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1 RQ�LQYDVLYH�JHQHWLF�VDP SOLQJ�
DQG�FRQVHUYDWLRQ

3LHUUH�7DEHUOHW
/ DERUDWRLUH�G
( FRORJLH�$OSLQH
&1 5 6�8 0 5 �� � � �
8 QLYHUVLWp - RVHSK�) RXULHU�
* UHQREOH��) UDQFH

1 RQ�LQYDVLYH�JHQHWLF�VDP SOLQJ�
DQG�FRQVHUYDWLRQ

‡ ' HILQLWLRQ�RI�QRQ�LQYDVLYH�VDP SOLQJ

‡ / DQGP DUN�SDSHUV
‡ 7HFKQLFDO�GLIILFXOWLHV�DQG�VROXWLRQ

‡ $�TXDOLW\ �LQGH[ �IRU�QRQ�LQYDVLYH�JHQHWLF�VDP SOLQJ�
‡ &DVH�VWXGLHV

± ( VWLP DWLRQ�RI�SRSXODWLRQ�VL] H�LQ�6FDQGLQDYLDQ�EURZQ�
EHDUV

± &RQVHUYDWLRQ�JHQHWLFV�RI�EURZQ�EHDUV�LQ�3DNLVWDQ

‡ &RQFOXVLRQV
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1 RQ�LQYDVLYH�JHQHWLF�VDP SOLQJ�
DQG�FRQVHUYDWLRQ

‡ ' HILQLWLRQ�RI�QRQ�LQYDVLYH�VDP SOLQJ

‡ / DQGP DUN�SDSHUV
‡ 7HFKQLFDO�GLIILFXOWLHV�DQG�VROXWLRQV

‡ $�TXDOLW\ �LQGH[ �IRU�QRQ�LQYDVLYH�JHQHWLF�VDP SOLQJ�
‡ &DVH�VWXGLHV

± ( VWLP DWLRQ�RI�SRSXODWLRQ�VL] H�LQ�6FDQGLQDYLDQ�EURZQ�
EHDUV

± &RQVHUYDWLRQ�JHQHWLFV�RI�EURZQ�EHDUV�LQ�3DNLVWDQ

‡ &RQFOXVLRQV

' HVWUXFWLYH�VDP SOLQJ

‡ 7KH�DQLP DO�LV�NLOOHG�LQ�RUGHU�WR�REWDLQ�WKH�
WLVVXHV�QHFHVVDU\ �IRU�JHQHWLF�DQDO\ VLV�

‡ 7KLV�VDP SOLQJ�VWUDWHJ\ �KDV�EHHQ�XVHG�
H[ WHQVLYHO\ �IRU�LVR] \ P H�VWXGLHV��DQG�IRU�
P W' 1 $�DQDO\ VLV�EHIRUH�3&5 �ZDV�
GLVFRYHUHG�

‡ ,W�KDV�EHHQ�DEDQGRQHG�E\ �P DQ\ �
UHVHDUFKHUV



�

1 RQ�GHVWUXFWLYH�VDP SOLQJ

‡ 7KH�DQLP DO�LV�RIWHQ�FDSWXUHG��DQG�D�ELRSV\ �
RU�D�EORRG�VDP SOH�LV�WDNHQ�LQYDVLYHO\

‡ +RZHYHU��VRP H�LQYDVLYH�VDP SOLQJ�
VWUDWHJLHV�GR�QRW�UHTXLUH�FDWFKLQJ�WKH�
DQLP DO

‡ ) RU�H[ DP SOH�WLVVXHV�FDQ�EH�REWDLQHG�IURP �
ZKDOHV�DQG�VRP H�RWKHU�ODUJH�P DP P DOV�E\ �
XVLQJ�ELRSV\ �GDUW�JXQV

1 RQ�LQYDVLYH�VDP SOLQJ

‡ 7KLV�WHUP �VKRXOG�EH�UHVWULFWHG�WR�VLWXDWLRQ�
ZKHUH�WKH�VRXUFH�RI�' 1 $ �LV�OHIW�EHKLQG�
DQG�LV�FROOHFWHG�ZLWKRXW�KDYLQJ�WR�FDWFK�RU�
GLVWXUE�WKH�DQLP DO

‡ ,Q�WKH�OLWHUDWXUH��QRQ�GHVWUXFWLYH�VDP SOLQJ�
LV�RIWHQ�LP SURSHUO\ �FRQVLGHUHG�DV�QRQ�
LQYDVLYH

‡ &DWFKLQJ�D�P DP P DO��RU�D�ELUG��DQG�
SOXFNLQJ�D�IHZ�KDLUV��RU�IHDWKHUV��VKRXOG�
QRW�EH�FRQVLGHUHG�DV�QRQ�LQYDVLYH��EXW�
UDWKHU�DV�QRQ�GHVWUXFWLYH



�

1 RQ�LQYDVLYH�JHQHWLF�VDP SOLQJ�
DQG�FRQVHUYDWLRQ

‡ ' HILQLWLRQ�RI�QRQ�LQYDVLYH�VDP SOLQJ

‡ / DQGP DUN�SDSHUV
‡ 7HFKQLFDO�GLIILFXOWLHV�DQG�VROXWLRQV

‡ $�TXDOLW\ �LQGH[ �IRU�QRQ�LQYDVLYH�JHQHWLF�VDP SOLQJ�
‡ &DVH�VWXGLHV

± ( VWLP DWLRQ�RI�SRSXODWLRQ�VL] H�LQ�6FDQGLQDYLDQ�EURZQ�
EHDUV

± &RQVHUYDWLRQ�JHQHWLFV�RI�EURZQ�EHDUV�LQ�3DNLVWDQ

‡ &RQFOXVLRQV

1 RQ�LQYDVLYH�JHQHWLF�VDP SOLQJ��RQO\ �
SRVVLEOH�YLD�3&5

‡ 0 XOOLV�. %��) DORRQD�) $�� � � � � � �6SHFLILF�
V\ QWKHVLV�RI�' 1 $�LQYLWURYLD�D�SRO\ P HUDVH�
FDWDO\ VHG�FKDLQ�UHDFWLRQ��0 HWKRGV�LQ�
( Q] \ P RORJ\ ��� � � ��� � � � � � � �

‡ 6DLNL�5 . ��* HOIDQG�' + ��6WRIIHO�6��6FKDUI�6- ��
+LJXFKL�5 ��+RUQ�* 7��0 XOOLV�. %��( UOLFK�+$�
�� � � � � �3ULP HU�GLUHFWHG�HQ] \ P DWLF�
DP SOLILFDWLRQ�RI�' 1 $�ZLWK�D�WKHUP RVWDEOH�
' 1 $�SRO\ P HUDVH��6FLHQFH��� � � ��� � � � � � � �



�

6RXUFH�RI�' 1 $ ��
VKHG�KDLUV

‡ +LJXFKL�5 ��9RQ%HUROGLQJHQ�&+ ��
6HQVDEDXJK�* ) ��( UOLFK�+$��� � � � � �' 1 $��
W\ SLQJ�IURP �VLQJOH�KDLUV��1 DWXUH��� � � ��� � � �
� � � �

‡ 7DEHUOHW�3��%RXYHW�- �� � � � � � �%HDU�
FRQVHUYDWLRQ�JHQHWLFV��1 DWXUH��� � � ��� � � �

6RXUFH�RI�' 1 $ ��
IHFHV

‡ + | VV�0 ��. RKQ�0 ��3 l l ER�6��. QDXHU�) ��
6FKU| GHU�: �� � � � � � �( [ FUHP HQW�DQDO\ VLV�
E\ �3&5 ��1 DWXUH��� � � ��� � � �



�

3RWHQWLDO�RI�QRQ�LQYDVLYH�JHQHWLF�
VDP SOLQJ��WZR�RSSRVLQJ�SRLQW�RI�YLHZ

‡ 1 RQ�LQYDVLYH�VDP SOLQJ�FDQ�H[ SORLW�WKH�IXOO�
SRWHQWLDO�RI�' 1 $ �DQDO\ VLV�
± 7UXH�IRU�P W' 1 $

± ' RP LQDQW�RSLQLRQ�WHQ�\ HDUV�DJR

‡ 1 RQ�LQYDVLYH�VDP SOLQJ�KDV�VHULRXV�
OLP LWDWLRQV
± 0 DQ\ �WHFKQLFDO�SUREOHP V

± 3RVVLELOLW\ �RI�JHQRW\ SLQJ�HUURUV

1 RQ�LQYDVLYH�VDP SOLQJ�
FDQ�H[ SORLW�WKH�IXOO�

SRWHQWLDO�RI�' 1 $ �DQDO\ VLV

‡ 0 RULQ�3$��0 RRUH�- - ��&KDNUDERUW\ �5 ��- LQ�/ ��* RRGDOO�- ��
: RRGUXII�' 6 �� � � � � � �. LQ�VHOHFWLRQ��VRFLDO�VWUXFWXUH��JHQH�
IORZ��DQG�WKH�HYROXWLRQ�RI�FKLP SDQ] HHV��6FLHQFH��� � � ��
� � � � � � � � � �

‡ � ' HJUHHV�RI�UHODWHGQHVV�DP RQJ�LQGLYLGXDOV�LQ�RQH�
FRP P XQLW\ �Z HUH�LQIHUUHG�IURP �DOOHOH� VKDULQJ�DW�
HLJKW�QXFOHDU�VLP SOH�VHTXHQFH�UHSHDW�� 665 � �ORFL� �
0 DOHV�DUH�UHODWHG�RQ�WKH�RUGHU�RI�KDOI� VLEOLQJV� �
DQG�KRP R] \ JRVLW\ �LV�VLJQLILFDQWO\ �LQFUHDVHG�DW�
VHYHUDO�665 �ORFLFRP SDUHG�WR�+ DUG\ � : HLQEHUJ�
H[ SHFWDWLRQV� �
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1 RQ�LQYDVLYH�VDP SOLQJ�KDV�
VHULRXV�OLP LWDWLRQV

‡ * HUORII�8 ��6FKO| WWHUHU�&��5 DVVP DQQ�. ��5 DP EROG�,��
+RKP DQQ�* ��) UXWK�%��7DXW] �' �� � � � � � �$P SOLILFDWLRQ�RI�
K\ SHUYDULDEOH�VLP SOH�VHTXHQFH�UHSHDWV��P LFURVDWHOOLWHV��
IURP �H[ FUHP HQWDO�' 1 $�RI�ZLOG�OLYLQJ�ERQRERV��3DQ
SDQLVFXV���0 ROHFXODU�( FRORJ\ ��� ��� � � � � � � �

‡ 7DEHUOHW�3��* ULIILQ�6��* RRVVHQV�%��4 XHVWLDX�6��0 DQFHDX�
9��( VFDUDYDJH�1 ��: DLWV�/ 3 ��%RXYHW�- �� � � � � � �5 HOLDEOH�
JHQRW\ SLQJ�RI�VDP SOHV�ZLWK�YHU\ �ORZ�' 1 $�TXDQWLWLHV�
XVLQJ�3&5 ��1 XFOHLF�$FLGV�5 HVHDUFK��� � ��� � � � � � � � � �

‡ * DJQHX[ �3 ��%RHVFK�&��: RRGUXII�' 6 �� � � � � � �0 LFURVDWHOOLWH�
VFRULQJ�HUURUV�DVVRFLDWHG�ZLWK�QRQLQYDVLYH�JHQRW\ SLQJ�
EDVHG�RQ�QXFOHDU�' 1 $�DP SOLILHG�IURP �VKHG�KDLU��
0 ROHFXODU�( FRORJ\ ��� ��� � � � � � � �

* DJQHX[ �3 ��: RRGUXII�' 6 ��%RHVFK�&��� � � � � �) XUWLYH�
P DWLQJ�LQ�IHP DOH�FKLP SDQ] HHV��1 DWXUH��� � � �� � � �0 D\ �

� � � � � ��� � � � � � � �
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‡ 3DWHUQLW\ �VWXG\ �RI WKH�RIIVSULQJ�RI�D�FKLP SDQ] H�
FRP P XQLW\ �

‡ +DOI�RI�WKH�RIIVSULQJ�GLG�QRW�GLVSOD\ �DQ\ �DOOHOH�
LQKHULWHG�IURP �DQ�LQWUDJURXS�IDWKHU�

‡ &RQFOXVLRQ��WKHVH�RIIVSULQJ�KDG�DQ�H[ WUDJURXS�IDWKHU�
‡ 7KH�GDWDVHW�FRQWDLQHG�DOOHOLF�GURSRXWV��SDSHU�

UHWUDFWLRQ�LQ�� � � � � �

* DJQHX[ �3 ��: RRGUXII�' 6 ��%RHVFK�&��� � � � � �) XUWLYH�
P DWLQJ�LQ�IHP DOH�FKLP SDQ] HHV��1 DWXUH��� � � �� � � �0 D\ �

� � � � � ��� � � � � � � �

6FDQ�RI WKH�* DJQHX[ �SDSHU�LQ�
0 RO�( FRO
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1 RQ�LQYDVLYH�JHQHWLF�VDP SOLQJ�
DQG�FRQVHUYDWLRQ

‡ ' HILQLWLRQ�RI�QRQ�LQYDVLYH�VDP SOLQJ

‡ / DQGP DUN�SDSHUV
‡ 7HFKQLFDO�GLIILFXOWLHV�DQG�VROXWLRQV

‡ $�TXDOLW\ �LQGH[ �IRU�QRQ�LQYDVLYH�JHQHWLF�VDP SOLQJ�
‡ &DVH�VWXGLHV

± ( VWLP DWLRQ�RI�SRSXODWLRQ�VL] H�LQ�6FDQGLQDYLDQ�EURZQ�
EHDUV

± &RQVHUYDWLRQ�JHQHWLFV�RI�EURZQ�EHDUV�LQ�3DNLVWDQ

‡ &RQFOXVLRQV

' LVWULEXWLRQ�RI�SDSHUV�RQ��JHQRW\ SLQJ�HUURUV��
DFFRUGLQJ�WR�WKHLU�SXEOLFDWLRQ�\ HDU

‡ $SSDUHQWO\ ��P RUH�
DQG�P RUH�DWWHQWLRQ�LV�
SDLG�WR�JHQRW\ SLQJ�
HUURUV�
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' LVWULEXWLRQ�RI SDSHUV�RQ��JHQRW\ SLQJ�
HUURUV��DFFRUGLQJ�WR�WKHLU�VXEMHFW

