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$�W\SH�V\VWHP�ZLWK�SURYHQ�VRXQGQHVV�LV�D�SUHUHTXLVLWH�IRU�WKH
VDIH�DQG�HIILFLHQW�H[HFXWLRQ�RI�-DYD�E\WHFRGH�SURJUDPV��6R�IDU�
HIIRUWV�WR�FRQVWUXFW�VXFK�D�W\SH�V\VWHP�KDYH�IROORZHG�D��IRUZDUG
GDWDIORZ��DSSURDFK��LQ�WKH�VSLULW�RI�WKH�RULJLQDO�-DYD�9LUWXDO
0DFKLQH�E\WHFRGH�YHULILHU��:H�SUHVHQW�DQ�DOWHUQDWLYH�W\SH
V\VWHP��EDVHG�RQ�FRQYHQWLRQDO�LGHDV�RI�W\SH�FRQVWUDLQWV�
SRO\PRUSKLF�UHFXUVLRQ�DQG�FRQWLQXDWLRQV��:H�FRPSDUH�LW�WR�6WDWD
DQG�$EDGL
V�-90/���W\SH�V\VWHP�IRU�E\WHFRGH�VXEURXWLQHV��DQG
GHPRQVWUDWH�WKDW�RXU�V\VWHP�LV�VLPSOHU�DQG�DEOH�WR�W\SH�VWULFWO\
PRUH�SURJUDPV��LQFOXGLQJ�FRGH�WKDW�FRXOG�EH�SURGXFHG�E\�-DYD
FRPSLOHUV�DQG�FDQQRW�EH�W\SHG�LQ�-90/����([DPLQDWLRQ�RI�UHDO
-DYD�SURJUDPV�VKRZV�WKDW�VXFK�FRGH�LV�UDUH�EXW�GRHV�RFFXU��:H
H[SODLQ�VRPH�RI�WKH�DSSDUHQWO\�DUELWUDU\�FRQVWUDLQWV�LPSRVHG�E\
SUHYLRXV�DSSURDFKHV�E\�VKRZLQJ�WKDW�WKH\�DUH�FRQVHTXHQFHV�RI
RXU�VLPSOHU�W\SH�UXOHV��RU�DFWXDOO\�XQQHFHVVDU\�

.H\ZRUGV

-DYD�� E\WHFRGH�� W\SHV�� VXEURXWLQHV�� FRQWLQXDWLRQV�� SRO\PRUSKLF
UHFXUVLRQ�

��� ,1752'8&7,21
7KH�-DYD�E\WHFRGH�ODQJXDJH��UHIHUUHG�WR�KHUHDIWHU�DV�-90/���DV
LPSOHPHQWHG� E\� WKH� -DYD� 9LUWXDO� 0DFKLQH� >�@�� KDV� EHFRPH� D
ZLGHO\� XVHG� PHGLXP� IRU� GLVWULEXWLQJ� SODWIRUP�LQGHSHQGHQW
SURJUDPV�� ,W� DWWHPSWV� WR� HQIRUFH� VDIHW\� SURSHUWLHV� IRU� WKHVH
SURJUDPV��XVLQJ�D�PL[WXUH�RI�VWDWLF�DQG�G\QDPLF�FKHFNLQJ��7KLV
LV�SDUWLFXODUO\�LPSRUWDQW�EHFDXVH�WKH�SURJUDPV�PD\�EH�XQWUXVWHG�
)RU� H[DPSOH�� LI� D� SURJUDP� FDQ� DFFHVV�PHPRU\� LQ� XQGLVFLSOLQHG
ZD\V��WKHQ�LW�PD\�EH�DEOH�WR�VWHDO�SULYDWH�LQIRUPDWLRQ�

+RZHYHU��SHRSOH�>H�J����@�KDYH�IRXQG�D�QXPEHU�RI�ZHDNQHVVHV�LQ
WKH� -90¶V� FKHFNV� WKDW� KDYH� FDXVHG� LW� WR� DFFHSW� SURJUDPV�ZLWK
XQVDIH� DQG� SRVVLEO\� LQVHFXUH� EHKDYLRU�� 7KHUHIRUH� LW� VHHPV
GHVLUDEOH� WR� IRUPDOL]H� WKH� -DYD� E\WHFRGH� ODQJXDJH� DQG� LWV� W\SH
V\VWHP�DQG�WR�SURYH�VDIHW\��5HVHDUFKHUV�>�������@�KDYH�IRUPXODWHG
W\SH� V\VWHPV� IRU� VXEVHWV� RI� WKH� -DYD� E\WHFRGH� ODQJXDJH� DQG
SURYHQ�WKHLU�VRXQGQHVV�

7KH�JRDO�RI� WKHVH� DOWHUQDWLYH� V\VWHPV�ZDV� WR� IRUPDOL]H�� H[SODLQ
DQG�FRUUHFW�WKH�-90�YHULILHU��7KXV� WKH\�DUH�VLPLODU� WR� WKH�-90
YHULILHU�LQ�VSLULW��+RZHYHU��ZH�IRXQG�LW�LQVWUXFWLYH�WR�FRQVWUXFW�D
W\SH� V\VWHP� IURP� VFUDWFK� EDVHG� RQ� FRQYHQWLRQDO� LGHDV� VXFK� DV
FRQWLQXDWLRQV�DQG�SRO\PRUSKLF� UHFXUVLRQ�� DQG� FRPSDUH� LW� WR� WKH
-90�YHULILHU�DQG�WKH�DIRUHPHQWLRQHG�W\SH�V\VWHPV��7R� IDFLOLWDWH
GLUHFW� FRPSDULVRQ�� ZH� KDYH� FRQVWUXFWHG� D� ODQJXDJH� -90/���&
ZKLFK� LV� SUDFWLFDOO\� LGHQWLFDO� WR� 6WDWD� DQG� $EDGL¶V� -90/��� LQ
V\QWD[� DQG� G\QDPLF� VHPDQWLFV�� EXW� ZKLFK� KDV� DQ� HQWLUHO\
GLIIHUHQW� VWDWLF� VHPDQWLFV�� -90/���&� VDWLVILHV� WKH� VDPH
VRXQGQHVV�WKHRUHP�DV�-90/���

7KH� W\SH� V\VWHP� RI� -90/���&� LV� VLPLODU� WR� WKH� 6WDFN�EDVHG
7\SHG� $VVHPEO\� /DQJXDJH� RI� 0RUULVHWW� HW� DO�� >�@� �KHUHDIWHU
UHIHUUHG� WR� DV� ³67$/´��� %\� WDUJHWLQJ� WKH� -90/��� E\WHFRGH
ODQJXDJH��ZH�GHPRQVWUDWH� WKDW� WKLV�DSSURDFK� OHDGV� WR� W\SH� UXOHV
WKDW� DUH� VRPHZKDW� VLPSOHU� WKDQ� WKH� FRUUHVSRQGLQJ� UXOHV� RI� WKH
-90�OLNH� V\VWHPV�� )XUWKHUPRUH�� -90/���&� LV� DEOH� WR� W\SH
VWULFWO\� PRUH� SURJUDPV�� ,Q� SDUWLFXODU�� LW� DGPLWV� SURJUDPV� WKDW
SHUIRUP� ³QRQ�ORFDO� UHWXUQV´�� ZKLFK� RFFXU� ZKHQ� D� E\WHFRGH
VXEURXWLQH� UHWXUQV� WR� FRGH� WKDW� ZDV� QRW� LWV� LPPHGLDWH� FDOOHU�
VNLSSLQJ�VRPH�IUDPHV�RQ� WKH�K\SRWKHWLFDO�VXEURXWLQH�FDOO� VWDFN�
6XFK�SURJUDPV�DUH�QRW� W\SDEOH� LQ�-90/����EXW�FDQ�EH�DFFHSWHG
E\� WKH� -90�� 7KLV� LV� LPSRUWDQW� EHFDXVH� VXFK� FRGH� FDQ� EH
JHQHUDWHG�E\�WKH�-DYD�FRPSLOHU��$V�ZH�GHVFULEH�EHORZ��H[DPSOHV
DUH� YHU\� UDUH� EXW� GR� RFFXU� LQ� UHDO� -DYD� FRGH�� 7KH� GLIILFXOW\� RI
W\SLQJ� WKHVH� SURJUDPV� LV� GXH� WR� -90/��¶V� QHHG� WR� ODEHO
LQVWUXFWLRQV� ZLWK� WKH� VXEURXWLQH� WKH\� EHORQJ� WR�� ZKLFK� LV� QRW
UHTXLUHG�LQ�-90/���&�

$�VLJQLILFDQW�EHQHILW�RI�VWXG\LQJ�-90/���&�LV�WKDW�LW�LOOXPLQDWHV
VRPH�RI�WKH�GHVLJQ�FKRLFHV�PDGH� LQ� WKH�-90�OLNH� W\SH�V\VWHPV�
+LWKHUWR�� WKH� W\SH� FRQVWUDLQWV� LQ� WKRVH� V\VWHPV� KDYH� EHHQ
HYDOXDWHG�DFFRUGLQJ� WR� WKUHH�FULWHULD�� WKH\�PDWFK� WKH�³H[SHFWHG´
EHKDYLRU� RI� E\WHFRGH� SURJUDPV�� WKH\� DUH� WRJHWKHU� VXIILFLHQW� WR
SURYH� VRXQGQHVV�� DQG� WKH\� DGPLW� FRGH� JHQHUDWHG� E\� WKH� -DYD
FRPSLOHU��7KLV�JLYHV� JUHDW� ODWLWXGH� LQ� GHVLJQLQJ� WKH� FRQVWUDLQWV�
EXW�WKLV�ODWLWXGH�FDQ�REVFXUH�WKH�PRWLYDWLRQ�DQG�FRQVHTXHQFHV�RI
WKH�GHVLJQ�FKRLFHV��,Q�FRQWUDVW��HDFK�W\SH�FRQVWUDLQW�LQ�-90/���&
KDV� LWV� RZQ� LQGLYLGXDO�� FOHDU� UDWLRQDOH�� :H� WKHUHIRUH� XVH
-90/���&�DV�D�EDVLV�IRU�HYDOXDWLQJ�WKH�UXOHV�RI�-90/����DQG�E\
DQDORJ\��WKH�UXOHV�RI�RWKHU�-90�OLNH�W\SH�V\VWHPV��

�� 6RPH� SURSHUWLHV� GHVFULEHG� E\� RWKHUV� DV� ³QHHGHG� IRU� W\SH
VDIHW\´��VXFK�DV�D�/,)2�GLVFLSOLQH� IRU�VXEURXWLQH�FDOOV��FDQ
LQ�IDFW�EH�YLRODWHG�E\�ZHOO�W\SHG�-90/���&�SURJUDPV��DQG
WKXV�DUH�QRW�IXQGDPHQWDOO\�QHFHVVDU\�IRU�W\SH�VDIHW\�

&RS\ULJKW��������E\�WKH�$VVRFLDWLRQ�IRU�&RPSXWLQJ�0DFKLQHU\��,QF�
3HUPLVVLRQ�WR�PDNH�GLJLWDO�RU�KDUG�FRSLHV�RI�SDUW�RU�DOO�RI�WKLV�ZRUN�IRU
SHUVRQDO�RU�FODVVURRP�XVH�LV�JUDQWHG�ZLWKRXW�IHH�SURYLGHG�WKDW�FRSLHV�DUH
QRW�PDGH�RU�GLVWULEXWHG�IRU�SURILW�RU�FRPPHUFLDO�DGYDQWDJH�DQG�WKDW�FRSLHV
EHDU�WKLV�QRWLFH�DQG�WKH�IXOO��FLWDWLRQ�RQ�WKH�ILUVW�SDJH��&RS\ULJKWV�IRU
FRPSRQHQWV�RI�WKLV�ZRUN�RZQHG�E\�RWKHUV�WKDQ�$&0�PXVW�EH�KRQRUHG�
$EVWUDFWLQJ�ZLWK�FUHGLW�LV�SHUPLWWHG��7R�FRS\�RWKHUZLVH��WR�UHSXEOLVK��WR
SRVW�RQ�VHUYHUV��RU�WR�UHGLVWULEXWH�WR�OLVWV��UHTXLUHV�SULRU�VSHFLILF�SHUPLVVLRQ
DQG�RU�D�IHH��5HTXHVW�SHUPLVVLRQV�IURP�3XEOLFDWLRQV�'HSW��$&0�,QF���ID[
�������������������RU�SHUPLVVLRQV#DFP�RUJ�



�� -90/��� LV�PRUH� UHVWULFWLYH� WKDQ�QHFHVVDU\� LQ�VHYHUDO�RWKHU
ZD\V�� ,Q� SDUWLFXODU�� WKH� QHHG� WR� ODEHO� LQVWUXFWLRQV�ZLWK� WKH
VXEURXWLQH�WKH\�EHORQJ�WR�LV�D�NH\�VRXUFH�RI�FRPSOH[LW\�DQG
LQIOH[LELOLW\��DQG�LV�GRQH�DZD\�ZLWK�LQ�-90/���&�E\�W\SLQJ
UHWXUQ� DGGUHVVHV� DV� FRQWLQXDWLRQV� �KHQFH� WKH� ³&´� LQ
³-90/���&´��

�� $Q� LQWHUHVWLQJ� SURSHUW\� HQIRUFHG� E\� -90�OLNH� V\VWHPV� LV
WKDW�D� UHWXUQ�DGGUHVV�FDQ�RQO\�EH� ³XVHG´� RQFH�� ,W� WXUQV� RXW
WKDW� WKLV� SURSHUW\� LV� D� GLUHFW� FRQVHTXHQFH� RI� GLVDOORZLQJ
UHFXUVLYH�UHWXUQ�DGGUHVV�W\SHV�LQ�-90/���&�

�� 0RVW� RI� WKH� -90/��� FRQVWUDLQWV� DUH� LPSOLHG� E\� WKH
-90/���&� FRQVWUDLQWV�� DQG� WKHUHIRUH� REWDLQ� WKH� VDPH
MXVWLILFDWLRQV�

��� 29(59,(:�2)�7+(�/$1*8$*(�$1'
7<3(�6<67(0

���� 7KH�ODQJXDJH
([FHSW� IRU� WKH� W\SH� V\VWHP�� RXU� ODQJXDJH� -90/���&� LV� DOPRVW
LGHQWLFDO� WR� -90/��� ²� D� E\WHFRGH�OLNH� ODQJXDJH� ZLWK� DQ
RSHUDQG� VWDFN�� VLPSOH� DULWKPHWLF�� FRQGLWLRQDO� EUDQFKHV�� ORFDO
YDULDEOH� ORDGV�DQG� VWRUHV�� DQG� VXEURXWLQH� FDOOV� DQG� UHWXUQV� �VHH
)LJXUH�����$�SURJUDP�LQFOXGHV�WKH�FRGH�IRU�RQO\�D�VLQJOH�PHWKRG
²� WKHUH� DUH� QR� REMHFWV�� QRU� D� KHDS�� 7KH� V\QWD[� DQG� G\QDPLF
VHPDQWLFV�DUH�XQFKDQJHG��:H�SURYH�WKH�VDPH�VRXQGQHVV�WKHRUHP
DV�IRU�-90/����VOLJKWO\�VWUHQJWKHQHG�WR�JXDUDQWHH�WKDW�DQ�LQWHJHU
LV�UHWXUQHG��

���� -90/���&�W\SHV
$V�LQ�-90/����D�W\SH�LV�DQ�DEVWUDFWLRQ�RI�WKH�VWDWH�RQ�HQWU\�WR�DQ
LQVWUXFWLRQ��:H�GHILQH�VWDWH�W\SHV��VWDFN�W\SHV�DQG�ORFDO�YDULDEOH
W\SHV� WKDW� DUH� YHU\� VLPLODU� WR� -90/����7KH� NH\� GLIIHUHQFHV� DUH
WKH�KDQGOLQJ�RI�UHWXUQ�DGGUHVV�W\SHV�DQG�WKH�LQWURGXFWLRQ�RI�W\SH
YDULDEOHV�LQWR�-90/���&�

7KH�SURJUDP�W\SH�3�LV�D�PDS�IURP�LQVWUXFWLRQ�DGGUHVVHV�WR�VWDWH
W\SHV�

$�VWDWH�W\SH�S�LV�D�SDLU�RI�D�VWDFN�W\SH�q�DQG�D� ORFDOV�W\SH�T�� ,W
JLYHV�WKH�W\SHV�WKDW�KROG�RQ�HQWU\�WR�D�E\WHFRGH�LQVWUXFWLRQ�

S �� �q��T�

������������������������������������������������������������
� :H�UHTXLUH�PHWKRGV�WR�UHWXUQ�LQWHJHUV��ZKHUHDV�-90/���OHDYHV
WKH�UHWXUQ�W\SH�XQVSHFLILHG�

$�VWDFN�W\SH�q�LV�HLWKHU�D�VWDFN�W\SH�YDULDEOH�f��DQ�DSSOLFDWLRQ�RI
D�FRQVWUXFWRU�WDNLQJ�WKH�W\SH�RI�WKH�WRS�RI�WKH�VWDFN�DQG�WKH�W\SH
RI�WKH�UHVW�RI�WKH�VWDFN��RU�1,/��WKH�W\SH�RI�WKH�HPSW\�VWDFN��$V�LQ
67$/�� WKH� LQWURGXFWLRQ� RI� SRO\PRUSKLF� VWDFN� W\SH� YDULDEOHV
HQDEOHV� UHFXUVLYH�VXEURXWLQHV�� ,W¶V�DOVR�QHFHVVDU\� IRU� WUDQVODWLQJ
-90/���W\SHV�WR�-90/���&�W\SHV��VHH�6HFWLRQ���

q �� t�¿�q
_ f

_ 1,/

$�ORFDOV�W\SH�T�LV�D�ILQLWH�PDS�IURP�ORFDO�YDULDEOHV�WR�WKHLU�W\SHV�

T � 9$5���HOHPHQW�W\SH

7KH� W\SH�t�RI�DQ�HOHPHQW�RI� WKH�VWDFN�RU�RI�D� ORFDO�YDULDEOH� �DQ
HOHPHQW�W\SH��LV�RQH�RI�WKH�LQWHJHU�W\SH�,17��WKH�W\SH�RI�DOO�YDOXHV
723�� D� W\SH� RI� D� UHWXUQ� DGGUHVV� �FRQWLQXDWLRQ�� ³&RQW´�� RU� DQ
HOHPHQW�W\SH�YDULDEOH�a�

$�UHWXUQ�DGGUHVV�W\SH�JLYHV�D�VWDWH�W\SH�S�WKDW�PXVW�KROG�IRU�WKH
SURJUDP� VWDWH�ZKHQHYHU� WKH� UHWXUQ� DGGUHVV� LV� UHWXUQHG� WR�� 7KLV
DOORZV� XV� WR� ZULWH� UXOHV� IRU� WKH� VXEURXWLQH� FDOO� DQG� UHWXUQ
LQVWUXFWLRQV� WKDW� DUH� ³ORFDO´�� UHIHUULQJ� RQO\� WR� WKH� W\SHV� RI� WKH
FDOOHU� LQVWUXFWLRQ�� WKH� FDOOHG� LQVWUXFWLRQ�� DQG� WKH� UHWXUQHG�WR
LQVWUXFWLRQ�� :H� DOVR� DYRLG� DQ\� QHHG� WR� H[SOLFLWO\� QDPH
VXEURXWLQHV� RU� ODEHO� LQVWUXFWLRQV� DV� EHORQJLQJ� WR� SDUWLFXODU
VXEURXWLQHV�� ,Q�DGGLWLRQ�� WKH�FRPELQDWLRQ�RI� W\SH� YDULDEOHV�ZLWK
FRQWLQXDWLRQV�DOORZV�D�IOH[LEOH�SRO\PRUSKLVP�LQ�VXEURXWLQHV�LQ�D
QDWXUDO�ZD\�

t �� ,17
_ 723
_ &RQW�S�
_ a

7KH�VFRSH�RI� D� W\SH� YDULDEOH� LV� WKH� LQVWUXFWLRQ� W\SH� LQ�ZKLFK� LW
DSSHDUV�� ,Q� HIIHFW�� WKH� W\SH� RI� DQ� LQVWUXFWLRQ� XQLYHUVDOO\
TXDQWLILHV�RYHU�DOO�WKH�W\SH�YDULDEOHV�WKDW�DSSHDU�ZLWKLQ�LW��,Q�WKH
W\SH� UXOHV��ZKHQHYHU�ZH� UHIHU� WR� WKH� W\SH� RI� DQ� LQVWUXFWLRQ��ZH
LQVWDQWLDWH�LW�ZLWK�IUHVK�ELQGLQJV�IRU�WKH�W\SH�YDULDEOHV�

7KH�W\SH�UXOHV�DUH�JLYHQ�LQ�6HFWLRQ���

���� ([DPSOH
)LJXUH���LV�DQ�H[DPSOH�RI�D�-90/���&�SURJUDP�ZLWK�D�YDOLG�W\SH
DVVLJQPHQW��,W�SXVKHV�]HUR�DQG�DQ�XQXVDEOH�YDOXH�RQWR�WKH�VWDFN�
FDOOV�D�VXEURXWLQH�WR�VZDS�WKHP��DQG�WKHQ�KDOWV�ZLWK�WKH�]HUR�RQ
WRS� RI� WKH� VWDFN��7KH� VXEURXWLQH� LV� SRO\PRUSKLF� LQ� WKH� W\SHV� RI
WKH�VWDFN�YDOXHV�WKDW�LW�VZDSV��7KLV�NLQG�RI�SRO\PRUSKLVP�LV�QRW
DYDLODEOH� LQ� HLWKHU� WKH� -90� RU� -90/���� VXEURXWLQHV� LQ� WKHVH

