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7KH�FRQWHQWV�RI�WKLV�UHSRUW�UHIOHFW�WKH�YLHZV�RI�WKH�DXWKRUV��ZKR�DUH�UHVSRQVLEOH�IRU�WKH�IDFWV

DQG� WKH� DFFXUDF\�RI� WKH�GDWD�SUHVHQWHG�KHUHLQ�� �7KH� FRQWHQWV� GR� QRW� QHFHVVDULO\� UHIOHFW� WKH

RIILFLDO� YLHZV� RU� SROLFLHV� RI� HLWKHU� WKH� )HGHUDO� +LJKZD\� $GPLQLVWUDWLRQ� �)+:$�� RU� WKH

7H[DV�'HSDUWPHQW�RI�7UDQVSRUWDWLRQ� �7['27��� �7KLV� UHSRUW�GRHV�QRW� FRQVWLWXWH� D� VWDQGDUG�

VSHFLILFDWLRQ��RU�UHJXODWLRQ�

7KHUH�ZDV� QR� LQYHQWLRQ� RU� GLVFRYHU\� FRQFHLYHG� RU� ILUVW� DFWXDOO\� UHGXFHG� WR� SUDFWLFH� LQ� WKH

FRXUVH�RI�RU�XQGHU� WKLV�FRQWUDFW�� LQFOXGLQJ�DQ\�DUW��PHWKRG��SURFHVV��PDFKLQH��PDQXIDFWXUH�

GHVLJQ�RU�FRPSRVLWLRQ�RI�PDWWHU��RU�DQ\�QHZ�DQG�XVHIXO�LPSURYHPHQW�WKHUHRI��RU�DQ\�YDULHW\

RI� SODQW�� ZKLFK� LV� RU� PD\� EH� SDWHQWDEOH� XQGHU� WKH� SDWHQW� ODZV� RI� WKH� 8QLWHG� 6WDWHV� RI

$PHULFDV�RU�DQ\�IRUHLJQ�FRXQWU\�

127�,17(1'('�)25�&216758&7,21�

%,'',1*��25�3(50,7�385326(6

7KRPDV�:��.HQQHG\��3�(���7H[DV�1R��������

5HVHDUFK�6XSHUYLVRU

3UHSDUHG�LQ�FRRSHUDWLRQ�ZLWK�WKH�7H[DV�'HSDUWPHQW�RI�7UDQVSRUWDWLRQ�DQG�WKH�8�6�

'HSDUWPHQW�RI�7UDQVSRUWDWLRQ��)HGHUDO�+LJKZD\�$GPLQLVWUDWLRQ�

35()$&(

7KLV� LV� WKH� ILUVW� DQG� ILQDO� UHSRUW� IRU� UHVHDUFK�SURMHFW���������¦(IIHFWLYHQHVV�&RPSDULVRQ�RI

7['27� 4XDOLW\� &RQWURO�4XDOLW\� $VVXUDQFH� DQG� 0HWKRG� 6SHFLILFDWLRQV�§� � 7KLV� VWXG\� ZDV

HVWDEOLVKHG�DQG�VSRQVRUHG�E\�7['27�WR�HYDOXDWH�WKH�TXDOLW\�RI�WKH�KRW�PL[�DVSKDOW�FRQFUHWH

SURGXFHG� XQGHU� TXDOLW\� FRQWURO�TXDOLW\� DVVXUDQFH� �4&�4$�� VSHFLILFDWLRQ� LWHP� ������ � 7KH

UHVHDUFK� SHULRG� IRU� WKH� SURMHFW�ZDV� VFKHGXOHG� IRU� �� \HDU�� 6HSWHPEHU� ����� WKURXJK�$XJXVW

������ � 'XULQJ� WKH� ILUVW� SKDVH� RI� WKLV� SURMHFW�� FRQGXFWHG� EHWZHHQ� 6HSWHPEHU� ����� DQG

)HEUXDU\�������DQ�H[WHQVLYH�DPRXQW�RI�WHFKQLFDO�LQIRUPDWLRQ�DQG�QXPHULFDO�LQIRUPDWLRQ�ZDV

JDWKHUHG�DQG�DQDO\]HG��'XULQJ�WKH�VHFRQG�SKDVH�RI�WKLV�SURMHFW��YDULRXV�RWKHU�DFWLYLWLHV�ZHUH

FDUULHG� RXW�� LQFOXGLQJ� D� VXUYH\� RI� RWKHU� VWDWHV� WR� DVVHVV� WKHLU� DSSURDFK� LQ� GHYHORSLQJ� DQG

LPSOHPHQWLQJ� 4&�4$� VSHFLILFDWLRQV�� D� SK\VLFDO� VXUYH\� RI� 4&�4$� DQG� QRQ�4&�4$

VSHFLILFDWLRQ� SURMHFWV� LQ� 7H[DV�� DQG� D� OLPLWHG� HYDOXDWLRQ� RI� WKH� FRVW� RI� WKH� SURMHFWV�� � 7KLV

UHSRUW� SUHVHQWV� WKH� UHVXOWV�� ILQGLQJV�� FRQFOXVLRQV�� DQG� UHFRPPHQGDWLRQV� EDVHG� RQ� WKH

FROOHFWHG�LQIRUPDWLRQ�DQG�RQ�WKH�ZRUN�SHUIRUPHG�GXULQJ�WKH�FRXUVH�RI�WKLV�UHVHDUFK�SURJUDP�
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7KH�VXFFHVV�RI� WKLV�SURMHFW�ZDV�PDGH�SRVVLEOH� WKURXJK� WKH� FRRSHUDWLRQ� DQG� DVVLVWDQFH�RI� D

QXPEHU� RI� GHGLFDWHG� SHRSOH�� � 6SHFLDO� WKDQNV� DUH� H[WHQGHG� WR�0U��5LFKDUG� 6NRSLN��'HSXW\

'LVWULFW�(QJLQHHU�IURP�WKH�7\OHU�'LVWULFW��DQG�0U��'DYLG�+HDG��'LUHFWRU�RI�&RQVWUXFWLRQ�IURP

WKH�(O�3DVR�'LVWULFW��ZKR�SURYLGHG�WKH�UHVHDUFK�WHDP�ZLWK�YDOXDEOH�JXLGDQFH�WKURXJKRXW�WKH

FRXUVH�RI�WKH�SURJUDP���0U��6NRSLN�GHGLFDWHG�D�VLJQLILFDQW�DPRXQW�RI�WLPH�WR�WKH�SURMHFW�DQG

ZRUNHG� GLUHFWO\� ZLWK� WKH� UHVHDUFK� WHDP� RQ� PDQ\� RFFDVLRQV�� :H� DUH� DOVR� JUDWHIXO� WR� 0U�

0DJKVRXG� 7DKPRUHVVL� RI� WKH�0DWHULDOV� DQG� 7HVWV� 'LYLVLRQ� DQG� WR�0U��0LNH� .RHQ� RI� WKH

&RQVWUXFWLRQ�DQG�0DLQWHQDQFH�'LYLVLRQ�RI�7['27�IRU�SURYLGLQJ�XV�ZLWK�FRQVWUXFWLRQ�GDWD

RQ�4&�4$�SURMHFWV��DORQJ�ZLWK�WKHLU�YDOXDEOH�FRPPHQWV���7KH�DXWKRUV�DOVR�DFNQRZOHGJH�WKH

LQYDOXDEOH�DVVLVWDQFH�RI�WKH�7['27�GLVWULFW�SHUVRQQHO�LQ�%HDXPRQW��(O�3DVR��/DUHGR��/XINLQ�

3KDUU��7\OHU��:LFKLWD�)DOOV��DQG�<RDNXP���7KH\�SURYLGHG�WKH�UHVHDUFK�WHDP�ZLWK�VLJQLILFDQW

VXSSRUW� GXULQJ� WKH� YLVXDO� VXUYH\� RI� 4&�4$� DQG� QRQ�4&�4$� SURMHFWV�� � :H� DUH� VLQFHUHO\

JUDWHIXO�WR�DOO�WKH�GLVWULFW�SHUVRQQHO�ZKR�SDUWLFLSDWHG�LQ�WKH�IRXU�UHJLRQDO�PHHWLQJV�DQG�ZKR

SURYLGHG� WKH� UHVHDUFK� WHDP�ZLWK� LQYDOXDEOH� LQIRUPDWLRQ�EDVHG�RQ� WKHLU� H[SHULHQFH�ZLWK� WKH

SURMHFWV� FRQVWUXFWHG� XQGHU� 4&�4$� VSHFLILFDWLRQV�� 7KH� LQIRUPDWLRQ� SURYLGHG� E\� KRW� PL[

DVSKDOW� FRQWUDFWRUV�� VXSSOLHUV�� DQG� SURGXFHUV� LV� DOVR� JUHDWO\� DSSUHFLDWHG�� � 7KH� LQIRUPDWLRQ

UHFHLYHG� IURP� 0U�� :KLWZRUWK�� 'LUHFWRU� RI� WKH� 7['27� $XGLW� 2IILFH�� DQG� 0V�� 6XVDQ

$UPVWURQJ��IURP�WKH�VDPH�RIILFH��LV�VLQFHUHO\�DFNQRZOHGJHG�

7KH�DXWKRUV�DOVR�DFNQRZOHGJH�WKH�HIIRUWV�RI�6HDQ�/LQ��ZKR�ZDV�KLJKO\�LQYROYHG�LQ�FDUU\LQJ

RXW�WKH�UHTXLUHG�VWDWLVWLFDO�DQDO\VLV�RI�WKH�GDWD���7KH�VXSSRUW�RI�WKH�&HQWHU�IRU�7UDQVSRUWDWLRQ

5HVHDUFK�LV�DOVR�JUHDWO\�DSSUHFLDWHG�
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&+$37(5����,1752'8&7,21 ����������������������������������������������������������������������������� �

����*HQHUDO ���������������������������������������������������������������������������������������������������� �

����'LIIHUHQW�6SHFLILFDWLRQV�DQG�5HODWHG�7HUPLQRORJ\��������������������������������� �

����7['27�&XUUHQW�4&�4$�6SHFLILFDWLRQ ��������������������������������������������������� �

����+LVWRULFDO�%DFNJURXQG����������������������������������������������������������������������������� �

����5HVHDUFK�$SSURDFK ��������������������������������������������������������������������������������� �

&+$37(5����5(6($5&+�$&7,9,7,(6���������������������������������������������������������������� �

����*HQHUDO ���������������������������������������������������������������������������������������������������� �

����&ROOHFWLRQ�RI�([LVWLQJ�'DWD ��������������������������������������������������������������������� �

����0HHWLQJ�ZLWK�'LVWULFW�3HUVRQQHO�������������������������������������������������������������� ��

����0HHWLQJ�ZLWK�&RQWUDFWRUV��3URGXFHUV��DQG�6XSSOLHUV������������������������������ ��

����6XPPDU\�DQG�5HFRPPHQGDWLRQV�%DVHG�RQ�0HHWLQJV ���������������������������� ��

����6XUYH\�2WKHU�6WDWHV��������������������������������������������������������������������������������� ��

����9LVXDO�,QVSHFWLRQ�RI�WKH�3URMHFWV������������������������������������������������������������� ��

&+$37(5����48$17,7$7,9(�,1)250$7,21�$1'

$1$/<6,6�2)�'$7$��������������������������������������������������������������������������������������������� ��

����*HQHUDO ���������������������������������������������������������������������������������������������������� ��

����&RPSDULVRQ�RI�6LPLODU�3URMHFWV �������������������������������������������������������������� ��

����6WDWLVWLFDO�7HVWV�DQG�$QDO\VLV������������������������������������������������������������������ ��

&+$37(5����6859(<�2)�352-(&76 ����������������������������������������������������������������� ��

����6XUYH\�RI�3URMHFWV ����������������������������������������������������������������������������������� ��

����$�/RRN�DW�WKH�3URMHFWV©�&RVWV������������������������������������������������������������������ ��

&+$37(5����68**(67('�02',),&$7,216���������������������������������������������������� ��

����*HQHUDO ���������������������������������������������������������������������������������������������������� ��

����6DPSOLQJ�������������������������������������������������������������������������������������������������� ��

����3D\�)DFWRUV ���������������������������������������������������������������������������������������������� ��

����$FFHSWDQFH�6DPSOLQJ�3ODQ���������������������������������������������������������������������� ��

����6HOHFWLRQ�RI�3D\�3DUDPHWHUV�������������������������������������������������������������������� ��

����3URSRVHG�0HWKRG�IRU�$FFHSWDQFH�6DPSOLQJ�DQG

3D\PHQW�'HWHUPLQDWLRQ��������������������������������������������������������������������� ��

����(YDOXDWLRQ�RI�&XUUHQW�3D\�)DFWRUV�ZLWK�5HVSHFW�WR

3HUFHQW�'HIHFWLYH ������������������������������������������������������������������������������ ��

&+$37(5����&21&/86,216�$1'�5(&200(1'$7,216 ���������������������������� ��

����&RQFOXVLRQV ��������������������������������������������������������������������������������������������� ��

����5HFRPPHQGDWLRQV ����������������������������������������������������������������������������������� ��
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$33(1',;�$ ����������������������������������������������������������������������������������������������������������� ��

$33(1',;�% ����������������������������������������������������������������������������������������������������������� ��

$33(1',;�& ����������������������������������������������������������������������������������������������������������� ��
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7KH� UHVXOWV� RI� WKLV� UHVHDUFK� VWXG\� LQGLFDWH� WKDW�� LQ� JHQHUDO�� WKH� TXDOLW\� FRQWURO�TXDOLW\

DVVXUDQFH��4&�4$��VSHFLILFDWLRQ�LWHP������KDV�QRW�EHHQ�VHUYLQJ�LWV�LQWHQGHG�SXUSRVH���%DVHG

RQ�WKH�ILQGLQJV�RI�WKLV�UHVHDUFK��WKHUH�DUH�SUREOHPV�DVVRFLDWHG�ZLWK�UDQGRP�VDPSOLQJ��FRQWURO

SDUDPHWHUV��SD\PHQW�OHYHOV��DQG�WKH�TXDOLW\�RI�WKH�ILQDO�SURGXFW���7KHVH�SUREOHPV�QHHG�WR�EH

DGGUHVVHG�HIIHFWLYHO\�LQ�D�PRGLILHG�4&�4$�VSHFLILFDWLRQ�

$V� D� UHVXOW� RI� WKLV� UHVHDUFK� SURJUDP�� DQG� KDYLQJ� WDNHQ� LQWR� DFFRXQW� WKH� KLJKO\� YDOXDEOH

FRPPHQWV� UHFHLYHG� IURP�GLVWULFW� SHUVRQQHO� DQG� FRQWUDFWRUV�� D� QXPEHU� RI�PRGLILFDWLRQV� DUH

SURSRVHG���,W�LV�H[SHFWHG�WKDW�LQFRUSRUDWLQJ�WKHVH�FKDQJHV�LQWR�WKH�4&�4$�VSHFLILFDWLRQV�ZLOO

LPSURYH� ERWK� WKH� TXDOLW\� DQG� HIIHFWLYHQHVV� RI� WKHVH� VSHFLILFDWLRQV�� � 7KH� SURSRVHG

PRGLILFDWLRQV�KDYH�EHHQ�LGHQWLILHG�DQG�SUHVHQWHG�LQ�WKLV�UHVHDUFK�UHSRUW�������6����([DPSOHV

LQFOXGH�XWLOL]DWLRQ�RI�FRQWLQXRXV�SD\�IDFWRUV��DQ�LPSURYHG�SURFHGXUH�IRU�GHWHUPLQDWLRQ�RI�SD\

IDFWRUV��D�VDPSOLQJ�SURFHGXUH��DQG�D�GHVLJQDWLRQ�RI�WKH�MRE�PL[�IRUPXODV��-0)V��

7KH�IROORZLQJ�LV�D�OLVW�RI�LPSOHPHQWDWLRQ�UHFRPPHQGDWLRQV�

��� � ,W� LV� KLJKO\� UHFRPPHQGHG� WKDW� FRQWLQXRXV� SD\� IDFWRUV� EH� XVHG� LQVWHDG� RI� VWHSSHG� SD\

IDFWRUV���,W�LV�DOVR�UHFRPPHQGHG�WKDW�SD\PHQWV�EH�GHFLGHG�EDVHG�RQ�SHUFHQW�FRQIRUPLQJ

RU�SHUFHQW�GHIHFWLYH�PDWHULDO�UDWKHU�WKDQ�RQ�PHDQ�DEVROXWH�GHYLDWLRQV��0$'���JLYHQ�WKH

VKRUWFRPLQJV�RI�WKH�0$'�SURFHGXUH�� �7KH�SURFHGXUH�RXWOLQHG�LQ�&KDSWHU��� LV�SURSRVHG

IRU�WKLV�SXUSRVH�

����,W�LV�LPSRUWDQW�WKDW�HIIRUWV�EH�PDGH�WR�HQVXUH�SURSHU�UDQGRP�VDPSOLQJ���$W�WKLV�SRLQW��WKHUH

LV�QR�DVVXUDQFH�WKDW�VDPSOLQJ�LV�WUXO\�UDQGRP��DQG�WKHUH�LV�QR�DVVXUDQFH�WKDW�WHVW�UHVXOWV

DUH� IURP� VDPSOHG� VSHFLPHQV�� � $SSURSULDWH� DQG� FOHDU� JXLGHOLQHV� DUH� HVVHQWLDO� LQ� WKLV

UHVSHFW�

��� � ,W� LV�UHFRPPHQGHG�WKDW�GLIIHUHQW�RSWLRQV�IRU� ORW�VL]H�EH�HOLPLQDWHG�DQG�RQO\�RQH�RSWLRQ�

SUHIHUDEO\�RQH� VLPLODU� WR�RSWLRQ���RI� LWHP�������EH�XWLOL]HG�� � ,Q� D� VLPLODU�PDQQHU�� LW� LV

UHFRPPHQGHG�WKDW�-0)���DQG�-0)���EH�FRPELQHG�DV�D�VLQJOH�MRE�PL[�IRUPXOD��-0)��

����$OO�WKH�KRW�PL[�DVSKDOW�FRQFUHWH��+0$&��SURGXFHG�DQG�SODFHG�VKRXOG�EH�VXEMHFWHG�WR�WKH

VDPH�UHTXLUHPHQWV��LQFOXGLQJ�WKH�ILUVW�DQG�ODVW�GD\V�RI�SURGXFWLRQ�DQG�SDYHG�VKRXOGHUV�

��� � $� IRUP� RI� TXDOLW\� FRQWURO� SODQ� VKRXOG� EH� PDGH� D� SDUW� RI� WKH� 4&�4$� VSHFLILFDWLRQV

GHYHORSHG�E\�WKH�'HSDUWPHQW���7KHUH�DUH�D�QXPEHU�RI�XVDEOH�IRUPV�WKDW�PD\�EH�XVHG�DV�D

JXLGH�� WZR� RI�ZKLFK� DUH� LOOXVWUDWHG� LQ� WKH� ERG\� RI� WKLV� UHSRUW�� �$V� DQ� DLG�� D�PDQXDO� RU

JXLGH�RQ�WKH�LQWHUSUHWDWLRQ�DQG�XVH�RI�4&�4$�VSHFLILFDWLRQV�FDQ�EH�SUHSDUHG�WR�SURYLGH

QHHGHG� LQIRUPDWLRQ� WR� DOO� SHUVRQQHO� LQYROYHG� LQ� WKH� GHVLJQ�� XVH�� DQG� FRQWURO� RI

FRQVWUXFWLRQ� SHUIRUPHG� XQGHU� WKHVH� W\SHV� RI� VSHFLILFDWLRQV�� 7KHUH� DUH� JXLGHV� DYDLODEOH

IURP� 1DWLRQDO� &RRSHUDWLYH� +LJKZD\� 5HVHDUFK� 3URJUDP� �1&+53�� SURMHFWV� DQG

LQIRUPDWLRQ� DYDLODEOH� IURP� RWKHU� VWDWHV� WR� KHOS� LQ� WKLV� UHJDUG�� � %HFDXVH� 7['27� LV
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LPSOHPHQWLQJ� 4&�4$� VSHFLILFDWLRQV� LQ� GLIIHUHQW� LWHPV� RI� FRQVWUXFWLRQ� �L�H��� DVSKDOW�

SRUWODQG�FHPHQW��DQG�FRQFUHWH���LW�LV�UHFRPPHQGHG�WKDW�VKRUW�FRXUVHV�EH�FRQGXFWHG�WR�DLG

ZLWK�LPSOHPHQWDWLRQ�RI�WKH�VSHFLILFDWLRQV�XWLOL]LQJ�WKH�PDQXDOV�UHFRPPHQGHG�DERYH�
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7KH�TXDOLW\�FRQWURO�TXDOLW\�DVVXUDQFH��4&�4$��VSHFLILFDWLRQV�KDYH�EHHQ�LQ�XVH�E\�WKH�7H[DV

'HSDUWPHQW�RI�7UDQVSRUWDWLRQ��7['27��VLQFH�������:LWKLQ�WKH�ILUVW���\HDUV�RI�LPSOHPHQWLQJ

WKH�QHZ�VSHFLILFDWLRQV��FRQFHUQV�ZHUH�UDLVHG�E\�'HSDUWPHQW�SHUVRQQHO�UHJDUGLQJ�WKH�TXDOLW\

DQG� FRVW� HIIHFWLYHQHVV� RI� WKH� SURGXFWV� GHOLYHUHG� XQGHU� 4&�4$� VSHFLILFDWLRQ� LWHP� �����

¦4XDOLW\� &RQWURO�4XDOLW\� $VVXUDQFH� RI� +RW� 0L[� $VSKDOW�§� FRPSDUHG� ZLWK� WKH� SURMHFWV

FRQVWUXFWHG�XQGHU�PHWKRG�VSHFLILFDWLRQ�LWHP������¦+RW�0L[�$VSKDOWLF�&RQFUHWH�3DYHPHQW�§

7KLV� UHVHDUFK� SURMHFW� ZDV� VSRQVRUHG� DQG� LQLWLDWHG� E\� WKH� 'HSDUWPHQW� WR� DGGUHVV� WKLV� YHU\

LPSRUWDQW�LVVXH�

,Q� WKH� ILUVW� SKDVH� RI� WKH� SURMHFW�� DWWHPSWV� ZHUH� PDGH� WR� DGGUHVV� H[LVWLQJ� SUREOHPV� E\

FROOHFWLQJ� WHFKQLFDO� LQIRUPDWLRQ� DQG� SHUIRUPLQJ� QXPHULFDO� DQDO\VHV�� DQG� E\� FRPSDULQJ

SURMHFWV�EXLOW�XQGHU�WKH�WZR�VHWV�RI�VSHFLILFDWLRQV���7KH�VWXG\�LQGLFDWHV�WKDW��VWDWLVWLFDOO\��WKHUH

LV� QR� VLJQLILFDQW� GLIIHUHQFH� EHWZHHQ� WKH� XQLIRUPLW\� RI� WKH� FRQWURO� SDUDPHWHUV� �DLU� YRLGV�

DVSKDOW�FRQWHQW��JUDGDWLRQ��RI�WKH�WZR�VSHFLILFDWLRQV���+RZHYHU��VLPSOH�DQG�GLUHFW�FRPSDULVRQ

RI� VWDWLVWLFDO� SDUDPHWHUV�� ZLWKRXW� DQ\� K\SRWKHVLV� WHVWLQJ�� LQGLFDWHV� OHVV� XQLIRUPLW\� LQ� WKH

PHWKRG�VSHFLILFDWLRQ�SURMHFWV��DV�FRPSDUHG�ZLWK�WKH�4&�4$�SURMHFWV�

(YDOXDWLRQ� RI� WKH� FXUUHQW� VSHFLILFDWLRQ� DQG� WKH� FRPPHQWV� UHFHLYHG� IURP� GLVWULFW� SHUVRQQHO

DQG� FRQWUDFWRUV� LQGLFDWHV� SUREOHPV� ZLWK� UDQGRP� VDPSOLQJ�� FRQWURO� SDUDPHWHUV�� SD\PHQW

OHYHOV��DQG�ILQDO�TXDOLW\�RI�WKH�SURGXFW���6DPSOLQJ�RI�SURGXFWLRQ�DQG�SODFHPHQW�ORWV�PD\�QRW

EH�WUXO\�UDQGRP��JLYHQ�WKH�SRVVLELOLWLHV�IRU�PDQLSXODWLQJ�WLPH�DQG�ORFDWLRQ�RI�VDPSOLQJ���7KH

SD\PHQW� OHYHOV�DUH� WRR�ZLGH�RQ�DVSKDOW�FRQWHQW�DQG�JUDGDWLRQ�� UHVXOWLQJ� LQ�ERQXV�SD\PHQWV

IRU�D�PHGLRFUH�SURGXFW�� �$QRWKHU�VLJQLILFDQW�SUREOHP�ZLWK� WKH�SD\PHQW�PHWKRG� LV� WKDW� LW� LV

EDVHG�RQ�VWHS�IXQFWLRQ���6XFK�D�PHWKRG�KDV�WKH�SRWHQWLDO�WR�UHVXOW�LQ�QXPHURXV�SUREOHPV���$

QHZ�PHWKRG�LV�SURSRVHG�WR�GHWHUPLQH�SD\PHQWV�EDVHG�RQ�SHUFHQW�FRQIRUPLQJ�PDWHULDO�DQG�RQ

VWDWLVWLFDO� FRQFHSWV�� � &RQWLQXRXV� IXQFWLRQ� IRU� SD\� IDFWRUV� LV� KLJKO\� UHFRPPHQGHG� IRU� WKLV

SXUSRVH�� � � ,QFOXGLQJ� RWKHU� IDFWRUV�� VXFK� DV� YRLGV� LQ� WKH� PLQHUDO� DJJUHJDWH� �90$�� DQG

ODERUDWRU\� GHQVLW\�� DV� SD\� IDFWRUV� VKRXOG� EH� VHULRXVO\� FRQVLGHUHG�� LQVRIDU� DV� WKH� H[LVWLQJ

IDFWRUV�PD\�QRW�EH�VXIILFLHQW�WR�LGHQWLI\�WKH�WUXH�SHUIRUPDQFH�RI�WKH�ILQDO�SURGXFW�

'XULQJ�SKDVH� WZR�RI� WKH�SURJUDP�� WKUHH�PDLQ�DFWLYLWLHV�ZHUH�FRQGXFWHG��D�VXUYH\�RI� �RWKHU

VWDWHV� UHJDUGLQJ� WKHLU� PHWKRGV� RI� FDUU\LQJ� RXW� 4&�4$� VSHFLILFDWLRQV�� D� YLVXDO� VXUYH\� DQG

ILHOG�FRPSDULVRQ�RI�SURMHFWV�EXLOW�XQGHU�4&�4$�DQG�QRQ�4&�4$�VSHFLILFDWLRQV��DQG�D�EULHI

DQDO\VLV�RI�WKH�SURMHFW�FRVWV�

6XUYH\LQJ� D� ODUJH�QXPEHU�RI� WKH� VWDWHV� WKDW� XWLOL]H�4&�4$� VSHFLILFDWLRQV� LQGLFDWHG� WKDW� DOO

VXUYH\HG� XVHG� DVSKDOW� FRQWHQW� DQG� LQ�SODFH� GHQVLW\� DV� SD\� IDFWRUV�� �+RZHYHU�� LQ� UHJDUG� WR

RWKHU�IDFWRUV��WKH\�GLIIHUHG��XVLQJ�VXFK�SDUDPHWHUV�DV�JUDGDWLRQ�IRU�VSHFLILF�VLHYHV��ODERUDWRU\

GHQVLW\�� DQG� 90$�� � :KLOH� WKH� PDMRULW\� XWLOL]HG� D� ERQXV�SHQDOW\� DSSURDFK

�LQFHQWLYH�GLVLQFHQWLYH��� D� IHZ� LQFOXGHG� RQO\� SHQDOWLHV� IRU� SRRU�TXDOLW\� MREV� �GLVLQFHQWLYH�

DQG�QR�ERQXV�IRU�KLJK�TXDOLW\�MREV�
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$� YLVXDO� VXUYH\� RI� WKH� FRQVWUXFWHG� SURMHFWV� LQGLFDWHV� WKDW� DW� WKLV� WLPH�� LQ� JHQHUDO�� 4&�4$

SURMHFWV�DUH�DV�JRRG�DV�WKH�QRQ�4&�4$�SURMHFWV�� �7KHUHIRUH��QR�FRQFOXVLRQ�FRXOG�EH�GUDZQ

RQ�GLVWLQFW�VXSHULRULW\�RU�LQIHULRULW\�ZKHQ�FRPSDULQJ�WKH�WZR�VHWV�RI�VSHFLILFDWLRQV���,W�VKRXOG

EH� QRWHG� WKDW� WKH� UHVXOWV� RI� VXFK� FRPSDULVRQV�PD\� EH� LQIOXHQFHG� E\� WKH� \RXQJ� DJH� RI� WKH

4&�4$�VSHFLILFDWLRQ�SURMHFWV�YHUVXV�QRQ�4&�4$�SURMHFWV�

:LWK� UHVSHFW� WR� WKH� SURMHFW� FRVW�� WKH� WUHQG� RI� WKH� DYHUDJH� ELG� SULFH� DV� D� IXQFWLRQ� RI� WLPH

LQGLFDWHV�WKDW�VWDUWLQJ�LQ�PLG������WKHUH�KDV�EHHQ�DSSUR[LPDWHO\�DQ���SHUFHQW�LQFUHDVH�LQ�WKH

ELG� SULFH� RI� KRW� PL[� DVSKDOW� FRQFUHWH�� � +RZHYHU�� GLUHFW� FRQWDFW� ZLWK� GLVWULFW� SHUVRQQHO

LQGLFDWHV�WKDW�WKHUH�LV�QR�FRQVLVWHQW�SDWWHUQ�LQ�GHFUHDVH�RU�LQFUHDVH�RI�WKH�FRVW���:KLOH�VRPH�RI

WKH� LQFUHDVH� VWDUWLQJ� LQ� ����� FRXOG� EH� DVVRFLDWHG� ZLWK� WKH� VWDUW� RI� LPSOHPHQWLQJ� 4&�4$

VSHFLILFDWLRQV��D�SRUWLRQ�RI�VXFK�DQ�LQFUHDVH�FDQ�EH�DWWULEXWHG�WR�WKH�LQFUHDVH�LQ�WKH�DJJUHJDWH

SULFH�
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3URYLGLQJ�WKH�JHQHUDO�SXEOLF�ZLWK�KLJK�TXDOLW\�SDYHPHQWV�DW�D�UHDVRQDEOH�FRVW�LV�FHUWDLQO\

WKH� LQWHQW� RI� DQ\� VWDWH� KLJKZD\� DJHQF\� �6+$��� � 7R� WKLV� HQG�� WKH� WUDQVSRUWDWLRQ

GHSDUWPHQWV� RI� LQGLYLGXDO� VWDWHV�� DORQJ� ZLWK� WKH� )HGHUDO� +LJKZD\� $GPLQLVWUDWLRQ

�)+:$��� KDYH� SXUVXHG� WKURXJK� \HDUV� DQ� HIIRUW� WR� ILQG� DQG� XWLOL]H� WKH� EHVW� PHDQV� RI

HQVXULQJ� FRQVWUXFWLRQ� RI� KLJK�TXDOLW\� SDYHPHQWV�� � 3DYHPHQW� FRQVWUXFWLRQ� VSHFLILFDWLRQV

KDYH� JRQH� WKURXJK� FRQVWDQW� PRGLILFDWLRQV� WR� DFKLHYH� WKH� KLJKHVW� SRVVLEOH� TXDOLW\� RI

ILQLVKHG�SURGXFW�ZKLOH�PDLQWDLQLQJ�UHDVRQDEOH�FRVWV����:LWKLQ�WKH�ODVW�IHZ�\HDUV��D�QXPEHU

RI� VWDWH�KLJKZD\�DJHQFLHV�KDYH�PRYHG� WRZDUG� VWDWLVWLFDOO\� EDVHG� TXDOLW\� FRQWURO�TXDOLW\

DVVXUDQFH��4&�4$��VSHFLILFDWLRQV���7KH�XVH�RI�VXFK�VSHFLILFDWLRQV�LV�JURZLQJ�UDSLGO\�DQG

LV�JUDGXDOO\�JDLQLQJ�ZLGH�DFFHSWDQFH�ZLWKLQ�PRVW�VWDWH�KLJKZD\�DJHQFLHV�

)RU� LWV� SDUW�� WKH� 7H[DV�'HSDUWPHQW� RI� 7UDQVSRUWDWLRQ� �7['27��� RQH� RI� WKH� SLRQHHUV� LQ

VHHNLQJ� EHWWHU� ZD\V� RI� DFKLHYLQJ� EHWWHU� SDYHPHQWV�� KDV� LPSOHPHQWHG� D� QHZ� VHW� RI

VSHFLILFDWLRQV� LQ� OLHX� RI� WKH� PHWKRG�W\SH� VSHFLILFDWLRQV�� � 7KH� IUDPHZRUN� IRU� WKH� QHZ

VSHFLILFDWLRQ�IRU�SURGXFWLRQ�DQG�SODFHPHQW�RI�KRW�PL[�DVSKDOW�FRQFUHWH�ZDV�VHW�LQ������

7KLV� VSHFLILFDWLRQ� ZDV� RULJLQDOO\� SURSRVHG� XQGHU� WKH� WLWOH� ¦6SHFLDO� 6SHFLILFDWLRQ� ,WHP

������4XDOLW\�&RQWURO�4XDOLW\�$VVXUDQFH�RI�+RW�0L[�$VSKDOW�§��'XULQJ�������D�QXPEHU

RI�WULDO�SURMHFWV�ZHUH�EXLOW�DFFRUGLQJ�WR�WKLV�4&�4$�VSHFLILFDWLRQ��)XOO�LPSOHPHQWDWLRQ�RI

VSHFLILFDWLRQ�LWHP������VWDUWHG�LQ�6HSWHPEHU��������,W�ZDV�ODWHU�PRGLILHG�WR�VRPH�H[WHQW

DQG�ZDV�GHOLYHUHG�XQGHU�D�QHZ�QXPEHU��¦6SHFLDO�6SHFLILFDWLRQ�,WHP�����§������ZKLFK�ZDV

LQFRUSRUDWHG� LQWR� FRQVWUXFWLRQ� MREV� VWDUWLQJ� LQ�0DUFK� ������ � %DVHG� RQ� WKH� H[SHULHQFH

REWDLQHG� ZLWKLQ� WKH� ILUVW� \HDU� RI� FRQVWUXFWLRQ�� VSHFLDO� SURYLVLRQV� ZHUH� PDGH� WR� WKLV

VSHFLILFDWLRQ�DQG�SXW�LQWR�HIIHFW�DV�RI�0DUFK������

$�QXPEHU�RI�SLORW� SURMHFWV�ZHUH�EXLOW� XQGHU�4&�4$� VSHFLILFDWLRQ� LWHP������ EHIRUH� LWV

IXOO� LPSOHPHQWDWLRQ�EHJLQQLQJ�LQ�0DUFK������� �$IWHU�FRQVWUXFWLQJ�D�QXPEHU�RI�KRW�PL[

DVSKDOW� SDYHPHQWV� DFFRUGLQJ� WR� VSHFLDO� VSHFLILFDWLRQV� ����� DQG� ������ FRQFHUQV� ZHUH

H[SUHVVHG� E\� VRPH� 7['27� SHUVRQQHO� DERXW� WKH� TXDOLW\� DQG� FRVW� RI� WKH� FRQVWUXFWHG

SDYHPHQWV�� � 4XHVWLRQV� ZHUH� UDLVHG� UHJDUGLQJ� WKH� OHYHO� RI� VXFFHVV� RI� WKH� QHZ

VSHFLILFDWLRQV�DQG�ZKHWKHU�7['27�KDG�EHHQ�DEOH�WR�UHDFK�LWV�JRDOV�WKURXJK�LPSOHPHQWLQJ

WKH�QHZ�4&�4$�VSHFLILFDWLRQV���2YHUDOO��WKH�HIIHFWLYHQHVV�RI�WKH�QHZ�VSHFLILFDWLRQV�ZDV

TXHVWLRQHG� DQG�� DV� D� UHVXOW�� WKH� UHVSRQVLEOH� DXWKRULWLHV� LQ� WKH� 'HSDUWPHQW� GHFLGHG� WR

LQYHVWLJDWH� WKH� HIIHFWLYHQHVV� RI� WKH� QHZ� VSHFLILFDWLRQ� FRPSDUHG� ZLWK� WKH� PHWKRG

VSHFLILFDWLRQ�LWHP�����

,Q�EULHI��DQ�HVVHQWLDO�QHHG�ZDV�UHFRJQL]HG�WR�LQYHVWLJDWH�WKH�QHW�HIIHFWV��ERWK�HQFRXUDJLQJ

DQG�GLVFRXUDJLQJ��RQ�DVSKDOW�SDYHPHQW�TXDOLW\�DQG�FRVW�DV�D�UHVXOW�RI�XWLOL]LQJ�WKH�QHZ�VHW

RI� VSHFLILFDWLRQV�� � ,Q� WKLV� UHJDUG�� D� UHVHDUFK� SURMHFW� ZDV� VSRQVRUHG� E\� 7['27� DQG

FRQGXFWHG� E\� WKH� &HQWHU� IRU� 7UDQVSRUWDWLRQ� 5HVHDUFK� RI� 7KH� 8QLYHUVLW\� RI� 7H[DV� DW
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$XVWLQ�� �7KH� UHVHDUFK�� DLPHG� DW� DGGUHVVLQJ� WKHVH� LVVXHV�� EHJDQ� LQ� 6HSWHPEHU� ����� DQG

HQGHG�LQ�$XJXVW������

7KLV� UHSRUW� FRQWDLQV� WKH� ILQDO� LQIRUPDWLRQ�� UHVXOWV�� DQG� ILQGLQJV� IRU� WKH� UHVHDUFK� SURMHFW

FRQGXFWHG�WR�HYDOXDWH�WKH�HIIHFWLYHQHVV�RI�WKH�4&�4$�VSHFLILFDWLRQV�IRU�KRW�PL[�DVSKDOW

FRQFUHWH��7KH�IROORZLQJ�VXEMHFWV�DUH�SUHVHQWHG�DQG�GLVFXVVHG�LQ�WKLV�UHSRUW�

x� 5HVXOWV� IURP� LQWHUYLHZV� ZLWK� SHUVRQQHO� IURP� 7['27� GLVWULFWV�� DV� ZHOO� DV

FRQWUDFWRUV��RQ�WKH�LVVXH�RI�HIIHFWLYHQHVV�RI�WKH�4&�4$�VSHFLILFDWLRQV�DQG�WKH

TXDOLW\�RI�WKH�GHOLYHUHG�SURGXFW�

x� &RPSDULVRQV� RI� SURMHFWV� EXLOW� XQGHU� QRQ�4&�4$� VSHFLILFDWLRQV� DQG� WKH

YDULRXV�4&�4$� VSHFLILFDWLRQV� XVLQJ� VWDWLVWLFDO� DQDO\VLV� RI� WKH� FROOHFWHG� GDWD

IURP�D�ODUJH�QXPEHU�RI�SURMHFWV�HYDOXDWHG�LQ�HLJKW�GLVWULFWV�

x� $QDO\VLV�RI�WKH�FXUUHQW�SURFHGXUH�IRU�GHWHUPLQDWLRQ�RI�SD\�IDFWRUV�

x� 5HFRPPHQGDWLRQV� WR� LPSURYH� WKH� VSHFLILFDWLRQ� DQG� D� QHZ� SURFHGXUH� IRU

GHWHUPLQDWLRQ�RI�SD\�IDFWRUV�

x� 5HVXOWV�RI�VXUYH\LQJ�RWKHU�VWDWHV�RQ�WKHLU�4&�4$�VSHFLILFDWLRQV�

x� 3K\VLFDO�VXUYH\V�RI�4&�4$�DQG�QRQ�4&�4$�SURMHFWV��DQG

x� %ULHI�DQDO\VLV�RI�WKH�FRVW�HIIHFWLYHQHVV�

'XULQJ� WKH�SHULRG�RI� WKLV� UHVHDUFK� WR� HYDOXDWH� VSHFLDO� VSHFLILFDWLRQ� LWHP������� ¦4XDOLW\

&RQWURO�4XDOLW\�$VVXUDQFH�RI�+RW�0L[�$VSKDOW�§�EDVHG�LQ�SDUW�RQ�LQLWLDO�REVHUYDWLRQV�DQG

LQSXW��7['27�GHYHORSHG�DQG�LQLWLDWHG�D�QHZ�YHUVLRQ�RI�WKH�4&�4$�VSHFLILFDWLRQ��VSHFLDO

VSHFLILFDWLRQ�LWHP��������XQGHU�ZKLFK�D�QXPEHU�RI�SURMHFWV�ZHUH�EXLOW�GXULQJ������

7KH�PDMRU�GLIIHUHQFHV�EHWZHHQ�VSHFLDO�VSHFLILFDWLRQ�LWHPV������DQG������DUH�

x� &ODULILFDWLRQ�RI�LQWHQW��SURFHGXUHV��DQG�UHVSRQVLELOLWLHV�

x� 8VH� RI� LQ�SODFH� DQG� ODERUDWRU\� GHQVLWLHV� DV� SD\� IDFWRUV�� UDWKHU� WKDQ� LQ�SODFH

GHQVLW\�� DVSKDOW� FRQWHQW�� DQG� JUDGDWLRQ� �GHYLDWLRQV� LQ� SHUFHQW� SDVVLQJ� �����

DQG���PP�VLHYHV��

x� 8VH�RI�D�FRQWLQXRXV�SD\�IDFWRU�IXQFWLRQ�LQVWHDG�RI�D�VWHSSHG�IXQFWLRQ��DQG

x� 4XDOLW\� DVVXUDQFH� WHVWV� RQ� ZKLFK� SD\PHQWV� DUH� EDVHG� DUH� SHUIRUPHG� E\

7['27�LQVWHDG�RI�E\�WKH�FRQWUDFWRU�

7KH�QHHG� IRU�PDNLQJ� WKHVH� VLJQLILFDQW�FKDQJHV�ZDV� UHFRJQL]HG�E\�7['27�EDVHG�RQ� LWV

H[SHULHQFH�ZLWK�4&�4$�VSHFLDO�VSHFLILFDWLRQ�LWHPV������DQG������

6LJQLILFDQW�GLVWULFW�DQG�LQGXVWU\�LQSXW�ZDV�REWDLQHG�WKURXJK�IRXU�UHJLRQDO�PHHWLQJV�ZLWK

7['27�SHUVRQQHO�DQG�RQH�PHHWLQJ�ZLWK�VWDWHZLGH�LQGXVWU\�PHPEHUV�KHOG�DV�SDUW�RI�WKLV

SURMHFW�� � 7KH� UHVHDUFK� VWXG\� ZDV� IRFXVHG� RQ� HYDOXDWLQJ� WKH� HIIHFWLYHQHVV� RI� 4&�4$

VSHFLILFDWLRQ� ������ � 1R� DQDO\VLV� RU� HYDOXDWLRQ� RI� VSHFLDO� VSHFLILFDWLRQ� LWHP� ����� ZDV

FRQGXFWHG�GXULQJ�WKH�FRXUVH�RI�WKLV�UHVHDUFK�SURJUDP�
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������'LIIHUHQW�6SHFLILFDWLRQV�DQG�5HODWHG�7HUPLQRORJ\

