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���,QWURGXFWLRQ 

����%DFNJURXQG 

7KH�SURYLVLRQ�DQG�LPSURYHPHQW�RI�WKH�SHUIRUPDQFH�RI�
URDG� LQIUDVWUXFWXUH� FXUUHQWO\� IDFH� VHYHUDO� PDMRU�
FKDOOHQJHV�� RQH� RI� ZKLFK� LV� WKH� OLPLWHG� PDWHULDO� IRU�
IOH[LEOH�SDYHPHQW�LQ�WKH�IRUP�RI�DJJUHJDWH�DQG�DVSKDOW��
/LPLWHG� UHVRXUFHV� IRU� QHZ� QRQ-UHQHZDEOH� PDWHULDOV�
DQG�FRQWLQXRXV�XVH�DUH�RQH�RI�WKH�UHDVRQV�ZK\�QDWXUDO�
PDWHULDOV� DUH� LQFUHDVLQJO\� VFDUFH� DQG� WKHLU� SULFHV�
FRQWLQXH�WR�LQFUHDVH��VR�LW� LV�QHFHVVDU\�WR�FRQVLGHU�WKH�
DSSOLFDWLRQ� RI� PHWKRGV� RI� SURYLGLQJ� PDWHULDOV� LQ� WKH�
FRQVWUXFWLRQ� DQG� KDQGOLQJ� RI� URDG� SDYHPHQW� GDPDJH�
WKDW�LV�PRUH�HQYLURQPHQWDOO\�IULHQGO\�DQG�PRUH�HFRQRPLFDO� 

2QH� ZD\� ZKLFK� LV� FXUUHQWO\� EHLQJ� GHYHORSHG� WR�
RYHUFRPH� FKDOOHQJHV� LQ� SURYLGLQJ� IOH[LEOH� SDYHPHQW�
PDWHULDOV� LV� WR�DSSO\�WKH�JUHHQURDGV�SULQFLSOH�E\�UHXVLQJ�
SDUWV� RU� DOO� ROG� SDYHPHQW� PDWHULDOV� RU� 5HFODLPHG�
$VSKDOW� 3DYHPHQW� �5$3�� DV� PDWHULDO� IRU� QHZ� URDG�
SDYHPHQW�� 7KH� UHF\FOHG� DVSKDOW� PL[WXUH� PDWHULDO� FDQ�
EH�REWDLQHG�IURP�WKH�UDNLQJ�RU�GHPROLWLRQ�RI� WKH�URDG�
SDYHPHQW�OD\HU�WKDW�KDV�FRPSOHWHG�LWV�VHUYLFH�OLIH�� 

5HF\FOHG� SDYHPHQW� PDWHULDOV�� ERWK� DJJUHJDWH� DQG�
DVSKDOW�� KDYH�GHFUHDVHG�SK\VLFDO� SURSHUWLHV� DV�ZHOO� DV�
UKHRORJLFDO� FKDQJHV� GXH� WR� WUDIILF� ORDGV� DQG�
HQYLURQPHQWDO�FRQGLWLRQV�GXULQJ�WKHLU�SUHYLRXV�VHUYLFH�
OLIH��ZKLFK�LI�UHXVHG�ZLOO�DIIHFW�WKH�SHUIRUPDQFH�RI�WKH�
PL[WXUH� VXFK� DV� GHFUHDVHG� GXUDELOLW\� DQG� SUHPDWXUH�
SDYHPHQW� GDPDJH� GXH� WR� LQFUHDVHG� VWLIIQHVV� RI� WKH�
DVSKDOW�PL[WXUH�VR�WKDW�DQ�HIIRUW�PXVW�EH�PDGH�WR�LPSURYH�
WKH� SHUIRUPDQFH� RI� WKH� UHF\FOHG� PDWHULDO�� ,PSURYLQJ�
WKH�EDVLF�UKHRORJLFDO�SURSHUWLHV�RI�DVSKDOW�FDQ�EH�GRQH�
E\� DGGLQJ� DGGLWLYHV�� VXFK� DV� VRIW� DVSKDOW�� SRO\PHUV��
DQG�RU� UHMXYHQDWLQJ� PDWHULDOV�� )RU� UHF\FOHG� DVSKDOW�
PDWHULDOV�WKDW�KDYH�XQGHUJRQH�DJLQJ��LW�LV�QHFHVVDU\�WR�
PL[�WKHP�ZLWK�VRIW�DVSKDOW�RU�D�UHMXYHQDWLQJ�PDWHULDO��
7KH�UHMXYHQDWLQJ�PDWHULDO�ZLOO�UHVWRUH�WKH�SK\VLFDO�DQG�
FKHPLFDO�SURSHUWLHV�RI�WKH�5$3�DVSKDOW� 

2QH� RI� WKH� DGGHG� LQJUHGLHQWV� WKDW� LV� H[SHFWHG� WR�
LPSURYH�WKH�SHUIRUPDQFH�RI�DVSKDOW�PL[WXUHV�LV�%XWRQ�
6WRQH�$VSKDOW��$VEXWRQ��ZKLFK�LV�VWDUWLQJ�WR�EH�ZLGHO\�
XVHG� DV� D� VXEVWLWXWH� RU� DV� DQ� DGGLWLYH� WR� KDUG� DVSKDOW��
2QH�RI�WKH�XVHV�RI�$VEXWRQ�LQ�DVSKDOW�PL[WXUHV�LV� IXOO�
H[WUDFWHG� DVEXWRQ� DV� D� UHVXOW� RI� H[WUDFWLRQ� IURP�
*UDQXODU� $VEXWRQ� �%XWRQ� *UDQXODU� $VSKDOW��� 7KH�
DGGLWLRQ� RI� IXOO� H[WUDFWHG� DVEXWRQ�ZKLFK� LV� VWLII� DV� DQ�
DGGLWLYH� WR� 3HQ� ������ KDUG� DVSKDOW� FDQ� LPSURYH� WKH�
UKHRORJ\�RI�KDUG�DVSKDOW�ZKLFK�LV�YLVFRHODVWLF�VR�WKDW�LW�
ZLOO� LQFUHDVH� WKH� SHUIRUPDQFH� RI� WKH� GXUDELOLW\�
�VWUHQJWK�� RI� WKH� DVSKDOW� PL[WXUH�� 0RGLILHG� DVSKDOW�
XVLQJ� IXOO� H[WUDFWHG� DVEXWRQ� LQ� WKH� $&-%&� PL[WXUH�
ZLWK�WKH�XVH�RI�5$3�PDWHULDO�DQG�UHMXYHQDWLQJ�PDWHULDO�
FDQ�EH�D�VROXWLRQ�WR�SURGXFH�D�PL[WXUH�WKDW�UHVXOWV�LQ�DQ�
LQFUHDVH�LQ�5HVLOLHQW�0RGXOXV�YDOXH��LV�UHVLVWDQW�WR�IDWLJXH�
FUDFN�DQG�JURRYH�GDPDJH�GXH�WR�KLJK�WUDIILF�ORDGV��DQG�
SURGXFHV�HQYLURQPHQWDOO\�IULHQGO\�SDYHPHQW� 

2QH� RI� WKH� SDUDPHWHUV� WKDW� FDQ� DQDO\]H� WKH�
SHUIRUPDQFH�RI� WKH�SDYHPHQW�PL[WXUH� LV�E\�DQDO\]LQJ�
WKH� UHVSRQVH�RI� WKH�SDYHPHQW� WR� WUDIILF� ORDGV�RU�PRUH�
FRPPRQO\�UHIHUUHG�WR�DV�WKH�5HVLOLHQW�0RGXOXV�XVLQJ�WKH�

8QLYHUVDO� 0DWHULDOV� 7HVWLQJ� $SSDUDWXV� �80$77$��
WHVW� WRRO�� ,Q� DGGLWLRQ�� WKH� UHVLVWDQFH� RI� D� SDYHPHQW� WR�
IDWLJXH� FDQ� DOVR� LQWHUSUHW� SDYHPHQW� SHUIRUPDQFH�
WKURXJK�WHVWLQJ�ZLWK�WKH�)RXU�/RDGLQJ�)DWLJXH�7HVW� 

����6FRSH�RI�UHVHDUFK 

D� 7\SH� RI� PL[WXUH� XVHG� ZDV� $VSKDOW� &RQFUHWH-
%LQGHU�&RXUVH��$&-%&�� 

E� 7KH� WHVW� UHIHUUHG� WR� ����� %LQD� 0DUJD� *HQHUDO�
6SHFLILFDWLRQV� �5HY����� 61,�� $670�� DQG�
$$6+72� 

F� 0DWHULDOV�XVHG� 

· 5HFODLPHG� $VSKDOW� 3DYHPHQW� �5$3�� IURP�
-DJRUDZL�7ROO�5RDG�PDLQWHQDQFH� 

· 6KHOO�3HQ�������$VSKDOW�� 

· )XOO� H[WUDFWHG�DVEXWRQ� IURP� WKH�H[WUDFWLRQ�RI�
WKH�%XWRQ�*UDQXODU�$VSKDOW� 

· 1LFKLUHNL�UHMXYHQDWLQJ�PDWHULDO� 
G� 7KH� SHUFHQWDJH� RI� 5$3� PDWHULDO� XVHG� LQ� WKH�

PL[WXUH� ZDV� ���� ����� ���� DQG� ���� ZLWK� IXOO�
H[WUDFWHG�DVEXWRQ�DW���� 

H� 7KH� DVSKDOW� PL[WXUH� SODQQLQJ� XVHG� WKH�0DUVKDOO�
PHWKRG�DQG�$EVROXWH�'HQVLW\�$SSURDFK�WR�REWDLQ�
WKH�2SWLPXP�$VSKDOW�&RQWHQW��2$&�� 

