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3URJUDPPH�

7KH�,QWHUQDWLRQDO�(3'p�6\VWHP

(3'�,QWHUQDWLRQDO�$%
%R[��������
6(��������6WRFNKROP
6ZHGHQ

ZZZ�HQYLURQGHF�FRP
LQIR#HQYLURQGHF�FRP

3URGXFW�&DWHJRU\�5XOHV��3&5�

&(1�VWDQGDUG�(1�������VHUYHV�DV�WKH�&RUH�3URGXFW�&DWHJRU\�5XOHV��3&5�

3&5����������3&5�&RQVWUXFWLRQ�SURGXFWV�Y�����
F�3&5�����3KRWRYROWDLF�PRGXOHV�DQG�SDUWV�WKHUHRI��DGRSWHG�IURP�(3'�1RUZD\������������

3&5�UHYLHZ�ZDV�FRQGXFWHG�E\�b

7KH�7HFKQLFDO�&RPPLWWHH�RI�WKH�,QWHUQDWLRQDO�(3'pb6\VWHP��$
IXOO�OLVW�RI�PHPEHUV�DYDLODEOH�RQ�ZZZ�HQYLURQGHF�FRP��7KH
UHYLHZ�SDQHO�PD\�EH�FRQWDFWHG�YLDbLQIR#HQYLURQGHF�FRP
&KDLU�RI�WKH�3&5�UHYLHZ��1R�DSSRLQWHG�FKDLU

/&$�3UDFWLWLRQHU�
'DQGDQ�/,
6WDU�7DOHUV�(QYLURQPHQWDO�7HFKQRORJ\�&R���/WG�
GDQGDQ�OL#VWDUWDOHUV�FQ

,QGHSHQGHQW�WKLUG�SDUW\�YHULILFDWLRQ�RI�WKH�GHFODUDWLRQ�DQG�GDWD��DFFRUGLQJ�WR�,62b�����������b
೨ (3'�SURFHVV�FHUWLILFDWLRQ ೪ (3'�YHULILFDWLRQ

7KLUG�SDUW\�YHULILHU�
0DUFHO�*µPH]�)HUUHU
0DUFHO�*RPH]�(QYLURQPHQWDO�&RQVXOWLQJ
,QIR#PDUFHOJRPH]�FRP

$SSURYHG�E\� 7KH�,QWHUQDWLRQDO�(3'pb6\VWHP

3URFHGXUH�IRU�IROORZ�XS�RI�GDWD�GXULQJ�(3'�YDOLGLW\�LQYROYHV�WKLUG�SDUW\�YHULILHU�b೨b<HVbb೪b1R

��

�!��!�������
�!��$���

7KH�(3'�RZQHU�KDV� WKH� VROH�RZQHUVKLS�� OLDELOLW\�� DQG� UHVSRQVLELOLW\� IRU� WKH�(3'�� (3'V�ZLWKLQ� WKH� VDPH�SURGXFW� FDWHJRU\�EXW
UHJLVWHUHG�LQ�GLIIHUHQW�(3'�SURJUDPPHV�PD\�QRW�EH�FRPSDUDEOH��)RU�WZR�(3'V�WR�EH�FRPSDUDEOH��WKH\�VKDOO�EH�EDVHG�RQ�WKH
VDPH�3&5��LQFOXGLQJ�WKH�VDPH�YHUVLRQ�QXPEHU�XS�WR�WKH�ILUVW�WZR�GLJLWV��RU�EH�EDVHG�RQ�IXOO\�DOLJQHG�3&5V�RU�YHUVLRQV�RI�3&5V�
FRYHU� SURGXFWV� ZLWK� LGHQWLFDO� IXQFWLRQV�� WHFKQLFDO� SHUIRUPDQFHV� DQG� XVH� �H�J�� LGHQWLFDO� GHFODUHG�IXQFWLRQDO� XQLWV��� KDYH
HTXLYDOHQW�V\VWHP�ERXQGDULHV�DQG�GHVFULSWLRQV�RI�GDWD��DSSO\�HTXLYDOHQW�GDWD�TXDOLW\�UHTXLUHPHQWV��PHWKRGV�RI�GDWD�FROOHFWLRQ�
DQG� DOORFDWLRQ� PHWKRGV�� DSSO\� LGHQWLFDO� FXW�RII� UXOHV� DQG� LPSDFW� DVVHVVPHQW� PHWKRGV� �LQFOXGLQJ� WKH� VDPH� YHUVLRQ� RI
FKDUDFWHUL]DWLRQ�IDFWRUV���KDYH�HTXLYDOHQW�FRQWHQW�GHFODUDWLRQV��DQG�EH�YDOLG�DW�WKH�WLPH�RI�FRPSDULVRQ��)RU�PRUH�LQIRUPDWLRQ
RQ�FRPSDUDELOLW\��VHH�(1�������DQG�,62�������
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8QGHU� WKH� &+,17� *URXS�� $VWURQHUJ\� LV� DQ� LQWHOOLJHQW� PDQXIDFWXULQJ� HQWHUSULVH� IRFXVLQJ� RQ
SKRWRYROWDLF�PRGXOHV�� )RXQGHG� LQ� ������$VWURQHUJ\� LV� RQH�RI� WKH�HDUOLHVW�SULYDWH� HQWHUSULVHV� WR� VHW
IRRW� LQ� WKH� 39� ILHOG�� LWV� EXVLQHVV� IRRWSULQWV� DUH� DOO� RYHU� ���� FRXQWULHV� DQG� UHJLRQV� LQ� WKH� ZRUOG�
$VWURQHUJ\�LV�FRPPLWWHG�WR�EHLQJ�WKH�PRVW�FRPSHWLWLYH�SKRWRYROWDLF�PRGXOHV�VXSSOLHU�ZRUOGZLGH�ZLWK
LWV�PLVVLRQ�RI�FUHDWLQJ�D�VXVWDLQDEOH�DQG�QHW�]HUR�FDUERQ�ZRUOG�ZLWK�VRODU�SRZHU��)RFXVLQJ�RQ�5	'�
SURGXFWLRQ� DQG� VDOHV� RI� KLJK�HIILFLHQF\� FU\VWDOOLQH� VLOLFRQ� 39� FHOOV� DQG� 39�PRGXOHV�� ZLWK� LQWHOOLJHQW
PDQXIDFWXULQJ�EDVHV�DW�+DLQLQJ�LQ�=KHMLDQJ��<DQFKHQJ�LQ�-LDQJVX��-LXTXDQ�LQ�*DQVX��6RQJ\XDQ�LQ�-LOLQ
DQG�LQ�7KDLODQG��

��
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�!��$���
2ZQHU�RI�WKH�(3'�
&KLQW�1HZ�(QHUJ\�7HFKQRORJ\�&R���/WG�
1R���-LVKHQJ�5RDG��-LDQVKDQ�1HZ�=RQH��+DLQLQJ��=KHMLDQJ�3URYLQFH��3��5��&KLQD�
:HEVLWH��ZZZ�DVWUR�HQHUJ\�FRP�

0DQXIDFWXULQJ�VLWH�
&KLQW�1HZ�(QHUJ\�7HFKQRORJ\��<DQFKHQJ��&R���/WG�
1R���7RQJKXL�5RDG��'DIHQJ�'LVWULFW��<DQFKHQJ�&LW\��-LDQJVX�3URYLQFH��3��5��&KLQD

$ERXW�8V

$67521(5*<�IRU�$�*UHHQHU�:RUOG
7DNLQJ�SURPRWLQJ�VXVWDLQDEOH�GHYHORSPHQW�DV�D�ORQJ�ODVWLQJ�SHUVLVWHQFH��$VWURQHUJ\
V�(6*�FRPPLWWHH
PDLQO\� PDQDJHV� WKUHH� JURXSV� �� HQYLURQPHQWDO� JRYHUQDQFH�� VRFLDO� UHVSRQVLELOLW\� DQG� FRUSRUDWH
JRYHUQDQFH�� WR� IXUWKHU� UHVSRQG� WR� WKH� ULVNV� DQG� RSSRUWXQLWLHV� EURXJKW� E\� FKDQJHV� LQ� FOLPDWH�
HQYLURQPHQW� DQG� PDUNHW� SROLFLHV�� DQG� WR� HQKDQFH� WKH� ZRUN� RI� WKH� FRPSDQ\� LQ� DUHDV� RI� WKH
HQYLURQPHQW�� VRFLDO� UHVSRQVLELOLW\� DQG� FRUSRUDWH� JRYHUQDQFH��:H
UH� VWULYLQJ� WR� HQDEOH� WKH� FRPSDQ\
ZLWK�SUHPLHU�FRPSHWLWLYH�DGYDQWDJHV�RI�JUHHQ��KLJK�HIILFLHQF\��ORZ�FDUERQ�DQG�VXVWDLQDELOLW\�
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3URGXFW�QDPH�
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81�&3&�FRGH�
����(OHFWULF�PRWRUV��JHQHUDWRUV�DQG�WUDQVIRUPHUV��DQG�SDUWV�WKHUHRI

*HRJUDSKLFDO�VFRSH��
*OREDO

�!�	&�$���
�!��$����

$VWURQHUJ\�39�PRGXOHV�FDQ�EH�ZLGHO\�XVHG�LQ
URRIWRS�DQG�JURXQG�VRODU�IDUPV��$VWURQHUJ\
VWUHQJWKHQV�WHFKQRORJLFDO�LQQRYDWLRQ�DQG�5	'
LQYHVWPHQW��DQG�FRQWLQXHV�WR�ODXQFK�$6752
VHULHV�RI�KLJK�HIILFLHQW�PRGXOHV��FRYHULQJ�$6752
PRQRFU\VWDOOLQH�ELIDFLDO�VHULHV�DQG�$6752
PRQRFU\VWDOOLQH�PRQR�IDFLDO�VHULHV��XVLQJ�D
QXPEHU�RI�DGYDQFHG�SKRWRYROWDLF�WHFKQRORJLHV
VXFK�DV�ODUJH�IRUPDW�VLOLFRQ�ZDIHUV��KDOI�FXWWLQJ�
0%%��QRQ�GHVWUXFWLYH�FXWWLQJ�WR�LQFUHDVH�PRGXOH
SRZHU�DQG�HIILFLHQF\��DQG�KDYH�REWDLQHG
FHUWLILFDWLRQV�LQ�PDQ\�PDLQVWUHDP�PDUNHWV
LQFOXGLQJ�&KLQD��(XURSH��$XVWUDOLD��-DSDQ��6RXWK
.RUHD��,VUDHO��%UD]LO��WKH�8QLWHG�6WDWHV��HWF���ZLWK
PHWULFV�UHDFKLQJ�WKH�LQWHUQDWLRQDO�ILUVW�FODVV
OHYHO��:LWK�D�UHOLDEOH�DQG�WHFKQRORJ\�OHDGLQJ
EUDQG��$VWURQHUJ\�KDV�ZRQ�WKH�KRQRU�RI
39(/�'19�*/��7RS�3HUIRUPHU��WRS�PRGXOH
PDQXIDFWXUHU�IRU�VHYHQ�WLPHV��DQG�KDV�EHHQ
OLVWHG�DV�WKH�ZRUOG
V�7LHU���VXSSOLHU�RI
SKRWRYROWDLF�PRGXOHV�E\�%ORRPEHUJ��DQ
LQWHUQDWLRQDO�DXWKRULWDWLYH�ILQDQFLDO�FRPSDQ\��IRU
PDQ\�WLPHV�

'HVFULSWLRQ

��



6HULHV��EUDQG�QDPH� &+60��0�+& &+60��0��%/��+&

3RZHU�RXWSXW�UDQJH��:� ������� �������

$UHD� ����
����PP ����
����PP

0RGXOH�HIILFLHQF\���� ����� �����

:HLJKW��NJ� ����� �����

:HLJKW��LQFO��SDFNDJH� ����� �����

)LUVW�\HDU�GHJUDGDWLRQ���� � �

$QQXDO�GHJUDGDWLRQ���� ����� �����

7\SH�RI�FHOO�WHFKQRORJ\ 0RQR�6L 0RQR�6L

&HOOV�FRQILJXUDWLRQ ��[� ��[�

5HIHUHQFH�VHUYLFH�OLIH��\HDUV�b �� ��

&RQYHUWLRQ�IDFWRU��:S�Pt� ������ ������
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,GHQWLILFDWLRQ
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&RQWHQW�GHFODUDWLRQ
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3URGXFW
FRPSRQHQWV :HLJKW��NJ 3RVW�FRQVXPHU�UHF\FOHG