$�FRQVWUXFWLRQ�VSHFLILFDWLRQ�VKRXOG�EH�SUDFWLFDO� WR� LPSOHPHQW��DQG�VKRXOG�EH�GHYHORSHG

ZLWK� WKH� LGHD� RI� DFKLHYLQJ� D� KLJK�TXDOLW\� UHVXOW� �FRQVWUXFWHG� SDYHPHQW�� DW� D� UHDVRQDEOH

FRVW��$V�IDU�DV�WKH�TXDOLW\�RI�WKH�ILQDO�SURGXFW�LV�FRQFHUQHG��WKH�OHYHO�RI�UHVSRQVLELOLW\�RI

WKH�VWDWH�KLJKZD\�DJHQF\��L�H���WKH�EX\HU�RI�WKH�SURGXFW��DQG�WKH�FRQWUDFWRU��L�H���WKH�VHOOHU

RI�WKH�SURGXFW��YDULHV���7KLV�OHYHO�RI�UHVSRQVLELOLW\�GHSHQGV�RQ�WKH�W\SH�DQG�OLPLWDWLRQV�VHW

IRUWK�LQ�WKH�VSHFLILFDWLRQ���7KH�IROORZLQJ�WHUPV�DUH�DSSOLHG�WR�GLIIHUHQW�VSHFLILFDWLRQV�

x� 0HWKRG�6SHFLILFDWLRQ

x� 6WDWLVWLFDO�4&�4$�6SHFLILFDWLRQ

x� (QG�5HVXOW�6SHFLILFDWLRQ

x� 3HUIRUPDQFH�5HODWHG�6SHFLILFDWLRQ

x� 3HUIRUPDQFH�%DVHG�6SHFLILFDWLRQ

x� :DUUDQW\�6SHFLILFDWLRQ

7KH�GLIIHUHQFHV�EHWZHHQ�VRPH�RI�WKHVH�WHUPV�DUH�FOHDU�DQG�DUH�DSSOLHG�WR�GLIIHUHQW�W\SHV

RI� VSHFLILFDWLRQV� �IRU� H[DPSOH�� PHWKRG� VSHFLILFDWLRQ� YHUVXV� SHUIRUPDQFH�EDVHG

VSHFLILFDWLRQ��� � +RZHYHU�� WKH� GLIIHUHQFHV� EHWZHHQ� RWKHUV� DUH� QRW� VR� GLVWLQFWLYH� �IRU

H[DPSOH�� WKH� GLIIHUHQFH� EHWZHHQ� D� SHUIRUPDQFH�UHODWHG� VSHFLILFDWLRQ� DQG� SHUIRUPDQFH�

EDVHG�VSHFLILFDWLRQ��� � ,Q� WKHVH�FDVHV�� WKH� WHUPV�YHU\�IUHTXHQWO\�DUH�XVHG� LQWHUFKDQJHDEO\

DQG��FRQVHTXHQWO\��FDQQRW�DOZD\V�EH�GLVWLQJXLVKHG�

,Q�PHWKRG�VSHFLILFDWLRQV��WKH�FRQWUDFWRU�LV�SURYLGHG�ZLWK�VSHFLILF�GHWDLOV�RQ�WKH�PDWHULDOV�

GHVLJQ�� DQG� W\SH� DQG� PHWKRG� RI� FRQVWUXFWLRQ�� � ,Q� WKLV� ZD\�� WKH� VSHFLILFDWLRQV� DUH� WRR

UHVWULFWLYH� WR� DOORZ�D� FRQWUDFWRU� IOH[LELOLW\� LQ�PDNLQJ� GHFLVLRQV� DERXW� WKH� GHVLJQ� DQG�RU

SURFHVV�RI�WKH�SDYHPHQW�FRQVWUXFWLRQ���7KHUH�LV�QRW�HQRXJK�LQFHQWLYH�IRU�WKH�FRQWUDFWRU�WR

EH�LQQRYDWLYH�LQ�LPSURYLQJ�WKH�SURGXFW�TXDOLW\�

7KH�WHUP�HQG�UHVXOW�VSHFLILFDWLRQ�LV�RIWHQ�XVHG�WR�UHIHU�WR�D�VSHFLILFDWLRQ�LQ�ZKLFK�FHUWDLQ

SDUDPHWHUV�EHOLHYHG�WR�LQIOXHQFH�SHUIRUPDQFH�DUH�XVHG�DV�FULWHULD�WR�MXGJH�WKH�TXDOLW\�RI

WKH�SURGXFW�DQG�WR�PDNH�WKH�SD\PHQW���7KH�FRQWUDFWRU�LV�UHVSRQVLEOH�IRU�WKH�TXDOLW\�RI�WKH

FRQWURO�SDUDPHWHU��HQG�UHVXOW��EDVHG�RQ�ZKLFK�WKH�SD\PHQW�LV�GHFLGHG�����$V�DQ�H[DPSOH�

GHYLDWLRQ�RI�VXFK�SDUDPHWHUV�DV�DVSKDOW�FRQWHQW��JUDGDWLRQ��DQG�DLU�YRLG�IURP�WDUJHW�YDOXHV

FDQ� EH� XVHG� DV� HQG� UHVXOW� SDUDPHWHUV�� ,Q� VXFK� D� VSHFLILFDWLRQ�� LQ� FRQWUDVW� WR� PHWKRG

VSHFLILFDWLRQV�� WKH� FRQWUDFWRU� LV� OHIW� ZLWK� PRUH� UHVSRQVLELOLW\� DQG� ODWLWXGH� LQ� XVLQJ� KLV

LQJHQXLW\�WR�LPSURYH�WKH�SURGXFW�TXDOLW\���+RZHYHU��LQ�DQ�HQG�UHVXOW�VSHFLILFDWLRQ��WKH�HQG

PD\�EH�GHILQHG�DW�DQ\�RI�WKH�IROORZLQJ�OHYHOV�DQG�VWDJHV�

/HYHO�����7KH�HQG�UHVXOW�ZLOO�EH�WKH�TXDOLW\�RI�WKH�RULJLQDO�PDWHULDOV�DQG�WKH�GHYLDWLRQV�RI

VRPH� PDWHULDO� SDUDPHWHUV� IURP� FHUWDLQ� FRQWURO� OLPLWV�� DV� ZHOO� DV� WKH� TXDOLW\� RI� WKH

FRPSDFWHG�SDYHPHQW��3DUDPHWHUV�VXFK�DV�DVSKDOW�FRQWHQW�DQG�JUDGDWLRQ�GHYLDWLRQV� IURP

WDUJHW�YDOXHV��DV�ZHOO�DV�DLU�YRLG�OHYHOV�RI�FRQVWUXFWHG�SDYHPHQWV��DUH�VRPH�H[DPSOHV�RI

WKLV� NLQG� RI� HQG� UHVXOW�� � ,Q� WKLV� FDVH�� LW� LV� EHOLHYHG� WKDW� JRRG� FRQWURO� RQ� WKH� RULJLQDO

PDWHULDOV� DQG� DLU� YRLG� OHYHO� ZLOO� UHVXOW� LQ� KLJK�TXDOLW\� SDYHPHQW�� � 7KH� OLPLWV� RQ
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SDUDPHWHUV� IRU� WKLV� FDVH� FDQ� EH� HVWDEOLVKHG� EDVHG� RQ� KLVWRULFDO� GDWD� DV� ZHOO� DV� RQ� WKH

UHODWLRQVKLS�RI�WKH�SDUDPHWHUV�ZLWK�HQJLQHHULQJ�SURSHUWLHV�RI�WKH�FRPSDFWHG�PL[WXUH�

/HYHO� ��� � 7KH� HQG� UHVXOW� ZLOO� EH� WKH� TXDOLW\� RI� WKH� FRPSDFWHG� PDWHULDO� ULJKW� DIWHU

FRQVWUXFWLRQ���,Q�WKLV�FDVH��LW�LV�EHOLHYHG�WKDW�JRRG�FRQWUROV�RQ�WKH�PDWHULDO�SURSHUWLHV��DQG

WKH�PHWKRG�RI�FRQVWUXFWLRQ�LQ�WKH�EHJLQQLQJ��ZLOO�UHVXOW�LQ�JRRG�SHUIRUPDQFH�LQ�WKH�ORQJ

UXQ�� � 6XFK� FRQWURO� UHTXLUHV� REWDLQLQJ� VDPSOHV� RI� WKH� SUHSDUHG� PDWHULDO�� SUHSDULQJ

FRPSDFWHG�VSHFLPHQV��DQG�WHVWLQJ�WKRVH�VSHFLPHQV�IRU�HQJLQHHULQJ�SURSHUWLHV���'HYLDWLRQ

RI�WKH�PHDVXUHG�SURSHUWLHV�IURP�FHUWDLQ�FULWHULD�ZLOO�EH�WKH�EDVLV�IRU�MXGJLQJ�SHUIRUPDQFH

DQG� PDNLQJ� WKH� SD\PHQW�� � 2EYLRXVO\�� LW� LV� FUXFLDO� WKDW� WKH� FRPSDFWHG� VDPSOHV� EH

UHSUHVHQWDWLYH�RI�WKH�FRQVWUXFWHG�SDYHPHQWV��,W�LV�QHFHVVDU\�WKDW�WHVWV�EH�SHUIRUPHG�RQ�WKH

FRUHV�IURP�WKH�SDYHPHQW���$OVR�FUXFLDO�LV�WKH�QHHG�WR�GHILQH�ZKDW�SURSHUWLHV�DUH�XVHG�IRU

PHDVXUHPHQW�DQG�ZKDW�DUH�WKH�DFFHSWDEOH�OLPLWV�DQG�UDQJHV�IRU�WKHVH�SURSHUWLHV�

/HYHO���� �7KH�HQG�UHVXOW�ZLOO�EH�WKH�SHUIRUPDQFH�TXDOLW\�DQG�GHYHORSHG�GLVWUHVVHV�DW� WKH

HQG�RI�WKH�GHVLJQ�OLIH�EDVHG�RQ�SUHGLFWLRQV�IURP�UHOLDEOH�PRGHOV���7KH�UHVXOWV�IURP�WKHVH

SUHGLFWLRQV�� DORQJ� ZLWK� OLIH�F\FOH� FRVW� DQDO\VLV�� ZLOO� IRUP� WKH� EDVLV� IRU� WKH� OHYHO� RI

SD\PHQW�

/HYHO� ��� ,GHDOO\�� WKH� HQG� UHVXOW�ZLOO� EH� DW� WKH� HQG� RI� WKH� GHVLJQ� OLIH� RI� WKH� FRQVWUXFWHG

SDYHPHQW�RU�RYHUOD\��L�H���KRZ�ZHOO�WKH�DVVHW�KDV�GHOLYHUHG�LWV�VHUYLFH����,Q�WKLV�FDVH��WKH

SDYHPHQW�RU�RYHUOD\�TXDOLW\�DW�WKH�HQG�RI�LWV�VHUYLFH�OLIH��EDVHG�RQ�D�FHUWDLQ�DVVHVVPHQW�

ZLOO�EH�WKH�HQG�UHVXOW�

$V�IDU�DV�WKH�TXDOLW\�RI�WKH�HQG�SURGXFW�LV�FRQFHUQHG��DV�DQ�HQG�UHVXOW�VSHFLILFDWLRQ�PRYHV

IURP� OHYHO� �� WR� OHYHO� ��� WKH� UHVSRQVLELOLW\� RI� WKH� DJHQF\� LV� GHFUHDVHG� DQG� WKDW� RI� WKH

FRQWUDFWRU�LV�LQFUHDVHG���([LVWLQJ�VSHFLILFDWLRQ�LWHP������IDOOV�LQ�WKH�ILUVW�FDWHJRU\��OHYHO

���� ZKLOH� ZDUUDQW\� VSHFLILFDWLRQV�� LQ� ZKLFK� WKH� FRQWUDFWRU� FDUULHV� WKH� KLJKHVW� OHYHO� RI

UHVSRQVLELOLW\��EHORQJ�WR� OHYHO���RI�DQ�HQG�UHVXOW�VSHFLILFDWLRQ��,Q� WKH�FDVH�RI�D�ZDUUDQW\

VSHFLILFDWLRQ�� WKH� FRQWUDFWRU� LV� XOWLPDWHO\� UHVSRQVLEOH� IRU� DFFHSWDEOH�SHUIRUPDQFH�RI� WKH

SDYHPHQW�� DQG� LQ� WKLV� UHJDUG�� KH� FKRRVHV� WKH� PDWHULDOV�� GHVLJQ�� DQG� FRQVWUXFWLRQ

HTXLSPHQW�DQG�PHWKRG���7KXV��FRQWUDFWRUV�DUH�OHIW�ZLWK�VXIILFLHQW�OHYHUDJH�DQG�ODWLWXGH�IRU

XVLQJ�WKHLU�LQJHQXLW\�DQG�H[SHUWLVH�WR�GHOLYHU�D�KLJK�TXDOLW\�SURGXFW�

3HUIRUPDQFH�UHODWHG�DQG�SHUIRUPDQFH�EDVHG�VSHFLILFDWLRQV�IDOO�EHWZHHQ�WKH�WZR�H[WUHPHV

RI�PHWKRG�DQG�ZDUUDQW\� VSHFLILFDWLRQV�� DQG�FRUUHVSRQG� WR� WKH�SUHFHGLQJ� OHYHOV���DQG���

6RPH� GLVWLQJXLVK� EHWZHHQ� WKH� WZR� OHYHOV� E\� VXJJHVWLQJ� WKDW� D� SHUIRUPDQFH�UHODWHG

VSHFLILFDWLRQ�UHTXLUHV�PHDVXUHPHQW�RI��DQG�HVWDEOLVKLQJ�OLPLWV�RQ��SURSHUWLHV�WKDW�DUH�QRW

GLUHFW�PHDVXUHV�RI�SHUIRUPDQFH��EXW�DUH�UHODWHG�WR�SHUIRUPDQFH�PHDVXUHV���0HDVXUHPHQWV

RI�TXDOLW\�DQG�TXDQWLW\�RI�RULJLQDO�PDWHULDOV��RU�PHDVXUHPHQWV�RI�HQJLQHHULQJ�SURSHUWLHV�RI

WKH�FRPSDFWHG�PL[WXUH��DUH�RQH�H[DPSOH�

$�VWDWLVWLFDOO\�EDVHG�4&�4$�VSHFLILFDWLRQ�DSSOLHV�WR�DQ\�VSHFLILFDWLRQ�LQ�ZKLFK�VWDWLVWLFDO

FRQFHSWV� DQG� PHWKRGV� DUH� LQFRUSRUDWHG� LQWR� WKH� TXDOLW\� DVVXUDQFH� SURFHVV�� � 6WDWLVWLFDO

TXDOLW\�DVVXUDQFH��64$��LV�SDUW�RI�D�ZHOO�SODQQHG�SURJUDP�LQ�ZKLFK�TXDOLW\�LV�MXGJHG�RQ
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WKH� FRQIRUPDQFH� RI� WKH� UHVXOWV�ZLWK� HVWDEOLVKHG� OHYHOV� IRU� FHUWDLQ� SDUDPHWHUV� EDVHG� RQ

VWDWLVWLFDO�FRQFHSWV�� �$SSO\LQJ�VWDWLVWLFDO�FRQFHSWV� WR�TXDOLW\�FRQWURO�RI�SDYLQJ�PDWHULDOV

KDV�EHHQ�ZLGHO\�FRYHUHG�LQ�OLWHUDWXUH��������������

������7['27�&XUUHQW�4&�4$�6SHFLILFDWLRQ

7KH�FXUUHQW�7['27�VSHFLILFDWLRQ�LWHP������LV�D�VWDWLVWLFDOO\�EDVHG�4&�4$�VSHFLILFDWLRQ�

,Q� WKLV� VSHFLILFDWLRQ�� GHFLVLRQV� UHJDUGLQJ� WKH� PDWHULDO� VHOHFWLRQ�� PL[� GHVLJQ�� TXDOLW\

FRQWURO��DQG�TXDOLW\�DVVXUDQFH�WHVWLQJ�DUH�OHIW�ZLWK�WKH�FRQWUDFWRU��WKRXJK�WKH�'HSDUWPHQW

LV� VWLOO� UHVSRQVLEOH� IRU� WKH� TXDOLW\� RI� WKH� ILQDO� SURGXFW�� � ,Q� UHJDUG� WR� WKH� OHYHO� RI

UHVSRQVLELOLW\��WKH�FRQWUDFWRU�LV�JLYHQ�PRUH�IOH[LELOLW\�WKDQ�ZRXOG�EH�DYDLODEOH�XQGHU�WKH

WUDGLWLRQDO�PHWKRG�VSHFLILFDWLRQ���+RZHYHU��WKLV�OHYHO�RI�UHVSRQVLELOLW\�LV�VWLOO�FRQVLGHUDEO\

IDUWKHU�IURP�WKH�OHYHO�LQ�D�SHUIRUPDQFH�EDVHG�RU�ZDUUDQW\�VSHFLILFDWLRQ���3D\PHQW�WR�WKH

FRQWUDFWRU�LV�EDVHG�RQ�GHYLDWLRQV�IURP�WDUJHW�YDOXHV�RQ�DVSKDOW�FRQWHQW��JUDGDWLRQ��DQG�DLU

YRLGV��ZLWK�WKH�LGHD�WKDW�H[FHVVLYH�GHYLDWLRQV�IURP�WKHVH�SDUDPHWHUV�ZLOO�DGYHUVHO\�DIIHFW

WKH�SHUIRUPDQFH���7KXV��WKHUH�LV�QR�GLUHFW�PHDVXUHPHQW�RU�SUHGLFWLRQ�RI�SHUIRUPDQFH��DQG

LQ�WKLV�UHJDUG�7['27�LV�DFFHSWLQJ�UHVSRQVLELOLW\�

,Q� EULHI�� WKHUH� DUH� D� QXPEHU� RI� HVVHQWLDO� GLIIHUHQFHV� EHWZHHQ� WKLV� VSHFLILFDWLRQ� DQG� WKH

IRUPHU�PHWKRG�VSHFLILFDWLRQ�

x� 7KH�FRQWUDFWRU�WDNHV�SDUW�LQ�FRQGXFWLQJ�PRVW�RI�WKH�ODERUDWRU\�WHVWV�

x� 5HVXOWV� IURP�TXDOLW\� DVVXUDQFH� WHVWV� FRQGXFWHG�E\� WKH� FRQWUDFWRU� DUH�XVHG� WR

GHWHUPLQH�VSHFLILFDWLRQ�FRPSOLDQFH�DV�ZHOO�DV�SD\PHQW�OHYHOV�

x� 9HULILFDWLRQ� WHVWLQJ� E\� 7['27� LV� XVHG� WR� YHULI\� WKH� DFFXUDF\� RI� WKH

FRQWUDFWRU©V�WHVW�UHVXOWV�

x� 5HIHUHH� WHVWLQJ� E\� 7['27� LV� XVHG� WR� UHVROYH� GLIIHUHQFHV� EHWZHHQ� WKH

FRQWUDFWRU�DQG�WKH�HQJLQHHU©V�WHVW�UHVXOWV�

x� 3D\PHQW�LQFOXGHV�ERQXVHV�DQG�SHQDOWLHV�EDVHG�RQ�WKH�WHVW�UHVXOWV�

x� $OO� VDPSOLQJ� DQG� WHVWLQJ� LV� FRQGXFWHG� E\� WKH� SHUVRQQHO� FHUWLILHG� E\� WKH

0DWHULDOV�DQG�7HVWV�'LYLVLRQ�

7KH�VKLIW�WR�WKH�4&�4$�VSHFLILFDWLRQ�WKDW�UHVXOWHG�LQ�WKH�SUHFHGLQJ�GLIIHUHQFHV�ZDV�GULYHQ

E\� WKH� QHHG� IRU� WUDQVIHUULQJ� PRUH� UHVSRQVLELOLW\� WR� WKH� FRQWUDFWRU� DQG� UHGXFLQJ� WKH

UHTXLUHG�GHSDUWPHQW�PDQSRZHU��ZKLOH�REWDLQLQJ�D�KLJK�TXDOLW\�SURGXFW��

������+LVWRULFDO�%DFNJURXQG

7KH� PRYH� WRZDUG� 4&�4$� VSHFLILFDWLRQV� LQ� KLJKZD\� FRQVWUXFWLRQ� LV� PRWLYDWHG� E\� WKH

GHVLUH�WR�DFKLHYH�WKH�KLJKHVW�TXDOLW\�RI�WKH�ILQLVKHG�SURGXFW�ZKLOH�PDLQWDLQLQJ�UHDVRQDEOH

FRVWV�� � 4XDOLW\� LV� MXGJHG� E\� WKH� DFFXUDF\� DQG� SUHFLVLRQ� RI� VHOHFWHG� SURSHUWLHV� RI� WKH

ILQLVKHG� SURGXFW� �JUDGDWLRQ�� DVSKDOW� FRQWHQW�� DQG� DLU� YRLGV�� DQG� DOVR� E\� WKH� HQG� UHVXOW�

ZKLFK� LV� VDWLVIDFWRU\� SDYHPHQW� SHUIRUPDQFH�� � $FFXUDF\� LV� PHDVXUHG� LQ� WHUPV� RI� WKH

SUR[LPLW\�RI�DYHUDJH�PHDVXUHG�YDOXHV�WR�WUXH�YDOXHV�� �3UHFLVLRQ�LV�PHDVXUHG�LQ�WHUPV�RI

YDULDELOLW\�RI�PHDVXUHG�YDOXHV���%HFDXVH�D�4&�4$�VSHFLILFDWLRQ�PXVW�FRPPXQLFDWH�WR�WKH
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FRQWUDFWRU�LQ�D�FOHDU�DQG�XQDPELJXRXV�PDQQHU�H[DFWO\�ZKDW�LV�ZDQWHG��YDULRXV�VWDWLVWLFDO

PHDVXUHV�SURYLGH�D�SUDFWLFDO�DQG�FRQYHQLHQW�ZD\� WR�GHVFULEH� WKH�GHVLUHG�HQG� UHVXOW�� � ,Q

4&�4$� VSHFLILFDWLRQV�� EDVLF� VWDWLVWLFDO� SULQFLSOHV� DUH� XVHG� VR� WKDW� WKH� FRQWUDFWRU� LV

UHVSRQVLEOH�IRU�FRQWUROOLQJ�WKH�FRQVWUXFWLRQ�SURFHVV��TXDOLW\�FRQWURO���ZKLOH�WKH�VSHFLI\LQJ

DJHQF\� LV� UHVSRQVLEOH� IRU� MXGJLQJ� WKH� DFFHSWDELOLW\� RI� WKH� ILQLVKHG� SURGXFW� �TXDOLW\

DVVXUDQFH��

3ULRU� WR� WKH� DGYHQW� RI� 4&�4$�� WKH� V\VWHP� XWLOL]HG� E\� 7['27� WR� FRQVWUXFW� DVSKDOW

FRQFUHWH��LQYROYHG�ULJLG�FRQWURO�E\�D�GHFHQWUDOL]HG�EXW�KLJKO\�TXDOLILHG�FDGUH�RI�HQJLQHHUV

DQG� WHFKQLFLDQV�� � (VVHQWLDOO\�� 7['27� UHQWHG� FRQWUDFWRUV�� SHUVRQQHO�� DQG� HTXLSPHQW� IRU

DVSKDOW� FRQFUHWH� FRQVWUXFWLRQ� DQG� ODUJHO\� DFFHSWHG� UHVSRQVLELOLW\� IRU� WKH� FRQVHTXHQFHV�

7KLV� DSSURDFK� UHVXOWHG� LQ� D� WUDQVSRUWDWLRQ� V\VWHP� WKDW� ZDV� WKH� HQY\� RI� PRVW� KLJKZD\

DJHQFLHV�DQG�HVWDEOLVKHG�7['27�HQJLQHHULQJ�DQG�WHFKQLFDO�SURIHVVLRQDOV�DV�EHLQJ�DPRQJ

WKH�HOLWH�RI�WKHLU�SURIHVVLRQ�

%\�WKH�HDUO\�����V��KRZHYHU��7['27�EHJDQ�WR�H[SHULHQFH�D�GHFOLQLQJ�UHVHUYH�RI�YHWHUDQ

HQJLQHHULQJ� DQG� WHFKQLFDO� SURIHVVLRQDOV�� � ,W� EHFDPH� LQFUHDVLQJO\� GLIILFXOW� IRU� 7['27

SHUVRQQHO�WR�DGHTXDWHO\�SHUIRUP�WKHLU�WUDGLWLRQDO�IXQFWLRQ�RI�ULJRURXV�MRE�FRQWURO�

7KH� ILUVW� HIIRUWV� LQ�4&�4$� LQ�7H[DV�ZHUH�SLRQHHUHG�E\�%XUQHWW� ���� LQ� WKH� HDUO\� ����V�

:KLOH�LQ�WKH�2GHVVD�'LVWULFW��KH�GHYHORSHG�D�QHZ�PHWKRG�RI�VSHFLI\LQJ�DVSKDOW�FRQFUHWH

FRQVWUXFWLRQ�� � :KLOH� QRW� VWULFWO\� D� VWDWLVWLFDOO\� EDVHG� 4&�4$� VSHFLILFDWLRQ�� %XUQHWW©V

VSHFLILFDWLRQ� GLIIHUHG� UHPDUNDEO\� IURP� 7['27©V� SULRU� PHWKRGV� RI� FRQWUROOLQJ� DVSKDOW

FRQFUHWH� FRQVWUXFWLRQ�� �)RU� WKH� ILUVW� WLPH��7['27�SHUVRQQHO� UHOLQTXLVKHG� VRPH�RI� WKHLU

VWULFW�FRQWURO�RI�DVSKDOW�FRQFUHWH�FRQVWUXFWLRQ��ZLWK�FRQWUDFWRUV�VXEMHFWHG�WR�DQ�HYDOXDWLRQ

RI� WKH� ¦HQG� UHVXOW§� RI� WKHLU�ZRUN�� � ,Q� HIIHFW�� FRQWUDFWRUV�ZHUH�� IRU� WKH� ILUVW� WLPH��PRUH

UHVSRQVLEOH� IRU� WKH� ILQDO� TXDOLW\� RI� WKHLU� SURGXFW�� � $V� PLJKW� EH� H[SHFWHG�� %XUQHWW©V

VSHFLILFDWLRQ� ZDV� FRQWHQWLRXV�� QRW� RQO\� DPRQJ� WKRVH� LQ� WKH� KRW� PL[� LQGXVWU\�� EXW� DOVR

DPRQJ�VRPH�LQ�7['27�DV�ZHOO�

:KLOH� %XUQHWW©V� VSHFLILFDWLRQ� LV� QR� ORQJHU� XVHG�� KLV� HIIRUWV� KDG� D� SURIRXQG� HIIHFW� RQ

7['27� DQG� WKH� KRW�PL[� LQGXVWU\� LQ� 7H[DV�� � $V� HYLGHQFH�� WKH� WHFKQLFDO� VHVVLRQ� RI� WKH

7H[DV�+RW�0L[�$VSKDOW�3DYHPHQW�$VVRFLDWLRQ©V������PHHWLQJ�ZDV�VLQJXODUO\�GHYRWHG�WR

VWDWLVWLFDOO\�EDVHG�4&�4$�������)RU�WKH�ILUVW�WLPH��7['27�DQG�FRQWUDFWRU�SHUVRQQHO�ZHUH

MRLQWO\� H[SRVHG� WR� VWDWLVWLFDO� TXDOLW\� FRQWURO� SULQFLSOHV�� � $� VLJQLILFDQW� UHVXOW� RI� WKDW

PHHWLQJ�ZDV�WKDW�WKH�7['27�0DWHULDOV�DQG�7HVWV�'LYLVLRQ�EHJDQ�PHDVXULQJ�WKH�SUHFLVLRQ

RI� LWV� VWDQGDUG� WHVW�PHWKRGV�� D� NH\� LQJUHGLHQW� WR� WKH� GHYHORSPHQW� RI� VWDWLVWLFDOO\� EDVHG

VSHFLILFDWLRQV�

%\� WKH� HDUO\� ����V�� 7['27� EHJDQ� FRQFHUWHG� HIIRUWV� WR� GHYHORS� DQG� LPSOHPHQW� D

VWDWLVWLFDOO\� EDVHG� 4&�4$� VSHFLILFDWLRQ� IRU� DVSKDOW� FRQFUHWH� FRQVWUXFWLRQ�� � $� 7['27

WHDP�ZDV� FKDUJHG�ZLWK� EULQJLQJ� VXFK� D� VSHFLILFDWLRQ� WR� IUXLWLRQ�� � 7KLV� WHDP�PRELOL]HG

H[SHULHQFH�ZLWKLQ�DQG�RXWVLGH�RI�7H[DV�RQ�WKH�LVVXH�RI�4&�4$�� �7KH�ILQDO� UHVXOW�RI� WKH

WHDP©V�HIIRUWV�ZDV�D�VWDWLVWLFDOO\�EDVHG�4&�4$�VSHFLILFDWLRQ� WKDW�KDV�EHHQ� LPSOHPHQWHG

E\�7['27���1RW�RQO\�GLG�WKLV�JURXS�GHYHORS�WKH�ZULWWHQ�VSHFLILFDWLRQ�� WKHLU�HIIRUWV�DOVR
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VSDZQHG�PDQ\�RI� WKH�DQFLOODU\�LQLWLDWLYHV� WKDW�ZHUH�QHFHVVDU\�IRU� LPSOHPHQWDWLRQ�RI� WKH

VSHFLILFDWLRQ�

)RU�H[DPSOH��D�NH\�HOHPHQW�RI�7['27©V�4&�4$�VSHFLILFDWLRQ�ZDV�D�V\VWHPDWLF�PHWKRG

RI� HQVXULQJ� WKDW� 7['27� DQG� FRQWUDFWRU� SHUVRQQHO� ZHUH� TXDOLILHG� WR� FRQGXFW� 4&�4$

WHVWLQJ���7KLV�ZDV�DFFRPSOLVKHG�E\�WKH�GHYHORSPHQW�RI�D�FHUWLILFDWLRQ�FHQWHU�VXSSRUWHG�E\

7['27�DQG�RSHUDWHG�E\�WKH�7H[DV�+RW�0L[�$VSKDOW�3DYHPHQW�$VVRFLDWLRQ���7KLV�FHQWHU

LV� FKDUJHG� ZLWK� HYDOXDWLQJ� DQG� FHUWLI\LQJ� WKH� ODERUDWRU\� SURILFLHQF\� RI� 7['27� DQG

LQGXVWU\�SHUVRQQHO�� �%\�EHLQJ� ¦FHUWLILHG�§� WKHVH�SHUVRQQHO� DUH� WKHQ�TXDOLILHG� WR�SHUIRUP

WHVWLQJ�RQ�7['27�SURMHFWV�� �7KLV�FHQWHU�DQG�7['27©V�DSSURDFK�KDYH�EHFRPH�D�PRGHO

IRU� RWKHU� VWDWHV� DQG� LQGXVWU\� JURXSV�� � 0RVW� UHFHQWO\�� WKH� &RORUDGR� 'HSDUWPHQW� RI

7UDQVSRUWDWLRQ� DQG� WKH� &RORUDGR� $VSKDOW� 3DYHPHQW� $VVRFLDWLRQ� GHYHORSHG� D� VLPLODU

V\VWHP�

7KHUH�KDV�EHHQ�PXFK�H[SHULHQFH�JDLQHG�LQ�WKH���WR���\HDUV�WKDW�7['27�KDV�XVHG�4&�4$

SULQFLSOHV�� �$�FOHDU� EHQHILW� KDV� EHHQ� WKDW� KRW�PL[� FRQWUDFWRUV� KDYH� WDNHQ� FKDUJH� RI� WKH

TXDOLW\� RI� WKHLU� SURGXFW�� � 6RPH� 7['27� SURIHVVLRQDOV� KDYH� REVHUYHG� WKDW� 4&�4$� KDV

IRUFHG� WKH� LQGXVWU\� ¦WR� OHDUQ� WKH� WHFKQLFDO� DVSHFWV�RI� WKHLU� EXVLQHVV�§� �&RQWUDFWRUV�KDYH

OHDUQHG�SULQFLSOHV�RI�TXDOLW\�FRQWURO�DQG�KDYH�GHYHORSHG�ODERUDWRU\�IDFLOLWLHV� WR�PHDVXUH

TXDOLW\�� � ,PSOHPHQWDWLRQ�RI�4&�4$�FDXVHG�7['27�WR�FORVHO\�H[DPLQH�PDQ\�RI� LWV� WHVW

PHWKRGV� IRU� FODULW\�� HIIHFWLYHQHVV�� DQG� SUHFLVLRQ�� � &OHDUO\�� LPSURYHG� WHVW�PHWKRGV� KDYH

UHVXOWHG���7KH�VHQWLPHQW�RI�7['27�DQG�LQGXVWU\�RIILFLDOV�UHJDUGLQJ�4&�4$�VHHPV�WR�EH

RQH�RI�FDXWLRXV�RSWLPLVP�

(YHQ� ZLWK� WKHVH� EHQHILWV�� 4&�4$� UHPDLQV� WR� VRPH� 7['27� DQG� LQGXVWU\� SHUVRQQHO� D

FRQWHQWLRXV�LVVXH���$�FRPSODLQW�DPRQJ�VRPH�7['27�HQJLQHHULQJ�SURIHVVLRQDOV�KDV�EHHQ�

¦:H�DZDUGHG�D�ERQXV�RQ�D�SURMHFW��EXW�LW�ZDV�QRW�D�TXDOLW\�SDYHPHQW�§��$W�OHDVW�LQ�VRPH

FDVHV�GDWD�KDYH�VXJJHVWHG�WKDW�FRQWUDFWRUV�KDYH�V\VWHPDWLFDOO\� LQFUHDVHG�DVSKDOW�FRQWHQW

DV�D�PHDQV�RI�IDFLOLWDWLQJ�FRPSDFWLRQ��ZLWK�DQ�DWWHQGDQW�ERQXV�SDLG�IRU�LQ�SODFH�GHQVLW\�

6RPH� FRQWUDFWRUV� RQO\� UHOXFWDQWO\� GHYHORS� ODERUDWRU\� IDFLOLWLHV� DQG� KDYH� FRPSODLQHG� RI

WKH�FRVW�RI�VHQGLQJ�ODERUDWRU\�SHUVRQQHO�WR�$XVWLQ�WR�EH�FHUWLILHG�

������5HVHDUFK�$SSURDFK

$� VHULHV� RI� NH\� DFWLYLWLHV�ZDV� XQGHUWDNHQ� WR� DFKLHYH� WKH� JRDOV� RI� WKLV� UHVHDUFK� SURMHFW�

7KH� ILUVW� LPSRUWDQW� LVVXH� ZDV� WR� LQYHVWLJDWH� DQG� LGHQWLI\� SRVVLEOH� SUREOHPV� DVVRFLDWHG

ZLWK�WKH�H[LVWLQJ�4&�4$�VSHFLILFDWLRQ���,Q�WKLV�UHJDUG��WKH�SURMHFW�ZDV�FDUULHG�RXW�LQ�WZR

SKDVHV��DV�GHVFULEHG�EHORZ�

�������3KDVH�2QH

���� 5HYLHZ�RI�WKH�4&�4$�VSHFLILFDWLRQV��LWHPV������DQG������

���� &ROOHFWLRQ� RI� H[LVWLQJ� GRFXPHQWV� RQ� FRPPHQWV� DQG� FRQFHUQV� H[SUHVVHG� E\�7['27

DQG�FRQWUDFWRU�SHUVRQQHO�LQ�UHJDUG�WR�WKH�4&�4$�VSHFLILFDWLRQ

���� &RQWDFW�DQG�LQWHUYLHZ�ZLWK�GLVWULFW�SHUVRQQHO

���� &RQWDFW�DQG�LQWHUYLHZ�ZLWK�FRQVWUXFWLRQ�FRQWUDFWRUV
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���� &RQWDFW�ZLWK�VWDWHV�WKDW�KDYH�EHHQ�LPSOHPHQWLQJ�4&�4$�VSHFLILFDWLRQV

���� &ROOHFWLRQ� RI� QXPHULFDO� GDWD� RQ� ILHOG� SURMHFWV� FRQVWUXFWHG� XQGHU� WKH� 4&�4$

VSHFLILFDWLRQ

���� 9LVXDO�LQVSHFWLRQ�RI�VHYHUDO�SURMHFWV�DW�WKH�WLPH�RI�FRQVWUXFWLRQ

�������3KDVH�7ZR

7KH�VHFRQG�SKDVH�RI�WKH�SURMHFW�LQFOXGHG�DQDO\VLV�RI�WKH�FROOHFWHG�LQIRUPDWLRQ�DQG�GDWD�

6XFK� DQDO\VLV� LQFOXGHG� VWXG\LQJ� WKH� FRQFHUQV� DQG� FRPPHQWV� H[SUHVVHG� E\�7['27�DQG

WKH� FRQWUDFWRU� SHUVRQQHO�� VWDWLVWLFDO� DQDO\VLV� RI� WKH� FROOHFWHG� GDWD�� DQG� FRPSDULQJ� WKH

UHVXOWV�DQG�SDYHPHQW�SHUIRUPDQFH�ZLWK�WKRVH�IURP�WKH�PHWKRG�VSHFLILFDWLRQ��LWHP������

&KDSWHU���GHVFULEHV� WKH�DFWLYLWLHV�DQG�WDVNV�FRQGXFWHG�GXULQJ� WKH�FRXUVH�RI� WKH� UHVHDUFK

SURJUDP�� � ,W� DOVR� LQFOXGHV� WKH� LQIRUPDWLRQ� IURP� LQWHUYLHZV� DQG� FRQWDFWV� ZLWK� 7['27

SHUVRQQHO��WKH�FRQWUDFWRU��DQG�WKH�VWDWHV��&KDSWHU���FRQVLVWV�RI�DQDO\VLV�DQG�FRPSDULVRQ�RI

GDWD� FROOHFWHG� IURP� SURMHFWV� FRQVWUXFWHG� XQGHU� GLIIHUHQW� VSHFLILFDWLRQV�� � &KDSWHU� �

FRQWDLQV� LQIRUPDWLRQ� REWDLQHG� IURP� VXUYH\LQJ� SURMHFWV�� � 6XJJHVWHG� VROXWLRQV� DQG

PRGLILFDWLRQV�DUH�SUHVHQWHG�LQ�&KDSWHU����)LQDOO\��FRQFOXVLRQV�DQG�UHFRPPHQGDWLRQV�DUH

H[SODLQHG� LQ�&KDSWHU� ��� 6SHFLILF� FRPPHQWV�PDGH� WR� WKH� UHVHDUFK� WHDP� E\�7['27� DQG

FRQWUDFWRUV�DUH�SUHVHQWHG�LQ�$SSHQGL[�$���([DPSOHV�RI�VWDWLVWLFDO�DQDO\VLV�RI�WKH�GDWD�DUH

FRYHUHG�LQ�$SSHQGL[�%�� �$SSHQGL[�&�LQFOXGHV�GDWD�REWDLQHG�IURP�YLVXDO�VXUYH\V�RI� WKH

FRQVWUXFWHG�SURMHFWV�
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&+$37(5��

5(6($5&+�$&7,9,7,(6

������*HQHUDO

7KH�ILUVW�VWHS�WRZDUG�DFKLHYLQJ�WKH�JRDOV�RI�WKH�UHVHDUFK�SURMHFW�ZDV�LGHQWLI\LQJ�FRQFHUQV

DQG� SUREOHPV� DVVRFLDWHG� ZLWK� WKH� TXDOLW\� FRQWURO�TXDOLW\� DVVXUDQFH� �4&�4$�

VSHFLILFDWLRQ���,Q�WKLV�UHJDUG��WKH�IROORZLQJ�DFWLRQV�ZHUH�XQGHUWDNHQ�GXULQJ�WKH�ILUVW�SKDVH

RI�WKH�UHVHDUFK�

x� &ROOHFWLRQ� RI� H[LVWLQJ� GRFXPHQWV� RQ� FRPPHQWV� DQG� FRQFHUQV� H[SUHVVHG� � E\

7['27�DQG�FRQWUDFWRU�SHUVRQQHO�LQ�UHJDUG�WR�WKH�4&�4$�VSHFLILFDWLRQ

x� &RQWDFW�DQG�LQWHUYLHZ�ZLWK�GLVWULFW�SHUVRQQHO

x� &RQWDFW�DQG�LQWHUYLHZ�ZLWK�FRQVWUXFWLRQ�FRQWUDFWRUV��SURGXFHUV��DQG�VXSSOLHUV

x� &RQWDFW�ZLWK�VWDWHV�WKDW�KDYH�EHHQ�LPSOHPHQWLQJ�4&�4$�VSHFLILFDWLRQV

x� &ROOHFWLRQ�RI�FRQVWUXFWLRQ�GDWD�IRU�SURMHFWV�EXLOW�XQGHU�GLIIHUHQW�VSHFLILFDWLRQV

x� 6WDWLVWLFDO�DQDO\VLV�RI�FRQVWUXFWLRQ�GDWD�IURP�SURMHFWV�EXLOW�XQGHU�4&�4$�DQG

QRQ�4&�4$�VSHFLILFDWLRQV

7KH�VHFRQG�SKDVH�RI�WKH�SURJUDP�IRFXVHG�RQ�WKH�IROORZLQJ�DFWLYLWLHV�

x� 6XUYH\�RI�RWKHU�VWDWHV�LQ�UHJDUG�WR�4&�4$�VSHFLILFDWLRQV

x� 9LVXDO�VXUYH\�RI�4&�4$�DQG�QRQ�4&�4$�SURMHFWV

x� $�OLPLWHG�DQDO\VLV�RI�WKH�FRVW�HIIHFWLYHQHVV�RI�4&�4$�VSHFLILFDWLRQV

�������&ROOHFWLRQ�RI�([LVWLQJ�'RFXPHQWV

([LVWLQJ�GRFXPHQWV�RQ�4&�4$�VSHFLILFDWLRQ�ZHUH�REWDLQHG�IURP�WKH�7['27�DXGLW�RIILFH�

7KH�DXGLW�SURJUDPV�ZHUH�SHUIRUPHG�IURP�$XJXVW������WR�-DQXDU\������LQ�WZHQW\�RI�WKH

WZHQW\�ILYH�GLVWULFWV�� � ,QWHUYLHZV�ZHUH�FRQGXFWHG�ZLWK� WKH�0DWHULDOV� DQG�7HVWV�'LYLVLRQ

SHUVRQQHO�� DQG� LQ� WKH� GLVWULFWV� ZLWK� GLUHFWRUV� RI� FRQVWUXFWLRQ�� ODERUDWRU\

HQJLQHHUV�VXSHUYLVRUV��DQG�SHUVRQQHO�IURP�DUHD�RIILFHV���7KH�JHQHUDO�ILQGLQJV�IURP�WKHVH

DXGLW�SURJUDPV�FDQ�EH�VXPPDUL]HG�DV�IROORZV�

x� $�PRUH�XQLIRUP�TXDOLW\�SURGXFW�LV�DFKLHYHG�WKURXJK�XWLOL]DWLRQ�RI�WKH�4&�4$

VSHFLILFDWLRQ�

x� ,QVSHFWLRQ�E\�7['27�SHUVRQQHO�LV�UHGXFHG�

x� 7KH� DPRXQW� RI� WHVWLQJ� FRQGXFWHG� E\� 'HSDUWPHQW� SHUVRQQHO� LV� UHGXFHG

FRPSDUHG�ZLWK�WKH�DPRXQW�RI�WHVWLQJ�SUHVFULEHG�LQ�WKH�SUHYLRXV�VSHFLILFDWLRQ�

x� 7['27�SHUVRQQHO�SHUIRUP�PRUH�YHULILFDWLRQ�WHVWV�WKDQ�WKH�PLQLPXP�UHTXLUHG

E\�VSHFLILFDWLRQ�
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x� 7KHUH� KDYH� EHHQ� VRPH� FDVHV� ZKHUH� WKH� SURMHFWV� FRQVWUXFWHG� XQGHU� 4&�4$

SURMHFWV�KDYH�IDLOHG��EXW�WKH\�SDVVHG�WKH�VSHFLILFDWLRQV�DQG�WKH�FRQWUDFWRU�KDV

EHHQ�SDLG�D�ERQXV�IRU�WKHP�

x� 7KHUH�LV�D�ODUJH�YROXPH�RI�SDSHUZRUN�DVVRFLDWHG�ZLWK�WKH�QHZ�VSHFLILFDWLRQ�

x� 7KH�QHZ�VSHFLILFDWLRQ�LV�LQDSSURSULDWH�IRU�VPDOO�MREV�

x� 7KHUH� DSSHDUV� WR� EH� DQ� LQFRQVLVWHQF\� LQ� WHUPLQRORJ\� DPRQJ� WKH� 4&�4$

VSHFLILFDWLRQV�

*HQHUDO� UHFRPPHQGDWLRQV� VXJJHVWHG� E\� SHUVRQQHO�� EDVHG� RQ� WKH� DXGLW� SURJUDP�� DUH� DV

IROORZV�

x� 6WUHDPOLQLQJ� DQG� VWDQGDUGL]LQJ� WKH� SDSHUZRUN� LQ� DQ� DWWHPSW� WR� GHFUHDVH� WKH

YROXPH��DQG�LQFUHDVH�WKH�DFFXUDF\�RI�UHSRUWLQJ�WKH�UHVXOWV�DQG�GHWHUPLQLQJ�SD\

IDFWRUV�

x� 7LJKWHQLQJ�WKH�UDQJHV�IRU�WKH�VSHFLILFDWLRQ�SDUDPHWHUV��DQG

x� 8VLQJ�D�SD\�IDFWRU�RI���IRU�VPDOO�MREV�

������0HHWLQJ�ZLWK�'LVWULFW�3HUVRQQHO

�������7KH�1HHG�IRU�0HHWLQJV

7KH�UHVHDUFKHUV�VWURQJO\�EHOLHYH�WKDW�WKH�SHRSOH�ZKR�DUH�GLUHFWO\�LQ�FRQWDFW�ZLWK�GLIIHUHQW

DVSHFWV� RI� WKH� SDYHPHQW� FRQVWUXFWLRQ� DUH� WKH� RQHV� ZKR� EHVW� XQGHUVWDQG� WKH� H[LVWLQJ

SUREOHPV�DQG�NQRZ�ZKDW�LV�QHHGHG�WR�LPSURYH�WKH�TXDOLW\�

,QLWLDOO\� LW� ZDV� WKRXJKW� WKDW� LQ� WKH� LQWHUHVW� RI� REWDLQLQJ� D� IDVWHU� VROXWLRQ� ZLWKRXW

GXSOLFDWLQJ� SUHYLRXV� HIIRUWV�� LQIRUPDWLRQ� DOUHDG\� REWDLQHG� E\�7['27�FRXOG� EH� XVHG� DV

WKH�EDVLV�IRU�HYDOXDWLQJ�WKH�4&�4$�VSHFLILFDWLRQ���,QIRUPDWLRQ�SURYLGHG�E\�WKH�0DWHULDOV

DQG� 7HVWV� 'LYLVLRQ� ZDV� WR� EH� UHYLHZHG�� DQG� UHFRJQL]HG� SUREOHPV� LQ� ERWK� WKH� 4&�4$

VSHFLILFDWLRQ�LWHP������DQG�WKH�RULJLQDO�KRW�PL[�DVSKDOW�FRQFUHWH��+0$&��VSHFLILFDWLRQ

LWHP�����ZHUH�WR�EH�HYDOXDWHG�DQG�FDWDORJXHG�� � ,Q�DQ�HDUO\�RUJDQL]DWLRQDO�PHHWLQJ�ZLWK

3URMHFW�'LUHFWRU�5LFKDUG�6NRSLN�� 3URMHFW�&RRUGLQDWRU�'DYLG�+HDG��0DWHULDOV� DQG�7HVWV

%LWXPLQRXV� (QJLQHHU� 0DJKVRXG� 7DKPRUHVVL�� DQG� WKH� UHVHDUFK� VWXG\� WHDP� LW� EHFDPH

DSSDUHQW�WKDW�D�PRUH�GHWDLOHG�DQG�ILUVWKDQG�DSSURDFK�ZDV�QHHGHG�EHIRUH�WKH�WUXH�GHSWK�RI

DQ\�H[LVWLQJ�SUREOHPV�FRXOG�EH�UHFRJQL]HG�DQG�DGGUHVVHG�

$�FRQVWUXFWLRQ�VHDVRQ�KDG�DOUHDG\�HQGHG�DIWHU�FRPSOHWLRQ�RI� WKH�DXGLW�RIILFH� LQWHUYLHZV

DQG�EHIRUH�LQLWLDWLRQ�RI�WKLV�UHVHDUFK�SURMHFW���$V�PHQWLRQHG�EHIRUH��DV�SDUW�RI�WKH�UHVHDUFK

SURJUDP�WKHUH�ZDV�D�GHILQLWH�QHHG�IRU�GLUHFW�FRQWDFW�ZLWK�WKH�GLVWULFW�SHUVRQQHO�WR�REWDLQ

WKHLU�RSLQLRQV�RQ�WKH�HIIHFWLYHQHVV�RI�WKH�4&�4$�VSHFLILFDWLRQ��FRQVLGHULQJ�WKH�IDFW�WKDW�D

ODUJH�QXPEHU�RI�QHZ�SURMHFWV�ZHUH�EXLOW�DIWHU�WKH�LQWHUYLHZV�

��������2UJDQL]LQJ�0HHWLQJV

7KH�SURMHFW�GLUHFWRU��3'���ZRUNLQJ�FORVHO\�ZLWK�WKH�UHVHDUFK�WHDP��DUUDQJHG�IRU�WKH�IRXU

SODQQHG� UHJLRQDO� PHHWLQJV�� � 7KH� GLUHFWRU� RI� WKLV� UHVHDUFK� SURMHFW� SOD\HG� D� NH\� UROH� LQ

RUJDQL]LQJ�DQG�HVWDEOLVKLQJ� WKHVH�PHHWLQJV�� �7KH�PHHWLQJV�ZHUH�KHOG�ZLWK�SHUVRQQHO�RI
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GLIIHUHQW�GLVWULFWV���'LVWULFW�ODERUDWRU\�HQJLQHHUV�DQG�WHFKQLFLDQV��GLUHFWRUV�RI�FRQVWUXFWLRQ