I� /DERUDWRU\� WHVWLQJ� XQGHU� 2$&� FRQGLWLRQ�
FRQVLVWHG�RI� 

· 0DUVKDOO�LPPHUVLRQ�WHVW� 

· 5HVLOLHQW�0RGXOXV�WHVW�XVLQJ�80$77$�WHVW�WRRO� 

· 5HVLVWDQFH� WR� IDWLJXH� FUDFN� WHVW� XVLQJ� )RXU�
3RLQW�/RDGLQJ�7HVW� 

���5HVHDUFK�0HWKRGRORJ\ 

7KH�IORZFKDUW� IRU� WKH�UHVHDUFK�ZRUN�SODQ�FDQ�EH� VHHQ�
LQ�)LJXUH��� 

���'DWD�3UHVHQWDWLRQ 

����5$3�PDWHULDO�H[WUDFWLRQ�WHVW�UHVXOWV 

%HIRUH� XVLQJ� WKH� 5$3� PDWHULDO� LQ� WKH� PL[WXUH�� LW� LV�
QHFHVVDU\� WR� GHWHUPLQH� WKH� DVSKDOW� FRQWHQW� DQG� WKH�
DVSKDOW�FKDUDFWHULVWLFV�RI�WKH�5$3�PDWHULDO��7KH�UHVXOWV�
RI� WKH� WHVW� RI� DVSKDOW� FRQWHQW� LQ� WKH�5$3�PDWHULDO� DUH�
VKRZQ�LQ�7DEOH���� 

7KH�UHVXOWV�RI� WKH� WHVW�RI�DVSKDOW�SK\VLFDO�FKDUDFWHULVWLFV�
RI�WKH�5$3�0DWHULDO�DUH�VKRZQ�LQ�7DEOH���� 

2Q� WKH� DJJUHJDWHV� H[WUDFWHG� IURP� WKH� 5$3� PDWHULDO��
WKH� SK\VLFDO� SURSHUWLHV� RI� WKH� DJJUHJDWHV� ZHUH� WHVWHG�
DQG� WKH� VLHYH� DQDO\VLV� ZDV� WHVWHG�� 7KH� UHVXOWV� RI� WKH�
VLHYH� DQDO\VLV� WHVW� ZLOO� GHWHUPLQH� ZKHWKHU� WR� DGG�
DJJUHJDWH� WR� PHHW� WKH� $&-%&� PL[WXUH� JUDGDWLRQ�
VSHFLILFDWLRQV��7KH�UHVXOWV�RI�WKH�VLHYH�DQDO\VLV� WHVW�RI�
WKH� DJJUHJDWHV� H[WUDFWHG� IURP� WKH� 5$3� 0DWHULDO� DUH�
VKRZQ�LQ�7DEOH���� 

7KH� UHVXOWV� RI� WKH� VLHYH� DQDO\VLV� RI� WKH�5$3�PDWHULDO�
DJJUHJDWH� VKRZ� WKDW� WKH� SHUFHQWDJH� SDVVLQJ� LV� JUHDWHU�
WKDQ� WKH� VSHFLILFDWLRQV�� DV� VKRZQ� LQ�)LJXUH���� VR� WKDW�
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IRU� WKH�PDNLQJ�RI�DVSKDOW�PL[WXUHV��QHZ�DJJUHJDWHV�ZLOO�
EH�DGGHG�WR�VHYHUDO�DJJUHJDWHV�VL]HV�� 

)URP�WKH�UHVXOWV�RI�WKH�5$3�PDWHULDO�DJJUHJDWH�SK\VLFDO�
SURSHUWLHV� WHVW�� LW� LV� NQRZQ� WKDW� WKH� VSHFLILF� JUDYLW\� RI�
FRDUVH� DJJUHJDWH� LV� ����� ZLWK� DQ� DEVRUSWLRQ� RI� ������
ZKLOH� WKH� VSHFLILF�JUDYLW\�RI� ILQH�DJJUHJDWH� LV������ZLWK�
DQ�DEVRUSWLRQ�RI�������� 

����)XOO�H[WUDFWHG�DVEXWRQ�7HVW�5HVXOWV 

3K\VLFDO�WHVW�RI�IXOO�H[WUDFWHG�DVEXWRQ�ZDV�FRQGXFWHG�WR�
GHWHUPLQH�WKH�FKDUDFWHULVWLFV�RI�IXOO�H[WUDFWHG�DVEXWRQ�WR�
EH� XVHG� LQ� WKH�$&-%&�PL[WXUH��7KH� UHVXOWV� RI� WKH� IXOO�
H[WUDFWHG�DVEXWRQ�SK\VLFDO�SURSHUWLHV� WHVW� DUH� VKRZQ� LQ�
7DEOH���� 

 *DPEDU����5HVHDUFK�IORZFKDUW 

7DEOH����5$3�PDWHULDO�DVSKDOW�FRQWHQW�FDOFXODWLRQ� 

6DPSOH 
:HLJKW��JU� $VSKDOW�

&RQWHQW���� 6DPSOH $JJUHJDWH� $VSKDOW 

��� ��� ��� ���� �����–���� ��� 

, ��� ������ ����� ���� 

,, ��� ������ ����� ���� 

5$3�0DWHULDO�$YHUDJH�$VSKDOW�&RQWHQW� ���� 

7DEOH����5$3�PDWHULDO�DVSKDOW�FKDUDFWHULVWLFV 

1R 7HVW�7\SH 7HVW�5HVXOW 

� $VSKDOW�3HQHWUDWLRQ��GPP� ����� 

� $VSKDOW�6SHFLILF�*UDYLW\ ����� 

� 6RIWHQLQJ�3RLQW��R&� ����� 

� )ODVK�3RLQW��R&� ��� 

7DEOH����5$3�PDWHULDO�DJJUHJDWH�JUDGDWLRQ 

6LHYH�6L]H 
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5HFODLPHG�$VSKDOW 
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�5$3��0DWHULDO 
([WUDFWLRQ 

)UHVK�0DWHULDO 

6KHOO�3HQ������ 
$VSKDOW 

$JJUHJDWH 

· 3HQHWUDWLRQ�7HVW 
· 6SHFLILF�*UDYLW\ 
· 6RIWHQLQJ�3RLQW 
· )ODVK�3RLQW�DQG�)LUH�3RLQW 
· 'XFWLOLW\ 
· 'HJUHH�RI�6ROXELOLW\�LQ�7&, 
· 9LVFRVLW\ 
· 0DVV�/RVV�RI�%LWXPHQ�LQ�7)27 
· 3HQHWUDWLR�LQ�WKH�7)27 
· 'XFWLOLW\�LQ�WKH�7)27 

· 6LHYH�$QDO\VLV 
· 6SHFLILF�*UDYLW\�DQG�$EVRUSWLRQ 
· &RDWLQJ�DQG�6WULSSLQJ�RI�
%LWXPHQ-$JJUHJDWH 

· /RV�$QJHOHV�$EUDVLRQ�7HVW 
· *UDGLQJ�DQG�4XDOLW\�RI�)LQH�
$JJUHJDWH 
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7HVW 
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· %XON�'HQVLW\��XQLW�:HLJKW� 

([WUDFWHG�$VSKDOW ([WUDFWHG�$JJUHJDWH 
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· 3HQHWUDWLRQ�7HVW 
· 6SHFLILF�*UDYLW\ 
· 6RIWHQLQJ�3RLQW 
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· 6SHFLILF�*UDYLW\�DQG�
$EVRUSWLRQ 

· 3HQHWUDWLRQ�7HVW 
· 6RIWHQLQJ�3RLQW 

)XOO�([WUDFWHG�$VEXWRQ 
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$JHQW��1LFKLUHNL� 

0HHW 
5HTXLUHPHQW 

1R 
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0DNLQJ�$&-%&�0L[WXUH�7HVW�6SHFLPHQW�ZLWK���YDULDWLRQV�RI�WKH� 
5$3�FRQWHQW�ZLWK�WKH�DGGLWLRQ�RI�IXOO�H[WUDFWHG�DVEXWRQ�ZLWK� 
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�����)UHVK�0DWHULDO������RI�IXOO� 
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����IUHVK�0DWHULDO�������5$3 
0DWHULDO�������RI�IXOO�H[WUDFWHG 
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����IUHVK�0DWHULDO�������5$3 
0DWHULDO�������RI�IXOO�H[WUDFWHG 

$VEXWRQ���1LFKLUHNL 

'HWHUPLQDWLRQ�RI�2SWLPXP�$VSKDOW�&RQWHQW�IRU�HDFK 
YDULDWLRQ�RI�DVSKDOW�PL[WXUH�EDVHG�RQ�0DUVKDOO�7HVW�DQG� 

0DUVKDOO�5HIXVDO�'HQVLW\ 

0DNLQJ�7HVW�6SHFLPHQV�DW�2SWLPXP�$VSKDOW�&RQWHQW 
&RQGLWLRQV�IRU�(DFK�9DULDWLRQ�RI�$VSKDOW�0L[WXUH 

,QGLUHFW�7HQVLOH�5HVLOLHQW�0RGXOXV 
7HVW�ZLWK�D�WRRO� 0DUVKDOO�,PPHUVLRQ�7HVW 

�-3RLQW�%HQGLQJ�%HDP�)DWLJXH 
7HVW�ZLWK�D�WRRO�'76�-��� 
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��� 7KH� DGGLWLRQ� RI� )XOO� H[WUDFWHG� DVEXWRQ� DQG�
 3HQ� ������ +DUG� $VSKDOW� WR� 5$3� 0DWHULDO�
 ([WUDFWHG�$VSKDOW�DQG�5HMXYHQDWLQJ�0DWHULDO 