LQVWUXFWLRQ �� LQF LQFUHPHQW�WKH�LQWHJHU�RQ�WRS�RI�WKH�VWDFN

_ SRS GLVFDUG�WKH�WRS�YDOXH�IURP�WKH�VWDFN

_ SXVK� SXVK�WKH�LQWHJHU�]HUR�RQWR�WKH�VWDFN

_ ORDG�[ SXVK�WKH�YDOXH�RI�YDULDEOH�[�RQWR�WKH�VWDFN

_ VWRUH�[ SRS�IURP�WKH�VWDFN�DQG�VWRUH�WKH�YDOXH�LQWR�YDULDEOH�[

_ LI�/ SRS�IURP�WKH�VWDFN�DQG�EUDQFK�WR�/�LI�QRQ�]HUR

_ MVU�/ MXPS�WR�/��SXVK�WKH�QH[W�LQVWUXFWLRQ�DGGUHVV�RQWR�WKH�VWDFN

_ UHW�[ MXPS�WR�WKH�DGGUHVV�LQ�YDULDEOH�[

_ KDOW VWRS��UHWXUQLQJ�WKH�LQWHJHU�RQ�WRS�RI�WKH�VWDFN

)LJXUH����-90/���-90/���&�6\QWD[



V\VWHPV� DUH� RQO\� SRO\PRUSKLF� RYHU� ORFDO� YDULDEOHV� WKDW� WKH\� GR

QRW�WRXFK�LQ�DQ\�ZD\�

7KH� W\SH� IRU� LQVWUXFWLRQ� �� LQGLFDWHV� WKDW� RQ� HQWU\�� LW� H[SHFWV� DQ

HPSW\�VWDFN��DQG�WKH�ORFDO�YDULDEOHV�FDQ�HDFK�KDYH�DQ\�W\SH�

7KH� W\SH� IRU� LQVWUXFWLRQ� �� LQGLFDWHV� WKDW� RQ� HQWU\�� WKH� ORFDO

YDULDEOHV� FDQ� KDYH� DQ\� W\SH�� EXW� WKH� VWDFN� PXVW� FRQWDLQ� WKUHH

HOHPHQWV�� 7KH� WRS� HOHPHQW� PXVW� EH� D� UHWXUQ� DGGUHVV�� WKH� QH[W

HOHPHQW� KDV� VRPH� DUELWUDU\� W\SH� a��� DQG� WKH� ODVW� HOHPHQW� KDV

VRPH�DUELWUDU\�W\SH�a���7KH�UHWXUQHG�WR�LQVWUXFWLRQ�PXVW�DFFHSW�D

VWDWH�ZKHUH� WKH�VWDFN�KDV� WZR� HOHPHQWV�� WKH� WRS� KDYLQJ� W\SH�a�

DQG�WKH�QH[W�KDYLQJ�W\SH�a���,W�PXVW�DOVR�DFFHSW�ORFDO�YDULDEOH��

KDYLQJ�WKH�VDPH�W\SH�LW�KDV�RQ�HQWU\��a����ORFDO�YDULDEOH���EHLQJ

XQXVDEOH��723���ORFDO�YDULDEOH���KDYLQJ�W\SH�a��DQG�ORFDO�YDULDEOH
��KDYLQJ�W\SH�a����/RFDO�YDULDEOH���EHFRPHV�XQXVDEOH�RQ� UHWXUQ
EHFDXVH�LW�KROGV� WKH� UHWXUQ�DGGUHVV�ZKHQ� WKH�VXEURXWLQH� UHWXUQV
DW�LQVWUXFWLRQ����VHH�6HFWLRQ�����IRU�ZK\�WKLV�LV�VR��

1RWH�WKDW�LQVWUXFWLRQ���LV�D�YDOLG�UHWXUQ�DGGUHVV�IRU�WKH�VXEURXWLQH
EHFDXVH� LWV� W\SH� ³PDWFKHV´� WKH� UHWXUQ� DGGUHVV� W\SH�� ,Q� W\SH� IRU
LQVWUXFWLRQ����a��FDQ�EH�DQ\�W\SH��VR�ZH�FDQ�VXEVWLWXWH�723�IRU�LW�
6LPLODUO\�� ZH� FDQ� VXEVWLWXWH� a�� IRU� a��� DQG� ,17� IRU� a��� 7KH
UHVXOWLQJ� ³LQVWDQWLDWLRQ´� LV� SUHFLVHO\� WKH� UHWXUQ� DGGUHVV� W\SH�
ZKLFK�VKRZV�WKDW�ZKDWHYHU�VWDWH�WKH�VXEURXWLQH�UHWXUQV�LQ�ZLOO�EH
DFFHSWDEOH�DW�LQVWUXFWLRQ���

���� 2YHUYLHZ�RI�WKH�UHVW�RI�WKH�SDSHU
6HFWLRQ���JLYHV�WKH�W\SH�UXOHV�IRU�-90/���&�

6HFWLRQ� �� FRPSDUHV� -90/���&�ZLWK� -90/��� DQG� WKH� -90�� ,Q
6HFWLRQV�����DQG�����ZH� GLVFXVV� KRZ� -90/���&� DGPLWV� FHUWDLQ
SURJUDPV� WKDW�DUH�DFFHSWHG�E\� WKH� -90�EXW� QRW� E\� -90/���� ,Q
6HFWLRQ� ���� ZH� PHQWLRQ� VRPH� IHDWXUHV� WKDW� DUH� W\SDEOH� LQ
-90/���&�EXW�QRW�E\�WKH�-90��7KHQ�LQ�6HFWLRQ�����ZH�DQDO\]H
DVSHFWV�RI�WKH�GHVLJQ�RI�WKH�-90�YHULILHU��DV�FDSWXUHG�E\�-90/�
��

6HFWLRQ� �� SUHVHQWV� VRPH� HPSLULFDO� GDWD� LQGLFDWLQJ� WKDW
VXEURXWLQHV� DUH� UDUHO\� XVHG� LQ� UHDO� -DYD� FRGH�� DQG� WKH� NLQGV� RI
VLWXDWLRQV�WKDW�-90/���KDV�WURXEOH�ZLWK�DUH�UDUHU�VWLOO��+RZHYHU�
WKH\�GR�RFFXU�DQG�PXVW�EH�KDQGOHG�

6HFWLRQ��� SUHVHQWV� WKH� G\QDPLF� VHPDQWLFV� RI� -90/���&��ZKLFK
DUH�LGHQWLFDO�WR�WKRVH�RI�-90/���

6HFWLRQ��� LQWURGXFHV�-90/���&%��D� UHVWULFWLRQ�RI�-90/���&� WR
SURJUDPV�IRU�ZKLFK�WKH�VWDFN�VL]H�DW�HDFK�LQVWUXFWLRQ�LV�NQRZQ�

,Q�6HFWLRQ���ZH� HVWDEOLVK� WKH� SURSHUWLHV� LGHQWLILHG� DV� LPSRUWDQW
E\�6WDWD�DQG�$EDGL�

�� 7\SH�VDIHW\��$Q� LQVWUXFWLRQ�ZLOO�QHYHU�EH�JLYHQ�DQ�RSHUDQG

VWDFN�ZLWK�WRR�IHZ�YDOXHV�RQ�LW��RU�ZLWK�YDOXHV�RI�WKH�ZURQJ

W\SH�

�� 3URJUDP� FRXQWHU� VDIHW\�� ([HFXWLRQ� ZLOO� QRW� MXPS� WR

XQGHILQHG�DGGUHVVHV�

�� %RXQGHG�RSHUDQG�VWDFN��7KH�VL]H�RI� WKH�RSHUDQG�VWDFN�ZLOO
QHYHU�JURZ�EH\RQG�D�VWDWLF�ERXQG�

7KH�ILUVW�WZR�SURSHUWLHV�KROG�IRU�DOO�-90/���&�SURJUDPV��EXW�WKH
WKLUG� SURSHUW\� KROGV� RQO\� IRU� -90/���&%� SURJUDPV�� ,Q
-90/���&��ZLWK� DQ� XQERXQGHG� RSHUDQG� VWDFN�� LW� LV� SRVVLEOH� WR
ZULWH� E\WHFRGH� SURJUDPV� WKDW� XVH� UHFXUVLYH� VXEURXWLQHV� LQ
LQWHUHVWLQJ� ZD\V�� DOWKRXJK� VXFK� SURJUDPV� ZRXOG� QHYHU� EH
JHQHUDWHG� E\� D� VWDQGDUG� -DYD� FRPSLOHU��:H�GLVWLQJXLVK� WKH� WZR
ODQJXDJHV� WR� GHPRQVWUDWH� WKDW� WKH� ERXQG� RQ� WKH� VWDFN� VL]H� LV
VHSDUDEOH�IURP�WKH�UHVW�RI�WKH�W\SH�V\VWHP�

,Q�6HFWLRQ� ��ZH� VKRZ� WKDW� D� SURJUDP¶V� -90/��� W\SLQJ� FDQ� EH
WUDQVODWHG�LQWR�D�-90/���&%�W\SLQJ��LPSO\LQJ�WKDW�HYHU\�-90/�
��SURJUDP�LV�DOVR�LQ�-90/���&%�

��� 67$7,&�6(0$17,&6�2)�-90/���&

���� 3UHDPEOH
:H�GHILQH� VXEVWLWXWLRQV�6� WR�PDS� VWDFN� W\SH� YDULDEOHV� WR� VWDFN
W\SHV�DQG�HOHPHQW�W\SH�YDULDEOHV�WR�HOHPHQW�W\SHV�LQ�WKH�QDWXUDO
ZD\��7KH�VHW�RI�VWDFN�W\SH�YDULDEOHV�DQG�WKH�VHW�RI�HOHPHQW� W\SH
YDULDEOHV�DUH�GLVMRLQW�

:H� GHILQH� ³S����S�´� WR� PHDQ� LQVWDQWLDWLRQ�� WKDW� LV�� ³$� D
VXEVWLWXWLRQ� 6��6�S��� �S�´�� 7KH� LGHD� LV� WKDW� LI� D� VWDWH� FDQ� EH
JLYHQ�D�W\SH�S���WKHQ�LW�FDQ�DOVR�EH�JLYHQ�D�W\SH�S��REWDLQHG�IURP
S��E\�LQVWDQWLDWLQJ�WKH�W\SH�YDULDEOHV���&RPSDULQJ�WKLV�WR�67$/�
ZKHUH� WKH� VFRSH� RI� D� W\SH� YDULDEOH� LV� D� EDVLF� EORFN� RI
LQVWUXFWLRQV�� RXU� DSSURDFK� LV� DQDORJRXV� WR� WUHDWLQJ� HDFK
LQVWUXFWLRQ� DV� D� EORFN� RI� OHQJWK� RQH�� ZLWK� DQ� H[SOLFLW� WUDQVIHU
IURP�HDFK�LQVWUXFWLRQ�WR�LWV�VXFFHVVRU�V���7KLV�UHPRYHV�DQ\�QHHG
WR�H[SOLFLWO\�LGHQWLI\�RU�UHDVRQ�DERXW�EORFNV��ZKLFK�ZRXOG�UHTXLUH
VRPH� RYHUKHDG� VLQFH� -90/� SURJUDPV� DUH� VLPSO\� D� YHFWRU� RI
LQVWUXFWLRQV��DQG�QRW�QDWXUDOO\�EORFN�VWUXFWXUHG�DV�LQ�67$/��

$�SURJUDP�3� LV�DQ�DUUD\�RI� LQVWUXFWLRQV�� L�H��D�SDUWLDO�PDS� IURP

DGGUHVVHV� WR� LQVWUXFWLRQV��$GGUHVVHV� DUH� LVRPRUSKLF� WR� LQWHJHUV�

L 3>L@ DL

� SXVK� �1,/��>���a������a������a������a�@�

� ORDG�� �,17�¿�1,/��>���a������a������a������a�@�

� MVU�� �a��¿�,17�¿�1,/��>���a������a������a������a�@�

� KDOW �,17�¿�a��¿�1,/��>���a������a������a������,17@�
� VWRUH�� �&RQW�a��¿�a��¿�1,/��>���a������723�����a������a�@��¿�a��¿�a��¿�1,/��>���a������a������a������a�@�

� VWRUH�� �a��¿�a��¿�1,/��>���a������&RQW�a��¿�a��¿�1,/��>���a������723�����a������a�@������a������a�@�

� VWRUH�� �a��¿�1,/��>���a������&RQW�a��¿�a��¿�1,/��>���a������723�����a������a�@������a������a�@�

� ORDG�� �1,/��>���a������&RQW�a��¿�a��¿�1,/��>���a������723�����a������a�@������a������a�@�

� ORDG�� �a��¿�1,/��>���a������&RQW�a��¿�a��¿�1,/��>���a������723�����a������a�@������a������a�@�

� UHW�� �a��¿�a��¿�1,/��>���a������&RQW�a��¿�a��¿�1,/��>���a������723�����a������a�@������a������a�@�

)LJXUH����$�SRO\PRUSKLF�VZDS�VXEURXWLQH



EXW� GLVWLQJXLVKHG� IURP� WKHP��:H� XVH� �� DQG� WKH� FRQVWDQW� �� IRU
DGGUHVVHV�DV�ZHOO�DV�LQWHJHUV��$''5�LV�WKH�VHW�RI�DOO�DGGUHVVHV�

���� 7\SLQJ�SURJUDPV
$� SURJUDP� 3� LV� ZHOO�W\SHG� LI� WKHUH� H[LVWV� D� SDUWLDO� IXQFWLRQ�D

PDSSLQJ�LQVWUXFWLRQ�DGGUHVVHV�WR�W\SHV��VDWLVI\LQJ�WKH�MXGJHPHQW

D� �3��IRU�ZKLFK�ZH�KDYH�RQH�UXOH�

7KH� ILUVW�DQG�VHFRQG�K\SRWKHVHV�HVWDEOLVK� WKH� LQLWLDO� FRQGLWLRQV�

WKH�VWDWH�W\SH�IRU�WKH�ILUVW�LQVWUXFWLRQ�PXVW�DGPLW�WKH�W\SH�WKDW�KDV

DQ�HPSW\�VWDFN�DQG�723�W\SHV�IRU�DOO�WKH�ORFDO�YDULDEOHV���,Q�RWKHU

ZRUGV�� WKH� ORFDO� YDULDEOHV� FDQQRW� EH� XVHG� LQ� DQ\� PHDQLQJIXO

ZD\���7KH�WKLUG�K\SRWKHVLV�HQVXUHV�WKDW�W\SHV�DUH�FKHFNHG�DW�HDFK

SURJUDP� SRLQW� XVLQJ� WKH� UXOHV� EHORZ��D�� L� � 3� PHDQV� WKDW� WKH

SURJUDP� W\SH� D� LV� FRUUHFW� IRU� 3� DW� LQVWUXFWLRQ� L�� 7KH� IRXUWK
K\SRWKHVLV� HQVXUHV� WKDW� DGGUHVVHV� RXWVLGH� WKH� SURJUDP� DUH� QRW
JLYHQ� W\SHV�� WKXV�� DQ\� LQVWUXFWLRQ� WKDW� FRXOG� EUDQFK� RXWVLGH� WKH
SURJUDP�ZLOO�QRW�EH�W\SDEOH��EHFDXVH�HDFK�LQVWUXFWLRQ¶V�W\SH�UXOH
KDV� K\SRWKHVHV� ZKLFK� GHSHQG� RQ� WKH� W\SHV� RI� HDFK� RI� WKH
VXFFHVVRU�LQVWUXFWLRQV��:H�GR�QRW�UHTXLUH�HYHU\�LQVWUXFWLRQ�WR�EH
W\SDEOH��XQUHDFKDEOH�LQVWUXFWLRQV�QHHG�QRW�KDYH�W\SHV��2I�FRXUVH�
HYHU\�FRQVWUDLQW�WKDW�PHQWLRQV�DL�LPSOLFLWO\�UHTXLUHV�L�WR�EH�LQ�WKH

GRPDLQ�RI�D�

���� :LGHQLQJ
7KH�ZLGHQLQJ�RSHUDWRU� � LV�GHILQHG�E\� WKH� UXOHV� LQ�)LJXUH���� ,W
DOORZV� WKH� W\SH�RI�DQ\�VWDFN� HOHPHQW� RU� YDULDEOH� WR� EH� UHSODFHG
ZLWK�723���7\SHV�LQVLGH�D�&RQW�GR�QRW�FKDQJH�²�DOORZLQJ�WKHP
WR� EH� ZLGHQHG� ZRXOG� YLRODWH� VRXQGQHVV�� EHFDXVH� WKH� VWDWH
DFFHSWHG� E\� WKH� &RQW� PLJKW� QR� ORQJHU� EH� DFFHSWDEOH� WR� WKH
UHWXUQHG�WR� FRGH��� 7KLV� RSHUDWRU� LV� XVHG� WR� ³HUDVH´� VRPH� W\SH
LQIRUPDWLRQ�LQ�WKH�W\SLQJ�UXOH�IRU�UHW��DV�GLVFXVVHG�EHORZ�

:LGHQLQJ�H[WHQGV�SRLQWZLVH�RYHU�VWDWH�� VWDFN�DQG� ORFDO�YDULDEOH

W\SHV��:LGHQLQJ� LV� UHIOH[LYH��7KH� ODVW� UXOH�PDNHV�723�DQ�XSSHU

ERXQG�IRU�HOHPHQW�W\SHV�

���� 7\SLQJ�LQVWUXFWLRQV
)RU�HDFK�NLQG�RI�LQVWUXFWLRQ��RQH�RI�WKH�UXOHV�LQ�)LJXUH���DSSOLHV�

(DFK� UXOH� KDV� D� VLPSOH� PRWLYDWLRQ�� WKH� W\SH� RQ� HQWU\� WR� DQ
LQVWUXFWLRQ�L�PXVW�VDWLVI\�WKH�LPPHGLDWH�RSHUDWLRQDO�UHTXLUHPHQWV
RI� WKH� LQVWUXFWLRQ�� DQG� WKH� W\SHV� RI� L¶V� VXFFHVVRU�V�� PXVW� EH
VDWLVILHG�E\�WKH�W\SH�RI�L¶V�³DIWHU´�VWDWH��7KH�VDPH�UHDVRQLQJ�HYHQ
DSSOLHV�WR�MVU��ZKHUH�WKH�³DIWHU´�VWDWH�FRQWDLQV�D�UHWXUQ�DGGUHVV
ZKRVH� W\SH� HQFRGHV� WKH� UHTXLUHPHQWV� RI� WKH� UHWXUQHG�WR
LQVWUXFWLRQ�� ,W� DOVR� DSSOLHV� WR�UHW�� ZKLFK� LQWURGXFHV� ZLGHQLQJ
RQO\�WR�DYRLG�D�QHHG�IRU�UHFXUVLYH�W\SHV�

)RU�H[DPSOH��WKH�VHFRQG�K\SRWKHVLV�RI�WKH�LQF�UXOH�FDQ�EH�UHDG
³WKH�VWDWH�W\SH�IRU�LQVWUXFWLRQ�L�LPSOLHV�WKDW�WKH�WRS�RI�WKH�VWDFN�LV
DQ� ,17�� WKDW� WKH� UHVW� RI� WKH� VWDFN� KDV� W\SH�q�� DQG� WKDW� WKH� ORFDO
YDULDEOHV�KDYH�W\SHV�T´��7KH�WKLUG�K\SRWKHVLV�RI�WKH�LQF�UXOH�FDQ
EH�UHDG�³WKH�VWDWH�W\SH�IRU�LQVWUXFWLRQ�L���DGPLWV�D�VWDFN�ZLWK�DQ
,17� WRS�HOHPHQW�DQG� WDLO� RI� W\SH�q�� DQG� ORFDO� YDULDEOHV� RI� W\SHV
T´�

7KH�UXOH� IRU�KDOW�HQVXUHV� WKDW� DQ� LQWHJHU� LV� OHIW� RQ� WRS� RI� WKH
VWDFN�DV�WKH�UHWXUQ�YDOXH�IRU�WKH�PHWKRG�

7KH�UXOH�IRU�MVU�HQVXUHV�WKDW�ZKHQHYHU�WKH�VXEURXWLQH�UHWXUQV�WR
L����LW�UHWXUQV�LQ�VWDWH�S��ZKLFK�ZLOO�EH�DFFHSWDEOH�DW�L���

7KH� UXOH� IRU� UHW� HQVXUHV� WKDW� WKH� VWDWH� RQ� UHWXUQ� LV� WKH� VWDWH

H[SHFWHG�E\�WKH�UHWXUQ�DGGUHVV��7KH�WKLUG�K\SRWKHVLV�HQVXUHV�WKDW

WKH� W\SH� RI� YDULDEOH� [� LV� D� UHWXUQ� DGGUHVV�� DQG� WKH� IRXUWK
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K\SRWKHVLV� HQVXUHV� WKDW� WKH� FXUUHQW� VWDWH� W\SH�PDWFKHV� WKH� W\SH
H[SHFWHG�RQ�UHWXUQ�

,QVWHDG� RI� WKHVH� WZR� K\SRWKHVHV�� LW� ZRXOG� EH� PRUH� QDWXUDO� WR
VLPSO\� ZULWH� ³T>[@� �&RQW�q��T�´�� +RZHYHU�� WKLV� ZRXOG� UHTXLUH
T>[@� WR� EH� D� UHFXUVLYH� W\SH�� ,QWURGXFLQJ� UHFXUVLYH� W\SHV� ZRXOG
FRPSOLFDWH�WKH�W\SH�V\VWHP��DQG�WKH�H[WUD�SURJUDPV�WKDW�FRXOG�EH
W\SHG� E\� VXFK� D� V\VWHP� PD\� QRW� EH� SUDFWLFDOO\� LQWHUHVWLQJ�
7KHUHIRUH��ZH�DYRLG�UHFXUVLYH�W\SHV�E\�DOORZLQJ�W\SH�LQIRUPDWLRQ
WR�EH�HUDVHG�XVLQJ�WKH�ZLGHQLQJ�RSHUDWRU��7KLV�DOORZV�XV�WR�W\SH
TZ>[@� DV� 723�� HIIHFWLYHO\� SUHYHQWLQJ� WKH� UHWXUQHG�WR� FRGH� IURP
KDYLQJ� DFFHVV� WR� LWV� RZQ� DGGUHVV� LQ�[��2WKHU� YDULDEOHV� RU� VWDFN