DQG�PDWHULDOV�DQG�WHVWV�GLYLVLRQV��DQG�RWKHU�DXWKRULWLHV�ZKR�KDYH�EHHQ�LPSOHPHQWLQJ�WKH

4&�4$�VSHFLILFDWLRQV�SDUWLFLSDWHG�DQG�PHW�ZLWK�WKH�SURMHFW�UHVHDUFKHUV���7KH�GDWHV�RI�WKH

PHHWLQJV�DQG�WKH�SDUWLFLSDWLQJ�GLVWULFWV�DUH�LQGLFDWHG�LQ�WKH�IROORZLQJ�WDEOH�

0HHWLQJ

1R�

/RFDWLRQ 'DWH 3DUWLFLSDWLQJ�'LVWULFWV

� 7\OHU ������� $WODQWD��/XINLQ��3DULV��7\OHU

� &RUSXV

&KULVWL

������� &RUSXV�&KULVWL��+RXVWRQ��/DUHGR��3KDUU

6DQ�$QWRQLR��<RDNXP

� )W�

:RUWK

������� $XVWLQ��%HDXPRQW��%URZQZRRG��&KLOGUHVV��'DOODV�

:DFR��:LFKLWD�)DOOV��)RUW�:RUWK

� 2GHVVD ������� $ELOHQH��$PDULOOR��(O�3DVR��/XEERFN��2GHVVD�

6DQ�$QJHOR

��������*HQHUDO�&RPPHQWV

0DQ\� FRPPHQWV� YRLFHG� DW� WKHVH� PHHWLQJV� ZHUH� VLPLODU� WR� WKRVH� SUHVHQWHG� LQ� WKH

GRFXPHQWV� UHFHLYHG� IURP� WKH� DXGLW� RIILFH�� � +RZHYHU�� WKHUH� ZHUH� DGGLWLRQDO� LVVXHV

LQWURGXFHG� WKDW� ZHUH� EDVHG� RQ� H[SHULHQFH� ZLWK� WKH� 4&�4$� VSHFLILFDWLRQ� DQG� RQ� WKH

FRQVWUXFWLRQ�RI�D�ODUJHU�QXPEHU�RI�SURMHFWV��:KLOH�WKHUH�ZHUH�PDQ\�SUREOHPV�FRPPRQ�WR

DOO�UHJLRQV�RI�WKH�VWDWH��VRPH�GLG�DSSHDU�WR�EH�UHJLRQDOO\�RULHQWHG���7KLV�ZDV�H[SHFWHG�WR

VRPH�H[WHQW��RZLQJ�WR�WKH�PDQ\�YDULHG�HQYLURQPHQWDO�FRQGLWLRQV�H[LVWLQJ�LQ�WKH�VWDWH���,Q

DGGLWLRQ�� PDQ\� RI� WKH� FRPPHQWV� RU� SUREOHPV� GLVFXVVHG� GHDOW� ZLWK� IDFWRUV� RXWVLGH� WKH

VFRSH�RI�WKLV�VWXG\��WKHVH�ZLOO�EH�LQFOXGHG�VHSDUDWHO\�IRU�WKH�EHQHILW�RI�7['27�

,Q� PRVW� FDVHV�� WKH� SHUVRQQHO� H[SUHVVHG� GLVVDWLVIDFWLRQ� ZLWK� VSHFLILFDWLRQ� LWHP� �����

WKRXJK� D� IHZ� FRPPHQWV� LQGLFDWHG� VRPH� LPSURYHPHQWV�� � ,Q� JHQHUDO�� WKH� H[SUHVVHG

SUREOHPV�ZHUH�IURP�WKUHH�GLIIHUHQW�VRXUFHV�

x� 6RPH�SUREOHPV�HQFRXQWHUHG� LQ�FDUU\LQJ�RXW� WKH�4&�4$�VSHFLILFDWLRQ�FDQ�EH

DWWULEXWHG�WR�WKH�IDFW�WKDW�WKH�VSHFLILFDWLRQ�LV�UHODWLYHO\�QHZ��DQG�ZLWK�WLPH�DQG

H[SHULHQFH�WKRVH�SUREOHPV�ZLOO�EH�UHVROYHG�

x� $�IHZ�SUREOHPV�H[LVW�PDLQO\�EHFDXVH� WKH� VSHFLILFDWLRQ� LV�QRW� IXOO\�HQIRUFHG�

,PSURSHU�RU�LQDGHTXDWH�HQIRUFHPHQW�RI�D�VSHFLILFDWLRQ��KRZHYHU��FDQ�RULJLQDWH

HLWKHU� IURP� VKRUWFRPLQJV� RI� WKH� VSHFLILFDWLRQ� LWVHOI� RU� IURP� LQVXIILFLHQW

H[SHULHQFH�RI�WKH�SHUVRQQHO�

x� 7KHUH� DUH� SUREOHPV� WKDW� DUH� FRQVLGHUHG� IXQGDPHQWDO� VKRUWFRPLQJV� WR� WKH

VSHFLILFDWLRQ�DQG�DUH�LQGHSHQGHQW�RI�WKH�OHYHO�RI�H[SHULHQFH�
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7KH� GHWDLOHG� LQIRUPDWLRQ� REWDLQHG� IURP� WKH� IRXU� UHJLRQDO�PHHWLQJV� LV� SUHVHQWHG� LQ� WKH

DSSHQGL[��7KH�JHQHUDO�FRQFHUQV�H[SUHVVHG�DW�WKHVH�PHHWLQJV�DUH�VXPPDUL]HG�EHORZ�

��������� 6SHFLILFDWLRQ�5HODWHG� ,VVXHV�� 7ZR� JHQHUDO� FRPPHQWV� RI� PHULW� PDGH� LQ� DOO� WKH

UHJLRQV�ZHUH�� ���� WKH� VSHFLILFDWLRQ� DV�ZULWWHQ�ZDV� WRR� FRPSOLFDWHG�� VRPHWLPHV� FDXVLQJ

GLIIHUHQW� LQWHUSUHWDWLRQV� EHWZHHQ� 7['27� HQJLQHHUV�� DQG� ���� LQ� PDQ\� FDVHV� SHUVRQQHO�

HLWKHU�FRPPHUFLDO��FRQWUDFWRU��RU�GHSDUWPHQWDO��GLG�QRW�XQGHUVWDQG�WKH�LQWHUDFWLRQ�RI� WKH

GHVLJQ�� WHVWV�� DQG� FRQWUROV� LQ� REWDLQLQJ� D� VDWLVIDFWRU\� SDYHPHQW� WKDW� SHUIRUPHG� DV

GHVLJQHG�

7KH�FRPPHQWV�UHODWHG�WR�WKH�VSHFLILFDWLRQV�LQFOXGHG�WKH�IROORZLQJ�

x� $VSKDOW�FRQWHQW�FRXOG�QRW�EH�VXIILFLHQWO\�FRQWUROOHG���7KH�DVSKDOW�FRQWHQW�ZDV

YDULHG�ZLWKRXW�UHGHVLJQLQJ�WKH�PL[�WR�DFKLHYH�GHQVLW\�

x� 7KH�TXDOLW\�RI�MREV�RI�VPDOO�TXDQWLWLHV�FRXOG�QRW�EH�FRQWUROOHG��6PDOO�TXDQWLW\

SURGXFWLRQ�RIWHQ�\LHOGV�DQ�XQVDWLVIDFWRU\�PL[�

x� 6XJJHVWLRQV�ZHUH�PDGH�WR�UHPRYH�RSWLRQ���IRU�VHOHFWLRQ�RI�ORW�VL]H��DQG�WR�XVH

������WRQ�ORWV�

x� 8VH�RI�DGGLWLYHV�LV�QRW�FRQWUROOHG�

x� /DERUDWRU\�GHQVLW\�QHHGV�WR�EH�XVHG�DV�D�SD\�IDFWRU�

x� -0)���DQG�-0)���DUH�FRQIXVLQJ�DQG�LW�LV�SUREDEO\�EHWWHU�WR�UHPRYH�-0)���

x� 7KHUH�LV�LQVXIILFLHQW�RU�QR�FRQWURO�RI�DJJUHJDWH�VWRFNSLOHV�

x� 5DQGRP� VHOHFWLRQ� SRLQWV� IRU� VDPSOLQJ� WKH� SDYHPHQW� QHHG� WR� EH� H[DFW�

3UR[LPLW\�OHDYHV�ZLGH�RSWLRQV�LQ�WKH�ORFDWLRQ�IRU�FRULQJ�

x� 7KH�LQGLYLGXDO�REWDLQLQJ�WKH�FRUHV�LV�QRW�UHTXLUHG�WR�EH�D�FHUWLILHG�WHFKQLFLDQ�

x� 7KHUH�LV�QR�FRQWURO�RQ�FRQVLVWHQF\���$VSKDOW�FRQWHQW�PD\�EH�RQ�WKH�KLJK�VLGH

RI�WKH�DOORZDEOH�UDQJH�RQ�RQH�GD\�DQG�RQ�WKH�ORZ�VLGH�WKH�QH[W�GD\�

x� 1R�SURYLVLRQV�DUH�PDGH�IRU�KDOWLQJ�RSHUDWLRQV�LQ�LQFOHPHQW�ZHDWKHU�

x� 8QGHU�WKH�FXUUHQW�VSHFLILFDWLRQ�WKH�KRW�PL[�SURGXFHU�FDQ�SURGXFH�D�PL[� WKDW

TXDOLILHV�IRU�D�ERQXV�SD\PHQW�\HW�WKH�SDYLQJ�FRQWUDFWRU©V�SODFHPHQW�UHVXOWV�LQ

D�OHVVHU�TXDOLW\���,Q�EULHI��WKH�VWDWH�LV�SD\LQJ�PRUH�IRU�FRQVWUXFWLRQ�MREV�RI�WKH

VDPH�TXDOLW\�RU�ORZHU�TXDOLW\�WKDQ�IRU�WKRVH�EXLOW�XQGHU�LWHP�����VSHFLILFDWLRQ�

x� 7KH�EXLOW�LQ�SURWHFWLRQ�IRU� WKH� ILUVW�DQG� ODVW�GD\V�SURGXFHG�PL[HG�EHQHILWV� WR

WKH�FRQWUDFWRU�DQG�JDYH�QR�JXDUDQWHH�WKDW�WKH�PL[WXUH�ZRXOG�EH�VDWLVIDFWRU\�

x� 5LGH�TXDOLW\�PHDVXUHPHQWV�DUH�LQDGHTXDWH�

x� $� FRQWUDFWRU� FDQ� XVH� PDWHULDOV� RWKHU� WKDQ� WKRVH� XVHG� LQ� WKH� GHVLJQ� RI� WKH

SURMHFW�

x� &RPSDFWLRQ�FRQWURO�IRU�VKRXOGHUV�QHHGV�WR�EH�UHGHILQHG�

x� 7KH�VSHFLILFDWLRQ�LV�QRW�ZULWWHQ�FOHDUO\���,Q�VRPH�FDVHV��WKHUH�LV�WKH�SRVVLELOLW\

RI�PXOWLSOH�LQWHUSUHWDWLRQV�RI�WKH�VDPH�VXEMHFW���7KHUH�DUH�QR�FOHDU�JXLGHOLQHV�
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����������&RPPHQWV�RQ�,VVXHV�1RW�'LUHFWO\�&RQWUROOHG�E\�6SHFLILFDWLRQV��:KLOH�WKHUH�ZDV

D� VLJQLILFDQW� QXPEHU� RI� FRPPHQWV� UHODWHG� WR� WKH� VSHFLILFDWLRQV�� WKH\� GHDOW� PRUH� ZLWK

LQWHUSUHWDWLRQ��H[SHULHQFH��DQG�SRVVLEOH�LPSURYHPHQWV�LQ�WKHVH�VSHFLILFDWLRQV�

x� $� SRVLWLYH� UHVXOW� KDV� EHHQ� WKDW� WKH� QHZ� VSHFLILFDWLRQV� KDYH� UHTXLUHG� WKH

FRQWUDFWRUV�WR�REWDLQ�QHZ�HTXLSPHQW�DQG�WR�EHJLQ�D�FHUWLILFDWLRQ�SURJUDP�ZLWK

WKHLU�WHFKQLFDO�SHUVRQQHO�

x� 7KH� FHUWLILFDWLRQ� SURJUDP� QHHGV� WR� EH� VWUHQJWKHQHG� DQG� SRVVLEO\� WLHG� WR� D

JHQHUDO�LQGRFWULQDWLRQ�FRXUVH�RQ�KRZ�WKH�GHVLJQ��VDPSOLQJ��DQG�WHVWV�LQWHUDFW�

x� 6RPH� RI� WKH� WHVW� SURFHGXUHV� DUH� QRW� HIIHFWLYH�¥� IRU� H[DPSOH�� WKH� VWULSSLQJ

WHVW���7KHUH�KDYH�DOVR�EHHQ�SUREOHPV�ZLWK�WKH�FUHHS�WHVW��WKRXJK�LW�DSSHDUV�WR

EH�WKH�EHVW�DYDLODEOH�DW�WKLV�WLPH�

x� 7['27� QHHGV� WR� WHVW� D� PLQLPXP� RI� RQH� VDPSOH� LQ� IRXU� LQVWHDG� RI� RQH� LQ

WZHOYH�

x� 7KH� WUHPHQGRXV� DPRXQW� RI� SDSHUZRUN� UHTXLUHG� XQGHU� WKH� QHZ� VSHFLILFDWLRQ

UHVWULFWV� WKH�HIIHFWLYHQHVV�RI� WKH� OLPLWHG�QXPEHU�RI�7['27�SHUVRQQHO��2IWHQ

WKH�LWHPV�UHTXLUHG�DUH�UHFHLYHG�ODWH�DQG�WKHUH�LV�QR�FKHFN�RQ�WKH�LWHPV�FRYHUHG�

x� 7KH�'HSDUWPHQW�LV�ORVLQJ�DOO�RI�LWV�NQRZOHGJHDEOH�WHFKQLFDO�SHRSOH��7KLV�ORVV

GLUHFWO\�UHIOHFWV�WKH�TXDOLW\�RI�WKH�DVVXUDQFH�SRUWLRQ�RI�WKH�QHZ�VSHFLILFDWLRQ�

x� 7KHUH�KDV�EHHQ�D�PL[HG�UHVXOW�IURP�XVLQJ�FRPPHUFLDO�ODERUDWRULHV���2IWHQ�WKH

WHFKQLFLDQ�ZLOO�DUULYH��WDNH�D�VDPSOH��DQG�GHSDUW���7HVW�UHVXOWV�DUH�GHOLYHUHG�RQ

D�VFKHGXOH��EXW�DQ\�NQRZOHGJHDEOH�REVHUYDWLRQV�DW� WKH�SODQW� WKDW�PLJKW�KDYH

SUHYHQWHG�SUREOHPV�ZLWK�WKH�PL[WXUH�ZHUH�ORVW�

x� 3UREOHPV�DUH�FDXVHG�ZKHQ�WKH�FRQWUDFWRU��EXW�QRW�7['27��KDV�WKH�XS�WR�GDWH

HTXLSPHQW�

x� 7KHUH�LV�D�ODFN�RI�JXLGHOLQHV�IRU�HYDOXDWLQJ�WKH�FRQWUDFWRU�DQG�WKH�ZRUN�

x� 7KH�FRQWUDFWRU�QHHGV�WR�WHVW�HYHU\�VXE�ORW�

x� &RDUVH� PDWUL[� KLJK� ELQGHU� �&0+%�� PDWHULDO� GRHV� QRW� EHORQJ� LQ� D� 4&�4$

VSHFLILFDWLRQ�DW�WKLV�WLPH�

x� *RRG� FRQWUDFWRUV� VWLOO� SURYLGH� D� JRRG� SURGXFW�� EXW� ZLWKRXW� LQVSHFWLRQ

SHUVRQQHO� RQ� WKH� VFHQH� WKHUH� DUH� WRR� PDQ\� ORRSKROHV� SUHVHQWO\� LQ� WKH

VSHFLILFDWLRQ�

�������%DVLF�3UREOHPV

7KH�VSHFLILF�SUREOHPV�RI�FRQFHUQ�DV�SXW�IRUZDUG�LQ�WKHVH�PHHWLQJV�FDQ�EH�VXPPDUL]HG�DV

IROORZV�

x� 7KHUH� DUH� SUREOHPV� ZLWK� VDPSOLQJ�� � 'RXEWV� ZHUH� H[SUHVVHG� DV� WR� ZKHWKHU

VDPSOLQJ�KDV�EHHQ�WUXO\�UDQGRP�

x� 7KHUH�DUH�GHOD\V� LQ� UHSRUWLQJ� WHVW� UHVXOWV� WR� WKH�GHSDUWPHQW�RI� WUDQVSRUWDWLRQ�

WKHVH� GHOD\V� FDQ� FDXVH� IXUWKHU� VXEVHTXHQW� GHOD\V� LQ� LGHQWLI\LQJ� SRVVLEOH

SUREOHPV�WKDW�PD\�QHHG�LPPHGLDWH�UHPHGLDO�PHDVXUHV�
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x� 3UREOHPV� DUH� DVVRFLDWHG� ZLWK� KDYLQJ� YDULRXV� ORW� VL]HV� DQG� WZR� ORW� FKRLFH

RSWLRQV�

x� 7KH�4&�4$�VSHFLILFDWLRQ� LV�QRW�DSSURSULDWH� IRU�VPDOO� MREV� �VPDOO�TXDQWLWLHV�

EHFDXVH�LW�UHVXOWV�LQ�D�FRVW�HVFDODWLRQ�

x� 3DSHUZRUN�LV�WUHPHQGRXV�DQG�FRPSOLFDWHG�

x� 7KHUH�DUH�SUREOHPV�ZLWK�SD\LQJ�ERQXVHV�EDVHG�RQ�WKH�KLJKHVW�SD\�IDFWRU�

x� 7KHUH�LV�LQVXIILFLHQW�FRQWURO�RQ�VWRFNSLOH�TXDOLW\�

x� 7KH�UDQJHV�RQ�SD\�SDUDPHWHUV�LQ�WKH�VSHFLILFDWLRQ�DUH�WRR�ZLGH�

x� 3DYHPHQW�VKRXOGHUV�DUH�QRW�KDQGOHG�SURSHUO\�IRU�FRPSDFWLRQ�DQG�SD\PHQW�

�������0HHWLQJ�ZLWK�&RQWUDFWRUV��3URGXFHUV��DQG�6XSSOLHUV

$�PHHWLQJ�ZDV�KHOG�RQ�'HFHPEHU�����������LQ�$XVWLQ�EHWZHHQ�WKH�UHVHDUFK�WHDP�DQG�KRW

PL[� SURGXFHUV� DQG� FRQWUDFWRUV�ZRUNLQJ� RQ�7H[DV� SURMHFWV�� � 7KH�PHHWLQJ�ZDV� DUUDQJHG

WKURXJK� WKH� RIILFH� RI� WKH� 7H[DV� +RW� 0L[� $VSKDOW� 3DYHPHQW� $VVRFLDWLRQ� �7+0$3$��

)LIW\�ILYH� LQGLYLGXDOV� UHSUHVHQWLQJ� WKLUW\�IRXU� SURGXFHUV�� VXSSOLHUV�� DQG� FRQWUDFWRUV

DWWHQGHG�WKH�RQH�GD\�PHHWLQJ���&RPPHQWV�PDGH�DW�WKH�PHHWLQJ�ZHUH�ERWK�IDYRUDEOH�DQG

FULWLFDO�RI�WKH�QHZ�4&�4$�VSHFLILFDWLRQ���0DQ\�RI�WKH�TXHVWLRQV�RU�VWDWHPHQWV�ZHUH�YHU\

VLPLODU� WR� WKRVH� H[SUHVVHG� E\� 7['27� SHUVRQQHO� GXULQJ� WKH� UHJLRQDO� PHHWLQJV�� � 7KH

IROORZLQJ�VXPPDUL]HV�WKH�FRPPHQWV�PDGH�DW�WKH�'HFHPEHU������PHHWLQJ���$W�WKDW�WLPH�

LW�ZDV� DOUHDG\� FRPPRQ� NQRZOHGJH� WKDW� WKH�4&�4$� VSHFLILFDWLRQ�ZDV� EHLQJ� UHYLVHG� WR

DFFRPPRGDWH� VRPH� RI� WKH� SUREOHPV� XQFRYHUHG� GXULQJ� LQLWLDO� XVH� RI� WKH� VSHFLILFDWLRQ�

VRPH�RI�WKH�FRPPHQWV�ZHUH�FOHDUO\�UHDFWLQJ�WR�WKDW�NQRZOHGJH�

x� :K\�LV�JUDGDWLRQ�EHLQJ�HOLPLQDWHG�DV�D�SD\�IDFWRU"

x� 7+0$3$�XQGHUVWDQGV�WKDW�7['27�ZLOO�WDNH�RYHU�TXDOLW\�DVVXUDQFH��4$��DQG

WKDW�SUREDEO\�WKH�FRQWUDFWRU©V�WHVWLQJ�ZLOO�GRXEOH�

x� +DV� WKHUH� UHDOO\� EHHQ� D� VLJQLILFDQW� QXPEHU� RI� IDLOXUHV"� � /LWWOH� GDWD� DUH

DYDLODEOH�DQG�LW�DSSHDUV�WKDW�WKH�GDWD�DUH�VNHZHG�DURXQG�WKH�SD\�IDFWRU�LWHPV�

x� ,V�7['27�UHDOO\�SD\LQJ�PRUH�IRU�WKH�SURGXFW��HYHQ�ZLWK�WKH�ERQXV"��7KHUH�DUH

LQGLFDWLRQV� WKDW� WKH� FRQWUDFWRU�PD\� EH� LQFOXGLQJ� DQ� DQWLFLSDWHG� ERQXV� LQ� KLV

LQLWLDO�ELG�SULFH�

x� ,Q�SODFH� GHQVLWLHV� DUH� EHWWHU� QRZ�ZLWK� WKH� 4&�4$� VSHFLILFDWLRQ� WKDQ� EHIRUH

ZLWK�LWHP�����

x� 7KHUH�LV�QR�ORQJHU� WKH�ELG�GLIIHUHQWLDO����SHUFHQW�RU�KLJKHU��EHWZHHQ�7['27

DQG�FRPPHUFLDO�SURMHFWV�EHFDXVH�WKH�FRQWUDFWRU�QRZ�KDV�PRUH�FRQWURO�RYHU�KLV

RSHUDWLRQ�� � 7KHUH� LV� VWLOO� D� �� SHUFHQW� GLIIHUHQWLDO� ZLWK� )HGHUDO� $YLDWLRQ

$GPLQLVWUDWLRQ��)$$��SURMHFWV�

x� &RQWUDFWRUV�QRZ�DUH�GRLQJ�PRUH�WHVWLQJ�WKDQ�7['27�HYHU�GLG�
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x� 7KHUH�LV�D�SHUFHSWLRQ�WKDW�VRPH�FRQWUDFWRUV�DUH�XVLQJ�WKLV�VSHFLILFDWLRQ�WR�FKHDW

LQ�WKHLU�RSHUDWLRQ���7['27�FRXOG�FRUUHFW�WKLV�XQGHU�WKH�VSHFLILFDWLRQ�

x� 7KH�FRQWUDFWRUV�DSSUHFLDWH�KDYLQJ�FRQWURO�RI�WKH�PL[�

x� ,W�LV�QRW�GHVLUDEOH�WR�KDYH�MRE�PL[�IRUPXOD��-0)����IRU�D�VKRUW�UXQ��IROORZHG

E\� DGMXVWPHQW�� � :H� VKRXOG� JR� GLUHFWO\� WR� SURGXFWLRQ�� HYHQ� LI� LW� PD\� EH

QHFHVVDU\�WR�UHZRUN�WKH�GHVLJQ�WKH�QH[W�GD\�

x� 7['27�FHUWLILHG�SHUVRQQHO�PD\�QRW�QHFHVVDULO\�KDYH�VXIILFLHQW�NQRZOHGJH�RI

WKH�VSHFLILFDWLRQ��WKLV�VLWXDWLRQ�FDQ�FUHDWH�FRQWURO�SUREOHPV�

x� 7KHUH�LV�DSSDUHQWO\�VRPH�UHVHQWPHQW�DERXW�WKH�FRQWUDFWRU�KDYLQJ�FRQWURO�RI�WKH

ZRUN�

x� 5HIHUHH�WHVWLQJ�QHHGV�WR�EH�UHYLVHG���6RPH�GR�QRW�ZDQW�WKH�0DWHULDOV�DQG�7HVWV

'LYLVLRQ� ¥� DQG� PDQ\� GR� QRW� ZDQW� FRPPHUFLDO� ODERUDWRULHV� ¥� WR� GR� WKH

WHVWLQJ�

x� 5DWKHU�WKDQ�GHSHQG�RQ�WKH�SUHVHQW�VNHZHG�PHWKRG��WKHUH�LV�D�QHHG�WR�GHYHORS�D

FRQWLQXRXV�FXUYH�IRU�GHWHUPLQLQJ�SD\�IDFWRUV�

x� &XUUHQWO\� WKHUH� LV� D����GD\�ZDLWLQJ�SHULRG� IRU�DSSURYDO�RI�D�GHVLJQ�� �6KRXOG

WKHUH�EH�DQ�DGGLWLRQDO����GD\�SHULRG�IRU�WKH�VDPH�GHVLJQ�RQ�DQRWKHU�SURMHFW"

x� 8QGHU� WKH� 4&�4$� VSHFLILFDWLRQ�� ZKDW� DUH� WKH� PLQLPXP� UHTXLUHPHQWV� IRU

GHWRXUV"

x� :KHQ�WKHUH�LV�D�UXW�LQ�WKH�H[LVWLQJ�ZKHHOSDWK�RYHUODLG�ZLWK�D���×�LQFK�PDW��D

FRUH�LQ�WKH�ZKHHOSDWK�LQGLFDWHV�WKDW�GHQVLW\�LV�QRW�DFKLHYHG�

x� 7['27�DGPLQLVWUDWLRQ�VWDWHG�WKDW�WKLV�ZDV�WR�EH�D�XQLIRUP�VSHFLILFDWLRQ���,W�LV

QRW� EHLQJ� LQWHUSUHWHG� WKLV� ZD\� DFURVV� WKH� VWDWH�� 7KH� SHUVRQQHO� QHHG� WR� EH

WUDLQHG�RQ�WKLV�LVVXH�DQG�WKH�VSHFLILFDWLRQ�QHHGV�WR�EH�FODULILHG�

x� :LOO�WKHUH�EH�DQ\�ELQGHU�WHVWLQJ�LQ�WKH�UHYLVHG�VSHFLILFDWLRQ"

x� :LOO�VWRQH�PDVWLF�DVSKDOW��60$��EH�LQFOXGHG�LQ�WKH�VSHFLILFDWLRQ"

x� :LOO�FRDUVH�PDWUL[�KLJK�ELQGHU�DVSKDOW��&0+%��VWD\�LQ�WKH�VSHFLILFDWLRQ"

x� 7KH�VWDWH�PXVW�DGGUHVV�SHUVRQQHO�SUREOHPV�LI�4$�LV�GRQH�E\�WKH�VWDWH�
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x� :LOO� WKHUH� EH� FDOLEUDWLRQ� GHYHORSHG� EHWZHHQ� WKH� 7['27� SUHVV� DQG� WKH

6XSHUSDYH�SUHVV"

x� &DQ�WKH�6XSHUSDYH�GHVLJQ�EH�LQFOXGHG�DV�DQ�RSWLRQ"

x� 7KH�ERQXV�LV�VWLOO�D�VWLFNLQJ�SRLQW���0D\EH�ZH�FRXOG�GR�DZD\�ZLWK�LW�EHFDXVH

VRPH�ZLOO�FRQWLQXH�WR�PDNH�LW�D�SDUW�RI�WKH�ELG�SULFH�

x� &RQVLGHUDWLRQ� VKRXOG� EH� JLYHQ� WR� GURSSLQJ� WKH� ERQXV� IURP� �� SHUFHQW� WR� �

SHUFHQW�

������6XPPDU\�DQG�5HFRPPHQGDWLRQV�%DVHG�RQ�0HHWLQJV

7KHUH� LV� ZLGHVSUHDG� FRQFHUQ� DPRQJ� 7['27� GLVWULFW� SHUVRQQHO� DFURVV� WKH� VWDWH� WKDW�

DOWKRXJK� WKH�4&�4$� VSHFLILFDWLRQ� LV� LQWHQGHG� WR� \LHOG� D� JRRG� SURGXFW�� WKLV� JRDO� LV� QRW

EHLQJ�DFKLHYHG��7KH�LQWHQW�IRU�WKH�FRQWUDFWRU�WR�FRQWURO�KLV�RSHUDWLRQ�ZKLOH�7['27�ZLOO

XVH�D�OLPLWHG�QXPEHU�RI�SHUVRQQHO�LV�JRRG�LQ�WKHRU\�EXW�KDV�EHHQ�FRPSOHWHO\�VXFFHVVIXO

RQO\�LQ�WKRVH�FDVHV�ZKHUH�D�JRRG�FRQWUDFWRU�KDV�EHHQ�LQYROYHG�¥�RQH�ZKR�ZRXOG�SURYLGH

D�JRRG�SURGXFW�XQGHU�DQ\�VSHFLILFDWLRQ���7KHUH�DUH�WRR�PDQ\�DUHDV�LQ�WKH�VSHFLILFDWLRQ�WKDW

PXVW�EH�FRUUHFWHG��DQG�7['27�PXVW�SXW� IRUWK�D�PDMRU�HIIRUW� WR�XSJUDGH� WKH� WUDLQLQJ�RI

SHUVRQQHO� LQYROYHG� LQ� RSHUDWLRQV� XQGHU� WKLV� VSHFLILFDWLRQ�� � 6RPH� RI� WKH� LWHPV� WR� EH

DGGUHVVHG�DUH�

x� /LPLWV�QHHG�WR�EH�SODFHG�RQ�WKH�DPRXQW�RI�DVSKDOW�ELQGHU�DQG�WKH�GD\�WR�GD\

DOORZDEOH�RSHUDWLRQDO�YDULDWLRQ�

x� 'HVLJQ�PXVW�LQFOXGH�DFWXDO�PDWHULDOV�GHOLYHUHG�WR�WKH�SURMHFW�

x� 5HFRPPHQGDWLRQ�WKDW�-0)��DQG�-0)���EH�FRPELQHG�

x� %H�VSHFLILF�WKDW�D�VXE�ORW�VKDOO�EH�QR�PRUH�WKDQ�����WRQV�ZLWK�D�������WRQ�ORW�

x� 6KRXOGHU�SODFHPHQW�FRQWUROV�VKRXOG�EH�WKH�VDPH�DV�WKRVH�IRU�WKH�PDLQ�ODQHV�

x� 5DQGRP�WHVW�ORFDWLRQ�VKDOO�EH�VSHFLILF�DQG�ZLOO�QRW�EH�NQRZQ�WR�WKH�FRQWUDFWRU

XQWLO�WKH�DFWXDO�WLPH�WR�VDPSOH�

x� 5HPRYH�WKH�SURWHFWLRQ�IRU�WKH�ILUVW�DQG�ODVW�GD\�RI�SURGXFWLRQ�

x� 7KH�VSHFLILFDWLRQ�VKRXOG�DGGUHVV�WKH�QHHG�WR�FRQWURO�VPDOO�TXDQWLWLHV�

x� 5LGH�UHTXLUHPHQWV�LQ�WKH�VSHFLILFDWLRQ�DUH�LQDGHTXDWH�

x� 3D\�IDFWRUV�VKRXOG�EH�EDVHG�RQ�D�FRQWLQXRXV�FXUYH�

x� /DERUDWRU\�GHQVLW\�VKRXOG�EH�LQFOXGHG�DV�D�SD\�IDFWRU�

x� 3URGXFWLRQ� YRLGV� LQ� WKH� PLQHUDO� DJJUHJDWH� �90$�� VKRXOG� EH� XVHG� DV� D

FULWHULRQ�LQ�RSHUDWLRQDO�WROHUDQFHV�

x� 7KH�UDQJHV�RI�VRPH�SD\�SDUDPHWHUV�QHHG�WR�EH�WLJKWHQHG�

x� 7LPH� DQG� ORFDWLRQ� RI� VDPSOLQJ� VKRXOG� QRW� EH� GLVFORVHG� XQWLO� WKH� WLPH� RI

VDPSOLQJ�� RU� '27� SHUVRQQHO� VKRXOG� REWDLQ� WKH� YHULILFDWLRQ� VDPSOHV

LQGHSHQGHQW�RI�TXDOLW\�DVVXUDQFH�VDPSOHV�REWDLQHG�E\�WKH�FRQWUDFWRU�



��

������6XUYH\�2WKHU�6WDWHV

7KLV�SURMHFW�ZDV�WR� LQFOXGH�D�VXUYH\�RI�RWKHU�VWDWHV�XVLQJ�4&�4$�W\SH�VSHFLILFDWLRQV� WR

GHWHUPLQH�ZKHWKHU� D� TXDOLW\� FRQWURO� SODQ�ZDV� UHTXLUHG� WR� EH� VXEPLWWHG� WR� WKH�'27� IRU

DSSURYDO�SULRU�WR�FRQVWUXFWLRQ��7KLV�WDVN�ZDV�DFFRPSOLVKHG�LQ�FRQMXQFWLRQ�ZLWK�D�VXUYH\

WR�REWDLQ�QHHGHG� LQIRUPDWLRQ� IRU� UHVHDUFK� VWXG\��������� ¦(YDOXDWH� ,WHPV�RI�:RUN�7KDW

&RXOG�%H�3HUIRUPHG�8VLQJ�DQ�(QG�5HVXOW�6SHFLILFDWLRQ�§� �7ZHQW\� VWDWHV� FRRSHUDWHG� LQ

WKH�VWXG\�DQG�UHVSRQGHG�GLUHFWO\�WR�WKDW�TXHVWLRQ���2I�WKRVH�UHVSRQGLQJ��HOHYHQ�VWDWHG�WKH\

GLG� UHTXLUH� VXEPLVVLRQ� RI� VRPH� IRUP�RI� D� TXDOLW\� FRQWURO� SODQ�� � 6HYHUDO� VWDWHV� LQLWLDOO\

UHTXLUHG�VXFK�D�SODQ�EXW�GURSSHG�RU�FHDVHG�HQIRUFHPHQW�RI�WKH�UHTXLUHPHQW�ZKHQ�LW�ZDV

GHHPHG�PHDQLQJOHVV� RU� GLIILFXOW� WR� HQIRUFH�� RU� ZKHQ� WKH� XVH� RI� WKH� VSHFLILFDWLRQV� KDG

SURJUHVVHG�WR�WKH�SKDVH�ZKHUH�VXEPLVVLRQ�RI�D�SODQ�ZDV�QR�ORQJHU�FRQVLGHUHG�QHFHVVDU\�

$Q�DGGLWLRQDO�VWDWH� LV� LQYHVWLJDWLQJ�LQFOXVLRQ�RI�VXFK�D�UHTXLUHPHQW� LQ� LWV�VSHFLILFDWLRQV�

)LYH�RI�WKH�UHVSRQGLQJ�VWDWHV�LQGLFDWHG�WKDW�WKH\�KDG�QR�VXFK�UHTXLUHPHQWV�

,Q�UHYLHZLQJ�WKH�LQIRUPDWLRQ�DQG�VSHFLILFDWLRQV�IXUQLVKHG�E\�WKH�VWDWHV�FDQYDVVHG��LW�ZDV

DSSDUHQW� WKDW� UHIHUHQFHV� WR� D� ¦TXDOLW\� FRQWURO� SODQ§� WRRN�PDQ\� IRUPV� DQG�� LQ� IDFW�� RQH

VWDWH©V� QHJDWLYH� UHVSRQVH� WR� WKLV� TXHVWLRQ� DFWXDOO\� GLG� LQFOXGH� VSHFLILF� WHUPV� IRU

DFFHSWDQFH�WHVWLQJ�E\�WKH�FRQWUDFWRU�LQ�LWV�VSHFLILFDWLRQV��7KH�FRQWURO�SODQ�LQ�PRVW�VWDWHV

ZDV� PDGH� D� SDUW� RI� WKH� FRQVWUXFWLRQ� DQG� PDWHULDOV� LWHP�� L�H��� ¦+RW� 0L[� $VSKDOW

3DYHPHQWV�§� ¦$VSKDOW� &RQFUHWH� 3DYHPHQW�§� HWF��� ZKLOH� RWKHUV� KDYH� GHYHORSHG� VHSDUDWH

TXDOLW\� FRQWURO� DQG� TXDOLW\� DFFHSWDQFH� LWHPV� WKDW� DUH� UHIHUUHG� WR� E\� OLNH� FRQVWUXFWLRQ

LWHPV��VXFK�DV�¦6HOHFWHG�0DWHULDO�%DVH�&RXUVH�§�¦/LPH�7UHDWHG�%DVH�&RXUVH�§�HWF��7ZR

VWDWHV� UHVSRQGHG� ZLWK� PDQXDOV� WKDW� KDG� EHHQ� GHYHORSHG� IRU� WKHLU� 4&�4$� SURJUDPV�

&DOLIRUQLD�KDV�GHYHORSHG�D�PDQXDO� VSHFLILFDOO\� IRU�DVSKDOW� FRQFUHWH� WKDW� LQFOXGHV�� DORQJ

ZLWK� SHUWLQHQW� &DOLIRUQLD� WHVWV�� GHWDLOHG� LQVWUXFWLRQV� RQ� DOO� SKDVHV� RI� WKH� SURJUDP�

2UHJRQ©V� PDQXDO� IRU� LWV� TXDOLW\� DVVXUDQFH� SURJUDP� LV� PXFK� VLPSOHU�� ,W� LV� OLPLWHG� WR

VSHFLI\LQJ� IRU� HDFK� LWHP� WKH� UHTXLUHPHQWV� IRU� FRQWURO�� YHULILFDWLRQ�� DQG� LQGHSHQGHQW

DVVXUDQFH��OHDYLQJ�WKH�GHWDLOV�WR�HDFK�FRQVWUXFWLRQ�VSHFLILFDWLRQ�

([DPSOHV�RI�WKH�W\SHV�RI�ZRUGLQJV�XVHG�

,�

¦4XDOLW\�&RQWURO�7HVWLQJ��4XDOLW\�FRQWURO�RI�ELWXPLQRXV�FRQFUHWH�LV�WKH�UHVSRQVLELOLW\�RI

WKH�&RQWUDFWRU��7KH�&RQWUDFWRU�VKDOO�PDLQWDLQ�HTXLSPHQW�DQG�TXDOLILHG�SHUVRQQHO

LQFOXGLQJ�DW�OHDVW�RQH�FHUWLILHG�%LWXPLQRXV�&RQFUHWH�7HFKQLFLDQ��DQG�KH�VKDOO�SHUIRUP�DOO

ILHOG�VDPSOLQJ�DQG�WHVWLQJ�QHFHVVDU\�WR�GHWHUPLQH�WKH�PDJQLWXGH�RI�WKH�YDULRXV�SURSHUWLHV

JRYHUQHG�E\�WKH�6SHFLILFDWLRQ�DQG�VKDOO�PDLQWDLQ�WKHVH�SURSHUWLHV�ZLWKLQ�WKH�OLPLWV�RI�WKH

6SHFLILFDWLRQ�§

¦:RUNDEOH�4XDOLW\�&RQWURO�3ODQ��7KH�&RQWUDFWRU��RU�&RQWUDFWRU�3URGXFHU��VKDOO�GHVLJQ

D�ZRUNDEOH�TXDOLW\�FRQWURO�SODQ��GHWDLOLQJ�WKH�W\SH�DQG�IUHTXHQF\�RI�VDPSOLQJ�DQG�WHVWLQJ

GHHPHG�QHFHVVDU\�WR�PHDVXUH�DQG�FRQWURO�WKH�PDJQLWXGH�RI�WKH�YDULRXV�SURSHUWLHV�RI�WKH

ELWXPLQRXV�FRQFUHWH�JRYHUQHG�E\�WKHVH�6SHFLILFDWLRQV��7KLV�SODQ��SUHSDUHG�LQ�DFFRUGDQFH

ZLWK�03�����������VKDOO�EH�VXEPLWWHG�WR�WKH�(QJLQHHU�SULRU�WR�SURGXFWLRQ�RI�PDWHULDO

XQGHU�WKLV�6SHFLILFDWLRQ�§



��

7KH�SUHFHGLQJ�VHFWLRQ�LV�TXRWHG�IURP�WKH�:HVW�9LUJLQLD�'27�����

,,�

¦&RQWUDFWRU©V�4XDOLW\�&RQWURO�3ODQ��3ULRU�WR�LQLWLDWLRQ�RI�ZRUN�WKH�FRQWUDFWRU�VKDOO

SUHSDUH�D�SODQ�WR�HQVXUH�WKDW�DFFHSWDEOH�TXDOLW\�FDQ�DQG�ZLOO�EH�REWDLQHG��7KH�SODQ

ZKLFK�LV�WR�EH�VXEPLWWHG�WR�WKH�(QJLQHHU�DW�WKH�SUH�ZRUN�FRQIHUHQFH�VKDOO�FRYHU�DOO�RI�WKH

LWHPV�GLVFXVVHG�LQ�6HFWLRQV�����DQG�����RI�WKH�6WDQGDUG�6SHFLILFDWLRQV��+RZHYHU��WKH

FRQWUDFWRU�PXVW�WDLORU�WKH�SODQ�WR�PHHW�VSHFLILF�QHHGV�RI�WKH�SURMHFW��2QFH�DFFHSWHG�E\�WKH

(QJLQHHU�WKH�SODQ�EHFRPHV�D�SDUW�RI�WKH�&RQWUDFW�DQG�VKDOO�EH�HQIRUFHG�DFFRUGLQJO\�

6XEVHTXHQW�FKDQJHV�WR�WKH�SODQ�PD\�EH�UHTXLUHG�E\�WKH�(QJLQHHU�LQ�RUGHU�WR�DGMXVW�WR

FKDQJHV�LQ�WKH�SURFHVV�RU�WR�FRUUHFW�SUREOHPV�LQ�PHHWLQJ�6SHFLILFDWLRQ�UHTXLUHPHQWV�§

7KH�SUHFHGLQJ�VHFWLRQ�LV�TXRWHG�IURP�WKH�2NODKRPD�'27�����

6XUYH\LQJ� HOHYHQ� RI� WKH� VWDWHV� WKDW� XWLOL]H� 4&�4$� VSHFLILFDWLRQV� LQGLFDWHG� WKDW� DOO� XVH

DVSKDOW�FRQWHQW�DQG�LQ�SODFH�GHQVLW\�DV�SD\�IDFWRUV���+RZHYHU��LQ�UHJDUG�WR�RWKHU�IDFWRUV�

WKH\�GLIIHU�DQG�XVH�SDUDPHWHUV� VXFK� DV�JUDGDWLRQ� IRU� VSHFLILF� VLHYHV�� ODERUDWRU\�GHQVLW\�

DQG�WKH�YRLGV�LQ�WKH�PLQHUDO�DJJUHJDWH��90$��7DEOH��������:KLOH�WKH�PDMRULW\�XWLOL]HV�WKH

ERQXV�SHQDOW\� DSSURDFK� �LQFHQWLYH�GLVLQFHQWLYH��� D� IHZ� LQFOXGH� RQO\� SHQDOWLHV� IRU� SRRU�

TXDOLW\�MREV�DQG�QR�ERQXV�IRU�KLJK�TXDOLW\�MREV��GLVLQFHQWLYH��7DEOH������

7DEOH�������3DUDPHWHUV�8VHG�IRU�'HWHUPLQDWLRQ�RI�3D\�)DFWRUV�LQ�6RPH�6WDWHV

6WDWH $& *UDGDWLRQ

,Q�3ODFH

'HQVLW\

/DE�&RPSDFWHG

'HQVLW\ 90$

$ODEDPD � � �

&RORUDGR � � � �

*HRUJLD � � �

,RZD � � �

.HQWXFN\ � � � �

0LFKLJDQ � � �

0LQQHVRWD � � � �

0LVVRXUL � � � �

3HQQV\OYDQLD � � �

9LUJLQLD � � � �

:LVFRQVLQ � � � � �
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7DEOH�������3D\PHQW�7\SH�IRU�6RPH�RI�WKH�6WDWHV