'HWHUPLQDWLRQ�RI�WKH�FRQWHQW�RI�1LFKLUHNL�UHMXYHQDWLQJ�
PDWHULDO�XVHG�ZDV�FRQGXFWHG�EDVHG�RQ� WKH�SHQHWUDWLRQ�
YDOXH� DSSURDFK�� $VSKDOW� H[WUDFWHG� IURP� WKH� 5$3�
0DWHULDO�ZDV�KHDWHG�XS� WR�����&�DQG� WKHQ�ZDV�DGGHG�
ZLWK� UHMXYHQDWLQJ� PDWHULDO� EDVHG� RQ� WKH� ZHLJKW� UDWLR��
7KH� DVSKDOW� H[WUDFWHG� IURP� WKH� 5$3� PDWHULDO� ZDV�
KHDWHG� WR�����&�DQG� WKHQ�D� UHMXYHQDWLQJ�PDWHULDO�ZDV�
DGGHG� EDVHG� RQ� WKH�ZHLJKW� UDWLR��7KH�SHQHWUDWLRQ� YDOXH�
UHIHUV� WR� WKH� EDVLF� DVSKDOW� UHTXLUHPHQWV�� QDPHO\� 3HQ�
������KDUG�DVSKDOW�IURP�WKH������%LQD�0DUJD�*HQHUDO�
6SHFLILFDWLRQV��UHY������$ORQJ�ZLWK� WKH� LQFUHDVH� LQ� WKH�
FRQWHQW� RI�1LFKLUHNL� LQ� WKH�5$3�PDWHULDO� DVSKDOW�� WKH�
SHQHWUDWLRQ�YDOXH�ZLOO�DOVR� LQFUHDVH��%DVHG�RQ� WKH� WHVW�
UHVXOWV�� LW� LV� NQRZQ� WKDW� WKH� DGGLWLRQ� RI� 1LFKLUHNL� RI�
����RI�ZHLJKW�RI�5$3�PDWHULDO�DVSKDOW�ZLOO�SURYLGH�D�
SHQHWUDWLRQ�YDOXH� WKDW� LV� LQ�DFFRUGDQFH�ZLWK�6KHOO�3HQ�
������$VSKDOW�� 

7R� GHWHUPLQH� WKH� SK\VLFDO� SURSHUWLHV� RI� WKH�
FRPELQDWLRQ� RI� 6KHOO� 3HQ� ������ $VSKDOW� DQG� IXOO�
H[WUDFWHG� DVEXWRQ�ZLWK� DVSKDOW� H[WUDFWLRQ�RI�5$3�DQG�
1LFKLUHNL�� D� WHVW� RI� WKH� SK\VLFDO� SURSHUWLHV� RI� DVSKDOW�
IURP� WKH� PL[WXUH� RI� WKHVH� PDWHULDOV� ZDV� FRQGXFWHG��

ZKHUH� WKH� FRPSRVLWLRQ� RI� IXOO� H[WUDFWHG� DVEXWRQ� ZDV�
����5$3�0DWHULDO� DVSKDOW� FRQWHQW�ZHUH�DW�����������
����� DQG� ����� DQG� 1LFKLUHNL� ZDV� ���� RI� WKH� WHVW�
VDPSOH�ZHLJKW�� 

7DEOH� �� VKRZV� WKDW� WKH� DGGLWLRQ� RI� IXOO� H[WUDFWHG�
DVEXWRQ�WR�WKH�6KHOO�3HQ�������$VSKDOW�VKRZV�WKDW�WKLV�
DVSKDOW� PL[WXUH� LV� VWLIIHU� DQG� KDV� WKH� DELOLW\� WR� UHVLVW�
EHWWHU� VXUIDFH� WHPSHUDWXUHV�� $VSKDOW� PL[WXUH� ZLWK� WKH�
XVH�RI�5$3�DQG�1LFKLUHNL�PDWHULDOV�RI�����UHVXOWV�LQ�D�
KLJKHU� SHQHWUDWLRQ� YDOXH� DQG� ORZHU� VRIWHQLQJ� SRLQW�
WHPSHUDWXUH� DORQJ� ZLWK� WKH� DGGLWLRQ� RI� 5$3� PDWHULDO�
FRQWHQW� DQG� WKH� DGGLWLRQ� RI� 1LFKLUHNL� PDNLQJ� WKH�
DVSKDOW�PL[WXUH�VRIWHU� 

7KH� UHVXOWV�RI� WHVW� DQG�DQDO\VLV�RI�NLQHPDWLF�YLVFRVLW\�
GDWD�VKRZ�WKDW�WKH�DGGLWLRQ�RI�IXOO�H[WUDFWHG�DVEXWRQ�WR�
WKH� 6KHOO� 3HQ� ������ $VSKDOW� DQG� WKH� XVH� RI� 5$3�
DVSKDOW�ZLOO�PDNH� WKH�PL[WXUH� WKLFNHU�� UHVXOWLQJ� LQ� DQ�
LQFUHDVH�LQ�WKH�PL[LQJ�WHPSHUDWXUH�DQG�WKH�WHPSHUDWXUH�
RI� WKH� DVSKDOW�PL[WXUH��ZKHUH� WKH�PL[LQJ� WHPSHUDWXUH�
DQG� FRPSDFWLRQ� WHPSHUDWXUH� UDQJH� RQ� WKH� 3HQ� ������
6KHOO� 3HQ� $VSKDOW� ����-���R&� DQG� ���-���R&�� ZDV�
ORZHU� FRPSDUHG� WR� WKH� PL[WXUH� RI� 6KHOO� 3HQ� ������
$VSKDOW� DQG� WKH� DGGLWLRQ� RI� IXOO� H[WUDFWHG� DVEXWRQ�
������-������&� DQG� ���-������&�� DQG� WKH� DGGLWLRQ� RI�
IXOO� H[WUDFWHG� DVEXWRQ� WR� WKH� 6KHOO� 3HQ� ������$VSKDOW�
DQG� WKH� XVH� RI� 5$3�$VSKDOW� DQG�1LFKLUHNL� JHQHUDWHG�
WKH� KLJKHVW� PL[LQJ� WHPSHUDWXUH� DQG� FRPSDFWLRQ�

7DEOH����7HVW�UHVXOWV�IRU�IXOO�([WUDFWHG�DVEXWRQ�SURSHUWLHV 

7HVW�7\SH 7HVW�5HVXOW 

3HQHWUDWLRQ��GPP� ����� 

6RIWHQLQJ�3RLQW��R&� ����� 

$VSKDOW�6SHFLILF�*UDYLW\ ����� 

7DEOH��� 5HODWLRQVKLS�RI�QLFKLUHNL�FRQWHQW�ZLWK�5$3�
 DVSKDOW�SHQHWUDWLRQ 

&RQWHQW�1LFKLUHNL 5$3�$VSKDOW�3HQHWUDWLRQ�9DOXH 
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� ����� 

�� ����� 

�� ����� 

�� ����� 

�� ����� 

�� ����� 

�� ����� 

7DEOH����$VSKDOW�PL[LQJ�SK\VLFDO�SURSHUWLHV�WHVW�UHVXOWV 
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7\SH 
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6RIWHQLQJ�
3RLQW �� - ����� ������ ����� ����� 

)LJXUH����&RPSDULVRQ�RI�VSHFLILFDWLRQV�IRU�PL[WXUH�
JUDGDWLRQ�DQG�DJJUHJDWH�JUDGDWLRQ�RI�5$3�PDWHULDO� 

7DEOH����0DUVKDOO�SDUDPHWHU�YDOXHV�XQGHU�2$&5HI�FRQGLWLRQ�IRU�HDFK�PL[WXUH�YDULDWLRQ 

&ULWHULD $�5$3� $�5$3�� $�5$3�� $�5$3�� 

2$&���� ���� ���� ���� ���� 
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WHPSHUDWXUH�RI�6KHOO�3HQ�������$VSKDOW�����-���R&�DQG�
���-���R&�� 

����$&-%&�PL[WXUH�WHVW 

,Q�WKLV�WHVW��WKH�PL[WXUHV�XVHG�ZHUH�� 

D� $�5$3��0L[WXUH�LV�D�PL[WXUH�ZLWK����5$3�0DWHULDO�
ZLWK�DQ�DGGLWLRQ�RI����RI�IXOO�H[WUDFWHG�DVEXWRQ� 

E� $�5$3���0L[WXUH�LV�D�PL[WXUH�ZLWK�����5$3�0DWHULDO�
ZLWK�DQ�DGGLWLRQ�RI����RI�IXOO�H[WUDFWHG�DVEXWRQ� 

F� $�5$3���0L[WXUH�LV�D�PL[WXUH�ZLWK�����5$3�0DWHULDO�
ZLWK�DQ�DGGLWLRQ�RI����RI�IXOO�H[WUDFWHG�DVEXWRQ� 

G� $�5$3���0L[WXUH�LV�D�PL[WXUH�ZLWK�����5$3�0DWHULDO�
ZLWK�DQ�DGGLWLRQ�RI����RI�IXOO�H[WUDFWHG�DVEXWRQ� 

������0DUVKDOO�WHVW�DQG�DEVROXWH�GHQVLW\�DSSURDFK 

0DUVKDOO� WHVW� ZDV� FRQGXFWHG� WR� REWDLQ� WKH� 2SWLPXP�
$VSKDOW� &RQWHQW� �2$&�� IURP� HDFK� PL[WXUH� YDULDWLRQ��
2$&�ZDV�REWDLQHG�EDVHG�RQ�DVSKDOW�FRQWHQW�WKDW�PHW�WKH�
0DUVKDOO� SDUDPHWHU� VSHFLILFDWLRQV� DQG� PL[WXUH�
YROXPHWULFV�� QDPHO\� VWDELOLW\�� IORZ�� 9,0�� 90$�� DQG�
9)$� EDVHG� RQ�0DUVKDOO� WHVW� UHVXOWV� WR� REWDLQ�0DUVKDOO�
2$&�DQG�$EVROXWH�'HQVLW\�$SSURDFK� WR�REWDLQ�2$&5HI�
DFFRUGLQJ�WR�WKH������%LQD�0DUJD�*HQHUDO�6SHFLILFDWLRQV�
�UHY������7KH�2$&�YDOXH�RI�HDFK�PL[WXUH�LV�SUHVHQWHG�LQ�
7DEOH���� 

������0DUVKDOO�LPPHUVLRQ�WHVW 

7KH�0DUVKDOO�,PPHUVLRQ�WHVW�ZDV�FRQGXFWHG�WR�GHWHUPLQH�
WKH� GXUDELOLW\� RI� WKH� DVSKDOW� PL[WXUH� DJDLQVW� ZDWHU�
GDPDJH� E\� LPPHUVLQJ� WKH� VSHFLPHQV� LQ� ZDWHU� DW� D�
WHPSHUDWXUH�RI���R&�IRU����KRXUV�� WKHQ�FRPSDULQJ� WKHP�
ZLWK� WKH� VSHFLPHQV� LPPHUVHG� LQ� VWDQGDUG� FRQGLWLRQ�
�LPPHUVLRQ� IRU� ���PLQXWHV���7KH�SHUFHQWDJH�RI� VWDELOLW\�
FRPSDULVRQ� LV�FDOOHG� WKH�5HVLGXDO�6WUHQJWK�,QGH[��56,���
7KH� WHVW� VSHFLPHQ� XVHG� IRU� WKLV� WHVW� ZDV� D� PL[WXUH� RI�
DVSKDOW�XQGHU�2$&5HI�FRQGLWLRQ��0DUVKDOO�LPPHUVLRQ�WHVW�
UHVXOWV�DUH�VKRZQ�LQ�7DEOH���� 

������5HVLOLHQW�PRGXOXV�WHVW�ZLWK�80$77$ 

5HVLOLHQW� 0RGXOXV� 7HVW� ZDV� FRQGXFWHG� XVLQJ� WKH�
80$77$� WRRO�� ZKHUH� WKH� WHVW� VSHFLPHQ� XVHG� ZDV�
GLDPHWULFDOO\� VKDSHG� OLNH� WKH� 0DUVKDOO� WHVW� VSHFLPHQ�
DQG� PDGH� XQGHU� 2$&UHI� FRQGLWLRQ�� 7KH� WHVW� PHWKRG�
UHIHUUHG�WR�$$6+72�73���DQG�$670�'�����-���ZLWK�
WHVW� WHPSHUDWXUHV�RI� ��R&�DQG���R&��7KH� UHVXOWV� RI� WKH�
5HVLOLHQW� 0RGXOXV� WHVW� IRU� HDFK� PL[WXUH� YDULDWLRQ� DUH�
VKRZQ�LQ�7DEOH���� 

����� 5HVLVWDQFH� WR� IDWLJXH� WHVW� ZLWK� WKH� IRXU� SRLQW�
 ORDGLQJ�WHVW�PHWKRG 

7KLV� WHVW� ZDV� FRQGXFWHG� RQ� HYHU\� PL[WXUH� YDULDWLRQ�
XQGHU� 2$&5HI� FRQGLWLRQ�� 7KH� WHVW� REMHFW� ZDV� D� EHDP�
ZKHUH�HDFK�PL[WXUH�YDULDWLRQ�ZDV�WHVWHG�DW�WZR�OHYHOV�RI�
VWUDLQ��QDPHO\�����DQG������$FFRUGLQJ� WR�$$6+72�7�
���-���� WKH� IDWLJXH� WHVW� WHPSHUDWXUH� ZDV� ������R&��
)DWLJXH�WHVW�UHVXOWV�FDQ�EH�VHHQ�LQ�7DEOH����� 

���'DWD�$QDO\VLV 

����5$3�PDWHULDO�H[WUDFWLRQ�WHVW�DQDO\VLV 

7KH� DVSKDOW� LQ� WKH� 5$3� PDWHULDO� KDG� XQGHUJRQH� DQ�
R[LGDWLRQ� SURFHVV�ZKLFK� FDXVHG� WKH� HYDSRUDWLRQ� RI� WKH�
OLJKW�IUDFWLRQ�LQ�WKH�DVSKDOW�DQG�WKH�FKDQJH�LQ�WKH�OLTXLG�
IUDFWLRQ� �PDOWHQHV�� WR� VROLG� �DVSKDOWHQHV�� VR� WKDW� WKH�
DVSKDOW� EHFDPH� KDUGHU� RU� VWLIIHU�� DV� VHHQ� IURP� WKH�
DYHUDJH�SHQHWUDWLRQ�YDOXH�RI� ������GPP�DQG�VRIWHQLQJ�
SRLQW� DW� D� WHPSHUDWXUH� RI� �����R&�� VR� D� KLJKHU�
WHPSHUDWXUH� RU� WKH� DGGLWLRQ� RI� D� UHMXYHQDWLQJ� PDWHULDO�
ZDV�QHHGHG�WR�PDNH�WKH�DVSKDOW�VRIWHU� 

:KLOH�IRU�WKH�DJJUHJDWH�RI�5$3�PDWHULDO��WKH�UHVXOWV�RI�
WKH� VLHYH� DQDO\VLV� VKRZ� WKDW� WKH� JUDGDWLRQ� RI� WKH�
DJJUHJDWH� RI� 5$3� PDWHULDO� WHQGHG� WR� EH� VPRRWK��
EHFDXVH�WKH�DJJUHJDWH�H[SHULHQFHG�ZHDU�GXH�WR� IULFWLRQ�
ZLWK� WUDIILF� ORDGV� DQG� GXH� WR� WKH� DVSKDOW� VWULSSLQJ�
SURFHVV� XVLQJ� D� UHF\FOHU� PDFKLQH� �PLOOLQJ� PDFKLQH��

7DEOH����0DUVKDOO�LPPHUVLRQ�WHVW�5HVXOWV 
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��-KRXU�,PPHUVLRQ�6WDELOLW\��NJ���% - ������ ������� ������� ������� 

56,����� %�$ !�� ����� ����� ����� ����� 

7DEOH����5HVLOLHQW�PRGXOXV�WHVW�ZLWK�80$77$�WRRO 
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ZKLFK� EURNH� WKH� DJJUHJDWH� LQWR� ILQHU� IUDFWLRQV�� 7KH�
UHVXOWV� RI� WKH� WHVW� RI� VSHFLILF� JUDYLW\� RI� WKH� 5$3�
PDWHULDO� DJJUHJDWH� DQG� DEVRUSWLRQ� VKRZ� WKDW� WKH�
DJJUHJDWH� RI� WKH� 5$3� PDWHULDO� ZDV� TXLWH� JRRG� DQG�
FRXOG�EH�UHXVHG�LQ�WKH�PDNLQJRI�DVSKDOW�PL[WXUHV� 

����)XOO�H[WUDFWHG�DVEXWRQ�WHVW�DQDO\VLV 

7KH�WHVW�UHVXOWV�RI�WKH�DYHUDJH�SHQHWUDWLRQ�YDOXH�RI�IXOO�
H[WUDFWHG� DVEXWRQ� RI� ������ GPP� LQGLFDWHG� WKDW� IXOO�
H[WUDFWHG� DVEXWRQ�KDG� VWLIIHU� SURSHUWLHV��7KLV� FDQ� DOVR�
EH� VHHQ� IURP� WKH� VRIWHQLQJ�SRLQW� WHVW�RI� IXOO� H[WUDFWHG�
DVEXWRQ�DW�D�WHPSHUDWXUH�RI�����R&�� 

��� $QDO\VLV� RI� DGGLWLRQ� RI� IXOO� H[WUDFWHG� DVEXWRQ�
 DQG� SHQ� ������ KDUG� DVSKDOW� ZLWK� 5$3�
 H[WUDFWLRQ�DVSKDOW�DQG�UHMXYHQDWLQJ�PDWHULDO 

7KH� DGGLWLRQ�RI� IXOO� H[WUDFWHG� DVEXWRQ�ZRXOG� LQFUHDVH�
WKH� KDUGQHVV� RI� 6KHOO� 3HQ� ������ $VSKDOW� ZKHUH� WKH�
SHQHWUDWLRQ� YDOXH� ZDV� ������ GPP�� DQG� WKH� VRIWHQLQJ�
SRLQW�DW������R&�ZDV�KLJKHU�WKDQ�WKH�VRIWHQLQJ�SRLQW�RI�
6KHOO�3HQ�������$VSKDOW��WKLV�LQGLFDWHG�WKH�DGGLWLRQ�RI�
IXOO� H[WUDFWHG� DVEXWRQ� WR� WKH� 6KHOO� 3HQ� ������$VSKDOW�
FRXOG�EH�XVHG�LQ�KLJK�WHPSHUDWXUH�FRQGLWLRQV� 