PDWHULDOV��ZHLJKW���
%LRJHQLF�PDWHULDO��ZHLJKW���DQG

NJ�&�NJ

*ODVV ������ � �

)UDPH ����� � �

(9$ ����� � �

EDFNVKHHW �����b � �

6ROGHU ����� � �

-XQFWLRQ�ER[ ����� � �

6LOLFRQH�JHO �����b � �

&HOO �����b � �

)OX[ �����b � �

6XP ����� � �

3DFNDJLQJ
PDWHULDOVb :HLJKW��NJ :HLJKW�����YHUVXV�WKH�SURGXFW� :HLJKW�ELRJHQLF�FDUERQ��NJ�&�NJ

:RRG�SDOOHW �����b ����� ����(��

&RUUXJDWHG
ER[

�����b ����� ����(��

3DFNDJLQJ�ILOP �����b ����� �

1R� VXEVWDQFH� LQ� WKH� SURGXFW� JUHDWHU� WKDQ� ������ E\� ZHLJKW� LV� SUHVHQW� RQ� WKH� �/LVW� RI� 3RWHQWLDOO\
+D]DUGRXV�6XEVWDQFHV��FDQGLGDWHV�IRU�DXWKRUL]DWLRQ�XQGHU�WKH�5($&+�OHJLVODWLRQ�



6WHS����&HOO�VROGHULQJ
&HOOV�SUHSDUHG�RQ�WKH�IHHG�SRUW�DUH�KHDWHG�E\
LQIUDUHG�WXEHV��7UDQVPLW�WKH�KHDW�WR�ULEERQV�WR�IXVLQJ
WKH�VWDQQXP�RQ�WKH�FHOOV�Ƚ

6WHS����7\SH�VHWWLQJ��VROGHULQJ��OD\�XS
/D\�XS�JODVV��(9$��FHOO�VWULQJV�DXWRPDWLFDOO\��XVH�WDSH
WR�IL[�WKH�FHOO�VWULQJV��VROGHU�FURVV�FRQQHFWRUV�WR�IRUP
D�FLUFXLWU\��PHDQZKLOH�OD\�XS�(9$��EDFN�VKHHW��SDVWH
WKH�61�ODEHO��$W�ODVW��UHFRUG�LQIRUPDWLRQ�LQWR�$0(6
V\VWHP�

6WHS����6HPL�JRRGV�(/�7HVW
6FDQ�61�ODEHO�DQG�WDNH�SKRWRV�DXWRPDWLFDOO\�
2SHUDWRUV�LQVSHFW�WKH�(/�SLFWXUHV�DFFRUGLQJ�WKH�(/
VWDQGDUG��$,�LQWHOOLJHQW�MXGJPHQW�

6WHS����/DPLQDWLRQ
7KH�VHPL�JRRGV�IORZ�WR�ODPLQDWRU�DXWRPDWLFDOO\��3XW
��SLHFHV�RI�VHPL�JRRGV�RQFH�UHJDUGOHVV�RI���SFV�RU
��SFV�FHOOV�

6WHS����7ULPPLQJ
7ULPPLQJ�WKH�HGJH�RI�VHPL�JRRGV�DXWRPDWLFDOO\�WR
HQVXUH�WKH�HGJH�LV�VPRRWK�

6WHS����)UDPLQJ
3XW�$OXPLQXP�UDLOV�RQ�WKH�IHHG�SRUW��LQMHFW�VLOLFRQH
JHO�LQWR�WKH�JURRYH��7KHQ�PHFKDQLFDO�DUP�JUDEV
JOXHG�IUDPHV�DQG�FRPSUHVVHV�WR�WKH�PRGXOH
DXWRPDWLFDOO\�

6WHS����-�%R[�$VVHPEOH
)L[�MXQFWLRQ�ER[�WR�JOXH�PDFKLQH��JOXH�VLOLFRQH�WR
FRYHU�WKH�ERWWRP�RI�-�ER[��,WV�DSSHDUDQFH�VKRXOG�EH
VPRRWK�

6WHS����-�%R[�JOXH
)LOO�WKH�$%�JHO�WR�WKH�-�%R[��$IWHU�VROLGLI\LQJ�LW�FDQ
SURWHFW�WKH�PHWDO�FRPSRQHQW�IURP�WKH�KXPLGLW\�WR
HQVXUH�HOHFWULFDO�IXQFWLRQ�

6WHS����6ROLGLILFDWLRQ
7KH�PRGXOHV�DUH�SODFHG�RQ�WKH�FRQYH\RU�E\
PHFKDQLFDO�DUP��DQG�WKHQ�WUDQVIHUUHG�LQWR�WKH
VROLGLILFDWLRQ�URRP�

6WHS�����0RGXOH�&OHDQLQJ
2SHUDWRUV�XVH�����LQGXVWULDO�DOFRKRO�WR�FOHDQ�WKH
PRGXOH��$QG�DVVHPEOH�WKH�-�%R[�OLG�

6WHS�����3RZHU�7HVW
6LPXODWH�RXWVLGH�OLJKW��JXDUDQWHH�WKH�FRQVLVWHQF\�RI
UHVXOW�XQGHU�D�VHULHV�RI�VWDQGDUG�FRQGLWLRQ��8VH
[HQRQ�OLJKW�DV�VRXUFH��DQG�WKH�OLJKW�VKDSHV�DV�SXOVH
WR�GHFUHDVH�WKH�SRZHU�ORVV�DV�PXFK�DV�SRVVLEOH�
6SHFLILF�GDWD�LV�SDVWHG�RQ�WKH�ODEHO�RI�EDFN�VKHHW�

6WHS�����)LQDO�(/�7HVW
8WLOL]H�HOHFWUROXPLQHVFHQFH�WHFKQRORJ\�WR�GHWHFW�D
QXPEHU�RI�GHIHFWV��VXFK�DV�PLFUR�FUDFNV��JUDLQ
ERXQGDULHV��EURNHQ�FRQWDFWV�DQG�VKXQWV�

6WHS����)LQDO�,QVSHFWLRQ
0RGXOHV�HQWHU�ILQDO�LQVSHFWLRQ�ZKHUH�LQVSHFWRUV
FKHFN�IRU�YLVXDO�GHIHFWV��(/�SLFWXUHV�DQG�UHODWHG
PRGXOH�VL]H�DQG�VR�RQ��$,�LQWHOOLJHQW�DVVLVWHG
MXGJPHQW�Ƚ

6WHS�����6RUWLQJ
$FFRUGLQJ�WR�GLIIHUHQW�SRZHU��FXUUHQWV��FRORUV�DQG
UDQNV��PRGXOHV�DUH�GLVWLQJXLVKHG�DXWRPDWLFDOO\�

6WHS�����3DFNLQJ
0RGXOHV�ZKLFK�KDYH�SDVVHG�WKH�ILQDO�LQVSHFWLRQ�DUH
WUDQVSRUWHG�WR�SDFNLQJ�DUHD��HDFK�PRGXOH�RI�SDOOHWV
WXUQV�RYHU�RI���r�DQG����r�LQ�RUGHU��DQG�WKHQ�FRYHU
WKH�ER[��VWUDS�DQG�ZUDS�DXWRPDWLFDOO\��3UHVHQW
SDFNLQJ�W\SH�LV�YHUWLFDO�

6WHS�����(QWHULQJ�ZDUHKRXVH
7UDQVSRUW�WKH�SDFNDJHG�PRGXOHV�WR�WKH�ZDUHKRXVH
DQG�JHW�SUHSDUHG�IRU�GHOLYHU\�WR�FXVWRPHUV�

��

0DQXIDFWXULQJ�SURFHVV
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7KH� VWXG\� LV� GHYHORSHG� DFFRUGLQJ� WR� ,62�������������� DQG� IROORZV� WKH� ,QWHUQDWLRQDO� (3'p�6\VWHP�
3&5� ������ ��� 3&5� &RQVWUXFWLRQ� SURGXFWV� Y������� F�3&5����� 3KRWRYROWDLF� PRGXOHV� DQG� SDUWV� WKHUHRI
�DGRSWHG�IURP�(3'�1RUZD\��������������DQG�*HQHUDO�3URJUDPPH�,QVWUXFWLRQV��*3,��Y����

)XQFWLRQDO�XQLW�
��:S�RI�PDQXIDFWXUHG�SKRWRYROWDLF�PRGXOH��ZLWK�DFWLYLWLHV�QHHGHG� IRU�D� VWXG\�SHULRG� IRU�D�GHILQHG
UHIHUHQFH�VHUYLFH�OLIH��ȱ����RI�WKH�ODEHOOHG�SRZHU�RXWSXW��HVWLPDWHG�DW����\HDUV���

7LPH�UHSUHVHQWDWLYHQHVV�
7KH�VWXG\�XVHG�SULPDU\�GDWD�FROOHFWHG�IURP�\HDU������

'DWDEDVH�V��DQG�/&$�VRIWZDUH�XVHG�
,Q�WKH�FRQWH[W�RI�WKLV�VWXG\��WKH�DFWLYLW\�GDWD�DUH�PDLQO\�RI�ȅSULPDU\�W\SHȆ��L�H��FROOHFWHG�ZLWK�WKH�VXSSRUW
RI�WKH�FRPSDQ\�IRU�WKH�VSHFLILF�SURGXFWLRQ�VLWHV��*HQHULF�GDWD�UHODWHG�WR�WKH�OLIH�F\FOH�LPSDFWV�RI�WKH
PDWHULDO�RU�HQHUJ\� IORZV� WKDW�HQWHU�DQG� OHDYH� WKH�SURGXFWLRQ�V\VWHP� LV� VRXUFHG� IURP�(FRLQYHQW����
�DOORFDWLRQ�� FXW�RII� E\� DOORFDWLRQ� �� XQLW�� GDWDEDVH�� 6HFRQGDU\� GDWD� VXFK� DV� VLOLFRQ� LQJRW� DQG� VLOLFRQ
ZDIHU�SURGXFWLRQ�DUH�WDNHQ�IURP�,($�3936�7DVN����������UHSRUW��/&$�VRIWZDUH�6LPD3UR�YHUVLRQ�����ZDV
XVHG�

,QWHUQDO�IROORZ�XS�SURFHGXUHV�
,Q�RUGHU� WR� NHHS� WKH� /&$�GDWD� UHSUHVHQWDWLYH� DQG� UHOLDEOH�� LQSXW�GDWD� IRU� WKH� /&$�PRGHO� DV�ZHOO� DV
LQIRUPDWLRQ� LQ� WKH� (3'�� VXFK� DV� UDZ� PDWHULDO� DFTXLVLWLRQ�� WUDQVSRUWDWLRQ� PRGHV�� PDQXIDFWXULQJ
SURFHVVHV��FKDQJHV� LQ�SURGXFW�GHVLJQ�HWF��ZLOO�EH�FKHFNHG�DQQXDOO\�E\�$VWURQHUJ\� LQWHUQDOO\�� ,I� WKHUH
ZRXOG�EH�DQ\�VLJQLILFDQW�FKDQJHV�WDNLQJ�SODFH�� WKH�/&$�PRGHO��/&$�UHSRUW�DQG�(3'�UHSRUW�ZRXOG�EH
XSGDWHG�DFFRUGLQJO\�DQG�VXPPLWHG�IRU�UHYLHZ�

��
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6\VWHP�GLDJUDP�

6\VWHP�ERXQGDU\�RI�WKLV�VWXG\�LV�FUDGOH�WR�JDWH�ZLWK�RSWLRQV��PRGXOHV�&�ȁ&���PRGXOH�'�DQG�ZLWK
RSWLRQDO�PRGXOHV��$�ȁ$����&���'�DQG�$��$���%���%����DV�LOOXVWUDWHG�EHORZ�

([FOXGHG�3URFHVVHV�
7KH�IROORZLQJ�VWHSV�VWDJHV�DUH�QRW�LQFOXGHG�LQ�WKH�V\VWHP�ERXQGDU\�GXH�WR�WKH�UHDVRQ�WKDW�WKH�HOHPHQWV
EHORZ�DUH�FRQVLGHUHG�LUUHOHYDQW�RU�QRW�ZLWKLQ�WKH�ERXQGDU\�WR�WKH�/&$�VWXG\�

,PSDFWV�UHODWHG�WR�WKH�SURGXFWLRQ��WUDQVSRUWDWLRQ�DQG�LQVWDOODWLRQ�RI�FDSLWDO�JRRGV��EXLOGLQJV�
LQIUDVWUXFWXUH��PDFKLQHU\��LQWHUQDO�WUDQVSRUW�SDFNDJLQJ��DQG�JHQHUDO�RSHUDWLRQV��VWDII�WUDYHO�
PDUNHWLQJ�DQG�FRPPXQLFDWLRQ�DFWLRQV��WKDW�FDQQRW�EH�GLUHFWO\�DOORFDWHG�WR�SURGXFWV�DUH�H[FOXGHG
IURP�WKH�/&$�VWXG\�
7KH�SDFNDJLQJ�IRU�VLOLFRQ�ZDIHU�DQG�VRODU�FHOOV�LV�UHXVHG�LQWHUQDOO\�DQG�LWV�LPSDFW�ZDV�H[FOXGHG�IURP
WKH�V\VWHP�
(PLVVLRQV�GXULQJ�WKH�39�PRGXOH�LQVWDOODWLRQ�DQG�RSHUDWLRQ�GXH�WR�QR�REYLRXV�HPLVVLRQ�REVHUYDEOH��
6WRUDJH�SKDVHV�DQG�VDOHV�RI�39�SURGXFWV�GXH�WR�QR�REVHUYDEOH�LPSDFW��
3URGXFW�ORVVHV�GXH�WR�DEQRUPDO�GDPDJH�VXFK�DV�QDWXUDO�GLVDVWHUV�RU�ILUH�DFFLGHQWV�ZRXOG�RFFXU�DW�D
UDWKHU�ORZ�IUHTXHQF\��
+DQGOLQJ�RSHUDWLRQV�DW�WKH�GLVWULEXWLRQ�FHQWHU�DQG�UHWDLO�RXWOHW�GXH�WR�VPDOO�FRQWULEXWLRQ�DQG
QHJOLJLEOH�LPSDFW�
5HVHDUFK�DQG�GHYHORSPHQW�DFWLYLWLHV�
/RQJ�WHUP�HPLVVLRQV�



$OORFDWLRQ�

7KH�DOORFDWLRQ�LV�PDGH�LQ�DFFRUGDQFH�ZLWK�WKH�SURYLVLRQV�RI�3&5��$OORFDWLRQ�UHIHUV�WR�WKH�SDUWLWLRQLQJ�RI
LQSXW�RU�RXWSXW�IORZV�RI�D�SURFHVV�RU�D�SURGXFW�V\VWHP�EHWZHHQ�WKH�SURGXFW�V\VWHPV�XQGHU�VWXG\�DQG
RQH� RU� PRUH� RWKHU� SURGXFW� V\VWHPV�� ,Q� WKLV� VWXG\�� WKHUH� DUH� WKUHH� W\SHV� RI� DOORFDWLRQ� SURFHGXUHV
FRQVLGHUHG�

0XOWL�LQSXW�DOORFDWLRQ
7KH�DOORFDWLRQ�RI�HOHFWULFLW\�DQG�HPLVVLRQV�GXULQJ�WKH�PDQXIDFWXULQJ�VWDJH�RI�39�PRGXOH�DUH�DOORFDWHG
E\�SRZHU�RXWSXW�UDWLR��7KH�WUDQVSRUWDWLRQ�RI�UDZ�PDWHULDOV�LV�DOORFDWHG�E\�PDVV�UDWLR�

0XOWL�RXWSXW�DOORFDWLRQ
1R�RWKHU�E\�SURGXFWV�DUH�SURGXFHG�IURP�WKH�SURGXFWLRQ��KHQFH�WKHUH�LV�QR�SURGXFWLRQ�RI�E\�SURGXFWV
WKDW�QHHGV�WR�EH�XVHG�WR�DOORFDWH�WKH�VLWXDWLRQ�

&XW�RII�DOORFDWLRQ
&XW�RII� DOORFDWLRQ� LV� DSSOLHG�DW� WKH� V\VWHP�ERXQGDU\�� 7KH�XQGHUO\LQJ�SKLORVRSK\�RI� WKLV� DSSURDFK� LV
WKDW�SULPDU\� �ILUVW��SURGXFWLRQ�RI�PDWHULDOV� LV�DOZD\V�DOORFDWHG�WR�WKH�SULPDU\�XVHU�RI�D�PDWHULDO�� ,I�D
PDWHULDO� LV� UHF\FOHG�� WKH� SULPDU\� SURGXFHU� GRHV� QRW� UHFHLYH� DQ\� FUHGLW� IRU� WKH� SURYLVLRQ� RI� DQ\
UHF\FODEOH� PDWHULDOV�� &RQVHTXHQWO\�� UHF\FODEOH� PDWHULDOV� DUH� DYDLODEOH� EXUGHQ�IUHH� IRU� UHF\FOLQJ
SURFHVVHV��DQG�VHFRQGDU\��UHF\FOHG��PDWHULDOV�EHDU�RQO\�WKH�LPSDFWV�RI�WKH�UHF\FOLQJ�SURFHVVHV�

��

$VVXPSWLRQV�

,Q�JHQHUDO��WKLV�/&$�VWXG\�LV�VXEMHFW�WR�FHUWDLQ�DVVXPSWLRQV�DQG�OLPLWDWLRQV��ZKLFK�KDYH�EHHQ�PDGH�LQ
D� FRQVHUYDWLYH� PDQQHU� IROORZLQJ� WKH� /&$� VWDQGDUG� DQG� UHODWHG� VSHFLILFDWLRQV� OLVWHG� LQ� WKH� 3&5�� ,W
VKRXOG� EH� QRWHG� WKDW� FDXWLRQ� VKRXOG� EH� WDNHQ� ZKHQ� FRPSDULQJ� WKH� UHVXOWV� RI� 39�PRGXOHV� LQ� WKLV
UHSRUW�ZLWK�WKRVH�IURP�RWKHU�VWXGLHV��7KH�DVVXPSWLRQV�PDGH�DUH�OLVWHG�EHORZ�

&DWHJRULHV ,WHPV $VVXPSWLRQV

0DQXIDFWXULQJ�VWDJH
�$��$��

6LOLFRQ�ZDIHU
/LIH�F\FOH�LQYHQWRU\��/&,��GDWD�RI�VLOLFRQ�LQJRW�DQG�WKH�VLOLFRQ�ZDIHU�LV

GLIILFXOW�WR�REWDLQ�DW�WKH�VWDJH��WKXV�DQ�DYHUDJH�/&,�GDWD�IRU�&KLQD�LQ�,($
3936�7DVN���������LV�XVHG�IRU�PRGHOOLQJ

7UDQVSRUWDWLRQ�VWDJH
�$��	�$��

7UDQVSRUWDWLRQ�YHKLFOH�W\SH
)RU�WKH�YHKLFOH�XVHG�LQ�UDZ�PDWHULDOV�DQG�SURGXFW�WUDQVSRUWDWLRQ��&1�
W\SH�YHKLFOHV�DUH�XVHG��ZKLFK�DUH�DOLJQHG�ZLWK�WKH�(852��VWDQGDUGV�
(852���W\SH�YHKLFOH�ZLWK�������WRQ�FDSDFLW\�LV�DVVXPHG�IRU�PRGHOOLQJ�b

,QVWDOODWLRQ�VWDJH��$�� (OHFWULFLW\�DQG�PDWHULDOV�XVH

7KH�HOHFWULFLW\�DQG�GLHVHO�FRQVXPSWLRQ�KDYH�EHHQ�GHULYHG�IURP�WKH
HFRLQYHQW�GDWDEDVH�SURFHVV�IRU�D�SKRWRYROWDLF�SODQW�LQVWDOODWLRQ�ZLWK�D
FDSDFLW\�RI�����N:S��DQG�WKHVH�YDOXHV�KDYH�EHHQ�GRZQVFDOHG�WR�WKH

