFUHSDQF\
GDWD� DQG� LQIRUPDWLRQ� IURP� WKH� WUDQVODWRUV�� WKHVH� ILJXUHV� ZRXOG� VHHP� WR� EH� DV
VXUSULVLQJ� DV� WKH� GLVFUHSDQF\� GDWD� ZHUH� ZKHQ� WKH\� ZHUH� ILUVW� XQFRYHUHG�
WUDQVODWLRQ�PHPRU\�WUDQVODWLRQV�VKRXOG��LQ�WKHRU\��VWHHU�WKH�WUDQVODWLRQ�WRZDUGV
KLJKHU� VWUXFWXUDO� FRUUHVSRQGHQFHV�� EXW� WKH� LPSRUWDQFH� RI� WKH� ,%0� WUDQVODWLRQ
FXOWXUH�LV�FOHDUO\�YLVLEOH�LQ�WKLV�W\SH�RI�DQDO\VLV�WRR��:KHQ�WKH�,%0�WUDQVODWRUV
FKDQJHG�WKHLU�WUDQVODWLRQ�VWUDWHJ\��DV�LQ�WKH�H[DPSOH�RI�&/,(17��WKH�FORVHQHVV



8QGHUVWDQGLQJ�DQG�HQKDQFLQJ�WUDQVODWLRQV�E\�SDUDOOHO�WH[W�SURFHVVLQJ

���

PHDVXUH�EHFRPHV�WZLFH�DV�KLJK�FRPSDUHG�WR�WKH�HDUOLHU�DWWHPSWV�ZLWK�WUDQVODWLRQ
PHPRU\�WRROV�

,W� LV� VXUSULVLQJ� WKRXJK�� WKDW� WKH�PRUH� ´DUWLVWLFµ� WH[WV�� L�H�� WKH� WZR� QRYHOV�� DUH
VWUXFWXUDOO\�PRUH� LVRPRUSKLF� WKDQ� WKH� FRPSXWHU�PDQXDOV�� ,Q� RWKHU�ZRUGV�� WKH
ILFWLRQ� WUDQVODWRUV� KDYH� FKDQJHG� OHVV� RI� WKH� VRXUFH� WH[W� VWUXFWXUH� WKDQ� WKH
WUDQVODWRUV�RI�WKH�FRPSXWHU�PDQXDOV�KDYH��7KH�UHDVRQ�IRU�WKLV�FDQ�SUREDEO\�EH
IRXQG�LQ�WKH�JHQHUDO�GLIIHUHQFH�EHWZHHQ�WKH�WH[W�W\SHV��,Q�WUDQVODWLRQV�RI�ILFWLRQ
WKH�LQGLYLGXDO�VW\OH�RI�D�ZULWHU�LV�PRUH�LPSRUWDQW�WKDQ�LQ�VWULFWO\�LQIRUPDWLYH�DQG
LQVWUXFWLRQDO� WH[W�� 7KH� ILFWLRQ� ZULWHU·V� VW\OH� VKRXOG� WR� D� FHUWDLQ� H[WHQW� EH
WUDQVIHUUHG�WR�DQG�SUHVHUYHG�LQ�WKH�WUDQVODWLRQ�RI�D�QRYHO��ZKHUHDV�WKLV�DVSHFW�LV
OHVV� LPSRUWDQW� LQ� WKH� WUDQVODWLRQ� RI� WHFKQLFDO� GRFXPHQWDWLRQ�� ,Q� WHFKQLFDO
WUDQVODWLRQV�� FRUUHFWQHVV� DQG� UHDGDELOLW\� LV�PRUH� LPSRUWDQW�� ZKLFK�PHDQV� WKDW
WKH�WUDQVODWRU�FDQ��DQG�VKRXOG��DYRLG�EHLQJ�WRR�UHVWULFWHG�E\�WKH�VWUXFWXUH�RI�WKH
VRXUFH�WH[W�

$XWRPDWLF� WUDQVODWLRQ� ZLWK� WKH� DLG� RI� PDFKLQH� WUDQVODWLRQ� WRROV� LV� VWUXFWXUH
SUHVHUYLQJ��,W�LV�YHU\�GLIILFXOW�WR�GHVLJQ�PDFKLQH�WUDQVODWLRQ�SURJUDPV�LQ�VXFK�D
ZD\� WKDW� WKH\� SURGXFH� D� ´QDWXUDOµ� GHJUHH� RI� VWUXFWXUDO� FKDQJH�� $XWRPDWLF
WUDQVODWLRQ�SURJUDPV� WDNH� WKH� VKRUWHVW�SDWK� WR� D�JUDPPDWLFDO� WUDQVODWLRQ��7KH
ZKROH�07� SKLORVRSK\� HQWDLOV� D� YHU\� KLJK� OHYHO� RI� VWUXFWXUDO� FRUUHVSRQGHQFH�
7KH�ILJXUHV�IRU�VWUXFWXUDO�FORVHQHVV�DERYH�JLYH�XV�VRPH�LQWHUHVWLQJ�SHUVSHFWLYHV�
/HW�XV� IRU�D�PRPHQW� LPDJLQH�WKDW�WKHUH�H[LVWHG�DXWRPDWLF�WUDQVODWLRQ�VRIWZDUH
WKDW�FRXOG�WUDQVODWH�ERWK�WKH�FRPSXWHU�PDQXDOV�IURP�0LFURVRIW�DQG�,%0�DV�ZHOO
DV�WKH�ILFWLRQ��PHDQLQJ�WKDW�WKH�PDFKLQH�WUDQVODWLRQ�V\VWHP�FRXOG�FRYHU�ERWK�WKH
V\QWD[�� VHPDQWLFV� DQG� OH[LFRQ� IRU� WKHVH� WH[WV�� )XUWKHUPRUH��ZH�ZRXOG� DVVXPH
WKDW�WKHVH�WUDQVODWLRQV�ZHUH�PDGH�ZLWK�WKH�VDPH�DSSURDFK�DV�WKH�WUDQVODWLRQ�RI
WKH�$7,6� WH[W�� WKDW� LV�� SURGXFLQJ� VWUXFWXUDO� FRUUHVSRQGHQFH� ILJXUHV� RI� DURXQG
������ SHU� FHQW�� 7KH� UHVXOW� RI� VXFK� D� K\SRWKHWLFDO� FRPSDULVRQ� ZRXOG� EH� WKDW
ILFWLRQ� WH[WV� �HVSHFLDOO\� WKH� %(//2:� WH[W�� DUH� EHWWHU� FDQGLGDWHV� IRU�PDFKLQH
WUDQVODWLRQ�WKDQ�WKH�FRPSXWHU�PDQXDOV�

6WUXFWXUDO�FRUUHVSRQGHQFH�LV�KRZHYHU�RQO\�RQH�VLGH�RI�WKH�FRLQ��/HW�XV�QRZ�WXUQ
WR�ZKDW�KDV�KDSSHQHG�WR�FRQWHQW��L�H���WKH�VHPDQWLF�FKDQJH�IURP�VRXUFH�WR�WDUJHW
WH[W�

����� 6HPDQWLF�FRUUHVSRQGHQFHV

,Q� WKH�FKDSWHU��� WKHUH� LV�D�GHWDLOHG�RXWOLQH�RI�KRZ� WR� MXGJH�ZKDW�KDSSHQV� LQ�D
WUDQVODWLRQ�IURP�D�VHPDQWLF�SRLQW�RI�YLHZ��)RXU�YDOXHV�RQ�WKH�VHQWHQFH�OHYHO�ZHUH
XVHG� WR� FKDUDFWHULVH� WKH� VHPDQWLF� FRUUHVSRQGHQFH�EHWZHHQ� D� VRXUFH� DQG� WDUJHW
VHQWHQFH��7KHVH�ZHUH�(4��VHPDQWLFDOO\�HTXLYDOHQW���063(&��WKH�WDUJHW�VHQWHQFH
LV� VHPDQWLFDOO\� PRUH� VSHFLILF� WKDQ� WKH� VRXUFH� VHQWHQFH��� /63(&� �WKH� WDUJHW
VHQWHQFH�LV�VHPDQWLFDOO\�OHVV�VSHFLILF�WKDQ�WKH�VRXUFH�VHQWHQFH��DQG�27+(5��WKH
WDUJHW� VHQWHQFH� FDUULHV� D� GLIIHUHQW� VHPDQWLF� FRQWHQW� WKDQ� WKH� WDUJHW� VHQWHQFH��
7KH�GLVWULEXWLRQ�RI�WKH�YDOXHV�IRU�VHPDQWLF�FRUUHVSRQGHQFH�LV�VKRZQ�LQ�7DEOH���
EHORZ�
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7DEOH�����6HPDQWLF�FRUUHVSRQGHQFH

0DQXDOV���+XPDQ
WUDQVODWLRQ

0DQXDOV���70�WUDQVODWLRQ )LFWLRQ $XWRPDWLF
WUDQVODWLRQ
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(4 �� �� � �� �� �� �� ��
063(& �� �� �� �� � �� �� �
/63(& �� �� �� �� �� � � �
27+(5 �� �� �� �� �� �� �� �

%\�ORRNLQJ�ILUVW�DW�WKH�UDWLR�RI�(4�WUDQVODWLRQV��ZH�JHW�D�VLPLODU�SLFWXUH�DV�LQ�WKH
VWUXFWXUDO� DQDO\VLV��7KH� HDUOLHVW� ,%0� WUDQVODWLRQV� �26�� DQG� ,1)2:,1�� VKRZ
WKH�ORZHVW�QXPEHU�RI�VHPDQWLFDOO\�SUHVHUYLQJ�WUDQVIHUV��$W�WKH�RWKHU�HQG�RI�WKH
VFDOH�$7,6�LV�SODFHG�ZLWK����SHU�FHQW�(4�WUDQVIHUV��:KDW� LV�PRUH�QRWDEOH� LV�D
GLYLVLRQ� EHWZHHQ� WKH� ILFWLRQ� WUDQVODWLRQV� DQG� WKH�PDQXDO� WUDQVODWLRQV� DV� IDU� DV
VSHFLILFLW\� LV� FRQFHUQHG�� ,Q� WKH� QRYHOV�� WKH� WUDQVODWRUV� KDYH� DGGHG� LQIRUPDWLRQ
�L�H���WKHUH�DUH�PRUH�063(&�WUDQVODWLRQV�WKDQ�/63(&�WUDQVODWLRQV��ZKHUHDV�WKH
FRPSXWHU� PDQXDO� WUDQVODWRUV� KDYH� UHPRYHG� LQIRUPDWLRQ� �PRUH� /63(&
WUDQVODWLRQV� WKDQ� 063(&� WUDQVODWLRQV��� 7KH� QRQ�(4� YDOXHV� LQ� WKH� $7,6
WUDQVODWLRQ����063(&�DQG���27+(5��DOO�VWHP�IURP�PLVWDNHQ�OH[LFDO�WUDQVIHUV�
)RU�H[DPSOH��WKH�YHUE�EH�LQ�WKH�VRXUFH�LV�WUDQVIHUUHG�DV�ILQQDV��WKDW�DV�GHQ�GlU�DQG
DFURQ\PV�DV�%:,�DUH�VSHOW�RXW�LQ�WKH�WDUJHW�LQ�DQ�XQLQWHQGHG�ZD\��7KH�OH[LFDO
WUDQVIHU� PLVWDNHV� DUH� MXVW� VLGH� HIIHFWV� RI� WKH� ZD\� WKDW� PDFKLQH� WUDQVODWLRQ
VRIWZDUH�ZRUNV�� ,Q�PDQ\�RWKHU� FRQWH[WV� WKHVH� WUDQVIHUV� DUH� WKH� LQWHQGHG�RQHV�
EXW�QRW�DOZD\V�

$� GLIIHUHQW� SHUVSHFWLYH� RQ� WKH� GDWD� LQ�7DEOH� ��� FDQ� EH� WDNHQ� E\� DSSO\LQJ� WKH
WKUHH�PHDVXUHV�IRU�VHPDQWLF�FRUUHVSRQGHQFH�GHVFULEHG�LQ�FKDSWHU���

�� 6('�²6HPDQWLFDOO\�(TXLYDOHQW�WUDQVODWLRQV�'HJUHH�
���[(4��(4�063�/63�27+�

�� 6'&�²�6HPDQWLF�'HJUHH�RI�&KDQJH�
�063�/63�27+���(4�063�/63�27+�

�� 76'�²�7DUJHW�6SHFLILFDWLRQ�'HJUHH�
�063���/63���(4�063�/63�27+�

7KH� 6('� PHDVXUH� LV� D� VLPSOH� PHDVXUH� RI� WKH� UDWLR� RI� PD[LPDO� VHPDQWLF
FRUUHVSRQGHQFH�LQ�WKH�VDPSOH��7KH�VHFRQG�VHPDQWLF�PHDVXUH�LV�WKH�FRPSOHPHQW
WR�WKH�6(7�PHDVXUH�DQG�JLYHV�DQ�LQGLFDWLRQ�RI�WKH�GHJUHH�RI�WKH�WRWDO�VHPDQWLF
FKDQJH� LQ� WKH� WUDQVODWLRQ�� 7KH� ILQDO� PHDVXUH�� 76'�� GHVFULEHV� WKH� GLUHFWLRQ� RI
VSHFLILFLW\�� L�H��� ZKHWKHU� WKH� WUDQVODWLRQ� LV� JHDUHG� WRZDUGV� D� KLJKHU� RU� ORZHU
GHJUHH�RI�VSHFLILFDWLRQ��$�VXPPDU\�RI�WKH�ILJXUHV�IRU�WKHVH�PHDVXUHV�DSSOLHG�WR
WKH�WUDQVODWLRQV�LV�JLYHQ�LQ�7DEOH����
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7DEOH�����6HPDQWLF�FKDQJH�LQ�WKH�VDPSOH

0DQXDOV���+XPDQ
WUDQVODWLRQ

0DQXDOV���70�WUDQVODWLRQ )LFWLRQ $XWRPDWLF
WUDQVODWLRQ

$&&(66 (;&(/ 26� ,1)2:,1 &/,(17 *25',�
0(5

%(//2: $7,6

6(' ���� ���� ���� ���� ���� ���� ���� ����
76' ����� ����� ����� ����� ����� ���� ���� ����
6'& ���� ���� ���� ���� ���� ���� ���� ����

:KDW�ZDV�SHUKDSV�GLIILFXOW�WR�GLVWLQJXLVK�LQ�7DEOH����LV�PRUH�REYLRXV�KHUH��$OO
WKH�FRPSXWHU�PDQXDO� WUDQVODWLRQV�KDYH�QHJDWLYH�YDOXHV� IRU�76'��ZKLFK�PHDQV
WKDW� DOO� WKHVH� WUDQVODWLRQV� KDYH� D� WHQGHQF\� WR� H[FOXGH� LQIRUPDWLRQ� IURP� WKH
VRXUFH� WH[W� LQ� WKH� WUDQVODWLRQV�� ,Q� WKH� ILFWLRQ� WUDQVODWLRQV�� H[SOLFLW� LQIRUPDWLRQ
KDV� EHHQ� DGGHG� WR� WKH� WUDQVODWLRQV��ZKLFK� LV� VKRZQ� E\� WKH� SRVLWLYH� YDOXHV� IRU
76'�� 7KH� VHPDQWLF� GHJUHH� RI� FKDQJH� �6'&�� LV� KLJKHVW� LQ� WKH� ILUVW� WZR� ,%0
WUDQVODWLRQV� �����²������ DQG� ORZHVW� LQ� WKH� $7,6� DQG� %(//2:� WUDQVODWLRQV�
+RZ� VKRXOG� ZH� LQWHUSUHW� WKH� WUDQVODWLRQV� MXGJLQJ� IURP� WKHVH� ILJXUHV"� ,Q� P\
RSLQLRQ�WKH�IROORZLQJ�FRQFOXVLRQV�FDQ�EH�GUDZQ�

���7KH�ILFWLRQ�WUDQVODWLRQV�DUH�FKDUDFWHULVHG�E\�WKH�WHQGHQF\�WKDW�H[SOLFLW
LQIRUPDWLRQ�LV�DGGHG�LQ�WKH�WUDQVODWLRQV�

���7KH�WUDQVODWLRQV�RI�PDQXDOV�IURP��$PHULFDQ��(QJOLVK�LQWR�6ZHGLVK�DUH
FKDUDFWHULVHG�E\�WKH�WHQGHQF\�WKDW�H[SOLFLW�LQIRUPDWLRQ�LV�GHOHWHG�LQ�WKH
WUDQVODWLRQV�

���7KHUH�LV�QR�GLVWLQJXLVKDEOH�HIIHFW�RI�WKH�XVH�RI�WUDQVODWLRQ�PHPRULHV�DV
IDU�DV�VHPDQWLF�FRUUHVSRQGHQFH� LV�FRQFHUQHG��7KH�KXPDQ�WUDQVODWLRQV
RI� FRPSXWHU�PDQXDOV� H[KLELW� VLPLODU� VHPDQWLF� FRUUHVSRQGHQFH� YDOXHV
ZKHQ� FRPSDUHG� WR� WUDQVODWLRQV� SHUIRUPHG�ZLWK� WKH� DLG� RI� WUDQVODWLRQ
PHPRULHV�

���7KH� WZR� ILFWLRQ� WH[WV� LQ� WKH� VDPSOH� DUH� YHU\� GLIIHUHQW� DV� IDU� DV� WKH
GHJUHH� RI� VHPDQWLF� FKDQJH��'XH� WR� WKH� OLPLWHG� QXPEHU� RI� WH[WV�� LW� LV
LPSRVVLEOH� WR� VD\� DQ\WKLQJ� VSHFLILF� DERXW� WKH� WUDQVODWLRQ� RI� WKLV� WH[W
W\SH�

���6LPLODU� WR�ZKDW� WKH�GDWD� IURP� WKH� VWUXFWXUDO� FRUUHVSRQGHQFH� VKRZHG�
WKH� %(//2:� WH[W� LV� WKH� WUDQVODWLRQ� WKDW� LV� FORVHVW� WR� PHDQLQJ
SUHVHUYDWLRQ�RI�DOO�WKH�WH[WV�����SHU�FHQW�6('���7KH�VHOHFWLRQ�RI�OH[LFDO
LWHPV�LV�QDWXUDOO\�PXFK�PRUH�FRPSOLFDWHG�LQ�WKLV�WH[W�W\SH��EXW�WKH�GDWD
LPSO\� WKDW� WKH� %(//2:� WUDQVODWLRQ�� IURP� D� VWULFW� VHPDQWLF
SUHVHUYDWLRQ�SRLQW�RI�YLHZ��ZRXOG�EH� WKH�HDVLHVW� WR�UHFUHDWH�JLYHQ�WKH
DSSURSULDWH� PDFKLQH� WUDQVODWLRQ� VRIWZDUH� DQG� GLVUHJDUGLQJ� WKH
LQFUHDVHG�SUREOHPV�RI�OH[LFDO�FKRLFH�

���,I�ZH�DLPHG�IRU�WKH�WUDQVODWLRQ�FKDUDFWHULVWLFV�SUHVHQW�LQ�WKH�ILUVW�,%0
WUDQVODWLRQV� �PDGH� ZLWK� 70� WRROV�� ZLWK� WKH� DLG� RI� DXWRPDWLF
WUDQVODWLRQ�� ZH� ZRXOG� HQFRXQWHU� JUDYH� GLIILFXOWLHV�� $V� WKH� VHPDQWLF
FKDQJHV� DUH� VR� GRPLQDWLQJ� LQ� WKH� 26�� DQG� ,1)2:,1� WUDQVODWLRQV
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�DURXQG� ��� SHU� FHQW� 6'&��� VXFK� WUDQVODWLRQV� ZRXOG� EH� YLUWXDOO\
LPSRVVLEOH�IRU�DQ\�IRUHVHHDEOH�07�V\VWHP�WR�DFFRPSOLVK�

���$XWRPDWLF� WUDQVODWLRQV� �$7,6�� SUHVHUYH� PHDQLQJ�� $SDUW� IURP� WKH
PLVWDNHV�LQ�WKH�WUDQVIHU�RI�OH[LFDO�LWHPV��WKH�VHPDQWLF�FRUUHVSRQGHQFH�LV
����SHU�FHQW�

*LYHQ� WKH� GDWD� IURP� WKH� DQDO\VHV� RI� ERWK� VWUXFWXUDO� DQG� WKH� VHPDQWLF
FRUUHVSRQGHQFH�� D� FRPSDULVRQ� ZDV� PDGH� WR� VHH� LI� WKHUH� ZHUH� DQ\� JURXSV� RI
WUDQVODWLRQV� WKDW� H[KLELWHG� VLPLODU�� VLJQLILFDQW� FKDQJHV�� 7R� GR� WKLV�� D� FKL�� WHVW
ZDV�XVHG��ZKHUH�WKH�LQSXW�GDWD�ZHUH�WKH�QXPHULFDO�YDOXHV�SUHVHQWHG�LQ�7DEOH���
DQG�7DEOH�����7KH�FKL�� WHVW�ZDV�XVHG� WR� LQYHVWLJDWH�ZKHWKHU� WKH�GLIIHUHQFHV� LQ
VWUXFWXUDO� DQG� VHPDQWLF� FRUUHVSRQGHQFH� ZHUH� VLJQLILFDQWO\� QRQ�UDQGRP�� 7KH
UHVXOW� WXUQHG�RXW� WR�EH� WKDW�DOO�SRVVLEOH�SDLUV�RI� WUDQVODWLRQV�ZHUH�VLJQLILFDQWO\
GLIIHUHQW�� H[FHSW� WZR�RI� WKH� SDLUV�� QDPHO\� WKH� WZR� WUDQVODWLRQV� IURP�0LFURVRIW
�(;&(/� DQG� $&&(66�� DQG� WKH� ILUVW� WZR� WUDQVODWLRQV� IURP� ,%0� �26�� DQG
,1)2:,1���&RPSDQ\�JXLGHOLQHV�DQG� WKH�VSHFLILF� WH[W� W\SH�PD\�EH� WKH� UHDVRQ
WKDW� WKHVH� WZR� WH[WV� VKRZ� VRPH� VLPLODU� FKDUDFWHULVWLFV�� HYHQ� WKRXJK� GLIIHUHQW
WUDQVODWRUV�ZRUNHG�RQ�WKH�WH[WV�

,Q� WKH� QH[W� VHFWLRQ� WKH� GLIIHUHQW� VWUXFWXUDO� DQG� VHPDQWLF� RSHUDWLRQV�VKLIWV� DUH
LQYHVWLJDWHG�LQ�PRUH�GHWDLO�

����� )RFXV�RQ�FKDQJH

,Q� WKH� PDUN�XS� RI� WKH� WUDQVODWLRQ� VDPSOHV� ��� GLIIHUHQW� W\SHV� RI� WUDQVODWLRQ
RSHUDWLRQV�ZHUH� UHFRUGHG�� ,QVWHDG� RI� OLVWLQJ� WKH� QXPEHU� RI� HDFK� RSHUDWLRQ� IRU
HYHU\�WH[W��FHUWDLQ�RSHUDWLRQV�FDQ�EH�FOXVWHUHG�LQWR�JURXSV�IRU�D�EHWWHU�RYHUYLHZ
�VHH�7DEOH����EHORZ���$�PRUH�GHWDLOHG�DFFRXQW�RI�WKH�VSHFLILF�RSHUDWLRQV�FDQ�EH
IRXQG�LQ�WKH�FKDSWHU���
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7DEOH�����*URXSV�RI�WUDQVODWLRQ�RSHUDWLRQV

*URXS 6SHFLILF�RSHUDWLRQV�VKLIWV 'HVFULSWLRQ
9RLFH�RSHUDWLRQV $&73$66��3$66$&7��;92,&( &KDQJHV�LQ�VHQWHQFH�YRLFH
0RRG�RSHUDWLRQV ,03'(&/��'(&/,03��;022' &KDQJHV�LQ�VHQWHQFH�PRRG
/HYHO�VKLIWV 9(5%,16��9(5%'(/��1&&�

&1&��),1&/��,1)&/��0$,1&/�
68%&/

/HYHO�VKLIWV�RQ�D�YHUEDO�RU
VHQWHQWLDO�FODXVH��LQYROYHV
FKDQJHV�WR�WKH�KLHUDUFKLFDO
VWUXFWXUH�RI�D�VHQWHQFH

3DUDSKUDVHV */2%3$5��3$573$5 *OREDO�RU�SDUWLDO�SDUDSKUDVHV
&DWHJRU\�VKLIWV &6+,)7��&/&6+,)7��1(*6+,)7 6KLIW�RI�IXQFWLRQDO�FDWHJRU\

�HLWKHU�RQ�WUDQVODWLRQ�VHJPHQW
RU�ZKROH�FODXVH�

$GGLWLRQ�GHOHWLRQV (;3$''��(;3',9��5(''(/�
5('&21

$GGLWLRQV��GLYHUJHQFHV�
GHOHWLRQV�DQG�FRQYHUJHQFHV�RI
WUDQVODWLRQ�VHJPHQWV

7UDQVSRVLWLRQV 75$1637��75$163; 7UDQVSRVLWLRQV�LQWR�WRSLFDO�RU
RWKHU�SRVLWLRQ

/H[LFDO�RSHUDWLRQV /(;0��/(;/��/(;8 0RUH�VSHFLILF��OHVV�VSHFLILF�RU
´VHPDQWLFDOO\�GLIIHUHQWµ�OH[LFDO
WUDQVIHU

,Q� 7DEOH� ��� EHORZ�� WKH� QXPEHU� RI� WUDQVODWLRQ� RSHUDWLRQV� IRU� HDFK� WH[W� LV
SUHVHQWHG��+HUH�WKH�H[DFW�ILJXUHV�DUH�QRW�VR�LPSRUWDQW��LQVWHDG�LW�LV�WKH�SUHVHQFH
DQG�SURSRUWLRQ�RI�FHUWDLQ�RSHUDWLRQV�WKDW�DUH�IRFXVVHG�

7DEOH�����1XPEHU�RI�WUDQVODWLRQ�RSHUDWLRQV�LQ�HDFK�WUDQVODWLRQ

0DQXDOV���+XPDQ
WUDQVODWLRQ

0DQXDOV���70�WUDQVODWLRQ )LFWLRQ $XWRPDWLF
WUDQVODWLRQ

$&&(66 (;&(/ 26� ,1)2:,1 &/,(17 *25',�
0(5
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9RLFH�RS� �� �� �� �� �� � � �

0RRG�RS� � �� �� �� � � � �

/HYHO
VKLIWV

�� �� �� �� �� �� �� �

3DUD�
SKUDVHV

�� �� �� �� �� �� �� �

&DW�
VKLIWV

�� �� �� �� �� �� �� �

$GG�GHO �� �� ��� �� �� �� �� �

7UDQV�
SRVLWLRQV

�� �� � �� �� � �� �

/H[LFDO
RS�

�� �� �� �� �� �� �� ��

727$/ ��� ��� ��� ��� ��� ��� ��� ��

7KHUH�DUH�FHUWDLQ�LQWHUHVWLQJ�REVHUYDWLRQV�WR�EH�PDGH�IURP�WKH�GDWD�LQ�7DEOH����
7KH�ILUVW�DVSHFW�UHJDUGV�WKH�GLIIHUHQFH�EHWZHHQ�WKH�ILFWLRQ�DQG�FRPSXWHU�PDQXDO
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WUDQVODWLRQV��1R�FKDQJHV�RI�VHQWHQFH�PRRG�RFFXU�LQ�HLWKHU�RI�WKH�WZR�QRYHOV��,Q
WKH� FRPSXWHU� PDQXDOV� EHWZHHQ� �� DQG� ��� SHU� FHQW� RI� DOO� WUDQVODWLRQV� FKDQJH
VHQWHQFH� PRRG�� XVXDOO\� IURP� WKH� GHFODUDWLYH� WR� WKH� LPSHUDWLYH�� RU� YLFH� YHUVD�
�7KLV�ZLOO� EH� LQYHVWLJDWHG� LQ�PRUH�GHWDLO� ODWHU� RQ� LQ� WKLV� FKDSWHU���7KH� VHFRQG
REVHUYDWLRQ� LV� WKH� TXHVWLRQ� RI� YRLFH� FKDQJHV�� 9RLFH� FKDQJHV� RFFXU� LQ� DOO
WUDQVODWLRQV� H[FHSW� $7,6�� EXW� WKH\� DUH� FRQVLGHUDEO\� PRUH� IUHTXHQW� LQ� WKH
FRPSXWHU�PDQXDOV�FRPSDUHG�WR�WKH�ILFWLRQ�WUDQVODWLRQV��7KH�WKLUG�REVHUYDWLRQ�LV
D� QDWXUDO� LPSOLFDWLRQ� IURP� WKH� GDWD� SUHVHQWHG� HDUOLHU�� WKH� PDFKLQH� WUDQVODWHG
$7,6�WH[W�H[KLELW�YHU\�IHZ�RSHUDWLRQV�DQG�LV�WKHUHIRUH��RQFH�DJDLQ�WKH�HDVLHVW�WR
GLVWLQJXLVK�� 7KH� YLVLEOH� FKDQJHV� WKDW� KDYH� WDNHQ� SODFH� LQ� WKH� $7,6� WH[W� DUH
GLUHFW� UHVXOWV�RI�KRZ� WKH� V\QWDFWLF� RU� OH[LFDO� WUDQVIHUV� DUH� GHVLJQHG�ZLWKLQ� WKH
07� V\VWHP�� $� IRXUWK� REVHUYDWLRQ� LV� WKDW� WKH� WRWDO� QXPEHU� RI� WUDQVODWLRQ
RSHUDWLRQV� UHFRUGHG� UHIOHFWV� WKH� FKDUDFWHULVWLFV� REVHUYHG� ZLWK� WKH� GLVFUHSDQF\
DQDO\VLV� PDGH� LQ� HDUOLHU� FKDSWHUV�� 7KH� UHODWLYH� GLIIHUHQFHV� EHWZHHQ� WKH� WZR
´HDUO\µ�70� WUDQVODWLRQV� DW� ,%0� �26�� DQG� ,QIR:LQ�� RQ� WKH� RQH� KDQG� DQG� WKH
ODWHU�70�WUDQVODWLRQ��&OLHQW��RQ�WKH�RWKHU�KDQG��ZKHUH�WKH�QHZ�WHFKQRORJ\�KDG
EHHQ� PRUH� DFFHSWHG� E\� WKH� WUDQVODWRUV� DUH� VKRZQ� E\� WKH� IDFW� WKDW� WKH� WRWDO
QXPEHU�RI�WUDQVODWLRQ�RSHUDWLRQV�KDYH�EHHQ�UHGXFHG�WR�URXJKO\�KDOI�FRPSDUHG�WR
WKH�26��DQG�&OLHQW�WUDQVODWLRQV�

%HIRUH�,�WXUQ�WR�WKH�TXHVWLRQ�RI�PRRG�DQG�YRLFH�FKDQJHV�,�ZRXOG�MXVW�EULHIO\�OLNH
WR� JR� WKURXJK� HDFK� RI� WKHVH� JURXS� RI� RSHUDWLRQV� DQG� PDNH� VRPH� JHQHUDO
FRPPHQWV�

������� /HYHO�VKLIWV��FODXVH�RSHUDWLRQV�
$� OHYHO� VKLIW� FDXVHV� WKH� KLHUDUFKLFDO� VWUXFWXUH� RI� D� VHQWHQFH� WR� FKDQJH�� IRU
H[DPSOH�� E\� GHOHWLQJ� RU� LQVHUWLQJ�PRGDO� YHUEV�� RU� E\� QRPLQDOL]DWLRQV� RI� YHUE
SKUDVHV��7KH�LQVHUWLRQ�RI�D�PRGDO�YHUE�LQ�WKH�WDUJHW�LV�RIWHQ�GRQH�LQ�FRQMXQFWLRQ
ZLWK� D� FKDQJH� LQ� VHQWHQFH� PRRG�� )RU� H[DPSOH�� LQ� (;&(/�� WKHUH� DUH� ILIWHHQ
FKDQJHV� IURP�WKH� LPSHUDWLYH� WR� WKH�GHFODUDWLYH�� DQG� LQ�QLQH�RI� WKHVH� FKDQJHV�D
PRGDO� YHUE� LV� LQVHUWHG�� 7KH� PRVW� IUHTXHQWO\� XVHG� RSHUDWLRQV� RYHUDOO� DUH� LQ
GHVFHQGLQJ� RUGHU� ),1&/� �LQILQLWLYDO� FODXVH�WR�ILQLWH� FODXVH��� &1&� �FODXVH�WR�
QRQ�FODXVH��� 9(5%,16� �LQVHUWLRQ� RI� PRGDO� YHUE�� DQG� 1&&� �QRQ�FODXVH�WR�
FODXVH��

������� 3DUDSKUDVHV
7KH� 0LFURVRIW� WUDQVODWLRQV� FRQWDLQ� WKH� OHDVW� QXPEHU� RI� SDUDSKUDVHV� LQ� WKH
FRUSXV��QRW�FRXQWLQJ�$7,6��7KH�PRUH�FRPPXQLFDWLYH�WUDQVODWLRQV��WR�ZKLFK�26�
EHORQJV�� ,1)2:,1� DQG� *25',0(5�� KDYH� DURXQG� WKUHH� WLPHV� DV� PDQ\
SDUDSKUDVHV� DV� WKH� $&&(66� DQG� (;&(/� WUDQVODWLRQV�� ,I� ZH� ORRN� DW� WKH
GLVWULEXWLRQ� RI� JOREDO� DQG� SDUWLDO� SDUDSKUDVHV� �WKDW� LV��ZKHWKHU� WKH� SDUDSKUDVH
VSDQV� WKH� ZKROH� VHQWHQFH� RU� RQO\� D� SRUWLRQ� RI� LW��� WKH� IDFW� LV� WKDW� WKHUH� DUH
SURSRUWLRQDOO\� PRUH� JOREDO� SDUDSKUDVHV� LQ� WKH� PDQXDOV� WKDQ� LQ� WKH� ILFWLRQ
WUDQVODWLRQ�� ,Q� RWKHU� ZRUGV�� LW� LV� PRUH� IUHTXHQW� LQ� WKH�PDQXDOV� WR� UHSKUDVH� D
ZKROH�VHQWHQFH�WKDQ�LW�LV�LQ�WKH�QRYHOV��,Q�IRU�H[DPSOH�*25',0(5�WKHUH�DUH���
SDUWLDO�SDUDSKUDVHV�DQG���JOREDO�RQHV��FRPSDUHG�WR����JOREDO�SDUDSKUDVHV�DQG���
SDUWLDO�SDUDSKUDVHV�LQ�,1)2:,1��,�EHOLHYH�WKDW�WKLV�DOVR�FDQ�EH�DWWULEXWHG�WR�WKH



8QGHUVWDQGLQJ�DQG�HQKDQFLQJ�WUDQVODWLRQV�E\�SDUDOOHO�WH[W�SURFHVVLQJ

���

UHODWLYHO\�KLJKHU�GHJUHH�RI� IUHHGRP�D�WHFKQLFDO� WUDQVODWRU�KDV� LQ�UHFUHDWLQJ�WKH
FRQWHQW�RI�D�WUDQVODWLRQ�FRPSDUHG�WR�D�WUDQVODWRU�RI�ILFWLRQ�

������� &DWHJRU\�VKLIWV
%\�FRPSDULVRQ�WKH�RSHUDWLRQV�FRQWDLQLQJ�FDWHJRU\�VKLIWV�DUH�IRXQG�PRUH�RIWHQ�LQ
WKH� KXPDQ� WUDQVODWLRQV� RI� FRPSXWHU�PDQXDOV� �$&&(66� DQG�(;&(/���2QO\� LQ
RQH� RI� WKH� WH[WV� WKHUH� DUH� YROXQWDU\� QHJDWLRQV� VKLIWV�� QDPHO\� LQ� 26��� 2I� WKH
UHFRUGHG� VLPSOH� FDWHJRU\� VKLIWV� �&6+,)7��� WKH� PRVW� FRPPRQ� RQHV� DUH� WKH
IROORZLQJ�

��� $�VXEMHFW�LQ�WKH�VRXUFH�LV�WUDQVODWHG�DV�DQ�DGYHUELDO�RU�SUHSRVLWLRQDO�REMHFW�LQ
WKH�WDUJHW��IRU�H[DPSOH

�L� 6285&(��0LFURVRIW�([FHO�XVHV�«
7$5*(7��,�0LFURVRIW�([FHO�DQYlQGV�«

�LL� 6285&(��7KH�OLQH�LQ�MDFN�FDQ�FRQQHFW�WKH�VRXQG�DGDSWHU�
7$5*(7��0HG�OLQMHLQJnQJHQ�NDQ�GX�DQVOXWD�OMXGDGDSWHUQ�

�LLL� 6285&(��0\�RZQ�KHDUW�PXVW�KDYH�D�IHXGDO�FRPSDUWPHQW�
7$5*(7��,�PLWW�HJHW�KMlUWD�PnVWH�GHW�ILQQDV�HQ�IHRGDO�NDPPDUH�

6RPHWLPHV�WKHVH�FKDQJHV�DUH�GHSHQGHQW�RQ�D�GLIIHUHQW�W\SHV�RI�YHUE�IUDPH��EXW
IRU�WKH�FRPSXWHU�PDQXDO�WUDQVODWLRQV��PRVW�RI�WKHVH�H[DPSOHV�FDQ�EH�H[SODLQHG
E\� WKH� WHQGHQF\� LQ� 6ZHGLVK� QRW� WR� SHUVRQLI\� FRPSXWHU� V\VWHPV� �RU� HOHPHQWV
WKHUHRI���7KLV�LV�DOVR�DSSDUHQW�LQ�WKH�YRLFH�FKDQJHV��ZKLFK�LV�GHDOW�ZLWK�ODWHU�RQ
WKLV�FKDSWHU��5DWKHU�WKDQ�VWDWLQJ�WKDW�´V\VWHP�;�GRHV�WKLV�DQG�WKDW�IRU�\RXµ�WKH
6ZHGLVK�YHUVLRQV�FRQWDLQ�PDQ\�H[DPSOHV�RI�ZKHUH�WKH�WUDQVODWRU�UHSKUDVHV�WKLV
DV�´:LWK�V\VWHP�;�\RX�FDQ�GR�WKLV�DQG�WKDWµ��,W�LV�D�PDWWHU�RI�ZKR�LV�LQ�FKDUJH�
WKH�V\VWHP�RU�WKH�XVHU��DQG�LQ�6ZHGLVK���MXGJLQJ�DOVR�IURP�0LFURVRIW·V�DQG�,%0·V
RZQ� VW\OH� JXLGHV�� WKLV� ZD\� RI� ZULWLQJ� LQ� D� ´XVHU�RULHQWHGµ� ZD\� LV� DGYRFDWHG
H[SOLFLWO\�

��� $GMHFWLYDO� PRGLILHUV� LQ� WKH� VRXUFH� EHFRPH� SUHSRVLWLRQDO� RU� DGYHUELDO
PRGLILHUV�LQ�WKH�WDUJHW��IRU�H[DPSOH

�LY� 6285&(��7KH�IROORZLQJ�WDEOH�«
7$5*(7��7DEHOOHQ�QHGDQ�«

�Y� 6285&(��«WUDQVODWH�PHGLHYDO�,WDOLDQ�WUDYHO�QDUUDWLYHV�«
7$5*(7��«�|YHUVlWWHU�LWDOLHQVND�UHVHVNLOGULQJDU�IUnQ�PHGHOWLGHQ

�YL� 6285&(��7KH�OLVW�PXVW�FRQWDLQ�ODEHOHG�FROXPQV�
7$5*(7��/LVWDQ�PnVWH�LQQHKnOOD�NROXPQHU�PHG�HWLNHWWHU�

7KH� FDWHJRU\� VKLIWV� RQ� WKH� FODXVH� OHYHO� �&/6&6+,)7�� DSSHDU� XQGHU� FHUWDLQ
FLUFXPVWDQFHV� WRR�� %HORZ� WKH� WZR�PRVW� FRPPRQ� VXEW\SHV� DUH� OLVWHG� WRJHWKHU
ZLWK�VRPH�H[DPSOHV�
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��� $�WHPSRUDO�DGYHUELDO�VXERUGLQDWH�FODXVH�EHFRPHV�D�FRQGLWLRQDO�RU�FDXVDWLYH
VXERUGLQDWH�FODXVH��IRU�H[DPSOH

�YLL� 6285&(��$V�\RX�KLGH�DQG�VKRZ�«
7$5*(7��2P�GX�YLVDU�HOOHU�G|OMHU�«

�YLLL� 6285&(��:KHQ�\RX�PRYH«
7$5*(7��2P�GX�IO\WWDU�«

�L[� 6285&(��«ZKHQ�\RX�KLGH�LWHPV�«
7$5*(7��«�RP�GX�G|OMHU�HOHPHQW«

��� $� VXERUGLQDWH� FODXVH� IXQFWLRQLQJ� DV� D� VXEMHFW� LQ� WKH� VRXUFH� EHFRPHV� DQ
DGYHUELDO�LQ�WKH�WDUJHW��IRU�H[DPSOH

�[� 6285&(��5HSODFLQJ�D�IRUPXOD«�UHPRYHV
7$5*(7��2P�GX�HUVlWWHU�HQ�IRUPHO«�NRPPHU�GX�DWW�WD�ERUW�«

�[L� 6285&(��)RU�H[DPSOH��SXWWLQJ�D�WRS�ERUGHU�RQ�WKH�FHOO�EHORZ�LW��SURGXFHV�«
7$5*(7��2P�GX�H[HPSHOYLV�SODFHUDU�HQ�QHGUH�NDQWOLQMH�Sn�HQ�FHOO��JHU�GHWWD�«

,W�LV�LQWHUHVWLQJ�WKDW�WKH�ILUVW�VXEW\SH��RI�&/6&6+,)7��LV�VR�IUHTXHQW�ZKHQ�WKH
SRVVLELOLW\� WR� XVH� D� VWUDLJKWIRUZDUG� WUDQVODWLRQ� LV� SRVVLEOH�� 7KH� UHDVRQ� WKDW
WUDQVODWRUV�PDNH� WKLV� FKRLFH� FDQ� RQO\� EH� LQ� WHUPV� RI� VSHFXODWLRQ� DQG� LV� SDUWO\
FRQQHFWHG�WR�WKH�VHFRQG�VXEW\SH�DERYH��(QJOLVK�FRQVWUXFWLRQV�VXFK�DV�WKH�RQHV
DERYH� DUH� GLIILFXOW� IRU� WUDQVODWRUV�� DV� WKHUH� DUH� QR� REYLRXV� JUDPPDWLFDO
FRXQWHUSDUWV�LQ�6ZHGLVK��3KUDVHV�VXFK�DV�´UHSODFLQJ�D�IRUPXODµ�DERYH�FDQ�LQGHHG
EH�WUDQVODWHG�E\�LQILQLWLYDO�FRQVWUXFWLRQV��VXFK�DV�´DWW�HUVlWWD�HQ� IRUPHOµ��EXW� LW
ZRXOG� QRW� EH� SRVVLEOH� LQ� DOO� FRQWH[WV�� 7KH� WDUJHW� H[DPSOHV� DERYH� FRXOG� KDYH
EHHQ�UHQGHUHG�DV�WHPSRUDO�DGYHUELDOV�LQVWHDG��7KH�SRVVLELOLW\�WKDW�WHPSRUDO�DQG
FRQGLWLRQDO� FODXVHV� FDQ� EH� H[FKDQJHG�ZLWKRXW� DQ\�PDMRU� FRQWH[WXDO� FKDQJH� LQ
PHDQLQJ�LV�VRPHWKLQJ�WKDW�WKH�WUDQVODWRU�LV�XVHG�WR��HVSHFLDOO\�ZKHQ�WUDQVODWLQJ
WHFKQLFDO� GRFXPHQWDWLRQ�ZKHUH� WKHVH� W\SHV� RI� FKRLFHV� KDYH� WR� EH�PDGH� DOO� WKH
WLPH�� ,Q� RWKHU�ZRUGV�� LQ� FHUWDLQ� FRQWH[WV� WHPSRUDO� DQG� FRQGLWLRQDO� FODXVHV� DUH
LQWHUFKDQJHDEOH�� IURP�WKH�WDUJHW� WH[W�SRLQW�RI�YLHZ��DQG�WKLV� LV�VRPHWKLQJ�WKDW
WUDQVODWRUV�PD\�WUDQVIHU�DV�D�VWUDWHJ\�WR�RWKHU�FRQWH[WV�ZKHUH�VXFK�VHJPHQWV�DUH
WUDQVODWHG�

������� $GGLWLRQV�DQG�GHOHWLRQV
:KDW� WUDQVODWLRQ� VHJPHQWV� DUH� DGGHG� DQG� GHOHWHG� LQ� WUDQVODWLRQV"� )URP� WKH
WUDQVODWLRQ� FRUSXV�� ZH� FDQ� VWXG\� VXFK� RSHUDWLRQV� DQG� VHH� LI� WKHUH� DUH� DQ\
GLIIHUHQFHV� EHWZHHQ� WUDQVODWLRQ� PHWKRGV� XVHG� DQG� WH[W� W\SHV�� 7KH� GDWD� IRU
DGGLWLRQV�DQG�GHOHWLRQV�DUH�VKRZQ�LQ�7DEOH����
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$OO� RI� WKH� RSHUDWLRQV� JLYHQ� LQ� 7DEOH� ��� HQWDLO� WKDW� WKH� QXPEHU� RI� WUDQVODWLRQ
VHJPHQWV� KDV� FKDQJHG� IURP� VRXUFH� WR� WDUJHW�� )RU� (;3$''� �DGGLWLRQV�� DQG
5(''(/� �GHOHWLRQV�LW� PHDQV� WKDW� D� WUDQVODWLRQ� VHJPHQW� QRW� SUHVHQW� LQ� WKH
VRXUFH�KDV�EHHQ�DGGHG�RU�GHOHWHG�UHVSHFWLYHO\��)RU�(;3',9��GLYHUJHQFHV��DQG
5('&21��FRQYHUJHQFHV���LW�PHDQV�WKDW�WKHUH�LV�D�RQH�WR�PDQ\�RU�PDQ\�WR�RQH
UHODWLRQVKLS� EHWZHHQ� WKH� VHJPHQWV� LQ� WKH� VRXUFH� DQG� WDUJHW� WH[W�� 8VXDOO\� WKH
SUHVHQFH�RI�DQ�(;3$''�RU�5(''(/�RSHUDWLRQ�FDXVHV�D�GLIIHUHQFH�LQ�PHDQLQJ
EXW�QRW�DOZD\V��,I�ZH�FRPSDUH�WKH�QXPEHU�RI�H[SDQVLRQV�DQG�UHGXFWLRQV� LQ�WKH
WDEOH� DERYH�� ZH� FDQ� QRWH� WKDW� DOO� FRPSXWHU� PDQXDO� WUDQVODWLRQV� KDYH� KLJKHU
YDOXHV� IRU�UHGXFWLRQV�WKDQ� IRU�H[SDQVLRQV��7KH�WUDQVODWLRQV�RI� WKH�QRYHOV�VKRZ
WKH� RSSRVLWH� WHQGHQF\�� QDPHO\� PRUH� H[SDQVLRQV� WKDQ� UHGXFWLRQV��� 1RWH� WKDW
H[SDQVLRQV� DQG� UHGXFWLRQV� DUH� RQH� PDMRU� VRXUFH� IRU� D� PRGLILFDWLRQ� RI� WKH
FODVVLILFDWLRQ� RI� D� WUDQVODWLRQ� LQWR� D� PRUH� VSHFLILF� RU� D� OHVV� VSHFLILF� VHQWHQFH
WUDQVODWLRQ� �FI�� VHFWLRQ� ��������� $V�ZDV� FRQFOXGHG� LQ� VHFWLRQ� ������ WKH�PDQXDOV
KDYH� D� WHQGHQF\� WRZDUGV� JHQHUDOLVDWLRQ� LQ� WKH� WUDQVODWLRQ� �L�H�� OHVV� VSHFLILF
WUDQVODWLRQV��ZKHUHDV�WKH�QRYHOV�WHQG�WR�FRQWDLQ�PRUH�VSHFLILF�LQIRUPDWLRQ��)URP
WKH�ILJXUHV�DERYH��LW�LV�SRVVLEOH�WR�VHH�WKDW��DW�OHDVW�WR�DQ�H[WHQW��WKHVH�WHQGHQFLHV
VWHPV�IURP�WKH�QXPEHU�RI�DGGLWLRQV�DQG�GHOHWLRQV�RFFXUULQJ�LQ�WKH�WUDQVODWLRQV�
+RZHYHU��LQ�WKH�*RUGLPHU�WUDQVODWLRQ��WKH�SDWWHUQ�LV�QRW�WKDW�FOHDU��DV�WKHUH�DUH
PRUH�GHOHWLRQV� WKDQ�DGGLWLRQV��)RU� WKLV�SDUWLFXODU� WUDQVODWLRQ�� WKH�PDMRU� IDFWRU
IRU�JHQHUDOLVDWLRQ�LV�WR�EH�IRXQG�DPRQJ�WKH�OH[LFDO�RSHUDWLRQV��L�H���WKH�RSHUDWLRQV
WKDW� FKDQJHV� WKH� LQIRUPDWLRQ� FRQWHQW� IRU� D� SDUWLFXODU� OH[LFDO� LWHP� �VHH� VHFWLRQ
��������

7\SLFDO�GHOHWLRQV�LQ�WKH�PDQXDOV�DUH�DJHQW�GHOHWLRQV�DQG�GDWD�WKDW�WKH�WUDQVODWRU
SRVVLEO\� MXGJHV� DV� LPSOLFLW� LQ� WKH� FRQWH[W�� ,Q� WKH� H[DPSOH� EHORZ�� WKH
VXEMHFW�DJHQW� ´0LFURVRIW� $FFHVVµ� LV� GHOHWHG� LQ� WKH� WUDQVODWLRQ� DV� ZHOO� DV� WKH
LQIRUPDWLRQ�WKDW�WKH�LQVWUXFWLRQ�KDV�WR�EH�SHUIRUPHG�´LQ�)RUP�YLHZµ�

�[LL� 6285&(��:KHQ� \RX� SDVWH� UHFRUGV� LQWR� D� IRUP� LQ� )RUP� YLHZ��0LFURVRIW� $FFHVV
PDWFKHV� WKH� ILHOG�QDPHV�RI� WKH�XQGHUO\LQJ� VRXUFH� WDEOH�ZLWK� WKRVH� RI� WKH�GHVWLQDWLRQ
WDEOH«
7$5*(7�� 1lU� GX� NOLVWUDU� LQ� SRVWHU� L� HWW� IRUPXOlU� SDVVDV� IlOWQDPQHQ� L� GHQ
XQGHUOLJJDQGH�NlOOWDEHOOHQ�LKRS�PHG�IlOWQDPQHQ�L�PnOWDEHOOHQ�«

(;3$'' (;3',9 7RWDO
H[SDQVLRQV

5(''(/ 5('&21 7RWDO
UHGXFWLRQV

$FFHVV �� � �� �� � ��
([FHO �� � �� �� � ��
26� �� � �� �� � ��
,QIRZLQ �� � �� �� � ��
&OLHQW � � � �� � ��
*RUGLPHU �� �� �� �� � ��
%HOORZ � � �� � �� ��
$7,6 � � � � � �

7DEOH�����([SDQVLRQV�DQG�UHGXFWLRQV
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$GGLWLRQV�IURP�WKH�ILFWLRQ�WUDQVODWLRQV�FDQ�EH�LOOXVWUDWHG�ZLWK�D�WUDQVODWLRQ�IURP
WKH�%HOORZ�QRYHO�

�[LLL� 6285&(��7R�SXVK�RQ�WR�&DLUR�ZRXOG�KDYH�PHDQW�WKH�ORVV�RI�DQRWKHU�WKRXVDQG�,VUDHOLV
DQG�PLJKW�KDYH�FDXVHG�5XVVLD�WR�LQWHUYHQH�
7$5*(7�� $WW� U\FND� IUDP� lQGD� WLOO� .DLUR� VNXOOH� KD� EHW\WW� DWW� ,VUDHO� KDGH� I|UORUDW
\WWHUOLJDUH�WXVHQ�PDQ�RFK�NXQGH�KD�InWW�5\VVODQG�DWW�LQWHUYHQHUD�

7KH�6ZHGLVK�DGYHUELDO�´lQGDµ�KDV�QR�H[SOLFLW�FRUUHVSRQGLQJ�OH[LFDO� LWHP�LQ�WKH
(QJOLVK� VRXUFH� WH[W�� 7KH� WUDQVODWRU� KDV� DGGHG� D� SLHFH� RI� H[WUD� LQIRUPDWLRQ
�SHUKDSV�UHGXQGDQW��WR�WKH�WDUJHW�WH[W�

������� 7UDQVSRVLWLRQV
7UDQVSRVLWLRQV�RFFXU�LQ�DOO�WKH�WUDQVODWLRQV�H[FHSW�IRU�WKH�$7,6�WH[W�WR�D�VLPLODU
GHJUHH��,Q�WKH�FRPSXWHU�PDQXDOV�D�IUHTXHQW�FDVH�RI�WUDQVSRVLWLRQV�RFFXUV�LQ�WKH
WUDQVODWLRQV� RI� LPSHUDWLYH� VHQWHQFHV� ZKHUH� WKH� LPSHUDWLYH� YHUE� LV� QRW� LQ� WKH
LQLWLDO�SRVLWLRQ��LQVWHDG�WKLV�SRVLWLRQ�FRQWDLQV�DQ�DGYHUELDO��,Q�6ZHGLVK��WKHUH�LV�D
WHQGHQF\� WR� SODFH� WKH� LPSHUDWLYH� YHUE� LQ� WKH� LQLWLDO� SRVLWLRQ� DQG� WKHUHIRUH� WKH
DGYHUELDO�LV�RIWHQ�PRYHG�IURP�WKH�VRXUFH�SRVLWLRQ�

�[LY� 6285&(��$W� LWV� ERUGHU��GUDJ� WKH� FRQWURO� WKDW� HQFORVHV� WKH� RWKHU� FRQWUROV� WR� D� QHZ
ORFDWLRQ�
7$5*(7��'UD�L�NDQWHQ�Sn�NRQWUROOHQ�PHG�GH�LQQHVOXWQD�NRQWUROOHUQD�WLOO�NRQWUROOHQV
Q\D�SODWV�

�[Y� 6285&(��7R�LPSRUW�RU�DWWDFK�DQRWKHU�WDEOH�IURP�WKH�VDPH�GDWD�VRXUFH��UHSHDW�6WHS���
7$5*(7��8SSUHSD�VWHJ���RP�GX�YLOO� LPSRUWHUD�HOOHU�NRSSOD�\WWHUOLJDUH� WDEHOOHU� IUnQ
VDPPD�GDWDNlOOD�

,W�VHHPV�WKDW�WKH�SRVVLELOLW\�WR�ILOO�WKH�WRSLF�ILHOG�RI�DQ�LPSHUDWLYH�VHQWHQFH�ZLWK
DQ� DGYHUELDO� �IRU� H[DPSOH�� D� FRQGLWLRQDO� FODXVH� RU� D� WHPSRUDO� DGYHUELDO�� LV
DFFHSWHG� XVDJH�� ZKHUHDV� LQ� 6ZHGLVK�� WKHUH� LV� D� FOHDU� WHQGHQF\� WR� VWDUW� WKH
VHQWHQFH�ZLWK� WKH� LPSHUDWLYH� YHUE� DQG�SODFH� WKH� DGYHUELDO� LQ� DQRWKHU� SRVLWLRQ�
'LGHULFKVHQ� ������� ����� �QG� QRWH�� VWDWHV� WKDW� WKH� VDPH� SKHQRPHQRQ� RFFXUV� LQ
'DQLVK�� QDPHO\� WKDW� WKH� IXQGDPHQW� ILHOG� LQ� LPSHUDWLYH� VHQWHQFHV� LV� HPSW\� LQ
JHQHUDO��+DQVHQ��������UHSRUWV�VRPH�H[FHSWLRQV�WR�'LGHULFKVHQ·V�JHQHUDO�FODLP�
EXW� LQ� JHQHUDO�� 'DQLVK� DQG� 6ZHGLVK� VHHP� WR� EH� VLPLODU� ZLWK� UHVSHFW� WR� WKH
VWUXFWXUH�RI� LPSHUDWLYH�VHQWHQFHV�DQG�WKH�WHQGHQF\�WR�DYRLG�FODXVHV� LQ� IURQW�RI
WKH�LPSHUDWLYH�YHUE�

7R� WHVW�ZKHWKHU� WKH� SKHQRPHQRQ� RI� WKH� HPSW\� IXQGDPHQW� ILHOG� LQ� LPSHUDWLYH
FODXVHV� KROGV�� ���� LQVWDQFHV� RI� LPSHUDWLYH� YHUEV� ZHUH� H[WUDFWHG� IURP� WKH
6WRFNKROP�8PHn� &RUSXV� �68&� ������� 'LVUHJDUGLQJ� LQWHUMHFWLRQV� �H�J�� ´1l�
.LFNL�� NRP� KLWµ� ²� ´1R�� .LFNL�� FRPH� KHUHµ�� DQG� FRQMXQFWLRQV� �H�J�� ´2FK� YDU
I|UVLNWLJD�²�$QG�EH�FDUHIXOµ���RQO\����LQVWDQFHV�ZHUH�IRXQG�ZKHUH�D�FRQVWUXFWLRQ
ZDV�SODFHG�EHIRUH� WKH� LPSHUDWLYH�YHUE��7KUHH�RI� WKHP�KHOG�D� VKRUW�QRQ�FODXVDO
DGYHUELDO�LQ�WKH�LQLWLDO�SRVLWLRQ��IRU�H[DPSOH�
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�[YL� )|UVW�RFK�IUlPVW�²�YlOM�HWW�Vn�HQNHOW�UHFHSW�VRP�P|MOLJW�
�)LUVW�DQG�IRUHPRVW�²�FKRRVH�DV�VLPSOH�D�UHFLSH�DV�SRVVLEOH��

7ZR�FDVHV�ZHUH�LQVWDQFHV�RI�D�FRQGLWLRQDO�FODXVH�LQ�WKH�LQLWLDO�SRVLWLRQ�IROORZHG
E\�WKH�DQDSKRULF�´Vnµ��FI��WKH�'DQLVK�´Vnµ�DV�GHVFULEHG�E\�+DQVHQ���������

�[YLL� 2P�GHW�lU�GX�VRP�ULQJHU�XSS�Vn�YLVD�UHVSHNW�I|U�GHQ�DQGUHV�WLG�
�,I�\RX�DUH�FDOOLQJ��VKRZ�UHVSHFW�IRU�WKH�RWKHU�SHUVRQ·V�WLPH��

)LQDOO\�� LQ� VHYHQ� FDVHV� WKH� LQLWLDO� SRVLWLRQ�ZDV� ILOOHG� E\� D� SUHSRVLWLRQDO� REMHFW
�´RP�;µ�RU�´I|U�;µ��

�[YLLL� 2P�*|WD�NDQDO�VH�*XVWDI�(NVWU|P��%DOW]DU�YRQ�3ODWHQ�DQG�*|WD�NDQDO�
�$ERXW�*|WD�NDQDO��VHH�*XVWDY�(NVWU|P��%DOW]DU�YRQ�3ODWHQ�DQG�*|WD�NDQDO��

7KLV�ODVW�W\SH�PD\�VHHP�YHU\�VSHFLILF��DQG��LV�WR�PH��D�ZD\�RI�ZULWLQJ�EULHI�FURVV�
UHIHUHQFHV��,�GR�QRW�ZDQW�WR�FODLP�WKDW�LW�LV�LPSRVVLEOH�WR�XVH�DGYHUELDO�FODXVHV�DW
WKH�EHJLQQLQJ�RI�LPSHUDWLYH�VHQWHQFHV�LQ�6ZHGLVK��EXW�WKH�WHQGHQF\�LV�FOHDU��ERWK
LQ� WKH� /LQN|SLQJ� 7UDQVODWLRQ� &RUSXV� DQG� LQ� WKH� 68&� FRUSXV�� LQ� DQ
RYHUZKHOPLQJ� PDMRULW\� RI� WKH� FDVHV� WKH� LQLWLDO� SRVLWLRQ� LV� HPSW\� LQ� 6ZHGLVK
LPSHUDWLYH�FODXVHV��7KLV�DOVR�IRUPV�DQ�H[SODQDWLRQ�WR�VRPH�RI�WKH�WUDQVSRVLWLRQ
RSHUDWLRQV�RFFXUULQJ�LQ�WKH�WUDQVODWLRQV�DV�ZHOO�DV�WR�WKH�PRRG�RSHUDWLRQV�

������� /H[LFDO�RSHUDWLRQV
7KH� OH[LFDO� RSHUDWLRQV� WRJHWKHU� ZLWK� GHOHWLRQV� DQG� DGGLWLRQV� LQ� JHQHUDO
GHWHUPLQH�WR�D�ODUJH�H[WHQW�ZKHWKHU�D�WUDQVODWLRQ�FDQ�EH�MXGJHG�DV�PRUH�VSHFLILF�
OHVV� VSHFLILF� RU� VHPDQWLFDOO\� GLIIHUHQW� WUDQVODWLRQV� FRPSDUHG� WR� WKH� VRXUFH
VHQWHQFH��,Q�7DEOH����EHORZ�WKH�GLVWULEXWLRQ�RI�WKH�GLIIHUHQW�OH[LFDO�RSHUDWLRQV�LQ
WKH�VDPSOH�DUH�VKRZQ�

7DEOH�����'LVWULEXWLRQ�RI�OH[LFDO�RSHUDWLRQV

$FFHVV ;/� 26� ,QIR:LQ &OLHQW %HOORZ *RUG $7,6
/H[0 �� � �� � � � �� �
/H[/ �� �� �� �� �� � � �
/H[8 �� �� �� �� � � �� �

7KH� WHQGHQFLHV� REVHUYHG� LQ� VHFWLRQ� ����� HDUOLHU� DUH� FOHDU�� QDPHO\� WKDW� WKH
FRPSXWHU� PDQXDOV� FRQWDLQ� PRUH� /(;/� RSHUDWLRQV� ZKLFK� FRQWULEXWH� WR� OHVV
VSHFLILF� WUDQVODWLRQV� DQG� WKDW� WKH� WZR� QRYHOV� FRQWDLQ� PRUH� /(;0� RSHUDWLRQV
ZKLFK�PDNHV�WKH�WUDQVODWLRQV�PRUH�VSHFLILF��7KH�NLQG�RI� OH[LFDO�JHQHUDOLVDWLRQV
SUHVHQW� LQ� WKH� FRPSXWHU�PDQXDOV� FDQ� EH� H[HPSOLILHG�ZLWK� WKH� IROORZLQJ� WKUHH
VHQWHQFH�SDLUV��[L[�[[L��

�[L[� 6285&(��7KLV�SURFHVV�KHOSV�\RX� LGHQWLI\� WKH�DUHD� LQ�WKH�VRXQG�JUDSK�\RX�ZDQW�WR
HGLW�
7$5*(7��'HW�KMlOSHU�GLJ�DWW�VH�YLOND�DYVQLWW�VRP�EHK|YHU�UHGLJHUDV�
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�[[� 6285&(��7KDW�ZD\�\RX�KDYH�DFFHVV�WR�ERWK�WKH�,'�QXPEHU�DQG�QDPH�RI�WKH�VKLSSHU�
7$5*(7��3n�Vn�VlWW�NRPPHU�GX�nW�EnGH�VSHGLW|UHQV�QXPPHU�RFK�QDPQ�

�[[L� 6285&(��,Q�WKH�ODVW�GLDORJ�ER[��FOLFN�WKH�)LQLVK�EXWWRQ�
7$5*(7��,�GHQ�VLVWD�GLDORJUXWDQ�NOLFNDU�GX�Sn�6NDSD�

7KLV� DERYH� H[DPSOH� �[[L�� LV� UHODWHG� WR� WKH� FRPSDUDWLYHO\� ORZ�:&5� DQG� 7%
YDOXHV� UHSRUWHG� IRU� WKH�0LFURVRIW�$FFHVV� WH[W� LQ� VHFWLRQ��������+HUH�ZH� VHH� DQ
LOOXVWUDWLRQ�RI�WKHVH�ILJXUHV��7KH�FODVVLILHU�´EXWWRQµ�LV�QRW�SUHVHQW�LQ�WKH�6ZHGLVK
WUDQVODWLRQ��SUREDEO\�EHFDXVH�WKH�FRQWH[W�DQG�WKH�XVH�RI�WKH�YHUE��´FOLFNµ��PDNH�LW
UHGXQGDQW�WR�VWDWH�WKDW�WKH�REMHFW�LQ�TXHVWLRQ�LV�D�´EXWWRQµ�

7KH�LQYHUVH�RSHUDWLRQ��/(;0���PRUH�FRPPRQ�LQ�WKH�QRYHOV��FRXOG�EH�LOOXVWUDWHG
ZLWK�WKH�IROORZLQJ�WZR�H[DPSOHV�

�[[LL� 6285&(��%UD\�RIIHUHG�WR�EH�OHIW�RXWVLGH�WKH�6SXWQLN�LQ�FDVH�WKH�RWKHU�PHPEHUV�RI�WKH
SDUW\�WXUQHG�XS�
7$5*(7��%UD\� I|UHVORJ�DWW�GH� VNXOOH� VlWWD�DY�KRQRP�XWDQI|U�6SXWQLNEDUHQ� I|U�GHQ
KlQGHOVH�QnJUD�DQGUD�GHOWDJDUH�L�VlOOVNDSHW�VNXOOH�G\ND�XSS�

�[[LLL� 6285&(��$�IDQ�PDGH�D�PRELOH�RI�WLQ\�9LNLQJ�VKLSV��WKH�VRUW�RI�WKLQJ�VROG� LQ�DLUSRUW
VKRSV�«�ERE�VORZO\�«
7$5*(7��(Q�IOlNW�NRP�HQ�PRELO�DY�VPn�YLNLQJDVNHSS����GHQ�VRUWHQV�VRXYHQLUHU�VRP
EUXNDU�VlOMDV�L�IO\JSODWVEXWLNHU�«�DWW�VDNWD�JXQJD�«

+HUH� WKH� WUDQVODWRU� KDV�PDGH� WKH� WUDQVODWLRQ�PRUH� H[SOLFLW� E\�PDNLQJ� LW� FOHDU
WKDW�´WKH�6SXWQLNµ�LV�LQGHHG�D�EDU�DQG�WKDW�WKH�´WKLQJVµ�VROG�LQ�DLUSRUW�VKRSV�DUH
QRW�MXVW�DQ\�WKLQJ��EXW�´VRXYHQLUVµ�

������� 0RRG�RSHUDWLRQV
&KDQJHV�RI�VHQWHQFH�PRRG�RFFXU�LQ�DOO�PDQXDOV��EXW�QRW�LQ�WKH�WZR�QRYHOV��RU�LQ
WKH� $7,6� WH[W�� 2QO\� WZR� W\SHV� RI� PRRG� VKLIWV� DUH� SUHVHQW� LQ� WKH� FRUSXV�
LPSHUDWLYH� WR� GHFODUDWLYH� �,PS'HFO��� DQG� GHFODUDWLYH� WR� LPSHUDWLYH� �'HFO,PS��
7KH�GLVWULEXWLRQ�LV�VKRZQ�LQ�7DEOH����

7DEOH�����'LVWULEXWLRQ�RI�PRRG�RSHUDWLRQV

$FFHVV ;/� 26� ,QIR:LQ &OLHQW %HOORZ *RUG $7,6
,PS'HFO�VKLIWV �� �� �� � � � � �
'HFO,PS�VKLIWV � � � � � � � �

7KHUH�LV�RQH�GLUHFWLRQ�RI�PRRG�FKDQJH�WKDW�GRPLQDWHV��QDPHO\�WKH�LPSHUDWLYH�WR
GHFODUDWLYH�VKLIW��7KH�H[DPSOHV�EHORZ�FDQ�LOOXVWUDWH�WKH�W\SLFDO�RSHUDWLRQ�

�[[LY� 6285&(��,I�\RX�XVH�D�YLUXV�SURWHFWLRQ�SURJUDP�RQ�\RXU�FRPSXWHU��RYHUULGH�LW�RU�WXUQ
LW�RII�EHIRUH�\RX�UXQ�WKH�0LFURVRIW�([FHO�6HWXS�SURJUDP�
7$5*(7��2P�GX�DQYlQGHU�HWW�SURJUDP�I|U�YLUXVVN\GG�Sn�GDWRUQ�E|U�GX�NRSSOD�ERUW
HOOHU�VWlQJD�DY�GHW�LQQDQ�GX�N|U�LQVWDOODWLRQVSURJUDPPHW�I|U�0LFURVRIW�([FHO�
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�[[Y� 6285&(��7R�UHPRYH�DQ�DXWRIRUPDW�DW�D�ODWHU�WLPH��VHOHFW�D�FHOO�ZLWKLQ�WKH�IRUPDWWHG
UDQJH��FKRRVH�WKH�$XWR)RUPDW�FRPPDQG�IURP�WKH�)RUPDW�PHQX��DQG�WKHQ�FKRRVH�WKH
1RQH�RSWLRQ�LQ�WKH�7DEOH�)RUPDW�ER[�
7$5*(7��2P�GX�YLOO�WD�ERUW�HWW�DXWRIRUPDW�YLG�HWW�VHQDUH�WLOOIlOOH��PDUNHUDU�GX�HQ�FHOO
LQRP� GHW� IRUPDWHUDGH� LQWHUYDOOHW�� YlOMHU� $XWRIRUPDW� Sn� )RUPDW�PHQ\Q� RFK� VHGDQ
DOWHUQDWLYHW�´,QJHWµ�L�UXWDQ�´7DEHOOIRUPDWµ�

�[[YL� 6285&(��7R�VWRS�GUDZLQJ�VKDSHV��FOLFN�WKH�EXWWRQ�DJDLQ�
7$5*(7��1lU�GX�lU�IlUGLJ�NOLFNDU�GX�Sn�NQDSSHQ�LJHQ�

,Q� WKH� ILUVW� RI� WKH� H[DPSOHV� �[[LY�� WKH� LPSHUDWLYH� IRUP� LV� UHSODFHG� E\� WKH
LQVHUWLRQ� RI� WKH� PRGDO� ´E|Uµ� �(QJ�� ´RXJKW� WRµ�� ZKLFK� PDNHV� WKH� WUDQVODWLRQ
GHFODUDWLYH� LQ�D� V\QWDFWLF� VHQVH��7KH�H[DPSOHV�[[Y�DQG�[[YL� FRQWDLQ�QR�PRGDO
YHUE� LQVHUWLRQ� LQ� WKH� WUDQVODWLRQ�� LQVWHDG� WKH� LPSHUDWLYH� IRUP� LV� VKLIWHG� WR� D
GHFODUDWLYH�6ZHGLVK� VHQWHQFH��:KDW� LV�ZRUWK�QRWLQJ�KHUH� LV� WKDW� WKH� DGYHUELDO
FODXVHV�LQ�WKH�LQLWLDO�SRVLWLRQ�LV�SUHVHUYHG�DV�IDU�DV�SRVLWLRQ�LV�FRQFHUQHG��RQO\�WKH
VHQWHQFH�PRRGV�KDYH�FKDQJHG�

3RVVLEO\�ZH�VHH�WKH�RWKHU�VLGH�RI�ZKDW�ZDV�GHVFULEHG�DERYH�LQ�FRQMXQFWLRQ�ZLWK
WUDQVSRVLWLRQV�� QDPHO\� WKH� WHQGHQF\� DPRQJ� WKH� 6ZHGLVK� WUDQVODWRUV� WR� DYRLG
WUDQVIHUULQJ�DGYHUELDO�FODXVHV�LQ�IURQW�RI�LPSHUDWLYH�YHUEV�DQG�DW�WKH�VDPH�WLPH
SUHVHUYH�WKH�LPSHUDWLYH�VHQWHQFH�PRRG��7ZR�VWUDWHJLHV�WKHQ�VHHP�WR�FU\VWDOOLVH
DPRQJ�WKH�WUDQVODWRUV�IRU�KDQGOLQJ�VXFK�VRXUFH�VHQWHQFHV�

��� .HHS� WKH� VHQWHQFH�PRRG� �LPSHUDWLYH�� DQG�PRYH� WKH� LPSHUDWLYH� YHUE� WR� WKH
LQLWLDO�SRVLWLRQ�

���&KDQJH�WKH�VHQWHQFH�PRRG�WR�GHFODUDWLYH�DQG�NHHS�WKH�DGYHUELDO�LQ�WKH�LQLWLDO
SRVLWLRQ�

7KH�ILQDO�RSHUDWLRQ�WKDW�ZLOO�EH�ORRNHG�DW�FORVHU�LV�WKH�YRLFH�VKLIW�

������� 9RLFH�RSHUDWLRQV
6HQWHQFH�YRLFH�FKDQJHV�DUH�SUHVHQW�LQ�DOO�WH[WV�H[FHSW�WKH�$7,6�WH[W��VHH�7DEOH
���� ,Q� WKH�PDQXDOV� WKH�PDMRULW\� RI� WKH� VKLIWV� DUH� IURP� DFWLYH� WR� SDVVLYH� YRLFH�
HVSHFLDOO\�QRWDEOH�LQ�WKH�0LFURVRIW�PDQXDOV�

7DEOH�����'LVWULEXWLRQ�RI�YRLFH�RSHUDWLRQV

$FFHVV ;/� 26� ,QIR:LQ &OLHQW %HOORZ *RUG $7,6
$FW3DVV�VKLIWV �� �� �� �� �� � � �
3DVV$FW�VKLIWV � � �� �� � � � �

7ZR�W\SLFDO�FDVHV�RI�WKH�DFWLYH�WR�SDVVLYH�VKLIW�LQ�WKH�PDQXDOV�DUH�ZKHQ�����WKH
DJHQW��XVXDOO\�D�QRQ�DQLPDWH�V\VWHP�RU�V\VWHP�FRPSRQHQW��LV�GHOHWHG�DQG�����WKH
DJHQW�LV�VKLIWHG�WR�DQ�DGYHUELDO�SRVLWLRQ��7KHVH�H[DPSOHV�DUH�LOOXVWUDWHG�EHORZ�
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�[[YLL� 6285&(��0LFURVRIW�([FHO�VRUWV�WKH�UHJLRQV�E\�WKHLU�0DUFK�VDOHV�DPRXQWV�
7$5*(7��5HJLRQHUQD�VRUWHUDV�HIWHU�I|UVlOMQLQJHQ�I|U�PDUV�

�[[YLLL� 6285&(��0LFURVRIW�([FHO�XVHV�GLIIHUHQW�WHUPV�IRU�VRPH�VSUHDGVKHHW�LWHPV�DQG�DFWLRQV�
7$5*(7�� ,�0LFURVRIW�([FHO� DQYlQGV� DQGUD� WHUPHU� I|U� YLVVD� NDON\OEODGVHOHPHQW� RFK
IXQNWLRQHU�lQ�L�DQGUD�NDON\OSURJUDP�

,I�WKH�REMHFWLYH� LV�D�FRQVFLRXV�PRYH�WR�VXUSUHVV�WKH�DJHQW�ZKHQ� LW�UHSUHVHQWV�D
V\VWHP� RU� V\VWHP� FRPSRQHQW�� WKHQ� VKLIWLQJ� WKH� YRLFH� WR� WKH� SDVVLYH� PDNHV� LW
SRVVLEOH�IRU�WKH�WUDQVODWRU�WR�RPLW�WKH�DJHQW�LQ�WKH�WUDQVODWLRQ��VHH�WKH�VHFWLRQ�RQ
GHOHWLRQV�HDUOLHU���7KH�RWKHU�ZD\�RI�DYRLGLQJ�V\VWHP�DJHQWV� LV� WR�VKLIW� WKHP�WR
DQRWKHU� FDWHJRU\� DQG� WKHUHE\� VWUHVVLQJ� WKHLU� LQVWUXPHQWDO� IXQFWLRQ� LQVWHDG�
ZKLFK� LV� LOOXVWUDWHG� E\� WKH� VHFRQG� H[DPSOH� DERYH�� $Q� REVHUYDWLRQ� LV� WKDW� WKH
QRYHOV�GR�QRW�FRQWDLQ�D�KLJK�QXPEHU�RI�YRLFH�VKLIWV�� ,QVWHDG�WKH�YRLFH�PRRG� LV
SUHVHUYHG� LQ� PRVW� FDVHV�� IROORZLQJ� WKH� VW\OH� RI� WKH� DXWKRU�� ,Q� WKH� IHZ� FDVHV�
ZKHUH�WKHUH�LV�D�VKLIW�RI�YRLFH��LW�KDV�WR�GR�ZLWK�OH[LFDO�DQG�VW\OLVWLF�FKRLFHV�DQG
ZKHUH� D� YRLFH� VKLIW� PD\� VHHP� PRUH� DSSURSULDWH� IRU� WKH� WUDQVODWRU�� 2IWHQ� WKH
YRLFH�VKLIWV�LQ�WKH�ILFWLRQ�PDWHULDO�KDYH�WR�GR�ZLWK�WKH�FKRLFH�RI�SDUWLFXODU�YHUE
IUDPHV�� EXW� ZKHUH� WKH� VHPDQWLF� UROHV� XQGHUO\LQJ� WKH� ZRUGLQJ� DUH� XVXDOO\
SUHVHUYHG� �´ZDV� JLYHQµ� FRXOG� EH� WUDQVODWHG� WR� ´Inµ� �(QJ�� ´JHWµ��� VXFK� DV� LQ� WKH
IROORZLQJ�H[DPSOH�IURP�WKH�*RUGLPHU�QRYHO�

�[[L[� 6285&(��«�KH�KDVQ·W�EHHQ�JLYHQ�D�FDELQHW�SRVW�
7$5*(7��«�KDU�KDQ�LQWH�InWW�QnJRQ�SODWV�L�UHJHULQJHQ�
�OLWHUDO�WUDQVO��KH�KDVQ·W�UHFHLYHG�D�SRVW�LQ�WKH�FDELQHW��

:KHQ� LW�FRPHV�WR�YRLFH�VKLIWV�� WKH�FRQFOXVLRQ� LV� WKDW� WKHUH� LV�D�GLVWLQFW� IHDWXUH
SUHVHQW�LQ�WKH�PDQXDO�WUDQVODWLRQV�WKDW�UHYHDOV�WKH�WUDQVODWRUV·�REMHFWLYH�WR�DYRLG
SODFLQJ�WKH�V\VWHP�RU�D�V\VWHP�FRPSRQHQW�DV�DQ�DJHQW��7KLV�LV�DFKLHYHG�E\�XVLQJ
WKH�SDVVLYH�DQG�HLWKHU�UHPRYLQJ�WKH�DJHQW�DOWRJHWKHU�RU�E\�VKLIWLQJ�LWV�UROH�WR�DQ
LQVWUXPHQWDO�IXQFWLRQ��,QVWHDG�RI�´6\VWHP�;�GRHV�<µ��WKH�WUDQVODWRU�UHSKUDVHV�LW
DV�´<�LV�GRQHµ�RU�DV�´:LWK�V\VWHP�;�\RX�FDQ�GR�<��,I�WKH�FKRLFH�ZDV�MXVW�D�OH[LFDO
RQH��ZKLFK� LW� VHHPV� WR� EH� LQ� WKH� QRYHOV�� LW� FRXOG� EH� H[SHFWHG� WKDW� WKH� SDVVLYH
SDWWHUQ�´<�LV�GRQH�E\�V\VWHP�;µ�ZRXOG�DOVR�EH�IUHTXHQW��EXW�LW�LV�QRW�

7KH�LQYHUVH�RSHUDWLRQ��FKDQJLQJ�IURP�WKH�SDVVLYH�WR�WKH�DFWLYH��LV�DOVR�SUHVHQW�LQ
WKH�FRUSXV��EXW�WR�D�OHVVHU�H[WHQW�WKDQ�WKH�DFWLYH�WR�SDVVLYH�VKLIW��$JDLQ��LW�RIWHQ
KDV�WR�GR�ZLWK�ZKHWKHU�DQ�DJHQW�VKRXOG�EH�SUHVHQW�LQ�WKH�WUDQVODWLRQ�RU�QRW��EXW
LQ�WKLV�FDVH�LW�LV�WKH�XVHU��´\RXµ��WKDW�LV�LQFOXGHG�LQ�WKH�WDUJHW�WH[W��ZKHQ�WKLV�LV
LPSOLFLW� LQ� WKH� RULJLQDO��� %HORZ� DUH� WZR� H[DPSOHV� ZKHUH� ´DJHQWOHVVµ� VRXUFH
FODXVHV�RU�VHQWHQFHV�LQ�WKH�SDVVLYH�KDYH�EHHQ�WUDQVODWHG�E\�DFWLYH�VHQWHQFHV�DQG
WKH�´XVHUµ�LV�PDGH�H[SOLFLW�E\�WKH�VXEMHFW�´GXµ��(QJ��´\RXµ��

�[[[� 6285&(��:KHQ�D�ILHOG�LV�IRUPDWWHG��WKH�WH[W�GLVSOD\HG�LQ�WKH�ILHOG�FDQ�GLIIHU�VRPHZKDW
IURP�WKH�DFWXDO�YDOXH�VWRUHG�LQ�WKH�WDEOH�
7$5*(7��1lU�GX�DQJHWW�HWW�YLVVW�IRUPDW�I|U�HWW�IlOW�NDQ�GHW�KlQGD�DWW�YlUGHW�YLVDV�Sn
HWW�DQQDW�VlWW�lQ�GHW�VSDUDWV�L�WDEHOOHQ�

�[[[L� 6285&(��2QO\�RQH�RSWLRQ�LQ�D�JURXS�FDQ�EH�VHOHFWHG�DW�D�WLPH�
7$5*(7��'X�NDQ�HQGDVW�PDUNHUD�HWW�DOWHUQDWLY�nW�JnQJHQ�L�HQ�JUXSSUXWD�
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����� 6XPPDU\

$W�WKH�EHJLQQLQJ�RI�WKLV�FKDSWHU�ILYH�K\SRWKHVHV�ZHUH�SUHVHQWHG��/HW�XV�VHH�KRZ
WKHVH�K\SRWKHVHV�KROG�DW�WKLV�VWDJH�

��� 7UDQVODWLRQ� PHPRULHV� VKRXOG� PDNH� WUDQVODWLRQV� VWUXFWXUDOO\� PRUH� HTXLYDOHQW
FRPSDUHG�WR�SXUH�KXPDQ�WUDQVODWLRQV�

7KLV�K\SRWKHVLV�FDQQRW�EH�YHULILHG�RU�IDOVLILHG��7KH�WZR�HDUOLHVW�,%0�WUDQVODWLRQV
ZHUH�PDGH�ZLWK�WKH�DLG�RI�D�WUDQVODWLRQ�PHPRU\�WRRO��EXW�WKHVH�WUDQVODWLRQV�DUH
OHVV� FRQVLVWHQW� VWUXFWXUDOO\� WKDQ� FRPSDUDEOH� KXPDQ� WUDQVODWLRQV� �IURP
0LFURVRIW���7KH�WKLUG�WUDQVODWLRQ�PHPRU\�WUDQVODWLRQ�IURP�,%0�LV�FRQVLGHUDEO\
PRUH� LVRPRUSKLF� WKDQ� WKH� ILUVW� WZR� WUDQVODWLRQV�� EXW� LW� LV� FRPSDUDEOH� WR� WKH
0LFURVRIW� WUDQVODWLRQV�� 7KH� LQWURGXFWLRQ� RI� WUDQVODWLRQ� PHPRU\� VRIWZDUH� DW
,%0�� 6ZHGHQ�� KDV� SUREDEO\� FKDQJHG� WKH� WUDQVODWLRQ� VWUDWHJ\� GUDVWLFDOO\� LQ
UHODWLYH�WHUPV��)RU�WKH�,%0�WUDQVODWRUV�WKH�FKDQJH�LV�GHILQLWHO\�VXEVWDQWLDO��7KH
FROOHFWHG�DQG�DQDO\VHG�WUDQVODWLRQ�GDWD�VKRZ�D�FOHDU�FKDQJH�IRU�WKH�FRPSDQ\��EXW
KRZ�IDU�WKH�PRYH�WRZDUGV�VWUXFWXUDO�LVRPRUSK\�ZLOO�JR�LV�VWLOO�XQDQVZHUHG�

��� $FFRUGLQJ� WR�%DNHU� ������� WKHUH� VKRXOG� EH� D� KLJKHU� GHJUHH� RI� VSHFLILFDWLRQ� LQ� WKH
WUDQVODWLRQV�WKDQ�LQ�WKH�VRXUFH�WH[WV�

7KLV� LV�VKRZQ�QRW�EH�FRUUHFW��DW� OHDVW�QRW� IRU�DOO� WH[W�W\SHV�RU� IRU�DOO� ODQJXDJH
GLUHFWLRQV��7KH�WUDQVODWLRQV�RI�FRPSXWHU�PDQXDOV�DUH�GHILQLWHO\�VHPDQWLFDOO\�OHVV
VSHFLILF�WKDQ�WKH�WUDQVODWLRQV�RI�ILFWLRQ��7KH�FXOWXUH�DQG�MDUJRQ�RI�WKH�VHWWLQJ�IRU
WKH�VRXUFH�WH[W�PXVW�VRPHWLPHV�EH�PHOORZHG�GRZQ��7KH�$PHULFDQ�VW\OH�XVHG�LQ
FRPSXWHU� PDQXDOV� VHHPV� WR� EH� D� WH[W� W\SH� WKDW� 6ZHGLVK� WUDQVODWRUV� ZDQW� WR
´XQVSHFLI\µ�� ([SOLFLW� LQIRUPDWLRQ� LV� WDNHQ� DZD\� LQ� WKH� FRPSXWHU� WUDQVODWLRQV�
SUREDEO\�LQ�RUGHU�WR�ILW�WKH�LQVWUXFWLRQDO�FXOWXUH�RI�WKH�WDUJHW�DXGLHQFH��%DNHU·V
FODLP� DERXW� H[SOLFLWDWLRQ� LV� RQ� WKH� RWKHU�KDQG� VXSSRUWHG�E\� WKH� GDWD� IURP� WKH
QRYHO�WUDQVODWLRQV��EXW�LW�GRHV�QRW�VHHP�WR�EH�D�FODLP�WKDW�KROGV�JHQHUDOO\�IRU�DOO
WH[W�W\SHV�

��� $XWRPDWLF� WUDQVODWLRQV� VKRXOG� KDYH� D� YHU\� KLJK� GHJUHH� RI� VWUXFWXUDO� DQG� VHPDQWLF
FRUUHVSRQGHQFH�

:LWK� D� YHU\� OLPLWHG� WH[W� VDPSOH�� VXEVWDQWLDO� FODLPV� DUH� KDUG� WR�PDNH�� EXW� WKH
K\SRWKHVLV� LV� FOHDUO\� YDOLGDWHG�� DV� IDU� DV� WKH� $7,6� WH[W� JRHV�� $V� ORQJ� DV�07
V\VWHPV�WUDQVODWH�VHQWHQFH�E\�VHQWHQFH��ZLWK�OLWWOH�RU�QR�GLVFRXUVH�OHYHO�DQDO\VLV
RU�JHQHUDWLRQ��WKLV�FODLP�ZLOO�VWLOO�EH�YDOLG��,W�LV�YHU\�KDUG�WR�LQVWUXFW�D�KXPDQ�RU
DQ�07�V\VWHP��WR�H[SDQG�RU�GHOHWH�LQIRUPDWLRQ�XQOHVV�WKH�SHUVRQ�RU�07�V\VWHP
XQGHUVWDQGV�LQ�WKH�IXOO�VHQVH�ZKDW�WKH�WH[W�LV�DERXW�

��� ,W�VKRXOG�EH�SRVVLEOH�WR�FRXSOH�FHUWDLQ�WUDQVODWLRQ�RSHUDWLRQV�WR�FHUWDLQ�WH[W�W\SHV�

%\� ORRNLQJ�DW� WKH�GLVWULEXWLRQ�RI� VSHFLILF� WUDQVODWLRQ�RSHUDWLRQV�� LW� LV� FOHDU� WKDW
FKDQJHV� WR� VHQWHQFH� PRRG� DQG� YRLFH� RFFXU� PXFK� PRUH� IUHTXHQWO\� LQ� WKH
FRPSXWHU� PDQXDOV� WKDQ� LQ� WKH� ILFWLRQ� WUDQVODWLRQV�� 7KH� H[SODQDWLRQ� IRU� WKHVH
ILQGLQJV� LV� GXH� WR� WKH� IDFW� WKDW� WUDQVODWRUV� RI� WHFKQLFDO� WH[WV� WHQG� WR�PDNH� WKH
WUDQVODWLRQV�PRUH� XVHU�FHQWUHG� DQG� WR� D� FHUWDLQ� H[WHQW� WDNH� DZD\� VRPH� RI� WKH
IRFXV�RQ� WKH�FRPSXWHU�V\VWHP�RU�V\VWHP�FRPSRQHQWV��6XFK�DQ�RYHUDOO� WUHQG� LV
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WKHQ� PDQLIHVWHG� OLQJXLVWLFDOO\� E\� FKDQJLQJ� VHQWHQFH� YRLFH� WR� WKH� SDVVLYH� DQG
VXUSUHVVLQJ�WKH�DJHQW�LI�WKH�VXEMHFW�RI�WKH�DFWLYH�VHQWHQFH�KROGV�D�´V\VWHP�DJHQWµ�
)XUWKHUPRUH��ZKHQ� D� VKLIW� IURP� WKH� SDVVLYH� WR� WKH� DFWLYH� RFFXUV�� LW� LV� QHYHU� D
V\VWHP�FRPSRQHQW�WKDW� LV�PDGH�WKH�VXEMHFW� LQ�WKH�WDUJHW�VHQWHQFH�� LQVWHDG� LW� LV
WKH�XVHU��´\RXµ��WKDW�LV�SXW�LQ�IRFXV�

$QRWKHU�W\SH�RI�WUDQVODWLRQ�RSHUDWLRQ�WKDW�RQO\�RFFXUV�LQ�WKH�FRPSXWHU�PDQXDO
WUDQVODWLRQV� LV� WKH�PRRG�VKLIW�� ,Q�6ZHGLVK�ZULWHUV� WHQG� WR�EH�ELDVHG� WR�SXWWLQJ
WKH� LPSHUDWLYH� YHUE� LQ� WKH� LQLWLDO� SRVLWLRQ� RI� D� VHQWHQFH�� :KHQ� LPSHUDWLYH
VHQWHQFHV� LQ� (QJOLVK� EHJLQ�ZLWK� VRPHWKLQJ� RWKHU� WKDQ� WKH� YHUE� �IRU� H[DPSOH�
DGYHUELDOV��� WKH�WUDQVODWRUV�WHQG�WR�DGRSW�WZR�GLIIHUHQW�VWUDWHJLHV�� ����PRYH�WKH
LPSHUDWLYH�YHUE�WR�WKH�LQLWLDO�SRVLWLRQ�DQG�PRYH�WKH�DGYHUELDO�WR�D�ODWHU�SRVLWLRQ
LQ� WKH� WDUJHW� VHQWHQFH�� DQG� ���� NHHS� WKH� DGYHUELDO� LQ� WKH� LQLWLDO� SRVLWLRQ� DQG
FKDQJH� WKH� WDUJHW� VHQWHQFH� LQWR� GHFODUDWLYH�PRRG�� ,Q� OLVWV� RI� LQVWUXFWLRQV�� WKLV
FRXOG� PHDQ� WKDW� V\PPHWU\� LQ� VW\OH� �LQ� WKH� FDVH� RI� LPSHUDWLYH� VHQWHQFHV�� LV
VDFULILFHG�IRU�UHDGDELOLW\��QDPHO\�ZKHQ�WKH�WUDQVODWRU�FKRRVHV�WR�WUDQVODWH�RQH�RU
PRUH�RI�WKH�LPSHUDWLYH�LQVWUXFWLRQV�LQWR�GHFODUDWLYHV��%XW�XVXDOO\�WKLV�WDNHV�SODFH
ZKHQ�LW�LV�LPSRUWDQW�WKDW�WKH�UHDGHU�LV�ILUVW�FRQIURQWHG�ZLWK�D�IURQWHG�DGYHUELDO�
OLNH� D� WHPSRUDO� RU� FRQGLWLRQDO� FODXVH�� 7KH�PRRG� VKLIWV� FRQVHTXHQWO\� RIWHQ� FR�
RFFXU�ZLWK�WUDQVSRVLWLRQV�

��� 7KH� GLVFRYHU\� RI� WKH� DSSDUHQWO\� LQHIIHFLHQW� XVH� RI� WUDQVODWLRQ� PHPRU\�EDVHG
WUDQVODWLRQ�WRROV��XQFRYHUHG�ZLWK�WKH�DQDO\VLV�WRROV�GLVFXVVHG�LQ�FKDSWHU����VKRXOG�DOVR
EH�YLVLEOH�LQ�D�FORVHU�VWUXFWXUDO�DQG�VHPDQWLF�FRUUHVSRQGHQFH�

7KH� FKDUDFWHULVDWLRQ� RI� WKH� 26�� DQG� ,1)2:,1� WUDQVODWLRQV� DV� PRUH
FRPPXQLFDWLYH� DQG� IUHHU� WUDQVODWLRQV� LV� PDGH� HYHQ� FOHDUHU� E\� WKH
FRUUHVSRQGHQFH�DQDO\VLV��&RPSDUHG�WR�WKH�ODWHU�WUDQVODWLRQ�RI�WKH�&/,(17�WH[W�
ERWK� WKH� 26�� DQG� ,1)2:,1� WUDQVODWLRQV� VKRZ� FRQVLGHUDEO\� PRUH� WUDFHV� RI
ERWK�VWUXFWXUDO�DQG�VHPDQWLF�FKDQJHV��,Q�RWKHU�ZRUGV��ZKHQ�WKH�,%0�WUDQVODWRUV
KDYH�DGRSWHG��RU�EHFRPH�XVHG�WR��WKH�WUDQVODWLRQ�PHPRU\�WRROV��WKH�WUDQVODWLRQ
RI�WKH�,%0�PDQXDOV�WHQG�WR�EHFRPH�PRUH�VRXUFH�RULHQWHG�WKDQ�LQ�WKH�WZR�ILUVW
WUDQVODWLRQV�

$�TXHVWLRQ�IRU�WKH�FRUUHVSRQGHQFH�PRGHO�LV�WR�ZKDW�H[WHQW�LW�FRXOG�EH�DSSOLHG�LQ
D�PRUH�DXWRPDWLF� IDVKLRQ�LQ�WKH�IXWXUH��7KH�PRVW�WLPH�FRQVXPLQJ�DQG�GLIILFXOW
SDUW�RI�LWV�DSSOLFDWLRQ�LV�WKH�DFWXDO�WDJJLQJ�ZRUN��ZKLFK�LQ�WKLV�VWXG\�ZDV�GRQH
PDQXDOO\�� +HUH� LW� LV� SRVVLEOH� WKDW� WKH� WDJV� GHVFULELQJ� VWUXFWXUH� DQG� V\QWDFWLF
IXQFWLRQ� FRXOG� EH� DUULYHG� DW� DXWRPDWLFDOO\�� DW� OHDVW� SDUWLDOO\�� ZLWK� WKH� DLG� RI
V\QWDFWLF� WDJJHUV� OLNH� WKH� &RQVWUDLQW� *UDPPDU� WDJJHUV� �.DUOVVRQ� HW� DO�� �����
7DSDQDLQHQ��������+RZHYHU��WR�EH�DEOH�WR�GHFLGH�VHPDQWLF�UHODWLRQVKLSV�DV�IDU�DV
GHJUHHV� RI� VSHFLILFDWLRQ� DQG� GHFLVLRQV� DERXW� SDUDSKUDVHV� DUH� FRQFHUQHG�� LW�ZLOO
SUREDEO\�EH�GLIILFXOW�WR�DUULYH�DW�VXFK�LQIRUPDWLRQ�ZLWKRXW�XVLQJ�WKH�NQRZOHGJH
IURP�KXPDQ�VRXUFHV�
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3DUDOOHO�FRUSRUD�DQG�WKHLU�DSSOLFDWLRQV�KDYH�EHHQ� LQYHVWLJDWHG� LQ� WKLV� WKHVLV�� ,Q
SDUWLFXODU�,�KDYH�VKRZQ�GLIIHUHQW�ZD\V�LQ�ZKLFK�WUDQVODWLRQ�FRUSRUD�FDQ�EH�WDNHQ
DV� WKH� HPSLULFDO� IRXQGDWLRQ� IRU� LPSURYLQJ� WKH� XQGHUVWDQGLQJ� RI� WUDQVODWLRQ� LQ
UHVSHFW� WR� UHODWLRQVKLSV� EHWZHHQ� VRXUFH� DQG� WDUJHW� WH[WV�� 7KH� LPSURYHG
XQGHUVWDQGLQJ� RI� ZKDW� WKHVH� UHODWLRQVKLSV� DUH� ZRXOG� WKHQ� EH� SXW� WR� XVH� LQ
WUDQVODWLRQ�V\VWHPV�DQG�WUDQVODWLRQ�WRROV�

7KH� H[SOLFLW� HPSLULFDO� IRXQGDWLRQ� IRU� WKLV� ZRUN� LV� WKH� /LQN|SLQJ� 7UDQVODWLRQ
&RUSXV��/7&���ZKLFK�FRQVLVWV�RI�HLJKW�(QJOLVK�6ZHGLVK�WUDQVODWLRQV��DOWRJHWKHU
MXVW� RYHU� ���������� ZRUGV��� /7&� FRQWDLQV� WUDQVODWLRQV� RI� FRPSXWHU� VRIWZDUH
PDQXDOV�� PDGH� ERWK� ZLWK� WKH� DLG� RI� WUDQVODWLRQ� PHPRU\� VRIWZDUH� DV� ZHOO� DV
ZLWKRXW�DQ\�FRPSXWHU�DLGV��7KH�FRUSXV�DOVR�FRQWDLQV�WZR�QRYHOV� �WUDQVODWHG� LQ
WKH�WUDGLWLRQDO�ZD\��DQG�RQH�VKRUW� WUDQVODWLRQ�RI�GLDORJXH�ZKLFK�ZDV�SURGXFHG
E\�DQ�DXWRPDWLF�WUDQVODWLRQ�V\VWHP�

,Q�RUGHU�WR�EXLOG�DQG�H[DPLQH�WKH�WUDQVODWLRQ�FRUSXV�D�QXPEHU�RI�WRROV�KDYH�EHHQ
GHYHORSHG�

�� 7RROV� IRU� DOLJQLQJ� SDUDJUDSKV� DQG� VHQWHQFHV� LQ� RUGHU� WR� EXLOG� WUDQVODWLRQ
FRUSRUD

�� 'LDJQRVWLF�WRROV�WR�DQDO\VH�UHFXUUHQFH�SURILOHV�RI�VRXUFH�DQG�WDUJHW�WH[WV
�� 'LVFUHSDQF\�DQDO\VLV�WR�DQDO\VH�WUDQVODWLRQ�FRQVLVWHQF\
�� ([WUDFWLRQ� RI� PXOWL�ZRUG� XQLWV� �WHUPLQRORJ\� DQG� SKUDVHV�� �)UDVVH��� DQG

)UDVVH���

�� %LOLQJXDO�FRQFRUGDQFLQJ
�� %LOLQJXDO� ZRUG� DOLJQPHQW� IRU� IXOO� WH[W� DOLJQPHQW� DQG� ELOLQJXDO� OH[LFRQ

H[WUDFWLRQ��/:$�

�� 7RROV�IRU�WKH�HYDOXDWLRQ�RI�ZRUG�DOLJQPHQW�V\VWHPV��3/8*�/LQN�$QQRWDWRU
DQG�/LQN�6FRUHU��

7KH�DERYH�WRROV�DUH�DOO�NQRZOHGJH�OLWH��LQ�WKH�VHQVH�WKDW�WKH\�GR�QRW�UHO\�RQ�ODUJH
DQG�FRPSOH[� OLQJXLVWLF� UHVRXUFHV�� VXFK� DV� OH[LFRQV�� SDUWV�RI�VSHHFK� LQIRUPDWLRQ
DQG�JUDPPDUV��$�NQRZOHGJH�OLWH�DSSURDFK�LV�QRW�DQ�HQG�LQ�LWVHOI��EXW�LW�KDV�WKH
DGYDQWDJHV�RI�PDNLQJ�V\VWHPV�PRUH�SRUWDEOH�WR�RWKHU�ODQJXDJHV�DQG�WH[W�W\SHV�
2QO\�D�PLQLPDO�DPRXQW�RI�WLPH�KDV�WR�EH�VSHQW�RQ�VSHFLI\LQJ�ODQJXDJH��RU�WH[W�
VSHFLILF�NQRZOHGJH��7KH�GLVDGYDQWDJHV�RI�NQRZOHGJH�OLWH�WHFKQLTXHV�DUH�VOLJKWO\
ORZHU�SHUIRUPDQFH�DQG�D�ORVV�RI�SRZHU�RI�H[SUHVVLRQ�

7KH�PDLQ� FRQWULEXWLRQ� RI� WKH� WRROV� OLVWHG� DERYH� LV� WKH� FRPELQHG� IXQFWLRQDOLW\
WKDW�WKH\�SURYLGH��2WKHU�WRROV�DUH�DYDLODEOH�WKDW�FDQ�GR�WKH�VDPH�WKLQJV�DV�VRPH
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RI� WKHVH� WRROV� �IRU� H[DPSOH�� UHJDUGLQJ� VHQWHQFH� DOLJQPHQW� DQG� ELOLQJXDO
FRQFRUGDQFLQJ��� +RZHYHU�� WKH� GLVFUHSDQF\� WRRO� LV� LQ� LWVHOI� DQ� RULJLQDO
FRQWULEXWLRQ� DV� ZHOO� DV� WKH� NQRZOHGJH�OLWH� DSSURDFK� IRU� /:$� DQG� WKH
FRPELQDWLRQ� RI� ODQJXDJH� ILOWHUV� DQG� HQWURS\� WKUHVKROGV� LQ� )UDVVH���
)XUWKHUPRUH�� WKH� IOH[LELOLW\� DQG� SRVVLELOLW\� RI� H[WHQGHG� DSSOLFDWLRQV� RI� WKH
3/8*�/LQN�$QQRWDWRU�DUH�QHZ�FRQWULEXWLRQV�WR�WKH�ILHOG�

7R�EH�DEOH� WR�GHVFULEH�PRUH�FRPSOH[� W\SHV�RI� UHODWLRQVKLSV�EHWZHHQ�XQLWV� LQ�D
VRXUFH�WH[W�DQG�D�WDUJHW�WH[W��D�PRUH�HODERUDWH�PRGHO�LV�UHTXLUHG��,Q�FKDSWHU���
DQG�����D�PRGHO� IRU�GHVFULELQJ� VWUXFWXUDO� DQG� VHPDQWLF� FRUUHVSRQGHQFHV� LQ� WKH
/LQN|SLQJ�7UDQVODWLRQ�&RUSXV�ZDV�GHVFULEHG�DQG�DSSOLHG��7KH�GDWD�XVHG�DQG�WKH
DQDO\VHV�ZHUH�PDGH�E\�KDQG�DV�FXUUHQWO\� WKHUH�DUH�QR�DYDLODEOH� WHFKQLTXHV� IRU
VXSSO\LQJ�WUDQVODWLRQV�ZLWK�WKH�UHTXLUHG�NQRZOHGJH�

7KURXJKRXW�WKH�WKHVLV�D�QXPEHU�RI�PHDVXUHV�KDYH�EHHQ�IRUPXODWHG�DQG�DSSOLHG�LQ
RUGHU� WR� GHVFULEH� FKDUDFWHULVWLFV� SUHVHQW� LQ� HLWKHU� VRXUFH� RU� WDUJHW� WH[WV� DQG
UHODWLRQVKLSV�EHWZHHQ�XQLWV� LQ�VRXUFH�DQG�WDUJHW�WH[WV��7KHVH�PHDVXUHV� LQFOXGH
UHFXUUHQFH� UDWHV� LQ� PRQROLQJXDO� WH[WV�� FR�RFFXUUHQFH� UDWLRV�� PHDVXUHV� IRU
WUDQVODWLRQ�FRQVLVWHQF\�DV�ZHOO�DV�PHDVXUHV�IRU�VWUXFWXUDO�DQG�VHPDQWLF�FKDQJHV
EHWZHHQ�D�VRXUFH�WH[W�DQG�LWV�WDUJHW�WH[W�

����� 7UDQVODWLRQ�FKDUDFWHULVWLFV�UHODWHG�WR�WH[W�W\SH

$�FRPSDULVRQ�RI� VRXUFH� WH[WV� IRU� VRIWZDUH�PDQXDOV�ZLWK� VRXUFH� WH[WV� IRU� ILFWLRQ
VKRZV� WKDW� WKH� PDQXDOV� FRQWDLQ� PRUH� UHSHWLWLRQV�� PRUH� PXOWL�ZRUG� XQLWV
�H[SUHVVHG� DV� WHFKQLFDO� WHUPV�� DQG� D� PRUH� UHVWULFWHG� YRFDEXODU\� �ORZ� ZRUG
W\SH�WRNHQ�UDWLRV���7KH�GDWD�RQ�UHFXUUHQFH�UDWHV�DQG�QXPEHU�RI�XVHIXO�0:8V
ZHUH�FRPSLOHG�ZLWK�WKH�DLG�RI�FRPSRQHQWV�LQ�WKH�'DYH�WRROER[�DQG�ZLWK�)UDVVH�
��� 'DWD� RQ� VHQWHQFH� PDSSLQJV� FDQ� EH� RQH� VRXUFH� RI� LQGLFDWLQJ� KRZ� VRXUFH�
RULHQWHG� D� WUDQVODWLRQ� LV�� ,I� RQH� VRXUFH� VHQWHQFH� LV� WUDQVODWHG� E\� H[DFWO\� RQH
WDUJHW� VHQWHQFH� WKH� VHQWHQFH�PDSSLQJ� LV� VDLG� WR�EH����� DQG� WKH�QXPEHU� RI� ���
PDSSLQJV�FDQ�JLYH�D�UHODWLYH� LQGLFDWLRQ�RI� WKH�H[WHQW�RI�VRXUFH�RULHQWDWLRQ� LQ�D
WUDQVODWLRQ��7KH�WUDQVODWLRQV� LQ�WKH�/7&�FRQWDLQ�����VHQWHQFH�PDSSLQJV� LQ�WKH
UHJLRQ�RI�������WR�������SHU�FHQW��ZLWK�WKH�H[FHSWLRQ�RI�RQH�RI�WKH�,%0�WH[WV�WKDW
KDG� D� ������ SHU� FHQW�PDSSLQJ� UDWH� �26���8VHU·V�*XLGH���7KLV� GLIIHUHQFH� LV� LQ
LWVHOI�DQ�LQGLFDWLRQ�WKDW�WKH�,%0�WH[W�LV�QRW�DV�VRXUFH�RULHQWHG�DV�WKH�RWKHU�WH[WV�
:LWK� WKH� DLG� RI� WKH� ELOLQJXDO� FRQFRUGDQFLQJ� WRRO�� PHDVXUHV� IRU� ZRUG� FR�
RFFXUUHQFH�DQG�WUDQVODWLRQ�ELDV�ZHUH�FDOFXODWHG��DQG�WKH�WHQGHQF\�WKDW�WKH�26��
WUDQVODWLRQ�ZDV� WKH� OHDVW� VRXUFH�RULHQWHG� WUDQVODWLRQ�ZDV� FRQILUPHG� E\� KDYLQJ
WKH�ORZHVW�VFRUHV�IRU�ZRUG�FR�RFFXUUHQFH�DQG�WUDQVODWLRQ�ELDV�

%\�XVLQJ�PHDVXUHV� IRU� VWUXFWXUDO� DQG� VHPDQWLF� FKDQJHV� IURP� VRXUFH� WR� WDUJHW�
VHYHUDO�LQWHUHVWLQJ�WH[W�W\SH�GLIIHUHQFHV�ZHUH�GLVFRYHUHG��7KH�VWUXFWXUDO�FKDQJHV
ZHUH�RQ�DYHUDJH�VPDOOHU�LQ�WKH�ILFWLRQ�WUDQVODWLRQV�FRPSDUHG�WR�WKH�WUDQVODWLRQV
RI�FRPSXWHU�PDQXDOV��$QRWKHU�QRWDEOH�GLIIHUHQFH� LV� WKDW� WKH� WUDQVODWLRQV�RI� WKH
FRPSXWHU�PDQXDOV�DUH�GHILQLWHO\�VHPDQWLFDOO\� OHVV�VSHFLILF� WKDQ�WKH�WUDQVODWLRQV
RI� WKH� QRYHOV�� ([SOLFLW� LQIRUPDWLRQ� LV� PDGH� PRUH� JHQHUDO� RU� UHPRYHG� LQ� WKH
6ZHGLVK� WUDQVODWLRQV� RI� WKH� FRPSXWHU�PDQXDOV�� 7KH� FXOWXUH� DQG� MDUJRQ� RI� WKH
VHWWLQJ� RI� D� VRXUFH� WH[W�PXVW� EH� UHYLVHG� LQ� RUGHU� WR� ILW� WKH� WDUJHW� FXOWXUH�� IRU
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H[DPSOH� ZKHQ� LW� FRPHV� WR� LQVWUXFWLRQDO� SDVVDJHV� RU� WH[W� VHFWLRQV� WKDW� DUH
FRQQHFWHG�WR�PDUNHWLQJ��7KH�FODLP�E\�%DNHU��������DERXW�´H[SOLFLWDWLRQµ��WKDW�LV�
WKDW� WKHUH� VKRXOG� EH� D� KLJKHU� GHJUHH� RI� VSHFLILFDWLRQ� RU� H[SOLFLWQHVV� LQ� WKH
WUDQVODWLRQV�FRPSDUHG�WR�VRXUFH�WH[WV��LV�RQ�WKH�RWKHU�KDQG�VXSSRUWHG�E\�WKH�GDWD
IURP�WKH�QRYHO�WUDQVODWLRQV��,Q�WKH�QRYHOV��WKH�WUDQVODWRUV�KDYH��LQ�JHQHUDO��DGGHG
LQIRUPDWLRQ� LQ� WKH� WUDQVODWLRQV��+RZHYHU�� WKH�DQDO\VLV�RI� WKH� FRPSXWHU�PDQXDO
WUDQVODWLRQV�VKRZ�WKDW�´H[SOLFLWDWLRQµ�LV�QRW�D�XQLYHUVDO�IHDWXUH�LQ�WUDQVODWLRQ�

&HUWDLQ� WUDQVODWLRQ� RSHUDWLRQV� FDQ� DOVR� EH� WLHG� WR� FHUWDLQ� WH[W� W\SHV��&KDQJHV� WR
VHQWHQFH� PRRG� DQG� YRLFH� RFFXU� PXFK�PRUH� IUHTXHQWO\� LQ� WKH� FRPSXWHU� PDQXDOV
WKDQ� LQ� WKH� ILFWLRQ� WUDQVODWLRQV��7KH� H[SODQDWLRQ� IRU� WKHVH� ILQGLQJV� LV� WKDW� WKH
WUDQVODWRUV� RI� WKHVH� WHFKQLFDO� WH[WV� WHQG� WR� PDNH� WKH� WUDQVODWLRQV� PRUH� XVHU�
FHQWUHG� DQG� SUHVHQW� D� GLIIHUHQW� YLHZ� RI� WKH� FRPSXWHU� V\VWHP� DQG� V\VWHP
FRPSRQHQWV�� 7KLV� JHQHUDO� WUHQG� LV� WKHQ�PDQLIHVWHG� OLQJXLVWLFDOO\� E\� FKDQJLQJ
WKH�VHQWHQFH�YRLFH�WR�WKH�SDVVLYH�DQG�VXUSUHVVLQJ�WKH�DJHQW�LI�WKH�VXEMHFW�RI�WKH
DFWLYH� VHQWHQFH� KROGV� D� ´V\VWHP� DJHQWµ� LQ� WKH� VRXUFH� VHQWHQFH�� )XUWKHUPRUH�
ZKHQ�D�VKLIW�IURP�WKH�SDVVLYH�WR�WKH�DFWLYH�RFFXUV��LW�LV�QHYHU�D�V\VWHP�FRPSRQHQW
WKDW�LV�PDGH�WKH�VXEMHFW�LQ�WKH�WDUJHW�VHQWHQFH��LQVWHDG�LW�LV�WKH�XVHU��´\RXµ��WKDW
LV�SXW�LQ�IRFXV�

$QRWKHU�W\SH�RI�WUDQVODWLRQ�RSHUDWLRQ�WKDW�RQO\�RFFXUV�LQ�WKH�PDQXDO�WUDQVODWLRQV
LV� WKH�PRRG� VKLIW�� ,Q� 6ZHGLVK��ZULWHUV� WHQG� WR� EH� ELDVHG� WR� SXW� WKH� LPSHUDWLYH
YHUE�LQ�WKH�LQLWLDO�SRVLWLRQ�RI�D�VHQWHQFH��:KHQ�LPSHUDWLYH�VHQWHQFHV�LQ�(QJOLVK
EHJLQ� ZLWK� VRPHWKLQJ� RWKHU� WKDQ� WKH� YHUE� �IRU� H[DPSOH�� DGYHUELDOV��� WKH
WUDQVODWRUV�WHQG�WR�DGRSW�WZR�GLIIHUHQW�VWUDWHJLHV������PRYH�WKH�LPSHUDWLYH�YHUE
WR� WKH� LQLWLDO� SRVLWLRQ� DQG�PRYH� WKH� DGYHUELDO� WR� D� ODWHU� SRVLWLRQ� LQ� WKH� WDUJHW
VHQWHQFH��DQG�����NHHS�WKH�DGYHUELDO�LQ�WKH�LQLWLDO�SRVLWLRQ�DQG�FKDQJH�WKH�WDUJHW
VHQWHQFH� LQWR� GHFODUDWLYH� PRRG�� ,Q� OLVWV� RI� LQVWUXFWLRQV�� WKLV� FRXOG� PHDQ� WKDW
V\PPHWU\�LQ�VW\OH�LV�VDFULILFHG�IRU�UHDGDELOLW\��L�H���ZKHQ�WKH�WUDQVODWRU�FKRRVHV�WR
WUDQVODWH� RQH� RU�PRUH� RI� WKH� LPSHUDWLYH� LQVWUXFWLRQV� LQWR� GHFODUDWLYHV��8VXDOO\
WKLV� WDNHV�SODFH�ZKHQ� LW� LV� LPSRUWDQW� WKDW� WKH� UHDGHU� LV� ILUVW� FRQIURQWHG�ZLWK� D
IURQWHG� DGYHUELDO�� OLNH� D� FRQGLWLRQDO� RU� WHPSRUDO� FODXVH�� 7KH� PRRG� VKLIWV
FRQVHTXHQWO\�RIWHQ�FR�RFFXU�ZLWK�WUDQVSRVLWLRQV�

����� 7UDQVODWLRQ�FKDUDFWHULVWLFV�UHODWHG�WR�WUDQVODWLRQ�PHWKRGV

2QH� RI� WKH� SUHYDLOLQJ� WHFKQLTXHV� LQ� WKH� WUDQVODWLRQ� LQGXVWU\� DUH� WUDQVODWLRQ
PHPRU\�EDVHG�WRROV��ZKLFK�DUH�EDVHG�RQ�WKH�QRWLRQ�RI� UHXVDELOLW\��(YHU\�WLPH�D
WUDQVODWLRQ� XQLW� �EH� LW� D� VHQWHQFH� RU� D� SKUDVH�� UHDSSHDUV� LQ� D� VRXUFH� WH[W�� WKH
WUDQVODWRU�VKRXOG�EH�DEOH�WR�UHXVH�SUHYLRXVO\�PDGH�WUDQVODWLRQV�DQG�WKHUHE\�VDYH
WLPH� DQG� HQVXUH� WKH� XVH� RI� FRUUHFW� WHUPLQRORJ\� DQG� SKUDVHRORJ\�� )RU
WUDQVODWLRQV�PDGH�ZLWK� WUDQVODWLRQ�PHPRU\�EDVHG� V\VWHPV�� WKH�K\SRWKHVLV�ZDV
WKDW� WKLV� WUDQVODWLRQ�PHWKRG�ZRXOG� UHVXOW� LQ�PRUH� VRXUFH�RULHQWHG� WUDQVODWLRQV
FRPSDUHG�WR�WUDQVODWLRQV�PDGH�ZLWKRXW�VXFK�WRROV��7KH�K\SRWKHVLV�ZDV�EDVHG�RQ
WKH� DVVXPSWLRQ� WKDW� D� WDUJHW�RULHQWHG� DSSURDFK� ZRXOG� OHDG� WR� GHFUHDVHG
UHXVDELOLW\�� DV� WKH� UHF\FOHG� VHJPHQWV� VKRXOG� EH� XVHG� LQ� GLIIHUHQW� FRQWH[WV��%XW
WKH�K\SRWKHVLV�IRU�LQFUHDVHG�VRXUFH�RULHQWDWLRQ�XVLQJ�WUDQVODWLRQ�PHPRULHV�FRXOG
QRW� EH� YHULILHG�� 7KH� ILUVW� ,%0� WUDQVODWLRQV� PDGH� ZLWK� WUDQVODWLRQ� PHPRULHV
DFWXDOO\�H[KLELW�PRUH�RI�D�WDUJHW�RULHQWDWLRQ�WKDQ�DQ\�RI�WKH�RWKHU�WH[WV�LQ�/7&�
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+RZHYHU��RYHU�WLPH�WKH�,%0�WUDQVODWLRQV�VKRZ�D�WHQGHQF\�RI�D�KLJKHU�GHJUHH�RI
VRXUFH�RULHQWDWLRQ��EXW�WKHUH�DUH�QR�DSSDUHQW�GLIIHUHQFHV�DV�IDU�DV�VWUXFWXUH�DQG
FRQWHQW�DUH�FRQFHUQHG�FRPSDUHG�WR�WKH�WUDQVODWLRQV�RI�WKH�0LFURVRIW�WH[WV��ZKLFK
ZHUH� GRQH� ZLWKRXW� DQ\� WUDQVODWLRQ� WRROV��� 7KH� GLVFUHSDQF\� DQDO\VHV� RI� WKH
WUDQVODWLRQV� VWUHQJWKHQHG� WKLV� REVHUYDWLRQ� HYHQ� IXUWKHU�� 7KH� ILUVW� DWWHPSWV� DW
XVLQJ� WUDQVODWLRQ�PHPRULHV� DW� ,%0� GLG� QRW� OLYH� XS� WR� WKH� H[SHFWDWLRQV� DV� QR
HIILFLHQF\� JDLQV� FDQ� EH� REVHUYHG� LQ� WKHVH� WUDQVODWLRQV� FRPSDUHG� WR� WKH� KXPDQ
WUDQVODWLRQV�RI�WKH�0LFURVRIW�WH[WV��,Q�LQWHUYLHZV�ZLWK�WKH�,%0�WUDQVODWRUV��WKLV
REVHUYDWLRQ�ZDV�FRQILUPHG�DQG�ZDV�H[SODLQHG�E\�D�FODVK�RI�QHZ�WHFKQRORJ\�DQG
WKH� WUDGLWLRQDO� WUDQVODWLRQ� FXOWXUH� DW� WKH� FRPSDQ\�� ,Q� WKH� HLJKWLHV�� WKH� ,%0
WUDQVODWRUV�PRUH�RU�OHVV�UHZURWH�WKH�$PHULFDQ�PDQXDOV�LQ�6ZHGLVK��PDNLQJ�WKH
WUDQVODWLRQV� H[WUHPHO\� WDUJHW�RULHQWHG�� RU�PRUH� RU� OHVV�6ZHGLVK� DGDSWDWLRQV� RI
$PHULFDQ� RULJLQDOV�� 7KH� LQWURGXFWLRQ� RI� WUDQVODWLRQ� PHPRU\� WRROV� DW� WKH
FRPSDQ\� WKHQ� FODVKHG�ZLWK� WKH� H[LVWLQJ� WUDQVODWLRQ� FXOWXUH��ZKLFK� UHVXOWHG� LQ
RSHQO\� QHJDWLYH� DWWLWXGHV� WRZDUGV� WKH� QHZ� WHFKQRORJ\� DQG� FDXVHG� VRPH
WUDQVODWRUV� WR� VWLFN� WR� WKH� ROG� ZD\� RI� WUDQVODWLQJ�� ,QLWLDOO\� WKHUH� ZHUH� DOVR
WHFKQLFDO� DQG� DGPLQLVWUDWLYH� SUREOHPV�� IRU� H[DPSOH� ZLWK� WKH� GLVWULEXWLRQ� DQG
VKDULQJ�RI�WUDQVODWLRQ�PHPRULHV��7KLV�DOVR�FRQWULEXWHG�WR�WKH�UHVLVWDQFH�IURP�WKH
WUDQVODWLRQ�WHDPV�WKDW�ZHUH�VXSSRVHG�WR�XVH�WKH�WRROV�

2QO\�RQH�RI�WKH�WUDQVODWLRQV�LQ�/7&�KDG�EHHQ�GRQH�E\�DQ�DXWRPDWLF�WUDQVODWLRQ
V\VWHP� �WKH�$7,6� WH[W���7KLV� WH[W�KDV�EHHQ� VKRZQ� WR�EH�PRUH�RU� OHVV�����SHU
FHQW� VRXUFH�RULHQWHG��ZLWK� QR� DSSDUHQW� FKDQJHV� WR� VWUXFWXUH� DQG� FRQWHQW��7KH
WUDQVODWLRQ�FDQ�EH�VDLG�WR� ILQG�WKH�VKRUWHVW�SRVVLEOH�ZD\� IURP�VRXUFH� WR� WDUJHW�
ZLWK�RQO\�WKH�QHFHVVDU\�DGMXVWPHQWV�WR�PDNH�WKH�WDUJHW�VHQWHQFH�JUDPPDWLFDOO\
FRUUHFW��:LWK�RQO\�RQH�VKRUW�VDPSOH�IURP�DXWRPDWLF�WUDQVODWLRQ�LW�LV�GLIILFXOW�WR
FODLP� DQ\� JHQHUDO� UHVXOWV�� %XW� DV� ORQJ� DV�07� V\VWHPV� WUDQVODWH� VHQWHQFH�E\�
VHQWHQFH�� RQ� D� UXOH�IRU�UXOH� EDVLV�� ZLWK� OLWWOH� RU� QR� GLVFRXUVH�OHYHO� DQDO\VLV� RU
JHQHUDWLRQ�� DXWRPDWLF� WUDQVODWLRQV�ZLOO� E\� GHIDXOW� EH� YHU\� VLPLODU� LQ� VWUXFWXUH
DQG�FRQWHQW�WR�WKH�VRXUFH�WH[W�

����� 7UDQVODWLRQ�PHPRULHV�DQG�UHXVDELOLW\

,Q�FKDSWHU����LW�ZDV�VKRZHG�WKDW�WKH�EDVLF�SULQFLSOH�RI�UHXVDELOLW\�LQ�WUDQVODWLRQ�LV
DSSOLFDEOH�� L�H��� WKDW� PRVW� UHFXUUHQW� VHQWHQFHV� FDQ� EH� UHF\FOHG�� DFFRUGLQJ� WR
WUDQVODWRUV��,W�LV�RQO\�ZKHQ�VHQWHQFHV�RFFXU�LQ�GLIIHUHQW�IXQFWLRQDO�FRQWH[WV�WKDW
WKLV�SULQFLSOH�KDV�WR�EH�DEDQGRQHG��IRU�H[DPSOH��LI�WKH�VDPH�VHJPHQW�RFFXUV�DV�D
KHDGHU�RU�LQ�D�WDEOH�FHOO��7KLV�LV�JRRG�QHZV�IRU�WKH�XVHUV�RI�WUDQVODWLRQ�PHPRU\
WRROV�� EXW� WKH� EDG� QHZV� LV� WKDW� WKH� VXUYH\� DOVR� VKRZHG� WKDW� WUDQVODWRUV� KDYH
GLIILFXOWLHV� LQ� DFFHSWLQJ� VXJJHVWHG� WUDQVODWLRQV��$OWHUQDWLYHO\�� RQH� FDQ� VD\� WKDW
WUDQVODWRUV�GR�QRW�VKDUH�D�FRPPRQ�YLHZ�RI�ZKDW�LV�WR�EH�UHJDUGHG�DV�WKH�´EHVWµ
WUDQVODWLRQ� DOWHUQDWLYH� LI� WKHUH� DUH� VHYHUDO� FDQGLGDWHV� WR� FKRRVH� IURP�
&RQVHTXHQWO\�� LW� LV� OLNHO\� WKDW� WUDQVODWRUV� ZLOO� ZDQW� WR� FKDQJH� DOUHDG\� VWRUHG
WUDQVODWLRQV��ZKLFK�ZLOO�GHFUHDVH�HIILFLHQF\�DQG�PDNH�WUDQVODWLRQV�OHVV�FRQVLVWHQW
LI� VHYHUDO� WUDQVODWRUV�ZRUN�ZLWK� WKH� VDPH� VRXUFH� WH[W��7KLV� REVHUYDWLRQ� LV� RQH
H[SODQDWLRQ�RI�ZKDW�KDSSHQHG�ZKHQ�WUDQVODWLRQ�PHPRU\�WRROV�ZHUH� LQWURGXFHG
DW�,%0��7UDQVODWRUV�KDYH�GLIILFXOWLHV� LQ�DFFHSWLQJ�SUHYLRXV�WUDQVODWLRQV�DV� WKH\
DUH�
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,Q�RUGHU�WR�RYHUFRPH�WKH�GLIILFXOWLHV�WKDW�WUDQVODWRUV�KDYH�ZLWK�UHXVLQJ�VWDQGDUG
WUDQVODWLRQV��PRUH�HPSKDVLV�VKRXOG�EH�SXW�RQ�WKH�YHULILFDWLRQ�DQG�DGPLQLVWUDWLRQ
RI� WUDQVODWLRQ�PHPRULHV��:LWK� LPSURYHG� IXQFWLRQV� IRU� FOHDQLQJ�XS� WUDQVODWLRQ
PHPRULHV�EHIRUH�WKH\�DUH�DUFKLYHG��LW�ZRXOG�EH�SRVVLEOH�WR�JLYH�WKH�WUDQVODWRUV�D
JUHDWHU�GHJUHH�RI�IUHHGRP�WR�FKRRVH�WKH�RSWLPDO�WUDQVODWLRQ��ZKLFK�LQ�WXUQ�ZRXOG
FDXVH�D�PRUH�SRVLWLYH�DWWLWXGH�WRZDUGV�WKH�WHFKQRORJ\��$W�WKH�SRVW�HGLWLQJ�VWDJH�
RQH�VWDQGDUG�WUDQVODWLRQ�ZRXOG�EH�DUFKLYHG��DQG�HUURQHRXV�YDULDQW�WUDQVODWLRQV
ZRXOG�EH�UHPRYHG�IURP�WKH�DUFKLYH�

����� $XWRPDWLF�WUDQVODWLRQ

7UDQVODWLRQ�FRUSRUD�ZLOO� LPSURYH�PDFKLQH�WUDQVODWLRQ�V\VWHPV� LQ�VHYHUDO�ZD\V�
)RU�UXOH�EDVHG�V\VWHPV�LW� LV�SRVVLEOH�WR� LQFRUSRUDWH�WUDQVODWLRQ�RSHUDWLRQV�VXFK
DV�WKH�RQHV�IRXQG�LQ�WKH�FRPSXWHU�PDQXDO�WUDQVODWLRQV�LQ�/7&��6KLIWV�UHJDUGLQJ
VHQWHQFH�PRRG�DQG�VHQWHQFH�YRLFH�FRXOG�WKHUHIRUH�EH�KDQGOHG�E\�07�V\VWHPV�

$XWRPDWLF�H[WUDFWLRQ�RI�ELOLQJXDO�OH[LFRQV�IRU�07�V\VWHPV�FDQ�DOUHDG\�EH�PDGH�
DQG�LV�D�SUH�UHTXLVLWH� IRU�VZLIW�SRUWLQJ�RI�V\VWHPV�WR�QHZ�GRPDLQV��,Q�RUGHU�WR
JHW� FORVHU� WR� D� PRUH� WDUJHW�RULHQWHG� WUDQVODWLRQ�� IXUWKHU� DQG� PRUH� GHWDLOHG
VWXGLHV�RQ�FRUUHVSRQGHQFHV�ZRXOG�KDYH�WR�EH�FDUULHG�RXW��,Q�WKLV�WKHVLV��FHUWDLQ
RSHUDWLRQV�FRQQHFWHG�WR�YRLFH�DQG�PRRG�VKLIWV�DV�ZHOO�DV�GHOHWLRQV�DQG�DGGLWLRQV
KDYH�EHHQ� LGHQWLILHG� IRU� WKH� WUDQVODWLRQV�RI� FRPSXWHU�PDQXDOV��%XW� WKH�JHQHUDO
WUHQG�� WKDW�(QJOLVK�RULJLQDOV� WHQG� WR� ORRVH� H[SOLFLW� LQIRUPDWLRQ� LQ� WKH�6ZHGLVK
WUDQVODWLRQV��UHTXLUHV�D�PRUH�HODERUDWH�XQGHUVWDQGLQJ�RI�ZKDW�LV�WDNLQJ�SODFH�RQ
WKH�GLVFRXUVH�OHYHO�DQG�ZKDW�DGDSWDWLRQ�WR�D�JHQUH��DQG�WH[W�W\SH�VSHFLILF�QRUP
UHDOO\�PHDQV�

����� 0XOWL�ZRUG�XQLW�H[WUDFWLRQ

0XOWL�ZRUG�XQLW� �0:8�� H[WUDFWLRQ� IRU�PRQROLQJXDO� WH[WV� LV� LPSRUWDQW� LQ� WKH
DUHD�RI�OH[LFRJUDSK\�DQG�WHUPLQRORJ\��DQG�DOVR�DV�D�UHVRXUFH�IRU�GLIIHUHQW�W\SHV
RI�V\VWHPV��VXFK�DV�ZRUG�DOLJQPHQW�V\VWHPV�DQG�PDFKLQH�WUDQVODWLRQ�V\VWHPV��,Q
WKLV� WKHVLV�� WZR� YDULDQWV� RI� D� NQRZOHGJH�OLWH� 0:8� H[WUDFWLRQ� SURJUDP� KDYH
EHHQ�SUHVHQWHG��)UDVVH���DQG�)UDVVH����7KH\�DUH�NQRZOHGJH�OLWH�LQ�WKH�VHQVH�WKDW
QR�DEVWUDFW�OLQJXLVWLF�LQIRUPDWLRQ�LV�UHTXLUHG��%RWK�SURJUDPV�RSHUDWH�RQ�WKH�WH[W
VHHQ�DV�VWULQJV�RI�WRNHQV�DQG�DUH�FRPELQHG�ZLWK�ODQJXDJH�ILOWHUV��)UDVVH���XVHV
RQO\� D� IUHTXHQF\� WKUHVKROG� DQG� LQ� )UDVVH��� DQ� HQWURS\� WKUHVKROG� DQG� D�PRUH
HODERUDWH� ODQJXDJH� ILOWHU� DUH� DGRSWHG�� 7KH� V\VWHPV� DUH� IDVW� EHFDXVH� RI� WKH
NQRZOHGJH�OLWH� DSSURDFK� DQG� HDV\� WR� DSSO\� WR� QHZ� ODQJXDJHV� DQG� QHZ� WH[WV
EHFDXVH� WKH� RQO\� UHVRXUFH� WKDW� QHHGV� DGMXVWLQJ� LV� WKH� ODQJXDJH� ILOWHU��)UDVVH��
ZLOO�SURGXFH�PRUH�0:8V�WKDQ�)UDVVH����EXW�ZLWK�D�ORZHU�SUHFLVLRQ��)UDVVH���LV
WKHUHIRUH�PRUH�XVHIXO�ZKHQ�QR�KXPDQ�LQSXW�RU�UHYLVLRQ�RI�WKH�0:8�UHVRXUFHV
FDQ� EH�PDGH��:KHQ� KXPDQ� UHYLVLRQ� RI� WKH�0:8� OLVWV� LV� SRVVLEOH�� WKH� RXWSXW
IURP�)UDVVH����RU�D�FRPELQDWLRQ�RI�WKH�RXWSXW�IURP�)UDVVH���DQG�)UDVVH����FDQ
EH�ILOWHUHG�PDQXDOO\�WR�DUULYH�DW�D�ODUJHU�QXPEHU�RI�DFFXUDWH�0:8V��7KH�)UDVVH
V\VWHPV�KDYH�EHHQ�VXFFHVVIXOO\�DSSOLHG�WR�6ZHGLVK��(QJOLVK�DQG�*HUPDQ�WH[WV�
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����� :RUG�DOLJQPHQW�DQG�HYDOXDWLRQV

7KH� /LQN|SLQJ� :RUG� $OLJQHU� �/:$�� LV� D� NQRZOHGJH�OLWH� ZRUG� DOLJQPHQW
V\VWHP�WKDW�SURGXFHV� IXOO�WH[W� DOLJQPHQW� DQG�H[WUDFWV� D�ELOLQJXDO� OH[LFRQ��7KH
V\VWHP�LV�EXLOW�DURXQG�D�VWDWLVWLFDO�HQJLQH�ZKHUH�D�ZRUG�DVVRFLDWLRQ�VFRUH�LV�XVHG
WR�ILQG�FRUUHVSRQGHQFHV�EHWZHHQ�VLQJOH�RU�PXOWL�ZRUG�XQLWV�IURP�D�VRXUFH�DQG�D
WDUJHW� WH[W�� 7KH� LQSXW� WR� WKH� V\VWHP� LV� D� VHQWHQFH�DOLJQHG� WUDQVODWLRQ� FRUSXV
�ELWH[W���7KH�VWDWLVWLFDO�HQJLQH�LQ�WKH�V\VWHP�LV�FRPSOHPHQWHG�ZLWK�IRXU�PRGXOHV
WKDW� KDQGOHV� 0:8V�� PRUSKRORJ\�� FORVHG�FODVV�RSHQ�FODVV� H[SUHVVLRQV� DQG
SRVLWLRQ�ZHLJKWV��6HYHUDO�ILOWHUV�DQG�WHVWV�DUH�DOVR�SRVVLEOH�WR�LQFOXGH�RU�H[FOXGH
LQ� WKH� OLQNLQJ� SURFHVV�� IRU� H[DPSOH� VWUDWHJLHV� IRU� OLQNLQJ� XQLTXH� ZRUGV� DQG
FRJQDWHV��HWF�

7R�EH�DEOH�WR�HYDOXDWH�/:$��DQG�RWKHU�ZRUG�DOLJQPHQW�V\VWHPV���DQ�DQQRWDWLRQ
SURJUDP�� FDOOHG� WKH� 3/8*� /LQN� $QQRWDWRU�� ZDV� GHYHORSHG�� 2QH� RU� VHYHUDO
DQQRWDWRUV� FDQ� XVH� WKH� 3/8*� /LQN� $QQRWDWRU� WR� FUHDWH� UHIHUHQFH� GDWD� �JROG
VWDQGDUGV�� DJDLQVW� ZKLFK� WKH� RXWSXW� RI� D� ZRUG� DOLJQPHQW� V\VWHP� FDQ� EH
HYDOXDWHG��7KH�VHOHFWLRQ�RI�ZKLFK�VRXUFH�ZRUGV�WKDW�DUH�XVHG�LQ�WKH�DQQRWDWLRQ
SURFHVV�FDQ�EH�PDGH�LQ�GLIIHUHQW�ZD\V��IRU�H[DPSOH��E\�UDQGRP�VDPSOLQJ�RI�WH[W
WRNHQV�� IUHTXHQF\�EDODQFHG�ZRUG�VDPSOLQJ�RU�E\�VDPSOLQJ�RQO\�FRQWHQW�ZRUGV�
$�VHSDUDWH�PRGXOH��WKH�/LQN�6FRUHU��FRPSDUHV�WKH�UHIHUHQFH�GDWD�ZLWK�WKH�RXWSXW
IURP� WKH� ZRUG� DOLJQPHQW� SURJUDP� DQG� GHOLYHUV� D� VHW� RI� VFRUHV� IRU� WKH
SHUIRUPDQFH�RI�WKH�V\VWHP�

/:$� KDV� EHHQ� HYDOXDWHG� LQ� WKUHH� ZD\V�� 7KH� ILUVW� HYDOXDWLRQ� ZDV� PDGH� E\
HYDOXDWLQJ�D�VDPSOH�RI�WKH�H[WUDFWHG�OH[LFRQ�IURP�VRPH�RI�WKH�WUDQVODWLRQV�LQ�WKH
/LQN|SLQJ�7UDQVODWLRQ�&RUSXV��7KH�VHFRQG�HYDOXDWLRQ�ZDV�PDGH�LQ�FRQMXQFWLRQ
ZLWK� DQ� LQWHUQDWLRQDO� ZRUG� DOLJQPHQW� WHVW�� FDOOHG� $5&$'(� �9pURQLV� DQG
/DQJODLV��������ZKHUH�/:$�ZDV�DSSOLHG�WR�)UHQFK�(QJOLVK�WUDQVODWLRQV��,Q�WKH
$5&$'(�SURMHFW��WKH�HYDOXDWLRQ�ZDV�PDGH�E\�XVLQJ�SULRU�UHIHUHQFH�PDWHULDO��D
JROG� VWDQGDUG�� DQG� DOO� SDUWLFLSDWLQJ� V\VWHPV� ZHUH� FRPSDUHG� IRU� UHFDOO� DQG
SUHFLVLRQ�VFRUHV��,Q�WKH�WKLUG�HYDOXDWLRQ��GLIIHUHQW�V\VWHP�FRQILJXUDWLRQV�RI�/:$
ZHUH�WHVWHG�ZLWK�WKH�XVH�RI�VHYHUDO�W\SHV�RI�JROG�VWDQGDUGV��7KH�JROG�VWDQGDUGV
ZHUH�FUHDWHG�ZLWK�WKH�DLG�RI�WKH�3/8*�/LQN�$QQRWDWRU��DQG�WKH�VFRUHV�IRU�WKH
GLIIHUHQW�FRQILJXUDWLRQV�ZHUH�DXWRPDWLFDOO\�FDOFXODWHG�E\�FRPSDULQJ�WKH�GLIIHUHQW
RXWSXWV�ZLWK�WKH�JROG�VWDQGDUGV��7KH�FRQFOXVLRQV�IURP�WKH�HYDOXDWLRQV�DUH�WKDW
/:$� VWDQG� XS� ZHOO� LQ� WKH� $UFDGH� SURMHFW�� LQ� VSLWH� RI� WKH� NQRZOHGJH�OLWH
DSSURDFK��DQG�WKDW�WKH�VZLIW�SRUWLQJ�RI�WKH�V\VWHP�WR�D�QHZ�ODQJXDJH�SDLU�ZDV
LQGHHG�PDGH�SRVVLEOH�SUHFLVHO\�E\� WKH� IDFW� WKDW�/:$�LV�NQRZOHGJH�OLWH�� ,W�ZDV
IXUWKHU� FRQFOXGHG� WKDW� SUHFLVLRQ� DQG� UHFDOO� VFRUHV� IRU� GLIIHUHQW� V\VWHPV� DQG
V\VWHP�FRQILJXUDWLRQV�FDQ�RQO\�EH�FRPSDUHG�LI�WKH�VDPH�ELWH[W�LV�XVHG�DV� LQSXW
DQG� IXUWKHUPRUH� WKDW� WKH�JROG� VWDQGDUG�XVHG� WR� HYDOXDWH� WKH� RXWSXW� LV� FUHDWHG
ZLWK�FRPSDUDEOH�FULWHULD��8VLQJ�GLIIHUHQW�VDPSOLQJ�PHWKRGV�IRU�WKH�VRXUFH�LWHPV
LQ�WKH�JROG�VWDQGDUG�ZLOO�LQIOXHQFH�WKH�SUHFLVLRQ�DQG�UHFDOO�VFRUHV��)RU�H[DPSOH�
UDQGRP� VDPSOLQJ� RI� VRXUFH� WRNHQV� IRU� WKH� JROG� VWDQGDUG� ZLOO� SURGXFH� KLJKHU
UHFDOO� UHVXOWV� DQG� ORZHU� SUHFLVLRQ� UHVXOWV� FRPSDUHG� WR� D� IUHTXHQF\�EDODQFHG
VDPSOLQJ�RI�FRQWHQW�ZRUGV�RQO\�

$OO� HYDOXDWLRQV� VKRZ� WKDW� D� SXUHO\� VWDWLVWLFDO� DSSURDFK� FDQ� EH� LPSURYHG� E\
DGGLQJ�GLIIHUHQW�NQRZOHGJH�OLWH�PRGXOHV��)RU�H[DPSOH��WKH�QXPEHU�RI�W\SH�OLQNV
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LQFUHDVHV�E\�PRUH�WKDQ�����SHU�FHQW�ZKHQ�DOO�PRGXOHV�DUH�DFWLYDWHG�FRPSDUHG�WR
WKH�VWDWLVWLFDO�EDVHOLQH�FRQILJXUDWLRQ��7KH�DFFXUDF\�RI�WKH�H[WUDFWHG�OLQNV�LV�DOVR
LPSURYHG�ZLWK�WKH�PRGXOHV�

����� /H[LFRJUDSK\�DQG�FRQWUDVWLYH�OLQJXLVWLFV

)RU�OH[LFRJUDSK\�DQG�FRQWUDVWLYH�OLQJXLVWLFV��WKHUH�LV�YDVW�DPRXQW�RI�NQRZOHGJH
KLGGHQ� LQ� SDUDOOHO� FRUSRUD�� %\� XVLQJ� ELOLQJXDO� FRQFRUGDQFH� SURJUDPV�� LW� LV
SRVVLEOH� WR�VWXG\�KRZ�VRXUFH�XQLWV�DUH� UHODWHG� WR� WDUJHW�XQLWV� LQ�YDULRXV�ZD\V�
'HSHQGLQJ� RQ� WKH� WDVN� DW� KDQG�� ERWK� WKH� OH[LFRJUDSKHU� DQG� WKH� FRQWUDVWLYH
OLQJXLVW� FDQ� VWXG\� WKH� GLVWULEXWLRQ� RI� OH[LFDO� LWHPV� DQG� PRUH� FRPSOH[
FRQVWUXFWLRQV� IRU� DSSOLHG� RU� UHVHDUFK� SXUSRVHV�� 2QH� GLIIHUHQFH� EHWZHHQ� D
ELOLQJXDO� FRQFRUGDQFHU� DQG� D� ZRUG� DOLJQPHQW� V\VWHP� LV� WKDW� IRU� D� ELOLQJXDO
FRQFRUGDQFHU�WKH�XVHU� LV� LQYHVWLJDWLQJ�VRPHWKLQJ�VSHFLILHG��EH� LW�D�VRXUFH�ZRUG
RU�D�FRPELQDWLRQ�RI�D�VRXUFH�RU�D�WDUJHW�ZRUG��)RU�D�ZRUG�DOLJQPHQW�V\VWHP��WKH
VHDUFK�LV�QRW�VSHFLILHG��WKH�V\VWHP�ZLOO�WU\�WR�RXWSXW�DQ\WKLQJ�WKDW�LV�GHHPHG�DV�D
SUREDEOH�SDLU�RI�VRXUFH�XQLW�DQG�WDUJHW�XQLW��7KHQ�LW�LV�XS�WR�WKH�XVHU�WR�GHFLGH
ZKHWKHU�WKH�UHODWLRQVKLS�LV�XVDEOH�RU�LQWHUHVWLQJ��,W�LV�H[DFWO\�WKLV�FKDUDFWHULVWLF
WKDW�PDNHV�ZRUG�DOLJQPHQW�V\VWHP�VXFK�DQ�LQWHUHVWLQJ�WRRO� IRU� OH[LFRJUDSKHUV�
*LYHQ�ODUJH�WUDQVODWLRQ�FRUSRUD�DQG�D�ZRUG�DOLJQPHQW�V\VWHP��WHQV�RI�WKRXVDQGV
RI� SRWHQWLDO� HQWULHV� IRU� ELOLQJXDO� OH[LFRQV� FDQ� EH� H[WUDFWHG� DXWRPDWLFDOO\�� 7KH
OH[LFRJUDSKHU�FDQ�WKHQ�FRPSDUH�WKH�DXWRPDWLFDOO\�H[WUDFWHG�OH[LFDO�SDLUV�ZLWK�DQ
H[LVWLQJ�ELOLQJXDO� OH[LFRQ�DQG�GHFLGH�ZKDW�DQG�ZKDW�QRW� WR� LQFOXGH� LQ�D� IXWXUH
UHOHDVH�RI�WKH�OH[LFRQ�

����� 7UDQVODWLRQ�VWXGLHV

)URP�WKH�ILHOG�RI�WUDQVODWLRQ�VWXGLHV��WKH�LQWHUHVW�LQ�WUDQVODWLRQ�FRUSRUD�KDV�EHHQ
LQFUHDVLQJ�RYHU�D�QXPEHU�RI�\HDUV��7KH�HPHUJHQFH�RI�SRZHUIXO�KDUGZDUH��ERWK
IRU�VWRUDJH�DQG�SURFHVVLQJ��KDV�PDGH�LW�SRVVLEOH�WR�FROOHFW�DQG�LQYHVWLJDWH�PXFK
ODUJHU� DPRXQWV� RI� WH[WV� WKDQ� HYHU� EHIRUH�� +RZHYHU�� ZLWK� WKH� GHYHORSPHQWV
ZLWKLQ�QDWXUDO� ODQJXDJH�SURFHVVLQJ�DQG�FRUSXV� OLQJXLVWLFV� �VHQWHQFH�DOLJQPHQW�
SDUWV�RI�VSHHFK� WDJJLQJ�� ZRUG� DOLJQPHQW�� FRQFRUGDQFHUV�� HWF��� WKH� JURXQG� KDV
EHHQ� SDYHG� IRU� EULQJLQJ� WKH� HPSLULFDO� IRXQGDWLRQ� DV� LW� LV� PDQLIHVWHG� LQ� UHDO
WUDQVODWLRQV� RQWR� WKH� WUDQVODWLRQ� VFKRODUV� GHVN�� +\SRWKHVHV� FRQFHUQLQJ� IRU
H[DPSOH��XQLYHUVDOV�LQ�WUDQVODWLRQV�FDQ�QRZ�EH�WHVWHG�RQ�D�PXFK�ZLGHU�VFDOH�

9DULRXV� LQWHUHVWLQJ�DUHDV�ZLWKLQ� WUDQVODWLRQ� VWXGLHV� FRXOG�EH� DSSURDFKHG�JLYHQ
WKH�DSSURSULDWH�FRUSRUD��3DWWHUQV�RI�´VSRNHQµ�ODQJXDJH�FRXOG�EH�LQYHVWLJDWHG�E\
ORRNLQJ� LQWR� WKH�GLDORJXH�RI� VWDJH�SOD\V��7KH�FKDUDFWHULVWLFV�XQGHUO\LQJ� VFUHHQ
DQG�79� WUDQVODWLRQ� FRXOG� EH�PDGH� FOHDUHU� E\� KDYLQJ� WUDQVODWLRQ� FRUSRUD�ZLWK
VXFK�PDWHULDO�

7KH�UHVXOWV�WKDW�WUDQVODWLRQ�VFKRODUV�SURGXFH�QHHG�QRW��KRZHYHU��UHPDLQ�ZLWKLQ
WKH�WUDQVODWLRQ�VWXGLHV�ILHOG��,W�LV�RI�YLWDO�LPSRUWDQFH�WKDW�ERWK�JHQHUDO�DQG�PRUH
JHQUH�� RU� WH[W�W\SH� VSHFLILF� NQRZOHGJH� DOVR� DUH� EURXJKW� WR� WKH� DWWHQWLRQ� RI
GHYHORSHUV�RI�PDFKLQH�WUDQVODWLRQ�V\VWHPV�DQG�WUDQVODWLRQ�WRROV�
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����� )XWXUH�ZRUN

%HORZ� ,� OLVW� VRPH� RI� WKH� DUHDV� RU� DSSOLFDWLRQV� WKDW� ,� UHJDUG� DV� LPSRUWDQW
FRQWLQXDWLRQV�RI�WKLV�ZRUN�

�� ,PSURYHG� WUDQVODWLRQ� PHPRU\� WRROV��0RGXOHV� IRU� WHUPLQRORJ\� H[WUDFWLRQ� DQG
ZRUG� DOLJQPHQW� FDQ� EH� LQWHJUDWHG�ZLWK� WKH�70� WRROV�� 9DOLGDWLRQ� WRROV� IRU
FRQVLVWHQW�WHUPLQRORJ\�WUDQVODWLRQV�DQG�FRPSOLDQFH�WR�H[LVWLQJ�VW\OH�JXLGHV
ZRXOG�DOVR�EH�D�FRQVLGHUDEOH�LPSURYHPHQW�

�� ,PSURYHG� DXWRPDWLF� WUDQVODWLRQ� V\VWHPV�� 5XOH�EDVHG� 07� V\VWHPV� FDQ� EH
LPSURYHG�E\�LQWHJUDWLQJ�HPSLULFDOO\�YDOLGDWHG�WUDQVODWLRQ�VKLIWV�LQWR�WUDQVIHU
PRGXOHV�� $QRWKHU� DUHD� LV� WR� FRQWLQXH� WKH� SDWK� RQ� K\EULG� V\VWHPV� ZKHUH
H[DPSOH�EDVHG� DQG� UXOH�EDVHG� 07� DSSURDFKHV� DUH� FRPELQHG� LQ� RUGHU� WR
LPSURYH�WKH�TXDOLW\�RI�WKH�WDUJHW�WH[WV�

�� 7HVWLQJ�WKH�GLIIHUHQFHV�EHWZHHQ�NQRZOHGJH�OLWH�DQG�NQRZOHGJH�LQWHQVLYH�WUDQVODWLRQ
SURFHVVLQJ��:KDW� FDQ� EH� DFKLHYHG�ZKHQ� NQRZOHGJH�OLWH� DSSURDFKHV� DUH� XVHG
DQG�ZKDW�NLQG�RI�SURFHVVLQJ�UHTXLUHV�PRUH�GHWDLOHG�OLQJXLVWLF�UHVRXUFHV"�7KLV
LV�LPSRUWDQW��IRU�LQVWDQFH��IRU�WKH�H[WUDFWLRQ�RI�WHUPV�DQG�FROORFDWLRQV�

�� /H[LFRJUDSK\� DQG� SDUDOOHO� WH[WV�� 'HYHORS� WHFKQLTXHV� DQG� PHWKRGV� IRU� XVLQJ
SDUDOOHO�WH[W�FRUSRUD�LQ�ZRUN�ZLWK�OH[LFRQ�FRQVWUXFWLRQ�

�� $Q� LQWHJUDWLRQ� RI� ELOLQJXDO� FRQFRUGDQFLQJ� DQG� OH[LFRQV� ZKHUH� WKH� RXWSXW� IURP
ZRUG�DOLJQPHQW�V\VWHPV�DUH�WDNHQ�DV�WKH�LQSXW�WR�WKH�ELOLQJXDO�FRQFRUGDQFHU�
7KH� XVHU� VKRXOG� WKHQ� EH� DEOH� WR� EURZVH� DQG� VHDUFK� WKH� WUDQVODWLRQV� IURP
GLIIHUHQW�SHUVSHFWLYHV��)RU�H[DPSOH��E\�HQWHULQJ�D�ELOLQJXDO�OH[LFRQ��WKH�XVHU
FRXOG� FOLFN� RQ� D� OH[LFDO� HQWU\� DQG� YLHZ� DOO� WKH� LQVWDQFHV� LQ� WKH� WUDQVODWLRQ
FRUSXV� ZKHUH� WKLV� SDUWLFXODU� OLQN� DSSHDUV�� )XUWKHUPRUH�� ZKHQ� WKH� XVHU
VSHFLILHV�D�VHDUFK�IRU�D�SDUWLFXODU�VRXUFH�ZRUG�RU�H[SUHVVLRQ��WKH�FRQFRUGDQFH
FRPSRQHQW� ZLOO� DOVR� KLJKOLJKW� WKH� FRUUHVSRQGLQJ� WUDQVODWLRQ� LQ� WKH� WDUJHW
WH[W��LI�WKH�V\VWHP�KDV�IRXQG�RQH��

�� 7UDQVODWLRQ� GDWDEDVHV�� 3DUDOOHO� WH[WV� FRQWDLQLQJ� PRUH� H[SOLFLW� WUDQVODWLRQ
NQRZOHGJH��VXFK�DV�FRUUHVSRQGHQFHV��V\QWDFWLF�DQG�VHPDQWLF�LQIRUPDWLRQ��HWF�
7KLV� FDQ� EH� VHHQ� DV� DQ� DXWRPDWLF� H[WHQVLRQ� RI� WKH� FRUUHVSRQGHQFH� PRGHO
GHVFULEHG�LQ�FKDSWHU����
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3ULPDU\�WH[W�VRXUFHV

(QJOLVK�RULJLQDOV

,%0�,QIR:LQGRZ�,,������8VHU·V�*XLGH��,%0�&RUSRUDWLRQ�������

,%0�26�������8VLQJ�WKH�2SHUDWLQJ�6\VWHP��,%0�&RUSRUDWLRQ������

,%0�26�������,QVWDOODWLRQ�*XLGH��,%0�&RUSRUDWLRQ������

,%0�&OLHQW�$FFHVV�IRU�:LQGRZV�����8VHU·V�*XLGH��,%0�&RUSRUDWLRQ������

0LFURVRIW�([FHO�IRU�:LQGRZV�����8VHU·V�*XLGH��0LFURVRIW�&RUSRUDWLRQ������

0LFURVRIW�$FFHVV�IRU�:LQGRZV�����8VHU·V�*XLGH��0LFURVRIW�&RUSRUDWLRQ�������

%HOORZ��6DXO��7R�-HUXVDOHP�DQG�EDFN��D�SHUVRQDO�DFFRXQW��9LNLQJ�3�� IRU� WKH� -HZLVK
3XEOLFDWLRQ�6RFLHW\�RI�$PHULFD��1HZ�<RUN�������

*RUGLPHU��1DGLQH��$�*XHVW�RI�+RQRXU��&DSH��/RQGRQ�������

6ZHGLVK�WUDQVODWLRQV

,%0�,QIR:LQGRZ�,,������$QYlQGDUKDQGERN��,%0�&RUSRUDWLRQ�������

,%0�26�������$QYlQGDUKDQGERN��,%0�&RUSRUDWLRQ������

,%0�26�������,QVWDOODWLRQVDQYLVQLQJDU��,%0�&RUSRUDWLRQ������

,%0�&OLHQW�$FFHVV�I|U�:LQGRZV�$QYlQGDUKDQGERN��,%0�&RUSRUDWLRQ������

0LFURVRIW�([FHO�I|U�:LQGRZV�����$QYlQGDUKDQGERN��0LFURVRIW�&RUSRUDWLRQ������

0LFURVRIW�$FFHVV�I|U�:LQGRZV�����$QYlQGDUKDQGERN��0LFURVRIW�&RUSRUDWLRQ�������

%HOORZ�� 6DXO�� -HUXVDOHP� WXU� RFK� UHWXU�� %RQQLHUV�� |YHUVlWWQLQJ� &DM� /XQGJUHQ�
6WRFNKROP�������

*RUGLPHU�� 1DGLQH�� +HGHUVJlVWHQ�� %RQQLHUV�� |YHUVlWWQLQJ� 0DJQXV� .�VRQ
/LQGEHUJ��6WRFNKROP������
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$JQlV�� 0��6��� +�� $OVKDZL�� '�� &DUWHU�� .�� &HGHU�� 0�� &ROOLQV�� 5�� &URXFK�� 9�
'LJDODNLV��%��(NKROP��%��*DPElFN��-��.DMD�� -��.DUOJUHQ��%��/\EHUJ��3��3ULFH��6�
3XOPDQ��0��5D\QHU��&��6DPXHOVVRQ�DQG�7��6YHQVVRQ� ��������6SRNHQ�/DQJXDJH
7UDQVODWRU�� )LUVW�<HDU� 5HSRUW�� 6WRFNKROP�� 6ZHGLVK� ,QVWLWXWH� RI� &RPSXWHU
6FLHQFH�

$GULDHQV�� *�� DQG� /��0DFNHQ� �������� 7HFKQRORJLFDO� HYDOXDWLRQ� RI� D� FRQWUROOHG
ODQJXDJH� DSSOLFDWLRQ�� SUHFLVLRQ�� UHFDOO� DQG� FRQYHUJHQFH� WHVWV� IRU� 6(&&�
3URFHHGLQJV� RI� WKH� 6L[WK� ,QWHUQDWLRQDO�&RQIHUHQFH� RQ�7KHRUHWLFDO� DQG�0HWKRGRORJLFDO
,VVXHV�LQ�0DFKLQH�7UDQVODWLRQ��/HXYHQ����������

$KUHQEHUJ��/��DQG�0��0HUNHO���������2Q�7UDQVODWLRQ�&RUSRUD�DQG�7UDQVODWLRQ
6XSSRUW�7RROV��$�3URMHFW�5HSRUW��/DQJXDJHV�LQ�&RQWUDVW��7H[W�EDVHG�FURVV�OLQJXLVWLF
VWXGLHV��$LMPHU��.���%��$OWHQEHUJ�DQG�0��-RKDQVVRQ��HGV����/XQG��/XQG�8QLYHUVLW\
3UHVV����������

$KUHQEHUJ��/��DQG�0��0HUNHO���������6SUnNOLJD�HIIHNWHU�DY�|YHUVlWWQLQJVV\VWHP�
6YHQVNDQ� L� ,7�VDPKlOOHW�� 2�� -RVHSKVRQ� �HG����8SSVDOD��+DOOJUHQ�	�)DOOJUHQ�� ���
����

$KUHQEHUJ��/���0��$QGHUVVRQ�DQG�0��0HUNHO������D���$�6LPSOH�+\EULG�$OLJQHU
IRU�*HQHUDWLQJ�/H[LFDO�&RUUHVSRQGHQFHV�LQ�3DUDOOHO�7H[WV��3URFHHGLQJV�RI�WKH���WK
$QQXDO�0HHWLQJ�RI�WKH�$VVRFLDWLRQ�RI�&RPSXWDWLRQDO�/LQJXLVWLFV�DQG���WK�,QWHUQDWLRQDO
&RQIHUHQFH�RQ�&RPSXWDWLRQDO�/LQJXLVWLFV��&2/,1*�$&/�¶����0RQWUHDO��������

$KUHQEHUJ��/���0��$QGHUVVRQ�DQG�0��0HUNHO���������$�NQRZOHGJH�OLWH�DSSURDFK
WR�ZRUG�DOLJQPHQW��7R�EH�SXEOLVKHG�LQ�-��9pURQLV��HG����3DUDOOHO�7H[W�3URFHVVLQJ�
.OXZHU�$FDGHPLF�3UHVV�

$KUHQEHUJ��/���0��0HUNHO��'��5LGLQJV��$��6nJYDOO�+HLQ�DQG�-��7LHGHPDQQ�
�����E���$XWRPDWLF�SURFHVVLQJ�RI�SDUDOOHO�FRUSRUD��$�6ZHGLVK�SHUVSHFWLYH��3OXJ
5HSRUW��$OVR�SXEOLVKHG�LQ�/LQN|SLQJ�8QLYHUVLW\�(OHFWURQLF�3UHVV��&RPSXWHU�DQG
,QIRUPDWLRQ�6FLHQFH�6HULHV����������

$LMPHU�� .�� �������� (SLVWHPLF� SUHGLFDWHV� LQ� FRQWUDVW��&RUSRUD� DQG� FURVV�OLQJXLVWLF
UHVHDUFK��6��-RKDQVVRQ�DQG�6��2NVHIMHOO��$PVWHUGDP��5RGRSL����������

$LMPHU��.����������(SLVWHPLF�3RVVLELOLW\�LQ�DQ�(QJOLVK�6ZHGLVK�3HUVSHFWLYH��2XW
RI� FRUSRUD�� 6WXGLHV� LQ� KRQRXU� RI� 6WLJ� -RKDQVVRQ�� +�� +DVVHOJnUG� DQG� 6�� 2NVHIMHOO�
$PVWHUGDP��5RGRSL����������

$OWHQEHUJ��%����������&RQQHFWRUV�DQG�VHQWHQFH�RSHQLQJV�LQ�(QJOLVK�DQG�6ZHGLVK�
&RUSRUD� DQG� FURVV�OLQJXLVWLF� UHVHDUFK�� 6�� -RKDQVVRQ� DQG� 6�� 2NVHIMHOO�� $PVWHUGDP�
5RGRSL����������

$OWHQEHUJ�� %�� �������� $GYHUELDO� FRQQHFWRUV� LQ� (QJOLVK� DQG� 6ZHGLVK�� 2XW� RI
FRUSRUD�� 6WXGLHV� LQ� KRQRXU� RI� 6WLJ� -RKDQVVRQ�� +�� +DVVHOJnUG� DQG� 6�� 2NVHIMHOO�
$PVWHUGDP��5RGRSL����������

$SSOH���������$SSOHV�WHUPLQRORJLKDQGERN��6WRFNKROP��$SSOH�&RPSXWHU�$%�
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$UQROG��'���/��%DONDQ��5�/��+XPSKULHV��6��0HLMHU�DQG�/��6DGOHU����������0DFKLQH
7UDQVODWLRQ���$Q�,QWURGXFWRU\�*XLGH��2[IRUG��1FF�%ODFNZHOO�/WG�

$WNLQV��6��DQG�-��&OHDU� �������� ´&RUSXV�'HVLJQ�&ULWHULD�µ�/LWHUDU\�DQG�/LQJXLVWLF
&RPSXWLQJ������������

%DUORZ��0����������´3DUDFRQF��$�3DUDOOHO�&RQFRUGDQFHU�IRU�3DUDOOHO�7H[WVµ�
&RPSXWHUV�DQG�7H[WV�����������

%DNHU��0����������&RUSXV�/LQJXLVWLFV�DQG�7UDQVODWLRQ�6WXGLHV�²�,PSOLFDWLRQV�DQG
$SSOLFDWLRQV��7H[W�DQG�7HFKQRORJ\��0��%DNHU��*��)UDQFLV�DQG�(��7RJQLQH�%RQHOOL
�HGV����3KLODGHOSKLD�$PVWHUGDP��-RKQ�%HQMDPLQV�3XEOLVKLQJ�&RPSDQ\����������

%DNHU�� 0�� �������� ´&RUSRUD� LQ� 7UDQVODWLRQ� 6WXGLHV� �� $Q� 2YHUYLHZ� DQG� 6RPH
6XJJHVWLRQV�IRU�)XWXUH�5HVHDUFK�µ�7DUJHW�����������������

%DNHU�� 0�� �������� &RUSXV�EDVHG� WUDQVODWLRQ� VWXGLHV�� 7KH� FKDOOHQJHV� WKDW� OLH
DKHDG�� 7HUPLQRORJ\�� /63� DQG� 7UDQVODWLRQ�� +�� 6RPHUV� �HG���� $PVWHUGDP�
%HQMDPLQV����������

%RZNHU�� /��� 0�� &URQLQ�� '�� .HQQ\� DQG� -�� 3HDUVRQ� �������� 8QLW\� LQ� 'LYHUVLW\�
&XUUHQW�WUHQGV�LQ�WUDQVODWLRQ�VWXGLHV��0DQFKHVWHU��6W��-HURPH�3XEOLVKLQJ�

%ULWLVK� 1DWLRQDO� &RUSXV� �������� 7KH� %ULWLVK� 1DWLRQDO� &RUSXV�
KWWS���LQIR�R[�DF�XN�EQF�LQGH[�KWPO��$FFHVV�GDWH��0DUFK�����������

%URZQ��3�)���-��&RFNH��6��'HOOD�3LHWUD��9��'HOOD�3LHWUD��)��-HOLQHN��5��0HUFHU�DQG
3��5RRVLQ���������$�6WDWLVWLFDO�$SSURDFK�WR�/DQJXDJH�7UDQVODWLRQ��3URFHHGLQJV�RI
WKH���WK�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�&RPSXWDWLRQDO�/LQJXLVWLFV��%XGDSHVW��������

%URZQ�� 3�)��� -�&�� /DL�� DQG� 5�/��0HUFHU� �������� $OLJQLQJ� VHQWHQFHV� LQ� SDUDOOHO
FRUSRUD��3URFHHGLQJV� IURP���WK�$QQXDO�0HHWLQJ�RI� WKH�$VVRFLDWLRQ�RI�&RPSXWDWLRQDO
/LQJXLVWLFV��$&/��������������

%URZQ�� 5�'�� �������� ([DPSOH�%DVHG� 0DFKLQH� 7UDQVODWLRQ� LQ� WKH� 3DQJORVV
6\VWHP�� 3URFHHGLQJV� IURP� WKH� ��WK� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ� &RPSXWDWLRQDO
/LQJXLVWLFV��&2/,1*������&RSHQKDJHQ����������

&DWIRUG��-�&���������$�/LQJXLVWLF�7KHRU\�RI�7UDQVODWLRQ�2[IRUG��2[IRUG�8QLYHUVLW\
3UHVV�

&KDQGLRX[�� -�� DQG� $�� *ULPDLOD� �������� ´6SHFLDOL]HGµ� 0DFKLQH� 7UDQVODWLRQ�
3URFHHGLQJV�RI�WKH�6HFRQG�&RQIHUHQFH�RI�WKH�$VVRFLDWLRQ�IRU�0DFKLQH�7UDQVODWLRQ�LQ�WKH
$PHULFDV��$07$��������������

&KDQJ��-�-�6��DQG�6��-��.HU���������$OLJQLQJ�0RUH�:RUGV�ZLWK�+LJK�3UHFLVLRQ�IRU
6PDOO� %LOLQJXDO� &RUSRUD�� 3URFHHGLQJV� IURP� WKH� ��WK� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ
&RPSXWDWLRQDO�/LQJXLVWLFV��&2/,1*������&RSHQKDJHQ����������
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&KHQ�� 6�)�� �������� $OLJQLQJ� 6HQWHQFHV� LQ� %LOLQJXDO� &RUSRUD� 8VLQJ� /H[LFDO
,QIRUPDWLRQ�� 3URFHHGLQJV� RI� WKH� ��VW� $QQXDO� 0HHWLQJ� RI� WKH� $VVRFLDWLRQ� RI
&RPSXWDWLRQDO�/LQJXLVWLFV��&ROXPEXV��2KLR�������

&KHQ��.��+��DQG�+��+��&KHQ���������([WUDFWLQJ�1RXQ�3KUDVHV�IURP�/DUJH�6FDOH
7H[WV��D�+\EULG�$SSURDFK�DQG�,WV�$XWRPDWLF�(YDOXDWLRQ��3URFHHGLQJV�RI�WKH���QG
$QQXDO�0HHWLQJ�RI� WKH�$VVRFLDWLRQ�RI�&RPSXWDWLRQDO�/LQJXLVWLFV��1HZ�0H[LFR������
����

&KRXHND��<����������/RRNLQJ�IRU�QHHGOHV�LQ�D�KD\VWDFN��3URFHHGLQJV�IURP�5,$2����
8VHU�RULHQWHG�&RQWHQW�EDVHG�7H[W�DQG�,PDJH�+DQGOLQJ����������

&KXUFK�� .�:�� DQG�:�$�� *DOH� �������� ,QYHUVH� 'RFXPHQW� )UHTXHQF\� �,')��� $
0HDVXUH�RI�'HYLDWLRQV� IURP�3RLVVRQ��3URFHHGLQJV� RI� WKH�7KLUG�:RUNVKRS� RQ�9HU\
/DUJH�&RUSRUD��&DPEULGJH����������

&KXUFK��.�:�� ��������$�3URJUDP� IRU�$OLJQLQJ�3DUDOOHO�7H[WV�DW� WKH�&KDUDFWHU
/HYHO��3URFHHGLQJV� RI� WKH� ��VW�$QQXDO�0HHWLQJ� RI� WKH�$VVRFLDWLRQ� IRU� &RPSXWDWLRQDO
/LQJXLVWLFV������

&KXUFK�� .�:�� DQG� 3�� +DQNV� �������� ´:RUG� DVVRFLDWLRQ� QRUPV�� PXWXDO
LQIRUPDWLRQ�DQG�OH[LFRJUDSK\�µ�&RPSXWDWLRQDO�/LQJXLVWLFV��������������

&KXUFK��.�:��DQG�(�+��+RY\���������´*RRG�$SSOLFDWLRQV�IRU�&UXPP\�0DFKLQH
7UDQVODWLRQ�µ�0DFKLQH�7UDQVODWLRQ���������������

'DJDQ�� ,�� DQG� .�:�� &KXUFK� �������� 7HUPLJKW�� ,GHQWLI\LQJ� DQG� 7UDQVODWLQJ
7HFKQLFDO� 7HUPLQRORJ\�� 3URFHHGLQJV� IURP� WKH� &RQIHUHQFH� RQ� $SSOLHG� 1DWXUDO
/DQJXDJH�3URFHVVLQJ��$1/3������������

'DJDQ�� ,�� DQG� .�:�� &KXUFK� �������� ´7HUPLJKW�� &RRUGLQDWLQJ� +XPDQV� DQG
0DFKLQHV� LQ� %LOLQJXDO�7HUPLQRORJ\�7UDQVODWLRQ�µ�0DFKLQH�7UDQVODWLRQ� ��������
�������

'DLOOH�� %�� �������� 6WXG\� DQG� ,PSOHPHQWDWLRQ� RI� &RPELQHG� 7HFKQLTXHV� IRU
$XWRPDWLF�([WUDFWLRQ�RI�7HUPLQRORJ\��3URFHHGLQJV�RI�WKH�ZRUNVKRS�7KH�%DODQFLQJ
$FW���&RPELQLQJ�6\PEROLF�DQG�6WDWLVWLFDO�$SSURDFKHV�WR�/DQJXDJH�������

'DQLHOVVRQ�� 3�� DQG� .�� 0�KOHQERFN� �������� :KHQ� 6WnOKDQGVNH� EHFRPHV
6WHHOJORYH�� $� &RUSXV� %DVHG� 6WXG\� RI� 1DPHV� LQ� 3DUDOOHO� 7H[W�� 0DFKLQH
7UDQVODWLRQ�DQG�WKH�,QIRUPDWLRQ�6RXS��'��)DUZHOO��/��*HUEHU�DQG�(��+RY\��%HUOLQ�
6SULQJHU����������

'HFKHUW�� +�� :�� DQG� 8�� 6DQGURFN� �������� 7KLQNLQJ�$ORXG� 3URWRFROV�� 7KH
'HFRPSRVLWLRQ�RI�/DQJXDJH�3URFHVVLQJ��9��&RRN��HG����([SHULPHQWDO�$SSURDFKHV�WR
6HFRQG�/DQJXDJH�/HDUQLQJ��2[IRUG��3HUJDPRQ���������

'LGHULFKVHQ��3����������(OHPHQW U�GDQVN�*UDPPDWLN��&RSHQKDJHQ��*\OGHQGDO�
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)ODQDJDQ��0����������7ZR�<HDUV�2QOLQH��([SHULHQFHV��&KDOOHQJHV��DQG�7UHQGV�
3URFHHGLQJV�RI�WKH�6HFRQG�&RQIHUHQFH�RI�WKH�$VVRFLDWLRQ�IRU�0DFKLQH�7UDQVODWLRQ�LQ�WKH
$PHULFDV��$07$������0RQWUHDO����������

)ODQDJDQ��0�� �������� ´07�7RGD\�� (PHUJLQJ� 5ROHV�� 1HZ� 6XFFHVVHV�µ�0DFKLQH
7UDQVODWLRQ����������������

)OXKU�� &��� )�� %LVVRQ� DQG� )�� (ONDWHE� �������� 0XWXDO� EHQHILW� RI� VHQWHQFH�ZRUG
DOLJQPHQW� DQG� FURVVOLQXJDO� LQIRUPDWLRQ� UHWULHYDO�� 7R� EH� SXEOLVKHG� LQ� 3DUDOOHO
7H[W�3URFHVVLQJ��-��9pURQLV��.OXZHU�$FDGHPLF�3UHVV�

)RVWHU�� *��� 3�� ,VDEHOOH� DQG� 3�� 3ODPRQGRQ� �������� ´7DUJHW�7H[W� 0HGLDWHG
,QWHUDFWLYH�0DFKLQH�7UDQVODWLRQµ��0DFKLQH�7UDQVODWLRQ�����������������

)UDQFLV��:�1�� DQG� +�� .XFHUD� �������� 0DQXDO� RI� LQIRUPDWLRQ� WR� DFFRPSDQ\� D
6WDQGDUG�6DPSOH�RI�3UHVHQW�GD\�(GLWHG�$PHULFDQ�(QJOLVK�� IRU�XVH�ZLWK�GLJLWDO
FRPSXWHUV��3URYLGHQFH�5�,���'HSDUWPHQW�RI�/LQJXLVWLFV��%URZQ�8QLYHUVLW\�

)XQJ�� 3�� �������� &RPSLOLQJ� %LOLQJXDO� /H[LFRQ� (QWULHV� IURP� D� 1RQ�3DUDOOHO
(QJOLVK�&KLQHVH�&RUSXV��3URFHHGLQJV�RI�WKH�7KLUG�:RUNVKRS�RQ�9HU\�/DUJH�&RUSRUD�
&DPEULGJH����������

)XQJ�� 3�� �������� $� 3DWWHUQ� 0DWFKLQJ�0HWKRG� IRU� )LQGLQJ� 1RXQ� DQG� 3URSHU
1RXQ�7UDQVODWLRQV� IURP�1RLV\�3DUDOOHO�&RUSRUD��3URFHHGLQJV�RI� WKH���UG�$QQXDO
0HHWLQJ� RI� WKH� $VVRFLDWLRQ� RI� &RPSXWDWLRQDO� /LQJXLVWLFV� �$&/������ &DPEULGJH�
0DVVDFKXVHWWV����������

)XQJ�� 3�� �������� $� 6WDWLVWLFDO� 9LHZ� RQ� %LOLQJXDO� /H[LFRQ� ([WUDFWLRQ�� )URP
3DUDOOHO� &RUSRUD� WR� 1RQ�SDUDOOHO� &RUSRUD�� 0DFKLQH� 7UDQVODWLRQ� DQG� WKH
,QIRUPDWLRQ�6RXS��'��)DUZHOO��/��*HUEHU�DQG�(��+RY\��%HUOLQ��6SULQJHU�������

)XQJ��3��DQG�.�:��&KXUFK���������.�YHF��$�1HZ�$SSURDFK�IRU�$OLJQLQJ�3DUDOOHO
7H[WV�� 3URFHHGLQJV� IURP� WKH� ��WK� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ� &RPSXWDWLRQDO
/LQJXLVWLFV��&ROLQJ������.\RWR������������

)XQJ��3�� DQG�.��0F.HRZQ� �������� ´$�7HFKQLFDO�:RUG� DQG�7HUP�7UDQVODWLRQ
$LG�XVLQJ�1RLV\�3DUDOOHO�&RUSRUD�DFURVV�/DQJXDJH�*URXSV�µ�0DFKLQH�7UDQVODWLRQ
���������������

)XQJ�� 3�� DQG� '��:X� �������� 6WDWLVWLFDO� $XJPHQWDWLRQ� RI� D� &KLQHVH�0DFKLQH�
5HDGDEOH� 'LFWLRQDU\��3URFHHGLQJV� RI� WKH� 6HFRQG� $QQXDO� :RUNVKRS� RQ� 9HU\� /DUJH
&RUSRUD��:9/&�����.\RWR��������

*DOH��:��DQG�.�:��&KXUFK���������$�SURJUDP�IRU�DOLJQLQJ�VHQWHQFHV�LQ�ELOLQJXDO
FRUSRUD��3URFHHGLQJV�RI�WKH���WK�$QQXDO�0HHWLQJ�RI�WKH�$VVRFLDWLRQ�IRU�&RPSXWDWLRQDO
/LQJXLVWLFV����������

*DXVVLHU�� (�� �������� )ORZ� 1HWZRUN� 0RGHOV� IRU� :RUG� $OLJQPHQW� DQG
7HUPLQRORJ\�([WUDFWLRQ� IURP�%LOLQJXDO�&RUSRUD��3URFHHGLQJV� RI�&2/,1*�$&/
¶����0RQWUHDO����������
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*GDQLHF�� &�� �������� 7KH� /RJRV� 7UDQVODWDELOLW\� ,QGH[�� 3URFHHGLQJV� RI� WKH� )LUVW
&RQIHUHQFH� RI� WKH� $VVRFLDWLRQ� IRU� 0DFKLQH� 7UDQVODWLRQ� LQ� WKH� $PHULFDV�� &ROXPELD�
$07$���������

*GDQLHF�� &�� �������� /H[LFDO� &KRLFH� DQG� 6\QWDFWLF� *HQHUDWLRQ� LQ� D� 7UDQVIHU
6\VWHP�� 7UDQVIRUPDWLRQV� LQ� WKH�1HZ� /07�(QJOLVK�*HUPDQ� 6\VWHP��0DFKLQH
7UDQVODWLRQ�DQG�WKH�,QIRUPDWLRQ�6RXS��'��)DUZHOO��/��*HUEHU�DQG�(��+RY\��%HUOLQ�
6SULQJHU����������

*GDQLHF�� &�� DQG� 3�� 6FKPLG� �������� &RQVWLWXHQW� 6KLIWV� LQ� WKH� /RJRV� (QJOLVK�
*HUPDQ�6\VWHP��3URFHHGLQJV�RI�WKH�6L[WK�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�7KHRUHWLFDO�DQG
0HWKRGRORJLFDO�,VVXHV�LQ�0DFKLQH�7UDQVODWLRQ��/HXYHQ����������

*HOOHUVWDP�� 0�� �������� 7UDQVODWLRQHVH� LQ� 6ZHGLVK� QRYHOV� WUDQVODWHG� IURP
(QJOLVK�� 3URFHHGLQJV� RI� WKH� 6FDQGLQDYLDQ� 6\PSRVLXP� RQ� 7UDQVODWLRQ� 7KHRU\
�66277��,,��/��:ROOLQ�DQG�/��+��/LEHU�I|UODJ��0DOP|��������

*HOOHUVWDP��0����������´1HMµ��VDGH�KRQ�LVNDOOW���'LDORJHU�L�HWW�WYlUYHWHQVNDSOLJW
SHUVSHNWLY��0lQVNOLJ�PnQJIDOG��*|WHERUJV�XQLYHUVLWHW�������������

*HOOHUVWDP�� 0�� �������� 7UDQVODWLRQ� DV� D� VRXUFH� IRU� FURVV�OLQJXLVWLF� VWXGLHV�
/DQJXDJHV� LQ� &RQWUDVW�� .�� $LMPHU�� %�� $OWHQEHUJ� DQG� 0�� -RKDQVVRQ�� /XQG
8QLYHUVLW\�3UHVV��������

*UDQOXQG��)�� ��������8WYlUGHULQJ� DY�PDVNLQ|YHUVlWWQLQJ�PHG�(QJHOVND� KMlOSUHGDQ�
0DQXVFULSW��,QVWLWXWLRQHQ�I|U�OLQJYLVWLN��8SSVDOD�XQLYHUVLWHW�

*ULVKPDQ��5����������,WHUDWLYH�$OLJQPHQW�RI�6\QWDFWLF�6WUXFWXUHV�IRU�D�%LOLQJXDO
&RUSXV��3URFHHGLQJV�RI�WKH�6HFRQG�$QQXDO�:RUNVKRS�IRU�9HU\�/DUJH�&RUSRUD��.\RWR�
������

+DDODQG�� /�� ��������&RQWUDVWLYH� /LQNLQJ� LQ�(QJOLVK� DQG�1RUZHJLDQ��8QSXEOLVKHG
0$�WKHVLV��'HSDUWPHQW�RI�%ULWLVK�DQG�$PHULFDQ�6WXGLHV��8QLYHUVLW\�RI�2VOR�

+DDV��:�� ��������7KH�7KHRU\�RI�7UDQVODWLRQ��7KH�7KHRU\� RI�0HDQLQJ��*��+��5�
3DUNLQVRQ��2[IRUG��2[IRUG�8QLYHUVLW\�3UHVV���������

+DQQ�� 0�� �������� 7KH� .H\� WR� 7HFKQLFDO� 7UDQVODWLRQ�� 9ROXPH� 2QH� �� &RQFHSW
6SHFLILFDWLRQ��$PVWHUGDP��-RKQ�%HQMDPLQV�3XEOLVKLQJ�&RPSDQ\�

+DQVHQ��(����������,PSHUDWLYHQV�IXQGDPHQWIHOW���(W�UnPDWHULDOH��6 WQLQJVVKHP W
RJ�GHWV�VWLOOLQJ������nU�HIWHU��/��+HOWRIW�DQG�-��(��$QGHUVRQ��$NDGHPLVN�)RUODJ�����
����

+DUULV�� %�� �������� ´%L�WH[W�� D� QHZ� FRQFHSW� LQ� WUDQVODWLRQ� WKHRU\�µ� /DQJXDJH
0RQWKO\����������

+DUWPDQQ�� 5�5�.�� �������� )URP� &RQWUDVWLYH� 7H[WRORJ\� WR� 3DUDOOHO� 7H[W
&RUSRUD��7KHRU\�DQG�$SSOLFDWLRQV��/DQJXDJH�+LVWRU\�DQG�/LQJXLVWLF�0RGHOOLQJ�$
)HVWVFKULIW�IRU�-DFHN�)LVLDN��5��+LFNO\�DQG�6��3XSSHO��HGV����%HUOLQ��0��GH�*UX\WHU�
����������
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+DVVHOJnUG�� +�� �������� 6RPH� PHWKRGRORJLFDO� LVVXHV� LQ� D� FRQWUDVWLYH� VWXG\� RI
ZRUG� RUGHU� LQ� (QJOLVK� DQG�1RUZHJLDQ��/DQJXDJHV� LQ� &RQWUDVW�� 7H[WEDVHG� FURVV�
OLQJXLVWLF� VWXGLHV�� (GV�� $LMPHU�� .��� $OWHQEHUJ�� %�� -RKDQVVRQ�� 0�� /XQG�� /XQG
8QLYHUVLW\�3UHVV����������

+DVVHOJnUG��+�� DQG� 6��2NVHIMHOO� ��������2XW� RI� FRUSRUD�� 6WXGLHV� LQ� KRQRXU� RI� 6WLJ
-RKDQVVRQ��$PVWHUGDP��5RGRSL�

+H\Q�� 0�� �������� ´3UHVHQW� DQG� )XWXUH� 1HHGV� LQ� WKH� &$7� :RUOG�µ� 7KH
/RFDOLVDWLRQ�,QGXVWU\�6WDQGDUGV�$VVRFLDWLRQ�)RUXP�1HZVOHWWHU�������������

+H\Q�� 0�� �������� 7UDQVODWLRQ� 0HPRULHV�� ,QVLJKWV� DQG� SURVSHFWV�� 8QLW\� LQ
'LYHUVLW\�� &XUUHQW� WUHQGV� LQ� WUDQVODWLRQ� VWXGLHV�� (GV�� /�� %RZNHU�� 0�� &URQLQ�� '�
.HQQ\�DQG�-��3HDUVRQ��0DQFKHVWHU��6W��-HURPH�3XEOLVKLQJ����������

+ROP�� 0�� DQG� 0�� 2OVVRQ� �������� (Q� |YHUVlWWQLQJVUHGLJHUDUHV� DUEHWVElQN�
(IIHNWHU�DY�RFK�HUIDUHQKHWHU�IUnQ�LQWHJUDWLRQ�RFK�YLGDUHXWYHFNOLQJ�DY�YHUNW\J�I|U
GDWRUVW|GG� |YHUVlWWQLQJ�� 0DVWHU·V� 7KHVLV�� 'HSDUWPHQW� RI� &RPSXWHU� DQG
,QIRUPDWLRQ�6FLHQFH��/LQN|SLQJ�8QLYHUVLW\�

+ROPHV�� -�6�� ��������7KH�1DPH� DQG�1DWXUH� RI� 7UDQVODWLRQ� 6WXGLHV�� $PVWHUGDP�
7UDQVODWLRQ�6WXGLHV�6HFWLRQ���8QLYHULVW\�RI�$PVWHUGDP��'HSDUWPHQW�RI�*HQHUDO
/LWHUDU\�6WXGLHV���UHSULQWHG�+ROPHV��������������

+ROPHV�� -�6�� ��������7UDQVODWHG��� 3DSHUV� RQ� /LWHUDU\� 7UDQVODWLRQ� DQG� 7UDQVODWLRQ
6WXGLHV��$PVWHUGDP��5RGRSL�

+XOO��'�$����������$�3UDFWLFDO�$SSURDFK�WR�7HUPLQRORJ\�$OLJQPHQW��3URFHHGLQJV
RI�&RPSXWHUP�¶����)LUVW�:RUNVKRS�RQ�&RPSXWDWLRQDO�7HUPLQRORJ\���0RQWUHDO������

+XQW�� -�:�� DQG� 7�*�� 6]\PDQVNL� �������� ´$� )DVW� $OJRULWKP� IRU� &RPSXWLQJ
/RQJHVW�&RPPRQ�6XEVHTXHQFHV�µ�&RPPXQLFDWLRQV�RI�WKH�$&0����������������

+XWFKLQV��:�-����������0DFKLQH�7UDQVODWLRQ��3DVW��3UHVHQW��)XWXUH��&KLFKHVWHU��(OOLV
+RUZRRG�/LPLWHG�

+XWFKLQV��:��-����������7KH�6WDWH�RI�0DFKLQH�7UDQVODWLRQ�LQ�(XURSH��3URFHHGLQJV
RI� WKH�6HFRQG�&RQIHUHQFH� RI� WKH�$VVRFLDWLRQ� IRU�0DFKLQH�7UDQVODWLRQ� LQ� WKH�$PHULFDV
�$07$������0RQWUHDO����������

,QJR��5����������)UnQ�NlOOVSUnN�WLOO�PnOVSUnN���,QWURGXNWLRQ�L�|YHUVlWWQLQJVYHWHQVNDS�
/XQG��6WXGHQWOLWWHUDWXU�

,VDEHOOH��3���0��'\PHWPDQ�*��)RVWHU��-��0��-XWUDF��(��0DFNORYLWFK��)��3HUUDXO�
;�� 5HQ� DQG� 0�� 6LPDUG� �������� 7UDQVODWLRQ� $QDO\VLV� DQG� 7UDQVODWLRQ
$XWRPDWLRQ�� 3URFHHGLQJV� RI� WKH� )LIWK� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ� 7KHRUHWLFDO� DQG
0HWKRGRORJLFDO�,VVXHV�LQ�0DFKLQH�7UDQVODWLRQ��70,·�����.\RWR����������

-RKDQVVRQ�� &�� �������� *RRG� %LJUDPV�� 3URFHHGLQJV� IURP� WKH� ��WK� ,QWHUQDWLRQDO
&RQIHUHQFH�RQ�&RPSXWDWLRQDO�/LQJXLVWLFV��&2/,1*������&RSHQKDJHQ����������
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-RKDQVVRQ�� 6�� DQG�.��+RIODQG� ��������7RZDUGV� DQ�(QJOLVK�1RUZHJLDQ�3DUDOOHO
&RUSXV��&UHDWLQJ�DQG�8VLQJ�(QJOLVK�/DQJXDJH�&RUSRUD��8��)ULHV��*��7RWWLH�DQG�3�
6FKHLGHU��=�ULFK��(GLWLRQV�5RGRSL��������

-RKDQVVRQ�� 6�� DQG� 6�� 2NVHIMHOO� �������� &RUSRUD� DQG� FURVV�OLQJXLVWLF� UHVHDUFK�
$PVWHUGDP��5RGRSL�

-RQHV��'�� ��������1RQ�K\EULG� H[DPSOH�EDVHG�PDFKLQH� WUDQVODWLRQ�DUFKLWHFWXUHV�
3URFHHGLQJV�RI�70,�����0RQWUHDO��������

-RQHV�� '�� DQG� 0�� $OH[D� �������� 7RZDUG� DXWRPDWLFDOO\� DOLJQLQJ� *HUPDQ
FRPSRXQGV�ZLWK�(QJOLVK�ZRUG�JURXSV��1HZ�0HWKRGV�LQ�/DQJXDJH�3URFHVVLQJ��'�
-RQHV�DQG�+��6RPHUV��/RQGRQ��8&/�3UHVV����������

.DML��+��DQG�7��$L]RQH���������([WUDFWLQJ�:RUG�&RUUHVSRQGHQFHV�IURP�%LOLQJXDO
&RUSRUD� %DVHG� RQ�:RUG� &R�RFFXUUHQFH� ,QIRUPDWLRQ��3URFHHGLQJV� IURP� WKH� ��WK
,QWHUQDWLRQDO�&RQIHUHQFH� RQ�&RPSXWDWLRQDO�/LQJXLVWLFV� �&2/,1*������&RSHQKDJHQ�
������

.DUOJUHQ�� -�� DQG� '�� &XWWLQJ� �������� 5HFRJQL]LQJ� 7H[W� *HQUHV� ZLWK� 6LPSOH
0HWULFV� 8VLQJ� 'LVFULPLQDQW� $QDO\VLV�� 3URFHHGLQJV� IURP� WKH� ��WK� ,QWHUQDWLRQDO
&RQIHUHQFH�RQ�&RPSXWDWLRQDO�/LQJXLVWLFV��&ROLQJ������.\RWR������������

.DUOVVRQ�� )�� $�� 9RXWLODLQHQ�� -�� +HNNLOl� DQG� $�� $QWWLOD� �������� &RQVWUDLQW
*UDPPDU��$�/DQJXDJH�,QGHSHQGHQW�6\VWHP�IRU�3DUVLQJ�8QUHVWULFWHG�7H[W��%HUOLQ�DQG
1HZ�<RUN��0RXWRQ�GH�*UX\WHU�

.D\��0����������7KH�3URSHU�3ODFH�RI�0HQ�DQG�0DFKLQH� LQ�/DQJXDJH�7UDQVODWLRQ�� �
&6/��������3DOR�$OWR;HUR[��5HSULQWHG�LQ�0DFKLQH�7UDQVODWLRQ���������������

.D\�� 0�� DQG� 0�� 5|VFKHLVHQ� �������� ´7H[W�7UDQVODWLRQ� $OLJQPHQW�µ
&RPSXWDWLRQDO�/LQJXLVWLFV����������������

.LWD�� .��� 7�� 2PRWR� <�� <DQR� DQG� <�� .DWR�� �������� $SSOLFDWLRQ� RI� &RUSRUD� LQ
6HFRQG� /DQJXDJH� /HDUQLQJ� �� 7KH� 3UREOHP� RI� &ROORFDWLRQDO� .QRZOHGJH
$FTXLVLWLRQ�� 3URFHHGLQJV� RI� WKH� 6HFRQG� $QQXDO� :RUNVKRS� RQ� 9HU\� /DUJH� &RUSRUD
�:9/&�����.\RWR��������

.LWDPXUD�� 0�� DQG� <�� 0DWVXPRWR� �������� $XWRPDWLF� ([WUDFWLRQ� RI� :RUG
6HTXHQFH� &RUUHVSRQGHQFHV� LQ� 3DUDOOHO� &RUSRUD�� 3URFHHGLQJV� RI� WKH� )RXUWK
:RUNVKRS�RQ�9HU\�/DUJH�&RUSRUDD��(��(MHUKHG�DQG�,��'DJDQ��&RSHQKDJHQ��������

.ODYDQV�� -�� DQG� (�� 7]RXNHUPDQQ� �������� 7KH� %,&25'� 6\VWHP�� &RPELQLQJ
/H[LFDO�,QIRUPDWLRQ�IURP�%LOLQJXDO�&RUSRUD�DQG�0DFKLQH�5HDGDEOH�'LFWLRQDULHV�
3URFHHGLQJV�RI�WKH���WK�,QWHUQDWLRQDO�&RQIHUHQFH�RI�&RPSXWDWLRQDO�/LQJXLVWLFV��&ROLQJ�
�����+HOVLQNL����������

.XSLHF�� -�� ��������$Q�$OJRULWKP� IRU�)LQGLQJ�1RXQ�3KUDVH�&RUUHVSRQGHQFHV� LQ
%LOLQJXDO� &RUSRUD�� 3URFHHGLQJV� RI� WKH� ��VW� $QQXDO� 0HHWLQJ� RI� WKH� $VVRFLDWLRQ� RI
&RPSXWDWLRQDO�/LQJXLVWLFV��$&/������������
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/DQJORLV��/����������$�1HZ�7RRO�IRU�%LOLQJXDO�/H[LFRJUDSKHUV��3URFHHGLQJV�IURP
WKH� 6HFRQG� &RQIHUHQFH� RI� WKH� $VVRFLDWLRQ� IRU� 0DFKLQH� 7UDQVODWLRQ� LQ� WKH� $PHULFDV
�$07$������0RQWUHDO��������

/DUVVRQ��$�� DQG�0��0HUNHO� �������� 6HPLRWLFV� DW�:RUN��7HFKQLFDO�7UDQVODWLRQ
DQG� &RPPXQLFDWLRQ� LQ� D� 0XOWLOLQJXDO� &RUSRUDWH� (QYLURQPHQW�� 3DSHUV� IURP
1RUGLVND�'DWDOLQJYLVWLNGDJDUQD��12'$/,'$���6WRFNKROP����������

/DYLRVD�� 6�� �������� 7KH� (QJOLVK� &RPSDUDEOH� &RUSXV�� $� 5HVRXUFH� DQG� D
0HWKRGRORJ\�� 8QLW\� LQ� 'LYHUVLW\� �� &XUUHQW� 7UHQGV� LQ� 7UDQVODWLRQ� 6WXGLHV�� /�
%RZNHU�� 0�� &URQLQ�� '�� .HQQ\� DQG� -�� 3HDUVRQ�� 0DQFKHVWHU�� 6W�� -HURPH
3XEOLVKLQJ����������

/HHFK��*����������,QWURGXFLQJ�&RUSXV�$QQRWDWLRQ��&RUSXV�$QQRWDWLRQ���/LQJXLVWLF
,QIRUPDWLRQ�IURP�&RPSXWHU�7H[W�&RUSRUD��5��*DUVLGH��*��/HHFK�DQG�$��0F(QHU\�
/RQGRQ��$GGLVRQ�:HVOH\�/RQJPDQ�������

/LQGTXLVW��+����������(QJOLVK�$GYHUELDOV�LQ�7UDQVODWLRQ���$�&RUSXV�6WXG\�RI�6ZHGLVK
5HQGHULQJV��/XQG��/XQG�8QLYHUVLW\�3UHVV�

/|UFKHU��:����������´,QYHVWLJDWLQJ�WKH�WUDQVODWLRQ�SURFHVV�µ�0HWD����������������

0DFNORYLWFK��(�� �������� &RUSXV�EDVHG�7RROV� IRU�7UDQVODWRUV��3URFHHGLQJV� RI� WKH
��UG�$QQXDO�&RQIHUHQFH�RI�WKH�$PHULFDQ�7UDQVODWRUV�$VVRFLDWLRQ��6DQ�'LHJR����������

0DFNORYLWFK��(����������8VLQJ�%L�WH[WXDO�$OLJQPHQW�IRU�7UDQVODWLRQ�9DOLGDWLRQ�
WKH� 7UDQV&KHFN� 6\VWHP�3URFHHGLQJV� RI� WKH� )LUVW� &RQIHUHQFH� RI� WKH� $VVRFLDWLRQ� IRU
0DFKLQH�7UDQVODWLRQ�LQ�WKH�$PHULFDV�$07$�������������

0DFNORYLWFK�� (�� ��������&DQ� 7HUPLQRORJ\� &RQVLVWHQF\� EH� 9DOLGDWHG� $XWRPDWLFDOO\"
5HSRUW��&,7,��0RQWUHDO�

0DFNORYLWFK��(��DQG�0��/��+DQQDQ���������/LQH�¶(P�8S��$GYDQFHV�LQ�$OLJQPHQW
7HFKQRORJ\�DQG�7KHLU�,PSDFW�RQ�7UDQVODWLRQ�6XSSRUW�7RROV��3URFHHGLQJV�RI� WKH
6HFRQG�&RQIHUHQFH�RI�WKH�$VVRFLDWLRQ�IRU�0DFKLQH�7UDQVODWLRQ�LQ�WKH�$PHULFDV��$07$�
�����0RQWUHDO����������

0DULQDL��(���&��3HWHUV�DQG�(��3LFFKL���������%LOLQJXDO�UHIHUHQFH�FRUSRUD��$�V\VWHP
IRU�SDUDOOHO�WH[W�UHWULHYDO��3URFHHGLQJV�RI� WKH�6HYHQWK�$QQXDO�&RQIHUHQFH�RI� WKH�8:
&HQWUH�IRU�WKH�1HZ�2('�DQG�7H[W�5HVHDUFK��8VLQJ�&RUSRUD��:DWHUORR��8:�&HQWUH
IRU�WKH�1HZ�2('�DQG�7H[W�5HVHDUFK��������

0DUWLQH]��5���-��$EDLWXD�DQG�$��&DVLOODV���������%LWH[W�&RUUHVSRQGHQFHV�WKURXJK
5LFK�0DUN�XS��3URFHHGLQJV�RI�&2/,1*�$&/�¶����0RQWUHDO����������

0DWVXPRWR�� <��� +�� ,VKLPRWR�� 7�� 8WVXUR� DQG� 0�� 1DJDR� �������� 6WUXFWXUDO
0DWFKLQJ� RI� 3DUDOOHO� 7H[WV�� 3URFHHGLQJV� RI� WKH� ��VW� $QQXDO� 0HHWLQJ� RI� WKH
$VVRFLDWLRQ�RI�&RPSXWDWLRQDO�/LQJXLVWLFV��$&/������������
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0HODPHG�� ,�'�� �������� $XWRPDWLF� (YDOXDWLRQ� DQG�8QLIRUP� )LOWHU� &DVFDGHV� IRU
,QGXFLQJ�1�%HVW�7UDQVODWLRQ�/H[LFRQV��3URFHHGLQJV�RI�WKH�7KLUG�:RUNVKRS�RQ�9HU\
/DUJH�&RUSRUD��&DPEULGJH����������

0HODPHG�� ,�'�� �����D��� $XWRPDWLF� &RQVWUXFWLRQ� RI� &OHDQ� %URDG�&RYHUDJH
7UDQVODWLRQ� /H[LFRQV��3URFHHGLQJV� RI� WKH� 6HFRQG� &RQIHUHQFH� RI� WKH� $VVRFLDWLRQ� IRU
0DFKLQH�7UDQVODWLRQ�LQ�WKH�$PHULFDV��$07$������0RQWUHDO����������

0HODPHG�� ,�'�� �����E��� $� *HRPHWULF� $SSURDFK� WR� 0DSSLQJ� %LWH[W
&RUUHVSRQGHQFH�� ,5&6� 7HFKQLFDO� 5HSRUW� �������� 3KLODGHOSKLD�� 3$�� 'HSW�� RI
&RPSXWHU�DQG�,QIRUPDWLRQ�6FLHQFH��8QLYHUVLW\�RI�3HQQV\OYDQLD�

0HODPHG�� ,�'�� �����F��� $XWRPDWLF� 'HWHFWLRQ� RI� 2PLVVLRQV� LQ� 7UDQVODWLRQV�
3URFHHGLQJV� IURP� WKH� ��WK� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ� &RPSXWDWLRQDO� /LQJXLVWLFV
�&2/,1*������&RSHQKDJHQ����������

0HODPHG�� ,�'�� �����D���$XWRPDWLF� 'LVFRYHU\� RI� 1RQ�&RPSRVLWLRQDO� &RPSRXQGV� LQ
3DUDOOHO� 'DWD�� �QG� &RQIHUHQFH� RQ� (PSLULFDO� 0HWKRGV� LQ� 1DWXUDO� /DQJXDJH
3URFHVVLQJ��(01/3�����3URYLGHQFH�

0HODPHG��,�'�������E���$�:RUG�WR�:RUG�0RGHO�RI�7UDQVODWLRQDO�(TXLYDOHQFH����WK
&RQIHUHQFH�RI�WKH�$VVRFLDWLRQ�IRU�&RPSXWDWLRQDO�/LQJXLVWLFV��$&/·�����0DGULG�

0HODPHG�� ,�'�� �����D��� $QQRWDWLRQ� 6W\OH� *XLGH� IRU� WKH� %OLQNHU� 3URMHFW�
3KLODGHOSKLD�� ,5&6� 7HFKQLFDO� 5HSRUW� �������� 'HSW�� RI� &RPSXWHU� DQG
,QIRUPDWLRQ�6FLHQFH��8QLYHUVLW\�RI�3HQQV\OYDQLD�

0HODPHG�� ,�'�� �����E��� (PSLULFDO� 0HWKRGV� IRU� 07� /H[LFRQ� &RQVWUXFWLRQ�
0DFKLQH�7UDQVODWLRQ�DQG�WKH�,QIRUPDWLRQ�6RXS��'��)DUZHOO��/��*HUEHU�DQG�(��+RY\�
%HUOLQ��6SULQJHU�9HUODJ��������

0HODPHG�� ,�'�� �����F���0DQXDO�$QQRWDWLRQ� RI�7UDQVODWLRQDO� (TXLYDOHQFH�� 7KH
%OLQNHU� 3URMHFW�� ,5&6� 7HFKQLFDO� 5HSRUW� �������� 'HSW�� RI� &RPSXWHU� DQG
,QIRUPDWLRQ�6FLHQFH��8QLYHUVLW\�RI�3HQQV\OYDQLD�

0HODPHG�� ,�'�� �������� ´%LWH[W�0DSV� DQG� $OLJQPHQW� YLD� 3DWWHUQ� 5HFRJQLWLRQ�µ
&RPSXWDWLRQDO�/LQJXLVWLFV����������������

0HUNHO��0�� ��������5HFXUUHQW�3DWWHUQV� LQ�7HFKQLFDO�'RFXPHQWDWLRQ�� 5HVHDUFK
UHSRUW�/L7+�,'$�5��������'HSDUWPHQW�RI�&RPSXWHU�DQG�,QIRUPDWLRQ�6FLHQFH�
/LQN|SLQJ�8QLYHUVLW\�

0HUNHO��0����������:KHQ�DQG�ZK\�VKRXOG�WUDQVODWLRQV�EH�UHXVHG��3DSHUV�IURP�WKH
;,,,�9$$..,�V\PSRVLXP��9DDVD����������

0HUNHO��0�� �������� &KHFNLQJ�7UDQVODWLRQV� IRU� ,QFRQVLVWHQF\� ²�$�7RRO� IRU� WKH
(GLWRU�� 3URFHHGLQJV� RI� WKH� 6HFRQG� &RQIHUHQFH� RI� WKH� $VVRFLDWLRQ� IRU� 0DFKLQH
7UDQVODWLRQ�LQ�WKH�$PHULFDV��$07$������0RQWUHDO����������
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0HUNHO��0����������&RQVLVWHQF\�DQG�YDULDWLRQ�LQ�WHFKQLFDO�WUDQVODWLRQV���D�VWXG\
RI� WUDQVODWRUV·� DWWLWXGHV��8QLW\� LQ� 'LYHUVLW\�� &XUUHQW� WUHQGV� LQ� WUDQVODWLRQ� VWXGLHV�
%RZNHU��/��0��&URQLQ��'��.HQQ\�DQG�-��3HDUVRQ��HGV����0DQFKHVWHU��6W��-HURPH
3XEOLVKLQJ����������

0HUNHO�� 0�� �������� $QQRWDWLRQ� 6W\OH� *XLGH� IRU� WKH� 3/8*� /LQN� $QQRWDWHU�
/LQN|SLQJ��3/8*�UHSRUW��/LQN|SLQJ�8QLYHUVLW\�

0HUNHO��0��� %�� 1LOVVRQ� DQG� /�� $KUHQEHUJ�� �������� $� 3KUDVH�5HWULHYDO� 6\VWHP
%DVHG� RQ�5HFXUUHQFH��3URFHHGLQJV� RI� WKH� 6HFRQG� $QQXDO�:RUNVKRS� RQ� 9HU\� /DUJH
&RUSRUD��:9/&�����.\RWR���������

0HUNHO�� 0��� 0�� $QGHUVVRQ� DQG� /�� $KUHQEHUJ�� �������� 7KH� 3/8*� /LQN
$QQRWDWRU���,QWHUDFWLYH�&RQVWUXFWLRQ�RI�'DWD�IURP�3DUDOOHO�&RUSRUD��3URFHHGLQJV
IURP�3DUDOOHO�&RUSXV�6\PSRVLXP��8SSVDOD��$SULO��������������8SSVDOD�8QLYHUVLW\�
XQGHU�SXEOLFDWLRQ�

0HUNHO�� 0�� DQG� /�� $KUHQEHUJ� �������� (YDOXDWLQJ�:RUG� $OLJQPHQW� 6\VWHPV�
3/8*�UHSRUW��/LQN|SLQJ�8QLYHUVLW\�

0H\HUV��$���5��<DQJDUEHU��5��*ULVKPDQ��&��0DFOHRG� DQG�$��0RUHQR�6DQGRYDO
�������� 'HULYLQJ� 7UDQVIHU� 5XOHV� IURP� 'RPLQDQFH�3UHVHUYLQJ� $OLJQPHQWV�
3URFHHGLQJV�RI�&ROLQJ�$&/·����0RQWUHDO��8QLYHUVLWp�GH�0RQWUpDO��,,����������

0LFURVRIW� �������� 6ZHGLVK� 6W\OH� *XLGH�� 'XEOLQ�� 0LFURVRIW� :RUOGZLGH� 3URGXFW
*URXS�,UHODQG�

0LWDPXUD��7��DQG�(�+��1\EHUJ��UG���������&RQWUROOHG�(QJOLVK�IRU�.QRZOHGJH�
%DVHG� 07�� ([SHULHQFH� ZLWK� WKH� .$17� 6\VWHP�� 3URFHHGLQJV� RI� WKH� 6L[WK
,QWHUQDWLRQDO� &RQIHUHQFH� RQ� 7KHRUHWLFDO� DQG� 0HWKRGRORJLFDO� ,VVXHV� LQ� 0DFKLQH
7UDQVODWLRQ��/HXYHQ����������

0XQGD\��-����������´$�FRPSXWHU�DVVLVWHG�DSSURDFK�WR�WKH�DQDO\VLV�RI�WUDQVODWLRQ
VKLIWV�µ�0HWD�;/,,,�������������

1DJDR��0� ��������$�)UDPHZRUN�RI� D�PHFKDQLFDO� WUDQVODWLRQ� EHWZHHQ� -DSDQHVH
DQG�(QJOLVK�E\�DQDORJ\�SULQFLSOH��$��(OLWKRUQ�DQG�5��%DQHUML��HGV����$UWLILFLDO�DQG
+XPDQ�,QWHOOLJHQFH��$PVWHUGDP��1RUWK�+ROODQG����������

1DJDR��0��DQG�6��0RUL� ��������$�1HZ�0HWKRG�RI�1�JUDP�6WDWLVWLFV� IRU�/DUJH
1XPEHU�RI�Q�DQG�$XWRPDWLF�([WUDFWLRQ�RI�:RUGV�DQG�3KUDVHV�IURP�/DUJH�7H[W
'DWD� RI� -DSDQHVH�� 3URFHHGLQJV� IURP� WKH� ��WK� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ
&RPSXWDWLRQDO�/LQJXLVWLFV��&ROLQJ������.\RWR����������

1HZPDUN��3����������$�7H[WERRN�RI�7UDQVODWLRQ��/RQGRQ��3UHQWLFH�+DOO�

1LGD��(����������7RZDUG�D�6FLHQFH�RI�7UDQVODWLQJ��/HLGHQ��(�-��%ULOO�

1LUHQEXUJ�� 6�� �������� .QRZOHGJH� DQG� FKRLFHV� LQ� PDFKLQH� WUDQVODWLRQ��0DFKLQH
WUDQVODWLRQ� �� 7KHRUHWLFDO� DQG� PHWKRGRORJLFDO� LVVXHV�� 6�� 1LUHQEXUJ�� &DPEULGJH
8QLYHUVLW\�3UHVV�
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1RUVWHGWV� ��������1RUVWHGWV� VWRUD� HQJHOVND� RUGERN�� 1RUVWHGWV� RUGE|FNHU� I|U� 3&�
&'�520��1RUVWHGWV�)|UODJ�$%��6WRFNKROP�

2·%ULHQ�� 6�� �������� ´7UDQVODWLRQ� 0HPRU\K� DV� D� OLQJXLVWLF� UHVRXUFH� LQ� WKH
/RFDOLVDWLRQ�,QGXVWU\��$�VQDSVKRW�RI�WKH�SUHVHQW�DQG�JODQFH�LQWR�WKH�IXWXUH�µ�7KH
(/5$�1HZVOHWWHU�$SULO���-XQH�������

3DOPHU�� '�'�� DQG� 0�$�� +HDUVW� �������� $GDSWLYH� 6HQWHQFH� %RXQGDU\
'LVDPELJXDWLRQ��3URFHHGLQJV�RI�WKH�)RXUWK�&RQIHUHQFH�RQ�$SSOLHG�1DWXUDO�/DQJXDJH
3URFHVVLQJ��$1/3������6WXWWJDUW��������

3HWWL��9���,��+HVVOLQ�5LGHU��<��0DUWLQVVRQ�9LVVHU�DQG�$��2GHOGDKO��������
1RUVWHGWV�6WRUD�(QJHOVN�6YHQVND�2UGERN��1RUVWHGWV��6WRFNKROP�

3ODW]DFN��&�� ��������6H[�|YHUVlWWQLQJDU� WLOO� VYHQVND� DY�/HZLV�&DUUROV� ´$OLFH� LQ
:RQGHUODQGµ��)UnQ� VSUnN� WLOO� VSUnN�� 6MXWWRQ� XSSVDWVHU� RP� OLWWHUlU� |YHUVlWWQLQJ�� *�
(QJYDOO�DQG�5��*HLMHUVWDP��/XQG��6WXGHQWOLWWHUDWXU����������

5HVQLN�� 3�� DQG� ,�'��0HODPHG� �������� 6HPL�$XWRPDWLF� $FTXLVLWLRQ� RI� 'RPDLQ�
6SHFLILF�7UDQVODWLRQ�/H[LFRQV��3URFHHGLQJV�RI�WKH��WK�&RQIHUHQFH�RQ�$SSOLHG�1DWXUDO
/DQJXDJH�3URFHVVLQJ��:DVKLQJWRQ�'&����������

5LGLQJV��'����������´3('$17��3DUDOOHO�7H[WV�LQ�*|WHERUJ�µ�/H[LNRV������������

6DONLH��5����������1DWXUDOQHVV�DQG�&RQWUDVWLYH�/LQJXLVWLFV��,Q�%��/HZDQGRZVND�
7RPDV]F\N�DQG�3�-��0HOLD��HGV����3UDFWLFDO�$SSOLFDWLRQV�LQ�/DQJXDJH�&RUSRUD��/yG]�
/yG]�8QLYHUVLW\�3UHVV����������

6DWR��6��DQG�0��1DJDR��������7RZDUGV�PHPRU\�EDVHG�WUDQVODWLRQ��3URFHHGLQJV�RI
&2/,1*�����9ROXPH����+HOVLQNL����������

6FKlOHU�� 5�� �������� $� 3UDFWLFDO� (YDOXDWLRQ� RI� DQ� ,QWHJUDWHG� 7UDQVODWLRQ� 7RRO
GXULQJ�D�/DUJH�6FDOH�/RFDOLVDWLRQ�3URMHFW��3URFHHGLQJV�RI�WKH�)RXUWK�&RQIHUHQFH�RQ
$SSOLHG�1DWXUDO�/DQJXDJH�3URFHVVLQJ��$1/3������6WXWWJDUW����������

6KLPRKDWD�� 6��� 7�� 6XJLR�� DQG� -�� 1DJDWD� �������� 5HWULHYLQJ� &ROORFDWLRQV� E\� &R�
RFFXUUHQFHV� DQG�:RUG� 2UGHU� &RQVWUDLQWV�� ��WK� &RQIHUHQFH� RI� WKH� $VVRFLDWLRQ� IRU
&RPSXWDWLRQDO�/LQJXLVWLFV��$&/·�����0DGULG����������

6LJXUG��%���0��(HJ�2ORIVVRQ��&��:LOOQHUV� DQG�&�� -RKDQVVRQ�� ��������$XWRPDWLF
WUDQVODWLRQ� LQ� VSHFLILF� GRPDLQV� �:HDWKUD�� DQG� VWRFN�PDUNHW� �6WRFNWUD��9HFWUD��
'HSDUWPHQW�RI�/LQJXLVWLFV��/XQG�XQLYHUVLW\��/XQG�

6LPDUG�� 0��� *�)�� )RVWHU� DQG� 3�� ,VDEHOOH�� �������� 8VLQJ� &RJQDWHV� WR� $OLJQ
6HQWHQFHV�LQ�%LOLQJXDO�&RUSRUD��3URFHHGLQJV�RI� WKH�)RXUWK�,QWHUQDWLRQDO�&RQIHUHQFH
RQ�7KHRUHWLFDO�DQG�0HWKRGRORJLFDO�,VVXHV�LQ�0DFKLQH�7UDQVODWLRQ��0RQWUHDO��������

6LPDUG�� 0��� *�)�� )RVWHU� DQG� )�� 3HUUDXOW� �������� 7UDQV6HDUFK�� $� %LOLQJXDO
&RQFRUGDQFH�7RRO��/DYDO��&HQWUH�IRU�,QIRUPDWLRQ�7HFKQRORJ\�,QQRYDWLRQ�
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6LPDUG��0��DQG�3��3ODPRQGRQ���������%LOLQJXDO�6HQWHQFH�$OLJQPHQW��%DODQFLQJ
5REXVWQHVV�DQG�$FFXUDF\��3URFHHGLQJV�RI�WKH�6HFRQG�&RQIHUHQFH�RI�WKH�$VVRFLDWLRQ�IRU
0DFKLQH�7UDQVODWLRQ�LQ�WKH�$PHULFDV��$07$������0RQWUHDO����������

6LQFODLU��-����HG������������/RRNLQJ�XS��$Q�$FFRXQW�RI�WKH�&2%8,/'�3URMHFW�LQ�OH[LFDO
FRPSXWLQJ� DQG� WKH� GHYHORSPHQW� RI� WKH� &ROOLQV� &2%8,/'� (QJOLVK� /DQJXDJH
'LFWLRQDU\��/RQGRQ��+DUSHU&ROOLQV�

6LQFODLU��-����������&ROOLQV�&REXLOG�(QJOLVK�'LFWLRQDU\��/RQGRQ��+DUSHU&ROOLQV�

6PDGMD�� )�� �������� ´5HWULHYLQJ� &ROORFDWLRQV� IURP�7H[W�� ;WUDFW�µ�&RPSXWDWLRQDO
/LQJXLVWLFV����������������

6WU|P��$��0��DQG�.��:LQGIHOGW���������.ODUWH[W�Sn�1/6*��,%0�6YHQVND�$%�

68&� �������� 68&� ���� 6WRFNKROP�8PHn� &RUSXV�� &'�520�� 'HSDUWPHQW� RI
/LQJXLVWLFV�� 8PHn� 8QLYHUVLW\� DQG� 'HSDUWPHQW� RI� /LQJXLVWLFV�� 6WRFNKROP
8QLYHUVLW\�

6XPLWD��(���.��2L��2��)XUXVH��+��,LGD��7��+LJXFKL��1��7DNDKDVKL��DQG�+��.LWDQR
��������([DPSOH�%DVHG�0DFKLQH�7UDQVODWLRQ�RQ�0DVVLYHO\�3DUDOOHO�3URFHVVRUV�
3URFHHGLQJV�RI�WKH���WK�,QWHUQDWLRQDO�-RLQW�&RQIHUHQFH�RQ�$UWLILFLDO�,QWHOOLJHQFH��,-&$,�
����&KDPEHU\������������

6nJYDOO� +HLQ�� $�� �������� 3UHIHUHQFHV� DQG� /LQJXLVWLF� &KRLFHV� LQ� WKH� 0XOWUD� 0DFKLQH
7UDQVODWLRQ�6\VWHP��12'$/,'$��3URFHHGLQJV�RI���H�1RUGLVND�'DWDOLQJYLVWLNGDJDUQD��5�
(NOXQG��HG����6WRFNKROP����������

7DSDQDLQHQ��3����������7KH�&RQVWUDLQW�*UDPPDU�3DUVHU�&*����3XEO������'HSW��RI
*HQHUDO�/LQJXLVWLFV��8QLYHUVLW\�RI�+HOVLQNL�

7LHGHPDQQ�� -�� �������� $XWRPDWLF� /H[LFRQ� ([WUDFWLRQ� IURP� $OLJQHG� %LOLQJXDO
&RUSRUD��'LSORPD�WKHVLV��2WWR�YRQ�*XHULFNH�8QLYHUVLWlW��0DJGHEXUJ�

7LHGHPDQQ�� -�� �������� ([WUDFWLRQ� RI� 7UDQVODWLRQ� (TXLYDOHQWV� IURP� 3DUDOOHO
&RUSRUD� 3URFHHGLQJV� RI� WKH� ��WK� 1RUGLF� &RQIHUHQFH� RQ� &RPSXWDWLRQDO� /LQJXLVWLFV�
&HQWHU�IRU�6SURJWHNQRORJL��&RSHQKDJHQ����������

7RXU\��*����������7UDQVODWLRQDO�1RUPV�DQG�/LWHUDU\�7UDQVODWLRQ�LQWR�+HEUHZ�������
������ 7HO� $YLY�� 7KH� 3RUWHU� ,QVWLWXWH� IRU� 3RHWLFV� DQG� 6HPLRWLFV�� 7HO� $YLY
8QLYHUVLW\�

7RXU\�� *�� �������� ,Q� 6HDUFK� RI� D� 7KHRU\� RI� 7UDQVODWLRQ�� 7HO� $YLY�� 7KH� 3RUWHU
,QVWLWXWH�IRU�3RHWLFV�DQG�6HPLRWLFV��7HO�$YLY�8QLYHUVLW\�

7RXU\�� *�� ��������'HVFULSWLYH� 7UDQVODWLRQ� 6WXGLHV� DQG� EH\RQG�� $PVWHUGDP�� -RKQ
%HQMDPLQV�3XEOLVKLQJ�&R�

YDQ�GHU�(LMN��3�� ��������$XWRPDWLQJ� WKH�$FTXLVLWLRQ�RI�%LOLQJXDO�7HUPLQRORJ\�
3URFHHGLQJV�RI�WKH�6L[WK�&RQIHUHQFH�RI�WKH�(XURSHDQ�&KDSWHU�RI�$&/��($&/����������
����
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YDQ� /HXYHQ�=ZDUW�� .�0�� �������� ´7UDQVODWLRQ� DQG� 2ULJLQDO�� 6LPLODULWLHV� DQG
'LVVLPLODULWLHV��,,�µ�7DUJHW�������������

9DVFRQFHOORV��0�� ��������7KH�&XUUHQW� 6WDWH� RI�07�8VDJH�2U��+RZ�'R� ,�8VH
7KHH"�/HW�0H�&RXQW�WKH�:D\V��7KH�/,6$�)RUXP�1HZVOHWWHU��,,,��������

9HUPHHU�� +�� �������� ´(LQ� 5DKPHQ� I�U� HLQH� DOOJHPHLQH� 7UDQVODWLRQVWKHRULHµ�
/HEHQGH�6SUDFKHQ������������

9pURQLV��-����������$5&$'(���7DJJLQJ�JXLGHOLQHV�IRU�ZRUG�DOLJQPHQW��$L[�HQ�
3URYHQFH��8QLYHULWHWp�GH�3URYHQFH�

9pURQLV��-�������D���)URP�WKH�5RVHWWD�VWRQH�WR�WKH�LQIRUPDWLRQ�VRFLHW\���D�VXUYH\
RI�SDUDOOHO�WH[W�SURFHVVLQJ��3DUDOOHO�7H[W�3URFHVVLQJ��-��9pURQLV��.OXZHU�

9pURQLV�� -��� �����E��� 3DUDOOHO� 7H[W� 3URFHVVLQJ�� .OXZHU� $FDGHPLF� 3UHVV� �XQGHU
SXEOLFDWLRQ��

9pURQLV��-��DQG�3��/DQJODLV���������(YDOXDWLRQ�RI�SDUDOOHO�WH[W�DOLJQPHQW�V\VWHP��
7KH�$5&$'(�SURMHFW��7R� EH� SXEOLVKHG� LQ�3DUDOOHO�7H[W�3URFHVVLQJ�� -��9pURQLV�
%HUOLQ��.OXZHU�

:ROOLQ��/����������6YHQVN�/DWLQ|YHUVlWWQLQJ�����3URFHVVHQ��/XQG�

:ROOLQ�� /�� �������� 7UDQVODWLRQ� LQ� D� (XURSHDQ� FRPPXQLW\� �� DQ� ROG� VWRU\�
6WRFNKROP�� ,76� 5HSRUW� 1R�� ��� ,QVWLWXWH� IRU� ,QWHUSUHWDWLRQ� DQG� 7UDQVODWLRQ
6WXGLHV��8QLYHUVLW\�RI�6WRFNKROP�

:X��'�� ��������$OLJQLQJ� D� 3DUDOOHOO� (QJOLVK�&KLQHVH�&RUSXV� 6WDWLVWLFDOO\�ZLWK
/H[LFDO� &ULWHULD�� 3URFHHGLQJV� RI� WKH� ��QG� $QQXDO� 0HHWLQJ� RI� WKH� $VVRFLDWLRQ� IRU
&RPSXWDWLRQDO�/LQJXLVWLFV��$&/������������

:X��'����������$Q�$OJRULWKP�IRU�6LPXOWDQHRXVO\�%UDFNHWLQJ�3DUDOOHO�7H[WV�E\
$OLJQLQJ� :RUGV�� 3URFHHGLQJV� RI� WKH� ��UG� $QQXDO� 0HHWLQJ� RI� WKH� $VVRFLDWLRQ� RI
&RPSXWDWLRQDO�/LQJXLVWLFV��$&/������&DPEULGJH��0DVVDFKXVHWWV����������

<DPDPRWR��0��DQG�.�:��&KXUFK���������8VLQJ�6XIIL[�$UUD\V�WR�&RPSXWH�7HUP
)UHTXHQF\�DQG�'RFXPHQW�)UHTXHQF\�IRU�DOO�6XEVWULQJV�LQ�D�&RUSXV��3URFHHGLQJV
RI�WKH�6L[WK�:RUNVKRS�RQ�9HU\�/DUJH�&RUSRUD��(��&KDUQLDN��0RQWUHDO��������

<DQJ�� -�� DQG�(�'�� /DQJH� �������� 6<675$1� RQ�$OWD9LVWD� �� $�8VHU� 6WXG\� RQ
5HDO�7LPH� 0DFKLQH� 7UDQVODWLRQ� RQ� WKH� ,QWHUQHW��0DFKLQH� 7UDQVODWLRQ� DQG� WKH
,QIRUPDWLRQ�6RXS��'��)DUZHOO��/��*HUEHU�DQG�(��+RY\��%HUOLQ��6SULQJHU����������

=KRX��-��DQG�3��'DSNXV���������$XWRPDWLF�6XJJHVWLRQ�RI�6LJQLILFDQW�7HUPV�IRU�D
3UHGHILQHG� 7RSLF�� 3URFHHGLQJV� RI� WKH� 7KLUG� :RUNVKRS� RQ� 9HU\� /DUJH� &RUSRUD�
&DPEULGJH����������
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