ORFDWLRQV�FDQ�DOVR�EH�HUDVHG��DV�LQ�WKH�-90�DQG�-90/���

67$/�VROYHV� WKH�SUREOHP�LQ�D�VLPLODU�ZD\�� WKH� UHJLVWHU�KROGLQJ

WKH� UHWXUQ� DGGUHVV� LV� QHYHU� JLYHQ� D� W\SH� E\� WKH� FRGH� WKDW� LV

UHWXUQHG�WR��,Q�IDFW��JLYLQJ�D�YDOXH�W\SH�723�LV�DOZD\V�DQDORJRXV

WR�VLPSO\�RPLWWLQJ�LW�IURP�WKH�67$/�W\SH�VLJQDWXUH�

1RWH� WKDW� DOORZLQJ� JHQHUDOL]DWLRQ� LQ� DQ\� RI� WKH� K\SRWKHVHV� IRU

UHW� �H�J��³�q��T�����qZ��TZ�´�� OHDGV� WR� XQVRXQGQHVV�� ,QWXLWLYHO\�
FRQVWDQW�FRGH�FDQ� EH� SRO\PRUSKLF�� DQG� WKHUHIRUH� LQVWDQWLDWHG� DW
GLIIHUHQW� W\SHV� E\� GLIIHUHQW� SUHGHFHVVRUV�� EXW� D� UHWXUQ� DGGUHVV
YDOXH�LV�QRW�SRO\PRUSKLF��EHFDXVH�WKH�W\SH�YDULDEOHV� LQ� WKH� W\SH

RI� WKH� UHWXUQHG�WR� FRGH� KDYH� DOUHDG\� EHHQ� ERXQG� LQ� WKH� W\SH
HQYLURQPHQW�RI�WKH�FDOOHU�

��� '<1$0,&�6(0$17,&6�2)�-90/���&
7KH� UXOHV� SUHVHQWHG� LQ� WKLV� VHFWLRQ� DUH� LGHQWLFDO� WR� WKRVH� RI
-90/���

([HFXWLRQ�VWDUWV�DW�DGGUHVV���� LI���·�GRP�3�� WKHQ�QR� WUDQVLWLRQV
FDQ�RFFXU�DQG�WKH�SURJUDP�FDQQRW�W\SHFKHFN��7KH�LQLWLDO�VWDWH�LV
����I�� !�IRU�VRPH�DUELWUDU\�I��ZKHUH� �LV�WKH�HPSW\�VWDFN�

7KH�VPDOO�VWHS�WUDQVLWLRQ�UXOHV�DUH�JLYHQ�LQ�)LJXUH���

��� &203$5,1*�-90/���&�:,7+�-90/��
$1'�7+(�-90

���� 7\SLQJ�VXEURXWLQHV�ZLWK�³DEQRUPDO´
EHKDYLRU
%\WHFRGH�VXEURXWLQHV�DUH�XVHG�E\�-DYD�FRPSLOHUV�WR�FRPSLOH�WU\�
ILQDOO\�VWDWHPHQWV��7KH�VWDWHPHQW�³WU\�6�ILQDOO\�)´�H[HFXWHV�6�DQG
WKHQ�)��QR�PDWWHU�KRZ�FRQWURO�OHDYHV�6��LI�6�WKURZV�DQ�H[FHSWLRQ
RU�UHWXUQV�IURP�WKH�PHWKRG��)�ZLOO�VWLOO�EH�H[HFXWHG�³RQ�WKH�ZD\
RXW´�� 7\SLFDOO\� WKH� FRGH� IRU� )� LV� SODFHG� LQ� D� VXEURXWLQH�� DQG
FDOOHG�RQ�HDFK�RI�WKH�H[LW�SDWKV�IRU�6�
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7KH�TXHVWLRQ� DULVHV�� ³ZKDW� KDSSHQV� LI� FRQWURO� GRHV� QRW� OHDYH� )
µQRUPDOO\¶´"�&RQVLGHU�WKH�FRGH�LQ�)LJXUH����7KLV�SURJUDP�ZRXOG
ORRS�IRUHYHU��EXW�RQH�FRXOG� UHSODFH�³GRQH´�DQG�³�GRQH´�ZLWK
PRUH� FRPSOLFDWHG� ERROHDQ� FRQGLWLRQV� \LHOGLQJ� YDULRXV� UHVXOWV�
6XQ¶V�-DYD�FRPSLOHU��VXSSOLHG�ZLWK�-'.������SURGXFHV�E\WHFRGH
VLPLODU� WR� WKH� -90/���&� FRGH� LQ� )LJXUH� �� �VKRZQ� ZLWK� RQH
SRVVLEOH�-90/���&�W\SLQJ���1RWLFH�KRZ�WKH� UHWXUQ�DGGUHVV� W\SH
LQ�ORFDO�YDULDEOH���LV�ZLGHQHG�WR�723�RQ�UHWXUQ�VR�WKDW�WKH�UHWXUQ
DGGUHVV� W\SH� QHHG� QRW� EH� UHFXUVLYH�� 7KH� ORFDO� YDULDEOH� �
FRUUHVSRQGV�WR�GRQH��DQG�ORFDO�YDULDEOH���FRUUHVSRQGV�WR�[�

7KH�µILQDOO\¶�VXEURXWLQH�DW����PD\�QRW�UHWXUQ��LQVWHDG��LW�H[LWV�E\
VLPSO\�MXPSLQJ�RXW��$�VLPLODU�³H[LW�ZLWKRXW�UHWXUQLQJ´�FDQ�RFFXU
ZKHQ� D� VXEURXWLQH� WKURZV� DQ� H[FHSWLRQ� WKDW� LV� FDXJKW� LQ� WKH
PHWKRG��7KHVH�DEQRUPDO�H[LWV�FDQ�PDNH�D�VXEURXWLQH�DSSHDU� WR
EH� LQYRNHG� UHFXUVLYHO\�� RU� D� VXEURXWLQH� FDQ� DSSHDU� WR� UHWXUQ� WR
FRGH�WKDW�ZDV�QRW�LWV�LPPHGLDWH�FDOOHU��-90/���FDQQRW�W\SH�VXFK
SURJUDPV��EHFDXVH� LW� UHOLHV�RQ�FRQWURO� OHDYLQJ�D�VXEURXWLQH�RQO\
WKURXJK� D� UHW� LQVWUXFWLRQ�� ,Q� -90/���&�� EHFDXVH� ZH� GR� QRW
PDLQWDLQ�D�QRWLRQ�RI�WKH�³FXUUHQW�VXEURXWLQH´��WKHUH�LV�QR�QHHG�WR
NQRZ�ZKHQ�WKH�VXEURXWLQH�LV�H[LWHG��7KH�UHWXUQ�DGGUHVV�YDOXH�LV
VLPSO\�GLVFDUGHG�LI�LW�ZLOO�QRW�EH�XVHG�

���� 7\SLQJ�FRQWURO�IORZ�PHUJHV
,Q� WKH� -90�� LI� WKHUH� LV� D� FRQWURO� IORZ� PHUJH� ZKHUH� WZR
SUHGHFHVVRUV� KDYH� LQFRPSDWLEOH� W\SHV� IRU� D� SDUWLFXODU� VWDFN
HOHPHQW�� WKH� SURJUDP� LV� UHMHFWHG�� +RZHYHU�� PHUJLQJ� RI� WZR
LQFRPSDWLEOH�W\SHV�IRU�D�ORFDO�YDULDEOH�\LHOGV�723��,I�WKH�YDOXH�RI

������������������������������������������������������������
� 8QIRUWXQDWHO\� -90/��� LV� VR� VLPSOH� WKDW� LW� FDQQRW� IDLWKIXOO\
HQFRGH� ³JRWR´� �DQ� XQFRQGLWLRQDO� EUDQFK� WKDW� GRHV� QRW� GHSHQG
RQ� WKH� W\SH� RI� WKH� IROORZLQJ� LQVWUXFWLRQ��� :H� WDNH� D� OLWWOH
OLFHQVH�E\�XVLQJ�LW�KHUH��WKH�W\SH�UXOH�IRU�³JRWR´�ZRXOG�VLPSO\
UHTXLUH�DWDUJHW���DVRXUFH�

WKH� ORFDO�YDULDEOH� LV� GHDG� DW� WKH�PHUJH� SRLQW�� WKHQ� WKH� SURJUDP

FDQ�SDVV�YHULILFDWLRQ�

,Q�-90/���&��WKLV�LV�DFKLHYHG�E\�W\SLQJ�D�ORFDO�YDULDEOH�ZLWK�DQ

DUELWUDU\� W\SH� YDULDEOH� LI� WKH� ORFDO� YDULDEOH� LV� GHDG� DW� WKH

LQVWUXFWLRQ��7KLV� W\SH�YDULDEOH�FDQ�EH� LQVWDQWLDWHG� LQ� D� GLIIHUHQW

ZD\� E\� HDFK� SUHGHFHVVRU� RI� WKH� LQVWUXFWLRQ�� L�H�� LQFRPSDWLEOH

W\SHV�FDQ�EH�PHUJHG� LI� WKH�YDULDEOH�RU�VWDFN�HOHPHQW� LV� GHDG� DW

WKH�PHUJH�SRLQW�

���� %H\RQG�WKH�-90
-90/���&� LV� PRUH� IOH[LEOH� WKDQ� WKH� -90� LQ� VRPH� ZD\V�� $
E\WHFRGH� YHULILHU� EDVHG� RQ� -90/���&� ZRXOG� DOORZ� FRQVWUXFWV
WKDW� FRXOG� EH� XVHIXO� WR� DGYDQFHG� FRPSLOHUV� IRU� -DYD� RU� RWKHU
ODQJXDJHV�

-90/���&�DOORZV�D�VXEURXWLQH�WR�KDYH�PXOWLSOH�HQWU\�DQG�RU�H[LW
SRLQWV� �-90/��� UHTXLUHV� D� VLQJOH� HQWU\� SRLQW�� DQG� WKH� -90
UHTXLUHV�D�VLQJOH�HQWU\�DQG�D�VLQJOH�H[LW���,Q�VRPH�VLWXDWLRQV�WKLV

ERROHDQ�GRQH� �IDOVH�
LQW�[� ���
ZKLOH��WUXH��^
����WU\�^
��������[���
��������LI��GRQH��UHWXUQ�[�
����`�ILQDOO\�^
��������LI���GRQH��FRQWLQXH�
����`
`