7KH�UHVXOWV�RI�WKH�WHVW�RQ�5$3�DVSKDOW�ZLWK�WKH�DGGLWLRQ�
RI�1LFKLUHNL��EDVHG�RQ�WKH�UHVXOWV�RI�WKH�SHQHWUDWLRQ�WHVW�
DSSURDFK��VKRZ�WKDW�����RI�1LFKLUHNL�ZDV�UHTXLUHG�WR�
DGG�WR�WKH�ZHLJKW�RI�5$3�DVSKDOW� 

7KH� LQFUHDVH� LQ� WKH� SHUFHQWDJH� RI� 5$3� DVSKDOW� ZDV�
DOVR�LQ�OLQH�ZLWK�WKH�DPRXQW�RI�1LFKLUHNL�UHMXYHQDWLQJ�
PDWHULDO� XVHG� DQG� FRQVLVWHQWO\� LQFUHDVHG� WKH�
SHQHWUDWLRQ�YDOXH�DQG�ORZHUHG�WKH�VRIWHQLQJ�SRLQW��7KLV�
VKRZV�WKDW�WKH�XVH�RI�1LFKLUHNL�LQ�DVSKDOW�PL[LQJ�FRXOG�
PDNH� WKH� DVSKDOW� PL[WXUH� VRIWHU� VR� WKDW� LW� FRXOG�
LQFUHDVH� HODVWLFLW\� DQG� JLYH� DQ� HIIHFW� RQ� WKH�
SHUIRUPDQFH�RI�WKH�$&-%&�PL[WXUH� 

����0DUVKDOO�WHVW�UHVXOWV�DQDO\VLV 

7KH� PL[WXUH� RI� $�5$3�� SURGXFHG� WKH� KLJKHVW�
PD[LPXP� VWDELOLW\� YDOXH� RI� ��������� NJ� EHFDXVH� WKH�
DVSKDOW� PL[WXUH� RI� 3HQ� ������ DVSKDOW� ZLWK� IXOO�
H[WUDFWHG� DVEXWRQ� ZDV� VWLIIHU�� ,Q� D� PL[WXUH� RI�
$�5$3���� $�5$3���� DQG� $�5$3��� WKH� VWDELOLW\�
YDOXH� GHFUHDVHG� ZLWK� WKH� DGGLWLRQ� RI� DVSKDOW� FRQWHQW��
ZKHUH�WKH�PD[LPXP�VWDELOLW\�YDOXH�ZDV�REWDLQHG�DW�WKH�
PLQLPXP�DVSKDOW�FRQWHQW�RI����������NJ�����������NJ��
��������� NJ�� WKLV� LQGLFDWHV� WKH� KLJKHU� WKH� DVSKDOW�

FRQWHQW�� WKH� KLJKHU� WKH� DPRXQW� RI� UHMXYHQDWLQJ�
PDWHULDO��DOORZLQJ�WKH�DVSKDOW�LQ�WKH�$&-%&�PL[WXUH�WR�
EHFRPH�VRIWHU�VR� WKDW�WKH�VWUHQJWK�RI�WKH�PL[WXUH�WR�FDUU\�
WKH�ORDG�GHFUHDVHG� 

7KH� UHVXOWV� RI� WKH� IORZ� WHVW�� LQ� DOO� YDULDWLRQV� RI� WKH�
PL[WXUH�� WKH� YDOXH� LQFUHDVHG� ZLWK� WKH� DGGLWLRQ� RI�
DVSKDOW� FRQWHQW�� ZKHUH� WKH� $�5$3�� PL[WXUH� KDV� WKH�
ORZHVW� IORZ� YDOXH� GXH� WR� WKH� KLJKHU� VWLIIQHVV� RI� WKH�
DVSKDOW��ZKLOH�WKH�PL[WXUH�FRQWDLQLQJ�5$3��WKH�PL[WXUH�
RI�DVSKDOW�DQG�1LFKLUHNL�UHMXYHQDWLQJ�PDWHULDO�EHFDPH�
VRIW��VR�WKDW�WKH�IORZ�YDOXH�ZDV�KLJKHU��7KLV�DOORZV�WKH�
$�5$3��PL[WXUH�WR�UHFHLYH�D�JUHDWHU�ORDG�WKDQ�WKH�PL[WXUH�
FRQWDLQLQJ�5$3�PDWHULDO�EHIRUH�XQGHUJRLQJ�GHIRUPDWLRQ� 

$�5$3�� PL[WXUH� SURGXFHG� D� KLJKHU� 04� YDOXH�� LQ�
DFFRUGDQFH�ZLWK� WKH�UHVXOWV�RI�VWDELOLW\�DQG�IORZ�WHVWV��
:KLOH� LQ� WKH� YDULDWLRQ� RI� WKH� PL[WXUH� ZLWK� 5$3�
PDWHULDO�� WKH� UHVXOWLQJ� 04� YDOXH� GHFUHDVHG� ZLWK�
LQFUHDVLQJ� DVSKDOW� FRQWHQW�� ZKHUH� DV� DVSKDOW� FRQWHQW�
LQFUHDVHG�� WKH� UHVXOWLQJ� VWDELOLW\� YDOXH� GHFUHDVHG�� DQG�
WKH�\LHOG�YDOXH�LQFUHDVHG� 

7KH�9,0�YDOXH�LQ�WKH�$�5$3��PL[WXUH�VKRZV�D�KLJKHU�
YDOXH�� GXH� WR� WKH� DVSKDOW� PL[WXUH� EHLQJ� VWLIIHU� DQG�
FDXVLQJ�WKH�DVSKDOW� WR�QRW�EH�DEOH�WR�IXOO\� ILOO� WKH�YRLG�
LQ� PL[�� 0HDQZKLOH�� LQ� DOO� YDULDWLRQV� RI� WKH� PL[WXUH�
ZLWK� 5$3� PDWHULDO�� WKH� 9,0� YDOXH� ZDV� VPDOOHU�
EHFDXVH� WKH� DVSKDOW� PL[WXUH� KDG� D� IDLUO\� JRRG�
HODVWLFLW\��DQG�WKH�JUHDWHU�WKH�DVSKDOW�FRQWHQW��WKH�PRUH�
90$�ILOOHG�ZLWK�DVSKDOW� 

7KH�90$�YDOXH�WHQGHG�WR�LQFUHDVH�ZLWK�WKH�DGGLWLRQ�RI�
DVSKDOW� FRQWHQW� LQ� HDFK� YDULDWLRQ� RI� WKH� PL[WXUH�� 7KH�
KLJK�90$�YDOXH�ZDV�EHFDXVH� WKH�PRGLILHG�DVSKDOW� LQ�
WKH� $�5$3�� DQG� $�5$3��� PL[WXUH� ZDV� VWLIIHU� DQG�
GLG� QRW� FRPSOHWHO\� FRYHU� WKH� DJJUHJDWH� YRLGV��
0HDQZKLOH�� WKH� $�5$3��� PL[WXUH� KDG� WKH� ORZHVW�
90$� YDOXH�� 7KLV� ZDV� SRVVLEOH� EHFDXVH�� RQ� WKH�
PL[WXUHV�ZLWK�5$3�PDWHULDO��WKH�DVSKDOW�ZDV�VRIWHU�DQG�
DEOH�WR�ILOO�WKH�DJJUHJDWH�SRUHV�TXLWH�ZHOO� 

7KH�$�5$3��PL[WXUH�KDG�D�ORZHU�9)$�YDOXH�WKDQ�WKH�
PL[WXUHV�ZLWK�5$3�PDWHULDO�� GXH� WR� WKH� ORZHU� DVSKDOW�
FRQWHQW��VR�LW�FRXOG�QRW�ILOO�WKH�PL[WXUH�YRLGV�RSWLPDOO\��
:KLOH� WKH�PL[WXUH�ZLWK�5$3�PDWHULDO�� LQ� JHQHUDO�� WKH�
9)$�YDOXH�ZDV�KLJKHU��ZKHUH�WKH�DVSKDOW�FRQWHQW�ZDV�
KLJKHU� ZKLFK� LQGLFDWHV� WKDW� WKH� PL[WXUH� XVLQJ� 5$3�
PDWHULDO� FDXVHG� WKH� DVSKDOW� WR� EH� PRUH� FDSDEOH� RI�
ILOOLQJ� DJJUHJDWH� YRLGV� DQG� KDV� D� WKLFNHU� DVSKDOW�
EODQNHW� 

7DEOH�����)DWLJXH�WHVW�ZLWK�IRXU�SRLQW�ORDGLQJ�WHVW�PHWKRG�UHVXOWV 

0L[WXUH�7\SH 6WUDLQ�/HYHO���İ� 
)OH[XUDO�6WLIIQHVV��03D� 

/RDG�5HSHWLWLRQ��&\FOHV� 
,QLWLDO &XUUHQW 7HUPLQDWLRQ 

$�5$3� 
��� ���� ���� ���� ������ 
��� ���� ���� ���� ���� 

$�5$3�� 
��� ���� ���� ���� ������ 
��� ���� ���� ���� ���� 

$�5$3�� 
��� ���� ���� ���� ����� 
��� ���� ���� ���� ����� 

$�5$3�� 
��� ���� ��� ���� ������ 
��� ���� ���� ���� ����� 
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����0L[WXUH�DQDO\VLV�XQGHU�2$&�FRQGLWLRQ 

