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� ,I�\RX�DUH�YLHZLQJ�WKLV�FRXUVH�DV�D�
UHFRUGHG�FRXUVH�DIWHU�WKH�OLYH�ZHELQDU��\RX�
FDQ�XVH�WKH�VFUROO�EDU�DW�WKH�ERWWRP�RI�WKH�
SOD\HU�ZLQGRZ�WR�SDXVH�DQG�QDYLJDWH�WKH�
FRXUVH�

� 7KLV�KDQGRXW�LV�IRU�UHIHUHQFH�RQO\��,W�PD\�
QRW�LQFOXGH�FRQWHQW�LGHQWLFDO�WR�WKH�
3RZHU3RLQW��$Q\�OLQNV�LQFOXGHG�LQ�WKH�
KDQGRXW�DUH�FXUUHQW�DW�WKH�WLPH�RI�WKH�OLYH�
ZHELQDU��EXW�DUH�VXEMHFW�WR�FKDQJH�DQG�
PD\�QRW�EH�FXUUHQW�DW�D�ODWHU�GDWH�

�������FRQWLQXHG�FRP��//&��1R�SDUW�RI�WKH�PDWHULDOV�DYDLODEOH�
WKURXJK�WKH�FRQWLQXHG�FRP�VLWH�PD\�EH�FRSLHG��SKRWRFRSLHG��
UHSURGXFHG��WUDQVODWHG�RU�UHGXFHG�WR�DQ\�HOHFWURQLF�PHGLXP�RU�
PDFKLQH�UHDGDEOH�IRUP��LQ�ZKROH�RU�LQ�SDUW��ZLWKRXW�SULRU�ZULWWHQ�
FRQVHQW�RI�FRQWLQXHG�FRP��//&��$Q\�RWKHU�UHSURGXFWLRQ�LQ�DQ\�IRUP�
ZLWKRXW�WKH�SHUPLVVLRQ�RI�FRQWLQXHG�FRP��//&�LV�SURKLELWHG��$OO�
PDWHULDOV�FRQWDLQHG�RQ�WKLV�VLWH�DUH�SURWHFWHG�E\�8QLWHG�6WDWHV�
FRS\ULJKW�ODZ�DQG�PD\�QRW�EH�UHSURGXFHG��GLVWULEXWHG��WUDQVPLWWHG��
GLVSOD\HG��SXEOLVKHG�RU�EURDGFDVW�ZLWKRXW�WKH�SULRU�ZULWWHQ�
SHUPLVVLRQ�RI�FRQWLQXHG�FRP��//&���8VHUV�PXVW�QRW�DFFHVV�RU�XVH�
IRU�DQ\�FRPPHUFLDO�SXUSRVHV�DQ\�SDUW�RI�WKH�VLWH�RU�DQ\�VHUYLFHV�RU�
PDWHULDOV�DYDLODEOH�WKURXJK�WKH�VLWH�
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7KXPEV�8S�IRU�)XQFWLRQ��2UWKRWLF�
,QWHUYHQWLRQ�IRU�WKH�7KXPE�&0&�
-RLQW� 2VWHRDUWKULWLV�
-HDQLQH�%HDVOH\��(G'��275��&+7��)$27$

�

$V�D�UHVXOW�RI�WKLV�FRXUVH��SDUWLFLSDQWV�ZLOO�EH�
DEOH�WR�

�� ,GHQWLI\�WKUHH�RUWKRWLF�GHVLJQV�WKDW�KDYH�EHHQ�UHSRUWHG�
LQ�WKH�OLWHUDWXUH�WR�UHGXFH�SDLQ�DW�WKH�&0&�MRLQW��

�� 'HVFULEH�WZR�RXWFRPH�PHDVXUHV�WKDW�KDYH�UHSRUWHG�
LPSURYHG�IXQFWLRQ�ZKHQ�FOLHQWV�ZRUH�D�&0&�RUWKRVLV��

�� 5HSRUW�WKH�RUWKRWLF�GHVLJQ�WKDW�SURYLGHV�WKH�PRVW�MRLQW�
VWDELOLW\�LQ�FRQWUDVW�WR�WKH�GHVLJQ�WKDW�DOORZHG�WKH�PRVW�
KDQG�IXQFWLRQ��
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7KH�,PSRUWDQFH�RI�WKH�7KXPE�&0&
� 7KH�WKXPE�LV�WKH�PRVW�LPSRUWDQW�GLJLW�RI�WKH�KDQG
� 7KH�&0&�LV�PRVW�LPSRUWDQW�MRLQW�RI�WKH�WKXPE
� 7KH�&0&�PDJQLILHV�WKH�FRPSOH[LW\�RI�KXPDQ�
SUHKHQVLRQ��1HXPDQQ�	�%LHOHIHOG��������

�

&0&�2$�,QFLGHQFH�9DULHV
&OLQLFDO�)LQGLQJV�
� ������������\HDUV
� �����������
� ���������

�6RGKD�HW�DO��������

5DGLRORJLFDO�)LQGLQJV�
� ����RYHU����\HDUV
� ����LQ�PDOHV�DQG�����LQ�
IHPDOHV�RYHU����\HDUV

�9DQ�6DDVH��HW�DO�������

5DGLRORJLFDO�ILQGLQJV�GR�QRW�
QHFHVVDULO\�FRUUHODWH�ZLWK�FOLQLFDO�
ILQGLQJV��'DKDJKLQ��HW�DO�������
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�������RI�WKHUDSLVWV�
ZRUNLQJ�ZLWK�WKLV�
GLDJQRVLV�UHFRPPHQG�DQ�
RUWKRVLV

2¶%UHLQ 9+��0F�*DOKD -/��&XUUHQW�SUDFWLFH
3DWWHUQV�LQ�FRQVHUYDWLYH�WKXPE�&0&�MRLQW�
$UWKULWLV��-RXUQDO�RI�+DQG�7KHUDS\����������������

�

:K\�GR�ZH�XVH�DQ�RUWKRVLV"
'HFUHDVH�3DLQ��%DQL�HW�DO�������D������E��
%HFNHU�HW�DO���������%HUJJUHQ�HW�DO���������%RXVWHGW�HW�DO���������(JDQ�DQG�
%URXVVHDX��������*RPHV�&DUUHLUD�HW�DO�������� +HUPDQQ�HW�DO���������
.MHNHQ�HW�DO��������5DQQRX�HW�DO�������9DOGHV�DQG�0DULN��������:DMRQ�DQG�
$GD��������:HLVV�HW�DO��������:HLVV�HW�DO��������%RQJL�HW�DO��������0HOYLQ�
	�&DUOVRQ�5LRX[��������6ZLJDUW������

,QFUHDVH�)XQFWLRQ��%DQL�HW�DO���
����D������E��������%HFNHU�HW�DO���������%RXVWHGW�HW�DO��������+HUPDQQ�HW�
DO��������5DQQRX�HW�DO��������6LOOHP�HW�DO��������:DMRQ�	�$GD��������
*RPHV��&DUUHLUD�HW�DO�������

'HFUHDVH�LQIODPPDWLRQ�
�=KDQJ�HW�DO���������6ZLJDUW�HW�DO��������

3LQFK�6WUHQJWK��5DQQRX�HW�DO��������
:DMRQ�	�$GD�������

6WDELOLW\��+DPDQQ�HW�DO���������%DUURQ�HW�DO�������

,QGLYLGXDOV�ZLWK�&0&�2$�KDYH�
����WLPHV�WKH�IXQFWLRQDO�
OLPLWDWLRQV�LQ�GUHVVLQJ��HDWLQJ��
DQG�FDUU\LQJ�D�����ORDG���'LOORQ�HW�DO��
������
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'HFUHDVH�3DLQ� ��6\VWHPDWLF�5HYLHZV
$HELVFKHU�HW�DO���������65�

%DQL�HW�DO�������������

%HFNHU�HW�DO��������

%HUJJUHQ�HW�DO�������

%RQJL�HW�DO�������

%RXVWHGW�HW�DO�������

(JDQ�	�%URXVVHDX��������65�

*RPHV�&DUUHLUD�HW�DO��������

+HUPDQQ�HW�DO��������

.MHNHQ�HW�DO���������65�

0F.HH�	�5LYDUG��������65�

0HOYLQ�	�&DUOVRQ�5LRX[������

6LOOHP�HW�DO��������

6ZLJDUW������

5DQQRX�HW�DO��������

9DOGHV�	�0DULN��������65�

:DMRQ�	�$GD��������ERWK�LPSURYHG�

:HLVV�HW�DO�������� ����

<H�HW�DO��������65�

Í62)7����������+<%5,'��������025(�5,*,'Î
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:KHQ�VKRXOG�DQ�RUWKRVLV�EH�ZRUQ"
� 1R�VWDQGDUG�LQVWUXFWLRQV�LQ�PDQ\�RI�WKH�VWXGLHV��

�+HQULTXH�74�GH�$PHGD�HW�DO��������

� 'XULQJ�KHDY\�RU�SDLQIXO�DFWLYLWLHV�DQG�DW�QLJKW�
�%HUJJUHQ�HW�DO���������%RQJL�HW�DO���������
%XXUNH�HW�DO���������0HOYLQ�	�&DUOVRQ�5LRX[��
������6ZLJDUW�HW�DO���������:HLVV�HW�DO���������
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,QFUHDVHG�)XQFWLRQ

'$6+
%DQL�HW�DO����������LPSURYHG�RYHU�WLPH�

%HFNHU�HW�DO���������
%RXVWHGW�HW�DO�������

*RPHV��&DUUHLUD�HW�DO�������

$86&$1
+HUPDQQ�HW�DO�������

6LOOHP�HW�DO���������+\EULG�2UWKRVLV�

&RFKLQ�+DQG�)XQFWLRQ�
6FDOH

5DQQRX�HW�DO������������PRQWKV�QLJKW�ZHDU�

6ROOHUPDQ�7HVW
:DMRQ�	�$GD�������

��

'HFUHDVHG�,QIODPPDWLRQ
6ZLJDUW�HW�DO��������

=KDQJ�HW�DO���������65�
³7KH�IRFXV�RI�VSOLQWLQJ�WKH�WKXPE�&0&�LV�WR�

GHFUHDVH�LQIODPPDWLRQ�E\�SURYLGLQJ�UHVW�DQG�
LPPRELOL]DWLRQ�´�

³2YHUDOO��VSOLQWLQJ�ZDV�IRXQG�WR�EH�
D�ZHOO�WROHUDWHG�DQG�HIIHFWLYH�
FRQVHUYDWLYH�WUHDWPHQW�WR�GLPLQLVK��
EXW�QRW�FRPSOHWHO\�HOLPLQDWH��WKH�
V\PSWRPV�RI�FDUSRPHWDFDUSDO�MRLQW�
DUWKULWLV�DQG�LQIODPPDWLRQ�´
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,QFUHDVHG�3LQFK�6WUHQJWK

5DQQRX�HW�DO������
:DMRQ�	�$GD������

%DQL�HW�DO�������
*UHQLHU�HW�DO������

2WKHU�VWXGLHV�GR�QRW�VKRZ�DQ�
LQFUHDVH

������ ������ ������

��

+DPDQQ�1��HW�DO���������
&0&�DQG�0&3�MRLQW�PRWLRQ�
UHVWULFWLRQ�LV�DW�WKH�H[SHQVH�
RI�KDQG�IXQFWLRQDOLW\�

� 0RWLRQ�DQDO\VLV�ZLWK�
RUWKRVHV�LQ�SODFH�IRU�
$520

� 6ROOHUPDQ�7HVW�IRU�
IXQFWLRQDOLW\�

67$%,/,7<

5KL]R�)RUWH�9������%61

5KL]R�+LW�6325

5KL]RPHG�0(',�
+LJK�6WDELOL]DWLRQ��Ð$520�±
/RZ�IXQFWLRQDOLW\����

3XVK��0HWD*ULS�
/DUJHVW�)XQFWLRQDOLW\
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7R�LQFOXGH�WKH�03�RU�QRW�WR�LQFOXGH�WKH�03�WKDW�LV�WKH�TXHVWLRQ«