6WDWH ,QFHQWLYH 'LVLQFHQWLYH

3D\PHQW %DVHG RQ 7HVWV

&RQGXFWHG E\ WKH

$ODEDPD � � &RQWUDFWRU

&RORUDGR � � 6WDWH

*HRUJLD � 6WDWH

,RZD � &RQWUDFWRU

.HQWXFN\ � � &RQWUDFWRU

0LFKLJDQ � � &RQWUDFWRU

0LQQHVRWD � � &RQWUDFWRU

0LVVRXUL � � 6WDWH

3HQQV\OYDQLD � � 6WDWH

9LUJLQLD � � &RQWUDFWRU

:LVFRQVLQ � � &RQWUDFWRU

������9LVXDO�,QVSHFWLRQ�RI�WKH�3URMHFWV

$�SK\VLFDO�VXUYH\�ZDV�FRQGXFWHG�RQ�D�QXPEHU�RI�SURMHFWV�EXLOW�XQGHU�4&�4$�DQG�QRQ�

4&�4$�VSHFLILFDWLRQV���$WWHPSWV�ZHUH�PDGH�WR�LQVSHFW�SURMHFWV�WKDW�ZRXOG�ILW�LQWR�D�SDLU

IRU� D� PRUH� PHDQLQJIXO� DQG� HIIHFWLYH� FRPSDULVRQ�� � $� SDLU� RI� VLPLODU� SURMHFWV�� LQ� WKLV

UHJDUG�� UHIHUV� WR� SURMHFWV� WKDW� DUH� DV� FORVH� DV� SRVVLEOH� LQ� WHUPV� RI� WKH� IROORZLQJ

SDUDPHWHUV�

x� 0DWHULDOV�XVHG��DVSKDOW�DQG�DJJUHJDWH�

x� 5RDG�ORFDWLRQ�DQG�VWUXFWXUH

x� 7UDIILF�OHYHO

x� &OLPDWLF�FRQGLWLRQV

x� &RQWUDFWRU�DQG�PHWKRG�RI�FRQVWUXFWLRQ

x� <HDU�RI�FRQVWUXFWLRQ

$V�H[SHFWHG��LW�ZDV�QRW�SRVVLEOH�WR�ILQG�¦SDLUHG§�SURMHFWV�VDWLVI\LQJ�WKH�SUHFHGLQJ�FULWHULD

DQG�GLIIHULQJ�RQO\�LQ�WKH�VSHFLILFDWLRQ�XVHG�IRU�WKHLU�FRQVWUXFWLRQ���7KHUH�ZHUH��KRZHYHU��D

IHZ� FDVHV� LQ� ZKLFK� WKH� SURMHFWV� ZHUH� VLPLODU�� IRU� H[DPSOH�� SURMHFWV� EXLOW� XQGHU� WKH

4&�4$� DQG� QRQ�4&�4$� VSHFLILFDWLRQV� LQ� WKH� VDPH� \HDU�� � 1HYHUWKHOHVV�� D� � QXPEHU� RI

SURMHFWV�ZHUH�VHOHFWHG�LQ�HLJKW�GLVWULFWV�DQG�ZHUH�YLVXDOO\�VXUYH\HG�DQG�HYDOXDWHG���$�GDWD

FROOHFWLRQ�VKHHW�RI�WKH�IROORZLQJ�IRUPDW�ZDV�XVHG�RQ�WKH�SURMHFWV�
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'DWD &ROOHFWLRQ 6KHHW�

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

'LVWULFW 6XUYH\LQJ 'DWH 6XUYH\ 7LPH

5RDG�

<HDU RI &RQVWUXFWLRQ 0L[ 7\SH

6SHFLILFDWLRQ 8VHG 7KLFNQHVV

&21',7,21 6859(<

'LVWUHVV 1RQH 6OLJKW 0RGHUDWH 6HYHUH 9HU\ 6HYHUH

5XWWLQJ

)DWLJXH &UDFN

7KHUPDO &UDFN

5HIOHFWLYH &UDFN

/RQJLWXGLQDO &UDFN

6KRYLQJ

%OHHGLQJ

6HJUHJDWLRQ

29(5$// 5$7,1*

([FHOOHQW *RRG $YHUDJH %DG 9HU\ %DG

8QLIRUPLW\

*HQHUDO

$SSHDUDQFH

5HPDUNV�

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

,Q�WKH�VXUYH\��WKH�TXDOLW\�ZDV�VLPSO\�DVVHVVHG�YLVXDOO\��1R�SK\VLFDO�PHDVXUHPHQWV�ZHUH

XVHG� WR� TXDQWLI\� WKH� GLVWUHVVHV� RU� WKH� VHUYLFHDELOLW\� RI� WKH� SDYHPHQW�� � 7KH� KLJKZD\V

VXUYH\HG�DUH�VXPPDUL]HG�DQG�SUHVHQWHG�E\�GLVWULFW�LQ�7DEOH�����

:KLOH�PRVW�RI�WKH�QRQ�4&�4$�VXUYH\HG�SURMHFWV�ZHUH�FRQVWUXFWHG�XQGHU�LWHP�����RI�WKH

6WDQGDUG� 6SHFLILFDWLRQV� IRU� &RQVWUXFWLRQ� RI� +LJKZD\V�� 6WUHHWV�� DQG� %ULGJHV� ����� WKHUH

ZHUH�VRPH�WKDW�ZHUH�EXLOW�XQGHU�LWHP��������7KLV�LWHP�ZDV�D�VSHFLDO�SURYLVLRQ�WKDW�ZDV

GHYHORSHG�E\�7['27�WR�EH�XVHG�IRU�FRQVWUXFWLRQ�EHIRUH�WKH������VWDQGDUG�VSHFLILFDWLRQV

ERRNOHW�ZDV�SXEOLVKHG���3UDFWLFDOO\��LWV�FRQWHQW�LV�WKH�VDPH�DV�WKDW�SUHVHQWHG�LQ�WKH�����

VSHFLILFDWLRQ� LWHP� ����� � ,Q� WKH� VDPH�ZD\��PRVW� RI� WKH� 4&�4$�VXUYH\HG� SURMHFWV� ZHUH

FRQVWUXFWHG� DFFRUGLQJ� WR� LWHP� ������ �+RZHYHU�� WKHUH�ZHUH� VRPH� WKDW�ZHUH� FRQVWUXFWHG

DFFRUGLQJ�WR�WKH�HDUOLHU�YHUVLRQ�RI�WKH�4&�4$�VSHFLILFDWLRQ��L�H���LWHP�������



��

7DEOH�������'LVWULFWV�DQG�5RDGV�:KHUH�9LVXDO�6XUYH\V�7RRN�3ODFH

6XUYH\ 'DWH 'LVWULFW 5RDGV 6SHFLILFDWLRQ

������ (O 3DVR 86 ��� )UHG :LOVRQ 5G� /RRS ���� 5DLOURDG 'U�� )0 ��� 1RQ�4&�4&

$LUSRUW 5RDG� /RRS ���� 6+ ��� )0 ��� 4&�4$

������� 6DQ $QWRQLR +XHEQHU 5G�� +LJKZD\ �����,+ ��� :XU]EDFN 3DUNZD\ 1RQ�4&�4&

(FNHUW 5G� ,+ �� 4&�4$

������� /DUHGR )0 ����� 1RQ�4&�4&

/RRS ��� ,+ ��� )0 ����� 4&�4$

������� <RDNXP 86 �� 1RQ�4&�4&

)0 ���� 4&�4$

������� 3KDUU 6+ ��� 1RQ�4&�4&

6+ ��� 4&�4$

������� 7\OHU 6+ �� :HVW� 6+ ��� /RRS ��� 1RQ�4&�4&

6+ �� :HVW� 6+ ���� /RRS ��� 4&�4$

������� %HDXPRQW 6+ ��� 86��� 6+ ��� 1RQ�4&�4&

��� 	 ���� 6+ ��� ,+���� )0 ����� %�� 4&�4$

������� /XINLQ 86 �� 1RQ�4&�4&

86 �� 4&�4$

������� :LFKLWD )DOOV /RRS ���� )0 ��� 1RQ�4&�4&

,+ ��� /RRS ���� 86 ���� 6+ �� 4&�4$



��



��

&+$37(5��

48$17,7$7,9(�,1)250$7,21�$1'�$1$/<6,6�2)�'$7$

������*HQHUDO

$Q� LPSRUWDQW� SDUW� RI� WKH� UHVHDUFK� SURJUDP� LQFOXGHG� FROOHFWLRQ� DQG� DQDO\VLV� RI� WKH

QXPHULFDO� GDWD� REWDLQHG� IURP� SURMHFWV� FRQVWUXFWHG� XQGHU� WKH� TXDOLW\� FRQWURO�TXDOLW\

DVVXUDQFH� �4&�4$�� VSHFLILFDWLRQ�� DQG� WKHQ� FRPSDULQJ� WKRVH� ZLWK� WKH� UHVXOWV� REWDLQHG

IURP� SURMHFWV� EXLOW� XQGHU� VSHFLILFDWLRQ� LWHP� ����� � ,Q� WKLV� UHJDUG�� HIIRUWV� ZHUH�PDGH� WR

REWDLQ�GDWD�RQ�SURMHFWV�LQ�GLIIHUHQW�GLVWULFWV���'DWD�IURP�IRXU�VHWV�RI�4&�4$��SURMHFWV�ZHUH

JDWKHUHG�� � 7KH� ILUVW� VHW� LQFOXGHG� UHVXOWV� IURP� ILYH� SLORW� SURMHFWV� FDUULHG� RXW� XQGHU� D

4&�4$�VSHFLILFDWLRQ�GXULQJ������� �7KH� VHFRQG� VHW� LQFOXGHG� D� VHULHV�RI� HOHYHQ�SURMHFWV

REWDLQHG�E\�WKH�7H[DV�'HSDUWPHQW�RI�7UDQVSRUWDWLRQ��7['27��DXGLW�RIILFH���7KH�WKLUG�RQH

LQFOXGHG� WKH� GDWD� REWDLQHG� IURP� FRQVWUXFWLRQ� DQG�PDLQWHQDQFH� GLYLVLRQ� RI� 7['27� IRU

IRUW\�IRXU� SURMHFWV�� WKH� ODVW� VHW� RI� GDWD�ZDV� REWDLQHG� IURP� WKH� 6DQ�$QWRQLR�'LVWULFW� IRU

WZHQW\�RQH� SURMHFWV�� � 7KH� DQDO\VLV� UHSRUWHG� KHUH� LQFOXGHV� WKH� VHFRQG� DQG� WKLUG� VHW� RI

4&�4$�SURMHFWV��D�WRWDO�RI�ILIW\�ILYH�SURMHFWV��

7KHUH�ZDV�D�QHHG�WR�REWDLQ�VXIILFLHQW�GDWD�IRU�SURMHFWV�EXLOW�XQGHU�VSHFLILFDWLRQ�LWHP����

VR�WKH�FRQWURO�SDUDPHWHUV�IURP�WKH�WZR�VSHFLILFDWLRQV�FRXOG�EH�FRPSDUHG�ZLWK�HDFK�RWKHU�

)RU� WKLV�SXUSRVH�� WKH�H[WHQVLYH�GDWDEDVH� WKDW�ZDV�GHYHORSHG� LQ������ZDV�XVHG�� �$�YDVW

DPRXQW�RI�GDWD�FRQVLVWLQJ�RI�YDULRXV�GHWDLOV�RI�FRQVWUXFWLRQ�XQGHU�LWHP�����VSHFLILFDWLRQ

ZDV�LQFOXGHG�LQ�WKLV�GDWDEDVH���'DWD�DQG�FRUUHVSRQGLQJ�DQDO\VLV�RI�WKDW�GDWD�ZHUH�UHSRUWHG

LQ�D�UHVHDUFK�UHSRUW�IRU�SURMHFW��������RI�WKH�&HQWHU�IRU�7UDQVSRUWDWLRQ�5HVHDUFK�RI�7KH

8QLYHUVLW\� RI� 7H[DV� DW� $XVWLQ� ������ � 7KH� FRQWURO� SDUDPHWHUV� IRU� FRPSDULVRQ� RI

VSHFLILFDWLRQV�LQFOXGHG�DVSKDOW�FRQWHQW��JUDGDWLRQ��DQG�DLU�YRLGV���/DERUDWRU\�GHQVLW\�GDWD

ZHUH� DOVR� LQFOXGHG� LQ� WKH� DQDO\VLV��7KH�GHWDLOHG� UHVXOWV� RI� WKH� DQDO\VLV� DUH� SUHVHQWHG� LQ

$SSHQGL[�%�

$V� SDUW� RI� WKH� SURJUDP�� D� EULHI� FRPSDULVRQ�ZDV� DOVR� FDUULHG� RXW� EHWZHHQ� WKH� FRVWV� RI

SURMHFWV�EXLOW�XQGHU�WKH�WZR�VSHFLILFDWLRQV�

������&RPSDULVRQ�RI�6LPLODU�3URMHFWV

&RPSDULVRQ� RI� SURMHFWV� EXLOW� XQGHU� 4&�4$� VSHFLILFDWLRQ� ZLWK� WKRVH� XQGHU� WKH� ���

VSHFLILFDWLRQ� FDQ� EH� FDUULHG� RXW� XVLQJ� WZR� DSSURDFKHV�� � 2QH� DSSURDFK� LV� D� RQH�WR�RQH

FRPSDULVRQ�� WKDW� LV�� SDLULQJ� SURMHFWV� �D�4&�4$�SURMHFW� DQG� D� QRQ�4&�4$�SURMHFW�� DQG

FRPSDULQJ�WKH�UHVXOWV���7KH�RWKHU�DSSURDFK�LV�FRPSDULQJ�D�ODUJH�QXPEHU�RI�SURMHFWV�RI�RQH

VSHFLILFDWLRQ�ZLWK�D�ODUJH�QXPEHU�RI� WKH�RWKHU�� �$�RQH�WR�RQH�FRPSDULVRQ�LV�PHDQLQJIXO

RQO\� LI� WKHUH� LV� HQRXJK� NQRZOHGJH� DQG� FRQWURO� RQ� WKH� YDULDEOHV� IURP� WKH� WZR� SURMHFWV�

7KH� EHVW� VLWXDWLRQ� IRU� VXFK� D� FRPSDULVRQ� LV� D� FDVH� ZKHUH� D� 4&�4$� SURMHFW� DQG� D

FRUUHVSRQGLQJ� QRQ�4&�4$� SURMHFW� DUH� EXLOW� E\� WKH� VDPH� FRQWUDFWRU�� ZLWK� WKH� VDPH

PDWHULDOV�� DQG� XQGHU� WKH� VDPH� HQYLURQPHQWDO� DQG� WUDIILF� FRQGLWLRQV�� �2EWDLQLQJ� VLPLODU
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SURMHFWV�RI�WKLV�QDWXUH�ZDV�QRW�SRVVLEOH�LQ�WKLV�VWXG\���+RZHYHU��VXFK�D�FRPSDULVRQ�ZDV

SUHYLRXVO\�FDUULHG�RXW�E\�7['27©V�0DWHULDOV�DQG�7HVWV�'LYLVLRQ��07'��

$QDO\VLV� DQG� FRPSDULVRQ� RI� VL[� KRW�PL[� SURMHFWV� ZHUH� UHSRUWHG� E\�07'� ������ � 7KUHH

SURMHFWV�ZHUH�EXLOW�XQGHU�WKH�PHWKRG�VSHFLILFDWLRQ��DQG�WKUHH�ZHUH�FRQVWUXFWHG�DFFRUGLQJ

WR�WKH�4&�4$�VSHFLILFDWLRQ���7KH�SURMHFWV�ZHUH�SDLUHG�VR�WKDW�D�4&�4$�SURMHFW�FRXOG�EH

FRPSDUHG�ZLWK�D�PHWKRG�VSHFLILFDWLRQ�SURMHFW�ZLWKLQ�WKH�VDPH�GLVWULFW��FRQVWUXFWHG�E\�WKH

VDPH�FRQWUDFWRU��DQG�PDGH�ZLWK�VLPLODU�PDWHULDOV���7KH�UHVXOWV�RI�WKDW�VWXG\�LQGLFDWHG�WKDW

LQ� HYHU\� FDVH�� WKH� PHDVXUHG� SDUDPHWHUV� KDG� OHVV� YDULDELOLW\� XQGHU� WKH� 4&�4$

VSHFLILFDWLRQ� DV� FRPSDUHG� ZLWK� WKH� PHWKRG� VSHFLILFDWLRQ�� � 7KH� SDUDPHWHUV� WKDW� ZHUH

FRQVLGHUHG�LQ�WKLV�DQDO\VLV�LQFOXGHG�DVSKDOW�FRQWHQW��SHUFHQW�SDVVLQJ���PP�VLHYH��SHUFHQW

SDVVLQJ�������PP�VLHYH��DLU�YRLGV��DQG�ODERUDWRU\�GHQVLWLHV�

��������&RPSDULVRQ�RI�&RQWURO�3DUDPHWHUV

7DEOHV� ���� WKURXJK� ���� LQGLFDWH� VWDWLVWLFDO� UHVXOWV� IRU� WKH� FRQWURO� SDUDPHWHUV�� � )RU� HDFK

FDVH�� IRXU� VWDQGDUG� GHYLDWLRQV� DUH� UHSRUWHG�� � 'HILQLWLRQV� IRU� HDFK� DUH� SURYLGHG� DW� WKH

ERWWRP�RI� WKH� WDEOH�� �%RWK�4&�4$�DQG�QRQ�4&�4$�SURMHFWV� DUH� LQFOXGHG� LQ�7DEOH�����

7KH�QRQ�4&�4$�GDWD�DUH�IURP�7['27©V������FRQVWUXFWLRQ�SURMHFWV�������)RU�DOO�FDVHV�

WKH� VWDQGDUG� GHYLDWLRQV� IRU�4&�4$� SURMHFWV� DUH� FRQVLVWHQWO\� ORZHU� WKDQ� WKRVH� IRU� QRQ�

4&�4$�SURMHFWV�� LPSO\LQJ� OHVV� YDULDELOLW\� LQ� SURMHFWV� RI� WKH� IRUPHU� FRPSDUHG�ZLWK� WKH

ODWWHU�� � +RZHYHU�� VWDWLVWLFDO� 7�� DQG� )�WHVWV�� DV� ZLOO� EH� GLVFXVVHG� ODWHU�� LQGLFDWH� WKDW� LQ

UHJDUG� WR�YDULDELOLW\� LQ� FRQWURO� SDUDPHWHUV�� WKHUH� LV� QRW� D� VLJQLILFDQW� GLIIHUHQFH�EHWZHHQ

WKH�4&�4$�DQG�QRQ�4&�4$�SURMHFWV���7KH�IUHTXHQF\�KLVWRJUDPV�DUH�SUHVHQWHG�LQ�)LJXUHV

����WKURXJK������

7DEOH������0HDQ�DQG�6WDQGDUG�'HYLDWLRQ�IRU�$VSKDOW�&RQWHQW�'HYLDWLRQ

�3HUFHQW�

4&�4$�3URMHFWV 1RQ�4&�4$�3URMHFWV

6WDWLVWLFV $OJHEUDLF

'LIIHUHQFH

$EVROXWH

'LIIHUHQFH

$OJHEUDLF

'LIIHUHQFH

$EVROXWH

'LIIHUHQFH

0HDQ ���� ���� ���� ����

6R ���� ���� ���� ����

6P ���� ���� ���� ����

6S ���� ���� ���� ����

6D ���� ���� ���� ����

1R��RI�'DWD�3RLQWV ����� ����� ����� �����

1R��RI�3URMHFWV �� �� �� ��
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7DEOH�������0HDQ�DQG�6WDQGDUG�'HYLDWLRQ�IRU�3HUFHQW�3DVVLQJ���PP�6LHYH

4&�4$�3URMHFWV 1RQ�4&�4$�3URMHFWV

6WDWLVWLFV $OJHEUDLF

'LIIHUHQFH

$EVROXWH

'LIIHUHQFH

$OJHEUDLF

'LIIHUHQFH

$EVROXWH

'LIIHUHQFH

0HDQ ���� ���� ����� ����

6R ���� ���� ���� ����

6P ���� ���� ���� ����

6S ���� ���� ���� ����

6D ���� ���� ���� ����

1R��RI�'DWD�3RLQWV ����� ����� ����� �����

1R��RI�3URMHFWV �� �� �� ��

7DEOH�������0HDQ�DQG�6WDQGDUG�'HYLDWLRQ�IRU�3HUFHQW�3DVVLQJ�������PP

6LHYH

4&�4$�3URMHFWV 1RQ�4&�4$�3URMHFWV

6WDWLVWLFV $OJHEUDLF

'LIIHUHQFH

$EVROXWH

'LIIHUHQFH

$OJHEUDLF

'LIIHUHQFH

$EVROXWH

'LIIHUHQFH

0HDQ ���� ���� ����� ����

6R ���� ���� ���� ����

6P ���� ���� ���� ����

6S ���� ���� ���� ����

6D ���� ���� ���� ����

1R��RI�'DWD�3RLQWV ����� ����� ����� �����

1R��RI�3URMHFWV �� �� �� ��

7DEOH�������0HDQ�DQG�6WDQGDUG�'HYLDWLRQ�IRU�,Q�3ODFH�'HQVLWLHV��3HUFHQW�

4&�4$�3URMHFWV 1RQ�4&�4$�3URMHFWV

6WDWLVWLFV

0HDQ ���� ����

6R ���� ����

6P ���� ����

6S ���� ����

6D ���� ����

1R��RI�'DWD�3RLQWV ��� ���

��!���� ���� ���

������� ���� ����
�� � ! ��� 3HUFHQW RI SURMHFWV ZLWK GHQVLWLHV JUHDWHU WKDQ �� SHUFHQW

�� � � ��� 3HUFHQW RI SURMHFWV ZLWK GHQVLWLHV VPDOOHU WKDQ �� SHUFHQW
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7DEOH�������0HDQ�DQG�6WDQGDUG�'HYLDWLRQ�IRU�/DERUDWRU\�'HQVLWLHV��3HUFHQW�

4&�4$�3URMHFWV 1RQ�4&�4$�3URMHFWV

6WDWLVWLFV

0HDQ ���� ����

6R ���� ����

6P ���� ����

6S ���� ����

6D ���� ����

1R��RI�'DWD�3RLQWV ��� ���

7KH�WHUPV�XVHG�LQ�WKH�SUHFHGLQJ�WDEOHV�DUH�GHILQHG�DV�IROORZV�

x� 0HDQ���7KH�PHDQ�YDOXH�RI�DOO�GDWD�SRLQWV�DUH�FRQVLGHUHG�WRJHWKHU

x� 6R� 7KH�VWDQGDUG�GHYLDWLRQ�ZKHQ�DOO�GDWD�SRLQWV�DUH�FRQVLGHUHG�WRJHWKHU

x� 6P���7KH�VWDQGDUG�GHYLDWLRQ�RI�WKH�SURMHFW�PHDQV

x� 6S���7KH�SRROHG�VWDQGDUG�GHYLDWLRQ�RI�WKH�SURMHFW�PHDQV

x� 6D� 7KH�DYHUDJH�RI�WKH�VWDQGDUG�GHYLDWLRQV�RI�DOO�SURMHFWV��DYHUDJH�RI�DOO�6 P¨6�

)LJXUH�������)UHTXHQF\�'LVWULEXWLRQ�RI�3HUFHQW�'HQVLWLHV�IRU������&RQVWUXFWLRQ�3URMHFWV

IRU�$OO�'DWD�3RLQWV��1RQ�4&�4$�3URMHFWV�

Non-QC/QA Specification
No. of Data Points: 785 
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)LJXUH�������)UHTXHQF\�'LVWULEXWLRQ�RI�0HDQ�3HUFHQW�'HQVLWLHV�IRU������&RQVWUXFWLRQ

3URMHFWV��1RQ�4&�4$�3URMHFWV�

)LJXUH�������)UHTXHQF\�'LVWULEXWLRQ�RI�3HUFHQW�'HQVLWLHV�IRU�$OO�'DWD�3RLQWV

��4&�4$�3URMHFWV�

Non-QC/QA Specification
No. of Data Points: 48
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QC/QA Specification
No. of Data Points: 389
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)LJXUH�������)UHTXHQF\�'LVWULEXWLRQ�RI�0HDQ�3HUFHQW�'HQVLWLHV�IRU�4&�4$�3URMHFWV

)LJXUH������)UHTXHQF\�'LVWULEXWLRQ�RI�$OJHEUDLF�'LIIHUHQFH�EHWZHHQ�'HVLJQ�DQG�$FWXDO

$VSKDOW�&RQWHQW�IRU�$OO�'DWD�3RLQWV��4&�4$�3URMHFWV�

QC/QA Specification
No. of Data Points: 41
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QC/QA Specification
No. of Data Points: 1369
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)LJXUH�������)UHTXHQF\�'LVWULEXWLRQ�RI�$OJHEUDLF�'LIIHUHQFH�EHWZHHQ�'HVLJQ�DQG�$FWXDO

$VSKDOW�&RQWHQW�IRU�$OO�'DWD�3RLQWV��1RQ�4&�4$�3URMHFWV�

)LJXUH������)UHTXHQF\�'LVWULEXWLRQ�RI�$EVROXWH�'HYLDWLRQ�EHWZHHQ�'HVLJQ�DQG�$FWXDO

$VSKDOW�&RQWHQW�IRU�$OO�'DWD�SRLQWV��4&�4$�3URMHFWV�

Non-QC/QA Specification
No. of Data Points: 1632 
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No. of Data Points: 1369
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)LJXUH�������)UHTXHQF\�'LVWULEXWLRQ�RI�$EVROXWH�'HYLDWLRQ�EHWZHHQ�'HVLJQ�DQG�$FWXDO

$VSKDOW�&RQWHQW�IRU�$OO�'DWD�SRLQWV��1RQ�4&�4$�3URMHFWV�

)LJXUH������)UHTXHQF\�'LVWULEXWLRQ�RI�0HDQ�$OJHEUDLF�$VSKDOW�&RQWHQW�'HYLDWLRQ�IRU

4&�4$�3URMHFWV

Non-QC/QA Specification
No. of Data Points: 1631
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QC/QA Specification
No. of Data Points: 54
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)LJXUH��������)UHTXHQF\�'LVWULEXWLRQ�RI�0HDQ�$OJHEUDLF�$VSKDOW�&RQWHQW�'HYLDWLRQ�IRU

1RQ�4&�4$�3URMHFWV

)LJXUH�������)UHTXHQF\�'LVWULEXWLRQ�RI�0HDQ�$EVROXWH�$VSKDOW�&RQWHQW�'HYLDWLRQ�IRU

4&�4$�3URMHFWV

Non-QC/QA Specification
No. of Data Points: 66
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)LJXUH��������)UHTXHQF\�'LVWULEXWLRQ�RI�0HDQ�$EVROXWH�$VSKDOW�&RQWHQW�'HYLDWLRQ�IRU

1RQ�4&�4$�3URMHFWV

)LJXUH�������)UHTXHQF\�'LVWULEXWLRQ�RI�$OJHEUDLF�'HYLDWLRQ�LQ�3HUFHQW�3DVVLQJ���PP

6LHYH�IRU�$OO�'DWD�3RLQWV��4&�4$�3URMHFWV�

Non-QC/QA Specification
No. of Data Points: 66
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QC/QA Specification
No. of Data Points: 1371 
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)LJXUH��������)UHTXHQF\�'LVWULEXWLRQ�RI�$OJHEUDLF�'HYLDWLRQ�LQ�3HUFHQW�3DVVLQJ���PP

6LHYH�IRU�$OO�'DWD�3RLQWV��1RQ�4&�4$�3URMHFWV�

)LJXUH�������)UHTXHQF\�'LVWULEXWLRQ�RI�$EVROXWH�'HYLDWLRQ�LQ�3HUFHQW�3DVVLQJ���PP

6LHYH�IRU�$OO�'DWD�3RLQWV��4&�4$�3URMHFWV�

Non-QC/QA Specification
No. of Data Points: 1583 
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QC/QA Specification
No. of Data Points: 1371
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)LJXUH��������)UHTXHQF\�'LVWULEXWLRQ�RI�$EVROXWH�'HYLDWLRQ�LQ�3HUFHQW�3DVVLQJ���PP

6LHYH�IRU�$OO�'DWD�3RLQWV��1RQ�4&�4$�3URMHFWV�

)LJXUH�������)UHTXHQF\�'LVWULEXWLRQ�RI�0HDQ�$OJHEUDLF�'HYLDWLRQ�LQ�3HUFHQW�3DVVLQJ

��PP�6LHYH�IRU�4&�4$�3URMHFWV

Non-QC/QA Specification
No. of Data Points: 1583
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QC/QA Specification
No. of Data Points: 55

0

2

4

6

8

10

12

14

16

-3.3 -2.8 -2.3 -1.8 -1.3 -0.8 -0.3 0.2 0.7 1.2 1.7 2.2 2.7 3.2 More

Mean Algebraic Deviation in Percent Passing # 10 Sieve, %

F
re

qu
en

cy



��

)LJXUH��������)UHTXHQF\�'LVWULEXWLRQ�RI�0HDQ�$OJHEUDLF�'HYLDWLRQ�LQ�3HUFHQW�3DVVLQJ

��PP�6LHYH�IRU�1RQ�4&�4$�3URMHFWV

)LJXUH�������)UHTXHQF\�'LVWULEXWLRQ�RI�0HDQ�$EVROXWH�'HYLDWLRQ�LQ�3HUFHQW�3DVVLQJ

��PP�6LHYH�IRU�4&�4$�3URMHFWV

Non-QC/QA Specification
No. of Data Points: 66
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)LJXUH��������)UHTXHQF\�'LVWULEXWLRQ�RI�0HDQ�$EVROXWH�'HYLDWLRQ�LQ�3HUFHQW�3DVVLQJ

��PP�6LHYH�IRU�1RQ�4&�4$�3URMHFWV

)LJXUH��������)UHTXHQF\�'LVWULEXWLRQ�RI�$OJHEUDLF�'HYLDWLRQ�LQ�3HUFHQW�3DVVLQJ�������PP

6LHYH�IRU�$OO�'DWD�3RLQWV��4&�4$�3URMHFWV�

Non-QC/QA Specification
No. of Data Points: 66
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QC/QA Specification
No. of Data Points: 1375 
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�)LJXUH��������)UHTXHQF\�'LVWULEXWLRQ�RI�$OJHEUDLF�'HYLDWLRQ�LQ�3HUFHQW�3DVVLQJ������

PP�6LHYH�IRU�$OO�'DWD�3RLQWV��1RQ�4&�4$�3URMHFWV�

)LJXUH�������)UHTXHQF\�'LVWULEXWLRQ�RI�$EVROXWH�'HYLDWLRQ�LQ�3HUFHQW�3DVVLQJ�������PP

6LHYH�IRU�$OO�'DWD�3RLQWV

Non-QC/QA Specification
No. of Data Points: 1583

0

50

100

150

200

250

-4.5 -4.0 -3.5 -3.0 -2.5 -2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0

Algebraic Deviation in Percent Passing # 200 Sieve, %

F
re

qu
en

cy

QC/QA Specification
No. of Data Points: 1375 

0

2

4

6

8

10

12

14

16

-1.5 -1.2 -0.9 -0.6 -0.3 0.0 0.3 0.6 0.9 1.2 1.5 1.8 6.0 6.5 More
Absolute Deviation in Percent Passing # 200 Sieve, %

F
re

qu
en

cy



��

)LJXUH��������)UHTXHQF\�'LVWULEXWLRQ�RI�$EVROXWH�'HYLDWLRQ�LQ�3HUFHQW�3DVVLQJ�������PP

6LHYH�IRU�$OO�'DWD�3RLQWV��1RQ�4&�4$�3URMHFWV�

)LJXUH�������)UHTXHQF\�'LVWULEXWLRQ�RI�0HDQ�$OJHEUDLF�'HYLDWLRQ�LQ�3HUFHQW�3DVVLQJ

������PP�6LHYH�IRU�4&�4$�3URMHFWV ��

Non-QC/QA Specification
No. of Data Points: 1583
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QC/QA Specification
No. of Data Points: 55 
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)LJXUH�������)UHTXHQF\�'LVWULEXWLRQ�RI�0HDQ�$OJHEUDLF�'HYLDWLRQ�LQ�3HUFHQW�3DVVLQJ

������PP�6LHYH�IRU�1RQ�4&�4$�3URMHFWV ���

)LJXUH�������)UHTXHQF\�'LVWULEXWLRQ�RI�0HDQ�$EVROXWH�'HYLDWLRQ�LQ�3HUFHQW�3DVVLQJ

������PP�6LHYH�IRU�4&�4$�3URMHFWV ��

Non-QC/QA Specification
No. of Data Points: 66
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)LJXUH�������)UHTXHQF\�'LVWULEXWLRQ�RI�0HDQ�$EVROXWH�'HYLDWLRQ�LQ�3HUFHQW�3DVVLQJ

������PP�6LHYH�IRU�1RQ�4&�4$�3URMHFWV

)RU�DLU�YRLGV��WKH�KLVWRJUDP�FRUUHVSRQGLQJ�WR�WKH�QRQ�4&�4$�SURMHFWV�IROORZV�WKH�SDWWHUQ

RI� D� QRUPDO� GLVWULEXWLRQ� YHU\� FORVHO\�� � +RZHYHU�� WKH� SORW� RI� WKH� DLU� YRLGV� IRU� 4&�4$

SURMHFWV�LQGLFDWHV�D�ODUJH�FRQFHQWUDWLRQ�RI�UHVXOWV�LQ�WKH�PLGGOH���7KH�SORW�GRHV�QRW�IROORZ

WKH� W\SLFDO� SDWWHUQ� RI� D� QRUPDO� GLVWULEXWLRQ�� � 7KH� UHDVRQ� IRU� VXFK� D� WUHQG� LV� QRW� FOHDU

EHFDXVH�RQH�H[SHFWV� WR�REVHUYH�D�FORVH� WR�QRUPDO�GLVWULEXWLRQ�IRU�D� ODUJH�QXPEHU�RI�DLU

YRLG�YDOXHV�� �2QH� LQWHUHVWLQJ�REVHUYDWLRQ� LV� WKDW�DERXW���SHUFHQW�RI�GHQVLWLHV�H[FHHG���

SHUFHQW� XQGHU� WKH� LWHP� ���� VSHFLILFDWLRQ�� ZKHUHDV� RQO\� ���� SHUFHQW� RI� GHQVLWLHV� XQGHU

4&�4$�VSHFLILFDWLRQ�DUH�ODUJHU�WKDQ����SHUFHQW��7DEOH��������,Q�D�VLPLODU�FRPSDULVRQ��IRU

GHQVLWLHV� OHVV� WKDQ� ��� SHUFHQW�� DSSUR[LPDWHO\� ��� SHUFHQW� RI� SURMHFWV� XQGHU� QRQ�4&�4$

VSHFLILFDWLRQ� IDOO� EHORZ� ��� SHUFHQW�� FRPSDUHG� WR� �� SHUFHQW� XQGHU� WKH� 4&�4$

VSHFLILFDWLRQ���,W�PXVW�EH�QRWHG�WKDW�GHQVLWLHV�EHORZ����SHUFHQW�DQG�RYHU����SHUFHQW�FRYHU

WKH�UDQJHV�IRU�ZKLFK�UHGXFHG�SD\�IDFWRUV��OHVV�WKDQ�RQH��DUH�DSSOLHG�

)RU�DVSKDOW�FRQWHQW��L�H���WKH�SHUFHQW�SDVVLQJ�WKH���PP�VLHYH�DQG�WKH�SHUFHQW�SDVVLQJ�WKH

������PP�VLHYH��WKH�DOJHEUDLF�GHYLDWLRQV�IROORZ�D�FORVH�WR�QRUPDO�GLVWULEXWLRQ��ZKLOH�WKH

DEVROXWH�GHYLDWLRQV�GR�QRW�

Non-QC/QA Specification
No. of Data Points: 66
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������6WDWLVWLFDO�7HVWV�DQG�$QDO\VLV

�������$VVXPSWLRQV

7KH�DOJHEUDLF�GLIIHUHQFHV�RI�WKH�SDUDPHWHUV�XQGHU�FRQVLGHUDWLRQ��SHUFHQW�DVSKDOW�FRQWHQW�

SHUFHQW� SDVVLQJ� �� PP� DQG� ������ PP� VLHYHV�� GLVSOD\� QRUPDO� GLVWULEXWLRQV�� DV� GR� WKH

GLVWULEXWLRQV�RI�WKH�GDWD�SRLQWV�RI�ODERUDWRU\�GHQVLWLHV�DQG�DLU�YRLGV���2Q�WKH�RWKHU�KDQG�

WKH�GDWD�XVHG�LQ�WKLV�UHVHDUFK�DUH�DVVXPHG�WR�EH�LQGHSHQGHQW���,Q�WKLV�FDVH��WKH�IRXQGDWLRQ

IRU�WKH�XVH�RI�7�WHVW�DQG�)�WHVW�KROGV�WUXH�

�������6HOHFWLRQ�RI�7�7HVW�DQG�)�7HVW

7KH�7�WHVW�LV�XVHG�LQ�WKLV�UHSRUW�WR�WHVW�ZKHWKHU�WKHUH�LV�D�VWDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQFH

EHWZHHQ�WKH�PHDQV�RI�WKH�SDUDPHWHUV�RI�VSHFLILFDWLRQ�LWHP�������4XDOLW\�&RQWURO�4XDOLW\

$VVXUDQFH��4&�4$��DQG� LWHP����� �PHWKRG�VSHFLILFDWLRQ���7KH�)�WHVW� LV� XVHG� WR� WHVW� WKH

VWDWLVWLFDO�GLIIHUHQFHV�LQ�WKH�YDULDQFHV�RI�SDUDPHWHUV�

7KH�4&�4$�VSHFLILFDWLRQ�DQG�PHWKRG�VSHFLILFDWLRQ�ZHUH�QRW� LPSOHPHQWHG�FRQFXUUHQWO\�

7KHUHIRUH�� WKH� GDWD� FROOHFWHG� RQ� FRQWURO� SDUDPHWHUV� IRU�4&�4$� VSHFLILFDWLRQ� EHORQJ� WR

\RXQJHU� SDYHPHQWV�� DV� FRPSDUHG� ZLWK� WKH� GDWD� FROOHFWHG� IRU� WKH� QRQ�4&�4$

VSHFLILFDWLRQ���,Q�DGGLWLRQ��WKH�GDWD�ZHUH�QRW�IRU�VLPLODU�SURMHFWV�XQGHU�ERWK�VSHFLILFDWLRQV�

7KHUHIRUH�� VWDWLVWLFDO� PRGHOV� VXFK� DV� IDFWRULDO� GHVLJQ�� EORFN� GHVLJQ�� DQG� /DWLQ� VTXDUHV

FDQQRW�EH�XVHG� WR� WHVW� WKH� GLIIHUHQFHV� EHWZHHQ� WZR� VSHFLILFDWLRQV�� WKH�7�WHVW� DQG�)�WHVW

FDQ�� KRZHYHU�� EH� XVHG�� � 7KH� 7�WHVW� DQG� )�WHVW� XVXDOO\� SURYLGH� D� UREXVW� WHVW� RQ� WKH

SDUDPHWHUV�DV�ORQJ�DV�WKH�GHJUHH�RI�IUHHGRP�RI�GDWD�LV�VXIILFLHQWO\�ODUJH�

�������7��7HVW�ZLWK�8QHTXDO�3RSXODWLRQ�9DULDQFHV

,W� KDV�EHHQ� VKRZQ� WKDW� LI� WKH� GLVWULEXWLRQV� RI� WZR� VDPSOHV� DUH� QRW� WRR� IDU� IURP�QRUPDO

GLVWULEXWLRQ�DQG�RU�WKH�WZR�VDPSOH�YDULDQFHV�DUH�QRW�WRR�GLIIHUHQW�IURP�RQH�DQRWKHU��WKHQ

WKH�7�WHVW�ZRUNV�UHDVRQDEO\�ZHOO���+RZHYHU��LI�WKH�YDULDQFHV�RI�WKH�WZR�VDPSOHV�DUH�YHU\

GLIIHUHQW� IURP�RQH�DQRWKHU�� WKHQ� WKH�7�WHVW�ZLWK�XQHTXDO�SRSXODWLRQ�YDULDQFHV� �LQ�(T���

VKRXOG� EH� XVHG� LQ� RUGHU� WR� SUHYHQW� HUURQHRXV� WHVW� FRQFOXVLRQV�� � ,Q� WKLV� UHVHDUFK�� WKH

SRSXODWLRQ� YDULDQFHV� RI� 4&�4$� DQG� QRQ�4&�4$� SURMHFWV� DUH� XQNQRZQ�� � 7KHUHIRUH�� LW

ZRXOG�EH�EHWWHU�WR�XVH�HTXDWLRQ�����DV�WKH�WHVW�PRGHO�
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5HMHFWLRQ�UHJLRQ�IRU�+R�DW�ULVN�OHYHO� D ���HLWKHU��W� d W�� D ��� GI��RU��W� t �W� D ��� GI

ZKHUH�

P  WKH�QXPEHU�RI�GDWD�IRU�SRSXODWLRQ����4&�4$�

Q  WKH�QXPEHU�RI�GDWD�IRU�SRSXODWLRQ����QRQ�4&�4$�

[  WKH�PHDQ�RI�GDWD�IRU�SRSXODWLRQ��

\  WKH�PHDQ�RI�GDWD�IRU�SRSXODWLRQ��

'  � WKH� GLIIHUHQFH� EHWZHHQ� WKH� WUXH� SRSXODWLRQ�PHDQV� �DVVXPHG� WR� EH

]HUR�

(TXDWLRQV� ���� DQG� ���� DUH� XVHG� LQ� WKLV� UHVHDUFK� WR� FRQGXFW� K\SRWKHVLV� WHVWV� LQ� RUGHU� WR

GHWHUPLQH� LI� WKHUH� LV� D� VLJQLILFDQW� GLIIHUHQFH� LQ� WKH� PHDQV� RI� WKH� SDUDPHWHUV� XQGHU

REVHUYDWLRQ�EHWZHHQ�4&�4$�DQG�QRQ�4&�4$�SURMHFWV�

�������)��7HVW

7KH�)�WHVW� LV� XVHG� LQ� WKLV� VWXG\� WR� WHVW� WKH� GLIIHUHQFH� EHWZHHQ� SRSXODWLRQ� YDULDQFHV� IRU

UHDVRQV�VLPLODU�WR�WKRVH�RI�WKH�7�WHVW���7KH�)�VWDWLVWLF�LV�OLVWHG�LQ�HTXDWLRQ�����
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5HMHFWLRQ�UHJLRQ�IRU�+R�DW�ULVN�OHYHO� D ��HLWKHU��I� d )�� � D ��� P � �� Q � ���RU��I� t �)� D ��� P � �� Q � �

�������5HVXOWV�IURP�6WDWLVWLFDO�$QDO\VLV

7KH�VXPPDU\�RI�UHVXOWV�IRU�WHVWLQJ�VLJQLILFDQW�GLIIHUHQFHV�EHWZHHQ�WKH�SDUDPHWHUV�XQGHU

REVHUYDWLRQ�LV�VKRZQ�LQ�7DEOHV�����������DQG�������3DUDPHWHUV�LQFOXGH�DOJHEUDLF�GLIIHUHQFHV

LQ� SHUFHQW� $&�� SHUFHQW� SDVVLQJ� �� PP� VLHYH�� SHUFHQW� SDVVLQJ� ������ PP� VLHYH�� SHUFHQW

ODERUDWRU\�GHQVLWLHV��DQG�SHUFHQW�DLU�YRLGV��$OO�GDWD�SRLQWV�IRU�HDFK�SDUDPHWHU�DUH�XVHG�WR

REWDLQ�WKH�LQGLFDWHG�UHVXOWV� LQ�7DEOH������ �7KH�PHDQV�DQG�VWDQGDUG�GHYLDWLRQV�RI�SURMHFW

PHDQV� DUH� XVHG� WR� REWDLQ� WKH� UHVXOWV� SUHVHQWHG� LQ� 7DEOH� ����� DQG� SRROHG� VWDQGDUG

GHYLDWLRQV�RI�DOO�SURMHFWV�IRU�UHVXOWV�LQ�7DEOH�������7KH�ULVN�OHYHO� D �LV�FRQVLGHUHG���SHUFHQW

LQ�GUDZLQJ�FRQFOXVLRQV�VKRZQ�LQ�WKHVH�WDEOHV�
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7DEOH�������5HVXOWV�%DVHG�RQ�WKH�0HDQV�DQG�6WDQGDUG�'HYLDWLRQV�RI�$OO�'DWD�3RLQWV��6R�

6LJQLILFDQW

'LIIHUHQFH

LQ

0HDQ

7 � 6WDWLVWLF 7 � &ULWLFDO

6LJQLILFDQW

'LIIHUHQFH LQ

9DULDQFH

) � 6WDWLVWLF ) � &ULWLFDO

$& � 1R ����� ���� 1R ���� ����

��� 6� <HV ���� ���� 1R ���� ����

���� 6� <HV ����� ���� 1R ���� ����

/DE 'HQ� <HV ������ ���� 1R ���� ����

$LU 9RLG 1R ���� ���� 1R ���� ����

�����7DEOH�������5HVXOWV�%DVHG�RQ�WKH�0HDQV�DQG�6WDQGDUG�'HYLDWLRQV�RI�3URMHFW�0HDQV

�6P�

6LJQLILFDQW 6LJQLILFDQW

'LIIHUHQFH

LQ

'LIIHUHQFH LQ

0HDQ 7 � 6WDWLVWLF 7 � &ULWLFDO 9DULDQFH ) � 6WDWLVWLF ) � &ULWLFDO

$& � 1R ���� ���� <HV ���� ����

� �� 6� 1R ����� ���� 1R ���� ����

� ��� 6� <HV ���� ���� 1R ���� ����

/DE 'HQ� 1R ���� ���� 1R ���� ����

$LU 9RLG 1R ���� ���� 1R ���� ����

7DEOH�������6WDWLVWLFDO�5HVXOWV�%DVHG�RQ�WKH�3RROHG�6WDQGDUG�'HYLDWLRQV�RI�$OO�3URMHFWV

�6S�

6LJQLILFDQW 6LJQLILFDQW

'LIIHUHQFH LQ 'LIIHUHQFH LQ

0HDQ 7 � 6WDWLVWLF 7 � &ULWLFDO 9DULDQFH ) ¤ 6WDWLVWLF ) � &ULWLFDO

$& � 1R ����� ���� 1R ���� ����

� �� 6� 1R ���� ���� 1R ���� ����

� ��� 6� <HV ���� ���� 1R ���� ����

/DE 'HQ� <HV ����� ���� 1R ���� ����

$LU 9RLG 1R ���� ���� 1R ���� ����

7KH� UHVXOWV� VKRZQ� LQ� 7DEOHV� ���� WKURXJK� ���� LQGLFDWH� WKDW� WKHUH� LV� QRW� D� VLJQLILFDQW

GLIIHUHQFH� EHWZHHQ� YDULDQFHV� IRU� GLIIHUHQW� FRQWURO� SDUDPHWHUV�ZKHQ� FRPSDULQJ�4&�4$

DQG� QRQ�4&�4$� SURMHFWV� �ZLWK� WKH� H[FHSWLRQ� RI� DVSKDOW� FRQWHQW� GHYLDWLRQ� ZKHQ�PHDQ
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YDOXHV�RI�SURMHFWV�DUH�XVHG��DV�VKRZQ�LQ�7DEOH������� �7KLV� LPSOLHV� WKDW�IURP�D�VWDWLVWLFDO

SRLQW�RI�YLHZ�� WKHUH� LV�QR�GLIIHUHQFH�EHWZHHQ�XQLIRUPLW\�RI�SURMHFWV�EXLOW�XQGHU�4&�4$

DQG� QRQ�4&�4$� VSHFLILFDWLRQV�� � +RZHYHU�� DV� PHQWLRQHG� EHIRUH�� LI� SXUHO\� QXPHULFDO

YDOXHV�DUH�FRQVLGHUHG��OHVV�YDULDELOLW\�LV�REVHUYHG�IRU�4&�4$�SURMHFWV�

7DEOH����� LQGLFDWHV� WKDW� WKH�PHDQV� IRU� ODERUDWRU\�GHQVLW\� DQG�SHUFHQW�SDVVLQJ� WKH������

PP�VLHYH�DUH�VWDWLVWLFDOO\�GLIIHUHQW�IRU�4&�4$�DQG�QRQ�4&�4$�SURMHFWV���7KH�PHDQV�IRU

RWKHU� SDUDPHWHUV� GR� QRW� GLIIHU� XQGHU� WKH� WZR� VSHFLILFDWLRQV�� 7KH� PHDQV� IRU� ODERUDWRU\

GHQVLWLHV�DUH�H[SHFWHG�WR�EH�GLIIHUHQW�EHFDXVH�LQ�QRQ�4&�4$�SURMHFWV�ODERUDWRU\�GHQVLWLHV

ZHUH�PRVWO\�WDUJHWHG�DW����SHUFHQW��ZKHUHDV�IRU�PRVW�4&�4$�SURMHFWV��WKH\�ZHUH�DURXQG

���SHUFHQW�� �+RZHYHU�� IRU�SHUFHQW�SDVVLQJ� WKH�������PP�VLHYH�� WKH� UHVXOWV� LQGLFDWH� WKDW

WKHUH�LV�D�EHWWHU�FRQWURO�WR�IROORZ�WKH�WDUJHW�YDOXH�IRU�4&�4$�SURMHFWV�FRPSDUHG�WR�QRQ�

4&�4$�SURMHFWV�
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������6XUYH\�RI�3URMHFWV

$�YLVXDO�VXUYH\�RI�WKH�FRQVWUXFWHG�SURMHFWV�JHQHUDOO\�LQGLFDWHG�WKDW�4&�4$�SURMHFWV�DUH�LQ

DV�JRRG�D�FRQGLWLRQ�DV�WKH�QRQ�4&�4$�SURMHFWV���+RZHYHU��QR�JHQHUDO�FRQFOXVLRQ�FRXOG

EH� GUDZQ� RQ� GLVWLQFW� VXSHULRULW\� RU� LQIHULRULW\� ZKHQ� FRPSDULQJ� WKH� WZR� VHWV� RI

VSHFLILFDWLRQV�� �%HFDXVH�QR�H[DFW�PDWFKLQJ�SDLUV�FRXOG�EH� IRXQG�� LQ� WKH�FDVH�RI� WKH� IHZ

YHU\�FORVH�SDLUV��IRU�H[DPSOH��6+�����LQ�WKH�3KDUU�'LVWULFW��6+����LQ�%HDXPRQW��DQG�)0

���� LQ� (O� 3DVR��� WKH� TXDOLW\� RI� WKH� FRQVWUXFWHG� SDYHPHQWV� ZDV� HVVHQWLDOO\� HTXDO� IRU

SDYHPHQWV�FRQVWUXFWHG�XQGHU�ERWK�VSHFLILFDWLRQV�

%RWK� WKH� 4&�4$� VSHFLILFDWLRQ� DQG� WKH� QRQ�4&�4$� VSHFLILFDWLRQ� \LHOGHG� SURMHFWV� WKDW

ZHUH�LQ�JRRG�RU�H[FHOOHQW�VKDSH��$SSHQGL[�&����$YHUDJH�RU�ORZ�TXDOLW\�SDYHPHQWV�ZHUH

DOVR� REVHUYHG� XQGHU� ROG� DQG� QHZ� VSHFLILFDWLRQV�� � ,W� ZDV� QRW� HDV\� WR� MXGJH� ZKLFK

VSHFLILFDWLRQ�KDG�D�KLJKHU�SHUFHQWDJH�RI�EHWWHU�SDYHPHQWV�ZKHQ�FRPSDUHG�ZLWK�WKH�RWKHU�

,W� LV� LPSRUWDQW� WR� UHDOL]H� WKDW� VRPH� RI� WKH� SK\VLFDO� SUREOHPV� IRXQG� LQ� WKH�PRVW� UHFHQW

SDYHPHQWV�H[LVW�PDLQO\�EHFDXVH�RI�WKH�LQDGHTXDF\�RI�WKH�GHVLJQ�RU�RI�WKH�SRRU�TXDOLW\�RI

WKH�PDWHULDOV�XVHG���7KHVH�SUREOHPV�DUH�QRW�GLUHFWO\�GXH�WR�GHILFLHQFLHV�LQ�VSHFLILFDWLRQV�

)RU�H[DPSOH��WKH�YHU\�VHYHUH�UXWWLQJ�DQG�VKRYLQJ�REVHUYHG�RQ�/RRS����DW�WKH�LQWHUVHFWLRQ

ZLWK� ,+���� LQ� /DUHGR� OHVV� WKDQ� �� \HDUV� DIWHU� FRQVWUXFWLRQ� H[LVW� VLPSO\� EHFDXVH

FRQYHQWLRQDO� PL[HV� DQG� GHVLJQV� XVHG� DW� WKLV� LQWHUVHFWLRQ� DUH� QRW� DGHTXDWH� WR� SUHYHQW

GLVWUHVVHV�UHJDUGOHVV�RI�ZKDW�FRQVWUXFWLRQ�VSHFLILFDWLRQV�DUH�XVHG���7KHUH�LV�FRQVLGHUDEOH

KHDY\�WUXFN�WUDIILF�DW�WKLV�LQWHUVHFWLRQ��DQG�SDYHPHQW�WHPSHUDWXUH�DW�SHDN�VXPPHU�WLPHV�LV

H[WUHPHO\� KLJK�� � +RZHYHU�� VRPH� RWKHU� SUREOHPV� DUH� GLUHFWO\� UHODWHG� WR� WKH� TXDOLW\� RI

FRQVWUXFWLRQ���$Q�H[DPSOH�LV�:XU]EDFK�5RDG�DW�WKH�LQWHUVHFWLRQ�ZLWK�%DQGHUD�+LJKZD\

LQ�6DQ�$QWRQLR��ZKHUH�WKH�RYHUOD\�FRQWDLQHG�WRR�KLJK�D�ELQGHU�FRQWHQW�DQG�WKHUH�ZDV�DQ

LPPHGLDWH�QHHG� WR� UHPRYH�DQG� UHSODFH� LW�ZLWK�D�QHZ�RYHUOD\�� �7KLV�SUREOHP�FDQQRW�EH

DWWULEXWHG� WR� WKH� VSHFLILFDWLRQ� WKDW� UHTXLUHV� SHUIRUPLQJ� VXIILFLHQW� WHVWV� WR� HQVXUH� WKH

PL[WXUH�PHHWV�WKH�UHTXLUHG�FULWHULD�

������$�/RRN�DW�WKH�3URMHFWV©�&RVWV

2QH�RI�WKH�FRQFHUQV�RI�7['27��LQ�UHJDUG�WR�WKH�4&�4$�VSHFLILFDWLRQV��KDV�EHHQ�ZKHWKHU

LPSOHPHQWLQJ�WKHVH�VSHFLILFDWLRQV�KDV�LQFUHDVHG�WKH�FRVW�RI�SURGXFWLRQ�DQG�SODFHPHQW�RI

KRW�PL[�DVSKDOW��,I�WKH�DQVZHU�LV�\HV��FDQ�WKH�KLJKHU�FRVW�EH�MXVWLILHG�E\�D�EHWWHU�TXDOLW\�RI

WKH�SDYHPHQW�XQGHU�4&�4$�VSHFLILFDWLRQV"

7KH�FRVW�RI�KRW�PL[�DVSKDOW��+0$��YDULHV�FRQVLGHUDEO\�WKURXJKRXW�WKH�VWDWH���(YHQ�ZLWKLQ

WKH�VDPH�GLVWULFW��WKH�FRVW�RI�FRQVWUXFWLQJ�KRW�PL[�DVSKDOW�YDULHV�ZLWKLQ�D�ZLGH�UDQJH���7KH

FRVW�RI�+0$�GHSHQGV�RQ�PDQ\�IDFWRUV��LQFOXGLQJ�WKH�FRVW�RI�WKH�RULJLQDO�PDWHULDOV��XVH�RI

PRGLILHU��DQG�WKH�GLVWDQFH�WKH�PDWHULDO�QHHGV�WR�EH�KDXOHG���$JJUHJDWH�LV�RQH�RI�WKH�PRVW
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LPSRUWDQW� IDFWRUV� LQ� GHWHUPLQDWLRQ� RI� WKH� FRVW�� � ,Q� DUHDV�ZKHUH� ORFDO� VRXUFHV� RI� TXDOLW\

DJJUHJDWH�DUH�DEXQGDQW�� WKH�FRVW�FDQ�EH�FRQVLGHUDEO\� ORZHU� WKDQ� WKDW� LQ�DUHDV�ZKHUH� WKH

DJJUHJDWH�KDV� WR�EH� WUDQVSRUWHG� IURP�GLVWDQW� TXDUULHV�� �7UDQVSRUWDWLRQ� DQG� WUXFNLQJ� FDQ

JUHDWO\� ERRVW� WKH� FRVW� RI� WKH� GHOLYHUHG� DJJUHJDWH�� � ,I�� IRU� H[DPSOH�� D� FHUWDLQ� W\SH� RI

FUXVKHG�VWRQH�FRVWV�DERXW�������SHU�WRQ�DW�WKH�TXDUU\��WKLV�SULFH�FDQ�EH�HDVLO\�GRXEOHG�DQG

WULSOHG�IRU�GHOLYHULQJ�LW����WR����NLORPHWHUV�DZD\���7KHUHIRUH��LW�LV�QRW�VXUSULVLQJ�WR�VHH�D

ZLGH�UDQJH�LQ�FRVW�DQG�ELG�SULFHV�RI�+0$�WKURXJKRXW�WKH�VWDWH���7KH�W\SLFDO�UDQJH�RI�ELG

SULFHV� UHSRUWHG� ZLWKLQ� WKH� VWDWH� YDULHV� IURP� WKH� ORZ� WZHQWLHV� WR� WKH� KLJK� WKLUWLHV� �LQ

GROODUV��� � :KLOH� WKH� DYHUDJH� ELG� SULFH� KDV� EHHQ� KLJKHU� IRU� PRVW� RI� WKH� GLVWULFWV� DIWHU

LPSOHPHQWLQJ�4&�4$�VSHFLILFDWLRQV��VRPH�KDYH�UHSRUWHG���WR����SHUFHQW�ORZHU�ELG�SULFHV

LQ�UHFHQW�\HDUV�� �3DUW�RI� WKLV� ORZHU�SULFH�PD\�EH�DWWULEXWHG�WR�KLJKHU�FRPSHWLWLRQ�DPRQJ

FRQWUDFWRUV�LQ�FHUWDLQ�DUHDV���+RZHYHU��VWXG\LQJ�D�QXPEHU�RI�SURMHFWV�EXLOW�XQGHU�4&�4$

VSHFLILFDWLRQ�LQGLFDWHV�WKDW��RQ�DYHUDJH��7['27�SD\V�DSSUR[LPDWHO\�D���SHUFHQW�ERQXV�RQ

WKH�+0$�SURMHFWV�ZLWK�LPSOHPHQWDWLRQ�RI�VSHFLILFDWLRQ�LWHP��������7KH�IROORZLQJ�WDEOH

LQGLFDWHV� WKH� DYHUDJH� SD\� IDFWRU� DQG� WKH� FRUUHVSRQGLQJ� VWDQGDUG� GHYLDWLRQ� IRU� WKH� SD\

SDUDPHWHUV�� �7KHVH�UHVXOWV�DUH�REWDLQHG�EDVHG�RQ�WKH�DQDO\VLV�RI�IRUW\�ILYH�SURMHFWV�EXLOW

XQGHU�4&�4$�VSHFLILFDWLRQV�IURP������WKURXJK������

7DEOH�������$YHUDJH�3D\�)DFWRUV�XQGHU�4&�4$�6SHFLILFDWLRQ�IRU�D�1XPEHU�RI�6XE�ORWV

3D\�3DUDPHWHUV

������PP

6LHYH

��PP

6LHYH

$VSKDOW

&RQWHQW ,Q�3ODFH�$LU�9RLGV

1XPEHU�RI�6XE�ORWV

6XUYH\HG

�� �� �� ��

$YHUDJH�3�)� ���� ���� ���� ����

6WG��'HY��IRU�3�)� ���� ���� ���� ����

7KH�WDEOH�LQGLFDWHV�WKDW�WKH�DYHUDJH�SD\�IDFWRU�IRU�DVSKDOW�FRQWHQW�DQG�SHUFHQW�SDVVLQJ�WKH

������PP�VLHYH�LV�������ZKHUHDV�DQ�DYHUDJH�SD\�IDFWRU�RI������LV�REWDLQHG�IRU�LQ�SODFH�DLU

YRLGV�DQG�SHUFHQW�SDVVLQJ�WKH���PP�VLHYH���7KH�DYHUDJH�SD\�IDFWRU�EHLQJ�KLJKHU�WKDQ�RQH

IRU�DVSKDOW�FRQWHQW�DQG�������PP�VLHYHV�LPSOLHV�WKDW�D�FKDQJH�LV�QHHGHG�WR�HQVXUH�WKDW�D

ERQXV� ZLOO� EH� SDLG� IRU� D� WLJKWHU� UDQJH� RI� GHYLDWLRQV� IURP� WKHVH� WZR� SDUDPHWHUV�� � 7KH

UHDVRQ� EHKLQG� WKLV� SUREOHP� LV� H[SODLQHG� LQ� VHFWLRQ� ������ RI� &KDSWHU� ��� � 6HFWLRQ� ���� LQ

&KDSWHU���GHVFULEHV�D�SURFHGXUH�WKDW�FDQ�UHVROYH�WKLV�SUREOHP�

)LJXUH�����VKRZV�WKH�WUHQG�RI�WKH�DYHUDJH�ELG�SULFH�DV�D�IXQFWLRQ�RI�WLPH�IRU�SURGXFWLRQ

DQG� SODFHPHQW� RI� +0$� IRU� WKH� SHULRG� EHWZHHQ� ����� WKURXJK� ������ � 7KLV� DYHUDJH� LV

REWDLQHG�EDVHG�RQ�WKH�GDWD�IRU�DOO�WKH�GLVWULFWV�LQ�WKH�VWDWH���7KH�DYHUDJH�ELG�SULFH�IRU�WKH

SHULRG�EHIRUH�-XO\������LV�VOLJKWO\�RYHU�������7KHUH�LV�D�VXGGHQ�MXPS�LQ�SULFH�VWDUWLQJ�LQ

$XJXVW������� �7KH�DYHUDJH�ELG�SULFH� UHPDLQV� UHODWLYHO\�KLJK��DURXQG�����IRU� WKH�SHULRG

IURP�$XJXVW������WKURXJK�-XQH�������ZKHQ�D�GURS�LQ�WKH�SULFH�LV�REVHUYHG���%H\RQG�-XQH

������WKH�DYHUDJH�SULFH�UHPDLQV�DURXQG��������
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)LJXUH�������7KH�$YHUDJH�%LG�3ULFH�IRU�3URGXFWLRQ��DQG�3ODFHPHQW�RI�+RW�PL[�$VSKDOW�DV

D�)XQFWLRQ�RI�7LPH��&RXUWHV\�RI�&RQVWUXFWLRQ�DQG�0DLQWHQDQFH�'LYLVLRQ��7H[DV

'HSDUWPHQW�RI�7UDQVSRUWDWLRQ�

,W� LV� UHDVRQDEOH� WR� EHOLHYH� WKDW� WKH� �� SHUFHQW� KLJKHU� SULFH� IRU� WKH� ��\HDU� SHULRG� IURP

$XJXVW� ����� WKURXJK� -XQH� ����� FRPSDUHG� ZLWK� SUHYLRXV� \HDUV� ZDV� DVVRFLDWHG� ZLWK

LQLWLDWLRQ� RI�4&�4$�SURMHFWV� WKDW� UHTXLUHG� WKH� FRQWUDFWRUV� WR� SXUFKDVH� QHZ� HTXLSPHQW�

KLUH� FHUWLILHG� WHFKQLFLDQV�� RU� KDYH� WKHLU� WHFKQLFLDQV� WUDLQHG� DQG� FHUWLILHG�� � +RZHYHU�� D

SRUWLRQ� RI� WKLV� LQFUHDVH� FDQ� EH� DWWULEXWHG� WR� WKH� LQFUHDVH� LQ� WKH� DJJUHJDWH� SULFH� �)LJXUH

������ $IWHU� WKH� ILUVW� �� \HDUV� RI� WKH� 4&�4$� VSHFLILFDWLRQ�� GXULQJ� ZKLFK� WLPH� QHZ

HTXLSPHQW� DQG� SURFHGXUHV�ZHUH� VRPHZKDW� HVWDEOLVKHG�� D� JUDGXDO� GHFUHDVH� LQ� ELG� SULFH

ZDV�REVHUYHG��VR�WKDW�GXULQJ�WKH�VSULQJ�RI������� WKH�DYHUDJH�ELG�SULFH�ZDV� MXVW�DERXW��

SHUFHQW�KLJKHU�WKDQ�WKDW�IRU�WKH�SHULRG�EHIRUH��������,I�WKH�DYHUDJH���SHUFHQW�ERQXV�LV�DOVR

DGGHG�� LW� FDQ� EH� FRQFOXGHG� WKDW�� RQ� DYHUDJH�� WKH� SURGXFWLRQ�SODFHPHQW� RI� +0$� KDV

LQFUHDVHG�E\� DOPRVW� ��SHUFHQW�RYHU� WKH� ODVW� ��\HDUV�� DV� FRPSDUHG�ZLWK� WKH� \HDUV� EHIRUH

�����

&RQVLGHULQJ�WKH�LQFUHDVH�LQ� WKH�FRVW�RI�DJJUHJDWH�DQG�DQ�DYHUDJH�KLJKHU�FRVW�IRU�DVSKDOW

FHPHQW� �)LJXUHV�����DQG������� UHVSHFWLYHO\��GXULQJ� UHFHQW�\HDUV� LW� FDQ�EH�FRQFOXGHG� WKDW

WKH�PRYH�WRZDUG�QHZ�4&�4$�VSHFLILFDWLRQV�KDV�QRW�LQFUHDVHG�WKH�FRVW�RI�KRW�PL[�DVSKDOW

FRPSDUHG�ZLWK�WKH�\HDUV�SULRU�WR��������)LJXUH�����VKRZV�KRZ�WKH�SULFH�RI�WKH�DJJUHJDWH

IRU�KRW�PL[�DVSKDOW�KDV�FKDQJHG�GXULQJ�WKH�ODVW����\HDUV���7KH�JUDSK�UHSUHVHQWV�WKH�SULFH

DW�WKH�TXDUU\�IRU�RQH�RI�WKH�ORFDO�VRXUFHV�RI�FUXVKHG�VWRQH���7KH�DYHUDJH�SULFH�IRU�WKH�\HDUV

������ ������ DQG� ����� LV� DERXW� ������WRQ�� ZKHUHDV� WKH� DYHUDJH� SULFH� IRU� DOO� WKH� \HDUV

EHIRUH������LV�DERXW�������WRQ���7KHUHIRUH��WKHUH�LV�DQ�LQFUHDVH�RI�DERXW����SHUFHQW� WKDW

FDQ�GHILQLWHO\�FRQWULEXWH�WR�WKH�LQFUHDVH�LQ�WKH�FRVW�RI�KRW�PL[�DVSKDOW���)LJXUH�����VKRZV

WKH�FRVW�RI�DVSKDOW�FHPHQW��$&�����IRU�D�QXPEHU�RI�\HDUV�IRU�RQH�PDMRU�8�6��FLW\�� �7KH
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DYHUDJH�SULFH�IRU�WKH�\HDUV�������������DQG������LV�DERXW������SHU�WRQ��ZKLFK�LV�DOPRVW��

SHUFHQW�KLJKHU� WKDQ� WKH�DYHUDJH�FRVW�RI������GROODUV�SHU� WRQ�IRU� WKH�\HDUV������ WKURXJK

������H[FOXGLQJ���������7KXV��WKH�KLJKHU�FRVW�RI�RULJLQDO�PDWHULDOV�KDV�FRQWULEXWHG�WR�WKH

KLJKHU�FRVW�RI�KRW�PL[�DVSKDOW�IRU�WKH�\HDUV�DIWHU�������FRPSDUHG�WR�WKH�\HDUV�EHIRUH������
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������*HQHUDO

7KH�PRYH�WRZDUG�D�TXDOLW\�FRQWURO�TXDOLW\�DVVXUDQFH��4&�4$��VSHFLILFDWLRQ�LV�GHILQLWHO\�D

VWHS�IRUZDUG���6WDWHV�WKDW�KDYH�DOUHDG\�VWDUWHG�ZLWK�D�4&�4$�VSHFLILFDWLRQ�KDYH�VKRZQ�QR

WHQGHQF\�WR�UHWXUQ�WR�PHWKRG�VSHFLILFDWLRQV��UDWKHU��WKH\�FRQWLQXH�WR�GHYHORS�DQG�LPSURYH

WKHLU� 4&�4$� VSHFLILFDWLRQV�� � ,Q� WKLV� UHJDUG�� WKH� 7H[DV� 'HSDUWPHQW� RI� 7UDQVSRUWDWLRQ

�7['27��KDV�FHUWDLQO\�WDNHQ�HQFRXUDJLQJ�VWHSV���:KLOH�WKH�IXQGDPHQWDOV�DUH�UHDVRQDEOH

ZLWKLQ� WKH� FXUUHQW� 4&�4$� VSHFLILFDWLRQ�� WKHUH� DUH� VRPH� VKRUWFRPLQJV� WKDW� QHHG� WR� EH

DGGUHVVHG�DQG�UHVROYHG�

7KH� UHFRPPHQGDWLRQV� RXWOLQHG� LQ� WKLV� FKDSWHU� DUH� PDGH� EDVHG� RQ� WKH� LQIRUPDWLRQ

REWDLQHG�IURP�7['27�DQG�IURP�WKH�FRQVWUXFWLRQ�LQGXVWU\�DV�GLVFXVVHG�LQ�&KDSWHU����DQG

RQ�WKH�GDWD�REWDLQHG�WR�GDWH�SUHVHQWHG�DQG�DQDO\]HG�LQ�&KDSWHU���

������6DPSOLQJ

7KH� 4&�4$� VSHFLILFDWLRQ� UHOLHV� RQ� WKH� ODZV� RI� SUREDELOLW\� DQG� VWDWLVWLFV� IRU� IDLUQHVV�

$FFRUGLQJO\��LW�LV�HVVHQWLDO�WKDW�ZH�HQVXUH�UDQGRPQHVV�RI�VDPSOLQJ���5DQGRP�VDPSOLQJ�LV

D� PHWKRG� RI� VDPSOLQJ� LQ� ZKLFK� HYHU\� SLHFH� ZLWKLQ� WKH� SRSXODWLRQ� KDV� DQ� HTXDO

RSSRUWXQLW\� WR� DSSHDU� LQ� WKH� VDPSOH�� � ,Q� WKLV� UHJDUG�� WKH� WLPH� DQG� ORFDWLRQ� RI� VDPSOLQJ

VKRXOG�QRW�EH�GLVFORVHG�XQWLO�WKH�WLPH�RI�VDPSOLQJ���,W�LV�UHFRPPHQGHG�WKDW�WKH�HQJLQHHU

EH�UHVSRQVLEOH� IRU�HVWDEOLVKLQJ� WKH� UDQGRP�VDPSOLQJ�SODQ�� � ,W� LV� DOVR� UHFRPPHQGHG� WKDW

WKH� IUHTXHQF\�RI� VDPSOLQJ�EH� LQFUHDVHG�� WKDW� LV�� VL[� UDWKHU� WKDQ� IRXU� VDPSOHV� VKRXOG� EH

WDNHQ� IRU� HDFK� ORW�� � +RZHYHU�� RQO\� IRXU� RI� WKH� VL[� ZLOO� EH� XVHG� IRU� WHVWLQJ�� DQG� WKH

UHPDLQLQJ� WZR�ZLOO� EH� UHWDLQHG� IRU� SRVVLEOH� XVH�� �7KLV� KLJKHU� IUHTXHQF\� KHOSV� LQ� EHWWHU

FRQWUROOLQJ�SURGXFW�XQLIRUPLW\�

������3D\�)DFWRUV

�������&RQWLQXRXV�9HUVXV�6WHSSHG�3D\�6FKHGXOH

7KHUH�LV�FHUWDLQO\�D�GHILQLWH�QHHG�WR�FKDQJH�WKH�SD\�VFKHGXOH�IURP�D�VWHS�ZLVH�W\SH�WR�D

FRQWLQXRXV�IRUP���7KLV�ODWWHU�W\SH�KDV�D�GLVWLQFW�DGYDQWDJH�RYHU�WKH�IRUPHU���,Q�D�VWHSSHG

SD\� VFKHGXOH�� WKHUH� DUH� FDVHV� ZKHQ� WKH� WUXH� OHYHO� RI� WKH� ZRUN� LV� FORVHU� WR� D� ERXQGDU\

�ZKHUH�WKH�SD\�IDFWRU�PRYHV�XS�RU�GRZQ�WR�WKH�QH[W�VWHS����$Q�HVWLPDWH�RI�WKH�TXDOLW\�RI

WKH�SURGXFW�PD\�IDOO�RQ�HLWKHU�VLGH�RI�WKLV�ERXQGDU\�SULPDULO\�EHFDXVH�RI�FKDQFH���7KHUH

FRXOG�EH�D�VXEVWDQWLDO�GLIIHUHQFH� LQ� WKH�DPRXQW�RI�SD\��GHSHQGLQJ�RQ�ZKLFK�VLGH�RI� WKH

ERXQGDU\� WKH� HVWLPDWH� OLHV�� � 6XFK� D� VLWXDWLRQ� PD\� OHDG� WR� GLVSXWHV� RYHU� SUHFLVLRQ� RI

PHDVXUHPHQWV��URXQG�RII�UXOHV��DQG�VR�IRUWK�

8QGHU�D�VWHSSHG�IXQFWLRQ��D�WHQGHQF\�PD\�H[LVW�WR�PDQLSXODWH�WKH�PHDVXUHG�YDOXH�WR�IRUFH

LW� RQ� RQH� VLGH� RI� WKH� ERXQGDU\� IRU� KLJKHU� RU� ORZHU� SD\�� � 7KLV�PD\� EH� WKH� UHDVRQ�ZK\
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PHDVXUHG� DLU� YRLGV� RI� FRUHV� IURP� FRQVWUXFWHG� 4&�4$� SURMHFWV� KDYH� VXFK� D� KLJK

FRQFHQWUDWLRQ� RI� YDOXHV� RQ� RQH� VLGH� RI� WKH� ERXQGDU\�� � 2XW� RI� ���� YDOXHV� IRU� SHUFHQW

GHQVLWLHV� IURP�4&�4$�SURMHFWV�� WKHUH�DUH�RQO\� IRXU�YDOXHV�HTXDO� WR�������ZKHUHDV� WKHUH

DUH� WKLUW\�WZR�YDOXHV� HTXDO� WR� ������%DVHG� RQ� UDQGRP� VHOHFWLRQ�� WKH� QXPEHU� RI� SHUFHQW

GHQVLWLHV�HTXDO�WR������LV�H[SHFWHG�WR�EH�DSSUR[LPDWHO\�HTXDO�WR�WKH�QXPEHU�RI�GHQVLWLHV

HTXDO�WR��������)RU�WKH�H[LVWLQJ�VWHSSHG�SD\�VFKHGXOH��WKH�SD\�IDFWRUV�DUH�HTXDO� WR���DQG

����� IRU� SHUFHQW� GHQVLWLHV� RI� ����� DQG� ������ UHVSHFWLYHO\�� � ,W� LV� FOHDU� KRZ� WKH� XVH� RI� D

FRQWLQXRXV�IXQFWLRQ�FDQ�UHVROYH�WKLV�SUREOHP�

�������'HWHUPLQDWLRQ�RI�3D\�/HYHOV

$Q� LPSRUWDQW� LVVXH� LQ� WKH� GHYHORSPHQW� RI� WKH� SD\� VFKHGXOH� LV� WKH� GHWHUPLQDWLRQ� RI

DSSURSULDWH�SD\�OHYHOV�IRU�YDULRXV�OHYHOV�RI�TXDOLW\���9DULRXV�PHWKRGV�KDYH�EHHQ�SURSRVHG

IRU� WKLV� SXUSRVH�� �$� UDWLRQDO� DSSURDFK� LV� UHODWLQJ� WKH� OHYHO� RI� SD\PHQW� WR� WKH� SUHGLFWHG

SHUIRUPDQFH�RI�WKH�SDYHPHQW�DQG�WR�WKH�FRVW�RI�PDLQWDLQLQJ�DQG�UHSDLULQJ�WKH�SDYHPHQW

LQ�WKH�IXWXUH���7KLV�PHWKRG�LV�FRQVLGHUHG�D�OLTXLGDWHG�GDPDJH�DSSURDFK���([DPSOHV�FDQ�EH

IRXQG� LQ� VHYHUDO� SXEOLFDWLRQV�� � 7KH� IROORZLQJ� IRUPXOD� KDV� EHHQ� GHYHORSHG� IRU

GHWHUPLQDWLRQ�RI�SD\�IDFWRU�EDVHG�RQ�WKH�H[SHFWHG�OLIH�RI�WKH�SDYHPHQW������
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3)  SD\�IDFWRU��SHUFHQW�

&S�  � SUHVHQW�XQLW�FRVW�RI�SDYHPHQW��ELG�LWHP�RQO\�

&��  � SUHVHQW�XQLW�FRVW�RI�RYHUOD\

/G  GHVLJQ�OLIH�RI�SDYHPHQW

/H�  � H[SHFWHG�OLIH�RI�SDYHPHQW

5�  � �����5LQI���������5LQW�����

5LQI  � DQQXDO�LQIODWLRQ�UDWH��SHUFHQW�

5LQW�  � DQQXDO�LQWHUHVW�UDWH��SHUFHQW�

$QRWKHU� VLPSOH� SURFHGXUH�� WDNLQJ� DGYDQWDJH� RI� PHDQ� DQG� VWDQGDUG� GHYLDWLRQ� DQG

SUHVHQWHG�E\�$IIHUWRQ�HW�DO��������LV�WKH�XVH�RI�TXDOLW\�LQGH[�4�GHILQHG�DV�IROORZV�
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�

ZKHUH

4�  � TXDOLW\�LQGH[

� ;�  � WKH�VDPSOH�PHDQ
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6�  � VDPSOH�VWDQGDUG�GHYLDWLRQ

/�  � VSHFLILFDWLRQ�OLPLW

7KH�SD\PHQW�LV�GHWHUPLQHG�EDVHG�RQ�WKH�PDJQLWXGH�RI�4���6XFK�DQ�DSSURDFK�LV�XVHIXO�IRU

D� RQH�VLGHG� FDVH� �L�H��� VLQJOH� OLPLW� VSHFLILFDWLRQ�� VXFK� DV� IRU� WKH� WKLFNQHVV� RI� WKH

SDYHPHQW��� �)RU�D�GRXEOH�OLPLW�VSHFLILFDWLRQ��RQH�KDYLQJ�ERWK� ORZHU�DQG�XSSHU� OLPLWV��D

PRUH� JHQHUDO� DSSURDFK� VKRXOG� EH� XVHG�� � $Q\� PHWKRG� XVHG� LQ� WKLV� UHJDUG� PXVW� EH

VWDWLVWLFDOO\� VRXQG� DQG�PXVW� DGGUHVV� ERWK� YDULDELOLW\� DQG� GHYLDWLRQV� IURP� WDUJHW� YDOXHV�

(QJLQHHULQJ�MXGJPHQW�LV�XVHG�WR�GHWHUPLQH�OLPLWV�IRU�HDFK�SDUDPHWHU��EH\RQG�ZKLFK�WKH

PDWHULDO�LV�FRQVLGHUHG�GHIHFWLYH���%DVHG�RQ�D�FHUWDLQ�VDPSOLQJ�SODQ�DQG�WKHVH�OLPLWV�� WKH

PHDVXUHG� GHYLDWLRQV� IURP� WDUJHW� YDOXHV� DQG� WKH� PDJQLWXGH� RI� YDULDELOLW\� IRU� HDFK

SDUDPHWHU�FDQ�EH�XVHG�WR�GHWHUPLQH�ZKDW�SHUFHQW�RI�WKH�PDWHULDO�LV�GHIHFWLYH���3D\PHQWV

FDQ�EH�HVWDEOLVKHG�EDVHG�RQ�WKH�OHYHO�RI�GHIHFW���$V�DQ�LQFHQWLYH��D�ERQXV�PD\�EH�DSSOLHG

WR�WKH�PDWHULDO�DQG�ZRUNPDQVKLS�ZLWK�YHU\�OLWWOH�SHUFHQW�GHIHFWLYH��H[FHOOHQW�TXDOLW\���DQG

D� SHQDOW\�PXVW� EH� DSSOLHG� WR� WKH�PDWHULDO� DQG�ZRUNPDQVKLS�ZLWK� D� KLJK� SHUFHQWDJH� RI

GHIHFWLYH� PDWHULDO� �SRRU� TXDOLW\��� )RU� LPSOHPHQWDWLRQ� RI� WKLV� FRQFHSW�� D� ORJLFDO

UHODWLRQVKLS�QHHGV�WR�EH�GHYHORSHG�EHWZHHQ�WKH�TXDOLW\�OHYHO�DQG�SD\PHQW�� �$Q�H[DPSOH

RI�VXFK�D�UHODWLRQVKLS�LV�SURSRVHG�DV������

3)�  � ���������3'

ZKHUH

3)�  � SD\�IDFWRU

3'�  � SHUFHQW�GHIHFWLYH

)RU�WKLV�FDVH��ZKHQ����SHUFHQW�RI�WKH�SURGXFW�LV�GHIHFWLYH��SD\PHQW�ZLOO�EH�����SHUFHQW�

)RU� OHVV� GHIHFWLYH� PDWHULDO�� D� ERQXV� LV� SDLG�� DQG� IRU� D� PDWHULDO� PRUH� WKDQ� ��� SHUFHQW

GHIHFWLYH�� D� SHQDOW\� ZLOO� EH� DSSOLHG�� � :KHQ� 3' ���� �PD[LPXP� YDOXH� IRU� SHUFHQW

GHIHFWLYH���D�SD\�IDFWRU�RI����SHUFHQW�LV�REWDLQHG�IURP�WKLV�HTXDWLRQ���+RZHYHU��WKLV�ZLOO

EH� D� KLJK� OHYHO� RI� SD\PHQW� IRU� ���� SHUFHQW� GHIHFWLYH� PDWHULDO�� � 0RVW� VWDWH� KLJKZD\

DJHQFLHV� WHQG� WR� UHMHFW� WKH� PDWHULDO� FRPSOHWHO\� LI� LW� LV� PRUH� WKDQ� D� FHUWDLQ� SHUFHQW

GHIHFWLYH� �IRU� H[DPSOH�� ��� SHUFHQW��� � 7KHUHIRUH�� VXFK� DQ� HTXDWLRQ� LV� SURSHU� IRU� DQ

DFFHSWDEOH�OHYHO�RI�SHUFHQW�GHIHFWLYH�

�������3D\�)DFWRUV�$FFRUGLQJ�WR�6SHFLILFDWLRQ�����

,Q�WKH�VSHFLILFDWLRQ�LWHP�������WKH�FRQFHSW�RI�PHDQ�DEVROXWH�GHYLDWLRQ��0$'��LV�XVHG�WR

GHWHUPLQH�WKH�OHYHO�RI�SD\PHQW���0$'�LV�FDOFXODWHG�EDVHG�RQ�IRXU�PHDVXUHPHQWV�IRU�HDFK

SURGXFWLRQ�RU�SODFHPHQW�ORW���7KH�SDUDPHWHUV�IRU�ZKLFK�0$'�LV�FDOFXODWHG�DQG�SD\PHQWV

DUH� EDVHG� LQFOXGH� DVSKDOW� FRQWHQW�� JUDGDWLRQ� �SHUFHQW� SDVVLQJ� �� PP� VLHYH� DQG� SHUFHQW

SDVVLQJ�������PP�VLHYH���DQG�SODFHPHQW�DLU�YRLGV���3D\PHQWV�DUH�GHWHUPLQHG�EDVHG�RQ�WKH

PDJQLWXGH�RI�0$'�IRU�HDFK�SDUDPHWHU�IURP�WKH�WDUJHW�YDOXHV�



��

7KH�DGYDQWDJH�RI�XVLQJ�PHDQV�RI�DEVROXWH�YDOXHV�YHUVXV�PHDQV�RI�DOJHEUDLF�YDOXHV�LV�WKDW

LQ� WKH� FDVH� RI� WKH� IRUPHU�� WKH� GHYLDWLRQ� IURP� WDUJHW� YDOXHV� LV� EHWWHU� FDSWXUHG�� � )RU

H[DPSOH��ZH�DVVXPH�WKDW�IRU�D�FHUWDLQ�SURMHFW�WKH�WDUJHW�DVSKDOW�FRQWHQW�LV���SHUFHQW��DQG

WKH�IRXU�VDPSOH�PHDVXUHPHQWV�DUH����������������DQG�����SHUFHQW�IRU�RQH�RI�WKH�ORWV��DQG�DUH

���������������DQG�����IRU�DQRWKHU�ORW���2EYLRXVO\��WKH�VHFRQG�ORW�LV�RI�D�EHWWHU�TXDOLW\�EDVHG

RQ� WKLV� VDPSOLQJ� �OHVV� YDULDELOLW\��� ,I� DOJHEUDLF� YDOXHV� DUH� XVHG�� WKH� PHDQ� GHYLDWLRQ� LQ

HLWKHU� FDVH� ZLOO� EH� ]HUR�� ZKHUHDV� LI� DEVROXWH� GHYLDWLRQV� DUH� XVHG� WKH� PHDQ� DEVROXWH

GHYLDWLRQ�ZLOO�EH�����IRU�WKH�ILUVW�ORW�DQG�����IRU�WKH�VHFRQG�ORW���7KHUHIRUH��PHDQ�DEVROXWH

GHYLDWLRQ�EHWWHU�SUHVHQWV�TXDOLW\�RI�WKH�PDWHULDO�LQ�UHJDUG�WR�GHYLDWLRQV�IURP�WDUJHW�YDOXHV�

+RZHYHU��WKH�SUREOHP�ZLWK�PHDQ�DEVROXWH�GHYLDWLRQ�LV�WKDW�LW�GRHV�QRW�DOZD\V�DGHTXDWHO\

LQGLFDWH�WKH�OHYHO�RI�XQLIRUPLW\�RI�WKH�SURGXFW��&RQVLGHU�WKH�VDPH�H[DPSOH���,Q�RQH�RI�WKH

ORWV��WKH�UHVXOWV�IURP�DVSKDOW�FRQWHQW�PHDVXUHPHQWV�DUH����������������DQG�����SHUFHQW���,Q

WKH�RWKHU�ORW��WKH�YDOXHV�DUH����������������DQG�����SHUFHQW���)RU�ERWK�FDVHV�0$'�LV������

+RZHYHU�� LW� LV� FOHDU� WKDW� WKHUH� LV� OHVV� YDULDWLRQ� LQ� WKH� VHFRQG� ORW� HYHQ� WKRXJK� ERWK� ORWV

KDYH� WKH� VDPH� UDQJH�RI�GHYLDWLRQV� IURP� WDUJHW� YDOXHV�� �7KHUHIRUH�� XVLQJ�0$'�DORQH� WR

GHWHUPLQH� SD\� IDFWRUV� PD\� QRW� EH� DGHTXDWH�� � $Q� H[WUD� PHDVXUH�� VXFK� DV� VWDQGDUG

GHYLDWLRQ��LV�UHTXLUHG�WR�GLVWLQJXLVK�EHWZHHQ�ORWV�ZLWK�WKH�VDPH�PHDQ�DEVROXWH�GHYLDWLRQV

EXW�GLIIHUHQW�OHYHOV�RI�XQLIRUPLW\�

������$FFHSWDQFH�6DPSOLQJ�3ODQ

������$Q�$OWHUQDWLYH�$SSURDFK�WR�0HDQ�$EVROXWH�'HYLDWLRQ

$�ORJLFDO�DSSURDFK�LV�WR�LQFOXGH�ERWK�WKH�PHDQ�DQG�WKH�VWDQGDUG�GHYLDWLRQ���$V�PHQWLRQHG

EHIRUH��D�VWHSSHG�IXQFWLRQ� LV�XVHG�IRU�GHWHUPLQDWLRQ�RI�SD\�IDFWRUV� LQ� VSHFLILFDWLRQ� LWHP

������$Q�H[DPSOH�RI�SD\�VFKHGXOH�EDVHG�RQ�VWHS�IXQFWLRQ�LV�VKRZQ�LQ�)LJXUH������ �7KLV

H[DPSOH� UHSUHVHQWV� SD\PHQWV� IRU� DVSKDOW� FRQWHQW� GHYLDWLRQ� DV� RXWOLQHG� LQ� VSHFLILFDWLRQ

�������$�SD\�IDFWRU�RI������DSSOLHV�WR�D�PHDQ�DEVROXWH�GHYLDWLRQ�RI������LQ�SHUFHQW�DVSKDOW

FRQWHQW�� ZKLOH� D� SD\� IDFWRU� RI� ����� DSSOLHV� WR� D� GHYLDWLRQ� RI� ������ � 7KHUH� LV� RQO\� D

GLIIHUHQFH�RI������SHUFHQW�EHWZHHQ�WKH�WZR���2XU�WHVWLQJ�SURFHGXUHV�DQG�HTXLSPHQW�GR�QRW

KDYH�WKH�FDSDELOLW\�RI�PHDVXULQJ�DVSKDOW�FRQWHQW�ZLWKLQ������SHUFHQW�DFFXUDF\���7KHUHIRUH�

IURP�D�WHVWLQJ�SRLQW�RI�YLHZ��WKHUH�LV�QR�GLIIHUHQFH�EHWZHHQ�D�GHYLDWLRQ�RI������DQG�����

LQ�SHUFHQW�DVSKDOW�FRQWHQW���2Q�WKH�RWKHU�KDQG��RQH�FRXOG�KDUGO\�DUJXH�WKDW�D�GHYLDWLRQ�RI

�����LQ�DVSKDOW�FRQWHQW�KDV�D�PRUH�GHWULPHQWDO�HIIHFW�RQ�SHUIRUPDQFH�WKDQ�D�GHYLDWLRQ�RI

�������&RQVLGHULQJ�WKLV�DUJXPHQW����SHUFHQW�GLIIHUHQFH�LQ�SD\�IDFWRU�LV�GLIILFXOW�WR�MXVWLI\�
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0HDQ$EVROXWH 'HYLDWLRQ IRU $VSKDOW &RQWHQW ���
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)LJXUH�������3D\�)DFWRU�'HWHUPLQHG�%DVHG�RQ�D�6WHSSHG�)XQFWLRQ