7KH�FRPSDULVRQ�EHWZHHQ�2$&5HI�YDOXHV�IRU�HDFK�PL[WXUH�
YDULDWLRQ�FDQ�EH�VHHQ�LQ�)LJXUH���� 

7KH� .$2� YDOXH� LQ� WKH� $�5$3�� PL[WXUH� ZDV� VPDOOHU�
WKDQ�WKH�PL[WXUH�XVLQJ�5$3�PDWHULDO��,Q�D�PL[WXUH�XVLQJ�
5$3� PDWHULDO�� WKH� 2$&5HI� YDOXH� LQFUHDVHG� ZLWK� WKH�
DGGLWLRQ�RI�WKH�SHUFHQWDJH�RI�5$3�PDWHULDO�EHFDXVH�LQ�D�
PL[WXUH� XVLQJ� 5$3� PDWHULDO�� WKH� LQFUHDVLQJ� FRQWHQW� RI�
5$3� PDWHULDO� ZRXOG� UHTXLUH� PRUH� DVSKDOW� WR� FRYHU� WKH�
DJJUHJDWH�LQ�WKH�PL[WXUH�� 

����0DUVKDOO�LPPHUVLRQ�WHVW�DQDO\VLV 

5HVLGXDO� 6WUHQJWK� ,QGH[� �56,�� RQ� WKH�$�5$3��PL[WXUH�
ZDV� WKH� ORZHVW� ���������� 7KLV� VKRZV� WKDW� ZDWHU�
LQILOWUDWLRQ� DQG� WHPSHUDWXUH� ZHUH� TXLWH� LQIOXHQWLDO� LQ�
UHGXFLQJ�WKH�VWDELOLW\�YDOXH��,Q�DGGLWLRQ��WKH�WKLFNQHVV�RI�
WKH� DVSKDOW� EODQNHW� WKDW� ZDV� QRW� RSWLPDO� FRXOG� DOVR� EH�
RQH� RI� WKH� IDFWRUV� WKDW� FDXVHG� WKH� GXUDELOLW\� RI� WKH�
PL[WXUH�WR�GHFUHDVH�DJDLQVW�WKH�LQIOXHQFH�RI�ZDWHU��,Q�WKH�
PL[WXUH�ZLWK�5$3�PDWHULDO�� WKH�56,�YDOXH�REWDLQHG�ZDV�
!�����DQG�LQFUHDVHG�ZLWK�WKH�DGGLWLRQ�RI�WKH�SHUFHQWDJH�
RI� 5$3� PDWHULDO� LQ� WKH� PL[WXUH�� 7KLV� VKRZV� WKDW� WKH�
PL[WXUH�XVLQJ�5$3�PDWHULDO�KDG�EHWWHU�DGKHVLRQ�EHWZHHQ�
DJJUHJDWH� DQG� DVSKDOW� DQG� KDG� JRRG� UHVLVWDQFH� WR� WKH�
LQIOXHQFHV� RI� ZDWHU� DQG� WHPSHUDWXUH� DQG� FDXVHG� WKH�
PL[WXUH�WR�EHFRPH�ZDWHUWLJKW�DQG�PRUH�GXUDEOH�EHFDXVH�
LW�ZDV�QRW�SURQH�WR�VWULSSLQJ� 

����5HVLOLHQW�PRGXOXV�WHVW�DQDO\VLV 

5HVLOLHQW� PRGXOXV� WHVW� UHVXOWV� XVLQJ� 80$77$� WRRO� DW�
WHPSHUDWXUHV�RI���R&�DQG���R&�FDQ�EH�VHHQ�LQ�)LJXUH���� 

$W�WKH�WHVW�WHPSHUDWXUH�RI���R&�DQG���R&��WKH�$�5$3��
PL[WXUH�SURGXFHG�TXLWH�KLJK�5HVLOLHQFH�0RGXOXV�YDOXHV�
RI� ������ 03D� DQG� ������ 03D�� WKHVH� YDOXHV� ZHUH�
LQIOXHQFHG� E\� DVSKDOW� PRGLILFDWLRQ� RI� 6KHOO� 3HQ� ������
$VSKDOW� ZLWK� WKH� DGGLWLRQ� RI� IXOO� H[WUDFWHG� DVEXWRQ�
ZKLFK�KDG�KLJK�VWLIIQHVV��ZKLFK�ZDV�DOVR�LQ�DFFRUGDQFH�
ZLWK� WKH� VWDELOLW\� YDOXH� DQG� \LHOG� YDOXH� VR� WKDW� LW� KDG�
JRRG�GHIRUPDWLRQ�UHVLVWDQFH� 

,Q�PL[WXUHV�ZLWK�5$3�PDWHULDO�� DW� WKH� WHVW� WHPSHUDWXUH�
RI� ��R&� DQG� ��R&�� WKH� $�5$3��� PL[WXUH� KDG� WKH�
KLJKHVW� 5HVLOLHQW� 0RGXOXV� YDOXH� FRPSDUHG� WR� WKH�
$�5$3��� DQG�$�5$3���PL[WXUHV�� ZKLFK� ZHUH� ������
03D�DQG�����03D��7KH�$�5$3���PL[WXUH�KDG�D�KLJKHU�
5HVLOLHQW�0RGXOXV�YDOXH�EHFDXVH� LW� KDG� D� VPDOOHU� YRLG�
LQ�PL[�DQG�KDG�D�KLJKHU�2$&�WKDQ�WKH�$�5$3��PL[WXUH�
VR�WKDW�WKHUH�ZDV�DQ�DGHTXDWH�DVSKDOW�ILOP�OD\HU�WR�FRYHU�
WKH� DJJUHJDWH� WR� PDLQWDLQ� WKH� ERQG� EHWZHHQ� WKH�
DJJUHJDWHV� ZKHQ� JLYHQ� D� ORDG� DW� ORZ� DQG� KLJK�
WHPSHUDWXUHV�� :KLOH� WKH� $�5$3��� DQG� $�5$3���
PL[WXUHV�� DW� WHVW� WHPSHUDWXUHV� RI� ��R&� DQG� ��R&��
SURGXFHG� D� KLJK�5HVLOLHQW�0RGXOXV� RI� ������03D� DQG�
����03D��UHVSHFWLYHO\��DQG�������03D�DQG�����03D� 

����5HVLVWDQFH�WR�IDWLJXH�WHVW�UHVXOW� 

,Q�WKH�WHVW�ZLWK�D�VWUDLQ�RI������İ��WKH�$�5$3��PL[WXUH�
SURGXFHG� WKH� ORQJHVW� IDWLJXH� OLIH� RI� �������� F\FOHV��
ZKLFK� VKRZV� WKDW� WKH� PL[WXUH� FRQWDLQLQJ� PRGLILHG�
$VSKDOW�6KHOO�3HQ�������DQG�IXOO�H[WUDFWHG�DVEXWRQ�KDV�
EHWWHU�IDWLJXH�UHVLVWDQFH�� 

,Q�WKH�WHVW�ZLWK�D�VWUDLQ�RI������İ��WKH�$�5$3��PL[WXUH�
SURGXFHG�WKH�VKRUWHVW�IDWLJXH�OLIH�RI�������F\FOHV��ZKLFK�
VKRZV�WKH�KLJK�VWLIIQHVV�RI�WKH�$�5$3��PL[WXUH��SURQH�

)LJXUH����2$&5HI�YDOXHV�FRPSDULVRQ�IRU�HDFK�YDULDWLRQ�RI�
PL[WXUH 

)LJXUH����&RPSDULVRQ�EHWZHHQ�UHVLOLHQW�PRGXOXV�YDOXHV�
XVLQJ�80$77$�WHVW�WRRO 

7DEOH�����0DUVKDO�SDUDPHWHUV�RI�HDFK�PL[WXUH�YDULDWLRQ�XQGHU�2$&�FRQGLWLRQ 

0DUVKDOO�3DUDPHWHU 6SHFLILFDWLRQ $�5$3� $�5$3�� $�5$3�� $�5$3�� 

2$&���� - ���� ���� ���� ���� 

6WDELOLW\��NJ� PLQ������ �������� �������� �������� �������� 

)ORZ��PP� ��-�� ���� ���� ���� ���� 

9,0���� ��–�� ���� ���� ���� ���� 

90$���� 0LQ��� ����� ����� ����� ����� 

9)$���� 0LQ��� ����� ����� ����� ����� 

04��NJ�PP�   ������ ������ ������ ������ 
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WR�KLJK�VWUDLQ��EHFDXVH�WKH�JUHDWHU�WKH�VWUHVV�JHQHUDWHG�
DQG�WKH�IDVWHU�IDLOXUH�LV�DFKLHYHG� 

,Q� WKH�PL[WXUHV� ZLWK�5$3�PDWHULDO� DW� D� VWUDLQ� RI� ����
�İ�� WKH� ORQJHVW� IDWLJXH� OLIH� ZDV� SURGXFHG� LQ� WKH�
$�5$3��� PL[WXUH� RI� �������� F\FOHV�� :KLOH� IRU� WKH�
PL[WXUH� RI� $�5$3��� DQG� $�5$3��� WKH\� ZHUH�
��������F\FOHV�DQG��������F\FOHV�RU�����������������
DQG� ������� FRPSDUHG� WR� WKH� IDWLJXH� OLIH� RI� WKH�
$�5$3��PL[WXUH�� 7KLV� VKRZV� WKDW� WKH� PL[WXUH� XVLQJ�
5$3� KDV� D� IDLUO\� KLJK� 5HVLOLHQW�0RGXOXV�� VR� WKDW� WKH�
PL[WXUH�WHQGV�WR�JHW�IDWLJXHG�PRUH�TXLFNO\� 