‡ * HQRW\ SLQJ�HUURUV�DUH�D�
FRQFHUQ�IRU�VRP H�
UHVHDUFK�ILHOG�RQO\ �
�OLQNDJH�DQDO\ VHV��QRQ�
LQYDVLYH�P HWKRGV��

‡ : KDW�DERXW�WKH�RWKHU�
ILHOGV�XVLQJ�JHQHWLF�
WRROV" ��SRSXODWLRQ�
JHQHWLFV�JHQRP LFV" �

0 DMRU�WHFKQLFDO�FKDOOHQJHV

‡ 6DP SOH�SUHVHUYDWLRQ
‡ ' 1 $�H[ WUDFWLRQ
‡ ' 1 $�DP SOLILFDWLRQ
‡ * HQRW\ SLQJ�HUURUV

± &RQWDP LQDWLRQ

± $OOHOLF�GURSRXW
± ) DOVH�DOOHOHV
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&RQWDP LQDWLRQ

‡ %HKLQG�WKH�SRVVLELOLW\ �RI�GHWHFWLQJ�D�
VLQJOH�WDUJHW�P ROHFXOH��WKHUH�LV�DOVR�D�
SRVVLELOLW\ �RI�GHWHFWLQJ�D�VLQJOH�
FRQWDP LQDQW�P ROHFXOH�

‡ : RUNLQJ�ZLWK�QRQ�LQYDVLYH�JHQHWLF�
VDP SOLQJ�LV�VLP LODU�WR�DQFLHQW�' 1 $�
VWXGLHV�

* HQRW\ SLQJ�HUURUV��DOOHOLF�
GURSRXW

‡ ) RU�D�KHWHUR] \ JRXV�LQGLYLGXDO��RQO\ �RQH�
DOOHOH�LV�SUHVHQW�LQ�WKH�WHP SODWH�DQG�RU�
LV�DP SOLILHG�LQ�WKH�3&5 �UHDFWLRQ�

‡ 7KLV�HUURU�SURGXFHV�D�IDOVH�
KRP R] \ JRWH�
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* HQRW\ SLQJ�HUURUV��IDOVH�
DOOHOHV

‡ $UWLIDFWV�FDQ�EH�JHQHUDWHG�GXULQJ�WKH�
ILUVW�F\ FOHV�RI�WKH�3&5 �UHDFWLRQ��DQG�FDQ�
EH�P LVLQWHUSUHWHG�DV�WUXH�DOOHOHV�

‡ 9HU\ �GLIILFXOW�WR�GLVFHUQ�IURP �VSRUDGLF�
FRQWDP LQDWLRQ�

* HQRW\ SLQJ�HUURUV��H[ DP SOH

) LYH�LQGHSHQGHQW�JHQHWLF�W\ SLQJ�XVLQJ�WKH�
VDP H�' 1 $�H[ WUDFW��IURP �IHFHV�

$OOHOH�$

$OOHOH�%

%URZQ�EHDU
/ RFXV�* � � %
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* HQRW\ SLQJ�HUURUV��H[ DP SOH

) LIW\ �LQGHSHQGHQW�JHQRW\ SLQJ�H[ SHULP HQWV�
XVLQJ�WKH�VDP H�' 1 $�H[ WUDFW��IURP �D�EHDU�
IHFHV���ORFXV�* � � %�

$OOHOH�$

$OOHOH�%

* HQRW\ SLQJ�
HUURUV��H[ DP SOH

��

��

��

��

��

��

��

6HYHQ�LQGHSHQGHQW�
H[ SHULP HQWV�XVLQJ�WKH�VDP H�
' 1 $�H[ WUDFW�IURP �D�EHDU�IHFHV
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* HQRW\ SLQJ�
HUURUV��H[ DP SOH

6HYHQ�LQGHSHQGHQW�
H[ SHULP HQWV�XVLQJ�WKH�VDP H�
' 1 $�H[ WUDFW�IURP �D�VLQJOH�
P DUP RW�KDLU

��

��

��

��

��

��

��

,QIOXHQFH�RI�WKH�DP RXQW�RI�WHP SODWH�' 1 $
) URP �* RRVVHQV�HW�DO���� � � �

� �P DUP RW�KDLU � �P DUP RW�KDLUV � � �P DUP RW�KDLUV
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$OOHOLF�GURSRXW��
P DWKHP DWLFDO�P RGHO

‡ 2 EMHFWLYH��VLP XODWH�WKH�HIIHFW�RI�WKH�
H[ WUHP H�' 1 $�GLOXWLRQ�LQ�QRQ�LQYDVLYH�
VWXGLHV

‡ $VVXP SWLRQV�
± 6LQJOH�WDUJHW�P ROHFXOH�FDQ�EH�DP SOLILHG�DQG�

GHWHFWHG
± ( DFK�VLQJOH�WDUJHW�P ROHFXOH�KDV�WKH�VDP H�

SUREDELOLW\ �RI�EHLQJ�DP SOLILHG

7KH�SUREOHP �RI�YHU\ �VP DOO�
' 1 $�VDP SOHV��VLP XODWLRQV

FRUUHFW�JHQRW\ SLQJ

6LP XODWLRQV�IRU�D�KHWHUR] \ JRWH�LQGLYLGXDO�Z LWK�DOOHOHV�$ �DQG�%

� �� �SJ�RI�WHP SODWH�' 1 $ �SHU�UHDFWLRQ

WXEH�� � ��% WXEH�� � ���
WXEH�� � ��% WXEH�� � ��%$
WXEH�� � ��� WXEH�� � ��%$ %%
WXEH�� � ��� WXEH�� � ��%%
WXEH�� � ��$ WXEH�� � ���
WXEH�� � ��$ WXEH�� � ��%
WXEH�� � ��$ WXEH�� � ��$
WXEH�� � ��$ WXEH�� � ��$
WXEH�� � ��� WXEH�� � ��%
WXEH�� � ��� WXEH�� � ��$
WXEH�� � ��$ %% WXEH�� � ���
WXEH�� � � $ $ WXEH�� � ���

� � �SJ�RI�WHP SODWH�' 1 $ �SHU�UHDFWLRQ

WXEH�� � ��$ $ %$ % WXEH�� � ��$ $ $ $ %
WXEH�� � ��%% WXEH�� � ��%
WXEH�� � ��$ %%%%% WXEH�� � ��$ $ $ $
WXEH�� � ��$ $ %$ WXEH�� � ��%%$ $ $ %
WXEH�� � ��%%$ $ $ %$ WXEH�� � ��%$ %%
WXEH�� � ��%%%% WXEH�� � ��%$ $ %$ $
WXEH�� � � %$ $ % WXEH�� � ��$ %%%$
WXEH�� � � %$ $ $ WXEH�� � ��%%$ %$
WXEH�� � � � WXEH�� � ��%$ %
WXEH�� � ��$ $ % WXEH�� � ��%%$
WXEH�� � ��%%% WXEH�� � ���
WXEH�� � � $ $ %$ %%$ % WXEH�� � ��$ $ $ $
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5 HVXOWV�RI�WKH�VLP XODWLRQV

WHP SODWH�' 1 $ �SHU
DP SOLILFDWLRQ��SLFRJUDP V�

3&5 �SURGXFW
�DW�OHDVW�RQH
DOOHOH�

FRUUHFW
JHQRW\ SLQJ
�ERWK�DOOHOHV�

RQH�FHOO�FRQWDLQV
DERXW�� SLFRJUDP V
RI�' 1 $

�

�

� �

� �

� �

� �

� � �

� � � � � � � � � �� � � � � � � � � � � �

�

3UREDELOLW\ �RI�FRUUHFW�JHQRW\ SLQJ�DW�D�KHWHUR] \ JRWH�
P LFURVDWHOOLWH�ORFXV�XVLQJ�YHU\ �P DOO�' 1 $ �VDP SOHV

* XLGHOLQHV�IRU�JHQRW\ SLQJ�YHU\ �
VP DOO�' 1 $�VDP SOHV

‡ 0 XOWLSOH�WXEH�DSSURDFK�
‡ 1 DYLGL�: ��$UQKHLP �1 ��: DWHUP DQ�0 6��� � � � � �$ �

P XOWLSOH�WXEH�DSSURDFK�IRU�DFFXUDWH�JHQRW\ SLQJ�RI�
YHU\ �VP DOO�' 1 $�VDP SOHV�E\ �XVLQJ�3&5 ��VWDWLVWLFDO�
FRQVLGHUDWLRQV��$P HULFDQ�- RXUQDO�RI�+XP DQ�
* HQHWLFV��� � ��� � � � � � � �

‡ 7DEHUOHW�3��* ULIILQ�6��* RRVVHQV�%��4 XHVWLDX�6��
0 DQFHDX�9��( VFDUDYDJH�1 ��: DLWV�/ 3 ��%RXYHW�- �
� � � � � � �5 HOLDEOH�JHQRW\ SLQJ�RI�VDP SOHV�ZLWK�YHU\ �ORZ�
' 1 $�TXDQWLWLHV�XVLQJ�3&5 ��1 XFOHLF�$FLGV�5 HVHDUFK��
� � ��� � � � � � � � � �
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* XLGHOLQHV�IRU�JHQRW\ SLQJ�YHU\ �
VP DOO�' 1 $�VDP SOHV

,Q�SUDFWLFH��ZH�XVH�� �RU�� �3&5 �SHU�ORFXV�DQG�SHU�VDP SOH

* XLGHOLQHV�IRU�JHQRW\ SLQJ�YHU\ �
VP DOO�' 1 $�VDP SOHV

‡ +RZ�WR�DYRLG�RU�WR�OLP LW�WKH�FRVW�RI�WKH�P XOWLSOH�
WXEH�DSSURDFK"

‡ %\ �HVWLP DWLQJ�WKH�DP RXQW�RI�WHP SODWH�' 1 $�
± 0 LOOHU�&��- R\ FH�3��: DLWV�/ �� � � � � � �$VVHVVLQJ�DOOHOLF�

GURSRXW�DQG�JHQRW\ SH�UHOLDELOLW\ �XVLQJ�P D[ LP XP �
OLNHOLKRRG��* HQHWLFV��� � � ��� � � � � � � �

± 0 RULQ�3��&KDP EHUV�. ��%RHVK�&��9LJLODQW�/ �� � � � � � �
4 XDQWLWDWLYH�SRO\ P HUDVH�FKDLQ�UHDFWLRQ�DQDO\ VLV�RI�' 1 $ �
IURP �QRQLQYDVLYH�VDP SOHV�IRU�DFFXUDWH�P LFURVDWHOOLWH�
JHQRW\ SLQJ�RI�ZLOG�FKLP SDQ] HHV��3DQ�WURJORG\ WHV�YHUXV���
0 ROHFXODU�( FRORJ\ ��� � ��� � � � � � � � � �
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4 XDQWLWDWLYH�3&5 ��IURP �0 RULQ�HW�DO���� � � � �

5 HODWLRQVKLS�EHWZHHQ�WKH�LQLWLDO�DP RXQW�RI�WHP SODWH�' 1 $�LQ�WKH�3&5 �DQG�
ERWK�WKH�SURSRUWLRQ�RI�3&5 V�ZLWK�DP SOLILFDWLRQ�SURGXFW��JUH\ �VTXDUHV��
DQG�WKH�SURSRUWLRQ�RI�3&5 V�ZLWK�DOOHOLF�GURSRXW��EODFN�FLUFOHV��

$FWXDOO\ ��IRXU�P DLQ�FDWHJRULHV�
RI�HUURUV

‡ ( UURUV�GXH�WRORZ�' 1 $�TXDOLW\ �DQG�
TXDQWLW\ ��H�J��DOOHOLF�GURSRXW�

‡ &RQVWLWXWLYH�HUURUV�GXH�WRWKH�' 1 $�
VHTXHQFH�IODQNLQJ�WKH�P DUNHU��H�J� QXOO�
DOOHOH�

‡ %LRFKHP LFDO�HUURUV��H�J��� � $ � �DUWLIDFW��
IDOVH�DOOHOH�

‡ +XP DQ�HUURUV��WXEH�P L[ LQJ��VFRULQJ�
VXEMHFWLYLW\ ��HWF����WKH�P RVW�IUHTXHQW�HUURUV
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+XP DQ�IDFWRU
‡ &DXVH�� ��VDP SOH�P DQLSXODWLRQ

± &RQIXVLRQ�EHWZHHQ�VDP SOHV��H�J��P LVODEHOOLQJ�RU�WXEH�
P L[ LQJ�

‡ &DXVH�� � ( [ SHULP HQWDO�HUURU
± &RQWDP LQDWLRQZLWK�DQ�H[ RJHQRXV�' 1 $�RU�FURVV�

FRQWDP LQDWLRQ�EHWZHHQ�VDP SOHV�
± 8 VH�RI�DQLQDSSURSULDWH�SURWRFRO��UHDJHQW�IRUJRWWHQ��ZURQJ�

K\ EULGL] DWLRQ�WHP SHUDWXUH��SULP HUV��RU�FRQFHQWUDWLRQV�RI�
UHDJHQWV��

‡ &DXVH�� ��' DWDKDQGOLQJ
± 0 LVUHDGLQJ�RI WKH�SURILOH�RU�P LVLGHQWLILFDWLRQ�RI WKH�

IOXRUHVFHQW�SHDN
± 0 LVFRS\ LQJ�RU�FRQIXVLRQ�RI WKH�JHQRW\ SHV�LQ�WKH�GDWDEDVH
± &RP SXWLQJ�HUURU��EXJ�LQWKH�GDWDEDVH�DQDO\ VLV�SURJUDP

5 LVNV�RI�QRW�WDNLQJ�LQWR�DFFRXQW�
WKH�SRVVLELOLW\ �RI�HUURUV

‡ 7KH�ZRUVH�VLWXDWLRQ�DULVHV�ZKHQ�D�VFLHQWLVW�
UHDOLVHV�DW�WKH�HQG�RI�D�VWXG\ �WKDW�WKH�GDWD�ZHUH�
QRW�UHOLDEOH�GXH�WR�JHQRW\ SLQJ�HUURUV��DQG�WKDW�
WKH�GDWDVHW�LV�QRW�UHWULHYDEOH��

‡ 6XFK�VLWXDWLRQV�DUH�DOP RVW�QHYHU�UHSRUWHG�LQ�WKH�
OLWHUDWXUH��EXW�WKHLU�RFFXUUHQFH�LV�SUREDEO\ �QRW�
UDUH��

‡ 7KHUHIRUH��LW�LV�LP SRUWDQW�WR�WDNH�LQWR�DFFRXQW�
WKH�SRVVLELOLW\ �RI�JHQRW\ SLQJ�HUURUV�ZKHQ�
GHVLJQLQJ�WKH�H[ SHULP HQWDO�SURWRFRO�
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: KDW�FDQ�EH�GRQH"