7KH�XVH�RI�D�FRQWLQXRXV�SD\�IDFWRU�HOLPLQDWHV�VXFK�D�SUREOHP�EHFDXVH�XQGHU�D�FRQWLQXRXV

IXQFWLRQ�SUDFWLFDOO\�WKH�VDPH�SD\�IDFWRU�LV�GHOLYHUHG�ZKHWKHU�PHDQ�DEVROXWH�GHYLDWLRQ�LV

����RU������

�������$FFHSWDEOH�6DPSOLQJ�3ODQ�DQG�4XDOLW\�/HYHOV

$Q�LPSRUWDQW�SDUW�RI�DQ\�VWDWLVWLFDO�TXDOLW\�FRQWURO�TXDOLW\�DVVXUDQFH�SURFHVV� LV�D� ORJLFDO

DFFHSWDQFH�VDPSOLQJ�SODQ���6LQFH�FRQWLQXRXV�FRQWURO�RI�WKH�ZKROH�SURGXFW�LV�QRW�IHDVLEOH�

D� JRRG� DFFHSWDQFH� VDPSOLQJ� SODQ� LV� QHFHVVDU\� WR� H[HUW� HIIHFWLYH� SUHVVXUH� IRU� TXDOLW\

LPSURYHPHQW���$V�SDUW�RI�WKH�SODQ��WKH�GHFLVLRQ�QHHGV�WR�EH�PDGH�RQ�WKH�VL]H�RI�WKH�ORW�

DQG�RQ� WKH� IUHTXHQF\�DQG�VL]H�RI� VDPSOLQJ�DQG� WHVWLQJ�� �7KH�DJHQF\©V� ULVN� LQ� DFFHSWLQJ

PDWHULDO�RI�SRRU�TXDOLW\�DQG�WKH�FRQWUDFWRU©V�ULVN�LQ�KDYLQJ�JRRG�PDWHULDO�UHMHFWHG�GHSHQG

RQ�WKH�VL]H�RI�WKH�VDPSOLQJ���$V�WKH�VL]H�RI�WKH�VDPSOH�EHFRPHV�VPDOOHU��WKH�ULVNV�IRU�WKH

DJHQF\� DQG� FRQWUDFWRU� LQFUHDVH�� � ,Q� D�JRRG� VDPSOLQJ�SODQ�� WKHVH� ULVNV� DUH� EDODQFHG� DQG

NHSW�DW�D�UHDVRQDEO\�ORZ�OHYHO�

�,Q� DQ� DFFHSWDQFH� VDPSOLQJ� SODQ�� LW� LV� QHFHVVDU\� WR� GHFLGH� RQ� D� PD[LPXP� SHUFHQW

GHIHFWLYH�WKDW�LV�FRQVLGHUHG�DFFHSWDEOH���7KLV�¦DFFHSWDEOH�TXDOLW\�OHYHO§�LV�DEEUHYLDWHG�DV

$4/�� � 7KH� YDOXH� VHOHFWHG� IRU� $4/� GHSHQGV� RQ� WKH� VHULRXVQHVV� RI� WKH� FRQVHTXHQFHV�

2EYLRXVO\�� IRU� VHULRXV� GHIHFWV� ZLWK� VHULRXV� FRQVHTXHQFHV�� D� UHODWLYHO\� ORZ� $4/� YDOXH

VKRXOG� EH� XVHG�� � 7KH� VHOHFWLRQ� RI� $4/� LV� SULPDULO\� EDVHG� RQ� HQJLQHHULQJ� MXGJPHQW�

$ORQJ�ZLWK�$4/��WKHUH�LV�54/��ZKLFK�LV�GHILQHG�DV�WKH�OHYHO�EHORZ�ZKLFK�WKH�TXDOLW\�RI

WKH�SURGXFW�LV�XQDFFHSWDEOH���7KH�54/�LV�DOVR�UHIHUUHG�WR�DV�¦WKH�OLPLWLQJ�TXDOLW\�OHYHO�§

¦WKH�XQDFFHSWDEOH�TXDOLW\�OHYHO�§�RU�¦ORW�WROHUDQFH�SHUFHQW�GHIHFWLYH�§��,Q�VRPH�FDVHV���WKH

TXDOLW\� RI� WKH� GHOLYHUHG� SURGXFW� LV� QRW� DV� JRRG� DV� $4/� �DQG�� KHQFH�� TXDOLILHG� IRU� IXOO

SD\PHQW���EXW�QRW�DV�SRRU�DV�54/��KHQFH��FRPSOHWHO\�UHMHFWHG�DQG�UHPRYHG����7KLV�UHJLRQ

EHWZHHQ� WKH� $4/� DQG� 54/� LV� UHIHUUHG� WR� DV� WKH� LQGLIIHUHQFH� ]RQH�� DQG� KDV� D

FRUUHVSRQGLQJ�SD\�IDFWRU�RI�OHVV�WKDQ���
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$�PRUH� DSSURSULDWH� WHUP� IRU� SHUFHQW� GHIHFWLYH� LV�SHUFHQW� QRQFRQIRUPLQJ�� LPSO\LQJ� WKH

SHUFHQW�RI�WKH�PDWHULDO�WKDW�LV�QRW�ZLWKLQ�WKH�OLPLWV�RI�DFFHSWDQFH���7KH�SHUFHQW�RI�PDWHULDO

ZLWKLQ� OLPLWV� RI� DFFHSWDQFH� LV� UHIHUUHG� WR� DV� SHUFHQW� ZLWKLQ� OLPLWV� �3:/�� RU� SHUFHQW

FRQIRUPLQJ���3HUFHQW�GHIHFWLYH�DQG�SHUFHQW�ZLWKLQ�OLPLWV�DUH�FRPSOHPHQWV�DQG�DGG�XS�WR

����SHUFHQW��3'�3:/� �������

�������2SHUDWLQJ�&KDUDFWHULVWLFV�&XUYH

'HYHORSPHQW�RI�DQ�RSHUDWLQJ�FKDUDFWHULVWLFV�FXUYH��2&�FXUYH��LV�DQ�HVVHQWLDO�VWHS�RI�WKH

DFFHSWDQFH�VDPSOLQJ�SODQ�� �2Q�VXFK�D�FXUYH��SUREDELOLW\�RI�DFFHSWDQFH�RI� WKH�SURGXFW� LV

VKRZQ�RQ�WKH�RUGLQDWH�DQG�WKH�SHUFHQW�GHIHFWLYH�LV�SUHVHQWHG�RQ�WKH�DEVFLVVD�� �%DVHG�RQ

VXFK� D� FXUYH�� LW� ZLOO� EH� SRVVLEOH� WR� NQRZ� LQ� DGYDQFH� LI� WKH� DFFHSWDQFH� SURFHGXUH� ZLOO

IXQFWLRQ�DV�LQWHQGHG���7KLV�FXUYH�KHOSV�WR�GHWHUPLQH�WKH�ULVN�OHYHOV�WR�WKH�DJHQF\�DQG�WKH

FRQWUDFWRU��DQG�FDQ�EH�XVHG�WR�GHWHUPLQH�LI�WKH�VHOHFWHG�$4/�DQG�54/�SURYLGH�UHDVRQDEO\

ORZ�ULVNV��7KH�RSHUDWLQJ�FKDUDFWHULVWLFV�FXUYH�LV�GHYHORSHG�XVLQJ�WKH�LQIRUPDWLRQ�RQ�WKH

H[SHFWHG�PHDQ�DQG�VWDQGDUG�GHYLDWLRQ�IRU�WKH�GHVLUHG�SDUDPHWHU��WKH�VSHFLILFDWLRQ�OLPLWV

RQ�GHIHFWLYH�PDWHULDO��DQG�WKH�VDPSOH�VL]H�IRU�HDFK�ORW�� �$Q�H[DPSOH�RI�DQ�2&�FXUYH� LV

VKRZQ�LQ�)LJXUH�������7KLV�FXUYH�KDV�EHHQ�GHYHORSHG�IRU�GHQVLW\�RI�ODERUDWRU\�VSHFLPHQV

XVLQJ� D� VDPSOH� VL]H� RI� IRXU�� DQG� D� PHDQ� DQG� VWDQGDUG� GHYLDWLRQ� RI� ��� DQG� �����

UHVSHFWLYHO\��XVLQJ�KLVWRULFDO�GDWD��

�

��

��

��

��

��

��

��

��

��

���

� �� �� �� �� ���

3HUFHQW 'HIHFWLYH

3
U
R
E
D
E
LO
LW
\
R
I
$
F
F
H
S
WD
Q
F
H

)LJXUH�������$�6DPSOH�2SHUDWLQJ�&KDUDFWHULVWLFV�&XUYH

7KH� DFFHSWDQFH� VDPSOLQJ� UHTXLUHV� UDQGRPQHVV�� L�H��� HDFK�SLHFH� LQ� WKH� ORW� LV� DVVXPHG� WR

KDYH�DQ�HTXDO�FKDQFH�WR�EH�VHOHFWHG�LQ�WKH�VDPSOH�
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������6HOHFWLRQ�RI�3D\�3DUDPHWHUV

,Q� WKH� 4&�4$� VSHFLILFDWLRQ� ������ WKH� FRQWUROOLQJ� SDUDPHWHUV� IRU� SD\PHQW� DUH� DVSKDOW

FRQWHQW��SHUFHQW�SDVVLQJ���PP�DQG�������PP�VLHYHV��DQG�SODFHPHQW�DLU�YRLGV���3D\PHQW

LV�GHWHUPLQHG�EDVHG�RQ�GHYLDWLRQV�IURP�WDUJHW�YDOXHV�IRU�WKHVH�SDUDPHWHUV���$V�H[SUHVVHG

GXULQJ� LQWHUYLHZV�� VRPH� GLVWULFW� SHUVRQQHO� ZHUH� LQ� IDYRU� RI� LQFOXGLQJ� WKH� ODERUDWRU\

GHQVLW\� DV� D� SD\� SDUDPHWHU�� � 7KH� DVVXPSWLRQ�ZDV� WKDW� FRQVLGHUDEOH� LQIRUPDWLRQ� FDQ� EH

REWDLQHG� RQ� WKH� TXDOLW\� RI� WKH� PL[WXUH� EDVHG� RQ� WKH� GHQVLW\� RI� SODQW� PL[� ODERUDWRU\�

FRPSDFWHG� VSHFLPHQV�� � $� VWXG\� QHHGV� WR� EH� FDUULHG� RXW� WR� GHWHUPLQH� WKH� UHODWLRQVKLS

EHWZHHQ�WKH�HIIHFW�RI�YDULDWLRQV�LQ�WKH�TXDOLW\�DQG�TXDQWLW\�RI�WKH�DVSKDOW�DQG�DJJUHJDWHV

RQ� WKH� GHQVLW\� RI� WKH� ODERUDWRU\�FRPSDFWHG� VSHFLPHQV�� � $� VWXG\� RI� WKLV� QDWXUH� FDQ� EH

FDUULHG�RXW�LQ�WKH�IRUP�RI�D�VHQVLWLYLW\�DQDO\VLV�EDVHG�RQ�D�VWDWLVWLFDO�H[SHULPHQW�GHVLJQ�

,Q�JHQHUDO�� WKH�PRVW� FUXFLDO� SDUDPHWHUV� DIIHFWLQJ�SHUIRUPDQFH�QHHG� WR�EH� FRQVLGHUHG� DV

SD\�IDFWRU�SDUDPHWHUV�

������3URSRVHG�0HWKRG�IRU�$FFHSWDQFH�6DPSOLQJ�DQG�3D\PHQW�'HWHUPLQDWLRQ

%DVHG� RQ� WKH� SUHFHGLQJ� GLVFXVVLRQ� RQ� WKH� DFFHSWDQFH� VDPSOLQJ� SODQ�� WKH� IROORZLQJ

SURFHGXUH�LV�SURSRVHG�

2QFH�WKH�SD\�SDUDPHWHUV�DUH�HVWDEOLVKHG��WKH�IROORZLQJ�VWHSV�FDQ�EH�IROORZHG�WR�GHWHUPLQH

WKH�TXDOLW\�DQG�WKH�OHYHO�RI�SD\PHQW�

���� )RU� DQ\� SDUDPHWHU�� HVWDEOLVK� WKH� OLPLWV� EH\RQG� ZKLFK� WKH� SURGXFW� LV� FRQVLGHUHG

GHIHFWLYH�DQG�XQDFFHSWDEOH���$VVXPLQJ�D�QRUPDO�GLVWULEXWLRQ�RI�GHYLDWLRQV�IURP�WDUJHW

YDOXHV� IRU� WKH� SDUDPHWHU� RI� LQWHUHVW� �IRU� H[DPSOH�� DVSKDOW� FRQWHQW��� WKH� ORZHU� DQG

XSSHU�OLPLWV�RI�DFFHSWDQFH�ZLOO�EH�HVWDEOLVKHG���7KH�DUHD�RXWVLGH�WKHVH�OLPLWV�LQGLFDWHV

WKH�OLPLWLQJ��XQDFFHSWDEOH��TXDOLW\�OHYHO�

���� 7KH�RSHUDWLQJ�FKDUDFWHULVWLFV�FXUYH��2&��LV�GHYHORSHG�IRU�WKH�SURGXFW�

���� (VWDEOLVK� WKH� DFFHSWDEOH� TXDOLW\� OHYHO� �$4/��� � 7KLV� LV� WKH� PD[LPXP� SHUFHQW

GHIHFWLYHQHVV�DW�ZKLFK�WKH�SURGXFW�ZLOO�EH�FRPSOHWHO\�DFFHSWHG�DW�D�SD\�IDFWRU�RI�DW

OHDVW�����7KLV�OHYHO�LV�GHWHUPLQHG�EDVHG�RQ�WKH�2&�FXUYH��WKH�GHJUHH�RI�FULWLFDOLW\��WKH

GHVLUHG�ULVN�OHYHOV��DQG�WKH�DVVRFLDWHG�SUREDELOLWLHV�RI�DFFHSWDQFH���,W�LV�UHFRPPHQGHG

WKDW� ��� SHUFHQW� SUREDELOLW\� RI� DFFHSWDQFH� EH� XVHG� DW� $4/� IRU� W\SLFDO� FRQWURO

SDUDPHWHUV�LQ�KRW�PL[�DVSKDOW�FRQFUHWH��+0$&����(YDOXDWLQJ�W\SLFDO�2&�FXUYHV�IRU�D

VDPSOH�VL]H�RI�IRXU�LQGLFDWHV�WKDW��DW�WKLV�SUREDELOLW\��$4/�ZLOO�EH�DERXW����SHUFHQW�

$Q�$4/�RI����SHUFHQW�LPSOLHV�WKDW�D�ORW�ZLWK�DW�PRVW����SHUFHQW�GHIHFWLYHQHVV�ZLOO�EH

SDLG�DW�D�SD\�IDFWRU�RI���RU�PRUH�

���� (VWDEOLVK� WKH� XQDFFHSWDEOH� TXDOLW\� OHYHO� �54/�� DV� H[SODLQHG� DERYH�� � 7KLV� LV� WKH

PLQLPXP� SHUFHQW� GHIHFW� IRU� ZKLFK� WKH� SURGXFW� ZLOO� EH� FRPSOHWHO\� UHMHFWHG�� ,W� LV

UHFRPPHQGHG�WKDW�D����SHUFHQW�SUREDELOLW\�RI�DFFHSWDQFH�EH�XVHG�DW�54/�IRU�W\SLFDO

FRQWURO�SDUDPHWHUV�LQ�+0$&���(YDOXDWLQJ�W\SLFDO�2&�FXUYHV�IRU�D�VDPSOH�VL]H�RI�IRXU
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LQGLFDWHV� WKDW�� DW� WKLV� SUREDELOLW\�� 54/� ZLOO� EH� DERXW� ��� SHUFHQW�� � $Q� DFFHSWDEOH

TXDOLW\�OHYHO�RI����SHUFHQW�LPSOLHV�WKDW�D�ORW�ZLWK�DW�OHDVW����SHUFHQW�GHIHFWLYHQHVV�ZLOO

EH�FRPSOHWHO\�UHMHFWHG�ZLWK�QR�SD\PHQW�

���� $V�PHQWLRQHG�EHIRUH��WKHUH�LV� WKH�SRVVLELOLW\� WKDW� WKH�SURGXFW�ZLOO�EH�PRUH�GHIHFWLYH

WKDQ�WKH�OHYHO�HVWDEOLVKHG�DV�$4/��EXW�QRW�GHIHFWLYH�HQRXJK�WR�EH�FRPSOHWHO\�UHMHFWHG�

6XFK�PDWHULDO��O\LQJ�LQ�WKH�]RQH�EHWZHHQ�$4/�DQG�54/��ZLOO�EH�SDLG�DW�D�UHGXFHG�UDWH

GHSHQGLQJ�RQ�WKH�OHYHO�RI�GHIHFW���,Q�RWKHU�ZRUGV��D�SD\�IDFWRU�RI�OHVV�WKDQ���DQG�ODUJHU

WKDQ� ]HUR�ZLOO� EH� DSSOLHG� WR� WKH� ORW� LI� WKH� SHUFHQW� GHIHFWLYH� OLHV� EHWZHHQ�$4/� DQG

54/�

$Q� H[DPSOH� LV� SURYLGHG� WR� LOOXVWUDWH� KRZ� WKH� VXJJHVWHG� PHWKRG� RI� HVWDEOLVKLQJ

GHIHFWLYHQHVV�DQG�SD\PHQW�FDQ�EH�DSSOLHG���)RU�WKLV�H[DPSOH��LW�LV�DVVXPHG�WKDW�GHQVLW\�RI

ODERUDWRU\�FRPSDFWHG�VSHFLPHQV�LV�RQH�RI�WKH�SDUDPHWHUV�FRQVLGHUHG�IRU�GHWHUPLQDWLRQ�RI

SD\PHQW�� � ,W� LV� DVVXPHG� WKDW� D� ODERUDWRU\�GHQVLW\� RI� ��� SHUFHQW� LV� WKH� RSWLPXP�GHVLUHG

OHYHO�� � %DVHG� RQ� KLVWRULFDO� GDWD�� WKH� SRROHG� VWDQGDUG� GHYLDWLRQ� IRU� WKLV� SDUDPHWHU� LV

VHOHFWHG� DV� ����� SHUFHQW�� � ,W� LV� DOVR� UHDVRQDEO\� DVVXPHG� WKDW� WKLV� SDUDPHWHU� IROORZV� D

QRUPDO�GLVWULEXWLRQ���8SSHU�DQG�ORZHU�DFFHSWDQFH�OLPLWV��8$/�DQG�/$/��UHVSHFWLYHO\��DUH

FRQVLGHUHG�DV�WKH�IROORZLQJ�

8$/�  P���]V

/$/�  P���]V

ZKHUH

P�  � PHDQ�ODERUDWRU\�GHQVLW\������

V�  � VWDQGDUG�GHYLDWLRQ

]�  � QRUPDOL]HG�RSHUDWRU�GHWHUPLQHG�EDVHG�RQ�WKH�DUHD�XQGHU�WKH�QRUPDO

FXUYH�HTXLYDOHQW�WR�SHUFHQW�ZLWKLQ�OLPLWV

%DVHG�RQ�WKH�JLYHQ�LQIRUPDWLRQ��WKH�QRUPDO�GLVWULEXWLRQ�DQG�WKH�DVVRFLDWHG�2&�FXUYH�IRU�D

VDPSOH� VL]H�RI� IRXU� �Q ��� DUH� LOOXVWUDWHG� LQ�)LJXUH� ����� �7KH�2&� FXUYH� LQGLFDWHV� WKDW� LI

$4/�LV�DFFHSWHG�DW����SHUFHQW�DQG�54/�DW����SHUFHQW��WKHQ�WKH�DVVRFLDWHG�SUREDELOLWLHV�RI

DFFHSWDQFH� IRU� WKHVH� WZR� FDVHV� ZLOO� EH� ��� DQG� ��� SHUFHQW� RI� GHIHFWLYH� PDWHULDO�

UHVSHFWLYHO\�

7R� HQFRXUDJH� SURGXFWLRQ� RI� KLJK� TXDOLW\�� D� ERQXV� RI� XS� WR� �� SHUFHQW� LV� FRQVLGHUHG� IRU

PDWHULDO� OHVV� WKDQ����SHUFHQW�GHIHFWLYH�� �$�SD\�IDFWRU�RI��� LV�XVHG� IRU�SHUFHQW�GHIHFWLYH

EHWZHHQ���� DQG����� �3D\PHQW� LV� OLQHDUO\� UHGXFHG� IURP��� DV�SHUFHQW�GHIHFWLYH� LQFUHDVHV

IURP����WR����SHUFHQW���)RU�ORWV�ZLWK�PDWHULDO�PRUH�WKDQ����SHUFHQW�GHIHFWLYH��D�YHU\�KLJK

SHQDOW\� RU� ]HUR� SD\PHQW� LV� DSSOLHG�� � 7KLV� SD\PHQW�PHWKRG� LV� LOOXVWUDWHG� LQ� )LJXUH� ����

7KH� ILJXUH� LV� DSSOLFDEOH� WR� DQ\� FRQWURO� SDUDPHWHU�� LQFOXGLQJ� DVSKDOW� FRQWHQW�� SHUFHQW
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SDVVLQJ� VLHYHV� ������ DQG� �� PP�� DQG� DLU� YRLGV�� � 7ZR� DWWULEXWHV� DUH� UHTXLUHG� IRU� HDFK

SDUDPHWHU�WR�GHWHUPLQH�WKH�SD\�IDFWRU��WKH�PHDQ�DQG�WKH�VWDQGDUG�GHYLDWLRQ�
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����

����

����

����
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)LJXUH�������([DPSOH�RI�D�&RQWLQXRXV�3D\�)DFWRU�%DVHG�RQ�3HUFHQW�'HIHFWLYH

������(YDOXDWLRQ�RI�&XUUHQW�3D\�)DFWRUV�ZLWK�5HVSHFW�WR�3HUFHQW�'HIHFWLYH

2QH� RI� WKH� PDMRU� FRQFHUQV� H[SUHVVHG� E\� 'HSDUWPHQW� SHUVRQQHO� ZDV� WKDW� UDQJHV� RQ

SDUDPHWHUV�VHHP�WR�EH�WRR�ZLGH�IRU�GHWHUPLQDWLRQ�RI�SD\PHQWV���)RU�H[DPSOH��WKHUH�LV�D��

SHUFHQW�ERQXV�LI�WKH�PHDQ�DEVROXWH�GHYLDWLRQ�IURP�WDUJHW�DVSKDOW�FRQWHQW�LV�OHVV�WKDQ����

SHUFHQW���$Q�HYDOXDWLRQ�ZDV�SHUIRUPHG�WR�LQGLFDWH�KRZ�WKHVH�SD\PHQWV�DUH�UHODWHG�WR�WKH

SHUFHQW� GHIHFWLYH�� � 7KXV�� IRU� HDFK� VHW� RI� IRXU� VXE�ORWV� �RQH� ORW��� PHDQ� DQG� VWDQGDUG

GHYLDWLRQ�� SHUFHQW� GHIHFWLYH�� DQG� PHDQ� DEVROXWH� GHYLDWLRQ� ZHUH� FDOFXODWHG�� � 7KH

FRUUHVSRQGLQJ� SD\� IDFWRUV� ZHUH� GHWHUPLQHG� EDVHG� RQ� WKH� SURFHGXUH� RXWOLQHG� LQ� WKH

H[LVWLQJ�VSHFLILFDWLRQ�LWHP�������DV�ZHOO�DV�EDVHG�RQ�WKH�VXJJHVWHG�SURFHGXUH�H[SODLQHG

DERYH�� �7KH�SRROHG�VWDQGDUG�GHYLDWLRQV� UHSRUWHG� LQ�&KDSWHU���ZHUH�XVHG� LQ�HVWDEOLVKLQJ

2&�FXUYH�DQG�GHWHUPLQDWLRQ�RI�SHUFHQW�GHIHFWLYH���&RPSDULVRQ�ZDV�PDGH�IRU�DOO�IRXU�SD\

SDUDPHWHUV��DVSKDOW�FRQWHQW��SHUFHQW�SDVVLQJ���PP�VLHYH��SHUFHQW�SDVVLQJ�������PP�VLHYH�

DQG� DLU� YRLGV�� � 7KH� UHVXOWV� IRU� UHDO� SURMHFWV� FRQVWUXFWHG� XQGHU� LWHP� ����� DUH� VKRZQ� LQ

7DEOHV� ���� WKURXJK� ����� � ,Q� PDQ\� FDVHV�� WKH� VXJJHVWHG� SD\� IDFWRU� LV� YHU\� FORVH� WR� WKH

H[LVWLQJ�RQH���+RZHYHU��WKHUH�DUH�FDVHV�ZKHUH��DFFRUGLQJ�WR�WKH�FXUUHQW�PHWKRG��WKH�VDPH

SD\� IDFWRU� LV� XVHG� HYHQ� WKRXJK� SHUFHQW� GHIHFWLYH�PD\� EH� FRQVLGHUDEO\� GLIIHUHQW�� � 7KLV

SUREOHP�LV�DYRLGHG�WKURXJK�WKH�VXJJHVWHG�PHWKRG�

$Q�H[DPSOH�LV�SD\PHQW�IRU�DVSKDOW�FRQWHQW��DV�VKRZQ�LQ�7DEOH������ �7KH�WDEOH� LQGLFDWHV

WKH� SD\� IDFWRUV� EDVHG� RQ� WKH� DVSKDOW� FRQWHQW� PHDQ� DEVROXWH� GHYLDWLRQ� IRU� VRPH� RI� WKH

FRQVWUXFWHG�SURMHFWV���,W�FDQ�EH�VHHQ�WKDW�WZR�GLIIHUHQW�ORWV�ZLWK�WKH�VDPH�PHDQ�DEVROXWH
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GHYLDWLRQ�RI������KDYH�EHHQ�SDLG�EDVHG�RQ�D�IDFWRU�RI�������VHH�WKH�H[LVWLQJ�SD\�IDFWRU�LQ

WKH�WDEOH����+RZHYHU��WKH�ILUVW�ORW�KDV�EHHQ�YHU\�XQLIRUP�ZLWK�D�VWDQGDUG�GHYLDWLRQ�RI�����

�UHVXOWLQJ�LQ�SHUFHQW�GHIHFWLYHQHVV�RI�OHVV�WKDQ���SHUFHQW���ZKHUHDV�WKH�VHFRQG�ORW�ZLWK�D

VWDQGDUG� GHYLDWLRQ� RI� ����� ���� SHUFHQW� GHIHFWLYHQHVV�� KDV� QRW� EHHQ� DV� XQLIRUP� DV� WKH

IRUPHU���,I�WKH�FRQFHSW�RI�SHUFHQW�GHIHFWLYHQHVV�LV�WDNHQ�LQWR�DFFRXQW��WKH�SD\PHQW�IRU�WKH

IRUPHU�ZLOO�EH������DQG�SD\PHQW�IRU�WKH�ODWWHU�ZLOO�EH�������VHH�WKH�VXJJHVWHG�SD\�IDFWRU�LQ

WKH� WDEOH��� � 7KHUH� DUH� VL[W\�QLQH� ORWV� SUHVHQWHG� LQ� WKH� WDEOH�� � 7KH� DYHUDJH� H[LVWLQJ� SD\

IDFWRU�IRU�WKHVH�ORWV�LV�������ZKHUHDV�WKH�DYHUDJH�VXJJHVWHG�SD\�IDFWRU�IRU�WKH�ORWV�LV������
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Table 5.2.  Comparison of Pay Factors between Item 
3063 and Suggested Method for Air Voids

Algebraic Algebraic Abs Abs Algebraic Algebraic
    AC %       AC %      AC %   AC % Suggested Existing Air Air Suggested Existing
    Diff. Diff. Diff. Diff. Percent Pay Pay Voids Voids Percent Pay Pay
   Mean Std Mean       Std    Defective Factor Factor Mean Std Defective Factor Factor

0.03 0.05 0.03 0.05 0.00 1.05 1.05 6.45 0.86 0.20 1.05 1.02
0.13 0.04 0.13 0.04 0.00 1.05 1.05 7.25 0.73 1.40 1.05 1.00

-0.04 0.08 0.05 0.05 0.20 1.05 1.05 6.30 0.28 0.00 1.05 1.02
0.05 0.13 0.10 0.08 1.40 1.05 1.05 7.50 0.42 0.00 1.05 1.00

-0.07 0.10 0.08 0.09 1.20 1.05 1.05 7.40 0.14 0.00 1.05 1.00
-0.18 0.05 0.18 0.05 0.00 1.05 1.05 6.48 0.73 0.00 1.05 1.02
0.22 0.05 0.22 0.05 0.20 1.05 1.02 6.45 0.13 0.00 1.05 1.02
0.15 0.09 0.15 0.09 1.70 1.05 1.05 5.60 0.67 0.00 1.05 1.05

-0.18 0.05 0.18 0.05 0.60 1.05 1.05 7.00 0.37 0.00 1.05 1.00
0.23 0.05 0.23 0.05 0.20 1.05 1.02 7.35 0.68 0.90 1.05 1.00
0.14 0.15 0.15 0.14 1.40 1.05 1.05 6.48 1.04 1.00 1.05 1.02

-0.21 0.03 0.21 0.03 0.60 1.05 1.02 7.00 0.00 0.00 1.05 1.00
-0.10 0.08 0.10 0.08 0.20 1.05 1.05 7.53 0.62 1.00 1.05 1.00
-0.03 0.16 0.13 0.07 5.00 1.04 1.05 5.75 0.79 0.00 1.05 1.05
-0.08 0.11 0.09 0.09 2.00 1.04 1.05 7.15 0.93 2.60 1.04 1.00
-0.13 0.10 0.13 0.10 4.00 1.04 1.05 7.13 0.98 3.30 1.04 1.00
0.15 0.10 0.15 0.10 3.00 1.04 1.05 6.53 1.32 3.70 1.04 1.02

-0.12 0.09 0.12 0.09 2.60 1.04 1.05 6.83 1.10 3.40 1.04 1.02
0.16 0.10 0.16 0.10 3.00 1.04 1.05 8.48 0.22 3.40 1.04 1.00

-0.13 0.13 0.13 0.13 8.90 1.03 1.05 6.48 1.41 4.90 1.04 1.02
-0.20 0.08 0.20 0.08 6.00 1.03 1.02 5.83 1.44 4.00 1.04 1.05
0.06 0.17 0.15 0.08 6.00 1.03 1.05 6.75 1.22 4.00 1.04 1.02
0.00 0.14 0.10 0.08 9.00 1.03 1.05 7.33 0.90 3.70 1.04 1.00

-0.15 0.13 0.15 0.13 9.00 1.03 1.05 5.83 1.44 4.00 1.04 1.05
0.01 0.17 0.17 0.09 5.00 1.03 1.05 6.40 1.54 7.00 1.03 1.02

-0.15 0.13 0.15 0.13 8.90 1.03 1.05 6.88 1.23 5.20 1.03 1.02
0.14 0.15 0.15 0.14 6.00 1.03 1.05 7.93 0.69 7.30 1.03 1.00
0.05 0.18 0.15 0.09 7.00 1.03 1.05 7.78 0.82 11.00 1.02 1.00
0.05 0.13 0.10 0.08 8.50 1.03 1.05 6.55 1.83 12.00 1.02 1.02

-0.20 0.08 0.20 0.08 6.00 1.03 1.02 6.50 1.69 9.40 1.02 1.02
-0.05 0.19 0.15 0.10 9.40 1.02 1.05 6.58 1.72 11.00 1.02 1.02
-0.22 0.06 0.22 0.06 11.00 1.02 1.02 6.58 1.72 11.00 1.02 1.02
0.10 0.18 0.15 0.13 10.00 1.02 1.05 7.78 1.63 27.00 1.00 1.00
0.15 0.17 0.15 0.17 13.00 1.01 1.05 8.35 1.03 28.00 1.00 1.00

-0.05 0.21 0.15 0.13 13.00 1.01 1.05 8.53 0.65 27.00 1.00 1.00
0.18 0.17 0.18 0.17 13.40 1.01 1.05 7.20 2.29 27.00 1.00 1.00
0.25 0.10 0.25 0.10 18.50 1.00 1.00 8.20 0.91 26.00 1.00 1.00
0.18 0.19 0.23 0.10 17.00 1.00 1.02 7.98 1.09 23.00 1.00 1.00
0.20 0.14 0.20 0.14 16.00 1.00 1.02 8.13 1.05 22.00 1.00 1.00
0.14 0.23 0.19 0.18 18.00 1.00 1.05 7.78 1.47 25.00 1.00 1.00
0.18 0.19 0.23 0.10 16.50 1.00 1.02 7.93 1.16 19.00 1.00 1.00
0.20 0.14 0.20 0.14 16.00 1.00 1.02 8.43 0.62 26.00 1.00 1.00
0.14 0.23 0.19 0.18 18.00 1.00 1.05 8.53 0.71 29.00 0.99 1.00
0.12 0.18 0.19 0.08 10.00 1.00 1.05 8.38 0.83 32.00 0.98 1.00

-0.10 0.23 0.20 0.11 19.00 1.00 1.02 8.08 1.65 31.00 0.98 1.00
-0.19 0.16 0.19 0.16 22.00 1.00 1.05 8.18 1.31 32.30 0.98 1.00
0.20 0.18 0.20 0.18 22.00 1.00 1.02 8.55 1.03 35.00 0.97 1.00
0.20 0.15 0.20 0.15 18.00 1.00 1.02 8.18 1.46 34.00 0.97 1.00
0.20 0.14 0.20 0.14 16.00 1.00 1.02 5.43 3.62 37.00 0.96 1.05

-0.05 0.31 0.20 0.22 29.00 0.99 1.02 8.58 1.22 43.00 0.93 1.00
0.18 0.28 0.23 0.22 29.00 0.99 1.02 8.88 0.10 50.00 0.90 1.00
0.09 0.33 0.27 0.14 32.00 0.98 1.00 8.88 0.75 50.00 0.90 1.00
0.22 0.25 0.22 0.25 31.00 0.98 1.02 9.73 1.69 68.00 0.78 0.90

-0.28 0.05 0.28 0.05 31.00 0.98 1.00 9.95 1.85 71.00 0.77 0.90
-0.08 0.33 0.28 0.13 34.00 0.97 1.00 9.20 0.70 72.00 0.76 0.95
0.65 0.24 0.65 0.24 36.00 0.96 0.70 9.75 1.24 74.00 0.74 0.90

-0.30 0.08 0.30 0.08 38.00 0.96 1.00 9.80 1.33 77.40 0.72 0.90
0.07 0.46 0.29 0.33 47.00 0.92 1.00 8.98 0.22 82.00 0.66 1.00
0.07 0.46 0.29 0.33 47.00 0.92 1.00 9.45 0.53 87.00 0.45 0.95
0.15 0.50 0.30 0.40 52.00 0.89 1.00
0.40 0.14 0.40 0.14 67.00 0.79 0.90

Table 5.1.  Comparison of Pay Factors between Item 3063 and 
Suggested Method for Asphalt Content
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Table 5.4.  Comparison of Pay Factors between Item 3063 and Suggested
Method for Percent Passing 2-mm Sieve
(Difference between Design and Extraction)

Table 5.3.  Comparison of Pay Factors between Item 3063 and 
Suggested Method for Percent Passing 75-micron Sieve 
(Difference between Design and Extraction)

-0.18 0.22 0.23 0.15 0.00 1.05 1.05 1.60 0.71 1.60 0.71 0.10 1.05 1.02
-0.18 0.15 0.18 0.15 0.00 1.05 1.05 0.15 1.16 1.00 0.22 0.00 1.05 1.02
-0.15 0.13 0.15 0.13 0.00 1.05 1.05 0.95 1.16 1.15 0.89 0.80 1.05 1.02
0.03 0.29 0.18 0.21 0.00 1.05 1.05 0.10 0.48 0.40 0.16 0.00 1.05 1.05

-0.23 0.17 0.23 0.17 0.00 1.05 1.05 1.00 0.50 1.00 0.50 0.00 1.05 1.02
0.23 0.25 0.28 0.17 0.00 1.05 1.05 0.55 0.97 0.80 0.71 0.00 1.05 1.05
0.33 0.22 0.28 0.15 0.00 1.05 1.05 1.73 0.53 1.73 0.53 0.00 1.05 1.02
0.68 0.13 0.68 0.13 0.00 1.05 1.02 0.10 1.06 0.80 0.54 0.00 1.05 1.05

-0.40 0.12 0.40 0.12 0.00 1.05 1.05 -0.07 1.25 1.03 0.41 0.40 1.05 1.02
-0.25 0.19 0.25 0.19 0.00 1.05 1.05 1.03 0.52 1.03 0.52 0.00 1.05 1.02
-0.65 0.13 0.65 0.13 0.00 1.05 1.02 2.00 0.94 2.00 0.94 2.80 1.04 1.00
0.18 0.17 0.18 0.17 0.00 1.05 1.05 -2.68 0.45 2.68 0.45 3.70 1.04 1.00

-0.30 0.23 0.30 0.23 0.10 1.05 1.05 1.30 1.17 1.50 0.80 2.00 1.04 1.02
-0.25 0.31 0.30 0.24 0.20 1.05 1.05 -2.68 0.45 2.68 0.45 4.00 1.04 1.00
-0.20 0.37 0.30 0.26 0.70 1.05 1.05 1.23 1.35 1.58 0.71 3.80 1.04 1.02
0.88 0.19 0.88 0.19 0.90 1.05 1.02 -1.55 1.00 1.55 1.00 2.00 1.04 1.02

-0.33 0.30 0.33 0.30 1.00 1.05 1.05 1.98 1.02 1.98 1.02 4.00 1.04 1.00
-0.28 0.30 0.28 0.30 1.00 1.05 1.05 2.65 0.60 2.65 0.60 5.00 1.04 1.00
-0.53 0.22 0.53 0.22 1.10 1.05 1.02 1.58 0.22 1.58 0.22 2.80 1.04 1.02
-0.40 0.34 0.40 0.34 2.00 1.05 1.05 -1.23 1.50 1.48 1.16 7.00 1.03 1.02
0.00 0.54 0.35 0.35 3.00 1.04 1.05 -0.65 1.86 1.10 1.56 7.50 1.03 1.02

-0.10 0.47 0.30 0.34 3.00 1.04 1.05 0.48 2.02 1.58 1.03 0.00 1.03 1.02
0.05 0.51 0.40 0.22 2.20 1.04 1.05 1.55 1.38 1.55 1.38 5.60 1.03 1.02
0.58 0.33 0.58 0.33 2.50 1.04 1.02 1.85 1.11 1.85 1.11 5.30 1.03 1.02

-0.85 0.17 0.85 0.17 3.90 1.04 1.02 0.60 1.89 1.20 1.47 6.00 1.03 1.02
0.88 0.26 0.88 0.26 4.30 1.04 1.02 2.23 1.01 2.23 1.01 8.30 1.03 1.00
0.60 0.27 0.60 0.27 3.60 1.04 1.02 -2.05 0.93 2.05 0.93 6.60 1.03 1.00
0.35 0.59 0.40 0.55 8.00 1.03 1.05 2.45 0.56 2.45 0.56 11.00 1.02 1.00

-0.35 0.45 0.50 0.18 6.00 1.03 1.05 1.80 2.17 2.40 1.17 11.00 1.02 1.00
-0.45 0.44 0.45 0.44 5.60 1.03 1.05 1.48 1.67 1.58 1.54 11.00 1.02 1.02
0.15 0.65 0.55 0.21 7.60 1.03 1.02 2.60 0.95 2.60 0.95 10.00 1.02 1.00

-0.68 0.24 0.68 0.24 11.00 1.02 1.02 -1.65 1.41 1.65 1.41 10.00 1.02 1.02
-0.75 0.24 0.75 0.24 10.50 1.02 1.02 0.85 2.36 2.10 0.82 15.00 1.01 1.00
-0.43 0.56 0.58 0.34 11.00 1.02 1.02 -1.58 1.81 1.93 1.28 14.00 1.01 1.00
-0.48 0.39 0.48 0.39 10.00 1.02 1.05 -1.53 2.25 1.78 1.99 20.00 1.00 1.02
0.80 0.36 0.80 0.36 11.00 1.02 1.02 1.43 2.63 1.98 2.10 23.00 1.00 1.00
0.68 0.61 0.68 0.61 15.00 1.01 1.02 2.18 2.11 2.18 2.11 23.00 1.00 1.00
1.00 0.22 1.00 0.22 13.00 1.01 1.00 1.80 2.17 2.40 1.17 19.00 1.00 1.00
0.20 1.02 0.65 0.73 25.00 1.00 1.02 -0.43 2.69 2.13 1.21 19.00 1.00 1.00
0.78 0.52 0.78 0.52 19.50 1.00 1.02 2.63 1.24 2.63 1.24 21.00 1.00 1.00
0.25 0.83 0.70 0.36 16.00 1.00 1.02 2.53 1.80 2.58 1.71 25.00 1.00 1.00
0.43 0.90 0.88 0.19 22.00 1.00 1.02 1.43 2.63 1.98 2.10 23.00 1.00 1.00
0.38 0.98 0.83 0.50 26.00 1.00 1.02 2.18 2.11 2.18 2.11 23.00 1.00 1.00
1.10 0.50 1.10 0.50 31.00 0.98 1.00 2.63 1.24 2.63 1.24 21.10 1.00 1.00
1.10 0.50 1.10 0.50 31.00 0.98 1.00 -1.08 2.47 2.33 0.68 19.00 1.00 1.00
1.00 0.63 1.00 0.63 35.00 0.97 1.00 -2.13 1.56 2.13 1.56 18.50 1.00 1.00
1.00 0.63 1.00 0.63 35.00 0.97 1.00 -1.55 2.46 1.90 2.10 22.50 1.00 1.02

-0.68 0.79 0.88 0.46 36.00 0.96 1.02 2.40 1.59 2.40 1.59 19.00 1.00 1.00
1.08 0.67 1.08 0.67 36.00 0.96 1.00 -0.60 2.47 1.85 1.42 17.00 1.00 1.02
1.32 0.14 1.32 0.14 37.00 0.96 1.00 -2.58 1.16 2.58 1.16 19.00 1.00 1.00
0.98 0.79 0.98 0.79 38.00 0.95 1.00 1.83 1.90 1.88 1.84 17.00 1.00 1.02
0.95 1.01 1.05 0.87 42.00 0.94 1.00 -2.78 1.52 2.78 1.52 30.00 0.99 1.00
1.26 0.75 1.26 0.75 48.00 0.92 1.00 1.88 0.68 1.88 0.68 28.00 0.99 1.02

-0.80 1.24 0.85 1.19 45.00 0.92 1.02 1.10 3.35 3.00 0.93 30.00 0.98 1.00
-0.80 1.24 0.85 1.19 45.00 0.92 1.02 -2.63 2.38 2.63 2.38 37.00 0.96 1.00
1.25 0.88 1.25 0.88 48.00 0.91 1.00 3.34 1.10 3.34 1.10 36.00 0.96 0.95
1.25 0.88 1.25 0.88 48.00 0.91 1.00 -2.95 2.94 3.65 1.58 43.00 0.93 0.95
0.80 2.10 1.30 1.74 60.00 0.84 1.00 -3.28 3.54 4.18 1.90 50.00 0.90 0.90
1.40 0.42 1.40 0.42 64.00 0.81 1.00 3.68 1.54 3.68 1.54 50.00 0.90 0.95
1.45 0.25 1.45 0.25 73.00 0.75 1.00 -3.08 4.71 3.08 4.71 54.00 0.88 0.95
1.45 0.25 1.45 0.25 73.00 0.75 1.00 -3.83 0.99 3.83 0.99 66.00 0.80 0.95
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������&RQFOXVLRQV

$�QXPEHU�RI�LPSRUWDQW�ILQGLQJV�ZHUH�GHYHORSHG�DV�D�UHVXOW�RI�WKH�DFWLYLWLHV�SXUVXHG�XQGHU

WKLV�UHVHDUFK�SURJUDP���7KLV�FKDSWHU�VXPPDUL]HV�WKH�SURMHFW©V�ILQGLQJV�DQG�FRUUHVSRQGLQJ

FRQFOXVLRQV�

%DVHG�RQ� WKH� UHFHLYHG�FRPPHQWV��SURMHFWV�EXLOW�XQGHU� VSHFLILFDWLRQ� LWHP������KDYH�QRW

EHHQ�RI�D�KLJKHU�TXDOLW\��FRPSDUHG�ZLWK�WKH�SURMHFWV�EXLOW�XQGHU�PHWKRG�VSHFLILFDWLRQ�

&RPSDULVRQ� RI� FRQVWUXFWLRQ� GDWD� REWDLQHG� IURP� TXDOLW\� FRQWURO�TXDOLW\� DVVXUDQFH

�4&�4$�� SURMHFWV� ZLWK� WKRVH� IURP� QRQ�4&�4$� SURMHFWV� LQGLFDWHV� WKDW� WKH� ILUVW� JURXS

�4&�4$��KDG�FRQVLVWHQWO\�VPDOOHU�VWDQGDUG�GHYLDWLRQV�RQ�DOO�SDUDPHWHUV�FRPSDUHG�ZLWK

WKH� VHFRQG� JURXS� �QRQ�4&�4$��� � 7KLV� LPSOLHV� OHVV� YDULDELOLW\� LQ� 4&�4$� SURMHFWV�

+RZHYHU��D�VWDWLVWLFDO�DQDO\VLV�RI�WKH�GDWD�LQGLFDWHV�WKDW�WKLV�GLIIHUHQFH�LV�QRW�VLJQLILFDQW�

%DVHG�RQ�WKH�SHUFHQW�RI�QRQFRQIRUPLQJ�PDWHULDO��DV�GLVFXVVHG�LQ�&KDSWHU����SD\�IDFWRUV

DUH�WRR�KLJK�IRU�DVSKDOW�FRQWHQW�DQG�SHUFHQW�SDVVLQJ�WKH�������PP�VLHYH�

$� JHQHUDO� FRQFOXVLRQ� YRLFHG� DW� HDFK� RI� WKH� UHJLRQDO� PHHWLQJV� ZDV� WKDW� PDQ\� RI� WKH

FRPPHUFLDO� DQG� FRQWUDFWRU©V� WHFKQLFDO� SHUVRQQHO�� DQG� LQ� VRPH� LQVWDQFHV� 'HSDUWPHQW

SHUVRQQHO��ZHUH�XQDZDUH�RU�XQVXUH�DERXW�KRZ�WKH�GHVLJQ��VDPSOLQJ��DQG�WHVWLQJ�LQWHUIDFHG

WR�\LHOG�D�ILQDO�DFFHSWDEOH�SURGXFW�

,Q� JHQHUDO�� YLVXDO� VXUYH\� RI� WKH� FRQVWUXFWHG� SURMHFWV� DQG� VWDWLVWLFDO� DQDO\VLV� RI� WKH

FROOHFWHG� FRQVWUXFWLRQ� LQIRUPDWLRQ� LQGLFDWHG� WKHUH� ZDV� QR� GLVWLQFW� VXSHULRULW\� RU

LQIHULRULW\�ZKHQ�FRPSDULQJ�WKH�WZR�VHWV�RI�VSHFLILFDWLRQV�DQG��LQ�JHQHUDO��4&�4$�SURMHFWV

DUH� DV� JRRG� DV� WKH� QRQ�4&�4$� SURMHFWV�� 7KH� \RXQJ� DJH� RI� WKH� 4&�4$� VSHFLILFDWLRQ

SURMHFWV� PD\� KDYH� LQIOXHQFHG� WKLV� FRPSDULVRQ�� +RZHYHU�� JHQHUDO� FRPPHQWV� UHFHLYHG

IURP�WKH�GLVWULFWV©�SHUVRQQHO�LPSO\�WKDW�SURMHFWV�EXLOW�XQGHU�VSHFLILFDWLRQ�LWHP������KDYH

QRW�EHHQ�RI�D�KLJKHU�TXDOLW\��DQG�VRPHWLPHV�QRW�HYHQ�RI�WKH�VDPH�TXDOLW\��FRPSDUHG�ZLWK

SURMHFWV�EXLOW�XQGHU�D�PHWKRG�VSHFLILFDWLRQ�

,Q� JHQHUDO�� WKH� TXDOLW\� RI� SDYHPHQWV� FRQVWUXFWHG� XQGHU�4&�4$� VSHFLILFDWLRQV� KDV� EHHQ

VLPLODU� WR� WKDW� RI� SDYHPHQWV� FRQVWUXFWHG� XQGHU� PHWKRG� VSHFLILFDWLRQV�� KRZHYHU�� WKHUH

KDYH�EHHQ�SUREOHPV�DVVRFLDWHG�ZLWK�VDPSOLQJ�DQG�SD\�IDFWRUV���7KH�XVH�RI�D�VWHSSHG�SD\

IXQFWLRQ� LQ� VSHFLILFDWLRQ� LWHP� ������ UDWKHU� WKDQ� D� FRQWLQXRXV� RQH�� KDV� UDLVHG� TXHVWLRQV

UHJDUGLQJ� WKH� TXDOLW\� RI� WKH� FROOHFWHG� GDWD� DQG� WKH� IDLUQHVV� RI� SD\PHQWV�� � 7KH� PRYH

WRZDUGV�D�FRQWLQXRXV�IXQFWLRQ��DGDSWHG�LQ�VSHFLILFDWLRQ�LWHP�������KDV�EHHQ�D�VLJQLILFDQW

LPSURYHPHQW�RYHU�SUHYLRXV�4&�4$�VSHFLILFDWLRQV�

7KH�JHQHUDO�WUHQG�RI�WKH�ELG�SULFH�RI�WKH�KRW�PL[�DVSKDOW�DV�D�IXQFWLRQ�RI� WLPH�LQGLFDWHV

DERXW�DQ���SHUFHQW�LQFUHDVH�IRU�WKH�SHULRG�EHWZHHQ�$XJXVW������DQG�-XQH�������FRPSDUHG



��

ZLWK� WKH�SHULRG�EHIRUH�$XJXVW������� �7KH�DYHUDJH�ELG�SULFH� LV� DSSUR[LPDWHO\���SHUFHQW

KLJKHU� DIWHU� -XQH� ������ FRPSDUHG� ZLWK� WKH� SHULRG� EHIRUH� LPSOHPHQWLQJ� WKH� 4&�4$

VSHFLILFDWLRQ���+RZHYHU��D�PDMRU�SDUW�RI�WKLV�LQFUHDVH�LV�GXH�WR�WKH�LQFUHDVH�LQ�WKH�FRVW�RI

PDWHULDOV�

������5HFRPPHQGDWLRQV

$IWHU�FROOHFWLQJ�YDOXDEOH�LQIRUPDWLRQ�IURP�GLVWULFW�SHUVRQQHO�DQG�FRQWUDFWRUV��WKH�UHVHDUFK

WHDP�LQLWLDWHG�PRGLILFDWLRQV�WR�WKH�VSHFLILFDWLRQ�DQG�SURYLGHG�IHHGEDFN�DQG�FRPPHQWV�WR

WKH�7H[DV�'HSDUWPHQW�RI�7UDQVSRUWDWLRQ��7['27��0DWHULDOV�DQG�7HVWV�'LYLVLRQ�VR� WKH\

FRXOG� EH� XVHG� DV� JXLGHOLQHV� LQ� WKHLU� HIIRUWV� WR� UHZULWH� 4&�4$� VSHFLILFDWLRQV�� 7KHVH

UHFRPPHQGDWLRQV�LQFOXGHG�VXEMHFWV�VXFK�DV�SD\�IDFWRUV��FRQWURO�SDUDPHWHUV��WKH�ZRUGLQJ

LQ�WKH�VSHFLILFDWLRQ��DQG�UDQGRP�VDPSOLQJ�

,W� LV� KLJKO\� UHFRPPHQGHG� WKDW� FRQWLQXRXV� SD\� IDFWRUV� EH� XVHG� LQVWHDG� RI� VWHSSHG� SD\

IDFWRUV���,W�LV�DOVR�UHFRPPHQGHG�WKDW�SD\PHQWV�EH�GHFLGHG�EDVHG�RQ�SHUFHQW�FRQIRUPLQJ�RU

SHUFHQW�GHIHFWLYH�PDWHULDO��UDWKHU�WKDQ�RQ�PHDQ�DEVROXWH�GHYLDWLRQV��0$'��EHFDXVH�RI�WKH

VKRUWFRPLQJV�RI� WKH�0$'�SURFHGXUH�� �7KH�SURFHGXUH�RXWOLQHG�LQ�&KDSWHU��� LV�SURSRVHG

IRU�WKLV�SXUSRVH�

,W� LV� LPSRUWDQW� WKDW� HIIRUWV� EH�PDGH� WR� HQVXUH� SURSHU� UDQGRP� VDPSOLQJ�� � $W� WKLV� SRLQW�

WKHUH� LV� QR� DVVXUDQFH� WKDW� VDPSOLQJ� LV� WUXO\� UDQGRP�� DQG� WKHUH� LV� QR� DVVXUDQFH� WKDW� WHVW

UHVXOWV�DUH�IURP�VDPSOHG�VSHFLPHQV���$SSURSULDWH�DQG�FOHDU�JXLGHOLQHV�DUH�HVVHQWLDO�LQ�WKLV

UHVSHFW�

,W� LV�UHFRPPHQGHG�WKDW�GLIIHUHQW�RSWLRQV�IRU� ORW�VL]H�EH�HOLPLQDWHG�DQG�RQO\�RQH�RSWLRQ�

SUHIHUDEO\�RQH� VLPLODU� WR�RSWLRQ���RI� LWHP�������EH�XWLOL]HG�� � ,Q� D� VLPLODU�PDQQHU�� LW� LV

UHFRPPHQGHG� WKDW� -0)� �� DQG� -0)� �� EH� PRGLILHG� WR� IRUP� D� VLQJOH� MRE� PL[� IRUPXOD

�-0)��

$OO�WKH�KRW�PL[�DVSKDOW�FRQFUHWH��+0$&��SURGXFHG�DQG�SODFHG�VKRXOG�EH�VXEMHFWHG�WR�WKH

VDPH�UHTXLUHPHQWV��LQFOXGLQJ�WKH�ILUVW�DQG�ODVW�GD\V�RI�SURGXFWLRQ�DQG�SDYHG�VKRXOGHUV�

7KH�VSHFLILFDWLRQ�VKRXOG�FOHDUO\�DGGUHVV�WKH�SUREOHPV�RI�FRQWUROOLQJ�VPDOO�TXDQWLWLHV�

$� IRUP� RI� TXDOLW\� FRQWURO� SODQ� VKRXOG� EH� PDGH� D� SDUW� RI� WKH� 4&�4$� VSHFLILFDWLRQV

GHYHORSHG�E\�7['27���7KHUH�DUH�D�QXPEHU�RI�XVDEOH�IRUPV�WKDW�PD\�EH�XVHG�DV�D�JXLGH�

WZR�RI�ZKLFK�DUH�LOOXVWUDWHG�LQ�WKH�ERG\�RI�WKLV�UHSRUW�� �$V�DQ�DLG��D�PDQXDO�RU�JXLGH�RQ

WKH� LQWHUSUHWDWLRQ� DQG� XVH� RI�4&�4$� VSHFLILFDWLRQV� FDQ� EH� SUHSDUHG� WR� SURYLGH� QHHGHG

LQIRUPDWLRQ� WR� DOO� SHUVRQQHO� LQYROYHG� LQ� WKH� GHVLJQ�� XVH�� DQG� FRQWURO� RI� FRQVWUXFWLRQ

SHUIRUPHG�XQGHU� WKHVH�W\SHV�RI�VSHFLILFDWLRQV��7KHUH�DUH�JXLGHV�DYDLODEOH� IURP�1DWLRQDO

&RRSHUDWLYH�+LJKZD\�5HVHDUFK�3URJUDP��1&+53��SURMHFWV�DQG� LQIRUPDWLRQ�IURP�RWKHU

VWDWHV�WR�KHOS�LQ�WKLV�UHJDUG���%HFDXVH�7['27�LV�LPSOHPHQWLQJ�4&�4$�VSHFLILFDWLRQV�LQ

GLIIHUHQW� LWHPV� RI� FRQVWUXFWLRQ� �L�H��� DVSKDOW�� SRUWODQG� FHPHQW�� DQG� FRQFUHWH��� LW� LV

UHFRPPHQGHG� WKDW� VKRUW� FRXUVHV� EH� FRQGXFWHG� WR� DLG� ZLWK� LPSOHPHQWDWLRQ� RI� WKH

VSHFLILFDWLRQV�XWLOL]LQJ�WKH�PDQXDOV�UHFRPPHQGHG�DERYH�
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��� ¦6SHFLDO� 6SHFLILFDWLRQ�� ,WHP� ������ 4XDOLW\� &RQWURO�4XDOLW\� $VVXUDQFH� RI� +RW� 0L[

$VSKDOW�§�7H[DV�'HSDUWPHQW�RI�7UDQVSRUWDWLRQ�������

��� (SSV�� -�� $�� 5�� '�� 3DYORYLFK�� DQG� &�� :�� 6PRRW�� ¦6WDWLVWLFDOO\� %DVHG� (QG� 5HVXOW

6SHFLILFDWLRQV�§�$�:RUNVKRS� DW� WKH� 7H[DV�+RW�0L[�$VSKDOW� 3DYHPHQW�$VVRFLDWLRQ

$QQXDO�0HHWLQJ��*DOYHVWRQ��7;��6HSWHPEHU����������

��� +XGVRQ�� 6�� %��� HW� DO�� ¦'HWHUPLQDWLRQ� RI� 6WDWLVWLFDO� 3DUDPHWHUV� IRU� %LWXPLQRXV

&RQFUHWH�§� 5HVHDUFK� 3URMHFW� ������� 3HQQV\OYDQLD� 'HSDUWPHQW� RI� 7UDQVSRUWDWLRQ�

+DUULVEXUJ��2FWREHU������

��� ¦6WDWLVWLFDO�3DUDPHWHUV�IRU�0DWHULDOV�DQG�&RQVWUXFWLRQ�§�5HVHDUFK�&LUFXODU��2IILFH�RI

5HVHDUFK�DQG�'HYHORSPHQW��%XUHDX�RI�3XEOLF�5RDGV��:DVKLQJWRQ��'�&���0D\������

��� .DQGKDO�� 3�� 6��� DQG�5�� -�� &RPLQVN\�� ¦6WDWLVWLFDO�$FFHSWDQFH� RI� %LWXPLQRXV� 3DYLQJ

0L[HV�§� 5HSRUW� )+:$�3$� �������� )+:$�� 'HSDUWPHQW� RI� 7UDQVSRUWDWLRQ�

3HQQV\OYDQLD�'HSDUWPHQW�RI�7UDQVSRUWDWLRQ��+DUULVEXUJ��0D\������

��� %XUQHWW��:���¦(QG�5HVXOW�6SHFLILFDWLRQV�§�SUHVHQWDWLRQ�WR�WKH�$QQXDO�0HHWLQJ�RI� WKH

7H[DV�+RW�0L[�$VSKDOW�3DYHPHQW�$VVRFLDWLRQ��6HSWHPEHU��(O�3DVR��7;��6HSWHPEHU

�����

��� :HVW�9LUJLQLD�'HSDUWPHQW� RI�7UDQVSRUWDWLRQ�� ¦6WDQGDUG�6SHFLILFDWLRQV�6HFWLRQ� ����

+RW�/DLG�%LWXPLQRXV�&RQFUHWH��%DVH��:HDULQJ��DQG�3DWFKLQJ�DQG�/HYHOLQJ�&RXUVHV�§

6XEDUWLFOH�,WHP������������4XDOLW\�&RQWURO�7HVWLQJ�

��� 2NODKRPD� 'HSDUWPHQW� RI� 7UDQVSRUWDWLRQ�� ¦6WDQGDUG� 6SHFLILFDWLRQV� IRU� +LJKZD\

&RQVWUXFWLRQ��6SHFLDO�3URYLVLRQV�������4$��$�-�����4XDOLW\�&RQWURO�DQG�$FFHSWDQFH

3URFHGXUHV��6HFWLRQ�����

��� ¦6WDQGDUG� 6SHFLILFDWLRQV� IRU� &RQVWUXFWLRQ� DQG� 0DLQWHQDQFH� RI� +LJKZD\V�� 6WUHHWV�

DQG�%ULGJHV�§��7H[DV�'HSDUWPHQW�RI�7UDQVSRUWDWLRQ��0DUFK������

����7DKPRUUHVL��0��� DQG� 7��:�� .HQQHG\�� ¦2UJDQL]DWLRQ� DQG� $QDO\VLV� RI� ����� +0$&

)LOHG� &RQVWUXFWLRQ� 'DWD�§� 5HVHDUFK� 5HSRUW� ������)�� &HQWHU� IRU� 7UDQVSRUWDWLRQ

5HVHDUFK��7KH�8QLYHUVLW\�RI�7H[DV�DW�$XVWLQ��1RYHPEHU������

����$� %ULHI� 5HYLHZ� RI� WKH� ,PSDFW� RI� WKH� 4&�4$� 6SHFLILFDWLRQ� RQ� -RE� &RQWURO�

%LWXPLQRXV� 6HFWLRQ�� 0DWHULDOV� DQG� 7HVWV� 'LYLVLRQ�� 7H[DV� 'HSDUWPHQW� RI

7UDQVSRUWDWLRQ��0D\����������
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����$IIHUWRQ�� .�� &��� -�� )UHLGHQULFK�� DQG� 5�� 0��:HHG�� ¦0DQDJLQJ� 4XDOLW\�� 7LPH� IRU� D

1DWLRQDO� 3ROLF\�§� 7UDQVSRUWDWLRQ� 5HVHDUFK� 5HFRUG� 1R�� ������ :DVKLQJWRQ�� '�&��

�����
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x 6SHFLDO VSHFLILFDWLRQV ���� DQG ���� DUH JRRG LQ WKHRU\� EXW WKH\ GR QRW QHFHVVDULO\ \LHOG D JRRG

SURGXFW�

x $ ZDUUDQW\ VSHFLILFDWLRQ LV UHFRPPHQGHG�

x 7KH DVSKDOW PL[WXUH LV JHQHUDOO\ 2. ZKHQ WKH SODQW KDV LWV RZQ ODERUDWRU\� EXW QRW JRRG ZKHQ D

FRPPHUFLDO ODE LV XVHG�

x 7KHLU H[SHULHQFH KDV EHHQ WKDW ZKHQ WKH GHQVLW\ LV JUHDWHU WKDQ ���� D ERQXV LV SDLG� EXW WKH UHVXOW LV D IDW

SDYHPHQW� 7KH GLVWULFW RIWHQ VXVSHFWV WKH XVH RI D SHQFLO RQ WHVW UHVXOWV�

x 7KH VSHFLILFDWLRQ LV PXFK WRR FRPSOLFDWHG�

x 6PDOO TXDQWLWLHV VKRXOG UHTXLUH VDPSOHV�

x $ 4&�4$ VSHFLILFDWLRQ GRHVQ©W SURYLGH IRU UHPRYDO RI D VXEVWDQGDUG PL[WXUH�

x ,WHP ��� LV SUHIHUUHG VLQFH WKHUH KDV EHHQ QR DSSDUHQW LPSURYHPHQW DQG WKHUH LV OHVV FRQWURO WKDQ EHIRUH�

,WHP ��� KDG IHZHU SUREOHPV ZLWK GHILQLWLRQ�

x $OWKRXJK WKHUH KDYH EHHQ VRPH JRRG MREV ZLWK 4&�4$ VSHF� HYHQ VRPH EHWWHU WKDQ ZLWK LWHP ���� LW

PDLQO\ GHSHQGHG RQ WKH FRQWUDFWRU DQG SODQW�

x 7KH SURMHFW ZDV DOPRVW RYHU EHIRUH SUREOHPV VXUIDFHG� 7KHUH ZDV D JHQHUDO ORVV RI FRQWURO�

x ,W LV UHFRPPHQGHG WKDW 2SWLRQ � EH UHPRYHG DQG ������WRQ ORWV EH XVHG�

x 7KHUH KDYH EHHQ FDVHV RI QR LPSURYHG TXDOLW\ WKRXJK ERQXVHV ZHUH SDLG�

x 7KHUH LV QR FRQWURO RQ WKH DVSKDOW FRQWHQW RI WKH PL[ WKDW KDV DOORZHG WKH XVH RI DVSKDOW WR DFKLHYH

GHQVLW\�

x 7KHUH LV QR FRQWURO RQ VPDOO TXDQWLWLHV� %HWWHU FRQWURO RI WKH PL[WXUH ZDV H[SHULHQFHG XQGHU LWHP ����

x 2QH SURMHFW RI WKH &0+% GHVLJQ ZDV WULHG ZLWK WKH 4&�4$ VSHFLILFDWLRQV� 7KLV UHVXOWHG LQ DQ

XQVDWLVIDFWRU\ SURMHFW�

x *RRG SODQWV VWLOO SURGXFH JRRG SURGXFWV�

x 7KHUH KDYH EHHQ FDVHV RI WKH SODQW SURGXFLQJ D PL[WXUH ZD\ WRR KRW� EXW WKH PL[ ZDV QRW UHMHFWHG�

x $ PXOWLSOH LQFUHDVH LQ SDSHUZRUN KDV RFFXUUHG WKDW LV RIWHQ UHFHLYHG ODWH DQG VWLOO JLYHV QR FKHFN RQ

TXDOLW\�

x $ FODULILFDWLRQ RI WKH WROHUDQFHV RQ -0)�� ODERUDWRU\ GHQVLW\ LV QHHGHG�

x $ UHTXLUHPHQW WR UHPROG DW RSWLPXP GHVLJQ LQVWHDG RI DFFHSWLQJ LQWHUSRODWLRQ LV QHFHVVDU\�

x 0DLQWHQDQFH UHTXLVLWLRQV DQG 60$V VWLOO XVH LWHP ����

x )LYH KXQGUHG WRQV DUH FODVVLILHG DV D VPDOO TXDQWLW\� EXW D ORW RI ����� WRQV LV WKH VPDOOHVW ORW� :KDW LV

WKH FRQWURO IRU WKH LQ�EHWZHHQ DPRXQWV"

x $ UHFRPPHQGDWLRQ LV WR WDNH RQH VDPSOH HYHU\ ��� WRQV DQG D ������WRQ ORW� &RUHV VKRXOG EH WDNHQ

ZKHUH WKH PDWHULDO IURP ZKLFK WKH SODQW VDPSOH ZDV WDNHQ ZHQW GRZQ�
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x 7KH GLVWULFW ODE YHULILHV -0)�� LQVWHDG RI WKH DUHD RIILFH ODEV�

x 6RPH FRQWUDFWRUV KDYH D J\UDWRU\ SUHVV WKDW GLIIHUV IURP WKDW XVHG E\ 7['27�

x 7KH\ DUH QRW JHWWLQJ VSOLW VDPSOHV IURP WKH FRQWUDFWRU�

x &RQWUDFWRU LV QRW UXQQLQJ JUDGDWLRQV IRU HDFK GHVLJQ YHULILFDWLRQ� EXW LQVWHDG XVHV VKRUWFXWV DQG WKH

GLVWULFW GRHV QRW JHW WKH VDPH GHVLJQ�

x -0)�� LV IRU FKHFNLQJ HTXLSPHQW DQG PHWKRGV EXW WKHUH LV QR IRUPDO PHWKRG IRU FKHFNLQJ HTXLSPHQW�

x 7KH FRQWUDFWRU RIWHQ TXHVWLRQV -0)�� DQG ZDQWV WR JR GLUHFWO\ WR -0)�� ZKHUH KH FDQ UXQ XQWLO

SURGXFWLRQ HYHQV RXW�

x $JJUHJDWH LV QRW FRQWUROOHG�

x :KHQ OLPH LV UHTXLUHG� SODQW LV RIWHQ QRW SXWWLQJ LW LQ�

x 5HFRPPHQG � \HDUV RQ WHFKQLFLDQ FHUWLILFDWLRQ�

x 1HHG ZDUUDQW\ VSHFLILFDWLRQV�

x 7KHUH LV D TXHVWLRQ� ,V ���� D EULGJH EHWZHHQ ��� DQG D WUXH HQG�UHVXOW VSHFLILFDWLRQ"

x ([SHULHQFH VR IDU DSSHDUV WKDW PRUH PDQSRZHU LV VSHQW RQ ���� WKDQ RQ ����

x 7KH FRQWUDFWRU LV JHWWLQJ DOPRVW WKH WRWDO � SHUFHQW ERQXV�

x :LWK WKLV VSHFLILFDWLRQ WKHUH PD\ QRW EH D ZRUU\ LQ WKH ORQJ WHUP� EXW SUHVHQWO\ WKH\ DUH QRW JHWWLQJ

TXDOLW\ DQG GR QRW VHH ZKHUH TXDOLW\ KDV EHHQ SURPRWHG�

x 7KHUH LV QR HYLGHQFH RI WKH FRQWUDFWRU SHUIRUPLQJ TXDOLW\ FRQWURO� EXW LW DSSHDUV� LQVWHDG� WKDW WKH XVH RI

WKH SHQFLO LV HQFRXUDJHG�

x 7KHUH LV QR FRQWURO RQ DGGLWLYHV� SOXV VORZ YHULILFDWLRQ LV UHFHLYHG IURP 0DWHULDOV DQG 7HVWV 'LYLVLRQ�

x &RQWUDFWRU QHYHU VKXWV KLPVHOI GRZQ ZKHQ WHVWV UHTXLUH LW�

x 7KHUH KDV QRW EHHQ D MRE LQ � \HDUV ZKHUH ODWH[ ZDV XVHG�

x 7KH\ ZHUH JHWWLQJ ELGV RI ��� RQ LWHP ���� QRZ ��� RQ LWHP ���� IRU HTXDO RU SRRUHU SURGXFW� �,W ZRXOG

SUREDEO\ EH WKH VDPH QRZ IRU �����

x 7KH GLVWULFW KDV H[SHULHQFHG RQH MRE ZKHUH DOO UHFRUGV� HWF�� ZHUH SHUIHFW EXW VWLOO KDG WR VKXW WKH SURMHFW

GRZQ IRU XQFRDWHG DJJUHJDWHV�

3$5,6�

x 7KHUH DUH QR JXLGHOLQHV WR HYDOXDWH WKH FRQWUDFWRU DQG WKH ZRUN�

x 7KH\ KDYH EHHQ SD\LQJ ��� SHUFHQW IRU SURMHFWV WKDW DUH QRW SHUIRUPLQJ� ZKLFK LQFOXGHV UDYHOLQJ ZLWKLQ

� \HDU�

x 3ODQW ODE UHVXOWV ZHUH JHQHUDOO\ VDWLVIDFWRU\� EXW WKRVH IURP FRPPHUFLDO ODEV ZHUH SRRU�

x 7KHUH DSSHDUV WR EH SRRU FRQWURO RQ DOO SDUWV RI WKH SURMHFW� GHVLJQ� FRQVWUXFWLRQ� TXDOLW\ RI PDWHULDOV�

DQG VR RQ�

x $OWKRXJK WKH GHVLJQV PHHW WKH VSHFLILFDWLRQ� PDQ\ DUH QRW JRRG EXW KDUVK DQG VRPHWLPHV WKH FRQWUDFWRU

DGGV DVSKDOW WR PHHW GHQVLW\� ,Q VRPH FDVHV XS WR ��� RI WKH PL[ LV ILQH DJJUHJDWH�

x +0$�FHUWLILHG ODEV FDQQRW SURGXFH DFFHSWDEOH GHVLJQV DQG +0$ VFKRRO JUDGXDWHV DUH QRW TXDOLILHG WR

FRQWURO PL[HV DQG SURGXFWLRQ�

x ,W XVXDOO\ WDNHV ��� GHVLJQV EHIRUH JHWWLQJ DQ DFFHSWDEOH RQH�
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x 7KH FRQFHSW RI 4&�4$ LV QRW EHLQJ PHW� ,W LV SUREDEO\ WRR ODWH WR UHYHUW WR LWHP ��� EXW� LI QRW� LW PXVW

EH IL[HG ZLWK 7['27 FRQWUROV�

x :RUGLQJ RI WKH VSHFLILFDWLRQ LV FRQIXVLQJ� ZKLFK LV FDXVLQJ GLIIHUHQW LQWHUSUHWDWLRQ Z�LQ 7['27�

x 7KH VSHFLILFDWLRQ GRHVQ©W H[FOXGH 5$3�

x 7['27 SHRSOH DUH JUDGXDOO\ ORVLQJ +0$& NQRZOHGJH DQG H[SHUWLVH� PDNLQJ 7['27 OHVV TXDOLILHG WR

FKDOOHQJH WKH FRQWUDFWRU�

x %HOW VDPSOLQJ LV QRW UHSUHVHQWDWLYH�

x )HZHU WHVWV DUH EHLQJ UXQ E\ WKH FRQWUDFWRU�

x 3UHIHUHQFH LV IRU WKH DJJUHJDWH DQDO\VLV WR EH E\ SUHYLRXV SDVV�UHWDLQ IRUPDW�

x /DERUDWRU\ GHQVLW\ QHHGV WR EH D IDFWRU�

x 6SHFLILFDWLRQ DV ZULWWHQ DOORZV WKH XVH RI FRQFUHWH VDQG�

x 1HHG D EHWWHU VWULSSLQJ WHVW� 0HWKRGV ��� DQG ��� DUH QRW DGHTXDWH�

x 1HHG WR UHYLHZ WHVW SURFHGXUHV� VRPH DUH WRR FRPSOLFDWHG� 6WULSSLQJ LV RQH RI WKHVH EDVHG RQ LQGLYLGXDO

UHYLHZ�

x ,W LV GLIILFXOW WR LQWHUSUHW ¦RSHUDWLRQDO WROHUDQFHV�§

x ,Q 2SWLRQ � YV� 2SWLRQ �� WKHUH PD\ EH D ORQJ GHOD\ EHIRUH FRPSOHWLRQ RI D ORW� 7KHUH LV QRWKLQJ LQ WKH

FRPSXWHU SURJUDP IURP WKH 0DWHULDOV DQG 7HVWV 'LYLVLRQ WR VKRZ GDWH SODFHG� WLFNHW QXPEHUV� HWF�

x 7KHUH QHHGV WR EH D GHDGOLQH RQ IXUQLVKLQJ WHVW UHVXOWV ��� KRXUV"��

x 7KHUH DUH D ODUJH QXPEHU RI IRUPV IRU HYHU\ ORW�

x 2QH RI WKH SURMHFWV LQ WKH GLVWULFW LV FRPLQJ XS� ,W ZDV QRW FOHDU ZKR LV UHVSRQVLEOH� 7KH 3DULV 'LVWULFW

SDLG WR UHPRYH DQG WKHQ SDLG WR UHSODFH�

x 7KHUH PD\ EH DQ DGYDQWDJH IRU D 3& PRGHP FRQQHFWLRQ IURP SODQW WR DUHD HQJLQHHU©V RIILFH�

x :K\ PXVW WKH VSHFLILFDWLRQ EH VR FRPSOLFDWHG"

x :K\ VKRXOG WKHUH EH D UHTXLUHPHQW RQ UHFHUWLILFDWLRQ RQ WKH SURILORJUDSK ZKHQ LW LV QRW XVHG"

x 3HQDOW\ LQ WKH ULGH VSHFLILFDWLRQ LV QRW VHYHUH HQRXJK WR LQVXUH D JRRG MRE� 7KH VSHFLILFDWLRQ LV WRR

FRPSOLFDWHG� $Q LQVSHFWRU GLG EHWWHU ZLWK WKH VWUDLJKW HGJH�

x 1HHG WR UHPRYH WKH DOORZDQFH IRU GLIIHUHQW VL]H ORWV�

x 5HFRPPHQG SXWWLQJ WHHWK LQWR VSHFLILFDWLRQ IRU FRQWUDFWRU©V IDLOXUH WR QRWLI\ WKH HQJLQHHUV RI FKDQJHV E\

OHWWHU�

x &RQWUDFWRU�RZQHG 5$3 QRW DOORZHG�

x 1HHG ZRUGLQJ LQ WKH VSHFLILFDWLRQ WR DOORZ UHMHFWLRQ RI WKH PL[ ZKHQ RYHU�DVSKDOWHG RU RYHU�WHPSHG E\

FRQWUDFWRU�
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x 7KH GLVWULFW LV MXVW VWDUWLQJ WR XVH WKLV VSHFLILFDWLRQ� 7KHUH KDV EHHQ D SUREOHP ZLWK WKH JHQHUDWLRQ RI

UDQGRP QXPEHUV DQG JHWWLQJ WKHP WR WKH FRQWUDFWRU� $SSDUHQWO\ WKH GLVWULFW KDQGV WKHP WR WKH FRQWUDFWRU

DW WKH EHJLQQLQJ RI D ORW�

x 7['27 WHOOV WKH FRQWUDFWRU ZKHUH WR VDPSOH�

x 7KH GLVWULFW FDQQRW WHOO LI DQ DQWLVWULSSLQJ DJHQW KDV EHHQ DGGHG WR WKH PL[ RU QRW ZKHQ LW LV UHTXLUHG�

x :KHQ SUREOHPV RFFXU ZLWK WKH PDW WHDULQJ� HWF�� WKH\ ZLOO EH PLVVHG XQOHVV FDXJKW DV LW LV EHLQJ SODFHG�

x 1HHG D SULQWRXW WR FDWFK DQ\ FKDQJHV�

x 7KHUH LV QR FRQWURO EHWZHHQ VDPSOH SRLQWV�

x +RW PL[ FRQWUDFWRUV ZLWK WKHLU RZQ SHUVRQQHO VHHP WR KDYH PRUH WURXEOH� &RPPHUFLDO ODEV WHQG WR VWD\

LQ WKH PLGGOH�

x 7KH LQVSHFWRU KDV WR XVH WKH QXPEHUV RQ WKH JDJH IRU DQWLVWULS DGGLWLRQ� EXW WKHUH LV QR ZD\ WR YHULI\�

x 6WLOO JHW JRRG TXDOLW\ FRQVWUXFWLRQ IURP D JRRG FRQWUDFWRU UHJDUGOHVV ZKHWKHU LWHP ��� RU LWHP ���� LV

XVHG�

x 4&�4$ FDQ ZRUN RQO\ E\ XVLQJ TXDOLW\ PDWHULDOV� EXW WKHUH VHHPV WR EH QR ZD\ WR YHULI\ RU FRQWURO WKLV

TXDOLW\�

x 3ODQW LQVSHFWRUV QHHG WR NQRZ PRUH DERXW KRZ D SODQW RSHUDWHV WR EH DEOH WR XQGHUVWDQG ZKDW LV

KDSSHQLQJ GXULQJ SURGXFWLRQ�

x ,WHP ��� KDG ODQJXDJH WR FRQWURO VWRFNSLOHV� HWF�

x 1HHG ODQJXDJH LQ WKLV VSHFLILFDWLRQ WR DVVXUH WKDW VWRFNSLOHV FRQWDLQ WKH PDWHULDOV XVHG IRU GHVLJQ�

x :LWK WKH DOORZDEOH WLPH IUDPH WR EULQJ LQ FRUHV� H[WHQGHG GHOD\V DUH SRVVLEOH DQG UHVXOWV FDQ EH RXW IRU

VHYHUDO WRQV SODFHG ZLWKRXW WKH HQJLQHHU NQRZLQJ�

x %RQXV RQ RQH LWHP FDQ DOORZ PD[LPXP RQ WKH SURMHFW�

x 7KH GLVWULFW KDV KDG RQO\ D VPDOO DPRXQW� ZKLFK ZDV RQ D UDPS� UHPRYHG�

x 7KHUH LV QRW D WLPH OLQH RQ GHVLJQ� D SURMHFW KDG WKH GHVLJQ YHULILHG D \HDU DJR DQG QR +0$& SODFHG \HW�

1HHG D PHDQV WR SURYLGH IRU UHYHULILFDWLRQ�

x 7KHUH LV PRUH SDSHUZRUN UHTXLUHG WKDQ EHIRUH ZLWK ����

x &RQVWUXFWLRQ DQG 0$7 QHHG WR FKDQJH WR SURJUDPV XVHG LQ WKH ILHOG�

x 'HSDUWPHQW MXPSHG LQWR WKLV VSHF EHIRUH WUDLQLQJ DQG IXUQLVKLQJ ILHOG SHUVRQQHO ZLWK FRPSXWHUV�

+286721�

x $VSKDOW LV VXSSRVHG WR EH SXW LQWR PL[ RQ ¦DXWR§ VHWWLQJ EXW ¦PDQXDO§ LV XVHG LQVWHDG�

x 0RUH WURXEOH ZLWK URDGVLGH SODQWV� QRW VR PXFK ZLWK SHUPDQHQW FRPPHUFLDO SODQWV�

x &DQ WDNH DOO WKH VDPSOHV 7['27 ZDQWV EXW WKH SD\ IDFWRU VDPSOHV DUH ORFNHG�

x 'R ZH QHHG DQ HQG UHVXOW VSHFLILFDWLRQ"

x ([SHULHQFH VR IDU ZLWK XVLQJ LWHP ����� FRQWUDFWRUV KDYH SXUFKDVHG QHZ HTXLSPHQW� HWF�� ZKLFK KDV EHHQ

DQ LPSURYHPHQW�

x %DG SDUW LV ORVV RI H[SHULHQFHG LQVSHFWLRQ SHUVRQQHO� 1RZ ILHOG SHUVRQQHO GRQ©W NQRZ SODQW� RSHUDWLRQ�

GRQ©W XQGHUVWDQG 90$� HWF�

x $JUHH WKDW &0+% GRHVQ©W EHORQJ LQ 4&�4$ VSHF�
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x $ VDPSOLQJ SURJUDP LV EHLQJ GHYHORSHG LQ WKH VWDWH KHDGHG E\ 3DXO .UXJOHU WR RYHUFRPH WKH SUREOHPV RI

NQRZLQJ LQ DGYDQFH WKH VDPSOLQJ SRLQWV�

x 1R RQH KDV HYHU WDXJKW LQWHUSUHWDWLRQ� WHVWV� VRIWZDUH� HWF�� EXW QRW LQWHUSUHWDWLRQ� 8QGHUVWDQGLQJ KRZ

WR UXQ WKH WHVW GRHV QRW JXDUDQWHH NQRZOHGJH RI VSHF�

x 7RR VRRQ WR UHDOO\ NQRZ LI EHWWHU SDYHPHQW LV EHLQJ SURGXFHG� 1HHG WR HYDOXDWH ZKROH VWUXFWXUH ZKHQ

ORRNLQJ DW D IDLOXUH UDWKHU WKDQ MXVW WKH SDYHPHQW�

x -0) FKDQJLQJ IRU HYHU\ ORW FDQ DOORZ ERQXV ZKHQ VRPH VXE�ORWV DUH RXW�

x 2SWLRQ �� 6RPH KDYH PHUHO\ VDPSOHV� ODEHOLQJ WKHP 3	5�

x 1RZ SXWWLQJ JHQHUDO QRWHV EDFN LQWR HYHU\WKLQJ IRU SODFHPHQW XQOHVV RWKHUZLVH GLUHFWHG E\ WKH HQJLQHHU�

x 1R PLVFHOODQHRXV SODFHPHQW�

x 5DQGRP VHOHFWLRQ SRLQW IRU VDPSOLQJ SDYHPHQW QHHGV WR EH H[DFW� &ORVH SUR[LPLW\ OHDYHV ZLGH RSWLRQ�

3HUVRQ WDNLQJ FRUHV QRW QRZ UHTXLUHG WR EH FHUWLILHG WHFK�

x :RXOG OLNH ULGH VSHF RQ HYHU\WKLQJ�

x 'LVWULFW KROGV D SUHSODFHPHQW PHHWLQJ � PRQWKV LQ DGYDQFH� UHTXLULQJ GHVLJQ DW WKDW WLPH�

x 1HHG ODQJXDJH WR DGGUHVV VWRFNSLOH SUREOHPV�

/$5('2�

x 1R FRQVLVWHQF\ RU XQLIRUPLW\ LQ WKH DPRXQW RI DVSKDOW DGGHG� RQH GD\ RQ WKH KLJK VLGH� QH[W RQ WKH ORZ

VLGH�

x 3UHVHQWO\ UDQGRP VDPSOLQJ�

x 3D\LQJ D ORW ERQXV� VRPHWLPHV DV PXFK DV � PRQWKV ODWHU�

x &DQQRW VWRS FRQWUDFWRU IURP OD\LQJ LQ EDG ZHDWKHU� KDYH SLFWXUHV RI PL[ JRLQJ GRZQ LQ WKH UDLQ�

&RXOGQ©W VKXW WKHP GRZQ EHFDXVH 'LVWULFW VD\V OHW WKHP UXQ�

x 3UREOHPV FDQ EH ZLWK LQWHUSUHWDWLRQ RI VSHFLILFDWLRQ LQVWHDG RI DOZD\V ZLWK WKH VSHF�

x 1HHG WR KDYH RQO\ RQH RSWLRQ� 5HFRPPHQG HOLPLQDWLQJ 2SWLRQ ��

x 5HJLRQDO ZRUNVKRSV LQGLFDWHG SURMHFWV GLG QRW KDYH WKH SHRSOH RQ WKH URDG� SDUWLFXODUO\ WKH FRQWUDFWRU©V

SHUVRQQHO�

x &XUUHQW )RUP ��� FRQIOLFWV ZLWK 4&�4$� 1HZ IRUP GRHVQ©W KDYH URRP� QR GDWH RI SURGXFWLRQ� +DYLQJ

WR KDQG FDOFXODWH SODFHPHQW� 3DSHUZRUN WRR FRPSOLFDWHG�

6$1 $1721,2�

x 0D\ KDYH ERXJKW PRUH FRQVLVWHQF\ ZLWK WKH FRPPHUFLDO SODQWV�

x 1R ZD\ WR WHOO LI EHWWHU SHUIRUPDQFH LV WKHUH MXVW EHFDXVH DOO WHVWV ZHUH UXQ DQG DSSDUHQWO\ Z�LQ VSHF�

x 3UREOHPV ZLWK PL[ GHVLJQ� ZLWK RQH VXSSOLHU FRQWUDFWRU JHWWLQJ � SHUFHQW ORZHU DQG 7['27 JHWWLQJ �

SHUFHQW KLJKHU� YHULILFDWLRQ RI 90$� JHWWLQJ � SHUFHQW ORZHU GHQVLW\� FRQWUDFWRU LV DGGLQJ PRUH PDWHULDO

WKDQ GRHV 7['27 WR JHW D �����LQFK VSHFLPHQ IRU +YHHP�

x :KHQ ZLOO &0+% EH LPSOHPHQWHG LQWR 4&�4$" &0+% GRHVQ©W EHORQJ LQ 4&�4$ VSHFLILFDWLRQ�

x 9DULDWLRQV LQ DVSKDOW FRQWHQW RI ���� LQ GHVLJQ LQ D FXUUHQW SURMHFW�

x 6WDUWLQJ WR UHTXLUH FRPSXWHUV DQG SURJUDPV DV SDUW RI SURMHFW�UHTXLUHG HTXLSPHQW�

x &RQVLGHU XVLQJ WKLQ�OD\HU QXFOHDU GHYLFH IRU LQ�SODFH GHQVLW\�

x 7KHUH DUH VWLOO FDVHV RI XQGHUWDNLQJ LWHP ��� DQG 4&�4$ SURMHFWV DW WKH VDPH WLPH EHFDXVH RI SUH�

H[LVWLQJ FRQWUDFWV�

3+$55�

x 7KHUH LV QRWKLQJ LQ WKH VSHFLILFDWLRQ DERXW ZKHQ ULGH VSHFLILFDWLRQ LV UXQ�

x $OVR GR QRW EHOLHYH WKDW &0+% EHORQJV LQ 4&�4$ VSHFLILFDWLRQ�
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x 7KH GHSDUWPHQW GRHV QRW KDYH WKH QHFHVVDU\ FRQWURO DQWLFLSDWHG�

x )OXVKLQJ SUREOHPV RQ SURMHFW� FRQWUDFWRU FKDQJHG WDUJHW YDOXHV UDWKHU WKDQ FRUUHFWLQJ SUREOHP�

x *HWWLQJ EDG ULGHV RQ WKH SURMHFWV�

x 7KH FRQWUDFWRU FDQQRW EH IRUFHG WR FKDQJH ZKHQ VWLOO Z�LQ VSHFLILFDWLRQ OLPLWV�

x 7KHUH DUH SUREOHPV YHULI\LQJ GHVLJQV RQ DOO PL[HV� &RQWUDFWRU XVLQJ 5DLQKDUGW SUHVV DQG ODE XVLQJ

7['27�

x +DYH UHPRYHG 7\SH $ EDVH PDWHULDO�

)257:257+�

x :LWK EDG PL[� FRQWUDFWRU KDV UHSOLHG WR UHTXHVW IRU YHULILFDWLRQ RI GHVLJQ�

x +DYH UHPRYHG VRPH 7\SH & PL[�

x &RQWURO FKDUWV QRW ILOOHG RXW XQWLO MRE ZDV RYHU�

x 6SHFLDO SURYLVLRQ RXW RQ ���� WKDW UHTXLUHV WDUJHW�PROGHG ODE GHQVLW\ DQG FRUUHODWLRQ RI ODE J\UDWRU\

SUHVVHV� 3UHVHQWO\ HYDOXDWLQJ WKLV VSHFLDO�

x 0$7 SUHSDULQJ D WUDLQLQJ FRXUVH RQ WKLV VSHFLILFDWLRQ WR WDNH WR GLVWULFWV� 1HHG D JXLGDQFH GRFXPHQW�

x ,QGHSHQGHQW VDPSOLQJ DQG WHVWLQJ� )HGHUDO 5HJLVWHU UHTXLUHV WKLV� .UXJOHU DQG (SSV ZRUNLQJ RQ WKLV�

x 1HHG WR KDYH SURIHVVLRQDO VRIWZDUH GHYHORSHG WR UHSODFH WKH 0$7 YHUVLRQ�

x 0$7 SODQV WR SUHVHQW WUDLQLQJ IRU TXDOLILFDWLRQ �WR LQFOXGH FRQWUDFWRU©V SHUVRQQHO��

:$&2�

x 5HPRYHG VRPH PL[ IRU ULGH TXDOLW\ LQ VSRWV�

x +DG FRQWUDFWRU XVH 7['27 HTXLSPHQW LQ YHULI\LQJ GHVLJQ�

x 0RVW H[SHULHQFH VXJJHVWV WKDW SUREOHPV DUH GXH WR VORSS\ ZRUN�

x $VSKDOW FRQWHQW DV PXFK DV � SHUFHQW RII� &RPPHUFLDO ODE KDG ORQJ GHOD\ LQ JHWWLQJ GHVLJQ�

x 1RWKLQJ LQ VSHF SURKLELWV ZKHUH VDPSOH LV WDNHQ DQG FDQ WDNH PRUH WKDQ SUHVFULEHG QXPEHU�

x %DG FRQWUDFWRU LPSURYHG WR PHGLRFUH Z�SHQDOWLHV IURP EDG ZRUN�

x *RRG FRQWUDFWRU KDV VOLSSHG LQ VRPH FDVHV� JHWWLQJ ERQXV EXW QRW DV JRRG DV SUHYLRXV ZRUN�

x *RRG VXSSRUW IURP WKHLU GLVWULFW DGPLQLVWUDWLRQ�

x :LOO DOZD\V KDYH LQFRQVLVWHQFLHV XQOHVV WKHUH LV DQ LQVSHFWRU RQ VLWH ZLOOLQJ WR VWDQG XS DQG HQIRUFH WKH

VSHFLILFDWLRQ�

x 1HHG WR PDNH VSHFLILFDWLRQ PRUH FOHDU DQG WLJKWHQ PHDQLQJ� QHHG WR LGHQWLI\ LQFRQVLVWHQFLHV RU

LUUHJXODULWLHV �VHJUHJDWLRQ� EOHHGLQJ� HWF���

x *RRG FRQWUDFWRU©V RSHUDWLRQ GRHV QRW FKDQJH JRLQJ IURP ��� WR �����

x 6SHFLILFDWLRQ ZULWWHQ ZLWK WKH LGHD WKDW DOO KDYH WKH PRWLYDWLRQ WR SURYLGH D JRRG SURGXFW�

x $VSKDOW FRQWHQW LV LQFUHDVHG WR JHW GHQVLW\� &RPPRQ WR NHHS UHUXQQLQJ QXFOHDU GHQVLW\ XQWLO JHWWLQJ WKH

GHQVLW\ GHVLUHG�

x $UJXPHQWV RQ WHFKQLFLDQ©V DELOLW\ WR UXQ GHQVLW\�

x &RQWUDFWRU VRPHWLPHV UXQV VHYHUDO VDPSOHV WR JHW WKH DQVZHU ZDQWHG�

x +DYH D SODQ QRWH WKDW DOO VKRXOGHUV DUH KDQGOHG MXVW OLNH WKH PDLQ ODQHV�

x +DG WR VWRS WKH FRQWUDFWRUV IURP XVLQJ WKH VPDOO TXDQWLW\ JDPHV�

x 1HHG WR GR DZD\ ZLWK WKH SURWHFWHG PL[ LQ ILUVW DQG ODVW GD\©V SURGXFWLRQ� 3URWHFWLRQ IRU WKH ILUVW�GD\©V

SURGXFWLRQ PL[ RQO\ EHQHILWV WKH EDG FRQWUDFWRU�
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x ([SHULPHQWHG ZLWK WDNLQJ SURGXFWLRQ VDPSOHV DW WKH URDG VLWH� EHOLHYH WKH EHVW ORFDWLRQ LV MXVW EHKLQG WKH