$W�D�VWUDLQ�RI������İ��WKH�PL[WXUHV�ZLWK�5$3�PDWHULDO�
SURGXFHG� D� IDLUO\� ORQJ� IDWLJXH� OLIH�� ZKHUH� WKH�
$�5$3���� $�5$3���� DQG� $�5$3��� PL[WXUHV¶�
IDWLJXH� OLIH� ZDV� ������ F\FOHV�� ������� F\FOHV�� DQG�
������� F\FOHV� RU� HTXDO� WR� ��������� ��������� DQG�
�������� FRPSDUHG� WR� WKH� $�5$3��PL[WXUH¶V� IDWLJXH�
OLIH��,W�LV�SRVVLEOH�WKDW�WKH�PL[WXUH�XVLQJ�5$3�PDWHULDO�
KDV�D�FRPSRVLWH�DVSKDOW�WKDW�KDV�KLJK�HODVWLFLW\��VR�WKDW�
DW� KLJK� VWUDLQ�� WKH� PL[WXUH� ZLWK� WKH� XVH� RI� 5$3�
PDWHULDO�LV�PRUH�IOH[LEOH��VR�LW�LV�UHVLVWDQW�WR�IDWLJXH� 

���&RQFOXVLRQV�DQG�6XJJHVWLRQV 

����&RQFOXVLRQV 

%DVHG� RQ� WKH� SUHVHQWDWLRQ� DQG� DQDO\VLV� RI� WKH� GDWD�� LW�
FDQ�EH�FRQFOXGHG�WKDW� 

�� 7KH� WHVW� UHVXOWV� RQ� WKH� H[WUDFWHG� 5$3� PDWHULDO�
VKRZHG� WKDW� WKH� 5$3� DVSKDOW� PDWHULDO� KDV�
XQGHUJRQH� DJLQJ� VR� WKDW� LW� EHFRPHV� VWLIIHU�� ZKHUH�
ZLWK� WKH� DGGLWLRQ� RI� ���� 1LFKLUHNL�� WKH� 5$3�
DVSKDOW�PDWHULDO�PD\�EHFRPH�VRIWHU�VR�WKDW�LW�FDQ�EH�
XVHG� LQ� DVSKDOW� PL[WXUHV�� :KLOH� IRU� WKH� 5$3�
PDWHULDO� DJJUHJDWH�� LW� LV� QHFHVVDU\� WR� DGG� VHYHUDO�
QHZ� DJJUHJDWH� VL]HV� WR� PDLQWDLQ� WKH� SODQQHG�
JUDGDWLRQ�WR�PHHW�VSHFLILFDWLRQV� 

�� 7KH�DGGLWLRQ�RI�IXOO�H[WUDFWHG�DVEXWRQ�WR�6KHOO�3HQ�
������ $VSKDOW� ZLWKRXW� 5$3� DVSKDOW� KDV� D� ORZHU�
SHQHWUDWLRQ� YDOXH� DQG� KLJKHU� PHOWLQJ� SRLQW�
WHPSHUDWXUH� WKDQ� PL[WXUHV� ZLWK� 5$3� DVSKDOW� DQG�
1LFKLUHNL�� 7KH� LQFUHDVH� LQ�5$3� DVSKDOW� FRQWHQW� LQ�
WKH�FRPELQDWLRQ�RI�3HQ�������6KHOO�DVSKDOW�DQG�IXOO�
H[WUDFWHG� DVEXWRQ�ZLWK�5$3�DVSKDOW� DQG�1LFKLUHNL�
LQGLFDWHV� WKDW� WKH� DVSKDOW� PL[WXUH� EHFRPHV� VRIWHU��

)LJXUH����)DWLJXH�OLIH�DW������İ�DQG������İ�VWUDLQV�IRU�HDFK�PL[WXUH�YDULDWLRQ� 

LQGLFDWHG�E\�WKH�JUHDWHU�SHQHWUDWLRQ�YDOXH�DQG�ORZHU�
VRIWHQLQJ�SRLQW�WHPSHUDWXUH� 

�� 8QGHU� 2$&5HI� FRQGLWLRQ�� WKH� VWDELOLW\� DQG� 04�
YDOXHV� LQ� WKH� PL[WXUH� ZLWKRXW� 5$3� PDWHULDO�
�$�5$3��� UHVXOWHG� LQ� WKH� KLJKHVW� YDOXHV� DQG� WKH�
ORZHVW� IORZ� YDOXH�� 2Q� PL[WXUHV� XVLQJ� 5$3�
PDWHULDO��WKH�56,�REWDLQHG�ZHUH�KLJKHU�WKDQ����� 

�� $W� WKH� WHVW� WHPSHUDWXUH� RI� ��R&� DQG� ��R&�� WKH�
$�5$3��PL[WXUH� SURGXFHG� D� IDLUO\� KLJK�5HVLOLHQW�
0RGXOXV�YDOXH�RI�������03D�DQG�������03D��ZKLOH�
IRU� WKH� PL[WXUHV� ZLWK� 5$3� PDWHULDO�� DW� WKH� WHVW�
WHPSHUDWXUH� RI� ��R&� DQG� ��R&�� WKH� $�5$3���
PL[WXUH�KDG�WKH�KLJKHVW�5HVLOLHQW�0RGXOXV�YDOXH�RI�
������03D� DQG� ����03D��7KH�$�5$3���PL[WXUH�
DOVR� KDG� D�5HVLOLHQW�0RGXOXV� YDOXH� RI� ������03D�
DQG�����03D� 

�� $W� D� VWUDLQ� RI� ���� �İ�� WKH� $�5$3�� PL[WXUH�
SURGXFHG� WKH� ORQJHVW� IDWLJXH� OLIH� ��������� F\FOHV���
ZKLOH�DW�D�VWUDLQ�RI������İ��WKH�IDWLJXH�OLIH�ZDV�WKH�
VKRUWHVW� ������� F\FOHV��� )RU� PL[WXUHV� XVLQJ� 5$3�
PDWHULDO�� DW� D� VWUDLQ� RI� �����İ�� WKH� ORQJHVW� IDWLJXH�
OLIH�ZDV�SURGXFHG�E\�$�5$3���PL[WXUH���������RI�
$�5$3�¶V�IDWLJXH�OLIH��:KLOH�DW�D�VWUDLQ�RI������İ��
LW�ZDV���������RI�$�5$3�¶V�IDWLJXH�OLIH��7KLV�ZDV�
SUREDEO\�EHFDXVH�PL[WXUHV�XVLQJ�5$3�PDWHULDO�DUH�
PRUH�IOH[LEOH�DQG�UHVLVWDQW�WR�IDWLJXH� 

�� 2YHUDOO�7HVW�&RQFOXVLRQ 
*HQHUDOO\�� EDVHG� RQ� WKH� UHVXOWV� RI� WHVWV� DQG�
DQDO\VLV�� IRU� WKH� VXLWDELOLW\� RI� WKH� XVH� RI� IXOO�
H[WUDFWHG�DVEXWRQ�ZLWK�WKH�SHUIRUPDQFH�RI�WKH�$&-
%&�PL[WXUH�ZLWK� WKH�XVH�RI�5$3�PDWHULDO�� WKH�XVH�
RI� IXOO� H[WUDFWHG� DVEXWRQ� FRQWHQW� RI� ��� LV�
UHFRPPHQGHG� LQ� WKH� $&-%&�PL[WXUH� ZLWK� D� 5$3�
FRQWHQW�RI�����EHFDXVH�LW�LQFUHDVHV�WKH�VWUHQJWK�RI�
WKH� PL[WXUH� LQ� WKH� IRUP� RI� VWDELOLW\� DQG� 5HVLOLHQW�
0RGXOXV��DQG�SURYLGHV�ORQJ�IDWLJXH�OLIH�� 

����6XJJHVWLRQV 

%DVHG� RQ� WKH� UHVXOWV� RI� WKH� UHVHDUFK�� KHUH� DUH� VRPH�
VXJJHVWLRQV�WKDW�DUH�SURSRVHG� 

�� $W�WKH�PL[WXUH-PDNLQJ�VWDJH��IXOO�H[WUDFWHG�DVEXWRQ�
DQG�6KHOO�3HQ�������$VSKDOW�VKRXOG�EH�PL[HG�ILUVW�
EHIRUH�EHLQJ�DGGHG�WR�WKH�DJJUHJDWH� 
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�� )XUWKHU� UHVHDUFK� RQ� WKH� SHUFHQWDJH� RI� 1LFKLUHNL�
UHMXYHQDWLQJ� PDWHULDO� WR� LPSURYH� WKH� UKHRORJLFDO�
SURSHUWLHV� RI� DVSKDOW� IRU� WKH� XVH� RI� KLJK-JUDGH�5$3�
PDWHULDO�LV�QHFHVVDU\� 

�� )XUWKHU� UHVHDUFK� RQ� WKH� DVSKDOW� FRQWHQW� RI� WKH� 5$3�
PDWHULDO� WKDW� FDQ�EH�DFWLYDWHG� LQ� WKH�5$3�PL[WXUH� LV�
QHFHVVDU\� 

ϰ͘ ,W� LV� QHFHVVDU\� WR� WHVW� WKH� UKHRORJLFDO� SURSHUWLHV� RI�
DVSKDOW�XVLQJ�D�'\QDPLF�6KHDU�5KHRPHWHU��'65��RQ�
5$3� DVSKDOW� ZLWK� WKH� DGGLWLRQ� RI� D� UHMXYHQDWLQJ�
PDWHULDO� LQ� RUGHU� WR� GHWHUPLQH� LWV� HIIHFW� RQ� WKH�
SHUIRUPDQFH�RI�D�PL[WXUH�XVLQJ�5$3�PDWHULDO� 

ϱ͘ ,W� LV� QHFHVVDU\� WR� FRQGXFW� D� IDWLJXH� WHVW� ZLWK� ODUJH�
YDULDWLRQV� LQ� ORDGLQJ� LQ� DFFRUGDQFH�ZLWK� WKH� ORDGLQJ�
LQ�WKH�ILHOG� 