‡ 8 SVWUHDP ��GXULQJ�WKH�JHQRW\ SLQJ�SURFHVV�
± 7R�HVWLP DWH�WKH�DFFHSWDEOH�WKHRUHWLFDO�HUURU�

UDWH
± 7R�OLP LW�WKH�RFFXUUHQFH�RI HUURUV��LP SRUWDQFH�RI

WKH�KXP DQ�IDFWRU��

± 7R�HVWLP DWH�WKH�HUURU�UDWH�ZLWK�EOLQG�UHSOLFDWHV

‡ ' RZQVWUHDP ��GXULQJ�WKH�GDWD�DQDO\ VLV�
± 7R�WDNH�WKH�HUURU�UDWHLQWR�DFFRXQW�LQ�WKH�

DQDO\ VHV

* HQHUDO�UHFRP P HQGDWLRQV��� �

‡ $�ILUVW�VWHS�FRQVLVWV�LQ�FKHFNLQJ�WKDW�WKH�JHQRW\ SLQJ�
H[ SHULP HQWV�QHFHVVDU\ �WR�UHDFK�WKH�VFLHQWLILF�JRDO�DUH�
UHDOLVWLF�DFFRUGLQJ�WR�WKH�VDP SOH�TXDOLW\ �DQG�WKH�WHFKQLFDO�
VNLOOV�DYDLODEOH��EDG�VDP SOH�TXDOLW\ �DQG�OLP LWHG�WHFKQLFDO�
VNLOOV�REYLRXVO\ �LQIOXHQFH�WKH�HUURU�UDWH���

‡ $�VHFRQG�VWHS�LQYROYHV�FDUU\ LQJ�RXW�D�SLORW�VWXG\ �GHVLJQHG�
WR�ILUVW�HYDOXDWH�WKH�WKHRUHWLFDO�HUURU�UDWH�FRP SDWLEOH�ZLWK�
WKH�GDWD�DQDO\ VLV��DQG�WKHQ�WR�HVWLP DWH�WKH�UHDO�HUURU�UDWH�
EDVHG�RQ�WKH�DQDO\ VLV�RI�D�VXEVHW�RI�WKH�VDP SOHV��

‡ ) LQDOO\ ��LW�LV�LP SRUWDQW�WR�EH�DZDUH�RI�SRWHQWLDO�SUREOHP V�DOO�
DORQJ�WKH�H[ SHULP HQWDO�SURFHGXUH��HYHQ�DIWHU�D�VXFFHVVIXO�
SLORW�VWXG\ ��IURP �VDP SOLQJ�WR�GDWD�DQDO\ VLV�
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* HQHUDO�UHFRP P HQGDWLRQV��� �

‡ 4 XDOLW\ �FRQWUROV�VKRXOG�EH�SHUIRUP HG�LQ�UHDO�WLP H�GXULQJ�
HDFK�VWHS�DQG�HDFK�EDWFK�RI�H[ SHULP HQWV��

‡ 7KH\ �VKRXOG�DOVR�EH�GLYHUVH�IRU�EHLQJ�DEOH�WR�GHWHFW�DV�
P DQ\ �W\ SHV�RI�HUURUV�DV�SRVVLEOH��

‡ &RQWURO�SURFHGXUHV�DUH�FRVWO\ �DQG�WLP H�FRQVXP LQJ��7KXV�
WKH�HIIRUW�IRU�UHGXFLQJ�WKH�HUURU�UDWH�P XVW�EH�DGDSWHG�WR�WKH�
IRUHVHHDEOH�LP SDFW�RI�WKH�JHQRW\ SLQJ�HUURUV��

‡ %HFDXVH�JHQRW\ SLQJ�HUURUV�P D\ �EH�JHQHUDWHG�HYHQ�ZLWK�
KLJK�TXDOLW\ �VWDQGDUGV��DQG�EHFDXVH�WKH\ �FDQQRW�EH�DOO�
GHWHFWHG��HIIRUWV�P XVW�EH�GLUHFWHG�WRZDUGV�OLP LWLQJ�ERWK�WKHLU�
SURGXFWLRQ�DQG�WKHLU�VXEVHTXHQW�LP SDFW�

* HQHUDO�
UHFRP P HQGDWLRQV��� �

3RP SDQRQ�) ��%RQLQ�$��
%HOOHP DLQ�( ��7DEHUOHW�3��� � � � � �
* HQRW\ SLQJ�HUURUV��FDXVHV��
FRQVHTXHQFHV�DQG�VROXWLRQV��
1 DWXUH�5 HYLHZV�* HQHWLFV��LQ�
SUHVV�
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1 RQ�LQYDVLYH�JHQHWLF�VDP SOLQJ�
DQG�FRQVHUYDWLRQ

‡ ' HILQLWLRQ�RI�QRQ�LQYDVLYH�VDP SOLQJ
‡ / DQGP DUN�SDSHUV
‡ 7HFKQLFDO�GLIILFXOWLHV�DQG�VROXWLRQV
‡ $�TXDOLW\ �LQGH[ �IRU�QRQ�LQYDVLYH�JHQHWLF�VDP SOLQJ
‡ &DVH�VWXGLHV

± ( [ SDQVLRQ�RI�WKH�,WDOLDQ�ZROYHV
± ( VWLP DWLRQ�RI�SRSXODWLRQ�VL] H�LQ�6FDQGLQDYLDQ�EURZQ�

EHDUV
± &RQVHUYDWLRQ�JHQHWLFV�RI�EURZQ�EHDUV�LQ�3DNLVWDQ

‡ &RQFOXVLRQV

7RZDUGV�DTXDOLW\ �LQGH[

‡ * RDO��HVWLP DWH�DTXDOLW\ �LQGH[ DVVRFLDWHG�
WR�HDFK�VDP SOH

‡ 7KLVTXDOLW\ �LQGH[ VKRXOG�DOORZ�
FRP SDULVRQV�DP RQJ�VDP SOHV��ORFL��DQG�
VWXGLHV

‡ 7KLV�TXDOLW\ �LQGH[ �VKRXOG�IDFLOLWDWH�WKH�
FRP P XQLFDWLRQ�EHWZHHQ�JHQHWLFLVWV�DQG�
ILHOG�VFLHQWLVWV

‡ 5 HVWULFWHG�WRWKH�VLWXDWLRQ�ZKHUH�WKH�
P XOWLSOH�WXEH�DSSURDFK�LV�XVHG
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7RZDUGV�DTXDOLW\ �LQGH[

‡ 7KH�HVWLP DWLRQ�RI WKH�TXDOLW\ �LQGH[ ��4 ,� �LV�
EDVHG�RQWKH�DQDO\ VLV�RI WKH�ZKROH�VHW�RI�
HOHFWURSKHURJUDP V�SURGXFHG�ZKHQ�XVLQJ�WKH�
P XOWLSOH�WXEH�DSSURDFK�

‡ ) RUHDFK�ORFXV�RI�DJLYHQ�VDP SOH��D�4 ,�LV�
HVWLP DWHG�XVLQJ�WKH�IROORZLQJ�VWHSV�
± 6WHS�� ��HVWLP DWLRQ�RI WKH�P RVW�OLNHO\ �FRQVHQVXV�

JHQRW\ SH�
± 6WHS�� ��HVWLP DWLRQ�RI WKH�VFRUH�IRUHDFK�UHSHDW
± 6WHS�� ��HVWLP DWLRQ�RI WKH�TXDOLW\ �LQGH[ �IRUWKH�ORFXV

7RZDUGV�DTXDOLW\ �LQGH[
‡ 6WHS�� ��HVWLP DWLRQ�RI WKH�P RVW�OLNHO\ �FRQVHQVXVJHQRW\ SH�

DIWHU�VLP XOWDQHRXV�REVHUYDWLRQ�RI WKH�HOHFWURSKHURJUDP V�
FRUUHVSRQGLQJ�WRWKH�GLIIHUHQW�UHSHDWV�RI WKLV�ORFXV��$Q
DOOHOH�LV�FRQVLGHUHG�RQO\ �LI LW�LV�SUHVHQW�DW�OHDVWWZLFH�DP RQJ�
WKH�GLIIHUHQW�UHSHDWV�

‡ 6WHS�� ��HVWLP DWLRQ�RI WKH�VFRUH�IRUHDFK�UHSHDW��,I�WKH�
HOHFWURSKHURJUDP �DW�RQH�UHSHDW�FRUUHVSRQGV�WRWKH�
FRQVHQVXV�JHQRW\ SH��WKH�VFRUH�� � � LV�DVVLJQHG��RWKHUZLVH�
WKH�VFRUH�� � � LV�DVVLJQHG��ZKHWHYHU�WKH�GLIIHUHQFHV�

‡ 6WHS�� ��HVWLP DWLRQ�RI WKH�4 ,�IRUWKH�ORFXV��7KH�VFRUHV�
DVVLJQHG�WRHDFK�UHSHDW�DUH�VXP P HG� DQG�GLYLGHG�E\ WKH�
QXP EHU�RI�UHSHDWV��

‡ 6WHS�� ��HVWLP DWLRQ�RI WKH�P HDQ�4 ,�SHU�ORFXVDQG�SHU�
LQGLYLGXDO�
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$GGLWLRQDO�UXOHV

‡ 1 R�VLJQDOLV�VFRUHG�DV�� � � �
‡ ( OHFWURSKHURJUDP V�ZLWK�DQ�DGGLWLRQDO�

DOOHOH�DUH�VFRUHG�DV�� � � �
‡ ,I WKH�OHVV�LQWHQVH�DOOHOH�LV�OHVV�WKDQ�

� � � �RI WKH�P RVW�LQWHQVH�DOOHOH��D�VFRUH�
RI�� � � LV�JLYHQ�

4 XDOLW\ �LQGH[ ��H[ DP SOH��
0 XOWLSOH�WXEH�DSSURDFK��� �UHSHDWV

6WHS�� ��FRQVHQVXV�JHQRW\ SH

�

�

�

�

�

�

�

�

6WHS�� ��VFRUH�IRU�HDFK�UHSHDW

�

�

�

�

�

�

�

�
6WHS�� ��TXDOLW\ �LQGH[

� �� �
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4 XDOLW\ �LQGH[ ��H[ DP SOH��
0 XOWLSOH�WXEH�DSSURDFK��� �UHSHDWV

6WHS�� ��FRQVHQVXV�JHQRW\ SH
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�
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�

�

�

�

�

6WHS�� ��VFRUH�IRU�HDFK�UHSHDW
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�
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�

�

�
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�
6WHS�� ��TXDOLW\ �LQGH[

� �� �

4 XDOLW\ �LQGH[ ��H[ DP SOH��
0 XOWLSOH�WXEH�DSSURDFK��� �UHSHDWV

6WHS�� ��FRQVHQVXV�JHQRW\ SH
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�

�

�

6WHS�� ��VFRUH�IRU�HDFK�UHSHDW
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�

�
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�
6WHS�� ��TXDOLW\ �LQGH[

� �� �
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4 XDOLW\ �LQGH[ HV�IRU�ORFL��VDP SOHV��DQG�
VWXG\

P HDQ

P HDQ

6DP SOHV

� �� �� �� �� �� �� �� �� �� ��

� �� �� �� �� �� �� �� �� �� ��

� �� �� �� �� �� �� �� �� �� ��

/ RFXV

�����

4 XDOLW\ �LQGH[ HV�IRU�ORFL��VDP SOHV��DQG�
VWXG\

P HDQ

� �� �

� �� �

� �� �

P HDQ

6DP SOHV

� �� �� �� �� �� �� �� �� �� ��

� �� �� �� �� �� �� �� �� �� ��

� �� �� �� �� �� �� �� �� �� ��

/ RFXV

�����
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4 XDOLW\ �LQGH[ HV�IRU�ORFL��VDP SOHV��DQG�
VWXG\

� �� �� �� �� �� �� �� �� �� �P HDQ

� �� �

� �� �

� �� �

P HDQ

6DP SOHV

� �� �� �� �� �� �� �� �� �� ��

� �� �� �� �� �� �� �� �� �� ��

� �� �� �� �� �� �� �� �� �� ��

/ RFXV

�����

4 XDOLW\ �LQGH[ HV�IRU�ORFL��VDP SOHV��DQG�
VWXG\

� �� �� �� �� �� �� �� �� �� �� �� �P HDQ

� �� �

� �� �

� �� �

P HDQ

6DP SOHV

� �� �� �� �� �� �� �� �� �� ��

� �� �� �� �� �� �� �� �� �� ��

� �� �� �� �� �� �� �� �� �� ��

/ RFXV

�����
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4 XDOLW\ �LQGH[ HV�IRU�VDP SOHV
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�
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6DPSOH�QXPEHU

' DWD�IURP �%HOOHP DLQ�HW�DO� �� � � � � �&RQVHUYDWLRQ�%LRORJ\

4 XDOLW\ �LQGH[ HV�IRUORFL

�

� ��

� ��

� ��

� ��

� ��

� ��

� ��

� ��

� ��

�

0 X� � 0 X� � 0 X� � 0 X� � 0 X� � * � � /

/ RFL

�

���

���

���

���

���

���

���

���

���

�

0X�� 0X�� 0X�� 0X�� 0X�� *��/

/RFL

' DWD�IURP �%HOOHP DLQ�HW�DO� �� � � � � �&RQVHUYDWLRQ�%LRORJ\
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4 XDOLW\ �LQGH[ ��
FRP SDULVRQV�

DP RQJ�VWXGLHV
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1 RQ�LQYDVLYH�JHQHWLF�VDP SOLQJ�
DQG�FRQVHUYDWLRQ

‡ ' HILQLWLRQ�RI�QRQ�LQYDVLYH�VDP SOLQJ

‡ / DQGP DUN�SDSHUV
‡ 7HFKQLFDO�GLIILFXOWLHV�DQG�VROXWLRQV

‡ $�TXDOLW\ �LQGH[ �IRU�QRQ�LQYDVLYH�JHQHWLF�VDP SOLQJ�
‡ &DVH�VWXGLHV

± ( VWLP DWLRQ�RI�SRSXODWLRQ�VL] H�LQ�6FDQGLQDYLDQ�EURZQ�
EHDUV

± &RQVHUYDWLRQ�JHQHWLFV�RI�EURZQ�EHDUV�LQ�3DNLVWDQ

‡ &RQFOXVLRQV

) LUVW�FDVH�VWXG\ ��( VWLP DWLRQ�RI�
SRSXODWLRQ�VL] H�LQ�6FDQGLQDYLDQ�

EURZQ�EHDUV

‡ ( YD�%HOOHP DLQ�3K' ��&ROODERUDWLRQ�ZLWK�- RQ�6ZHQVRQ

‡ %HOOHP DLQ�( ��6ZHQVRQ�- ��7DOOP RQ�' ��%UXQEHUJ�6��7DEHUOHW�
3��� � � � � �( VWLP DWLQJ�SRSXODWLRQ�VL] H�RI�HOXVLYH�DQLP DOV�
XVLQJ�' 1 $�IURP �KXQWHU�FROOHFWHG�IHFHV��FRP SDULQJ�IRXU�
P HWKRGV�IRU�EURZQ�EHDUV��&RQVHUYDWLRQ�%LRORJ\ ��� � ��� � � �
� � � �

‡ 6ROEHUJ�. ��%HOOHP DLQ�( ��' UDJDVHW�2 ��7DEHUOHW�3��
6ZHQVRQ�- �� � � � � � �$Q�HYDOXDWLRQ�RI�ILHOG�DQG�JHQHWLF�
P HWKRGV�WR�HVWLP DWH�EURZQ�EHDU��8 UVXV�DUFWRV��SRSXODWLRQ�
VL] H��%LRORJLFDO�&RQVHUYDWLRQ��LQ�SUHVV�
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6FDQGLQDYLDQ�EURZQ�EHDU��
4 XHVWLRQV

‡ ,V�LW�SRVVLEOH�WR�REWDLQ�D�UHOLDEOH�
SRSXODWLRQ�VL] H�HVWLP DWH�XVLQJ�DQRQ�
LQYDVLYH�DSSURDFK"

‡ : KDW�LV�WKH�P RVW�HIILFLHQW�P HWKRG�IRU�
HVWLP DWLQJ�WKH�FHQVXV�VL] H�LQ�%URZQ�
EHDU�LQ�6FDQGLQDYLD"

7KH�VWXG\ �DUHD

$UHD�ZKHUH�IHFDO�
VDP SOHV�ZHUH�
FROOHFWHG�
�� � �� � � �NP ð�



� �

0 HWKRG��� �

‡ 1 RQ�LQYDVLYH�VDP SOLQJ��
IHFHV�FROOHFWHG�LQ�WKH�ILHOG�E\ �
KXQWHUV�LQ�IDOO�� � � � �DQG�� � � �

‡ ' 1 $�H[ WUDFWLRQ�� �
DP SOLILFDWLRQ��� �LQIRUP DWLYH�
P LFURVDWHOOLWH�P DUNHUV��DQG�� �VH[ �
P DUNHU

‡ 5 HJURXS�LGHQWLFDO�
P XOWLORFXV�JHQRW\ SHV

0 HWKRG��� �

‡ 8 VH�RI�SRSXODWLRQ�VL] H�
HVWLP DWRUV
± 5 DUHIDFWLRQ�DQDO\ VLV�

�. RKQ�HW�DO��� � � � ��
( JJHUW�HW�DO��� � � � �

± / LQFROQ�3HWHUVHQ�
HVWLP DWRU��6HEHU�� � � � �

± 0 $5 . �FORVHG�
SRSXODWLRQ�P RGHO�
�: KLWH�DQG�%XUQKDP �
� � � � �

6DP SOHG�IHFHV'
LV

FR
YH

UH
G�

JH
QR

W\
SH

V

1  �&� � � �0 � � � � �
5 � �

1  �&� � � �0 � � � � �
5 � �

$OORZV�UHOD[ LQJ�WKH�
K\ SRWKHVLV�RI�XQLIRUP �
SUREDELOLW\ �RI��FDSWXUH�



� �

0 HWKRG��� � ��WKH�
SUHDP SOLILFDWLRQ�DSSURDFK

‡ 3LJJRWW�0 ��%HOOHP DLQ�( ��7DEHUOHW�3��7D\ ORU�$�
�� � � � � �$ �P XOWLSOH[ �SUH�DP SOLILFDWLRQ�P HWKRG�
WKDW�VLJQLILFDQO\ �LP SURYHV�P LFURVDWHOOLWH�
DP SOLILFDWLRQ�DQG�HUURU�UDWHV�IRU�IDHFDO�' 1 $�LQ�
OLP LWLQJ�FRQGLWLRQV��&RQVHUYDWLRQ�* HQHWLFV��� ��
� � � � � � � �

‡ 6WHS�� ��3UHDP SOLILFDWLRQ�ZLWK�DOO�SULP HU�VHWV
�GLOXWHG�� � �UHSOLFDWHV

‡ 6WHS�� ��$P SOLILFDWLRQV�RI�WKH�VL[ �P LFURVDWHOOLWHV�
DQG�WKH�VH[ �P DUNHU�LQ�WKUHH�WXEHV�XVLQJ�WKH�
3&5 �SURGXFW�RI�WKH�ILUVW�VWHS�DV�WHP SODWH

0 HWKRG��� � ��WKH�
SUHDP SOLILFDWLRQ�DSSURDFK



� �

9HULI\ LQJ�WKH�UHOLDELOLW\ �RI�WKH�
JHQHWLF�GDWD

‡ %\ �HVWLP DWLQJ�WKH�HUURU�UDWH�E\ �UDQGRP O\ �
UHSHDWLQJ�JHQRW\ SLQJ��EOLQG�DSSURDFK���
HUURU�UDWH�� �� �

‡ %\ �HVWLP DWLQJ�WKH�SUREDELOLW\ �RI LGHQWLW\ �
± ) RU�XQUHODWHG�LQGLYLGXDOV��� � � �

± ) RU�UHODWHG�LQGLYLGXDOV��� �� � � �

‡ %\ �FKHFNLQJ�WKH�JHRJUDSKLFDO�
FRQVLVWHQF\ �RI�WKH�UHVXOWV

* HRJUDSKLFDO�
FRRUGLQDWHV�RI�
IHP DOHV�
LGHQWLILHG�ZLWK�
� �IHFDO�VDP SOHV

0 RUD 6KRZV�WKH�
FRQVLVWHQF\ �
RI�WKH�UHVXOWV
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5 HVXOWV��FROOHFWLRQ�� �DQDO\ VHV�RI�IHFDO�VDP SOHV

6WHS �

� � � �� � � �

� � � � � � �
1 XP EHU�RI�IHFDO�
VDP SOHV�FROOHFWHG�

� � � � � � � �
6XFFHVVIXOO\ �DP SOLILHG�
IRU�� � � �ORFL � � � � � � � �6WHS��

1 XP EHURI�
VDP SOHV��LQGLY � �� ��� � � � � � � �� ��� � � � � �

1 XP EHU�RI�XQLTXH�
JHQRW\ SHV

LQFOXGLQJ

� � � � � �

� � �

� � �

� � �

� � �

6WHS��

' HQVLW\ �HVWLP DWHV

) HPDOHV
0 DOHV
) HPDOHV
0 DOHV

� � �� � � �NPðDUHD�������
a�� � �� �EHDUV�� � � � �NPð

� � �� � � �NPðDUHD�������
a�� � �� �EHDUV�� � � � �NPð

� �� � � �NPðDUHD��������
a�� � EHDUV�� � � � �NPð

� �� � � �NPðDUHD��������
a�� � EHDUV�� � � � �NPð
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7KUHH�ILHOG�P HWKRGV

‡ +XQWHG�NLOOHG�EHDUV�GDWD�
�UDWLR�P DUNHG�XQP DUNHG�

‡ 2 EVHUYDWLRQ�RI IDP LO\ �
JURXSV�E\ �WKH�SXEOLF

‡ &0 5 �HVWLP DWHV�EDVHG�RQ�
REVHUYDWLRQV�RI�
P DUNHG�XQP DUNHG�
IHP DOHV�ZLWK�UDGLR�
P DUNHG�P DOHV�IURP �WKH�
KHOLFRSWHU

&RP SDULVRQV�RI�HVWLP DWHV�REWDLQHG�E\ �DOO�
P HWKRGV�RQ�WKH�� �� � � �NP ðVWXG\ �DUHD

�

� �

� � �

� � �

� � �

� � �

� � �

� � �

� � �

0 HWKRG

3
R

S
X

OD
WL

R
Q

�V
L]

H�
HV

WL
P

DW
HV

� � � � � � � �

* HQHWLF�
P HWKRGV

* HQHWLF�
P HWKRGV

) LHOG�
P HWKRGV

) LHOG�
P HWKRGV

+ .
+HOLF

+ .