OD\�GRZQ PDFKLQH� 7KH\ KDYH DQ LQVSHFWRU RQ WKH MRE�

x 3UHFRQVWUXFWLRQ FRQIHUHQFHV KDYH KHOSHG� HYHQ ZLWK SRRUHU FRQWUDFWRUV� 6RPH ZHUH SUHSURGXFWLRQ

PHHWLQJV DQG SUHGHVLJQ�

x 'RQ©W SD\ RQ DVSKDOW FRQWHQW� SD\ RQ ODE GHQVLW\ DQG PROG HYHU\ VXE�ORW�

x 7LPH LQ UHSRUWLQJ LV D SUREOHP� 1HHG WR VHW XS D WUDFNLQJ GRFXPHQW� 7KH DOORZHG WLPH LV SUHVHQWO\

H[FHVVLYH� 6KRXOG VKXW GRZQ LI PRUH WKDQ WZR GD\V�

x 6RIWZDUH SURJUDP� 6RPH DUHD HQJLQHHUV DUH EHJLQQLQJ WR VHH EHQHILWV� EXW QHHG WR EH VXUH FRQWUDFWRU XVHV

WKHP�

'$//$6�

x &RQWUDFWRU QRW WKDW IDPLOLDU ZLWK GHVLJQ SURFHVV� QRW NQRZOHGJHDEOH DERXW VSHFLILFDWLRQ� 1R H[SHULHQFH�

x 6SHFLILFDWLRQ WLHV WKH KDQGV RI WKH HQJLQHHU� 7KH SHQDOW\ LV WRR VRIW� %HHQ WROG E\ WKH WRS DGPLQLVWUDWLRQ

GRZQ� KDQGV RII� WKH UHVXOW LV WKH HQJLQHHU©V H[SHULHQFH LV QRW XVHG DV LQSXW�

x :RXOG OLNH WR WDNH VDPSOHV ZKHUH WKH HQJLQHHU ZDQWV WR GHVLJQDWH�

x 7['27 SHRSOH DOVR QHHG WR EH HGXFDWHG RQ VSHFLILFDWLRQ� 1HHG FRQVLVWHQF\�

x +DYH REVHUYHG PL[ ODLG LQ WKH UDLQ ¥ \RXQJ� LQH[SHULHQFHG LQVSHFWRU DOORZHG LW� LW FDPH XS ODWHU DQG

7['27 ZRXQG XS SD\LQJ IRU LW WZLFH�

x 6PDOO SURMHFWV GR QRW ILW 4&�4$ VSHFLILFDWLRQ� 'R QRW XVH IRU PDLQWHQDQFH�

x -0)�� ORRNV JRRG� EXW WKHQ -0)�� GRHV ORRN OLNH WKH VDPH GHVLJQ�

x 1R RQH PRQLWRULQJ VWRFNSLOHV IRU VHJUHJDWLRQ� HWF�

x 6RPH 7['27 ODEV KDYH HTXLSPHQW RXW RI VSHFLILFDWLRQ DQG VRPH RSHUDWH RXW RI VSHF� QHHG WR ORRN DW

RZQ RSHUDWLRQ� �:KR©V UHVSRQVLEOH"�

%52:1:22'�

x $ FXUUHQW &0+% SURMHFW ZDV JHWWLQJ D EDG MRE ZLWKLQ WKH VSHFLILFDWLRQ� KDG WR JR RXW RI WKH

VSHFLILFDWLRQ WR JHW D ZRUNDEOH PL[�

x 6HHLQJ DUHDV LQ VSHFLILFDWLRQ ZKHUH FRQWUDFWRU LV SOD\LQJ JDPHV�

x -0)��� ZRUNHG WKUHH GD\V WR JHW D VDPSOH�

x 5DQ VHYHQ VDPSOHV WR JHW D VDPSOH WR REWDLQ ERQXV� ZDV VXFFHVVIXO�

x %RUGHUOLQH PL[HV DUH FRPPRQ�

x 2IWHQ FRQWUDFWRU ZLOO UXQ WZR VDPSOHV WKDW DUH RXW� WKHQ RQH LQ�

x 7['27 VKRXOG KDYH WR GHDO ZLWK FRQWUDFWRU RQO\�

x 1HHG WR VWLIIHQ XS UHTXLUHPHQWV IRU ULGH TXDOLW\� 3UHVHQW VSRUDGLF VWRSV�VWDUWV GHWULPHQWDO WR ULGH�

x :KDW LV EHQHILW RI ����"

x 3UREOHP ZLWK PLQXV ��� LQ &0+% LQ VSHFLDO SURYLVLRQ� FDQ©W JR EHORZ � SHUFHQW� QHHG UDQJH WR EH ����

SHUFHQW LQVWHDG RI ���� SHUFHQW�

x 1HHG WR EH DEOH WR LGHQWLI\ PL[LQJ DQG FRPSDFWLQJ WHPSHUDWXUH IRU PRGLILHG DVSKDOWV �$&V��

x 3UREOHPV LQ XVLQJ SURILORJUDSK� UHDGLQJ FKDUWV� HWF�

0DWHULDOV DQG 7HVWV 'LYLVLRQ� &+,&2 2IILFH�



��

x (YHU\ GHVLJQ KDV WRR KLJK DVSKDOW IRU DOO SURGXFWV�

x 6XSSO\ IRXU GLIIHUHQW GLVWULFWV DQG HDFK ZLOO LQWHUSUHW VSHF GLIIHUHQWO\�

x 1R UHTXLUHPHQW IRU OLPLWLQJ PLQXV ��� HWF�� LQ VWRFNSLOHV�

x *HWWLQJ LQIHULRU SURGXFW EHWZHHQ VDPSOHV�

x 3UREOHPV ZLWK 5$3 LQ EDVH FRXUVHV�

x +RZ ZLOO WKH .UXJOHU GDWD ILW LQWR WKLV VWXG\"

x 0RVW FRPPHUFLDO ODE WHFKQLFLDQV GR QRW NQRZ DERXW GLIIHUHQW SODQWV RU ZKDW KDSSHQV LQ WKHP� QHHG

LQVWUXFWLRQ RU FHUWLILFDWLRQ RQ VSHF �/HYHO ,$��

$867,1�

x 3UREOHPV ZLWK WKH FRQWUDFWRU VSHFLI\LQJ SURGXFWLRQ DV VPDOO TXDQWLWLHV�

x (OLPLQDWH 2SWLRQ ��

%($80217�

x 1R FRPPXQLFDWLRQ EHWZHHQ FRQWUDFWRU DQG 7['27�

x &RQIXVLRQ LQ LQWHUSUHWDWLRQ RI VSHF�

x &RQIXVLRQ EHWZHHQ RSHUDWLRQDO WROHUDQFHV DQG WROHUDQFHV EHWZHHQ FRQWUDFWRU UHVXOWV DQG 7['27 UHVXOWV

�7DEOHV � DQG ���

x 6PDOO FRQWUDFWRUV FODLP WKH\ FDQ©W ELG EHFDXVH RI DGGHG H[SHQVH �HTXLSPHQW� FHUWLILFDWLRQ� HWF���

x 3D\LQJ PRUH IRU HTXDO RU OHVVHU TXDOLW\�

x 1RW DOO SHRSOH KDYH JRQH WR FHUWLILFDWLRQ VFKRRO�

x *HWWLQJ KLJKHVW SD\ IDFWRU ZKHQ RQO\ RQH LV KLJK DQG RWKHUV DUH EDUHO\ DERYH ����

7</(5�

x 5HIHUHH WHVW� 'LVWULFW DQG 0$7 DJUHHG EXW 7['27 VWLOO SDLG EHFDXVH RI PLVLQWHUSUHWDWLRQ E\ 7['27 RI

7DEOH ��

x 1HHG WR VWUHDPOLQH DQG VLPSOLI\�
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x %HOLHYH ZH©UH JHWWLQJ RXU PRQH\©V ZRUWK IRU WKH PRVW SDUW� 6RPH JOLWFKHV EXW FRQWUDFWRUV DUH WDNLQJ

PRUH LQWHUHVW DQG DUH SOD\LQJ D PRUH DFWLYH UROH�

x 1RW GRLQJ WKH MRE IRU ULGH TXDOLW\�

x 'LVWULFW ZHQW KHDYLO\ ZLWK &0+% DQG WKH MXU\ LV VWLOO RXW RQ HIIHFWLYHQHVV� 4&�4$ DQG &0+% DUH WZR

QHZ FKDQJHV LQ WKH SURGXFWLRQ RI +0$& DW WKH VDPH WLPH�

x 6HJUHJDWLRQ RI DJJUHJDWH LV QRW TXDQWLILDEOH LQ 4&�4$ VSHF�

x 1R FRPSDFWLRQ FRQWURO RQ VKRXOGHUV LI ODLG WRJHWKHU ZLWK PDLQ ODQHV� 3ODQ QRWH� 6KRXOGHUV VHSDUDWH ZLWK

GHQVLW\ FRQWURO�

x ,PSURYHPHQW ZLWK VSHFLDO SURYLVLRQV ��� DQG ����

x ,Q WKH HDUO\ GD\V� FRPPHUFLDO ODEV ZHUH QRW VXFFHVVIXO�

x 6SHFLILFDWLRQV QRW WLJKW HQRXJK DQG JHWWLQJ PD[LPXP ERQXV RQ DVSKDOW ZKHQ RWKHU SRLQWV DUH PDUJLQDO

WR �����

x &RQWUDFWRU WU\LQJ EXW QR FRQWURO�

x %HQHILFLDO WR KDYH LQVSHFWRU LQ SODQW�

x 5LGH VSHFLILFDWLRQ QRW WLJKW HQRXJK �PLQLPXP ERQXV PLJKW EH SDUWLDO UHDVRQ IRU FRQWUDFWRU QRW JLYLQJ

SURSHU DWWHQWLRQ WR LW�� 7['27 ZRQ©W UHPRYH EHFDXVH FRPSRXQGV WKH URXJKQHVV�

x 7KLQ RYHUOD\V� +RZ WKLFN EHIRUH DSSO\LQJ WKH ULGH VSHF" &DQ EH EDG DQG VWLOO JHW ERQXV� TXHVWLRQ WKH XVH

RI WKH SURILORJUDSK ¥ 6, PD\ EH EHWWHU�

x &HUWLILFDWLRQ QRW ULJRURXV HQRXJK� DQ\RQH FDQ PDNH ,�$ DQG ,,�$ ZLWKRXW UHDOO\ NQRZLQJ KRZ WR

SHUIRUP� �2WKHU GLVWULFWV GLVDJUHHG��

/8%%2&.�

x 6KRXOGHUV DQG PDLQ ODQHV KDYH VDPH FRQWUROV�

x 6SHFLILFDWLRQ GURYH WKH QHHG IRU FRQWUDFWRUV WR DFTXLUH QHZ HTXLSPHQW�

x *RLQJ WR XVH EDJKRXVH ILQHV IRU &0+%�

x .QRZ FRQWUDFWRU LV XVLQJ SHQFLO RQ YHULILFDWLRQ WHVWV EXW FDQQRW FDWFK EHFDXVH 7DEOH � YDOXHV DUH WRR

ZLGH� 1R ZD\ WR FDWFK XQGHU SUHVHQW VSHF�

x 2QO\ NQRZ RI RQH SHUVRQ LQ VWDWH GHFHUWLILHG� DQG WKHQ RQO\ EHFDXVH KH DGPLWWHG LPSURSHU DFWLRQ�

x *HWWLQJ FRQWUDFWRUV WR UXQ HDFK VXE�ORW� 6R IDU WKH\ KDYH DJUHHG DOWKRXJK VSHF GRHV QRW UHTXLUH�

$WWHPSWV WR JHW WKLV ZRUGLQJ LQWR WKH VSHF KDYH IDLOHG LQ WKH VSHF GHYHORSPHQW FRPPLWWHH�

x +DQGV DUH WLHG EHFDXVH RI FRQWUDFWRUV RQ FRPPLWWHH EORFNLQJ FKDQJHV�

x 1HHGHG FKDQJHV ZRXOGQ©W QHFHVVDULO\ FRVW PRUH�

x 1HHG WR SXW VRPH PHWKRGV EDFN LQWR VSHFLILFDWLRQ� LI WKLV LV WR EHFRPH DQ HQG UHVXOW VSHF� RND\� EXW

FKDQJH VSHF WR UHIOHFW�

x 6SHFLILFDWLRQ EDVHG RQ WUXVW EXW FRQWUDFWRUV KDYH EHHQ FDXJKW DFWLQJ RXW RI VSHF SXUSRVHO\�

x 5HFRPPHQG WHVWLQJ VDPSOH � LQ � LQVWHDG RI � LQ ���

x 6DPSOLQJ DQG WHVWV PXVW EH GRQH LQGHSHQGHQWO\�

x :LOO QRZ VHQG LQ UHIHUHH VDPSOHV WR $XVWLQ IRU LQGHSHQGHQW WHVW�

x 5HTXLUHV PRUH SHRSOH WKDQ ����

x &RPSXWHU SURJUDP FDQ KXUW EHFDXVH RI WLPH HOHPHQW� ,W DOORZV PDQLSXODWLRQV WR EH SHUIRUPHG UDSLGO\

DQG LPPHGLDWHO\�

x 0DMRU SUREOHP ZLWK FUHHS�
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x &RQWUDFWRU FDQ XVH PDWHULDOV RWKHU WKDQ WKRVH GHVLJQDWHG IRU WKH SURMHFW�

x 7['27 QHHGV WR UXQ DV PDQ\ WHVWV DV WKH FRQWUDFWRU UXQV�

x 1HHG WR KDYH SHQDOW\ RI VRPH VRUW ZKHQ WKH ULGH LV QRW VDWLVIDFWRU\� EXW 7['27 ZRQ©W UHPRYH EHFDXVH LW

ZRXOG LQFUHDVH WKH GDPDJH�

x 4XHVWLRQ WKH FHUWLILFDWLRQ SURJUDP DV QRZ UXQ E\ WKH 7; +RW 0L[ $VVQ�

x 1RW KDYLQJ DQ\ SUREOHPV ZLWK VPDOO TXDQWLWLHV�

x 1HHG WR KDYH VDPH TXDOLW\ UHTXLUHPHQWV IRU DJJUHJDWHV IRU 7\SH & DQG &0+% �VRXQGQHVV� VDQG

HTXLYDOHQW� PLQHUDO ILOOHU� VFUHHQLQJV��

x 8QLIRUP TXDOLW\ VWDWHPHQW LV PHDQLQJOHVV�

x 1HHG WR JHW SDSHUZRUN LQ E\ VSHFLILF GDWH RU VKXWGRZQ�

x &RPSXWHU VSUHDGVKHHW UHTXLUHG -DQXDU\ �� �����

x 3UREOHP ZLWK DVSKDOW EUHDNLQJ XS LQ FRULQJ� GRQ©W WHVW LW JRLQJ WKURXJK SODQW� +DV ����� SHQ�

$%,/(1(�

x 8QGHU ���� IDLOLQJ VWDELOLW\� UHUXQ DQG VKXWGRZQ RU PRGLI\ GHVLJQ� 1RZ QHHG WKUHH LQ D URZ EHIRUH FDQ

VKXW GRZQ MRE�

x 1RZ SODQQLQJ WR JHW FORVHO\ LQYROYHG ZLWK DOO SKDVHV� QHHG WR SURYLGH IRU WKLV LQ VSHFLILFDWLRQ�

x &UHHS LV EHVW WHVW QRZ EXW VWLOO QRW HQRXJK WR JLYH FRQVLVWHQW YDOXHV� QHHG VRPHWKLQJ EHWWHU�

x $VSKDOW WROHUDQFHV RQ ZURQJ GDWDEDVH� WRR ZLGH�

x :KDW GR \RX GR ZKHQ PL[ LV QRW YHU\ JRRG RU RXW" 1HHG WR PRGLI\ VSHF WR SD\ RQ 7['27 WHVW UHVXOWV�

x 0DNH FOHDU LQ VSHF WKDW RSHUDWLRQDO SUREOHPV FDQ EH FRUUHFWHG ZKHQ IRXQG WR H[LVW�

x )LUVW GD\V RI SURGXFWLRQ� FRQWUDFWRU KDV WR WHVW EXW FDQ EH ILUVW GD\V RI SURGXFWLRQ RU ORW ��

x 1HHG XQLIRUP FKHFNOLVW IRU SUHFRQVWUXFWLRQ FRQIHUHQFH�

6$1 $1*(/2�

x (OLPLQDWH ERQXV�

x 2YHUDOO SHQDOWLHV FRPSHQVDWHG E\ ERQXV WKHQ ZRXQG XS ZLWK ILHOG FKDQJH WKDW RIWHQ SD\V IRU SHQDOW\

LWHPV�

$0$5,//2�

x 6SHFLILFDWLRQ WRR ZLGH� DOORZV ERQXV�

x &KDQJH -0) FRQVWDQWO\� ODE GHQVLW\ 2. EXW FRUHV IDLO�

x 1HHG WR VHW D UHDVRQDEOH VL]H ORW�

x (OLPLQDWH 2SWLRQ �� �$OO DJUHH��

x 'R QRW DOORZ H[WHQGHG SHULRG IRU UHSRUW RI WHVW UHVXOWV �� GD\V PD[LPXP��

(/ 3$62�

x 6SHFLILFDWLRQ VKRXOG UHTXLUH VWDWH LQVSHFWRU ZKHUH FRQWUDFWRU LV UHTXLUHG WR KDYH RQH�
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x :K\ LV JUDGDWLRQ EHLQJ HOLPLQDWHG DV D SD\ IDFWRU" $VSKDOW ZLOO SUREDEO\ UHPDLQ�

x 7+0$3$ XQGHUVWDQGV WKDW 7['27 ZLOO WDNH RYHU 4�$ DQG WKDW SUREDEO\ WKH FRQWUDFWRU©V WHVWLQJ ZLOO

GRXEOH�

x +DYH WKHUH UHDOO\ EHHQ D VLJQLILFDQW QXPEHU RI IDLOXUHV" 7KHUH DUH OLWWOH GDWD DYDLODEOH DQG LW DSSHDUV WKDW

WKH GDWD DUH VNHZHG DURXQG WKH SD\ IDFWRU LWHPV�

x ,V 7['27 UHDOO\ SD\LQJ PRUH IRU WKH SURGXFW� HYHQ ZLWK WKH ERQXV" 7KHUH DUH LQGLFDWLRQV WKDW WKH

FRQWUDFWRU PD\ EH WDNLQJ DQ DQWLFLSDWHG ERQXV LQWR KLV LQLWLDO ELG SULFH�

x ,Q�SODFH GHQVLWLHV DUH EHWWHU QRZ ZLWK WKH 4&�4$ VSHFLILFDWLRQ WKDQ EHIRUH ZLWK LWHP ����

x 7KHUH LV QR ORQJHU WKH GLIIHUHQWLDO �� SHUFHQW RU KLJKHU� EHWZHHQ 7['27 DQG FRPPHUFLDO SURMHFWV VLQFH

WKH FRQWUDFWRU QRZ KDV PRUH FRQWURO RYHU KLV RSHUDWLRQ� 7KHUH LV VWLOO D � SHUFHQW GLIIHUHQWLDO ZLWK )$$

SURMHFWV�

x &RQWUDFWRUV QRZ DUH GRLQJ PRUH WHVWLQJ WKDQ 7['27 HYHU GLG�

x 7KHUH LV D SHUFHSWLRQ WKDW VRPH FRQWUDFWRUV DUH XVLQJ WKLV VSHFLILFDWLRQ WR FKHDW LQ WKHLU RSHUDWLRQ�

7['27 FRXOG FRUUHFW WKLV XQGHU WKH VSHFLILFDWLRQ�

x 7KH VWDWH PD\ EH UHDOL]LQJ PRUH RI D VDYLQJV WKH\ DUH JHWWLQJ IURP WKH ERQXV ZRUNHG LQWR WKH ELG SULFH

DQG WKH FRQWUDFWRU GRLQJ PRUH RI WKH SURMHFW WHVWLQJ�

x $SSUHFLDWH KDYLQJ WKH FRQWURO RI WKH PL[ DQG WKLV EHQHILWV HYHQ WKHLU FRPPHUFLDO ZRUN�

x 'R QRW OLNH -0) � IRU D VKRUW UXQ� WKHQ DGMXVW� 6KRXOG JR GLUHFWO\ WR SURGXFWLRQ� HYHQ LI LW LV QHFHVVDU\

WR UHZRUN WKH GHVLJQ WKH QH[W GD\�

x :LOO 7['27 SHRSOH UXQQLQJ WHVWV EH WKHUH IXOO WLPH RI RSHUDWLRQ"

x 7['27�FHUWLILHG SHRSOH GR QRW QHFHVVDULO\ NQRZ DQ\WKLQJ DERXW WKH VSHFLILFDWLRQ� ZKLFK FUHDWHV FRQWURO

SUREOHPV�

x 7KHUH LV DSSDUHQWO\ VRPH UHVHQWPHQW DW WLPHV DERXW WKH FRQWUDFWRU KDYLQJ FRQWURO RI WKH ZRUN�

x :RXOG SUHIHU UHZRUNLQJ WKH UHIHUHH WHVWLQJ� 6RPH GR QRW ZDQW 0$7 DQG PDQ\ GR QRW ZDQW FRPPHUFLDO

ODERUDWRULHV WR GR WKH WHVWLQJ�

x 1HHG WR GHYHORS D FRQWLQXRXV FXUYH IRU GHWHUPLQLQJ SD\ IDFWRUV UDWKHU WKDQ XVH WKH SUHVHQW VNHZHG

PHWKRG�

x :K\ LV WKH ERQXV PD[LPXP IRU SODQWV ���� DQG RQO\ ���� IRU WKH URDG"

x &XUUHQWO\ WKHUH LV D ���GD\ ZDLWLQJ SHULRG IRU DSSURYDO RI D GHVLJQ� 6KRXOG WKHUH EH DQ DGGLWLRQDO ���GD\

SHULRG IRU WKH VDPH GHVLJQ RQ DQRWKHU SURMHFW"

x 8QGHU WKH 4&�4$ VSHFLILFDWLRQ� ZKDW DUH WKH PLQLPXP UHTXLUHPHQWV IRU GHWRXUV"

x :KHQ WKHUH LV D UXW LQ WKH H[LVWLQJ ZKHHOSDWK RYHUODLG ZLWK D � × LQFK PDW� D FRUH LQ WKH ZKHHOSDWK ZLOO

QRW DFKLHYH GHQVLW\�

x 7['27 DGPLQLVWUDWLRQ VWDWHG WKDW WKLV ZDV WR EH D XQLIRUP VSHFLILFDWLRQ� ,W LV QRW EHLQJ LQWHUSUHWHG WKLV

ZD\ RYHU WKH VWDWH� 1HHG WR WUDLQ SHUVRQQHO DQG FOHDQ XS WKH VSHFLILFDWLRQ�

x :LOO WKHUH EH DQ\ ELQGHU WHVWLQJ LQ WKH UHYLVHG VSHFLILFDWLRQ"

x :LOO 60$ EH LQFOXGHG LQ WKH VSHFLILFDWLRQ"

x :LOO &0+% VWD\ LQ WKH VSHFLILFDWLRQ"

x 7KH SD\ VFDOH IRU WKH PDLQ ODQHV GLIIHUV IURP WKDW IRU WKH VKRXOGHUV� 7KHVH DUH PDGH WR DYHUDJH LQ VRPH

GLVWULFWV�

x 6WDWH PXVW DGGUHVV SHUVRQQHO SUREOHPV LI TXDOLW\ DVVXUDQFH LV GRQH E\ WKH VWDWH�

x :LOO WKHUH EH D FDOLEUDWLRQ GHYHORSHG EHWZHHQ WKH 7['27 SUHVV DQG WKH 6XSHUSDYH SUHVV"

x +RZ DERXW KDYLQJ WKH 6XSHUSDYH GHVLJQ DV DQ RSWLRQ"

x 7KH ERQXV LV VWLOO D VWLFNLQJ SRLQW� FRXOG GR DZD\ ZLWK LW VLQFH VRPH ZLOO FRQWLQXH WR PDNH LW D SDUW RI WKH

ELG SULFH�

x &RQVLGHU GURSSLQJ WKH ERQXV IURP � SHUFHQW WR � SHUFHQW�
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&RPSDULQJ WKH 0HDQ RI $YHUDJH $OJHEUDLF 'HYLDWLRQV LQ $VSKDOW &RQWHQW �([WUDFWHG ¤ 'HVLJQ�

IRU 4&�4$ 3URMHFWV E\ 7 ¤ 7HVW

+�� $&� DYJ  $&� DYJ

1R� RI 7UHDWPHQWV� ,  � 5LVN /HYHO $OSKD  ����

1R� RI 'DWD 0HDQ RI 9DULDQFH

IRU WKH , � WK RI WKH , � WK

7UHDWPHQW 7UHDWPHQW , 7UHDWPHQW 7UHDWPHQW

, - , ; DYJ , � 6 �
,

� �� ���� ����

�4&�4$�

� �� ���� ����

�121�4&�4$�

7RWDO 1R�

RI 'DWD

-  6XP RI - , ���

*UDQG 0HDQ� ����

7 6WDWLVWLF  � ; DYJ � � � ; DYJ � � � � 6TUW � 6
�

� � - ��6
�

� � - � �  ����

'HJUHHV RI )UHHGRP �')�  � 6 �
� � - � � 6

�
� � - � � A � �

> � 6 �
� � - � � A � � � - � � � � � � 6

�
� � - � � A � � � - � � � � @

 ��
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+HQFH� +��$&� DYJ  $&� DYJ LV QRW UHMHFWHG DW ULVN OHYHO ����� ZKHUH

$&� DYJ LV FDOFXODWHG DV WKH PHDQ RI DYHUDJH GHYLDWLRQV LQ DVSKDOW FRQWHQW IRU 4&�4$ SURMHFWV�

$&� DYJ LV FDOFXODWHG DV WKH PHDQ RI DYHUDJH GHYLDWLRQV LQ DVSKDOW FRQWHQW IRU 121�4&�4$ SURMHFWV�

7KHUH LV QR VLJQLILFDQW GLIIHUHQFH EHWZHHQ WKH PHDQ RI DYHUDJH DOJHEUDLF GHYLDWLRQV LQ $& �

IRU 4&�4$ DQG WKDW IRU 121�4&�4$ SURMHFWV�
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&RPSDULQJ WKH 0HDQ RI $YHUDJH $OJHEUDLF 'HYLDWLRQV LQ $VSKDOW &RQWHQW �([WUDFWHG ¤ 'HVLJQ�

IRU 4&�4$ 3URMHFWV ZLWK 7KRVH IRU 121�4&�4$ 3URMHFWV E\ 6LQJOH )DFWRU $129$

+�� $&� DYJ  $&� DYJ
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'LVWULFW /XINLQ 6XUYH\LQJ 'DWH ������� 6XUYH\ 7LPH ���� 3�0�

5RDG� 86 �� �DW /RRS ����

<HDU RI &RQVWUXFWLRQ ���� �IDOO� 0L[ 7\SH� ' 6SHFLILFDWLRQ QRQ�4&�4$

5HPDUNV� $ QXPEHU RI RYHUOD\V KDYH EHHQ SODFHG RQ WRS RI WKH ��LQFK IXOO DVSKDOW FRQFUHWH RQ WKH WRS RI

EODFN EDVH�

'LVWULFW /XINLQ 6XUYH\LQJ 'DWH ������� 6XUYH\ 7LPH ���� 3�0�

5RDG�86 �� �DW /RRS ����

<HDU RI &RQVWUXFWLRQ ���� �$SULO� 0L[ 7\SH� ' 6SHFLILFDWLRQ 4&�4$ �LWHP �����

5HPDUNV� /RQJLWXGLQDO FUDFNV DUH QRWLFHG LQ WKH ZKHHOSDWK� 3RVVLEOH UHDVRQ LV UHIOHFWLRQ RI FUDFNV IURP WKH

ERWWRP XS�

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

'LVWULFW 3KDUU 6XUYH\LQJ 'DWH ������� 6XUYH\ 7LPH� ����� $�0�

5RDG� 6+ ���

<HDU RI &RQVWUXFWLRQ ���� 0L[ 7\SH� ' 6SHFLILFDWLRQQRQ�4&�4$ �LWHP �����

5HPDUNV� 6OLJKW ORVV RI ILQHV LQ ZKHHOSDWK� $W D VPDOO VHFWLRQ� VHYHUH IDWLJXH DQG ORQJLWXGLQDO FUDFNV ZLWK

PRGHUDWH UXWWLQJ� +RZHYHU� WKLV SUREOHP ZDV ORFDOL]HG�



���

'LVWULFW 3KDUU 6XUYH\LQJ 'DWH ������� 6XUYH\ 7LPH� ����� $�0�

5RDG� 6+ ���

<HDU RI &RQVWUXFWLRQ ���� 0L[ 7\SH� ' 6SHFLILFDWLRQ 4&�4$ �LWHP �����

5HPDUNV� 6OLJKW ORVV RI ILQHV LQ ZKHHOSDWK� $W D VPDOO VHFWLRQ� VHYHUH IDWLJXH DQG ORQJLWXGLQDO FUDFNV ZLWK

PRGHUDWH UXWWLQJ� +RZHYHU� WKLV SUREOHP ZDV ORFDOL]HG�

'LVWULFW 3KDUU 6XUYH\LQJ 'DWH ������� 6XUYH\ 7LPH� ����� $�0�

5RDG� 6+ ���

<HDU RI &RQVWUXFWLRQ ���� 0L[ 7\SH� 6SHFLILFDWLRQ 8VHG QRQ�4&�4$ �LWHP ����

5HPDUNV� /RVV RI ILQHV DQG VOLJKW UXWWLQJ DUH QRWLFHDEOH�

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

'LVWULFW 6DQ $QWRQLR 6XUYH\LQJ 'DWH ������� 6XUYH\ 7LPH ���� 3�0�

5RDG� (FNHUW 5G�

<HDU RI &RQVWUXFWLRQ ���� 0L[ 7\SH� &0+%�& 	 6XSHUSDYH 6SHFLILFDWLRQ 4&�4$

5HPDUNV� %RWK &0+%�& DQG 6XSHUSDYH VHFWLRQV KDYH JRRG DSSHDUDQFH� 7KLV LV QHZ FRQVWUXFWLRQ RQ WRS RI

��� PP RI EODFNEDVH�

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

'LVWULFW 6DQ $QWRQLR 6XUYH\LQJ 'DWH ������� 6XUYH\ 7LPH� ���� 3�0�

5RDG�+LJKZD\ ����

<HDU RI &RQVWUXFWLRQ���� " 0L[ 7\SH� &0+% 6SHFLILFDWLRQ QRQ�4&�4$

5HPDUNV� 6RPH ORVV RI VXUIDFH DJJUHJDWH DW VSRWV�

'LVWULFW 6DQ $QWRQLR 6XUYH\LQJ 'DWH ������� 6XUYH\ 7LPH� ���� 3�0�

5RDG�+LJKZD\ ����

<HDU RI &RQVWUXFWLRQ ���� " 0L[ 7\SH� 6XSHUSDYH

6SHFLILFDWLRQ 8VHG QRQ�4&�4$ 7KLFNQHVV PP

5HPDUNV� 1RWLFHDEOH ORQJLWXGLQDO MRLQW�

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

'LVWULFW 6DQ $QWRQLR 6XUYH\LQJ 'DWH ������� 6XUYH\ 7LPH� ���� 3�0�

5RDG� ,+ ��

<HDU RI &RQVWUXFWLRQ ���� 0L[ 7\SH� &0+%�& 6SHFLILFDWLRQ QRQ�4&�4$

5HPDUNV� 6RPH VHJUHJDWLRQ DW WKH FHQWHU�

'LVWULFW 6DQ $QWRQLR 6XUYH\LQJ 'DWH ������� 6XUYH\ 7LPH� ���� 3�0�

5RDG�:XU]EDFK 3DUNZD\

<HDU RI &RQVWUXFWLRQ ���� 0L[ 7\SH� ' 6SHFLILFDWLRQ QRQ�4&�4$ �LWHP ����

5HPDUNV� 2QH RI WKH ODWHVW MREV FRQVWUXFWHG XQGHU VSHFLILFDWLRQ LWHP ����



���

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

'LVWULFW 7\OHU 6XUYH\LQJ 'DWH ������� 6XUYH\ 7LPH� ���� $�0�

5RDG� +LJKZD\ �� :HVW

<HDU RI &RQVWUXFWLRQ ���� 0L[ 7\SH� 6XSHUSDYH��� PP� FRDUVH 6SHFLILFDWLRQ 8VHG 4&�4$

5HPDUNV� $JJUHJDWH� �� SHUFHQW FUXVKHG JUDQLWH DQG �� SHUFHQW EDVDOW� $VSKDOW� $&���3 �3*�������

'LVWULFW� 7\OHU 6XUYH\LQJ 'DWH ������� 6XUYH\ 7LPH� ���� $�0�

5RDG� �� :HVWERXQG

<HDU RI &RQVWUXFWLRQ ���� 0L[ 7\SH� 6XSHUSDYH��� PP� ILQH 6SHFLILFDWLRQQRQ�4&�4$ �LWHP ����

5HPDUNV� /RVV RI ILQHV DQG VOLJKW VHJUHJDWLRQ DUH QRWLFHDEOH�

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

'LVWULFW 7\OHU 6XUYH\LQJ 'DWH ������� 6XUYH\ 7LPH� ����� $�0�

5RDG� 6+ �� �EHWZHHQ 0DODNRII DQG $WKHQV�

<HDU RI &RQVWUXFWLRQ ���� 0L[ 7\SH� & 6SHFLILFDWLRQQRQ�4&�4$ �LWHP ����

5HPDUNV� :HVWERXQG ODQHV ZLWK UHIOHFWLYH FUDFNLQJ DUH EXLOW RYHU DQ ROG FRQFUHWH SDYHPHQW� ZKHUHDV WKH

HDVWERXQG ODQHV ZLWK QR FUDFNLQJ DUH FRQVWUXFWHG RYHU VRLO�FHPHQW EDVH�

'LVWULFW 7\OHU 6XUYH\LQJ 'DWH ������� 6XUYH\ 7LPH� ����� $�0�

5RDG� )0 ��� �DW 7ULQLGDG�

<HDU RI &RQVWUXFWLRQ ���� 0L[ 7\SH� & 6SHFLILFDWLRQ4&�4$

5HPDUNV� /RVV RI ILQHV DQG UDYHOLQJ� 7KH ROG VHDO KDV EHHQ PLOOHG DQG RYHUODLG�

'LVWULFW� 7\OHU 6XUYH\LQJ 'DWH ������� 6XUYH\ 7LPH� ���� 3�0�

5RDG� /RRS ��� �DW 86 ���

<HDU RI &RQVWUXFWLRQ���� �IDOO� 0L[ 7\SH� & 6SHFLILFDWLRQ 4&�4$

5HPDUNV� /RVV RI ILQHV DQG VOLJKW UXWWLQJ DUH QRWLFHDEOH�

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

'LVWULFW 7\OHU 6XUYH\LQJ 'DWH ������� 6XUYH\ 7LPH� ���� 3�0�

5RDG� 6+ �� EHIRUH 86 ���

<HDU RI &RQVWUXFWLRQ ������� 0L[ 7\SH� & 6SHFLILFDWLRQ QRQ�4&�4$ �LWHP ����

5HPDUNV� /RVV RI ILQHV DQG UDYHOLQJ�

'LVWULFW :LFKLWD )DOOV 6XUYH\LQJ 'DWH ������� 6XUYH\ 7LPH ����� $�0�

5RDG� ,+ ��� 1RUWKERXQG

<HDU RI &RQVWUXFWLRQ ���� 0L[ 7\SH� &0+%�& 6SHFLILFDWLRQ 8VHG4&�4$

5HPDUNV� /RVV RI ILQHV DW WKH VXUIDFH LV QRWLFHDEOH� 5RDG KDV DQ $'7 RI DERXW ������� 7KH RYHUOD\ LV RYHU D

���PP� ��\HDU�ROG +0$ WKDW OLHV RYHU ����PP WKLFN FRQFUHWH �&5&3�� 7KH EXPSV DUH QRWLFHDEOH� ,W

DSSHDUV WR EH WKH UHVXOW RI OD\�GRZQ PDFKLQH� 7KH ULGH LV QRW VPRRWK� 7UXFNORDG�WR�WUXFNORDG VHJUHJDWLRQ LV

QRWLFHG�

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB



���

'LVWULFW :LFKLWD )DOOV 6XUYH\LQJ 'DWH ������� 6XUYH\ 7LPH ����� $�0�

5RDG� /RRS ��� �6RXWKERXQG DQG 1RUWKERXQG� EHWZHHQ &KULVWLQH DQG )0 ����

<HDU RI &RQVWUXFWLRQ ���� 0L[ 7\SH� ' 6SHFLILFDWLRQ 8VHG4&�4$

5HPDUNV� 1RWLFHDEOH ORQJLWXGLQDO DQG WUDQVYHUVH FUDFNV �SRVVLEO\ IURP UHIOHFWLRQ��

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

'LVWULFW :LFKLWD )DOOV 6XUYH\LQJ 'DWH ������� 6XUYH\ 7LPH ����� $�0�

5RDG� /RRS ��� ���WK 6W� WR &KULVWLQH�

<HDU RI &RQVWUXFWLRQ ���� 0L[ 7\SH� ' 6SHFLILFDWLRQ 4&�4$

5HPDUNV� 7KH SDYHPHQW ORRNV JRRG WR H[FHOOHQW�

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

'LVWULFW :LFKLWD )DOOV 6XUYH\LQJ 'DWH ������� 6XUYH\ 7LPH ����� $�0�

5RDG� /RRS ��� �IURP ��
WK
6WUHHW WR 86 ����

<HDU RI &RQVWUXFWLRQ ������ 0L[ 7\SH� ' 6SHFLILFDWLRQ 8VHG QRQ�4&�4$ �LWHP ����

5HPDUNV� &UDFNV KDYH FUHDWHG ODUJH EORFNV� 7KH SDYHPHQW KDV DQ DYHUDJH�WR�JRRG DSSHDUDQFH�

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

'LVWULFW :LFKLWD )DOOV 6XUYH\LQJ 'DWH ������� 6XUYH\ 7LPH ����� $�0�

5RDG�86 ���� 1RUWK �VWDUWLQJ IURP )0 ���� IRU � NLORPHWHUV�

<HDU RI &RQVWUXFWLRQ ���� 0L[ 7\SH� ' 6SHFLILFDWLRQ 4&�4$

5HPDUNV� 7KH SDYHPHQW ORRNV JRRG WR H[FHOOHQW�

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

'LVWULFW :LFKLWD )DOOV 6XUYH\LQJ 'DWH ������� 6XUYH\ 7LPH ����� 3�0�

5RDG� +LJKZD\ ��

<HDU RI &RQVWUXFWLRQ ���� 0L[ 7\SH� ' 6SHFLILFDWLRQ 4&�4$

5HPDUNV� 7KH RYHUOD\ LV WUHDWHG ZLWK IRJ VHDO� /RVV RI ILQHV LV QRWLFHG DW WKH VXUIDFH� 7KHUPDO FUDFNV DUH

WUDQVYHUVH�

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

'LVWULFW :LFKLWD )DOOV 6XUYH\LQJ 'DWH ������� 6XUYH\ 7LPH ����� $�0�

5RDG� 6+ �� �EHWZHHQ <RXQJ &RXQW\ /LQH DQG 6RXWK RI +LJKZD\ ����

<HDU RI &RQVWUXFWLRQ ���� �0D\� 0L[ 7\SH� ' 6SHFLILFDWLRQ 4&�4$

5HPDUNV� 5ROOHU PDUNV DQG VHJUHJDWLRQ DUH YHU\ QRWLFHDEOH�

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

'LVWULFW :LFKLWD )DOOV 6XUYH\LQJ 'DWH ������� 6XUYH\ 7LPH ���� 3�0�

5RDG� )0 ��� �EHWZHHQ 86 ��� DQG 5KHD 5G�� 6RXWK RI GLVWULFW RIILFH�

<HDU RI &RQVWUXFWLRQ ���� 0L[ 7\SH� 6SHFLILFDWLRQQRQ�4&�4$ �LWHP ����

5HPDUNV� 2WKHU WKDQ VHYHUH FUDFNLQJ� WKH SDYHPHQW ORRNV JRRG WR DYHUDJH� ,W DSSHDUV WKDW WKH EODFN EDVH

KDG EHHQ EDGO\ VWULSSHG DQG FUDFNHG EHIRUH RYHUOD\LQJ� 6FUHHG PDUNV DUH QRWLFHDEOH� $W WKH VXUIDFH

VHYHUH ORQJLWXGLQDO DQG WUDQVYHUVH FUDFNV DUH QRWLFHG� 7KHVH FUDFNV KDYH EHHQ IL[HG�

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB



���

'LVWULFW <RDNXP 6XUYH\LQJ 'DWH ������� 6XUYH\ 7LPH� ���� $�0�

5RDG�86 �� DW 9LFWRULD �VWDUWLQJ DSSUR[LPDWHO\ � NP QRUWK RI ORRS ��� IRU D OHQJWK RI � NP�

<HDU RI &RQVWUXFWLRQ ���� �0DUFK WKURXJK 0D\� 0L[ 7\SH�& 6SHFLILFDWLRQ QRQ�4&�4$ �LWHP ����

5HPDUNV� 2QH RI WKH ODVW 4&�4$ MREV� 7KH PL[ ORRNV JRRG�
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