5HIHUHQFHV 

$$6+72� �������� 6WDQGDUG� 6SHFLILFDWLRQV� IRU�
7UDQVSRUWDWLRQ� 0DWHULDOV� DQG� � 0HWKRGV� RI�
6DPSOLQJ� DQG� 7HVWLQJ�� $PHULFDQ� $VVRFLDWLRQ� RI�
6WDWH� +LJKZD\� DQG� 7UDQVSRUWDWLRQ� 2IILFLDOV��
:DVKLQJWRQ� 

$IIDQGL�� )�� �������� -XUQDO�� (NVWUDNVL� $VSDO� $VEXWRQ�
8QWXN� &DPSXUDQ� %HUDVSDO� 3DQDV�� 3XVOLWEDQJ�
-DODQ�GDQ�-HPEDWDQ��%DQGXQJ� 

$]ND�� $�� �������� $QDOLVLV� .LQHUMD� &DPSXUDQ� /DSLV�
$QWDUD� �$&-%&�� GDQ� +RW� 5ROOHG� $VSKDOW�
0HQJJXQDNDQ� $VEXWRQ� 0XUQL� �)XOO� (NVWUDNVL���
7HVLV�3URJUDP�0DJLVWHU��,QVWLWXW�7HNQRORJL�%DQGXQJ� 

'LUHNWRUDW�-HQGHUDO�%LQD�0DUJD���������6SHVLILNDVL�8PXP�
�5HY�����.HPHQWHULDQ�3HNHUMDDQ�8PXP��-DNDUWD� 

'MXQDHGL�� 5�2�� �������� .DMLDQ� .DUDNWHULVWLN� 5HRORJL�
&DPSXUDQ� /DWDVWRQ� �+56-:&�� %HUGDVDUNDQ�
6SHVLILNDVL� .HPHQWHULDQ� 3HNHUMDDQ� 8PXP�
0HQJJXQDNDQ� $VSDO� 3HQ� ������ 'HQJDQ�
3HQDPEDKDQ� $VEXWRQ� 0XUQL�� 7HVLV� 3URJUDP�
0DJLVWHU��,QVWLWXW�7HNQRORJL�%DQGXQJ� 

+XDQJ�� <�+�� �������� 3DYHPHQW� $QDO\VLV� DQG� 'HVLJQ�
6HFRQG�(GLWLRQ��3UHQWLFH�+DOO��,QF��1HZ�-HUVH\� 

,QGUL\DWL�� (�:� �������� .DMLDQ� 3HUEDLNDQ� 6LIDW� 5HRORJL�
9LVFR-(ODVWLF�$VSDO�GHQJDQ�3HQDPEDKDQ�$VEXWRQ�
0XUQL� 0HQJJXQDNDQ� 3DUDPHWHU� &RPSOH[� 6KHDU�
0RGXOXV�� 7HVLV� 3URJUDP� 0DJLVWHU�� ,QVWLWXW�
7HNQRORJL�%DQGXQJ� 

.XUQLDGMLH� �������� 0RGLILNDVL� $VSDO� .HUDV� 6WDQGDU�
'HQJDQ�%LWXPHQ�$VEXWRQ�+DVLO� (NVWUDNVL�� 3XVDW�
/LWEDQJ�-DODQ�GDQ�-HPEDWDQ��%DQGXQJ� 

0DKD�� ,��� 6XEDJLR�� %�6��� )XUTRQ�� (��� DQG� 5DKPDQ�� +�
�������� 3HUIRUPDQFH� RI� :DUP� 0L[� $VSKDOW�
&RQFUHWH� %LQGHU� &RXUVH� �$&-%&�� ZLWK�
5HFODLPHG� $VSKDOW� 3DYHPHQW�� -RXUQDO� RI� WKH�
(DVWHUQ� $VLD� 6RFLHW\� IRU� 7UDQVSRUWDWLRQ� 6WXGLHV��
9RO�����������–������ 

1LUZDQ�� (�� �������� .DMLDQ� .DUDNWHULVWLN� 0RGXOXV�
'LQDPLV� 'DQ� 0RGXOXV� 5HVLOLHQ� 3DGD� &DPSXUDQ�
/DSLV� 3HQJLNDW� �$&-%&�� 'HQJDQ� 0HQJJXQDNDQ�

0DWHULDO� 'DXU� 8ODQJ� �5$3��� 7HVLV� 3URJUDP�
0DJLVWHU��,QVWLWXW�7HNQRORJL�%DQGXQJ� 

1RIUL]D�� (�� �������� (YDOXDVL� SHQLQJNDWDQ� NLQHUMD�
FDPSXUDQ� /DVWRQ� /DSLV� $XV� �$&-:&�� GHQJDQ�
SHUEDLNDQ� VLIDW� UHRORJL� YLVFR-HODVWLF� DVSDO�
GLWDPEDK� DVEXWRQ� PXUQL�� 7HVLV� 3URJUDP�
0DJLVWHU��,QVWLWXW�7HNQRORJL�%DQGXQJ� 

1RQR�� �������� 3HQJDUXK� %DKDQ� 3HUHPDMD� 7HUKDGDS�
.LQHUMD� &DPSXUDQ� %HUDVSDO� 3DQDV� %HUJUDGDVL�
0HQHUXV�0HQJJXQDNDQ� 'DXU� 8ODQJ� 3HUNHUDVDQ�
%HUDVSDO�� 3XVDW� /LWEDQJ� -DODQ� GDQ� -HPEDWDQ��
%DQGXQJ� 

3UDGLSWD�� :�� �������� .LQHUMD� 0RGXOXV� 5HVLOLHQ� 'DQ�
'HIRUPDVL� 3HUPDQHQ� 'DUL� &DPSXUDQ� /DSLV�
$QWDUD� �$&-%&�� <DQJ� 0HQJJXQDNDQ� 0DWHULDO�
+DVLO�'DXU�8ODQJ��5$3��GDQ�%1$�%OHQG�������
'DODP� $VSDO� &DPSXUDQ� 3DQDV�� 7HVLV� 3URJUDP�
0DJLVWHU��,QVWLWXW�7HNQRORJL�%DQGXQJ� 

3ULPDGL\DQWL�� 6�3� �������� (YDOXDVL� 3HUEDLNDQ� 6LIDW�
5HRORJL� 9LVFR-(ODVWLF� $VSDO� 'HQJDQ�
3HQDPEDKDQ� $VEXWRQ� 0XUQL� 8QWXN�
0HQLQJNDWNDQ� .LQHUMD� &DPSXUDQ� /DVWRQ� /DSLV�
3HQJLNDW� �$&-%&�� %HUJUDGDVL� .DVDU�� 7HVLV�
3URJUDP�0DJLVWHU��,QVWLWXW�7HNQRORJL�%DQGXQJ� 

5DKPDQ��+�� ��������(YDOXDVL�0RGHO�0RGXOXV�%LWXPHQ�
$VEXWRQ� GDQ� 0RGHO� 0RGXOXV� &DPSXUDQ� \DQJ�
0HQJDQGXQJ� %LWXPHQ� $VEXWRQ�� 'LVHUWDVL�
3URJUDP�'RNWRU��,QVWLWXW�7HNQRORJL�%DQGXQJ� 

6XDU\DQD�� 1��� 6XVDQWR�� ,��� 6HPED\DQJ�� ,�5�� ��������
(YDOXDVL� NLQHUMD� FDPSXUDQ� EHUDVSDO� GHQJDQ�
ELWXPHQ� KDVLO� HNVWUDNVL� SHQXK� GDUL� $VEXWRQ��
0HGLD�.RPXQLNDVL�7HNQLN�6LSLO���������-���� 

6XEDJLR�� %�6��� 5DKPDQ�� +��� 6LQXKDML�� &�$�9�� ��������
.LQHUMD� 0RGXOXV� 5HVLOLHQ� GDQ� GHIRUPDVL�
SHUPDQHQ� GDUL� FDPSXUDQ� /DWDVWRQ� JUDGDVL�
VHQMDQJ� �+56-:&�� GHQJDQ� EDKDQ� DVSDO�
PRGLILNDVL�6WDUELW�(-����-XUQDO�7HNQLN�6LSLO������
����–����� 

:DQXG\DQLQJUXP��$� ��������$QDOLVLV�3HQJDUXK�.DGDU�
)LQH� $JJUHJDWH� 'DUL� 5HFODLPHG� $VSKDOW�
3DYHPHQW� 7HUKDGDS� .LQHUMD� &DPSXUDQ� 3DQDV�
$&� -� %&� 5HF\FOHG�� 7HVLV� 3URJUDP� 0DJLVWHU��
,QVWLWXW�7HNQRORJL�%DQGXQJ� 

<RGHU�� (�-��� :LWF]DN�� 0�:�� �������� 3ULQFLSOHV� RI�
3DYHPHQW� 'HVLJQ� �QG� (GLWLRQ�� -RKQ� :LOH\� 	�
6RQV��,QF��86$� 

=DXPDQLV��0�DQG�0DOOLFN��5�%���������5HYLHZ�RI�YHU\�
KLJK-FRQWHQW� UHFODLPHG� DVSKDOW� XVH� LQ� SODQW-
SURGXFHG� SDYHPHQWV�� VWDWH� RI� WKH� DUW��
,QWHUQDWLRQDO� -RXUQDO� RI� 3DYHPHQW� (QJLQHHULQJ��
��������-���<RGHU��(�-���:LWF]DN��0�:�����������
3ULQFLSOHV� RI� 3DYHPHQW�'HVLJQ� 6HFRQG� (GLWLRQ��
86$��-RKQ�:LOH\�	�6RQV��,QF� 
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