+HOLF

2 ) *

2 ) *

0 $5 .

/ 3

/ 3

0 $5 .

5 DUHIDFWLRQ 5 DUHIDFWLRQ
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&RQFOXVLRQ
‡ ,W�LV�SRVVLEOH�WR�XVHD�QRQ�

LQYDVLYH�DSSURDFK�IRU�
HVWLP DWLQJ�EURZQ�EHDU�
SRSXODWLRQ�VL] H�LQ�
6FDQGLQDYLD

‡ 7KH�P RVW�UHOLDEOH�HVWLP DWH�
FRUUHVSRQGV�WR�WKH�XVH�RI�
0 $5 .

‡ 7KH�QRQ�LQYDVLYH�DSSURDFK�
LV�DERXW�IRXU�WLP H�OHVV�
H[ SHQVLYH�WKDQ�WKH�&0 5 �
ZLWK�KHOLFRSWHU

6HFRQG�FDVH�VWXG\ ��
FRQVHUYDWLRQ�JHQHWLFV�RI�
EURZQ�EHDUV�LQ�3DNLVWDQ

‡ &ROODERUDWLRQ�ZLWK�$OL�1 DZD] ��( YD�%HOOHP DLQ��
- RQ�6ZHQVRQ

‡ %URZQ�EHDUV�DUH�KLJKO\ �HQGDQJHUHG�LQ�WKH�
+LP DOD\ D

‡ $�EURZQ�EHDU�SRSXODWLRQ�KDV�EHHQ�
GLVFRYHUHG�LQ�� � � � �LQ�WKH�' HRVDL�SODLQV�
�1 RUWKHUQ�3DNLVWDQ�

‡ 7KH�' HRVDL�1 DWLRQDO�3DUN�ZDV�FUHDWHG�LQ�
� � � � �WR�SURWHFW�WKLV�EHDU�SRSXODWLRQ
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7KH�' HRVDL�1 DWLRQDO�3DUN

7KH�' HRVDL�1 DWLRQDO�3DUN



� �

7KH�' HRVDL�1 DWLRQDO�3DUN

7KH�' HRVDL�1 DWLRQDO�3DUN
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7KH�' HRVDL�1 DWLRQDO�3DUN

7KH�' HRVDL�1 DWLRQDO�3DUN
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4 XHVWLRQV

‡ +RZ�P DQ\ �EHDUV�LQ�' HRVDL�1 DWLRQDO�
3DUN"

‡ ' R�WKH\ �VXIIHU�IURP �LQEUHHGLQJ"

0 DWHULDO�DQG�0 HWKRGV

‡ &ROOHFWLRQ�RI�VFDW�VDP SOHV
‡ ' 1 $�H[ WUDFWLRQ
‡ * HQRW\ SLQJ��� �P LFURVDWHOOLWHV�� �� �VH[ �

P DUNHU��� �UHSOLFDWHV�
‡ ,GHQWLILFDWLRQ�RI�WKH�GLIIHUHQW�P XOWL�ORFXV�

JHQRW\ SHV
‡ $GGLWLRQDO�JHQRW\ SLQJ��� � �P LFURVDWHOOLWHV�
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5 HVXOWV

‡ $ERXW�� � � IHFHV�VDP SOHV�FROOHFWHG�LQ�WKH�ILHOG

‡ * HQRW\ SLQJ�RI�� � �VDP SOHV
‡ 5 HOLDEOH�P XOWLORFXV�JHQRW\ SHV�IRU�� � �VDP SOHV�

�� �P LFURVDWHOOLWHV�
‡ � � �JHQRW\ SHV�LGHQWLILHG

± � � �XQLTXH�JHQRW\ SHV
± � � �JHQRW\ SHV�IRXQG�� �WR�� �WLP HV

‡ * HQRW\ SLQJ�FRP SOHWHG�WR�� � �P LFURVDWHOOLWHV�
IRUWKH�EHVW�VDP SOH�IRU�HDFK�LQGLYLGXDO

5 HVXOWV��TXDOLW\ �LQGH[ HV
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3UHOLP LQDU\ �SRSXODWLRQ�VL] H�HVWLP DWH

3UREDEO\ �DURXQG�� � �LQGLYLGXDOV

6SDWLDO�GLVWULEXWLRQ�RI�WKH�JHQRW\ SHV
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* HQHWLF�GLYHUVLW\ �LQ�' HRVDL�YHUVXV�6FDQGLQDYLD

1 XP EHU�RI�DOOHOHV�SHU�ORFXV
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2 EVHUYHG�KHWHUR] \ JRVLW\ �SHU�ORFXV

1 XP EHU�RI�DOOHOHV�SHU�ORFXV

3DNLVWDQ��0 HDQ � �� � � �� � �� �

6FDQGLQDYLD��0 HDQ �� �� � �� �� � �� �

3DNLVWDQ��0 HDQ � �� � � �� � �� �

6FDQGLQDYLD��0 HDQ �� �� � �� �� � �� �

&RQFOXVLRQ�IRU�WKH�' HRVDL�
SRSXODWLRQ

‡ 1 XP EHU�RI�LQGLYLGXDOV�LGHQWLILHG�YLD�QRQ�
LQYDVLYH�DSSURDFK�FRQVLVWHQW�ZLWK�ILHOG�
REVHUYDWLRQV

‡ 0 RGHUDWH�WR�KLJK�JHQHWLF�GLYHUVLW\
± 1 R�ULVN�RI�LQEUHHGLQJ�GHSUHVVLRQ�LQ�WKH�

VKRUW�WHUP

‡ 7KLV�SRSXODWLRQ�LV�SUREDEO\ �QRW�LVRODWHG�
DV�SUHYLRXVO\ �WKRXJKW
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1 RQ�LQYDVLYH�JHQHWLF�VDP SOLQJ�
DQG�FRQVHUYDWLRQ

‡ ' HILQLWLRQ�RI�QRQ�LQYDVLYH�VDP SOLQJ

‡ / DQGP DUN�SDSHUV
‡ 7HFKQLFDO�GLIILFXOWLHV�DQG�VROXWLRQV

‡ $�TXDOLW\ �LQGH[ �IRU�QRQ�LQYDVLYH�JHQHWLF�VDP SOLQJ�
‡ &DVH�VWXGLHV

± ( VWLP DWLRQ�RI�SRSXODWLRQ�VL] H�LQ�6FDQGLQDYLDQ�EURZQ�
EHDUV

± &RQVHUYDWLRQ�JHQHWLFV�RI�EURZQ�EHDUV�LQ�3DNLVWDQ

‡ &RQFOXVLRQV

1 RQ�LQYDVLYH�JHQHWLF�
VDP SOLQJ��FRQFOXVLRQ

‡ 6DP H�KLVWRU\ �WKDQ�DQFLHQW�' 1 $
‡ 9HU\ �RSWLP LVWLF�DW�WKH�EHJLQQLQJ
‡ 7KHQ�SHVVLP LVWLF
‡ 7KH�WHFKQLFDO�GLIILFXOWLHV�KDYH�EHHQVROYHG
‡ 1 RQ�LQYDVLYH�JHQRW\ SLQJ�VWLOO�UHP DLQV�D�

FKDOOHQJH
‡ +RZ�WR�SURSHUO\ �XVH�WKH�GDWD�SURGXFHG" �
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7KDQN�\ RX�IRU�\ RXU�DWWHQWLRQ