SRZHU�RXWSXW�RI�GLIIHUHQW�PRGXOHV�DQDO\VHG�LQ�WKLV�VWXG\�

8VH�	�0DLQWHQDQFH

8VH��%��
7KH�XVH�VWDJH�UHTXLUHV�QR�HQHUJ\�DQG�PDWHULDOV�LQSXWV��DQG�KDV�QR

HPLVVLRQV�

0DLQWHQDQFH��%��
:DWHU�XVHG�IRU�FOHDQLQJ�LQ����\HDUV�LV�DVVXPHG�ZLWK�����/�SHU�SHU

PRGXOH�SHU�WLPH�DQG�WZR�WLPHV�SHU�\HDU��

5HSODFHPHQW��%�� 1R�UHSODFHPHQW�IRU�WKH�PRGXOH�DV�WKH�PRGXOH�KDV�56/!���\HDUV

2SHUDWLRQDO�HQHUJ\�XVH�DQG
SURGXFWLRQ��%��

1R�RSHUDWLRQDO�HQHUJ\�LV�UHTXLUHG�IRU�39�PRGXOH��WKH�HQHUJ\�SURGXFWLRQ
LV�FDOFXODWHG

(QG�RI�OLIH��&��&��

'H�FRQVWUXFWLRQ��&��
7KH�GH�FRQVWUXFWLRQ�RI�39�PRGXOHV�LV�DVVXPHG�WR�EH�GRQH�PDQXDOO\��QR

HOHFWULFLW\�DQG�PDWHULDOV�XVH�LQ�WKLV�VWDJH�

:DVWH�WUDQVSRUWDWLRQ��&��
:DVWH�WUDQVSRUWDWLRQ�GLVWDQFH�IURP�WKH�GH�LQVWDOODWLRQ�SODQW�WR�WKH�ZDVWH
WUHDWPHQW�IDFLOLWLHV�LV�DVVXPHG�WR�EH����NP�IRU�VLPSOLILFDWLRQ�SXUSRVHV�b

:DVWH�SURFHVVLQJ��&��
7KH�HOHFWULFLW\�FRQVXPSWLRQ�GXULQJ�WKLV�VWDJH�LV������N:K�NJ�PRGXOH

EDVHG�RQ�WKH�GDWD�IURP�,($�

'LVSRVDO��&�� 'LVSRVDO�VFHQDULRV�LV�EDVHG�RQ�WKH�:(((



(OHFWULFLW\�PL[ 8QLW *:3�*+*

&2ћ�(PLVVLRQV NJ�&2��HT�N:K �����

��

&XW�RII�UXOHV�
7KH�IROORZLQJ�SURFHGXUH�ZDV�IROORZHG�IRU�WKH�H[FOXVLRQ�RI�LQSXWV�DQG�RXWSXWV��

$OO� LQSXWV� DQG� RXWSXWV� WR� D� �XQLW�� SURFHVV� ZLOO� EH� LQFOXGHG� LQ� WKH� FDOFXODWLRQ� IRU� ZKLFK� GDWD� LV
DYDLODEOH��'DWD�JDSV�PD\�EH�ILOOHG�E\�FRQVHUYDWLYH�DVVXPSWLRQV�ZLWK�DYHUDJH�RU�JHQHULF�GDWD��$Q\
DVVXPSWLRQV�IRU�VXFK�FKRLFHV�ZLOO�EH�GRFXPHQWHG�
$FFRUGLQJ�WR�3&5��OLIH�F\FOH�LQYHQWRU\�GDWD�VKDOO�DFFRUGLQJ�WR�(1�������LQFOXGH�D�PLQLPXP�RI����
RI� WRWDO� LQIORZV� �PDVV� DQG�HQHUJ\��SHU�PRGXOH�� ,Q� DGGLWLRQ�� LI� OHVV� WKDQ������RI� WKH� LQIORZV�DUH
DFFRXQWHG�IRU��SUR[\�GDWD�RU�H[WUDSRODWLRQ�VKRXOG�EH�XVHG�WR�DFKLHYH������FRPSOHWHQHVV��

(OHFWULFLW\�PL[�
,Q� WKLV� /&$� VWXG\�� LW� LV� LPSRUWDQW� WR� QRWH� WKDW� GLIIHUHQW� HOHFWULFLW\� JULG�PL[HV� DUH� XVHG� IRU� GLIIHUHQW
VWDJHV�RI�WKH�OLIH�F\FOH��6SHFLILFDOO\��WKH�SURGXFWLRQ�RI�VRODU�FHOOV�DQG�39�PRGXOHV�WDNHV�SODFH�LQ�-LDQJVX
3URYLQFH��&KLQD��ZKHUH�WKH�(DVWHUQ�&KLQD�JULG�HOHFWULFLW\�PL[�LV�XVHG��2Q�WKH�RWKHU�KDQG��WKH�HQG�RI�
OLIH�VWDJH��ZKLFK�LQYROYHV�39�PRGXOH�ZDVWH�GLVSRVDO�DQG�UHF\FOLQJ��WDNLQJ�(XURSHDQ�PDUNHW�DV�D�FDVH
VWXG\��ZKHUH�WKH�(XURSHDQ�DYHUDJH�JULG�HOHFWULFLW\�PL[�LV�XVHG�

,W� LV�ZRUWK� QRWLQJ� WKDW� WKH�XVH� RI� GLIIHUHQW� JULG� HOHFWULFLW\�PL[HV�PD\� LPSDFW� WKH� UHVXOWV� RI� WKH� /&$
VWXG\�� DV� WKH� HQYLURQPHQWDO� LPSDFWV� DVVRFLDWHG� ZLWK� HOHFWULFLW\� JHQHUDWLRQ� FDQ� YDU\� VLJQLILFDQWO\
EHWZHHQ�GLIIHUHQW�UHJLRQV�DQG�JULG�PL[HV��7KHUHIRUH��LW�LV�LPSRUWDQW�WR�FDUHIXOO\�FRQVLGHU�WKH�LPSDFW�RI
JULG�PL[�GLIIHUHQFHV�ZKHQ�LQWHUSUHWLQJ�WKH�UHVXOWV�RI�WKH�VWXG\��DQG�WR�UHFRJQL]H�WKDW�WKH�UHVXOWV�PD\
QRW�EH�GLUHFWO\�FRPSDUDEOH�WR�VWXGLHV�WKDW�XVH�GLIIHUHQW�JULG�PL[HV�

)RU�HQG�RI�OLIH�VWDJH�RI�WKH�39�PRGXOHV��SROOXWHU�SD\V�SULQFLSOH��333��LV�IROORZHG��$V�IRU�WKH�ORDG�DQG
EHQHILW�RI�UHXVH��UHF\FOLQJ��DQG�UHFRYHU\�SURFHVVHV��0RGXOH�'���LW�LV�UHSRUWHG�VHSDUDWHO\�IROORZLQJ�WKH
3&5ȆV�UHFRPPHQGDWLRQ��

,Q� FDVHV�ZKHUH�PDWHULDOV� DUH� VHQW� WR�ZDVWH� LQFLQHUDWLRQ�� WKH� VWXG\�DFFRXQWV� IRU�ZDVWH� FRPSRVLWLRQ�
KHDWLQJ� YDOXH�� DQG� UHJLRQDO� HIILFLHQFLHV�� DQG� DVVLJQV� FUHGLWV� IRU� SRZHU� DQG� KHDW� RXWSXWV� XVLQJ� WKH
UHJLRQDO� JULG�PL[� DQG� WKHUPDO� HQHUJ\� IURP�QDWXUDO� JDV�� UHVXOWLQJ� LQ� D� FRQVHUYDWLYH� HVWLPDWH� RI� WKH
EHQHILWV�RI�HQHUJ\�UHFRYHU\��
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$X[LOLDU\�PDWHULDOV�IRU�XVH
SKDVH

1�$

8VH�RI�ZDWHU ����(���NJ�)8

8VH�RI�RWKHU�UHVRXUFHV 1�$

4XDQWLWDWLYH�GHVFULSWLRQ�RI
WKH�W\SH�RI�HQHUJ\��UHJLRQDO
PL[��DQG�WKH�FRQVXPSWLRQ

GXULQJ�XVH

1R�HQHUJ\�FRQVXPSWLRQ
GXULQJ�XVH

:DVWDJH�RI�PDWHULDOV�RQ�WKH
EXLOGLQJ�VLWH�EHIRUH�ZDVWH

SURFHVVLQJ��JHQHUDWHG�GXULQJ
XVH

1R�ZDVWH�JHQHUDWLRQ

��

7KH�39�PRGXOHV�FDQ�EH�LQVWDOOHG�ERWK�DV�URRIWRS
DQG�JURXQG�PRXQWHG�W\SH��$FFRUGLQJ�WR�WKH
SURGXFW�FDWHJRU\�UXOHV��3&5���PRXQWLQJ
VWUXFWXUHV�OLNH�LQYHUWHU��ZLULQJ��HWF���DUH�QRW
FRQVLGHUHG�LQ�WKLV�VWXG\��

%�8VH�VWDJH�

)RU�WKH�XVH�VWDJH��%���RI�WKH�39�PRGXOHVV��QR
HQHUJ\�DQG�PDWHULDOV�LQSXWV��RU�HPLVVLRQV�DUH
LQYROYHG��$V�IRU�WKH�PDLQWHQDQFH�VWDJH��%���
ZDWHU�XVHG�IRU�FOHDQLQJ�WR�PDLQWDLQ�WKH
SHUIRUPDQFH�LV�FRQVLGHUHG������/�ZDWHU�XVHG�SHU
PRGXOH�HDFK�WLPH��DQG���WLPHV�LQ�D�\HDU�DUH
DVVXPHG��'XULQJ�WKH�RSHUDWLRQ�RI�39�PRGXOHV��QR
UHSDLU��%����UHSODFHPHQW��%����DQG�UHIXUELVKPHQW
�%���LV�UHTXLUHG�
�
,W�LV�DVVXPHG�WKDW�WKHUH�LV�QR�RSHUDWLRQDO
HOHFWULFLW\��%���RU�ZDWHU�FRQVXPSWLRQ��%����7R
FDOFXODWH�WKH�H[SHFWHG�HQHUJ\�SURGXFWLRQ�RYHU
WKH�OLIHWLPH�RI�WKH�SDQHOV��WKH�IROORZLQJ�IRUPXOD
PD\�EH�XVHG�

(њ 6������
�$�
�\�
�35�
����GHJ�
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)XHO�W\SH�DQG�FRQVXPSWLRQ
RI�YHKLFOH�RU�YHKLFOH�W\SH

XVHG�IRU�WUDQVSRUW�H�J��ORQJ
GLVWDQFH�WUXFN��ERDW��HWF�

7UXFN�RI��������WRQ��)XHO
FRQVXPSWLRQ�bb

����(���/�����NP�
6KLS��)XHO�FRQVXPSWLRQ�

����(���/�����NP

'LVWDQFH
6KLS�������NP
7UXFN������NP

&DSDFLW\�XWLOL]DWLRQ��LQFOXGLQJ
HPSW\�UHWXUQV�

7UXFN����������IXOO���HPSW\
UHWXUQ�

6KLS��������IXOO���HPSW\
UHWXUQ�

%XON�GHQVLW\�RI�WUDQVSRUWHG
SURGXFWV

1�$

9ROXPH�FDSDFLW\�XWLOL]DWLRQ
IDFWRU

�

/&$�6FHQDULRV
$��7UDQVSRUW
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$X[LOLDU\�PDWHULDOV�IRU
LQVWDOODWLRQ

1�$

8VH�RI�ZDWHU �

8VH�RI�RWKHU�UHVRXUFHV 1�$

4XDQWLWDWLYH�GHVFULSWLRQ�RI
WKH�W\SH�RI�HQHUJ\��UHJLRQDO
PL[��DQG�WKH�FRQVXPSWLRQ
GXULQJ�WKH�LQVWDOODWLRQ

SURFHVV

(OHFWULFLW\�����(���N:K�)8b
'LHVHO�����(���NJ�)8

:DVWDJH�RI�PDWHULDOV�RQ�WKH
EXLOGLQJ�VLWH�EHIRUH�ZDVWH

SURFHVVLQJ��JHQHUDWHG�E\�WKH
SURGXFWȆV�LQVWDOODWLRQ
�VSHFLILHG�E\�W\SH�

1RQ�KD]DUGRXV�ZDVWH�b
����(���NJ�)8b

$��,QVWDOODWLRQ�

7KH�ZDVWH�JHQHUDWHG�IURP�WKH�SURGXFW
SDFNDJLQJ��PDLQO\�FRQVLVWLQJ�RI�ZDVWH�ZRRG
SDOOHWV��LV�DFFRXQWHG�IRU�LQ�WKLV�VWDJH�
WUDQVSRUWDWLRQ�RI�ZDVWH�LV�DVVXPHG�DV����NP�
7KH�WUHDWPHQW�RI�WKH�ZDVWH�ZRRG�SDOOHWV�LV
PRGHOHG�DV�����UHF\FOLQJ�DQG�����LQFLQHUDWLRQ�
2WKHU�SDFNDJLQJ�PDWHULDOV��LQFOXGLQJ�SDSHU�DQG
SODVWLF�ILOP��DUH�PRGHOHG�DV������LQFLQHUDWLRQ�

Ù��

1RWH��5DQJH�RI�IXHO�FRQVXPSWLRQ�SHU�NP�GXH�WR�GLIIHUHQW�SURGXFW�ZHLJKWV�

7KH�WUDQVSRUW�LQ�$��FRYHUV�WKH�WUDQVSRUW�IURP
WKH�IDFWRU\�LQ�&KLQD�WR�WKH�LQVWDOODWLRQ�VLWH
JOREDOO\�E\�VHD�DQG�URDG�



��

)RU� HQG�RI�OLIH� �(R/�� VWDJH�� DVVXPSWLRQV� DUH
PDGH� GXH� WR� D� ODFN� RI� GDWD�� 'HFRPPLVVLRQLQJ
VWDJH� �&��� RI� 39� PRGXOHV� LV� DVVXPHG� WR� EH
WDNHQ�ZLWK� VDPH�HQHUJ\�DQG� IXHO� FRQVXPSWLRQ
DV� IRU� LQVWDOODWLRQ� VWDJH�� 7UDQVSRUWDWLRQ
GLVWDQFH� IURP� WKH� SODQW� VLWH� WR� WKH� ZDVWH
WUHDWPHQW� VLWH� �&��� LV� DVVXPHG� WR� EH� ��NP�
:DVWH� SURFHVVLQJ� �&��� VWDJH� LV� DVVXPHG� WR� EH
PHFKDQLFDOO\�WUHDWHG�WR�\LHOG�WKH�EXON�PDWHULDOV
ZLWK�DQ�HOHFWULFLW\�FRQVXPSWLRQ�RI������N:K�NJ
PRGXOH��EDVHG�RQ�GDWD�IURP�WKH�,($�

7KLV� VWXG\� UHIHUV� WR� OHJDO� UHTXLUHPHQWV� LVVXHG
E\� :DVWH� (OHFWULFDO� DQG� (OHFWURQLF� (TXLSPHQW
�:(((�� XQGHU� WKH� (8� VFHQDULR�� 7KH� UHTXLUHG
UHF\FOLQJ� UDWH� IRU� ZDVWH� 39� PRGXOHV� LV� ���
DFFRUGLQJ�WR���������(8�$UWLFOH����	�$11(;�9�
����RI�WKH�ZDVWH�FRPSRQHQWV��FHOOV��JODVV��DQG
ZDVWH� SODVWLFV�� HQG� XS� WR� GLVSRVDO� VWDJH� �&���
7KH�SODVWLF�ZLOO�EH�VHQW�WR�LQFLQHUDWLRQ��ZKLOH�WKH
FHOO� DQG� XQUHFRYHUHG� JODVV� ZLOO� EH� WUHDWHG� DV
LQHUW�PDWHULDOV�IRU�ODQGILOOLQJ��

%HQHILWV� DQG� ORDGV� EH\RQG� WKH� V\VWHP
ERXQGDU\

0HWDO�VFUDS��DOXPLQLXP��FRSSHU��DQG�VLOYHU��DQG
JODVV� VFUDS� ZLOO� EH� UHF\FOHG�� 7KH� SODVWLF
FRPSRQHQWV� DUH� LQFLQHUDWHG� ZLWK� HQHUJ\
UHFRYHU\�� (IIRUWV� UHTXLUHG� E\� VHFRQGDU\
SURGXFWLRQ�� ORVV� RI� PDWHULDOV� DQG� TXDOLW\� DUH
FRQVLGHUHG�
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:DVWH�FROOHFWLRQ�SURFHVV
VSHFLILHG�E\�W\SHb

1RQ�KD]DUGRXV�ZDVWH�
����(���NJ�)8

5HFRYHU\�V\VWHP�VSHFLILHG�E\
W\SH���(QHUJ\�UHFRYHU\

,QFLQHUDWLRQ�ZLWK�HQHUJ\
UHFRYHU\������(���NJ�)8

�5HFRYHU\�V\VWHP�VSHFLILHG�E\
W\SH���5HF\FOLQJ

0DWHULDOV�UHF\FOLQJ�b
����(���NJ�)8

'LVSRVDO�&KDUDFWHULVWLF
SHUIRUPDQFH��'LVSRVDO

VSHFLILHG�E\�W\SH

,QHUW�PDWHULDOV�ODQGILOO�b
����(���NJ�)8

&�(QG�RI�OLIH�VWDJH

:KHUH�
(� �(QHUJ\�SURGXFHG�LQ�WKH�ILUVW�\HDU�RI�RSHUDWLRQ�
N:K�\HDU
6�������� �6LWH�VSHFLILF�DQQXDO�DYHUDJH�VRODU�UDGLDWLRQ�RQ
PRGXOH��VKDGLQJV�QRW�LQFOXGHG���N:K�N:S�\HDU��7KH
DQQXDO�UDGLDWLRQ�PXVW�WDNH�LQWR�FRQVLGHUDWLRQ�WKH
VSHFLILF�LQFOLQDWLRQ��VORSH��WLOW��DQG�RULHQWDWLRQ�
$� �$UHD�RI�PRGXOH��Pt�
\� �0RGXOH�\LHOG��HOHFWULFDO�SRZHU��N:S�IRU�VWDQGDUG�WHVW
FRQGLWLRQV��67&��RI�WKH�PRGXOH�GLYLGHG�E\�WKH�DUHD�RI�WKH
PRGXOH�
67&��7KH�UDWLR�LV�JLYHQ�IRU�VWDQGDUG�WHVW�FRQGLWLRQV�
LUUDGLDQFH������:�Pt��FHOO�WHPSHUDWXUH����r&��ZLQG
VSHHG���P�V��$0����
35� �3HUIRUPDQFH�UDWLR��FRHIILFLHQW�IRU�ORVVHV��6LWH
VSHFLILF�SHUIRUPDQFH�UDWLR�FDQ�EH�PRGHOOHG�ZLWK�39
VLPXODWLRQ�VRIWZDUH�WRROV��VXFK�DV�396<67�RU�VLPLODU�
(QHUJ\�SURGXFWLRQ�VHFRQG�\HDU�RI�RSHUDWLRQ��

(ћ� �(њ�
����GHJ�
(QHUJ\�SURGXFWLRQ�Q�\HDU�RI�RSHUDWLRQ�
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