9HJW��$��(���*URQG��5���*U�VFKNH��-��6���%RRPVPD��0��)���(PPHORW��&��+���'LMNVWUD��
3��8���	�6OXLV��&��.����������7KH�HIIHFW�RI�WZR�GLIIHUHQW�RUWKRVHV�RQ�SDLQ��KDQG�IXQFWLRQ��
SDWLHQW�VDWLVIDFWLRQ�DQG�SUHIHUHQFH�LQ�SDWLHQWV�ZLWK�WKXPE�FDUSRPHWDFDUSDO�
RVWHRDUWKULWLV��%RQH�-RLQW�-� ���%��������������$FFHVVHG�0DUFK�����������
KWWSV���GRL�RUJ�����������������;���%��������

� %RWK�GHFUHDVHG�SDLQ�
� 386+��0HWD*ULS��ZLWK�WKH�03�IUHH

DOORZHG�PRUH�IXQFWLRQ��� 3URIHVVLRQDO�FOLQLFDO�MXGJPHQW�
LV�UHTXLUHG

��

&DQWHUR�7HOOH]��5���+XJR�9LOOIDQH��-���9DOGH]��.���%HUMDQR��3���������(IIHFW�RI�
LPPRELOL]DWLRQ�RI�PHWDFDUSRSKDODQJHDO�MRLQW�LQ�WKXPE�FDUSRPHWDFDUSDO
2VWHRDUWKULWLV�RQ�SDLQ�DQG�IXQFWLRQ��$�TXDVL�H[SHULPHQWDO�WULDO������������

&OLQLFDOO\�VLJQLILFDQW�UHGXFWLRQ�LQ�SDLQ�DQG�LPSURYHG�'$6+�VFRUHV

��
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67$%,/,7<
� :HLVV�HW�DO���������
����

� 5HSRUWHG�GHFUHDVHG�
&0&�MRLQW�VXEOX[DWLRQ�
XVLQJ�UDGLRJUDSKLF�
DVVHVVPHQW�DQG�
REVHUYHG�MRLQW�
SRVLWLRQ�

� %RWK�KDUG�DQG�VRIW�
RUWKRVHV�GHFUHDVHG�
SDLQ�DQG�VXEOX[DWLRQ

� %HWWHU�DOLJQPHQW�ZLWK�
FXVWRP�RUWKRVLV�

��

� %HUJJUHQ�HW�DO����������$�
VHYHQ�\HDU�SURVSHFWLYH�
VWXG\��

� -RLQW�3URWHFWLRQ��DGDSWLYH�
HTXLSPHQW��VRIW�RUWKRVHV�
�OHDWKHU�RU�WH[WLOH��

� $IWHU���PRQWKV����RXW�RI�
���������GLG�QRW�ZDQW�DQ�
RSHUDWLRQ��'XULQJ�WKH�
QH[W���DGGLWLRQDO�\HDUV�
RQO\���PRUH�KDG�VXUJHU\��

5HGXFLQJ�WKH�1HHG�IRU�
6XUJHU\
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:KDW�DERXW�MRLQW�SURWHFWLRQ�DQG�2$"
2VERUQH��HW��DO��������'RHV�VHOI�
PDQDJHPHQW�OHDG�WR�VXVWDLQDEOH�KHDOWK�
EHQHILWV�LQ�SHRSOH�ZLWK�DUWKULWLV"�$���\HDU�
WUDQVLWLRQ�VWXG\�RI�����$XVWUDOLDQV��7KH�
-RXUQDO�RI�5KHXPDWRORJ\������������������

6WXG\�IRXQG�WKDW�VXFK�SURJUDPV�GHFUHDVHG�
SDLQ��IDWLJXH��DQG�KHDOWK�GLVWUHVV�

7KH�(XURSHDQ�/HDJXH�$JDLQVW�5KHXPDWLVP�
�(8/$5��LQ�WKHLU�V\VWHPDWLF�UHYLHZ�VWDWHG��
HGXFDWLRQ�FRQFHUQLQJ�MRLQW�SURWHFWLRQ�ZLWK�DQ�
H[HUFLVH�UHJLPHQ�LV�UHFRPPHQGHG�IRU�DOO�
SDWLHQWV�ZLWK�KDQG�2$�HYLGHQFH�OHYHO�RI�,9�
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5HVSHFW�3DLQ�

6ZLJDUW�HW�DO���������6SOLQWLQJ�LQ�WKH�
WUHDWPHQW�RI�DUWKULWLV�RI�WKH�ILUVW�
FDUSRPHWDFDUSDO�MRLQW��7KH�-RXUQDO�RI�
+DQG��6XUJHU\����$��������������VSOLQWV�
GHFUHDVHG�SDLQ�DQG�LQIODPPDWLRQ�

�
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%DODQFH�5HVW
$QG�$FWLYLW\�
7KHUH�LV�D�PRGHUDWH�HYLGHQFH�WR�VXSSRUW�MRLQW
SURWHFWLRQ�HGXFDWLRQ�DQG�DGDSWLYH�HTXLSPHQW�IRU
LQFUHDVHG�KDQG�IXQFWLRQ�DQG�SDLQ�UHGXFWLRQ�LQ�SDWLHQWV
ZLWK�2$���9DOGHV�.��0DULN�7�������

��

([HUFLVH�LQ�D
3DLQ�)UHH�5DQJH

&RPELQLQJ�MRLQW�SURWHFWLRQ�DQG
SDLQ�IUHH�KDQG�KRPH�H[HUFLVHV�ZHUH�IRXQG�WR�EH�
DQ�HIIHFWLYH�PHDQV�WR�LQFUHDVH�KDQG�IXQFWLRQ�
�%RXVWHGW�&��������6WDPP�7$��HW�DO�������

/RZ�LPSDFW�JHQHUDO�FRQGLWLRQLQJ�LQFUHDVHG�WKH�
DHURELF�FDSDFLW\�DQG�GHFUHDVHG�GHSUHVVLRQ�DQG�
DQ[LHW\�LQ�SDWLHQWV�ZLWK�DUWKULWLV���0LQRU�0$��HW�DO��
�����

0DQXDO�WKHUDS\�DQG�7KHUDSHXWLF�([HUFLVH�VWURQJHVW
(YLGHQFH���%HUWR]]L�HW�DO��������
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$YRLG�3RVLWLRQV�
RI

'HIRUPLW\
7KH�(XURSHDQ�/HDJXH�$JDLQVW
5KHXPDWLVP�LQ�WKHLU�V\VWHPDWLF�UHYLHZ�
VWDWH�WKDW�HGXFDWLRQ�FRQFHUQLQJ�MRLQW�
SURWHFWLRQ�ZLWK�DQ�H[HUFLVH�UHJLPHQ�LV�
UHFRPPHQGHG�IRU�DOO�SDWLHQWV�ZLWK�KDQG�
2$��=KDQJ�:��HW�DO�������

/DWHUDO�SLQFK�FDQ�FDXVH�VXEOX[DWLRQ�RI�WKH�
WKXPE�&0&�MRLQW��=DQFROOL�������%UXQHOOL�	�
%UXQHOOL���������3URWHFW�WKH�WKXPE�UD\�ZLWK�
D�³&´�6KDSHG�WULSRG�SLQFK��

��

-RLQW�SURWHFWLRQ�IRU�2$�VKRXOG�DOVR�WDNH�LQWR�DFFRXQW�WKH�
VSHFLILF�GHIRUPLW\�RU�SRWHQWLDO�GHIRUPLW\�ZKLFK�PD\�LQFOXGH�
LQVWDELOLW\�RI�WKH�&0&�MRLQW�DQG�WKH�GHIRUPLWLHV�RI�WKH�
LQYROYHG�LQWHUSKDODQJHDO�MRLQWV� %HFDXVH�H[FHVVLYH�
SLQFKLQJ�GXULQJ�$'/V�LPSDUW�ODUJH�IRUFHV�WR�WKH�WKXPE�&0&�
MRLQW��HGXFDWLQJ�SDWLHQWV�LQ�GHFUHDVLQJ�SUHVVXUH�WR�WKH�
WKXPE�&0&�MRLQW�LV�LPSRUWDQW���

��NJ�RI�SUHVVXUH�DW�WKH�WLS�
LV����NJ�DW�WKH�&1&�MRLQW
�&RRQH\�	�&KDR�������
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$GDSWLYH�HTXLSPHQW�XVHG�LQ�RQH
VWXG\�LQFOXGHG�HQODUJHG�ZULWLQJ�JULSV��³'\FHP�´��DQ
DQJOHG�NQLIH��D�ERRN�KROGHU��DQG�RWKHU�HTXLSPHQW
EDVHG�RQ�LQGLYLGXDO�GDLO\�DFWLYLWLHV���6WDPP�7$��HW�DO�������

��

7KHUH�LV�D�PRGHUDWH�HYLGHQFH�
WR�VXSSRUW�MRLQW
SURWHFWLRQ�HGXFDWLRQ�DQG�
DGDSWLYH�HTXLSPHQW�IRU
LQFUHDVHG�KDQG�IXQFWLRQ�DQG�
SDLQ�UHGXFWLRQ�LQ�SDWLHQWV
ZLWK�2$���9DOGHV�.��0DULN�7��
�����
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-RLQW�3URWHFWLRQ
� 6HYHUDO�VWXGLHV�VXSSRUW�WKH�HIIHFWLYHQHVV�RI�MRLQW�
SURWHFWLRQ�SURJUDPV�LQ�GHFUHDVLQJ�SDLQ�DQG�
LQFUHDVLQJ�$'/�
�%URVVHDX�/��HW�DO��������+XUNPDQV�(��HW�DO��������
%HDUGPRUH�7'��������(WWLQJHU�:+��HW�DO��������9DOGHV�
.��0DULN�7��$�������']LHG]LF HW�DO���������6WDPP�HW�DO���
�����

� :H�DUH�SRLVHG�DV�WKHUDSLVWV�WR�GHPRQVWUDWH�RXU�
'LVWLQFW�9DOXH�LQ�WKLV�DUHD

��

2UWKRWLF�3UHIHUHQFHV
� :HLVV�HO�DO����������)RXQG�ERWK�ORQJ�DQG�VKRUW�
VSOLQWV�GHFUHDVHG�SDLQ�DQG�����SUHIHUUHG�D�VKRUW�
VSOLQW�

� 9DOGHV�	�0DULN���������3DWLHQWV�SUHIHUUHG�
H[FOXVLRQ�RI�WKH�ZULVW�DQG�D�IOH[LEOH�RUWKRVLV

� GH�$OPHLGD�HW�DO����������ZLGHVSUHDG�FOLQLFDO�
YDULDWLRQ�LQ�SUDFWLFHV�DQG�SUHIHUHQFHV
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&RPELQDWLRQV
� %RXVWHGW�HW�DO���������3DLQ�DQG�VWLIIQHVV�
GHFUHDVHG�ZLWK�RUWKRWLFV��H[HUFLVH��DQG�MRLQW�
SURWHFWLRQ�YV��MRLQW�SURWHFWLRQ�DORQH�

� $HELFKHU�HW�DO���������6LQJOH�LQWHUYHQWLRQV�QRW�
HIIHFWLYH�DQG�VKRXOG�EH�FRPELQHG�ZLWK�RUWKRWLFV�

��

&RQFOXVLRQ
� &0&�2UWKRVHV�FDQ�GHFUHDVH�SDLQ��LQFUHDVH�
IXQFWLRQ��GHFUHDVH�LQIODPPDWLRQ��LQFUHDVH�SLQFK�
VWUHQJWK��LPSURYH�WKXPE�VWDELOLW\��DQG�PD\�
UHGXFH�WKH�QHHG�IRU�VXUJHU\��

� 7KH�RUWKRWLF�VHOHFWLRQ�VKRXOG�EH�LQGLYLGXDOL]HG�IRU�
HDFK�FOLHQW��

� 5HVHDUFK�EDFNV�XS�ZKDW�\RX�GR�
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$V�D�UHVXOW�RI�WKLV�FRXUVH��SDUWLFLSDQWV�ZLOO�EH�
DEOH�WR�

�� ,GHQWLI\�WKUHH�RUWKRWLF�GHVLJQV�WKDW�KDYH�EHHQ�UHSRUWHG�
LQ�WKH�OLWHUDWXUH�WR�UHGXFH�SDLQ�DW�WKH�&0&�MRLQW��

�� 'HVFULEH�WZR�RXWFRPH�PHDVXUHV�WKDW�KDYH�UHSRUWHG�
LPSURYHG�IXQFWLRQ�ZKHQ�FOLHQWV�ZRUH�D�&0&�RUWKRVLV��

�� 5HSRUW�WKH�RUWKRWLF�GHVLJQ�WKDW�SURYLGHV�WKH�PRVW�MRLQW�
VWDELOLW\�LQ�FRQWUDVW�WR�WKH�GHVLJQ�WKDW�DOORZHG�WKH�PRVW�
KDQG�IXQFWLRQ��

��

$HELVFKHU�%��(OVLJ�6��7DH\PDQV�-��(IIHFWLYHQHVV�RI�SK\VLFDO�DQ�RFFXSDWLRQDO�WKHUDS\�RQ�SDLQ��IXQFWLRQ�DQG�TXDOLW\�RI�OLIH�LQ�SDWLHQWV�ZLWK�
WDUSH]LRPHWDFDUSDO�RVWHRDUWKUWLWLV� $�V\VWHPDWLF�UHYLHZ�DQG�PHWD�DQDO\VLV��+DQG�7KHUDS\������������������

%DQNV�/1��/LQGDX�75��(SLGHPLRORJ\�RI�RVWHRDUWKULWLV�RI�WKH�KDQG�DQG�ZULVW��2$�0XVFXORVNHOHWDO�0HGLFLQH��������������

%DQL�$$��$�FXVWRP�PDGH�QHRSUHQH�WKXPE�FDUSRPHWDFDUSDO�RUWKRVLV�ZLWK�WKHUPRSODVWLF�VWDELOL]DWLRQ��$Q�RUWKRVLV�WKDW�SURPRWHV�IXQFWLRQ�DQG�LPSURYHPHQW�
LQ�SDWLHQWV�ZLWK�WKH�ILUVW�FDUSRPHWDFDUSDO�MRLQW�RVWHRDUWKULWLV��3URVWKHW�2UWKRW�,QW����������������±���

%DQL�0$��$UD]SRXU�0��.DVKDQL�59��HW�DO��&RPSDULVRQ�RI�FXVWRP�PDGH�DQG�SUHIDEULFDWHG�QHRSUHQH�VSOLQWLQJ�LQSDWLHQWV�ZLWK�WKH�ILUVW FDUSRPHWDFDUSDO�MRLQW�
RVWHRDUWKULWLV��'LVDELO�5HKDELO�$VVLVW�7HFKQRO����������������±����

%DQL�0$��$UD]SRXU�0��.DVKDQL�59��HW�DO��7KH�HIIHFW�RI�FXVWRP�PDGH�VSOLQWV�LQ�SDWLHQWV�ZLWK�WKH�ILUVW�FDUSRPHWDFDUSDO�MRLQW�RVWHRDUWKULWLV��3URVWKHW�2UWKRW�
,QW�����������������±����

%DUURQ��2�$���*OLFNHO��6�=���(DWRQ��5�*��%DVDO�MRLQW�DUWKULWLV�RI�WKH�WKXPE��-�$P�$FDG�2UWKRS�6XUJ������������±����

%HDVOH\��-� 7KHUDSLVW¶V�H[DPLQDWLRQ�DQG�FRQVHUYDWLYH�PDQDJHPHQW�RI�WKH�DUWKULWLV�RI�WKH�XSSHU�H[WUHPLW\��,Q�6NLUYHQ�70��2VWHUPDQ�$/��)HGRUFV\N�-0��
$PDGLR�3&��(GV��5HKDELOLWDWLRQ�RI�WKH�+DQG�DQG�8SSHU�([WUHPLW\���WK HG��3KLODGHOSKLD��3$��(OVHYLHU�����������������

%HFNHU�6-��%RW�$*��&XUOH\�6(��HW�DO��$�SURVSHFWLYH�UDQGRPL]HG�FRPSDULVRQ�RI�QHRSUHQH�YV�WKHUPRSODVW�KDQGEDVHG�WKXPE�VSLFD�VSOLQWLQJ�IRU�
WUDSH]LRPHWDFDUSDO�DUWKURVLV��2VWHRDUWKU�&DUWLO�����������������±����

%HUJJUHQ�0��-RRVW�'DYLGVVRQ�$��/LQGVWUDQG�-��HW�DO��5HGXFWLRQ�LQ�WKH�QHHG�IRU�RSHUDWLRQ�DIWHU�FRQVHUYDWLYH�WUHDWPHQW�RI�RVWHRDUWKULWLV�RI�WKH�ILUVW�
FDUSRPHWDFDUSDO�MRLQW��D�VHYHQ�\HDU�SURVSHFWLYH�VWXG\��6FDQG�-�3ODVW�5HFRQVWU�6XUJ�+DQG�6XUJ��������������±���

%HUWR]]L�/��9DOGHV�.��9DQWL�&��HW�DO��,QYHVWLJDWLRQ�RI�WKHHIIHFW�RI�FRQVHUYDWLYH�LQWHUYHQWLRQV�LQ�WKXPE�FDUSRPHWDFDUSDO�RVWHRDUWKULWLV��V\VWHPDWLF�UHYLHZ�
DQG�PHWD�DQDO\VLV��'LVDELO�5HKDELO���������������±�����

%LHVH��%HDVOH\���-��$UWKULWLV��,Q�&RRSHU�&��)XQGDPHQWDOV�RI�+DQG�7KHUDS\��&OLQLFDO�5HDVRQLQJ�DQG�7UHDWPHQW�*XLGHOLQHV�IRU�&RPPRQ�'LDJQRVHV�RI�WKH�
8SSHU�([WUHPLW\� 6W��/RXLV��0R��(OVHYLHU���������������

%LMVWHUERVFK�-��9LVVHU�:��.URRQ�+��HW�DO��7KXPE�EDVH�LQYROYHPHQW�LQ�V\PSWRPDWLF�RVWHRDUWKULWLV�LV�DVVRFLDWHG�ZLWK�PRUH�SDLQ�DQG�IXQFWLRQDO�GLVDELOLW\��
$QQ�5KHXP��'LV���������������

%RXVWHGW�&��1RUGHQVNLROG�8�DQG�/XQGJUHQ�1LOVVRQ�$��(IIHFWV�RI�D�KDQG�MRLQW�SURWHFWLRQ�SURJUDPPH�ZLWK�DQ�DGGL� WLRQ�RI�VSOLQWLQJ�DQG�H[HUFLVH��RQH�\HDU�
IROORZ�XS��&OLQ�5KHXPDWRO��������������±�����

%XXUNH�-+��*UDG\�-+��GH�9ULHV�-��8VDELOLW\�RI�WKHQDU�HPLQHQFH�RUWKRVHV��UHSRUW�RI�D�FRPSDUDWLYH�VWXG\��&OLQ�5HKDELO������������� ���±����

&DUUHLUD�*$&��-RQHV�$�DQG�1DWRXU�-��$VVHVVPHQW�RI�WKHHIIHFWLYHQHVV�RI�D�IXQFWLRQDO�VSOLQW�IRU�RVWHRDUWKULWLV�RI�WKH�WUDSH]LRPHWDFDUSDO�MRLQW�RQ�WKH�
GRPLQDQW�KDQG��D�UDQGRPL]HG�FRQWUROOHG�VWXG\��-�5HKDELO�0HG��������������±����
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&ROGLW]�-��7KH�ELRPHFKDQLFV�RI�D�WKXPE�FDUSRPHWDFDUSDO�LPPRELOL]DWLRQ�VSOLQW��GHVLJQ�DQG�ILWWLQJ��-�+DQG�7KHU��������������±����

'DKDJKLQ��6���%LHUPD�]HLQVWUD��6��0��$���+D]HV��-��0��:��DQG�.RHV��%��:����������&OLQLFDO�EXUGHQ�RI�UDGLRJUDSKLF�KDQG�RVWHRDUWKULWLV��$�V\VWHPDWLF�
DSSUDLVDO��$UWKULWLV�	�5KHXPDWLVP���������±�����GRL���������DUW������

'DYHQSRUW�%-��-DQVHQ�9�DQG�<HDQGOH�1��3LORW�UDQGRPL]HG�FRQWUROOHG�WULDO�FRPSDULQJ�VSHFLILF�G\QDPLF�VWDELOLW\�H[HUFLVHV�ZLWK�JHQHUDO�H[HUFLVHV�IRU�WKXPE�
FDUSRPHWDFDUSDO�MRLQW�RVWHRDUWKULWLV��+DQG�7KHUDS\������������±���

'DYHQSRUW�%-��$Q�LQYHVWLJDWLRQ�LQWR�WKHUDSLVW¶V�PDQDJHPHQW�RI�RVHWRDUWKULWLV�RI�WKH�FDUSRPHWDFDUSDO�MRLQW�RI�WKH�WKXPE�LQ�WKH 8.��+DQG�7KHU������������±��

'DKDJKLQ�6��%LHUPD�=HLQVWUD�60��*LQDL�$=��HW�DO��3UHYDOHQFH�DQG�SDWWHUQ�RI�UDGLRJUDSKLF�KDQG�RVWHRDUWKULWLV�DQG�DVVRFLDWLRQ�ZLW�SDLQ�DQG�GLVDELOLW\��7KH�
7RWWHUGDP�6WXG\���$QQ�5KHXP�'LV�������������������

'LOORQ�&��+LUVFK�5��5DVFK�(��*X�4��6\PSWRPDWLF�KDQG�RVWHRDU� WKULWLV�LQ�WKH�8QLWHG�6WDWHV��SUHYDOHQFH�DQG�IXQFWLRQDO�LPSDLUPHQW�HVWLPDWHV�IURP�WKH�WKLUG�
8�6��1DWLRQDO�+HDOWK�DQG�1XWULWLRQ�([DPLQDWLRQ�6XUYH\������H������$P�-�3K\V�0HG�5HKDELO������������±����

'RPLQLFN�.��-RUGDQ�-��5HQQHU�-��.UDXV�9��5HODWLRQVKLS�RI�UDGLR� JUDSKLF�DQG�FOLQLFDO�YDULDEOHV�WR�SLQFK�DQG�JULS�VWUHQJWK�DPRQJ�LQGLYLGXDOV�ZLWK�
RVWHRDUWKULWLV��$UWKULWLV�5KHXP��������������±����

(JDQ��0�<���%URXVVHDX��/��6SOLQWLQJ�IRU�RVWHRDUWKULWLV�RI�WKH�FDUSRPHWDFDUSDO�MRLQW��D�UHYLHZ�RI�WKH�HYLGHQFH��$P�-�2FFXS�7KHU������������±���

)URX]DNLV�5��+HUUHQ�'%�DQG�0DUNV�0��(YDOXDWLRQ�RI�H[SHFWDWLRQV�DQG�H[SHFWDWLRQ�IXOILOOPHQW�LQ�SDWLHQWV�WUHDWHG�IRU�WUDSH]LRPHWDFDUSDO�RVWHRDUWKULWLV��-�
+DQG�6XUJ�$P��������������±����

*RPHV�&DUUHLUD��$�&���-RQHV��$���1DWRXU��-��$VVHVVPHQW�RI�WKH�HIIHFWLYHQHVV�RI�D�IXQFWLRQDO�VSOLQW�IRU�RVWHRDUWKULWLV�RI�WKH�WUDSH]LRPHWDFDUSDO�MRLQW�RQ�WKH�
GRPLQDQW�KDQG��D�UDQGRPL]HG�FRQWUROOHG�VWXG\��-�5HKDELO�0HG�������������±����

*UHQLHU�0�/��0HQGRQFD�5��'DOOH\�3��7KH�HIIHFWLYHQHVV�RI�RUWKRVHV�LQ�WKH�FRQVHUYDWLYH�PDQDJHPHQW�RI�WKXPE�&0&�MRLQW�RVWHRDUWKULWLV��$Q�DQDO\VLV�RI�
IXQFWLRQDO�SLQFK�VWUHQJWK��-�+DQG�7KHUDS\��������������������

+DPDQQ�1��6WDELOL]DWLRQ�HIIHFWLYHQHVV�DQG�IXQFWLRQDOLW\�RI�GLIIHUHQW�WKXPE�RUWKRVHV�LQ�IHPDOH�SDWLHQWV�ZLWK�ILUVW�FDUSRPHWDFDUSDO�MRLQW�RVWHRDUWKULWLV��&OLQ�
%LRPHFK���������������±�����

+HUPDQQ�0��1LOVHQ�7��(ULNVHQ�&6��HW�DO��(IIHFWV�RI�D�VRIW�SUHIDEULFDWHG�WKXPE�RUWKRVLV�LQ�FDUSRPHWDFDUSDO�RVWHRDUWKULWLV��6FDQG�-�2FFXS�7KHU��������������
��±���

+DXJHQ�,.��(QJOXQG�0��3UHYDOHQFH��LQFLGHQFH�DQG�SURJUHVVLRQ�RI�KDQG�RVWHRDUWKULWLV�LQ�WKH�JHQHUDO�SRSXODWLRQ��WKH�)UDPLQJKDP�2VWHRDUWKULWLV�6WXG\��$QQ�
5KHXP�'LV��������������������

+HQULTXH�+��GH�$OPHLGD�74��0DF'HUPLG�-��3RQWHV�7%��&DUGRVR�GRV�6DQWRV�&RXWR�3D]�&��3DXOR�-��0DWKHXV�&��'LIIHUHQFHV�LQ�RUWKRWLF�GHVLJQ�IRU�WKXPE�
RVWHRDUWKULWLV�DQG�LWV�LPSDFW�RQ�IXQFWLRQDO�RXWFRPHV��$�VFRSLQJ�UHYLHZ 3URVWKHWLFV�DQG�2UWKRWLFV�,QWHUQDWLRQDO 6HSWHPEHU���������
GRL�������������������������

.ORSSHQEXUJ�0��+DQG�RVWHRDUWKULWLV�QRQSKDUPDFRORJLFDO�DQG�SKDUPDFRORJLFDO�WUHDWPHQWV��1DW�5HY�5KHXPDWRO��������������±����

0DGGDOL�%RQJL�6��'HO�5RVVR�$��*DOOXFFLR�)��HW�DO��,V�DQ�LQWHUYHQWLRQ�ZLWK�D�FXVWRP�PDGH�VSOLQW�DQG�DQ�HGXFDWLRQDO�SURJUDP�XVHIXO RQ�SDLQ�LQ�SDWLHQWV�ZLWK�
WUDSH]LRPHWDFDUSDO�MRLQW�RVWHRDUWKULWLV�LQ�D�GDLO\�FOLQLFDO�VHWWLQJ"�,QW�-�5KHXP�'LV��������'2,��������������� ���;�������� ��

0DUNV�0��6FKRRQHV�-:��.ROOLQJ�&��HW�DO��2XWFRPH�PHDVXUHV�DQG�WKHLU�PHDVXUHPHQW�SURSHUWLHV�IRU�WUDSH]LRPHWDFDUSDO�RVWHRDUWKULWLV� D�V\VWHPDWLF�OLWHUDWXUH�
UHYLHZ��-�+DQG�6XUJ�(XU��������������±���

0F.HH�3��5LYDUG�$��2UWKRVHV�DV�HQDEOHUV�RI�RFFXSDWLRQ��FOLHQW�FHQWUHG�VSOLQWLQJ�IRU�EHWWHU�RXWFRPHV��&DQ�-�2FFXS�7KHU��������������Y���±Y����

0RH�5+��.MHNHQ�,��8KOLJ�7��HW�DO��7KHUH�LV�LQDGHTXDWH�HYLGHQFH�WR�GHWHUPLQH�WKH�HIIHFWLYHQHVV�RI�QRQSKDUPDFRORJLFDO�DQG�QRQVXUJLFDO�LQWHUYHQWLRQV�IRU�KDQG�
RVWHRDUWKULWLV��DQ�RYHUYLHZ�RI�KLJK�TXDOLW\�V\VWHPDWLF�UHYLHZV��3K\V�7KHU���������������±�����

1HXPDQQ�'$��%LHOHIHOG�7��7KH�FDUSRPHWDFDUSDO�MRLQW�RI�WKHH�WKXPE��VWDELOLW\��GHIRUPLW\��DQG�WKHUDSHXWLF�LQWHUYHQWLRQ��-�2UWKRS�6SRUWV�3K\V�7KHU���������������
�����

2¶%ULHQ�9+�DQG�*LYHDQV�05��(IIHFWV�RI�D�G\QDPLF�VWDELOLW\�DSSURDFK�LQ�FRQVHUYDWLYH�LQWHUYHQWLRQ�RI�WKH�FDUSRPHWDFDUSDO�MRLQW�RI�WKH�WKXPE��D�UHWURVSHFWLYH�
VWXG\��-�+DQG�7KHU�������������±���

5DQQRX�)��'LPHW�-��%RXWURQ�,��HW�DO��6SOLQW�IRU�EDVH�RI�WKXPE�RVWHRDUWKULWLV��D�UDQGRPL]HG�WULDO��$QQ�,QWHUQ�0HG�������������������±����

6LOOHP�&/%��0LOOHU�:&��/L�/&��HW�DO��&RPSDULVRQ�RI�WZR�FDUSRPHWDFDUSDO�VWDELOL]LQJ�VSOLQWV�IRU�LQGLYLGXDOV�ZLWK�WKXPE�RVWHRDUWKULWLV��-�+DQG�7KHU��������������
���±����

6RGKD�6��5LQJ�'��=XUDNRZVNL�'��-XSLWHU�-%��3UHYDOHQFH�RI�RVWHRDUWKURVLV�RI�WKH�WUDSH]LRPHWFDUSDO�MRLQW�-�%RQH�-RLQW�6XUJ�DP������������������

6SDDQV�$-��YDQ�0LQQHQ�/3��.RQ�0��HW�DO��&RQVHUYDWLYH�WUHDWPHQW�RI�WKXPE�EDVH�RVWHRDUWKULWLV��D�V\VWHPDWLF�UHYLHZ��-�+DQG�6XUJ $P ������������±���

6ZLJDUW�&5��(DWRQ�5*��*OLFNHO�6=��HW�DO��6SOLQWLQJ�LQ�WKH�WUHDWPHQW�RI�DUWKULWLV�RI�WKH�ILUVW�FDUSRPHWDFDUSDO�MRLQW��-�+DQG�6XUJ $P�������������±���

7RZKHHG�7(��6\VWHPDWLF�UHYLHZ�RI�WKHUDSLHV�IRU�RVWHRDUWKULWLV�RI�WKH�KDQG��2VWHRDUWKULWLV�&DUWLODJH��������������±����

9DOGHV�.�DQG�0DULN�7��$�V\VWHPDWLF�UHYLHZ�RI�FRQVHUYDWLYH�LQWHUYHQWLRQV�IRU�RVWHRDUWKULWLV�RI�WKH�KDQG��-�+DQG�7KHU���������� ���±����

9DQ�6DDVH�-��9DQ�5RPPXQGH�/��&DWV�$��9DQGHQEURXNH�-��9DO� NHQEXUJ�+��(SLGHPLRORJ\�RI�RVWHRDUWKULWLV��=RHWHUPHHU�VXUYH\��&RPSDULVRQ�RI�UDGLRORJLFDO�
RVWHRDUWKULWLV�LQ�D�'XWFK�SRSXOD� WLRQ�ZLWK�WKDW�LQ����RWKHU�SRSXODWLRQV��$QQ�5KHXP�'LV��������������±����

:DMRQ�$�DQG�$GD�/��1R�GLIIHUHQFH�EHWZHHQ�WZR�VSOLQW�DQG�H[HUFLVH�UHJLPHQV�IRU�SHRSOH�ZLWK�RVWHRDUWKULWLV�RI�WKH�WKXPE��D�UDQGRPLVHG�FRQWUROOHG�WULDO��$XVW�-�
3K\VLRWKHU�����������������±����

:HLVV�6��/DVWD\R 3��0LOOV�$��HW�DO��6SOLQWLQJ�WKH�GHJHQHUDWLYH�EDVDO�MRLQW��FXVWRP�PDGH�RU�SUHIDEULFDWHG�QHRSUHQH"�-�+DQG�7KHU ������Y�������Y���±Y����

:HLVV�6��3URVSHFWLYH�DQDO\VLV�RI�VSOLQWLQJ�WKH�ILUVW�FDUSRPHWDFDUSDO�MRLQW��DQ�REMHFWLYH��VXEMHFWLYH��DQG�UDGLRJUDSKLF�DVVHVVPHQW��-�+DQG�7KHU �������������±
����

:LOGHU�)��%DUUHWW�-��)DULQD�(��%ULHI�UHSRUW��MRLQW�VSHFLILF�SUHYD� OHQFH RI�RVWHRDUWKULWLV�RI�WKH�KDQG��2VWHRDUWKULWLV�&DUWLODJH�������������±���

<H�/��.DOLFKPDQ /��6SLWWOH�$��HW�DO��(IIHFWV�RI�UHKDELOLWDWLYH�LQWHUYHQWLRQV�RQ�SDLQ��IXQFWLRQ�DQG�SK\VLFDO�LPSDLUPHQWV�LQ�SHRSOH�ZLWK�KDQG�RVWHRDUWKULWLV��D�
V\VWHPDWLF�UHYLHZ��$UWKULWLV�5HV�7KHU ����������5���

=KDQJ��:���'RKHUW\��0���/HHE��%�)���$OHNVHHYD��/���$UGHQ��1�.���%LMOVPD��-�:��HW�DO��(8/$5�HYLGHQFH�EDVHG�UHFRPPHQGDWLRQV�IRU�WKH�PDQDJHPHQW�RI�KDQG�
RVWHRDUWKULWLV��UHSRUW�RI�D�7DVN�)RUFH�RI�WKH�(8/$5�6WDQGLQJ�&RPPLWWHH�IRU�,QWHUQDWLRQDO�&OLQLFDO�6WXGLHV�,QFOXGLQJ�7KHUDSHXWLFV �(6&,6,7���$QQ�5KHXP�'LV��
�����������±����
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