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ABSTRACT

Life Cycle Assessments (LCA) of complex systems, such 
as vehicles and vehicle components, are based on the 
quantification of the energy, wastes, and emissions 
associated with the material production, manufacturing, 
use and end of life of the product. However, the volume 
of information needed to provide a comprehensive 
assessment of the environmental burdens is large and 
complicates the decision process in choosing among 
alternatives. For this reason people have attempted to 
simplify the information by collapsing it into a single 
index, which essentially assigns a score to a product of 
being “good” or “bad”. Even though such an approach 
looks attractive to the decision-makers that want simple 
answers based on meaningful data, the results may be 
misleading.

INTRODUCTION

,QFUHDVLQJO\�� FRQVXPHUV�� VKDUHKROGHUV�� FXVWRPHUV� DQG�GHVLJQHUV� DPRQJVW� RWKHUV� DUH� GHPDQGLQJ� LQIRUPDWLRQ�DERXW� WKH� HQYLURQPHQWDO� LPSOLFDWLRQV� RI� SURGXFWV� DQG�VHUYLFHV�� 7KH� SUREOHP�� KRZHYHU�� LV� WKDW� WKH� YROXPH� RI�LQIRUPDWLRQ� QHHGHG� WR� SURYLGH� D� FRPSUHKHQVLYH�GHVFULSWLRQ� RI� HQYLURQPHQWDO� SHUIRUPDQFH� LV� ODUJH��7KLV�LV�WKRXJKW�E\�PDQ\�WR�EH�XQDFFHSWDEOH�DV�WKH�UHVXOWV�FDQ�RQO\� EH� LQWHUSUHWHG� E\� D� VPDOO� QXPEHU� RI� WUDLQHG�VFLHQWLVWV� DQG�HQJLQHHUV��7KHUH� LV� WKHUHIRUH�D�GHVLUH� WR�VLPSOLI\� WKH� UHVXOWV� E\� FRPSUHVVLQJ� WKHP� LQWR� D� VLQJOH�LQGH[��ZKLFK�HVVHQWLDOO\�DVVLJQV�D�VFRUH�WR�D�SURGXFW��RU��LQ� WKH� H[WUHPH�� DQ� HFR�ODEHO�� ZKLFK� HVVHQWLDOO\� VD\V�
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,Q� UHVSRQVH� WR� WKLV� GHPDQG�� YDULRXV� JURXSV� KDYH�GHYHORSHG�D�YDULHW\�RI�GLIIHUHQW�DSSURDFKHV� WR�PHDVXUH�HQYLURQPHQWDO� SHUIRUPDQFH�� ,I� DOO� RI� WKHVH� GLIIHUHQW�DSSURDFKHV�JDYH� WKH�VDPH�RU�VLPLODU�FRQFOXVLRQV�� WKHQ�WKHUH�PLJKW�EH�OHVV�GLVTXLHW��8QIRUWXQDWHO\��WKLV�LV�QRW�VR�DQG� LQ�SUDFWLFH� LW� LV�SRVVLEOH�WR�ILQG�D�WHFKQLTXH�WKDW�ZLOO�JLYH�DOPRVW�DQ\�GHVLUHG�FRQFOXVLRQ��7R WKH�QRQ�VFLHQWLILF�REVHUYHU�WKLV�OHDGV�WR�FRQIXVLRQ�DQG�GLVLOOXVLRQPHQW�

(YHQ� D� FXUVRU\� H[DPLQDWLRQ� RI� WKH� DSSURDFKHV�GHYHORSHG� WR� PHDVXUH� HQYLURQPHQWDO� SHUIRUPDQFH�VXJJHVWV� WKDW� WKHUH� LV� VWLOO� FRQVLGHUDEOH� GLVDJUHHPHQW�DERXW�ZKDW� QHHGV� WR� EH�PHDVXUHG�DQG�KRZ� WR� XVH� WKH�UHVXOWV� RI� DQ\� PHDVXUHPHQWV�������� 7KH� UHDVRQ� IRU� WKH�GLVDJUHHPHQW�DSSHDUV�WR�VWHP�IURP�DQ�DWWHPSW�WR�VDWLVI\�WRR�PDQ\�GLIIHUHQW�QHHGV� LQ�D�VLQJOH�DQDO\VLV�� �1RW�RQO\�DUH� WKHVH� GLIIHUHQW� DSSURDFKHV� WU\LQJ� WR� VXPPDUL]H� D�QXPEHU�RI� WRWDOO\�XQUHODWHG�HQYLURQPHQWDO�SUREOHPV��EXW�WKH\� DUH� DOVR� WU\LQJ� VLPXOWDQHRXVO\� WR� VXPPDUL]HFRUSRUDWH��SODQW��SURGXFW�DQG�PDWHULDOV�SHUIRUPDQFH��
3URWRFROV� IRU� PHDVXULQJ� WKHVH� GLIIHUHQW� W\SHV� RI�HQYLURQPHQWDO� SHUIRUPDQFH� KDYH� EHHQ� ZLGHO\�GLVFXVVHG�������� (YHU\WKLQJ� IURP�ZRUNHU VDIHW\� WR�PLQXWH�TXDQWLWLHV� RI� WR[LF�ZDWHU� SROOXWDQWV� KDV EHHQ�VXJJHVWHG�
� /HKQL��0��0HDVXULQJ�DQG�UHSRUWLQJ�FRUSRUDWH�HFR�HIILFLHQF\��5HSRUW� IRU� WKH� :RUOG� %XVLQHVV� &RXQFLO� IRU� 6XVWDLQDEOH�'HYHORSPHQW��:%&6'���*HQHYD�������� /HKQL�� 0�� :%&6'� 3URMHFW� RQ� HFR�HIILFLHQF\� PHWULFV� DQG�UHSRUWLQJ�� VWDWH�RI�SOD\� UHSRUW�� :RUOG� %XVLQHVV� &RXQFLO� IRU�6XVWDLQDEOH�'HYHORSPHQW��:%&6'���*HQHYD������� 0HDVXULQJ�HFR�HIILFLHQF\� LQ�EXVLQHVV��1DWLRQDO�5RXQG�7DEOH�RQ�WKH�(QYLURQPHQW�DQG�WKH�(FRQRP\��157((���2WWDZD�������� 'H6LPRQH��/��	�3RSRII��)��(FR�HIILFLHQF\�� WKH�EXVLQHVV� OLQN�WR�VXVWDLQDEOH�GHYHORSPHQW��0,7�3UHVV�������� :KLWH��$��	�=LQNO��'��*UHHQ�PHWULFV��$�JOREDO�VWDWXV�UHSRUW�RQ�VWDQGDUGL]HG� FRUSRUDWH� HQYLURQPHQWDO� UHSRUWLQJ�� &(5(6�$QQXDO�&RQIHUHQFH��%RVWRQ��0DVVDFKXVHWWV�������� 0HDVXULQJ�HQYLURQPHQWDO�SHUIRUPDQFH��$�SULPHU�DQG�VXUYH\�RI�PHWULFV�LQ�XVH��*OREDO�(QYLURQPHQWDO�0DQDJHPHQW�,QLWLDWLYH��*(0,��������� 5DQJDQDWKDQ�� -��6XVWDLQDELOLW\� UXOHUV�� 0HDVXULQJ� FRUSRUDWH�HQYLURQPHQWDO� DQG� VRFLDO� SHUIRUPDQFH�� :RUOG� 5HVRXUFHV�,QVWLWXWH��:DVKLQJWRQ�'&�������� $OOHQE\��%��(FR�HIILFLHQF\�LQGLFDWRUV�GLVFXVVLRQ�SDSHU��:RUOG�%XVLQHVV� &RXQFLO� RQ� 6XVWDLQDEOH� 'HYHORSPHQW� �:%&6'���*HQHYD�������
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DV� D� SRWHQWLDO� PHDVXUHPHQW� LQGLFDWRU�� 6LQFH� HYHU\�FRPSDQ\�FRQVLGHUV� LWV�VLWXDWLRQ�XQLTXH�� LW� WHQGV�WR�WDLORU�SURSRVHG� PHDVXUHPHQWV� WR� ILW� LWV� VSHFLILF� QHHGV�� 7KLV�KDV� UHVXOWHG� LQ� OLWWOH� FRQVLVWHQF\� LQ� PHDVXUHPHQW�LQGLFDWRUV��7KH� FRQIXVLRQ� LV� IXUWKHU�FRPSRXQGHG�E\� WKH�IDFW� WKDW� PDQ\� SURSRVHG� PHDVXUHPHQW� V\VWHPV� KDYH�DOVR� WULHG� WR� FRPELQH� PHDVXUHV� RI� FRUSRUDWH�� SURGXFW��DQG� PDWHULDO� SHUIRUPDQFH� LQ� D� VLQJOH� V\VWHP��8QIRUWXQDWHO\��WKH�PL[HG�EDJ�RI�HFRQRPLF��SK\VLFDO��DQG�VRFLDO� PHDVXUHV� DUH� GLIILFXOW� WR� LQWHUSUHW� DQG� KDYH�SURGXFHG�IHZ�LI�DQ\�XQLIRUP�UHSRUWLQJ�IRUPDWV�WKDW�DOORZ�YDOLG� FRPSDULVRQV� EHWZHHQ� RUJDQL]DWLRQV� RU� SURGXFWV��)XUWKHUPRUH�� PDQ\� RI� WKH� WHFKQLTXHV� DSSHDU� WR� JR�EH\RQG� WKH� OLPLWV� RI� REMHFWLYH� VFLHQWLILF� DQG� WHFKQLFDO�LQIRUPDWLRQ�� 6KRXOG� GHFLVLRQ�PDNHUV� XQZLWWLQJO\� XVH�WKHVH� WHFKQLTXHV� WKH\� PD\� DFFLGHQWDOO\� PDNH� WKLQJV�ZRUVH�UDWKHU�WKDQ�EHWWHU�
:H� DGGUHVV� WKHVH� OLPLWDWLRQV� LQ� D� FDVH� VWXG\� WKDW� LV�EDVHG� RQ� WKH� /&$� HPLVVLRQV� REWDLQHG� GXULQJ� WKH� SDLQW�SURFHVV��
7KH�+LVWRULFDO�&RQWH[W
0XFK� RI� WKH� WHFKQLFDO� LQIRUPDWLRQ� XQGHUSLQQLQJ� HFR�LQGLFDWRU� PRGHOV� LV� GHULYHG� IURP� OLIH� F\FOH� DVVHVVPHQW��/&$��VWXGLHV�RU��PRUH�FRPPRQO\�� OLIH� F\FOH� LQYHQWRULHV��/&,���,Q�PDQ\ FDVHV�WKH�XVH�RI�/&,�GDWD�LQ�HFR�LQGLFDWRU�PRGHOV�UHSUHVHQWV�D�PLVXVH�RI�WKH�UHVXOWV�XVXDOO\�DULVLQJ�IURP� DQ� LJQRUDQFH� RI� WKH� SURSHU� PHDQLQJ� RI� WKH�LQIRUPDWLRQ�� 7KH� RULJLQ� RI� WKLV� LJQRUDQFH� FDQ� EH� EHWWHU�XQGHUVWRRG� E\� H[DPLQLQJ� WKH� UHDVRQV� ZK\� /&$
V� ILUVWFDPH�LQWR�H[LVWHQFH�
8QWLO� WKH� PLG� ����
V�� PRVW� LQGXVWULDO� GHFLVLRQV� ZHUH�EDVHG� RQ� HFRQRPLFV� WHPSHUHG� E\� VRFLDO� DQG� SROLWLFDO�FRQVLGHUDWLRQV�� (QYLURQPHQWDO� FRQVLGHUDWLRQV� ZHUH�XVXDOO\� OLPLWHG� WR� FRPSOLDQFH� ZLWK� ORFDO� DQG� QDWLRQDO�SROOXWLRQ� UHJXODWLRQV�� +RZHYHU�� WKH� ����
V� VDZ� WKH�JUDGXDO� HPHUJHQFH� RI� DQ� HPEU\RQLF� JUHHQ� PRYHPHQW�DQG� WKH� VWDUW� RI� WKH� ZRUOG� PRGHOLQJ� H[HUFLVHV� ZKLFK�HYHQWXDOO\� EHFDPH� SXEOLF� LQ� D� QXPEHU� RI� VHPLQDO�GRFXPHQWV��������� 6RPH�FRPSDQLHV��DZDUH�RI�WKLV�ZRUN��UHDOL]HG� KRZ� OLWWOH� WKH\� UHDOO\� NQHZ� DERXW� WKH� ZLGHU�LPSOLFDWLRQV� RI� WKH� SURFHVVHV� WKH\� RSHUDWHG�� $� IHZ�VWDUWHG�WR�FROOHFW�LQIRUPDWLRQ�DQG�RQH�RI�WKH HDUOLHVW�ZDV�WKDW�FDUULHG�RXW�E\�+DUROG�6PLWK�DW�,&,���
� 0HDVXULQJ�HQYLURQPHQWDO�SHUIRUPDQFH��$�SULPHU�DQG�VXUYH\�RI�PHWULFV�LQ�XVH��*OREDO�(QYLURQPHQWDO�0DQDJHPHQW�,QLWLDWLYH��*(0,���������� 0HDGRZV�� +�0��� 0HDGRZV�� /�0��� 5DQGHUV�� -� 	� %HKUHQV��:�:��7KH�OLPLWV�WR�JURZWK��3DQ�%RRNV��������� 7KH� (FRORJLVW� �HGLWHG���$� EOXHSULQW� IRU� VXUYLYDO�� 3HQJXLQ��������� +XEEHUW�� 0�.��5HVRXUFHV� DQG� PDQ�� :� +� )UHHPDQ� 	� &R��������� 6PLWK�� +�� 7UDQVDFWLRQV� RI� WKH� :RUOG� (QHUJ\� &RQIHUHQFH��6HFWLRQ���(�������

2QH�IDFWRU��ZKLFK�UHDOO\�FRQFHQWUDWHG�WKH�LQGXVWULDO�PLQG��ZDV� WKH� 2UHJRQ� %RWWOH� %LOO��� 7KH� ODWH ����
V� VDZ� WKH�LQWURGXFWLRQ�RI�RQH�WULS�VWHHO�DQG�DOXPLQLXP�FDQV��ZKLFK�GLVSODFHG�WKH�PRUH�WUDGLWLRQDO�UHWXUQDEOH�JODVV�ERWWOH��$W�WKH� VDPH� WLPH� SODVWLF� ERWWOHV� ZHUH� DOVR� EHJLQQLQJ� WR�DSSHDU��7KH�HQYLURQPHQWDO�PRYHPHQW�QRZ�KDG�VXIILFLHQW�VXSSRUW�WKDW�LW�PDQDJHG�WR�KDYH�OHJLVODWLRQ�SDVVHG�ZKLFK�GLUHFWO\�DIIHFWHG�WKH�ZD\�FHUWDLQ�LQGXVWULHV�FRXOG�RSHUDWH��7KH�2UHJRQ�H[SHULHQFH�UHFHLYHG�ZRUOGZLGH�DWWHQWLRQ�DQG�VKRZHG� WKDW� LQGXVWU\� FRXOG� QR� ORQJHU� LJQRUH�HQYLURQPHQWDOLVP�
2QH� E\�SURGXFW� RI� WKLV� H[SHULHQFH� ZDV� WKH� QHHG� WR� EH�DEOH� WR� FRPSDUH� RQH� EHYHUDJH� GHOLYHU\� V\VWHP� ZLWK�DQRWKHU�� 6LPSO\� FRPSDULQJ� WKH� HQHUJ\� WR� PDQXIDFWXUH�WKH�GLIIHUHQW�W\SHV�RI�FRQWDLQHUV�ZDV�QR�LQGLFDWLRQ�RI�WKH�RYHUDOO� HIIHFW� RI� WKH� GLIIHUHQW� SURGXFWLRQ�� XVH� DQG�GLVSRVDO V\VWHPV�� 7KH� UHVXOW� ZDV� DQ� H[DPLQDWLRQ� RI�H[WHQGHG� V\VWHPV� VWUHWFKLQJ� IURP� WKH�H[WUDFWLRQ�RI� UDZ�PDWHULDOV� IURP� WKH�HDUWK� WKURXJK� WR� WKH� ILQDO�GLVSRVDO�RI�WKHVH�PDWHULDOV�EDFN�LQWR�WKH�HDUWK���7KHVH�ZHUH�WKH�ILUVW�FUDGOH�WR�JUDYH�VWXGLHV�
$W� WKH� WLPH�� WKH� HPSKDVLV� ZDV� RQ� HQHUJ\� XVH� DQG�HVSHFLDOO\� IRVVLO� IXHO� XVH� EHFDXVH� WKHVH� ZHUH� WKH�SDUDPHWHUV� WKDW� KDG� EHHQ� KLJKOLJKWHG� E\� WKH� ZRUOG�PRGHOLQJ� H[HUFLVHV�� 7KLV� FRQFHSW� RI� GHVFULELQJ� WKH�SK\VLFDO�EHKDYLRU�RI� LQGXVWULDO�V\VWHPV� WKDW�FRYHUHG� WKH�RSHUDWLRQV� RI� PDQ\� FRPSDQLHV� DQG� ZHUH� SRWHQWLDOO\�JOREDO�LQ�H[WHQW�ZDV�QHZ�DQG�SURGXFHG�QHZ�LQVLJKWV�LQWR�WKH�ZD\�LQGXVWULDO�VRFLHW\�EHKDYHG�
)URP� D� WHFKQLFDO� YLHZSRLQW�� LW� LV� LPSRUWDQW� WR� UHFRJQL]H�WZR�FKDUDFWHULVWLFV�RI�WKLV�W\SH�RI�ZRUN�
�D�� 7KH� UHVXOWV� ZHUH� LQWHQGHG� WR� GHVFULEH� WKH� SK\VLFDO�IORZV� RI� PDWHULDOV� DQG� HQHUJ\�� 7KH\� ZHUH� DLPHG� DW�FRPSOHPHQWLQJ� WKH� HFRQRPLF�� VRFLDO� DQG� SROLWLFDO�FRQVLGHUDWLRQV�WKDW�KDG�ORQJ�GULYHQ�LQGXVWU\�E\�SURYLGLQJ�REMHFWLYH�SK\VLFDO�GHVFULSWLRQV��7KH\�ZHUH�QRW�DLPHG�DW�GLVSODFLQJ�WKHVH RWKHU�FRQVLGHUDWLRQV�
�E�� %HFDXVH� WKH� HPSKDVLV�ZDV� RQ� HQHUJ\�� DJJUHJDWLQJ�WKH� GDWD� ZDV� SK\VLFDOO\� PHDQLQJIXO� EHFDXVH� WKH�DJJUHJDWHG�UHVXOW�UHSUHVHQWHG�WKH�JOREDO�SK\VLFDO�HQHUJ\UHVRXUFHV� WKDW� KDG� WR� EH� H[WUDFWHG� IURP� WKH� HDUWK� LQ�RUGHU�WR�GULYH�WKH�V\VWHP�
,Q� WKH� ����V� WKH� WHFKQLTXH� ZDV� H[WHQGHG� WR� DLU�HPLVVLRQV�� HPLVVLRQV� WR� ZDWHU�� DQG� D� PRUH� GHWDLOHG�WUHDWPHQW� RI� VROLG� ZDVWHV�� 7KH� FDOFXODWLRQ� PHWKRG�HPSOR\HG�ZDV�LGHQWLFDO� WR�WKDW�ZKLFK�KDG�EHHQ�XVHG�IRU�IXHO� UHVRXUFHV� VR� WKH� LQYHQWRU\� PHWKRGV� SUHVHQWHG� QRQHZ� SUREOHPV�� +RZHYHU�� WKH� H[WHQVLRQ� WR� WKHVH�DGGLWLRQDO� SDUDPHWHUV� GLG OHDG� WR� D� QXPEHU� RI� QHZ�SUREOHPV� ZKHQ� LW� FDPH� WR� LQWHUSUHWLQJ� WKH� LQYHQWRU\�UHVXOWV�
�� 6WDWH�RI�2UHJRQ�/HJLVODWLRQ������������������������
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0DQ\�RI�WKH�QHZ�SDUDPHWHUV�LQFOXGHG�LQ�WKH�DQDO\VLV�GLG�QRW�FDXVH�JOREDO�SUREOHPV��6RPH��VXFK DV�WR[LFV��ZHUH�KLJKO\�ORFDOL]HG��2WKHUV��VXFK�DV�62[��ZKLFK�FDXVHV�DFLG�UDLQ��ZHUH� UHJLRQDO� LQ�HIIHFW��<HW�RWKHUV�VXFK�DV�&2� �D�JUHHQKRXVH� JDV�� ZHUH� WUXO\� JOREDO�� 7KXV�� DOWKRXJK� LW� LV�SRVVLEOH� WR� FDOFXODWH DJJUHJDWHG� UHVXOWV� IRU� DOOSDUDPHWHUV�� LW� LV� H[WUHPHO\� GRXEWIXO� ZKHWKHU� WKH�DJJUHJDWLRQ�RI� VRPH�RI� WKHVH�SDUDPHWHUV�\LHOGV� UHVXOWV�RI� DQ\� SK\VLFDO� VLJQLILFDQFH��&RQVHTXHQWO\� VRPH� RI� WKH�DJJUHJDWHG� UHVXOWV� FDQQRW� EH� LQWHUSUHWHG� LQ� WKH� VDPH�ZD\�DV�WKRVH�SDUDPHWHUV�WKDW�DUH�WUXO\�JOREDO�LQ�H[WHQW�
,Q� ������ WKH� ILUVW� 6(7$&�� FRQIHUHQFH� WRRN� SODFH� LQ�9HUPRQW�� $V� D� WR[LFRORJLFDO� RUJDQL]DWLRQ�� LW� LV� KDUGO\�VXUSULVLQJ� WKDW� WKH� HPSKDVLV� ZDV� RQ� WKH� DLU� DQG� ZDWHU�HPLVVLRQV� RI� LQGXVWULDO� V\VWHPV� UDWKHU� WKDQ� RQ� HQHUJ\�DQG� PDWHULDOV� IORZV� ZKLFK� KDG� EHHQ� WKH� SUHGRPLQDQW�GULYHUV� XS� WR� WKDW� WLPH�� 7KHUH� ZHUH� WZR� HIIHFWV� RI� WKLV�FRQIHUHQFH�
�D� ,W�LQWURGXFHG�WKH�WHUP�OLIH�F\FOH�DVVHVVPHQW ��
�E��%HFDXVH�RI� WKH�SXEOLFLW\�DFKLHYHG�E\�WKH�FRQIHUHQFH�DQG� LWV� SURFHHGLQJV�� LW� OHG� WR� D� ODUJH� QXPEHU� RI� QHZ�ZRUNHUV� PRYLQJ� LQWR� WKH� ILHOG�� 0DQ\� RI� WKHVH� QHZ�ZRUNHUV� GLG� QRW� KDYH� D� VFLHQFH� RU� HQJLQHHULQJ�EDFNJURXQG� VR� WKDW� WKH� VFLHQWLILF� FRQWHQW� RI� VRPH� /&$�ZRUN�LV�VXVSHFW�
,QWHUHVWLQJO\�� E\� WKH� ODWH� ����
V�� WKLQJV� VHHP� WR� KDYH�FRPH� IXOO� FLUFOH� EHFDXVH� WKHUH� LV� D� UHDZDNHQLQJ� WR� WKH�IDFW� WKDW� HQHUJ\� XVH�� WKH� VWDUWLQJ� SRLQW� IRU� WKLV�ZRUN�� LV�VWLOO�D�SUREOHP�WKDW�KDV�QRW�JRQH�DZD\��0RUHRYHU��E\�IDU�WKH� JUHDWHVW� SURSRUWLRQ� RI� DOO� DLU� HPLVVLRQV� DULVHV� IURP�WKH�SURGXFWLRQ�DQG�XVH�RI�IXHOV�
3URGXFWLRQ�6\VWHPV
0DQ\�RI�WKH�SUREOHPV�WKDW�KDYH�DULVHQ�LQ�PHDVXULQJ�DQG�FRPSDULQJ� HQYLURQPHQWDO� SHUIRUPDQFH� DULVH� IURP� WKH�FRQIXVLRQ� EHWZHHQ� V\VWHPV� DQG� SURGXFWV�� $OWKRXJK�LQGXVWU\� LV� SULPDULO\� FRQFHUQHG� ZLWK� SURGXFWV�� LW� LV� WKH�SURGXFWLRQ� V\VWHP� WKDW LV� RI� LPSRUWDQFH� LQ� WKLV� W\SH� RI�DQDO\VLV��$Q�LQGXVWULDO�V\VWHP�LV�GHILQHG�DV�DQ\�FROOHFWLRQ�RI�RSHUDWLRQV�ZKLFK��ZKHQ�DFWLQJ�WRJHWKHU��SHUIRUP�VRPH�GHILQHG�IXQFWLRQ��+HUH�LW�LV�WKH�HPSKDVLV�RQ�WKH�IXQFWLRQ�WKDW�LV�LPSRUWDQW�EHFDXVH�WKH�EDVLF�SURSHUW\�WKDW�PXVW�EH�GHILQHG�EHIRUH�DQ\�RI�WKH�ILQH�GHWDLO��LV�WKH IXQFWLRQ�RI�WKH�V\VWHP�
,I�WKH�IXQFWLRQ�RI�WKH�V\VWHP�LV�GHILQHG��WKHQ�LW�LV�SRVVLEOH��LQ�SULQFLSOH�� WR� LGHQWLI\� WKRVH�RSHUDWLRQV�WKDW�DUH�QHHGHG�WR�DFKLHYH�WKLV�IXQFWLRQ��7KLV SURYLGHV�WKH�HVVHQWLDO LGHDV�WKDW� DUH� EDVLF� WR� XQGHUVWDQGLQJ� WKH� PHDQLQJ� RI DQ\�
�� 6RFLHW\�RI�(QYLURQPHQWDO�7R[LFRORJ\�DQG�&KHPLVWU\�
�� $� WHFKQLFDO� IUDPHZRUN� IRU� OLIH�F\FOH� DVVHVVPHQW�� � 6(7$&�)RXQGDWLRQ��-DQXDU\������

UHVXOWV�� )LJXUH� ��� IRU� H[DPSOH� VKRZV� VFKHPDWLFDOO\� D�V\VWHP�HQFORVHG�E\�D�ER[��7KLV� LQWHULRU� ER[� UHSUHVHQWV�WKH�V\VWHP�ERXQGDU\ DQG�VHSDUDWHV�WKH�V\VWHP IURP�WKH�V\VWHP�HQYLURQPHQW �
)LJXUH����6LPSOH�6FKHPDWLF�'LDJUDP�RI�D�6\VWHP

$� QXPEHU� RI DWWULEXWHV� IROORZ� IURP� WKHVH� VLPSOH�GHILQLWLRQV�
�� ,QYHQWRU\� FDOFXODWLRQV� DUH� FRQFHUQHG� VROHO\� ZLWK� D�TXDQWLWDWLYH�GHVFULSWLRQ�RI�WKH�IORZV�RI�LQSXWV�DQG�RXWSXWV�DFURVV� WKH� V\VWHP� ERXQGDU\�� ,Q� WKDW� VHQVH� WKH\� DUH�QHXWUDO� VLQFH� WKH\� DUH� VLPSO\� WU\LQJ� WR GHVFULEH� WKHVH�IORZV�LQ�DV�XQDPELJXRXV�D�PDQQHU�DV�SRVVLEOH�
�� 7KH�V\VWHP�HQYLURQPHQW�DFWV�DV�WKH�VRXUFH�RI�DOO�WKH�LQSXWV�DQG�WKH�VLQN�IRU�DOO�WKH�RXWSXWV�
�� 7KHUH�LV�QR�UHVWULFWLRQ�RQ�WKH�W\SHV�RI�V\VWHP�WKDW�PD\�EH�GHILQHG�� ,Q� WKH� LQGXVWULDO�VSKHUH WKH\�PD\�EH�VLPSOH�SURGXFWLRQ� SURFHVVHV�JDWH� WR� JDWH�� RU� WKH\� PD\� EH�LQFUHDVLQJO\�H[WHQVLYH�� UDQJLQJ� IURP�HFR�SURILOHV��FUDGOH�WR� JDWH�� RU� FRPSOHWH� OLIH� F\FOHV� �FUDGOH� WR� JUDYH��� 7KH�IDFWRU�WKDW�GLIIHUHQWLDWHV�WKHVH�GLIIHUHQW�W\SHV�RI�V\VWHPV�LV� WKH� QDWXUH� RI� WKH� LQSXWV� DQG� RXWSXWV�� $� VLPSOH�SURGXFWLRQ� SURFHVV� ZLOO� XVXDOO\� WDNH� LQ� PDWHULDOV� WKDW�KDYH� DOUHDG\� EHHQ� SURFHVVHG� DQG� FDUU\� RXW� IXUWKHU�SURFHVVLQJ��$Q�HFR�SURILOH�ZLOO�VWDUW�ZLWK�UDZ�PDWHULDOV�LQ�WKH�HDUWK�DQG� IROORZ�DOO�SURFHVVLQJ�RSHUDWLRQV�XS� WR� WKH�SURGXFWLRQ�RI�VRPH�SURGXFW�DW�WKH�IDFWRU\�JDWH�UHDG\�IRU�GLVSDWFK� WR� DQRWKHU� SODQW� IRU� IXUWKHU� SURFHVVLQJ�� $� WUXH�OLIH�F\FOH�VWDUWV�ZLWK�UDZ�PDWHULDOV�LQ�WKH�HDUWK��IROORZV�DOO�SURFHVVLQJ��XVH�DQG�GLVSRVDO�RSHUDWLRQV�VR�WKDW�WKH�RQO\�RXWSXW�DUH�ZDVWHV�UHWXUQHG�WR�WKH�HDUWK��
�� ,W� LV� YHU\� LPSRUWDQW� WR� UHFRJQL]H� WKDW� WKH� SURSHUW\��ZKLFK� LGHQWLILHV� D� WUXH�/&,�� LV� DQ� LQSXW� RI� UDZ�PDWHULDOV�IURP�WKH�HDUWK�DQG�DQ�RXWSXW�RQO\�RI�ZDVWHV�EDFN�LQWR�WKH�HDUWK��$Q\�V\VWHP��ZKLFK�GRHV�QRW�H[KLELW� WKLV�SURSHUW\��LV QRW�D�WUXH�OLIH�F\FOH�
�� 7KH� FKDUDFWHULVWLFV� RI� DQ\� WZR� V\VWHPV� FDQ� RQO\� EH�FRPSDUHG� ZKHQ� WKH� WZR� V\VWHPV� SHUIRUP� WKH� VDPH�IXQFWLRQ��&RPSDULVRQV�EHWZHHQ�V\VWHPV��ZKLFK�SHUIRUP�GLIIHUHQW� IXQFWLRQV�� DUH� PHDQLQJOHVV� 7KXV� D� V\VWHP�ZKRVH�IXQFWLRQ� LV� WR�SURGXFH�VWHHO�FDQQRW�EH�FRPSDUHG�ZLWK� D� V\VWHP� ZKRVH� IXQFWLRQ� LV� WR SURGXFH� 39&�� ,W� LV
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PHDQLQJOHVV�WKHUHIRUH�WR�FRPSDUH�VWHHO�DQG�39&�RQ�WKH�EDVLV�RI�WKH�FKDUDFWHULVWLFV�RI�WZR�V\VWHPV��RQH�RI�ZKLFK�SURGXFHV� �� NJ� RI� VWHHO� DQG� WKH�RWKHU� SURGXFHV��� NJ�RI�39&��WKH�VWHHO�V\VWHP�FDQ�QHYHU�SURGXFH�39&�DQG�YLFH�YHUVD�
�� 7KH� LQSXW� VLGH� RI� DQ� LQGXVWULDO� V\VWHP� SURYLGHV� D�GHVFULSWLRQ�RI� WKH� UHVRXUFH� LQSXW�QHHGHG� WR�RSHUDWH� WKH�V\VWHP� DQG� WKH� RXWSXW� VLGH� SURYLGHV� D�PHDVXUH� RI� WKH�SRWHQWLDO�SROOXWLRQ�DVSHFWV�RI�WKH�V\VWHP�

)LJXUH������6WDJHV�LQ�WKH�3URGXFWLRQ�RI�DQ�(FR�,QGH[

7KH� LPSRUWDQFH� RI� UHFRJQL]LQJ� WKDW� DOO� GHVFULSWLRQV� DUH�EDVHG� RQ� V\VWHPV� FDQQRW� EH� RYHU� HPSKDVL]HG�� 7KH�PDMRU�SUREOHP�LV�WKDW�DOPRVW�DOO�ZRUNHUV�LQ�WKLV�ILHOG�SD\�OLS�VHUYLFH�WR�WKH�FRQFHSW�EXW�WKHQ�SURFHHG�WR�WDON�DERXW�SURGXFWV�� 7KH� ,62� FRPPLWWHH� ZRUNLQJ� RQ� ,62������H[DFHUEDWHG� WKH� SUREOHP�� WR� DFKLHYH� D� FRQVHQVXV� RQ�GHILQLWLRQV� WKH\� LQWURGXFHG� WKH� FRQIXVLQJ� WHUP� SURGXFW�V\VWHP�� 7R� DYRLG� SUREOHPV�� LW� LV� SUREDEO\� ZLVHU� WR�XQGHUVWDQG� WKH� GLIIHUHQFH� EHWZHHQ� SURGXFW� DQG� V\VWHP�UDWKHU� WKDQ� XVH� WKLV� PL[HG� WHUP�� )RU� D� FRPSOHWH� OLIH�F\FOH�� D� V\VWHP� SHUIRUPV� D� IXQFWLRQ� ZKLOH� D� SURGXFW� LV�VLPSO\�D�PDWHULDOV�IORZ�ZLWKLQ�WKH�V\VWHP��,QYHQWRU\�GDWD�UHIHU�WR�WKH�EHKDYLRU�RI�WKH�V\VWHP�
8VLQJ�,QYHQWRU\�'DWD
7KH�RXWSXW� IURP�OLIH�F\FOH� LQYHQWRU\�FDOFXODWLRQV� LV�D�VHW�RI� SDUDPHWHUV�� HDFK� RI��ZKLFK� GHVFULEHV� VRPH� IDFHW� RI�WKH� EHKDYLRU� RI� WKH� V\VWHP� H[DPLQHG�� $V� LQYHQWRU\�FDOFXODWLRQV� KDYH� EHHQ� UHILQHG�� WKH� QXPEHU� RI�SDUDPHWHUV�KDV�LQFUHDVHG��7\SLFDOO\��WKHUH�PLJKW�EH����RU�PRUH�GLIIHUHQW�SDUDPHWHUV�LQ�WKH�ILQDO�DJJUHJDWHG�GDWD�VHW� OLVWHG�XQGHU� WKH� YDULRXV�KHDGLQJV�VXFK�DV� IXHO�XVH��UDZ�PDWHULDOV� XVH�� HPLVVLRQV� WR�DLU��HPLVVLRQV� WR�ZDWHU�DQG�JHQHUDWLRQ�RI�VROLG�ZDVWH��2WKHUV��VXFK�DV�ODQG�XVH�PD\�DOVR�EH�LQFRUSRUDWHG�
$V�QRWHG�HDUOLHU��LQ�WKH�GD\V�ZKHQ�WKLV�W\SH�RI�ZRUN�ZDV�FRQFHUQHG�ZLWK� D� VLQJOH� SDUDPHWHU� �HQHUJ\�� WKHUH�ZHUH�IHZ� SUREOHPV� RI� LQWHUSUHWDWLRQ� EHFDXVH� HQHUJ\� ZDV�PHDVXUHG� LQ� FRPPRQ� XQLWV� �0-� RU� %WX��� WKH� IXHOV�WKHPVHOYHV� ZHUH� XVXDOO\� LQWHUFKDQJHDEOH� DQG� WKH�HQYLURQPHQWDO�LPSOLFDWLRQV�ZHUH�JOREDO�
(YHQ� ZKHQ� WKH� DQDO\VLV� SURJUHVVHG� WR� PXOWLSOH�SDUDPHWHUV��DQG�XQWLO�WKH�DGYHQW�RI�HFR�LQGLFHV�DQG�WKHLU�HTXLYDOHQWV�� WKLV� GDWD� VHW� ZDV� UHJDUGHG� VLPSO\� DV� D�FRPSLODWLRQ� RI LQIRUPDWLRQ� IURP� ZKLFK� WKH� XVHU� VHOHFWV�WKRVH� SDUWV� WKDW� DUH� QHHGHG� WR� DGGUHVV� VSHFLILF�SUREOHPV�� 7KXV� LI� WKH� LQWHQWLRQ� LV� WR� H[DPLQH� WKH�JUHHQKRXVH� JDV� LPSOLFDWLRQV�� WKH� XVHUV� ZRXOG� VHOHFW�&2��� &+��� 1�2�� HWF�� IURP� WKH� DLU� HPLVVLRQV� VHW� DQG�LJQRUH�WKH�UHVW�RI�WKH�GDWD�

7ZR�IDFWRUV��KRZHYHU��SXVKHG�WRZDUGV�WKH�GHYHORSPHQW�RI� HFR�LQGLFHV� RU� WKHLU� HTXLYDOHQW�� )LUVW� WKHUH� ZDV� D�IHHOLQJ�WKDW�WKH�QXPEHU�RI�SDUDPHWHUV�ZDV�VR�ODUJH�WKDW�WKH\� ZHUH� XQPDQDJHDEOH� HVSHFLDOO\� ZKHQ� XVHG� LQ�DSSOLFDWLRQV�VXFK�DV�WKH GHVLJQ�SURFHVV��6HFRQGO\� WKHUH�ZDV� WKH�XQGHUVWDQGDEOH�GHVLUH� WR�KDYH�VRPH�VLPSOH� IRUP�RI�VXPPDUL]LQJ�DOO�RI� WKLV� LQIRUPDWLRQ�VR� WKDW� WKH� LQWHOOLJHQW� OD\SHUVRQ�FRXOG�JHW� VRPH� LGHD�RI�WKH�RYHUDOO�HQYLURQPHQWDO�LPSOLFDWLRQ�RI�WKH�V\VWHP�
7KH� WKUHH� VWDJHV� QHHGHG� WR� SURGXFH� DQ\� IRUP� RI� HFR�LQGH[�DUH�VKRZQ�VFKHPDWLFDOO\�LQ�)LJXUH����)LUVW�WKH�UDZ�GDWD� FROOHFWHG� IURP� WKH� YDULRXV� FRPSDQLHV� ZLWKLQ� WKH�V\VWHP� DUH� FRPELQHG� LQ� WKH� LQYHQWRU\� FDOFXODWLRQV��6HFRQGO\�� LQ� WKH�FODVVLILFDWLRQ�DQG�YDOXDWLRQ�VWDJHV�� WKH�LQYHQWRU\�GDWD�DUH�JURXSHG� WRJHWKHU�DQG�VXPPHG� LQ�DQ�DSSURSULDWH� PDQQHU� VR� WKDW� HDFK� RI� WKH� JURXSHG� GDWD�VHWV� GHVFULEH� VRPH� HQYLURQPHQWDO� IDFHW� RI� WKH� V\VWHP��)LQDOO\�� WKHVH�JURXSHG�GDWD�VHWV�DUH�PXOWLSOLHG�E\�VRPH�ZHLJKWLQJ�IDFWRU�DQG�VXPPHG�WR�JLYH�DQ�RYHUDOO�LQGH[�
,W�LV�LPSRUWDQW�WR�UHFRJQL]H�WKDW�LQ�FDUU\LQJ�RXW�WKLV�WKUHH�VWDJH� SURFHGXUH�� WKHUH� ZLOO� EH� SRWHQWLDO� HUURUV� DW� HDFK�VWDJH�RI�WKH�SURFHVV�DQG�WKHVH�ZLOO�EH�FDUULHG�WKURXJK�WR�WKH� ILQDO� LQGH[�� )XUWKHUPRUH�� VLQFH� VWDJHV� �� DQG� �LQYROYH�PXOWLSOLHUV�� WKH�HIIHFW�RI� WKHVH�HUURUV�ZLOO�XVXDOO\�EH�PDJQLILHG��,W�LV��WKHUHIRUH��LPSRUWDQW�WR�H[DPLQH�HDFK�RI� WKH� WKUHH� VWDJHV� LQ� WXUQ� WR� VHH� ZKDW� HUURUV� DQG�RPLVVLRQV�DUH�OLNHO\�WR�RFFXU�
3UREOHPV�ZLWK�,QYHQWRU\
7KH�SULPDU\�SUREOHPV�ZLWK� LQYHQWRULHV�DV�DSSOLHG�WR WKH�SURGXFWLRQ� RI� LQGLFHV� UHODWH� WR� DFFXUDF\� DQG�FRPSOHWHQHVV�
0XFK�KDV�EHHQ�ZULWWHQ�DERXW� WKH�DFFXUDF\�RI� LQYHQWRU\�GDWD� DQG� PXFK� RI� LW� LV� H[WUHPHO\� PXGGOHG��)XQGDPHQWDOO\�� WKH� UDZ� LQIRUPDWLRQ� IRU� LQYHQWRU\�FDOFXODWLRQV� LV� SURYLGHG� E\� LQGXVWULDO� RSHUDWLRQV�� ,I� ZH�DVVXPH� WKDW� LQGXVWU\� LV� QRW� GHOLEHUDWHO\� VXSSO\LQJ� IDOVH�LQIRUPDWLRQ��WKHQ�ZH�QHHG�WR�FRQVLGHU�KRZ�DFFXUDWH�WKH�LQIRUPDWLRQ�LV�OLNHO\�WR�EH��

,QYHQWRU\FDOFXODWLRQV &ODVVLILFDWLRQ	�YDOXDWLRQ :HLJKWLQJ5DZ�GDWD (FR�LQGH[
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2Q� WKH� LQSXW� VLGH�� WKH� LQIRUPDWLRQ� RI� IXHOV�� HQHUJ\� DQG�UDZ�PDWHULDOV� LV�XVXDOO\�EDVHG�RQ�LQSXWV�WKDW�KDYH�EHHQ�SDLG� IRU�� ,Q� SULQFLSOH�� WKLV� VKRXOG� SURYLGH� DFFXUDWH�LQIRUPDWLRQ�EXW�DW�D�SUDFWLFDO�OHYHO��IDFWRUV�VXFK�DV�VWRFN�FKDQJHV�DQG�ORVVHV�PHDQ�WKDW�IHZ�LQGXVWULHV�ZRXOG�HYHU�FODLP�WKDW�WKHLU�GDWD�DUH�EHWWHU�WKDQ�DERXW�����
2Q� WKH� RXWSXW� VLGH�� WKH� DPRXQW� RI� LQIRUPDWLRQ� LV�GHSHQGHQW� RQ� WKH� OHYHO� RI� SROOXWLRQ� PRQLWRULQJ�� ,Q�JHQHUDO�� WKH� EHWWHU� WKH� PRQLWRULQJ�� WKH� JUHDWHU� WKH�HPLVVLRQV�XVXDOO\�DSSHDU��,Q�PDQ\�FDVHV��HPLVVLRQ�GDWD�DUH�VLPSO\�QRW�PHDVXUHG�DQG�KDV� WR�EH�HVWLPDWHG��7KH�WHFKQLTXHV� IRU� HVWLPDWLQJ� HPLVVLRQV� YDU\� QRW� RQO\� IURP�FRXQWU\� WR� FRXQWU\� EXW� DOVR� IURP� SODQW� WR� SODQW�� ,W� LV�WKHUHIRUH� LPSRVVLEOH� WR� DVVLJQ� DQ\� VHQVLEOH� DFFXUDF\�ILJXUH�WR�PRVW�SROOXWLRQ�GDWD�DQG�LQ�JHQHUDO��WKH�EHVW�WKDW�LV� SRVVLEOH� LV� WR� FRPSDUH� WKH� GDWD� IURP� D� QXPEHU� RI�VLPLODU�SODQWV�WR�VHH�LI�WKH\�DUH�UHSRUWLQJ�ZLGH�YDULDWLRQV��,I� ZLGH� YDULDWLRQV� RFFXU� WKHQ� WKH� SUREOHP� QHHGV� WR� EH�IROORZHG�XS�ZLWK�LQGLYLGXDO�SODQWV�
7KHUH� LV� D� EHOLHI� DPRQJVW� VRPH� LQYHQWRU\� SUDFWLWLRQHUV�WKDW� DQ\� VSUHDG� LQ� GDWD� ZKHQ� D� QXPEHU� RI� SODQWV� LV�H[DPLQHG�� LV� GXH� WR� UDQGRP� YDULDWLRQV�� ZKLFK� FDQ� EH�PDQLSXODWHG�VWDWLVWLFDOO\��7KLV�LV�QRW�WKH�FDVH��0RVW�RI�WKH�GLIIHUHQFHV� EHWZHHQ� SODQWV� UHVXOW� IURP� DFWXDO� SK\VLFDO�GLIIHUHQFHV� LQ� SODQW� SHUIRUPDQFH� DULVLQJ� IURP� IDFWRUV�VXFK� DV� DJH� RI� SODQW�� OHYHO� RI� PDLQWHQDQFH�� ZKHWKHU�RSHUDWHG�RQ�D�FRQWLQXRXV�RU�D�VKLIW�EDVLV��DQG�VR�RQ�
,W�LV�YHU\�LPSRUWDQW�WR�UHFRJQL]H�WKDW�OLIH�F\FOH�LQYHQWRULHV�DUH�VLPSO\�D�FRPSLODWLRQ�RI�WKRVH�TXDQWLWDWLYH�SDUDPHWHUV�IRU�ZKLFK�GDWD�DUH�DYDLODEOH��,I�WKH�GDWD�DUH�QRW�DYDLODEOH�DQG�FDQQRW�EH�HVWLPDWHG��WKHQ�WKH\�ZLOO�QRW�DSSHDU�LQ�WKH�ILQDO� UHVXOWV�� )XUWKHUPRUH�� WKHUH� DUH� VRPH� LPSRUWDQW�HQYLURQPHQWDO� SDUDPHWHUV�� ZKLFK� FDQQRW� EH� TXDQWLILHG��3URSHUWLHV�VXFK�DV�ELRGLYHUVLW\�DQG�DHVWKHWLFV�FDQQRW�EH�TXDQWLILHG�DQG�VR�GR�QRW�DSSHDU�LQ�WKH�ILQDO�UHVXOWV�WDEOH��,W�LV�WKHUHIRUH�LQFRUUHFW�WR�DVVXPH�WKDW�WKH�LQYHQWRU\�WDEOH�SURYLGHV�D�FRPSOHWH�HQYLURQPHQWDO�SLFWXUH�
&KDUDFWHUL]DWLRQ�3UREOHPV
&KDUDFWHUL]DWLRQ� LQYROYHV� LGHQWLI\LQJ� WKRVH� SDUDPHWHUV�WKDW�FRQWULEXWH�WRZDUGV�D�VSHFLILF�HQYLURQPHQWDO�SUREOHP�DQG� RQFH� LGHQWLILHG�� YDOXDWLRQ� LV� WKH� SURFHVV� RI�TXDQWLI\LQJ�WKH�FRQWULEXWLRQ�WKDW�WKH�LGHQWLILHG�SDUDPHWHUV�PDNH�� 7KH� SUREOHPV� WKDW� DULVH� LQ� WKLV� DUHD� DUH�FRQFHUQHG� ZLWK� WKH� VSDWLDO� H[WHQW� RI� WKH� HQYLURQPHQWDO�SUREOHP�DQG�WKH�GLIILFXOWLHV�LQ�TXDQWLI\LQJ�WKH�FRQWULEXWLRQ�RI�WKH�SDUDPHWHUV�
(QYLURQPHQWDO�SUREOHPV�FDQ�EH JOREDO��H�J��JUHHQKRXVH�HIIHFW��� UHJLRQDO� �H�J�� DFLG� UDLQ�� RU� ORFDO� �H�J�� QRLVH��� ,W�KDV�DOUHDG\�EHHQ�QRWHG�WKDW�WKH�RYHUDOO�UHVXOWV�RI�DQ�/&,�PD\�EH�JOREDO�LQ�H[WHQW��GHSHQGLQJ�RQ�WKH�SDUWLFLSDQWV�LQ�WKH� V\VWHP��0RVW PHWDO� SURFHVVLQJ� V\VWHPV� DUH� JOREDO�EHFDXVH� RUH� FRQFHQWUDWHV� DQG� EXON� PHWDOV� DUH� WUDGHG�LQWHUQDWLRQDOO\��,Q�JHQHUDO��WKHUHIRUH��WKH�RYHUDOO�UHVXOWV�RI�DQ� /&,� FDQ� RQO\� EH� DSSOLHG� WR� JOREDO� SUREOHPV�� ,W� LV�

PLVOHDGLQJ� WR� DSSO\� WKHP� WR� UHJLRQDO� RU� ORFDO� HIIHFWV�� ,I�GDWD� DUH� DYDLODEOH� IRU� WKH� FRPSRQHQW XQLW� RSHUDWLRQV�ZLWKLQ� DQ� /&,�� WKHQ� LW� LV� SRVVLEOH� WR� VHOHFW� WKRVH�RSHUDWLRQV�O\LQJ�LQ�D�SDUWLFXODU�UHJLRQ��)RU�H[DPSOH��LI�ZH�ZLVKHG� WR� H[SORUH� WKH� LQFLGHQFH� RI� DFLG� UDLQ� LQ�6FDQGLQDYLD��GDWD�ZRXOG�EH�UHTXLUHG�RQ�WKH�HPLVVLRQ�RI�WKH�UHOHYDQW�JDVHV�LQ�WKH�8.�DQG�3RODQG��VLQFH�WKHVH�DUH�WKH�SULQFLSDO� VRXUFHV�RI� WKH�RIIHQGLQJ�JDVHV��(PLVVLRQV�RI�DFLG�UDLQ�JDVHV�LQ�1RUWK�$PHULFD�RU�$XVWUDOLD�ZRXOG�EH�LUUHOHYDQW�LQ�WKLV�H[DPSOH�
)RU ORFDOL]HG� SROOXWLRQ� SUREOHPV�� VXFK� DV� QRLVH� RU� WKH�HPLVVLRQ� RI� WR[LF� JDVHV�� ZKLFK� SURGXFH� RQO\� ORFDOL]HG�HIIHFWV��LW�LV�GRXEWIXO�ZKHWKHU�/&,
V�JLYH�DQ\�QHZ�LQVLJKWV�FRPSDUHG� WR� WKH� PRQLWRULQJ� LQIRUPDWLRQ� WKDW� ZRXOG� EH�XVHG�WR�VDWLVI\�ORFDO�SROOXWLRQ�UHJXODWLRQV��
7KH�XQUHVWUDLQHG�XVH�RI�RYHUDOO�/&,�GDWD�LQ�DOO�SUREOHPV�LV� LQFRUUHFW�� 7KH� XVHU� RI� DQ\� /&,� GDWD� PXVW� IROORZ�VWDQGDUG� VFLHQWLILF� SUDFWLFH� DQG� GHPRQVWUDWH� WKDW� WKH�GDWD� WR� EH� XVHG� LQ� DQ\� HIIHFW� GRHV� LQ� IDFW� SRVVHVV�SK\VLFDO� VLJQLILFDQFH�� ,I� WKLV� FDQQRW� EH� SURYHG� WKHQ� WKH�GDWD�VKRXOG�QRW�EH�XVHG�
9DOXDWLRQ�3UREOHPV
2QFH�DQ�HQYLURQPHQWDO�SUREOHP�LV�VHOHFWHG�IRU�DWWHQWLRQ�LW� LV� XVXDOO\� HDV\� WR� LGHQWLI\� ZKLFK� SDUDPHWHUV� DUH�LQYROYHG��&RPELQLQJ� WKH�GDWD�VHWV� IRU� WKHVH�SDUDPHWHUV�FDQ��KRZHYHU��SRVH�VRPH SUREOHPV�
6RPH�GDWD�VHWV�FDQ�EH�UHDGLO\�FRPELQHG��)RU�H[DPSOH��WKH� ,QWHUJRYHUQPHQWDO�3DQHO�RQ�&OLPDWH�&KDQJH��,3&&��SURGXFHV� WDEOHV�RI� YDOXHV� IRU�JOREDO�ZDUPLQJ�SRWHQWLDOV�RI� GLIIHUHQW� JDVHV��� 7KHVH� FDQ� EH� XVHG� WR� FRQYHUW� WKH�WRWDO� ORDGLQJ� RI� WKH� UHOHYDQW� JDVHV� WR� &2� HTXLYDOHQWV��1RW� RQO\� GRHV� WKLV� SURYLGH� WKH� DSSURSULDWH� ZHLJKWLQJ�IDFWRUV�EXW� LW�DOVR�FRQYHUWV�DOO�RI� WKH�XQLWV�WR�D�FRPPRQ�EDVH�
7KHUH� DUH�� KRZHYHU�� VRPH� LQVWDQFHV� ZKHUH� WKH�FRQYHUVLRQV� DUH� HUURQHRXV�� )RU� H[DPSOH�� LW� LV� RIWHQ�SURSRVHG� WKDW UDZ� PDWHULDOV� UHVRXUFHV� VKRXOG� EH�UHIHUUHG� WR� WKH� UDWH� RI� GHSOHWLRQ� RI� UHVHUYHV�� 7KLV�DWWUDFWLYH� LGHD� VXIIHUV�RQH�PDMRU�GUDZEDFN�� UHVHUYHV�RI�DQ\� UDZ�PDWHULDO� FKDQJH�ZLWK� WLPH��7KH� UHDVRQ� IRU� WKLV�ZDV�QHDWO\�VXPPDUL]HG�E\�0F.HOYH\��� +H�SURSRVHG�WKDW�D�JUDSK�VKRXOG�EH�SORWWHG�RI�HFRQRPLF IHDVLELOLW\�DJDLQVW�JHRORJLFDO�DVVXUHGQHVV�DV�VKRZQ�LQ�)LJXUH���
)URP�WKLV�LW�LV�FOHDU�WKDW�WKH�UHVHUYHV�RI�DQ\�UDZ�PDWHULDO��WKH�VKDGHG�SRUWLRQ�RI�)LJXUH����DUH�GHWHUPLQHG�E\�D�
�� +RXJKWRQ�� -�7��-HQNLQV�� *�-�� 	� (SKUDXPV�� -�-�� �HGV���&OLPDWH� FKDQJH� � 7KH� ,3&&� VFLHQWLILF� DVVHVVPHQW�� ,6%1� ������������;��&DPEULGJH�8QLYHUVLW\�3UHVV�������
�� 0F.HOYH\��9�(��$SSURDFKHV�WR�WKH�PLQHUDO�VXSSO\�SUREOHP��7HFKQRORJ\�5HYLHZ��SS��������0DUFK�$SULO������



�

)LJXUH������������7KH�0F.HOYH\�'LDJUDP

GHSRVLW� RI� WKH PDWHULDO� EHLQJ� LGHQWLILHG� DQG� EHLQJ�HFRQRPLF�WR�H[WUDFW��7KXV��DV WKH�SULFH�RI�D�UDZ PDWHULDO�LQFUHDVHV� RU� DV� IXUWKHU� VXSSOLHV� DUH� GLVFRYHUHG�� WKH�UHVHUYHV� ZLOO� LQFUHDVH�� 6LPLODUO\� DV� SULFH� IDOOV�� WKHQ�UHVHUYHV� IDOO�� 7KXV� XVLQJ� UHVHUYHV� DV� D� EDVH� DJDLQVW�ZKLFK�WR�PHDVXUH�GHSOHWLRQ�RI�UDZ�PDWHULDOV�LV�H[WUHPHO\�XQFHUWDLQ�DQG�WLPH�GHSHQGHQW�
:HLJKWLQJ��3UREOHPV
$OWKRXJK� WKH�SUREOHPV� LGHQWLILHG�DERYH�ZLOO�DOO� LQIOXHQFH�WKH� ILQDO� UHVXOW�� E\� IDU� WKH�PRVW� VHULRXV� SUREOHP� DULVHV�ZLWK� WKH� ILQDO� ZHLJKWLQJ� IDFWRUV�� ,Q� FRQYHUWLQJ� D� VHW� RI�YDOXDWLRQV� LQWR� DQ� LQGH[�� LW� LV� QHFHVVDU\� WR� DVVLJQ�PXOWLSO\LQJ� IDFWRUV�� ZKLFK� LQGLFDWH� WKHLU� UHODWLYH�LPSRUWDQFH�� $VVLJQLQJ� WKHVH� ZHLJKWLQJ� IDFWRUV� LPSOLHV�WKDW�LW�LV�SRVVLEOH�WR�PDNH�VHQVLEOH�MXGJHPHQWV�DERXW�WKH�UHODWLYH� LPSRUWDQFH� RI� HIIHFWV� VXFK� DV� JOREDO� ZDUPLQJ��DFLG�UDLQ�DQG�IRVVLO�IXHO�XVH��
,W� LV� FULWLFDOO\� LPSRUWDQW� WR� UHFRJQL]H� WKDW� WKHUH� LV� QR�VFLHQWLILF� ZD\� LQ� ZKLFK� VXFK� YDOXH� MXGJHPHQWV� FDQ� EHPDGH��7KHVH�MXGJHPHQWV�DUH�HQWLUHO\�VXEMHFWLYH�
/LPLWDWLRQV�RI�(FR�,QGLFHV
(FR�LQGLFHV�DQG�HFR�ODEHOV�DOUHDG\�H[LVW�DQG�DUH�LQ�XVH��7KLV�GRHV�QRW�KRZHYHU�LPSO\�WKDW�WKH\�KDYH�DQ\�PHDQLQJ�QRU� GRHV� LW� PHDQ� WKDW� WKH\� FDQQRW� EH� PLVOHDGLQJ�� 7R�MXGJH�WKHLU�YDOXH�DV�D�PHDQV�RI�SURYLGLQJ�D�VXPPDU\�RI�HQYLURQPHQWDO� SHUIRUPDQFH�� LW� LV� LPSRUWDQW� WR� UHFRJQL]H�WKDW� WKHUH� LV�D�ZRUOG�RI�GLIIHUHQFH�EHWZHHQ�KDYLQJ�D� IXOO�GDWD�VHW�DYDLODEOH�DQG�WKHQ�VLPSOLI\LQJ�LW�DQG�KDYLQJ�RQO\�

DQ� LQGH[� RU�� LQ� WKH� H[WUHPH�� DQ� HFR�ODEHO��0DQ\� RI� WKH�VWURQJHVW� SURSRQHQWV� RI� HFR�LQGLFHV� NQRZ�ZKDW� WKH IXOO�GDWD�VHW� ORRNV� OLNH� DQG� FDQ� JXLGH� WKHLU� MXGJHPHQW�DFFRUGLQJO\��,Q�FRQWUDVW��PDQ\�RI�WKH�XVHUV�RI�HFR�LQGLFHV�GR� QRW� HYHQ� NQRZ�ZKDW� D� IXOO� GDWD� VHW� ZRXOG� ORRN� OLNH��&RQVHTXHQWO\� WKHLU� MXGJHPHQWV� DUH� EDVHG� RQ� WKH� LQGH[�DORQH�DQG�LI WKH�LQGH[�LV�ZURQJ��VR�DUH�WKHLU�MXGJHPHQWV�
7KH�YDOLGLW\�RI�DQ\�HQYLURQPHQWDO� LQGH[�GHSHQGV� LQ�SDUW�RQ� WKH�VWDUWLQJ�GDWD�DQG�LQ�SDUW�RQ�WKH�ZD\�LQ�ZKLFK�WKH�GDWD�DUH�PDQLSXODWHG�WR�GHULYH�WKH�LQGH[�
,W�LV�RIWHQ�FODLPHG�WKDW�WKH�VWDUWLQJ�GDWD�DUH�REMHFWLYH�DQG�WKHUHIRUH�PHDQLQJIXO��%XW�LV�WKLV�WUXH"�3XUH�/&,�GDWD�FDQ�EH� UHJDUGHG� DV� REMHFWLYH� ZLWKLQ� WKH� OLPLWDWLRQV� RI� GDWD�FROOHFWLRQ� DQG� DQDO\VLV�� +RZHYHU�� DOWKRXJK� WKH�DJJUHJDWHG�GDWD�IRU�JOREDOO\�VLJQLILFDQW�SDUDPHWHUV�VXFK�DV� HQHUJ\� XVH�� UDZ�PDWHULDOV� FRQVXPSWLRQ� DQG� FDUERQ�GLR[LGH� HPLVVLRQV� FDQ� EH� LPPHGLDWHO\� LQWHUSUHWHG� DQG�UHODWHG� WR� HQYLURQPHQWDO� HIIHFWV�� RWKHUV�� VXFK� DV�DJJUHJDWHG� ORFDO� YDOXHV� RI� &2'�� QRLVH� DQG� WR[LF�FKHPLFDOV� SRVVHVV� QR� SK\VLFDO� VLJQLILFDQFH� DQG� VR� DUH�PHDQLQJOHVV� H[FHSW� LQ� WKH� XQXVXDO� FDVH� ZKHQ� WKH�FRPSOHWH� OLIH� F\FOH� RFFXUV� DW� D� VLQJOH� JHRJUDSKLFDO�ORFDWLRQ��7KLV�LV�LOOXVWUDWHG�LQ�)LJXUH����7KXV��REMHFWLYLW\�RI�GDWD�LV�QR�JXLGH�WR�WKH�PHDQLQJ�RI�DQ\�SDUDPHWHU�
0DQLSXODWLQJ� /&,� GDWD� FDQ� WDNH� WZR� IRUPV�� VHOHFWLYH�DJJUHJDWLRQ� DQG� GLUHFW� LQWHUSUHWDWLRQ�� 7R� LOOXVWUDWH�VHOHFWLYH�DJJUHJDWLRQ��)LJXUH����IRU�H[DPSOH��VKRZV�WKDW�WKH�/&,�GDWD�IRU�62[��RQH�SUHFXUVRU�IRU�DFLG�UDLQ��LV�RQO\�SDUWLDOO\� PHDQLQJIXO�� 7KH� UHDVRQ� IRU� WKLV� LV� WKDW� DQ�HPLVVLRQ RI� 62[� LQ� $XVWUDOLD�� IRU� H[DPSOH�� LV� RI OLWWOH�FRQVHTXHQFH� WR� WKH� IRUPDWLRQ� RI� DFLG� UDLQ� LQ6FDQGLQDYLD�� ,I�� KRZHYHU�� WKH� GDWD� IRU� WKRVH� XQLW�
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RSHUDWLRQV� ZLWKLQ� WKH� IXOO� OLIH� F\FOH� DQG�ZKLFK� RFFXU� LQ�RQH� JHRJUDSKLFDO� ORFDWLRQ� DUH� DJJUHJDWHG�� WKHQ� WKH�UHJLRQDO� DJJUHJDWH� RI� 62[� EHFRPHV�PRUH�PHDQLQJIXOWKDQ�WKH�FRUUHVSRQGLQJ�/&,�GDWD��DV�VKRZQ�LQ�)LJXUH����+RZHYHU�� WKH� SURFHVV� RI� VHOHFWLYH� DJJUHJDWLRQ� LPSOLHV�LQYRNLQJ�VRPH�VXEMHFWLYH�MXGJHPHQWV�LQ�GHFLGLQJ�ZKLFK�RSHUDWLRQV�WR�LQFOXGH�LQ�WKH�DJJUHJDWH�

7R� LOOXVWUDWH� GLUHFW� LQWHUSUHWDWLRQ�� WKH�JUHHQKRXVH�JDVHV�FRXOG�EH�FRPELQHG�WR�SURGXFH�FDUERQ�GLR[LGH�HTXLYDOHQW��6XFK�D�SURFHGXUH�LV�EDVHG�RQ�ZHOO�IRXQGHG�VFLHQFH�DQG�VR�� DOWKRXJK� VXEMHFWLYH� MXGJHPHQWV� DUH� EHLQJ� DSSOLHG��WKH�UHVXOW�LV�VWLOO�PHDQLQJIXO�

)LJXUH���������6FKHPDWLF�'LDJUDP�5HODWLQJ�2EMHFWLYLW\�WR�0HDQLQJ

,Q� FRQWUDVW�� LQWHUSUHWLQJ� WKH� ORFDOL]HG� GDWD� WKDW� DUH�DJJUHJDWHG� WR� JLYH� HXWURSKLFDWLRQ� SRWHQWLDOV�� IRU�H[DPSOH��UHTXLUHV�WKH�DSSOLFDWLRQ�RI�VLJQLILFDQW�VXEMHFWLYH�MXGJHPHQWV� WR� LQDSSURSULDWH� /&,� GDWD�� $V� D�FRQVHTXHQFH��WKHUH�LV�D�ORVV�RI�PHDQLQJ�DQG�DQ�LQFUHDVH�LQ� VXEMHFWLYLW\� UDWLQJV�� ,I� WKH� VWDUWLQJ� GDWD� IRU� VXFK� DQ�LQWHUSUHWDWLRQ� ZHUH� VXEMHFWHG� WR� VHOHFWLYH� DJJUHJDWLRQ�EHIRUH� WKH� LQWHUSUHWDWLRQ� ZDV� FDUULHG� RXW�� WKH� UHVXOWV�ZRXOG�KDYH�PRUH�PHDQLQJ�DV�VKRZQ LQ�)LJXUH���
(FR�LQGLFHV�DQG�HFR�ODEHOV�FDQ�RQO\�EH�SURGXFHG�E\�WKH�DSSOLFDWLRQ� RI� VLJQLILFDQW� VXEMHFWLYH� MXGJHPHQWV��HVSHFLDOO\�DW�WKH�ZHLJKWLQJ�SKDVH��DQG�WKHVH�MXGJHPHQWV�DUH� IUHTXHQWO\� DSSOLHG� WR� WKH� IXOO� /&,� GDWD� VHW�� $V� D�FRQVHTXHQFH�� WKH\� DSSHDU� LQ� )LJXUH� �� ZLWK� D� KLJK�VXEMHFWLYLW\�UDWLQJ�DQG�D�YHU\�ORZ�PHDQLQJ�
,QGLFHV�DUH�RQO\� LQWHQGHG� WR�SURYLGH�D� UHODWLYH�PHDVXUH�RI� HQYLURQPHQWDO� SHUIRUPDQFH� IRU� RQH� LWHP� YHUVXV�DQRWKHU��7KLV� LQIRUPDWLRQ�SURYLGHV�QR� LQVLJKWV� LQWR�ZKDW�FDXVHG�WKH�SUREOHP�QRU�GRHV�LW IDFLOLWDWH�D�OLNHO\�VROXWLRQ��+RZHYHU�� LI� GDWD� IRU� LQGLYLGXDO� SDUDPHWHUV� DUH� NHSW�VHSDUDWH�� WKHQ� LW� LV� OLNHO\� WKDW� D� GHVLJQ�SURIHVVLRQDO�ZLOO�QRW� RQO\� EH� DEOH� WR� VHH� ZKLFK� GHVLJQV� SURGXFH� IHZHU�LPSDFWV�� EXW� ZLOO� EH� DEOH� WR� KLJKOLJKW� ZKLFK� SDUDPHWHUV�DUH�DIIHFWHG� VR� WKDW� VSHFLILF� FKRLFHV� FDQ�EH�PDGH� )RU�H[DPSOH��LI�WKH�JRDO�RI�WKH�GHVLJQHU�LV�WR�UHGXFH�&2� E\�����GXH�WR�VRPH�UHJXODWRU\�SUHVVXUH��DQ�LQGH[�LV�RI OLWWOH�XVH�� ,Q�DQ� LQGH[�� WKH�&2� YDOXH� LV� MXVW�RQH�FRQWULEXWLRQ�

DQG� WKHUHIRUH� LWV� RYHUDOO� FRQWULEXWLRQ� LV� GLOXWHG�� ,Q�PRVW�LQGLFHV� WKHUH� LV� QR� ZD\� WR� GHWHUPLQH� WKH� DEVROXWH�FRQWULEXWLRQ�RI�DQ\�RQH�SDUDPHWHU�
6ROYLQJ�GHVLJQ�SUREOHPV�XVLQJ�HFR�LQGLFHV�V\VWHP�WDFLWO\�DVVXPHV� WKDW� WKHUH� LV� RQO\� RQH� SUREOHP� ± ORZHULQJ�HQYLURQPHQWDO� LPSDFWV�� +RZHYHU�� WKH� WUXWK� LV� WKHUH� DUH�QXPHURXV� SUREOHPV�� (YHU\� V\VWHP� KDV� D� QXPEHU� RI�FRQVHUYDWLRQ�SUREOHPV�DVVRFLDWHG�ZLWK�LQGLYLGXDO�QDWXUDO�UHVRXUFHV��DV�ZHOO�DV�SROOXWLRQ�SUREOHPV�DVVRFLDWHG�ZLWK�QXPHURXV� DLU� HPLVVLRQV�� ZDWHU� HIIOXHQWV�� DQG� VROLG�ZDVWHV��7KHUH�LV�QR�VFLHQWLILF�PHWKRG�WKDW�FDQ�UHODWH�WKH�LPSRUWDQFH�RI�RQH�LPSDFW�WR�DQRWKHU���
.HHSLQJ� HQYLURQPHQWDO� REMHFWLYHV� VHSDUDWH� IDFLOLWDWHV�VROXWLRQV�RQ�WZR�IURQWV��)LUVW��HDFK�SUREOHP�LV�DGGUHVVHG�ULJRURXVO\� ZLWKRXW� PRGLI\LQJ� WKH� RULJLQDO� VFLHQWLILF� GDWD��7KLV�DOORZV�D�GHVLJQHU�WR�NQRZ�WKH�H[DFW�PHDVXUH�RI�WKH�HQYLURQPHQWDO� SUREOHP�� 6HFRQGO\�� LW� DYRLGV� PDNLQJ�LQDFFXUDWH�GHFLVLRQV��%HFDXVH�WKHUH�DUH�QXPHURXV�W\SHV�RI� HQYLURQPHQWDO� LVVXHV� DVVRFLDWHG� ZLWK� D� SURGXFWLRQ�V\VWHP�� LW� LV� XQOLNHO\� WKDW� DQ\� RQH� GHVLJQ� ZLOO�VLPXOWDQHRXVO\� SURYLGH� D� VROXWLRQ� WR� DOO HQYLURQPHQWDO�SUREOHPV�� 0RUH� RIWHQ� WKDQ� QRW�� WKHUH� DUH� WUDGHRIIV�� $V�RQH� IDFWRU� LV� ORZHUHG� �H�J�� &2���� DQRWKHU� PD\� EH�LQFUHDVHG��H�J��VROLG�ZDVWHV���7R�PHHW�VSHFLILF FRPSDQ\�REMHFWLYHV�� WKH� GHVLJQ� SURIHVVLRQDO� QHHGV� WR� VHH�ZKLFK�IDFWRUV�DUH�EHLQJ�ORZHUHG�DQG�ZKLFK�DUH�QRW��
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7DNH�IRU�H[DPSOH�D�FRPSDQ\�ZLWK�REMHFWLYHV��LQ�RUGHU�RI�SULRULW\�� WR� UHGXFH�E\�����DFLG�UDLQ��JUHHQKRXVH�JDVHV��DQG� VROLG� ZDVWHV�� ,I� WKH� FRPSDQ\� SURGXFHV� HOHFWULFLW\�XVLQJ� FRDO�� LW� PD\� UHGXFH� 62[� HPLVVLRQV� E\�LPSOHPHQWLQJ� IOXH� JDV� GHVXOSKXULVDWLRQ�� +RZHYHU��DOWKRXJK� WKLV� UHGXFHV�62[�� LW� LQFUHDVHV�&2� HPLVVLRQV��$�VLQJOH�LQGH[�ZRXOG�QRW�LGHQWLI\�WKLV�WUDGHRII��7KH�LQGH[�PD\�VKRZ�D� UHGXFWLRQ�RYHU�DOO�SDUDPHWHUV� LQ� WKH� LQGH[��EXW� LQ� UHDOLW\� WKHUH�PD\�DFWXDOO\�EH�DQ�LQFUHDVH�LQ�WKRVH�SDUDPHWHUV� RI� PRVW� VLJQLILFDQFH� WR� PHHWLQJ� FRPSDQ\�REMHFWLYHV��$OWHUQDWLYHO\�� LI�GDWD�RQ� LQGLYLGXDO� IDFWRUV�DUH�NHSW� VHSDUDWH�� WKHQ� WKH�GHVLJQHU� LV�SURYLGHG�ZLWK�VRPH�RSWLRQV� RQ� KRZ� WR� VROYH� WKH� SUREOHP�� )OXH� JDV�GHVXOSKXULVDWLRQ�LV�QHHGHG�WR�UHGXFH�62[�HPLVVLRQV�VR�WKDW�VROXWLRQV�IRU�&2� DQG�VROLG�ZDVWH�UHGXFWLRQV�FDQ�EHVRXJKW�LQ�RWKHU�SDUWV�RI�WKH�V\VWHP�
:H�LOOXVWUDWH�WKH�OLPLWDWLRQV�RI�HFR�LQGLFHV�LQ�WKH�IROORZLQJ�H[DPSOH�� ZKLFK� LV� EDVHG� RQ� WKH� SDLQW� SURFHVV� RI� DQ�DXWRPRELOH��:H� DGGUHVV� WKH�HPLVVLRQV� UHOHDVHG�GXULQJ�WKH� PDQXIDFWXULQJ� RI� SDLQW� IRUPXODWLRQV� DQG� GLIIHUHQW�SDLQW� SURFHVV�VFHQDULRV� DQG� GLVFXVV� ZKLFK� DJJUHJDWHG�HPLVVLRQV�SURYLGH�PHDQLQJIXO�UHVXOWV��
&DVH�6WXG\�����/LIH�&\FOH�(QYLURQPHQWDO�$VVHVVPHQW���RI�3DLQW 3URFHVVHV
$PRQJ� DOO� PDQXIDFWXULQJ� SURFHVVHV� WKDW� WDNH� SODFH� LQ�WKH� SURGXFWLRQ� RI� D� YHKLFOH�� WKH� SDLQWLQJ� RSHUDWLRQ�FRQWULEXWHV�PRVW� WR� WKH�GLUHFW� HQYLURQPHQWDO� HPLVVLRQV��$V�JRYHUQPHQW�HQYLURQPHQWDO�UHJXODWLRQV�EHFRPH�PRUH�VWULQJHQW�� WKH� SDLQWLQJ� RSHUDWLRQV� DUH� VXEMHFW� WR� WLJKWHU�HPLVVLRQ�VWDQGDUGV��ZKLFK�KDV�OHDG�WR�WKH�FRQVLGHUDWLRQ�RI� QHZ� SDLQW� WHFKQRORJLHV�� � $� WUDQVLWLRQ� IURP�VROYHQWERUQH�WR�ZDWHUERUQH�WR�SRZGHU�SDLQW�FRDWLQJV�KDV�EHHQ� REVHUYHG� RYHU� WKH� SDVW� GHFDGH� WR� UHGXFH� SODQW�YRODWLOH�RUJDQLF�FRPSRXQG��92&��HPLVVLRQV��
,Q�RXU�VWXG\�ZH�FRPSDUHG�WKUHH�VFHQDULRV�
��� VROYHQWERUQH� SULPHU� � ZDWHUERUQH� EDVHFRDW� �VROYHQWERUQH� FOHDUFRDW�� ZKLFK� LV� FRQVLGHUHG� WKH�EDVHOLQH����� SRZGHU� SULPHU� VXUIDFHU� � ZDWHUERUQH� EDVHFRDW� �VROYHQWERUQH�FOHDUFRDW���� SRZGHU� SULPHU� VXUIDFHU� � ZDWHUERUQH� EDVHFRDW� �SRZGHU�FOHDUFRDW��
:LWKLQ� VFHQDULR� ���� ZH� ORRNHG� DW� WZR� GLIIHUHQW� FRORUV��ZKLWH� DQG� SHZWHU� DV� ZHOO� DV� WZR� SRZGHU� SULPHU�IRUPXODWLRQV��DFU\OLF�DQG�SRO\HVWHU��,Q� 7DEOH� �� ZH� LQWURGXFH� WKH� QRPHQFODWXUH� RI� HDFK�VFHQDULR�
)RU� WKH� SXUSRVHV� RI� WKLV� VWXG\� LW� LV� DVVXPHG� WKDW� HDFK�VFHQDULR�RSHUDWHV� LQ�D�JUHHQILHOG�SODQW��7KH�DXWRPRWLYH�SDLQW�SURFHVV�FRQVLVWV�RI�ILYH�VWDJHV��

��� 7KH� SKRVSKDWH� SUHWUHDWPHQW� FOHDQV� WKH� PHWDO�DQG�SUHSDUHV�LV�IRU�SDLQWLQJ���� 7KH� HOHFWURGHSRVLWLRQ� SULPHU�� FDOOHG� (/32� E\�*0� SODQW� HQJLQHHUV� DQG� (�FRDW� E\� QRQ�*0�DXWRPRWLYH� FRPSDQLHV�� SURYLGHV� FRUURVLRQ�SURWHFWLRQ�WR�WKH�PHWDO���� 7KH� SULPHU� VXUIDFHU� VHUYHV� DV� D� ILOOHU� DQG�SURYLGHV� D� VPRRWK� VXUIDFH� IRU� WKH� WRSFRDW��EDVHFRDW�DQG�FOHDUFRDW��WKDW�JLYHV�WKH�FRORU�DQG�WKH�VKLQH�WR�WKH�DXWRERG\���� 7KH�EDVHFRDW�SURYLGHV�WKH�FRORU�DQG�FRQVLVWV�RI�DQ� RUJDQLF� FKHPLFDO� IRUPXODWLRQ� WKDW� LQFOXGHV�FRORU� SLJPHQWV� DQG� PRGLI\LQJ� DGGLWLYHV� WR�HQKDQFH�WKH�FKHPLFDO�SURSHUWLHV�RI�WKH�SDLQW�WKDW�SUHYHQW�LW�IURP�89�EUHDNGRZQ���� 7KH�FOHDUFRDW� LV�D�QRQSLJPHQWHG�� L�H�FRORU� IUHH��DSSOLFDWLRQ� WKDW� SURYLGHV� WKH� JORVV�� FODULW\� DQG�GXUDELOLW\�RI�WKH�PHWDO�ILQLVKHV�
7KH�ERXQGDU\�FRQGLWLRQV�RI�WKLV�VWXG\�GR�QRW�LQFOXGH�WKH�SKRVSKDWH�DQG�WKH�(/32�SURFHVVHV��7KH�PDLQ�UHDVRQ�LV�WKDW� WKH�SULPDU\�VFRSH�RI� WKH�VWXG\�DWWHPSWV�WR�DGGUHVV�WKH� LPSDFW� RI� VZLWFKLQJ� IURP� VROYHQWERUQH� SDLQW�IRUPXODWLRQV� WR� SRZGHU� EDVHG� RQHV�� DVVXPLQJ� WKDW� WKH�SKRVSKDWH�DQG�WKH�(/32�SURFHVVHV�DUH� LGHQWLFDO� IRU�DOO�VFHQDULRV�� 7KH� YHKLFOHV� EHLQJ� VWXGLHG� DUH� VSRUW�XWLOLW\�YHKLFOHV��689V��� LQ�WKLV�FDVH�&KHY\�%OD]HUV��:H�GR�QRW�FRQVLGHU� WKH� IDWH�RI� WKH�SDLQWHG�YHKLFOH�ERG\�DW� WKH�HQGRI� LWV� OLIHWLPH�� � 7KH� UHDVRQ� LV� WKDW� WKHUH� DUH� QR�TXDQWLILDEOH�SURFHVVHV�WKDW�DFFRXQW�IRU�WKH�VHSDUDWLRQ�RI�WKH�SDLQW�IURP�WKH�PHWDO�LQ�WKH�VKUHGGHU��2IWHQ�WKH�SDLQW�LV� QHYHU� VHSDUDWHG� IURP� WKH� SDUWV� DQG� WKH� PHWDO� LV�WUHDWHG�ZLWK�WKH�SDLQW�RQ�LW�
7KH�UHVXOWV�RI�WKH�DQDO\VLV�SURYLGH�WKH�HQHUJ\�DQG�ZDWHU�UHTXLUHPHQWV� DV� ZHOO� DV� WKH� DLU�� ZDWHU� DQG� VROLG� ZDVWH�HPLVVLRQV�SHU�MRE��GXULQJ�WKH�SURGXFWLRQ�RI�WKH�PDWHULDOV�DQG�GXULQJ�WKH�SDLQW�RSHUDWLRQ��
7KH� /&$� UHVXOWV� SUHVHQWHG� LQ� WKLV� DQDO\VLV� KDYH� EHHQ�REWDLQHG� E\� XVLQJ� WKH� %RXVWHDG� VRIWZDUH�� ZKLFK� LV� D�VWDWH�RI�WKH�DUW� OLIH� F\FOH� DVVHVVPHQW� WRRO� GHYHORSHG� E\�WKH�%RXVWHDG�&RQVXOWLQJ�/WG��%HFDXVH�WKH�/&$�RI�VRPH�RI� WKH� UDZ�PDWHULDOV�ZDV� QRW� LQFOXGHG� LQ� WKH� VRIWZDUH¶V�GDWDEDVH�ZH�DPHQGHG�WKH�GDWDEDVH�WR�LQFRUSRUDWH�WKRVH�PDWHULDOV� XVLQJ� PDWHULDO� FRPSRVLWLRQ� DQG� SURFHVVLQJ�LQIRUPDWLRQ� IURP� WHFKQLFDO� SXEOLFDWLRQV�� SURGXFW�OLWHUDWXUH��DQG�GLUHFW�FRQWDFW�RI�WKH�PDQXIDFWXUHUV�
7KH� /&$� RI� HDFK� SDLQW� IRUPXODWLRQ� DQG� SURFHVV� WDNHV�LQWR�FRQVLGHUDWLRQ�WKH�IROORZLQJ�SRLQWV�
7KH� /&$� RI� WKH� HQYLURQPHQWDO� HPLVVLRQV RI�HDFK� SDLQW�IRUPXODWLRQ LQFOXGHV�WKRVH�DVVRFLDWHG�ZLWK��

x WKH� PLQLQJ� DQG� SURGXFWLRQ� RI� HDFK� RI� WKH� UDZ�PDWHULDOV�x WKH� SURGXFWLRQ� RI� HQHUJ\� UHTXLUHG� WR� PLQH� DQG�SURGXFH�WKH�UDZ�PDWHULDOV�DQG�WKH�ILQDO�SURGXFW��x WKH�PLQLQJ�RI� IRVVLO� IXHOV� UHTXLUHG� WR�JHQHUDWH� WKH�QHFHVVDU\� HOHFWULFLW\� DQG� KHDW� WR� UXQ� WKH��������
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PLQLQJ� DQG� FKHPLFDO� PDQXIDFWXULQJ� SURFHVVHV��DQG�x WUDQVSRUWDWLRQ� RI� WKH� UDZ� PDWHULDOV� WR� WKH�PDQXIDFWXULQJ�SODQW�
7KH� HQYLURQPHQWDO� HPLVVLRQV� IRU� HDFK� SURFHVVDUH�DVVHVVHG�E\�FRQVLGHULQJ��x WKH�DLU��ZDWHU��DQG�VROLG�HPLVVLRQV�JHQHUDWHG�IURP�HDFK�SURFHVV��

x WKH� HQHUJ\� DQG� HPLVVLRQV� DVVRFLDWHG� ZLWK� WKH�SURGXFWLRQ� RI� UDZ� PDWHULDOV� UHTXLUHG� IRU� WKH�SURGXFWLRQ�RI�HOHFWULFLW\�DQG�QDWXUDO�JDV��x WKH� HPLVVLRQV� JHQHUDWHG� IURP� WKH� SURGXFWLRQ� RI�HQHUJ\��HOHFWULFLW\�DQG�QDWXUDO�JDV��UHTXLUHG�WR�UXQ�WKH�FDSLWDO�HTXLSPHQW�IRU�HDFK�VFHQDULR�

7DEOH�������6FHQDULRV6FHQDULRV 3ULPHU %DVHFRDW &OHDUFRDW� 3ULPHU�6ROYHQWERUQH63�� �$FU\OLF�
:DWHUERUQH�%DVHFRDW:%�� :KLWH��3RO\HVWHU� 6ROYHQW�&OHDUFRDW6&�� �$FU\OLF�� 3ULPHU�3RZGHU33�� �$FU\OLF�33�� �$FU\OLF�33�� �3RO\HVWHU�
:DWHUERUQH�%DVHFRDW:%�� :KLWH��3RO\HVWHU�:%�� 3HZWHU��3RO\HVWHU�:%�� :KLWH��3RO\HVWHU�

6ROYHQW�&OHDUFRDW6&�� �$FU\OLF�6&�� �$FU\OLF�6&�� �$FU\OLF�� 3ULPHU�3RZGHU33�� �3RO\HVWHU� :DWHUERUQH�%DVHFRDW:%�� :KLWH��3RO\HVWHU� 3RZGHU�&OHDUFRDW3&�� �$FU\OLF�

)LJXUH� �� VKRZV� WKH� FDSLWDO HTXLSPHQW� DWWULEXWHG� WR� WKH�SDLQW� SURFHVV� RI� VFHQDULR� ����� 6LPLODU� VFKHPHV� KDYH�EHHQ�GHYHORSHG�IRU�WKH�RWKHU�WZR�VFHQDULRV��
)LQGLQJV
,Q�WKLV�FDVH�VWXG\�ZH�FDQ�GLIIHUHQWLDWH�WKH�HPLVVLRQV�WKDW�DUH�DWWULEXWHG� WR� WKH�PDQXIDFWXULQJ�RI� WKH�PDWHULDOV�DQG�WKRVH�WR�WKH�SDLQW�SURFHVV��
7KH� /&$� RI� HDFK� SDLQW� IRUPXODWLRQ�� VROYHQWERUQH� RU�SRZGHU�� FRQVLVWV� RI� DOO� VXEVHTXHQW� /&$V� IRU� HDFK� UDZ�PDWHULDO� WKDW� LV� LQYROYHG� LQ� WKH� V\QWKHVLV� RI� WKH� ILQDO�SURGXFW�� )RU� WKLV� YHU\� UHDVRQ�� WKH� DJJUHJDWHG�HQYLURQPHQWDO� HPLVVLRQV DVVRFLDWHG� ZLWK� WKH� ILQDO�SURGXFW� KDYH� WR� EH� FRQVLGHUHG� FDUHIXOO\�ZLWK� UHVSHFW� WR�WKH�YDOXDWLRQ�VFKHPH�SUHVHQWHG�LQ�)LJXUH�����

$WPRVSKHULF�(PLVVLRQV
,Q�WKH�FDVH�RI�DWPRVSKHULF�DLU�HPLVVLRQV�DVVRFLDWHG�ZLWK�WKH�FKHPLFDO�PDQXIDFWXULQJ�RI�WKH�SDLQW�IRUPXODWLRQV��DV�SUHVHQWHG�LQ�)LJXUH��� DJJUHJDWH�YDOXHV�IRU�&2��FDUERQ�PRQR[LGH��� 12[� �QLWURJHQ� R[LGHV��� 62[� �VXOIXU� R[LGHV���30� �SDUWLFXODWH� PDWWHU��� DQG� 92&� �YRODWLOH� RUJDQLF�

FRPSRXQGV� SUHVHQW� D� PHDQLQJOHVV UHVXOW�� IURP� WKH�SHUVSHFWLYH�RI�H[DPLQLQJ�HQYLURQPHQWDO�LPSDFW�
7KLV� LV� EHFDXVH� WKH� PLQLQJ�� FKHPLFDO� V\QWKHVLV� DQG�WUDQVSRUWDWLRQ�RI� WKH�UDZ�PDWHULDOV�WR�WKH�FKHPLFDO�SODQW�WKDW�PDQXIDFWXUHV� WKH� ILQDO� SURGXFW�� DUH�RSHUDWLRQV� WKDW�KDYH� ORFDO�RU� UHJLRQDO�HQYLURQPHQWDO� LPSDFWV��7KXV�� WKH�VXP�RI�DOO� ORFDO�HPLVVLRQV��ZKLFK�DUH�RFFXUULQJ�LQ�PDQ\�GLIIHUHQW�ORFDWLRQV��DV�SUHVHQWHG�LQ�)LJXUH����KDV�OLWWOH�RU�QR�XVHIXO�PHDQLQJ��
+RZHYHU�� WKH� DLU� HPLVVLRQV� IURP� WKH� SDLQW� SURFHVV� DV�SUHVHQWHG� LQ� )LJXUH� ��� DUH� PRUH� PHDQLQJIXO�� 7KLV� LV�EHFDXVH� KHUH� ZH� FDQ� GLIIHUHQWLDWH� DWPRVSKHULF�HPLVVLRQV� WKDW� DUH�DVVRFLDWHG�ZLWK� WKH�SODQW� RSHUDWLRQV�DQG� WKRVH� ZLWK� WKH� SURGXFWLRQ� RI� HOHFWULFLW\� RXWVLGH� WKH�SODQW�EXW�ZKLFK�DUH�DOVR�ORFDO�RU�UHJLRQDO�x 7KH� 62[� HPLVVLRQV� DUH� H[FOXVLYHO\� JHQHUDWHG�GXULQJ�WKH�SURGXFWLRQ�RI�HOHFWULFLW\��RXWVLGH�WKH�SODQW��x 7KH� &2�� 12[�� 30� DQG� 92&V� HPLVVLRQV� DUH�JHQHUDWHG�GXULQJ�ERWK�WKH�SDLQW�SURFHVV�LQVLGH�WKH�SODQW�DQG� WKH� SURGXFWLRQ� RI� HOHFWULFLW\� RXWVLGH� WKH� SODQW�� 7KH�SODQW�FRQWULEXWLRQ�WR�12[�DQG�&2�HPLVVLRQV�LV�GXH�WR�WKH�FRPEXVWLRQ�RI�QDWXUDO�JDV�XVHIXO�IRU�KHDWLQJ��

)LJXUH������3URFHVVHV�IRU�6FHQDULR������62/9(17�± :$7(5�� 62/9(17
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6ROYHQWERUQH 3ULPHU�%RRWK
$LU�6XSSO\)DQV ([KDXVW)DQV +HDWLQJ &RROLQJ

2YHQ
$EDWHPHQW ([KDXVW)DQV %XUQHUV

'HOLYHU\�WR�WKH%RRWK 6OXGJH5HFODPDWLRQ

9DFXXP�3XPSV %HOOV
7RWH�$JLWDWRUV 0L[�7DQNV

3ULPHU$JLWDWRUV

:DWHUERUQH %DVHFRDW %RRWK
$LU�6XSSO\)DQV ([KDXVW�)DQV +HDWLQJ +XPLGLI�

+HDWHG�)ODVK
$EDWHPHQW ([KDXVW)DQV %XUQHUV

'HOLYHU\�WR�WKH 6OXGJH5HFODPDWLRQ
9DFXXP�3XPSV %HOOV

7RWH�$JLWDWRUV 0L[�7DQNV

%DVHFRDW$JLWDWRUV

6ROYHQWERUQH�&OHDUFRDW %RRWK
$LU�6XSSO\)DQV

([KDXVW�	5HFLUFXO�)DQV +HDWLQJ &RROLQJ
2YHQ

$EDWHPHQW ([KDXVW)DQV %XUQHUV

%RRWK

%HOOV &OHDUFRDW$JLWDWRUV

+XPLGLI�

+XPLGLI�

7RWH�$JLWDWRUV 0L[�7DQNV'HOLYHU\�WR�WKH%RRWK 6OXGJH5HFODPDWLRQ

9DFXXP�3XPSV

$EDWHPHQW

$EDWHPHQW
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)LJXUH� ��� � $WPRVSKHULF� (PLVVLRQV� 5HOHDVHG� 'XULQJ� WKH� 0DQXIDFWXULQJ� RI� WKH� 3DLQW�����)RUPXODWLRQV�LQ�'LIIHUHQW�6FHQDULRV�SHU�-RE

)LJXUH�������$WPRVSKHULF�(PLVVLRQV�IURP�WKH�3DLQW�3URFHVVHV�LQ��'LIIHUHQW�6FHQDULRV
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In this case the atmospheric releases are well defined 
according to the geographic location of the emissions 
and the associated impacts can be determined 
accordingly.  Overall, the sum of the atmospheric 
emissions from the materials production and processes, 
can have little meaning for species with a significant 
contribution from the paint manufacturing stage whereas 
total carbon dioxide emissions (CO2) can be considered 
favorably due to their global impact characteristics.

:DWHU�(PLVVLRQV
)RU� ZDWHU� HPLVVLRQV�� WKH� IROORZLQJ� FDWHJRULHV� ZHUH�H[DPLQHG��7KHVH�DUH�GHILQHG�E\�WKH�%RXVWHDG�GDWDEDVH�DV�IROORZV�
7RWDO�VROLGV���PDWHULDOV�OHIW�DIWHU�HYDSRUDWLRQ�DQG�GU\LQJ�WKH�VDPSOH�6XVSHQGHG VROLGV� PDWHULDOV�UHPRYHG�IURP�D�VDPSOH�ILOWHUHG�WKURXJK�D�VWDQGDUG�JODVV�ILEHU�ILOWHU�'LVVROYHG�VROLGV �� WKH�GLIIHUHQFH�EHWZHHQ�WKH�WRWDO�DQG�VXVSHQGHG�VROLGV�+\GURFDUERQV� DQG� 'LVVROYHG� 2UJDQLFV �� FRPSRXQGV�FRQWDLQLQJ�FDUERQ�DQG�K\GURJHQ�LQ�YDULRXV�FRPELQDWLRQV��IRXQG� HVSHFLDOO\� LQ� IRVVLO� IXHOV��%HFDXVH�RI� JRYHUQPHQW�DQG�LQGXVWULDO� LQWHUHVW�LQ�IRVVLO�IXHOV�DQG�LWV�FRQVHUYDWLRQ�LVVXHV��K\GURFDUERQV�DUH�UHSRUWHG�VHSDUDWHO\�IURP�RWKHU�RUJDQLF�FRPSRXQGV�%2'�����D�PHDVXUH�RI�WKH�DPRXQW�RI�R[\JHQ�XWLOL]HG�RU�FRQVXPHG�LQ�WKH�ELRFKHPLFDO�R[LGDWLRQ�RI�RUJDQLF�PDWWHU�LQ�ILYH�GD\V�&2'����D�PHDVXUH�RI�WKH�DPRXQW�RI�R[\JHQ�UHTXLUHG�WR�R[LGL]H�DOO�FRPSRXQGV�LQ�ZDWHU��ERWK�RUJDQLF�DQG�LQRUJDQLF�
)LJXUH���SUHVHQWV� WKH�ZDWHU�HPLVVLRQV� IRU� WKH�PDWHULDOV�DQG� SURFHVVHV�� 'XH� WR� JUDSKLF� VSDFH� OLPLWDWLRQV� WKH�QRPHQFODWXUH� RI� WKH� VFHQDULRV� FKDQJHG� VOLJKWO\�� 6:6�FRUUHVSRQGV� WR� 63��:%��6&��� 3�:6� WR� 33��:%��6&��� 3�:6� WR� 33��:%��6&�� DQG�3:3� WR�33��:%��3&����$V��)LJXUH���VKRZV��WKH�PDMRULW\�RI�WKH�HPLVVLRQV�DUH�DWWULEXWHG�WR�WKH�LQGXVWULDO�V\QWKHVLV�RI�WKH�PDWHULDOV�
$V�PHQWLRQHG� SUHYLRXVO\�� EHFDXVH� WKHUH� DUH� QXPHURXV�W\SHV� RI� HQYLURQPHQWDO� LVVXHV� DVVRFLDWHG� ZLWK� D�SURGXFWLRQ�V\VWHP�� LW� LV�XQOLNHO\� WKDW�DQ\�RQH�GHVLJQ�ZLOO�VLPXOWDQHRXVO\� SURYLGH� D� VROXWLRQ� WR� DOO� HQYLURQPHQWDO�SUREOHPV��0RUH�RIWHQ� WKDQ�QRW�� WKHUH�DUH� WUDGHRIIV� �H�J��VROLG�ZDVWHV��
)LJXUH� �� LV� VLPSO\� D� JUDSKLFDO� UHSUHVHQWDWLRQ� RI� WKH�LQYHQWRU\�GDWD��7KH�YDOXH�OLHV�LQ�EHLQJ�DEOH�WR LGHQWLI\�WKH�GLIIHUHQW�FRQWULEXWLRQV��+RZHYHU�� LI� WKLV� LQIRUPDWLRQ�ZHUH�UHSUHVHQWHG�DV�D�VLQJOH�LQGH[�DQG��LI�ZH�DVVXPH�WKDW�WKH�LQGLYLGXDO� FRQWULEXWLRQV�ZHUH� HTXDOO\� ZHLJKWHG�� WKHQ� WKH�UHVXOWV�ZRXOG�EH�UHSUHVHQWHG�DV�D�VLQJOH�EDU�IRU�HDFK�RI�WKH�SDLQW�V\VWHPV��3UHVHQWHG�RQO\�ZLWK�VXFK�VLQJOH�EDUV�DQG�ZLWK�QR�NQRZOHGJH�RI�WKH�GLIIHUHQW�FRQWULEXWLRQV��LW�LV�

GLIILFXOW�WR�VHH�ZKDW�XVH�FRXOG�EH�PDGH�RI�WKH�GDWD�RWKHU�WKDQ�VLPSO\�WR�FRPSDUH�WKH�VL]HV�RI�WKH�EDUV�
6OXGJH�HPLVVLRQV�

7KH�UHVXOWV�LQGLFDWH�WKDW�IRU�WKH�PDQXIDFWXULQJ�RI�WKH�WZR�FRORUV�� ZKLWH� DQG� SHZWHU�� WKH� HQHUJ\� UHTXLUHPHQWV� DUH�DSSUR[LPDWHO\� WKH� VDPH�� ���� DQG� ���� 0-� SHU� MRE�UHVSHFWLYHO\���+RZHYHU��WKH�ZDWHU�HPLVVLRQ�YDOXHV�IRU�DOO�WKH� DERYH� PHQWLRQHG� FDWHJRULHV�� EXW� WKH� VXVSHQGHG�VROLGV��DUH�KLJKHU�IRU�WKH�SHZWHU�FRORU��,Q�WKH�VROLG�ZDVWH�HPLVVLRQV�� WKH� VOXGJH� JHQHUDWHG� E\� WKH� ZKLWH� SDLQWHG�YHKLFOH� LV� ���� ��� DQG� ���� KLJKHU� WKDQ� WKDW� JHQHUDWHG�IURP�WKH�SHZWHU�SDLQWHG�YHKLFOH�IRU�VFHQDULRV����������DQG�����UHVSHFWLYHO\��
$V� D� UHVXOW� WKH� FKRLFH RI� FRORU� ZLWK� UHVSHFW� WR� WKHLU�HQYLURQPHQWDO� LPSDFWV� GRHV� QRW� SUHVHQW� D� FOHDU�FXW�VHOHFWLRQ�FKRLFH��
CONCLUSION

(FR�LQGLFHV� DQG� HFR�ODEHOV� ZHUH� LQWURGXFHG� ZLWK� WKH�ODXGDEOH� DLP� RI� VXPPDUL]LQJ�HQYLURQPHQWDO� LQIRUPDWLRQ�LQ�DQ�HDVLO\�GLJHVWLEOH� IRUP��$V�FXUUHQWO\�SUDFWLFHG�� WKH\�FDQQRW� EH� UHJDUGHG� DV� RI� DQ\� JUHDW� XVH� LQ� VHULRXV�HQYLURQPHQWDO� GHEDWHV� DQG� VKRXOG� RQO\� EH� XVHG� ZLWK�H[WUHPH�FDXWLRQ�
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)LJXUH���� 7RWDO�:DWHU�(PLVVLRQV��

)LJXUH���� 6OXGJH�*HQHUDWHG�SHU�-RE�IURP�WKH�3DLQW�3URFHVV��
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