)LJXUH����$�-DYD�SURJUDP�ZLWK�DQ�³DEQRUPDO´

VXEURXWLQH
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ZRXOG�UHGXFH�GXSOLFDWLRQ�RI�FRGH�

2XU�W\SH�V\VWHP�DOORZV�PRUH�SRO\PRUSKLVP�LQ�VXEURXWLQHV� WKDQ

WKH� -90�OLNH� V\VWHPV�� ,Q� WKRVH� V\VWHPV� D� VXEURXWLQH� LV

SRO\PRUSKLF�LQ�WKH�W\SHV�RI�WKH�ORFDO�YDULDEOHV�LW�GRHV�QRW�WRXFK�

,Q�RXU�W\SH�V\VWHP��SRO\PRUSKLF�YDOXHV��LQFOXGLQJ�YDOXHV�RQ� WKH

RSHUDQG� VWDFN�� FDQ� EH�PDQLSXODWHG� E\� D� VXEURXWLQH�� DV� ORQJ� DV

WKH�RSHUDWLRQV�GR�QRW�FRQVWUDLQ�WKH�YDOXH¶V�W\SH��)RU�H[DPSOH��WKH

SURJUDP�LQ�)LJXUH���FRQWDLQV�D�VXEURXWLQH�WKDW�VZDSV�WKH�YDOXHV

RI�WZR�VWDFN�HOHPHQWV�UHJDUGOHVV�RI�WKHLU�W\SH�

-90/���&� DOORZV� VXEURXWLQHV� WR� EH� WUXO\� UHFXUVLYH�� ,I� D� VWDWLF

ERXQG�RQ� WKH�VWDFN�VL]H� LV� UHTXLUHG� IRU� LPSOHPHQWDWLRQ� UHDVRQV�

L�H��� SURJUDPV� DUH� UHVWULFWHG� WR� -90/���&%�� WKHQ� UHFXUVLYH

VXEURXWLQHV�DUH�QRW�YHU\�XVHIXO��,I�VXFK�D�ERXQG� LV�QRW� UHTXLUHG�

WKHQ� SRWHQWLDOO\� XVHIXO� UHFXUVLYH� VXEURXWLQHV� FDQ� EH� W\SHG�� VHH

)LJXUH� ��� 7KLV� SURJUDP� FDOOV� WKH� VXEURXWLQH� DW� �� UHFXUVLYHO\�

LQFUHPHQWLQJ�ORFDO�YDULDEOH���HDFK� WLPH��XQWLO� WKH�YDOXH� UHDFKHV

]HUR���2I�FRXUVH�WKLV�QHYHU�DFWXDOO\�KDSSHQV��EXW�WKH�W\SH�V\VWHP

LV�REOLYLRXV�WR�WKDW�IDFW�
��

���� $VVHVVLQJ�VXEURXWLQH�FRQVWUDLQWV�LQ�WKH
-90�YHULILHU
%HFDXVH�WKH�-90�OLNH�V\VWHPV� WU\� WR�EXLOG�DQ�H[SOLFLW�PRGHO�RI
WKH� VXEURXWLQH� FDOO� VWDFN�� WKH\� LPSRVH� D� /,)2� GLVFLSOLQH� RQ
VXEURXWLQH�FDOOV�DQG�UHWXUQV��7KLV�QHFHVVLWDWHV�VXEURXWLQHV�EHLQJ
QDPHG� DQG� DVVRFLDWHG� ZLWK� LQVWUXFWLRQV� ²� WKH� SXUSRVH� RI� WKH
³ODEHOLQJ� UXOHV´� LQ�-90/����7KHVH� UXOHV� FDQ� UHMHFW� SURJUDPV� LI
QR�FRQVLVWHQW�ODEHOLQJ�FDQ�EH�IRXQG��H[DPSOHV�DUH�SURJUDPV�WKDW
MXPS�RXW�RI�VXEURXWLQHV�DV�PHQWLRQHG�DERYH���-90/���DOVR�XVHV
³VWURQJ� ODEHOLQJ´� UXOHV� WR� FRQVWUXFW� DQ� DEVWUDFWLRQ� RI� WKH� FDOO
VWDFN�DW�HDFK�SURJUDP�SRLQW��7KHVH�UXOHV�UHMHFW�DOO�SURJUDPV�ZLWK
UHFXUVLYH� VXEURXWLQH� FDOOV�� -90/���&� VKRZV� WKDW� H[SOLFLW
PRGHOLQJ� RI� D� VXEURXWLQH� FDOO� VWDFN�� DQG� DOO� WKH� DVVRFLDWHG
PDFKLQHU\��LV�QRW�QHFHVVDU\�IRU�D�VRXQG�W\SH�V\VWHP�

,Q�RUGHU�WR�PDLQWDLQ�WKH�/,)2�EHKDYLRU�RI�VXEURXWLQHV��WKH�-90�
OLNH�V\VWHPV�PXVW�DOVR�FDUHIXOO\�UHVWULFW�WKH�XVH�RI�UHWXUQ�DGGUHVV

������������������������������������������������������������
� 8QIRUWXQDWHO\� -90/��� FDQQRW� HQFRGH� VXEWUDFWLRQ� RU� D
FRPSDULVRQ�ZLWK�QRQ]HUR�

YDOXHV�� ,Q�-90/���� WKH� W\SH�RI�D� UHWXUQ� DGGUHVV� YDOXH� LV� RI� WKH
IRUP�UHW�IURP�/��$Q� LQVWUXFWLRQ� ³MVU�/´� SXVKHV� D� YDOXH� RI
W\SH� UHW�IURP� /� LQWR� WKH� VWDFN�� DQG� D� ³UHW´� LQVWUXFWLRQ
UHTXLUHV�LWV�DUJXPHQW�WR�EH�RI�W\SH�UHW�IURP�/
�ZKHUH�/
�LV�WKH
ILUVW� LQVWUXFWLRQ� RI� WKH� FXUUHQW� VXEURXWLQH�� ,Q� FRQWUDVW�� LQ
-90/���&� WKH� UHWXUQ� DGGUHVV� W\SH� VLPSO\� VSHFLILHV� WKH� VWDWH
H[SHFWHG� E\� WKH� UHWXUQHG�WR� FRGH�� DQG� LV� QRW� ERXQG� WR� DQ\
SDUWLFXODU�VXEURXWLQH��%HFDXVH�WKH�-90/���W\SH�GRHV�QRW�HQFRGH
WKH�W\SH�RI�WKH�UHWXUQ�VWDWH��DQ�H[WUD�QRQORFDO�FRQVWUDLQW� LQ� WKHLU
W\SH� UXOH� IRU�UHW� LV� XVHG� WR� HQVXUH� WKDW� WKH� VWDWH� RQ� UHWXUQ� LV
DFFHSWDEOH� WR� WKH� UHWXUQHG�WR� FRGH��7KH� FRQVWUDLQW� LV� ³QRQORFDO´
LQ�WKH�VHQVH�WKDW�LW�TXDQWLILHV�RYHU�DOO�LQVWUXFWLRQV�LQ�WKH�SURJUDP�
-90/���&�GRHV�QRW�UHTXLUH�VXFK�QRQORFDO�FRQVWUDLQWV�

:LWKRXW� DGGLWLRQDO� FRQVWUDLQWV� LQ� -90/���� WKHUH� UHPDLQV� WKH
SRVVLELOLW\� WKDW� D� VXEURXWLQH� /� FRXOG� UHWXUQ� WR� DQ� DGGUHVV
JHQHUDWHG�E\�D�FDOO�WR�/�WKDW�ZDV�QRW�WKH�PRVW�UHFHQWO\�H[HFXWHG
FDOO� WR� /�� 7KHUHIRUH� WKHLU� UXOH� IRU� MVU� /� SURKLELWV� DQ\� VWDFN
HOHPHQW�RU�ORFDO�YDULDEOH�IURP�EHLQJ�JLYHQ�WKH�W\SH�UHW�IURP
/�RQ�HQWU\�WR�/�²�HQVXULQJ�WKDW�RQO\�WKH�PRVW�UHFHQWO\�JHQHUDWHG
UHWXUQ� DGGUHVV� LV� DYDLODEOH� IRU� XVH��� ,Q� -90/���&� QRWKLQJ
SUHYHQWV�D�VXEURXWLQH�IURP�UHWXUQLQJ�WR�DQ�³ROG´�DGGUHVV��EXW�LW�LV
VWLOO� JXDUDQWHHG� WR� EH� VDIH�� ,Q� RWKHU� ZRUGV�� /,)2� VXEURXWLQH
EHKDYLRU�LV�QRW�QHFHVVDU\�IRU�D�VRXQG�W\SH�V\VWHP�

-90/��� DQG� WKH� -90� KDYH� H[SOLFLW� FRQVWUDLQWV� SUHYHQWLQJ� D
UHWXUQ�DGGUHVV�YDOXH�IURP�EHLQJ�XVHG�E\�D�UHW�LQVWUXFWLRQ�PRUH
WKDQ�RQFH��,QWHUHVWLQJO\��WKLV�SURSHUW\� LV�DOVR�HQIRUFHG� LQGLUHFWO\
E\� -90/���&�� LW� LV� D� GLUHFW� FRQVHTXHQFH� RI� WKH� DEVHQFH� RI
UHFXUVLYH� W\SHV� LQ� -90/���&��:H� FRXOG� SUREDEO\� UHPRYH� WKLV
UHVWULFWLRQ�E\�DGGLQJ�UHFXUVLYH�W\SHV��EXW�WKHUH�LV�QR�MXVWLILFDWLRQ
IRU�WKH�H[WUD�FRPSOH[LW\�

������������������������������������������������������������
� ,Q�D�VLPLODU�ZD\��WKH�FRQVWUDLQWV�LQ�)UHXQG�DQG�0LWFKHOO¶V�W\SH
V\VWHP� IRU� REMHFW� LQLWLDOL]DWLRQ� >)0��@� HQVXUH� WKDW� RQO\� RQH
REMHFW�RI�D�SDUWLFXODU�W\SH�LV�DYDLODEOH�IRU�LQLWLDOL]DWLRQ�
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��� (03,5,&$/�'$7$�21�7+(�86(�2)
68%5287,1(6
:H� H[DPLQHG� DOO� WKH� FRGH� LQ� WKH� VWDQGDUG� -'.� �����
FODVVHV�]LS� OLEUDU\�� 7KHUH� DUH� DERXW� ���� 0%� RI� E\WHFRGH
LQVWUXFWLRQV�� FRUUHVSRQGLQJ� WR� ������ PHWKRG� ERGLHV�� 2I� WKHVH�
����FRQWDLQ�DW�OHDVW�RQH�VXEURXWLQH��6HYHQ�RI�WKHVH�FRQWDLQ�FRGH
WKDW� ZRXOG� QRW� W\SHFKHFN� ZLWK� QDwYH� ODEHOLQJ� UXOHV� EDVHG� RQ
WKRVH� RI� -90/���� $OO� WKHVH� H[DPSOHV� FRQVLVW� RI� VXEURXWLQHV
LQVLGH� H[FHSWLRQ� FDWFK� EORFNV�� LI� DQ� H[FHSWLRQ� LV� WKURZQ� LQVLGH
WKH� VXEURXWLQH�� FRQWURO� SDVVHV� WR� WKH� H[FHSWLRQ� KDQGOLQJ� EORFN
DQG� WKH� VXEURXWLQH� LV� GHHPHG� WR� KDYH� ³UHWXUQHG´�� DOWKRXJK� QR
UHW�LQVWUXFWLRQ�KDV�EHHQ�H[HFXWHG�

,Q� UHWURVSHFW�� LW� VHHPV� WKDW� DGGLQJ� VXEURXWLQHV� WR� WKH� E\WHFRGH
ODQJXDJH�PD\� KDYH� EHHQ� D� SRRU� GHVLJQ� FKRLFH�� ,Q� WKH� ����� RI
PHWKRGV� WKDW� XVH� WKHP�� WKH� FRPSLOHU� FRXOG� KDYH� JHQHUDWHG
H[SOLFLW�IODJV�UHFRUGLQJ�WKH�FDOOHU�DQG�XVHG�FRQGLWLRQDO�EUDQFKHV
WR� VLPXODWH� D� UHWXUQ�� 7KH� QHHG� IRU� SRO\PRUSKLVP� FRXOG� EH
DYRLGHG� E\� GXSOLFDWLQJ� PRUH� FRGH� DQG�RU� XVLQJ� PRUH� ORFDO
YDULDEOHV�� ,W� VHHPV� OLNHO\� WKDW� WKH� H[WUD� FRGH� VL]H� DQG� UXQWLPH
FRVWV�ZRXOG�KDYH�EHHQ�PLQLPDO�RYHUDOO��DQG�E\WHFRGH�YHULILFDWLRQ
ZRXOG� KDYH� EHHQ� JUHDWO\� VLPSOLILHG�� 2I� FRXUVH�� WKH� QHHG� WR
VXSSRUW�OHJDF\�FRGH�PHDQV�WKDW�ZH�DUH�VWXFN�ZLWK�WKH�ODQJXDJH�DV
LW�VWDQGV�

��� %281',1*�7+(�67$&.�6,=(�,1
-90/���&%
7KH�-90�UHTXLUHV�WKDW�D�VWDWLF�ERXQG�RQ�WKH�VL]H�RI�WKH�VWDFN�EH
NQRZQ�� DQG� WKDW� WKH� KHLJKW� RI� WKH� VWDFN� EH� NQRZQ� DW� HDFK
SURJUDP�SRLQW��7KLV�PD\�VLPSOLI\�ODQJXDJH�LPSOHPHQWDWLRQV�

���� $GGLWLRQDO�W\SH�UXOH
:H� FDQ� HQIRUFH� WKLV� FRQVWUDLQW� E\� XVLQJ� WKH� IROORZLQJ� UXOH� IRU
D� �3�

7KH� H[WUD� ILIWK� K\SRWKHVLV� IRUFHV� HDFK� VWDFN� W\SH� WR� EH� D� ILQLWH

VWULQJ�RI�HOHPHQW�W\SHV�

:H� FDOO� WKH� ODQJXDJH� RI� SURJUDPV� WKDW� VDWLVI\� WKLV� UXOH

-90/���&%��&OHDUO\�-90/���&�LV�D�VXSHUVHW�RI�-90/���&%�

��� 6281'1(66

7KH�PDLQ�UHVXOW�LV�SUDFWLFDOO\�LGHQWLFDO�WR�WKDW�RI�6WDWD�DQG�$EDGL�
DQG� HVWDEOLVKHV� WKH� W\SH� VDIHW\� DQG� SURJUDP� FRXQWHU� VDIHW\
SURSHUWLHV��7KHLU� WKHRUHP� VWDWHPHQW�PHQWLRQV� D� W\SH� MXGJHPHQW
UHODWLQJ� D� G\QDPLF� VWDFN� WR� D� VWDFN� W\SH�� 7R� DYRLG� LQWURGXFLQJ
VXFK�MXGJHPHQWV�IRU�RXU�WKHRUHP�VWDWHPHQW��ZH�DVVXPH� WKDW� WKH
PHWKRG� LV� VXSSRVHG� WR� UHWXUQ� ,17�� �,Q� WKLV� ODQJXDJH�� WKH� RQO\

DOWHUQDWLYH�LV�WR�QRW�UHWXUQ�DQ\WKLQJ��

7KHRUHP����6RXQGQHVV���*LYHQ�D� �3��H[HFXWLRQ�RI�3�RQO\�VWRSV

LI�D�KDOW� LQVWUXFWLRQ� LV� UHDFKHG�� DQG�ZKHQ� LW� VWRSV� WKHUH� LV� DQ

LQWHJHU�RQ�WRS�RI�WKH�VWDFN�
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)RU� WKH� SURRI�� ZH� GHILQH� DQ� H[WHQGHG� G\QDPLF� VHPDQWLFV� IRU

W\SHG� SURJUDPV� WKDW� FDUULHV� DURXQG� VRPH� W\SH� LQIRUPDWLRQ� DW

UXQWLPH�� :H� VKRZ� WKDW� WKH� VRXQGQHVV� UHVXOW� KROGV� IRU� WKLV

VHPDQWLFV�� DQG� WKHQ� VKRZ� WKDW� VWDQGDUG� G\QDPLF� VHPDQWLFV

FRUUHVSRQGV�WR�WKH�H[WHQGHG�VHPDQWLFV�ZLWK�WKH�W\SH�LQIRUPDWLRQ

HUDVHG�

7KH� SURRI�PDFKLQHU\� DOVR� HQDEOHV� D� GHPRQVWUDWLRQ� WKDW�� LQ� WKH

H[WHQGHG�G\QDPLF�VHPDQWLFV��D�JLYHQ�UHWXUQ�DGGUHVV�YDOXH�FDQ�EH

XVHG�E\�D�UHW�DW�PRVW�RQFH��%HFDXVH�ZH�VKRZ�WKDW�WKH�H[WHQGHG

G\QDPLF�VHPDQWLFV�ELVLPXODWHV� WKH�VWDQGDUG�G\QDPLF�VHPDQWLFV�

WKH� UHVXOW� H[WHQGV� LPPHGLDWHO\� WR� WKH� VWDQGDUG� G\QDPLF

VHPDQWLFV�

��� 75$16/$7,1*�-90/���7<3(6
-90/���&%� LV� D� VXSHUVHW� RI� -90/���� :H� VKRZ� WKLV� E\
WUDQVODWLQJ� D� SURJUDP¶V� -90/��� W\SH� DVVLJQPHQW� LQWR� D� YDOLG
-90/���&%�W\SH�DVVLJQPHQW�IRU� WKH�VDPH�SURJUDP��7KH�GHWDLOV
RI�WKLV�WUDQVODWLRQ�DUH�JLYHQ�LQ�$SSHQGL[�%�

7KH� FRUUHFWQHVV� RI� WKH� WUDQVODWLRQ� GHSHQGV� RQ� WKH� IDFW� WKDW
-90/��� VXEURXWLQHV� FDQQRW� XVH� ³QRQORFDO� UHWXUQV´�� ZKLFK
VXJJHVWV� WKDW� H[WHQGLQJ� -90/��� WR� KDQGOH� QRQORFDO� UHWXUQV
ZRXOG�EH�QRQWULYLDO��7KH�NH\� SUREOHP�ZLWK� -90/��� LV� WKDW� WKH
&3�L�DEVWUDFWLRQ�RI�WKH�FDOO�VWDFN�DW�LQVWUXFWLRQ�L�GRHV�QRW�HQFRGH

HQRXJK� LQIRUPDWLRQ� WR� GHWHUPLQH�� VWDWLFDOO\��ZKHWKHU� D� QRQORFDO

UHWXUQ�VKRXOG�EH�DOORZHG��)RU�H[DPSOH��LI�&3�L� �/� ¿�/�� ¿�/���WKHQ

ZH�NQRZ�WKDW�VXEURXWLQH�/�LV�DFWLYH��EXW�ZH�GR�QRW�NQRZ�LI�/��LV

DFWLYH���7KLV�DEVWUDFWLRQ�FRXOG�EH�JHQHUDWHG�ZKHQ�/��DQG�/��HDFK

FDOO� /��� 7KHUHIRUH� D� QRQORFDO� UHWXUQ� DW� L� XVLQJ� D� YDOXH� RI� W\SH

UHW�IURP�/��PD\�RU�PD\�QRW�EH�YDOLG�

���� ,03/(0(17$7,21�,668(6
7KH� FRPSOHWH� YHULILFDWLRQ� SURFHVV� PXVW� ILUVW� JHQHUDWH� WKH� W\SH
LQIRUPDWLRQ�� DQG� WKHQ� FKHFN� LW�� 2QO\� WKH� W\SH� FKHFNLQJ� SKDVH
QHHGV�WR�EH�WUXVWHG�

����� 7\SH�FKHFNLQJ
&KHFNLQJ� W\SHV� LV� VWUDLJKWIRUZDUG�� JLYHQ� WKH� W\SH� DVVLJQPHQW�D
DQG�IRU�HDFK�MVU� LQVWUXFWLRQ�� WKH�³UHWXUQ� WR´� W\SH�S�XVHG� LQ� LWV

W\SH� UXOH�� :LWK� WKHVH� LQ� KDQG�� DOO� WHUPV� RFFXUULQJ� LQ� WKH� W\SH

UXOHV� DUH� NQRZQ�� 7KH� HTXDOLW\� DQG� ZLGHQLQJ� FRQVWUDLQWV� DUH

HDVLO\� FKHFNHG� E\� VWUXFWXUDO� LQGXFWLRQ�� 7KH� LQVWDQWLDWLRQ

FRQVWUDLQWV� DUH� FKHFNHG� E\� WU\LQJ� WR� XQLI\� WKH� WZR� WHUPV�ZKLOH

WUHDWLQJ�WKH�YDULDEOHV�RI�WKH�ULJKW�KDQG�VLGH�DV�FRQVWDQWV�

:H�KDYH� LPSOHPHQWHG� WKH� W\SHFKHFNHU� LQ�&�� WRWDOLQJ� DERXW� ���

OLQHV�RI�FRGH��DQG�XVHG�LW�WR�FKHFN�WKH�H[DPSOHV�LQ�WKLV�SDSHU�

����� 7\SH�LQIHUHQFH
7KH�W\SH�V\VWHP�LV�FORVHO\� UHODWHG� WR� W\SH�V\VWHPV� LQFRUSRUDWLQJ
SRO\PRUSKLF� UHFXUVLRQ� >�@�� )XOO� W\SH� LQIHUHQFH� IRU� SRO\PRUSKLF
UHFXUVLRQ�KDV�EHHQ�VKRZQ�WR�EH�XQGHFLGDEOH� LQ� WKH�JHQHUDO�FDVH
>�@�� ,Q� SUDFWLFH� RQH� ZRXOG� REWDLQ� W\SHV� E\� DSSO\LQJ� VRPH� OHVV
JHQHUDO�DOJRULWKP��VXFK�DV�DQ�DOJRULWKP�DQDORJRXV�WR�WKH�-90¶V
RZQ� YHULILHU�� DQG� WUDQVODWH� WKH� W\SHV� LQWR� -90/���&� WR� EH
FKHFNHG�IRU�VDIHW\�
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���� 5(/$7('�:25.
7KH�W\SH�V\VWHP�LV�YHU\�VLPLODU�WR�WKDW�RI�WKH�6WDFN�EDVHG�7\SHG
$VVHPEO\� /DQJXDJH� RI� 0RUULVHWW� HW� DO�� >�@�� 7KH\� ERWK� UHO\� RQ
SRO\PRUSKLF� UHFXUVLRQ� WR�KDQGOH� ORRSV��DQG� WKH\�ERWK� W\SH� FRGH
DGGUHVVHV� ZLWK� WKH� W\SH� RI� WKH� VWDWH� WKDW� WKH� FRGH� H[SHFWV� RQ
HQWU\�� 67$/¶V� H[LVWHQWLDO� W\SHV� IRU� FORVXUHV� DUH� XQQHFHVVDU\
VLQFH�-90/�GRHV�QRW�VXSSRUW�FORVXUHV���-DYD�GRHV�VXSSRUW�³LQQHU
FODVVHV´�� D� OLPLWHG� NLQG� RI� FORVXUHV�� EXW� WKH\� DUH� WUDQVODWHG� WR
-90/�REMHFWV��

)UHXQG�DQG�0LWFKHOO�>�@�LQYHVWLJDWHG�DGGLQJ�REMHFW�LQLWLDOL]DWLRQ
FRQVWUDLQWV�WR�-90/����,W�GRHV�QRW�DSSHDU�WR�EH�GLIILFXOW�WR�DGDSW
WKHLU�DSSURDFK�WR�-90/���&�

4LDQ�KDV�IRUPXODWHG�W\SH�FKHFNLQJ�DQG�LQIHUHQFH�IRU�D�YHU\�ULFK
VXEVHW� RI� -90/� >�@�� +RZHYHU�� KLV� PDFKLQHU\� WR� KDQGOH
VXEURXWLQHV� WKDW� GR� QRW� H[LW� FOHDQO\� LV� UDWKHU� FRPSOH[� >6HFWLRQ
����� RI� >�@@�� )RU� H[DPSOH�� IRU� HDFK� LQVWUXFWLRQ� LW� FRQVWUXFWV� D
PDSSLQJ� IURP� SDLUV� RI� VXEURXWLQH� DGGUHVVHV� WR� VHWV� RI� ORFDO
YDULDEOHV�

+DJL\D� DQG� 7RZD]D� >�@� KDYH� SURSRVHG� DQRWKHU� PHWKRG� IRU
FKHFNLQJ� E\WHFRGH� VXEURXWLQHV�� $OWKRXJK� LW� FDQ� KDQGOH� VRPH
NLQGV�RI�QRQORFDO� UHWXUQV�� LW� UHOLHV�RQ�FRQVWUXFWLQJ� WKH�VHW�RI�DOO
SRVVLEOH� ³FDOO� VWDFNV´� DW� HDFK� LQVWUXFWLRQ�� DQG� WKHUHIRUH� FDQQRW
W\SH�SURJUDPV�ZLWK�DQ�LQILQLWH�QXPEHU�RI�SRVVLEOH�VXEURXWLQH�FDOO
VWDFNV��VXFK�DV�WKH�YDOLG�-DYD�SURJUDP�LQ�6HFWLRQ������

���� &21&/86,216
:H�KDYH� GHYHORSHG� D� W\SH� FKHFNHU� IRU� E\WHFRGH� VXEURXWLQHV� E\
DSSO\LQJ� IDPLOLDU� FRQFHSWV� ORQJ� NQRZQ� WR� WKH� SURJUDPPLQJ
ODQJXDJH�FRPPXQLW\�²�FRQWLQXDWLRQV�DQG�SRO\PRUSKLF�UHFXUVLRQ
²� UDWKHU� WKDQ� FUHDWLQJ� DG�KRF� VWUXFWXUHV� EDVHG� RQ� WKH� -90¶V
LQWXLWLYH� DSSURDFK� WR� DSSUR[LPDWLQJ� UXQ�WLPH� EHKDYLRU�� 7KLV
HQDEOHV�D�GLUHFW�FRPSDULVRQ�EHWZHHQ�WKH�WZR�JHQHUDO�DSSURDFKHV�
DQG�ZH�EHOLHYH�WKDW�WKH�UHVXOWV�VKRZ�WKLV�³FRQVWUDLQW�EDVHG´�W\SH
FKHFNLQJ�LV�IXQGDPHQWDOO\�VLPSOHU�DQG�PRUH�SRZHUIXO�

:H�VHH�QR�UHDVRQ�ZK\�WKLV�DSSURDFK�VKRXOG�EH�DQ\�PRUH�GLIILFXOW
WKDQ�RWKHU�DSSURDFKHV�WR�H[WHQG�WR�IXOO�-90/��,Q�SDUWLFXODU��VLQFH
WKH�VHW�RI� -90/�REMHFW� W\SHV� DQG� WKH� VXEW\SH� UHODWLRQ� EHWZHHQ
WKHP�LV�NQRZQ�D�SULRUL�E\� WKH� E\WHFRGH� YHULILHU��ZH�ZRXOG� QRW
H[SHFW� SDUWLFXODU� GLIILFXOWLHV� LQWHJUDWLQJ� D� WUHDWPHQW� RI� REMHFWV
LQWR�-90/���&�

2XU�ZRUN�KDV�VHYHUDO�SUDFWLFDO�LPSOLFDWLRQV��,Q�JHQHUDO� LW� VHHPV
WKDW�WKH�GHVLJQ�RI�³ORZ�OHYHO´�W\SHG�ODQJXDJHV�VXFK�DV�E\WHFRGH
ZRXOG� EHQHILW� IURP� H[SHULHQFHV�ZLWK� WKH� W\SH� V\VWHPV� RI� ³KLJK
OHYHO´�ODQJXDJHV��)RU�-90/�LWVHOI��RXU�DSSURDFK�PLJKW�OHDG�WR�D
GHVLJQ� IRU� D� VLPSOH� FKHFNLQJ� HQJLQH� ZKRVH� LPSOHPHQWDWLRQ

ZRXOG�EH�HDVLHU�WR�WUXVW�WKDQ�WKDW�REWDLQHG�E\�RWKHU�DSSURDFKHV�
)XUWKHUPRUH��LI�VXFK�DQ�HQJLQH�ZHUH�ZLGHO\�XVHG��WKHQ�WKH�H[WUD
SURJUDPV�LW�DGPLWV�FRXOG�EH�XVHIXO��)RU�H[DPSOH��DQ�RSWLPL]LQJ
FRPSLOHU� FRXOG� EHWWHU� FRPSDFW� E\WHFRGHV� E\� XVLQJ� VXEURXWLQHV
ZLWK� PXOWLSOH� HQWULHV� DQG� H[LWV�� RU� E\� FROODSVLQJ� VLPLODU� FRGH
VHTXHQFHV�LQWR�D�SRO\PRUSKLF�VXEURXWLQH�DQG�PDNLQJ�XVH�RI� WKH
H[WUD� SRO\PRUSKLVP�ZH�SURYLGH��&RPSLOHUV� IRU� RWKHU� ODQJXDJHV
WKDW�WDUJHW�-DYD�E\WHFRGH�PLJKW�DOVR�EH�DEOH�WR�H[SORLW� WKH�H[WUD
IOH[LELOLW\�

���� $&.12:/('*(0(176

,�DP�VXSSRUWHG�E\�D�0LFURVRIW�JUDGXDWH�IHOORZVKLS��,�ZRXOG�OLNH
WR�WKDQN�WKH�&08�323�JURXS�IRU�FRQVWDQWO\�ERPEDUGLQJ�PH�ZLWK
W\SHV��DQG�HVSHFLDOO\�5REHUW�+DUSHU�IRU�KLV�KHOS�DQG�DGYLFH�

���� 5()(5(1&(6

>�@� '�� 'HDQ�� (�� )HOWHQ� DQG� '�� :DOODFK�� -DYD� 6HFXULW\�� )URP
+RW-DYD�WR�1HWVFDSH�DQG�EH\RQG�������,(((�6\PSRVLXP�RQ
6HFXULW\�DQG�3ULYDF\��0D\������

>�@� 6�� )UHXQG� DQG� -�� 0LWFKHOO�� $� W\SH� V\VWHP� IRU� REMHFW
LQLWLDOL]DWLRQ�LQ�WKH�-DYD�E\WHFRGH�ODQJXDJH��3URFHHGLQJV�RI
WKH� $&0� 6,*3/$1� 
��� &RQIHUHQFH� RQ� 2EMHFW�2ULHQWHG
3URJUDPPLQJ� 6\VWHPV�� /DQJXDJHV� DQG� $SSOLFDWLRQV�
2FWREHU������

>�@� )�� +HQJOHLQ�� 7\SH� LQIHUHQFH� ZLWK� SRO\PRUSKLF� UHFXUVLRQ�
723/$6��9ROXPH�����1R����������

>�@� 0��+DJL\D�DQG�$��7RZD]D��2Q�D�QHZ�PHWKRG� IRU� GDWDIORZ
DQDO\VLV� RI� -DYD�9LUWXDO�0DFKLQH� VXEURXWLQHV�� 3URFHHGLQJV
RI� WKH� )LIWK� ,QWHUQDWLRQDO� 6WDWLF� $QDO\VLV� 6\PSRVLXP�
6SULQJHU�9HUODJ�/1&6�������

>�@� 7�� /LQGKROP� DQG� )�� <HOOLQ�� 7KH� -DYD� 9LUWXDO� 0DFKLQH
6SHFLILFDWLRQ��$GGLVRQ�:HVOH\�

>�@� *�� 0RUULVHWW�� .�� &UDU\�� 1�� *OHZ� DQG� '�� :DONHU�� 6WDFN�
%DVHG�7\SHG�$VVHPEO\�/DQJXDJH�������:RUNVKRS�RQ�7\SHV
LQ�&RPSLODWLRQ�

>�@� =�� 4LDQ�� $� IRUPDO� VSHFLILFDWLRQ� RI� -DYD� YLUWXDO� PDFKLQH
LQVWUXFWLRQV�� )RUPDO� 6\QWD[� DQG� 6HPDQWLFV� RI� -DYD�
6SULQJHU�9HUODJ�/1&6�������

>�@� 5�� 6WDWD� DQG�0�� $EDGL�� $� W\SH� V\VWHP� IRU� -DYD� E\WHFRGH
VXEURXWLQHV�� 3URFHHGLQJV� RI� WKH� ��WK� $QQXDO� $&0
6,*3/$1�6,*$&7� 6\PSRVLXP� RQ� 3ULQFLSOHV� RI
3URJUDPPLQJ�/DQJXDJHV��-DQXDU\������


